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LAYLI VO ZONCIRVARI QURULUSLU YARIMKECIRICILORIN
TERMODINAMIK PARAMETRLORININ TEMPERATUR
ASILILIQLARINDA DEBAY FUNKSIYASININ ROLU

'QURBANOV MEHDIi MOHOMMOD oglu
MOMMODOV FUAD 9ZiZ oglu
SMOMMODOYV SOMONDOR COFOIR oglu
*QOCAYEV MURGUZ MUGAN oglu
Sumgayit Doviat Universiteti, 1,2,3,4 - dosent
mehti.qurbanov@bk.ru

Acar sozlor: istidon genislonma omsali, Debay temperaturu, Debay funksiyasi, orta eneryji,
termodinamika, halkogenid.

Movcud odobiyyatlarda goOstorilmisdir ki, bork cisimlords bir sira termodinamik
parametrlorin temperatur asililiglarin1 miioyyan edon zaman Debay xarakteristik temperaturu (0) ilo
barabar Debay funksiyast D(0/T) da asas rol oynayir [1].

Yiksok temperatur oblastinda (T > 0) bork cismin orta enerjisi yalniz temperaturla toyin
olunur.

E = 3KNT (1)
Burada K-Bolsman sabiti, N-kristalda olan elementar 6zoklorin, yaxud atomlarin sayi, T-mitlag
temperaturudur.
Bork cisimlorin istilik tutumuna aid Debay modeli asasinda hesablanmis orta enerjisi isa
0
E = 3KNTD () )
dusturu ilo tayin olunur.
Burada
0\ _ ,(T\3 (6/T x3dx
p()=3() k=5 ®
Debay funksiyas1 adlanir.

Gorunduyl Kimi, kristalin ixtiyari temperaturdaki enerjisi (1) diisturunda verilon enerjinin
giymatindon Debay funksiyasi vurugu ilo forglonir. Digor bir obabiyyatda Debay funksiyasmin
giymoti bels diistur soklindo hesablanmisdir [2].

D(%) =i Jy " ex — D xdx @
T (9 /T) 0
(3) dusturuna osason hesablama apararken inteqralalt1 ifado siraya ayrilmig (T > 8), (T < 6) va
araliq temperatur inteqarallar1 iiclin Debay funksiyasinin asimptotikalar1 arasdirilmigdir.
Bu halda yliksok temperatur oblastinda (T > 6) Debay funksiyasmin asimptotikast tigiin

6 3(6 1 (62
p(7)=1-3()+% () ®)
giymeti, asag1 temperatur intervalinda iso (T <« 0)
/) == (1)’
p(%/r) ==(3) (6)
almmuisdir.
Bu obadiyyatda homg¢inin araliq temperatur hallarinda istifado oluna bilocok fow ;d_xl —

2
inteqaral1 ii¢lin % —giymatinin alindig1 gostarilmisdir.

4
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Movcud odobiyyatda (4) ifadssindon biitiin temperatur intervalinda Debay funksiyasinin
giymeatlori hesablanib cadval soklinds verilmisdir (cadval 1). Buradag > x > 0 gotirilmisdiir.

Cadval 1.
Q/T D(B/T) G/T D(Q/T)
1 0,778 1,2 0,740
0,8 0,848 1,4 0,704
0,6 0,860 2 0,607
0,4 0,905 25 0,540
0,2 0,931 3 0,487
5 0,321
6 0,371
8 0,205

Qeyd etmok lazimdir ki, yuxarida geyd olunan islords istilik parametrlorinin temperatur
asililiglar1 Gigtin asason Debay modelinin nisbaton yaxsi 6donildiyi hallar gotiiriilmiisdiir. Layl va
zoncirvari qurulusda kristallasan miirokkob yarimkegirici birlosmalor {igiin Debay funksiyasmin
cadval 1-ds verilon giymatlarindan istifads etmoyin miimkiin olmasini arasdirmaq maraq dogurur.

Bu isdo gallium vo indium monohalkogenidlorinin istilik parametrlorinin eksperimental
giymoatlori asasinda hesablanmis Debay funksiyasi va onun adabiyyatdan mévcud olan giymatlorls
muqgayisesi apariimisdir.

Qallium vo indium monohalkogenidlori Uclin Debay xarakteristik temperaturu (6), homin
birlosmoalorin istidon genislonma omsallarmin eksperimental qiymotlorindon istifado etmoklo
adobiyyatdan mévcud olan empirik distur asasinda hesablanmigdir [3].

19,37
0 =——= (7)
(av*/sa)
Burada A-ortakvadratik atom kiitlosi, a-istidon xatti genislonma omsali, V-atomar hacmdir.

Todgig olunan birlosmoalor Gcun istidon Xotti genislonmoa omsali tocriibi olarag toyin
edilmisdir. Bu halda tacriibanin nisbi xatas1 0,5 % olmusdur [4, 5]. Biitiin birlosmalor t¢tin mixtalif
temperatur intervalinda a vo 8-nin giymatlori cadval 2 va cadval 3-ds verilmisdir.

Bu birlogsmalar G¢lin H/T-nin giymatlori do homin cadvallords verilmisdir.

Codval 1-do verilmis qiymotlorlo migayiss aparmagq magsadilo gallium va indium
halkogenidlori (¢lin do Debay finksiyasinin hesabat (4) disturu osasinda aparilmis vo alinan
naticalor do codvallordo verilmisdir.

Bu hesablamalarin aparilmasi zamani (4) diisturuna daxil olan inteqralin qiymoti Ugln
odobiyyatda verilmis

N

2
k=l o= ®)
giymatindon istifado edilmisdir. Burada inteqralin acilisginda Qamma funksiya vo Riman
funksiyasinin hasili gotiirtilmiisdiir [1].

Cadvallorden goriindiiyli kimi, qallium vo indium halkogenidlorinde Debay xarakteristik
temperaturu azalan halda da, basqa sdzlo, GaS-don GaTe-a getdikco vo eloco do inS-don InTe-a
getdikco Debay funksiyasinin qiymati artur.

Alman qiymatlorin Debay funksiyasinin adobiyyatdan mdvcud olan cadval qiymatlori ilo
miiqayisosi gostormisdir ki, (7)-diisturunda verilon qiymotlor osasinda aparilmis hesablanmalarda

(H/T)-nin qiymatlori Kicik olan hallarda (Q/T < 2), onun azalmasi ilo Konaragixma daha ¢ox olur.




Layli va zancirvari quruluslu yarimkegiricilorin termodinamik parametrlorinin
temperatur asuiliqglarinda Debay funksiyasinin rolu
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Qeyd etmoak lazimdir ki, Debay funksiyasi da Eynsteyn funksiyasi kimi 0 < T < o oblastinda

0 = 1 intervalinda qiymatlor alir. Bagqa s6zlo, D(Q/T) = {?’77: :3)
Temperaturun homin oblasta uygun galon qiymatlori t¢tin adabiyyat [1]-ds verilmis
3 1 2
p(O/r)=1-2(%p) +5-(/r) ©

distur asasinda hesabat apardigda cadval 1-ds verilmis qiymatlora daha yaxin qiymatlor alinmigdir.

Qallium va indium monohalkogenidlori Gglin (9) disturu osasinda hesablanmis giymatlor
cadval 4 va cadval 5-da verilmisdir.

Aparilan arasdirmalar gostormisdir ki, layli vo zoncirvari quruluglu miirokkob yarimkegirici
birlosmalor t¢un do termodinamik parametrlorin hesabati zamani ¢ox kigik xota ilo codval 1-da
verilmis qiymotlordon istifado etmok olar. Bu halda meydana ¢ixan konaragixmalar1 istilik
parametrlorinin eksperimental giymatlorindo vo Debay xarakteristik temperaturunun hesabatinda
yaranan Xotalarla slagalondirmak olar.

Debay funksiyasinin hesabati liglin adobiyyat [1]-do verilmis giymotlordon ¢ox asagi (T < 6)
Vo ¢ox yilksok (T > @) temperatur intervallarinda istifado etmok olar.

Cadval 4.
GaS GaSe GaTe
T, K Q/T D(@/T) T, K Q/T D(Q/T) T, K Q/T D(Q/T)
150 2,9 0,333 150 2,23 0,412 150 1,73 0,501
170 2,55 0,369 170 1,97 0,456 170 1,53 0,544
180 2,45 0,382 180 1,86 0,475 180 1,45 0,562
200 2,25 0,410 200 1,67 0,513 200 1,36 0,572
220 1,98 0,454 220 1,52 0,545 220 1,24 0,611
240 1,79 0,489 240 1,38 0,578 240 1,13 0,640
260 1,64 0,519 260 1,25 0,610 260 0,98 0,681
280 1,49 0,553 280 1,10 0,648 280 0,86 0,714
300 1,34 0,587 300 1,03 0,667 300 0,83 0,723
Cadval 5.
inS InSe InTe
T, K H/T D(Q/T) T, K B/T D(Q/T) T, K B/T D(Q/T)
150 2,35 0,405 150 1,64 0,519 150 1,53 0,544
170 2,05 0,442 170 1,38 0,578 170 1,34 0,578
180 1,96 0,457 180 1,26 0,607 180 1,25 0,610
200 1,74 0,499 200 1,12 0,642 200 1,12 0,642
220 1,61 0,526 220 1,01 0,673 220 1,01 0,673
240 1,46 0,559 240 0,91 0,700 240 0,90 0,703
260 1,36 0,579 260 0,82 0,726 260 0,81 0,729
280 1,2 0,670 280 0,75 0,747 280 0,73 0,753
300 0,98 0,681 300 0,66 0,774 300 0,65 0,778
ODOBIYYAT

-

. Osgarov B.M. Termodinamika vo statistik fizika. Baki1: Baki Universiteti, 2005, 625 s.

2. ®panuesny H.H. VYmpyrue mnocTtosHHBIE METaUIOB M cIjiaBoB // Bompockl MOpOIIKOBOM
METaJUTypruy U npoyHocty marepuanos. Beim. 3, Kues: U3narensctBo AH YCCP, 1956, 22 c.

3. KypbanoB M.M. TemnoBoe pacmpeHue W u30oTepMuyeckas cxumaemoctb 11GaSez //

Heoprannueckue matepuansl. T.37, Nel2. M., 2001, c. 1447-1448




Layli va zancirvari quruluslu yarimkegiricilorin termodinamik parametrlorinin
temperatur asililiglarinda Debay funksiyasinin rolu

4. Anues H.T'., Kepumos N.I'., Mamenos T.A. AHM30TpONHsI IMHENHOTO TEIJIOBOTO PACHIMPEHUS U
M30TEPMHUUECKON CIKUMAEMOCTH XaJbKOI€HMJIOB M TEUIypuAa rajaus. XUMHUYecKas CBA3b B
MOJIyIIPOBOIHMKAX U ModymeTaiax. Munck: Hayka u Texnuka, 1972, c¢. 313-318

5. Anmues H.I'., Kepumo WN.I'., KypbanoB M.M. TemnoBoe pacumupeHue U H30TEpMUUYECKas

C)KMMAaeMOCTh MOHOKPHCTAJIOB XabKOTeHHUI0B UHMs // @usnka tBepaoro tena. CII6.: Hayka,
1972, ¢. 3707-3710

PE3IOME
POJIb JTEBAEBCKOM ®YHKIIAU B TEMIIEPATYPHOM 3ABUCUMOCTH
TEPMOJIUHAMUWYECKHNX TAPAMETPOB IIOJIYIIPOBOJJHUKOB CO CJIOUCTOM
M IEITHOM CTPYKTYPOU
Kypoanoe M.M., Mameooe ®D.A., Mameooe C./., I'00xcaes M.M.

Knwuesvie cnosa: xosgduyuenm mennosoeo pacwupenus, memnepamypa /ebas, ¢yuxyusa /ebdas,
CpeOHsist SHepaUsl, MEPMOOUHAMUKA, XATbKO2EHUO.

Ha ocHoBe OKCIICPUMCEHTAJIBHBIX JAaHHBIX II0 TCIUIOBOMY pPAaCHIMPECHUIO TIPOBEACHLI pPaCUCThI
nebaeBCKO# XxapakTepudeckoi TemmepaTypsl (6) u mebaeBckoi HyHKIUN D(9 /T) JUISE MOHOXaJIbKOTE€HHU10B
raums 1 uaaus. [lokazano, 4To 3HaUeHUe JaHHOW (DYHKITHH, BRIYUCIICHHBIE HA OCHOBE JIe0aEBCKOM MOJIENH,
HEC NPUTOAHBLI HJIA COGHHHeHHﬁ, KPUCTAJUIM3HUPYIOINUXCA B CIOHUCTBIX MW I[ECHOYHBIX CTPYKTYypax. 21_]'[51
CIIOKHBIX IIOJYIIPOBOJHUKOBBIX COCIUHEHUN, KPUCTALIM3UPYOUIMXCS B CIIOMCTOM M LENOYHOU CTPYKTYpE,
OosbIe MOAXOMAT 3HAYEHHA, MOMYYalOMIMecs NpPH PasioXKEHWHW B P MOAWHTETPATLHOTO BBIPAYKEHWS,
BXoJsIIero B (GopMyiay Ui BblUMCIeHUs jaebaeBckoit (yHkiuu. [lebaeBckue (QyHKIMU, MMEIOIIMECS B
JTUTEpaType, MOXKHO UCIIOIB30BATh TONBKO MPU 3HAYUTENBHO HU3KUX T BBICOKUX TEMIIEpaTypax.

SUMMARY
THE ROLE OF THE DEBAY FUNCTION IN THE TEMPERATURE DEPENDENCE
OF THERMODYNAMIC PARAMETERS OF LAYERED SEMICONDUCTORS
AND CHAIN STRUCTURE
Gurbanov M.M., Mammadov F.A., Mammadov S.J., Qojayev M.M.

Key words: coefficient of thermal expansion, Debye temperature, Debye function, average energy,
thermodynamics, chalcogenide.
Based on the experimental data on thermal expansion, the Debye characteristic temperature (6) and

the Debye function D(Q/T) for gallium and indium monochalcogenides have veen calculated. It was shown

that the values of this function calculated on the basis of the Debye model are not suitable for compounds
crystallizing in layered and chain structures. For complex semiconductor compounds crystallizing in a
layered and chain structure, the values obtained by expanding into a series the integrand in the formula for
calculating the Debye function are more suitable. The Debye functions available in the literature can be used
only at significantly low and high temperatures.

Daxilolma tarixi: [lkin variant 24.12.2019
Son variant 12.02.2020
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[IycTs ynpaBisieMblii IPOLIECC ONHUCHIBAETCS YPABHEHUEM

az)é?:z’ X) + Ly(t’ X) + b{w + Ly(t —Q, X):| = U(t)é‘(x _U(t)) ) (1)

C KpaeBbIMU

2y (00)+6, 22— 40,

b 1) at 0_ @
OX

a,y(t, () + #o (1),

" Ha4YaJIbHBIMH YCJIOBUSMU

{y(t’X)Z(p(t’X)’ <t<w 0<X</, ©)

Y (t, X) = w(t, x),
rie

62y(t X)

Ly(t, X)——{D( ) } {Q(X) }r(x)y(x,t);

b0, p(x),q(x),r(x) 3amaHHBle  AOCTATOYHO  Iiagkue  (YHKIMH Ha  OTpPE3Ke
[0, 7], o(t,x),w(t,X) - dyukiwu, 3aganusie B mpsmoyroisHuke D =[0<t<®'; 0< X < /], koTOpBIE
nenpepbiBEbl 0 U ma [0,w] npu xaxmom dukcupoBannom X €[0, 4], 14 (t), 4, (t) rmankue

¢yakumn Ha [0, T ], - mnocrosiHHble 3amasgsiBaHus; &,,0,,8,,0, mocrosHHBIE umcna

yroBeTBopsitompe  yenosuo  a; +07 >0, a7 +0b7 >0, u(t) u o(t) o3HAYAET MHTEHCHBHOCTDH

BHCIIHHUX CHIJI N IMOJOXKCHUEC HNHTCHCHBHOCTUM BHCIIHUX CHJI COOTBCTCTBCHHO M ABJIACTCA
YIIPABJIAKOIIUM I1apaMETPOM, KOTOpBIﬁ YAOBJICTBOPACT YCIIOBHIO

;
J. u’(t)dt< L% 0<o(t)</; & - «aensray dynxuus JIupaka, T.e. QyHKIMOHAT JeiCTBYIOMIMi
0
o popmyie
[809p(x)dx = (0) .
0

I[J'ISI 3TON CHCTEMBI paccMaTpuBacTCd CICAYROIAasA 3aaavda ONTUMAJIBHOTO YHPABJICHUA: IIPU
HN3BCCTHOM MCECTOIIOJIOKCHU U HCTOYHHUKA BHCIITHHUX CHII U(t) . HaWTH YIIPpaBJICHUC

9
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u)eU ={ut) eL,(0,T):|ut)|<L xoropoe mupu pemenusx s3amaun (1)-(3) mocrasusier

HaMMeEHbIIIee BO3MOXKHOE 3HaYCHUE (PyHKIIMOHAIA
J(u) = j{[y(T, X) = Qo (I + Ly (T, X) - Q (x)]"Jx (4)

JIns wccienoBaHMs 3aladd ONTHMAIBHOTO YIPAaBJICHUS CHavana Juisi (PUKCHPOBAHHOTO
yrpaeienusi U(t) omnpenenum penienne cMemannoi 3amayau (1),(2),(3).

Pemrenue 3amaun (1), (2), (3) umem B Bue:

V(20 = 2060+ 40+ L, ) — 5 0] )
3neck Z(X,1)- noxa nemspecrnas dynxims. M3 ycnoswuii (2) monydaercs
z(0,t) =0, z(¢,t) =0, (6)

O4eBUIHO, YTO

Y0 _THN )+ X 1) - 0],

Lz(t,x) = Ly(t,x).
Torpa mst onpeaencuus z(X,t) mosydaercss ypaBHEHHE

020X 0+ b[‘azz(t—‘z‘”’x) L Lz(t- o, x)} -
ot ot (5)
=U(t)S[x—o(t)] - 4(t) - %[ué’ (t) — 4 (1)].
W3 rpaHnyHBIX YCIOBUM MOJydaeM
a,2(t,0) + b,z (t,0) =0, "
az(t,0)+bz(t,¢)=0. (©)
W3 HavanbHBIX yciioBHi (3) uMeeM
2(6:6) = 9t ) = 140 = L, ()~ 0]
(7)

2/(t, X) =l//(t,X)—ul'(t)—%[ué(t)—ﬁa(t)]-

Takum o6pasom HeuwsBecTHas ¢yHkuus Z(X,t) ompenmensercs Kak peIICHHE 3a1a4u

(5).(6).(7).
Pemenue 3amgauu (5),(6),(7) uiem B Buze
2(x,1) =Y 7, ()P (%), (8)
k=1
rae {0, (X)} sBusercst OpTOHOPMHUPOBAHHOM CHCTEMOI COOCTBEHHBIX YHCEIT CIICKTPATBbHOMN 3a/1auu
LD(X) = AD,
a,®(0) + b,®'(0) =0, 9)

a,®(/) +b@'(¢)=0.
Nszsectno, urto [1,4] ecmu p(x)<0,q(x)>0, Ttorma cymiecTByeT BO3pacTaromiast
MOCIIEI0BATENbHOCT {4, } HEOTPHIATEIBHBIX YHCEN TAKUX, YTO MPU A = A, CIeKTpajibHas 3ajada
(9) wumeer emunctBenroe pemenne {D,(X)}. Kpome toro, cucrema coOOCTBEHHBIX (YHKIHI

{D, (X)} obpasyer oproHopmupoBanssbiii 6azuc B L, (0, 7).
10
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OueBunHo, uto U(t)o(X—ou(t)) mpunamiexut npocrpanctsy L,(0,/). Torna umeer mecto
pasJiokKeHue

UV~ 0(0) = S UOD, [DOI, (9,
X) & of, X
(17) = ;akcpk (X), & = ! [1— Z}Dk (x)dx,

X & Y
7= 2AR0 A, =£Z<Dk(x>dx.

Ucnonw3ys atu pasznoxenus B Gopmyne (8) u3z ypaBHeHuit (5) s onpeneneHus QyHKIUU
z, (t) monyuaem ypaBHeHHE

7, (1) + Az, (D) +b[z/(t - 0) + A 7, (t - @)] =

(10)
= U, (0(1) = ay 24(t) = Btz (0),

C HAYaJIbHBIMH YCIIOBHUAMU
{Zn () = @, (1) — 14 () = Bt (1),
z,(t) =w, () — 15 (1) — B (1),
Brenem o6o3HaueHMS
2, (1) =2, (1), 25, (t) =25, (t) =z, (1)
ypaBHeHue (10) HamumieMm B BUIE CUCTEMBI

AXG () + AX, (t=0) + By X, (1) +B X, (t-w) = F, (1), (11)

_(10), _OO_B_O—l B—O 0
M=lo1f Alopf *T A, 0/ (b2 0)
z,,(t 0
xn(t):( 1"()]; Fn(t)=( ' v J
Zyn (1) u®P, O] - 4(t) - B (1)
Torna navasnbHOe ycnmoBue (10) MoXKHO 3amucaTh B BUJIE
t)— t)— t
Xn(t) — Pn (t) E[(Dn( ) anlul'( ) ﬁnzuz,( )
o () = a4 (1) = 5115 (1)
Usectro [2], uto ecan U(t) npumammesxur kmaccy C(0,®) 3a MCKIIOUEHHEM BO3MOXHO,

rIe

]; 0<t<w. (12)

KOHEYHOTO YKCJIA Pa3pbIBOB MEPBOrO poja B Toukax Muoxecrtsa S, =[0,00](1Mw, a Bekrop P, (t)

npunamexut knaccy C'(0,w), To cymecTByer emmHcTBeHHas Bektop Gymkmms X (1),
HenpepbiBHas npu { > @, yunosnerBopsiomas HavyansHoMy yciaoBuio (12) u cucreme (11) npu
t>w, te (w,o)\ne. Janee X, (t) npunamnesxur knaccy C' npu t>0,t¢S,.

Jlnst onpenenenus 5Toro pemieHus oOozHaunM depes K'(t) emuHCTBEHHYIO MaTpUUHYIO
GyHKIHIO, 001aJAI0NTYI0 CIEAYIONIMMHU CBOMCTBAMU:

a) K"(t)=0,t<0 ;
b) K"(0)=A";
c) pynxuua AK"(t) + AK" (t — ») npunamnexur knaccy C(0,w);
d) K"(t) ymoBnerBopsier ypaBHeHHIO
AK"(t)+AK"(t-o)+B,K"(t)+BK"(t-w) =0,
11
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npu t>0,t¢(0,0)Nko=S,.
CyuiectBoBanue u exunctBeHHOCT, K"(f) MOXHO 10Ka3aTh METOJOM MOCIIENI0BATEILHOTO
unrerpuposanus. Oynkius K"(t) npunamnesxur kiaccy C' npu t>0,t¢S,, To B 06meM ciyyae

MMeeT Pa3pbIBbI IEPBOTO POJia B TOYKAX MHOXKECTBA S, .
Herpynno mokasate, 4To

T

j K"(t)e™dt=H(s), mpu Re(s)>c,

0
rne

HS)= AS+B, +(AS+B)e“ =|  ° N

S) = + B, + +B,)e” = :
° . A (1+be™®)  s(l+be ™)

OO6o3HaunM dYepe3 (C) mpsMyro, KOTOpas TEpIeHIUKYIsIpHA JCHCTBUTEILHOW OCH H
pacroJiokeHa B MOpaBOM  MOJYIUIOCKOCTH. YpaBHEHUE TakOW TMPSAMOW  UMEET  BHI:
S=a+it; —o<t<+mw,a>0.

Torma snementsl Mmatpuisl K" (t) onpenensrorcs cooTHONIEHHEM:

n S St 4. n _ﬂ“n s
Kll(t) = Ime tdt, K21(t) = J‘me tds y

S'[

(S?+4,)(1+ be’“’s)

st

Ky = [

(c)

se
K> (t) = ds
z2(l) (I)(Sz+ﬂn)(1+be“)

Hcnonb3ys TEOPHIO BBIYETOB U3 MEPBBIX JBYX BBIPAKEHHUIL, OTydaeM
K[ (t) =084, t; K2y (t) =—[4, sin /A4 t.

T ompenenenns K[, (t) u Ky, (t) ucnonssyem tor dakr, uro ecam /(t) exunuunas

(GyHKIMS, ONpe/ielIeHHast CIeAYIOIUM 00pa3oM:
1) /(t)=1,t>0;
2) /(t)=0,t<0

TO BBINOJIHSETCS PABEHCTBO

Tf (t—c)l(t—c)dt :NT f (t)e™'dt, c>0. (13)

HCHOJ’ILSYH Pa3JI0KCHUC

b k —ka)s
1+be“"S Z( ye

k=1
W3 paBenctBa (13) u cooTHOIIEHMIA

j Kz(t)e’Stdt—Z( b)* < :i _p)ketes j Sin ‘/_t SN VA sty

n k=1

KD (t) = \/_Z( b)* sin /4, (t —kw)e(t —kw) .

Orciona, B yactHocTH, ipd Nw <t < (N +1)@ umeem

12
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BUJC:

N
K5 () =" (=b)*sin 2, (t - ke) (14)
k=0
AHEUIOI‘I/I‘IHO MOJKHO IIOKa3aThb, 4TO
N
K5, () = (-b)*cos /4, (t—kw), mpu No<t<(N+Do. (15)
k=0

B cuny m3BectHoit Teopemsl P.bemnmana [2] pemenue 3amaun (5),(6),(7) npeacrasusercs B
2(8) = . {9, (0) ~ o1 (@) = o (@) ]e08 7, (t — ) +
n=1
N
+[y, (@) - a4 (@) —ﬂnﬂxw)]z (=b)*sin /2, (t - o - ke) +

+bly, (@) - o, 14 (@) - Bt ()] rz( b)* sin /2, (t — ko) +

1

s

[y, @)@, () - 2,11 (z) - Bost (r>]Z (=b)*sin /2, (t ~ker—7)d7 -

@

~ [ bl (7) ~ arnti (7) ~ Botts (7) J—Z( b)"sin /4, (t — ke —7)d 3, ()

Brramncianm HHTCIpaJibl:

t,ul”(r)sin A (t—ko—7)d7r = L (z)cos A (t—kao—7) —
\/TH w

o

[ 1(2) 008 7 (t — keo— 1)l = — [ (¢) co8 [ kes -
\/_n NEN

2]

— 14(t)cos /2, (t - ka)—a))]—%[—%yl’(r)sin A, (t—ko—1)[ +

+/1ij-,ul(r)sin VA, (t—ko—7)dr]:

t,ul’(r)sin\//t_n(t—ka)—r)dz'= L [ (7)sin A ko —
[} \/ﬂ’_n

— i (2)sin 4, (t — ko - )]

jy;(f)sin \/ﬂ_n(t—ka)—r)dz'=%[—,u2(z')sin Jiko-
—,uz(r)sin VA (t—ko - w)],

j,u (e)sin (7, (t—keo— r)dr—\/i_[y;(z')cos\/}t—nka)—
—,u;(co)cos\/ﬂ_n(t—ka)—w)]—%[%,u;(r)sin\/ﬂ_nkaht

%jﬂz(f)ﬂn M(t—kw—r)]—%}uz(r)sin St~ ke -)dx.
! “a’ 13
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VYuuThiBasi 3HAYEHHE BBIUYMCICHHBIX WHTETPAJIOB, TIOCJIE HEKOTOPBIX HKBUBAJICHTHBIX
nepeoOpazoBanmii mosryduM pemierue 3aaaqu (1),(2),(3) ans GuKCUpOBaHHOTO YIPABIICHUS B BHJIE:

y(x,t) = i[gon (@)cos[4, (t— o)+, (a))i(—b)k sin /2, (t — o — ko) +
+bz//n(a))\/_2( by sin /7, (t - ka))+\/]/'1_niu(r)®n(u(r))x
XZ(—b)k sin /ln(b—kw—r)dr—ij%(r)sin JA (t—ko-7)d7 - (16)

k=0

——,3 Iyz(r)SIn\/—(t ko—-7)d7r - bjwn(r)\/_ZN:(b)kx
xsin /4, (t—ko— o —7)d7]®, (X)

Wcnonb3ys npencrasienue pemienus 3anaun (1)-(3) u ee mpou3BOJHBIX IMOCIE HEKOTOPBIX
SKBHUBAJIEHTHBIX MpeoOpa3zoBaHuil GyHKIHOHAT (4) MOKEM MPEJICTABUTh B BUE:

J(u)= i{[«pn (@)cos\[2, (t-w) +y, (w)i(—b)k sin /2, (t— o — ko) +
+bwn(w)rz( b)" sin |7 (t —ke) - bjwn(r)rz( b)" x
><sin\/ﬂ_n(t—ka)—a)—r)dr—QOn+ﬁ£u(r)®n(u(r))x

€3 5 VA (T ko= )87 + -y (o)sin A, (T 1)+
()3 ()" 0087, T =0 ko) +by, (0)3 (-b)" c08 7, (T ~ke) -
“bfy; (r)kZN;(b)k 005 /7, (T ko -0 2)de ~ Qyy + [U(END, (0(e) »

N
x " (-b)* cos /4, (T —ke - 7)d 7]’}
k=0
BBoaum 0003HaueHUS:

| = lp, (@) cos /2, (T —w)wn(w)i(—b)ksin V2, (T -0 -kao) +

+bwn(w)rz( b)*sin /7, (T —ka) - bjwn(r)ry b)"

k=0

xsin 4, (T —ko— o —7)d7 - Qy, T + [0, (@)sin 2, (T —7) +
+\ Ay, (a))i(—b)k cos A, (T —w—kw)+by, (w)i(—b)k €05/, (T —ka) -

—bT://; (T)EN:(—b)k cos+/4, (T ko - w-7)dr-Q,,]*

14
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p(r) = 2§{[¢n (@)c0s 7, (T - @) +y, (w)i(—b)k sin 2, (T -0~ ko) +

+bwn(w)fi( ) sin 2, (T —ka) - bjwn(r)J—Z( b)"

k=0

xsin /2, (T —ka)—a)—f)dr—QOn]ﬁiu(r)CDn(u(T))><

3 51 V(T ko= 2)+ g, (@) V7 (T =)+
A ()3 (0 €05 7, (T —0-ko) by, (0)(-0) cos {7, (T —ke) -
“bfy; (r)kZN(;(—b)k 00 /2, (T — ke - @~ 7)d7 - Q, 10, () %

3 c0s 7, (T —kor—7)

R(z,s) = z J—cb (u(r»z( b)*sin /4, (T —kw—7) |

x®. (U(s,))Z(—lo)k cos/4, (T —kw—s).

[Tocne 3TX 0603HAYCHHMIA q)yHKuHOHan J(u) l'IpI/IMeT BUI:

Ju)=1+2 j p(r)u(z)dz + j j R(z, s)u(s)u(z)dsd (17)

w @

Herpynno nokasare, 4To (byHKuHI/I p(r) u R(z,S) HempepbIBHBI OTHOCHTEIBHO CBOUX
aprymeHToB B [@,T] u [, T]x[®,T] cootBercrBenno. Kpome toro R(z,S) sBasercs

MTOJIOXKUTEIBHO ONPEACIICHHBIM, CHMMETPHYECKUM SIIPOM.
Teopema. IlocraBiieHHas 3a7a4a UMEET PEIICHUE.
JlokazarenbcTBo. C 3TO# 1eNIbI0 CHavaia mokaxem, 9rto GyHknuoHan J(U) sBisercs ciabo

nonyHenpepbiBHBIM (yHkunonanoM Ha L,(0,T), To ecth kakoBa Obl HU ObLIA MOCICIOBATEILHOCT
{u, (t)} cmabo cxomsmasics x Uy (t) 8 L,(0,T) mmeer mecto HepaBeHCTBO
J(Up) =1lim J(u,).
n—oo
Paccmotpum omeparop F, neiictByrommit w3 L,(0,T) B L,(0,T) u onpemeneHusiii mo

bopmyne

.

Fu= j R(t, s)u(s)ds .
0

Tak kak R(t,S) sBIasleTcssi CHMMETPHYHBIM ¥ MOJOXKHTENbHBIM siipoM, T0 F wu Oyzmer

MOJIOKHUTENBHBIH CaMOCOIPSKEHHBIH OTepaTop.
®dyuknuonan J(U) mpeacTaBuM B BHIE:

J(u) = 1+ 2((t), u(t) , o) + (FUt), u(t) o).
U3 camocompsuKeHHOCTH U nosoxkuteapHoctr omepatopa F B L,(0,T) crenyer, uro ecnu

{u,(®)} cnabo cxomures k U, (t) B L,(0,T), 10
15
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lim (Fu,,u,)>(Fuy,u,) [4]. CaenoBarenbHo, ¢ynkumonan J(u) sBasercs ciaabo

HOJIyHETIPEPhIBHBIM M OTrpaHH4YeHHbIM cHU3Y B U . Orcroga B CHIy OrpaHHMYEHHOCTH M ci1aboi
3aMKHYTOCTH MHOXecTBa U ciiemyeT XoTs Obl OJHO YIpaBJeHHE, JOCTaBIAIONIee HaMMEHbIIEe
3HaueHue Qynkumonany J(U) [4]. B caydae, xorna ¢ynkiumonan J(U) cTporo BBIMYKIIBIN, 3TO
yIIPaBJICHHE €NHCTBEHHO.

Takum 006pa3om, CyIecTBOBaHHE ONITUMAIFHOTO YIIPABICHUS JI0KA3aHO.
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XULASO
GECIKMOLI HIPERBOLIK SISTEMLOR UCUN HOROKOT EDON
OPTIMAL iDARDETMO MOSOLOSI
Mommadov O.C., Oliyeva H.H., Abdullayeva ..

Acar sézlar: Optimal idaraetma, harakatli optimal idaraetma, kvadrat funksional, gecikmoali hiperbolik
sistem
Moqalada gecikmali hiperbolik sistemlor liclin horokot edon optimal idarsetmo mosolosine baxilir.
Idarasedici funksiya tonliyin sag torafinde Dirakin delta funksiyas: soklinde istirak edir. Optimalliq meyari
olaraq kvadratin funksionali gotirilir. Har bir geyd olunmus idaraedici li¢iin garisiq mosalonin imumilosmis
halli tapilir. Hollin tapilmasi gecikon arqumentli diferensial tonliyin hollinin tapilmasina gotirilir vo ¢ixiglar
nazariyyesindan istifade olunur. Malum trayektoriya iizra harokat edon idarsedicinin varligi isbat olunur.

SUMMARY
THE PROBLEM OF MOVING OPTIMAL MANAGEMENT
FOR DELAY HYPERBOLIC SYSTEMS
Mammadov A.J., Aliyeva H.H., Abdullayeva I.A.

Key words: optimal control, mobile optimal control, quadratic functional, hyperbolic system with
delay

The article studies the problem of moving optimal management for delay hyperbolic systems. The
governing function is represented as the Dirac delta function on the right side of the equation. The quadratic
functional is taken as the test for optimality. A generalized solution of a mixed problem is found for each of
the listed management. Finding a solution is brought to find a solution of differential equations with
deviating arguments and theory of residues is used. The presence of a steering wheel on a known trajectory is
proved.

Daxilolma tarixi: [1kin variant 07.02.2020
Son variant 30.03.2020
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disproporsialasma, akrilonitril, Farmer qaydasi

Silisium-tizvi polimerlorin molekullar1 silisium vo oksigen atomlarmin névbalogmasindon
omolo golir. Silisitumun yan zoncirlorindo karbon vo basqa atomlardan togkil olunmus miixtolif
funksional qruplar yerlosdiyindon onlar polimers, yeni keyfiyyotlor: termostabillik,
soyugadavamliliq, plastiklik, elastiklik vo halledicilora hollolma qabiliyyasti verir. Homin qruplardan
biri nitril (CN) qrupudur. [1-3]

Ona goro do hazirda silisiumun fordi sianalkil birlosmolori an olverisli kar-bofunksional
monomerlordon sayilir. Bu sababdan nitril torkibli silisium-zvi mono-merlorin sintezi sahasi stiratli
inkisafa vo genis todqiqat islorino sobab olmusdur. [4]

Togdim olunan igdo nitril qrupu alkil radikalinda olan silisium-iizvi nitrillorin sintezi vo
xassolorindon bohs edilir.

Silisium-iizvi nitrillori sintez etmokdon Otrii silisium hidridsilanlarin metallil spirtinin -
cianetil efirino birlogdirilmosi reaksiyasi hoyata kegirilmigdir. Metallil spirtinin B-sianetil efirini
almaq ticlin metallil spirti ilo akrilonitrildon istifads edilorok sianetillogsmo reaksiyasi aparilmigdir.

Silisium hidridlorin metallil spirtinin B-sianetil efirino birlosdirilmasi reaksiyasi soyuducu,
mexaniki qarigdirici, termometrlo tochiz olunmus iigbogazli kolbada atmosfer tozyiqinds izopropil
spirtinin 0,1 n mohlulunun istiraki ilo aparilmisdir. Reaksiya zamani har gram mol olefino 0,2-0,3 gr
hesabi ilo katalizator olava edilir.

Umumiyyatlo, silisium hidridlorinin yiixarida gostorilon olefino goro aktivliyini asagidaki
ardicilligla gostormok olar:

CH3C|25|H > CH3(CH2)4S|H > (CH3)2C6H5S|H > CH3(C2H5)ZS|H >

> Cl3SiH > (OC,H5g)3SiH

Miioyyan edildiyino goro yuxari temperaturda (130-160°C) metil dixlorsilan ilo alinan
adduktun c¢iximi 35-40%, 70-80°C-do iso 45-50% olur. Reaksiyani 55-65°C-do apardigda onun
ciximi 75%-don yuxari olur.

Analoji soraitds totbiq edilmaklo ekvimolyar nisboatdo gotiiriilmiis trixlorsilan vo monoxloridle
aparilan reaksiya zamani birinci halda az ¢iximla olmus, ikinci halda iso reaksiya tamamilo
getmomisdir. Homg¢inin alkilsilanlar da birlosmo reaksiyasina ¢otin girir vo ya birlogmir. Adsten,
tetrametilen silan burada da ekzotermiki olub 6z aktivliyini niimayis etdirir.

Eynilo alkoksisilanlar da pis birlogir. Burada birlosmo mohsulunun az olmasina sabab
trietoksisilanin disproporsialagsma reaksiyasma moruz qalmasidir. Odur ki, birlosma reaksiyasi ilo
yanasi, burada agagidaki kimi disproporsialagsma reaksiyasi da bas verir:

17



Hidridsilanlarin metallil spirtinin p-sianetil efiri ilo qarsiliql: tasiri reaksiyasinin tadqiqi

HSI(OC2H5)3 —_— SI(OC2H5)4
Burada osaslanmaq olar ki, trietoksisilanin disproporsialagmasinda nitril torkibli olefin 6zii
katalitik rol oynamisdir.
Bundan basqa, alinmis adduktlar {izorindo bir sira ¢evrilmo reaksiyalar1 aparilmigdir. Ancaq
burada nitril qrupunun Qrinyar reaksivi ilo tosiri zamani ketona c¢evrilmok ovozina, onun
desianetillogsmis mohsulu olan spirt alinir.

RR/,SiCH, - gH - CH,OCH,CH,CN + RMgX —129+
Hs
— RR/ZSiCHziHCHon + Akrilonitrilan polimeri
Hs

Metildixlorsilan birlosdirilmis adduktu CHsMgJ ilo alkillosdirorkon, alkillogsmis mohluldan
basga, onun desianetillosmis mohlulu olan spirt do alinir:

H,O
CH3Cl,SiCH,CH(CHa3)*CH,0CH,CH,CN + CH3MgJ ———

—_— (CH3)3S|CH2'CH(CH3)CH20CH2CH2CN +

+ (CH3)3S|CH2CH(CH3)CH20H + polimer
Spektr vasitosilo yoxlama zamani miioyyon edilmisdir ki, almmuig spirtlordo OH™ qrupu
silisium atomuna nozoran y-vaziyyatindodir. Bunu nozors alaraq, asaslanmaq olar ki, metil-dixlor
silan vo alkilsilanlar homin olefino Farmer qaydasi lizro vo ya Markovnikov gaydasinin oksino
birlasirlor. Analoji gaydada metil-dixlor silan, trixlorsilan va alkoksisilanlar da ikigat rabirads olan
metilen qrupuna, daha dogrusu, Farmer gaydasi lizro birlosmir. Biitiin bunlar garsihqli sintez
iisuluna osaslanaraq siibuta yetirilmisdir.
Tacriibi hissa
1. y- (B-sianetiloksi)-birli butil-metil-dixlorsilanin sintezi
CHs3CI,SiCH,CH(CH3)CH,OCH,CHL,CN
Oks soyuducu, termometr vo damci qifi ilo tochiz edilmis kolbada 29,5 q (0,2357 mol)
metallil spirtinin B-sianetil efiri yerlosdirilir, tizorino ti¢ damla H2PtCle Katalizatorunun izopropil
spirtindoki 0,1n mohlulu vo 25,6 ml metil dixlorsilan alava edilib, 65-70°C-do 5 saat qarisdirilir.
Sonra qovulma yolu ils 32,3 q birlosmo mahsulu (76,5%) alinmigdir.
Qaynama temperaturu 125-126°/ 1 mm; n2° - 1,4600.d32° - 1,1119.
MRp tacriibi 59,19; MRp nazori 58,97.
2. v- (B-sianetiloksi)-birli butil trixlorsilan:
Cl3SiCH,CH(CH3)CH,0OCH,CH,CN
Reaksiya kolbasinda 9,2 q (0,07 mol) olefin yerlosdirib, tizorins li¢ damla platin katalizatoru
vo 10 q trixlorsilan alave edir vo qarisiq 65-70°C-do 5 saat quzdirilir.
Qovma omoliyyati naticosinds 4,3 q birlosmo mohlulu alinmigdir.
Qaynama temperaturu 120-121% 0,5 mm; ; n2° - 1,4622. d2° - 1,2254.
MRp nazari 58,60; MRp tacriibi 58,50.
3. v- (B-sianetiloksi)-birli butil-metil dietil silan.
CHz3(C,H5)SiCH,CH(CH3)CH,OCH,CH,CN
Reaksiya kolbasinda 8,7 q (0,069 mol) olefin yerlosdirib, lizorino katalizator vo 7,2 q hidrid
silan olavo edilmisdir. 12 saat qaynatdigdan sonra qarisigm temperaturu 142°C olmusdur.
Vakuumda qovma noaticosindo 109-111°C / 0,5 mm-do 5,4 q birlosmo mohsulu almmisdir. Tokrar
gqovma zamani addukt 111,5°C/ 0,5 mm-da qovulmusdur.
n3® - 1,4498.d2° - 0,8890; MRp nozori 68,73; MRp tacriibi 68,71; Cixim 34% toskil edir.

18



Asurov D.9., Agayev ©.9., Bayramov Q.K., Nasirova I.M.

4. v- (B-sianetiloksi)-birli butil-metil-tetrametilen silan
CHj

CHy,— CHy ~_.
SiCH,CH(CH4)CH>,OCH,CH,CN
CHy— CH, ~ 2CH(CH3)CH,0CH,CH,

Analoji olaraq 6,7 q (0,053 mol) olefinlo ekvimolyar nisbotdo gétiiriilmiis 4,8 q metil-
tetrametilensilan arasinda aparilan reaksiya ekzotermiki getmis vo reaksiya kolbasinin temperaturu
0z-6ziina 170°C-dok qalxmisdir.Vakuumda tokrar qovulmadan sonra birlosmo mohsulu asagidaki
gostoriciloro malik olmusdur. Qaynama temperaturu 115-116,5% 0,5 mm; ; n2° - 1,4688. d2° -
0,940; MRp nozori 66,84. MRp tocriibi 66,74. Cixim 80%.

5. y- (B-Sianetiloksi)-birli butil- fenll-dimetilsilan:

CeHs(CH3),SiCH,CH(CH3)CH,0OCH,CH,CN

Mexaniki qarigdirici kolbada 4,8 q (0,0386 mol) olefin yerlosdirilir. 4 q damla H207Hs
katalizatoruun istirakinda fenildimetil-silan 130°C-dok qizdirilmis olefin {izorino damla-damla olave
edilmis vo miintozom olaraq qizdirilma davam etdirilmisdir. 10 saatdan sonra temperatur 215°C
olmusdur.

Vakuumda 5,2 q alman birlosmo mohlulu tokrar qovma noticosindo asagidaki gostoricilora
malik olmusdur: Cixim 50,8%.

Qaynama temperaturu 147% 3 mm; ; n2° - 1,5032. d3° - 0,9829; MRp nozori 79,53. MRp

tocribi 78,68.

6. v- (B-sianetiloksi)-birli butil- trietoksi silan:

(OC,Hg)3SiCH,CH(CH3)CH,0OCH,CH,CN

Reaksiya kolbasinda 23 q metallil spirtinin sian etil efiri yerlosdirib 70°C-dok qizdirdiqdan
sonra platin katalizatoru vo ekvimolyar nisbotdo trietoksisilan (30,2 q) olava edilorok 6,5 saat
qizdiridgdan sonra onun temperaturu 192°C olmusdur. Vakuumda tokrar qovulmadan sonra 13,5 q
mohsul almmisdir. Qaynama temperaturu 128-131% 1 mm; ; n2° - 1,9250. d2° - 0,9842; MRp nozori
75,20. MRp tocriibi 75,88. Adduktun ¢iximi 20,6% toskil edir.
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PE3IOME
HCCJEIOBAHUE B3AUMOJIEVICTBUS TUJIPUJICHUIIAHOB C B-IIUAH
9TUJIOBBIM 3®UPOM METAJIJIMJIOBOI'O CITUPTA
Auwypoe /I.A., Acaesé A.A., baiipamos I'.K., Hacuposa H.M.

Knrouesvle cnosa: cudpuodvl KpemHus, Mmemainunosviti cnupm, kamaiuzamop Chreilepa,
2eKCaxopnaAamuHo8as KUcioma, OUCHPONOPYUsl, AKPUIOHUMPUT, NPABUNO
Dapmepa
HccnenoBana peakuusi IPUCOSMHEHUS THAPHICHIAHOB K B-IIHAHATH-IOBOMY d(UPY METaTUIOBOTIO
cnupTa. YCTaHOBIEHO, YTO THIPUICWIAHBI TpPH OoJiee TMOBBINICHHBIX TEMIEpaTypax B MPUCYTCTBUU
TTATHHOXJIOPUCTOBOJJOPOIHON KUCIIOTHI TPUCOCIMHSIOTCS K YKazaHHOMY ojiehuHy 1o npasuity apmepa.
[pu 3TOM, THIPUICHIAHBI UMEIOLIHE AJIEKTPOOTpUIIATENIbHbIe (YHKIIMOHANBHBIE TPYIITBI, IPHBOJAT K
MIOJTyYEHHIO a7TyKTOB CO CPaBHUTEIHHO HU3KUMHU Bbixogamu (20-35%). OnHako MeTHiI-TeTpaMeTHIEHCHIIaH
K onepHuHY MPHUCOe-IUHSIETCS TaXKe IK30TEPMUYHO U aJUIyKT Moiyvaercs ¢ Bbixoaom 80%.

SUMMARY
THE STUDY OF INTERACTION OF HYDRIDSILANES WITH B-CYAN
ETHYL ETHER OF METHALLYL ALCOHOL
Ashurov D.A., Aghayev A.A., Bayramov Q.K., Nasirova I.M.

Key words: silica hydrides, methallyl alcohol, Speyer catalyst, hexachlorop-latinate acid,
disproportionalization, acrylonizrile, Farmer’s rule

The reaction of addition of hydridsilanes to B-cyanoethyl ester of methallyl alcohol was explored. It
was determined that hydridsilanes at higher temperatures in the presence of platinum hydrochloric acid join
to specified olefin by Farmer’s rule.

Furthermore, hydridsilanes with electronegative functional groups lead to the preparation of adducts in
relatively low yields (20-35%). However, methyl tetramethylsilane joins the olefin even exothermically and
adduct is obtained in 80% yield.

Daxilolma tarixi: [lkin variant 11.03.2019
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Molumdur ki, xlorlizvi maddslorin kimyovi iisulla alinmasi zamani kiilli miqdarda tullant1
abgaz hidrogen xlorid alinir vo bu da ekoloji tohlilko monboyina ¢evrilir. Alinan abgaz hidrogen
xloriddon istifado edorok bozi iizvi maddolorin elektrokimyovi {isulla xlorlagsmasmi hoyata
kecirmoklo ekoloji tohliikasizlik kifayat qodor tomin olunur.

Fenol va onun téromolorinin kimyavi xlorlagdirilmasinda molekulyar xlor, galovi metallarin
hipoxloritlori, sulfuril xlorid, fosfor 3-xlorid, fosfor 5-xlorid vo s. xlorlagsma agenti kimi istifado
olunur. Bu reagentlorin oksariyyati zorarli maddslordir. Onlarin alinmasi, daginmasi vo saxlanmasi
hom iqtisadi, hom do ekoloji cohotdon somorali deyildir.

Torofimizdon aparilan eletrokimyovi yolla xlorlasmada gostorilon xlorlasma agentlorinin
bozilori proses zamani alindigi iiglin yuxarida geyd olunan mosslonin hall olunmasi iiglin miithiim
sortdir.

Sulfuril xloridlo alkilfenollarn elektrokimyovi xlorlasmasinda sulfuril xlorid, homginin do
sulfuril xloridin alinmasi {iiin tolob olunan SO, va Cl, qazlar1 proses zamani alinir va qarsiliql
tosirdo olaraq xlorlagsma agenti kimi xlorlagsmada istirak edir.

Prosesds susuz inert holledicidon CCI,-don istifads olunur, suyun migdari minimuma

endirildiyi tigiin bag vera bilocok oksidlosmo prosesini minimuma endirmok miimkiin olur.

2,4 vo 2,6-dimetilfenollarin xlorlasmas1 zamani xlorfenollar 2,4 vo 2,6-dixlorfenollardan
ayrilaraq sistemo verilir ki, bu da biitiin xlorfenollarin 6z-6ziino vo ya bir-biri ilo kondenslosmasi
naticosindo ¢oxsayl dioksinlorin amolo golmasinin qarsisini kifayat godar almis olur.

Toluolun gat1 xlorid tursusu ilo platin elektrod istirakinda fotokimyovi, qaz halinda xloru
sulfat tursusu ilo qurutmaqla vo digor iisullarla xlorlagsmasi noticosinde benzil xloridin alinmasi
molumdur. Bu iisullarda bir sira catigmayan cohotlor mévcuddur:

- prosesin yuksok temperaturda aparilmasi;

- xiisusi, qiymatli avadanliqlardan (platin) istifadoe olunmas;
gaz halinda xlordan, golovidon, gati sulfat tursusundan istifado olunmast;

- mogsadli mahsulun asagi ¢iximla alinmast;
fotokimyavi xlorlagsmada vahid gilico malik reaktorlarm yaradilmasinin ¢atinliyi va s.

Yuxarida qeyd olunanlardan aydin olur ki, torofimizdon elektrokimyovi yolla xlorlagsma
prosesinin aparilmasi zamani reagentlorin oksoriyyati elo prosesin 6ziindo aliir, zororli araliq
mohsullarin miqdar1 kifayst qodor azalir. Zororli maddoslorin atmosfers atilmasi xeyli derocoado
azalmis olur va ekoloji tohliikesizlik tomin edilir. Alinan moagsadli mohsulun tomizlik doracasi va
ciximi yiiksok olur.

Elektronoakseptor  dezaktivlogdirici  ovozedicilor olduqda aromatik  birlogsmalorin
halogenlogmosindo katalizatordan istifads olunmasi1 miitloqdir.

Bu reaksiyalar yiiksok temperaturda bas verir.

Fenollar giiclii vo zaif elektrofil avazedicilarin biitiin tipik reaksiyalarina daxil olur. Fenolun
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Aromatik karbohidrogenlarin elektrokimyavi sistemda xlorlagsmast

molekulyar xlor yaxud bromla polyar mihitds halogenlosmoni monohalogenlosma morhalasinda
saxlamaq ¢atin olur. Fenolyat ionunda ¢ox gliclu oksidlasdirici qrup — oksigen atomu oldugu Gctin
fenolyat ionu ilo halogenlosmo fenoldan daha stratli gedir. Halogenovazli fenol fenola nisbaton
daha giiclii tursu xassolidir. O, asan dissosiasiya edorak ikinci v tiglincii halogen atomunun —orta vo
-para voziyyoto daxil olmasmi asanlasdirir. Fenolun halogenlogsmosindo Lyuis tursulari
(FeCl,, FeBr;, AICL,) tolob olunmur vo molekulyar halogenlorin tosiri ilo asanliqla halogenlosirlor.

Fenolun monohalogenli téromslorini geyri-polyar miihitdo halogenlogmo ilo almaq olur, bu

zaman fenolun dissosasiyasi bas vermir.
OH OH OH

CCl
+ Cl, ——> +

Cl
Halogenlosmas agenti kimi halogenlorin dioksanla kompleksindan da istifads olunur.

Xlorlagsma CCI, helledicisinds asag1 temperaturda aparildiqda ugucu o-izomerin ¢iximi 25%-2

qodor olur. Temperaturu 60°C -ya qoder artirdiqda o-izomerin ¢iximimi kifayat godor artirmaq olur.
Halogenlogsmo agenti NaOCl, SO,Cl,, PCl,, PCl; vo s. istiraki ilo monoxlor téromolorin

kimyovi iisulla alinmas1 da hoyata kegirilmisdir.

Moalumdur ki, bir ¢ox xloriizvi maddslorin almmasi zamam kiilli miqdarda abqaz hidrogen
xlorid almir vo ekoloji tohliiko monboyino ¢evrilir. Tullant1 abgaz hidrogen xloriddon
elektrokimyovi yolla fenolun, krezolarm, naftollarin, aromatik aminlorin va s. xlorlagsmasini hoyata
kecirmokls ekoloji tohliikosizlik tomin olunur.

Fenolun monoxlor téromolorinin elektrokimyovi sistemdo tullanti abgaz hidrogen xlorid,
natrium hipoxlorit va sulfuril xlorid istiraki ilo alinmasi torofimizdon todqiq olunmusdur [1]. Proses
termostat, oks soyuducu vo qarisdirict ilo tochiz olunmus silindrik siiso (qabda) 6zokdo hoyata
kecirilmisdir.

Xlorlasdirict agent kimi abgaz hidrogen xloriddon istifado etdikdo elektrod olaraq qrafit katod
vo ORTA anoddan istifado olunmusdur. Xlorfenolun ¢iximmi vo xlorlagsma prosesinin siiratini
artirmaq ticlin homogen miihitdo hidrogen xloridin elektrolizindon alinan molekulyar xlor inert
holledicids (CCl,) hall olunmagla istifado olunur. Reaksiya 20 — 30 °C temperaturda aparilir,

elektroliz zamani ayrilan xlora kalium yodid mohlulu ilo nazarat olunur. Reaksiyaya daxil olmayan
fenol xlorlagmis mohsullardan reaksiya qarisiginin efir mohlulundan 10%-li potas mohlulu ilo
ayrilir. o- vo p- izomer qarisigi iso fraksiyali distills ilo ayrilir.

Se¢ilmis soraitdon asili olaraq p- vo o- xlorfenol yaxud 2,4 dixlorfenol, homginin az miqdarda
trixlorfenol da alinir. Prosesi natrium hipoxlorit istiraki ilo apardiqda da elektrod kimi qrafit (katod)
vo ORTA (anod), holledici kimi CCI, —don istifado olunub, proses 10°C -do aparilmigdir. Burada
monoxlor fenolun ¢iximi1 molekulyar xlora nisbaton yiiksak, di veo trixlorfenolun ¢iximi iso nisbaton
asagi olur.

Proses 20-30 °C temperaturda 0.1 A/sm? corayan sixliginda aparilmisdir. Bu prosesds do 0- vo
p-xlorfenollarin garisiginda, p-izomer ustiinliik toskil edir. Onlarin uygun mol nisbatlori 0.15:1
Kimidir.

Reaksiyaya daxil olmayan fenol xlorlasmis mohsullardan reaksiya qarigiginm efir
mohlulundan 10%-1i potas mohlulu ilo, 0- vo p- izomerlor qarisig: iso fraksiyali distillo tisulu ilo
ayrilir.

Xlorlagsma agentlorinin - xlor, NaOCI, SO,Cl, prosesin gedisi zamani almmasi iqtisadi vo
ekoloji cohotdon boylik ohomiyyat kasb edir. Araliq mohsullar kifayat qodor az alinir, reaksiya
mohsullarinin tomizlik doracasi yiiksok olur [2].
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Molumdur ki, 2,4-dixlorfenoksisirks tursusundan kond tosorriifati bitkilorinin alaq otlarindan
miihafizosindo genis istifado olunur. 2,4-D herbisidinin bitkilors tosir mexanizmi dyronilmigdir.

2,4-D-nin elektrokimyavi metodla sintezi ilk dofo torofimizdon aparilmis, onun tatbiqindo
qarstya ¢ixan bazi ekoloji problemlars nail olunmusdur.

Aydmlagdirilmigdir ki, 2,4-D-nin sonayedo alinmasi prosesindo 6zlorini iki yerdon oksigen
atomlar1 ilo birlogmis benzol halqgasi sistemi kimi gostoron dibenzo-p-dioksinin miixtalif xlorlagmis
toromoalari do alinir. Omals galon dioksinin formasi agagidaki kimidir:

4 o 6

3 7

2 8

1 o 9

Miioyyon olunmusg optimal soraitdo fenolun xlorlagdirilmasi 2,4-dixlorfenolun alinmasina
gotirir ki, bu toromsalor do biri-birindon benzol halgasinda xlor atomlarmin say1 vo voziyyati ilo
forglonir. Fenolun xlorlasmas1 2,4-dixlorfenoldan basqa, benzol halgasinda bir-birindon hom xlor
atomlarmin sayma, hom ds vaziyyotino gora forqlonan digor xlorfenollarin alinmasina da sobab
olur. 2,4-dixlorfenol fenolun xlorlasma mohsullarindan biridir vo onun ¢iximi digar xlorfenollardan
cox yiiksok olur. Digor xlorfenollarin ¢iximi iso reaksiya kiitlosinin toxminon 10-11%-ni togkil
edir (2,4,6-trixlorfenol 4%, 2,4,5-trixlorfenol 2%).

Moveud texnologiyaya gors, monoxlorsirko tursusu ilo kondenslosmo morholosine fenolun
birinci moarholods alinan biitlin qarigig1 2,4-D-an ayrilmadan va tomizlonmadon verilir. Bu isa biitiin
xlorfenollarin 6z-6ziino kondenslogmosino vo ya kondenslogsmo naticosindo bir-biri ilo miixtalif
nisbotlordo ¢coxsayli dioksinlorin omolo golmasino sobab olur. Biitiin bu todqigatlardan sonra 2,4-D-
nin istehsal1 vo totbiqi ilo bagli masolo ¢ox miizakiralors sobab olmusdur [3].

Kond tosarriifatinda onun avoz olunmasini tomin edocok basqa preparat olmadigina goro 2,4-
D-nin istehsal1 va totbiqi bu giin do genislondirilmokdadir, gostorilon ¢atigmazliqlar istigamotindo
axtarislar davam etdirilir.

Hazirki texnologiya {izro alman herbisidlorin dioksinlordon tamamils azad olunmas1 miimkiin
deyil vo bu giin do aktual olaraq qalir. Odur ki, prosesds alman dioksinlorin migdarini1 minimuma
endirmok vo alinan mohsulda onlarimn miqdarmi azaltmaq mogsadilo ononovi texnologiyanin
tokmillosdirilmosi istigamotino bdyiik iistiinliik verilir. Son zamanlar 2,4-D-nin istehsali vo totbiqi
zamani yaranan ekoloji problemlor digqet morkozindodir. Bu, asason fenoksi tursularin sintezi
zamani ¢oxlu migdarda dioksinlorin alinmasi ilo 2,4-D-nin 6zli, hom do onun ¢evrilmo mohsullar1
ilo otraf miihitin vo qida mohsullarmin ¢irklonmosidir [4].

Ik dofs olaraq torafimizdon elektrokimyavi sistemda 2,4-D-nin sintezi tadqiq olunmusdur [5].

Proses termostat, soyuducu, qarigdirict vo sifonla tochiz olunmus silindrik siiso gabda
(elektrokimyovi 6zok) aparilmisdir [6].

Elektrod olaraq grafit (katod) vo ORTA (anod) istifado olunmusdur. Xlorlagsma agenti olaraq,
kimya sonayesindo tullant1 kimi alinan abgaz xlorid tursusunun elektrolizi naticasinds amals golon
molekulyar xlordan istifado olunmusdur.

Alman 2,4-dixlorfenolu natrium qolovisi ilo kondenslosdirarok natrium-dixlorfenolyat alinir.
Dixlorfenolyata monxlorsirko tursusunun natrium duz olave edilorok elektrokimyavi sistemdo
moagsadli mahsulun (2,4-D) alinmasi hayata kegirilir.

Kimyavi iisuldan forqli olaraq, elektrokimyavi tisulla proses aparildiqda araliq dioksanlarin
miqdar1 kifayst qodor az olur, mohsulun tomizlik dorocasi yiiksolir, proses asagi temperaturda az
miiddotdo aparilmagla 2,4-dixlorfenolun ¢iximmnin yiiksalmosi tomin edilir. Bu iso, 2,4-D-nin
istehsali vo totbiqi imkanlarini artirir. Proses ekoloji cohatdon tomiz vo olverislidir, belo ki, otraf
miihito zohorli vo zarorli maddslorin atilmasini nozaragarpacaq doracado azaldir.
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Mbohz bu sobobdon do texnologiyanin tokmillosmasi ilo prosesdo alinacaq dioksinlorin
miqdarinin hazir mohsulda minimuma catdirilmasi iiglin torofimizdon proses elektrokimyovi
sistemdo asag1 tempearturda aparilmigdir.

Xlorlasma prosesi daha asag1 temperaturda (40 — 60 °C) aparilir vo alman 2,4-dixlorfenol iso
IT morhaloys digor xlorfenollardan ayrilib tomizlomoklo verilir. Belo soraitdo 2,4-D-nin yiiksok
¢iximla tomiz alinmasimi tomin etmok vo prosesds alina bilocok dioksinlorin migdarint minimuma
endirmok miimkiindir.

Bozi istehsalgilar temperaturu asagi salmaqgla yanasi, fenoksirko tursulari dioksinlordon
perxloretilenlo ekstraksiya etmoklo tomizloyirlor. Bu tisul herbisidlorin keyfiyyatino miisbot tosir
gostarsa do, dioksinlorin azalmasina va straf miihitin ¢irklonmasine miisbat tosir gostormir.

Elektrokimyovi tisulla 2,4-D-nin alinmasi kimyovi iisulla miiqayisado bir sira iistiinliiklora
malikdir:

- prosesin aparildigi sistem sadodir;

- alinan dioksinlorin migdar1 minimuma endirilir;

- xlorlagma prosesi asag1 temperaturda aparilir vo alinan 2,4-dixlorfenolun II morholoys digor

xlorfenollardan ayrilaraq vo tomizlonarak verilir;

- alinmis moahsulun keyfiyyati va tomizlik deracasi yliksokdir;

- proses ekoloji cahatdan slverislidir.

Kimyavi metodla o-krezolun xlor va digor xlorlasdiric1 agentlorlo xlorlagsmasindan alinan
qarigigin torkibindo 65—70% 7-xlor-2-metilfenol, 6 xlor-metilfenol vo 4,6-dixlor-2-metil fenol
alinir. Bu zaman tomiz mohsul 4-xlor-2-metilfenolu ayirmaq ii¢iin texniki mohsul rektifikasiyaya
ugradilir.

Proses CCI, holledicisinin istiraki ilo aparildigda alkil qrupunda xlorlagma azaldig1 tgiin

maqsadli mohsulun ¢iximi bir qodor artir.

Xlor-2-metilfenol o-krezolun xlor, golovi metallarin hipoxloritlori yaxud sulfuril xloridlo
xlorlasmasindan alinir. ©n tomiz mohsul o-krezolun sulfuril xloritlo xlorlasmasindan alinir.

Xlor-o-ktezol (5-xlor-2-oksitoluol) suda ¢otin hall olur, onu o-krezolun son fraksiya
garigigmin  Na,CO, mohlulunda qarisigint xlorlagdirmaqla alirlar. Azoboyalarin alimmasinda
istifado olunur [6].

Coxsayl1 odobiyyat vo patent monbolorindon molum olur ki, alkilfenollarin mono- va di-

ovozolunmus xlorlu téromolorinin alinmasi elektrokimyavi sistemdo aparilmamisdir.
Bu mogsadls ilk dofo olaraq (torofimizdon) o-, m- vo p- krezollarin elektrokimyovi yolla

xlorlagmalar1 hoyata kegirilmigdir. Bu zaman elektrokimyavi sistemin 6ziinds alinan Cl, va SO, -
don istifade olunmusdur. Aktiv komiir katalizatoru istirakinda Cl, vo SO, -nin garsiliglt tesirinden

SO, +Cl, =S0,Cl, xlorlagma agenti olan sulfuril xlorid alinmigdir [7].

Xlorlagma reaksiyast yuxarida qeyd olunan termostat, sabit corayan manbayi, qrafit elektrod,
oks soyuducu, qarigdirict ilo tochiz olunmus silindrik siisodon hazirlanmis elektroliz qurgusunda
hoyata keg¢irilmisdir.

Kiikiird qazmin almmasi uglin natrium sulfit vo xlorid tursusundan istifado olunmusdur.
Reaksiya qurgusuna CCl,, hesablanmig miqdarda natrium sulfit vo 15—30%-1i xlorid tursusu 1: 2

ekvimolyar miinasibotds yiiklonilir. Reaksiya qarisigina termostat vasitosilo 40—50°C temperatur
verilir, qarigdirilir, naticads, asagidaki reaksiya ilo SO, qazinin alinmasi tomin olunur:

Na,SO, + 2HCI — 2NaCl + SO, T +H,0

Bundan sonra sabit coroyan monboyindon verilon coroyanla HCI tursusunun elektrolizindon
Cl, qazi alinur.
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Yuxarida gqeyd olundugu kimi SO,, Cl, ve aktiv komiir istirakinda SO,Cl, omole golir. Bir
ne¢d doqiqo miiddotdon sonra reaksiya qurgusuna o-krezol olavo olunur, qarigdirict iso salinir vo
xlorlagsma prosesi davam etdirilir.

Almmis SO,CI, o-krezolla asagidaki reaksiya ilo asason 4-Xxlor-2-metil-fenol amelo gatirir.

QOH + SO,Cl, — C|QOH + SO, + HCI

CHy CHj
Reaksiyanin benzol niivesindo getmosi asason xlor vo kiikiird anhidridinin miqdari, reaksiya
soraitindon asilidir. Xlorid tursusunun qatiliginin, temperaturun, coroyan sixliginin, reaksiyanin

davametmo miiddotinin, reagentlorin miinasibotlorinin xtisusen do SO, vo Cl, benzol niivesindo

ovazolunmada mithiim amillordir.
Asag1 qatiligh xlorid tursusundan o-krezolun xlorlagsmasinda istifado olunduqda corayanin bir
hissasi xloratlarin amolo galmasina sorf olundugu ii¢lin o-krezolun corayana gors ¢iximi azalir.
Xlorid tursusunun qatiligi 15%-don asagi olduqda o-krezolun alinan xlorlu mohsullarinin

¢iximi azalir, belo ki, xlorun ayrilmasi ilo yanasi, oksigenin H,O —2e — %02 +2H" sxemi ilo
generasiyasi bag verir.

Xlorid tursusunun c¢ox asag1 qatiliglarinda oksigen omolo golir vo qismon anodun
oksidlogmasing sorf olunur.

C+0, »CO,
Proseso tosir edon faktorlardan biri do temperaturdur. Temperaturun tosiri 15—30%-li xlorid

tursusu vo 10-15 %mz corayan sixliginda 6yronilmisdir. Alinmis naticalor sokil 3-do verilmisdir.

Anod-qrafit, coroyan sixligi 25—30A/dm?, temperatur 70—75°C

0-krezolun xlorlagsmasi zamani elektrolizerin maksimum mohsuldarligini miioyyon etmok
liclin coroyan sixliginin xlorlasma mohsulunun coroyana goro ¢iximmdan asililigr todqiq
olunmusdur. o-krezol stexiometrik hesablanmis miqdarindan 10%artiq gotiriiliir, temperatur
50°C, xlorid tursusunun qatilig1 15—30% olmaqla proses aparilir.

Coaroayana gora ¢iximin corayan sixligindan asililigr sokil 4-do verilmisdir.
n,%

80 100

60
(@)

20 40' 60 i, Algqm?
Sakil 4. p-ksilolun yan zancirds xlorlasmasinda xlorlasma mahsulunun corayana géra

cximunin carayan sixligindan asilihigi: anod - qrafit, temperatur -70—75°C, C,,o = 30%

Temperaturun azalmast SO, ilo qarsiliqlt tesirdo olan xlorun miqgdarinin azalmasma sobab

olur. Homginin xlor vo kiikird qazinin CCl,-do hsll olmasi xlorlasma prosesino ohomiyyatli
doracado tosir edir (monoxlorlu toromolorinin alinmasina).

Aparilmis tocriibalor gostarir ki, o-krezolun xlorlagmast ilo monoxlor téromslorin alinmasmda
mohsulun ¢iximina tosir edon faktorlar: xlorid tursusunun qatiligi, elektrolitin temperaturu, carayan
sixlig1 vo aparilan reaksiya miihitidir.
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Toalob olunan 15—30%-1i gatiligda xlorit tursusundan istifads etdikds aktiv xlorun ayrilmasi

asanlasir, aktiv komiir katalizatoru istirakinda SO,Cl,-in yumsaq soraitdo omolo golmasi
sartlondirilir.

CCl, istirakinda monoxlor-0-krezolun alinmasi asanlagr. Maksimum ¢ixim caroyan
sixligmm 10 — 15 A/dm? qiymoatindo alinir.

0-krezolun elektrokimyavi xlorlasma prosesi ekoloji tomiz prosesdir, alinan araliq zororli
maddolor kifayat qodor az olur.

Homginin geyd olunan soraitlordo p- vo m-xlorfenolarin da xlorlasmasi elektrokimyovi yolla
hoyata kegirilmisdir. Bu zaman alinan p- vo m- Xlorfenollarin ¢iximi o-xlorfenolla miiqayisodo bir

qodor asagi olur (~ 75%). m-krezolun xlorlasmas1 40-50°C temperaturda aparildiqda ¢rxim daha
yiiksok olmusdur [8].

p-krezolun SO,CI, istirakinda xlorlagsmasi reaksiyasi naticasinds asasen 2-xlor, 4-metilfenol
almir.

Metilfenollarin aromatik niivolorinde iki tip ovozedici - OH vo CH, qrupu onlarin 7 -

elektron buludu ilo eyni garsiliqh tosirds olur. Metilfenollarin oksor fiziki vo kimyovi xassalori fenol
hidroksili ilo benzol niivesinin 7 -aromatik sistemi arasindaki garsiliqli tasirlo miioyyan olunur.

OH — qrupunda olan oksigen atomunun bdliinmomis elektron ciitlorindon biri benzol
halgasindaki 7 — sistemina daxil olub benzol niivasindoki —orto vo -para vaziyysatindo elektron
sixligmi artirwr, elektrofil hissociklorin  hiicumunu asanlasdirir vo hidrogen atomunun homin
voziyyotdo ovoz olunmasini asanlasdirir. Beloliklo birinci qrup ovozedici olan OH qgrupu —J vo
+ M effektlo xarakterizo olunur. Metil qrupu da birinci qrup oavozedici olmaqgla miisbot induktiv
effekto (+J) malikdir [9].

Metil grupunun say1 artdiqda aromatik fenollarin xlorlagsmasi nisboton asanlasir. Xlorlagsmani
monoxlor istiqgamatindo aparmagq {igiin xlorlagsma agenti kimi sulfuril xloritdon, inert holledicidon vo
susuz miihitdon istifado etmok daha slverisli tisuldur.

Sulfuril xlorid aromatik karbohidrogenlorin, son zamanlar iso alifatik karbohidrogenlorin do
xlorlagmasi ii¢lin daha cox istifado olunan xlorlagsma agentidir. Onun totbiq olunma sorhodlori
miixtolif tocriibo soraitlorindo ¢ox genisdir. Sulfuril xloridlo xlorlagmani holledicisiz, genis
temperatur sorhadlorinda 0 °C-dan 30 — 45 °C (bazen xlorlasan maddenin qaynama temperaturunda)
aparmaq olur. Bozon do mohlulda (karbon 4-xlorid, xloroform, efir vo s.) 20 °C-don holledicinin
qaynama temperaturuna qador istifado olunur. Hordon katalizator: aliiminium xlorid, kiikiird xlorid
vo nohayat, benzoil peroksid daha maraqli katalizatordur, hansi ki, tocriibada sulfuril xloridin
tatbiqolunma sorhadlorini daha da genislondirir.

Sulfuril xloridle xlorlasmanin mexanizmi soraitdon asili olaraq miixtolifdir. Katalizator istirak
etmadikdo sulfuril xlorid asan dissosiasiya etdiyi t¢un SO,Cl, — SO, +Cl, molekulyar xlor
monboyidir. Parcalanma az-¢ox doracado soraitdon, xlorlasan maddonin tobiotindon vo bu vo ya
digor olavelorin daxil olmasindan asili olaraq bag verir.

Katalizator istirakinda (aliminium xlorid, domir xlorid, fosfor 5-xlorid va s.) benzolun
homologlarinin xlorlasmasi asanlasir. Maraqhdir ki, Sb, Bi, Fe,Mo, Al,Feva Se xloridlori niivada

xlorlasman1 miivoffoqiyystlo hoyata kecirir, P, As,Mg xloridlori istirakinda xlorun yan zoncire

daxil olmasi bas verir. Masalon, p-ksilol aliiminium xlorid katalizatorunun istiraki ilo 2-xlor-p-
ksilol, m-ksilol fosfor 5-xlorid katalizatorunun istiraki ilo m-ksilolxlorid amalo gatirir.
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Sulfuril xloridls o-, m-, p- krezollar, ksilenollar, timol va s. asan xlorlasirlar.

Xlorfenollar, xiisuson do onlarin alkil toromolori miihiim dezinfeksiyaedici vasito vo
antiseptiklordir [10].

Coxsayli adobiyyat va patent monbalorindon goriiniir ki, xlorlagma ilo alkilfenollarin mono va
di ovazolunmus xlorlu toromalorinin elektrokimyovi sistemds alinmasi aparilmamisdir [11].

[Ik dofs olaraq alkilfenollarm, o ciimlodon do 2,6-dimetilfenolun elektrokimyavi sistemdo
xlorlagmasi hoyata kegirilmisdir.

Xlorlagsma agenti kimi sulfuril xloridden istifads olunmusdur.

Ovvelca natrium sulfitin hidrogen xloridle garsiliqli tesirinden CCl, holledicisindo SO, qazi

alimir. Sonra sabit coroyan menbayindon carayan vermokls hidrogen xloridin elektrolizi ilo Cl, qazi

almir. Aktiv komiir katalizatorunun istiraki ilo SO, va Cl, qazlarmmn garsihiql tesirinden SO,CI,

xlorlagma agenti alinmagqla, xlorlagsma prosesi hoyata keg¢irilmisdir.

Benzol halgasinda ovezolunma reaksiyast asason xlorun, kiikiird gqazinmm miqdarindan vo
reaksiya soraitindon asili olur.

Hidrogen xlorid tursusunun gatiligi, temperatur, coroyan sixligi vo reaksiyanin davam etmo
miiddatlorinin tasiri do otrafli todqiq olunmusdur.

Tacriibanin naticalori qrafiki olaraq verilmisdir.

Yuxarida geyd olunanlar 2,4-dixlorfenol {i¢iin do dyranilmisdir.

Aparilmis todqiqatlar gostormisdir ki, 2,6 vo 2,4-dimetilfenollarin monoxlorlu téromolorinin
almmasida ¢ixima osason xlorid tursusunun qatiligi, temperatur, coroyan sixligi vo aparilan

reaksiyanin mithiti, homginin prosesds alinan SO, va Cl, gazlarinin mol nisbatlori tosir edir.

Alinan mohsul tomiz, proses iso ekoloji tomiz prosesdir. Belo ki, osas xamallar elo prosesin
0ziindo alinir, zorarli maddolorin miqdari kifayat qodor azalmis olur.

Molumdur ki, 2,6-dimetilfenolun xlorlu toromolori asasan bakterisidlorin istehsalinda vo
dezinfeksiya wvasitosi kimi istifado olunur. Ogor ovallor fenolun bu téromolori das komiir
gotranindan alinirdisa, hal-hazirda osas maraq dimetil homologlarin fenol vo metanolla bir- vo
ikimorholsli metodla sintezino yonalib.

Digor torofdon klassik xlorlasma iisullarindan forqli olaraq, HCI istiraki ilo 2,6-
dimetilfenolun elektrokimyoavi xlorlagsmasi1 daha boyiik ohomiyyat kasb edo bilir.

2,6-dimetilfenolun katalizator istirakinda 2-metilfenolla metanolun alkillosmasindon alinmasi,
homginin alinmig 2,6-dimetilfenolun sulfiril xloridlo elektrokimyovi sistemds xlorlagsmasi da todqiq
olunmusdur [12].

2,6-dimetilfenolun 2-metilfenolun metanolla alkillosmosi osasinda alinmasi manganla
modifikasiya olunmus kobalt-ferrit Kkatalizatorunun istiraki ilo hoyata kegirilmisdir. Miioyyon
olunmus soraitdo 2,6-ksililfenolun c¢evrilmo reaksiyasi vo o-krezola gbéro hesablanmis baslangic
¢ixim 97.5 % vo 33.4 % toskil edir.

Prosesdo alinmis alkilatin sads torkibi onlarin sonraki emalin1 asanlasdirir, homginin yiiksok
soviyyada tomiz mohsul — 2,6-dimetilfenolun (99.0%) alinmasini tomin edir.

Sulfiril xlorid fenol vo onun toromolorinin xlorlagsmasi {iglin genis istifado olunan
reagentlordon olsa da, toklif olunan isulla xlorlagsmanin aparilmasi yiingiil soraitdo vo mogsadyonlii
gedir, ona nazarat xeyli asanlasir.

Alkilaromatik karbohidrogenlorin xlorlu tdromolorindon on ¢ox praktiki ohomiyyat kosb edoni
xlorun alkil qrupunda olanlardir. Bunlara benzilxlorid, benzotrixlorid, p-ksilendixlorid, heksaxlor-
m- vo heksaxlor-p- ksilollar1 aid etmok olar.

Onlar tursu korroziyasi {iclin effektiv inqibitorlarin, kauguku vulkanlasdirma agenti kimi,
istiyadavamli plastiklorin alinmasinda istifads olunur.

Biitiin bu mohsullar uygun karbohidrogenlorin — toluol va ksilollarin yan zencirde radikal —
zoncir prosesi ilo xlorlagsmasi ilo alinir.
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Sonayedo ptesesamtalierHakidieo gealosiyae lekitboling vt abaeinkoyloslintaids: stialandirmaqla,
inisiator istirakinda (mas, azobirlogsmolor vo peroksidlor) hoyata kegirilir.

Alkilbenzollarin maye fazada xlorlagsmasinda eyni zamanda ardicil vo paralel ovozolunma
reaksiyalar1 yan zoncirds vo niivads bag verir.

p-ksilolda metil qgrupunda nozorsgarpacaq xlorlasma azobisizobutironitril istirakinda
miivofoqiyyetlo hoyata kegirils bilor.

Ksilollarin fotoxlorlasmasi reaksiyasinda reaksiya qabiliyyatli meta—para—orta sirasi
kimidir. Hoddon ¢ox siialanma intensivliyi prosesin selektivliyini azalda bilor, bels ki, xlor radikali
molekulyar xlora rekombinasiyaya baslaya bilor.

Fotokimyovi xlorlasmanin c¢atigmayan cohoti (vahid giico malik boyiik reaktorlarin
yaradilmasi, xiisusi isiq monbalorinin hazirlanmasi, istismarinda istifado olunmanin miirokkobliyi,
yangin tohliikosi, onun qarisiqlara xiisusi hassasligl) sonayeds yayilma imkanin1t mohdudlasdirir.

Toluol va ksilollarin inisiator istiraki ilo yan zancirds xlorlasmasinda inisiator olaraq imumi
kiitlonin 0,1-0,2 %-1 qodor porofor azot gotiiriiliir.

Hal-hazirda ¢oxlu birbasa va dolayist yolla halogenin {izvi maddays daxil edilmasi iisullari
vardir. ©On qadim vo imuman gabul olunan metod sarbast halogenls halogenlosms metodudur ki, bu
metod da homiso qgobul oluna bilmir. Birincisi, sorbast halogenlo halogenlosma hidrogen
halogenidin ayrilmasi ilo miisahido olunur ki, bu da asidof maddolar iigiin adi metodikanin totbiqini
istisna edir. Ikincisi, biitiin tohliikesizlik todbirlorino baxmayaraq, (durulasma, soyudulma va s.)
sorbast halogenlo halogenlogsmo reaksiyasi hordon ¢ox siiratli bas verir ki, noticodo halogenloson
maddo dagila bilir.

Son iki-ii¢ onillikds ¢oxlu halogenlosmo agentlori toklif olunmusdur.

Halogenlosma agenti katalitik olavo kimi halogenin verilmosini asanlasdirir.

Bozi hallarda bu olavolor halogentorkibli birlogmonin molekulunun parcalanmasi xarakterino
tosir edir [13].

Aktiv halogen ionu yaxud halogen atomu monboyi olan halogenlosmodos istifado olunan
maddolor halogenlosdirici agentin alavo aktivlogsmosinin vacibliyini aradan qaldirir. Bundan basqga,
bu zaman halogenlosmo reaksiyasi kifayot qodor sakit vo yumsaq gedir, belo ki, halogenlosmo
istiliyinin bir hissosi reagentin dissosiasina sorf olunur.

P-ksilolda 50 °C-do C-H olaqoesindo hidrogen atomunun ovoz olunmasi gostorir ki, CHs-
grupunda yerloson xlor atomu radikal xlorlasmada C-H olaqisinin reaksiya gabiliyyotini azaldir,
ovozolunma CH3z qrupunun 6ziindo getdikds, C-ClI olagosi omalo goldikdo daha ¢ox nozore carprr.
Bunu p-ksilolun xlorlasmasmdan alinan p-ksilidendixloridin geyri-simmetrik dixlor toromolorinin
az miqdarinin p-ksililendixloridlorin simmetrik xloridlori ilo miiqayisasindon do aydin gérmok olar
(sokil 1).

Ksilollarin aromatik niivalorinds metil qruplarinin miixtslif voziyystlorde yerlosmasi onlarin
reaksiya gabiliyyatini miigayiso etmok ii¢lin boyiik maraq dogurur. p-ksilolun zoncirds xlorlagmasi
80 °C-do xlorlagdirici agent olaraq SO.Cly, inisiator profor, halledici olaraq CCls-don istifado
etmoklo aparilmisdir. Prosesi asagidaki sxem iizra, ardicil-paralel reaksiya ilo gostormok olar.

1 — p- ksilidenxlorid, 2- p-ksililendixlorid.

Inisiatorun kémoyi ilo reaksiyanm kimyovi aktivliyi

% 0.3 biitiinliiklo effektlidir. ~ 2,2’-azobisizobutironitril yaxud
- 02k benzilperoksid qizdirildigda reaksiya kiitlosindo radikal
g ' omolo golmakls pargalanir.

£ 01 I P I

= NC—C—N=N—C—CN—>2NCC* + N,

S o

' CH CH CH
1 2 3 3 3 3
Xlorlasma doaracasi, mol/mol
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Cox vaxt reaksiya kiitlosino xlorlagsmani siiratlondirmak vo araliq mohsulun omalo galmasini
azaltmaq Ucun fosfor-3-xlorid slavs edirlor. Hesab edirlor ki, bu hadisads katalitik tasiri fosfor 3 —
xloriddon omoalo golon fosfor 5-xlorid vo reaksiya kiitlosindo xlor gostorir.

Qizdirma zamani o dissosiasiya edir, atomar xlor amolo gotirir.

PCl, — PCI, -+ClI-

m-ksilolun yan zencirde SO,CI, ilo grafit elektrodlarda elektrokimyavi xlorlasmasi ilk dofo
(torofimizdon) aparilmisdir [14].
Ovvalco natrium sulfitlo xlorid tursusunun qarsiliqh tesirinden SO, qazi alinmigdir. Sonra

xlorid tursusunun elektrolizi ilo alman Cl,-nin SO, ilo reaksiyasindan xlorlagsma agenti alinmisdir.

P-ksilolun inisiator porofor N istirakinda xlorlagsmasi aparilmigdir. Xlorlasma reaksiyasi yan
zancirds bas vermisdir, ~ 75% c¢iximla p-ksilol-xlorid alinmisdir.

Prosesa tasir edon amillor - HCI -in qatilig1, temperatur, carayan sixligi, SO, va Cl, -nin mol

miinasibatlori dyronilmisdir. Naticalor qrafiki olaraq verilmisdir.

Aparilmis tocriibolor gostormisdir ki, p-ksilolun xlorlagsmasi ilo alinan ksilolxloridin ¢iximia
corayan sixlig1 temperatur vo reaksiyanin miihiti miihiim tosir gostorir.

Aparilan prosesin optimal soraiti 70-75°C temperatur, 25—35A/dm’® coroyan sixlig,
pH > 7 olan miihitdir. Alian mohsulun ¢iximi1 ~ 73% toskil edir.

p-ksilolun yuxarida qeyd olunan xlorlasmasi kimi toluolun xlorlasmasi ilo benzilxloridin
almmasi1 da aparilmigdir.

Son onilliklorde halogentorkibli maddolorin alinmasi {igiin toklif olunmus halogenlosdirici
agentlordon biri do hipohalogenid tursular1 vo onlarin duzlaridir. Bu birlogmolorin sorbost halogenlo
miigayisodo bir ¢ox {istlinliiklori vardir. Belo ki, halogenlosmo zamani halogen tamamilo halogen
toromolorinin amolo golmosino sorf olunur, hidrogen halogenidin ayrilmasi miisahido olunmur. Bu
tursular vo onlarin duzlarmin halogenli agent kimi catigmayan cohoti iso onlarin oksidlosdirici
xassalora malik olmalari, duru mohlullarinda iss az davamli olmalaridir. Odur ki, onlarin tozo
hazirlanmig mohlullarindan, asason do bu tursularin vo onlarin duzlarmin neytral yaxud zoif tursu vo
golovi mohlullarindan istifadoe etmok daha miinasibdir.

4-alkilfenollarin elektrokimyovi iisulla xlorlasmasi halogenlosdirici agent olaraq NaOCI
istifado etmoklo aparilmisdir.

Alman 4-benzil-2-xlorfenol benzoatin, 4-tsikloheksil-2-xlorfenol iso onun metil efirinin
alinmasi ti¢iin istifado edilir.

Anilinin susuz miihitds azot-3-xlorid, N/N-dixloretilamin, N, 2,4-trixlorasetanilid va sulfuril
xloridle xlorlagmasi aparilmisdir.

Mono-, di- va trixloranilin anilinin xlor, goalovi metallarin hipoxloritlori va sulfuril xloridlo
xlorlagsmasi noticosindo alinir. Qeyd olunan maddolorin elektrokimyovi {sulla alimmasi
aparilmamisdir [15].

Hipohalogenid tursusu vo onun duzlar ilo halogenlosms.

Halogenlosma agenti kimi hipohalogenid tursusu vo onun duzlar: sarbast halogena nisbaton
bir sira Gstiinliiklori vardir. Hipohalogenit tursusu (duzlari) ilo halogenlogsmads hidrogen halogenid
ayrilmir, halogen biitovliikdo halogen toromolorin almmmasma sorf olunur. Hipoxlorit tursusu asan
dozirovka olunur, halogenlosmo prosesi kifayot qodor yumsaq bas verir. Ancaq hipoxlorit
tursusunun halogenlosmo agenti kimi bir sira c¢atigmazliqlar1 da vardir. Hipoxlorit tursusu
oksidlogmo xassosino malikdir vo c¢ox vaxt halogenlosmo tosirindon basqa, ilizvi maddonin
molekulunun oksidlosmosi do bas vera bilor. Bunu asan oksidloson maddslorin xlorlagsmasinda
nozoro almaq vacibdir. Hipoxlorit tursusundan istifado olunmasinin ¢atinliyindon biri do onlarin
durulagdirilmis mohlullarinda az davamli olmalaridir. Nohayat, hipohalogenid tursusu va duzlarinin
sulu mohlullarindan istifads olunur, su iso oksor tizvi maddslor {i¢iin sorfoli holledici sayilmir. Bu is
Ucln bu tursunun vo duzlarinin tozo hazirlanmis mohlullarindan istifade etmok sorfalidir. Adoton,
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hipoxlorit tursusunun duzlarindan istifado olunur. Qeyd etmok lazimdir ki, hipoxlorit tursusunun
giiclii golovi mohlullar1 ancaq oksidlosdirici xasso gostorir. Biitilinliiklo hipoxloritlo xlorlagmani
hazir duzun mohlulundan istifado etmoklo deyil, sorbost halogenlo iizvi maddonin golovi
mohlulunun qarsiligh tesirinds aparmaq lazimdir.

Fenol, naftollar vo oksiantraxionlarin hipoxloritlo xlorlasmasi daha ¢ox istifade olunan
metoddur. D.Tisenko fenolun, krezollarin, timolun, S-naftol vo diger aromatik oksibirlogmolorin
mohlulda, emulsiyada vo bork maddonin soda mohlulunda xlora tasirinin Oyronilmosini toklif
etmisdir [16].

Bu tisulla xlortdromalorin ¢iximi 70-80%-o catir. Hipoxloritin vo oksibirlosmonin miqdar1
miinsibatlorindon asili olaraq, yalniz mono- deyil, dixlorlu téromolori do almaq olur. Qolovi
hipoxloritlorls fenolun 2,4,6-trixlorfenola kimi xlorlasdirilmasini aparmaq olur.

Aromatik oksitursularm xlorlagsmasi hordon karboksil qrupunun parcalanmasi ilo do miisahido
olunur. Hipoxlorito artiq miqdarda salisil tursusu ilo tosir etdikdo mono vo dixloritlorin qarisigi
omola galir vo tursunun dekarboksidlogsmasi bas verir. Hordon karboksil qrupunda pargalanma hotta
daha yumsaq xlorlasma soraitindo do bas vers bilor. Mas., natrium hipoxloritin 1-oksinaftoy tursusu
ilo qarsiligli tasirindon otaq temperaturunda 1-oksi-4- Xlornaftoy-Z tursusu alinir [17].

OH

? COOH Cl
/COOH /
QoL 5@@ 0
|

Hipoxloritlordon benzoy tursusunun xlorlasmasmda da istifado oluna bilor. Bu halda
reaksiyan1 daha sort soraitdo aparmaq tolob olunur. F.F.Beylsteyn vo A.Kulberq gostormislor ki,
benzoy tursusunun agardici ohangin soffaf gati mohlulu ilo gaynadilmasindan mono-, di- va
trixlorbenzoy tursusu omolo golir. Miislliflor bunu xiisusilo 3,5- dixlorbenzoy tursusunun alinmasi
ticlin toklif edirlor. Bu vo ya digor son mohsulun alinmasi asason qaynama vaxtindan vo agardici
ohongin miqgdarindan asilidir.

Aromatik  aminlordo amin qrupu ilo tutulmamis karbon atomlarindaki hidrogenlori
hipoxloritlo xlorlasmada xlorla ovoz etmokls, xlorlu toromelorini almaq olar.

Amin qruplart ilo tutulmamis aromatik aminlor hipoxloritlo giiclii garsiligh tesirdo olub,
oksidlosmo mohsullari, polimer yaxud xloramin omolo gotirir. Amini asetillogsdirmoklo niivado
xlorlagdirma aparmaq asan olur. Mos., agardici ohongin tosirindon asetat tursusu mohlulunda
reagentlorin miinasibatino liygun xlor asetanilid yaxud 2,4-dixlorasetanilid yaxud 2,4 -
dixlorasetanilid omolo golir [18].

Naocl
|NHCOCH3 — > _Q_ NHCOCH;

Q—
2NaOCl
—»Cl — — NHCOCH;

cl

2-Asetotoluidid do anoloji olaraq 4-xlor-2-asetotoludid vo 4,6-dixlor -2-asetotoluidid verir.
Natrium hipoxloritden istifade etmoklo aminqrupu ilo tutulmus aromatik aminsulfotursular1 da
xlorlagdirmaq olar.

Hetrotsiklik birlogmolorin xlorlagsmasi {i¢iin hipoxloridlordon, demok olar ki, istifado
olunmamigdir. Hipoxloritin golovi mohlulunun pirrola tosirindon pirrol tetraxlorpirrola kimi
xlorlagir vo tadricon dixlormalein tursusuna qoador oksidlosir.

Yuxarida qeyd olunan kimyovi tisullarla sulfuril xlorid vo hipoxloritlo xlorlasmanin
oksariyyatinin elektrokimyovi lisulla xlorlagmast aparimamigdir.

Hal-hazirda torofimizdon gdstorilon halogenlosmo agentlori ilo homginin abgaz hidrogen
xloridlo bir swra aromatik karbohidrogenlor vo onlarm téromolorinin elektrokimyavi iisulla
xlorlagmas1 miiveffoqiyyatlo hoyata keg¢irilir. Belo ki, benzol, toluol, etil benzol, ksilollar, kumol,
fenol, alkil fenollar, naftollar, alkil naftollarin bozi niimunalarinin elektrokimyavi tisulla xlorlagmasi
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hoyata kecirilmis, dienlor, aromatik aminlor, aromatik oksitursular vo digor birlogsmoalorin
xlorlagmasi lizra todqiqatlar davam etdirilir.
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14.

15.
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17.
18.

Bundan bagqa polimerlorin alinmasi vo xlorlasdirilmasi, sulfoxlorlagdirilmasi istigamatindo
laboratoriyamizda todqiqatlar aparilir.
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PE3IOME
XJIOPUPOBAHUE APOMATHYECKHUX YIJIEBOAOPOJOB
B DJEKTPOXUMUYECKOM CUCTEME
Mypaooe M.M.

Kniouesvie cnosa: snekmpoxumuyeckuti Memoo, XI0popeaHuyecKue eeujecmsa, abzaz Xaopuoa

8000pooa, acudodmvle seujecmea, 31eKMpoPUIbHbILL 3aMecmumerns.

B mpeacraBneHHOM 0030pe TpOBEACH aHalN3 HM3JAHWKA (JIUTEpaTypa W TAaTeHT), MOCBSAMICHHBIX
IIPOLECCY XJIOPUPOBAHUSA apOMATHYECKUX YIIEBOILOPOILOB XMMHUYECKMMH MeTonaMmu. Ha ocHoBe anamu3sa
JUTEPaTYPHBIX CBEACHUN OBLIO BBISBIEHO, YTO HEKOTOPBIE HEJOCTATKH, BOZHUKAIOIINE IIPH XJIOPHUPOBAHUHU
APOMAaTHUYECKUX YIVIEBOJOPOAOB XUMUYECKUMU METONAMH, MOXKHO YCTPAHUTD 3JIEKTPOXUMHUYECKUM ITyTEM.
B omiamume oT XMMHYECKOr0 METOJa, IMPOAYKT MOMYYEHHOW JJIEKTPOXUMHUYECKHM ITyTeM 00JajaeT
OTHOCUTENIBHO BBICOKOM CTEIEHBIO YUCTOTBI M BBIXOJOM, a CaM IPOLIECC MPOBOAUTCS Ha YIPALIECHHON
JJIEKTPOIM3HOM YCTAHOBKE W IIpU HM3KOM Temreparype. lIpH 3IEKTpOXMMHYECKOM XJIOPUPOBAHHUU
oOpa3zoBaHHEe MOOOYHBIX MPOJYKTOB B MEHBIIEM KOJIMYECTBE, a Takke 0Opa3oBaHUE XIJIOPHPOBAHHBIX
areHToB, a Takke oOpa3oBaHME XJOPHUPOBAHHBIX AareHTOB BO BpeMsl IIpolecca 00eCHeYrBaIOT
9KOJIOTMUYECKYH0 0€3aI1aCHOCTb.

B Hacrosmiee BpeMsi YCHEUIHO ITPOBOJUTCS XJIOPUPOBAHUE HIIEKTPOXMMUYECKUM METONOM psiaa
apOMAaTHUYECKUX YIVIEBOJOPOAOB M HX IPOU3BOJAHBIX C YKa3aHHBIMU TaJOr€HarcHTaMu, B TOM 4YHCIE C
abrasoMm xjopuja Bogopona. Takum o0Opa3oM, 3JIEKTPOXUMHUECKMM METOAOM IIPOBEICHO XJIOpPUPOBaHUE
HEKOTOpBIX 00pa3IoB OEH30a, TOIyoNIa, STHIOBOrO OeH3071a, KCHIIONOB, KyMoa, (eHoa, alnKkuiI(eHooB,
Ha(TOJOB, ANKWIHAPTOIOB, a WCCIEAOBAHUS II0 XJIOPHPOBAHMIO IHEHOB, APOMATHYECKUX AMHHOB,
ApOMAaTHYECKUX OKCHKHUCIIOT U APYTUX COCAUHEHUI IPOLOIIKAOTCS.

SUMMARY
CHLORINATION OF AROMATIC HYDROCARBONS IN THE ELECTROCHEMICAL SYSTEM
Muradov M. M.

Key words: electrochemical method, chlorine organic substances, abgas hydrogen chloride, acidol

substances, electrophilic substitutes.

The presented review analyses publications (literature and patents) on the chlorination of aromatic
hydrocarbons by chemical methods. On the basis of the analysis of the literature data, it was found that some
deficiencies in chlorination of aromatic hydrocarbons by chemical methods can be overcome by
electrochemical method. Thus, unlike chemical methods, the degree of purity and discharge of
electrochemical products is relatively high, and the process is carried out at a simple electrolysis device and
at low temperatures. Insufficient amount of intermediate products in electrochemical chlorination, as well as
the acquisition of chlorination agents in the process, ensures environmental security.

Electrochemical chlorination of a number of aromatic hydrocarbons and their derivatives is
successfully carried out with the currently mentioned halogenation agents, as well as with abgas hydrogen
chloride. Thus, chlorination of some samples of benzene, toluene, ethyl benzene, xylenes, phenol, alkyl
phenols, naphthols, and alkyl naphthols by electrochemical method was carried out, and studies on
chlorination of dienes, aromatic amines, aromatic oxidants and other compounds are in progress.

Daxilolma tarixi: [lkin variant 21.02.2020
Son variant 28.05.2020
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Koppo3us meTaminoB — 3TO pa3pyllieHHE METajuIoB BCIEACTBUE (PUIUKO-XUMHUYECKOTO
BO3JICHCTBUSL BHEIIHEH Cpefbl, MPU 3TOM METall MEePEeXOJUT B OKHCIEHHOE COCTOSIHUE U TEpSET
npucymue emy cBoicTtBa. Ha mpaktuke Hambojee 4YacTo BCTPEUAIOTCSA CIEAYIOIINE THIIbI
KOPpPO3HUHU: SI3BEHHAs, TOUeyHasi WK (MUTTUHTOBas), IIeJieBast U Ap. DTU BUJIBI KOPPO3UU OCOOCHHO
OTMAacHbl Uil KOHCTPYKLUHUH, TJ€ BaXHO COXpPaHEHHE TE€PMETHMYHOCTH WM HEMPOHUIAeMOCTH,
HarpuMep, amnmaparoB, TPyOONPOBOMOB W T.A. Pa3BUTHIO TOYEUHOW U S3BEHHON KOPPO3UH
ONaronpusATCTBYET MPUCYTCTBHE B PAcCTBOPE MACCUBATOPOB (KUCIOPOM, OKUCIUTEIN) U CHIIBHBIX
aKTUBAaTOPOB (MOHBI Xjopa, Opoma wiau Bojaa). OAHUM M3 METOAOB 3aIUTHl METAJUIMYECKUX
KOHCTPYKIUH OT KOPPO3UH SIBJSIETCS NMPUMEHEHHE MHTUOMTOPOB KOoppos3uu. HexoTopele nM3 HHX
ObLTH pa3paboTaHbl aBTOpAMH JaHHO# ctaTh [1-3].

Kak wu3BecTHO, Manoyriepoaucras CTallb, COCTAaBIISIOMIAs OOJBIIYI0 YacThb KOHCTPYKLHUN
HedTenepepabaThIBAIOMINX 3aBOJIOB U HE(PTAHBIX CKBAXKMH, B arpeCCUBHBIX Cpelax MOoJBepraercs
ciibHOM Kopposuu [4-6]. Llenbto Hactosiieil paboThl SBISETCS U3YyYEHHE KOPPO3UU PABTUYHBIX
METaJTHYECKIX MaTepUasIoB B Cpeie MOIyuyeHUs KJIEeBO KOMITO3UIUU.

Cpena mpou3BOACTBA KJIEEBBIX KOMIIO3UIUN HE OTIMYAIOTCS BBICOKOH KOPPO3HOHHOU
arpeccuBHOCThI0. Hambosee KOppo3MOHHO-aKTUBHBIMU KOMIIOHEHTAMH B ATOM CIIy4yae SIBJISIFOTCS
aKpuJIoOBas KHUCIIOTa M XJIOpHOE 0JIoBO. B Omoke B cpene a3oTa, B KauecTBE Karajau3aTopa
ucnosb3oBanu SNCly — 4eThIPEXXIOPUCTOE OJIOBO.

brnarogaps HanuuMio ABOWHOM CBSI3M LIENIM OJIMTOMEpa, IIOJyYEHHBIE COEAMHEHHUS B
MPUCYTCTBUM PAJUKAIBHBIX HHUIUATOPOB COMOJIMMEPHU3YIOTCSI C BHHMIIOBBIMH MOHOMEpPAMH,
TaKMMM Kak cTUpoJ. CTHpOJI yMEHbBIIAET BA3KOCTH NOJUMEPU3YIOLIEICS CUCTEMBI U TEM CaMbIM
HECKOJIBKO TIOBBIIIAET KMHETHYECKYHO IOJBMKHOCTH OJMIOMEPHBIX LENEH, B pPE3yJIbTaTe Yero
YBEITMUMBACTCS YUCIIO MOJIEKYJISIPHBIX COCTMHEHUIN MeX Ay KOMIIOHEHTAaMH U MOBBIIIAeTCsl ITyOuHa
IIPEeBpAILEHUs] CONOJIMMEPOB B €AMHUIYY BpeMeHu. Kak Obu1o OTMeueHo, cliefyeT ynensaTbh ocoboe
BHUMAHHE arpecCUBHOCTH Cpefpbl, KOTOpas 3aBHCUT OT COCTaBa pPACTBOpPA, OJHOPOJHOCTH H
3arpsA3HEHHOCTH 00pa3loB, BOZMOXKHOCTH JOCTyNa BO3AyXa U T.A. Bce, 4TO MOXeT MOBIUATH Ha
ANIEKTPOXUMUYECKUN TpoIlecC KOPpPO3UH, OyIeT TakkKe BIMATh Ha CKOPOCTb U XapakrTep
KOPPO3MOHHOIO pa3pylieHnus MetamioB [7-12]. Tak, ckopocts kopposuu ct1.3 B 0,1%-HOM pacTBOpe
aKpUJIIOBOM KHCIOTHI cocTaBisieT 4,9 MM/TOJ; CKOPOCTh KOPPO3UM BBICOKOJIETHPOBAHHOM CTajH
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10X17H13M3T B 5%-HOM BOJHOM pacTBOpe JOCTUraeT SMM/rox . OHAKo, B IPOLIECCe MOTYIeHHS
KJICeBOW KOMITO3UIIMH BOJIHBIA PACTBOP 3TUX BELIECTB HE UCHOJIB3YIOTCS M BECH IIPOIIECC MPOTEKAET
B OPraHUYECKOH cpejie, YTO 3HAUUTEIILHO 3aMEeIISIET MPOLIECC KOPPO3HH.

JKcrnepuMeHTalbHasA  4acTh.  Koppo3noHHBIE  WCCIIEOBaHHS  NPOBOIIINCH B
1ab0paTOPHBIX YCIOBUSIX B CPeAax, COOTBETCTBYIOIIMX CTAIMSIM IMOJYUYEHUS KICEBOU KOMITO3HUIHH
[8-10]. CxopocTh KOppO3uH ONpPEACISIIACH TPABUMETPUICCKUM METOOM I10 (hopMmyIie:

AP

P= g1 r/M? - 9ac

rae AP — u3meHeHue B Bece 00pas3IoB J0 U MOCIIE UCTIBITAHUH, Yac
S — momazk paboTaomieii MOBEPXHOCTH, M
T - BpeMsl IPOBEJICHUS OIIbITA, Yac
Ucnpitanus npoBoArIMCh Ha oOpasiiax B BUJE MPAMOYrobHUKOB. OOpaboTka 00pa3ioB /10
W Tocie wucnbITanuii mpoBoaminack mo PTM  26-01-21-68. Koppo3WOHHBIM HCHBITAaHHSIM
nmoJBEeprayimcey cieayromue Marepuansl: cr.20, c¢1.08X13, cr. 12U18HI10T, cr. 12X21HST, cr.
10X14I'14PAT u turan BT1-0. /lanHbIe IO CKOPOCTSIM KOPPO3HH HCIIBITAHHBIX MaTepHaiioB B | u
Il cTamusx moiMMepH3aluy, a TaKXKe B YCIOBHSIX MPUTOTOBJICHUS Karanu3zatopa SNCls B OeH3oe
NpuBeIeHbI B Tabnmiie 1.
Tabnuua 1
PeSlebmaY}’Zbl KOPPO3UOHHbIX UCNBIMAHUL MEMANTIUYECKUX mamepuaioes 6 npoyecce noiy4eHus
Kieesoll KomMno3uyuu

IIpononxu-
Temmnepartypa TEJIBLHOCTD Mapia Cropocrs,
CocraB cpensl patTypa, . UCTIBITAHHOT'O koppos3uw, | [Ipumeyanue
e °C HCITBITAaHUH PP ’ p
’ MaTepuaia r/M° gac
qac
Cr.20 903
SnCls — 50% o5 50 Cr.08X13 903
Benzon cyxoit — 50% Ct.1LX21H5T 0,004
Turan BT1-0 0,002
SnCl, — 50% Ct.20 905 Toueunas
BeH30i BlIaXkHbIN — 25 150 Cr.08X13 903 KOpPO3Hs
50%
| cTagms monmMepu3aIum
AK — 89 mm 20-25 Cr.20 0,041
OIT - 200 Cr.08X13 0,021
SnCls — 2,34 mn 24 Cr.12X18H10T 0,0087
Benzon — 5 mn Cr.12X21HST 0,0055
rx-0,3r Cr.10X14T14H4T 0,0073
Turan BT1-0 0,0063
Cr.20 0,002
Cr.08X13 0,002
Cr.12X18H10T 0,001
- - 330 Cr.12X21H5T 0,001
Cr. 10X14T°14P4T 0,002
Turang BT1-0 0,001
Il cragmst monuMepu3anmu
ATIT* 100 3,5 Cr.20 < 0,001
TperOyrunnepbenzoar Cr.08X13 < 0,001
Crupon Cr.12X18HI0T < 0,001

Ct.12X21H5T < 0,001
Cr. 10X14I'14P4T < 0,001
Twuran BT1-0 < 0,001

* AIIT — akpunam nponuneH2iuKos (MOHOAKPULAMOLUOOKCURDONUNEH2IUKOLD)
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Cnenyer oTMeTuTh, yTO | CTagus NOJUMEpPU3ALUU — ITO CHUHTE3 MOHOAKPHJIATOOJIMIO-
okcunponwieHrnukonss (AIIl)) Ha ocHOBe aKpUJOBOM KHCIOTBI M OKHCH HPOINHIICHA
C IPUMEHEHHEM B Ka4eCTBE KaTallM3aTopa YETHIPEXXJIOPUCTOTO 0JI0BA; 2 CTAAUS MMOJIMMEPU3AIIUN —
ato conosmmepu3anus ALl co cruponom (SnCly).

Kak BumHO M3 Tabmumpl 1, B yCIOBUSAX NPUTOTOBIICHHS KaTajH3aTOpa BCE HCIBITAHHBIC
MaTepHalIbl SBISIOTCS JOCTATOYHO CTOMKHUMH, HO TPHU ATOM CIEIYeT YYHUTHIBATh BIIAXKHOCTD
OeH301a, TaK KaK TPH HCIOJIb30BAaHUH BIIAXHOTO OeH30sia Ha oOpasmax u3 cT.20 HabmromaeTcs
ToueuHasi Koppo3us [11-12].

B crammm cuHTE3a MOHOAKPWIIATOJIUTOOKCHUIPOIMJICHIJIMKONEH BCE  HCIBITAHHBIE
MaTepHaIIbl ABJISIOTCS CTOWKUMH, IPHYEM KOPPO3HUSI BO BPEMEHH J1a)Ke€ HECKOJIBKO CHIKACTCS.

[Ipu  comommMmepu3au  MOHOAKPUIATOJIUTOOKCUIIPOTIMIICHTIIMKOJICH CO  CTHPOJIOM
MPAaKTUYECKH HHUKAKMX W3MEHEHWH HE HaONI0IaloCch, CKOPOCTH KOPPO3UH BCEX MaTEpUaoOB
HUYTOKHO Majbl, YTO TIO3BOJSIET OTHECTH UX K TPYIIE «COBEPIIEHHO CTOWKHE» IO
necsaTHOaILHOM 1Kaye koppo3uonnoit croiikoctu (TOCT 13819-68).

BuiBoabl. HecMoTpsi Ha TO, 9TO B YCIOBUSAX HoJuMepH3anuu cT.20 MPOSBISET BHICOKYIO
KOPPO3HOHHYIO CTOWKOCTh, OJHAKO TPHMEHEHHE YIIEPOJUCTOW CTalmd Ui TPUTOTOBJICHUS
MOJIMMEPU3ATOPOB TPHU3HAETCS HEIOMyCTUMBIM, TaK KaKk Ha €€ MOBEPXHOCTH OTKIIAIbIBACTCS
MOJIUMEP, YTO YXY/IIAeT TEIUIONepeaadyy W BBI3BIBACT JPYTrHe OCIOKHEHHS B TPOHM3BOICTBE.
3HaYNTEIHHO 00JIee ONTOBEUYHBIMU SIBIISIFOTCS TTOJIMMEPU3AaTOPBI, N3TOTOBIICHHBIE M3 ABYXCIOWHON
cranmu c1.3X18P10T unu u3 yrnepoauctoit cranu, ¢pyrepoBaHHo# nuctoBoil cranbio X18P10T ¢
MEIIAIKaMH U3 HEPKABEIOLIEH WIIM XPOMUPOBAHHOM YTIIEPOJUCTOM CTAIIH.
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XULASO
YAPISQAN KOMPOZISIYANIN ALINMASI MUHITINDO MUXTOLIF METAL
MATERIALLARIN KORROZiYASININ OYRONILMOSI
Mommadova E.S., Salayeva Z.C., Mommoadiliyev H.O., Hiiseynova A.E., Ohmadova R.R.

Acar sdzlar: korroziya, polimerlogmo, yapisqanlt kompozisiya, katalizator, metal materiallar,
sopolimerlasma

Mogqalads yapisganli kompozisiyanin alindigr miihitde miixtalif materiallarin korroziya tadqigatinin
naticolari toqdim edilmisdir. Korroziya doracasi katalizatorun hazirlanmasinda va yapisganli kompozisiyanin
alimmasinin miivafiq marhalslorinds laboratoriya soraitinde qravimetrik iisulla dyronilmisdir. Gostarilmisdir
ki, dordkiinc galay katalizatorunun (SnCl4) hazirlanmasi soraitindo benzolun riitubatini nozora almaq
lazimdir, belo ki, nom benzoldan istifade zamani st.20-don olan niimunslords daqiq korroziya miisahido
edilir. Miloyyan edilmigdir ki, St. 20 polimerlogmo soraitinds yiiksok korroziya miiqavimati gostorir, lakin
polimerlagdiricilorin hazirlanmasi ticlin karbon poladdan istifado edilmasi yolverilmaz hesab edilir, ¢iinki
onun sothindo polimer yigilir, bu da istiliyin 6tiiriilmosini pislosdirir vo Istehsalatda digor agirlasmalara
sabab olur.

SUMMARY
STUDY OF CORROSION OF VARIOUS METAL MATERIALS IN THE ENVIRONMENT
OF OBTAINING GLUE COMPOSITION
Mammadova E.S., Salaeva Z.Ch., Mammadaliev H.A., Huseynova A.E., Ahmedova R.R.

Key words: corrosion, polymerization, adhesive composition, catalyst, metallic materials,
copolymerization

The article presents the results of a study of the corrosion of various materials in the environment of
the adhesive composition. The corrosion rate was studied by the gravimetric method in laboratory conditions
in the preparation of the catalyst and in the environment of the corresponding stages of the preparation of the
adhesive composition. It is shown that under the conditions of preparation of the stannum tetrachloride
catalyst (SnCl4), the humidity of benzene should be taken into account, so when using humid benzene,
pitting corrosion is observed on samples from st.20. It was established that under the polymerization
conditions st.20 exhibits high corrosion resistance, however, the use of carbon steel for the preparation of
polymerizers is recognized as unacceptable, since polymer is deposited on its surface, which impairs heat
transfer and causes other complications in production.

Daxilolma tarixi: [lkin variant 24.10.2019
Son variant 30.01.2020
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Tobiotdo bu metala domir filizlorindo, ¢okiintli vo magmatik stixurlarda, eloco do sistlords rast
golinir. Eyni zamanda vanadium Yer gabiginda, doniz sularinda vo canli orqanizmlords genis
yaylmis bir elementdir. Vanadiumun Yer gabiginda kiitlo pay1 1,5:10 2-1,9-10 2% toskil edir [1].
Tibbi nogteyi-nazordon miioyyon olunmusdur ki, bu mikroelement canli orqanizmds gedon bir gox
proseslorin foal istirak¢isidir. Insan organizminin vanadiuma olan tolobati sutkada 2 mkq toskil edir
[2]. Belo ki, praktiki magsadlo bu mikroelementin gqobulu zamani orqanizmdo gedon oksidlogsmo-
reduksiya reaksiyalarmin qarsisi alinir vo bu zaman sorbost radikallar yarana bilmir vo noticods bir
¢ox onkoloji xastaliklorin qarsis1 alinmis olur [3]. Vanadium otraf miihitdo yayilmasinin antropogen
faktorlar1 miixtalifdir. Bura hom sonaye obyektlori, hom do tobii obyektlor daxildir (vulkan
plskiirmosi, tobii yangmlar, kiilok eroziyasi). Vanadiumun toksiki xassosi onun oksidlogsmo
daracasindan asilidir, belo ki, oksidlosmo doracasi artdiqca toksiki xassasi artir vo artiq miqdari
oldugca tohliikolidir. Ona goro do bu elementin mikroqramlarinin toyini iigiin qatilagdirmanin
zoruroti yaranir. Qatillasdirmanin - miixtolif metodlar1 var. Qatilagdrmanin  on ohomiyyatli
metodlarindan biri metal ionlarmin polimer sorbentlorlo xelatlar soklindo sorbsiyasidir. Homin bu
polimer xelatomologoatirici sorbentlor polimer matrisaya kimyovi modifikasiya vasitosilo funksional
aktiv qruplarin daxil edilmosi iisulu ilo almmisdir. Bu zaman osason polistirol vo onun
sopolimerlorindon daha genis istifado olunur. Sorbentlorin sorbsiya xassosi daxil edilmis
kompleksomologatirici qrupun tobiotindon asilidir. Modifikasiya olunmus kimyovi aktiv qruplar
mohlulda metal ionlar1 ilo davamli xelatlar vo ion assosiatlar1 yaratmaq xassosino malikdir. Polimer
xelat sorbentlorlo aparilan sorbsiya prosesi toyinatin sadsliyi, siiratli vo yiiksok effektliyino goro
digor metodlardan se¢ilir. Bu mogsadlo do malein anhidridi-stirol sopolimeri asasinda 6-fenil, 1,3,5-
triazin, 2,4- fragmenti saxlayan amin vasitosilo formaldehid istirakinda yeni sintetik sorbent sintez
edilmisdir. Almmis sorbentin qurlusu iQ metodu ilo identifikasiya edilmisdir. Homin bu sistemdo
sorbentin sorbsiya xassolorini miioyyonlosdirmok iigiin V(V) ionunun sorbsiyasina tasir edon bir sira
parametrlor miloyyonlosdirilmisdir: miihitin pH-nm, metal ionunun qatiligmmm, zamandan
asthiliginin vo ion qilivvesinin tosiri Oyronilmisdir. Eyni zamanda udulmus metal ionlarinin
sorbentdon desorbsiyast da dyronilmisdir.

Tacriibi hissa.

Cihazlar vo mahlullar.

V(V) ionunun mohlulda tarazliq qatiligi piroqallol osasli 2,3.4-trihidroksi, 3-nitro,
4-sulfoazobenzol reagenti ilo spektrofotometrik metodla toyin edilmisdir. ©dabiyyat malumatlarmnin
aragdirmalar1 gostorir ki, vanadium torkibinde O, N,S saxlayan reagentlorlo davamli kompleks
birlogsmo omolo gotirir [4]. Homin bu reagent satigda olmadigi iiglin onu molum metodika ilo sintez
etmisik [5]. 102 M qatilighh mohlulu NH4VOs3 (k.t.) duzunun qat1 H,SO4 tursusu ilo birlikda 1:1
nisbotindo qarigdirilaraq 160°C-do asta-asta buxarlandirilaraq (5 ml hocm galana qodor), 100 ml-ik

37


mailto:m.hesenova.74@mail.ru

Malein anhidridistirol sopolimeri asasinda sintez olunmug 6-fenil 1,3,5-triazin 2,4-diamin fragmentli
xelatomalagatirici sorbent vasitasilo vanadium (V) ionunun sorbsion fotometrik tayini

kolbada 6l¢ii xattino godor distillo suyu ilo durulagdirilmasindan hazirlanmig vo qatilig: standartlarla
miiqayiso edilorak doqiglosdirilmisdir [6]. Muhitin pH-n1 sabit saxlamaq ti¢iin HCI1 fiksanalindan
(pH 0-2) vo ammonium-asetat bufer mohlulundan (pH 3-11) vo vo NaOH (pH=12-14)
mohlulundan istifads edilmisdir. 0,1 M CH3COOH vo 0,1 MNH4OH mohlulu 98 %-li sirko
tursusu vo 25 %-li ammonium-hidroksid maddslorinin qati mohlullarindan hazirlanmisdir.
Natrium-hidroksid mahlulu avvalcodon BaCl; vasitasilo karbonatlardan tomizlonmis NaOH-dan
hazirlanmigdir . KOH mohlulu goalovinin hesablanmis kiitlosinin distillo suyunda holl edilmasi ilo
hazirlanmis vo standart HCI mohlulu ilo titrlonorok qatiligi doqiqlosdirilmisdir. fon qiivvasini sabit
saxlamaq tg¢iin (k.t) KCI duzundan istifado edilmisdir. Mohlullarin optiki sixliglar1 “Lambda-40”
spektrofotometrindo KFK-2 fotokalorimetrindo (A=490 nm-ds) qalinligr €=I1sm olan kiivetlordo
Olgtilmiisdiir. Bufer mohlullarina pH-na PHS-25 markali siiso elektrodlu ionomer vasitasilo nozarat
edilmisdir. Sorbentin Varion 640-IR spektrometrindo 4000-400 sm™ tezlik diapazonunda spektrivo
“STAPT 1600 cthazinda termoqrammasi ¢okilmisdir.

Metodika. ©dobiyyatdan molumdur ki, xatti qurluslu sopolimerlorin sorbsiya tutumu yiiksok
olur. Arasdirmalarimiz gostorir ki, malein anhidridi stirolla 1:1 nisbatindo xotti qurluslu novbali
sopolimer omoala gatirir [7]. Malein anhidridi - stirol sopolimeri malum metodika ilo malein
anhidridinin (k.t.) stirolla (k.t.) benzol mohlulunda, su hamamida (80-85°C, 140 doq.) radikal
sopolimerlosmosindon alinmusdir [8]. Insiator kimi azobisizobutilonitrildon (ABIN) istifado
edilmisdir. Alinm1s sopolimer benzolla yuyularaq 50° C-do vakuumda sabit ¢okiya qoder qurudulur.
Sorbentin sorbsiya gabiliyysti onun vahid kiitlosino diison funksional analitik qruplarin qatiligindan,
metal ionunun polimer matriso daxilolma dorocasindon, iondoyismo noticosindo omolo golmis
rabitonin vo alinmig kompleksin davamliligindan asilidir.  Makromolekulun — miixtalif
konformasiyalarda olmasi naticosindo metal kationlar1 biitiin funksional analitik qruplarla garsiligh
tosirdo ola bilmir. Bu sobobdon sorbentin sorbsiya tutumunun mohlulda olan metal ionlarmin
qatiligindan asilligi homiso diizxotli olmur. Togdim olunan bu isdo molum metodika ilo malein
anhidridi-stirol sopolimeri asasinda 6-fenil, 1,3,5-triazin, 2,4-diaminilo xelatomolagatirci polimer
sorbent sintez olunmusdur [9]. Sopolimerin {izorino formaldehid vo aminin hesablanmis miqdar1
(suda holl edilorok) olava edilorok qum hamaminda 1,5 saat miiddotindo fasilosiz qarisdirilaraq
aparilir. Alinmis sorbent su ilo yuyularaq 50°C-do vakuumda sabit c¢okiyo qodor qurudulur.
V(V) ionunun udulmus miqdarint miioyyon etmok {i¢iin fotometrik metoddan istifado edilmisdir
[10]. Miixtoalif tizvi reagentlorin vanadiuma tosiri gdstarir ki, homin tizvi reagentlordovanadium
iiciin xarakterik olan xiisusi atom qruplar1 olur. Reagent molekulunda metalla birlogon belo atom
gruplarmin say1 iki vo daha artiq olanda bunlarin tosiri daha boyiik olur. Vanadium torkibindo
iki vo daha cox belo funksional qruplar1 olan reagentlorlo xelat kompleks omolo gotirir. Cox
funksional qrup olan ligandlarin omolo gotirdiyi komplekslords xelat effekti yaranir vo
kompleks davamli olur. Beloliklo, molum olmusdur ki, V(V) ionu turs mihitdo pH 5-do
(maksimum isiq udmast Avax=490 nm dalga uzunlugunda) 2,3,4 -trihidroksi 3-nitro
4- sulfoazobenzol reaktivi ilo qarsiligh tasirda olaraq rongli kompleks birlogsmo amalo gatirir.

Naticalor vo onlarin miizakirasi.

Sorbentin vo kompleksin identifikasiyasi. Alinmig sorbent (sokill) vo kompleks (sokil.2)
[Q-spektroskopiya metodu ilo identifikasiya olunmusdur[11-12]. Aparilan arasdirmalardan molum
olur ki, kompleksin spektrindo 3414-3359 sm(karboksil grupundaki —OH grupunun valent ragslori,
homginin —NH grupunun valent ragslori (3359-2911sm™) 1723-1718 sm™ (karboksilqrupundaki—
C=0 grupunun valent rogslori), 1718-1541sm™}(C-N valent rogsleri vo N-H deformasiya rogslori),
1380-1215 sm™* (benzol halgasinde C — C valent rogslori), 1024-702 sm? (benzol halgasinds C —C
deformasiya ragslori) tezliklordo udma zolaqlarinda siirtismolor miisahido olunur. Bu kompleksin
ehtimal olunun qurlusunun alindigmi demays imkan verir.
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Sakil 2. 6 fenil 1,3,5 triazin fraqmentli sorbentin vanadium (V) ionu ilo amsls gatirdiyi kompleksin

1Q spektri

Sintez olunmus sorbentin vo V(V) ionunun sintez olunmus sorbent ilo omolo gotirdiyi
polixelatin termoqrammalarin analizinin noticalori gdstarir ki, sorbentlorimiz 120°C- temperatura
godor davamlidir, sorbento nisboton iso kompleksdo kiitlo azalmasi zoif siirotlo bas verir vo
sorbentin 6zii ilo miiqayisodo kiitlo azalmasi1 azdir. Bu sorbent fazada davamli xelat tsikllorinin

omolo golmosi ilo alagadardir.

pH-n sorbsiya prosesino tasiri. Sorbsiya prosesi zamani optimal miihitin sec¢ilmasi on

mithiim parametrlordon biridir. Sorbentlorin tursu osasli xassolori onlarin asas xarakteristikasi olub,
metal ionunun sorbsiyasimi, metal ionunun maksimum ayrilma deracesine uygun pH-imn intervalini
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Malein anhidridistirol sopolimeri asasinda sintez olunmus 6-fenil 1,3,5-triazin 2,4-diamin fragmentli
xelatomalagatirici sorbent vasitasilo vanadium (V) ionunun sorbsion fotometrik tayini

(pHopt) vo sorbsiya zamani sorbentin segiciliyini miioyyon edir. Polimer matrisaya daxil edilon
analitik qruplar tursu xassoli funksional qruplardir. Miihitin pH sorbsiya tutumuna da ohomiyyatli
tosir gostorir. Malumdur ki, mohlulda hidrogen ionlarmin gatihig1 bark vo maye fazalar1 arasindaki
tarazliga tosir edon faktorlardan biridir. Sorbsiya prosesindo optimal pH-1 miloyyanlogdirmok iiglin
eyni miqdarda (30mq) sorbent vo eyni hocmds metal mohlulu (2ml) vo 18 ml uygun pH olave
edilorok (pH-3-7) sorbsiya tocriibolori qoyulur. Sutka tamam olduqda hor bir kolbadan miixtalif
alikvot hisso gotiiriilorok, reaktiv vo optimal pH fonunda (Ayax =490nm) 6lgmolor aparilir. Miioyyon
etmisik ki, pH-1n daha ki¢ik qiymotlorinds polimer sorbentin sismo doracosi asagi olur. Bunun osas
sobobi funksional qruplarin protonlagsmis formada olmasi ilo baghidir. pH bdyiik qiymatlorindo iso
metal ionlar1 hidrolize ugrayaraq miixtalif formali hidroksi komplekslor amals gatirir.

Sorbsiya prosesinin zamandan asihiligi. Sorbsiya zamani sistemds tarazligin hansi zaman
muddotindo yarandigini miioyyon etmok iiciin statik soraitdo optimal pH miihitindo (pH=4) ion
qiivvasinin sabit qiymotindo sorbsiya tocriibasi goyulur vo miixtolif zaman fasilalorinde maye
fazadan alikvot hisso gétiiriilorok, mohlulda metal ionunun qatiligi miioyyan edilir. Iki ardicil lgmoa
zamant mohlulda metal ionunun gatiigmin eyni olmasi tam sorbsiya tarazligmin yaranmasi
demokdir. Miioyyon olunmusdur ki, vanadium (V) ionunun sintez olunmus sorbentlo sorbsiya
tarazlig1 2 saat miiddotindo yaranur.

Sorbsiya prosesinin metahin qatihgindan asihih@. Sorbsiya prosesinin metalin gatiligdan
asililigin1 miioyyonlogdirmok {igiin sorbentin kiitlosini sabit saxlamaq msorbent = const sorti ilosorbent
tictin optimal pH-m hacmini vometalin qatiligini variasiya etmoklo, 2,4,6,8,10, 20, 40, 60,80x10* M
qatiliglt mohlullar seriyasi hazirlanir vo sutka tamam olanda alikvot hisso gotiiriiliib reaktiv vo pH
fonunda O6lgmolor aparilir. Codvoldon goriindiiyii kimi, V(V) ionunun sorbent ilo udulmasinin
maksimum qgatilig1 80 mg/ml-dir. (STmax=mq/q).

Cadval 1.
V(V) ionunun sintez olunmusg sorbent ila sorbsiyasinin metalin gatiligindan asililig
Cwe, 107 mg/ml 2 4 8 10 20 40 60 80
STmax, MQ/q 181 | 215 |10,39 |12,89 |38,08 | 10,95 | 183,94 | 259,08

Sorbsiya prosesino mahlulun ion qiivvasinin tasiri. lon giivvesi metalin sorbsiya doracesine
ohomiyyatli tosir edir. Mohlulun ion qilivvasinin artmasi ilo sorbsiya doracosinin azalmasi miisahido
olunur. Bu, onunla izah olunur ki, mohlulun ion qilivvesi artdiqca polimer ligandin ¢evikliyi azalir,
funksional-analitik gruplarin ohatasi doyisir, sorbentin sismo daracasi azalir vo buna uygun olaraq
sorbsiya tutumunun azalmasi bas verir. Bu azalmanin konkret olarag mohlulun ion qiivvasinin hansi
qiymatindon basladigint miioyyan etmok Uglin tutum vo formasi eyni olan miixtalif gablarda,
optimal pH miihitindo sorbsiya tocriibalori goyulur. Bir sutkadan sonra metal ionunun tarazliq
qatihigr fotometrik analiz metodu ilo miioyyon edilir. Dayison komiyyat yalniz mohlulun ion
qiivvesinin giymoti olur. Aldigimiz noticalordon aydm olur ki, maye fazanm ion qiivvasinin 0,8
mol/1 giymotino qadar artmasi sorbsiya daracasine ciddi tosir etmir. fon qiivvesinin sonraki artimi
V(V) ionun sorbsiya doracosinin azalmasina sabab olur.

Desorbsiya prosesinin dyranilmasi. Sorbent torofindon udulmus metal ionlarmnm
desorbsiyasi turs mithitdo Oyronilmisdir. Bunun {iglin tutumu vo formasi eyni olan qablara
torkibindo eyni miqdarda metal ionu olan borabor kiitloli sorbent niimunslori slave edilir. Maye
fazanin hocmini va tursularin qatiliglarin1 doyigsmoklo desorbsiya tocriibalori qoyulmusdur. Udulmug
V(V) ionunun polimer sorbentdon desorbsiyasina miixtalif mineral tursularin (HCIOs4, HNO3,
H2S04 , HCl ) vo onlarin qatiliginin tesiri dyronilmisdir. Tocriibo gdstorir ki, HCIO4 tursusu daha
yaxst desorbsiya etmok qabiliyyatine malikdir. Tursunun optimal qatiligin1 miioyyan etmok ti¢lin
onun miixtolif qatiliginda desorbsiya tacriibslori qoyulmusdur. Naticods, miioyyen olunmusdur ki,
desorbsiyadan sonra sorbent 0z sorbgigaoAINUB, itirmir vo alinmis sorbentdon tokrar
qatilagdirmada istifade etmok olar.

ODOBIYYAT

40



1. Larsson M.A. Vanadium in Soils. Diss. PhD. Uppsala: Swedish University of Agricultural
Sciences, 2014. 60 p.

2. Crans D.C., Gottieb M.S., Tawar Jounch R.L. Thiesen L.A. (1990) Anal Biochem 188, 53 p.

3. Angelos M. Evangelou. Vanadium in cancer treatment Critical Refviews in On-cology
/Hemotology 42 (2002) pp.249-265

4. Mysrun B.H., Xam3una JI.b., 3onoraBun B.J1., bezpykoB 1.5. Ananutnueckas XumMusi BaHausl.
Cepus «Ananutuueckas xumus 3nemeHToB». M.: Hayka, 1981, 216 c.

5. 'ambapo JI.I. HoBwii kiacc (HOTOMETPHUECKUX pPEareHTOB-a30COCJAMHCHUS Ha OCHOBE
nuporayona. / JIucc. Ha COUCK. ydeH. CTell. JOK. XuM. Hayk. M., 1984, 295 c.

6. Kopocrenes ILII. IlpurotoBieHne pacTBOPOB JUISI XUMHKO-aHATUTHICCKHX padboT. M.: Xumusl,
1964, 386 c.

7. ©kbarov O.H., Okbarov E.O. Yiiksokmolekullu birlosmolor kimyasindan praktikum. Baki: Elm,
2002, 231 s.
8. Louis A. Cutter, Robert E. Nunn. Making styrene/maleic anhydride copolymers by suspension
polymerization. US4145375 A.
9. Mscoenora I'.B., Casun C.b. XenarooOpa3syromue copoertsl. M.: Hayka, 1984,173 c.
10. Hazapenko B.A., ®ensatukoBa [.B. doromMerpuueckne METOJBI aHaJIW3a BEIICCTB
BbICOKOM uncToThl // XKypHan ananurudeckoit xumuu, 1977, 1.32, Ne 6, ¢.1217-1236
11. Koppensauuu W NPOTHO3UPOBAHWE AHAIMTUYECKUX CBOWCTB OPraHUYECKUX PEareHToB U
xenaTHBIX copoenToB. OTB.pen. H.H.bacaprun, 3.1.McaeB. M.: Hayka, 1986,199 c.
12. Hakanmcu K. UH]pakpacHbie CIIEKTPHl W CTPOSHHE OPraHUYECKUX coeanHeHwid. M.: Mup,
1965, 214c.

PE3IOME
COPBIHMOHHOE ®OTOMETPUUYECKOE OIIPEJAEJEHUE UOHA BAHAJIUSI (V)
IMMOJIMMEPHBIM XEJIATOOBPA3YIOIIIUM COPBEHTOM, COAEPXALLINM
®PAIMEHTHI 6-OEHWI 1,3,5-TPUA3HH 2,4-TUAMUHA CUHTE3UPOBAHHbIN
HA OCHOBE MAJIEMHOI'O AHTUAPUJIACTHPOJIA
T'acanosa M.B.

Knrouesvle cnoea: ronmyenmpuposanue,  copoyus, 6-gpenun  1,3,5-mpuasun  2,4-ouamumn,
KOHYEHmpUposanue, MAaneuHo20aHeuopuod, COnOIUMep,  CUHMEMUYecKull
copbenm

Ha ocnoBe comonmumepa ctupona MajeMHOBOIO aHTMAPHAA B NPHCYTCTBUM (hopMaibaeruia ObLl

CHHTE3UPOBAaH HOBBIM TOJIMMEpHBIH copOeHT. I[lomydeHHBIN cOopOEHT OBLT MACHTHUIMPOBAH METOIOM
UK-cnexktpockonun. Hampune IOBONBHO CIOXKHOIO COCTaBa HPUPOJHBIX W NPOMBIIUICHHBIX OTXOJOB
co3JaeT HeoOXOIUMOCTh YCHIIEHHSI KOHTPOJIS 38 MUHUMAJIBHBIM KOJIMYECTBOM MOHOB PA3JIMYHBIX METAJJIOB
Ha OOBEKTaxX OKpyxaromed cpensl. s ompeneneHuss MHUKpOIrpaMM HOHOB METAJJIOB HCIOJIB3YIOTCS
pasnuunble Meroael. HaubGonee >(@ekTuBHBIM METONOM B 3THX METOAAX SBISAETCA CKJIaAblBaHUE H
pacueruienue. B HacTosimee BpeMsi MIMPOKO MPUMEHSIOTCS CHHTETHYECKUE XENaTUPYIOLIe COpOEeHTHI s
KOHJICHCAIIMM MOHOB PA3JIMYHBIX METAJUIOB. DTO CBS3aHO C TEM, YTO CHHTETHUYECKHE COPOEHTHI 00JanatoT
BBICOKOH cOpOLMOHHON crocoOHOCThI0. Ha ocHOBe anrmapuza MasiemHa - CTHPOJNIBHOIO COMOJIMMEpa
CHHTE3UPOBAaH XENaTUPYIOLIMH IOJMMEPHBIH CcOpOeHT, copep)Kaluié B CBOEM cocTaBe O-GeHud,
1,3,5-tpuasus, 2,4-muamMuHOCOAEp)KAIMA aMUHOKUCIOTHBIN (parMeHT. s npoBeneHus uaeHTUGHUKALAN
CHHTE3MPOBAHHOI0 COPOCHTHBHOIO KoMIUIekca ux crektp Fure-1Q cmekrpomerp Varion 640-IR naneceH B
nuanaszone yactor 4000-400cm-1. YcrounBOCTh K TEMIEpaType Kak cOpOEHTa, TaK M €ro KOMILJIEKCHOrO
COEIMHEHHUS, C METAUIMYECKUM HOHOM ONPEAEISIETCS METOIOM TEpMOrpaBMETPHUYECKOro aHalu3a.
C mnomompio 3TOro copOeHTa HM3ydeHbl copOIust U jmecopOius uoHoB BaHamus (V) B ONTHMabHBIX

Mabansanhidridistirol sopolimeri asasinda sintez olunmug 6-fenil 1,3,5-triazin 2,4-diamin fragmentli
xelatomoalagoatirici sorbent vasitasila vanadium (V) ionunun sorbsion fotometrik tayini

SUMMARY

41



SORPTION PHOTOMETRIC DETERMINATION OF VANADIM (V) ION WITH CHELATY
FORMING SORBENT 6-PHENYL 1,3,5-TRIAZINE 2,4-DIAMINE FRAGMENTED
SYNTHESIZED ON THE BASIS OF MALEIN ANHYDRIDE
Hasanova M.B.

Key words: sorption, 6-phenyl 1,3,5-triazine 2,4-diamine, thickening, maleic anhydride, copolymer,
synthetic polymer

The presence of a fairly complex composition of natural and industrial waste makes it necessary to
strengthen control over the minimum amount of ions of various metals in the environment. Various methods
are used to determine micrograms of metal ions.The most effective method in these methods is folding and
splitting. Currently, synthetic chelating sorbents are widely used for the condensation of various metal ions.
This is due to the fact that synthetic sorbents have a high sorption capacity. A chelating polymer sorbent
containing 6 - phenyl, 1,3,5-triazine, and 2,4-diamine-containing amino acid fragment was synthesized on
the basis of Malein-styrene copolymer anhydride. To identify the synthesized sorbent complex, their
spectrum of Fure-1Q spectrometer Varion 640-IR is plotted in the frequency range 4000-400cm-1.Resistance
to the temperature of the sorbent and its complexes with metal lon is determined by thermogravimetrical
analysis. The sorption and desorption of vanadium (V) ions under optimal conditions were studied using this
sorbent.

Daxilolma tarixi: [lkin variant 18.06.2019
Son variant 10.10.2019
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DiZEL YANACAQLARININ iKiNCi EMAL FRAKSIYALARI iLO BiRGO
HIDROKUKURDSUZLASMO PROSESIND® YENi KATALIZATORLARIN
TODQIQI
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Acar sozlar: halloizit, hidrotomizlonmo, dizel fraksiyasi, ultrasas kavitasiya

Hal-hazirda neft emali sonayesindo neft emalinin darinlogmasi, ¢esidlorin genislondirilmasi,
omtoo yanacaqlarmin keyfiyyotinin yaxsilagdirilmast vo hocminin artirilmasi mogsadilo onlarin
torkibino ikinci emal proseslori distillatlarmin slave olunmasima boyiik digqget yetirilir. Miiossisalor,
xam neftdon maksimum miqdarda yiingiil fraksiyalarin oldo olunmasi, mohdud resurslarin daimi
arttmina vo eyni zamanda miiasir standartlara cavab veron, osason miihorrik benzini vo dizel
yanacagmin ekoloji xiisusiyyatlorine digqot yetirmok mocburiyyatindadirlar [1-4].

Diinya neft emal1 sonayesinds son illorde novbati tendensiyalar miisahids olunur:

- torkibindo ¢ox miqdarda heteroatomlu birlogsmolori olan agir neft fraksiyalarmm emala colb
olunmasi;

- destruktiv proseslorin nisbi paymin artmasi ilo alagoli olaraq ylingilil neft mohsullarinin
mohsuldarligini artirmaq mogsadilo neft emal1 dorinliyinin artmast;

- yanacagin keyfiyyatinin yaxsilagdirilmasi iigiin ekoloji toloblori sortlogsdirmok.

Molumdur ki, dizel yanacag istehsali zamani xammalin torkibine ikinci emal fraksiyalarinin
olavo edilmoasi, onun ekoloji vo istismar xiisusiyyatlorinin shomiyyatli doracods pislosmosine gatirib
cixarir. Belo ki, yanacagm torkibindo kiikiirdlii vo aromatik birlosmolorin miqdar1 artir, aromatik
birlosmolorin artmasi iso setan ododinin azalmasina sobab olur. Dizel yanacaginin ekoloji
xiisusiyyatlorini yaxsilasdirmaq, yanma mohsullarinin toksikliyini azaltmaq vo miihorrik istismari
zamani karbon oksidlorinin formalagmasini azaltmaq ii¢lin yanacaqda kiikiirdlii birlosmalorin vo
aromatik karbohidrogenlorin azaldilmasi miitloqdir. Yanacagin adi ¢okilon birlosmolordon
tomizlonmosinin on genis yayilmis lsullarindan biri, hidrotomizlonmo katalizatorlar1 istirakinda
dizel fraksiyasinin ikinci emal fraksiyalar1 ilo qarisiqlarmin  hidrotomizlonms prosesinin
aparilmasidir. Bu da, 6z ndvbasindo, hidrotomizlonma prosesi rejiminin agirlagsmasmi vo daha
effektiv bahali katalizatorlarin istifadssini tolob edir. Osas problemlordon biri iso dizelo olave
olunmus ikinci emal prosesi fraksiyalarmin hidrogenlosdirilmesidir. Onenavi hidrokreking
katalizatorlar1 adi hidrotomizlonms katalizatorlar1 ilo miigayisods ilkin emal vakuum qazoylunun
hidrogenlogsmosino daha effektiv tosir gdstorir [5-7].

Bu baximdan hidrokreking katalizatorlar1 keyfiyyotindo olan, ikinci emal proseslori
fraksiyalarinin dizel fraksiyalar1 ilo birge qarisiqlarinmn hidrotomizlonmaesi katalizatorlarinin
hazirlanmasi vo bu texnologiyanin sonayeyo totbigetmo metodlarinin iglonmoasinin dyronilmasi
vacib va aktual problemdir.

Miiasir hidrotomizlonmo katalizatorlar1 forqli funksiyalar1 olan {li¢ qrup (aktiv komponentlor,
qurulus komponenetlori vo modifikatorlar) komponentdon ibarat miirokkob sistemi togkil edir [8-10].

Katalizatorlarin torkibi, adston, asagidaki komponentlori ohats edir:

-VIII grupun metallar: nikel, kobalt, platin, palladium, bazon domir;

-VI qrup metallarmin oksidlori vo ya sulfidlori: molibden, volfram, bazon xrom,;
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Dizel yanacaqlarinin ikinci emal fraksiyalart ila birga hidrokiikiirdsiizlasma prosesinda
veni katalizatorlarin tadqiqi

- boyiik sothi saholi vo yiiksok mexaniki davamli, inert vo ya tursu xassoli, istiliyo davamli
dasiyicilar;

- modifikatorlar.

Nikel va ya kobaltin molibden va ya volframla birlogsmosi qarisiglar vo orintilors bifunksional
xiisusiyyatlor verir - eyni zamanda homolitik vo heterolitik reaksiyalarin getmosi vo xam neftin
torkibinds olan kiikiird va azot birlosmalarinin toksik tasiring qarst davamliliq yaradir[11].

Dastyicilarin istifadesi katalizatorlarda aktiv komponentlorin miqdarinin azaldilmasmna va
naticodo, onlara gonaost edilmoasine imkan verir, bu da bahali metallardan istifado edorkon xiisusilo
vacibdir. Neytral tobii dastyicilar - aliminium, silisium, maqnezium oksidlori vo s. katalizatorlara
olavo katalitik xiisusiyyotlor vermir. Amorf vo kristallik struktura malik, tursu xassali dasiyicilar
olan aliimosilikatlar vo sirkoniumsilikatlar iso katalizatorlara izomerlogsdirma vo krekinglosdirma
xususiyyatlori verir. Torikibi VI, VIII qruplarin metallar1 vo belo daciyicilardan ibarat olan
katalizatorlar goxfunksiyali hesab edilir [8, 9].

Kobalt vo molibden torkibli katalizatorlar osason kiikiirdlii birlogsmolorin vo doymamis
strukturlarin hidrogenoliz reaksiyalarinda ¢ox aktivdir, nikel vo molibden torkibli katalizatorlar iso
aromatik vo azot birlogsmoalorinin hidrogenolizi reaksiyalarida daha aktivdir. Hidrogen-sulfid omolo
golmosi ilo gedon reaksiyada oksidlor sulfid formasma ke¢ir vo qismon metallara qador barpa
olunmasi1 ilo metallarin hidrogenlogsdirmo aktivliyi ohomiyystli doracodo artir. ©gor emal olunan
xammalin torkibindo kiikiirdlii birlosmolor az miqdarda olarsa, katalizatoru istifado etmomisdon
onco kiikiirdlosdirmok moslohat goriiliir [ 14-15].

Yanacaga qoyulan ekoloji toloblorin sortlogsmasi vao kiikiirdlosma darinliyinin 97% -2 gador
artmasmin vacibliyi ilo slagoli olaraq, yiiksok hidrogenlosdirici torkibli (4-6%) katazlizatorlar
hazirlanir[12,13].

Bunlar1 nozoro alaraq, togdim edilmis mogalodo Ni, Mo vo Co, Mo oksidlorinin tobii
nanoborulu aliimosilikatlar olan halloizitlorlo ultrasos dalgalarinin tosiri altinda modifikasiya
olunmus katalizatorlariin istirakinda ilkin emal dizel fraksiyasmnin 30% ikinci emal fraksiyalar1 ilo
qarigiqlarinin hidrotomizlonmasi prosesi todqiq edilmisdir.

Tacriibi hissa. Hidrotomizlonmo prosesi iki miixtolif — HNB+NiMo vo HNB+CoMo
katalizatorlarmmn istirakinda, xammalin verilmo siirati 0.5-1 s, 3,5-5,0 MPa hidrogen tozyiqindo,
320-350°C temperaturda aparilmisdir. Bu proseslorin material balansi cadval 1-do verilmisdir.

Ni, Co, Mo metallar1 oksidlori ilo halloizitlorin modifikasiya olunmus niimunslarinin istiraki
ilo aparilan hidrotomizlonms prosesi zamani alinmig mohsulda dizel fraksiyasmin ¢iximi 33%
artmisdir. Codval 1-don goriindiiyii kimi, har iki katalizatorun istiraki ilo aparilmis hidrotomizlonmo
prosesinin material balans1 oxsar noticolor vermisdir.

Cadval 1.
Ilkin emal dizel fraksiyasinin 30% ikinci emal fraksiyalart ilo garisiglarimin HNB+NiMo va HNB+CoMo
katalizatorlarimn istirakinda hidrotomizlanma proseslorinin material balanst

Gostaricilor HNB+NiMo HNB+CoMo
Goturalub,% kut.

Kokslagmanin yiingiil fleqmasi 71,2 71,2
Katalitik krekingin yiingiil fleqmas1 12,6 12,6
[lkin emal fraksiyasi 12,6 12,6
Hidrogen 3,6 3,6
Almb,% Kkiit.

Dizel fraksiyasi 180-350°C 94,8 94,8
Benzin fraksiyasi q.b.-180°C 1,9 1,8
Qazlar C1-C4 1,3 1,3
Koks 1,1 1,2
Itki 0,9 0,9
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Cadval 2 vo 3-do gostorilmis katalizatorlarun istirakinda ilkin emal dizel fraksiyasimin 30%
ikinci emal fraksiyalari ilo qarisiglarinin 3,5-5,0 MPa hidrogen tozyiqinda, 320-350°C temperaturda
hidrotomizlonmis yanacaqlarin keyfiyyat gostoricilori verilmisdir.

Cadval 2.
HNB+NiMo va HNB+CoMo katalizatorlarimin istirakinda 3,5MPa tazyiq altinda apariimis
hidrotomizlonma prosesindan alinan yanacagin keyfiyyat gostoricilori

Gostaricilor Xammal HNB+NiMo HNB+CoMo
Sixliq 15 °C, kg/m® 867,9 848,1 846,3
Fraksiya torkibi, °C
Qaynama baslanqici 190 190
10% qaynayir 242 215 215
50 % qaynayir 295 280 280
Qaynama sonu 348 360 360
Aligma temperaturu, gapali putada, °C 69 69
Kinematik 6zIiiliik 20 °C-do mm?/s 3,55 3,18 3,19
Bulanma temperaturu °Cyiiksok olmamali -30 - 28 - 28
Donma temperaturu °C yiiksok olmamali -42 - 37 - 37
Tursuluqg mq KOH/100 sm?® yanacag, -1,15 1,27 1,25
Yod adadi, qJ2/100q yan, ¢ox olmamali 2,51 2,34 2,30
Umumi kiikiirdiin migdari, % kiit. 0,1317 0,0280 0,0213
10 % li galigin kokslasmasi, % kiitlo, cox olmamal 0,09 0,0020 0,0020
Karbohidrogen torkibi, kiit. %
aromatik 30,1 20,3 22,0
doymamis 3,5 0 0
parafin-naften 66,4 79,7 78,0
Setan odadi - 45 45

Cadval 2-don gériindiiyii kimi, hidrogen tozyiqi 3,5 MPa, temperatur 350°C oldugda
HNB+NiMo katalizatoru istifads etdikds ilkin emal dizel fraksiyasinin 30% ikinci emal fraksiyalar1
ilo garisiglarmin hidrotomizlonmosi naticosindo alinan yanacaqlarda timumi kiikiirdiin miqdar1
0.1317% kit—don 0.0280%-dok azalir, HNB+CoMo katalizatorundan istifads etdikdo iso yanacagin
torkibindo timumi kiikiirdiin miqdar1 0,0213% kiit. toskil edir. Bu zaman kiikiirdsiizlosdirilmo
dorinliyi 78,3-83,8% (kiit.) toskil edir. Hidrotomizlonmis yanacaqda aromatik karbohidrogenlorin
miqdar1 iso 30,1 % kiit.-don HNB+NiMo istiraki ilo 20,3 %-o godor , HNB+CoMo istirakinda iso
22,0% kiit.-dok azalir.

Todqiq olunan katalizatorlarin istifadssinde hidrogen qazinin tozyiqini 5,0 MPa-dok
qaldirdigda kiikiirdsiizlogdirilmo dorinliyi artir. Belo ki, HNB+NiMo katalizatorundan istifado
etdikdo ilkin emal dizel fraksiyasinin 30% ikinci emal fraksiyalar1 ilo qarisiglarinin
hidrotomizlonmasi naticesindo alinan yanacaqlarda {imumi kiikiirdiin miqdar1 0.1317% kiit—don
0.0120%-dak azalir, HNB+CoMo katalizatorundan istifads etdikds ise yanacagin torkibinde iimumi
kiikiirdiin miqdar1 0,0101% kiit. toskil edir. Bu zaman kiikiirdsiizlogdirilmo dorinliyi 90,8-92,3%
(kiit.) toskil edir. Hidrotomizlonmis yanacaqda aromatik karbohidrogenlorin miqdar1 iss 30,1 %
kit.-don HNB+NiMo-nun istiraki ilo 19,4 %-o qodor , HNB+CoMo-nun istirakinda iso 21,0% Kkiit.-
dok azalir (cadval 3.) setan ododi iso 46-47 toskil edir.

Noatica. Todqiqatlar naticasinde molum olmusdur ki, ultrases dalgalar tosiri altinda hopdurma
tisulu ilo modifikasiya olunmus katalizator niimunslorinin istiraki ilo aparilan hidrotomizlonmo
prosesinindon alinan yanacaqlarin keyfiyyot gostaricilori miisbat tosirini tosdiq etmisdir. Noticolor
bir daha gostordi ki, halloizitin Ni, Mo oksidlari ilo modifikasiya olunmus katalizator niimunosi
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Dizel yanacaqlarinin ikinci emal fraksiyalari ilo birga hidrokiikiirdsiizlasma prosesinda

veni katalizatorlarin tadqiqi

yanacagin torkibinde olan aromatik karbohidrogenlorin miqdarmmm azalmasina, Co, Mo torkibli
katalizator iso kiikiirdlii birlosmalorin miqdarinin azalmasina daha effektiv tosir gostorir.

Cadval 3.

HNB+NiMo va HNB+CoMo katalizatorlarimin istirakinda SMPa tazyiq altinda apariimuis

hidrotomizlonma prosesindon alinan yanacagin keyfiyyat gostoricilori

Gostaricilor Xammal HNB+NiMo HNB+CoMo
Sixliq 15 °C, kg/m® 867,9 846,3 844,7
Fraksiya torkibi, °C
Qaynama baslangici - 190 190
10% gaynayir 242 215 215
50 % gaynayir 295 280 280
Qaynama sonu 348 360 360
Alisma temperaturu, gapali putada, °C 69 69
Kinematik 6zIiiliik 20 °C-do mm?/s 3,55 3,29 3,26
Bulanma temperaturu °Cyiiksok olmamali -30 -29 -29
Donma temperaturu °C yiiksok olmamali -42 -39 -39
Tursuluqg mq KOH/100 sm?® yanacag, -1,15 1,00 1,00
Yod adadi, qJ2/100q yan, ¢ox olmamali 2,51 1,63 1,57
Umunmi kiikiirdiin migdari, % Kkiit. 0,1317 0,0120 0,0101
10 % 1i galigin kokslagmasi, % kiitla, ¢ox olmamali 0,09 0,0020 0,0020
Karbohidrogen torkibi, kiit. %
aromatik 30,1 19,4 21,0
doymamis 3,5 0 0
parafin-naften 66,4 80,6 79,0
Setan ododi - 47 46

Ni, Co, Mo oksidlari ilo modifikasiya olunmus halloizit niimunalorinin katalizator kimi
hidrotomizlonms prosesine totbiqi zamani alinmis dizel fraksiyalarmin ¢iximi, kiikiirdsiizlogsmo
dorinliyi, asagi temperatur xassolori vo aromatik karbohidrogenlorin miqgdar1 moqsadouygun

noticalor vermisdir.
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PE3IOME
HCCIIEAOBAHUE HOBBIX KATAJIU3ATOPOB B [TPOLIECCE
IT'MAPOJAECYJb®YPUSALIUU JU3EJbHBIX TOIIJIUB C ®PAKIIUSAMHU
BTOPOM OBPABOTKH
T'acanoea A.P.

Knrwueswie cnosa: cannyazum, 2uopooducmia, OuzenbHas Gpaxkyus, YIbmpasgykoeas Kasumayus

Hccnenopan mporecc ruapoourictku npu temiieparype 320-350°C nasnenue Bomopoaa 3,5-5.0 MP ¢
WCTIONIb30BaHUEM B KAa4yeCTBE CBHIPhSI CMECH NPSIMOTOHHOM am3ensHOH (pakuuu ¢ 30% dpakmpsiMa BTOpon
00pabOTKH ¢ KCITONIE30BAHNEM B Ka4eCTBE KaTaIn3aTopa TajuTION3UTOB, oborameHHbIx okcuaamu Ni, Co 1 Mo.

BbIsIBIICHO, YTO TPH WCIOIb30BAHUHM KATAU3aTOPOB, MONYYCHHBIX OOOTallleHHEM TaJUIOM3UTOB
okcugamu Ni, Co 1 Mo ¢ ucronb30BaHUEM yIbTpa3ByKa, 0OIlee COJepKaHUue Cephl B COCTABE JU3EIMbHBIX
¢dpakmmit ymenpmaercs ot 0,0280-0,0213 no 0,0120-0,0101 % wmacc., mpu 3TOM TayOMHA oOeccepuBaHUS
cocramsier 78,3-83,8 u 90,8-92,3% macc., a komuuecTBo apomaTtmueckux yrieBogopomnoB 20,3-22,0 u
19,4-21,0 % macc.

SUMMARY
RESEARCH OF NEW CATALYSTS IN HYDRODESULFURIZATION PROCESS
OF DIESEL FUELS WITH THE SECOND RECYCLING OF FRACTIONS
Hasanova A.R.

Key words: halloysite, hydrotreating, diesel fraction, ultrasound cavitation,

The hydrotreating process of the pure initial refining diesel fraction the mixture of it with second
recycling of fractions of 30% (by mass) have been operated at 320-350°C with hydrogen pressure of 3.5-5.0
MPa by using halloysite that enriched with transition metal oxides as catalyst.

It has been observed that, when the halloysite sample that enriched with Ni, Co and Mo oxides by
ultrasound cavitation is used, the total sulphur content decreases from 0,0280-0,0213 to 0,0120-0,0101 (by
mass) and the desulphurization depth is 78,3-83,8 and 90,8-92,3 %. Meantime, the amount of aromatic
hydrocarbons was 20,3-22,0 and 19,4-21,0 % (by mass).

Daxilolma tarixi: [1kin variant 10.09.2019
Son variant 20.12.2019
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enerjisi, kinetik model.

1-naftolun etanolla alkillosmo reaksiyasinin todqiqindo sirkonium torkibli H-mordenitin
yiiksok katalitik xassolor niimayis etdirdiyi ovvallor miioyyon edilmisdir. Belo ki, azot miihitindo
apartlmis todqiqatlar noticosindo miioyyon edilmis soraitdo 2-metil-1-naftolun 83.6-91.0%
selektivliklo sintezi miimkiin olmus vo bu zaman baslangic 1-naftolun konversiyasi 24.5-54.9%
toskil etmisdir (1-2). Prosesdos alinan digor mohsullara 1-etoksinaftalin, 1.2-dietilnaftalin, etanali
misal gOstormok olar. Bozi mohsullarin, mosolon, 4-etil-1-naftol, 1-okso-2.2-dietil-1.2-
dihidronaftalinin, digor alkil naftalinlorin qatiliglar1 ciizi olub, optimal qsbul edilmis temperatur
hiidudunda izlorino rast golinir. Temperaturun artmasi (>360°C) oksobirlosmonin qatiliginin kaskin
azalmasina va alkilnaftalinlorin vo 4-etil-1-naftolun vo etanalin migdarmin artmasma sabab olur. Bu
da katalizator sothindo miirokkob proseslorin, o climlodon yan ¢evrilmolorin bas verdiyini gostorir.
Ardicil vo paralel reaksiyalarin oldugunu siibut edir.

Kinetik todqgiqatlar diferensial reaktorlu qurguda asagidaki soraitdo aparilmigdir. T=310-
350°C, kontakt vaxt1 8 saniyaya qadar, baslangic komponentlor olan 1-naftol (P1°) vaetanolun (P2°)
parsial tozyiqlori uygun olaraq P1°=4.0+13.50 kPa; P2°=22.80+54.0 kPa. Tacriibalor ii¢ dofs tokrar
olunmus vo aliman naticolorin orta giymotlori hesablanmisdir. Qeyri-katalitik ¢evrilmolorin payini
miioyyanlosdirmak tigiin katalizatorsuz soraitds xiisusi tacriibalor qoyulmus vo bu zaman 1-naftolun
konversiyast 0%, etanolun konversiyasi isa 2.5% olmusdur. Ona gors do alinan fordi birlosmalorin
omologolma siiratlorine va baslangic komponentlorin timumi ¢evrilma siiratlorine diizalislor etmok
lazim bilinmomisdir.

Daxili vo xarici diffuziyanin varligm toyin etmok iiciin aparilmis ilkin tocriibslor do ugursuz
naticolorin almmasina gotirib ¢ixarmis va 1-naftolun etanolla alkillosmo reaksiyasmnin kinetik sahado
gergoklosdiyi tosdiq edilmisdir. Kinetik todqiqatlar azot miihitindo aparilmis onun diger
durulagdiricilarla (su buxari, hava va s.) avaz olunmasi prosesinin gostaricilorine monfi tasir etmisdir.

Kinetik todqiqatlar naticosindo alman alkilatlarin torkibi yuxarida geyd etdiyimiz kimi olur.
Bu aragdirmalar prosesin asas marsrutlarinin (3) miioyyan olunmasina istigamst vermisdir.

K, OC2H5

> on
SR s B
- H,O 25 C,Hs

- Q +CoH50H —»I_<‘2\\ I_(é:) Q C2Hs
Ky

—> Cy,H,O+ H,)
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Acar maddalor kimi 1-naftol (1), etanol (2), etanal (4), 1-etoksinaftalin (5), 2-etil-1-naftol (3),
1.2-dietilnaftalin (6), hidrogen (7), goturulmiiss texiometrik oamsallar codvali tortib edilmis
(cadval 1), acar maddalorin miisahida olunan suratlori (W) ilo marsrutlarin siratlori (ri) arasindaki
riyazi olago (1) tonliklor sistemiilo miioyyan olunur.

Cadval 1.
Acar maddalarin stexiometrik amsallar cadvali
Marsrutun Acar maddonin Ne-si
Ne-si 1 2 3 4 5 6 7
I -1 -1 0 0 1 0 0
1 -1 -1 1 0 0 0 0
11 0 -1 -1 0 0 1 -1
v 0 -1 0 1 0 0 1

WZL: 'rl'r11W3: M=l

WZ: 'rl'rn'rm'rle4: v (1)

Acar maddonin némrasi onun i-sayli siiratine vo j-sayli parsial tozyigina uygun golir.

2 sayh codvaldo prosesin marhalali sxemi verilmisdir ki, bu da 1-naftolun etanolla garsiliql
tosiri reaksiyasinin stexiometrik bazisi ilo tam uzlasir. Asagi siiratlo bas veran maddoalor kimi 2, 5, 7
vo 10 gobul edilmis, digarloriss siiratli, yaxud tarazliq morhololoridir. Katalizator sathindo mévcud
olan 2 miixtalif Nn6v morkozlor arasindaki tarazligi oks etdiron 12-Cci morholo do sxemo olavo
edilmisdir.

Qariuti qaydasma (4) géro marhaloli sxemdon dogan marsrutlarn say1 p=s-£=12-8=4. Burada
s-morhololorin say1, £-soth iizorindo omolo golon aralig maddslorin sayidir.

Cadval2.
Prosesin marhalali sxemi

Morho- Marsru‘_[lar ijzr_a moarhalalorin
. Morhals stexiometrik omsallar1
lolorin
Ne 1 2 3 4

1. 1-C1oH;OH+Z=1-C1(H;OHZ 1 0 0 0
2. 1-C1oH;OHZ+C>:H5s0H—1-C1gHZOC,H5Z+H,0 1 0 0 0
3. 1-C1oH;0C,H5Z—1-C1gH;0C,Hs5+Z 1 0 0 0
4, 1-C1oH;OH+ZH=1-C1,H;OHZH 0 1 0 0
5 1-C1oH;OHZH+ C:HsOH— 0 1 0 0
' —2-CoH5-1-C10HeOHZH+H,0
6. 2-C,Hs-1-C10HsOHZH=2-C;H5-1-C10HsOH+ZH 0 1 -1 0
7 2-C;H5-1-C10HsOHZH+C;HsOH+[2H]= 0 0 1 0
' =1.2-(CyHs)C1oHeZH+2H,0
8. 1.2-(C;Hs)CigHsZH—1.2-(C2H5)2C10Hs 0 0 1 0
9, C,HsOH+Z= C,HsOHZ 0 0 0 1
10. Co,HsOHZ—CoH/OZ+H, 0 0 0 1
11. C.H,0Z— C,H,0+Z 0 0 0 1
12. 2Z+H,—27H 0 0 0 0

Bos marsrutlarin olmadigint miioyyon etdikdon sonra marsrutlar iizro siirot sabitlorinin
qiymatlorinin asagidaki mohdudlasdirict morhalolorin siirat sabitlori ilo hesablandigi malum olur.
Ki=Kz;  Ki=Ks; K=Kz, Kiv=Kio
Kinetik tacriibalorin naticalorini daha alverisli ifads edon tonliklor sistemi (2) segilorak Kinetic
sabitlor hesablanmisdir:
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1-naftolun etanolla alkillasma reaksiyasinin kinetik tadgigatlar

K, P11 P> Ky, P3 P2
r= M= 2
" @+ byPy+ boP3)? 1+b1P1+ boP3)
2
r . KiP1P> i Kyv P2
" @+ byPy+ boP3)? V" 14 byPy+ b2P3

b1, bo-uygun olaraq 1-naftol vo 2-metil-1-naftolun Kkatalizator ssthindo adsorbsiya
omsallaridir. Prosesds hidrogenin qatiliginin miioyyan edilmasi miirokkob masalo oldugundan onun
parsial tazyiqi asagidaki ifads ilo hesablanmigdir.

P7=(P2°-P1°)-(P2-P1)-P3-Ps

Marsrutlar tizro stiratlorin qiymatlori MATLAB-6 programi osasinda tocriibi qiymatlorlo
model gostoricilori arasindaki  orta kvadratik forglorin - minimumlasdirilmas:  yolu ilo
doaqiqlosdirilmisdir. Osas kinetik gostaricilor 3-cli cadvalda verilmisdir. Ki, Ky, K va Ky Uglin
olcii vahidi g/sm® (kat)saatxkPa?; K, ticlin iso g/sm3(kat)saatxkPa. Daha olverisli bazis almaq tigiin
kinetik tonliklorin kosr tortibli verilmosi vo stexiometrik omsallar codvalinin basqa formada
qurulmasi daha ¢ox xatalara gotirib ¢ixarmigdir.

Cadval 3.
Osas Kinetik gostoricilor
Marsrut Ink, E, kkal/mol Inb, Q, kkal/mol
1-C1oH;OH+C,HsOH—1-
C1oH-0C,Hs+H,0 0.8950 10.675 -4.45 3.1
1-Cuoh,OH+CoH;OH 9.675 18.051 451 2.17

2-CoHs5-1-C10HsOH+H0

2-C;Hs-1-C10HsOH+C;HsOH+2[H]— - -
1.2-(C2Hs)CioHe+2H20 8.851 19.312

Co,HsOH—CoH4O+H> 2.215 9.035 - -

Miixtalif temperaturlar Ugiin siiratlorin tacriibi giymatlori ilo model gostaricilorinin miiqayisasi
aparilmis va siiratlorin orta nisbi xatalar1 4-cli cadvoalds verilmisdir.

Cadval 4.
Stiratlorin orta nisbi xatalar:
. Temperatur, °C
Stratlor 310 330 350 Lora
Wi 7.5 8.0 6.8 1.4
W, 4.4 8.5 8.0 7.0
W3 12.5 14.0 11.0 12.5
W, 10.5 9.4 15.5 11.8

Alinmis Kinetik model 1-naftolun etanolla garsiligh tosiri prosesinin noticalorini vosfi vo
miqdari cahotlordon gonastboxs ifads edir, adekvathgr ilo segilir va galocokds prosesin modellagsmo
Vo optimallagsmasinda asas kimi gétardls bilar.
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PE3IOME
KUHETUYECKUE UCCJIEJOBAHUSA PEAKIIUU AJIKWJIMPOBAHUSA
1-HA®TOJIA 9TAHOJIOM
Cyneiimanosa ILB.

Knrouesvte cnoea:. l-nagpmon, smawnon,  amkunuposanue,  2-smun-l-nagpmon,  mapwpym,
JUMUMUPYIOWAsL CMAOUst, SHePIUsT AKMUBAYULU, KUHEMUYECKAsL MOOeb.

Ha ocHOBe mNpOBENCHHBIX KHHETHYECKUX WCCICIOBAHUN peakIuy aJKHIHpoBaHus |-HadrToma
STAHOJIOM OITPEeICHBI OCHOBHBIE MAPIIPYTHl KATalN3a, PACCUMTAHBI KWHETHIECKHE KOHCTAHTHI U TIOJTyYeHa
KHHETUYIECKUS MOJENb MOMydeHust 2-3Truia-1-HadTomna, KOTopas yI0BIETBOPHUTEIBHO OMMCHIBAET OCHOBHEIE U
BTOPWYHBIE TPEBPAICHUS, MPOTEKAIONIME Ha TOBEPXHOCTH ITUPKOHHMHCOAEPIKAIIEr0 MOPICHUTHOTO
KaTaaM3aTopa.

TMosyuenHass KHHETHYECKAass MOJIENb BBIPAXKAET PE3yJIbTAThl MPoIlecca B3amMojeicTBus 1-HadToma ¢
STAHOJIOM, KOJMYECTBEHHO OTIMYAETCS aJeKBATHOCTBHIO M B JAIBHENIIIEM MOXKET OBITH B3ATa 3a OCHOBY B
MOJIETMPOBAHNHI M OITTUMHU3AIIUAY TIPOIIECcCa.

SUMMARY
KINETIC STUDIES OF THE ALKYLATION REACTION
OF 1-NAPHTHOL WITH ETHANOL
Suleymanova P.V.

Key words: 1-naphtol, ethanol, 2-ethyl-1-naphtol alkylation, route, limiting stage, activation energy,
kinetic model.

On the basis of kinetic studies of the reaction of alkylation of 1-naphthol with ethanol determined the

main routes of catalysis, calculated kinetic constants and the kinetic model of obtaining 2-ethyl-1-naphthol,

which satisfactorily describes the main and secondary transformations occurring on the surface

concomitantemente catalyst.
The resulting kinetic model expresses the results of the interaction of 1-naphthol with ethanol, is

guantitatively adequate, and can be used as a basis for modeling and optimizing the process in the future.
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Acgar sézlar sistem, monokristal, evtektika, peritektika, birlasmo

Bi>Ses-Nd»Ses sistemindo peritektik proses ilo alinmis NdBiSes birlosmoasinin sistemdon fordi
sokildo ayrilmasi ¢ox ¢atin prosesdir. Ona goro do NdBiSes birlogsmosini dolayi iisulla sintez etmok
lazim gelmisdir, bunun tiglin ekvimol gokildo gotiiriilmiis bork halda BixSez vo NdClz
birlogsmolorindon istifado edilmisdir. Bi2Sez bismut vo selenin birlogsmasi stexiometrik miqdarinda
gotiiriilmiis elementlori sintez etmoklo alinmisdir.

Bi>Sez vo NdClz maddslori azilorok narm toz halina kegirilmis vo garigdirilaraq reaktorun
icorisindo yerlosdirilmis kvars stokana kegirilmisdir. Reaksiyadan qaz halinda ayrilan BiCls-Un
¢ixmasi ligiin reaktor Tisenko aparati vasitosilo su nasosuna birlogdirilir. Prosesdon ovval reaktora
argon otdralir. Sintez 1050 K temperaturda 5-6 saat orzinds aparilmisdir. Proses zamani BixSes va
NdCls arintisinds miirokkob qarsiliql tosir bas verir. Prosesi asagidaki reaksiya tonliyi ilo ifado
etmok olar.

NdCls+ Bi>Sesz = NdBiSez+ BiClzt

Reaksiya mohsulu kimyovi, diferensial termiki (DTA) vo rentgenfaza analizi (RFA) ilo todqiq
olunmusdur. DTA havasi 10° mm.cv.st. qodor seyroklosdirilmis ampulalarda “Termoskan”
cihazinda aparilmisdir. Birlosmonin termoqraminda kristallagma oyrisinin gedisi vo orada alinan
870 K effekti NdSbSes; birlosmasinin peritektik ¢evrilmo  yolu ilo alindigmi oks etdirir.
Birlosmonin mikroqrulusu MMUM-7 markali cihazinda Oyronilmis vo onun birfazali oldugu
miioyyanlosdirilmisdir. Mikrobarklik iss IIMT-3 cihazinda 6l¢iilmiis vo ¢oki 20 q olmus, bu zaman
H,=1170 MPa qiymati almmisdir. NdBiSes otaq temperaturunda tiind boz rongli toz halinda
alinmisdir. Havaya davamli, su ilo vo {izvi holledicilorlo (aseton, benzol, etil spirti) qarsiligh tasirdo
olmur, ancaq mineral tursularimn tosiri naticasindos (HCI, H2SO4, HNO3) H.Se ayirmaqla pargalanir.
NdBiSes —iin stexiometrik torkibi Nd vo Se ¢oki, Bi iso hocmi metodlarla kimyovi analiz yolu ilo
miioyyon edilmisdir.

Analizin naticolori beladir:
Tapilmis ¢oki % hesablanmis ¢oki%
Nd Bi Se Nd Bi Se
39,60 3396 26,44 39,83 33,60 26,5

NdBiSes —iin monokristallar1 kimyavi qazdasiyict reaksiya (KQR ) metodu ilo gdyordilmis,
dasiyict kimi ampulanin hocmino uygun yoddan istifado edilmisdir. Iynovari sokildo alnmis
monokristalin yetismasinin optimal, rejimi tokrar tocriibolor aparmaqla miioyyon edilmis vo
naticolor asagida verilmisdir.

Birlosmo T1,K T2,K monokristalin l¢iisii mm? Zaman,saat
NdBiSes 600 700 (3-6) x (1,5-1,2) 36

Alinmis birlosmonin monokristalligi laueqram ¢okmoklo yoxlanilmis, torkibi iso kimyovi
analizlo miisyyon edilmisdir [1,2].
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NdBiSes —iin monokristallarinin  amalogalma
mexanizmi agagida gostorilmis tonliklor lizro getmosi
ehtimal olunur:

NdBiSes(b) +2J2m)—NdJzg)+BiSedg)+Ses(q)
NdJzq+ BiSeJg+Sesq— NdBiSeslaq)
NdBiSesJsq— NdBiSesz(b) +2J2(q)

Sistemdo oamolo golon NdBiSes birlogsmosinin toz
metodu ilo kristallografik  xassolori  Oyronilmisdir.
Birlosmonin miistovilorarast mosafosi  (d), hkl vo
difraktoqgramda  xotlorin  intensivliyi cadval 1-do
verilmigdir. Mioyyon edilmisdir ki, NdBiSes birlogsmasi
rombik singoniyada stibinit (Bi2S3) tipindo kristallagir:
a=12,77+0,005; b=14,08+0,003; c=5,82+0,002A°, f.qr
Pbnm, Z=8, sixlig1 ppik=6,200/Sm®, pren=6,38q/sm°.

Sakil 1. (Bi2363)94 Vo (]deses)e torkibli
niimunanin laueqrami

Cadval 1.
NdBiSes birlosmasinin rentgenoqrafik malumatlar
Ne | dA d A 1/d? A d A hkl
1 6,3827 6,3887 0,0245 0,0245 200
2 5,8629 5,8222 0,0291 0,0295 001
3 21 5,2364 5,2202 0,0365 0,0366 111
4 43 3,5189 3,5202 0,0807 0,0807 040
5 19 3,1943 3,1927 0,0949 0,0981 400
6 26 3,1579 3,1528 0,1003 0,1006 330
7 4 2,9965 3,0124 0,1114 0,1102 041
8 100 2,9108 2,9100 0,1180 0,1181 002
9 31 2,8632 2,8375 0,1220 0,1242 102
10 32 2,8229 2,8161 0,1255 0,1261 050
11 20 2,7722 2,7810 0,1301 0,1292 112
2 21 2,6237 2,6398 0,1453 0,1435 430
13 17 2,5500 2,5540 0,1538 0,1533 500
14 2,3158 2,3063 0,1899 0,1880 232
15 2,2606 2,2733 0,1957 0,1935 322
16 6 2,1796 2,1796 0,2105 0,2105 061
17 12 1,9900 1,9864 0,2525 0,2533 170
18 8 1,9179 1,9181 0.2719 0.2718 103
19 7 1,7600 1,7600 0,3228 0,3228 080
20 7 1,7100 1,6991 0,3420 0,3464 043
21 5 1,5699 1,5665 0,4057 0,4075 381
22 6 1,5481 1,5456 0,4172 0,4186 702
23 5 1,4997 1,4957 0,4446 0,4470 353
24 3 1,4543 1,4549 0,4724 0,4724 004
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NdBiSes birlogmasinin alinmasi va tadqiqi

Sistemdo omolo golon araliq faza (NdBiSes) hartorafli todqiq edildikdon sonra BixSes- Nd2Ses
sisteminin hal diagrami qurulmusdur [3.,4 ].

T, K
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< NdBiSe, (S)

1200
995
« e 2 *—iB
800
p+S
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1 1 |
Bi,Se, 20 40 60 80 Nd,Se,
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Sok. 2. Bi;Ses- Nd,Ses sisteminin hal diagrami
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PE3IOME
CHUHTE3 U UCCJUIEJOBAHUME COE/IMHEHUS NdBiSes
TI'anbaposa I.T.

Knrwouesnl cnosa: cucmea, MOHOKpUCMALN, I36MEKMUKA, NEPUMEKMUKA, COCOUHEHUE

B mnacrosmem wuccienoBanuu coenuHeHue NdBiSes ObU10 CHHTE3MPOBAHO KOCBEHHBIM ITYTEM.
MuKpOCTpYKTYpHBIA aHallu3 COeMWHEHHs u3ydaics Ha mpudbope MUM-7. Bpio ycTaHOBIEHO, 4TO OHO
onHodazHoe. ONTHUMAaNbHBIA PEXUM BbIpallUBaHus MOHOKpucTauioB (36 wacos, 600-700K, pa3mep
monokpuctamia (3-6)x(1,5-1,2) Mm?) ompemensaM IMyTeM MHOTOKPATHBIX OJKCIIEPHMMEHTOB. M3ydeHsl
KpHucTaorpaduueckie cBoicTBa odpasoBasuierocs B cucreme coenuHerns NdBiSes. Ilocne 3aBepiieHus
MPOMEXKYTOYHOH a3bl TectupoBanus cuctembl (NdBiSes ) Oblna mocrpoeHa cxema pemieHus] CUCTEMBI
BizSEg - Nszeg.
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SUMMARY
SYNTHESIS AND RESEARCH OF NdBiSe; COMPOUND
Ganbarova G.T.

Key words: system, monocrystall, eutectic, perithetic, compound

In the present study, NdBiSes; combination was synthesized indirectly. Mixture of the compound was
studied on the MIM-7 device. It has been identified that it is a phase. The optimal mode of cultivation of
monocrystalline monocrystals (36 hours 600-700K monocrystal size (3-6) x (1.5-1.2) mm?) was determined
by repeated experiments. The crystallographic properties of the NdBiSe; compound formed in the system are
studied. After completing the system-tested intermediate phase (NdBiSes; ) a Bi,Ses- Nd.Ses system solution
diagram was constructed.
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Whole complex of natural factors has been considered in the article which is condition of
development of soil cover of high-mountainous part of Greater Caucasus within Azerbaijan Republic. The
character of rocks, inclinations of surfaces of slopes, vibrations of temperature of air and character of
precipitations have the main place in this line. The registration of reasons of development of processes of
degradation of soils of high-mountainous is necessary during the planning of economical and natural
defense measures in this territory that is why they can do unnecessary proofs to the financial and temporary
calculations of works and give negative effect.

Introduction. The mountain-meadow and partially rock-nival belts, as mentioned before,
covers the abutment zone of the main Caucasus and side ridges and slopes of adjacent ridges. For
these zones, frost weathering and gravity, nival-solifluction processes are characteristic of slopes
and slope slides in the upper rocky areas, where there are small modern glaciers, especially, in the
Tufan, Shahdag and Bazarduzu mountains. The preservation of traces of ancient icing varies with
the active erosion and deep seas decay. In the more elevated sections of the shaly strip of the Tufan
anticlinorium, Tufan, Bazarduzu, and other peaks traces of ancient icing are well preserved in the
peaks, in places where the shale is more resistant to denudation sands and mergels, and also in the
Shahdag and Gyzylgaya massifs, which are hardly washed.

The urgency of the problem. The study of natural disasters in high mountainous regions of
the world is faced with great organizational, technical and scientific challenges, which are
constantly associated with complex transportation, weather conditions and the speed of the process.
However, the current experience of expedition and cameral research, including visual assesment of
the environmental situation, laboratory analysis of the samples taken and topographic mapping of
the high mountainous areas of the Caucasus in the territory of Azerbaijan, is a natural addition [1,2].

Results and their discussion. The studied area is a mountainous zone, severaly fragmented
by erosion and denudation as a whole [3]. This is primarily due to the mountainous relief, tectonic
activity, along with climatic factors that lead to the intensive development of exogenous
reforestation processes. The main processes in the Caucasus range are associated with weathering.
These processes determine the nature of erosion processes in the mountain-meadow belt, where the
physical and chemical abrasion occurs at a laver intensity than the rock-nival belt, which has whole,
wetlands. The relief of the southern slopes of the Main Caucasus ridge in itself is a very important
factor in the development of exogenous processes cantribute to the formation of abrasive shells of
different thickness in the enviroment for the formation of grassland and thick sod meadow soils.
Favorable conditions for the formation of thick turf soils depend on the thickness of the material,
even on the slopes of the Main Caucasus ridge and its branches. The processes of wear on these
slopes are so intense that denudation doesn't always have the ability to edge the whole material [4].
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Climatic factors of soil erosion formation in the Caucasus and in general, in Azerbaijan are
characterized by three features. These features include high daily temperatures caused by physical
deterioration, longterm droughts in the hot period of the year preceding floods, and fregment high
intensity atmospheric precipitation [5]. Absolute elevation and slope change significantly affect the
amount of total solar radiation from this area. According to Shikhlinki's calculations (1968) [6], the
total radiation in the high mountainous erosion zones of the large and small Caucasus reaches 140-
145 kcal/cm?, which is 10-15 kcal/cm? higher than the lowland and lowland areas. According to
Eyyubov and Rahimov (2003) [7], this figure is 145-150 kcal/cm? in the highland of the Caucasus.
This is due to changes in atmospheric transparency as a result of increased altitude. Winter is severe
in the high mountainous zone of Azerbaijan in the Caucasus. Adverse winter temperatures and
spring frosts cause the development of debuis, which in turn leads to the formation of fissures,
fragmentary fissures and more frequent floods in the southern slope of the Caucasus. Thus,
according to the data of Eyyubov and Rahimov the absolute minimum air temperature on 2000 m
above the sea level is -19,1° C, 2500 m above sea level is -22,1°C and the maximums reaches
+25°C, +28°C. These elevations in the subalpine zone, where high-altitude land use is most active,
are becoming more intensive development of soil degradation processes in the subsequent
expansion of anthropogenic activity under such annual temperature amplitudes. One of the major
factors involved in the formation of soil erosion center is precipitation of long-lasting draughts.
Formation and fore of abundant atmospheric precipitation of 1000-1300 mm and sometimes 1400
mm is explained by zonal circulation and local atmospheric processes [5, 7, 8]. In addition to small
and high plain slopes characterized by defended from erosion, rich sub alp vegetation in the sub
alpine zone, the slopes are covered by rocky vegetation and rocky clumps, sub alpine meadows with
tall and dense vegetation cover are used as mowers. The productivity of the grass is high. Low grass
cover meadows are used as summer grass, with avarage pasture productivity of 6-8 (9) s/ha [9].
Alpine meadows of the highlands range from 2400-2500 m to 3000 m above sea level and in some
areas with harsh climates, starting from lower and higher. Studies on the high slopes of the southern
slopes of the Main Caucasus ridge show that there is a wide range of mountain-meadow soils
ranging from 1700 to 2500-3000 m above sea level. The mountain-meadow soils are mainly divided
into primary mountain-meadow, mountain-meadow sod and mountain-meadows-stepp soils.
Mountain-meadow sod soils developed in wide aquifers, slopes of the north and northeast
expositions. Is a fully developed profile of 40-60 cm and sometimes 100 cm non-eroded mountain-
meadow sod soils [10]. These soils are characterized by a well-defined structure, porosity and the
presence of dense vegetation on the surface in the sub alpine zone. Alpine mountain-meadow soils
have a unique dry plat horizon with a depth of 1-2 cm, which sets them apart from other mountain-
meadow soils. They have a more acidic reaction than the sub alpine soils, with a smaller amount of
absorbed bases. The non-eroded mountain-meadow sod soils are characterized by high humus
content of 10-12% and sometimes 24%,with depth decreasing with increasing concentrations of Ca
100 g in soil absorption from 17 to 26 and magnesium by 1,5-5.

This is basal enrichment of the soil from north-west to south-east along the Main Caucasus
and Lateral ridges system. Soil erosion is reflected in the erosion of mountain rivers, which is an
indicator of erosion processes and has spatial and temporal differentiation thourghout the Great
Caucasus. The amount of washing from the basin surface can be judged by the data obtained by our
scientists over the years of research into the amount of river deliveries. The figures obtained
through their calculations allowed to identify the erosion module and thus to characterize the results
of surface washing processes in the territory of Azerbaijan. Total flow of Azerbaijani rivers to vary
between 12 t/km? in Lankaran region and 3486t/km? on southern slope of Main Caucasus [11].
South and northeastern slopes of the Main Caucasus are selected by a large flow module.
Observations shows that the flow module fluctuates between 222 and 3486 t/km? in the southern
slopes of the Main Caucasus range such inequality in the flow module is due to the presence of
easily eroded rocks in the Greater Caucasus region, the intensity of modern tectonic up lifts, the
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presence of large areas in the highlands of the basin, the large inclination of the slopes, their
fragmentation and other development.

Conclusion. The harsh natural conditions in the highlands of the Caucasus cause the
formation of different types of soil that differ in the accumulation and fragmentation of debris due
to changes in relief and climatic conditions. Different physical and chemical composition of soils
and fragmentation of mountain rocks occur due to the increase in hypsometric height and
differences in slope exposition. This leads to changes in the intensity of the wear processes. Natural
factors influencing the development of the highlands of the Caucasus and their landscapes,
represented by mountain-meadow and rock-nival types as a whole, are the unity that determines the
nature of land use and the nature of natural destructive processes [12]. Predicing the likelihood of
these processes is always relevant for the environmental safety of both the local population and
construction projects.
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XULASO
BOYUK QAFQAZIN CONUB YAMACINDA CIMLi DAG-COMON TORPAQLARININ
EROZIYAYA UGRAMA.]?QRBCBSiNB GORO DIFERENSIASIYASI
Mordanov L1, Agayev T.D., Ohmadova N.M.

Acar sozlar: relyef, massiv, asinma, proses, yiiksak daglhq, zona, tabii

Isdo Azorbaycan hiidudlar1 daxilindo Béyiik Qafqazin yiiksok dagliq hissosinin dag-gomon
torpaqlarmin inkisafina tasir gostoran tobii amillarin biitév bir kompleksi nazordon kegirilmisdir. Bu amillor
sirasinda osas yeri dosomo siixurlarmin xarakteri, yamaclarin sothinin meyilliyi, vo homg¢inin havanin
temperaturlarinin  toraddiidlori vo diison yagmtilarin xarakteri tutur. Yiiksok dagligin torpaglarinin
deqradasiyasi proseslorinin inkisafinin sabablarinin nazare alinmasi bu arazids tesarriifat v tabiati mithafizo
tadbirlorinin planlagdirilmast zamani vacibdir, belo ki, bu amillor maliyys vo zaman hesablamalarina
arzuolunmaz korrektslor eds va oks noticalar vers bilor.

PE3IOME
JUOPEPEHIHUALIUA T'OPHO-J1YTI'OBBIX JEPHOBBIX ITIOYB IO KHOI'O CKJIOHA
BOJBIIOIO KABKA3A IO CTEIIEHHU 9POJIUPOBAHHOCTHA
Mapoanoe H.U., Azaes T./1., Axmeoosa H.M.

Knitoueswie cnosa: pervegh, maccus, vligempusanie, npoyecc, 8blCOKO20pbe, 30HA, NPUPOOHbII

Ha pasButre nmouBeHHOro mokpoBa Bbicokoropuii boismoro KaBkasa B mpenenax AzepOaiimkaHCKOH
PecryOmiuku BIUSIET 1ENBIH KOMILIEKC IPUPOAHBIX (aKTOPOB, PACCMOTPEHHBIX B 3TOM cTaThe. K HUM MOXHO
OTHECTH XapakTep MOpPOJ, YKIOHBI CKIOHOB, KOJEOaHHs TEMIEpaTyphl BO3AyXa U XapakTep OCaJKOB. YUeT
IPUYMH Pa3BUTHS IIPOLIECCOB JErpasjaliid BBICOKOTOPHBIX IOYB HEOOXOOUM IpH IIJIAHUPOBAHUU
XO3AMCTBEHHBIX M MPHUPONOOXPAHHBIX MEPONPHUATHI HA OTOH TEPPUTOPHH C LEINBI0 IPEAOTBPALICHUS
HEpaIOHAJIBHOTO MCIOJIb30BAaHUS (UHAHCOBBIX  CPEACTB M IIOTEPU BPEMEHH, UYTO MOXET JaTh
OTpHUIIATENBHBINA A (PEKT.

Daxilolma tarixi: [lkin variant 10.02.2020
Son variant 26.05.2020

59



Sumgqayit Dévlot Universiteti — “ELMI XOBORLOR”— Tabiot vo texniki elmlor bolmosi

Cild 20 Ne 2 2020
UOT 582.28

ABSERON YARIMADASI FLORASININ VO TERMAL SULARININ
MIiKOBIiOTASININ BIOMUXTOLIFLiYi

THOSONOV XANOHMOD 9BIiLHOSON oglu
2OLIYEV FIKROT TOFIQ oglu
Sumgayit Dovilat Universiteti, 1-dosent, 2-bag miiallim

syrius80@gmail.com

Acar sozlar: Abseron, név, dominant, flora, ortiiliitoxumlu

Tobiotin miihafizosi vo tobii ehtiyatlardan somorali istifado edilmosi bagoriyyat qarsisinda
duran on vacib problemlordon biridir. Bu problem otraf miihitin qorunmasi, tobii ehtiyatlardan
diizglin vo somorali istifado edilmasi, onlarm barpasi iizro kompleks todbirlorin hazirlanmasini tolob
edir. Bu vo ya digor rayonun bitki Ortliylinlin qorunmasi vo somorali istifadosi iiclin onun
bitkiciliyinin hortorofli dyronilmosi, xalq tosorriifati ohomiyyatli bitkilorin askar edilmosi ¢ox
vacibdir. Bu igsdo regional floristik materiallarin ¢ox boylik shomiyysti vardir [1].

Abseron yarimadasinin imumi sahosi 23232,0 min hektardir. Bunun 16535,0 ha qis
otlaglarmin yararli saholorino aiddir. Lakin qalan 6697,0 ha todqiq olunmayan otlaglarin
torpaqlaridir. Homin qis otlaglar1 Qaradag vo Abseron rayonlarinin hiidudlarinda yerlogsmoklo,
otlaglarin bitki Ortiiyii okean soviyyossindon — 26 metrdon 400 metro kimi yiiksoklikdo Xozor
donizindon tutmus Qaraqus, Korkos, Bozdag daglarma qodor miixtolif relyefdo yayilmigdir. O
climlodon todqiq olunmus sohra vo yarimsohra fitosenozlari eroziyaya moruz qalmis, sorakotlosmis
vo sorlasmis boz-qonur torpaqlarda, habelo Xozorin sahilindoki qumluglarda, Sumqayit ¢ayin konar1
va ¢oxsayli gbllorin shatosinds formalasmisdir [2].

Cadval.
Abseronda yayilan Trametes Quel. cinslaring aid gobalok n6vlorinin iimumi xarakteristikasi

Ne Ayrilan Ekolo-trofik | Curlimo tipi | Hifal sistem Substrata
stam say1 alagasi munasibat
1 | Trametes cervina 4 politrof Ag dimitik
2 | T. heteromorpha 4 saprotrof Qonur dimitik
3 | T.hirsuta 5 politrof Ag trimitik
4 | T. hohneli 4 saprotrof Qonur dimitik )
5 | T.ochraceus 4 saprotrof Ag trimitik evritrof
6 | T.pubecsens 4 politrof Ag trimitik
7 | T.suaveolens 3 politrof Ag trimitik
8 | T. trogii 4 politrof Ag trimitik
9 | T.versicolor 5 saprotrof Ag trimitik
10 | T.zonata 6 saprotrof Ag trimitik
Comi. 43 P/S=5/5 Q/A=2/8 DIT=3/7

Todgigat obyekti kimi Trametes Quel cinsino aid ksilotrof bazidiomisetlor se¢ilmis vo bu
cinsa aid novlordon tomiz kulturalarin ayrilmasi iiglin Abseronda biton agaclarda moskunlasan
meyva cisimlorindon (MC) istifads edilmisdir. MC-nin gotirilmasi zamani iso asas diggot onlarin
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moskunlagdiqlar1 substratlara, substratin bioloji vaziyyatinas, eloco do fosil amilina yonolmisdir.
Qeyd etmok lazimdir ki, isin gedisindo Markoazi Nabatat bagi, sohor yasilliglarinda olan agaclardan
da nimunolor gotiirtilmisdiir.

Gorlndiyl kimi, geyds alinan gobaloklor mixtalif aspektlords forqli xususiyyatlor dasisalar
da (codval), aralarinda hoqiqi biotroflara rast galinmir, yani onlar asasan bioloji vaziyyatina gora
canliligini itirmis vo ya itrimokds olan substratlarda moskunlasir.

Azaorbaycan Respublikasi son doracoe zongin vo rongarang bitki sorvotine malikdir. Miioyyon
olunmusdur ki, Azorbaycan florasinda 4500-0 yaxin bitki novii vardir ki, onlarin da 800-o qodori
efir yaglt bitki hesab olunur. Eyni zamanda qeyd etmok yerino diigor ki, hal-hazirda diinya elmino
2000-5 yaxin efir yaglh bitki ndvii molumdur ki, onlarin da bir sira niimayondolori xalq tobabatinda
miialico moagsadlori igiin istifads edilir [3].

Aparilan todqiqatlar naticasindo Azarbaycanin miixtalif ekoloji arazilorinds yayilmis efir yagh
bitkilorin mikobiotasi taksonomik strukturuna, rastgalms tezliyino va ekolo-trofik slagalorine gora
kompleks sokilds tadqiq edilmisdir.

Miioyyan edilmisdir ki, Azorbaycan florasna daxil olan 40 nov efir yagl bitkinin
mikobiotasinin formalasmasinda 87 gobolok novii istirak edir ki, onlarn da 82,8%-ni anamorf
gobaloklor togkil edir vo qalan gobeoloklorin taksonomik struktur vahidi lizro paylanma ardicilligi
asagidaki kimi olmusdur: Zygomycota — 8,0%, Ascomycota — 4,6%, Bazidiomycota — 4,6%.

Novxani1 qosabasi otrafinda 26 ha orazido torofimizdon efir yagh bitkilordon olan Senecio
vulgaris-in 11,2+1,3kg-a qodor ehtiyati oldugu miioyyonlosdirilmisdir. Qeyd edok ki, S.vulgaris
olan senozlarda torofimizdon bir sira tosviri xarakterli miisahidolor aparilmisdir. Birinci tosviri
miisahidomiz yol konarlarinda hoyata kegirilmigdir. Bu senozlarin edifikatoru asason, Hirschfeldia
incana (L.) vo Calendula persica C. A. Mey. hesab olunur. Bu otlugun 40-50%-1 bu bitkilor
torafindon Ortiilmiisdiir.

Ikinci tosviri zonamiz bu gosobonin sahil boyu arazilorindon ibarat olmusdur. Burada Senecio
vulgaris vo ya Adi xaggiilii ot bitkilori arasinda seyrok vo ya 5-7 fardlo yayilmisdir. Ikinci tosviri
zona kimi bitki oOrtuyl, demok olar ki, olmayan bos orazilor gétiiriilmiisdiir. Hans1 ki, belo
senozlarda, osason, Climacoptera crassa (Bieb.) Botsch. vo Petrosimonia brachiata (Pall.) Bunge
dominanthq edirlor. Bu orazilordo Senecio vulgaris adoton tok-tok halda bitir. Eyni zamanda qeyd
edok ki, Senecio vulgaris vo ya Adi xaggiiliiniin Nobatat bagi orazisindo do yayilmasi torofimizdon
miioyyon edilmisdir.

Umumiyyatlo, apardigimiz genismiqyash todqiqatlar noticosinde molum oldu ki, Senecio
vulgaris vo ya Adi xacgiili Abseron rayonu orazisindo genis yayilmisdir. Adi xaggili
halomezokserofit ekoloji qrupuna aid olunur. Bu bitkiyo, bir gayda olaraq, otlaglarda, psammofit-
littoral vo sohra bitki Ortiiylinds, bostanlarda, iiziim plantasiyalarinda, tarlalarda rast golinir [4].
Qeyd etmoak yerina diigor ki, Senecio vulgaris adventiv tipli areala malik olur.

Respublikamizin onlarca tobii yeralt1 sorvatlorindon olan termal su monbayi 6lkomiz Ugin
mihim 6nam dasiyir. Bu baximdan belo bir sarvstin istifads imkanlari, gorunmas: onun fiziki-
kimyavi torkibinin, mikobiotasinin dyranilmasi zorurati yaradir [5].

Abseron yarmadasinda yerloson Six termal su monboyinin temperatur gostoricisi (65°C)
goboloklorin  boylimosi 1liglin temperaturun on yuxart haddindon do bdyiikdiir, lakin buna
baxmayaraq hamin monbadon goétiiriilon niimunslorde gobaloklors rast golinmigdir ki, bu zaman da
gobalok koloniyasina baglangict orada olan konidilor vermisdir. Belo ki, gobolok konidilarinin
temperatura davamliligi mitselilorlo miiqayisodo 8-12°C qgodor farglonir, yoni konidilorin 6z hoyat
qabiliyyatini daha yiiksok temperaturda saxlamasi aydin olmusdur.

Mioayyan edilmisdir ki, termal su monbalorindon ayrilan gobalok stamlarmin, demok olar ki,
hamist hidrolitik fermentlori sintez etmok qabiliyatino malikdirlor vo onlarin sintez etdiklori
fermentlor 65°C-do temperatura miinasibatino goro termohossas(tiz < 35 doq), termotolerant (60
dog > 112 <600 doq) Vo termostabil (tz2 > 720 doaq) olurlar.
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PE3IOME
BUOPA3HOOBPA3ZUE MUKOBUOTBI ®J10PbI U TEPMAJIbBHBIX BO/
AIIIIEPOHCKOI'O NIOJYOCTPOBA
T'acanoe X.A., Anues @.T.

Knwueswvie cnosa: Anwepon, 6uo, domunanm, ¢aopa, nNOKpbImocemeHuvle

PactutensHOCTh ANIIEPOHCKOTO IONYOCTPOBA CPOPMUPOBANIACh, HAYWMHAS C YETBEPTUYHOTO
nepuoja. CoBpeMeHHbIe PUTOLIEHO3bI 00pa3oBaliuCch, HaunHas ¢ Kacrnuiickoro Mopsi U JIo ero 0eperos, mojy
BIUSHUEM Pa3HOOOPa3HBIX KIMMATUYECKHX, 3yadepUIecKuX 1 IPYTHX IKOJOTMUECKUX yCcIoBuil. Pasnnynbie
9KOJIOTHUYECKHUE YCIIOBHSI SIBIISIIOTCS OJHUM H3 TIIABHBIX (DaKTOPOB, CIOCOOCTBYIOIMUX (HOPMHPOBAHUIO
crenupUIHON MHUKOOMOTHI B KOHKPETHOM OHWoOIleHO3e. B 1ienmoM, B pe3yibraTe NPOBEJCHHBIX HaMHU
IIMPOKOMACIITA0OHBIX HCCICIOBAHUN CTajl0o M3BECTHO, YTO Senecio vulgaris IIMPOKO pacHpoCTpaHEH Ha
TEPPUTOPHH ATIIIIEPOHCKOTO PaOHA.

SUMMARY
BIODIVERSITY OF MYCOBIOTA FLORA AND THERMAL WATERS
OF THE ABSHERON PENINSULA
Hasanov H.A, Aliev F.T.

Key words:: Absheron, species, dominant, flora, angiospermae.

The vegetation of the Absheron Peninsula was formed starting from the Quaternary period. Modern
plant communities were formed, beginning from the Caspian sea to its shores under the influence of various
climatic, euafrica and other environmental conditions. Different environmental conditions are considered one
of the main factors contributing to the formation of a specific mycobiota in a particular biocenosis. In
general, as a result of our extensive research, it became known that Senecio vulgaris is widely distributed in
the territory of the Absheron region.

Daxilolma tarixi: [lkin variant 10.05.2019
Son variant 10.10.2019
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XOZORYANI AKVATORIYADA BAKTERIOPLANKTONUN
FORMALASMASI

!QARAYEVA AMALYA QASIM qiz1
‘MOHORROMOVA KONUL QORXMAZ qiz1
Sumqayit Doviat Universiteti, 1-dosent, 2-magistrant
konul.maharramova85@gmail.com

Acar sozlar: bakterioplankton, evtrofikasiya, Xozoryam akvatoriya, mikroflora, Kiir ¢ay, fitobentos.

Movzu Xozoryani akvatoriyada bakterioplanktonun formalasmasi prosesini ohato edir.
Cirklonmonin tosirindon Kiir ¢ayr biosenozunun mikrobiotasinin pozulmasi, mikrobioloji
cirklonmosi, evtrofikasiyasit vo digor xosagolmoz proseslor gqeyd olunur. Noticodo, cayda bioloji
mohsuldarliq normadan bir nego dofo artir.

Kiir cay1 ilo doniz sularma qarigan konar maddolordon mikrofloraya foal tosir edon alloxton
iizvi maddolor vo biogen elementlordir. Kiir ¢ay1 6ziinomoxsus bulanigligi ilo forqlonir. Ona goro do
cay macrast boyu sularda olan biogen elementlor fitoplankton torofindon monimsonilmir. Lakin
mineral azot vo fosfor birlosmolori ¢aym doniz monsobindo bioloji dovrana aktiv qatilir,
koaqulyasiya proseslori artir. O ciimlodon soffafliq doracosi yliksok olan biotoplarda yosunlarin,
bakterioplanktonun inkisafi tigiin olverisli sorait yaranir.

Xozor donizi fitoplanktonunda hom sirin vo hom do sortohor su yosunlar1 yasaywr. Bu da
donizin duzlulugunun az olmasi ilo baghdir. Xozor donizinin fitoplanktonunda 450 név yosun geyd
edilmisdir ki, onlarin 163 névii diatom, 102 novii gdy-yasil, 139 novii yasil, 39 névi dinofit, 2 ndvi
qizili, 5 novi evqglen yosunlardir. Xozorin fitoplanktonunda 47 ndv doniz yosunu, 66 név sortohor
su yosunu, 74 nov sortohor-sirin su yosunu, 210 ndv sirin su yosunu vo 52 ndv basqa yosunlar
vardir.

Xozor donizi fitoplanktonunda prosentrum vo rizosoleniya daha c¢oxdur. Orta vo conubi
Xozorin suyunun duzlulugu Simali Xozoro nisboton yiiksok oldugu iigiin burada sirin su yosunlar1
yasaya bilmir vo mohv olur. Akvatoriyada duzluluq azalir, suyun soffaflig1 artir, dispersiya
vaziyyatinda olan asili maddsler koaqulyasiyaya ugrayr vo bakterioplanktonun kiitlovi inkisafina
lazim olan biogen elementlorlo, energetik maddslorlo tominat yaxsilasir. Ona goro biitiin doniz-
okeanlarda, sirin vo duzlu sular garisan saholordo, hor iki miihito xas olan orqanizmlora tosadiif
edilir vo bioloji mohsuldarliq daha yiiksok olur. Bu qanunauygunluq Canubi Xazorin Kiir vadisindo
do mévcuddur. Bels ki, fitoplanktonun floristik torkibi burada daha zongin olmaqla, fasillor tizra do
biokiitle baximimdan kaskin doyisir.

Miioyyon olunmusdur ki, Kiir vadisindo qis vo payiz fosillorinde alqoflorada diatomlar
uistiinliik togkil edir. Yaz movsiimiindo diatomlarla birge yasil yosunlar, fitoplankton kiitlosinin 45-
60%-ni toskil edir.

Payiz fitoplanktonunda dominant ndvlor diatomlara aid edilir, xiisusilo Rhizosolenia calcar-
avis biitiin Kiir vadisi sularinda goriiniir. Maraqhdir ki, payizin sonu va qisin avvalinds goy vo goy-
yasil yosun siniflorino moxsus ndvlor kaskin doracads ixtisar olunur vo diatomlara moxsus novlorin
say1 ¢oxalir ki, onlardan Sceletonema costatum-u gostormok olar.

Orazi sularinda ilkin {izvi maddolorin ¢oxalmasi, birinci ndvbads, mikrofloranin kiitlovi
inkisafina sobob olur vo substratlarin mineralizasiyasi siirotlonir, noticodo, miihitdo holl olunmus
vaziyyotda olan oksigenin miqdar1 azalir. Conubi Xozaords on kaskin evtroflasma mohz onun qorb
hissosindo, yani Kiir ¢ay1 vadisine qonsu olan akvatoriyalarda gedir. Maraqhdir ki, fitoplanktonun
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fotosintezindo omolo golon {izvi maddslorin zaman baximindan artmasi, imumi lizvi maddolorin
biodestruksiya hadisesinin gliclonmaosi ils {ist-iista diisiir. Bu da onu gostarir ki, Kiir suyu ilo Xozora
axidilan kiilli miqdar biogen elementlor, Kiir vadisindo yosunlarin fotosintezinds tam istifado
olunmur. Sababi do ondan ibaratdir ki, son 40 ildo hamin sahads suyun soffafligi, demok olar ki,
doyismomisdir vo 0,28-0,33 m arasinda toroddiid edir. Bununla belo, mohz homin orazido
biodestruksiyanin an yiiksok gdstaricisi qeyd edilir.

Basqa sozlo desok, Kiir suyu ilo donizo garigan maddslor, orazido fauna-floranin inkisafina,
bioloji mohsulun omals golmosina, maddslorin miibadilosinin gedisine vo basqa proseslors foal tosir
edir.

Moalum olmusdur ki, Kiir ¢ayr hovzosinds aramsiz davam edon vo intensivlogon antropogen
tosirlor sayasindo Kiirotrafi akvatoriyada hidrokimyovi inqradientlor hom komiyyot, hom do
keyfiyyotco geyri-sabitdir. Maraqli cohatlordon biri do ondan ibaratdir ki, nisboton sabit saxlanan
gostarici tokca arazids suyun soffafligidir. Belo ki, son 35-40 ilds Kiir vadisinds ¢ay suyu ilo doniz
suyunun qarisan sahasi nisboton doyismomisdir. Lakin timumi duzluluq (xlora gors), golovilik,
tursulug (pH) vo biogen elementlorin homin zaman kosiyindo artmasi qeyd edilir. Mohz bu
sobabdon do Xozorin Kiirotrafi akvatoriyasinda bakterioplanktonun kiitlovi inkisafi sayasindo
antropogen evtroflasma ildon-ils intensivlosir, oksigen masrafi artir vo s.

Eyni zamanda Kiir suyunun Xozorde osas axin istigamatindo conub-qarb sahads, ilkin iizvi
maddolor Kiir vadisindo geyd olunan artimdan 4 dofo ¢oxdur. Beloliklo, bir daha aydin olur ki,
hovza boyu konar maddslorlo ( 6zii do ildon-ilo intensivlosmoyos meyil etmokls) zonginlogon Kiir
suyu Conubi Xozorin qorb hissosindo bakterioplanktonun kiitlovi sokildo inkisafina sobab olur.
Bununla yanasi, homginin Kiir suyu Xozoro noql olunan konar maddolordon asan monimsonilon
alloxton iizvi maddolor bir torofdon oksigen mosrofini artirir, mikrofloranin generasiyasini
stirotlondirir, biogen elementlorin regenerasiyasini tomin etmoklo, bark cokiintiilordon azad olan
sularda fitoplanktonun aktiv fotosintezine zomin yaradir, digor torofdon biogen elementlorin izafi
qatilig1 soraitindo, gen-bol gilinos radiasiyasi ilo tomin olunan alqoflora ¢igoklonma soviyyosindo
inkisaf edir.

Bu da onunla slagadardir ki, tizvi maddslor, sulfat-sulfid duzlar1 olan miihitdo oksigen azlig1
hidrogen-sulfid qicqirmasi kimi tohliikali prosesin yaranmasini reallasdirir.

Xozordo fitoplanktona moxsus mohsulun aramsiz artmaga meyil etmosi, biodestruksiya
proseslorinin intensivlogsmosinin oksigen rejimino monfi tosirini, orazido yaranan arzuolunmaz
ekoloji vaziyyat kimi qiymotlondirmok lazimdir.

Fitoplanktonun omoalo gotirdiyi ilkin iizvi maddoalorin mokan vo zaman baximindan artmasi —
coxalmasi geyd edilir.

Simali Xozor fitoplanktonunda sirin su yosunlar1 iistlinliik toskil edir ki, bunlardan da on ¢ox
yayilani gdy-yasil vo yasil yosunlardir. Orta Xozor fitoplanktonunda diatom vo gdy-yasil yosunlar
istiinliik toskil edirlor.

Fitoplanktonun fasillor {izro doyismosi asagidaki kimidir. Yazda Simali Xozorin conub-qorb
va Volga cay1 tokiilon hissesinde diatom yosunlarin kiilli miqdarda inkisafi qeyd edilir. Yayda
fitoplanktonda yasayan yosunlarin ndv torkibi artir. Payizda Simali Xozor fitoplanktonunda goy-
yasil yosunlar, demok olar ki, yox olur vo onlarmn avezinda osason diatom ve dinofit yosunlari
inkisaf etmoya baglayir.

Simali Xozorin fitobentosunda diatom, yasil, géy-yasil, qirmiz1 vo qonur yosunlarm miixtalif
novloring, habelo ali bitkiloro rast golinir. Hazirda fitobentosda 350 név yosun vo 5 nov ali bitki
qeyd edilmigdir. Simali Xozorin fitobentosunda ali bitkilordon donizotu, sugigoyi vo ruppiyaya rast
golinir.

Orta Xozorin gorb sahilinds fitobentosun inkisafi donizin 10 m-o gqador dorinliklorindo qeyd
edilir. Burada onlar daslarin vo baliqqulaqlarinin {izorinds, ali bitkiler ise lil-qum biotopunda genis
yayilmigdir. Mahagqala liman1 yaxmliginda yosunlar daslar iizerindo yasayir.
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Tema oxBaTbIBaeT nporecc hopMupoBaHusi OGakreproruiankToHa B [Ipukacnuiickoit akBatopuu. [lox
BO3JICHICTBMEM  3arpsi3HEHUsI OTMEUAIOTCS  HApYIIEeHHs MHUKpPOOMOThI  OumorieHo3a peku  Kypa,
MHUKpPOOHOJIOTHYECKOe 3arpsi3HEHHE, 3BTpoduKanys W Apyrue HeXenaTenbHble Mporecchl. B pesynbraTe
Ouonoruueckas HPOLYKTHBHOCTh PEKH YBEJIMYMBACTCA B HECKOIBKO pa3 oOT HOpMBbI. BemecTsa,
CMEIIMBAIOLINECS C MOPCKOH BOMOW, aKTHBHO BIMSIOT Ha pa3BUTHE (GayHBl M (IIOPHI TEPPUTOPHH, HA
¢dbopmupoBaHe OHOIOTMYECKOT0 MPOITYKTa, HA X0 OOMEHa BELIECTB U APYTHE MPOLIECCHI.

SUMMARY
FORMATION OF BAKTERIOPLANKTON IN THE CASPIAN WATER AREA
Garayeva A.Q., Maharramova K.Q.

Key words: bacterioplankton, eutrophication, Caspian area, microflora, Kur river, phytobenthos.

The topic covers the process of formation of bacterioplankton in the Caspian water area. Under the
influence of pollution, violations of the microbiota of the Kur river biocenosis, microbiological
contamination, eutrophication and other unpleasant processes are noted. As a result, the biological
productivity of river increases several times from the norm. Substances that mix with sea water of the species
actively affect the development of the fauna and flora of the territory, the formation of a biological product,
the course of metabolism and other processes.
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Son variant 10.10.2019
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Moaqgalada bir manbadan su gotiiron, magistral va ondan saxalonmis paylasdirici xatlor vasitasilo ¢oxlu
sayda talobat moantaqalarini tomin edon su tachizati sistemina baxilir. Hor bir xattin sonunda sistemda
toplanan artiq suyu konara axitmagq iigiin goza suburaxici qurgulart qoyulmusdur. Sistemda istifado olunan
suyun sarfi stoxastik sokildo doyisir. Belo sistemds su tochizatim idara etmoak iiciin optimal idaraetmoa
masalasi goyulmus va masalonin hallina aid misal verilmisdir.

Isdo bir monbodon su gotiiriib, magistral xatt (MX) vo ondan saxolonon paylasdirici xotlor
(PX) vasitosilo ¢oxlu sayda tolobat montogolorini (TM) tomin edon su tochizati sistemino baxilir.
Bu xotlor sutonzimloyici qurgular (STQ) wvasitosilo ardicil yerlosmis hissoloro bdliinmiisdiir.
Sistemdo toplanmis artiq suyu konara axitmagq {i¢iin hor bir xottin sonunda qoza suburaxici qurgusu
(QQ) goyulmusdur. Sistemds su tolobat1 montogolorinin sifarislori, elektrik enerjisinin verilmasi,
sutonzimloyici qurgularin sorflori, tomir vaxtlari tez-tez vo tosadiifi olaraq doyisir. Bu soboblora
goro tolobat montoqgolorinin sifariglori vaxtinda yerino yetirilo bilmir, sistemin normal is rejimi vo
somoarali foaliyyoti pozulur. Bunun aradan qaldirilmasi {i¢iin suyun monbadon optimal gotiiriilmosi
va tolobatgilar arasinda paylanmasi mosalosi qoyulmali vo holl edilmalidir.

Moveud elmi odobiyyatda saxolonmis su tochizati sistemlorinin idars edilmosine aid ¢oxlu
sayda islor vardir. Masolon, [1]-do binalarm, ayri-ayr1 obyektlorin vo yasayis montogolorinin su
tochizat1 vo suyun konara axidilmasi sistemlorinin qurulmasi vo istismari mosalolori verilir. Bu
iglorin yerino yetirilmosi iiglin metodik vosait toqdim edilir. [2]-do su tochizati vo suyun
konarlasdirilmasi iglorinin sorbast yerino yetirilmasi qaydalar1 verilir, mithondis sobokolorinin geyri-
gonaotbaxs islomasi vo bu hallarin aradan galdirilmasi qaydalari izah edilir. [3]-do qrupsekilli su
tochizati sisteminin vaziyyatinin analizi, bu sahado goriilon islorin optimallasdirilmasi moasslslorinin
qoyulusu, struktur-sxem vo parametrik-sxem qaydalar1 ilo optimallagdirilmasi iisullar1 hagqinda
molumat verilir. [4]-do miirokkaob su tochizati sistemlorinin idaroedilmo masalalorinin kompiiterin
komayi ilo hoalli {iclin onlarin optimal layihslondirilmosi, hidravlik zoncir nozoriyyasi soklindo
baxilmasi yollar1 izah edilir. [5]-do paylanmis su naqli sobokalorinde suyun gotiiriilmasi vo
tolobatgilar arasinda paylanmasi prosesinin optimallagdirilmas: masalalori verilmisdir.

Lakin yuxarida gostorilon vo digar islorde bels sistemlorin su tochizatinin optimal idarsedilmo
problemi holo tam yerino yetirilmomisdir. Bu catigmazligin aradan qaldirilmasi iiclin mogalonin
miiolliflori torafindon paylanmis su tochizati sistemlorinin optimal idare edilmosi maosalosi toklif
edilmisdir.

Masaladoe baxilan sistem ticiin sorflorin optimal grafiklorinin tortib edilmasi mosalosinin riyazi
qoyulusu vo holli verilmisdir. Buna uygun mosolo ©.8.Isgondorov torofindon saxolonmis
sistemlordo maye mohsullarinin paylanmast {igiin yazilmis isdo verilmisdir [6]. Lakin burada
masalonin halli vo optimal is rejimlorinin tapilmasi {igiin riyazi proqramlagdirma {iisullarindan
istifado edilmomisdir.
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Indi toqdim edilon isdo mosolonin yeni variant1 verilir. Burada moqsad funksiyast vo
mohdudiyyatlor baxilan obyektlor iiclin doqiqlosdirilmis vo mosalonin holli iiclin Matlab riyazi
programlasdirma paketindon istifads edilmisdir [7].

Saxalonmis su tachizat1 sisteminin optimal idarsedilma masalasinin qoyulusu. Forz edok
ki, su tochizat1 monboyi, magistral xott (MX), ondan saxalonmis K sayda paylasdirict xatt (PX)
vasitosilo tomin olunan su tochizati sistemina baxilir. MX vo PX-lorin har biri su sorfini tonzimloyan

qurgular (STQ) vasitasilo Ik , K =0, K sayda ardicil yerlosmis hissolora boliinmiisdiir. Hor bir

hisso iizorindo Jij, k =0, K, 1=1 |, sayda tolobat montogasi (TM) yerlogmisdir vo hor bir

kanalin sonunda sistemds toplanmis artiq suyun konara axidilmasi iigiin gqoza su buraxict qurgular
(QQ) goyulmusdur. Sistemds suyun hacmi vo sorfini idars etmok iiglin onun uygun qurgularinda
sorf vo saviyyadlganlor, homginin avtomatlasdirilmis sorf tonzimloyicilori qoyulmusdur.

Miixtalif saboblordon qurgularin sorflori tez-tez vo tosadiifi vaxtlarda doyisir. Belo hallarda
sistemin normal i§ rejiminin tomin edilmasi li¢lin suyun gotiiriilmasi vo paylanmasi prosesini elo
yering yetirmak lazimdir ki, TM-lords talob olunandan forqgli sorflo verlon vo miimkiin qoder az,
QQ-lardan konara axidilan suyun hacmi miimkiin godor az olsun, eyni zamanda STQ vo TM-lorda
suyun sorfi vo xatlorin hissalorinds toplanan suyun hocmi avvalcadon verilmis minimal vo maksimal
qiymatlordon konara ¢ixmasim.

Saxoalonmis su tachizati sistemi

STQO lo-1 STOO.IO MK |: QQO
TM091 STQ2.1 TMo lo-11 STOK11 STQk1
S-'rl'(i;l1 TM21.1 O TMk 11 O TMk11

TM11111311 TM21, 321 OTMK 1,1K-1, Jik-1,1 O TMK 1, iz

L ST0, X ST X STOk12 STQk2

X STOuwi1 STQ2 11 STOk-1.1k1 STOK
TMa11 TM2,121 TMk-1,111 ™k 11

TMl,Il \]Il TMZ,'Z, J212 _O TMK-l,lK-l,.]|K.1 TMKIK’JYIK
PK PKk.
" QQ ? { 00: K1l = QQk-1 PK /_ 00«

Qoza su buraxici xatti
Sakil 1. Saxalonmis su tachizati sisteminin struktur sxemi

Mosolonin riyazi qoyulusunu vermok ii¢lin asagidaki isaralomolori qobul edok:

- QM Q™,Q,(t),k=0,K,i=0,1,,te(0,T) — xotlorin sutonzimloyici qurgularinda
suyun minimal, maksimal vo cari sorflori, m/s;

gmin

Q™ Q™ Qt), k=0, K, te(0, T) — xottlorin sonlarinda olan qoza qurgularinda suyun
minimal, maksimal vs cari sorflori, m%/s;

'ql?ij'n’ qL}?X, Oyij (t), k=0,K, i =1,_|k, 1=1 Jki, te(0,T) - tolobat moantagalorinda suyun
minimal, maksimal va cari sarflori, m3/s:
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- akij (t)’ k = 01 Kl I :11 Iki J :11 Jkii te (O;T) — tolobat m@nt@q@l@rind@ suyun tolob
olunan sarflari, m*/s;
SV VIOV, k=0, K, i=11,,te(0, T) - MX vo PX-lorin hissolorinds suyun

minimal, maksimal vo cari hacmlari, m;

- G k=0,K- qoza qurgularindan atilan vahid hacmdo suyun giymeti, man./md,

- Cy» k=0,K,i=1 Ik —xatlorin sutonzimloyici qurgularindan verilon vahid hacmds suyun
qiymati, man./m?;

- Ckij,k =0,K, i=1, |k1 J =1, -Jki — tolobat montogoalorine verilon vahid hacmdo suyun

sarflari, man./m®.
Burada k=0 — MX-in baglangic qurgusunun, i=0 iss — MX va PX-lorin birinci hissalarinin
némrasinin isaralaridir. Sistemin struktur sxemi Sakil 1-do gOstorilmisdir.
MX vo PX-lorin sonuna yaxinlasdiqca istismar xorclori, filtrasiya vo buxarlanma naticasindo
suyun qiymati artir.

Optimal idaroetmo mosalosindo Q ; (1), Q/(t), 0, ; i (t) sorflarinin va Vii(t) hoemlorinin elo
qiymotlorinin tapilmast tolob olunur ki, TM-lorin hesablanan gg,ij(t) sarflori tolob olunan Qy; ; (t)

sorflorindon  minimal  farglonsin, Qk (t) sorflori  minimum  olsun, eyni zamanda

Qk,i (1), Qf (1), Ui j t) vo Vii(t) kamiyyatlori (0, T) zaman intervali orzinds avvalcadon verilmis

minimal vo maksimal qiymotlordon konara ¢ixmasin.
Moasalonin riyazi yazﬂlsl beladir: Moaqgsad funksiyasmi asagidaki kimi gotiirok:

C= JZ c.Q!(t) +IZHZE'CK.J[qk,,-,i(t)—ak,,-,i(t)] dt

Mosalodo elo Qy (t) va okijt), K=0,K,i=11,]j=1 Jite (0, T) qiymotlorinin
tapilmasi talob olunur ki, se¢ilmis magsad funksiyasi minimallagsin:
C=—min (1)
Vo asagidaki sortlor ddonilsin:
- STQx,i—lorda sarflora goyulan mohdudiyyatlor

QT Qi) =<QF k=0K,i=L1,te(OT); v
- QQ«-larda sarflora goyulan mohdudiyyatlor
Q™ <QI)<QI™, k=0,K, te(0,T); 3)
- TM,ij—lorda sarflora gqoyulan mohdudiyyatlor
qlr:ir,]j < qk,l J(t) < qkl j? K :0’ K1 i :1’ Ik’ J zl’Jk,i’ te (O’T) (4)
- MX va PX-lorin hissalarinds suyun hacmina goyulan mohdudiyyatlor
VkT” SVk,i(t)SVkTax, k=0,K,i=11,,te(0,T) (5)
- BQ«,i Vo TMij -larin sarflari ilo Hy;i hissalorinin hacmlori arasinda slagolor
J R
— < Vk i (t) ra

AQ,; () - ZAqk.,(t) ZAQkp —AQ, ()= k=0,K,i=11,,te(0,T) ()
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(6) disturunda Qk, p; — Ki-ci hissadan su gétiiran K,p-némrali PX-nin baglangic STQ-smin sarfi,

Pki — bu PX-lorin say1, A isarasi iso uygun parametrin zamana gora artimini gostaorir.

Masolonin holli iigiin baslangic sortlor kimi BQxj-lorde sorfin Q«i(0), K=0,K,i=11,,
QQx-larda— QS (0)1 k= 01 K , TMyij-larda — gx,ij(0), k= O,_K, I :]"_Ik’ J =1, Jk,i , TMyij-

larda sorflorin (0, T) miiddoti orzindo tolob olunan — Ay i (t) ,

k=0,K,i=11,, j=1 Jiin t€(0,T) giymotlori vo Hgi hissalorindo hacmlorin Vii(0), K = 0,K,

baslangic qiymotlori goturalir.
Mosolonin  holli  naticesinde (0, 7) vaxt intervali orzinds sorflorin  TM-lorda

g k=0,K,i=L1, j=1J;, STQhrds Q. (), k=0K,i=11,, QQlarda

pr (t), k=0,K  qiymotlori, su tochizat1 xotlorinin  hissolorindo iso  hocmlorin

ch,)ip (1), k=0,K, i=1, I, giymotlori hesablanur.
(1) — (6) mosalasinin hollini asanlagdirmaq {iglin (0, T) zaman intervalini, suyun qurgulardaki

sorflori vo hocmlari togriban sabit qalan, kigik (to-1, t,), P =1, P hissslorine bélorok, bu hissolsrin
hor birinds optimal idaroetms mosalasini ardicil olaraq riyazi proqramlasdirma tisulu ilo hall etmoak

olar.

Mbosalonin halling aid niimuna. Forz edok ki, su monbayindon bas sugotiiriicii qurgu (BSQ)
vasitosilo su goétiiron, bir MX va iki PX-don ibarat su tochizati sistemi verilmisdir. MX vo PX-lorin
hor biri STQ-lar vasitasi ilo iki H hissolorine ayrilmisdir. Hissalorin hor birindo 2 tolobat montagosi

vardir vo xotlor QQ-larla qurtarir (Sokil 2).

BSO  STO Tl\(/;l)o,l,l Tl\ég,l,z STO TMo2.1 TMo.22 Q0
01 0.2 - QQo
Su O : ' : X 2 F—
monbayi MK, Ho1 MK, Ho,.
-
A~ T STOwu1 ; + STQaz
s -0 TM111 'NI O TM21.1
= FOTML1 I ¥e) TM212
T STQ12 T- STO22
- .
2 O M., & 7O T™M221
I T
> O TMyg, P ]FO TM22,2
.JH.' QQl .J-—. QQ2

Qoza suburaxict qurgu

Sakil 2. MX vo iki PX-dan ibarat 12 talobat mantaqgali su tachizati sistemi.
BQ, QQ-lar vo TM-lordo suyun minimal, maksimal va baslangic sorflori, H-lorde suyun

minimal, maksimal vo baslangic hocmlori, 1 m® suyun qiymoti, homginin optimallasdirma
masolosinin uygun parametrlori 1, 2 vo 3 cadvallorinds verilmisdir.
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Cadval 1.

BQO va QQ-larda suyun minimal, maksimal va baslangic sarflori, 1 m>suyun qiymati va optimallasdirma
masalasinin uygun parametrlori

Sorflor(m?/s), MX PX: PX;
suyun qiymati
(man/m) vo TMo1 TMo. QQo TMy, TMy2 QQ TMa1 TMa QQ:
parametrlor
Minimal sarflor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Maksimal -1 4450 | 70 | 20 | 50 | 30 | 20 | 50 | 30 2.0
sarflor
Baglangic sorflor| 6.0 4.0 0.5 1.5 1.0 0.5 3.5 1.5 0.5
3
Lm7suyun 100 | 115 | 130. | 135 | 150 | 165 | 17.0 | 185 | 20.0
qlymati
Parametrlor X1 X2 X3 Xa Xs Xe X7 Xg Xo
Cadval 2.

TM-lords suyun minimal, maksimal va baslangic sarflori, 1 m3suyun qiymoati va optimallasdirma masalasinin
uygun parametrlori

Sorflor(m?/s), MK, Ho1 MK, Ho2 PK1, Hig PKy, Hip PK2, Ha21 PK2, Ha.

suyun qiymati

(man/m®) vo | TMg.11| TMo12| TMoz1| TMozz| TMutz [TMi12| TM121| TMiz22| TMa11| TMa12| TM221 | TM222

parametrlor

Minimal 00 | 00 | 00| 00 | 00 | 00| 00| 00| 00| 00| 00| 00

sarflor

Maksimal 16 | 10 | 20 | 20 | 20 | 20 | 120 | 10 | 10 | 1.0 | 10 | 10

sarflor

Baslangic | 55 | 10 | 05 | 00 | 05 | 00 | 05 | 05 | 05 | 05 | 05 | 05

sarflor

3

tmisuyun | 405 | 190 | 120 | 125 | 140 | 145 | 155 | 160 | 17.5 | 180 | 19.0 | 19.5

qumQtI

Parametrlor X1o X1 Xi2 X13 X4 Xis Xis X7 X1 Xao X0 Xa1
Cadval 3.

Su tachizati xatlarinin hissalarinda suyun minimal, maksimal va baslangic hacmlari va optimallasdirma
masalasinin uygun parametrlori

Suyun hocmi (m®
Vo uygun MK, Ho,l MK, Ho,z PKl, Hl,l PK1, H1,2 PKz, H2,1 PKz, Hz,z
parametrlor
Minimal hocmlor 16000 16000 11000 13000 12000 15000
Maksimal hacmler 35000 35000 31000 33000 32000 35000
Baslangic hacmlor 25000 26000 21000 23000 22000 25000
Parametrlor X2z X3 Xo4 X5 Xo6 Xor

Masalodo TMk,ij, k=0, 1,2, i=1, 2, j=1, 2-larin toloblorinin (00.00 -24.00) intervali orzindo
Odonilmasi ti¢iin optimal sarflorin tapilmasi talob edilir.
Forz edok ki, texnoloji prosesi elo (00.00, 08.00), (08.00, 16.00), (16.00, 24.00) zaman
intervallarina bdlmok olar ki, onlarmn hor birinds texnoloji parametrlorin qiymatlori sabit qalir va
cadval 4-da verilon kimidir.
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Cadval 4.
TM-lorda baslangic anda olan va (00.00 -24.00) vaxti arzindo talab edilon sarflor.
TMSZQJiﬂ?Enm MK, Ho1 MK, H o2 PKy, H 11 PK4, Hiz PK>, Hax PKa, Haz
intervallart  |[TMg11|TMo12| TMo21|TMoz22|[TM111|TM112|TM121| TM122|TM211[TM212|TM221|{TM222
Baslangic 0.5 1.0 0.5 0.0 0.5 0.0 0.5 0.5 0.5 0.5 0.5 0.5
(00.00 -
08.00) 0.5 0.7 0.8 0.0 0.0 0.5 0.5 0.8 0.5 0.0 0.7 0.6
(08.00 —
16.00) 0.7 1.0 0.0 0.8 0.7 0.8 0.0 0.8 0.0 0.7 0.7 0.6
(16.00 —
24.00) 0.7 0.7 0.0 0.8 0.7 0.5 0.0 0.0 0.5 07 0.0 0.5

(1)-(6) sortlorine gora cadval 1,2,3 vo 4-doki qiymatlori nozors almaqla parametrlorin birinci
sabitlik intervali Ticlin mosalonin qoyulusu asagidaki sokilds olar:

C=13.0%Xa+16.5*Xs+20.0%Xo*+10,5*(X10-1.0)?+11.0%(X11-1.0)%+
+12.0%(X12-1.0)%+12.5%(X13-1.0)2+14.0%(X14-0.5)%+14.5%(X14-1.0)%+
+15.5%(X16-1.0)%+16.0%(X17-1.0)24+17.5*(X15-1.0)+18.0%(X19-1.0)+

+19.0%(X20-1.0)+19.5*(X1-1.0) - min;

0.0< X,, <1.0; 0.0< X,, <1.0; 0.0< X,, <1.0; 0.0 < X,, <1.0;
0.0< X,, <1.0;0.0 < X, <1.0; 0.0 < X,, <1.0; 0.0 < X, <1.0;
0.0 < X,; <1.0; 0.0< X,, <1.0; 0.0 < X,, <1.0; 0.0 < X,, <1.0;

1.0< X, £10.0; 0.5< X, <7.0; 0.5< X, < 4.0;
0.0< X, <3.0;05< X, <4.0;1.0 < X, <3.0;
0.0< X,<20; 0.0<X,<20; 0.0<X,<2.0;

(")

(8)
(9)

(10)

16000 < X ,, < 35000; 16000 < X ,, < 35000; 16000 < X, < 35000;

16000 < X, < 35000; 16000 < X, < 35000; 16000 < X, < 35000;

(11)

(X, =6.0) = (X;, —0.5) = (X;, ~1.0) — (X, —4.0) - (X, —1.5) = (X,, — 25000)/28800;
(X2_4'0)_(X12_0'5)_(X13
(X, ~18) = (X,-0.5) = (X;; ~1.0) = (X, ~1.0) = (X,
(Xg=1.0) = (X, —0.5) = (X, —0.5) - (x ~0.5) = (X25—24000)/28800;
X, —1.5) = (X, — 22000)/28800;

(X,-3.5)-

(X, -1.

5)-

~1.0)— (X, -0.5)— (X, -1.0) =

(X45—0.5) = (X4 —0.5) -
(X, —0.5) = (X,, —0.5) - (x ~4.0)— (X, —0.5) =(X,, —25000)/28800.

—21000

(X, —25000)/28800;
)/28800;

(12)

(7) — (12) mosalasini (00.00, 08.00) intervali tigiin hoall etdikdo baslangic sortlori kimi asas
mosalonin qoyulusunda olan baglangic sortlor, (08.00, 16.00) intervali ii¢iin holl etdikds (00.00,
08.00) intevalinda alinmis optimal hollor, (16.00, 24.00) — intervali ii¢iin holl etdikdos iso (08.00,
16.00) intervalinda alinmis optimal hallor gotiiriiliir. Belolikla, biitiin (00.00, 24.00) periodu ugln
BQ, QQ vo TM-lar {igiin hesablanmig optimal sorflor, homginin su naqli xatlorinin optimal hacmlari
tapilir. Bu qiymatlor 5, 6 vo 7 cadvallorinds verilmisdir.
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Saxalanmis su tachizati sisteminin optimal idaraedilma masalasi

Cadval 5.
BO va Q0-larda optimal sarflor (m®ls)
Parametrlorin MK PK1 PK2
sabitlik TMos | TMo2 | QQo | TMy1 | TM12 | QQ1 | TM21 | TM22 | QQ2
intervallar1

(00.00 — 08.00) | 5.029 | 2.644 | 0.000 | 1.793 | 1.291 | 0.000 | .1.824 | 1.303 | 0.000
(08.00 —16.00) | 11.195 | 6.122 | 0.000 | 3.023 | 2.004 | 0.000 | 4.082 | 2.050 | 0.000
(16.00 —24.00) | 5.086 | 2.509 | 0.000 | 1.061 | 1.002 | 0.000 | 2.009 | 0.998 | 0.000

Cadval 6.

TM-lards sarflorin optimal (qE F: j) vo talab edilon (Ayi. i) qiymatlori (m®/s)

Sabitlik MK, Ho,1 MK, Ho,» PKy, Hi PKy, Hip PK2, H21 PK2, Hz2
mtervallari,
onlarda optimal
va talab edilon

sorflor

ql‘jﬁ,j 0.502 | 0.090| 0.820| 0.000( 0.000| 0.502| 0.500| 0.791| 0.521| 0.000| 0.702| 0.601

TMo,1,1{TMo,12TMo21TMo 2 2TM1,11TM1,12TM121TM122TM211TM212TM2 2 1{TM2,2

(00.00 -
08.00) | g,,, | 0500 | 0.100| 0.800| 0.000| 0.000| 0.500| 0.500| 0.800 0.500| 0.000| 0.700| 0.600

(08.00 — E‘?J 1.000 | 1.050| 1.040| 1.000| 0.021| 0.998| 0989 | 1.015| 1.031| 1.000| 1.020| 1.030

16.00) | g, | 1.000 | 1.000| 1.000| 1.000| 1.000| 1.000| 1.000| 1.000| 1.000| 1.000| 1.000| 1.000

(16.00 — E‘?J 0.503 | 1.010| 0.500| 0.000| 0.049| 0.010| 0.502| 0.500| 0.499| 0.512| 0.500| 0.498

24.00) | g, .. | 0.500 | 1.000| 0.500| 0.000| 0.500| 0.000| 0.500| 0.500| 0.500| 0.500| 0.500| 0.500

Cadval 7.
op
Hissalordo suyun optimal hacmlori (Vk,i , m®)
Sabitlik MK PK1 PK>
intervallar1 Ho.1 Ho. Hi1 Hi, Ha1 Ha.
(00.00 — 08.00) 16123 17400 12400 13900 12670 15890
(08.00 — 16.00) 20300 23800 20900 13900 28350 14150
(16.00 — 24.00) 16500 16000 13900 6900 13860 6890

Natica. Tolobat montogalorinin sarflorinin vo kanallarin hissalorinin hacmlorinin hesablanmig
optimal qiymatlorinin 5 -7 cadvalinde alinmis qiymatlori gostorir ki, (00.00, 08.00), (08.00, 16.00)
vo (16.00, 24.00) zaman intervallar1 orzindo TM-Ioari li¢lin hesablanmis optimal sarflor talob olunan
sorflorlo iist-listo diisiir vo ya onlara ¢cox yaxidir, BQ-larm sarflori vo kanal hissalorinds toplanmis
hacmlor ise nazorde tutulan minimum vo maksimum qiymstlordon konara ¢ixmir. Bundan olavo,
biitiin zaman intervallarinda QQ-larin sarflori tamamils sifira borabar olur, amma TM-lora verilon
suyun vahid hacminin qiymeti kanal hissolorinds toplanan suyun giymstindon ¢ox olduguna gors,
sistemin normal foaliyyeti iliglin BQ-larda olan su sorflori nozords tutuldugundan forqli almnir vo
kanal hissolorinds suyun hacmi azalir.

Masalo kvadratik proqramlasdirma mesalasi kimi qoyuldugu ii¢lin onun helli zamani sistemin
tam Odonigli vo qithigr hallarina ayri-ayriligda baxmaga ehtiyac qalmur.

Qeyd edok ki, (12)-(17) masalosi 27 doyigoni vo parametrlorin 3 sabitlik intervali olan obyekt
ticiin hoall edilmisdir, amma sistemin obyektlorinin say1 artdiqda optimal idaroetmo masalosinin
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parametrlorinin say1 da ¢oxalir vo masalonin halli miirokkaeblogir. Kompiiter sinaqlar1 gostarir ki, su
paylanmasinin optimal idaroetmo maosalosi 50-ya godor obyekti olan sistem {igiin parametrlorinin
sabit gotlruldliyu 3-4 zaman intervali liclin miivoffoqiyyatlo yerina yetirilo bilor.
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PE3IOME
3AJJAYA OIITUMAJIBHOI'O YIIPABJIEHUS PA3SBETBJIEHHBIMUA
CUCTEMAMHU BOAOOBECIIEYEHUS
HUckenoepoe A.A., Maxmyoog P.P.

Knrouesvte cnosa: Booocnaboicenue, MacucmpanvbHas —JAuHUs, PACNpeOeumenvHas — JIUHUS,
nompebnenue 600bl, NYHKM HOMpeOaeHUs 800bl, CUCeMd B000CHADICEHUS,
VCMPOUCMBO — pe2yauposanusi  600bl, CMOUMOCMb  800bl,  ONMUMALbHOE
VHpasnenue, Kpumepuu OnmumMu3ayuu
B crathe paccMaTpHBaeTCs CHCTEMa BOAOCHAOMKEHHS, KOTOpas IMOCTaBISET OOJBIIOE KOJIHMYECTBO
BO/103a00POB 4Yepe3 eIUHBIH MCTOYHHK, MAaruCTpalbHble M paclpeaeiIuTelIbHbIC CeTH. B KOHIIE Kaxmoi
JUHUY yCTAaHABJIHMBAIOTCA yCTPOMCTBA aBapUUHOTO CIIMBA /ISl OTBOAA M30BITOYHON BOJBI, HAKOIJICHHON B
cucreMe. Pacxom BOIBI B CHCTEME MEHSAETCS CTOXACTHYECKH. B 3TOHM cucreMe Oblla IMOCTaBJIEHA 3ajada
ONTHUMAILHOTO YIIPABIICHHS BOJHBIMU PECYpPCAMU U MPUBEICH MPUMEp IS €€ PEIICHMsL.

SUMMARY
THE PROBLEM OF OPTIMAL MANAGEMENT OF BRANCHED
WATER SUPPLY SYSTEM
Isgandarov A.A., Mahmudov R.R.

Key words: water supply, main line, distribution line, water consumption, supply point, water supply
system, water regulator, water cost, optimal control, optimization criteria.

The article studies the water supply system, which supplies a large number of water points through a
single source, through the main and distribution networks. At the end of each line, emergency water
discharge facilities are installed to drain the excess water accumulated in the system. The water consumption
in the system varies stochastically. In such a system, an optimal water management problem has been put in
place, and an example is given to solve the problem.

Daxilolma tarixi: [1kin variant 27.11.2019
Son variant 27.02.2020
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Acar sozlar: xususi elektrikkeciriciliz, konduktometrik 6l¢u ceviricisi, dinamik xarakteristikalar.

Otraf mithitin ¢irklonmoasi haqqmnda obyektiv informasiya toplamaq tgiin etibarli ekoloji
nazarat metod vo vasitolorino sahib olmaq sortdir. Otraf miihitin ekoloji vaziyyatinin todqiqinin
effektivliyini artirmagq ti¢lin texniki nazarat sistemlorinin vo 6lgma prosesinin avtomatlasdirilmasi
yering yetirilmolidir.

Ekoloji monitoring zamani spektral, elektrokonduktometrik vo xromotoqrafik analiz
iisullaridan istifads olunur.

Istifado olunan texniki vasitolorin vo &l¢li metodikasinin sadaliyino géro su miihitindo
elektrokonduktometrik analiz iisulu daha genis totbiq olunur. Olgmo diapazonunda mohlulun
xususi elektrikkegiriciliyi ilo konduktometrik Ol¢ii geviricisinin ¢ix1s parametri arasinda  xotti
asililiq moveuddur. Xiisusi elektrikkegiricilik ¢ixis gorginliyino miitonasib olaraq doyisir. Hazirda
miiasir tipli elektron komponentlorin, mikrokontrollerlorin bazasinda hazirlanan konduktometrik
Olcii cihazlar1 bu prinsip osasinda isloyir. Mikrokontrollerli konduktometrik cihazlar agsagidaki
moasalolori hall etmoyo imkan verir: ilkin vericinin kalibrovkasini aparmag, 6lgmo prosesino tosir
edon gostaricilorin korrektirovkasini aparmag, uygun riyazi model osasinda noticolorin emalini
aparmaq, 6lgmonin naticalorini cihazin ekraninda oks etdirmok, 6lgmonin xatasini toyin etmok,
Olgmo prosesini idaro etmoklos ayri-ayr1 funksional bloklarin diagnostikasmi aparmaq [1].

Konduktometrik Ol¢ii cihazmnin struktur sxemi sokil 1-do verilmisdir.

1HH.51Q;1113U Elektrodiu Carayan o
dayisan hassas gergihlik Garginlik
carayan ——p clementli — cevricisi - Clclcihazi
generatory yuva )

Sakil 1. Konduktometrik 6lcii cihazinin struktur sxemi.

Cihaz asagidaki hissolordon ibarotdir: doyison coroyan generatoru, elektrodlu hassas
elementli yuva, coroyan gorginlik ¢eviricisi, gorginlik 6l¢ii cihazi.

Elektrodlu hassas elementli yuva doyison coroyan generatorundan 1kHs tezlikli doyison
coroyanla qidalandirilir. Elektrodlu hessas elementli yuvanin ¢ixis signali coroyan-gorginlik
ceviricisinds diizlondirilorak sabit gorginliys gevrilir vo garginlik 6l¢ii cihazi vasitasilo dlgiiliir.

Ilkin 6l¢ii geviricilorinin dinamik xarakteristikalar1 ¢ixis siqnalinmn zamana géro doyison
parametrlori ilo ifado olunur. Bu parametrlora giris signali, xarici tosir edon komiyyaetlor aiddir.
I'OCT 8.256-77-yo goro dinamik xarakteristikalar diferensial tonliklor, impuls xarakteristikalari,
kegid xarakteristikasi, 0tlirmo funksiyalari, amplitud vo faza-tezlik xarakteristikalar1 soklindo ifado
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olunur. Daha genis yayilmis xarakteritikalara impuls vo kegid xarakteristikalar1 daxildir. Impuls
xarakteristikas1 giris ani d(z) impulsunun tosirindon ¢ixis siqnalinin neco doyisdiyini gostorir vo
k(a,t) ilo isaro olunur. ¢ () Dirakin delta funksiyasi adlanir. 6 (2) delta funksiyasi asagidak sortlori
odoyir.
0 t+#0

a s, I,

b) [7,6(0) =1

h(a,t) ke¢id xarakteristikas1 giriso vahid pilloli 1(t) funksiyasi soklindo signal verildikdo
ceviricinin ¢ix1s signalinin neco doyisdiyini gostorir. 1(t) funksiyas1 Xevisayd funksiyasi adlanir vo
asagidaki kimi ifads olunur.

0 t<o0
1(0‘{ 1 t=>0

0 (t) vo 1(t) funksiyalar1 arasinda, homginin k(a,t) vo h(at) arasinda asagidaki asililiglar
movcuddur.

a) o@=I1@1), k(at)=h(t)

b) 1=/, 6()d();  h@b=], k(a t)dt

Oksor hallarda totbiqi masalolorin halli zamani asas zaman xarakteristikasi kimi h(a,t) kegid
xarakteristikasi istifads olunur. Sokil 2-ds vahid pillovari funksiya gostorilmisdir.

Otiirmo funksiyalar1 Laplas cevrilmosi vasitosi ilo toyin

olunur. f(t) funksiyasi tigiin Laplas gevrilmasi asagidaki sokildo I
ifado olunur. N

F(P)=J, f(De ™" dt

Burada f(t) funksiyasi orijinal, F(P)-f(t) funksiyasmin
tosviri, P-Laplas operatorudur.

Amplitud-tezlik xarakteristikalar1 ilkin 6l¢ii ¢eviricisi
vasitosi ilo gobul olunan tezliklor spektririni ifado edir. Ogor
ilkin 6l¢li geviricisi boylik inersiyaya malikdirsa, onun tezlik
spektri asag1 tezliklordo olacaq vo o yuxari tezlikli siqanallar1  $akil 2. Vahid pillavari funksiya.
0lco bilmoyacaok.

[Ikin 8l¢ii geviricilorinin dinamik xarakteristikalar1 analitik iisullarla toyin olunur. Analitik
tsullar dinamik Olgmo rejimindo Ol¢ili ¢eviricisinin igini tosvir edon diferensial tonliklorin
tapilmasina osaslanir. Bu metodun totbiqi praktikada cotinlik yaratdigma goro ceviricilorin
dinamik xarakteristikalarin1 oks etdirmok ii¢lin eksperimental metodlardan istifado olunur. Bu
zaman dinamik xarakteristikalarin toyini zamani 6l¢ii ¢eviriclorinin girising sinaq siqnali verilir vo
uygun ¢ix1s siganalina asason dinamik xarakteristikalar toyin olunur [2, 3].

Dérdelektrodlu  konduktometrik &l¢ii geviricisinin TINA-TI proqrami vastosilo dinamik
xarakteristikalarin todqiqini nozordon kegirok.

Sokil 3-do dérdelektrodlu konduktometrik &l¢ii geviricisinin TINA-TI program miihitinin
sxem redaktorunda ¢okilmis prinsipial elektrik sxemi verilmisdir.

VQ1 generatoru 1v amplitudali 1kHz tezlikli sinusoidal corayanla elektrodlar1 qidalandirilir.
R6 R7 R8 miigavimatlori uygun elektrodlar arasinda yerloson mayenin miiqavimetini imitasiya
edirlor. Burada R6 1-ci vo 2-ci elektrodlar arasindaki mayenin miiqavimatini, R7 2-ci vo 3-cl
elektrodlar arasindaki mayenin miigavimotini, R8 3-cli vo 4-cii elektrodlar arasindaki mayenin
miigavimatini imitasiya edir. Burada 1-ci vo 4-cii konar elektrodlar, 2-ci vo 3-cii iso daxili
elektrodlardir. 1-ci vo 4-cii konar elektodlar VQI1 generatorundan daxil olan sinusoidal corayanla
qidalandirilir. 2-ci vo 3-cii daxili elektrodlar arasmnda yaranan gorginlik giiclondirilmok {i¢lin
giiclondirici kaskada otiiriiliir.

o t
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Su miihitinds 6l¢malar aparan konduktometrik ol¢ii ¢eviricilarinin
dinamik xarakteristikalarinin tadqiqi
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Sakil 3. Dordelektrodlu konduktometrik 6lgl geviricisinin prinsipial elektrik sxemi.

Giiclondirici kaskad OP30PAMP, OP20PAMP, OP10PAMP omoliyyat giiclondiricilorindon
togkil olunmusdur. Giiclondirici kaskadin c¢ixisindaki gorginlik OP10PAMP mikrosxeminin
¢ixisinin birlosdiyi VF1 noqtesinde &lgiiliir. TINA-TI programim da analiz menyusunda “doyison
coroyanin analizi” vo“doyison coroyanin kecid xarakteristikalar’” alt menyularmna daxil olmagla
dinamik xarakteristikalarin codval vo qrafik soklindo tosvirlorini almaq miimkiindiir. Sokil 4-do
dordelektrodlu konduktometrik 6l¢i ¢eviricisinin amplitud xarakteristikas1 verilmisdir.

60.00—
4006 —]

2000 —

0.00—

KoadhdpuumenT yeunenus [dB)

2006 —]

40,00

60,00 — T \II\II‘

T T T T T T T T T
10 100 Tk 10k 100k
YactoTta (Hz)
AC Ampli1 | AC Ampli2 | AC Phasel AC Ampli3 |

Sakil 4. Dérdelektrodlu konduktometrik olcii ceviricisinin amplitud xarakteristikast.
Sokildon goriindiiyli kimi 0-20 kHs tezlik intervalinda konduktometrik 6lcii geviricisinin

amplitud xarakteristikas1 daha stabildir.
Sakil 5-do dordelektrodlu 6l¢ii ¢eviricisinin faza xarakteristikasi verilmisdir.
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400.00 —

S00.00 —
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Sokildon goriindiiyii kimi konduktometrik Ol¢ii ceviricisinin faza xarakteristikasi tezliyin
0-10kHs intervalinda daha stabildir.

Sokil 6-do dordelektrodlu konduktometrik 6l¢ii ¢eviricisindo kiiyiin tezlikdon asililiq grafiki
verilmisdir.
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S$akil 6. Dérdelektrodlu konduktometrik 6l¢ii ceviricisinda kiiyiin tezlikdan asililiq qrafiki.

Sokildon goriindiiyli kimi, konduktometrik 6l¢ii ¢eviricisinds 6l¢li prosesinds kiiyiin yaranan
maksimal qiymoti 900 mikro voltdur. Konduktometrik 6l¢ii ¢eviricisinin ¢ixis gorginliyi 0-5Volt
intervalinda doyisdiyindon kiiyiin gostarilon intervalda doyismasi normal sayilir[4,5].

Konduktometrik 6l¢ii ceviricilorinin  dinamik ~xarakteristikalarimin TINA-TI program
tominatinda todqiqi layiholondirmo prosesindo 6l¢li  ceviricilorinin - amplitud vo faza
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Su miihitinds 6l¢malar aparan konduktometrik ol¢ii ¢eviricilarinin
dinamik xarakteristikalarinin tadqiqi

xarakteristikalarmin daha ¢ox stabil oldugu is¢i tezliklori toyin etmoyo, eyni zamanda signal-kiy
nisbatini doqiqlogdirmays imkan verir.
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PE3IOME
HUCCIEAOBAHUE JUHAMUNYECKUX XAPAKTEPUCTUK KOHAYKTOMETPUUYECKHUX
NU3MEPUTEJIbHBIX TIPEOBPA3OBATEJIEN ITPY ITPOBEJIEHUY U3MEPEHU
B BOJIHOW CPEJIE
TI'yceitnog A.I'., I'acanos U.P.

Knwuesvle cnosa: yoenvhas — 2nekmpuueckas — npo8OOUMOCHb,  KOHOYKMOMEMpPU4ecKkull,

uzMepumenbHulil npeodpazosamens, OUHAMUYECKAsL XAPAKMEPUCTUKA.

His cOoopa oObeKTHBHOM HMH(OPMAIMM O 3arpsS3HEHUU OKPY’KaloIield cpeasl HeOOXOAUMO HMETh
HaJI©KHBIC METOJIBI U CPE/ICTBA IKOJIOTHYECKOTO KOHTpOIIsL. J{7st moBbIeHus d(h(GEKTUBHOCTH MCCIICIOBAHMS
9KOJIOTHYECKOTO COCTOSHUSI OKPYIXKAIOIIEH Cpeibl HEOOXOJMMO OCYIIECTBIATh aBTOMATH3AIMIO CHCTEM
TEXHUYECKOT'0 KOHTPOIIS U MPOoIiecca U3MepeHHH

B cratee paccMOTpEHBI BOMPOCHI TPOCKTUPOBAHHS KOHIYKTOMETPHUECKHX HM3MEPUTEIBHBIX
npeobpasoBareneid. PaccMOTpeHBI BOMPOCHI HMCCIIEAOBAHUS JUHAMUYECKHX XapaKTEPHUCTUK KOHTAKTHBIX
KOHJYKTOMETPUIECKAX U3MEPUTENBHBIX MpeodpasoBarencii. [lonydyeHa aMIUIATYIHO-9aCTOTHAS U NITyMOBast
XapaKTepPUCTHKA YETHIPEXIEKTPOIHOTO KOHAYKTOMETPUYECKOro mpeobpasosatens B mporpamme TINA-TI.

SUMMARY
STUDY OF DYNAMIC CHARACTERISTICS OF CONDUCTOMETRIC MEASURING
TRANSDUCERS WHEN CONDUCTING MEASUREMENTS
IN THE WATER ENVIRONMENT
Huseynov A.H., Hasanov I.R.

Key words: specific electrical conductivity, conductometric measuring converter, dynamic
characteristics

To collect objective information about environmental pollution, it is necessary to have reliable
methods and means of environmental control. To improve the efficiency of research on the environmental
state of the environment it is necessary to automate technical control systems and the measurement process.

The article deals with the design of conductometric measuring transducers. The questions of studying
the dynamic characteristics of contactless conductometric measuring converters are considered. The
amplitude-frequency and noise characteristics of a four-electrode conductometric Converter in the TINA-TI
program are obtained.

Daxilolma tarixi: [lkin variant 10.03.2020
Son variant 28.03.2020
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EP-300 ISTEHSALINDA OMTOO PROPILENIN ALINMASI PROSESININ
QEYRI-STASIONAR REJIMININ TOYINI

'BALAYEV VAQIF AGARZA oglu
‘MOMMOBDOV VALEH GULMOMMBOD oglu
SROHIMOVA MOHTOBAN ROHIM quz1
Sumqayit Dovlat Universiteti, 1,2- dosent, 3-assistent
hbagiyeva@mail.ru

Acar sozlor: optimal idaraetma, maksimumluq prinsipi, temperatur rejimi, giiclondirma amsall,
texnoloji rejim.

EP-300 istehsalinda omtos propileninin ayrilmasi prosesi asas aparat olan rektifikasiya k-17
kalonudur. Burada propilenin propandan ayrilmasi prosesi bas verir. Rektifikasiya prosesini
verilmis rejimdo aparmagq {i¢iin onun parametrlorini diizgiin segmok lazimdir. Ona goéra do bu rejimi
tadqiq etmok {iglin asas parametrlordon biri do onun kub temperaturudur. Adston, bu temperatura
kalona daxil olan xammalin orta qaynama temperaturunu xarakterizo edir. Ona goro do har bir
rektifikasiya prosesindo kalonun kub hissosindoki temperaturunu xammalin orta gaynama
temperaturu hoddindo saxlamaq lazimdir.

Kalona daxil olan sorfin doyismosi noticosindo kalonun kub hissasindoki temperatur uygun
olaraq artib vo ya azala bilor. Bu temperaturun verilmis qiymotdon yuxari olmasi yuxar1 gaynama
temperaturna malik olan komponentlorindo buxarlanmasma gotirib ¢ixarir. Bunun noticosindo
aparatin is rejimi pozulur vo prosesin somoraliliyi asagi diisiir. Bu temperaturun verilmis qiymotdon
asagl olmasi iso buxarlanma prosesinin intensiv getmosini pislosdirir vo aliman distilatin ¢ixis1
azalir, qalig mohsulun iss asag1 qaynama temperaturuna malik olan komponentinin qatilig1 artmaga
baslaywr. Beloliklo, hor iki halda bu temperaturun verilmis qiymotdon artmasina vo yaxud
azalmasina yol vermok olmaz.

Deyilonlori nozoro alaraq, rektifikasiya kalonunda normal is rejimini tapmaq iigiin, yoni
prosesin normal getmasini tomin etmok mogsadi ilo optimal idaroetmo mosolosinin hall edilmosi
zoruridir. Beloliklo, texnoloji prosesin gedisindon molum olur ki, kalonda temperatur rejimi osas
gotiiriiliir. Ona goro do yuxarida deyilonlori nozors alaraq vo bir sira elmi monbolors osaslanaraq
rektifikasiya kalonunda gedon prosesin dinamikasini asagidaki diferensial tonlikls ifads etmok olar:

dx? dx
T +—=ku 1

dt®>  dt @)
burada k - giiclondirmoa omsali, T- zaman sabiti; u - idars faktorudur.

Tonliyo daxil olan parametrlorin qiymsotlori tocriibo yolu ilo toyin edilmisdir. Yoni,
T =083san k=22:u=20, % -iso faza koordinatidir.

Rektifikasiya kalonunda olan temperaturun idare ganunu minimum zaman Kkriterisi iizro
sintezi texnoloji rejimdo meyiletmolorin tez aradan qaldirilmasina yonaldilmisdir.

Idaro moasalasinin sintezi asagidaki kimi ifads edilmisdir, t=0 zamani x=0, X=0 vaziyyatindon
X=Xn, X=0 voziyyatino minimum vaxt orzindo obyektin bir voziyystindon digor voziyyeting
kegmoasini tapmaq talob olunur. Goriindiiyii kimi, qarsiya qoyulan mosalo cold isloma kriterisino
gora optimal trayektoriyanin axtarilmasi masalosidir. Malumdur ki, L.S.Pontryaginin maksimumluq
prinsipindon irali golon optimalliq sortindon istifade edorok idars gqanununu sintez etmok
mimkiindiir. Bunun iiclin  faza miistovisindo aragdirmaq lazimdir. (1) tonliyindo miioyyon
cevrilmolor apararaq yazariq ki,
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EP-300 istehsalinda amtaa propilenin alinmasi prosesinin geyri-stasionar rejiminin tayini

X=X, X=X
Obyektin horokot tonliyi (2) sortini nozors alaraq, yaza bilorik:

X1=%,=f
= = (ku —x;) =f2}

Hamilton funksiyas1 asagidaki kimi olacaqdir:

H = i W f;
i=1

Burada v, vo f,- J va f vektorunun koordinatlari (3) tonliklor sistemina oalave olaraq komokgi

dayisonlor alave edok va naticads alariq ki:

2, of;
d "" =y, L i=1, 2
dt, ! 3X
(3) ifadasini nazoars alsaq, yazariq ki:

d of of
ﬂ={—lm +—2'//2} =0

dt X, OX,
dy, of, of, ¥V,
—_re | 1 + —< — _ + L
dt [6x1 V1 X, V2= T,
(5) tonliyinin halli
Y =G

w, =T +ce"
Burada C, va C, - inteqral sabitloridir.
Hamilton tonliyi asagidaki kimi yazilir:

1
H=y,f +y,f,=cXx, +{c1+(_:r—2-e“j

(7) ifadesindon idars faktorundan u asili olan hadd gétiiriiliir

t
C1k+?k e" |u

1

Belo ki, optimal idars etmado H * maksimum qiymot olmalidir. Onda optimal idars alqoritmi

u(t) = ou

max

o= sidn(clk + C_Iz_—k : el]

1 1

olar. Burada
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cK +-2-.eh . funksiyas1 €, ve C, -nin istenilon T, qiymotindo T zaman kesiyinds olan idara
1
0z isarasini bir dofodon artiq doyismir. Beloliklo, optimal idartoetmo u(t) sabit kosik funksiyasi

adlanaraq +u_ qiymatdon vo isaronin sabitliyi iki intervaldan ibarotdir. U =U_, idars intervalinda
obyektin harakatini tosvir edon tonliklor asagidaki kimi olacaqdir:

t
x(t)=c,+c,-e"
. (11)

x(t)=c, +ct—c,e”

Burada ¢, =ku,,, ; C,, C.- inteqral sabitlaridir, t,-birinci sahonin davametmo miiddstidir. Baslangic

sortlordon istifads edib inteqral sabitliyini toyin edirik:

X(0)=c;+c, =0
0)-5,+c, w
x(0)=c¢,—c,T,=0

(12) sistemindon tapiriq:
c, =—ku.,
(13)
c, =—kTu,,,

t,- zaman moment tglin X vo X koordinatlari ti¢iin alariq:

X(t) = kU, {1—e;1]

t
x(t,) = ku,, [tl ~T,+Te" }

Harakotin doyisme momentlori t, vo t,-ni toyin etmok {iciin (14) ifadesini t zaman momentin:

(14)

t t,—t,
X(t,) = ku,, {1e TIJ =ku,e " -1)

4

t,—t,
x(t,)=ku,, [tl ~T+Te" J =1+ku,,, (T, +t,—t,-T,e " J
Bu tonliklordo miixtslif ¢evrilmalor apararaq:

X(t) = 44— 44(e ")
x(t) = —44 + 36,52t + 44e°**
0<t<017

alariq.

Bu ifadslors asason asagidaki ayrilori almaq olar:
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EP-300 istehsalinda amtaa propilenin alinmast prosesinin qeyri-stasionar rejiminin tayini

Pz
2

0z

] I ] ] ] gl

0 01 01 01 018 02 021 022

Zaman momentinin tapilmasi

L
207
157
10 A

5. 0,13 0,26

Prosesin optimal oyrisi
-15+

-20
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PE3IOME
ONPEJAEJEHUE HECTAIIMOHAPHOI'O PEXXUMA INPOLLECCA ITOJYYEHUA
TOBAPHOI'O ITPOIIUJIEHA IIPU MTPOU3BOACTBE 3I1-300
banaes B.A., Mameooe B.I'., Pazumoea M.P.

Knioueevie cnosa: onmumanvHoe ynpasienue, RPUHYUN MAKCUMYMA, MEMNEPAMYPHBIL PENCUM,
KO puyuenm ycunenus, mexHoI02U4ecKull pexicum

PexTudukannonHass KoJoHA SIBJISETCS OCHOBHBIM —alliapaToM B MPOLECCE pas[eNieHHus TOBAPHOTO
nponuieHa B npousBoacTtee DI1-300. [ns viccnenoBaHus pexxuMa B IpoLecce pPeKTH(PHUKANWHU, ObUT B3ST
OfIMH W3 OCHOBHBIX MapaMerpoB — TemiepaTypa. C 1enbio o0ecredeHusl HOpMalbHOH padoThl mporecca
BaYKHO HAHTH ONTHMAJIbHOE PEICHHE 3a]]auu YIIPaBJICHHS.

CuHTe3 Temrepatypsl B PEeKTU(UKAIIMOHHOW KOJIOHE [0 MUHUMAaJIbHOMY KPUTEPHIO BPEMEHH 3aKOHA
ylpaBlieHHs ObUT HampaBlieH Ha ObICTpOe YCTpaHEHHE OTKIOHEHWH TEXHOJOTHYECKOr0  peKuMa.

ITocTaBnenHass 3amada SBISAETCS 3aJadedl HAXOKICHHUS ONTHMAJIBHON TPAEKTOPHH 110 KPHUTEPHIO
OBICTPOJICHCTBHSI.

SUMMARY
DETERMINING THE NON-STATIONARY MODE OF THE PROCESS OF OBTAINING
COMMERCIAL PROPYLENE IN THE PRODUCTION OF EP-300
Balayev V.A., Mammadov V.G., Rahimova M.R.

Key words: optimal control, maximum principle, temperature mode, gain factor, process mode

Distillation column is the main apparatus in the process of separation of commercial propylene in the
production of EP-300. To study the regime in the rectification process, one of the main parameters was taken
- temperature. In order to ensure the normal operation of the process, it is important to find the optimal
solution to the control problem. The synthesis of temperature in the distillation column according to the
minimum time criterion of the control law was aimed at quickly eliminating the deviations of the
technological regime. The task is the task of finding the optimal trajectory by the criterion of speed
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V¢ TIPLI QEYRI-SOLIS PETRI SOBOKOSININ TOTBIQI iLO
TEXNOLOJi PROSESIN MODELININ iISLONMOSI

COFOROVA SOLALD MEHDI quz1
Sumgqayit Déviot Universiteti, t.f.d., bas miiallim
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Acgar sézlar: marker, mansubluq funksiyasi, Qeyri-salis Petri sabakosi

Diinyada hasil edilon elektrik enerjisinin 75%-1 , Azorbaycanda iso 90%-i istilik elektrik
stansiyalarinda istehsal olunur. Movcud iqtisadi tolabatlart nozoro alaraq, yiiksok rogabat
gabiliyyatino nail olmaq {i¢iin bir sira ciddi addimlarin atilmasi tolob olunur. Bunun ii¢lin miiasir
tolabatlara uygun yeni enerji miiossisolorinin yaradilmasi vacibdir. Zaman ke¢dikco kdhno istehsal
avadanliglarinin siradan ¢ixmasi ilo alagadar olaraq, onlarin miiasir avadanliqlarla yenilonmasi talob
olunur. Bu sobobdon do enerji sirkotlorinin texnoloji voziyyatindo tohliikali tendensiyalarin movcud
oldugunu geyd etmok lazimdir. Belo sirkotlordo olan avadanliglar siirotlo yaslanir vo 6niimiizdoki
illords boyiik migdarda istehsal giiciiniin asag1 diismasina sobab ola bilor. [1]

Bu sobablori nozors alaraq, yerli miiossisolorin rogabat gabiliyyatini artirmagq {i¢iin elmi osasl
bir anlayisla onlarin koklii yenilonmasi programi asasinda iqtisadi, ekoloji vo sosial tosirlori tomin
edon miitoraqqi texnologiya va texnologiya asasinda yaradilmis modellorin totbiqi aktual mosslodir.
Bu layiho {iglin texniki yenidonqiymotlondirmo todbirlorinin hoyata kegirilmosi mexanizmini
aydmlasdirmaq sobobilo istilik vo elektrik enerjisi istehsali texnoloji prosesinin modelinin iglonmaosi
Ucln Vs tipli geyri-salis Petri sobokasinin (PS) tatbigindon istifads olunur. [2]

Vs —tipli geyri-solis PS Vi =(N,u0) soklinds toyin edilir, burada, N=(P,T,1,0) - Vs tipli geyri-
solis PS-nin strukturudur; P={p1,p2,...,pn}, N>0-sonlu movqelor ¢oxlugu; T={ty,to,...,tm},m>0 —
sonlu kegidlor coxlugu; /:PxT— No - kecidlorin giris funksiyasi; O:TxP— No - kegidlorin ¢ixis
funksiyasidir; uo - /x(d+1)] 6lciilii baslangic markerlosmo matrisidir. Bu matrisin hor bir z4° —
elementi sobokonin pi mévgeyinds yerlason j-1 sayda markerin monsubluq funksiyasmin giymatino
barabardir. [3].

Modelin yaradilmasinin asasmi istilik vo elektrik istehsalinin texnoloji prosesi toskil edir.
Buraxilan enerjiya gora buxar gazaninin ocaginda iizvi yanacaq yandirilir vo alman istilik hesabina
su buxarlanir. Sonra homin buxar lazimi temperatura qodor qizdirilaraq (t=540-560°C) turbino
verilir. Turbindo buxar genislonorok is goriir, yoni istilik enerjisi mexaniki enerjiya cevrilir,
naticado, turbinin vali firlanir. Turbinin vali firlananda elektrik generatorunun rotoru da firlanir vo
orada elektrik enerjisi hasil edilir. Turbindon c¢ixan buxar iso kondensatorda soyudularaq
kondensatlagir vo nasos vasitasilo sistemdo dovr etdirilir.

Magqalodo formalagsma prosedurunu sadelogdirmok iiclin qazan-turbin qazma niimunosindon
istifado edorok, birbasa enerji istehsali prosesi modellogdirilir. istilik elektrik stansiyasinmn texnoloji
sxemi gokil 1-do gostorilmisdir. Burada, 1-vagontokiicu, 2-qabuledici bunker, 3-tokiicii qovsaq, 4-
kOmiir anbari, 5-xirdalama sObosi, 6-gazanxana, 7-komiir doyirmani, 8- hava isidicisi, 9-
ventilyator, 10- domiryol ¢oni, 11- qizdiricilardir.

Istilik vo elektrik istehsalmin texnoloji gazan-turbin gazma prosesinin foaliyyat modeli Vi -
tipli geyri-solis PS soklindo tosvir edilorok, modelin strukturu formalasmisdir. Istilik vo elektrik
istehsalinin texnoloji gazan-turbin gazma prosesinin foaliyyst modelinin qraf-sxemi sokil 2-do
verilmisdir.
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Sakil 1. Istilik elektrik stansiyasinin texnoloji sxemi

Movgelor ¢oxlugu asagidakilardir: p1 - qurgu vaqontokiicli iizorinde tokms omoliyyatini
yering yetirir; P2 — gobuledici bunkerlorin girisi agiq yerlosmisdir; ps — tokiicii qovsaqlara komiir
tokalir; ps - komir anbar1 komiirii qabul edir; ps — xirdalama sébosi komiirii xirdalayir; ps -
xirdalanmig komiirlor qazanxanaya qobul olunur; p7 — komiirlor doyirmanda tyidiilir; ps — hava
isidicilori vasitasilo komiir qurudulur; pe - ventilyator vasitasilo komiir sopalonir; pio — kémar
domiryol ¢anlorina 6tiiriiliir; P11 — qizdiricilarla masrut hazirlanir.

Sakil 2. Istilik va elektrik enerjisi istehsali texnoloji prosesinin faaliyyat modelinin graf-sxemi

Kecidlor ¢coxlugu asagidakilardir: t1 - qurgunun giris saxlayicis1 vaqontokiicii tizorinde tokmo
omoliyyatina hazirlanir; t2 - gobuledici bunkerlorin girisi agiq yerlosir vo gobul edir; t3 - tokicu
qovsaqglara komiirtokme prosesi yerino yetirilir; t4 - komiir anbarinin komiirii gobuletmo omoliyyat1
sona catdi; ts —xirdalama sobosinin komiirli xirdalama omoliyyati1 basa ¢atir; te —xirdalanmis
komiirlorin qazanxanaya qabulu basa catir; [4,5].

Bu zaman movqelorin F [11, 6] vo kecidlorin H [6, 11] insidentlik matrisi agsagidak: sokli
alacaq:
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Vi tipli qeyri-salis Petri sabakasinin tatbiqi ilo texnoloji prosesin modelinin isloanmasi

F

L Iz

1 14
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P4

s
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By

s

Pa

Pl

FLb|

o 1lkin markerlogsmo matrisi asagidaki kimidir:

0 0
00
00
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0.00
0.00
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1 0

0.00
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0.00
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0.00
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b om:
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i
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0.00
0.20
0.00
0.20
0.00
0.20

0.20
0.10
0.00
0.00
0.10
0.10

0.00
0.20
0.20
0.00°
0.00
0.00

ts kecidinin yerina yetirilmosi zamani alinmis markerlosmo asagidaki kimidir:

He =

Islonmis alqoritm osasmnda

[0.50
0.00
0.40
0.30
0.50

10.20

0.00
0.00
0.00
0.00
0.00
0.00

0.20
0.00
0.00
0.00
0.40
0.00

0.00
0.00
0.00
0.30
0.00
0.30

Vs

0.00
0.70
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.10
0.30
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.30
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.40

0.20
0.00
0.60
0.00
0.10
0.10

0.00
0.00
0.00

0.00

0.00
0.00

tipli geyri-solis PS-nin strukturu formalasir. Kompiiter
eksperimenti noticosindo o baslangic markerlogsmosindon kegidlorin o1 = (t1 t2 t3ts tsts) vo ts
kegidi yerino yetirildikdon sonra novbati kegidlorin 62 = (4 tsts t1 tot3) yerino yetirilmosi ardicilligi
alinmigdir. Modelin tatbiqi texnoloji prosesin timumi sxemindon funksional magsoda uygun olaraq
ayrilmis interaktiv elementar bloklar sistemi soklindo hoyata kegirilir. Bu halda o bir prosedurun
tamamlanmis marhalosini hoyata keciron avadanliq ve ya avadanliq qrupunu ohatas eds bilor.

86



Caofarova S.M.

ODOBIYYAT

1. ®omun S.A. JIlnarHocTuka KpU3HCHOTO COCTOSHUS mpeanpusatis M.: MockoBckas (pMHaHCOBO-
npoMeIieHHas akaaemus, 2004, 61 c.

2. Coforova S.M. Qeyri-solis cobri Petri sobokosinin totbiqi ilo ¢evik istehsal modulunun
modellogdirilmoasi zorurati vo masalonin qoyulusu // SDU. Elmi xoborlor. Tobiot vo texniki
elmlor bélmasi, .11, Nel. Sumgayit: SDU, 2011, s.144-149

3. bonguckuii  E.B. Kyuepenko E.M.,Muxanes A.U. Heiipo-daz3zu cern Ilerpu B 3amauax
MOJICTTUPOBAHUS CIIOKHBIX cucTteM: MoHorpadust (HaydHoe wu3AaHue). J{HeBpONeTpPOBCK:
Cucremunie Texaoaoruu, 2005, 311 c.

4. AxmenoB M.A., Mycragaes B.A. ABToMaruzanus MOJEIHUPOBAHUS C NPUMEHEHHEM CeTeil
[lerpu. baky, U3narensctBO «Omm», 2007, 144 c.

5. AxmenoB M.A., MycradaeB B.A., [Ixxadaposa LLI.M. PazpaboTka moaenu GyHKIIMOHUPOBAHUS
aktuBHBIX d7eMeHToB [TIC // BectHuk CapaTOBCKOTO TOCYJapCTBEHHOTO TEXHUUYECKOTO
yauBepcurera, Ne 4(49), 2010, c. 122-128.

PE3IOME
MOAEJUPOBAHUE TEXHOJOI'NMUYECKOI'O TIPOIECCA C IPUMEHEHUEM
HEYETKOM CETHU ITIETPH THUIIA V;
Jrcaghaposa 111 M.

Kntouesvie cnosa: mapkep, pynkyus npunadiexcHocmu, Heyemkas cems Ilempu

B craTtpe paccMmarpuBaercss MOAETUPOBAHNE TEXHOIOTHUECKOT'0 MpoIecca ¢ MPUMEHEHNEM HedeTKOH
ceru [lerpm tmma Vi Pa3paborana Monenb (GOpMHUPOBAHUS MOJCITH TEXHOIOTHYECKOro Tpoliecca
MIPOM3BOJICTBA TEITOBOM U DIIEKTpUYECKO dHeprun. OrmpeneneHa CTPyKTypa, THHAMHUKa COCTOSHUS MOZIENTH
¥ TOCTeI0BATEIbHOCTh Cpa0aTHIBAaHUSI TEPEXONOB M3 HAYaIbHOH MAapKUPOBKH B BHJE COBOKYITHOCTH
BEKTOpPOB W Martpuil. llpumMeHeHMe Monenn OCYIIECTBISETCS B BHAE CHCTEMbl WHTEPAKTUBHBIX
JJIEMEHTApHBIX OJIOKOB, pa3/IENEHHBIX B COOTBETCTBHHM C (DYHKIIMOHAIBHOW IIeJbI0 Ha OOMIyI0 CXeMy
TEXHOJIOTUYECKOro TIporecca. B 3ToM ciydae OHa MOXET BKIIOYaTh OOOPYIOBaHHWE WIW TPYIILY
000pyIOBaHMS, KOTOPAst BRITIOMHSET 3aBEPIIAIOIINI ATAIT TPOIETYPHI.

SUMMARY
MODELING THE TECHNOLOGICAL PROCESS WITH THE APPLICATION
OF FUZZY PETRI NETS TYPE Vs
Jafarova Sh.M.

Key words: marker, membership function, fuzzy Petri net

The article deals with modeling of a technological process using a fuzzy Petri net of the Vi type. The
model of forming a model of the technological process of heat and electric energy production has been
developed. The structure, dynamics of the model state and the sequence of triggering transitions from the
initial marking in the form of a set of vectors and matrices are determined. Application of the model is
carried out in the form of a system of interactive elementary blocks divided according to the functional
purpose into a General scheme of the technological process. In this case, it may include hardware or a group
of hardware that performs the final step of the procedure.

Daxilolma tarixi: [lkin variant 03.06.2019
Son variant 01.10.2019
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AHAJIN3 BJIIUSAHUS UHJIUBULY AJIBHBIX ®PAKTOPOB HA KAYECTBO
CBAPHOI'O COEJIVUHEHUS ITPU PYYHOM JYT'OBOM CBAPKE
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Knwuesvie cnosa. cnocod ceapxu, napamempvl pexcumad, C8aApOUHbIE U OCHOGHOU MAMepual, mun
MEMALTOKOHCMPYKYUL, UHOUBUIYATbHYIE (PaAKMOPbL, 00bEKN UCCTIe008AHUSL.

[lo cBoemy mnoTeHIMally W pa3BUTUI0O He(TAHAS U MAIIMHOCTPOMUTENbHAs OTpaciu
MIPOMBIIIJIEHHOCTH ~ SIBISIFOTCSL  OJIHOM W3  B&OKHEHIIMX OTpacied, B KOTOPBIX CBApHBIE
METAJUIOKOHCTPYKIIMHY 3aHUMAIOT JOMUHUPYIOIIEE MOJI0KEHHUE.

CBapka sBIleTCS OJHUM U3 HamOoJjee pacHpOCTPAHEHHBIX TEXHOJOTHYECKHX MPOLIECCOB,
MPUMEHSIEMBIX B MPOMBIIUIEHHOCTH, IPU MOMOIIU KOTOPOTO M3TOTOBISETCS O0KOJO 70 MpOILIEHTOB
neraneil MaiiuH, HU3AeNuid, KOHCTPYKIHMH U COOPY)KEHHMH, B TOM 4YHCIE, KpYyMHOTaOapuUTHBIE
METAJUIOKOHCTPYKIUH HE(PTAHOW NPOMBIIIJIEHHOCTH.

CoBpeMeHHas TEXHOJIOTUS B CTPOUTEIBHO-MOHTAXHOM ITPOU3BOJCTBE HacUUThIBAaeTCA A0 20
croco0OB CBapKH, OJHAKO, HECMOTpPsSl Ha CYLIECTBYIOIIME AOCTHIKEHHsSI B Pa3BUTUU CBAPOYHOMN
TexHoJsioruy, 0oisiee 80 MPOLEHTOB CBApPOYHBIX pabOT HAa MOHTAXHBIX IUIOIIAAKAX A0 HACTOALIETO
BPEMEHU BBIMOJIHSIOTCS PYYHOH AJIEKTPOIYTrOBOM CBAPKOM.

CoBOKyITHOE JIeWCTBUE WHAMBUAYATHHBIX (JAaKTOPOB MOXKET B TOW MJIM MHOW MEpEe BIUATH Ha
KayecTBO M IPOU3BOAUTEIIBHOCTh CBAPOUHBIX PA0OT, BBINOJHEHHBIX PYYHOM IyroBoil cBapkoi

(PAC).
Tpynooit mponecc PIC ocyiiecTBiasieTcss B KOHKPETHBIX YCIOBHSX, XapaKTePU3YEMBbIX
CaHUTAPHO-TUTHEHUYECKUMU MCUXO0(U3UOIOTUYECKUMU, COLIMAJIbHO-TICUXO0JIOTUYECKUMH,

ACTETUYECKUMU U Apyrumu ¢akropamu. COBOKYIHOE JIEHCTBUE 3TUX (PAKTOPOB MOXKET B TOU WK
WHOW Mepe BJIMATh Ha KayeCTBO CBAapHBIX coenuHeHui. MccnenoBanuto ycnoBuil Tpyna PJC B
CBApOYHOM  TPOM3BOJCTBE  IMOCBAIICHO MHOXECTBO  paboT. OnHako, MNPOBEICHHBIMU
UCCIIEIOBAaHUSIMH HE YCTAaHOBJIGHO BJMSHHE YKa3aHHbIX (PaKTOpoB Ha pabOTOCHOCOOHOCTH
ceapmuka PJIC.

I[Tox  paboTOCHOCOOHOCTBIO  YEJOBEKa-CBapUIMKa  TOHUMAETCs MaKCHMaJIbHO
(YHKIIMOHATBbHBIE BO3MOXKHOCTH €r0 OpraHu3Ma Ui BBINOJHEHHUS KOHKPETHOH paboThl.
OcoOeHnHbIe MOKa3aTenu paboTOCIOCOOHOCTH U X 3HAYEHHSI B OCHOBHOM SIBJISICTCSL:

- KpUTHUYECKasl YaCTOTA MEJIbKaHUii;

- MBbIILIEYHAs CUJIa;

- CTaTU4ecKasi BBIHOCIUBOCTb;

- BpeMsi ABUTaTeIIbHON peaklnu;

- KOOpAMHALMS IBUKEHUM;

- apTepualIbHOE JIABJICHUE — MYJIbC.

Heob6xo1mMo 0TMETUTh, UTO KaX/IbIi U3 ITHX MOKa3aTele MOKHO OMPEIEIUTh MPAKTUIECKU
B TIOOOM MEIUIIMHCKOM ITYHKTE MMPOU3BOJICTBA.

HecmoTps Ha Bce yBenmuuuBaromecs: 00beMbl MEXaHU3AIMH, aBTOMATHU3AIUN U POOOTHU3AIINH
CBapOYHBIX pabOT, poJib CBapIIMKa, KaK BEAYIIETO M TJIABHOTO 3BEHA YIIPABJICHUS IPOILIECCOM
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CBapKH, IIOKa €IIE OCTAETCS OINPEACISAIONIEH OJHUM M3 MajO MCIOJb30BaHHBIX JO MOCJIEIHEro
BPEMEHU HAIIPABJICHUM MOBBILIEHUS IPOU3BOIUTEIBHOCTH U Kaue€CTBA CBAPOUHBIX PadOT.

KauectBo npoaykuuu corinacio ['OCT 15467-84 ecTb COBOKYNHOCTH CBOICTB IPOAYKLUH,
00yCIIOBIMBAIOIINX €€ TPUTOJHOCTH YIOBIETBOPSTH OIpEaeICHHbIE MOTPEOHOCTH B COOTBETCTBUHU
¢ ee HasHauyeHHeM. Iloka3aTenn KadecTBa CBAPHBIX COCAMHEHUHN OIPENEISAIOTCS TOM MM MHOU
COBOKYIHOCTBIO CJIEAYIOUIMX CBOMCTB: IPOYHOCTBIO, HA/EKHOCTBIO, OTCYTCTBHEM J1€()EKTOB,
CTPYKTYpOM MeETajula IIBAa W OKOJIOLIOBHOW 30HBI, KOPPO3MOHHOM CTOMKOCTBIO, YHCIOM U
XapakTepOM UCIPABICHUM U T.1I.

Hens wu 3agaum wucciaenoBanmsa. B jgaHHOM paboTe mnocraBieHa 3ajada HU3Yy4UTh
MPOM3BOJUTENILHOCTh pyuHOW ayroBodi cBapku (PJC) wuHmuBHIyanbHbIX (AKTOPOB —
KBaJIM(UKAIIMK CBAPUIMKOB U YCTAHOBUTH KOJIMYECTBEHHbBIE KPUTEPUU, KOTOPHIMU MOKHO ObLIO ObI
PYKOBOJICTBOBATbCSI Ha MPAKTHKE IPU ONpEeAENeHUH HX NpOo(ecCHOHAIbHON  MPUTOJHOCTH K
BBITIOJIHEHUIO PA3JIMYHBIX 110 CJIOKHOCTH CBapOYHBIX PadoT.

Bbi0op kpurepueB onenku kpaaupukanun ceapuukoB PJIC. [Ipu npoenenun ananuza
KayecTBa CBApOYHBIX PA0OT B MOHTaXXHBIX YCIOBHUSAX OBLJIO OTMEUYEHO, YTO KaueCTBO CBAapHBIX
coelMHEeHUH, BbINOJHEHHbIX cBapiukamu PJIC oguHakoBoro paspsiia Ha OJJHOM OOBEKTE U NpHU
BCEX Pa3HbIX YCIOBUSAX MOHTaXKa, OKa3bIBAJIOCH pa3nYHbIM. Ha npakTuke 3To MpuUBENo K TOMY, YTO
3a4acTyl0 CBapIIMKH 5-To pa3psana obecrneuuBaiu Oosiee BBICOKUN ypOBEHb KadecTBa, 4YeM
CBapIIMKH 6-r0 pa3psiia. B pesynbraTte HECOOTBETCTBUS (akTHUECKOM KBaIHUKAIMHU, TpeOyeMon
JUIS  W3TOTOBJIEHUS KOHCTPYKLMU OTBETCTBEHHOTO Ha3HaueHus. Yacto oOHapyKHUBaIUCh
HEONMYCTUMbIE Ae(EeKThl, HU3AEIHs NOJBEprajuch HCIPABIECHUIO Opaka, 4YTO MNPUBOAWIO K
3HAYUTENIBHBIM S3KOHOMUYECKUM ITOTEPSM.

B otedecTBeHHOW W 3apyOeKHOW JHTEpaType MPAKTUYECKA OTCYTCTBYIOT CBEICHWS,
OCBELIAIONIME BOIPOC O COOTBETCTBUM (PAKTUUYECKON KBANH(UKALIMU CBAPILUKOB UX pa3psny.

B nekoTopeix pabortax [1-3] ykaswsiBarorcs (akropsl, omnpenenstone PJIC B MOHTaKHBIX
YCIIOBUSIX M3 HU3KOJIerupoBaHHO# ctainu mapku 0912 TOCTS5058-76 u3 tpy6 auamerpom 520-1200
MM H TOJIIHMHOM cTeHKH 16-40 MM (Tabnuna 1).

Tabnuya 1.
Hccnedyemasn koncmpykyus
Bunabr cBapHBIX Tumopa3mepbl Marepuain Cnoco0 YcnoBust paboTHI
COeMHEHNN CBapKu
60°
Vt VY

1 { 1,=520-1200 HuzkonerupoBanHas Cratnyeckas

a _<_ ______ I Pyunas
( MM KOHCTPYKITHOHHAS Harpyska,

— IyroBast

3 S5=16-40 mm CTalb MOpCKas Boza

1,5-2,0

/- -1- -11- -11-
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[Tpu cBapke BEIOPaHHOM METAIOKOHCTPYKIIMH MPHUMEHSIOT CICAYIOIIYIO TEXHOJIOTHIO:

- KOPEHHBIE CBapHBIE CTHIKOBBIX, YIJIOBBIX M TaBPOBBIX LIBOB 3aBapUBAIOT PYYHOU IYyroBoil
CBapKOM MOKPBITBIM 3JeKTponoM Mapku LB-52Y, a ocranpHyio 4YacTh pas3lienku KpPOMOK —
annekrpoaamu Mapku YOHIM13/55 TOCT9466-75

- 110CJI€ HAJIOKEHUST KaXKJI0TO CJIOS .

KBamudukanusmMu  SIBISIOTCS  NCUXO(M3HOIOTUYECKHE  BO3MOXKHOCTH,  3PUTENBHO-
JBUTaTeIbHasl KOOPAMHALMS, 3HAHUS M BO3pPACT, & O KAKUX-TMOO KOJIMYECTBEHHBIX KPUTEPUSIX
MPAKTUYECKUX PEKOMEHIAIMSX 110 OlleHKe KBanudukanuu cBapumkoB PJIC B paborax naHHbIe HE
npuBoauTcs. B pabore [4-6] moapoOHO wWCclenoBaHa 3pHUTEIBHO-IBUTATEIIbHAS KOOPIMHAIIHS
(BAK) ceapmukoB PJIC u ee BiusHue Ha KadecTBO cBapku. Ormeuaercs, uyrto 3J/IK 3aBucut ot
BO3pacTa M cTaxka paOoThl. Bplia ycTaHOBIIEHA JOBOJBHO TECHas KOPPEISALMOHHAS 3aBUCHMOCTD
KayecTBa CBAPKU OT KOJIEOAHUN pyKH CBapIIMKa IIPU CBAapKe MPOCTPAHCTBEHHBIX IBOB. B paboTax
[3,4] naroTcst OTHeNnbHbIE CBeAECHUA Mo KBanudukauuu cBapmukoB PJIC B 3aBucHMMOCTH OT
BO3pacTa.

K coxanenuto, B MEpPEUUCICHHBIX BBINIE PabOTaX OTCYTCTBYIOT HAy4yHO OOOCHOBaHHBIN
MOJX0J K OIeHKe MpoQecCHOHATBHO-TPYIOBbIX KauecTB cBapmuka PJIC ¢ yuerom B HeMm
KOMILJIEKCA MH/IMBUYaIbHBIX (PAKTOPOB, OMPENENSIOMINX €T0 KBATHU(PUKAIUIO.

CocTosinue mpood/ieMbl U XapaKTePUCTHKA 00beKTa uccjeqoBaHus. B kadecTBe o0ObekTa
UCCIIEIOBAaHUSI  BbIOpaHAa M3TOTOBJIEHHAs CBapHas METAJUIOKOHCTPYKIUS TI1yOOKOBOJIHOTO
OCHOBAaHUS, B KOTOPOH MPOU3BOIAT 3aUHUCTKY LIITaKa IITM(OBAIBHON MaIIMHOM:

- 3aBapKy CThIKa BBIMOJHSIOT MHOTOIIPOXOJHBIMU IIIBaAMHU.

- MPU CBapKe MPOCTPAHCTBEHHBIX LIBOB PACCTAaHOBKA CBapIIMKOB MO pabo4YUM MecTam
MIPOU3BOJIUTCS COTJIACHO MX KBaTU(UKALIUU.

PaccmaTpuBaemasi METAJIOKOHCTPYKIUSI — TJIyOOKOBOJHOE OCHOBaHUE IUIaT(HOpPMBI
paboTaer, Kak MPaBMIIO, TOJ CTATHYECKOH HArpys3koif, mpu paboueii Temmeparype ot -10°C no
+45°C, na OTKPBITOM BO3JIyXe, IO 3€MJICH WJIM BOJOW, B arpECCUBHON MOPCKOM cpejie.

Martepuasbl H 000pyaOBaHWsl HccaenoBaHusA. [[ns1 aHanmM3a KpUTEpPUU BIMSHUSA
WHIUBUAYAIbHBIX ()aKTOPOB Ha KauyeCTBO M IMPOU3BOJIUTENILHOCTH CBApouHBIX pador mpu PIC
UCCIIeTyeMON METAJUIOKOHCTPYKIIMM B MOHTAXKHBIX YCIOBUAX MPUMEHSIIOT CIEAYIOIIUE CBapOYHbIE
Matepuabl U 060opyaoBanus (Tadbmauma 2).

Tabnuya 2.
Mamepuanvt u 06opyoosanus 0ns P/C ucciedyemoii MemanioKOHCMpPYKYUU.
Mapka moKpbITOro 3JIEKTpo/ia Huamerp snexktpoaa, MM Hctounuk nutaHus
st cBapku st capku Hns ceapku kopHs | g cBapku HTOCTOAHHOIO TOKa
KOPEHHOTO IITBa KPOMKH IITBa mBa KPOMKH IITBa
LB52Y smnonckoe YOHU13/55 3u4d 45u6 NAC-500E
MIPOU3BOCTBO poccuiickoe Snonckoe
MIPOM3BOICTBO TIPOU3BOJICTBO

[Tapametpsl ontumanbHOro peskuma PJIC nccnenyeMoii MeTalIOKOHCTPYKIIMH TTPUBEACHBI
B Tadsuie 3.

Tabauuya 3.
Tapamemput pesxcuma P/[C
Cuna cBapoYHOro TOKa, A Huametp snekTpona, MM
Pacrionoxenwnst cBapHOTO TIBa
HYKHHHN BEPTUKAJIBbHBIN IIOTOJIOYHBII | HYDKHHAN ‘ BEPTUKAJIBHBII IIOTOJIOYHBIN
O003HaYCHHE MTOJIOKEHUS IIIBa
H B 11 H B I1
280-300 240-260 230-240 56 4 4
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C nenpio moxydeHus: 0oJjiee JOCTOBEPHBIX JAHHBIX O NMPUYMHE BIUSHUS UHIUBUAYATHHBIX
(akTOpoB HA Ka4ecTBO M MPOU3BOAUTENBHOCTH PJIC mpuMeEHsIM CpaBHUTEIBHBIA aHAIH3
CBapUBaeMbIX 00pa3lOB METOJOM paauorpaMMbl. CyIIHOCTH 3TOTO METOAA KOHTPOJS KadecTBa
COCTOMT B TOM, YTO Ha IEPBOM JTale IpU MOATOTOBKE OOPA3LOB MCKIIOYAINCh 3aBEIOMO
M3BECTHBIE TPUYMHBI 00pa3oBaHuUs AE(PEKTOB, a 3aTeM IPOM3BOAWIACH CBapKa MaTepuaiaMu
(rabnuua 2) ¥ mapaMeTpamMH peXuMa TaOJUIBl 3 U MOCIEAYIoNee MPOCBEYMBaHUE 00pa3IoB Ha
peHTreHoBckoii ycranoBke tuna MUPA-2J] (Poccuiickoe TpOM3BOJICTBO), VIS YCTAaHOBJICHUS
NCWCTBUS HMHIUBUAYATbHBIX TPUYMH TOATOTOBKM oOOpa3nma B CTPOTOM COOTBETCTBHH C
MHCTpYKLHMEH. 3aTeM Npou3BOJAMIACh CBapka oOpaslia JByMsS CBaplMKaMH, UMEIOLIMMU pa3HbIe
nokasarenu paborocrnocobHoctu (Pd) wim kBanudpukanum.

Hanpumep: Ha puc.l a, 0 mokazaHbl pe3yabTaTbhl CBapKd 00paslia HM3rOTOBJIECHHOIO W3
TpyOs! nramerpom 820 X 8 MM, KOTOpasi OCYIIECTBIIAIACH CBApPIIMKAMH PaBHOW KBaJU(pUKalUU Ha
OJIHOM U TOM 3k€ 000py/I0BaHUH, OJIMHAKOBBIMH 3JIEKTPOJAAMHU NPHU OauHaKOBBIX pexumax PJIC u
MPaKTUYECKH B OJHO M TOXE€ BpeMs U YCIOBUSX pabOThl. YCTAaHOBJIEHO, YTO HPUYMHOU
o0pa3oBaHHUs MOp U ILIJIAKOBBIX BKIIIOUEHUH SIBIAIOTCS Oosiee HU3KME Mokazatenu PP Broporo
cBapmuka [6].

B npyrom cnydae, mpu mpo4MX paBHBIX YCJIOBHSX, CBapKy oOpasiia MpOU3BOAMIN B KOHIE
CMEHBI JIBa CBapIllMKa OJHOTO U TOTO K€ pa3psAla, HO MMEIOIIMX pa3iIuyHble mokazatenu PO.
[IprmMepoM MOTYT CITY’KUTh TakXKe JIaHHbIe IPUBEIACHHbIE Ha pucC.], B, T.

Puc. 1. Penmeenozpammul c6apHo20 wea, Ompaxicarouue 6IusHue UHOUSUOYATbHOU NPUYUHDL.
a -ceapuux 6-20 paspsoa , Pp=82 ommoc.eo.
6 -ceapwux 6-20 paspsoa , Pp=58 ommoc.eo.
6 -ceapuux 6-20 paspsoa , Pp=88 ommnoc.eo.
2 -ceapuux 6-20 paspsoa , Pp=67 omnoc.eo.

[Tony4yeHHble pe3yapTaThl MOCIYKHWJIA OCHOBOM i JNalbHEHIIUX HCCIeq0oBaHUU. Bbu1o
YCTAHOBJICHO, YTO WHIAUBUIYaAJIbHbIE IPUYMHBI, OKA3bIBAIOIIME BIUSHHE Ha KayecTBO U
MIPOU3BOIUTEIHLHOCTH MOHTA)KHOUM CBapku, TpeOyroT Ooliee MeTalbHBIX HCCIECIOBAHUN C IIEINbIO
pa3paboTKU pEKOMEHJAlMi MO TOBBIIMICHHWI0 KAauyecTBAa CBapHBIX IIBOB MOHTaXKHOTPYOHBIX
COCIMHEHUH, BBINIOJHEHHBIX PYYHOUM 1yTOBOM CBAPKOM.

Hamu Obuta ycTaHoBIeHa JOBOJBHO TECHAs KOPPENALMOHHAS 3aBUCHUMOCTh KauecTBa OT
KOJIEOAHMIA PYKH CBapIIMKa TOJBKO B BepTHKaIbHOM (B) Hampaienun (ko3hGUIHEHT KOPPETSIIUH
coctasisier 20,8%).

CrnenyeTr OTMETHTb, YTO J0JIs Opaka 1Mo UHIUBUIYATbHBIM MPUYMHAM cocTaBisieT Oonee 70
% oT obriero ypoBHs 6paka (puc. 2).
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npu pyuHoU 0y20601i c8apke

f’z- "’L‘M "“_5

r) ) e)

Puc. 2. Penmeenocpamma 0OHOCMOPOHHE20 MHO2OCIOUHO20 CIMBIKOBO2O COCOUHEHUS C8APHO20 WEA,
ompasicaouasn 8nusHUE UHOUBUOYATILHBIX NPUYUH.:
a-neposromeproe (hopmuposarue (HepasnomepHoe Koebanue 31eKkmpood 6 npoyecce C6apKiL);
0- nepasHomepHoe niasieHue Kpomku (UsMenernue CKopoCmu C6apKu);
8- HEPABHOMEPHOE YCuleHUe c6apHo20 uea (NosblleHUe CeYeHUsl NPUXBAMOK);
2- npepuieucmoe niaeienue (He noaHoe pachiasiieHue 30Hvl C8apKiL);
0- noopesul (nogvluleHUe C6APHO20 MOKA);
e- npooicozu (6016bUL0l 3a30p MeNHCOY KPOMKAMU).

BriBoabl.

1. Ha ocHOBe BBINOJHEHUS  UCCIEJOBaHW  YCTAHOBJIEHO, YTO KauyecTBO U
MIPOU3BOJIUTENBHOCTh CBAPKU PYYHOH JIyrOBOM CBapKd B MOHTQXXHBIX YCIOBHSX
CYIIECTBEHHO 3aBUCHUT OT UHAWBHIyaIbHBIX (PAKTOPOB — pAOOTOCHIOCOOHOCTH CBapIIUKa
PJIC, xorma (aktudeckas paborocrnocobnocts (P¢) nexur B murepBaie or 70 mo 90
OTHOC.€e]I.

2. YCTaHOBJEHO, YTO KayeCTBO M MPOU3BOJUTEIBHOCTh CBApHBIX COEIUHEHUI
BEPTUKAIBHOTO, TOPU3OHTAIBHOTO M TMOTOJOYHOIO INBa OTIWYAIOTCS OT KauyecTBa
CBapHOIO COEIMHEHUS, KOTOPHIE CBAPEHBI B HUKHEM IOJIOKCHHH.

3. PesynpTaTamu uccieoBaHHN YCTaHOBJIEHO, YTO MpPH BBINOJHEHUU CBAPOYHBIX padoOT
pPYJYHOU JIyrOBOW CBAapKOH B MOHTQXHBIX YCJIOBHSIX B pe3ylbTaTe BIUSHUS
WHIUBUAYAIBHBIX (AKTOPOB MeEHSETCS PabOTOCIOCOOHOCTh OpraHu3Ma CBapIIUKa,
KOTOpass OOBEKTUBHO OIICHWBAETCS YTOMIIEHHEM, U CYOBEKTHBHO BOCIPHHHMAETCS B
BU/JIE UYBCTBA YTOMJIIEMOCTH OpPraHU3Ma CBapIIHKA.
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XULASO
OL ILO QOVS QAYNAQ BIRLOSMOSININ KEYFIYYOTINO FORDI
AMILLORIN TOSIRININ TOHLILI
Riistamov R.C., Cafarova S.A.

Acar sozlar: Qaynaq itisulu, gaynaq materiali, rejim, avadanliQ, amoak soraiti, metal konstruksiyanin

tipi, fordi amillor, tadgiqat obyekti.

Mogalads qurasdirma, gaynag, metal qaynaq keyfiyyati, fordi amillarin tosiri, is qabiliyyati, ixtisas, is
tacriibasi, qaynaqgilig, sosial-psixoloji malumat, fiziki, statik yiik vo al ilo qévs qaynaq is soraiti kimi tahlili
masalasing baxilir.

Miiayyan edilmisdir ki, gaynaqgi torafindon ol ilo qdvs qaynagi (RDS) ilo montaj sortlorinds yerino
yetirilmis qaynaq islorinin mohsuldarlig1 va keyfiyyoti birmonali olaraq gosterilon fordi amillarin tosirindon
asihidir.

SUMMARY
ANALYSIS OF THE INFLUENCE OF INDIVIDUAL FACTORS ON THE QUALITY
OF THE WELDED JOINT IN THE MANUAL ARC WELDING
Rustamov R.J., Jafarova S.A.

Key words: welding method, mode parameters, welding and basic material, type of metal

construction, individual factors, object of study.

The article deals with the problem of analyzing the influence of individual factors such as
performance, qualification, work experience, socio-psychological data of the welder, physical, static load and
working conditions of the manual arc welder on the quality of welded joints of metal structures during
installation.

It is established that the productivity and quality of welding works performed by a manual arc welding
(RDS) welder in installation conditions clearly depends on the influence of these individual factors.

Daxilolma tarixi: [lkin variant 09.01.2020
Son variant 16.03.2020
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iINSAN GEYiMi iL® BODONi ARASINDA MiKROIQLIMIiN OPTIMAL
XARAKTERISTIKASI

ROCOBOV ILQAR SALEH oglu
Azarbaycan Déviat Igtisad Universiteti (UNEC), dosent
llgar67@mail.ru

Acar sOzlar: nisbi ritubat, istilik komfortu, geyimin altinda komfortlu mikroiglim, rahathg,
temperatur

Konar hava axminm siiratinin, insan orqanizminin istilik sorfiyyatmin soviyyasing tosiri
haqginda molumatlar adobiyyatlarda, demak olar ki, ¢ox azdir. Olan molumatlar iso bir-birindon
hiss olunacaq doracodo farqlonir. insan orqanizminin istiliyi hissetmo vo nomlik sorfiyyatinimn
gostaricilori arasindaki olago codveallords gostorilib. Bu gdstaricilordon malum olur ki, orqanizmin
istilik balansinin nizamlanmasinda nomliyin buxarlanmasi1 shomiyyatli rola malikdir. Fiziki-
gigiyenik tolobloro uygun olaraq, individual izolyasiya vasitolorinin hazirlanmasi ugiin materiallarin
se¢imindo 1 saat orzindo miimkiin olan soraitdo islomokla, nomlik sarfiyyatinin 200-1200 g/saat
araliginda doyigmosi nozoro alinmalidir.

Geyimin altindaki riitiibatin 6l¢iilmosindo ilkin 6l¢ii alotlorindon biri, Rubner vo Levasovun
tiikdon hazirladig1 hidrometr ola bilor. Onlarin goldiyi noticoyo osason, insan bodoni vo kdynoyi
arasindaki nisbi riitubot 25% olub. Sonralar kimyovi hidrometrin totbiqi ilo, geyimlo bodon
arasindaki nisbi riitubotin, otraf miihiitdon asili olaraq 23-70% araliginda doyigsmosi malum oldu.
Bu mogsad {igiin boazi hallarda quru vo yas termometri olan psixrometrdon do istifado olunmasina
cohdlor olmusdur.

Nomlik sorfiyyatim tayin edon amillor. Intensiv fiziki yiiklonmo vo otraf miihiitiin
temperaturu inasan orqanizminds nomliyin sorfiyyatina tosir edon osas amillor hesab olunur. Bu
amillor eyni zamanda buxarlanma ilo istilik sorfiyyatina da osash tosir edir. Miixtolif molumatlara
asasan fiziki yiikiin soviyyasindon istilik sarfiyyatinin asililigi 1-ci cadvalds yer almusdir. [1]-ci isdo
olan molumatlara asasan, enerji itkisi 60-700 vt diapozonunda dayisir. Istilik komfortu soraitindo iso
bu sarfiyyat 50- 400 vt arahgmda xotti artim ilo miisahide olunur. Nomlik sarfiyyatmin otraf miihiitdon
asilii@i 2 codvelinde wverilib. 1 vo 2 codvellorindon goriiniir ki, otraf miihiitiin miixtalif
temperaturlarinda, miixtslif hacmlords fiziki yiiklorin totbigindo, insan orqanizminin istilik sorfiyyatinin
qiymatinds hor bir miisllifin aldig1 natico forqlonir. Belo noticolorin alinmasi, eksperementlorin miixtalif
metodlarla aparilmasi ilo olagadardir. L. Banxidinin molumatlarma asason istilik sorfiyyatinin rolunun
buxarlanma ilo doyismaesi sokil 1-do verilmisdir [2].

Cadval 1.
Fiziki tasirlorin intensiviliyindan asili olaraq insan orqanizminin namlik sarfiyyati

Ykun xarakteri Orqganizm torofindon Molumata goro, namlik sorfiyatmin hocmi, qr/daq
istehsal olunan istiliyin Valodinin Lyubic Qafgazov Afanasyev
miqdar1 klcoul/saat [3] [5] [6] [7]

Sakitlik 250 -400 0,7-10 0,5-,66 0,5-20 -
Yiingiil is 450 - 650 - - 0,66-3,0 0,8-1,9
Orta intensiv- 650 -1400 1,8-3,0 1,0-1,25 2,5-5,8 1,3-3,1

likli is

Agir is 1500 - 2400 50-7,0 4,5-9,5 4,5-9,5 2,0-4,2
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Cadval 2.
Insan orqanizminin namlik sarfiyyatimin intensivliyina atraf miihit temperaturunun tasiri
Molumatlara asason nomlik sorfiyatinin hocmi qr/saat
. Sika | pitte | Letavett Qaf Af
tempera- utte ctavetta vo argqazov anasyev
wruoe | Volperta | Xolton | v [4] | Mabsev [2] [qe] [, 7)]/
Zaka
-10 - - - - - - 11020
0 - - - - - - 5615
+5 - - - - - - 5015
+10 31 32,5 20 36 - - 4612
+ 15 - - - - - - 4610
+ 20 18 39 25 52,6 37,4 45 -
+ 22 - - - - - - 42410
+ 30 51 104 80 141,6 - 120 -
+ 32 84 123 88 - - - -
+40 - - - 225 - - -
Cadval 3.
Kricagina gora, insan orqanizminin nomlik sarfiyyati, qr/saat.
Istilk hissiyatmin qiymoti
Cox isti Isti Iliq Komfort Sorin
Nomlik 500-2000 torin | 250- 500 torin 60-250 tor 50-60 tor 40 tor olmur
sorfiyyati xeyli hissosi bir hissosi axir axmir olmur
g/saat axir

Konar hava axmmin siirotinin, insan organizminin istilik sorfiyyatinin soviyyosino tosiri
hagqqinda molumatlar odobiyyatlarda demok olar ki, ¢ox azdir. Olan molumatlar iso biri-birinden
hiss olunacaq derocado forqlonir. Rubners [9] asason 35° C-don asag1 temperaturlarda horokotli hava
doriys soyuducu tosiri, ondan yuxari temperaturlarda iso istilik tosiri bagislayir. Bununla belos, Butte
gostorir ki, nisbi riitubot 35% vo 40°C temperaturda, fasilolorlo iifiirme zamani dorinin

temperaturunun azalmasi miisahido olunur [4].
Fasilolorlo fiziki ig zaman, torin ayrilmasi ilo alagodar
olaraq, yiiksok intensivlikli nomlik sorfiyyati
(2000-3000 mgq/saat) yaranir. Bu iso oz ndvbasindos
L. Banxidinin  1200-1800 kkal/saat gdstaricilorine
uygundur. Y. Kunaya [10] osason otaq soraitindo,
insan orqanizminin namlik sorfiyyat1 16-23 g/(m? saat)
olur vo bu gostorici badonin bas, slin i¢i vo ayagin
altinda eynidir. Isti hava soraitinds, orta agirligh
intensiv  iglorde, torin  boadondon  ayrilmasi
400-500 g/saat hocmino catir [11].

Insan orqanizminin istiliyi hissetmo vo nomlik
sorfiyyatinin  g0storicilori arasindaki  olage  3-cl
cadvolda gostorilib [12]. Bu gostaricilordon molum
olur ki, organizmin istilik balansinin nizamlanma-
sinda, nomliyin buxarlanmasi shomiyyatli rol oynayir.
Fiziki-gigienik toloblors uygun olaraq, induvidual
izolyasiya vasitolorinin [13] hazirlanmast ugiin
materiallarin se¢imindo 1 saat arzindo miimkiin olan
soraitdo iglomoklo, nomlik sorfiyyatmm 200-1200
q/saat araligida doyigsmosi nozors alinmalidir.
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Sakil.  Banxidiya gora, atraf miihitin
temperaturunun tasirindan, insan
organizminda buxarlanmaya sorf edilon
istiliyin asuilig.



Insan geyimi ilo badoni arasinda mikroiglimin optimal xarakteristikast

Insan bodoni ilo geyiminin arsinda olan hava qatimn riitubatliliyi. Bodonin iizorindoki
rlitlibatin buxarlanmasi geyimin altindaki hava qatinda nisbi riitiibotin doyismosino sobab olur. Bu
proses, intensiv riitiibot soviyyasinin dolay1 xarakteristikasi ola bilor. Geyimin altindaki riitiibatin
Ol¢iilmasindas ilkin 6l¢ii alotlorindan biri, Rubner vo Levasovun [9] tiikdon hazirladigi hidrometr ola
bilor. Onlarin goldiyi naticoya asason, insan badoni vo kdynayi arasindaki nisbi riitubat 25% olub.
Sonralar kimyovi hidrometrin [14] totbiqi ilo, geyimlo bodon arasindaki nisbi riitubstin, otraf
miihiitdon asili olaraq 23-70% araliginda doyismosi molum oldu. Bu mogsad {igiin boazi hallarda
quru va yas termometri olan psixrometrdon do istifado olunmasia cohdlor edilmsdur [15]. Lakin
cihazlarin miikommol olmamasi sobabindon doqiq molumatlarmn almmasi geyri-mimkiin oldu.
Sonralar Ogden vo Rees miioyyon etdilor ki, komfort soraitindo, istirahot zamani havanin nisbi
rutubatliliyi ¢=30-40% olur, yiiklonmo zamani iso bu gostarici 100% do cata bilor. Homg¢inin bu
miuislliflor gdstariblor ki, insanin uzun miiddst sakit soraitdo do poliefir yataq kisalorinde qalmasi
zamani, geyimlo badon arasinda havanin nisbi riitubsti 100% yaximlagir.

Geyimin gigiyenikliyinin qiymotlondirilmasindo geyimalti mikroiglimin xarakteristikalarina
havanin temperaturu, nisbi riituboti, horokotliliyi, havada karbon qazmnin soviyyesi aid edilir.
Hardyo goOro mikroiqlimin xarakteristikalar1 optimal ohomiyystli komfort soraitds, miivafiq
temperaturlarda vo derinin nomliyindo ( tari = 90° + 2° F(= 32,2%), W= 8 + 18%) insanin ohvali
yaxsi1 olur.

Istilik komfortu, dorinin temperaturu vo istilik hiss etmosi ilo miioyyan edilir [8, s.16].
31,0-34,5° C temperatur vo 10-20% riitubatlilik, komfort voziyyoti hesab olunur. Miixtalif fiziki
yiiklomolor vo miixtolif xarici sortlordo komfortun sortlori dar sorhadlords olur. Onun sorhoadlorindon
konarda istilik nizamlayan mexanizmlor aktivlosir. Hiperbarik soraitdo, subyektiv istilik xarici
miihiito 6tiiriilon gazli-riitubotli havanin torkibindoki ohomiyyatli tosirlori hiss etmoyo sorait yaradir.

Geyimin altinda komfortlu mikroiglim yaratmagq tigiin temperatur vo havanin nisbi riitubatinin
toyin olunmus qiymoti olmalidir. V. Kosoyev insan sakitlikdo, otraf miihiitiin nisbi riitiibatliliyi
60-70% olduqda, optimal temperatur 27-29° C, orta agirliqh is gorondo ise temperaturun 17-23° C
olmali oldugunu gostorir. J. Keigley, insanin sakit halinda, otraf miihiit 65% nisbi riitiibatds,
L.Ogden vo W.Rees 30-40% nisbi riituboatdo geyimin altinda komfort soraitin olmasini gdstorir.
Hesab olunur ki, nisbi riitubati 10% artirdiqda, geyimalt1 havanm temperaturu 2° C azalmalidir.
Demoli, geyimin hazirlandig1 material vo onun qurulusu geyd edilon sortlori tomin etmolidir. Belo
ki, geyim otraf miihitin miixtalif temperaturlarinda v tor ifraz etmonin miixtslif intensivliklorindo,
fiziki yiliklonmonin soviyyosindon asili olaraq 200-1200 qr/saat araliliginda komfortu tomin
etmolidir.

Geyimlo badon arasindaki miihitds, optimal mikroiglim {i¢lin hava axininmn konvektiv siirati
adi voziyyotds 0,2-0,54 m/san, orta agirliql yiiklonmolords 0,1-0,2 m/san olduqda komfort sorait
yaranir. Bu iso yalniz geyimin hava kegiriciliyinin 100-200dm?/(m?san)-den az olmadig1 soraitda
miimkiindiir. Geyimin altindaki havanin kirlonmasi, dorinin nofss almasi zamani ifraz etdiyi karbon
gazlarinin bu miihitdon konarlagdirilmasinin saviyyssindon asilidir. Geyimaltt mihitdo karbon
qazimin saviyyasi 0,7-0,8% araligin1 ke¢dikdon sonra, insanin shvalinda pislogsmalor hiss olunmaga
baslayir [9].

Beloliklo, geyimin komfortlulugunun tomin edilmosi iiclin geyimaltt mokanin
xarakteristikalarina — temperaturuna vo nisbi riitubstin soviyyasing, diqqat yetirmok lazimdir. Otraf
miihiitdon asili olarar, bu miihiit doyiso bilor. Qeyd olunan miihitin lazimi ¢orgivado saxlanmasi,
geyimin tikilmosinds istifado edilon materialin xiisusiyyatlorindon asilidir. Bu zaman materialin
sorbsiya xiisusiyyatino, prosesin artmasi vo azalmasi intensivliyine tosir edon amil kimi baxilir.

Notica.

1. Insan bodoni ilo geyiminin altindaki hava gatinin xarakteristikasi, geyimin komfort
soraitinin qiymatlondirilmosini sortlorindondir. Onlarin toyininin osas faktorlar1 asagidakilardir:
a) xarici sortlor: otraf miihitin soraiti; orqanizmin yiiklonmasinin saviyyesi; b) isifads ilo olagoli
amillor: geyimin konstruksiyasi; geyimin materialinin xassalori.
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2. Geyimin havalandirilmasinin asas sortlori: tiflirmonin siirati; geyimin qurulusunda agiq
hissolorin olmas; istilik vo namlik ke¢irmonin asili oldugu, materialin hava kegiriciliyi.

3. Uflirmonin siiretinin artirilmasinda, geyimalti miihitin havalandirilmasmin tominatinda,
hava kecirmonin rolu artir. Halhazirda tekstil materiallarinda totbiq edilon “nofssalma” termini,
materialin geyimaltt miihit ilo otraf miihit arasindaki slagoninin tomin edilmosidir. Bu zaman
materialin sukecirmozliyi prinsipi gézlonilmalidir.
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B 10 ke BpEMs ObLIH IMpOoaHaAJIM3UPOBAHBI q)aKTOpI)I, BJIMAKOIIHNE HA UHTCHCUBHOCTDL ITPOLCCCa YBCIIMYCHUA U
YMCHBIIICHUS COp6HI/IOHHyIO IpUpoaAbl MaTCpHaia.

SUMMARY
OPTIMAL CHARACTERISTIC OF MICROCLIMATE BETWEEN
HUMAN BODY AND CLOTHING
Rajabov 1.S.

Key words: relative humidity, heat comfort, comfortable microclimate under clothing, convenience,

properties, temperature, relative humidity.

Intensive physical loading and ambient temperature are considered to be major factors affecting the
moisture content in the induction organism. The article also revealed that these factors have also had a major
impact on heat consumption by evaporation. In addition, special attention was paid to the characteristics of
the geyificite - temperatures and relative humidity to ensure the comfort of clothing. Depending on the
characteristics of the material used in the construction of the clothing, it was determined that the above
mentioned environment should be maintained properly. At the same time, the factors influencing the sorption
nature of the material, the intensity of the process increase and decrease were analyzed.

Daxilolma tarixi: [lkin variant 28.02.2019
Son variant 11.05.2019

98



Sumqayit Dévlet Universiteti — “ELMI XOBORLOR”- Tabiot v texniki elmlori bolmasi

Cild 20 Ne 2 2020

MUNDORICAT #* COJEP)KAHHUE * CONTENTS

Fizika va riyaziyyat
1.  Qurbanov M.M., Mommadov F.O., Mammadov S.C., Qocayev M.M. Layl va
zoncirvari quruluslu yarimkegiricilorin termodinamik parametrlorinin temperatur

asililiglarinda Debay funksiyasinin rolu 4
2. Mameoos A.JDuc., Anuesa X.I'., A6oynnaesa H.A. 3anada o ABMKHOTO ONITUMAIBHOTO
YIIpaBJICHUS JIJISl THTIEPOOTMYECKIX CHCTEM C 3aIa3/[bIBaHuEM 9
Kimya
3.  Asurov D.O., Agayev 8.0., Bayramov Q.K., Nasirova I.M. Hidridsilanlarin metallil
spirtinin B-sianetil efiri ilo qarsihql: tosiri reaksiyasinin todqiqi 17
4. Muradov M.M. Aromatik karbohidrogenlorin elektrokimyavi Sistemdo xlorlasmasi 21

5. Mawmeoosa 3.C., Canaesa 3.4., Mameoanues I'.A., I'ycetinosa A.D., Axmedosa P.P.
N3ydeHne KOppo3uu Pa3IMIHBIX METAIUTHUSCKAX MATEPHAIIOB B CPEJIC TIOTYICHHUS
KJI€EBOM KOMIIO3UITHHI 33

6. Hoasanova M.B.Malein anhidridistirol sopolimeri asasinda sintez olunmus 6-fenil
1,3,5-triazin 2,4-diamin fragmentli xelatomoalogatirici sorbent vasitasilo vanadium

(V) ionunun sorbsion fotometrik toyini 37
7. Hoasonova A.R. Dizel yanacaglarinin ikinci emal fraksiyalari ilo birgo
hidrokiikiirdsiizlosmo prosesindo yeni katalizatorlarm todqiqi 43
8. Suleymanova P.V. 1-naftolun etanolla alkillosmo reaksiyasinin Kinetik todqiqatlari 48
9. Qonbarova G.T. NdBIiSes birlosmasinin alinmasi va tadqiqi 52
Cografiya
10. Mardanov I.1., Aghayev T.D., Ahmadova N.M. Differentiation of mountain-meadow
sod soils on southern slope of great Caucasus by degree of soil erosion 56
Biologiya
11. Hasanov X.0O., Oliyev F.T. Abseron yarimadasi florasinin vo termal sularinin
mikobiotasinin biomiixtalifliyi 60
12. Qarayeva A.Q., Maharromova K.Q. Xozaryani akvatoriada bakterioplanktonun
formalasmasi 63
Texnika
13. Isgandarov ©.0., Mahmudov R.R. Saxalonmis su tochizati sisteminin optimal
idaroedilmo mosalosi 66
14. Hiseynov A.H., Hasanov I.R. Su miihitindo 6lgmolor aparan konduktometrik 6lc
ceviricilorinin dinamik xarakteristikalarinin todqiqi 74
15. Balayev V.A., Mommadov V.G., Rohimova M.R. EP-300 istehsalinda amtaa propilenin
alinmasi prosesinin geyri-stasionar rejiminin toyini 79
16. Coforova S.M. Vs tipli geyri-salis Petri sobakasinin tatbiqi ilo texnoloji prosesin
modelinin iglonmaosi 84
17.  Pycmamos P./[c., ocappaposa C.A. AHanu3 BIUSAHUS UHIUBUIYaTbHBIX (PaKTOPOB
Ha Ka4eCTBO CBAPHOTO COCIMHEHUS TIPU PYIHON AyrOBOM CBapKe 88
18. Racabov I.S. Insan geyimi ilo badoni arasinda mikroiglimin optimal xarakteristikas: 94

99



Kompiiter y1gimi1 S.Sahverdiyeva
Texniki redaktor E.Hasratova
Dil dastoyi Linqvistik Markaz

Capa imzalanmigdir: 29.06.2020-ci il
Moatboo kagizi, kagizin formati: 70°108 ¥4
Yiksok cap tsulu. Hocmi: 23,18 s.¢.v.
Sifaris . Tiraj 250 niisxo.
Qiymoti miigavils yolu ilo.
Sumgqayit Dovlot Universiteti
Redaksiya vo nosr islori sobasi

Mixbir Gnvan:

Azarbaycan, 5008, Sumqayit, 43-cti mohallo
Tel: (0-12) 448-12-74
(0-18) 644-70-41
Faks: (0-18) 642-02-70

Web: https://www.ssu-scientificnews.edu.az

E-mail: sdu.elmixeberler@mail.ru



https://www.ssu-scientificnews.edu.az/
mailto:sdu.elmixeberler@mail.ru




	Yüksək çap üsulu. Həcmi: 23,18 ş.ç.v.

