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Movcud odobiyyatlarda gostorilmisdir ki, bork cisimlorde bir sira termodinamik
parametrlorin temperatur asililiglarini miioyyon edon zaman Debay xarakteristik temperaturu (0) ilo
borabar Debay funksiyast D(8/T) da asas rol oynayir [1].

Yiiksok 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-miitlaq
temperaturudur.
Bork cisimlorin istilik tutumuna aid Debay modeli asasinda hesablanmig orta enerjisi iso
E = 3KNTD (2) @)

diisturu ils tayin olunur.
Burada

0/T x3d
L 5= (3)

0 7\3
p(5)=3()
Debay funksiyas1 adlanir.

Goriindiiyti kimi, kristalin ixtiyari temperaturdaki enerjisi (1) diisturunda verilon enerjinin
giymatindon Debay funksiyast vurugu ilo farglonir. Digor bir osbabiyyatda Debay funksiyasmnin
giymati belo diistur soklinds hesablanmigdir [2].

D(%) = [y (% = 1) ixdx @
T (9 /T) 0
(3) diisturuna asason hesablama apararkon inteqralalt1 ifado siraya ayrilmis (T > 0), (T «< 8) va
araliq temperatur inteqarallar1 li¢iin Debay funksiyasinin asimptotikalar1 aragdirilmigdir.
Bu halda yiiksok temperatur oblastinda (T > 8) Debay funksiyasinin asimptotikasi tigiin

6 3(6 1 (62
p(z)=1-3(7) +5() ©)
giymati, asag1 temperatur intervalinda isa (T «< 8)
4 (T\3
p(%/r) =% (5) (6)
almmusdir.
Bu obadiyyatda homginin araliq temperatur hallarinda istifado oluna bilacok f;oe’;d_xl _

2
inteqaral1 liglin % —giymatinin alindig1 gostorilmisdir.

4


mailto:mehti.qurbanov@bk.ru

Qurbanov M.M., Mammadov F.O., Mommadov S.C., Qocayev M.M.

Movecud odobiyyatda (4) ifadssindon biitiin temperatur intervalinda Debay funksiyasinin
giymatlori hesablanib cadval saklinds verilmisdir (cadval 1). Buradag > x = 0 gotlirtilmusdiir.

Cadval 1.
0/ T Dp(%/ ) 0/ T p(%/ 7)

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 2,5 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 iglords istilik parametrlorinin temperatur
asililiglar1 tigiin osasan Debay modelinin nisbaton yaxs1 6denildiyi hallar gétiiriilmiisdiir. Layli vo
zoncirvari qurulusda kristallagsan miirokkab yarimkegirici birlosmoalar {igiin Debay funksiyasinin
cadval 1-do verilon giymatlarindan istifado etmoayin miimkiin olmasini arasdirmaq maraq dogurur.

Bu isdo gallium vo indium monohalkogenidlorinin istilik parametrlorinin eksperimental
giymatlari asasinda hesablanmis Debay funksiyasi vo onun adobiyyatdan méveud olan giymatlorlo
miiqayisosi aparilmigdir.

Qallium va indium monohalkogenidlari tiglin Debay xarakteristik temperaturu (8), hamin
birlosmoalorin istidon genislonma omsallarmin eksperimental qiymotlorindon istifado etmoklo
odobiyyatdan méveud olan empirik diistur asasinda hesablanmisdir [3].

g — 1937

-2
(4v*za)
Burada A-ortakvadratik atom kiitlosi, a-istidon Xatti genislonma omsali, V-atomar hacmdir.
Todgiq olunan birlosmalor tiglin istidon Xatti genislonmo omsali tocriibi olaraq tayin

edilmisdir. Bu halda tocriibanin nisbi xatas1 0,5 % olmusdur [4, 5]. Biitiin birlosmalor {i¢iin miixtalif
temperatur intervalinda a vo 8-nin giymatlori codval 2 va cadval 3-dos verilmisdir.

Bu birlosmalor tiglin H/T-nin giymatlori do homin cadvallords verilmisdir.

Codval 1-do verilmis qiymatlorlo miigayiso aparmagq mogsadilo gallium vo indium
halkogenidlori tiglin do Debay finksiyasinin hesabat (4) diisturu oasasinda aparilmis vo alinan
naticalar do cadvallords verilmisdir.

Bu hesablamalarin aparilmasi zamani (4) diisturuna daxil olan inteqralin giymoti ii¢lin
odobiyyatda verilmis

(7)

N =

o xdx w2

e = fO eX—1 - 6 (8)
giymotindon istifado edilmisdir. Burada inteqralin agilisinda Qamma funksiya vo Riman
funksiyasinin hasili gotiirilmisdiir [1].

Cadvollordon goriindiiyli kimi, qallium vo indium halkogenidlorindo Debay xarakteristik
temperaturu azalan halda da, basqa sézlo, GaS-don GaTe-a getdikco vo eloca do InS-don InTe-a
getdikco Debay funksiyasinin qiymati artir.

Aliman qiymatlorin Debay funksiyasinin adobiyyatdan movcud olan codval qiymatlori ilo

miiqayisesi gostormisdir ki, (7)-diisturunda verilon gqiymatlor asasinda aparilmis hesablanmalarda
(H/T)-nin giymatlari kigik olan hallarda (H/T < 2), onun azalmasi ilo kanaragixma daha ¢ox olur.




Layli va zancirvari quruluslu yarimkeciricilorin termodinamik parametrlarinin
temperatur asililiglarinda Debay funksiyasinin rolu
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Qeyd etmok lazimdir ki, Debay funksiyasi da Eynsteyn funksiyasi kimi 0 < T < o oblastinda

0 + 1 intervalinda qiymatlor alir. Basqa s6zls, D(9 /T) = {g‘; : o(())
Temperaturun homin oblasta uygun galon giymatlori ti¢iin adabiyyat [1]-do verilmis
3 1 2
D(H/T)=1_g(9/7")+5(9/7‘) )

diistur asasinda hesabat apardiqda cadval 1-do verilmis gqiymatlors daha yaxin qiymatlor alinmigdir.

Qallium va indium monohalkogenidlori {igiin (9) diisturu asasinda hesablanmis giymatlor
coadval 4 vo cadval 5-do verilmisdir.

Aparilan arasdirmalar gostormisdir ki, layli vo zoncirvari quruluslu miirokkob yarimkegirici
birlosmolar ti¢iin do termodinamik parametrlorin hesabati zamani ¢ox kigik xata ilo codval 1-do
verilmis qgiymatlordon istifado etmok olar. Bu halda meydana ¢ixan konaragixmalari istilik
parametrlorinin eksperimental giymatlorinds vo Debay xarakteristik temperaturunun hesabatinda
yaranan Xatalarla slagslondirmak olar.

Debay funksiyasinin hesabati ti¢iin adabiyyat [1]-do verilmis giymatlordon ¢ox asag1 (T «< 0)
Va ¢ox yiiksak (T > @) temperatur intervallarinda istifads etmok olar.

Cadval 4.
GaS GaSe GaTe

T, K H/T D(G/T) T, K H/T D(B/T) T, K B/T D(H/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 G/T D(H/T) T, K H/T D(B/T) T, K B/T D(H/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
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PE3IOME
POJIb JEBAEBCKOM ®YHKIIUU B TEMIIEPATYPHOM 3ABUCUMOCTH
TEPMOJJMHAMHUYECKHNX MTAPAMETPOB IOJTYIIPOBOJHUKOB CO CJIOUCTOM
M LEIMHOM CTPYKTYPOM
Kypoanoe M.M., Mameooe ®D.A., Mameooe C./L., I'ooxscaee M. M.

Kniouesvie cnosa: xosgppuyuenm mennosoco pacuiupenus, memnepamypa Hebas, ¢ynxyus JJebas,
CPeOHsist SHepaUsl, MEPMOOUHAMUKA, XATTbKO2EHUO.
Ha ocHOBe OSKCHEPHUMEHTATLHBIX MaHHBIX IO TEIUIOBOMY PACIIHPEHHUIO IPOBEACHBI pPacueThl

ne0aeBCKON XapaKTepHUueCcKOi TemrepaTypsl (6) u nebaeBcKoi GyHKIIMH D(Q/T) JUTSI MOHOXaJTbKOT€HUIOB

rayumist 1 uaaus. [lokazano, 9ro 3HaueHne TaHHOW (YHKINH, BEIYHMCICHHBIE HA OCHOBE JIe0aeBCKOW MOJIEIH,
HE TPUTOJHBI IS COCAMHCHHMH, KPUCTAJUTU3UPYIOIIUXCS B CIOUCTBIX M IEMOYHBIX CTPYKTypax. s
CIIOKHBIX MOJTYIPOBOAHUKOBBIX COCAMHEHHH, KPUCTATUTUIUPYIOIIUXCS B CIIOMCTONW M LIENIOYHOM CTPYKTYpe,
OobIlle MOAXOJAT 3HAYCHHS, ITOJYYAOMIUEecs NPH PA3I0KEHHH B PSI MOTUHTETPATEHOTO BBIPAKCHUS,
BXOJIAIIEero B (opMynmy Juis BeIMuciIeHHus AcOaeBckoil (ynkimu. [lebaeBckue (yHKINH, UMEIOIIHECS B
JIUTEpaType, MOKHO HCIOIB30BAThH TOJBKO MPU 3HAUYNTETIHHO HU3KHUX T BBICOKHX 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(G/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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Kntoueevle cnoea: onmumanvHoe —ynpasieHue, NOOBUNCHOe  ONMUMATbHOE  YNpasieHue,
K68AOpamuyHulil (PYHKYUOHAT, 2UNepooIudecKkas cucmema ¢ 3ana3obléaHuem

HYCTB ynpaBHerMLIﬁ Iponecc ONMUChIBACTCA YPABHCHHUEM

522?; %) 1 Ly(t, )+ b[w+ Ly(t-a, x)} u(t)s(x-o(t)), (1)
C Kpa€BbIMHU
a,y(t,0)+b, ay(t 0 4 (1),
2
ew(t,mblay(t D ), ?

1 Ha4aJIbHBIMU YCJIOBUAMU

{y(t'x):‘”(t'x)’ <t<wm 0<X</, 3)

yi(t,x) = (t.x),
rae

=2 {p(x)ay(t X’} [q(x) }r(x)y(x,t);

b=0, p(x),q(x),r(x) 3amaHHbBle  AOCTaTOYHO  IiIagKue  (QYHKIMA HAa  OTPE3Ke
[0,7], o(t,X),w(t, X) - byukiuu, 3aganusie B npsmoyroibauke D =[0<t < ®'; 0< X < /], koTOpBIE
nenpepeiBabl 10 { wa [0,w] mpu xaxmom QuxcupoBannom X [0, /], 44 (t), 1, (t) rmankume

¢yukumu wa [0, T ], - mnocrosuubie 3amasasiBanus; d,,0,,8,,0, mocrosHHbIE uucna

yaoBnerBopstomue yciaouo  a. +b7 >0, a7 +b>>0,u(t) u o(t) o3HauaeT MHTEHCHBHOCTH

BHEUIHUX CHUJ M TMOJOXEHHE HMHTEHCUBHOCTH BHEIIHUX CHJI COOTBETCTBEHHO W SIBIISETCS
YIPaBISIOLUUM TapaMeTPOM, KOTOPbIN YIOBIETBOPSET YCIOBHUIO

qu(t)dt <L 0<o(t)</; 8 - «nenbray Gynkums Jupaka, T.e. pyHKIMOHAN IEHCTBYIOMIHIL
0
no opmyne
[8099()dx=(0).
0

I[J'ISI 3TOM CHUCTEMBI paccMaTpuBaCTCA CICAYIOMAasA 3a/iadya ONTHMAJIBHOIO YIIPABJIICHUA: IIPU
HU3BCCTHOM MECTOITOJIOKCHHUHN HCTOYHHUKA BHCIIHUX CHUll U(t) , HalTH YIIpaBJICHUC
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3aoaua noosuscnoco onmumantbHo20 ynpaejaeHus ons 2unep60ﬂuqec1<ux cucmem ¢ 3anazobl8anuem

u(t)eU:{u(t)eLZ(O,T):||u(t)||Sl} KoTopoe mnpu pemeHusx 3amaun  (1)-(3) nocraBisier

HaMMEHbIIee BO3MOXKHOE 3HaUeHHe (DYHKIIOHAIA
J(u) = j{[YU X) = Qe OO +Ly; (T, X) — Q, ()3 (4)

JInst WccieoBaHus 3aaddl ONTHMAIBLHOTO YIpPAaBJIEHUS CHadana Ui (DUKCHPOBAHHOTO
yrpasienus U(t) ompenenum perienue cmemranHoi 3aaayu (1),(2),(3).

Pemenwne 3amaun (1), (2), (3) uiiem B Bue:

X
y(t.x) =z(x,t) + 24 (t) +Z[/U2 (t) — (O], ()
3nech Z(X,t)- noka neuspecrnas pyukius. M3 ycnouii (2) moydaercs
2(0,t) =0, z(¢,t) =0, (6)

O4eBHUIHO, YTO

Y0 TN )+ X 1) - w0,

Lz(t,x) = Ly(t, x).
Torna mist onpenencuus z(X,t) momydyaercs ypaBHEHHE

—azazz(t'zx) +La(t, ) + b{—azz(t —OX) | it o, x)} _
t )
=u(®)s[x —o(t)] - 4(t) —%[#E’ (1) — (O]
W3 rpaHn4HBIX YCIOBUH MOJTy4aeM
a,2(t,0) +b,z,(t,0) =0, 6
az(t, 0)+bz(t,¢)=0. ©)
W3 HayanbHbIX ycnoBwii (3) numeem
2(t%) = 9t ) = 4O~ L, = O]
(7)

2/(t,X) =V/(t,X)—Afi(t)—%[ﬂé(t)—m(t)]-

Takum o0Opasom HeuwsBecTHas GyHkuus Zz(X,t) ompemensercs Kak peUICHHE 3a1aqu

(5).(6).(7).
Pemenue 3amauu (5),(6),(7) utem B Buze
z(x,t) =2 2, (P (%), (8)
k=1
rae {®,(X)} sBrsercs OpTOHOPMUPOBAHHO CHCTEMOI COOCTBEHHBIX YHCEI CIICKTPATBHOMN 33/1a9u
LD(X) = 1D,
a,®(0) +b,®'(0) =0, 9)

a,d(0)+bd'(¢)=0.
Nszsectno, uto [1,4] ecmu pP(x)<0,g(X)>0, Ttorma cymecTByeT BoO3pacTaromas
OCIIEIOBATENBHOCTh {A, } HEOTpHIATEIbHBIX YKMCEN TaKUX, 4TO MpU A = A, CHEKTpaibHas 3aj1ada
(9) wumeer enuncreennoe pemenne {D,(X)}. Kpome Ttoro, cucrema coOCTBEHHBIX (YHKIIHIA

{D, (x)} obpasyer opronopmupoBanusiii 6azuc B L, (0, 7).
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Ouesnano, uro U(t)S(X—ou(t)) npunamiexut npocrpanctBy L,(0,¢). Torma mmeer mecto
pasnoKeHne

ut)s(x—o(t)) = Z‘j‘,U(t)CDk [, (X)
X) & of. X
(17) = ;akcpk(x), a = (1—z]®k(x)dx,

0

X & X
z:kzﬂlﬁkq)k (), B :£Z®k (x)dx.

Hcnonw3ys atu paznoxenus B Gopmyne (8) u3z ypaBHeHuid (5) s onpeneneHus QyHKIUN
Z, (t) momyuaem ypaBHeHHE

z, () + A4z, () +b[z/(t - 0) + 47, (t - @)] =

10
=Uu()@, (o)) - (1) = Bass (1), ()
C HAYaJIbHBIMH YCJIOBUSAMU
{Zn(t) =0, (1) — o ,(1) — Bt (1),
23 () =, (1) — e (1) = By (0).
Beenem 0003HaueHUA
Z1n (t) = Zn (t)’ ZZn (t) = Zl'n (t) = 2;1 (t)
ypaBHenue (10) HamuiieM B BUJE CUCTEMBI
AX, O +AX, (t-o) + B X, (1) + B X, (t-0) = F, (1), (11)
rae
(10}, (00, (0-1)_ (0 0
A°_(o 1)’ A‘(o bj’ 4, 0f 7 (b4, 0)
Xn(t){zl”(t)]: Fn(t){ y , j
Z50 (1) U@, [o(®] - oy 24(t) - B (1)
Torna nagansHoe ycinoBue (10) MOKHO 3amucaTh B BUJIE
X, (1) = P, (t) = (q’” O —anst) = S, (1) J; 0<t<o. (12)
U (t) - anlul(t) - ﬂnﬂz (t)

Ussectro [2], uro ecmm U(t) mpumammexur kmaccy C(0,®) 3a MCKIIOUEHHEM BO3MOYKHO,

KOHEYHOTO YHCIIa Pa3pbIBOB MEPBOTO poja B Toukax MHokectBa S, =[0,00]( 1M, a Bektop P, (t)
1

npuHamiexut kiraccy C(0,w), to cymecrByer emuHcTBeHHas BekTop GyHkmms X, (),

HenpepbiBHas pu { > @, ynosnerBopsitomiast HadansHOMY ycinoBuio (12) u cucteme (11) mpu
t>w, te(oo)\no. daree X, (t) npuraanexur xnaccy C' mpu t>0,t¢S,.

Jlnst ompenenenus 3toro penrenus o6o3naunM vepes K"(t) eaumHCTBEHHYIO MaTpUUHYIO
GyHKIHUIO, 00JIIAONIYIO CIIEYIOIIMMHI CBOUCTBAMH:
a) K"(t)=0,t<0 ;
b) K"(0)= A"
c) pynxmus A)K"(t) + AK" (t — ®) npunamnexut xknaccy C(0,);
d) K"(t) ymosnerBopsieT ypaBHeHHIO
AK"(t)+AK"(t-w)+B,K"(t)+BK"(t-w) =0,
11
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npu t>0,t¢(0,0)ko=S,.
CymectBoBanue u enuHcTBeHHOCTs K'(t) MOXHO /10Ka3aTh METOIOM IOCIIEN0BATEIHLHOTO
unterpuposanus. Oynxius K" (t) npunamnexur xiaccy C* npu t>0,t¢S,, To B 06mIeM cayuae

MMeET pa3phIBbI IIEPBOTO POJa B TOYKAX MHOXKECTBA S, .
HerpynHo nokazars, 4To

j K"(t)e™'dt = H*(s), npu Re(s)>c,
0

rac

A,(@+be™)  s(l+be
O6o3naunM yepe3 (C) mpsMyro, KoTopas IEpHCHIUKYISIPHA JICHCTBUTEILHOM OCH H

pacnonox(eHa B npaBoﬁ HOJ'IYHJ'IOCKOCTI/I. ypaBHeHI/Ie TaKOﬁ HpHMOﬁ HUMECT BU/:
S=a+it; —o<t<+400,a>0.

H(s)=AOS+BO+(A18+Bl)e“’SE[ ° - _m)].

Torna snementsl matpunsl K" (t) onpenensrores COoTHOIIEHHEM:

n _ S st 4+ - n _ _)Ln st
KhO= 7ot Ka0= [ 7 etds,

el = J(sz+/1 )(1+be-a’3)GIS

(c)
St

Kaa(t) = I(szm )(L+be™ a’S)

Hcnons3ys TEOpUIO BBIUETOB U3 MEPBBIX JABYX BBIPAKEHUMU, ITOJIy4acM

Ky () = cos 2,6 K3 (8) =—/4, siny/At.

Jns onpenenenns K[, (t) u KJ,(t) ucnonesyem Tor ¢akr, uro ecnm /(t) enuundnas

(GyHKIMS, ONpeielIeHHast CIeAYIOIINM 00pa3oM:
1) /(t)=1,1t>0;
2) /(t)=0,t<0

TO BBIIIOJIHACTCA PaBCHCTBO

Tf (t—c)/(t—c)dt = WST f(t)e™'dt, c>0. (13)

Hcnonb3ys pasznoxeHue

b k 7kws
1+be""S Z( ye

k=1
W3 paBenctBa (13) u cooTHOLIEHMH

© © —kas
[ Kie “dt=3(-b)"

0 D a1

:z(_ k —k(j —stdt

n k=1 0

KD (t) = J_Z( b)* sin /2, (t — kw)e(t —ke) .

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

12
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N
Kpy(0) =" (-h)*sin /4, (t —ke) (14)
k=0
AHaJIOrHYHO MOXKHO II0Ka3aTh, YTO
N
K5 () =Y (-b)*cos\[4, (t—kw), mpu No<t<(N+lo. (15)
k=0

B cuny u3Bectnoii Teopemsl P.bemmana [2] pemenue 3anaun (5),(6),(7) npencraBisercs B
BUJIE!

200 = 3 9,(0) -ty ()~ B () ]005 7y (1~ 0) +
[y 0) =l 0) - i@ ()" sin 7, - 0—ko) +

+bly, () - 2, 14() - B3 (@) J_z( b)* sin /4, (t —ke) +
+TI [wn<r)<bn(x)—anﬂ;(r)—ﬂnﬂ;m]Z(—b)ksinw_n(t—kw—r)dr—

—Jb[t//n(r) 0, 144(7) = Botty (7) J_Z( b)* sin /4, (t ke - 7)d 73D, (x).

BLI‘II/ICJ'II/IM HHTCIrpaJibl:

t
(7)sin[4, (t—keo—7)dz = %,ul'(r) cos /4, (t—ko-7)[ -

2]

—%j.yl'(r)cos\/ﬂ_n(t—ka)—r)dr=%[,ul'(z')cos\//1_nka)—

— 14(z) cos \[4, (t ko — )] - \/_ \/_,ul(r)sm\/—(t ko-7)[ +
+/1ij.yl(r)sin\//1_n(t—ka)—r)dr]:
jy{(r)sin\/ﬁ_n(t—kw—r)dr=%[—ﬂl(r)sin\/ﬂ_nka)—

— 1(7)sin 2, (t —ko - )]
jy;(r)sin\/l_n(t—kw—r)dr:\/Z_[—yz(r)sin\/}t_nka)—

—,uz(r)sin\/ﬂ_(t—ka)—a))],
jy (r)sin /7, (t ko — T)dr—\/:;_n[y;(r)cos\/l_nkw—

— 113 (@) cos /2, (t - kw—m)]—%[%u;(r)sin JAko+

+%jﬂ2(f)sin\/,1_n(t—kw—r)]—%juz(r)sin\/ﬁ_n(t—ka’—f)df'
N nw 13
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YuuThiBass 3HAYCHHWE BBIYMCICHHBIX WHTETPANIOB, IIOCIE HEKOTOPBIX 3KBUBAJCHTHBIX
nepeoOpa3zoBanmil moayduM perierue 3anaun (1),(2),(3) s GUKCupoBaHHOTO YIIPaBJICHUS B BHJIC:

y(x,t):i[wn(w)cosﬁ(t—a))+1//n(a))i(—b)kSin\//l_n(t—a)—ka))+
1 t
+by, () (-b)* sin (t—ko)+ u()®, (u(r))x
o st |
xZ(—b)kSinﬂ,n(b—ka)—f)dr—ijyl(r)sin\//l_n(t—ka)—r)dr— (16)

——ﬂnjﬂz(r)smfa kor—2)dz - bjwn(r)rzm) x
XSIn\/_n(t—ka)—a)—Z')dT](Dn(X)

Wcnone3ys npexncrasienue perienus 3agadu (1)-(3) u ee npou3BOJHBIX IOCIIE HEKOTOPBIX
SKBUBAJICHTHBIX ITpeoOpa3oBaHuil pyHKIMOHAN (4) MOXKEM IPEACTaBUTh B BUJIE:

J(u)zi{[con(w)cosw_n (t—w)wn(w)i(—b)ksinﬁn (t—o—ko)+
+bwn(w>rz( b)* sin /2, (t — keo) - bjwn(r)rz( b)*
xsin\/i_n(t—ka)—a)—r)dr—QOH+ﬁ£u(r)®n(u(r))x
x;zo(_b)ksin\/z_na—ka)—r)dr]z+[—\/z_n¢n(w)sin\/,1_n(T—r)+

)3 () 008 7, (T —0-k) by, (@) (-0) cos {7, (T —ke) -
“b[y; (r)szo(b)k 008 7 (T ko~ - 2)de ~ Qyy + [U(END, (0(e) »

N
x > (-b)* cos /4, (T —ke - 7)d 7]’}
k=0
BBOJ_'[I/IM O603H8H€HI/I${Z

= i{[% (@)c0s /2, (T —) +, (co)i(—b)k sin /4, (T - @ —ko) +

+bl//n(60) > (=h)“sin /4, (T —ka) - b l//n() ( b)* x

k=0

xsin\/}L_n(T —ka)—a)—r)dr—Q()n] +[—/1ngon(a))sm\/_n(T —7)+
+v Ay, (w)i(—b)k cos A, (T —w—ko)+by, (w)i(—b)k 008 /4, (T —ka) -

—bTW;(r)i(—b)k cos /4, (T —ko—w—7)dr -Q,, >

14
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p(r) = Zi{[gon (@) cos 4, (T — o)+, (a))ZN:(—b)k siny/2, (T - o — k) +

+bwn(w>fi( ) sin /2, (T —ke) - bjwn(r)rz( b)"

k=0

><sin\/}b_n(l'—ka)—a)—r)dT—QOn \/—J.U(T)CD . (u(7)) %

n(u

xﬁé(—b)ksinﬁna —ko=7) + [~ 2,0, (@)sin {2, (T - ) +

)3 () 008 7, (T —0-k) by, (0)(-0) cos {7, (T —ke) -
“b[y; (T)g(‘b)k 005 /2 (T ke — - )7~ Qu 10, (0(2) %

N

R(z,s) = Z r@ (u(r»Z( b)*sin /2, (T —kw-7) |x

x ch(u(s))Z(—b)k 008 /2, (T —kw—s).

[Tocne aTux 0603HAYCHMIA Q)yHKuI/IOHan J(u) HpI/IMeT BHI:

Ju)=1+2 j p(ru(r)dr + j j R(z,s)u(s)u(z)dsdr (17)

w o
HerpynHo mokasarh, 4TO (byHKuHI/I p(zr) u R(z,S) HempepbIBHBI OTHOCHTEILHO CBOUX
aprymentoB B [@,T] um [, T]x[w,T] coorBercrBenno. Kpome Ttoro R(z,S) sBisercs

MOJIOKUTEIBHO OTMPENACIIEHHBIM, CAMMETPHUECKUM SIIPOM.
Teopema. IlocraBneHHas 3a7a4ya UMEET PELICHUE.
JoxkazatenbcTBo. C 3TO# 1ebI0 CHavYaia mokaxem, uyto GyHkmuonan J(U) sBisercs ciabdo

nosyHenpepbiBHbIM (yHKnoHanoMm Ha L,(0,T), To ecTp kakoBa Obl HH ObLJTa TOCIIEIOBATEIBHOCTD
{u, (t)} cnabo cxomsmasics k Uy (t) B L,(0,T) umeer MecTo HEpaBEHCTBO
J(u,)=limJ(u,).
N0
Paccmotpum omeparop F, meiictByrommit w3 L,(0,T) B L,(0,T) u ompenenenusrii 1o

bopmyne

;

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

Tax xak R(t,S) sBIsieTCss CHMMETPHYHBIM U TIOJNIOXKHUTEIBHBIM siipoM, TO F wu Oymer

HOJIOKHUTENBHBIN CAMOCOTPSIKEHHBIH OIepaTop.
®ynkiponan J(U) mpeacTaBuM B BH/IE:

JU) =1 +2(a(t), u(t))Lz(O,T) +(Fu(t), u(t))LZ(O,T) :
N3 camoconpsbkeHHOCTH U nonoxutensHoct onepatopa F B L,(0,T) crenyer, uto ecrnu

{u,(®)} cnabo cxomurea k U, (t) B L,(0,T), 1o
15
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lim(Fu,,u,)>(Fuy,u,) [4]. CraenoBatensHo, ¢ynkuuonan J(U) sBisiercs cnabo
nN—o0

MOJIYHENIPEPBIBHBIM M OrpaHHYeHHBIM cHu3y B U . OTcrosa B CHIy OrpaHUYEHHOCTH M Claboii
3aMKHYTOCTH MHOecTBa U cieayeT XoTsi Obl OJHO YyIIpaBJiE€HHE, IOCTABJIAIONICe HAaMMEHbIICE
3nauenue pynkuumonany J(u) [4]. B caydae, xorma ¢ynkimonan J(U) CTpOro BBIMTYKIBIH, 3TO

YHIpaBJICHUC CAMHCTBCHHO.
Taxum o6pa30M, CYIICCTBOBAHUC OIITUMAJILHOI'O YIIpaBJICHUA JOKA3aHO.
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XULASO
GECIKMOLI HIPERBOLIK SiISTEMLOR UCUN HOROKOT EDON
OPTIMAL iDAROETMO MOSOLOSI
Mammadov O.C., Oliyeva H.H., Abdullayeva 1.0.

Agar sizlar: Optimal idaraetma, horakatli optimal idaraetma, kvadrat funksional, gecikmoali hiperbolik
sistem
Moqalads gecikmali hiperbolik sistemlor iiglin harokot edon optimal idarsetmo masolosine baxilir.
Idarsedici funksiya tenliyin sag torofinde Dirakin delta funksiyasi soklinda istirak edir. Optimalliq meyari
olaraq kvadratin funksional1 gétiiriiliir. Hor bir geyd olunmus idaraedici ii¢lin garisiq masolonin imumilosmis
halli tapilir. Hallin tapilmasi gecikon arqumentli diferensial tonliyin hollinin tapilmasina gotirilir va ¢ixiqlar
nazariyyesindon istifade olunur. Malum trayektoriya iizra harokst 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: [lkin variant 07.02.2020
Son variant 30.03.2020
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HIiDRIDSILANLARIN METALLIL SPIRTININ B-SIANETIL
EFIRI iLO QARSILIQLI TOSIiRi REAKSIYASININ TODQIQI

'ASUROV DURSUN OHM®OD oglu
’AGAYEV 9KBOR OLI oglu
SBAYRAMOV QORXMAZ KORIM oglu
‘NOSIROVA IRADO MOMMBOD qiz1
Sumgqayit Doviat Universiteti, 1,2- professor, 3- dosent, 4-bas miiallim
gorkmaz40@gmail.com

Acar sozlar: silisium hidridlori, metallil spirti, Speyer katalizatoru, heksaxlorplatinat tursusu,
disproporsialagma, akrilonitril, Farmer qaydast

Silisium-iizvi polimerlorin molekullar1 silisium vo oksigen atomlarinin ndvbolosmosindon
omalo golir. Silisiumun yan zaoncirlorinde karbon vo basqa atomlardan toskil olunmus miixtolif
funksional qruplar yerlogdiyindon onlar polimers, yeni keyfiyyatlor: termostabillik,
soyugadavamliliq, plastiklik, elastiklik vo halledicilors hallolma qabiliyysti verir. Homin qruplardan
biri nitril (CN) grupudur. [1-3]

Ona gora do hazirda silisiumun fordi sianalkil birlosmoalori an alverisli kar-bofunksional
monomerlaordon sayilir. Bu sobabdan nitril torkibli silisium-iizvi mono-merlarin sintezi sahasi siiratli
inkisafa vo genis tadqiqat islorina sobob olmusdur. [4]

Toqdim olunan isdo nitril qrupu alkil radikalinda olan silisium-iizvi nitrillorin sintezi vo
xassalorindon bohs edilir.

Silisium-iizvi nitrillori sintez etmokdon 6trii silisium hidridsilanlarin metallil spirtinin -
cianetil efirino birlogdirilmosi reaksiyasi hoyata kecirilmisdir. Metallil spirtinin B-sianetil efirini
almagq ti¢lin metallil spirti ilo akrilonitrildon istifado edilorak sianetillosmo reaksiyasi aparilmigdir.

Silisium hidridlorin metallil spirtinin B-sianetil efirino birlogdirilmasi reaksiyas: soyuducu,
mexaniki qarigdirict, termometrls tochiz olunmus ticbogazli kolbada atmosfer tozyiqinds izopropil
spirtinin 0,1 n mahlulunun istiraki ilo aparilmigdir. Reaksiya zamani hor gram mol olefins 0,2-0,3 gr
hesabu ilo katalizator olavs edilir.

Umumiyyatlos, silisium hidridlorinin yiixarida gostorilon olefino géro aktivliyini asagidaki

ardicilligla gostormok olar:
CHgC'zsIH > CH3(CH2)4SIH > (CH3)2C6H5SIH > CH3(C2H5)28|H >

> Cl3SiH > (OC,Hs5)3SiH

Miioyyon edildiyino goro yuxari temperaturda (130-1600C) metil dixlorsilan ilo alinan
adduktun ¢iximi 35-40%, 70-80°C-do iss 45-50% olur. Reaksiyani 55-65°C-da apardiqgda onun
ciximi1 75%-don yuxar olur.

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

Eynilo alkoksisilanlar da pis birlogir. Burada birlosmo mohsulunun az olmasina sabob
trietoksisilanin disproporsialagsma reaksiyasina moruz qalmasidir. Odur ki, birlogsma reaksiyasi ilo
yanasl1, burada asagidaki kimi disproporsialagma reaksiyasi da bas verir:
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Hidridsilanlarin metallil spirtinin p-sianetil efiri ilo qarsiliqli tasiri reaksiyasinin todqiqi

HSi(OCyH5)3 —— Si(OC5yH5),
Burada osaslanmaq olar ki, trietoksisilanin disproporsialagsmasinda nitril torkibli olefin 6zii
katalitik rol oynamisdir.
Bundan basqa, alinmis adduktlar tizorindo bir sira ¢evrilma reaksiyalar1 aparilmisdir. Ancaq
burada nitril grupunun Qrinyar reaksivi ilo tosiri zamani ketona g¢evrilmok ovazina, onun
desianetillosmis mohsulu olan spirt alinir.

RR/,SiCH, - CH - CH,0CH,CH,CN + RMgX —120
Hs
— RR/ZSiCHziHCHZOH + Akrilonitrilan polimeri
Hs

Metildixlorsilan birlogdirilmis adduktu CH3zMgJ ilo alkillosdirorken, alkillosmis mohluldan
basga, onun desianetillosmis mohlulu olan spirt do alinir:

H,0
CH3Cl,SiCH,CH(CHs3)*CH,OCH,CH,CN + CHsMg] ———

—— (CH3)3S|CH2°CH(CH3)CH20CH2CH2CN +

+ (CHg)gSICH2CH(CH3)CH20H + polimer
Spektr vasitosilo yoxlama zamani miioyyon edilmisdir ki, alinmis spirtlordo OH™ grupu
silisium atomuna nozaran y-vaziyyastindadir. Bunu nazors alaraq, osaslanmaq olar ki, metil-dixlor
silan vo alkilsilanlar homin olefino Farmer qaydasi iizro vo ya Markovnikov qaydasinin oksino
birlasirlor. Analoji gaydada metil-dixlor silan, trixlorsilan vo alkoksisilanlar da ikiqat rabirads olan
metilen grupuna, daha dogrusu, Farmer qaydasi {lizro Dbirlogmir. Biitiin bunlar garsiligh sintez
iisuluna osaslanaraq siibuta yetirilmisdir.
Tacriibi hissa
1. v- (B-sianetiloksi)-birli butil-metil-dixlorsilanin sintezi
CH3CI,SiCH,CH(CH3)CH,OCH,CHLCN
Oks soyuducu, termometr vo damci qift ilo tochiz edilmis kolbada 29,5 q (0,2357 mol)
metallil spirtinin B-sianetil efiri yerlogdirilir, tizorino ti¢ damla H,PtClg Katalizatorunun izopropil
spirtindaki 0,1n mohlulu vo 25,6 ml metil dixlorsilan alave edilib, 65-70°C-do 5 saat qarigdirilir.
Sonra qovulma yolu ilo 32,3 q birlosmo mohsulu (76,5%) alinmigdir.
Qaynama temperaturu 125-126°/ 1 mm; n2° - 1,4600. d2° - 1,1119.
MRp tacriibi 59,19; MRp nazari 58,97.
2. v- (B-sianetiloksi)-birli butil trixlorsilan:
Cl3SiCH,CH(CH3)CH,OCH,CH,CN
Reaksiya kolbasinda 9,2 q (0,07 mol) olefin yerlogdirib, lizorino ii¢ damla platin katalizatoru
va 10 q trixlorsilan slava 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; ; n° - 1,4622. d2° - 1,2254.
MRp nazari 58,60; MRp tocriibi 58,50.
3. v- (B-sianetiloksi)-birli butil-metil dietil silan.
CH3(C,H5)SiCH,CH(CH3)CH,OCH,CH,CN
Reaksiya kolbasinda 8,7 q (0,069 mol) olefin yerlosdirib, {izarino katalizator vo 7,2 q hidrid
silan olavo edilmisdir. 12 saat qaynatdigdan sonra qarisigin temperaturu 142°C olmusdur.
Vakuumda qovma naticasindo 109-111°C / 0,5 mm-ds 5,4 q birlosmo mohsulu alinmusdir. Tokrar
qovma zamani addukt 111,5°C/ 0,5 mm-do qovulmusdur.
nLZ)O - 1,4498. dlz)o - 0,8890; MRp nazari 68,73; MRp tocriibi 68,71; Cixim 34% toskil edir.
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4. v- (B-sianetiloksi)-birli butil-metil-tetrametilen silan
CHs

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

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

5. v- (B-Sianetiloksi)-birli butil- fenil-dimetilsilan:

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

Mexaniki garisdirict kolbada 4,8 q (0,0386 mol) olefin yerlosdirilir. 4 q damla H,O;Hg
katalizatoruun istirakinda fenildimetil-silan 130°C-dok qizdirilmis olefin iizorino damla-damla olave
edilmis vo miintozom olaraq qizdirlma davam etdirilmisdir. 10 saatdan sonra temperatur 215°C
olmusdur.

Vakuumda 5,2 q alinan birlosmo mohlulu tokrar qovma naticasindo asagidaki gostericilora
malik olmusdur: Cixim 50,8%.

Qaynama temperaturu 147% 3 mm; ; n2° - 1,5032, d2° - 0,9829; MRp nozeri 79,53. MRp

tocriibi 78,68.

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

(OC,Hs)3SiCH,CH(CH3)CH,0CH,CH,CN

Reaksiya kolbasinda 23 q metallil spirtinin sian etil efiri yerlosdirib 70°C-dok qizdirdigdan
sonra platin katalizatoru vo ekvimolyar nisbatdo trietoksisilan (30,2 q) olavo edilorok 6,5 saat
qizdiridgdan sonra onun temperaturu 192°C olmusdur. Vakuumda tokrar govulmadan sonra 13,5 q
mohsul alinmigdir. Qaynama temperaturu 128-131% 1 mm; ; n%o - 1,9250. dlz)o - 0,9842; MRp nazari
75,20. MRp tocriibi 75,88. Adduktun ¢iximi1 20,6% toskil edir.
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Hidridsilanlarin metallil spirtinin p-sianetil efiri ilo qarsiliqli tasiri reaksiyasinin tadqiqi

PE3IOME
HCCJEIOBAHUE B3AUMOJIEVICTBUA TUJIPUICUIAHOB C B-IIUAH
9TUJOBBIM 2®UPOM METAJIUIMJIIOBOI'O CITUPTA
Awypoe /. A., Azaes A.A., baitpamoe I'.K., Hacuposa U.M.

Knwuesvie cnosa. ecudpuovl Kpemnus, memaniunogvii cnupm, kamanusamop  Cneliepa,
2eKCAaxI0pNAAmMUHO8as KUCIoma, OUCHPONOPYUS, AKPUIOHUMPUT, NPABUILO
Dapmepa
HccnenoBana peakuys NpUCOeIMHEHUS THIPUICUIAHOB K -IIMAH3TU-IOBOMY 3(UpPY METaIHIOBOIO
COHUPTa. YCTAaHOBJIEHO, YTO THAPHICHIAHBI HpW OoJiee MOBBILICHHBIX TEMIEPaTypax B MPHUCYTCTBUH
TIATHHOXJIOPUCTOBOIOPOJHOM KHCIOTHI MPUCOSTUHSIOTCS K YKazaHHOMY ojiepuHy 1o npasuiny Oapmepa.
IIpu 3TOM, TUAPUACHIAHBI UMEIOLIHIE IEKTPOOTPULATENIbHBIE ()YHKIIMOHAIBHBIE IPYIIIIbI, IPUBOIAT K
MOJYYEHHUIO aJyKTOB CO CPaBHUTEIHHO HU3KMMHU BhIxoAaMu (20-35%). OgHako MEeTHUII-TeTpaMeTHIICHCUIIaH
K oNierHY MPHUCOe-ANHSICTCS AaXKe IK30TEPMUYHO U aJIyKT Mosydaercs ¢ BeixogoM 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 |.M.

Key words: silica hydrides, methallyl alcohol, Speyer catalyst, hexachlorop-latinate acid,
disproportionalization, acrylonitrile, 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
Son variant 12.05.2019
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Molumdur ki, xloriizvi maddalorin kimyovi {isulla alinmasi zamani kiilli miqdarda tullanti
abgaz hidrogen xlorid alinir vo bu da ekoloji tohliikko monbayins ¢evrilir. Alinan abgaz hidrogen
xloriddon istifado edorok bozi ilizvi maddolorin elektrokimyovi {isulla xlorlagsmasini hoyata
kecirmokls ekoloji tohliikasizlik kifayat qador tomin olunur.

Fenol vo onun toéromolarinin kimyovi xlorlasdirilmasinda molekulyar xlor, golovi metallarin
hipoxloritlari, sulfuril xlorid, fosfor 3-xlorid, fosfor 5-xlorid va s. xlorlasma agenti kimi istifado
olunur. Bu reagentlorin oksoriyyati zorarli maddslardir. Onlarin alinmasi, dasinmasi vo saxlanmasi
hom iqtisadi, hom da ekoloji cohatdon somarali deyildir.

Torofimizdon aparilan eletrokimyoavi yolla xlorlagmada gdstorilon xlorlagsma agentlorinin
bozilori proses zamani alindigi {i¢iin yuxarida geyd olunan mosslonin hall olunmasi iigiin miihiim
sortdir.

Sulfuril xloridls alkilfenollarin elektrokimyovi xlorlasmasinda sulfuril xlorid, homg¢inin do
sulfuril xloridin alinmasi tiglin talob olunan SO, va Cl, qazlari proses zamani alinir vo qarsiligh
tosirds olaraq xlorlasma agenti kimi xlorlasmada istirak edir.

Prosesdo susuz inert holledicidon CCIl,-don istifado olunur, suyun miqdar1 minimuma

endirildiyi {igiin bas vera bilocok oksidlosma prosesini minimuma endirmok miimkiin olur.

2,4 vo 2,6-dimetilfenollarin xlorlasmas: zamani xlorfenollar 2,4 vo 2,6-dixlorfenollardan
ayrilaraq sistema verilir ki, bu da biitliin xlorfenollarin 6z-6ziino vo ya bir-biri ilo kondenslogmasi
naticasinds ¢oxsayli dioksinlarin amals golmasinin qarsisini kifayat qador almis olur.

Toluolun qatt xlorid tursusu ilo platin elektrod istirakinda fotokimyovi, qaz halinda xloru
sulfat tursusu ilo qurutmaqla vo digor iisullarla xlorlagsmasi noticosinds benzil xloridin alinmasi
molumdur. Bu iisullarda bir sira catismayan cohatlor mévcuddur:

- prosesin yiiksok temperaturda aparilmasi;

- xisusi, qiymatli avadanliglardan (platin) istifado olunmasi;
qaz halinda xlordan, galovidon, gati sulfat tursusundan istifado olunmasi;
moqsadli mahsulun asagi ¢iximla alinmast;
fotokimyavi xlorlasmada vahid gilico malik reaktorlarin yaradilmasinin ¢atinliyi va s.

Yuxarida qeyd olunanlardan aydin olur ki, torofimizdon elektrokimyovi yolla xlorlasma
prosesinin aparilmasit zamani reagentlorin oksoriyysti elo prosesin 6ziindo almir, zororli araliq
mohsullarin miqdart kifayat qodor azalir. Zororli maddslorin atmosfera atilmasi xeyli deracade
azalmis olur vo ekoloji tohliikosizlik tomin edilir. Alinan mogsadli mohsulun tomizlik doracasi vo
ciximi yliksok olur.

Elektronoakseptor  dezaktivlosdirici  ovozedicilor oldugda aromatik  birlogsmolorin
halogenlogmasinds katalizatordan istifads olunmasi miitloqdir.

Bu reaksiyalar yiiksok temperaturda bas verir.

Fenollar giiclii vo zaif elektrofil avazedicilorin biitiin tipik reaksiyalara daxil olur. Fenolun
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molekulyar xlor yaxud bromla polyar miihitdo halogenlasmoni monohalogenlasma morhoalasinda
saxlamaq ¢atin olur. Fenolyat ionunda ¢ox giiclii oksidlasdirici grup — oksigen atomu oldugu tigiin
fenolyat ionu ilo halogenlosma fenoldan daha siiratli gedir. Halogenoavazli fenol fenola nisboton
daha giiclii tursu xassolidir. O, asan dissosiasiya edorak ikinci vo {i¢lincii halogen atomunun —orta vo
-para  voziyyoto daxil olmasmi asanlagdirir. Fenolun halogenlogsmasindo Lyuis tursulari
(FeCl,, FeBr,, AICI;) tolob olunmur vo molekulyar halogenlarin tosiri ilo asanligla halogenlosirlor.

Fenolun monohalogenli téromalarini geyri-polyar miihitdo halogenlosms ilo almaq olur, bu

zaman fenolun dissosasiyasi bas vermir.
OH OH OH

ccCly
+ Cl, —— +

Cl
Halogenlogsmao agenti kimi halogenlorin dioksanla kompleksindon do istifade olunur.

Xlorlasma CCIl, holledicisinds asagi temperaturda aparildigda ugucu o-izomerin ¢iximi 25%-o

qodor olur. Temperaturu 60°C -ya qodar artirdiqda o-izomerin ¢iximimi kifayot godor artirmaq olur.
Halogenlogsmoa agenti NaOCI, SO,CI,, PCl,, PCl, vo s. istiraki ilo monoxlor tdéromolarin

kimyovi tisulla alinmasi da hoyata kegirilmisdir.

Molumdur ki, bir ¢ox xloriizvi maddslorin alinmasi zamani kiilli miqdarda abgaz hidrogen
xlorid alinir vo ekoloji tohlilko monboyina ¢evrilir. Tullanti abgaz hidrogen xloridden
elektrokimyavi yolla fenolun, krezolarin, naftollarin, aromatik aminlorin va s. xlorlasmasini hoyata
kecirmokls ekoloji tohliikesizlik tomin olunur.

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

Xlorlagdirict agent kimi abqaz hidrogen xloridden istifads etdikdo elektrod olaraq grafit katod
vo ORTA anoddan istifado olunmusdur. Xlorfenolun ¢iximini vo xlorlagma prosesinin siiratini
artirmaq U¢lin homogen miihitdo hidrogen xloridin elektrolizindon alinan molekulyar xlor inert
holledicido (CCl,) hall olunmagla istifade olunur. Reaksiya 20 — 30 °C temperaturda aparilr,

elektroliz zamani ayrilan xlora kalium yodid mohlulu ils nozarat olunur. Reaksiyaya daxil olmayan
fenol xlorlagsmis mohsullardan reaksiya qarigigmin efir mohlulundan 10%-li potas mohlulu ilo
ayrilir. o- va p- izomer qaris181 iso fraksiyali distillo ilo ayrilir.

Seg¢ilmis soraitdon asili olaraq p- va o- xlorfenol yaxud 2,4 dixlorfenol, hamginin az miqdarda
trixlorfenol da alinir. Prosesi natrium hipoxlorit istiraki ilo apardiqda da elektrod kimi qgrafit (katod)
vo ORTA (anod), holledici kimi CCI, —don istifade olunub, proses 10°C -do aparilmisdir. Burada
monoxlor fenolun ¢iximi1 molekulyar xlora nisboton yiiksok, di ve 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 qarigiginda, p-izomer istiinliik toskil edir. Onlarin uygun mol nisbotlori 0.15:1
kimidir.

Reaksiyaya daxil olmayan fenol xlorlagmis mohsullardan reaksiya qarigigimin efir
mohlulundan 10% -li potas mohlulu ils, 0- vo p- izomerlor qarisig1 iso fraksiyali distillo tisulu ilo
ayrilir.

Xlorlagma agentlorinin - xlor, NaOCI, SO,CI, prosesin gedisi zamani1 alinmasi iqtisadi vo
ekoloji cohotdon boyiik ohomiyyat kasb edir. Araliq mohsullar kifayot qodor az alinir, reaksiya
mohsullarinin tomizlik doracasi yiiksok olur [2].
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Molumdur ki, 2,4-dixlorfenoksisirke tursusundan kond tosorriifat1 bitkilorinin alaq otlarindan
mihafizosinds genis istifado olunur. 2,4-D herbisidinin bitkilors tosir mexanizmi dyronilmisdir.

2,4-D-nin elektrokimyovi metodla sintezi ilk dofo torofimizdon aparilmis, onun totbigindo
qarsiya ¢ixan bazi ekoloji problemlors nail olunmusdur.

Aydmlasdirilmigdir ki, 2,4-D-nin sonayeds alinmasi prosesindo 6zlorini iki yerdon oksigen
atomlar1 ilo birlogsmis benzol halqgas1 sistemi kimi gostoron dibenzo-p-dioksinin miixtalif xlorlagsmis
toromolori do alinir. ©mols golon dioksinin formast asagidaki kimidir:

o 6
3 7

2 8
1 S 9

Miioyyon olunmus optimal soraitdo fenolun xlorlasdirilmasi 2,4-dixlorfenolun alinmasina
gatirir ki, bu téromelor do biri-birinden benzol halgasinda xlor atomlarinin say1 vo vaziyyati ilo
forglonir. Fenolun xlorlagsmasi 2,4-dixlorfenoldan basqga, benzol halgasinda bir-birinden hom xlor
atomlarmin sayma, hom do vaziyyeotina goro forqlonon digor xlorfenollarin alinmasina da sabab
olur. 2,4-dixlorfenol fenolun xlorlasma mohsullarindan biridir va onun ¢giximi digar xlorfenollardan
cox yiiksok olur. Digar xlorfenollarin ¢iximi ise reaksiya kiitlosinin toxminon 10—-11%-ni togkil
edir (2,4,6-trixlorfenol 4%, 2,4,5-trixlorfenol 2%).

Movcud texnologiyaya gora, monoxlorsirko tursusu ilo kondenslosmo maorholosine fenolun
birinci morholods alinan biitlin qarisig1 2,4-D-an ayrilmadan vo tomizlonmadon verilir. Bu iso biitiin
xlorfenollarin 6z-6ziino kondenslogmosino vo ya kondenslosmo naticasindo bir-biri ilo miixtolif
nisbatlordo coxsayli dioksinlorin amalo golmasina sabab olur. Biitiin bu todqiqatlardan sonra 2,4-D-
nin istehsali va totbiqi ilo bagli masalo ¢ox miizakirslora sobab olmusdur [3].

Kond tesarriifatinda onun avoz olunmasini tomin edacak basqa preparat olmadigina gors 2,4-
D-nin istehsali vo totbigi bu giin do genislondirilmokdadir, gostorilon ¢atigmazliglar istigamotindo
axtariglar davam etdirilir.

Hazirki texnologiya iizra alinan herbisidlorin dioksinlordon tamamilo azad olunmasi miimkiin
deyil va bu giin do aktual olaraq qalir. Odur ki, prosesds alinan dioksinlorin migdarint minimuma
endirmak vo alinan mohsulda onlarin miqdarimi azaltmaq mogsadilo ononavi texnologiyanin
tokmillogdirilmasi istiqgamotine boylik ustiinliik verilir. Son zamanlar 2,4-D-nin istehsali va totbiqi
zamani yaranan ekoloji problemlor digget morkozindadir. Bu, osason fenoksi tursularin sintezi
zamani ¢oxlu miqdarda dioksinlorin alinmasi ilo 2,4-D-nin 6zii, hom do onun ¢evrilmo mohsullari
ilo otraf miihitin vo qida mohsullarinin ¢irklonmaosidir [4].

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

Proses termostat, soyuducu, qarigdiric1 vo sifonla tochiz olunmus silindrik siiso gabda
(elektrokimyovi 6zok) aparilmisdir [6].

Elektrod olaraq grafit (katod) vo ORTA (anod) istifads olunmusdur. Xlorlasma agenti olaragq,
kimya sonayesinds tullant1 kimi alinan abqaz xlorid tursusunun elektrolizi naticasinds amolo golon
molekulyar xlordan istifado olunmusdur.

Alman 2,4-dixlorfenolu natrium golavisi ilo kondenslosdirorok natrium-dixlorfenolyat alinir.
Dixlorfenolyata monxlorsirko tursusunun natrium duz slavo edilorok elektrokimyovi sistemdo
maqsadli moahsulun (2,4-D) alinmasi hayata kegirilir.

Kimyovi iisuldan forqli olaraq, elektrokimyavi tisulla proses aparildiqda araliq dioksanlarin
miqdar1 kifayot godor az olur, mohsulun tomizlik doracasi yiiksolir, proses asagi temperaturda az
miiddotdo aparilmagla 2,4-dixlorfenolun ¢iximinin yiiksolmosi tomin edilir. Bu isa, 2,4-D-nin
istehsali vo totbiqi imkanlarini artirir. Proses ekoloji cohatdon tomiz vo olveriglidir, belo ki, otraf
miihito zohorli vo zorarli maddolorin atilmasini nozaragarpacaq dorocods azaldir.
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Mbohz bu sobobdon do texnologiyanin tokmillogsmosi ilo prosesdo alinacaq dioksinlorin
miqdarinin hazir mohsulda minimuma c¢atdirilmasi tigiin torofimizdon proses elektrokimyavi
sistemdo asag1 tempearturda aparilmigdir.

Xlorlagsma prosesi daha asagi temperaturda (40 — 60 OC) aparilir vo alinan 2,4-dixlorfenol iso
I morhoaloyo digor xlorfenollardan ayrilib tomizlomokls verilir. Belo soraitds 2,4-D-nin yiiksok
¢iximla tomiz alinmasini tomin etmok vo prosesds alina bilocok dioksinlorin migdarint minimuma
endirmok miimkiindiir.

Bozi istehsalgilar temperaturu asagi salmaqgla yanasi, fenoksirko tursulari dioksinlordon
perxloretilenlo ekstraksiya etmoklo tomizloyirlor. Bu iisul herbisidlorin keyfiyyatino miisbot tosir
gostarsa do, dioksinlorin azalmasina vo otraf miihitin ¢irklonmasino miisbot tosir géstormir.

Elektrokimyavi iisulla 2,4-D-nin alinmasi kimyavi iisulla miiqayiseds bir sira istiinliiklors
malikdir:

- prosesin aparildigi sistem sadadir;

- alinan dioksinlorin migdart minimuma endirilir;

- xlorlasma prosesi agag1 temperaturda aparilir vo alinan 2,4-dixlorfenolun II marhslays digor

xlorfenollardan ayrilaraq vo tomizlonarok verilir;

- alinmis mohsulun keyfiyyati vo tomizlik doracasi yiiksokdir;

- proses ekoloji cohotdan slverislidir.

Kimyovi metodla o-krezolun xlor vo digor xlorlasdiric1 agentlorlo xlorlasmasindan alinan
garisigin 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, halledicisinin istiraki ilo aparildiqda alkil qrupunda xlorlagsma azaldig1 iigiin

mogsadli mahsulun ¢iximi bir gqodor artir.

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

Xlor-o-ktezol (5-xlor-2-oksitoluol) suda ¢otin hall olur, onu o-krezolun son fraksiya
garisiginin - Na,CO, mohlulunda qarigigini xlorlagdirmaqla alirlar. Azoboyalarm alinmasinda
istifado olunur [6].

Coxsayli adobiyyat vo patent monbolorindon moalum olur ki, alkilfenollarin mono- vo di-
ovazolunmus xlorlu téromalarinin alinmasi elektrokimyavi sistemdos aparilmamigdir.

Bu mogsadls ilk dofs olaraq (torofimizdon) o-, m- vo p- krezollarin elektrokimyavi yolla
xlorlagmalar1 hoyata kegirilmisdir. Bu zaman elektrokimyavi sistemin 6ziindo alinan Cl, vo SO,-

don istifade olunmusdur. Aktiv komiir katalizatoru istirakinda Cl, vo SO, -nin qarsililt tasirinden
SO, +Cl, =SO,Cl, xlorlagma agenti olan sulfuril xlorid alinmigdir [7].

Xlorlagsma reaksiyas1 yuxarida qeyd olunan termostat, sabit corayan manbayi, qrafit elektrod,
oks soyuducu, qarigdirict ilo tochiz olunmus silindrik siisodon hazirlanmis elektroliz qurgusunda
hoyata kegirilmisdir.

Kiikiird gazinin alinmasi ugiin natrium sulfit vo xlorid tursusundan istifado olunmusdur.
Reaksiya qurgusuna CCl,, hesablanmig miqdarda natrium sulfit vo 15—30%-li xlorid tursusu 1: 2

ekvimolyar miinasibatdo yiiklonilir. Reaksiya qarisigima termostat vasitosilo 40—50°C temperatur
verilir, qarigdirilir, noticads, asagidaki reaksiya ilo SO, gazinin alinmasi tomin olunur:

Na,SO, + 2HCIl — 2NaCl + SO, T +H,0

Bundan sonra sabit corayan monbayindon verilon coroyanla HCI tursusunun elektrolizindon
Cl, gaz1 alinir.
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Yuxarida qeyd olundugu kimi SO,, Cl, ve aktiv komiir istirakinda SO,Cl, amslo golir. Bir

ne¢o doqiqo miiddotdon sonra reaksiya qurgusuna o-krezol olavo olunur, qarisdirict igo salinir vo
xlorlasma prosesi davam etdirilir.

Alinmig SO,CI, o-krezolla asagidaki reaksiya ilo asason 4-xlor-2-metil-fenol omalo gatirir.

QOH + SO,.Cl, — CIQOH + SO, + HCI

CHg CHs
Reaksiyanin benzol niivesindo getmasi asason xlor va kiikiird anhidridinin miqdari, reaksiya
soraitindon asilidir. Xlorid tursusunun qatiliginin, temperaturun, coroyan sixliginin, reaksiyanin
davametmo miiddstinin, reagentlorin miinasibatlorinin xiisuson do SO, vo Cl, benzol niivesindo

ovazolunmada mithiim amillardir.
Asag qatiligh xlorid tursusundan o-krezolun xlorlasmasinda istifads olunduqda coroyanin bir
hissasi xloratlarin amolo golmasina sorf olundugu ii¢lin o-krezolun corayana goro ¢iximi azalir.
Xlorid tursusunun qatiligi 15% -don asagi olduqda o-krezolun alinan xlorlu mohsullarinin

ciximi azalir, bels ki, xlorun ayrilmasi ilo yanasi, oksigenin H,O —2e — %02 +2H" sxemi ilo

generasiyasi bag verir.
Xlorid tursusunun ¢ox asagi qatiliglarinda oksigen omolo golir vo gismon anodun
oksidlagmasins sarf olunur.

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

tursusu vo 10-15 %mz corayan sixliginda dyronilmisdir. Alinmig naticalor gokil 3-do verilmisdir.

Anod-grafit, coroyan sixhigi 25—30A/dm?, temperatur 70—75°C
0-krezolun xlorlasmasi zamani elektrolizerin maksimum mohsuldarligini miioyyon etmok
ticlin coroyan sixligmin xlorlasma mohsulunun coroyana gors ciximindan asililigi tadqiq
olunmusdur. o-krezol stexiometrik hesablanmis miqdarindan 10% artiq gotiiriiliir, temperatur
50°C, xlorid tursusunun qatilig1 15—30% olmagla proses aparilir.
Coaroayana gors ¢iximin corayan sixligindan asililigi sokil 4-ds verilmisdir.
n,%

80 100

60
o

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

ciximunmin carayan sixhgindan asiliigi: anod - qrafit, temperatur - 70 — 75°C, Cic =30%

Temperaturun azalmasi SO, ilo qarsiliqli tesirdo olan xlorun miqdarmin azalmasina sobab

olur. Homginin xlor vo kiikiird qazinin CCl,-do hall olmasi xlorlasma prosesino ohomiyyatli
doracado tosir edir (monoxlorlu téromoalorinin alinmasina).

Aparilmis tocriibalor gostorir ki, o-krezolun xlorlasmasi ilo monoxlor téromalorin alinmasinda
mohsulun ¢iximina tasir edon faktorlar: xlorid tursusunun gatiligi, elektrolitin temperaturu, corayan
sixlig1 vo aparilan reaksiya miihitidir.
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Talob olunan 15-30%-1i qatiligda xlorit tursusundan istifads etdikds aktiv xlorun ayrilmasi

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

CCl, istirakinda monoxlor-0-krezolun alinmasi asanlagir. Maksimum ¢ixim carayan
sixhigimin 10 — 15 A/dm? giymotindo alinir.

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

Homginin geyd olunan soraitlordo p- vo m-xlorfenolarin da xlorlasmasi elektrokimyavi yolla
hoyata keg¢irilmisdir. Bu zaman alinan p- vo m- xlorfenollarin ¢iximi o-xlorfenolla miiqayisado bir
qodar asagi olur (~ 75%). m-krezolun xlorlasmas1 40—50°C temperaturda aparildigda ¢ixim daha
yiiksok olmusdur [8].

p-krezolun SO,CI, istirakinda xlorlasmasi reaksiyasi naticesinds asason 2-Xlor, 4-metilfenol
alinir.

Metilfenollarin aromatik niivalorinds iki tip ovozedici - OH vo CH, qrupu onlarn 7 -

elektron buludu ilo eyni garsiligl tasirds olur. Metilfenollarin oksor fiziki vo kimyavi xassalori fenol

hidroksili ilo benzol niivasinin 7 -aromatik sistemi arasindaki qarsiligh tesirlo miioyyon olunur.
H

fT;H

H

OH — qrupunda olan oksigen atomunun bdoliinmomis elektron ciitlorindon biri benzol
halgasindaki 7 — sistemino daxil olub benzol niivasindoki —orto vo -para voziyystindo elektron
sixligin1 artirir, elektrofil hissociklorin hiicumunu asanlasdirir vo hidrogen atomunun homin
vaziyyatds ovoz olunmasini asanlasdirir. Belslikls birinci qrup avozedici olan OH qrupu —J vo
+ M effektlo xarakterizo olunur. Metil qrupu da birinci qrup avozedici olmaqla miisbat induktiv
effekta (+J) malikdir [9].

Metil qrupunun say1 artdiqda aromatik fenollarin xlorlagmasi nisbaton asanlasir. Xlorlasmani
monoxlor istigamatinds aparmagq li¢iin xlorlasma agenti kimi sulfuril xloritdon, inert holledicidon vo
susuz miihitdon istifado etmok daha olverisli iisuldur.

Sulfuril xlorid aromatik karbohidrogenlorin, son zamanlar iso alifatik karbohidrogenlorin do
xlorlagsmasi {liciin daha ¢ox istifado olunan xlorlasma agentidir. Onun totbiq olunma sorhodlori
miixtolif tocriibo soraitlorindo ¢ox genisdir. Sulfuril xloridlo xlorlasmani holledicisiz, genis
temperatur sarhadlorindo 0 °C-don 30 — 45 °C (bozon xlorlasan maddonin qaynama temperaturunda)
aparmaq olur. Bozon do mohlulda (karbon 4-xlorid, xloroform, efir va s.) 20 9C-don holledicinin
gaynama temperaturuna godor istifado olunur. Hordon katalizator: aliiminium xlorid, kiikiird xlorid
vo noahayet, benzoil peroksid daha maraqli katalizatordur, hansi ki, tocriibade sulfuril xloridin
totbigolunma sorhadlorini daha da genislondirir.

Sulfuril xloridls xlorlagmanin mexanizmi soraitdon asili olaraq miixtolifdir. Katalizator istirak
etmodikdo sulfuril xlorid asan dissosiasiya etdiyi tgtin SO,Cl, — SO, +Cl, molekulyar xlor
monboyidir. Parcalanma az-¢ox dorocado soraitdon, xlorlagsan maddonin tobiotindon vo bu vo ya
digor slavalorin daxil olmasindan asili olaraq bas verir.

Katalizator istirakinda (aliminium xlorid, domir xlorid, fosfor 5-xlorid vo s.) benzolun
homologlarinin xlorlasmasi asanlasir. Maraqhidir ki, Sb, Bi, Fe, Mo, Al, Fevo Se xloridlari niivados

xlorlasman1 miivoffoqiyystlo hoyata kegcirir, P, As,Mg xloridleri istirakinda xlorun yan zoncirs

daxil olmasi bas verir. Masalon, p-ksilol aliiminium xlorid katalizatorunun istirak1 ilo 2-Xxlor-p-
ksilol, m-ksilol fosfor 5-xlorid katalizatorunun istiraki ilo m-ksilolxlorid amala 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 vo patent monbolorindon goriiniir ki, xlorlagma ila alkilfenollarin mono vo
di ovoazolunmus xlorlu téromaolorinin elektrokimyovi sistemdo alinmasi aparilmamigdir [11].

IIk dofs olaraq alkilfenollarin, o ciimloden do 2,6-dimetilfenolun elektrokimyavi sistemdo
xlorlagmasi hoyata kegirilmisdir.

Xlorlagsma agenti kimi sulfuril xloridden istifado olunmusdur.

Ovvalcos natrium sulfitin hidrogen xloridle qarsiligli tosirindon CCl, holledicisinde SO, qazi

aliir. Sonra sabit carayan monbayindan carayan vermokls hidrogen xloridin elektrolizi ilo Cl, qazi

alinir. Aktiv komiir katalizatorunun istiraki ilo SO, vo Cl, qazlarinin qgarsiligh tesirindon SO,CI,

xlorlagsma agenti alinmagqla, xlorlagma prosesi hoyata kegirilmisdir.

Benzol halgasinda ovozolunma reaksiyasi asason xlorun, kiikiird gazinin miqdarindan vo
reaksiya soraitindon asili olur.

Hidrogen xlorid tursusunun qatiligi, temperatur, corayan sixliglt vo reaksiyanin davam etmo
miiddatlorinin tosiri do atrafli todqiq olunmusdur.

Tacriibonin naticalori grafiki olaraq verilmisdir.

Yuxarida geyd olunanlar 2,4-dixlorfenol {igiin do dyronilmisgdir.

Aparilmis tadqiqatlar gostormisdir ki, 2,6 vo 2,4-dimetilfenollarin monoxlorlu téromolorinin
alinmasinda ¢ixima osason xlorid tursusunun gqatiligi, temperatur, coroyan sixligt vo aparilan
reaksiyanin miihiti, hamginin prosesds alinan SO, va Cl, gazlarinin mol nisbatlari tosir edir.

Alinan mohsul tomiz, proses iso ekoloji tomiz prosesdir. Belo ki, osas xamallar elo prosesin
0ziinds alinir, zorarli maddslorin miqdar kifayst qodor azalmis olur.

Molumdur ki, 2,6-dimetilfenolun xlorlu téromolori osason bakterisidlorin istehsalinda vo
dezinfeksiya vasitosi kimi istifado olunur. ©gor ovollor fenolun bu téromolori das komiir
gotranindan alinirdisa, hal-hazirda osas maraq dimetil homologlarin fenol vo metanolla bir- vo
ikimoarhalsli metodla sintezina yonalib.

Digor torofdon klassik xlorlasma {isullarindan forqli olaraq, HCI istiraki ilo 2,6-
dimetilfenolun elektrokimyavi xlorlasmasi daha boyiik shomiyyat kasb edo bilir.

2,6-dimetilfenolun katalizator istirakinda 2-metilfenolla metanolun alkillosmoasindon alinmasi,
homginin alinmis 2,6-dimetilfenolun sulfiril xloridls elektrokimyavi sistemds xlorlagmasi da tadqiq
olunmusdur [12].

2,6-dimetilfenolun 2-metilfenolun metanolla alkillosmasi osasinda alinmasi manganla
modifikasiya olunmus kobalt-ferrit katalizatorunun istiraki ilo hoyata keg¢irilmisdir. Miioyyon
olunmus soraitdo 2,6-ksililfenolun ¢evrilmo reaksiyasi vo o-krezola goro hesablanmis baslangic
cixim 97.5 % vo 33.4 % toskil edir.

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

Sulfiril xlorid fenol vo onun toéromolorinin xlorlagmast T{¢lin genis istifado olunan
reagentlordon olsa da, toklif olunan isulla xlorlagmanin aparilmasi yiingiil soraitdo vo magsadyonlii
gedir, ona nozarat xeyli asanlagir.

Alkilaromatik karbohidrogenlorin xlorlu téromslarinden an ¢ox praktiki ochomiyyat kasb edoni
xlorun alkil qrupunda olanlardir. Bunlara benzilxlorid, benzotrixlorid, p-ksilendixlorid, heksaxlor-
M- vo heksaxlor-p- ksilollar1 aid etmok olar.

Onlar tursu korroziyasi iigiin effektiv inqgibitorlarin, kauguku vulkanlasdirma agenti kimi,
istiyadavamli plastiklorin alinmasinda istifade olunur.

Biitiin bu mohsullar uygun karbohidrogenlorin — toluol vo ksilollarin yan zancirdo radikal —
zancir prosesi ilo xlorlagmast ilo alinir.
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Sonayedo ptespsanitale akido gealksiyaelekiholiimy vl shaainboylosiinlads: sialandirmagla,
inisiator istirakinda (mas, azobirlogsmalor vo peroksidlor) hoyata kegirilir.

Alkilbenzollarin maye fazada xlorlasmasinda eyni zamanda ardicil vo paralel ovozolunma
reaksiyalar1 yan zoncirdos vo niivado bas verir.

p-ksilolda metil qrupunda nozorogarpacaq xlorlasma azobisizobutironitril istirakinda
miivofoqiyyatlo hoyata kegirilo bilor.

Ksilollarin fotoxlorlagsmasi reaksiyasinda reaksiya gqabiliyyotli meta—para—orta sirasi
kimidir. Hoddon ¢ox siialanma intensivliyi prosesin selektivliyini azalda bilar, belo ki, xlor radikali
molekulyar xlora rekombinasiyaya baslaya bilor.

Fotokimyovi xlorlasmanin c¢atismayan cohoti (vahid glico malik boyiik reaktorlarin
yaradilmasi, xiisusi is1q monbalorinin hazirlanmasi, istismarinda istifado olunmanin miirokkabliyi,
yangin tohliikosi, onun qarigiglara xiisusi hossasligl) sonayeds yayilma imkanin1 mohdudlasdirir.

Toluol va ksilollarn inisiator istiraki ilo yan zoncirds xlorlagsmasinda inisiator olaraq imumi
kiitlonin 0,1-0,2 %-i gqodor porofor azot gotiiriiliir.

Hal-hazirda ¢oxlu birbasa va dolayisi yolla halogenin tizvi maddays daxil edilmasi {isullari
vardir. ©n qadim va limumon gabul olunan metod sarbast halogenls halogenlosma metodudur ki, bu
metod da homigo gobul oluna bilmir. Birincisi, sorbast halogenlo halogenlosmoa hidrogen
halogenidin ayrilmasi ilo miisahido olunur ki, bu da asidof maddslear {i¢iin adi metodikanin totbiqini
istisna edir. ikincisi, biitiin tohliikesizlik todbirlorine baxmayaraq, (durulasma, soyudulma va s.)
sarbast halogenlo halogenlosmo reaksiyast hordon ¢ox siiratli bas verir ki, naticods halogenlogon
maddo dagila bilir.

Son iki-ti¢ onillikda ¢oxIu halogenlogsma agentlori toklif olunmusdur.

Halogenlosmo agenti katalitik olave kimi halogenin verilmasini asanlasdirir.

Bozi hallarda bu olavalor halogentorkibli birlosmonin molekulunun parcalanmasi xarakterino
tosir edir [13].

Aktiv halogen ionu yaxud halogen atomu monbayi olan halogenlosmads istifado olunan
maddolor halogenlogdirici agentin olavo aktivlogmosinin vacibliyini aradan qaldirir. Bundan basqa,
bu zaman halogenlogmo reaksiyasi kifayst qodor sakit vo yumsaq gedir, belo ki, halogenlogsma
istiliyinin bir hissosi reagentin dissosiasina sorf olunur.

P-ksilolda 50 °C-do C-H olaqosindo hidrogen atomunun ovez olunmasi géstorir ki, CHa-
qrupunda yerloson xlor atomu radikal xlorlagmada C-H slaqisinin reaksiya qabiliyystini azaldir,
ovazolunma CHj qrupunun 6ziinde getdikds, C-Cl alaqgesi amolo goldikds daha ¢ox nozors carpir.
Bunu p-ksilolun xlorlasmasindan alinan p-ksilidendixloridin geyri-simmetrik dixlor téromolorinin
az miqdarmnin p-ksililendixloridlorin simmetrik xloridlori ilo miiqayisesindon do aydin gérmok olar
(sokil 1).

Ksilollarin aromatik niivelerinde metil qruplarinin miixtolif voziyystlordo yerlogsmasi onlarin
reaksiya gabiliyyatini miigayisa etmak tiglin boylik maraq dogurur. p-ksilolun zancirds xlorlagmasi
80 °C-do xlorlagdirici agent olaraq SO,Cls, inisiator profor, holledici olaraq CCls-don istifado
etmoklo aparilmigdir. Prosesi asagidaki sxem tizro, ardicil-paralel reaksiya ilo gdstormok olar.

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

Inisiatorun kémoyi ilo reaksiyanin kimyovi aktivliyi

% 0.3 biitiinliiklo effektlidir.  2,2’-azobisizobutironitril ~yaxud
= 02 I benzilperoksid qizdirildigda reaksiya kiitlosindo radikal
g ' omoalo golmakls parcalanir.

gn 01 L CHs CH,4 THS

= NC—C—N=N—C—CN—=2NCC> + N,

S 0 |

' CH CH CH
1 2 3 ’ ? ’
Xlorlagsma doracasi, mol/mol
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Cox vaxt reaksiya kiitlosine xlorlasmani siiratlondirmak vo araliq mshsulun amalo golmaesini
azaltmagq ti¢lin fosfor-3-xlorid olava edirlor. Hesab edirlor ki, bu hadisodo katalitik tosiri fosfor 3 —
xloriddon amoals golon fosfor 5-xlorid vo reaksiya kiitlosindo xlor gostorir.

Qizdirma zamani o dissosiasiya edir, atomar xlor omolo gatirir.

PCI, — PCI, -+Cl -

m-ksilolun yan zoncirde SO,Cl, ils grafit elektrodlarda elektrokimyavi xlorlasmasi ilk dofo
(torofimizdon) aparilmigdir [14].
Ovvalca natrium sulfitlo xlorid tursusunun qarsiliqh tesirinden SO, qazi alinmisdir. Sonra

xlorid tursusunun elektrolizi ils alman Cl,-nin SO, ilo reaksiyasindan xlorlasma agenti alinmisdir.
P-ksilolun inisiator porofor N istirakinda xlorlasmasi aparilmisdir. Xlorlasma reaksiyasi yan
zancirda bas vermisdir, ~ 75% ¢iximla p-ksilol-xlorid alinmigdir.

Prosesa tosir edon amilloer - HCI -in qatiligi, temperatur, carayan sixligi, SO, va Cl,-nin mol

miinasibatlori 0yronilmisdir. Noticolor qrafiki olaraq verilmisdir.
Aparilmis tocriibalor gostormisdir ki, p-ksilolun xlorlagmasi ilo alinan ksilolxloridin ¢iximina
corayan sixlig1 temperatur vo reaksiyanin miihiti mithiim tosir gostarir.

Aparilan prosesin optimal soraiti 70—75°C temperatur, 25—35A/dm® coroyan sixligi,
pH > 7 olan mihitdir. Alinan moahsulun ¢ixim1 ~ 73% togskil edir.

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

Son onilliklorde halogentorkibli maddoslorin alinmasi ii¢lin toklif olunmus halogenlosdirici
agentlordon biri do hipohalogenid tursular1 vo onlarin duzlaridir. Bu birlogmalarin sorbast halogenlo
miiqayisada bir ¢ox Ustiinliiklori vardir. Belo ki, halogenlogsmo zamani halogen tamamilo halogen
toromolorinin amals galmasine sorf olunur, hidrogen halogenidin ayrilmasi miisahids olunmur. Bu
tursular vo onlarin duzlarinin halogenli agent kimi ¢atismayan cohoti iso onlarin oksidlosdirici
xassaloro malik olmalari, duru mohlullarinda iso az davamli olmalaridir. Odur ki, onlarin tozo
hazirlanmig mohlullarindan, asason do bu tursularin va onlarin duzlarinin neytral yaxud zsif tursu vo
golovi mohlullarindan istifads etmok daha miinasibdir.

4-alkilfenollarin elektrokimyovi tisulla xlorlasmasi halogenlogdirici agent olaraq NaOCl
istifado etmoklo aparilmisdir.

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

Anilinin susuz miihitdo azot-3-xlorid, N;N-dixloretilamin, N, 2,4-trixlorasetanilid va sulfuril
xloridlo xlorlagsmasi aparilmigdir.

Mono-, di- va trixloranilin anilinin xlor, golovi metallarin hipoxloritlori vo sulfuril xloridlo
xlorlagmas1 noticosindo almir. Qeyd olunan maddoslorin elektrokimyovi iisulla alinmasi
aparilmamisdir [15].

Hipohalogenid tursusu vd onun duzlari ils halogenlosma.

Halogenlogsma agenti kimi hipohalogenid tursusu vo onun duzlari sorbast halogeno nisbaton
bir sira Gstiinliiklori vardir. Hipohalogenit tursusu (duzlari) ilo halogenlogsmodos hidrogen halogenid
ayrilmir, halogen biitovliikkdo halogen téromalorin alinmasina sorf olunur. Hipoxlorit tursusu asan
dozirovka olunur, halogenlosmo prosesi kifayot qodor yumsaq bas verir. Ancaq hipoxlorit
tursusunun halogenlosmo agenti kimi bir sira ¢atismazliglar1 da vardir. Hipoxlorit tursusu
oksidlosmo xassosino malikdir vo c¢ox vaxt halogenlosmo tosirindon basqa, lizvi maddonin
molekulunun oksidlogsmasi do bas vera bilor. Bunu asan oksidloson maddolorin 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 lizvi maddalor ii¢ilin sorfali hoalledici sayillmir. Bu is
ii¢lin bu tursunun vo duzlarinin tozo hazirlanmis mohlullarindan istifads etmok sorfolidir. Adotan,
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hipoxlorit tursusunun duzlarindan istifado olunur. Qeyd etmok lazimdir ki, hipoxlorit tursusunun
gliclii golovi mohlullar1 ancaq oksidlosdirici xasso gostorir. Biitiinliiklo hipoxloritlo xlorlagsmani
hazir duzun mohlulundan istifado etmoklo deyil, sorbost halogenlo iizvi maddonin golovi
mohlulunun qarsiligl tosirinde aparmaq lazimdir.

Fenol, naftollar vo oksiantraxionlarin hipoxloritlo xlorlasmasi daha ¢ox istifado olunan
metoddur. D.Tisenko fenolun, krezollarin, timolun, S-naftol vo digor aromatik oksibirlosmalarin
mohlulda, emulsiyada vo bork maddonin soda mohlulunda xlora tosirinin Gyronilmosini toklif
etmisdir [16].

Bu iisulla xlortéromolorin ¢iximi 70-80%-o ¢atir. Hipoxloritin vo oksibirlosmonin miqdari
miinsibatlorindon asili olaraq, yalniz mono- deyil, dixlorlu téromslori do almaq olur. Qolovi
hipoxloritlorls fenolun 2,4,6-trixlorfenola kimi xlorlasdirilmasini aparmagq olur.

Aromatik oksitursularin xlorlasmasi hordon karboksil qrupunun parcalanmasi ilo do miisahido
olunur. Hipoxlorito artiq miqdarda salisil tursusu ilo tosir etdikdo mono vo dixloritlorin garisigi
omolo galir vo tursunun dekarboksidlogsmasi bag verir. Hordon karboksil qrupunda pargalanma hotta
daha yumsaq xlorlagma soraitinds do bag vers bilor. Mas., natrium hipoxloritin 1-oksinaftoy tursusu
ilo qarsiligh tosirindon otaq temperaturunda 1-oksi-4- onrnaftoy -2 tursusu almir [17].

o ij 2 @ff

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 ohongin soffaf qatt mohlulu ilo gaynadilmasindan mono-, di— vo
trixlorbenzoy tursusu amols golir. Miislliflor bunu xiisusils 3,5- dixlorbenzoy tursusunun alinmasi
ticiin toklif edirlor. Bu vo ya digor son mohsulun alinmasi asason qaynama vaxtindan vo agardict
ohongin miqdarindan asilidir.

Aromatik  aminlordo amin qrupu ilo tutulmamis karbon atomlarindaki hidrogenlori
hipoxloritlo xlorlasmada xlorla avaz etmaklo, xlorlu téromolorini almaq olar.

Amin qruplart ilo tutulmamis aromatik aminlor hipoxloritlo giiclii qarsiliqh tesirdo olub,
oksidlosmo mohsullari, polimer yaxud xloramin omoalo gotirir. Amini asetillosdirmoklo niivade
xlorlagsdirma aparmaq asan olur. Mas., agardici ohongin tosirindon asetat tursusu mohlulunda
reagentlorin miinasibatino iiygun xlor asetanilid yaxud 2,4-dixlorasetanilid yaxud 2,4 -
dixlorasetanilid amalo golir [18].

NaOCI
INHCOCH3 @_ NHCOCH,
J—
Cl

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

Hetrotsiklik birlosmolorin xlorlasmasi ii¢lin hipoxloridlordon, demok olar ki, istifado
olunmamisdir. Hipoxloritin golovi mohlulunun pirrola tssirinden pirrol tetraxlorpirrola kimi
xlorlasir vo todricon dixlormalein tursusuna qodor oksidlosir.

Yuxarida geyd olunan kimyovi {isullarla sulfuril xlorid vo hipoxloritlo xlorlasmanin
oksariyyatinin elektrokimyovi lisulla xlorlagmasi aparilmamigdir.

Hal-hazirda torofimizdon gostorilon halogenlosmo agentlori ilo homginin abgaz hidrogen
xloridlo bir sira aromatik karbohidrogenlor vo onlarin tdromolorinin elektrokimyavi {iisulla
xlorlasmas1 miivaffoqiyyotlo hoyata kecirilir. Belos ki, benzol, toluol, etil benzol, ksilollar, kumol,
fenol, alkil fenollar, naftollar, alkil naftollarin bazi niimunslorinin elektrokimyavi iisulla xlorlagsmasi
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hoyata kecirilmis, dienlor, aromatik aminlor, aromatik oksitursular vo digor birlogmalorin
xlorlasmasi tizra todqiqatlar davam etdirilir.
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13.

14.
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16.
17.
18.

Bundan basqga polimerlorin alinmas1 vo xlorlagdirilmasi, sulfoxlorlasdirilmasi istiqgamotindo
laboratoriyamizda todqiqatlar aparilir.
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PE3IOME
XJJOPUPOBAHUE APOMATHYECKHUX YIJIEBOJOPO/10B
B DJIEKTPOXUMHUYECKOM CUCTEME
Mypaooe M. M.

Knwuesvie cnosa: snexmpoxumuueckutl Memoo, XA0popeaHuvecKue eewjecmed, abeaz Xuopuoa

6000p00a, ACUOOGHbBLE GeUjeCmBa, eKMPOPUILHBLI 3AMECTNIUMENTD.

B mpencraBierHoM 0030pe TpoBeneH aHANW3 W3JaHUA (IMTEparypa W TATeHT), MOCBSIIEHHBIX
MPOIIeCCy XJIOPUPOBAHUST apOMATHUYECKUX YTIIEBOJOPOJOB XUMHUSCKUMH MeTojaMu. Ha ocHoBe aHamm3za
JIUTEPATYPHBIX CBEICHHUN OBIIO BBISBICHO, YTO HEKOTOPHIC HEJOCTATKH, BO3HUKAIOIIUE MPU XJIOPHUPOBAHUN
ApPOMAaTHYECKUX YTIIEBOJIOPOJOB XUMHUSCKMMU METOJAMH, MOXHO YCTPAHUTh JEKTPOXUMHUUCCKUAM MyTEM.
B otnuuue OT XUMHYECKOTO METOJa, MPOAYKT TIOJyYCHHOW JIIEKTPOXUMHUYECKUM IyTeM O00JiagaeT
OTHOCHTEIBHO BBICOKOW CTEMEHBIO YHCTOTHI M BBIXOJOM, a CaM MPOIECC MPOBOAUTCS HA YIpaIleHHOM
SJIEKTPOJIM3HOW YCTAHOBKE W TMpPH HHU3KOH Temmeparype. IIpH BIEKTPOXUMHYECKOM XJIOPHUPOBAHUH
o0pazoBaHHe MOOOYHBIX TPOJMYKTOB B MEHBIIEM KOJIHWYECTBE, a TaKKe 00pa3oBaHHE XIOPHPOBAHHBIX
areHToOB, a Takke oOpa3oBaHHWE XJIOPUPOBAHHBIX areHTOB BO BpeMs IMporecca 00eCreuruBarOT
9KOJIOTHYECKYIO 0€3aacHOCTb.

B Hacrosimee BpeMsi YCIENIHO MPOBOJUTCSA XJIOPUPOBAHUE SICKTPOXMMHUYCCKUM METOAOM psina
apPOMATUYCCKUX YTJICBOJOPOJOB M HMX MPOU3BOJMHBIX C YKAa3aHHBIMU TaJOTCHArCHTAMH, B TOM YHUCIE C
abrasoM xjopuaa Bojopojaa. TakuMm 00pa3oM, 3JIEKTPOXMMHUUYECKHM METOIOM MPOBEICHO XJIOPHPOBAHHUE
HEKOTOPBIX 00pa3ioB OCH30Ja, TOIY0JIa, ITUIOBOTO OCH301a, KCHIOJIOB, KyMoja, (heHola, aKUI(PEHOIOB,
HapTONOB, ATKWITHAPTONOB, a WCCICIOBAHUS MO XJOPUPOBAHHIO JUCHOB, APOMATHUYECKHX aMUHOB,
apOMAaTHYECKUX OKCHUKHCIIOT U IPYTUX COSAMHEHHUM TPOIOIKAIOTCA.

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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Knwuesvie cnoea: Koppo3us, noaumepuszayusd, Kieesas Komnouyusd, Kxamaiusanop, vemaiiudvecKkue
mamepuaivl, COnojaumepusayusl

Koppo3uss metamioB — 3TO pa3pyllieHHE METaNIOB BCIEACTBHE (DU3MKO-XUMUYECKOTO
BO3JICHCTBUS BHEIIHEH Cpeibl, IPU 3TOM METAII MEPEXOAUT B OKHCIEHHOE COCTOSIHHUE U TepseT
npucylue emy cBoiicTBa. Ha mpakTuke Hambojee 4YacTO BCTPEYAIOTCS CIENYIOIIME THIIbI
KOPpO3UU: SI3BEHHAs!, TOUeYHasl WIN (MIUTTUHIOBas), IIeIeBast U JIp. DTU BUJIbI KOPPO3UU OCOOEHHO
OMacHbl JJisi KOHCTPYKLMH, IZI€ BaXXHO COXpPAHEHHWE TEePMETUYHOCTH WJIM HEIPOHUIIAEMOCTH,
HampuMep, amnmaparoB, TPyOONpPOBOAOB M T.A. Pa3BUTHIO TOYEYHOH M S3BEHHOW KOPPO3UHU
ONaronpusITCTBYET MPUCYTCTBHUE B PacTBOPE MACCUBATOPOB (KUCIOPOJ, OKUCIUTENH) M CUIBHBIX
aKTUBATOpPOB (MOHBI XJjopa, OpoMa wiu Bojxa). OJHUM M3 METOAOB 3aIIUTHI METAUIMYECKHX
KOHCTPYKLIUH OT KOPPO3MHU SIBISIETCS NMPUMEHEHHE MHTHOMTOPOB Koppo3uu. HekoTopble u3 HHUX
ObUTH pa3paboTaHbl aBTOpaMH JaHHO# cTaTh [1-3].

Kak wu3BecTHO, MajoyriaepoAucTas CTallb, COCTABISAIONIAs OONBIIYI0 YaCTh KOHCTPYKIIUN
He(TenepepadbaThIBAIONINX 3aBOJIOB U HE(PTSAHBIX CKBAXXKHH, B arpeCCUBHBIX Cpelax IMOJBepraercs
ciIbHON Kopposuu [4-6]. Llenbto HacTosmiel pabOTHI SBISETCS U3YyYEHHE KOPPO3UU PA3THMUHBIX
METAIJINYECKUX MaTEpUasIoB B CpeJie OMyUEHUs KJIEeBOM KOMITO3UIUY.

Cpena mpou3BOACTBA KJIEEBBIX KOMIIO3MIUN HE OTIMYAIOTCS BBICOKOM KOPPO3HOHHOMU
arpeccuBHOCThI0. Hambornee KOppo3MOHHO-aKTUBHBIMM KOMIIOHEHTAMU B 3TOM CIIy4yae SIBIISIFOTCS
aKpujoBas KHCJIOTa M XJIOpHOE OJIoBO. B Omoke B cpeae a3oTa, B KayecTBe Karalus3aropa
ucnosib3oBain SNCly — geThIpexXaI0prcToe 0J0BO.

brnaronapss Hamuuuioo JABOMHOW CBSI3M LENU OJMIOMEpa, IOJIyYeHHBbIE COEIUHEHHUS B
MPUCYTCTBUU PAJAUKAIbHBIX WHUIUATOPOB COMOJIMMEPU3YIOTCS C BHHMJIOBBIMU MOHOMEpPAMHU,
TakKUMHU Kak cTUpoil. CTUpPONI yMEHBIIAET BSI3KOCTh MOJIUMEPHU3YIOLIEICS CUCTEMBI U TEM CaMbIM
HECKOJIBKO TOBBIIIAeT KHUHETHUYECKYIO MOJBH)KHOCTH OJUTOMEPHBIX IIE€Ted, B pe3ylbTare 4ero
YBEJIMYUBAETCS YHUCIIO MOJICKYJISIPHBIX COEIMHEHUN MEX]Ty KOMIIOHEHTAMH | MOBBIIIASTCS TTyOnHa
MIPEBpALIEHHs COMOJIMMEPOB B €IMHUIY BpeMeHU. Kak Obu1o 0TMEUeHO, cliellyeT yAensTh ocoboe
BHUMAaHUE arpecCUBHOCTH Cpezbl, KOTOpas 3aBHCHUT OT COCTaBa pacTBOpPAa, OJHOPOAHOCTH U
3arpsI3HEHHOCTH 00pa3loB, BO3MOXKHOCTH JIOCTYIa BO3/AyXa W T.A. Bce, 4To MOXXET MOBIUATH Ha
AJIEKTPOXMMUYECKHI TpoIecC KOPpO3UH, OyIeT TakkKe BIMATH Ha CKOPOCTb U XapakTep
KOPPO3HMOHHOTO pa3pyiieHus: MmetamioB [7-12]. Tak, ckopocts kopposuu cT.3 B 0,1%-HOM pacTBOpe
aKpUJIOBOM KHCIOTHI cocTaBisieT 4,9 MM/TOJl; CKOPOCTh KOPPO3MM BBICOKOJETUPOBAHHOM CTalu
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10X17H13M3T B 5%-HOM BOoHOM pacTBOpe JocTHraeT SmMm/roa . OgHaKo, B MPOLECCe MOTydeHHUs
KJIEEBOW KOMITO3HMIIMH BOIHBIN PAaCTBOP STHX BELIECTB HE HCHOIB3YIOTCS U BECH NPOIECC MIPOTEKAET
B OPraHUYECKOH Cpejie, YTO 3HAUUTENIBHO 3aMeUISET IPOLECC KOPPO3UH.

JKcHepuUMeHTANbHAs  4YacTh. KOppO3WMOHHBIE  HMCCIICOBAaHUS  NPOBOAMIHNCH B
71a00paTOPHBIX YCIOBHUIX B CpPeJax, COOTBETCTBYIOIIUX CTAIHUSAM MOJTYYECHHUS KJIEEBOW KOMITO3UIIMU
[8-10]. CxopocTh KOppO3uH OIpeIeIsIach TPABUMETPHUECKAM METOIOM 110 (hopMyie:

AP

P= g1 r/M® - qac

rae AP — u3meHneHnue B Bece 00pa3IoB /10 U [1OCIIE€ UCIIBITAHUH, Yac
S — mromae PaGOTAIOIIEH MOBEPXHOCTH, M
T - BpeMs [IPOBEJICHUS OIbITa, Yac
HcnpiTanus MpOBOIWINCH HA 00pasiax B BHJIE MPSIMOYTobHUKOB. OOpaboTka 00pa3ioB 10
W T1ocie WchblTanuid mpoBoawiack mo PTM  26-01-21-68. Koppo3noHHBIM HCHBITAaHHSIM
noJBepraiuchk cienyromue marepuansl: cr.20, cr.08X13, cr. 12U18HIO0T, cr. 12X21HST, crT.
10X14I'14PAT u tutan BT1-0. JlaHHBIE IO CKOPOCTSIM KOPPO3UU UCIBITAHHBIX MaTepuasioB B | u
Il cragusix mosMMepH3alum, a TaKXKe B YCIOBHSX NMPHUTOTOBICHUS Kartanu3aTopa SNCly B OeH3oe
MpUBEACHbI B Ta0uIe 1.

Tabauua 1
Peszynomamol koppo3uoHHbBIX UCHBIMAHUL MEMATLTUYECKUX MAMEPUALO8 8 npoyecce NOIY4eHUs
KJ1eegoll KOMNo3uyuu

[Tponomxu- M
Temneparypa TEJIBHOCTh apxa Cropocrs,
Cocras cpefsl patypa, o HCIBITAHHOTO kopposuw, | IIpumeuanrve
pea °c HUCIIBITAaHUI PP > p
’ Marepuaia /™M gac
yac
Ct.20 903
SnCl, — 50% o5 50 Ct.08X13 903
benzon cyxoit — 50% Ct.1LX21H5T 0,004
Turan BT1-0 0,002
SnCl, — 50% Ct.20 905 Toueunas
beH3o1 BaxxHbIN — 25 150 Cr.08X13 903 KOppo3ust
50%
| cranusa monmmepu3aun

AK -89 mm 20-25 Ct.20 0,041

OIl - 200 Ct.08X13 0,021
SnCl, — 2,34 M o4 Ct.12X18H10T 0,0087
Benzon — 5 M Cr.12X21HST 0,0055
I'X-03r Cr.10X14T14HA4AT 0,0073
Twuran BT1-0 0,0063

Ct.20 0,002

Ct.08X13 0,002

Cr.12X18H10T 0,001

-1 =1 330 Cr.12X21HST 0,001

Crt. 10X14I'14P4T 0,002

Turtan BT1-0 0,001

Il cragus monmuMepu3anuu

AIIT* 100 3,5 Ct.20 < 0,001
TpetOyTunmnepoeH3oaT Cr.08X13 < 0,001
Crupon Cr.12X18H10T <0,001

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

* AT — akpunam nponuneHenuKkons (MOHOAKPUIAMOAULOOKCUNDONULEHETUKOIb)
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Cnenyer OTMETHTb, UTO 1 CcTagus NOJMMEPHU3ALMM — ITO CHUHTE3 MOHOAKPHJIATOOIMIO-
okcunponwieHriukons (AIIl') Ha ocHOBe akpwiIoOBOMl KHUCIOTBI W OKHCH IpOMHIIEHA
C IPUMEHEHUEM B Ka4eCTBE KaTaln3aTopa YE€THIPEXXIOPUCTOTO OJI0BA; 2 CTAAUS MMOJMMEPU3ALIUHT —
a0 conoaumepusaims AII co ctupoaom (SnCly).

Kak BumHO u3 Tabnumpl 1, B yCIOBUSX MPUTOTOBJICHUS KaTalM3aTopa BCE WCIBITAHHbBIC
MaTepuaibl SBISIOTCA JOCTaTOYHO CTOMKHMMH, HO MPH 3TOM CIEAYyeT YYUTHIBATh BIAXKHOCTh
OeH3oa, Tak Kak MPH HCIOJB30BaHMM BIAXXHOro OeH3o0sa Ha oOpasmax u3 cr.20 Habmomaercs
ToueyHas kopposus [11-12].

B cragum cuHTE3a MOHOAKPWIATOIUTOOKCHUIIPONMIICHIIMKONEH BCE  HCIBITAHHBIC
MaTepuabl BISIOTCA CTOMKUMHU, IPHYEM KOPPO3Us BO BPEMEHU J1a)K€ HECKOJIBKO CHHKAETCSl.

[lpu  cononuMepHu3alMid  MOHOAKPUIATOIUTOOKCUIIPONMIICHTIMKOICH CO  CTUPOJIOM
MPAKTUYECKH HUKAKUX M3MEHEHHMH He HaOII0Janoch, CKOPOCTH KOPPO3WH BCEX MaTepHalloB
HUYTOXKHO Majbl, 4YTO TIO3BOJSET OTHECTH UX K TPYIIE «COBEPLIICHHO CTOHKHE» II0
necaTuOaIbHOM iKaie Koppo3uontoi croikoctu (OCT 13819-68).

BobiBoabl. HecmoTpst Ha TO, 4TO B yCIOBUSIX moiuMepu3anuu cT.20 MpOSBISET BHICOKYIO
KOPPO3UOHHYIO CTOHKOCTb, OJHAaKO TMPUMEHEHHE YIJIepOJUCTON CTalud JAJs TNPUTOTOBICHUS
MOJTMMEPU3aTOPOB TPU3HACTCS HEIAOMYCTUMBIM, TaK KaKk Ha €€ IOBEPXHOCTH OTKJIAJbIBACTCS
MOJIMMEpP, YTO YXYJIIaeT Teronepeaadyy W BbI3bIBACT JPYrHe OCIOKHEHHUS B TPOM3BOACTBE.
3HaYUTENHHO OO0JIee JOITOBEYHBIMH SBISIOTCS MOJUMEPU3aTOPBI, U3TOTOBJICHHBIEC U3 IBYXCIOHHON
cranmu c1.3X18P10T unm u3 yriepoaucroit cranu, GpyrepoBanHoil nuctoBoil cranpio X18P10T ¢
MEIIAJIKAMHU U3 HEPHKABEIOLIECH HIIM XPOMUPOBAHHOW YIIEPOIUCTOMN CTaJIH.
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XULASO
YAPISQAN KOMPOZIiSIYANIN ALINMASI MUHITINDO MUXTOLIF METAL
MATERIALLARIN KORROZIYASININ OYRONILMOSI
Maommadova E.S., Salayeva Z.C., Mommoadiliyev H.O., Hiiseynova A.E., Ohmadova R.R.

Acar sozlar: korroziya, polimerlasma, yapisqanli kompozisiya, katalizator, metal materiallar,
sopolimerlaosmo

Moqalads yapisganli kompozisiyanin alindigi miihitds miixtslif materiallarin korroziya tadgigatinin
naticalori toaqdim edilmisdir. Korroziya deracasi katalizatorun hazirlanmasinda va yapigsqanl kompozisiyanin
almmasinin miivafiq marhalslorinds laboratoriya seraitinds qravimetrik iisulla yronilmisdir. Gostorilmisdir
ki, dordkiinc qalay katalizatorunun (SnCl4) hazirlanmasi soraitindo benzolun riitubotini nozors almagq
lazimdir, belo ki, nom benzoldan istifado zamani st.20-don olan niimunsalords doqiq korroziya miisahido
edilir. Miiayyon edilmisdir ki, St. 20 polimerlogsms soraitinds yliksok korroziya miiqavimeti gosterir, lakin
polimerlasdiricilorin hazirlanmasi ii¢lin karbon poladdan istifads edilmasi yolverilmoz hesab edilir, ¢iinki
onun sothinds polimer yigilir, bu da istiliyin dtiiriilmosini pislosdirir vo Istehsalatda digor agirlasmalara
sobab 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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sintetik polimer

Tobiotdo bu metala domir filizlorinds, ¢okiintii vo maqmatik stixurlarda, eloco do sistlordo rast
golinir. Eyni zamanda vanadium Yer qabiginda, deniz sularinda vo canli orqanizmlordo genis
yaylmis bir elementdir. Vanadiumun Yer qabiginda kiitlo pay1 1,5-10 2 -1,9-10 “% toskil edir [1].
Tibbi noqteyi-nozordon miioyyon olunmusdur ki, bu mikroelement canli orqanizmds gedon bir ¢cox
proseslorin faal istirak¢isidir. insan orqanizminin vanadiuma olan tolobatr sutkada 2 mkq toskil edir
[2]. Belo ki, praktiki mogsadla bu mikroelementin gobulu zamani organizmds gedon oksidlogsmo-
reduksiya reaksiyalarinin qarsisi alinir vo bu zaman sorbost radikallar yarana bilmir vo naticads bir
¢ox onkoloji xastaliklorin garsist alinmis olur [3]. Vanadium atraf miihitdo yayilmasinin antropogen
faktorlari miixtalifdir. Bura hom sonaye obyektlori, hom do tobii obyektlor daxildir (vulkan
pliskiirmosi, tobii yanginlar, kiilok eroziyasi). Vanadiumun toksiki xassosi onun oksidlosmo
doracosindon asilidir, belo Ki, oksidlogsmo dorocasi artdiqca toksiki xassasi artir vo artiq miqdari
olduqca tohliikalidir. Ona goro do bu elementin mikroqramlarinin toyini iiclin qatilagdirmanin
zoruroti yaranir. Qatilasdirmanin  miixtolif metodlart var. Qatillasdirmanin on ohomiyyatli
metodlarindan biri metal ionlarinin polimer sorbentlorlo xelatlar soklinds sorbsiyasidir. Homin bu
polimer xelatomalogatirici sorbentlor polimer matrisaya kimyavi modifikasiya vasitasila funksional
aktiv qruplarin daxil edilmesi tsulu ilo almmmisdir. Bu zaman osason polistirol vo onun
sopolimerlorindon daha genis istifado olunur. Sorbentlorin sorbsiya xassosi daxil edilmis
kompleksomologotirici qrupun tobiotindon asilidir. Modifikasiya olunmus kimyavi aktiv qruplar
mohlulda metal ionlar1 ilo davamli xelatlar va ion assosiatlar1 yaratmaq xassasina malikdir. Polimer
xelat sorbentlorlo aparilan sorbsiya prosesi toyinatin sadoliyi, siirotli vo yiiksok effektliyino goro
digor metodlardan seg¢ilir. Bu magsadlo do malein anhidridi-stirol sopolimeri asasinda 6-fenil, 1,3,5-
triazin, 2,4- fraqgmenti saxlayan amin vasitosilo formaldehid istirakinda yeni sintetik sorbent sintez
edilmisdir. Alinmis sorbentin qurlusu IQ metodu ilo identifikasiya edilmisdir. Homin bu sistemdo
sorbentin sorbsiya xassalorini miioyyanlagdirmak ti¢iin V(V) ionunun sorbsiyasina tosir edon bir sira
parametrlor miioyyonlosdirilmisdir: mihitin pH-nin, metal ionunun qatiliginin, zamandan
astliliginin vo ion qilivvesinin tosiri Oyronilmigdir. Eyni zamanda udulmus metal ionlarinin
sorbentdon desorbsiyast da dyronilmisdir.

Tacriibi hissa.

Cihazlar vo mohlullar.

V(V) ionunun mohlulda tarazliq qatiligi piroqallol osasli 2,3,4-trihidroksi, 3-nitro,
4-sulfoazobenzol reagenti ilo spektrofotometrik metodla toyin edilmisdir. ©dobiyyat molumatlarinin
aragdirmalar1 gostorir ki, vanadium torkibindo O, N,S saxlayan reagentlorlo davamli kompleks
birlogsma omoalo §atirir [4]. Homin bu reagent satigda olmadigi tigiin onu malum metodika ils sintez
etmisik [5]. 10° M qatiligli mahlulu NH4VOs3 (k.t.) duzunun qati H,SO4 tursusu ilo birlikdo 1:1
nisbotinds qarigdirilaraq 160°C-do asta-asta buxarlandirilaraq (5 ml hacm galana gador), 100 ml-ik
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kolbada 6l¢ii xattino godor distills suyu ilo durulagdirilmasindan hazirlanmis vo qatilig standartlarla
miiqayiso edilorak doqiqlosdirilmisdir [6]. Miihitin pH-n1 sabit saxlamaq ti¢iin HCI fiksanalindan
(pH 0-2) vo ammonium-asetat bufer mohlulundan (pH 3-11) vo vo NaOH (pH=12-14)
mohlulundan istifade edilmisdir. 0,1 M CH3COOH vo 0,1 MNH;OH mohlulu 98 %-li sirks
tursusu vo 25 %-li ammonium-hidroksid maddslorinin qati mohlullarindan hazirlanmisdir.
Natrium-hidroksid mohlulu avvalcodon BaCl, vasitasilo karbonatlardan tomizlonmis NaOH-dan
hazirlanmisdir . KOH mohlulu goalovinin hesablanmis kiitlasinin distillo suyunda hall edilmasi ilo
hazirlanmis vo standart HCI mohlulu il titrlonarok qatilign dogiqlosdirilmisdir. fon qiivvesini sabit
saxlamaq tg¢iin (k.t) KCI duzundan istifado edilmisdir. Mohlullarin optiki sixliglar1 “Lambda-40”
spektrofotometrindo KFK-2 fotokalorimetrindo (A=490 nm-ds) galinligi {=1sm olan kiivetlordo
Ol¢iilmiigdiir. Bufer mohlullarina pH-na PHS-25 markal1 siigo elektrodlu ionomer vasitasilo nozarot
edilmisdir. Sorbentin Varion 640-IR spektrometrindo 4000-400 sm™ tezlik diapazonunda spektrive
“STAPT 1600 cihazinda termoqrammasi ¢okilmisdir.

Metodika. Odabiyyatdan molumdur ki, xatti qurluslu sopolimerlorin sorbsiya tutumu yiiksok
olur. Arasdirmalarimiz gostorir ki, malein anhidridi stirolla 1:1 nisbatindo xatti qurluslu névbali
sopolimer amoala gatirir [7]. Malein anhidridi - stirol sopolimeri molum metodika ilo malein
anhidridinin (k.t.) stirolla (k.t.) benzol mohlulunda, su hamaminda (80-85°C, 140 daq.) radikal
sopolimerlosmosindon almmisdir [8]. Insiator kimi azobisizobutilonitrildon (ABIN) istifado
edilmisdir. Alinmis sopolimer benzolla yuyularaq 50° C-ds vakuumda sabit ¢akiya gader qurudulur.
Sorbentin sorbsiya gabiliyyati onun vahid kiitlosino diison funksional analitik qruplarin qatiligindan,
metal ionunun polimer matriso daxilolma doracesindon, iondoyismo noticosindo omolo golmis
rabitonin  vo almmis kompleksin davamliligindan asilidir. Makromolekulun — miixtalif
konformasiyalarda olmasi naticosindo metal kationlar1 biitiin funksional analitik qruplarla qarsiliql
tosirdo ola bilmir. Bu sobabdon sorbentin sorbsiya tutumunun mohlulda olan metal ionlarinin
qatiligindan asilligi hamisa diizxatli olmur. Togdim olunan bu isde moalum metodika ilo malein
anhidridi-stirol sopolimeri asasinda 6-fenil, 1,3,5-triazin, 2,4-diaminilo xelatomoalogatirci polimer
sorbent sintez olunmusdur [9]. Sopolimerin iizorino formaldehid vo aminin hesablanmis miqdari
(suda holl edilorak) olave edilorok qum hamaminda 1,5 saat miiddstindo fasilesiz garisdirilaraq
aparilir. Alinmig sorbent su ilo yuyularaq 50°C-do vakuumda sabit c¢okiyo qodor qurudulur.
V(V) ionunun udulmus migdarin1 miisyyon etmok iiclin fotometrik metoddan istifado edilmisdir
[10]. Mixtalif iizvi reagentlorin vanadiuma tosiri gostorir ki, homin {izvi reagentlordovanadium
ticlin xarakterik olan xiisusi atom qruplar1 olur. Reagent molekulunda metalla birloson bels atom
qruplarinin sayi1 iki vo daha artiq olanda bunlarin tosiri daha boyiik olur. Vanadium torkibindo
iki vo daha ¢ox belo funksional qruplar1 olan reagentlorlo xelat kompleks amolo gotirir. Cox
funksional qrup olan ligandlarin omolo gotirdiyi komplekslordo xelat effekti yaranir vo
kompleks davamli olur. Beloliklo, molum olmusdur ki, V(V) ionu turs miihitdo pH 5-do
(maksimum isiq udmast A =490 nM dalga uzunlugunda) 2,34 -trihidroksi 3-nitro
4- sulfoazobenzol reaktivi ilo qarsiligli tosirdo olaraq rongli kompleks birlosmo omolo gatirir.

Naticalar va onlarin miizakirasi.

Sorbentin vo kompleksin identifikasiyasi. Alinmig sorbent (sokill) vo kompleks (sokil.2)
[Q-spektroskopiya metodu ilo identifikasiya olunmusdur[11-12]. Aparilan arasdirmalardan malum
olur ki, kompleksin spektrindo 3414-3359 sm™(karboksil qrupundaki —~OH grupunun valent rogslori,
homginin ~NH grupunun valent ragslori (3359-2911sm™) 1723-1718 sm™ (karboksilqrupundaki—
C=0 grupunun valent ragslori), 1718-1541sm™(C-N valent ragslori vo N-H deformasiya rogslori),
1380-1215 sm™ (benzol halgasinds C —C valent ragslori), 1024-702 sm™ (benzol halgasinde C —C
deformasiya ragslari) tezliklordo udma zolaqglarinda siirtismalor miisahids olunur. Bu kompleksin
ehtimal olunun qurlusunun alindigin1 demays imkan verir.
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Sokil 2. 6 fenil 1,3,5 triazin fragmentli sorbentin vanadium (V) ionu ilo amala gotirdiyi kompleksin

1Q spektri

Sintez olunmus sorbentin vo V(V) ionunun sintez olunmus sorbent ilo omolo gotirdiyi
polixelatin termoqrammalarin analizinin naticolori gostorir ki, sorbentlorimiz 120°C- temperatura
godor davamlidir, sorbento nisboton iso kompleksdo kiitlo azalmasi zoif siirotlo bas verir vo
sorbentin 0zii ilo miiqayisado kiitlo azalmasi azdir. Bu sorbent fazada davamli xelat tsikllorinin
omala golmosi ilo slagadardir.

pH-1n sorbsiya prosesina tasiri. Sorbsiya prosesi zamani optimal miihitin se¢ilmosi an

mithiim parametrlordon biridir. Sorbentlorin tursu asasli xassolori onlarin asas xarakteristikasi olub,
metal ionunun sorbsiyasini, metal ionunun maksimum ayrilma doracesina uygun pH-in intervalini
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(PHopt) vo sorbsiya zamani sorbentin segiciliyini miioyyon edir. Polimer matrisaya daxil edilon
analitik qruplar tursu xassoli funksional qruplardir. Miihitin pH sorbsiya tutumuna da oshomiyyatli
tasir gostorir. Malumdur ki, moahlulda hidrogen ionlariin qatili1 bark vo maye fazalar arasindaki
tarazliga tosir edon faktorlardan biridir. Sorbsiya prosesindo optimal pH-1 miioyyanlosdirmok {igiin
eyni miqdarda (30mq) sorbent vo eyni hocmds metal mohlulu (2ml) vo 18 ml uygun pH olave
edilorok (pH-3-7) sorbsiya tocriibalori qoyulur. Sutka tamam olduqda hor bir kolbadan miixtalif
alikvot hisso gotiiriilorak, reaktiv vo optimal pH fonunda (Ay.x =490nm) Slgmolor aparilir. Miioyyon
etmisik ki, pH-1n daha ki¢ik qiymetlorindo polimer sorbentin sismo doracasi asagi olur. Bunun osas
sobabi funksional qruplarin protonlagsmis formada olmasi ilo baghdir. pH boylik qiymaetlorinda isa
metal ionlar1 hidrolizo ugrayaraq miixtolif formal1 hidroksi komplekslor omolo gatirir.

Sorbsiya prosesinin zamandan asililigi. Sorbsiya zamani sistemds tarazligin hansi zaman
miiddotindo yarandigini miioyyon etmok iiglin statik soraitdo optimal pH miihitinde (pH=4) ion
qiivvasinin sabit giymotindo sorbsiya tocriibasi goyulur vo miixtalif zaman fasilalorindo maye
fazadan alikvot hisso gotiiriilorak, mohlulda metal ionunun qatilig1 miioyyan edilir. iki ardicil lgmo
zamani mohlulda metal ionunun gqatiligmin eyni olmasi tam sorbsiya tarazligmnin yaranmasi
demokdir. Miioyyan olunmusdur ki, vanadium (V) ionunun sintez olunmus sorbentlo sorbsiya
tarazlig1 2 saat miiddatinds yaranir.

Sorbsiya prosesinin metalin qatihgindan asilih@il. Sorbsiya prosesinin metalin qatiligdan
astliligii miioyyonlosdirmok ii¢lin sorbentin kiitlasini sabit saxlamaq mserpent = const sarti ilosorbent
ticlin optimal pH-1n hacmini vometalin qatiligini variasiya etmokls, 2,4,6,8,10, 20, 40, 60,80% 104 M
qatiliglt mohlullar seriyast hazirlanir vo sutka tamam olanda alikvot hisso gdtiiriiliib reaktiv vo pH
fonunda Ol¢molor aparilir. Codvoldon goriindiiyli kimi, V(V) ionunun sorbent ilo udulmasinin
maksimum qatilig1 80 mqg/ml-dir. (STmax=mag/q).

Cadval 1.
V(V) ionunun sintez olunmug sorbent ila sorbsiyasimin metalin qatiligindan asililig
Cwte, 107 mag/ml 2 4 8 10 20 40 60 80
STmax, MA/Q 181 |215 |10,39 |[12,89 |38,08 |10,95 | 183,94 | 259,08

Sorbsiya prosesina mahlulun ion qiivvasinin tasiri. lon giivvosi metalin sorbsiya daracasino
ohomiyyatli tosir edir. Mohlulun ion qiivvesinin artmasi ilo sorbsiya darocesinin azalmasi miisahido
olunur. Bu, onunla izah olunur ki, mohlulun ion qiivvesi artdigca polimer ligandin ¢evikliyi azalir,
funksional—-analitik qruplarin ohatosi doyisir, sorbentin sismo doracasi azalir vo buna uygun olaraq
sorbsiya tutumunun azalmasi bas verir. Bu azalmanin konkret olarag moahlulun ion giivvasinin hansi
giymatindon bagladigini miioyyon etmok igiin tutum vo formasi eyni olan miixtolif gablarda,
optimal pH miihitindo sorbsiya tacriibalori goyulur. Bir sutkadan sonra metal ionunun tarazliq
qatilign fotometrik analiz metodu ilo miioyyon edilir. Doyison komiyyot yalniz mohlulun ion
qiivvasinin qiymati olur. Aldigimiz naticolordon aydin olur ki, maye fazanin ion qiivvasinin 0,8
mol/1 giymotino qador artmasi sorbsiya doracasing ciddi tasir etmir. lon qiivvesinin sonraki artimi
V(V) ionun sorbsiya doracasinin azalmasina sobab olur.

Desorbsiya prosesinin oyronilmasi. Sorbent torofindon udulmus metal ionlarinin
desorbsiyasi turs miihitdo Oyronilmigdir. Bunun {igiin tutumu vo formasi eyni olan qablara
torkibindo eyni miqdarda metal ionu olan barabar kiitloli sorbent niimunslori olave edilir. Maye
fazanin hocmini vo tursularin qatiliglarini doyismoklo desorbsiya tocriibalori qoyulmusdur. Udulmus
V(V) ionunun polimer sorbentdon desorbsiyasina miixtolif mineral tursularin (HCIO4, HNO;3,
H,SO,4 , HCI ) vo onlarin qatiliginin tasiri dyronilmisdir. Tocriibo gostorir ki, HCIO,4 tursusu daha
yaxs1 desorbsiya etmok qabiliyyatino malikdir. Tursunun optimal qatiligin1 miioyyan etmoak {iglin
onun miixtolif qatiliginda desorbsiya tocriibalori qoyulmusdur. Noticods, miioyyon olunmusdur ki,
desorbsiyadan sonra sorbent 0z sorbgifgomassdiEB. itirmir vo alinmis sorbentdon tokrar
qatilasdirmada istifado etmok olar.
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PE3IOME
COPBIHMOHHOE ®OTOMETPHUYECKOE ONIPEJAEJIEHUE NOHA BAHAJIUS (V)
MNOJUMEPHBIM XEJIATOOBPA3YIOIIUM COPBEHTOM, COJAEPXAIIIUM
®PAIMEHTHI 6-OEHWI 1,3,5-TPUA3HUH 2,4-TUAMUHA CUHTE3UPOBAHHBIN
HA OCHOBE MAJIEMHOT'O AHIT'UJIPUJIACTHUPOJIA
TI'acanoea M.B.

Kntouesvle cnoea: ronyenmpuposanue, copoyus, 6-¢penun  1,3,5-mpuazun  2,4-0uamumn,
KOHYeHmpuposanue, MaleuHo20an2uopuod, Cconoaumep,  CUHMeMU4ecKull
copbenm

Ha ocHoBe comommMepa CTHpOJia MaJeMHOBOTO aHTHIPHAA B NMPUCYTCTBHH (OpMalbAeruaa ObLT

CHHTE3UPOBAH HOBBIN MOJMMEpHBIH copOeHT. [lomydeHHBIH copOeHT ObUT WACHTHQUIMPOBAH METOIOM
HK-cniektpockonuu. Hanuune TOBONBHO CIIOKHOTO COCTaBa MPUPOJHBIX W MPOMBINUICHHBIX OTXOIOB
co3aeT HeOOXOIMMOCTh YCHIICHNS! KOHTPOJIS 32 MHHUMAJIBHBIM KOJIMYECTBOM MOHOB PA3IMYHBIX METAJUIOB
Ha OO0BEKTax OKpyKaromei cpensl. s omnpeneneHUss MHKPOTPaMM HOHOB METaNIOB HCHOJIB3YIOTCS
pasnuuHble MeTojpl. HambGonee >QQEeKTHBHBIM METOJOM B 3THX METOJAax SBISETCS CKIAJbIBAHUE U
paciierienne. B HacTosmee BpeMs MIMPOKO MPUMEHSIOTCS CHHTETHYECKHE XEJAaTHPYIOLIHe COPOCHTHI IS
KOH/ICHCALIMM MOHOB PA3JIMYHBIX METAUIOB. DTO CBA3aHO C TEM, YTO CHUHTETHYECKHE COPOEHTHI 00JaialoT
BBICOKOH COpPOIMOHHOM crocoOHOCThIO. Ha ocHOBe aHruapuaa MajewHa - CTHPOJIBHOTO COMOJIMMEpa
CHHTE3HMPOBAaH XEJIATUPYIOUIMH IIOJMMEPHBI COpPOCHT, CcoAepKamMii B CBOEM cocTaBe O-(eHw,
1,3,5-tpuasuH, 2,4-1MaMUHOCOIEPKAIINI aMUHOKHCIOTHBIN (parMeHT. s mpoBeneHnsT UISHTU(DHUKAILIIN
CHHTE3MPOBAHHOTO COPOCHTHUBHOTO KOMILUIeKkca ux crektp Fure-1Q cnekrpomerp Varion 640-IR nanecen B
nuamazone gactoT 4000-400cm-1. YcToiunBOCTh K TeMIlepaType Kak copOeHTa, TaKk W €ro KOMIDIEKCHOTO
COCAMHEHHs, C METAUIMUYECKUM HOHOM OIpeAeNseTcs METOAOM TEPMOTPaBMETPUUYECKOr0 aHaJIN3a.
C momompio 3TOT0 copOeHTa HM3y4deHbl copOuus W necopOrms woHoB BaHamus (V) B ONTHMAaIBHBIX

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

SUMMARY
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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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Hal-hazirda neft emali sonayesindo neft emalinin darinlogmasi, ¢esidlorin genislondirilmasi,
omtos yanacaqlariin keyfiyyotinin yaxsilasdirilmasi vo hocminin artirilmasi mogsodilo onlarin
torkibina ikinci emal proseslori distillatlarinin slave olunmasina boyiik diqqget yetirilir. Miiossisalor,
xam neftdon maksimum miqdarda yiingiil fraksiyalarin oldo olunmasi, mahdud resurslarin daimi
artimina vo eyni zamanda miuasir standartlara cavab veron, osason miihorrik benzini vo dizel
yanacaginin ekoloji xiisusiyyatlarina digqat yetirmok macburiyyatindadirlor [1-4].

Diinya neft emal1 sonayesindo son illordo novbati tendensiyalar miisahids olunur:

- torkibindo ¢ox miqdarda heteroatomlu birlogsmolori olan agir neft fraksiyalarinin emala coalb
olunmasi;

- destruktiv proseslorin nisbi paynin artmasi ilo slagesli olaraq ylingiil neft mohsullarinin
mohsuldarligini artirmaq magsadils neft emali dorinliyinin artmast;

- yanacagin keyfiyyotinin yaxsilasdirilmasi ticiin ekoloji toloblori sortlogdirmok.

Molumdur ki, dizel yanacagi istehsali zamani xammalin torkibino ikinci emal fraksiyalarinin
olava edilmasi, onun ekoloji va istismar xiisusiyyatlorinin shomiyyastli deracads pislosmosine gatirib
cixarir. Belo ki, yanacagin torkibindo kiikiirdlii vo aromatik birlogsmoalorin miqdar artir, aromatik
birlogmolorin artmasi1 iso setan ododinin azalmasma sabab olur. Dizel yanacagmnin ekoloji
xlisusiyyatlorini yaxsilasdirmaq, yanma mohsullarinin toksikliyini azaltmaq vo miihorrik istismari
zamani karbon oksidlorinin formalagmasii azaltmaq ti¢lin yanacaqda kiikiirdlii birlosmalorin vo
aromatik karbohidrogenlorin azaldilmas1 miitloqdir. Yanacagin adi c¢okilon birlogsmolordon
tomizlonmosinin on genis yayilmis iisullarindan biri, hidrotomizlonmo katalizatorlar: istirakinda
dizel fraksiyasinin ikinci emal fraksiyalar1 ilo qarisiglarinin  hidrotomizlonma prosesinin
aparilmasidir. Bu da, 6z ndvbesinds, hidrotomizlonmo prosesi rejiminin agirlasmasini vo daha
effektiv bahali katalizatorlarin istifadosini tolob edir. Osas problemlordon biri iso dizelo alavo
olunmus ikinci emal prosesi fraksiyalarinin hidrogenlosdirilmosidir. ©nonavi hidrokreking
katalizatorlar1 adi hidrotomizlonmo katalizatorlar1 ilo miiqayisads ilkin emal vakuum qazoylunun
hidrogenlogmosino daha effektiv tosir gostorir [5-7].

Bu baximdan hidrokreking katalizatorlar1 keyfiyyotinds olan, ikinci emal proseslori
fraksiyalarinin dizel fraksiyalar1 ilo birgo qarisiqlariin  hidrotomizlonmosi katalizatorlarinin
hazirlanmas1 vo bu texnologiyanin sonayeys totbigetmo metodlarinin islonmosinin dyronilmosi
vacib va aktual problemdir.

Miiasir hidrotomizlonmo katalizatorlar1 forqli funksiyalar1 olan ii¢ qrup (aktiv komponentlor,
qurulus komponenetlari vo modifikatorlar) komponentdon ibarot miirokkob sistemi togkil edir [8-10].

Katalizatorlarin torkibi, adoton, asagidaki komponentlari ohats edir:

-VIII qrupun metallar1: nikel, kobalt, platin, palladium, bazon domir;

-VI grup metallariin oksidlori vo ya sulfidlori: molibden, volfram, bazon xrom:;
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- boylik sothi saholi vo yiiksok mexaniki davamli, inert vo ya tursu xassali, istiliyo davamli
dastyicilar;

- modifikatorlar.

Nikel vo ya kobaltin molibden vo ya volframla birlogsmasi qarisiqlar vo orintilors bifunksional
xiisusiyyatlor verir - eyni zamanda homolitik vo heterolitik reaksiyalarin getmasi vo xam neftin
torkibindo olan kiikiird vo azot birlosmalorinin toksik tosirino qars1 davamliliq yaradir[11].

Dastyicilarin istifadesi katalizatorlarda aktiv komponentlorin miqdariin azaldilmasina vo
noticado, onlara gonaot edilmosino imkan verir, bu da bahali metallardan istifado edorkon xiisusilo
vacibdir. Neytral tobii dasiyicilar - aliiminium, silisium, maqnezium oksidlari vo s. katalizatorlara
olava katalitik xiisusiyyotlor vermir. Amorf vo kristallik struktura malik, tursu xassali dasiyicilar
olan aliimosilikatlar vo sirkoniumsilikatlar iso katalizatorlara izomerlogsdirma vo krekinglosdirmo
xtisusiyyotlori verir. Torikibi VI, VIII qruplarin metallar1 vo belo dagiyicilardan ibarst olan
katalizatorlar goxfunksiyali hesab edilir [8, 9].

Kobalt vo molibden torkibli katalizatorlar osason kiikiirdlii birlosmolorin vo doymamis
strukturlarin hidrogenoliz reaksiyalarinda ¢ox aktivdir, nikel vo molibden torkibli katalizatorlar iso
aromatik vo azot birlogmolorinin hidrogenolizi reaksiyalarinda daha aktivdir. Hidrogen-sulfid amals
golmasi ilo gedon reaksiyada oksidlor sulfid formasina kecir vo gismon metallara godor borpa
olunmasi ilo metallarin hidrogenlosdirmo aktivliyi ohomiyyatli derocads artir. Ogor emal olunan
xammalin torkibindo kiikiirdlii birlosmolor az miqdarda olarsa, katalizatoru istifado etmomisdon
onca kiikiirdlosdirmok moaslohat goriiliir [14-15].

Yanacaga qoyulan ekoloji toloblorin sartlosmesi vo kiikiirdlosma dorinliyinin 97% -o qodor
artmasinin vacibliyi ilo olagali olaraq, yliksok hidrogenlosdirici torkibli (4-6%) katazlizatorlar
hazirlanir[12,13].

Bunlar1 nozore alaraq, toqdim edilmis moqalado Ni, Mo vo Co, Mo oksidlorinin tobii
nanoborulu allimosilikatlar olan halloizitlorlo ultrasos dalgalarinin tosiri altinda modifikasiya
olunmus katalizatorlariin istirakinda ilkin emal dizel fraksiyasinin 30% ikinci emal fraksiyalari ilo
qarisiglariin hidrotomizlonmasi prosesi tadqiq edilmigdir.

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

Ni, Co, Mo metallar1 oksidlari ilo halloizitlorin modifikasiya olunmus niimunalarinin istiraki
ilo aparilan hidrotomizlonmo prosesi zamani alinmig mohsulda dizel fraksiyasinin ¢iximi 33%
artmigdir. Cadval 1-don goriindiiyii kimi, hor iki katalizatorun istiraki ilo aparilmis hidrotomizlonmao
prosesinin material balans1 oxsar naticolor vermisdir.

Cadval 1.
Ilkin emal dizel fraksiyasimn 30% ikinci emal fraksiyalari il> qarisiglarinin HNB+NiMo va HNB+CoMo
katalizatorlarimin istirakinda hidrotomizlonma proseslorinin material balanst

Gostaricilor HNB+NiMo HNB+CoMo
Gétiiriiliib, % kiit.

Kokslagmanin yiingiil fleqmasi 71,2 71,2
Katalitik krekinqin ylingiil fleqmasi 12,6 12,6
Ilkin 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 C,-C, 1,3 1,3
Koks 1,1 1,2
Itki 0,9 0,9
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Cadval 2 va 3-do gostorilmis katalizatorlarun istirakinda ilkin emal dizel fraksiyasimin 30%
ikinci emal fraksiyalari ilo qarisiglarinin 3,5-5,0 MPa hidrogen tozyiqindas, 320-350°C temperaturda
hidrotamizlonmis yanacaqlarin keyfiyyot gostoricilori verilmisdir.

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

Gostariciler Xammal HNB+NiMo HNB+CoMo
Sixliq 15 °C, kg/m® 867,9 848,1 846,3
Fraksiya torkibi, °C
Qaynama baslangici 190 190
10% qaynayir 242 215 215
50 % gaynayir 295 280 280
Qaynama sonu 348 360 360
Alisma temperaturu, qapali putada, °C 69 69
Kinematik 6zliilitk 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
Tursuluq mq KOH/100 sm° yanacag, -1,15 1,27 1,25
Yod adadi, qJ,/100q yan, ¢ox olmamali 2,51 2,34 2,30
Umumi kiikiirdiin migdari, % kiit. 0,1317 0,0280 0,0213
10 % li gqaligin kokslagmasi, % kiitlo, cox olmamali 0,09 0,0020 0,0020
Karbohidrogen torkibi, kiit. %
aromatik 30,1 20,3 22,0
doymamig 3,5 0 0
parafin-naften 66,4 79,7 78,0
Setan odadi - 45 45

Cadval 2-don goriindiiyii kimi, hidrogen tozyiqi 3,5 MPa, temperatur 350°C olduqda
HNB+NiMo katalizatoru istifads etdikds ilkin emal dizel fraksiyasimin 30% ikinci emal fraksiyalari
ilo garisiglarimin hidrotomizlonmosi naticesinds alinan yanacaqlarda {imumi kiikiirdiin miqdari
0.1317% kiit—don 0.0280%-dok azalir, HNB+CoMo katalizatorundan istifads etdikds iso yanacagin
torkibindo imumi kiikiirdiin miqdar1 0,0213% kiit. toskil edir. Bu zaman kiikiirdsiizlosdirilmo
dorinliy1 78,3-83,8% (kiit.) toskil edir. Hidrotomizlonmis yanacaqda aromatik karbohidrogenlorin
miqdar1 iso 30,1 % kiit.-don HNB+NiMo istiraki ilo 20,3 %-o qodor , HNB+CoMo istirakinda iso
22.,0% kiit.-dok azalir.

Todqiq olunan katalizatorlarin istifadesinds hidrogen qazimin 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 qarigiglarinin
hidrotomizlonmasi noticosindo alinan yanacaqlarda timumi kiikiirdiin miqdar1 0.1317% kiit—don
0.0120%-dok azalir, HNB+CoMo katalizatorundan istifads etdikds ise yanacagin torkibinds timumi
kiikiirdiin migdar1 0,0101% kiit. togkil edir. Bu zaman kiikiirdsiizlogdirilma dorinliyi 90,8-92,3%
(kiit.) toskil edir. Hidrotomizlonmis yanacaqda aromatik karbohidrogenlorin miqdar1 isa 30,1 %
kiit.-don HNB+NiMo-nun istiraki ilo 19,4 %-o qodor , HNB+CoMo-nun istirakinda iso 21,0% kiit.-
dok azalir (cadval 3.) setan odadi iso 46-47 toskil edir.

Natica. Tadqiqatlar naticasinds malum olmusdur ki, ultrasaes dalgalar: tosiri altinda hopdurma
tisulu ilo modifikasiya olunmus katalizator niimunolorinin istiraki ilo aparilan hidrotomizlonma
prosesinindan alinan yanacaqlarin keyfiyyat gostaricilori miisbot tosirini tosdiq etmisdir. Naticolor
bir daha gostordi ki, halloizitin Ni, Mo oksidlari ilo modifikasiya olunmus katalizator niimunasi
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veni katalizatorlarin tadqiqi

yanacagin torkibindo olan aromatik karbohidrogenlorin miqdarinin azalmasina, Co, Mo torkibli
katalizator iso kiikiirdlii birlosmolorin migdarinin azalmasina daha effektiv tosir gostorir.

Cadval 3.

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

hidrotamizlonma prosesindan alinan yanacagin keyfiyyat géstaricilori

Gostoricilor Xammal HNB+NiMo HNB+CoMo
Sixliq 15 °C, kg/m® 867,9 846,3 844,7
Fraksiya torkibi, °C
Qaynama baslangici - 190 190
10% qaynayir 242 215 215
50 % qaynay1r 295 280 280
Qaynama sonu 348 360 360
Alisma temperaturu, gapali putada, °C 69 69
Kinematik ézliiliik 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
Tursulug mq KOH/100 sm® yanacag, -1,15 1,00 1,00
Yod adadi, qJ/100q yan, ¢ox olmamali 2,51 1,63 1,57
Umumi kiikiirdiin miqdar1, % Kkiit. 0,1317 0,0120 0,0101
10 % li gqaligin kokslagmasi, % kiitlo, cox olmamali 0,09 0,0020 0,0020
Karbohidrogen torkibi, kiit. %
aromatik 30,1 19,4 21,0
doymamig 3,5 0 0
parafin-naften 66,4 80,6 79,0
Setan odadi - 47 46

Ni, Co, Mo oksidlari ilo modifikasiya olunmus halloizit niimunslorinin katalizator kimi
hidrotomizlonma prosesins totbiqi zamani alinmis dizel fraksiyalarinin ¢iximi, kiikiirdsiizlosmo
dorinliyi, asagi temperatur xassolori vo aromatik karbohidrogenlorin miqdari mogsadouygun

naticalor vermisdir.
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PE3IOME
HCCJIEJOBAHUE HOBBIX KATAJIM3ATOPOB B IIPOLIECCE
T'HAPOJAECYJIb®YPU3ALIUU JU3EJIBHBIX TOIJIUB C ®PAKLIUSIMHA
BTOPOM OBPABOTKHA
T'acanoea A.P.

Knioueswie cnosa: eannyasum, 2uopooyucma, OusenvHdas Gpakyus, yibmpaszeyKoeas Kagumayus

UccnenoBan mpomece ruapoounctku npu Temrieparype 320-350°C naenenue Bomopoma 3,5-5.0 MP ¢
UCIIONB30BAaHUEM B Ka4deCTBE ChIPbS CMECH NPSIMOTOHHOM au3enbHOM ¢paxkuuu ¢ 30% dpakuusiMu BTOpOi
00paboTKH C UCTIONIBb30BaHUEM B KAUECTBE KaTajn3aTopa raJulon3uToB, odorameHHbix okcunamu Ni, Co u Mo.

BBIsIBiIEHO, YTO TIPH HMCHOJNB30BAHUM KAaTAINM3aTOPOB, MOIYYEHHBIX OOOTAICHHEM TaJJIOM3HTOB
okcugamu Ni, Co 1 Mo ¢ HCIIONb30BaHUEM YIIBTPa3ByKa, 00lIee COAEp)KaHUE CEPhl B COCTaBe TU3EIBbHBIX
¢pakunii ymensmaercs ot 0,0280-0,0213 no 0,0120-0,0101 % wmacc., mpu 3ToM rinyOuHa obecceprBaHUs
cocraBiser 78,3-83,8 u 90,8-92,3% wmacc., a konmuecTBO apomaruueckux yrieBopoponoB 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).
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1-NAFTOLUN ETANOLLA ALKILLOSMO REAKSIYASININ
KINETIK TODQIQATLARI

SULEYMANOVA PORVAN®O VAQIF quz1

Sumgqayit Dovlat Universiteti, dissertant
parvana.suleymanova80@mail.ru

Acar sozlar: 1-naftol, etanol, alkillagsma, 2-etil-1-nafiol, marsrut, mahdudlasdirict marhala, aktiviasma
enerjisi, kinetik model.

1-naftolun etanolla alkillosmo reaksiyasinin todqiqinde sirkonium torkibli H-mordenitin
yiiksok katalitik xassolor niimayis etdirdiyi ovvallor miioyyon edilmisdir. Belo ki, azot miihitinds
aparilmis todqiqatlar noticesinde miioyyon edilmis soraitdo 2-metil-1-naftolun 83.6-91.0%
selektivliklo sintezi miimkiin olmus vo bu zaman baglangic 1-naftolun konversiyas: 24.5-54.9%
togkil etmisdir (1-2). Prosesdos alinan digor mohsullara 1-etoksinaftalin, 1.2-dietilnaftalin, etanali
misal gostormok olar. Bozi mohsullarin, mosoalon, 4-etil-1-naftol, 1-okso-2.2-dietil-1.2-
dihidronaftalinin, digor alkil naftalinlorin qatiliglart ciizi olub, optimal gabul edilmis temperatur
hiidudunda izlorino rast golinir. Temperaturun artmasi (>360°C) oksobirlosmonin qatiliginin kaskin
azalmasina va alkilnaftalinlorin va 4-etil-1-naftolun va etanalin migdarinin artmasina sabab olur. Bu
da katalizator sothindo miirokkob proseslorin, o ciimloden yan ¢evrilmslorin bas verdiyini gostorir.
Ardicil vo paralel reaksiyalarin oldugunu siibut edir.

Kinetik todqiqatlar diferensial reaktorlu qurguda asagidaki soraitdo aparilmisdir. T=310-
350°C, kontakt vaxt1 8 saniyaya qodor, baslangic komponentlor olan 1-naftol (P1°) veetanolun (P°)
parsial tozyiqlori uygun olaraq P;1°=4.0+13.50 kPa; P,°=22.80+54.0 kPa. Tacriibolor ii¢ dofo tokrar
olunmus vo alian naticolorin orta qiymatlori hesablanmigdir. Qeyri-katalitik ¢evrilmolorin payimni
miloyyanlosdirmok {iglin katalizatorsuz soraitds xiisusi tocriibalor qoyulmus vo bu zaman 1-naftolun
konversiyast 0%, etanolun konversiyast 159 2.5% olmusdur. Ona gbro do alinan fordi birlosmolorin
omologalma siiratlorine va baslangic komponentlorin imumi ¢evrilma siiratloring diizaliglor etmak
lazim bilinmomisdir.

Daxili vo xarici diffuziyamin varligini toyin etmok ticiin aparilmis ilkin tocriibalor do ugursuz
naticolorin alinmasina gotirib ¢ixarmis vo 1-naftolun etanolla alkillosmo reaksiyasmin kinetik sahado
gercoklogdiyi tosdiq edilmisdir. Kinetik todgiqatlar azot miihitindo aparilmig onun digoer
durulasdiricilarla (su buxari, hava va s.) avaz olunmasi prosesinin gostaricilorine manfi tosir etmisdir.

Kinetik todqiqatlar noticesinde alinan alkilatlarin torkibi yuxarida geyd etdiyimiz kimi olur.
Bu arasdirmalar prosesin asas marsrutlarinin (3) miioyyon olunmasina istigamat vermisdir.

N OC2H5
—
S
{__>—oH
+C2H50H_H20 CoHs -

o > on
—\\> +C2H5OH —>I_<\2\\ l_(i:) Q C2H5

Kiv
—> C2H4O + H2
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Acar maddalar kimi 1-naftol (1), etanol (2), etanal (4), 1-etoksinaftalin (5), 2-etil-1-naftol (3),
1.2-dietilnaftalin (6), hidrogen (7), gotirilmiss texiometrik omsallar codvali tortib edilmis
(cadval 1), agar maddalarin miisahids olunan siiratlori (W;) ilo marsrutlarin siiratlori (r;) arasindaki
riyazi olags (1) tonliklor sistemiilo miioayyan olunur.

Cadval 1.
Acar maddaslorin stexiometrik amsallar cadvali
Margrutun Acar maddonin Ne-si
No-si 1 2 3 4 5 6 7
I -1 -1 0 0 1 0 0
I -1 -1 1 0 0 0 0
i 0 -1 -1 0 0 1 -1
[\ 0 -1 0 1 0 0 1

le 'rl'rnWS: Pl T

WZ: 'rl'rn'rm'r1VW4: v (1)

Acar maddanin némrasi onun i-sayh siiratins va j-sayh parsial tozyigine uygun galir.

2 sayh codvaldo prosesin morhalali sxemi verilmisdir ki, bu da 1-naftolun etanolla garsiligl
tosiri reaksiyasinin stexiometrik bazisi ilo tam uzlasir. Asagi siiratlo bas veran maddslor kimi 2, 5, 7
va 10 gobul edilmis, digarlariss siiratli, yaxud tarazliq morholoaloridir. Katalizator sothinde mévcud
olan 2 mixtalif név morkozlor arasindaki tarazligi oks etdiron 12-Ci morholo do sxemo olavo
edilmisdir.

Qariuti qaydasina (4) gora marhalali sxemdon dogan marsrutlarin say1 p=s-{=12-8=4. Burada
s-morhololorin sayi, £-sath lizorinds amals golon araliq maddslorin sayidir.

Cadval2.
Prosesin marhalali sxemi

Morho- Marsru‘Flar iizr_s marhalalarin
: Marhalo stexiometrik amsallari
lalorin
N 1 2 3 4

1. 1-CyoH;O0H+Z=1-C;,H,OHZ 1 0 0 0
2. 1'C10H7OHZ+C2H5OH—>1'C10HZOC2H5Z+H20 1 0 O O
3. 1'C10H7OC2H5Z—>1'C10H7OC2H5+Z 1 0 O O
4, 1'C10H7OH+ZH=1'C10H7OHZH 0 1 0 0
5 1'C10H7OHZH+ CzH5OH—> O 1 O O

' —>2'C2H5'1'C10H5OHZH+HQO
6. 2-C,Hs-1-C1yHsOHZH=2-C,H5-1-C,,H;OH+ZH 0 1 -1 0
7 2'C2H5'1'C10H6OHZH+C2H5OH+[2H]= 0 0 1 0

' =1.2'(C2H5)C10HGZH+2H20
8. 1.2-(C,Hs)CroHeZH—1.2-(CoHs),CoHe 0 0 1 0
9. C2H5OH+Z= C2H5OHZ 0 0 0 1
10 C2H5OHZ—>C2H4OZ+H2 O 0 O 1
11. C,H,0Z— C,H,0+Z 0 0 0 1
12, 2Z+H,—27ZH 0 0 0 0

Bos marsrutlarin olmadigini miioyyon etdikdon sonra marsrutlar {izro siirot sabitlorinin
qiymatlorinin asagidaki mohdudlasdirict marhalalarin siirat sabitlari ilo hesablandigi malum olur.
Ki=Kz;  Ki=Ks; K=Kz, Knv=Kio
Kinetik tocriibalorin naticalorini daha slverisli ifads edan tonliklor sistemi (2) segilarak Kinetic
sabitlor hesablanmigdir:
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1-naftolun etanolla alkilloasma reaksiyasinin kinetik tadgiqatlar

- K PP - K, P3 P>
' @+ byPy+ boP3)? " @+biPy + byPg)?
(2)
_ _KP1P3 _ KyP2
rl\ - 2 r\\/_

b;, by-uygun olaraq 1-naftol vo 2-metil-1-naftolun Kkatalizator soathindo adsorbsiya
omsallaridir. Prosesdo hidrogenin qatiliginin miisyyan edilmasi miirokkob masals oldugundan onun
parsial tozyiqi asagidaki ifads ilo hesablanmisdir.

P7=(P2°-P1%)-(P>-P1)-P3-Pe

Marsrutlar iizro siirotlorin qiymotlori MATLAB-6 proqrami osasinda tocriibi qiymatlorlo
model gostoricilori arasindaki orta kvadratik forqlorin  minimumlagdirilmast  yolu ilo
doaqiglosdirilmisdir. ©sas kinetik gostaricilor 3-cii cadvalds verilmisdir. K, Ky, Ky va Ky tigiin
Slcii vahidi g/sm® (kat)saatxkPa?; K, iigiin ise q/sm(kat)saatxkPa. Daha olverisli bazis almaq ii¢iin
kinetik tonliklorin kosr tortibli verilmosi vo stexiometrik omsallar codvalinin basga formada
qurulmasi daha ¢ox xatalara gatirib ¢ixarmigdir.

Cadval 3.
Osas Kinetik gastaricilor
Marsrut Ink, E, kkal/mol Inb, Q, kkal/mol
1'C10H7OH+C2H50H—>1' _
CioH-OC,He+H,0 0.8950 10.675 4.45 3.1
1-C1oH;OH+C,HsOH— 9.675 18.051 451 217

2-C,Hs-1-C1oHsOH+H,0

2-C2H5'1'C10H60H+C2H50H+2[H]_) _ :
1.2-(CyHs)CyoHg+2H,0 8.851 19.312

C,HsOH—C,H,0+H, 2.215 9.035 - -

Miixtalif temperaturlar tigiin siiratlorin tacriibi qiymatlari ilo model gostaricilarinin miiqayisasi
aparilmis va siiratlorin orta nisbi xatalari 4-cii codvalds verilmisgdir.

Cadval 4.
Stiratlorin orta nisbi xatalar
o]
Sitratlor 310 Tempgga(;ur’ . 350 Lora
W, 7.5 8.0 6.8 7.4
W, 4.4 8.5 8.0 7.0
W, 125 14.0 11.0 125
W, 10.5 9.4 155 11.8

Alinmis kinetik model 1-naftolun etanolla garsiligh tosiri prosesinin naticalorini vasfi va
miqdari cohotlordon gonastboxs ifads edir, adekvatlig: ilo segilir va galacokds prosesin modellosmo
Vo optimallagsmasinda asas kimi gotiiriilo bilar.
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PE3IOME
KHHETHUYECKHUE UCCJIIEJOBAHUSA PEAKIIUU AJIKWJINPOBAHUSA
1-HA®TOJIA 3TAHOJIOM
Cyneitmanoea I1.B.

Kntouesvte cnoea. l-nagpmon, osmanon,  arkunuposanue,  2-smun-l-nagpmon,  mapwpym,
JUMUMUPYIOWAsL CMAOUSL, SHePIUsL AKMUBAYUU, KUHEMUYECKAsL MOOeIlb.

Ha ocHOBe NpOBENCHHBIX KHHETHYECKUX HCCIACIOBAHUI peaKkiMu alKuIupoBanus |-Hadrosa
3TAHOJIOM OMPE/IENICHBI OCHOBHBIC MapIIPYThl KaTaIH3a, PACCUUTAHBI KUHETHYECKHAE KOHCTAHTHI U TIOJTydeHa
KUHETHYECCKHS MOJICITh TIONTyUeHHs 2-3TriI-1-HadTona, KoTopas yIOBIECTBOPUTEIHLHO OMMUCHIBACT OCHOBHBIC 1
BTOPUYHBIC TPEBPAIICHUS, TPOTEKAIOIINE Ha [MOBEPXHOCTH MUPKOHUHCOMCPIKAIIETO MOPACHUTHOTO
KaTaJn3aTopa.

IMonydyeHnHass KHHETHYECKAs MOJAETb BBIPAXKAET PE3yJbTAThl MpoIiecca B3auMoeicTBus 1-HadToma ¢
ATAHOJIOM, KOJIMYECTBEHHO OTIMYACTCS aCKBATHOCTHIO M B JaJbHCHIIIEM MOXET OBbITh B3SITA 32 OCHOBY B
MOJICJTMPOBAHUH U ONITUMU3AIIMH MTPOIIECCa.

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.

Daxilolma tarixi: [lkin variant 30.12.2019
Son variant 03.03.2020
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NdBiSe; BIRLOSMOSININ ALINMASI VO TODQIiQi

QBNBOROVA GUNEL TEYMUR quz1
Baki Doviat Universiteti, Baki, Azarbaycan, doktorant
seferli.1991@inbox.ru

Agar sozlar sistem, monokristal, evtektika, peritektika, birlagmo

Bi,Ses-Nd,Se; sisteminds peritektik proses ilo alinmis NdBiSes birlogsmasinin sistemdan fordi
sokildo ayrilmasi ¢ox ¢otin prosesdir. Ona gora do NdBiSes birlosmasini dolayi {isulla sintez etmok
lazim gelmisdir, bunun {iglin ekvimol sokildo gotiiriilmiis bork halda BiySe; vo NdCl;
birlogsmoalorindon istifado edilmisdir. Bi,Se; bismut vo selenin birlogsmasi stexiometrik miqdarinda
gotliriilmiis elementlori sintez etmaklo alinmisdir.

Bi,Se; vo NdClz maddalori ozilorok narin toz halina kegirilmis vo qarisdirilaraq reaktorun
icorisindo yerlosdirilmis kvars stokana kecirilmisdir. Reaksiyadan qaz halinda ayrilan BiCls-iin
¢ixmasti li¢lin reaktor Tisenko aparati vasitasilo su nasosuna birlosdirilir. Prosesdon avval reaktora
arqon Otiiriliir. Sintez 1050 K temperaturda 5-6 saat orzindo aparilmigdir. Proses zamani Bi,Ses vo
NdCl3 arintisindo miirokkab qarsiliglt tosir bas verir. Prosesi asagidaki reaksiya tonliyi ilo ifado
etmok olar.

NdCls+ Bi,Se; = NdBiSes+ BIClgT

Reaksiya mohsulu kimyavi, diferensial termiki (DTA) vo rentgenfaza analizi (RFA) ils todqiq
olunmusdur. DTA havast 10° mm.cv.st. qodor seyroklosdirilmis ampulalarda “Termoskan”
cihazinda aparilmigdir. Birlosmonin termoqraminda kristallagma oyrisinin gedisi vo orada alinan
870 K effekti NdSbSe; birlogsmosinin peritektik ¢evrilmo  yolu ilo alindigini oks etdirir.
Birlogmonin mikroqrulusu MHWM-7 markali cihazinda Oyronilmis vo onun birfazali oldugu
mioyyanlosdirilmisdir. Mikrobarklik iso [IMT-3 cihazinda 6l¢iilmiis va ¢oki 20 q olmus, bu zaman
H,=1170 MPa qiymoti alinmigdir. NdBiSes otaq temperaturunda tiind boz rongli toz halinda
alinmisdir. Havaya davamli, su ilo vo lizvi halledicilarlo (aseton, benzol, etil spirti) qarsiligl tasirds
olmur, ancaq mineral tursularin tasiri naticasindo (HCI, H,SO4, HNO3) H,Se ayirmagla pargalanir.
NdBiSe; —iin stexiometrik torkibi Nd vo Se ¢oki, Bi iso hacmi metodlarla kimyavi analiz yolu ilo
miioyyan 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

NdBiSe; —iin monokristallar1 kimyavi qazdasiyici reaksiya (KQR ) metodu ilo gdyordilmis,
dastyict kimi ampulanin hocmino uygun yoddan istifado edilmisdir. Iynovari sokildo alinmis
monokristalin yetismosinin optimal, rejimi tokrar tocriibolor aparmaqla miioyyon edilmis vo
naticalor asagida verilmigdir.

Birlosma T.,K T, K monokristalin ol¢iisi mm° Zaman,saat
NdBiSes 600 700 (3-6) x (1,5-1,2) 36

Alinmig birlosmonin monokristalliglr laueqram g¢okmoklo yoxlanilmis, torkibi iso kimyovi
analizlo miioyyon edilmisdir [1,2].
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NdBiSe; —iin monokristallarinin  amologalma
mexanizmi asagida gostorilmis tonliklor iizro getmaosi
ehtimal olunur:

NdBiSeg(b) +2J2(b)—>NdJ3(q)+BiSeJ(q)+Se6(q)
NdJzg)+ BiSeJg)+Sesq— NdBiSesls(q)
NdBiSe3J4(q)—> NdBiSe3(b) +2J2(q)

Sistemdo omolo golon NdBiSez birlogsmosinin toz
metodu ilo  kristallografik xassolori  Oyronilmisdir.
Birlosmonin miustovilorarast mosafasi  (d), hkl vo
difraktoqramda  xotlorin  intensivliyi cadval 1-do
verilmigdir. Miloyyon edilmisdir ki, NdBiSe; birlogmosi
rombik sinqoniyada stibinit (Bi,S3) tipindo kristallasir:
a=12,77+0,005; b=14,08+0,003; ¢=5,82+0,002A°, f.qr
Pbnm, Z=8, sixlig1 pyik=6,200/sm">, preni=6,380/sm°,

Sakil 1. (Bi28e3)94 \Z] (Nd28e3)6 torkibli
niimunanin laueqrami

Cadval 1.
NdBiSe; birlagmoasinin rentgenoqrafik malumatlar
Ne | dA dA 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 birlasmasinin alinmast va tadqiqi

Sistemdo amoalo golon araliq faza (NdBiSes) hortorafli tadqiq edildikdon sonra Bi,Ses- Nd,Ses
sisteminin hal diaqram1 qurulmusdur [3.,4 ].

T, K
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2000

1600

< NdBiSe, (S)

1200
995
« e 2 *—B
800
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400
1 1 1 1
Bi,Se, 20 40 60 80 Nd,Se,
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Sak. 2. Bi,Ses- Nd,Se; sisteminin hal diaqrami
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PE3IOME
CUHTE3 U UCCJIEAOBAHUE COEJUHEHMUS NdBiSe;
T'anbapoea I'.T.

Knioueswl cnosa: cucmea, MOHOKpUCman, 36meKmuxa, nepumekmuKa, coeOuHeHue

B mnacrosmem wuccnenoBanun coeauHeHne NdBiSe; OBUIO CHHTE3MPOBAaHO KOCBEHHBIM ITYTEM.
MHUKpPOCTPYKTYPHBIM aHalnu3 cOeAWHEeHHs u3ydancs Ha npubope MUM-7. Bpuio ycTaHOBIEHO, YTO OHO
onHodazHoe. ONTHUMaNbHBIA pPEXUM BBIpaIMBaHUS MOHOKpucTamioB (36 wacos, 600-700K, pasmep
MoHokpucTammia (3-6)x(1,5-1,2) MM2) ONpPEACISUIM MyTEM MHOTOKPATHBIX 3KCIEPUMEHTOB. M3ydeHbI
KpHUcTaiorpaguueckie cBoicTBa odpasoasiierocsi B cucreme coequnenust NdBiSes. Ilocne 3aBepiienus

mpoMexyTouHol ¢asel TectrpoBanus cuctembl (NdBiSe; ) Obima mocTpoeHa cxema pEIIeHUS CHCTEMBI
Bi28e3 - Nd2893.
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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, NdBiSe; 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 (NdBiSe;) a Bi,Se;- Nd,Se; system solution
diagram was constructed.
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DIFFERENTIATION OF MOUNTAIN-MEADOW SOD SOILS ON
SOUTHERN SLOPE OF GREAT CAUCASUS BY DEGREE OF SOIL
EROSION
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Sumgayit State University, 1-professor, 2-PhD, 3- teacher
geography.sumgayit@mail.ru

Key words: relief, massive, weathering, process, high mountainous, zone, natural

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 freqment 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 DOROCOSINO GORO DIFERENSIASiYASI
Mordanov L1, Agayev T.D., Ohmadova N.M.

Acar sozlor: relyef, massiv, asinma, proses, yiiksak dagliq, zona, tabii

Isdo Azorbaycan hiidudlar1 daxilindo Boyiik Qafqazin yiiksok dagliq hissosinin dag-¢omon
torpaqlarinin inkisafina tasir gostoran tabii amillorin biitdv bir kompleksi nozarden kegirilmisdir. Bu amillor
sirasinda osas yeri dosomo siixurlarinin xarakteri, yamaclarin sothinin meyilliyi, vo homg¢inin havanin
temperaturlarinin  toraddiidlori vo diison yagintilarin xarakteri tutur. Yiiksok dagligin torpaglarinin
deqradasiyasi proseslorinin inkisafinin saboblorinin nozars alinmasi bu orazids tosarriifat vo tobiati miihafizo
tadbirlorinin planlasdirilmast zamani vacibdir, belo ki, bu amillor maliyya vo zaman hesablamalarina
arzuolunmaz korrektalor eds vo oks naticalar vers bilar.

PE3IOME
JUODOEPEHIHHUALIUA I'OPHO-JIYI'OBBIX JEPHOBBIX I1IOYB I0KHOI'O CKJIOHA
BOJIBIIIOI'O KABKA3A ITIO CTEIIEHHM 3POAUPOBAHHOCTH
Mapoanoe U.U., Acaes T./]., Axmeooea H.M.

Knioueswie cnosa: penvegh, maccus, vigempusanie, npoyecc, 8blIcOKO20pbe, 30Hd, NPUPOOHbLI

Ha pa3Burue mouBeHHOr0 MOKpoBa Beicokoropuii bonpimoro Kaskasa B mpenenax AzepOaiikaHCKOR
PecnyOnuky BIusieT 1eblii KOMIUIEKC IPUPOIHBIX (DaKTOPOB, PACCMOTPEHHBIX B 3TOH cTraThe. K HUM MOKHO
OTHECTH XapaKTep MOpOJ, YKJIOHBI CKJIOHOB, KOJICOaHUsI TeMIepaTyphl BO3AyXa U XapaKkTep OCaAKOB. Yuer
NPUYMH Pa3BUTHS MPOIECCOB JAETPajalliil BHICOKOTOPHBIX IOYB HEOOXOAMM TIpH IUIAHUPOBAHUHU
XO3SIMICTBEHHBIX M IPHUPOJOOXPAHHBIX MEPONPHATHH HAa OTONH TEPPUTOPHUU C LENBIO IPENOTBpAIIECHUSA
HEPALlMOHAJIFHOTO HCIIONb30BaHUSI (DMHAHCOBBIX  CPEICTB M IIOTEPU BPEMEHH, 4YTO MOXXET JaTh
OTpHLATEIBHBIN P PEKT.
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ABSERON YARIMADASI FLORASININ VO TERMAL SULARININ
MIKOBIOTASININ BIOMUXTOLIFLIYI

'HOSONOV XANOHMOD OBILHOSON oglu
2OLIYEV FIKROT TOFiQ oglu
Sumqayit Doviat Universiteti, 1-dosent, 2-bas miiallim
syrius80@gmail.com

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

Tobiotin miihafizosi vo tobii ehtiyatlardan somorali istifado edilmosi bosoriyyot qarsisinda
duran on vacib problemlordon biridir. Bu problem otraf miihitin qorunmasi, tobii ehtiyatlardan
diizgiin vo somarali istifade edilmasi, onlarin barpasi iizro kompleks todbirlorin hazirlanmasini talob
edir. Bu vo ya digor rayonun bitki Ortliylinlin qorunmast vo somaorali istifadssi iiciin onun
bitkigiliyinin hortorofli Gyronilmasi, xalq tesorriifatt shomiyyotli bitkilorin askar edilmosi gox
vacibdir. Bu isdo regional floristik materiallarin ¢ox boyiik shomiyyati vardir [1].

Abseron yarimadasinin timumi sahasi 23232,0 min hektardir. Bunun 16535,0 ha qis
otlaglariin yararli saholorino aiddir. Lakin qalan 6697,0 ha todqiq olunmayan otlaglarin
torpaqlaridir. Homin qis otlaglar1 Qaradag vo Abseron rayonlarin hiidudlarinda yerlosmaklos,
otlaglarin bitki Ortliyli okean soviyyosindon — 26 metrdon 400 metro kimi yiiksoklikdo Xozor
donizindon tutmus Qaraqus, Korkes, Bozdag daglarma qodor miixtalif relyefdo yayilmigdir. O
climlodon todqiq olunmus sohra vo yarimsohra fitosenozlari eroziyaya moruz qalmis, sorakotlogsmis
va sorlasmis boz-qonur torpaqlarda, habelo Xozorin sahilindoki qumluqglarda, Sumgayit ¢ayin konari
va goxsayli gollarin ohatasinds formalasmigdir [2].

Cadval.
Abseronda yayilan Trametes Quel. cinsloring aid gébalok néviorinin iimumi xarakteristikast

Ne Ayrilan | Ekolo-trofik | Ciiriimo tipi | Hifal sistem Substrata
stam say1 olagosi miinasibot
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 edilmigdir. MC-nin gétiiriilmasi zamani iSo 9sas diggot onlarin
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moskunlasdiglart substratlara, substratin bioloji vaziyyatina, eloca do fasil amilino yonalmisdir.
Qeyd etmok lazimdir ki, isin gedisindo Markoazi Nabatat bagi, sohar yasilliglarinda olan agaclardan
da niimunolor gotiriilmiisdiir.

Gorlindiiyii kimi, geyds alinan gobaloklor miixtalif aspektlords forqli xiisusiyyatlor dasisalar
da (cadval), aralarinda hoqiqi biotroflara rast galinmir, yani onlar asasan bioloji voziyyatino gora
canliligini itirmis va ya itrimoakdoa olan substratlarda moskunlasir.

Azorbaycan Respublikasi son doraca zangin va rongarang bitki sorvotine malikdir. Miioyyon
olunmusdur ki, Azorbaycan florasinda 4500-0 yaxin bitki novii vardir ki, onlarin da 800-0 godori
efir yagl bitki hesab olunur. Eyni zamanda qeyd etmok yerina diisor ki, hal-hazirda diinya elmina
2000-5 yaxin efir yagh bitki novii malumdur ki, onlarin da bir sira niimayondolori xalq tobabatinda
miialico moagsadlori tigiin istifads edilir [3].

Aparilan tadqgiqatlar noticasindo Azarbaycanin miixtalif ekoloji arazilorindo yayilmis efir yagh
bitkilorin mikobiotasi taksonomik strukturuna, rastgalma tezliyino vo ekolo-trofik slagalorine gora
kompleks sokilds todqiq edilmisdir.

Miioyyon edilmisdir ki, Azorbaycan florasina daxil olan 40 ndv efir yagl bitkinin
mikobiotasinin formalagmasinda 87 goboalok novii istirak edir ki, onlarin da 82,8%-ni anamorf
gobalaklor togkil edir vo qalan gdbaloklorin taksonomik struktur vahidi {izro paylanma ardicilligi
asagidaki kimi olmusdur: Zygomycota — 8,0%, Ascomycota — 4,6%, Bazidiomycota — 4,6%.

Novxani gosabasi otrafinda 26 ha orazide torafimizdon efir yagh bitkilordon olan Senecio
vulgaris-in 11,2+1,3kg-a qodor ehtiyati oldugu miioyyanlogdirilmisdir. Qeyd edok ki, S.vulgaris
olan senozlarda torofimizdon bir sira tosviri xarakterli miisahidolor aparilmisdir. Birinci tosviri
miisahidomiz yol konarlarinda hoyata kecirilmisdir. 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 gosabenin sahil boyu arazilorinden ibarat olmusdur. Burada Senecio
vulgaris vo ya Adi xacgiilii ot bitkilori arasinda seyrok va ya 5-7 fordlo yayilmusdir. Ikinci tosviri
zona kimi bitki Ortliyii, demok olar ki, olmayan bos orazilor gotiiriilmiisdiir. Hansi ki, belo
senozlarda, asason, Climacoptera crassa (Bieb.) Botsch. vo Petrosimonia brachiata (Pall.) Bunge
dominanthiq edirlor. Bu orazilordo Senecio vulgaris adoton tok-tok halda bitir. Eyni zamanda geyd
edok ki, Senecio vulgaris vo ya Adi xaggiiliiniin Nobatat bagi orazisindo do yayilmasi torofimizdon
miioyyan edilmisdir.

Umumiyystlo, apardigimiz genismiqyash todqigatlar noticesindo molum oldu ki, Senecio
vulgaris vo ya Adi xaggiili Abseron rayonu orazisindo genis yayilmisdir. Adi xacgiili
halomezokserofit ekoloji qrupuna aid olunur. Bu bitkiys, bir gqayda olaraq, otlaglarda, psammofit-
littoral vo sohra bitki Ortiiyiindos, bostanlarda, {izim plantasiyalarinda, tarlalarda rast golinir [4].
Qeyd etmok yerino diisor ki, Senecio vulgaris adventiv tipli areala malik olur.

Respublikamizin onlarca tobii yeralti sarvatlorindon olan termal su monbayi 6lkamiz tigiin
miihiim 6nam dasiyir. Bu baximdan belo bir sarvatin istifade imkanlari, gorunmas: onun fiziki-
kimyavi torkibinin, mikobiotasinin 6yranilmasi zarurati yaradir [5].

Abseron yarmadasinda yerlogson Six termal su monboyinin temperatur gostoricisi (65°C)
goboloklorin  boylimasi iiglin temperaturun on yuxart hoddindon do boylikdir, lakin buna
baxmayaraq hamin monbadon goétiiriilon niimunoslorde gdbaloklore rast galinmisdir ki, bu zaman da
gbbalak koloniyasina baslangici orada olan konidilor vermisdir. Belo ki, gobalok konidilarinin
temperatura davamliligi mitselilorlo miiqayisado 8-12°C qadar farglonir, yoni konidilerin 6z hoyat
qabiliyyatini daha yiiksok temperaturda saxlamasi aydin olmusdur.

Miiayyon edilmisdir ki, termal su moanbalorindon ayrilan gobalok stamlarinin, demok olar ki,
hamisi1 hidrolitik fermentlori sintez etmok gabiliystino malikdirlor vo onlarin sintez etdiklori
fermentlor 65°C-do temperatura miinasibstino goro termohassas(ty, < 35 dog), termotolerant (60
dog > 112 <600 daq) vo termostabil (11, > 720 doq) olurlar.
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Knrouesvie cnosa: Anuwepon, 6ud, domunanm, paopa, noKpbimoceMeHHble

PacTutenbHOCTE  ANIIEPOHCKOTO TONYOCTpOBa C(HOPMHUPOBANACh, HAYHMHAS C YETBEPTUYHOTO
neprosia. CoBpeMeHHbIe (PUTOICHO3bI 00pa30BaIUCh, HauMHas ¢ Kacnuiickoro Mopsi 1 710 ero 06eperos, moj
BIIMSIHUEM Pa3HOOOPA3HBIX KIIMMAaTHYECKUX, 3ya(epruuecKix U APYrHX IKOJIOTHIECKUX yCIoBui. Paznnuneie
SKOJIOTHYECKHE YCIOBUS SBISIFOTCS OJHHM W3 TJIABHBIX (DAKTOPOB, CIOCOOCTBYIOMIUX (HOPMHUPOBAHUIO
cneunpuIHOd MHUKOOMOTHI B KOHKpPETHOM OuolleHO3e. B menom, B pe3ynbTare NpOBEACHHBIX HaMHU
IIMPOKOMACIITA0OHBIX KCCIICOBAHUN CTaJ0 M3BECTHO, YTO Senecio vulgaris IMIMPOKO pacmpoCTpaHeH Ha
TEPPUTOPUHU ANIIEPOHCKOro paiioHa.

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.
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Movzu Xozoryami akvatoriyada bakterioplanktonun formalagmasi prosesini ohato edir.
Cirklonmonin tosirindon Kiir c¢ayr biosenozunun mikrobiotasinin pozulmasi, mikrobioloji
cirklonmosi, evtrofikasiyast vo digor xosagolmoz proseslor geyd olunur. Noticods, ¢ayda bioloji
mohsuldarliq normadan bir nega dofs artir.

Kiir ¢ayi ilo doniz sularina gqarigsan konar maddoslordon mikrofloraya foal tosir edon alloxton
iizvi maddslor va biogen elementlordir. Kiir ¢ay1 6ziinomoxsus bulaniqlig ilo forqlonir. Ona goro do
cay macrasi boyu sularda olan biogen elementlor fitoplankton torofindon monimsonilmir. Lakin
mineral azot vo fosfor birlogsmolori c¢aymm doniz monsobindo bioloji dovrana aktiv qatilir,
koaqulyasiya proseslori artir. O ciimlodon soffafliq doracasi yiiksok olan biotoplarda yosunlarin,
bakterioplanktonun inkisafi ti¢iin olverigli sorait yaranir.

Xazor donizi fitoplanktonunda hom sirin vo hom do sortohor su yosunlart yasayir. Bu da
donizin duzlulugunun az olmasi ils baglhidir. Xozor donizinin fitoplanktonunda 450 név yosun qeyd
edilmigdir ki, onlarin 163 névii diatom, 102 novii géy-yasil, 139 névii yasil, 39 névii dinofit, 2 névii
qizili, 5 ndvii evqglen yosunlardir. Xozorin fitoplanktonunda 47 név doniz yosunu, 66 ndv sortohor
su yosunu, 74 nov sortohar-girin su yosunu, 210 ndv sirin su yosunu va 52 ndv basqga yosunlar
vardir.

Xazar donizi fitoplanktonunda prosentrum vo rizosoleniya daha g¢oxdur. Orta va conubi
Xazorin suyunun duzlulugu Simali Xozoro nisbaton yiiksok oldugu iiclin burada sirin su yosunlari
yasaya bilmir vo mohv olur. Akvatoriyada duzluluq azalir, suyun soffaflifi artir, dispersiya
vaziyyetindo olan asili maddslor koaqulyasiyaya ugrayir vo bakterioplanktonun kiitlovi inkisafina
lazzm olan biogen elementlorlo, energetik maddoslorlo tominat yaxsilagir. Ona goro biitliin doniz-
okeanlarda, sirin vo duzlu sular qarigan saholordo, hor iki miihito xas olan orqanizmlors tesadiif
edilir vo bioloji mohsuldarliq daha yiiksok olur. Bu ganunauygunluq Conubi Xazorin Kiir vadisindo
do mdveuddur. Belo ki, fitoplanktonun floristik torkibi burada daha zongin olmagqla, fasillor iizro do
biokiitlo baximindan kaskin dayisir.

Miisyyon olunmusdur ki, Kiir vadisinds qis vo payiz fosillorindo alqoflorada diatomlar
istiinliik togkil edir. Yaz movsiimiindo diatomlarla birgs yasil yosunlar, fitoplankton kiitlosinin 45-
60%-ni togkil edir.

Pay1z fitoplanktonunda dominant ndvlor diatomlara aid edilir, xiisusilo Rhizosolenia calcar-
avis biitiin Kiir vadisi sularinda goriiniir. Maraqglidir ki, payizin sonu va qisin avvalinds géy vo goy-
yasil yosun siniflorino moxsus novlor koskin doracods ixtisar olunur vo diatomlara moxsus novlorin
say1 ¢coxalir ki, onlardan Sceletonema costatum-u gostormak olar.

Orazi sularinda ilkin iizvi maddoslorin ¢oxalmasi, birinci novbado, mikrofloranin kiitlovi
inkigafina sobob olur vo substratlarin mineralizasiyasi siirstlonir, noticods, miihitdo holl olunmus
voziyyatds olan oksigenin miqdar1 azalir. Conubi Xozordo on koskin evtroflagma mohz onun gorb
hissasindo, yani Kiir ¢ay1 vadisine qonsu olan akvatoriyalarda gedir. Maraqlidir ki, fitoplanktonun
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fotosintezindo omolo golon {lizvi maddslorin zaman baximindan artmasi, imumi iizvi maddolorin
biodestruksiya hadisosinin gliclonmosi ilo tist-iisto diisiir. Bu da onu gostorir ki, Kiir suyu ilo Xozora
axidilan kiilli miqdar biogen elementlor, Kiir vadisinds yosunlarin fotosintezindo tam istifade
olunmur. Sobabi do ondan ibaratdir ki, son 40 ildo homin sahado suyun soffafligi, demok olar ki,
doyismomisdir vo 0,28-0,33 m arasinda toroddiid edir. Bununla belo, mohz homin orazido
biodestruksiyanin oan yiiksok gdstaricisi geyd edilir.

Basqa sozlo desok, Kiir suyu ilo donizo qarigsan maddolor, orazido fauna-floranin inkisafina,
bioloji mohsulun amols golmasino, maddalorin miibadilosinin gedisine vo basqa proseslors foal tosir
edir.

Molum olmusdur ki, Kiir ¢ayr hovzosindo aramsiz davam edon vo intensivloson antropogen
tosirlor sayosindo Kiirotrafi akvatoriyada hidrokimyavi inqradientlor hom komiyyet, hoam do
keyfiyyotco geyri-sabitdir. Maraqli cohatlordon biri do ondan ibaratdir ki, nisboton sabit saxlanan
gostorici tokco orazido suyun soffafligidir. Belo ki, son 35-40 ilds Kiir vadisinds ¢ay suyu ilo doniz
suyunun qarisan sahosi nisbaton doyismomisdir. Lakin iimumi duzluluq (xlora gors), golovilik,
tursuluqg (pH) vo biogen elementlorin homin zaman kosiyindo artmasi qeyd edilir. Mohz bu
sabobdon do Xozorin Kiirotrafi akvatoriyasinda bakterioplanktonun kiitlovi inkisafi sayasindo
antropogen evtroflagsma ilden-ils intensivlosir, oksigen mosrafi artir vo s.

Eyni zamanda Kiir suyunun Xozordo osas axin istigamotinds conub-qorb sahado, ilkin {lizvi
maddolor Kiir vadisindo geyd olunan artimdan 4 dofs ¢oxdur. Belsliklo, bir daha aydin olur ki,
hoévzo boyu kenar maddslarlo ( 6zii da ildon-ilo intensivlesmoys meyil etmokla) zonginlogon Kiir
suyu Conubi Xozorin gorb hissosindo bakterioplanktonun kiitlovi sokilds inkisafina sobab olur.
Bununla yanasi, homg¢inin Kiir suyu Xozaoro nogl olunan konar maddslordon asan monimsonilon
alloxton iizvi maddolor bir torofdon oksigen mosrofini artirir, mikrofloranin generasiyasini
stiratlondirir, biogen elementlorin regenerasiyasini tomin etmoklos, bark cokiintiilordon azad olan
sularda fitoplanktonun aktiv fotosintezine zomin yaradir, digor torafdon biogen elementlorin izafi
qatiligr soraitindo, gen-bol giinos radiasiyasi ilo tomin olunan alqoflora ¢igoaklonmo soviyyasindo
inkigaf edir.

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

Xozordo fitoplanktona moxsus mohsulun aramsiz artmaga meyil etmasi, biodestruksiya
proseslorinin intensivlogmasinin oksigen rejimino monfi tosirini, orazide yaranan arzuolunmaz
ekoloji vaziyyat kimi qiymatlondirmok lazimdir.

Fitoplanktonun amals gotirdiyi ilkin iizvi maddoslorin mokan va zaman baximindan artmasi —
coxalmasi qeyd edilir.

Simali Xazar fitoplanktonunda sirin su yosunlar: iistiinliik toskil edir ki, bunlardan da an gox
yayilant gdy-yasil vo yasil yosunlardir. Orta Xozor fitoplanktonunda diatom vo gdy-yasil yosunlar
istiinliik toskil edirlor.

Fitoplanktonun fasillor {izro doyismesi asagidaki kimidir. Yazda Simali Xozorin conub-qorb
vo Volga cay1 tokiilon hissosindo diatom yosunlarin kiilli miqdarda inkisafi geyd edilir. Yayda
fitoplanktonda yasayan yosunlarin ndv torkibi artir. Payizda Simali Xozor fitoplanktonunda goy-
yasil yosunlar, demak olar ki, yox olur vo onlarin avazindo asason diatom vo dinofit yosunlar
inkisaf etmoyo baglayir.

Simali Xazarin fitobentosunda diatom, yasil, gdy-yasil, qirmizi vo qonur yosunlarin miixtalif
ndvlaring, habelos ali bitkilore rast golinir. Hazirda fitobentosda 350 név yosun va 5 ndv ali bitki
geyd edilmisdir. Simali Xozarin fitobentosunda ali bitkilordon donizotu, sugi¢oyi vo ruppiyaya rast
golinir.

Orta Xozorin qorb sahilinds fitobentosun inkisafi donizin 10 m-o godar darinliklorinds gqeyd
edilir. Burada onlar daslarin vo baliqqulaglarinin tizorinds, ali bitkilar isa lil-qum biotopunda genis
yayilmigdir. Mahacgqala limani yaxinlhiginda yosunlar daslar tizorinds yasayir.
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Knioueswie cnosa: 6axmepuonnankmon, ssmpoguxayus, Ilpukacnuiickas axeéamopus, Mukpogopa,
peka Kypa, pumobenmoc

Tema oxBaTbIBaeT mpouecc ¢popMupoBaHus OakTeproruiankToHa B [Ipukacnmiickoii akBaropuu. Ilox
BO3JICHCTBMEM  3arpsi3HCHUS  OTMEYAIOTCS  HApyIIEHUS  MUKPOOMOThI  Ouomeno3a peku  Kypa,
MHUKPOOHOJIOTHUECKOE 3arps3HEHHe, SBTPO(HKALMS W Ipyrue HeKenaTelbHble Mpolecchl. B pesynbrare
Onosyornyeckas TPOAYKTUBHOCTH PEKH YBEIHMYMBACTCS B HECKOJIBKO pa3 OT HOpMBI. BemecTsa,
CMEIIMBAIONINECS C MOPCKOH BOJOH, aKTHBHO BIHAIOT Ha pa3BuTHE (ayHbl M (IOPHI TEPPUTOPHH, Ha
(hopMupoBaHue OMOJIOTUYECKOTO MPOIYKTA, Ha X0 00MEHa BEIIECTB M JPYTHUE MPOIIECCHI.

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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Moaqgalada bir manbadan su gotiiron, magistral va ondan saxalonmis paylagdirici xatlor vasitasilo ¢oxlu
sayda talobat mantaqalarini tomin edon su tochizati sistemino baxilir. Hor bir xattin sonunda sistemda
toplanan artig suyu kanara axitmagq iiciin qaza suburaxict qurgulart qoyulmugdur. Sistemda istifads olunan
suyun sarfi stoxastik sokilda dayisir. Belo sistemds su tochizatim idara etmok iictin optimal idaraetma
masalasi qoyulmug va masalonin hallina aid misal verilmisdir.

Isdo bir monbadon su gétiiriib, magistral xatt (MX) vo ondan saxalonon paylasdirici xatlor
(PX) vasitosilo ¢oxlu sayda tolobat montagolorini (TM) tomin edon su tochizati sistemino baxilir.
Bu xotlor sutonzimloyici qurgular (STQ) vasitosilo ardicil yerlogmis hissslora bdoliinmiisdiir.
Sistemdo toplanmis artiq suyu konara axitmagq ti¢lin har bir xattin sonunda qoza suburaxici qurgusu
(QQ) goyulmusdur. Sistemds su tolobati mantagolorinin sifarislori, elektrik enerjisinin verilmasi,
sutonzimloyici qurgularin sorflori, tomir vaxtlar tez-tez vo tosadiifi olaraq doyisir. Bu sabablora
goro tolobat montogolorinin sifarislori vaxtinda yerino yetirilo bilmir, sistemin normal is rejimi vo
somarali faaliyyati pozulur. Bunun aradan galdirilmasi tigiin suyun monbadon optimal gotiiriilmasi
va tolabatcilar arasinda paylanmasi masalasi qoyulmali vo hall edilmalidir.

Movcud elmi adobiyyatda saxolonmis su tochizati sistemlorinin idaro edilmosino aid coxlu
sayda islor vardir. Masalon, [1]-do binalarin, ayri-ayri obyektlorin vo yasayis montogolorinin su
tochizati vo suyun konara axidilmasi sistemlorinin qurulmas: vo istismart masalalori verilir. Bu
islorin yerino yetirilmosi li¢lin metodik vosait toqdim edilir. [2]-do su tochizatt vo suyun
konarlagdirilmasi islorinin sarbast yerina yetirilmasi qaydalar: verilir, mithandis sobakalarinin geyri-
gonaatboxs islomosi vo bu hallarin aradan qaldirilmasi qaydalari izah edilir. [3]-do qrupsekilli su
tochizati sisteminin voziyyatinin analizi, bu sahads goriilon islorin optimallagdirilmasi masalalorinin
qoyulusu, struktur-sxem vo parametrik-sxem qaydalar1 ilo optimallasdirilmasi tisullar1 haqqinda
molumat verilir. [4]-do miirokkab su tochizati sistemlorinin idarsedilmo masalalorinin kompiiterin
komayi ilo halli liglin onlarin optimal layiholondirilmasi, hidravlik zoncir nozeriyyesi soklinda
baxilmast yollar1 izah edilir. [5]-do paylanmis su noqli sobokolorindo suyun goétiiriilmosi vo
tolobatcilar arasinda paylanmasi prosesinin optimallagdirilmasi masalalori verilmisdir.

Lakin yuxarida gostarilon va digar islords bels sistemlorin su tochizatinin optimal idarsedilmo
problemi holo tam yerino yetirilmomisdir. Bu ¢atismazligin aradan qaldirilmasi {iglin maqalonin
miuolliflori torofindon paylanmis su tochizati sistemlorinin optimal idaro edilmasi mosalosi toklif
edilmisdir.

Masalads baxilan sistem ti¢ilin sarflorin optimal qrafiklorinin tortib edilmasi mosalasinin riyazi
qoyulusu vo holli verilmisdir. Buna uygun mosolo ©.9.isgondarov torofindon saxolonmis
sistemlordo maye mohsullarinin paylanmasi li¢iin yazilmis isdo verilmisdir [6]. Lakin burada
masalonin halli vo optimal is rejimlorinin tapilmasi ii¢lin riyazi proqramlasdirma iisullarindan
istifado edilmomisdir.
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Indi toqdim edilon isdo mosalonin yeni varianti verilir. Burada moqgsod funksiyas: vo
mohdudiyyatlor baxilan obyektlor ii¢iin doqiglosdirilmis vo mosoalonin holli iiglin Matlab riyazi
programlasdirma paketindon istifads edilmisdir [7].

Saxalonmis su tachizat1 sisteminin optimal idarsedilmo masalasinin qoyulusu. Forz edok
ki, su tochizati monbaoyi, magistral xott (MX), ondan saxolonmis K sayda paylasdirict xott (PX)
vasitosilo tomin olunan su tochizati sistemins baxilir. MX vo PX-lorin har biri su sorfini tonzimloyon

qurgular (STQ) vasitosilo Iy , k =0, K sayda ardicil yerlogsmis hissolora boliinmiisdiir. Hor bir

hisso iizorinde Jyj, k=0, K, 1=1 I, sayda tolobat montoqosi (TM) yerlosmisdir vo hor bir

kanalin sonunda sistemdo toplanmis artiq suyun konara axidilmasi ii¢lin qoza su buraxici qurgular
(QQ) goyulmusdur. Sistemdos suyun hocmi vo sorfini idaro etmok iigiin onun uygun qurgularinda
sarf va saviyyadlgonlor, homginin avtomatlasdirilmig sorf tonzimlayicilori qoyulmusdur.

Miixtolif soboblordon qurgularin sorflori tez-tez vo tosadiifi vaxtlarda doyisir. Belo hallarda
sistemin normal is rejiminin tomin edilmasi {liglin suyun gotiiriilmosi vo paylanmasi prosesini elo
yerino yetirmok lazimdir ki, TM-lords tolob olunandan forgli sorflo verlon vo miimkiin qoder az,
QQ-lardan konara axidilan suyun hocmi miimkiin godor az olsun, eyni zamanda STQ vo TM-lordo
suyun sarfi vo xatlarin hissolorinds toplanan suyun hacmi avvalcadon verilmis minimal vo maksimal
qiymatlordon kenara ¢ixmasin.

Saxolonmis su tachizati sistemi

MK \ \STQO lo-1 STOO"“ MK |5 QQ
/7
%QM TMo l0-11 X TOk11 o
TM211 -O TMka 14 [©O M
TM2,1, 301 OTMictics aas VO TMia, 3w
STQa2 STOx2 o
STOk-1.1k1 STOk .k
TMk-11k-11 TMic 1w
O TMk-1,1k1, 314 TMk ik 3.1

Qoza su buraxici xotti
Sakil 1. Saxalonmis su tochizat sisteminin struktur sxemi
Maosalonin riyazi qoyulusunu vermak tigiin asagidaki isarolomalori gobul edok:

oM, Qu(t), k=0,K,i=0,1,te(0,T) — xottlorin sutonzimloyici qurgularinda
suyun mlnlmal, maksimal vo cari sarflori, m*/s;

gmin

Q™ Q™ Q) k=0, K, te(0, T) — xottlorin sonlarinda olan goza qurgularinda suyun

minimal, maksimal vo cari sorflori, m%/s;
min

-Qij qku r Oliij (1), k=0,K,i =1,_|k, J=1 3, te(0,T) — tolobat mantogalorinds suyun
minimal, maksimal vo cari sorflori, m%/s;
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; akij (t), k=0,K,i=11,, j=1J,,te(0,T) - tolobat montagolorinds suyun tolob
olunan sorflori, m¥s;
SV VPOV, k=0, K, i=11,te(0, T) - MX vo PX-lorin hissolorinds suyun

minimal, maksimal va cari hacmlori, m3;

- Cys k=0,K- goza qurgularindan atilan vahid hacmds suyun giymoti, man./ m®.

- Cyis k=0,K,i=1 Ik —xatlarin sutonzimlayici qurgularindan verilon vahid hacmdas suyun
qiymoti, man./m?;

- Ckij,k =0,K, i=1, Ik’ J =1, Jki — tolobat montogalorine verilon vahid hocmds suyun

sorflori, man./m®,
Burada k=0 — MX-in baslangic qurgusunun, i=0 iso — MX vo PX-larin birinci hissolorinin
nomrasinin isaraloridir. Sistemin struktur sxemi Sokil 1-do gostorilmisdir.
MX va PX-lorin sonuna yaxinlagdiqca istismar xorclori, filtrasiya vo buxarlanma naticasindo
suyun qiymati artir.

Optimal idarsetmo mosalosindo Qk,i (t),QE (t), Oy i, j (t) sarflarinin va Vi (t) hocmlorinin ela
qiymotlaorinin tapilmast tolob olunur ki, TM-lorin hesablanan gy ;(t) sorflori tolob olunan qy; ; (t)

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

Qk,i (t), QE (t), O i (t) va Vi i(t) kemiyyatlori (0, T) zaman intervali arzinds avvalcadon verilmis

minimal vo maksimal qiymotlordon konara ¢ixmasin.
Masalonin riyazi yazilist beladir: Mogsad funksiyasini asagidaki kimi gotiirok:

C= IZK: Cng(t)-l_lsziCk,i,j[qk,j,i (t)_ak,j,i (t)] dt.

t=ok=0 i<l j=1

Maosalada elo Qf (t) Vo Qij(t), k=0, K,i=1 I =1 Jk,i, te(0,T) giymatlorinin
tapilmasi tolob olunur ki, se¢ilmis mogsad funksiyasi minimallagsin:
C =—min 1)
Vo agagidaki sortlor 6danilsin:
- STQy i —lorda sarflara goyulan mahdudiyyatlor

Qi <Q, M) =QT, k=0,K,i=1I,,te(0,T); )
- QQx -larda sarflara qoyulan mohdudiyyatlor
fmi” <QIM) Q™ , k=0,K, te(0,T); (3)
- TMyij—lorda sarflora goyulan mahdudiyyatlar
Chr(n:nj <q;® < qm, k=0,K,i=11,j=LJ,,,te(0T) (4)
- MX va PX-larin hissalarinds suyun hacmina goyulan mahdudiyyatlor
VT <V () <V, k=0,K, i=11,,te(0,T) (5)
- BQxi Vo TMy;ij -larn sorflari ilo Hy; hissalarinin hocmlari arasinda olagalor
Jii Re.i AVk,i (t) - _

AQy; (t)_ZAqk,i,j (t)_ZAQk,pi _AQk,i+1(t): ,k=0,K,i=1 wle 0, T) (6)
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(6) diisturunda Qk, p; — Ki-ci hissadan su gotiiran k,p-némrali PX-nin baslangic STQ-simin sarfi,

Pki — bu PX-larin say1, A isarasi 159 uygun parametrin zamana gora artimini gostorir.

Masalonin halli iigiin baslangic sertlor kimi BQyi-lords sarfin Qii(0), K=0,K, i=11,
QQx-larda— QE (O)’ k = 01 K ) TMk,i,j-Iarda - qk,i,j(O), k= O, K; | :]-;_Ik, J :11 Jk,i , TMk,i,j'

larda sarflorin (0, T) muddoti arzinds talab olunan - q K,j.i (t) ,

k=0,K,i=L1,, j=1 J,;,te(0,T) qgiymotlori vo Hy; hissalorindo hocmlarin V,;(0), K =0,K

baslangic qiymatlori gotiiriiliir.
Mosalonin  holli  noticesinde (0, 7) vaxt intervali orzindo sorflorin TM-lordo

deij k=0,K,i=L1, j=1J;, STQrds Q;(t), k=0,K,i=11,, QQ-larda

QrF(t), k=0,K  giymotlori, su tochizati xotlorinin hissolorinde iss  hocmlorin

Vk(?iID (t), k=0,K, i1=1, I, giymotlori hesablanr.
(1) — (6) mosalasinin hallini asanlagdirmaq tigtin (0, T) zaman intervalini, suyun qurgulardaki

sorflori vo hocmloari togribon sabit qalan, kigik (tp-1, tp), P =1, P hissolorina bolarak, bu hissalarin
hor birindo optimal idaraetma masalasini ardicil olaraq riyazi programlasdirma tisulu ilo holl etmok

olar.

Mbasalonin hallina aid niimuna. Forz edak ki, su monbayindon bas sugdtiiriicii qurgu (BSQ)
vasitosilo su gotiiron, bir MX vo iki PX-don ibarat su tochizati sistemi verilmisdir. MX vo PX-lorin
har biri STQ-lar vasitosi ilo iki H hissalorino ayrilmisdir. Hissalorin hor birinds 2 tolobat montogosi

vardir vo xatlor QQ-larla qurtarir (Sakil 2).

TMo11 TMo12 TMo21 TMo2.
o0 o g "o M T ca
Su O ! ' | —
moanboayi MK, Ho1 MK, Ho,
)—U
2 T STQu: ; 4+ STQa:
; 'OTMl,l,l L\)I O TM214
B 'OTMl,l,Z 'I\“) -O TM2,1,2
T STQ12 T STO2»
g g
s -O TMy21 2 7O TM,24
I - T
SI ¥o N1 VIPP; » [FOT™M,
7= QQ F= QQ

Qaza suburaxici qurgu
Sokil 2. MX va iki PX-don ibarat 12 talabat mantaqali su tachizat sistemi.
BQ, QQ-lar vo TM-lordo suyun minimal, maksimal vo baslangic sorflori, H-lordo suyun

minimal, maksimal vo baslangic hocmlori, 1 m suyun qiymoti, homg¢inin optimallagdirma
masolosinin uygun parametrlori 1, 2 vo 3 codvallorindo verilmisdir.
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Cadval 1.
BQ va Q0-larda suyun minimal, maksimal va baslangic sarflori, 1 m*suyun giymati va optimallasdirma
masalasinin uygun parametriari

Sarflor(m%s), MX PX; PX,
suyun qiymati
(man/m’) vo TMo, TMo, QQo TMy, TMy, QQ: TMz1 | TMy; QQ;
parametrlor
Minimal sarflor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Maksimal 1406 | 70 | 20 | 50 | 30 | 20 50 | 30 | 20
sorflor
Baglangic sorflor| 6.0 4.0 0.5 1.5 1.0 0.5 3.5 1.5 0.5
3
1m”suyun 100 | 115 | 130. | 135 | 150 | 165 | 170 | 185 | 200
qlymati
Parametrlor Xl X2 X3 X4 X5 Xs X7 XS Xg

Cadval 2.
TM-lords suyun minimal, maksimal va baslangic sarflori, 1 msuyun giymati va optimallasdirma masalasinin
uygun parametrlori

Sorflar(m®/s), MK, Ho 1 MK, Ho. PK1, His PKy, Hiz PKa, Ha, PKz Ha.
suyun qiymoti

3
(Man/m*) va | TMo1;[TMo 12| TMo21| TMo22| TMatt [TMya2| TMy 1| TMi 25 TMo 11 [ TMa2| TMa01| TM;.2,
parametrlor

Minimal 66 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 0.0 | 00 | 0.0 | 00
sarflor

Maksimal | 16 | 10 | 20 | 20 | 1.0 | 10 | 10 | 10 | 10 | 10 | 10 | 10
sarflor

Baslangic 05 | 10 | 05 | 00 | 05 | 00 | 05 | 05 | 05 | 05 | 05 | 05
sarflor

3

tmisuyun 4605 | 110 | 120 | 125 | 140 | 145 | 155 | 160 | 17.5 | 180 | 19.0 | 19.5
grymati

Parametrlor X0 X1 X1z X3 Xia Xis Xie Xuz Xig X9 X20 Xa1

Cadval 3.
Su tachizati xatlorinin hissalorinda suyun minimal, maksimal va baslangic hacmlori va optimallasdirma
masalasinin uygun parametrlari

Suyun hocmi (m®
Va uygun MK, HO,l MK, Hoyg PK1, H]_’l PK]_’ H1’2 PKZ, H2’1 PKz, Hgvg
parametrlor
Minimal hacmlar 16000 16000 11000 13000 12000 15000
Maksimal hacmlor 35000 35000 31000 33000 32000 35000
Baglangic hocmlor 25000 26000 21000 23000 22000 25000
Parametrlor X22 X23 X24 X25 Xge X27

Masalodo TMyij, k=0, 1,2, i=1, 2, j=1, 2-larin toloblorinin (00.00 -24.00) intervali orzindo
Odonilmaosi ti¢lin optimal sorflorin tapilmasi tolob edilir.

Forz edok ki, texnoloji prosesi elo (00.00, 08.00), (08.00, 16.00), (16.00, 24.00) zaman
intervallarina bélmok olar ki, onlarin hor birindo texnoloji parametrlorin qiymotlori sabit qalir vo
cadval 4-do verilon kimidir.
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Cadval 4.
TM-lorda baslangic anda olan va (00.00 -24.00) vaxti arzinda talab edilon sarflar.
TMSZQICJrif'[ll?Enln MK, Ho, MK, Ho. PKy, His PKy, Hiz PKa2, Hz1 PKg, Ha.
intervallart | TMo11{TMoa2| TMo21|TMo22| TMi14| TM1 2| TMi24 [ TMio2| TMa14 | TMyi5| TMo 21| TMa,,
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) sortlorino gora cadval 1,2,3 vo 4-doki giymatlori nazors almaqla parametrlorin birinci
sabitlik intervali iclin masalonin qoyulusu asagidaki sokilds olar:

C=13.0*X3+16.5*X+20.0*Xg+10,5%(X10-1.0)%+11.0*(X11-1.0)%+
+12.0*(X12-1.0)%+12.5%(X13-1.0)°+14.0%(X14-0.5)*+14.5%(X14-1.0)*+
+15.5%(X16-1.0)%+16.0* (X17-1.0)*+17.5%(X15-1.0)+18.0*(X10-1.0)+
+19.0%(X20-1.0)+19.5%(X1-1.0) = min;

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,<20;

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;

(7)

(8)
9)

(10)

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

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

(X,—-6.0)— (X

(X, =1.5) = (X,-0.5) = (X;, =1.0) = (X; ~1.0) = (X,
(X =1.0) = (X, —0.5) = (X,, —0.5) = (X, —0.5) = (X25—24000)/28800'
(X;=3.5) = (X43-0.5) - (X3~ 0.5) -
(X5 =1.5) = (X, —0.5) = (X,, —0.5) - (X, —4.0) - (X, - 0.5) = (X,, — 25000)/28800.

—21000)/28800;

(Xg—1.5) = (X,, —22000)/28800;

(11)

10— 0.5) = (X;,~1.0)— (X, —4.0) - (X, —1.5) = (X,, — 25000)/28800;

(X, =4.0) = (X,, —0.5) = (X, —1.0) = (X, —0.5) = (X, —1.0) = (X ,, — 25000)/28800;
)/

(12)

(7) — (12) mosalosini (00.00, 08.00) intervali tigiin hall etdikdo baslangic sortlori kimi osas
masalonin qoyulusunda olan baslangic sortlor, (08.00, 16.00) intervali ii¢iin hall etdikds (00.00,
08.00) intevalinda alinmis optimal hoallor, (16.00, 24.00) — intervali ii¢lin hoall etdikds iso (08.00,
16.00) intervalinda alinmis optimal hallor gotiiriiliir. Belaliklo, biitiin (00.00, 24.00) periodu tiglin
BQ, QQ va TM-lar {iglin hesablanmis optimal sarflor, homginin su naqli xatlorinin optimal hacmlori
tapilir. Bu qiymatlor 5, 6 vo 7 cadvallorindo verilmisdir.
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Cadval 5.
BQO va Q0-larda optimal sorflar (m’ls)
Parametrlarin MK PK; PK,
sabitlik TMo1 | TMoz2 | QQo | TMy1 | TMy2 | QQ1 | TMz1 | TM22 | QQ2
intervallari

(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-lords sarflorin optimal ( q:: l? j) vo talab edilon (Ax.i. i) qiymatlori (m3fs)

Sabitlik MK, Ho1 MK, Ho> PKj, Hi1 PK3, Hi> PK3, Ha 1 PK>, H2>
intervallari,
onlarda optimal
va talab edilon
sarflor

(00,00 _ | Gich.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
08.00) | g, | 0.500 | 0.100| 0.800| 0.000| 0.000| 0.500| 0.500| 0.800/ 0.500| 0.000| 0.700| 0.600
(08.00_ | Gch; | 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 | Gt | 0503 | 1.010] 0500| 0.0000.049 0.010| 0.502| 0.500 0.499| 0.512| 0.500| 0.498
24.00) | q,,, | 0,500 1.000| 0,500/ 0.000| 0.500| 0.000| 0.500| 0.500| 0.500 0.500| 0.500| 0.500

TMo,1,1[TMo.1,4TMo2,1TMog22dTM1,114TM1,14TM1214TM1224TM2 1 1TM3 1 2TM221TM3 22

Cadval 1.
Hissalords suyun optimal hacmlari (ch?ip , m%)
Sabitlik MK PK1 PK,
intervallari Ho,1 Ho.2 Hia Hi. Hau 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 montagolorinin sarflorinin vo kanallarin hissolorinin hocmlorinin hesablanmis
optimal giymatlorinin 5 -7 cadvealindo alinmis qiymatlori gostorir ki, (00.00, 08.00), (08.00, 16.00)
va (16.00, 24.00) zaman intervallar1 oarzindo TM-lari ii¢lin hesablanmig optimal sorflor talob olunan
sorflorlo {ist-listo diisiir vo ya onlara ¢ox yaxindir, BQ-larin sorflori va kanal hissalorinds toplanmis
hacmlor iso nazorde tutulan minimum vo maksimum qgiymotlordon konara ¢ixmir. Bundan olavo,
biitiin zaman intervallarinda QQ-larin sarflori tamamilo sifira barabor olur, amma TM-lora verilon
suyun vahid hocminin qiymati kanal hissalarinde toplanan suyun giymetindon ¢ox olduguna gors,
sistemin normal faaliyyati liciin BQ-larda olan su sorflori nazards tutuldugundan forgli alinir vo
kanal hissalorinds suyun hocmi azalir.

Masals kvadratik programlasdirma masslasi kimi qoyuldugu tiigiin onun hoalli zamani sistemin
tam 0donisli vo qitlig1 hallarina ayri-ayriliqda baxmaga ehtiyac qalmur.

Qeyd edok ki, (12)-(17) masalasi 27 dayisoni vo parametrlorin 3 sabitlik intervali olan obyekt
ticiin holl edilmisdir, amma sistemin obyektlorinin say1 artdiqda optimal idareetmo mosslosinin
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parametrlorinin say1 da ¢oxalir vo masalonin holli miirokkablogir. Kompiiter sinaglari gostorir ki, su
paylanmasinin optimal idarsetmo mosalosi 50-yo godor obyekti olan sistem {i¢iin parametrlorinin
sabit gotiiriildiiyli 3-4 zaman intervali liclin miivoffoqiyyatlo yerina yetirilo bilor.
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3AJTAYA OIITUMAJIBHOI'O YIIPABJIEHUS PASBETBJIEHHBIMU
CUCTEMAMM BOAOOBECIHEYEHMU I
HUckenoepoe A.A., Maxmyooe P.P.

Knwouesvie cnosa: Booocnaboicenue, MASUCPATbHAS — JUHUSA, — PACAPEOCTUMENbHAs.  JIUHUS,
nompebaeHue 600vl, NYHKM ROMpeOleHUss 600bl, CUCNEMA B000CHADICEHUS,
YCMPOUCmeo — pe2yiuposanusi  600bl,  CMOUMOCHb  800bl,  ONMUMANLHOE
YApasienue, Kpumepuu OnmuMu3ayuu
B cratee paccMaTrpuBaeTCs CHCTEMa BOJOCHAOKEHHMS, KOTOpas MOCTABISAET OOJBIIOE KOJIUYECTBO
B0J103a00pOB uepe3 eIUHbIM MCTOYHHK, MATUCTPAJbHBIE W PACIpeeIuTe/IbHbIe CeTH. B KOHIE KakIoit
JIMHUM YCTAHABJIMBAIOTCSA YCTPOWCTBA aBAPUIHOTO CIIMBA Ul OTBOJA M30BITOYHON BOJIbI, HAKOIUICHHON B
cucreme. Pacxoll BOABI B CHCTEME MEHSETCH CTOXACTHYECKH. B 5TO# cucTeme Oblia IOCTaBieHa 3ajaya
ONITUMAJIFHOTO YIIPABIIEHHSI BOJAHBIMHU PECYPCaMHU U MIPUBEICH IPUMED TS €€ PEIICHHUS.

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.
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Acar sozlar: xiisusi elektrikkeciricilin, konduktometrik olcii ceviricisi, dinamik xarakteristikalar.

Otraf miihitin ¢irklonmoasi haqqinda obyektiv informasiya toplamaq iiclin etibarli ekoloji
nozarat metod vo vasitolorino sahib olmaq sortdir. Otraf mihitin ekoloji voziyyetinin todqiqinin
effektivliyini artirmagq tiglin texniki nozarat sistemlorinin vo 6lgma prosesinin avtomatlasdirilmasi
yerina yetirilmolidir.

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

Istifado olunan texniki vasitalorin vo &lcii metodikasinin sadoliyino gore su miihitinda
elektrokonduktometrik analiz {isulu daha genis totbiq olunur. Olgmo diapazonunda mohlulun
xtisusi elektrikkeciriciliyi ilo konduktometrik Ol¢li geviricisinin ¢ixis parametri arasinda xotti
asililig moveuddur. Xiisusi elektrikkegiricilik ¢ixis gorginliyino miitonasib olaraq doyisir. Hazirda
miasir tipli elektron komponentlorin, mikrokontrollerlorin bazasinda hazirlanan konduktometrik
Ol¢ii cihazlart bu prinsip osasinda isloyir. Mikrokontrollerli konduktometrik cihazlar asagidaki
masalolori hall etmayas imkan verir: ilkin vericinin kalibrovkasini aparmag, 6lgmo prosesino tasir
edon gostaricilorin korrektirovkasini aparmad, uygun riyazi model asasinda naticolorin emalini
aparmag, 6l¢monin naticalorini cihazin ekraninda oks etdirmok, 6lgmonin xatasini toyin etmok,
Olgmo prosesini idaro etmoklo ayri-ayri funksional bloklarin diagnostikasini aparmag [1].

Konduktometrik 6l¢ii cihazinin 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 6l¢ii cihazimin struktur sxemi.

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

Elektrodlu hossas elementli yuva doyison coroyan generatorundan 1kHs tezlikli doyison
coroyanla qidalandirilir. Elektrodlu hossas elementli yuvanin ¢ixig signali cerayan-gorginlik
ceviricisinda diizlondirilorak sabit garginliys cevrilir vo garginlik 6l¢ii cthazi vasitasilo dl¢iiliir.

Ilkin 6l¢ii geviricilorinin dinamik xarakteristikalar1 ¢ixis signalinin zamana goro doyison
parametrlori ilo ifade olunur. Bu parametrlora giris signali, xarici tosir edon komiyystlor aiddir.
I'OCT 8.256-77-yo goro dinamik xarakteristikalar diferensial tonliklor, impuls xarakteristikalari,
kecid xarakteristikasi, 6tlirmo funksiyalari, amplitud vo faza-tezlik xarakteristikalar1 soklindo ifado
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olunur. Daha genis yayilmis xarakteritikalara impuls vo kecid xarakteristikalar1 daxildir. Impuls
xarakteristikas1 giris ani 0(¢) impulsunun tasirindon ¢ixis signalinin neco doyisdiyini gostorir vo
k(a,t) ilo isara olunur. ¢ (z) Dirakin delta funksiyasi adlanir. ¢ (z) delta funksiyas1 asagidaki sortlori
odoyir.
0 t+#0

a so=f, (T,

b) [, 6() =1

h(a,t) kecid xarakteristikas1 giriso vahid pillali 1(t) funksiyasi soklinds signal verildikdo
ceviricinin ¢ix1s signalinin neca doyisdiyini gosterir. 1(t) funksiyas1 Xevisayd funksiyasi adlanir vo
asagidaki kimi ifado olunur.

t<o0

0
1(0_{ 1 t=>0

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

a) o@=I1(),; k(at)=nh(a,t)

b) 1=, 8()d(t);  h(@v=[; k(a,t)dt

Oksor hallarda totbiqi mosalalorin holli zamani osas zaman xarakteristikast kimi h(a,t) kecid
xarakteristikasi istifads olunur. Sokil 2-ds vahid pillovari funksiya gostorilmisdir.

Otiirma funksiyalar1 Laplas cevrilmosi vasitosi ilo toyin
olunur. f(t) funksiyasi tiglin Laplas ¢evrilmasi asagidaki sokildo I
ifado olunur. N
F(P)=[, f(t)e Pt dt

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

Amplitud-tezlik xarakteristikalar1 ilkin Ol¢ii ¢eviricisi
vasitosi ilo gobul olunan tezliklor spektririni ifads edir. Ogor
ilkin 6l¢ii geviricisi bdyiik inersiyaya malikdirsoe, onun tezlik
spektri asag1 tezliklords olacaq vo o yuxar tezlikli siqanallart  $akil 2. Vahid pillovari funksiya.
0lco bilmayacaok.

Ilkin &lcii ceviricilorinin dinamik xarakteristikalar1 analitik {isullarla toyin olunur. Analitik
tsullar dinamik O6lgmo rejimindo Olgli ceviricisinin isini tosvir edon diferensial tonliklorin
tapilmasimna osaslanir. Bu metodun totbiqi praktikada c¢otinlik yaratdigina gore ¢eviricilorin
dinamik xarakteristikalarini oks etdirmok iigiin eksperimental metodlardan istifado olunur. Bu
zaman dinamik xarakteristikalarin toyini zamani 6l¢ili ¢eviriclorinin girisine sinaq signalt verilir vo
uygun ¢ix1s siqanalina asason dinamik xarakteristikalar toyin olunur [2, 3].

Dérdelektrodlu  konduktometrik 6lgii geviricisinin  TINA-TI programi vastesilo dinamik
xarakteristikalarin tadqiqini nozardon kegirak.

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

VQ1 generatoru 1v amplitudali 1kHz tezlikli sinusoidal carayanla elektrodlart qidalandirilir.
R6 R7 R8 miigavimatlori uygun elektrodlar arasinda yerlogon mayenin miigavimatini imitasiya
edirlor. Burada R6 1-ci vo 2-ci elektrodlar arasindaki mayenin miiqavimatini, R7 2-ci vo 3-cii
elektrodlar arasindaki mayenin miiqavimotini, R8 3-cii vo 4-cii elektrodlar arasindaki mayenin
miiqavimatini 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 VQ1 generatorundan daxil olan sinusoidal coroyanla
qidalandirilir. 2-ci vo 3-cii daxili elektrodlar arasinda yaranan gorginlik giiclondirilmak {iglin
giiclondirici kaskada otiiriiliir.

o t
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Giiclondirici kaskad OP30PAMP, OP20PAMP, OP10PAMP omoliyyat giiclondiricilorindon
togkil olunmusdur. Giiclondirici kaskadin c¢ixisindaki gorginlik OP10PAMP mikrosxeminin
¢ixisinin birlosdiyi VF1 ndqtesinde  dlgiiliir. TINA-TI programin da analiz menyusunda “doyison
coroyanin analizi” vo“doyison coroyanin keg¢id xarakteristikalar1” alt menyularina daxil olmagla
dinamik xarakteristikalarin cadval vo qrafik soklindo tosvirlorini almaq mimkiindiir. Sakil 4-do
dordelektrodlu konduktometrik 6l¢ii ¢ceviricisinin amplitud xarakteristikast verilmisdir.

60.00—
4006 —]

2000 —

0.00—

KoadhdpuumenT yeunenus [dB)

20,00 —]
4000 —]

60,00 — T \II\II‘

T T T T T T T T T
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YactoTta (Hz)
AC Ampli1 | AC Ampli2 | AC Phasel AC Ampli3 |

Sakil 4. Dordelektrodlu konduktometrik ol¢ii ceviricisinin amplitud xarakteristikast.
Sokildon goriindiiyli kimi 0-20 kHs tezlik intervalinda konduktometrik 6l¢ii geviricisinin

amplitud xarakteristikas1 daha stabildir.
Sakil 5-da dordelektrodlu 6l¢ii ¢eviricisinin faza xarakteristikasi verilmisdir.
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Sakil 5. Déordelektrodlu ol¢ii ceviricisinin faza xarakteristikasi.

Sokildon goriindiiyli kimi konduktometrik 6l¢ii ceviricisinin faza xarakteristikast tezliyin
0-10kHs intervalinda daha stabildir.

Sokil 6-do dordelektrodlu konduktometrik Sl¢ii geviricisinds kiiyiin tezlikdon asililiq qrafiki
verilmisdir.
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S$akil 6. Dordelektrodlu konduktometrik ol¢ii ceviricisinda kiiyiin tezlikdon asililig grafiki.

Sokildon goriindiiyli kimi, konduktometrik 6l¢ii ¢eviricisinds 6l¢ii prosesinds kiiyilin yaranan
maksimal giymoti 900 mikro voltdur. Konduktometrik 6l¢ii ¢eviricisinin ¢ixig gorginliyi 0-5Volt
intervalinda doyisdiyinden kiiyiin gostorilon intervalda doyismasi normal sayilir[4,5].

Konduktometrik 6l¢ii ceviricilorinin - dinamik ~xarakteristikalarimin  TINA-TI  program
tominatinda todqiqi layihslondirma prosesindo 6l¢ii  ¢eviricilorinin  amplitud vo faza
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xarakteristikalarinin daha ¢ox stabil oldugu is¢i tezliklori toyin etmoyo, eyni zamanda signal-kiiy
nisbatini doqiqlosdirmays imkan verir.
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HUCCIEJOBAHUE JMHAMUNYECKUX XAPAKTEPUCTUK KOHAYKTOMETPHYECKHX
U3MEPUTEJIbHBIX IPEOBPA3OBATEJIEN ITPU ITPOBEJEHUUA U3MEPEHU
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TI'yceiinoe A.I'., I'acanoe U.P.

Knrouesvle cnosa: yoenvHas — d1eKMpudeckas — Npo8OOUMOCHb,  KOHOYKMOMEMPUYECKUlL,

usMepumenvhulid npeobpazoeamens, OUHAMUYECKAs XAPaKMepUCmuKa.

Jus coopa oOBeKTHBHON WH(MOPMAIMU O 3arpsSA3HEHHWH OKPYKAIOIMIeH cpenbl HeOOXOIUMO HMEThH
Ha/IC)KHbIE METO/BI M CPEACTBA IKOJIOTUIECKOT0 KOHTPOJIsL. {71 moBbIeHus 3 (HhEeKTUBHOCTH UCCIICIOBAHUS
9KOJIOTHUECKOTO COCTOSIHUSI OKPY’KAaloIIeH cpedpl HEOOXOMUMO OCYIIECTBISTh aBTOMATU3ALMI0 CHCTEM
TEXHUYECKOro KOHTPOJIS U MpoLecca U3MEPEHNI

B cratee paccMOTpeHBl BONPOCHI MNPOCKTHPOBAHHMS KOHIYKTOMETPUYECKUX H3MEPHUTEIBHBIX
npeoOpaszoBaTeseil. PaccMOTpeHBl BOMPOCH MCCIENOBAHMS AMHAMHYECKHX XapaKTEPHUCTUK KOHTAKTHBIX
KOHIYKTOMETPHUYECKHX U3MEPHUTEIbHBIX IIpeoOpa3oBareieil. [lomyyeHa aMIUINTyAHO-4acTOTHAS M IIIyMOBast
XapaKTepPUCTHKA YETHIPEXDIEKTPOIHOTO KOHIYKTOMETPHUECKOro TIpeodpasoparens B mporpamme TINA-TI.

SUMMARY
STUDY OF DYNAMIC CHARACTERISTICS OF CONDUCTOMETRIC MEASURING
TRANSDUCERS WHEN CONDUCTING MEASUREMENTS
IN THE WATER ENVIRONMENT
Huseynov A.H., Hasanov |.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.
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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 rejimds aparmagq iiclin onun parametrlorini diizgiin se¢mak lazimdir. Ona gore do bu rejimi
tadqiq etmok {liglin asas parametrlordon biri do onun kub temperaturudur. Adston, bu temperatura
kalona daxil olan xammalin orta qaynama temperaturunu xarakterizo edir. Ona goro do her bir
rektifikasiya prosesindo kalonun kub hissaesindoki temperaturunu xammalin orta qaynama
temperaturu hoddindo saxlamaq lazimdir.

Kalona daxil olan sorfin doyismasi noticasindo kalonun kub hissesindoki temperatur uygun
olaraq artib vo ya azala bilor. Bu temperaturun verilmis qiymotdon yuxari olmasi yuxari gaynama
temperaturna malik olan komponentlorindo buxarlanmasina gotirib ¢ixarir. Bunun naticasinda
aparatin is rejimi pozulur vo prosesin somaraliliyi asag1 diisiir. Bu temperaturun verilmis qiymotdon
asagl olmasi iso buxarlanma prosesinin intensiv getmosini pislosdirir vo alinan distilatin ¢ixis1
azalir, qaliqg mohsulun iso asagi qgaynama temperaturuna malik olan komponentinin gatilig1 artmaga
baslayir. Beloliklo, hor iki halda bu temperaturun verilmis qiymatdon artmasina vo yaxud
azalmasina yol vermok olmaz.

Deyilonlori nazoro alaraq, rektifikasiya kalonunda normal is rejimini tapmaq ti¢lin, yoni
prosesin normal getmosini tomin etmok moqsadi ilo optimal idaroetma mosolosinin hall edilmasi
zaruridir. Belolikla, texnoloji prosesin gedisindon malum olur ki, kalonda temperatur rejimi asas
gotiiriiliir. Ona goro do yuxarida deyilonlori nozors alaraq vo bir sira elmi manbalors asaslanaraq
rektifikasiya kalonunda gedon prosesin dinamikasini asagidaki diferensial tonlikls ifads etmok olar:
dx® dx
T e ku (1)
burada k - giiclondirmo amsali, T- zaman sabiti; u - idaro faktorudur.

Tonliyo daxil olan parametrlorin qiymatlori tocriibo yolu ilo toyin edilmisdir. Yoni,

T =0,83san  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 mosoloasinin sintezi asagidaki kimi ifado edilmisdir, t=0 zamani1 x=0, ¥=0 voziyyatindon
X=Xn, X=0 voziyyotino minimum vaxt orzindo obyektin bir voziyystindon digor voziyyatino
ke¢mosini tapmaq tolob olunur. Gorilindiiyli kimi, qarsiya qoyulan masals cald isloma kriterising
g0ro optimal trayektoriyanin axtarilmasi masolosidir. Molumdur ki, L.S.Pontryaginin maksimumluq
prinsipindon irali golon optimalliq sortindon istifade edorok idars gqanununu sintez etmok
miimkiindiir. Bunun ii¢clin  faza mistovisinds arasdirmaq lazimdir. (1) tenliyinds miioyyan
cevrilmolor apararaq yazariq ki,
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EP-300 istehsalinda amtaa propilenin alinmasi prosesinin geyri-stasionar rejiminin tayini

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

Xy =% =f1 }

% =2(ku—1x) = f

Hamilton funksiyasi asagidaki kimi olacaqdir:

H= i W, f
i=1

Burada y; vo f, - 1/7 vo f vektorunun koordinatlari (3) tonliklor sistemina olava olaraq kdmaokei

doayisonlor slava edok va naticads alariq ki:

dt. <

: 2 of.
dy; _ Sy, — i=1 2
o oX
(3) ifadesini nozors alsaq, yazariq ki:

d of of
ﬂ={ 1l//1+—2'//2}=0

dt a_x1 OX,
dy, of, )
_re _—_| L1 — + 1=
dt [ax1 e, T T,
(5) tonliyinin halli
W, =G

t

W, =Cl + CzeTl
Burada C, vo C, - inteqral sabitloridir.
Hamilton tonliyi asagidaki kimi yazilir:

1
H :Wlfl Ty, fz =C; X, +[C1 +(_:I_—2-eT1}
(7) ifadesindon idars faktorundan u asili olan hodd gotiiriiliir

t

K
H" = c1k+CL-eTl u
Tl

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

U(t) = Ol
olar. Burada
o =sidn| ck +%'el
Tl Tl
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t

c,k T
Clk +2—.et . funksiyast €, vo C, -nin istonilon T, giymatindo T zaman kasiyinds olan idars
1
0z isarosini bir dofodon artiq doyismir. Beloaliklo, optimal idartoetmo u(t) sabit kosik funksiyasi

adlanaraq *u,_, qiymatdon vo isaronin sabitliyi iki intervaldan ibaratdir. U = U, idars intervalinda
obyektin harakatini tosvir edon tonliklor asagidaki kimi olacaqdir:

t

x(t)=c, +c, -e"
. (1)

x(t)=c; +ct—ce™

Burada ¢, =ku,,, ; C,, Cs- inteqral sabitloridir, t, -birinci sahonin davametmo miiddatidir. Baglangic

sartlordon istifads edib inteqral sabitliyini toyin edirik:

X(0)=c;+c, =0
0)=c. .
x(0)=c,—c,T,=0

(12) sisteminden tapiriq:
¢, = _kumax
(13)
C; = _leumax

t, - zaman moment ii¢iin X vo X koordinatlar1 ii¢iin alar1q:

X(t) = KU, {1 eTtlJ

t
x(t,) = ku,,, Ltl ~T,+Te" ]

Harokatin doyisma momentlori t; vo t,-ni toyin etmoak liglin (14) ifadesini t zaman momentin:

(14)

t t, -t
x(t,) = kuma{l—e Tl] =ku_e " -1)

t,—t
x(t,) = ku,, [tl ~T+Te Tl} =1+ku,, (T, +t,—t,-T,e ™ J
Bu tonliklords miixtalif ¢evrilmalar apararaq:

X(t) = 44— 44(e %)
x(t) = —44 + 36,52t + 44¢°°*
0<t<017
alariq.

Bu ifadslors asason agagidaki ayrilori almagq olar:
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EP-300 istehsalinda amtaa propilenin alinmast prosesinin geyri-stasionar rejiminin tayini

0Pz
@y

Pz

|
0 0l 01 01 018 02 021 022

Zaman momentinin tapilmasi

|
5. 0,13 0,26
-10-
Prosesin optimal ayrisi
-15
-207
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PE3IOME
ONPEAEJEHUE HECTAIIMOHAPHOI'O PEJKUMA IMPOILECCA IMNOJYYEHUSA
TOBAPHOI'O ITPOIIMJIEHA ITPU ITPOU3BOJACTBE 3I1-300
banaee B.A., Mameoog B.I'., Pazumoea M.P.

Knwuesvie cnosa: onmumanvhoe ynpagienue, NPUHYUN MAKCUMYMA, MEMNEPAMYPHbIL DENCUM,
KO2hpuyuenm ycunenust, mexHoi0eudecKull peicum

PexTudukanronHas KOJIOHA SIBIISIETCS OCHOBHBIM —alapaToM B IMpoIecce pa3jieicHUus TOBAPHOTO
npormmwieHa B pou3Boacte DI1-300. g nccnenoBanms pexkuMa B MPOIECCE PEKTH(PHUKAIINN, OB B3ST
OJIMH M3 OCHOBHBIX MapamMeTpoB — TemmepaTrypa. C Lenbio oOecreueHUs] HOpMaabHOW paboTHI mporiecca
B2)KHO HAWTH ONTHMAIBHOE PEIICHUE 3a/1a4 YIIPABICHUSI.

CunTe3 TeMreparypbl B PeKTH(HUKAIIMOHHON KOJOHE [0 MUHUMAJIbHOMY KPHTEPHIO BPEMEHH 3aKOHA
yhOpaBicHHUS ObLI HANpaBICH Ha OBICTPOE YCTPAaHEHHE OTKIOHEHUH TEXHOJIOTHUYECKOTO  PEXHMA.
[locraBneHHast 3amava SBISCTCS 3aJaucii HAXOXKIACHHS ONTHUMAIBHOW TPACKTOPHUH [0 KPUTCPUIO
OBICTPOICHCTBYAI.

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

Daxilolma tarixi: [lkin variant 18.04.2019
Son variant 10.10.2019
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V; TIPLI QEYRI-SOLIiS PETRI SOBOKOSININ TOTBIQI iLO
TEXNOLOJI PROSESIN MODELININ ISLONMOSI

COFOROVA SOLALD MEHDI qiz1

Sumgqayit Dovlat Universiteti, t.f.d., bas miiallim
salala.cafarova@mail.ru

Acar sézlar: marker, monsubluq funksiyasi, Qeyri-salis Petri sobakasi

Diinyada hasil edilon elektrik enerjisinin 75%-i , Azorbaycanda iso 90%-i istilik elektrik
stansiyalarinda istehsal olunur. Movcud iqtisadi tolabatlari nozoro alaraq, yiikksok ragabot
qabiliyyatino nail olmaq tiigiin bir sira ciddi addimlarin atilmasi tolob olunur. Bunun ii¢lin miiasir
tolabatlara uygun yeni enerji miiossisolorinin yaradilmasi vacibdir. Zaman kec¢dikco kéhna istehsal
avadanliglarinin siradan ¢ixmasi ils olagadar olaraq, onlarin miiasir avadanliglarla yenilonmasi talob
olunur. Bu sababdan do enerji sirkotlorinin texnoloji vaziyyatinds tohliikali tendensiyalarin mévcud
oldugunu geyd etmok lazimdir. Belo sirkstlorde olan avadanliglar siirstlo yaslanir vo dnlimiizdoki
illords bdyiik miqdarda istehsal giliciiniin agag1 diigmosina sabab ola bilar. [1]

Bu saboblori nozors alaraq, yerli miiassisalorin ragabat gabiliyyatini artirmagq ii¢lin elmi asaslh
bir anlayisla onlarin koklii yenilonmasi proqrami asasinda iqtisadi, ekoloji vo sosial tasirlori tomin
edon miitoraqqi texnologiya va texnologiya osasinda yaradilmis modellorin totbiqi aktual masaladir.
Bu layiho iicilin texniki yenidonqgiymotlondirms todbirlorinin hoyata kegirilmosi mexanizmini
aydinlasdirmaq sababils istilik va elektrik enerjisi istehsali texnoloji prosesinin modelinin islonmasi
tictin Vs tipli geyri-solis Petri sobokosinin (PS) totbigindan istifads olunur. [2]

V; —tipli geyri-solis PS Vi =(N, 1) soklindo toyin edilir, burada, N=(P,T,1,0) - Vs tipli geyri-
solis PS-nin strukturudur; P={p1,p2,....pn}, N>0-sonlu movgelor ¢oxlugu; T={ty,t,,...,tn},m>0 —
sonlu kegidlor coxlugu; I:PxT— Ny - kecidlorin giris funksiyasi; O:TxP— N - kecidlorin ¢ixis
funksiyasidir; gy - /nx(d+1)/ Olciilii baglangic markerlosmo matrisidir. Bu matrisin hor bir ,ujo -
elementi sobokonin p; mévqeyinds yerloson j-1 sayda markerin monsubluq funksiyasinin qiymotino
barabordir. [3].

Modelin yaradilmasinin osasini istilik vo elektrik istehsalinin texnoloji prosesi toskil edir.
Buraxilan enerjiys goro buxar qazaninin ocaginda iizvi yanacaq yandirilir vo alinan istilik hesabina
su buxarlanir. Sonra homin buxar lazimi temperatura qodor qizdirilaraq (t=540-560°C) turbina
verilir. Turbindo buxar genislonorok is goriir, yoni istilik enerjisi mexaniki enerjiyo ¢evrilir,
noticado, turbinin vali firlanir. Turbinin vali firlananda elektrik generatorunun rotoru da firlanir vo
orada elektrik enerjisi hasil edilir. Turbindon ¢ixan buxar iso kondensatorda soyudularaq
kondensatlasir vo nasos vasitasilo sistemdo dovr etdirilir.

Mogalods formalagsma prosedurunu sadslogdirmok ii¢iin qazan-turbin qazma niimunasindon
istifado edorok, birbasa enerji istehsali prosesi modellasdirilir. Istilik elektrik stansiyasimin texnoloji
sxemi sakil 1-do gostorilmisdir. Burada, 1-vaqontokiicli, 2-qobuledici bunker, 3-tokiicii qovsaq, 4-
komiir anbari, 5-xirdalama sObosi, 6-Qazanxana, 7-komiir doyirmani, 8- hava isidicisi, 9-
ventilyator, 10- domiryol ¢oni, 11- qizdiricilardir.

Istilik vo elektrik istehsalinin texnoloji gazan-turbin gazma prosesinin faaliyyat modeli V; -
tipli geyri-solis PS soklindo tosvir edilorok, modelin strukturu formalasmisdir. Istilik vo elektrik
istehsalinin texnoloji gazan-turbin gazma prosesinin faaliyyat modelinin graf-sxemi sokil 2-do
verilmisdir.

84


mailto:salala.cafarova@mail.ru

Caoforova S.M.

Sakil 1. Istilik elektrik stansiyasinin texnoloji sxemi

Movqgelor ¢oxlugu asagidakilardir: p; - qurgu vaqontokiicii iizorinde tokmo omoliyyatini
yering yetirir; P, — qobuledici bunkerlorin girisi agiq yerlosmisdir; ps — tokiicii qovsaqlara komiir
tokiiliir; ps - kOmiir anbar1 komiirii qobul edir; ps — xirdalama sébasi komiirii xirdalayir; pe -
xirdalanmig komiirlor qazanxanaya qabul olunur; p; — komiirlor doyirmanda tytdiiliir; ps — hava
isidicilori vasitosilo komiir qurudulur; pg - ventilyator vasitasilo komiir sopalonir; pip — komiir
domiryol ¢anloring Otiiriiliir; p1; — qizdiricilarla masrut hazirlanir.

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

Kecidlor ¢oxlugu asagidakilardir: t; - qurgunun giris saxlayicis1 vaqontokiicii tizorinde tokma
omoliyyatina hazirlanir; t; - gobuledici bunkerlorin girisi aciq yerlasir vo qobul edir; t3 - tokiicii
qovsaqlara komiirtokma prosesi yerina yetirilir; t4 - komiir anbarinin komiirii gobuletmo omoliyyati
sona ¢atdi; ts —xirdalama sobosinin komiirii xirdalama omoliyyati basa catir; ts —xirdalanmig
komiirlorin gazanxanaya qobulu basa catir; [4,5].

Bu zaman moévgelorin F [11, 6] vo kegidlorin H [6, 11] insidentlik matrisi asagidaki sokli
alacaq:
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V: tipli qeyri-salis Petri sabakasinin tatbiqi ilo texnoloji prosesin modelinin islonmasi

F |t 2 13 tg4 t5 15

| 0001 00
p2l 00010 00
ps| 0 0 0 0 10

H p1 p: ps ps ps ps P7 Ps Po Plo Pl
ps| 00 1 0 0O

ps| 1 00000 £ 00 0000O0CO0O0T1 0

ps| 0 0 0 1 00
1 01000011 000
p-| 1 00 0 10
10001000 000
ps| 1 0 0 0 00

4| 1 01 00000 0O O
pe| 0 0 0 0 10

pig| 0O 1 0 0 00
ral 0 0 0 0 01 ts| 000 001 1 0 000

Lo 1lkin markerlosmo matrisi asagidaki kimidir:

0.20 0.00 0.30 0.00 0.20 0.00 0.10 0.00 0.00 0.20 0.00
0.00 0.20 0.00 0.00 0.10 0.10 0.00 0.10 0.20 0.10 0.20
0.00 0.00 0.00 0.20 0.00 0.00 0.40 0.00 0.00 0.00 0.20
0.00 0.01 0.30 0.0 0.00 0.00 0.00 0.10 0.20 0.00 0.00
0.20 0.00 0.20 0.00 0.00 0.00 0.00 0.20 0.00 0.10 0.00
10.10 0.00 0.20 0.10 0.20 0.00 0.00 0.00 0.20 0.10 0.00

Ho =

ts kecidinin yerino yetirilmasi zamani alinmis markerlogsmo asagidaki kimidir:

050 0.00 0.20 0.00 0.00 0.00 0.10 0.00 0.00 0.20 0.00
0.00 0.00 0.00 0.00 0.70 0.00 0.30 0.00 0.00 0.00 0.00
0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.00
0.30 0.00 0.00 0.30 0.00 0.00 0.00 0.30 0.00 0.00 0.00
0.50 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.10 o0.00
1020 0.00 0.00 0.30 0.00 0.00 0.00 0.00 0.40 0.10 0.00

He =

Islonmis alqoritm osasinda Vi tipli geyri-solis PS-nin strukturu formalasir. Kompiiter
eksperimenti noticosindo £ baslangic markerlogsmosindon kegidlorin o1 = (t; t t3t; tst5) vo tg
kegidi yerina yetirildikdon sonra novbati kecidlorin 62 = (4 tsts t; tot3) yerino yetirilmasi ardicilligi
alimmigdir. Modelin totbiqi texnoloji prosesin iimumi sxemindon funksional mogsods uygun olaraq
ayrilmig interaktiv elementar bloklar sistemi soklindo hoyata kegirilir. Bu halda o bir prosedurun
tamamlanmis morhalasini hoyata ke¢iron avadanliq vo ya avadanliq qrupunu ohato edo bilor.
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PE3IOME
MOJEJIUPOBAHUE TEXHOJIOT'HYECKOI'O IIPOLECCA C IPUMEHEHUEM
HEYETKOU CETU IIETPU TUIIA V;
Jcagpaposa I1I.M.

Knwouesvie cnosa. mapxep, pyuxyus npunadnedcnocmu, Hewemras cemv [lempu

B craree paccmaTpuBaeTcsi MOIENHPOBAHUE TEXHOJIOTHUECKOTO MPOLEcca ¢ MPUMEHEHUEM HEYETKON
cetu Ilerpu tuma Vi Paspaborana Monenb (OpMHUPOBAaHHS MOJENU TEXHOJIOTHYECKOro Ipolecca
MIPOM3BOICTBA TEIUIOBOM U ANleKTpuuecKoil suepruu. OrnpenesneHa CTpyKTypa, TMHaAMHKa COCTOSHUS MOJIENN
U TIOCIIEAOBATEIbHOCTh CpabaThIBAaHHUS MEPEXOJOB W3 HAYIBHOW MapKUPOBKHM B BHIE COBOKYIIHOCTH
BEKTOpOB M Matpull. [IpuMeHeHHe MoOnAeIM OCYIIECTBIAETCS B BHJE CHUCTEMbl HHTEPAaKTHBHBIX
JNIEMEHTapHBIX OJIOKOB, PAa3[eJCHHBIX B COOTBETCTBUH C (YHKIMOHAJIBHON II€JbI0 Ha OOIIyI0 CXeMy
TEXHOJIOTHYECKOTO TMpouecca. B 3ToM cioydae oOHa MOXET BKJIIOYaTh OOOPYAOBaHHWE WM TPYIILY
000pyAOBaHMS, KOTOPAs! BBIOJIHACT 3aBEPILIAIOIINI 3Tall IPOLEAYPHI.

SUMMARY
MODELING THE TECHNOLOGICAL PROCESS WITH THE APPLICATION
OF FUZZY PETRI NETS TYPE V;
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 V¢ 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.
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AHAJIN3 BJIMSIHUSI THAUBUY AJIBHBIX ®AKTOPOB HA KAYECTBO
CBAPHOI'O COEAUHEHMUS ITPU PYYHOU AYT'OBOU CBAPKE

'PYCTAMOB PAMA3AH JKADAP oray
2TAKADAPOBA CAUJA AJUIAXBEP/H rbi3u1

Aszepbatioscanckuti mexnudeckuil yrusepcumem, 1,2-0ooyenm
ramazanrustamov@mail.ru

Kniouesvie cnosa. cnoco6 ceapku, napamempvl pejicumd, C6APOUHbLIL U OCHOGHOU Mamepua, mun
MEMANNOKOHCIPYKYUU, UHOUBUOYATbHBLE (DAKMOPDL, 00EKM UCCIE)08AHUSA.

[lo cBoeMy mnoTeHIMany W pPa3BUTUIO He(QTAHAs W MAIIUHOCTPOMUTEIbHAS OTpaciu
IIPOMBILUICHHOCTH ~ SIBISIIOTCS  OJHOM W3 BaXHEHIIMX OTpaciied, B KOTOPBIX CBAapHBIE
METAJUIOKOHCTPYKIMH 3aHUMAIOT JIOMUHHUPYIOIIEE TOJI0KEHHUE.

Capka sBIs€TCS OJHUM M3 HauOosee pacnpOCTPAHEHHBIX TEXHOJOTMYECKHX IPOLECCOB,
IIPUMEHSIEMbIX B MPOMBIIUIEHHOCTH, IIPU ITOMOLIY KOTOPOTO U3TOTOBIISAETCS OKOJO 70 MPOLIEHTOB
Aetaneid MalluH, W3IENIUi, KOHCTPYKIMH M COOPY)KEHHUH, B TOM YHCIE, KpyINHOrabapuTHbIE
METAJJIOKOHCTPYKIIMU HE(PTAHOMN MPOMBIIIIEHHOCTH.

CoBpeMeHHass TEXHOJIOTHsI B CTPOUTEIbHO-MOHTAXHOM IIPOU3BOACTBE HacuUThIBaeTcs 10 20
CIOCOOOB CBapKH, OJHAKO, HECMOTpPsI Ha CYILECTBYIOUIME JOCTHXKEHHMsS B PAa3BUTUU CBAapOYHOU
TexHosoruy, 6onee 80 MPOLEHTOB CBAPOYHBIX PadOT HA MOHTAXHBIX IJIOMIAKAX JI0 HACTOSIIETO
BPEMEHH BBIIOJIHIIOTCS PYYHOH 3J1€KTPOIYyroBOil CBApKOM.

CoBOKyIHOE JeiicTBUE WHANBHUIYATbHBIX (AKTOPOB MOXKET B TOW MJIM MHOW Mepe BIMATH Ha
KAuecTBO U IPOU3BOJUTENILHOCTh CBApOYHBIX PaOOT, BBIIOJHEHHBIX PYYHOH AYyroBOil cBapKoi
(PC).

Tpynosoit mponecc PJIC ocymiecTBiasieTcsi B KOHKPETHBIX YCIOBHSIX, XapaKTePU3YyEeMbIX
CaHUTAPHO-TUTMEHNYECKUMU NCUXO(PHU3HOIOTNIECKUMH, COLIMATIbHO-TICUXOJIOTUYECKUMH,
ACTETUYECKUMU U JpyrumMu (pakropamu. COBOKYIIHOE ACWCTBUE 3TUX (DAKTOPOB MOKET B TOW MM
WHOW Mepe BIMATh Ha KauecTBO CBapHBIX coenuHeHuil. MccnemoBanuio ycnmouit tpyna PJIC B
CBApOYHOM  NPOM3BOJCTBE  IOCBSIIEHO MHOXECTBO  paboT. OjHako, NpPOBEIECHHBIMU
WCCIIEIOBAHUSIMA HE YCTAHOBJIGHO BIIMSHHE YKa3aHHBIX (PaKTOpoB Ha pabOTOCTTIOCOOHOCTH
cBapmmka PJIC.

ITon  paGoTOCIIOCOOHOCTBIO  YENIOBEKa-CBapIIMKa  IMOHUMAETCS MaKCHMaJbHO
(YHKIIMOHAJIbHBIE BO3MOXHOCTH €ro OpraHM3Ma JJis BBIIOJIHEHUS KOHKPETHOM paboThI.
OcobeHHble TOKa3aTean padoTOCIIOCOOHOCTH U X 3HAUYEHHUS] B OCHOBHOM SIBJISIETCSI:

- KPUTUYECKAs 4aCTOTa MEJIbKaHUM;

- MbIIIIEYHAsI CUJIA;

- CTaTU4€ECKasi BBIHOCINBOCTH;

- BpeMs ABUTaTENbHON PEaKINH;

- KOOpAMHAIMS IBUKEHUN;

- apTepUaNbHOE AABJICHUE — IIYJIBC.

Heo0xo1muMo OTMETUTh, UTO KaX/IbIil U3 ATHX MOKa3aTe’ae MOXKHO OMpPENeIUTh NMPAaKTUIECKU
B JII0OOM MEAMIIMHCKOM ITyHKTE MPOU3BO/ICTBA.

HecmoTps Ha Bce yBenuuHMBaromuecs: 00beMbl MEXaHU3aIuH, aBTOMAaTH3aIlMH1 U POOOTH3AIMU
CBapOYHbIX paboT, poiib CBapIIMKa, KaK BEAYLIEro M IJIABHOI'O 3BEHA YIPaBJIEHHS IMPOLIECCOM
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CBapKH, IIOKa €IIe OCTAeTCs ONPEIEISIIOIIEH OJHUM K3 MajO HCIIOJIB30BAHHBIX /0 IOCIIEIHErO
BPEMEHH HAIPaBJICHUN MOBBIIICHUS MPOU3BOAUTEIHLHOCTH M Ka4eCTBA CBAPOUYHBIX PadoT.

KauectBo nponykuuu corinacHo 'OCT 15467-84 ecTb COBOKYNHOCTH CBOMCTB MPOAYKLHUU,
00yCIIOBJIMBAIOIINX €€ IMPUTOTHOCTh YIOBJIETBOPSTH OMpPEICIICHHbIE MOTPEOHOCTH B COOTBETCTBUU
c ee HazHaueHueM. llokaszarenn kauecTBa CBAapHBIX COCIMHEHUM ONPENENSAIOTCA TOM WM WHOU
COBOKYITHOCTBIO CJICAYIOUIMX CBOMCTB. MPOYHOCTHIO, HAJEKHOCTHIO, OTCYTCTBHEM JAE(EKTOB,
CTPYKTYpOM MeTajla IIBa W OKOJIOIIOBHOW 30HBI, KOPPO3MOHHOM CTOMKOCTBIO, YHCIOM H
XapakTepOM HCIPABJICHUN U T.II.

Heas u 3anauum  ucciaenoBanusi. B jganHoil pabore mocTaBieHa 3ajada M3Y4YHTh
[IPOM3BOAUTEIILHOCT,  pydHoit  myroBoii cBapku (PJIC) uHAMBHIyalbHBIX (aKTOpPOB —
KBaJM(UKAIIMY CBAPIIMKOB U YCTAHOBUTH KOJIMYECTBEHHBIC KPUTEPHUU, KOTOPHIMU MOKHO OBLIO OBI
PYKOBOJICTBOBATbCSI Ha MpPAKTHUKE MpPU OMpEAeNIeHUH HX NpOo(ecCHOHATBHOM  MPUTOJHOCTU K
BBITIOJTHEHUIO PA3JIMYHBIX 110 CJII0)KHOCTH CBApOUHBIX PaloT.

Bbi0op kpurTepueB onenku kpaaupukanun ceapmukos PJIC. [Ipu nposenenun ananmsa
KauecTBa CBApPOUYHBIX Pa0OT B MOHTAXHBIX YCIOBHUAX OBUIO OTMEYEHO, YTO KAa4eCTBO CBApPHBIX
COEMHEHMH, BbINOIHEHHbIX cBapiinkamu PJIC ogumHakoBoro paspsiia Ha OJHOM OOBEKTE U NpHU
BCEX Pa3HbIX YCIOBUSIX MOHTa)Ka, OKa3bIBAJIOCh pa3in4HbIM. Ha rmpakTuke 3TO IpUBENO K TOMY, YTO
3a4acTyl0 CBapIIMKH 5-TO paspsiga obOecreuyuBaiy Oojiee BBICOKMN YpPOBEHb KauecTBa, ueM
CBapIIMKH 6-TO paspsnaa. B pesynbprate HecoOTBETCTBUS (pakTHUeCKOW KBaM(UKALUK, TpeOyeMoi
JUIS  W3TOTOBJICHHMS] KOHCTPYKLUMH OTBETCTBEHHOTO Ha3HaueHUs. Yacto o0OHapyKUBAIUCh
HeZOoMycTUMbIe JedeKThl, HU3JeNUs MOJBEPrajiuch HCIPABICHUIO Opaka, 4YTO MNPUBOAUIO K
3HAYUTEJIbHBIM 3KOHOMUYECKUM MOTEPSM.

B oredectBeHHON U 3apyOexHOW JIUTEpaType MPAKTUYECKH OTCYTCTBYIOT CBEICHHS,
OCBEIIAIOIIIE BOIIPOC O COOTBETCTBUM (PAKTUUECKON KBaNM(DUKAIIMK CBAPIIUKOB UX Pa3psy.

B Hexotopbix paborax [1-3] ykassiBatorcs (aktopsl, onpenensonie PJIC B MOHTaXHBIX
yCIOBUSX U3 HU3KoerupoBanHo cranu mapku 0912 TOCTS5058-76 u3 tpy6 nuamerpom 520-1200
MM H TOJIIUHON cTeHKH 16-40 MM (Tabmuria 1).

Taonuua 1.
Hccnedyemas koncmpykyus
Buapl cBapHbIX Tunopasmepsl Marepunan Crioco0 YcioBust paboTh
COCIMHEHUH CBapKu
60°
Vt VY

1 { 1,=520-1200 HuzkonernpoBannas Cratuueckas

e _<_ ______ I Pyunas
( MM KOHCTPYKLMOHHAS Harpyska,

- JyroBast

3 S=16-40 mMm CTaJlb MOpCKasi Boia

1,5-2,0

-1l- -1l- -/l- -/l-
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[Tpu cBapke BEIOpaHHOM METAJUIOKOHCTPYKIIUHU MIPHUMEHSIOT CIIECAYIOIIYIO TEXHOJIOTHIO:

- KOpPEHHBIE CBApHBIE CTHIKOBBIX, YIJIOBBIX M TaBPOBBIX LIBOB 3aBAPUBAIOT PYyYHOU IYyroBOM
CBapKOH MOKPBITBIM 3JeKTpogoM Mapku LB-52VY, a ocrampHyio 4YacTh pasfenku KpOMOK —
anektpoaamu Mapku Y OHU13/55 TOCT9466-75

- 110CJIE HAJIOXKEHUSI Ka)KJOTO CJI04 .

KBanmuduxanusimu ~ ABASIOTCA  NMCUXO(PHU3UOJIIOTUYECKUE  BO3MOXKHOCTH,  3PUTENIBHO-
JBUTaTeNbHasi KOOPAMHAIMS, 3HAHUS U BO3PACT, @ O KAKUX-THOO KOIMYECTBEHHBIX KPUTEPHIX
MPAKTUYECKUX PEKOMEHIAIUAX 10 olleHKe KBanudukanuu cBapimukoB PJIC B paborax naHHble He
npuBoauTcs. B pabore [4-6] mompoOHO wHccienoBaHa 3PHUTEILHO-IBUTATEIbHAS KOOPAMHALUS
(BK) ceapmukoB PJIC u ee BiusHue Ha KadecTBO cBapku. OrTmeuaercs, urto 3/[K 3aBucuT oT
BO3pacTa U cTaxka paboThbl. bblna ycTaHOBIEHA TOBOJBHO TECHAs KOPPEJALHMOHHAs 3aBUCUMOCTb
KauecTBa CBApKU OT KoJjeOaHUN pyKH CBapIlMKa MPHU CBapKe MPOCTPAHCTBEHHBIX MIBOB. B paborax
[3,4] maroTcst oTHAenbHBIE CBeACHUs MO KBamdukamuu ceapmukoB PJIC B 3aBUCHMOCTH OT
BO3pacTa.

K coxanenuio, B NMEPEUYHCICHHBIX BBIIIE Pa0OTaX OTCYTCTBYIOT HaydyHO OOOCHOBAHHBIN
MOAXO0Jl K OILIEHKe MpodeccrnoHalbHO-TPYIOBEIX KadecTB cBapmmka PJ[C ¢ yuerom B HeMm
KOMILJIEKCA HHIUBUIYaJIbHBIX (DAaKTOPOB, OTPEACIISIONINX €r0 KB ()UKAIHIO.

Cocrosinue nmpo0/ieMbl U XapaKTepPUCTHKA 00beKTa HccjieqoBaHus. B kadectBe oOBbekTa
WCCIIC/IOBAaHMsI BBIOpaHAa M3TOTOBJICHHAs CBAapHAas METAUIOKOHCTPYKIHS — TITyOOKOBOJHOTO
OCHOBaHU$, B KOTOPOW MPOU3BOJAT 3aUUCTKY IIIJIaKa IMITH(OBATBHON MAIIWHOM:

- 3aBapKy CThIKA BBIIIOJIHAIOT MHOTOIIPOXOJHBIMU IIBaAMH.

- MpU CBapKe MPOCTPAHCTBEHHBIX IIBOB PACCTAHOBKA CBAPIIMKOB IO paboOYMM MecTam
MIPOU3BOIUTCS COTIACHO WX KBATM(UKAIIH.

PaccmaTpuBaemMas METAJUIOKOHCTPYKIUS — TJIYOOKOBOJHOE OCHOBaHUE IUIaT(GOPMBI
paboTaer, Kak MpaBWiIO, MOJ CTaTUYECKOW HArpy3KoW, MpH paboueit Temmeparype OT -10°C 1o
+45°C, Ha OTKpBITOM BO3/yX€, MO 3eMJIel WM BOAOH, B arpecCCUBHOM MOPCKOI1 cpeie.

Marepuanbl u o00opyaoBaHusi uccjaeAoBaHmsa. /J[nsg aHanuza KpUTEPUM BIUSHUS
WHIUBUAYAIBHBIX (DAKTOPOB HA KA4eCTBO M IMPOU3BOJIUTEIBHOCTH CBApOuHBIX pabor mpu PJIC
HCCIIETyeMON METaNIOKOHCTPYKIIUU B MOHTXKHBIX YCIIOBHUSX MPUMEHSIOT CIEAYIOLIUE CBAPOYHBIE
Marepuaisl ¥ 000pyaoBaHus (Tadbauma 2).

Tabauua 2.
Mamepuanvt u 06opyoosanus 0ns PIIC uccredyemori MmemanioKOHCMpyKyuu.
Mapka noKpbITOro 3JIEKTpo/1a HuameTtp amekTpoia, MM HcTouHMK NUTAHUS
st ceapku Hns cBapku s cBapku xopust | g cBapku ITIOCTOAAHHOI'O TOKa
KOPEHHOTO I1IBa KPOMKH IIIBa iBa KPOMKHU II1Ba
LB52Y smonckoe YOHMN13/55 3u4 45u6 NAC-500E
HIPOU3BOCTBO poccuiickoe Snonckoe
MPOU3BOACTBO HPOU3BOACTBO

[Tapamerpsrl ontumanbHoro pexuma PJIC nccnenyemMoil METaJUIOKOHCTPYKIIUN TTPUBEACHBI
B Ta0nuue 3.

Tabauuya 3.
Tapamempuvr peaxrcuma PJ[C
Cuna cBapoYHOTO TOKa, A Huametp snextpoaa, MM
PacnionoxeHus cBapHOro mBa
HDKHHAKR BEPTUKAJIbHBIM IOTOJIOYHEIN ’ HIDKHHAN ’ BEpPTUKAJIbHBII IIOTOJIOYHBIN
O0603HaYCHHUE TTOJI0KCHHUS ITBA
H B IT H B I1
280-300 240-260 230-240 5,6 4 4
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C uenpro moxydeHust 0oJiee TOCTOBEPHBIX NAHHBIX O MPHYWHE BIUSHUS WHIWUBUIYTbHBIX
(bakTopoB Ha KadyecTBO M Mnpou3BoAuUTeNbHOCTH PJIC mnpuMeHsIM CpaBHUTENBHBIM aHaIHu3
CBapHBAaEeMbIX 00pa3lOB METOAOM paauorpammbl. CyIIHOCTh ATOTO METOJa KOHTPOJS KadecTBa
COCTOMT B TOM, YTO Ha IEpPBOM JTale MpPU MOATOTOBKE OOpa3lOoB HCKIIOYAIHCH 3aBEIOMO
W3BECTHBIE TPUYMHBI 00pa3oBaHUS AePEKTOB, a 3aTeM MPOU3BOIWIACH CBAapKa MaTrephaliaMu
(tabnuia 2) U mapameTpaMy peKUMa TaOJHIIBI 3 M TOCIEAyIolee MPOCBEYNBaHHE 00pa3IloB Ha
pentreHoBckoit ycraHoBke tuna MUPA-2]] (Poccuiickoe MpOM3BOACTBO), Ui YCTAHOBJICHHS
NEUCTBUS MHIWBUIYaJbHBIX TMPUYUH T[OATOTOBKM 00Opaslla B CTPOrOM COOTBETCTBHHM C
MHCTpYKIMEH. 3aTeM NpOU3BOAMIACH CBAapKa 0Opas3la AByMsl CBapIMKaMH, UMEIOIIUMH pa3HbIC
mokasareau padorocrnocooHocTr (Pd) mim kBamuHKaIyH.

Hanpuwmep: Ha puc.l a, 6 moka3zaHbl pe3ylbTaTbl CBapKU 00paslia M3TOTOBJIEHHOTO W3
TpyOB! 1uamerpoM 820 X 8 MM, KOTOpasi OCYIIECTBIISJIACH CBApIIMKAMH PaBHOW KBaIH(pPUKAIIUU Ha
OJTHOM H TOM k€ 000pyJIOBaHUH, OJJUHAKOBBIMH IJICKTPOJAMHU MPH OJUHAKOBBIX pexumax PJIC u
MPAKTUYECKH B OJHO M TOXE BpeMs U YCIOBUSAX pPAaOOTHL. YCTaHOBJIEHO, YTO MPUYUHOM
o0Opa3oBaHMs MOp W IUIAKOBBIX BKIIFOUCHUH SIBISAIOTCS Ooliee HHM3KME TokKazatenu P Broporo
cBapIIuka [6].

B apyrom ciydae, mpu mpoYMX paBHBIX YCIOBHSX, CBApKy 0Opasiia MPOWU3BOJIWIA B KOHIIC
CMEHBI JIBa CBapIIMKa OJHOTO W TOTO K€ paspsia, HO UMEIONIMX pa3iuyHble mokazarenu PO.
[TpuMepoM MOTYT CITY’)KHTh TaK)Ke JJaHHBIC IPUBEACHHBIC HA puC.1, B, T.

Puc.1. Penmeenocpammyl c8apHO20 wiéa, ompadxicaroujue ausHue UHOUSUOYATbHOU NPUUUHBI.
a -ceapuwux 6-20 paspsaoa , Pp=82 ommoc.eo.
6 -ceapuwux 6-20 paspsioa , P¢p=58 ommoc.eo.
8 -ceapuux 6-20 paspsada , Pp=88 ommoc.eo.
2 -ceapuux 6-20 paspsada , Pp=67 ommoc.eo.

[TonyyenHble pe3ynbTaThl NOCIYKWJIA OCHOBOM I JNaJbHEWINUX HCCIEIOBaHUN. bblno
YCTaHOBJIEHO, 4YTO WHAMBHUAYAJIbHbIE TPUYMHBI, OKa3bIBAIOLIME BIMSIHME HAa KadyeCTBO U
MIPOU3BOJIUTEIBHOCTH MOHTaKHOM CBapku, TpeOyloT 0ojiee NeTallbHbIX HCCIEAOBAHUN C LEIbIO
pa3paboOTKM PEKOMEHJAIMI 10 TMOBBIIIEHHIO KadecTBa CBApHBIX IIBOB MOHTaKHOTPYOHBIX
COCIMHEHM, BBIIIOJTHEHHBIX PYYHOU 1yTrOBOM CBAPKOM.

Hamu Obina ycTaHoBI€Ha JOBOJBHO TECHAs KOPPENSALMOHHAs 3aBUCHMOCTbh KayecTBa OT
KoNeOaHui PyKH CBapIMKa TOJIBKO B BepTUKabHOM (B) Hampaiennn (ko3(hGHIHSHT KOppemsun
cocrasseT 20,8%).

CrnenyeTr OTMETUTD, UTO A0Js Opaka Mo WHAUBUIYAIbHBIM MPUYMHAM cocTaBisieT Oonee 70
% oT o01Iero ypoBHs Opaka (puc. 2).
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f’gmuf\fz? Predi

r) ) e)

Puc. 2. Penmeenozpamma 00HOCMOPOHHE20 MHO20CI0UHO20 CIMBIKOBO20 COeOUHEHUs C8APHO20 WA,
ompadicarowjas 6AUAHUE UHOUBUOYATTbHBIX NPUYUH.
a-HepogHomepHoe ghopmuposanue (HepagHomepHoe Konebanue S1eKkmpood 8 npoyecce C6apKu);
0- HepasHoMepHoe niasneHue Kpomku (UsMeHeHue CKOpoCmu C8apKu);
6- HEpaBHOMepHOe YCUleHUe c8apHo2o wea (NosvluueHUe ceduenus NPUXeamox);
2- npepuleucmoe niagienue (He noaHoe pacniasienue 30Hbl C6APKU);
0- noopesvl (nosvlUEHUE CEAPHO20 MOKA);
e- npooicoeu (601bUoU 3a30p MeNCOY KPOMKAMUL).

BoiBOaBI.

1. Ha ocHOBe BBIIOJIHEHWS HUCCIENOBAaHWNA  YCTAaHOBJIEHO, UYTO KAdeCTBO W
MPOU3BOIUTENILHOCTh CBAapKM pPYYHOM JyroBOM CBApKM B MOHT@XKHBIX YCIOBHAX
CYIIECTBEHHO 3aBUCHUT OT MHIMBHIYaJIbHBIX (DAKTOPOB — pabOTOCTIOCOOHOCTH CBapIIMKa
PJIC, xorna ¢axrudeckas padotocmnocodnocts (Pd) nexur B untepane or 70 go 90
OTHOC.€]I.

2. YCTaHOBJIEHO, YTO KayecTBO U IPOU3BOJUTEIBHOCTh CBapHBIX COETUHEHUH
BEPTUKAJIBHOTO, TOPH30HTAIFHOTO M TIOTOJOYHOTO IBa OTIMYAIOTCS OT KadecTBa
CBapHOTO COEJMHEHUS, KOTOPbIE CBAPEHbI B HUKHEM TOJI0KEHUH.

3. PesympraTamm mcclieoBaHWI YCTaHOBIJIEHO, YTO TPH BBITOJHEHWH CBAPOYHBIX PadOT
pY4YHOI JIyroBOM CBapkoil B MOHTaXHBIX YCIOBHUAX B pe3yiabTaTe BIMSHUSA
UHIUBUAYAIBHBIX (AKTOPOB MEHsSETCsl pabOTOCIOCOOHOCTh OpraHu3Ma CBapIIUKa,
KOTOpass OOBbEKTHBHO OLIEHUBAETCS YTOMJIEHHEM, M CYOBEKTHBHO BOCIPHHHMMAETCS B
BHUJIC YYBCTBA YTOMIISIEMOCTH OpPTaHU3Ma CBAPIINKA.
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2 A

XULASO
OL IL® QOVS QAYNAQ BIiRLOSMOSININ KEYFIYYOTINO FORDI
AMILLORIN TOSIRININ TOHLILI
Riistomov R.C., Cafarova S.A.

Acar sozlar: Qaynaq tisulu, qaynaq materiali, rejim, avadanliQ, amak soraiti, metal konstruksiyanin

tipi, fordi amillor, tadgiqat obyekti.

Maoqalado qurasdirma, gaynaq, metal qaynaq keyfiyyati, fordi amillorin tasiri, is qabiliyyati, ixtisas, is
tacriibasi, qaynaqgiliq, sosial-psixoloji malumat, fiziki, statik yiik vo al ilo q0vs qaynaq is soraiti kimi tohlili
masalasing baxilir.

Miiayyan edilmisdir ki, qaynaqgi torofindon ol ilo qdvs qaynagi (RDS) ilo montaj sortlorinds yerino
yetirilmis qaynaq islorinin mohsuldarlig1 vo keyfiyyoti birmonali olaraq gosterilon fordi amillorin tosirinden
asilidir.

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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INSAN GEYiMi iL© BODONiI ARASINDA MiKROIQLIMIiN OPTIMAL
XARAKTERISTIKASI

ROCOBOYV ILQAR SALEH oglu
Azarbaycan Doviat Iqtisad Universiteti (UNEC), dosent
Ilgar67@mail.ru

Agar sézlar: nisbi riitubat, istilik komfortu, geyimin altinda komfortlu mikroiglim, rahatlyq,
temperatur

Konar hava axminin siiratinin, insan orqanizminin istilik sorfiyyatinin soviyyesine tasiri
hagginda moalumatlar odabiyyatlarda, demak olar ki, ¢gox azdir. Olan malumatlar isa bir-birindon
hiss olunacaq doracodo forqlonir. insan organizminin istiliyi hissetmo vo nomlik sorfiyyatinin
gostoricilori arasindaki alago codvallorda gostorilib. Bu gostaricilordon malum olur ki, orqanizmin
istilik balansinin nizamlanmasinda nomliyin buxarlanmasi ohomiyyatli rola malikdir. Fiziki-
gigiyenik toloblors uygun olaraq, individual izolyasiya vasitolorinin hazirlanmasi ugiin materiallarin
seciminda 1 saat orzindo miimkiin olan soraitdo islomokla, namlik sorfiyyatinin 200-1200 g/saat
araliginda doyismaosi nozors alinmalidir.

Geyimin altindaki riitiibstin 6l¢iilmosinds ilkin 6l¢ii alotlorindon biri, Rubner vo Levasovun
tiikdon hazirladigi hidrometr ola bilor. Onlarin goldiyi noticoyo osason, insan badoni vo kdynoyi
arasindaki nisbi riitubot 25% olub. Sonralar kimyovi hidrometrin totbiqi ils, geyimlo badon
arasindaki nisbi riitubatin, otraf miihiitdon asili olaraq 23-70% araliginda doyigsmosi moalum oldu.
Bu moagsad tigiin bazi hallarda quru vo yas termometri olan psixrometrdon do istifado olunmasina
cohdlor olmusdur.

Nomlik sorfiyyatim toyin edon amillor. Intensiv fiziki yiiklonmo vo otraf miihiitiin
temperaturu inasan organizmindo nomliyin sorfiyyatina tosir edon osas amillor hesab olunur. Bu
amillor eyni zamanda buxarlanma ilo istilik sorfiyyatina da osash tosir edir. Miixtolif molumatlara
osasan fiziki yiikiin soviyyasindon istilik sorfiyyatinin asililigi 1-ci cadvalds yer almigdir. [1]-ci isdo
olan molumatlara osason, enerji itkisi 60-700 vt diapozonunda doyisir. Istilik komfortu soraitinds iso
bu sorfiyyat 50- 400 vt aralifinda xotti artim ilo miisahido olunur. Nomlik sorfiyyatinin otraf miihiitdon
asthligt 2 codvalindo verilib. 1 vo 2 codvollorindon goriiniir ki, otraf miihiitiin miixtolif
temperaturlarinda, miixtalif hacmlords fiziki yiiklorin tatbiqinds, insan orqanizminin istilik sorfiyyatimimn
qiymatinda har bir miiollifin aldig1 natice forglonir. Belo naticalorin alinmasi, eksperementlorin miixtolif
metodlarla aparilmasi ilo slagadardir. L. Banxidinin moalumatlarina asason istilik sorfiyyatinin rolunun
buxarlanma ilo doyismosi sokil 1-da verilmisdir [2].

Cadval 1.
Fiziki tasirlarin intensivliyindan asuli olaraq insan orqanizminin namlik sarfiyyati
Yiikiin xarakteri Organizm torafindon Molumata gors, nomlik sorfiyatinin hacmi, qr/daq
istehsal olunan istiliyin Valodinin Lyubig Qafgazov Afanasyev
miqdar1 klcoul/saat [3] [5] [6] [7]

Sakitlik 250 -400 0,7-1,0 0,5-,66 0,5-2,0 -
Yiingiil ig 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 4,5-95 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 hacmi qr/saat
Havanin Sika
tempera- Volperta xolton vo Butte | Letavettavo | Qafgazov Afanasyev
turu °C P . [4] | Malsev [2] [6] [1, 7]
aka
-10 - - - - - - 1104+20
0 - - - - - - 56+15
+5 - - - - - - 50+15
+10 31 32,5 20 36 - - 46£12
+15 - - - - - - 46+10
+20 18 39 25 52,6 37,4 45 -
+22 - - - - - - 42+10
+30 51 104 80 1416 - 120 -
+32 84 123 88 - - - -
+40 - - - 225 - - -
Cadval 3.
Kricaqgina géra, insan organizminin namlik sarfiyyati, qr/saat.
Istilk hissiyatinin giymoti

Cox isti Isti iliq Komfort Serin

Nomlik 500-2000 torin | 250- 500 torin 60-250 tor 50-60 tor 40 tor olmur
sarfiyyati xeyli hissasi bir hissasi axir axmir olmur

g/saat axir

Konar hava axminin siiratinin, insan orqanizminin istilik sorfiyyatinin soviyyasine tosiri
hagqinda molumatlar odabiyyatlarda demok olar ki, ¢ox azdir. Olan malumatlar iso biri-birindon
hiss olunacaq doracods forqlonir. Rubners [9] asason 35%C-don asag1 temperaturlarda horokatli hava
dariys soyuducu tesiri, ondan yuxari temperaturlarda iss istilik tosiri bagislayir. Bununla belo, Butte
gostorir ki, nisbi riitubat 35%  vo 40°C temperaturda, fasilolorlo iiflirmo zamani dorinin

temperaturunun azalmast miisahido olunur [4].
Fasilolorlo fiziki i§ zamanu, torin ayrilmasi ilo alagodar
olaraq, yiliksok intensivlikli nomlik sorfiyyati
(2000-3000 mg/saat) yaranir. Bu iso 0z ndvbasindo
L. Banxidinin 1200-1800 kkal/saat gostaricilorino
uygundur. Y. Kunaya [10] osason otaq soraitindo,
insan orqanizminin nomlik sorfiyyati 16-23 g/(m? saat)
olur vo bu gostorici badenin bas, 9lin i¢i vo ayagin
altinda eynidir. Isti hava soraitindo, orta agirligh
intensiv  iglordo, torin  badondon  ayrilmasi
400-500 g/saat hacmino gatir [11].

Insan orqanizminin istiliyi hissetmo vo nomlik
sarfiyyatinin ~ gostaricilori  arasindaki  olage  3-cii
cadvoldo gostorilib [12]. Bu gostaricilordon moalum
olur ki, organizmin istilik balansinin nizamlanma-
sinda, namliyin buxarlanmasi shamiyyatli rol oynayir.
Fiziki—gigienik toloblors uygun olaraq, induvidual
izolyasiya vasitolorinin [13] hazirlanmast ugiin
materiallarin se¢imindo 1 saat orzindo miimkiin olan
soraitdo islomoklo, nomlik sorfiyyatinin 200-1200
g/saat araligida doyismosi nozore alinmalidir.
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Sokil.  Banxidiyo gora, atraf miihitin
temperaturunun tasirindon, insan
organizminds buxarlanmaya sorf edilon
istiliyin asililig.



Insan geyimi ilo badoni arasinda mikroiglimin optimal xarakteristikasi

Insan bodoni ilo geyiminin arsinda olan hava qatimn riitubotliliyi. Bodonin iizorindoki
riitlibatin buxarlanmasi geyimin altindaki hava gatinda nisbi riitiibotin doyismosine sobab olur. Bu
proses, intensiv riitiibot soviyyasinin dolayr xarakteristikasi ola bilor. Geyimin altindaki riitiibatin
Olciilmosinds ilkin 6l¢ii alotlorindon biri, Rubner vo Levasovun [9] tiikdon hazirladigi hidrometr ola
bilor. Onlarin goldiyi naticoye asason, insan badoni vo kdynayi arasindaki nisbi riitubst 25% olub.
Sonralar kimyovi hidrometrin [14] totbiqi ilo, geyimlo bodon arasindaki nisbi riitubatin, otraf
miihiitdon asili olaraq 23-70% araliginda dayismasi malum oldu. Bu mogsad iiciin boazi hallarda
quru vo yas termometri olan psixrometrdon do istifado olunmasina cohdlor edilmsdur [15]. Lakin
cihazlarin miikommoal olmamasi sobobindon doqiq molumatlarin alinmasi geyri-miimkiin oldu.
Sonralar Ogden vo Rees miioyyan etdilor ki, komfort goraitindo, istirahot zamani havanin nisbi
riitubatliliyi ¢=30-40% olur, yliklonmo zamani iso bu gostorici 100% do cata bilor. Homginin bu
miuolliflor gostoriblor ki, insanin uzun miiddoat sakit soraitdo do poliefir yataq kisolorinds galmasi
zamani, geyimlo badon arasinda havanin nisbi riitubati 100% yaxinlasir.

Geyimin gigiyenikliyinin giymatlondirilmasinds geyimalti mikroiqlimin xarakteristikalarina
havanin temperaturu, nisbi riitubati, horokatliliyi, havada karbon qazinin soviyyosi aid edilir.
Hardyo goro mikroiglimin xarakteristikalart optimal ohomiyystli komfort soraitde, miivafiq
temperaturlarda vo dorinin nomliyindo ( tgoi = 90° + 2° F(= 32,20 ), W= 8 + 18%) insanin shvali
yaxs1 olur.

Istilik komfortu, derinin temperaturu va istilik hiss etmosi ilo miioyyon edilir [8, s.16].
31,0-34,50 C temperatur vo 10-20% riitubatlilik, komfort voziyyati hesab olunur. Miixtolif fiziki
yiiklomalar vo miixtalif xarici sortlordo komfortun sortlori dar serhadlords olur. Onun sarhadlorindon
konarda istilik nizamlayan mexanizmlor aktivlosir. Hiperbarik soraitdo, subyektiv istilik xarici
miihiito Gtiiriilon qazli-riitubstli havanin torkibindoki ohamiyyatli tosirlori hiss etmays sorait yaradir.

Geyimin altinda komfortlu mikroiglim yaratmagq iiclin temperatur vo havanin nisbi riitubstinin
toyin olunmus qiymoti olmalidir. V. Kosoglev insan sakitlikdo, otraf miihiitiin nisbi riitiibatliliyi
60-70% olduqda, optimal temperatur 27-29° C, orta agirligli is gorondo iso temperaturun 17-23° C
olmali oldugunu gosterir. J. Keigley, insanin sakit halinda, otraf miihiit 65% nisbi riitiibatds,
L.Ogden vo W.Rees 30-40% nisbi riitubstde geyimin altinda komfort soraitin olmasini gostorir.
Hesab olunur ki, nisbi riitubati 10% artirdiqda, geyimalti havanin temperaturu 2° C azalmalidur.
Demoli, geyimin hazirlandig1 material vo onun qurulusu geyd edilon sortlori tomin etmalidir. Belo
ki, geyim otraf mihitin miixtalif temperaturlarinda vo tor ifraz etmonin miixtolif intensivliklorinda,
fiziki yiiklonmonin saviyyesindon asili olaraq 200-1200 qr/saat araliliginda komfortu tomin
etmolidir.

Geyimlo bodon arasindaki miihitdo, optimal mikroiglim {i¢lin hava axininin konvektiv siirati
adi voziyyotdo 0,2-0,54 m/san, orta agirliqli yiiklonmoalords 0,1-0,2 m/san oldugda komfort gorait
yaranir. Bu iso yalniz geyimin hava kegiriciliyinin 100-200dm®/(m?san)-den az olmadig1 soraitdo
miimkiindiir. Geyimin altindaki havanin kirlonmasi, dorinin nofas almasi zamani ifraz etdiyi karbon
gazlarinin bu miihitdon konarlagdirilmasinin soviyyesindon asihidir. Geyimaltt mihitdo karbon
qazinin saviyyasi 0,7-0,8% araligin1 ke¢dikdon sonra, insanin shvalinda pislogsmslor hiss olunmaga
baslayir [9].

Belalikls, geyimin komfortlulugunun tomin edilmasi {iclin  geyimaltt mokanin
xarakteristikalarina — temperaturuna vo nisbi riitubatin soviyyasing, diqqet yetirmok lazimdir. Straf
miihiitdon asili olarar, bu miihiit doyiso bilor. Qeyd olunan miihitin lazimi gargivads saxlanmasi,
geyimin tikilmosinds istifado edilon materialin xiisusiyyatlorindon asilidir. Bu zaman materialin
sorbsiya xiisusiyyotino, prosesin artmasi vo azalmasi intensivliyina tosir edon amil kimi baxilir.

Notica.

1. Insan bodoni ilo geyiminin altindaki hava qatmin xarakteristikasi, geyimin komfort
soraitinin qiymatlondirilmasini sartlorindondir. Onlarin toyininin osas faktorlar1 asagidakilardir:
a) xarici sortlor: otraf miihitin soraiti; orqanizmin yiikklonmasinin soviyyasi; b) isifads ilo slagoli
amillor: geyimin konstruksiyasi; geyimin materialinin xassalori.
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2. Geyimin havalandirilmasinin asas sortlori: tiftirmenin siirati; geyimin qurulusunda acgiq
hissolorin olmasi; istilik vo nomlik ke¢irmonin asili oldugu, materialin hava kegiriciliyi.

3. Ufiirmonin siiratinin artirilmasinda, geyimaltt miihitin havalandirilmasinin tominatinda,
hava keg¢irmonin rolu artir. Halhazirda tekstil materiallarinda totbiq edilon “nofosalma” termini,
materialin geyimalti miihit ilo otraf mihit arasindaki slagoninin tomin edilmosidir. Bu zaman
materialin sukegirmozliyi prinsipi gézlonilmolidir.
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Paoxcabos U.C.

Knrwouesvie cnosa: ommocumenvbHas 81a*CHOCHb, KOMPOPM menia, KoMQOpmHvlli MUKPOKAUMAN
noo 00ex#cool, Kompopm, memnepamypa
WntencuBHas (usndeckass Harpy3ka W TeMIIEpaTypa OKpYKarolield Cpeibl CUUTAIOTCS OCHOBHBIMU
(akTOopaMu, BIUSIOIIMMH Ha COJIEpKaHUE BIIard B YEIOBEYECKOM OpraHu3Me. B craTtbe Takke oTMedaercs
BIMSHUE 3THX (aKTOPOB Ha OJHOBPEMEHHOE HMCHapeHue W pacxop temia. Kpome toro, ocoboe BHUMaHue
OBLIO yJIENIEHO XapaKTepHCTHKaM reidura - TeMriepaType U OTHOCHTEIBHOW BIAXKHOCTH JJIsi 00eCIeUeHHs
KoMdopTa oAeKIbl. B 3aBUCHMOCTH OT XapaKTEPUCTHK MaTepuana, UCTIONB30BAaHHOTO TPU W3TOTOBICHUU
OJEKbI, OBLIO OMPEENICHO, YTO BBILICYIIOMSIHYTas Cpea JOKHA MOAeP KUBAThCA HAAJIeKaIUM 00pa3oM.
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Insan geyimi il> badoni arasinda mikroiqlimin optimal xarakteristikast

B T0 e Bpems ObLTH MPOaHATTU3UPOBaHbI (PAKTOPHI, BIMSIONIHE HA HHTEHCUBHOCTH MPOIEcca YBEIMUCHHS U
YMEHBIIIEHUSI COPOITMOHHYIO MPUPOIBI MaTepHaa.

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