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TD-DFT STUDIES OF POLYCYCLIC IMIDAZOLE DERIVATIVE:
2-PHENYL-1-(4-(PHENYLDIAZENYL)PHENYL)-1H-
PHENANTHROI[9,10-DIIMIDAZOLE

Yusif ABDULLAYEV*lab],

[a] Department of Chemical Engineering
Baku Engineering University
Hasan Aliyev str. 120, Baku, Absheron, AZ0101, Azerbaijan.
[b] Institute of Petrochemical Processes
Azerbaijan National Academy of Sciences
Baku Az1025, Azerbaijan
yabdullayev@beu.edu.az

ABSTRACT

The 2-phenyl-1-(4-(phenyldiazenyl)phenyl)-1H-phenanthro[9,10-d]imidazole(P1) fluorescence properties are
studied computationally (HOMO and LUMO energy gap=2.41 eV). Electronic transitions are compared with ex-
perimental UV-vis spectrum. Important molecular orbitals, e.g., HOMO, HOMO — 1, HOMO — 2, HOMO — 3, HOMO —
4,LUMO,LUMO + 1,LUMO + 2,LUMO + 3,and LUMO + 4 are visualized and investigated(Figure 2).

Keywords: fluorescent, HOMO, LUMO, quantum yield.
POLITSKILIK IMIDAZOL TORSMOSININ (2-FENIL-1-(4-(FENILDIAZENIL)FENIL)-1H-
FENANTROI[9,10-DIIMIDAZOL) TD-DFT VASITOSILO OYRONILMOSI
XULASO

2-fenil-1-(4-(fenildiazenil)fenil)-1H-fenantro[9,10-d]Jimidazolun (P1) fluoresens xiisusiyystlori komputer hesab-
lamalar1 (HOMO va LUMO enerji forqi=2.41 eV) vasitasils dyranilmisdir. Elektron kegidlari eksperimental UV-vis
(ultrabandvsayi goriinen) spektri ilo miiqayise edilmisdir. ©sas molecular orbitallar, masslon: HOMO, HOMO —
1,HOMO — 2,HOMO — 3,HOMO — 4,LUMO,LUMO + 1,LUMO + 2,LUMO + 3,va LUMO + 4 vizuallagdirilaraq todqiq
edilmisdir (Fiq. 2).

Acar sozlar: fluoresent, HOMO, LUMO, kvant ¢iximi.
TD-DFT UCCAEAOBAHUSI ITPOU3BOAHOT'O ITOANINKANYECKOTIO MMNAA30AA:
2-OEHNA-1- (4- (PEHUAAMA3EHNA) ®PEHUA) -1H-PEHAHTPO [9,10-D] UM AA30A1
PE3IOME

dayopecrieHTHEIE cBOYICTBa 2-peHna-1- (4- (Ppennaanazenna) gpenna) -1H-penanrpo [9,10-d] mmmaasoaa (P1)
nccaesoBaHbl pacdeTHO (3anperntenHas sona HOMO u LUMO = 2,41 5B). DaekTpoHHbIe TIepexoAbl CPaBHUBAIOTCS
C DKCIIepUMeHTaAbHEIM Y P-BUAUMEIM CIEKTPOM. BusyaausnpyroTcs u nccaeayIoTcs Ba>KHbIE MOAEKyASpHBIe Op-
6uraau, Hanpumep, HOMO, HOMO-1, HOMO-2, HOMO-3, HOMO-4, LUMO, LUMO + 1, LUMO + 2, LUMO + 3
n LUMO + 4 (puc. 2).

Karouessre caosa: gpayopecrienTHsiir, B3MO, HCMO, KBaHTOBBII BBIXOJ,.

1. Introduction

Imidazoles are vital heterocyclic aromatic compounds that were used as molecular platform
for drug industry and materials sciences. The imidazole motif is found in a broad variety of
biologically active molecule having antibacterial [1], antitubercular[2], antileishmanial [3],
antiviral[4], antimalarial[5], anti-inflammatory [6], antifungal[7], and particularly anticancer
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activities[8]. N-Acyl imidazoles are electrophiles exhibiting moderate reactivity, relatively long
half-life, and high solubility in aqueous media [9]. Currently, N-acyl imidazoleshave playedim-
portant roles in the activation process of some proteins and enzymes[10]. Satoshi et al. was
prepared a catalytic system for the regioselective synthesis of the clinically important imidazole
based tyrosine kinase inhibitor nilotinib[11].

Besides the medicinal application, imidazole derivatives photochromic properties were
investigated [12, 13]. Triphenylamine containing imidazoles were found to be strongly
fluorescent molecules [14]. 2,5-difluorophenyl and p-tolyl substituted imidazoles were also
found to act as fluorescent materials [15]. We studied previously some polycyclic imidazole
structures photophysical properties computationally and experimentally [16]. The following
imidazole structure which was reported in our previous work is taken as a target of the
current study:

10

6
Scheme 1. 2-phenyl-1-(4-(phenyldiazenyl)phenyl)-1H-phenanthro[9,10-d]Jimidazole(P1) structure

As a continuation of the research the P1fluorescence properties are studied computationally
in the current work.

2. Computational Details

TDDEFT (Time Dependent DFT) method, in combination with B3LYP/6-31G* level of theory,
was utilized to investigate the P1 absorption and emission signals. Experimentally used sol-
vent (chloroform) was included in the TDDFT procedure with the SCRF model.

3. Results and discussion

Plis a fluorescent compound with very intense color when exposed to UV light. As shown
in the spectrum (See Figure 1), excitation bands of P1 (CHCls is taken as a solvent) are in the
220-380 nm range.

Figure 2 describes HOMO(H)and LUMO(L) molecular orbitals (MOs) andm — m* transition
energy. H is delocalized over phenanthrene, imidazole, and phenyl moieties with the significant
contribution of m orbitals. L is appeared mainly on —CeHs-N=N-C¢Hs part of P1with the invol-
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vement of the n* antibonding orbitals. Experimental 4,,,,, absorption signal (Ref 16) (364 nm)
is in good agreement with the theoretical (361 nm, /=1.23), which relates to H — 2 — L transition
(Table 2). H — 2 is formed (Figure 2,) based on m orbitals contribution of the azo group and
partial association of the carbon atoms in the polycyclic ring. The shoulder excitation band at
352 nm is corresponded to the H — L + 1 electron transitions. L + 1 is attributedto the fully
delocalized antibonding m* molecular orbitals of the phenyl group connected to the diazo (-
N=N-) bond. . All other molecular orbitals from H — 4to L + 4were described in Figure 2.

Table 1. Experimental and theoretical (TDDFT) excitation and emission wavelengths.
fis theoretically calculated oscillator strength

Excitation Excitation Emission Emission (Theor. Orbital
(Exp. A (nm)) (Theor. A (nm)) f (Exp. A (nm)) | A (nm)) f description
Weak signal 513 0.01 761 720 0.00 H-L
364 361 1.23 382 420 1.31 H-2-L
352 336 0.53 | 410 368 0.92 | H-L+1
600
500 g
S 400 5
s
2 3004
o
5
€ 200+
100 & L :
0 | — ; —— e r“‘“‘S,
200 300 400 500 600 700 800

Wavelength (nm)

Figure 1. UV-Vis spectrum of P1. Red = absorption, blue = fluorescence, blue for the emission signals.
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Figure 2. HOMO-LUMO MOs. Isovalue: +0.02
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The lower absorption signals in 292 and 224 nm can be assigned to the H —» L + 4,and H —
4 - L + 3 transitions according to the TDDFT analysis. H — 4 is a molecular orbital with p or-
bital contribution of the diazo group (-N=N-).

Emission signals of P1 are at two broad ranges: 360-500 nm and 710-780 nm. The intensity
of the emitted signal at the visible region is very low even in greater concentration (0.01 %
solution is taken for UV-vis experiment), which is stable with the calculated lower oscillator
strength. As previously shown, experimental and theoretical optical gaps for some pi-
conjugated organic systems can be reasonably well represented by the orbital energy gaps
from B3LYP calculations[17]. Previous studies showed that experimentally defined band gap
and theoretically calculated HOMO-LUMO energy gap might not be consistent[18, 19]. The
HOMO and LUMO energy difference (2.41 eV), and theoretical fundamental energy gap
(band gap) studies (total energy differences between N -1-electron, N-electron, N+1 electron
states) shows that the compounds can be employed as an substituteof semiconducting
materials (e.g. GaAs/1.42 eV[20], CdTe/1.45 eV[21]). Quantum yield (QY) calculation was
conductedrelating to the literature recommendations[22]. Rhodamine 101 was used as a
reference compound in ethanol. The P1 sample was dissolved in chloroform. The P1 QY was
determined as 0.42, which shows it is a good fluorophore.

TR :'-.'« 0‘: &
9,0 ® Naee
— e ”
LUMO+1 LUMO+3 o
Lo T a
,,:sw‘” ’ ‘3
1 3 3
1 L “
HOMO-1 HOMO-2 HOMO-3

Figure 2. Visualized molecular orbitals

4. Conclusion

The P1 HOMO and LUMO energy gap (2.41 eV) was determined and corresponds to the
commercially availablesemiconductor materials energy gap. TDDFT studies were carried out
to explain UV-vis excitation and emission signals. The P1 relative QY (0.42) was also
calculated based on the reference and the fluorescence spectrum. This study shows the
photophysical properties of (P1) polycyclic fully conjugated imidazole derivative which can
be applied as a material for optoelectronic devices.
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POLIMERLORIN ADLANDIRILMA USULLARI

R.S. RZAYEV
Baki Miihandislik Universiteti
Azarbaycan MEA Polimer Materiallar: Institutu

ramilrzayev81@gmail.com

XULASO

Polimerlarin maddalarin miixgalifliyi ve sanayeds genis totbiq imkanlarinin mévcud olmas: onlarin nomen-
claturasini da aktuallasdirt. Toqdim olunan maqalode polimerloarin bir ¢ox adlandirma iisullar1 aragdirilmis ve
onalra aid niimunsler verilmisdir. Beynalxalq adlandirma metodu ile yanas1 diger adlandirma metodlarina da
xtisusilo yer verilmisdir. Polimerlorin adlandirilmasinda timumi beynslxalq adlandirma qaydasinin olmasina
(IUPAC) baxmayaraq bu sahadade bazi gatinliklor mévcuddur. Bu da polimer maddalerinin quruluslarinin miix-
tolif vo miirakkabliyi ile baglidir.

Acar sozlar: tokrarlanan qurulus vahidi (TQV, ingilis dilinde qisa adi-CRU), Monomer, IUPAC.

NAMING METHODS OF POLYMERS
ABSTRACT

The diversity of polymers and the availability of a wide range of applications in industry have also updated
their nomenclature. Along with the international naming method, other naming methods are also given special
attention. Although there is a common international naming convention (IUPAC) for naming polymers, there are
some difficulties in this area. This is due to the variety and complexity of the structures of polymeric substances.

Keywords: constitutional repeating unit (TQV, short name in English-CRU), Monomer, IUPAC.

CIIOCOBbl HAMMEHOBAHWVSI IIOAVUMEPOB
PE3IOME

Pasnoobpasue moanMepos U AOCTYIIHOCTh IIMPOKOTO CIIEKTpa IPMMEHEHNI B IPOMBIIIAEHHOCTU TaKKe
0OHOBMAM MX HOMeHKAaTypy. Hapsay ¢ MeXXayHapo4HBIM MeTOA0M MMEeHOBaHI:I 0CO00e BHUMaHUe yaeAdeTcs U
APYIMM MeTOoJaM MMeHOBaHM. XOTs CyIecTByeT OOIIEeNpUHATOe MeXAYHapOJHOe COrJalleHue o0 MMeHax
(IUPAC) aasa moauMepos, B 9TOI 004aCTU eCTh HeKOTOpble ITpoOAeMBbl. DTO CBA3aHO C pa3HOOOpasueM M CA0XK-
HOCTBIO CTPYKTYP HOAMMEPHBIX BEIeCTB.

Karouesbie caoBa: mosropstonieecs 38eHO (TQV, cokpamenHoe HazBaHIe Ha aHranickoM-CRU), moHomep,
IUPAC.

GIRIS

Coxlu sayda kicik molekullu maddalerin (monomerlarin) bir-biri ilo birlegerak, amalo
gotirdiyi uzun zencirli ve yiiksak molekul kiitlasina malik birlagmlara polimerlar deyilir. Uz-
vi kimya ile miiqayiseda polimer elminin miistaqil elm sahasi kimi yas1 ¢ox deyildir (nazari
asas1 1921 ci ilds Staudinger terafinden qoyulmusdur). Ona gors da polimerlarin sistematik
gayda ils adlandirilmas: polimer elminin inkisafi ile tegakkiil tapmisdir. Lakin o vaxta qadar
polimerlorin adlandirmasimiixtalif {isullarla: polimerin torkibins, monomerin qurulusuna,
tarixi ve ya sanayeda totbiqi ilo, bazen do tesadiifii adlarla bagh adlandirmaya asaslandiril-
misd1. XX asrin ortalarinda polimer elminin siiratlo inkisafit ilo bagh yeni-yeni polimer
madddalar sintez olunmaga baslafi, bu ise 6z névbasinds bu maddslarin adlandirilmasinda
ciddi problemlsr yaratmaga baglamisdir. Polimerlorin adlandirmada beynslxalq qaydalar
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Polimerlarin adlandirilma iisullar

olmadig ticiin miixtelif adlandirma tisullar1 meydanagixmis, buna gors de bazen eyni bir
polimerin bir nego farqli adlarla adlandirlmasina gotirib ¢ixarmigdir.

Polimerlerin adlandirilmasi ile bagh qurulan ve uzun miiddatdir ki, davam edan beynal-
xalq komisya (IUPAC) mévcud olmasma ragmean[1-3][4]sads polimerlarin adlandirilmas:
tiglin irali siiriilon takliflarin bir ¢oxu polimer elminda halaki tam gobul olunmamisdir. Poli-
merlarin adlandirmasinda genis miixtaliflik olmasina baxmayaragq, en goxistifade olunan ad-
landirma sistemlar tizarinds dayanacagiq.

Hal-hazirda asagidaki adlandirma tisullarindan istifads edilir[5].
I.Mbanbays gora adlandirma (masalan, sintezds istifads edilon monomer)
I1.Qurulusa gors adlandirma

IILIUPAC adlandirma (Beynslxalq adlandirma sistemi. flk defe adlandirilmann stan-
dartlasdirilmasi 1970-ci illarde IUPAC torafindan qiivveys minmisdir.)

Bu adlandirma sistemlarinden basqa adlandirmalar da mévcuddur. Homin adlandirma
tisullar1 haqqinda daha sonra melumat verilacok.

I.Manbays (monomers) gora adlandirma

Polimerlarin an sads va saciyyavi adlandirilma tisulu olub monomerin adina ssasla-
nir[6]. Bu adlandirma monomerin zoncirvari vo tsiklin agilmasi ilo geden polimerlosmao
reaksiyasi ilo alinan polimerlare aiddir.

Manbaye gors adlandirma metodunu homopolimer, birga(co)polimer vo xatti olmayan
polimerlar iizreinde nazarden kegirak.

a) Homopolimerlarin monomers gors adlandirilmasi

Oksar polikondenslosma reaksiyalarindan farqli olaraq polimerlosma (zoncirvari poli-
merlasmo) metodu ilo alinan polimerlards polimerin qurulus vahidi ilo monomerin element
torkibi eyni olur.

Adlandirrilma zamani iss, monomerin admnin qarsisina moétsrizesiz sadaca”poli”sozii
alave edirik. Okser ticari shemiyyetli polimerlor mahz bu ciir adlanr.

Masalan, etilendsn alinan polimer polietilen, asetaldehiddsn alinan polimer ise poliase-
taldehid adlanur.

nCH=CH, — {CH,—CH;}-

{ monomer) polimer
etilen poli-etilen
O OH
M p\,)\,
H L n
asetaldehid poli-asetaldehid

Ogar monomerin ad1 yalniz bir sdzdan ibarstdirss, poli sozii birbasa monomers bagla-
nir. Masalen. Polietilen, polistriol, polipropilen ve s.
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Digor halda monomerin ad1 bir ne¢o s6zdan ibaratdirss, ¢ox uzundursa ve ya asas zancir-
da avazedici varsa, bu zaman “poli” hissaciyinden sonra gelon ad métarizs igerisinds yazilir
[71[81,[91[10].

Masalan, 3-metil-1-penten monomerindan alinan polimer poli(3-metil-1-penten) soklinds,

CH—-CH>

CHz ~CHsj

n — -

H3C HiC
3 3k CHs

n

elacoa do, vinil xloriddan alinan polimer poli(vinil xlorid)

H\ ﬂ-c‘cl' on
c= C
e
H CI

vinil xlorid poli- I\nnllxlonde]
propilen oksidden alman poli(propilen oksid),

0 CH;

n %w - HD\F/.J\HD’],UH

propilen oksid

poli-{propilen oksid)

xlorotrifluoroetilenden alinan isa poli(xlorotrifluoroetilen) kimi adlandirilir.

e _,J[F }

xlﬂmt‘ry'l!wmem!m poli(xlorotrifluoroetilen)

Motarizeni yazmamaq ndqsan sayilmir. Lakin, motarizalorden istifade edilmemaosi
geyri-miiayyonliya sebab ola bilar.

Masalan: “polixlorstriol” xlorlasdirilmis striolun (monomerin) ad1 ola bildiyi kimi, xlor-
striolun polimerlogsmasindan amals galan polimerin ad1 da ola biler. Uygun olaraq” polietile-
noksid” asagidaki gosterilan 1, 2 ve ya 3-cii quruluslardan birinin ad1 ola biler.

—cHycH;

H-Lo—CH—CH;}—OH  H{CH;CH

1 2 3

MBbshz bu ciir problemlasri aradan gotiirmak tiglin poli s6ziinden istifads edilmisdir. Poli
(xlorstriol) ve poli(etilenoksid, 1-ci gakil) agig-aydin sakilds qurulus vahidini gostera billir.
Buna baxmayaraq adebiyyatda adlandirma zamani1 méterizedan istifade edilmamasi hallar:

da movcuddur.

Manba asash adlandlandirmanin asas ¢atismazligi, bir polimerdaki qurulus vahidinin
kimyevi qurulusuna gore gotiiriilon monomerls eyni olmamasidir.

86



Polimerlarin adlandirilma iisullar

MBas. -CHX-CH:- qarsiCHX=CH-. Bu sxemda polimerin tokrarlanan qurulus vahidi (TQV)
agig-aydin gosterilmamisdir. Misal {igiin: “poliakrilaldehid” ad1 polimerds hans1 qrupun a)
aldehid va ya b) vinil qrupunun polimerlasmays maruz qaldlglm daqiq bildirmir.

Y

N HC=CH-CH=0 |CHD

| CHZ

{ |
b) (o rT:H—}—n
HC=CH,

Polimerlagsms reaksiyalarinin getma seraitindan asili olaraq miixtslif n6v monomerlarls
forqli polimerlosmo bas vera biler. Bundan alave, poli (vinil spirti) kimi bir ad nazari bir man-
baya aiddir, ¢iinki bu polimer vinil spirtinin deyil, poli-(vinil asetatin) hidrolizi yolu ils alds

HxCDG HO
|
CH«— nH, 0 ——= CH,;—CH + nCHLCOOH
n

Polikondenslagsma tisulu ils alman polimerlsrin monomers gore adlandirilmasinda bir

edilir.

godar forqli xtisusiyyat var. Belaki, bu ciir reaksiyalar tiglin funksional qruplar saxlayan eyni
(x-A-y), vo ya iki forqli monomer (x-A-x vo y-B-y) gotiiriile bilor. Burada x vo y reaktiv
funksional qruplardir. Masalon, x bir hidroksi, alkoksi, amino vo ya alkilamino qrupu, y ise
bir karboksi va ya karboksilat ola bilar.x-A-y ilo gostarilan eyni monomerin polikondenslas-
moasinden alian polimeri adlandirmaq {iciin qaydalara gérs monomerin adindan istifads
edilir. Mas. Polialanin, poli(laktik tursusu).

O CH, . .
‘ ‘ polialanin
NH— C——CH poli(2-aminopropion tursusu
poli(3-metilaziridin-2-on
n
CH,

poli (laktik tursusu)

O—0

CH ] poli (2-hidroksipropion tursusu
n  poli (3-metiloksiran-2-on)

C

Bozan iki forqli monomerin polikondenslosmosi ilo aliman bir polimer qurulusu, basqa
monomerlarden da alina biler. Masalen: Poli (etilen tereftalat) kimi polimer etan-1,2 diol( vo
ya oksiran), x-A-x, va tereftal tursusu (onun halogenli vo ya miirokkeb efirlori kimi téromo-
larinden), y-B-y, alde etmak miimkiindiir. [UPAC qaydalarma asasen bu polimer poli[oksiran-
alt-(tereftal tursusu)] ve ya poli[(etilen glikol)-alt-(tereftoloil dixloride)] kimi adlandirila biler.

o) 0
~|:O—[CH2]2—O—‘C‘ ‘c|~—|‘»
n

Siibhasiz iki monomerin polimerdaki qurulusuna gore farqli adlar da moévcud ola bilar.
Lakin bu ciir adlar ciddi qarisiqlhiga gatirib sabab olur. Odur ki, (A-alt-B) tipli adlar nadir hal-
lar istisna olmagqla genis tatbiq edilmir[11].
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Belo anlasilmazliglara nadir do olsa rast gelmak olur.Bu vo buna banzar ciddi ¢atismaz-
liglara baxmayaraq, manbayo osaslanan adlandirma hale do elmi adabiyyatda méhkem yer-
lagsmisdir. Ciinki, bu adlandirma polimer elminin az inkisaf etdiyi ve akser polimerlarin qu-
ruluslarinin diizgiin miisyyen edilmadiyi bir vaxtda ortaya ¢ixmigdir. Son 50 ilde polimerls-
rin qurulusunun miisyyenlasdirilmasinds alds edilmis naaliyyetlarnaticasinds adlandirma
todricon monomers gore adlandirmadan sintez edilmis makromolekullara dogru deyismisdir.

b) Birgs polimerlarin monomers gors adlandirilmasi
Iki vo daha artiq fargli monomerdan amalo galon polimerlars birgs polimerlar deyilir.

Monomerlarin birge polimer zancirinds yerlogsms ardicilligina gore 3 (li¢) név manbaye
(monomeras) gors adlandirma moévcuddur.

i. birgepolimerds monomerlarin har hansi bir ardicilligla diiziilmayan polimerlar

il.monomer vahidlarinin tesadiifi, statistik, alternativ ve ya dovri olaraqyerloasdiyi birge
polimerlar

iii.lok ve calaq birge polimerlor[11]

Birga polimerlarin adlandirilmasi zamani bazi forqli xiisusiyyetlor ortaya ¢ixir[6][12][13].
Ciinkii birgs polimerlar baslangicda fergli monomerlarin polimerloesmasinden alinir ve hamin
monomerlarin polimer zoncirinds yerlosmo ardicilli$1 da nazere aliir.Cadval 1-ds birgs po-
limerlarin adlandirilmasina aid bazi ntimunslor verilmisdir[14].

Bir birgopolimerds monomerlarin yerlosmo ardicilligr bilinmirss, onlar1 menbaye asash
adlandirmagq tiglin moéterizede monomerlarin adlari slifba sirasi ils yazilir ve aralarmna birge
s0zil alava edilir. Motarizenin avvaline iss “poli” s6z onii alave edilmoakls oxunur.

L—-:HE—CHZ— / —CH—C}—Z—J poli (eten-birga-propen)

n

CH,
—CH—CH., { CH—CH,—— . P .
‘ = ! - | poli (akrilnitril-birga-striol)
"
CN eHs
CH,
‘—c—cr, / CH—CH,—— |
| | »  poli [(metil metakrilat)-birga-striol]
GOOCH 5 CgHs

*alternating copolymer:-Alternativ ardicilligla iki né6v monomer vahidinden amsals
golon makromolekullardan ibarat birgeapolimer.

*block copolymer: -farglimonomerinbloklarsaklindayerlasdiyibirgepolimer

*graft copolymer: -polimerincalagmakromolekullarindanibaratoldugubirgepolimer.
Birvoeyadahaartigforqli ~monomer  qruplarminbloklarseklindeasaszencirayandanbirlasir,
buyanzancirlar, anazencirdakilardanferqliqurulusveyakonfiqurasiyadzalliklorinasahibdir.

*periodic copolymer: -Miitomadi (dovrii) ardicilhiqlaikindvdengox monomer vahidin-
dan ibarat olan makromolekullardan ibarat birgs polimer.

*random copolymer: -Polimerzancirininharhansibiryerindemiisyysnbir monomer vahi-
dinin rastgelmeehtimalinin, qonsu monomer vahidlarinin tebiatinden asili olmadig1 mono-
merlardan amalagelonbirgapolimer.
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*statistical copolymer: -Monomer vahidlarininpolimerdayerlosmoaardiciligininbilinen
statistic ganunlaratabeoldugumakromolekullardanibaratbirgspolimer.[11]

Cadval 1. Birgapolimerlarintasnifati

Birgapolimerlar Tasnifat1 Example
sdirilmamisg (B), riol-birge-isopren)
ified) tyrene-co-isoprene)
C) ppren-stat-(metilmetakrilat)]
cal) soprene-stat-(methyl methacrylate)]
Tosadiifi tos (C) hetilmetakrilat)-tos-(butilakrilat)]
(random) ran methyl methacrylate)-ran-(butyl acrylate)]
Novboali novb(C) riol-novb-(maleinanhidridi)]
(alternating) alt tyrene-alt-(maleic anhydride)]
Dovri dovr (C) riol-dovr-isopren-dovr-(4-vinilpiridin)]
(periodic) per tyrene-per-isoprene-per-(4-vinylpyridine)]
Blok blok (C) ita-1,3-dien)-blok-poli(etilen-co-propilen)
(Block) (block) uta-1,3-diene)-block-poly(ethene-co-propene)
Calag? calq (C) polistriol-calg-poli(etilenoksid)
(graft) graft polystyrene-graft-poly(ethylene oxide)

a. Birinciverilonadasaszoncirsaiddir.
c¢) Xotti olmayan monomers gors adlandirilmas:

Xatti olmayan polimer ve ya birge polimerlarin IUPAC sistemine gore adlandirilmasi cad-
val 2.-da xiisusi qaydada tesniflondirilmisdir[15][16]. Tasnifata uygun olaraq birge poimerlari
vo ya birlogsmis polimerlari adlandirmaq tiglin s6zonii sokilgilorindon istifade edilir. Mas.

comb, (birlesmo) iki polimerin adlarmin ortasina qoyulur. Asagida

Cadval 2. Xatti olmayan(saxali) birge polimerlorin adlandirilmasi {iciin [16].

Birgapolimer Tasnifat Misal

Qarisdirilmis qarss (C) poli(3-heksiltiofen)-qars-polistriol

(blend) (blend) *poly(3-hexylthiophene)-blend-polystyrene

Daraq darq (C) polistriol-darg-poliizopren

(comb) (comb) *polystyrene-comb-polyisoprene
poli(2,3-dihidrotieno[3,4-b][1,4]dioksin)-kompl-

Kompleks kompl (C) poli(vinilbenzolsulfoniktursusu)?

(complex) (compl) *poly(2,3-dihydrothieno[3,4-b][1,4]ldioxine)-compl-
poly(vinylbenzenesulfonic acid

Tsiklik tsiklo (P) tsiklo-polistriol-calag-polietilen

(cyclic) (cyclo) *cyclo-polystyrene-graft-polyethylene

saxoali saxali (P) Saxali-poli[(1,4-divinilbenzol)-stat-striol]

(branch) (branch) *branch-polyl[(1,4-divinylbenzene)-stat-styrene]

Torvari tor (C or P) tor-poli(fenol-birgs-formaldehid)

(network) (net) *net-poly(phenol-co-formaldehyde)

. ) . torvarintif.ed.(C tor-polistriol)-nef.ed.-[tor-poli(metilakrilat)]
nitfuzedon(interpenetrating) (network ipn)( ) ’(‘(neEpolystylene)-ipn-[nelto-po(ly(methyl airylate)]
Yarim-niifuzedan(semi- torvariyniif.ed.(C) | (tor-polistriol)-yniif.ed.-poliizopren
interpenetrating) (network sipn) *(net-polystyrene)-sipn-polyisoprene
Ulduz(star) ulduz (P) ulduz-poli.izopren

(star) *star-polyisoprene
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sJUPAC {izvi nomenclaturaya uygun olaraq kvadrat motorizelor birlogmis tsikllarin
birlosma noqtalarini i¢inaalir.

*pblend-qarisiq

*comb-daraqgakilli

*complex-kompleks

*cyclic-tsiklik

*pranch-saxali

*network-torvari

*interpenetrating-daxileniifuzetmis

*semi-interpenetrating-qismanniifuzedon

*star-ulduz

II. Qurulusa gora adlandirilima (Beynalxalq olmayan)

Iki miixtolif monomerin polikondenslosma reaksiyalarmmsindan alinan polimerlar yarim-
sistematik va struktur asash prinsip ile adlandirilir. Bu zaman moéteriza igarisinda ilk olaraq
structural grup ve ardinca asas birlosma yazilir vo motarizenin qarsisina “poli” hissaciyi
alave edilir. Osas birlosma dediklde polimerlarin xiisusi siniflorini gosteren qruplar nazearde
tutulur, mes. efir, amid, uretan vo s. nazorde tutulur. Polimerin adi oxunarken structural
gruplar soldan saga istiqametinde deyilir. Belalikls, heksametilendiamin va sebasic tursu-
sundan alinan polimer sebasic tursusunun amid téramesi kimi qebul edilir vepoli(heksametilen
sebacamide)kimi oxunur. Bir digar niimunada is, etilenglikol ve tereftalat tursusundan amsals
golon polimerin adi poli(etilentereftalat), trimetilen qlikol va diizosiyanatdan alinan polimer
isopoli(trimetilen etilen-urethane) soklinde adlandirilir[5].

~FHN—(CH)s—NHCO— (CHys—CO 1= *{O—CHECHE—OCOCO— —0-CH2CH;CH, — OCONH— CH,CH, —NHCO—F
T = = - - - n

dn

politheksametilensebakamid ) poli(etilentereftalat) poli (trimetilen etilenuretan)

Qurulusa asaslanan nomenklatura, bir polimerds tipik bir makromolekula qurulusunun
tokrar ntimunasini tamsil edon konstitusiya va ya struktur vahidlerinin ardicilligini adlandir-
ma metoduna asaslanir. Ad1 polimerin sintezinds istifade olunan (co) monomer (lar) qurulu-
su ils birbasa slaqasi yoxdur

IIL. IUPAC qaydasi ila adlandirilma (Beynalxaq adlandirma)

Polimerlarin istehsal iisullarinin daha miirekkeab hal almasi mévcud adlandirma metod-
larinin yetarsiz qalmasina sebab oldu. Beynslxalq (IUPAC) qaydasi il adlandirma bize tok-
qat rabits ils birlagmis(single-strand) {izvi polimerlerinin strukturuna gors sistematik qayda
ilo adlandirilmasina imkan verir. [17]

OSAS QAYDALAR

IUPAC Beynoalxalq adlandirma sisteminin 6zayi tekrarlanan qurulus vahidinin (TQV)
(CRU-constitutional reapeting unite) miiayyon edilmasina asaslanir. TQV ham de qurulusu
amoala gotiran hissacik sayilir. TQV polimer molekulunun miimkiin on kigik tokrarlanan his-
sosidir. Polimerin adi TQV-in moterizads yazilmis adinin qarsisina “poli” hissaciyini artir-
magqla amals galir. Ogar tokrarlanan qurulus vahidi iki simmetrik yarimhissaden (-CH2-CHo>-
)n vo (-CF2-CFz-)nibaratdirse o zaman TQV miivafiq olaraq polietilen (CHz) va politetrafloreti-
len (CF2) kimi oxunur.
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Bu nomenklaturada polimer adlandirarkan atilacaq addimlar asagidak: kimidir:

1. Polimer zancirinin qurulusunu yazin. Qurulusda tekrarlanan hissalari gostermak
tiglin zancirin kifayat qodar hissesi yazilmalidir. Tokrarlanan hisse bir TQV-dir.

2. Qobul edilmis TQV secin.

3. istadiyiniz TQV-in admi, soldan saga, movcud olduqda, avezedicilari do daxil olmag-
la alt qruplarin adlarina istinaden gostarin.

4. Polimers ad verin.

TQV adlandirilarken maksimum sokilde IUPAC Beynalxalq adlandirma sisteminin kigik
tizvi maddslare aid olan metoduna asasen adlandirilir. Molekulun TQV-i miisyyanlagdiriler-
kon iki prinsip nozeardas saxlanir:

A) TQV -ni amals gotiren altquruluslar ve atomlar arasinda dncaliyi tapmag;

B) polimer zoncirinde TQV ingebul edacoyimiz istigamati. TQV-ni tok hissacik kimi
adlandirilmasi miimkiin olmayanda, iki ve yada daha artiq subunitdan tagkil olunur.

Bir TQV simmetrik olmadiqda, demak olar ki, hamisa beladir, onun miisyyen edilmasi-
nin bir ne¢s yolu ola biler. ©n ¢atin is diizgiin istiqamati miisyyan etmak olur. Bu se¢im
miimkiin TQV strukturlarmin her birini teskil edan alt bélmsalsrin miisyyenlagdirilmasini
ohato edir. Bu alt bolmalar, niimunsalari Cadval 3-ds verilmis tizvi[18] vo geyri -lizvi birlas-
molarin [19][20] IUPAC nomenklaturasindan istifade etmakls adlandirila bilon an boytik iki
qruplu qruplardir. Tercih edilen yolu se¢mek zorlu bir adim olabilir.[21]

Cadval-3. ikivalentli (divalent) TQV —no aid bazi niimunalor.

Polimerin adi Qurulusu Polimerin ad1 Qurulusu
1-bromoetilen g -CH—CH,—! 1-oksoetilen —il'i —CH,=—i
Br o
Butan-1,4-diil E_,;CH = Oksi —o0—
1-(xrometil)etilen i—CH—CH; — 1,2-fenilen r—"m _h
CH,Q1 Y
Tsikloheksan-1,4-diil -y ":,_; Piperazin-1,4-diil —N ’ ‘-N 3
% _.-' ¥ .\__r &
Metilsilanedil "|: H; Propilazanediil — T —i
N
T CH,—CH,CH
H
Metilmetilen ‘|3H Piridin-3,5-diil fe:lﬂ:b;t
] - ¥
—C— |
=t “N
H
Etan-1,2-diil }—CH,—CH,—} Silanediil }—SiH,—}
Eten-1,2-diil {—CH,—CH —i Sucsinoyl —C0 =—({CH; ), —{0 =}
Hidrazin-1,2-diil = NH==NH=—} Sulfanediil fg—i
Azanediil e N H ==} Sulfonyl i—s0,—}
Metilen je=CH =i
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Polimerin sxematik sokilde asagidak: kimi yaza bilarik.

EI —+ A—B—C—Dﬁ—Ez nizamh quruluslu takqat rabits ile baglanmis polimer
| I 5"
R'" R’
—A—B—C—-D— Takrarlanan qurulus vahidi -TQWV
| |
RI RE
—A—, —B—,—C—, —D- Altqurluslar
—B—> —D— Altquruluglardak: avazedicilar
| | 4
RI 2
R, R’ Svazedicilar, radikallar
1 g2
ELE Uc qururplar

Asa@idaki xiilass Beynolxalq tisulla tekqat rabite ile bir-birina baglanmis polimerlarin
adlandirilmasinin an 6namli qaydalaridr:

i.Polimerin ad1 “poli” hissaciyinden sonra moterizads TQV-nin adinin yazilmas: ile
omolo golir. TQV-ni adlandirmaq onun teskil olundugu daha kicik quruluslar
adlandirmagla ortaya ¢ixir. Bu kigik qruluglar IUPAC qaydasina gore adlandirila bilan
hissaciklar olmalidur.

ii.TQV-nin ad: soldan saga dogru, an yiiksak altqurulusdan baglayaraq ikinci deracali
altqurulusa dogru an qisa masafe olmagq serti ilo miiayyen edilir.

iii.Miixtalif nov altquruluslarbir-birine nazaran istiinliik siras1 bu sakilds yuxaridan
asag1 dogru azalir:

a) Heterotsiklik halqalar ve halqa sistemlari

b) Heteroatomlar ve ya iginds heteroatomlar olan agiq zencirli subunitlor
c) Karbotsiklik halqalar vs halqga sistemlari

d) Osas zencirds sadace karbon atomlar1 olan agiq zancirlar

heterotsildik halgs > atsiklik hetero atom > karbotsiklik halga > coxqat rabitalar - an kicik birlasma > karbozancirli polimer

/ 5 . yer
S -0-CH > [ > —CH-CH- >—CF2-CHF>—CHF-CF2~ > —CH2-CHz-
“\:/ > %

Miixtalif tipli atomlar, atom qruplari vo ya polimerin asas zancirinds olmayan, amma
TQV-ds avezedici kimi istirak edsn halqalar bu {stiinliik sirasim1 pozmur. Bu qaydaya
asasan asagidaki misalda heterotsiklik halgs, digarlsrine nisbaten daha tistiinliik teskil edir
vo karbotsiklik hslqelards ise doymamishigi olan daha distiinlitys malikdir. Belslikla
polimerin ad1 poli(piridin-2,4-diil-1,4-fenilen tsikloheksan-1,4-diil) olaraq adlandirmaq olar[22].

n

iv.Heterotsiklik halqalarin tipine gors oncelik sira bu gokilde yuxaridan asagidogru
azalir:
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a) Azot atom(lar1) saxlayan saxlayan halqa

b) Azotdan basqa, terkibinds V qaydasinda goracayimiz oncslik sirasiverilmis element-
lor olan halqga

c) Maksimum sayda heteroatom saxlayan halqa

d) ©n boyiik ve genis individual halqa

e) On ¢ox miixtalif nov heteroatom saxlayan halqa

k) V qaydasinda goraceyimiz 6ncalik sirasi verilmis elementlarden yiiksskoncalikli har-

hansi birinin maksimum sayda oldugu halqa

v.Heteroatom(lar) vo ya igindo heteroatom(lar) olan agiq zencire malikaltquruluslarda
prioritet sirasmin azalmasi soldan saga bu sakildadir:

O, S, Se, Te, N, P, As, Sb, Bi, Si, Ge, Sn, Pb, B, Hg.

Digor atomlarmn 6ncaliyi ise dovri sistemdaki yerine gors miiayyan olunur. Har bir atom
karbon atomundan yiiksek oncsliye sahibdir. Masalon. -O-CH:- qurulus hissaciyi -S-CHz-
qurulus hissaciyinden istiinliik deracesine malikdir. Oger polimer bu fraqmentlars
malikdirso ozaman adlandirma poli(tiometile-oksi-metilen) deyil, poli(oksi-metilene-
tiometilen) olmalidir.

vi.Karbotsiklik hslqenin tiplerine gore oncslik sirasi yuxaridan agsagr dogru bu
sokildadir:

a) On ¢ox tsiklik halqas1 olan halqa sistemi
b) On boyiik tok halgaya malik olan halqa sistemi
) ©n ¢ox sayda timumiatomu olan halqga sistemi

vii. Verilmis karbotsiklik va ya heterotsiklik sistem {i¢tin:

a) agor halqalar doymamuigliq daracesi ils forglenirss, daha cox doymamislhq daracasine
malik olanlar tistiinliik tegkil edir; Masalen bu qaydaya gore -CH=CH-qurulus vahidi =CH-
CH= qurulus vahidinden daha iistiinlitys malikdir. Ciinki, birincisi bivalent, ikincisi isa
tetravalentlidir. (-CH=CH-)~ polimeri poli(eten-1,2-diil) olaraq adlanir.

b) eyni halqa sisteminds, oncalik 6ziinde minimal birloasma noqtesi saxlayan halgaya
verilir ki, bu adad halqanin birlasdiyi ilk yeri miiayyen edir.

viii. TQV-in iistlinliik daracasi alds etmak ticlin miimkiin qadar serbast valentliyini mi-
nimuma endirmasi lazimdi. Bu prinsipa asasen, TQV-i miimkiin oldugu qadar iki valentli
olmalidir.

ix.Ovaz olunmus atomlarin ndmrasi, yani birlosma yeri segilorkon onun miimkiin vari-
antlarindan an kigiyi se¢ilmalidir.

Yuxaridaki qaydalar: konkret polimerlar {izarinds nzezrdan kecirak. Sads vaziyystlards,
tokrarlanan qurulus vahidi (TQV, ingilis dilinds qisa adi1-CRU) bir altqurulusdan ibarat olur.
Lakin nisbaton miirekkeb quruluslarda TQV-ni miisyyen edilmasi {i¢iin polimer zancirinin

biiytiik bir hissasini nazarden kecirmok lazimdir. Masalen:
—OCHCHz OCHCH,~OCHCH;-OCHCH, OCHGH, —
|

|
Br Br Br Br Br
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Cox zaman zancir qurulusu {igiin TQV yazmanin bir ne¢s yolu vardir. Sads veziyyatlor-
ds, bu vahidlar asanliqla ayird edilir. Yuxarida verilan polimer zencirinds, miimkiin olan
TQV-ri

~OCHCH,~ , =CH,0CH~- , —OCH,CH~, —CH,CHO-, —CHOCH,~, —CHCH,0~
Br Br Br Br Br Br

kimi olacaq. Biz bu quruluslardan yalniz birini diizgiin qurulus kimi qobul eds bilerik.

Tokrarsiz bir adlandirma olmas iiglin biz svvelce TQV-ni se¢gmaliyik. TQV-nin tapilma
qaydas1 yuxarida verilmisdir. Secilon TQV-ri an ytiksak iistiinliik deracasina malik olmalidir
(yuxarida iii vo v qaydalar). TQV-ri basglayarken {istiinliik deracasine malik atom ils basla-
malidir va bizim misalda oksigen atomu karbon atomundan daha {tistiinliik deracesine malik-
dir. Onu toqib edan isa -CH2CHo>- hisssasidir. TQV-ri, zoncir atomlarinin ard-arda eyni istiqamat-
da nomralendirilmasi ils soldan saga oxunacak sekilds yazilmigstir. Bu sababdan segilon TQV,

—OCHCH,~ Vvaya —OCHCH-
Br Br

olacaqdur.

Secilon TQV-nin ad1 TQV-nda goriinen sira ilo atom ve ya atom qruplarmin tstiinliik
daracesini nazars almagqla hayata kegirilir. Misalda oksigen atomuna oksi deyilir vo

-CH2CH2- (-CH:- segilir, ¢iinkii daha boytiikdiir ve hisse olaraq adlandirila bilor) etan-1,2
—diil olaraq adlandirilir. Brom atomu birlagsen hisseya isel-brometan-1,2-diil deyilir. Bu
sababdan secilon TQV-yaoksi (1-brometan-1,2-diil) adin1 vermak olar.

Birden artiq secim olan veziyyetlorde avezedicinin birlesdiyi nomranin daha kigik
olmas: tstiin tutulur.
—OCHCH,~ vaya —OCHGH-
Br Br
1 vaziyyatinda avazlanma 2 vaziyystinda avazlanma

Polimerin ad1 se¢ilmis TQV-ni miiterizods yazib, méterizoden avvel do poli s6zonii
alava etmokls amals galir.
—~OCHCH,~
Beloliklo ~ Br polimeri poli[oksi(1-bromoetan-1,2-diil)] olaraq adlandirmaq olar.

Polimerlarin yuxarida izah etdiyimiz adlandirmadan basqa faqli adlandirma tisullar1 da
movcuddur. Homin adlandirma metodlarina qisaca nazar salaq:

A. Polimerlarin ananavi adlart

Uzvi IUPAC terminologiyasinda saxlanilmayan kéhna monomer adlarina asaslanarag,
bazisnanavi polimerin adlandirilmasi iisuludur.Cadval 7.

B. Qisaldilmis polimer adlar1 (Common Abbreviations).

Bir¢oxpolimeradlarminuzunolmasiisterelmivepesokarjurnallarinvadigeryazilimateriallar
inredaktorlariinveoxucularmibuciiradlardanistifadeedilmasindabazigatinlikloryaradir.
Bununaradanqgaldirmaqveayazidatokrarininqgarsisialinmasriigiingisaldilmispolimeradlarindan
istifadeedilir. ~ Xiisusilesanayedaisloyaninsanlarii¢iinqisaltmalardanistifadeedilmasiolduqca
alverislidir[23].Digarterafden, polimersahssindskielmivepegokarjurnallarharilbirnegayiizlor-
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lopolimerlomoasgulolur. Belalikls, IUPAC da qisaltmalarinshamiyystinigebuletdivepolimer
adlarii¢iiniimumiqisaltmalariistifadasiilebaglitovsiyelardarcetmisdir.Cadval 4.-de polimer-
larinqisaldilmisadlariverilmisdir.

Cadval 4. Genisyayilmisbazipolimerlarinqisaltmaadlar:

erinadi l1lmis polimer adlarn

hitrile butadiene styrene ABS

low density polyethylene LLDPE

nide (Nylon) PA66

rbonate 66 PC

thylene terephthalate) PET

nethyl methacrylate) PMMA

yrene PS

inyl chloride) PVC
trafluorethylene PTFE
ymethylene (Polyacetat) Copolymer POM-C

rbonate PC

nide 6.6 PA66

opylene PP

rylonitrile PAN

liline PANI or PAn
tyrene-co-acrylonitrile) P(St-co-AN) or P(St-AN) or PStAN
putyl methacrylate)-co-styrene] P(BMA-co-St) or P(BMA-St)

C. Polimer sinifi adlar1

Cadval 5. da genis yayilmis bazi polimer siniflarinin adlar:.

Cadval-5.
Polyacrylics, Polysiloxanes Polyketones, Polysulfones
Polyarylenes, Polyimines, Polysulfonamides Phenolic resins
Polyimidazoles, Polybenzothiazoles, Fluoropolymers, Polybenzyls
Polysilazanes, Polysulfides, Polybenzoxazoles, Polyacetals,
Polyimides, Epoxy resins Polyolefins, Polycarbodiimides
Polythioethers, Polythiophenylenes, Polyureas Polyphosphazenes
Polycarbosilanes, Polydienes, Polyurethanes Polyesters
Polyalkylenes Polyphenyls Polyamides Polypyrroles
Polyamines Polypyrrones Polyethers Polysilanes

D. Umumiticariadlandirmalar (Common Trade Names)
http:/fwww.plasticsgeneral.com/BRAND-NAMES-LIST1.htm

Cadval 6.
Crystalor polimetilpenten, Phillips
Dowlex (LDPE/LLDPE, Dow)
Forar HDPE, Amoco
Kevlar aramid lifi, DuPont
Lexan polikarbonat, G.E.)
Lucite akrilik, DuPont
Mylar poli(etilentereftalat), DuPont
Nylon poliamid, cesidlari
Olevac polipropilen, Amoco
Petrothene polietilen, Quantum
Saran poli(vinildixlorid), Dow
Teflon tetrafluoretilen, DuPont
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Cadval 7.

Manbaya (monomera) Qurulusassaslandirilmigsadlandirma Onoanaviadlar
asaslandirilmisadlandirma
Poli(vinilasetat) Poli(1-asetoksietilen)
Polibutadien Poli(but-1-en-1,4-diil)
Poliakrilonitril Poli(1-sianoetilen)
polipropen Poli(1-metil 1,2-diil) polipropilen
Poli(maleinanhidridi-alt-striol) Poli(2,5-dioksotetrahidrofuran-3,4-

diil)(1-feniletilen)
Polieten Poli(metilen) Polietilen
Poli(oxirane) Poli(oksetilen) Poli(etilenokside)
Poli(metiloksiran) Poli[oksi(1-metiletilen)] Poli(propilenokside)
Poli(etileneterefthalat) Poli(oksietileneoksitereftaloil)
politetrafluoroeten Poli-difluoromethylene polytetrafluoroethylene

Noticalar:

1.Polimerlarin adlandirilmasinin miixtslifliyine baxmayaraq osas istfads edilon Beynal-

xalq ve diger adlandirma tisullar1 haqunda yigcam moalumat verilmisdir.

2. Polimerlarin adlandirilmasi zamaru istifade edilon bir ¢ox termin Azarbaycan diline

torctimoe edilmis ve izahi da verilmisdir. Bununla yanag: terminlerin ingilis dilinds ds orjinal
formasi cadvelds gosterilmisdir.

3. Polimerlarin miixtslif formada adlandirilmasina aid niimunalar cedvallords teqdim

edilmisdir. (Cadvoal 1,2, 3,4,5.6 va7)

10.

11.
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XULASO

Tobii neft tursusu ile polietilenpoliamin asasinda alkilimidazolin téramolari sintez edilmis ve onun oksietil-
lasmis nonilfenolla 5:95 ve 10:90 kiitls nisbatlarinde kompozisiyalar: hazirlanmigdir. Bu birlesmalarin CO2 miihitin-
do ACM GILL AC potensiometrinds korroziyadan miihafize xasselori dyronilmisdir. Miiayyan edilmisdir ki,
kompozisiyalar 50 mq/I-don baslayaraq yiiksok miihafizo effekti gostorirlor. Kompozisiyalarin Gibbs enerjilorinin
-35 kC-dan asag1 olmasi onlarin sathls kimyovi adsorbsiya hesabina davamli 6rtitk emals getirdiyini siibut edir.

Acar sozlar: polietilenpoliamin, tobii neft tursusu, oksietillosmis nonilfenol, kompozisiya, korroziya inhibi-
toru, korroziya siirati.

NCCAEAOBAHNE MOANPUKALINN OKCUDTUANPOBAHHOI'O HOHUAPEHOA
AAKNANMAA3OANMHOM B KAUYECTBE MHITMTBUTOPA CO: KOPPO3UMN
PE3IOME

OcymiecTsaeH CHUHTe3 ITPOM3BOAHBIX aJAKMAMMUAA30AMHA Ha OCHOBe IIPUPOAHON HePTIHONM KMUCAOTHI U
ITOAMSTUAEHIIOAaMIHA VI IIPUTOTOBAEHBI €T0 KOMITO3UIINM C OKCUBTUAMPOBAaHHBIM HOHIA(DEHOAOM B MaCCOBBIX
cootHomeHrsIxX 5:95 1 10:90. VIsydeHb aHTMKOPPO3MOHBIE CBOVICTBA BTUX coeArHeHMII B cpede CO2 Ha OTeHIINO-
MeTtpe ACM GILL AC. YcraHOBA€HO, 4TO KOMITO3UIINY, HAYMHAs ¢ KOHI[eHTparuii 50 M1/, IpOsBASIOT BHICOKIIT
3amuTHEI 9QPekT. 3HaueHne sHeprun I'mbOca Mo AydeHHBIX KOMITO3UIINIT HIKe -35 KK 40Ka3biBaeT oOpa3oBa-
HIIe YCTOYMBOTO ITOKPHITIL 3a CIeT XMMUIECKO aAcopOITNN MX ITOBEPXHOCTI.

Karouesble ca0Ba: MOAMBDTUAEHIIOANAMIH, IPUPOAHas HeTsAHas KMCAOTa, OKCUDTUAVPOBAHHBIN HOHNUA-
¢eHoa, KOMITOZNUITNSL, MHIUOUTOP KOPPO3UHU, CKOPOCTh KOPPO3UN

STUDY OF MODIFICATION OF OXYETHYLATED NONYLPHENOL WITH
ALKYLIMDAZOLINE AS A CO2 CORROSION INHIBITOR
ABSTRACT

The synthesis of alkylimidazoline derivatives based on natural petroleum acid and polyethylenepolyamine
was carried out and its compositions were prepared with ethoxylated nonylphenol in mass ratios of 5:95 and
10:90. The anticorrosive properties of these compounds in a CO2 medium were studied using an AFM GILL AC
potentiometer. It was found that the compositions, starting from concentrations of 50 mg/l, exhibit a high
protective effect. The Gibbs energy of the obtained compositions below -35 k] proves the formation of a stable
coating due to chemical adsorption of their surface.

Key words: polyethylenepolyamine, natural petroleum acid, oxyethylated nonylphenol, composition,
corrosion inhibitor, corrosion rate.

Giris

Neft vo qazin istehsal1 vo istehlaki prosesinda istifads olunan avadanliglarin korroziyasi
sebabindan onlarm istismar1 miiddastinds metal hissalarinin asinmas: prosesi bas verir. Bu
sobabdan neft emali sonayesinde korroziyadan miihafize aktual bir problem olaraq qalmag-
dadir. Bu problemin hasllinda tatbiq olunan en perspektiv iisullardan biri korroziya inhibitor-
lariin tetbiqidir [1-3]. Istifade olunan inhibitorlarn ¢ox olmasina baxmayaraq, her bir
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inhibitorun konkret totbiq sahasi var. Istifade olunan inhibitorlar miisyyen vaxtdan sonra 6z
tosirini itirirlor. Bu sebebdan neft senayesinin daha semarsli goxfunksiyali inhibitorlara
ehtiyac1 var. Bunu nazars alaraq terkibinde CO: vo H:S saxlayan aqressiv turs miihitlorde
korroziyadan miihafize iiglin xammal ehtiyati olan yeni inhibitorlarin yaradilmas:
istiqamatinds tadqiqat islari aparilmisdir [4-6]. Malumdur ki, terkibinds azot saxlayan {izvi
birlogsmalar - aminlar, amidlar, imidazolinlar, imidazollar korroziya inhibitorlar: kimi genis
totbiq olunurlar. Imidazolin birlosmalori vo onlarin toromalarinin sintezi, xassolori ve
totbigine aid odebiyyat moenbalorinde hoartarafli mealumat var [7,8]. Bu birlosmalarin
korroziya inhibitoru kimi xasselari onlarin kimyevi qurulusundan asilili olaraq izah
olunmusdur. Metal sathinds bu molekullarin adsorbsiyas1 heteroatomda iki qat rabitanin ve
tok elektron ciitiiniin olmas:i ilo miisyyanlesir. Son zamanlar neft ve qaz senayesinde
imidazolin asash {izvi birlesmalar korroziya inhbitoru kimi tatbiqine tez-tez rast galinir
[9,11]. Bu sebabdan tobii neft tursular1 vo polietilenpoliaminlor asasinda alkilimidazolinlarin
sintezi vo onlarin oksietillosmis nonilfenol ilo modifikasiyalarmin turs miihitlorde
korroziyadan inhibitor kimi yoxlanilmas1 maraq dogurur.

Toacriibi hissa

Prosesin aparilmasi {i¢iin asagidaki xammallardan istifade olunmusdur: tabii neft tursu-
su (Azarbaycan neftlorindon ayrilmis); polietilenpoliamin (PEPA- Rusiya); oksietillosmis
nonilfenol (Rusiya, Nijnekamsk s.); Electrode Pattern 44-M3 (C1018) (European Corrosion
Supplies Limited).

ALPHA IQ - Furye spektrometri “Bruker” firmasi, 300, 18MQs tezlikli NMR Furye spek-
trometri “Bruker” firmasi;, ACM GILL AC potensiometer version 5, serial number 1197.

Alkilimidazolin tobii neft tursusunun (TNT) polietilenpoliamin (PEPA) ilo qarsiliqh tasi-
rindan alinmisdir.

Gotiirtilmiis maddalarin fiziki-kimyavi xassaleri asagidak: kimidir:

PEPA: orta molekul kiitlasi — 230, gaynama temperaturu — 205-265°C; donma temperatu-

ru — manfi 21°C; stiasindirma amsali, nﬁ,o —1.5110, sixliq, g/sm?, pio —0.10009.

TNT: orta molekul kiitlasi — 220; qaynama temperaturu — 110-220°C; siiasindirma amsals,
né" - 1.4772; sixliq, q/sm?, pio - 0.8840.

Alkilimidazolinin alinma metodikasi:

TNT vea PEPA-nin qarsiligh tesirinden azot miihitinds alkilimidazolinlsrin alinmasi pro-
sesinin texnoloji sxemi gakil 1-ds verilir.

Sakil 1. TNT ile PEPA-nin azot miihitinds qarsiliql tasirinden alkilimidazolinlarin alinmasi prosesinin
sxemi: 1- TNT {i¢lin tutum; 2- PEPA {iciin tutum; 3- nasos; 4- reaktor; 5- azot balonu; 6- imidazolin ti¢lin tutum.
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Alkilimidazolinin alinmasi prosesi asagidaki qaydada hayata kegirilir: (1) tutumundan
tobii neft tursusu (TNT), (2) tutumundan ise polietilenpoliamin (PEPA) nasos (3) vasitesilo
reaktora (4) verilir. Qarisiq 140°C temperaturda 3.5 saat miiddetinde azot miihitinde
qarisdirilir. Sonra reaktorda su buxar1 vasitasi ile temperatur 220-240°C-a qaldirilir va bu
temperaturda 2-2.5 saat miiddatinde qarisdirilir. Har iki halda alinmis su vaxtasir: sistemdan
konarlagdirilir. Reaktora azot balonundan (5) fasilesiz olaraq azot verilir. Reaksiya
qurtardiqdan sonra, ilk 6nce, azotun verilmosi dayandirilir, reaktor saxlanilir ve alinmais
mohsul (6) tutumuna bosaldilir.

Reaksiya asagidaki tonlik tizro gedir:

140°C; 3.5 saat
RCOOH + NH,(CH,CH,NH), CH,CH,NH, o e
-2
N
240°C; 2.5 saat y CH
—
TN RC i

H

N2

— RCONH(CH,CH,NH),CH,CH,NH,

(CH,CH,NH),,4CH,CH,NH,

Alinmis alkilimidazolinin (AIM) fiziki-kimyavi xassolori toyin edilmisdir ve naticelari
asagida verilir:
Alkilimidazolinlor (TNT:PEPA 2:1 mol nisbatindo gotiirmakls): kinetik ozliiliik, 100°C-

do — 243.31 mm?/s; kiiliin miqdari, — 0.02%; sixliq, 20°C-ds, — 1.001 g/sm?3 donma temperatu-
ru — manfi 20°C.

Alinmis alkilimidazolin asasinda suda hall olan inhibitorlar sintez edilmisdir. Alkilimida-
zolin ONF ile otaq temperaturunda qarigdirmagla 5:95 va 10:90 kiitls nisbetlerinde kompozi-
siyalar1 alinmisdir. Alinmis ONF ils alkilimidazolinin kompozisiyalarinin fiziki-kimyavi gos-
toricilori codval 1-ds verilmisdir.

Cadval 1. Alkilimidazolinin ve onun ONF ils kompozisiyalarinin fiziki-kimyevi gostaricilari

Adi Nisbi sixligy, Stiasindirma Kinetik ozlulik,
0,20 °C, g/sm® amsali, np® V20, mm?/san
Alkilimidazolin 1.001 1.5110 243.31
ONEF ils alkilimidazolinin kompozisiyas1 (95:5 kiitla nisbati) 1.061 1.4895 449.15
ONEF ils alkilimidazolinin kompozisiyasi (90:10 kiitls nisbati) 1.176 1.5024 457.04

Alkilimidazolinin ONF ile kompozisiyasinin IQ spektri sokil 2-ds verilmisdir.
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Sakil 2. Alkilimidazolinin ONF ils kompozisiyasmin IQ spektri

Alkilimidazolinin ONF ilo kompozisiyasinin IQ spektrinds asagidaki udulma zolaglar
movcuddur: parasvezolunmus benzol halgesi (831 sm™); C-O salagosi (1098 sm); C-N va C-
O olagolerinin valent ragslori (1186, 1248, 1292 sm); CHs vo CH: qruplarmmin C-H
rabitolorinin deformasiya vo valent raqgslori (1349, 1456, 2868 sm™); benzol halgesinin C=C-
qrupunun C=C rabitasi (1510, 1580, 1609 sm™); N-H rabitesinin deformasiya raqgsi (1609 sm);
OH ve NH gruplarmin O-H ve N-H slagalerinin valent ragslori (3489 sm™).

Eyni zamanda alkilimidazolinin ONF ils kompozisiyasinin 'H NMR ve 3C NMR
spektrlari ¢okilmisdir (sakil 3, 4).

DA D
SRIARA26AN 2 S 88 S b &

Current Data Parameters
NAME 1H L22.N5
EXPNO 1041
PROCNO 1
F2 - Acguisition Parameters
Date_ 20200602
Time 14.35
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DS ]
SWH 6103.516 Hz
FIDRES 0.186265 Hz
AQ 2.6843545 sec
RG 3.43528
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........ CHANNEL fl umsms===
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SI

65536
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Sakil 3. Alkilimidazolinin ONF ile kompozisiyasinin 'H NMR spektri
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'H NMR spektrindoe imidazolin birlosmasine moxsus signallar1 asagidaki ardicilligla
gostarmoak olar: d = 0.60-0.87 ppm (CHs), d = 1.12-1.75 ppm (CHz), d = 3.72, 4.04 ppm (OCH>),
0 =4.57 ppm (OH), 6 = 6.82-7.20 ppm (CH, Ar).
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Sokil 4. Alkilimidazolinin ONF ile kompozisiyasinin ®H NMR spektri

3C NMR spektrinds imidazolin birlesmasine maxsus signallar1 asagidaki ardicilligla
gostarmak olar: o = 14.34, 15.15 ppm (CHs), d =21.29, 22.75, 26.11, 30.61 ppm (CH2), & = 60.67,
70.27 ppm (OCHz), o = 114.04, 127.22, 127.83, 128.03 ppm (C,Ar), 0 = 156.49 ppm (C-O).

Naticalarin miizakirasi

Fiziki-kimyavi gostaricilori ve kimyevi quruluslar1 tadqiq etdikden sonra bu birlagmale-
rin CO2 miihitinds korroziyadan miihafizs inhibitoru kimi xassaleri dyranilmisdir.

CO:2 miihitinds taqdiqatlar ACM proqrami tizre ACM GILL AC potensiometrinda
aparilmigdir. Bu program alinmis naticelarin miixtslif asililiglardan, o ciimladan korroziya
siiratinin zamandan asiiligini qrafik seklinde teqdim edir. flk 6nce NaCl-in suda 1%-li
mohlulu hazirlanmis ve bu mahlul 9 bar tezyiq altinda CO: ilo doydurulmusduq. Qazin
sistema verilmasi tacriibanin sonuna gqodar davam etdirilmisdir. Elektrodlarin inhibitorsuz
ve kompozisiyalar ilo 50°C temperaturda 5 saat miiddstinde korroziya siirstleri tayin
edilmisdir. Tadqiq olunan birlogsmalarin miihafize xasselori 50, 100 ve 150 mq/! qatiliqda
Oyrenilmisdir. Sintez olunmus alkilimidazolinin ONF il 5:95; 10:90 kiitla nisbatlarinda
alinmis kompozisiyalariin miihafizasi naticalori sokil 5 va 6-da verilmisdir.
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Sakil 5. Alkilimidazolinin ONF ila 5:95 kiitle nisbatinda almmis kompozisiyasinin
CO2 miihitinde korroziya siiratinin zamandan asililig1
4
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Sakil 6. Alkilimidazolinin ONF ila 10:90 kiitls nisbatinda alinmis kompozisiyasinin
CO2 miihitindas korroziya siiratinin zamandan asililig1

Eyni zamanda, tadqiq olunan imidazolin duzlarinin qatiliqdan asili olaraq CO: miihitin-
da sathi-ortiilma amsallari, adsorbsiya sabiti ve Gibbs enerjilori hesablanmisdir [12, 13]. Alin-
mis naticalar cadval 2-ds gosterilmisdir.
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Cadval 2. Alkilimidazolin ilo ONF kompozisiyalarinin CO2 miihitinds hesablanmis naticalari

Sintez olunmus Qatilig, Korroziya Sathi Adsorbsiya Miihafiza Gibbs
reagent C, (mq/l) siirati, , ortiilma sabiti, Effekti enerjisi,
mm/il amsali, 0 K, M-1-104 Z, % AGPds kC/mol-!
Inhibitorsuz - 3,59 - - - -
Alkilimidazolinin ONF ile 50 0.47 0.87 8.8 86.9 -38
kompozisiyast (5:95 kiitlo 100 0.42 0.88 5.1 88.3 -37
nisbatinda) 150 0.02 0.99 79.0 99.4 -44
Alkilimidazolinin ONF ile 50 1.3 0.64 2.3 63.8 -35
kompozisiyast (10:90 kiitla 100 0.52 0.86 3.8 85.5 -38.5
nisbatinda) 150 0.23 0.94 6.7 93.6 -37

Sintez olunmus alkilimidazolin ila ONF kompozisiyalarinin CO: miihitinde korroziya-
dan miihafizo mexanizmi Lengmyiir izotermins asasan tedqiq olunmusdur (sokil 7).

0.0003

0.00025

v =0.9330828485x + 0.000020744
R?2=0.9875773261

0.0002

C/teta

0.00015

0.0001

0.00005

0 T T T T
0 0.00005 0.0001 0.00015 0.0002

0.00025
C M)

Sokil 7. Alkilimidazolin ils ONF kompozisiyalarin Lengmytiir izotermi

Aparilmis tedqgiqatlar naticesinde miieyyen olunmusdur ki, alkilimidazolin ile ONF
kompozisiyalar1 50-150 mq/I qatiliglarda metal sathini korroziyadan 93.5-99.5% miihafizas
edirlar. Bu birlesmalarin Gibbs enerjilarinin -35 kC-dan agag1 olmasi onlarin sathls kimyavi
adsorbsiya hesabina davamli 6rtiik emals gatirmasini gostarir.

Belolikls, laboratoriya tacriibalari naticasinde miiayyan olundu ki, CO:zils doydurulmus
turs miihitlards tadqiq olunan alkilimidazolin ilo ONF kompozisiyalar: yiiksak inhbitorluq
xassalari gosterirlar ve bu birlagmalarin sanaye inhibitorlar1 kimi sinaq tedqiqatlarinin aparil-
masl tovsiyye oluna bilar.
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ABSTRACT

Metalcontainig phosphonates are convenient synthones for bioactive compounds were obtained by treatment
of three ethyl ester of phosphonoacetic, phosphonopropionic acids and phosphonitrileofacetic acid with salts of zinc,
copper and nickel. The nucleophilic property of the phosphoryl groupin reactions with metal salts, as well as in the
self-condensation of phosphono acetic acid esters with the formation of metal-containing phosphonates and
phosphonoacetic anhydrides, was shown. It was determined that the direction of the reaction of metal salts of Zn,
Cu, N1 with phosphonoacetic and propionic acid triethyl ether depends on the ratios of the taken components,
reaction temperature and time. The zinc-containing phosphononitrile which is easily stretched into thin filaments in
hot form was obtained by the reaction of phosphonoacetic acid with zinc acetate and can be used in the synthesis of
synthetic copolymers with a nitrile and phosphoryl group, as well as the polymer chain with zinc in it.

Keywords: phosphonate, phosphonacetate, bromopropionate, carbonyl group, threethylphosphate
CUHTE3 I UICCAEAOBAHME Zn, Cu n Ni- COAEP>KAIIMXPOCPOHATOB
PE3IOME

ITpu obpadoTke TpusTHAOBOTO BduUpa PocdoHykcycHol, pocdormponnonHosoit, GpocOHOHNUTpIAA YKCYC-
HOVI KMCAOTHI C COASIMU ITMHKA, MeAM, HUKeAs IOAYYeHBI MeTaalocoAepskamue GpocoHaThI, KOTOPBIE SIBASIIOTCS
YAODHBIMM CMHTOHaMM OMOAKTMBHBIX BemecTB. ITokazaHo HykaeoduapHOe CBOVCTBO (OCPOPMABHOIN TPYNIIBI B
PeaKIsIX C COAIMU MeTaAA0B, a TAKKE B peaKIsIX caMOKOHAeHcarmy 5pupoB GocdOHYKCYCHOT KICAOTH € 0bpa-
30BaHMEM MeTaaa0coepKamux (GocoHaTOB ¥ aHIMAPKUAOB (POCPOHYKCYCHOI KUCAOTHL YCTAaHOBAEHO, YTO
HaIlpaB/eHNe peakiunu coaeit Metaaaos Zn, Cu, N1 ¢ TpusTna0BeM 3pupoM PocOHYKCYCHON U MPOIMOHOBBIX
KICAOT 3aBVCUT OT COOTHOILIEHUI B3ATBIX KOMIIOHEHTOB, TeMIIEpaTyphI IIPOBeAEHNs peakiiuu 1 BpeMeHn. Peaxiveit
HuTpMaa GpocPpOHYKCYCHOI KMCAOTHI C arleTaToOM ITMHKA ITOAYIMAY IIMHK codep Karmii pocpOHOHNTPIA, KOTOPHIN
B TOpsT4eM BUJE AETKO BBITATVMBAETCSA B TOHKIE HUTY, KOTOPBIE MOXKET OBITh MICITOAB30BaH B CHHTE3€ CUHTETITIECKIIX
COTIOAMIMEPOB C HUTPUABHOI 11 PpOocOPMABHON TPYIIIION, a TaKKe CoJep KaHyeM ITIHKa B II0AVMEePHOI IIeTIn.

Karouaessle caoBa: pocdonart, pocdoHarieraT, GpoMIponnoHaT, KapOOHIABHA TPYIINa, TpedTnAdocdar.
Zn, Cu va Ni- SAXLAYAN FOSFONATLALARIN SiNTEZi VO TODQIQi
XULASO

Fosfonsirke, fosfonpropion tursusunun trietil efirlarinini, sirks tursusunun fosfonitrilini sink, mis ve nikel
duzlarn ils isladikde bioloji aktiv sinton rolunu oynayan metalsaxlayan fosfonatlar almmigdir. Metallarm duzlari,
elaco da fosfonsirks tursusunun efillarinin 6z-6x{inii kondenslasma reaksiyalarinda fosforil qruplarinin nukleofil
xassa gostormasi miisyyen edilmisdir. Toyin edilmisdir ki, reaksiyanin temperaturdan, vaxtindan, gotiiriilon
komponetlarin nisbstinden asili olaraq Zn, Cu, Ni duzlarmin fosfonsirke ve propion tursunun trietil efirlarinin
alinmasi reaksiyanin bu istiqgamatda getmasina sabab olur. Fosfonsirke tursusunun nitrili ve sinkasetatla tasirindan
sinksaxlayan fosfonitril alinir ve yuxar1 temperaturdanazik lif sekilinde ¢akilir. Bu tip birlosmsaler sink, fosfor ve
nitril saxlayan sopolimerlarin sintezinda istifads oluna bilarlar.

Acar sozlar: fosfonat, fosfonasetat, bromopropionat, karbonil qrupu, tritilfosfat.

INTRODUCTION

For the purpose of searching of biologically active compounds with metals and prospho-
nate fragments in molecules, the investigations on synthesis Zn(Il), Cu(Il) and Ni(II)- containing
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phosphonates by the reaction of a-phosphorylated carbonyl compound with the salts of
specified metals have been carried out.

a-Phosphorylated carbonyl compounds are phosphorous structural analogues of (-
dicarbonyl compounds, which in contain are present two electrophilic centers in
thephosphorous atoms and carbonyl carbon. Another wordphosphoryl group in esters of
phosphorous and phosphonic acids are demonstrate electrodonor properties, that allow to
applay phosphates as extragents of metals and synthons for obtaining of bioactive compounds
[1-4].

In present work we presented the investigation of reaction of Zn, Cu and Ni salts with
phosphonacetates in varions conditions.

EXPERIMENTAL

NMR spectras were obtained on Brucker AV-300 (300 'H and 75 *C MHz) spectrometer.
Melting points were determined by ICP OES 2100DV.

Interaction of threethyl ester of phosphonoacetic acid with zinc acetate in 1:1 ratio. 1.7 g
(0.011 mol) of zinc acetate was added to 2 g (0.009 mol) three ethyl ester of phosponoacetic acid
and stirrered at 110-120 °C for 3-4 hours until full solving of salt by forming homogenious
mass. Reaction mass cooled to room temperature, mass crystallyized. Recrystallized from
hexane-ethylacetate mixture (1:3).

Etoxy [(2-etoxy-2-oxoethylphosphoryl)oxy]zincchloride (2a). Yield 2.9 q (77%), t.p.70 °C.
NMR 'H specters (DMSO-ds) & m. d. (J,Hs): 1.15 m (6H, 2CHs), 1.82 s (3H, CHs-C=0), 3.07 d
(2H, P-CHz, 7Jur 21.9), 4.01 m (4H, 20CHz). NMR *C 9§, m.4. (J, Hs): 14.35 s (CH3), 16.51 d (CHs),
22.06 s (CHsCO), 34.19 d (PCHz, Jer 132.90), 61.00 s (OCHz), 62.50 d (CH20-P, Jcr 24.6; 3Jcr 6.07),
165.58 d (P-C-C=0O, Ycr 6.8), 177.34 d (CHsC=0). Found,%: 30.64; H 4.11; P 9.33; Zn 20.93.
CsHi507PZn. Calculated,%: C 30.09; H 4.70; > 9.71; Zn 20.37.

Etoxy [(1-etoxy-1-oxopropane-2-yl)phosphoryl)oxylzincchloride (2b).Analogically from
2.5 g of three ethyl ester of phosphonoacetic acid and 1.7 g zinc acetate. Yield 3.4 q (82%), t.
NMR 'Hspectr (DMSO-ds) 0, m.4.(J, Hs): 1.30 m (9H, 3CHs), 2.10 s (3H, CHsCH>=0), 3.44 d (2H,
P-CHo, 2Jur 27), 3.94 d (2H, CH2OP, 3Jur 10), 4.26 m (4H,CHsCH20). NMR C d, m.4,. (J, Hs): 8.07
d (CH-CHs, ?Jcr 28.5), 14.35 s (CHs), 16.51 d (CHsCH:OP, 3Jcr 15), 22.11 s (CHsC=0), 37.41 d
(PCH, "Jcr 247), 61.48 d (OCHy>), 61.61 d (CH20-P, ?Jcr 20.25; 3Jce 6.07), 171.58 d (CH-C=0, cr
225), 1732 d (CHsCH:0). Found,%: C 32.87; H 4.67, P 9.54; Zn 19.74. CoHi/O/PZn.
Calculated,%: C 32.43; H 5.01; P 9.30; Zn 19.51.

Unsolved part bis[etoxy(2-etoxy-2-oxyethyl)phosphoryloxylzinc (3). Yield 1.18 r (32%),
T.111.108-110 °C.NMR'H (DMSO-ds) 6, m.4. (J, Hs): 1.17 m (12H, 4CHs), 2.84 d (4H, 2P-CHo, ?Jur
21.6), 3.96 m (4H, 2CH20), 4.06 m (4H, 20CH2).NMR®C d, m.a. (J, Hs): 14.34 s (CHsCH:0O),
15.59 d (CHsCH20P, 3Jcr 15), 37.69 d (PCHz, 'Jer 337.5), 61.68 m (OCH2CHs), 169.16 d (CHC=0,
Jcr 22.5). Found,%: C 31.43; H 5.76; P 13.78; Zn 14.42 C12H24P20O10ZnCalculated,%: C 31.64; H
5.27; P 13.62; Zn 14.28.

The interaction of three ethyl prosphite with a-bromethylpropionate (5). 3.3 q of a-
bromethylpropionate was added to the suspense of 2 q zinc acetate in 3 q threethyphosphite.
The mixture heated moderately until forming homogenions mass (110 °C, 2 houre). Mixture
cooled, treated by aqueous acetone, and residue was compound 5. Yield 6.05 q (72%), T.r1a. 200
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9C. NMR 'H (DMSO-ds) d,m.4. (JHs): 1.13-1.15 m (12H, 4CHs), 2.83 m (2H, 2P-CH, i 5.7), 3.86
m (4H, 20CHz). NMR®C 8, m.a. (J, Tr): 8.25 (CHs), 14.34 (CHs), 16.48 (CHa), 37.77 (CHs-CH-P,
er 247), 60.82 (OCH2), 170.99 (P-CH-C=0, Jcr 0). Found,%: C 23.98; H 3.96; P 12.83; Zn 26.79
CuoHisP201wZnCalculated, %: C 24.48; H 3.67; P 12.65; Zn 26.53

Anhydryde of tetra ethyl ester of phosphonoacetic acid (6). Mixture of 3 q (0.02 mol) of
threethylphosphonacetate, 2.4 q K2COs and 40 ml DMSO was stirrered at 40-50 °C for 2-3 hours
and 70-80 °C for 40-50 °C. Cooled, treated with water, extracted with ether (3x50) and dryed.
After removing of ether the solid mass was formed. Crystals separated and crystallized from
ethyl acetate, and synthesized anhydryde6. Yield 2.5 r (56%), T.114. 98 °C. NMR'H (DMSO-ds),
O, m.a. (JHs): 1.17 1 (6H, 2CHs), 1.22 1 (6H, 2CHs), 2.85 4 (4H, 2CH>-P, ?Jur 22), 3.95 m (4H,
2CH20, 3Jun 7.5), 4.06 m (4H, 2CH:O, 3Jun 6.9). SIMP 1°C d, m.4. (J, I'r): 14.41 (CHs), 16.65 (CHs),
36.04 (PCH, 'Jer 131), 60.83 (COOCH?2), 61.60 (OCHz, cr 6), 167.31 (COO, cr 6.3). Found,%: C
38.21; H 6.76; P 16.26. Ci2H24>2OsCalculated,%: C 38.50; H 6.42; P 16.04.

Acetoxy[etoxy (2-etoxy-2-oxoethyl)phosphoryl) oxylcopper (7).Dark coloured glass
crystals of compound 7, that souble in acetone were obtained by the reaction of 2 q (9 mmol) of
phosphonate and 3.8 q (1.2 mmol) of copper acetate in conditions showu above at 150-160 °C
for 2 hours. Yield 3.2 q (83%), T.11a. 86-88 °C. NMR 'H (DMSO-ds) d, m.4. (J, Hs): 1.08 t (3H,
CHs), 1.28 t (3H, CH3), 2.0 s (3H, CH3CO), 2.92 d (2H, PCH, 'Jur15), 3.92 m (4H, 20CH:). NMR
B3COd, m.a. (J, Hs): 8.52 (CHs), 14.34 (CHs), 16.48 (CHs), 37.77 (P-CHz). Found, %: C 30.43; H 4.37;
P 9.65; Cu 19.99 CsHisPO7Cu Calculated, %: C 30.28; H 4.73; P 9.78; Cu 19.87.

Acetoxy[etoxy(2-etoxy-2-oxoethyl)phosphoryl)oxylnickel (8). Dark coloured glass
crystals of compound 8, that soluble in acetone, were obtained by the reaction of 2 q (9 mmol)
phosphonate and 3.7 q (1.2 mmol) of nickel acetate in conditions above at 180-190 °C for 2
hours. Yield3.6 q (88%), T. ma. 132-134 °C. NMR'H (DMSO-d¢) d, m.a.: 1.06 t (3H, CHs), 1.38 t
(8H, CHs), 2.4 s (3H, CHsCO), 2.84 d (2H, PCH>), 3.97 m (4H, 20CH:).Found,%: C 30.13; H 4.97;
P 9.35; Ni 19.99 CsH1sPO7CuCalculated, %: C 30.77; H 4.80; P 9.93; Ni 18.58.

Bis[cyanomethyl(etoxy)phosphoryl)oxy]zinc (9).Compound 7 was synthesized by the
reaction of 1.5 q (8 mmol) of diethylcyanomethylphosphonate and 1.15 q (8 mmol) ZnCl: in
conditions above and at temperature 90-100 °C. Yield 1.8 q (68%), T.nia. 108-109 °C. NMR 'H
(DMSO-ds) d, m.a.(J Hs): 1.21 t (6H, 2CHs, 3Jun 6.9), 3.2 d (4H, 2PCHo>, ?Jur 21.2), 4.02 m (4H,
20CH:, 3Jun 7.2). NMR BCo, m.a. (J, Hs): 16.18 t (CHsCH20P), 19.68 s (CH:), 60.89 d
(CHsCH20P, ?Jcr 19.5), 113.74 d (CN, cr 28.5). Found,%: C 27.21; H 4.07; N 7.56; P 17.23; Zn
20.11 CsH14N2P206Zn Calculated,%: C 26.59; H 3.88; N 7.75; P 17.17; Zn 18.00.

RESULT and DISCUSSION

It was established, that at room temperature phosphonates form molecular compounds
with salts of indicated metals as result of the coordination of phosphoryl group with metalions,
which are stable in room temperature [5].

But, at 110-120 °C temperature occurs nucleophilic substitution in metal atoms with the
participation of phosporyl group by forming of metalcontaining phosphonacetates.

Structure of synthesized compounds depends on ratio of components (phosphonacetate-
metalsalts), experiment temperature and reaction time. So, by interaction of three ethyl
phosphonacetate with zinc salts in component ration 1:1 and reaction temperature 110-125 °C
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(1 hour), mono- (2) and disubstitution (3) products on zinc atom were formed, according to

below given scheme.

ZnX, ZnX
[S)]
(EtO),P - CH - C - OEt + ZnX, —— (EtO),P - |CH -C - OEt —= (EtO)ZIéD— CH-C-OEt + X —3
R R R
1a-0
ZnX
o n i K
/ (Et0),P - CHR - C - OEt 0 0 i
—> EtOP-CH - C - OEt » EtO-P-CHR-C-OEt —» EtO-P-CHR-C - OEt
EtX | — EtX |
R ? o
2 a-0 Zln 7Zn
|
(I) 1l ?
EtO—__ |
pio——"P - CHR - C - OEt EtO—ﬁ-CHR—C—OEt
oy o
3 a-6

R =H (a); CH;(6)

In 1:2 ration of phosphonacetate — zinc salt at temperature 130-140 °C (4 hours) observed
the formatoin of zinc — containing phosphonate, which two zinc ions coordinates with four
oxygens of two phosphonic groups by forming of eight membered cycle, according to given

scheme:
P(OEt); 100 - 120° Q
(OED);, 100 - I Zn(OCOCHs3),
CH; - CH - C - OEt » (EtO),P - CH - C - OEt
— EtBr 110-120°
Br O CH; O
4
CH; O—Zn—0 GHs
\ |
— Et0,C-CH-P__ /P - CH - CO,Et
| So—za—o0"" |l
le) O
5

It was established that, identical reaction proceeds by phosphorylic oxygen in phosphon-
acetates in the presence of K2COs in DMSO, by forming of phosphonacetate anhydride.
EtOZCHzT $H2C02Et

AMCO
+ (EtO),P - CH, - TZ -OEt —» Eto - O

(EtO),P.- CH, - C - OEt P-O-P-
N T e T
o) o) o) o) o O
6

We must be noted that reaction of phosphonacetate with copper and nickel acetates
undergao at 150-160 °C (2 hours) and 180-190 °C (2 hours) respectively by forming of nickel
and copper phosphonates, which are industrially important and allow to find new application

OEt

areas.
o) 0 0
[ l I
(EtO),P - CH,CO,Et + Me(OCOCH;), — CH3CO -Me - O - I|’ - CH,CO,Et
OFEt
7,8

Me = Cu (7), Ni (8)
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For the purpore of searching of new functionally substituted phosphonates in reactions
with metal salts, there was carried out the reaction of phosphononitrile of acetic acid with zinc
acetate, that proceeds in more moderate conditions (90-100 °C), by forming homogenous mass,
which is well-soluble in all organic solvents and provides zinc-containing phosphononitrile,
that in high heat is easily stretching in fine thread and can be useful in synthesis of organic
copolymers with nitrile and phosphoryl group and zinc in polymerchain

0 CH,CN CH,CN
90-100° | |
(EtO),P - CHyCN + Zn(OCOCH3); ——— EtO-P-0O-Zn- O -P -OEt
— EtX ”
o 9

Thus, the studied reactions based on phosphonoacetic, phosphonpropionic and
phosphononitrile acetic acid triethyl esters with metal salts make it possible to obtain metal-
containing phosphonates. The nucleophilic property of the phosphoryl group was shown in
reactions with metal salts, as well as in the self-condensation of phosphonoacetic acid esters.
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PEOEH3M I
un craTee Aanaynepancnoi I3, «Canres m necaeonanwe

Zn, Cu 8 Ni- coocpkamHx pocosaror»

TIpencTagnentras cTaTha NOCBALISHA HOHCKY SHOTOTHISCKH AKTHEHEIX COSTHHEHEIT
COTEPHANINK MONEKYTIH METATIOE B GOCOOHATHBIE DPArMEHTEL

C swroff uedsl0 aeTopoMd Obum cusresuposanb Zn. Cu u Ni- coacpkamme
doconaTel peaknieil C-GocOPHIHPOBAHILIX COBIMHCHAN ¢ COMIMM YXASINILIX
METANNOL.

Hoxxsano, 0 mHe vBpuwionuiive MeraTOCONemKanmx  thochormaron WIHAET
HyKaeoQuabHee esolcise hochopuanoil rpymner. Mavuens peaknun coaeit 7n,
Cu m Ni ¢ docdonuierararsr. TOKAIANO BIMANHE COOTHOMISHMSA B3ATHX
KOMIOHEIITON, TEMNEPATYPR © BPEMCHE NPOBCICHEMA DCAKIMM HA CLDYKIVPY
MELWLIOCO IS PAANMX PocPorurus,

| lptzeagBHEIS TaHHLIE peakusH HoGBOHOHHTPUIA YRCYCHOH KHCAOTR! ¢ AIETATOM
LIMHKE IUEA3BIBAIOT, 410 OOPAIOBARIINACK BOCHOHNTPHT B FOPIY4EM BILTE JECKO
BATATHAACTUN B TOMKHC HUTH H MOKET ORITh TIOVIE3NLIM 0 CHITE3¢ CHETSTAYSCKNX
COTIOHMEROB ¢ HUTPHAGICH H QOCHOPHITEHOH 1'pyiil, A TAKEES COUEPIKHHHEM LAHKYE
B ITOMEME|MIOH neny.

[peacrannenus cTaTBA «CHH1E2 A nesncaosanue £n, Cu n Ni- coneprdinnx

DOCHOHATORY MOKET OBITE IPEACTHE. LEHH K 0y OHMKUBARMI.

- -*
Huyunbift pykosoyATens ... npod. Hemanaos B.M.
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ABSTRACT

The state of chlorophyll forms and other pigments in photosystem II in leaves of wheat seedling (Triticu-
maestivum L.), treated by heavy metals were conducted. Zn and Ni salt present in toxic concentrations (10-3M) in
growing medium lead to significant changes of Chla and b and carotenoids; their amount and ratio.

Analysis of the absorption spectrum has revealed that quantitative changes to composed up to 50-52% relati-
ve to control. The millisecond delayed fluorescence chlorophyll-a kinetics has indicated significant changes in the
electron transport chain of photosynthesis as on donor and acceptor sides of PS II. These changes have correlated
with the time of action of metals. Stress put off by seedlings in the case of Na-ascorbate (conc. 4-10“#M) introduction
to system in two variants: simultaneous action (Na-asc+metal) and successive action (Na-asc—metal) are shown
to assist to weakening of toxic action of heavy metals.

Na-ascorbate being a strong antioxidant probably leads to free radical quenching, which is being reactive
molecules, induced by cell damage under action of heavy metals.

Key Words: heavy metal, photosystem II, fluorescence, reactive oxygen species, Na-ascorbate.

AGIR METALLARLA GENERASIYA OLUNAN STRESD®O FSII-NIN ZODOLONMOSI
ZAMANI NA-ASKORBA TINPROTEKTOR XUSUSIYYOTI

XULASO

Agir metallarin tasirine meruz qalan bugda (Triticum aestivum L.) bitkisinin yarpaqlarinda FS II-nin digar
pigmentlarinin va xlorofilin formalarimin vaziyysti tedqiq edilmisdir. Ciicartilorin Zn? ve Ni** duzlarinin toksiki
konsentrasiyalarimin (10-°M) miihitinds saxlanmasi xlorofil a, b ve karotinoidlsrin formalarmin dayismasi, elaca
da onlarin miqdarmda ve nisbatlerinds shemiyyatli dayisikliklara gatirib ¢ixarmisdir. Udulma spektrlarinin analizi
gostarmisdir ki, kamiyyat dayismasi kontrola nisbatan 50-52% gadar teskil edir. Xlorofil a-nin millisaniye gecik-
mis fliioressensiyasinin kinetikasi FS II-nin hem donor, ham ds akseptor toraflorinda fotosintezin electron naqliy-
yat zancirinin aktivliyinin dayismasini gostarir. Bu dayisikliklar metallarin hall olunma miiddatinin tesiriyls ala-
golidir. Na-askorbatin (4-104M) iki variantda sistema daxil edilmasi zamani stress ciicartilar vasitasilo azaldilir.
Eyni anda (Na-ask+metal) vo novbali (Na-ask—metal) daxil edilmes duzlarin toksiki tesirinin azaldigini gostorir.
Na-askorbat giiclii antioksidantdir, ¢ox giiman ki agir metallarin tasiri altinda hiiceyralarin zadslanmasi naticasin-da
amaola galon reaktiv molekullardan olan sarbast radikallarin sénmasinae gatirib ¢ixarir.

Acar sozlar: agir metallar, fotosistem II, pigmenlarin udma spekrlari, fliioressensiya, oksigenin feal formalari,
Na-askorbat.
ITPOTEKTOPHBIE CBOVICTBA NA-ACKOPBATA IIPU IMOBPEXAEHUN ®OTOCUCTEMBI
II CTPECCOM, TEHEPUPYEMBIM TSKEABIMU METAAAAMU

PE3IOME

ITposeaensnccaeoBanms cocTosHMA GopM XA0poduaaa, a TakKe APYrux OUrMeHTos B poTocucremell B
AVCTBSIX TPOPOCTKOB mieHuusl (TriticumaestivumL.), IOABEPIHYTBIX ACVCTBUIO TSKEABIX MeTaaa0s. IIpucyrcreue
coaeit Zn un Ni B Tokcuaecknx KoHuentpauusax (10°M) B cpese BeIpaIMBaHus IPUBOANAO K CyIIeCTBEHHBIM M3~
MeHeHMAM $OpM Xa0podnaaa a, b 1 KapOTHHOMAOB, X KOAWYECTBA ¥ COOTHOIIEHNsI. AHAaAU3 CIIEKTPOB ITOTA0-
IIeHNsl TI0Ka3ad, YTO KOANdeCTBeHHbIe M3MeHeHMs cocTaBasaau Ao 50-55% oTHocuTeabHO KOHTpOAs. XapakTep
KIHETUKI MUAAVCEKYHAHOI 3aMejleHHOM (ayopecieHIMM XA0poduala a yka3ad Ha M3MeHeHIe aKTMBHOCTH
9AEKTPOH TPaHCIIOPTHOM Iery POTOCHHTe3a KaK Ha JOHOPHOII, TaK ¥ Ha aKIIeIITOPHON CTOPOHax B poToCHCTEME
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II. DT M3MeHeHMsI KOppeAMpOBaAM CO BpeMeHeM BO3JAeVICTBII AeMICTBYIOIIero pacrsopa MeTaaaos. Crpecc
ITepeHOCHMEINI IIPOPOCTKaMM B cAydae BBedeHUs B cucteMy Na-ackopbara (B koHI. 4-10“M) B AByX BapuaHTaxX:
0AHOBpeMeHHOe BosJelicTBie (Na-ack+MeTaa) 1 rocaejosaTeabHoe Bosaerictsue (Na-ack—MeTaa) CIIocoOCTBOBa-
AV CMABHOMY 0CAabA€HMIO TOKCHMYECKOTO AeicTBus coseir.Na-ackopbat, ABASACh CUABHBIM aHTHOKCHAAHTOM,
BEPOSTHO, IPUBOANUT K TYIIEHUIO CBOOOAHBIX PaAMKaAOB BBICTYIIAIOIINX B KauecTBe peaKTUBHBIX MOAEKYA, BBI3bI-
BaIOIIUX IIOBPeKAeHMe KAETKI 1104 AeJICTBIeM TSI’KeABIX MeTaAA0B.

Karouesble caoBa: TsoKeable MeTaaabl, ¢porocuctema I, criekTpsl moraorenus xaopoduaaa, gpayopecie-
HIINA, peaKTUBHEIe POPMEHI K1caopoa, Na-ackopOart.

INTRODUCTION

The plants undergo unfavorable factors and as a result, the stress reactions, suppressing
physiological and photosynthetic functions are observed. As a result of a return reaction to
stress, the reactive oxygen species (ROS) are formated [3]. At the present time, a big attention
is paid to the elucidation of nature and mechanisms ROS formation, that transfer of SOS
signal in living organisms on the level of separate molecules [20, 1, 4]. Equally, with genetically
programmed cell death-apoptosis the apoptosis exit that is start-up by ROS, formed mainly
in chloroplasts and mitochondria [5,31,26]. In spite of that apoptosis is hard programmed at
plant ontogenesis it may be induced by different factors of a medium that affect photosynthe-
sis in all its processes. The ROS formed at stress in chloroplasts during electrons transport
that is the main site of their generation leads to the reduction of chloroplast enzymes and
thylakoid membrane structure disturbance [10,30]. The most vulnerable rink of photosynthetic
apparatus is known to be photosystem II and its main manganese complex — MniOsCa-
cluster [21,25,3]. For the protection of molecules-target in thylakoids and stroma ROS fast
scavenging is necessary from the place its generation. It is proposed that oxidative stress is
observed by balance disturbance between its generation and removal not there intensive
production [12,23,22].

Photosynthetic efficiency is depressed by action on plants' heavy metals (HM). As it is
confirmed by many investigators HM join to photosynthetic partways of electron transport
on most parts and influenced on its activity [15,19,16]. When electron transport exceeds a
normal consumption of metabolism the molecular oxygen is restored to reactive forms
inducing oxidative burst. Target for ROS is protein D1 that performed an initial function of
charge separation release of reaction center chlorophyll electron [27,2,33].

The signals suppressed by ROS include protective mechanisms in plants. Plants have an
effective system of protection against factors caused by oxidative stress. The main role in the
elimination of ROS is known to have antioxidative ferments and low molecular substances
[24]. Na-ascorbate is an active antioxidant, able to suppress one electron restoration of
oxygen in metabolism [28,9]. To take into account great interest in this problem we tried to
show Na-ascorbate the ability to withstand ROS accumulation, so protecting a functional
activity of PS1II.

MATERIAL AND METHODS

Object: The 7-days wheat seedlings (Triticumaestivum L.) were grown on water medium
in factory state conditions (t 24°C, humidity 80%, illumination 250W m2 5).

Experimental conditions. For creation in plant cells and chloroplasts increased content of
ROS, seedlings were situated to solutions, containing toxic concentration of Zn?" and Ni*"
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ions (10°M). As an antioxidant was used natrium salt of ascorbic acid in concentration 4-10-
‘M. The investigations were performed in vivo in two variants: in simultaneously incubation
of seedlings during 24 h in medium containing Na-asc+Ni, Na-asc+Zn (variant 1) and
successive action: 24 h Na-asc—24 h Ni, 24 h Na-asc—24 h Zn (variant 2).

Investigations method: The functional activity of PS II was evaluated on the basis of the
induction transition on the kinetic curve of msec delayed fluorescence of Chl a (msec-DF of
Chla) in millisecond range. The measurement was conducted on fluorometer, with phosphor
scope such a way that 0.3 ms in time interval of excitation was following by 1.25ms of dark
and 0.3 ms registration of the delayed light emission. The pigment conditions were
determined spectrophotometer Furye Cary 50 Scan Varian [29,17].

RESULTS

The analysis of the absorption spectrum has revealed that destructive action of oxidative
stress at the presence of HM leads to decreasing of absorption of Chla680 nm, Chlb650 nm on
50-52% and Car450 nm and Car480 nm on 47-50% relative to control (Fig. 1).
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Fig. 1.The dependence of the absorption spectrum of pigments from the action of NiCl2 and ZnCl»
(con. 10*M) during 24 h on wheat seedlings (Triticumaestivum L.).

Action of Na-asc at the presence of Ni (variant 1) has stabilized of Chla680 nm.
Increasing of relation value of Chla680/Chlb650 demonstrate lesser stability of Chlb650 nm.
Na-asc has stabilized a form of Chlb650 nm at these conditions that explain the decreasing of
relation value of Chla680/Chlb650 nm at variant 2. At the condition with Zn?* Na-asc has
increased the Chlb650 to a given stress. The increasing values of relation Car450/Chla680,
Car480/Chla680 in both variants as at presence of Ni* also at presence of Zn?* has evidenced
that Na-asc has enhanced stability of carotenoids forms to a given stress. The protective
mechanism carotenoids action is known to be an extinguish free radicals, formed under
stress or singlet-exited oxygen. The carotenoids subjected to irreversible changes under the
action of light are known to fulfil a function of photochemical buffers protecting other
compounds from photodestruction [11,8]. It is assumed that carotenoids may be quenchers
of chlorophyll compounds triplet states. At these mechanisms of carotenoids quenching, it
has received the energy of excited chlorophyll and hinders its interaction with molecular
oxygen preventing an oxidative disruption of chlorophyll.
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The destruction of photosynthetic pigments induced by heavy metals induced distur-
bance in the activity of photosystem [7,32]. The analysis induction curves of delayed fluores-
cence have shown that the activity of PS II and electron transport chain in its bound is
suppressed by the action of HM. The fast fluorescence amplitude decreasing (donor side of
ETC) takes place due to suppression by HM a reaction of charge separation in RC of PS Il
with the formation of first radical pair P680 Phe.

The slow fluorescence (acceptor side of ETC) undergoes changes because due to distur-
bance of electron transfer rate to first quinone acceptor QA. The changes in oxidation-reduc-
tion equilibrium at PS II chain lead to stational fluorescence changes (s.ph) (table 1).

Table 1. In the table the changes of Chla680/Chlb650, Car450/Chla680, Car480/Chla680,
Car480/Chla680 independence from action to seedlings during 24 h (ZnCl2 and NiCl)
and at presence of ascorbate in 2 variants (see methods) are present.

Chla680/Chlb650 Car450/Chla680 Car480/Chla680

control 1,51 1,2 1,1

Zn 1,7 1,1 1,02
Ni 1,6 1,02 0,95
Na-asc+Zn 1,4 1,24 1,14
Na-asc+Ni 1,76 1,16 1,00
24 hNa-asc+Zn 1,6 1,3 1,18
24 hNa-asc+Ni 1,45 1,2 1,14

Under action of Zn?* (s.ph) is increased to 1,4 times relatively to control. Simultaneously
introduction of Na-asc+Zn effect of Na-asc was not observed and s.ph increased. The
successive action of Na-asc—Zn effect of Na-asc is obtained to manifest itself by reduction of
s.ph to control level. The action of Ni** provokes a sharp fall s.ph relatively to control. The
effect of Na-asc at this experiment revealed in this experiment in variant Na-asc—Ni as well
as in experiment with Zn (Fig. 2).
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Fig. 2. The dependence of stationary fluorescence of msec DF Chla from treatment of wheat seedlings during 24 h
by ZnClz and NiCl: at the presence of Na-asc in 2 variants (see methods). The value of control taking up to 1.

In the Fig. 3 it is demonstrated changes of relation fast and slow fluorescence to stationary
(f.ph/st; sl.ph/st) under action of HM. The decrease of value f.ph and sl.ph is observed
moreover toxic effect of Zn?>* has exceed of Ni?* effect nearly to 1.8 times for value of sl.ph/st.
Simultaneously introduction to growth medium Na-asc and Zn?** has not weakened at its
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toxicity. The protective effect of Na-asc is revealed under successive action Na-asc—Zn?*. The
f.ph/st is restored to 2 times and value sl.ph/st increased to 1.3 times relatively to action of
Zn*,

1,6 B
c 14
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@‘ 1,2
® 1
T
O 08
5
@ 06
= 04

0,2

0+

n* Na-asc+Zn?** Na-asc—Zn** Nz Na-asc+Ni** Na-asc—Ni**

Fig. 3.The dependence of changes fast and slow phases of fluorescence to stationary level (f.ph/st, sl.ph/st) on
treatment of wheat seedlings (Triticumaestivum L.) at 24 h by ZnClz and NiCl: at presence of Na-asc in 2
variants (see methods). The value of control taking up to 1.

The effect of Na-asc manifests itself under simultaneous introduction with Ni to solution
in relation only value relation sl.ph/st that excessed a control variant.

CONCLUSIONS

The toxicity of HM is conditional upon their capacity to inactivate enzymes and other
macromolecules connected with SH-groups and blocks prosthetic groups by substitution
functionally important metal ions. Initiating of reactive oxygen radicals such as Oz, H20», and
OH HM induced cell structure damage [19,7,32]. The source of ROS formation is known to
be chloroplasts in photosynthesis processes. ROS leads to disturbance of photochemical
reactions in the electron transport chain of PS II. Inactivation of donor side (f.ph) takes place
due to the generation of long-lived P680* and tyrosine (Tyrz*) radicals that do not restore at
the absence of enough electron flow from MniOsCa-cluster. Inactivation of acceptor side
(sl.ph) in PS II chain is known to be caused by disturbance of function QA and QB acceptors
and formation of singlet oxygen [13, 14]. As it is demonstrated action of HM leads to the
inactivation of the electron transport chain of PS II and causes a distraction of photosynthetic
pigments.

Na-asc is known to neutralize formed under stress superoxide anion radical and
detoxified H20: as donor electron to ascorbate peroxidase or O2 and *OH, preventing, so
inactivation enzymes and support oxidation-restoration balance between photosystems. Na-
asc also participates in the protection of enzymes activity, containing prosthetic ions of
metals, supporting its on reduced form [6,18]. The mechanism of Na-asc action in all stresses
is known to be its ability to suppress the one-electron reaction of restoration of oxygen
disrupting reaction chain lingering to plant cells death.

So, Na-asc being universal antioxidant play a key role in supporting oxidation-reduction
equilibrium between photosystems that is evidenced by the present investigation.
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XULASO

Inulin bitki mensali tebii polisakar olub, D-fruktofranoza (fruktoza) qaliglarmdan tegkil olunmusdur.
Qaliglar bir-biri ilo $-2,1 alagalari ile birlosmakls a-D-qliikotiranoz (qlitkoza) qalig1 ils sona gatir ve orta molekul
kiitlasi 3500-5000 olur.

Inulin ilk dafo 1804-cii ilda kesf olunmusdur. Adim iss 1811-ci ilde Cuula Rosal (Georgii) bitkisindon gotiir-
miisdiir. Son vaxtlar inulin siid mahsullarinda ve desetrlards yaglarin avezedicisi kimi genis istifade olunur.

Inulin biitiin polifruktanlar kimi bir sira timumi xassalora malik olur. Belo ki, firlanma bucag1 menfi,
barpaedici xiisusiyyati ¢ox zaif, hiqroskopik, isti suda hall olan ve ¢ox asan karamellasondir. Inulinlor polimer
zoncirinin uzunluguna gora farqlonir. Belo ki, asag1 molekullu inulin (orta polimerlosmo daracesi 10 vo az) vo
yiiksok molekullu (orta polimerlosmo daracesi 20 ve ¢ox, hatta 35-0 gqodaer) inulinlor mévcuddur. Asagi molekullu
va yliksok molekullu inulinlarin xassalari xeyli forglenir. Asagi molekullu inulinlar yiingiil sirintshar olub, soyuq
suda yaxs1 hall olur. Yiiksok molekullu ise neytral dadli olub, hatta qaynadildiqda belo ¢atinliklo hall olur. Belo
imumi malum olan fakt mévcuddur ki, polimerlasma daracesi na gadar yiiksekdirse, insulinin bioloji aktivliyi
bir o gadar ¢ox olur.

Inulin nisasta kimi ehtiyat karbohidrat olub, bir ¢ox bitkilorde asasen de miirokkebgigoklords, hemginin
lianlarda, bandvselarde ve s. olur. inuline malik 3500-den ¢ox bitki névii malumdur.

Kasni ve topinamburda inulinin miqdar1 20%-a qgadar, zancirotu koklerinds, yulaf kokiinds ve s. 15%-o
gadar, bas soganda 2-6%, bananda 0,3-0,5%, bugda ve diiyii ununda 1-4% olur.

Acar sozlar: Inulin, topinambur, gida lifi, fruktoza, kék yumrusu, sekarli diabet.
TEXHOAOI'MS ITPUMOBPETEHUSIN BAJKHOCTD MHY AMHA 3 PA3HBIX ITPOAYKTOB
PE3IOME

VInyann - 9TO OpUPOAHBIN HOAMCaXapuJ, pPacTUTEALHOIO IPOMCXOXKAEHMs, COCTOAIIMII U3 ocTtaTKoB D-
$pyxrodppanossr (ppykTossr). OcTaTKU CBAZBIBAIOTCA APYT C APYTOM CBA3sAMMU (3-2,1, 3aKaHUMBasICh OCTaTKOM a-D-
TAIOKOTUPAHO3HI (TAI0KO3BL), U CpeAHsisl MOAeKyAsipHas Macca cocrasaser 3500-5000.

Vnyaun 6514 Bepsrie oOHapy>keH B 1804 rogy. On moayuma csoe Hazpanue 5 1811 rogy ot sasoga Cuula
Rosal (I'eoprmit). B mocaeanee speMs MHYAMH IIMPOKO MCIIOAB3YeTCsA B MOAOYHBIX IPOAYKTaX ¥ IIYCTHIHAX B
KadyecTBe 3aMeHUTeAs SKUPOB.

MuyanH, Kak u Bce moandpyKraHsl, 001ajaeT psAoM obmux csoyicTs. Takum oGpasomM, yroa rmosopora oT-
puliaTeseH, BOCCTAaHOBUTEeAbHEIE CBOVICTBA OYeHb CAabble, TMTPOCKOIINYHEI, pPaCTBOPVMEI B TOpsYeli BoJe 1 O9eHb
A€TKO KapaMeaAM3yloTcs. VIHyAuMHBI pa3andalorTcst 10 AAMHe IoAuMepHoit nerny. Takum oOpa3oM, AOCTYITHBI
HIUBKOMOAEKYASPHBI UHYAUH (CpeAHsss CKOpOCTh mnoauMepusanuy 10 u MeHee) M BHICOKOMOAEKYASPHBIN
MHYAUH (CpeAHss cKopocTh moanmMepusanyuu oT 20 n 6oaee, gaxxe 4o 35). CBoiicTBa HU3KOMOAEKYASPHOTO 1
BBICOKOMO/EKYASPHOTO MHYAMHA 3HAYUTEABHO pasdandaioTcsa. HU3KOMOAeKyAsSpHBIN MHYAVH SBASETCA AETKUM
HoAcAaacTuTeZeM, KOTOPBII XOPOLIO PacTBOPSAETCS B XOAOAHOU BoAe. BBICOKMIT MOAEKYASPHEI BeC MMeeT
HeMTpaAbHBI BKYC M €T0 TPyAHO pacTBOPUTH daxke mpu KurisdeHny. OOIIeN3BeCcTHO, YTO YeM BBIIIEe CTeleHb
ITOAVMepW3aliui, TeM BhIIIe 011010THudeckas akKTMBHOCTh MHCYAVHA.

MnyauH sBAsI€TCS pe3epBHBIM yIA1€B0OA0M, II0A0OHBIM KpaxMaay, U COAep>KUTCS BO MHOTMX pacTeHIsAX, OCO-
GeHHO B I[BeTaX, a TakKe B AMaHaX, Ppuaakax i T.4. caydaercs. Vspectno 6oaee 3500 B11A0B pacTeHMII C MIHYAMHOM.
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KoandecTBo MHyAMHa B IIMKOPUN U TOIIMHAMOype cocraBasieT 40 20%, B KOPHSIX OAyBaHUMKa, KOPHS OBCa U
T. A. 20 15%, 2-6% B ayke, 0,3-0,5% B 6aHaHax, 1-4% B IIIIEHNYHOI U PUCOBOI MYKe.

Karouesbre caosa: VIHyauH, TonmuHaMOyp, IUIIeBble BOAOKHa, PpyKTO3a, KAyOHM, caXapHEII Arader.
ACQUiSiTiON TECHNOLOGY AND IMPORTANCE OF INULIN FROM DIFFERENT FOODS
ABSTRACT

Inulin is a natural polysaccharide of plant origin, composed of D-fructofranose (fructose) residues. The
residues bind to each other with (3-2,1 bonds, ending with the a-D-glucotyranose (glucose) residue, and the
average molecular weight is 3500-5000.

Inulin was first discovered in 1804. It got its name in 1811 from the plant Cuula Rosal (Georgii). Recently,
inulin has been widely used in dairy products and deserts as a substitute for fats.

Inulin, like all polyfructans, has a number of common properties. Thus, the angle of rotation is negative, the
restorative properties are very weak, hygroscopic, soluble in hot water and very easy to caramelize. Inulins vary
in the length of the polymer chain. Thus, low-molecular inulin (average polymerization rate of 10 and less) and
high-molecular-weight inulin (average polymerization rate of 20 and more, even up to 35) are available. The
properties of low molecular weight and high molecular weight inulin are significantly different. Low molecular
weight inulin is a light sweetener that dissolves well in cold water. The high molecular weight has a neutral taste
and is difficult to dissolve, even when boiled. It is a well-known fact that the higher the degree of polymerization,
the higher the biological activity of insulin.

Inulin is a reserve carbohydrate such as starch, and is found in many plants, especially in flowers, as well as
lianas, violets, etc. happens. More than 3,500 plant species with inulin are known.

The amount of inulin in chicory and Jerusalem artichoke is up to 20%, in the roots of dandelion, oat root, etc.
up to 15%, 2-6% in onions, 0.3-0.5% in bananas, 1-4% in wheat and rice flour.

Keywords: Inulin, Jerusalem artichoke, dietary fiber, fructose, tubers, diabetes.

GIRiS
Miiasir insanin yagamasi {i¢lin miihit amillsrinin ve hayat tarzinin dayisilmaesine olan yeni
taleblar asasan, gida rasionunun terkibindski makro - ve mikronutrientlarls slagadardir.

Miiasir qgidalanma sistemi, xiisusilo sohar sakinlori {i¢lin bir sira xasteliklorin inkisafina
gotirib ¢ixarir.Masalon, saxarozanmn haddindsn artiq istifadesi gekerli diabets godar aparib
¢ixarir, elaco do miirakkeb polisaxaridlorden gidada - nisasta, inulin, pektin vo basqalarmin
catismamasi, yoxlugu disbakterioza ve iimumi immunitetin asag1 diismesine sebeb olur. Bu
taloblarin teminatinda rasional yanasma geyri - ananavi xammallardan istifade magqsadils kend
tosorriifatt xammallarinin gesidinin genislonmasini yoqin edir ki, burada miirakkebgicoklilor
ailesindan olan ¢oxillik bitkinin kok yumrularini- topinamburu (yerarmudunu) xiisusils ayirmaq
lazimdir. Qeyd etmaliyik ki, inulin da asasan bu bitkiden almur.

Inulin diinyada senaye miqyasinda an genis istifade olunan prebiotikdir. Diinyada illik
inulin istehsalinin hacmi 100 min tondur. Tacriibi olaraq biitiin senaye inulini topinanburdan
deyil, kasmmnin kokiimeyvelarinden almir. Baxmayaraq ki, onlarda inulinin miqdar1 teqriban
eyni olur.

Inulin antikuaqulyant olub, gan laxtalarmin amala gelmasinin garsisii alir, xolesterinin,
trigliseridlorin vo fosfolipidlerin saviyyesini salir. Malumdur ki, sonuncular aterosklerotik
yigintilarin amals galmasinda istirak edir. O, magneziumun hazm olunmasini, karbonat ve lipid
metabolizmini yaxsilasdirir ve gokerli diabet xostolorinin qaninda sekerin seviyyesini
normallagdirir. Inulinin istehlaki bagirsaqda bifidobakteriyalarin miqdarmi xeyli yiiksaldir vo
patogen bakteriyalarin miqdarmi agsag salir.
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Inulin ve fruktozanlardan hidroksimetilfurfurol ve onun téramalarinin alinma tisulu islonib
hazirlanir. Hidroksimetilfurfurol esasinda emal olunan daha qiymstli mehsul azcacihiq
preparatlar;, boyalar, polimerlor, yarimkegiricilor, fotootiiriiciilor, maye kristallar,
optoelektronika ti¢iin fotoxrom materiallardir.

Son on ilde yalniz AB$S-da insulin istifadasi ilde 0,5-dan 5,4 milyon tona yiiksalmisdir. Inuli-
nin yayilmasma diger misal hom diabetlor, hom da profilaktik xiisusiyystli timumi gebul {igiin
pohriz magsadi ils istifade olunmasidir. Elmi va patent adebiyyatlarinda inulinin bir sira bioloji
foal toromolorinin sintezi vo smagma dair molumatlar vardir. Inulinin bazi kompleks birlog-
molori vo toromolari qan avezedicisi kimi, domiri daxil etmak ti¢iin inyeksiya preparati, soyuq-
daymaya qars1 preparatlar kimi istifade olunur. Son vaxtlarda yapon alimlari tersfinden anti
Spid fealliga malik inulinli preparatlar yaradilmisdir.

Inulin orgqanizmds vitamin ve minerallarin (xiisusilo Ca, Mg, Zn, Cu, Fe vo P) hozm
olunmasini stimuls edir, lipidlerin — xolesterin, trigliseridlar ve fosfolipidlorin qanda miibadilasi-
ni yaxsilasdirir. Ona gore de onun miintezom istifadasi iirok-damar xestaliklarinin emaols
golmasi riskini azaldir, onun naticelerini yumsaldir, immun sistemini méhkamlendirir. Inulin ve
pektinin orta sutkaliq istehlaki Fransada 8-11, Cinds 11-13, ABS-da 10-12 qramdir. MDB
Olkalarinin bir ¢oxu, o ctimladen bizde do norma tomin olunmur (norma azi 4 qramdir). O hom
dos onunla slagadardir ki, 6lkemizds sokarli diabet xastalarinin say1 ilbail artmaqdadar.

Inulin hoall olan dietik lif hesab olunub, funksional ingredientlors aid edilir. Qida liflari —
gidalanmada va pahrizdas vacib rol oynayir. Onlar ¢oxlu sayda {izvi birlesmslerin qarisig: olub,
qgeriba kimyavi struktura va fiziki xiiusiyyetlors malikdir(Fataliyev H.K. vo b. 2014, sah 11).

Inulin madads vo nazik bagirsagda absorbsiya olunmur, yogun bagirsagin mikroflorast
torafinden isa fermentlasir. Inulinin gidada miintezem istifade olunmasi insan orqanizmina
saglamlagdirici tosir gostarir.

Qida liflarinin fiziki-kimyavi xtisusiyyetlori asagidaki sokilda verilir.

Sakil 1

Qida liflerinin fziki-kimvevi xiisusivvetlari

: ‘, ., l |

Su baglavichq Ion davigma Mikroorqanizmlarin Radiprotektor 44 tursusunun
xiisusivvati xilisusivvat sorbsivasy xiisusivvati sorbsivasy
v
l b4
Metal ionlarnn Ekoloji zararli Izotoplarmn
sorbsivasy maddsalerin sorbsivasi slagalandirilmasi
(atritler. wifratlar. karbamid. fenol va 5.) (M5t M Cz)
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TODQIQAT METODLARI

Topinambur bitkisi akingilara hale min il avvale gadar malum deyildi. Onun veteni Simali
Amerikadir. Bu teravez avvalce Braziliya hindilarinin Tupinambus tayfasindan Fransaya, daha
sonra XVII asrde Avropaya catdirilmisdir. Terovezin adi da buradan adlandirilmisdir. Ovvallar
bu teravezin madaniyysti ilo (basqa adla-torpaq armudu) yalniz azarkeslor maggul olurdu.
Sonralar yerarmudu ¢ox genis yayildi, ancaq, teassiif ki, 6z gozal xiisusiyyetlorine baxmayaraq
indiye gadar 0 hemin maghurluguni qoruyub saxlaya bilmemisdir.

Topinambur (yerarmudu) 50-60 q kiitlays malik sar1, qurmizivari, yaxud sariteher-ag rengli
yumrular1 olur. 74-79% suya, 13- 20% inulins, 6%-o qodar sokers, 2-5% azotlu maddalera ve 2-3%
selliilozaya malikdir. Kok yumrular saxtaya davamli olub, torpaqda qislaya bilir. Topinambur
asasen yem bitkisi kimi istifade olunur. Ondan hamginin spirt, inulin ve fruktoza istehsalinda
istifade olunur. Topinamburdan az miqdarda bisirilmis veziyystds gida mehsulu kimi do
istifads olunur (Fatsliyev H.K. vo b. 2017, soh 89).

Coxillik tarevez olan yerarmudunun yeriistii hissesi ona yaxin gohumlugu olan giinabaxan
xatirladir. Bitkinin govdesinin hiindiirliiyli 2 - 3 metrdir, yuxar1 hissesi sobslora ayrilmigdir.
Yarpaglarin kenarlar digli ve yumurtagakillidir. Cigeklanmasi giinabaxanda oldugu kimi sabat
kimidir, lakin shamiyyetli doracads xirdalig il forqlenir.

Kok sistemi torpagin daha da darinliyine dogru inkisaf etmisdir, bu da bitkinin quraghga
davamli oldugunu gosterir. Torpagin okin yeri qatinda yeralti saplaglarda kok yumrulari
formalagir. Onun kok yumrulart miixtelif forma ve renglerds (sari, ag, bendvseyi, qurmiz -
¢ohrayi) ola biler. Homginin, dlgiilarine gora de farqlendirilirlar, onlar 10 qramdan 150 qrama
goedar ve daha cox ola bilerlar.

Bu moadaniyystde yasil kiitlonin mshsuldarhgr - 1000 s/hektar, kok yumrulari- 400
s/hektardir ki, bu da basqa yem mahsullart madaniyyastini shamiyyastli deracada tistaloyir.

Topinambur kimyevi torkibco geyd etdiyimiz kimi, kartofa oxsayir. Vo hotta gidaliliq
dayerine gore diger terevezlerden ¢ox ferglenir. Masalon, qida kimi istifade etdiyimiz
cugundurdan 2 dafs artiq qidaliliq dayarins malikdir. Tarkibinds hemginin, mineral duzlar, 18 %
hall olan inulin, fruktoza, mikroelementlar, C, B: vitaminlari ve karotin ds vardir.

Topinamburun bir ne¢o faydali xiisusiyyatlorine do nazer salaq:
Torkibinda saxladig1 inulin vasitasilo orqanizmdan toksiki maddsler xaric edilir;

Hoazm prosesinin aktivlosmasinds inulin komoak edir;

v
v
v" Davaml istifadesinds insan orqanizminde immuniteti artirir;
v" Bagirsaqdaki mikfloraya xos tesir bagislayir;

v" Madb qicqirmasinin, iirekbulanmasinin, qusmanin qarsisin alir;
v" Son olaraq agir metal duzlarini insan orqanizminden temizlayir.

Sokorli diabet xastalori {iglin topinamburdan preparat kimi istifade edilo bilar. Masalon:
topinambur qurusu 1,5 litr suda demlenir, giin i¢cinde hamin msahlul igilir. Bu mahlul ganda
sokarin miqdarim azaldaraq madealt1 vezin fealiyystine effektiv tosir edir. Hom ds hemoqlobi-
nin qanda miqdarin: ytiikssldir.
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Topinamburun siresinden de acqarma icmek bas agrisina, arterial tozyigs, made qicqur-
masina miisbat tasir gostarir.

Yerarmudu eyni yerds tokrarsiz uzun miiddst arta bilar, xasteliklers az meyillidir, soyuq-
dan va quraghqdan qorxmur, praktik olaraq istenilen torpaqlarda bite bilar.

Yerarmudunun bir sira forqlondirici xiisusiyyetlori kigik fermer tosorriifatlarinin ve
istehsalcilarin maragina sebeb olmusdur: kok yumrularmin bdyiik mehsuldarhigr ve yasil
kiitlonin yertiistiino shomiyyetli ¢ixis1, aqrotexniki becormade aza gane olmagq, asag1 torpaq
mohsuldarhiginda sabitlik, kend teserriifat1 bitkilori zerarvericilori vo xastsliklor, homginin alaq
bitkilori arasinda reqabat.

Topinambur kifayst gedar boyiik miqdarda quru madda (20%- @ gadar) 6ziinds saxlayir.
Bunlarin 80%- o goderi fruktozanin polimer homologlari (eloco de, inulin) olur. Inulin
polisaxariddir, hanst ki, onun hidrolizi - fruktozalarin- diabetlor tiglin zorarsiz sokerin
alinmasina gatirir.

Topinambur selliiloza ve mineral elementlarin, hamginin quru maddaye gora (%-ls) domir-
10,1; mangan- 44,0; kalsium- 78,8; maqniya- 31,7; natrium- 17,2 zengin dastini 6ziinds saxlayir.

Topinamburun vegetativ orqanlarinda olan karbohidratlarin miqdarma ise asagidaki
cadvalda baxaq.

Cadval 1. Topinamburun vegetativ organlarinda karbohidratlarin miqdari (quru kiitlesi %-1s)

Quru Spirtde hall olunan sakarlar (%-1a) Suda hallolunan
Sort madds Monosaxaridlar Oliqosaxaridlar Comi karbohidratlar (%- Nisasta
(0/0-13) 19) (0/0-13)
Yarpagqlar
Agerkon 29,91 2,54 2,74 5,28 1,44 2,44
Vadim 32,60 2,61 12,02 14,63 13,25 0,67
Saplaqlar
Agerkon 38,67 3,15 5,85 9,00 17,69 0,26
Vadim 34,12 4,13 6,91 11,04 27,72 0,44

Yerarmudunu basqa toravezlerden fruktoza ve onun polimerlarinin unikal karbohidrat
kompleksi ayirir: inulin v fruktooliqosaxaridler. Inulin- tok tebii polisaxarid kimi, 95%- i
fruktozadan ibaretdir(Fataliyev H.K. vo b. 2014, soh 201).

Inulin madada manimsanilmir, lakin bir hissasi mads sirasinin turs miithitinde qisa fruktoza
zancirloring vo hansi ki, gan yolu il giron fruktozanin alave molekullarma dagilir.

Inulinin insan organizmine xeyirli tesiri onun madaye diisme anindan baglayir ve béliin-
moklo bitir. Inulin hezm yoluna diigerak, qan yolu ils giren fruktozanin slave molekul fermentls-
rins, qusa fruktoza zancirine ve duz tursusuna pargalanir. Boliinmemis inulinin bir hissesi tez
¢ixarilir, ¢linki orqanizm tigiin lazim olmayan boyiik miqarda lazimsiz maddaler- agir metallar,
radionuklidloer, xolesterinin kristallari, piyli tursular, elaco do gida ilo orqanizme diismiis vo
yaxud bagirsaqlarda yasayan xastalik toraden mikroblarin hayat fealiyyati prosesinds yaranmis
miixtolif zoharli kimyavi birlosmaler orada toplanir. Bundan slave, inulin bagirsaq divarmin
ixtisaretmo qabiliyystini shamiyyetli deraceds stimullagdirir, géze carpacaq dsraceds hezm
olunmanus qgida ve zererli maddslerin organizmden temizlonmasini siiretlondirir. Inulinin
antitoksin effekti - topinamburda olan selliilozanin tasiri hesabina giiclenir.
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Bagirsaglara yapismis qisa fruktoza zencirini ve qanda temizlenme funksiyasmi yerine
yetirmoays davam edir, organizmden maddsler miibadilesinin zarerli mahsullarin1 ve xarici
miihitden diismiis kimyevi birlosmalarin ¢ixarilmasin yiingiillosdirir.

Inulin probiotiklori mode-bagirsaq sisteminin mikroflorasim aktivlesdirerak, spesifik
dayisikliklora yol acan selektiv fermentlosdirilmis gida olavaleri qrupuna aiddir. Bagirsaglarda
probiotiklerin oan azi biri terafinden selektiv sokildo metobolizo oluna bilirler, arasdirmalar
gosterdi ki, fruktanlarin va inulinin fermentasiyas: bifidobakteriyalar populyasiyasin artimin
aktivlesdirir.

Saglam bakteriyalarin mikroflorasimi artirmaq tigiin giindslik taleb olunan inulinin miqdar:
2,5-10 qr toskil edir. Inulin eyni zamanda zerarli bakteriyalarm artimina manes tdratmoklo,
immunitet sisteminin fiinksiyalarmi stimullasdirir bundan olave B qrupuna aid vitaminlorin
sintez olunmasina bazi mineral maddalarinin udulma seviyyasinin artirilmasina sebab olur.

Miisyyon olunmusdur ki, 10 qr inulin alave olunan qidalar garaciyerds yag istehsalina
azaldial tesir gosterir. Diger naticelarde ise inulinin miqdar1 artiqca xolesterol ve trigliserid
saviyyesinin azalmasi miisahids olunmusdur. Nazik ve kor bagirsaglarin PH-n1 azaltmaqla Mg,
Ka, Mn, Zn kimi mineral maddalorin monimsesnilmasini artirir.

Topinamburdan hazirlanmis un ve ya kok yumrularindan alinmis toz saklinde inulin, profi-
laktiki vo bir ¢ox xostaliklarin miialicasi tiglin bir vasito kimi ABS - da ve Avropada genis istifado
edilon uygunlagdirilmis probiotiklerin terkib hissalerinden biridir. inulinden gida slavesi kimi
istifado edilmasi vitaminlorin sintezini stimullagdirir vo miidafienin immun mexanizmini ak-
tivlesdirir.

Inulinin bir sira mdvcud istehsalat iisullarmmn analizi perspektivli texnologiyalar: agkar
etmaye icaze verir. Yerarmudunun kok yumrularimn kristallasmasindan ve qurudulmasimndan
inulinin alinmasi tisulu daha maghurdur. Bu mashur tisulda 80 — 85° C temperaturda 1 - 3 daqiqe
arzinde stiziilmiis ziilal ve rengli maddslar uzaqlagdirilir, yerarmudunun xirdalanmig kok
yumrularmndan iss fiziki - mexaniki tisulla alimis suda hall olan ve olunmayan lifli maddalerin-
dan sira aldos edilir. Daha sonra sironin alinmis filtratin1 molekulyar kiitlasi 6500 - den ¢ox olan
yiiksekmolekullu inulin tsbistli maddalerden ve icibos liflorde ultrafiltrasiyanin kémayi ils
kolloid - dispers maddalarden temizlayirlar.

Alinmis konsentrat: suda holl edirler ve diafiltrasiyaya maruz qoyurlar. Burada konsentrat-
da inulin y18ilir, asagimolekullu ve geyri - tizvi qarisiqlar ise ultrafiltrata kegirlor. inulinsaxlayla
moahlulu 50 — 60° C temperaturda 30 - 40 daqiqe arzinds slageds olmali olan ve mahlula slave
edilmis aktivlesdirilmis komiirle isiqlandirirlar. Bundan sonra komdirii sentrifuqa vasitasi ilo ora-
dan ayirirlar. Rangsizlasdirilmis mahlul buxarlandirilir ve alinmis mahlulda 4° C temperaturda
inulin kristallagdirilir.

Bize malum olan bu tisulda inulini yerarmudunun tezs yigilmis xammalmin sirasinden
alirlar, ancaq bu tisul bize farmakologiyada ve tibbde istifade {i¢lin olan, molekulyar kiitlasi
5000-6000 olan tamiz kimyavi inulini almaga icaze vermir. Inulinin tomizlsnmasinda ultrafiltrasi-
yadan istifades {i¢tin xiisusi filtrlorin vo membranlarin mévcudlugu taleb edilir ki, bunlar da
sonaye istifadasi tiglin algatmazdir. Bundan basqa, yerarmudunun membranlarda ultrafiltrasiya-
nin va filtrasiyanin komayi ilo tomizlonmesi inulini 6ziinds saxlayan yiiksakmolekullu tebii
polimerlardan - ziilal ve pektinlorden tam azad etmays imkan vermir.

Inulinsaxlayici mehlulun malum {isulla alinmast iigiin yerarmudunun kok yumrulari miiay-
yan hacm suda yuyulur, yoxlanilir, sonra dilimlsre béliiniir, dilimler qurudulur. Qurudulmus
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dilimlar 50 - 60 mikron nazikliys qader tytdiiliir. Alnmis yerarmudu ununu 50 — 60° C
temperaturda qaynar suda hamcins konsistensiya (topalarsiz) alinana qgadar qarisdirirlar. Sonra
alds olunmus suspenziyanin komponentlarini 1 : 4 nisbatiyloe 80 — 85° C temperatura goadar
quzdirirlar. Suspenziyam 50° C - ya gadar soyudurlar vs filtrasiya eden hisss vasitasile ayirirlar
vo yaxud sentrifuqa vasitesilo hisseloro ayrilaraq maye fazadan berk fazaya kegirilir. Emal
prosesini 0,5 - 1 saat arzinda 50 — 60° C temperaturda aparirlar. Bels alinmis inulinsaxlayict mah-
luldan galacakdes inulinin maghur texnologiyalar1 iizre fruktoza - qliikozali sirop hazirlan-
masinda istifads edilacok.

Ancaq inulinsaxlayict mahlulun renginin aydinlasdirilmasindan sonra boyiik ¢atinlik
aktivlesdirilmis komiira diisiir ki, burada komiiriin hissaciklari filtrasiyaeden parca vasitasilo
kegib asas filtrata diisiir. Mahlul giiclii ranglonmis olaraq qalir ve son mehsulun rengliliyins,
hamginin inulinin keyfiyystine ve ondan alinmis inulinsaxlayict mahlula bels tasir edir.

Yuxarida geyd etdiyimiz iisullarla yerarmudundan alinmis inulin ve basqa fruktozasaxla-
yic1 moahsullar bir sira catismazlhiqlara malikdir. Yerarmudunun kék yumrular: boyiik migdarda
sokorli madds 6ziinds saxlayir (eloce do inulin). Yerarmudunun emali zamami onun kok
yumrularmu iri dilimlsrle kasirlar, ¢iinki onlarin qurudulma prosesi biraz ¢otinlik yaradir,
dilimlar yapisir, ona gora do daim qarisdirilmalidir. Bu halda avadanligin isi do ¢atinlasir, enerji
istehlaki boytiytir. Bundan slavs, boyiik dilimlar oksidlosme hesabma qaralir ve bu da son
moahsulun solgunlasdirilmasi zamani daha ¢ox say telab edir.

MBshlula inulinin ¢ox da boytiik olmayan ¢ixis1, mehsulun xirdalanmasi zamani onun 50 - 60
mikrona gador iiytidiilmesini miiayyan edir.

Suspenziyanmn hazirlanmasma 50 — 60° C - dan yiiksak olmayan temperaturdan baslayirlar,
ancaq ekstraksiya prosesinin kegirilmasi tigtin 80 — 85° C - ya godar macburi isitmani hayata
kegirirlor. Amma bu halda mehlula fruktozanin maksimal ¢ixis1 tiglin ekstraksiyanin miiddati
azaldilir. Bu tisulda inulin - pektin konsentratmin alinmasmdaki ¢catismazhiq pektinin kigik ¢ixast
ve onun qisa keyfiyyet xarakteristikasidir.

Yerarmudunun kompleks emal {isullarindan bize malumdur: yerarmudunun yuyulmasy;
buxarla tomizlenmasi; slave temizloms; kosmsa; silme; tursu slave edilmis su ilo boliinmiis
fazalarda ¢ixarilma; xlorlu kalsium daxil edilmakls ekstraktin tomizlonmasi; qaynatma; yavasca
soyudulma; 60 deqige gozloms; ¢okiintiiniin ayrilmasi ve sentrafuqa vasitasile hissalors ayrilma;
inulinsaxlayict mahlulun alds edilmasi.

Buradaki catismazlhq ise tomizlenme marhelssinds pektin maddalarinin itmasidir. Bundan
basqa, inulin mahlulunun oksidlosmasi hidrolize gatirib ¢ixarir ve bu da miivafiq olarag,
azalmaya sabab ola bilar.

NOTICO

Inulin diinyada senaye miqyasinda an genis istifade olunan prebiotikdir. Diinyada illik
inulin istehsalinin hacmi 100 min tondur. Tacriibi olaraq biitiin senaye inulini topinanburdan
deyil, kasnmnin kokiimeyvelarinden almir. Baxmayaraq ki, onlarda inulinin miqdar1 teqriban
eyni olur.

Topinamburun kok yumrularmin gida dayeri makro ve mikronutrientlorin, yeni inulin,
pektin maddalari, gida lifleri vo mineral elementlarin yiiksak fizioloji funksional mezmunu ilo
sortlondirilir.
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Topinamburun kék yumrularindan xammal istehsal etmak {igiin istifadenin perspektivliyi
fizioloji qiymatli mehsulu miisyyen edir. Teassiif ki, inulin ve gida liflari hal-hazirda méveud
olan texnologiyalar iizrs son mahsulun maya dayerinde miikemmalliys malik deyil ve
hamginin, yiiksak keyfiyyatli komponentlarin alinmasin tomin eds bilmir.
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PE3IOME

B aaHHOIT paboTe IPOBOAMAOCH cpaBHUTEABHOE M3ydeHNe KMHeTUKN u3MeHenust pH rokasareas,
obpasosanuss H202 1 CO2 B 3aBMCMMOCTI OT IOTAOIIEHHOI 4036l IIpu paauoanse TXB cogepkariero Tpancgop-
MaTOpHOTO Macaa B IpUCyTcTBuM 1 6e3 HaHo y-Al2:Os o AevictBueM y usaydenus. Ilpu paguoanse oboux cuc-
teM (TXB+ Tpancdpopmaroproe macao u TXB+ TpancpopmaTopHOe Macao +HaHO-Y-Al20s3) paananOHHO-XMMU-
geckuit Bpixog CO2 yMeHbIIaeTcss ¢ POCTOM McX0AHOM KoHmeHTpanuyu TXB, x0T mpy HaAMYMM HAHO YacCTHUI]
3HaYeHNsl pajyalioHHO-XuMudeckoro Beixoga CO:2 craHoBUTHCA MeHbIe. B pasarmane or CO2 paamanyoHHO-
XMMIYecKre BBIXOAbl oOpasosaHmsl H202 pacTyT ¢ mossimenneM ncxoAHol koHneHTtpanuert TXB, HO nx 3Have-
HIISI MeHBIIIe B IIPUCYTCTBUM HaHO-Y-Al2Os.

Karouesbre caoBa: TpaHcpopmaTopHOe Macao, 1,2,4-tpuxaopbensos, HaHO-y-Al0s, pagumoamns, paaua-
IIMOHHO-XUMMIYECKUIT BBIXOJ,
RADIOLYSIS OF TRANSFORMER OIL IN PRESENCE OF TRICHLORBENZEN AND NANO-y-Al20s
ABSTRACT

In this work, a comparative study of the kinetics of changes in the pH indicator, the formation of H202 and
CO2 depending on the absorbed dose at the radiolysis of TCB containing transformer oil in the presence and
without nano-y-Al2Os under the action of y radiation was carried out. During radiolysis of both systems (TXB +
transformer oil and TXB + transformer oil + 0.1g of nano-y- Al20s), the radiation-chemical yield of CO2 decreases
with an increase in the initial concentration of TCB, although at the presence of nano-particles, the values of the
radiation-chemical riels of CO2 become less. Unlike CO, the radiation-chemical yields of H20: increase with an
increase in the initial concentration of TCB, but their values are less in the presence of nano-y- Al2Os.

Keywords: transformer oil, 1,2,4 — trichlorobenzene, nano-y- Al20s, radiolysis, radiation-chemical yield.

BBEJAEHUE

Vurepec x pagnoansy tpuxaopoensosa (TXB) n TXb cogeprkarero TpaHcpopMaTOpHOTO
MacJa CBsA3aH C TeM, YTO OH sIBASIeTCsI KOMIIOHEHTOM TeXHIYeCKOTo TpaHC(POPMaTOPHOTO Macaa
«CoBT0a-10» co cocrasoMm 40 60 KoHreHepos XaopupopaHHbIX Oudennaos (IIXb), mmpoxo
UCII0AB3yeMOTO B DHEpPIeTYeckOM CeKTOpe B KauecTse AndAeKTpudeckon >kuaxkoctu. Iloma-
sdanve TXB B OKpyXKaroIlyio cpely MOXKeT IIPOMCXOAUT IIPU peMOHTe TpaHc(OpMaTopoB,
UCIIOAB3YIOIINX «IIepeKpecTHOe» 3arpsi3HeHHOoe Macada. VI3-3a BBICOKOM TOKCMYHOCTU U
CIIOCODHOCTY OMOAKKyMYASAIIMHU B XKMPOBBIX KAeTKaX OpraHuaMa yeaoseka Irponssoactso I1Xb
MaceA pekpalieHo B KoHIe 80-1x roos rpoiaoro seka. Hecmotpsi Ha 9TO, MX CTII0Ab30BaHe
AO CHX TIOp IPOAOAXKaeTcs Bo BceM Mupe. Tpaanimonnas ymmansanusa IIXb macea 1 orxog0B
Ha X OCHOBe IIPOBOAVIANMCH BBICOKOTEMIIEpATypPHBIM CXKUIaHMEM WX B IIEMEHTHBIX U
CIIelMaAbHBIX CKOHCTPYMPOBaHHBIX Iledax. Ho m3-3a BO3MOKHOrO 0OpasoBaHMAAVOKCUMHOB U
{ypaHOB B OTXOASIIMX Ta3axIIpM BBLICOKOTEMIIEPATYPHOM CKMIAHUU CHABHO yMeHbIIIaeT
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3.U. Uckendeposa

BO3MOXKHOCTb HPUMEeHeHIADTIXTexHoAormit. IlosToMy B mocaesHme T1ogpl  yBeAMIMAOChH
JCIIOAB30BaHNe APYIUIX CIIOCODOB,ABASIONIVXCS OTHOCUTEABHO BHKOAOTMYECKMMM UMCTBIMIL.
Cpean HUX paAMallIOHHO-XMMIYeCKasl TeXHOAOIMsl CTaHOBUTLCA OoJee IpUBAeKaTeAbHOI,
KOTOpasl TI03BOAsIeT IIPOBOANUTE IIPOLIeCC AeXAOPUPOBaHNs Macea IPY HUBKUX TeMIlepaTtypax,
0e3 AOpOIMX peareHTOB I OOecriednBasl IIOXKapo- U B3PBIBOOIACHOCTD IIpollecca M MOAYINUTD
I10Ae3Hble XuMIrdeckue IpoayKThl. [1]. Vimeetcs psia pabot [2,3],B KOTOpOM u3ydeH paanoan3
TXB B IIXb coaepskariiero Macaa. YcTaHOBA€HO, 4TO ITpeoOaajaromiux KoHueHTpauysix ITXb B
cmecu ¢ TXB B ocoBHOM 11poncxoant pasaoxenne ITXb Moaekya, 4To 00yca0BaeHO OAM30CTBIO
KOHCTaHT CKOPOCTeI STUX MOAEKYA C COAbBATUPOBAaHHBIMU DAEKTPOHaMI. [4].

ITockoapky «CoBT0a-10» cogepkut okoao 10% TpuxaopOeH30aa, IIpeacTaBAseT UHTepecC
U3ydeHne paAroAnTIdeckoro pasaoxenus TXB B cpege TpaHcdOpMaTOpHOro Macla U
U3BICKaHVe YCAOBMII IIOBBIIIEHMS CKOPOCTM €ro pasaoxeHms 1nipu paguoanse TXb
cojepskaliero Macaa. B psge paGot mokasaHO MCIIOAB30BaHME HAHO YacTUI] AASl TIOBBIIIEHIA
9P PEKTUBHOCTY PAAVIOAUTIYECKOTO Pa3A0KeHIsT TOKCUYHBIX IIpYIMece], Takie KakK (peHOABI 1
ITXb [3-6]. Ocobo caeayeT OTMETUTH He4aBHO BHIIIOAHEHHYIO paboTy [6] B KOTOpOI HpPOBOAU-
A0Ch M3y4eHMe BAVSIHNS raMMa-00aydeHns 40301 40 68 KI'p Ha oOpaszoBaHye MOAEKYASIPHOIO
BOAOpPOJa 1 YIA€BOAOPOAHBIX Ta3oB. YcTaHOBAeHO, 4To AobaBKa 40 ppm IIXB B TpaHcdopma-
TOpPHOE MacA0 NPUBOAUT K He3HAYUTEAbHOMY POCTYy paauallVIOHHO-XMIMMYECKOTO BhIXOAA
Bogopoda ot 0, 24 a0 0,27 moaexya/100 3B, Toraa kak go0aBaeHNe HaHOYACTUI] TaMMa OKIICh
aZIOMHILS BBI3BIBAaeT 3HAUMTeABHOE ITOBBIIIIEHNIe BBIX0Aa Bogopoda A0 0,9 moaekya/100 sB.

B aanHHOII paboTe IIPOBOAMAOCH CpaBHUTEABHOE WU3ydeHUe KUHEeTMKM N3MeHeHms: pH
nokasareas1, oopasosanusa H202 u COz2 B 3aBMCMMOCTH OT IIOTAOIIEHHOMN A03BI IIPU pajuioAn3e
TXDb cogepkartero TpaHcpopMaTOpHOro MacAa B IpucyTcTsun HaHo y-AlOs 1moa aevictsueM y
U3AydeHns 1 Oe3 Hero.

METOAUNKA DKCITEPUMEHTA

Venoavzosaan 1,2,4-tpuxopbensoa, moaydenssiit kommanueiir EMD Millipore Corporation,
I'epmannst (aHaans, maomaapr% > 98,0%, maoraocts (d 200C / 40C-1,453-1,456). VicrioapzoBaHO
ceexee TpaHcpopmaTopHoe Macao T-1500.

OOGayyenne aspupoBaHHBIX 00pas1oB (5 Ma) IPOBOANAOCH IO/ AEMCTBIEM Y- U3AY4eHIs
or n3orona “Co B CTaTMYECKMX YCAOBMSX B CTeKASHHBIX aMIryaax (50 Ma) Ipy KOMHaTHOM TeM-
niepatype. MOIITHOCTb ITOTAOIIEHHOI 403bl OIIpeaeasan MeToAoM (peppocyabdaTHO A031MeT-
pun, KoTtopas coctabasaa 0.21 I'p/c. DkcIieprMeHTEI ¥ COOTBETCTBYIOIINIE M3MePeHIs IIPOBOAI-
AVICh B TeUEHME ABYX MeCsLeB. PaaraiiioHHO-XMITIecKre BbIXOABI OpeaeaeHsl mpu A4o3e 4 kI'p.

Vsmepenne pH nokaszateas riposoguan pH-merpom, anaans COz mpoBoguan Ha ra30BoOM
xpoMmarorpadge mapkmu Agilent Technologies-7890 A ¢ aerekropamm: TCD- okmcan yraepoaa,
H20: — tutposannem. Vicrioar3osana HaHO-y-Al:Osor ¢gupmer SkyspringNanomaterials, Inc. ¢
grictoToit 99,99%, pazmepom HaHo-9acTuIl 50 nm 1 cogepskanuemy- ¢passl 99,32%.

PE3YABTATHBI 1 X OBCYXKAEHUE

Ha pucynke 1 npeacrasaens 3asucumoct pH mokasarteas OT IOTAOIIEHHON AO3bI IIPU
paanoanse TpaHCcPOPMATOPHOTO Macda IIPHM pasdHBIX MCXOAHBIX KoHHeHTpamusix IIXB, B
YCAOBIAX COAeprKaHue Macaa 5 M4, KoardectBo HaHodactuil 0, 1 r. Toukm Ha pucyHKax ImpeAcraBa-
SIIOT CODOM CpeAHIOIO BeANUMHY OT TpeX M3MepPeHNI, CpeAHsIs ITOTpelTHocTh coctaBaseT 20%.
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Paouorus mpancpopmamopnozo macra 6 npucymcmeuu Tpuxaopbensora u Hano-y-Al2Os

pH pH
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Pucynok 1. 3asucumocts pH rmokasaTe s OT MOIAOILEHHON 40351 a) IIpu paanoause TXB cogepskarriero Macaa
1 6) TXB+ TpancdpopmaTopHOe Macao + 0,1r Haro-y-ALO3(5-ppm (), 15- ppm (m), 40- ppm (A)).

IToaydeHHBIE pe3yAbTaThl HpUCTaBAeHbI Ha pucyHKe 1 (a, O).

YcTaHOBAEHO, 4TO KIMCAOTHOCTL MacJa yBeAUdMBaeTcs B 0OOMX cAydasiX, HO IIpUCYTCTBIe
HaHO-y-ALOs mpuBoAUT K OOA€ee CABHOMY POCTY KMCAOTHOCTU. B 9TOM cayuae crammoHapHas
BeAM4MHA KICAOTHOCTU Aocturaercs yxe npu D=10 xI'p, To ecth ona gocruraercsa B ~ 7 pa3
MeHbIIle go3aX. Kpome TOro, ckopocTs yBeAndeHns KUCAOTHOCTH PacTeT C IOBBIIIeHNeM KOH-
tenrparun TXb B TpaHcpopmaTOopHOM Macae, 4TO OOYCAOBAEHO ITOBBHIIIIEHNEM CKOPOCTHU
aexaopuposanus TXB npy oTHOCUTeABHO ero GOABIINX KOHIIEHTpaIIsX.

Apyroit BO3MOXKHBIV ITyTh YBeAMYeHMUs KUCAOTHOCTM IPY OOAy4eHMM BbIIIeyKa3aHHBIX
ClICTeM SIBAAETCA OKMCAEHUe OCHOBHBIX KOMIIOHEHTOBCMeCU TpaHC(POPMaTOpPHOIO Macaa
pacTBOpeHHBIM  KMCAOPOAOM. Macao crocoOHO MOrAomiaTh M PacTBOPATH 3HAUMTeAbHbIE
KOAMYeCTBa BO3Ayxa 1 Apyrux ra3os. [Io nmerommmcs ganueiM B 1 cm® Macaa Iipy KOMHATHOM
TeMreparype pactsopsercs: asora 0,086 cm3: kucaopoga 0,16 cm® yraekmcaorsr 1,2 cm3. Ilpn
9TOM KICAOPOA, He TOABKO PpacTBOPsETCs, HO M XMMIYECKM COeAVHSeTCs C MacAoM, oOpasyst
IIPOAYKTBI OKMCAEHVA[7].

Pagnoantiueckoe npeppaienue TXb o0ycaoBaeHO paanoansoM TpaHCPpOPMaTOPHOTO
MacJa, uMerolee IIpeodAalaiollyi0 9AeKTPOHHYIO ILAOTHOCTh B 0oDAydaeMoll cucreme. ITpu
HaAVMYMY HaHO-4aCTULL IIPOMCXOAUT TakKe ydacTue HePaBHOBECHBIX HOCUTeAeN 3apsJoB -
DAEKTPOHOB U ABIPOK, OOPa3yIOIIMXCs Ha IIOBEPXHOCTY HAaHO-4aCTHI] B IIPOLIECCaX pa3A0KeHIs
KOMIIOHEHTOB TpaHC(pOPMaTOPHOTO MacAa.

TpancopmaTtopHOe Maca0 MMeeT CAOXKHBIN YIAeBOAOPOAHBIN COCTaB CO CpeAHeM BecoM
Moaekya 220-340 a.e., M COAEP>KUT CAeAyIOIyie OCHOBHbIe KOMITOHeHTHI: napadpunbl 10-15%,
Ha(pTeHbl MAN HyKAonapaduusl 60-70%, apoMartideckue yraesogopoast 15-20%, acdaabpto-
cMoauctele BelriectBa 1-2%, cepHuctole coeauHeHmst <1%, asotmctele coeavneHus <0,8%,
Ha(preHOBbIe K1cA0THI <0,02, aHTHMOKMCAUTeABHAs Iprcaaka (1oHoa) 0,2-0,5% [7].

Paanoans OCHOBHBIX KOMIIOHEHTOB TpaHC(POPMaTOPHOIO MacJa U3ydeH C HpVMeHeHUeM
METOAOB MMITyAbCHOTO PaAMOAN3a C DAEKTPUIECKON U OITUYIECKOV Perucrpanyen 1 IyTem
onpejeAeHns CTaOMABHBIX IIPOAYKTOB peaKlyy 91eKTpoHOB. OOBIMHO B KayecTse aKIeIITOPOB
9AEKTpOHa Mcroab3yercs andenna. OCHOBHBIMU ITPOAYKTaMI paAyoAN3a H-TeKCaHa SIBASIOTCS
paaukaasl CeHis, CiHy, CHz, C2Hs, CHs, a nukaorekcana mmkao-CeHi. CymMapHbIe BBIXOABI
paaukaaos coctaBAsioT 5-6 gactuii/100 ®B. OCHOBHBIM MOAEKYASPHBIM IIPOAYKTOM Pajuioansa
TeKcaHa SIBAseTCsl MOAeKYASPHBINI BOJOPOA, KpOMe TOTO ¢ OOABIIMM BBIXOAOM OOpasyloTCs
rekceH-1, rekceH-2 (muc-tpaHC) u gogekaHsl (G>0,5 Moaekya/100 B). OcHOBHBIM HPOAYKTOM
paanoAn3a IMKAOTeKCcaHa TakKe sBASIeTC MOAEKYASPHBIN BOAOPOA U C 3aMEeTHBIMM BBIXOAaMU
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00pa3yIoTcsl TakKe ITUKAOTeKceH 1 gunykaorekcua (G~2-3 moaekya/100 sB). B oramaun or
rekcaHa M UMKJAOTeKcaHa, apoMaTH4ecKue YIAeBOAOPOABl XapaKTepU3yIOTCS  BBICOKOM
PaAMaIIOHHOM CTOMKOCTBIO. BhIxoa Bogoposa mpu paamoamnse OeH304a COCTaBAseT BCETO
G=0,039m02exya/100oB.  OOpaszopaHMe IIOAMMEPHBIX ITPOAYKTOB  IIPOMCXOAUT  Ooaee
s¢ppextnBHO G=1,1 Moaeky/100sB [8].

M3-3a Huskoit 9aexkrponHoi naotHoctu IIXB B cocrase TpaHcdoOpMaTOpHOIO Macaa OHU
pasaararorcsl TOABKO B peakIIVsIX aKTMBHBIX JacTHII, OOpa30BaHHBIX IIPY PailOA3e OCHOBHBIX
KOMITOHEHTOB MacJa. /s npumepa HIKe IIPUBOAATCA KOHCTAHTBI CKOPOCTM KOHKYPEHTHBIX
peaxIii aTOMOB BOAOPOJa C MOAeKyAaMy OeH304a, IIKAOTeKcaHa 1 rekcaHa [8].

H+ CsHuu— CgHys + H, k=1,510% 2 moap™" c!
H+ CeHiz— CgHi5 k~6107 2 moap! ¢!
H+ CsHs— C¢H, k=1,810% 2 moap" ¢!

Kak BumgHo, »TM peakuum XapakKTepu3yIOTCA AOBOABHO BBICOKMM 3HaueHMeM KOHCTaHT
CKOpOCTeil 1 B YCAOBMSIX MpeoOaajaloliell KOHIIeHTpalluy YI1eBo40pOA0B, aTOMbI BOAOpOJa B
OCHOBHOM PacxOAyIOTCS B PeaKLVsIX C HUMIL.

AHa/z0rmyHasi CUTyalys MMeeT MeCTO C YIAeBOAOPOAHBIMU pajyiKaia — IIPOMeXKYTOUHBIMI
JacTUllaMy paanoAn3a KOMIIOHEHTOB TpaHcpopMaTopHOro Macaa. OHu, cKopee Bcero, TMOHYT B
peakIsIX ¢ MOAeKydaMi yTAeBOAOPOAOB MAM B peakisix pekomOuHaluu. [Ipeanoaoxurean-
HO, uTO 3a IpeBpaitieHns ITXb MoaeKya OTBeTCTBeHHBI DAeKTPOHBI, UTO IpeACTaBAsSeTC s BepOsIT-
HOM I13-3a BLICOKOTO 3Ha4eHIs CpOACTBa aToMa K 94eKTpoHy. [Ipu 06aydyenun tpancgpopmarop-
HOTO MacJa DHeprus M3AydeHus MOrJolleHHas MOAeKyAaMy aAKaHOB U IMKJAOa/AKaHOB Ilepe-
AaeTcs K MOoAeKylaM OeH304a M3-3a €0 OTHOCUTeABHOTO MaAol DHepIuy BO30Y>KAeHNs U IIpu
9TOM CKOPOCTh VX pa3A0KeHIs1 yMeHblaeTcs. VI3BecTHO, 4To IpM paaroansy cMeceil aaKaHOB
11 OeH30.1a BBIXOABI MOAEKYASPHBIX IIPOAYKTOB He OAYMHSIOTCS K 3aKOHY aAAUTUBHOCTH [8]

Haaunane pacTBopeHHOIO KICA0pOAa B TpaHC(POPMATOPHOM MacAe IIpY BO3AEVICTBIM TaM-
Ma M3AydeHUsl IPUBOAUT K OOpa3d0oBaHMIO YIAEKMCAOIO Ta3a U HepeKUCH BOJopoJa, MAEHTU-
(purpoBaHHBIE HAMM DKCIIEPYIMEHTaAbHO.

Ha pucynke 2. mpeacraBAeHbI 3aBMCUMOCTY KOHIIEHTpaIy YIA€KICAOTO ra3a OT IIOIAOIIeH-
Hol A03bI IIpu paamoanse TXD cogepxkaiiero TpaHcOpMaTOpHOIO MacaO B IPUCYTCTBUE
HaHO-y- ALOs 1 Ge3 eé mipucyTcTBusa npu pasHbix KoHneHTparsix TXb. Kak suaHo us pucyHka
2. (a) xoHueHTpanys oopasyrommxcsa COz OBICTPO pacTeT C IIOBBIIIEHNEM AO3BI M AOCTUTaeT
CTalMIOHAPHYIO KOHLIEHTpaiuio pu ao3ax~4 KI'p npu konnenrpauysax TXb B nnrepsaae 5-40
ppm. AHaAOTMYeCKMII X0/, KMHEeTUIeCKIX KPUBBIX HaDAI0AaeTcs TakKe B IIPUCYTCTBIIM HaHO-Y-
AlLOs (pucyHok 2. (0)), HO craumoHapHble KoHIeHTpauyyu CO: MeHbIlle, yeM paauoanse
romorenHoi1 cuctemsl TXB — TpancdopmaropHoe Macao, T.e. Haamaue HaHO-y- AlOs TpuBOAUTS
K YMEHBIIIeHIIO CKOPOCTH peaKLM OKMCAeHNS MacAa.
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Paouorus mpancpopmamopnozo macra 6 npucymcmeuu Tpuxaopbensora u Hano-y-Al2Os
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Pucynok 2. 3asucumocts koHteHTpanyy CO2 OT IOTA0IIEeHHOI 40351 a) Ipu paanoanse TXB coaepskaitero Macaa u
6) TXB+ TpancdpopmaTopHOe Macao + 0,1r Hano-y-ALOs3(5- ppm(e), 15- ppm (m), 40- ppm (A)).

ApyroM IIpOAYKTOM OKMCAEHMS SBASETCS IePeKuch BOAOPOJa, AO3HAs 3aBUCHMOCTD
KOTOpOI1 ITpeacTaBAeHa Ha pucyHke 3 a, 0. Kak BugHO, 1ocae pe3koro pocra KOHILIEHTpaln
TIePEKICH BOAOPOAa 40 TIOTAOIIEHHON A03bI ~30K['p €€ 3HaueHIsI yMeHBIIAIOTCS C IIOBBILIeHIEM
AO3bl, TIO-BUAMIMOMY,133a Y4aCTISI IIePeKICU BOA0OPOAa BO BTOPMYHBIX peaKIIVsIX.
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Pucynok 3. 3asucumocts KonnjeHTpauyy HoOz oT nmoraorenHoit 403el a) mpu paguoaunse TXb cogepskariiero
Macaa 1 6) TXb+ rpancdpopmaroproe Macao + 0,1r HaHo-y-ALOs3(5- ppm(e), 15- ppm (m), 40- ppm (A)).

Kaxk B caygae obpasosanms CO: ckopocts obpaszosanmst H2O2 Tak ke yMeHbIIIaeTcs B IIpH-
cyrcTsum HaHO-Y-AlOs B cucteme.

B tabaure 1. Ilpusesens! sHadeHns paanaroHHo-xummdeckite Bpixoabl CO2 n H202 ipn
paanoanse romorenHoit cMecn TXB  cogepskapmiero TpaHcpOPMAaTOpHOIO Macaa U
TeTepPOTeHHON CICTeMBI BhIIIeYKa3aHHOM cMecu B HpUCYTCTBuU HaHO-y-ALOs mpu pazamyHbIX
ncxoaHbIx KoHneHTpauysix TXb B ipegeae 5-40 ppm.

Tab6amza 1. Paguarnuonso-xummdeckue exodsl H202 1 CO2 mpu paanoanse cucrem TXB+
TpascpopmatopHoe Macao u TXb+ Tpancdopmaroproe macao + 0,1r HaHO-y-ALOs3

G, mo2ex/1005B
IT)?EZ TXB+ tparcdopmaroproe macao (5ma) | TXB+ tpancdpopmaropHoe Macao (5 ma) + 0,1r Hano-y-AlOs
CO2 HO» CO2 HoO»
5 1,78 47 1,26 3,55
15 1,39 54 0,66 411
40 1,18 6,0 0,47 542

Kak BugHo, B pagmoanse 000X crcTeM pagualyioHHO-xuMumdecknit Bpixog CO2 ymeHslna-
eTcs ¢ pocToM 1cxoaHo KoHeHTpanyuu TXB, XoTs1 mpu HaAramuy HaHO YacTULT 3HaYeHIs paju-
aLMOHHO-XUMMYeckoro Beixoga COz2 cTaHOBUTHCST MEHBIIIE.
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B pazanune or CO2 pagnanmoHHO-XMmdecKkye BEIXoAbl o0pasosanmst H2Oz pactyT ¢ oBeI-
IIIeHreM 1cXxoAHo kKoHteHTpanyert TXB, Ho 1x 3HaueHysI MeHbIIle B IPUCYTCTBIM HaHO-Y-ALO:s.

Paguoans TpancgpopmMaTOpHOTO Macaa B HMPUCYTCTBMYM HaHodactui] raMMa AlQOs mpomuc-
XOAUT 1o-Apyromy. Takast cMech ITpeacTaBasieT cOOOi ABYX(PA3HYIO CHCTEMY, COCTOSIIYIO U3
TpaHcOPMaTOPHOIO Macda U HaXOASIIMXCS Ha AHe aMITyAbl HaHodacTulALOs. B sToM caydae
paAMalMOHHO-XMMMYeCKIe IIPOIIecchl IIPOMCXOAAT B I'OMOTeHHOM (pase Ha ITOBEpXHOCTHU Ha-
HOYaCTUIL U B agcopOuposaHHOM caoe. COraacHO COBpeMeHHBIM ITpeAcTaBAeHNIM, BO3AelICTBIe
ramma-usaydenne Ha AlLQOs mpuBoauT K 0Opas3oBaHuio 94eKTpoHHBIX (F* 1 F) m apipounbix
uenTpos (V, V¥, V?2) [1]. OgHako gaHHbIe O poAU DTUX YaCTUL] B PaAIOAUTIYECKOM Pa3A0KeHn
aAcopOMPOBaHHBIX XAOpapOMaTUYeCKIXCOeAVHEHNII OTCYTCTBYIOT, U ®Ta IIpoOJeMa TpeOyeT
AOIIOAHUTEABHOTO MCCAeAOBAHMSL.

3AKAIOYEHUME

ITpu paanoanse obonx cucrem (TXb+ Tpancdpopmaroproe macao u TXb+ Tpancdpopmarop-
Hoe Mac40 + 0,1r Hano-y-Al:Os) paguanonHo-xuMmdeckuit Bbixod CO2 yMeHbIIIaeTcsl ¢ pOCTOM
ncxoaHoM KoHneHtpaiuy TXDB, XoTs mpu HaAWMYMM HAHO YacTHUI 3HAYEHMS! paAMalliOHHO-
xummyeckoro Bpixoda CO:x cranHoButhest MeHbllle. B paszamume or CO: paamaniioHHO-XMMU-
geckue BbIxoabl H202 pacTyT ¢ mosslieHneM 1cxoaHon KoHIleHTpaneir TXb, Ho ux 3HaueHNs
MeHbIIIe B IIPVICYTCTBIY HaHO-Y-ALO:s.

YcTaHOBAEHO, 4TO KICAOTHOCTh MacAa yBeAdMBaeTcst B 00OMX cAydasiX, HO IIPUCYTCTBIe
HaHO-y-ALOs mpuBoAUT K OOA€ee CABHOMY POCTY KMCAOTHOCTU. B 9TOM cayuae crammoHapHas
BeAM4MHA 3HAYeHs KIUCAOTHOCTH aocturaercs yxe npu D~10 kI'p, To ecTth OHa agocTuraercst
pu ~ 7 pa3 MeHblIe 403ax. Kpome Toro, ckopocTs yBeAnmdeHns KUCAOTHOCTY pacTeT C IOBbIIIIe-
nueM koHueHrtpauuu TXbB B TpancpopmaropHOM Macae, 4TO OOyCAOBAEHO IIOBBIIIIEHVEM
ckopoctu gexaopuposanys TXB 1ipy 0THOCHTeABHO ero 00ABIINX KOHIIEHTPAIIAsIX.
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ABSTRACT

In the course of the study, the germination ability of heteromorphic seeds of 5 varieties of Chenopodium quinoa
Willd. was studied depending on their size (small and large) and color variety (light and brown). Germination of seeds
was carried out in an incubator at a temperature of 20-25°C under laboratory conditions 2 years after collecting seeds
from the experimental field. Seedlings were counted daily 14 days before sowing, and normal and abnormal
germination rates were calculated. Studies have shown that light and brown large and small heteromorphic Q3 seeds
have the same germination capacity. Variety Q5 showed higher germination of small brown seeds. Despite the fact that
the Q4 seeds differed from other seeds in their large size, their germination rate was low. The results show that high
germination of seeds depends on storage conditions, quality, size and color, as well as the thickness of the seed coat.

Key words: Chenopodium quinoa Willd., heteromorphism, seed germination, seed size, seed color

KUR-ARAZ OVALIGININ (AZORBAYCAN) AZMOHSULDAR TORPAQLARINDA INTRODUKSIYA
OLUNMUS CHENOPODIUM QUINOA WILLD. SORTLARININ HETEROMORF
TOXUMLARININ CUCORM®O QABILIYYOTININ OYRONILMOSI

XULASO

Tadqiqat zaman1 Chenopodium quinoa Willd. néviiniin 5 sortunun heteromorf toxumlarmin 6lgiilarina (kicik ve
boyiik) ve reng miixtalifliyine (aciq ve gehvayi) goraciicarms qabiliyyati dyrenilmisdir. Toxumlarmn ciicerma qabiliyyeti
toxumlar tacriibe sahesinden toplanildiqdan 2 il sonra laboratoriya seraitinde 20-25°C temperaturda inkubatorda
aparilmugdir. Ciicartilor toxum skildikdan 14 giin arafssinds giindalik olaraq sayilmis, normal ve abnormal ciicorma
faizi hesablanmisdir. Tadqiqat gosterdi ki, Q3 sortunun agiq va tiind rengli boytiik ve kicik heteromorf toxumlar1 eyni
clicorma qabiliyyetine malikdir. Q5 sortu ise kigik tiind rengli toxumlar1 daha yiiksek clicorma qabiliyyeti niimayis
etdirmisdir. Q4 sortu toxumu diger toxumlardan 6lglisiiniin boyiik olmasina gors ferqlanmasine baxmayaraq asag:
clicormo faizi gostormisdir. Naticolor gosterir ki, toxumun yiiksek ciicorma qabiliyysti onun saxlanma seraitindan,
keyfiyyatindan, 6l¢ii ve rangindan, toxum qgabig1 qalmhigindan asihidir.

Acar sozlar: Chenopodium quinoa Willd., heteromorfizm, toxumun ciicormosi, toxum 0lgiisii, toxum rongi

VICCAEAOBAHUE BCXO>KECTU TETEPOMOP®HBIX CEMSIH COPTA CHENOPODIUM
QUINOA WILLD., MIHTPOAYIIMPOBAHHBIX B MAPTIHA /IbHBIE IIOUBAX
KYPA-APA3CKOW HU3MEHHOCTU (ASEPBAN 2K AH)

PE3IOME

B xoae mccaeaoBaHIs M3ydaau CITOCOOHOCTH K ITPOPACTaHMIO TeTepoMOp¢HEIX ceMsH 5 coptos Chenopodium
quinoa Willd. B saBucuMocTM OT MX pa3Mepa (MeAKMiI UM KPYIIHBIN) M I[BETOBOTO pa3HOOOpasus (CBETABI U
kopuaHesBbnit). [IpopammBanue cemsH TpoBoAMAM B MHKyDaTope Iipu Temmepatype 20-25°C B aabopaTOpHBIX
YCAOBIIX depe3 2 roja mocae cbopa CeMsH C OIBITHOTO ITOAsA. BCcxoab! oAcYmTHIBaAM eXXeJHeBHO 3a 14 ameit 40
TI0CeBa, a TakXKe PacCUMThIBaAM HOPMaAbHYIO ¥ HEBHOPMaAbHYIO BCXOXKecTb. VccaeaoBaHMsI 1TOKa3aAl, 9TO CBETAbIEe U
TeMHBIe OOABITIVIe ¥ Me/AKue TeTepoMop¢Hble ceMeHa Q3 MMeIOT 0AMHAKOBYIO BexokecTs. CopT Q5 mokasaa Ooaee
BBICOKYIO BCXOXKEeCTh MeAKMX TeMHBIX ceMsH. He cMoTps Ha TO, 4To ceMeHa Q4 OTAMYAAUCH OT APYTUX CeMSH CBOUM
60ABIIIIM pa3MepoM, X BCXOKECTh ObLla HIU3KOM. Pe3yAbTaThl ITOKa3hIBaIOT, YTO BRICOKAs BCXOKECTh CEMSH 3aBUCUT
OT yCAOBMIT MX XpaHeHMs1, KayecTBa, pa3Mepa 1 11BeTa, a TakKe TOALTUHBI CeMeHHOM 000109KM.

Karouesnie caosa: Chenopodium quinoa Willd., rerepoMopd1aM, BCXOXKeCTb ceMsTH, pa3Mep CeMsH, LIBET CeMsTH.

133



Khatira H. Gasimova

INTRODUCTION. Quinoa (Chenopodium quinoa Willd.) is a pseudocereal cultivated in the
Andes region for thousands of years for its highly nutritive grain. It is known to grow well under
extreme ecological conditions including drought and soil salinity, making it important for
diversification of future agricultural systems [1]. Its grains are rich in minerals (K, Ca, P, Mn, Zn,
Cu, Fe and Na), dietetic fibers and vitamins C and E [2; 3]. These nutritional qualities have
turned quinoa into a reference crop, adaptable to various worldwide growing conditions
becoming an option to increase food security [4; 5].

Seed is the most important component in crop establishment, with direct impact on crop
performance and productivity [6; 7], and the seed research on quinoa is rather incipient. In
contrast to other cereals like bulgur, Indian wheat and amaranth, studies of the morphological
and color features of C. quinoa seeds are very scarce [8; 9]. In the Chenopodium species, were
noted seeds of different quality in terms of maturity, germination, germination energy, and
dormancy. Seed heteromorphism has been studied in detail in C. album; this species develops
seeds of 3 types, different in shape (flat, less flattened, almost spherical), color (light brown or
black), the presence or absence of gloss, the thickness of the seed coat [10; 11].

In the course of evolution, the ability of some plant species to produce different types of
seeds in a single plant, i.e. seed heteromorphism, has been mostly observed in those species
distributed in semi-arid, saline and other unfavorable environments [12; 13]. Heteromorphic
seeds often differ in colour, shape and mass, and are frequently accompanied by differences in
dispersal, germination characteristics, dormancy behaviour, ability to persist in a seed bank and
seedling growth [14]. Heteromorphism of fruits and seeds in size and color was noted for all
varieties grown in KES, except for Q1, in which both large and small seeds are light, but the seed
coat is often two-colored, with brown spots. The biology of seed germination is a part of the
general biology of the plant, reflecting its formation and development in connection with
environmental factors. The fruits and seeds of the Amaranthaceae species differ by biology of
seed germination [15; 9, p.7]. The main purpose of the study in this article is to determine the
germination rate of small and large light and brown C. quinoa seeds.

Material and methods

Study area. This experiment was carried out in Kurdamir Experimental Station (KES) of the
Institute of Botany, ANAS, located on the right side of BakuTbilisi highway, in the middle part of
Kur-Araz lowland, 7 m a. s. L., during 2015-2018. In Azerbaijan quinoa was firstly planted in KES
in 2015. The laboratory experiments and trials were also conducted in the greenhouse of the
Institute of Botany to clarify the relevant mechanisms (Fig. 1). Soil has clay heavy texture, mostly
moderate to high salinity (EC=6-12 dS m-1) with chloride- sulphate type, low organic matter (<
12-15 ppm) content. Soil had high swelling potential due to montmorillinitic clay minerals and
low structure stability. Volumetric water content for field capacity and wilting point were 0.42 g
g-1and 0.23 g g-1. Shallow water (1.5-2.1) with mineralization 5-14 g 1-1 was available.

Planting of C.quinoa accessions. Quinoa plant germplasm - five selected salt tolerant quinoa
lines marked as Q1, Q2, Q3, Q4, Q5 were obtained from International Center for Biosaline
Agriculture (ICBA). Each accession was planted in six field trials. The plot size was 2 x 3 m, and
distances between plots in two directions were 1.2 m and 2 m. The distance between the rows
was 60 cm, depth of planting was 1 cm, density of seedling was two seeds per cell 98 per plot as
recommended by ICBA. All trials were conducted in three replications. The plots were hand
harvested when seeds were at physiological maturity and contained 20 to 30% water [16; 17].
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After processing, they were stored in Kraft paper bags under refrigerator condition at 3°C for
periods of 2 years. Prior to germination testing, small and large seeds of Q1-Q5 KES accessions
stored in the refrigerator were determined by dimensions. To do this, a collection of 3 repetitions
of 100 seeds of each variety was scanned using an Epson scanner and measured with an Image]
[18] and GrainScan [19] programs. Statistical analysis of the results obtained with the Image]J
program was conducted in Excel 2016. For the germination tests, Petri dishes were cleaned and
rinsed with distilled water, and were autoclaved at 120°C to minimize contamination. Seeds
were selected and manually graded to eliminate any that were damaged or deformed. We
evaluated four replicates of 50 white and brown seeds (large and small seeds) for germination. It
should be noted that the amount of brown seeds is many times less than the white ones. For
germinate test we used Agar method [20]. Prepared agar pour into the labelled Petri dishes (9sm
diameter). The thickness of the substrate should be twice the thickness of the seeds. Then the
seeds arranged equidistantly on the surface of the agar. Covered the dishes with their lids and
placed them in an incubator maintained at the recommended temperature for the species. The
experimental treatments included alternating temperatures of 25°C (day) and a controlled
temperature of 20°C under darkness.

Results and discussion

The morphological characteristics (diameter) of Q1-Q5 KES white seeds were determined by
Image] analysis, and according to the results of the analysis, the seeds of different varieties of
Quinoa are heterogeneous. The seeds were divided into 4 groups according to their size and
percentages were determined (Table 1). As can be seen from the table, seeds of Q1, Q2 and Q3
have a diameter of 2-2.50 mm, seeds of Q4 and Q5 - 2.50-3 mm, and only seeds of Q4 variety
larger than 3 mm in diameter have a higher yield. Quinoa seeds presented an average diameter
of 2.05 mm and average width of 1.07 mm, characterized as a round and flat seed [21]. Spehar &
Santos (2002) [22] observed that quinoa seeds have a cylindric, flattened shape and size varying
from 2 to 2.5 mm diameter and 1.2 to 1.6 mm width, corroborating with the results of this study.
Medina have also reported a major diameter of 2.55 mm and a minor diameter of 2.46 mm for
the Kamiri and Blanca de Juli varieties [23]. All these reported studies established that quinoa

seeds were variable in shape and size.
Table 1. Size of seeds used in the study.

Seed size (diameter)
Accessions 0,62mm | 2-250mm | 2,50-3 mm 3<mm
Q1 16 76 8 0
Q2 31 69 0 0
Q3 6 62 31 1
Q4 1 22 43 34
Q5 2 46 52 0

Seed germination is the crucial stage in life cycles of many plant species and for the annuals
growing in unpredictable environments, the germination strategy may be the most significant
factor determining seedling survival and the maintenance of their populations from one year to
the next [24; 25].

Germination percentage of seeds was carried out on large and small white seeds, the results
of which are clear from the graphs below. Q5 is higher (56%), Q2 and Q3 are equal (46%) for
normal germination of large seeds. In Q4 abnormal (24%) germination was higher than normal
(16%) germination, while in Q1 there was no normal germination (0%) (Fig.1 B). Germination of
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small seeds Q5 (60%) has a higher percentage of germination than large seeds. In Q2 and Q3,
normal germination is more than abnormal germination, while in Q4, germination is lower than
normal germination as before. 7% abnormal germination is observed in Q1 (Fig.1 A). Large seeds
often have high reserve mass which is stored in the embryo and/or endosperm, consequently,
seedlings derived from large seeds are usually larger and may have higher seed output [12; 26].
The variation in dormancy level between heteromorphic seeds also exerts influence by extending

the germination period of these species and the formation a seed bank for the long-term
recruitment of seedlings [27; 28].
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Fig 2. Germination rates brown small (A) and large (B) seeds of Q2-Q5 KES accessions in laboratory conditions (20-
250C)

Germination percentage of seeds was carried out on large and small dark (brown) seeds, the
results of which are clear from the graphs below. Normal large-scale germination was observed
in brown seeds at the end of 6 days. Large seeds Q3 (81.3%) have higher normal germination
than Q2 (69.5%) and Q5 (52.9%). Accession Q4 (0%) without germination. Germination of small
dark seeds in Q5 variety (95.2%) has a higher percentage of germination than in large seeds, as
well as in light seeds.Dark small (80.8%) and large (81.3%) Q3 seeds almost showed similarity
germination. Normal germination was observed in accession Q2 (57.7%), and abnormal

germination was observed in variety Q4 (10.3%). Dark seeds were not found in accession Q1
(Fig.2 A, B).

In conclusion, this study showed that the heteromorphic seeds of C. quinoa have different
germination rates. Studies show that the light and dark large and small seeds of Q3 have the
same germination rate, while the light and dark large seeds of Q2 have a high germination rate.
According to the results of the Image] and germination analysis, the seeds of Q4 variety showed
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a low germination rate despite being larger than other varieties. At the same time, germination
was not observed in large brown seeds.Small brown and light colored seeds of Q5 accession
showed high germination capacity than that large seeds. From this it can be concluded that in
order to have a high germination rate, it is not enough to have a large seed, and it is important to
have a high quality seed.The most obvious morphological differences between heteromorphic
seeds are often in their seed coat structure and seed size. Thickness of the seed coat plays an
important role in germination, as it may restrict water uptake and/or gas diffusion, and prevent
radicle protrusion [29; 30]. According to previous results seeds of quinoa Q1, Q3, Q4, Q5
accessions provided for sowing had high laboratory germination (71-85%), except for sample Q2
(0%). Freshly collected seeds of all samples, including Q2, sown in Petri dishes under laboratory
conditions at room temperature (24-25 °C) began to germinate after 7 hours and showed high
germination rate (95-100%) through 16 hours [17]. The reason for the short dormancy of the
seeds are, apparently, the peculiarities of metabolic processes. This type of dormancy is shallow
endogenous physiological and is characteristic of many members of the Amaranthaceae family
[31; 32]. A comparative analysis of the studies shows that the presence of seeds of brown large
accessions Q2, Q3, Q5 (KES) is higher than in light seeds.It should be noted that although both
light and brown colored seeds used for germination testing had the same shelf life, higher
germination was observed in brown colored seeds.According to the literature, brown seeds seem
to be more advantageous in harsh and unpredictable conditions [12], thus production of a high
proportion of the brown morph may have an adaptive value in semi-arid environments. Based
on the cited literature and the results obtained, it can be said that the percentage of seed
germination depends on the size and color of the seed, the thickness of the seed coat, the quality
of the seed, the shelf life and conditions [33; 34; 35]. Seed heteromorphism is thought to be a
selective advantage for plant species inhabiting harsh and heterogeneous areas and to enable
such species to allocate limited resources to different seed types in response to variable
environments.
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ABSTRACT

The lincomycin and chloramphenicol action on activity of electron transport chain of PS II was studied. The
investigations were conducted on etiolated seedlings of Triticum aestivum L. having an enhanced content of
reactive oxygen forms generated by Cd?" and Co?" ions at toxic concentrations. The experimental seedlings were
transported to water medium and to medium containing a blocators. It was shown that in water medium in expe-
rimental seedlings the restoration of PS II activity was observed, the presence of blocators sharply suppressed an
activity of ETC of PS II. The lincomycin action was unsignificant and was mentioned only under presence of Co?*
ions.

It is assumed that chloramphenicol blocking a resynthesis of proteins lead to disbalance between inactivation
and new centers resynthesis.

Key words: photosystem II, transport electrons, fluorescence, heavy metals, chloramphenicol, lincomycin.

DOPEKT MHIMBUTOPOB BEAKOBOI'O CMHTE3A HA BOCCTAHOB/IEHUME
AKTUBHOCTU ®C 11 TIOCAE AEVICTBVSI TSIKEAABIX META//10B

PE3IOME

Ornpeaeasiavt AeVICTBYIE AVHKOMUITUHA M XA0paMQeHNKO1a Ha aKTMBHOCTD 9AeKTpoH TpaHcrioptHoit rerm PC II.
VccaeaoBanmst TpPOBOAMAN Ha AMCTBAX DTHOAMPOBAHHBIX ITPOPOCTKOB Triticum aestivum L. MIMEIOIINX ITOBBIIIIEHHOE
cojep>KaHue peaKTVBHBIX POPM Kicaopoa reHepupyeMbix noHaMy Cd? mn Co?* B BBICOKMX TOKCUYECKVX KOHIIEHTpa-
msix. Habaroaaaocs magenne @C I oIBITHBIX ITPOPOCTKOB B BOAE B TeUEHUN U IIPYCYTCTBIY 010KaTOpoB. OIBITHEIE
IIPOPOCTKM TIePEHOCUANCH B BOAHYIO Cpeay U B Cpedy cojepiKamiylo 610kaTopsl. ITokasaHo, 4To B BOAHOIT cpele B
OIIBITHBIX ITPOPOCTKaX HabA104a40ch BoccTaHoBAeHMe aktmHOcTH @C II Torga kak mpucyTcTBre 010KaTOPOB Pe3KO
noaasas40 aktusHocTh DT OC II. JevicTBre AMHKOMUIIMHO OBLIO HE3HAYUTEABHO M BBIPAa3MAOCh AUIID B IPVCYTC-
TBUM ¢ MoHOB Co?.

ITpeanoaaraercs, 4ro XxA0paMeHnKoA OAOKUPYs PeCUHTe3 OeAKOB, IIPUBOAUT K A1cOaaHCy MeXAy MHaKTBa-
LIMelT M CMHTE30M HOBBIX LIEHTPOB.

Karouesnie caosa: ¢porocucrema II, TpaHCIIOpT 94eKTpoHa, (PAyOpecIieHIT s, TsoKeAble MeTalAbl, XAopaM¢eHn-
KO/, AMHKOMULIVH.

AGIR METALLARIN TOSIRINDON FS II-NIN AKTIVLIYININ BORPASINDA
ZULAL SINTEZ INGIBITORLARININ EFFEKTI
XULASO
FS II-nin elektron naqliyyat zencirinin aktivliyine linkomisin ve xloramfenikolun tesiri miisyyen olunmusdur.

Tadqiqatlar yiiksek qatiligl toksiki Cd? ve Co?* ionlari ilo generasiya olunmus oksigenin reaktiv formalari ilo zangin
olan etilo olunmus bugda clicarti yarpaglarnda (Triticum aestivum L.) aparimigdir. FS II-nin ENZ-nin aktivliyinin
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zaiflomasi miisahida olunur. Tacriibi clicortilor su miihitins ve blokator miihitina yerlasdirilir. Gostorilmisdir ki, su
miihitinds tacriibi ciicarilords FS II-nin aktivliyinin reduksiyasi, lakin blokatorlar olan miihitds iss FS II-nin ENZ-nin
aktivliyinin darhal zsiflomasi miisahids olunur. Linkomisinin tesiri ciizi olub, yalniz Co** ionunun istirak: ils ifade
olunur.

Forz edilir ki, xloramfenikol ziilaln resintezini bloklagdirir, inaktivasiya ve yeni merkez sintezlori arasinda
disbalansa sabab olur.

Acar sozlar: fotosistem II, elektron nagliyyats, fliioressensiya, agir metallar, xloramfenikol, linkomisin.

Introduction

The abiotic stresses affects to all processes of plant photosynthesis and in response it the
formation of oxidative stress is observed. The decline of photosynthetic activity is known to be
due lipids peroxidation, damage of proteins, nucleic acids and accordingly a damage of
thylakoid membrane [1; 2]. The reactive forms of oxygen generating under oxidative stress,
accumulated in chloroplasts influenced, in the first turn to function of PS II and on its main
manganese complex — MniOsCa-cluster [3; 4]. The D1 protein being core of membrane protein
complex of reaction complex of PS Il undergous fast light-dependent turnover, that made of PSII
state unstable to stress factors [5; 6; 7; 8]. The fall of PS II activities is regards as result of balance
violation between its restoration and damage. These processes in intact cells take place
simultaneously [9; 10; 11]. The optimal rate of photosynthesis realized at limited range of light
intensities. The light energy absorbed by photosynthetic apparatus is not fully scale used by
photochemical reactions. This leads to disbalance between absorbed light quant and its
realization in the photosynthesis. The generation of ‘O, Oz" and H:0: are quickly accelerated,
given state in plant organism is observed under action of other stress factors [12].

The stresses induced by heavy metals (HM) suppressed the photosynthetic effectivity on
several levels [13; 14]. HM, included to photosynthetic ways of electrons transport on many
points influenced on photochemical activity of electrons transport [15]. In the case when
electrons transport excessed of needs normal metabolism molecular oxygen is restored to
reactive form, inducing oxidative stress [16]. ROS target is thought to be D1 protein that realized
primary functions of charge separation and discharge of electron of reaction center chlorophyll.
ROS blocked the D: protein synthesis de novo on the protein translation level [17; 18; 19]. The
degradation and resynthesis of D1 protein is a processes significantly fast in comparison with
other thylakoid proteins and it is impossible to detect of new synthesized proteins involment in
chloroplasts to restoration of photosynthetic activity [20]. For these question widely are used the
protein synthesis blockade such as chloramphenicol, that join with big subunit 70S of ribosome
blocked its peptidyl-transferase activity or lincomycin — an inhibitor chloroplast-encoded protein
synthesis [21; 22].

The given paper to envisaged the definition of protein synthesis block role in restoration of
PS II ETC under raised content of ROS.

Material and methods

Object. The 7-8 days of etiolated wheat seedlings (Triticum aestivum L.) greening 24 h on
periodic illumination (250 mkV/sm?) were used in experiments. Seedlings were grown in water
medium at factorostate conditions.

Experimental conditions. Seedlings with unformed structure of chloroplast were submitted
to HM toxic action in order to create an oxidative stress and enhanced content of ROS in cells of
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plant with aim: 1) The seedlings were incubated during 48 h in dark and 24 h on light in solution
containing a) CdCL (10°M); b) CoCl2 (10°M); 2) for determination of restoration degree of ETC
PS II these seedlings were transferred to water on 24 h; 3) for determination the role of synthesis
of chloroplast proteins block at restoration of ETC the seedlings were transferred to 5 and 24 h to
solutions containing a) chloramphenicol (10pg/ml); b) lincomycin (100 ml water/300 mg/ml).

Method: The functional activity of PS II was evaluated on the base of induction transitions
of kinetic curves of delayed light fluorescence in millisecond range (msec DF Chl a), reflecting of
partial reactions of electron transport chain of chloroplast PS II [23].

The measurements were conducted on fluoremeter included phosphoroscope such way that
excitation was following by 1.25 ms of dark and 0.3 ms of registration of delay light emission.

Results.

In the leaves of etiolated seedlings, greening during 24 h the activity of ETC of PS II was
smaller than in mature leaves (Fig. 1). The structure of chloroplast such seedlings not formatted
fully and has the remainders of prolamellar body, that are the signs of ethioplasts [24]. To create
in chloroplasts the increased content of ROS the ethiolated seedlings were incubated in solutions
containing Cd?* and Co?" during 48 h in dark and 24 h on light. The changes of induction
transitions on kinetic curve of msec DF Chl a shows on destabilation of ETC of PS II on donor
(f.ph) and acceptor side (sl.ph). The f.ph value was decreased on 2.3 time under Cd? action and
on 1.9 time under action of Co?* (Fig. 1).
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Fig. 1. The change of donor (f.ph —a) and acceptor (sl.ph — b) sides of electron transport chain of PS Il in seedlings leaves
1) control; 2) etiolated (24 h on illumination); 3) etiolated, incubated (24 h) in Co? solution; 4) and in Cd* solution.
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For determination of possible restoration of ETC in seedlings, treated by Cd?* and Co?* their
incubation in water medium without HM was carried out. The restoration of ETC activities after
5 h of incubation was determined on induction curves. In case of Cd absence the f.ph value
increased to 1.1 time and value of sl.ph to 1.2 times. Under incubation of experimental seedlings in
water medium at the absence of Co?* the activity of f.ph was restored after 5 h on 1.8 times and sl.
ph —to 1.4 times. After 24 h incubation the increase only sl.ph on 1.8 time was observed (Fig. 2).
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Fig. 2. Activity changes of electron transport chain of PSII (f.ph— a; sl.ph — b) in leaves of etiolated seedlings incubated
in solution: 1) Co?* and Cd?, greening for 2 h; 2) incubated at water for 5 h; 3) for 24 h.
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The restoration of ETC activity of PS II was determined under presence of protein synthesis
blocators. Under incubation of tested seedlings in chloramphenicol solution on the induction
curve of msec DF Chl a the drop of ETC activity after 5 h on donor side (2.7 time) and acceptor
side (2.5 times) in presence of Co?* was recorded. The decrease of f.ph value was found to be 2.9
times, value of sl.ph — on 2.5 time. The some rise of sl.ph after 5 h incubation in presence of Cd?
was mentioned, that decreased to 24 h to 2.9 times (Fig. 3).
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Fig. 3. Changes of activity electron transport chain of PSII (f.ph— a; sl.ph — b) in leaves of etiolated seedlings
submited to action 1) Co? and Cd?" at presence and absence of lincomycin; 2) after 5 h; 3) after 24 h.
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At incubation of tested seedlings in lincomycin solution an effect of fall the activity of ETC,
observed at action of chloramphenicol was absent.

The state of ETC activity at this case was identical to seedlings, incubating in water without
HM (Fig. 4). Increasing of f.ph and sl.ph was observed at all variants.

msee DIFChle

Fig. 4. The activity changes of electron transport chain of PS II (f.ph- a; sl.ph — b) in leaves of etiolated seedlings,
subjected to action 1) Co? and Cd?** at presence and absence of chloramphenicol; 2) after 5 h; 3) after 24 h.

Discussion

Action of Cd* and Co* on seedlings with unformed structure of chloroplasts caused an
inactivation of PS II. The toxicity of Cd?* is known to cause the loss to certain degree an activity of
donor side of ETC. It is in accordance with available data that the damage sites of Cd?* at the PS
I chain is in the main its donor side [25; 26; 27]. The observed greatest fall of acceptor side
activity of ETC. Under action of Co* is accordance with assumption that target for its inhibiting
side is determined of acceptor side of PS II [28; 29]. The oxidative stress induced by HM,
generated ROS leads to formation of longliving P680* and TyrZ radicals that damaged their
protein surrounding weakened an electron transport between P680* and TyrZ. Apart of this ROS
disturbing of acceptors Qa-Qs function leads to formation of singlet oxygen and inactivation of
acceptor side of PS II [30; 31; 32]. In seedlings subjected to action of Cd and Co under incubation
in water without HM the restoration of fluorescent characteristics was observed. At the case of
absence in medium of Cd? greatest restoration of fluorescent characteristics was observed. The
greatest restoration of activity of ETC was obtained at the case of Cd?* absence in medium. The
leaves having more high organization of internal membranes are highly sensitive to Cd? toxicity
than developing seedlings. For Co* fast accumulation in all compartments of plant cell is
characteristic.
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The incubation of tested seedlings in water medium without HM probably decreased the

ROS generation and accordingly the D: protein degradation where primary function of charge
separation is take place [8, p. 2].

The electron transport chain of PS II state under action of HM at presence of protein syn-

thesis blocators evidenced upon strong inhibiting effect of chloramphenicol (Fig.).

The chloramphenicol action to testing seedlings at the presence of HM leads to strong lost of

activity ETC of PS II. The effect of the activity suppression of ETC PS II observed under action of
chloramphenicol in variant with lincomycin was absent.

The assumption can be made that chloramphenicol suppressing the protein D1 resynthesis

de novo, destructed by ROS to disturb the equilibrium between reaction centre of PS II inactiva-
tion and synthesis of new centers.

10.

11.
12.
13.

14.

15.

16.

17.

18.

REFERENCES

Asada K. Radical production and scavenging in the ch loroplasts. In: Baker N.R. (ed) Photosynthesis and the
Environment, Kluwer Academic Publishers, Dordrecht, The Netherlands, 1996.

Panda S.K., Chaudhury I, Khan M.H. Heavy Metals Induce Lipid Peroxidation and Affect Antioxidants in Wheat Leaves.
Biologia Plantarum, Vol. 46, issue 2, p. 289-294, 2003.

Mittler R. Oxidative stress, antioxidants and stress tolerance. Trends in Plant Science, Vol. 7, p. 405-410, 2002.

Renger G. and Renger T. Photosystem II: The machinery of photosynthetic water splitting. Photosynth. Res., Vol.98 (1-
3), p. 53-80, 2008.

Andersson B., Eva-Mari Aro (eds.). Photodamage and D: protein turnover in photosystem II. Regulation of
Photosynthesis, 2001.

Seidler A. The extrinsic polypeptides of Photosystem II. Biochim. Biophys. Acta, Vol. 1277, p. 35-60, 1996.

Dekker ].P., Boekema E.J. Supramolecular organization of thylakoid membrane proteins in green plants. Biochim.
Biophys. Acta, Vol. 1706(1-2), p. 12-39, 2005.

Ohira S., Morita N., Suh H.-J,, Jung J., Yamamoto Y. Quality control of Photosystem II under light stress — turnover of
aggregates of the D1 protein in vivo. Photosynthesis Research, Vol. 84, issue 1-3, p. 29-33, 2005.

Vass 1. Molecular mechanisms of photodamage in the Photosystem II complex. Biochim. Biophys. Acta, Vol. 1817(1), p.
209-217, 2012.

Takahashi S., Badger M.R. Photoprotection in plants: a new light on photosystem Il damage. Trends Plant Sci., Vol. 16(1),
p- 53-60, 2011.

Barber J. Photosystem II: the engine of life. Quarterly Reviews of Biophysics, Vol. 36, Nel, p. 71-89, 2003.
Scandalios J.G. The rise of ROS. Trends Biochim. Sci., Vol. 27(9), p. 483-6, 2002.

Joshi M.K.,, Mohanty P. Chlorophyll a Fluorescence as a Probe of Heavy Metal Ion Toxicity in Plants. Chlorophyll a
Fluorescence: A Signature of Photosynthesis. Dordrecht. The Netherlands: Spinger, 2004.

Mysliwa-Kurdziel B., Prasad M.N.V,, Strzatka K. Heavy Metal Influence on the Light Phase of Photosynthesis. In:
M.N.V. Prasad and K. Strzatka (eds.), Physiology and Biochemistry of Metal Toxicity and Tolerance in Plants,
Kluwer Academic Publishers. Dordrecht, 2002.

Babu N.G,, Sarma P.A., Attitalla LH., Murthy S.D.S. Effect of selected heavy metal ions on the photosynthetic electron
transport and energy transfer in the thylakoid membrane of the Cyanobacterium, Spirulina platensis. Acad. J. Plant Sci.,
Vol. 3(1), p. 46-49, 2010.

Gaziyev A., Aliyeva S., Kurbanova I, Ganiyeva R., Bayramova S., Gasanov R. Molecular operation of metals into the
function and state of photosystem 1I. Metallomics, Vol. 3, p. 1362-1367, 2011.

Allakhverdiev S.I, Murata N. Environmental stress inhibits the synthesis de novo of proteins involved in the photodamage-
repair cycle of Photosystem II in Synechocystis sp. PCC 6803. Biochim. Biophys. Acta, Vol. 1657(1), p. 23-32, 2004.

Meller LM, Jensen P.E., Hansson A. Oxidative modifications to cellular components in plants. Annual Rev. Plant Biol.,
Vol. 58, p. 459-481, 2007.

144



Effect of Protein Synthesis Blocators on Photosystem II Activities Recovery After Wheat Seedlings by Heavy Metals Treatment

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Aro E-M,, Suorsa M., Rokka A., Allahverdiyeva Y., Paakkarinen V., Saleem A., Battchikova N., Rintamaki E.
Dynamics of photosystem II: a proteomic approach to thylakoid protein complexes. Journal of Experimental Botany, Vol.
56, No. 411, p. 347-356, 2005.

Takahashi Sh., Murata N. How do environmental stresses accelerate photoinhibition? Trends Plant Sci., Vol. 13(4), p.
178-82, 2008.

Greer D.H., Laing W.A., Woolley D.J. The Effect of chloramphenicol on photoinhibition of photosynthesis and its recovery
in intact kiwifruit (Actinidia deliciosa) leaves. Australian Journal of Plant Physiology, Vol. 20(1), p. 33 —43, 1993.

Fristedt R, Trotta A., Suorsa M., Nilsson A.K., Croce R.,, Aro E.-M., Lundin B. PSB33 sustains photosystem I D1
protein under fluctuating light conditions. Journal of Experimental Botany, Vol. 68(15), p. 4281-4293, 2017.

Goltsev V., Chernev P., Zaharieva L., Lambrev P., Strasser R.]. Kinetics of delayed chlorophyll a fluorescence registered in
milliseconds time range. Photosynth. Res., Vol. 84, issue 1-3, p. 209-15, 2005.

I'annesa P.A., baitpamosa C.A., Aames 3.I11., I'acanos P.A. Cpasnumervras cmpyxmypnas u $yHKUUOHAALHAS
XapaKmepucmucu 00UHOUHBIX U ZPAHANLHDLX MUAAKOUO08 XAOPONAACHOs nuierulbl. PU310A0TIS Y OMOXUMI KYABT.
pacrenmii, Tom 20, No6, 1988.

Pagliano C., Raviolo M., Vecchia F.D., Gabbrielli R., Gonnelli C., Rascio N., Barbato R., Rocca N.L. Evidence for PSII
donor-side damage and photoinhibition induced by cadmium treatment on rice (Oryza sativa L.). Journal of
Photochemistry and Photobiology B: Biology, Vol. 84, p. 70-78, 2006.

Gonzalez-Mendoza D., Gilb F.E., Santamaria ].M., Zapata-Pereza O. Multiple effects of cadmium on the photosynthetic
apparatus of Avicennia germinans L. as probed by OJIP chlorophyll fluorescence measurements. Zeitschrift fiir
Naturforschung, Tiibingen, Vol. 62, issue 3-4, p. 265-272, 2007.

Faller P., Kienzler K., Krieger-Liszkay A. Mechanism of Cd?* toxicity: Cd?* inhibits photoactivation of photosystem II by
competitive binding to the essential Ca?** site. Biochim. Biophys. Acta, Vol. 1706, p. 158-164, 2005.

El-Sheekh M.M., El-Naggar A.H., Osman M.E.H., El-Mazaly E. Effect of cobalt on growth, pigments and the
photosynthetic electron transport in Monoraphidium minutum and Nitzchia perminuta. Braz. ]. Plant Physiol., Vol.15(3),
p- 159-166, 2003.

Czerpak R, Bajguz A., Chodkowski K., Popow H. Influence of nickel and cobalt on the growth and biochemical changes
of Chlorella pyrenoidosa (Chlorophyceae). Pol. Arch. Hydrobiol., Vol. 41, p. 161-169, 1994.

Pospisil P. Molecular mechanisms of production and scavenging of reactive oxygen species by photosystem II. Biochim.
Biophys. Acta, Vol. 1817, p. 218-231, 2012.

Vass L, Cser K. Janus-faced charge recombinations in photosystem II photoinhibition. Trends in Plant Science, Vol. 14(4), p.
200-205, 2009.

Gasanov R.A., Aliyeva S.A. and Mamedov F. Delayed Fluorescence in a Millisecond Range — a Probe for Donor Side-
Induced Photoinhibition in Photosystem II. In: Photosynthesis: Overviews on Recent Progress and Future
Perspectives, (Eds: Guruprasad K.N., Itoh S., Mohanty P.) Narosa Publishing House, New Delhi, India, Chapter 7,
2012.

145



JOURNAL OF BAKU ENGINEERING UNIVERSITY - CHEMISTRY AND BIOLOGY

2020. Volume 4, Number 2 Pages 146-151

UOT 635.652.654

MORCIMOK GENOTIPLORINDO (LENS CULINARIS MEDIK.)
MOHSULDARLIQ ELEMENTLORININ STATISTIK
METODLARLA XARAKTERISTIKASI

S.E. MOMMODOVA
AMEA Genetik Ehtiyyatlar Institutu
AMEA Genetik Ehtiyatlar Institutu, Azadhq 155, AZ 1106, Bak

shamsiye@bk.ru

XULASO

Todgiqat isindo yeni moarcimok kolleksiyasimn bazi moehsuldarhq gostoricileri struktur analizlori esasinda
miiqayisali tedqiq olunmusdur. Genotiplords bitkinin boyu, paxlada denin sayi, bir bitkide paxlalarin sayi, 100
toxumun kiitlasi alamatlari {izrs orta genetik miixtsliflik qeyde alinmigdir. Tadgiq olunan niimunslarin 31%-nin yiiksek
mohsuldar, 43%-nin orta mahsuldar, 26%-nin ise az mehsuldar olmasi miisyyan edilmisdir. Genotiplor arasinda Flip
2011-61, Flip 2011-41, Flip 2011-43, 10941, 10940, 10939, 10929 ve Jasmin yiiksok perspektivli niimunalor kimi
giymatlondirilmisdir.

Acar sozlar: marcimoak, mahsuldarhq, keyfiyyat, korrelyasiya.

XAPAKTEPUCTUKA EAEMEHTOB ITPOAYKTVBHOCTU I'EHOTUIIOB YEUEBUITBI
(LENS CULINARIS MEDIK.) CTATUCTUYECKMMU METOAAMMU
PE3IOME
B xoae mccaeaosaHms ObLAO IIPOBEAEHO CpaBHUTEABHOE JCCAEAOBaHME Ha OCHOBE CTPYKTYPHOIO aHaAu3a
HEKOTOPHIX ITapaMeTpPOB ITPOAYKTUBHOCTY HOBBIX KOAAEKIINII YedeBUIThL. B reHoTHIIaX OB 3apUKCPOBaHBI CpeJHIe
TeHeTHJecKe Pa3AdIs IO BBICOTe pacTeHyis, KOANMIeCTBY ceMsH B 600ax, KoAmdecTsy 60008 Ha pacreHuu u macce 100
ceMstH. 31% mccae A0BaHHBIX 0Opa3IioB OBLAV MPU3HAHBI BBICOKOIPOAYKTUBHBIMY, 43% - CpeAHeNIpOAYKTUBHBIMY, a
26% - anskonpoaykrusHeiMu. ['erotumsr Flip 2011-61, Flip 2011-41, Flip 2011-43, 10941, 10940, 10939, 10929 n JKacmusa
OBLAM OLIeHeHHI KaK Hanbo.Aee IIepCrIeKTUBHBIE 00Pa3IIbL.
KaroudeBbie ca0Ba: uedeBUITbl, IIPOAYKTUBHOCTH, KaueCTBEHHBIN, KOppeAsIIIs
CHARACTERIZATION OF ELEMENTS OF PRODUCTIVITY iN LENTIL (LENS CULINARIS MEDIK.)
GENOTYPES BY STATiSTICAL METHODS
ABSTRACT

The research has conducted a comparative study on the basis of structural analysis of someproductivity
parameters of the new lentil collections. In genotypes have been recorded the average genetic variation on plant height,
number of seeds in beans, number of beans per plant, and 100 seeds weight. 31% of the studied samples have been
determined ashigh productive, 43% were moderately productive, and 26% were low productive. GenotypesFlip 2011-
61, Flip 2011-41, Flip 2011-43, 10941, 10940, 10939, 10929 and Jasmin have been evaluatedas the most perspective
samples.

Key words: lentil, yield, quality, correlation.

Giris
Achq ve zaif gidalanma miiasir dovriin an 6nemli problemlarinden biridir. Taxillarda bazi

amintursularin mahdud miqdarda olmasi ve hayvan mensali gidalarin giymatinin yiiksak
olmasi ziilal ehtiyacinin 6denilmasinda paxlal bitkilori 6namli bir alternative ¢evirmisdir [4].

Morcimak (Lens culinaris Medik.),paxlali bitkiler igerisinde toxum ve samanma gore
becarilen ilk va an giymeatli bitkilarden biridir. Yiiksek miqdarda proteinin olmasma gorsinkisaf
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etmoakds olan olkelar {igiin vacib gidadir.Homginin 13% proteine malik samani da hayvan
yemlonmoasinde énamli bir yers sahibdir [6].

Azoarbaycanda son illorde quraghgm artmas: yagisadavamli ve quraq seraitds yetisdirilon
moarcimak niimunalarinin becarilmasine mane olur va stabil olmayan mahsuldarlq istehsalcila-
rin yeni sort axtarigia ¢ixmasina sabab olur. Yiiksok mahsuldar, quraghiga ve xoastoliye davamli,
tezyetison, hiindiirboylu, lakin yatmaya davamli, saglam govdali sortlarin yaradilmas: istehsal-
cilarm qarstya qoyduglar: asas talablardir. Bu istiqameatds miixtelif tedqiqat isleri aparilmisdir ve
aparilmaqdadir [1, 3, 2]. Yiiksok mohsuldarligla yanast bu moehsuldarlig tizo ¢ixaran digor
kemiyyat va keyfiyyat alamatlerinin da dyrenilmasi vacibdir. Marcimak dar genetik bazaya malik
oldugundan istenilan slamat {izra farqli sortlar yaratmaq ¢etindir, lakin diinya kolleksiyasindan
aldoa edilon ¢oxlu sayda genotipin toedqiqat isine daxil edilmasi bu baximdan faydali ola bilar.

Material vo metodlar

Niimunelor 2013-2016-c1 illardo AMEA Genetik Ehtiyatlar Institutunun Abseron Tacriiba
Bazasinda normal soraitde (suvarma) becorilmisdir. Sepin sxemi iizra corgoarast masafo 45 sm,
carganin uzunlugu 2 m va bitkilerarasi mesafs 5 sm togkil etmisdir.

Miisahidalor aparilmus, tohlillor 3 ilin orta gostericileri asasinda aparilmisdir. Struktur
analizinin naticalori miiqayisali tohlil edilmisdir.

Cadval 1. Marcimak niimunalarinin adi, menseyi ve kataloq ndmrasi

No Nﬁmunani.l.l ad1 vo kataloq Monsoyi o Niimunani.r.l ad1 vo kataloq Monsoyi
nomrosi nomrosi

1 Flip2010-19 ICARDA 24 Flip2011-59 ICARDA
2 Flip2010-26 ICARDA 25 Flip2011-61 ICARDA
3 Flip2010-81 ICARDA 26 Flip2011-64 ICARDA
4 Flip2010-91 ICARDA 27 10932

5 Flip2010-94 ICARDA 28 10946

6 Flip2010-95 ICARDA 29 10939

7 Flip2010-96 ICARDA 30 10943

8 Flip2010-97 ICARDA 31 Flip2011-32 ICARDA
9 Flip2010-101 ICARDA 32 Flip2011-31 ICARDA
10 Flip2011-13 ICARDA 33 10928

11 Flip2011-14 ICARDA 34 Flip2011-40 ICARDA
12 Flip2011-17 ICARDA 35 10937

13 Flip2011-18 ICARDA 36 10940

14 Flip2011-19 ICARDA 37 10926

15 Flip2011-20 ICARDA 38 10925

16 Flip2011-26 ICARDA 39 Flip2011-384 ICARDA

17 Flip2011-35 ICARDA 40 10942

18 Flip2011-37 ICARDA 41 10934

19 Flip2011-41 ICARDA 42 10929
20 Flip2011-42 ICARDA 43 10930
21 Flip2011-43 ICARDA 44 Flip2011-29 ICARDA
22 Flip2011-51 ICARDA 45 Flip2011-36 ICARDA
23 Flip2011-57 ICARDA 46 Jasmin AZORBAYCAN

Tam yetisdikdsn sonra har niimunadan 10 bitki kokiinden ¢ixarilaraq 9 ssas mahsuldarhq
elementine (bitkinin hiindiirliiyii, mshsuldar gévdslarin say, bir bitkids olan paxlalarin say1, bir
bitkide olan toxumlarin sayi, bir bitkide olan toxumlarin kiitlasi, 100 toxumun kiitlasi, bir
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paxlada olan toxumlarin sayi, paxlanmn eni ve uzunlugu) gore struktur analiz edilmis ve
miiqayisali sokilda tohlil olunmusdur.

Olds edilmis naticalor SPSS kompiiter programinin koémayils statistik baximdan tahlil
olunmus, genotiplar arasinda mehsuldarliq komponentlarinin variasiya daracasi ve bu variyasi-
yanin statistik shomiyyati ANOVA metodu ilo giymatlondirilmisdir. Olamatlor arasinda fenoti-
pik korrelyasiya hesablanmus, fenotipik alamatlore gore variasiyaya cavabdeh olan komponent-
lori agkar etmok tiglin asas komponent analizinden, niimunaler arasindaki genetik masafani
toyin etmak tigiin klaster analizindan istifads edilmisdir.

Natica

Mangeyi miixtalif olan 46 marcimak niimunasi 3 il boyunca Abseron tedgigat bazasinda
suvarilan geraitde becorilmis, niimunsalerin struktur elementlori Gyronilmis, alinmis naticalor
statistik metodlarin komayi il tahlil olunmusdur.Miihitin tesirine maruz qalan ve genis variasi-
ya haddi gosteran an hassas slamatlardan biri bitkinin hiindiirliiytidiir. Tedqiqat zamani maksi-
mum hiindiirliik Jasmin (44,7 sm), 10932 (43 sm) niimunalarinda geyds alinmigdir.

Cadval 2. Marcimak niimunslorinds bazi mahsuldarliq elementlorinin variasiya daracasi

Olamatlor Min. Maks. Orta qiymat, Orta kvadratik Statistik
* konarlanma ohomiyyatlilik
e *ok
1 “CI p?xl?ya qoder 9,0 18,7 13,8+0,11 22
hiindiirlik, sm
Bitkinin hiindiirlityti, sm 27,00 44,7 35,0+0.21 4,1 ok
R - ”
Bir bitkide olan denlerin 50,00 153,0 100,4£0.25 11
say1, odad
R ”
Bir bitkida paxlanin sayr, 50,00 167,0 104,4+0.41 246
adad
100 danin gakisi, q 2,50 52 3,6£0.15 0,6 x
Cixslarin say, adad 62,00 100,0 81,4+0.19 72 *

Digar adebiyyat mslumatlarina da ssaslanaraq, imumilikds, tedqiq etdiyimiz niimunalari
orta boylu (32-36 sm) adlandirmagq olar.

Paxlalarin ve toxumlarin sayinda kaskin variasiya qeyde alinmisdir. Belo ki, 1 bitkide olan
paxlalarin say150,0-167,0, bir bitkide olan toxumlarmn sayiise 50,0-853,0 olmusdur. Onyiiksak
paxla say1 Flip 2011-41(167,0 adad), 10943 (165,0 adad) niimunalsrinds, sn az paxla say1 ise Flip
2010-81 (50 adad)niimunssinds miisyysn olunmusdur. 1 paxlada olan toxumlarm saymn
adstan 1-2, bazi niimunsalarda ise 3adad, 100 toxumun kiitlssi ise 2,5-5,2q arasinda dayismisdir.

Digar tedgiqat islerinds 100 toxumun kiitlesinin miihitin tesirinden az asili oldugu ve
miixtalif genotiplards 1.07-8.55 qram arasinda dayisdiyi qeyd olunur [7].

Miixtalif moahsuldarhq elementlari arasindaki slageni miioyyen etmok iigiin korrelyasiya
analizi 3 ilin orta gostericileri asasinda hesablanmisdir (cadvel 3). Bitkinin hiindiirliiyti ile 1
bitkide olan paxlalarin sayi, 1 bitkide olan denin say1 ve kiitlesi arasinda yliksek shamiyyetli
miisbat korrelyasiyanin (P<0.001) olmasi askar edilmisdir. Lakin bu korrelyasiyanin
shamiyyatliliyi miixtalif deracadadir. Birinci paxlaya goder hiindiirliikile 1 bitkide olan denin
say1 vo paxlanin say1 arasinda korrelyasiya statistik baximdan shamiyyetli olmadig1 halda, bu
dlamatle bitkinin hiindiirlitiyti arasinda yiiksek ohamiyyatli (P<0.001) miisbat korrelyasiya
movcuddur. Bizim tacriibalardas 1 bitkide olan toxumlarin say1 ils paxlanin say1 arasinda miisbat,
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1 bitkide olan toxumlarin sayr ilo 100 toxumun kiitlosi arasinda iss, monfi (r = -0.093)
korrelyasiya geyda almmuisdir. Bu ise, 6z névbasinds, onu gosterir ki, toxumun saymin artmasi
100 toxum kiitlesinin azalmasina ssbab olmusdur. Dan say1 ils 100 toxumun kiitlesi arasmndaki
moanfi korrelyasiya digar tadqiqat islerinds ds geyd edilmisdir [5]. Toklu ve hamkarlar1 (2009)
yerli marcimak genotiploritizerinds apardig: tadgiqat isindetoxumlarin say1 va kiitlesi alamatlari
arasinda shamiyyatli slage oldugunu geyd etmisdir. Homginin adabiyyat malumatlarinda bir
bitkidepaxla say1, bitkide denin sayi, kiitlasi va ilk paxlanin hiindiirliiyii slamatlorinin seleksiya
kriteriyasi olaraq diggeate alinmasinin garakli oldugu da qeyd edilir [8].

Coaglarin say ils tadqiq olunan mahsuldarhq gostericilari arasinda shemiyyatli korrelyasiya
agkar olunmamuigdir.

Cadval 3. Becarilon marcimoak (Lens culinaris Medik.) niimunalarinin mahsuldarliq gostericilari arasindak: korrelyasiya

1-ci paxlaya Bitkinin Bir bitkide Bir bitkide 100 danin Cixglarin
goder hiindiirlitkk | hiindiirliiyii denlarin say1 | paxlanin say1 ¢okisi say1
1-ci paxlaya
qoder 1 0.650** 0.119 0.250 0.318* 0.020
hiindiirlik
Ditkinin 1 0572% 0471% 0.435* 0.140
hiindiirlityii
Bir bitkido 1 0,598 0.093 0.080
danlorin say1
Bir bitkids 1 0247 0,089
paxlanin say1
100 donin 1 0,05
cokisi
Cixslarin say1 1

*=P<0.05, =P <0.01, **=P<0.001

Toadqiq edilon marcimak niimunaleri arasinda dyrenilon meahsuldarhq gostericilari asasinda
klaster analizi aparilmis ve niimunsaler qruplasdirilmisdir.
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Sakil 1. 2013-2016-ci illards becarilan marci genotiplarinin morfoloji kamiyyat gostaricilarine gors qruplagmast
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Analiz 3 ilin orta qiymati asasinda aparilmis, naticelor dendroqram vasitasils tosvir edilmis-
dir (sakil 1). Dendroqramdan goriindiiyii kimi, tadqiq olunan miixtelif mengali 46 marcimak nii-
munasi 5 asas qrupda birlagmis ve har bir qrupa daxil olan genotiplarin say1 ve mansayi miixtalif
olmusdur (cadval 4).

Cadval 4. Miixtslif klasterlarda qruplasmis marcimoak niimunalarinds salamatlarin variasiyasi

- &5 £ i g £,
|ZE: 2 %8s %% 23 S
9] T g 8 © = o 5 o é = g o =
7| ggE 2 X $EZ $E% | :EE |%%§
< g 8 o E ~ T 2 o "g .g = "g o X ®
S | g§5%¢ 52 % 5 - : =g G
= g = 2 oh o g% | @
< & = ? B A a2 =
4,6,7,12,14,16, 18,
23,24, 25,26,31,32
P 27.0 - 40. 11,0-14,7 7 -1 -1 2,9-4.7 -1
I 34,35, 37, 38, 39, 40, 0-403 ,0 ., 85,7 -138,0 80,3-153,0 9 68-100
41,44
I ZOLéZZéZ, 30,0 -44,7 11,3-17,0 81,7-149,3 114,7-151,3 2,5-5,2 78-81
1,2,3,56,9, 10,11,
I 13, 15,17, 26,27, 33, 28,0-43,3 9,0-16,7 50,0-116,0 50,0-149,7 2,5-4,7 62-91
43
v 29 41,0 16,3 81,3 133,3 3,4 92
A% 19, 21, 30, 36 31,0-38,7 10,0-14,0 53,3-167,0 135,7-225,7 2,6-3,3 73-85
Umumi orta qiymat 35,1 13,8 1044 100,43 3,6 814

Niimunslor arasinda variasiyanin boyiik hissesi 1 bitkide olan toxumlarin say1 hesabina
olmusdur. Klaster analizi ilo qruplasmada bu gostarici asas gotiiriilmiisdiir ki, bu da genotiplori
toxumunun sayma gore qruplara bolmays imkan verir. Codvalden 4-don da goriindiiyii kimi, I
klaster an boyiik qrup olub, tedqiq olunan niimunsalerin 46%-ni 6ziinds comlasdirir. Bu qrupa
daxil olan niimunalari alcaq boylu, orta mahsuldar qrup kimi giymatlendirmak olar. II qrupa
daxil olan 10929, Flip 2011-42, Flip 2011-57, Flip 2011-36, Jasmin orta boylu va yiikssk mahsuldar
niimunaler kimi qgiymetlondirilmigdir. III klasters daxil olan 15 niimuns orta boylu, orta
mohsuldar qrup, IV klasters daxil olan yalniz bir niimune (10939) ve V klasteros daxil olan 4
niimuno (Flip2011-41, Flip2011-43, 10941, 10940) isa hiindiir boylu ve yiiksak toxum sayina malik
olmusdur.

Belalikls, aparilan analizlar naticesinds becarilon 46 marcimak genotipi arasinda ayri-ayri
morfoloji kemiyyst slamatlerine gora orta (P < 0.01) statistik shamiyyatli genetik miixtaliflik
agkar edilmisdir. Tedqiq olunan niimunoalserin 31%-nin yiiksek msahsuldar, 43%-nin orta
mohsuldar, 26%-nin ise az mehsuldar olmasi miisyyen edilmisdir. Genotiplar arasinda Flip2011-
61, Flip2011-41, Flip2011-43, 10941, 10940, 10939, 10929 vo Jasmin yiiksok perspektivli niimunalar
kimi giymatlondirilmisdir.
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PE3IOME

B crarbe mpuBeAeHsl pe3yAbTaThl ICCAeA0BAHNII 10 TIOAYIEHNIO MeAb-CoAep KamyX (HaHO)KOMIIO3UTOB Ha
ocHose noanstuaena (ITHK), nsyyenne ux cocrasa u uccaejoBaHue UX B KadeCTBe MaTpUI] IIPU MOHHOXKUAKOCT-
HOM KaTaAuse B Ipoleccax (0OAUI0)aadKUAUPOBaHMs. B KauecTse KaTaAUMTHUECKUX CUCTEM M3ydeHbl XA0paAlOMU-
HaTHBIe MOHHBIE XXMAKOCTI HaHeceHHbIe Ha [THK.

Kaiouessbie caoBa: ImoAMepHble HAHOKOMIIO3MTbI, MIOHHBIE JKIMAKOCTH, peaKMI aAKUANPOBaHN.

TORKIBINDO METAL-SAXLAYAN POLIMER (NANO)KOMPOZITLORIN SINTEZI VO
(OLIQO)ALKILLOSMO REAKSIYALARINDA ToDQIQI

XULASO

MBaqalada polietilen asasinda alinan ve torkibinde mis-saxlayan (nano)kompozitlorin (PNK) sintezi, qurulu-
sunun aragdirilmasi va onlarin (oligo)alkillasme proseslarinin ion-maye katalizinde matrisa kimi istifadesi hag-
qinda malumatlar verilmisdir. Katalitik sistemlar kimi xloraluminat tipli ion mayelori vo onlarin PNK sathlarine
¢okilmis formalarindan istifade olunmusdur.

Acar sozlar: polimer nanokompozitlar, ion mayelari, alkillosma reaksiyalari.

SYNTHESIS OF METAL-CONTAINING POLYMER (NANO) COMPOSITES AND
THEIR STUDY IN (OLIGO) ALKYLATION REACTIONS

ABSTRACT

The article presents the results of studies to obtain copper-containing (nano)composites based on polyethy-
lene (PNA), studying their composition and studying them as matrices in ion-liquid catalysis in the processes of
(oligo)alkylation. Chloraluminate ionic liquids and their supported on PNAs samples were studied as catalytic
systems.

Key words: polymer (nano)composites, ionic liquids, alkylation reactions.

BBeaenne. B nocaeanee BpeMsi Ha OCHOBe HAaHOOOBEKTOB I10AYJaIOTCsI HOBBIE IIepCIIeK-
TUBHbIe MaTepuaAbl, BaXKHbIe 445 MHOTUX OTpacAei, B TOM 4nucae HepTeXMMUU U XUMMI4dec-
kon TexHoaorun [1-3]. Jas mpuUTOTOBA€HMsA TaKUX HAHOKOMIIO3UMTOB 0OCOOOe MecTo
3aHMMAIOT pa3AN4YHbIe (CO)IIOAMMEpPHBIe MaTPUIILI IT03BOASIONIME II0Ay4aTh Ha MX OCHOBe
6oaee cTabmabHbIE KOMITO3MUIIUN YHMKAABHON CTpyKTypoil. CosszaHme MpocTeIX U 9Pdek-
TUBHBIX METOAOB IIOAYYEHIs TaKMX KOMIIO3UTOB SIBASIeTCs aKTyaAbHON U TIePCIIeKTUBHON 3a-
Aadeii. B mccaeaoBaHMsIX, IPOBOAMMBIX B HallpaBA€HU!U CHHTE3a ITOAVIMEPHBIX HAHOKOMIIO-
sutos (HK), ocoboe MecTo 3aHMMAaIOT XMUYIECKIe CIIOCOObI, B YaCTHOCTI MeTOABI TePMOAN-
3a. V3BecTHO, 4TO B HTOM cAy4ae paclipejeleHNe HallOAHUTeAs B IIOAVMEPHOM CTPYKType C
oOpa3oBaHIeM KOMIIO3UTa B yABTPaAUCIIEPCHOM BlAe MAM Ha YpOBHe HaHOPa3MepOB sB-
aseTcst 004ee AOCTYIIHBIM U CO34aeT OAarompusTHBIe ycaoBus Aast nmoaydenus HK ¢ yunm-
KaAbHBIMU KOMILAEKCHBIMU CBOVICTBAMIA.
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ue/H)IO HaIllmx I/ICCAQ,ZI,OBaHI/If/] SIBASIETCS IIOAYyYE€HINIEe Cu—cerpxamMX HaHOKOMIIO3VTOB
Ha OCHOBE IIOANDTNAEHAQ, M3Yy4Y€HIIE€ X COCTaBa U ICCA€AO0BaHINE B KadeCTBe MaTpull IIpM
JMIOHHOKMAKOCTHOM KaTaAaunse B IIponeccax (OAI/IFO)&AKI/I/H/IPOBaHI/I}I.

SKCITEPIMEHTA/BbHASI YACTb

Vcxoaubimu pearentamu AAast cuHTesa ITHK Oblam B3ATHI coamn: mempazudpam avemama
medu (1I) (Cu(CH3COQ): x4H:0), (tip. pupmsr Alfa Aesar): MM = 253,5 r/moas, d+*° =1,882 r/cm?,
KpMCTaAANIeCcKMII IIOPOIIIOK CUHETO I1BeTa, pacTBOpsAeTCs B BOoAe, B DTaHOAe U mempazudpam
gpopmuama medu (I1I) (Cu(HCOO):x4H20), (np. pupmsr Alfa Aesar): MM = 225, 64 1/m0ap, da?
=1,81 1/a, KpuCTaaAM4eCKnil IOPOIIOK CHHe-3e1eHOTO IIBeTa, pacTsopsercs B Bode. [Ipu
IIpOBeA€HUN PeaKINil IPUMeHsACS oANdTIAeH Bpicokol naotHoctu (IIDBIT) (mp.¢pupmer
PetKim, Typums) — rpanyast 6eaoro nseta; MM = 70000-800000 r/moasp; 0 = 0.968 r/cm3; tua
=120-138°C; obpasyercs npu t=120-150°C; p<0,1-2 MIla. CuHTe3 HAHOKOMIIO3UTOB Ha OCHOBE
Pa3ANYHBIX IOAMMEPOB OCYIIIeCTBASAN B AaD0paTOPHOI yCTaHOBKe 10 MeToAuKe [4].

CuHTe3 1CI10Ab3yeMbIX B IIpolieccax (0AUr0)aAKIAVPOBaHIs MOHHBIX XKIAKOCTel IIPOBO-
AVIACSL B TPeXTopAoil Koa0e, cHaO>KeHHOI MelIllaAKol, TepPMOMeTPOM, TPYOKOI A4 Io4aum
MHepPTHOTO rasa. K BbICyIlIeHHOMY TPUSTIAAMUHIUAPOXAOPUAY 400aBAsAA0CH OIIpeeeHHOe
koamdectso AlCls. B TeyeHne HecKOABKIMX MUHYT HaOAI04alach DK30TepMUdecKasl peakIis.
B pesyasbrarte 6b11a moayuena VK - [(C2Hs)sNH][AICLs], B Buge BsI3KO-TeKy4del >XIUAKOCTI.

Peaknun (0A1Uro)aAKMAMpoOBaHUs apoOMaTUIeCcKIX YI1eBOA0pPOA0B oledpuHaMU IIPOBO-
AVIAVICh B TPEXTOpAOM K0A0e, cHaO>KeHHOI MelllaaKoil, TepPMOMEeTPOM, TPYOKOI 4451 ITogaum
VMHEePTHOTO Ta3a. MoOAbHOe COOTHOIIeHUe o-OAe]UHa OTHOCHMTEABHO K apOMaTHYecKOMY
yraesozopoay u ¢gppakumm ObLA0 yCTaHOBAEHO B Iipegeae 1:2, temmepatypa 55-60°C. Peax-
LM poBoAMAach B TedeHun 1-3 yacos. [locae 3apepiieHus IIpoBOAMMBIX IIPOIIECCOB IIPO-
AYKTBI peakliuy 1 HelIpopearnpoBaBplye apoMaTiudeckie yr1eBoA0poabl A€TKO OTAeASIOTCs
OT KaTaAu3aTopa OOBIYHBIM paccAalBaHMeM, IIPOMBIBAIOTCS, CyIIATCA.

Crpykrypy u cocras IIHK, a Takxe 1IpoAyKTOB (OAUT0)aaAKMAMPOBaHUS UACHIPUIIN-
posaanu ¢ nnomonipio VIK-criekrpockornmu Ha cnekrpodoromerpe «Spectrum One» Gupmbl
«Perkin Elmer» (USA) B 06aactu 50-4000 cm.

Tepmogunammnyeckne napamerpsl [I9BIT u ITHK Ha 1x ocHOBe onpeaeasian MeToAOM
ACK na anddepennmaapHo-ckanupymomeM kaaopumerpe Q-20 «Thermoelectron Corpora-
tion» (USA) co ckopoctsio Harpesanust 10 rpaa/MuH B atMocdepe Bo3ayxa AU a3oTa.

ITaotnOCTs MOAMMepHBIX U1 ITHK 00pasiios B Buae npeccoBaHHbIX IAaCTUHOK TOALIMHOM
1 MM wusMepsAM IUKHOMETPUYECKUM CIOCOOOM C MCIOAb30BaHMEM BOAHO-CIIMPTOBOTO
pactsopa 1ipu 20 °C.

Ha CKaHIpPYIOIieEM aTOMHOM CI/AOBOM MMKPOCKOIIE (ACM), a TaK’Ke Ha OIITMYeCKOM
MUKPOCKOIIE CO CIlenaabHbIMI IIPVICTaBKaMU M3Y4€HbI peilbe(l)bl TTHK n OrIpeaeaeHnbl pas-
MepPbI 9aCTUIl B HO/H/IMQPHOIZ Marpuune.

COM (ckaHUpPYIOMINIT 9A€KTPOHHBIN MUKPOCKOII) IIPOeKIUN 00pa3lios 445 olipejeae-
HI1sL MOPPOAOTUY TIOAMMEPOB, HAHOKOMIIO3UTOB Ha MX OCHOBE M pa3Mepbl 4acTuUll B I10AN-
MepHOI MaTpulle ObLAM IIOAy4YeHbI Ha npubdope mapku “Cambridge S360” (r1p. Anramiickoi
dupmer). OOpasIbl 40 CKaHMPOBAHMS OBLAM M3MeAbYeHbl KUAKMM a30TOM, 3aTeM Ha MeAb-
KIie KPYIMHKI pa3dMellaan 3010TOe ITOKPBITHEe TOAIIMHON 15 HM.
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OBCYXKAEHME PE3Y/bTATOB

B xauecTBe moAmMMepHBIX MaTpUI] ObLAM IIPYMEHEHBI IIOAVMEPHI: IOANSTUAEHBI, He CO-
Aep>xamiue ¢yHKImoHaapHble rpymiel (IT9BIT, TIDHIT).

skl T

T ]

H H H H H H |
N TIDBIT

Henoasapneii noanmep ITOHIT nmeet passetsaennyio, a [I9BII B o0cHOBHOM AMHENHYIO

[TOHIT

CTPYKTYpPYy. BBI60p IIOANDTNAEHA CBA3aH C ITPOCTOTON, A€TKOAOCTYITHOCTBIO.

Kax Op110 OTMeueHO BbIIlle, M3BECTHBI MHOIOYMCAEHHBIe PabOThI 110 HMPUTOTOBACHUIO
ITOAVIMEPHBIX KOMIIO3UTOB B IIPUCYTCTBUU Pa3AMYHBIX HEOPTaHNYECKX HAIlOAHNUTeAeN UAU
Ha OCHOBe IIPMBUTBHIX K ITOAMMEPHOI MaTpulie IIOASPHBIX MOHOMepOB. VI3BecTHO, 4TO OYeHb
Ba’KHBIM MOMEHTOM IIPM M3YYeHMM CBOJICTB HAIlOAHEHHBIX ITOAMMEPHBIX KOMIIO3UITUIA
SBASIETC AOCTVDKEHIEe MaKCUMMAa/AbHOTO CPOACTBa HAIIOAHUTEAS C IIOAVMMEPHON MaTpUIIeil.
ITo paspaboranHOMY crocoOy [5] HpPUTIOTOBAEHBI (HAHO)KOMIIO3UTHI OTAUYHBIE IIO
CTPYKType, MAHTU(PUIMPOBAHE HEOOXOAMMBIMIU (PUBMKO-XMMUIECKUMY ITOKa3aTeAsMI,
CTEeITeHbIO KPVCTAaAANIHOCTY, IIAOTHOCTBIO, MOAEKYASPHO-MaCCOBBIMMY, TEIL10(PU3NIECKIIMU
u aAp. xapakrepucrtukamn. Cocrtas CMHTe3MpOBaHHBIX HAHOKOMITO3UTOB ITpMBeJeH B Taba. 1.

Tao6awma 1.Cocras ITHK.
TTHK Bsoanmast BBoanmast Bsoanmast
KOHIIeHTpalus Meay, KOHILIeHTpaIs COAH, KOHILIeHTpalUs Meay,
Moapx1073 . mace.% macc.%
I1DBIT
TTHK-1 1 6 1,5
TTHK-2 2 12 3
TTHK-3 4 24 6

Kak Bugno, ITHK Op1a1 mpuUroToBAeHsI ¢ pasAMdHON KOHLIEHTpalyell MeTalAcoAepKa-
IIIel1 9acTy, TaK Kak BBOAVIMAasl KOHIIeHTpanus MeTtaaaa cocrasaser ot 0,15 20 1,2 moa, a co-
an ot 3 40 24 macc %. belan nmoaydensl Meraaa-cogepskaliyie HAHOYACTUIIBI B Pa3AMIHBIX
Matpunax. Aas nccaegosanus cocrasa u crpoenns noaydeHHsix ITHK Taxke mcrioapszosaacs
KOMILAeKC PUBUKO-XUMIUECKIX MeToa0B, B ToM uncae VIKC, ACM, CoM, ACK, PDA.

Hamu 651210 N3y4€HO IIOBeA€HVI€ KOMIIO3MTOB C II3MEHEHNEM TeMIIepaTypPhl. HOAyLIeH-
HbIe JaHHbIe ,Z],CK II03BOAMAN OIIpeAeANTb HEKOTOPpble TEPMOJAMHaAMIMYECKNE IIapaMeTpPhl

(puc.1).
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Sample: Wefeq x. 726 pDsc File D\Safaq 2013\02 ( 2013 )\Wefeq x. 726
Size: 5.0000 mg Operator: AST
Method: Ramp Run Date: 13-May-2013 11:37

Instrument: DSC G20 V23.4 Build 64

60

Heat Flow (W/g)

100 2o ) o 500
[ Temperature (°C) Universa V4 3ATA Insruments

HK 726

Puc. 1. ACK crrextp ITHK-3.

Ha ACK xpussix IIDBII 65141 3aperncrpupoBaHsl IepexoAHble TeMIiepatypsl: T1 = 130,
67°C; T2 =155, 25°C; Ts =247, 59°C; T4 = 380, 29°C; Ts = 430, 65°C; Ts = 435, 58°C; T~ = 438, 70°C;
Ts = 444, 87°C; To =457, 31°C; Tw =471, 53°C; Tu =3486, 93°C - cOOTBeTCTBYIOT pa3AMYHbIM
nepexogaMm. Habawogaores 2 gectpykuumonseix mmka. ITpm 155, 25°C  maumnaercs
TepMmyeckasl AeCTpPyKIusA. DHAOTePMUYECKMII NMNK MMeeT MaKCUMAaABHYIO TeMIlepaTypy
247, 59°C. Tepmmueckass AeCTpPyKUMsA COIpPOBOXAaeTcsa sHTaabmuennt 89,7 Ax/r. Ona
sakaHumBaerca npu 380,29°C. Bropasa nabGawgaerca npu Tr = 438, 70°C, wumeer
MaKCUMaAbHYIO TemImepatypy 444,87°C, TepMuueckass AeCTPYKLUs COIIPOBOXKAAeTCs
sHTaaprmmenn 136,2 JAx/r m 3sakanumsaercst npu T1u=457,31°C. ACK (puc.l) crekrpsr
HaHOKOMIIO3UTOB oTAmdaiorca ot ucxoanoro IIOBIT. Ha ACK xpusoir ITHK-2 Obran
OOHapy>KeHHI IlepexoAHble TeMnepaTypsl: 11=133,84°C; (sHTaAbINs I11aBA€HUSI OTANYIAETCS
or ucxoguoro I1D) T = 389,77°C; Ts = 405,17°C; Ts = 410, 51°C; T=457,31°C; T«=471,86°C;
T7=463, 09°C; Tr=488, 71°C - cooTBeTcTBYIOT pasandyHbeiM nepexogam B ITHK. Ilpu 471,86°C
IIPOJO0AXKaeTCs TepMmudecKas AeCTPyKIus. DTOT S9HAOTePMUYECKII MUK MeeT MaKCUMaAb-
HyI0 TeMInlepatypy 463,09°C. Tepmuueckasi 4eCTPYKIIUsI COIIPOBOXKAaeTcs DHTaabnuen 1219
Ax/r. Ona sakanumsaercsa npu Tr = 488, 71°C. Kak smano nHa ACK xpmsoinr ITHK-1
HabA104a10TCsl TlepexogHble TeMIitepaTypsol: T1 = 313, 94°C; T2 = 372, 59°C; Ts = 387, 4°C; Ta =
451, 38°C; Ts = 464, 42°C.

ITo ACK xpuseim ITHK Ha ocnose IIOHIT m 1,5 macc. % Cu ompegeaeHo, 4TO AAas
nccaegyemoro obpasua Tuw. ~ 110,65 °C, AH ~ 70,11 /I, mporieccel OKIMCAEHUS BIIAOTH A0
Havala Aectpykuuu (397,46 °C) mpakTuieckyt OTCYTCTBYIOT, UTO CBUAETEABCTBYET O TOM, 4TO
rnocae BBedeHMsl B moammepHyio marpuny 1,5 macc. % Cu crabmasnocts ITHK
TePMOOKICAUTeAbHON gecTpykumnu yseandusaercsa. Ha ACK kpusoir Ha ocnose TIOHIT n 6
macc. % Cu ¢uxcnpyitoresa Tua. ~ 123,48 °C, AH ~ 61,78 Jx/r, mporiecchl OKMCAEHMS BILAOTD
20 aectpyknun (413,96°C) nesnaunteapHsl. ChopmuposanHbie HaHodacTuipl Cu/Cu20 B
Ipolecce TePMOOKMCAEHUs 00pa3yloT CrpykTypy IID, 4ro Beger K IOBBIIIEHUIO
TePMOOKNCAUTEABHON CTaOMABHOCTY ITI0AMIMEPHO MaTPUIIBL.

CpaBHUTeAbHBI aHAaAU3 PeHTreHOBCKUX crieKTpos I1D marpunsr 1 MHK Ha ee ocHose
IIOKa3blBaeT 3aMeTHOe M3MeHeHUe CTelleHU KPUCTAaAAMYHOCTY IIePBUYHONM IMOAMMEPHON
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MaTpuubl. BeeaeHne MeabcogeprKalllero cOeAMHEHMs CHIKaeT CTeleHb KPUCTAaAAMIHOCTU
I1D na 10-15 %. YMmenbieHue crereHu Kpucraaangnoctu I19 nmoarsep:xaaercs taxke VK-
cnextpamu. [Ipu Beegenun meau B oopasnsl B VIK-criekTpax 3aMeTHO M3MeHsIeTCS COOTHO-
IIeHe II0A0C TOTAOIIEeHMS, XapaKTepPHBIX A4S OLIeHKM CTelleHM KpucraaanmdHoctu 119D
(D730/D720). C rmomMo1pio peHTreHOo(pa30BOTO aHaAM3a MOYKHO OLIEHUTH pasMep CTPYKTYPHBIX
9AEMEHTOB (4acTUll, KPUCTAaAAUTOB U Ap.) 1o ypasHenuio Illepepa. IIpumenenuem gaHHoro
ypaBHeHIs OBIAM pacCUyMTaHbl pasMephl MeTaAl- U MeTaaAoKcuAHBIX yactui: Cu ~11,3 HM;
CuO ~ 7-8,5 um; Cu20 ~ 12,8 um. Coraacuo aanubpiM POC yacTuiisl Metaala HaXoAsITCS He Ha
IIOBePXHOCTHU TT0AUMepa, a B oobeme. [losepxnocTHas kontenTpanys Cu < 1%

ITpn momomu ACM u COM (puc. 2) ycTaHOBAEHBI pa3Mephl MeTaaAa-CoAep>KalllxX
gactuy, B noanmepHon marpuiie. B ITHK-2. nmoaydennoro na ocnose IIDBII, MMP-3,34 u
crenienb KpucraaangHoctu mo ACK-72,9 % mcxoaHoro obpasiia, MeHee AVCIIEPIMPOBAHEL,
gyeMm yvactuiipl ITHK na ocnose IIDHII, rae MMP — 53,48 u creneHnp KpUCTaAAMYHOCTU IIO
ACK - 64,43 % aas nicxoaHOTO OOpasma.

Puc. 2. COM nzobpaskenns ITHK.

brian noaydensr VIK-criektper B o6aactu 50-4000 cm ITHK, cosepkarme pasanmdHble
Koamdectsa Meau B IID marpune. B 3aBucuMocTM OT BBOAVMMONM KOHIIEHTPaAIVIN
MeTaAACOAe P KalluX JacTUL] M3MEHAIOTCA U CTPyKTypHbIe nokasateau ITHK. B ucxognom
I1D nmpucyTCcTBYIOT 110A0CHI ITOrA0IeHus B o0aactax 888 cm, 965 cm, 1080 cm?, 1152 cm™,
1383 cm?, 1464 cm!, 1640 cm!, 1726 cm?, 1817 em?, 1896 cm?, 2019 em?, 2150 em?, 2340 cm,
2416 M, 2664 cm, 2738 cm, 2846 cml. B ciektpax [THK nHaba104a10TCs UK B MIHTEepBale
100-670 cm!, KOTOpBIe CBUAETEABCTBYIOT O HaAUYMU MeTalAcoJep>Kalllell JacTu.
VIHTeHCHBHOCTD OAOCH IOrA0IeHn1-1464 cM™!, OTHeceHHas! K aCMMMeTPUYHBIM AedpopMa-
LMOHHBIM KoAeOaHmsAM MeTuAeHoBbIX rpyni B [THK, ymensinaercs ¢ ypeanuenueM cogep-
>KaHIs KOHIIeHTpaluuu MeTalacodep Kamux yactut. CurHaasl B o6aactu 1380 cm, oTseTcT-
BeHHbIe 3a CMMMEeTPUYHBIM AedOPMalVIOHHBIM KOJAe0aHMsAM, MeTMABHOM TPYIIIBI TakKe
MeHee MHTEHCUBHBI, 4eM B Ilepsu4HoIi I1D maTpurie, 94To cBugeteancTByeT 00 amopduaanium
IIOAMMEPHBIX KPUCTAaAAUTOB.

B MIHXIT HAHA B nocaeaH1e roasl IPOBOASTCS. MHTEHCUBHBIE paOOTHI C IIpYIMeHeHeM
pasamunbix VDK B page HedprexuMmmyeckux mporieccax. XA0paAlOMUHATHBIE MOHHbIE SKIA-
KOCT!U Tak>Ke OBLAM MCCAeJ0BaHbl B peakIusAX (0AUT0)aaKuAuposanus [6 - 23]. Iloayyennsie
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IIPOAYKTHI ObLAM I/I,Z],eHTI/ICl)I/II_U/IpOBaHI)I " AaHBbl II€PCIIEKTVBHBIE pEKOMEHAalN 10 MX IIPpU-
MEHEHMUIO.

B gannoit paboTe mpusejeHBl pe3yAbTaThl MccaeAoBaHMil 1o npumeHenuio VDK na
psaay ¢ IIHK B peaknusix (oauro)aaknanposanus. B xkayecTse aakmanpyemMbIX KOMIIOHEHTOB
OblAM TIpMMeEHeHBl apoMaTHyecKle YIrAeBoJ0poabl (0eH304, TOAy0A, KC1A0Aa), Pppakius
nponeccos pudopmunra (PIIP) 1 B kauecTse aAKMAUPYIOMINX KOMIIOHEHTOB TIeKceH-1,
okteH-1, genen-1. OIP (1.x.-40°C-k.k. -175°C) (PIIP), moayuyeHHas B mpouecce pugpopMIHTa
Op11a paszaeseHa Ha Ooaee yskue ¢ppakuym: I — HK.-40°C - k.k.80°C, II-H.k.-80°C — k.k.-92°C,
III- u.x. -90°C - x.x.-110°C, IV- n.x. -110°C — k.x.-120°C, V —-n.k. -120°C —kx.x -138°C, VI —1.x. -
138°C - k.x.-150°C, VII -H.k.-150°C - k.k. -172°C. YcaoBHO 9TU {ppaxiiuy ObLAM HaszBaHbL 11—
«OeHzoa» Qpakumeir, moaydaemon B mpouecce pudopmunra, IV-«roayoa» ¢paxkumeis,
rnoaydaeMoit B mporecce pudgopmnnra, VI-«xcnaoa» ¢pakiiueri, moaydyaeMoil B IIporecce
pudopmuHra. B mpoBoauMBbIX nccaeA0BaHUSX, B IIpolieccax (OAMI0)aAKMAMPOBaHUs, Haps-
Ay ¢ 9TUMH ppakUMAMY, B KadecTBe aAKMAMPYIOIIero KOMIIOHeHTa TakKe MCII0Ab30BaAach
HeoTOrHaHHasA ¢paknus-pudopmunra. PesyapraTsl (0AUT0)aaKMAMPOBAHNS IIPUBEAEHHI B
TadbAaM1Ie 2.

Tab6auna 2. (Oauro)aaxuauposanue B npucyrcrsum VDKKC

dp. r.OA | r.OA
Karaantmuaeckas AlCL, | VK, AMIHIHA , OA T, > /T. /T. o
cucreMa % % poxaopua g, % 200°C, Al VK TTHK, %
: AlCIs o
%o X, xq,
QI'TP (11.x.80 °C — k.k.145°C) : gerren — 1 (2:1 M0A.cOOT.)
TOATX:AICI: 1 1,6 1:1,7 1 9 8 424 4 -
TOATX:AICI 3 4,8 1:1,7 1 79,1 71,5 95,3 11,7 -
TIrX:AlCls 3 45 1:1,7 25 | 64,5 58,3 35 4.8 -
TOATX:AICI+ITHK 2 7 1:2,75 25 | 525 56 52,5 3,1 2
TOATX:AICI+HITHK 2 3,2 1:2,75 2,5 55 53 50 13 0,4

Kak suano ITHK coBMecTMBI ¢ MIOHHOXUAKOCTHBIMU CICTeMaMM. AKTUBHOCTD KaTaAu-
TUYECKMX CUCTEM COIIOCTaBMMa, II0Ay4eHHbIe IPOAYKTHI A€TKO OTAEASIOTCA OT KaTaAu3arta 1
MOTYT OBITh IOBTOPHO ITPYMEHEHEI.

BBIBOABI

CunresupoBaHbl Megb-cogep>Kamiye Komrno3uTsl Ha ocHose IIDBII, IIDHII. Bsogumasn
KOHIIeHTpalus MeAb-cojeprKallleil CoAM COCTaBAAA0 6-24 macc. %, a mean 1,5-6 macc. %
(mpu TOM BBOAMMAs MOAsipHas KoHnerpauus meau cocrasaser 0,3-0,6x102). ITo pesyabra-
taM PPA ycTaHOBAEHO, YTO B IIOAMMEPHBIX KOMIIO3UTAX HaxoAATcss HaHodacTuis—Cu/CuO/
Cu20. Jannnle takke koppeaupyerca ¢ ACM u COM. MKC aaHHble cBIAETeALCTBYIOT O
nosABAeHNe B HaHokoMnosurax noaoc noraomennit Cu-O. ITo uccaegosanuam ACK 6p1a0
OoOHapy>KeHO, 4TO Ha OCHOBE Pa3AMJHBIX (CO)IIOAMMEPOB BO3MOXKHO IOAyJeHNe MeTall-
cogepKallliX HAHOKOMIIO3UTOB C IIMPOKNUM AMalla30HOM TepPMOAMHAMUYECKIX CBOJICTB U C
yAY4YIIIeHHOM TePMOOKMCAUTEABHOM CTaOMUABHOCTBIO. DTO CBUAETEABCTBYIOT O KOPEHHBIX
CTPYKTYPHBIX M3MEHEHUsIX B HAHOKOMIIO3UTE, KOTOpble ITPOMCXOAAT IpU AONNMPOBaHUE
IIOAMMEPHOI MaTPUILIBI MeTalA-coAep Kalllell COAbI0. YCTaHOBAEHO, UTO B MaTpulle HOAN-
9TUAEHA MeTOA0M TePMUIYECKOIO pa3A0KeHMs aljeTaTa MeAu, 00pa3yIoTcs M30AMPpOBaHHbIE
APYT OT Apyra cepudecKrie HaHOYACTHUIIBI C pasMepaMi OT 5 40 25 HM, UMeIOIIe CAOXKHBIN
cocras. ITpn Maabx koHmeHTpaumsax Mmeraada Ao 10 % mac. ocHoBHOI (a3oil sBASETCA
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MeTaaAn4decKasa Mmeabp, C HeDOABIIIM IIOBEPXHOCTHBIM CA0€M OKCIAa Meau (I), KOTOprﬂ 3Ha-
9UTEAbHO YBEANINMBAECTCI C YBeAMYEeHNEM CpeAHErO padMepa JacTuIl. HO/ly‘IEHHbIe corroan-
MepHbIe (HaHO)KOMHOSI/ITbI MOIyT ObBITh peEKOMEHAOBAHBI B Ka49eCTBE II0OAMMEPHBIX MaTpNLl B
JMIOHHOKMAKOCTHOM KaTaAaunse B IIponeccax (OAI/IFO)&AKI/IAI/IPOBaHI/I}I.

Aemop 2ayboxo 6aazodapum compyonuxos MHXIT HAHA 0.x.n. Aauesy P.B., k.x.n. bazuposy
HI.P., k.x.n. Kyauesa A, J. u evinycknuuy baxunciozo puruara MI'Y umeru M.B.Zlomorocosa Aruesy
M.M. 3a oxkasantyo nomoub npu 6viNOAHeHUe IKCHEPUMEHMAADHBLX U Meopernudeckux paoom.
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XULASO

Magqalaeda para-krezolun 1-metiltsikloheksenla ortofosfat tursusu hopdurulmus seolit-Y katalizatorunun
istirakinda tsikloalkillosma reaksiyalar: naticosinda 2(1-metiltsikloheksil)-4-metilfenolun sintezinden, reaksiyanin
temperaturundan, ilkin xammallarin mol nisbatlorinden, katalizatorun miqdarindan, vaxtdan asili olaraq ilkin
xammallarmn ve reaksiya mahsullarmin qatiliglarinin dayismesinin tadqiqinden bahs edilir. Tedqgiqatlarin aparil-
masinda maqsad reaksiyanin ayri-ayri optimal rejim parametrlorinin tapilmasi ve reqressiv riyazi modellarinin
yaradilmasindan ibaratdir.

Acar sozlar: para-krezol, 1-metiltsikloheksen, o-tsikloalkillosma, 2(1-metiltsikleheksil)-4-metilfenol, optimal-
lagdirma, riyazi model.

V3YYEHUE PEAKIIVN LIMKAOAAKNANPOBAHMS ITAPA-KPE30/A 1-METUALIMKAOTEKCEHAMM
PE3IOME

B cratpe ormcan cuHTe3 2(1-MeTHAIIMKAOTEKCNA)-4-MeTUA(eHO1a Ha OCHOBE peaKIINM IIMKA0aAKUAMPOBa-
HIA Tapa-Kpe3oda 1-MeTUANMKJAOTeKCeHaMM B IPUCYTCTBUM KaTaAu3aToOpa IjeoAuTa Y, HaHECeHHOTO Ha OpTO-
docdophyIo K1CAOTY, McCae 0BaHO M3MeHeHe KOHIIEHTPAUy MCXOAHBIX BEIeCTB U MPOAYKTOB peaKIIUI B 3a-
BUCMMOCTH OT TeMIIepaTyphl, MOABHOIO COOTHOIIIEHN:I MICXOAHBIX BEIleCTB, KOAMJeCTBa KaTaAn3aTopa, BpeMeH!
peakuun. lleap mpoBeAeHHBIX MCCAEAOBAHNI 3aKAI0Ualach B HAXOXKAEHUN ONTUMAaABHBIX PESKIIMOB AAs OTAEAb-
HEIX [TapaMeTpOB peaKLNN U CO3JAaHUN PEeTPECCOHHON MaTeMaTUIeCKO MOAeAn

Kaiouessble caoBa: mapa-Kpe3oa, 1-MeTHAIIMKAOTeKCeH, O-IIMKAOaAKApoBaHue, 2(1-MeTUAIMKAOTeKCHA)-
4-metnadeHo, ONTUMM3ALIS, MaTeMaTdecKasl MOAeAb

STUDY OF THE REACTIONS OF CYCLOALKYLATION
OF PARA-CRESOL WITH 1 METHYLCYCLOHEXENES

ABSTRACT

The article describes the synthesis of 2 (1-methylcyclohexyl) -4-methylphenol based on the cycloalkylation
reaction of para-cresol with 1-methylcyclohexenes in the presence of a catalyst of zeolite Y supported on
phosphoric acid; the change in the concentration of starting substances and reaction products depending on
temperature, molar ratio of starting materials, amount of catalyst, reaction time. The purpose of the research was
to find optimal modes for individual reaction parameters and create a regression mathematical model

Key words: para-cresol, 1-methylcyclohexene, o-cycloalkylation, 2 (1-methylcyclohexyl) -4-methylphenol,
optimization, mathematical model

Miiasir dovriin els bir sahasi yoxdur ki, orada alkilfenollarin ve onlarin téromalarinin is-
tifade sahalerina rast gelinmasin. Ik névbada bu alkilfenollarin téramalorinin toksiki xasse-
lorinin zaif olmasi ile izah olunur. Tasadiifi deyil ki, onlar tibbi lavazimatlarin, usaq oyun-
caqlarinin, yeyinti mahsullar ile kontaktda olan materiallarin va s. alinmasinda genis istifa-
da olunurlar.

Alkilfenollar fenollarin miixtolif katalitik sistemloarin istirakinda alkillosdirici agentlarlo
(olefinlar, spirtlar, alkilhaloidlar, tsikloolefinlor va s.) alkillosma reaksiyalarindan almirlar [1-
4]. Alkillosmo reaksiyalar: tigiin miixtslif turs katalizatorlardan: sulfat, sirks, fosfat tursularin-
dan, kationitlorden, metal oksidlarindan, altimosilikatlardan v s. istifada olunur [5-8].
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Para-Krezolun 1-Metiltsikloheksenla tsikloalkillagma reaksiyalarimin tadqiqi

Toqdim olunan magqals para-krezolun orto-fosfat tursusu hopdurulmus Seolit-Y katali-
zatorunun istirakinda 1-metiltsikloheksenls orto-tsikloalkillosma reaksiyasinin tadqiqins, op-
timal rejim parametrlarinin tapilmasi ve reqressiv riyazi modelin yaradilmasina hasr olun-
musdur.

Toacriibi hissa

Para-krezolun orto-tsikloalkillosma reaksiyas: qarisdirici, termometr vo dama quifi ils toc-
hiz olunmus tighogazli kolbada aparilmisdir. Kolbaya hesablanmis miqdarda para-krezol,
katalizator doldurub qizdirilir. Temperatur 40°C-o ¢atdiqda tizerine 30 daq. arzinds 1-metil-
tsikloheksen slave edilir. Sonra temperatur qaldirilir ve qarisma 2-6 saat davam etdirilir.
Reaksiya mahsullar filtrlama yolu ils katalizatordan siiziiliib ayrilir ve rektifikasiya olunur.

Reqresiya modelinin tartib olunmasi iigiin gebul olunmus plan asasinda biitiin amillarin
eyni zamanda dayisdirilmasindan ibarat olan tacriibanin ¢ox faktorlu ortoqonal planlasdiril-
masi tisulundan istifade olunmusdur

1 sayli codvelda tocriibenin ortoqonal planlagdirilmasinin matrisalar1 verilmisdir.
Burada “+1”7, “-1”7, “0”-yuxari,asag1 ve baza saviyyelerinin kodlagdirilmis qiymetleri -1,414
voa +1,414 ulduzlu noqgtalerin kemiyyatidir.

Magsadli mahsulun ¢iximi1 Y1% va prosesin selektivliyi Y2% optimallagdirma parametrls-

ridir.
Cadval 1. Planlagdirmanin matrisalari vo tacriibalorin naticalori.
Dayiskanlar Parametrlor
Tacerfsaimn X1 X2 X3 Xa Yi% Ya%
1 + + + 70.4 81.5
2 + + - 65.18 84.3
3 + + - + 45.2 729
4 + + - - 41.1 72.9
5 + - + + 44.6 88.7
6 + - + - 39.5 89.3
7 + - - + 35.7 74.5
8 + - - - 31.2 79.6
9 - + + 68.5 80.2
10 - + - 47.6 81.8
11 - + - + 56.9 79.6
12 - + - - 51.3 84.7
13 - - + 36.1 76.4
14 - 324 78.5
15 - - - + 32.9 75.7
16 - - - - 28.6 80.8
17 +1.414 0 0 0 484 61.7
18 -1.414 0 0 0 29.7 85.7
19 0 +1.414 0 0 64.8 82.2
20 0 -1.414 0 0 33.5 88.4
21 0 0 +1.414 0 62.3 82.3
22 0 0 -1.414 0 56.2 90.2
23 0 0 0 =1.414 70.7 82.3
24 0 0 0 -1.414 35.6 91.7
25 0 0 0 0 48.6 80.5
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Giris paramerlarinin doyismo haddi svvelcaden segilmisdir.
80°C<x1<140°C; 2< x2<6s
0.5:1< x3<3:1mol/mol4 5<x4< 20%

Optimallagsdirmanin ¢ixis parametrlorinin Yk giris doyisenlorinden riyazi asilili: ikinci
doaracali reqresiya tonliyi soklinds gostorilmisdir:

Yk:b0+zn:bi~xi+zn:bij~xi-xj =Zn:b“-xi2... (1)
i=1 i=1 i=1

burada: xi-modelin faktorlarmin kodlasdirilmis giymati, n-faktorlarin sayibo-konstant,
bi- xatti effektlor, bi-tasir effektlari, b-kvadratik effektlardir. reqresiya tonliyinin amsallarmimn
giymeatlari tacriibe yolu ile alinmis neaticalerin avtomatlasdirilmis riyazi islonmesi tigiin
Mathwoks kompaniyasi tarafinden hazirlanmis formuladan ustifads olunmusdur.

16 25 25

ixiyu inu-xju-YU zxizu'yu Z Yu
b 25— (2); by =~—5— (B); by =25— (4); by =5 (5);

bo=bo-0.8b11-0.8b22-0.8b33-0.8b44 (6)

Tacriibanin naticalarinin islonmasi reqresiyanin ikinci deracsli emsallarinin tapilmasina
imkan vermisdir.

bo=48.95; b1=6.18; b2=8.92; bs=3.18; bs=3.71; b11=-0.28; b22=1.91;b33=1.83;
bs=-1.3;b12=4.18; b13=0.29; b14=0.03; b25=0.04; b24=-0.39; b34=0.11;
bo=48.95-0.8.(-0.28)-0.8(1.91)-0.8.(1.83)-0.8(-1.3)=47.22

c0=75.37; c1=-1.71; c2=0.88; c3=2.12; cs==0.68; c11=-65; c22=1.43; c33=-1.64;c14=-0.29;c12=-1.0;
c13=1.48; c14=0.97; c23=1.85; c24=0.67; c34=1.05;

=7537-0.8.(-6.5)-0.8.(1.43)=0.8.(-1.64)-0.8.(-0.29)=80.97

Sonra asagidaki moarhoalalorden ibarat olan statistik analiz aparilmisdir: dispersiyanin
giymati (tecriibenin xatalarmin qiymetleri); Student meyarina asasen reqresiya tenliyinin
amsallarinin giymatlarinin yoxlanmasi: Fiser meyarindan istifade etmoakls modelin adek-
vanthigimin giymetlondirilmasi. Dispersiya (tacriibs xatasinin paylanmasi) slave tacriibalar
asasindan Y,;, baza saviyyesi osasinda toyin edilmisdir. Bunun {iigiin (7) formulasindan

istifade etmakls, her bir amsal ii¢lin “t” meyarinin giymati tayin olunmusdur. Student
meyariin P=0.05 saviyys daracasi giymatlondiricisi tigiin vo sarbastlik daracasim f=3 olanda
cadval giymati: tp(f=3)=3.18. O, demakdir agor t<3.18 hamin amsali shamiyyotsiz hesab eda
bilarik.

=12 7)

Sy

S b — N (8)

, D (Vh-vio)’
Sboc: - m-1 (9)

y P, =1 (48+47+49+50)=48.5
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SZ

coxalma

=1.666; S =1.288; S,, =0.258 (10)

1coxalma

S,y =0.288; S, =0.456; S, =0.322

S 1, qlymatini yerine qoymagla (7) tonliyinden biitiin emsallar tiglin t giymeti toyin edil-
misdir. Hesablamalar gostordi ki, tn=0.5; t13=0.9; t1.=0.1;t2+=1.3; t3=0.4 qiymotlori tr=3.18

codval giymoetinden az olduglar tiglin, bii, bis, bis, b2 bos, bss emsallarini az shomiyyetli
olduglari iiglin tenlikden ¢ixarmaq olar.

Sonra orta ¢gixim y;b, funksiyast hesablanmigdi:
o _1
Y20 =5(78.5+79.5+80+82)=80
(9) tonliyinda tacriibalorin orta xatas1 yerina qoyularaq S ; =1.625; $5=1.275 tapilir.
(8) tenliyindan Si -ni bilorok S, =0.255; S, =0.285; S, =0.454 S 2c; =(.318 miiayyon edilir.

Sac giymeatini yerine yazmagla har bir amsal ticiin Student meyari tayin olunur.

b.
Alman giymatlarin dogruluq ehtimal tigiin t = u, burada bj- amsallarmin mdiitleq qiy-
b

matlari, t-alinan giymatlarin dogruluq ehtimal.

Hesablamalar naticasindas teyin olunmus t4=2.39; tu=1.1; t2«=2.2 giymatlori tr=3.18 cadvel
giymotindan asag1 olduguna gora Cs, Cu, Cas omsallarini nazars almamagq olar ve onlar: tenlik-
don ¢ixaririq. Bu zaman aliriq:

y2=80.97-1.71-x1+0.88-x2+2.12:x3-6.5x . +1.43x 5 -1.64x 2 -
-1-x1x2+1.48-x1x5+0.97 -x1-x4+1.85-Xx2-Xx3+1.05-X3 X4 (11)

Beloalikls, (10) va (11) tonliklari Olgiisiiz reqression model kimi tosavviir oluna bilar. Hall
edacayimiz sonraki masals Fiser meyarindan istifade etmakls alman tonliyin adekvathigmin
yoxlanilmasidir. Figser meyar1 asagidaki tonlikls ifadas edilir:

(12)

TN (13)
Burada S.s—adekvatliq dispersiyasi; Svo—tocriibanin xatasi.

(13) tenliyinda adadi giymatlari yerine qoydugdan sonra Slzad =4.74; S §ad =3.23 olaraq (12)

tonliyinda Sgad va S, qgiymatlerini yerine qoyduqdan sonra Fiser kriteriyasinin Fr=8.69 vo

F2r=8.73 qiymeatlarinin aliriq. Fiser cadvelindan saviyys giymsatlandiricisi P=0,005 (5% xoata
kifayot edilsin) vo fi=3 {i¢iin F.e=8,73 tapilir. Ogor F<F.4, onda reqressiya tonliyi adekvat
gobul edilir. Birinci halda 8,69<8,73. Demali, alinan tonlik tacriibeni olaraq tasvir edir va bu
tonliklardan (10) ve (11) optimallasdirma masslslarinin hallinds ve hamginin giris deyisenls-
rinin genis deyisme haddinds tadqiq olunan reaksiyalarda istifads etmak olar.
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Novboati masaloa ¢ixma tasir edon amillarin 6l¢iisiiz koordinat sisteminden 6l¢ti vahidlari

olan koordinat sistemins, yoni xi, x2, X3-don z1, z2, zs-don kegmokdir.

y1=36.187+0.073.21-7.03.22-1.56.24+1.07.24+0.48.2 % +1.17.2.2 -0.023.2.% +0.0697.21.22

y2=6.5-1.434.21-1.885.22-3.34.25+0.69.24-0.0072.2.2 +0.375.2 2 -1.05.2.2 -

0.0166.21.2240.0396.21.25+0.0043.21.24+0.74.22.23+0.112.23.24

Almmus reqgresiya modelindan istifade etmoklo komputer vasitasilo optimallasdirma

masalasinin halli {igiin xatti proqramlasdirma Matlab-6.5 proqramindan istifads olunmusdur
[9-15].

Masalanin halli {i¢iin miiasir geyri-xatti proqramlasdirma masalasindan istifade etmakle

miiayyan olunmusdur ki, t=130°C temperaturda, ilkin komponentlarin 3:1 mol nisbatinds,

reaksiyanin t=6 saat aparilma miidatinds, katalizatorun 5% miqdarinda maqsadli mahsulun

cami yi1=64%, selektivliyi isa y2=87% toskil edir. Dayisanlarin miisyyan olunmus hesablan-
mis optimal giymotleri asasinda yoxlama tiglin tacriibs qoyulmusdur. Bu iss, ¢rxamin 64%,
selektivliyin ise y2=86.5% toyin olunmasina imkan vermokls, islonmis reqresiv modelin mii-
nasib oldugunu siibut edir.
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QURAQLIQ SORAITINDO SINTETIiK BUGDA GENOTIPLORINDO
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XULASO

Magqalads demya seraitinde tadqiq olunan 15 sintetik bugda niimunasinin deninds biomorfoloji ve keyfiyyot
gostoricilori Oyranilorak, golocokde magsadyonlii seleksiya prosesinda yeni yiiksok keyfiyyotli sortlarin yaradilmasi
prosesindo istifade olunma miimiikiinliiyii aragdirilmisdir. Bels ki, Calilabad Tacriibe Bazasinda okilmis niimunalardes
secilmis aqromorfoloji alamatlori toyin etmoak tiglin her tadqiq olunan genotiplorin orta hisselorinden tesadiifi olmagqla
secilorak etiketlonmis 5 bitki 6lciiliib vo onlarm orta qiymeti gotiiriilmiisdiir. Biokimyevi gostericilerinin dyrenilmasi
tigtin bugdamin denindan un gaklinda istifade olunmusdur.Naticalar gosterdi ki, dende ziilalin miqdari, 1000 denin
kiitlosi triptofanla tors miitanasibdir. Eloce do, siinbiiliin kiitlasi vo min denin kiitlasi siinbiilciiklorin say1 ilo six
alagadar oldugu miisyyen olunmusdur.Analiz olunan sintetik heksaploid bugda genotiplori arasinda Karahan
sortundan ytiksak ziilal migdarma malik niimunaler miisyysn olunmusdur.Naticods Ne12 LEUC 84693 / Ae.sq. (310) //
ADYR, Ne16 UKROD1530.94 / Ae.sq. (446) // KATIA1, Ne20 UKROD1530.94 / Ae.sg. (312) // BAGCI2002, Ne23 UKR-OD
1871.94 / Ae.sq. (213) // MEZGIT6, No24 UKR-OD 952.92 / Ae.sq. (409) // SONMEZ u No25 UKR-OD 952.92 / Ae.sq. (409) //
SONMEZ genotiplordan seleksiya proqramlarinda ilkin donor material kimi istifade edilmasi tovsiye olunur.

Acar sozlar: sintetik heksaploid bugda, biomorfologiya, ziilal, lizin, triptofan.

V3YUYEHUE BMOMOP®OAOTMYECKVX Y1 BUOXUMUYECKUX TOKA3ATEAEVTEHOTUIIOB
CUHTETUYECKOW ITIITEHULILI B YCAOBUSIX 3ACYXU

PE3IOME

B cTaThe 1310K€eHBI MaTepuabl 1CCAeA0BaHIAOIOMOPOAOTIIECKIXY KadeCTBEeHHBIX ITOKa3aTeeri15 o6pasrios
CHHTETIYECKOI IIIEHNIIBI, BRIPAIEHHBIX B YCAOBIIX 3aCyXM, a TAK’Ke pacCMaTpUBaeTCsl BO3SMOSKHOCTb VX MCIIO0b30Ba-
HIISI C I1eABI0 CO3JaHNS BHICOKOKaueCTBEHHBIXHOBBIX COPTOB B ITpoliecce IieeHalIpaBAeHHOI ceaeKium. /s onpeseae-
HILST arpoMOpP¢OAOTIIeCKIX ITPU3HAKOB 113 0DPa3IioB, TOCa’KeHHEIX Ha /kaarnaabaacKor SKCIIepyMeHTaAbHOl Oase,B
CAy4aiTHOMITOPSIAKEOBLI0 OTOOPAHO TI05 pacTeHMIT KaskA0TO U3YUEeHHOTO TeHOTHIIa, U CpeAHee 3HaYeHMe 110 KaXKAOMY
II0Ka3aTeAI00BLA10 BKAIOYEHO B CTATMCTUYECKMI aHaAu3. JAs M3ydeHns: OMOXMMUIECKUX CBONICTB 3€PHO IIIIEHMUIIBI
IlepeMaabIBal0Ch. AHaAM3 Pe3yAbTaTOB IT0Ka3al, YTO KoAMdIecTo Oeaxa B 3epHe 1 Bec 1000 3eper o6paTHO ITpOIIOpITH-
OHa/BHBIKOANYECTBY coAepKallerocs B HeMTpurtodana. Taxoke 65110 0OHapy>KeHO, 4TO Macca koaoca u Macca 1000
3epeH TeCHO CBSI3aHbI C KOANYECTBOM K010cK0B. Cpeyt IIpoaHaAM3MPOBAHHBIX TEHOTUIIOB CMHTETIYECKO TeKCaILA0MA-
HOII TIIIIeHMIIBI OBLAV BBISBAEHBI 0Opa3Iibl ¢ 00Jee BHICOKUM cOoJepsKaHyeM OeaKa ITO CpaBHEHMIO CO CTaHAAPTHBIM
coproM Kapaxan. B pesyabrate renorunsr No12 LEUC 84693 / Ae.sq. (310) // ADYR, Nol6 UKROD1530.94 / Ae.sq. (446)
// KATIA1, No20 UKROD1530.94 / Ae.sq. (312) // BAGCI2002, No23 UKR-OD 1871.94 / Ae.sq. (213) // MEZGIT6, Ne24
UKR-OD 952.92 / Ae.sq. (409) // SONMEZ n No25 UKR-OD 952.92 / Ae.sq. (409) // SONMEZpekoMeHayeTcsI UCIIOAB30-
BaTh B KadecTBe OCHOBHOTO AOHOPCKOTO MaTepraja B CeAeKIIVIOHHEIX IIporpaMMax.

Karogesbie ca0Ba: CUHTeTIIeCKas reKcaIl10MAHas MIIeHnIra, 61oMoppoaorsy, 6eA0K, AU3NH, TPUIITOPAH.

STUDY OF BIOMORPHOLOGICAL AND BIOCHEMICAL INDICATORS IN SYNTHETIC
WHEAT GENOTYPES IN DROUGHT CONDITIONS

ABSTRACT

The article presents research materials on biomorphological and qualitative indicators of 15 samples of synthetic
wheat grown under drought conditions and considers the possibility of their use in order to create high-quality new
varieties in the process of targeted selection. To determine the selected agromorphological characters from the samples
planted on the Jalilabad experimental base, 5 plants were randomly selected of each studied genotype, and their
average value was included in the statistical analysis. To study the biochemical properties, the wheat grain was ground.
An analysis of the results showed that the amount of protein in the grain and the weight of 1000 grains are inversely
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proportional to the amount of tryptophan contained in it. It was also found that the weight of the spike and the mass of
1000 grains are closely related to the number of spikelets. Among the analyzed genotypes of synthetic hexaploid wheat,
samples were identified with a higher protein content compared to the standard Karahan variety. As a result,
genotypes .No12 LEUC 84693 / Aesq. (310) // ADYR, Nel6 UKROD1530.94 / Aesq. (446) // KATIA1, Ne20
UKROD1530.94 / Ae.sq. (312) // BAGCI2002, No23 UKR-OD 1871.94 / Ae.sq. (213) // MEZGIT6, No24 UKR-OD 952.92 /
Ae.sq. (409) // SONMEZ u Ne25 UKR-OD 952.92 / Ae.sq. (409) // SONMEZ is recommended to be used as the main donor
material in breeding programs

Key words: synthetic hexaploid wheat, biomorphology, protein, lysine, tryptophan.

Giris

Yer {iiziinde yasayan insanlarin giindalik kalorili ehtiyaclarmin 20% -den g¢oxunun
bugdadan ve bugdadan alinan mehsullar vasitesi ilo tomin edilir[3].Bugda ve bugda mehsullari-
nin torkibindaki karbohidratlar, ziilallar ve yaglardan basqa vitaminlar, pahriz lifleri ve bazi

fitokimyoavi maddolarde saglamliq baximindan insan orqanizmine miisbat tesir gosterir. Bu
maddalor diabet, tirok-damar,xar¢ong kimi xastaliklorinin inkisaf riskini azaldir[11].

Bugdanin an yaxin qohumu olan Aegilops L. cinsinin genetik potensialini 6ziinds comlagdi-
ran sintetikbugda, diinyanin aparict merkazlarinin seleksiya proqramlarinda genis istifads olu-
nur, bu da menbs materialinin genotipik miixtelifliyinin shamiyyetli deraceds genislanmasins,
biotik vo abiotik streslors davamli yeni bugda formalarmin istehsalina kémak edir[4].Sintetik
heksaploid bugdalar1 (2n = 6x = 42; AABBDD) daha boyiik mahsuldar potensiala malik oldugu
tosdiglonmisdir [7]. Elaco do bu bugdalarin denin terkibinds ziilalin miqdarmin ¢ox olmas: ade-
biyyat melumatlar {ist-iiste diisiir. Sintetik heksaploid bugdanin terkibinds 12.5-23.6% arasinda
toraddiid edan ziilal m&vcuddur [5]. Sintetik heksaploid bugda yumsaq bugdaya nisbaton daha
yiiksok ziilal, lizin, nisasta, B qrup vitaminlari ils zangin terkibs malikdir[8]. Biz bilirik ki, amin-
tursularin orqanizmds catismazli1 naticesinde bir sira xestelikler emals golir. Ovezolunmayan
amintursular1 orqanizm tarafindan hasil olunmur. Ona gore de qidanin terkibinds amintursu-
larinin va elace do avazolunmayan amintursularin yiiksak olmasi orqanizm tigiin faydahdir [1,
2]. Hamginin sintetik heksaploid bugda slverissiz xarici miihit soraitine doztimliidiir. Bu bugda
zaif torpaq ve uygun olmayan iglim soraitinds yiiksek seviyyade yetisdirile bilor [9].Yumsaq
bugda ils sintetik bugda genotiplarinin keyfiyyst xiisusiyystlorini qarsilasdirdiqda sintetik bug-
da genotiplerinin statistik olaraq vacib daha yiiksek ziilal miqdarina sahib oldugu bildirilmis-
dir[10].

Isin magsadi quraqliq seraitinds yetison sintetik heksaploid bugda niimunslerinin biomor-
foloji vo keyfiyyat gostaricilorini dyranilarak, gelocokde maqgsadyonlii seleksiya prosesinds yeni
yliksok keyfiyyatli sortlarin yaradilmasi istifade olunma miimiikiinliiyti arasdirilmas: olmusdur.

Tadqiqatin metodu

Analiz moagsadilo 15sintetik bugda niimunasi Ne9 AISBERG/Ae.sq.(369)//DEMIR, Nel10
LEUC 84693/Ae.sq.(310)//ADYR, Nel2 LEUC 84693/Ae.sq.(310)//ADYR, Nel3LEUCS84693/Ae.sq.
(1026) // GEREK?79, Nel4UKROD952.92/Ae.sq.(409)//SONMEZ, Nel5UKROD952.92/Ae.sq.(409)//
SONMEZ, Nel6UKROD1530.94/Ae.sq.(446)//KATIA1, Nel7 UKR-OD 1530.94/Ae.sq.(311)//EKIZ,
Nel8 UKR-OD  1530.94/Ae.sq.(311)//EKIZ,  Ne19 UKR-OD  1530.94/Ae.sq.(311)//EKIZ,
No20UKROD1530.94/Ae.sq.(312)//BAGCI2002, Ne22 LEUC 84693/Ae.sq.(1026)//GEREK79, Ne23
UKR-OD 1871.94/Ae.sq.(213)//MEZGIT6, Ne24 UKR-OD 952.92/Ae.sq.(409)//SONMEZ, No25
UKR-OD 952.92/Ae.sq.(409)//SONMEZ va bir standart Ne11 KARAHANSsortuCalilabad TB-da
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okilmisdir.Analizlor asasen timumi gabul olunmus metodlarla aparilmisdir [6].Genotiplords
ziilalinmiqdarinin tayini Keldal tisulu ile aparilir. Narm tiyiidiilmiis niimunadan 0,3-0,5 qr
gotiirtib, Keldal kolbasma tokiilerak tizerine 5-7 ml qati sulfat tursusu,1 qr katalizator slave
edilib yandirilir. Keldal aparatinda qovulur, sonra titirlanarek azotun miqdari teyin edilir.

Lizinin miqdarmi iss A.S.Museyko vo A.F.S1soeva tisulu ils iki tokrar olmagla probirkaya 30
mgq un alava edib, 2%-1i Na2COs -da 10 daq. 80° -do su hamaminda hidroliz etmaklos toyin edilib.

Niimunsloards triptofanin miqdarmi A.Ermakov, N.R.Yaros tisulu ilo tayin edilir. Bunun
tictin 200 mq narm {ytidiilmiis niimunadan gotiiriib 100 ml 6l¢ti kolbasimna tokiiliir. 25%-li KOH
-da hall olmus 4%-li jelatin mahlulu tokiiliir. 18-20 saat miiddatinds 40°C temperaturda hidroliz
edilorok tayin edilir .

Tadqiqat isinin miizakirasi ve onun naticalori

Todgiqat tigiin quraqhq seraitde sepilmis 15 sintetik heksaploid bugda genotiplarinden
mohsul toplanaraq 5 msohsuldarhq elementi tizro miiqayiseli tehlil edilmisdir (Cadval
1).Moahsuldarhqda asas govdadaki siinbiiliin kiitlesi timumi mshsuldarhigin asasim tagkil edir.
Bu elementds bag veran dayisiklik bir siinbiilds olan desnin kiitlasins, saymna ve 1000 dsnin
kiitlasine birbasa tesir edir.Codvelden goriindiiyti kimi siinbiiliin kiitlesi Nel2LEUC84693/
Ae.sq.(310)//ADYR,Ne16UKROD1530.94/ Ae.sq.(446)//KATIA1, Nel8 UKR-OD 1530.94/Ae.sq.
(311)//EKIZ, Ne19 UKR-OD 1530.94/Ae.sq.(311)//EKIZve Ne20UKROD1530.94/ Ae.s4.(312)//
BAGCI2002 niimunolards daha yiiksakdir. Todqiq etdiyimiz niimunslards siinbiiliin kiitlasindo
bas veran deayismaye gora da farqlilik miisahids edilmisdir. Siinbiiliin kiitlesinds No22 LEUC
84693/Ae.sq.(1026)//GEREK79,Ne24  UKR-OD  952.92/Ae.sq.(409)//[SONMEZ  va  standart
KARAHANSsortuagag1 netice gostormisdir. Bazi sintetik heksaploid bugda genotiploarinds ise

Cadval 1. Calilabad TB-da akilmis sintetik heksaploid bugda niimunalarindas
mohsuldarliq gostericilorinin miiqayisasi (2018)

No Niimunslerin ad1 BB,sm | SU, sm SPS, SK, MDK,
odad qr qr
1 No9 AISBERG/Ae.sq.(369)//DEMIR 144.0 11.0 16 1.979 47.13
2 No10 LEUC 84693/Ae.sq.(310)//ADYR 113.0 10.3 16 1.619 49.17
3 No12 LEUC 84693/Ae.sq.(310)//ADYR 134.0 9.8 18 2432 40.11
4 No13LEUC84693/Ae.sq.(1026)//GEREK79 128.0 10.5 19 1.875 44.87
5 No14UKROD952.92/Ae.sq.(409)//SONMEZ 126.0 10.0 16 1.89 48.10
6 No15UKROD952.92/Ae.sq.(409)//SONMEZ 124.0 9.0 14 1.744 48.79
7 No16UKROD1530.94/Ae.sq.(446)//KATIA1 123.0 12.5 21 2272 42.18
8 Ne17 UKR-OD 1530.94/Ae.sq.(311)//EKIZ 129.0 11.1 18 1.741 47.12
9 Ne18 UKR-OD 1530.94/Ae.sq.(311)//EKIZ 122.0 12.0 18 2.558 46.18
10 No19 UKR-OD 1530.94/Ae.sq.(311)//EKIZ 127.0 10.0 17 2.291 56.17
11 No20UKROD1530.94/Ae.sq.(312)//BAGCI2002 126.5 8.2 14 2.06 4145
12 No22 LEUC 84693/Ae.sq.(1026)//GEREK79 114.6 7.5 13 1.091 42.78
13 No23 UKR-OD 1871.94/Ae.sq.(213)//MEZGIT6 120.0 9.9 17 1.944 46.27
14 No24 UKR-OD 952.92/Ae.sq.(409)//SONMEZ 130.0 8.5 15 1.194 42.80
15 No25 UKR-OD 952.92/Ae.sq.(409)//SONMEZ 130.5 9.9 18 1.776 4498
16 Noll KARAHAN 143.0 15.0 15 1.174 48.12

BB- bitkinin boyu, SU- siinbiiliin uzunlugu, SPS - stinbiildaki siinbiilciiyiin say1, SK - siin-
biiliin kiitlasi, MDK -min danin kiitlasi stinbiiliin kiilssinds artma miisahids edilmisdir. Mass-
lon: Ne12 LEUC 84693/Ae.sq.(310)//ADYR, Ne16UKROD1530.94/Ae.sq.(446)//KATIA1, Ne18 UKR-
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OD 1530.94/Ae.sq.(311)//EKIZ, Ne19 UKR-OD 1530.94/Ae.sq.(311)//EKIZ vo Ne20UKROD1530.94/
Ae.sq.(312)//BAGCI2002niimunaleri daha yiiksak gosterici gostermisdir. Ne9AISBERG/Ae.sq.
(369)//DEMIR, Ne16UKROD1530.94/Ae.5q.(446)//KATIA1, Ne14UKROD952.92/ Ae.sq.(409)//
SONMEZ, Ne17 UKR-OD 1530.94/Ae.sq.(311)//EKIZ,Ne18 UKR-OD 1530.94/Ae.sq.(311)//EKIZ ve
No19 UKR-OD 1530.94/Ae.sq.(311)//EKIZ bir neg¢o alamato gore yiiksok natico gostordiyi tiglin
seleksiyada istifadasi meslahat goriiliir.

Bugdanin keyfiyyatini dyranmak iigiin an genis isloenan parametr olan ziilahn miqdari, straf
vo genetik faktorlarla bagh olaraq dayismakds oldugu ve xiisusile atraf faktorlardan torpagm
mohsuldarhigy, yetisdiyi fosil igorisindoki yagis miqdari, hava tempuraturunun yiiksoklik
doracesi vo xestoliklorin ziilal {izerinde tesirinin vacib oldugu bildirilmekdoadir[12].Analiz
olunan sintetik heksaploid bugda genotiplori arasinda demok olar ki, an yiiksok ziilal (quru
¢okiya gore) Nel2 LEUC 84693/Ae.sq.(310)//ADYR, Nel6UKROD1530.94/Ae.sq.(446)//KATIA1,
Ne20UKROD1530.94/Ae.sq.(312)//BAGCI2002, Ne23 UKR-OD 1871.94/Ae.sq.(213)//MEZGITé6,
Ne24 UKR-OD 952.92/Ae.sq.(409)//SONMEZva No25 UKR-OD 952.92/Ae.sq.(409)//SONMEZ
olmusdur ki, bu standart Karahan sortundan yiiksakdir (Cadval 2).Triptofan gostaricisi ise an
yiiksek  Ne13LEUCB84693/Ae.sq.(1026)//GEREK79,No22  LEUC  84693/Ae.sq.(1026)//GEREK79,
No14UKROD952.92/Ae.sq.(409)//SONMEZolmusdur, bu da standart sortdan yiiksekdir. Diger
sintetik bugda genotiplarins nisbaton asag: triptofana malik niimunaler iss Ne12LEUC 84693/
Ae.5q.(310)//ADYR, Ne16UKROD1530.94/Ae.sq.(446)//KATIAlolsada ancaq sortdan yiiksak natico
gostarmisdir. Triptofan maddaler miibadilesini siiratlonmasine tesir edir.

Cadval 2. Calilabad TB-da sintetik heksaploid bugda genotiplorinin biokimyevi gostericilori (2018)

Niimunsalorin ad1 Zilal, Triptofan Lizin
Ne (NS.7%) M00qr-da | Ziilala | 100qr- | Zilala
mq goro % | damq | goro %
1 No9 AISBERG/Ae.sq.(369)//DEMIR 15.1 90.0 0.59 220.0 1.45
2 No10 LEUC 84693/Ae.sq.(310)//ADYR 15.8 95.0 0.60 220.0 1.39
3 No12 LEUC 84693/Ae.sq.(310)//ADYR 16.6 90.0 0.54 220.0 1.32
4 Ne13LEUC84693/Ae.sq.(1026)//GEREK79 11.9 110.0 0.92 183.0 1.53
5 No14UKROD952.92/Ae.sq.(409)//SONMEZ 13.3 100.0 0.75 220.0 1.65
6 No15UKROD952.92/Ae.sq.(409)//SONMEZ 14.9 110.0 0.67 220.0 147
7 No16UKROD1530.94/Ae.sq.(446)//KATIA1 17.7 100.0 0.56 220.0 1.24
8 No17 UKR-OD 1530.94/Ae.sq.(311)//EKIZ 144 85.0 0.59 256.0 1.77
9 No18 UKR-OD 1530.94/Ae.sq.(311)//EKIZ 15.4 100.0 0.64 256.0 1.66
10 | Ne19 UKR-OD 1530.94/Ae.sq.(311)//EKIZ 15.7 110.0 0.70 220.0 1.40
1 No20UKROD1530.94/Ae.sq.(312)//BAGCI2002 16.3 100.0 0.61 256.0 1.57
12 | No22 LEUC 84693/Ae.sq.(1026)//GEREK79 14.1 120.0 0.85 146.0 1.03
13 | No23 UKR-OD 1871.94/Ae.sq.(213)//MEZGIT6 16.4 110.0 0.67 220.0 1.34
14 | No24 UKR-OD 952.92/Ae.sq.(409)//SONMEZ 17.4 110.0 0.63 146.0 0.83
15 | No25 UKR-OD 952.92/Ae.sq.(409)//SONMEZ 17.1 120.0 0.70 146.0 0.85
16 | Nell KARAHAN 15.8 80.0 0.50 220.0 1.39

Lizin an yiiksok No17 UKR-OD 1530.94/Ae.sq.(311)//EKIZ, Nel8 UKR-OD 1530.94/Ae.sq.
(311)//EKIZ, Ne14UKROD952.92/Ae.sq.(409)//SONMEZniimunalari olmusdur ki, bu da standart
Karahan sortdan yiiksakdir. ©n yiiksak lizin Ne17 UKR-OD 1530.94/Ae.sq.(311)//EKIZ sintetik
bugda niimunasinds miisahids olunub. Tadgiqat naticesinde malum olmusdur ki, niimunsalarin
daninds ziilalin miqgdari, 1000 denin kiitlasi ilo tors miitanasibdir.
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Belalikls, apardigimiz tacriibalarin naticalarine asasen siinbiiliin kiitlasi ve min denin kiitlasi

stinbiilciiklarin say1 ila six slagadar olub, sortun bioloji xiisusiyystindan, biotik ve abiotik

soraitdan, aqrotexniki qullugdan va bir sira diger amillorden ashiligi miisyyeon edilmisdir. Analiz
naticalarine asasen ziilal 13,3-17,7%, lizin 0,83-1,77%, triptofan 0,54-0,92% arasmnda deyismisdir.
Analiz olunan sintetik heksaploid bugda genotiplari arasinda Karahan sortundan yiiksak ziilal,
lizin miqdarma malik niimunsler miisyysn olunmusdur. Neticods Nel2 LEUC 84693/Ae.sq.
(310)//ADYR, Nel6 UKROD1530.94/Ae.sq.446)//KATIA1, Ne20 UKROD1530.94/Ae.sq.(312)//
BAGCI2002, Ne23 UKR-OD 1871.94/Ae.sq.(213)//MEZGIT6, Ne24 UKR-OD 952.92/Ae.sq.(409)
/[SONMEZva No25 UKR-OD 952.92/Ae.sq.(409)//SONMEZbu genotiplerden seleksiya program-
larinda ilkin donor material kimi istifads edilmasi tovsiye olunur.
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XULASO

2-Metiltsikloheksil-4-metilfenollarin formaldehid ve aminoetilnonilimidazolinlo qarsiligli tesirinden 2-
hidroksi-3(metiltsikloheksil)-5-metil benzil aminoetilnonilimidazolinler sintez olunmus ve M-8 miiharrik yaginda
antioksidant kimi sinaqdan ¢ixarilmigsdar.

Acar sozlar: 2-metiltsikloheksil-4-metilfenol, formaldehid, aminoetilnonilimidazolin, aminometillogms,
antioksidant, M-8 miiharrik yag1

CUHTE3 Y ICCAEAOBAHUE CBOVICTBA 2-TUAPOKCHU-3[1(3)-METUAIIMKAOTEKCNA]-5-
METUABEH3AAMMHODTUAHOHNAMMUAA3OANHOB

PE3IOME

Cunresuposansl  2-ruapokcn-3[1(3)-mMeTnanukaorekcual-5-MeTna6eH3MAaM MHO D TUAHOHUA UM AA30 AVHbI
B3auMo/ericTBueM 2(1-MeTUAIIMKAOTeKCHA)- U 2(3-MeTUAIIUKAOTeKCIA)-4-MeTnAPeH010B ¢ POpPMaAbAETUAOM U
aMMHOSTUAHOHUANMIAA30AMHOM. [loAydeHHBIe MPOAYKTHI UCIIBITAHBl B KaueCTBe aHTMOKMCAUTEABHBIX IIpHCa-
AOK K MOTOpHOMY Macay M-8.

KaroueBble caoBa: 2-MeTUAMKAOTeKCHA-4-MeTuAdpeHoAs, popMaabierns, aMUHODTUAHOHUAVMIAA30-
AVIH, aMMHOMETUAMPOBaHNe, aHTMOKCUAAHT, MOTOpHas Macaa M-8.

SYNTHESIS AND STUDY OF THE PROPERTIES OF 2-HYDROXY-3[1(3)-METHYLCYCLOHEXYL]-5-
METHYLBENZYLAMINOETHYLNONYLIMIDAZOLINES

ABSTRACT

2-Hydroxy-3-[1(3)-methylcyclohexyl]-5-methylbenzyl-amino-ethylnonylimidazolines were synthesized by the
reaction of 2 (1-methylcyclohexyl) - and 2 (3-methylcyclohexyl) -4-methylphenols with formaldehyde and aminoethyl-
nonylimidazoline. The resulting products have been tested as antioxidant additives for M-8 engine oil.

Key words: 2-methylcyclohexyl-4-methylphenols, formaldehyde, aminoethylnonylimidazoline, aminomethy-
lation, antioxidant, M-8 motor oil.

Son on ilin adabiyyat manbalerinds alkilfenol asash kimyavi slavalarin alinmasi va istifade
sahalori hagginda melumatlara kifayst godar rast gelmek miimkiindiir [1-5]. Onlar semarali
antioksidantlarin, stabilizatorlarin, oksigenatlarm, asqarlarn ve s. alinmasinda, yaglarda,
yanacaqlarda, polimer materiallarda, kauguklarda genis istifade olunurlar [6-8]. Malumdur ki,
alifatik karbohidrogenlar asasinda alinmus alkilfenollardan alkil qrupunun metilden oktils dogru
artimu ile antioksidlegdirici qabiliyysti artir. Ancaq yliksek temperaturlarda oktil qrupu stabil
deyil, parcalanir vo almmus radikallar 6zii oksidant rolunu oynayir. Bu baximdan, tsikloalkil
radikallar1 daha stabildirlar ve yiiksak temperaturun tesirine davamhdirlar [9-11].

Toqdim olunan isda para-krezolun 1- vo 3-metiltsikloheksenlorle katalitik tsikloalkillogma-
sindon alimmig 2[1(3)-metiltsikloheksil]-4-metilfenollarin formaldehid ve aminoetilnonilimidazo-
linls qarsihqh tesirinden Mannix ssaslarinmn alimib M-8 miiharrik yaginda antioksidant kimi
sinagindan bahs edjlir.
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Tacriibi hissa

2-Hidroksi-3[1(3)-metiltsikloheksil]-5-metilbenzilaminoetilnonilimidazolinlsrin alinmasi
tglin ilkin xammal kimi 2[1(3)-metiltsikloheksil]-4-metilfenollar, 30%-li formalin ve aminoetilno-
nilimidazolindan istifads olunmusdur.

2[1(3)-metiltsikloheksil]-4-metilfenollar para-krezolun ortofosfat tursusu hopturulmus seolit-
Y katalizatoru istirakinda 1- ve 3-metiltsikloheksenlorls tsikloalkillosma reaksiyalarindan aln-
mugdir [12].

Metiltsikloheksilimidazolinler 2[1(3)-metiltsikloheksil]-4-metilfenollarin formaldehid vo
aminlo 1:2:2 nisbatlarinds qarsiliqh tesirinden alinmisdir.

Mexaniki qarisdirici vo termometrlo tochiz olunmus ticbogazli kolbaya hesablanmis
miqdarda tsikloalkilfenol, aminoetilnonilimidazolin ve benzol tokiiliib qizdirilir. Reaksiya
qarisigl qizdirmagqla 40°C-ds tizerino 1 saat arzinds 30%-li formalin alave olunur. Sonra reaksi-
yanin temperaturu 80°C-a qaldirilir vo bu temperaturda 2 saat qarisma davam etdirilir. Daha
sonra reaksiyaya girmayen formaldehidi kenarlasdirmaq ii¢iin qarisiq su ils yuyulur. Reaksiya
qarnigigindaki amini ayirmaq tigiin o xlorid tursusu ils iglenilir. Sonra aminin xlorid duzu qat
NH:«OH msahlulu ils islenilir va sarbast amin birlesmasi ayrilir. Almmis amin sudan benzol ila
ekstraksiya yolu ile ayrilir. Benzol qovuldugdan sonra qaliq vakuumda rektifikasiyaya ugradilir
va almmig moahsullarm fiziki-kimyavi xassaleri, kimyevi strukturlar: tayin olunur.

Sintez olunmus maddalarin quruluslar: IQ, NMR 'H vo ©“C analiz tisullar: ilo toyin edilmis-
dir. IQ spektrlor Almaniyanin “Bruker” firmasi torsfinden istehsal olunan “ALPA IQ-Furye”
spektrometrinds, H ve 13C NMR spektrlori Bruker TOP SPIN cihazinda uygun olaraq 300.10
MHs tezliklards aseton — ds, D20, CDCls vo CCls halledicilarinda ¢okilmigdir.

2-Hidroksi-3[1-metiltsikloheksil]-5-metilbenzilaminoetilnonilimidazolinin [I] sintezi

Aminometillosmo reaksiyasi asagidaki tonlik tizro gedir:

OH
* CHO + HN—(CHo,—N_ N 5™
- H2
CoHig
OH
CH3
— CHy—NH—(CHz),—N_ N (1
CoHyg
CH3

Ucbogazli kolbaya 51.0 q 2(1-metiltsikloheksil)-4-metilfenol, 60.0 q aminoetilnonilimidazo-
lin, 51.0 g benzol doldurulur ve qarisdirilmaqla qizdirilir. Temperatur 40°C ¢atdiqda tizerine 25.0
q formalin slavs olunur. Sonra tacriibs yuxarida gosterilen tisul ile aparilir. Noticeds 90.4 q [I]
alinir ki, bu da ¢pamin 79.3% oldugunu gosterir. [I]-in fiziki-kimyavi xassaleri 1 sayl cadvelda
verilir.

Sintez olunmus amin [I]-in 'H NMR spektrinde asagidaki signallar miisahide olunur:
maddanin tsiklen qurulusu 0=1.35-1.6 ppm zolaginda, CHs qrupunun signali 5=0.9-1.1 ppm
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Aromatik niivenin protonlar1 ©=6.75 ppm, aromatik niiveye birlosmis hidroksil qrupunun
protonu d=6.5 ppm zolaqlarinda, tsikloheksen halqesinin C=C rabitasi zaif intensivlikli 5=5.2-5.4
ppm multiplet saklinds, NH-qrupunun protonu 6=3.60 ppm rezonans signal, -CHz- radikalinin
protonu 6=4.70 ppm zolaqlarinda miisahids olunmusdur.

2-Hidroksi-3(1-metiltsikloheksil)-5-metilbenzilaminoetilnonilimidazolinin 1Q spektrinda
asagida gostorilon qruplar askar edilmisdir: 3100-3500 sm™ zolaginda OH qrupu, 1380 sm™ —
CHs qrupu, aromatik halgenin C=C rabitasi 1630 sm, naften hsalqasinin stirtismasi 830 ve 880
sm zolaglarmda miisahids olunur. Benzol halgesinin para-avezlenmasi 828, 1240, 1590, 1610 ve
390 sm'; NH- qrupu 3050 sm~'; C-N 1094, 1100, 1120, 1300 sm-! zolaglarinda askar olunmusdur.

2-Hidroksi-3(3-metiltsikloheksil)-5-metilbenzilaminoetilnonilimidazolinin [II] sintezi

Reaksiya asagidaki tonlik iizro gedir:

OH

+ CH0 + HN—(CHo,—N N o>
-

CHs CoHyg

CH,
OH
—— CH2—NH—(CH2)2—NYN [11]
CgH
CH3 919

Madds - [II]-nin sintezi yuxarida gosterilon iisul ilo hayata kegirilir. Magsadli mahsul asag:
tozyiqde (666.5 Pa) qovulub ayrilir. Rektifikasiya naticosinde 81.7 q [II] alinir ki, bu da magsadli
moahsulun ¢ixamiin gétiiriilon 2(3-metiltsikloheksil)-4-metilfenola gore 71.7% oldugunu gostarir.

Madds [II}-nin IQ ve ™H NMR spektrlori yuxarida gdsterilon madde [I]-in spektrlorine
uygundur.

Sintez olunmus 2-hidroksi-3[1(3)-metiltsikloheksil]-5-metilbenzilaminoetilnonilimidazo-
linlarin fiziki-kimyevi gostaricilori 1 sayh codvalds verilir.

Cadval 1. 2-Hidroksi-3[1(3)-metiltsikloheksil]-5-metilbenzilaminoetilnonilimidazolinlsrin fiziki-kimyavi xassalari

OH Tapilmis, %
R CHp—NH—CH,—CH,—N N Teaavm. o Hesablanmis, %
e Sl T I L VY
CgH1g ( ’ a) C H N
CH,
R=
CH3
76.3 11.0 9.2
218-22 1. 1.1 4 R _ =
_@ 8226 6534 30 % 75.8 10.3 8.8
C29Hs50N30

CHs

O 214-223 15903 | L6 1456 | oo | 04 | 87
C29Hs0N30

Sintez olunmus mehsullarin smaglari 2 sayli cadvalde verilir.
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Cadval 2. 2-Hidroksi-3[1(3)-metiltsikloheksil]benzilaminoetilnonilimidazolinlerin M-8 miiharrik yaginda antioksidant
(AO) kimi smaglart T —200°C, T — 20 s, AO miqdar1 — 0.5%

S/s | Antioksidant Cokiintiniin 100°C-ds ozliilitk, mm?/s! Ozliiliik
miqdari, % oksidlesmaye oksidlesmaden | artimi, %
godar sonra
1. M-8 (AO slave olunmamis) 447 7.95 9.23 16.10
. Yag + MIXTI-21 (malum) 1.36 7.97 9.24 15.93
3. Yag +
CaHy
OH
CH,—NH
1.33 7.90 9.13 15.57
CH3 C3H7
(malum)
4. Yag +
oH
CHz—NH—CH,—CH;—N____N
0.72 7.98 9.20 15.29
C1-Cqg
R
(molum)
5. Yag + madda [I] 0.34 7.93 8.97 13.11
6. Yag + maddo [II] 0.38 7.95 9.06 13.96
Noaticalor:

1. 2[1(3)-metiltsikloheksil]-4-metilfenollarin formaldehid ve aminoetilnonilimidazolinla
aminometillosmo reaksiyalar1 asasmda 71.7-79.3% ¢amla 2-hidroksi-3[1(3)-metiltsikloheksil]-
benzilaminoetilnonilimidazolinlar alinmisdir.

2. Sintez olunmug maddalar M-8 miiharrik yaginda yiiksek temperatura davaml antioksi-
dant kimi sinaqdan ¢ixarilmis ve samerali natice alde olunmusdur.
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2-Hidroksi-3[1(3)-Metiltskiloheksil]-5-Metilbenzilaminoetilnonilimidazolinlarin sintezi va xassalarinin tadqiqi

10.

11.

12.
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INSTRUCTIONS FOR AUTHORS

"The Baku Engineering University Journal-Chemistry and Biology" accepts original unpublished articles
and reviews in the research field of the author.

Articles are accepted in English.

File format should be compatible with Microsoft Word and must be sent to the electronic mail
(journal@beu.edu.az) of the Journal. The submitted article should follow the following format:

Article title, author's name and surname

The name of workplace

Mail address

Abstract and key words

The title of the article should be in each of the three languages of the abstract and should be centred on the
page and in bold capitals before each summary.

The abstract should be written in 9 point type size, between 100 and 150 words. The abstract should be written
in the language of the text and in two more languages given above. The abstracts of the article written in each
of the three languages should correspond to one another. The keywords should be written in two more
languages besides the language of the article and should be at least three words.

. UDC and PACS index should be used in the article.

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

In case the reference is in Russian it must be given in the Latin alphabet with the original language shown in
brackets.

Figures, pictures, graphics and tables must be of publishing quality and inside the text. Figures, pictures
and graphics should be captioned underneath, tables should be captioned above.

References should be given in square brackets in the text and listed according to the order inside the text at
the end of the article. In order to cite the same reference twice or more, the appropriate pages should be
given while keeping the numerical order. For example: [7, p.15].

Information about each of the given references should be full, clear and accurate. The bibliographic description
of the reference should be cited according to its type (monograph, textbook, scientific research paper and etc.)
While citing to scientific research articles, materials of symposiums, conferences and other popular scientific
events, the name of the article, lecture or paper should be given.

a)

b)

10.

11.
12.

Samples:

Article: Demukhamedova S.D., Aliyeva 1.N., Godjayev N.M.. Spatial and electronic structure af monomerrik
and dimeric conapeetes of carnosine uith zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832,
2010

Book: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, p.386-398, 2002

Conference paper: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information — Commu-nication
Technologies in Science and education. II International Conference.”Higher Twist Effects In Photon- Proton
Collisions”, Baki, 01-03 Noyabr, 2007, ss 384-391

References should be in 9-point type size.

The margins sizes of the page: - Top 2.8 cm. bottom 2.8 cm. left 2.5 cm, right 2.5 cm. The article main text
should be written in Palatino Linotype 11 point type size single-spaced. Paragraph spacing should be 6 point.

The maximum number of pages for an article should not exceed 15 pages

The decision to publish a given article is made through the following procedures:

The article is sent to at least to experts.

The article is sent back to the author to make amendments upon the recommendations of referees.

After author makes amendments upon the recommendations of referees the article can be sent for the
publication by the Editorial Board of the journal.



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University-Kimya va Biologiya”- oavvallor nagr olunmamis orijinal asarlori vo
miisllifin tadqiqat sahasi iizre yazilmis icmal maqalalari gobul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) iinvanina géndorilmslidir. Gondoarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilass vo agar sozlor.

Mogqalads bashq hor xiilasadan avval ortada, qara vo boyiik horflo xiilasolorin yazildigi hor i¢ dildo
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiyiindo, moqalonin yazildig1 dildo vo bundan
olavo yuxarida gostarilon iki dildo olmalidir. Magqalonin har {i¢ dilde yazilmug xiilasasi bir-birinin eyni olmalidir.
Agar sdzlor uygun xiilasalorin sonunda onun yazildig: dilds verilmokls an azi ii¢ s6zden ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalos asagidakilardan ibarst olmalidir:

Giris,

Tadqiqat metodu

Tadgiqgat isinin miizakirasi vo onun naticolori,

Istinad adebiyyat: rus dilinds oldugu halda orjinal dili m&tarzo icorisinde gdstormoklo yalmz Latin alifbasi
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyyatds va moatn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlarm altinda yazilmalidir. Cadvallards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilindo géstorilmokls maqalonin sonunda matn daxilindaki
stra ilo diiziilmolidir. Eyni manbays iki vo daha cox istinad edildikds ovvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmolidir. Masalon: [7,s0h.15].

Odobiyyat siyahisinda verilon her bir istinad haqqinda malumat tam va doqiq olmalidir. Istinad olunan manbanin
bibliografik tesviri onun ndviindon (monoqrafiya, dorslik, elmi moqalo v s.) asili olaraq verilmolidir. EImi mo-
qalslara, simpozium, konfrans, vo digor niifuzlu elmi todbirlorin materiallarina vo ya tezislorine istinad edorkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbqals: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Maoanbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

Sahifa olgiilori: Ustdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yazi tipi
boyiiklityiinds, Palatino Linotype yazi tipi ilo ve tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal tadgigat osorlorinin tam matni bir qayda olaraq 15 sohifaden artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moaqale miiollifo gdndorilir.

Mogqals, ekspertlorin tonqidi qeydlori miisllif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Kimya ve Bioloji" 6nceler yayimlanmamis orijinal ¢aligmalar1 ve
yazarin kendi arastirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler Ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin bagligi, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig: dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her ii¢ dilde yazilmis 6zeti birbirinin ayni olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az {i¢ s6zciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun iist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde késeli parantez igerisinde numaralandirilmali, ayni sirayla metin so-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirli de eserin tii-
rine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [Imi makalelere, sempozyum, ve konferanslara
miiracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gésterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A.I. Appligation of Information-Communication Technologies
in Science and education. 11 International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; tist: 2.8 cm, alt: 2.8 ¢cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto biiyiik-
likte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal arastirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editoér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri gonde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana gonderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yayin Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler i¢in,(derginin kendilerine gonderilmesi za-
mani posta karsiligi) 30 ABD Dolar1 veya kargiligi TL, T.C. Ziraat Bankas1/Uskiidar-Istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - Xumunu u 6uonornn myOIuKyeT OpUrHHATBHBIC, HAYYHbIC CTAThU
U3 00IaCTH UCCICI0BaHUS ABTOPA U PaHEe HE OMyOINKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomuicH TOIKHBI OBITh HaOpaHs! coryiacHo porpammbel Microsoft Word u oTripaBiieHs! Ha 37IEKTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasiseMblie CTaThH J0JKHBI YIUTHIBATH CIIEAYIOIIHE TPABHIA;

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH MPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEP:KaHUIO0 opUruHaia. KitoueBble ciioBa JOJKHBI ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCIEJOBAHUS U BEIBOIOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(aBUTE.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu K pUCYHKaM pa3MEIIaloTCsl MO PUCYHKOM, KapTHHKON Wi rpadukom. Ha3BaHnue TaOIMIbI MHIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBAIPATHBIX CKOOKAX U PACIIONAraloTcs B KOHIIE CTaThH
B TIOPSIZIKE IUTHPOBAHMUS B TEKCTe. ECITM Ha OJIMH M TOT K€ MCTOYHHK CCHITAIOTCS JiBa M OoJiee pas, Heo0Xo-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHHILY, COXPaHAS MOPSAKOBHIM HOMep nuTupoBanus. Hanpumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHMKA (MOHOTpadust, yIeOHHK, HaydHas CTaThs U 1p.). [IpH CCBUTKE HA HAYYHYIO CTaThIO, MaTEPHAIIbl CHM-
No3uyMa, KOH(PEPEHIINH WK IPYTHX 3HAYNMBIX HAYYHBIX MEPOIPHATHH TOJKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knucza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

Pa3mepbl crpaHunbl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaBa 2.5. Tekcr nedaraercs wpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl TOKHBI OBITh pa3/ielcHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM JKCIIEpTaM.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

CraTps, TIOCNE TOTO, KaK aBTOP yd4es 3aME4YaHHs KCIEPTOB, PEIAKIIMOHHON KOJJIETHell KypHama MOXET
OBITh PEKOMEH/IOBaHA K MICYATH.
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