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PROFESSOR M.S.COBRAYILOYV - 75

Olkomizin ali tohsil miiossisolori
sirasinda xiisusi yer tutan Azorbaycan Dovlot
Pedaqoji Universitetindo ¢cox gorkomli alimlor,
taninmis insanlar, Votono, millato, dovloto,
dovlotciliyo sodaqoti ilo segilon qaygikes
miollimlor-ziyalilar  foaliyyot  gdstormisdir.
Milli iftixarimiz vo qiirurumuz olan elm va
sonot adamlari, sair vo yazigilar, homginin
siyasatgilor bu elm, tohsil vo moadoniyyot
mobadindon hoyata vosiqo alib xalqimzun
monoviyyat pasportuna ¢evrilmislor. Qeyd
etmok yerino disor ki, 75 yashh Azorbaycan
Milli Elmlor Akademiyasina 30 ilo yaxin
ADPU-nun ii¢ mozunu - akademik Yusif
Mommadsliyev, akademik Zahid Xolilov va
akademik Hoson Abdullayev rohborlik etmiglor. Boyiik elmi ugurlart vo
pedaqoji foaliyyetlori ilo adlarini universitetin sorof kitabina yazan Mehdi
Mehdizado, ©hmod Seyidov, Mordan Muradxanov, Cofor Xondan, Abbasqulu
Abbaszado, Mais Cavadov, Oli Sultanli, ©bdiilozol Domirgizado, Feyzulla
Qasimzado, Agammod Abdullayev, Ismayil Sixli, Afad Qurbanov, Sbdiil
Olizads bu giin do hormat va ehtiramla xatirlanir. Homin elmi naslin layiqli
tomsilcilorindon  biri  do  fizika-riyaziyyat elmlori doktoru, professor
Molikmommoad Cabrayilovdur. Onun sorofli vo monali hoyatinin 58 ili bu
miiqaddas elm vo tohsil mabadi ilo baghdir.

Molikmommoad Saday oglu Cobrayilov 15 may 1945-c1 ildo Haciqabul
rayonunun Qizilburun kondindo anadan olmusdur. 1961-ci ildo Atbulaq kond
orta moktobini, 1967-ci ildo ADPU-nu riyaziyyat miisllimliyi ixtisas1 iizro
forqlonmo diplomu ilo bitirmisdir. Tolobolik illorindo on yiiksok tolobo
togatidiine - Lenin toqaiidiine layiq goriilmiisdiir. M.Cabrayilov 1967-ci ildo
Elmi Suranin qorar1 ilo Riyazi analiz kafedrasinda assistent vozifosindo
foaliyyato baslamigdir. O, 1966-1970-ci illorde ADPU-nun Komsomol
Komitosinin katibi vozifosindo c¢alismis, 1970-1974-cii illordo aspiranturada
tohsil almigdir. 1974-cii ildo “Coxdoyisonli diferensiallanan funksiyalar
nozoriyyasinin bazi mosalolori” mévzusunda namizadlik dissertasiyasi, 1998-ci

9
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ildo “Vektorqiymatli funksiyalar {i¢iin Besov fozalarinda daxilolma teoremlori
vo onlarin operator-diferensial tonliklore totbiglori” mdovzusunda doktorluq
dissertasiyast miidafio etmisdir.

Professor M. Cabrayilovun todqiqatlarinda 6zlorinin vo tSromolorinin
qiymatlori miixtalif Banax, yaxud Hilbert fozalarindan olan funksiyalarin
Besov-Nikolski fozalar1 (B lp, q (Q 3 E o, E)) toyin edilmis, bu fozalarin
struktur xassalori Oyronilmis, daxilolma operatorunun bu fozalardan kosilmoz vo
kompakt tosir etmosi {iciin kafi sortlor miioyyonlosdirilmisdir. Ozlorinin va
toromolorinin qiymoatlori miixtolif Banax fozalarindan olan funksiyalarin
Sobolev-Liuvill fozalari W 'p (Q ; Eo, E) toyin edilmis, bu fazalarda daxilolma
operatorunun kosilmozliyi isbat edilmisdir. Vektorqiymotli, ¢okili Besov-
Nikolski vo Sobolev fozalarindan vektorqiymetli, ¢okili Besov-Nikolski
fozasina tosir edon daxilolma operatorunun kosilmoazliyi vo kompakthigi
Oyronilmis, kompaktliq xarekteristikasi miioyyonlogdirilmis, skalyar vo
vektorial halda bu fozalarin birindon digarins tosir edon daxilolma operatorunun
S-adadlari iiglin asimptotik diistur alinmigdir. Qarisiq téromalorin halledici rol
oynadig1r vektorqiymotli Besov-Nikolski fozalari tipli fozalar qurulmus vo
onlarin struktur xassolori Oyronilmisdir. Vektorqiymotli Besov-Nikolski va
Sobolev-Liuvill fazalar1 skalasinda kifayat qader genis bir sinif operator omsallt
anizotrop diferensial tonliklorin koersitiv hollo malik olmasi isbat edilmis, bu
clir tonliklori doguran operatorun rezolventi {i¢lin koersitiv anizotrop
giymotlondirmo alinmigdir. Miioyyon mohdud oblastlarda kifayat qodor genis
sinif sabit vo doyison omsalli diferensial-operator tonliklor {i¢lin sorhoad
mosalolorinin  koersitiv hollinin varlig1 isbat edilmisdir vo bu masalslorin
dogurdugu operatorlarin rezolventas: qiymotlondirilmisdir. Bu elmi naticalor
gorkomli riyaziyyatgilar - akademik S.M.Nikolski, akademik V.A.ilin, miixbir
tizv M.L.Qorbacuk tarafindon yiiksok qiymatlondirilmisdir.

Professor M.Cobrayilov gadirsiinas ziyali olaraq onun riyaziyyat¢i alim
kimi formalagmasinda xidmotlori olan akademiklor Foramoz Maqsudovu,
Mirabbas Qasimovu, miixbir {lizvlor Maqsud Cavadovu, Arif Babayevi,
professorlar Hogim Agayevi, Oli Coforovu ehtiramla xatirlayir.

Molikmommad miisllim layiq oldugu moagama pille-pills ucalib. ADPU-
nun Riyazi analiz kafedrasinda miiollim, bas miiollim, dosent, kafedra miidiri
vozifolorindo isloyib. 1989-1996-c1 illordo ADPU-nun qiyabi tohsil iizro
prorektoru, 1996-2017-ci illorde todris iglori iizra prorektoru vazifosindo
caligmagqla universitetdo tohsil-torbiyo prosesinin yiiksok soviyyoado togkilindo,
kollektivds saglam menovi miihitin yaradilmasinda, miiasir dovriin tolobina
uygun miollim kadrlar1 hazirliginda mithim xidmot gostorib. ©On gorgin
vaxtlarda, tolobo vo miiollimlorlo baglh taleyiiklii mosalolorin hallinds onu
sobrli, tomkinli, mosuliyyatli, bagqalarin1 da homin masuliyyatlo islomoya sévq
edon rohbar is¢i kimi gdoriib tanimigam. Ciddi oldugu godor do somimi insan
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olan Mbolikmommod miiollim miibahisali mosalolordo belo 6z tobiatinin,
xarakterinin oksina getdiyinin, hisslorini gizlotdiyinin sahidi olmamisam.

Professor M.Cabrayilov ali pedaqoji tohsilin toskilindo vo idaro
edilmasindo zongin tocriibays, soristoya vo idarsetmo qabiliyystine malik
alimdir. O, 1989-1992-ci illordo Azorbaycanda miollim kadrlari hazirligini
hoyata keciron ali moktoblorin  Elmi Metodiki Birlosmasino rohborlik etmis,
dofalarlo pedaqoji ali tohsil ocaqlarinda tadrisin toskili tizro Tohsil Nazirliyinin
is¢i qrupunun sadri vo ya lizvii olmusdur. 2006, 2009 vo 2012-ci illords
Azorbaycan Respublikast Tohsil Nazirliyinin Dovlot Tohsil Proqramlarini
(Dovlat standartlar1) hazirlayan is¢i qrupuna rohbarlik etmisdir.

2009-cu ildon ADPU-nun nozdindo foaliyyot gostoron iimumi
pedaqoqika, pedaqogika vo tohsilin tarixi, tolim vo torbiyonin nozoriyyesi vo
metodikas1 ixtisaslar1 {izro Dissertasiya Surasinin iizviidir. AMEA-nin
Riyaziyyat vo Mexanika Institutunda namizodlik vo  doktorlug
dissertasiyalarinin miidafiosini kegiron birdofolik suralarin  sodr miiavini
olmugdur. Onun elmi rohborliyi ilo riyazi analiz vo riyaziyyatin todrisi
metodikasi ixtisaslar iizro sokkiz nofor folsofo doktoru elmi deracasine layiq
goriilmiis, 1 nofor elmlor doktoru, 3 nofor folsofo doktoru dorocosi almaq tigiin
dissertasiya iglorini miidafioye toqdim etmisdir. Onlarla Riyaziyyat {izro folsofs
doktorlugu vo elmlor doktorlugu dissertasiya isinin rosmi opponenti olmusdur.

Miixtolif vozifolordo calismasina baxmayaraq o, homiso alimlik,
todqiqatciliq vo miisllimlik adina sadiq qalmis, zongin vo mohsuldar yaradiciligi
ilo secilmisdir. 1 monogqrafiya, 11 dors vasaiti, 2 metodik vasait, Azorbaycanda
vo xaricdoki niifuzlu dovri elmi jurnallarda nosr olunan 120-don artiq elmi vo
elmi-metodiki mogalonin miiollifidir. “©dadi lisullardan miihazirslor”, “Metrik
fozalar vo ¢oxdoyisonli funksiyalarin diferensial hesabi”, “Metrik vo normali
fozalar. Xotti operatorlar”, “Riyazi analiz” dors vasaitlori golocayin riyaziyyat
vo informatika miiallimlorinin on ¢ox istifads etdiyi doyorli monbolordondir.

Ali pedaqoji moktablords riyazi analizin tadrisinin aktual problemloari ilo
ciddi mosqul olan professor M.Cobrayilov dofolorlo Rusiyanin miiollim
hazirlig1 ilo moggul olan ali moktablorinds hamkarlar ilo tacriibs miibadilesi
aparmig, Moskva Dd&vlot Pedaqoji Universitetinin omokdaslar ilo birlikdo iki
hissali “Riyazi analiz” (Moskva, 2005,2006) kitab1 Rusiya Elm vo Tohsil
Nazirliyinin qrifi ilo dors vosaiti kimi tosdiq edilmisdir. “ADPU-nun Xoborlori.
Riyaziyyat va tobist elmlori seriyasi” dovri-elmi jurnalinin redaksiya heyatinin
tizvidiir.

Professor M.Cobrayilov Finlandiyada, italiyada, Rusiyada, Tacikistanda,
Tirkiyodo, Ukraynada, Yunanistanda kecirilon beynolxalq vo respublika
soviyyali konfranslarda Azarbaycan elmini loyaqgatls tomsil etmisdir.

Professor M.Cobrayilovun elmi-pedaqoji vo ictimai foaliyyoti homiso
yiiksok giymotlondirilmis, 2006-c1 ildo Azorbaycan Respublikasi Prezidentinin
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Soroncami ilo  “Omokdar miisllim” foxri adina layiq gorilmisdir. Tohsil
Nazirliyinin Kollegiyasinin qorari ilo “Azorbaycan Respublikasinin gabaqcil
tohsil ig¢isi” dos nisani ilo, homginin miixtalif diplom vo foxri formanlarla toltif
olunmusgdur. Elm vo tohsil sahosindoki ugurlarina géro 2002-ci ildo Beynolxalq
Pedaqoji Elmlor Akademiyasinin haqiqi tizvii segilmisdir.

Professor M.Cobrayilovun elmi va pedaqoji bioqrafiyasinin bazayi olan
bu faktlar onun 75 illik 6miir yolunun tarixilogon vo yadda qalan anlardir.
Onun O6miir kitabinin har sohifosi zohmat, loyaqat vo soroflo yazilib. Bu illor
orzinds o, misllim adini har seydon uca tutub, istedadli alim, qaygikes pedaqoq
va tocriibali tohsil toskilatgist kimi sadoliyi, somimiyyati, xeyirxahligi, yliksok
monovi keyfiyyatlori, dostluga sadaqoti ilo goxsayli tolobslorin, homkarlarinin
mohobbat vo hérmatini qazanib. Ganc yaslarindan bdyiik bir ailonin, noslin,
sonralar iso bir elin, obanin agsaqqalliq missiyasinin mosuliyyatini dasiyan
Molikmommad miisllim Universitetimizin Agsaqqallar Surasina rohbarlik edir.
O, Omriniin miidriklik ¢aginda da ADPU-nun Riyazi analiz kafedrasinin
professoru olaraq sevdiyi isini davam etdirir, tolobalora miihazire oxuyur, elmi
yaradiciligla moggul olur, doktorant vo dissertantlara maslohatlor verir.

Molikmommad miisllim g6zal ailo basgisi, qaygikes ata, mehriban baba,
somimi va etibarli dostdur. Dérd 6vladi folsofo doktoru elmi deracesina layiq
gorilmisdiir.

Yiiksok soviyyoli ziyali vo alim, etibarli dost professor Malikmommaod
Saday oglu Cobrayilovu 75 illik yubileyi miinasibati ilo iirokdon tobrik edir,
can saglig1 vo yeni ugurlar arzulayiriq.
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Riyaziyyat

VIK. 517.5
P.M.P3aeé’, 3.III.T axpamanoeaz, JIL.I.T yceﬁu06a3
Azepbationcancruti 20cydapemeennbiii nedazoeuueckuii yuusepcumem’
Huemumym mamemamuxu u mexanuxu HAH Azep6atioocana’
Aszepbaiidcanckutl 20cy0apcmeenHblll IKOHOMUYECKUL y%tu@epcumemg
rrzaev@rambler.ru

O CBOWMCTBAX OBOBIIEHHO! OCIWJLISILIAN

Kniouesvie cnosa: cpeowsss  ocyuinayusi,  0000WEHHAs — OCYUILIAYUSL,
2APMOHUYECKAsL OCYUNTISYUS

B paGore BBenena 0006menHas ocuwuisuus (umn D -ocummnsuus) & -ro
MOPSI/IKA JIOKATBHO CYMMHPYEMOi (QYHKIIMA MHOTHX MEPEMEHHBIX, YACTHBIM CITydacM
KOTOPOM SIBIISIETCS CPEAHAA OCHWUTANMS Kk -ro mopsaka. JlokasaHbl HEpaBEHCTBA,
CBSI3BIBAIOIIHME CPEIHION U 0000IICHHYIO OCIIHIUISIIHH.

R.M.Rzayev, Z.§.Qahromanova, L.E.Hiiseynova
UMUMILOSMIS OSSILYASIYANIN XASSOLORI HAQQINDA

Acgar sozlor: orta ossilyasiya, timumilagmis ossilyasiya, harmonik ossilyasiya

Isdo ¢oxdayisonli lokal comlonon funksiyanm, xiisusi hali & tortibli orta
ossilyasiya olan k tortibli imumilogmis ossilyasiyasi (yaxud @ -ossilyasiyasi) daxil
edilmisdir. Orta ossilyasiyant vo ilmumilogmis ossilyasiyan1 olagolondiron
barabarsizliklar isbat edilmigdir.

R.M.Rzaev, Z.Sh.Gahramanova, L.E.Huseynova
ABOUT THE PROPERTIES OF GENERALIZED OSCILLATION

Keywords: mean oscillation, generalized oscillation, harmonic oscillation

The paper introduces a generalized oscillation (or @ -oscillation) of the & th
order of a locally summable function of several variables, a special case of which is the
mean oscillation of the k& th order. Inequalities connecting the mean and generalized
oscillations are proved.
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P.M.P3aes, 3.1.I'axpamanosa, JI.O.Iyceiinosa

BBenenue
CpoiicTBa cpefHEN OCHWIUIALUU K -rO mopsiika (T.e. XapaKTepUCTHKU
Q,(f,B(x,r)),; onp. cM. B 1.2) ObUIM M3YYEHBI B pabOTaX MHOTHX aBTOPOB

(cwm., Hamp., [2], [3], [5], [6], [10]). DT cBolicTBa NPUMEHSIOTCS, B YACTHOCTH,
MPU JI0KA3aTEIbCTBE TEOPEM BIIOKEHHUS ISl PA3IHYHBIX (PYHKIIHOHATHHBIX
MPOCTPAHCTB, B OMPEICICHUIX KOTOPBIX B TOW WM HHOW Mepe (urypupyer
cpeassis ocmnsnus (eM. [7]).

B nanHoii pabote BBemeHa 0000meHHas ocuwuiaus (wim D -
OCHWIUISALUS) Kk -TO TMOPSAJAKA, YACTHBIM CIy4aeM KOTOPOM SIBIISIETCS CPEIHSS
ocuMUIsiuMs  k -ro mopsaka. Elne oAuH 4YacTHBIM cilydall CHJIBHO CBSI3aH C
rapMOHMYECKOW ocumuisiueit [1].

n+l
IIycts P( ) anpo Ilyaccona wis R", T.e. P (1+|x| )

n+l

_r(nglj 2, Pr(x):V”P(fj (r>0), Pf(x) 1§[P x—1t)f(¢)dt .

Bripaxxenue
[Px-t)f@®)-Pf(x)dt, xeR", r>0,
o

Ha3bIBAETCS TapMOHUYeCKOM ociusiiueit pyukiuun  f (em. [1], [9]). MoxHO
MoKazaTh, uTo (cMm. [9]) ecmu @(x) = P(x), TO

Qo (f,B(x,r), = [Px—t)f(O)-Pf(x}dt, xeR", r>0,

TJle TIOCTOSIHHBIE B OTHONIEHHH «~» He 3aBUCUT OT f, X, 7 (omp.
Q,o(f,B(x, r))p CM. B 11.2).

Ot1MeTHM, 4TO [UI HEOTPULATENBHBIX QyHKIMN F (u) u Gu) (weU )
3amuce  F (u) ~ G(u) (u eU ) O3HAa4yaeT CleAyIollee: CyIECTBYIOT

IIOJIOXKHUTCIIbHBIC ITOCTOSIHHBIE ¢ U C, TaKuC, UYTO IJISI BCCX U € U wnmeer

MECTO HEPAaBEHCTBO
G ~F(u)£ G(u)é C, F(u)

1. IlpenBapurenbHbie GaKThI

IIycte  R" n-MEPHOE  E€BKJIMJOBO  IPOCTPAHCTBO  TOYEK
X = (xl,xz,...,x”), B(a,r):: = {x eR": |x - a| < r}—saMKHyTLHZ map B R
paauyca r >0 ¢ LIEHTPOM B TOUke a € R", |B(a,r)|—o6LeM nrapa B(a,r), N

—MHOKCCTBO BCCX HATYpPAJIbHBIX YHUCCII.
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O CBOHCTBAX OFOBIEHHOH OCLHIIALIUN

Hycte ®(x)>0 (xeR"), ®el(R"), D (x)= r”d)(zj , r>0,
r

1

OV (x)= = Xpon(X), xeR", X, —xapakrepucTuyeckas (yHKIHA

} x
muoxectBa EcR", ®"(x)=r ”(D(O)(—j, r>0. Beenem mepet 1) u
r
L, . , OTIPEJIENSEMBIE CIIEMYIOIUMH PABEHCTBAMH

£ () =[O0 =)t 1, (A) = [, (x=1)dt,
A 4

rne AcR", xeR", r>0.
IIycte X —HexkoTOpoe TMPOCTPAHCTBO C MEpPOUH U, I<p<oo.

O6o03naunM uepes L’ (X ; y) COBOKYITHOCTh BCE€X H3MEPHUMBIX (QDYHKIHUH [,
3a/laHHBIX Ha X , JUIsl KOTOPhIX KOHEYHA HOpMa

1/p
oo [ﬂf (<) duJ |

Yepez L° (X ; ,u) 0003HaUYUM COBOKYITHOCTH BCEX U3MEPUMBIX Ha X (QyHKIMH

f , A7 KOTOPBIX KOHEYHA HOpMa
) = esssupﬂf(x) :xeX} =inf{c >0: ,u{x eX: |f(x)| > c}: O}.
B nanbmeiimem, ecim 1 —oObraHas Mepa Jlebera, To OyneM IIOIb30BaThCs

obo3Hauenuem L (X ) =17 (X ; ,u), 1< p<ow.
COBOKYIIHOCTH BCe€X (YHKIMH, p -9 CTENE€Hb MOMAYIS KOTOPBIX

JoKanbHO cymmupyema B R" (o mepe JleGera) o603HaunUM uepes le( ”), a

COBOKYITHOCTh BCEX JIOKAIHHO CYIIECTBEHHO OrpaHWYeHHBIX B R" (yHKImit
0003Ha4UNM uepe3 Lloc( ").

Jlemma 1.1. Ilyctes f € L] (R"), 1< p<o.Torma

u

Ip
L7 (R"544)) (|B( |B(I {(t)| dt] , Tpu 1< p<oo,

(xeR", r>0).

Ry W (B

JlokazarenbcTBO. O4EBUIHO, YTO

1 x—t 1 .
XB(O,I)( p j:|B(x,r)|XB(X"')(t)’ x,teR", r>0.

OV (x—1)=————
r
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P.M.P3aes, 3.1.I'axpamanosa, JI.O.Iyceiinosa

IIyctp 1< p<oo. Torma umeem

Yp
| forrmsorar] < s |

Up
@B(— j f(@)| dtJ .

B(x,r)
B ciiyqae p =o0 momyuaem, 4To
= inf{M >0: ,uffr){teR" :

p
B(x))(t)|f(t)| df] =

f(e)>M|=o0}.

L (R"u0)

C npyroii CTOpOHBHI,

(0) n., _ 0
YR |f()|>M)= OO (x—t)dt =—— [ X, (t)dt =
{teR”:j:[t)>M} |B(x’ V) {teR":/;'.(t)>f/[(} :
o :\{teR" (0> MY B,
|B(x,r) {teR™ £ (0]>M ) B(x.r)

rne |E | o6o3HavaeT mepy JleGera muokectea E C R". TToatomy
POt eR | fO)>M}=0 & [teR":|f()|>M)
& [reB@n: |f©]>M]=0.

=0

Takum o6paszom,
. inf{M >0: [fre Boer): [£()]>M)=0}=

= inf{M >0: (]f(tj <M noumu 6cr0y 6 B(x,r))} = |
JlemMa noka3saHa.

Jdemma 1.2. TTycts ®(x)>0 (xeR"), ®eL(R"), 1<p<o u
essinf{®(x): xe B(0,))} =¢,>0. (1.1)

Torna nns f € L) (R") BepHO HEPABEHCTBO
”f (R"u) = C”f L (R pry,)° (xeR", r>0), (1.2)

IJie OCTOsIHHASA ¢ > (0 HE 3aBUCUT OT X, ¥ U [ .

L*(B(x,r)

JlokasatenscTBo. M3 onpenenenus Mepsl 4" moiydaeM, 4To

Xy ()it = 1 [at =

pO(A) = [0 (x—t)dt =
A |B(x’ r ANB(x,r)

1
[B(x.r)|

16



O CBOHCTBAX OFOBIEHHOH OCLHIIALIUN

rne AcCR", xeR", r>0, obo3Hauaet Mepy Jlebera MHOKeCTBA

EcR".
Ecnu Bemomnnsercs ycnosue (1.1), To umeem
ﬂ”(A)——ICD( ]d J cb( jdr>
AnB(x ")
dt=c, (),
|B( ”)| AmBj(x "

T.€. JISl BCAKOTO M3MepumMoro 1o Jlebery muokectBa 4 C R” BepHO
HEPaBEHCTBO

u,,(A)=c, w4, (xeR", r>0). (1.3)

Paccmotpum ciywait 1< p <. Torna umeem

1 g ICD (x=0|f @ dt= [@,(x—0)|f@) di =
B(x,r)
1 X—t] 14 | ) P
== ] O —|f@] dt=¢c, f()| dt =
d B(.[r) ( r | | |B(x,r|B(-)|:r) |

O (x—0)|f ()" dt = ¢,

|71

=C LP(R" #(0))

R"
Otcrona cnenyer, 4To

1 p
s = ) 1
A Temepb paccMOTpUM CiIy4ail p = oo . BBenem 0603HaueHUS
A, (N)=M>0: p e R [£(0)]> M =0},
B, (f)={M>0: uO%eR": |f@)|>M}=0}.
f(t)| >M}:0. B cuny
nepaserctsa (1.3) orcioma cuemyer, 4to 1) {t eR":|f(H>M}=0. A 510
osna4aetr, uro M € B ,(f). Takum obpasom, A4 . (f)c B,.(f). Orcrona
nonydaeM, uro inf A .(f)=inf B, . (f). Tak xak inf 4, (f)=

inf BX»r(f) =

) (xeR", r>0). (1.4)

Ouesunno, M e A, (f) o03Hayaer, 4To ,ux,{t eR":

L (R"u,,)”

(R p0))? TO MOCJICAHEC HCPABCHCTBO UMECT BU/T
My

”f L (R"480) < ”f

Hepasenctna (1.4) u (1.5) noka3pIBaloT CripaBeATUBOCTb cooTHOMIEHus (1.2).
JlemMma nokazana.

(xeR", r>0). (1.5)

L*(R"p,,) >
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P.M.P3aes, 3.1.I'axpamanosa, JI.O.Iyceiinosa

2. HepaBenctBa qis O - ocumiasiomii
Mycts v=(v,v,,.0v,), x" =x-xxl, =vi+v, .4V, tie

V,V,,...,V, HEOTpHUIATENIbHBIE Iieble uncna. Ilycte f e L,OC( ! ), keNU {0}
Paccmotpum monmmaOM (cM. [3], [5])

B (0= X |B j 7(e) ( ]dr(p( - j

V|Sk, —OpPTOHOPMHUPOBAaHHAsl CUCTEMA, IIOJIy4CHHAs: B PE3yJIbTaTe

rne {¢V } >
HpI/IMeHCHI/IH HpOHCCC& OpTOFOHaHI/I?;aIII/II/I OTHOCHUTCIIBHO CKaHﬂpHOFO
HpOI/I3Be,Z[eHI/ISI

(f.8)=——— [/(0)g)di

B(0,1)

K CHCTEME CTETEHHBIX (YHKIHN {xv},

V|Sk, PaCTOJIOKEHHBIX B YaCTUYHO

nexcukorpapudeckom mopsake [6] (cm. takke [8]). HerpynHo BumeTh, 4TO
B, p(u,)f —IOMHHOM cTeneHH He Bbime k. COBOKYIHOCTb BCEX IOJHHOMOB B

R" crenenu He Bbilie k& 0003HaunM uepe3 F, . Takum obpasom, B, sanf € B

ycts ®(x)>0 (xeR"), ®eL'(R"), keN, 1< p<w.Bseem
0003HAYCHHS

p
Q0 (f>B(x,7)), = [ [o,x-0)r0)- a_l,g(x,,qf(r)\per . 1<p<om,

xeR", r>0,

Qo (fB(.7), =|f P,

» )
L (R";pay )

rne @ (x):= r”d)(zj, r>0, xeR";
r
p

[lf®O =Py f@de| . 1<p<eo,

B(x,r)

Qk(f,B(X,l"))p

|B< )
Q(f,BOr), =|f - P,

rae  f —usMepumasi GyHKIUS Takasi, YTO BbIPaKEHHS B MPABBIX YACTAX UMEIOT

*(B(x)

KOHEeYHble 3Ha4YeHWs. Bemmumwa — Q,(f,B(x,r)),  Ha3bBaeTCs CpeAHEH

ocuWuIsIIMen k -ro mopsaka GyHKIUMM f B 1Iape B(a,r) B MeTpuke L7 . A
Benmunna  Q, ,(f,B(x,r)), Haswaercs @ -ocummnsuued niam 00600meHHOH

oCUWIIISIMEN k -ro mopsiaka GyHKIuM [ B Imape B(a,r) B MeTpuke L.
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O CBOHCTBAX OFOBIEHHOH OCLHIIALIUN

Jlerko Buzets, ut0 Q, (f,B(x,7)), = Qk,q><°> (f,B(x,r)),.
C nomomibto gemm 1.1 u 1.2 nonmy4daroTcs cieayrommue yTBepKAeHUs.
Mpenaoxenne 2.1. Ectu  ®(x) >0, (x eR" ), del'(R"), keN,
l<p<oo, fel,
Q. (f,B(x,r), <c-Q, .(f,B(x,r)),, (xeR", r>0), (2.1)

rJe nocTosiHHast ¢ > (0 He 3aBUCUT OT X, 7, f U k.

(R") w BeImonHsieTcs ycnoBue (1.1), TO BepHO HEPABEHCTBO

Hoka3atenbcTBo. B cimyuae 1< p <o ¢ momompto gemm 1.1 n 1.2
umeeM

Vp
[lfO=Pesent@f dt} -

B(x,r)

Qk(f’B(xar))p = (

[BCx,)

r(rrsu) =

p
- ( OO =00 =Py f (f)\”dtj =/ = PesenS

< c-Hf —Bc—l,B(w)f

L‘"Rt

p
[ [@, =0 fO) =Py f @) dr]
=Q, (/. B(x,r),.

A BcCilydyae p =00 TMOJIy4yaeM, 4TO

Q,(f,B(x,r)), = “f - Pk—l,B(x,r)
<c- Hf - Pk—],B(x,r)f

[Ipennoxenue noka3aHo.
Hpennoxkenne 2.2. [Iycts ®(x) >0 (xeR"), ®el'(R"), keN,
I<p<Lw, fel (R"), Bomonnsercs ycinosue (1.1). Torma mns moGoro

= |/ =PsenS
)= Q0 (/. Bx,r)),, xeR", r>0.

2 (B(x.r)) r(Rmu@) =

(R

x,r

nonuHoMa 7 € B, BepHbI HEPaBEHCTBA

I/p

p
“f(t) 7(t)| dtJ SC(J.CDr(x—t)|f(t)—ﬂ(t)|pdt] , I<p<om,

B(rl)
Hf—ﬂ' L (Blsr) _ch—ﬁHLw(Rn;#w), (xeR", r>0), (2.2)

rae nmocrosinHast ¢ >0 He 3aBUCHT OT Xx,7, f W k.

IB(

Jloxa3aTenbCTBO aHANOTUYHO J0Ka3aTeabCTBY Npeanoxenus 2.1,
TOJIBKO BMECTO IONHHOMA B, p( ) f (t) mano B3aTH TIOMHMHOM ﬁ(t).
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P.M.P3aes, 3.1.I'axpamanosa, JI.O.Iyceiinosa

B cBa3u c HepaBeHcTBOM (2.1) paccMoTpuM TpuUMeEp, KOTOPBIN
NOKa3bIBaeT, 4T0 Benmuuunbl Q, (f,B(x,r)), u Q,,(f,B(x,r)),, BOOOIE

TOBOps, HE SKBHBAJIEHTHBI, T.€. HEpPaBEHCTBO, oOpatHoe kK (2.1), BooOIIE
TOBOPSI, HE BEPHO.

t

Ipumep. [Iyctes f(¢)=Inl{t|, 1 e R. U3BectHO [4], uTO f € BMO,

T.C.
AC>0 VxeR Vr>0: Q(f,B(x,r)), <C.
IIycte
1
(I)(t): m, npu |t|22,
1, npu |t|<2.
Torna
1 T
O)dt = | P(t)dt = | ——dt+ |dt=2|———dt+2=
;[| | 1[ ;L t| In*] tJ;Z !tlnzt
F 1
= -2 = [
_2£1n (Int)+2= 2 +2 <+,
T.e. ®eL(R).

Kpome toro, nmpu k=1, x=0 u te€ R umeem
1 | 1 ¢ 17
Bt pon S = Jaor = ;J;f(y)dy = ;_[ln|y|dy = ;!:ln ydy=Inr—1.
[TosTomy

Q,,(f,BO,1)), =Tq>(—z)\ SO fuopldt= | L\1n|z|+1\dz=

t| ln2|t|

12 Inzdt =2 La’t:+oo.
tIn"t > tInt

Takum oOpaszoM, s paccMoTpeHHOH QyHKIu @D(x) HEpPaBEHCTBO,

|72

+oo 1 +o0
= 2!m(lnl+l)dt > 2-!.

oOpaTHOe K HepaBeHCTBY (2.1) BooOIIIe TOBOPSI, HE BEPHO.
OtmernM, 4TO B paboTre [9] modydeHa OIleHKAa CBEPXY BEIUYHHBI

Q, o (f,B(x,r)), uepes €, (f,B(x,r)), nHpu ONpeneNeHHBIX YCIOBUAX Ha
¢bynkuo O(x).
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AgCuS BIRLOSMOSININ QURULUS VO ISTILIK XASSOLORI

Acar sozlor: kristal qurulus, DTA analiz, rentgen difraksiyast

Yiiksok temperaturlar oblastinda AgCuS birlosmosinin kristal qurulusu vo
termik xassolori tadqiq edilmisdir. Miioyyon edilmisdir ki, normal soraitds vo otaq
temperaturunda bu birlogmonin kristal qurulusu Cmcm foza qruplu ortorombik
simmetriyaya uygun golir. Temperaturun tosiri ilo 7 = 930 K-do Fm3m faza qruplu
kubik simmetriyaya qurulus faza kecidi miisahids edilmisdir. AgCuS birlosmasi ii¢iin
istilik tutumunun temperatur asililigi alinmisdir. Faza kegidi temperaturuna uygun
olaraq entalpiyanin qiymaoti hesablanmigsdir.

10.U. Anvies
CTPYKTYPHBIE U TEPMUYECKHE CBOMCTBA COEIUHEHUSI AgCuS

Knioueevie  cnosa:  kpucmanauueckas — cmpykmypa, HTA — ananus,
penmeeno8cKas oupparxyus

Kpucrannuueckas cTpykTypa U TepMudeckue cBoiicTBa coenuHeHus AgCuS
ObUIM HCCIICNOBaHBI IIPU BBICOKHX TeMIleparypax. bBbul0 yCTaHOBJIEHO, YTO 3TO
COEIMHEHNE HMEET OPTOPOMOMYECKYI0 CHMMETPHIO, C MPOCTPAHCTBEHHOM TpyMIoit
Cmcm npu HopManbHBIX ycnoBusx. [Ipm temmepatype 7 = 930 K B cTpykType
KpUcTamiaa HaOmomaeTcss (a3oBBIE  MEpexoi B  KyOMYECKYyl0 CTPYKTypy C
npoctpaHcTBeHHOM rpynnot Fm3m. TlomydeHo TemmnepaTypHas 3aBUCHUMOCTh
TermoeMKkocTd A coenuHennss AgCuS. CrnenoBaTenbHO, IO TeMiiepaType (pa3oBoro
nepexona OblI0 PACCUNTAHO 3HAYCHUE SHTAJIBIINH.

Y.L Aliyev
STRUCTURAL AND THERMAL PROPERTIES OF THE AgCuS COMPOUND

Keywords: krystal structure, DTA analisys, X ray diffraction

The crystal structure and thermal properties of the AgCuS compound were
studied at high temperatures. It was established that this compound has orthorhombic
symmetry, with the space group Cmcm at ambient conditions. A phase transition to a
cubic structure with the space group Fm3m is observed at temperature 7= 930 K. The
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temperature dependence of heat capacity for the compound AgCuS was obtained.
According to the phase transition temperature, the value of enthalpy was calculated.

1. Giris

Bork cisimlor fizikasinda, o climlodon yarimkeciricilor fizikasinda
qurulus vo fiziki-kimyovi analiz istigamotindo aparilan nozori vo tocriibi
todgigatlar osas todqiqat istigamatlorindon hesab olunur. Molumdur ki, xarici
tosirlordon asili olaraq kristallarda polimorf g¢evrilmolor, yenidonkristallasma,
termik destruksiya kimi miixtolif proseslor bas vera bilor. Bu proseslor sabit
kimyovi torkibo malik bork cisimlorin fiziki vo kimyovi xassolorinin kokiindon
doyismosino sobob olur. Ona goro do yeni qurulus fazalarmin da qurulus
parametrlorini toyin etmok, atom soviyyolorindo qurulus xassolorinin todqiq
edilmosi bu materiallarin digor fiziki xassolorinin izah edilmosi {igiin ¢ox
vacibdir. Digor birlogsmolordo oldugu kimi, yarimkecirici birlogsmolorin do
qurulus vo istilik xassalori son zamanlarda genis todqiq edilir [1; 2]. Bu onunla
baghdir ki, atom soviyyolorindo alinmis qurulus molumatlari, bu birlogsmolorin
qurulus xassoalori ilo yanast hom do miixtalif fiziki xassolorinin interpretasiyast
zamani vo onlarin osasinda yeni birlosmolorin sintez edilmosi {iclin ¢ox
vacibdir. Miloyyan edilmisdir ki, hom ikiqat (Cu, 75Te, GeS va s.), hom do {li¢qat
(T1GaSe,, TIFeSe; va s.) yarimkegirici birlogsmolorde temperatur vo tozyiq kimi
xarici amillorin tosiri ilo miixtalif qurulus faza kecidlori bas verir [3-6]. Mis
halkogenidlorinin digor birlosmalordon {istiin cohatlorindon biri do ondan
ibarotdir ki, kristal quruluslart yliksok simmetriyaya malik olduqglar {igiin
yarimkegirici birlosmolordo bas veran bir ¢ox fiziki proseslorin izah edilmosi
zamani model obyekt kimi istifads edilirlor.

Qurulus todqgigatlart istigamotindo aparilan ovvolki todqgiqatlardan
molumdur ki, kristal qurulusda doyisikliklor bas verdiyi zaman sistemin hali
doyisdiyi ii¢lin enerji soviyyalori ilo bagli olan biitiin parametrlor: istilik tutumu,
sistemin sorbast enerjisi, entalpiyasi, entrapiyast vo s. doyisir [7-9]. Miioyyon
edilmisdir ki, yalmz qurulus faza kecidi bas verdiyi zaman deyil, hotta
radiasiyanin tosiri ilo sistemdo amorflasmanin bas verdiyi halda da sistemin
termik parametrlorindo giiclii doyisikliklor miisahido edilir. Ona goro do
diferensial termik analiz (DTA) vo termoqravimetrik analiz (TG) metodlar1 ilo
birlogmolorin istilik xassolorinin todqiqi miihiim todqiqgat istigamotlorindon
istifade edilir. Son dovrlordo miixtalif proqram tominatlarinin inkisafi
noticasindo DTA vo TG spektrlorindon daha ¢ox moalumat oaldo etmok imkanlari
yaranmigdir.

Yarimmkecirici xassoloro malik olan AgCuS birlogsmosinin kristal
qurulusunun vo miixtalif fiziki xassolorinin uzun miiddet tadqiq edilmosina
baxmayaraq miiasir todqiqat metodlar1 ilo bu istigamotdo yeni todqigatlarin
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aparilmasina ehtiyac vardir. Digor fiziki xassolori ilo miiqayiso etdikdo, termik
xassolori daha az &yronilmisdir. Istilikdon genislonmo omsallarinin toyin
edilmasina baxmayaraq istilik tutumu, sistemin sorbost enerjisi, entalpiyasi
toyin edilmomisdir [10]. Bu isdo yiiksok temperaturlar oblastinda rentgen
difraksiyast metodu ilo AgCuS birlogmasinin kristal qurulusu vo diferensial
termik analiz metodu ilo termik xassolori todqiq edilmisdir. Miixtalif qurulus
fazalar ticilin termik vo kristallografik parametrlor toyin edilmisdir.

2. Tacriiba

Polikristal soklindo olan AgCuS todqigat niimunoslori standart metodla
vakuum sgoraitindo yiiksok temperaturlar sobasinda sintez edilmisdir [10].
Almmis polikristallar havongdastods ozilorok ovuntu halina salinmigdir. AgCuS
birlogmoasinin kristal qurulusu rentgen difraksiyasi metodu ilo 7= 300 — 1000 K
temperatur intervalinda D8 ADVANCE difraktometrinds todqiq edilmisdr.
Almmus rentgen difraksiyasi spektrlori Ritveld metodu il Fullprof proqraminda
analiz edilmisdir.

AgCusS birlogsmasinin istilik xassolori Diferensial Termik Analiz metodu
ilo 7=300 — 1300 K temperatur intervalinda Perkin Elmer STA 6000 cihazinda
yerino yetirilmisdir. Olgmolor 5 K/doq siiroti ilo aparilmisdir. Yiiksok
temperaturlar oblastinda alinmig DTA spektrlori “Origin 9” programinda analiz
edilmisdir [11-13].

3. Naticalorin miizakirasi

Qurulus xassalari. AgCuS birlosmosinin normal soraitdo vo otaq
temperaturunda alinmis rentgen difraksiyasi spektrlorindo 15 difraksiya
maksimumu miisahido edilmisdir ki, bunlar da d,; = 3.46, 3.33, 3.07, 2.61,
2.55,2.03,1.99, 1.89, 1.73, 1.42 1.25, 1.23, 1.11, 1.09 va 1.07 A giymotlorino
uygun golir. Spektrin analizi gostormisdir ki, AgCuS birlogmosinin kristal
qurulusu Cmcm foza qruplu ortorombik simmetriyaya, qofos parametrlori iso: a
= 4.0597, b = 6.6571, ¢ = 7.9862 A-o uygun golir. Ag"' ionlar1 qofssin
diiytinlerinde dayandiqglar {igiin onlarin koordinatlari: x =0, y = 0, z = 0 olur.
Birvalentli Cu™ ionlar1 iso ideal mévqeds yerlosmirlor vo atom koordinatlart: x
=0,y =0.4587, z = 0.25 olur. Ikivalentli S jonlart isa: x = 0, y=0.8,z=0.25
koordinatlarina uygun golon mdvqgelori tuturlar. AgCuS birlogmosinin ikiolgiilii
halda dc miistovisi lizra kristal qurulusu sokil 1-do verilmisdir.
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Sakil 1. AgCus birlasmasinin A¢ miistavisi iizra kristal qurulusu

Sokil 1-don goriiniir ki, Ag, Cu vo S atomlar1 miixtalif uzunluglu
rabitolor omalo gatirirlor. Miioyyon edilmisdir ki, eyni atomlar (Ag-Ag, Cu-Cu
vo S-S) bir-birlorindon on uzaq mesafalorda yerlosirlor - d = 3.9 A. Miixtolif
atomlar iso 6z aralarinda d = 2.4009-3.6573 A intervalinda miixtolif rabitolor
omoala gatirirlar.

AgCuS birlosmosinin 300 K < 7 < 900 K yiiksok temperaturlar
oblastinda alimmis rentgen difraksiyas1 spektrlorinde ciddi dayisikliklor
miisahido  edilmomisdir. Yalmz difraksiya maksimumlarimin X oxu
istigamotindo miioyyan siirlismoalori miisahide edilmisdir ki, bu da temperaturun
tosiri  ilo  maddolorin istilikdon genislonmoesine uy8un olaraq qofos
parametrlorinin  qiymatlorinin  artmasiin  gostoricisidir. 7 > 900 K
temperaturlarda alinmis difraksiya spektrlorindo osasli doyisikliklor bas
vermigdir. Normal soraitdo mdvcud olan 15 difraksiya maksimumundan 6-s1
miisahide edilmisdir ki, bunlar da dy; = 3.31, 2.86, 2.02, 1.72, 1.65 vo 1.43 A
qiymatloring uygun golir. Spektrin Ritveld metodu ilo analizi gostormisdir ki,
AgCuS birlogmosinin yiiksok temperatur fazasindaki kristal qurulusu Fm-3m
faza qruplu kubik simmetriyaya, qofas parametrlori iso: a = 7.7194 A-5 uygun
golir.

Termik  xassalori. Yuksok temperaturlar oblastinda  AgCuS
birlogsmasindo bag veran qurulus faza kecidini doqiglosdirmok va bu birlogmonin
termik xassolorini Oyronmok ti¢lin diferensial termik analiz todqiqatlar
apartlmigdir. Sokil 2-do 300 K < 7' < 1300 K temperatur intervalinda AgCuS
birlogsmosindas istilik selinin temperatur asililig1 gostorilmisdir.
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Sakil 1. AgCusS birlagmasinin diferensial termik analiz (DTA) spektri

Sokil 2-don goriiniir ki, 7 < 900 K temperatur intervalinda istilik
stirotinin sabit (5 K/doq) qiymotindo bas veron kinetik asililigda hor hansi
termofiziki kecid miisahido olunmamigdir. 922 < T < 962 K temperatur
intervalinda morkozi piki 7= 938 K olan faza kec¢idi miisahido olunmusdur ki,
bu da rentgen difraksiyast metodu ilo aparilmis qurulus todgigatlar1 zamani
miisahido edilmis ortorombik-kubik qurulus faza ke¢idine uygun golir.
Diferensial termik analiz spektrino uygun olaraq AgCuS birlogsmasinds istilik
tutumunun temperatur asililigt alinmigdir. Faza kecidi otrafinda istilik
tutumunun qrafik tosviri sokil 3-do verilmisdir. AgCuS birlogsmosinda istilik
tutumunun temperatur asililigindan aydin goriiniir ki, 7= 900-960 K temperatur
intervalinda niimunanin istilik tutumu 6.54 C/K-g-dan 7 C/K-g-a godor artir.
922 < T < 962 K temperatur intervalinda AgCuS birlogsmasindo bas veron
ekzoeffektin kinetikas1 gdstorir ki, homin intervalda 4 — B + AH mexanizmi
lizro bas veron faza kegidinin entolpiyast AH = -6.94 C/q borabordir. AgCuS
birlogsmasi liciin AH < 0 giymotinin alinmasi, morkozi piki 7 = 938 K olan
birinci tortib ekzo xarakterli qurulus faza kecidinin bag vermosini gostorir.
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Sakil 3. AgCus birlogmasinda istilik tutumunun temperatur astiligi

4. Natica

AgCuS birlogsmasinin kristal qurulus vo istilik xassolorinin todqiqi

noticosindo miioyyon edilmisdir ki, 7 = 930 K-do ortorombik qurulus
fazasindan kubik fazaya kecid bas verir. Hor bir fazanin simmetriyasi, foza
grupu vo qgofos parametrlori toyin edilmisdir. Diferensial termik analiz metodu
ilo faza kec¢idinin xarakteri miioyyon edilmisdir. Faza kecidi ndqtosi otrafinda
entalpiyanin vo istilik tutumunun doyismo mexanizmi miioyyon edilmisdir.
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32Nd NUVOSINDO PiQMi DiPOL REZONANS

Acar sozlar: deformasiya olmus niivalor, mikroskopik modellar, Pigmi Dipol
Rezonans

"2Nd niivesindo Pigmi Dipol Rezonansin (PDR) xiisusiyyatlori Kvazizorracik
Tosadiifi Faza Yaxinlasmasinda (KTFY) todqiq edilmisdir. Hesablamalar, '“*Nd
niivesinds neytronun rabito (7,278 MeV) enerjisindon kigik enerjilorde PDR -2 aid
edilo bilocok c¢oxlu sayda elektrik dipol hayacanlanma saviyyslorinin oldugunu
gostordi. Todgigat, PDR-in formalagsmasinda elektrik dipol hoyocanlanma
saviyyoalorinin hom K=0 hom do K=1 komponentinin miistosna rol oynadigini toyin
edildi. Hesablamalar 'Nd niivesinde 6n gériilon PDR soviyyalorinin kollektiv
oldugunu vo formalasmasinda osas rolun bir név nuklonun oynadigi miioyyon edildi.
PDR -in va Nohang Dipol Rezonansin (NDR) iki- kvazizarracik quruluglarinin tohlili
onlarin farqli rezonanslar oldugunu gostordi.

A.A.Kynuee
AT MU-AUIIOJIbHBIA PESOHAHC B SIIPE '*Nd

Kniwouesvie cnoea: oepopmuposannvie A0pa, MUKPOCKONUYECKUE MOOENU,
Tuemu-/{unonvuwiii Pezonanc

B pamkax KBa3W-4acCTUYHOTO TPUONMKEHHS CIydailHBIX (a3 HCCIeTOBaHBI
cBoiictBa Ilurmu-J{umnonsHoro Pesomanca (ITJIP) B smpe °Nd. Pacuers s
COCTOSIHMI HW)Ke MoporoBoil suepruu (7,278 MeV) HykiioHa MOKa3ajid, 4TO SAPO
'"?Nd wumeer GouiblIOe KONMYECTBO YPOBHEH DIEKTPUUECKOrO  JMIONBHOTO
BO30YKICHHS, KOTOPOE IO CXOJCTBY MOKHO oTHeCTH K [1/IP. Pe3ympTaThl yka3sIBalorT,
uto B popmupoBanuu [1/IP 06e kommonenTst K=0 n K=1 snexTpruieckoro JumoisHOro
BO30Y’KICHHUSI MIPAIOT BaXKHYIO poiib. Pacuersl mokasanu, uto yposHu IIJIP B sape
2N d KONIeKTHBHBIE H OCHOBHOM COCTOST M3 OAHOTHITHOTO HYKJIOHA. AHAJIH3 JIBYX
KBa3U-4aCTHUHBIX CTPYKTYp ITJ[P u ['urantckoro 1umosbsHOro pe3oHaHca noxasai, 4To
OHH UMEIOT Pa3HyI0 CTPYKTYpY.

A.A.Guliyev
PYGMY DIPOLE RESONANCE IN '*Nd NUCLEUS

Keywords: deformed nuclei, microscopic models, Pygmy Dipole Resonance
The properties of Pygmy Dipole Resonance (PDR) mode in deformed '**Nd
nucleus is investigated in the framework of the Quasiparticle Random Phase
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Approximation. The results of calculation below particle threshold energy (7.278
MeV) is showed a very rich B(E1) structure that in some aspects nicely confirm PDR.
The results of calculations are showed both components (K=0 and K=1) of El
transitions plays significant role on formation of spectra. Based, on the results it can
say PDR is collective in nature and mainly have “mono nucleon” structure.
Comparison of two-quasiparticles wave functions indicated difference structure of
PDR and Giant dipole resonance.

1. Giris

Kegon osrin 60-c1 illorindo neytron qoparilmasi ilo gedon foton-niivo
reaksiyalarinda '*>'**Ir and '"°Pt niivolorinin spektrindo 6-9 MeV enerjilordo
coxlu sayda El hoyocanlanma soviyyslorinin rezonans sokildo qruplasmasi
misahido edilmisdir [1]. Miisahido edilon bu rezonans, NDR rezonansin kigik
enerjili quyruq hissasinds (6-9 MeV) yerlosir vo onun izovektor elektrik dipol
keg¢id matris elementlorinin enerji ¢okili comino qatqisi toxminon 1% togkil edir.
Miisahido edilon bu rezonansin elektrik dipol giicliniin, NDR ilo miigayisodo
qat-qat ki¢ik olmasina gore o, pigmi (cirtdan) dipol rezonans adlandirilmigdir.
Tabioti holo do tam olarag elmo molum olmayan bu rezonans, niivonin klassik
Damec1 modelinds niive daxilindoki N-Z sayda neytron artiginin, yerdoe qalan
neytron vo proton 6zayino garsi rogsi horokoti noticosindo yaranan bir rezonans
kimi forz edilir [2]. Bununla bels, yalnz son 10 illiklordo onun tadqigine
boylik maraq oyanib [3; 4]. Noaticodo, ard-arda qoyulan tocriibslordo PDR
hayocanlanma saviyyalari, oksigen kimi yiingiil niivodon baslayaraq qurgusuna
gadar olan intervalda, bir ¢ox agir niivolordo miigsahidos edildi [5]. Lakin aparilan
todqiqatlarin  yalmiz sferik vo deformasiya olmus yiingiil niivelor ii¢lin
mohdudlagmasi, bu rezonansin biitiin niivolors xas bir rezonans olmasi haqqinda
fikir sdylomayo ¢otinlik yaradir. Belo ki, giiclii deformasiya olmus niivelords
aparilmig on hassas tocriibalor belo 6,5 MeV-don boylik enerjilords yliksok
soviyyo sixligi ilo olagedar bu enerjilordon etibaron saviyyelorin bir-birini
Ortmosi onlarin hassas miisahidasini geyri miimkiin edir [6]. Giiclii deformasiya
olmus niivalorin rabito enerjisinin 8 MeV otrafinda oldugunu nozore alsaq,
elektrik dipol hoyocanlanma soviyyolori haqqinda molumatlarin 6,5 MeV
enerjilorlo mohdudlanmasi, bu tocriibolor vasitosi ilo PDR-in yalniz asag:
enerjili hissosi haqqinda molumat oldo edilmasi ilo naticalonir [6,7]. Bu hal
PDR-in agir deforma niivalordo nozori todqiqini aktuallagdirir. Qeyd edok ki,
son illordo PDR-in nozori olaraq miixtolif modellor bazasinda giicli
deformasiya olmus niivalords tadqiqina baslanib [8; 9].

Bu isdo giiclii deformasiya olmus '*°Nd niivesi [10-13] inkisaf etdirilmis
paralel kogiirmo vo Qaliley invariant KTFY yanasmasi totbiq edilmoklo onda
PDR-i formalagdiran elektrik dipol hayacanlanma saviyyslorinin enerjilari,
kecid ehtimallar1  hesablanmig, habelo fonon dalga funksiyalarinin
formalagmasinda istirak edon iki-kvazizarracik soviyyalorinin qatqilarinin tohlili
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osasinda kecid xiisusiyyatlori todqiq edilmisdir.

2. Noazariyys
Bu boéliimdo elektrik dipol hoyacanlanma soviyyslorinin todqiqinde
istifado etdiyimiz koclirmo vo Qaliley invariant KTFY metodunun [10-13]
riyazi aparati vo hesablamalarda istifado etdiyimiz analitik ifadolor toqdim
edilmisdir. Qeyd etmok lazimdir ki, bu paraqrafdak: biitiin funksiyalarin agiq
sokli [10-13] verilmisdir.

Ifrataxict deformo niivelorin  bir-zorrocik vo  ciitlonmo orta saho
potensiallarinin oldugu bir sistemdo dipol-dipol vo barpa edici &y vo hy
qarsiligh tasirlorinin deforma niivolordo 1°0 vol'l soviyyalorini generasiya edon
model Hamiltonian1 asagidaki sokildo yazilir [10-13].

H:qup+h0+hA+W] (1)
Burada Hgy, nuklonlarin bir kvazizorrocik horokotini, hy paralel kogiirmo
invarianthigi, hy Qaliley invarianthig1 boarpaedici qiivvolori, W; iso proton vo
neytronlarin bir-birino qarsi izovektor dipol rogslorini ifads edir.
Inkisaf etdirdiyimiz bu metodda invariantliglar1 borpaedici qiivvalor
asagidaki sokildo secilir:

:_72 - b sqp’Pﬂ] 2)

Nl

h, = ZﬂZ[UA,R I'lU,.R,] (3)
Burada P, nuklonlarin elektrik dipol 1 -hoyocanlanmalarinin
impulsunun kiirovi komponentlori (pu=0,+1), R, niivonin kiitlo morkozi
koordinatlari, U, isa clitlonmo potensiyalidir. (2) vo (3) ifadslorindaki

y=(0[F,.[H,,L]0) vo  B=(0[R.,[U,,R,]0)
komiyyatlori niivonin osas halindaki orta sahs vo ciitlonmo potensiallarinin orta
qiymati ilo toyin olunur.

Kogiirma invariant dipol-dipol hoyocanlanmalar {igiin izovektor
qarsiligh tosiri

( Z)2 (R, - R,)? (4)
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soklinds yazilir. Burada y, izovektor dipol-dipol qarsiligh tosir sabiti, R vo iep

uygun olaraq neytron vo proton sisteminin kiitlo morkozinin koordinatlaridir.
KTFY yanagmasinin moalum prosedurasini totbiq edarak, (1) hamiltonianinin
moxsusi enerjilori vo dalga funksiyalar

| H,,, + b+ +W,QF| = 0,Qf (5)

horokat tonliyi hall edilorok tapilir. Burada Qf hoyacanlanan soviyyslorinin
fonon operatoru, |, >iso osas halin dalga funksiyas1 olmaqla boraber, hom do

fonon vakuumudur, Q | ¥, >=0. Hesablamalarda 10 va 11 saviyyalorinin o,
tok fonon enerjilorinin 6dadiyi sekulyar tonlik u¢un asagidaki ifado oldo edilir:

M(a)z) - SA 2 Kla)iFN:zp
D(wn) :_a)z SA ﬂ_RA 2K1?Anp :O
- a)lﬁ‘np wi?Anp - (1 + 2 KIF;,pZ )

(6)

1 soviyyolorinin @;,enerjilori (6) sekulyar tonliyi holl edilorok tapilir. (6)

tonliyinin koklarindon birinin sifir oldugu goriiniir. Sekulyar tonliyin =0 kokii
niivonin bir biitiin olaraq fozada horokatini ifado edon Qoldstoun halinin [14]
tocrid olundugunu gostarir.

Niivonin osas halindan I"K-saviyyslorino elektrik dipol kegid matris
elementi, W dalga funksiyasinin fonon vakuumu oldugu nozoro alindiginda,
asagidaki sokilds ifados edilir:

M(0'>1K)=<¥, | M(EL 10 | ¥y >=<'¥, | [M(EL£).01| ¥, > (7)

burada
MELY =e, 23 (r,) (8)

elektrik dipol operatoru, e, protonun elektrik yiikii, K=0 vo 1-dir. E1 kegid
matris elementindo proton vo neytronlar iiclin effektiv elektrik yiikii daxil
edilorsa (7) ifadosi agagidaki kimi yazilar:

MO >1K)=—(eg:r My + elpr My) 9)
1 ~
M, = [Iv, 410,28, —L5F ] (10)
2\wY 2 2 Z
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Burda Y =Y, (@) +7Y,(®) v

2L, p L1, e riul,
Y (T) pss s _Ar L (1) Esg Py Lo T U + 8% L2 2 (7) ss'"ss'?ss!
Z a) ) z 17/2 (g a) ) 7/ Z (g a) )

soklindadir. (10) ifadosindo t=n ii¢lin t,=+1,t=p li¢lin iso 1,~-1 .dir. Neytron
vo protonlarin effektiv elektrik yiiklori ¢, =—Z/4 vo e =N/Zolaraq toyin
edilir.

Dipol saviyyalorinin hoyacanlanma ehtimali (9) ifadesinden istifade
edildiyindo timumi halda asagidaki sokildo yazilir:

B(E1,0% > 17K) = (1 + 8kq)|e?s M, + eeffsmnj (11)

eff

3. HESABLAMALAR VO MUZAKIRO

Hesablamalar bir-zorrocik modelin deformo Woods-Saxon potensialinda
oldo edilon moxsusi enerjilori vo dalga funksiyalar1 bazis gotiiriilorok
aparilmsdir [15]. "**Nd niivesi tigiin kvadrupol deformasiya parametri §,=0,247
tocriibi kvadrupul momentlorindon [16] istifado edilorok hesablanmigdir [17].
[frataxici modelin A vo A komiyyatlori bir-zorracik enerjilorindon vo dalga
funksiyalarindan istifado edilorok [18] hesablanmis vo bu komiyyatlor ii¢lin
A=1,15, A=0,97, [1,=-6,532 vo [1,=-9,176 qiymotlori oldo edilmisdir.
izovektor dipol-dipol qarsiliql tesir sabiti y;=400/A""° MeVfm® olaraq
miioyyan edilmisdir. izovektor dipol-dipol garsiligh tesir sabiti ii¢iin bu giymaot
gotiirtilmokls nahang dipol rezonans {i¢iin hesablanan tesir kesiyinin enerjidon
asililiq grafiki (sokil 1), qonsu niivalordo eyni rezonans ii¢iin tocriibi olaraq
oldo edilmis tosir kosiklori ilo hom boy olaraq, hom do enerji olaraq yaxs1
uzlasir vo [17] verilmis naticalorlo uygunluq togkil edir.

*>Nd niivesinin rabito enerjisindon kigik enerjili elektrik dipol
spektrinin todqiqi, bu niivodo kifayot qodor elektrik dipol hayocanlanma
soviyyosinin oldugunu gostordi. Qeyd edok ki, rabito enerjisinin qiymaoti 7,278
MeV olaraq gotiiriiliib [19]. Belo ki, tadqiqat, 152N d niivasinda, nuklonun rabito
enerjisindon kicik enerjilordo elektrik dipol kecid ehtimallart comi
> B(E1,i) =0,647 e*fm” vo rezonans orta enerjisi Er = 6,77 MeV olan ¢oxlu
sayda soviyyenin qruplasaraq rezonans omolo gotirdiyini gdstordi. Bu
naticalorin qonsu niivolords eyni bolgads miisahido edilon PDR-o banzarliyini
nazars alaraq, on goriilon bu soviyyolorin PDR rezonans soviyyolori oldugunu
soylomok olar (sokil 2).
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aj [MeV]

Sokil 1. "*Nd niivesinin elektrik dipol hayacanlanma soviyyalorinin KTFY
yanasmasinda hesablanmig tasir kasiyinin enerjiden asililigi
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........... k=1
N
E o034 .
#
2,
W 002+ -
@
0,01 + -
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o, [MeV]
Sokil 2. '"*Nd niivesinin KTFY yanasmasinda hesablanmus B(E1) doyarinin enerjiden
astlilig

Sokildo B(E1)>1-107¢*fm® olan soviyyolor gosterilmisdir. Sokildon
goriindiiyii  kimi, spektrin formalagsmasinda elektrik dipol hoyocanlanma
soviyyoalorinin hom K=0 hom do K=1 komponenti miistosna rol oynayir.
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Gortindiiyti kimi, elektrik dipol hoyacanlanmalarin K=0 komponenti kegid
ehtimalinin bdyiikliiyline gora yaxsi segilon bir neco hayacanlanma saviyyaesi ilo
spektro gatqi verir. Buna miigabil elektrik dipol hoyacanlanma soviyyalorinin
K=1 qolu isa sayca ¢ox, lakin kigik saviyyalorla spektra qatqi verir.

Coadval 1-do 5-8 MeV enerji intervalinda Ongoriilon elektrik dipol
hayacanlanma soviyyalorinin hom K=0 ham do K=1 qolu ii¢iin ke¢id ehtimallarinin
comlori, saviyya saylari, saviyyalorin enerji ortasi, soviyye saylarinin vo kecid
ehtimallariin comlarinin nisbotina dair melumatlar toqdim olunur.

Cadval 1. '">Nd niivesi {igiin rabito enerjisindon kigik enerjilordo (5-7,3MeV)
on goriilon PDR soviyyolorinin kecid ehtimallarinin comi, rezonansin enerji ortasi,
saviyyolorin say1, kecid ehtimallarinin vo soviyys saylarmin nisboti. Cadvolds
B(E1)>1-10"¢*fim” olan soviyyalor gosterilmisdir.

Kecid Ehtimallar1 comi Saviyya Rezonansin enerji Kecid
i B(E1,i) (e*fim?) saylari ortast (MeV) ehtimallarinin
Nisbati
Y B(ED),
K=0 K=1 K=0+1 K=0 K=1 K=0 K=1 Y B(El),_,
0,467 0,180 0,647 10 22 6,612 6,364 2,594

Codvoldon goriindilyii  kimi, ">Nd niivesinde PDR  rezonansin
formalagsmasinda elektrik dipol soviyyslorinin K=0 qolu 10 saviyys va dipol
kecid comi ¥; B(E1, i) =0,467 ¢*fm? ilo K=1 qolunun 22 soviyys va dipol ke¢id
comi Y; B(E1, 1) =0,180 ¢*fm’ don daha cox qatq: verir. Qatqularin miigayisesi,
K=0 golunun qatqisinin, K=1 golundan 2,594 dofo bdylik oldugunu gostorir.
Belalikla, bu natica PDR-in K=0 qolunun K=1 qoluna nazaron, daha bdyiik
ehtimalla tocriibolordo miisahido edilo bilocok. Bundan basqa, hesablama K=0
qgolunun rezonansinin, K=1 qolunun rezonansindan daha bdyiik enerjilordo
yerlosdiyini gostorir (cadval 1, VI-VII siitunlar).

Olda edilon bu naticalora ssaslanaraq **Nd niivesinde PDR modaya osas
qatqmnin elektrik dipol hoyocanlanma soviyyolorinin K=0 qolundan goldiyini
sOylomok olar. Olds edilon bu natica [10] alds edilmis noticalor ilo ziddiyyat toskil
etso do, [8] aldo edilmis noticolor ilo uygunluq toskil edir. Eyni bir masalo {izro
forgli nozori naticolorin alinmasi vo bu noticolori tosdiq vo ya inkar edocok hor
hans1 bir tocriibi naticonin olmamasi, sdziigedon 6n goriiniin hallini gbzloyan aciq
bir masalo olaraq qaldigini gostorir.

132Nd niivesindo 6n goriilon PDR-in kegid xiisusiyyatlori, kollektivliyi vo
nuklon xarakteri baximindan tohlil etmok vo naticolorin NDR f{i¢iin hesablanan
naticalorlo miiqayise etmok iiciin KTFY yanasmasinda dipol soviyyslarin fonon
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dalga funksiyalar1 vo  onlara gqatqi veron iki-kvazizorrocik soviyyolori
hesablandi. Miigayiso iicin Cadval 2-do '>Nd niivesindo elektrik dipol
hayocanlanma soviyyslorinin K=0 vo K=1 qollarinin enerjilori, B(E1) kegid
ehtimallari, kvazi zorracik amplitudlarinin comi Y _i:s\ (Yy vo ¥p) bu amplitudlara
qatqr veran konfiqurasiyalarin saylart gostorilmisdir. Codvaldo hom PDR, hom
NDR rezonanslarinin kegid ehtimallar1 oan boylik olan bir neco soviyys verilir.

Cadval 2. '"Nd niivesi ii¢iin KTFY da oldo edilmis PDR vo NDR soviyyalorinin
miiqayisosi. Codvolde B(E1) 10~ ¢’fm” vahidlorinde gosterilmisdir.

PDR NDR

o K BE) ¥ ¥ N o K BE) Y% ¥ N
5,893 0- 0,0684 0,01 00999 4 10402 0- 121 0,124 0,876 10
6,589 0- 0,0125 0,004 0,996 6 10973 0- 1,79 0,444 0,556 9
7,003 0- 0,0412 00999 0,001 7 11,088 0- 1,09 0,784 0216 8
6,257 1- 0,0107 0,999 0,01 2 15195 1- 329 0,702 0,298 14
6,598 1- 0,0163 0,999 0,001 2 15488 1- 1,15 0,874 0,126 8

6,916 1- 0,0178 0995 0,005 1 15,503 1- 1,80 0,699 0,301 11

Codvolin PDR-o aid olan hissosino nozor salinsa, elektrik dipol
hayocanlanma soviyyslorinin hom K=0 vo K=1 komponentlorini toskil edon
soviyyalorin  dalga  funksiyalarinin, birdon artiq iki-kvazizorrocik
konfiqurasiyalardan togkil olundugunu gdérmok olar (codvelin PDR-o aid
hissasindaki say gostoran N komiyyati). Bu, PDR moda saviyyalarinin kollektiv
olmasinin asas gostoricisidir. Bununla bels, codveldon goriindiiyli kimi, K=0
komponenti Tigiin iki-kvazizorrocik konfiqurasiyalarinin sayinin daha cox
olmasi, bu komponentin K=1-3 nazaoron daha kollektiv olmasini gostorir.

PDR bolgoasi soviyyalorinin NDR bolgasi soviyyalari ilo miigayisasi iso
NDR bdlgasinda yerloson soviyyelorin daha kollektiv oldugunu gosterir. Belos ki,
cadvaldon goriindiiyii kimi, PDR omoalogatiron elektrik dipol saviyyslarinin
formalagsmasinda on yaxs1 halda 7 sayda iki-kvazizarracik konfiqurasiyasi igtirak
etdiyi halda, NDR omologatiron elektrik dipol soviyyalorinin formalasmasinda
on az 8 sayda iki-kvazizorracik konfiqurasiyas: istirak edir. Goriindiiyli kimi,
nohong dipol rezonansi omologatiron saviyyslor, pigmi dipol rezonansi
omologatiron  soviyyalordon  ¢ox-¢cox  kollektivdir. Bu  rezonanslarin
kollektivliyindo miisahido edilon bu kaskin forq onlarin forqli rezonanslar
olmasinin bir gostaricisi olub, bir meyar kimi PDR-1 NDR-don ayirmagq iiciin
istifado edilo bilor. Eyni zamanda, bu faktdan istifads etmokls, kollektivliyin
koskin artmaga basladig1 enerjilors istinad etmokls, PDR-n, NDR-don ayiran
enerji bolgasini toyin etmok miimkiindiir.
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Codvoldon gorlindiiyli  kimi, PDR-i omolo gotiron elektrik dipol
hayocanlanma saviyyalorinin hom K=0 hom do K=1 qolu bir ¢esid nuklon
konfiqurasiyalarindan togkil olunub (ya neytron, ya da proton). Bununla belos,
har iki halda soviyyonin amologalmasinds bir ¢esid nuklon hakim rol oynasa da,
hor iki qolun kvazi-zorrocik konfiqurasiyalarinda miioyyon forqlor 6ziinii
gostorir. Belo ki, PDR bdlgosindo yerloson E1 hayocanlanmalarin K=0 qolu
osason proton-proton konfiqurasiyalarindan toskil olundugu halda, K=1 qolu
osason neytron-neytron konfiqurasiyalarindan ibaratdir. Bu baximdan K=1 qolu
iiclin oldo edilon naticolor, PDR modanin qurulusu iigiin genis yayilmis
makroskopik modellomani tosdiglayir. Belo ki, tobiati halo do tam olaraq elmo
molum olmayan PDR-in yaranma mexanizmi, niivonin klassik Damci
modelinds niive daxilindoki N-Z sayda neytron artiginin, yerde qalan neytron
vo proton Ozoyino qarst raqsi horokoti noticosindo yaranan vo osason
neytronlarin basqin rol oynadigi bir rezonans kimi qobul edilir [2]. Bununla
bels, bu rezonansi forqli izah edon miixtolif nozariyyslor do mévcuddur [20-23].
Mikroskopik modelds iso iimumiyyatlo, elektrik dipol hoyacanlanmalar
niivadoki neytronlarin vo protonlarin qarsiligli tosirinin zarracik desik kecidlori
sayosindo yaranan iki kvazizorrocikli neytron-neytron (n-n) vo proton-proton
(p-p) hallarmin superpozisiyasindan meydana golon fonon hallart kimi forz
edilir [18] vo burada heg bir makroskopik bonzotma qgobul edilmir.

Cadval 2-nin NDR bolgoasi soviyyaloari ii¢iin olan hissasine nozor salinsa,
PDR soviyyolorindon forqli olarag bu halda elektrik dipol hoyacanlanma
soviyyalorinin amalo golmasindo eyni zamanda hom neytron, ham do proton
konfiqurasiyalarinin tosirli oldugu goriiniir. Todgigatin PDR modanin osason
tok nuklon (neytron vo ya proton) quruluslu, buna miigabil NDR modanin iso
iki nuklon (neytron vo proton) quruluslu olmasin1 gostormosi, PDR modanin
NDR modanin kicik enerjili quyruq hissesinds yerlosmasina baxmayaraq,
ondan forqli hoyocanlanma névii olmasini gostorir. Bu qurulus forqindon bir
meyar kimi PDR-i NDR don ayirmagq {giin istifads etmak olar. Nozari olaraq
misahido edilon bu forqin biitiin niivolora xas bir xilisusiyyat olmasinin
miloyyon edilmosi tiglin bonzor todqigatin digor deformo niivolordo do
aparilmasi ¢ox vacibdir.

4. Naticalor

Nd niivasindo PDR-in xiisusiyyatlorinin KTFY yanasmasinda todqiqi, bu
niivado neytronun rabits enerjisindon kigik enerjilorde qonsu niivolora xas bir
sokildo PDR-o aid edilo bilocok ¢oxlu sayda elektrik dipol hoyocanlanma
soviyyolorinin oldugunu gostordi. Hesablamanin PDR-in K=0 qolunun daha
qiivvatli olmasini gostormasi, tocriibalordo PDR modanin K=0 qolunun daha
boyiik ehtimalla miisahido edilo bilocoyini gostordi. '“*Nd niivesi tigiin PDR
soviyyalorinin fonon dalga funksiyalarinin formalagmasinda istirak edon iki-
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kvazizarracik saviyyslorinin qatqilarinin tadqiqi, bu soviyyalorin kollektiv
oldugunu vo formalagsmasinda asas rolun bir név nuklonun oynadigini gostordi.
Hesablama PDR modanin NDR modanin kicik enerjili quyruq hissoasindo
yerlosmasino baxmayaraq onlarin bir-birindon forqli hoyocanlanma novii
oldugunu gostordi.

Hesablamalarin aparilmasi zaman1 komayini asirgomoyon fizika iizro

falsofo doktoru H.Quliyeva dorin togokkiiriimii bildirirom.
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4-METIL BENZALDEHID OSASINDA
DIXLORDIAZABUTADIENLORIN SINTEZi

Acar sozlar: katalitik olefinlogsmo reaksiyasi, dixlordiazadien, metil qrupu,
fizioloji aktiv birlasma

4-CH;-benzaldehidin  katalitik olefinlosmo reaksiyasi zamani miivafiq
dixlordiazadienlor sintez edilmis vo alinmig birlogsmalarin 4-NO,-benzaldehid asasinda
alinmis dixlordiazadienlor ilo miigayisoado nisbaton yiiksok noticolor gostormisdir ki, bu
da eyniadli funksional qruplarin hansi fragmentds olmasinin fizioloji aktivliys osash
tasir etdiyini gostorir.

A.M.Kaoxcap, M.C.Aooynos, II1.A.Hopazumosa, I.T.Cyneiinanosa, I.B.babaesa,
H.K.Illuxanues, A.M.Maxappamos

CUHTE3 JUXJIOPOJAUA3SAIUEHBI HA OCHOBE
4-METUJIBEH3AJIBJAEI'U A

Knrouesvle  cnoea:  xamanumuueckas — peakyus, — OleQUHUPOBAHUS,
OUXI0pOUA3A0UEH, MEMUTILHAS 2DYNNA, PUZUOIOSUHECKU AKMUBHOE COeOUHEHUE
Peaknumeli katanutudeckoro onepunupoBanus 4-CH3-Oensanbaeruna ObutH
CHUHTE3MPOBAHBI COOTBETCTBYIOIIHE TUXIOPOIUA3aANCHBI U TOJYICHHBIC COCINHEHIS
10 CpPaBHEGHUIO C JUXJIOPOAWA3aTdCHAMH TIOJIYyYEHHBIMH Ha ocHOBe 4-NO2-
OcH3abIeTH A TOKa3a]ld OTHOCUTEIHHO BBICOKYIO aKTHBHOCTH, YTO B CBOIO OYepelb
MOKAa3bIBae€T, YTO HAXOXKICHHE COOTBETCTBYIOIUX (PYHKIMOHAIBHBIX TpyHnm B
ompefeNeHHOM  ()parMeHTe  OKa3blBaeT  3HAYMTENHFHOE  BO3JMEHCTBHE  Ha
(pM3HOJIOTUYECKYIO0 aKTHBHOCTb.

A.M.Gajar, M.S.Abdulov, Sh.A.Ibrahimova, G.T.Suleymanova,
G.V.Babayeva, N.G.Shikhaliyev, A.M.Maharramov

SYNTHESIS OF DICHLORODIAZABUTADIENES BASED ON 4-
METHYLBENZALDEHYDE

Keywords: catalytic olefination reaction, dichlorodiazadiene, methyl group,
psychologically active compound
The corresponding dichlorodiazadienes were synthesized by the catalytic
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olefination reaction of 4-CH3-benzaldehyde and obtained compounds demonstrated
relatively high activity in comparison with synthesized on the basis of 4-NO2-
benzaldehyde dichlorodiazadienes which in turn demonstrate that the presence of the
corresponding functional groups in a specific fragment has a significant impact on
physiological activity.

ovvalki todqigatlarda biz gostormisdik ki, N-ovozolunmus hidrazonlarin
CuCl katalizator istirakinda polihalogenmetanlarla reaksiyasindan yiiksok
c¢iximla dihalogendiazadienlor sintez edilir [1; 2; 7; 5; 11] (Sxem 1).

X

Hal
Ho CXHal; CuCl (1%) I
R*\NfN\Ar TMEDA (2.5 eq.) R™ VN
DMSO, rt. u
Hal = Cl, Br; X = Cl, Br, CN, CO,Et, CF; Ar

Sxem 1. Dixlordiazabutadienlorin imumi alinmasi reaksiyasi

Qeyd edok ki, dihalogendiazadienlor 6z unikal qurulusuna goro iizvi
sintezdo olverigli sintonlar kimi totbiq edilirlor. Bununla yanasi, bu
birlosmolorin diazoboyalar vo eloco do, antimikrob, antibakterial xassoloro
malik olmasi torofimizdon miioyyon edilmisdir [3; 4; 9]. Reaksiya universal
xarakter dasiyir. Belo ki, aldehid vo hidrazin fragmentindo olan funksional
qruplar reaksiyanin istigamotine vo ¢iximina elo do tesir etmir. Lakin bozi
hallarda, misal olaraq, aldehid fragmentindo ¢ox giiclii elektrodonor
dimetilamin -N(CH3), vo hidrazin fragmentinds iso giiclii elektroakseptor CN,
NO; qruplar olduqda dixlordiazadienin ¢iximi 10%-0 qodor azalmig osas
mohsul olaraq farmazan toromosinin alinmast NMR vo RQA metodlar ilo
tosdiglonmisdir. Hor iki fragmentdo elektroakseptor p-NO; qruplar olduqgda iso
imumiyyaetlo, reaskiyanin getmomasi miisahids edilmisdir [12].

4-Nitrobenzaldehid osasinda sintez edilmis, xiisusilo do hidrazin
fragmentindo metil qruplari olan miivafiq dixlordiazadienlorin antibakterial
xassoloro malik olmasi torofimizdon miioyyon edilmigdir [6; 8; 10]. Metil vo
nitro qruplarinin bu xassolorini nazors alaraq 4-metilbenzaldehidlo do miivafiq
reaksiyalar aparilmigdir.

/@A HzNHN /@/k _CCly, CuCl (1%) /©I
TMEDA (2.5 eq) \©\
CH;COOH \©\
EtOH, reflux DMSO, rt

R = H, 4-CH; 3-CH, 4-OCH,,4-Cl, 4-Br, 4-NO,, 4-CN,

Sxem 2. 4-metilbenzaldehid asasinda dixlordiazabutadienlarin alinmasi
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Sintez  edilmis  birlosmolorin  antibakterial — xiisusiyyotlorinin ~ 4-
nitrobenzaldehid osasinda alinmis dixlordiazadienlorlo miiqayisali sokildo
analizi todqiq edilmisdir. Bu moaqalodo miigayise kimi yalniz (E)-1-(2,2-dixlor-
1-(p-tolil)vinil)-2-(4-nitrofenil)diazin (I) vo 4-NO;-benzaldehidin osasinda
sintez edilmis  (E)-1-(2,2-dixlor-1-(4-nitrofenil)vinil)-2-(p-tolil)diazin  (IT)
miivafiq téromolorinin antibakterial aktivliklorinin naticolori verilmisdir.
Umumiyyatlo, bu sintezlori aparmaqda asas moqgsad aldehid fragmentindo CH;
qrupunu sabit saxlamagqla hidrazin fragmentino miixtalif funksional qruplar (H,
4-CH3, 3-CHj;, 4-OCH3, 4-Cl, 4-Br, 4-NO,, CN) daxil etmoklo 9-16
birlogmolorinin antibakterial xassolorinin miiqayisali sokildo todqiq etmok
olmusdur. Bels ki, bu tadqiqat zaman CHj3 qrupunun hansi qrupla daha yiiksok
fizioloji xasso gdstormosi miloyyan edilocokdir. Bu iso onun bu qruplardan
hansi ilo birgs effektiv tosiro malik olmasini iizo ¢ixaracaqdir.

I vo II birlogsmolorinin qurulusuna nazor yetirdikds, onlarin toxminon
eyni antibakterial xassalora malik olmasini sdylomok olar.

cl cl (o] o]
(1 | () Il
0 L
H,C NO, O2N CH3

(E)-1-(2,2-dichloro-1-(p-tolyl)vinyl)-2- (E)-1-(2,2-dichloro-1-(4-nitrophenyl)vinyl)-2-
(4-nitrophenyl)diazene (p-tolyl)diazene

Lakin todqigat zamani S.auereus q(+) bakteriayasina qarst noticolorin
tamamilo forgli oldugu miioyyon edilmisdir. Belo ki, CH; vo NO, gruplarinin
hans1 benzol halgasinda olmasindan asili olaraq antibakterial xiisusiyyatlor
kaskin forqlo miisahido edilmisgdir.

Miioyyon edilmisdir ki, S. aureus q(+) bakteriayasina qarsi I birlogmosi
daha ytiksak aktivlik gdstormis vo inkisafin longimasi sahasi miivafiq olaraq 32
mm togkil etdiyi halda, II birlogsmosinin iimumiyyatlo, heg bir tosiri olmamisdir.
Qeyd edok ki, diger birlosmolor do 9-16 6z analoglarindan, yani 4-NO,-
benzaldehid osasinda alinmis dixlordiazadienlordon daha yiiksok noticolor
gostormisdir. Beloliklo, 4-CHs-benzaldehidin katalitik olefinlosmo reaksiyasi
zaman sintez edilmis miivafiq dixlordiazadienlor 4-NO,-benzaldehid osasinda
alinmig dixlordiazadienlora nisboton yiiksok noticoloro malik olmasi miioyyon
edilmisdir ki, bu da eyniadli funksional qruplarin hansi fragmentdo olmasinin
fizoloji aktivliyo asasli tosir etdiyini gostarir.
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Tacriibi hissa

NMR 'H vo "°C spektrlori Bruker Avance 300 (is tezliyi uygun olaraq
300 MHz) spektrometrindo CDCl; vo DMSO-da da geydos alinmisdir. Daxili
standart kimi SiMey istifado edilmisdir. NTX Silufol 16vhasindo UB-254
aparilmis, omolo golmis lokoalorin aydin gdriinmosi ligiin iso tursulasdiriimig
KMnO4 mohlulundan vo UB lampa siialarinindan istifado edilmisdir. Kolonka
xromotoqrafiyast Merk firmasmin (63-200) silikogelindo aparilmigdir.
Elementar analiz Carlo Erba 1108-do analizator Carlo Erba 1108-do
aparilmigdir.

Hidrazonlarin sintezinin iimumi metodikasi

Ugbogazli yumrudibli kolbaya olave edilmis (5 mmol) fenilhidrazin
lizoring etanol (20-50 ml) vo 0.820q CH3COONa (10 mmol) slavs edilir. Kolba
oks soyuducu, damci qifi vo termometrlo birlogdirilir. Damcr qifi vasitosilo 5
mmol aldehid olavo olunur vo reaksiya qarisigr qarisdirilaraq qizdirilir.
Temperatur 78°C-yo catdiqda qarisiq 5-10 doqige qaynadilir. Daha sonra
reaksiya qaris181 otaq temperaturuna qodor soyudulduqdan sonra onun {izorine
50 ml su olavo edilir. Intensiv qarisdirmaqla temperatur yenidon 60°C-yo
catdirllir vo qizdirilma dayandirilir. Otaq temperaturuna qodor soyudulmus
reaksiya qarisigi filtrdon kegirilir. Lazim golorso mohsulun qaligr su ilo
yuyulur. Alinmis hidrazon otaq temperaturunda qurudulur (15-20 saat). NMR
"H vo °C spektrlori odobiyyat gostericilori ilo uygunluq toskil edir.

1. (E)-1-(4-metilbenziliden)-2-fenilhidrazin. P-toluolbenzaldehidin
fenilhidrazin ilo reaks1yasmdan almmigdir. Cixim

X N 82%, T,=111 C rongli bork maddadir.
/@A \© C14H14N2(M =210,28), hesablanmis C, 79.97; H,
6.71; N, 13.32, tapilib C, 79.99; H, 6.70; N, 13.31.

'H NMR (300 MHz, DMSO) § 7.60 (d, J = 1.3 Hz, 1H), 7.54 — 7.48 (m, 2H),

7.43 —7.37 (m, 2H), 7.38 — 7.30 (m, 2H), 7.27 — 7.19 (m, 1H), 7.08 — 7.01 (m,

2H), 5.82 (s, 1H), 2.30 (d, J = 1.2 Hz, 2H). °C NMR (75 MHz, DMSO)

145.66 , 144.11 , 143.02 , 131.86 , 129.27 , 129.17 , 126.37 , 122.13 , 114.38 ,

21.67 .

2. (E)-1-(4-metilbenzilidene)-2-(p-toluol)hidrazin. P-toluolbenzaldehidin p-

_H toluolhidrazin ilo reaksiyasindan alinmigdir.

N—N CisH1gNs> (M=224,31), hesablanmis C, 80.32; H,

7.19; N, 12.49, tapilib C, 80.35; H, 7.15; N,

12.50. '"H NMR (300 MHz, DMSO-ds) & 10.13

(s, 1H), 7.79 (s, 1H), 7.51 (d, J = 8.0 Hz, 2H), 7.18 (d, J = 7.9 Hz, 2H), 7.04 —

6.93 (m, 4H). °C NMR (75 MHz, DMSO) & 143.61, 137.62, 136.36, 133.67,
129.96, 129.68, 127.47, 125.93, 112.35, 21.42, 21.37.
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3. (E)-1-(4-methilbenzilidene)-2-(m-toluol)hidrazin. P-toluolbenzaldehidin

H m-toluolhidrazin ilo reaksiyasindan alinmigdir.

SN—N C15H6N, (M= 224,31), hesablanmis C, 80.32; H,

/@f \©/ 7.19; N, 12.49, tapilib C, 80.29; H, 7.20; N, 12.51.

'H NMR (300 MHz, DMSO) & 7.82, 7.54, 7.51,

7.20, 7.17, 7.10, 7.08, 7.05, 6.90, 6.85, 6.82, 6.56, 6.54, 2.30, 2.25. °C NMR

(75 MHz, DMSO) & 145.81, 138.67, 137.76, 136.85, 133.59, 129.69, 129.38,
126.02, 119.88, 112.79, 109.72, 39.95, 21.83, 21.37.

4. (E)-1-(4-methoksifenil)-2-(4-metilbenziliden)hidrazin. P-toluolbenzaldehidin
4-metoksifenilhidrazin ~ ilo  reaksiyasindan

H
~N—N alinmigdir. C;sH;gN,O (M=240,31) . tapilib C,
/@f \Q 74.97; H, 6.71; N, 11.66, hesablanmis C, 75.01;
o~ H, 6.70; N, 11.69. '"H NMR (300 MHz, DMSO)

0 7.59 (s, 1H), 7.54 — 7.48 (m, 2H), 7.43 — 7.37 (m, 2H), 7.12 — 7.02 (m, 4H), 5.52
(s, 1H), 3.80 (s, 3H), 2.30 (d, J = 1.2 Hz, 3H). °C NMR (75 MHz, DMSO) §
150.95, 145.66, 143.02, 139.82 , 131.86, 129.27, 126.37, 117.40, 114.54, 55.35,
21.67.
5. E)-1-(4-bromofenil)-2-(4-metilbenziliden)hidrazin. P-toluolbenzaldehidin
_H 4-bromfenilhidrazin ils reaksiyasindan alinmigdir
N—N C14H3BrN,(M=289,18), hesablanmig C, 58.15;
/©/ \©\ H, 4.53; Br, 27.63; N, 9.69, tapilib C, 58.11; H,
Br 4.52; Br, 27.65; N, 9.72. '"H NMR (300 MHz,
DMSO) 6 7.59 (d, J = 1.5 Hz, 1H), 7.54 — 7.48 (m, 2H), 7.45 — 7.37 (m, 4H),
7.01 — 6.95 (m, 2H), 5.79 (s, 1H), 2.30 (d, J = 1.3 Hz, 2H).">*C NMR (75 MHz,
DMSO) 6 145.66 , 143.02 , 141.34 , 132.43 , 131.86, 129.27 , 126.37 , 117.35
,117.04,21.67.
6. (E)-1-(4-xlorofenil)-2-(4-metilbenziliden)hidrazin. P-toluolbenzaldehidin
_H 4-xlorfenilhidrazin ilo reaksiyasindan
N—N alinmigdir.  C14HI3CIN2  (M=244,72).
Hesablanmis C, 68.71; H, 5.35; Cl, 14.49; N,
Cl 1145, tapilib C, 68.69; H, 5.34; Cl, 14.51; N,
11.46. "H NMR (300 MHz, DMSO-ds) & 10.40 (s, 1H), 7.84 (s, 1H), 7.54 (d, J
=7.6 Hz, 2H), 7.22 (t, J = 9.7 Hz, 4H), 7.05 (d, J = 8.3 Hz, 2H), 2.31 (s, 3H).
3C NMR (75 MHz, DMSO) & 144.77, 138.13, 137.92, 133.29, 129.72, 129.34,
126.19, 122.17, 113.74, 21.39.
7. (E)-1-(4-metilbenziliden)-2-(4-nitrofenil)hidrazin. P-toluolbenzaldehidin
H 4-nitrofenilhidrazin ilo reaksiyasindan
SN—N almmisdir. C4H3N50, (M=255,28),
/@f \©\ hesablanmis C, 65.87; H, 5.13; N, 16.46,
NO, tapilib C, 65.92; H, 5.11; N, 16.43. '"H NMR
(300 MHz, DMSO) 6 8.16 — 8.10 (m, 2H), 7.62 (d, /= 1.2 Hz, 1H), 7.54 — 7.48
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(m, 2H), 7.40 (dd, J= 7.4, 1.2 Hz, 2H), 7.23 — 7.17 (m, 2H), 6.50 (s, 1H), 2.30
(d, J=1.4 Hz, 2H . ®C NMR (75 MHz, DMSO) & 145.66 , 144.97 , 143.02 ,
142.35,131.86, 129.27,126.37, 126.06 , 111.99 , 21.67 .
8. (E)-4-(2-(4-metilbenziliden)hidrazinil)benzonitril. P-toluolbenzaldehidin
H 4-sianofenilhidrazin ilo reaksiyasindan
SN—N almmigdir. C;sH3N; (M=235,29), hesablanmis
/©/ \©\ C, 76.57; H, 5.57; N, 17.86, tapilib C, 76.55; H,
CN 560; N, 17.85. '"H NMR (300 MHz, DMSO) &
7.77 - 7.70 (m, 2H), 7.61 (d, J = 1.5 Hz, 1H), 7.54 — 7.48 (m, 2H), 7.40 (dd, J
=17.4, 1.3 Hz, 2H), 7.34 — 7.27 (m, 2H), 6.25 (s, 1H), 2.30 (d, J = 1.4 Hz, 2H).
BC NMR (75 MHz, DMSO) & 145.66 , 144.54 , 143.02 , 131.86 , 129.27 ,
126.71,126.37,122.33 ,118.11, 117.21 , 21.67 .

((2,2-dixlor-1-fenilvinil)diazenil)fenil)metanlarin sintezinin
iimumi metodikasi

Kolbaya 1 mmol baslangic hidrazon, iizerine 10-12 ml DMSO, daha
sonra (290 mq; 1,25 mol/ekv) TMEDA olavs edilir. Bundan sonra CuCl (6 mgq;
3 mol %) slava edilir. Sonuncu olaraq CCls (4-5 mol/ekv; 1.5 q) olavo edilir.
Magqnit qarigdirict igo salinir. Reaksiyant NTX ilo yoxlayiriq. Adston reaksiya
1,5-3 saata basa catir. Reaksiya qarisigi ayirict qifa kegirilir. 50-60 ml su alave
edirik. Metilen xlorid (3*15 ml) ilo ekstraksiya edilir. Uzvi faza (3*50 ml) su
ilo yuyuludugdan sonra bir dofo do doymus NaCl (1*50 ml) mehlulu ilo
yuyulur. Na,SO4 (MgSOy ) ilo qurudulur, filtrdon kegirilir vo vakuumda rotor
buxarlandirici ilo dixlormetan qovulur. Qaliq (eliient dixlormetan/heksanin 1:5)
kalonka xromotoqrafiya iisulu ilo yenidon tomizlonir. Nazik tobogoli
xromotoqrafiya ilo ayird edilmis osas reaksiya mohsulu olan fraksiyalar

toplanaraq yenidon rotorda buxarlandirilmis vo ¢ixim hesablanmigdir.
9. (E)-1-(2,2-dixloro-1-(p-toluol)vinil)-2-fenildiazen. (E)-1-(4-methylbe(E)-
1-(4-methylbenzylidene)-2-(p-tolyl)hydrazinin

Cl<__CI

| CCly 1ilo reaksiyasindan alinmigdir. C;sH;,CLLN;
N//N (M=290.04), C, 61.88; H, 4.15; Cl, 24.35; N, 9.62
@ 'H NMR (300 MHz, Chloroform-d) & 7.80 (dd, J =
5.9,2.9 Hz, 2H), 7.50 — 7.42 (m, 3H), 7.27 (d, J =
7.1 Hz, 2H), 7.11 (d, J = 7.9 Hz, 2H), 2.43 (s, 3H)."*C NMR (75 MHz, CDCl;)
o 162.31, 152.95, 152.22, 138.66, 135.26, 131.50, 129.89, 129.01, 128.93,

123.23, 29.74.
10. (E)-1-(2,2-dichloro-1-(p-tolyl)vinyl)-2-(p-tolyl)diazene. (E)-1-(4-
metilbenziliden)-2-(p-toluol)hidrazinin CCly il

Cl__Cl
| reaksiyasindan alimmugdir. C16H14CI2N2

N =305,20), hesablanmis C, 62.97; H, 4.62; Cl,

\@\ 23.23; N, 9.18, tapihb C, 62.97; H, 4.62; Cl,
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23.23; N, 9.18. '"H NMR (500 MHz, Chloroform-d) & 7.97 — 7.91 (m, 1H), 7.63

—7.57 (m, 1H), 7.24 — 7.17 (m, 1H), 7.07 (dd, J= 7.4, 1.3 Hz, 1H), 2.36 (d, J =

1.5 Hz, 1H), 2.30 (d, J = 1.6 Hz, 1H).””C NMR (125 MHz, Common NMR

Solvents) & 149.23, 147.76, 141.73, 136.43, 134.98, 134.01, 131.10, 129.78,

129.41, 119.92, 21.42, 20.94.

11. (E)-1-(2,2-dixlor-1-(p-toluol)vinil)-2-(m-toluol)diazen. (E)-1-(4-
metilbenziliden)-2-(m-toluol)hidrazinin ~ CCly

Cl | cl ilo  reaksiyasindan  alinmigdir.C;¢H4CLLN,
_N (M=305,20), hesablanmis C, 62.97; H, 4.62;

N \©/ Cl, 23.23; N, 9.18, tapilib C, 62.97; H, 4.62; Cl,
2323; N, 9.18 . 'H NMR (300 MHz,

Chloroform-d) ¢ 7.75 (s, 2H), 7.44 (t, J = 7.9
Hz, 1H), 7.36 (d, J = 7.7 Hz, 3H), 7.22 (d, J = 8.0 Hz, 2H), 2.51 (s, 6H)."’C
NMR (75 MHz, Chloroform-d) 6 152.46, 138.99, 138.66, 132.45, 130.03,
129.05, 128.96, 124.19, 120.38 , 21.61, 21.42.
12. (E)-1-(2,2-dixloro-1-(p-toluol)vinil)-2-(4-metoksifenil)diazen. (E)-1-(4-
methoksienyl)-2-(4-metilben-zilidene)hydrazine

Cl Cl
| CCly ilo reaksiyasindan alinmisdir.
N CiH14CLN,O (M=321,20). Hesablanmis C,
P 59.83; H, 4.39; Cl, 22.07; N, 8.72, tapilib C,
O

59.81; H, 4.42; Cl, 22.005; N, 8.74. '"H NMR
(300 MHz, Chloroform-d) 6 7.79 (d, J = 9.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H),
7.10 (d, J = 8.0 Hz, 2H), 6.95 (d, J = 9.0 Hz, 2H), 3.88 (s, 3H), 2.42 (s,
3H).”CNMR (75 MHz, Chloroform-d) §162.48 , 138.47 , 129.90 , 129.76 ,
128.85,125.23 ,114.14,55.58 ,21.48 .
13. (E)-1-(4-bromofenil)-2-(2,2-dixloro-1-(p-toluol)vinil)diazen. (E)-1-(4-
bromophenyl)-2-(4-metilbenzili-den)hydrazinin

/él:[m CCly ilo reaksiyasindan alinmisdir.
N/,N C1sH;BrCpN, (M=370,07). Hesablanmis C,
\©\ 48.68; H, 3.00; Br, 21.59; Cl, 19.16; N, 7.57.
Br tapilibC, 48.68; H, 3.00; Br, 21.59; Cl, 19.16; N,

7.57. "TH NMR (300 MHz, Chloroform-d) & 7.69
— 7.63 (m, 1H”C NMR (75 MHz, Chloroform-d)3 150.89 , 147.76 , 136.43 ,
134.98 , 134.01 , 132.25, 131.10, 129.41 , 124.53 , 123.57 , 21.42 ), 7.61 —
7.55 (m, 1H), 7.23 — 7.17 (m, 1H), 7.07 (dd, J = 7.5, 1.3 Hz, 1H), 2.30 (d, J =
1.4 Hz, 1H).
14. (E)-1-(4-xlorofenil)-2-(2,2-dixloro-1-(p-toluol)vinil) diazen. (E)-1-(4-

Cl<__ClI xlorofenil)-2-(4-metilbenziliden) hidrazinin CCly
| ilo reaksiyasindan alimmisdir. C;sH;Cl3N, (M=
N/’N 325,62), hesablanmis C, 55.33; H, 3.41; Cl, 32.66;

ol N, 8.60, tapilib C, 55.37; H, 3.35; Cl, 32.67; N,
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8.61. "H NMR (300 MHz, Chloroform-d) & 7.76 (d, J = 8.5 Hz, 2H), 7.44 (d, J

= 8.5 Hz, 2H), 7.28 (d, J = 7.7 Hz, 2H), 7.11 (d, J = 7.8 Hz, 2H), 2.45 (s,

3H).C NMR (75 MHz, CDCls) & 151.32, 138.78, 137.49, 129.87, 129.31,

129.00, 128.67, 128.36, 124.49, 123.85, 21.52.

15. (E)-1-(2,2-dixloro-1-(p-toluol)vinil)-2-(4-nitrofenil)diazen. (E)-1-(4-
metilbenziliden)-2-(4-nitrofenil)  hidrazinin

Cl Cl CCly ilo reaksiyasindan alinmisdir.
/©I _N Ci5H1CILbN3O, (M=336,17). Hesablanmis C,
N \©\ 53.59; H, 3.30; CI, 21.09; N, 12.50; O, 9.52,

NO, C, 53.59; H, 3.30; CI, 21.09; N, 12.50. 'H

NMR (300 MHz, Chloroform-d) & 8.29 —

8.22 (m, 1H), 7.90 — 7.84 (m, 1H), 7.24 — 7.17 (m, 1H), 7.08 (dd, J=7.5, 1.3

Hz, 1H), 2.30 (d, J = 1.4 Hz, 1H). °C NMR (75 MHz, Chloroform-d)3 152.88,
148.14, 147.76, 136.43, 134.98, 134.0, 131.10, 129.41, 125.23, 121.61, 21.42.

16. (E)-4-((2,2-dixloro-1-(p-toluol)vinil)diazenil)benzonitril. (E)-4-(2-(4-

metilbenziliden)hidrazineil) benzonitrilin CCly

/(gl:[m ilo reaksiyasindan alinmigdir C;¢H;;Cl,N;(M=
N//N 316,19 ). Hesablanmis C, 60.78; H, 3.51; CI,
\Q 22.42; N, 13.29 , tapilib C, 60.78; H, 3.51; CI,
CN 22.42; N, 1329 .HNMR (300 MHz,

Chloroform-d) & 7.91 — 7.84 (m, 1H), 7.46 —
7.40 (m, 1H), 7.24 — 7.17 (m, 1H), 7.11 — 7.05 (m, 1H), 2.30 (d, J = 1.4 Hz,
1H).°C NMR (75 MHz, Chloroform-d) & 152.31, 147.76, 136.43, 134.98,
134.01, 133.50, 131.10, 129.41, 122.90, 116.76, 114.52, 21.42 .
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SIMPLE SPECTROPHOTOMETRIC METHOD FOR THE
DETERMINATION OF ZINC(II) USING
4,4 -BIS (2,3,4-TRIHIDROKSIFENILAZO)DIFENIL

Keywords: spectrophotometry, zinc, 4,4’-bis(2,3,4-trihidroksifenilazo)difenil,
determination, drink water

A very simple, highly selective and non-extractive spectrophotometric method
for the determination of trace amounts zinc(I) has been developed. 4,4-bis(2,3,4-
trihidroksifenilazo)difenil (BTFAF) has been proposed as a new analytical reagent for
the direct non-extractive spectrophotometric determination of zinc(Il). In the water media
BTFAF reacts with zinc to give a highly absorbent brownish chelate with a molar ratio
2:1(Zn: BTFAF) The reaction is instantaneous and the maximum absorption was
obtained at 540 nm and remains stable for 24 h. The molar absorptivity and Sandell's
sensitivity were found to be 2.3x10* 1 mol’ cm” and 5.0 mkg cm™ of zinc(Il),
respectively. Linear calibration graphs were obtained for 0.1-30 mkg ml™" of zinc(II). A
large excess of over 30 cations, anions and complexing agents do not interfere in the
determination. The method is highly selective for zinc and was successfully applied to
synthetic mixtures and a number of drink and tap water samples. The method has high
precision and accuracy (s = + 0.01 for 0.5 mkg 1"). The results obtained are in good
agreement with the results of optical emission spectrometry with inductively coupled
plasma(ICP-OES).

P.R.Maommadov

SADO SPEKTROFOTOMETRIK METODLA SINKIiN(II)
4,4'-BIS (2,3,4-TRIHIDROOKSIFENILAZO)DIFENIL iLO TOYINIi

Acgar sozlar: spektrofotometriya, sink, 2,3,4-trihidroksifenilazo difenil, tayinat,
icmali su

Sinkin (II) kigik miqdarlarinin toyin edilmasi {igiin ¢ox sado, yiiksok seciciliya
malik vo ekstraksiyasiz spektrofotometrik iisul hazirlanib. Yeni analitik reagent 2,2'-
di(2,3,4-trihidroksifenilazo) difenil (BTFAF) sinkin (II) ki¢ik miqdarlarin1 birbaga
ekstraksiyasiz spektrofotometrik toyin edilmesi {igiin toklif olunub. Sulu mohlulda
BTFAF sinklo reaksiyaya daxil olaraq 2:1 molar nisbstindo gshvayi rongli xelat omolo
goatirir (Zn : BTFAF). Reaksiya siiratlidir, maksimal isiq udma 540 nm miisahids olunur
va 24 saat arzinds sabit qalir. Sink- BTFAF xelat1 {igiin is1q udmanin molyar amsali
2,3x10* I/mol-sm vo Sendel hossasligi 5 mkg/sm® muayyen edilmisdi. Doracali qrafikin
xottiliyi sink (II) ii¢iin 0,1-30 mkq/ml intervalda 6donir. 30-dan ¢ox kationun, anioun vo
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kompleks omoalogatiricinin toyinata manegiliyi dyronilmisdir. Metod sinko qarsi kifayot
gadar hassasdir va bir sira igmali va kran suyu niimunalari tiglin ugurla tatbiq olunub.
Metod yiiksak daqigliys ve diizglinliye malikdir (0,5 mkq/l iiciin S==+0,01). Alinan
noticolor induktiv birlosdirilmis plazma optik emissiya spektrometriyasmin(IBP-OES)
naticalari ilo miiqayiss edilmisdir.

II.P.Mameoos

MPOCTOM CHEKTPO®OTOMETPUUECKH METO/I 1J151
ONPEJEJIEHUS HUHKA (1I) C UCITIOJIB30BAHUEM
4,4'-BUC(2,3,4-TPUTUIPOKCUPEHHNJIA30) JUDPEHNUJIA

Knrwuesvie cnoea: cnekmpogomomempusl, YUHK, 4,4"-6uc(2,3,4-
mpucuOpoKcu@enuIaszo)- ougenun, onpedeietue, NUMbedas 600d

Pazpabotan oOYeHb MPOCTON, YYBCTBUTENBHEIN, BBHICOKOCCICKTHBHBIA U
0E39KCTPAKIMOHHBIH  CIIEKTPO)OTOMETPHUYECKUIT METOJ  ONMpeleNieHUus]  CIEA0OBBIX
kommyectB  1wHKAa  (II).  HoBeiii  ananutudeckmit  pearent  4,4'-6mc(2,3.4-
Tpuruapokcudenmiazo) mudpenmn (BTDAB) Opm1  mpemmokeH IS TPSAMOTO
0€39KCTPaKIMOHHOTO CcrieKTpodoToMeTpuieckoro onpeneneHus uaka (I11). B BogHO#
cpene BT®ADB, pearupys ¢ LMHKOM, [daeT KOPHUYHEBAaTHIA X€JIaT C MOJISPHBIM
cootHomeaneM 2:1(Zn : BT®AB). Peaknus ObicTpas M MaKCHMajabHOE ITOTJIONICHHE
Habmomaercs mpu 540 HM W OcCTaeTcs IOCTOSHHONW B TeueHWe 24 4. MOJSIpHBIMA
K0>(QDUIHEHT CBETONOINOMEHNS M dyBCTBHTENBHOCTh CoHmema pasuer 2,3x10°
J/MOJB'CM U 5 MKT/cM® JUIL UHKA, COOTBETCTBEHHO. JIMHEHHBIA IpagyupOBOYHBIN
rpaduk noyuen B uarepsaine 0,1-30 mxr/mi nuuaka (1) . M3ydeHo mermaromiee BIusHUe
Ha KOMIUIeKcooOpa3oBanue Oosee 30 KaTMOHOB, aHUOHOB M KOMIUIEKCOOOPa3yIOMINX
areHToB. MeToJ] JOCTaTOYHO CEJEKTWBEH 10 OTHOIICHWIO K LWHKY W OBUI yIa4HO
IIpUMEHEeH K pSay OoOpaslloB NMHUTHEBBEIX M BOAOMPOBOAHBIX BOA. Merom oOmamaer
BBICOKOW TOYHOCTBIO ¥ TpaBwibHOCTBIO (S=+0,01 mus 0,5 wmxr/m). [lomydeHnsie
pe3ynbTaThl XOPOIIO COTJACYIOTCSI C PE3yJbTaTaMd OINTHYECKOW AMHCCHOHHOU
CIIEKTPOMETPHH ¢ HHAYKTUBHO-CBs13aHHOH 11asmoit (MCIT-O2C).

INTRODUCTION

Zinc is an essential element of great importance for humans, plants and
animals. Zinc is essential for all living things, forming the active site in over 20
metallo-enzymes. The average human body contains about 2.5 grams and takes in
about 15 milligrams per day. Some foods have above average levels of zinc,
including herring, beef, lamb, sunflower seeds and cheese. Most zinc is used to
galvanise other metals, such as iron, to prevent rusting [1]. Therefore, it is clear
that in the arsenal of analysts there must be methods to determine Zn(Il) in a wide
concentration range with the highest possible sensitivity accuracy. Although
many modern techniques, such as inductively coupled plasma atomic emission
spectrometry (ICP-AES) [2-3], inductively coupled plasma mass spectrometry
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(ICP-MS) [3-4], electrothermal atomic absorption spectrophotometry (EAAS) [5-
6], graphite furnace atomic absorption spectrophotometry (GFAAS) [7] are
available for the determination of silver at trace

Factors such as the low cost of instrument, technical know-how,
consumable and costly maintenance of technique restrict the wider applicability
of these techniques, particularly in laboratories with limited budget in developing
countries and for field work lack of any requirement for consumables and almost
no maintenance, have caused spectrophotometric methods to remain a popular
technique. The wide variety of spectrophotometric methods for determination of
Zn(Il) have been reported, each chromogenic system has its advantages and
disadvantages with respect to sensitivity, selectivity and convenience [8-17].

1,5-Diphenylthiocarbazone is one of the most widely used photometric
reagents and forms colored water-insoluble complexes with zinc ions. Zinc-
dithizone complexes are water insoluble and thus their determination requires a
prior solvent extraction step into CHCl; or CCly, followed by spectrophotometric
determinations [18]. Since these methods involve solvent extraction are lengthy
and time-consuming and lack selectivity due to much interference, CHCl; and
CCl4 have been listed as toxic. This problem has been over come in recent years
by has been proposed a new analytical reagent for the direct non-extractive
spectrophotometric determination of zinc(I). The azocompounds on the base of
pyroghallol had widely been applied for the determination of noble metal ions,
this type of reagent has higher sensitivity and high selectivity [19]. In the search
for more sensitive azocompounds on the base of pyroghallol reagent, in this
work, a reagen 4,4’-bis(2,3,4-trihidroksifenilazo)difenil (BTFAF) was
synthesized according to the method [19] and a color reaction of BTFAF with
Zn(II) in aqueous media was carefully studied.

EXPERIMENTAL SECTION

Instrumentation

The absorbance of solutions was measured with a Perkin Elmer (United
States) (Model: Lambda-40) double-beam UV/VIS spectrophotometer and with a
KFK-2 photoelectrocolorimeter (Russia), with 1 cm matched quartz cells. The pH
values of solutions was controlled on the ionomer i-121 with glass electrode
customized by standart bufer solutions.

A Perkin Elmer (United States) (Model: Optima-2100DV) Inductively
Coupled Plasma Optical Emission Spectrometer (ICP-OES) was used for
comparing the results.

Chemicals and Reagents
All of the chemicals used were of analytical reagent grade or the highest
purity available. Distilled deionized water, which is non-absorbent under ultraviolet
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radiation, was used throughout. Glass vessels were cleaned by soaking in acidified
solution of KMnOy, or K,Cr,O7 followed by washing with concentrated HNO3 and
rinsed several times with deionized water. Stock solutions and environmental water
samples (1000 ml each) were kept in polypropylene bottles containing 1ml of
concentrated HNO3. More rigorous contamination control was applied when the
zinc levels in the specimens were low.

4,4’-bis(2,3,4-trihidroksifenilazo)difenil (2><10_3 M)

The reagent was synthesized according to the method [19]. The solution
was prepared by dissolving the requisite amount of 4,4’-bis(2,3,4-
trihidroksifenilazo)difenil in a known volume of absolute ethanol. More dilute
solutions of the reagent were prepared as required.

Zn(IT) standard solutions
A stock solution of Zn(IT) (1-10°M) was prepared by dissolving 2.876g of ZnSO,
7TH,0 in distilled water containing a few drops of conc. H,SO, and standardized
with EDTA titration using Eriochrome Black T as indicator. Working standard
solution was prepared by suitable dilutions of the stock solution.

EDTA solution
A 100-mL stock solution of EDTA (0.01%) was prepared by dissolving 10 mg of
A.C.S. grade (>90%) ethylenediaminetetraacetic acid, dissodium salt dehydrate in
(100-ml) deionized water.

Tartrate solution
A 100ml stock solution of tartrate (0.01%) was prepared by dissolving 10 mg of
A.C.S. grade (99%) potassium sodium tartrate tetrahydrate in (100ml) deionized
water.

Dilute ammonium hydroxide solution
All solutions of ammonium hydroxide was prepared by diluting some ml
concentration NH4OH (28-30% A.C.S. grade) to 100 1 with deionized water.
The solution was stored in a glass bottle.

Other solutions
Solutions of a large number of inorganic ions and complexing agents were
prepared from their analytical grade or equivalent grade, water soluble salts. In
the case of insoluble substances, special dissolution methods were adopted [23].

General Procedure
To 0.1-1.0 ml of a slightly acidic solution containing 2x10> M of zinc(II) in a 25-
ml volumetric flask was mixed with 1.0-4.0 ml (preferably 2.0 ml ) of 1 x10° M
bis-(2,3,4-trihidroksifenilazo) benzidine solution (preferably 2.0 ml). The
mixture was diluted up to the mark with pH solution to attain the necessary
acidity, acetate ammonia buffer solutions (pH 3-11) and H,SO4 (pH 0-2) were
used. After 5 minutes the absorbance was measured at 540 nm against a
corresponding reagent blank. The zinc content in an unknown samplewas
determined using a concurrently prepared calibration graph.
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RESULTS AND DISCUSSIONS
Absorption spectra
The absorption spectra of brownish color of the zinc - BTFAF system in
presence of pH 8 solution were recorded using a spectrophotometer. The
absorption spectra of the zinc - BTFAF is a symmetric curve with maximum
absorbance at 540 nm and an average molar absorptivity of 2.3 x 10* 1 mol” cm™
(Fig. 1). The reagent blank having maximum absorbance wavelength at 430 nm.
In all instances, measurements were made at 540 nm against a corresponding
reagent blank. The reaction mechanism of the present method is as reported
earlier.
i

1,0
0,8~ =
0,5 z

0,47

0,27

| | L] | | u | | u
350 400 450 S0 0SS0 &M 0 650 A nm
Figure 1. Absorption spectra of the reagent blank (1) and
the Zn- BTFAF system (2).

Effect of acidity

Of the various pH 0-10 of the solution studied, pH 7-9 was found to be
the optimal for the zinc - BTFAF system. The maximum and constant absorbance
of the zinc - BTFAF system was obtained in the presence of pH 8 at room
temperature (25+5)°C. The absorbance of the reagent solution and the zinc -
BTFAF system depends on the medium pH; therefore, the absorption spectra are
studied relative to a blank experiment (BTFAF ).

Effect of time

The reaction is fast. Constant maximum absorbance was obtained just
after 5 min of the dilution to volume at room temperature (25 £50C), and
remained strictly unaltered for 24 h.

Effect of temperature
The absorbance at different temperatures, 0-80°C, of a 25 ml solution of zinc -
BTFAF was measured according to the standard procedure. The absorbance was
found to be strictly unaltered throughout the temperature range of 10-40°C.
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Therefore, all measurements were performed at room temperature (25 £5°C).

Effect of the reagent concentration

Different molar excesses of BTFAF were added to a fixed metal-ion
concentration and the absorbance was measured according to the standard
procedure. It was observed that a 1 mkg ml™ of zinc metal (optical path length 1
cm), the reagent molar ratios of 1:10 to 1:50 produced a constant absorbance of
Ag - BTFAF system. A greater excess of the reagent was not studied. For all
subsequent measurements, 2 ml of 2 x10* M BTFAF reagent was added.

Stoichiometry. The component ratio in the complexes was found using
the isomolar series method, the relative yield method by Starik and Barbanel', and
the equilibrium shift method. All the methods showed that the component ratio
was 2: 1 in the the zinc - BTFAF system. The number of protons displaced upon
complexation was determined by the Astakhov method, and the indicated
component ratio in the complexes was confirmed.

Analytical performance of the method

Calibration curve

The effect of zinc(I) concentration was studied over 0.01-100 mkg 17,
distributed in four different sets (0.01-0.1, 0.1-1, 1-10, 10-100 mkg 1) for
convenience of the measurement. The absorbance was linear for 0.1-30 mkg "'
of zinc(Il) in aqueous media. From the slope of the calibration graph, the average
molar absorption coefficient was found to be 2.3x10* 1 mol” cm™ in aqueous
media.. The selected analytical parameters obtained with the optimization
experiments are summarized in Table 1.

Table 1
Selected analytical parameters obtained by optimization experiments
Parameters Studied range Selected value
Wavelength / Amax (nm) 200-800 540
pH 0-11 8

Time /h 1-24h 5-10 min
Temperature / °C 0-80°C 25+5°C
Reagent(fold molar excess, 1:10 - 1:50 1:20
M:R)
Molar absorption coefficient / 1 - 2.3x10°*
mol ' ecm™!
Linear range/mkg I 0.001-100 0.1-30
Detection limit /mkg I'' 0.01-100 1
Sandell's sensitivity /mkg cm™ 0.1-100 5
Relative Standard 0-2 0-2
Regression Co-efficient 0.998 - 0.9999 0.999
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Effect of foreign ions

The effect of over 30 cations, anions and complexing agents on the
determination of only 1 mkg ml” of zinc was studied. For those ions whose
tolerance limit has been studied, their tolerance ratios are mentioned in Table 2.

Table 2
Tolerance limitsa of foreign ions, tolerance ratio [Species(x)]/Zn (w/w)
Tolerance Reference | Species x | Tolerance ratio
Species x | ratio [10] [Species (x) /Ag | Reference
[Species (x) (W/w)] [10]
/Ag (W/w)]
Na(I) 140 200 Au(III) 50 25
K() 140 100 Ga(III) 130 100
Mg(II) 170 100 Ni(I) 165 50
Ca(II) 160 100 Pb(II) 120 50
Cr(III) 145 100 Ag(D) 40 25
Fe(III) 40 20 NO; 300 200
Cu(ID) 70 20 5042' 1250 1000
Cddn 120 20 Cr 200 100
Hg(1I) 135 100 HCOy 170 100
Mo(II) 145 20 EDTA 150 100
Co(III) 150 100 tartarat 150 100
Be(III) 140 50 Sr(1I) 45 20
Sn(IV) 40 100 phosphate | 130 100
Mn(1I) 150 10 F 140 100
V(V) 30 20 C2042' 200 100

Precision and accuracy

The precision of the present method was evaluated by determining
different concentrations of zinc(II) (each analyzed at least five times). The
relative standard deviation (n = 5) was 2%—0%, for 0.1-30 mkg of Zn(II) in 25
ml, indicating that this method is highly precise and reproducible. The detection
limit (3s of the blank) and Sandell’s sensitivity (concentration for 0.001
absorbance unit) for Zn(I) were found to be 1 mkg ml”, 5 mkg cm?,
respectively. The reliability of our Zn-chelate procedure was tested by recovery
studies. Regression analysis of Beer’s law plots at 540 nm revealed a good
correlation (R, = 0.999). The method was also tested by analyzing several
synthetic mixtures containing zinc and diverse ions (Table 3). The results for zinc
recovery were in good agreement with added values. The average percentage
recovery obtained for the addition of zinc spike to some drink and tap water
samples were quantitative, as shown in (Table 4). Hence, the precision and
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accuracy of the method were found to be excellent.

Applications

The present method was successfully applied to the determination of zinc
in series of synthetic mixtures of various compositions and also in a number of
drink water samples.

Determination of zinc in synthetic mixtures

Several synthetic mixtures of varying compositions containing zinc(II)
and diverse ions of known concentrations were determined by the present method
using EDTA as a masking agent and the results were found to be highly
reproducible. The results are shown in Table 3. The accurate recoveries were
achieved in all solutions.

Table 3
Determination of Zn(Il) in synthetic mixtures
Proposed method ICP-OES
Sa Composition of Zn(II) mkg/ml Recover Zn(1) Recover
mp mixture (Il’lkq/ ml) Added Found® y+ Sb mkq/ ml y £5(%)
le (%) Found

A | Zn* 1.5 1.51 101 +£0.2 1.50 100+0.2
2.0 2.02 102+0.2 2.01 101 +£0.2

B | Asin B +Mg*" (25) 1.5 0.51 101 £0.4 0.52 102+0.4
+Co’" (25) 2.0 203 [103£0.2 202 [102£02

C | As in D +Ag" (25) 1.5 1.52 102+0.3 1.51 101 +0.3
+Hg,”" (25) 2.0 2.04 104 +0.2 2.02 102+0.2

D | As in C +Cr *'(25) 1.5 1.49 98 +0.2 1.495 99 +0.1
+Ca’" (25) 2.0 202 |102+0.1 2.025 [101+0.1

E | Asin A + Cu™'(25) 1.5 1.48 97+0.3 1.49 97 £0.3
+ Fe¥'(25) 2.0 2.02 102+0.2 2.01 101 +£0.2

*Average of five analysis of each sample
®The measure of precision is the standard deviation (s).

Determination of zinc in drink and tap water samples

Each drink and tap water samples (1000 ml) was mixed with 10 ml of
concentrated HNO; and 2ml of concentrated H>SO4 in a 2000 ml distillation
flask. The sample was digested in the presence of an excess potassium
permanganate solution following a method recommended by Greenberg et al.
[20]. The solution was then cooled and neutralized with dilute NH4OH solution.
The resulting solution was then filtered and quantitatively transferred into 50 ml
calibrated flask and made up to the mark with deionized water. An aliquot (1-2
ml) of this solution preconcentrated drink water was pipetted into a 25 ml
calibrated flask and the zinc content was determined as described under the
general procedure using EDTA or tartrate as a masking agent. Analyzed drink
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and tap water samples were taken from markets of Baku city and Baku State
University (BSU), respectively. The results of analyses of environmental water
samples from various sources for zinc are given in Table 4.]

Table 4
Determination of zinc in drink and tap water samples.
Proposed method ICP-OES

Zn(IT) mkq/ml Recovery + s° Zn(1I) Recovery + s (%)

Sample Added Found (%) mkq/ml
Found

BonAqua 10 12 102+04 10 100+ 0.1

20 23 103+0.2 21 101 £0.2
Vital000 10 0.9 99+0.3 11 101+ 0.3

20 19 98 £0.2 19 98 +£0.2
Shahdag 10 13 103+0.2 10 100+0.2

20 21 101+ 0.2 21 101+ 0.2
Damla 10 12 102+0.3 10 100+ 0.1

20 24 104 +£0.2 22 102 +0.2
Slavyanka 10 11 101 +0.3 10 100+0.3

20 22 102 +£0.2 21 101 +£0.2
Sirab 10 11 101 £0.2 11 101 +£0.2

20 22 102 +£0.2 20 100+£0.2
Badamli 10 0.9 98+£0.2 11 101 +£0.2

20 21 101 £0.2 22 102+0.2
Tap water (BSU) 10 12 102+0.3 10 100+0.3

20 21 101 £0.2 19 98 £0.2

Conclusion

A simple, rapid and selective methods was developed for the
determination of Zn(Il)) in difficult sample matrices. Therefore, this methods will
be successfully applied to the monitoring of trace amounts of Zn(Il) in industrial

and natural samples.

—
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N3YYEHUE PEAKIIUN KOMIIVIEKCOBPA30OBAHMUA KEJIE3A(III)
C 2-IIMIHEPUIVMHOMETNJ)-5-METHJI®EHOJIOM

Kntouesvle  cnosa:  oiceneso, 2-(nunepuounomemui)-5-memugherou,
IKCMPAKYUOHHO-(POMOMEMPUHECKULL MEMOO, CREKMPOGOmomempuiecKue usmepeHus.
CrieKTpopOTOMETPHUECKUMHU METOJaMHU UCCIIEIOBAHO

koMIutekcooOpazoBanne xkeneza (III) ¢ 2-(munmepuauHOMETHIT)-5-MEeTHIDEHOIOM.
Haiinensl ontumManeHble ycnoBus oOpaszoBaHHsa (pHe0.6-5.7) n sxcrpakumu (pHop
2.3-4.2) KOMITJIEKCHOTO COCJAMHECHMSI M yCTAHOBIEHBI COOTHOIICHHWS KOMIIOHCHTOB B
xommekce (Fe:L=1:2). MonsapHslii ko3(pduuuenT nornouiesuns pases 3.29x10%. Ha
OCHOBaHWH TIONYYEHHBIX JaHHBIX pa3paboTaHbl (OTOMETPUYECKHE METOIHUKH
OTIpeieNICHHs JKeJe3a B pa3THUHbIX 00BEKTaX.

O.Z.Zalov, C.Q.Rasulov, K.D.Quliyev, F.I.Salahova, G.A.Hiiseynova

DOMIRIN (IIT) 2-(PIPERIDINOMETIL)-5-METILFENOLLA
KOMPLEKSOMOLOGOLMO REAKSIYASININ TODQIQI

Acar sozlor: domir, 2-(piperidinometil)-5-metilfenol, ekstraksiyali-fotometrik
metod, spektrofotometrik 6l¢malor

Domirin  (III)  2-(piperidinometil)-5-metilfenolla  kompleksomologatirmasi
spektrofotometrik metodla todqiq edilmisdir. Kompleks birlosmonin omologalmao
(PHom01.0.6-5.7) vo ekstraksiyasmin optimal soraiti (pHgp 2.3-4.2) miioyyon edilmis,
kompleksds komponentlorin molyar nisbati tapilmigdir (Fe:L=1:2). Molyar isiqudma
omsal 3.29x10* barabordir. Alimmis molumatlar osasinda miixtalif obyektlordo domirin
fotometrik tayini metodikasi islonib hazirlanmisdir.

A.Z.Zalov, Ch.K.Rasulov, K.A.Kuliev, F.I1.Salakhova, G.A.Guseinova

STUDY OF REACTIONS OF THE COMPLEX FORMATION OF IRON (III)
WITH 2- (PIPERIDINOMETHYL) -S-METHYLPHENOL

Keywords: iron, 2- (piperidinomethyl) -5-methylphenol, extraction-photometric
method, spectrophotometric measurements

Spectrophotometric methods were used to study the complexation of iron (III)
with 2- (piperidinomethyl) -5-methylphenol. The optimal conditions for the formation
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(pH,r.0.6-5.7) and extraction (pHop 2.3-4.2) of the complex compound were found
and the ratios of the components in the complex (Fe: L = 1: 2) were established. The
molar absorption coefficient is 3.29 x 10*. Based on the obtained data, photometric
methods for determining iron in various objects were developed.

BBenenue

Pearentsl, copepxamme OH-rpynnsl M J1OHOpPHBIE aTOMBI  a30Ta
CUMTAIOTCA HauOoJyiee TOAXOMIImMMH 1yisi onpeneneHus skemeza(lll) [1-3].
Hcxons w3 3TOTO, aKTyalnbHBIM SBISETCS HM3Y4YCHHE KOMILIEKCOOOpPa30BaHUs
Fe(Ill) ¢ 2-(munepuamHomeTtiun)-S-metundenonom (L). PazpabGorana BbICOKO
n30uparenbHass METOIUKA CIEKTPO(HOTOMETPHUECKOTO ONPEICIICHUS Kele3a B
OaHaHe, TOPOXE U TPEUKe.

IKCIHHEPUMEHTAJIBHASA YACTb

Pearentsl m pacrBopsbl. CTaHAapTHBIN 1-10" M pactBop xene3a (III)
TOTOBHJI PACTBOPEHHEM DPACCUUTAHHON HABECKM M3 METAJUIMYECKOTO JKee3a
(4.;1.a.) KaKk ykazaHo [4] W CTaHAapTU3AIUIO MPOBOAWINA O-O€H30MHOKCUMOM
IPaBUMETPUYECKUM METOZIOM [4].

PaGoune pactBopsl xkenesa (III) roroBunm pazdaBiIeHHEM HCXOIHOTO
pacTBopa ¢ IUCTWILIUPOBaHHOW Bomoil. B pabore wucnomszoBamu 0.01M
pactBop L B xsopodopme. B kauecTBe 3KkcTpareHTa NIpUMEHEH XJI0OpO(hOpM.

2-(MUnepuIuHOMETHI )-5-MeTHII()EHOT CHHTE3UPOBAIN MO MeToauke [5].
WneHTudukanuio CUHTE3UPOBAaHHOIO PeareHTa MpPOBOJMIN C MOMOIIBIO 3ile-
MeHTHoro aHanu3a, K- u AMP-cnekrpockonuu [6].Pe3yapTaTsl XMMHUYECKOTO
ananuza: Harigeno, %: 85,88 C; 4,12 H; 3,24 N; 3,99 O. Beraucaeno, %: 86,64
C; 3,87 H; 3,68 N; 4,37 O.

UK-criextp (KBr)- 3472 cm™' v (OH), 3054 cm™ v(CH), 2852 em™' v(CH3),
1615-1458 cm™ v(CeHs), 820-710 em™ 8(C-H), 1480-1470 cm™' 8(-CHy), 1420
em™ (ven), 1391em™ (veo).

CrnekTtp 'H SIMP (300,18 MI'ti, C4Dg). 2.90 (s, 3H, CH3), 2.45 (s, 2H, N-
CH; nunepuaun), 1.60-2.47(m, 10H, nunepunun), 7.38-7.42 (m, 3H, Ar).

Jis co3gaHuss HEOOXOAMMOM KHCIOTHOCTH HCHOJb30BAIM (PUKCAHAT
HCI (pH 1-2) m ammwmavno-aneratHeie Oydepubsie pactBopsl (pH 3-11).
Honnyto cuiy pactBopoB (U=0,1) mojgmepkuBanu NOCTOSHHOM, BBEACHUEM
paccuutanHoro konumdectBa KNO;. Bce ucnosb3oBaHHBIE peareHThl UMENU
KBaJTU(UKALMIO Y. 1. a. WM X. Y.

Bennununy pH pacTBOpoB KOHTpOJIMPOBaAIN ¢ MOMOLIbI0 HoHOMepa 1-130
CO CTEKJISIHHBIM 3J1eKTpoJoM. ONTHYECKYIO IUIOTHOCTh PACTBOPOB U3MEPSIIN HA
cnekrtpodporomerpe CdD-26, u dortokonopumerpe KPK- 2 B kioBere c
TOJIIMHON morjomatomero ceet ciost 1=1 u 0.5 cm coorBerctBeHHo. K-
CHIEKTPBI CHUMAJIK Ha crieKTpodoromeTpe «Specord-M80».
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Honnyto cuiy pactBopos, paBHyto u=0,1 mognep:xuBajiu NOCTOSHHOM,
BBeJleHHEM paccuuTaHHoro kojuuectBa KNOs. Jns co3manus HEOOXOAMMOMN
KHCIIOTHOCTH pPAacTBOPOB INPUMEHSUIM areTaTHhIi OydepHbId pacTBOp. Bcee
WCIOJIb30BaHHBIE PEareHThl UMETH KBATH(PUKAIUIO Y. JI. a. WIH X. .

Omnpenenenne xkese3a B pacrenusx. Hasecky oOpasma ropoxa (300 r),
rpeuku (400 r) u OananoB (300 r) momematoT B (apdopoBBId THreNb U
BBICYIITUBAIOT JI0 yAAJICHUS BJIATH, 3aTEM O30JISIFOT B My(denpHOM rmeun mpu 550-
750°C mo MOMHOTO pa3ioXKeHHs] OpraHndeckux BemecTB. Ocalok pacTBOPSIOT
B cmecu 15 ma HCl + 5 man HNO; B yamke U3 CTEKIOYyriepoia, MOTOM
obpabateBator Tpu pasza 3-4 ma HCI mpu 60-70°C n0 mONMHOW OTTOHKH
OKcHI0B a3zora. Jlajee ocajgok pacTBOPAIOT B JUCTHIIIMPOBAHHOW BOJIE,
(GUITBTPYIOT, MEPEBOIAT B KOJIOY BMECTUMOCTBIO 100 M M pa30aBsItOT BOJOM
0 METKH. AJMKBOTHYIO 4YacTb pacTBOpa IEPEHOCAT B MEpHYIO KoJOy
BMECTHMOCTBIO 25 M, 1o6asmsiror 2 M 1x10° M pactBopa L 1 pa36asisior 10
MeTku OydepubiM pactBopoM pH 3. Onrudeckyio IUIOTHOCTH pacTBOpa
mmepstoT npu A = 540 am B ktoBete ¢ [ = 0.5 cm Ha KOK-2 oTHOCHTENHEHO
pacTBOopa  KOHTPOJIbHOTO  omblTa. KomudectBo — kene3a  HaxXoAiAT 110
MIpeIBAPUTENILHO MIOCTPOEHHOMY TPaJyHPOBOYHOMY IpaUKYy.

Omnpenenenne xkese3a B mace. Hapecky (3r) roBskbero msica momeniaiu
B (apdopoBblil THredab W BHICYUIMBAIA [0 YJAJCHUS BIIArd, IOCJIE YEro
030JSUTH CHavaja Ha OTKPHITOM OTHE, 3aTteM B My(enbHoM neun mpu 500°C.
Jis  yckopeHHs O30J€HHMs BBIHUMAJIW TUTENb U3 TeuYd, OXJaKIalH,
coepxkuMoe TUrist cMauuBainu 3 %-ueiM pactBopom H,O,, moacymmBanu Ha
BOJSIHON OaHe M B CYUIMJIBHOM IIKady ¥ BHOBBH MPOKAIHUBAIU JI0 MOJTyYEHUS
OJTHOPOJIHOM Macchl Oyporo 1BeTa. B oXJIakaeHHY0 3051y JBaXKIbl IPUOABIISIIH
mo 2 ma 2M HCI, narpeBanu Ha BOJSHON OaHe, MepeMenInBasi CTEKISTHHON
nanoukoi. GuIbTPOBaNIM B XMMUYECKHI CTaKaH, HarpeBaJId Ha BOZISHON OaHe
10 60°C, npubasnsi 5 it 1 %-HOro pacTBOpa altOMOAMMOHHIMHBIX KBAaCIOB,
5 r NH4Cl u xonuenrpupoBanusiii NH4OH. Jlng koarynsuum ocanaka
THAPOKCHIA JKejle3a M allOMUHMs pacTBop Bhiaepxkanu npu 60°C. CrakaH u
0CaJZIOK TMPOMBIBANIM MATh pa3 ropsueid BOAOH C 100aBIeHHEM HECKOJIBKUX
kanenb NH4OH. Ocanox pactBopsuin B 10 mut 2M HCIl, otdunsTpoBhIBaN B
kon0y BMectumocthio 100 Ma u  o0BeM  JOBOAWMIM IO  METKHU
JTUCTUUTMPOBAHHON Bojmod. OTOWpanu aJIWKBOTHYK) 4YacTh IMOJYYEHHOTO
pacTBOpa M B HEM ONPEIEIIIIN COAEpKaHue ene3a ¢ L.

PE3YJIBTATBI 1 UX OBCYKJIEHUE

[IpeaBaputenbable ONMBITH MoOKa3anu, uro L ¢ xenezoMm(IIl) oGpaszyer
OKpAIIICHHBIH KOMILUIEKC, KOTOPBIA XOpOIIO pacTBOPSETCS B HEMOJISIPHBIX
OpPTraHUYCCKUX PACTBOPUTECIIAX.
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Bbi6op 3kcTparenta. /[ BBIACHEHUS BO3MOXHOCTH OSKCTPAKIIAU
KOMIJIEKCa UCIIBITAaHbI HEBOJHBIE PACTBOPHUTENH: Xyuopodopm, 1,2-a1uxmopaTaH,
YETBIPEXXJIOPUCTHIA  yTaepos, O€H30i, XJIOPOEH30/1, TOIYOJd, KCHIIOJ,
M300yTaHON, M30MEHTAHON W  JUATUIIOBBIA 3dup. DKCTparupyemMocThb
KOMIUIEKCOB OLEHUBAIU KO3()(PUIIMEHTOM pachpeneneHuss U CTETeHbI0 JKCT-
pakuuu. HammydmmMu sKCTpareHTaMu OKa3alucCh JUXJIOPITaH, XJI0podopM H
YeTBIPEXXJIOPUCTHIN yriepos. IIpu oIMHOKpaTHON SKCTpakmuu XJIOPOoPOopMOM
u3Bnekaerca 97.5% xenesa B Buue KoMiUiekca. JlanmpHeilmue ucciaenoBaHus
npoBommm ¢ xsopodopmom. CopepikaHue jxeie3a B OpraHUYecKor Qase
onpeAensan (HOTOMETPUUECKU-CATUITMIOBON KHUCIOTOM TMOCie PEedIKCTPaKIUU
[3], a B BOIHO¥ — 11O pa3HOCTH.

Binsnue pH. MakcumanbHas omnTuyeckas IUIOTHOCTH COOTBETCTBYET
MOJIHOMY TIEpexXoAy MeTauila B opranudeckyr ¢aszy. M3 puc. 1 BumHO,
koMmruiekcsl skene3a(lll) skcrparupyrorest xaopodopmom B auanazone pH 0.6-
5.7. DKCTpakus yMEHBINASTCS KaK MPH YMEHBIIICHNUH, TaK U TIPH yBEITHYCHUN
pH BonHOI da3sbl.

A
041

03}
0.2}

0.1}

I 2 3 4 5 6 pH

Puc.1. 3aBucMMOCTh ONTHYECKOH TUIOTHOCTH OT pH BOJHOM (ha3bl.
Creamy = 3.57x10° M, C; = 8.0x10™ M; KDK-2,/=0,5 cm

BinsiHMe KOHUEHTPAlUM pearupyroliuX BellecTB, TeMIepaTrypbl M
BpeMeHHU BblAep:KUBaHUA. [[1s1 BbIOOpa ONTHUMANBHBIX YCJIOBUN H3YYEHO
BIIMSIHUE KOHILIEHTpALMM Pearupyolux BEIIECTB, TEMIIEPATypbl U BPEMEHU Ha
o0Opa3oBaHHe OKpAIllEHHOTO KOMILIEKca. BhIXos KoMIUIeKca MaKCHUMaJeH NpU
konuentpamuy 8.0%10™ moms/m L.

Kommnnekc sxeneza ¢ L ycToHYMB B BOJIHBIX W OpPraHUYECKUX
PacTBOPUTEIIAX U HE pa3jlaracTcs B TEUEHHUE JIBYX CYTOK, a I1OCJIE SKCTPAKLUU —
Oospiie Mecsua. MakcuManbHas ONTHYECKas IJIOTHOCTh JIOCTHTaeTcsl B
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TEUYECHHE 5 MUHYT.

CreneHb M3BIEYEHUS HE 3aBHCHT OT COOTHOIICHHS 00bEMOB BOAHOW U
opranudeckoil ¢a3 B mmpokom mHTepBaie (ot 5:5 mo 110:5), 9ro mo3BomsieT
MPOBOAWTh  OJHOBPEMEHHOE KOHIIEHTPUpPOBaHHE U  (POTOMETpUUecKoe
onpexaenenue xene3a. Koapdumuent konnenrpuposanus gqocruraet ao 20.

CrnekTpbl NOIJIOLIEeHNA. MaKCUMalbHbIM aHATUTHYECKUI CUTHAT TpU
KOMIUIeKcooOpa3oBanun xene3a ¢ L HaOmomaercs mpu 535 HMm (puc.2). L
MAaKCUMAaJbHO MoOrjoniaeT npu 256 HM. batoxpomusblil caBur cocrasisger 279
HM. KOHTpacTHOCTh peakIny BBICOKA: HCXOJHBIA PeareHT MOYTH OCCIBETCH, a
KOMIUIEKC KpacHO-(hHoIeToBOro 1Beta. MomnsipHblii KOA(PGUIIUEHT MOTIIOMIECHUS
cocraBisier &= 3.29x10%,

A

450 475 500 525 550 575 AmHM

Puc.2. CHCKTpLI CBCTOIIOTJIOIICHUS KOMILJICKCA.
Cream = 3.57%10° M, C = 8.0x10* M, C®-26, /=1 cm

CocTaB KOMILUIEKCA H MeXaHHM3M KOMILIeKcooOpa3zoBanus. Meronom
Hazapenko ObIIO YCTaHOBJICHO, YTO KOMITIEKCOOOpasyrommei Gopmoii kene3a
sisiercst FeOH" [7]. TIpu 5TOM 9HCIIO aTOMOB BOJZOPO/A, BHITECHSCMBIX HM H3
0JIHOM MoneKyJibl L, oka3anoch paBHbIM 1.

CooTHOIIEHHE pPEearupyrouMx KOMIOHEHTOB (puUC. 3) B KOMIUIEKCE
ycTaHoBiieHo 1o meroay Crapuka-bapboanens [8]. Meron Crapuka-bapOanens
MO3BOJISIET TOYHO OMPEICNIUTh CTEXHOMETpUYecKud KkodhuiumueHT u He
3aBHCHUT OT YCTOMYMBOCTH KOMIUIEKCA, OT WHTEpBaJa KOHIECHTPAIUH
B3aMMOJCHCTBYIONINX BEIIECTB U MPUMEHSETCS K JI000M CTEeXHOMETPHUIECKON
peakuuu. Jlyig ompeneieHHsl cocTaBa KOMILJIEKCA STUM METOJIOM, COXpaHss
MOCTOSIHHBIM KOHIEHTPALMIO MeTalljla U M3MEHssl KOHIIEHTPAIMI0 pPeaKTHBa,
TOTOBSAT CEPUI0 pacTBOPOB. [I0TOM CTPOSIT KpHBBIE OTHOCHUTEIHHOTO BBIXOJA B
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koopauHaTax A/Cp  -A/Amax  (Cpe=const). Ecim ypaBHeHHE peaknuu
cootBeTcTByeT Me + nR—MeR,, To cormacHo KpuBoii 3HaueHue n OyneT
BBIYUCIIITHCS 110 HUKECIEAYIOLIEMY BBIPAKECHUIO:

n= ———— A/Ci= max

B xommnekce Fe(III)-R cootHomenne komnonentos 1:2. (puc. 3).

l&"ﬂ.r r#[:'qw - Ax)
1.0 -

0.5}

| | | | |
3.5 2.5 -1.5 laC,

Puc.3. OnpeueneHHe COOTHONIEHHUSI KOMIIOHEHTOB METOJIOM CIIBUTI'a PaBHOBECHS
Cream=3.57 x10° M; C®-26, I=1cm.

CuHTEe3UpOBaH M HUCCIEIOBAH METOJAAMH XumMudeckoro anHammza u UK-
cnektpockonuu komrieke Fe(Ill) ¢ L.

Pesynbratel xumuueckoro ananmza: Haiineno, %: 45.79 C; 2.57 H; 5.64
N; 10.95 Fe. Beruucneno, %: 46.14 C; 3.03 H; 5.81 N; 10.89 Fe.

Habmomaemoe ncue3HoBeHHE TOJIOCH ToroiieHus B oonactu 3600-3250
em ¢ MakcuMyMoM Iipu 3470 cM’' mokaseiBaer, uto -OH [IPUHUMAET y4aCTHUE B
oOpazoBanuu cBs3u ¢ Merawiom. B MK-cnektpe xommiiekca kosebaTtenbHas
gacTota ven (1350 CM'I) o cpaBHeHuto ¢ UK-crnektpom cBoOOAHOTO NHraHaa
(mosoca mormomenust ven =1850 CM'I) CcMeleHa B 00JIacTh HU3KHUX YacTOT Ha
30 em™. D10 MO3BOMSET YTBEPKAATh O KOOPAWHAIMY JINTaH/Ia K METAILTy uepe3
aTOM a30Ta MUMEpUIUHOBOTO Kousbla. [lomocel mornomieHust npu 440 cm’ n
573 cm’ cootBeTcTBYIOT V(Fe-O) u v(Fe-N) coorBerctBenno [6,9]. B UK-
CIIEKTpe KoMIUIeKca kKojebarenpHast yactora ven (1390 cm™) mo CPaBHEHUIO C
HK-cnexktpom cBoOomHOrO nurasga (Tmojioca moryomeHus ven =1420 CM'I)
cMeleHa B 00/1acTh HU3KHX 4acToT Ha 30 cM™'. DTO TM03BONSET yTBEPKIATH O
KOOpJIUHAIINH JIUTaHJa K METaJLTy Yepe3 aTOM a30Ta MUIEPUANHOBOTO KOJIbLIA.

[IpousBeneHHbIE pacyeThl MOKAa3alld, YTO KOMIUIEKC B OPraHUYeCKOu

(dhaze He moiMMepu3yeTcsl U HaXOauTCss B MOHOMepHO# (opme (y=1.05) [10].
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YuuTeiBas MOJSIPHOE COOTHOLIEHHME KOMIIOHEHTOB B COCTaBE€ KOMIUIEKCA,
KOMILIEKCO00pa3yomyo  (GopMy  LEHTpalbHOTO MOHA,
KOMIUICKCA B OpraHMYeckoi ¢ase, a Taxxke naHHble MK-CIeKTpOCKOMUYeCcKOro
U XUMHYECKOro aHammza, CTpykTypy kommiekca Fe(lll) ¢ L wmoxHO

IIPEICTaBUTh:
CH, —N Ol CH;
iy
O—l}e —0
H;C —H,C
B Ta6J'I. 1 HpI/IBGILGHI)I HeKOTOpI)Ie XUMHUKO-AaHAJIUTUUCCKUC

XapakTepucTHKu Metoauk onpeaeneHus Fe (I11).

MOHOMCPHOCTDb

Tabéamna 1. X¥MuKo-aHaIUTHUYECKUE XapaKTepUCTUKH KoMIulekca xenesa (I1I) ¢ L.

[Tapamerp 3HaueHue
Oxkpacka KpacHbIH
pHOGpaImBaHml 06'57
PH OnrumanbHas 2.3-4.2
Amax (HM) 530
ModsipHbli KO3 PHULIHUEHT MOTIOMIEHUS 3.29-10"
UyBCTBUTEIBHOCTD, HI/ CM 1.8
R,% 97.3
YpaBHeHHE rpalynpOBOYHOTO Tpaduka 0.029+0.27x
Koadduuuent koppensuuu 0.9975
Koncranra paBHoBecus, K, 6.34
KoHcTanTa ycTounBocTH, P« 9.5
JIuHelHbIN 1uana3oH IpajyupOBOYHbIX IpaMKOB, MKI/MII 0.20-18
penen oGuapyxerus ([IpO) Hr/ cm® 12
Tpenen komuuectBenHoro onpeaenenus (IIpKO), ur/ cm’ 39

Bausinue MOCTOPOHHUX MOHOB

W3ydyenune BAMSHHUS TOCTOPOHHUX HOHOB Ha (OTOMETpUUecKoe
OIIpeZIeNIEHUE Kelle3a MO0Ka3aJlo, 4TO ONPEENICHUI0 Keie3a ¢ L He memaror
WOHBl MIENIOYHBIX, IIEIOYHO3EMENbHBIX J3JEMEHTOB U PEIKO3eMEeNbHBIX
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aneMeHToB, a takke Al, Ga(Ill), TI(IIT), Pb(Il), Ti(IV), Nb(V), Ta(V), uutpar-
won, F, CI, I Br PO, ,SO;,SO; ,NO,,NO,uC,0; (tabn. 2).

Memaromee Brusaue Mn(Il), Co(II), Ni(Il) u Cd(I) ycrpansuiu ocaxneHuem
Fe(IIl) ammuakom.

Tadauua 2. BnusiHue NOCTOPOHHUX MOHOB Ha ompezeneHue xenesa ¢ L. n=6, P=0.95

(B3sTo 50 mkr Fe(111))

Hon MonvHuoiii Mackupyrowuii Haiioeno, S

u30bIMOK UOHA peazenm Fe(lll) mxe r
Co(1) 50 50.0 0.03
Ni(Il) 50 49.6 0.05
Mn(II) 40 49.6 0.05
CddI) 200 49.6 0.04
Bi(III) 200 50.5 0.03
Cu(Il) 20 TuomoueBrHa 49.2 0.04
Zr(1V) 50 49.8 0.03
W(VI) 25 [IlaBeneBast KucaoTa 49.6 0.05
Hg(H) 40 Na,S,03 50.3 0.05
Ti(IV) 30 Taiipon 50.6 0.03
V(1V) 20 Talipon 504 0.03
Mo(VI) 15 dTopua HATPUS 49.5 0.06
Cr(III) 100 49.8 0.04
Nb(V) 70 @dTopua HaTpUs 50.2 0.06
Ta(V) 60 @dTopun HaTpUs 49.1 0.06
uos 50 50.2 0.04

I'panyupoBouHblii rpauk JHMHEEH B [AMANa30HE KOHIEHTPALUHU
xene3a (II1) 0.20-18 mxr/ mu. Modsipabie K03()(UITMEHTHI CBETOOTIIOIIEHUS,
a TakkKe Jpyrue XUMHKO-aHAJIUTUYECKHE XapaKTEePUCTUKH KOMILIEKca
MIPUBEICHBI B Ta0M. 1.

MertonoM miepeceueHsi KpUBBIX [8] ompenenéH cocTaB KoOMIUIEKCa M
BBIUMCIJIEHA KOHCTaHTa yCTOMYMBOCTH. /laHHbIE, MOMyUYEHHbIE JUISl TOCTPOSHUS
rpagydupoBoyHOTO rpaduka ObUTM 0O0pabOTaHbBl METOAOM HAWMEHBIINX
KBaJpaToB [8]. YpaBHEHHE IpalyHpOBOYHOrO Tpaduka MpuBeIeHO B Ta0m. 1.
Ha ocHoBaHuu ypaBHEHHUSI TpaJlyHpOBOYHOTO rpaduka pacCuMTHIBAIN Mpeaes
dbotomerpuueckoro obOHapyxenus (IIpO) wu mpemen KOTUYECTBEHHOTO
onpenenenus (ITpKO) xene3a B Bune Fe-L.
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B Ttabm. 3 NPUBCACHLI JaHHBIC, IMMO3BOJIAIONIMC CPABHUTHL AHAJIMTUYCCKUC
XApPaAKTCPUCTHUKN MCTOAUK OIPCACICHUSA IKEJIC3a C HCEKOTOPbIMU  YIiKC
MN3BCCTHBIMH MCTOAMUKAMH.

Ta6auua 3. CpaBHHTENBbHBIE XapaKTEPUCTUKH METOIUK OTIPE/ICTICHHS Kelle3a

Crenenn ]
pH A, | e10
OKHUCIICHUS Pearent 4 Jlutepatypa
(pacTBOpUTEND) | HM
Kenesa
lannoBas 4-5 (u-
+3 KHUCJI0Ta+aHUIINH aMUJIOBBIN 560 | 0.44 [1]
CITUPT)
3 CynbdocanuunoBas 12 573 | 038 2]
KHCIIOTa
2-9
+2 (heHAHTpOTH (m3oammmoBerit | 512 | 1.1 [1]
CIHPT)
4-
+2 OarodeHaHTPOINH 7(xmopodopm- 533 | 2.24 [1-3]
ATAHOJT)
+3 L 2.3-4.2 530 | 3.29
(xnopodopm)

AHanuTHYecKoe NMpUMeHeHHe. J[aHHBIE MO HM30MPATENHHOCTH MAIOT
BO3MOXXHOCTh TMPUMEHUTh pa3pabOTaHHYI0 METOAMKY (POTOMETpHUECKOro
onpeaenenus xenesa (I1I) B Bune Fe- L 11s onpenenenus ero MUKpOKOJIMYECTB
B CIIOKHBIX 00bekTax. PaspaboTraHHas MeToanka MpUMEHEHa JUIs ONpeesIeHus
MHUKPOKOJIMYECTB jKeJie3a B Msice, 0aHaHe, TOPOXe U TPEUKe.

[TommydeHHble pe3yabTaThl MpeAcTaBiIeHbl B Tabia. 4 U COMOCTaBJICHbI C
JTaHHBIMU aHaKM3a C HIMPOKOMPUMEHSEMBIMH (OTOMETPUYECKUMHU METOJIaMU
(pomaHuOM ¥ CyIh(OCATUIIMIOBON KHUCIOTOM), U aTOMHO-a0COPOIIMOHHBIM
MeronoM (AAC). PesynbraThl mpemiaraemoir metoguku u AAC xoporio
COTJIACYIOTCS MEXy COOOH.

Tabauna 4. Pe3ynpTaThl onpeesieHNs Kee3a B pa3IndHbIX 00bekTax. n=6, P=0,95

X - ti: " 5
Merton S S, X4f—
% vn
Msco
PoxaHnHbL 294107 0.0016 0.056 | (2.9440.17) -10”
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¥ _ tz-5
Merton S S AE—=
% v
Cynbsdocanumunatasii  |2.98-107 0.0019 0.065 (2.98+0.20) 107
L 2.94-107 0.0013 0.044 | (2.9440.14) -10*
banan
AAC 5.90-10" 0.0016 0.058 | (5.90+0.17) -10™
PonanuaHblii 5.86:10™ 0.0018 0.062 (5.86%0.17) 10
Cynbdocamumunatasii | 5.94-107 0.0015 0.041 (5.94+0.17) -10™
L 5.92-10™ 0.0016 0.058 (5.9240.17) -10™
I'peuxa
PoaHuIHEII 756-107 0.00012 0.035 | (7.56+0.13) -10°
Cynsocamumunatasii | 7.58:107 0.00017 0.048 (7.580.18) 107
L 7.62:107 0.00010 0.029 | (7.62+0.11) -107
Topox
Ponanuanerit 8.52-10™ 0.0014 0.055 (8.52+0.14) 107
Cynbdocamuunatasii | 8.48-107 0.0017 0.068 (8.48+0.17) 107
L 8.45-10 0.0011 0.047 (8.45+0.12) - 107
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AZORBAYCAN RESBUBLiKASI PQPULYASiYASINDA
Q-6-FD GENININ GENETIK T9DQIQI

Acar sozlor: Q6FD, biokimyavi polimorfizm, gen, molekulyar-genetik analiz,

mutasiya, nukleotid, amintursu

Azarbaycan Respublikasinin Masalli rayonunun maktablarinds aparilan genetik
skrininq noticesindo 23 sagirddo Q6FD fermentinin miixtolif doracali ferment
catigmazligr (0-60%-li aktivlik) toyin edilmisdir. Fermentin defisiti askar edilmis
sagirdlorin eritrositlorindon hazirlanmig ferment preparatlarinin biokimyavi analizi
aparilmis vo UST-nin gostorisine osasan ii¢ sinfo aid edilmislor: 2-ci sinfo — 13 sagird,
3-cii sinfa — 6 sagird, 4-cii sinfo — 4 sagird.

2-ci sinfo aid edilmis probandin ganindan oldo edilmis DNT-nin molekulyar
analizi noticesinds GOFD geninin 1178-ci nukleotidi quaninin adenin nukleotidils
ovozi identifikasiya edilmisdir. Mutasiya naticesinde ziilalin 393-cii voziyyetindo
arginin amintursusu histidin amintursusu ilo ovozi bas vermisdir [Q6FD,1173 (G-A)
Arq393His].

C.A.Azaesa

TEHETUYECKOE UCCJIEJJOBAHUE I'EHA I'6®/] B MONYJISILIAN
A3BEPBANIKAHCKOWM PECITYBJIUKHA

Knrouesvie cnosa: I'6®@J], buoxumuueckuii nOIUMOp@U3M, 2€H, MOAEKYIAPHO-
2eHemuyeckull auaus, Mymayus, Hykieomuo

I'eneTnueckuit CKPUHUHT IIKOJIbHUKOB MacainmHcKoro paiioHa
AszepOaiimkanckoii PecryOonuku y 23 mIKOTBHAKOB BRISBHI NepuIuT Gpepmenta ['6DJ]
B pasnuuHoi cteneHu (0T 0 mo 60% aktuBHOCTH). buoxumuyeckue aHanMM3bl ISt
IIKOJILHUKOB C Ne(UIIUTOM aKTHBHOCTH ()epMeHTa MpoBeaeHbl Ha (EPMEHTHBIX
Ipernaparax, IpUroTOBIEHHBIX U3 3puTpouuToB. I1o mokazanusm BO3 uccnenoBaHHbIe
(epMeHTHBIC TIpenapaThl ObUIM OTHECEHBI K CIEAYIOIMM Kiaccam: 2 kmacc — —13
LIKOJBHUKOB, 3 KjJacc — 6 IIKOJBHHUKOB, 4 Kiacc — 4 IIKOJbHUKA. MONEKYyJISIpHBIM
anamm3 JIHK, BeigenmeHHON M3 KpoBH MpoOaHAa ¢ 2-M KJIACCOM HEIOCTATOYHOCTH
¢depmenta ['6D/], BEIIBIII 3aMeHY HYKJICOTHAA TyaHWH Ha aJleHuH B no3uiun 1178. B
CIIEJICTBUM MyTanud B 393 mo3umuu B OelKe MPOUCXOAUT 3aMeHa aMHUHOKHCIIOTHI
apruauH Ha Tuctuaud [GO6PD,1173 (G-A) Arg393His].
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Genetic screening of school children in Masally region in Azerbaijan Republic
identified 23 school children with G6PD enzyme activity different deficiency (from 0
up to 60% activity). Biochemical studies were done for school children with activity
deficiency on enzyme preparations from erythrocytes. As to WHO Guidelines
enzymatic preparations were related to the following calsses: 2nd class — 13
schoolboys, 3rd class — 6 schoolboys, 4th class — 4 schoolboys.

DNA molecular analysis, isolated from blood of the index patient classified as
the 2nd class of G6PD enzyme deficiency, has shown the substitution of Guanine
nucleotide with Adenine in position 1178. As a result of the mutation in protein in the
position 393, there was substitution of amino acids Arginine with Hystidine
[G6PD,1173 (G-A) Arg393His].

GIRIS

Qliikoza-6-fosfat dehidrogenaza (Q6FD: EC 1.1.1.49) fermentinin geni
yiiksok polimorfizmi ilo forqlonir. Fermentin 400-don artiq biokimyovi varianti
miioyyon edilmisdir ki, bunlarin da toxminon 1/4 hissesi endemikliyilo
forqlonir. Q6FD fermentinin anormal variantlarindan bir qismi konkret bir etnik
qrup {lglin, digor qismi miixtolif etnik qrup Tgiin xarakterik olmusdur.
Fermentin defisiti olan soxslorin bir qrupu dorman preparatlari, digor qrupu
paxlali qida mohsullar1 gabul edorken (favizm) onlarda hemolitik kriz bas verir
[11; 14; 15].

Biokimyavi variantlarin oksariyyeti kliniki asiptomatik olur. Biokimyavi
variantlarin boylik qismi kimyavi maddolorin tosirindon hemolitik anemiya ilo
naticolonir. Variantlarin kigik bir qismi agir xroniki qeyri-sferositar anemyaya
sabab olur [1; 2; 3].

Q6FD fermentinin geni X-cinsi xromosomda yerlosir vo heteroziqot-
dasiyict anadan ogula otiiriilir. Qadinlarda iki X-cinsi xromosomdan biri
inaktivlosdiyindon, heteroziqotlarin  klinikasinda forq miisahido olunur.
Fermentin zodolonmomis geni inaktivasiya oldugu halda eritrositlorin
oksariyyotindo  zodolonmis gen iistiinliik togkil edir vo klinikast hemoziqot
kisilords oldugu kimi olur [1; 12; 13].

Umumdiinya Sohiyys Toskilatimin molumatina osason (1997) diinya
ohalisindo toxminon 100 milyon insanda Q6FD fermentinin ¢atigmazligi
miisahids edilir [1; 2; 12].
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Azaorbaycan Respublikasinin ohalisindo Q6FD fermentinin aktivliyinin
catismazlig1 populyasiya soviyyesinde kegon asrin 70-ci illorinden baglamisdir.
Tadqgiqatlar yalniz fermentin aktivliyinin dyronilmasils kifaystlonmisdir [5; 6].

Kecon osrin 70-ci illorinde Masalli rayonunun ohalisindo aparilmis
populyasiya todqgigatlar1 Q6FD fermentinin c¢atismazliginin yiiksok tezliyini
(30-23%) askar etmisdir. Beloliklo, todqgiqatlarimiz iiclin Masalli rayonu
tosadiifon se¢ilmomisdir [1; 17].

Todgigatimizin mogsadi Masalli rayonunda populyasiya todqiqatlari
naticasindo askar edilmis pasientdo anormal aktivliyo malik Q6FD fermentinin
fiziki-kimyovi xiisusiyyetlorinin dyronilmasi, genin molekulyar-genetik todqiqi
olmusdur.

MATERIAL VO METODLAR

Material Masalli rayonunun ©Orabkondi, Giilliitops, Toklo, Caxurls,
Bodolan kond moktoblorindo vo rayon morkozindo tohsil alan 7-11-ci sinif
sagirdlori arasinda aparilan skrining noticosindo toplanmisdir. 276 sagird
arasinda aparilmig skrining noticasindo 23 oglanda Q6FD fermentinin
homoziqot irsiyyat tipi agkar edilmisdir.

Biokimyavi tadqiqat {igiin material torkibinds antikoaqulyant EDTA olan
venoz qandan istifado edilmisdir [1; 5].

Q6FD fermentin aktivliyi modifikasiya edilmis fluoressensiya metodu ilo
toyin edilmisdir. Analizin doqiqliyini, irsiyyat tipini miioyyon etmok {i¢iin
ferment defisiti agkar edilmis sagirdlorin valideynlori vo ails lizvlori miiayine
edilmislor. Umumiyyatlo, 302 qan niimunasi tadqiq edilmisdir [6].

Ferment preparatlarinin tomizlonmosi va xarakteristikasinin todqiqi
UST-nin standartlasdirilmis metodlarina asasen aparilmisdir [2].

QO6FD fermentinin geninin molekulyar analizi Almaniyanin CENTOGEN
laboratoriyasinda aparilmisdir [11].

NOTICOLOR VO MUZAKIRO

Skriningq naticesindo 23 sagirddo Q6FD fermentinin miixtolif doracoli
ferment ¢atismazlig1 (0-60%-1i aktivlik) toyin edilmisdir. Umumdiinya Sohiyya
Toskilatinin (UST) 1967-ci ildo verdiyi molumatina asasen Q6FD fermentinin
aktivliyinin defisitino (catismazligina) osason bes sinfo boliintir: 1-ci sinif —
xroniki geyri-sferositar anemiya, 2-ci sinif — fermentin kaskin defisiti (10%-don
asagl): 3-cli sinif - fermentin orta defisiti (10-60%-1i aktivlik); 4-cii sinif —
fermentin ¢ox yumsaq defisiti (60%) vo 5-ci sinif — fermentin normaya uygun
asagi aktivliyi.

Bizim todqigatlarimizda askar edilmis ferment catismazligt UST-nin 2, 3
vo 4-cii siniflorino uygun golir: 2-ci sinifdo 13, 3-cii sinifds - 6, 4-cii sinfdo - 4
sagird.
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Caodval 1-do Masalli rayonunun moktob sagirdlori arasinda aparilmig
Q6FD fermentinin genetik skrininginin naticalori verilmisdir. Cadvelda
milayino olunanlarin sayi, ferment defisiti askar olunan sagirdlorin fenotipik
tezliyi, ferment catismazliginin gen tezliyi, ferment defisitino asason siniflor vao
yasay1s mantaqolori verilmisdir.

Bes yasayis montoqosi iizro oglan cinsli 276 moktob sagirdi vo 24 ailo
iizvii milayino olunmuslar. Q6FD fermentinin fenotipik tezliyi vo gen tezliyi
verilmigdir. Yiiksok noticolor Masalli merkezi rayon moktobi (11,11% vo
0,1111v.d.), asag1t noticolor Orobkondi vo Toklo kond moktoblori iiglin
almmisdir (5,56% vo 0,0555). Ferment catismazliginin rayon iizro fenotipik
tezliyi 8,33%, gen tezliyi 0,0833-2 barabor olmusdur.

Masalli rayon morkozindo Q6FD fermentinin defisitinin 2, 3 vo 4-cii
siniflori, Giilliitops vo Badolan kondlorinds yalniz 2-ci sinif, Orobkondinds vo
Caxirlida 3-cii sinif, Toklo kondinde 2-ci va 3-cii siniflor miioyyon edilmisdir.
Badolan kondinds fermentin homoziqota irsiyyast tipi olan F.N. probandin 24
ailo lizvii milayina edilmis vo 6 kisido fermentin homoziqota irsiyyat tipi toyin
edilmisdir. Ailonin nasil agaci 1 sayl sokilds verilmisdir.

Cadval 1. Masalli rayonunda moktab sagirdlori arasinda aparilmig Q6FD fermentinin
genetik skrininginin naticalari

Yasayis Miiayina Askar Fenotipik Gen tezliyi Ferment defisitino

montaqasi | olunanlar | olunanlar | tezlik (%) (vahid asasan siniflor
daxilinds)
Rayon 72 8 11,11 0,1111 2 sagird - 2-ci sinif
morkozi 2 sagird - 3-cii sinif
4 sagird - 4-cii sinif

Giilliitapa 38 4 10,53 0,1053 3 sagird - 2-ci sinif
kondi 1 sagird - 2-ci sinif
Orabkandi 42 3 5,56 0,0555 3 sagird - 3-cii sinif
Toklo 54 3 5,56 0,0555 2 sagird - 2-ci sinif
kondi 1 sagird - 3-cii sinif
Caxarli 30 2 7,14 0,0714 2 sagird - 3-cii sinif
kondi
Boadslan 40 3 7,50 0,0750 3 sagird - 2-ci sinif
kondi
F.N.
probandin 24 6 25,0 0,2500 6 soxs - 2-ci sinif
ailo iizvlori

2-ci sinfo uygun golon Bodolan kond moktobinin sagirdi F.N.-nin 24 ailo
lizviinlin miiayinasi alava alti noforde fermentin 2-ci sinfino uygun fermentin
kaskin defisiti agkar edilmisdir (10%-don asag1).
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Cadval 2-do Masalli rayonunda Boadolan kondindo F.N. sagirdinin va
ferment defisiti agkar edilmis alt1 ailo iizviiniin qanindan hazirlanmis ferment
preparatlarinin fiziki-kimyovi xarakteristikasi verilmisdir.

Cadval 2. Badolan kondindo Q6FD fermentinin identifikasiya edilmis mutant varianti

Variantin |Q6FD EF- Kn 2dQ6F pH opti- | Termosta- Klini-
adi Aktivli- | harokati | Q6F utilizasiya mum billik kasi
yi (%) mkmol
Bodolan | 6,0-8,0 | 85-90 21,3- 78,6-80,0 8,0-9,0 zoif asag1 Yiingiil
24,5 anemiya

Ferment preparatlarinda pH-optimum gostoricisi norma (pH 7,5-8,5)
hiidudunda olaraq pH-optimumun bifaz variant1 qeyd edilmisdir. Elektroforetik
harokatlilik norma gdstormigdir. Biitiin niimunolordo Q6F substratina osason
Mixaelis-Menten konstantinin (K,,) normadan agag1 gostoricisi askar edilmisdir
(21,3-24,5 mkm). 2dQ61 substrat analoqu ii¢lin yiliksok utilizasiya doracasi
miioyyon edilmisdir (78,6-80,0).

Beloliklo, fermentin Bodolan varianti — fermentin asag1 aktivliyi
(normanin 6,0-9,0%-1), QO6F substrat1 li¢iin asag1 dorocali K, birlogsmosi (24,4
mkm), 2dQ6F substrat analoqu {igiin yiiksok utilizasiya dorocesi (Q6F substratin
80%-1), yiingiil anemiya.

Sokil 1-do X-cinsi xromosomun strukturunun sxematik sokili vo Q6FD
geninin lokusu (q28) verilmisdir.

Chr X

oo xR [ n) )
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Sakil 1. X-cinsi xromosomun strukturunun sxematik sokili va
Q6FD geninin lokusu (g28).

Q6FD fermentinin geni X-cinsi Xxromosomun uzun ¢iyninin subtelomer
Xqg28 hissesinda yerlagir. Q6FD fermentinin ilk kKDNT-si mRNT-no osason
1981-ci ildo M. Persico torofindon sintez edilmisdir. 1986-c1 ildo T.Takizawa
insanin qaraciyar hiiceyralorindon istifado edorak klonlagdirma yolu ilo kDNT-
nin kitabxanasimi yaratmisdir. Insanin Q6FD fermentinin geni 13 ekzon va 12
introndan ibarat olaraq 18 kbas 6l¢iiys malikdir. Ekzonlarin 6l¢iisii 12 nukleotid
asasindan 236 nukleotid asasina kimi, intronlarin Olgiisii 97 nukleotid asasindan
baglayaraq 11 kbas oOlgiiyo kimi togkil edir. Genin promotor hissosi — 202
voziyystindes ATTAAAT 5'-hissodon, 20 nukleotid osasi ovval yerlosarok
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TATA qutu rolunu oynayir. Genin promotor hissasindo heksonukleotid
ardicilligt GGGCGGG {ii¢ dofs, bu ardicilliga komplementar CCCGCCC
ardigilligt 6 dofo tokrar edilmigdir. Bu nukleotid ardicilliglart adoton
ATTAAAT ardigilliglarindan  12-400 nukleotid osas1 konarda yerlosir.
GGGCGGG ardicillig1 ssason 1-ci intronun 5'-sonlugdan 70 kbas mosafods
yerlosir. Transkripsiyanin saviyyesini tonzimloyon CAAT nukleotid ardicilligi
GC nukleotid ardiciligi ilo zongin olan 5'-hissoden 220 nukleotid osas
mosafosindo  yerlosmisdir. ATTG nukleotid ardicilligi -411-ci voziyyatdo
yerlogmigdir.

1991-ci ildo Chen T.Y. Q6FD fermentnin geni daxil olmaqla 20114
nukleotid ardigilligin1 sekvenlogdirma yolu ils tadqiq edarok Q6FD fermentinin
amintursu ardigilligini dyronmisdir.

Fusco vo homk. (2012) Alu tokrar genin 5'-translyasiyada istirak etmoyon
hissosindo ii¢ dofo miisahido edilmisdir. 12 Alu genin on bdyiik ikinci
intronunda yerlosmisdir. Capellini vo Fiorelli (2008) Q6FD fermentinin 515
amintursu qaligindan ibarot oldugunu miisyyon etmisdir [7; 8; 16; 18; 19].

F.N.-nin qanindan slds edilmis DNT-nin molekulyar analizi Almaniyanin
CENTOGENE laboratoriyasinda aparilmis Q6FD fermentinin  geninin
mutasiyasi identifikasiya edilmisdir. Genin 1178-ci nukleotidi olan Guanin
nukleotidinin Adenin nukleotidilo ovozi identifikasiya edilmisdir. Mutasiya
naticasinda  ziilalin  393-cli  voziyyetinde Arginin amintursusu Histidin
amintursusu ilo avazi bas verir.

Q6FD fermentinin geninin 1178-ci voziyyatinde quaninin adenin
nukleotidilo avozi ilk dofo Filosa vo homkarlar1 (1992) torofindon askar edilmis
vo miolliflor torofindon fermentin yeni mutasiyasint  G6FD  Portici
adlandirmislar. Miiolliflor Q6FD fermentinin bu yeni mutasiyasini UST-nin
klassifikasiyasina asason 2-ci qrupa aid etmislor [4; 9; 10].

Beloliklo, Masalli rayonunun kond moktoblorindo aparilan genetik
skrininq naticosindo 23 sagirddoe Q6FD fermentinin miixtalif doracoli ferment
catismazhigr (0-60%-li aktivlik) toyin edilmisdir. UST-nin toloblorino osason
askar edilmis ferment ¢atismazliglar1 biokimyovi xarakteristikalarina osason ii¢
sinfo aid edilmislor: 2-ci sinif (13 sagird), 3-cii sinif (6 sagird), 4-cii sinif (4
sagird). 2-ci sinfo uygun golon Badolan kond maoktobinin sagirdi F.N.-nin 24
ailo {izviiniin miiayinosi olavo alt1 nofords fermentin 2-ci sinfino uygun golon
fermentin koskin defisiti agkar edilmisdir.

F.N.-nin qanindan oldo edilmis DNT-nin molekulyar analizi G6FD
geninin 1178-ci nukleotidi quaninin adenin nukleotidilo avozi identifikasiya
edilmigdir. Mutasiya noticosindo ziilalin 393-cli voziyyotindo arginin
amintursusu histidin amintursusu ilo ovozi bas vermisdir [Q6FD,1173 (G-A)
Arg393His].
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NOTICO

1. G6FD fermentinin catigmazlifinin Masalli royonu iizra fenotipik
tezliyi 8,33%, gen tezliyi 0,0833 (v.d.) borabar olmusdur.

2. UST-nin toloblorino osason askar edilmis ferment catismazlig
biokimyovi xarakteristikasina osason ii¢ sinfo aid edilmiglor: 2-ci sinif (13
sagird), 3-cii sinif (6 sagird), 4-cii sinif (4 sagird).

3. G6FD geninin molekulyar analizi genin 1178-ci nukleotidi olan
quaninin adenin nukleotidilo ovozi identifikasiya edilmisdir. Mutasiya
naticasindo  ziilalin  393-cli  vaziyyetindo arginin amintursusu histidin
amintursusu ilo ovozi bas vermisdir [Q6FD,1173 (G-A) Arg393His].
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MELATONIN TOLUOL INTOKSIKASiYASI SORAITINDO
SICOVULLARIN BAS BEYIN STRUKTURLARINDA QAYT
MUBADILOSINI BORPA EDIiR

Acar sozlor: melatonin, toluol, gamma-aminyag tursusu, qlutamin tursusu,
asparagin tursusu, qlutamatdekarboksilaza, QAYT-aminotransferaza

Tadqgiqatda melatoninin toluol intoksikasiyasi geraitinds 3 ayliq sicovullarin
bas beyninin mixtalif strukturlarinin toxumasinda QAYT miibadilosine tosiri
Oyronilmigdir. Toluolun tesiri naticesinds 3 ayliq sicovullarin bag beyninin miixtalif
strukturlarinda QAYT-1n miqdart artmis, Qlu vo Asp-in miqdar1 azalmigdir. Bu zaman
QDK-nin foallig1 yiiksolmis, QAYT-T-nin foalli§1 asag1 enmisdir. Melatoninin toluol
intoksikasiyasi  soraitinde tosiri QAYT miibadilesindo istirak edon biitiin
komponentlorin soviyyesinin gismen borpasina sabob olmusdur. Melatonin toluol
intoksikasiyasi soraitindo bas beyindo QA YT miibadilosini korrekto edir.

C.B.Azaesa

MEJIATOHUH BOCCTAHABJIMBAET OBMEH I'AMK
B CTPYKTYPAX I'OJIOBHOI'O MO3I'A KPBIC B YCJIOBUSAX
TOJYOJbHOM THTOKCUKALIUU

Knioueewvie cnoea: menamonun, moayon, 2amMma-aMUHOMACIAHAS KUCI0ma,
2YMAMUHOBASL  KUCIOMA, ACNAPASUHOBAs  KUCIOMA, 2iymamamoexkapboxcunasa,
T'AMK-amunompancghepasa

Wzyuyeno BnumsiHMe MenaToHnHAa Ha oOMeH ['AMK B pasnuyHBIX TKaHIX
TOJIOBHOTO MO3Ta TPEXMECAYHBIX KPBIC B YCJIOBHUSIX HWHTOKCHUKALUU TOJYOJIOM.
PesynpraThl HamMx HCCACAOBAHMM TOKa3ajdd, 4YTO TMPU BO3ACUCTBUM TOJIyoOja
MIPOMCXOUT yBenmueHne comepkanms ' AMK, ymeHbIieHrne comepkanus CBOOOTHBIX
I'my u Achl B pa3IMYHBIX CTPYKTYpax TOJIOBHOTO MO3Ta TPEXMECSYHBIX KpbIc. [lpu
otroM aktuBHOCTh ['JIK mombemmaercs, akruBHOocTh I'AMK-T mnonmkaercs. Ilocie
BJIMSIHHE MEJATOHHHA MPOUCXOAUT YACTUYHOE BOCCTAHOBIIEHHE KOMIIOHEHTOB 'TAMK
IIpH WHTOKCHUKALIUU TOIyoJIoM. MenaToHuH KoppektupyeT oomeH '”AMK B romoBHoM
MO3TE B YCIOBUSAX HHTOKCUKAIIUU TOIYOJIOM.
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MELATONIN RESTORES THE GABA METABOLISM
IN THE BRAIN STRUCTURES OF RATS UNDER THE CONDITIONS
OF TOLUENE INTOXICATION

Keywords: melatonin, toluene, gamma-aminobutyric acid, glutamine acid,
asparagine acid, glutamate acid decarboxylase, GABA aminotransferase

The study investigated the effect of melatonin on GABA exchange in different
tissues of the brain of 3-month-old rats under the conditions of toluene intoxication. As
a result of the toluene effect, the content of GABA has increased and the content of
Glu and Asp has decreased in different brain structures of 3-month-old rats. At the
same time, the activity of the GAD has increased, and the activity of the GABA-T has
decreased. The effect of melatonin under the conditions of toluene intoxication has led
to a partial recovery of all the components involved in the GABA exchange. Melatonin
corrects GABA exchange in brain in the context of toluene intoxication.

Endogen neyrohormon olan melatonin (N-asetil-5-metoksitriptamin)
epifiz vozids triptofandan sintez olunan indol amindir (5). Melatonin niive vo
mitoxondriys asanliqla daxil olaraq sorbast radikallar1 tomizloyarak antioksidant
tosir gostorir (8). Melatonin bir antioksidant olaraq birbasa oksigenin foal
formasmi (OFF) tomizloyir, antioksidant fermentlorin istehsalint va
aktivlogsmosini stimullagdirir (3) vo mitoxondrial kegiricilik ke¢id mosamosini
yaxsilagdirmaqla mitoxondrial tonoffiis zoncirindo sitoxrom C sorbast
buraxilmasinin vo oksidlosdirici fosforlagmanin inhibe edilmosi ilo membran
lipidlorinin perekisli oksidlogmosini azaldaraq mitoxondrial funksiyalarin
tosirliliyini artirir (1). Melatonin birbasa vo dolay: bir antioksidant oldugundan
bir neyroprotektor kimi toklif edilmisdir (12).

Toluol neyrotoksin maddodir. Onun xroniki istifadosi miixtolif
orqanlarin funksional vo struktur pozulmalarina sobab olur. Bu ekotoksikantin
tosirindon sonra neyrohormon, neyromediator vo onlarin reseptorlarinin
funksiyasinda doyisikliklor miigahids olunur (10).

Bundan slavs toluolun garin bosluguna inyeksiyasinin OFF-nin yaranma
siirotinin  ohomiyyotli dorocodo yiiksolmasino vo beyindoki qlutationun
soviyyesinin azalmasina sobob oldugu gostorilmisdir (6). OFF 6z ndvbosindo
lipidloro, ziilallara vo nuklein tursularina zoror verir. Bu davranig
doyisikliklorino vasitogilik edon neyrodegenerativ pozulmalara sobab olur.
Melatonin sorbost radikallardan giiclii tomizloyici olaraq oksidlogsmo osaslt
neyrotoksikliyi azaldir (2).

Neyrotoksikantlarin  tosiri zamanit MSS-do omoalo golon patoloji
proseslorin vo pozulmalarin korreksiyasi {i¢iin lazimi todbirlorin hazirlanmasi
nozori vo klinik tobabotdo boyiikk ohomiyyot kosb edir. Bu baximdan

78



MELATONIN TOLUOL INTOKSIKASIYASI SORAITINDO SICOVULLARIN BAS BEYIN...

melatoninin toluol intoksikasiyasi soraitindo bir sira MSS xostoliklorinin
patogenezindo miithiim rol oynayan gqamma-aminyag tursusu (QAYT)
miibadilasing olan tosirini dyronmak bdyiik maraq dogurur.

Material vo metodlar

Biitlin tocriibolor Avropa Birliyinin Beynolxalqg Boyannamasinin
eksperiment vo digor elmi mogsadlor {igiin istifado olunan heyvanlarin
qgorunmasi prinsiplorino uygun olaraq aparilmisdir.

Tacriibolordo Vistar xottindon olan adi qidalanma rejimi iizro vivari
soraitinds saxlanilan 3 ayliq ag sicovullardan istifado olunmusdur. Eksperiment
heyvanlar asagidaki qruplara ayrilmisdir: 1) kontrol qrup; 2) tocriibi qrup.
Tacriibe qrup heyvanlar1 da 2 yarimqrupa ayrilmigdir: I yarimqrup — toluolun
(1000 mqg/kq, 5 giin) tosirine moruz qalmis heyvanlar, II yarimqrup — toluol
intoksikasiyas1 modelindos melatoninin (10 mgq/kq) tesirino moruz qalan
heyvanlar.

Hom kontrol, hom do tocriibs qrupunda olan heyvanlarin bas beynin
miixtalif strukturlarinin (bas beyin yarimkiirslorinin qabigi, beyincik, beyin
siitunu vo hipotalamus) toxumasinda QAYT, qlutamin tursusunun (Qlu) vo
asparagin tursusunun (Asp) miqdar1 yiiksok gorginlikli elektroforez metodu ilo
toyin edilmisdir. Qlutamatdekarboksilazanin (QDK) foalligini toyin etmok {i¢iin
[.A.Sitinski, T.N.Priyatkina vo QAYT-aminotransferazanin (QAYT-T)
foalligimi toyin etmok iigiin iso N.S.Nilova metodundan istifado edilmisdir.
Alman naticalor Fiser, Styudento géra vo Vilkokson geyri-parametrik (Manna-
Uitni) statistik tisulla islonmisdir. Hor tocriibo seriyasinda asagidaki osas
komiyyatlor toyin edilmisdir: orta arifmetrik komiyyat (M), orta kvadratik xota
(m) vo t komiyyoti hesablanaraq bunun osasinda forqin ehtimali
miioyyonlosdirilmisdir.

Naticalor va onlarin miizakirasi

Aparilan tocriibalorin noticolori gostordi ki, kontrol 3 ayliq sicovullarda
QAYT-in miqdart bas beyin yarimkiirolorinin gabiginin  toxumasinda
2,97+0,12, beyincikdos 2,43+0,08, beyin siitununda 2,19+0,08 vo hipotalamusda
3,7240,14 mkmol/q olmusdur (cadval 1). 1000 mq/kq dozada toluolun 1 ayliq
sigovullarin qarin bosluguna 5 gilin yeridilmosindon sonra todqiq olunan
strukturlarin toxumasinda QAY T-in miqdar1 kontrolla miigayisads 29-53% cox
olmusdur. 1 ayhq sigovullarin garin bosluguna 5 giin miiddotindo hor giin
toluolun 1000 mq/kq dozada yeridilmasindon 3 saat sonra melatonin 10 mq/kq
dozada yeridilmisdir. Bu zaman QAYT-in miqdar1 kontrolla miiqayisodo bas
beyin yarimkiirolorinin gabiginin toxumasinda 7%, beyincikde 16%, beyin
stitununda 12% vo hipotalamusda 7% ¢ox olmusdur.
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Cadval 1.
Melatoninin (10 mg/kq) toluol (1000 mqg/kq) intoksikasiyasi soraitinds (5 giin) 3 ayliq
sigovullarin bas beyninin miixtolif strukturlarinin toxumasinda QAYT, Qlu vo Asp-in

miqgdarma (mkmol/q) tosiri (M+m, n=5).

Bas beyin Tacriiba- | Gos- | QAYT Qlu Asp
strukturlar1 | nin sorti tarici-
lor
Beyin qabig1 | Kontrol Mtm | 2,97+0,12 4,82+0,16 3,40+0,10
Toluol Mim | 4,14+0,19%** | 3,42+0,11%** | 2,41+0,09%**
% 139 71 71
Toluol+ M+m | 3,18+0,15 4,34+0,12* 3,13+0,11
melatonin | o/ 107 90 92
Beyincik Kontrol Mtm | 2,434+0,08 5,41+0,19 3,15+0,09
Toluol M£m | 3,73+0,11%%* | 3,64+0,14*** | 1,98+0,07***
% 153 67 63
Toluol+ M+m | 2,82+0,09* 4,81+0,14* 2,74+0,09*
melatonin | o/ 116 ]9 ]7
Beyin Kontrol M+m | 2,19+0,08 6,04+0,15 3,02+0,12
stitunu Toluol Mtm | 3,18+0,10%** | 4,61+0,13*** | 2,08+0,07***
% 145 76 69
Toluol+ M+m | 2,454+0,07* 5,56+0,11%* 2,75+0,08
melatonin | o/ 112 92 91
Hipotalamus | Kontrol Mtm | 3,7240,14 6,63+0,13 3,97+0,09
Toluol M+m | 4,81+0,17** | 5,32+0,25** | 3,26+0,13**
% 129 80 82
Toluol+ M+m | 3,98+0,12 6,30+0,17 3,77+0,14
melatonin | o/ 107 95 95

Qeyd: * - p<0,05; ** - p<0,01; *** - p<0,001.

3 ayliq kontrol sicovullarda Qlu-nun miqdar1 bas beyin yarimkiiralorinin
gabiginin toxumasinda 4,82+0,16, beyincikdo 5,41+0,19, beyin siitununda
6,04+£0,15 vo hipotalamusda 6,63+0,13 mkmol/q hesablanmigdir. Toluol
intoksikasiyast soraitindo Qlu-nun miqdar1 kontrolla miiqayisado 20-33%
azalmigdir. Melatoninin toluol intoksikasiyasi soraitindo garin bosluguna
yeridilmasi naticosindo bu amintursunun miqdarinda kontrolla miiqayisodo bas
beyin yarimkiiralorinin gqabiginin toxumasinda 10%, beyincikde 11%, beyin
stitununda 8% vo hipotalamusda 5% azalma bas vermisdir.

3 aylig kontrol sicovullarda Asp-in miqdar1 iso bas beyin
yarimkiirolorinin qabiginin toxumasinda 3,40+0,10, beyincikdo 3,15+0,09,
beyin siitununda 3,02+0,12 vo hipotalamusda 3,97+0,09 mkmol/q olmusdur.
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Toluol intoksikasiyasi soraitindo Asp-in soviyyosindo 18-37% azalma bas
vermigdir. Melatoninin toluol intoksikasiyasi soraitindo gqarin bosluguna
yeridilmosi Asp-in soviyyosindo toluol intoksikasiyasi soraitindo bas veron
enmonin azalmasma sabob olmusdur. Miivafiq soraitdo Asp-in miqdari
kontrolla miiqayisads basg beyin yarimkiiralorinin gabiginin toxumasinda 8%,
beyincikds 13%, beyin siitununda 9% vo hipotalamusda 5% azalmisdir.

Kontrol 3 ayliq sigovullarda QDK-nin foalligi bas beyin
yarimkiirolorinin gabigmin toxumasinda 83,25+3,99, beyincikdos 96,61+£3,82,
beyin siitununda 61,47+2,62 vo hipotalamusda 107,28+3,32 mkmol
QAYT/q.saat olmusdur (codval 2). Toluol intoksikasiyasi soraitindo QDK-nin
foallig1 kontrolla miiqayisado 34-58% yiiksolmisdir. Melatoninin toluol
intoksikasiyas1 soraitinde qarin  bosluguna yeridilmasi bu fermentin
soviyyasindo toluol intoksikasiyasi soraitindo bas veron artmanin asagi
diismosino sobab olmusdur. Miivafiq soraitdo QDK-nin foalligr kontrolla
miigayisado bag beyin yarimkiirolorinin gabigimin toxumasinda 9%, beyincikdo
15%, beyin siitununda 12% vo hipotalamusda 10% ytiksolmisdir.

Cadval 2.
Melatoninin (10 mg/kq) toluol (1000 mqg/kq) intoksikasiyasi soraitinde (5 giin) 3 aylq
sicovullarin bag beyninin miixtolif strukturlarnin  toxumasmmda QDK (mkmol
QAYT/q.saat) vo QAYT-T (mkmol Qlu/q.saat) fermetlorinin foalligina tosiri (M+m, n=5).

Bas beyin Tacriibonin | Gosta- | QDK QAYT-T
strukturlari sarti ricilor
Bas beyin Kontrol M+m 83,25+3,99 86,90+2,43
yarimkiiralorinin Toluol M+m 120,73+4,38%** 63,4442 69%**
qabigi % 145 73
Toluol+ M=+m 90,72+4 21 80,83+2,54
melatonin % 109 93
Beyincik Kontrol M=tm 96,61+3,82 89,53+2,84
Toluol M=+m 152,68+5,48*** 56,4242 27***
% 158 63
Toluol+ M+m 111,15+3,60* 80,56+2,11*
melatonin % 115 90
Beyin siitunu Kontrol M=tm 61,47+2,62 70,58+2,20
Toluol M=+m 86,08+3,78*** 48,8112 18%**
% 140 69
Toluol+ M=+m 68.85+1,76* 64,92+1,97
melatonin % 112 92
Hipotalamus Kontrol M:=tm 107,28+3,32 98,16+2,60
Toluol M=+m 143,76£5,44*** 75,334+3,07%**
% 134 77
Toluol+ M=+m 118,04+4,47 93,27+2,43
melatonin % 110 95
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Kontrol 3 ayliq sigovullarda QAYT-T-nin foallig1 foalligi bas beyin
yarimkiirolorinin gabigmin toxumasinda 86,90+2,43, beyincikdo 89,53+2,84,
beyin siitununda 70,58+2,20 vo hipotalamusda 98,16+2,60 mkmol Qlu/q.saat
olmugdur. Toluol intoksikasiyas1 soraitinds QAYT-T-nin foallig1 kontrolla
miiqayisado 23-37% azalmisdir. Melatoninin toluol intoksikasiyasi soraitindo
qarin bosluguna yeridilmosi naticosindo bu fermentin foalliginda kontrolla
miigayisado bas beyin yarimkiirslorinin qabiginda 7%, beyincikdo 10%, beyin
stitununda 8% vo hipotalamusda 5% azalma bas vermisdir.

Toluolun tasirine neyrokimyovi reaksiya gostorir ki, insanin bu maddoyo
moruz qalmasit ilo bas veron neyrokimyovi doyisikliklor arasinda olago
movcuddur (13). Toluolun neyrobioloji tesirine QAYT vo glutamat reseptorlari
vasitagilik edo bilor.

Toluolun tosiri OFF-nin induksiyasinin artmasina vo oksidativ streso
sobob olur. Oz ndvbaesindos OFF, hidrogen peroksid (H,O,), superoksid anion
(O* vo hidroksil radikal (OH) kimi yiiksok konsentrasiyada bioloji
makromolekullar ilo qarsilighh olage qura bilir, miixtolif fermentlorin
inaktivlogmasing, lipidlorin perekisli oksidlogmosine, DNT zadolonmoasino vo
hiiceyro Oliimiino sobab olur. Melatoninin oksigen mohsullar1 sobabindon
yaranan molekulyar zodolonmoni logv  etdiyi proseslor odobiyyat
molumatlarinda gostorilmisdir (11).

Sicovullar toluola xroniki sokildo moruz qaldiqda beyin gabiginda,
hippokampda vo beyincikdo lipidlorin perekisli oksidlogsmosinin soviyyosi
yiiksok olmugdur, melatonin yeridilmosi toluolun tosirino garst ¢ixdi vo
lipidlorin  perekisli oksidlogsmosini  kontrol soviyyoyo qaytardi. Toluol
buxarlarin1 inhalyasiya edon (giinde 10 doqige olmaqla 5000-6000 ppm
konsentrasiyada 12 giin orzindo) si¢ovullarda dendrit inkisafinin qorunmasinda
melatonin potensial qoruyucu tosir gostorir (9). Antioksidant fermentlor
organizmdo sorbost radikallara garst ilk miidafio xottini togkil edir. Onlarin
tonzimlonmasi osason oksidantlarin osas modulyatorlart olduglarint nozors
alaraq hiiceyronin oksidlosmo voziyyastindon asilidir. Melatonin  hom
antioksidant fermentlorin foaliyystino, hom do bu fermentlor ii¢lin hiiceyra
mRNT soviyyosino tosir gostorir. Melatoninin bu fermentlori tonzimloyir.
Melatoninin yeridilmasi birbaga OFF-ni tomizlays va dolay1 yolla antioksidant
giiciinii artirmaqla toluolun neyrotoksikliyino garsi neyroproteksiyani tomin edo
bilor (2).

Melatonin QAYTA reseptorlar1 kompleksi ilo qarsiliglt tosir gostoro
bilir. Melatonin sigovul beyninde QAYTA reseptorlart ilo QAYT olagoli
soviyyoni artirir. Bundan olavo, melatonin dovsanlarda QAYT-in gabiq
neyronlara tosirini artirir. Melatonin MSS-do QAYTergik foaliyyoti modullaya
bilon neyrosteroidogenez vo tsiklik AMF istehsalina tosir gostormak iigiin BZ
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(benzodiazepin) reseptorlart ilo qarsiliglh alage qura bilor (7). QAYT beyni
oksidlesdirici stresdon qoruya bilir (4).

Apardigimiz tocriibalorin noticolori gostordi ki, toluol intoksikasiyasi
naticosinda bas beyin strukturlarinda QAYT-in miqdarinda artma, Qlu-nun
miqdarinda azalma, QDK fermentinin foalliginda yiiksolmos, QAYT-T
fermentinin soviyyoasinda iso kontrolla miiqayisodo azalma bas vermisdir.
Toluol intoksikasiyasi soraitindo melatoninin yeridilmosindon sonra bu
gostaricilorin saviyyesi kontrola yaximlagmigdir. Aldigimiz naticolora osason
deyo  bilorik ki, melatonin toluol intoksikasiyasi soraitindo QAYT
miibadilesindo bas vera bilocok doyisikliklori gismon barpa edir.
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SOMKIR RAYONUNDA QAZLARIN HELMINTLORLO
YOLUXMASININ YASDAN ASILILIGININ OYRONILMOSI

Agar sozlor: Samkir rayonu, qarisiq invaziya, helmintoloji yarma, koproloji
miiayina, fordi tasarriifat sahasi, miixtalif yas qrupunda olan qazlar

Aparilan todgiqatlar zamani Seomkir rayonunun Seyfoli, Qapanli, Sistops vo
Oliyaqublu kandinds yerlogon, fordi tesarriifatlarda saxlanilan miixtolif yas qruplarindan
olan qazlarin qarisiq helmintlorlo - Ganguleterakis dispar, Capillaria anseris, Echinostoma
revolutum, Eimeria parvula vo Amidostomum anseris-lo yoluxmasi agkar edilmisdir.

3.T.Azaesa, P.A.I'yceiinos

W3YUYEHME 3APAKEHMSA I'YCEM C TEJIbMUHTAMU B 3ABUCUMOCTHA
OT BO3PACTA B IIAMKHAPCKOM PAHOHE

Knroueevle  cnoea:  [llamkupckuii  patioH, CMEeWAanHast uHeasus,
2ebMUHMONO2UYECKOe BCKpblmuUe, KONpoio2uyeckoe 00Cned08anue, UHOUBUOYATbHOE
XO3SUICMBO, 2YCU U3 PASTULHBIX 803DACIHBIX 2DYHN

Bo Bpemsi MpOBENCHHBIX HWCCIICNOBAHWA B WHIWBUIYATBHBIX XO3SIMCTBaX Cel
Cetidern, Namanmu, [Humrene n AmusaryOmy [llamMmkupckoro paifona oOHapY»KEHO, YTO
TYCH pa3HbIX BO3PACTHBIX TPYII 3apakKeHbl CMELIaHHBIMH TeIMUHTaMu — Ganguleterakis
dispar, Capillaria anseris, Echinostoma revolutum, Eimeria parvula u Amidostomum
anseris.

Z.T.Agayeva, R.A.Huseynov

STUDY OF AGE DEPENDENCE OF INFECTION OF GEESE WITH
HELMINTHES IN SHAMKIR REGION

Keywords: Shamkir region, mixed invasion, helminthological dissection,
coprological examination, private farm, geese of different age groups

The study revealed infection in geese of different age groups, which are kept in
private farms in the villages of Seyfali, Gapanli, Shishtepe and Aliyagublu of the Shamkir
region, with mixed helminthes — Ganguleterakis dispar, Capillaria anseris, Echinostoma
revolutum, Eimeria parvula and Amidostomum anseris.
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GIRIS

Respublikamizda shalinin orzaqla etibarli tominatina dair bir sira todbirlor
hoyata kegirilir. Orzaq tohliikesizliyinin birbasa asili oldugu aqgrar sahonin, o
ciimlodon qusgulugun inkisafina yonolon dovlet programlarinin yerino yetirilmosi
aktual vo toxirosalinmazdir. Olkodo ohalinin orzaq tominati dovletin iqtisadi
siyasatinin asas istigamatlorindon biridir. Dévlet Programindan irali galon tolablora
cavab olaraq miioyyon neqativ hallarin aradan galdirilmast ilo yanasi, Respublikada
heyvandarligimn vo qusgulugun bol yem ehtiyatim yaratmaq ticlin tobii yem
saholorinin elmi asaslarla otrafli dyronilmosi hesabina modoni otlaglar yaradilmast,
movcud bigonok vo otlaglarin mohsuldarliginin artirilmasi, miihafizosi, tobii
barpasi giiniin vacib mosalalorindondir.

Igtisadiyyatin osas saholorindon biri olan kond tosorriifatinda aqrar
islahatlarin aparilmasi naticosindo yeni tosorriifat formalart yaradilmisdir ki, bu da
qusculugun inkisafina 0z miisbot tosirini gostormisdir. Belo fordi vo 6zl
tosorriifatlarda qusgulugun, o climlodon suda iiz