BDU, Fizika Problemlari Institutu: «Fizikamn Miiasir Problemlari» I1I Respublika Konfransi

111 BOLMO

MOLEKULYAR FIZIKA
BiOLOJi SISTEMLOR FiZiKASI

104



BDU, Fizika Problemlari Institutu: «Fizikamn Miiasir Problemlari» I1I Respublika Konfransi

UZUNUNA MAQNIT SAHOSINDD YERLOSDIRILMIS QAZ BOSALMASI
PLAZMASI ROQSLORININ TODQIQI

Qaribov Q. I. .
Baki Doviat Universiteti Fizika Problemlori Institutu

Molumdur ki, qaz bosalmasi plazmasi miixtolif név dayanigsizliglarla zongin olan
miihitdir. Bu dayanigsizliqlar sirasinda stratlar xiisusi yer tutur. Belo ki, bosalmada tobii
stratlar siitunda heg bir xarici periodik hoyacanlasdirici monbs olmadan yaranirlar. Plazmanin
maroskopik dayanigsizliglarindan olan vint dayanigsizligi iso maqnit sahosinin tesiri ilo
yaranir. Vint dayanigsizligi vo silitunda stratlarin yaranmasi hadisolori yiiklii zorraciklorin
diffuziyas: ilo birbasa bagli olduqlar1 ii¢lin onlarm birlikdo Gyronilmosi miioyyon maraq
dogurur. Toqdim olunan isdo qagan stratlarla hoyocanlanmis plazmanin vint dayanigsizligi
Oyronilir vo vint vo strat rogslorinin tocriibi tadqiqinin naticalori nozari hesablamalarla
miiqayisa edilir.

Tadqiqat neon qazinda yaradilmis bosalmanin miisbat siitununda maqnit sahasinin 0-3000
Qs vo bosalma coroyani siddotinin 20 —300 mA intervalinda aparilmigdir. Togriibolordo
uzunlugu 1 m vo daxili diametri 3,2 sm olan bosalma borusundan istifade edilmisdir. Is¢i
qazin tozyiqi 0,1 —1,0 mm cv. st. intervalinda doyisdirilmigdir. Plazma siitununun rags
spektrini 6yronmok iiclin spektr analizatorundan vo fotogoxaldicidan istifado olunub.
Olgmolorin bir hissasindo plazma rogslerinin 6tiiriiciisii kimi plazmada yerlosdirilmis elektrik
zondlarindan istifado edilmigdir. Maqnit sahosindos Olgmolordon ovval zond {isulu ilo
plazmanin osas parametrlorindon elektronlarin 7, temperaturu vo n. konsentrasiyasi toyin
olunub vo bu kamiyyatlorin adebiyyatdan malum olan naticalarls uygunlugu miisyyan edilib.

Tasvir olunan tocriibolordo bosalma soraiti elo secilib ki, maqnit sahasinin tosirino qodor
plazmada gagan stratlar mévcud olub. Maqnit sahasinin tosir etdiyi siitunda stratlar sahonin
vint dayanigsizliginin yaranmasima uygun olan B, kritik qiymotino godor mdvcud olurlar.
Magqnit sahosinin tasiri ilo stratlarin tezliyli monoton olaraq azlir. Sokilde neonun tozyiqinin
0,45 mm cv. st. vo bosalma carayani siddatinin 100 mA qiymotinds alinmis naticolor tasvir
olunub.

16
f, kHs 0o °
o
12 -
Q
8 :\
4
O Y
0
Be
0 500 1000 1500 2000
B, Qs

Strat va vint ragslari tezliklorinin maqnit sahasinin induksiyasindan asililig1.
e o oo strat rogslori. Biitdv xott —stratlarin tezliyinin hesablanmis asililig1.
©©°° — vint rogslori. A A A —vint rogslori tezliyinin hesablanmis asililig.

Yiikli zorraciklorin bosalma borusunun divarlarinda rekombinasiyasi ilo tonzim olunan
proseslor {iciin xarakterik zaman 6l¢iisii yiliklii zorraciklorin tp diffuziya yagama miiddstidir. R
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radiuslu silindrik bosalma borusu tigiin 7p komiyyati

2
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= .- 1
> (2,4) D M
diisturu ilo ifade olunur. Burada D,—ambipolyar diffuziya omsalidir. Demali, stratlarm f;
xarakterik tezliyi ti¢lin
1 2,4Y’
f=- ( : ] @)

alirq.

Bu miinasibatdon goriiniir ki, maqgnit sahasinds stratlarin tezliyinin azalmasi ambipolyar
diffuziya omsalinin azalmasi ilo miitonasibdir. D, komiyyatinin magnit sahasindo doyismosi
[1+(bi/b.)(27).”] " vurugu ilo miloyyen olunur. Burada b;, b. — ion va elektronlarmn yiirikliyii,
) —clektronlarin tsiklatron tezliyidir. Stratlarin tezliyinin bu diistura osason aparilan
hesablamalarin naticolori sokildo biitdv xotlo gostorilib. Gorlindiiyli kimi, bu oyri tocriibodo
almmais asililiga kifayat gqodor yaxindir.

Magnit sahosinin miisyyan B=B. qiymstinds plazma siitunu vint dayanigsizligi halina
kecir, plazma yiiklii zorrociklorinin maqnit qiivve xotlorino perpendikulyar istiqgamotdo
bosalma borusunun divarina diffuziyasi giiclonir vo plazmada miintozom vint ragslori yaranir.
Olgmolor gostarir ki, bu ragslorin tezliyi qazin tozyiqinden asili olaraq 10-50 kHs arasinda
yerlosir vo tozyiq artdqda rogslorin tezliyi azalir. Vint rogslorinin yaranmasi ilo stratlarin
amplitudu koskin azalir, spektri genislonir vo nohayat stratlar soniirlor.

Magqnit sahasinin B=B,. qiymatinds vint ragslarinin tezliyi

_10kme DT,
R’ Bz,

3)

ifadasi ilo toyin olunur. Burada 1 _clektronun neytral zorraciklorlo toqqusma tezliyi, digor

T

simvollar komiyyatlorin imumi qabul olunmus isaraloridir. Sokildon goriindiiyii kimi, sahonin

B, kritik giymotindon bdylik (B>B.) olan oblastda maqgnit sahasinin artmasi ilo vint ragslorinin

tezliyi artir. Tocriibi asililigin bu xarakteri (1) diisturuna uygun golmir. Uygunsuzlugun

sobobini diisturun toqribi olmasi ilo izah etmok olar. Daqiqlosdirilmis hesblamalar vint
ragslorinin tezliyi ti¢iin

0 S 1

2 e | T R? (Q2r),

ifadosini verir. Burada K — dalga odoadi, S— hoyacanlanmalarim amplitudu tortibli kicik

komiyyet, & —vint dayanigsizliginda elektronlarin konsentrasiyasinin vo potensialin rogslori

arasinda faza siiriigmosidir. S-sind hasili kicik komiyyst oldugundan f(B) funksiyasinin vidi

o kT

b
- 285 §sin6 +0,48b K2 -(Qr). (4)

@ va (7). hadlorinin omsallarindan vo [ tezliyinin toyin edildiyi maqgnit sahasinin

intervalindan asilidir. Vint ragslorinin tezliyinin (4) diisturuna asason maqnit sahasinin B>B,
oblastinda sahodon asililigmin hesablanmis qiymatlori sokildo gosterilib. Bu naticalorin
tezliyin tacriibadon toyin edilmis qiymatlori ilo miiqayisasi onlar arasinda yaxsi yaxinliq

-1

oldugunu gostorir. Hesablamalarda K=277T— nin qiymotini 10~ sm™’ qobul etmis va elektron

qazinin 7, temperaturu olaraq onun tocriibado maqnit sahosi olmadiqda Slciilmiis qiymotlorini
gotlirmiisiik. S-sind komiyyatinin qiymoti molum olmadigindan onu asagidaki kimi toyin
etmisik. (4) ifadesindo f — in yerino tezliyin B=B, ndqtosindo Ol¢lilmiis qiymatini yazib,
molum 7, vo (Q27), — yo gora S-sind toyin etmisik. Sokildon goriindiiyli kimi, hesablamalarin
naticalari eksperimentlo nainki keyfiyyotcs, hom ds komiyystca yaxsi uzlasir.
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PRO-MET-SER-MET VO MET-LEU-ARG-LEU-NH,; TETRAPEPTID
FRAQMENTLORININ KONFORMASIYA ANALIZI

N.A.9hmadov, R.M.Abbash, L.i.ismayllova, E.M.Hasanov
Baki Doviat Universiteti, Fizika Problemlori Institutu

Maymodulin sensor neyronlarmin elektrofizioloji effektlorini  ingibirlogdiron
neyropeptid molekullarindandir. Onlarm yerino yetirdiklori funksiyalar1 basa diismok {iciin,
onlara moagsadyonlii tosir gostormok iigiin, tobii molekulun yalniz miisyysn funksiyalarmi
0zlindo saxlayan siini analoqglarin1 sintez etmok ticun ilk ndvbado peptid molekullarinin
icoleiilii faza qurulusunu miisyyon etmok lazimdir. Biomolekullarin faza quruluslarini tadqiq
etmak iiclin istifads edilon iisullardan biri do nozari konformasiya analizi isuludur. Nazori
konformasiya analizi tsulu ilo heptapeptid Prol-Met2-Ser3-Met4-LeuS-Arg6-Leu7-NH;
molekulunun foza qurulusu onu fragmentlors ayirmaqla Oyronilmisdir. Bu todqiqat isi
heptapeptid maymodulin molekulunun N-torof tetrapeptid Prol-Met2-Ser3-Met4 vo C-torof
tetrapeptid  Met4-Leu5-Arg6-Leu7-NH,  fragmentlorinin ~ konformasiya imkanlarinin
Oyronilmasine hasr olunmusdur [].

Molekulun foza qurulusunu dyronmak iiciin sistemin potensial enerjisi qeyri-valent,
elektrostatik, torsion qarsiliqh tasir enerjilorinin vo hidrogen rabitasi enerjisinin comi soklindo
secilmigdir. Qeyri-valent qarsiliglt tosir enerjisi Lennard-Cons potensiali ilo Momani vo
Seraqanimn toklif etdiyi parametrlorlo hesablanmigdir. Molekulun konformasiya imkanlar1 su
miihitindo 6yronilmisdir. Hidrogen rabitosinin enerjisi Morze potensiali ilo hesablanmigdir.
Torsion qarsiligh tesiri hesablamagq ticlin potensial funksiyalar, atomlardak: parsial yiiklorin
qiymaotlori, valent bucaqglarmin qiymstlori vo valent rabitolorinin uzunluglart Momani vo
Seraqanin moqalosindon gotiiriilmiisdiir. Bunlar haqqinda [2-5] islorindo otrafli molumat
verilmisdir.

Cadval 1

Pro-Met-Ser-Met va Met-Leu-Arg-Leu-NH; fragmentlorinin konformasiyalarinin enerjilorino
g0ro paylanmasi

Pro-Met-Ser-Met fragmenti Met-Leu-Arg-Leu-NH, fragmenti
Ne Osas Enerji intervali (kkal/mol) Enerji intervali (kkal/mol)
zoncirin
formasi
0-1 1-2 |2-3 |34 4> 0-1 0-2 0-3 0-4 4>
1 BBBB - - - 1 62 - - - 1 35
2 RRRR 4 1 2 6 50 - 1 1 3 31
3 BBRR - - - - 36 - - - 2 7
4 BRRR - - - -- 36 - 5 2 2 9
5 BRBR - - - - 36 3 1 4 4 6
6 RBBB - - 1 1 34 - 6 4 3 5
7 RRBR - - - - 36 - 4 4 - 10
8 RBRR - - - 2 34 1 4 2 1 1

Pro1-Met2-Ser3-Met4 tetrapeptid fragmentinin foza qurulusu onu omolo gotiron metil-
amid-N-asetil-L-prolin, L-metionin vo L-serinin al¢aqgenerjili konformasiyalari osasinda
Oyronilmisdir. Osas zancirin R vo B formalarmin konformasiyalar1 torsion potensiala goro
miimkiin ola bilon biitiin kombinasiyalarda hesablanmisdir. Hesablanmis konformasiyalarin
osas zoncirin miixtalif formalarinda enerjilorino gora paylanmasi cadval 1-do gostorilmisdir.

107




BDU, Fizika Problemlari Institutu: «Fizikamn Miiasir Problemlari» I1I Respublika Konfransi

Cadval 1-don goriiniir ki, asas zoncirin formalarinin enerjilorine gora kaskin diferensiasiya
gedir. 0-4,0 kkal/mol enerji intervalina asas zoncirin dérd formasinin konformasiyalar1 diisiir.
Bu enerji intervalina asas zoncirin RRRR formasmin 13 konformasiyasi, RBBB vo RBRR
formalarmin 2 konformasiyasi, BBBB formasmin iso 1 konformasiyasi diisiir. Prol-Met4
fragmentinds Prol-in yan zoncirinin dovrii, Ser3-iin yan zoncirinin ki¢ik olmasi, Met2 vo
Met4-iin yan zoncirlori 6zlorinin potensial imkanlarindan homiso istifado edo bilmomisdir ki,
bu da osas zoncirin formalarinin enerjilorino koskin diferensiasiyanin getmosino sobab
olmusdur.

Met4-Leu5-Arg6-Leu7-NH; tetrapeptid fragmentinin foza qurulusu onu amolo gotiron
metil-amid-N-asetil-L-metionin, L-arginin vo L-leysinin stabil konformasiyalar1 osasinda
Oyronilmisdir. Hesablanmig konformasiyalarin osas zoncirin miixtolif formalarinda
enerjilorina goéro paylanmasi codval 1-do gostorilmisdir. Cadval 1-don goriiniir ki, asas
zoncirin formalarinin enerjilorine gora diferensiasiya getmir. 0-4,0 kkal/mol enerji intervalina
osas zoncirin biitiin sokkiz formasmin konformasiyalar1 diisiir. Tetrapeptid fragmento
coxatomlu, yiiklonmis yan zoncirli amintursu qaliglar1 daxil oldugu iigiin asas zoncirin biitiin
formalarinda miixtolif amintursu qaliglar1 arasinda olverisli qarsiliglt tosirlor yaranir. Buna
g0ra da biitiin formalarin konformasiyalar1 algagenerjili olmuslar.

Prol-Met4 vo  Met4-Leu7-NH, tetrapeptid fragmentlorinin  stabil
konformasiyalarin miioyyon edilmosi torkibino bu fragmentlorin daxil oldugu heptapeptid
molekulun foza qurulusunu hesablamaga imkan verir.
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JJAHAMWYECKHUE CBOMCTBA T'ENITAIIENTAJTHON MOJIEKY.IbI

T.N.UcmannoBa, P.M.Ao0acasl, JIL.U.McmauaoBa
bakunckuii 'ocyoapcmeennviti Ynusepcumem, Hncmumym @usuueckux [Ipoorem

Ha ceronnsuinuil 1eHb 01HOM U3 caMbIX BaXKHBIX 33/1a4 Ha CThIKE (PU3UKU, OMOIOTHUHU
U XUMHHU SIBJISIETCS OIpe/ieJieHHe 0COOCHHOCTEH (PYHKIIMOHUPOBAHUS OMOMOJIEKY B YKUBBIX
opranusmax. [loHMMaHMe ¥ HCHOJB30BaHUE H3THUX MEXaHU3MOB B3aUMOJEHUCTBUS Ha
MOJIEKYJISIPHOM YPOBHE COCTABJIIIOT OCHOBY HaHOHayku. OTcroja BaXXHOCTb HUCCIIEOBAaHUI
B3aMMOCBSI3U MIPOCTPAHCTBEHHOMN CTPYKTYpPbl MENTUAHBIX MOJEKYI U UX (PYHKIHOHAJIHHON
AKTUBHOCTH. PeryiTopHbple NEeNTUAHBIE MOJIEKYJIBI IPUHUMAIOT Y4aCTUE BO BCEX MU3BECTHBIX
OMOJIOTMYECKHX MpoleccaX, MPOTEKAIOUIUX B OpraHu3Me YelloBeKa, U HE NMEIOT KOHKYPEHTOB
110 3PEKTUBHOCTH AECUCTBUSL. B CBSA3M C 3TUM NEPCIEKTUBHBIM CTAHOBUTCS CO3JaHHE HOBBIX
3¢ (GEeKTUBHBIX JIEKAPCTBEHHBIX MPENApaToB HAa UX OCHOBE.

I'entanentuaHyo monekyny Cemakc Metl-Glu2-His3-Phe4-Pro5-Gly6-Pro7
Ha3bIBalOT JekapcTBoM XXI Beka, yaydliaroliuM NamsTh U YMCTBEHHBIE CIIOCOOHOCTH
yenoBeka [1,2]. SIpko BbIpak€HHOE HEUPONPOTEKTOPHOE U HOOTPOIHOE JAEWCTBUE
CUHTETUYECKOIO TENTANEeNTHAA JIEKUT B OCHOBE IpPEnaparoB, KOTOPbIE HA CErOJHALIHUN
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JI€Hb IIHPOKO MPUMEHSIOTCS B HEBPOJOTMYECKOW U OQTAIbMOJIOIMYECKON mHpakTuke [3].
OKcliepUMEHTAJIbHbIE HUCCIIEIOBaHMs TOKa3anu, 4yTo Cemakc  sBJSETCS HHAOICHHBIM
perynsaropoM (QyHKIUI LEHTpaJbHOW HEPBHOM CHUCTEMBbI, O0JaaeT  aJanTUBHBIM H
HOOTPOIHBIM 3¢ ¢dexkroM. B Oonpmmx 103ax OH 3alllUIIA€T HEPBHbIE KJIETKU OT IMOEIH B
YCIIOBUSAX HEPBHOIO cTpecca. Bpicokasi MmpoTeosMTHYecKas ycToHduBocTh CeMakca M €ro
(parMeHTOB MOXET JIeKaTb B OCHOBE IPOJIOHIMPOBAHHBIX 3((EKTOB 3TOro MNENnTHAA.
[Tokazana BaxkHast posib N-KOHIIEBOIO aMHUHOKHCIIOTHOIO ocTaTka B MoJjiekyiae Cemakca B
COXPAHEHUHU U BBIPAKEHHOCTU HEMPOTPONHBIX 3((HEKTOB MenTuaa.

Jlyig BBISICHEHUS ME€XaHM3Ma JEHCTBUS MENTUIHONW MOJIEKYJIbl HE0OXO0IMMO 3HaHUE
€€ MPOCTPAHCTBEHHOI'O CTPOCHHUSI U CTPYKTYpbl €€ aHaJoroB, 3HaHHE KOH(OpPMAalMOHHOU
MOJABMKHOCTH OOKOBBIX 1I€TIe aMHUHOKHCIIOT, BXOJSIIUX B 3Ty MoJiekyiy. OcoOblil uHTEpec
MIPE/ICTaBIseT MOJIEKYJIIpHas TUHAMUKa renTanenTuaHoil Mosiekynbl. Ha mepBom srtame c
MOMOIIBI0 METO/a TEOPETUYECKOTO KOH(GOPMAIMOHHOIO aHaiu3a  ObUla HCCIe0BaHa
MIPOCTPAHCTBEHHAsl CTPYKTYypa U KOH(QOpPMAalMOHHBIE CBOIiCTBa OOKOBBIX Ilemei
AMUHOKHCIIOTHBIX OCTaTKOB, BXOJIIMX B TenTanentuanyio mojekyny Metl-Glu2-His3-
Phe4-Pro5-Gly6-Pro7 [4]. Pacder mpoBoamiics B paMKax MEXaHUYECKOW MOJEIH MOJIEKYII C
Y4E€TOM HEBAJIEHTHBIX, 3JIEKTPOCTAaTUYECKUX M TOPCHOHHBIX B3aWMOJEWUCTBUNH M HHEPIUU
BOJIOPOAHBIX cBsizeit. st monekynsl Cemakca ObUTM HaWACHBI HU3KOIHEPTETUUYECKUE
KoH(opManuy, 3HaYeHHs IBYTPaHHBIX YIJIOB OCHOBHOM 1 OOKOBBIX Lieneil aMHUHOKHCIIOT,
BXOASIIKX B Hee (Tadu. 1).

Tabnuia 1. 'eomerpuueckue napamerpbl koHdopMaiuii Mosiekynbl Cemakc

Vrmsr | BRRBBLB BRRBBPR RRRBRRR BRRBRLR RRRBRBB
Y -177 -178 -163 -177 -161
' 177 -172 -179 180 -172
x5 179 -73 59 71 -179
x5 176 176 179 177 176
14 180 180 180 178 180
Vi 124 120 -58 120 51
o] -179 -174 -178 -178 180
0, -114 -105 =77 -117 74
i -66 -73 -60 -66 -75
1% 69 66 75 69 62
1 58 66 80 58 59
V) -64 -67 -46 -72 -50
o, 179 -160 -179 -179 -176
0 -117 -126 -105 -106 -117
v 178 176 177 61 -174
1 90 93 -86 91 96
Vs -58 -54 -54 -45 -54
3 179 176 -178 -178 -177
04 -92 -110 -87 96 -92
¥ 180 71 -59 177 -60
1 86 94 95 71 97
Vs 131 144 131 119 140
o4 177 -171 -178 -178 169
Vs 111 143 -52 -64 -59
o5 -174 180 170 -173 173
06 71 145 =77 70 -126
Ve 71 75 -81 73 85
g -178 179 173 177 -178
V7 133 -52 44 -53 135

EorH 0 0,9 2,3 4,4 4,3

JlunaMuueckre CBOMCTBA TENTANCNTHIHON MOJICKYAbl OBLUIA HM3y4E€HBI METOJ0M
MOJIEKYJIIPHON NTWHAMHKHU. {71 MpOBEIEHUS pacyeTOB HMCIOJIb30BAIACH JEMOHCTPAIMOHHAS
Bepcus mnporpammbl HyperChem, noctymnas Ha caitte [5]. Pacdersl mpoBoauimch mpu
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YCIOBHHM, 4YTO  HCClenyeMas  MOJIeKyla  HaxOAWTCs B Bakyyme. [ eomerpus
HU3KOZHEpPreTnyecknux KoHpopmauuii renranentuaHon mosuekyisl (Tabin.1) ucnonaszoBanach
B KAQ4eCTBE HAYAJIHHOHU U MOJIEKYJISAPHO-AMHAMUYECKOTO pacyeTa, KOTOPBIA MPOBOJAMICS B
TNOTeHIHATaX MOTydMIUPHUYECKOTo MeToga MM’ Ge3 yduera cummerpun. ONTUMH3AIUA
TEOMETPHUH MOJIEKYIIBI TPOBOAMIIACH ¢ TTapameTpoM cxoaumoctu 0,01 (puc.1,2).

MeTtoa MOJNEKYISIpHOH AMHAMUKA JaeT BO3MOXKHOCTh MOJEIUPOBAThH JETAIBHYIO
MHUKPOCKOTIMYECKYI0 KapTUHY BHYTPEHHEH NOIBM)KHOCTH TENTHAHOW MoOJeKynbl. OH
MO3BOJISIET PACCUMTHIBATh KIIACCHUYECKHE TPACKTOPHU BIIKEHUS TENTHIHOW MOJICKYJBl B
CHJIOBOM TIOJI€ SMITHPHYECKOTO aTOM-aTOMHOTO TIOTEHIIHAIA.

EromasKKa/Mmo

30

Pucl. Kondopmanronusie nepecTpoiku B CTPYKType BRRBBLB
MoJieKynbl CeMakc B MpoIiecce MOJIEKYIIIPHOM THMHAMUKH

EromasKKa/Mo

-161.74 "}

30

Rnemsg.

Puc. 2 KondopmairioHHble epecTporKU B CTPYKTYpe BRRBBPR
MoJiekyJibl CeMake B Ipoliecce MOJIEKYIIpHOW TUHAMUKU
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SER-VAL-GLN-ASP-ASN PENTAPEPTID FRAQMENTININ
KONFORMASIYA ANALIZI

S.N. Haciyeva, N.F. Ohmadov, N.A. maedov
Baki Doviat Universiteti, Fizika Problemlori Institutu

Peptid hormonlar1 canli orqanizmlords miixtolif bioloji funksiyalar1 basa diismok tigiin
molekullarin ti¢ol¢iilii foza quruluslarini atom saviyyasinds toyin etmok lazimdir.

Kardiofoal peptidlor osason orqganizmlorin tirok foaliyystinin diizglin rejimini
tonzimloyir. Bir ¢cox orqanizmlorden kardiofoal peptidlor ayrilmig, onlarin analoqglar1 sintez
edilmis, yerina yetirdiklori funksiyalar1 6yronilmisdir [1-3].

Serl-Val2-GIn3-Asp4-Asn5-Phe6-Met7-His8-Phe9-NH, molekulunun foza qurulusu
onu fragmentlors ayirmagqla dyranilmisdir. ilk marhalode molekulun N-torof pentepeptid Ser1-
Val2-GIn3-Asp4-AsnS fragmentinin foza qurulusu hesablanmisdir.

Kardiofoal peptidlor fosilosino daxil olan peptidlorin qurulus-funksiya olagolori bir
neco miiddatdir ki, tadqiq olunur vo bu is do homin islorin davamidir [4-6].

Molekulun foza qurulusunu 6yronmak iiciin sistemin potensial enerjisi qeyri-valent,
elektrostatik, torsion qgarsiliql tasir enerjilorinin vo hidrogen rabitasi enerjisinin comi soklindo
secilmigdir. Qeyri-valent qarsiliglt tosir enerjisi Lennard-Cons potensiali ilo Momani vo
Seraqanin toklif etdiyi parametrlorlo hesablanmisdir. Torsion qarsiligh tosiri hesablamagq tigiin
potensial funksiyalar, atomlardaki parsial yiiklorin qiymatlori, valent bucaqglarin qiymatlori vo
valent rabitslorinin uzunluglart Momani vo Seraqanin moqalosindon gotiiriilmiisdiir. Bunlar
haqqinda [4-6] islorindo otrafli molumat verilmisdir.

Ser1-Val2-GIn3-Asp4-AsnS pentapeptid fragmentinin foza qurulusu onu omolo gatiron
metil-amid-N-asetil-L-serin, L-valin, L-qlutamin, L-asparagin vo L-asparagin tursusunun
stabil konformasiyalar1 osasinda Oyronilmigdir. Ona goére do pentapeptid fragmentin 16
seypina monsub konformasiyalar yigimi hesablanmisdir. Hesablamalarin noticosi gostordi ki,
0-10 kkal/mol enerji intervalina asas zoncirin 15 formalarmin konformasiyalar1 diislir. Osas
zoncirin hor bir formasimin on stabil konformasiyasi, onu geyri-valent, elektrostatik, torsion
qarsiliglt tosir enerjilorinin verdiklori pay vo nisbi enerjilori cadval 1-do verilmisdir.

Cadval 1.
Ser-Val-Gln-Asp-Asn fragmentinin stabil konformasiyalari

e Konforasiya U, Enerji pay1

Uq.v Uel Ut
1 R12R5R321B1B3; 0 -20.8 2.9 2.6
2 R]2R2B13]R]R3] 33 -19.4 4.8 2.6
3 R]ZR]]B]3]B3B3] 34 '202 41 42
5 B]2R2R2]]R2R2] 3.9 -17.1 3.9 1.7
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6 R]2B2B121B1B3] 4.1 -19.4 49 33
7 Ri:B»R13RiR;3, 4.2 -19.4 5.6 2.7
8 R,B1R33B1B;) 4.3 -18.6 5.2 23
9 B23R]]B2]]B3B3] 4.5 -17.9 5.2 2.0
10 R]2B2R13]R]R3] 49 -18.7 53 2.9
11 R]2B2B13]B3B3R3] 5.6 -18.2 5.8 2.7
12 B2R33B2]]R3R3] 5.6 -17.7 4.0 3.9
13 B32B2]B]222B3B3] 6.2 -16.4 5.4 1.9
14 B2]B2]R3]]B3B3] 6.9 -16.9 6.4 2.1
15 B]2B2R2]]R3]R3] 7.7 -13.5 5.7 1.3

Cadval 1-don goriindiiyii kimi hesablanmis konformasiyalarin nisbi enerjilori 0-7.7
kkal/mol enerji intervalinda doyisir. Fragmentin on stabil konformasiyast R;2R,R3,1B1B3; —
dir. Bu konformasiya hom qeyri-valent, hom do elektrostatik qarsilighh tesira gora on
olveriglidir. Konformasiyanin stabillosmosino qeyri-valent qarsiliqli tosir enerjisi -20.8
kkal/mol, elektrostatik garsiligh tosir enerjisi 2.9 kkal/mol, torsion qarsiliql tosir enerjisi 2.6
kkal/mol goder pay verir (cadval 1). Fragmentin amintursu qaliqlarmin fozada yerlogsmasi
sokil 1-do gostorilmisdir. Bu konformasiyada fragmentin ilk ii¢ amintursu qalig1 fozada
spiralvari firlanmis halda, sonraki iki amintursu qalig1 iso agilmis halda yerlosir. Pentapeptid
fragmentin ikinci stabil konformasiyasi nisbi enerjisi 3.3 kkal/mol olan R,R,B;5RR;;. Bu
konformasiya hom qeyri-valent, hom do elektrostatik qarsiliglt tosiro goro qlobal
konformasiyadan geri qalir (codvell). Konformasiyada amintursu qaliqlarmin fozada
yerlogsmasi sokil 1-do gostorilmisdir. Fragmentin ilk iki amintursu qaliqlar1 fozada spiralvari
firlanmig halda yerlosir, morkozi amintursu gqalig1 GIn3 iso B konformasiyasinda olaraq onlar1
bir-birindon ayirir. Hesablanmis konformasiyalarin an yiiksak enerjisi BB,RR;R;—dlir.

Ser-Val-GIn-Asp-Asn fragmentinin konformasiyalarinin hesablanmasi torkibina belo
fragment daxil olan nonapeptid molekulun foza qurulusunun dyranilmasini asanlagdirir.

ER
VA

AS
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Sokill.a) R;:R;R;3:B,B3,; konformasiyasinin foza qurulusu  b) R;:R,B;3,R,R3; konformasivasimn faza qurulusu
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NOQISEPTIN MOLEKULUNUN C-SONLUQLU Gly-Glu-Lys-Glu-Leu-Glu
FRAQMENTININ KONFORMASIYA XUSUSIYYOTLORI.

S.H. Abbasov, R.E. 9liyev
Baki Doviat Universiteti, Optika va molekulyar fizaka kafedrasi

Nogiseptin reseptoru da opioid tobiotli neyropeptid olub, 17 amin tursusundan ibaratdir. [1].
Bu neyropeptidin C-uclu hegsapeptid fragmenti Gly-Glu-Lys-GIn-Leu-Glu xotti ardicilliga
malik olub, digor opioid tabiotli nogstatin molekuluindan mohz 1-ci yerds duran Glu amin
tursusunun Gly amin tursusu ilo ovaz olunmasi ilo forglonir. Ona gora dos ilk 6nca noqiseptin
reseptorunun heqsapeptid fragmenti hesablanmis vo alinan naticolor nogstatin molekulunun
naticalori ilo miiqayise edilmisdir.Hesablamalar ovvolco nozori konformasiya analizi tisulu ilo
aparilmigdir. Bu {isulun asasinda ixtiyari molekulun ikiiizlii bucaqlar otrafinda firlanmasi
naticasinds molekuldaxili enerjinin minimizasiyasi prosesi durur. Hesablamalar1 aparmaq
iiclin reseptorun nogqiseptin reseptorunun C-uclu fragmentinin fozada tuta bilocoyi biitiin
miimkiin hallar nazors alinmis va ilkin olaraq 651 variant yigilmisgdir [2,3].

Cadval 1. Noqiseptin reseptorunun C-uclu fragmentinin enerji parametrlorinin 30

pikosaniya arzinda dayismo qiymatlori.

Pikosaniyd Epot (kkal/mol) Etam (kkal/mol)
1 632.0599 1005.049
2 625.9721 976.1203
3 431.8269 653.3779
4 231.861 442.5247
5 137.16545 232.4365
6 84.8233 121.5762
7 52.2740 118.4667
8 44.4303 105.9379
9 37.25979 914.9416
10 33.6531 141.3507
11 28.74237 132.8091
12 40.8646 131.4167
13 30.60472 127.2562
14 26.8445 126.8157
15 35.00636 127.4275
16 33.58161 128.7545
17 36.12380 127.2518
18 23.37873 122.6573
19 12.78990 121.3767
20 -2.95827 111.987
21 -2.866218 104.0099
22 -8.1089 80.4781
23 -11.2576 86.8192
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24 -10.7172 78.6785
25 -27.6279 69.3124
26 -41.2710 62.3862
27 -26.3459 60.48254
28 -20.4637 64.7321
29 -21.613 67.9450
30 -43.989 42.19856

Bu konformasiyalarin enerji vo hondasi parametrlori miisyyon edilmisdir. Yalniz bundan
sonra alman kigikenerjili konformasiyalar molekulyar dinamika tisulu ilo vakuumda vo su
miithitindo todqiq edilmis vo nozori konformasiya analizi tisulu ilo alinan naticolor
doqiqlesdirilmisdir. Bunun {iciin proqrama ikiiizlii bucaqlarin ilkin qiymsetlori olaraq nazori
konformasiya analizi tisulu ilo tapilmis kicikenerjili konformasiyalarin qimotlorindon istifado
edilmisdir. Ardicil olaraq noqiseptin reseptorunun C-uclu fragmentinin ham vakuumda, hom
do suda dayamqhi hallarmm todqiqi aparilmis vo temperatur intervali (270 - 300%)k
gotliriilmiisdiir. [3]

Otuz pikosaniys miiddatinds istilik enerjisinin aldigi 15.000 qiymat hesabina alinan naticolora
goro agagidakilar askarlanmisdir:

— Reseptorun C-sonluglu hegsapeptid fragmentinin optimizasiyadan ovvalki vo sonraki foza
quruluslar1 tam forglonir; belo ki, optimizasiyadan ovval Glyl amin tursusu ilo Glu amin
tursusunun yan zoncirlori bir-birindon aralidirlar. Lakin, optimizasiyadan sonra onlar bir-
birins yaxinlasaraq daha kompakt qurulus yaradirlar. [4].

— Coxsayli hesablamalara ki, comi 30 pikosaniys orzindo hom potensial, hom do tam enerji
Ozlorinin on minimal qiymatlorini almis olurlar. Birinci pikosaniyadoki 633..06 kkal/mol
ovazina Erot = -43.989 kkal/mol va 1005 kkal/mol avazin\ Etam = 42.19 kkal/mol. Aparilan
todqiqatlar gostorir ki, mohz bu vaxt kifayst edir ki, molekul fozada 6ziiniin tam dayamqli
vaziyyatini almig olsun.
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NOQSTATIN MOLEKULUNUN N-SONLUQLU FRAQMENTININ
KONFORMASIYA XUSUSIYYOTLORI

S.H. Abbasov, R.E. 9liyev
Baki Doviat Universiteti, Optika va molekulyar fizaka kafedrasi

Neyropeptidlor do digor bioloji molekullar kimi 6z xassolorini onlarin kimyavi
qurulusuna yoni, amin tursu galiglarmin ardicilligina osaslanaraq biruzo verirlor. Belo ki,
molekullar1 togkil edon amin tursu gqaliqiarinin konformasiyasmin Oyronilmosi homon
neyropeptidin ligol¢iilii foza qurulusunun neco formalagsmasmi bu iso 6z ndvbasinds
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molekulunun xassalori ilo onun bioloji funksiyalar1 arasinda hansi slagonin olmasini
Oyronmoyo imkan verir. [1]

Verilmis materialda 17 amin tursusundan ibarst olan, hom insan, hom do heyvan
(mos. Okiiz, sisovul, si¢an) organizmindo identik olaraq rast golo bilon neyropeptid
molekulundan — nogstatindon séhbat gedir. [2,3,4]. Konkret olaraq neyropeptidin N-sonluqlu
Thr-Glu-Pro-Gly-Leu pentapeptid vo C-sonluglu Glu-Glu-Lys-Glu-Leu-Glu hegsapeptid
fragmentlorinin konformasiya hallar1 (imkanlar1) 6yronilmisdir. Nozori konformasiya analizi
metodu vasitosilo Thr-Glu-Pro-Gly-Leu pentapeptid fragmentinin hom hondosi, hom do
energetik parametrlori hesablanmigdir. Hesablamalarin noticalari (cadval 1) on kigik enerjili
konformasiyalar tigiin verilmisdir. Togdim olunan 12 kigikenerjili konformasiyada nisbi enerji
(0 — 3.8) kkal/mol intervalinda doyisir. Osason konformasiyalarin stabillosmosi geyrivalent
qarsilight tesir enerjisinin minimumunun boyiik oldugu hallarda (-17.8 kkal/mol, -17.6
kkal/mol, -17.5 kkal/mol va s.) rast golinir. Digor enerjiloro (mos. elektrostatik) nisboton
torsion enerjinin destabilizasiya faktoru daha azdir.

Cadval 1. Nogstatin molekulunun N-sonluqlu pentapeptid fragmentinin asagienerjili
konformasiya hallari.

Enerji paylan kkal\mol
Konformasiya
Eq.v E el E tors. E tam E nisbi
1 -17.8 4.2 1.6 -11.9 0.0
2 -17.6 4.5 1.6 -11.5 0.4
3 -17.5 3.4 3.7 -10.4 1.6
4 -16.0 3.9 2.1 -10.1 1.8
5 -15.3 3.7 1.9 -9.7 2.2
6 -15.3 3.8 1.9 -9.6 2.3
7 -15.6 3.6 2.4 -9.6 2.3
8 -15.3 3.6 2.2 -9.5 2.4
9 -15.4 3.4 2.8 -9.2 2.7
10 -14.7 3.4 2.6 -8.8 3.2
11 -14.4 3.7 2.5 -8.1 3.8
12 -14.1 3.9 2.1 -8.1 3.8

Alman asas zancirin kaskin olaraq donmasi hallar1 asasan Glu-Pro-Gly olan hissalords rast
golinir ki, bu da normal sayilir. Ciinki bu amin tursu qaliqlarmin yanasi oldugu hissalor yani,
zoncirgo hor zaman Glutamin tursusu ikinci vo Gly tursu qaligi dordiincii yerds yerlosorkon
polipeptid zoncirlordo koskin donmolor miisahido olunur. Bu xiisusiyyoti do Glutamin
tursusunun yan zoncirinin (COO ) karboksil qrupu ilo Glysinin asas zoncirinin NH™ qrupu
arasinda omolo golon hidrogen rabitosini yaranmasi ilo izah etmok olar. Belo rabitonin
uzunlugu 2.0 "A — tortiba qador ola bilir.

Digor uygun todqiqat iso C-sonluglu Glu-Glu-Lys-GIn-Leu-Glu anim tursu qaliglar1
ardicilligi iiciin aparilmigdir. Bu molekul {iciin konformasiya analizi metodundan basqa hom
do molekulyar dinamika iisulu tatbiq edilmisdir. Nogistatin molekulunun Glu-Glu-Lys-Gln-
Leu-Glu hegsapeptid fragmentinin foza qurulusunun todqiq etmok {iciin ikilizlii bucaqlarin
ilkin qiymatlori nozori konformasiya analizi isulu ilo tapilmis kicikenerjili konformasiyalarin
qiymotlori gotiirilmisdiir. [5]. ©Ovvalco nogqistatin  molekulunun hondosi parametrlori
optimizasiya edilmisdir. Optimizasiyadan ovval vo sonraki foza quruluslarina nozor salsaq
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gorarik ki, avval Glul vo Glu6 anim tursu qaliqlarinin yan zoncirlori bir-birindon arali
olduglar1 halda optimizasiyadan sonra onlar bir-birino yaxinlasaraq daha kompakt qurulus
yaradirlar. Eyni optimizasiya su miihiti do nozors alinmagla aparilmis vo molum olmusdur ki,
vakuumdaki hali ilo miiqayisads nigstatin molekulunun atomlar1 su molekullar1 ilo hidrogen
rabitosi omolo gotirorok {iziinii elo dayaniqlt hali alir ki, belo konformasiyalar1 he¢ bir digor
xarici tosir doyigo bilmoaz.
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SU-POLIETILENQLIKOL (3000)-NaOH (0.1 mol/I) SISTEMININ
REOLOJi XASSOLORININ TODQIQi

H.S. Hasanov, B.G. Pasayev, C.I. ibrahimov, R.S. Ohmadova
Baki Déviat Universitetinin Fizika Problemlori Institutu
bakhtiyarpashayev@yahoo.com

Polietilenglikol (PEQ) (HO(-CH,-CH,-O-) H) iki atomlu etilenglikol
(HO -CH, -CH, —OH) spirtinin polimerlogsmasindon alinir. Polimerlosmo doracasindon (n-

don) asili olaraq istonilon molyar kiitlali polietilenglikol almaq miimkiindiir. PEQ molekulyar
biologiyada, biokimyada, tobabotdo vo s. genis istifado olunur. Bu polimer suda yaxsi holl
olur. Su-PEQ sistemina galovi vo ya duz slavo edildikdo maddonin dissosiasiyasi naticosindo
yaranan metal ionu PEQ molekulu ilo qarsiligh tesirds olur. Belo qarsilighh tosirlorin
Oyronilmasinds su-PEQ-golovi (duz) sistemlorinin reoloji xassolorinin todqiqi zoruridir.
Toqdim olunan isdo su-PEQ-NaOH sisteminin 293.15-323.15 K temperatur vo PEQ-in
0-5% konsentrasiya intervalinda dinamik ozliliyi, elektrik keciriciliyi vo  sixligi
olciilmiisdiir. Isdo molyar kiitlosi 3000 olan PEQ-dan istifado olunmusdur. Holledici olaraq
NaOH-m 0.1 mol/l konsentrasiyalt mohlulu gotiiriilmiisdiir. Todqiq olunan mohlulun baxilan
temperatur vo konsentrasiyalarda 6zIii axmin aktivlosmo parametrlori (AG: , AS” AH;)

77)

mohlulda PEQ-in parsial molyar hocmi (17) vo xarakteristik Ozliliiyliniin ([n]) temperaturdan
asililigr toyin edilmis, Valden qanunu (on=const) yoxlanilmisdir. Bunlara asason mohlulda
bas veran struktur xiisusiyyastlori tohlil edilmisdir.

Su-PEQ (3000)-NaOH (0.1 mol/l) sisteminin dinamik Ozliliiyliniin vo elektrik
keciriciliyinin temperaturdan asililiglar1  sokil 1 vo 2-do, 6zlii axmin aktivlosmo

parametrlorinin (AG; , AS”, AH) vo mohlulda PEQ-in parsial molyar hacminin (V) PEQ-

n 2
in kosentrasiyasindan asililiglar1 uygun olaraq sokil 3, 4, 5 vo 6-da, xarakteristik 6zliliiyiin
([n]) ve o hasilinin temperaturdan asililiglari iso sokil 7 vo 8-do gostorilmisdir.
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n,mPa - san

(U, NOSE S Ry

0.5 : : . 1,2 1 : : LK
293 303 313 323 293 303 313 323
Sokil 1. Su-PEQ (3000)-NaOH (0.1 mol/l) sisteminin Sokil 2. Su-PEQ (3000)-NaOH (0.1 mol/l) sisteminin
miixtalif konsentrasiyalarda dinamik &zliliyiiniin miixtolif konsentrasiyalarda elektrik kegiriciliyinin
temperaturdan asililig. temperaturdan asililigi.

1-1%, 2-2%, 3-3%, 4-4%, 5-5%

18600 1
AH” <
" mol

10600 -

10200 18200 1

9800 A 17800 -

17400 -

0 ¢ 0
9000 —— -C’ A’ 17000 — (.j’ A’
0 1 2 3 4 5 0 1 2 3 4 5
Sokil 3. Su-PEQ (3000)-NaOH (0.1 mol/l) sisteminin Sakil 4. Su-PEQ (3000)-NaOH (0.1 mol/l) sisteminin
0zIli axminin aktivlosma Gibs enerjisinin PEQ-in 0zIi axininin aktivlosmo entalpiyasinin PEQ-in
konsentrasiyasindan asililig1 (T=293.15 K). konsentrasiyasindan asililigi (T=293.15 K).
32 -AS;: C 17 m
" K -mol 0.0028 17 o1
29 1
<
* * * od 0,0026 4
26 A4 \‘\‘\’\‘\‘
23 0,0024
20 T T T .C‘ %. 0,0022 T T T .C‘ %
0 1 2 3 4 5 0 1 2 3 4 5
Sokil 5. Su-PEQ (3000)-NaOH (0.1 mol/l) sisteminin Sakil 6. Su-PEQ (3000)-NaOH (0.1 mol/I)
0zIi axminim aktivlosmo entropiyasinin PEQ-in sistemindo PEQ-in parsial molyar hocminin PEQ-in
konsentrasiyasindan asililigi (T=293.15 K). konsentrasiyasindan asililig1 (T=293.15 K).
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293 303 313 323 293 303 313 323
Sokil 7. Su-PEQ (3000)-NaOH (0.1 mol/l) sisteminin Sakil 8. Su-PEQ (3000)-NaOH (0.1 mol/I) sistemindo
xarakteristik ozliiliiylinlin temperaturdan asililigi. no hasilinin temperaturdan asililigi (C=1%).

Sokil 1 va 2-don goriiniir ki, baxilan mahlulun temperatur artdigca dinamik 6zliliyt
azalir elektrik kegiriciliyi artir, konsentrasiya artdigca iso dinamik ozliiliiyti artir, elektrik
keciriciliyi azalir. Sakil 3, 4, 5 vo 6-dan goriiniir ki, mohlulda PEQ-in konsentrasiyasi artdigca
AG; vo AH; kemiyyatlorinin qiymatlori artir, AS -in qiymoti demok olar ki, doyismir, V-
nin qiymoti is9 azalir. Sokil 7 vo 8-don goriiniir ki, temperaturun artmasi ilo [n] komiyyati vo
no hasili azalirlar. Qeyd edok ki, AG), AH], AS; vo V parametrlorinin baxilan
temperaturlarda konsentrasiyadan asili olaraq doyismoalori, #o hasilinin iso baxilan
konsentrasiyalarda temperaturdan asili olaraq doyigmasi eyni xarakterlidir.

HNCCIEJOBAHUE KOH®OPMAIIMOHHOI'O ITIOBEJAEHUSA AHAJIOT'OB
MOJIEKYJIbI KACCUHUHA
Araesa I'.A.

Hucmumym ¢usuueckux npodnem, bakunckuii 20cyoapcmeeHubvlll yHusepcumen,
AZ-1148, yn.3 Xanunosa, 23, gulshen(@mail.ru

Kak u3BecTHO, ocymiecTBieHrne U 3(pGeKTUBHOCTh (HapMaKOIOTHIECKUX BO3JACUCTBUI
NeNTUAHOrO  Ouoperynsropa, Tak  WIM  HHaye, CBA3aHbl CO  CTPYKTYpHOU
KOMILJIEMEHTAPHOCTHIO, B3aUMOJICHCTBYIOIUX MOJIEKYJ IenTuaa u peuentopa. Ilostomy, mis
BBISICHEHUS] MEXaHH3Ma OnoJIoruueckoro 3gpdexra, He0OX0UMO 3HAHKUE TPOCTPAHCTBEHHOTO
CTPOEHUS MENTUIHOIO OMOPETyIATOpa U €ro CTPYKTYPHO-(YHKIIMOHAIBHBIX B3aUMOCBSI3EH.
[IpumeHeHre B pelIEHUH CTPYKTYpPHOH HpOOJIEMbl Ppa3IMYHBIX TEOPETUYECKHUX METOJOB
pacueta W IporpaMM C rpa@uueckuM H300pakKeHUEM, IO3BOJIAET IPEACKa3bIBaTh
MIPOCTPAHCTBEHHbBIE MOJIENIN UCCIIEYEMbIX MENTUIHBIX MOJIEKYI.

B Hacrosimelr paGoTe mnpeacTaBieHbl pe3yJbTaTbl CPABHUTEIBHOTO HCCIEA0BaHUS
KOH(OPMAIIMOHHOTO TIOBEJEHUS MOJIEKY1 KaCCHHHHAa U €ro CTPYKTYpHBIX aHajoroB
METO/IaMU MOJIEKYJISIPHOW MEXaHMKH U MOJIEKYISIpHOM nuHamuku. KaccuHuH BriepBble ObLI
oOHapy)XeH B LEHTpaJbHON HEepBHOU cucteme ampuodbuu Kassina senegalensis. Monekyna
KacCHHMHA cocTonT U3 12 ocrarkoB, H-Asp'-Val*-Pro’-Lys*-Ser’-Asp®-Gln’-Phe®-Val’-Gly'’-
Leu''Met'>NH,. Ilo cBoeif mepBHUYHO CTPYKTYpe M psiLy (yHKIHOHANBHBIX CBOWCTB
KAaCCHHUH  OTHOCAT K TaXWMKMHUHOBBIM  HeWpomentuaam [1,2].  HccrmemoBanue
KOH(OPMAIIMOHHBIX CBOMCTB MOJIEKYJIbl KAaCCHMHHMHA M €ro TJHUIMH-MOHO3aMEIlEHHBIX
aHAJIOTOB  IPOBOAMJIOCH METOJIOM  MOJIEKYISIPHOM MEXaHUKU C HCIMOJIb30BaHUEM
cTaHzapTHoi reomerpuu. Ilpu KoHpoOpMaLMOHHOM pacuere NEeNTHIO0B YYUTHIBAIUCH
HEBAJICHTHBIE U 3JIEKTPOCTATUYECKUE B3aUMOJICHCTBUS, BOJOPOIHBIE CBA3M M TOPCHOHHBIE
noTeHuManel. s pacuera Oblia cocTaBiieHa aTOMHAas MOJIENb U BbIOpaHbl IE€PEMEHHBIE
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NBYTpaHHBIE YIJIBI MOJICKYJ KAaCCMHMHA W €ro aHajoroB. Pe3ynbTaThl HCCIEIOBaHUS
Mmoka3aiau, 49Tro N-KOHIIEBas TMEHTAICNTHIHAS TIOCIEIOBATEIPHOCTh TMENTHAOB SBIISETCS
OTHOCHTEIILHO TIOJIBIDKHBIM YYaCTKOM M CIIOCOOHBIM 00Opa30BBIBAaTh O€Ta- M raMMa-u3ruobl,
Omarojaps HaJW4Wi0 B IleMd  ocTaTka mpoyimHa. OAHAKO CYIIECTBEHHO pPAa3IMYarOTCs
OTHOCHTEIIbHBIE OpHUEHTAIlMU OOKOBBIX Ierel ocTaTkoB. Pacder moxkasai, uro C-KoHIIEBas
TeKCalenTHIHas YacTh MOJIEKYJT B  CTa0WJIBHBIX KOH(MOPMAIIMOHHBIX COCTOSIHHSIX
SHEPTeTUYECKH  MPEAINOYTHTEIIHHO dopmupyer  anbda-cnupaabHyIO CTPYKTYPY.
CormnocraBienne KOH(POPMAIIMOHHBIX BO3MOXKHOCTEH TENTHUI0B IMO3BOJUIIO OIPEACIUTh
HauOoyiee BaXHBIC CHenU(UUECKHEe KOHTAKThl, HEOOXOAUMbIE i  CTaOMIM3aIuu
MPOCTPaHCTBEHHBIX (opM. B pesynprare pacyeToB ObUIM OMpPENETICHBI JHEPrETHUYCCKU
MPEANOYTUTENbHBIE 00JacTH BEJIWYHMH JBYIPAHHBIX YIJIOB W B3aMMHOE PACIOJIOKEHUE
OCTaTKOB B CTAOMJIBHBIX KOH(MOpPMAIHMSIX MOJIEKYJI. OHEPreTHYECKH MPEANOUYTUTEIHHOE U
MHOTOYHCIIEHHOE CEMEWCTBO KOH(pOPMAIMK JUII KACCHHUHA  COCTaBJISIIOT CTPYKTYPHI,
cojaepxamue o-cnupasb Ha C-KOHIIEBOM TenTamnenTuie. BHYTpH KaXJI0oTO CeMeicTBa
KOH(pOpMalMKM Pa3IUYalOTCI CTPYKTYPHBIM  THUIIOM N-KOHIIEBOTO TETPANENTHIHOTO
(dbparmeHTa, KOTOPBIM MPOJOJDKEH OTHOCUTEIBHO KECTKUM Y4aCTKOM IOCJIEI0BATEIBHOCTH.
Pacuer moxasayi, 4Yro MOJIEKYJBI KAaCCHHMHA W €ro aHajJloroB MOTryT  (opMupoBaTh
OTPAaHWYEHHBI  HA0OpP TPAKTUYECKH TOXOXKHUX  HHU3KOIHEPIeTHUYECKHX  CTPYKTYP,
OTHOCSIIMECS K HECKOJIbKUM cemeicTBaM. OHM M3 HUX COJEPKUT OAMH [-u3rud um o-
CIIUPAIBHBIA CETMEHT, a IPyrue MpeACTaBiIseT cO00i CBEPHYTYIO CTPYKTYPY C HECKOIBKUMH
[-u3rnbamu, nepexosIIyr0 B HEOOBIION BUTOK oi-criupayid Ha C-koHue. Huxe mpuBeneHs
cTepeon3o0pakeHuss HanbojIee ONTHUMAIBHBIX MPOCTPAHCTBEHHBIX CTPYKTYP MOJEKYI
KaCCHHHWHA U ero aHajoros (puc.1).

Puc.1. CrepeonzobpakeHrst HU3KOYHEPT€TUUECKHUX KOH(l)OpMaIII/IOHHBIX COCTOSIHHIA
HEKOTOPBIX aHAJIOTOB KACCUHMHA

ConocraBiieHue pe3yabTaTOB pacyeTa MOJIEKYJl KacCMHMHAa W €ro aHaJloroB
CBUJETEIBCTBYIOT O CYIIECTBEHHOM HX KOH(OPMAalMOHHOM CXOJCTBE, T.€. Hapsay co
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CTPYKTYpPHOI ToOMOJIOTHEN ATHX ABYX MOJIEKYJ] HAOJIIOJAeTCsl CYIIECTBEHHAs] aHAJIOTHUSI B UX
MIPOCTPaHCTBEHHOM opranuszanuu. VccinenoBanrne KOH(GOPMALMOHHOTO MOBEIACHUS aHAJIOTOB
KAaCCUHHMHA METOJIOM MOJIEKYJISPHONW JUHAMHKHU C MCIOJIb30BAaHHMEM B KAaue€CTBE CTApPTOBBIX
NPUOIMKEHUH HU3KOSHEPreTHUYEeCKUX KOH(POPMAIMOHHBIX COCTOSIHMM MOJIEKYI, IOKa3ajo,
YTO AHAJOTU C TOYEUHBIMM 3aMEHAaMHU OCTAaTKOB, PAacHoOJIOKEHHbIX B (C-KOHIEBOM 4acTu
MOJIEKYJIBl ~ JIEMOHCTPUPYIOT ~ 3HAYUTENIbHYI0  KOHCEPBaTUBHOCTh  KOH(OpPMAalMOHHO-
JMHAMHYECKUX CBOWCTB, TOIJa Kak aHajJoru C 3aMeHaMu B N-KOHIIEBOM TeTpamenTHe
MPOSIBIISIOT OOJBIIYI0 KOH(GOPMAIIMOHHYIO TMOJIBMKHOCTh KaK OCHOBHOHM, TaK W OOKOBBIX
LIETIEH OCTaTKOB.

JIMTEPATYPA
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BJIMAHUE KOPOHHOI'O PA3PSIIA HA CIIEKTPBI TOKOB
TEPMOCTUMYJIMPOBAHHOMU JEIIOJIAPU3IALINU

III.M.TACAHJIH, Y.®.CAMEJOBA, M. A.HYPUEB', M.P.AJIJTIA30B*
HUncemumym Quzuxu AHA, 1-Hncmumym paouayuonnvix npobiaem, 2-baxunckuii
T'ocyoapcmeennsiii Ynusepcumem

OaHMM U3 HOBBIX HAaNpaBiICHUH B O00JACTH CO3JAHMUSI AKTUBHBIX JUAJIEKTPUKOB
ABJISETCA pa3paboTKa ABYX- M MHOIO (a3HbIX KOMIIO3UTHBIX MAaTe€pHalloB, B YaCTHOCTH
KOMIIO3UTOB Ha OCHOBE CUCTEMBI MOJIMMEP-TIOJIYIIPOBOIHUK, 00JaJaBIINX BapUCTOPHBIMU U
IIbE€30-PE3UCTUBHBIMU CBOMCTBaMHU. [3BECTHO, YTO YAaCTHYHBINA pa3psl, BO3HHUKAIOIUN B
BO3JIYIIHBIX MPOCIOMKAX Ha TpaHMIE C AUIIEKTPUKOM, C OJHOW CTOPOHBI, NPUBOJIUT K
MOAU(PHUKAIMU TOBEPXHOCTH MOJUMEPHBIX IUIEHOK, a C JAPYroll — MOJEIUpYeT BIUSHUE
YaCTUYHBIX pa3psAI0oB B M30JSIIMUA. OTOT pa3psii HMEeT JUCKPETHBIM Xapakrep U
IpescTaBiIsieT co00il MHOXKECTBO MHKPOPA3PSJIOB, BO3ZHUKAIOIIUX B MPOMEXKYTKE MEXKIY
nudnexkTpuueckumu 6apbepamu [1]. Ilox neiicTBueM Takux pas3psaoB Ha MOBEPXHOCTH IIO-
JUMEPHON IUIEHKH oOpa3yeTcssi TOHKUH MOAM(PUIMPOBAHHBIA CJIOW, CBOICTBA KOTOPOIO
OTJIMYAIOTCSI OT CBOMCTB TOJIIIN MaTepHaa .

PabGora mocBdlieHa M3y4EHUIO BIUSHUS KOPOHHOTO pas3psijia Ha CIEKTPhl TOKOB
TepMocTuMyaupoBaHHod  nenonspuzauuu(TCJ])  m1st  KOMIO3UTOB  Ha  OCHOBE
xanpkonupuTHBIX coeauHeHnit CulnSe, — MnSe u  HemomsipHoro mosmmepa (I19).
KoMmno3uTel OblIM TOJy4eHBl W3 TOMOI€HHOW CMECH HOpPOLIKOB KOMIIOHEHTOB IIyTEM
ropsiuero npeccoBanusi(cM. Tadbauiy). Tonmmnaa o6pa3nos Ob1a paBHa 150 mxkM. OOpaboTka
IUIEHOK B pa3psale MPOU3BOAMIACHE HA BBICOKOBOJIBTHOM YCTAaHOBKE IIPU IEPEMEHHOM
Hanpspkennn U=-6 kB u wactore f= 50 I'l. KopoHHsiii pa3psm OblT MPOBEACH COTIACHO
MeToauke U3 pabotsl [2]. OOpaboTKa MJIEHOK MpPOBOAMIACH B TEYEHHE 5 MHUHYT IpU
HOPMaJIbHOM aTMOC(EpHOM JaBICHUH 0€3 MPUHYAUTENbHON BEHTUIISLUU BO3AyXa.

Tabnuua

5
o6sz:E)HOB OGpaset GIO(CI;Ilrg ek | TmK Kll\n):]/ij[on Kll\nt]/r;/’[on EoeV
1 10mol%MnSe 3.2 23.5 408 155 705 0.7
2 20mol%MnSe 2.5 38.4 403 140 435 0.63
3 40mol%MnSe 0.34 11.4 409 130 1463 0
4 100%PE 0.19 14.7 407 123 1124 0.55
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CrekTpel  TEPMOCTHUMYJIUPOBAHHON

nenosspuzanuu(TCI]) cHuMamuch  CTaHIAPTHBIM
crocoO0oM, a UMEHHO, 00pa3ibl KOMIIO3HUITUK MOMEMIAINCh MEXAY ABYMS 3aKOPOUYCHHBIMU

4yepe3 JJIEKTPOMETPUYECKUN yCWINTENb Y5-11 3lIeKTpojaMu B U3MEPHUTENBHYIO SYEHKY.

Kpussie TCJl B nuanazone temneparyp 273-433K. Obutr mOJIydeHBI TIPU JTUHEHHOM HarpeBe
00pa3LoB € MOCTOSIHHOM cKOpocThio 5 K/MuH.

Pe3y.]'IBTaTBI OKCIICPUMCHTOB

MoKasaHbl Ha puc.l-2. M3 pHCYHKOB BHJIHBI CIIEIYIOIIUE
3akoHoMepHocTH: 1. Ha cnekrpax xommosunmii Nel, Ne2 m Ne4 ¢ pocrom Temmeparypbl

IMPOPHUCOBBIBAIOTCA YCTOﬁqHBBIe MAaKCUMYMEI C ITPOTUBOIIOJIOKHBIMH 3HAKaAMKW HAKOIIJICHHOI'O
3apsna (romozapsim U rereposapsim). B tom umcne st oOpasmoB Nel, Ne3 u Ned

oTpuiatenbHble MakcuMyMbl HaOmogatorcs npu T= 393K u T=401K, a monoxxurtenbHbIE
T=407K u T=408K,

T=409K cootBerctBenHo. Makcumym TCJI s obOpasma Ne2
HaOmogaercs ipu T=

403K. 2. Benununna toka TCJ] ¢ pocToM 00beMHOT0 CoOJiepKaHuUs

O6unapHoro komrnoHeHTa (MnSe) yBennuuBaetcs, a MakcuMmymbl criektpoB TCJI cmeniatoTcs B
00JacTb BHICOKUX TEMIIEPATYP.

Jlis Bcex 0Opas3loB ObUIM pacCUMTaHbl pejakcaluoHHble napamerpbl crnekTpoB TCJI(cm.

T1a0). Pacuerst mapamerpoB Obutm mpoBeaensl Ha ocHoBe ['OCT 25209-82. Dueprus

axktuBanus E, moBymek Obu1a onpesenena no metony ['apiuka —['ubcona (MeTo1 HaYaIBLHOTO
MOIbEMA).

105,10
8 1L

5%MnSe/PE 10.0,1B/cex
10mol%MnSe

(1,10

—PE 100,1B/cex

%MnSe/PE 10;0,1B/cex 8 --5%MnSe/PE .
ﬁ 20mol%M(1j1] e 10mol%MnSe
*---5%MnSe/PE, 10;0,1B/cex :0,1B/ /
} " 40mol%MnSe 10 cex
|

N~

r S
Puc.1.3aBucUMOCTb TEPMOCTUMYINPOBAHHOTO

Puc.2. 3aBucuMOCTh TEPMOCTUMYINPOBAHHOTO
TOKa OT TEMIIEPaTyphl.

TOKa OT TeMIIepPaTypHl.

ConocraBiieHue pe3yabTaTOB IMOKA3aHHBIX, B TaOJUIE TIO3BOJSET CHENaTh CIEAYIoUIe
BbIBOJIBL. 1. Hambonpimee Bpemsi pernakcauuu HaOmomaeTcs Aid  KoOMIos3uta Ne2,

a
HauOospmiass 3¢P¢eKTuBHAS IUIOTHOCTh OCTATOYHBIX 3apsAn0B Uil Kommo3uta Ne 1
coOTBeTCTBEHHO.2. JloOaBKa HAMOJHUTENS] NPUBOIUT K CHIBHOMY pPOCTY  BEIUYUHBI
s dexTuBHOTO 3apsaa.

CornacHo pa6oram [1,3] mabmomaemass wunBepcus Toka TCJl, MoxxeT ObITh 00yclOBIEHA
U3MEHEHHEM COOTHOIIEHUS MEXKAY DJIEKTPONPOBOIHOCTIMHU

HEOJHOPOJHBIX MaTepHajiax(B HalleM cilydyae Kommo3uTta).. [leno B ToMm, 4TO B mpoliecce
NEUCTBUSI KOPOHHOIO pas3psiia B KOMIIO3UTe oOpasyercss OOBbEeMHBIM 3aps] U B IIOJIE

o0bemMHBIX 3apsnoB (O3) Ha rpaHUMLAX YaCTUI[ HAIOJHUTENS M HoJuMmepa oOpaszyercs
Mexdaznas nonspuzauus (MII) [1,3-4].

OTACIBHBIX  CJIOCB B

Otpunarensable TUKA(00.Nel u Ne3) B o0macTu HUBKMX TEMIEpaTyp COOTBETCTBYIOT
nossipuzaunn MakcBenna—Baruepa. Ilo-BunumMoMy, oHa MPOUCXOOUT H3-3a CMEIIECHUS B
oOpa3uie CcBOOOIHBIX HOCHUTENEH 3apsia K TIpaHMIE pasfena HalOJIHUTENb-IIOJUMED.

[TonoxutenpHble MUKUA COOTBETCTBYIOT pEJIaKCaluio OObEMHOIO IMOJIOKHUTEIBLHOTO 3apsja,
c(OpMHUPOBABIIETOCS B [10JI€ TOMO3apsia.

Takum o00pa3oMm, U3ydeHbI NIPOLECCHl HAKOIUIEHUS U peJaKcalluu OOBEMHOro 3apsjia B
KOMIIO3UTaX Ha OCHOBE XaJIbKOMUPUTHBIX coennHeHuil Tuna CulnSe, — MnSe 1 HenossipHOro
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noymumepa (I119).
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O HEKOTOPBIX ITPOLECCAX, TIPOUCXOOAILIINX B O30HATOPAX
BAPBEPHOI'O PA3PAIA

H.A.Mawmenos, b.b laynos, K.M./lamaamupos, I''M.Caabix3ane, LLL.IL.Anex6epoB
bakunckuii ['ocyoapcmeennviii Ynusepcumem

B pabote wusywarorcsi nByxOapbepHble pa3psibl INEPEMEHHOTO TOKAa MEXAY IBYMs
KOaKCHAJIbHBIMU LUJIMHAPaAMH, OCYIICCTBIACMBIC B PCAJIBHBIX O030HATOpax. OcHoBHOE
BHUMAHUE YJEISIETCS poJiM O0OBbEMHOIO 3apsja, 00pa3yrolerocs B KaXKAblil MOJyNepHos
moaaBa€MoOro HallpsaKCHHUA BO BHEITHEH 30HE paspsaa U BIUAIOMICTO HAa €ro HAIIPSAXKCHUC
3aXKHUraHusda, B 3aBUCHUMOCTH OT TOro, yCrIcBacT JIAU HpOHSOfITH JACHOHM3alUA Pa3psAaHOIro
MIPOMEXYTKa B KaXKIOM Mosynepuone. s BOZHUKHOBEHUSI TaKoro paspsijaa, HeoOXOoIuMmo,
yTOOBl HAMNpSDKEHHE, NPUIOKEHHOE K JIaHHOM CHCTEME 3JEKTPOJOB, IPEBOCXOIMIO IO
BCINYNHE OHpCHeHCHHBII;'I YPOBCHB, Ha3bIBaEMBIH Ha4daJIbHbIM nim KPUTHYCCKUM
HAITPps>KCHUCM. Bemnumaa »toro HaIlPpsKCHHA 3aBUCUT OT poJa MW IUIOTHOCTH Tasa,
r€OMETPUUECKUX Pa3MEPOB U COCTOSIHUSI IOBEPXHOCTH JIEKTPOJIOB.

Oco0eHHOCThIO KOHCTPYKIMU 030HATOPOB SIBJISIIOCH TO, YTO Pa3psia MPOUCXOINI MEXKITY
ABYMA KOAKCHAJIbHBIMH JUIJICKTPUYCCKUMU 6apbepaMI/I (JII/IBJ'ICKTpI/I‘-IGCKaﬂ IMPOHHULIAEMOCTDb
€=4), BHYTpPEHHUHN 3JIEKTPOJ| O30HATOPA MOMENIAJCS BHYTpU Oapbepa ¢ MajblM paguycoM
KPUBU3HBI, BHEIIHUNA € 3JIEKTPOJ ObUI pacHojOXKEH IOBEpX BTOPOro. IJTO CO3/1aBajio
JOIIOJTHUTENBHYIO EMKOCTD, KOTOPYIO IIPUXOAUIIOCH YUUTBIBATH IIPU pacueTe HAIPSHKEHHOCTU
aNeKTpudecKoro moJs [1]:

[IpoBeneHHbIe pacyeThl OKa3bIBAIOT, YTO B UCCIETyEMOM paboueM Juana3oHe AaBJICHUN
O30HATOPOB BpEMA XKU3HMU T IOYTH HE MCHACTCA C HU3MCHCHHUCM JaBJICHUSA P, a,
CJIEIOBATENIbHO B YKa3aHHOM Juara3oHe, HEBO3MOXKHO YIPAaBIATH OOBEMHBIM 3apsiioM B
030HATOPE € IIOMOIIBIO IABJICHHUS.

C npyroit cTOpoHbl BUJHO, YTO BPEMs KU3HU OCTATOUYHBIX MOHOB (BpeMs JAECHOHU3ALIUN)
CYLIECTBEHHO pa3jMyYaeTcsi y pa3HbIX TUIIOB O30HATOPOB M CIIEAOBATENbHO, YCIIEBAET JIU
miasMa  JEMOHU3MPOBAThCS ~ MEXAY JABYMs  BCHObIIIKAaMU  MHKpopaspsaoB  (MP),
IMPOUCXOAAIIUMHA Ka)K)IBII)’I IMOJIYIIEPHUO A, 3aBUCUT, KaK IMOKAa3bIBAOT paCyYCThl, OT IapaMCTPOB
o30HaTtopoB. Cyns MO BCEMY, C YBEJIMYEHHEM YaCTOThI M0JABAEMOI0 HAIMPSHKEHUS, BpPEeMs
MCXKIAY ABYMS IMOJYIICpHUOJaMH YMCHBIIACTCA, W IJIa3Ma HE YCIICBACT ACUOHHU30BATHCA, YTO
MPUBOJUT K YBEIMUYEHHUIO OOBEMHOTO 3apsja M, CIE€JOBATENIbHO, MOJ €ro BO3ICHCTBHEM,
YMCHBIICHUIO HAIIPSKCHUSA 3a’KUT'aHUA MP, AHAJIOTUYHO TOMY, KaK 3TO IMPOUCXOANJIO, KaK
YKa3aHO BBILIEC, ITPH YBCIWNYCHUUN aMIIIMTYAbI IIOJaBACMOI'0 HAIIPSAKCHUA.

YuuTeiBas BBIIIEU3IIOKEHHOE, MO-BUIMMOMY, BapbUpPys HE TOJBKO AMIUIATYAOW, HO H
JacTOTOM moaaBac€Moro Harps>KCHHUsA, MOKHO HaWTH ONTHMAaIbHBIE YCJIOBUA [JIA 3a’KUTaHUA
MP nepeMeHHOro TOKa, a CJIeI0BaTEIbHO OCYIIECTBUTH Halbo0JIee SHEPTeTUUECKH BBITOIHYIO
MOJIENIb 030HATOpA.

B pa3snmnuHBIX BBICOKOBOJIBTHBIX HEOJAHOPOJHBIX pa3pAIHBIX IPOMEXYTKax IpHU
aTMOC(EepHOM JIaBJICHUH MPOTEKAIOT MPOLIECCHI, N3YYE€HNE KOTOPhIX HEOOXOMMO KaK C TOUKU
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3peHusl yCOBEPIIEHCTBOBAHUS 030HATOPOB TaK U MpU pa3pabOTKe TEXHOJIOTHM OYHCTKHU BOJIBL.
[Tockonbky B JByXOapbepHBIX pas3psiiax OTCYTCTBYIOT METAJUIMYECKUE AJIEKTPOAbI, TO
MIPOLIECCHI,  COIMPOBOXKAAIOIIMECS  OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIMU  PEAKLUSIMH,
MIPOUCXOJAT B 00bEME U MOBEPXHOCTHBIMU 3P (HEeKTaMU MOXKHO MpeHeOpeub. DTH MPOLECCH
OCHOBAaHbl Ha TE€HEPUPOBAHMM XUMHUYECKM AaKTHUBHBIX 4YacTHll: O030Ha (O3 , aTOMapHO-
akTUBHOTO Kucinopojga O u panukanoB OH. Yka3aHHbIE YaCTHUIIbI CUHTE3UPYIOTCS TaKXKe B
peakTopax — AaKTHUBHON 30HE O30HATOPOB, NPU BO3JACHCTBUM Ha BOJY HOHU3UPYIOIIETO
M3JIy4E€HUS BBICOKOM BHEPruu, V@ — u3inydeHus Wi MNIEKTPUUECKUX Pa3psao0B.

B [2] noka3aHo, 4TO M3 PAaCCMOTPEHHBIX IPOLECCOB 00pa3oBaHMsA 030HA HauboJiee
BAYKHYIO POJIb UTPAIOT JAUCCOLMAIIMS MOJIEKYJIbI KHCIIOPOa MPU COYJApEHUsX ¢ MOJIEKyIaMu
a30Ta M CTOJIKHOBEHHS aTOMOB Kuciopoaa ¢ moJiekylamu O,. BakHbl Taxke Mpolecchl
o0pa3oBaHUsl MOJIEKYJI O30HA IpU TPOMHBIX coynapeHusix. B 3Tux mpoieccax y4yacTBYIOT
aTOMAapHBIA U MOJIEKYJSIPHBIA KUCIIOPOJ, a pOJib TPEThE YacTHUIIbI MOKET UrpaTh Jirobas u3
MPUCYTCTBYIOIIUX B Ta30BOM cMmecu MoJieKyl. be3 wuccinenoBaHusi BbIIEU3JI0KEHHBIX
3JIEMEHTAPHBIX IPOLIECCOB B 0OapbepHOM pa3psie, HEBO3MOXHO U CO3JaHHE O30HHOTO
reHepaTopa C XOPOIIMMHU BbIXOHBIMU MapaMeTPaMHU.

Kpome Ttoro, Hambosee cCymieCTBEHHbIM HEIOCTATKOM CYILECTBYIOIIUX PpPEaKTOPOB
SBJIIETCS CUJIbHAs 3aBHCHUMOCTh KOJIMYECTBA IPOU3BOJKMMOIO, O30HA, OT BIAKHOCTH
MIOCTYIAIOIIET0 B 00BEM BO3/yXa.

[Ipu pa3psine B BoAHBIX cyOcTaHIMsIX 00pa3zytorcest H>0, — nepeKuch BOIOpoaa, KOTopas
YBEJIMYUBAET BA3KOCTH BOABI. [lepokcny Bogopoaa JIErKO pas3iiaraercs, BbIIENIss KUCIOPOA:

2H>0; (Bonn) = 2H,0 (k) + O2(r), AS=+0,4681 x/[owc/(morv-K), (1)
YTO HEOOXOAMMO TIpu CHHTe3e o030Ha. [lepokcua BOJOPOAA MOMKET TaKXKe SIBISTHCA
OKHCIIUTEIIEM:

H,0; (Bomn) + 2H (Bomn) + 2e” 2 2H,0 (%), AS = £2,6082 x/loc/(monv-K) (2)

1 BOCCTAHOBHUTCIIEM:

O, (r) + 2H" (Boan) + 2e” 2 H,0, (Boan), AS = +2,2531 x/loc/(monv-K).  (3)

KucnorHocTs pacTBOpa criocoOCTBYET MPOSBICHUIO OKUCIUTENBHOTO AercTBUS H>0).

[TockonbKy mpoliiecchl, onucbiBaeMble peakuusMu (2) u (3) oOpaTUMbl, TO U3MEHEHUEM
SHTPONUU B HUX MOXKHO IPeHeOpeyb.

HauOonee PEeaKIMOHHO-CIIOCOOHOM YacTHUIIEH, OKHCJISIOIIEN OOJIBIINHCTBO
OpraHMYECKUX COEIMHEHUH, SBISETCS TUAPOOKHUCIUTENbHbIN panukan OH (He OoKuciseT
TOJIBKO (PTOPOILIACT, MO3TOMY METAJUIMUECKUE AIEKTPOAbl OapbepHBIX pa3psA0B MOKPHIBAIOT
TOHKUM cjoeM ¢roporacta). Konnentpauus OH panvkanoB B KaHalax MHUKPOpa3psoB,
XapaKTEPHBIX I O0apbePHBIX Pa3PsIOB, UMEET MOPSIOK 10"+10" cm ~ [3], uro CpaBHHMO
10 NOPSAJKY BEIMUYMHBI C KOHLIEHTpauuen arMmocepHoro kuciopona. OH — pagukaisl MOTYT
00pazoBarthCs:

IIPY B3aUMOJIEHCTBUHU 030HA C IIEPEKHUCHIO BOJOPOIa

H>0,+20;=20H +30,, AS = +0,4845 k/[xc/(monv-K), (4)

IpHU 00JIy4€HUHU 030HA YABTPA(PHUOIETOBBIM U3IYYCHUEM B IPUCYTCTBUU BOJIbI

H0+ O3+ (he/A,,)=20H+ 0,,  AS=+0,4763 x/lorc/(monv'K), (5)
npu Bo3neicTBUN Y@ — u3nydenus Ha H,0;
2H,0;, + (hc/iyqb ) =20H + H,0;, AS =+0,4681 x/[xc/(morv-K), (6)
a B 0JHOOApPHEPHOM UJTH O€30apbepHOM pa3psaax ¢ KEJIC3HBIMU IJICKTPOIaMHU
Hy0,+ Fe’ —e=Fe’ + OH+ OH ", AS = +0,4681 x/]ic/(monvK). (7)

Kpome Ttoro, B paspsagHbix mnpomexyrkax FH>O + (dnexkTpuueckuil —paspsia)
cuntesupyiores O3, O, OH , HO'Z. B aTOoM psily OTHOCUTEIBHO SHEPrOEMKHUM SIBIISETCS
cuHTe3 030Ha Os.
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JInisi OIIEHKH 3aTpar IMpH MPOU3BOACTBE 030HA HEOOXOIUMO YUUTHIBATH, YTO BHEIIHSS
SHEPTHs, 3aTpadyrMBaeMasl Ha MPOM3BOJCTBO O30HA, YXOJWUT Ha JUCCOLHUAIMIO MOJIEKYI
KHCJIOpOJia, a peakiusi oOpazoBanusi Oz UIET ¢ BblAeNeHHEM Teria. CieqoBaTenbHO, MPU
MeXxaHu3Me O00pa3oBaHMs 4epe3 JAUCCOUMAIUH MPUHIUNHAIHHO HYKHO BIIOKHUTH SHEPTHH
Oosbile, yeM TemaoTa oOpa3oBaHus 030HA: 5,16 2B (o apyrum naHHbIM 5,12 5B) npoTus
2,96 5B nHa 2 wmonekyiasl ;. Pasnocts 2,2 5B 0ecrnojie3HO TepsieTcsi NMpU TPOMHOM
cToikHOBeHUH. [Ipu mojacyere >GEKTHBHOCTH O30HATOPOB OOBIYHO IOJIATAIOT JaXKE, YTO
MUHUMAaJbHbIE BO3MOXHBIE 3aTPaThl 3HEPTUU COCTABIAIOT 5,169B/(2monexynvr O3) = 1,44
KkBm-uac/ke.

OOBIUHO 3aTpaThl Ha MPOU3BOJCTBO | k2 030HA COCTaBISIOT ~2 KkBm-uac >HEpPrum.
MuHMMaIbHBIE 3aTPaThl MOKHO HAaXOJWTh TAKKe depe3 TeryioTy oOpa3zoBaHust (J3, paBHYIO
1,48 sB/monexyn. llepecunTaB 5Ty DJHEpPrui0 Ha MPOU3BOACTBO | ke 030HA, MOJIYIUM
~0,83 xBmruac/ke.

[TpumepHO TO XK€ caMOe IMOJIy4HM M3 JIUarpamMM 3JEKTPOHHBIX COCTOSHHUM KHCIOpPOJa.
Jnst mponecca nucconuanuu Moyiekyn O, Hambosiee CyIIECTBEHHBIMH SIBIISTFOTCSI TIOJIOCHI
I'epudepra ~(250 — 300) #m. DT OJIOCH OYEHB cllabble, UMEIOT Mpeen cxoaumoctu 242,4
HM, 9TO COOTBETCTBYET AWMCCOLHMAIMH MOJEKYN KHCIOpPOAa Ha aToMbl B coctostaun O(p).
Otcroma 00BIYHO HAXOIT «TEOPETUYCCKHUID» IHEPTETUUYECKUI BBIXOJl 030HA, T. €. SHEPTHIO,
HEOOXOMUMYIO I O0O0pa3oBaHUs EAWMHUIBI Macchl o3oHa: E = (1/2)(hc/i) = 4,098
Jlorc/monexyn = 2,468:10° [oic/mons. Yuureas, aro 1 Joc = 2,78:107 kBm'u 1 MomspHas
macca 030Ha paBHa M = 48107 ke/Monb, MHHMMANBGHO BO3MOXKHBIC 3aTPaThl JHEPrHH
coctaBisgioT E = 1,43xBm-uac/ke.

OTMeTuM, YTO aKTHBHAs MOUIHOCTb, BKJIAJbIBa€Mas B pa3psAHBIA MPOMEXKYTOK,
MepecTaeT 3aBUCETh OT YacTOTHI NMPHJIOKEHHOTO HANpPSDKEHUS B OMpPECIICHHOM HHTEpBAJe
(500-900 T'my), a 3aTem yOBIBaET C pOCTOM YacCTOTHI M pa3psiji TaCHET.

Taxum 00pa3om, MOJTyYEHHBIC B JAHHOW paboTe Pe3ylbTaThl U UX aHAJIH3 MMOKA3bIBAOT,
910 I QQPEeKTUBHON pPAOOTHI 030HATOPOB C JBYXOapbepHBIM pa3psIoOM B KaXKIOM
KOHKPETHOM CIly4ae, ISl KaXXJI0TO WHTEpBala JaBJICHUS W B 3aBHCUMOCTH OT YHCTOTHI
M0JIaBAEMOT0 B Pa3psIHBIA MTPOMEXKYTOK BO3/1yXa, HEOOXOMMO BHIOMpATh WHTEPBAI YacTOT
MPUJIOKEHHOTO HATPSDKEHUS, P KOTOPOM 00ECTIeUnBACTCS MAKCHMAJIbHBINA KOA(PPHUIIMEHT
ITOJIE3HOTO JACUCTBUS YCTAHOBKH.
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POLIMER-POLIMER-SU va PEQ-C4OsHs4Naz-H20 IKIFAZALI SISTEMLORINDO
FAZALARA AYRILMA PROSESINO Ag vo Cu IONLARININ TOSIRI

Bagirov T.O., Hasonova X.T., Mommadov N.9., Davudov B.B., Bagirova S.R.
BDU, “Fizika Problemlaori” ETI, E-mail:baghirov-t@mail.ru

Polimer—polimer—su va polimer—duz-su ikifazali sistemlorinds fazalara ayrilmann
molekulyar aspektlori arasdirilarkon son doévrlordo adobiyyatda maraqli fikirlore rast
golinir ki [1-3], bunlarm da ssasinda fazaomologatiron komponentlorin (polimer ciitiiniin
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vo ya polimer vo duzun) suyun strukturuna tesiri durur. Belo ki, fazasmaologotiron
komponentlor suyun strukturunu 6zlorino moxsus sokildo dayisorak sistemdo miixtalif
strukturlu su yaradir vo homin strukturlar amolo golocok fazalarin 6zoyini toskil edir. Bu
halda fazaomologatiron komponentlor bir-biri ilo bilavasita qarsiligl tasirde olmur vo bu
qarsiliglt tesir yalniz su vasitesilo hoyata kegirilir. Beloliklo, Zaslavski vo Masimov
torofindon irali siiriilmiis asagidaki hipotez [4] tosdiq olunur ki, polimer-su ikifazali
sistemlorinds fazalara ayrilma homin sistemloards iki miixtalif strukturlu suyun yaranmasi
hesabina bas verir.

Togdim olunan isde PEQ - C4O¢HsNa> - H>O ikifazali sisteminin fiziki-kimyavi
xassolori todqiq olunmus vo bu sistemdo fazalara ayrilmanin molekulyar aspektlori
aragdirilmigsdir. Bu mogsadls polietilenglikol (PEQ)-6000, dekstran, ¢axir tursusunun Na
duzu (kimyavi tomiz) va bidistillo su istifado olunmusdur. Sistemlorin binodal oayrisi
qurulmus, birlosdirici xottin meyl bucagi toyin edilmisdir. PEQ - C4OsHsNa, - H.O
ikifazali sisteminds fazalara ayrilma prosesinds suyun strukturunun halledici rola malik
olmasmi gostormok ii¢iin xarici amillorin vo bozi olavalorin sistemin binodal oayriloring
tosirino baxilmigdir. Polimerin molekulyar kiitlosinin fazaomoalogolmo prosesino tosiri
todqiq olunarkon almmisdir ki, polimerin molekulyar kiitlosi artdiqca fazalara ayrima
prosesi siirotlonir, basqa s6zlo fazaomoalogotiron komponentlorin daha kigik
konsentrasiyalarinda ikifazali sistem almuir.

Suyun strukturuna dagidici tasir gostoron karbomidin istiraki ilo homin sistemin
binodal ayrisi qurulmusdur. Almmis naticalorin tohlilinden malum olmusdur ki, 1,0 mol/l
karbamidin tasiri ilo sistemin hal diaqgrammda homogen oblastin sahasi boyiidiiyii halda
tiokarbamid demok olar ki, binodal ayrisini doyismir. Bu natico bazi maddalarin sulu
mohlullarinin struktur temperaturunun todqiqi zamani alinmis [5] naticalorlo uygun golir.
Digor tacriibolords bazi sokarlorin va spirtlorin tadqiq olunmus sistemin hal diaqgramina
tosiri todqiq olunmusdur. Almmisdir ki, sokorlorin tosiri ilo vo etil spirtinin kigik
konsentrasiyalarinda sistemin binodal oyrisi koordinat baslangicina torof siirdsiir,
ikifazali sistem fazaomologotiron komponentlorin daha kigik konsentrasiyalarinda bas
verir. Eyni zamanda temperaturun doyismasinin sistemin fiziki-kimyavi xassalorina tosiri
Oyronilmisdir.

Toqdim olunan isds eyni zamanda PEQ - C4OsHsNa> - H>O va dekstran-PEQ-su
ikifazali sistemlorinin hal diaqramlarma Ag vo Cu ionlarmnin tasiri todqiq olunmusdur.
Ionlar sistemo elektroliz metodu ilo daxil edilmisdir. Elektroliz hadisesinin bas vermosi
ticiin sistemlorin hal diaqramlari qurularkon bidistillo su ovozine “aquavita” suyu
gotlirilmisdiir vo elektroliz qurgusu va sortlori elo se¢ilmisdir ki, su molekullarinin

saylnin gimis vo ya mis ionlarmin sayma nisboti 6-10° (N(H20)= N(H20):6-106)

N(4g) — N(Cu)
olsun, basqga sézlo 6 mln su molekuluna bir giimiis vo ya mis ionu diissiin. Cadvallorda
almmis noaticolor verilmisdir. Noticolordon molum olmusdur ki, tomiz aquavita va Cu
ionlarinin istiraki ilo olan sistemlords fazalarin polimer vo duz torkibi tst-lista diisiir va
yalniz birlosdirici xottin meyl bucagi doyisir (Cu-in istiraki ilo olan sistem {iglin

tga,, =2,35-dir). Cadvel 2-do Ag ionlarmm istiraki ilo olan ikifazali sisteminin
fazalarmin torkibi verilmisdir. Cadvaldon goriindiiyii kimi bu halda fazalara ayrilma hom
polimerin vo duzun daha boyiik konsentrasiyasinda bas verir, hom do birlasdirici xattin
meyl bucagi doyisir. Bu tocriibi faktlari izah etmok {igiin qeyd edok ki, hor iki halda
birlagdirici xottin meyl bucagi deisdiyindon ionlar suyun strukturuna bu vs ya diger
doracado tosir gostorir, Ag ionlarinin istiraki ilo olan sistemdo iso bununla yanasi,
fazalara ayrilma fazaomoalogotiron komponentlorin boyuk konsentrasiyasinda bas verir.
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Cadval 1
PEQ(6000)-C4sO¢H4Naz-H20(aquavita) ikifazal sisteminin fazalariin torkibi
(biitiin konsentrasiyalar %-lo verilmisdir, £0,1% daqiqliklo)
Ne Ilkin sistem Yuxari faza Asagi faza 190t

PEQ Duz PEQ Duz | PEQ | Duz

8,0 14,0 15,8 9,0 2,5 17,4 |-2,05
10,5 13,0 19,8 8,1 2,2 18,3
11,4 13,2 20,6 7,5 2,0 18,8
12,1 13,4 22,0 7,1 1,8 19,6
13,0 13,4 24,4 6.4 1,6 | 204
15,0 13,5 28,5 5,0 1,4 | 21,7

NN B W

Cadval 2
PEQ-C4OsHsNaz-HO(aquavita+ Ag) ikifazali sisteminin fazalarinin torkibi
(butin konsentrasiyalar %-1o verilmigdir, £ 0,1% daqiqliklo)

Ne Ilkin sistem Yuxari faza Asagi faza (g0,

PEQ Duz PEQ Duz | PEQ | Duz

9,1 16,0 18,6 9.4 3,6 19,5 -2,80
10,1 16,0 20,8 9,0 2,1 21,2
11,0 16,1 21,8 8,4 1,0 | 23,2
13,5 16,1 25,6 7,2 0,8 | 254
14,4 16,2 27,8 6.4 0,6 | 264
16,0 16,4 28,6 6,2 0,4 | 28,6

NN B W~

Belaliklo, xarici amillorin va bazi slavalorin, o ciimlodon Ag vo Cu ionlarmm PEQ-
C406HsNa>-H>O vo dekstran-PEQ-su ikifazali sistemlorinin binodal oyrilorine tosiri
sistemli tadqiq olunmus va gostorilmisdir ki, bu amillor suyun strukturuna dagidici va
strukturlasdirict tosir gostororak prosesin bu vo ya digor istigamotdo getmosini
tonzimloyir.
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POLIMER-SU iKiFAZALI SISTEMLORINDO PAYLANMA METODUNUN
TOTBIQ SAHOLORI

Mosimov E.9., Bagirov T.O., Ocaqverdiyeva S.Y., Bagirov 9.A., Mehdiyev H.F.
BDU, Madda qurulusu kafedrasi, E-mail:baghirov-t@mail.ru

Ikifazali su—polimer sistemlorin on genis totbiq sahesi onlarn preporativ
moqsadlorlo istifado olunmasidir. Miixtolif bioloji strukturlarin  vo hissaciklorin
tomizlonmasi, bir-birindon ayrilmasi vo bircins hissociklorin fraksiyalara ayrilmasi
biokimyovi, biofiziki, farmokoloji vo s. istigamotlordo todqiqatlar tiglin holledici rol
oynayir. Masalon, hiiceyronin daxilindoki formalarina, 6lgiilorine, yiikiine, kimyovi
torkiblorino goro forqlonon ¢ox miirokkob hissociklor toplusunu bir-birlorindon ayirib
oyronmok ¢ox vacibdir. Dissosiasiyaya ugrayan vo aqreqasiya edon bioloji hissaciklori
bir-birindon yalniz miioyyon fiziki-kimyovi xassolorino goro bir metodla ayirmaq
miumkiin deyil. Hissociklorin ayrilmasi metodlar1 onlarin  xassalorinin  (sothi
gorginliklorinin, 6l¢iilorinin, sixliqlarinin, yiiklorinin vo s.) miixtalifliyine asaslanir [1].

Bu metodlardan on optimali hissociklorin ikifazali maye-maye sistemlorindo geyri
borabor paylanmasi metodudur. Ikifazali maye sistemlor yuxarida geyd olundugu kimi
xassolori ilo bir-birindan forqlonan iki polimeri bir holledicido hall etdikdo alinir. Bioloji
sistemlorin ayrilmasinda istifado olunan ikifazali sistemlori almaq tigiin halledici kimi su
gotiirilir. Belo halda har iki fazanin asasini su togkil etdiyi ti¢iin (70-90%) bu ciir ikifazali
sistemlorda bioloji mayelorin komponentlorinin bir-birindon ayrilmasi ¢ox alverislidir.
Bioloji hissaciklorin ikifazali sistemin fazalarinda geyri-barabar paylanmalarinin sababi
onlarin sothlorinin fazalardaki mihitlo miixtalif ciir qarsiligh tesirdo olmalaridir. Bozi
hallarda boyiik migdarda biopolimerlorin tomizlonmasi vo ayrilmasi zoruriyyati yaranir.
Belo hallarda elo metodlar se¢ilmolidir ki, onlar “yumsaq” vo effektiv olmaqla yanasi
eyni zamanda boyiik migdarda materialin alinmasi ii¢iin yararli olsunlar. Bu noqteyi
nozordon on olverisli metodlardan biri biopolimerlorin ikifazali su—polimer sistemlorindo
geyri—barabar paylanmasi metodudur [1-3].

Ideal halda maddalorin sistemdo paylanma omsali maddenin konsentrasiyasindan
vo fazalarin hacmlorinin nisbatindon asili olmur vo hor iki fazanin vo maddonin
xassalorindon va temperaturdan asili olur. 9gor paylanan maddoalor emulsiya, suspenziya
va s. astlmis halda olan hissaciklordon ibaratdirso, onda iki fazani ayiran tobagoni nazors
almamaq olmaz. Bu halda sistemo ikifazali deyil, ii¢fazali sistem kimi baxmaq lazimdir.

Qeyd etmok lazimdir ki, ikifazali sistemlords bioloji hissociklori tomizlodikds vo
ayirdiqda bu sistemlorin secilmasi ¢ox vacibdir. Belos sistemlor “yumsaq” olmalidir, yoni
fazalarda suyun miqdari ¢ox olmalidir, sistemin ion torkibi, osmotik tozyiqi, PH-in
giymoati vo denaturasiyaedici effektlor miitloq nozora alinmalidir. Bioloji hissaciklor ¢ox
zorif olurlar vo yuxarida adlart ¢okilon komiyyatlorin miioyyon qiymotlorinds onlarin
yering yetirdiklori bioloji funksiyalar1t miioyyon edon konformasiyalar1 vo molekuliistii
strukturlar1 ¢ox zorif olduglarindan 6z bioloji funksiyalarini itirirlor. Elo bu sobobdon
ayirma qabiliyyatlori boyiikk olan su—iizvi birlosmo ikifazali sistemlor bioloji hissaciklori
ayirmaq Uciin yararsizdir. Su-iizvi birlosmodon ibarst ikifazali sistemlordo bioloji
hissaciklorin oksariyyati su fazasima yigilirlar vo ona géra do paylanma amsalini tapmaq
mimkiin olmur. Digar torafdon bu ciir sistemlords fazalar1 ayiran sarhadin sothi gorilma
omsali boyik oldugundan (1+20 dn/sm) zorif bioloji hissociklorin (moasalon, hiiceyra
strukturlar1) dagilma ehtimali boyiik olur. Bu ¢atinliklori aradan qaldirmagq tgiin ikifazali
su—polimer sistemlorindon istifade olunur. Ikifazali su—polimer sistemlorindo fazalara
ayiran sarhadin sathi garilma amsali 0,0001+0,1 dn/sm tartibinds olur.

Ikifazali su—polimer sistemlorinda paylanan bioloji hissaciklori xarakterizo edon har
hansi bir xassasinin doyismasi (hissaciyin yiikii, sathinin sahasi va s.) paylanma amsalinin
kaskin doyismasina sobab olur vo bu da metodun bdyiik ayirma qabiliyystinin oldugunu
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gostorir. Digor separasiya metodlar: hissaciklorin yalniz bir xassasinoe osaslandigi halda,
paylanma metodu biitiin deyilon xassalorin hamusi ilo alagadardir.

Miixtalif ikifazali su—polimer sistemlorinin ayirma qabiliyyatlori miixtolif olur.
Ayirmanin effektiv olmasi {igiin belo sistemlorin fazalara ayrilmasi siiroti boyiik olmal,
fazalarin optik sixliqlart goriinon vo VK oblasta kicik olmali, fazaomalogotiron
komponentlor paylanan maddalors garsi inert olmali vo s6zsiiz ki, ayirma qabiliyyatlori
boyiik olmalidir. Belo sistemlorin axtarisi, tapilmast vo todqiqi (binodal oyrilorinin va
birlosdirici xatlorin qurulmasi vo s.) ¢ox vacibdir. Bu sahado goriilon todqiqat islorinin
naticosi olaraq qeyd etmok lazimdir ki, son zamanlar polimer-duz-su ikifazali
sistemlorindon {izvi duzlarin istiraki ilo olan sistemlor todqiq olunmus, onlarin digor
xarakteristikalari ilo yanasi ayirma qabiliyyati tapilmisdir.

PEQ - C40sHsNa, - H>O ikifazali sisteminin ayirma qabiliyyati ~2,8-0 borabar
alinmisdir. Ayirma qabiliyyatinin (n*) nisboton kigik olmasi (dekstran-fikoll-su sistemi
ticiin n*=8,3, PEQ - Al (SO4)3 - H2O sistemi {igiin n*=11,08 [2]).sistemin eyni zamanda
moveud olan fazalarinin nisbi hidrofoqluglarinin az forqlonmasi ilo izah olunur. Qeyd
etmok lazzimdir ki, bioloji hissaciklorin «inco» vo «kobud» ayrilmasi noqteyi nozorindon
bu sistem «inco» ayrilma ti¢lin maqsads uygundur. Bels ki, ayirma qabiliyyati boyiik olan
ikifazali sistemdo paylanma metodu vasitosi ilo bir-birindon hidrofobluglarima goros
kaskin forglonon maddalori ayirdigdan sonra («kobud» ayirma) hidrofobluqlarina géra
bir-birindon az forqlonon maddslori ayirmaq tigin («inco» ayirma) ayirma qabiliyyati
kigik olan ikifazali sistemdan istifado etmok moagsadouygundur.

Adabiyyat
1. Mosimov E.O. Bioloji sistemlords suyun rolu. Hidrofobluq, monoqrafiya, Baki,
2008, - 328 s.
2. Bagirov T.O. Ikifazali sulu polimer sistemlori vo onlarin osas xarakteristikalari,
Baki, BDU, 2005, - 56 saoh.
3. Macumos 3.A., barupos T.O., Anuesa H.W. Biusiuue nonusupytomieit paauanuu Ha

M3MEHEHHE OTHOCHUTEIIbHON THAPOGOOHOCTH OSIKOB CHIBOPOTKU KpoBH// JKypHall U3B. By30B
«XuMus 1 XumMudeckas TexHosiorus», 2006, tom 49, Beim. 9, ctp. 103-106

MOJAEJIMPOBAHUE U AB INITIO UCCJIIEAJOBAHUE CTPYKTYPbI U
KOJIEBATEJIBHOI'O CIIEKTPA MOJIEKYJIbI KAPHO3UHA

C.A.JdemyxamenoBa, 3.U.I"'axxues, U.H.AnueBa
HUncmumym Ipobrem @usuxu, baxunckuti I'ocyoapcmeennvlii Yuusepcumem

B nanHoil paboTe mNpoBEeIEHO KBAaHTOBOXMMHYECKOE HCCIIEIOBAHUE CTPYKTYpPhl U
K0J1e0aTeIbHOIO CIEKTpa MOJIEKYJIbl KapHO3WMHA M JIBYX TayTOMEpHBIX (opm ee
MMUJIA30JIbHOTO KOJIbLIA, MOJENIM KOTOpBIX MOKa3aHbl Ha puc.l. Pacyer mpoBoauiics 1o
nporpamme Gaussian98, BcTpoeHHOUM B yHuBepcalibHbI nporpammubiid naker ChemOffice.
B otnuune oT sKcrepuMeHTa, TEOPETUYECKUE pacyeThl HA OCHOBE KBAHTOBOXHMMHYECKOIO
MOAX0/la TIO3BOJIAIOT HE TOJbKO IPOBECTH OLEHKY CTPYKTYPHBIX U CHEKTPaJIbHbIX
[IapaMeTpoB, HO U SIBHO PAaCCUUTATh paclpeielieHUe 2IeKTPOHHOH ioTHocTU. Ocoboe MecTo
B HCCJENOBaHUSAX 3aHUMAIOT ab initio pacyeThl-CTPOro HEMapaMeTPUUYECKOE PacCMOTPEHHE
MOJIEKYJISIPHBIX opOHuTaneli Ha 0a3e OCHOBHBIX (PU3MYECKMX M MAaTEMaTUYECKHUX 3aKOHOB.
OCHOBOH HEIMIMPUYECKUX pPACUETOB, TAaKKE€ KaK M IOJIYIMIMPUYECKUX SBIISAETCS
npubmokenne bopHa-Onmnenreiimepa. TOYHOCTP HE3IMNUPUYECKHX PACUETOB 3aBUCUT OT
“IIMpUHBI” HCIOJIB3yeMOTo 0Oa3nca: KOJMYECTBAa TayCcCOBBIX (CIITEPOBCKUX) Oa3MCHBIX
opOuTanei, HAIUMYUS NOJIAPU3YIOIUX WK MU PY3HBIX QYHKIHUHI, 3JIEKTPOHHON KOPPEISIHHU.

128



BDU, Fizika Problemlari Institutu: «Fizikamn Miiasir Problemlari» I1I Respublika Konfransi

HeoMmupuueckne pacdeTsl HE BKIIOYAIOT HHUKAKHX AKCIIEPUMEHTAIBHO OIPEIeNIIeMbIX
napamMeTpoB, KpoMe (HyHIaMEHTAIBHBIX (PU3MUECKUX MOCTOSTHHBIX. Heammuprdeckne MeTo bl
OpH WX KOPPEKTHOM HCIOJB30BAHUW JIAIOT OOJIBIIYIO HAJE)KHOCTH OICHKHA CBOMHCTB
W3BECTHBIX W HEWU3BECTHBIX XHMHUYECKHX COCIUHEHHH, OJHAKO TPEeOYIOT HECPaBHUMO
6onpmux pecypcoB PC u Bpemenu pacuera.

s mosrydeHHsT KOPPEKTHBIX JAHHBIX 110 Pa3IMYHBIM CBOWMCTBAM HCCIEIYEMBIX
MOJIEKyJ OblIa TpOBEJCHA MUHUMH3AIMS YHEPTUH C WCIOJIH30BAHUEM BOJIHOBOW (DYHKIHH
JUI 3aKphIThIX  00ojouek 1no orpannyeHHoMy (RHF) meromy Xaprtpu-®oxa, B kKoTOpOoM
ANIEKTPOHHAs 000JI0YKa B MOJIEKYJIE paccMaTphBaeTcss Kak 3aMKHyTas. B KkadecTBe
0asucHoro Habopa Obul BeIOpaH cpeanuit Standard basis: 6-31G (6D, 7F). Ontumuzanms
reOMETPUH TPOBOAMIIACE MPOIEAYypoi omTuMmu3anuu Berny, s pacdera 3apsiioBOTO
pacripeniesieHus IPUMEHsIIach MOJIeTb MallIuKeHa.

H[18] i
Hi1 7] npa
3

LB

HEDp

[HEE]

H[1]

H|24]
HZ4)

HiZa]

(6) d

Puc. 1. Moaenun kapHO3UHA N'H (a) u N°H (0) mocJie ONITUMU3AUN METOAOM
HF/6-31G

[Tocne onmTuMm3anuu ObUIM TIOMYYEHBI T€OMETPHYECKHE IMapaMeTphl HCCIEAYEMBIX
MOJIEICH—TMHBI CBSI3€M, BAJICHTHBIE M TOPCHOHHBIC YIJIbI, SHEPTHH MOJIEJICH, 3apsaaoBOe
pacrmpesienieHrde, IUTOJIbHBIE MOMEHTHI W aHaJIU3 3acelieHHOCTeW opOurtaneid. 3areM ObuT
MPOBEACH CIEKTPAIbHBIA aHAIM3 O0OMX TayTOMEPHBIX (OPM  KApHO3WHA, TOJIYYEHBI
4acTOThl HOPMAJBHBIX KOJICOAHWU KOJIEOATEIHHOTO CIIEKTpa MOJEeH, WHTEHCUBHOCTH
MOJIOC TOTJIOLIEHUSI W JIPYTHE XapaKTepUCTUKH. bbbl moctpoensl Teopernueckue MK-
CHEKTphl MoOJene (puc.2), U3 KOTOPHIX HATJSATHO BHIHO pa3inuue B KOJeOATEIbHBIX
CIEKTpax JIByX TayTOMEPHBIX (OopM KapHO3HHA.

B paboTe mpuBeneHbI TakKe YHEPreTUYECKHUE MapaMeTphbl U JAUMOILHBIE MOMEHTBI IS
000ux TayTroMepHBIX (hOpM KapHO3WHA, paccunTanubie MetogoM HF/6-31G (Tabm.1).

Tabauna 1. Jnepreruyeckue napamerpsl no 1anHbIM Metoaa HF/6-31G

KapHo3un N°H KapHo3un N'H
OHeprus -791.00917 A.U. -791.00141 A.U.
Ouneprusg otrankupanus saaep | 1114.36 Hartrees 1130.14 Hartrees
JunonbHeld MOMeHT (D) 7.06 4.75
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Puc. 2. Teopernyeckne UK crieKTpbl MOJIEKYJI KAPHO3HHA N*H (BepxHHMil) M KapHO3MHA
N'H (nmxnmii)

Kak cremyer n3 pe3ynbTaToB pacdera, peaau3anusi CBOOOIHOTO KapHO3MHA B 000HMX
TAaYTOMCPHBIX (bopMax OHEPICTUYCCKN paBHO3HAYHA C HCE3HAYWUTCIBbHBIM BBIMI'PBIIIEM B
o3y hopmsr N H.

CPABHUTEJIBHBIN AHAJIN3 DJIEKTPETHBIX CBOMCTB ILIEHOK
NOJUAITUJIEHA HU3KOM U BICOKOM INIOTHOCTHU

Jampamupos M.K., Mareppamos A.M.,Hypues M.A., barup6exon X.B.
HUncmumym Paouayuonnwvix [Ipoorem HAHA

[lepciekTHBBl ~ NPAKTUYECKOTO  HCIIOJIb30BAHUSA  MOJMMEPHBIX  DJIEKTPETOB B
peoOpa3oBaTeNIbHON TEXHUKE, MUKPOIJIEKTPOHUKE, PaMalluOHHON TO3UMETPUHU U B IPYTHX
00JacTsIX BO MHOTOM OIIPENEISIOTCS BEJIMYUHOU AIIEKTPETHBIX 3apsAJ0B U CTAOMIBHOCTHIO
XapaKTEePUCTUK  TPU  PA3IUYHBIX  BO3JeHCTBHMsX[1].  YiyumneHue  DIIEKTPETHBIX,
MbE30UIEKTPUYECKUX, AHTUCTATUUECKUX CBOICTB TOJUMEPHBIX JJIEKTPETOB SBISETCS
aKkTyalpHOM 3amaueil. B pabore [2] moka3aHO, YTO BEIMYMHA DJIEKTPETHBIX 3apsA0B M HUX
CTaOWJIBHOCTh CYLIECTBEHHO 3aBUCUT OT OCOOEHHOCTEW HAJAMOJEKYISIPHOU CTPYKTYpHI
(HMC) u ycnoBuii Kpuctaymmzauuu noJyimojiepuHoB. bBbplUio Moka3aHO, 4TO W3MEHEHUE
aNeKTpeTHBIX cBoicTB monmdTuieHa (I19) Boicokoit minotHoctu (IIOBII) cBsizano co
cTenenbto kpuctauinuHocTH (K), opueHTanum MakpoMosIeKys, CTpYKTYpHOU penakcaueil u
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MoaupuIUpyOmKUMU  (pakTopamu. M3yyeHne 3aKOHOMEPHOCTEH 3TUX  IPOIECCOB
(crabmnm3anuu HU30BITOYHBIX  AJIEKTPOHOB, CBOOOJHBIX PAJMKAJIOB M IapaMarHUTHBIX
LIEHTPOB, 00pa3oBaHKe, pejakcalus U HaKOIJIEHUE 0ObEMHBIX 3apsS70B) MOXKET MPUBECTU K
paspaboTke 6oiiee 3HPEKTUBHBIX IEKTPETHBIX MaTEPHAIIOB.

Lenbto Hacrosimie paboThI ABISETCS YCTaHOBJICHUE MPUYUHBI Pa3INUMs AJIEKTPETHBIX
CBOMCTB (BEJIMUYMHBI AIEKTPETHBIX 3apAJ0B U UX BpeMeHHas cTa0mibHOCTh) MiéHOK [IDHII
u [19BII.

O6pa3usl mneHok [IDHIT u II9BII TommmHoo 50-60 MKM ObLIM U3rOTOBIIEHBI U3 TPaHYI
WIK TOPOIIKOB 3THUX IOJUMEPOB IyTeM OBICTpOro oxjaxjaeHus (3akanka npu 273 K)
pacmiaBa co ckopocthio 30-35 rpag/c. Temmeparypa mnpeccoBaHUs MO JaBICHHEM 10" Ia
st [I9HIT u I1DBII cocrasistima 453 n 473 K.

OnekrperHoe cocrosiHue B oopaznax [1DHII u [I9BII co3naBanock myreM BO3IeHCTBUS Ha
HUX KOPOHHOTO pa3psja Npu HamnpsbkeHuu 8 KB B TeyeHue BpemeHu S5 MHMH. 3HadyeHHE
AJIEKTPETHOM pa3HocTH noteHuanoB Us onpezeneHbl METOI0M BUOPHPYIOLIETO 3JIEKTPOaa
[2], mOBepxHOCTHAS TUIOTHOCTH 3apSZI0OB G5 paccyuTaHa 1mno Gopmyse;

On = ééoUg / h, (1)

r7ie € — TUAJIEKTpUYecKasi MPOHUIAEMOCTh 3JIEKTPETa, £o- TUAIEKTPUUECKasi IOCTOSHHAS,
h —ronmuna nnénok [19.

Toxu TepmoctumynupoBanHoi nenosspuzanuu (TCJ]) anexkTpera cHUManM B pexKuUMe
KOPOTKOI'O 3aMblKaHMsI TpU CKOpPOCTH HarpeBa oOpasua 4 rpaa/ MHH.3aBUCUMOCTHU
MOBEPXHOCTHOM IUIOTHOCTU 3JIEKTPETHBIX 3apsiioB KOPOHHO TMOJSPU30BAHHBIX IJIEHOK
[1OHII u [I9BI1 ot BpeMeHH XpaHeHus: IpUBEIEHBI Ha puC. 1.

Bugno, uto anexrperst Ha ocHoBe [IDBII Gosee ctabmnbabl. Benmnuuna o mis [IOHII B
TE€YEHUU BpPEMEHH JI0 t,=5+10 yacoB cHmxkaercsa Ha 80 %, a y miueHok II9BII ( xpuBas 1)
IpU 3Ha4eHusxX ty,= 10 CyTOK 3Ha4eHUs G COCTaBJISET (2+3)-10* Ku/m>. Habmromaemoe
3HAYUTENIbHOE pa3juuue CTaOWJIBHOCTH 3JIEKTpeTHhIX 3apsaoB 1wiéHok [IDHII, TI9BII
MOTYT OBITH CBSI3aHBI CO CTPYKTYPHBIMH OCOOEHHOCTSMHU 3THX MOJIMMEPOB U pa3inyuueM
KMHETHKH 3JIEMEHTapHBIX JIEKTPOHHO-MOHHBIX ITpolieccoB B HUX. Kpome Toro, Ha BeTU4uHYy
AIIEKTPETHBIX 3apSAJ0B U MX CTaOMJIBHOCTh NMPU HOPMAJbHBIX YCIOBHUSAX XPAHEHHUS MOTYT
MOBJIMSTH TAK)KE MPOLIECCHl CTPYKTYPHON — pellakCcalliy Pa3jNMyHbIX y4acTKOB IMOJIMMEPHON
Lenu ¥ cTabMIn3alus 3apsaI0B B JIOBYLIKAaX Pa3HON MPUPOJIbL, (AUAIEKTPUUYECKUE MOJIOCTH,
paauKalbl, HATMYMe Pa3BEeTBICHUN W mpuUMecei U T.1.)

4_6, 10 Kn/m®
3_
2t N
1 -

.
< 2 4 6 1 cymn 10

Puc.l BpemenHble 3aBHCUMOCTH OTHOCHUTEIBHOIO 3HAYEHUS IOBEPXHOCTHOM
IJIOTHOCTH 3J1EKTpeTHBIX 3apsaoB wi€Hok [19BII (1) u [I9HII (2)

JUis yCcTaHOBJIEHMsSI NPUYMH PA3HOCTU TEPMHUYECKOW CTAOMIBHOCTH M TIIyOUHY
3aneranus aiekTpetHbix 3apsaaoB B [IOHII u [I9BII paccmotpum pesynbratel TCJl ananusa
3TUX MOJIUMEPOB. (puc.2)
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10 L10°A
5 =
- 2
1
323 348 373 398 423

Puc. 2 Kpussie TC/] xoponoanextperos u3 miénok [1OHII (1) u IIOBII (2);U=8 kB,
Ti=5 min

Kak Bugno, ms anexrperoB u3 miéHok [IOHII xapakrepnas temneparypa JenoJisspu3alnuu
coctaBisieT 380-390 (xpuBas 1), a st iénok [1DOBII nabmronaercss nBa makcumyma TCJI
npu Temneparypax 360-365 K u 385-390 K (xpuBas 2). Hanuuue aByx temmepaTypHBIX
obnacteil nenossipuzalyy OObSICHIETCS ABYXCTYIEHYAThIM XapaKTepOM CIaja 3JIEKTPETHBIX
3apsgoB B [I9BII. B ormimmume ot IIOBII ans mnénox IIDHIT  xapakrepHa MeHbluas
ctabmwibHOCTh  (puc.l), KoTOopas o0OyclaBIWMBAaeT ACMOJSPUZAMMOHHBIA MUK C OJHUM
MaKCHUMYMOM.

Habmonaemble pa3nuyusi BEIMUMHBI IUIOTHOCTH AJIEKTPETHBIX 3apsiIoB U UX CTAOUIIBHOCTD
paHee OOBACHEHbl HaMU CO CTPYKTYpHbIMM OCOOEHHOCTAMHM M KOH(OpPMallMOHHBIMU
pazmunuusamu mieHok [IDHIT u [I9BII. Pa3nuune cTpyKTYpHBIX “ HEOAHOPOJIHOCTEH * THIa
C=0, C=C u 1.1, KOTOpPHIE MOT'YT OBITH JIOBYLIKaMHU JUIs MEKTpeTHBIX 3apsaoB B [IDHII u
II9BIT ( KOHLEHTPAIHS STHX JOBYIIEK B [TD MOXET JOCTHraTh B CpeaHeM 1o obbemy ~ 10"
cM 7). B 3aK/TIOYCHHH MOXKHO CKa3aTh, YTO CTAOHIBHOCT IEKTPETHBIX 3apsI0B B MIIEHKAX
nonudTiieHa u nojunponwieHa (I1I1) ompenensercss He TONBKO YCIOBUSIMH U PEKUMOM
MOJISIPU3allii, HO M OOYCIIOBIMBAETCS JPYrMMH (AaKTOpaMu; HAlpuUMeEp CTPYKTYPHBIMU
¢dakropamMu, 00pa3oBaHHEM pAJAUKAIOB W HX IMOJBWKHOCTBIO, a TaKKE KOHKYpPEHIIMEH
Pa3HbIX peJaKkCallMOHHbBIX ITPOLIECCOB.

1. dpaués A.M. O6pa3oBaHue MMOJIMMEPHBIX AEKTPETOB MO BO3ACHCTBHEM
HU3KOTEMITEpaTypHOU Tu1a3Mbl Tieromero paspsaa. XB3, 2003,1.37, Ne5, c. 342-347.

2. A.M. MareppamoB. CTpyKTypHOE U pagualiioOHHOE MOIU(DUIIMPOBAHUE FICKTPETHBIX,
MbE303JIEKTPUUECKUX CBOMCTB MOJUMEPHBIX KOMITO3UTOB. baky, DM, 2001, 327c.

PbSe BIRLOSMOSI OSASINDA BORK MOHLUL ORINTILORININ
FiZiKi-KiMYOVi VO TERMOELEKTRIK XASSOLORININ TODQIQi

G.M.OHMODOVA, N.M.ABBASOVA
AZORBAYCAN DOVLOT IQTISAD UNIVERSITETI

A "V B" tip birlosmolor defekt gurulusa malik olmagla asason stexiometrik torkibdon
konarda alinir. Bu tip birlosmalor iigiin kub gurulus xarakteriktir. PbTe vo PbSe birlogsmolori
do homin qrupa daxil olmaqla termo vo fotogeviricilor kimi yarimkegiricilor texnikasinda
totbiq olunurlar. Onlarn osasinda olan bark mohlul orintilori yiiksok termoelektrik vo
fotohassas materiallar kimi daha genis totbiq olunurlar. (1.2).

Yuxarida deyilonlors asason PbSe — FeSe sistemi orintilorinin alinmasi onlarin fiziki —
kimyavi va termoelektrik xassolorinin dyronilmasi magsodouygundur.
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Bu mogsadle PbSe — FeSe sistemi arintilori totqiq edilmis vo onlarin fiziki — kimyavi,
termoelektrik xassolori Oyronilmisdir. Bunun {i¢iin kompleks fiziki — kimyovi analiz
metodlarindan istifado edorok (PbSe);x (FeSe)x sistemi orintilorinin bark mohlul sahosi
miiloyyon olunmusdur. Miioyyon edilmisdir ki, PbSe birlogsmosi asasinda 10 mol*% FeSe
godor hall olma sahasi mévcuddur.

PbSe birlosmasi vo onun asasinda 3.5 vo 10mol+% FeSe torkibli fiziki xassolori codvalda
verilmisdir.

(PbSe) 1« (FeSe) ybark mohlul arintilorinin fiziki xassalori.

Pbi«FesSe | Termo e.h.q. | Elektrik Istilik Konsen Qofoas Qadagan n Kegirici

mkV/dor kegirma kegirma trasiya sabiti olunmus Sm%/ liyin

c Vt/sm.dor n, sm 0 zolagin eni Vesan tipi

Om’'Sm’” A AE,eV p; 1,

0,00 | 160 260 12,58 6,2 107 6.41 0.26 1200 p
0,03 | 140 220 12,15 | 88 10 | 6.08 031 |6800| n
0,05 | 131 203 11,57 42 10" 6.02 0.46 5400 n
0,10 | 100 173 10,45 98 10" 5.97 0.53 2600 n

Rentgen faza analizinin naticasing asasan qoafas sabitinin torkibdon asili olaraq doyismasi
Vegard ganununa tabe oldugundan PbFe-FeSe sisteminds PbSe torafdo bork mohlul sahasinin
10mol+% FeSe - o godor oldugunu tosdig edir.

Lnoc ~f (10%/T) asilligindan istifado edersk qadagan olunmus zolagin eni hesablanmis vo
miioyyon edilmisdir ki, AE = 0,26 + 0,53 eV intervalinda doyisorok artir.

PbSe birlosmasi vo onun osasinda olan 3,5,7,10mol*% FeSe torkibli niimunalorin
termoelektrik parametrlori (é, o, %) 300K temperaturda 6lciilmiisdiir.

Olgmoloro osason demok olar ki, elektrikkecirmo va termoelektrik horokot qiivvosi
torkibdon asili olaraq azalir vo bu azalma bork mohlul sahssindoki niimiinalords
yiikdastyicilarin konsentrasiyasiin doyismasi 1lo izah olunur. Istilikke¢irmo Yim= Yeit)qotos VO
e = 1ol ifadosindon hesablanmigdir. Istilikkegirmo torkibdon asili olaraq azalir.
Istilikkec¢irmonin torkibdon asili olaraq azalmasi iso timumi istilik ke¢irmonin (Yimumi) €lektron
hissasing diison (y.-1.6T) hissasinin azalmasi 110 (Yum=)e1¥gotos) gOstorilo bilar.

Beloliklo, alinan noticolori tohlil edorok demok olar ki, orta temperatur intervalinda
isloya bilon yliksok effektliys malik termoelektrik materiallar alinmigdir.

Idabiyyat
1.H.X.A6pukocos, JLE.IllenumoBa. IloaynpoBogHMKOBbIE MaTepHajbl Ha OCHOBE
coemmuennit A " B"Y.M.: M3x. Hayka 1995, 199c.
2.M.A.AnuKaHOB. 3aKOHOMEPHOCTh CBOWCTBAa B COCIUHEHUAX A V' BY Hucrnr.
[NOXAHA3CCP. M. Jlen.BUHUTU Ne 4909-B.87,1987,74c.

NCCIEJOBAHUE CUCTEMBbI AT'AP-BOJA-XJIOPUI HATPUSA

B.B.IIpyabko, P.11I.AxmenoBa
bakunckuii ['ocyoapcmeennviii Ynusepcumem
Aszepbatioscanckuii Texnuueckuti Ynueepcumem

[TonmumepHbie M3aeIUs 9acTo (OPMYIOT M3 PACTBOPOB WM  CTYIJHEH, CTPYKTypa
KOTOPBIX B 3HAYUTEIHHOW CTEMEHU OMpEeNenseT CTPYKTypy dopmyemoro wuzaenus [1].
[ToaToMy W3y4eHHE CTPYKTYphl pacTBOpa W CTYJHS HE MEHEe BaXKHO, YeM H3yUCHHUE
CTPYKTYPBI CAaMOTO TIOJIUMEDA.
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[Ipesxne Yem pacTBOPUTHCS BBICOKOMOJIEKYJISIpHBIN mosiumep HaOyxaer [2].
Habyxanue Ha Bcerja 3akaHuuBaeTcsi pacTBopeHHMeM. OueHb 4acTo MOCe JOCTHKEHUs
HEKOTOpOl cremeHH HaOyxaHMsl MpoLlecC MpeKpaliaercs, YTO MOXKHO OOBSICHUTH
OTpaHUYEHHBIM CMEIIEHUEM MOJIMMEPA U PAaCTBOPUTEINS, a TAKXKE CYIIECTBOBAHHEM MEXIY
MOJIEKYJIaMHU MOJIMMEpa MOMEPEUHBIX CBA3CH.

B mpouecce orpaHnueHHOT0 HaOyxaHUs TBEPIbIX JIMHEHHBIX IOJIMMEPOB WM U3
pPacTBOPOB MOJUMEPOB MPU COCOTBETCTBYIOUIEM HW3MEHEHUU TEPMOJAMHAMMUYECKUX YCIOBUM
oOpa3yroTcs cTyAHU. B ciydae HeOrpaHHYeHHOTO paCTBOPEHMSI CTYIeHb HE 00pa3yeTcsl.

Crynenp — OuHapHas CHUCTeMa, COCTOSIIAs M3 IPOCTPAHCTBEHHOM CETKH,
oOpa3oBaHHON MakpoMoJsiekynamu wid ux arperatamu (HMY), B koTopoil pacrpeneneHsl
MOJIEKYJIBI HU3KOMOJICKYJSIpHOW XKuUAKOCTH [1]. Takue ceTkm Tpu MOCTATOYHO BBICOKOM
KOHLIEHTPALIMHU MOJIMMEPa MOTYT 00pa30BbIBAaTHCS U B pacTBopax. OCHOBHOE OTIMYUE CTYIHS
OT pacTBOpa COCTOMT B TOM, YTO B pacTBOpax TaKW€ CETKHM HMMEIOT (PIyKTyallMOHHBIN
XapakTep, a B CTyJIHE ceTKa uMeeT He(IyKTyalMoHHbIH xapakrep. llpm usmeHenuu
TEMIIEpaTyphbl CeTKa MOXET pa3pylIaThCsl TEIJIOBBIM JABM)KEHHEM M TOTJa OHA IpuoOpeTaeT
GIyKTyallMOHHBI XapakTep, T.e. CTYACHb I[EpeXOJAUT B COCTOSHHUE  pacTBopa. B
MOJABJIAIONIEM OOJIBIIMHCTBE CTYJHEH y3JIbl CeTKH O0O0pa30BaHbl HAIMOJEKYISIPHBIMU
CTPYKTYPHBIMH 3JIEMEHTaMH, Pa3Mepbl KOTOPBIX W3MEHSIOTCS C TEIMEpaTypoi U MpUpoaon
pactBopuTens [3].

B nanHoii paboTe npoBeAeHO UCCIIEJOBaHUE  BOJIHBIX  PACTBOPOB  arapa  Ipu
no6asnenuun NaCl, ¢ ucnoab30BaHUEM METOJA AMCIEPCUH ONTUYECKOM IMIIOTHOCTH. Meroa
OCHOBAaH Ha U3MEPEHUH ONTHYECKOHN IUIOTHOCTHU IPU Pa3HBIX JJIMHAX BOJH MaJal0IIEro CBETa.
OO6paboTka HKCHEPUMEHTAJIbHBIX JaHHBIX MPOBOJAWIACH IO METOJMKE, pa3paboTaHHON
Knenunsim [4] Ha ocHOBanuu Teopun Mu. Konnenrpanus arapa cocrasisiia 0,5%, a NaCl —
0,01; 0,2 u 1 MoIIb.

bbuin mosydeHsl TeMIiepaTypHbIE 3aBUCHUMOCTH ONTHYECKOW IJIOTHOCTH, KOTOPBIE
MO3BOJIMJIM  ONPENCNIUTh TEMIIEpaTypbl 3acTyJAHEBaHMS U IUIaBJICHUA. Temmeparypa
3aCTy/lHEBaHUA — OTO TeMmIepaTypa, HayuHas C KOTOPOM CTAHOBUTCS BO3MOKHBIM
oOpa3oBaHuE CTYAHS U OIpeleNsieTcs B JaHHOM Cilydae Kak TeMIlepaTypa Hauyaja pe3Koro
BO3pAcCTaHMsl ONTHUYECKONW IUIOTHOCTM NpPU MNOHWKEHUU TeMIepaTypbl (Ipu HEKOTOPOM
BHIOPAaHHOM BPEMEHU BBIJICP)KUBAHUS B YCIOBHSAX Kaxaou temmeparypsl) [3]. Temmeparypa
IUTaBJIGHUS — 3TO TeMIlepaTypa Nepexoja CTYIAHS B TEKydee COCTOSHUE MpPU HarpeBaHUU
CTYIHSI C pa3pylIeHHEM 00pa3yIOLIero CTy/AEHb IIPOCTPAHCTBEHHOIO Kapkaca. TemrepaTypbl
3aCTy/IHEBAHUS U IUIABJIEHUS HE COBNAAAIOT IPYT C JPYrOM, YTO IPHUBOJUT K 0Opa30BaHUIO
MeTJIM TUCTepe3uca KPUBBIMU OXJIAXKJEHUS U HarpeBaHHs. DTO CBS3aHO C CYIIECTBEHHBIM
pasauuueM MEeXaHU3MOB 00pa30BaHMsI U IJIaBlIeHUs CTyAHs. TeMnepaTypa MjiaBieHUs CTYyAHS
B psijie CIy4aeB 3aBUCUT OT BPEMEHH U OCOOEHHO OT TeMIlepaTypbl JOPMUPOBAHUS CTYIHSL.

[lepexon pacTBOp-CTYIE€Hb, T.€. IPOLECC 3aCTyJHEBAaHUS, XapaKTEPU3YeTCs PE3KUM
BO3PAaCTaHHEM OINTHYECKOW IIOTHOCTH BO BpeMeHH [l]. DTo 00ycloBIEHO MOCTENEHHBIM
oOpa3oBaHueM OoJjiee NPOYHBIX CBsI3€d, HE pa3pyLIAIOIIUXCS O] JIEHCTBHUEM TEIIOBOIO
JBUKEHUS U MaJIbIX HANPSOHKEHUH cIBUTA.

OcoOeHHOCTh ~ pacTBOpPEHHs]  IOJIMMEpa, B CPaBHEHMM C  pPacTBOPEHHUEM
HU3KOMOJIEKYJISIPHBIX BELIECTB, COCTOMT B TOM, YTO CMEIIMBAIOTCA KOMIIOHEHTBI, pa3Mephbl
MOJIEKYJI KOTOPBIX Pa3IMYalOTCs B THICAYM pa3; OTCIOJAa U pa3Has MOJBUXKHOCTb MOJIEKYIL
[Ipy CONPUKOCHOBEHMHM IIOJIMMEPA C HU3KOMOJIEKYISPHOM KUAKOCTBIO €€ MOJIEKYJIbI
HAa4YMHAIOT OBICTPO MPOHUKATH B a3y MoJuMepa, a OTPOMHbBIE MAaKPOMOJIEKYIIBI 33 3TO BpEeMs
He YycneBaloT mnepedTd B a3y  pactBoputens. MennenHas aud@ysuss OrpoOMHBIX
MaKpOMOJIEKYJI U UX acCOLMATOB, 00Ja/Jal0lUX OYeHb OOJIBIIMMHU BPEMEHAMU pEllaKCallui,
IPUBOJUT K TOMY, YTO PaBHOBECHE B PACTBOPax IOJUMEPOB YCTAHABIUBAETCS OYEHb
MeieHHo. [loaTomy A mpaBUIIBHOM OLEHKHM CBOWMCTB PACTBOPOB MOJMMEPOB CIEIYET
U3y4aTb MX HM3MEHEHHs BO BPEMEHU U CUUTATh JOCTOBEPHBIMH TOJBKO TE€ PE3YJbTaThl,
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KOTOPBIE BO BPEMEHH yXe 00Jblie He MEHSIOTCs. [103TOMY [Tl YCTaHOBJICHUST TEMIIEPaTyphI
3aCTy[JHEBaHUs B paboTe OBUTM TIOTYYEeHBl KHHETUYECKHE 3aBHCHMOCTH OITHYECKOMH
IUIOTHOCTH M 3a TEMIIEpaTypy 3acTyIHEBAaHHUS NPHUHUMAIN TEMIEPaTypy, HIKE KOTOPOM
OTNITUYECKasl TUIOTHOCTh U3MEHSUIACh CO BpeMeHeM. Ha BpeMst penmakcamuy BIUSET TEPMOIH-
HAMHYECKOE Ka4eCTBO PACTBOPHUTENS. B MIOXHMX pacTBOPHUTENAX BpeMs peslakcaluu OOJbIIe,
yeM B xopommx. il KOHIEHTPUPOBAHHBIX PAcCTBOPOB 3TO CBS3aHO C 0Opa30BaHHEM
accoIaroB U 0oJiee KPYIMHBIX HAIMOJICKYISPHBIX CTPYKTYP, Pa3Mepbl KOTOPBIX TeM OOJIbIIE,
9YeM XYK€ Ka4eCTBE PaCTBOPHUTEIIS.

[InoTHOCTh (DIYKTYallMOHHOM CETKM 3aBHCHT OT KadecTBa pacTtBopuTens. B cpexe
pacTBOpHTENEH TIOXOTO KayecTBa BEPOSTHOCTh KOHTAKTOB IMOJIMMEP-TIONMMEDP 3HAYUTEIHHO
Oosblle, 4eM B cpele Xopouux pacTtBopureneid. IlosTromy IUIOTHOCTH accoluaToB U
(GIIyKTyallmOHHOW CETKH B IIEPBOM CITydae OOJIbIIE, 4eM BO BTOPOM.

Ha npouecc cTpykTypooOpa3oBaHus BAUSIOT Cleayromue (GakTopbl: KOHIIEHTpAIus,
dopma U pazMep MaKpOMOJIEKYJ IMOJMMEpa WM HAIMOJEKYISIPHBIX YacTHIl, TEMIEpaTypa,
BpeMsI M IPUCYTCTBHE AIIEKTPOIUTOB. BiHsiHAE AJIEKTPOIUTOB OYeHB CIIOKHO. Kak n3BecTHO,
IpH PACTBOPCHUHU DIIEKTPOJHMTOB B BOJE MOXKET HAONIONAThCS JMOO IOJIOKUTEIbHAS
rujpatanyss HOHOB (YTO COOTBETCTBYET CTAaOMJIM3allUU CTPYKTYpbl BOJbI), JIMOO
OoTpHIaTeNbHAsl (YTO COOTBETCTBYET Pa3pyIICHHUIO, CTPYKTYpPHI BOABI). BimsHue comm Ha
CTPYKTYPY BOJIBbI, B CBOIO OY€pE/Ib, CKA3bIBACTCS HA MOBEICHUN MaKpPOMOJIEKYNI B PACTBOPE H
Ha TIporiecce cTyaHeoOpa3oBaHus. Pa3pymenue cTpykTypsl BOJbI CIOCOOCTBYET ITOBHIIICHUIO
pacTBOPUMOCTH TIOJMMEpa, a CTa0WIW3alMsl CTPYKTYPBI BOJBI, HA0OOPOT, CHIKAET
pacTBopuMOCTh TosuMepa. CHIDKEHHE PAacTBOPUMOCTH IOJIMMEPA — ATO OJHO M3 YCIOBHUH
o0pa3oBaHus CTYAHS.

JlanHble, MoJy4YeHHbIE i1 cucTeMbl arap-oja-NaCl mokasamu, 4To mpu JaHHBIX
KOHIICHTPAIUSAX COJIM ONTHYECKasi TUIOTHOCTh, TEMIIEPATyphl 3aCTYJHEBAHUS W ILUIABJICHUS,
TUTOIIA TIETENh THCTEpe3rca, pa3Mepbl HAJMOJCKYISPHBIX YacTHI[ YBEIWYHBAIOTCS, UYTO
CBUJIETEILCTBYET O mosokuTeabHoM Biusauu NaCl mHa mporecc cryaneoOpa3zoBanus U 00
VIIPOYHEHUH CTYIHS. JTO TPOUCXOAMUT BEPOSATHO 3a CUET TOTO, YTO CTPYKTypa BOABI TPH
no6asyiennu NaCl B pacTBop arapa CTaOMIM3UPYETCS U PAaCTBOPUMOCTD arapa yxy/IaeTcs.
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PEOJIOTMYECKOE NUCCJIEJOBAHUE PACTBOPOB U CTYJITHEH ATAPA

J.A.Macumos, B.B.Ilpyabko
bakunckuii 'ocyoapcmeennviii Ynusepcumem

Peonorus uzyuaer TedyeHue KUIKOCTEH, B KOTOPBIX Hapsily € BSI3KOM HeoOpaTHUMOM
nedopmarmen CymecTByeT W 3aMeTHas oOpatumasi anactuueckas nedopmamus [1,2].
Peonorust monumepoB sBISETCS TEOPETUUECKOW OCHOBOW uX mepepaboTku. Tojbko 3Has
OCHOBBI PEOJIOTUH, MO’KHO 00ECeUnTh MOJIyYeHHE U3JIeNUil HYy)KHOTO KauecTBa. HexoTopsie
MIOJIMMEPBI HEBO3MOXHO IIEPEBECTH B BA3KOTEKYyYE€ COCTOSIHUE H3-32 MX CKJIOHHOCTH K
TEPMOJECTPYKIIMM M MEXaHOJECTPYKLUMHU IIPU BBICOKMX TeMIleparypax. Takue moJuMepsl
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nepepabaTbiBalOTCSI B BHUZE PacTBOpoB. [losTomMy mpeaMeToM peoJIoTHH IOJIUMEPOB
SIBJISIIOTCS HE TOJIBKO MX PACIUIaBbl, HO U PACTBOPHI.

Peonornueckoe moBeneHne MOJMMEPOB U MX PACTBOPOB OMPENEISAETCS HE TOJIBKO
TeMIIEPaTypoid, HO U TPHUPOJOUN TMOJUMEpa, €r0 MOJICKYISIPHOM Maccoil M MOJIEKYJISIPHO-
MAacCCOBBIM pacHpeliejiCHUEM, a TaKKe HaIPSIKEHHEM M CKOPOCTHIO CIBUTA, MPU KOTOPHIX
OCYIIIECTBJISIETCSI T€UEHUE pacTBopa wiH pactuiasa [1,3,4]. [loatoMy Henb3s XapakTepu3oBaTh
pPEOJIOTHYECKHE CBOWMCTBA TMOJIMMEpPA 10 OJHOW BEIWYMHE, HANPHUMEpP, IO BSI3KOCTH.
OxapakTepu30BaTh PEOJOTHYECKOE TOBEACHUE IMOJIUMEPA  MOXKHO, JIUIIh YCTaHOBUB
3aBUCUMOCTb BSI3KOCTH OT HANPSDKCHHS WM OT CKOPOCTH CHIBHTa, JIMOO 3aBHCUMOCTH
HaIPsDKEHUS CIBUTA OT CKOPOCTH CABUTA M TMIOTYYUB MPU ITOM KPHUBBIC TCUCHHUSL.

HaunGonee nmpocTeiM sABIISIETCS cllydaid, KOTa HAMPSHKEHUE CABUTA MPOMOPIIMOHATIBHO
CKOpocTH ciBura [4].:

T=ny
Boipaxkenne mpezcraBisier coboil 3akoH HproToHa, Tae 7 - HampsDKEHWE CIOBUra, ) -

CKOPOCTb C/ABHIa; 7] - KO3(PUIMEHT MPONOPLHUOHATIBHOCTH, Ha3bIBAEMbIN KO3 duirenTom
BSI3KOCTH WJIM IIPOCTO BA3KOCTHIO.

Ecoun 3akon HerooToHa coOmromaeTcsi, TO 3aBUCHUMOCTh HAIpsSOKEHUS CIBHUTa OT
CKOPOCTH CIBUTa HMeeT BUJ NpsiMoil auHuu [4,5,6]. Eciu ¢ pocToM HampspKeHUs CABHUTa
CKOPOCTh TE€UEHMsI HAaUMHAET pacTU ObICTpee, YeM 3TO cleAyeT u3 3akoHa HeioToHa, 4yTo
00YyCJIOBJICHO U3MEHEHUEM CTPYKTYPHI IMoJIMMepa (pacTBopa MojimMepa) B IPOIIECCe TEUSHUS,
MPUBOISIIUM K ITaJICHUI0 BS3KOCTH, TO NMPSIMOJIMHEHHAs 3aBUCHMOCTHh Hapymaercs. Yem
OoJbIle HANpsOKEHUE CIBUTa, TEM MEHbLIE BS3KOCTh. [lajeHue BA3KOCTH € pPOCTOM
HaNPsDKCHHS CABHTa HA3bIBAIOT aHOMAIHMEH BSI3KOCTH, a BEJIMUUHY BSI3KOCTH, 3aBUCSIIYIO OT
HaNPsDKEHHS CABHUTA, — 3()(HEKTUBHON WM CTPYKTYPHOU BS3KOCTHIO

JIiist o TydeHust KpUBBIX TEUEHUS B TAHHON pabdOTe  HCIOJB30BAIM  POTAIMOHHBIH
BHUcKo3uMeTp [7]. B nmaHHOM BHcKO3MMeTpe oOpasel] pacTBopa MOJMMeEpa MOMEUIAeTCsl B
3a30p MEeXAY ABYMS IMUIMHAPAMH, U3 KOTOPHIX OJIMH BpaIaeTcs, a APyroi — HermoaBmkeH. K
BHYTPEHHEMY TOJBWXKHOMY  UWIHHIPY TPHIOXKEH ONPEACICHHBI KPYTSAIIUNA MOMEHT
JEWCTBUEM TPY30B, NMEPEKHHYTHIX depe3 Oioku. [J1TaBHOE NpPEeMMyYIIECTBO POTAMOHHBIX
BHCKO3UMETPOB Tepel KamWUIIPHBIMA TpPHU W3MEPEHUH BS3KOCTH 3aKIIOYaeTCs B
MIOCTOSIHCTBE CKOPOCTH CIBHTa B 3a30pe MEXAy IWIMHIApaMu. Jljig TemmepaTypHbIX
M3MEPEHUN HEMOJBKHBIN HWJIWHIP CHAa0XKEH TEePMOCTATHPYEeMOW pyOaImKoi, KOTOPYIO
MOJICOEIMHAIOT K TepMocTary. TouHocTs TepmoctatupoBanus +0,5°C. Temneparypy oOpasia
ONpENEISUIM C MOMOIIBI TepMmonapel. M3mepenuss nmpoBoawinu udepe3 20-30 MuHYT mocrie
YCTAHOBJIEHUS! HYKHOH TeMIepaTypbl. DTOr0 JOCTAaTOYHO JUIsl YCTAHOBJIEHHUS B CUCTEME
PaBHOBECHOT'O COCTOSIHUSI.

HccnenoBanuss MpoBOJIWIM C BOJAHBIMU PAacTBOpaMU arapa, KOHLEHTPALUU KOTOPOTro
coctaBisin 0,5% u 2%. IlockonbKy arap sIBISIETCSI CTYAHEOOpa3yIOIIUM IMOJUMEPOM, TO
TEeMIepaTypHble HW3MEpPEHHs C BOJHBIMH pAcTBOpAaMH arapa HAaYMHAIM C BBICOKOH
TEMIIepaTypbl, a 3aTeM TemIeparypy MoHwkanu. VccnegoBanus npoBOAMIU MIPH
TEeMIlepaTypax Kak BBILIE TEMIEpaTypbl CTyAHEOOpa3oBaHHs, KOrja Mbl HMEET JeNo C
pacTBOpoM, TaK M HIKE HeEE, T.e. NMpU TeMmIepaTypax Korja pacTBOp IMpeBpallaercs B
CTY/CHb.

HccnenoBanus mokasanu, 4To MPH BBICOKUX TemIepaTypax, T.e. IpU TemIepaTypax
BBIIIE TEMIIEPATypbl CTYJHEOOpa30BaHMsI, pacCTBOPHI arapa BeIyT ce0s KaKk HbIOTOHOBCKHE
KHUJIKOCTH, TIOTYMHSIONINECS 3aKOHY BSI3KOTO TeueHHs HbIOTOHA, W IpU POCTE HANPSDKEHUS
CIABUIa BS3KOCTh ocTaeTcs noctosHHoil. g 0,5%-oro pactBopa mojoOHbIE 3aBUCUMOCTU
1N = f(7 ) 6bum nonyuenst npu 60° u 70°C, a nyis 2%-oro pactBopa — mpu 75°C.

[Ipu Temneparypax HUXKE TEMIIEpaTypbl CTyIHEOOpa30BaHUs 3aBUCUMOCTU BSI3KOCTH
OT HAIpPsDKEHUS CABUTAa MMEKOT BHUJI KPUBOM TEYEHHMsI, COCTOSAILEH M3 TPEX y4acTKOB. Takue
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KpuBbie ObuH TOTy4eHsbI 1 0,5%-oro pactBopa mipu 30°C, a ansa 2%-oro — npu 35°C.

[TonyueHHble MOJIHBIE KPUBBIE TEUEHUS MOXXHO OOBACHUTH cileayroumm obpazom. B
o0nacTy MajblX 3HAUEHUH HANpSOKEHUS CIBUra KpHUBas TEUEHUS MMEET MPSIMOJUHEHHBIN
y4acToK, T.€. paCTBOP B 3THUX YCIOBHUSX T€YET KaK HbIOTOHOBCKAas XUAKOCTb, 00Jiajaromiast
0071110} BA3KOCTHIO. [I0CTOSTHCTBO 3HAUEHUSI BA3KOCTH HA 3TOM YYaCTKE OOBSICHSIEETCS TEM,
YTO MPH MaJIbIX 3HAUEHUSAX HAIPSOHKEHMs CIBUra MPOLECChl OpUEHTAlUu U JedopManuu
MaKpOMOJIEKYJI HE BJIMSIIOT Ha BSI3KOCTb >KMJIKOCTH. DTOT HadyajbHBIM yuyacTok Kpuoi (I)
MOXXET OBbITh HACTOJBKO MajbIM, YTO €ro HE BCerja yJIaeTcs IMOJYy4uTb. Bs3KOCTb,
COOTBETCTBYIOIAsl MAJIbIM 3HAUEHUSM HalpsHKEHHUs CBUTA, MOKET ObITh HACTOJBKO BEJIMKA,
YTO HE OOHapy)XHMBaeTcs TEUYEHHE IpU HANPSIKEHUSAX CIOBUTAa MEHBIIUX HEKOTOPOIo
npenenbHOro HamnpsbkeHus. Takoe npenenbHoe Hanpspkenue it 0,5%-oro pactBopa paBHO
~38 I1a, a mis 2%-oro ~40 I1a.

[Ipu Bo3pacTaHuM HamnpsoKEeHUs caBura Bc€ B OOJbIIEH CTENeHM HAYUHAIOT
MIPOUCXOJUTh TPOLECCHl PA3PYLIECHUs HAIMOJIEKYJISPHOM CTPYKTYpbl, OpUEHTALUH M
nedopmaruu  Makpomosiekyn (Il-oif yuactok kpuBoit  Tedenwms). [lpu 3TOM BA3KOCTH
YMEHBIIIAETCS U B HEKOTOPOM TOYKE JOCTUIAET MOCTOSIHHOIO MHUHHUMAJIbHOTO 3HAYEHMS —
MpeieIbHON BA3KOCTHU MPHU HANpPsHKEHUU caBura paBHoM = 47 Ila (mns 0,5% pactBopa arapa)
u ~ 50 Ila (st 2% -oro pactBopa).

[Ipu nanbHelieM pocTe HaNpsHKEHUs CABHUra BA3KOCTb ocTaercs mnoctosHHoil (111
ydacTtok). B aToM ciydae HamMoseKyisipHas CTPYKTypa IpeleibHO paspylieHa, KiIyOku
MaKpOMOJIEKYJ MPEAEIbHO OPUEHTUPOBAHBI, CTPYKTYpa pacTBopa OoJibllle HE MEHSETCS U
BSI3KOCTh CHOBA IIEPECTAET 3aBUCETh OT HAIPSDKEHUS C/IBUTa.

Takum ob6pasom, Ha I u III yuacTkax pacTBOp BemeT ceOsi Kak HBIOTOHOBCKas
KHUJKOCTb, OJIHAKO HAJMOJIEKYJISIpHAs CTPYKTypa CHUCTEMBbl CTOJIb Pa3jiMyHA B 3TUX JBYX
COCTOSIHMSIX, YTO IO BSI3KOCTHM OHM MOTYT CWJIBHO oTiaudarbcs. Ha II-om ydactme pactBOp
BeJIeT ce0e KaKk HEHbIOTOHOBCKAsi aHOMAJIbHO — BSI3Kas Cpelia.
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"KVARTASOL” MOHLULUNUN BOZI
FiZiKi-KiMYOVi XASSOLORININ TODQIiQi

K.M.Budaqov, Q.M.Bayramov, C.i.ibrahimoy
Baki Doviat Universiteti, Fizika Problemlori ETI

Praktikada izotonik vo hipertonik mohlullar orqanizmds qan dovranini giiclondirmak,
kicik kapillyarlarda gan dovranmni barpa etmak, orqanizmi toksin maddslordon tomizlomok va
onda gan tozyiqini normal vaziyyato gotirmak ii¢iin genis istifado olunur. Bunlardan biri do
Kvartasol izotonik duru duz-su mshluludur.

Kvartasol 1 litr hocminds 4,75q NaCl, 1,5q KCIl, 1q NaHCO; va 2,6q CH3;COONa
duzlar1 olan izotonik mohluldur [1]. Bu mohlul organizmds gana hemodinamik tosir gostorir,
qanin gatilagsmasina mane olur,onu toksin maddalordan tomizlomoays kdmok edir.
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Qeyd etmok lazimdir ki, kvartasol mohlulu duru mohluldur. Onun torkibinds olan duzlar
demok olar ki, suda tam dissosasiya edorok ionlara ayrilirlar:
NaCl < Na'+ CI
KCl < K™+ CrI
CH3COONa < Na'™ + CH;COO
NaHCO; <> Na'+ HCO5”
HCO; < H + COs5™"

Bu mohlul ganin torkibino daxil edildikdo bu ionlarm (anion vo kationlarin) hesabina
qanin torkibinds ion zanginliyi yaranir ki, o da 6z novbasinds ganda gedon kimyavi proseslor
naticasinds kigik kapilyarlarda qan dovranimi giiclondirir. Bunun sayasindo orqanizmda
movcud olan toksin maddslor qanin torkibina garisaraq gara ciyar va boyrays kecgorok onlarin
vasitasilo parcalanir vo orqanizmdon konar olur.

Deyilonlordon belo naticoyo golmok olar ki, kvartasol mohlulunun reoloji xassolorinin
temperaturdan asililigmin yronilmasi onun tadqiqi tigiin shomiyyst kosb edor.

Bu isdo kvartasol izotonik mohlulunun dinamik ozliliyi, sixlhigt ve elektrik
keciriciliyinin (normal atmosfer tozyiqinda) temperatur asililg1 dyronilmisdir. Tadqiq olunan
molhulun 6zlililylinlin vo sixliginin temperatur asililigindan iso 6zIi axmin aktivlosmo
parametrlori (AGy,", AH,", AS,") [2] sixligin temperatur asililifindan iso istidon geniglonma
omsali (0, ) [3] hesablanmigdir.

Aparilan 6lgmolor gdstirmisdir ki, kvartasol mohlulu {iciin istidon genislonmo omsali
temperaturun artmasi ilo qiymotco boyiiyiir. Lakin aktivlosmo parametrlori temperaturun
artmasi ilo azalir. Hor bir duru duz - su mohlullarinda oldugu kimi kvartasol mohlulu ii¢iin do
Nn.c hasili temperaturdan saili olaraq sabit qalmir, yoni baxilan temperatur intervalinda
(10°C+50°C) Valden qanunu ddenilmir.

Bu mohlul organizms daxil edilmomisdon avval su hamaminda (+36 - +38 °C) qizdirilir
va orqanizmds kaliumun miqdarmin artmasi ehtimali nazaratds saxlanilmalidir.
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QEYRIi-UZVi OLAVOLORIN KOMOYi GELIN REOLOJi XASSOLORININ
IDARO OLUNMASI

Mbasimov E.D., Iimamaliyev A.R. .
Baki Doviat Universiteti, Fizika Problemlori Institutu

Gelin praktik totbiqlori onun reoloji xassolorinin moagsodyonlii sokildo idars oluna
bilmasini zoruri edir. Bu xassolor gelatorun tobiotindon vo konsentrasiyasindan basqa,
hom do gelo daxil edilon olavalorin tobiotindon asilidir. Gelo daxil edilon olavalor gelin
omoalo goldiyi miihitin xassalorini doyismoklo onun reoloji xassalorini do shomiyyatli
doracada doyiso bilor. Bu isdo koaksial silindrik viskozimetr vasitasi ilo bazi metallarin
duzlarinin (NaCl, KCl vo CaCl,) va asaslarinin (NaOH, KOH va Ca(OH),) aqar gelinin
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reoloji xassaloring (gelin axmasinin astana gorginliyi o, vo an kigik Nyuton ozliliuii n, )

tosiri dyronilmisdir. Bu komiyyatlor miiniim reoloji parametrlor olub gelin mikrostruk-
turu haqqinda qiymotli informasiya dasiyir. Onlarin qiymotlori gelin axin oyrisindon
alinir. Axin oayrisi dedikds siiriismo deformasiyasinin siiratinin gelo tadbiq olunan mexa-

niki gorginlikden asililif1 (y(o)) nazardos tutulur. Bu asiliiq 6 =06, +nyBingqam ganunu

soklindadir. o - axinin astana gorginliyi gelin mohkomlik 6l¢iisti kimi gotiiriilo bilor.

Cadval 1 Cadval 2
Gelin torkibi oy, Pa| M, Gelin torkibi Gy, Pa N »
Pa-san Pa-san
1.5%-li aqar 20.9 0.75 1%li aqar 17 0.28
1.5%-li agar +0.1% NaCl | 17.9 2 1%aqar+0.1% NaOH 20 0.28
1.5%-li agar +0.1% KCl 37.5 0.6 1%aqar+0.1% KOH 16 0.28
1.5%-1i aqar +0.1 %CaCl | 25.8 5.5 1%aqar+0.05%Ca(OH) 16 0.25

Duzlarin gqeyd olunan komiyyatlorin giymatlorine tosiri Codval 1 do verilmisdir.
Cadvaldan asagidaki ganunauygunluglar1 gérmok olar:

a) NaCl duzu gelin méhkomliyini bir qodor azaldir, 6zliiliiyiinii iso artirir;

b) KCl duzu gelin méhkomliyini koskin artirir, 6zliiliiyii bir qodor azaldir;

¢) CaCl, duzu gelin méhkomliyini azca artirir, 6zliliyiinii iso koskin artirir.

Cadval 2 gostarir ki, duzlarla miigayisads asaslar gelin reoloji xassalorini shomiyyatli
doracads doyismir.

Gelin moéhkomliyi foza torunu omaolo gotiron assosiatlar arasindaki tikislorin say1 vo
enerjisi ilo, ozliliyi iso bu assosiatlarin sayr va 6l¢iisii ilo miioyyan olunur. Alinan nati-
colora osason deyo bilarik ki, natrium duzunun olava olunmasi assosiatlarin 6l¢iisiinin
artmasina sobob olur. Kalium duzu assosiatlarin 6l¢iistinii azaldir, lakin onlar arsindaki
rabitolorin saymi artirir. Kalsium duzu iso assosiatlarin dlgiisiinii vo sayimi koskin artir-
magqla onlar arsindaki tikislorin saymni da bir godor artirir. 9saslar hagqinda onu deya
bilarik ki, onlar gelin mikrostrukturunu zaif doyisirlor.

Noticalorin miigayisasi gostorir ki, gelin mikrostrukturundaki bu dayisikliklor ionla-
rin, 9sason do anionlarin (baxilan halda Cl- ionlarinin) tasiri ilo baghdir. 9saslarin gelo
zaif tosirinin asas sobabi onlarin suda duzlarla miiqayisads zoif dissosiasiayaya ugrama-
sidir. Bunu geyd olunan sistemlorin sulu mohlullarinin elekrik kegiriciliyinin 6l¢iilmasi ilo
bagli tocriibi verilonlor tosdiq edir.

Goriilon isin noaticolorinin tohlili gostorir ki, gelo daxil edilon slavalorin komayi ilo
gelin mikrostrukturunu doyismok, bunun osasinda iso gelin reoloji parametrlorini miioy-
yon hadlordos idars etmok miimkiindiir.

OPiOID PEPTIDLORININ FOZA QURULUSLARININ
KOMPYUTER MODELLOSDIRILMOSI
G.9.Haqverdiyeva
Fizika Problemlori Institutu, Baki Doviat Universiteti, Z. Xolilov 23, AZ-1148,

Baki, Azarbaycan, E-mail: HagverdiGulnara@mail.ru

Opioid peptidlori morkozi vo periferik sinir sistemlorine tosir edon xiisusi
neyropeptidlordir. Orqanizmdo bioloji aktiv molekullarin fizioloji tosirlori onlarin foza
quruluslari, elektron vo dinamik konformasiya xassoalori ilo baghdir. Dermorfin, deltorfin,
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kiotorfin, neokiotorfin, hemorfin peptidlorinin vo onlarmn analoglarmin foza quruluslari
kompyuterdo modellosdirilmigdir. Birinci morhslods mexaniki model ¢orgivasinds bu
peptidlorin ~ kicik  enerjili  konformasiyalarinin  enerji  vo  hondesi  parametrlori
miloyyonlosdirilmisdir. Sonraki morholodo AMI1 kvantkimyavi metodunun kémoyi ilo bu
quruluslar1 xarakterizo edon elektrik dipol momenti, atomlarin parsial ytklori, elektron
sixligmin paylanmasi kimi elektron parametrlori hesablanmisdir. Son marhslado peptidlorin
molekulyar dinamikas1 todqiq olunmusdur, su miihitini nozoro alaraq dinamik xassolori
arasdirilmisdir. Alinmis naticolori bioloji testlor ilo miiqaise edorok peptidlorin bioloji aktiv
konformasiyalar1 modellosdirilmisdir.

Dermorfin (H-Tyr-D-Ala-Phe-Gly-Tyr-Pro-Ser-NH3), deltorfin I (H-Tyr-D-Ala-Phe-
Asp-Val-Val-Gly-NH,)  vo  deltorfin  II  (H-Tyr-D-Ala-Phe-Glu-Val-Val-Gly-NH,)
Phyllomedusa ailosine aid olan qurbagalarin dorisindon alinmis endogen xotti peptidlordir.
Onlar, miivafiq olaraq, u-, 6 1- vo 6 2-opiat reseptorlarla baglanirlar. Bu 3 peptidin

hamisinda fizioloji ohomiyyatli olan agrikosici tosiro malik oxsar N-uclu tetrapeptid Tyr-D-
Ala-Phe-Xaa (harada Xaa- dermorfinds Gly, deltorfin I-do Asp, deltorfin II -ds iso Glu- dir)
movcuddurdur. Bu peptidlorin ardicilliginda aromatik halgalar dasiyan Tyr vo Phe amin
tursular1 qaliglarinin arasinda D- Ala amin tursusu yerlosir. Bu cur qurulus onlarin biloji
aktivliyina cavab verir. Togdim olunmus isds geyd olunan peptidlorin foza quruluslarinin
miiqaisali analizi aparilmig, onlarin analgetik effekto cavab veron imumi konformasiya
xassalori vo har birino xas olan qurulus xiisusiyyatlori aragdirilmisdir. Miioyyon edilmisdir ki,
dermorfinin global konformasiyasinda Tyr1-Cly4 seqmenti spiralvari qurulusa malikdir. Bu
konformasiyada D-Ala2 amin tursusu qaliginin vo molekulun C-ucunda yerloson NH, amid
grupunun atomlarmnim fozada yaxinlagmasi ilo kvazisiklik qurulus omolo golir. Molekulun
basqga kicik enerjili konformasiyalarinda iso 3-cli vo 6-c1 qaliglarin yaxinlagsmasi noticasindo
kvazisiklik qurulus omolo golir vo fenol halgast konformasiya cohotdon sort olan prolin
halgasma koplanar voziyyot alir. Qeyd edok ki, dermorfin molekulunun on stabil
konformasiyalar1 Tyrl-DAla2 dipeptid seqmentinin asas zoncirinin biikiilii qurulusda olmasi
ilo xarakterizo olunur. Goriiniir, belo bir minimal struktur talob bu peptidin aktivliyi ii¢lin
ohomiyyat kasb edir. Deltorfinlorin optimal quruluslarinda Val5 amin tursusundan baslayaraq
peptid zoncirin donmosi miisahido olunur, bu da ki molekullarin N-uclu fizioloji aktiv
tetrapeptid vo C-uclu Val-Val-Gly tripeptid fragmentlorinin yaxinlagmasini tomin edir. Bu
konformasiyalar effektiv elektrostatik kontaktlar vo bir ne¢o molekuldaxili hidrogen
rabitolorinin yaranmasi ilo xarakteizo olunurlar. Bundan bagqa bu quruluslarda osas zoncirin
intensiv dispersion kontaktlar1 miisahido olunur. Doniis noticosindo Val5 amin tursusu
molekulun periferiyasinda lokallasir vo bu sobabdon onun yan zonciri miioyyon konformasiya
sarbastliyino malikdir. Beloliklo, har iki deltorfin molekullarinin on stabil konformasiyalar1
N-uclu tetrapeptid seqmentinin asas zoncirinin biikiilii qurulusda olmasi ilo xarakterizo
olunurlar. Belo naticoys golmok olar ki, deltorfinlorin analqgetik effektina onlarm N-uclu
tetrapeptidlorinin quruluslar1 cavabdehdir.

Analgetik effekt gdstoran kiotorfinin (Tyr-Arg), neokiotorfinin (Thr-Ser-Lys-Tyr-Arg)
vo onlarin [D-Arg]-bioloji aktiv analoglarmin tadqiqi aparilmigsdir. Bu analoglar uzun
miiddatli aktivlik gdstorarak, otraf miihitin tasirino qarst daha dayaniqlidirlar. Bununla yanasi
neokiotorfin peptidi insan orqanizming xosagolmoz tasirlor do gostorir: son tocriibalor gosatrir
ki, neokiotorfin vo onun 1-4 fragmenti insan orqanizminde L 929 adlanan karsinoma
hiiceyralorinin artmasinda istirak edir. Belsliklo neokiotorfin polifunksionaldwr, bu da ki
bilavasito bu peptidin konformasiya xiisusiyyatlori ilo baglidir. Hor iki peptidin foza
quruluslarimi tasvir edan stabil konformasiyalar y1gimi1 miisyyan edilmisdir, onlarin handassi,
enerji parametrlori vo bu quruluslar1 stabillogdiron qlivvelor toyin edilmisdir. Miioyyan
olunmusdur ki, arqininin D-izomerlosmosi bu peptidlorin konformasiya imkanlarini
mohdudlasdirir vo onlarm yalniz tirozin-arqinin seqmentinin biikiilii qurulusa malik olan
konformasiyalari reallagdirir. Bu ciir ovoz etmo haor iki molekulda arqininin yan zancirindo
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va molekullarin sonluglarinda elektron sixligliginin paylasmasmin diyigmosino sobab olaraq,
bu peptidlorin daha dayanaqli voziyyat almasini tomin edir vo bu da ki onlarmn aktivliyino tosir
gostorir. Hesablamalar noticasinde agkar olunmusdur ki, spiralvari (tam spiral, N- vo ya C-
uclardan baglayaraq spirallasan) konformasiyalar neokiotorfin molekulunun daha stabil
vaziyyatloring cavab verir. Bu onunla izah olunur ki, belo quruluslarda lizin vo arqinin amin
tursular1 qaliglarmin miisbat ylik dasiyan yan zacirlori fozada uzaqlasmis, molekulun C-
ucunda yerloson monfi yiik dasiyan karboksil atom qrupu iso onlara nozoron morkozi voziyyot
alir, torkibindo hidroksil qruplar1 olan qaliqlar iso molekulun periferiyasinda yerlosorak
otrafdaki su mohlulunun atomlar1 ilo olverisli hidrogen rabitolorinin yaranmasinda istirak
etmoak imkani aldo edirlor.

Qeyri-tipik opioid peptidlor sinfini toskil edon hemorfinlor morkozi vo periferik sinir
sistemindo genis yayilmislar, onlar beyindo, plazmada, onurga siimiiyiiniin iliyindo miistoqil
sokildo askar olunmuslar. Bu peptidlorin quruluslari, oldo edilmo mexanizmlori, bioloji
aktivliyi bir cox alimlorin maragina sabab olaraq genis todqiq olunur. Hemorfinlor bir sira
fizioloji funksiya yerino yetirirlor. Onlar bioloji aktiv molekullarin foaliyyotini tonzimloyirlor.
Belo ki, hemorfinlor enkefalini parcalayan fermentlori ingibirlosdirirlor. Bu keyfiyyat onlarin
analgetik effekt gostordiyini tosdiqloyir. Agrikosi¢i tosirdon basqga, onlar iirok-damar
sisteminin foaliyystinin tonzimlonmasinds vo orqanizmin tozyiqinin yuxari haddinin
gorarlasmasimnda boyiik rol oynayirlar. Bundan basqa hemorfinlor angiotenzinin AT4
reseptoru ilo baglantisini vo ona identik olan insulin-tonzimloyici N aminopeptidazanin vo IV
dipeptidazanin katalitik aktivliyini ingibirlosdirirlor. Hemorfinlor illtihaba, sis hiiceyralorino
qars1 effekt gostorir, immun sistemin foaliyystinds istirak edirlor. Toqdim olunmus isdo
hemorfin sinfino monsub olan muxtslif uzunlugda olan (4-10 amin tursularindan ibarat)
peptidlorin  foza quruluslarmin nozori todqigati aparilmisdir. Miloyyon olunmusdur ki,
molekullarin N- vo C-uc hissaloring nazoron hemorfin-4 peptidinin ardicillifmma uygun
moarkozi Tyr-Pro-Trp-Thr tetrapeptid fragmenti konformasiya sortliyino malikdir. Tadqiq
olunmus peptidlorin optimal quruluslarinin bu seqmentinds peptid zoncirinin doniisii askar
olunmusdur. Atomlarin parsial yiiklorinin analizi gdstorir ki, bu hissays daxil olan Tyr va Trp
qahglarinin atomlarinda elektron sixlhiginin doyismosi bas verir. Bu onunla izah olunur ki,
basqa quruluslara nazoron doniis olan konformasiyalarda geyd olunan qaligqlarin aromatik
halqalar1 koplanar vaziyyat alir vo molekullarin daha kompakt forma almasina sobab olurlar.
Alimmis naticolor Tyr-Pro-Trp-Thr fragmentine hemorfinlorin spesifik tasirlorine cavab veron
aktiv markoz kimi baxmaga imkan verir.

POLIETILENQLIKOLUN SULU MOHLULLARIN MOLEKULUSTU
QURULUSUNA TOSIRI

E.O. Masimov, H.F. Abbasov .
Baki Doviat Universiteti, Fizika Problemlori Institutu

Polietilenqglikol (PEQ) bir ¢ox vacib xassalorino gora tobabotdo, kimya, neft, qida vo
kosmetika sonayesinds va digor sahalords genis totbiq olunur. Bels ki, polietilenqlikollardan
baglayici, qatilasdirici, stabillosdirici, momulatin matrisi kimi, hidrofob molekullarla kovalent
olago yaratmaqla geyri-ion sothi aktiv maddslorin alinmasinda, asilgan hissociklorinin
koaqulyasiyas1 {i¢iin, texnika vo tobabotdo inyeksiya zamani hidrodinamik miigavimatin
azaldilmas1 moqgsadilo, yeyinti mohsullarmin, aqroximikatlarin suda holloluna bilon zohorli
olmayan ortiiklo Ortiilmasi iiglin, boya vo latekslordo baglayic1 vo qatilasdirici kimi istifado
olunur. ©ksor hallarda polietilenqlikolun birbasa 6ziindon yox, onun sulu mohlulundan
istifado olundugundan miixtalif molekulyar kiitlali polietilenqlikollarm sulu mshlullarinin
todqiqi bdyiik ohomiyyat kasb edir [1,2]. Isda polietilenglikolun miixtalif molekulyar kiitloli
fraksiyalarmm (M, = 1500, 3000, 6000 va 20000) KOH vo NaOH-in 0.1 mol/l sulu
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mohlullarinin termodinamik halina vo bu mohlulda mdvcud olan bazi strukturlara (klatratlara,
klasterloro vo s.) stabillosdirici tosirlori todqiq edilmisdir [3]. Todqgigatlar 293-323 K
temperatur intervalinda polimerlorin vo qolovilorin miixtolif konsentrasiyalar1 {i¢iin
alcaqtezlikli dielektrik spektroskopiya metodu ilo aparilmigsdir. Mohlullarin hor biri {igiin
Koul-Koul diagramlar1 [4] qurulmus vo diagramlardan relaksasiya tezliklori toyin edilmisdir.
Debay modeli osasinda mohlullarda modvcud olan uygun relaksatorlarin  dlgiilori
qiymatlondirilmisdir vo bu relaksatorlarin nanodlgiiloro malik oldugu askarlanmisdir (Sokil
1,2). Qeyd edok ki, son zamanlar intensiv todqigat obyektlori olan vo ¢esidli sahalordo genis
totbiq olunan nanohissagiklori almaqla yanast onlarin stabilliyini, o ciimloden,
termostabilliyini tomin etmok ¢ox vacib problemlordondir.

Miioyyon olunmusdur ki, polietilenglikolun konsentrasiyasinin artmasi (Sokil la, 1
oyrisi PEQ 1500-5, 2 oyrisi PEQ 3000-0 aiddir) suyu strukturlagdirir, yoni polimerin
konsentrasiyasi artdiqca aqreqatlarin olgiilori boyiiylir. Zonnimizco bu ona gors bas verir ki,
polietilenglikol makromolekullar1 uclardaki OH qruplar: vasitasi ilo sarbast su molekullarini
O0zlino hidrogen rabitosilo baglaywr, su daha c¢ox strukturlasir. Mohlulda PEQ-in
konsentrasiyasi, yoani vahid hacmdoki makromolekullarin say1 artdigca OH qruplarinin say1
artdigina goro strukturlagma giiclonir.

Temperatur artdiqca polimer mohlullarindaki aqreqatlarin 6lgiilori doyismir (Sokil 2a),
yoni polimer mohluldaki aqreaqtlarin temperaturun doyismosi ilo dagilmasina mane olur,
stabillogdirici tosir gdstarir. Polimerin stabillosdirici tasiri yiiksak temperaturlarda 6ziinii daha
qabariq sokilds biruzs verir. Miiqayisa ii¢iin onu da qeyd edak ki, polimer olmadigda KOH vo
NaOH — 1 sulu mohlullarindaki aqreqatlar temperaturun artmasi il dagilirlar (Sakil 2b). Bu
tip mohlullarda golovinin konsentrasiyasinin artmasit da mohlulun strukturuna dagidici tosir
gostorir (Sakil 1b). Maraqhidir ki, PEQ-in molekulyar kiitlosinin ¢ox bdyiimasi (20000) onun
stabillogdirici tosirini zoiflodir. Fikrimizco mokromolekulun orta kvadratik uzunlugu suda
movcud olan relaksatorlarin (klasterlorin) ¢evrasinin uzunlugu 1ilo eyni olduqda
polietilenglikol makromolekulu 6z zanciri ilo relaksatoru ohats edorok daxiline alir. Beloliklo,
makromolekul relaksatoru istiliyin tosirindon qoruyur. Makromolekul zonciri boytlidiikco onun
daxilino birdon ¢ox relaksator girdiyindon temperaturun artmasi ilo onlar rahatca dagilirlar.
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PEQ-in konsentrasiyasi, %
KOH-in konsentrasiyasi, M/l

Sokil 1. 0.1M KOH + PEG + su sisteminds relaksatorlari 6l¢iilorinin polietilenqlikolun
(a) vo KOH-m konsentrasiyasindan (b) asililig1
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Sokil 2. 0.1M KOH + PEG + su sistemi iigiin (a) vo 0.1M KOH + su sistemi igiin (b)
relaksatorlarin 6l¢iilorinin temperaturdan asililigi
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BOJIHBI HOHU3AIIUM ITPU ITPOBOE JVINHHOM TPYEKH B APTOHE

I''M.Canpirzage
bakunckuii ['ocyoapcmeennviii Ynusepcumem

B MNoCIACAHUE TO0Abl 3HAYUTCIBHOC BHHUMAHHUC VYIACIACTCA OSKCIICPUMCHTAJIBHBIM
HUCCICAOBAaHUAM BOJIH HOHHU3AIUN B IJIMHHBIX I'a30Pa3spsaHbIX pr61<ax. Bomnnbr HOHHU3aIIuu —
o0jacTy NOBBILIEHHOW HMOHU3ALMM YacTUL, OTAEJICHHbIE Y3KOM MepexoJHON 00JacThio
(pponTOM BOJHBI) OT OOJsiacTell ¢ OoJjiee HU3KOM cTeleHblo noHu3auuu. B npeaenax ¢ponra
BOJIHBI MPOUCXOAUT pC3KI/II7I CKa4YOK CTCIICHMW HOHHU3alIluM 4YacCTHUIl Irasa. CprKTypy BOJIHBI
OTIPENIENSIOT MPOIECCHl MOHU3ALNHY, PEKOMOMHAIINY ¥ TIepeHoca SHepTuu. VoHMW3aImoHHbIe

BOJIHBI MOTYT OBITh yeJHHEHHBIMH,
MEePUOIUYECKUMH, CTallMOHAPHBIMH,
oerymumu  u  t1.0. Ilo xapaxtepy
¢bu3nyecKkux SBJICHUM B IEpPeXoaHOU
o0JacT M MeXaHU3My IepeMEIlEHNUs,
OHM OJU3KM K BOJIHAM TOpEHUs U
JI€TOHALUU.

Bonnel  uMOHM3anuuM  MOryT
BO3HUKATh MPHU JIEKTPUUYECKOM Npoloe
ra3oB B pa3pAgHOM TPOMEXKYTKE U
0OBIYHO Ha0II0JaI0TCs KaK
IBIOKyIIMEeCS  (POHTHI  CBEUYCHWSL.
CKopocTh  pacmpoOCTpaHEHHS  TaKUX
BOJIH 3aBUCUT oT psana
AKCIEPUMEHTAJIbHBIX YCIOBUNH M MOXKET
NPUHAMATh 3HAYEHUS B  IIHPOKOM
mmamasore ot 10° g0 10" oM ¢

Bounsl HOHU3ALAN c
HEBBICOKUMHU CKOPOCTSIMU
pacnpocTpaHeHus 10°-10" em ¢,

4
A, (oTH.enn)
1,8 —
1,4 -
1,0 4
I 1
0,6 —
‘x/\ >
VI I I I I I [
0,20 0,30 0,40 0,50 L(m)
Puc.1. 3aBUCHMOCTD AMILIUTYAbI BTOPOro

MaKCuMyma A2 OoT QJIMHBI L A0 MOJKUTArIiero

3jexTpona npu Aajienun P=1 Top: 1-npn f=200
I'm; U=800B. 2 —npu f~=150I'm; U=700 B.
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M3y4yaeMble B JIaHHOHM paboTe, yalle BCEro BO3HUKAIOT B IMPOMEXKYTKAaX C OJHOPOJHBIM
AJIEKTPUYECKUM TIOJIEM, TIJ/I€ CKOpOCTh (pPOHTa HMOHHU3ALMHU ompenensercs apeidom
2NIeKTpOHOB. Takue BOJIHBI TakkKe BO3ZHUKAIOT HIPU Yy4acTUU B IIPOLIECCE Pa3BUTHUS
MOHHU3ALMOHHOTO MPO00s TSHKENBIX YaCTHUL.

OKCIIEpUMEHT NPOBOAMJICA B pazpsagHoid TpyOke uimHOM 80 c¢M W BHYTPEHHUM
muamerpom 3,2 cm. Ha TpyOKy cHapyxu Mo BCEH €€ IJIWHE HAHW3BIBAIOTCS OOKIIAIKH,
MIPEJICTaBISAIONINE COO0N OJIMHAKOBbIE KOJbIa IUPUHON 3,2 CM U3 aJIlOMMHHEBOM (OJIBIH,
OTCTOSIIIIAE JIPYT OT Apyra Ha pacctossHun 1 cMm. DT oOkiagku oOpa3yloT BAOJb TPYOKH
emkoctb C, —C, . IluTaromee HanpsbKeHHE NOJABATIOCh MEKIY OJHUM U3 BHYTPEHHHX

AJIEKTPO/IOB, HA3bIBAEMbIM MO DKHUTAOMINM (I1.3.), U oOKkiankamu. [lo mepe ynaneHus ot m.j.
€MKOCTh 00KJIaJIOK yMEHbIanach B 20 pa3 OTHOCUTEIHHO ITEPBOH.

N3yuanuce koneGanusi Ha 3amHeM (PpPOHTE HMOHU3ALMOHHOW BOJIHBI, [UJISI YETO
U3MepsUIach aMIUIMTYy[a BTOPOTO, MOciae MPOOOMHOro, MakCcuMyma KoyieOaHui A, Hu ux

4acToTa V , U3MEHSIOUIUECS B/I0JIb pa3psaAHON TPYyOKH.

OTu napaMeTpbl 3aMepSUTUCh TI0 MOKa3aHUAM ocluiuiorpada.

Bce u3mepenuss npoBoamiIMCh 3a (POHTOM HOHU3ALMH, PACHPOCTPAHSIOMIMMCS B
CTOPOHY YMEHBIIEHHS €eMKOCTH.

Ha puc.] mnokazaHa 3aBUCUMOCTb aMIUIUTYABl BTOPOrOo MakcumMyma A,  OT
paccrostHAS 110 11.3. L. V3Mepenwus mpoBoawinck npu dactore f =200 ['m u momaBaeMom
Hanpspkeann U =800 B (kpuBas 1); u mpu wacrore f =150 I'm u nanpsoxkenmu U =700
B (xpuBas 2).

3aBUCUMOCTD YaCTOTHI KOJEOAHWI V OT JUIMHBI BOJHBI L TpeicTaBieHa Ha puc.2.
[Tokazanus CHUMAJIUCh mpu 4
MIOCTOSIHHOM ~ 3HAQUEHUU HaNpsHKeHUs e
U=900 B wu wacroter [ =180 I'm. s
I'paduk MOKa3bIBAET, YTO IpH .
yAaJeHuu OT  IL3. B CTOPOHY
YMEHBUICHHUS E€MKOCTH C, 45

MIPOUCXOUT YMEHbBIIIEHUE YacTOThl V . ]
3aBUCUMOCTD aAMILIUTY bl 3,5 -
BTOPOro MakcuMyma A, W 4acTOTHI °

kojeOaHuil v Ha 3agHeM (pPOHTE OT -

paccrosHust L MO>KHO OOBSCHUTH TP,

CJIEYIOIIUM 00pa3oM. VT | I T | >
CornacHo TeopuH, npu 0,20 0.30 0,40 0,50 L(m)

ONpeJIeNIeHHBIX  YCTOBHAX 32 (PPOHTOM Puc.2. 3apucuMocTh 4acTOTBI KoJeOanumii V Ha

BOJIHBI MOHHW3AlMH B SKPAHUPOBAHHOH  3a37pem (hponTe HOHM3AMMOHHOI BOJHBI OT JMHHBI L
TpYOKe MOJ/DKHBI BO3HUKATh KOJIEOAHMS  fj0 mOXKMraiomero jJieKTpoaa Mpu aapjiennn P=1

ANEKTPUYECKOTO TOJIsl, ToKa U oobemHoro  Top: f=180 I'u; U=900 B.

3apsga. Ilpu stom ObUIM OOHApPY)KEHBI

PEXHUMBI, B KOTOPBIX 3aTyXaloLIUM KoOJIEOAHUSIM TOKa IMpPEALIECTBYeT KOHEYHOE YHCIIO
OCLMJUIALIMM C HapacTarolled aMIUIMTYIOW. YBEIMYEHHE KOHIIEHTPALMU JJIEKTPOHOB 71

MPUBOJIUT K (POPMUPOBAHUIO OOJIBLIETO YKCIa HAPACTAIOUIUX OCIMILISALUI.
ITo mepe ynmamenus ot 1.3. ymeHsmaerci eMmkoctb C,. C ymenbmenuem C,

YMCHBINACTCA TAKXC BCJIMYHMHA 3apsgaa U COOTBCTCTBCHHO KOHICHTpalHA n,, mIagarT

MHTEHCUBHOCTh HMOHHU3ALMU U IJIOTHOCTHh 0Opa3yroleiicsl I1a3Mbl, a CJIe10BaTENbHO PacTET
COTIPOTUBIICHUE EIUHUIIBI JITMHBI CTOJI0A.
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B camomMm gene, npu yganeHuM OT I1.3. aMIUIUTYZAA KOJIEOAaHUN BTOPOrO MakCUMyMa
A, U 4YacToTa KojeOaHWuil Vv  JEHCTBUTEIBHO YMEHBUIAIOTCA, YTO HAXOJUTCS B

KauCCTBCHHOM COTJIaCHHU C pE3yJibTaTaMU TCOPHHU.

OINNPEAEJIEHUE DHTAJIBIIMU OBPA30BAHUS KAPBOHATOB
PEAKO3EMEJIBHBIX DJIEMEHTOB

I'.I".Hypy.uiaeB
HUncmumym Xumuuecxkux Ilpoonem HAH, A3ypoatioxcana

Jlis ompenenieHus SHTAIbNUU OOpa30BaHMsI TBEPIbIX COEIMHEHUH, B TOM YHUCIIE
KapOOHATOB PEAKO3EMENbHBIX JJIEMEHTOB Pa3BUT METOJ CKUTaHUs. BerecTBo cxuraercs B
BHUIC TaOJIETKA B CEMECH C a30THOKUCIIHIM KaJInuem, KOTOpI:IfI IIPUBOJUT K IIOJTHOMY CTOPaHHIO
BEIIIECTBA B KUCIOPOHOH KaJOpUMETprUIecKoi bomoe.

CnoskHast cMeCh IPOLYKTOB Peakuuii cropanus BemecTsa u pasnoxenns KNO, n

MPEBpAIlEeHUs] TOCIEIHBIX MEPEeBOJAUTCS B BEIIECTBA MPOCTOTO COCTaBa, YTO CHIILHO
o0JierdaeT BOMPOC YCTAHOBJICHUS CTETIEHU NMPEBPALICHHs. DTH PEAKIHH TPOBOSTCS ITyTEM
NpPUMEHEHHUs]  KajopuMmeTpa ¢  Bpawatoueiics 6omOoil. Takum  oOpaszom i
TEPMOXHMHUYECKOTO  HCCIEIOBAaHHUS KapOOHATOB  pE3KO3EMENbHBIX COCAMHEHWH, He
COZIepKAIUX TaJOreHOB, TaKXke HEOoOXOJAMMO HAIWYHE KaJOpHMETpa C Bpallaromeics
00MO0#, M3rOTOBJICHHON U3 KOPPO3UOHHOCTOMKOTO METaJIJIa-TaHTAaJIa WM TUIATUHBI.

Byayr cooOmieHbl moAgpoOHOCTH METOAMKH, XOJI 3KCIEPUMEHTOB M PpE3yJbTaThl
U3MEpPEHUH.

TEXNOGEN FiZiKi CIRKLONMOLOR VO
ONLARIN ATMOSFERDO PAYLANMASI

Nazim Mahommad oglu Masimov, Mahirs Somad qizi Muradova
Azarbaycan Déviat Pedaqoji Universiteti

Molumdur ki, atmosferin asagi hissosini, hidrosfer vo litosferin yuxari hissosini 6ziindo
birlosdiron aktiv hoyat oblast1 biosfer adlanir. Biosfer biitov, miirokkob bir dinamik sistem
oldugundan onun biitlin canlt orqanizmlori vo onlarin yasayis miihiti tizvii surotds bir-birilo
baglhdir vo 6z aralarinda qarsiligh tosirds olur.

Biosferdo donmoz proseslor milyon illor orzindo bas verir. Canli organizmlor iso milyon
illorlo otraf miihito uygunlagmagq xiisusiyysti qazanir, adaptasiya olunurlar.

Insan vo tobiotin dialektik birliyino baxmayaraq onlarin qarsiliqli miinasiboti ziddiyatli
xarakter dasiyir. Belo ki, insan bir torofdon tobiotin bir iinsiiriidiir, tobiotin ehtiyatlarindan
istifado edir, digor torofdon hoyat foaliyyoti ilo Oziiniin ekosistemini yaratmmsdir.Biosferdo
insanin tosarriifat faaliyyati noticasinds yaranan yeni tullantilar antropogen “cirklonma” ilo
xarakterizo olunur. Bu insanin tosorriifat foaliyyoti naticosindo amolo golon olavo tullantilar
atmosfers diisorok canlilarin normal inkisafina mane olur, miixtolif xostoliklor toradir.

Fiziki c¢irklonmolora antropogen foaliyyot noticasinde yaranan sos-kily, vibrasiya,
elektromaqnit sahosi, radioaktiv maddolorin yaratdig: siialanmalar, ultrabondvsoyi vo goriinon
stialanmalar aid edilir. Bu ¢irklonmalar texniki odabiyyatda energetik ¢irklonmo adlanir.

Umumiyyatlo texnogen fiziki g¢irklonmolor on ¢ox bdyiik sohorlorin orazilori, sonaye
rayonlar1 vo intensiv istifado olunan orazilor {iciin xarakterikdir. Belo orazilordo ¢oxlu sayda
istehsal, emal vo digor sonaye saholori yerlosir ki, onlar da otrf miihiti ¢irklondirir.
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Alimlor miioyyanlosdirmisdilor ki, planetimizdo hor il 7 milyard ton yanacaq yandirilir vo
bu mogsadlo 8-13 milyard ton oksigen sorf edilr.

Atmosfer havasinda oksigendon forqli olaraq karbon qazinin miqdar1 insanlarin istehsal
foaliyyati naticosinde daim artir ki, bu da homin qazin bollugundan yaranan aci naticolor
dogura bilor. Har il yanacaq prosesindo atmosfers 23 milyard ton karbon qazi qarisir.

Atmosfer havasmin keyfiyystinin pislosmasinde yalniz oksigenin azalmasi vo karbon
gqazinin artmasi deyil, metan, karbon 2 oksid, kiikiird qazi, miixtalif bork maddoslor do rol
oynayir.

Atmosferin ¢irklonmosinin garsisini almagq ti¢iin fabrik vo zavodlarda zarorli toz vo qazlari
tutub saxlayan xiisusi qurgular qoyulur. Beloliklo, fabrik vo zavodlarin insan, heyvan vo
bitkilorin tonaffiisii tigiin lazim olan havani ¢irklondirmasinin garsisini alinmis olur.

Sonaye soharlorinds sanaye istehsalinin genis miqyas va intensiv temp almasi straf miihitin
cirklonmosinin osas sobobidir. Hazirda sonaye prosesloring calb edilon xammalin yalniz 5 %-9
gadori son mohsula g¢evrilir, qalani tullant1 kimi otraf miihito atilir. Demali anonavi sonaye
mohsula yox, tullantilara xidmat edir. Ona gors ekolojilosmis istehsala boyiik ehtiyac var. Bu
clr istehsalin mogsadi tullantilarmm logv edilmosi, az tullantili, hotta tullantisiz istehsal
yaratmaqdir.

Qaz molekullar1 nizamsiz harokotds oldugu ficiin bir-biri ilo arasikoesilmoadon toqqusur.
Normal soraitdo hor bir molekul bir saniyodo 10° dofo toqqusmaya moruz qalir. Ona gora do
molekullar oldugca miixtalif siirotlorlo horokot edir. Onlarin siiroti genis intervalda doyisir.
Bu sobobdon ayri-ayri molekullarin hansi siiratlo horokot etmosini toyin etmok ¢ox ¢otindir.
Maksvelo gors siiratlorin paylanma ganunu dedikdo miioyyon soraitdo verilmis qazda na qodor
molekulun hansi siirotlo horokot etmosini toyin etmok nozords tutulur. Maksvel miioyyon
temperaturda iimumi say1 “n” olan molekullardan, siiratlori u ilo u+du intervalinda qiymaot
alan moiekullarin dn sayin1 hesablamisdir:

4 ,
Dn=——nuje " du, (1)

NE3

(1) diisturunda n - molekullarmn say1, e - natural loqarifmanin asas1, u, iso nisbi siiratdir.

(u, = i, u, - verilmis anda molekullarm siirati, u 159 on ¢ox ehtimalli siirat adlanir).
U,
Miioyyon soraitdo verilmis qazin, on ¢ox molekulunun malik oldugu siiroto oan ¢ox ehtimall
stirat (u) deyilir.
Atmosferi cirklondiron molekullarin siirotloro géro paylanmasinda gazin tozyiq veo
hacminin rolu yoxdur.
Stiratlorin paylanma gqanununa gors on ¢ox ehtimalli siirat belo ifado olunur.

u = 2R o)
u

(2) diisturunda u - gazin molekulyar ¢akisi, T- onun miitlaq temperaturu, R- qaz sabitidir.

Miiasir texnoloji proseslor iki hissadon ibarotdir : istehsal vo neytrallasdirici hisso. Ikinci
hisso tullantilar1 parcalayib tomizlomokdon ibarstdir.Bu iki hisso arasinda balans olmalidir.
Neytrallasdiric1 texnologiya tullantilari dagitmaqla onlarm torkibinds olan kimyavi
elementlori biosferdo geokimyavi dovriyyoya qaytarir.

Miiasir sonayeds tullantilar o qador g¢oxdur ki, tomizloyici qurgular tikilmosine bdyiik
ehtiyac var.Lakin tomizloyici qurgularin tikilmosi ¢ox vasait tolob edir, hotta istehsalin
doyerini iistoloyir. Ona gors tulantilar1 par¢alamaq yox, miixtolif maqsad {i¢iin istifado etmok
iistiin tutulur.

Tullantilardan tam istifado edilmasi qapali texnoloji proseslor yaratmagi tolob edir.Bu o
demokdir ki,bir tullanti basqa istehsal iiclin xammal olur, xirda miiossisolor iri istehsal
komplekslorindo birlosir. Belo halda otraf miihitin ¢irklondirilmosi azalir, tobii sorvatlordon
istifadonin do somorasi yiiksolir. Indiki dévrds tullantilarm 2/3 hissosindon istifado edilmasi
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realdir. Bu sahonin golocoyi daha ¢ox inandiricidir. Texnikanin inkisafi tullantisiz istehsala
komok etmoys dogru yonslmisdir. Biosferin 6ziiniin do foaliyysti madds, enerji vo
informasiyanin dovriyyasinde dayaniqlgini qorunub saxlamaga yonalmisdir.

Havada ozon elektrik bosalmalari, yaxud havanin ultrabondvsoyi siialanmasi zamani
yaranir.Atmosferdo ozon tufanlar zamani,atmosferin daha yiliksok gatlarinda ise qatisiglarin
istiraki ilo ultrabondvsoyi stialanmanin tosiri altinda omolo golir.

Kigik dozalarda mikroblardan sterilizasiya etmok iigiin, suyun ozonlagdirilmasi, kagizin
agardilmas va 1. liglin ozon tatbiq edilir. Ozonun alinmasi {i¢iin elektrik (ozonator) va kimyovi
metodlardan istifado  olunur. Atmosferin torkibinde olan ozon Gilinos radiasiyasmnin
qisadalgali stialarinin udulma prosesi ndqteyi nozorindon, miihafiza funksiyasini yerino
yetirmaklo Biosfern qorunmasinda va atmosferin temperatur rejiminin tonzimlonmasi néqteyi
nazarindan shamiyyatli deracads ciddi rol oynayir.

Elmi texniki toraqqinin inkisafi ilo alagadar atmosfers getdikco daha ¢ox buraxdigi zararli
qazlar vo insanin otraf miihito tosirinin artmasi ilo slagodar atmosferin qorunmasi, atmosferdo
hissaciklorin paylanmasmin tadqiqine diqqgetin artdig1 qeyd edilmslidir. Atmosfer havasinin
torkibinds toz vo zoharli hissociklorin artmasi ilo alagodar olaraq, iqlim yaradan iinstirlordon
biri olan temperatur, tozyiq, radiasiya, riitubot doyisir ki, bu da 6z ndvbesindo havada
durgunlugun, tiistli dumaninin artmasina sobab olur. Respublikamizda atmosferin ¢irklonmosi
Baki, Sumgayit, Gonco, Sirvan sohorlorindo ¢ox oldugundan bir sira yoluxucu xastoliklorin
oksigen c¢atismamazlig1 noticosindoa omolo golmoasi geyd edilmolidir. Olkomizds bunlarin
qarsisint almaq {i¢iin sonaye miiossisalorindo tiistii udan qurgular yaradilir vo bu tullantilar
tokrar emal olunur.

NCCIEAOBAHUME PACIIPOCTPAHEHUSA BOJIH B BA3KO-YIIPYT'UX
TPYBKAX 3AIIOJTHEHHBIX ’KUJIKOCTBIO

M.M. Tarues

bakunckuii 'ocyoapcmeennviii Ynusepcumem

W3BecTHO, YTO MHOrO(a3HbIE CUCTEMbI MPEICTABISAIOT COO0M CMecH TBEPAbIX YacTHII,
KUAKUX Kamenb WIM Iy3blpeill (JuckpeTHble (a3bl), pacnpelesieHHbIX B JKUIKOCTH
(nenpepsiBHass  (asza). PaccmarpuBaercss Kiaccuueckas —3ajada THUAPOYIPYIOCTH O
pacnpoCTpaHEHUU BOJIH MajOl aMIUIMTY[bl B BSI3KOM JKMJIKOCTH, 3aKJIIOYEHHOU B BSI3KO—
YIPYTyio TpyOKy.

[IpennoxeHHass MOJENb ONMUCHIBAET MPOLIECCHI PACIIPOCTPAHEHUS! HEIMHEWHBIX BOJH B
nByx¢aszHblx cpenax (oxHo (asza sABiseTcs TBEpAOM, aApyras kuakod). B monenu
nByx($a3HOro KOHTHHyyMa o0e @a3pl CyCIEH3UMM pacCMaTpUBAIOTCA  Kak  JIBE
B3aMMOIIPOHUKAIOIINE HEIIPEPBIBHBIE CPE/Ibl, KOTOPhIE MEXaHUUECKH B3aUMOICHCTBYIOT.

[Ipu Takom moaxone JBHMXKEHUS  JUCKPETHBIX (a3, MpU MPEeHEOPEKEHUH UX
B3aUMOJICHICTBUEM, pACCMATPUBAIOTCS KaK [POCTOM MEPEHOC 3aJaHHbIM  IOTOKOM
HenpepbIBHOM (ha3bl.

[TonoGHble ympolleHHe MoJpa3yMeBaeT IMOJHOE IpeHeOpexkeHue BIMsHUS (a3 Ha
OCHOBHYIO HEMPEPHIBHYIO (<<HECYIIYI0>>) (pa3y. IT0 yTBepKaeHNE NMPUOIIKEHO BEPHO MPHU
HE3HAYUTENIbHBIX 00BEMHBIX KOHIIEHTPALUSIX JUCKPETHBIX (ha3.

B mpennaraemoit pabore wu3nararoTcs pe3yiabTaTbl TEOPETHUUYECKOTO HCCIEIOBAHUS
BOJIHOBOT'O T€UEHUS AUCIIEPCHON BA3KOIM HECKUMAEMOM KUAKOCTH B BA3KO-YIIPYroil TpyOKe.

[Ipenmnonaraercs ,4T0 CKOPOCTH KUAKOCTU U YACTHUI] OJUHAKOBBI, a JUIl CMECH B LIEJIOM
3a/laeTcsl yCpelHEeHHas IIOTHOCTh. TpyOKa KecTKO HpHKpEeIsieHa K OKpyXarouieil cpene,
BCJI/ICTBHE YEro MaTepual CTEHKHM HE MOYKET COBEpIIaTh IBHUYKEHHE BJOJb €e OCH. Bssko-
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YOpYrue CBOMCTBA MaTEpHalla CTEHKU ONMCHIBAOTCS JIMHEWHOW TEOpUEH HACIIEICTBEHHOU
ynpyroctu }O.H. PaGotHoBa:

E"W =EW — jF(t -T)W(r)dr

3nece W (x,t)-paguanbHoe TiepemenieHue TpyOku pammyca R u tommuHOM h, E -
MTHOBEHHBIN MOJy/b YIPYTOCTU TpYOKH, a I'(f —7)-pasHOCTHOE AP0 pejaKcalyuu.

UucnenHo, wucnonb3ys (opmynsl OiHmTelHAa 1 Telaopa, BBISBICHO BIIMSHUE
KOHUEHTPALMY BKJIFOYEHNU HA BOJTHOBBIE XapPAKTEPUCTHUKH.

SHTAJIBIIUU OBPA3OBAHUA IBYOKUCHU KPEMHUSA
I'.I'.Hypy.uiaeB

HUncmumym Xumuuecxux Ilpoonrem HAH, A3ypoatioxcana

Ouranbiust obpazoBanuss Si(), SBISETCS OCHOBHOW BEIMYMHON B TEPMOXHMHH

coenuHeHu kpemHus. Ha oOmenpunsroe 3HaueHue ee, nojgydeHHoe Xemdppu u Kunrom u
paBHoe 209,9 kkajl/MOJIb CTaJl0 COMHUTEIBHBIM IIOCIIE TOTO, Kak TepMoxuMuku CIIA nHanuim
BeIU4MHbI, paBHble 217, 50 u 217,72 kxan/monb. BBugy Toro, uro mocieaHue padoThI
IIPOBEJIEHbl KOCBEHHBIMU METOJAaMH ceidac CyIIeCTBYeT HEOOXOJUMOCTb OINpPEAETUTh 3Ty
BEJIMYMHY NPSAMBIM ITyTEM-C)KUTaHUEM KPEMHUS B KHUCIOPOJAHOM KaJOpuMeTpruyeckoil bomoe.
Ho mo u3BecTHBIM NpU4MHAM (HE IMOJHOTHI CTOPAHUS) ATO OINpPEAETICHHUE IMPEACTaBIsSET U3
ce0st TpyaHy0 IpodIemy.

Hamu nonoOpanbl ycinoBHs MOYTH HOJHOTO CXKUTAHUS KPUCTAJUIMYECKOTO KPEMHHUS B
KOCJOpOJie, MO METOHy, MpPEIOKEHHOMY paHee KOTOpBIM 3akKio4yaercs B CMELICHUH
C)KMraeMoro o0paslia ¢ CUJIbHBIMH HEOPraHMYECKUMM OKHCIMTEISIMH U CHKUTAaHUM ATOU
cMecH B kuciopoe mpu 20 arr.

[Tony4yena npenBapuTenbHas BEIMYHMHA:

AH ., SiO, (amopb)=-216,1+3 kkan/monb

1298
KOTOpasi yTOYHSETC.
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