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DIAQRAMINA POLIMERIN MOLEKULYAR KUTLOSININ VO TEMPERATURUN
TOSIRI

E.G.Masimovl, Z.M.ahmadovaz, N.F. ahmadovl, S.R. Baglroval, T.O.Baglrovl,
"Baki Dévlat Universiteti, 2Qafqaz Universiteti,
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Taqdim olunan isdo PEQ-in miixtalif molekulyar kiitlalori iigiin va miixtalif temperaturlarda
dekstran-PEQ-su ikifazalr sistemlorinin hal diagramlarn tadqiq olunmugsdur. Polietilenglikolun
miixtalif fraksiyast ilo dekstranin amoala gatirdiyi ikifazali sistemlorin tadqiqi zamant malum olmugsdur
ki, verilmis temperaturda polimerin molekulyar kiitlasinin artmasi ilo binodal ayrilarinin hom formaca
dayismasi, ham da binodallarin koordinat baslangicina dogru siiriismasi miisahida edilir. Alinan
naticolora asason demok olar ki, fazaomoalogalma prosesi faza omalo gotiron komponentlorin
mohluldaki konsentrasiyasimin daha kicik giymatlorinda bas verir. Gostarilmisdir ki, hor iki halda
fazalara ayrilma prosesi sistemin asas hissasini toskil edon suyun strukturunun bu va ya digor
istiqgamoatda dayisilmasi il izah edilir.

Polimer-polimer-halledici sistemlorindon halledicisi su olan sistemlor daha boyiik
maraq kosb edir. Belo ki, bu sistemlordo gedon proseslor canli alomdo gedon proseslora ¢ox
yaxindir vo onlarin modeli kimi istifado edilo bilor. Bioloji hissociklorin ayrilmasi va
tomizlonmasi, yliksokmolekullu birlosmolorin fraksiyalara ayrilmas: ligiin biotexnologiyada
genis istifado olunan bu sistemlords fazalara ayrilmanin mexanizminin molekulyar aspektlori
tam aragdinlmamigdir. Elmi odobiyyatda su-polimer ikifazali sistemlorinin (SPIS)
komponentlari arasindaki qarsiligh tosirin xarakteri haqqinda fikirlor miibahisali vo bozaon do
ziddiyyatlidir [1,2,5,12,14,15].

SPiS-in fazalarinin gox hissasini su tagkil etdiyindon bu sistemlords gedon proseslarin
tadqgiqgindon alinan noticolor canli alomdo bioloji aktiv miihit rolunu oynayan su, onun
xassalarinin spesifik xiisusiyyatlori vo termodinamik hali, su molekullarinin 6z yaxin atrafi ilo
qarsiligh tosirde olmasi, bu garsiligh tasirlorin ani olaraq hocmi xaraktera malik olmasi barada
qiymotli malumat dasisa da, bu mosalalars layiqli digqoet yetirilmomigdir. Halledicisi su olan
cox komponentli ikifazali sistemds fazalara ayrilma prosesindos suyun asas rolu haqqinda
E.Mosimov vo B.Zaslavski torofindon iroli siiriilmiis hipotezi tosdiq etmok iiglin tocriibi
faktlarla ehtiyac var [1,5,8]. Xarici amillarin-polimerin molekulyar kiitlosinin vo temperaturun
dekstran-PEQ-su ikifazali sistemlorinin hal diagramlarina tasirinin toadqiqi bu baximdan ¢ox
ohomiyyatlidir. Todqiqat isindo miixtalif temperaturlarda vo PEQ-in miixtolif molekulyar
kiitlolari ii¢iin dekstran-PEQ-su ikifazal1 sistemlorinin hal diaqramlar1 tadqiq olunmusdur.

Toqdim olunmus isdo suda hoall olan polimerlordon dekstran vo polietilenglikolun
istiraki ilo alinmig ikifazali polimer-polimer-su sistemlari todqiq olunmusdur. Tocriibolorda
Rusiya Federasiyasinin istehsali olan dekstran (molekulyar kiitlosi M,[170000 olan
polisaxarid) vo Ispaniyamin “Panreac” firmasmin istehsal etdiyi, polietilenglikol (PEQ)—
HO(C,H40),H (molekulyar kiitlosi M,[1300+20000 istifado olunmugdur. Biitiin tocriibalor
kvars gablarda iki dofo distillo olunmus su ilo aparilmisdir.

Ikifazali sulu polimer sistemlorinin osas xarakteristikalarindan biri onun binodal
oyrisidir [1,2]. Binodal oyrisi faza diaqraminda sistemin birfazali (homogen) oblasti ilo
ikifazali (heterogen) oblasti ayiran noqtalorin hoandasi yeridir. Binodal ayrisini qurmagq li¢iin
adoton iki metoddan - bulanigliq metodu vo sistemin fazalarinin torkibini todqiq etmok
metodlarindan istifado olunur.

Polimer-polimer-su ikifazali sistemlorindo fazalara ayrilma mexanizminin molekulyar
aspektlorini tohlil etmok iiglin xarici amillorin homin sistemlorin fiziki-kimyavi xassalorino
tosirini tadqiq etmak on optimal yollardandir.
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Xarici amil kimi PEQ-in molekulyar kiitlosinin doyismosini gotiirmoklo maraqh
naticolor oldo etmok miimkiindiir. Sokildo polietilenglikolun miixtolif molekulyar kiitlalor
l¢ciin homin sistemin binodal oyrilori verilmisdir. Sokildon goriindiiyti kimi polimerin
molekulyar kiitlasi artdigca komponentlorin daha kigik konsentrasiyalarinda fazalara ayrilma
prosesi bag verir. Bu effekt digor sistemlorin todqiqi zamani da miisahido olunmusdur. Bu
fakti bels izah etmak olar ki, polimerin molekulyar kiitlosi artdigca onun hidrat tobagosindaki
su molekullarinin sayr artir vo sistemdo sorbast su molekullarinin sayr azalir, hallolma
cotinlosir, miixtalif strukturlu suyun fazalara ayrilmasi bas verir.
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Suyun strukturuna tesir edon xarici tosirlorden biri do temperaturdur. Temperaturin
doyismosi ikifazali sistemlorin togkil olundugu komponentlordon har birinin suya tosirindd
Oziinii daha cox biiruzo verir. Temperatur artdiqca fazalara ayrilma prosesi komponentlorin
daha boyiik konsentrasiyasinda bas verir. Bu fakti izah etmok iiciin geyd etmok lazimdir ki,
temperatur artdigca su molekullar1 arasindaki hidrogen rabitalori qirilir vo mohlulda suyun
strukturu dagilir, sarbast su molekullarinin sayi artir. Faza omoalos gatiron komponentlorin birge
hollolmas1  asanlagir vo fazalara ayrilma prosesi komponentlorin  daha  bdoyiik
konsentrasiyalarinda bas verir.

Hal-hazirda suyun bir ¢ox miixtalif struktur modellori movcuddur [3,7,9,13]. Sulu
sistemlorde gedon proseslori izah etmok iiciin Samoylov torafinden verilmis modeli géstormok
olar. Bu model Nemeti vo Seraqa torofindon verilmis modelin gismon tokmillosdirilmig
formasidir. Suyun strukturu barads miiasir fikirlor maye suyun ikili struktura malik olmasini
[3] irali siiron Bernal vo Faulero moxsus olsa da, homin fikri sonralar Samoylov moktabi
zonginlosdirmisdir. Xollun islorino [16] miiraciat etsok, bela bir hipoteza rast galirik ki, maye
suda iki molekulyar hal vo/va ya iki struktur movcuddur. Buzun tetraedrik strukturuna uygun
olan birinci hal boyiik hacma va kigik enerjiys, ikinci hal 1so molekullarin ¢ox six diiziiliisiing
goro kicik hocmo vo boyilik enerjiyo malik olur. Bu hipotez ultrasosin suda udulmasi
hadisasini tadqiq edarkon verilmis vo Xolla gora birinci haldan ikinci hala kegid suda mévcud
olan hidrogen rabitolarinin tam qir1ldig1 zaman bas verir [16].

Maye suyun strukturu haqqindaki miiasir miilahizelordon bels naticoys golmok olar ki,
suyun termodinamik halin1 molekullarin foza oriyentasiyasinin miixtalifliyi vo molekullar
arasindaki hidrogen rabitolorinin intensivliyi miioyyon edir. Bels ki, molekullar arasindaki hor
bir hidrogen rabitosino diison enerjinin doyismosi vo molekullarin foza oriyentasiyasinin
doyismasi suyun halinin vo/vo ya strukturunun doyismosini gostorir. Hidrogen rabitolorinin
kooperativliyi haqqinda iroli siiriilon miilahizolora gore [10,13] sudaki lokal struktur
doyisikliklori homin kooperativdoki molekullarin  diiziiliisiindoki  doyisikliklo  baghdir.
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Naberuxind goro «suyun strukturunun asasini har biri dord qonsu su molekulu ilo hidrogen
rabitosinda ola bilon molekullardan ibarat tor togkil edir vo bu torun movcudlugu fluktuasiya
xarakteri dagiyir: O---H rabitolorinin uzunlugunun, rabitolor arasindaki bucaglarin vo
energetik parametrlorin doyismosi suyun halimi doyise bilor». Bu miilahizolor miixtolif
maddalorin - hom yiiksokmolekullu, ham do ki¢ikmolekullu birlogsmalorin tasiri ilo suyun
strukturunun doyismosini izah etmoyo imkan verir [8,15]. Qeyd etmok lazimdir ki, yuxarida
istifado olunan «suyun strukturunun doyismosi» vo «suyun halimin doyismasi» terminlori
ekvivalentdirlor.

Yuxarida deyilonlori yekunlasdirdigda belo naticays galmak olar ki, suya daxil edilon
istonilon yiiksokmolekullu vo ya kigikmolekullu maddslor suyun movcud strukturunu, bu
struktura uygun halim1 doyisir vo polimer-polimer-su sistemlorindo fazalara ayrilma
mexanizmi keyfiyyatco izah olunur. Dogrudan da, ikifazali sistemin miixtalif komponentlori
otrafinda bir-bi-
rinda hall olmayan miixtalif su strukturlarinin yarandigini forz etsok, iki miixtalif strukturlu
fazalarin yarandigini gororik. Burada iso geyd edok ki, SPIS-do fazalara ayrilma prosesino
tosir edon gotiirtilmiis xarici amillar, bilavasite, faza omals gatiron komponentlora deyil, mohz
sistemin ¢ox hissasini togkil edon su miihitino tosir edir. Onlarin prosess bu vo ya digor
istiqgamotda etdiyi tosirlori izah edorkon, homin amillorin suyun strukturuna tesirilo asanliqla
izah etmok olur [3,7,13].

Beloaliklo, hom temperaturun, hom do polimerin molekulyar kiitlosinin dekstran-PEQ-
su ikifazali sisteminin hal diagramina (binodalina) tosirini todqiq etmoklo gostorilmisdir ki,
har iki halda sistemin osas hissasini toskil edon suyun strukturu bu vo ya digar istiqgamatda
doyisilir vo naticodos fazalara ayrilma prosesindo suyun osas rola malik olmas1 baroda verilmis
hipotez tosdiq olunur.
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POLIETILENQLIKOLUN SULU MOHLULLARINDA
MAKROMOLEKULLARIN XARAKTERIK PARAMETRLORININ
REFRAKTOMETRIK TOYINI

E.9. Masimov, H.F. Abbasov, N. O. Ibrahimov, X.B. Sultanova
Baki Doviat Universiteti

Polietilenglikolun (1500) sulu mohlullar: refraktometrik metodla tadqiq edilmis va
baxilan mahlullara Lorens-Lorens tonliyini tatbiq etmaklo makromolekullarin konformasion
polyarlasma amsallari, makromolekullarin orta kvadratik olgiisii, Kun seqmentlorinin sayt va
uzunlugu miiayyan edilmisdir.

Canli orqanizmlorin funksional foaliyyoti onlar1 togkil edon biopolimerlorin su
miihitindoki konformasiyasindan koskin asilidir vo bu monada makromolekullarin
konformasiyasinin, onlarin bazi parametrlorinin, o ciimlodan, orta kvadratik dl¢iilorinin toyini
boylik oshomiyyat kasb edir [1-7]. Polimerlorin bir niimayandasi olan polietilenglikol (PEQ)
bir ¢cox xarakterik xassolorino gora tobabotdo, kimya, neft, gida vo kosmetika sonayesindo vo
digor saholordo genis totbiq olunur. Oksor hallarda polietilenqlikolun birbasa 6ziinden yox,
onun sulu mohlulundan istifado  olundufgundan  miixtalif molekulyar  kiitloli
polietilenglikollarin ~ sulu mohlullarinin  todqiqi  bdyiik ohomiyyat kosb edir. Igdo
polietilenglikolun (1500) sulu mohlullar1 refraktometrik metodla todqiq edilmis vo baxilan
mohlullara Lorens-Lorens tonliyini totbiq etmoklo makromolekullarin konformasion
polyarlagsma omsallar1, makromolekullarin orta kvadratik ol¢iisii, Kun seqmentlorinin say1 vo
uzunlugu miioyyon edilmisdir.

Optik tezliklordo miihitin polyarizasiyasina asas pay1 isiq dalasinin elektrik sahasinin
tosiri ilo rogs edon elektronlar verir [8-11]. Bu halda polimerin kicik konsentrasiyali sulu
mohlulu {iciin polyarizasiyanin additivlik prinsipinin 6dondiyini qabul edorak Lorens-Lorens
tonliyini agsagidaki kimi yazmagq olar:

n2 _1 - Nsuasu + Npaph
n®+2 3 3

o))

burada, »n mohlulun sindirma omsali, N mohlulun vahid haocmindaki su

su

molekullarmin  say1, @, su molekulunun polyarlasma omsali, N, mohlulun vahid

su
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hocmindoki  polimer makromolekullarinin  say1, @, hidratlasmis makromolekulun

konformasion polyarlagsma omsalidir. Hidratlagsmis makromolekulun (Sakil 1a) ) polyarlasma
omsalin1 toqribi olaraq konformasiya saxlanilmaqla hidratlasmamis makomolekulun (Sokil
1b)) polyarlasma omsalinin vo makromolekula yapisan su molekullarinin polyarlasma
omsallariin comi kimi ifado etmok olar: a,, =a, +ha burada, @, hidratlagmamus

polimer makromolekulunun mohluldaki konformasiyas: saxlanilmagla polyarlasma omsalidir

vo bir makromolekula yapismis su molekullarinin saymm - hidratasiya ododi 4 ilo isaro
edilmisdir [12-15].

Sokil 1. Makromolekul yumaglari: a) hidratlagmig
makromolekul vo b) hidratlagmamis makromolekul

Qeyd edok ki, a, oslindo moveud olmayan hipotetik daxil edilmis bir komiyystdir, lakin

buna baxmayaraq bu komiyyat makromolekulun konformasiyasi haqqinda tasovviir yaradir vo
onu tocrubi Olgiilobilon komiyyatlorin komaoyilo toyin etmok olar. Tomiz suyun vahid
hacmindoki molekullarimin saymm N, ilo isaro etmoklo mohlulun vahid hacmindoki su

—hN , $oklinds yaza bilorik.

o VO N, parametrlorinin yuxarida gostorilon ifadolorini vo tomiz su iigiin

molekullarinin saymm N, = N

su0

a

nszu _1 _ Nm()a
nl +2 3

2)

tonliyini (1) - do nazars alaq:

2
n-—1 _ nfu -1 +c,0NAa’p
n’+2 nl+2 3M,

3)

Bu tonlikdo mohlulun vahid hocmindaki polimer makromolekullarimin saymi
V,Na _cmN, _cpN,
v My M,

burada ¢ polimerun mohluldaki konsentrasiyas: (kiitlonin hissolorils), © mohlulun sixligi,

polimerin mohluldaki konsentrasiyasi ilo ifado etmisik: N, =

M , polimerin molekulyar kiitlosi, N, Avagadro odadidir.

(3) tonliyinin komoyilo PEQ 1500-iin hidratlagmamis makromolekulunun mohluldaki
konformasiyas1 saxlamilmaqla hesablanmis polyarlasma omsalimin polimerin  sulu
mohlulundaki konsentrasiyasindan asililiq grafiklori sokil 2 - do gostorilmigdir.
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Sokil 2. PEQ 1500-iin hidratlasmamis polimer makromolekulunun mahluldaki
konformasiyasi saxlanilmagla hesablanmis polyarlasma omsalinin polimerin sulu
mohlulundaki konsentrasiyasindan asililig1

Makromolekulun polyarlasma omsalin1 toxminon onun hacmino borabor gotiirorok
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Sokil 3. PEQ 1500 makromolekulunun orta kvadratik dl¢iisiiniin polimerin sulu
mohluldaki konsentrasiyasindan asililig1

_ 4 (R*))’
3

a=Vv . = makromolekullarin =~ orta  kvadratik  Ol¢iistinii [2-4]
qiymotlondirmisik
Sokil 3 - do iso polietilenglikol makromolekulunun orta kvadratik Olgiisiiniin

Ba
((R?) =3 4—”) polimerin sulu mohluldaki konsentrasiyasindan asililiq grafiki verilmisdir.
T

Sokillorden goriindiiyli kimi PEQ -in suda konsentrasiyas1 artdigca makromolekul yumaqlari
bir-birind yaxinlasaraq giiclii qarsiligh tosirdo olurlar. Bunun naticosinds yumaglar siiratlo
acilmaga baglayir, makromolekullarin 6l¢iilori artir. Bu proses c,,,,, =0.2% konsentrasiyaya

qadar ¢ox siiratla bag verir. Belo mohlula "yariduru" mohlul deyilir. Konsentrasiyanin sonraki
arttminda artiq agilmis makromolekul zoncirlori bir-birino miidaxilo edir vo miimkiin
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bosluglar1 doldurmaga calisirlar. Noticodo makromolekullarin 6lgiilori  konsentrasiyanin
artmast ilo ¢ox zaif artir vo 3% konsentrasiyadan sonra demak olar ki, doyismir.

Makromolekulun kontur uzunlugunu toqribi olaraq onun n sayda monomer
molekulundan togkil olunmasini nazors almaqla toyin etmok olar:

LGa:a[Mpol/Mmon (4)

[
burada n = —"

polimerlagma doracasidir, a makromolekul bandinin uzunlugudur.
PEQ 1500 ii¢iin bu kamiyyatlorin qiymatlorini agsagidaki kimi gotiirmok olar:
H H
n= IZZO =34,a=[(-C-C-0-)=72+154+143+61=430pm =4.3A°,
H H
L=na=34[33=146A",d =2.18A".
Sakil 2 Vo 3 - don goriindiiyii kimi "doyma" halinda
(Coopma =0.2%,01,,,,, =4.24007°m’ ) PEQ 1500 makromolekullarmin orta kvadratik l¢iisii

oyma
2
_ <R >d0yma

doyma

J(R?Y . =4.66A° olur. Kun segmentinin uzunlugu b =(.15A°,
doyma

L2
doyma < R2 >d0yma
PEQ 1500 makromolekulunun orta kvadratik 6l¢iisii monomerin uznlugu ilo toxminon eyni

R?)
tortibdodir vo Kun seqmentinin uzunlugu iso ¢ox qsadirm —— " =132, Bu,
a

makromolekulda Kun seqmentlorinin say1 N =660 alinir. Goriindilyii kimi

makromolekulun ¢ox elastiki oldugunu gostarir.

Almnan naticalar [4] —cii igda irali siiriilmiis bir fikrin yanlis oldugunu siibut edir. Bels ki,
homin isdo miialliflor polimerin holledicido konsentrasiyas: artdiqca duru mohlul halindan
"yariduru” mohlul halina kecid konsentrasiyasinda c,,,,, ("doyma" hali) yumaqdaxili

seqmentlorin konsentrasiyasinin (c¢”) yunaglarin konsentrasiyasi n ilo eynilosdiyi

yumagq
hipotezini  vermislor. Lakin bizim hesablamalar gostorir ki, "doyma" halinda
makromolekullardaki seqmentlorin konsentrasiyas: yumagqlarin konsentrasiyasindan toxminan

2000° dofa boyiik olur:

yumagqdaxili seqmentlorin konsentrasiyasi:
CD — Ndoyma ~ Ndoyma — 660 = 156 D1030m—3
Vmakro adnyma 424 D] 0_28 ’

_ CanmaPN 4 0.20100006.02 0107
T 100M 150

yumaglarin konsentrasiyasi n =0.800%m™

cl
n

yumaq

Bu is BDU — nun ayirdi81 50-50 grant iizro yerino yetirilmisdir.

=1.9500° alinir.

Vo
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MgSO; - H,O SISTEMINDO QARSILIQLI TOSIRLORIN TODQIQI

S.S. Hosanov, K.M. Budaqov, Q.M. Bayramoyv, C. I. ibrahimov
Baki Dovlat Universiteti, Fizika Problemlori ETI
Baki, Azarbaycan

Magnezium sulfat — su sisteminda qgarsiliql tasir molekulyar noqteyi—nazordan tadqiq
edilmisdir. Miiayyan edilmisdir ki, magnezium sulfat duzu sulu miihitds dissosasiya edir va
naticada Mg2+, SO” kimi ikivalentli ionlar amala golir. Alinmug MgZJr ionlart ¢ox kigik ol¢iiya
malik oldugundan suda bu ionlarin atrafinda elektrik sahasinin intensivliyi 160 kwsm
qiymatina qadar artir va su molekullart MgZJr ionlarimin atrafinda elektrostriksiya edirlor ki,
bu da organizmin mada-bagarsaq hissasindaki movcud reseptorlart qiciglandirir va onun
islomasini giiclondirir.

Molum oldugu kimi su universal halledici olmagla yanas1 canli vo cansiz tobistin
coxsayli obyektlorinin on vacib komponentlarindon biridir. Maddslaorin qurulusu haqqinda
molekulyar tosovviirlorin inkisafi noticosindo suyun praktiki olaraq biitiin maddalorin
hissaciklori ilo bu vo ya digor dorocado qarsiligh tosirdo ola bilmosinin soboblori izah
olunmusdur. Sonralar bagh suyun movcudlugu miioyyon olunmus vo bu suyun hom canli
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orqanizmlordo hom do hidratlasmis maddolorin vacib fiziki-kimyavi xassalorinin meydana
galmasindo rolu miioyyan olunmusdur .

Su hiiceyralorin torkibinde hom yekun mohlul kimi hom do substrankt kimi energetik
metabolizm prosesindo prinsipial rol oynayir. Bir sozlo su elo bir miihitdir ki, bu miihitdo
biitiin hoyat foaliyyoti miimkiin olur. Organizmds olan suyun bir hissasi onda hoall olan
maddalarla va biopolimer makromoekullarinin sathi ilo hom hidrogen rabitalari, hom ds ion-
dipol qarsiligh tosirlordo olmasi naticosinds gismon bagli halda olur. Bu qarsihigh tosirlor
noticasindo canli orqanizmds olan hissociklorin konfiqurasiyasiyalari, effektiv olciilori vo
cokilori doyisir. Bu doyismolor onlarin xassolorine vo yerind yetirdiklori tibbi-bioloji
funksiyalaria tosir gostarir.

Molekulyar noqteyi-nozardon suyun daxil oldugu biitiin birlosmolor alomi hidrogen
rabitolori vo su molekullan ilo digor maddolorin hissociklori arasindaki ion-dipol qarsiligh
tosirlorls idara olunur. Nisbaton zoif olan bu qarsiligh tosir qiivvalari vo onlarin doyismalari su
molekullarinin  kiillii miqdarda maddolorin  hissaciklori ilo miixtolif birlogmalor omala
gotirmasini vo faza kegidlorinin bag vermosini tomin edir. Moasolon, su molekullarinda
molekullarin  diiziiliigtindoki yaxin nizamliligin pozulmasi  hesabina mayedo fazalara
ayrilmalarina vo ya faza kecidlari bas verir.

Suyun belo vacib xiisusiyyatlorindon tibbi miialico sahosindo genis istifads olunur.
Belo ki, MgSO4 duzunun duru sulu mohlulundan organizmin modo-bagarsaq hissosindo
zoifladici kimi istifado olundugu molumdur. Molekulyar soviyyado yanasaraq MgSOj ilo
suyun qarsiligh tosirinin neco bas verdiyini arasdirmaga calisaq. Orczlanizmin daxilinds sulu
miihitdo MgSOy, dissosasiya edir vo naticade ham Mg** ham do SO4~ kimi ikivalentli ionlar
omolo golir. Eyni zamanda Mg2+ tonlar1 ¢ox kicik Ol¢iiya malik oldugundan suda bu iolarin
otrafinda giiclii elektrik sahasinin intensivliyi 160 kv/sm qiymatina ¢atir vo masafonin artmasi
ilo kaskin azalir. Belo giiclii vo geyri-bircins sahada su molekullar: ionun otrafinda miioyyon
solvatasiyaya (oryentasiyaya) malik olur. Noticads Mg”* ionunun otrafinda su molekullarinin
tutdugu hocm su fazasinda onlarin tutdugu hocmdon c¢ox-cox kigik olur. Elektrostriksiya
adlanan bu sixlagma effekti o qodor boyiik olur ki, ionlarin ozlorinin hesabina hacmin
artmasini artiqlamasi ilo kompensasiya edir. Biitiin ionlar sulu mohlullarda elektrostriksiya
yaradir. Lakin oksor hallarda ionlarin 6zlorinin hesabina hocmin artmasi elekrostiksiya
hesabina hacmin ki¢ilmasindan boyiik olur. Odur ki, MgSOy-1n duru mohlullar1 kimi bir sira
nadir hallar miistosna olmagla parsial molyar hocm miisbat olur .

Cox duru mohlullarda suda hall olan maddslorin parsial molyar hocmlorin toyinindo
tocriibi naticalar oksar hallarda nisbi komiyyeotin komayi ils, yani zahiri molyar hacmls ifads
edilir. Zahiri molyar hocm mohlulun hocmi ilo mohluldaki halledicinin hocmi arasindaki
forqin hollolan maddonin mollarla sayma boliinmasindon alinan komiyyatdir. Sulu
mohlullarda zahiri molyar hocm verilmis tozyiq vo temperaturda 1 mol suyun hocmidir. Zahiri
molyar hocminin qiymatini holledicinin vo mahlulun sixlifin1 6l¢gmakls do hesablamaq olar.
Duru mohlullarda zahiri molyar hacmin qiymati haqiqi parsial molyar hacmina yaxin olur vo
sonsuz duru mohlulda har iki hocm demok olar ki, barabarlogir .

Sulu mohlulda ion qruplarinin yaranmasi ilo bas veron elektrostriksiya effekti parsial
molyar hacmo kaskin tosir gostorir. Sulu mohlulda iki neytral molekul arasinda proton kecidi
zamani ionlarin yaranmasi ¢ox vaxt hocmin azalmasi ilo miisaiyyat olunur.

Beloliklo orqanizmin modo-bagarsaq hissasinde MgSO4 duzunun duru mohlulu
dissosasiya edorok Mg”* vo SO,* kimi ikivaletli iolara ayrilir. Yaranmus Mg**ionlar1 oradaki
mohlulda elektrostriksiya yaradaraq movcud reseptorlari qiciglandirir vo maye ifrazatim
giiclondirir, ozalo y1gilmasim artirir vo moévcud mahlulun organizmdon konarlasmasina sorait
yaradir .
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3AIIUTA )KUBBIX OPTAHA3MOB OT BO3JIEVICTBUS O30HA
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Bnepevie usyuenvt anmumymazenHvle 0COOEHHOCMU NPENAPaAmos8 ¢ pPa3iuyHbIM
XUMUYECKUM — COCMaeom. B skcnepumenmax na 1aOOpamopuvix — MIAEKORUMAIOUWUX
VCMAHOBNIEHA 3A8UCUMOCTIb UX AHMUMYMAa2enHou ¢pgexmuenocmu om 003vl. Haubonvuiyio
aghgpexmusnocmov nposisuna 0oza 0,2uxe/1002 maccor mena.

Kak wu3BecTHO, OJHONW W3 OCHOBHBIX NPUYUH OKHCIHUTEIBHBIX MPOIECCOB B OpraHu3Me
SIBJISICTCSI KUCIIOPOJI, @ TAK)KE €ro arpeccuBHBIC (DOpMBI, B TOM urciie 030H. [Tog ux BiausHuEeM
B OpraHm3Max IPOUCXOJUT o00pa3oBaHWe CBOOOJHBIX paaukaioB. [loTepsBiime oauH
3JICKTPOH, 3TH MOJIEKYJIbl HAKAIUIMBAIOTCS B KPUTHUYECKUX KOJIMYECTBAX B OPTaHU3ME U HX
BO3/ICHCTBUIO IIOJBEPralOTCS, B IMEPBYIO O4Yepelb, KIIOYEBBIE KOMIIOHEHTHI — MeMOpaHa,
HOCHUTENIM HACJIEICTBEHHOCTH - XpOMocoMbl M jp. [1] OmHako, B opraHu3Me CyImIeCTBYIOT
MEXaHU3Mbl 00€CTICUeHHSI 3alIUThl OT TaKUX MPOIECCOB. B OCHOBE 3TUX MEXaHU3MOB JIEkKaT
AHTUOKCHUJIAaHTBI. AHTHOKCUIAHTBI HEUTPAIM3YIOT 3TH pamukaibl [2]. [lpu cymecTtByromem
YPOBHE 3arpsi3HEHUST OKPYKAFOIICH CPEeIbl PA3IMYHBIMA XUMUIECKIUMHE (PaKTOpaMu OCOOCHHO
aKTyaJeH TOMCK HOBBIX BBICOKO3((GEKTHUBHBIX AHTHOKCHUIAHTOB IS 3aIlUThl OpPTaHHW3MA.
DTHUM BOMpPOCaM MOCBSAIIEHO HACTOAIIEE UCCIIET0OBaHUE.

B kauecTBe 00BEKTOB HCCIIEIOBAaHUS HaMU ObUTM BBIOpaHBI Oeible OecropoHbIe KPhICH. B
KayecTBE MyTareHa UcIoJib30Bajcs 030H (O3). JIJabopaTOpHBIX MIEKONUTAIOLIUX TOMEIIATN B
FepMETUYHYIO KaMepy C O30HOM KoOHIeHTpauuer 1,3 mr/im, B TedeHue cytok. Bo Bpems
HKCIIEPUMEHTOB AHTUMYTareHbl MPUMEHSUINCh MPSIMBIM IYTEM U TIOCJIE€ MYTareHHOTO
BO3JIENCTBUSL.

B cnydae npsimoro npuMeHeHuUs aHTUMYTareHOB, OHU BBOJIMJIUCH JKUBOTHBIM 3a 24 yaca
110 MyTareHHoro BozzeuctBus B 1o3e 0,1-0,5 mr/100 rp Maccel Tena, KaxaoMy B OTAEILHOCTH
nepopaIbHbIM MyTEeM. 3aT€M UX IMOMEIIAIH B B TEPMETHYECKYIO KaMePy C O30HOM Ha CYTKH U
Ha CIICIYIOUIMH JICHb >XWBOTHBIX YyOWBAJIM B COOTBETCTBHH C TNIpaBUJIaAMH TyMaHHOMN
SBTaHA3UM.

Bo BTOpOM cilydae aHTUMyTareHbl BBOJWJIHCH IOCJE BO3JCUTCBHUS O30HA, B TEX K€
YCIIOBHSIX.

B o0omx cnyuasix, TO €cTh, HE3aBHUCHMO OT BAapUAHTOB JKCIEPUMEHTA, aAHAIHU3BI
MPOBOJUJIUCH: ONPEICTICHUE YPOBHS MajgoHOBOro auanbaeruaa (MJIA) B MUTOXOHIpUATLHON
Gpakuu TEYeHW KPhIC C TIOMOIIBI0 METOoJa ydYeTa KOJWUYeCTBa TI0 PEAKIHH C
THOOApOUTYPOBOI KHCIIOTOM [3].

B kauectBe KOHTpOJIA B 000MX BapuaHTaX ObLUIM MCMOJIB30BaHbl HMHTAKTHHIE )KUBOTHBIE.
DKCIepuMEeHTaIbHbIC BapUAHTHl CPABHUBAJIUCh KaK C KOHTPOJIEM, TaK M C IOKa3aTeIsIMU
aHaJIM3a KUBOTHBIX, MTOABEPTIINXCS BO3JEHCTBUIO TOJIBKO MyTareHa.

Pe3ynbrarhl mcciaenoBaHUs TOKa3aHbl Ha TPHMEpPE HM3YYCHHs] BApUAHTOB IIpemapara
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KoOanpTOBass  coiab  Omc-3-(2',4'-muTpeThOyTHI(DEHOKCH)  MPOMHMOHOBOM  KHUCIIOTHI
UccnenoBanus mokazanu, uro no3a 0,2 mr/100rp mpoaeMOHCTpHpoBaja HaUOONIBIIYIO
3¢ (exTUBHOCT, Kak MpH NPUMEHEHWH 10, TaK W TMocjie MyTtareHa. Tak, eciu mnpu
MPUMEHEHUHN i (o) MyTareHa COEINHEHUS Ko0anbTOBas COJIb ouc-3-(2',4'-
TUTPETHOYTUI(EHOKCH) MPOIMTMOHOBOM KHUCJIOTHI MOHMXano ypoBeHb MJIA ot 6,27+0,64 no
3,85+0,41, To mpu MOCTMYTareHHOM BO3JICMCTBUU ITOT MOKa3aTesb coctaBui 4,20+0,43.

Ta >xe 103a oOCTalbHBIX 5 TpemapaToB Takke MPOJEMOHCTPUPOBAJIA BBICOKYIO
3pPeKTUBHOCTh. M3MeHeHHe [03bl NPUBOAMIO K CHIDKEHUIO A(PQPEKTUBHOCTH Bcex 6
MpernapaToB.

B o0meM, pe3ynpTaThl SKCIIEPUMEHTOB IMOKa3ald, 4TO IPPEKTUBHOCTH MpPErapaToB
3aBHCelNa HE TOJIBKO OT A03bl U XUMHUECKOTO COCTaBa, HO U OT BapUAHTOB OIBITOB, & UMEHHO,
pU MPUMEHEHHH JI0 MYTareHHOTO BO3JCHCTBUS aHTHOKUCIAHTHI MPOSBISUIA HAUOOJBIIIYIO
3 PEeKTUBHOCTD.

Onupasicb  HEMOCPEJACTBEHHO Ha  PE3yNbTaThl  WCCICIOBAaHUS W YYUTHIBAs
WHTEHCUBHOCTh MYyTareHes3a, WHAYIUPOBAHHOTO BO3JIEHCTBHEM O30HA Ha HAclEJACTBEHHbIE
CTPYKTYpBI, MOXKEM OTMETHTh, YTO HCIIBITAHHBIE AHTHOKCHUIAHTHl y4aCTBOBAJIM HA PAHHUX
JTamnax TPAaHCIOPTUPOBKH MYTareHHbIX MPOAYKTOB K KJIETKaM-MHUIICHSM. B 9acTHOCTH, Ha
OCHOBaHWHW JAHHBIX, MOJYYCHHBIX MpU aHanu3e konmdecTBa MJIA CTaHOBUTCS OYEBUIHBIM,
yTO0 OOpa3oBaHME MyTareHHBIX MNpoaykToB W TpaHcnopT JIHK k wmumienu cBsizaHbl ¢
MOHIKEHUEM  THUJPOOKHUCIUTEIHPHOH aKTUBHOCTH MHKPOCOHATBHOW  MOHOOKCHUTEHA3HI
CMEIIaHHON (YHKIMK SMIHUPUYECKUMH J03aMH ampoOHpyeMbIX aHTHOKCHIAHTOB. B 310
BpeMsl TIPEOTBPAIIACTCS IMOBPEKICHUE IIEIOCTHOCTH KIETOYHBIX CTPYKTYP, B OCOOCHHOCTH
OroMeMOpaH, SBJISIONINXCS KU3HEHHOBAKHBIMHU CTPYKTYPAMHU B KU3HEEATEIILHOCTH KIETOK.
To ecTh OWoONOrMYEcKass aKTUBHOCTh AQHTHOKCHUIAHTOB IMPOSBIISICTCS B CTaOWIM3AIlUU
MPOLIECCOB MEPOKCHUIAIMYU JTUMTUAOB U HApYILIECHUS MPOXOAUMOCTH MeMOpaH. [lepBbie nBa U3
UCTIBITAHHBIX aHTUOKCUIAHTOB (TO €CTh C conepkanueM B cocraBe Co, Cu) ¢ Hambobiei
3¢ (PeKTUBHOCTHIO B 3aBUCUMOCTH OT JO03bl TMPEAOTBpAIIAlOT OOpa3oBaHHE U pa3BUTHE
NPOIIECCOB CBOOOIHO-PAJAUKAIBHOTO OKHUCIEHHS JIMIHJIOB, OTPAaHUYMBAIOT 0Opa3oBaHHE
TOKCHYHBIX TPOMEXKYTOUHBIX IPOAYKTOB PEAKIUH C y4acTHeM CBOOOJHBIX paHKajoB,
CTaOUIU3UPYIOT CTPYKTYPHO-(DYHKIIMOHAIILHOE OKHCIIEHUE OHMOMEMOpaH W TEeM CaMbIM
3alIMIIAI0T OMOJIOTUYECKUE CTPYKTYPHI OT CBOOOJHO-paIUKaIbHOTO OKHUCIEHHUsA. B olmiem,
AHTUOKHCIAHTHI CTAOMIIM3UPYIOT MPOIIECCHI KIIETOYHOTO MEeTaboIn3Ma.

DKCTepUMEHTHI Ha JIa0OpaTOPHBIX MIIEKOMHUTAIOIINX MMOKA3ali, KOPPEKIIKs MyTareHesa
UCTIIBITAHHBIMH T€HO3AIMMTHRIMHU TTpeTiapaTaMy 00yCIOBIIEHA UX TPUMEHEHHEM Ha Ha9aTbHBIX
JTanmax BO3HUKHOBEHUS M CTAaHOBJIEHHS MyTauuid. B Xoje SKcrepuMeHTOB ObLIO
YCTAaHOBJICHO, YTO TIpenaparbl, CTAOWIU3UPYs pEaKkIuu CBOOOJHBIX PaIUKaloOB, pPEaKIUU
NEPOKCUTAIUN JIMMHUIOB U CTPYKTYpHO-(QDYHKIMOHAJIBHOE COCTOSIHME OumomeMOpaH, B
KOHEYHOM UTOTE IMOJABJISIOT KICTOYHYIO MyTa0MIBHOCTD.
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KARBAMID -SU MOHLULLARINDA SOTHI GORILMONIN TODQIQI
K.M. Budaqov, Q.M. Bayramoyv, § .S. 9lokbarov
Baki Dovlat Universiteti, Fizika Problemlori ETI.
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Karbamidin suyun sathi garilmasina neca tasir etdiyini tadqiq etmoak ticiin karbamid-su
sisteminin sathi garilma amsalimin karbamidin konsentrasiyasindan asililigi Oyranilmisdir.
Alinan naticaya gora demak olar ki, karbamid ¢ox kicik konsentrasiyalarda su klasterlorina
miidaxilo edarak onun strukturunu dayisdirir. Lakin Yyiiksak konsentrasiyalarda karbamid
molekullart 6z aralarinda asosasiyatlar yaradaraq, suyun klasterlorina kifayat gadar sirayat
etmir va ona gora da konsentrasiyanmin sonraki artumi zamani suyun sathi garilmasi sabit
qalir.

Maddolorin qurulusu haqqinda molekulyar tosovviirlorin inkisafi naticosindo suyun
praktiki olaraq biitiin maddalorin hissaciklori ilo rabito yaradaraq qarsiligh tosirds ola bilmasi
izah olunmugdur. Molekulyar noqteyi- nozordon suyun biitiin birlogsmolor alomi hidrogen
rabitolori vo su molekullan ilo digor maddolorin hissociklori arasindaki ion-dipol qarsiligh
tosir qlivvalori ilo idars olunur.

Maye mohlullarin qurulugsu vo xassolori onlar1 togkil edon hissaciklorin 6lgiilori vo
qarsiligh tosirlo formalasir. Ona goro do sothi gorilmonin todqiqi  Oyronilon mohlullarda
movcud olan qarsiligh tosirlor hagqinda miilahizo yiiriitmays imkan verir.

Todqiqatlar gostorir ki, kigikmolekullu tizvi birlosmalaor, o climlodon tobii birlogmolor
suya daxil edildikdo onun termodinamik halim vo strukturunu doyisdirirlor, Suyun
strukturundaki bu doyismolor su miihitindo bas veron biitiin bioloji proseslora 0z tosirini
gostarir .

Molumdur ki, suyun strukturuna hom qeyri-iizvi hom do tizvi maddslor ciddi tosir
gostarir. Belo lizvi maddslarin tipik niimayandosi karbamiddir CO(NH;),. Karbamid bir ¢ox
birlosmolorin suda hall olmasini artirir. O, giiclii ziilal denaturasiya etdirici xassoyo malikdir.

Qeyd etmok lazimdir ki, hiiceyrs membranlarini maneasiz ke¢cmok xiisusiyyatino goro
karbamid ds orqanizm {iciin vacibdir. O, hiiceyradaxili vo hiiceyroxarici miihitlords bagli vo
sorbast sularin yerdoyismosinds istirak edir. Buna goro do karbamidin su ilo qarsiligh tosirini
Ooyronmak aktualliq kisb edir. Qurulusca karbamidin qurulusuna yaxin olan maddalarin
(monometilkarbamid, dimetilkarbamid, dietilkarbamid va s.) do suyun strkturuna analoji tosir
etmasi Oyronilorok miioyyan edilmisdir ki, homin maddalar do suyun strukturunu dagidir.

Karbamidin suyun daxili va sath enerjisino (sathi gorilmasing) neca tosir etdiyini tadqiq
etmok ligciin karbamid-su sisteminin sothi gorilme omsalinin mohlulun konsentrasiyasindan
asitliligr Oyronilmigsdir. Mohlulun saothi gorilmo omsali yarimstatik metod olan, gabarciin
kapilyar tozyiqinin maksimal qiymatini tayin etmok metodu ilo dl¢iilmiisdiir.

Sokildo  karbamid-H,O  sistemi  iiciin  sothi  gorilmo  omsalinin  mohlulun
konsentrasiyasindan asililif1 verilmisdir. Sokildon goriindiiyii kimi mohlulda karbamidin
konsentrasiyasinin kicik qiymotlorindo (1%-9 godor) avvalco sathi gorilmo omsali miioyyon
minimum qiymatina qadar azalir, sonradan iso konsetrasiyanin artmasi ilo artaraq toqriban
tomiz suyun sathigorilmo amsalinin qiymatindon miioyyan qadar asag1 qiymat alir.
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Sokil. Karbamid —su sistemi iigiin sothi gorilms omsalinin
konsentrasiyadan saililig1.

Alinan naticoyo goro demok olar ki, karbamid ¢ox kigik konsentrasiyalarda (1-3%-o
qodar) su klasterlorino daxil olub onun strukturunu doyisdirir vo bu sobobdon do onun
sothigorilmo omsalin1 azaldir. Lakin yiiksok konsentrasiyalarda karbamid molekullart 6z
aralarinda asosasiyatlar yaradaraq, suyun klasterloring kifayot qodor daxil ola bilmayir vo ona
gora do suyun sathi gorilmasi sabit qalir.
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AQAR GELININ iSIQBURAXMA SPEKTRIN® QEYRI-UZVI OLAVOLORIN
TOSIRI

E.O. Masimov, A.R. imamoliyev, Mustafayev E.S.
Baki Dovlat Universiteti, Fizika Problemlari Institutu
Z.Khalilov str., 23, AZ1148

Rahimoglu@mail.ru

Isdo agar gelinin isigburaxma spektri va geyri-iizvi alavarin (NaCl, KCI, CaCl,, KOH)
bu spektra tasiri dyronilmisdir. Gostorilmisdir ki, geyri-iizvi duzlar agarin bulanaqligim
artirtr, galavilor isa azaldir. Alinan naticalarin mévcud modellar asasinda keyfiyyatca izaht
verilmigdir.

Acgar sozlar: aqgar geli, buraxma spektri, spektrofotometriya.

Bir cox polimer mohlullar1 polimerin miioyyon Kkonsentrasiyast vo temperatur
intervalinda gel halinda olur, yoni axiciligini itirir. Maddonin xiisusi hali olan gel unikal
xassalor gostarir. Ozliiliik vo elastiklik xassalorini eyni zamanda 6ziinds birlogdirdiyina gora
gel miixtolif saholordo genis totbiq olunur [1]. Xiisusilo biopolmerlorin su miihitindo amalo
gatirdiyi gellor (hidrogellar) orqanizmlo uyusan oldugundan tobabotds, oczaciliqgda (dorman
maddolorinin organizm torofindon idaro olunan sokildo monimsonilmosi, hadof organa
istigamatlonmmis sokildo kogiliriilmasi), biomaterialsiinasliqda (siini orqanlarin hazirlanmas),
yeyinti sonayesindo (cem, marmelad texnologiyasinda), kosmetologiyada (dori vo sac
pastalarinin hazirlanmasinda) vo s.-do genis totbiq olunur [2-4]. Gelin baxilan konkret
mosalodo totbiq zamani onun reoloji xassolorini (mohkomliyini, elastiklik modullarini,
ozliliylinii vo s.) miioyyan intervalda se¢mok, yoni bu xassalori idara etmak tolab olunur.
Bunun {iciin ise gostorilon xassolorin gelin mikrostrukturundan (foza torunu omolo gotiron
assosiatlarin vo ya 0Ozoklorin Olgiisiindon vo sayindan, assosiatlari birlosdiron rabitolorin
sayindan va enerjisindon) asililigini, hamg¢inin miixtalif olavalorin bu mikrostruktura tosirini
Oyranmok vacibdir. Gelin mikrostrukturunun 6yronilmasi iisullarindan biri spektrofotometrik
metodudur [5]. Bu isdo agar gelinin isigburaxma spektri vo bozi geyri-tizvi alavalorin (NaCl,
KCl, CaCl,, NaOH, KOH) bu spektra tosiri dyronilmigdir.

Tacriibalorde gelomalogatirici polimer olaraq polisaxaridlorin tipik niimayondasi olan
aqgardan istifado edilmisdir. Aqgar su miihitindo giiclii gelomalogatirmo gabliyyatino malikdir.
Agqar bozi doniz yosunlarinin (Gellidium va Gracilaria) qabi@indan alinir. Biitlin aqar
polisaxaridlorinin asas qurulus vahidi olan aqarobioz disaxaridinin qurulusu sokil 1-do
gostorilmisdir. O, iki 1,3-B-D qalaktopiranoza (D-G) va 14-3, 6-anhidro-a-L-
qalaktopiranozadan ibarotdir. Tobii aqar iki torkib hissodon (komponentdon) ibarotdir.
Bunlardan biri ¢ox giiclii gel amologatirmo qabitiyystino malik aqarozadir, digori iso
aqaropektin adlanir vo biitiin yliklii polisaxarid komponentlari 6ziinds birlogdirir. Aqarozani
hotta kicik migdarda (0,15%) suya olava etdikds gel amolo gatirir. Masalon, 1%-li aqar geli
85 — 90 °C temperaturlara godar gel xassasini saxlayir.

OH

CHaOH
I B
Lo TN I
\\/Ox\x O OH
HO
n

Sokil 1. Aqaroza monomerinin qurulusu
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Aqar geli HISPANAGAR firmasmin istehsali olan tozsokilli aqardan standart
texnologiya iizro hazirlanmigdir [7]. Toz soklindo olan aqar 1 ¢oki %-i miqdarinda torozido
cokilorok tomiz (bidistillo) suyuna olave olunur vo 1 — 2 giin bu voziyyatde saxlanir. Bu
morholo aqarin sismasi adlanir. Sismis aqar suyun qaynama temperaturuna yaxin temperatura
godar (95 °C) qizdirilir va bir nego saat bu vaziyyatdo saxlanilir. Mohlul 16 mkm mosamoali
sliso siizgacdoan kecirildikdon sonra soyudulur vo 35 - 40 °C intervalinda gel halina kecir.
Aqar geli genis temperatur histerezisi xassasi gostorir, yoni qizdirildigda aqarin
konsentrasiyasindan asilili olaraq 80 — 90 °C temperaturlara qodor gel halim1 saxlaya bilor.
Qeyri-iizvi olavalar aqgar gelins zol fazada 0,2 mol %-1 miqdarinda slavs olunur.

Har bir dlgmadon avval gel mohlul zol halinda qalinligt 5 mm olan standart kvars
kiivets tokiiliir vo termodinamik tarazliq halinin alinmas: {iglin bir giin verilmis temperaturda
saxlanir, c¢linki polimer mohlulu zol halindan gel halina kecdikdon sonra foza torunun
formalagsmasi1 (assosiatlarin saymnin vo Olgiisiiniin, assosiatlar arasindaki rabitolorin saymin
artmas1) uzun miiddot davam edir. Bu iso Oziinii gelin isigburaxmasina tosir gostorir. Qeyd
edak ki, isigburaxma dedikdo

= )

komiyyati nozards tutulur. Burada /- tomiz sudan, / iso geldon kegan isigin intensivliyidir.

Olgmolor SPECORD 200 PLUS pektrofotometrindo 190 nm — 1100 nm dalga
uzunlugu intervalinda 1 nm addimla yerino yetirilmisdir. Olgmalorin noticalori sokil 2-do
gostorilmiidir.

ce

itta

0.1 A
0 B T T T T
190 290 490 590

wave%grg)gth, nm

Sokil 2. Geyri-iizvi olaverin aqar gelinin buraxma spektrimo tosiri. Yuxaridan asagiya dogru:
gel+ KOH, gel, gel+KCl, gel+CaCl2, gel+NaCl.

Griindiiyti kimi, gelo golovi daxil edildikde onun isigburaxmasi shomiyyatli dorocads
artir,

Duzlar iso gelin isigburaxmasini bir qador azaldir. Sonuncu effekt NaCl duzu iiglin daha
giiclii, KCL duzu {i¢iin nisbaton zaif alinir.

Alinan naticolorin izahi agar gelinin strukturu ilo izah oluna bilor. Miiasir modellara
gora aqar gelinin foza toru ikiqat spirallardan vo ¢oxlu sayda ikiqat spirali dziinda birlogdiron
daha yuxar tortibli assosiatlardan — supraliflorden ibaratdir [6]. Aqar gelina bulanigliq veran,
yani is181 sapan bu assosiatlardir.
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Sokil 2. ©Olavalarin suda mohlullarinin isigburaxma spektri. Soldan saga: NaCL, CaCl,, KCl,
MaOH, KOH.

Geildon kegan ig18in intensivliyinin azalmasi iki soboblo bagl ola bilor. Geli togkil
edon maddslords (suda, aqarda vo alvalardo) is181 udan gruplarin olmasi vo foza torunu amolo
gotiron assosiatlardan igigin sopilmasi ilo baghdir. Isigburaxmanin azalmasinda hor bir
faktorun rolunu aydimnlagdirmaq igiin gelo daxil edilon olavolorin suda mahlullarinin
isigburaxma spektrind baxilmigdir (Sakil 2). Qoriindiiyti kimi, yaxin ultrbondvsoyi oblastda,
golovi mahlullarinin isigburaxmasi duz mohlullarininki ilo miiqayisado xeyli azdir. Bu, galovi
mohlullarinda yaranan strukturlarin — ionlar vo onu ohato edon hidrat tobagorinin sayinin,
homginin su klasterlorinin saymnin cox olmasi ilo baglidir. Belo mohlulda olan sarbast su
molekullarinin say1 az olur. Mohlulda gel amalo golorkon bispirallarin vo assosiatlarin omalo
galmosi liciin cavabdeh sorbast su molekullaridir. Ona goro golovi daxil edilmis gel “zoif”
alinir, yoni assosiatlarin say1 vo Olgiisii kigik olur vo is1q zaif sopilir, noticodo geldon kecon
is181n intensivliyi boyiiyiir. Qeyd edok ki, miisahido olunan qanunauygunluglarda asas rolu
181810 sopilmasi oynayir, udulmanin rolu ohomiyyatli deyil. Bu onunla tastiq olunur ki, mahlul
halinda har hansi bir aydin ifado 6lunmus genis udulma musahids olunmur.

ODOBIYYAT

1. Guenet J.M., Termoreversible Gelation of Polymers and Biopolymers, New York,
Academic Press, 1992, 212 p.

2. Dea I.C.M., Industrial Polysacharides — Pure & Appl. Chemietry, 1987, v.61, No7, p.1315

3. Food Stabilizers, Thickeners and Gelling Agents ed. By Alan Ivenson, Willey-Blacwell,
2010, 372 p.

4. Hydrocolloids: Part 1: Physical Chemistry and Industrial Application of Gels, Polysac-
charides and Proteins, ed. by Nishinary K., Elsevier, 2000, 481 p.

5. Imuar B., OnTuveckas CHEKTPOCKOMUsS I XMMHUKOB M OuonoroB, M, TexHocdepa,
2008, 373 c.

6. Labropoulus K.C., Niesz D.E. et all. Dynamic rheology of agar gels: theory and
experiments, Carbohydrate Polymers, 2002, v.50, p.393
Is Azasrbaycan Respublikasimin prezidenti yaninda Elmin Inkishaf fondunun maliyys

yardimu ilo yerina yetirilmisdir: Qrant NeEIF-2011-1(3)- 82/32/1



Fizikanin miiasir problemlari VI Respublika konfransi

SU - POLIETILENQLIKOL (4000) - LiOH SISTEMLORININ OZLU AXINININ
AKTIVLO$MO PARAMETRLORI VO STRUKTUR XUSUSIYYOTLORI
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i§da su-PEQ (4000) va su-PEQ (4000)-LiOH sistemlarinin 293,15-323,15 K temperatur
va PEQ-in 0.0001-0.001 molyar hissa konsentrasiyast intrvalinda dinamik ozliiliiyii va sixligi
olgiilmiisdiir. Tocriibi naticalordon istifads edarak tadqiq olunan sistemlorin  baxilan

temperatur va konsentrasiya intervalinda 0zlii axinimin aktivlasmoa parametrlori ( AG; , AH ,7

va AS : ) hesablanmugdir. Miiayyan olunmugsdur ki, PEQ hom suya, hom da su-LiOH sistemina

strukturlasdirici tasir gostorir, lakin LiOH-in istiraki PEQ-in strukturlasdirici tasirini
miiayyan qadar zaifladir. Bu iso LIOH-n struktura gostordiyi dagidict tasirlo alagadardir.

Acar sozlar: polietilenglikol, 6zlii axinin aktivlogsmo parametrlari.

Molumdur ki, tabiatdo bas veron biitiin bioloji proseslor su miihiitindo bas verir. Bu
baximdan bioloji shomiyyatli maddslorin suyun strukturuna tesirinin Oyronilmasi vacibdir.
Belo maddslordon biri do polietilenglikoldur (PEQ). PEQ toksik xiisusiyyatloro malik
olmadigindan tobabotds, farmakologiya vo yeyinti sonayesindo genis istifado olunur. PEQ
molekulunu agagidaki kimi tosvir etmok olar:

HO-|-CH,-CH,-0-] -H

PEQ-in H - O - qrupu, —O - vo —H atomlar1 su molekulu ilo hidrogen rabitasi
yarada bilirlor, CH, qruplarn iso hidrofob effekti yaradirlar. Gozlomok olar ki, PEQ-do
hidrofob effektinin varligt PEQ-in hidrofil gqruplar1 ilo su molekullar1 arasinda hidrogen
rabitosinin yaranmasini  giiclondirocok. Beloliklo, PEQ-su sistemindo PEQ-in kicik
konsentrasiyalarinda PEQ vo su molekullarimin qarsiligh tosiri naticosindo suyun strukturu
doyismolidir. Su-PEQ sistemi molekullararas1 qarsilight tosiri Oyronmok iiciin on sado
modellordon hesab edilir. Umumiyyatlo, binar mohlullarin yaranmasi bir sira proseslorlo
miisayiot olunur. Bu proseslor su molekullari, PEQ molekullar1 vo PEQ-su molekullar
arasinda bas veran qarsiligh tosirlo slagadardir. Belo molekulyar qarsiligh tasirlor hidrogen vo
digar nov rabitslorin yaranmasi hesabina ilk névbado mohlulun 6zlii axin xassasing tosir edir.

1§d9 molekulyar kiitlosi 4000 olan su-PEQ(4000) vo su-PEQ(4000)-LiOH
sistemlorinin  293.15-323.15 K temperatur vo PEQ-in 0.0001-0.001 molyar hisso
konsentrasiyasi intervalinda struktur xiisusiyyatlori arasdirilmisdir. Bu magsadls 6zlii axininin

aktivlosma Gibbs enerjisinin (AG; ), Ozlii axminin aktivlosma entalpiyasinin (AH ,7 ) vo ozlii

axminin aktivlosma entropiyasinin (AS: ) konsentrasiyadan asilihiglart tohlil edilmisdir. Su-

PEQ(4000)-LiOH sisteminds LiOH-1n konsentrasiyas: 0,01 molyar hisso gotiiriilmiisdiir.
Ozlii axinin aktivlosmo parametrlori asagidaki ifadolorlo hesablanmigdir [1, 2].

AG,'; = RTlni (1)
Ua
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d In ,;7
AHY = R —*% )
d(—)
AH? - AG?
45, =—"1—" 3)

1], parametri Eyrinq nozariyyasind [3] gora

_N,hp

[y “4)

o

disturu ilo toyin edilmigdir. Burada 77 vo p komiyyotlori uygun olaraq 7 miitloq
temperaturunda mohlulun dinamik o6zliiliiyli vo sixlig1, R -universal qaz sabiti, N, -Avogadro

odadi, £ -Plank sabiti, M -mohlulun molyar kiitlosidir.
Su-PEQ(4000) vo su-PEQ(4000)-LiOH sistemlarinin  6zIii axinmin  aktivlosma

parametrlorinin (AG,, AH] vo AS;) 293.15 K temperaturda PEQ-in konsentrasiyacsiadan

(x) asthilifr 1-3 sayh sokillordo gostorilmisdir. Qeyd edok ki, hor ili¢ parametr baxilan
konsentrasiyalarda temperaturdan asili olaraq azalirlar vo verilmis temperaturda
konsentrasiyadan asililiglart  eyni qanunauygunlugla (293.15 K temperatura analoji)
dayisirlor.

kC 2
#*
13 146G, ,—
mol 1
12 A
11 4
10 -
9
8 . . . — 16 . . : —x
0 0,0002 0,0004 0,0006 0,0008 0,001 0 0,0002 0,0004 0,0006 0,0008 0,001
Sakil 1. Su-LiOH-PEQ (4000) sistemlarinin 6zl Sakil 2. Su-LiOH-PEQ (4000) sistemlarinin 6zl
axininn aktivlosmo Gibbs enerjisinin PEQ-in kon- axinmin  aktivlosmo  entalpiyasimn  PEQ-in

sentrasiyasindan asililigi (T=293.15 K, x,,,,, =0,01). konsentrasiyasindan asililig1 (T=293.15K, x,,,, =0,01).
1-Su-PEQ (4000),  2- Su-LiOH-PEQ (4000)
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Sakil 3. Su-LiOH-PEQ (4000) sistemlarinin 6zlii
axininin aktivloasmo entropiyasinin PEQ-in
konsentrasiyasindan asililigi (T=293.15 K, x,,,,, =0,01).

1-Su-PEQ (4000),  2- Su-LiOH-PEQ (4000)

Sokil 1-3-don goriindiiyti kimi, AG; , AH ,7 Vo AS; parametrlori baxilan
temperaturda, mohlulda PEQ-in konsentrasiyasinin artmasi ilo artirlar. Qeyd edok ki, AG,’;

molekulun axin zamani bir voziyyatdon digor vaziyyato (vo ya potensial ¢opori) kecmasino
sorf olunan enerjidir, AH ,7 mohlulda yaranan doyismolori enerji baximindan, AS : 159 struktur

baximindan xarakterizo edir. Belo ki, konsentrasiyanin artmast ilo AG? -nin artmasi
y n
molekulun potensial ¢opori ke¢mosino daha ¢ox enerji sorf olunmasimi, AH ,’; -in artmasi

sistemin daha mohkom struktura malik olmasini, AS,’; -in artmasi 189 sistemin daha

strukturlasmis hala ke¢mosini gostorir [2]. Molumdur ki, temperaturun artmasi mohlulda
movcud olan biitiin qarsiligh tosirlori zsiflodir, bu da mohlulun timumi enerjisinin azalmasina

vo strukturun dagilmasina sobab olur. Buna goro do AG; , AH ,7 Vo AS,;t parametrlori

temperaturun artmasi ilo azalirlar. Alinan noaticolors asason deyo bilorik ki, konsentrasiyanin
artmasi ilo su-PEQ sistemindo mdvcud olan komplekslorin potensial ¢opari ke¢masina sarf
olunan enerjisi artir, sistem enersi daha boyiik olan hala kec¢ir vo belaliklo PEQ suya
strukturlasdiric tasir gostarir.

Sokil 3-don goriindiiyti kimi, ham su-PEQ (4000), hom do su-LiOH-PEQ (4000)

sistemlorindo PEQ-in konsentrasiyasinin artmast ilo AS; artir. Bu noticolor gostorir ki,

baxilan sistemlordo PEQ-in konsentrasiyasinin artmasi ilo mohlul daha strukturlasmis hala
kecir. Holledici kimi su-LiOH mohlulu gétiirdiikde do PEQ-in konsentrasiyasinin artmast ilo

AS; artir, lakin bu artma su-PEQ (4000) sistemino nisbaton AS ,7 -in ki¢ik giymatlorinds bas

verir. Bu iso LiOH-1n tasirilo baxilan sistemin strukturunun nisbaton dagilmis hala kegmosi ilo
olagodardir.

Suyun strukturu hagqinda Nemeti vo Seraqinin klasterlor vo klasterlor arasi sarbast su
modelino [4] istinad edorok, ehtimal etmok olar ki, todqiq olunan sistemdo PEQ
molekullarinin otrafinda hidrogen rabitasi vasitosilo su molekullarinin (ilk ndvbada sarbast su
molekullar1) toplanmasi naticosinds miioyyon Olciili aqreqatlar omolo golir. PEQ-in
konsentrasiyasinin artmasi ilo mohlulda belo aqreqatlarin say1 artir vo Olgiilori boyiiyiir,
naticods mohlul daha da strukturlagmig hala kecir.
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BJIMAHUE POJAHHUIA KAJIUA HA BOAHBIE PACTBOPBI IIDI'

B.B.Ilpyabko
Bakunckuii cocyoapcmeennwiii yHusepcumem

B pabome nposedeno euckosumempuueckoe ucciedosanue cucmemvl I19-600a-
pooanuo kanus. Ha ocnosanuu nonyueHuvix OAHHBIX CO€NaH 6bl800 O NOJOHCUMENbHOM
GIUSHUU POOAHUOA KANIUSL HA KAYeCME0 PACmeopumels.

VYcenemHoe npumeHenne nojudTuwieHraukone (I11917) B menuuuHe, MOJEKYJISIpPHOM
Ouonorny, OMOXMMHH, pa3HBIX OTpACsIX MPOMBIIUICHHOCTH, KocMmeruke [1,2] u ..
MPOJIOJKAET BBI3BIBATH MHTEPEC K UX HccienoBanuio. OJIHUM U3 METO/OB, MO3BOJISIONINX
OLICHUBATh OCOOEHHOCTH MOJEKYJISPHOTO CTPOEHHUS PACTBOPOB IOJUMEPOB, SIBISETCS
BUCKO3UMETPUYECKUA METOJI, TIOCKOJIbKY BSI3KO€ TEUYEHHE 3aBUCUT HE TOJIBKO  OT
B3aUMOJICHCTBUSL MEXKIY MOJIEKYJIaMHu MOJIMMEpPAa U PACTBOPUTEIS, HO U OT B3aUMOJEHCTBUS
MEXIY MOJTUMEPHBIMUA MOJIEKYJIAMH.

Bs13K0CTh KUAKOCTEN TECHO CBSI3aHO C UX CTPYKTYpOil. BSA3KOCTH sIBIII€TCS OHUM U3
TeX (U3HUYECKUX CBOKMCTB PACTBOPOB, M3Y4YCHHE KOTOPBIX CIIOCOOHO IPOJUTHL CBET Ha
BIIMSIHUE, OKa3bIBAEMOE, HAIIPUMEpP, PACTBOPEHHBIM BEIIECTBOM Ha CTPYKTYPY PacTBOPHUTEINS.
Buckozumerpust — KJIaCCMYECKUMN THUAPOJUHAMUYECKHM METOJ, YacTO MAIOIIMK LEHHYIO
uH(pOopMaIIKIo 0 pazMepax U (opMe pacTBOPEHHBIX MAKPOMOJIEKYII, X MOJIEKYJISIPHON Macce
U O TMpOIEccax, MPOUCXOMS[IIUX B HCCIEAYEMBIX CHUCTEMax. DKCIIEpUMEHTaIbHAs TEXHHKA
MPOCTa, HO UCTOJIKOBAHHE MOJIy4aeMbIX JaHHBIX ObIBA€T CPABHUTEIBHO CIIOKHO.

Pa3baBneHHble pacTBOpPHI TOJUMEPOB M3Y4YalOT JJIS TOJYYEHHS] CBEJIECHUU O
napameTpax XapakTEepU3YIOLIUX camMy MakpomoJieKyny. KoHIIEeHTpHpOBaHHBIE pPACTBOPHI
UCCIICTYIOT JUIsl MOTydeHu:r nHpopManmu (CBEACHHIA) O CUCTEMaX MOJIUMEP-PACTBOPHUTEIH B
L[EJIOM, 10 KOTOPBIM MOKHO CY/IUTh O ITPOLecCaX, IPOUCXOASIINX B 3TUX CUCTEMAX.

[[Inpoko WU3BECTHO, YTO MPHUCYTCTBUE PATMYHBIX HOHOB B BOJIE H3MEHSET €&
TEPMOJMHAMHYECKOE COCTOSIHUE [3], YTO CKa3bIBAETCS HA MOBEACHUH BHICOKOMOJICKYIISIPHBIX
COEIMHEHUI B BOJIHOM CpeJie.

[Tpu W3y4YEHUU pa30aBIIEHHBIX pacTBOpOB MOJIMMEPOB OTpPEAEISAIOT
XapaKTepUCTHUECKYIO BSI3KOCTh. BS3KOCTh pa30aBieHHBIX PACTBOPOB IMOJMMEPOB 3aBHCHT,
MpEekKIe BCEro, OT (HaKTOPOB, OMPENCNSIOMNUX O0BEM 3aHUMAEMbIA MAaKpOMOJEKYJION B
pacTBOpE: OT BEJIMYHUHBI MOJIEKYJISIPHOM MacChl, XapakTepa B3auMOJEHCTBHS PACTBOPUTEIS C
MOJIMMEPOM, OT CTPOCHUSI TOJIMMEpa U OT KOHIIEHTpalMu pacTtBopa. B ompeneneHHOM
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00JIaCTH COOTHOIIIEHWH MOJICKYJSIPHBIX Macc M KoHmeHTpanui 1317 B BomHOM pacTBOpe
BO3HUKAET CHernuQuIeckas IMPOCTPAHCTBCHHAs CEeTKa, oOpasyeMas MaKpOMOJICKYyJIaMu
nojiMMepa, a 3TO, B CBOIO OYEpPE]b, OKAa3blBACT BIUSHUE Ha CTPYKTYPY PacCTBOPHUTEIS.
BepositHo, ymopsimoueHre MOJIEKYJ BOJBI BOJIM3UM PACTBOPEHHOTO MOJUATUICHTIUKOIS
MOJKET COMPOBOXKAATHCA PA3yNoOPsIOYMBAHIEM MOJIEKYT BOJIbI B 00beMe pacTBOpa.

B HenocpencTBEHHOW CBSI3UM € JACHCTBUEM HOHOB Ha TPAHCISIIMOHHOE JIBUKECHHE
ONvKalIIKUX MOJIEKYN BOJBI pacTBOpa HaXOAMUTCS JIEHCTBHUE MOHOB Ha BA3KOCTHh BOJIBI. 3Has
BIIMSIHUE MOHOB M MOJUATWICHIJIMKOJISI HA CTPYKTYPY BOJBI, MOKHO MPEATNON0XKUTh KaK OHU
OyIyT JIeHCcTBOBAaTh COBMECTHO. TakuM o00pa3oMm, wu3ydas BOaHbIe pacTtBopel IIDI ¢
n00aBJICHUEM COJIEH, MOKHO OIICHUTHh THOKOCTh MHIUBUAYATBHBIX MaKpOMOJIEKYN U CYIUTh
0 BJIMSHUHM Ha CTPYKTYPY BOJABI 3TUX J00aBOK, a TakKe O B3aUMOJCHCTBUM MOJIMMEpa U
PacCTBOPUTEIIS HA OCHOBAHUH BS3KOCTHBIX XapaKTEPUCTHUK pa30aBICHHBIX PACTBOPOB.

B pabote wuccnenoBanu BIMSHUE pOJaHUIA Kalusi Ha pa30aBleHHbIE BOJHBIC
pactBopsl [13I7, ucnons3ys ppakuuu ¢ mosekynsipaeiMu Maccamu 600, 3000, 4000 u 20000.
Konnenrpanuu 131" mns ppakmuii ¢ MonekynspHoit Maccoit pagHoit 600 MeHsu oT 5 Bec. %
1o 1,5 Bec.%, mis ocranbHbix ¢Gpakmuii [1917 (M pasro 3000, 4000 u 20000) koHIIEHTpaIKs
MeHnsace ot 1,5 Bec.% no0 0,5 Bec.%. KoHinenTpanuio pojganuaa kanus MeHsiid ot 0 1o
132 MOTb

. I3Mepenus mpoBOAMIIH MIPH MOCTOSIHHOM Temmeparype 20°C.
Ke

Jlnst  WccnenoBaHW —WCHOJB30BAM  OJUH M3 Hambojee pacripoCTpaHEHHBIX
BHCKO3UMETPOB — BUCKO3UMETp YO00enoe, Jaroluii BO3SMOKHOCTbh IPOBOJUTH pa30aBiIeHHE
PacTBOPOB HETIOCPEICTBEHHO B BCKO3UMETPE.

Hcnonb3ys NOIydeHHble B pe3yibTaTe SKCIEPUMEHTOB BpEeMEHa HCTEUYEHHUs

paceroputens (Tp) U pacTBOPOB (T) BBIYUCIISUIM OTHOCUTENIBHYIO (r]()m:i, rae N uno—
0

_ r]ya

BSI3KOCTU PAaCTBOPOB U PACTBOPHUTENSA), YAEIBHYIO (Ny1= Nom.-1), IpuBEIeHHYIO (Nupus. = "

rae C — KOHIGHTpaIMs pacTBOPOB) M XapakTepucTuueckyro ([N]= ézn% %) BsI3KOCTH [4] st

BOJIHBIX U BOJIHOCOJIEBBIX PAaCTBOPOB MOJMATUIICHIVIMKONA. Pe3ynpTaThl moKa3aiau, 4To s
Bcex (pakiuil MmoiMMepa XapaKTepUCTUYECKash BSI3KOCTh C YBEIMUYEHHUEM MOJIEKYIISIPHOMN
maccel [IDI yBenmmumBaeTcs, a mpu JOOABIEHUHM PpOJAHHUAA Kajlusg YMEHBIIAEeTCs, M TeM
0oJbIIe, YeM OOJIbIIIe KOHIIEHTPALIUS COJIH.

Ha ocHOoBe 3HaueHMII XapaKTEpUCTUYECKOW BSI3KOCTH, MOJYYEHHBIX I pa3HbIX

¢bpakumit T19T°, cornmacHo ypaBHeHHI0O Mapka-XayBuHka-KyHa ([r]]:KM “), OTpeAeIIsLTN

napameTpsl K 1 O, XapakTepusymoonpe Kak caMd MaKpOMOJIEKYIbI, TaK U B3aUMOJEHCTBHE
MEX/1y TOJMMEPHBIMH CETMEHTAaMH M MOJEKylaMu pactBopuTens. K u O 3aBHCAT OT Bcex
(GakToOpOB, BIUSIONIUX HA KOH()OPMAIIHIO [IEMH TOJMMepa B pacTBOPE U HA B3aUMOJICHCTBUE
nonuMep-pactBopurenb. Oxaszanock, 4To J00aBlICHHE pOJAHHMIA Kajdus MOBBIIIAET O U
camkaer 3HadeHue K. Ilockombky mapamerp O XapakTepu3yeT, B OCHOBHOM, (opmy
MaKpOMOJIEKYJIbI, TO POCT O 03HAYAET, YTO MAKPOMOJIEKYIIbI B 3TOM CIIydae YBEJINYUBAIOTCS B
00béMe, cranoBsTca Oosee mpoHuaeMbiMu. Koaddunument K — ectb Benmnumnna, 3aBucsmas
OT TIPUPOJBI TOJIMMEPA U PACTBOPHUTENS, OT XapakTepa B3aUMOJACHCTBUS PacTBOPUTENS U
pacTBOpPEHHOTO  BemiecTBa. YMeHblIeHHMEe K  CBHIETENBCTBYET O pa3BOpayMBAHUU
Makpomonekyn 19T, B 1enom nosydeHHbIE pe3yinbTaThl CBHIETEIBCTBYIOT 00 YIydIICHUN
KadecTBa pacTBopHuTens. CHIDKEHHE XapaKTEPUCTHUECKOW BA3KOCTH TIpU J00ABICHHUU
pojaHWIa Kamusk B BOJHBIE PACTBOPHI IMOJHMATHIICHTIIMKOJECH CBHICTEIBCTBYET 00
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OpUCHTAlUHU U Pa3BOpaAYUBaAHUU MAKPOMOIJICKYII B IIOTOKC U 3TO TOXKC 'OBOPUT 00 YIyYlIICHHUHN
KaucCTBa paCTBOPUTCIIA.

JIUTEPATYPA

Ouiukiaoneaus noaumepos. M.: Cos.aHilL., T.I1, 1974, 1032 c.

Koob A.O., Colby J.M. and Borgens R.B. Behavioral recovery from traumatic brain in

juri after membrane reconatruction using polyethylene glycol. Journal of Biological

Engineering, 2003, 2:9, doi:10, 1186/1754-1611-2-9.

3. CamoiinoB O.f. CTpykTypa BOAHBIX PaCTBOPOB 3JIEKTPOJIMTOB M THUJpaTalisi HOHOB.
M.:u31. AH CCCP, 1967, 182 c.

4. Tarep A.A. ®usukoxumus noiumepoB. M.: Xumus, 1978, 544 c.

N =

MMPUMEHEHHUE O30HHOM TEXHOJIOTMM B BUOJIOT'MYECKHAX
N XUMHNYECKHUX ITPOLECCAX

H.A.Mawmenos, b.b./laBynos, K.M./lamaamupos, I'.'M.Caabixzane, LLL.III.Anex6epon
BI'Y, HU Hucmumym ¢huzuuecxkux npobiem

B pabome paccmampusaromcs paznuunsie npoyeccwsl, npoucxoosujue 8 OU0I02UYECKUX,
XUMUYECKUX U PUUYECKUX CUCMeMax Nnoo Oelicmeuem 030HA PA3IUYHbIX KOHYEHMPAayui.
Pezynomamer noxazvieaiom, umo 030HHAS MEXHONO2US 8 CULAX pe2yIuposams NpoyUeccyl
DPA3HO20 NPOUCXOHCOCHUS.

C yenvio uzyuenuss ouUCMKU 3A2PA3HEHHBIX 800, a4 MAK dce Ol CONOCMABAEHUS C
meopemuyecKuMu paciemamu npoBOOUNUCL UCCLEeO08AHUL NO O030HUPOBAHUIO BOOHLIX
pacmeopos penona (CsHsOH).

IlocnenHue HECKONBKO JIET IPYIIaA YYEHBIX, 3aHUMAIOLINXCS O30HHOM TEXHOJIOTMEW B
otaene PU3NKU OMOTOTHYECKUX CHCTEM COBMECTHO ¢ yuyeHbIMU MHCcTHTyTa ®u3nkn HAHA
U pa3nnuHbIX Kadenp nmpu buomormueckom m XummuyeckoM ¢axkynbrere bI'Y MHTEHCHBHO
IIPUMEHSIOT O30HHYIO TEXHOJIOTHIO B HUKECIEAYIOINX HAITPaBICHUSX:

N3yuaroT (coBMecTHO ¢ coTpyanukamu Muctutyra @uszuku HAHA) BiusHue o3oHa Ha
pa3sBUTHE OKUCIUTENBHBIX PEAKUMH B 3PUTPOLUTAX U B CAMOM TIE€MOIJIOOMHE YeloBEeKa U
JKUBOTHBIX (KpbICAa, MOpCKasi CBMHKAa W KpOJHUK), CYILIECTBEHHO OTJIMYAIOLINXCS
METa0O0JIM3MOM CEJIeHa — OJHOTO U3 Ba)KHEHIINMX MPUPOJHBIX AHTHOKCHAAHTOB. M3ydeHa
KWHETHKA OKHCJIEHUS O30HOM, TE€HEpPHPYEeMBIM IBYXOapbepHBIM KOPOHHBIM pa3psioM ¢
KOHIIeHTpauueil 4,6 MK/, Kak remMorjiioOMHa BbIAEJIEHHOTO B PAacTBOPE IIyTEM IOJHOTO
reMoJin3a JTUCTHJUIMPOBAHHOW BOMOM ¢ mocnexyrommm noseaeHuem 0,1 M OydepHbM
pactBopoM ¢ocara HaTpus A0 reMatokpura =~ I, Tak U reMoryioOMHa B SPUTPOLMTAPHOM
cycrieH3un (reMaTokput ~ 1). YcraHOBIEHO, YTO HakorwieHHe MerreMmorioouna (MetHb) B
reMOTJIO0OMHOBBIX PAaCTBOPAX MJET 3HAYUTEIBHO ObICTPEE, UEM B CYCIIEH3UU SPUTPOLIUTOB.

HauOonpiryro ycTOWYMBOCTH K OKHCIICHHIO B OOEMX CiIydasX ITOKa3blBa€T MOpCKast
CBUHKA, HAMMEHBUIYIO — KPbICA, a YEJIOBEK U KPOJMK 3aHUMAIOT IPOMEXYTOUHOE TOJI0KEHNE
[1].

HccnenoBanne HMHAYLIMPOBAaHHOTO O30HOM T€MOJM3a JSPUTPOLMTOB II0KAa3ajo, 4TO
BHJIOBBIE Pa3Iu4Msl Ul OKMCINUTEIBHOTO I€MOJIM3a SPUTPOLUTOB MEHEE 3HAUYUTEIIBHBI, YEM
s ckopocreld HakoruieHuss MetHb B Hux. Oxa3zanoce, 4To LENBHBIE SPUTPOLUTEI MOPCKON
CBUHKM YCTOMYMBEE K IEPEKUCHOMY OKHCICHHIO, YEM DSPUTPOLMTHI KpBICHL. [l TeHeu
SPUTPOLIUTOB ATH PA3INUNS MEHEE BBIPAKEHBI.

[TonydyeHHbIE TaHHBIE CBUAETEILCTBYIOT B IOJb3y TOIO, YTO OKHCIIEHHE IeMOIJIO0MHA
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(nakorenuemM MetHb) sBnsiercs mMepBUYHBIM 3BEHOM OKHCIHUTEIBHOTO TMOBPEXKICHUS
SPUTPOIUTOB TeM Ooubine, yem Oombme Se- (I'TI) rmyrarnoHmepokcuaasHas aKTHBHOCTD.
[Ipu o>TOM [yIsi MOPCKOM CBUHKM AaHTHOKCHUJAHTHAs 3alUTa C TOMOINBIO CeJieHa
OCYIIECTBIISIETCS MTPEUMYIIIECTBEHHO Yepe3 3allUTy OT OKUCICHUSI TeMOrIoOuHa. st KpbIch
K€ CYIIECTBEHHOE 3HaUeHHe nMeeT 3ammra MemOpan ['TI Mmexanuzmom.

Kak wu3BeCTHO U3 IUTEpaTyphbl, NPU HOPMAIBHBIX (PU3HUOJOTUYECKUX YCIIOBHUSIX
OTHOCUTEIIbHOE  TOCTOSIHCTBO ~ KOJMYeCTBAa  caxapa B  KpPOBH  oOecreuyuBaeTcs
HEHPOryMOpaTbHBIM ITYTEM. YUUTHIBAs CIa0yI0 W3y4eHHOCTh BIIMSIHHSI 030HA HA ITUPKAIHBIN
PUTM TJIMKEMHUYECKUX pEeakUWd y JKUBOTHBIX, COJEpPKAIIMXCS B O30HHOM cpene, HaMu
(coBMeCTHO C cCOTpyOHUKaMu Kadeapbl (U3NOJIOTHH 4YeIOBeKa W IKUBOTHBIX) BEIHUCH
9KCIIEPUMEHTHI C TPEX U IIECTH MECSYHBIMH KHUBOTHBIMH IIPU KOHIIEHTPAIIMH 030HA B 030HO-
BO3YIIHOU cpene 2,4 MKr/n u 3,4 MKr/n (BpeMs moJlypaciajia 030Ha COCTaBisieT 15 MuH).
KonnuecTBo caxapa B KpOBH OIMpPEEsUId SKCIIPECC-METOIOM.

HccnenoBanus BeNUCh B COOTBETCTBHUM C PUTMOM JHS, T.€. B 9% yTpa, B 1342, 1742,
BEUEPOM B 21*%, 1* woun u 9* yrpa. B kaxaom ciaydae U3 KpallHEW BEHbI yXa KUBOTHOI'O
OTOMpaU KPOBH JJI ONPE/IeNICHUs YPOBHS caxapa B KPOBU KUBOTHOTO.

Pe3ynbTarhl 3KCEPUMEHTOB YAOBIETBOPUTEIBHO MOJITBEPKIAIOT, UTO MPH 7 MUHYTHOM
KOHTaKT€ JKMBOTHBIX C O30HOM YpPOBEHb caxapa B UX KPOBH, TaKXe, KaK Y WHTAKTHBIX,
COOTBETCTBYET PUTMaM JiHs, HO Ha 15-i1, 30-i u 60-i1 MUHYyTaxX U B 1342, 17 u 21 YPOBEHb
caxapa B KpOBU HECKOJIBKO 3aBbIIICH. B OCTalIbHBIX BpEMEHHBIX MHTEpPBajIaxX ypOBEHb caxapa
B KPOBH COOTBETCTBYET MPEKHUM 3HAUCHUSIM.

W3 nonydeHHBIX pe3yabTaTOB BHITEKAET, YTO Y KMUBOTHBIX, COJIEPKAIIMXCS B O30HHOU
cpene, poib OSNU(PHU30B B HEHPOTyMOPATbHOM PETYIMPOBAHUM HUPKAAHOTO pPUTMA
MIMKEMUYECKHUX peaklnii HeCOMHEHHa [2, 3].

W3 3a TOKCHYHOCTH O30HA, €0 JIEHCTBUE HA BCXOXKECTh OJIHOIOJBHBIX CEMSIH MIICHUIIBI
Mayio u3ydeHo. OO0beKTaMH HCCIIeIOBAaHUN OBUIM BBIOPAHBI CEMEHA IMIIEHUIBI (COBMECTHO C
coTpyaHuKaMu Kadenpsl pusnonoruu pacteHuit). CHauana ceMeHa CyTKH BBIMAUMBAIIKCh, a
3aTeM HaXOJMJIUCh B KaMepe, C KOHTAKTHBIM BpemeHeM oT 1 muH 110 210 mun. Konuentparus
030Ha MEHsUIach B mpenenax oT 3,4 Mkr/a go 7,2 MKr/ia. Pe3ynbTaThl 3KCIEPUMEHTOB
IIOKa3aJIM, 4YTO O30H HAa BCXOXECThb JEHUCTBYET IO-pPa3HOMYy. B MallbIX KOHLIEHTpauusax
BCXOXKECTh yBeNIUYUBaeTcs Ha 3%, a B OONBIINX KOHIIEHTPAIUSAX HAOII0AeTCsl yMEHbIIICHUE
BCxokecTH [4].

[Tpu 0OpaboTke ceMsH MIIEHUIbI TUIPOXUHOHOM (COBMECTHO C COTPYIHUKAMU Kadeapbl
I'eHeTHKY M JapBUHU3MA) TIOCIIE UX OOPAOOTKHU B YCIIOBUSAX 030HA MPHU PA3HBIX IKCIO3UITHIX,
030H BEN ce0s JBOSIKO — MPU  MaJIbIX IKCHO3UIMAX KaK aHTUMYTareHHoOe, a Mpu OOJIbIINX —
MyTareHHOE BEIECTBO.

HccnenoBanus nokaszajiu, 4YTo MpU MajbIX SKCHO3UIMAX (10 3 MUH) BO3JECHCTBUE 030HA
HE3HAUUTEJbHO UM B HEKOTOPBIX CIy4asix JaXKe YMEHBIIAET BCXOKECTh CEMSIH U JIETUMOCTh
KJIETOK MO0 CPaBHEHUIO C KOHTPOJIbHBIMH 3€pHaMH. YMEHbBIIEHHE BCXOXKECTH HaBEpHSKa
CBS3aHO C OOpa30BaHHEM OTPHUIATEIIBLHBIX HOHOB KHCIOpPOJa 3a TMpelneiaMHu KJICTOYHON
MeMOpaHbl TIPH pacrajie 030Ha U M3MEHEHHEM MEMOpaHHOro MoTeHluana mokos. Jlanee, ¢
YBEIUYCHUEM BpeMeHHU HKcro3uiuu (15-18 muH) HaOmomaeTcs mpsAMOM POCT BCXOXKECTH
CEeMsIH, KOJIMYECTBA JIETUMBIX KJIETOK W XPOMOCOMHBIX HW3MEHEHUH, T.€. U3MEHEHHE
AKTUBHOCTH KJIETOK. DTU OMBITHI MMOKA3BIBAIOT, YTO JI0 OMpPENEIEHHOTO 3HAUCHUS SKCIIO3UIIUU
030H BeIET ce0sl Kak aHTUOKCHUJIAHT, TO €CTh KaK aHTUMYyTareHHoe BemecTBo. O30H MOXKET
B3aMMOJICHICTBOBATh MPAKTUYECKHM CO BCEMU THUIAMH OPraHWYecKuX COeIUHEHU (C
oOpa3zoBaHueM paaukaios) [5, 6].

Taxxe B paboTe m3ydaercs mpollecc paszfiokeHus (PEeHOJOB MOJ BO3JEHCTBHEM O030HA
(paboTa BBITIOJIHEHA COTpPYAHUKaMU oTAena «@Pusmka Ouonormdeckux cucrem» HUN
®duszndecKux mpoosiem).



Fizikanin miiasir problemlari VI Respublika konfransi

@DeHoIbl — apoMaTHYECKHE COEIMHEHHUs, B KOTOPHIX T'MIPOKCHIIbHAS TPYINa 3aMeliaeT
BOJIOPOJHBIA aTOM OEH30JBHOTO KOJIbIA. [10 KOMWYECTBY THAPOKCWIBHBIX TPYII (DEHOJIBI
pa3enioTCs Ha OJJHOATOMHbBIE, IByXaTOMHBIE U IIeCTHAaTOMHBIe (s 6eH3omna). HekoTopsie
¢u3nveckue U XUMHUYECKHE CBOICTBa Ha(TOJIOB, ()EHAHTPOJOB M APYTrUX MHOTOSAEPHBIX
apoOMaTHUYeCKHX COEAMHEHUH COOTBETCTBYIOT ()eHOJlaM U TOXTOMY UX Ha3bIBalOT
MHOTOsIepHBIMH (DeHoamu [7].

ITIK mos denona cocraBimsier 0,001 mr/n, a deHompHbId wHIAEKC — 0,25 MI/i, U3 4ero
CTaHOBUTCSI SICHO HACKOJIbKO Ba)KHA OUYMCTKA 3arpsi3HEHHBIX Boja oT ¢eHOnoB [1,2]. Cwmech
¢dbeHonoB OoJiee TOKCMYHA YeM COOCTBEHHO ()eHOJI, U 00JIalaeT CHHEPTHIeCKUM 3P deKToMm, a
MPOJYKTHl TJIYOOKOTO OKHUCIEHUS (EHOJIOB O030HOM TIPAKTHYECKH HETOKCHYHBI U
HEKYMYJISITUBHEI [7].

B tabmuie 1 mpuBoAWTCS KOTUYECTBO ()EHOJOB B TMOJ3EMHBIX BOJaX HE(TEra30HOCHBIX
Tepputopuii AzepOaiimxanckon Pecriyonuku [7].

Tabauma 1

KonnuectBo eHOI0B B MOA3EMHBIX BOJaX He()TEra30HOCHBIX TEPPUTOPUIA

Azepbaiimxanckoii PecrryOmiku

denonsl, MI/1
[Tnomane TeTy HeJleTy4
yue ue
Kapanar 13,77 0,5
Jlox-batan 2,53 3,37
Slcamanbckas lonuHa 7,31 15,69

Kak wu3BectHo [7, 8] pasmokeHue (eHoJia TOJM BO3JEHCTBHEM O30HA HAXOIUTCS B
3aBUCHUMOCTH OT Temrieparypbl. ONTUMaIbHbIE YCIOBHS O30HUPOBaHUS (PEHOJICOAEPKAIINX
CTOKOB HaOroatoTes B menouHoi cpene (pH = 12) u B 001acTé MOBBIIEHHON TEMITEpaTyphl
(50 -55 °C).

[Tockonbky Ha CErOJHSIIHMA JeHb OAHUM H3 caMbiX 3G EKTHUBHBIX METOJOB
00€e33apaXuBaHMs CUMTACTCS] O30HUPOBAHKE, C IIEJIbI0 U3YUEHUSI OUMCTKHU 3arpsi3HEHHBIX BOJI,
a TakkKe Ui CONOCTaBIEHUS C TEOPETUYECKUMH pacyeTaMH HaMd MPOBOJAMIIUCH
WCCJICIOBAHMSI 10 O30HUPOBAHUIO BOJTHBIX pacTBOpoB (enona (CcHsOH) [7, 8]. Kak BunHO u3
TaOJIUIBI 2, yBEIMYEHHE KOHIICHTPAIIMH 030HA B 030HO-BO3IYIITHOM CMECH YMEHBIIIAET BpeMs
Mpoliiecca 030HUPOBAHUSI.

Tabmuma 2

C(beHon(Mr/ H) C(beHon(Mr/ H) C(beHon(Mr/ H) C(peﬂon(Mr/ -H)

COMME) A M) (Copn=A.5 Mrfm) PO (OO A Mrn) (Conon=h5 Mr/)
0 455 45.5 45 1,2544 0,01568
5 34,296 32.928 50 0,6272 0,000314
10 272832 22.8928 55 0.3136 0
15 21,0112 15,68 60 01568 0
20 15,68 10,0352 65 0,09408 0
25 10,6624 6.272 70 004704 0
30 7.2128 3.136 75 0,003136 0
35 4.3904 1,568 80 0,001254 0
40 2.5088 0.3136 85 0 0
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C npyroii CTOpOHBI, TpPH WCCIEAOBAHUU BIMSHUSA PA3IUYHBIX AaKTHUBU3UPYIOLIUX
(axTOpPOB Ha MOBEPXHOCTHOE HATSHKEHUE PA3IMYHBIX BOJ, HAMH Takxke oOHapyxkeHo [9, 10]
YMEHbIIIEHWE TOBEPXHOCTHOIO HATSDKEHHS TpPU O30HHPOBaHMU BOHbL. Jl0 030HUpOBaHUs
€CTECTBEHHAs BOJA UMEET C = 68,9-10'3 H/M, a TOCJI€ 030HUPOBAHUA G = 57,6-10'3 H/M, 4TO
MPUBOJIUT K MBICIIH O HAJTMYMH 3aBUCUMOCTH CKOPOCTHU pasNio’keHus (eHOIa OT BETUYHUHBI G.
A 3TO, B CBOIO O4Yepelb, MOXKET IPUBECTH K YMEHBIIECHHUIO YAEIBHOTO pacXxo/a 030Ha.

W3 wu3BectHoM Tabmuipl 3aBucumoctu o = f(t(°C)) or TemmepaTypsl BHIHO, 4TO IIPH
t =55°C o = 66,9-10° H/M. B 1anbHEHIINX SKCIEPHMEHTAX HENPEMEHHO HAO CIICINTH 32
TEMIEPATypoil U 3a BENMYUHOW G ofHOBpeMeHHO. C yMeHbIIEHHEM 3HAaueHUsi G TakKke
0’KU/IaeTCsl YMEHBIIICHHE PACcX0a 030Ha JIJIS pa3JIoKeHUsI OJJUHAKOBOTO KOJIMYeCTBa (heHOMa.

B mHacrosimiee Bpemsi ucCleOBaHUS IPOJOJDKAIOTCS BO BCEX BBIIIECH3I0KEHHBIX
HAIpPaBJICHUSX.
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O PACYETE 2JIEKTPOHHOM CTPYKTYPBI MOJIEKYJIBI O30HA

9.A.Pacynos*, IIL.III. Anexdoepo**, H.A. UOparumoB**
*BI'Y, Qusuueckuil paxynmem, ** BI'Y, HU Uncmumym ¢uzuueckux npoobiem

B pabome npusedenvi pezynomamvl GvluuUCIeHUll 2NEKMPOHHOU CMPYKMYPbl 030HA.
THonysmnupuueckum K8AHMOBOXUMUYLECKUM Memooom Bonvghcbepea-Ienvmeonvya 8 b6asuce
CeUmeposCcKUX —amoMHbIX  OpOUmanei paccmMompensvl 08e NIOCKUe CMpPYKmypvl —
PABHOCMOPOHHUL U PABHOOeOpeHHblll mpey2obHuku. HatideHvl MoneKynsapHvie opoumanu u
BbIYUCTIEHbl OPOUMATIbHBIE IHEP2UU, 3ACeIeHHOCU NepeKpbléanus, 3¢ gdexmusHvle 3apsovl,
NOMEeHYUAaN UOHU3AYUU, 3HAYEHUe DTIeKIMPOHHOU IHEPIUU.

Pezynomamur eviuucnenuti nokasviearom, 4mo MoJeKy1a 030HA Haubonee ycmoudusa 6

cyyae pagHobedpeHH020 mpey2oIbHUKA.
[Tpu uccnenoBanuu GU3NKO-XUMHUYECKUX MPOILIECCOB TPEOYeTCsl BBISICHUTH PEAKIIMOHHbBIE

CIIOCOOHOCTH 030HA, T.€. DHEPTUIO dJIEKTPOHHO-BO30YKIECHHBIX COCTOSIHHM, UX BpeMsl )KU3HU
(MeTacTaOWMIIbHBI HITU CIIOCOOHBI OBICTPO PENIAKCHPOBATH B OCHOBHOE COCTOSTHUE),
YCTOfIqHBOCTB COCTOSHUU U OHCPTHUIO AUCCoMalu 3TOTr0 COCTOSAHUA, q)paFMeHTBI Ha
KOTOPBIE OHO AMCCOIUUPYET, a TAKKE CTPYKTYPY MOJIEKYJIbI B KaXJI0M COCTOSTHUM —
PaBHOBECHYIO JUIMHY CBSI3U U YroJl P BepIirHe. J{J1s KaXkI10T0 COCTOSIHHSI OHU MOTYT OBITh
paznuvHBIMU. Bo3ielicTBre MOJIEKYIBI 030HA B BO30YKJICHHOM COCTOSTHUH CHIILHO
OTJIMYAeTCS OT OCHOBHOTO COCTOSHHUSA [1].

O30H HccneayeTcs B TpeX OCHOBHBIX HanpaBieHUsX[2]:

1) Kak cuiabHBIN yHUBEpPCAIbHBINA OKUCIUTEIND;

2) Kak OCHOBHOH HCTOYHHMK OOpa3oBaHHsS aTOMApHOTO KHCJIOpPOJAa y4YaCTBYIOIIETO BO
MHOTHX PEaKIMsX;

3) Kak oxuciauTenb ¢ KaTaIUTUYECKUMHU CBOMCTBAMHM (B OTOM Cllyda€ O30H
CIOCOOCTBYET YCKOPEHHUIO OKHCIUTEIILHON peakiuy MOJISKYJISIPHOTO KUCIOPOA).

VYyuThiBas BIIECKA3aHHOE, BEIYUCIICHUE PJIEKTPOHHOM CTPYKTYPHI 030HA UMEET

00JIbIIIOE 3HAUYCHHUE.

Hecmotps Ha TO, 4TO HCCIeI0BAaHUIO 030HA MOCBSIIEHO OOJBIIOE KOJTUYECTBO padOT U3-
3a €r0 YHUKAIbHOCTH M Pa3HOCTOPOHHOCTH MIPUMEHEHUS, U TIO CETOAHSIIHUM JIeHb
aKTyaJIbHbI UCCIICIOBAHUS 110 U3YUEHHUIO CTPYKTYPBI MOJIEKYJIBI 030HA PA3TUYHBIMU
MeTOoJlaMH. Y TOUHEHHE Ha CKOJIbKO-HUOYIb JI000T0 U3 €e mapaMeTpoB MPUBEAET K Oolee
IyOOKOMY MMOHUMAaHUIO KHHETUYECKUX MPOIECCOB, MPOUCXOIAIINX KaK MPU CUHTE3€ 030Ha,
TaK ¥ IpU ero OaaHce B MpUpo/IE.

Mornekyna 030Ha COCTOMT W3 TpPEX aTOMOB KHCIOpOAA, IS KaXKIOTO M3 KOTOPBIX
BaneHTHbIMU CAO saBmstorcs 2s-, 2px-, 2py- M 2p,- cielitepoBckue GyHKIMU. Takum
obpazomM, B kadectBe OaszucHbIXx CAO MbI ucronbdyeM m = 12 ciedtepoBckue (HyHKITUH
aTOMOB Kucjopoaa [3]:
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X1=28(01), X2=2px(01), X3=2py(O1), X4=2p-(O1);
X5=28(02), X6=2px(02), X7=2py(02), Xs=2p~(O2);
X9=28(03), X10=2px(03), X11=2py(03), X12=2p(O3).

B Hammx pacueTax pacCMOTpPEHBI JIB€ MJIOCKHE CTPYKTYPHI MOJIEKYIIbI 030HA —
PaBHOCTOPOHHUI W paBHOOEIPEHHBIN TpeyronbHUK. Hauano oOmieit 11st BCeil MOJIEKYJIbI
CHUCTEMBI KOOPJIMHAT PACIIOI0KEHO B LIEHTPE MACC, MPUYEM OCh Z IEPIEHANKYIISIPHA K
IJIOCKOCTH MOJIEKYJIBI U OCh X IPOXOJUT YEPE3 OUH U3 aTOMOB KUCIOPOa, KOTOPBIH
HyMepyeTcs Kak 1-i atom O;.

Hamu HaiineHsl MoJeKysipHble OpOWTANM ¥ BBIYUCIEHBI OpOWTANbHBIE DSHEPTHUH,
3HAYEHHUE DJICKTPOHHON SHEPTHH, 3aCEJICHHOCTH NepeKphiBaHus U () (OEKTHBHBIC 3apsibl B
a.e. (ciyuait paBHOOeApEeHHOTO TpeyroibHuKa: R, = Ry3 = 2,759 a.e.; Ry3 =4,6998 a.e.; ¢ =
116,8°).

AHaNIUTHYECKHE BBIPAKEHHS MOJIEKYJISIPHBIX OpOUTAIel MOJIEKYJIBl  O30Ha:

U= — 0,632y — 0,008y — 0,456y5 + 0,007 — 0,01 15 — 0,456 + 0,007x10 + 0,01 11
U= 0,005y, + 0,710y — 0,0005%5 + 0,001y — 0,710x9 + 0,0005%10 + 0,001%1

Us= 0,795y + 0,035 — 0,553ys + 0,022 — 0,035y — 0,553%0 + 0,02210 + 0,035312
Us= 0,531y — 0,087x5 + 0,355%5 — 0,369 + 0,087y — 0,355x10 — 0,369%12

Us=— 0,081y — 0,653y — 0,053y5 — 0,179y — 0,43 135 — 0,053y — 0,179%10 + 0,43 171
Ug= 0,667y + 0,479 + 0,479

Us= 0,708y7 — 0,708y,

Us=— 0,035y4 — 0,002ys + 0,5245 + 0,480xs + 0,002y — 0,52410 + 0,480y,

Us=— 0,105y; — 0,412y — 0,014ys + 0,6475 + 0,072 — 0,014y + 0,647x10 — 0,072,152

3HaueHus1 OpOUTANBHBIX YHEPTUI MOJIEKYJIBI 030HA B CiIydae paBHOOEIPEHHOTO

TPEYroJIbHUKA (B a.€.):

€1=-1,409, & =-1,321, &=-1,201,
€4=-0,718, €=-0,705, €=-0,703,
€7,=-0,680, &=-0,678, €=-0,672.

Hotennman normsamuu ozona:  1,(0;) =18,279 5B,

3Ha4YeHHE JIEKTPOHHOMN SHEPrUu: E=-9,859a..
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3acelieHHOCTH MepekpbIBaHus cBsizeit:  nj»=0,3398; 1n;3=0,3398; 1ny3=-0,0202.

D dexTuBHBIC 3apsIBI ATOMOB:

q1=3,252,
q2=1,659,
qs=1,659.

B ciyuae paBHOcTOpOoHHero TpeyrosnbHuKa (R = 2,796796 a.e.):

E=-9,800a.e.,
n2=n;3=n23=0,2198,
q1=q2=q3=2,1866;

N3 cpaBHEHHMS DIJIEKTPOHHBIX OJHepruii E MOXHO chenat BBIBOA O TOM, 4TO
PaBHOOEPEHHOE TPEYTrOJIbHOE IUIOCKOE CTPOEHHE MOJIEKYJbl 030HA, Kak U CJeI0Bajio
0XKUJIATh, ABIsAETCS 0oaee crabuiabHbIM (Puc.1.).

2,759 a.e.

v

Puc.1. CtpykTypHas cxema 030Ha.

2,759 a.e.

<A

4,6998 a.e.
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Fe — QRAFEN KOMPLEKSLORININ KVANT MEXANIKI HESABLANMASI

N.S Nabiyev, D.B. Bayramova
Baki Dovlat Universiteti

Domir atomlarumin grafen laylart ilo komplekslirin hesablanma modellori qurularag,
MM va QM hesablamalar aparilnusdir. Sistemin MM va QM enerjisinin laylararast
masafadon asililigimin analizi bu sistemin dayamqli faza qurulusuna malik olacagin
soylomaya asas verir. Sistemin elektron qurulusunu qrafen miistovisino niifuz edon Fe
atomlarimin d orbitallarinin enerji saviyyalorinin parcalanmasi miiayyan edir

Nanoelektronikanin on perspektivli materiallarindan biri qrafen vo onun miixtalif
metal atom vo ionlan ilo omolo gatirdiyi layll quruluslardir. Belo sistemlarin elektron-foza
qurulusunun va enerji saviyyalarinin nazari vo tocriibi iisullarla 6yronilmosi xiisusui maraq
kasb edir. Qrafen tobaqolari arasinda yerloson metal atom vo ionlarin enerji saviyyalorinin
nozori vo tocriibi isullarla Oyronilmosi xiisuson maraqhdir. Qrafen tobagolori arasinda
yerloson metal ionlariin eneri soviyyalorinin par¢alanma xarakteri sistemin miixtalif dalga
uzunlugu intervallarinda udma xiisusiyyatlorini miioyyonlosdirir. Digor torofdon, qrafen
laylar1 arasinda yerlogon atom vo ionlar ionlasma potensiali vo elektrona harisliyindon asili
olaraq, yiikdagsiyicilarin tololori, kvant noqtolori rolunu oynaya bilorlor. Qrafen
miistovilarindaki iki 6l¢iilii elektron qazi arasinda kegiriciliyin xarici sahonin kdmayi ilo idara
etmoyin miimkiin yollarindan biri metal atom vo ionlar vasitosi ilo rezonans tunnel
keciriciliyinin aldo edilmosidir.

Toqdim olunan is iki qrafen tobagasi vo onlarin arasinda yerloson domir atomlarindan
ibarat sistemin elektron-foza qurulusunun nozari iisullarla todqiqind hosr olunmusdur. Qrafen

toklonmis qrafit toboqasidir. Qrafenin torkibindoki karbon atomlar sp? hidridlosmoyo uygun

miistovi qurulus toskil edirlor. Qrafen miistovilordo karbon atomlar1 arasinda mosafo 1,42 A°

oldugu halda grafitdo iki grafen arasinda mosafo 3,35 A° -0 borabordir. Bu sobabdon grafitin
istilik vo elektrik kegiriciliyi istiqgamatdon asili olaraq bdyiik intervalda doyisir. Qrafen
miistovisindo elektrik keciriciliyli ona perpendikulyar istigamotdoki keciricilikdon 3 tortib
boyiikdiir.

Tocriibi faktlar qrafen laylan arasinda daxil edilmis Fe atomlariin miistovilori arasi
keciriciliklo yanasi, sistemin maqnit vo optik xassolorini do doyisdiyini tosdiq edir.[1-3]

Hesablama modelino asason iki grafen miistovisi vo onlarin arasinda eyni uzaqliqgda
yerlogon domir atomlarindan ibarat sistemdo domir atomlar1 arasinda q.t. nozora alinmayacaq
gadar kicikdir. Sistemin iimumi enerjisi qrafen laylarla domir atomlarininin q.t. enerjilorinin
comi kimi hesablanir. Laylar arasinda enerjinin masafodon asililifinin hesablanmas iki tisulla
apartlmigdir. Bunlar Molekulyar Mexaniki (MM) vo Kvant mexaniki (QM) hesablama
tsullaridir. Hesablama naticalori cadvalde toqdim olunur. Goriindiiyii kimi istor MM, istarso
do QM metodlarin naticolorina goro qrafen miistovilorinin parallel voziyyatlorindo
Fe atomunun miioyyan masafodo tarazligda olmas1 miimkiindiir. Umumi enerjinin mosafodon
asililiq grafiklorinin miigayisali analizi, MM metodlarinda alinan potensial ayriys nisboton
QM metodundan alinan potensial ayrinin daha sart asililiga malik oldugunu gostorir. Qrafen
miistovilorinin  Fe atomlarina yaxin hissalorindo bas vero bilocok deformasiyalari
miloyyonlogdirmak liglin timumi enerjinin qrafen miistovisinin hondasi parametrlorino gora
optimallagdirilmas1 aparilmigdir. Hesablama naticolorine goro qrafen toboaqgolorinin  Fe
atomuna yaxin hissalorinds miistovi qurulusun pozulmasi bas verir.
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Komleksin 71 elektron qurulusunu miioyyanlosdiron osas faktorlardan biri grafen
tobogolorine niifuz edon Fe atomunun d orbitallinin mévcudlugudur. Belo niifuzetmo
naticasinda bir torafdon qrafenin 77 elektronlarinin lokal sixhifinin doyismasi, digar torafdon
Fe atomunun d elektronlarinin enerji soviyyalarinin par¢alanmasi bas verir.

Mosafo (A)  EnerjiCkkal/mol) Mosafo (4)  Eneriikkal /mol)
2 2162.39 2 7960,15
2 218,98 25 433,12
3 231,94 3 -1001,64
3,5 -304,06 3,5 -1145,63
4 -296.,57 4 -1076,01
5 279,77 4,5 -1002,07
5 -266,69 5 -950,9
5,5 -257,95 5,5 918,05
6 -252.28 6 -896,97
6,5 -248,55 6,5 -883,15
7 -246,06 7 -873.,86
7,5 -244,35 7.5 -876,44
8 243,16 8 -862.,9
8, -242.3 8.5 859,62
9 -241,68 9 -857,22
9,5 -241,22 9.5 -855,42
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HUCEYRO ARTIMINI MODULLASDIRAN PLAZMA TRIiPEPTID
MOLEKULUNUN F9ZA QURULUSU

U.F.Oliyeva', G.D.Agayeva’®, N.M.Qocayev'*
'Qafgaz Universiteti, Baki, Azerbaijan
’Baki Déviat Universiteti, Fizika Problemoari Institutu, Baki, Azerbaijan
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Molekular mexanika iisulu ilo hiiceyra artinuni modullasdiran Gly-His-Lys tripeptid
molekulunun optimal faza qurulusu va konformasiya xiisusiyyatlori polyar miihit iiciin tadqiq
edilmisdir. Molekulun konformasiya analizi onu taskil edon amintursusu galiglarinin optimal
konfomasiya vaziyyatlori asasinda aparimisdir. Hesalamalar naticasinda molekulun asagi
enerjili konformasiyalarin ikiiizlii bucaqlarin qiymatlori va qaliqlararast qarsiiql tasir
qiivvalarin enerji paylar: miiayyan edilmisdir.
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Canl1 orqanizmds peptid molekullar1 miixtolif funksiyalar yerino yetirirlor. Onlarin yerino
yetirdiklari bioloji funksiyalar molekullarin foza quruluslar1 vo konformasiya imkanlar ilo
bilavasito baglidir. Son illordo alimlor antibakterial dorman preparatlarin yeni siniflori
tizorindo calisirlar. Adi antibiotiklordon forqli olaraq yeni dorman preparatlar1 genig
antibakterial vo nisboton az toksik, yoni zohorloyici, tesirloro malik olmalidirlar. Bu
istigamoatdo todgiqatgilar terapevtik miialicods tobii kationik antimikrob peptidlordon vo
onlarin analoglarindan istifads edirlor. Tobii antimikrob peptidlorin tosir mexanizmi adi
antibiotiklorin mexanizmindan farqli oldugundan onlarin dorman preparatlar: kimi daha iistiin
keyfiyyatlori var. Kationik antimikrob peptidlorin kimyovi qurulusundan molumdur ki,
onlarin tam miisbot yiiko malik olan atom gruplar1 vo hidrofob quruluslu radikallar1 var, bu isa
onlarin manfi yiiklii membranlar ilo qarsiligh tosirs girmaya alverisli imkanlar yaradir. Beloki
antimikrob peptidlorin bakteriyalar1 mohvetmo mexanizmi bakteriyalarin membranlarinin
lipid torkibindon asilidir. Molumdur ki, agor peptid molekulu sorbast halda bioloji tosir
gOstora bilirsa, onda onun fizioloji miihitds stabil 6ziino maxsus foza qurulusu olmalidir. Belo
dorman ohomiyyatli peptidlorin funksional mexanizminin Oyronilmasi {iciin  onlarin
konformasiya imkanlarin1 miioyyon etmak vacibdir.

Toqdim olunmus isdo antmikrob, yarasagaldici tosiro malik olan Gly-His-Lys tripeptid
molekulunun [1-3] foza qurulusu vo konformasiya dinamikas1 molekulyar mexanika iisulu ilo
todqiq olunub modellagdirilmisdir. Bioloji testlor vasitosi ilo gostorilmisdir ki [1-3], insanin
qan plazmasindan alinmig Gly-His-Lys peptid molekulu canli orqanizimlorde saglam hiiceyra
artimini tomin edorok, yarasagaldici effekto malikdir. Bu molekulun tosir mexanizmini
oyronmok mogsadi ilo ilk ndvbads onun foza qurulusunun vo konformasiya imkanlarinin
Oyronilmaosi ¢ox boyiik elmi maraq kasb edir.

HESABLAMA METODU

Molekulyar mexanika tisulunda molekulun tam daxili potensial enerjisi onun torkibinds olan
har ciit atomlarin qarsiligh tosirlorin enerji qiymatlorinin comidir. Mexaniki model osasinda
peptid molekullar {iglin, valent bucaqlar1 vo rabitolari doyismaz olmagq sarti il9, konformasiya
enerjisi geyri-valent, torsion, elektrostatik qarsiliglt tosirlorin vo hidrogen rabitolorinin
enerjilorinin comi kimi gostormok olar: Eiont= EgvatEeistEwor+En,.. Hesablamalarda geyri-
valent qarsiligl tosir enerjisi «6-12» potensialla Skott vo Seraga torofindon toklif olunmusg
parametrlor sistemi vasito ilo hecablanmisdir [4-6]. Mexaniki modelo osaslnaraq peptid
birlosmoalords elektrostatik qarsilighi tosir enerjisini  monopol yaxinlagmas: asasinda, yoni
ayri-ayrt atomlarin parsial yiiklorin qiymotini bilmokls, Kulon qanunun osasinda
hesablanmigdir. Peptid molekullarinda atomlar arasinda mosafoni nozoro alib polyar miihit
tigiin €110 gotiiriirlar [5]. Peptidin asas zoncirinds bir gat C*-N(¢) v C*C rabitelori vo yan
zoncirlorin bucaqglar1 otrafinda firlanmalar iiclin torsion potensiallardan istifado olunub.
Peptidlords qisman ikiqat C=N peptid rabitosi otrafinda firlanma nazors alinmir [5]. Hidrogen
rabitosinin donor-akseptor tobiatini nazora alaraq bu rabitonin enerjisini Morze potensiali ilo
hesablanmigdir. Biitiin hesablamalar polyar miihiit iiciin aparil@indan dielektrik sabiti =10
gotiiriiliib. Bucaglarin hesablanmas1 I[UPAC-IUB nomenklaturasina osason aparilib [7].
Aparilan miixtolif qurulus masalalarin halli zamani ilkin verilmis bozi qiymotlor doyisir. Buna
goro do N.M.Qocayev vo I.S.Maksumov torofindon tortib edilmis universal alqoritm bu
tolablori tamamila nazars alir [8,9]. Bu programda atomlarin koordinatlarini tapilma alqoritmi
cox olverislidir. Enerjinin minimumlasmasi birinci tortib toromaloro gora qradient tisulu ilo
aparilir. Qaliglarin  konformasiyasimt ¢, ( ikilizli bucaglarimin asagidaki saholoro
Ramagandran xoritosino uygiin galon harflorls isars edirlor: R ($=-180"+0", P=-180°+0° ); B
($=-180"+0°, Pp=0"+ 180%); L (¢=0"+180°, w=0"+ 180%); P ($=0°+180°, P=-180"+0" ).
Horflorin (R,B,L,P) indekslori yan zancirin voziyyatini xarakteriza edir : 1 roqomi 00% 120°,
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2 rogomi [ 120°+ -120°, 3 rogomi 0-120°+ 0° saholarino uygundur. Qaliglarin biitiin miimkiin
formalar1 8-nun iki 00° vo ya [ 180° saholorindo gruplasir. Bununla slagadar olaraq osas
zoncirlorin miixtolif formalan iki sinfo ayrilirlar: biikiilii (f) vo agiq (e) seyplor. Beloaliklo N
amintursusu qaligindan ibarat olan peptidin yarada bilon seyplorin say1 ancaq 2N ola bilar.
Onda tripeptid ii¢iin yalmz dord seyp yarana bilor. Hor bir seyp 6ziino moxsus asas vo yan
zoncirlorin qarsiligh tosirlorini yaradir.

NOTICOLOR VO MUZAKIRO

Gly-His-Lys tripeptidinin hesablama modeli 51 atomdan ibaratdir. Hesablamada 14 ikiiizlii
firlanma bucagi gostarilmisdir. Kimyavi qurulusuna goro Gly-His-Lys tripeptidi miixtalif tipli
amintursusu qahglardan togkil olunub. Birinci glisin (Gly) qaligin yan zanciri yoxdur. Ikinci
hisdinin (His) yan zonciri imidazol tsiklik grupdan ibaratdir. Uglincii lizin ( Lys) qali§in
nisboton uzun miisbat yiiklii yan zonciri var. 1 Ne-li $okildo Gly-His-Lys molekulunun
hesablama atom modeli vo firlanma bucaglar gostorilmigdir. Ilkin hesablama variantlarin
secilmoasinda Gly qalig: iigiin 4 miimkiin olan voziyyatlor nozaro alinmigdir, His qaligr iiglin
B, R vo L formalar, Lys galigi iiciin iso B vo R formali variantlardan istifado olunmusdur.
Molumdur ki, ii¢ qalidan ibarot olan peptid molekulu 4 optimal foza qurulusu tipi yarada
bilor:ee, ef, fe vo ff. Hesablama variantlarim1 toskilindo hor bir qaligin sorbost, yoni
monopeptid halda olan stabil konformasiya voziyyatlorinin firlanma bucaglarinin
qiymotlarindon istifado olunmusdur. Ilkin variantlarda asas zancirin har bir formast tigiin
qaliglarin yan zoncirlorinin miixtolif orientasiyalart nozoro alinmisdir: 1=60°,2=180°vo 3=-
60°. Noticodo hesablamada 153 ilkin tripeptid variantlar1 se¢ilib minimizo olunmusdur. Gly-
His-Lys tripeptidinin konformasiyalarin hesablamasi noticosinda 0-5 kkal/mol nisbi enerji
intervalina daxil olmus on stabil konformasiyalarinin enerji parametrlorino goro alfa-spiral
quruluglar bu tripeptid iiciin on alverislidirlar. Qeyd emak lazimdir ki, Gly-His-Lys tripeptid
stabil konformasiyalarinda bir sira xiisusi hidrogen rabitolori omolo golir. Noticada
hesablanmig optimal foza quruluslar1 arasinda ¢ox koskin enerji forqi miisahido olunmusdur.
Iki hidrogen rabitosi Gly-nin NH3 grupu ilo Lys-nin zoncirdoki C-sonlugun COO™ omalo
galir. Bu tipli hidrogen rabitolori biikiilii quruluglara olavo stabillosma verir. Belo hidrogen
rabitolori tripeptidin kvaziqapali quruluslarinin omolo golmasind imkan verir. Kvaziqapali
quruluglar cox kompakt vo dayanaqli olurlar vo belo quruluslar Gly-His-Lys tripeptid
molekulu iiglin on alverisli sayila bilor. 1 Ne-li codvoldo molekulunun ff seyplorino aid olan
on optimal konformasiyalarin firlanma bucaqglarinin qiymatlori gostorilmisdir. Gostarilmisdir
ki, Gly-His-Lys tripeptid molekulu kompakt vo kvaziqapali quruluslar omolo gotirir vo
miixtolif miihitlordo onlarin imkanlar1 daha slverisli ola bilar.
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Sokil 1. Gly-His-Lys molekulunun hesablama atom modeli vo firlanma bucaglari.
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Sokil 2. Gly-His-Lys tripeptid polyar miihiti iiciin an stabil konformasiyanin proyeksiyasi.

Cadval 1. Gly-His-Lys molekulun optimal konformasiyalarinda ikiiizlii firlanma bucaqglarin
qiymstlsri ( 1- RR11R22 5 2— RR11R12 ; 3- RR]]RZl)

Amin | Swra Ikiiizlii bucaglarin giymotlori
tursusu | Nomrasi
qaligt , .
Osas zoncir Yan zancir
o ¥ ® X1 pe X3 e xs

GLY |1 -60.7 [-71.0 |[164.5 |- - - - -

2 -80.1 |[-82.4 |[169.2 |- - - - -

3 -61.7 [-68.0 |168.4 |- - - - -
HIS 1 -61.8 |-33.8 [173.6[66.02 [-90.2 |- - -

2 -81.7 [-33.2 [170.1 689 920 |- - -

3 -60.2 |-33.1 [170.4[66.6 946 |- - -
LYS 1 106.3 |-56.0 |- 179.7 | 178.8 |179.1 |180.0 [179.7

2 -122.3 [-31.6 |- 64.9 181.3 |176.1 |1799 [179.8

3 -104.3 |-51.6 |- 174.8 |61.3 173.1 |178.8 |[180.0

Biitiin alfa-spiral konformasiyalarda amin tursularinin qaliqlar arasinda ¢ox effektiv qarsiligh
tosirlor amoalo golmisdir. ©On asagi enerjili konformasiyalarin  ikiiizlii bucaglar1 osasinda
atomlarin ii¢ ol¢tilii koordinatlar1 miioyyon edilmis vo molekulun foza modellari qurulmusdur.
Aparilan todgigat bu molekulun miihiim qurulus olamatlorini miioyyonlogdirmaya vo bu
molumatlar osasinda dorman shomiyyatli preparatlarin yaranmasina imkan vers bilar.
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MOJIEKYJIAAPHO-IMHAMUWYECKOE UCCJIEJOBAHME ITEIITUJA T7

I'.Ix. A6b6acoBa, U.H. AumeBa, A.1. OmapoBa
Kageopa onmuxu u monexynaproi gpusuxu,
bakunckuii 'ocyoapcmeennwiii Ynusepcumem

Ha ocnoee uccneoosanusi 6HympumoneKyaisapHuix 63aumooeticmeutl U Koau4ecmeeHHou
OYeHKU Npeoenog UsMeHeHUss O0B8YSPAHHbIX Y2108 68 OCHOBHOU U 8 OOKOBbIX Uensix
AMUHOKUCIOMHBIX OCMamKo8, ¢opmupyrowux cmpykmypy nenmuda 17 (Hisl-Ala2-1le3-
Tyr4-Pro5-Arg6-His7 unu HAIYPRH), uzyuena Kon@opmayuorHHas noOBUNCHOCHb MOJIEK) bl
8 YCN08USAX, MOOETUPYIOWUX 800HOe OKpyxcenue. [lokaszano, umo ¢paemenmor Hisl-Tyrd u
Tyrd-Argo6, CMAabUIU3UPOBAHHbBIE HeBaleHMHbIMU u NEeKMPOCMAMU4ecKuMu
83AUMOOCUCMBUAMU  AMOMOS, COXPAHAIOM C8010 CMPYKMYpY 6 npoyecce MOJNEK)IAPHOU

OUHAMUKU 6 npucymcmeuu A6H0 300aHHbIX MONEKY] 6000l.
Knrouegvie cnoga: nenmuo T7, konghopmayus, MONEKYIAPHAA OUHAMUKA

BBEJIEHUE

Ilentnn T7, aBagromIniicss TUHENHON MOCIIENOBATEILHOCTHIO CEMU aMUHOKHUCIIOTHBIX
ocratkoB Hisl-Ala2-Ile3-Tyr4-Pro5-Arg6-His7 (HAIYPRH), oTHOCUTCS K uncily 00BEKTOB
MPUCTAILHOTO BHUMAHUS B CBS3M C YHUKAIBHOM CIHOCOOHOCTBIO Yy4acTBOBATh B IpOIIECCaX
aktuBanuu penentopoB Tpancheppuna (TfR) m TpaHcmopTe nekapCTBEHHBIX IMpEnapaTroB
BHYTpb KJEeTKHU [1]. MI3BecTHO Takke, YTO KOMIUIEKC, BKIIOUYAIOIINUNA HAapsAay ¢ nentuaoM 17
nonuamugoaMud (PAMAM) u nonustwiienriukons (II0I) u  nmanee  3arpy»KeHHBIN
nokcopyourmaoM (JIOX), xapakTepu3yercsi BBICOKOW MPOTHBOOITYXOJIEBOH aKTMBHOCTHIO B
IKCIIEPUMEHTAX, MPOBEICHHBIX B €CTECTBEHHBIX YCIIOBUSIX HA OCNIbIX MbImax [2-6].

Panee HamMp METOIOM MOJEKYJISIPHOW MEXaHUKH, OCHOBAHHOM Ha CHJIOBOM IIOJIE
MOJTYIMITUPUIECKUX TOTCHIMATBHBIX (PYHKIMIA, ObUTA HCCIeNIOBaHA MPOCTPAHCTBEHHAS
CTPYKTYpa nentuaa His1-Ala2-Ile3-Tyr4-ProS-Arg6-His7u YCTaHOBJICHBI
HU3KODHEPreTUYeCKre KOH(POPMAIMOHHBIE COCTOSHUS B YCIOBUSIX HESBHO 3aJJaHHBIX
MoJieKyn Bojbl [7]. B manHOI paboTe ¢ 1enbio W3yd4eHUs CIIOCOOHOCTH MENTHAa y4acTBOBATh
B 00pa30BaHUU KOMIUICKCHBIX COSAMHCHHI MCCIIECIOBAHBI MPEICTbl N3MCHEHHSI JIBYTPAaHHBIX
VJIJIOB B OCHOBHOM M B OOKOBBIX LEMSAX AMHUHOKHCIOTHBIX OCTaTKOB, (OPMHUPYIOMIMX
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CTPYKTYpy mentuia. B KkauecTBe HadaiabHBIX CTPYKTYp MCIOJIB30BaHbl 14 HHU3KO-
YHEPTreTHYECKUX KOH(POPMAIMOHHBIX cocTossHUH nentuaa 17, paccuntanubie B padote [7].

METO/J PACYETA

Jlnst u3yuenus koHpopmarmonHoi moasmxHOCTH nientuaa 17, i HAITYPRH Obin
UCIIOJIb30BaH METOJI MOJIEKYJISIPHOM JUHAMHKH, ONHCaHHBbIM B pabotax aBTopoB [8-10]. B
METOJIe, HCIOJB3YIOIIEM CHUJIOBOE TOJIe aTOM-aTOMHOTO TMOTEHIIMajia, PacCUUTHIBAIOTCS
KJIACCUYECKHE TPACKTOPUU JBWIKEHHS aTOMOB MAaKpPOMOJIEKYJbI, T.€. MOJACIUPYETCS
JeTalbHas MUKPOCKONHWYECKass KapTHHA BHYTPEHHEH TEIIOBOW MOJBHKHOCTU MOJIEKYNBI B
CyOHAHOCEKYHJHBIX HHTEpBaJIaX BpeMeHH. [IpW TPOBEACHHHM pPACYETOB HCIIOJIH30BAIACH
JNEMOHCTpallMoHHass Bepcust mporpammbl Hyper.chem, poctynnas Ha caifte Hypercube
(http://www.hyper.com/) [11]. [lnis ycKOopeHUs pacyeTOB BaH-IepP-BaaIbCOBBIX, BOJOPOJIHBIX
U DJEKTPOCTATHYECKUX B3aUMOJICMCTBUH HCIONB3YETCs paauyc oOpeszanus 12 A. Bo
n30eKaHNe HEXKENATeNIbHBIX KpaeBhIX J(PQeKToB menTuaHas I[enb ObUla JIONOJHEHA
ocTaTKaMHM aleTuiga B Hadage MW N-meTuniaMuHOM B KoHIe uenu. Ilowck
HU3KOOHEPTreTUYECKUX KOH(POPMAIUN MOJCKYISIPHOW CHCTEMBI IMPOBOJIWICS C TIOMOIIBIO
YHUCIIEHHBIX METOJIOB TOMCKAa JKCTPEMyMOB (YHKIMI MHOTMX IepeMeHHbIX. [Ipu »ToM
MPEJIIOJIaraeTcs, YTO HaTUBHAS KOH(OPMAIIHs MOJICKYIIbl HAXOJUTCS B 00J1aCTH TII00AIEHOTO
MUHUMYyMa MOTEHIIMATEHOU SHEPTUH.

PE3YJIBTATBHI U OBCYKJIEHHUE

MonekynspHas AMHaAMUKA TENTHIA C YYETOM pPa3IUYHBIX HHU3KOIHEPTETHUUECKHUX
KOH(OPMAIIMOHHBIX COCTOSIHWMA, TpPHUBEACHHBIX B Tabn.l, mpoBOaWIach B CIEAYIOIICH
MocJieIoBaTeIbHOCTH. BHawanme pacuera MpPOBOAMIACH  pEJIAKCAllMs  MOJIEKYNBI  C
ucnojb3oBanreM cuioBoro nojs AMBER B teuenune 30 mic. HaiineHHbINH sHepreTHyecKui
MUHUMYM TI03BOJISIET TMOMECTUTh MOJIEKYNIy B 00beM, conepkamuii 180 Monexkyn BOABI.
Jlanee mpoBOIUTCS peTaKcalys MOJIEKYJ C y4€TOM PEAIbHOTO BOJIHOTO OKPY)KCHHS MOJICKYI.
J1st uMUTAlMU BOJIHOTO OKPY)KEHHSI 4acTOTa CTOJIKHOBEHHWN aTOMOB C MOJIEKYJIAaMH BOJIbI
3a7aHa paBHou 50 nc'l,

Tabauna 1. Huzkosneprernueckue KoHGpopMamuoOHHbIe COCTOSTHUS TeNTHAA
T7 no nanubiM padorsl [7]
eitn ®opma Euws Esx Erope Enomn  Eom
efeefe B,RB;B3;RB;B; -34.6 22 6.8 -257 0.0
efeeff B,RB;B3;RR3R; -334 25 59 -250 0.7
efeeee B,RB,B3;BB3R; -31.5 23 6.1 -23.1 2.6
effefe B,RRB;3;RBs;R; -32.6 33 65 -228 29
eefefe BQBRB3RB3R3 -29.2 2.8 4.6 -21.9 3.8
eeeefe B,BB3;B3;RB3R; -30.0 23 64 -21.6 4.1
fffefe R3RRB3RB3;B; -30.6 3.8 59 -209 4.8
ffeefe R,RB3;B;RBs;B; -30.3 34 6.7 -202 5.5
ffeeef R,RB3;B3;BR3R; -299 3.6 62 -202 5.6
11 eefeff B,BRB3RR3;R; -27.1 33 42 -19.6 6.1
12 efeeef R;RB3B3:BR3R, -295 3.6 64 -194 6.3
13 ffeeff R,RB3B;RR3R; -29.1 39 6.1 -19.1 6.5
14 eeeeef B,BB3B;BR,B, -28.1 3.1 6.0 -19.0 6.6

@OO\IO\UILOJI\)HZ
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Cornacno pesynpratam pacuera ¢parmentsl Hisl-Tyr4 u Tyr4-Argb, Bo Bcex
KOH(opManusAX COXpPaHAIOT CBEPHYTBIH XapakTep MENTUAHOW Wenu J0 W TOCie
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ontumuszanuu. Paccrosiaue mexay C%-aToMaMH OCTATKOB IIEPBOTO M YETBEPTOrO OCTATKOB B
YKa3aHHBIX MOCIEIOBATEIBHOCTAX BapbupyeT B mpenenax 4.3-6.2 A, a BOAOpOJHas CBS3b
mexny CO u NH-rpynnamu nentujgHoH 1enu He pa3pylIaeTcs B MPOLECCE MOJIEKYISIPHON
JWHAMUKH, HECMOTPS Ha U3MEHEHHSI BO BHYTPUMOJICKYJISIPHON sHEpruu nentuaoB Ha 10-15
KKaJ/MOJIb.

Y CTOWYUBOCTh CTPYKTYPHI OTAENBHBIX (PparMEHTOB MOATBEPXKIAIOT TAK)Ke 3HAUCHUS
JIBYTPAHHBIX YTJIOB B OCHOBHOM IIEMH MOJIEKYJbI, TPEAEIbl U3MEHEHUSI KOTOPBIX MPUBEACHBI
B Tabm.2. B mporecce MoneKynsapHON auHamMukH mentuga (puc.l) orkiaoneHus yria ¢
(TOPCHOHHBIH yron BparieHus BOKpYT cBsa3u N-C”) oT cBOEro onTUMAIbHOrO 3HAYEHHMS IS
Hisl Bapsupyior B mpemenax +40° (tabm. 2). MakcuManbHble OTKIOHEHHS s yrima -
TOPCUOHHOTIO YyIJia BpalleHUsl BOKPYT CBS3U C°-C pocruraror 3HageHnii +16".

Tao..2. Ilpenesibl ”3MeHeHUs IBYTPAHHBIX YIJIOB (B rpaja) OCHOBHOII LleNu B Mpouecce
MoJiekyJasipHoii fuaavuku (M]I) B rino6aibHoii kondopmanuu nenruga T7

Ocratok | [lo ontumuzanuu | [locne ontumu3zanuu MJI

Hisl *-113,105,180 -179,102,171 127,106,180
Ala2 -93,-60,171 -92,-37,176 -103,-60,178
Ile3 -161,143,178 -154,161,174 161,140,180
Tyrd -131,158,167 134,83,166 -137,158,177
Pro5 -61,157 -76,171 -38,157
Argb -118,100,180 -127,139,179 -61,-118,180
His7 -117,140,186 -121,141,178 -117,123,180

*Y bl JaHbl B nocjenoBaTebHocTH ¢, P, ©

Erom =-25,7
KKaJ1/MOJIb

Puc.1 KondopMmanuoHHble epecTPOiiky B MPOCTPAHCTBEHHO# cTpyKType nentuaa T7 B
npouecce MJI
[TonydeHHble JaHHBIE MTO3BOJISIIOT 3aKIIOUUTh, YTO MENTU 17 CONEPKUT YCTOWUINBBIC
AJIEMEHTHl TMPOCTPAHCTBEHHOM CTPYKTYpBl, KOTOpblE MOTYT OBITb OTBETCTBEHHBI 3a
dbopmupoBanue KoHpopMmaluii, HEOOXOMUMBIX JJs CBS3bIBAaHHS C  pelenTopaMu
TparcdeppuHa. Pe3ynbpraThl MOTYT OBITH TIOJIE3HBI MPU MCCIIECAOBAHUNA MEXaHW3Ma JICHCTBUS
U CO3/IaHUU HOBBIX, OoJiee 3(pPEeKTUBHBIX aHAIOTOB MENTHIOB 3TOI0 CEMENCTBA.
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MiOMODULIN B MOLEKULUNUN FRAQMETLORININ NOZORI
KOHFORMASIYA ANALIZi

N.M.Qocayev, L.N.Agayeva
Qafqaz Universiteti Baki/Azarbaycan
leylanamig @ mail.ru

Neyropeptidlor fasilasina daxil olan miomodulin molekullart neyrotransmitterlorin
komayi ilo neyronlarin va membran carayanlarimin hayacanlasmasina modullasdirict tasir
gostorir. Oktapeptid miomodulin B molekulunun N-toraf Glyl-Ser2-Tyr3-Arg4-Met5-
pentapeptid va C-taraf Met5-Met6-Arg7-Leu8-NH, tetrapeptid fragmentlorinin konformasiya
imkanlart onlart amala gotiron amintursu qaliglarimin stabil konformasiyalart asasinda
nazari konformasiya analizi iisulu ila tadqiq edilmisdir. Hesablamalar naticasinda pentapeptid
va tetrapeptid fragmentlorin asagi enerjili konformasiyalari,onlart stabillogdiron garsiligh
tasir enerjilori miiayyan edilmisdir.

Miomodulinlor ~ molekullar1  neyropeptidlor ~ fosilosine  aiddirlor. Onlar
neyrotransmitterlorin komaoyi ilo neyronlarin vo membran caroyanlarinin hayacanlasmasina
modullagdirict tosir gostorir. Miomodulin hom do K*, Ca™ ionlarimin dagmmasi iiciin
miixtolif ion kanallarim modullagdirir, sensor neyronlarinin elektrofizioloji xassaloring
tormozlagdirict tosir gostorir [1-2]. Miomodulinlor fosilosina daxil olan Glyl-Ser2-Tyr3-
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Arg4-Met5-Met6-Arg7-Leu8-NH, —miomodulin B molekulu sokkiz amintursu qaligindan
ibaratdir. Molekulun foza qurulusu nazori konformasiya analizi iisulu ils todqiq edilmigdir.
Molekulun foza qurulusunu Oyronmok iiciin sistemin potensial enerjisi qeyri-valent,
elektrostatik, torsion qarsiligh tosir enerjilorinin vo hidrogen rabitasi enerjisinin comi sokildo
secilmisdir. Qeyri-valent qarsihiqhh tosir enerjisi Lennard-Cons potensiali ilo Skott vo
Seraqanin toklif etdiyi parametrlorlo hesablanmigdir [3]. Molekulun konformasiya imkanlar
su mihitindo Oyronilmisdir [4]. Hidrogen rabitosinin enerjisi Morze potensiali ilo
hesablanmigdir [5]. Torsion qarsiligh tosir enerjilorini hesablamaq iiciin potensial funksiyalar,
atomlardaki parsial yiiklorin qiymatlori, valent bucaglarinin gqiymatlori vo valent rabitslorinin
uzunluglart Momani vo Seraqamin maqalssindon gétiiriilmiisdiir [6]. Ikiiizlii firlanma
bucaglarinin isaralori vo qiymatlaori beynolxalq nomenklaturaya uygundur [7].

Miomodulin B molekulunun faza qurulusu onu fragmentlors ayirmaqla dyronilmisdir vo

bizim avvalki tadqiqatlarimiz davamidir.
Ovvalco molekulun N-torof Glyl-Ser2-Tyr3-Arg4-Met5-pentapeptid vo C-torof Met5-Met6-
Arg7-Leu8-NH, tetrapeptid fragmentlorinin konformasiya imkanlar1 onlari omolo goatiron
amintursu galiglarinin stabil konformasiyalar1 asasinda 6yronilmisdir. Pentapeptid fragmentin
osas zancirinin hesablanmis on alti formasinin konfarmasiyalarinin nisbi enerjilori 0 — 14.0
kkal/mol enerji intervalina diisiir . Homin konformasiyalar, onlara geyri-valent, elektrostatik,
torsion qarsiligh tosir enerjilorinin verdiklori pay, imumi vo nisbi enerjilori codval 1-do
gostarilmlgdir.

Hesablamalarin naticolori gostorir ki, osas zoncirin formalarinin vo konformasiyalarin
enerjilorino goro koskin differensiasiya gedir. 0-5.0 kkal/mol enerji intervalina pentapeptid
fragmentin alti konformasiyasi diistir.Cadval 1-do gostorilmis konformasiyalara geyri-valent
qarsiligh tosir enerjisinin verdiyi pay (-21.6 - -8.7) kkal/mol intervalinda, elektrostatik
qarsiligh tosir enerjisinin verdiyi pay 5.7 - 8.6 kkal/mol intervalinda, torsion qarsiligh tosir
enerjisiis9 2.0 - 7.5 kkal/mol intervalinda dayisir.

Fragmentin on stabil konformasiyast RR2R{R332:R220-dir. Onun stabillogmasing
geyri-valent garsiligh tosir enerjisi (-21.6) kkal/mol, elektrostatik qarsiliql tosir enerjisi 8.4
kkal/mol, torsion qarsiligh tosir enerjisi is9 4.1 kkal/mol qodor pay verir. Goriindiiyii kimi
qlobal konformasiyada osas zancir spiralvari firlanmig formadadir.

C-torof Met5-Met6-Arg7-Leu8-NH, tetrapeptid fragmentin osas zoncirinin hesablanmis
sokkiz formasinin konfarmasiyalarinin nisbi enerjilori O — 5.1 kkal/mol enerji intervalina
diisir . Homin konformasiyalar, onlara geyri-valent, elektrostatik, torsion qarsiliqli tosir
enerjilarinin verdiklari pay, imumi va nisbi enerjilori cadval 2-do gostorilmlsdir.
Hesablamalarin naticolori gostorir ki, osas zoncirin formalarinin vo konformasiyalarin
enerjilorino goro koskin differensiasiya getmir. Codval 2-do gostorilmis konformasiyalara
geyri-valent garsihqli tosir enerjisinin verdiyi pay (-21.9 - -16.4) kkal/mol intervalinda,
elektrostatik qarsilight tosir enerjisinin verdiyi pay 4.2 - 6.0 kkal/mol intervalinda, torsion
qarsiligh tosir enerjisi is2 2.5 - 3.0 kkal/mol intervalinda doyisir.

Fragmentin on stabil konformasiyas1 R220R220:R1220R3205-dir. Onun stabillogmasino
geyri-valent garsiligh tosir enerjisi (-21.9) kkal/mol, elektrostatik qarsiliql tosir enerjisi 5.0
kkal/mol, torsion qarsiligh tosir enerjisi iso 2.8 kkal/mol qador pay verir. Goriindiiyii kimi
qlobal konformasiyada osas zancir spiralvari firlanmig formadadir.

Cadval 1. Miomodulin B molekulunun N-torof Glyl-Ser2-Tyr3-Arg4-Met5- pentapeptid
fragmentinin konformasiyalari, onlara qeyri valent, elektrostatik, torsion qarsihigh tosir
enerjilorinin verdiklori pay, iimumi va nisbi enerjilari.
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Konformasiya Ug U U, Uiim Uhis
Ne
1 BB12,B2B322:B3322 -13.5 7.1 2.0 -4.4 4.7
3 BB :B2R3120R 1222 -9.8 6.6 3.0 -0.2 8.9
4 BB12RoR2122R 1220 -8.7 6.9 3.1 1.2 7.9
6 RR2R2B2122 Bi222 -15.5 7.3 3.0 -5.2 3.9
8 RB1,B2B332:B 1220 -12.0 6.8 3.1 -2.2 7.9
10 BR2R2B322:B 1222 -16.9 8.1 34 -5.5 3.6
11 RR12B2R3320R 102 -15.9 5.7 1.5 -2.6 6.5
12 RB12B2R3122R1222 10.0 8.1 6.7 4.9 14.0
13 RB,RoR30:R 1220 -13.1 7.2 4.3 -1.6 7.5
15 BR12B2R332 Bi222 -10.5 6.7 6.2 2.6 11.7
16 BB12RB122:B 122 -12.4 6.7 2.8 -3.0 6.1

Cadvel 2. Miomodulin B molekulunun C-torof Met5-Met6-Arg7-Leu8-NH, tetrapeptid
fragmentinin konformasiyalari, onlara qeyri valent, elektrostatik, torsion qarsiligh tosir
enerjilorinin verdiklari pay, imumi va nisbi enerjilori.

Konformasiya Ug Uel U, Uiim Uhis
Ne
1 B2122B212:B312:Bi1 -19.8 4.8 3.0 -12.1 2.0
3 B322:R2220R122R3 -21.3 6.0 2.6 -12.7 1.4
6 B222:B2222R22R30 -17.7 4.9 2.5 -10.2 | 39
8 B222R2220B32B3» -17.8 5.1 2.5 -10.3 3.8

Glyl-Ser2-Tyr3-Arg4-MetS-pentapeptid vo C-torof Met5-Met6-Arg7-Leu8-NH, tetrapeptid
fragmentlorinin konformasiya imkanlarinin miioyyon edilmosi torkibino onlarin daxil
olduglar1 miomodulin B molekulunun foza qurulugsunun 6yronilmosini asanlagdirir.
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CTPYKTYPHAS OPTAHU3ALIUA NMETSER3 AHAJIOT'A MOJIEKYJIbI
MHUOMOIYJINHA A

H.A. AxmenoB, 3.M. I'acanos, P.M. A66acianl, JI.U. UcmanioBa
Bakunckuii 'ocyoapcmeennwiii Yuusepcumem, Uncmumym gusuueckux npoonem 2.baky,
Aszepbatiodrcan
Namig.49 @bk.ru

Memooom  meopemuuecko20  KOHQOPMAYUOHHO2O — AHAAU3A — UCCLEO08AHA
npocmpancmeenuas cmpykmypa NMetSer3 ananoza cenmanenmuornoti monexynvl Prol-Met2-
Ser3-Met4-Leu5-Arg6-Leu7-NH,. [lokazano, umo npocmpancmeenuas cmpyKmypa MoaeKy/ivl
Modicem ObImb nNpedCcmaesienHa 08yMs CmMabUIbHLIMU KOHGpOpMayusmu, onpeoesieHvl 3HaA4eHuUs
08Y2PAHHBIX Y208 OCHOBHLIX U OOKOBbIX yenel, OyeHeHna JdHepausi GHympu- U
MEACOCMAMOYHBIX 3AUMOOEUCMBULL.

CeMelCTBO MENTUAHBIX MOJEKYJI MHOMOAYJIMHOB OTHOCHUTCS K HEHpOMEnTHAaM.
N3BecTHO, 4TO MMOMOJIYJIMHBI OKa3bIBAlOT MOJYJIUpPYIOIIEE ACWCTBHE Ha BO30YAMMOCTH
HElpoHOB U MeMOpaHHble TOKA. C TMOMOIIBIO D3TUX HEHPOTPAHCMUTTEPOB MOXKHO
NPEJCTaBUTh DIIEKTPOPHU3UOIOTHUECKHE CBOMCTBA CEHCOPHBIX HEHpOHOB. MMHOMOIYIHUH
MOJYJIHMPYET HECKOJBKO Pa3IMYHBIX HOHHBIX KaHAJIOB uIs nepenoca nonos K, Ca™ u ap. On
OKa3bIBaCT TOPMO3SIIEee JCHCTBHE Ha ODIEKTPO(PU3NOIOTHUYECKHE CBOWCTBA CEHCOPHBIX
HelipoHoB [1-3]. Ilenpto maHHOW pabOTHI SABISETCS pacyeT MPOCTPAHCTBEHHOW CTPYKTYPHI
NMetSer3 ananora MOJIEKyJIbl MUOMOJYJIUHA A.

Pacyer BBIMONHAJCS B paMKax MEXaHUYECKOM MOJENU MOJIEKYI C y4eTOM
HEBAJIEHTHBIX, JIEKTPOCTATUYECKUX, TOPCUOHHBIX B3aUMOJICHCTBUI M 3HEPTUU BOAOPOIHBIX
CBS3EH.

Orcyer JBYrpaHHBIX YIJIOB BpalIeHUS MPOBOAWICS COTJIACHO CTAaHAApTHOM
HoMenkiatype [UPAC-IUB [4].

[IpocTpancTBeHHas cTpykrypa Moisiekyibl Prol-Met2-Ser3-Met4-Leu5-Arg6-Leu7-
NH, wuccnenoBana ¢parmentapo. Ha mepBom »dTame wu3ydeHbl KOH(GOpPMAIMOHHBIE
BO3MOXXHOCTH N-KOHIIEBOrO ¥ C-KOHIIEBOTO TETpAaNeNnTUAHBIX (PparMeHTOB Ha OCHOBE
HU3KODHEPTeTHUECKUX KOHPOPMALIUi COOTBETCTBYIOIIMX AMUHOKHCIOTHBIX OCTaTKOB.

[IpocTpaHcTBeHHAsl CTpPYKTypa rentanenTuaHor moiiekynsl Prol-Met2-Ser3-Met4-
Leu5-Arg6-Leu7-NH, u3ydena Ha ocHOBe cTaOMibHBIX KOH(oOpmanuii N- m C-KOHIEBBIX
TeTpanenTuaHblXx  ¢parmeHToB B Tabmuie 1 mnpuBeneHbl Jydlllde ONTHUMAJbHBIC
KOH(OpPMAaIIUK MOJICKYJIbI, SJHEPTHUS KOTOPBIX HE MpeBbImaeT 34 Kmk/Moinb. OHU uMeroT 12
pa3auuHbIX (QOopM OCHOBHOM 1enu. Tam ke ansd  Kaxaol KoHdopManuu JaHbl
HU3KOSHEPreTUYECKHE BKJIAJbl OT HEBAJEHTHBIX, 3JEKTPOCTATUUYECKMX M TOPCHOHHBIX
B3auMojeiicTBuil. B 3Hauenne Uy BXOAUT SHEPTHS BOJIOPOAHBIX CBs3eil. M3 mpuBeeHHBIX B
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tabnuue 1 HHU3KOPHEpreTuyeckux KoHGOpMalui TMepBble IIECTh HMEIT OJWHAKOBYIO
KoH(popMannto B N-KOHIIEBOM TPUIECITHIHOM Y4aCTKE.

I'moGanpHOM KoH(popmaruein renTanenTuIHON MOJIEKYJIbI SIBJISIETCS
RR22R1R32:R21B3220R21. DTa KOHBOpMaIus BRITOAHA IO HEBAJICHTHBIM B3aMOJICHCTBUSIM. B
naHHoOW koH(opmamuu N-KOHIIEBOM TMEHTamenTH oO0pazyeT CHHpPaIbHYI0 CTPYKTYpY,
BO3HUKAIOT 3(PPEKTUBHBIC B3aUMOJCHCTBUS MEXITy OOKOBBIMH IEMSIMU aMHUHOKHCIOTHBIX
OCTaTKOB.

KOH(l)OpMaIII/ISI C OTHOCHUTEIHHOMN 3H€pFI/Ieﬁ 0.8 KI[)K/MOJIB RR122R1R222B12R2222R21
BBITOJIHA MO  JJIEKTPOCTATUYECKUM  B3auMoAeWcTBUAM. B 3Toif  koHbopManuu
TeTpanentuaHblii ydactok Prol-Met4 n C-xonueBoil aunentuaHblidi ydacTok Arg6-Leu7
00pa3yroT cBEPHYTYIO GopMy, X Apyr OT Apyra pasuenser LeuS. B Tabmune 1 mocnennue
YeThipe KOH(POpPMAIUU YCTYMAIOT TJIO0ATBHOW KOH(POpPMAIIMK 1O HEBAJECHTHBIM H TIO
3JIEKTPOCTATHYECKUM B3aUMOJIEHCTBUSIM.

Teopernueckuit KOHGOPMALMOHHBIA aHATN3 MOJIEKyNbl Pro2-Met2-Ser3-Met4-Leu5-
Arg6-Leu7-NH, npuBen K TakuM CTPYKTYPHBIM OpraHu3alUsiM MOJIEKYJIbI, KOTOpbIE HE
UCKITIOYAIOT PeaTN3allrio [eJI0ro psija CaMblX pa3HOOOpa3HbIX (PYHKIHM, TPEOYIOIHUX CTPOTO
crenupuIecKuX B3aUMOJCHCTBHI ¢ pa3IMUHbIMU PEIICITOPAMH.

Tabauma 1
Huszkosneprernueckue koHpopmanuu Mmonekynbl Prol-Met2-Ser3-Met4-LeuS-Arg6-Leu7-
NH, (aHeprum npuseeHsl B kKJ[/MO0Ib)

Ne KOH(l)OpMaIII/ISI Uses Uy, UTop Uom
1 RR122R1R32R21B3220R 24 -169.7 17.2 17.6 0
2 RR22R1R%:B12R%200R 4 -165.9 10.5 20.2 0.8
3 RR22RR22:B21B3320B32 -166.7 14.3 18.1 0.8
4 RR122R1B>12R21B3320B; -157.9 19.7 16.4 134
5 RR122R1B212B21R3320R 25 -152.0 18.9 18.9 21.0
6 RR 2R 1B»3,B>1B332,B3, -144.9 20.2 18.9 29.8
7 RB122B1R32R21B3220R>; -155.0 21.0 17.6 18.5
8 BB 2:B1B>12R21B3320R 1 -138.2 19.3 14.7 30.7
9 RB122R1B212R21B3320B 32 -139.9 21.0 12.2 28.6
10 BR33,R1B22:R21R3300R 1 -148.3 25.2 18.9 30.7
11 BR33R1B212R21B3320B3 -136.1 20.2 10.9 30.7
12 RR32,B1B>12R21B3320B3, -134.4 20.6 10.9 31.9

Ha ocHOBe HHU3KOHEPreTHUECKHX  KOH(MOPMAIMH  MPUPOAHOW  MOJEKYIIBI
MHOMOAYJINHA A HcceqoBaHa MPOCTPAHCTBEHHAs! CTPYKTYpa €€ HCKYCCTBEHHOIO aHajora
NMetSer3. IToatromy Ob1TH paccuntansl 12 koH(opMalu, OHE ToKa3aHbl B Tadbmuie 2. Kak
BUJIHO U3 TaONWIBl BO3HMKAeT CHJIbHAs »JHepreTuyeckas anpdepeHnuanus MeExIy
koHpopmanusmu. B sneprerrueckuii natepBan 0 — 30.0 x/[k/Monp momagalOT BCEro JiBe
koH(popmanmu. OnHa W3 HUX Yy MPHUPOAHOM MOJIEKYNbl ObLIa TJIOOANBbHOM, a Jpyras c
oTHocuTenbHOM sHeprueit 30.7  k/x/monb. [1o3TOMy MOMKHO MpPENINONOKHUTh, YTO ATOT
AHAJIOT MOXKET BBITIOJIHUTH TOJBKO J1BE PYHKIIMU TPUPOTHOIN MOJIEKYIIBI.
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Tabmuua 2

Kondopmanuu NMetSer3 anamora MoOJEKydbl MHOMOAYIHHA A (PHEPTUHM TIPUBEICHBHI B

kJI>x/MOITB)
Ne Kondopmarnus Uses U,y Usop Uom
2 RR 2R 1R22:B12R2220R51 -85.7 25.2 58.4 65.9
4 RR 2R 1B»12R»1B3320B2; -93.7 23.1 60.1 57.5
6 RR 2R B»3,B»1B3320B3» -104.2 19.7 57.5 41.1
8 BBi2:B1B»12R»1B3320R 24 -39.5 27.7 47.9 104.5
9 RB122RB212R21B332:B32 - - - -
10 BR33,R1B225R51R3320R5 -117.6 21.8 27.7 0
12 RR3,,B1B»12R51B3320B3» -71.0 23.1 25.6 45.7

W3noxeHHble pe3yapTaThl KOHPOPMALMOHHOTO aHAIN3a TOr0 MENTHIa MOTYT OBITh
MCTIOJIB30BaHBI MPH BBISICHEHUH BOTIPOCOB OMOJIOTUYECKOI aKTHBHOCTH, CBSA3M (DYHKITMH 3TOU
MOJIEKYJIBI C €€ CTPYKTYPOH, IJIs LIEJICHANPABICHHOTO CUHTE3a €€ aHAJIOT0B, MOJEIHPYIOIIHX
BITOJTHE OTIpe/IeTICHHbIE KOH(pOPMAIIUU TPUPOTHON MOJIEKYJIBI.
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C nomowwio memooa MONEKYIAPHOU MEXAHUKU U3YYeHad NpOCMPAHCIMEEHHAS
CMpYyKmypa u KOH@GOPMAYUOHHbIE 803MOICHOCMU KapouoakmusHo2o mempanenmuoa Glu-
Phe-Gly-Asp. Pacuemvl mpexmepHot cmpyKmypbl mempanenmuoHou MOaeKyIbl NO380IUNU
onpeodenums 2eomempuyecKue U dHepeemuiecKue napamempnl, 3HaYeHus 08YePAHHbIX Yelo8
OCHOGHOU yenu U OOKOBbIX yeneu aMUHOKUCTIOM, 6X00AWux 6 MOAeKVLy, d makKoice
9Hepeemuueckue 6KIaA0bl GHYMPUMONEKVIAPHLIX 83aumooeticmeuti. Hatioeno, umo wnuskoi
9Hepauetl 01 mempanenmuoa AeIsAI0mecs KOHPOPMayuu co C8epHYMuLMU PopmMami OCHOBHOL
yenu.
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OpHolt W3  aKkTyaJbHBIX  MEAMIMHCKHUX  MpoOJeM  sBIsIeTCs  M3yueHue
KapIMOJIOTHYECKUX pPacCTpOMCTB  4YEJIOBEYECKOro  opranusma. llepcrnekTUBHBIM
HaIlpaBJICHUEM B HACTOSIIEE BpeMs SBJISIETCS CO3/aHHE KapJMOAKTHBHBIX IMpEnapaTtoB Ha
OCHOBE TIENTUIHBIX MOJIeKYyJd. M3BeCTHO, YTO TENTHUIHBIE MpenapaTtbl UMEIT HHU3KYIO
TOKCUYHOCTh M He 00ianaroT mobouHbMH dddextamu. B HacTosiee BpeMst UIET aKTUBHBIN
MOMCK BEHIECTB C BBICOKMM KapJIMOAKTUBHBIM JEUCTBHUEM. 3/1€Ch MOXHO BBIIETUTH KJacc
KapJMOAaKTUBHBIX IMENTHUJOB, MOJYYEHHBIX M3 HKCTPAaKTa MoO3ra SIOHCKOIO OCbMHHOTa
«Octopus minor» [1,2]. Beiio BeleneHo msiTh KapanoakTuBHbIX nentujioB Ocpl — Ocp4 u
Octopus Proctolin, KoTOpble NPOAEMOHCTPUPOBAIN MOJOKUTEIbHBIA WHOTPOIHBIA U
XPOHOTPOMHBIH 3¢ exTsl Ha H30aMpPOBaHHOM cepaednoit cucreme [3]. Kpome toro, Octopus
Proctolin moka3al COKpaTHTENbHOE BIMSHUE HA NPSIMYI0 KUIIKY OCBMHUHOIA, a TaKXe
BO30yKaaroliee neicTre Ha cepaie. O0manas BBICOKOW COKPATUTEIBHON aKTUBHOCTBIO, OTH
KapIUONENTUAbl CTUMYJIUPYIOT CEPJCYHYIO NEATEIBbHOCTh MOJUIIOCKOB. llenpro maHHOTO
UCCJICIOBAHUS  SIBJIIETCS HM3YUYEHHE TMPOCTPAHCTBEHHOM CTPYKTYphl TETparenTuIHON
Mmouekyiibl Glu-Phe-Gly-Asp.

KapnuoakTuBHBIE TNENTHAHBIE MOJIEKYJBI OTHOCATCS K KIACCY PETYJISITOPHBIX
NEeNTHI0B, HEWPONENTUAOB, MOIYIUPYIOIUX paboTy CepIAeUYHO-COCYIUCTON CHCTEMBI.
[ToHATh MeXaHWU3MBI JIEUCTBHUS JTHX OHOMOJIEKYJ MOKHO, €CJIIM pEeUIUuTh 3ajladyy HX
CTPYKTYpPHOU opraHu3anuu. M3BeCcTHO, 4TO KOPOTKHE JIMHEWHBbIE MENTHAbl CYIIECTBYIOT B
BUJE Ha0opa HHU3KODHEPTeTHUECKUX KOH(OpMaIMii, KOTOPBIA  ONpenenseTcss Ux
aMUHOKHCIIOTHOM TIOCJIEI0BATEIbHOCTBIO M CBOWCTBaAMHU pacTBopuTens. buosornuecku
aKTHUBHAS KOH(MOpPMAIIUs TIETITHIHOW MOJIEKYJIBI, KOTOpAasi peaTu3yeTcs MpH B3auMOJICHCTBUU
C pelenTopoM, OOBIYHO BXOAUT B HAOOp HU3KOIHEPTETUYECKUX CTPYKTYP, CYIIECTBYIOIINX B
BOAHOM pactBope. [loaToMy mpencTaBiser CaMOCTOSITENbHBIM HMHTEPEC HCCIeI0BaAHUE
MPOCTPAHCTBEHHOTO CTPOEHUSI M KOHGOPMAIMOHHBIX BO3MOXKHOCTEH KapAHOaKTUBHOTO
terpanentuga Glu-Phe-Gly-Asp.

Jns  onpeneneHuss NPOCTPAHCTBEHHOM  CTPYKTYpbl — MENTHUAHOW  MOJEKYJbI
UCTIOJIE30BAJICSI METO/I TEOPETUIECKOT0 KOH(OPMAIIMOHHOTO aHAIN3a, KOTOPBIA MO3BOJISIET C
JIOCTaTOYHOM TOYHOCTBIO KOJMYECTBEHHO OIMCAaTh TEOMETPHUI0 MOJIEKYJIbl U SHEPIHI0
B3aMMO/JICHCTBUSI aTOMOB B 3TOW MoJjieKyje. Pacder BBIONHAJICA B paMKax MEXaHHUYECKOU
MOJEIA  MOJEKYJ1 C Yy4YE€TOM  HEBAJEHTHBIX, JJEKTPOCTATHUYECKUX, TOPCHOHHBIX
B3aMMOJICCTBU W SHEPrUM BOJOPOAHBIX CBsi3ed. HeBajneHTHbIE B3aMMOACHCTBUS
OIIEHUBAIUCh 10 TmoTeHuuany JlenHapaa-/[>xonca ¢ mapamerpamu Ckotrra u Illeparu [4].
DJNIEKTPOCTAaTUKA PACCUUTHIBAJIACH B MOHOIIOJIBLHOM MpUONMKEHHH 1Mo 3akoHy KyloHa c
UCIIOJIb30BaHUEM 3apsIOB, MPeIOKEHHBIX B padote [5]. KondopmanronHusie BO3MOXHOCTH
MENTUIOB PACCUYUTHIBAINCH MPUMEHHUTEIBHO K YCJIOBHUSM BOJHOTO OKPYXXEHHUS, MOITOMY
BEJIMUMHA JUAJIEKTPUUYECKOM MPOHMUIIAEMOCTH mpuHATa paBHOM 10. Bomopomnsie cBA3H,
KOTOpbIE OIICHUBAJIUCH [0 MOTEHIMadaM Tuna Mop3se, mpeanonaraauch OcCiIa0IeHHBIMHU
(MakcuMalnbHasE dHeprusi 00pa3oBaHHUS BOJOPOJHOW CBS3U TIPHU r0=1,81& coctaBisia 1,5
KKaJI/MONb). TOpPCHOHHBIC TMOTEHIIMAIBI W BEIMYUHBI OAPHEPOB BPAIIECHUS AHATOTUYHBI
BEJIMYMHAM, TPEUIOKEHHBIM B padoTax [S5]. i HaX0XACHUS MPOCTPAHCTBEHHOTO CTPOSHUS
JMAHHBIX TMENTHAHBIX MOJIEKYJ MCIOJB30Bajach CHEHAlbHO pa3paboTaHHas mporpamMma [6].
OtcyeT ABYrpaHHBIX YIJIOB BpPAILIEHHS] TTPOBOJMIICS COTJIACHO CTaHAAPTHOW HOMEHKIIATYpe
IUPAC-IUB [7].

Pacuer Tterpaunentuanoit Mosiekynsl Glu-Phe-Gly-Asp BbINONHsUICS Ha OCHOBE
cTabunpHBIX  KOHGopManuit  MoHomenTHaoB  N-aneTtuia-L-rmyTaMHMHOBOM — KUCIOTHI,
(deHmIanaHHa, acapariHOBON KHUCIIOTHI M TIWIUHA. )i aMUHOKHCIIOT yYUTBHIBAIUCH BCE
BO3MOXKHBIE (OpMBI OCHOBHOM 1enu. Terpamentun Bkiaro4an B cebs 57 atomoB m 18
MEepPEMEHHBIX JIBYIPAHHBIX VIJIoB. Bcero mis KapAMOAKTUBHOIO TETpamnenTtujaa OblIo
coctaBieHo cBbIle 340 HavadbHBIX MPUOMIKEHUH, MPUHAANIEKAIUX BOCBMU BO3MOXKHBIM
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meinam u 16 ¢popmam ocHOBHOH 1enu. Bce oHM OBITM MPOMUHUMHU3UPOBAHBI 110 SHEPTHH,
OIICHEHBI X T€OMETPUUYECKUE M dHEpPreTudeckue mapamerpol. Crenudrka aMUHOKHCIOTHON
MOCIIE0BATEIHHOCTH JaHHOM MENTUIHOW MOJEKYNIbl COCTOUT B TOM, YTO OOKOBBIE IEMU
aMuHOKUCIOT Glu u Asp SBISIOTCS OTPHUIATENHHO 3apsHKEHHBIMU, OCTAaTOK (peHHMIIATaHWHA
COJIEP’KUT OOBEMHYIO apOMaTHYECKYyl0 OOKOBYIO II€Mb, a TJIMIMH MPAKTHUYECKU HE HMEeT
OOKOBOH IIETH.

Pacuer BBIsIBUN, uTO 1 TerpanmentuHod MoJekyibsl  Glu-Phe-Gly-Asp B
sHepreTudeckuii uHTepBas 0-5 KKaja/MoiIb MONasaloT B OCHOBHOM KOH(OPMALIMU CBEPHYTHIX
meinos ffe u fff. Jns TeTpanenTuAHOM MOJIEKYJIbl CaMbIMM HU3KOIHEPTeTUYECKUMU
okazanmck kKoH(popmaruu ¢ popmoii ocHoBHOI e RRRR, RBPR, RRBR, RBLR (ta6u. 1).

Tan6mmna 1. DHepreTuueckue napaMeTpbl KOH(GOPMAIHA TETPANETITUAHON MOJIEKYJIIBI

No  ®opma ocHOBHOU Eje E.. Erope Eom
enu
1 BRLR -1,9 7,2 1,8 6,2
2 BBBR -8,7 8,6 1,8 6,7
3 BBRR 93 7.4 2,6 5,7
4 BRPB -9,8 10,8 1,4 7,4
5 BBLR 9,5 8,6 2,2 6,4
6 BRBR 9,2 9,7 1,7 7,2
7 BRRR -11,3 11,2 2,2 7,1
8 BBPR -9,9 8,6 1,9 5,7
9 RBBR -8,8 8,5 1,3 6,1
10 RRLR 9,0 8,3 1,1 5,6
11 RBRR -8,8 7,8 2,0 6,0
12 RRPB -10,0 10,4 1,4 7,0
13 RRBR 9,2 6,6 1,7 4,2
14 RBLR -11,6 6,5 1,9 1,9
15 RRRR -12,8 5,4 2,4 0,0
16 RBPR -11,9 6,8 2,1 2,1

Pacuet nmokazai, uto riobansHO# KoH(DOopMarmeir Mostekybl siBisieTcs Rip; Ri3p R Ryy.
OCHOBHOIi BKJIaJl B HEPTUIO 3TOH KOH(OpMAIMKA BHOCAT HEBAJETHBIC B3aUMOJEHCTBHS (—
12,8) kkan/mMomb, BKIa] SJIEKTPOCTATUYECKUX B3aMMOJACHCTBUI COCTaBisAeT 5,4 KKaJI/MOJIb, a
TOPCHUOHHBIX B3aUMOJICHCTBUI 2,4 KKaJI/MOJb, OOIIasi SHEPruss KOHGOPMAIIUU COCTABIISICT
(-5,1kkan/monn). JlanHas koHpOpMaIUs SBISIETCA KOMIAKTHOW CTPYKTYPOM, TaK KaK MMEET
CBEPHYTYIO (OpPMY OCHOBHOH IIETIH, MOITOMY MEXKIY AaMHHOKHCIOTHBIMH OCTaTKaMu
MOJIEKYJIbl BO3HUKAIOT CHJIbHBIE B3auMojelcTBua. Huskas sHeprus »Toi KoHbopManuu
00yCIIOBJIEHA HaJIMYMEM BCEX BO3MOJKHBIX JJI NENTHIHON MOJEKYJbl B3auMojeicTBuil. B
sHepreTrueckuii nuTepBan 0-6 Kkaj/MoJb rmonajgarT KOHGOpMAaIi BOCbMU (GOpPM OCHOBHOM
nenu. [IpoctpancTBenHas ctpykTypa n18yx kondopmaruii RRRB u RBLB npencrasiena na
puc.1, 2.
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Puc. 1 [IpocTpanctBenHas ctpykrypa koHbopMaimu RRRB terpanentuaa Glu-Phe-Gly-Asp

Puc. 2 TIpoctpanctBenHas cTpykrypa KoHdopmanuu RBLB terpanentuna Glu-Phe-Gly-
Asp
[IpoBeneHHBIE pacueThl TPEXMEPHOM CTPYKTYpbl TeTpanenTuaHol moiekyisl Glu-
Phe-Gly-Asp mO3BOJMMIM ONPEAEIUTh T'E€OMETPUYECKHE W DHEPreTUYECKHE IapaMeTphl,
3HAYEeHHUS JIBYTPAHHBIX YIJIOB OCHOBHOM LIETIM U OOKOBBIX IETe aMUHOKHCIIOT, BXOJISIINX B
MOJIEKYILY, a TAK)K€ DHEPreTUUECKUE BKJIAAbl BHYTPUMOJIEKYJISIPHBIX B3aUMOICHCTBUM.
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HEMORFIN OPIOID PEPTIDLORININ AKTIV MORKOZININ
DINAMIK XASSOLORI

Giilnara 9hmad quz1 Haqverdiyeva
Fizika Problemlori Institutu, Baki Doviat Universiteti, Z. Xalilov 23, AZ-1148,

Baki, Azarbaycan, E-mail: Hagverdigulnara @ gmail.com

Hemorfinlorin aktiv morkozinin molekulyar dinamikas1 todqiq olunmusdur.
Fragmentin dinamik xassolorino su miihitinin tasiri dyronilmisdir. Miioyyon olmusdur ki,
Trp amintursusu qaligt Tyr qalifindan forqli olaraq vakuumda daha dinamikdir, su
miihitino kec¢dikdo iso enerjinin daha intensiv stabillosmosi bas verir vo atomlarin
fluktuasiyasinin amplitudu azalir. Belo noticoys golmok olar ki, triptofanin yan
zoncirindaki atomlar miioyyan sayda su molekullarr ilo baglanaraq, bu qaligin sarbastliyini
va elaco do peptid molekulunun harakatini biitdvliikde mohdudlasdirirlar.

Acgar sozlar: hemorfin opioid peptidlari, molekulyar dinamika, konformasiya

Aparillmis  qurulus-funksiya todqiqatlart [1-7] osasinda miioyyon olmusdur ki,
hemorfin opioid peptidlaorinin fizioloji tasirlori onlarin bioloji aktiv faza qurulusu, xiisusilo
ilo bu peptidlorin aktiv morkezi olan Tyr-Pro-Trp-Thr ardicilligimin konformasiya
xiisusiyyotlori ilo miioyyanlasir. Bels ki, bu ardicilligdan togkil olan hemorfin-4 peptidinin
doniis olan konformasiyas1 polipeptid zaoncirini uzatdigda VV-hemorfin-4, spinorfin,
LVV-hemorfin-7 opioid peptidlorinin optimal quruluslarin1  togkil edir. Bu tip
konformasiyalarda Tyr vo Trp qaliglar1 Pro-na nazaron sis-pozisiyada yerlosirlor, onlarin
yan zoncirlerindoki halgalarin miistovilori bir birina nozeran 90° vo ya 0° bucaq vaziyyat
alaraq fozada maksimal yaxinlagirlar. Bu sabobdon Tyr, Trp qaliqlar1 bir-birilo vo digor
qahglar ilo effektiv qarsihigh tosirlords istirak edirlor. Doniis noticasindo peptidlorin bu
quruluslarinda ikinci valin qalif1 fozada miioyyon voziyyat alir. Bu qalifin yan zanciri
peptid molekulunun morkozi hissosinin atomlart ilo fozada maksimal yaxinlagaraq
qarmaqvari qurulusun omolo golmosino sobob olur. Bioloji testlorin noticolori il
hesablamalardan alinmig noticolorin analizi osasinda hemorfinlorin bioloji aktiv foza
quruluslart kompiiterdo modellogdirilmisdir. Miioyyon olmusdur ki, peptidlorin Tyr-Pro-
Trp-Thr tetrapeptid hissosinin asas zoncirinin atom koordinatlarinin vo atomlararasi
mosafolorin orta-kvadratik konaracixmalart  ciizidir. Bu ondan xabor verir ki, geyd
olunmus fragment hemorfin molekullarinin konservativ, konformasiya dayisikliyino maruz
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galmayan hissosidir vo bu peptidlarin spesifik tosirlorino cavab veran aktiv markoz olaraq,
onlarin bioloji aktiv quruluslariin formalagsmasinda asas rol oynayir. Hemorfinlorin aktiv
morkozinin xiisusi todqiqini aparmisiq: birinci morholodo elektron qurulusu todqiq
olunmus [8], sonraki marholodo iso molekulyar dinamikasi dyronilmisdir [9]. Toqdim
olunmus maqgaloda son isin naticalari miizakira olunur.

Todqiqatda istifado olunmus molekulyar dinamika metodunun [10] osasim
makromolekulun atomlarinin  koordinat vo impuls fozasinda klassik nyuton
trayektoriyalarinin hesablanmasi togkil edir. Bu metod makromolekulun daxili harokatinin
doqiq mikroskopik goriintiisiinii modellogdirmoys imkan verir. Peptidin foza qurulusunun
komputerdo modellogdirilmosi HyperChem 7.5 proqramlar paketinin komoyi ilo
aparilmisdir (http://www.hyper.com/).

Todgiqatda  baslangic  voziyyot olaraq Tyr-Pro-Trp-Thr fragmentin  optimal
konformasiyalarinin  hondoasi  parametrlorine  uygun olan niivolorin  dayanigh
konfiqurasiyalar1 gotiirlilmiisdiir. Peptidin istilik harokoti temperaturu 293 K - 313 K
intervalinda onun 309 K qiymoti otrafinda doyisdirilorok simulyasiya edilmisdir. Bu
omoliyyat zamani molekulun ikiiizlii daxili firlanma bucaqlar1 start qiymatlorinden
baslayaraq doyismoys moruz qalir. Temperaturu 5 K addimla doyisdirorak, kinetik vo
tam enerjilorin  orta qiymotlori miioyyon edilmisdir. ©maliyyat 7 ns zaman intervalinda
0.001 ns addimla keg¢irilmisdir. Qeyd edok ki, qizdirilma vo relaksasiya miiddoti 1 ns,
soyuma miiddati 1S9 5 ns olmusdur. Su miihitinin immitasiyas1 li¢lin todqiq olunan
molekulyar sistem su molekullar1 ilo doldurulmusg X=22.87284A, y=22.87284 A
z=22.87284 A olgiilorindo olan periodik qutuya yerlogdirilmisdir. Belo qutuda
molekullarin maksimal sayr 396-ya borabordir, molekulun vo mohlulun arasinda olan
minimal masafs iso 2,3 A gétiiriilmiigdiir. Bu ciir qutunun hesablamalarda nazars alinmasi
tadqiq olunan molekulun su miihitinds horokotini nozero almaga imkan verir. Hor iki
miihitdo kinetik enerjinin (E.y,) , potensial enerjininin (Epor) Vo tam enerjinin (Em)
simulyasiya miiddatinds zamandan asililiq grafiklori qurulmusdur. Bu tip asililiq grafiklari
osasinda asagidaki cadval tortib olunmusgdur.

Cadval. Hemorfinlarin aktiv markozinin stabil quruluslarinin vakuum vo su miihitindo
kinetik, potensial vo tam enerjilorinin simulyasiyadan avvalki (iist-sotir) vo molekulyar
horokot naticasindo (alt satir) aldiglar1 giymatlori (kkal /mol-do)

Konformasiya Miihit Exin Epot Eum
vakuum 98.04041 -7806.971 -7734.569
Eyis.= 0.0 kkal/mol 58.28576 -7874.814 -7792.197
su 3913.955 -7731.999 -3914.719
1689.396 -7883.977 -6160.209
vakuum 98.17063 -7796.331 -7724.131
E,0= 2.2 kkal/mol 56.86775 -7854.973 -7778.238
su 4311.291 -7811.194 -3603.63
1856.194 -7982.841 -6103.769
vakuum 113.9924 -7767.783 -7695.472
E.iso.= 2.8 kkal/mol 54.56677 -7859.811 -7782.381
su 2666.543 -7685.051 -5101.197
1279.539 -7877.116 -6570.982
vakuum 94.11075 -7790.057 -7719.069
Enisv.= 3.3 kkal/mol 55.87654 -7850.015 -7772.092
su 3340.123 -7754.556 -4494.649
1750.974 -7880.018 -6094.341




Fizikanin miiasir problemlari VI Respublika konfransi

Alinan naticolorden goriiniir ki, su miihitine ke¢cdikdo atomlarin fluktuasiya tezliyi vo
harokot amplitudas1 kigilir. Bu onunla izah ounur ki, molekulun miitsharrikliyi su
miihitindo mohdudlagir: peptid molekulunun miioyyon atom qruplart su molekullar ilo
baglanaraq onun harokotini ¢otinlosdirirlor. Peptidin foza qurulusunun miitoharrikliyino
funksional Tyr vo Trp amin tursu qaliglarinin dinamikasinin tosirini 6yronmak vo onlarin
su molekullar: ilo baglanmaq imkanlarin1 qiymatlondirmak ii¢iin bu qaliglarin vo onlara
fozada yaxinlasan atom qruplarinin vakuumda vo suda dinamikasimi ayrica todqiq
olunmugdur. Hesablamalar gOstorir ki, tirozinin yan zonciri hom vakuumda, hom do su
miihitindo dinamik xassalor niimayis etdirir. Belo ki, temperaturun kicik doyismalori
simulyasiya miiddotindo sénmoayon qilivvonin tosiri altinda bu qaligin yan zoncirinin
atomlarinin boyiik amplitudali fluktuasiyalar1 ilo naticelonir. Tetrapeptidin zoncirindo
doniis olan konformasiyada tirozinin yan zoncirinin sorbastliyi vakuumda diger
konformasiyalar ilo miigayisado mohduddur. Bu onunla izah olunur ki, tirozinin atomlari
bu konformasiyada molekulun C-uclu hissasino fozada yaxinlagir. Bu qurulug tirozinin
imidozol halqas: triptofan amin tursu qalifinin ikihalqali yan zoncirind nazoron paralel
voziyyotdo oldugundan kompakt olmagi ilo xarakterizo olunur. Su molekullar ilo
baglanma naticasindd iso peptid zoncirinds olan doniis bir qader doyisir vo burada Tyr
qaligi daha sorbastlogir. Bu sobobdon su miihitindo tetrapeptid molekulunun stabil
quruluslar arasinda tirozinin sarbastliyino gora olan forq gozs ¢arpan deyil. Qeyd edak ki,
temperaturun doyismosi yan zoncirlorin atomlarinin dinamikasinda 6z oksini tapir. Trp
amin tursu gahgr Tyr qaligindan forgli olaraq vakuumda daha dinamikdir, su miihitino
kegdikdo iso enerjinin daha intensiv stabillogsmosi bas verir vo atomlarin fluktuasiyasinin
amplitudu azalir. Belo noticoya golmok olar ki, triptofanin yan zoncirlorindoki atomlar
miioyyan sayda su molekullar ilo baglanaraq, bu qaligin sorbastliyini vo eloco do peptid
molekulunun harokatini biitovlikdo mohdudlagdirir. Belo guman etmak olar ki, miioyyan
fermentlari ingibirlosdirmak liglin bu qalifin yan zonciri su molekullarindan azad olaraq
molekullararas1 kontaktlarda substrat rolunda istirak edir.

Beloliklo, molekulyar mexanika, kvant-kimyovi hesablamalarin vo molekulyar
dinamikanin  todqiqinin  naticolori  osasinda  todqiq  olunmus  quruluslarin
differensiasiyasimin bag vermd mexanizminin eyni oldugu tosdiglonir. Belo naticoyo
galmak olar ki, bu tetrapeptidin mohz Pro-Trp seqmentinds doniis oldugu konformasiyasi
boylik molekulyar ¢okisi olan hemorfinlorin torkibindo reallasarkon onlarin fizioloji
tosirlorinin yering yetirilmasini tomin edir.
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JEVCTBUE 'AMMA U3JTYEHUSA HA SJEKTPO®U3INYECKHE CBOMCTBA
KAPBOLEITHBIX TOJIMMEPOB
CO CUCTEMOM CONPSI’KEHHBIX CBSI3EN

C.X. XanunoB
Cymeaumckuti I'ocyoapcmeennvlil Ynueepcumem

Paboma nocesawena uzyuenuro 61usHus 2amma uiydeHus Ha 31eKmpopusuyeckue
ceolicmea
KapOOYenuvix NOIUMEPOE CO CUCMEMOU CONPANCEHHbIX césa3eu. M3yuenue memnepamypHoll

3a8UCUMOCTIU NPOBOOUMOCTIU 015l 06paA3Y08, 061yuenHoll camma keanmamu 0osoi 7 10° pao
C DAa3IuyHOU MeMNepamypol mepMuveckol 00pabomku nokazauio, 4mo mepMuiecKas
obpabomka CunbHO 6IUAEem HA  GEIUYUHY U HA  MEMRepaAmypHylo  3a8UCUMOCHO
91EeKMPONPo8oOHOCMU. Ycmanoseneno, umo onpeoeneHue 3HA4eHusl dIeKmponpo8oOHOCU
npu KoMHamHou memnepamype, snepauu akmusayuu AE u mepmosoc Q nonyuaemcs npu
mem menvuiux TTO, uem eviute 003a, no2nowjennas 0opasyoM.

Kapnonenusie mosmmMepsl ¢ CUCTEMOM COINPSIKEHHX X CBSA3€M OTINYAOTCSA OT APYTHUX
HU3KOMOJIEKYIISIPH)XXX OpPraHMYECK)KX IOJIyIPOBOJAHUKOB B HHMX Oojiee UIMHHBIX Lenen
COIPSDKEHUS], YTO CYHIECTBEHHBIM OOpa30M CKa3bIBAE€TCS HAa MX DJIEKTPUYECKHUX CBOMCTBAX.
Psin ocHOBHBIX Mpo0JieM KMHETHKH, (POTOXMMHUH, KaTalu3a, OMOJIOTUU U. T. TECHO CBA3aH C
npoIeccaMy, B KOTOPBIX YYacCTBYIOT MOJIEKYJIBI C CONPSDKEHHBIMH JIBOWHBIMU CBSI3SIMH.
Cy1iecTBeHHbIM HHTEpEC, KOTOPBIN MPECTABISAIOT 3TH COCUHEHUS, ONPENeNsIeTcs, TeM, YTO
OOJIBIIMHCTBO M3 HUX 00J1a1aeT 0COOBIMU AIEKTPOPU3MUECKUMH CBOMCTBAMU U COCTABJISIET
oOImMpHYIO Tpymnmy BemlecTBa. B Hacrosimee BpeMs KapOoOLelIHble OpraHuYecKue
MOJTYIIPOBOTHUKHM HCTIONIB3YIOTCS JUIS CO3JaHUU TPAH3UCTOPOB, (POTOIIEMEHTOB, JIA3€PHBIX
MaTepHaJoB W JPYIHX DJEKTPOHHBIX YCTpoWcTB. OpraHudeckue  MOJYNPOBOJHUKU
OTJMYAIOTCS OT METAJIOB M JAMAJIEKTPHUKOB JIETKOCTHIO YIPABICHUS OSJIEKTPOHHBIMU
CBOWCTBAaMM, B  YAacTHOCTH  KOHIIEHTpauueil  HOCUTeNned, a  CledoBaTellbHO U
AJIEKTPONPOBOAHOCTHIO [1].

Kak HM3KOMOJIEKYNSIpHBIE, TaK M TOJIMMEPHbIE COCIAMHEHHsS C CONPSKCHHBIMU
CBSI3SIMH, OTJINYAsCh MOBBIIIEHHBIM JJIEKTPOHHBIM CPOACTBOM M HU3KMMH MOTEHIMAJIaMU
MOHU3AIUH, CIOCOOHBI MPHU MOAOOPE KOMIIOHEHTOB C COOTCTBEHHBIMH XapaKTEpUCTHKAMHU
00pa30BbIBATH KOMILIEKCHI C TIEPEHOCOM 3apsiia. Tak Kak B 3TUX COCTUHEHUSX KOHIICHTPAIIHs
HECITApEHHBIX 3JEKTPOHOB COBMAJAET C KOHIEHTpALUEH MOJIEKYJI, OHH SBJISIOTCS yJauHbIMU
MOJICIEHBIMU CUCTEMaMH TPH MCCIEOBAHUU POJIM HECTIAPEHHBIX JIEKTPOHOB B MpoIleccax
npoBOIUMOCTH [2]. B HacTosIIee BpeMs MoJIyuyeHbl MOJIUMEpPHI, UMEIONUE TPOBOIUMOCTh OT
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-1 -1 -1
107" ngo 10°Om~'em™, ¢ TONOXKMTETPHBIMH M OTPHIATENBHBIMH TEMIIEPATyPHBIMH
KOd(pUITMEHTAMH COTIPOTUBIICHHS, TEPMOIUTACTUYHBIMU M TEPMOPEAKTUBHBIC C HOCUTEIISIMHU
Kak p — , Tak U 7N -tumna. [loIBMKHOCTh HOCUTENEH B 3TUX BELIECTBAX JICKUT B MpEesiax

10°® =10°cu®/Blkek, a nuddepeHmHanbHas TepPMOdAC KoleOneTrcs B HHTEpBAie

1000 -37X8
epao
o0Jaaroniee BHICOKOM TEPMOCTONKOCTHIO [2].
B kadectBe Hambosee MPOCTOro MO CTPYKTYype M XUMHUYECKOMY COCTaBYy IOJIMMEpa
OBLIT BEIOpAH MOJTMBUHUJIAIIETAT.
[TonumMep B BHJE TpaHYN WM IDICHKH OONydayics B BaKyyme JIO TOTJIOMICHUS 03

. Ilonmy4eHbl HE TONBKO AMAMArHWTHBIE, HO W (epPOMArHUTHBIE MOJIUMEPHI,

nopsiiKa 10° -108 pan. OOGHapy>KeHO, YTO TPH TOTJIOIICHUH 103 =10® paj MpPOUCXOJIUT
MOJIHOE CIMBAaHWE IIOJIMMEPA, IMO3BOJISIONIEE TPOBOJUTH JATBHEHUITYIO TEPMUYECKYIO
00pabotky. Ilpu oOmydeHMHM ramMma KBaHTaMH 0co00€ BHHUMaHHE OBLIO OOpalieHo Ha
PaBHOMEPHOCTH IMOTJIONIECHUS 1036l OOTYICHUS.

[TpuroTtoBneHNe MOMUKPUCTATIINYECKHUX 00pa3lloB ObUIO BBIMOJHEHO HAa BAKyyMHOM

npecc-popme. OOpasIbl B BUjIe TOHKMX TaBIETOK TOMMHOH 0,5 —5 MM U cedeHus 6 X6 mum’
NPUTOTOBIISUIMCH TIPECCOBAHMEM BellecTBa. lIpeccoBaHue MPOBOIMIOCH THAPABINYECKUM

npeccoM Tpu jAaBieHuH npeccoanus S5[10'ITa. Beimo mokaszaHo, 4TO MpH yKa3aHHOM
JABJICHUH TIOTHOCTH MOTYYCHHOW TaOJIeTKH, U3MEPEHHAst Kak m/v (I/1e m-macca TaOJIeTKH,
v-ee 00BEM) MPaKTHUYECKH COBIAJAET C PEHTICHOBCKOM INIOTHOCTBIO BellecTBa. Tak,
HaIrpuMep, MIOTHOCTh cripeccoBaHHOM Tabmetku 1,6 £0,1 F/CM3, a PEHTrE€HOBCKas MIOTHOCTD

1,75 r/em’. Ha cripeccoBaHHYIO TaGleTKy HAHOCHIINCH CepeOPSHBIC YIIEKTPO/IBI TEPMUIECKIM

ucnapeHueM cepedpa B BaKyyMe.

Jlnsi TpUTOTOBICHHWS TaOJNETOK HWCXOAHOE BelmlecTBO Opanock 1uOO0 B BHIE
MEJIKOAUCIIEPCHOTO TMOPOIIKa € NPHUOJU3UTEIBHO OJIMHAKOBBIMU YaCTUIIAMHU, KOTOPBII
MOJTy4yascsl pacTUpaHueM, JIN00 MeIKHUe KPUCTAJUTUKH.

UroObl yOeauThCS B TOM, YTO B IpoIecce O0E3TaXWUBAaHUS W IMPECCOBAHUS IIPH
temneparypax 50-150° C He NIPOMCXOOUT HEKOTOPOrO pPa3lOKEHHs BELIECTBA, OBLIN
M3MEPEHBI CIIEKTPHI MOJTAIICHHs B paCTBOPE allETOHUTPUIIE. ITU CIIEKTPHI XOPOIIIO COBMAIIH.

TepMoanexkTpuueckre CBOWCTBAa M3y4alluCh Ha HEOOMydyeHHBIX oOpaslax u olpasiax
00JTydeHHBIX /10 TIOTJONIEHHs TpexX pasiamunbix mo3 2[107;200°%; 700° pan. Usmepenue
AJIEKTPONPOBOHOCTH M TEPMO3JIC 00pa3loB ObUI MPOBEAEH B TEMIEPAaTypHOM HHTEpBaJE
200+500K .

W3ydenune temrepaTypHO 3aBUCUMOCTH MIPOBOJUMOCTH JUIsl 00pa3ioB, 00IyIeHHOM
ramMMa kBaHTamu n030if 7 10° pam ¢ pa3nmunOil TemmepaTypoil TepMHYecKO#H oOpaboTKm
MOKa3ajo, YTO TepMHUEcKas 00paboTKa CHIBHO BIMSET HAa BEIUYHHY U HA TEMIEPATypHYIO
3aBUCHUMOCTO  3JIEKTpOIpoBoAHOCTH.  Hampumep,  31eKTponmoBOJHOCTH  00paslioB
o0paborannbx npu 800°C B Ba pa3a NPEBBINIAET 3HAYEHHUE DIIEKTPOIIPOBOIHOCTH 00pa3IOB
obpaborannsx mpu 500°C.

N3mepenne npoBoguMocTH oOpasmoB B TemmeparypHoMm wuHTepBasie 200-700 K
MI0KA3aJI0 XOpollIee MOAYNHEHUE 3aBUCUMOCTH

T=1,exp(—4E/KT)

B 3aBucuMocTH OT A03bI OOJIy4eHHS U TeMIlepaTypoil TepMudeckoil o0paboTKw,
MOYHO TIOJy4aTh MaTepuajbl, TEPMO-3JC KOTOPhIX MeHsercst or 2 mkV /K no 3HaveHuii



Fizikanin miiasir problemlari VI Respublika konfransi

npesbimarommx 500 mkV /K , »1eKTponpoOBOAHOCTh MPH KOMHATHOM TeMIleparype Ot

10°°0m ™ 'em™ 0 10 On”'em™ m sHeprum aktTuBanuu A€ ot 358 1o ~0,53B.

[IpenBapuTenbHas pagualoHHas 00pabOTKa OKa3bIBAeT CYIIECTBEHHOE BIMSHHUE Ha
NIEKTPOPU3NYECKUE CBOWCTBA IMONy4daeMbIX MmarepuayiioB [3]. VYCTaHOBIEHO, 4TO
onpefiefieHue 3HAYEHHs JIIEKTPONPOBOJHOCTH TPU KOMHATHOW TemrepaType, HSHEpruu
aktuBauuu AE u TepModjc @ monydyaeTcs npu Tem MeHbmux TTO, uyem Bl 103a,

TnoryomenHas oopasnoM. Tak oOpasibsl, o6mydeHHsle g0 mormomenus 2,5 [10°Rad, umeror

OoJIbIIIME 3HAUECHUSA T , 1 MeHbIIne AE , yem o6pasiel, 06ydeHHsie 10 1,2 10® wam 7 010°
20

Rad, npu onunakosoit TTO.
Bce mosydeHHbIe pe3ysibTaThl YKa3bIBAIOT HA DIICKTPOHHBIN XapaKTep MPOBOJIUMOCTH.
[lomyyeHHble pe3ynbTaThl IOKA3bIBAIOT, YTO MOXHO IIOJIy4aTh MAaTepHAIbl C
Pa3IMYHBIMH  AJIEKTPODUZNYSCKUMH XapaKTePUCTUKAMHU, BapbHpys J03y OOJYYECHUS H
TEMIEpaTypy TepMUdecKkoir 06padboTku [4,5].
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INPOCTPAHCTBEHHAS CTPYKTYPA OJIMT'OMEPOB
MNOJIMITUJIEHTJIMKOJISA C ATOMOM HATPUA

C.A. demyxamenona, 3.U. I'axxxkues, U.H. AnmeBa, H.M. I'oq:xaeB
Huemumym ghusuueckux npoonem baxunckoeo I'ocyoapcmeennozo Ynusepcumema

B pabome memooamu meopemuuecko2o Mooeauposanus, OCHO8AHHLIMU HA KEAHMOBO-
xumuweckux ab initio ucciredosanusx, uzyuyeHa CmpyKmypa KOMNIEKCO8 Op2AHUYeCcKO20
nonumepa-noaudsmuneneaukons (PEG) ¢ amomom Na. Ha ocnoee pacuema snepeemudeckux u
2eoMempuiecKux napamempos, @GopmMupyiowux KOOPOUHAYUOHHYIO NOIOCMb KOMNJIEKCd,
NPOAHATIUZUPOBAHBL OCHOBHbIE CMPYKMYPHble NEPecmpolKU 8 KOMNIEKCAX, COCMOAWUX U3
PA3IUUHOO YUCTA MOHOMEPHBIX 36EHbEE NOTUIMUICHETUKOJIAL.

yCHeXI/I, JOCTUTHYTBIC B TCXHOJIOTHMHU IIOJYUYCHHA W BU3YAIN3dlIUH HAHOPA3ZMCPHBIX
MaTCpraioB, OTKPbBUIM MHUPOKUC BO3MOXHOCTHU IJIid pa3pa60TK1/I U TPAKTUYCCKOTI'O
MNPUMCHCHHA CO3AdHHBIX Ha HMX OCHOBC HOBBIX YHUKAJIBHBIX MATCPUAJIOB B PA3JIMYHBIX
obnacTax HAayYKH U TCXHHUKH. CBOICTBa HAHOKOMITO3UTHBIX MaTCpHaJIOB CUJIBHO 3aBUCAT OT
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pa3Mepa, GopMBI U TOBEPXHOCTHBIX CBOWCTB HAHOYACTHUII. Bapbupys 3Ti mapaMeTpbl MOKHO
YCTAaHOBUTH B3aWMOCBSI3b MEXJy WX CaMOOpraHU3allleil B OIMpPEACIICHHOM OKPY)XEHUU U
nojlyyaTh ~ HaHOMaTepwaibl C  ONpeJeNieHHBIMM  CBOMCTBaMHU. bmaromapss  Takum
MCCJIC/IOBAHUSM BO3HHUKJIM HEOTPAaHUYECHHBIC MEPCHEKTUBBI MPAKTHUUECKOTO TMPUMEHEHHS
HAHOKOMITO3UTHBIX MAaTepUaloB C OMNpEeAENEHHBIMU BapbUPYEMBIMH (DYHKIIMOHAIBHBIMU
CBOMCTBaMH B MEIUITMHE U (DAPMaAKOJIIOTHH.

B nanHoil paboTe ¢ MOMOIIBI0O METOAOB TEOPETUYECKOTO MOJIEIMPOBAHUS H3Yy4EHA
MIPOCTPAHCTBEHHAS CTPYKTypa KOMIUJIEKCOB aTomMa Na Kak HaHOYACTHIbl C OPraHUYECKUM
noauMmepoM  nonudtuieHrnukons (PEG) HO-(CH,—CH, -O),-H ¢ pa3nuyHbIM 4uciom
noBTopsitoluxcsi 3BeHbeB (4yerbipe 3BeHa B PEG4 u mare B PEGS). CnocoOHocTh
MOJIUATUIICHTIIMKOS 00pa30BbIBaTh KOMILJIEKCHI C HOHAaMHU MIENIOYHBIX METalIOB HMeEeT
0oJIbIIIOe MpaKkTH4YecKoe npuMeHenue [1,2].

[lepBoHayanbHO HamMH OBUIM MOCTPOEHBI MOJIEIH OJIHUTOMEPOB MOJUITHICHTIUKOJIS,
cocrosmue U3 4 U S 3BEHbEB, a 3aTe€M HMX KOMIUIEKCHI ¢ aromMoMm HaTpus. [lomyueHHbie
CTPYKTYpPbl ONTUMHU3UPOBATUCH METOAOM MOJEKYJSIPHOM JWHAMUKA TIPH  [OMOIIU
nporpammbl  ChemOffice. B pe3ynbrare pacuera ycTaHOBIEHBI HamOojee CTaOUIIbHbBIE
KOH(pOpMaIUU ISl U3y4aeMbIX MOAEIBHBIX MOJEKYT U UX HaTPUEBBIX KOMIUIEKCOB, KOTOPHIE
OBUTH B3SITHl B KAYECTBE MCXOAHBIX CTPYKTYp ISl MOCHIENYIOLIEH ONTUMM3ALUUA METOJIOM
Xaptpu-®oka no mnporpamme Gaussian-09 ¢ wucnonb3zoBanuem 6azuca 6-31G  (p.d).
[TonyuenHble B pe3yibTaTe pacyeTa CTPYKTYpPbl UCCIEIYEMBIX MOJIETIEH, UX T€OMETPUUYECKUE
1 DHEPTreTUYECKHE IMapaMeTphl MpYBeIeHbl Ha puc.] (a-1) u B Tabm.1 u 2

Kak BumHo m3 Tabn.1, mocne 3axBata PEG4 atoma Na, paccrosHHe MexXIy
KOHUEBLIMU aroMamu Kucinopoga O1-Op3  yBenunuusaercs Ha 0,23A, a HECMEXHBIE
BHyTpeHHue kuciopoasl Oy u Ojg commxarorcs Ha 0,1A. JlMaroHanbHO pacrooKXeHHbIE
atombl  kuciopona O4-O3 u O1-O4¢ oTnansrorcs npubnusutensHo Ha 0,1A. Atom Na Tak
pacnonaraercss B kapMaHe PEG4, uTo paccTosiHME MEXy aTOMOM HAaTpUsl U BHYTPEHHUMH
aTOMaMH KHCJIOpOJia MEHbIIIE, YeM C KOHIIEBBIMU aTOMaMHu Kuciopoaa Ha 1,5A. brnnxe Bcero
aToM Na pacroyioxkeH k aromy kuciopona O, nexarnieMy B IyOHMHE mMoJiocTH. llpu 3Tom

'e3

a 6

2. 3,;“ }3“
®

,}f: 'qizi p

wd

€ pa

Puc. 1. IlpocTpancTBeHHBbIE CTPYKTYPbI MO/€eJIel MOJUITHIEHTJIMKOJIS
(a) uncroiit PEG4, (0) unctoiii PEGS, (¢c) PEG4+Na, (1) PEG5+Na
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Tabauua 1. MexxaToMHbIe paccTosiHus (A) MexIy aToMaMH KHCJI0pPoa 1
HATPHS B HCCJIETYeMBIX KOMILTIEKCAX

PEG-4 PEG-4+Na PEG-5 PEG-5+Na
L 13
(103
D

0;-04 5.38 0;-04 5.36 0,-0; |5.06 0,-O; |[4.38
0;-Oy9 6.59 0;-Oy9 | 6.67 0;-Oy9 | 5.65 0;-Oy9 | 4.18
0;-0Oy3 7.31 0,;-013 | 7.54 0;-O13 |5.70 0,-O43 | 3.35
04-O13 6.59 04-013 | 6.69 0;-O46 | 2.99 0;-O16 | 2.80
07-03 5.38 07,-0O53 | 5.38 016-O19 | 5.01 046-O19 | 5.09
04-O19 4.86 04-019 | 4.80 016-07 | 5.97 016-07 | 5.96
Na-0O; |4.01 016-04 |4.73 046-04 | 5.06

Na-O; |2.66 04-043 | 591 04-0453 | 5.11

Na-0O; |243 07-043 | 5.32 07-013 | 4.89

Na-Ojy |2.66 04-O;9 |5.16 04-Oy9 | 4.25

Na-O;3 |4.04 Na-O; |2.49

Na-0O4 |2.71

Na-0O; | 2.56

Na —010 2.45

Na-O;3 | 2.81

Na _016 3.41

BHYTPEHHHUE COCEAHHME KUCIOPOABl COMMKAIOTCS MPUOIU3UTEIBHO Ha 0,1A, a paccTosHus
Mexay KpaHumu mnapamu kuciaopoaoB O;-Os um Op-Oj3 yBeIUYMBAIOTCS Ha 0,13A.
TakuM oOpa3om, mpu BBeaeHuu atomMa Na ctpykrypa PEG4 3axBaThiBaeT aroM B CBOi
«KapMaH» W aTOM HATPHs pa3MENIaeTCsl CHMMETPUYHO OTHOCHTEIBHO KuciopoaoB Oy u Oy
OJIKE K OCHOBAHMIO MOJIOCTH. ECIIM MONTYYeHHYI0 MOJICNIb pa3BepHYTh, TO MOXKHO YBHJIETh

-
$ &5
€3 »

£

O

;_j—-—
Naj

o

b

R

a

Puac.? PacdyeTHEIe MOJe I KOMILIEKCOB

IIOJHITHIIEHTJIK O0JIA ¢ aT0MOM HaTPHA

'#ﬂ

(a) PEG4+Na, (6) PEG5+Na

(puc. 2, a), uro aroM Na HE3HAUYUTEITHHO
BeIxoouT w3 miockoctu PEG4, HO Bce
KHCJIOPOJIbI TOBEpHYTHI K Na, Kak Obl
00XBaTLIBas €r0.

B xommnekce PEGS 1mocie BKIIIOYCHHS
atoma Na xoH1eBble aToMbl kuciopoaa O u Oqe
cOJIMKaroTCa Ha 0.2/0%, Kak ObI 3aMbIKas aToM Na
B Koib110. CTpykTypa nosoctu PEGS Mensiercs
Tak, 4TO aroM kuciopoja O; mpulamxaercs K
atroMaM O7;, O m O;3 COOTBETCTBEHHO Ha
0,68&, 1,47A u 2.3510%, a Jpyroi KOHIEBOH
atom kuciopoga ;¢ HEMHOTO OTHAISAETCS OT
atoMoB Oy 1 O4 Ha 0.08A u 0.33A. Buytpu
caMoi MOJIOCTH MTPOTHBOIIOJIOKHO
PacroIOKEHHbIE HECOCEIHUE aTOMBI KHCJIOPO/ia
04-013, O7-013 1 O4-0y¢9 TPUOIKAIOTCS IPYT
K JpPYTy COOTBETCTBEHHO Ha 0.8A, 043A u
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0.91A. Paccrosmus MEX]ly COCEIHMMHU aToMaMu KHUCJIopoaoB O; u Oy yBeIMYMBAETCS HA
0.0510%, amexny Oje 1 O3 CHIBHO YMEHBIIAETCS Ha 0.7A. Atom Na pa3meniaeTcsi B MOJIOCTH
ommwke k kucimopony Ojp, pacroioKEeHHOMY Ha JIHE TOJIOCTH M TIPH 3TOM K HEMY OYCHb
0JIM3KO TOBOpaYMBaeTCs KOHIEBOW aToMm kuciopona O;. KoHieBoit atom kucimopoga apyroiu
croponsbl Ttosioctd O HA00OPOT oTHANIAETCS OT atoMa Na 1 pacronoxeH Ha 0.92 A nanbme
or Na, uem atrom O;. B »toM komiuiekce atoM Na TaxkKe HE3HAUUTEILHO BBIXOIUT W3
mIockocT cTpykTypbl PEGS u okpyen atomamu kuciopoja (puc.2, 0).
Tabnuna 2. JHepreTuuecKue napaMmeTpbl U IUMOIbLHBIE MOMEHTBI UCCIIETyEMbIX KOMILIEKCOB
PEG-4 PEG-4+Na  PEG-5 PEG-5+Na
SCF Done: E(RHF) (at.exn.) -687.708 -849.560 -840.636 -1002.493
Total Dipole moment (Debye) 4.778 10.085 4.298 8.004

Kak BumHo w3 Tabm. 2 mpu  3axBaTe HaHOuYacTHIBI Na sHepruum o0oux
KOMILJIEKCOB YMEHBIIIAIOTCSI OJJTMHAKOBO Ha 162 ar.ell., a TUIOJIbHBIE MOMEHTHI BO3PacTaroT,
crpykrypa PEG5+Na oka3siBaeTcs 6osiee kommnakTHoi. Takum o6pa3om, posib PEG B 060oux
KOMILJIEKCaX MOXXHO paccMaTpuBaTh Kak JIOBYHIKY i atoma Na, IpUYeM 3TOT MPOIecC
SHEPreTUYECKH BBITOJICH.
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POLIQLISIN MOLEKULUNUN MOLEKULYAR DINAMIKA USULLA
MODELLOS$DIRILMOSI.

G.Z. Nacafoval, B.M.Qas1m0v1, N.M.roayevl’2
]Qafqaz Universiteti, Baki, Azerbaijan
?Baki Dévlat Universiteti, Baki, Azerbaijan
gulyaz_gafqaz@yahoo.com

Moagqalads 3, 5 va 10 monopepiddan ibarat olan poliglisin molekulunun molekulyar
dinamika iisulu ilo kompiiterds modellosdirilmasi barado moalumat verilir. Molekulun
lizorindaki  yiiklorin paylanmasindan va ohato miihitindon asili olarag molekulun
konformasiyalari va ikinci qurulusun formalasmast tadqiq edilir.

Yiiksokmolekullu  birmogmolor  biofizikasina  olan  maraq ilk  ndvbado
makromolekullarin bioloji sistemlorin osasini togkil etmasindon iroli galir. Bioloji sistemlorda
polipeptidlorin funksional imkanlar1 onlarin strukturu ilo bilavasits oslagolidir. Lakin bu
makromolekullarin ilkin strukturu, yoni onlari togkil edon amin tursularimin ardicillifi, he¢ do
ikinci, ii¢lincii vo dordiincii strukturlart va, elocads, funksiyalar: barads xobor vermir.

Insan organizminds an ¢ox yayilan proteinlordon biri olan kollagenin qurulusunda
togribon har ii¢ amin tursudan birini glisin toskil edir. Bu sobabdon poliglisinin ikinci
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qurulusunun formalagma mexanizmi xiisusi maraq kasb edir. Qlisin monopeptidin molekulyar
dinamika [1] tisulu ilo modellosdirilmasi barodo molumat torafimizdon verilmigdir [2].

Hazirki 1sdo magsad 3, 5 vo 10 amin tursusundan ibarat olan poliglisin molekulunun
ikinci qurulusunun omolo golmo mexanizmini todqiq etmokdon vo ikinci qurulusun ohato

mithitindan,

zoncirdaxili yiiklordon vo zoncirdoki monomerlorin sayindan asilliligim
Oyronmaokdon ibaratdir.

Aparilan hesablamalarin niimunasi kimi, cadval 1-do dekaqlisin zoncirinin tizorinds iki
miixtolif yiik paylanmasi gostarilib.
Bu iki yiik paylanmasi varianti iigiin su ilo ohatods dekagqlisin molekulunun dinamikasi

100 pikosaniys miiddotindoe modellasdirilib.

Qaliq Qurulug

GLY 1
GLY 2
GLY 3
GLY 4
GLY 5
GLY 6
GLY 7
GLY 8
GLY 9
GLY 10

C

T
T
T
T
T
T
C
C
C

Phi

360.00
-82.52
48.69
102.60
-103.89
-133.92
108.42
115.78
-131.68
-93.64

Psi

-173.56
122.20

38.54

-85.25
-87.06

149.34
-147.79
148.00
360.00

82.74

Qaliq Qurulug

GLY
GLY
GLY
GLY
GLY
GLY
GLY
GLY
GLY

GLY 10

1
2
3
4
5
6
7
8
9

sNoleNsNeoNoNeNeNe N

Phi
360.00
-134.21
125.69
-138.07
-70.82
-22.67
-110.77
-119.25
360.00
-108.74

Cadval 1.

Psi
-36.19
-55.26

-140.50
148.35
118.12

-79.46
54.05

360.00

89.01

360.00

Hesablanan dinamik trayektoriyalarin tohlili noticasindo alinan tipik quruluslar
miivafiq olaraq, Cadval 2-do verilib. Hor iki halda molekulun toplam yiikii sifir olmaqla,
ikinci qurulus, goriindiiyii kimi, forglonir.

Cadval 2.

NH3+; CO0- NH2 ; COOH

Qaliqg Atom Yiik Toplam yiik Qalig Atom Yiik Toplam yiik
GLY1 N 0.129 0.129 GLY1 N -0.83 -0.830
GLY1 H 0.248 0.377 GLY1 H 0.415 -0.415
GLY1 H 0.248 0.825 GLY1 H 0.415 0.000
GLY1 H 0.248 0.873 GLY1 C 0.000 0.000
GLY1 C 0.127 1.000 GLY1 C 0.380 0.380
GLY1 C 0.380 1.380 GLY1 0] -0.380 0.000
GLY1 8] -0.380 1.000 GLY2-9 N -0.280 -0.280
GLY2-9 N -0.280 0.720 GLY2-9 H 0.280 0.000
GLY2-9 H 0.280 1.000 GLY2-9 C 0.000 0.000
GLY2-9 C 0.000 1.000 GLY2-9 C 0.380 0.380
GLY2-9 c 0.380 1.380 GLY2-9 0 -0.380 0.000
GLY2-9  © -0.380 1.000 GLY10 N -0.280  -0.280
GLY10 N -0.280 0.720 GLY10 H 0.280 0.000
GLY10 H 0.280 1.000 GLY10 c 0.000 0.000
GLY10 C 0.000 1.000 GLY10 C 0.530 0.530
GLY10 C 0.270 1.270 GLY10 0] -0.380 0.150
GLY10 0] -0.e35 0.e35 GLY10 o] -0.548 -0.398
GLY10 0] -0.635 g.o00 GLY10 H 0.3%8 0.000
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Belaliklo, 3, 5 vo 10 monopepiddon ibarat olan poliglisin molekulunun molekulyar
dinamika tsulu ilo kompiiterdo modellogdirilmasi barodo molumat verildi. Molekulun
tizorindoki yiiklorin paylanmasindan vo ohato mihitindon asili olaraqg molekulun
konformasiyalar1 vo ikinci qurulusun formalagsmasi todqiq edilmigdir.
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K BJIMSIHAIO MAT'HUTHOI'O TOJISA HA IUIJEKTPUYECKHUE U
IJIEKTPETHBIE CBOUCTBA KOMITIO3MIIUH ITOJIUMITPOITUJIEH-AJTYH /L

J.®.PycramoBa., U.A. Beaues., A.M. Mareppamos., U.U.,Ucmaunnos I.U.3yabdurapos
arif50@yandex.ru

Son illor sabit va dayison magqnit sahasinin (zaif va giiclii) polimer kompozitlorina tasiri
oyranilir. Magnit sahasinin magnit momenti olmayan materiala tasiri naticasinda alinan
magnit effektlori magqnit sahasinin intensivliyindon, materialin kimyavi qurulusundan va
makromolekullarin orientasiyasindan asilidir.

Bu isdo magnit sahasinin polipropilen-a-Al,Oz kompozitlorinin dielektrik va elektret
xassalarina tasiri oyronilmisdir.

Gostorilmisdir ki, magnit sahasinin tasiri dielektrikitkilorinin azalmast va yiiksok
temperatur oblastina toraf siiriismasi ila naticalonir.

B nocnennue roasl Ob11H 00HAPYKEHBI BIUSHUE TOCTOSTHHOTO U MIEPEMEHHOTO (CIa0bIX
Y CHJIHHBIX) MATHUTHBIX TOJIEH HAa CTPYKTYPHI U CBOMCTBA MOJIMMEPOB, BEICOKOHAITOJIHEHHBIX
Pa3TUYHBIME HEOPraHUYECKMMHU HAIOJHUTEISIMHA, a Takke Ha cMecedl momumepon [1-4].
beuto mokaszano [1], uTo uMIynbcHas MarHuTHas OOpabOTKA C aAMIUTUTYJAHBIM 3HAUYCHUEM
uaaykiun B=0,2 Tn muenok nomwdtuineHokcuaa [-CH,CH,O-] mpuBOAWT K MOBBIICHUIO
IUIOTHOCTH IEHTPOB HYyKJICAI[MH, YMEHBIICHHUIO pa3MEpPOB HAIMOJEKYISIPHBIX CTPYKTYP
(HMC). Otu CcTpyKTypHBbIE HM3MEHEHMSI CBSI3bIBAJIUCH IPOLECCOM CIIMBAHUS IOJIMMEPHBIX
Heneil 3a cueT CIUH-3aBUCHUMBIX PAJMKAIbHBIX PEaKIIMi KOHIIEBBIX 3BEHHEB B HMITYJIIbCHOM
marauTHOM mosie (MIT). Tlo nmanHbIM paGoTel [3] Tpu BO3AEHCTBHHM KOPOTKOTO (10™c)
umnyiascHoro MII ¢ wusaykmwenn no  30Tn MIOHMIKAECTC.  MUKPOTBEPAOCTH
nonaT TUIMeTakpuiata. B cinydae monmunponunena (I1II) ¢ monekynapuoit maccoir 300000
Bozaeiicteue MII BennunHoM 3kD MNPUBOAUT K YMEHBLICHUIO MOJIYJs YIPYrOCTH,
BO3PACTaHUIO BEJIMUYMHBI OCTaTOYHOTO HampsbkeHus. [IpuunHaMu BIUSHUNA MarHUTHOTO TOJIS
HAa MaTrepwalbl, TJAe OTCYTCTBYIOT MArHHTHBIE MOMEHTBI, Ha TEPBBIA B3TJSA OCTACTCS
HEMOHSTHBIMU. AHAlM3 JUTEPATypHBIX NaHHBIX TMOKa3bIBa€T, YTO MarHUTHbIE A(P(HEKTHI
3aBUCAT OT HAINPSIKECHHOCTH, BPEMEHHOTO JEHCTBUS, XMMHYECKOTO CTPOCHUS WM CTEICHU
OpUEHTAIlMM MaKpOMOJEKYyJl, a Takke OT HaaMOJEKYJIsSpHOW CTpykTypbl. Hawm
MPEACTABISIETCSA, YTO I BbIACHEHHUS MexaHu3Mma jedctBus MII (MuMnyiabcHOro wiam
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MOCTOSTHHOT0) Ha CTPYKTYPHI U CBOMCTBA MOJIMMEPOB HEOOXOIUMO HCCIEA0BAaTh UX CBOMCTBA
B TMOJSIPU30BAHHOM, T.€. B DJJIEKTPETHOM COCTOSHUU. Eciu mnpeanosoxuTh, YTO B
AJIEKTPETHOM COCTOSSHUM HWMEIOT MECTO TaKXKe CIUH-3aBUCHMBIE TPOIECCHl  MEXIY
paguKaliaMid, TO MOXHO OXHJAaTh ONIYTHMOTO BIIMSHHUS MAarHUTHOTO TOJIE Ha CTPYKTYpY U
JJIEKTPOAKTUBHBIE CBOWCTBA MoNMMepoB. CpaBHUTENBHOE H3YUYEHHE BIUSHUN MarHUTHBIX
MoJIeH Ha CMeCel MOJIMMEPOB M BHICOKO HAMOJHEHHBIX MOJIMMEPOB, a TAKXKE HA TOJIUMEPHBIE
HAHOKOMIIO3UTHI C YYE€TOM TOIOJOTHUYECKUX CTPYKTYp U COBMECTHMOCTH KOMIIOHEHTOB
MIPEICTABIISIIOTCS aKTYaJbHBIMU 33/1a4aMy MaTEpPHUATIOBEICHUS.

B nanHoit pabGore wu3yueHo BiusHMe MII Ha CTPYKTypy, AMDIIEKTPHYECKHE U
AIIEKTPETHBIE CBOMCTBAa KOMIO3HIIMI Ha ocHOBe mosmmnponwieHa (I111) u mopomikoodpazHoro
anyHaa tuna 0-AlOs;. KomMmosuruu moiydeHbl CMeElIeHHEM KOMIIOHEHTOB B CMECHTENe
«bpabennep», 3areM MPOU3BOJUIN TIPECCOBAHHE IPHU 80°C B Teuenme 20-25 MuH. 6e3
JaBJieHUs. 3a TeM JlaBlieHHE npeccoBaHus NoBeimaercsa 10 100aT™M. U BBIIEPKUBAIOT MO/
napieHueM 10 MuH. nipu Temneparype 220°C BBIJICPKUBAIOT 5 MHUH.

BosnaeiictBue mocrosiaHoro MIT ocyriectsieno mo meroauke [9]. TlineHkn TOMIMHOIO
100MkM momemanu Mexay noirocaMmu MII  HanpssKeHHOCTBIO H=300°A/M wu npu
TeMreparype 100°C BbIZIepKUBATN30 MUH. OXJIaXKI€HHUE TIJICHOK J0 30°C OCYIIIECTBIISIJIUCH B
MIlL.ITocne Bo3ameticTBust MII M3 00pa3loB ObUTM HW3rOTOBIEHBI KOPOHOXJIEKTPETHI IPH
BO3jeicTBUU KOpoHHOTO paszpsaa (Ug=8kB, t=5MuH.) B cucTeMe Uria-mioCKOCTb.

[ToBepXHOCTHYIO IIIOTHOCTH AJIEKTPETHBIX 3apsAA0B ONPENeNsIN 1Mo Gopmyne 0,=e€yU,/d,
rae d- ToNnuHa , € -AUdJIeKTpUYecKasi MPOHUIIAEMOCTh KOMITO3UTA.

Ha puc.l mnpuBeneHbl TeMIEpaTypHbIe 3aBUCHMOCTH TUIJICKTPHUYECKUX MOTEPh tgd
(xpuBbie 1u 2) u € (xpusble 1', 2") xommosunumii III1/a-Al,O; o (xpussie 1, 1) u mocie
Boszeiicteust MIT H=3000" A/m (xpuBbie 2 u 2'). BHaHO, 9TO MOC/IE MATHUTHON 06PaGOTKH
3HavYeHHUs tgd HECKOJbKO IMOHMKAETCS, BO BCEX TEMIEPATypHBIX OOIACTIX HaOI0maeTCs
CrIIaXXMBaHUS €€ 3HaueHui. BmecTe ¢ TeM, MarHuTHOE BO3ZEMCTBHE MPUBOJIUT K HEKOTOPOMY
BO3pPACTaHUIO 3HAYCHUH €.

tgs, 10™
— 100

-1 60

g
1 ] 1 1 1 1
300 350 400 450 500 550
Puc.1 TemmeparypHble 3aBUCUMOCTH IUIJICKTPHYECKHX TOTEph tgd (KpuBbie lu 2) u €
(xpuBbie 1', 2') kommnosuumit II1/a-Al,O3 no (xpussie 1, 1') u nmocne Bo3xeiictBus MII

H=300> A/m (xpussie 2 u 2).

Ha pwuc.2 moka3aHbl 4acTOTHBIE 3aBUCUMOCTH ITHX T€ KOMITO3UIMWA. BuiHO, uTO TIpM
(2+3)00° 't HAGITIOIACTCS MAKCHMAIIBHBIE 3HAYCHHUS JTUAJIEKTPUUECKUX TTOTEPh.
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3,5+ th,]O
1120

- 40

Puc.2 Yacrorusie 3aBucumoctu €(V) u tgd (V) xommosummii III1/0-Al,O; (cocraBa
80:2000b.%), H=0 (kp.1,2); H=300° A/m (xp.1',2"

[Ipn kpucraM3amuu KOMIO3UTHBIX 00pasnoB B MII mudiiekTpudeckue  TOTepH
00JIaCTH yKa3aHHBIX YacTOT MOHMXKaercs (kpusas 2'). YMmeHblieHue tgd mpu 3TOM ObITh
CBSI3aHO OpUEHTUPYIOIIUM BiausHueM MII. Dnektpuyeckue 3apsasl, ABuxKyiue B MII B cuity
YMEHBIIICHUS WX TOJBI)KHOCTH 3a cyeT Cuibl JIOpeHIla MPUBOAMT K YMEHbBIIECHHIO tgod.
Cornacuo nmanHbIM [8,9] mpomecc  kpuctaumsaiud B MII uMeeT penakcaliOHHBINH

XapakTep U TeM CaMbIM C TOBBIIIeHHeM 3HaueHuid H makcumym Ha 3aBucumoctsx tgd(T) u
tgd(V) cnBuraercs B 00J1acTh BBICOKHX TeMmIepatyp. Hamm | TIPE/IBAPHTENBHBIE SKCTIEPUMEHTDI

nokazanu, 4ro MII Tak B HampaBJI€HUH SJIEKTPUIECKOTO ( HIl E) Kak MpU YCIOBUIX HOE
MaKCUMyM JIHIJICKTPUUECKUX MOTeph (tgd) cMmemaercs B 00JacTh OTHOCHTEIBHO BBICOKHX
temriepatyp. Crnenyer OTMETUTh, YTO MPU HAIMYUU HAMOJIHUTENEH B COCTaBE KOMIIO3UTA, B
naHHoM ciydae O-AlyOs, MOABUKHOCTH MATPUILHI (TIOJUTIPONMIICHA) YMEHBIIAETCS TAKXKE U3-
32 YMEHBIIEHHMsS pa3MEepOB BTOPUYHBIX HAIMOJEKYJISIpHBIX oOpa3zoBanuii (HMO)
(chepomuToB). C yderom 3Toro (akTopa, MOXKHO TOATBepauTH, 4To MII ycunuBaer
wiactTuuuupyrommii a3¢gdext B II1.

Ha puc.3 moka3aHbl W3MEHEHUs BEJIWYUHBI 3JEKTPETHBIX 3apsioB O OT BPEMEHHU
XpaHeHus ty, kommosuuui IIII/a-Al,O3; 3aKkpuCTalIM30BaHHBIX B OOBIYHBIX pEKUMax 0Oe3
BosaeincTeuil MII (kpuBasl) u ipu Bo3aercteuu MII H=3,200° A/m (kpuBas 2).

o, 10" Ki/m®

0 5 10 15 20

Puc.3 3aBucumoctr >()PEKTUBHOM IIJIOTHOCTH OJJIEKTPETHBIX 3apsSfoB O OT BPEMEHH
XpaHeHus ty, A obpasuos III/a-AlO; (cocraBa 80:20006.%) 3aKpUCTAIIN30BaHHBIX [0
(1) u mpu MarHUTHOM TI0JIE€ HarnpspKeHHOCTH H=3 10> A/m (2)
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W3 »Tux [aHHBIX CleIyeT, 4YTO TOocie MarHuTHOM oOpaboTKM [aHHOW KOMIIO3HIIUU
HayaJbHOE 3Ha4YeHHEe OCOCTaBIISET 2,5EI]0'4 Ki/M?, 4TO 3HAYMTENHLHO GOJIBIIE, YEM y He
obpaboTanHbIX (kpuBas 2). [locne xpanenus snexrpera npu T=330K B Teuenun ty,>10 cyrox
CKOPOCTh CIaja OJJIEKTPETHBIX 3apsIOB TMPEBBIIMIAET COOTBETCTBYIOLIUX BEIHYMUH Y
HeoOpaboTanHbix 00pa3noB [1I1/a-AlO; (kpuBas 2), T.e. HabmOgaeTCS YPPEKT «HOKHUIIBI».
Takast ke curyanus HaOmogadack u B padore [10], B KOTOpOH MOKa3aHO, dYTO
KOpoHO3JIeKTpeThl Ha ocHoBe [II1/Si0, ¢ HambodbIIMMU 3HAUYEHUAMU O, HA HadaIbHBIX
y4acTKaxX 3aBUCHMOCTH Os(typ) HAOIIOATICS BBICOKAs CKOPOCTD CIaja IEKTPETHBIX 3apsI0B.
Crnemyer OTMETHTb, UTO dJIeKTpudeckre 3(G(eKThl, CBA3aHHbIE ¢ Bo3aeicTBreM MII Ha
9JIEKTPETHBIE CBOMCTBA MOJIMMEPOB TAaK)KE HOCUT Pa3HEHHBIM WIIN K€ IPOTUBOPEUUTH JPYT-
npyra. Hanmpumep, 31eKTpeT, W3roTOBICHHBIM U3 IJICHOK MOJMMETAaKpuiIaTa, B MarHUTHBIX
MOJISIX 4,6[1]05A/M JlaeT MAaKCUMaJbHBIA TOK TEPMOJCHOISAPU3AIMUA  TIPU ISOOC,
COOTBETCTBYIOIIMI peakcaidio oO0bemHOro 3apsaa [10], a MarHuTO’/1EeKTpeT U3
MOJIMBUHWIXJIOPUJA TIPU H=5-1200°A/m YBEJIMYMBAET MAarHUTHYIO BOCIPUUMYHMBOCTH =20
pa3. PacTshkeHne TUIEHOK MOJMMATHIICHTepedTanaTa Mpu MarHUTHOM BO3ACUCTBUH 110 8 KO
MOJIyJIb YIPYTOCTU CHIXaeTcs <2 pasa. M3 3TuX CpaBHUTEIBHBIX JAHHBIX CIIEAYET, YTO
pe3yabTaThl MarHUTHOW OOpaOOTKM TOJMMEPOB M MX KOMIIO3UIIMHA  3aBHUCAT OT
MOCIIE0BATEIHLHOCTH BO3ACHCTBUI MAarHUTHBIX U AJIEKTPUUYECKUX TMOJIEH, a TaK)Ke OT YCIOBUMN
TEPMOOOPAOOTKH M peKMMa KPUCTAJUIM3ALIMI U3 paciijlaBa WiH U3 pacTBOpa.
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