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CTPYKTYPHBIE OCOBEHHOCTHU BOJbI
A.C. Atoroi

bakunckuii I'ocyoapcmeennvlii Yuueepcumem
atagoy-89@mail.ru

Booa ssnsemcs oO0num u3z Haubonee UCCIEO08AHHLIX Beujecme Ha 3emie.
TogviuenHas corcumaemocnms HeUOKol 600bl NPU MAbIX MEMNEPAMYPAX, MUHUMYM 00beMd,
Oonbwias BA3KOCMb  600bl U MAAsL MENIONPOBOOHOCMb KAYeCHBEHHO NOHAMbl 8
npeononodceruu 6010l deghopmupyemocmu MoaeKyIvl 600bl. Buvisicnenue ocobennocmeti
ceoticme monekynvt H,O no cpasuenuro co ceolicmeamu Opyeux npeocmasumennetl
eomonozuyecxoeo psioa moaexkyn (H,O, H,S, H,Se, H,Te), kondencuposannuvie ¢pazvi komopuix
He 001a0arom 0coOeHHOCMAMU 800bl, Npedcmasisiemcs oueHvb eadichvim. Monexyna H,O
ABNAEMCA CAMBIM MAIEHbKUM U Jle2KUM npedcmasumenem 2omonocudeckozo paoa: H,O, H,S,
H,Se, H,Te. Owna nocmpoena u3z amomos, Komopvle CUTbHO pAIUYAIOMCS  NO
INEKMPOOMPUYAMETLHOCMU N0  CPABHEHUI0 ¢ amomamu opyaux 2omonozos. Omcrooa
cnedyem, umo cés3e6 8 monexyne H,O naubonee npounas.

CoBpeMeHHbIE TEXHOJIOTUH MO3BOJISIOT HAM MPOHUKATh JAJeKO B KOCMOC U, INBITAsICh
O0OHaApyXUTh >KU3Hb Ha JOPYrHX IUIAHETaX, Mbl B MEPBYIO ouepeab uIleM TaMm Boay. Harmia
3eMJIsl OTIIMYAETCS OT JIPYTUX IUIaHET —OHa JKMBas, MOTOMY YTO Ha HEW ecTh BOAA —CcaMoe
YIUBUTEIBFHOE BEIIECTBO Ha 3emiie. Ha cerosiHsi yueHble aOCOJIIOTHO YBEPEHBI, YTO IMEPBbHIC
JKUBBIE OpPraHU3Mbl BO3HUKJIM B INEPBUYHOM OKEaHE, TaK YTO BOJA — 3TO IO CYIIECTBY
papoaUTeNbHULIA BCero kuBoro. MIMeHHo B Bojae ObUIa 3amMcaHa MOCIEIOBATEIbHOCTD
pa3BUTHUS, TJ€ KaKIbIH BHJ OKUBBIX OPraHM3MOB, OT THpocTeHIuX OakTepuil 10
MJIEKOITUTAIOLIUX JOCTUTall CBOETO COBEPILICHCTBA.

YacTo yTBEp)KIAIOT, YTO JKM3Hb Ha 3emie OOYyCIaBIMBAETCS aHOMAJIbHBIMU
cBoiictBamu Bozbl. Eciu Obl Boja Obula «HOPMAaJbHOW» KMJKOCTHIO, Hallla IUIaHEeTa, ObITh
MOXET, JI0 CUX MOp OCTaBajlach Obl MEPTBBHIM KOCMHYECKHUM TelloM. Bce, Tak HazbIBaeMsble,
AQHOMAJIMK BOJbl UMEIOT OTPOMHOE 3HAYCHME U Ba)KHEHIIUX MPUPOAHBIX MPOLECCOB, IS
nojjepxanusi ku3Hu Ha 3emse. [loBenenuwe Boabl (B 3aBHCMMOCTH OT HM3MEHEHUS
TEeMITEPaTyphl, AABJICHUS M JAPYTUX (HaKTOPOB) CYLIECTBEHHO OTIUYAIOTCS OT IOBEICHHUS Y
MOJIABJISIIONIEr0 OOJBIIMHCTBA APYIHX JKUAKOCTEH, y KOTOPBIX 3TO IMOBEIEHHE CXOXKUE U
MOTYT OBITh OOBSICHEHBl HCXOAS M3 caMbIX oOmMX ¢uzndeckux npuHuunoB. Ilocie
MHOTOYHUCIICHHBIX YCIIEXOB B M3Yy4EHUHU (DU3MKO-XUMHUECKUX CBOMCTB BOJbI B MOCIEIHHE
roJibl, BPSA JIM MOXKHO YTBEPXKIaTh, YTO CBOMCTBAa 3TOr0 IPOCTOTO U B TO XK€ BpeMs
HEOOBIYHOTO BEIIECTBA JI0 KOHIIA MOHATHI U MPOrHo3upyembl. Korma roBopsT o cBoicTBax
BOJIbI, TO IOJIPa3yMEBAIOT COBOKYIMHOCTh (DPM3NYECKUX, XUMUUYECKUX, (PU3HUKO —XUMHUYECKUX,
OMOXMMUYECKUX U JPYTrHUX CBOWCTB BOJbl. HeoObIuHbIE (hPHU3NKO-XUMHUECKUE CBOMCTBA BOJIbI
00yCJI0BIIEHBI €€ CIOCOOHOCTBIO Y4aCTBOBAaTh B 00pa30BaHUH BOJIOPOIHBIX CBSI3EH.

Ha ceroans usBecTHbl 0KoJI0 48 aHomanuii B moBeaeHUH BOAbl. OnHA W3 aHOMAJHMA
BOJBI —3TO HaOdIofaemMas TeMIepaTypHas 3aBHCUMOCTb IUIOTHOCTH Boabl. IlimoTHOCTH
OOJIBIIMHCTBA >KUJIKOCTEH, KPUCTAUIOB M Ta30B NP HArpeBaHUM YMEHBIIAETCS, a Hpu
OXJIAXK/IEHUM YBEJIMYMBAETCS, BIUIOTh 10 Mpollecca KOHACHCALMM WM KPUCTALIM3ALMH.
[TnotHOCTH BOnBI mpH oxnaxaeHuu oT 100 no 3,98°C BospacraeT, Kak M y I0JABISIOIIETO
OospIMHCTBA JkuAKOCcTeH. Ho, JOCTMrHYB MakCHUMalbHOTO 3HAYEHHUs INPH TeMIepaType
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3,98°C, oHa npu AanbHEHINEM OXJIXICHUH BOJbI HaUnHAaeT yMmeHbmarbes (puc.l). Apyrumu
CJIOBaMH, MaKCUMaJIbHAsI TIFIOTHOCTH BOJIBI HaOM0qaeTcs npu remmeparype 3,98°C.
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Puc 1. TemnepaTypHad 3aBHCHMOCTE IIGTHOCTH EOIE

3amep3aHue BOJABI COMPOBOXKIAETCS CKAYKOOOpPA3HBIM YMEHBIICHHEM IUIOTHOCTH Ha
9%, Torna kak y OOJNBIIMHCTBA JIPYTUX BEIIECTB MPOLECC KPUCTAITU3ALUHN COTPOBOXKIACTCS
YBEIIMYCHUEM IUIOTHOCTU. B CBSI3M ¢ STUMU JIEN 3aHUMaeT OOJBIION O00BEM, YeM KHUAKAs
BOJIa, U JICPKUTCS HA €€ TIOBEPXHOCTH.

Cronb HEOOBIYHOE TOBEIEHWE IUIOTHOCTH BOJABI KpallHEe BaKHO IJISl TMOJJIEP>KaHUS
®HU3HU Ha 3emie. MakcumalbHas MIOTHOCTh BoAbl mpu 3,98°C u HU3Kas IUIOTHOCTH U
TEIIONPOBOHOCTh JIbJIa IPUBOJISAT K TOMY, UYTO 3aMep3aHHUE PEK, 03ep, MOpEH M OKEaHOB
MIPOUCXOUT CBEPXY BHH3, UTO U30JIMPYET BOIY OT JajbHeiero npomep3anus. Eciu Obl e
ObUT TsDKENee BOJbBI, BOJOEMBI Ha4yamu Obl MPOMEP3aTh CO JIHA, MPEBPAIAsiCh B TUTAaHTCKUE
TIeISTHBIE TIIBIOBI, B KOTOPBIX HABCETIa UCYe3Jia ObI JKU3Hb.
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Puc 2 TeumneparvpHad saBHCHEMOCTE
CEHMAEMOCTH BEOLEL

Bona o6nagaer HeoObyHO cnaboit cxxumaemocThio. Ha puc.2 mpencraBieHa
TeMIepaTypHas 3aBUCUMOCTh CKMMAaeMOCTH BoAbl. Kak BHUJIHO U3 pUCYHKA, B OTIMYHE OT
JPYTUX KUAKOCTEH, Ha 3TON 3aBUCIMOCTH HAOJIOIAeTCS MUHUMYM CXXUMaeMocTH. J{7s Bcex
W3YYEHHBIX KHUIKOCTEH, 3a HCKIIOUYEHHEM BOJbI, CKMMAEMOCTH YBEIWYUBAIOTCS MpU
MOBBIIICHUU TeMreparypbl. OCOOEHHOCTH CTPYKTYpPbl BOIbI, CBSI3aHHBIE C HaJIHYUEM
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BOJIOPO/IHBIX CBSI3€H, 00yCIaBIMBAIOT MPEICTABICHHYIO HA PUC.2 3aBUCUMOCTh C)KUMAeMOCTH
oT Temmneparypsl. [Ipy MOBBIICHUH TEMIIEpaTypbl BOAOPOIHBIE CBS3M Pa3pyIIAIOTCS U
3aMOJIHAIOTCSL IMYCTOThHI, KaK MpearojaraeTcs B JBYXCTPYKTypHOH wmoxenu. Ilpu sTom
MPOUCXOUT YINIOTHEHUE 00beMa, TeM CaMbIM 3aTpyIHAETCS mpoliecc cxaTust Bojsl. Ilocie
onpeneneHHol temmepatypsl (65-70°C) Boma Bemer ceOs Kak OOBIYHBIC >KHIKOCTH, T.C.
CKUMAEMOCTh YBEITMUMBACTCS C YBEITMUCHHEM TEMIIEPATYPHI.

Bona oOmagaer caMblM BBICOKMM TIOBEPXHOCTHBIM HATSDKEHHEM CPEIH  BCeX
M3BECTHBIX JKHKOCTEHl (32 HCKIoueHneM pryti) —72,86-10°H/m (mpubnusurensro 73mH/m).
OTa aHOMaJHs BOJBI U €€ CIIOCOOHOCTh K CMAUMBAHUIO, T.€. KIPUIUNAHUIO» K TOBEPXHOCTH
MHOTHX TBEpIBIX TeJ, 00yCIaBIMBAIOT TaK Ha3blBaeMblC KANMUIIPHBIC SBICHUS —TIOJbEM
BOJbl Ha 3HAUYUTENIBHYIO BBICOTY HO TOHYAHIIUM TpyOoukam —kKamwuisipam. dusnyeckue
CBOMCTBA BOJBI, HAXOJAIIMECS B KamWUIIPaX, HACTOJBKO OTJIMYAIOTCS OT CBOMCTB
OOBIKHOBEHHOIH BOJIbl, YTO HEKOTOPHIC YU€HbIE KANMUIIPHYIO BOJAY CUUTAIOT YETBEPTHIM
COCTOSIHUEM BOJbl. B "acTHOCTH, IpU OXJIaXAEHUH KaMWUIIPHOW BOJBI O TEMIEpaTyphl -
30°C oHa He 3amMep3aeT, a JHIIb CTAHOBUTCS Bs3KOW. MakcuMaibHas TNIOTHOCTh TaKOW BOJIBI
cmentaercs ¢ +4°C B 061acTh MHUHYCOBBIX Temrieparyp. Haxe mpu oxnaxaeHuu o -70°C
KalWUIsIpHAsk BOJA HE KPUCTAUIM3UPYETCs; OHA MEPEXOUT B CTEKI000pa3zHoe cocTosiHue. C
MOBBIIIEHUEM TEMIIEPATypPhl BOJbl YMEHBIIAETCS MOBEPXHOCTHOE HATSXKEHHE BOJIBI.

Kak M3BecCTHO, CKOpPOCTh PaclpOCTpaHEHMs YIBTPa3BYKOBBIX BOJIH B JKHUIKOCTSX C

/ 1
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p an p uz
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\

cienyromeM Bujae: [ = Ladv
A YTOIT Hc. p = VP

C noBBIIIEHMEM TEMIEPATypbl CKOPOCTh 3BYKa B BOJIE YBEJIMYMBAETCS M JOCTUTACT
CBOEro Makcumyma mnpu temneparype 73°C, 3aTeM CHOBa yMeHbIIaeTcs. TemmnepaTypHas
3aBUCHUMOCTb CKOPOCTH 3BYKa ONPEAEIAETCS OT TEMIIEPATYPHOU 3aBUCUMOCTH CKMMAEMOCTH.
OTO CBSI3aHO C TEM, YTO C YBEIMUYEHUEM TEMIIEPATypbl CKUMAEMOCTb BOJbl YMEHBIIAETCA U
IIpy  TeMIeparype +67°C IIpUHMMAaeT MUHUMalbHOE 3HaueHue. ClegoBaTenbHO, C
YBEJIMYEHUEM TEMIIEpaTyphl CKOPOCTh 3BYKa B BOJAE YyBenuuuBaercsi. Bo Bcex apyrux
KHUJKOCTSIX, HA00OpOT, C YBEIMYEHUEM TEMIEpaTypbl CXKMMAaEeMOCTh PE3KO BO3PACTaeT H,

CJIEIOBATEIILHO, CKOPOCTh 3ByKa YMEHBILIACTCS.
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MADDONIN GEL HALININ BOZi XUSUSIYYOTLORI

E.D. Masimov, A.R. imamaliyev, A.H. ®mrahova
Bak: DOvlat Universiteti

Mboslumdur ki, bir sira polimer-halledici citlordan ibarat mahlullar miayyan saraitda
polimerin konsentrasiyasindan, temperaturdan va mixtlif alavalordon as:li olaraq mahlul-
gel faza kegidino moruz qalaraqg gel halina kegirlor. Bu kecidlor 6zinin spesifik
xususiyyatlari ilo maddalarin digar fiziki hallarzndan farglonirlar (histerezis, sinerezis va s.).
Gellorin  boylk totbiq sahalorinin olmasina baxmayaraq mohlul-gel faza kegidinin
molekulyar mexanizmina va gelin faza hal:na aid bir ¢ox maghur alimlarin fikirlari aksar
hallarda (st-sto dusirlor. Isda, gelin faza hal: vao kegidin mexanizmi hagg:hda elmi
adobiyyatda olan fikirlar va mialliflarin bu fikirlara minasibatlaori sarh edilmigdir.

Maddanin xususi fiziki hali kimi gobul edilon gel hali (bu hali rus elmi adobiyyatda
ham gel, hom doa studen, ingilis dilli adabiyyatda gel vo ya jel, azorbaycan dilinds isa halmasik
vo ya gel adlandmrirlar) alinmasi, formalasmas: vo muxtalif ¢evrilmalor zamani polimer
sistemlarina moxsus olan bitin ganunauygunluglara tabe olurlar. Lakin, buna baxmayaraq
polimer sistemlarinin gel hali bozi 6zlinomoxsus xususiyyatlora malikdir vo ¢ox genis totbiq
sahalori olduguna gors bu halin qurulusunu vo xassalarini xususi arasdirmaga ehtiyac vardir.
Eyni zamanda elmi odobyyatda gel halina hosr olunmus nozoriyyslor do bir-birindon
forglonirlor vo bu da polimer sistemlorinin  muxtalif cevrilmo texnologiyalarinin
tokmillosdirilmasindo miayyan problemlor yaradir.

Terminoloji anlagilmazhqglar1 aradan galdirmaq uUgin biz gel terminindon istifado
edoacoyik. Beloliklo, gel dedikda polimer mahlullarmin (bazi hallarda hatta kigik molekullu
birlosmoalor mohlullarinin) alinmasindan asili olmayaraq (geyd edok ki, gel halin1 mahlulun
temperaturunu doyismoklo vo ya mohlula mixtalif komponentlor olava etmoklo almaq olar)
moahlullarin xtsusi fiziki hali kimi gabul edacayik.

Darinliyina varmadan maddanin geli hahni asagidaki kimi xarakterizo etmok olar: gel
—ylksokelastikli donon deformasiya etmok gabiliyystino malik olan, praktiki olaragq axiciligi
olmayan kicik molekullu komponentin miqdar: Gstunlik toeskil edon goxkomponentli polimer-
Kicikmolekullu maye sistemina deyilir. Gorindiyt kimi bu torifdo sistemin (¢ osas
gOstoricalori —sistemin torkibi, komponentlorin miqgdar nisbati vo reoloji xassalor oks
olunmusdur.

Basga sozlo desok, gel halin1 polimerin kigcikmolekullu mayeds va ya mayelor
garisigindaki axiciligmi itirmis mohlulu kimi vo ya kigikmolekullu mayeds hacmca bir nego
dofa sismis vo bu mayenin ¢ox boyuk migdarda (1; 100 nisboti godor) olmasina baxmayaraq
axiciliq alds eds bilmayan polimer kimi gobul etmok olar.

Gelin yaranmasi vo strukturu hagginda mdévcud olan mixtslif hipotezlor vo
mulahizalor movcuddur, lakin geyd etmok lazimdir ki, baxmayaraq holl olan polimerla
(dispersiya olunmus faza ilo) halledicinin (dispersiya muhitilo) migdarlar1 arasindaki belo
forgin olmasina baxmayaraq sistemin axiciligini itirmasi yalniz polimer molekullar1 vo ya
onlarin agreqatlar: arasindaki ¢ox boyuk olmayan xarici tasirlorlo pozulmayan (dagilmayan)
dayamqli garsiligh tasirlorin olmast ilo izah oluna bilar.

Belo garsiligh tasirlor naticasinds sistemds ayri-ayri elementlorinin Kinetik sarbastliyi
olmayan foza topu yaranir. ©lbotts ki, belo garsiligh tasirlor axiciliga malik olan mohlullarda
da movcuddur. Lakin S.Y.Frenkelin nozoriyyssinds oldugu kimi mohlullarda belo garsiliglh
tasirlor mayenin bir tarazlhiq halindan digor tarazhq halina ke¢mosi dgiin (6zIu axin tgiin)
yalniz kicik energetik barerlor yaradir (e va donmayan deformasiya (axma) Ustlnlik toskil
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edir. Gellordo iso oksina, qarsihiqli tosirlorin - méhkomliyi noticasinde  ddénmoyan
deformasiyanin surati praktiki olaraq sifra barabor olur.

Qeyd etmok lazimdir ki, gellordo moévcud olan foza toru boyiik konsentrasiyalarda,
mohlullarda da amala golo bilar. Lakin bels foza toru gellards olan foza torundan forgli olaraq
fluktuasiya xarakteri dasiyir —istilik harakati noticosinds dagilir va yenidon yaranir. Slbatta,
muayyan soraitdo —temperaturun boyik gqiymatlorindo vo ya gelo totbig olunan bdyik
garginliklorda garsiligh tesirlor naticasinda yaranmis kontaktlar girila bilor, foza toru dagilar
va fluktuasiya xarakteri dasiyar va gel mahlul halina kegar.

Qeyd edok ki, boylk donon deformasiyalar komponentlorinin sirasinda polimer
olmayan gellorda do miisahids olunur (masalan, benzolun suda emulsiyasinda). Lakin polimer
gellorinin spesifikliyi onun 6ziinomaxsus elastiki xtsusiyystlorinin movcudlugunda olmayib,
bu xassalorin amala golma mexanizminds va bazi hallarda mahluldan gelo va geldon mohlula
donan kecid imkanlarina malik olmasindadir.

Digar torofdon daha bir spesifik cohat ondan ibarstdir ki, mayeni geldon ayirib
sonradan yaradilan kontakt naticasinds gelin barpa ola bilmasidir. Polimer gellorinin dénma
xassasi onlar1 geyri-Uzvi maddoslordon yaranan gellordan forglondiran asas xassasidir.

Gellarin klassifikasiyasi

Gellorin termoddnan va termomexaniki xassalarinin 6yranilmasi onlarin iki asas qrupa
I vo 1l n6v gellora bolinmasina gatirib ¢ixardi.

I n6v polimer gellori kimyovi rabitalorls tikilmis polimerin sismasi zamani amoalo galir.
Bu nov gellorin foza toru (karkasi) diyinlor (kimyavi tikis noqtolori) arasinda yerloson
makromolekulun hissalarindan toskil olunmusdur. Makromolekullar arasinda kimyavi
rabitolorin olmasi sistemin axmasina mane olur, makromolekullarin diyinlor arasindaki
yerloson statistik yumaqlarin konformasiya cevikliyi isa sistemin yiksok elastikliyini tomin
edir. 1 nov gellori gizdirdigda kimyavi rabitalor (Kicik temperaturlarda) qurilmir vo bu ndv
gellor he¢ bir temperaturda orimirlor. Lakin mioyyan temperaturdan boyik temperaturlarda
sistem termik destruksiyaya moruz qalr vo butin sistem dagilir. I ndv gellor bazon
termoddnmayan gellor adlanirlar.

Il nov gellor homogen polimer mohlul geterogen hala kegdikds, yoni iki fazaya
ayrildigda yaranir. Bu név gellords foza toru mixtslif tabiotli molekullararasi garsiligl tosirlor
(kimyavi olmayan) naticoasindo amola golir. Mlayyan soraitdo bu ndv sistem dayanigl olur.
Lakin sorait doyisdikdo sistem dagilarag homogen sistemo cevrilir. Sistemi ovvalki
vaziyyatina qaytardiqda o yenidan gel halina kegir, yani bu ndv gellor termoddnon olurlar.

I1 ndv gelin amala galmasi — homogen mahlulun heterogen ikifazaya ayrilmasi zamani
osas Ozok faza polimerlo zangin (belo demok mumkindirss suyun polimerds mahlulu) tor
faza olur vo onun daxilinds yerlogsmis su ilo zongin (polimerin suda duru mahlulu) faza
yerlogir. Bu cir fazalaraayrilma tam olmur, yani makroayrilma bas vermir. ©ksor hallarda
makromolekulun fragmentlarinin Kinetik ¢atinliklori makroayrilmaga imkan vermir vo sistem
gel halina kegir. Belo geyri-tarazhq sistem tarazhiga goalorso (¢ox boyiik relaksasiya muddati
ilo) tam ikifazali sistemo cevrilor. Bu monada mahitin halletmo gabiliyystinin azalmasi (bu
azalma muxtoalif sobablordon do bas vers bilor) hesabina yaranan bu tam olmayan ayrilma
sistemin gel hali kimi gobul oluna bilar. Lakin deyilonlori nozaro almagla Il nov gellors
ikifazali sistem kimi baxmagq olar. Polimer fazasinin elementlorinin elastiki ayilmasi sistemin
yuksokelastiklik xassasini, bu elementlorin kigik galinligda olmasi iss fazalar sarhaddine bark
cisim xassasi verarak gelin axiciliginin olmamasini tomin edir.

Gellordo bas veron temperaturdan vo konsentrasiyadan asili faza gevrilmalorini ayani
gormok Gctn Il nov gellorin hal diagrammi nozardon kegirok. Yuxari kritik ayrilma
temperaturu (Ty) olan sistemlor tgtin (YKAT) temperaturun artmasi (sistemin gizmasi)
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zaman:t gelin dagilmas: (orimosi) bas wverir. Sokil 1-do temperatur —konsentrasiya
koordinatlarinda sistem soyuduqda T,-dan T;-o gador) polimerin homogen mohlulunun gel
halina kegmasini, yani sistemin heterogen hala ke¢masini gérmok olar.

a) T b) T

A A
EO S mohlul

Tkr -------- I

Pl

T |

! mohlul
. C c, C _C c

Sokil 1.

Qeyd edok ki, 1 nov gellordo kritik nogtasi misahide olunmur. YKAT-dan asagi
temperaturlarda (sistemin geyri-stabil halinda) sistem iki fazaya ayrilir. T, temperaturunda
birinci fazada —polimerin asasan asagi molekul ¢akili fraksiyalarinin suda duru mohlulunun
konsentrasiyasi Ci', ikinci fazada —polimerlo zongin fazada iss C;" olur. Polimer
mohlullarmin fazalara ayrilmas: (gelomologalmo) prosesinin Kinetikasmin Xxisusiyyastlori
sistemin donon deformasiyasini tamin edan ikinci fazanin yaranmasina gatirib ¢ixarir. (Sakil
1b asag kritik ayrilma temperaturuna (AKFT) malik olan sistemin hal diagramidir).

Bu deformasiyanin giymati fozalarin hacmlori nisbatlari ilo miiayyan olunur. Sistemi
quzdirdiqda ikinci fazada polimerin miayyan konsentrasiyasindan baslayaraq axiciligi elo
yuksok saviyyayo catir ki, bu da gelin dénmoz dagilmasi ilo naticolonir (bu halda sistemin
ikifazali hahnda galmas: mimkindur). Sistemin komponentlorinin uyusmaglarinin onun
dagilmasina gotiron hal (sistemin temperaturu) adston gelin orimo temperaturuna identik
gotaralur. Lakin s6ziin asl monasinda bu temperaturlar Gst-Usto dismdr, ¢linki gelin arima
temperaturu —muxtalif metodlarla (mas., kiraciyin sistemds harakati va S.) toyin edilir.

Gellarda sinerezis hadisasi

Mayenin geldon onun Umumi formasinin saxlanilarag hondasi Olctlorinin azalmasi
(kicilmasi) vo ya dagilmas: ilo misaiyyst olunan ayrilmas: prosesino sinerezis deyilir.
Sinerezis naticasindoa ayrilan mayenin torkibini arasdirmadan geyd edok ki, bu proses bozi
hallarda musahido olunur va gelin ahnma (formalasdirilmasi) Gsulundan asilidir. Masalon,
polimerin sigsmasi noticasinds alinan gellords (I nOv gellar) sabit temperaturda vo tozyiqdo,
otraf mahitin torkibi doyismodikdo vo sistemdo he¢ bir kimyavi dayisikliklor olmadigda
sinerezis misahida olunmur. 11 ndv gellords isa (polimer mohlulunu soyutduqda vo ya bir sira
hallarda qizdirdigda) mohlula pis holledici olave etdikdo vo zaman kegdikco kimyovi
dayisikliklor bas verdikds Kigik suratli olsa da sinerezis bas verir. Qati polimer mohlullar: gel
halina gotirildikdo sineretik mayenin xarico ayrilmas: (sinerezis) oksor hallarda musahida
olunmur, maye mikrooblastlarda uzun muddat gala bilir, ¢inki onun ayrilmas: Ggtin lazim olan
acig kapilyar kanallar sistemi yaranmir, yoani gel dagilmir. Sinerezisin olmamasi polimerlos
holledici arasinda Ozlinemoxsus tarazligin yaranmas: kimi gabul olunur. Bu isa polimerlos
holledici arasinda mioyyoan doracods garsiligh tasirin (solvatlasmanin) olmasindan xabar
verir. Misal olaraqg, jelatinin su ilo solvatlasmasini gdstarmok olar. Mioayyan edilmisdir ki,
jelatin su ilo solvatlasmasi, yoani solvatasiya doracali 10-a borabordir vo buna goro jelatinin
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10%-li suda mahlulu sinerezisin yaranmasi t¢in kritik konsentrasiya kimi gabul olunur, yani
Ckr.>10% -li mohlulun sinerezis bas vermir. Qeyd etmok lazimdir ki, solvatasiya, solvatasiya
adadi dedikds polimerls energetik olan six bagli mayenin miqdar: gotaralir vo
N 100-v (1)
C
disturu ilo hesablanir. Burada v - sinerezis naticasinds ayrilan mayenin (suyun) g/100q —larla
ifado olunan hacmi, C —polimerin konsentrasiyasidir. Belaliklo, gellori sinereziss maruz
galmasi vo galmamasi onlarin tasnifatinda bir sira digar xassalori ilo birlikds istifads oluna
bilor. Daha bir vacib magami geyd etmok lazimdir ki, sinereziso maruz galmayan gellorda
sinerezis prosesinin misahido olunmas: tarazlig hahinda olan gellordo olava kimyavi
cevrilmolarin bas vermoasi ilo alagodardir.

I nov gellords, yoni holledici muhitinde makromolekullarin bir-birina  kimyavi
baglanaraq foza toru amolo gatirdiklori gellords enina rabitslorin sixligindan va halledicinin
aktivliyindon asili olaraq omolo golmis gelin sismo dorocosi tarazhig giymatindon Kigik
oldugda gel slave sismoya moruz qgalir, boyik olduqgda iso halledicinin artiq hissasi geldan
ayrilir, yani sinerezis prosesi bas verir. Bu proseslarin har ikisi sismo daracasinin tarazhq
daracasinin eyni giymatina gatirib gixarir.

Kimyavi rabitalorlo baglanmis polimeri, tor strukturlu polimeri (TSP) holledici ilo
kontakta gotirdikde onun hacmi artir (sisir) vo bu proses sarbast enerjinin (izoxor izotermik
enerjinin) doyismosi dayanana godor, yani onun doyismasi sifra barabar olana godor davam
edir. Kimyavi rabitalorlo tikilmamis polimerlords holledici ilo garsiligh tesir naticasindo
moahlulun sonsuz durulasmas: bas verdiyi halda (bu, sarbast enerjinin azalmasini tomin edon
entropiya artimi hesabina olur), tor strukturlu polimer sisdikco (zoncirlorin agildiqca) eyni
zamanda molekul zoncirinin monomerlorinin ixtiyari garsiligh yerlosmo imkanlari ehtimalinin
azalmasi hesabina entropiya azalir (sarbast enerji artir). Bu iso 6z ndvbasindo komponentlorin
garismasina mane olur vo sismonin mioyyan giymatinds sistem tarazliga golir, yani sorbost
enerjinin komponentlori — hollolma sorbast enerjisinin vo elastiki deformasiya sorbast
enerjilarinin doyismalori bir-birinin kompensos edir:

AGpo +AGg =0 (1)

Tor strukturu olmayan polimerlords (II nov gellori omolo gotiron polimerlorda)
sistemin ayrildig1 fazalarin biri polimerin holledicido duru mohlulu oldugu halda (bazi
hallarda bu fazada konsentrasiya boyuk giymatlords ola bilar), tor strukturlu polimerlards bu
faza tarazhig halina gador sismis polimerin (izarindo olan praktiki olaraq tomiz halledicidon
ibarat olur. Lakin tikis doracoasi kicik oldugda polimer zancirlorinin miiayyan, bozon boyuk
hissasi sarbast olurlar (bir —birina tikilmomis). Bu zaman sismo doracasini tayin etmok ¢atin
olur. Belo halda, sismo doaracasinin zamandan asili olaraq azalmas: mimkindir. Bu polimerin
sorbast, bagli olmayan fraksiyalarmin geldon «yuyulmasi» (sismonin bosalma mohz sinerezis
adlandirilir. Sinerezis hadisasi — mayenin sismis polimerdon ayrilmas: bir ¢ox sobablordan
yarana bilor.

Il n6v gellordo birfazali (homogen) moahlulun parametrlorini doyismoklo alinan
gellords fazalarin ruseymlorin omolo golmasi vo inkisafi iki variantda bas vera bilir. Birinci
variantda polimerin konsentrasiyas: clzi olan fazanin ruseymlorinin omalo galmosi va
inkisafi, ikinci variantda iso polimerin konsentrasiyas: ¢gox boyuk olan fazanin amolo golmasi
vo inkisafi Ustunlik toskil edir. Birinci halda praktiki olaraq hslledicidon ibarat birinci
fazanin Ustun inkisafi naticosindo qeyri —tarazligda olan mohlulda halledicinin migdar:
azalacaq (mahlul hollediciya nozoron «kasiblayacag»). Uygun olaraq geyri-tarazhigda olan
mohlulun polimers goro konsentrasiyas: artacaq veo torkibina gors ikinci fazaya (polimerls
zoncin fazaya) yaxinlagsmacaq. Belsliklo, prosesin axirinda bir-biri ilo tarazhqda olan iki faza
yaranacaqdir. Termodinamik ndgteyi-nazordon sistemin necs tarazlhiga golmosi bir o gqodor do
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vacib olmadig: halda, fiziki forma nogteyi-nazordon bu sistemi tarazliga hansi yolla golmasi
ohomiyyat kosb edir. Belo sistem fiziki formaca kicik konsentrasiyali fazanin yiksak
konsentrasiyasi fazadaki emilsiyasini xatirladur.

Y uksakkonsentrasiyali fazanin 6zlultyu ¢ox boyik oldugundan kicik konsentrasiyal:
fazanin hissociklorinin yerdayismasi, gorlismasi va birlosmasi praktiki olaraq mimkin olmur.
Ancaq ilkin mohlulun kicgik konsentrasiyalarinda, mahlulun pargalanmasi zamani amals golon
polimerla zangin fazanin hacmi kifayst godor kigik oldugda matrisanin mexaniki dagilmas:
bas verir vo bu zaman bu matrisaya daxil olan birinci fazanin hissaciklori birlosorak butov
laya cevrilirlor. Matrisanin bels dagilmasi va birinci fazanin ayrilmasi, yani tomiz halledicinin
va ya polimerin ¢ox duru mohlulunun ayrilmas: moahz sinerezis hadisasini xarakterizo edir.

IIkin mahlulun boyiik konsentrasiyalarinda ikinci fazanin hacmi dayanigqlh matrisin
yaranmasina sabab olur va bu halda sinerezis hadisasi ya bas vermir, ya da ¢ox zaif olur.
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JA3EPHBIHN ONITO-AKYCTUYECKHA METO/] UCCJEIOBAHUS
HEKOTOPBIX ®PU3NYECKUX TAPAMETPOB HE®THU U HE®TEINTPOAYKTOB

M.A. Mycaes, P.A. Axmenos, X.0. Cagur, 1.H. A60acoB
Aszepbaiioscanckas I'ocyoapcmeennas Hegpmanas Axademus,
ihm@adna.baku.az

IIpeonooicen u HIKCNEPUMEHMATLHO Pearu308aH Memoo, NO3GOIOUUL OOHOBPEMEHHO
onpedenum  Kodpuyuenm nocioweHus ceema U CKOpocmv 36yKa 6 Hedpmu U
Hegpmenpooykmax. IlpednodcenHbiM MemoOoM NPOBEOeHbl UBMEPEHUS DMUX BETUYUH 8
PA3TUYHBIX HemsxX, a makdice, onpeoeieHvl memnepamyphvie KOIpduyuenmsl cKopocmu
38YKA U CMOJUCOCTb.

Baxuelmumu — Qu3MuecKUMH — TapaMeTpaMu  He(TH  SABISAIOTCA  CKOPOCTb
pacrpocTpaHeHus 3ByKa U KOA((UIIMEHT MOIJIOMIEHUS CBETa B HUX. DKCIEPHUMEHTAIbHOE
OIIpeieIeHue CKOPOCTH 3ByKa HapsAy C U3ydEHHEM JAPYIHX MapaMeTpoB CPEeAbl MO3BOJSET C
HEOOXOMMOM TOYHOCTBIO PACCUMTATh TAaKUE BAXKHBIC XapaKTEPUCTUKH BEIIECTBA, Kak
CKUMAaeMOCTh U TemoeMKocTb[1l]. A koadduimeHT moOrmomeHus cBera sBISETCS
€IMHCTBEHHBIM MapaMeTpoOM, KOTOPBIA € JOCTATOUYHOM TOYHOCTBHIO XapaKTEpPHU3yeT KauecTBa
Hedtu [2].

CymiecTBylomuye TpaJuIIMOHHBIE METOAbI U3MEPEHUsI CKOPOCTH 3BYKa, KaK IMpPSMBIE,
TaK ¥ KOCBEHHBIE SIBJISIOTCS CIIOKHBIMU.

B nmanHOi paboTe MpeUIOKEH W OKCIEPUMEHTAIBHO  PEaIM30BaH  METOJ
OJIHOBPEMEHHOTO ONPEAEICHUS 3THX JABYX BaXXHBIX IIApaMeTPOB B HEYTH U HEPTEIPOAYKTAX.
CyTp JaHHOTO MeTOJa 3aKirodaeTcss B cieayronieM. Kornma cuibHOIOIIOMIAONas cpena
00iydaeTcss KOPOTKHM JIa3epHBIM HMITYIbcoM (7,<< (aC,) ™, 7, ~AJIUTEIBHOCTh HMITYJIbCa

Ja3€pHOT0 U3IydeHUs, o —KOo3(P(UIMEHT NOIIOLUIEHHUs J1a3epHOr0 M3IIydeHUs B cpene, C,
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—CKOPOCTh PACIpPOCTPAHCHUS CBETa B CPEJie) HATPEB CPEIbl MOKHO MPAKTHUYCCKU CUUTATH
MTrHOBEHHBIM. Tora u3MeHeHne TeMIepaTypbl CPe/ibl OMUCHIBAECTCS BIPAKECHUEM

T =% exp(—az)

0%p
3a BpeMs ,IIGﬁCTBI/ISI JIA3CPHOIo  HMITYyJIbCa TINIOTHOCTHL CPEAbl HC YCIICBACT
CYIIECCTBCHHO HU3MCHATCA, a4 3a CUCT HCOAHOPOJHOI'O TCMIICPATYPHOTO IOJIA CO3AACTCA IMOJIA
MCXAaHUYCCKOIo HalpsKCHUA. Bblpa)KeHI/Ie npupamcHuda JaBJICHUA p' MOXET OBITh

npezcTaBicHo B Buje [3]
2 2
P'=P—Py=C0 +Cp BT
31ech p,—paBHOBECHasl IUIOTHOCTh Cpefbl, P'=p— P, —IpUpalieHHe IUIOTHOCTH,

1(o0 o
T'=T-T, —npupaiieHue Temreparypsl u f§=—— @ —TeMIepaTypHbId KOA(PPUIIHEHT
p\oT ),
OOBEMHOTO pAaCHIMPEHHs CpPEeHbl, C,- YAETbHas TEIIOEMKOCTh Cpeabl NPH MOCTOSIHHOM
JaBIeHUM. B JaHHOM clTydae MOKHO CUMTaTh, 4To p' =0, mostomy p'=c:p,BT'.

ITons MEXaHMYECKOI0 HAIPSLKEHHS B CBOKO OYEPElb, CO3AACT aKyCTUYECKUE BOJIHBI,
KOTOPBIE pACIIPOCTPAHSIOTCS OT 30HBI TEIUIOBBIIEICHUS. DTH HAIIPSHKEHUSI paCIPOCTPAHAETCS
MOPOBHY MEXIy BOJHOW YyoOeratomieii ot rpanumnbsl Z=0, u BomHON Oerymei mo
HaNpaBJICHUIO K TpaHuIe. BHe o0macTu TEIUIOBBIIENEHUS CYIIECTBYET JIHMIIb BOJIHA,
pacrpocTpaHsIoNIecs OT rpaHullbl B IIyOb morjomiaomneii cpeasl. Ee BpemenHo# npoduib
dbopMupyeTcss Kak MpsSMON BOJHOW, TaK W BOJHOW pPACTIPOCTPAHSIOMICHCS K TPAHHIEC U

oTpaxaromierics ot Hee. [lockoibKy mnepenHuii QpoHT wummyibca (7=t L 0)
0

(bopMupyeTcst PsIMOii BOJTHO#, KOTOpasi paclipoOCTPAHACTCS Cpa3y OT IPAHUIIBI, €ro IPODHUITH
HOBTOPSICT MPOCTPAHCTBEHHOE pACIPEACICHHE HCTOYHHMKOB HampspkeHus. s OHOHO-
norjomaronmx  cpex (o =const) mepenHuii  GpoHT  UMeEET  YHHBEPCAIBHYIO
sKCHOHeHIMaIbHyo hopmy p'(r < 0) ~ exp(ac,r) [4].

ITo popme aKyCTUIECKOTO CHrHAIIA U3MEPSEMOM B TIIyOUHE Z JIETKO MOXHO ONPEICTUTh
BPEMsI paclpOCTPAHCHHSI aKyCTUYICCKOW BOJHBI OT MIOBEPXHOCTH JI0 TAHHOW TOYKU CPEMbI T .
CrienoBaTebHO, 3Hasl TOJIMHY CIIOS Z JIETKO OIMPEIEIUTh CKOPOCTh PACIIPOCTPAHEHHS 3ByKa

z
B Cpeac, Kak V=— . HpI/IHI/IMaH BO BHHUMAHHEC TO, 4YTO AJIA
T

OJTHOPOJIHOM KHMJKOCTH TEOPETHYECKH paccyMTaHHas (opma
TEPMOAKYCTHUECKOTO HMMITYJIbCA CHKATHS HMEET MPOCTOM BH]I
p’(t<0)~exp(oc,t), cTpos 3aBUCUMOCTb aMILTHTYIbI (HPOHTA

7

N
1%
\
\
\

4

7229

2

UMIIyJIbCa OT BPEMEHHU B IOyJIorapupmMuuecKkoMmaciurade, mo
HAKJIOHY MpsIMOH MOXET OBbITh ompeneneH Kod(hQUIMEHT
TIOTJIOIIEHUS CBETA.

['eneparus akyCTUYECKHX BOJH B MCCIEIYEMBIX Cpeax
OCYIIECTBIISUIACH 110 TPAIUIIMOHHON CXeMe 3KcrepuMeHTa [5].
VICTOYHMKOM ONTHYECKOTO H3IYUYEHHs CIYXHJI HUMITYJIbCHBIH
nasep, paboTaromuii Ha AmuHe BoyiHbl 1,06 MxkM. JlnuTensHOCTD
Y DHEprus uMIyiabca cocrapiser ~20Hc u ~SMJIX, COOTBETCTBEHHO.

Jlazep pabGotan B UMITyIbCHO-TIOBTOPSIOIMIEMCS pexuMe ¢ dvactoTod ~1Im.
HecdokycupoBaHHBIM IMy4OK JIa3€pPHOTO U3JIyYEHHUs JAUAMETPOM ~OMM BEpPTHKAJIBLHO
HaINpaBJUICS HA KIOBET C UCCIETYyEeMOM )KHUIKOCTHIO.

.

2
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Jlnst uccnenoBaHus TeMIepaTypHOI 3aBUCHMOCTH M3MEPSIEMbIX BETMYMH pa3zpadoTaHa
CIellMalibHas KIOBETa, CXeMa KOTOpoi npuBesneHa Ha puc.l. KroBeta n3rorosieHa u3 JaTyHH.
Ha napyxHO# moBepxHOCTH uMeeTcs OypTHKU 1 Ui MpHUKpEIUIeHusT pyOamku JUisl TepMo-
crarupoBanus. K OkHy Ha JHE KIOBETHl NMPHUKICHUBATACH 3a/leMII(UPOBAHHAs TUIACTUHA 3 U3
Heo0aTa —JIUTHA, KOTOPasi CIIYXKHJIa IPUEMHHKOM aKyCTHYECKOTO CUTHAJIA.

InP,
OTH.6[H.
5

+ f f } + —>
02 04 06 08 10 12 ke

Puc. 2

JUis U3MEpEeHHsl CKOPOCTH 3ByKa IPO3pauHbIX CpeAax, II€ MPAaKTHYECKU JIA3€pHOE
U3JIy4EHHUE HE MOTJIOLAETCS U FeHEepalis aKyCTUYECKUX BOJIH B CAMOM CpeJie HE POUCXOIUT,
Ha MOBEPXHOCTH CpeJl pa3MeIlaeTcsi TOHKUNA cloi 4 BOJHOTO pacTBOpa XJIOPHOM Menu. ITOT
CIIOH, TONIIMHA KOTOPOro cocTaBisgeT He Oosee ~1,5MM HaxoAuTCs B XOpOIIEM
aKyCTHYECKOM KOHTaKTe C UCCIeyeMOll cpe/ioi 5 U urpaer poJib akyCTHUYECKOTO reHepaTopa.
Hx pa3penser ToHKas TeduioHOBas IuieHKa 6. CBepxy ciosi pacTBopa XJOpPHOH Meau
IIOCTABJIEHA CTEKJIIHHAas IUIACTHHA, KOTOpas Ipo3payHa Uil JIA3€pHOTO H3IIydeHHUS.
W3mepeHus: mokasanu, 4To KO3(QQUUUEHT MOIJIOUIeHHs JIAa3epHOT0 HM3JIy4eHHs B pacTBOpe
CuCl, cocrasnsier ~ 50cm™. JlazepHoe HM3ITyueHUE TIPAKTUYECKU TIONHOCTHIO TIOTJIONIAETCS B

pacTBOpe XJIODHOW MEOU M BBI3BIBAET aKyCTHYECKHE BOJHBI, KOTOPHIE B CBOIO OYepe/b B
JabHEMIIeM pacpoCTPaHSIOTCS B HCCIIEeyeMO cpefie.

HccnenoBanus MpoBOAMINCH B HEYTH U B pasNMUHBIX HEPTEMPOAYKTaX M3 pa3HbIX
MectopoxxaeHnii. Ha puc. 2 mpuBeleH XapakTepHbIH IpaduK 3aBHCHUMOCTH JIABJICHUS Ha
(bpoHTE aKyCTMYECKOrO CHUTHAJla OT BPEMEHU B moiynorapupmuueckoM Mmacmrade. Kak u
clieloBao Obl OKUAATh, 3aBUCUMOCTh UMEET JMHEHHBIN xapaktep. s HedTu ¢ Goibium
KO3 PUIHEHTOM HOTJIOMEHHUS (PPOHTHI AaKyCTUUYECKUX CUTHAJIOB SBIISIOTCS Oo0Jiee KPYThIMH,
Y HAaKJIOH B MOJyJIoTapupMHUyeckoM MaciTabe uMeeT OOJIbIINKA HAKIIOH, COOTBETCTBEHHO.

B Tabnuue npuBeneHbl pe3yabTaThl U3MEPEHUN MO YKAa3aHHOM METOJMKE CKOPOCTH
3BYKa Co U Ko3(pduimenta nornomeHus ceera « . TOUHOCTh U3MEPEHHs] CKOPOCTH 3BYKa HE
npeBblnaga ~5% W B OCHOBHOM OMNpEAEIsIIaCh TOYHOCTBIO ONPEAETICHUS TOJIIUHY
HCCIIEIyeMOTO CIIOSl. A TOYHOCTH OTpeAeieHuss KodppHIMeHTa MOrIoIIeHus cBeTa Obliia He
xyxe ~10%.

Ne-o6pasma co-10°, m/cex OL,CM'1
1 1,46 1,3
1,55 2,8
3 1,45 24,8
4 1,47 25,2
5 1,60 39,3
6 1,40 315
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Jlns neptm wu3 Mectopoxknaenuii Hedranmpie Kamuu mnomyueno o [12,7 oM™
Ko3(QUIHEHT TOIIOMEHUs CMOJIBI MOJIy4eHHO# U3 3Toi HedTu cocTaBiser o (114 cm™
Takum 00pa3oM, OTBETCTBEHHBIM 3a IOTJIOIIEHHS HW3IYYEHUS HA JaHHOM JUIMHE BOJHBI
ABIISIIOTCSI CMOJIMCTBIE BemecTBa. CpaBHUBaAsA, KOA()(UIIMEHTHI MOTJIOUICHUS HEPTH U CMOJIBI
MOJIy4aeM, 4TO CMOJIMCTOCTh AaHHOW HepTH coctaBisieT ~20%, YTO XOPOIIO COrJIacyeTcs ¢
M3BECTHBIMU JIUTEPATYPHBIMU JIaHHBIMH, TOJYYEHHBIMU JPYTMMH MeTojamHu. B 3Tux
TPaJUIIMOHHBIX METOJIaX COJIEPKAHUE CMOJUCTHIX BEIIECTB OCYILECTBISCTCS BBIACICHHUEM UX
oT chIpoii HedTH. [locne 3TOro U3 COOTHOIIEHUSI MAacChl CMOJIMCTBIX BEIIECTB K Macce B3sATOU
ChIpoii He(pTH ompenenseTcs coaepkaHue TON Gpakiuu B HePTH. DTOT criocod onpeneneHus
CMOJIMCTOCTU HE(PTU TOCTATOYHO TPYJOEMKUIN U HE ONEPATUBEH.

HccnenoBanust TeMIepaTypHBIX 3aBHCHUMOCTEW IOKa3ald, YTO B HCCIEIyeMOM
TEMIEpaTYpHOM HHTepBaje KOI(PPUIMEHT TMOIIOMEHUSI HW3IYYEeHUS MPaKTHUYECKH He
MEHSIeTCs, B TO BpeMsl KaK CKOPOCTh 3ByKa BO BCEX HE(TSIX MOHOTOHHO M JOBOJILHO
CYIIECTBEHHO YOBIBa€T C YBEIUYEHUEM TeMIlepaTypsl. TemmeparypHblii Ko3((UIMEHT

. M
CKOpOCTH 3BYKa Pa3IMYHbIX HEPTe MEHseTcs B mpenenax 2—6
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KapOuoOaKmueHvlX mempanenmuonblX MONeKy1 Obliu UCCIe008aHbL C NOMOUbBIO Memooa
meopemuyecko2o KOHpoOpmayuonno2o auanusza.  Kapouoaxmuenvie mempanenmuoHvle
MOJIeKYIbl, A8I5AC, HEeUpPOnenmuoamu, OCYWeCmsaisiom KOHMpPOib HAO COKPAMUMENbHOL
OdesimenbHOCmbI0 cepoya MONnockos. Hatioenvl nuskosnepeemuueckue xougopmayuu 0ns
Kaxicool MOJNeKYbl, 3HAYeHUsT O8Y2PAHHLIX V2l08 OCHOBHOU U OOKOBbIX yenel, OyeHeHd
9Hepeus GHYMpU —U MeNCOCMAMOYHbIX  83aumoldeticmseuti. Pacuem noxazan, umo
HU3KO9HEpeemu4ecKumMu Oas  MmempanenmuoHblX MOAeKYl AGIAIOMCA C8epHymvle Hopmubl
OCHOBHOIL Yenu.

Uro MoxkeT ObITh BayKHEE 37J0POBbs UeloBeka? B HacTosiee BpemMs MHOTHE yYeHbBIE,

pabortatouue B oOnactd OuoJIOTHH, (QU3UKH, XUMHH, HHGPOPMATHKH pabOTalOT HaJ
CO3/IaHMEeM MEAUIMHCKUX IMpenapaToB Ha OCHOBE OMOJIOTMYECKH AKTHUBHBIX MENTHAHBIX
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MoJiekys. Kak u3BeCTHO, SIBJISISICH HU3KO TOKCHYHBIMH, MENTHAHBIE TpenapaTsl He 00J1aaaioT
nobouHsiMu  3¢pdexTamu. Kpome TOro, ¢ MOMOIIBIO  PETrYIATOPHBIX  MENTHIOB
OCYIIECTBISICTCS YIPaBICHUE BCEMU OMOXMMHUYECKHMHU IPOLECCAMU B JKUBOM OpPraHH3ME.
PerynsiTopHble TENTHABI SBISIOTCS KJIIOYEBBHIM 3BEHOM MEXaHU3Ma PEryisiiud (yHKITUI
YeJI0BEYECKOro opranm3ma. [l Kaxaoro opraHa HMMeEeTcs OTHeNbHble crneuuduyeckue
MENTUABL. U CEPACYHOM MBIIIIBI —KapAuonenTuIbl. CBONCTBA MENTUAOB 3aBUCST, TITaBHBIM
o0pa3oM, OT UX MEPBUYHOM CTPYKTYpbl —IIOCIEIOBATEIBHOCTH aMHUHOKUCIOT, a TaKkKe OT
CTPOCHHUSI MOJIEKYJIBI U €€ KOH(HUrypauuu B THpocTpaHcTBe. KomMuecTBO aMMHOKHCIOT B
NENTUAE MOXET CHJIBHO BapbUpOBaThCS, TNPH OITOM, HECMOTPS Ha OJUHAKOBBIH
KOJIMYECTBEHHBIM M KaYE€CTBEHHBIM COCTaB, MENTHUJIBI UMEIOT Pa3Hble CBOMCTBA. BbIACHEHHE
CTPYKTYpHO-(DYHKIIHOHAJIBHBIX CBOWCTB ATHUX MENTHIOB HMMEET OOJIbIIOE NPUKIATIHOE
3Ha4YeHUe B MenuiuHe u apmakosnoruu. KapauoakTuBHbIE TENTHIHBIE MOJIEKYIbl OTHOCSTCS
K KJIacCy peryisiTOPHBIX MENTHA0B, HEWPONENTHIOB, MOIYJIHPYIOUIMX paboOTy cepAedHO-
COCYIMCTOM CHUCTEMBI.

B Hacrosmee BpeMsi coriacHo AaHHbIM BceemupHoit Opranuszanuu  310pOBbs
CEepACYHO-COCYMCThIE 3a00JIeBaHUsA IO CBOEH paclpOCTPAaHEHHOCTH 3aHUMAIOT IEpPBOE
MECTO B MHUpE, MIOATOMY OJHON M3 aKTYaJIbHbIX MEJUIIMHCKUX MPOOJIeM SBISETCA U3ydeHUE
KapJIMOJIOTHYECKUX  paccTpoucTB. IlepcrieKTUBHBIM HANpaBJIEHUEM 3[€Chb CUHUTAeTCs
CO3/IaHUE TpenapaToB Ha OCHOBE OMOJIOTMYECKH AKTUBHBIX MENTHIHBIX Moiyiekyn. Ceidac
BE/IETCS] aKTHBHBIHN IMOMCK BEUIECTB C BBICOKMM KapMOAKTUBHBIM JICHCTBUEM.

CpaBHUTEIBHO HENAaBHO OBUIO BBIAENEHO MATh KapAMOAaKTUBHBIX mentuaoB Ocpl —
Ocp4 wu Octopus Proctolin, koTopble TOKa3alu MOJOKUTEIBHBIA WHOTPOIHBIN U
XPOHOTPOIHBINH 3(h(EeKThl Ha W30JIMPOBAaHHOM cecpeunolt cucrteme [1, 2]. Octopus Proctolin
MOKa3aJl COKpAaTUTEIbHOE BIUSHHE Ha MPSMYIO KUIIKY OCBMHUHOTA, a TaKkke BO30yXKarolee
neiictBue Ha ero cepaue. OOnamas BBICOKOH COKpPAaTUTENBHOW AaKTUBHOCTBIO, OTH
KapIUOMENTHAbl CTUMYJIHUPYIOT CEpJCUHYI0 JEATeNIbHOCTh MOJUIIOCKOB. Bce »atH
TETpaNenTUIHbIe MOJIEKYIIbI OTHOCSTCS K KJIaccy MOJIEKYNbl axuTuHA. Molekyna axuTuHa
KOHTPOJIUPYET CEPIICUHYIO NeATeNbHOCTh YIUTKH [3, 4]. OrpoMHas yIuTKa aXUTHHA — CaMBbIi
KPYIHBI  MPEACTaBUTENh CYXOMYTHBIX MOJUIIOCKOB. BbINeneHHbIE KapIuOaKTUBHBIC
TETpanenTu bl BOBJIEUEHBI B BO30YKIAIOUIUI KOHTPOJIb CEPAEYHO —COCYIAMCTOM CHCTEMBI
OCbMUHOTA, KaK HEHPONENTH B! U HEHPOTOPMOHBL.

YroObl ompeAenuTbs NPUPOAY PErYIATOPHBIX MENTHIOB U BBINOJHSAEMbIE HMHU
GbyHKIMH, HEOOXOAMMO OINPEAEIUTh NPOCTPAHCTBEHHOE CTPOCHHE M HUX CTPYKTYpPHO-
GyHKUMOHANBHYIO — opraHuzanuio. lLlenbio  gaHHOM  pa®oThl  sABISETCA  M3y4eHUE
IPOCTPAHCTBEHHOW OpraHu3alMd ¥  KOH(MOPMALMOHHBIX CBOMCTB  TeTpameNTUAHBIX
kapauoakTuBHbIX Mojiekyn Gly-Phe-Gly-Asp (Ocpl), Gly-DPhe-Gly-Asp (Ocp2), Gly-Ser-
Trp-Asp(Ocp3), Gly-DSer-Trp-Asp(Ocp4) wu  Gly-DPhe-Ala-Asp  (axutun). Dtun
KapJAMOAKTUBHbBIC TENTUABl OOHAPYXKWIH TOJOXKHUTEIbHBIM COKpAaTUTENbHBIN 3(dekT Ha
U30JIMpOBaHHOM cep/ie. CTepeon3omMepsl B MOJ0KEHUH BTOPOrO aMHUHOKHCIOTHOTO OCTaTKa
TaKkKe ObUIM M30JMPOBAHBI, OJHAKO X COKPATUTENbHAsl aKTUBHOCTh OKa3alach B JECATh pa3
MEHbIIIe COOTBETCTBYHOIIEro rentusa [5].

[ToHsATHP MEXaHU3MBI JEHUCTBUS JTUX KApJUOAKTUBHBIX TETPANEHTHIHBIX MOJEKYII
MOYKHO, €CIIM pEIINTh 3aJady HMX NPOCTPAHCTBEHHOW CTPYyKTyphl. KopoTkue nuHeiHble
HEeNTU/bl, KaK MPaBUJIO, CYIIECTBYIOT B BUJE Ha0Opa HU3KOAHEPIETUUECKUX KOH(pOpMaIIHii,
KOTOPBbIM ompezaensercs HMX AaMHUHOKUCIOTHOM MOCIEeIOBATENbHOCTBIO M CBOMCTBAMHU
pactBopuTena. buonormdyecku akThBHas KOHQOpMAIMS MENTHAHON MOJIEKYINbI, KOTOpas
peanu3yeTcss MpH  B3aUMOJCHCTBUM C  peLenTopoM, OOBIYHO BXOJUT B  Habop
HU3KOAHEPreTUUECKUX CTPYKTYp, CYIIECTBYIOIIMX B BOJAHOM pactBope. Iloatomy
NpEeACTaBIsIeT CAMOCTOSTENBHBIA MHTEPEC MCCIIEAOBAaHUE MPOCTPAHCTBEHHOTO CTPOCHUS U
KOH(OPMALMOHHBIX BO3MOXKHOCTEH KapIMOAKTUBHBIX TETPANCITH/IOB.
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Kondopmannonusie B3aMMOACUCTBHS TENTHAHBIX MOJEKYN SIBISIOTCS OCHOBOM
COBPEMEHHBIX TEOPETUYECKHUX MPEICTABICHUHI Pa3HBIX MEXaHU3MOB MX (DYHKIIMOHUPOBAHHUS.
[Tonysmnupuyeckui METOJ MOJIEKYJISIPHOU MEXaHHUKU [I03BOJISAET OLICHUTH
KOH(pOPMAllMOHHbIE ~ BO3MOXXHOCTH  MENTUAHOW  MOJeKyabl. g HaXOXICHHS
MPOCTPAHCTBEHHOTO CTPOCHUS JaHHBIX MENTHIHBIX MOJIEKYJ CIIOJIb30BAIaCh pa3paboTaHHas
HaMU KOMITBIOTEpHas mporpamma [6].

W3BecTHO, 4TO KOPOTKHE JTUHEWHBIC NENTUIBI HE UMEIOT B pacTBOPax (PUKCUPOBAHHOM
NPOCTPAHCTBEHHOW  CTPYKTYpbl. AMUHOKHCIOTHAas IIOCJIENOBATEIbHOCTh U  (DU3UKO-
XAMUYECKHE CBOWCTBA  PACTBOPUTENS  ONPEACISIOT  HAOOp  HU3KOIHEPreTHUYECKHX
KoHpOpManuid MenTUIHOW MoJieKynbl. llpu B3auMoaeHCTBMM OHMOJIOTHYECKHM AKTUBHOTO
HEeNTHJa C PELenTOpPOM MOTYT MPOUCXOIUTHh KOH(POPMALMOHHBIE U3MEHEHUS B MENTHIHON
nenu. OHu obecreunBaoT 3()(HEeKTUBHBIE B3aUMOACUCTBUS aKTUBHOTO IIEHTPA MOJIEKYINbI C
peuentopoM. buonornyecku axTHBHasg KOH(OpMAIUs NENTUIHOH MOJIEKYJbl, KOTOpas
peanu3yercss MNpH  B3aUMOJCHCTBUM C  pelenTopoM, OOBIYHO BXOIUT B  HAOOp
HU3KOAHEPreTHUECKUX CTPYKTYP, CYIIECTBYIOIIUX B BOJHOM PacTBOpPE.

JUis HaxoXJAEHUs MPOCTPAHCTBEHHOIO CTPOEHHs NENTUIOB, HAaMHU HCIOJb30BAJICH
TEOPETUUYECKUM TOAXO0/I, MO3BOJISIONIMNA PACCUUTHIBATh TPEXMEPHYIO CTPYKTYPY OMOMOJIEKYI
HCXOJS U3 M3BECTHOW aMHUHOKHMCIOTHOM mocieaoBareabHoctu [7]. Takoil moaxo mo3BoJiser
C JIOCTaTOYHOH TOYHOCTHIO KOJMYECTBEHHO OMMCATh T€OMETPHUI0 MOJIEKYJbI, ONPENEIUThH
3HA4YEeHUs JBYTPaHHBIX YIJIOB OCHOBHOW IIeMM M OOKOBBIX LEMEH MOJIEKYJBl, a TaKxKe
HHEPreTUYECKUe B3aMMOJEHCTBHS aTOMOB B 3TOM Mojekyine. CreuuanbHO BBEJICHHAs
kiaccudukanus (meiin, ¢opma OCHOBHOHN LienH, KOHPOpPMAIIKs) MO3BOJISIET YETKO Pa3AeisiTh
paccMaTpuBaeMble CTPYKTYpBI, THpeAnosiaras, 4YTo HHU3KOdHEpreThudeckas CTPYKTypa
OroMOJIeKyIbl POPMHUPYETCS U3 OTAETBHBIX CTPYKTYPHBIX OJIOKOB MEHBIIIEH UTMHBI, KOTOpPbIE
NOTOM YKJIQJBIBAIOTCSI B MPOCTPAHCTBEHHYIO CTPYKTYpy Bced MoJekynbl. Dopmbl
AMMHOKHUCIIOTHBIX OCTAaTKOB ONPEAESUIMCh HU3KOdHEpreTudeckuMu obnactsmu B, R, L u P
JBYIpPaHHBIX yIJIOB OCHOBHOW 1enmu @-y. OTcUeT JBYIpaHHBIX YIJIOB BpallleHUs
NPOM3BOAMIICS COTIIaCHO cTaHaapTHON HomeHkiarype [UPAC-1UB [8].

Pacuer BBINONHSJICA B paMKax MEXaHMYECKOM MOJENM MOJEKYJI C Y4eToM
HEBAJIEHTHBIX, AJIEKTPOCTATUYECKUX, TOPCUOHHBIX B3aUMOAECHCTBUI U SHEPTUU BOJOPOIHBIX
cBsizell. HeBaneHTHbIE B3aMMOIEHCTBHSI OLEHUBAIUCH MO MOoTeHuuany JleHnapaa-JxoHca ¢
napamerpamu Lleparu [9]. DnekrpocraTrka paccuuThIBaIach B MOHOIOJIBHOM NPUOIIKEHUN
no 3akoHy KymnoHa C wucmoib30BaHUEM 3apsioB, NpPEMIOKEHHBIX B padore [9].
Kondopmannonueie BO3MOKHOCTH MENTHIOB PACCUUTHIBAIUCH MPUMEHUTENIBHO K YCIOBUSAM
BOJHOTO OKpPYXEHHs, MOITOMY BEJIWYMHA JUAIEKTPUYECKONH IPOHUIIAEMOCTH NpPUHSATA
paBHoit 10. BomopoaHele CBsi3M, KOTOpblE OLIEHMBAJIUCH MO MOTeHUManaM Tuna Mopse,
IPEANOJIaraiuch OCIabIeHHBIMU (MaKCUMallbHas SHEpPrus oOpa30BaHMs BOJOPOJIHOMN CBSI3U
npu r,.=1,8A cocrasmsna 1,5kkani/moiib). TOpCHOHHBIC TIOTEHIMATBI U BEIUMYHHBI 0aphEPOB
BpAlICHUs aHAJOTMYHbBI BEJIMYMHAM, NIPEAI0KEHHBIM B padoTe [9].

KapmuoaktuBnas terpanentunnas mosiekyiaa Gly-Phe-Gly-Asp u Gly-DPhe-Gly-Asp
BKIOYaan B cebst 49 aromoB u 15 mepeMeHHBIX IBYIpaHHBIX YIJIOB OCHOBHOW LeNH U
OOKOBBIX IIeTIell aMUHOKHCIIOT, BXOAAIMUX B HUX, Moyekyinbl Gly-Ser-Trp-Asp u Gly-DSer-
Trp-Asp — 57 aromoB u 17 nByrpanHbIX yrioB, mosekyna axutuHa Gly-DPhe-Ala-Asp- 52
atoMa U 16 nByrpaHHBIX YIrioB. AMHHOKHMCIOTHAs MOCJIEJOBAaTEIbHOCTh TETPANENTUH/IOB
BKJIIOYaeT B ceOs ammHokucnory Gly, kotopas He umeer 6okoBoii nenu, Phe u Trp umeror
o0beMHblE ¥  KOH(GOPMALMOHHO JIAOWJIbHBIE apoMaThdyeckue OOKOBbIE LENU U
acrmaparuHOBYIO KHCJIOTY ASP C OTpULATENBHO 3apsDKeHHONW OOKOBOHM 1enbro. Mosekyna
TeTpanenTu/a CyuecTBYeT B BUJIE IBUTTEPUOHHOMN (GOPMBI C MOJIOKUTENBHO 3apsbkeHHbIM N-
KOHIIOM M OTPHUIIATENIBHO 3aps’KeHHBIM C —KOHIIOM.
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Pacuer  mpocTpaHCTBEHHOW  CTPYKTYphl  KapAHMOAKTHBHBIX  TETPAIENTHIOB
BBITIOJTHSIJICS. HA OCHOBE HM3KOdHEpreTuueckux koHdopmanuii mononentuaos Gly (B, R, L, P
(GbopMBI OCHOBHOM IICTIH, a TaK YK€ TPAHUYHbBIC 3HAYCHHUS YIJIOB OCHOBHOU 1ienu), Phe u Trp
(B, R, L dpopmbr ocHoBHol tenn) u Asp, Ala (B, R ¢opmbl ocHoBHO# 11enu). J{inst kakaoun
Mouiekyibl Obuto coctaBieHo 200-300 pa3nuyHbIX HAaYadbHBIX BapHAHTOB, KOTOPHIE 3aTeM
ObUTM MPOMHHMMHU3HPOBAHBI MO dHEpruu. Pacuer o0OHApYKWUI Hamu4ue pPe3KOi
SHEPreTUIecKoi AuddepeHnauy MpoCTPAHCTBEHHBIX CTPYKTYP TETPANCIITUIHBIX MOJIEKYIL.
Huskosnepreruueckue GpopmMbl OCHOBHOM IIEMH C OTHOCHTEIBHOW IHEPTHEH IMpeaCTaBICHBI
tabmure 1.

Gly-DSer-Trp-Asp BPRR, LPRR, BPBR, RRBR, PRRR
Gly-DPhe-Ala-Asp BPRR, , LPRR, RPRR, RRRR, BPBR

Tabmuna 1.
Huskosnepreruueckue GopMbl OCHOBHOM IeTH
KapJIMOAKTUBHBIX TETPANENTHIOB

N Mouekyinbl Huszkosnepreruueckue GopMbl OCHOBHOMU IETH

1 Gly-Phe-Gly-Asp RRRR, PRRR, RBPR, RBLR, RRBR

2 Gly-DPhe-Gly-Asp BPRR, LPRR, BRRR, RPRR, BLRR

3 Gly-Ser-Trp-Asp RRRR, PRRR, RRBR, BRBR, BRRR

4

5

3aMeHa BTOpOH aMHHOKHUCIOTHI B L ¢opme Ha ero onrtmueckuii mzomep D dopmy
MPUBOAUT K CMEIICHUIO KOH(POPMALIMOHHOTO PaBHOBECHS PUPOIHOM MENTHUAHON MOJIEKYIIH,
Tak Kak D -um3omepuzamus oTpakaercss Ha KOH(OPMAIMOHHOW CBOOOJE CamMoro
aMUHOKHCIIOTHOIO ocTaTka. Eciamn 1 L —aMUHOKHMCIOTHI HU3KOAHEPTETUUECKUMU SIBIISIIOTCS
B, R, L o6nmactu, To mis D —m3omepa paspemenasiMu ctanoBstes P, L u R obnactu Ha
KOHpopMannoHHON KapTe. [noOanmbHBIMH KOH(MOpPMAIMSIMU TETPANENTHAHBIX MOJICKYII
aBisitoTest  cBepHyThie (hopMbl ocHoBHOH nen RRRR, PRRR, BPRR u LPRR. bnaronaps
TaKkoil CBepHYTOH (hopMe OCHOBHOM LIETIM MEXIy aMHHOKUCIOTHBIMH OCTAaTKaMHU MOJIEKYII
BO3HHMKAIOT CHJIbHBIE B3aumojeicTBus. Huskas sHeprusi 3Tux KoHdopmaiuii o0ycioBiieHa
HaJIMYUEM BCEX BO3MOXKHBIX ISl TETPAIIEHNTUIHON MOJIEKYJIBI B3aUMOJICHUCTBUM.

[TpoBeneHHBI pacueT MO3BOJMI ONPEACTUTh HU3KOIHEpreTHdeckue KoH(opManuu
JUI K@KJIO0M MOJIEKYJbl, HAUTH 3HAYCHUs JABYTPAHHBIX YIJIOB OCHOBHON M OOKOBBIX LiEIEH
3TUX MOJIEKYJ, OLEHUTb SHEPrUUM BHYTPU- M MEXOCTATOUHBIX B3auMojelcTBUU. Pacuer
MI0Ka3aJl, YTO HU3KO3HEPIeTUYECKUMH JJIsl U3 KAPAMOAKTUBHBIX TETPANENTHUAHBIX MOJEKYJ
SBJISIIOTCSL  CBEpHYTble (hOpMBI OCHOBHOW 1enu. CBepHyTas (opMa cONMMKAeT y4acTKU
OCHOBHOM 11eTIM U OOKOBBIC LIEMHM AaMHUHOKUCIIOT, BXOASIIUX B 3TH MOJIEKYJIbI, U IPUBOJUT K
uX A3PPEKTUBHBIM B3aUMOICHCTBUSAM.
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BETA-NEOENDORFIN MOLEKULUNUN YAN ZONCIRLORININ
KONFORMASIYA IMKANLARI

N.A. ®hmadov, L.I. ismayilova, R.M. Abbash, N.F. 8hmadov
BDU, Fizika Problemlari Institutu
Namig.49@bk.ru

Noazari konformasiya analizi Gsulu ilo beta-neoendorfin molekulunun faza qurulusu
tadqig olunmus va muayyan edilmigdir ki, onun faza qurulusu on bir stabil konformasiya ila
tarannum oluna bilar. Molekulun an stabil konformasiyas:nda onu amala gatiran amin-tursu
galiglarimin yan zoncirlarinin ikiuzli firlanma bucaglar: atrafinda konformasiya xaritalora
qurulmus va onlar:n konformasiya sarbastliklari miayyan olunmugdur.

Beta-neoendorfin  Tyrl-Gly2-Gly3-Phe4-Leu5—-Arg6-Lys7-Tyr8—Pro9 molekulu
dogquz amintursu gahgindan ibaratdir. Onun N-torof pentapeptid hissasi [Leu] —enkefalin
molekulunu amoala gatirir. Beta-neoendorfin molekulu opioid aktivliyino malikdir vo onun
aktivliyi [Leu] —enkefalin molekulunun aktivliyindon 8 dofs goxdur [1]. Beta-neoendorfin
molekulunun faza qurulusu 6yranilmis va gostarilmisdir ki, onun foza qurulusu on bir stabil
konformasiya ilo toronniim oluna bilar [2]. Molekulun stabil konformasiyalari, onlara geyri-
valent, elektrostatik, torsion garsiliqlt tosir enerjilorinin verdiklori pay vo nisbi enerjilori
¢oadval 1-do dostorilmisdir. Bu konformasiyalar [Leu] —enkefalinin stabil konformasiyalarina
goOra gruplara ayrilmisdir. Cadval 1-don gorindiyd kimi belo gruplarin say: besdir, bunlardan
ikisino Uc stabil konformasiya dusir. Bu todgigat isindo molekulun stabil konformasiyalari
aragdirilmig, onlarin formalasmasinda muxtalif amintursu gahglarmin rollari muoyyan
edilmisdir. Bunun tigiin molekulun an stabil konformasiyasinda onu amolo gatiron Tyrl, Phe4,
Leu5, Arg6, Lys7, Tyr8 amintursu galiglarmin yan zoncirlorinin ikitzIlu firlanma bucaglari
otrafinda konformasiya xaritalori qurulmusdur. Bu is bizim apardigimiz todgigat islorinin
davamidir [3-5].
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Cadval 1.
Beta-neoendorfin molekulunun stabil konformasiyalari, onlara geyri-valent, elektrostatik,
torsion garsiligh tasir enerjilorinin verdiklori pay vo nisbi enerjilori.

No Konformasiya Ug Uel Utor Unisbi
1 BlBP82821R332282322828 -45.9 8.1 6.0 0
2 BlBP82821BlzzszzzszB -41.5 8.9 4.6 3.8
3 B1BPB;B,1B212,B232:B2,B -40.3 7.6 6.3 54
4 B2PRR;B,1R3222B2322B2B -43.7 8.1 6.1 2.3
5 BzPRR2821BzzzszgzszB -42.0 8.2 6.6 4.6
6 BzPRR2821BlzzszzzszB -39.6 9.2 4.9 6.3
7 BzBPR2R21BlzzzR21zszB -43.3 9.9 54 3.8
8 BzBPR2R21BlzngzgzszB -43.8 9.3 6.7 3.9
9 B1PRB;3B,1B2122B232:B2B -46.1 9.5 6.5 6.2
10 BlpR83821BlzzszgzszB -38.4 8.0 51 6.5
11 B,LPB2R21 B1222R2222B2B -37.4 7.5 5.7 7.6

Tyrl-in yan zancirinin y1-y2 bucaglari strafinda qurulan konformasiya xaritasi gostarir
ki, o tam konformasiya sorbastliyino malikdir. Ona g0ro do Tyrl-in yan zanciri istonilon
reseptor molekulu ils alverigli garsiligh tasir yarada bilor.

Phe4-lGn yan zoncirinin y1-y2 bucaglari otrafinda qurulan konformasiya Xoritasi
gostordi ki, onun da yan zonciri tam konformasiya sarbastliyina malikdir vo asanligla digar
molekullarla va reseptorlarla garsiligh tasirds istirak eds bilor.

Leu5-in yan zancirinin y1-x2 bucaglari atrafinda qurulan konformasiya xaritasi gostordi
ki, onun yan zanciri konformasiya sarbastliyina malik deyil, o yalniz fozada mioayyan bir
vaziyyatds ola bilir, molekulun daxili hissasinda yerlosir va reseptorlarla garsiliglh tasirds ola
bilmaz.

Malum oldugu kimi arginin vo lizin yan zoncira vo yan zancirlori dord |k|uzlu
firlanma bucaglarina malikdir. Ona géra do iki amintursu galiginin yan zencirlarinin =, *—
3, v*—* ikiuzlu firlanma bucaglar: otrafinda konformasiya xaritolori qurulmusdur. Hor iki
amintursu galiginin konformasiya Xoritalori gosterir ki, onlarin yan zancirlori kifayat gador
konformasiya sarbastliyina malikdirlor, molekuldan su mihitina dogru yonalmislor vo digoar
molekullarla va reseptorlarla garsiligh tasirdos istirak eds bilorlor.

Konformasiya xaritasi qurulmagla miayyan olundu ki, Tyr8-in yan zanciri Kifayot
gadar konformasiya sorbostliyina malikdir vo miayyan vaziyyatlords reseptor molekullart ils
garsiligh tasirlords istirak eda bilor.

Beta-neoendorfin molekulunu omols gotiron amintursu galiglarinin yan zancirlorinin
konformasiya imkanlarmin tadgiqi asasinda tabii molekulun sintetik analoglarmi se¢mok va
Oyronmok olar.
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KRISTALLININ KONFORMASIYA VO ELEKTRON XASSOLORI

G. 9. Haqverdiyeva
Fizika Problemlari Institutu, Bak: Dévlat Universiteti,
Hagverdigulnara@gmail.com

Molekulyar mexanika metodu ils kristallin adlandirilan H-Trp-Gly-OH opioid dipeptid
molekulunun konformasiya profillori  Oyronilmisdir. Sonraki  marhalado  dipeptidin
asagienerjili konformasiyalar1 kvant —kimyavi metod ilo daqiglosdirilmisdir. Hesablamalarin
naticalari gostarir ki, bu molekul G¢tin asas zancirin ham bukili ham ds ki agiq quruluslarina
aid konformasiyalarit mimkindir. Bu ardicilligin stabilliyi triptofanin yan zoncirinin vo
molekulun asas zancirinin atomlarinin garsiligh vaziyyatlorilo gorarlasir vo elektron sixligmin
spesifik paylanmasi ilo xarakterizs olunur.

Acar sozlar: kristallin opioid dipeptidi, konformasiya, elektron qurulusu

Kristallin opioid dipeptidi (H-Trp-Gly-OH) insan hipofizinden ayrilmisdir. /n vivo
aparilan todgiqatlarda bu peptid sican organizminds opioid effekti numayis etdirir [1].
Moalumdur ki, canli organizmlords peptidlorin yerino yetirdiklori funksiyalari onlarin faza
quruluslart ilo baglidir. Bu sobabdon dorman preparatinin tasir mexanizminin basa disulmasi
uctin onun molekulunun konformasiya imkanlar1 todqiq olunaraq fizioloji aktiv formasi
muoayyan edilmolidir. Togdim olunmus isdo kristallin molekulunun konformasiya profillori
molekulyar mexanika metodu ilo Oyronilmisdir. Konformasiya enerjisinin  lokal
minimumlarinin tapilmasi tgiin universal hesablama programindan istifado edilmisdir [2].
Peptid molekullarinin asas zoncirinin forma vo seyplorini tosvir edon identifikatorlar
sistemindan istifado edilmisdir. Hor bir amin tursusu galiginin konformasiya vaziyyatini onun

asas zoncirinin ¢ (N -C e otrafinda), v (C ‘¢ otrafinda) vo yan zoncirin y1 y2 3, (C“ —

c’/,c'-c’, otrafinda) ikitizli bucaglarmin giymeotlori xarakterizo edir. Amin tursusu
gahgnin konformasiyasm: R (¥ =-180- 0°), B (¢ =-180-0°, y =0-180°), L (¢, =0-180°),
P(¢=0-180°, y=-180-0°) oblastlar1 ilo miloyyon edirlor. Kristallinin hesablamalar1 tigiin

hazirlanmis konformasiyalar onun torkib hissolori olan Trp amin tursunun asas zoncirinin
mumkin olan R, B, L formalari1 vo Gly amin tursusunun mimkin olan R, B, L, P formalar1
asasinda tortib olunmusdur. Trp amin tursusunun yan zancirinin y; bucag: glin 60°, 180° vo -
60° x2 bucag: c¢lin 90° vo -90° torsion minimumlarina uygun giymotlor baxilmisdir. Bunu
nazors alaraq, bu dipeptidin asas zanciri agiq olan qurulusa (e seypi) malik olan BB, BR, LB,
LR, RL, RP formalarina vo bikili olan qurulusa (f seypi) malik olan RR, RB, BL, BP, LL,
LP formalarina aid 72 konformasiya hesablanmisdir. Asagi enerjiys malik quruluslarin
optimallasmast AMBER quvva sahosindo aparilmisdir. Naticalor gostorir ki, bu dipeptid
ardicillig1 tguin asas zancirin ham aciq, ham doa ki bikuili quruluslart mimkindir. Bels ki,
enerji cohatdon daha alverisli konformasiyalar e seypin BB, BR, LB, LR formalarina, f seypin
iso BL, BP formalarina mansubdur. Kristallinin asas zancirinin agiq vo bukuli qurulusa malik
olan optimal konformasiylari1 (B.,B va B,P) demak olar ki, izoenergetikdirlor, onlarin nisbi
enerjilori muvafiq olarag 0.0 kkal/mol vo 0.7 kkal/mol-dir. Bu konformasiyalarin hondasi
parametrlori Codval 1-do verilmisdir. Triptofan amin tursusunun massivliyi vo dipeptid
ardicilhgmin ikinci pozisiyasinda yan zonciri olmayan qlisin galiginin yerlosmasi
sobabindanan peptid zancirinin mitoharrikliyi bu molekulun foza qurulusunu formalasdiran
osas faktorlardir. Qeyd etmok lazimdir ki, triptofan gahiginin yan zoncirinin atomlar1 ils
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dipeptidin osas zoncirinin atomlar1 arasinda yaranan dispersion qarsiligh tasirlorin bu
molekulun stabillosmasi t¢iin 6nomli oldugundan onun enerjisi Trp amin tursusu galignin
yan zancirinin vaziyystina ¢ox hossasdir. Bels ki, har forma daxilinds bu galigin y; bucagina
gora konformasiyalar aras: enerji differensasiyasi bas verir. Muayyan olmusdur Ki, triptofanin
y1 bucagmin 180° giymoti onun yan zoncirinin daha olverisli voziyystino cavab verir.
Triptofanin yan zonciri y; bucagmin 60°a -60° giymatlorino uygun voziyystlords oldugda
molekulun digar atomlar: ilo olverisli kontaktlar qura bilmir vo bu sobsbdon dipeptid
molekulunun enerjisi 0.6 —4.5 kkal/mol intervalinda artir. Yalniz dord konformasiyada bu
gahgin y; bucaginin 60° giymoti olverisli olur, triptofanin y, bucag: -90° giymotino borabor
oldugda. Qeyd edok ki, triptofanin y, bucaginin 90° vo -90° giymotlorino cavab veran
vaziyyatlori demak olar ki izoenergetikdirlor, lakin e seypinin LB va LR formalarina aid olan
quruluslarda triptofanin y; bucag: 180° giymet aldiqda onun y, bucag: tictin -90° giymoti geyri
mumkin olur. Qeyd edok ki, dipeptidin asas zanciri agili vaziyystds olduqgda triptofanin yan
zonciri molekulun asas zanciri ilo maksimal yaxinlasaraq effektiv dispersion kontaktlar qurur.
Masalan e seypina aid olan global konformasiyada geyri-valent garsiligh tasirlorin Umumi
giymati -6.1 kkal/mol-dir, Trp-Gly garsiligh tosirin giymoti iso -8.6 kkal/mol-dir. Migaisa
ucln deyok, f seypin optimal qurulusunda enerjinin geyd olunan paylari mivafiq olaraq -5.0
vo -7.7 kkal/mol-dir, lakin bu enerji itkisi elektrostatik garsiligli tosirlorin stabillosdirici
effekti ilo muoyyon dorocodo kompensasiya olunur. Hesablamalar gostordi ki, dipeptidin
stabil quruluslarinda molekulun uclarindaki agir atomlar arasinda olan masafs 5.8 —6.9A -dir,
bu mosafo kigildikca bir cox atomlararas: dispersion kontaktlar mumkin olmur, triptofanin
yan zonciri molekulun digor atomlarina yaxinlasa bilmir. Onuda geyd edok ki, kristallin
molekulunun stabil quruluslarinda son uclu amin kationu va triptofanin asas zoancirinin karbon
atomuna peptid rabitasilo bagli olan oksigenin arasinda hidrogen rabitasi movcuddur (2,44A).

Cadval 1.
Kristallinin asas zancirinin agiq vo bukulu qurulusa malik olan optimal
konformasiylarmin hondasi parametrlori (doracalords)

Trp Gly

O X1 X2 7 w O 7

-182.631 180.371 73.518 151.032 176.931 -91.100 | 99.120
-182.757 181.220 97.808 148.721 179.106 89.169 | -85.711

Sonrakit moarhalada kristallin molekulunun optimal konformasiyalari CNDO kvant-
mexaniki metod ilo HyperChem7.5 (http://www.hyper.com) programin numiyis
versiyasindan istifado edorak doqiglosdirilmisdir [3]. Elektron enerjisinin optimallagsmasi tglin
baslangic vaziyyat olaraq bu molekulun molekulyar mexanika Gsulu ilo hesablanmls optimal
konformasiyalarin handasi parametrlorina (Codval 1) cavab veran nivealorin tarazligda olan
konfiqurasiyalart baxilmigdir. Atomlarin effektiv yiklorinin - giymatlori, elektrostatik
potensialinin paylanmasi, elektron qurulusunu xarakterizo edan enerji parametrlori asasinda
molekulun elektron —konformasiya xassolori Oyronilmisdir. Hesablamalar gdstordi ki,
konformasiya miuxtslifliyina baxmayarag bu quruluslarin bir cox elektron parametrlori az
forqlonir (Cadval 2). Belo ki, dipeptidin osas zancirinin buktlmosi elektron enerjisinin
artmasina sobob olsa da, bu enerji itkisi nivalorin itolomo enerjisinin azalmas: ilo
kompensasiya olunur va bu sobobdon molekulun tam enerjisi doyismoz qalir. Hor ikKi
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quruluslar Ggun yuksok dolmus (Enomo) Vo asagi dolmamus (ELumo) molekular orbital
enerjilorinin giymatlori yaxindir. Molekulun asas zancirinin bukilmasi noticasindoe musbat
yuk markazinin yerdoayismasi bas verir va bu sabobdan molekulun dipol momenti 2 debay
azalmig olur. Dipeptidin bir cox atomlarinin yuklari har iki quruluslar tgun yaxin giymatlor
alsalarda, triptofan amin tursusunun yan zancirindaki funksional atom gruplarmin otrafinda
yuk sixligmin spesifik paylanmasi nozars garpir. Triptofanin indol halgasmin molekulun asas
zoncirinin Gstlindo asilmis vaziyystdo olmasi sabobindon bu galigin yan zoncirindoki
funksional quplarin va son uclu COO™ vo *NHj; ionogen gruplarin atomlar: fozada yaxinlagmas
olurlar, bu da ki reseptorlarla baglanmagq t¢tin 6namli ola bilar.

Cadval 2.
Kristallinin asas zancirinin agiq ve bikilu qurulusa malik olan optimal
konformasiyalarmin elektron quruluslarinin asas parametrlori

Elektron parametrlori

Aciq qurulus

Bikali qurulus

Dipol momenti
(debay)

25.231

23.262

Tam enerji (kkal/mol)

-121631.0509226

-121630.2009902

Baglanma enerjisi
(kkal/mol)

-10433.8865589

-10433.0366265

Izolo  olunmus atom
enerjisi (kkal/mol)

-111197.1643637

-111197.1643637

enerjisi (kkal/mol)

Elektron enerjisi -618926.2631477 -587632.0521384
(kkal/mol)
Nivo qarsiligh tasirlor 497295.2122251 466001.8511483

Omolo galma -6913.1095589 -6912.2596265
enerjisi(kkal/mol)
Enomo -6.21 -6.02
ELumo -1.75 -2.19

“Qeyd: Enomo - Yilksak dolmus molekulyar orbital enerjisi, E,umo - asag1 molekulyar orbital
enerjisi

Kristallinin elektron-konformasiya xassalarinin tadqiqi geyritipik opioid peptidlarinin
qurulus-funksiya munasibatlorinin arasdirilmasinda vacib rol oynaya bilar.
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POLIETILENQLIKOL-KARBOMID-SU IKi VO UC QAT SISTEMLORINDO
SOTHI GORILMO

K.M. Budagov, Q.M. Bayramov, C.i. ibrahimov
Bak: Dovlat Universiteti, Fizika Problemlori ET/

Mayelorda sothi garilmo Umumiyystlo kogeziya quvvalarinin asimmetriyasi hesabina
bas verir ki, buda mayeni togkil edon molekullarin garsiliqh tasir qlvvalorindon asilidir.
Tobiotco bu quvvalor dispers, dipole —dipol vo induksiya garsiliqli tasirlori vo homginin
hidrogen rabitolori ola bilor. Belo ki, hacmdo yerlogson molekullar hor torafdon qonsu
molekullar ilo shats olundugu halda, sathds yerlogan molekullar st torafdon bels gqonsulardan
mohrum oldugundan hacmdoki molekullar torofindon daha ¢ox cozb olunurlar. Bu
asimmetriya sath enerjisinin doyismasina va sathi gorilmonin yaranmasina sabab olur [1].

Polietilenglikol (PEQ) polimer madds kimi hliceyro membranlarindaki antigenlara
ciddi zarar vermadiyindan tibb vo kosmetika sahasinds istifado olundugundan onun karbomid
va su ilo mohlulu todgigat tg¢un maraq kasb edir. Malumdur ki, polimer mahlullarinda sathi
gorilmo yaranmis sathin tarazhiq veziyystino golma muddstindon, komponentlorin sayindan,
hall olunma gabiliyystindan, sotha diffuziya eymo siiratindon vo molekullarin konfiquryasinin
dayismasindan asilidir.

Polimer mohlullarinda adsorbsiyani izah etmok muoayyan cotinlik yaradir. Clnki
onlarin molekulyar kutlasi boylk olduguna gérs hall olunmas: zaif, satho toplanmasi ise ¢ox
olur. Digor torofdon sathdo polimer molekullarinin konfiqurasiyas: ciddi doayisikliya moruz
gala bilir. Bu sababdon do polimerlorin sathi garilmasini dinamik Gsul ilo 6lgmak lazimdir.
Dinamik sathi gorilmo —tarzliq hal: yaranana goadar olan sathi gorilmonin doyismasidir.

Sothi gorilma oamsali yarimstatik metod olan gabarcigin kapilyar tozyiginin maksimal
giymatinin toyin edilmasins asaslanmisdir [2].

o(mN/m)
A
80

) . . ) 2

r_3 A A 4
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Sokil 1-doki 1-oyrisindo PEQ-su mohlulu Gglin  sathi gorilmo  amsalinin
konsentrasiyadan asililig1 verilmisdir. Sokildon gértndiyu kimi bu mahlul 6zuni sothi aktiv
madda kimi aparir. ©vvalca b azalir (PEQ-in mohluldaki paymin 10%-no godar), sonradan iso
adsorbsiya tobagosinin doymasi bas verdiyindon b sabit gahr. Sathi aktiv maddonin yiksok
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konsentrasiyalarinda b-nin doymus giymot almas: onunla izah olunur ki, nazik sath tobagasi
artig sathi aktiv madds molekullar1 ilo dolmusdur.

Sathi aktivliya malik olan PEQ molekullar1 iki hissadon —polyar vo zoif molekulyar
quvvalor sahosino malik olan geyri-polyar radikallara maikdir. Onun polyar qruplar:
adsorbsiya olundugda polyar fazaya (suya) gohumluguna asasan ona torof cozb olunurlar.
Qeyri —polyar radikallar iso qgeyri —polyar fazaya (havaya) torof itolonirlor. Kicik
konsentrasiyalarda havaya tarof italonmis karbohidrogen zancirlori suyun Gzarinda Gzurlar,
polyar gruplar iso suya daxil olmus vaziyyatds olurlar. Belo vaziyyati almaq karbohidrogen
zoncirlarinin matsharrikliyi hesabina bas verir. PEQ —in konsentrasiyasmin sonraki artimi ilo
soth tobagasinda molekullarin sayi artir va karbohidrogen zancirlori son halda saquli vaziyyat
ahirlar. Doymus adsorbsiya tobaqgasi yarananda suyun izari tamamila karbohidrogen zancirlari
ilo 6rttlmis olur ki, onun da hesabina b azalaraq tomiz sathi aktiv madds - hava sarhadi tgtin
movcud olan giymatina yaxinlasir.

Sakil 1-doki 2-ayrisindsa krbomid-su mahlulu Ggtin karbomidin mohluldaki konsentra-
siyasindan asililig1 verilmisdir. ©yridon gorindiyd kimi karbomidin konsentrasiyasi 1-2%
toskil etdiyi hala godoar sathi garilma amsali kaskin azalib minimumdan kegarak yenidoan artir
va muayyan bir giymoto ¢ataraq sabit galir.

Gorandiytd kimi karbomidin konsentrasiyanin  1-2%-i otrafinda suyun srukturu
dedikds ondaki hidrogen rabitalorinin sayi, enerjisi kKlasterlorin élgllarina géro paylanmasi voa
S. nazards tutulur.

Qeyd etmok lazimdir ki, tomiz karbomid tetragonal qurulusa malik olub onun
kristallik yuvacigi doérd molekuldan ibarat olur[3]. Karbomid molekullarinin 6z aralarida
yaratdigi belo qurulus sayesindo diametrlorinin o6lgilori 4-9A intervalinda digor maddo
molekullarmin yerlogsmasi mimkin ola bilor. Digar torafdon tosdiq edilmisdir ki, tomiz su
molekullart adoaton 6ztinds daha cox olgilori 30-50 nm olan klasterlor saxlayirlar. Buradan
belo naticoya golmak olar ki, karbomid ¢ox Kicik konsentrasiyalarda (1-2%-o godor) suya
daxil edildikdo onun kristallik yuvaciglari dagilir vo onun molekullart mohlulda su
klasterlorino daxil olaraq onun strukturunu dayisdirir. Larin ehtimal etmok olar ki, ylksok
konsentrasiyalarda karbomid molekullarinin  mioayyan hissesi 6z aralarinda yenidan
assosiatlar yarada bilor ki, onlar da su klasterlorino kifayat godor daxil ola bilmirlor. Bu
sobobdon do sathi gorilmo omsali oavvalco azalmis, sonradan iss minimumdan kegarok
muayyan giymatino goadoar artaraq son halda miiayyan bir giymat alaraq sabit galmisdir.

Sakil 1-doki 3 va 4 oyrilorinds karbomidin konsentrasiyas: sabit saxlaniimagla (3-
ayrisinda  10%, 4-ayrisindo 20%) PEQ-karbomid-su sisteminds sothi  gorilmanin
konsentrasiyadan  saililigi  verilmisdir. ~ Sokildon  gorindiytd  kimi  karbomidin
konsentrasiyasinin artmasi ilo PEQ-karbomid-su sistemi tgln b-c asililigit PEQ-su sistemi
ucln olan asililiga bonzayir vo konsentrasiyanin artmasi ilo yuxariya toraf strtistir (krbomid-
su sistemi Gcun olan asililiga). Bunu onunla izah etmok olar ki, verilon ¢ gat mohlulda
aparici rolu PEQ molekullar1 yerina yetirir. Yani karbomid molekullart PEQ molekullar: ila
garsiligh tasirds oldugundan sathi gorilmoa amsali bir gadar do artir. Eyni zamanda karbomidin
kicik konsentrasiyalarinda karbomid —su mohlulu tg¢iin mévcud olan minimumdan kegma
hadisasi bas vermir.

Bu naticalor mohlullarda movcud olan qarsiligh tesirlorin no godor miurakkab
oldugunu bir daha nimayis etdirir.
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NEFT MOHSULLARINDAN QAZOLININ BOZI iSTILIK FiZiKi Vo OPTIK
XASSOLORININ TOYINI

9.9. 9liyev, 9.L. Baxtiyarov
Azarbaycan Dovlat Neft Akademiyas:
ali.bakhtiyarov@mail.ru

Toqdim olunan igda neft mahsullar:ndan gazolin niimunasinin bazi istilik fiziki va optik
xassalorina baxilmugdir. Tocribanin naticalori gostarmisdir ki, numunanin istilik fiziki
xassalorindan olan sabit tazyiqdaki istilik tutumunun, kinematik, dinamik 6zlulik amsallarinin
va sixligimin temperatur asililigr, hamginin onun optik xassalorindan is:q stias: intetsivliyinin
dalga uzunlugundan va temperaturdan asiiligina baxidmusdir. Naticada bu nimunanin
aktivlogma enerjisinin giymatinin W =0,86e-V oldugu, isiq stas: intensivliyinin dalga
uzunlugu va temperaturdan as:/iiq qrafikino asasan isa Sapilmanin molekulyar sapilma
xarakterina uygun galdiyi muayyan olunmugdur.

Neft vo neft mohsullarinin istor noglindos, istarso do saxlanmasi isinds onun fiziki
xassalarini tayin edon fiziki kamiyyatlorin dyranilmasi masalasi do muhium rol oynayir [1, 2].
Taqdim olunan bu isds isa neft mahsullarindan olan gazolinin bazi istilik vo optik xassalarinin
Oyranilmasina baxilir.

Qazolin nimunasinin sabit tozyigdoki istilik tutumunun temperatur asililigi 298 +
398°K intervalinda 1T-C-400 6lcii cihaz1 vasitosilo

K
C _—T(T _TO)
p ; T T

ifadesino gors toyin olunmusdur. Burada Ky —istilik kegirma omsals; T? —istilik 6lgmoanin

0zUndn temperaturunun yubanma vaxti; 71 —isa nimunanin Glglilmasi zamani yubanma
vaxtidir. Istilik tutumunun temperatur asililig cadval 1-do verilmisdir.

Cadval 1.

Ne T(K) 12 (san) T (san) K (l) C _c

- T T T K p K . kq

1 298 13,9 17,3 0,395 2441

2 323 15,2 18,5 0,369 2389

3 348 145 18,8 0,374 3216

4 373 14,8 18,6 0,391 2972

5 398 16,0 19,7 0,400 2960

Cadvaldon gorindiyl kimi, gazolinin sabit temperaturdaki istilik tutumunun giymati
tempeturun artmas ilo artir, temperaturun sonraki artmasinda iso 0, azalmaga baslayir.

Isdo hamginin gazol neft momulat1 niimunasinin kinematik, dinamik va onun sixhiginin
temperatur asililigina da baxilmisdir. Kinematik amsal, diametri 0,56 mm olan viskozimetr
vasitasilo

-9 .
980,7
ifadasina osason tapilmisdir. Burada t —mayenin axma muddoti; C —isa viskozimetr Ggln
sabit komiyyat olub, C =0,010128(mm? /san?) -dir.

Tacriibanin naticalari cadval 2-da verilmisdir.
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Cadval 2.
No T (san) Vi, (m?san) | m (kg/m-san) p (kg/m®) T(K)
1 485 4907,6-10™° 4122410 840 297
2 327 3308,8-10™° 2736,4-10°" 827 313
3 - - - - 323
4 207 2094,6-10™ 1717,6-10” 820 333
5 157 1586,1-10™° 1280,0-10” 807 353

Alinmis bu noticalor asasinda gazol numunasinin aktivlosma enerjisinin qiymoti

tapilmigdir. Aktivlosmo enerjisinin giymoti molum 7 =Ae"""" vo ya Ennzan+K—ET

ifadasina goroa hesablanmis vo W =0,86e -V oldugu alinmisdir.

Bu isda gazol nimunasinin optik xassalarindon niimuns daxilinds udulma va sapilma
naticasinds is1q suasi intensivliyinin dalga uzunlugundan vo temperaturdan asililigina da
baxilmisdir.

Tacrlbanin naticalari cadval 3-da verilmisdir.

Cadval 3.
T = 393K T= 413K T = 433K T= 453K
| | | |

Ne 2. (mm) fnLIOJ EnLIOJ EnLIOJ EnLIOJ
1 680 2,5648 2,1203 2,4177 2,8549
2 610 2,0808 2,0947 2,3187 2,379

3 590 2,1523 2,1970 2,1970 2,1523
4 535 2,1752 2,2192 2,4713 2,3758
5 480 2,0504 2,0919 2,3295 2,6326
6 430 2,2194 2,6753 2,6753 2,2623
7 390 2,160 2,2118 2,3918 2,4200

Alinmis bu tacriibi naticalora gors intensivliyin dalga uzunlugundan vo temperaturdan
asililiq grafikini qurmus olsaq, gorarik ki, intensivliyin dalga uzunlugundan vo temperaturdan
asili olaraq doayismo oyrilori eyni formaya malik olsalar da, lakin gisa dalgalarda intensivliyin
temperaturdan asili olaraq zsiflonmasi daha ¢ox 6zini blruzs verir.

Malumdur ki, is1q stast madds daxilinden kecdikds onun dalga uzunlugu, maddani
togkil edon hissaciklorin 0lglsu tortibdo oldugu halda sopilmoa difraksiya xarakterli olub
muxtalif bucaq altinda sopilirlor. Hissaciklorin 0lglisti dalga uzunluguna nisbaton ¢ox Kigik
oldugu halda isa sopilmo dipol xarakterli olur, ¢linki stianin dayisan elektrik sahasi dipollar:
machuri ragss gatirdiyindan sapilon stianin tezliyi onu yaradan stianin tezliyina barabor olur.
Belo sopilmo iso Reley sopilmasine tabe oldugundan, sapilmanin intensivliyi qisa dalgalarda
uzun dalgalara nisbaton daha ¢ox sepilmoys moruz galmahdir [3].

Lakin isig suast konar garisigrt olmayan ¢ox tomiz maddolordon kecgdikdo isa
sopilmanin  naticasi  fluktuasiya noticesindo  miuhitdoki  geyri-bircinsliliyin - (sixhigin,
anizatroplugun) yaranmasi noticasindo molekulyar sopilmoys moruz gahr ki, bu da
temperaturun artmasi ilo intensivliyin artmasina sobab olur.

Belalikla, apardigimiz tocriibonin naticasi olarag belo naticoya galmoak olar ki, gazolin
neft nimunasi daxilinds isiq stasi intensivliyinin temperaturdan asili olaraq doyismasi
molekulyar sopilmo xarakterino uygun galir.
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YPABHEHUE COCTOSIHUSI CKOPOCTH 3BYKA B
YIUIEBOJOPOJAX M CIIMPTAX JJISI JKUJKOM ®A3BI

B.I'. I'acanos, /Ix.5. Hasues
Aszepbarioncanckuil Texnuyeckuii Yuueepcumem,
*Azepobationcanckasn I'ocyoapcmeennas Hegpmsanas Akademus
vgasanov2002@yahoo.com

IIpeonosceno ypasneHue cocmosHus ¢ mpemsa Kod@guyuenmamu Oas ONUCAHU
00beMHO20 NOBEOEHUS HCUOKUX Y2Ne8000p0008 U CRUPMOE. DMo ypaeHeHue NPUMEHEHO K
Yeneeooopooam u CRUPmMam pasiudHou MOXeKyIsapHou cmpykmypul (6en3zon, HoKkmar,
U300KMAH, MEMAaHo1) U NOKA3AHO, YMO OHO nepeddem 3SKCHepuMeHmaivbhvle OaHHble 8
WUPOKOLL OUANA30He NAPAMEMPO8 COCMOAHUSL, C MOUYHOCMbIO He XYHCe ONbIMHBLUL.

JUiss “HTEeHCH(UMKALMU MPOMBIIUIEHHOCTH U BBIMOJIHEHUS HIMPOKOH IPOrpamMMbl
COLIMAJIBHO-9)KOHOMHYECKOTO pa3BuTHs PecryOinku TpeOyroTces riy00oKHe KOPEHHbIE CIIBUTH,
U TPEXJe BCEro, B SKOHOMHUKE M B HAY4YHO —TEXHMYECKOM mporpecce. B aTtom ruiane s
BCEr0 HApOJHOIO XO35iCTBa CTpaHbl O0COOOr0 BHHMMAHHUS 3aciIy)XUBaeT Haubojee
HSKOHOMHYHOE M palMOHAJIbHOE HCIOJb30BaHUE BCEX BHUAOB CHIPbS W MaTEepHAIBbHBIX
pecypcos.

OTcyrcTBUE  CTPOroi  TEOPUHM  JKUAKOTO  COCTOSIHMS — BEIIECTBA  3aTPYIHSET
TEOPETUUYECKOE OIpPE/CICHNE MEPEHOCHBIX CBOWCTB MXHJIKOCTEH B IIMPOKOM HHTEpBaje
naBieHul u  temmepatyp. JKHMIKOCTH, SBISACH TNPOMEXKYTOUHBIM MEXKIY TBEpPABIM U
ra3o00pa3HbIM COCTOSIHUSIMH TPH TeMIlepaTypax, OJU3KHUX K TOUYKE KPUCTAJUIM3AIMU, B HUX
OoJblIIe MPOSBIISIETCS XapakTep TBEPHABIX Tel, a MPU TeMIleparypax M AaBICHHAX, OJM3KUX K
KPUTUYECKHM —XapakTep rasa.

CoBpeMeHHasi TEOpHsi CKOPOCTH 3ByKa (KMHETHYECKHE METOJbI, MOJIEIbHBIC TEOPHH,
aJUIMTHBHBIE METObI pacyeTa ¢ yUeTOM MOJIEKYIIPHOTO CTPOSHHS U T.J.) TIOKa HE MO3BOJISET
YCTAaHOBHUTH TEOPETUYECKYIO 3aBUCHUMOCTh Ui pacyera W B NMpakTHYECKH BaKHOM o0sacTH
apaMeTpoB COCTOSHMS ¢ TpeOdyeMol TOYHOCThIO. HekoTopble M3 METOJOB MOTYT
UCIIOJIb30BAThCS JIMIIb JUIi OLEHOYHBIX pacyeToB, M TO B OrPaHUYEHHOW OOIacTH.
BoNBIIMHCTBO CYIECTBYIOHNIMX METOJOB pacueTa B CBOECH OCHOBE SIBIISIIOTCS SMIUPUIECKUMU
WIN TOJTYIMITMPHUECKUMH.

B OomblIeHCTBE pacyeTHBIX METOAOB HCIOJB3YIOT TEOpeTHYecKue Mo ¢dopme
YpaBHEHHUsI C OSMIUPUYECKHUMH KOPPEISUSAMH NOCTOSIHHBIX. JloGaBka sMmupus3Ma BO
BTOPOCTENIEHHbIE YacTU TEOPETUYECKOTO YPAaBHEHHUS SBISIETCS BaXXHBIM  CPEICTBOM
pa3paboTKU MPEBOCXOTHBIX KOPPEIALHUA.

BonbIIMHCTBO ypaBHEHMH, NPEATIOKEHHBIX PA3TUUYHBIMU YYEHBIMH, OTPEIEISIOT
CKOPOCTb 3BYKa Yepe3 IUIOTHOCTh U TEIIOEMKOCTh KHUIKOCTH.
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B mucceprammonnoit pabore M.P. MycradaeBa i MpakTUYECKOTO NPHUMEHEHHS
UCI0JIb30BaHa GopMysia B BUIIE
L m . .
W =1003 ¥ a; (T /100)'™ p'*, (1)
i=1 j=1
rne W —ckopocTh 3ByKa, M/c, T —temmepatypa, K, p —maBnenue, Mlla, a —koadduniueHTs

perpeccuu.
C nosBineHHEeM OOJIBIIOTO KOJMYECTBA HA/IEKHBIX SKCIIEPUMEHTAIBHBIX TaHHBIX B
nanpHeimem ¢opmyna (1) coBepIeHCTBOBAJIACh U MPHHSATA HAMH B BHJIC

W :Ezlai/,ti +§Z:bi/,tiT +§:Ci/,tiT2, (2)
i=0 =0 -0

rae u -xkoaddurnuent [lyaccona ans kBapia.
B pa6ote [1] mpuBeeHO ypaBHEHHE B CICIYIOIIEM BHIE:

4
i
W=> ap 3)
i=0
3TO ypaBHeHI/Ie OITMCBIBACT BKCHepI/IMeHTaHBHBIe JAHHBIC B Hpeﬂeﬂax HOFpeHlHOCTI/I

HKCIIEPUMEHTA.

Takum oOpa3zom, mepej HaMHM CTAaBWJIACh 3aJadya COCTABJICHUS HOBBIX YpaBHEHHA
COCTOSIHUS )KUJKOCTEH JIJIsl OIIMCAHUS MOJIYYEHHBIX IKCTIEPUMEHTAIbHBIX 1aHHBIX.

Hcxonsa u3 aHann3a NPUMEHUMOCTH PAaCCMOTPEHHBIX BBIIIE YPAaBHEHUN COCTOSIHHS K
UCCJIeI0BaHHBIM B paboTe oObekTaM [2-4], MOKHO npuiiTh K cieayromemy. Hanbosnee mosiHO
C YIOBJIETBOPUTEIIFHOM MOTIPEIIHOCTHIO OINKCBHIBAIOT HACTOSIIUE 3KCIIEPUMEHTAJIbHBIC
JIaHHBIE HECKOJIbKO BHUIOM3MEHEHHOE YypaBHeHHe. lIpennaraemoe ypaBHEHUE COCTOSIHUS
MMEET CIEAYIOIINN BU!

W=A+B-T+C-T?, 3)
raie W —CcKOpoCTh 3ByKa B HCClelyeMoM BemiecTBe, M/c; T- Temmepatypa, K; A, B, C-
KOA(PHUIHUEHTHI, 3aBUCSIIUE OT JaBICHUM.

3meck  ciemyeT OTMETUTh, 4YTO ypaBHeHHe (3) ONMCBHIBaET BeChb MacCUB
HKCIEPUMEHTANBHBIX JaHHBIX co cpeaneil morpemHoctbio 0,05-0,1%. [Ipu stoM, nume B
HEKOTOPBIX TOYKAX, OJIM3KO JIeXAalUIMX K JMHUM HACBHIILEHHs, MOrPEIIHOCTh OINUCAHUA
noxomqut npo 0,15-0,18%. Takum o0pazom, s aHAJIUTUYECKOTO ONMCAHUS HKCIEpH-
MEHTaJIbHBIX JAHHBIX, MOJIyYCHHBIX B HACTOSAIICH paboTe BO BCEM MCCIIEJOBAHHOM HHTEpBae
TEeMITepaTyp U JaBJICHUI IPEANOYTEHUE OTAaeTCs ypaBHEHHIO (3).

Jlns Bcex HCCIIEOBAaHHBIX CMeced M HX YHUCTBIX KOMIIOHEHTOB KO3((HUIMEHTHI
ypaBaeHust (3) A, B u C BblUMCIEHBI Uil KaXAOH H30TEPMBI METOJIOM HAWMEHBIINX
KBaJ[paTOB U ONHCAHbI AHAJIMTUYECKU B BUJIE:

A(P)=gaipi: B(P)=gbip‘: C(P)=gcip‘- (4)

Kosdduuuentsr nonmuHomoB a;, b, u C,, molyueHHbIe MO CIENUAIbHOI Imporpamme

Ha KOMIIBIOTEPC.
BrinmosHeHHBIE pacydCeThbl U COIIOCTABJICHHUSA IIOKA3bIBAKOT, YTO YPABHCHUC COCTOAHUSA

(4) c¢ yuerom koddpdunueHToB @;, b, M C;, aNIPOKCUMHPYIOT OIBITHBIE JAAHHBIE C

OTKJIOHEHUSIMU, OJTU3KUMHU K OIEHEHHON MOTPELTHOCTH U3MEPEHUIA.

Cnenyer oOTMETUTh, 4YTO YypaBHeHHE (3) HMeeT eme OJHO HEOCTIOPHMOE
NPEUMYIIIECTBO TI0 CPaBHEHHUIO C ypaBHEHHEM (2), KOTOpPOE 3aKIH4YaeTcsl B TOM, YTO OHO
BBIPA)XEHO B SIBHOM BHUJIE MO OTHOIIEHUIO K W , 4TO MMEET HEMAJIOBaKHOE 3HAUEHHUE, TaK KaK
B TPAKTHMYECKHUX pacueTax HCKOMOW BEIMYMHOW OOBIUHO SIBISETCS CKOPOCTh 3BYKa H
ypaBHeHHe (3) MO3BOJISIET MPOBOUTH HEMAIIMHHOE BhruuciieHue W .
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PROPILBENZOL DOYMUS BUXARI TOZYIQININ TEMPERATURDAN
ASILILIGIN TOCRUBI TODQIQI VO ANALITIK IFADBSI

F.Q. Abdullayev, H.S. Hasanov, Y.A. Cabiyev, N.I. Cafarova
Azarbaycan Dovlat Neft Akademiyas:
Bak: Dovlat Universiteti

T =298-638,75 temperatur interval:nda propilbenzol doymus buxar: tazyiqi tocribi
todgiq olunmuys. Alinmzs tacrlbi naticalar asasinda propilbenzolun P, —T, asiiligin: ifada

S

etmok Ggln yeni tanlik toklif olunur. Hesablama xatasinin giymoati +0,01% -dan boyik olmur.

Aromatik karbohidrogenlor miasir sanayenin demok olar ki, biitin sahalarinds genis
istifado olunurlar. Bu maddalorin istirak etdiklori proseslorin oksariyysti temperatur va
tozyiqin ¢ox genis doayisilmo intervalinda bas verirlor. Belo proseslorin elmi cohatdon diizgiin
lahiyalosdirilmasi vo igtisadi somarasinin yiksok olmas: ¢lin genis temperatur vo tozyiq
intervalinda aromatik karbohidrogenlarin istilikfiziki xassalorinin dagiq giymatlorinin malum
olmasi muhim ohamiyyat kasb edir. Deyilonlori nazoro alarag, biz maye propilbenzolun
doymus buxar: tazyigini T=(300+639)K temperatur intervalinda tacrubi tadqiq etmisik.

Olgmolar benzol, toluol, etilbenzol va s. Ps—Ts asililiglarinin tadgiginds istifads
olunmus P—-o—T qurgusunda [1] aparilmigdir. Tocriibalords temperatur, xususi sifarislo
hazirlanmig TITC-10 tipli, nimunavi migavimat termometri ilo Olgulir. Temperaturun
Olgtlmosinda buraxilan mitlog xata + 0,01 K-dan boylk olmur. Nisbi xotanin giymoti bundan
da kigik olur.

Tozyiq standartlasdirma markazlorinda xlsusi yoxlama ke¢mis nimunavi MII-60 va
MII-600 pistonlu manometrlori vasitosilo 6lgulur. Tozyigin 6lgmosinds buraxilan nisbi
xatanin an boylk qiymati +0,01% -don boyik olmur.

Todqigat Ggln istifade olunan “YUJIA” (cistty dlya analiza) markali propilbenzol
nimunoasi, ylksok hassasliga malik rektifikasiya kalonunda tokrar tomizlonmisdir. Tadgigatda
istifada olunan propilbenzolun tamizliyinin 99,9% olmasi1 muayyon edilmisdir.

300-523K temperatur intervalinda doymus buxarin toztigi, bu moqgsad (gln
hazirlanmis  xtsusi  U-sokilli manometrlo Olcilir. 523-598K temperatur intervalinda
tacrubanin tozyiq MII-60 tipli pistonlu manometrlorlo 6lgilmisdir. 598-639K temperatur
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intervalinda tacriibanin tozyiqi ham MII-60, hom do MII-600 tipli pistonlu manometrlo
Olctlmusdar.

Tacrlbi qurgu doymus buxarin tazyigini ham nimunoani gizdira-gizdira, ham ds soyuda-
soyuda Olgmoaya imkan verir. Bu imkandan istifado edoarok propilbenzol doymus buxarinin
tozyiqi iki dofs hom qizdirila-qizdirila, ham do soyudula-soyudula Ol¢tlmusdir. Muxtalif
tacrubalords tozyiqin Olgulmis giymatlori arasindaki farq +0,01% -dan bodyiik olmur.

Cadval 1

T, K t°,C Ps, bar. T, K t°,C Ps, bar
298,15 25 0,004489 523,15 250 5,6829
323,15 50 0,02030 548,15 275 10,2651
348,15 75 0,06368 573,15 300 14,6714
373,15 100 0,17090 598,15 325 24,6242
398,15 125 0,39401 623,15 350 28,1412
423,15 150 0,83102 632,36 359,21 31,4322
448,15 175 1,5153 635,56 362,41 32,6541
473,15 200 2,7051 637,47 364,32 33,4057
498,15 225 4,3820 638,75 365,60 33,9148

Olgulmiis giymatlor osasinda T = (323-639) K intervalinda propilbenzol doymus

buxar1 tozyiqginin temperaturdan asili olaraq doyisilmasini oks etdiron Ps—Ts qrafiki
qurulmusdur. Bu grafike hor iki seriya tacriibslords toyin olunmus giymatlor geyd olunur.
Butn tacriibu naticalarin tmunilasdirici ayridon konara ¢gixmasi +0,01% -don boyiik olmur.

Qrafoanalitik arasdirmalar naticasindo musyyan olunmusdur ki, propilbenzol doymus
buxar1 tozyiginin Ig P (z) asililigi ilo etilbenzol doymus buxari tozyiginin Ig P () [2]
asililiglart arasinda

lgP>(z) =M + N - Ig P (z) (1)
soklinda xatti asililig mévcuddur. 7 = 0,47 —0,70 temperatur intervali tciin tonlik

lg PS° () = —0,105045 +1,046425 - Ig P (7) (2)
soklinds, 7 =0,70-1,00 temperatur oblasti G¢in isa

lg PS° () = —0,103486 +1,040703- Ig P (7) (3)

soklinda yazilir.

Butln tedqiq olunan 7 =0,47 -1,00 temperatur intervali tgin propilbenzol doymus
buxar1 tazyiqinin (2) va (3) tonliklori ilo hesablanmis qiymatlori va onlarin tacriibads alinmig
naticolorlo muqayisasi codval 2-do verilmigdir. Cadvaldon gorindiyld kimi bitlin todqiq
olunan temperatur intervalinda (2) vo (3) dusturlari ilo hesablanmis giymatlorilo tocriibi
naticalor arasindaki forq tacriibanin nisbi xatasindan, yani +0,01% -dan boyuk olmur.

Coadval 2
o tocr. form.
T T.K te,C P bar. | P™bar. | AP .9

S

1 0,47 300,21 27,06 0,0052708

2 0,48 306,60 33,45 0,0077622

3 0,49 312,99 39,84 0,0112087

4 0,50 319,38 46,22 0,0158933 | 0,0158812 +0,008%

5 0,51 325,76 52,61 0,0221584

6 0,52 332,15 59,00 0,0304118 | 0,030399 +0,043%
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7 0,53 338,54 65,39 0,0411308

8 0,54 344,92 71,78 0,0548823

9 0,55 351,31 78,16 0,0722235

10 0,56 357,70 84,55 0,0941319

11 0,57 364,09 90,94 0,121189

12 0,58 370,48 97,32 0,154401

13 0,59 376,86 103,71 0,194791

14 0,60 383,25 110,10 0,243746 0,243454 +0,12%
15 0,65 415,19 142,04 0,660516

16 0,70 447,12 173,98 1,514158 1,513158 +0,087%
17 0,75 479,06 205,91 3,044264 3,044248 +0,0005%
18 0,80 511,00 297,85 5,552508 5,556024 -0,063%
19 0,85 542,94 269,79 9,396539 9,396471 +0,0007%
20 0,90 574,88 301,72 15,01039 | 15,031720 -0,14%
21 0,95 606,81 333,66 22,94027 | 22,940148 | +0,0005%
22 0,97 619,59 346,44 26,91609

23 0,98 625,98 352,82 29,10476

24 0,99 632,36 359,21 31,43219

25 0,995 635,56 362,41 32,65409

Etilbenzol doymus buxari tazyiginin 7 = 0,47 —1,00 intervalinda temperaturdan asil
olarag dayisilmasini ifads etmok Ugiin, xususi arasdirmalar naticasinda

dastur

s

P

S
Inz, =s, +T—;e (4)
mioyyan  etmigik. Haziwrda 7= T—S,Tk =619,55K  kritik  temperatur;
T

k

=—, P =37195bar kritik toztyiq, &, s,vo s, mixtalif temperatur intervallar: t¢tin sabit
P

k
omsallardir, qiymatlori da codval 3-do verilir.

Cadval 3
Temperatur interval & S, S,
1 7=0,47-0,55 1,44 3,95522 -4,16447
2 7=0,50-0,63 1,40 4,22889 -4,38446
3 7=0,64-0,79 1,30 4,84304 -4,92634
4 7=0,71-0,86 1,20 5,44813 -5,49857
5 7=080-0,95 0,90 7,76903 -7,77839
6 7=0,94-1,00 0,80 8,94733 -8,94931
ODOBIYYAT
1. AGnymmaes @.I'., IxabueB HO.A., [IxadapoBa H.U., Araea [I.A. OG6oO6meHHOE

ypaBHEHHUE COCTOSHUSI CMeCH OEH30J-XxJIopOeH30a B kuakoil ¢aze. M3B. BY3-oB
Heds u raz, 1997, Nel-2, ¢.36-39

Ab6nymmaes @.I'., AraeBa /[.A. IlogpoOHOe SKCHEpUMEHTANIbHOE HCCIEOBAHUE U
aHAJTUTHMYECKOE OMHUCAHME YIPYrOCTH TMapoB OSTHIOEH30a BOJU3UM KPUTHUECKOM
touku. Conference Prioceeding, First International Conference on Technical and
Physical Problems in Power Engineering, 23-25, Aprel 2002, Buku, Azerbaijan,
p.274-277
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BSI3KOCTH ITPYM TEUEHUM HEHBIOTOHOBCKOM KUJIKOCTH IO
KPYI'JIBIM HWJINHAPUYECKUM TPYBAM

I''T. I'acanos, A.H. /I:xxadpapoBa, M.A. I:’xadpapoBa
Asepbaiiocanckas I'ocyoapcmeennas Hegpmanas Axademus
aymin@mail.ru

Hccnenyst TeueHHe BSA3KOIUTACTUYHOM JKUAKOCTH 1O KPYIJIOH IIMJIMHAPHUUECKON TpyOe
C TIEPEMEHHBIM TIIEPenaJoM JaBJICHHS Ha KOHIAX TPYObl M pacxoia >KUAKOCTH ObLIO
YCTaHOBIICHO, YTO BSI3KOCTh IPU MAJbIX 3HAUCHHSX BPEMEHHU CYIICCTBEHHO MU3MEHSETCS CO
BpPEMEHEM, a IpHU OOJIBIINX 3HAYCHUSX BPEMEHH OHA CTPEMUTCS K CBOEMY CTaIllHOHAPHOMY
3HAYCHHIO.

MHOTOKOMIIOHEHTHBIE KHIKOCTH KaK TOMOTCHHBIC, TaK M T'€TEPOTCHHBIC, B OOJIbIICH
CTENICHH, MOTYT COJCPKaTh B CBOEM COCTaBE KOMIIOHCHTHI, 3HAYUTEIBHO HW3MECHSIOIINE
BSI3KOCTb YKHJIKOCTH, U JIa)K€ KapJAMHAIBHO MEHSIOIIUE caMy (PU3MUECKYI0 OCHOBY M IIPUPOY
BHYTPEHHETO TPEHHUSI. MHorouucieHHbIe IKCTIEPUMEHTHI NPOBEJICHHBIC c
MHOTOKOMIIOHEHTHBIMH ~ JKHJKOCTSIMH TOKa3ajM, YTO B TaKUX JKUAKOCTSIX THIIOTE3a
BSI3KOCTHOTO TpeHHss HproToHa (MPONOpLMOHAIBHOCTh HANPSDKEHHH TPAaJUeHTY CKOPOCTH
OTHOCHUTEJILHOTO JBW)KEHUS Jkuakoctd) Henpuemsiema [1,2]. CoOOTBETCTBEHHO TakKue
JKHJIKOCTU TIPHHSATO HAa3bIBaThb HEHBIOTOHOBCKUMH KHIKOCTAMH. Cpeu HEHbIOTOHOBCKUX
JKHJIKOCTEH TPUHSITO BBIJICIATh BS3KOIUIACTUYHBIC, BS3KOYNPYTHE, IICEBIOIUIACTUYHBIC |
JMJIATaHTHBIC YKUKOCTH.

B nanHo# pabote MbI OyaeM paccMaTpuBaTh TEUSCHHE BA3KOILIACTHYHOMN JKUAKOCTH TI0
KPYIJIOH HWJIMHAPHYECKON TpyOe ¢ TepeMEHHBIM MeperaoM JaBlIeHHS Ha KOHIAX TPYObI
pacxo/ia JKUAKOCTH, IPH KOTOPOM BSI3KOCTB OyIeT H3MEHSATHCS CO BPEMEHEM.

OmpeneneHre BSI3KOCTH BS3KOIUIACTUYHOW JKUAKOCTU C TIEPEMEHHOH BS3KOCTHIO B
HECTAIlMOHAPHOM PEXHME MaTeMaTH4eCKH CBOJHUTCS K DEIICHHIO ypPaBHEHUS JIBHIKCHUS
BSI3KOIUIACTUYHOMN JKUAKOCTH IO IMJIMHAPHYECKOH TpyOe:

2
o225 ®

[Tpu OonpIIMX HANPSDKCHHSX CABUTA MPUHHMAaeTcs, 4yTo ypaBHeHue (1) omuceiBaer

BCIO 00yacTh TeueHust. HayanbHbIC U rpaHUYHBIC YCIIOBUS 3aJal0TCS B BUJIE:

o(r,0)=0, v(R,t)=0, %(0,0:(0,0 2

Pacxo1 )KHIKOCTH OTIpeieNiaeTcs 0 hopMyJie
R
Q(t) = [2arv(r,t)dr (©)
0

Pemras 3amauy (1) ¢ ucmnosab3oBanuem (2), (3) anasormyno merony [3] s omnpenencHus
JIMHAMHYECKOH BS3KOCTH BSI3KOILIACTUYHOM JKHIKOCTH BBIBEJICHA pacueTHas popMya:
alz¥ - V(0 6P 1) (4)
" pRv aR° R plR  pR?
Hcnonb3ys 3KCIepUMEHTaNbHBIE AaHHbIE [2] W MPOBOAS BBIYKMCICHUS B Cpene
nporpamm Mathcad no BeiBezieHHOU (opmyne (4) mpou3sBeacHa BU3yaIn3alsi Pe3yIbTaTOB

Ha pucyHke 1.

4 K3 pI/IC]. BUIHO, 4YTO BA3KOCTb HNpPHU MaJIbIX 3HAYCHUAX BPCMCHH CYHICCTBCHHO
HU3MCHACTCA CO BpPpCMCHEM, a IpU OOJIBIINX 3HAYEHUIX BPECMCHHU OHa CTPCMUTCA K CBOCMY

CTallMOHAPHOMY 3HAYCHHUIO.
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2
v, M/c

510 %

—tad

Puc.1. T'paduk 3aBUCHMOCTH KHHEMAaTHYECKOH BSI3KOCTH V OT BpeMeHH {

JIns  TpOeKTHPOBAaHUS PEXUMA TPAHCIOPTHPOBKM He(pTel KpailHE BakeH
NPaBUIBHBIN BBIOOp ypaBHEHMH UIs ONHMCAaHUs TedeHUs HTux Hedreil. HeoOxomumocts B
TaKMX YPAaBHEHMAX 3HAYUTEIBHO BO3pOCIA B IIOCIEJHUE TOABI B CBS3U C YBEIMYECHHUEM
o0bemMa J00BIUM BBICOKOTIAPAUHUCTHIX U BBICOKOBS3KUX HE(PTEH B peciyOMKe U TPaHCTIOP-
TUPOBAHMM HX B PA3JIMYHBIX KIMMATUYECKUX YyCIOBUAX. IlosTOMy yuuThIBasg, 4TO
TETUI0(PU3UUECKUE MapaMeTpPhl JKUIKOCTH, B TOM YHCJIE U BSI3KOCTh OYEHb UYBCTBUTENBHBI K
YCIOBUAM UX OIpeJesieHus, pa3padOTaHHBIH HaMU MeETOJ He TpedyeT co3daHus
71a00paTOPHOI HKCIEPUMEHTAIBHOM YCTAaHOBKM M TO3BOJISIET HX ONpEZETeHHE B B XOJ€
TEXHOJIOTUYECKOr0 IMpoIecca OCHOBBIBasCh Ha HWH(POPMALMU TOJYYEHHBIX B pPEATbHBIX
YCIOBHUSIX 00 H3MEHEHUHM IIepenaja JaBJICHHS U pacxolla JKUIKOCTH CO BPEMEHEM.
Omnpenenenne TemIO(U3NYECKUX MapaMETPOB TMO3BOJSET YHPABIATh TEXHOJOTHUYECKUM
mnpoueccoM. TOYHOCTH ONpENeeHUs BA3KOCTU IO IPEUIOKEHHOMY METOHY 3aBUCUT OT
TOYHOCTH TMOJYYEHHBIX HHPOpManui 00 H3MEHEHMM Iepemnaja AaBJICHHS M pPacxoja
JKUJIKOCTH CO BPEMEHEM, TO €CTb OT TOUHOCTH IIPUMEHAEMBIX JUIS 9TOM LEIU U3MEPUTEIILHBIX

puOOpOB.

JIMTEPATYPA
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ANTIBAKTERIAL BAKTENETSIN 5 MOLEKULUNUN TETRAPEPTID
ANALOQLARININ KONFORMASIYA XUSUSIYYOTLORI

X.9. Karimova, G.9. Agayeva, N.M. Qocayev
Bak: Dovlat Universiteti
kerimova.xanim@gmail.com

Noazari konformasiya analizi Usulu il varam bakteriyalarina gars: antibakterial tasir
gOstaran Baktenetsin 5 molekulunun Phe-Arg-Pro-Trp, Phe-Arg-Pro-Phe, Phe-Arg-Pro-Tyr,
Phe-Arg-Pro-Met tetrapeptid analoglarimin  faza qurulusu va konformasiya xususiyyatlori
polyar muhit Ggun todqiq edilmisdir. Molekulun konformasiya analizi onu tagkil edan
amintursusu  qgaliglarimin - optimal — konfomasiya vaziyyatlori  asasinda  aparidmugsdir.
Hesablamalar naticasinda molekulun asag: enerjili konformasiyalar:n ikitzli bucaglar:n
giymatlari va qal:qlararas: gars:/iql: tasir quvvalarin enerji paylar: muayyan edilmigsdir.

Peptid molekullarinin canli organizmds yerino yetirdiklori bioloji funksiyalar
molekullarin foza quruluslart vo konformasiya imkanlari ilo bilavasito baghdir. Adi
antibiotiklordon forqli olaraq yeni dorman preparatlart genis antibakterial vo nisbaton az
toksik, yoni az zoharlayici, tasirloro malik olmalidirlar. Tobii antimikrob peptidlorin tasir
mexanizmi adi antibiotiklorin mexanizmindan forgli oldugundan onlarin dorman preparatlar:
kimi daha 0stln keyfiyyotlori var. Belo dorman ohamiyyatli peptidlorin funksional
mexanizminin 0yronilmasi t¢ln onlarin konformasiya imkanlarimi miayyan etmok vacibdir.

Toqdim olunmus isdo antibakterial tosiro malik olan Baktenetsin 5 (OaBach)
molekulunun [1-3] dord tetrapeptid analoglarmin konformasiya imkanlar:1 konformasiya
analizi tsulu ilo todqiq edilib va onlarin foza qurulusu modellasgdirilmisdir. Baktenetsin 5
(OaBac5h), 43 amintursusu gahgindan ibarost olan peptid molekulu manfi yikli Gram
bakterialara gars1 gucli tosir gostorir [1]. Bu molekulun torkibinds Phe-Arg-Pro ardicillig1 bir
nego dofo tokrar oldugundan, bu fragment antimikrob tasirinds vacib rol oynayir. Bioloji
sinaglardan kegmis Phe-Arg-Pro-Trp, Phe-Arg-Pro-Phe, Phe-Arg-Pro-Tyr vo Phe-Arg-Pro-
Met tetrapeptidlorindon on ylksok antibakterial tasir potensialina vo an az toksik tasirino gora
Phe-Arg-Pro-Trp  >Phe-Arg-Pro-Phe  >Phe-Arg-Pro-Met  >Phe-Arg-Pro-Tyr  soklinda
siralanmigdir. Gortunduyu kimi on yiksak antibakterial tasir potensialina vo an az toksik tasira
malik olan Phe-Arg-Pro-Trp tetrapeptid molekulu muoyyan edilmisdir. Bu tetrapeptidin eyni
zamanda voram mikroblarina garst mohvedici tasiri askar olunmusdur. Goérindiyu kimi, bu
molekulda ¢oxlu hidrofob gahiglar1 (Phe, Pro va Trp) vo tam musbot yukli Arg galigi var. Bu
amillor monfi yukli Gram bakteriyalarin membranlar: ilo garsiligh tesiro girmoys olverisli
imkanlar yaradir.

HESABLAMA METODU

Konformasiya analizi Usulunda molekulun tam daxili potensial enerjisi onun
torkibinda olan har clt atomlarin garsiligh tasirlorin enerji giymatlorinin comidir. Mexaniki
model asasinda peptid molekullart tgln, valent bucaglar1 vo rabitalori doyismoaz olmaq sorti
ilo, konformasiya enerjisi geyri —valent, torsion, elektrostatik garsiligl: tasirlorin va hidrogen
rabitolorinin  enerjilorinin - comi  kimi  gostormak  olar:  Exont=EqvartEeistEtortEn...
Hesablamalarda geyri —valent garsiligh tesir enerjisi «6-12» potensialla Skott vo Seraga
tarafindon toklif olunmus parametrlor sistemi vasits ilo hecablanmigdir [4]. Mexaniki modelos
osaslanaraq peptid birlosmolords elektrostatik garsiligl tasir enerjisini monopol yaxinlasmasi
osasinda, yani ayr1 —ayri atomlarin parsial yuklorin giymatini bilmokls, Kulon ganunun
asasinda hesablanmusdir. Peptidin ssas zoncirindo bir gat C*-N(¢) vo C*~C rabitalori vo yan
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zoncirlorin bucaglar1 otrafinda firlanmalar Gglin torsion potensiallardan istifado olunub.
Hidrogen rabitasinin donor —akseptor tobistini nazora alaraq bu rabitonin enerjisini Morze
potensiali ilo hesablanmisdir. Bucaglarin hesablanmas: IUPAC-IUB nomenklaturasina asasen
apariib. Aparilan muxtalif qurulus masalalorin holli zamani ilkin verilmis bazi giymatlor
doyisir. Buna goro do N.M. Qocayev vo 1.S. Maksumov torafindon tortib edilmis universal
algoritm bu talablori tamamila nazars alir. Enerjinin minimumlasmasi birinci tartib toromolora
gOro gradient Usulu ilo aparilir. Qahglarin konformasiyasmi ¢,  ikitzIli bucaglarmin
asagidaki saholoro Ramagandran xaritasine uygin galon harflorls isars edirlor: R (¢=-180°+0°,
y=-180°+0"); B (¢=-180°+0°, y=0°+ 180°); L (¢=0"+180°, y=0°+ 180°); P (p=0°+180°, y=-
180°+0° ). Harflorin (R,B,L,P) indekslari yan zancirin voziyyatini xarakterizs edir : 1 rogomi ~
0°+120°, 2 raqgami ~ 120°+ -120°, 3 ragomi ~ -120°+ 0° sahalarina uygundur. Qahglarin bittn
mumkin formalar1 ©6-nun iki ~ 0° va ya ~ 180° sahoalarinds gruplasir. Bununla slagadar olaraq
asas zoncirlorin muxtalif formalar1 iki sinfo ayrilirlar: bukdlu (f) vo agiq (e) seyplor. Belaliklo
N amintursusu qahgindan ibarst olan peptidin yarada bilon seyplorin say1 ancaq 2" ola biler.

NOTICOLOR VO MUZAKIRO

Taqdim edilmis isdo antimikrob Baktenetsin 5 (OaBac5), molekulunun Phe-Arg-Pro-
Trp, Phe-Arg-Pro-Phe, Phe-Arg-Pro-Tyr vo Phe-Arg-Pro-Met tetrapeptid analoglarinin foza
qurulusu nozari konformaiya analizi Usulu ilo polyar muhit Gcun (dielektrik sabiti £=10)
todqiq olunmusdur. Hor bir molekul tglin hesablama modellori mioyyan sayda atomdan
ibarotdir. Hesablamada hor bir analoga uygun ikitzlu firlanma bucaqglart gostarilmisdir.
Kimyoavi qurulusuna goro Phe-Arg-Pro-Trp, Phe-Arg-Pro-Phe, Phe-Arg-Pro-Try, Phe-Arg-
Pro-Met tetrapeptid analoglar mixtalif tipli amintursusu gahglardan toskil olunub. Birinci
fenilalanin (Phe) gahgin benzol halgeli yan zenciri var. Ikinci arginin (Arg) galigin nisbatan
uzun misbat yukli yan zenciri var. Ugiincli (prolin Pro) galigin yan zonciri 2sas zanciro
gapahdir. Prolin gahg: osas zoncirdo gapali qurulus omoalo gotirdiyina gors, onun daxili
firlanmas: mohduddur. Bundan basga moalumdur ki, prolin gahig:i 6zindon oavval yerloson
galigin konformasiya imkanlarint mohdudlasdirir vo bu qgaliq tgun yalniz B konformasiya
vaziyyati mumkin olmur.

Molumdur ki, dérd galidgan ibarat olan peptid molekulu 8 optimal foza qurulusu tipi
yarada bilir: eee, efe, eef, eff, ffe, fef, fee vo fff. Phe-Arg-Pro-Trp molekulunda tglinci
vaziyyeatdos Pro galig: yerlosdiyina goro, burada Arg gahg: tG¢lin R formas: gadagandir.

Cadval 1.
Baktenetsin 5 (OaBac5) molekulunun Phe-Arg-Pro-Trp, Phe-Arg-Pro-Phe, Phe-
Arg-Pro-Tyr, Phe-Arg-Pro-Met analoglarmin an optimal konformasiyalarinin
enerji parametrlori

Konformasiya Qarsiligl tasir quvvalarin paylar:
Analog Seyp (kkal/mol)
Eqval Eels Etor EUmumi Enisbi
eef B.B»»,RB; -16,1 -4,8 1,4 -19,6 0

fef R3B3,RB;3 -13,5 -3,2 1,3 -15,4 42

Phe-Arg-Pro-Trp | oo B:B»BBs | -162 | -02 | 1,2 | -152 | 44
fee R3B1,BB; -14,1 0,5 2,1 -11.5 8,1

eef B,B1RB; -16,31| -1,66 | 0,66 | -17,31 | 0,0

Phe-Arg-Pro-Phe fef RsB1RB; -15,01 | -1,63 | 0,86 | -15,77 | 1,54
eee B.B,BB; -15,02| 0,3 | 1,22 | -13,68 | 3,63
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fee R:B,BBs |-12.16] 093 | 1.75] 95 | 95
eef B,B.RB, | -1512| -2.66 | 0.87 | -16,91 | 00
fef R:B.RB; | -1353| -2.34 | 086 | -15.01 | 1.9
Phe-Arg-Pro-Tyr eee B,B,BBs | -1394| 014 | 134 | -12.46 | 445
fee R.B.BB; | -11.67| 096 | 1,090 | -9.62 | 7,29
eef B,B,RBs | -12.41| -1.82 | 0.87 | -13.36 | 00
fef R:B.RB, |-10,68| -157 | 099 | -11.27 | 2,09
Phe-Arg-Pro-Met | B,B,BBs | -1357 | 1.48 | 1.82 | -10.27 | 3.09
fee R:B.BB, |-13.30| 207 | 414 | -7.08 | 628

Buna goro, bu tetrapeptidinin asas zonciri ugtin yalniz 4 qurulus formas: mimkdindir: eee, eef,
fee vo fef. Hesablama variantlarmi togkilinda hor bir galigin sarbast, yani monopeptid halda
olan stabil konformasiya voziyyatlorinin firlanma bucaglarinin giymatlorindan istifads
olunmusdur. ilkin variantlarda asas zancirin hor bir formas: tctin galiglarin yan zoncirlorinin
muxtalif orientasiyalari nazora alinmigdir: 1=60°,2=180"vo 3=-60°. Naticads hesablamada har
bir analoq ucln 108 ilkin tetrapeptid variantlari secilib minimizo olunmusdur.Hom tacriibi
ham do aldigimiz nozari naticalara gors bu analoglardan an guicli antibakterial tasira vo on az
toksik tasirina goro Phe-Arg-Pro-Trp molekulu mioayyan olunmusdur. Bels ki, Phe-Arg-Pro-
Trp molekulu dord amintursusu qaligindan ibarotdir. 1Ne-li sokildo bu molekulunun
hesablama modeli verilisdir. Hesablama modeli 85 atomdan ibarstdir. Hesablamada 18
ikitzlG firlanma bucagi gostarilmisdir. Dordincu triptofan (Trp) galigin boyik geterotciklik

yan zanciri vardir.

Amintursusu Bucaq

Asag enerjili konformasiyalar

B1Bs;,RB;

B2B1,RB;

B,B,;,RB:

B2B3:RB3

Phe -107

-109

-109

-108

167

145

150

146

179

180

182

179

69

179

181

178

84

87

89

87

Arg -115

-124

-120

-124

EEPRRIEKE®

105

151

116

151

175

176

182

175

180

63

183

62

182

178

180

178

179

182

181

183

184

179

181

178

Pro -59

-51

54

-50

172

170

173

174

Trp -155

-150

-151

-140

158

159

160

159

57

57

59

-60

PR PR PR R PR

78

78

79

95

Enis(kkal/mol) 0,0

a)
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b)

Sakil 1. a) Phe-Arg-Pro-Trp tetrapeptidinin on asagi enerjili konformasiyalarin ikiizli bucaglarmin vo nisbi
enerjilorinin giymatlori cadvalds gostarilmisdir; b) B;B,,RB; konformasiyasinin bucaglar osasinda

modellosdirilmis tetrapeptidin foza qurulusu.

on asagi enerjili konformasiyalarin ikitzli bucaglart asasinda atomlarin ¢ Olculi
koordinatlart miiayyan edilmis vo molekulun foza modellari qurulmusdur. Aparilan tadgigat
bu molekulun muhim qurulus slamatlorini miayyanlosdirmays va bu molumatlar ssasinda
darman shamiyyatli preparatlarin yaranmasina imkan vers bilar.
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Domir-kobalt arintilari texnikada yaxs: malumdur va ¢ox maragl: magnit xassalori ila
yanas: eyni zamanda adi temperaturda ¢ox yuksak kovrakliya malikdirlar ki, bu da onlardan
istifadani catinlagdirir. Cox yiiksok kévraklik 730°C temperaturdan asag:da nizaml: —nizams:z
kegid naticasinda yaranan nizamlanmig a-fazanin amala galmasi naticasi hesab olunur. Indiya
gadar bu nizaml: —nizams:iz kegid vanadiumun alava edilmasi ila langidilirdii ki, bu da ¢ox
kaskin soyumadan sonra soyuq yayma Ugun vyararl: olandamir-kobalt tip arintilor
haz:rlamaga imkan verirdi. Mlayyan edilmigdir ki, vanadiumun niobium va ya tantalla avaz
edilmasi dana sarhaddi boyunca daranin boylimasina mane olan fazalar amala gatirir ki, bu
da plastikliyi ahamiyyatli doracada yaxsilasdirmadan elastiklik haddini xeyli daracado artirir.

49% Co -49%Fe-2%V nisbatindo goturdlmus kobalt —domir orintilori  bitin
maqgnityumsaq arintilar igarisinds an yiksak doyma magnit induksiyasina malikdir. Buna gora
do onlar yiksok FI® vo boyilk moxsusi giico malik elektrik generatorlarnin vo
muharriklorinin istehsali Gglin an yaxsi1 iddiast olan orintiloridir. Domir-kobalt orintilori
asasinda xususils, ylksoktezlikli cevricilor ti¢tin hazirlanan yeni materiallar islonmisdir ki, bu
materiallar boyik elektrik mugavimatine malikdirlor. Kobaltin miqgdar1 sayasinds arintinin
doyma magnit induksiyasi ¢cox yiksakdir ki, bu da bu materiallarin istifadasi zamani elektrik
masinlarmin is¢i boslugunda boylk intensivlikli magnit sahasi yaratmaga imkan verir. Bu cur
materiallar yanacaq klapanlart vo ya yanacaq injektor qurgularinin istehsali Gglin ¢ox
colbedicidir.

Oyranilon arintilorin torkibi asagidaki kimidir, kitlos %:

35% < Co <55%; 0,5% <V <2,5%;0,02% < Ta+2Nb <0,2%;0,0007% < B <0,007%;C < 0,05%
galani-demir va hazirlanma zamani meydana ¢ixan asqarlar. Toklif edilon domir-kobalt
arintisi plastikliys, yaxs1 magnit xassalorino vo yaxsilasdirilmig mexaniki xarakteristikalara
malikdir (cadval 1-5).

Belalikla, togribon 49% kobalt, 2% vanadium, galan: domir vo asqgarlar olan tokilif
edilon orinti soyuq yayama vo 720°C vo 870°C arasinda tab almadan sonra COX yaxs1 magnit
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xassasina malikdir. Lakin, kaskin soyumadan avval gizma zamani xususi ehtiyat todbirlori
gormok lazimdir ki, plastikliyi pislosdiron donalarin bdyiimasi mohdudlassin.

Kaskin soyumadan ovval gizmani asanlasdirmaq dgln 0,02%-don 0,5% —o godor
niobium va bir sira hallarda 0,07%-don 0,3%-2 godoar sirkonium olavs edilmasi toklif olunur
ki, gqizma zamani dononin bOylumasi mohdudlassin. Bu sulla alinmig orinti yalniz 2%
vanadiuma malik arintinin xassolori ilo mugayiss edilon (yalniz ondan yaxsi deyil) magnit
xassalorina vo plastikliya malikdir. Kaskin soyumadan ovvallki gqizma daha asan hoyata
kecirilondir.

Digar torofdon, muoyyan edilmisdir ki, vanadium niobium vo ya tantalla ovoz edilo
bilor. Masalon, niobium va tantahin comi 0,15%-dan 0,5%-2 godar olan arinti yuxaridaki
arintinin plastikliyi ilo muigayiss edilon plastikliys malik olsa da daha yuksok temperaturda
tablamaya moruz gala bilor ki, bu da daha yaxs1 magnit xassalori almaga imkan verir. Lakin,
bu orinti nisbaton Kigik elektirk migavimotina malikdir ki, bu da induksiya corayanlari
hesabina itkilori artirir va onun tatbiginin mimuikuanltydnd mahdudlasdirir.

Nohayat, butin bu orintilor bozi totbiglordo masalon, ¢ox yiksok surstlo firlanan
masinlarin firlanan magnit dovralarinds kifayst etmoyon dartilmada mdhkomlik mexaniki
xarakteristikalina malikdir. Oslindo demak olar ki, 480 MPa-dan yuxar: elastiklik hoddi almaq
mimkdin deyil.

Mexaniki xarakteristikalarin yaxsilagdirilmas: G¢un  48-50% kobalt, 1,8-2%
vanadium, 0,15-0,5% niobium va 0,003 %-don 0,02 %-qodar karbon, galant domir vo digar
asqgarlar olan orinti secilmisdir. Gostarilmisdir ki, bir atom tantalin bir atom niobiumla avoz
edilmasi hesabi ilo niobium tamamilo vo ya gismon tantalla ovoz edilo bilor. Tantal vo
niobiumun uygun atom ¢akilorina diggat etmoklo 1 kiitlo % niobiumun 2 kiitls % vo daha ¢ox
tantala uygun goldiyini nazora almaqg lazimdir. Bu orintido niobium (vo ya tantal) dono
sorhaddi boyunca dononin bdylimesine mane olan Lave Fazalari amolo gotirir ki, bu da
plastikliyi shomiyyatli doracodo yaxsilasdirmadan elastiklik haddinin xeyli doracado artirir.
Masalon, 720°C temparaturda tab almadan sonra elastiklik hoddi 600 MPa godor yiiksslo
bilor. Lakin, bu mexaniki xarakteristikalar niobium vo ya tantalin yalniz ohamiyyatli
daracada alava edilmasi ilo alda edils bilar.

Niobium vo ya tantalin oshomiyyatli derocods alavo edilmasi ona goro zoruridir Ki,
yenidonkristallasmanin temperatur diapazonunun yuxari oblastinda tab alma zamani elastiklik
haddinin yiksalmasino nail olunsun. Bu, tabalmanin effektiv temperaturunda alinmis asagi
hassasliglt naticalora nisbaton, Ustiinlilys malikdir. Masalonin bu clr holli arintinin gaynar
yayilmasina yararligin azalmasindan ibarat olan catigmazliga malikdir.

Burada mogsad eyni zamanda plastikliys, yaxs1 magnit xassaloring vo yaxsilasdirilmig
mexaniki xarakteristikalara malik elo domir —kobalt arintisinin islanib hazirlanmasidir ki, bu
zaman soyuq yaymaya yararliliqyaxsi olsun.

Miigayiso ve niimuna Usiin A, B vo V orintilorindon (codval 1) togribsn 1200°C
temperaturda gaynar yayma il 2 mm qalinhql: lentler hazirlanmis, 800°C —don 100°C —dok 1
saniyodon az muddstdo kaskin soyutmagla tablanmiglar. Bu cur ahnmis lentlordon soyuq
yayma ilo 0,35 mm qgalinhqgl: lentlor hazirlanmisdir. Bu cur soyuq yayilmis lentlors totbiq
liclin zoruri olan xassalor vermok (ciin onlar 700°C -don 900°C -dok temperaturlarda tab
almaya moaruz galmislar.

Alinmis mexaniki vo magnit xarakteristikalari 6lctlmasddir. Muoyyan edilmisdir ki, A
vo B oarintilori ¢atinlik ¢okmodon yoni, ¢atlar meydana galmodon gaynar yaymaya moruz
galirlar. ©rintilarin Kimyavi torkiblori (galanlari domir) cadveal 1-do verilmisdir.
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Cadval 1
o v Ta Mo B c Mn Si Cr Mi Cu S P
A | 48, 1,08 - 0044 | 00022 | 0011 | 0,102 | 008 | 0,04 | 0,171 | 0,01 | 0.004 | 0005
5
B | 48, 19 017 00012 | 0,005 005 | 005002 0.2 | 001 | 0.002 | 0.005
1
V | 48, 1.87 0.064 - 0,010 009 | 005 004 | 012 | 001 | 0.003 | 0.005
T

725°C, 760°C vo 850°C temperaturlarda tabalmadan sonra alinmis mexaniki

xarakteristikalar (Reg o-elastiklik haddi; HV-Vikkersa gora barklik) cadval 2-do verilmisdir.

Cadval 2
Reg; (MPa) HV
725°C 760°C 850°C 725°C 760°C 850°C
A 530 470 380 260 250 230
B 675 475 330 315 263 222
v 480 420 310 250 240 220

Olgiilon magnit xarakteristikalar::

20 e=1600 A/m, 50e=4000A/m vo 100e=8000A/m sabit caroyanla yaradilan H magnit
sahasinda magnit induksiyasmin B (Tesla);

- Koersitiv qivvanin He, A/m;

itkilorinin (Vt/kq);
giymatlori codval 3 (725°C), cadval 4 (760°C) vo cadval 5-da (850°C) verilmisdir:

sinusoidal induksiyanin maksimal giymoti 2Tesla vo 400 Hs olduqgda, ferromagnit

Cadval 3
B (20 e) B(50 e, B (100 &) H. Ttkalar =
A 2.04 2,18 2,25 296 131
B 2.00 2.15 2,25 488 158
v 2.01 2.21 226 184 94
Cadval 4
B (20 ¢, B (50 ) B (100 ) H. Tikalor
A 2,09 2,20 227 216 110
B 2,07 2,20 226 232 104
v 212 222 228 152 87
Cadval 5
B (20 &) B (50 e) B({(100 e) H. Itkalar
2,14 2,23 2,28 120 86
B 212 223 2,30 88 74
V 2.11 2.21 2,26 o8 75

Naticoalor gostorir ki, molum V arintisinin xassaloarina ¢ox yaxin olan magnit xassalorina
malik A va B arintilari agiq askar daha yiksok mexaniki xasalora malikdir. Belos ki, elastiklik
haddi 500 MPa-dan yuksak ola bilor. Bu xarakteristikalar 0,3% niobiys malik arintilor Ggtin

alinmis xarakteristikalarla mugayiss olunandir.

ODOBIYYAT

1.T.M.Panahov, G.©.Quliyeva, N.T.Panahov. Dagiq orintilorin fiziki metalsunashgi. Ali
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H.I1.Mammnoctpoenue, 1996-2000 r

224



Fizikanin muasir problemlari VII Respublika konfransi

IJEKTPOITPOBOJAHOCTDB BOJJHOI'O PACTBOPA Mg SO4

J.A. Macumos, I'.11l. T'acanos, b.I'. [1lamaes, H.M. baxmmeBa
bakunckuii I'ocyoapcmeennvlii Yuueepcumem

B pabome yoenvnas snexmponposoonocms 600Ho20 pacmeopa MQSO, uccreoosana 6
uumepeane memnepamyp 283,15-323,15 K u xounyenmpayuu 5-25%. Iloxazano, umo
VOenbHas 21eKmponposooOHocms pacmeopa yeeauuusaemcs 0o konyenmpayuu 20% MgSOs,,
u 3amem ymenvuiaemcs. M3 3asucumocmu y0envHou 21eKmponposooHocmu 600Ho2o MgSO,
coenan  8vl800 O MOM, YUMo O/ Npuema 8Hympsb opeanusma 600Ho2o pacmeopa MQSQOy,
yenecoobpasno ucnonvzoeams pacmeop MQSO, 0o konyenmpayuu 20 %.

B oTnmume oOT JApyruX OKMAKOCTEH TEepMOJMHAMHMKAa BOJAbI aHoManbHa [1].
AHOMaJbHBIE CBOWCTBA BOJbl WIPAIOT KIIOYEBYIO POJIb B OJHEPreTUKE KHUBBIX CHUCTEM.
HanMounekynsipHble ¥ KOONEpaTHUBHBIE CBOMCTBA BOJbI OUYEHb BAXKHBI JJIS aJalTaIl[UN XKHUBBIX
CHCTEM K YCJIOBUSAM OKpYKarloUlel cpeapl. DHEPreTU4ecKuil OOMEH >KHUBBIX CHCTEM C
BHEIIHEH cpeioil 3(pPEeKTUBEH B YCIOBHAIX MOBBIIIEHHON BIAXHOCTU M Temreparypsl 3-5°C.
Hmenno B sTrom uHTepBaie (okono 4°C) BOAbI MMEET aHOMAJIHIO IJIOTHOCTH U MOJISIPHOTO
o0beMa.

s BOJIbI XapakTepHO OOpa3oBaHHME 3a CYeT BOJOPOIHBIX cBsized (H-cBs3m)
Ha/IMOJICKYJISIPHBIX TUHAMUYECKUX CTPYKTYpP —KJIACTEPOB C BPEMEHEM MEPECTPOMKH MOPsIIKa
10™-10™C. CornacHo KIacTepHOM MojeNId BOJbI, B 0OJACTH MeEXIy KiIacTepaMu
CYIIECTBYIOT M CBOOOJHBIE MOJEKYNIbl BOAbI. CUMTAIOT YTO, CTPYKTypUpOBaHHas BOJa B
OCHOBHOM COCTOMT M3 KiacTepoB. KiactepHas cTpykTypa BOJbl MIPaeT BaXKHYIO pOJIb B
npolecce caMOOpraHM3aluy KXUBBIX cucTeM. [loaToMy, HccieloBaHHE BIIMSHUS BHEIIHUX
(baxTOpOB, B TOM YHCJIE€ PAaCTBOPEHHBIX BEIIECTB, HA CTPYKTYPY BOJBI MIPEACTABISICT HHTEPEC
MCXOJIs1 U3 TOTO, YTO BCE MPOLIECCH] B OPraHU3Me MPOUCXOIAT P MIPUCYTCTBUH BOJIBI.

Bcesikoe BelecTBo, paCTBOPEHHOE B BOJIE, CYILIECTBEHHO BIIUSET HA CTPYKTYPY BOJBI.
B nannHoii pabore Hamu ObulO HccienoBaHo BiausHue conmu MQSO, Ha CTpyKTypy BOJIBI
Maruuii cynabpdar OecuBeTHbIE TPU3MATUYECKUE KPUCTAILIBI, JISTKO pacTBOpUMEI B Boje (1:1
B xosonHOW W 3:1 B kumsmieit). Maruuii cynbpar oka3plBa€T MHOTOI'PAHHOE BIIHMSHUE Ha
OpTaHU3M.

[Tpu mpueme BHYTPb OH IUIOXO BCACHIBACTCS, ACUCTBYET KaK CIaOUTEIbHOE CPEICTBO
U OKa3bIBaeT TaKXKe KemdyeronHoe neiictBue. OQHON M3 ocoOeHHOCTEH MarHus cynbdara
SBIISICTCA €r0 YTHEeTalollee BIMSHUE Ha HEPBHO —MBIIICUHYIO Mepenady. JTo U JApyrue
JeicTBUS MarHusi cyiabpara Ha OpraHuM3M, IO-BHAMMOMY, MpPEXAE BCEro, CBS3aHBI C
B3aMMO/ICHCTBUEM MEXJy MoJeKy/laMu Boabl 1 noHamu Mg®™ u SO, B BOJHBIX pacTBOpax
MarHus cyibdara. 3T HOHBI B BOJHOM PacTBOPE MOJIBEPratOTCs rHaApaTanuu. SICHO, 4To npu
TOM CTPYKTYpa BOJBI JOJDKHA HM3MEHSATHCA. MBI HCCIEIOBATU JIEKTPONPOBOIUMOCTD,
BA3KOCTb M JPYIM€ CBOWCTBA pacTBOpa JUIsl YTOUHEHHs BIMAHUS MarHus cyinbdara Ha
CTPYKTYpY BOJbL. B 1anHO# paboTe MbI IPUBOAMIIN TOJIBKO 3JIEKTPUUYECKUE JaHHBIE.

Oo0veKkmul u Memoovl usmepenus
OOBeKTOM HCCNEOBaHMs SBISIETCA BOJHBIA pacTBOp MarHus cynsdat: Jns

IPUTOTOBIICHHUSI PACTBOPOB HCHOJIB30BAIU OMIUCTUIMPOBAHHYIO BOJY M MarHuii cymnbgdar
renraruapatr Mg SO4 -7H,0 COO "Tynbckas gpapmanesruyeckas padpuka” Poccus.
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Jlis  u3MepeHus: JIIEKTPONPOBOJUMOCTH PACTBOPOB HCIOJB30BANM  SIUCHKH U3
TUTATHHOBBIX JIEKTPOJOB. MI3MEpeHus CUIIbI TOKA M HAMPSHKCHUS MMPOBOIIIA B TIEPEMEHHBIX
Tokax. Yactora mnepemeHHoro Toka Obuta 1000l'm. VYimenbHYIO 53IEKTPONPOBOTHOCTH
BBIYHCIISUTH 110 popMyIIe:

o= 43,1;, Om™-m™, (1)

p pact

rae J —cuna toka B ammepax; Upp U Upeers HampsbkeHue B BousbTax; 43,1 Mt sBnsercs

. . . . L
nocTosHHOM sueiiku. IIoCTOSSHHON SYEeMKM HaA3bIBAIOT OTHOIICHHE g, rac E—paCCTOHHI/Ie

MEX]Ty JIEKTPOJIaMH, S - TUIOLAAb MIOBEPXHOCTH 3JekTpoa. [locTosiHHas siueliku HaliieHa ¢

UCIIOJIb30BaHUEM CTaHaapTHOro BoaHoro pactBopa KCl ¢ MomspHO# KOHIEHTparmen
MOJIb

0,01 .

I
JUis  u3MepeHusi TeMIeparypbl pacTBOpa HCIOJB30BANU  TU(QepeHIINATbHBIN

TEpMOIap U3 XpoMellb-altoMelb. TouHOCTh n3Mepenus Temmnepatyp cocrasisuia 0,05°C.
Omnpezenenue yaenbHOM JIEKTPOIPOBOIHOCTH OBbLIO BBIMOJIHEHO MPH KOHIICHTPALUAX

5-25% wnu 0,44-2,67

MOJIb

u B quano3oHe temmeparyp 10-50°C.
b

Ilonyuennsvie pezynromamal u ux 00CcyyHcoenus

DKcIepuMeHTaIbHbIE IaHHBIE 110 YAETBHON 3JIEKTPOIPOBOAHOCTH BOJHOTO PAacTBOpa
MgSO;, B untepsane 283,15-327,15K u koHueHTpanuu 5-25% npuseaeHsl B TabauLIe.

Konuen- JIEKTPONPOBOIHOCTh PACTBOPa G, OM M~
Tpauwst, | 283,15 | 288,15 | 293,15 | 298,15 | 303,15 | 308,15 | 313,15 | 318,1 | 323,1
% S S

5 1,475 | 1,575 | 1,685 | 1,825 | 1,995 | 2,170 | 2,365 | 2,590 | 2,835
10 1935 | 2,178 | 2,418 | 2,658 | 2,898 | 3,143 | 3,381 | 3,615 | 3,849
15 2,668 | 2,992 | 3,298 | 3,610 | 3,910 | 4199 | 4,483 | 4,754 | 4,998
20 2,813 | 3,301 | 3,752 | 4,165 | 4,531 | 4,848 | 5,126 | 5,362 | 5,551
25 2,001 | 2,465 | 2,905 | 3,312 | 3,681 | 4,018 | 4,308 | 4,569 | 4,788

W3 Tabnuupl BUIHO, YTO MPH JAHHOW TemIiepatype yHelbHas 3JIEKTPONPOBOTHOCTD
pacTBopa ¢ yBenuueHHeM KoHIeHTpauuu MgSO, yBenuumBaercs, JOCTUTAET MaKCHMyMa
npu KoHueHtparuu 20%, a 3atem ymenbmaercs. llockosbko BoaHblii pacTBop MQSO4
IIMPOKO MPUMEHSETCS] B MEAMLIMHE, U3 JAHHBIX 10 3JEKTPOIIPOBOJIHOCTH PAacTBOPA CIIEAYeT,
4YTO A7 TpHeMa BHYTp BOAHBIM pactBop MQSOs mnydimie HCIONB30BaTh PacTBOP [0
koH1eHTpauuu 20%.

JIMTEPATYPA

1. Chaplin M.F. Water: its strukture and importance. South Bank University, London,
2001, 76p.
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TYR-SER-LEU ANTIXORCONG TRIPEPTID MOLEKULUNUN
KONFORMASIYA XASSOLORI

T.i.Binnatova', G.9.Agayeva?
'Qafgaz Universiteti
Bak: Dovlat Universiteti, Fizika Problemari Institutu,
binnatova@inbox.ru

Nazari konformasiya analizi Usulu ila antixargang Tyr-Ser-Leu tripeptid molekulunun
faza qurulusu va konformasiya xassal/ori polyar mihit Ggln tadqiq edilmigdir. Hesablamalar
naticasindo molekulun agsag: enerjili konformasiyalariin ikitzli bucaglarin giymatlori,
qal:iqlararas: qarsiligl: tasir qlvvalorinin enerji paylar: vo molekulun optimal faza
qurulusunun modeli miayyan edilmigdir

Son illar dorman shomiyyatli peptidlora elmi maraq artmisdir. Malumdur ki, Kigik
peptid molekullar1 sorbost halda fizioloji mihitds 6zlorinomoxsus stabil konformasiya
vaziyyatlorinda bioloji tasir gostora bilirlor. Peptidlorin tasir mexanizmlarini 6yronmok tgtin
ilk névbada onlarin konformasiya vaziyyatlorini misyyan etmok vacibdir.

Toqdim olunan isdo H-Tyr-Ser-Leu-OH tripeptid molekulu nazari konformasiya
analizi Gsulu ils tadqgig olunmusdur. Bir sira bioloji tadgigatlardan moalum olunub ki, Tyr-Ser-
Leu tripeptid molekulu garaciyardo BEL-7402 xarcong huceyralorinin inkisafin1 dayandirir
[1-4]. Bu keyfiyyatino goOra tripeptidin farmakoloji xtsusiyyatlori marag kasb edir vao onun
xargang xastoliyinin  mualicasinds istifadasi noazords tutulur. Bu baximdan molekulun
konformasiya imkanlarmin 6yronilmasi onun tasir mexanizminin askarlanmasina vo yeni daha
tasirli analoglarin yaranmasina sabob ola bilar.

Nozori konformasiya analizi  Gsulunda atomlar arasindaki garsihiqli tosirin Gmumi
enerjisi Van-der-Vaals, elektrostatik, torsion garsiligh tosir enerjilori vo hidrogen rabitoasi
enerjisinin comi kimi hesablanir [5]. Bucaglarin hesablanmas: iIUPAC-IUB nomenklaturasina
osason aparihib [6]. Qurulus mosalalorin holli zaman: N.M. Qocayev vo 1.S. Maksumov
torafindan tortib edilmis universal program vo algoritm batun taloblori tamamils nazars alir vo
muxtalif peptidlorin  foza quruluslarmin  todgiqinds istifado  edilir [7-9]. Enerjinin
minimumlasmas1 birinci tortib téromolora goro gradient Gsulu ilo aparilir. Molekulun asas
zoncirin mixtalif formalar: iki sinfo ayrilir: bikdlu (f) vo agiq (e) seyplor. Tripeptid Gglin
yalniz dord seyp yaranir. Hesablamada todgiq olunan tripeptidin atom modeli 54 atomdan
ibaratdir vo bu modelds 18 ikilzli bucagi nozora ahinmisdir. Peptidin asas zancirinds birgat
C-N, C"-C, N-C' rabitalori vo yan zoncirlorin bucaglar: otrafinda firlanma nsticosinds
hondosi paremetrlor, qarsiligh tosirin enerji paylari, gahqlararas: garsihigqli tosirin enerji
paylari, optimal konformasiya voziyyatlorin ikitzIi bucaglarin giymatlori vo Gmumi enerji
toyin edilmisdir. R, B, L osas zoncirin ikilzli bucaglarinin giymatlorinin konformasiya
voziyyatlorini oks etdiron isaralordir: R (¢, yw =-180™-0), B (9= -180-0", y=0-180), L (¢, v
= 0-180). ilkin variantlarda asas zencirin hor bir formasi iiciin gahglarin yan zencirlsrinin
muxtalif orientasiyalari nozora alinmisdir: 1,2,3 rogomlori muvafiq olaraq daxili firlanma
bucaglarmin 60°,180° va -60" giymetlorini ifade edir. Cadvaldon gériindiiyii kimi on stabil
konformasiya tam bukult ff seypina aiddir. Stabil konformasiyalarda hidrogen rabitslori

yaranir. Tripeptidin on stabil konformasiyasinda tirozinin &3 qrupunun hidrogeni ilo

227



Fizikanin muasir problemlari VII Respublika konfransi

leysinin COO" qrupunun oksigeni arasinda hidrogen rabitasi yaranir va onun enerjisi E=-
1.42kkal/mol, rabitonin uzunlugu 2.53A toskil edir. Misahido olunan hidrogen rabitosi on
asag1 enerjili konformasiyaya olavo stabillik verir. Hesablamalar naticosindo galiglar arasi
garsihigh tosirdo dispersiya qarsiligl tesirlorin daha boyik rol oynadigi  mioayyan
olunmusdur. ©n optimal konformasiyada bu tasirin enerji pay: -11.4 kkal/mol toskil edir.
Cadval 1 dan goruntrki, har 4 seypa moxsus olan an stabil konformasiyalar 0-1kkal/mol nisbi
enerji intervalina daxil olurlar.Bu onu gdstarir ki, tripeptid molekulu ¢ox boylk konformasiya
cevikliyino malikdir. 1 nomrali sokilds tripeptid molekulunun qlobal konformasiya
vaziyyatlorinin hesablanmis ikitzli bucaglar (Cadval 2) ssasinda faza qurulusunun modeli
gOstorilmisdir.

Cadval 1.
Tyr-Ser-Leu molekulunun optimal konformasiyalarinin
garsiligh tasir qivvalarinin enerji paylart.
N | Konformasiya [ Seyp | Qarsiligh tasirin enerji paylar: (kkal/mol)
Eq.v Eel Etor EUmumi Enisbi
1 | Ra2 R32Raze | ff -11.37 2.84 2.48 -6.05 0.0
2 | Ry22R12R3222 ff -10.21 2.84 1.39 -5.98 0.07
3 B22oR12R3300 ef -10.81 3.27 2.34 -5.20 0.85
4 B22oR32R3000 ef -9.73 3.45 3.00 -3.29 2.76
5 R225B32R3200 fe -10.05 2.82 1.62 -5.60 0.45
6 R22o B12R3200 fe -8.50 2.94 1.31 -4.25 1.8
7 L322B32R3000 ee -10.00 2.82 1.84 -5.34 0.71
8 B32oB32R3000 ee -8.99 2.91 1.23 -4.84 1.21

LEU 3

Sakil 1. Tyr-Ser-Leu tripeptid molekulunun global konformasiya vaziyystlarinin
hesablanmas ikilizlu bucaglar asasinda foza qurulugsunun modeli.
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Cadval 2.
Tyr,Ser va Leu amintursu gahglarmin ikitzIi
firlanma bucaqglarmin ilkin hesablama giymatlori
Amin tursu gqahg: Osas zoncirin bucaglar1 | Yan zoncirin bucaglari
¢ v ® X1 X2 X3 X4
Tyr' -43 -68 180 | 172 57 180 -
-57 -60 179 172 48 180 -
-63 -65 182 170 55 180 -
Ser? -108 |-67 |178 |54 179 |- -
-92 -54 178 -61 179 - -
-103 -65 181 54 179 - -
Leu® -102 -79 180 197 174 189 180
-101 =77 180 198 172 189 180
-103 -57 180 -51 177 186 180

Belalikla, nazori konformasiya analizi Gsulu ilo Tyr-Ser-Leu tripeptid molekulunun
optimal foza qurulusu va konformasiya xassalori polyar mihit(e=10) ¢tn todgiq edilmisdir.
Hesablamalar noticosindo molekulun asagi enerjili konformasiyalarinin ikilizlii bucaglarin
qiymoatlori va gahqlararasi garsiligh tasir qlivvalarinin enerji paylari miosyyon edilmisdir
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L-VAL-LVAL-D-VAL ANTIBAKTERIAL TRIiPEPTID MOLEKULUNUN
KONFORMASIYA XASSOLORI

F.9. ismayilzada', G.O. Agayeva®
'Qafgaz Universitetinin
“Bak: Dovlat Universiteti, Fizika Problemari Znstitutu
fidan_ismayilova @bk.ru

Nazari konformasiya analizi Usulu ilo antibakterial L-Val-L-Val-D-Val tripeptid
molekulunun konformasiya xisusiyyatlari mlayyan olunmugdur. Hesablamalar naticasinda
tripeptid molekulun an optimal konformasiya vaziyyatlori agkar olunmugdur. Bu
konformasiyalar: stabillagdiran qlivalorin tabiati va enerji paylar: miayyan olunmugdur. L-
Val-L-Val-D-Val molekulu tgtin battun optimal faza quruluslarzn ikitzli handasi va enerji
parametrlarin giymatlori alinmugdur.

Peptid tobiotli antibakterial tosiro malik olan molekullara son illor elmi maraq kaskin
artmisdir. Adi antibiotiklordan fargli olaraq peptid molekullar: genis antibakterial vo nisboton
az toksik tosiro malikdirlor. Bioloji tocriibolor osasinda mioyyoan edilmisdir ki, bir sira
hidrofob amintursularindan toskil va sintez olunmus tripeptid molekullarindan yalniz L-Val-
L-Val-D-Val molekulu yuksok antibakterial effekto malikdir [1]. Bu tripeptid bir necgo
xastaliktoradici bakteriyalarin inkisafini dayandirir. Bu molekul iki L —valin vo bir D-valin
izomerindan ibaratdir. Malumdur ki, valin amin tursusu organizmin toxuma va hiiceyralarinin
sintez olunmasi vo boyumasi Ugin an vacib komponentdir. L-Val- L-Val-D-Val molekulun
tasir mexanizmini 6yronmok vo onun yeni analoglarmin yaradilmas: magsadi ilo ilk ndvbada
onun foza qurulusunun vo konformasiya imkanlarinin 6yranilmasi ¢ox béyuk elmi maraq kasb
edir.

Toqdim edilmis isdo antibakterial L-Val-L-Val-D-Val tripeptidinin foza qurulusu
nazari konformasiya analizi Usulu ilo polyar muhit Gcun (dielektrik sabiti £=10) todqiq
olunmusdur. Enerjinin minimumlasmasi birinci tortib téromolora goro gradient Usulu ils
aparilir. Konformasiya analizi zamani molekulun Van der Vaals ,elektrostatik,torsion
garsiligh tasirlorin enerji paylari va hidrogen rabitasi enerjisi nazora alinmisdir [2]. Qurulus
mosololorin halli zaman: N.M.Qocayev vo 1.S.Maksumov tarofindon tortib edilmis universal
program vo algoritmdon tripeptidin konformasiya analizinds istifado edilmisdir [3]. Bu
program vo alqoritm bir cox todgigatlarda Ozinu dogruldurmusdur [4,5]. Moalumdur Ki,
tripeptid molekulun asas zoncirinds yalniz dord seyp yarana bilor: ee,ef,fe,ff. Osas zoncirin ¢
vo v bucaqlar asagidak: intervalda doyisir: (¢, v) are: R (¢, y =-180-0), B (¢= -180-0,
y=0-180"), L (9, w = 0-180) and P (¢=0-180", y=-180-0). Yan zoncirlorinin miixtolif
vaziyyatlori nazora alinmisdir: 1,2,3 rogamlori mivafiq olaraq daxili firlanma bucaglarinin
60°,180" vo -60° giymotlorini ifads edir [6].

Cadval 1.
L-val-L-val-D-val molekulunun optimal konformasiyalarinin
0-5 kkal/mol nisbi enerji intervalinda paylanmasi

eyp Osas Nishi enerji interval: (kkal/mol)

zancirin 0-1 1-2 2-3 3-4 4-5 5>

formasi
ef BBL 2 4 2 - -

LBL - 1 1 3 3 -
ee BRL 2 2 1 1

LCRL - - il 3 2 2
ff RBL - il 2 il - 4
fe RRL - - - 2 6
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Hesablamalar naticasindo tripeptid molekulun bir yigim optimal konformasiya vaziyyatlori
muoayyan edilmisdir. 0-5 kkal.mol nisbi enerji intervalina daxil olan konformasiyalar cadval 1
—do gostarilmisdir. Bu cadvoldon gorundr ki, tripeptidin on asagi enerjili konformasiya
vaziyyati BRL formasinda amoala galir vo bu forma ee seypina aiddir. Tripeptidin an optimal
konformasiyasinda gucliu dipeptid vo tripeptid olagelori yaranir. Cadvall-don goririk Kki,
tripeptidin ham seyplari, homda asas zancirin formasina gors gucli diferensasiya movcuddur.

Cadval 2. L val-L val-D val molekulunun optimal konformasiyalarinda galiglar
daxili va gahglararas: garsiligh tasir quvvalarin enerji paylari.

Konformasiya L -Vval L-Val D-Val Amin tursu
galig1
B3R, 3 0.82 2.1 -2.6 L-Val
R2B,L; 0.91 -2.8 -1.0
B,B,L, 0.51 -2.1 -1.6
0.5 -3.2 L-Val
0.5 -1.9
0.41 -2.0
0.23 D-Val
-0.42
-0.4

Qeyd etmok lazimdir ki, 0-2 godoar enerji intervalina yalniz 3 seypin konformasiyalari
daxildir. fe seypin konformasiyalar1 isa geyri stabildirlor va onlarin nisbi enerjisi 3 kkal/mol
gadoar galan seyplorin konformasiyalarindan forglonir. Tripeptid molekulunda asagi enerjili
konformasiyalarin stabillosmasinds onu toskil edon amintursularin rolunu mioyyan etmok
uclin garsiliglt tosir matrisindan istifado olunur. L-Val-L-Val-D-Val molekulun an stabil
konformasiyalarin qaliglar-arasi garsiliqli tasir enerjilorin paylari cadval 2-do gostarilmisdir.

Sakil 1. Tripeptid L-Val-L-Val-D-Val molekulunun optimal faza qurulusunun modeli

on stabil konformasiyada dipeptid qarsiligh tosirlorin enerji paymin comi -4.7
kkal/mol togkil edir. Birinci L-Val galhigin tgunct D-Val galig: ilo garsiligh tasirlorin enerji
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paymin iss comi -2,6 kkal/mol toskil edir. Belo qgarsiligh tasirlor basga konformasiyalarda
omolo goalmir vo yaxud nisbaton zoif olur. Hesablamalar noticasinds molekulun ikitzli
bucaglarmin giymatlori asasinda molekulun faza qurulusunun modeli qurulmusdur. Sokil 1-
do tripeptid molekulun enerji cohotdon on olverigli konformasiyasinin foza modeli
gOstorilmisdir.

Belaliklo, aparilan hesablamalar gostordi ki, todgiq olunmus L-Val-L-Val-D-Val
tripeptid molekulunun asas zancirin agiq formasina aid olan konformasiya voziyysti enerji
cahotdan an olverislidir. Bu da valin galiglarinin saxsli olmasinin naticasidir.
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A L0 o

TNJIPOTEOXUMMNYECKAS XAPAKTEPUCTUKA MOJ3EMHBIX BO/I
NMPUKACIIUNCKOMN HU3BMEHHOCTH

T.A. HmamoBa
baxunckuu I'ocyoapcmeennviti Ynusepcumem,
Hnucmumym @uzuueckux npobrem
baxy, Azepbaiioscan

Cmamovs  noceawaemcsi  QU3UKO-XUMUYECKOU — XAPAKMeEPUCmuKe  NOO3eMHbLX
MUHEPATbHBIX U MEPMATbHBIX 600 [IpuKacnutickou HU3MeHHOCMU.

C yenvio ycmanognienuss 3mux nooO3emMHuix 800 Hamu u3zyyenvl Oonee 50 cxeadicuH,
Komopule npobypeHvl HA MepMAanbHble 800bl 89MOM pecuone Bo eécex amux cKeajdcuHax,
Komopwie npbypeHvl Ha cmpykmypax AHiama, Xyoam, Habpanv, Xaumac u Jueuuurckoeo
pationos. buiiu visneHbl mepmanbHble 800bl, KOMOpble XapaKmepusyiomcs paznooopazuem
N0 UOHHO-CONIEBOMY U 2A3060MY COCMABY, NO CMEneHu MUHepalu3ayuu, memnepamype,
0eoumy, MUKpOKOMNOHEHMHOMY COCMABY, VCI08UAM (QOPMUPOBAHUS U PACNPOCPOHEHUs
pecypcos, a makaice cooepiucanuem O0IbHe0N0SULEeCKUX AKIMUBHBIX KOMNOHEHMOS.

Cucmemamuszayusa u 0600wjeHUss OAHHBLIX AHAIU308 NOO3EMHLIX MUHEPATLHLIX U
mepmanvhvlx 600 lIpukacnutickoti HUSMEHHOCMU , M.e.800bl Medcoypeuvs Camyp-Amauaii no
Pu3uUKO-XUMUYECKOU XapaKkmepucmuxe umeem OOIbULIOe HAYYHO-NPAKMUYECKoe 3Ha4eHue.

Knwuegvie cnoea. cuopoxumuveckas — Xapakmepucmuka, —MUHepaivhvlie U
mepmanvhsie no03eMHble 800bl

YyeHue B.I/I.BepHaz[cxoro 0 ICOXUMHH NMPUPOJHBIX BOA U TI'da30B IOJTYUUIIO Ooiee

HIMPOKOE Pa3BUTHE BO MHOTMX HUCCIIEJOBAHUAX 110 TEOXUMHUH BOJ MHOTHX CTpPaH MUpa, B TOM
yucie B ctpaHax CHI™ u B A3zepOaiimkane.
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YcraHoBieHo, 4TO u3ydaemoe Mexaypeube Camyp —Artauaii BecbMa Oorat
MUHEpAJIbHBIMU ¥ TEPMAJIBHBIMU BOJAMHU. BOJNBIIMHCTBO MUHEPAIBHBIX U TEPMAIBHBIX BOJ
BCTPEYAIOTCS 3/1€CHh B IIPEArOPHONM YacTH paBHMHBI. [Ipuuem, oHM MpUypoUYEeHBI K KPYIHBIM
TEKTOHUYECKHM Pa3ioMaM U TpeIrHaM. DTH BOJIbI OCOOCHHO YacTO HAKAIUIMBAIOTCS BMECTAX
NepeceueHsl TEKTOHMYECKUX pa3JIOMOB, a TakXe B TOHWKEHHBIX 4YacTiIX penbeda
MecTHOCTU. OHM UMEIOT PETMOHAJIBHOE U JIOKAJIBHOE PaclpOCTPaHEHHUE.

C nenpro u3y4eHus TUAPOXUMHUYECKON XapaKTEPUCTUKH MTOA3EMHBIX TEPMAJIBLHBIX BOJ
HaMH M3Yy4eHbl JaHHbIe O0ojiee 50 CKBa)KMHBI, KOTOpPhIE MPOOYpEHbl Ha TEpMalbHbIE BOJbI B
3TOM pEruoHe. OTU CKBAXKHMHBI NpOOypeHbI B NpefenaX KOHKPETHBIX TEKTOHHUYECKUX
ctpykryp (Snama, Xynat, Xaumac, Kycapsr u np.). Bo Bcex ckBakuHax, KOTOpbIe IPOOYPEHBI
Ha cTpykTypax Xynat, Slmama, HaOpanp, Xaumac u J{MBHYMHCKOro pailoHOB, OBLIH
BBISIBJIICHBl TEPMaJIbHbIE BOJbI, KOTOPBIE XapaKTEpU3YIOTCA pa3HOOOpa3HeM He TOJBKO IO
MOHHO-COJIEBOMY M Tra30BOMY COCTaBY, HO M IO CTEIIEHM MHUHEpaIM3aLUM, TEMIIEpaType,
ne0uTy, MUKPOKOMIIOHEHTHOMY COCTaBY, YCIIOBHSM (DOPMUpPOBAHHS U PaCIpOCTPAHCHHS
pecypcoB, a TaKke CoJaepKaHueM 0OJIbHEOIOTMYECKUX aKTUBHBIX KOMIIOHEHTOB.

C uenplo yCTaHOBIEHHS 3aKOHOMEPHOCTH (OPMUPOBAHUS XUMHUYECKOTO COCTaBa
MUHEPAIbHBIX U TEPMAJIbHBIX BOJ cOOp, cucTeMaTtu3anus U oOOOIIEHUS! JaHHBIX aHAINU30B
BOJ M0 THJAPOr€OXMMHUYECKON XapaKTepUCTHKE MMeEJ0 OO0JblIoe HayuYHO-IIPAKTUYECKOE
3HA4YEeHUE U BCE ATO JIETJIO B OCHOBY Pa3pabOTKU THAPOTEOXUMHHU BOJI U3y4aeMOT0 peruoHa.

HMoHHO —CcOJIEBOM COCTaB MUHEPAJIBHBIX U TEPMAJIBHBIX BOJ] II0 CPAaBHEHUIO C ra30BbIM
COCTaBOM JIy4Yllle BCETO XapaKTepU3yeT XHMHMUECKHE CBOMCTBA BOJABI M OTPAXKaET
re0JIOTHYECKYI0 HCTOPUI0 pervoHa. DOpMHpOBaHHE COJIEBOTO COCTAaBA MUHEPAIbHBIX U
TEPMAJIBHBIX BOJ IPOUCXOJUT B TEUEHUE IIIUTEIBLHOTO I€0JOTHYECKOTO BPEMEHHU.

Kak n3BecTHO, K HacToOAIIEMY BpeMeHU U3 87 cTaOMIIBbHBIX XUMUYECKUX DJIEMEHTOB,
U3BECTHBIX B 3eMHOM Kope, 6osnee 70 oOHapyXeHbl B MOA3EMHBIX BOJAX M HET HHUKAKHX
COMHEHHI B TOM, YTO OCTaJIbHbIE 3JIEMEHTHl TaKkXke OyAyT BBIABIEHBI B OyaylleM IO Mepe
YCOBEpLIECHCTBOBAHNS aHAIUTUYECKUX METOO0B.

B OCHOBHOM XMMHYECKMM KOMIIOHEHTOM IOJ3€MHBIX MHUHEPAJIbHBIX U TEPMaJIbHBIX
Boa otHocsares Cl, SO, HCO,; Na, K, Ca, Mg, koTopsle XapakTepu3ylT THIBI BOJ U
NPUCYTCTBYIOT B CaMbIX Pa3HOOOpAa3HBIX COYETAHUSIX U OTHOIIEHHsX. Hike B Tabmuue (Tal.
1) npuBeneHBI pPE3yAbTaThl XUMHUYECKOTO aHANINM3a MHUHEPATBHBIX M TEPMalbHBIX BOJ
Mexaypeubsi Camyp —Artauvaii.

Tabmuna 1
Pe3ynbTaThl XUMHUECKUX aHATH30B Mexaypeubsi Camyp-Aradait
Mecto No ['myOuna Cl SO, | HCOs | Na Ca Mg
Poxnenne CKB. M +K

SIlnama-Habpan | 1/80 | 1205 87 12 - 93 - -
Slnama-HabOpan 12 82,6 |16,2 |0,99 79,4 14,5 | 6,05
Slnama-Habpan | 7 1245 57,1 (13 416 93,1 34 |35
Slnama-Habpan | 10 2461 92,7 |60 |13 86,5 4,7 188
SImama 111 | 1140 858 131 |09 88,9 6,0 51
Tama 14 1164 541 42,4 |30 62,7 6,7 3,6
Snama 5 60,5 |20,2 |185 91,1 6,4 2,5
Slnama-Habpan | 9 1852 70,6 | 24,7 |47 93,0 39 |31
Xynat 20 1926 995 |01 0,4 82,4 146 | 3,0
Xynat 112 | 2877 99,7 |- 0,3 85,5 126 |19
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Xynart 113 | 1594 79,0 | 188 |22 76,4 18,8 | 4,8
Xynar 116° | 1853 957 [214 [1,76 [91,3 835 |0,35
Xaumac 115 | 1615 77,2 |18,6 | 4,20 85,0 8,7 |63
Xaumac 15 3350 36,1 |380 |26 91,0 6,2 |26
(b.Teruait)

Xaumac 1° 2497 990 (03 |10 87,0 10,7 | 2,7
JluBnun 45 546 |78 3,7 96,0 2,4 19
JluBnun 54 433 |10 57 96,1 0,6 3,0
I'ycap 9 1067 - 16 80 85 96 29

JlJiss BBISBICHHSI 3aKOHOMEPHOCTH PACHpPOCTPAHEHHUS MHHEPAIBHBIX U TEPMAIbHBIX
BOJ, OIIGHKa UX OaJbHEOJOTHYECKHX CBOWCTB, YCTAHOBIEHUM WX TeHe3uca OOJbIIoe
3HAYEHHE MMEIOT MPUPOJIHBIE Ta3bl KaK CBOOOTHO BBIICISIONIMECS, TaK U PACTBOPCHHBIC B
MUHEPATbHBIX U TEPMAIBHBIX BOJAX.

B.U. Bepraackuii [1] o razoBoMy coctaBy BbLACIHI 6 OCHOBHBIX IPUPOIHBIX BOA: 1.
Kucnoponnsie; 2. VYruekucneie; 3.A3zorHbie; 4. MetanoBele; 5. CepoBomoponusie; 6.
Bonopoansie.

B Mexnaypeunss Camyp —ATadaii MUHEPATbHBIE U TEPMaIbHBIC BOABI COITPOBOXKIAIOTCS
B OCHOBHOM a30THBIMHM, METAHOBBIMH, Aa30THO-METAHOBBIMH, MCTAHO-Aa30THBIMH U
CEpOBOIOPOIHBIMU T'a3aMH.

Otmeuas 310 B cBoux Tpyaax A.I'. AckepoB [2] B kiaccudukaiuu MUHEpPATbHBIX U
TEepPMaJIbHBIX BOJ A3epOaiikaHa, 10 ra30BOMY COCTaBYy, B OCHOBHOM, IPUBIIEKAeT BHUMAaHUE
Ha yeTelpe Hamboisee pacnpocrpanenHsie rasel (CO,, HS, CH,, N,). A npu paitornpoBaHun
tepputopun AzepOaiimkana Ha stk o (CO,, HS, CH,, N,, Rn) razos.

MuHepanbiple U TepManbHble BOJAbl [IpuKacnmiicKOM HU3MEHHOCTHM HMEIOT
MUHepanu3anuto, kojaeonyromyrocs ot 0,3 (ckB.Ne 5, 7, 9, 10, 12, 14, 3) no 106,56 r/n (ckB.Ne
112,20 —Xynar).

[To creneHn MUHEpaTU3allMd MHHEPAIbHBIE U TepMalbHBIE BOJBI PETHOHA COOpPaHBI
HaMU B 3 TPYIIIIbL:

1. BojwI co cnaboit u cpeanel MuHepanusamuei - 10 10 r/m;

2. BOJBI ¢ BEICOKOM MuHepanu3zanuei - ot 10 no 35 r/x;

3. BOJBI paccombHBIE - Oonee 35 /1.

K mepBoif rpynmbl OTHOCSTCS: MUHEpATbHBIE M TePMalbHBIE BOJbI C MHUHEPATH3AINH
o 10 r/mus ckB.NeNe 5, 7, 9, 10, 12, 14, 3/65, 113, 55, 14.

Bropas rpynna npesacraBieHa BojgaMu ¢ MuHepaiauzanueit ot 10-35r/1 BeIBICHHbIE B
ckB. NeNe 1/80, 33, 34, 30, 43, 35, 54, 58, 115, 111, 110, 36, 115.

K TpeTbeii rpymnmne MUHEpaIbHBIX H TEPMATBHBIX BOJI OTHECEHBI BOJIBI - PACCOJIBHBIE, C
MuHepanu3anuen 6onee 35 r/n ckBakuH NeNell12, 115, 20. 6, 116, 10, 7, 111, 43, 34, 1, 2, 4,
10.

Temneparypa MUHEpPaTbHBIX M TEPMAIbHBIX BOJ SIBISETCS OJHHM W3 OCHOBHBIX
nokasareneu Uit ux 6aTbHEeOIOTHYECKOro MPUMEHEHUS U UCTIONB30BaHuUs B KYPOPTHOM Jelie,
a TaKXKe XapaKTePUCTHKA €€ COJIEBOTO U T'a30BOI0 COCTABOB.

H.U. Tonctuxun [3, 4], A.M. OBuunHukOB [5, 6, 7] u Ap. Mo TemMIepaTypHbIM
MpU3HAKAM Pa3In4yaloT MUHEPaIbHbIe HCTOYHHUKU:

A. Xomonnsie: 1.BecbMma xonoanbie (Hmwke 4°C);
2. xonoausie (ot 4 go 20°).

b. Tepmanbnsie: 1.temsie (cyorepmanbsisbie - ot 20 go 37°C);
2. ropsiure (TepmainbHbie - oT 37 1o 42°C);
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3. o4eHb ropsiuue (runorepmainbhbie-cBblie 42°C);

A.T". Ackepos [2], ¢ uenbto yno0cTBa MPaKTHYECKOTO MPUMEHEHUSI MUHEPAIBHBIX BOJT
C Je4eOHOM LENbI0 C YYETOM BOCHPHSTHS YEIOBEYECKUM OPraHM3MOM TEIUIOBBIX CBOWCTB
BOJIBI, TOIpPA3JCIMJ MHUHEPAJIbHbIE MCTOYHMKU [0 TEMIEPaTypHOMY TMpPHU3HAKYy Ha
cieayronire kateropun u rpynimsl (Tao. 2):

Tabmuma 2
KATETOPUsI I'PYIIIIA TEMIIEPATYPA
1. Xomoausle 1. OueHb X0JI0IHEIE Ot 0 o 7°C
2. Xonomgusie Or7 o 12 °C

2. YMepeHHO-TEIIbIe

3. YMepeHHbIe

Ot 12 5o 20°C

4. Tennblie Ot 20 no 37°C
3. TepmanbHbIe 5. lopstune Ot137 no 42°C

6. Ouenb ropsume Ot 42 no 100°C
4. Kursiue 7. [TapoBbLAETSIONTIE Csrimre 100°C

W3 BBIMIEU3T0KEHHOTO CJEAyeT, YTO TeMIlepaTypa TEPMaJbHBIX BOJ MEXKIypeubs
Camyp-ATauail sBIsieTCS BECbMa XapaKTEPHBIM MX CBOWCTBaM. B OOJBIIMHCTBE CKBaXUH
HCCIIEIyeMOT0 PErroHa, T BBISBJICHBI TEpPMaJbHBIE BOJBI yXKE€ HW3BECTHBI TeMIIEpaTypHbIC
PEKUMBI, 32 UCKIIIOYCHHEM HEKOTOPBIX OTHECEHHBIX K TUIIOTePMaM. Bobl CKBakWH OOBIYHO
UMeIoT TeMreparypy ot 22 no 85°C, u nmpuroaHbI A7 UCMOJIB30BAHMS B JIeTiE TeTUIOGUKALIUN
JKUJINI U OOIIECTBEHHBIX OOBEKTOB U COOPYKEHUH.

PaguakTUBHOCTh MUHEpANbHBIX M TEPMaJbHBIX BOJ JABHO IPHUBIIEKAET BHUMAaHUE
0aJbHEOJIOTOB, TMBITAIOLUINXCS YCTAHOBUTH MPHYUHY JIEYEOHOrO JCHCTBUS MHHEPAIU30-
BaHHBIX TEPMaJIbHBIX BOJI HA OPraHU3M YeJIOBEKa.

VYCTaHOBIIEHO, YTO TMOBBIIIEHHOW paJWAaKTUBHOCTHIO O0OJANAIOT JIMIIb HE3HAuu-
TEJIbHBIE KOJMYECTBO TEpMalbHBIX BOJA. Kpome TOro, BbICOKas paMaKTUBHOCTb, KakK
NPaBUJIO, YCTAHABIMBAETCS B XOJIOHBIX MUHEPAIbHBIX BOJIAX.

Kpurepun panmoakTUBHOCTH MHHEPAIBHBIX BOJ C LEIbI0 HMX IMPAKTHUYECKOTO
UCIOJIb30BAHUS B PA3JIMUHBIX CTPaHAX MUPA BECbMa PA3JINYHBI.

N3yuas painoakTUBHOCTh BOJ MCCIEAYEMOIO PErMoHa, Mbl MPUIUIM K BBIBOJIY, YTO
HEOOXO/IMMO COBEPIICHCTBOBaTh METOJbl AHAIM30B U BBISBICHUS MHUKPOIJIEMEHTOB B
MUHEpPAIbHBIX M TEPMaJIbHBIX BOJAaX peruoHa. Torga OOHapy)KeHHE B TOM HWJIM HHOM
KOJINYECTBE COJICH paJlnOaKTUBHBIX METAJUIOB B BoJlax OyzaeT 0osee TOUHBIM, JOCTOBEPHBIM U
JIeTaJIbHbBIM.

OnHuM U3 BaXKHBIX TOKazaTesiel OLIEHKW XMMUYECKOTO COCTaBa M T'€OXUMHUYECKUX
ycnoBUil  (pOpMUPOBAHMS TOA3EMHBIX MHMHEPAJIbHBIX M TEPMAIbHBIX BOJ SIBISETCS HX
KHCJIOTHOCTh U IIEJI0YHOCTb, BhIpakaeMasi BenmuunHoi pH.

Bemnunna pH onpeznensier GopMbl Hax0XJIeHHUs B BOJax ciIaObIX KUCIOT, a TaKxke
BO3MOKHOCTh HPUCYTCTBHSI B HUX HEKOTOPBIX TSKEIBbIX MeTaioB. pH sBisiercs Takxke
BOXHBIM KPUTEPUEM IIPU OLIEHKE BOJ C IEJIbI0 MPAKTUUECKOTO UCIOJIb30BAHUS B JICUEOHBIX,
MPOMBIIIJICHHBIX U TEIUIOPHEPT€THUECKUX 0OBEKTAX.

Enunoro o6menpuHsaToro neneHus Boa rno BenuunHe pH He cymecTByer. Pasnuunble
aBTOPBI MpeJUIaratoT B 3TOM OTHOILIEHHM pa3Hble pajalliu: OOBIYHO BBLACISIOT 6-7 Tpymnm
BOJI IO UX KUCJIOTHOCTH U IIEJIOYHOCTH OT CHIIBHO-KUCIIBIX /10 CUIIBHO-ILEIOYHBIX.

bazupysice Ha kinaccuuKkanuo MUHEpPaTbHBIX BOJ M0 BeauunHe pH, mpenioxeHHOM
A.JI. AcnaHoBeIM paHee IMpe[ylaraeM CIEAYIOIIyI0 KIAacCU(PUKALKI0 MHHEpPAIbHBIX U
TepMaJbHBIX BOJ 1O BenuunHe pH uccnenyemoit Teppuropuu:

1) Boasl cnabo-kucieie (pH ot 5,5 no 6,8);
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2) Boabl HeWTpanbhbie (pH ot 6,8 mo 7,2);
3) Boabl cnabo-menounsie (pH ot 7,2 1o 8,5);
4) Bojsl menounsie ¢ pH 6osee 8,5.
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LYS-GLY DIPEPTID MOLEKULUNUN F9ZA QURULUSU

E.M. Cafsrov
Qafgaz Universiteti
elshad ceferov@hotmail.com

Noazari konformasiya analizi Usulu ilo Lys-Gly dipeptid molekulunun konformasiya
xususiyyatlari miayyan olunmugsdur. Hesablama naticasinda Lys-Gly dipeptidinin mahdud
sayda on optimal konformasiya vaziyyatlaori askar olunmus va bu konformasiyalar:
stabillagdiran quvvalarin tabiati va enerji paylar: miayyan olunmugsdur. Lys-Gly dipeptid Ggiin
bitun optimal faza quruluglarin ikiuzli firlanma bucaglarimin giymatlori vo atomlarin
ucolcul koordinatlar: alinmzgdir.

Dipeptid molekullarmin bioloji sinaglari gostordi ki, onlarin bazilorinin miayyan
farmakoloji xususiyyatlori var. Yuklu radikallar1 olan amin tursularinin gahliglarindan togkil
olunmus dipeptidlor muxtalif reseptorlara garsi agonist vo antagonist aktivliyino malikdirlor.
Lys-Gly dipeptidi belo dipeptidlordon biridir. Bu Lys-Gly dipeptidinin sinir sisteminin
xastaliklorinin mialicasinds istifads edilmasi nazardos tutulur [1].

Peptid molekullarinin toesir mexanizmini tadqiqi Ucun ilk novbods onlarin foza
qurulusunu va konformasiya imkanlarimi 6yronmok vacibdir. Malumdur ki, peptidlor fizioloji
soraitdo bir yigim oxsar stabil konformasiya vaziyyatlorinds olurlar. Toacrlbi Usullar vasitasi
ilo peptid molekulun kristalda vo ya mohlulda yalniz bir ortalasmis konfomasiya
vaziyyatindon malumat verirlir. Hazirda tocrubi tsullarla yanas: peptid molekullarin qurulus
todgiginds nozori yarimempirik hesablama Gsullarindan genis istifado edilir. Nozori
konformasiya analizi Gsulu bu Gsullardan biridir. Nozari konformasiya analizi Gsulu peptid
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molekulun butin optimal konformasiya voziyyatlorinin enerji vo hondasi parametrlorini,
konformasiyalarda garsiligl tasir quvvalarin tabistini va rolunu muayyan etmoya imkan verir.

Toqdim edilmis moqalode Lys—Gly dipeptidin foza qurulusu nazori konformasiya
analizi Gsulu ils tadqig olunmusdur.

H (@) H H
~ ||l \ /
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Sokil 1. Lys-Gly molekulunun atom hesablama modeli vo firlanma bucaglar.

IIkin hesablama variantlarimin segilmosindo Lys galigi Gglin 2 mimkin olan osas
zoncirin konformasiya voziyystlori B,R vo Gly Gcun iss 4 B,R,L,P formali variantlardan
istifado olunmusdur. Malumdur ki, iki galigdan ibarat olan peptid molekulu 2 optimal foza
qurulusu tipi yarada bilor: e va f. Sokil 1-do Lys-Gly molekulunun atom hesablama modeli vo
firlanma bucaqlar1 gostorilmisdir.

Cadval 1.
Lys-Gly molekulunun e va f seypino aid olan optimal
konformasiyalarmin garsiligh tasir qlivvalarinin enerji paylar:.

S.S Konformasiya Seyp Muxtalif garsiligh tasirlor vo nisbi enerji giymotlori
Eqv Eel Etor Eim Enisbi
1 B23222B e -6,39 5,34 2,06 1,01 0
2 R22220P e -5,52 6,32 0,55 1,35 0,34
3 Ro3200L e -5,79 5,56 1,61 1,37 0,36
4 Ro2020L e -5,41 6,39 0,47 1,45 0,44
S R22222B f -5,07 6,57 0,54 2,04 1,03
6 B22222P f -4,96 6,49 0,62 2,15 1,14
7 R22220R f -5,01 6,65 0,49 2,19 1,18
8 B22222L f -4,92 6,53 0,62 2,23 1,22

Qurulus masalalorin halli zamani N.M. Qocayev vo 1.S. Maksumov torafindon tortib
edilmis universal program vo algoritm bitln toloblori tamamilo nozaro alr [3,4]. Enerjinin
minimumlasmasi birinci tortib téromolora gOro gradient Usulu ilo aparilir. IkitzIi bucaglarin
hesablanmas1 IUPAC-IUB nomenklaturasina asason aparilmisdir [5]. Hesablamalar vasitosi
ilo molekulun mévcud olan parametrlorini stabillogdiron Van-der-Vaals, elektrostatik, torsion
garsiligh tesir qivvalorinin, amoalo golon hidrogen rabitolorinin enerji paylarmi muoyyan
etmok mimkiin olmusdur. Dipeptidin foza qurulusu 2 seyp ilo tosvir olunduguna baxmayaraq,
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hesablanmis konformasiyalarin enerji differensasiyasi misahids olunur. Miayyan edildi ki, e
seypina aid olan konformasiyalar f seypinin konformasiyalarindan enerji cohotdon daha
alverislidir. Codval 2-do iso dipeptidin gahqlar arasi garsiligl tasir giivvalarin enerji paylari
verilmisdir. Buradan aydin gormok olur, tam bikili e seypino aid olan Bj3,B
konformasiyada Lys vo Gly galiglar: arasinda an olverisli garsiligh tasir omoals golir va onun
enerji payi -5,93 kkal/mol tagkil edir. Qeyd etmok lazimdir ki, Rz.2P konformasiyada Gly vo
Gly galglar1 arasindaki garsiligh tasir forglidir vo -0,23 kkal/mol togkil edir. Codval 2-dan
gorundiyu kimi Bas2oB Vo RypP  konformasiyalarda basga galan seyplorin optimal
konformasiyalarindan frgli olaraq effektiv galoglararas: garsiligh tasirlor amolo golir. Bu
onunla izah olunur ki, dipeptidin konformasiya enerjisi amin tursularmin asas zancirlorinin
formasina, hamginin yan zancirlorinin vaziyyatlorina garst ¢ox hossasdir. Migaisa Uglin har
seypin amin tursusunun konformasiyalarinin on asagi enerjili nimayandsloarinin nisbi
enerjilorina nazor salaq: e-seyp - BB (1.01 kkal/mol), f-seyp - RB (2.04 kkal/mol)

Cadval 2.
Lys-Gly molekulunun optimal konformasiyalarinda galiglar
daxili vo gahqlararas: garsiligh tasir quivvalarin enerji paylari.

Konformasiya LYS GLY Ammtutsusu
gahg
B23222B 5,07 -5,93
° [ RezP 38 27 Y
-0,19
0.23 GLY
Konformasiya LYS GLY Ammtutsusu
galig:
R2222:B 3,71 -1,95
LYS
f B2222oP 3,49 -1,72
-0,26
: GLY
-0,24

Onu da geyd edok ki, dipeptidin on dayanagli uU¢ konformasiyast mohz e seyps
aiddirlor: Bysx,B (0.0 kkal/mol), Rax2.P (0.3 kkal/mol) vo Ras,L (0.4 kkal/mol).

Gorindiyt kimi, konformasiyalarin geyri-valent garsiligh tosir enerjisin pay: orta
hesabla -5 kkal/mol taskil edir.

Belalikla, hesablama noticasinda Lys-Gly dipeptidinin mahdud sayda on optimal
konformasiya voziyyatlori askar olunmus vo bu konformasiyalar: stabillogdiran quvvalarin
tobioti vo enerji paylari miayyan olunmusdur. Lys-Gly dipeptid c¢ilin bitiin optimal foza
quruluslarin ikiuzlt firlanma bucaglarmin giymetlori vo atomlarin Gg¢olcult koordinatlar:
alinmigdar.
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BJIMAHUE CAXAPO3bI HA PEOJIOI'NYECKHE
CBOHCTBA PACTBOPOB AT'APA

J.A. Macumos, B.B. IIpyabsko
bakunckuii 2cocyoapcmeennviil ynusepcumem

B Oanmoti pabome uccnedogamvi ynpy20-niacmudHo-6A3KUe XAPAKMEPUCMUKU
600HbIX cmyonell Bacto-agara npu oobaeieHuu  caxaposvi. IKCnepuUMeHmaibHble
pes3yavmamsl NOKA3aau, Ymo npu 000asieHUU caxapo3vl 8 600HbI pACMEOp a2apa CMyOeHb
cmanosumcs Ooniee nPoYHbIM U 60Jee INACTNUYHBIM.

CrynHu U cTyIHeoOpa3HOE COCTOSIHME MMEIOT YpE3BBIYAMHO BAXKHOE MPAKTHUUECKOE
3HAYeHHWE M UTPAIOT OTPOMHYIO pOJib B OMOJIOTHH, MEAMLMHE, PA3JIUYHBIX IIPOU3BOJICTBAX.
BaxXHOCTb 3THX COCTOSHMU OIpENeNAeTCs YK€ TeM, 4YTO U3 CTYAHEW pa3sHOM CTEIEeHU
OBOJHECHMS  COCTOSAT  JKMBOTHBIE M PACTUTEIbHBIE  OpraHusMbel. Bce  orpaciu
IPOMBIIIICHHOCTH, CBS3aHHBIE C MEpepabOTKOM MaTepHasloOB KUBOTHOTO M PACTUTEIHLHOTO
IIPOUCXOXKACHUS, MPOMBIIIJIEHHOCTh CUHTETUYECKUX IIOJMMEPHBIX MaTepuala HUMET K
YKa3aHHBIM BOIIPOCAM IIPSIMOE OTHOLIEUE.

CrynHH —3TO CTPYKTYpPHUPOBAHHbBIE CUCTEMBI CO CBOMCTBAMM 3JIACTUUECKHUX TBEPIBIX
ten [1]. CrynHeoOpa3Hoe COCTOSIHME BEIIECTBA MOYKHO PAcCMaTpUBaTh KaK MPOMEKYTOUHOE
COCTOSTHUE MEXY XKUJIKUM U TBEPABIM COCTOSHUAMU. CTyAEHb —3TO CUCTEMA, COCTOSIILAs U3
NPOCTPAHCTBEHHOW CETKH, 0Opa30BaHHON MakpoOMOJIEKYJaMH M HX arperaramu, B KOTOPOii
pacrpeneseHbl MOJIEKYJIbl HU3KOMOJIEKYJISIPHON KUIAKOCTH.

CTpyKTypHO —MEXaHUYECKHE CBOMCTBA CTYAHEW M BBICOKOIIOJIMMEPOB AHAJIOTMYHBI.
[TosTOoMy 0COOEHHOCTH MOBEIEHHsS MOJIMMEPOB IMOJA JEHCTBHEM INPHIOKEHHON BHEIIHEH
CUJIBI IIPUCYILU U CTYIHSM.

Crnenmduka MOIMMEPHBIX CTyTHEW, CBA3aHHAas C HAJIMYUEM B HHUX JIOCTaTOYHO
YCTOMYMBOIO IMPOCTPAHCTBEHHOI'O KapKaca, MPOSBIAECTCS B UX PEOJIOTUYECKUX CBOMCTBAX.
Peonornyeckue cBOWCTBA CTYAHEW MOTYT HM3MEHATHCS IPU HM3MEHEHUU TEMIIEparypbl U
KOHIIGHTpAllMU CUCTEMBI, HO HauboJiee XapakTepHO Ul Mpollecca 3aCTyAHEBAHUS U3MEHEHHE
UX BO BPEMEHHU IPU HEU3MEHHBIX KOHLICHTPALMUA U TEMIIEPATYPHI.

Llens maHHOM pabOTHI COCTOsIA B UCCIEAOBAHUM Je(POPMALMOHHO-IPOYHOCTHBIX U
pellakcallMOHHBIX CBOMCTB BOJHBIX CTyAHeH Bacto-agara mpu mo0aBiaeHMH caxapo3bl.
Konnenrpauus arapa cocrasisiia 2%, a KOHIEHTpPALMS caxapo3bl —1 MOJIb.

Jns u3ydeHHe peoJormyeckux (MEeXaHWYECKMX) CBOWCTB CTYAHEH HCIOIb30BAIN
METOJI TAHT'CHLUAJIBHOTO CMEIIeHHs TUIacTUHKU (MeTtox Beiinepa—Pebunnepa [2]), koTopsIii
3aKJIF0YAeTCsl B U3MEPEHUU YCHIIUS, HEOOXOJUMOTO JUIsl CABMIa IJIACTUHKH, MOTPYKEHHOW B
CTYyJIECHb.

IIpunoxeHre BHEIIHEN CUJBI K CTYIHSM BBICOKOIIOJIMMEPOB BbI3BIBACT IPOSIBICHUE
KaK YOPYTuXx, TaKk ¥ BA3KUX Aedopmaiuif. Yopyras nepopmanus COCTOUT U3 HaYaJIbHON WM
IPOCTO YIPYroil U BbICOKOAIACTHYECKONH. OOe OHM MOJTHOCTHIO OOPATHMBI, HO €CIH B IEPBOM
cilyyae Mocjie CHATHS HaIpsDKEHHs Telo ObICTPO BO3BPAILACTCsl B MPEXKHEE COCTOSIHUE, TO BO
BTOPOM CJIy4ae BOCCTAHOBJIEHHE IPOUCXOJUT MEIJIEHHO. JTO OOBSACHSETCA TEeM, YTO
HayvajbHas yrnpyras aehopMaius COCTOUT B pa3ABUKEHUH MOJIEKYJI, B YBEITMUEHUN aTOMHBIX
pPacCTOSHUK W YIJIOB CBSI3U. JTOT IPOLIECC IPOUCXOAUT CO CKOPOCTBHKO 3BYKOBBIX BOJIH.
BeicokoanactuyHas ke aegopmanus —3T0 pe3yabTaT U3MEHEHHs KOH(QOopMaIuy MOJIUMEpHON
nenu, e€ pacTsHKeHUS M BhIIpsMIeHHs. Tpetuil tunm aedopmanuu —IutacTUyeckas —
NpeACTaBisieT COYETaHUE YIPYrod M BSA3KOM nedopmanuu U 00yClIOBIEHA HEOOpaTUMBbIM
MIEPEMELICHUEM MOJIEKYJI HA PACCTOSIHMS IPEBBILIAOIIUE PA3MEPBI MOJIEKYL.
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[TocKOMBKY CTYJHH HEKOTOPBIX MOJUMEPOB 00pa3yIOTCs B PE3yJbTaTe 3aCTyTHCBAHUS
UX PacTBOPOB, a MPOIECC BOSHUKHOBCHHS M PA3BHTHUS MPOCTPAHCTBEHHBIX CTPYKTYP B HHX
MPOTEKACT BO BPEMCHHU, TO KHHETUYECKHUE 3aKOHOMEPHOCTH SIBJISTFOTCSI OCHOBHBIMH.

JInst uccreioBaHus BhINIEYKa3aHHBIX jJehopMaluii CHUMaIK KUHETUKY JaedopMaliuu
CIBUTA TPU MOCTOSHHOM 3aJaHHOM HampspkeHud (P) W kuHETHKy oOpaTHOro cmana
nehopmanuy mnocjae MrHOBeHHO# pasrpysku (P=0).

I[To mostyyeHHBIM KMHETHYECKUM 3aBucuMocTsM & = f (t) (e —nmedopmanus, t —Bpems),

OTpeNeNIAN  CICAYIOUIMEe OCHOBHBIC YIPYrO-BS3KHUE XapaKTepUCTUKH [3]:  yCIOBHO-
MTHOBEHHBIH Moayinb yrnpyroctu (E1); Momyns anactuunoctu (Ep); mpenmen ympyroctu wim
npenen tekydectu Py (mpu P<Py B cucreme MMErOT MECTO TOJBKO yHpyrue aeopMaruu, npu
P>Py —HaOmomaeTcsl MIaCTHYECKOE TEUCHHUE); CTEICHb AJIACTUYHOCTU A (OMpEneNnsieT IO
BBICOKOAJIACTUYECKOW jaedopmanuu B oOmed oOparumoil jaedopManuu), HCTUHHAS
penakcaniMoHHas BA3KOCTh 7)1; BI3KOCTh AJIACTUYHOCTH 7]2; TIPENIEIbHOE HANpPSHKEHUE CIBHTA,
IPU KOTOPOM MPOUCXOAUT pa3pylieHue CTPYKTYphI P,

Kak wm3BecTHO, Maibie T0OABKH caxapo3bl CTAOMIU3HUPYIOT CTPYKTYPY CBOOOHOM
Boabl B pactBope [4]. Crabwnmmsanus e CTPYKTYpbl CBOOOJHOW BOJBI JIOJKHA
NPEMSTCTBOBATh PACTBOPEHUIO TPEThEeH KOMIIOHEHTHI B BOJHOM pAacTBOpE, a pa3pylleHHE
CTPYKTYphl CBOOOJHON BOJBI JIOJDKHO CIIOCOOCTBOBaTh PACTBOPEHHIO B TAaKOM BOJHOM
pacTBOpe TPEThEl KOMIIOHEHTHI. YXYALICHHE PAacCTBOPUMOCTH TpPEThEel KOMIIOHEHTHI (B
JaHHOM  Cllydae  CHWDKEHHE  pPAacTBOPHMOCTH  arapa) JOJDKHO  CHOCOOCTBOBATh
CTyZIHEO0OPa30BaHUIO.

OKCIEpUMEHTHI MPOBEJICHHBIE C CHCTEMaMH arap-Bojia M arap-BoJla-caxaposa Ipu
UCTIOJb30BaHUU MeTona PeOuHaepa mokasand, 4To MpH J00aBICHHWM Caxapo3bl CTYIHU
craHoBstcst Ooisiee npounbiMu (Eq, Py, Pm 1 171 yBenmuuuBarorces) u 6onee anactuunbivu (Eo
N2 YMEHbLIAIOTCs). Pe3ynbTaTel mpuBOasTCS B Ta0MIE 1.

HccnenoBanusi MpOBEJCHHbIE METOJAMH BHCKO3UMETPUH M JUCIIEPCUU ONTHYECKOM
IUIOTHOCTH [5, 6] mokaszanu, 4To TemmepaTypbl 3aCTyIHEBaHMUS U IJIABJICHUS JUIS CHCTEMBI
arap-BoJia-caxapo3a BO3pacTalOT, YTO CBHJETENbCTBYET 00 HHTEHCHU(UKAIMM Mpolecca
3acTyaHeBaHus (Tabnuia 2).

CpaBHUBas pe3ynbTaThl, NOJYYCHHBIC Pa3HBIMU METOAAMHU, MOXXHO YTBEpPXKJIaTh, UTO
n00aBJIeHUE Caxapo3bl JeNaeT CTyIHH Ooyiee TPOYHBIMH (MOIYJNb YIPYrOCTH, TPEaes
TEKy4YeCTH, MpeaeIbHOEe HAINpPSDKEHUE CJBUTA, PEJIAKCAI[MOHHAS BSA3KOCTh, TEMIIEPATYPHI
CTyIHEOOpa30BaHMsl M IUIABJICHHS, TEIJIOTa aKTHBALMHU BS3KOTO TCUCHHUS BO3PACTAIOT) U
AIIACTUYHBIMU (MOJIYITb 3JACTHYHOCTH U BSI3KOCTh ATACTUYHOCTH YMEHBIIAIOTCS).

Tabmuna 1.
YHpyro-riacTUYHO-BA3KUE XapaKTEPUCTHKH It 2%-0T0
BOJTHOTO PacTBOpa arapa Npu A0OaBICHUH CaXapo3bl
Konnen- | E;-107, E»-107, P107 n1-10° 2107 A P,-107
Tpauus H/M? u/M H/M IMa-c IMa-c n/m’
- 19 2,9 4,9 3,6 4,9 0,40 15
1 2,3 2,6 8,8 7,0 3,8 0,48 20
Tabmumna 2.
Cucrema arap-Boja-caxaposa
Konuen- Meron BUCKO3UMETPUH Meron aucnepcuu
Tpanys ONTHYECKOH MIOTHOCTH
caxapo3ssl, terun, °C tun °C KKaJI teryns °C ton °C
MOJIb : AH, MOUE :
- 39,5 81,0 51 39,0 80,5
1 41,0 82,5 5,6 41,5 82,0
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BJIMAHUE KOHIEHTPAIIMHU HEITOJIAPHOI'O PACTBOPUTEJIA
HA TEMIIEPATYPHVY1O 3ABUCHUMOCTD CTATH‘IECKOIZI
JUDJIEKTPUYECKOU IPOHUINAEMOCTH ) KUJIKOCTEHN

C.M. YceiiHoBa
baxunckuii I'ocyoapcmeennwiii Yuueepcumem

K qucity BCI)(I)CKTI/IBHBIX METOJ0B MCCIIEAOBAHUS JKUIKOCTEH COBpeMeHHOﬁ (1)I/IBI/IKI/I,
3aHUMAOMUXCAd H3YUYCHUCM CTPYKTYPHBIX OCOOEHHOCTECH M MOJICKYJIIAPHOTO ABHUKCHUA
Hapsaay ¢ TaAKUMU METOAaMH, KaK PCICCBCKOC paCCCUBAaHUC CBCTA, I/IH(I)paKpaCHaSI u SIMP —
CIICKTPOCKOIIUA MOT'yT OBITH MpHUIUCIICHBI MCTOIBI I[HBJICKTpI/I‘-IeCKOﬁ peirakcanunu.

I[I/IBJICKTPI/I‘-IGCKI/IC METOAbI UCCIICOIOBaHUsA BCIICCTBA 00OCHOBBIBAIOTCS HA HU3YyUCHUHN
BO3HHUKHOBCHUA HHBHCKTqueCKOﬁ noJrsIpru3anu U MmpouecCcoB €€ yCTAaHOBJICHUS BO BPCMCHU
o4 JEHCTBHEM BHEIIHETO OJICKTPUYCCKOTO  IIOJIA. HpI/ITOM, €CJIn  pPAaBHOBCCHBIC
(CTaTI/ICTI/I‘-ICCKI/Ie) JAUDJICKTPUYCCKUC CBOMCTBA OTpaXKarOT CYMMapHBIﬁ BKJIag BCECX
KHMHCTUYCCKUX COCTABJAIOMIUX BCHICCTBO, TO AUHAMHWYCCKUC OUIJICKTPHUYCCKUC CBOMCTBA
HarjsiAHO ACMOHCTPHUPYIOT [JOJIO KaAXIAOTO W3 HHUX, 06yCJ'IOBJ'ICHH01"0 CTPYKTYPHBIMH,
(I)a3OBBIMI/I u I(OM(bOpMaL[I/IOHHBIMI/I 0COOCHHOCTSIMH U arperaTHbIM COCTOAHUEM BCIICCTBA.

MMeHHO 1o 3TUM INpuiruHaM JaHHasg pa60Ta ObLIa NOCBANIICHA OIPCACICHUIO

CTaTUYECKOMH III/I3J'ICKTpI/I‘{CCKOI71 IPpOHHUNOACMOCTH &, YHCTBIX JKUJIKOCTEH —OpFaHquCKOﬁ

noJisipHo#t skuakocted nukioneHtanona [CsHgO], mmximonentana [CsHig], a Taxke ux
OMHApHBIX PACTBOPOB, B KOTOPBIX KOHIIGHTpPAIMS IMKJIONICHTAHOHA YBEJIWYMBAIACh B
nporieHTHOM cooTHorreHuu ot 0 % mo 100 % (0 %, 20 %, 40 %, 60 %, 80 %, 100 %), a B
MOJIBHBIX 70Js1X coorBeTcTBeHHO oT O 10 1,0 (0; 0,1724; 0,3572; 0,5556; 0,7692; 1,0).
Jlyis TIpUTOTOBJICHUS UCCIENYyEMbIX BEIIECTB M MX KOHIICHTPAI[MOHHBIX PACTBOPOB
OBLIM UCITOJIB30BAHBI YMCTHIC KOMITIOHEHTHI. I[UKJIONEHTAHOH M IMKJIOMEHTaH 001aJarolne
BBICOKOM CTCTCHBIO YMCTOTHI. [[MKIONCHTAHOH TOJydalcs MyTeM CHHTE3a U3 aIUITMHOBOU
KHUCJIOTHI, & IIUKJIONICHTaH CHHTE3MPOBAJICS M3 IMKJIOTICHTEHA 3a CYET €ro T'MIPOTCHHU3AIHH.
[Tosy4eHHBIE KOMIIOHEHTBI OYHILNAIKACH OT IPUMECEH IyTeM ueTKor pekTudukanuu. CTerneHb
YUCTOTHI IUKIMYECKUX YIJICBOJOPOJOB KOHTPOJIHMPOBaiach. Jlis 3TOro OBbLIM CHSTBI HX
XPOMOTOTPAMMBbI JI0 M TTOCJIC OYMCTKH STHX BEIECTB HA PEKTHU(PHUKAIIMOHHOMN KoJioHKe. [Tocie
XAMUYECKON OYUCTKH U TIEPETOHKU UHIUBUIYaJbHBIC )KUKOCTH UMEIIN (PU3UKO-XUMUYCCKHE
KOHCTaHThI, NpuBeacHHbIe B Tabiuie 1. Tam jxe mpuBeneHBbI s CPaBHEHUS (PHU3HKO-
XAMUYECKHAE KOHCTAHThI T€X YK€ COCJMHEHHIA TI0 CIIPABOYHBIM JaHHBIM.
Tabmuna 1.
CpaBHEHHE 3KCIIEPUMEHTAIBHBIX M JIUTEPATyPHBIX JaHHBIX /1/ uamepenus

ko3 urmenta npenomsieHus N, miotHoctd d2°, Temnepatypsl kunenus tC
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IIpU HOPMAJIbHOM aTMOC(l)epHOM JaBJICHHUHU INUKJIOIICHTAHOHA U NUKJIOIICHTaHa

BemiectBo, Moz, DKcnep. JaHHbIe Jlurepat. nanusie /1/
xinv.gopyra | mec | g2 | n® | ¢C | &2 | d® | n® | €C | &
[luxnonenranon | 84,119 | 1,4395 | 129 129 | 13,2 | 0,94 | 14312 | 129 |13,49
C.H,0 4 8
LluknoneHTan 70,135 | 0,7450 | 1,4080 | 49,2 | 195 | 0,74 | 1,4065 | 49,3 |1,965
CsHy, S 5 5

B Tabnuume 2 mnpuBeneHBl pacuyeTHblE JaHHbBIC, BBIIMICYKa3aHHBIX HCCIEIOBAHUMN
CTaTU4YECKON  JUIJIEKTPUYECKOH  NPOHMLIAEMOCTH &, PacTBOPOB  LMKJIOINECHTAHOH-

[IUKJIOIIEHTAaH
Tabmumna 2.
Craruueckas JUIEKTPUYECKas IPOHUIIAEMOCTb &, PACTBOPOB LIMKJIONEHTAHOH —

IUKJIONICHTaH (KOHIICHTPAIIMOHHBIC U TeMIIEPaTypHbIE 3aBUCMOCTH)

Temnepatypa KoHlleHTpanys HMKIONEHTaHOHA B MOJIBHBIX JOJISIX
t°C 0 0,1724 0,3572 0,5536 0,7692 1,0
-40 2,05 4,81 8,36 11,95 14,82 17,67
- 30 2,04 4,74 8,10 11,63 14,42 16,87
- 20 2,02 4,68 7,95 11,34 13,93 16,08
-10 2,01 4,63 7,76 11,07 13,47 15,35
0 2,00 4,58 7,59 10,82 13,05 14,52
10 1,98 4,52 7,44 10,51 12,55 13,85
20 1,97 4,49 7,30 10,28 12,08 13,24
30 1,96 4,45 7,16 10,02 11,71 12,53
40 1,94 4,42 7,00 9,73 11,28 11,68

Kak mokaspIBaeT aHaaM3 SKCHEPUMEHTAIBHBIX JAHHBIX, C TMOBBIIICHUEM TEMIIEpaTyphl
or -40°C no +40°C, 3HaueHMe CTATHYECKOW IMANCKTPHUECKOH MPOHHIAEMOCTH g, M
YHCTOr0 LMKJIOICHTAHOHA MoHM»KaeTcs Ha 34%, a Juis MMKIOIeHTaHOHa Ha ~ 5,4 %. JlanHas
TEHJCHIUS HaONI0JaeTcs M Ul PAcTBOPOB LMKIIONEHTAHOHA B IMKJIOTICHTAHE MpPH JIIO00M
temneparype. C yBeJIWYEHHEM 3HAUEHHMS KOHIEHTpAIMM IUKIONEHTaHOHA B pacTBOpE
3HAQUEHHE CTATHUECKOM JAMAIEKTPUUECKOM IMPOHULAEMOCTH €, C€aMOr0 pPacTBOpa
yYMEHBIIAeTCs Takxke B mpeaenax 8-34 %-oB, 4To yKka3bIBaeT Ha SIBHOE BIMSHUE B OMHAPHOM
pacTBOpE NOJSIPHOTO IUKJIONEHTAaHOHA HA JMAJICKTPHUECKUE CBOWCTBA BCErO pacTBOpA.
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PABHOBECHBIE JJUSJEKTPUYECKHUE CBOMCTBA
YUCTOI'O HUKJIIOIIEHTAHOHA

C.M. YceiiHoBa
bakunckuii I'ocyoapcmeennvlii Yuueepcumem

B nanHHO#l paboTe wM3y4yaJnuch 3aBUCUMOCTH CTaTMYECKOW JUAJIEKTPUYECKOU
TPOHHMIIAEMOCTH &, 4MCTOro ImknonenTanona (C;H,0) or Temmeparypsi t=-40°C++40°C.

JlaHHBIE HU3KOYACTOTHBIX M3MEpPEHMH &, ObUIM MpPHUMEHEHBl A pacueTa 3(PPEKTUBHOIO

JUTIOJIBHOTO MOMEHTA /{, MOIEKYJ MCCIEAYyEMbIX COCANHEHHI B KHIKOH (ase; BIYnCICHHS
BBIMTOJIHEHBI C MCIOJIb30BaHueM ypaBHeHus: Onzarepa-Kupksyna —Dpenuxa, BBIBOIAMOTO U3
CTaTHMYCCKON TEOpHH IUIJIEKTpUYecKo mosipusanuu /1, 2, 3, 4/ wu cBs3bIBaromee
MaKpOCKOITMYECKHH MapaMeTp &, ¢ AUMOIbHBIM MOMEHTOM MOJISIPHOM MOJICKYJIBL:
5, (e-e)(2eyte,) 9aE

o = Qb0 = g, (e, +2) “4zN’ @)

rie  k-mocrossHHas — bombumana, T —abconmroTHas — Temmeparypa, — §,—CTaTH4YecKas

TURJIEKTpUYECKasi MOCTOSIHHAS BEIIECTBA, &, —AMAJICKTPUYECKash MOCTOSHHAs BEILECTBA B
onTudeckoM nuamnazone, N — moctostHHass ABOrajpo, 3/€Ch

g=(@@+zcosy) (2)
CTPYKTYpPHBIH (DaKTOp, SBJSIOMIMIACS MOCTOSHHOM BEIMYMHON Ui MOJEKYnbl, Z —CpeaHee

KOOPAMHALIMOHHOE YMCJIO MOJIEKYJIBI IIOJIIPHOM MKUIKOCTH, COSy —CpeIHee 3Ha4eHUE
KOCHHYCa yIJia MEXJy HalpaBICHUSMH JHUIOJICH ABYX coceqHux Mouiekyn. CormnacHo, /1, 3,
4/, onpenensembiii u3 (1) >pdeKTUBHBIN AUNONBHBIA MOMEHT A, CBSI3aH C JHUIIOJIBHBIM

MOMCHTOM I/I3OJII/IpOBaHHOf/'I MOJICKYJIBI [, TOI'O K€ BCIICCTBA COOTHOIICHHUEM

rac g —HMECT TOT K€ CMBICJI, UTO U B (1), HO ABJIACTCA TAaK¥XKE MepOfI KOpOTKOﬂeﬁCTByIOH.[HX

B3auMojieiicTBuii B cpene. CoBMmecTHOe wucmosib3oBaHue ypaBHeHuit (1), (2), (3) maer
BO3MOXXHOCTh YCTAaHOBUThH Ha OCHOBAHHH OTIBITHBIX 3HAUYEHHI THIT B3AUMHOTO PACIIOIOKECHUS
JMIIOJIBHBIX MOJICKYII H, CJIEIOBATENILHO, CYAUTh O MOJICKYJISIPHOM CTPOCHMH BellecTBa. [Ipu
g=1 —3(dexTuBHBINI AUNONBHBI MOMEHT COBNAJAET C MOMEHTOM [, H30JHPOBAHHOM

MOJICKYJIbI, YTO YKa3bIBA€CT Ha OTCYTCTBUC B HCCHGI[yeMOfI KHUIKOCTU OPUCHTALUMOHHOTO

BJIMSIHUSL KOPOTKOAeucTBytomuX cwi. [lpu g >1 u3 ypaBHenus (2) cnenyer coSy >0, uto
HKBUBAJICHTHO MapayIeIbHOMY BBICTPAHUBAHHIO JUIIOJICH, TO €CTh MPeoOIalaHNI0 OTKPBITHIX

IIEOYEUHBIX CTPYKTYp. Ilpm g <1, €0Sy <0, 4TO SKBMBAJEHTHO AHTHIAPAIUICTLHOMY
BBICTPAMBAHUIO JAMITOJICH UM TPEOOIIalaHUI0 3aKPBITHIX [[EMOYCYHBIX CTPYKTYD.

B Tabnmie 1 mpuBeneHsl pe3yabTaThl pacueTra 4, M ( IHUKIMYECKOTO YIJIEBOJIOPOJa,
MOJIAPHOM JKUAKOCTH B W3YYCHHOM HWHTEpBaJic Temreparyp. BenwuwHa &, , BXOIsIias B
pacuetHOe ypaBHeH#ue (1) ompenensiack U3 COOTHOIICHHS

g, -1 n2 -1

=105—>
g, +2 ng, +1

(4)

rae; N, —KodGUIUEHT NpPelIOMIICHUS, M3MEPEHHbI B ONTUYECKOM [Uala3OHE BOJH; a

kod¢ddurment 1,05 yuuteiBaeT BKIAM B €, OOYCIOBIEHHBIM aTOMHOU mossipuzanueid. B
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KauecTBe 4, B ypaBHeHHH (1) mHCHONB30BaNNCh JIMTEPATYpHBIC 3HAYCHUS JAUIOJBHBIX
MOMEHTOB /. MOJIEKYJ] HCCIIeyeMO! KUIKOCTH, H3MEPEHHBIX B ra3oBoit dase [6].
VY LMKIONEHTaHOHA BEMMYMHA 3(P(PEKTUBHOIO JUMOJBHOTO MOMEHTAa MOJIEKYNBl L,

ompeneneHHass Mo ypaBHeHHIO (1), MeHbIIe dYeM 3HAUCHHE IUMOJIBHOIO MOMEHTA /i,

OTpeIeIICHHOTO B Ta30Boi (hase; (Tabuuia 1).
Tabnuna 1
OddexTHBHBIC TUMOTBHBIE MOMEHTB 4, ¥ KOPPEISAIHMOHHBIC ITApaMeTphl g

mukionentanona (C;H,0), nomydennsie o ypasuenuio (1).

BemectBo tOC & g, M, I My I g

[{ukaoneHTaHOH -40 17,67 2,22 2,44 3,00 0,66

(C,H0) -20 16,08 2,19 2,46 18/ 0,67
0 14,52 2,16 2,45 0,67
20 13,24 2,14 2,44 0,66
40 11,68 2,39 2,39 0,63

OpnHako, BeaMuMHAa @  HE 3aBUCUT  OT
& Ay
TeMIeparypsl. Pasnuune Mmexny u, U p, yKa3bIBacT Ha g J}

TO, YTO B YUCTOM LUKIONEHTAHOHE HMEIOT MECTO % 3*l

JOKalmbHBIE ~ 00pa3oBaHMA € aHTHUMApAJICIbHOM L%} !
OpHUEHTAIMEeH B HUX OJIM3KOPACIIONIOKECHHBIX JHUITOJEH; 2 +
OJIHAKO, CYLIECTBOBaHHE TaKuX o0Opa3oBaHMM, TO- |
BUJMMOMY, HE CBA3aHO C JICHCTBUAM CIEIUPHUECKUX
MEXMOJIEKYJAPHBIX CHJI, TaKMX Kak, HaIpuMep,
BOJOPOAHBIX CBSI3€M, a OIPENEICHO JEHCTBHUEM
crepuueckux (axTopoB. Ponb crepuueckux (pakTopoB
Ha IIPOLIECC OPUEHTALUU MOJIEKYJI HUKIIOIIEHTAaHOHA
JOJKHA CHUKAThCS TPU pa30aBIeHUH LIUKIIONIEHTaHOHA
MHEPTHBIX HENOJISIPHBIM pacTBopUTeeM. Ilocnennee
IIPEAIOJIOKEHUE IIOATBEPKAACTCS IPUBEACHHON Ha

puc.1l KOHIEHTPAIMOHHOM 3aBUCHMOCTBIO ITapaMerpa
KOppeJALUU § pacTBOPOB LUKIONEHTAHOH—LIMKJIONICHTAaH

A = g
|
— PR
o g2 04 g6 g8 40
Xe

Puc.1l. 3aBucumocTh Napamerpa
Koppeasiuud 0T KOHUEHTPAUHH

HUKJIONEHTAHOHA B PACTBOPax
HUKJIONEHTAHOH-IUKIIONEHTAH MPU

t=20°C. Konuenrpauuss X, B

BECOBBIX J0/X MOJSAPHOI0

Pacuer Benu4unHbEl § 3TUX PaCTBOPOB IPOBOIMIICS 110 KOMITOHEHTA

YPaBHEHHUIO:

) o o (&-6,)@¢e+e,) KT Mx+MX,

=1’ S)
Ho=Hr "9 gle, +2)° 4aN, X +a,X, ®)

rac Ml’ M2 —MOJICKYJISIDHBIC BECa, a, Hu o, IIOTHOCTH, Xl,X2 —MOJIBHBIC JOJIH,

COOTBCTCTBCHHO ITHUKJIOIICHTaHA U IIUKJIOIICHTAHOHA.
Kak CJICOYCT U3 puUC. 1, IJIL YKa3aHHBIX pacTBOPOB C IMOBBIICHUCM KOHICHTpalWUn
IUKJIOIICHTaHAa BCJIMYMHA ( OJIA pacTBOpa HpI/I6JII/DKaCTC5I K CAUHUIIC.
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GLU-LYS DIPEPTID MOLEKULUNUN KONFORMASIYA ANALIZi

T.E. Karimli, N.M. Qocayev
Qafgaz Universiteti
turane.kerimli.1990 @mail.ru

Noazari konformasiya analizi Gsulu ilo Glu-Lys Dbioloji aktiv dipeptid molekulunun
konformasiya xususiyyatlori tadqgiq olunmugsdur. Hesablama naticasinda bu molekulun
moahdud sayda an optimal konformasiya vaziyyatlori agkar olunmusdur. Glu-Lys dipeptidi
uclin batin optimal faza quruluslarzan ikidzla  firlanma bucaglarimin  giymatlori va
atomlarn g 6l¢ilu koordinatlar: alinmusdir .

Bir sira dipeptid molekullarnin sintezi vo bioloji sinaglari noticasinds onlarin
neyroprotektor vo antidepressiv tosirlori agskar olunmusdur. Hiiceyra modellorinde miiayyan
olunmusdur ki, yukli reaksion gruplari olan amintursularmin gahqglarindan togkil olunmus
dipeptidlor neytrofinlora garsi aqonist vo antaqonist aktivliyina malikdirlor [1,2]. Glu-Lys
dipeptidi belo dipeptidlordon biridir. Muxtalif kimyavi qruplar ohatssinde Glu-Lys
dipeptidinin beyindaxili gan dévraninin pozulmasi ilo bagli xastaliklorin mualicesinds istifads
edilmasi tovsiyys olunur. Glu-Lys dipeptidinin tosir mexanizmini éyronmok dglin 6énca bu
molekulun faza qurulusunun vo konformasiya imkanlarinin Gyranilmasi ¢ox boyuk elmi
maraq kosb edir.

Taqdim olunan isdo Glu-Lys dipeptid molekulunun foza qurulusu vo konformasiya
xassalori nozari konformasiya analizi uUsulu ilo todqig olunarag modellasdirilmisdir. Nozari
konformasiya analizi Usulunda molekulun tam daxili potensial enerjisi onun torkibinds valent
rabitosindo olmayan hoar clt atomlarin garsiligh tesirlorin enerji giymatlorinin  comins
barabordir. Peptid molekullarmin konformasiya enerjisi mexaniki model ssasinda valent
bucaglar: va rabitalori doyismoaz olmaq sorti ilo, geyri-valent, torsion, elektrostatik qarsiligl
tasirlorin va hidrogen rabitalorinin enerjilorinin comi kimi tayin olunmusdur .

Hesablamalarda geyri-valent garsiliqh tasir enerjisi «6-12» potensialla ifado olunmus
vo Skott vo Seraga torofindon toklif olunmus parametrlor sistemi ilo hesablanmalar
aparilmisdir [3]. Mexaniki modelo osaslanaraq peptidlordo elektrostatik qarsiligh tasir
enerjisini monopol yaxinlasmasi asasinda, yoni ayri-ayri atomlarin parsial yuklarin giymatini
bilmaklo, Kulon ganununa mivafiq olaraq hesablanmisdir. Peptid molekullarinda polyar
miihit Giclin £~10 nozordo tutulmusdur. Peptidin osas zoncirindo birgat C*-N(¢) ve C“C’
rabitolori vo yan zoncirlorin ikilzli bucaglar1 otrafinda firlanmalar Gglin  torsion
potensiallardan istifado olunmusdur. Peptidlords qisman ikigat C=N peptid rabitasi otrafinda
firlanma nazora ahnmir. Hidrogen rabitasinin donor-akseptor tabistini nozoro alaraq bu
rabitonin enerjisini Morze potensiali ilo hesablanmisdir. Butun hesablamalar polyar muhdt
ucln aparildigindan dielektrik sabiti e=10 goéturulib [3,4]. Qurulus masalalorin halli zamani
N.M. Qocayev va 1.S. Maksumov tarofindon tortib edilmis universal program vo algoritm
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bltun tolablori tamamilo nazars alir [5]. Enerjinin minimumlagmasi birinci tartib tGromalora
goro gradient Usulu ilo apariir. ikilizlii bucaglarin  hesablanmas: IUPAC-iUB
nomenklaturasina asasan aparilmisdir [6]. Molekulun asas zoncirin mimkin formalarinin
gruplasmasi iki sinfa ayrilir: bikalu (f) vo agiq (e) seyplori.

Molumdur ki, dipeptid Gglin iki seyp yarana bilor. Peptidin ilkin variantlarinda asas zoncirin
har bir formas: R(¢ ,%¥=-180-0), B(¢=-180-0 ,%=0-180), L(p ,%’=0-180) ugclin gahglarin yan
zoncirlarinin mixtalif orientasiyalari nozara alinmisdir.

Glu-Lys dipeptidinin hesablama modeli 40 atomdan ibaratdir. Hesablamada 14 ikitzli
firlanma bucagi nozora alinmisdir. Molekulun konformasiya analizi onu toskil edan
amintursusu galiglarinin optimal konfomasiya voziyyatlori asasinda aparilmisdir. Glu-Lys
dipeptidinin konformasiyalarinin hesablamasi naticasinds 0-5 kkal/mol nisbi enerji intervalina
daxil olmus an stabil konformasiyalarmin enerji parametrlorino goro bikili quruluslar bu
dipeptid Uglin on olveriglidir. Molekulun stabil konformasiyalarin ikiuzli bucaglarin
giymatlori va qaliglararasi garsiliql tosir quivvalarin enerjilorinin giymatlori toyin edilmisdir.
Cadval 1-do nisbi enerjilorin 0-5 kkal/mol intervalinda seyplorin  paylanmas: tosvir
olunmusdur. Burada seyplor vo oasas zoncirlorin formalar1 arasinda kaskin differensasiya
musahido olunmusdur. Tam bukuli f seypino aid olan konformasiyalar Glu-Lys dipeptidi
ucun enerji cohotdon daha slverislidir.

Cadval 1.
Glu-Lys dipeptid molekulunun optimal konformasiyalarinin
0-5 kkal/mol nisbi enerji intervalinda paylanmasi
9sas  zoncirin Nisbi enerji intervali (Kkal/mol)
Seyp | formasi
0-1 1-2 2-3 3-4 4-5 5>
RL - - - 1 - 8
e LR - - - - 1 8
BR - - - - - 9
f BL - 1 - - 7
RR 2 1 1 2 2
Cadval 2.
Glu-Lys dipeptid molekulunun optimal konformasiyalarinda gahqlar daxili
va gahliglararasi garsiligli tasir enerji quvvalarinin enerji qivvaloari
Amin
Konformasiya | Glu Lys tursu
gahg
R221R12222 1.98 0
Bi21Ll a2z 1.9 0.7
Rz21Ra2222 1.88 0.2 Glu
-9.6
9.1
-85 Lys
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Cadval 2-do dipeptidin on optimal konformasiyalarinin qaliglararas: garsiliql
tasirlorin enerji paylar1 gostarilmisdir. Bu cadvaldo Glu va Lys galiglar arasindaki garsiligh
tasirin enerjisi on optimal konformasiyas: t¢iin -9,6 kkal/mol tagkil edir. Qeyd etmok lazimdir
ki, Glu-Lys dipeptid stabil konformasiyalarinda bir ne¢o hidrogen rabitslori amalo golir,
onlarin vaziyyatlori vo enerji paylari hesablanmisdir.

Belaliklo, hesablamalar naticasindo Glu-Lys dipeptid molekulunun optimal foza
qurulusu vo konformasiya xassslori polyar mihit Gglin miayyan edilmisdir. Notico olaraq
aparilan tadgigat Glu-Lys molekulunun mihim qurulus slamatlorini miayyanlosdirmaya vo
alds edilon bu arasdirmalar dorman shamiyyatli preparatlarin yaranmasina imkan vers bilar.
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BJIMAHUE BHEIHITHUX ®AKTOPOB HA PEJTAKCAIIMOHHBIE ITEPEXO/IbI B
INOJIMOTUJIEHE

M./l Tarunesa, H.H. I'yines, H.A. Bepauesa
Ianoorcunckuii I'ocyoapcmeennuviii Yuueepcumem

PenakcanoHHBIE — mpollecChl  MTpalOT  CYHIECTBEHHYIO pOJib B IIpolecce
IIEKTPUYECKOTO ¥ MEXAaHUUYECKOIO PAa3pyLIEHUs MOJUMEPHBIX OUAIEKTPUKOB. CTPYKTYypHBIE
M3MEHEHHSI IPOUCXOSIIIE B TIOJIMMEPHBIX 00pa3iiax 1Mo BO3AeHCTBIHEM BHEIIHUX (PaKTOPOB
(MexTpuvecKkue  paspsnbl) MPOBOIUT K  CMEIICHHIO TEMIEpaTypHbIX HMHTEPBAJIOB
peakcallMoOHHBIX NepexooB. [Ipuyem ¢ yBelnyeHHEM AIUTENBHOCTH BO3IEHCTBUS pas3psiia
CTENEHb CHUKEHUS MPOYHOCTH YBEJINYMBAETCS, PEIAKCALIMOHHBIE MEPEXOJbl CMELIAIOTCS B
CTOPOHY HU3KHX TEMIIEpaTyp.

OmHuM W3 TIABHBIX OKCIUIyaTallMOHHBIX IIOKAa3aTejled IOJMMEpPOB Ipu €€
NpUMEHEHUU sIBiIsieTcsl e€ (PU3MKO —MEeXaHW4YeCKHe CBOICTBa. B 3aBUCHMMOCTH OT YCIOBHIA
TEXHUYECKOTO IPUMEHEHUs IIOJIMMEPHbIE AMAJIEKTPUKH IOJBEPTaloTCs  BO3JAEHCTBHUIO
MEXAHUYECKOT 0 HANPSKEHUS, DJIEKTPUUECKUX PAa3psAA0B, TEMIEPATYPHI U T.J.

CTpyKTypHBIE H3MEHEHHUS O00pa3oBaBIIMECS B IMOJUMEpax IOJ BO3JeHCTBHEM
BHEIIHUX (aKTOPOB (DIEKTPUUECKUE pa3psi/ibl) MPHUBOAUT K YXYIIICHUIO €r0 MPOYHOCTHBIX
CBOMCTB. MOXHO NPENOJIOKUTh, YTO 3TH M3MEHEHMsI OTpaXkalTcs B Ipoleccax
MOJICKYJISIPHOH pelaKcaliy MOJMMEPOB B JJIEKTPUYECKOM Tone (B TOM 4HCie B Ipolecce
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0CBOOOYK/ICHHSI 3apsI0B M3 JIOBYLICK MpH penakcaiuu). [lokazaHo, 4TO THI MOJICKYJISIPHOTO
JBIKEHHUS BELIECTBA OIIPEACIAETCI XUMUUECKUM CTPOCHUEM U CTPYKTYPOU €€ MOJIEKYJIBI [1]
Kax b1l TUIT MOJIEKYJISIPHOTO JABHKEHHSI OOBIYHO CBSI3aH C OMPEICIEHHBIM PEIaKCalluOHHBIM
npoueccoM. [IpoyHOCTHBIE XapaKTEPUCTUKU TECHO CBSA3aHBI C OTUMMU SIBJICHUSMHU [2] 3Hauur,
CTPYKTYpHBIE M3MEHEHHs B IOJMMEpE, BO3HHKIIUE IOJ NCHCTBHEM BHEIIHUX (haKTOPOB,
IIPUBOAUT K H3MEHEHUIO TEMIIEPAaTYPHBIX HMHTEPBAJIIOB PEJIAKCALIMOHHBIX IIEPEXOJ0B, T.C.
IIPOUCXOAUT CMELICHUE MHUHMMYMOB M MaKCHUMYMOB Ha TEMIIEPaTypPHBIX 3aBUCUMOCTAX
nonroseyHoctH 7 . = f(T). [loaToMy BaKHBIMH SBJISIOTCS BONPOCH HW3y4YEHHS BIUSHUSA

BHEIIHUX (DAaKTOPOB HA peaKCallMOHHbIE IEPEXOAbI B MOJIUITHIICHE.
B pesymbrate wuccnenoBaHuUM  ObUIM  CHATHI  TEMIEpPaTypHBIE  3aBHCUMOCTH

MEXaHHYECKOM JOJITOBCYHOCTU T o = f(T HUCXOOHBIX W COCTApCHHBLIX IMNOJIUITHUICHOBBIX
ot

IUIEHOK IIPU OJHOBPEMEHHOM BO3JIEHCTBUM DJIEKTPUYECKOTO MO £ M MEXaHHYECKOIOo
HaIpsDKEHUS G.

HcnbiTyemblii 0Opa3zer] HMOJMMEpPHON IUIEHKM MOMENIald B CIELHUAIBbHYIO SYEHKY,
COCTOSIIIIET0 M3 METAIJIMYECKOM IUIaCTMHBI, BO3AyHIHOro 3a3opa 1.5 10° M, crexmsHHOlM
IUIACTUHBI M BEPXHEr0 BBICOKOBOJIBTHOI'O  JJIEKTPOJA [3] 31ecs  MPOU3BOAMIIOCH
AIIEKTPUYECKOE CTapeHHe oOpasia. 3aTeM MOJIMMEPHYIO IJICHKY OXJIXAAIH 10 TEMIIEPaTyphl
U3MEpEHUs, BBIACP)KUBAIM B TedeHuu 15-20 MMHYT mpu 3TON Temmeparype, HOcie Yero
[IOCJIEIOBATEIIbHO MPUKIAABIBAIN JJIEKTPUUYECKOE II0JE€ M MEXAHUYECKOE HAIpsHKEHUE U
U3MEPSUIA BPEMsL 10 MEXAaHUYECKOTO Pa3pyLICHUS.

CpaBHEHHME KCIIEPUMEHTANIBHBIX PE3yJbTAaTOB MOKA3aJ10, YTO KaK AJI UCXOJHBIX , TaK
U U1 COCTapEHHBIX IUICHOK Ha TEMIEPATYPHBIX 3aBUCHUMOCTSX JOJITOBEYHOCTU IIPH
NPUJIOKEHUH DJIEKTPHUUECKOro TOJs HAOII0MAIOTCS MAaKCUMyMbl M MUHHMYMBbI. Jlns
cocTapeHHOro oOpasua HaOJrofaeTcs CMEIICHHE MAaKCUMYMOB M MUHHUMYMOB B CTOPOHY
HU3KUX TEeMIIepaTyp OTHOCHUTEIBHO UCXOAHOro oOpasua. IlpuuemM ¢  yBenuueHHEeM
JUIMTEJIBHOCTA BO3JEHUCTBUS pa3psla CTEHNEHb CHUXKCHHUS IPOYHOCTU YBEIIMYUBACTCH,
peNaKCalMOHHBIE IIEPEXOAbl CMELIAIOTCS B CTOPOHY HU3KUX TEMIIEPATYP.

6r
o A
5k

4-

0 ] ] ] 1
70 100 150 200 250
T 5
Puc.1. TemnepatypHsle 3aBUCUMOCTH Jorapudma MexaHndeckoi noiroseynoctu [T9BII npu ogHoBpeMeHHOM
BO3/ICHCTBHH dIeKTprueckoro moist npu E= 3 10" B/m, ¢ =55 MITa; a-nocie crapenus B BO3AyXe IpH
U.=9 10°Bu t.; =5 vac; 6-toxxe . U, =9 10°Bu te; =10 yac. B-ucxoHas IJICHKA
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3aBUCUMOCTD IOJIOKEHUSI MAaKCUMyMOB M MHUHUMYMOB Ha KPUBOM MEXaHUYECKOU
JOJITOBEYHOCTH OT JUIMTEIIBHOCTU BO3ICHCTBUS MIEKTPUUECKOIO pa3psia CBUIETEINLCTBYET O
BIIUSIHUU CTPYKTYPHBIX WM3MEHEHMM Ha MOJEKYJSPHYIO IOJABHKHOCTH ILENed, U
CJIEIOBATEIILHO, HA IPOLECC OIYCTOLICHUS JIOBYIIEK. Bo3nelicTBIE 3IEKTPUYECKUX Pa3pPsI0OB
Ha IOJIUMEPHBIC IOUAIEKTPUKU IPUBOAUT K Pa3yNoOpsSIOYECHUIO CTPYKTYpPHI B DPE3yJbTaTe
OKUCIIUTENIBHO-IECTPYKTUBHBIX  IIPOLIECCOB [3—5]. Ilo wmepe HarpeBanusa IID 1npu

ONpEICIECHHBIX TEMIIEpaTypax B HEM pa3MOPAKUBAIOTCA MOJIEKYISIPHBIE  JBUKCHUS
pPa3IMYHOrO BHJA, CHOCOOCTBYIOLIME pPAa3BUTHUIO TNpoIlecca OIMYCTOLICHHS JIOBYIIEK, B
pe3yibTaTe 4ero oOpasyioTcs cBOOOIHBIC 3apsibl. [IpeArnosoKuTeNnsHO pa3ynopsioueHHas
CTPYKTYypa YCKOPSIET 3TOT IPOLECC U MPUBOAUT K CMEIIEHUIO PEIaKCAllMOHHBIX NIEPEX0/IOB,
TEM CaMbIM CMEIIAIOTCA DKCTPEMAlbHBIE TOUYKH TEMIEPATYpHBIX  3aBUCUMOCTEH
MEXAaHUYECKOH 10ITOBEYHOCTH MTOJIMATUIIEHA B CTOPOHY HU3KUX TEMIIEpATYp.
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LYS — GLU DIPEPTID MOLEKULUNUN F9ZA QURULUSUNUN
XUSUSIYYOTLORI

A.B. Nuriyeva, N.M. Qocayev
Qafgaz Universiteti
aysel.nuriyevab@gmail.com

Nazari konformasiya analizi Gsulu ilo immunstimullasdirict tasir gostaran Lys-Glu
dipeptid molekulunun faza qurulusu tadqiq edilmisdir. Lys-Glu dipeptid molekulunun faza
qurulusunun tadqigi naticasinda onun maohdud sayda stabil konformasiya vaziyyatlari, onlar:
sabitlogdiran qars:iql: tosir qlvvalorinin enerji paylar:, molekullardaxili vo molekullaras:
enerji giymatlari miiayyan edilmigsdir. Har bir optimal konformasiyan:n ikitzli bucaglarmin
giymatlari hesablanmzgdir. Bu dipeptid molekulu bikult formalara meyl edir va onun enerji
cahatdon an alverigli konformasiyas: kvazigapal: qurulus amala gatirir.

Peptid molekullarinin yerino yetirdiklori funksiyalar onlarin foza quruluslar: ils
olagodardir. Bu peptidlorin tasir mexanizminin dyranilmoasi t¢un onlarin qurulus-funksiya
olagalarinin tadqiqi zoruridir. Bu magsadls tagdim olunmus isds bir gox farmakoloji tasirlora
malik olan Lys-Glu dipeptidinin foza qurulusunun xususiyytlori nazari konformasiya analizi
usulu ilo todgiq olunmusdur. Bioloji testlor vasitosi ilo gostorilmisdir ki, insanin gan
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plazmasindan alinmis Lys—-Glu peptid molekulu canli organizimlordo saglam hiceyra
artimini1 tomin edir, reperativ proseslori stimullasdirir. Bu dipeptid molekuluna vilon adi
verilmisdir. Bundan basga gostarilmisdir ki, vilon molekulun azaladaxili istifadasi zamani
oynaq xastaliklorindo mihim iralilayiglor oldoa edilir, sokar xastaliyinin 1-ci moarhalasinda
immun sistemina, gan laxtalanmasina misbat tosir gostorir, Xorgang xastaliyindo humoral
immunitet sistemina vo hiiceyra immunitetina tasir edir [1, 2]. Nozari konformasiya analizi
modeli Usulunda peptid molekunun tam potensial enerjisinin hesablanmas: zamani Van-der-
Vaals , elektrostatik, torsion garsiligl tosirlorin vo hidrogen rabitalorinin enerji paylarinin
comi Kimi nazoro ahinmusdir. [3, 4]. Qurulus masalalorin holli zaman N.M. Qocayev vs 1.S.
Maksumov tarafindon tortib edilmis universal program va algoritm batun taloblori tamamilo
nazara ahr [5]. Enerjinin minimumlasmasi birinci tortib téromolora goro gradient tsulu ils
aparilir. Ikitizli bucaglarin hesablanmasi IUPAC-IUB nomenklaturasina asasan aparilmisdir
[6]. Lys—Glu dipeptid molekulunun hesablanma modeli 40 atomdan ibaratdir. Hesablamada
14 ikiuzlta firlanma bucagi gostorilmisdir. Kimyavi qurulusuna goro Lys-Glu dipeptidi
muxtalif tipli amintursu galiglarindan togkil olunub. Birinci, lizin ( Lys) galiginin nisbaton
uzun mdisbat yiklli yan zoanciri var, ikinci iso Glu tursusunun (Glu) gahignin yan zanciri iso
moanfi yukludur.

Cadval 1.
Lys-Glu dipeptid molekulunun optimal konformasiyalarinin
0-5 kkal./mol nisbi enerji intervalinda paylanmasi

osas Nisbi enerji interval

Seyp zancirin
formasi

0-1 1-2 2-3 | 34 4-5 5>

RL - - - - - 9

€ BR - - - - 3 6

LR - - - 2 6

RR 2 - - 2 2 3

f BL - - 2 - - 7

Dipeptid molekulun asas zancirinin mimkin formalar1 iki seyp toskil edir : agiq (e) vo
bukila (f) [4]. Peptidin ilkin variantlarinda asas zoncirin har bir formas:t R(¢=-180-0 ,¥=-
180-0), B(p=-180-0 ,%=0-180), L(¢ ,¥=0-180) uciin gahglarin yan zancirlorinin muxtalif
orientasiyalar: nazards tutulmusdur [4.5]. Hoar bir peptidin foza qurulusu onun konformasiya
vaziyyati ils, asas zancirin formasi, seyplorlo xarakterizo olundugundan bunu coadvald 1-do
daha dogiq gOro bilorik. Bu coadvaldo Lys-Glu dipeptid molekulunun optimal
konformasiyalarmin 0-5 kkal./mol nisbi enerji intervalinda paylanmas: gostarilmisdir.
Cadvaldan gorinar ki, molekulun seyplari vo asas zancirin formalar: arasinda differensasiya
musahido olunur.Tam bikilu f seypino aid olan konformasiyalar Lys-Glu dipeptidi G¢iin
enerji cohatdon daha olveriglidir.Onu da geyd etmok lazimdir Ki, Lys-Glu dipeptid molekulu
stabil konformasiyalarinda bir sira hidrogen rabitolori omolo golir. Naticado hesablanmis
optimal foza quruluslart arasinda ¢ox kaskin enerji forqi musahide olunmusdur. Dipeptid
molekulun on stabil Rzz2:Ri121 konformasiyasinda Lys-nin NH; va Glu-nin COO™ yan
zoncirlorinin gruplarindaki atomlar arasinda spesifik hidrogen rabitosi amolo golir. Bu
hidrogen rabitasi Ry2222R121 konformasiyada kvazigapali vaziyyatina sabab olur.
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Cadval 2.
Lys-Glu dipeptidinin stabil konformasiyalarin galigdaxili va
galiglararasi garsiligl tasirlorin enerji paylari

Konformasiya | Lys Glu Amin
tursu
galig1

R12222R121 4.4 -11.4
R22222R221 4.2 -14.2 Lys
R22222R321 41 '138
3.3 Glu
3
2.8

Cadval 2-do Lys—Glu dipeptidinin stabil konformasiyalarin gahiqdaxili va galiglararas:
garsiligh tasirlorin enerji paylar1 gostarilib. Bu cadvaldon goriinir Ki, an stabil bikiali RR
formali konformasiyalarda birinci va ikinci galiglar arasinda ¢ox gticli elektrostatik garsiligl
tasirlor omolo golir. Misal gun Ry2»R»: konformasiyada bu qarsihiql tosir -14,2kkal/mol
togkil edir. Hesablama noticasindo alinan optimal konformasiyalarin ikitzli firlanma
bucaglart miayyan edilmisdir. ©n olverisli konformasiyanin ikitzli bucaglarin ssasinda
dipeptid molekulunun foza modeli alinmiodir. Sokilds dipeptid molekulunun an olverisli
konformasiyasinin modeli gostarilmisdir.

Belolikla, Lys-Glu dipeptid molekulunun faza qurulusunun tadqigi naticasinds onun
mohdud sayda stabil konformasiya voziyyatlori onlari sabitlosdiron garsiligh tesir
quvvalarinin enerji paylari, molekullardaxili vo molekullaras: enerji giymatlori va har bir
konformasiyalarin ikituzli bucaqglarmin giymatlori hesablanmisdir.

Aparilan tadgigat onu gostardi ki, Lys-Glu dipeptid molekulu 0-5 kkal/mol nisbi enerji
intervalinda mahdud sayda konformasiya vaziyyatlori yaradir. Bu molekul bikilu formalara
meyl edir vo onun enerji cohatdan an alverisli konformasiyas: kvazigapali qululus amola
gotirir. Alinan naticalor golocokda yeni daha selektiv dorman oshomiyyatli preparatlarmin
yaranmasinda istifads edils bilar.

Sakil. Lys-Glu dipeptid molekulunun polyar mihiti tiglin on stabil konformasiyanin proyeksiyasi
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HUCCJIEJOBAHUE XUMHUYECKOI'O COCTABA( KATUOHBbI) BOAHBIX
PECYPCOB PEKH KYPA ABEPBAVI)KAHA

C.1II. babaeBa
Azepbaiiocanckas I'ocyoapcmeennas Hegpmanas Axademus

B naHHOW cTarbe NMPUBOIUTHCS AIKCHEPUMEHTANIbHBIE HCCIIECJOBAHMUS XUMHUYECKOTO
cocTaBa (KaTHOHBI) BOJIHBIX pecypcoB peku Kypa AsepOaiimkana. OnbIThl ObUIH MPOBEICHBI
Ha Jsaboparopusix kadenpel Texuumueckas Tepmoaunamuka PocTokckoro YHuBepcutera
I'epmanum ¢ UCHOJIB30BaHUEM ATOMHO-3MUCCHOHHOTO CIIEKTPOMETpAa C HWHAYKTHBHO-
cesazanHor twasmoit IRIS Intrepid 11 Optical Emission Spectrometer mpousBojicTBa
Benuko6putanum.

IIpupoanbie BOABI —3TO OYEHb CJIOKHBIE PACTBOPBI PA3JIMYHBIX BELIECTB, B OTJIMUYHUE
OT XMMHUYECKM 4YUCTOW BOAbl. OHM pa3nMyarOTCs MO CBOEMY XMMHMUYECKOMY COCTaBYy, IIO
o0IIeil KOHIIEHTpAallMk PACTBOPEHHBIX BeIIeCTB U (opMaM WX COCAMHEHUM, TO 0Omei
KOJINYECTBEHHOMY COOTHOIICHHMIO MEXIy KOMIOHEHTaMH COCTaBa. IJTO 0OYCIOBIEHO
CIIOKHOCTBIO COCTaBa BELIECTB, HAXOAAIIMXCA B IPUPOJE, U OT YCIOBHUM, B KOTOPBIX
MPOUCXOJAWIM B3aUMOJEHUCTBUS OTHUX BELIECTB C BOJOW. B mIpupoAHBIX BOJAx, Kpome
XUMHUYECKUX COEAMHEHUH, IIPUCYTCTBYIOT KMBBIE OPraHU3MbI, KU3ZHEAECITEIbHOCTh KOTOPBIX
U3MEHSIET XUMHUYECKUH cocTaB BoAbl. IIpomcxoaut co3gaHue OpraHMYECKOIo BEILECTBA B
IIPOLIECCE M3BJIEUEHUS] PACTUTEIBHBIMU M KUBOTHBIMU OPraHM3MaMHU M3 BOJbl XUMHUYECKUX
3JIEMEHTOB U BO3BpAaT XMMHUYECKHX 3JIEMEHTOB B BOJY IIOCJIE OTMHPAHUS ITHUX OPraHU3MOB.
CyleCcTBEHHO U3MEHSET COCTaB BOJIbI U ACSTEIbHOCTD YEJIOBEKA.

JIromeil ¢ naBHEro BPEMEHU HHTEPECOBAI XUMUYECKHM COCTAaB IPUPOAHBIX BOJ.
[TepBbie pabOTHI MOSIBUINCH ellie B ApeBHEH I'pernu u B snoxy Pumckoii ummnepun. 3tomy
BOIIPOCY YJENIsUT BHUMAaHHUE JPEBHEIPEUCCKUH MBICIHUTENL APUCTOTENb (€My HPUHAICKUT
MBICJIb, YTO BOJIA TaKOBa, KAKOBBI MOPOJBI, Yepe3 KOTOPbIE OHAa IMPOTEKaeT), MOAO0OHBIC
MBICJIH, BBICKAa3bIBaJl U PUMCKHUN ecTecTBOMCHbITaTe) b [inuuit Mnammuii (23-79 rr. H. 3.).
VYraybneHHoe M3ydyeHHe MPHUPOJHBIX BOA Oeper Hauaso ¢ paboramu M. B. JlomoHOcoBa
(1711- 1765 r.)

B 30-e roast Haumbomnee BbIAAOIIMECS paOOThI CO3JAaHBI OJHUM W3 HauOomee
reHuanbHbIX JMoneil XXB. —pycckum ydensiM B.W. Bepraackum (1863-1945rr.). Ero tpyn
«McTopus mpHpOJIHBIX BOA», omyonukoBaHHbIM B 1933-1936 rr. 3aHmmaer Bblnaromieecs
MECTO B HayKe B 11eioM. B 3T0ii pabote B..Bepnanackuii Haubosee moHo MoKa3an 3HaueHHe
OPUPOJHBIX BOJ B Teosiorndyeckoil ncropuu 3emian. Ha ocHOBaHMM OOJBIIOTO KOJMYECTBA
HMIUPHUECKUX (PAaKTOB OH OOOCHOBal  TOJOXKEHHE O EAMHCTBE MPHUPOJIHBIX BOJ, YTO
ABJIAETCS KPYIHENUIINM BKJIaJI0M B MUPOBYIO HayKy.
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HcTopus uccienoBaHuii IpUPOIHBIX BOJ 1a€T BO3MOXKHOCTb CKa3aTh, YTO HE CMOTPS
Ha CTOJIb JIPEBHMI BO3pAcT M3YyYCHHMH JAHHOTO OOBEKTA, €Ille OCTAETCS MHOTO HEU3yYCHHBIX
BOJI PEK, MOpPEH, OKEAaHOB U T. [I.

IIpupoaHbIM BOJaM OTHOCATCS BOJbI OKEaH, IOA3EMHBIE BOJbI, JIbIbl U CHEra
(rmaBHBIM 00pa3oM AHTapKTHIbI, ['peHIaHIMM U APKTUKH), MOBEPXHOCTHBIC BOJBI CYIIH
(pexwu, o3epa, 60510Ta).

Bacceiin pp. Kypa —Apakc npencraBnser co0oil peyHyl0 CUCTEMY MEXIyHapOIHOTO
3HayeHus. bacceilH oxBaTbIBaeT MOYTH BCIO TEppUTOpUI0 ApMeHMH U A3zepOaiimxana,
3HAYUTEJIbHYIO YacTh HACEJICHHBIX W ypOaHW3MPOBAHHBIX palloOHOB ['py3uu. DTH CTpaHBI
coBMmecTHO ¢ Mpanom u Typuuell B 3HaUMTENBHON CTENEHM 3aBUCAT OT cucTeMbl pp. Kypa-
Apaxkc, KoTopasl SIBJISI€TCS OCHOBHBIM MCTOYHMKOM BOJBI JUIsl BCEX OTpaciied 3KOHOMHKH U
II0JIb30BATENEH. MPOMBIIIJIEHHOCTH, CEJIBCKOTO XO34MCTBA, JHEPIeTUKM M HACEJICHUS.
HeoOxonumo otmeruts, uto B Oacceitne pp. Kypa —Apakc mpokuBaer Ooibllas 4acTb
HaCEeJICHUs PETHOHA, 3aBUCALIETO OT BOJ OacceiiHa.

Pexu Kypa u Apakc umerot 60Jb110€ 3HaUCHHE [Tl PETHOHAIBHOTO COTPYIHHUUYECTBA,
MOCKOJIbKY TE€PECeKaloT TEPPUTOPUHU COCEICTBYIOIIMX TOCYIapCTB M 00pa3yloT OOJIBIIYIO
4acTb IPAHULL MEXy HUMH.

Kypa sBnsiercs rmaBHO# BomHo# aptepueii Kapkaza. Ee oOmias miwHa cocraBiseT
1,364 kM. Ona Geper Hauano Ha BbicoTe 2,700 M B AHaronmiickom Haropse B CeBepHOMH
Typuuu, Ha ropHoM xpebre Kusbui-I'sablk, TeueT mo HM3BWIMCTOMY pYyClIy IO TOPHBIM
peruonam Typuuu, I'py3un n AsepOaiimkana u Bnagaer B Kacnuiickoe mope. OHa nutaeTcs
cHerom (36%), TaexHoi Bojmoi ¢ snenHukoB (14%), mom3emubiME HcTouHuKamu (30%) u
noxneBoi Bogoit (20%). [Iputoku TekyT Ha ceBep ¢ ApmeHnuu u Brianaiot B Kypy B I'py3un u
B AsepOaiikane. [ maBabiM mputokoM Kypsl siBisiercst Apakc.

BricoTa 6acceitna pexu Kypa Han ypoBHeMm Mopst kosebnetcs B mpenenax ot 4,500 m
no Kacmmiickoro mopst (-27 m). CTOK B mepuojie BECEHHHX NaBOJKOB cocTaBisieT 58-64% ot
obmrero rogoBoro croka, 19-22% o0rmiero cToka MpUXOIUTCS HA JICTHE-OCCHHHM TEpUOJ, a
17-20% na 3umHuui[1].

Jis  panMoHaNbHOTO KOMILUIEKCHOTO HCIOJB30BaHMA HPUPOAHBIX BOJ HEOOXOIUM

OTIpEeNICICHHBI 00BbeM, KauyeCcTBO M OMNEPAaTUBHOCTh THUAPOXUMHUYECKOW HH(MOpMAIIHH.
Onpenenenne XMMMUYECKOTO COCTaBa BOA OTHOCUTCS K OJTHOMY M3 OCHOBHBIX OIIPEJEIICHUN.
B rTeuenume HeckompKHMX JeT Mexay Kadeapamm  «Temo- W XJaJOTEXHHUKA»
AsepOaipkanckoro Texnuueckoro VYHuBepcurera U «Texnumdeckas TepmoauHamuka»
Pocrokckoro YHusepcurera I'epManuu pa3BUBAOTCS HAay4HbIC HAIPABICHUM, OJHA U3 ITUX
SBIISICTCS MCCIIEOBAHUS TEIUIO(PU3NUYECKUX CBOWUCTB T€OTEPMAIBHBIX, MHHEPAJIbHBIX H
NHUTHEBBIX pecypcoB pa3nuuHbix ctpad (['epmanus, AzepOaiimkan, Poccus, Typuus u T.1.).
Ota paboTa SIBISETCS YacThIO 3THX MCCIECJOBAHUNA U MPUBOJIUTCSA PE3YyIbTaThl XUMUYECKOTO
cocTaBa (KaTHOHBI) BOAHBIX pecypcoB pekn Kypa AzepOaiimkaHa.

HccnenoBanust A ONpENENeHUs] KOJIWYECTBO KAaTHOHOB B BOJHBIX Ipobax
npoBoJwiIack Ha Jaboparopusix Kadeapsl Texnudeckas TepmoauHamuka PocTokckoro
VYuuBepcutera ['epMaHnu C HCHOJIB30BaHHEM aTOMHO-dMHCCHOHHOTO crekrpomerpa [2] c
UHIYKTUBHO-CBsi3aHHON 1a3moii  IRIS Intrepid 11 Optical Emission Spectrometer
npousBojacTBa BennkoOputanuu (puc. 2). Meroapl, OCHOBaHHbIE Ha HM3YYCHHUHU CIEKTPOB,
nproOpeny Takyro MONYJISIPHOCTh M0 HECKOJIBKUM IpuunHaM. Ipexe Bcero, criekTpaibHble
METOJbl TMPAKTHYECKH YHHUBEPCAJIbHBI M OOECHEeYMBAIOT BBICOKYIO YYBCTBUTEIBHOCTH
onpenenenns. OHYU MO3BOJISAIOT AHAJTU3UPOBATH COJIEP/KAHUE UHTEPECYIOLIEr0 KOMIIOHEHTA B
JManazoHe 5-6, a mpM MCHOJIB30BAHUU MACC-CIIEKTPOMETPOB —B JuanazoHe 8-9 mopsikoB.
Hcnonb3oBaHue CHEKTPOMETPOB IO3BOJISIET U3MEPUTHh COJEPKAHUE HECKOJIBKUX JECSATKOB
IIPUMECHBIX 3JIEMEHTOB OJHOBpPEMEHHO. M —camoe ri1aBHOE —ONEPAaTUBHOCTH IIOJIYYEHMS
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uH(pOpMaIMHU O cocTaBe HccienyeMoit mpoosl. Ha coBpeMeHHOIt anmapatype i MpoBeAeHUs
CIIEKTPAJILHOTO aHAJIN3a TPEOYeTCs] OT HECKOJIBKUX CEKYH/I 710 2-3 MHUHYT.

Puc. 1: Kapra, nokassisarommas reorpaduueckuie ocobeHHOCTH pednoro Gacceiina Kypa-Apakc
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Taxke B pe3ynbrare YCOBEPIICHCTBOBAHMS amlmaparypbl MOSIBHICS TaKOW MCTOUYHUK
BO30YXK/IEHHS CHEKTpa, KaK BBICOKOYACTOTHAs HMHIYKIMOHHO-cBs3aHHas Iuiazma (MCII).
HCII B Hacrosimiee BpeMs HPEBOCXOIHUT IO CBOMM AaHAJUTUYECKHMM BO3MOXKHOCTSM BCE
UCIIOJIb30BABIINECS PaHEE HCTOUHUKU ONTHYECKONH SMUCCHH.

PazBurtre GoTONpreMHHKOB MPHUBENIO K MOSBICHUIO (DOTOJHOIHBIX MaTPHUL], paboTa KOTOPBIX
OCHOBaHAa Ha CBETOYYBCTBUTEIBHBIX CBOMCTBAX KPEMHHS.

XUMUYECKUH cOocTaB BOJHBIX pecypcoB peku Kypa AszepOaiimxaHa M3MEpeHBl Ha
aTOMHO-IMHCCHOHHBIC CIIEKTPOMETpPE C WHAYKTUBHO-CBsi3aHHOW rmia3moii IRIS Intrepid Il
Optical Emission Spectrometer [2] (Puc.2) u pesymbTaThl npuBeaeHsl B Tabmuie 1.
[TonpoOHOE omKMcaHue yCTAaHOBKH JaHa B [5].

XUMUYECKUE 3JIEMEHTHI, KOTOPbIE IMOYTH HE CYIIECTBYIOT B COCTaBE BOJIHBIX PECYPCOB
pexu Kypa AsepOaiimkana nmomedensl B Tadnmie kak <0.01 mr/mutp. DTO 03HA4aeT 4To,
KOJIMYECTBO ATHX BEIIECTB B COCTaBE BOAHBIX pecypcoB peku Kypa AsepOaiimkana He
JNEHCTBYIOT HA X OOIIMX TEPMOJANHAMHYECKUX CBOMUCTB.

Bonpuryto 4acTh XHMMHUYECKHMX OJJIEMEHTOB B COCTaBe BOJAHBIX pecypcoB peku Kypa
Asepbaiimkana cocraBisier Hatpuii (Na). OH cocraBiser npumepro ot 21,6 mg/l xo 126,0
mq/l.

Hatpuii sBnsiercs OXHUM U3 TJIABHBIX KOMIIOHEHTOB XHMHYECKOTO COCTaBa
IOPUPOJHBIX BOJ, OMpEAesIomuX UxXx TUM.OCHOBHBIM HCTOUYHUKOM IOCTYIJICHUS HATpUS B
MOBEPXHOCTHBIEC BOJIBI CYIIH SIBJISIOTCS U3BEP)KEHHBIEC M OCAI0YHBIE IOPOJBI U CAMOPOJIHBIE
pacTBOpPUMBIEC XJIOPUCTBIE, CEPHOKUCIBIE M YIJIEKUCIBIE COJNM HaTpus. bonbiioe 3HaueHue
UMEIOT TaKkke OHMOJIOTHMUYECKHE MPOIECChl, IMPOTEKAIoIIMe Ha BOJOCOOpe, B pe3yibTare
KOTOPBIX 00pa3yloTCsl pacTBOPUMBIE COeUHEHUS HaTpus. Kpome Toro, HaTpuii mocrymnaer B
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IPUPOIHBIE BOJBI C XO3HCTBEHHO-OBITOBBIMU U MPOMBIIUIEHHBIMH CTOYHBIMH BOJIAMU U C
BOJaMH, cOpachIBa€MBIMU € OpolIaeMbIx moJieil. Ilocie HaTpuii, Kak OCHOBHBIX XMMHYECKHX
3NIEMEHTOB BOJHBIX pecypcoB pekn Kypa AsepOaiimpkaHa MOXHO cumTarh Kanmbimid (Ca) u
cepa (S). KommuectBa xampumii (Ca) B BomHbIX pecypcoB peku Kypa AsepOaiimkana
kosteonmuthest oT 35.9 mg/l mo 93.3 mag/l, a cepwr ot 25.7mq/l 1o 119.0 ma/l.

['maBHBIMM HUCTOYHMKAMHU TIOCTYIUICHUS KalbLiMd B TOBEPXHOCTHBIC BOJBI SIBIISIOTCS
IpOIlecCChl XMMHMYECKOTO BBIBETPHBAHMS M PACTBOPEHUS MHMHEPAJOB, NPEXKAE BCETO
M3BECTHSKOB, JIOJIOMHUTOB, THIICA, KAJTBIUICOACPKAIINX CUIUKATOB M JIPYTUX OCAJTOYHBIX U
MeTamop(dudeckux mopoj. PacTBopeHHIO CHOCOOCTBYIOT MHMKPOOHOJIOTHYECKHE MPOILECCHI
Pa3lIoKEHUs! OPraHMUECKUX BEIIECTB, COMPOBOXKAAIOIINECS TOHMKeHueM pH.

Bonbiine koiuuyecTBa KaibIMsl BBIHOCATCS CO CTOYHBIMM BOJAMM CHJIMKATHOM, MeTa-
JIypru4ecKOM, CTEKOJIbHOW, XMMHMYECKOW IPOMBILUIEHHOCTH U CO CTOKAMM CEIIbCKOXO3SM-
CTBEHHBIX YroJui, OCOOEHHO MpPH HCIOJBb30BAaHUM KaJIbIUHCOACPKAIINX MHUHEPAIbHBIX
y10OpeHUH.

Puc. 2. Cnexrpomerp IRIS Intrepid 1l Optical Emission [2].

T

IRIS Intrepid Il XDL

Marnesuit (Mg), kammit (K),cunmucuym (Si) u crpoHcuym (Sr) TOXe COCTaBISIOT
OCHOBHYIO YaCTh XUMHUECKUX BEIIECTB BOJHBIX pecypcoB peku Kypa AzepOaiimxkana:
Mg ot 9,3 mg/l no 44,2 mg/l; K ot 1,4 mg/l no 5,1 mag/l; Si ot 3,1 mg/l no 12,8 mg/l u Sr ot
0.4 mg/l no 1,2 mg/l.

Kanuii —oquH M3 TJIaBHBIX KOMIIOHEHTOB XHMMYECKOTO COCTaBa IMPHUPOAHBIX BOJ.
M cTOYHMKOM €ro MOCTYIUIEHHs B IOBEPXHOCTHBIE BOJBI SBIISIOTCA I'€OJOTMYECKHUE ITOPOBI
(moJyIeBOM 1INAT, CIIOJIA) U PACTBOPHMBIC COJIM. PasnuyHble pacTBOPUMBIE COCTUHEHUS KaJIUs
00pa3yloTcsi Takke B pe3ylbTare OHOJIOTMYECKMX TIPOLIECCOB, MPOTEKAIOIIUX B KOpPE
BBIBETPUBaHMA W To4yBax. /[l Kamus XapakTepHa CKJIOHHOCTh COpOMpOBaThCS Ha
BBICOKOJUCIIEPCHBIX YaCTULAX II04YB, IIOPOJ, [IOHHBIX OTIOXCHUM U 3aICPKUBATHCS
PacTeHMSIMM B IIPOLIECCE UX MUTAHUA, POCTa. DTO MPUBOAUT K MEHbIIEH IOJBUAKHOCTU KaIus
[0 CPAaBHEHUIO C HATPUEM, U IMOITOMY KaJluil HAXOOUTCA B NPHUPOJIHBIX BOJAX, OCOOCHHO
MOBEPXHOCTHBIX, B 00JIee HU3KOM KOHIEHTPAIUK, YeM HATPUM.
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B npupomnbie BOABl KanMid TOCTYHMaeT TaKkKe C XO3AWCTBEHHO-OBITOBBIMH H

MPOMBIIIJICHHBIMA CTOYHBIMU BOJAMH, a TaKKe C BOJOH, COpachlBaeMOW C OpOIIAEMBIX
MOJIEH, U C TIOBEPXHOCTHBIM BOJHBIM CTOKOM C CEJIbCKOXO3SMCTBEHHBIX YTOAUM.

B moBepXHOCTHBIE BOJIBI MarHuid MOCTYIAET B OCHOBHOM 32 CYET MPOLIECCOB XMMUYECKOTO
BBIBETPUBAHUSL U PACTBOPEHUS JOJIOMUTOB, MEpreyied U JIpyrux MUHEPAIOB. 3HAUUTEIIbHbBIC
KOJIMYECTBA MAarHus MOTYT TIOCTYyNaTb B BOJHBIE OOBEKTHI CO CTOYHBIMH BOJAMH
METAJUTYPTUYECKUX, CUIIMKATHBIX, TEKCTHJIBHBIX U JIPYTUX MIPEAIPUATUIN.

Tabnuma 1. Xumuueckuil coctaB BOIHBIX pecypcoB peku Kypa Azepbaiipkana.

N =
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HCCJIEJJOBAHME TEILJIOITPOBOJHOCTH ACCOIIMUPOBAHHBIX
JKUJIKOCTEHR

P.K. Kepnmosa, B.C. dabaapos
Azepbaiidcanckasn 20cy0apcmeeHHas He(hmanas aKademus

Knrouegwie cnoea: TennonpoBoAHOCTb, GOpMaMuU/l, TIIUIEPUH, BOJIa, BOIHBIE
pacTBOPEI

N3yyeHne TepMHUUYECKUX M IIEPEHOCHBIX CBOMCTB HHAUBUIYAIbHBIX >KUAKOCTEU H
pPacTBOPOB SBISIETCS CaMbIM aKTyalbHBIM M3 BONpOCOB Temodusuku. Kak u3BecTHO, A7
HOPMAaJIBHBIX JKUJKOCTEH KO3()(UIMEHT TEIIONPOBOAHOCTA C YBEIMUYCHHEM TEMIepaTypbl
yMmensbIaercs. Oco0oe BHUMaHME TPEICTABIAIOT AaCCOIMUPOBAHHBIE JKUIKOCTH U HX
pacTBOPBI, KOTOPBIE HE MOJYUHSAIOTCS OOIIUM 3aKOHOMEpPHOCTSAM. Cpeay 3THX JKUIKOCTEH C
TEOPETUUYECKOW M TPAKTUYECKON CTOPOHBI Ba)KHOE 3HAUEHHUE HMEIOT BOJA, TIIHMLEPHUH,
dbopmMamMu 1 UX PaCTBOPHI.

[To TemnodusnyeckuM CBOMCTBAM BOJbI, B YAaCTHOCTH, IO TEMJIOMPOBOJHOCTH, B
muteparype [1,2] nmaetcs mOApOOHBIM aHATM3 HMMEKOUIMXCS JAHHBIX, M IPEITIOKCHBI
MEXIyHapOAHbIE CKeJIeTHbIe TabauIbl. OJHAKO TEMIONPOBOIHOCTh IIIUIIEPHHA U popMaMuaa
MaJia U3y4eHa.

C uenpto HcClENOBaHMUA TEIUIOMPOBOJHOCTH OSTHUX KHJIKOCTEW HaMu CO3/aHa
MOAU(UIMPOBAHHAS YCTAaHOBKA, pealu3ylolas OTHOCHUTENbHBIA METOJ KOAKCHAJIbHBIX
IWIAHAPOB. [IpUHIMIT U3MEpeHHUs TEeIIONPOBOJHOCTH JKUKOCTEH OTHOCUTEIIBHBIM METOJIOM
IWIMHAPUYECKOTO CJIOS OCHOBBIBAETCS Ha TOM (pakTe, YTO MpPU 3aJaHHOM TeMIiepaType U
MOCTOSIHHOM HAIIPsDKEHHH Ha HarpeBatesie 3J1eKTpoaBrkymas cuna AE nuddepennmansaoi
TEpPMOMAaphl OJJHO3HAYHO OTIPEAEISIETCS TEIIIONPOBOIHOCTHIO A UCCIIEAYeMOM KUIKOCTU. Bua
3TOM 3aBHCHMOCTH YCTaHaBIMBAETCS TPaJyMpOBKOM mpubopa, T. . HaxoxaeHueM AE s
KHUJIKOCTEH C M3BECTHBIMH TEIUIONPOBOAHOCTAMHU. OJHAKO Ha MpakTHKEe YIO0OHO
ucnoib3oBath He pyHkmo AE = AE (), a dynkiuio y = y(X), rae
X (Y ?
=7 T AES
3nech U -HampspkeHue Ha HarpeBaTene. B 9THX mepeMeHHBIX rpa yupOoBOYHas KpUBasi OYTH
HE 3aBUCHT OT BEJIMYMHBI HanpspKeHust U 1 OM3Ka K MOJIOToH MpsiMOi.

B Hammx wuccrnenoBaHUSAX YCTaHOBKa Oblla TpaJyMpoBaHa IO BOAEe B 00JacTu
temneparyp ot 20 no 300°C. Jlaumble mo TerompoBogHOCTH B3sThl u3 [2]. TTompobHoe
OIKCaHKWE YCTAHOBKH JIaHO B padoTe [3].

B nacrosmeit pabote u3ydeHa TteruionpoBoaHocTh rimuepuHa C3zHgOz B obmactu

temneparyp 20-300°C. Ilpu msmepenmsx TemmonposogHoctd Bemects or 20 1o 80°C B
KA4eCTBE HAYATBHOTO OBUIO NpHHATO arMochepHoe nasrenme, mpu 100-300°C -
(0.5....10)MlITa. [TorperrHOCTh OMBITHBIX JaHHBIX ollcHUBaeTcs 1.5%.
[Ipencraisier MHTEpEC HCCIEIOBaHHUE TEIJIONPOBOJHOCTH IIMIEPUHA MpHU 0ojiee BBICOKHX
TEeMIIepaTypax C Lelblo 0Oojee TMOJHOro ompeneneHus xapakrepa kpuoit A=f(T)
BO3MO’KHOCTH HPOXOXKICHUS €€ Yepe3 MaKCMMyM NOAO0OHO KPUBOW Ui TEILUIONPOBOIHOCTH
BOJIBI.
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B Tabnume 1 mnpuBeneHbl 3HAYCHHS] TETUIOMPOBOIHOCTH JKUIKOTO TIIMIIEPHHA
MOJTy4eHHBIC B HAacTOSIIEH padorTe.

Tabmumna 1
Bm
3Ha4YeHUs TEIJIONPOBOAHOCTH KUAKOTO TIIUIIEPUHA, 2108 w- K
T, A A T, A A T, A A T, A A
293 286 343 295 403 304 463 312
303 288 363 299 423 332 483 341
323 301 383 309 443 316 503 324

W3 tabnuubl BUIHO, YTO TEIUIONPOBOJHOCTH TJIMIEPHHA YBEJIMYMBAETCS IO MeEpe
MOBBIIICHUSI  TEMIEpaTypbl M  TeMIepaTypHbli  KOA((UIMEHT  TeIUIONPOBOJAHOCTH

oA
a=12 [— IIOJIOKUTEJIEH B UCCIEA0BAaHHOM MHTEpBAJIE TEMIIEPATYP.
)4

Ananmmsz JaHHBIX IMOKa3aJl, 4YTO 3HAYCHUA TCIIJIOIPOBOAHOCTU TIHUIICPUHA NPHUMEPHO B
2.1 pa3a MCHbBUIC TCIIJIOIPOBOAHOCTH BO/IBI. AHaMTHYECKOE OIMCaHue MOJIYYCHHBIX OTaHHBIX
U 3aBUCUMOCTDH TCIIOIPOBOJHOCTH KHUAKOTO TJIMOCPUHA OT JAaBJICHUSA 6y,ZLCT HU3JI0KCHA B
MOCIEeNYIONX padoTax.
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UCCJEJOBAHUE MPOCTPAHCTBEHHOM CTPYKTYPhI OJIMTOMEPOB
MOJIUDTUJIEHT JIMKOJISA PEG4+Cl U PEG5+ClI C ATOMOM XJIOPA

C.[A. demyxamenosa, 3.U. I'axzkues, U.H. AaueBa, H.M. I'ogxaen
Huemumym ghusuyeckux npoonem baxunckoeo I'ocyoapcmeenno2o YrHusepcumema

B nanHOii paGoTe mpoBeNEHO HCCIEIOBaHHWE MPOCTPAHCTBEHHOM CTPYKTYPHI
OJIMTOMEPOB OPraHUYECKOro moiuMmepa —nonudtiieHrmukons (PEG) u ero KOMIUIEKCOB ¢
aTOMOM XJIOpa Ha OCHOBE HEIMIHUPHUYECKOTO KBAaHTOBO-XxMMHUeckoro ab initio pacuera
HEOrpaHMYEHHBIM MeTojoM Xaptpu —®Poka ¢ wucnoiab3oBanueM 0Oaszuca 6-31G.
[Tpoananu3upoBaHbl OCHOBHBIE CTPYKTYPHbIE HEPECTPOMKH B KOMIUIEKCAX, COCTOSALINX U3
Pa3IMYHOr0 YMCJIa MOHOMEPHBIX 3BE€HbEB MOTMITUIICHTJIMKOJIS.

B Hactosimiee Bpemsi, Omaromapsi OypHOMY pPa3BUTHIO HAaHOTEXHOJIOTHH, OOJbIIOE
BHUMAaHHE YAESIETCS MCCIEJOBAHUAM PpA3IMYHBIX KOMIUIEKCOB, CO3JaHHBIX Ha OCHOBE
MOJIMMEPHBIX IUIEHOK ¢ HaHouyacTuuamu. lIlyrem ympaBiisseMoro BBEICHUS HaHOYACTHIL
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JAPyroro MaTepuaya B MOJMMEPHYIO ILIEMOYKY CTAHOBHTCS BO3MOXHBIM MEHSTH CBOHCTBA
HCXOJIHOTO MaTepHaia. Vcronbp30BaHnue B KaYeCTBE OPraHMUYSCKUX MOJUMEPOB MOJIUI(PHPOB,
B uyactHocTtH, nommdTwieHrmukons (PEG), ompenensercs #X — CIOCOOHOCTBIO K
MPOCTPAHCTBEHHOMW CaMOOPraHW3allMi BOKPYT 3apsDKEHHBIX TPYII, 00pa3yst KOMILIEKCHI C
MOHAMHU IIEIOYHBIX METAJUIOB, YTO UMEET OOJIBIIIOE MPaKTHYECKOe puMeHenue [1, 2].

yoo 4

w-".‘? }
) s 9

@ 9

9

o9,
@ 9
s 9=
9 @
0 |

Puc. 1. [TpocTpaHCTBEHHBIE CTPYKTYPhI MOJENIEH TOIU3THICHI KOS
(a) uucreiii PEG4, (6) uucrsiit PEG5, (c) PEG4+CI, (x) PEG5+CI

Panee Hamu OBUIM HCCIIENOBAaHBI TMPOCTPAHCTBEHHBIC CTPYKTYPHI KOMILJICKCOB
OJIMTOMEPOB TMOJMATHICHTIIUKOISL C aToMamMH Hatpusi u Kamusi [3-7]. Hacrosimmas paGora
MOCBSIIEHA H3YYCHUIO IPOCTPAHCTBEHHON CTPYKTYphI KoMIutiekcoB atoma Cl ¢ onuromepamu
nommyTrnenrmukons HO-(CH,—CH,—O)y-H, mnmuHa koToporo BwIOMpanack cocCTOsIIeH U3
yeThipex U msaTH nosropsitomuxcs 3BeHbeB (PEG4+Cl u PEG5+CI). IlepBonavansHO B OKHE
nporpammbl - ChemOffice meromoM KOMIBIOTEPHOTO MOJCIMPOBAaHHMS OBUIM  CO3/IaHBI
pa3BepHYThIC MOJICIU OJUIOMEPOB MOJMITHIICHIIIUKOIS, COCTOSAIINE U3 4 M1 5 MOHOMEPHBIX
3BeHbeB. K MOIy4eHHBIM CTPpyKTypaM J00aBIISIICS aTOM XJIOpa M MPOBOIUIIACH ONITUMH3ALIUS
METOJIOM  MOJICKYISpHOM  auHamuku. [lpm  3TOM  LENOYKH  MOJIMATHIICHIIIMKOIIS
OIpE/ICTICHHBIM 00pa30M 3aKpy4MBAIUCh BOKpYr artoMa xjopa. ONTUMH3HPOBaHHBIC B
pe3ylbTare pacuera CTPYKTYphl B3STHI B KaueCTBE WCXOJHBIX JAHHBIX IS JalbHEUIIeH
onrtummzanuu ab initio merogom Xaprpu-Poka nporpammoii Gaussian-09 ¢ ucnonap3oBaHueM
0asuca 6-31G (p,d).

[To pesynbratam pacdeTa OKa3bIBaeTCs, 4YTO JJIMHBI CBs3ed INpH 00pa3oBaHUU
KOMIIJIEKCOB HE MEHSIOTCSI, BAJICHTHBIC YIIIbl MEHSIOTCS TOJBKO B JACCATHIX JIOJSAX TPAIyCcoOB, a
JBYrPaHHBIC YITbI MOT'YT HE3HAUNTEIbHO H3MEHHTRCS, He Gombie yem Ha 5°. Ho maxe Takue
HeOobIIMe TOBOPOTHI CTPYKTYpbl PEG npuBoasaT kK 00pa30BaHUIO CTaOUIBHBIX KOMILJIEKCOB
OJIMTOMEPOB MOJMITHUIICHIIIMKOJIS C aTOMOM XJIopa. J{Js MHTeprpeTaui H3MEHEHUH B
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Ta6mumna 1.
MesxaToMHBIC PacCTOSHUS (A) MEXy aTOMaMH KUCJIOPOJIa M XJIOPa B HCCIETYEMBIX
KOMILIEKCAX
PEG-4 PEG-4+Cl PEG-5 PEG-5+Cl
0:-0O4 2.78 0:-0O4 2.78 0:-0O4 2.69 | 01-O4 2.85
04-07 2.87 04-07 2.87 04-07 2.83 | 04-04 2.93
07-O10 2.87 07-0O10 2.87 07-0O10 2.82 | 0O7-Oqp 2.89
010-013 2.78 010-013 2.78 010-013 | 2.85 | O1p-0O13 2.77
013'016 3.60 013'016 2.78
0:-0y 5.38 0:-0y 5.38 0:-0y 5.06 0:-0y 4.99
0:-0O19 6.59 0:-0O10 6.76 0:-0O10 | 5.65 | 01-O19 6.02
0:-013 7.31 0:-013 7.63 0:-013 | 5.70 | 01-013 5.30
04-013 6.59 04-013 6.78 0:1-0O16 | 2.99 | 01-O15 2.90
07-013 5.38 07-013 5.39 016-0O10 | 5.01 | O16-O1p 3.55
04-019 4.86 04-O19 4.98 016-0O7 | 5.97 | 015-07 3.81
Cl-0, 3.90 016-04 | 4.73 | O15-04 3.56
Cl-04 3.55 04-013 | 5.91 | 04-013 5.84
Cl-0y 3.69 07-013 | 5.32 | 07-0O13 4,78
Cl-Oyg 3.52 04-0O10 | 5.16 | 04-O19 5.15
Cl-Oy3 3.88 Cl-0O; 4.58
Cl-04 4.48
Cl-0y 4.83
Cl-Oyg 4,77
Cl-Oy3 4,92
Cl-0Og 2.94

reOMETPUYECKUX Mapamerpax mnpu oOpazoBanuu komiuiekcoB PEG4+Cl u PEGS5+CI mo
CPAaBHEHHMIO C YHCTBIMH OJIMTOMEpPAaMHM PACCMOTPUM MEKATOMHBIE PACCTOSHHUS MEXIY
HECBSI3aHHBIMH aTOMaMH-aTOMaMHU KHCJIOpOJa M XJopa B HCCIEIyeMbIX KOMIUIeKcax. B
Tabn.1 mnpuBenEeHBl MEXKAaTOMHBIE PACCTOSHHUS MEXIYy aTroMaMH KUCIOpOJa M XJopa,
MIOJIy4EHHBIE MTOCIIE TPOBEACHHBIX PACUETOB.

Kak cnenyer u3 Tabi.1l, paccTosHUS MEXIy BCEMH COCEIHUMH IapamMH KUCIIOPOJIOB
0,-04, 04-07, 07-O1p u O4p-O;3 mpu oOpazoBanuu komiuiekca PEG4+Cl He usmenstorcs.
HauOospiiee u3mMeHeHue HaOMIONaeTcs B YBEIMUEHUHM DPACCTOSHUS MEXJY KOHILIEBBIMU
atomamu kucropoga O;-Oy; ma 0,32A. PaccTosHus Mexay HECMEKHBIMU BHYTPEHHHMH
kucinoponamu O, u Oy yBenuumpaercs Ha 0,12A, a IMaroHaNbHO PACIIONOKEHHBIC ATOMBI
xucnopona 04-Oy; u 0;-Oy ornansorcs Ha 0,19A n 0.17A, xax 6b1 pa3asuras cBoro moaoCTh
JUIs 3axBaTa YacTUIBl. OTH TEOMETPHUYECKHE HU3MEHEHHs IO3BOJSIOT aToOMy XJopa
OpOHUKHYTh B mojocTh PEG4 u pacnonoxutbcs Onmke BCEro K BHYTPEHHUM aToOMaM
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kuciaopoaa O, u Oy OT KOHLEBBIX aTOMOB KHciopoaa O; u Oy aToM Xjopa HaXOAUTCS Ha
0,4A, a ot atoma O, nexamero B camoii ry6une nosnoctr Ha 0,2A nansme.

Ho ecnu MBI pa3BepHEM NOJIYYEHHYIO CTPYKTYpPY B Ipoduiib, Kak Obl Hajarasi aTOMbI
yriepoja Apyr Ha Jpyra, TO YBUIHMM, YTO IMPU CBSA3BIBAHHUM aTOMa XJIOpa C OJUTOMEpPOM
PEG4 B momy4yeHHOM KOMIIJIEKCE aTOM XJIOpa BBICTYMAET M3 IJIOCKOCTH KOMIUIEKCa, KaK Obl
naps Hajg HuM (puc.2, a).

ITpu o6pazoBanuu komekca PEGS ¢
aTOMOM XJIOpa HaOIIOAAETCs] OYeHb CHIIBHOE
B3aMMO/ICHCTBUE KOHIIEBOTO aTOMa KUCIOpPOIa
O;s ¢ aToOMOM XJIOpa, pPACCTOSHUE MEXKIY
KOTOPBIMH CTAaHOBUTCSI HAUMEHBILIUM, PaBHBIM
2.94 A. 3o npubnmsurensro Ha 0,6A Gmmxe,
yeM k atomam O; u Og4. Jlanmbime Bcero atom
XJI0pa OTCTOUT OT aToMOB Oy, 3aTEM CIEAYIOT
atoMbl O; 1 Oy (COOTBETCTBEHHO Ha 2A, 1.8A
u 1.9A nanemie, wem or aroma Os6). Takum
o0pa3oM, aTOM XJIOpa pacrojaraercs OoT Bcex

aToMOB kuciopoaa kpome Oi Ha PACCTOSHHUH
B JIBa pa3za O0bIIeM, MOPSIKa 4,5A. [Ipu sTOomM
KOHIIeBOM atom kucinopoma ;s 3axBaThIBas
aroM  XJopa B «KapMaH»  II0JIOCTH

MO THIIeHT THK0JLL € aTOMOM HAaTPHA  pa3BopaylBaeTcsd TakK, Kak Obl 0OXBaTbIBas

(a) PEG4+Ci, (6) PEG5+C? aToM xJopa, uto mpubmmkaercs Ha 0.82 Ak
atomy Oy;. [IpubnuxaroTcs apyr K Apyry U cocemanue atoMel kuciaoponaa O u Oy3, HO BCETO
ma 0.08 A. Ocranbuble cocemnue KHUCTOpOoAbl HeMHOTO pactankuBawTcs: O;-O, Ha 0.16A, a
0,-0; u 0,-0Oy Bcero na 0.1 u 0.07A. CtpykTypa MOJIOCTH MOCJE 3axBaTa aroMa Xjopa
CTaHOBHUTCA Oosiee KoMMakTHOUW. [lpakThuecku Bce arombl kuciopoaa, kpome O; u Oy,
oTmanuBIIMXcs Apyr ot apyra Ha 0.37A, commxkarorcsa. Konuesoii atoM kucnopoaa O npy
00pa3oBaHUM KOMILIEKCA C aTOMOM XJIOpa CBOPAYMBAETCS TaK, UTO PACCTOSHUE MEXAY HUM U
atromMoMm O; yMEHbIIIAeTCsl HA 2.16A, na 1.46A ¢ aromom Oy 1 Ha 1.17A ¢ atomom O,. Atom
kuciopona Oy Takke npubimmkaercss k aromam O; u O; Ha 0.54A u 0.4A coortsercTBeHHO.
Kaxk BusHO M3 npyroii mpoeknuu pacronoxenus: komiwiekca PEG5+CI (puc.2, 6) atom xiopa
Cl to ke pacrnonoxeH Ha HEKOTOPOM PAaCCTOSIHUH OT TUIOCKOCTH CTPYKTyphl PEG5.

a a

Puc.2 PacyerHBIP Moge I KOMILIEKCOB

Tabmuma 2 .
3HepFeTI/I‘{eCKI/IC MmapaMeTpbl U AUIOJIBHBIC MOMCHTBI HCCIICAYCMBIX KOMIIJICKCOB
PEG-4 | PEG-4+Cl| PEG-5 | PEG-5+CI
SCF Done: E(UHF) (ar.ex.) -687.708 | -1147.159 | -840.636 | -1300.087
nuclear repulsion energy (Hartrees) | 855.947 | 1087.141 | 1249.965 | 1498.227
Total Dipole moment (Debye) 4,778 4.755 4.298 4.272

B Ttabnume 2 mnpuBeneHbl SHEPreTUYECKHE MMAapaMeTpbl W JHUIOJbHBIE MOMEHTHI
uccrneayeMbix KomiuiekcoB.Kak BuaHo u3 Tabn. 2 mnpu 00pa3oBaHUM KOMILJIEKCOB
MOJIMATHIICHTJIUKOJIS C aTOMOM XJiopa 3Hepruu oboux komriuiekcoB PEG-4+Cl u PEG-5+Cl
YMEHBUIAIOTCSA 10 CPaBHEHUIO C 4YHUCThIMU onuromepamu PEG-4 u PEG-5 ongunakoBo Ha
459.451 ar.en. Takum 00pa3zoM, mporiecc 0Opa3oBaHMs KOMIUIEKCOB ¢ aTOMOM XJIOpa B 000HX
ClIy4astX OKa3bIBAaeTCA PHEPreTHYECKH BBITOJHBIM. JIMMONbHBIE MOMEHTHI IpU 0Opa3oBaHUU
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000MX KOMIUIEKCOB HeMHOTo yMeHbInatotes - Ha 0.023 D npu oGpazoBanuu komiuiekca PEG-
4+Cl u na 0.026 D npu oOpaszoBanum kommuiekca PEG-5+Cl. Crpykrypa Komiuiekca
PEG5+Cl oka3biBaercsi Oojiee KOMITaKTHOM, Tak Kak ero IumosibHbli MomeHT Ha 0.483 D
MEHBIIIE, YeM IUIOJILHBIN MOMEHT KoMIuiekca PEG-4+Cl.
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POLIVINILPIRROLIDONUN iSTIRAKI IL® ALINMIS POLIMER-SU IKIFAZALI
SISTEML®ORI VO ONLARIN FiZIKi-KIMY9Vi XASSOLORI

T.0O. Bagirov, A.9. Hasanov, A.E. Haciyeva, N.F. 9hmadov, X.T. Hasanova
Bak: Dovlat Universiteti, baghirov-t@mail.ru

Polivinilpirrolidonun (PVPD) istirak: ilo alinmzs polimer-su ikifazal: sistemlarindan
dekstran-PVPD-su, PVPD-duz-su sistemlarindo fazalara ayr:iman:n molekulyar aspektlori
arasdirilmes, sistemlorin hal diagramlar: qurulmusdur. Hamin sistemlarin oxsar va fargli
cahatlari miayyanlagdirilorak gostarilmigdir ki, istar igtisadi samaraliliyina g0ra, istorsa do
alveriglilik baximindan PVPD-duz-su, o cimladan, PVPD-lzvi tursular:n Na duzu-su ikifazal:
sistemlari daha magsadauygundur.

Malumdur ki, termodinamik uyusmaz els polimer cutlori vardir ki, bazi hoalledicilords

bu polimerlarin konsentrasiyasinin mioayyan giymatlorindon bdylk giymatlorinds fazalara
ayrilma prosesi bas verir vo fazalarin hor biri polimerlordon hor hansi biri ilo zonginlogmis
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olur [1]. Polimerlorin bir holledicido termodinamik uyusmazhig: barado odsbiyyatda
ziddiyyatli fikirlora rast galinir. Bazi mualliflor komponentlorin halledici rolunu irali stirtirlor.
Onlar iddia edirlor ki, agor iki polimer har hansi holledicids ikifazal: sistem verirss, onda bu
hadisa digor holledicilorlo do musahids olunmahdir. Son zamanlar iso E. Masimov, B.
Zaslavski vo digorlori elmi todgigat islorinds ikifazali sulu polimer sistemlarinin
yaranmasinda suyun holledici rola malik olmasini irali strlr [2, 3] vo bunu tocriibi faktlarla
tosdiq edirlor. Dekstran-polietilenglikol(PEQ)-su ikifazali sistemlordo fazalara ayrilma
prosesina xarici amillarin sistemli todqiqi aparilmis vo gostarilmisdir ki, suya daxil edilon faza
omola gatiron komponentlorin har birinin tasiri ilo sistemds suyun strukturu (hali) elo doayisir
ki, yaranacaq fazalarin 6zayi olan iki mixtoalif su strukturu (hali) yaranir vo komponentlarin
konsentrasiyasinin muayyan giymatindan boyik giymotlorinds sistemin fazalara ayrilmasi bas
verir [3].

Polimer-su ikifazali sistemlorinin todqiginin aktualligi belo sistemlordo gedon
proseslorin canli organizmds gedon proseslorin modeli kimi gobul oluna bilmasi ilo
olagodardir. Dogrudan da, sistemin bir-birindon hidrofobluglarina géro forglonon eyni
zamanda movcud olan fazalari arasinda bioloji maddslorin paylanmasinin arasdirilmasi
organizmds dasinmas: ganla hoyata kegirilon maddslor mibadilosi mexanizmini basa
dismoys kOmok edos bilor. Fazalarin c¢ox hissasini su toskil etdiyindon belo mihitds
biomakromolekullarin konformasiyasmi vo strukturunu formalasdiran qarsiligl tasirlorin
komiyyatca Oyranilmasi ¢ox shomiyyatlidir.

Isdo Ispaniyamin “Panreac” firmasinin istehsal etdiyi polietilenglikol (PEQ)-
HO(C,H,0),H, Almaniyanin “Applichem” firmasmin istehsal etdiyi polivinilpirrolidon,
Rusiyanin istehsali olan dekstran va polivinilspirti, «kimyavi tamiz» geyri-tzvi duzlar vs tizvi
tursularin duzlar: istifado olunmusdur. Bitln tocribalor kvars gablarda iki dofs distillo
olunmus su ilo aparilmisdir. Ikifazal sistemlorin osas xarakteristikalarindan olan binodal
ayrisini qurulmus va birlagdirici xattin meyl bucag: tapilmisdir.

Polimer-polimer-su ikifazali sistemlorinds fazalara ayrilma mexanizminin molekulyar
aspektlorini arasdirmaq uglin dekstranla bozi ion dasimayan polimerlorin-polietilenglikol,
polivinilpirrolidon, fikoll va polivinilspirtinin sulu garisiginda ahinmas ikifazali sistemlorin hal
diagramlar: toadgiq olunmusdur. Homin sistemlarin binodal ayrilorini tohlil etdikdo molum
olur ki, hal diagraminda homogen oblastin saholori asagidaki ardicilliga malikdir:
Spvrp>Speg>Spys. Bu fakti onunla izah etmok olar ki, PVS-in suda hallolma gabiliyysti diger
polimerlar, PEQ va PVPD-ya nishaton kigikdir, onun sulu mohluluna dekstran: slavs etdikdo
mohlulda ikinci fazanin 6zayini toskil edon su strukturu yaranir vo fazalara ayrilma bas verir.

PVPD ils suyu strukturlagdiran geyri-tizvi duzlarin sulu mohlullarinda alinmis ikifazali
sistemlorin fiziki-kimyovi xassalori todqiq edilorak gostorilmisdir ki, suya daxil edilon faza
omola gotiran komponentlarin hor biri suyun strukturuna va/vo ya termodinamik halina tosir
edorak iki muxtoalif struktura (termodinamik hala) malik olan su omoalo gotirir vo homin
muxtalif strukturlu sular konsentrasiyanin muayyan giymotindon boyik giymatlorinds ayri-
ayr fazalara yigilaraq termodinamik tarazliq halinda olan ikifazali sistem omola gotirirlor.

Yeni ikifazali sistemlorin axtarisi naticasinde malum olmusdur ki, polivinilpirrolidonla
(PVPD) bazi lzvi duzlarin-gaxir, limon va kohroba tursularmin Na duzunun sulu mahlulu
ikifazal1 sistem verir.

Qeyd edok ki, geyri-lzvi duzlar vo uzvi tursularin Na duzunun sulu mohlulu ilo
dekstran vo fikollun sulu garisiginda ikifazali sistemin alinib alinmamasi da arasdirilmis va bu
garisiglarda komponentlorin muixtslif konsentrasiyalarinda ikifazali sistem alinmamisdir.
ikifazah sistem todqiq olunmus polimerlardon PVPD va polietilenglikolla uzvi tursularin Na
duzunun sulu garisiginda alinir. Bizim fikrimizco, polimer-duz-su sistemlorinds ikifazal
sistemin alinib-alinmamas: polimer molekulunun suda yaratdig: hidrat tobagonin foza 6lgulori
ilo duzun suda hall olmasi naticesinds alinan ionlarin ostrafindak: hidrat tabagonin olgtlori
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arasindaki uygunsuzlugla baglidir. Bu uygunsuzlug PVPD vo PEQ olan halda daha ¢ox
oldugundan muxtalif strukturlu sularin bir-birindo geyri mohdud holl olmasi naticasinda
fyazalara ayrilma bas vermir.

Suyun ikili struktura malik olmasini nozers aldiqda termodinamik tarazliq halinda
fazaomologatiron komponentlorin miiayyan konsentrasiyadan boyik qiymatlorinds heterogen
sistem alinmasin1 asanligla izah etmoak olur. Suyun termodinamik halin1 molekullarin faza
orientasiyasimin miuxtalifliyi vo molekullar arasindaki hidrogen rabitolarinin intensivliyi
muoayyan edir. Belo ki, molekullar arasindaki har bir hidrogen rabitasina diisan enerjinin vo
molekullarin foza orientasiyasinin doyismasi suyun halinin va/va ya strukturunun doyismasini
gOstorir. Bu mulahizalor mixtalif maddslorin - ham yiiksskmolekullu, ham da kigikmolekullu
birlogsmaloarin - tasiri ilo suyun strukturunun doyismasini izah etmoyo imkan verir.
PVPD-duz-su ikifazali sistemlori faza amologatiron komponentlorin konsentrasiyalarini vo ya
temperaturu doyismoklo ahinir. Polimer-polimer-su ikifazal: sistemlorindan forgli PEQ-duz-su
ikifazali sistemlarina analoji olarag, bu sistemlords do fazalara ayrilma temperaturu artdigca
daha tez bas verir. Basga sozlo, PVPD —duz-su ikifazali sistemlori fazalara ayrilmanin asagi
kritik nogtasina (FAAKN) malik olan sistemlardandir.

PVPD -nin duru mohlullart Ggun (0,04+0,1qr/l) 13 qeyri-Uzvi duzla 25+85°C
temperatur intervalinda garisiqgda termodinamik uyusmazliq hadisasi musahids olunmusdur.
Moalum olmusdur ki, muxtslif duzlar Ggiin sistemds fazalara ayrilma muxtolif temperaturlarda
bas verir vo duzlarin konsentrasiyas: artdiqca fazalara ayrilma prosesi bas veron temperatur
azalir.

Analoji todgigatlar 13 geyri-uzvi duzla PVPD-nin bes fikso olunmus hacmi paylar:
ucun aparilmisdir. Mugayiss glin bir sira natrium va kalium duzlar: tgiin Na,CO;, Na;PO,,
Na,HPO,, NaH,PO, va K,CO; K;PO,, K;HPO, KH,PO, — PVPD-duz-su sistemlorinds
fazalara ayrilma temperaturu Ti, tapilmisdir. Malum olmusdur ki, natrium duzlarmin istiraki
ilo olan duzlarda fazalara ayrilma kalium duzlanma nisbaton azdir vo fazalara ayrilma
temperaturlar: arasindaki forq AT, tadgiq olunmus duzlarin anionlarindan asili olaraq doyisir.
ATia=Tia(K anion)- T;a (Na anion)

Mduoayyan olunmusdur ki, natrium vo kalium ionlar1 xarici elektron ortiklorina gora
oxsardir vo eyni yiko malikdirlor. Onlar bir-birindon ancaq radiuslarina goro forglonirlor
(rna=0,98 A, r=1,33 A) vo bu sabobdon radiusu kicik olan ionun hidratlasma ododi béyiik
olur, uygun olaraq nn,=7+9 Vo nk=4+6-dir. Todgiq olunmus ionlarin su molekullar: ilo
garsiligh tasir entimallar1 da farglonir va bu forq 6zinu sistemlorin fiziki—kimyovi xassslorine
muxtalif clr tasir etmokds biruza verir. Qeyd edok ki, Na va K kationlarinin su molekullarr ilo
garsihigh  tosir enerjilori  uygun olarag AEn,=-101,2kC/mol, AEk=-75,7kC/mol-dur.
Odoabiyyatdan molumdur ki, eyni yiiks vo oxsar xarici elektron qurulusuna malik olan ionun
polyarizasiya vo diffuziya xassalori ionun radiusu azaldigca artir [4]. Alinmisdir Ki, NaH2;PO4
duzundan fargli olarag, digor tadqiq olunmus natrium duzlarinda fazalara ayrilma temperaturu
kaliuma nisbaton kigikdir. NaH,PO, vo KH,PO, duzlarindaki keanaragixmani iss duzlarin tursu
xassalarinin kalium duzunda ¢ox olmasi ilo alagslondirmak olar.

Na,HPO,, K,HPO,, (NH,),PO, duzlarmnin istiraki ilo PVPD-duz-su sistemlori Ggtn
tapilmis fazalara ayrilma temperaturunun giymatlori yuxaridaki nozari milahizalordon alinmis
qiymatlora uygundur. PVPD-(NH,).PO,-H,O sisteminin fazalara ayrilma temperaturu PVPD-
Na,HPO,-H,O va PVPD-K;HPO,-H,O sistemlorina nisbaton boyikdir vo bu fakt (NH,)
ionunun nisbaton bdyiik olmast il (1,43A) izah olunur.

Analoji naticolor Na,SO, va Li,SO, duzlar1 ilo olan sistemlor tgtin do alinmisdir. Li
jonunun radiusu (0,78A) Na ionunun radiusundan kicik oldugundan PVPD-Li,SO,-H,0
sisteminds fazalara ayrilma komponentlorin daha kicik konsentrasiyalarinda bas verir.

Qeyd etmok lazimdir ki, geyri-tzvi duzlarin suyun strukturuna (halina) bu vo ya digor
istigamotdo tosiri daha ¢ox anionun tobioti ilo izah olunur. Bu moanada natrium va kalium
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duzlarinin anionlarmin fazalara ayrilma prosesina tosiri tadqgiq edilmoklo onlarin suyun
strukturuna tasiri hagqinda mulahizalar ylrtadilmuisdur.
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CTONKOCTb ®UBPOMHA HATYPAJIBHOI'O IIEJKA HA MICKPOBOI1
PA3PSIJI

10. I'. llykopay
Llexunckui ¢punuan Azepbatiosrcanckuii Mncmumym Yuumerneii
yusifsh@mail.ru

YcTaHoBIIEHO, YTO MpH oboraneHn GUOPOMHA CEJICHOM MOBBIIIAETCS €r0 CTOHMKOCTh
K BHEUIHMM BO3JCHUCTBUSAM, OOYCIOBIIEHHass TEM, YTO aTOMBbI CEJEHA, 3aXBaThIBAIOT
MUTPUPYIOLIHE 10 IIeNH MAaKPOMOJIEKYN (pruOporHa AMEKTPOHBI, M3—3a OOJIBIIOTO CPOJCTBA UX
K DJIGKTPOHY, M 3aMEIJISIOT CKOPOCTh I'€HEepaluu CBOOOJHBIX paaukaioB. IIpu BeICOKMX
TemrepaTypax Se, urpas pojib IMPEBEHTUBHOI'O AHTHOKCHAAHTA, pas3jiaraer MNEepeKucH,
oOpasylomuyecs: B Ha4yaJIbHOW CTauH TEPMOJIECTPYKIMU (hrubponHa.

HM3BecTHO, YTO NpU BHICOKHUX JABJICHUSX ras3a (mopsjaka aTMOC(HEpHOro U BHIIIE), IPU
OOJIBIIIMX PACCTOSIHUAX MEXIY 3JEKTPOJaMH, IPU BBHICOKOBOJIBTHOM, HO MAaJOMOIIHOM
UCTOYHHKE TOKa (HampuMep, WHAYKIMOHHAS KaTyIIKa) BO3HHMKAeT WCKPOBOH paspsij,
CONPOBOXKIAFOLIMIACS BBICOKOH TEMIIEPaTypOii, pa3BUBaIOIIUIics B UCKpoBoM KaHaue [1]. I1pu
ATOM MOJIEKYJIbI ra3a pa3jiararoTcs Ha aToMbl M panukansl. [lonanas 3atem B cpeny ¢ 6osee
HU3KOH TeMIepaTypoil M B3aMMOJEHCTBYS ¢ MCXOJHBIMM M BCTPEUHBIMU MOJIEKYJIaMH, a
TaKXkKe MEeXay cOOOH, 3TH aKTUBHBIE YACTUIl MOTYT MHHMLHUUPOBATH PA3IMYHBIC PEAKIHH.
OCHOBHBIM TPEUMYILECTBOM HCKPOBOIO pa3psjia, MpH HU3Iy4eHUH cTapeHus ¢GulOpouHa,
SBIISICTCS BBICOKAsi CKOPOCTh MPOTEKAHUS MPOLECCa U CPABHUTEIBHO OBICTPOE M JIETaJIbHOE
MPOBE/ICHUE SKCIIEPUMEHTA.

Jns  uccnenoBaHus  CTOMKOCTH  (UOpOMHA 3JEKTPUUECKOMY paspsay  Obuia
NPUTOTOBJICHA CIIEIMalibHasl siueiika U3 KBapLEeBOW TPYOKHM BHYTPEHHUM JTHAMETPOM 4im,
BHYTPH KOTOPOH OBUIM paCIOJIOKEHBI TaJO4YKOOOpa3Hble CTEpKHU (dIEKTPOABI) U3
HepkaBerolei cranu quamerpoM 3,8mm. PaccrosiHre MexX 1y TNIOCKUMH M OCTPBIMU KOHIIAMHU
AIIEKTPOJOB COCTaBIIO 8mm, a HampspkeHue Mexay Humu —20xkB. Ilpu 3ToM TOK,
POXOISAILINI Yepes pa3psAHbII IPOMEKYTOK, ObLT OTPaHUYEH COIIPOTHBICHUEM.

DJeKTpUuUYecKoe BO3JeicTBHEe 00pasia (uOpOMHA COCTOSIO U3 MCKPOBOTO paspsiia,
MPUIIOKEHHOTO K OJIHOMY KOHIY TpyOku. [Ipu nzyuenun IIIP nornomenus, oOpasen nocie
BO3JICUCTBUS pa3psla, MEpeHOCWICS Ha JAPYrod KOHEe TPYOKH Ui YCTpaHEHHs BIHSHUS

266



Fizikanin muasir problemlari VII Respublika konfransi

3arpsi3HCHUS CaMOro KBapiia mpu paspsae. l[locime Kaxaodl mporueaypbl  paspsijia
mpoJoKUTeNbHOCTRI0 5+30C, TpyOka ¢ 00paslioM B3BEMIMBAIACH [UISI ONPEACICHUS
OCTaTO4HOH Macchl oOpasna. HauanpHast macca o0pasuos (M, ) paBHsachk 15 we.

bpiio BBIABIEHO, 4TO BO BceX o00Opaslax Iocne JEHCTBUS pa3psga BO3HUKAET
cunrnetHslid curhan ¢ ¢ =2,0039=2,003 u AB, =0,8mTn. OH HachlmaeTcs HOpU MalbIX

mourHocTsx CBY nosns, cBepXToHKasi CTpyKTypa He Habmronaercs. C yBelTUYeHHEM BPEeMEHU
nedcTBus paspsana gopma, J—gakmopu AB, TpakTHYECKH HE MEHSIOTCS. OJTH JaHHBIE

MO3BOJIAIOT 3aKJIIOYHUTH, YTO B CHUCTEME
YIJIEPOAHBIX — KOJELl  00pa3yrTcss U I TR
CTaOMITU3UPYIOTCS cBOOO/IHBIE Jq
pamukansl. [Ipu pasBuTHH paspsnga, B
Marepuasie, OCHOBHYIO pOJb HIPaOT If
TEIUIOBBIE M XHMHUYECKHE IPOLECCHI. 2.0 A

2

ATOMBI yriiepoga oOpasyloT CTPYKTYpPbI /F ."T

KOHJICHCUPOBAHHBIX KOJIell, T.C.

cBOOOJIHBIE paiuKalbl CTAOMIM3UPYIOTCS 1,5 i

3a  c4yer 00pa3oBaHMA PE30HAHCHO- [—/

KOJIbYATBIX CTPYKTYP. i /
Bo Bpems paspsma Marepuan L0 _f ;{'

nojasepraercs  Y® —u  cBETOBOMY J}( };

o0TyueHuIo, BO3HUKAIOIIEMY B 05

paspsgHOM  mpocTpaHcTBE.  OnHaxo, :

BBUJly HUX CJIa00ii WHTCHCHBHOCTU U ’V){/{-’

MaJIorO BPEMEHHU BO3JCHCTBUS paspsna, 0 i

MMHU MIPAKTUYECKH MOYKHO MpeHeOpeyb. 5 10 £, MuH

Ha puc 1 mnpuBeneHa 3aBHCHMOCTB Puc. 1. 2aEHCcHMOCTE OTHOCHTENEHOH HHTEHCHEHOCTH

OTHOCHTEIHON MHTEHCHBHOCTH CHrHaja CHrHana J[IF B Gubpomme, K EMMHHIIE MaCChL 0T Bpe -

OIIP, npuBeaeHHOW K €AMHMIIE MAacChl, Mem ACHUTERA HUEPOBOID Paspana. d - 4714 KOHTHOME

OT BpPEMEHU JEHCTBHS  HCKPOBOTO FRT © — LA OIITHET 00pasIios.

paspsa sl KOHTPOJIBHBIX (KpuBast a) ¥ —— 4

ONBITHBIX (KpuBas 6) 0Opa3loB. 311eCh r e

J, —MHTCHCHUBHOCTb CHTHama oOT * ., -~

b
craHiaptHoro ooOpasma, J, uw m, 7 g '{"‘
MHTEHCUBHOCTh  CHUTH&JIa M  Macca
00pa3uoB mocie BO3AEHCTBHS paspsiia B =
Te4YeHHUe BpeMeHH . —
N3 9THX  KHHETHMYECKHMX  KPUBBIX, =2
paspymenust ¢pubporHa Moja AecTBUEM
HCKPOBOTO paspsijia BUJHO, YTO CKOPOCTh
HAKOTUICHHUsSI CBOOOJIHBIX PATUKAIIOB IS 1
ONMBITHBIX ~ OOpa3lOB  CYLIECTBEHHO
MEHbIIIE o CPaBHEHUIO c
KOHTPOJIBHBIMH, M 3TO  3aMETHO
OpPOSBIISIETCS. HAa HAyaJlbHOM  CTanuu
BO3JEUCTBUS pa3psiaa.

Ha puc.2 IIpeJICTaBJIeHA

0 5 100 £, asun

Puc. 2. BaEHCHMOCTE I0CapHb M 0THOCHTEMRHOH HH-
TEHCHEHOCTH cHrHana ‘3[1P B fuOpOMHE, K e
3aBUCUMOCTD lg[3, /(3 -m,)] OT  macchkl OT BpEMEHH NeHCTEHA HCKPOEOTD PaspAna:

BPEMEHH JICHCTBHMS HCKPOBOro paspsia = ~AJAKOHTPOIBHELL, & - A OMEITHRE 0GPA3T0E.
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t. Ilo HaKJIOHY KPUBBIX 3aBUCHMOCTH MOXKHO CKa3aTh, YTO NPH CTapeHuH (PpuOpomHa monx
JeWCTBUEM HMCKPOBOTO paspsja B HEM MOTYT 00pa3oBaTbCs HECKOJBKO THIIOB CBOOOIHBIX
panuKanoB, MpUYeM KOHCTAHTBI CKOPOCTEH Ipoliecca HAKOIUICHUS KaXKIOr0 W3 HUX JUIs
KOHTPOJIbHBIX (KpuBas a) oOpa3loB HAMHOTO OOJjblie, 4eM Ui OOOTAIlEHHBIX CEICHOM
(kpuBas 6, puc.2).

ITon neiicTBueM paspsiia MPOLECCH PA3IOKEHHUS U YACTYYHBAHUS JIETKUX MPOIYKTOB
IPUBOAAT K motepe Maccel. Ha puc. 3 mokaszaHa 3aBHCHMMOCTH IOTEpH Maccel M, /M, OT

BPEMEHU JEUCTBUS paspsana t. BuaHo, 4TO mpu BO3ACUCTBUM pa3psiiia MOTEPU MACChl UL
KOHTPOJIBHBIX 00Pa310B 3HAYUTEIBHO OOJIbILE, YEM OTBITHBIX.

W3BecTHO, 4TO MpU HarpeBaHuM (UOPOWMH HAUMHACT OypeTh Y)Ke IpU TeMIlepaType
HemMHOro Bbimie 420K, a mpu 500K HaumHAaeTcs Yyke OOyriauBaHue —0Opa3oBaHHE
KapOOHM3MPOBAHHOTO OCTaTKa B pe3yJabTaTe MHPOJIU3a WIM HEMOJHOTO CrOpaHHUsL.
CnenoBarenbHo, (U3MKO —XuUMUYeckue 3((EKTbl HCKPOBOro paspsiaa MOTyT ObITh
CIeNyIoUMe. XUMUYECKHe H3MEHeHHs Oenka (oOpa3oBaHHE IBOWHBIX CBS3€H W HOBBIX
¢bynkuuonansubix  rpynm, Hampumep, —OH;—-CN;=NH;-C=0;-NH,;-COOH ;
CIIMBKAa IMOJMMEPHBIX ILEMeil); MpPOLeCcChl NeCTPYKUMHU (pa3phIBBI IETeld MaKpOMOJICKYIT,
paspyuieHue (yHKIMOHAIBHBIX TPYII; 00pa3oBaHHE Ta3000pa3HBIX MPOIAYKTOB TOPCHUS);
apyrue u3MeHeHHs (M3MeHeHue S(QGEKTHBHOW CTENEHH MOJMMEPH3aluUd M CpeaHeH
MOJICKYJISIPHOM Macchl).

Takum  oOpa3oM,  MOJY4YECHHBIC
pe3yibTaThl  SKCHEPUMEHTa  MO3BOJIIOT
npearnosaraTb, YTo MPU BBEJCHUU CEJICHA B
CTPYKTYpY hubponna puOporuH CTAaHOBUTCS
Oonee YCTONYHMBBIM K  JICWCTBHUIO
AJIEKTPUYECKOTO paspsia, T.€. 3aMeUIIeTCs
pa3BUTHE OKUCIIUTENBHBIX Peakui. Se,

JNEUCTBYs KakK IIPEBEHTHUBHBIN
AHTUOKCHJIAHT, pu BBICOKUX
TeMIlepaTypax, paszimaraeT  IEPEKUCH,

oOpa3ymiuecs Ha HaYalbHBIX JTamax
okHucineHuss (¢uOpoMHa TOJ JeWCTBUEM
pa3psiia, A0 HEAKTUBHBIX MPOJYKTOB IIO

cxeme: 1] 5 10 £, MUH
R-Se-R + R'OOH — R—ﬁE—R + R'OH Puc. 3. BapHCHMOCTE NOTEPH Macchl GHGpOMHA
0 OT Bp e MEHE NeHCTEHA HCKPOEODD Paspaga; a-1ia

KOETROBEBLE, § - OJ 0IBITHEE 06[asIoE.
Ha ocHOBe mnosy4eHHBIX pe3yJIbTaTOB I10
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OmanyeneM, O MeEXaHU3ME CTapeHus i
NOJMMEPHBIX ~ MarepuayioB  [2], MOXHO
MPEANOJNIOKHUTh,  YTO Se obpa3zyet
JOTIOJTHUTEIbHbIE OOKOBBIE Pa3BETBIICHUS B
aMOpdHBIX TMpocioiikax ¢(ubpouna, ero
OPUBOAUT K  3aMEUICHUIO  CKOPOCTH
middy3un  Kucnopoaa B moiumep. ITO
CBSI3aHO C TeM, 4TO (HUOpPOMH SABISAETCA
aMOP(HO-KPUCTAIUIMYECKUM  MOJIMMEPOM
(puc. 4) u, B HEM, B TECPBYIO Ouepe/lb,

HILTEI

TN

OCE MEEpOGHER

Prc. 4. Cxena VETATFHE KpHC T € CFIE IETIE CTHOE
H aMopPEER ofTacTell B nempodubpIIE.
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BIiOLOJi AKTiV MOLEKULLARIN QURULUS-FUNKSIYA ASPEKTLORININ
NOZORi TODQIQATLARI

G. 9. Haqverdiyeva
Fizika Problemlari Institutu, Bak: Dévlat Universiteti,
Hagverdigulnara@gmail.com

Noazari yanasma ilo bir sira bioloji aktiv molekullarin qurulus-funksiya miinasibatlorina
aydinlig gotirilmisdir. Molekulyar mexanika, molekulyar dinamika, kvant Kkimyavi
metodlardan vo muasir komputer programlarindan istifado edorok peptid molekullarmin
konformasiya imkanlari, elektron quruluslari, dinamik xassalari 6yronilmis va bioloji aktiv
foza quruluslart modellasdirilmisdir. Aparilmis todgigatlarin osasinda Umumilosdirilmis
naticalar olds edilmisdir.

Acar sozlar: bioloji aktiv molekullar, foza qurulusu, molekulyar mexanika,
molekulyar dinamika, kvant-kimyavi metodlar, molekulyar modellasdirmo

Organizmds bioloji aktiv molekullarin fizioloji tasirlori onlarin foza quruluslars,
elektron vo dinamik konformasiya xassslari ilo baghdir. Togdim olunmus isdo nazari yanasma
ilo [1-3] peptid T-nin, dermorfin, deltorfin, kiotorfin, neokiotorfin, hemorfin molekullarinin
qurulus-funksiya problemlarina baxilmisdir. Birinci marhoalode mexaniki model ¢argivasinda
bu peptidlorin vo onlarin analoglarmin stabil konformasiyalarinin enerji vo hondasi
parametrlori mioayyanlosdirilmigdir. Sonraki marhoalalords kvant-kimyavi metodlarin kdmayi
ilo bu konformasiyalar1 xarakterizo edon elektron quruluslarinin parametrlori hesablanmas,
molekulyar dinamika metodu ilo mioyyanlosmis lokal minimumlar otrafindaki ehtimal
vaziyyatlor arasdirilmisdir. Ahnmis naticolori bioloji testlor ilo migaiso edorak tadqiq
olunmus molekullarin bioloji aktiv konformasiyalar1 HyperChem programlar paketinin
komayi ilo modellasdirilmisdir (http://www.hyper.com/).

QICS-2 gars: tasir gostoran farmakoloji preparat olan peptid T (Alal-Ser2-Thr3-Thr4-
Thr5-Asn6-Tyr7-Thr8) insan immundefisit virusunu ohats edan gp 120 glikoproteidin kigik
segmentidir va limfositlorda, beyinds yuksok konsentrasiyada mévcud olan CD4 antigen
reseptorlarina baglanan mediator kimi taninir. Peptid T-nin inyeksiyalari davaml
olmadigindan istonilon fizioloji effektin alinmasi ¢atinlogir. Bu sababdan spesifik reseptorlarla
baglanmaga gadir olan vo peptidazalarin deqradasiyasina moruz galmayan peptid T-nin
analoglarinin oalds edilmasi zoruridir. Hesablamalar gostarir ki, bu molekulun foza qurulusu
iki tip konormasiya ilo tosvir oluna bilor, siklik vo spiralvari [4,5]. Birinci konformasiya
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molekulun N- vo C- uclarinda yerloson oks yuk dasiyan atom qruplarmin elektrostatik
garsiligh tasirlori Uguin olveriglidir, ikincisi iso polipeptid skeletinin atomlarmin effektiv
dispersion kontaktlarini tomin edir. Siklik konformasiya molekulun C-uclu fizioloji aktiv
pentapeptid fragmentinin Thr4-Tyr7 segmentinds beta-donustin olmas: ilo xarakteriza olunur.
Peptid T-nin vo onun bioloji testlor kegcmis analoglarinin konformasiya xususiyyatlorinin
mugaisali analizi [6] asasinda muoayyan edilmisdir ki, fizioloji aktiv pentapeptids daxil olan
gahqglar buradaki requlyar qurulusun- beta-donistn ve elocade molekulun bitévlukds fozada
formalasmasinda osas rol oynayirlar. Belo ki, bu fragmentds aparilan modifikasiyalar osas

zoncirin bucaglarmnin doyismosine sabab olaraq A -dénisiin dagiimasina gotirib ¢ixarir. Peptid
T-nin NMR todgigatlarida gostorir ki, onun aktiv va geyri-aktiv analoglari konformasiya
miixtalifliyi ilo xarakterizo olunurlar. [D-Alal]- peptid T amid QICS-2 gars: tesir gostaran
terapevtik preparat kimi kliniki sinaglardadir. Bu analoq peptid T-don daha yiksok
hemotaktik aktivlik numayis etdirir, HIV-nun neyrotoksik va immununotoksik effektlorini
blokada edir. Apardigimiz hesablamalar gostarir ki, bu avazetma peptid T-nin iki xarakterik
konformasiyalarmi istisna etmasado, siklik konformasiyada elektrostatik kontaktlar: daha da
guclondirir. Bu onunla izah olunur ki, analog molekulunun uclar1 fazada yaxinlasmis olur vo
tabii peptido nazoran daha kompakt forma alir. Bu model nativ peptididdoki Thrd vo Tyr7
gahglar arasinda movcud olan hidrogen rabitasindon basga Thr4 va Thr8 gahqglar arasinda
hidrogen rabitasinin qurulmas: ilo xarakterizo olunur. Bu model konformasiya kegidlarini
istisna etmasa do, peptid T-nin fizioloji aktiv qurulusunu tasvir edir. Hesablamalar gostorir ki,
siklik qurulus biopotensiyasi az olan [D-Alal, D-Thr8]-peptid T amid Ucun qeyri-
mumkindur. Treoninin modifikasiyas: peptid zancirindaki stabil kontaktlarin itmasina sobab
olarag bioloji aktiv qurulusun dagilmast ilo naticalonir. Bu todgigatlar onu gostarir ki, peptid
T-nin fizioloji aktiv konformasiyasmi onun [D-Alal]-analogunun optimal qurulusu olan siklik
konformasiya modellosdirir. Qeyd edok ki, peptid T-nin xarakterik konformasiyalarin hor
birisi elektron sixliginin spesifik paylanmasi ilo xarakterizo olunur [7]. Yilk paylanmasinin
doyismosi asason Thr4 amin tursusu gahgmin asas vo yan zancirlorindo bas verir, bu da Ki
baxilmis konformasiyalarin xtsusiyystlorilo baghdir. Siklik konformasiyada bu gahg basga
OH qrupu dasityan galiglardan fargl olarag molekulun morkazino yonalorak, sikl-dovrani
deformasiyaya edir vo onun N — vo C-uc hissalarina fozada yaxinlasmis olur. Noticado Thr4,
Thr8 gahglarin OH gruplarindaki: vo molekulun uclarindaki karbon, oksigen vo hidrogen
atomlarinin ytk dayismalari musahids olunur. Konformasiya forgliliyi peptid T molekulunun
dipol momenti kimi molekulyar xassasino tosir edir. Siklik konformasiyada molekulun yik
dasiyan uc hissolorin fozada yaxinlasmis voziyotdo oldugu Uglin dipol monenti daha kigik
giymot alir, bu da molekulun daha stabil voziystdo olmasindan xobor verir. Aparilmis
todqgiqatlar otraf mahitin polyarligindan asili olaraq baxilmis konformasiyalarin reallasmasini
prognozlasdirmaga imkan verir. Peptidin T-nin C-uclu petapeptid hissesindo £ —ddnisiin
formalagsmasinin enerji Gstinliyd onun spesifik reseptorlarla baglanmas: Ugiin zoaruridir.
Alinmis naticalor HIV-so qarsi effektiv tosir gdostoron davamli farmakoloji preparatlarin
hazirlanmasinda istifads oluna bilar.

Dermorfin (H-Tyr-D-Ala-Phe-Gly-Tyr-Pro-Ser-NH,), deltorfin | (H-Tyr-D-Ala-Phe-
Asp-Val-Val-Gly-NH;)  vo  deltorfin Il (H-Tyr-D-Ala-Phe-Glu-Val-Val-Gly-NH,)
Phyllomedusa ailosino aid olan qurbagalarin dorisindon alinmis endogen  Xatti
neyropeptidlordir. Onlar, muvafiq olarag, -, 0 1- vo ¢ 2-opiat reseptorlarla baglanaraq

morkazi vo periferik sinir sistemlorino tasir edirlor. Bu peptidlorin ardicilhiginda fizioloji
ohomiyyatli olan agrikasici tasira malik oxsar N-uclu tetrapeptid Tyr-D-Ala-Phe-Xaa (harada
Xaa- dermorfinda Gly, deltorfin 1-do Asp, deltorfin Il -do isa Glu- dir) mdvcuddurdur. Bu
peptidlorin ardicilliginda aromatik halgalar dasiyan Tyr va Phe amin tursulari gahglarinin
arasinda D- Ala amin tursusu yerlogir. Bu cur qurulus onlarin biloji aktivliyino cavab verir.
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Hesablamalar asasinda bu peptidlorin foza quruluslarinin miqaisali analizi aparilmis, onlarin
analqetik effekto cavab veran mumi konformasiya xassalori vo har birino xas olan qurulus
xususiyyatlori arasdirilmisdir  [8, 9]. Muiayyan edilmisdir ki, dermorfinin qlobal
konformasiyasinda Tyr1-Cly4 seqmenti spiralvari qurulusa malikdir. Bu konformasiyada D—
Ala2 amin tursusu galiginin vo molekulun C-ucunda yerloson NH; amid grupunun
atomlarmin fozada yaxinlasmasi ilo kvazisiklik qurulus amals golir. Qeyd edok ki, dermorfin
molekulunun va onun guclu agrikasici tesiro malik [D—Arg2]-tetrapeptid analoglarmin
optimal konformasiyalari N-uclu dipeptid segmentinin asas zoncirinin bukuli qurulusda
olmasi ilo xarakterizo olunurlar. Gorlnur, belo bir minimal struktur tolab bu peptidlorin vo
onlarin analoglarmin aktivliyi Gglin shomiyyat kasb edir. Deltorfinlorin optimal quruluslarinda
Val5 amin tursusundan baslayaraq peptid zancirinin dénmasi misahido olunur, bu da ki
molekullarin bikuli qurulusa malik olan N-uclu fizioloji aktiv tetrapeptid vo dartiimis
vaziystdsa olan C-uclu Val-Val-Gly tripeptid fragmentlorinin yaxinlasmasmi tomin edir. Bu
konformasiyalarda effektiv elektrostatik vo intensiv dispersion kontaktlar, bir neco
molekuldaxili hidrogen rabitalorinin yaranmas: misahids edilir. Bundan basga bu quruluslar
dipol momentin Kicik qiymati ilo xarakteizo olunurlar. Beloaliklo, hor iki deltorfin
molekullarmin optimal konformasiyalari N-uclu tetrapeptid seqmentinin osas zoncirinin
bikull qurulusda olmasi ilo xarakterizo olunurlar. Belo naticoya golmok olar ki, deltorfinlorin
analqetik effektino onlarin N-uclu tetrapeptidlorinin quruluslar: cavabdehdir.

Analgetik effekt gostoran digar peptidlorin, kiotorfinin (Tyr—Arg), neokiotorfinin (Thr-
Ser-Lys-Tyr-Arg) [D-Arg]-bioloji aktiv analoglari uzun muddstli aktivlik gosterarok, otraf
mahitin tosirino qars1 daha dayamghdirlar. Bununla yanasi neokiotorfin peptidi insan
organizmina xosagalmaz tasirlor do gosterir: son tocriibalor gosatrir ki, neokiotorfin vo onun
1-4 fragmenti insan organizminds L 929 adlanan karsinoma hticeyralarinin artmasinda istirak
edir. Belaliklo neokiotorfin polifunksionaldir, bu da ki bilavasito bu peptidin konformasiya
xususiyyatlori ilo baglhdir. Hesablamalar noticasinde miioyyan olmusdur ki, argininin D-
izomerlosmosi bu peptidlorin konformasiya imkanlarint mohdudlasdirir vo onlarin yalniz
tirozin-arginin seqmentinin bukull qurulusa malik olan konformasiyalarmi reallagdirir [10,
11]. Bu clr ovoz etmo hor iki molekulda argininin yan zoncirindo vo molekullarin
sonluglarinda elektron sixhighgmin paylasmasmin diyismosino Sabab olarag, bu peptidlorin
daha dayanaqli vaziyyat almasini tomin edir vo bu da ki onlarin aktivliyino tosir gostorir.
Hesablamalar noticasindo askar olunmusdur ki, spiralvari konformasiyalar neokiotorfin
molekulunun daha stabil voziyyatlorino cavab verir. Bu onunla izah olunur ki, belo
quruluslarda lizin vo arginin amin tursulari gahglarmin misbst yik dasiyan yan zocirlori
fozada uzaglasmis, molekulun C-ucunda yerloson monfi yik dasiyan karboksil atom qrupu ise
onlara nazaran moarkoazi vaziyyat alir, torkibinds hidroksil gruplar: olan galiglar iss molekulun
periferiyasinda yerlosorak otrafdaki su mahlulunun atomlar il alverisli hidrogen rabitalorinin
yaranmasinda istirak etmok imkani oldo edirlor. Bioloji todgigatlar gostorir ki, Tyr—-DArg
kimyavi rabito aminopeptidazalarin dagidici tasirina moruz galmir. Apardigimiz hesablamalar
gostorir ki, dermorfin, kiotorfin vo neokiotorfinin analoglarmin Tyr—-D-Arg dipeptid
segmentinin bukull quruluslar: bu rabitoanin ekranlasmasini tomin edir, bununla onlarin gucli
va uzunmuddatli agrikasici effekti izah oluna bilar.

Hemorfin molekullar1 «geyri-klassik» opioid peptidlor sinfino aiddirlor. Ingibitor
xassalarina gora hemorfinlor bir ¢ox bioloji aktiv molekullarin faaliyystini tonzimlayirlor.
Hemorfin sinfino monsub olan Leu-Val-Val-Tyr-Pro-Trp-Thr-GIn-Arg-Phe ardicilligin
muxtalif segmentlorini toskil edan peptidlorin foza quruluslarmin nozori todqigatlar: [12-15]
gostorir ki, molekullarin N- vo C-uc hissalarina nozaron bioloji aktiv hemorfin—4 peptidinin
ardicilhgina uygun golon moarkazi Tyr-Pro-Trp-Thr tetrapeptid fragmenti konformasiya
sartliyino malikdir vo optimal elektron qurulusu ilo xarakterizo olunur. Bu tetrapeptidin donls
olan konformasiyalar1 polipeptid zoncirini uzatdigda digor hemorfin peptidlorinin enerji
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cohotdan olverisli quruluslarini togkil edirlor. Bu tip konformasiyalarda Tyr vo Trp galiglar:
Pro-no nazaran sis-pozisiyada yerlagirlor va onlarin yan zancirlorindaki halgalarin mustavilori
bir birino nozoron 90° vo ya 0° bucaq veziyyst alaraq fozada maksimal yaxinlasirlar. Bu
sobabdon Tyr, Trp va Thr gahqlar1 bir-birilo vo digor gahglar ilo effektiv garsiliglh tasirlords
istirak edirlor. Hesablamalar géstorir ki, peptidlorin bu hissasindoki asas zancirinin C*
atomlarinin koordinatlarinin orta-kvadratik konara gixmalar: clizidir. Bu ondan xabar verir Ki,
geyd olunmus tetrapeptid hemorfinlorin konservativ, konformasiya doayisikliyina moruz
galmayan hissesidir. Doniis noticasindo geyd olunan peptidlorin global quruluslarinda Val®
amin tursusu gahgmin yan zanciri peptid zoncirinin markazi hissasinin atomlar1 ilo fozada
maksimal yaxinlasaraq girmagvar: qurulus amals gatirir. Qurulus-funksiya analizi naticasindo
askar olunmusdur ki, Tyrd vo Trp6 galiglarinin alanin ilo avaz edilmasi LVV-hemorfin-7
peptidinin bu molekulun IRAP-a komplementarligmi 10 dofs azaldir. Hesablamalar géstordi
ki, Tyr gahigmin alanin ilo ovoz edilmasi naticosindo peptidin aktivliyinin azalmasi
konformasiya faktoru ilo yox, yalmz tirozinin yan zancirinds lokallasan kimyavi qrupun
itirilmasi ilo izah oluna bilor. Trp gahgmin alanin ilo ovaz edilmasi isa geyd olunan
tetrapeptid fragmentindoki donlisti deformasiya edir. Bu onu gdstarir ki, triptofanin ikihalgali
yan zonciri peptidin Tyr*-Thr® hissosindoki donustin stabillosmosini tomin edir. Belo naticoya
galmak olar ki, Tyr-Pro-Trp-Thr tetrapeptid fragmenti hemorfinlorin spesifik tasirlorino cavab
veron aktiv morkoz olarag onlarin fizioloji aktiv quruluslarinin formalasmasinda ssas rol
oynayir. Bu fragmentin foza qurulusunu daha dorindon 6yronmok mogsadi ilo onun elektron
qurulusunu vo molekulyar dinamikasini1 todqiq etmisik. Hesablamalar g0stordi ki,
tetrapeptidin optimal elektron qurulusuna polipeptid zancirinin Pro-Trp segmentindo donis
olan konformasiya cavab verir. Qeyd edok ki, tetrapeptidin bu qurulusu elektron sixhiginin,
musbat vo monfi ylklorin  barabor paylanmas: ilo vo dipol momentin Kicik giymati ilo
xarakterizo olunur. Optimal quruluslar arasinda konformasiya kegidlori hom osas zancirin,
ham do yan zancirlorin atomlarmin yiklorinin doyismasi ilo musayat olunur. Yuklorin daha
cox dayismoasi yan zoncirlorindo aromatik halga dasiyan Tyr vo Trp galiglarinin vo fozada
onlara yaxinlasan Thr gahgmin osas zoncirinin atomlarinda bas verir. Qeyd edok Ki,
temperaturun doyismasi yan zancirlorin atomlarinin dinamikasinda 6z oksini tapir. Trp amin
tursu galig1 Tyr gahigindan forgli olaraq vakuumda daha dinamikdir, su mihitina kecdikdo iso
enerjinin daha intensiv stabillogsmosi bas verir vo atomlarin fluktuasiyasinin amplitudu azalr.
Belo noticoyo golmok olar ki, triptofanin yan zoancirindoki atomlar mioyyan sayda su
molekullart ilo baglanarag, bu galigin sarbastliyini vo eloca do peptid molekulunun harakatini
bltovlikdo mohdudlasdirir. Belo guman etmak olar ki, miiayyan fermentlori ingibirlosdirmak
uctin hemorfinlarin bu gahgmnin yan zanciri su molekullarindan azad olarag molekullararas:
kontaktlarda substrat rolunda istirak edir.

Aparilmig todqigatlar gostorir ki, bioloji aktiv molekullarin fozada stabillsmasinin
vacib sortlorindan biri onlarin fizioloji foaliyyati t¢tin 6nomli olan aktiv morkazin nizaml
qurulusa malik olmasi, digori isa farmakofor galiglarin miayyan doracads dinamikaya sahib
olmasi va konformasiya-elektron miinasibatlorinds istirak etmosidir. Alinmis noticalar bioloji
aktiv molekullarin qurulus-funksiya slagslorinin arasdirilmasinda, onlarin tasir mexanizminin
basa disulmasinds vo bunun osasinda yeni dorman preparatlarin hazirlanmasinda istifado
oluna bilar.
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bakunckuii I'ocyoapcmeennvlii Yuueepcumem
gomesh2006@mail.ru

Memooom  meopemuueckoco  KOH@POPMAYUOHHO20 — AHAIUZA — YCMAHOBIIEHbI
HU3KO9Hepeemuyeckue KOHpopMayuonHvie cocmosnus cenmanenmuonozo paemenma Glul-
GIn2-Arg3-Leud-Gly5-Asn6-GIn7. Ilokazano, umo 6 nenmudHou yenu ecmv 0684 603MOICHBIX
VUACMKO8 C853b18aHUS ¢ peyenmopamu 2opmonos ¢gpaemenma Glul-GIn7.

[acTpouHTecTHHANBHBIE TOPMOHBI (0T rped. Gaster-emymoxk u mjar. intestinum-

KHIIIKA), TPyIa OMOJIOTMYCCKA aKTHBHBIX BEIIESCTB MENTHIHON MPUPOJIbI, BHIPAOATHIBAEMBIX
B CIIM3UCTON OOOJIOYKE >KENyIOYHO-KUIIEYHOTO TpPaKTa y IMO3BOHOYHBIX; YYacTBYIOT B
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PEryJsIHUY AeATEbHOCTU MUIIEBAPUTEIBHON CHCTEMBI, a TAK)KE OKa3bIBAIOT CIIEU(pUUECKOEe
NEMCTBYE HAa HEKOTOpPbHIE JAPYrME€ OpraHbl M CHCTEMBbl. B OTiIHMuME OT «KJIaCCUYECKHX»
TOPMOHOB I'aCTPOMHTECTHHAJIbHBIE TOPMOHBI CEKPETUPYIOTCS HE SHIOKPUHHBIMHU XKEJNE3aMH, a
CHELIMAIbHBIMU  KJIETKAMHU, pAacCEsSHHbIMM B IIOBEPXHOCTHOM JIUTEIUAIBHOM  CIIOE
aHTPAJbHOI'O OTHENa JKEeJIyJka M TOHKOM KHIUKM. IloaToMy HMX HHOrZAa Ha3bIBarOT
[aparopMoHaMy, TOPMOHOMJIaMH, TKaHEBBIMM TOpPMOHamMu uiau dHTeputamu. K
raCTPOMHTECTUHAIBHBIM TIOPMOHAM OTHOCSTCSI TacTPHUH, CEKPETUH, XOJELUCTOKUHMUH,
MOTUJIMH W XUMOJEHUH. B kumieyHuke BbIpaOaTHIBAIOTCS TaKXKe BAa30AKTHUBHBIN
uHTecTHHANBHBIN nonunentua (BUIT), pacmupsiromuii KpOBEHOCHBIE COCY/IbI, MTOHMKAFOIIHIA
KpPOBSIHOE JIaBJICHHME, YCWIMBAIOIIUNA CEKPELUIO BOJBI MU 3JIEKTPOJIUTOB IOHKEITYIOYHOMN
Kelne30i | kemdeBblieneHue; ractpouHrnoupyronmii nomunentun (IUIT), cmocoOHbI
MOJABIATE CEKPELUI0 KHUCIOThl B JKEIYAKE, TIJIIOKaroH, W3BECTHBIH Kak TOPMOH
MOJDKENTyIOYHON JKeJe3bl; TOPMOH THIIOTaJlaMyca COMAaTOCTaTHH; OOMOE3MH, BbIIEICHHBIH
BIIEPBBIE M3 KOXHU JIATYIIEK M 1O OHOJIOTMYECKOW aKTUBHOCTH CXOIHBIH ¢
XOJIELMCTOKUHUHOM.

AwmuHokwucaoTHas nocienoBarenbHocTh Glu-GlIn-Arg-Leu-Gly-Asn-GIn-Trp-Ala-Val-
Gly-His-Leu-Met  monysena w3  koxu  amuOuid.  JlaHHas  aMHUHOKHCIIOTHAs
MOCIIEIOBATEIbHOCTh 00JIa1aeT OMOJIOTMYECKON aKTUBHOCTHIO KaK B LEHTPAJbHON HEPBHOU
CHCTEME, TaK U B TaCTPOMHTECTHHAILHOM TpakTe (1).

Cxema MOATANHOTO pacyeTa HU3KOAHEPIeTHMUECKUX COCTOSHUN TIenTalenTHIHOTO
¢parMeHTa BKIIOYACT H3Y4YeHHE KOH(POPMAIIMOHHBIX BO3MOXKHOCTEH MOCIEI0BATEIHHO
HapalMBAaeMbIX U IEPEKPBIBAIOIIMXCSA YYAaCTKOB MOJIEKYJbl. M3BecTHO, 4TO NpU HaIWYUU
COIJIACOBAHHOCTU BCEX BHJIOB BHYTPHUMOJICKYISPHBIX B3aUMOJEHCTBUU croco® pa3z0ueHus
AMMHOKHUCIIOTHOM  TIOCJIEJIOBATEIbHOCTH  HA  OTHCNbHBIE  (pparMeHTHl HE  UMeEeT
IIPUHLMIIMAIBHOTO 3HAUEHUS U HE MOKET BIIUATH HA KOHEYHbIE PE3YJIbTAThl UCCIIEN0BAHUS.

beun paccmotpensl KoH(pOpMaMoOHHbIE BO3MOXKHOCTH N-KOHIIEBBIX TH-, TPU-, TETPA,
U TeNTanenTuaHbIX (parMeHTOB MoJieKy/bl. Ha ocHOBE pe3ynbTaToB HE3aBUCHUMBIX PacyeTOB
yKa3aHHBIX (parMeHTOB OBUIM paccuuTaHbl KOH(POPMALMOHHBIE BO3MOKHOCTH BCEH
AMHHOKHCIIOTHOM IIOCJIE0BATENBHOCTH.

HaGop mnosiydyeHHBIX CTPYKTYp AaHaJIU3UPOBAIM C HCHOJIb30BAaHUEM  CIEIYIOLIMX
apaMeTpoB. OTHOCUTENbHONH KOH(POpPMAMOHHONW »HEpPruu Egm, 37€MEHTOB MNpOCTpaH-
CTBEHHOH CTPYKTYpbI (0L —CHHpaib U [ —OBOPOTHI), GOPM M IICHIIOB MENTUAHON LEeNH, a
TaKXke BOJOPOJHBIX CBs3eil. KpurepueM BO3MOXKHOCTH 00pa3oBaHUS CBSI3U  SBISETCS
HaJIM4ue PACCTOSHUS MEKIY JOHOPOM U aKLIENTOPOM MEHEE 24.

Mertox TeopeTHyecKoro KOH(GOPMAIMOHHOTO aHal3a OCHOBaH Ha IIOMCKE
YCTOMUYUBBIX KOH(OPMAIMOHHBIX COCTOSHMK (pparMeHTa TOCPEICTBOM MHHHUMHU3ALUU
IIOJIHOM 3Hepruu MoJiekyi. [locnennss npeacrasisercs B BUAE aJJIMTUBHON CyMMBI BKJIaJI0B
ot HeBaneHTHBIX (EHeB), anekrpocrarnyeckux (Ean), Topcuonnsix B3aumoaerictuii (ETopc)
aTOMOB ¥ OdHepruu oOpasoBaHus Bomopoanbix cBszed (EB.c.). Ilomysmmumpudeckue
NOTEHIMANbHbIE (YHKUMU s OINUCAaHMS YKAa3aHHBIX BUIOB B3aMMOJEHCTBHM U UX
napameTpH3alii 3aMMCTBOBaHbI U3 (2). MUHUMU3A1IMs SJHEPTHH C IEITbIO MIOMCKA JTIOKATBHBIX
MUHHMYMOB TOJHOH KoH(popmanuonHoit sHeprun (Exond) ¢parmenra mnpoBoanioch
METOJIOM CONpPSDKEHHBIX TPAJUMEHTOB 1O mporpamme, onucaHHoir B (3). Pacuérs
IIPOBOAWJINCH IPUMEHUTEIBHO K YCIOBUSM BOJHOTO OKpPYKEHUS, MOJEIUPYEMOTO C
nomoInpto BeanuuHsl €=10.

g onucanus KOH(GOPMAIIMOHHOTO COCTOSIHUSL KaK ()parMEeHTOB PA3JIMUHOM JJIMHBI,
TaK U BCEro MOJIMIENTHAA B paboTe MCIOJIb30BaHa CTaHAAPTHAS CUCTEMA UICHTU(UKATOPOB.
Ona BrIItOYaeT noHsATHE (POpPM aMHUHOKMCIOTHOTO OCTaTKa M IIEHIOB MEeNTHIHOTO cKenera. B
COOTBETCTBUM CO 3HAUYEHHUSIMH YJIOB (0 U Y MENTHIHON 1enu pasziuyaioT R, B, L u P ¢popmbl

274



Fizikanin muasir problemlari VII Respublika konfransi

OCHOBHOI 1emu octatka: R (¢, y=-180+0°); B(p =-180+0°, y= 0+180°%); L (¢, y=0+180°); u
P(p =0+180°, y=-180+0°) (4).

Coueranue ¢GopM aMUHOKHUCIOTHBIX OCTaTKOB B TOJIMIIENTUIHON ILiemu oOpasyeT
dopmy camoil nenu. Cnoco0® yKIagKu JBYX CMEXKHBIX OCTaTKOB MENTHIHOM Ienu B
NPOCTPAHCTBE HE3aBUCHMBIX KoOpauHAT X, Y, Z ONUCHIBACTCS LICHIIaMH JBYX THUIOB: € U f.
OHM ONMCHIBAIOT Pa3BEPHYTBIM M CBEPHYTHIM THUIIBI CTPYKTYPbl IOJIMIENTUIHON LEIH,
COOTBETCTBEHHO. CTPYKTYpHBIE TUIIBI PA3IMYAIOTCS YIIIOM 6, 3HaYeHHUsT KOTOPOTO MpPH BCEX
BO3MOJKHBIX (JOPMAX OCTATKOB OIM3KO K Hymo B meiime e wiu pasuo 180°, B mreiine f.
Koudopmannonnsie cocTossHusi OOKOBOM 1€ aMHUHOKHUCIOTHBIX OCTAaTKOB 0003HAYAIOTCS
cUMBOJIaMH j, Tae i=1,2 nnu 3 ay1s 3HaueHuii yria B unteppane 0°+120°% -120°+120° u -
120°+0°, cOOTBETCTBEHHO.

Pacuer crabwipHBIX KOHpOpMarmii renrtanentuanoro ¢parmenra Glul-GIn2-Arg3-
Leu4d-Gly5-Asn6-GIn7 Obu1 TmpoBEJeH Ha OCHOBE COYETAHUS CTPYKTYPHBIX BapHaHTOB,
COCTaBJICHHBIX M3 HU3KOdHepreruueckux koHpopmanumii N-xoHneBoro terpamnentuaa Glul-
GIn2-Arg3-Leud u tpunentuaa Gly5-Asn6-GIn7. CornacHo pe3ysnbraTaM pacuéra GpparMeHT
B YCIOBHUSX HESIBHO 3aJ@aHHOTO BOJHOTO OKPYXEHHMS MOXET peaau3oBbiBaTh 113
KOH(OPMAIIMOHHBIX COCTOSTHHM, OTHOCUTENbHAS SHEPrUsl KOTOPHIX JIGKHUT B uHTepBaie 0-7
KKaj/Monb. B Tabnuiie mpuBeIeHO pacipelesieHue HH3KOIHEPreTHYeCKHX KOoH(popMarmi
3TUX CTPYKTyp IO DHEPrusiM OCHOBHOM 1ienu. bojiee TOJOBUHBI pacCUYMTAHHBIX
koHpopmanuii (~53%) Gmaromaps nadunbHOMy N-koHIeBomy dparmenty Glul-GlIn2-Arg3-
Leu4 npuHAANCKUT K HEYINOPAJOYCHHBIM THIIAM CTPYKTYp, YTO CBHUJAETEIBCTBYET O
KOH(OPMAaIMOHHOH MMOIBUKHOCTH MOJIEKYJIbl B BOJHOMU Cpejie.

Taoauma
DHepreTudyeckre napaMeTpbl ONTUMAIBHBIX KOH(pOpMaIHii

rentanentugaaoro ¢pparmenta Glul-GIn2-Arg3-Leud-Gly5-Asn6-GIn7

DHepreTudecKue
Ne | Ieiin Kondopmanus ocratka BKJIAJIB,
KKaJI/MOJIb
EKOH(b. EHeB. ETop. EOTH.
1l |ecefef |[B B B R B R B |-343|-46.8| 59 | 0.0
2 leeefeff B B B R B R R [-343 |-506|6.2|0.3
3 |leceeef L B B B B R R [-336 |-459 |53 |07
4 |efefef B R B R B R R |-329 -485|61 |13
5 |ececeef L B B B B R B [-327 |-43.0| 45|16
6 |effeef B R R B B R B [-322|-445 |55 |20
7 |efeef B R B B B R B |-31.9 |-421| 43|23
8 |efeef B B L R L R R |-319 |-47.1|51 |24
9 |efefef B R B R B R B |-31.9 |-43.2| 45|25
10|jecefee B B B R B B B |-31.7 |-44.8 | 5.3 | 4.6
ll|jececee |[L B B B B B R |-30.7 | -40.1| 45 | 6.2
12 leefeef B B R B B R B |-29.9 |-41.2| 46 | 6.8

HuszkosHeprernueckue KOH(POPMALMU TENTANENTHAHOTO (parMeHTa CTa0MIN3uU-
POBaHBI PAIOM BHYTPUMOJICKYJSIPHBIX BOJOPOAHBIX cBs3eil. HecmoTrps Ha TO, uTO
BOJIOPOJIHBIE CBS3M Jal0T HEOONBUIONW BKJIaa B OOIIYIO SHEPrui0, OHM BEChbMa BAXKHBI VIS
COXpaHEHUs YCTOMYMBOCTU NPOCTPAHCTBEHHOM CTPYKTYphl (parmMeHTa W OTpaHUYCHUs
MOJBMKHOCTU. Pacuer paccTosAHUil MeXIy NOTEHIHATbHBIMH JOHOPAMU M aKLENTOpaMu
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TAaKWX CBA3€H MO3BOJMI BBIYUCIUTH BEPOSTHOCTh OOpa30BaHUS BHYTPUMOJIEKYISPHBIX
BOJIOPO/IHBIX CBSI3€H BO (pparmMeHTe.

Pesynbratsl pacuetoB C- 1 N —KOHIEBBIX ()parMEeHTOB renTarenTHIHOTO (pparMeHTa
ObUIM HCTOJIB30BaHBl Ui M3Yy4YEHUs MPOCTPAHCTBEHHOTO CTPOCHHMS M KOH(OpMAIMOHHON
IIOJBUYKHOCTH BCEH MOJIEKYIIBL.
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IJIEKTPOHHASA CTPYKTYPA KOMIIVIEKCOB INIENNTHJA T7
C OKCHUIOM TPEXBAJIEHTHOI'O KEJIE3A

I''1. A66acoBa, U.H. AuimeBa, M.A. Pama3anos, A.A. OmapoBa
Kageopa onmuxu u morexynapuou gpuzuxu,
bakunckuii 2cocyoapcmeennviil ynusepcumem

B mocnennee mecsTuieTHe MHOTHE HANpaBlICHUS HAHO-HCCIEIOBAHUN CBSI3aHBI C
MOUCKOM TyTE€H W METOJOB HCIIOJIb30BAHUS HAHOPA3MEPHBIX COCIMHEHUH B TMpoIeccax,
PETYIHUPYIOMINX KU3HEHHO BaXHBIC (DYHKITMH YeJI0BeUYeCKOro opranusmMa. K ux 4ucimy MoxKHO
OTHECTH HCIIOJIb30BAHUE HATrPYKCHHBIX JIEKAPCTBEHHBIMHU IpernapaTaMd HaHOYACTHII,
YYaCTBYIOIIMX B TPAHCTIOPTE U UX JOCTaBKE K MOPaKEHHBIM PAKOBBIM KJIETKaM opraHu3ma. B
MeXaHHU3MaX TPAHCIOPTa UCTIOJIL3YIOTCS TaKKe HEOOJbIINE MEeNTUAHBIE MOJIEKYIBI, KOTOPhIe
CHOCOOHBI B OONBIINX KOHIIEHTPALMAX HAKAMIMBAETCS OKOJO TMOPAXKEHHBIX PaKOBOM
ONyXOJIbI0 TKaHsAX opranusma [1-2]. K uuciy Takux NENnTHAHBIX MOJICKYJ OTHOCUTCS U
nentunx HAIYPRH, usBectHsbIl Tarke non HazBanueM nentuaa 17. CmocoOHOCTh HENTHIA
T7 HakamMBaThcs BOMU3H OIMYXOJIEBBIX KJIETOK IMO3BOJSET UCTIOIB30BATh €r0 B KOMIUIEKCAX,
HAarpy)KEHHBIX OKCHUIOM JKeJie3a U MOJIeKYJIOW JIeKapCTBEHHOTO BEIIeCTBA U
I[eJICHAIIPABICHHOMN TOCTAaBKU K MOPAXXKEHHBIM y4acTKaM TKaHEeH >KHBOTHOTO OpraHU3Ma.

Panee Hamu MeTolaMu MOJEKYASPHOW MEXaHUKH, OCHOBAaHHBIMH Ha CHJIOBOM TIOJIE
MOJIYSMIIUPUYECKUX ~ TMOTCHIHAIbHBIX  (QYHKIUH, OBIM  TOAPOOHO  HCCIIEIOBAHBI
MOJIEKYJISIPHO-TMHAMUYECKHE CBOMCTBa mMenTuaa 1/ W yCTaHOBJICHBI MpEAeNbl M3MEHEHUS
JIBYTPAaHHBIX YIJIOB B OCHOBHOH M B OOKOBBIX ILIEMAX AMHUHOKHCIOTHBIX OCTATKOB,
dbopMUPYIOIIUX CTPYKTYPY MENTHAA, PACCUMTAHBl BEIWYHHBI TaplUHUaIbHBIX 3apsaoB Ha
OTHEIBHBIX aToMax ¢ H3y4YeHO  paclpeiesieHHue  dSJICKTPOHHOW  IJIOTHOCTH  Ha
(GYHKIIMOHATBHBIX TPYNNaX aMHHOKHCIOTHBIX OCTaTKOB B Pa3UYHBIX KOH()OPMAIIMOHHBIX
COCTOSHUSAX MOJEKyabl. JIJis W3ydeHHs] KOMIUIEKCHBIX COEIWHEHUH, y4acTBYIOIIUX B
[[EJICHAIIPaBICHHOM TPAHCIOPTE HArPYKEHHBIX HAHOUYACTHUIIAMH JICKAPCTBEHHBIX MPENapaToB
ObL1a MCTIOJIb30BaHa MOJIENb, IIPEUIOKEHHas paHee B padore [3-5].
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METO/JbI PACYUETA

DJEKTPOHHAS! CTPYKTypa KOMIUIEKCOB mentuna 17 C OKCHAOM TPEXBAJICHTHOTO
xene3a (Fe304), Bwmouaromias mnaplyaibHbIC 3apsiabl Ha aToMax, O3JCKTPHYCCKUN
JMTIOJIBHBIA MOMEHT U IPYTUE TTapaMeTpbl OBUTH MCCIICIOBAHBI MOTYIMITUPUICCKUM METOIOM
kBaHTOBOW xumur CNDO. [{nst mpoBeneHHs pacyeToB HCIOJIB30BANIACHh JIEMOHCTPALMOHHAS
Bepcust mporpammel  HyperChem 7.5, nocrymnas Ha caiite kopmopamuu Hypercube
(http://www.hyper.com). [Ipu onTuMH3aLMU 3IEKTPOHHOH SHEPTUU MOJICKYJbl B KaueCTBE
HYJEBBIX MPUOMMKEHUH ObBUIM  pacCMOTpPEHBl paBHOBECHBIE KOHQHUIypamuu  sjep,
COOTBETCTBYIOLIME TCOMETPHU IIECTU MPEANOYTHTENLHBIX KOH(OPMAIUi, pacCYMTAHHBIX
paHee METOI0M TEOPETHYECKOTO KOH(POPMAIIMOHHOTO aHAJIH3a.

PE3YJIbTATBI PACYHETOB U UX OBCYK/IEHUE

IIpocTpaHcTBEHHAs! CTPYKTypa M SHEPTETUUECKUE MapaMeTpbl HU3KOIHEPTeTHUECKUX
CTPYKTYp KOMIUIEKCOB IOCIE ONTHMM3ALMU TMOJHOW SHEPrUU MNpuBeAeHbl Ha puc.l um B
Tabn.1-2. Haubonee HH3KOE 3HAUEHHUE KBAHTOBO-XMMUYECKOW HHEPrUU MPUHAJICHKUT
KOMIUIEKCY, cojepkamniemy nentua 17 B xoHdopmamuu 5 (puc.l, n), a HauOoJjblIci- B
koHpopmanuu 2 (puc.1,06). CpaBHEeHHE NOJYYEHHBIX CTPYKTYP MO3BOJISET CIENaTh BBIBOJ,
YTO UMEHHO CBEPHYTHIC YYaCTKM OCHOBHOW L€ HMIPAIOT BAXHYIO POJIb B CTAOMIM3AIMU
IPOCTPAHCTBEHHOW CTPYKTYPbl M CHOCOOCTBYIOT XMMMYECKOW CTaOMIBHOCTH KOMILJIEKCA.
D¢ ¢exTuBHBIC 3apAabl Ha aToMax Jejle3a B Pa3IMYHbIX KOH(POPMALMOHHBIX COCTOSHHIX
KOMIUIeKca BapbupyloT B mpenenax ot -0.127e no -0.299e, nmocturas MakcHMalbHOTO
3HAYCHHUs B CTPYKTypaxX ¢ HanbOJIee HU3KUM 3HAYCHUEM 3JICKTPOHHOM dHepruu (T1ab.2).
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()

Puc.1 IIpoctpancTBeHHas CTpyKTypa KoMIuiekcoB nentuna 17 ¢ Fe304
B KOH(OPMAIMOHHBIX cocTostHmsx 1-6 (a-e) menruma T7.

Taoanma 1.
DneKkTpoHHbIC (B KKaJI/MOJIb) XapaKTEPUCTHKU M BETHUUHBI JUMTOIBHBIX
MOMEHTOB (B /1e0aii) KOMIIJICKCOB B Pa3JIUYHBIX KOH()OPMAIIMOHHBIX
cocrostHuSX nentuna T7

OHeprus Kondopmanus kommnekca Fe304 + nentux T7
(KKaj/MoIb) 1 2 3 4 5 6

Enomnn -385679.1 -385704.7 -385653.2 -385593.9 -384816.2 -385588.4

JumonsHbIN 33.7 39.2 50.2 30.0 45.6 32.0
MOMeHT, /10
CamMoe HH3KOE 3HAYCHHE TIONHOW JJIIEKTPOHHOHW OHEPruM  0OecreyrBaeTCs

ONaronpusATHBIM OATAHCOM DHEPTUH CTAOWIM3AIMK AJICKTPOHHBIX O0JIAKOB M OTTAJIKUBAHUS

aTOMHBIX OCTaTKOB. HecMOTps Ha TO, 4TO 3JEKTPOHHAS SHEPTUsl ITOU CTPYKTYpPbl YCTYIAeT

[0 3HAYEHHUIO HEKOTOPBIM JPYTUM KOH(pOpMaHiM, OIarornpusTHOE pacloyioKeHUEe aTOMHBIX

A/1ep KOMIIEHCUPYET 3TOT Hpourpbiil. CpaBHUTENbHBIA aHAIU3 3JIEKTPOHHON CTPYKTYpbI

HU3KOOHEPTeTHUECKUX KOH(POPMALIUii MPOBEJICH Ha OCHOBE 3HaYeHUH 3(p(PEeKTUBHBIX 3apsI0B,
OopOUTaNBbHOM YHEPTUH, TUMOIBHBIX MOMEHTOB. M3MeHeHHe 3TUX apaMeTpoB MPH Hepexo/ie

OT OJIHOW KOH(OpMAIMU K JPYroil Mo3BOJISET ONPECTUTh KOH()OPMAIIHOHHO-3IEKTPOHHYIO
00yCIIOBJICHHOCTh HU3KOIHEPreTUYECKUX CTPYKTYp. Tak, 3(h¢eKTHBHBIN 3apsii Ha aroMe
xeneza Fel Bapeupyer B mpenenax oT -0.127¢ no -0.299e, mocturas mMakcHManbHOTO

3HaYeHHUs B HanboJee YCTOP'IHHBBIX COCTOSAHUAX KOMIIJICKCA.

Taoauna 2.
BCJII/I‘-II/IHLI HapLII/IaJILHBIX Bapﬂ,Z[OB Ha aToOMax Ke€Jjic3a KOMIIJICKCOB B
pa3nMYHBIX KOH(POPMAIMOHHBIX COCTOSHUAX nentuaa T7

Kongopmanus kommnekca Fe304 + nentux T7
Atom 1 2 3 4 5 6
Fel -0.151 -0.142 -0.257 -0.202 -0.260 -0.209
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Fe3 -0.172 -0.159 -0.180 -0.196 -0.299 -0.378
Fe4 -0.153 -0.150 -0.127 -0.165 -0.160 -0.141
02 -0.242 -0.186 -0.220 -0.272 -0.133 -0.123
05 -0.362 -0.393 -0.402 -0.474 -0.416 -0.308

Ha ocHoBe aHain3a YMCIEHHBIX 3HAYEHWH BBISBIEHBI OCHOBHBIE 3aKOHOMEPHOCTH
KOH(OPMAaIMOHHO-3JIEKTPOHHON 00YCIIOBICHHOCTH TapaMeTPOB KOMILIEKCA.
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PEJAKCALIUSI ®OTOTOKA B OPTAHUYECKOM MOJIYITPOBOJHUKE
POJIAMUH 6K

C.X. Xamuaos*, A.C. P3aeBa*,C./Ix. Mamenos*, b. /Ix. AnneB*™*
*Cymeaumcku I'ocyoapcmeennviii Yuusepcumem, Cymeaum, Aszepbaiioncan

**Azepoatiocanckuti Hepmsnoui Akademuu
sdu@azeronline.az

Hccnedosan npoyecc penaxcayuu omomora 6 opeaHudyeckom HU3KOMOLEKVIAPHOM
noaynposooHuxe pooamur 6)K. Teopemuuecku u s3xcnepumMeHmanibHo NOKA3aHo, Ymo 8 OAHHOM
npoyecce 0CHO8HYI0 poib 6 obnacmu memnepamyp Hudice 330 K uepaem pexombumayus c
3ax6amom 21eKmMpOHO8 HA JIOKANbHbIE YPOoHU, a npu memnepamypax eviue 330 K — oopammuvie
nepexoovl noo 8030elicmauem menJa.

Opranuyeckoe coeinHeHne pogamMuH 6K siBisieTcst moTynpoBOIHUKOBBIM MaTEpPUAIoOM,
oONaiarolMM  BBICOKOW  (POTOYYBCTBUTENBHOCTBIO. B paborax [1-4] Obun  u3ydeHBI
TEPMOCTHUMYJIUPOBAHHAsT MPOBOAMMOCTD, CTaI[OHApHAs (OTOMPOBOAUMOCTD, (POTOMHIIYIHU-
poBansble curHaisl DIIP u ¢potoauanextpudeckuii a3gpdext B pogamune 6K.

B Hacrosiel craTbe IPUBOIATCS PE3YNIbTaThl UCCIEA0BAHUS peslakcauu (poToToKa B
TOHKHMX aMOP(HBIX c0sX poramuHa 6)K.

OOpa3upl MOTyYaIuCh TEPMUYECKONW BO3TOHKOW B BaKyyme (10'6 Topp) mopomika
MOJYTIPOBOJAHMKA Ha KBApIEBYIO IUIACTUHKY C IUIATUHOBBIMH OAJIEKTpoJgaMu. PaccrosiHue
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Mexnay oanekrporamu ~0,1 mm. Ocpemenue o00pa3loB HPOU3BOAMIOCH CBETOM  JIAMIIBI
HakanuBaHus MomHocThio 500 BT. M3MeHeHHs TOKa 3amHChIBAIMCh Ha JBYXKOOPAWHATHOM
camonuirymem npudope. Temneparypa oOpas3oB MOAEPKUBAIACH TOCTOSHHON C MOMOIILBIO
CHeIHMAaTbHOMN IEKTPOHHOM cXeMbl ¢ TOYHOCTHIO 0,1 K.

Ha puc. 1 npuBenena kpuBas craaa (pOTOTOKa IMOCIE BBIKIIOYCHUS CBETa B POJIaMHHE
6K mpu 377 K. Ha xpuBOif MOXXHO BBIACTHTH TpU y4yacTka. HauanbHbId, OBICTpBINA criaj,
CBSI3aHHBIA C peKOMOWHAIMEl CBOOOJHBIX AJIEKTPOHOB M JBIPOK IMOCTENEHHO IEPEXOJUT B
00J1acTh, I7ie craj CyIIEeCTBEHHO SKCIIOHEHIIMAIEH; Ha 3TOM JNaibHEeW cTaauu craaa GpoToToka
OTIPEIEISAIONIMME  SIBIITIOTCS  MPOIIECCHl  3aXBaTa M BBIOpOCAa BIEKTPOHOB M3 YPOBHEU
MPUINTIAHUS.

Ha BcraBke puc. 1 mpencraBieHbl KpHBbIE peflakCalliM Ha JAbHUX CTAAMAX CIaja
¢doToToka I pa3znUUHBIX TemrepaTyp. Kak BUIHO u3 puc. 1, ¢ MOHIWKEHHEM TeMIepaTyphl
CrajJ CTAaHOBUTCS MEHee KpyThIM, a mpu Temmeparypax Hike 330 K ckopocts cmama ot
TEMIIepaTypbl HE 3aBHCHT.

Jlnist 0OBSICHEHUS MOTYYSHHBIX PE3yIbTaTOB MPOAHAINZUPYEM IHEPTETUUECKYIO MO/IEIb
OpPraHMYeCcKOTo IOJIyIPOBOJHUKA C OJHUM YpPOBHEM JIOBYIIEK, uepe3 KOTOpPbIE MOXKET
OCYILECTBIATHCA peKoMOMHanust (puc. 2); KpoMe TOro, B MOJEIH YYUTHIBACTCSI BO3MOXKHOCTh
MEK30HHOU PEKOMOHMHAITHH.

Ha BcraBke puc. 2, rae u300pakeHbl OCHOBHBIE TEPEXOAbl M YKa3aHbl HX
WHTCHCUBHOCTH, HCIOJB30BaHbl cienytomme obo3HaueHus: Ne=Nexp(E/KT) —npuBeneHHas
IUIOTHOCTh COCTOSIHUI B 30HE NMPOBOJIMMOCTH, ¥ - KO3 UIEHT 3axBara, ff, O —KO3(PHIUECHTHI
pexomOuHammy, N E; — rimyOuHa nOByIIEK M MX KOHLEHTpALys, Nc, Ny —KOHLEHTpALHUs CBO-
OO/IHBIX 2JIEKTPOHOB U JBIPOK, Nt —KOHIIEHTPALIUS 3aXBAYCHHBIX HJIEKTPOHOB.

18
Ig T
16 | 0,323B
C
14r - ' ,
Nethey nc(Nt'nt)Y
) 1 nen
121 nNyo oMoh
A i i i i Py
‘aﬁ 1 4 L 1 1 2,6 2,6 3,0 3,2 34
[ § A0 45 20 10%T, K*
+ (wn) —>
Puc.1. Usorepmudeckuii crax (OTOTOKA MOCIE Prc. 2. Teumeparypras s2BECHMOCTE TOCTORREO!
BhIKITFOUeHUs ocserennst npu 377 K. Ha BcraBke EpeMenE craganad ototoxa Ha Bcraen
nokazanbl JAJIbHUC CTAIUN PCIIAKCAlIUN SHERTETHUECKAT MOTENE IONYIPOEOIHEE
(boTOTOKA IPU Pa3IMUYHBIX TEMIEpaTypax C OBHHM JOBHEM NOEYIEK.

Cucrema muddepeHInaabHbIX ypaBHEHUH, ONMMCHIBAIONINX M3MEHEHNE KOHICHTPAIN
HJIEKTPOHOB B 30HE MPOBOIMMOCTH M HA JIOBYIIKAX, Oy/A€T UMETh CJICIYIOIIUI BUT:

OJ:C:ntht;/—nc(Nt—nt)y—ncnpﬁ, (1)
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dn
dt

Kak o0ObunHO pgemaercs [5], mnpeamonoxus dn /dt=<0, B KkBa3sucTalioHAPHOM
npubmkeHny u3 (1) momydnm:

t:nC(Nt—nt);/—ntht;/—ntnpé. (2)

no NNgy
: (Nt_nt)y_npﬁ ’

3aMeTHM, YTO CIPaBEIIMBOCTh TAaKOro (KBa3MCTAIIMOHAPHOTO) MPHOIMKCHUS CIICIyeT
U3 TOTO, YTO CKOPOCTh U3MEHEHHS N¢, TOCTUTaeMasi SKCIICPUMEHTAILHO, 3HAUUTEIIBHO MEHbIIIE
CKOPOCTH peJakcaiuii Ng, OMpPEeasieMO MEHBIIUM U3 BpPEMEH JKU3HH M IIepe3axBaTa.
DJEKTPOHBI HE MOTYT HAKaIIMBAThCS B 30HE MPOBOJUMOCTH, TaK KaK OHH cpasy ke 0o
PEKOMOHMHUPYIOT, THOO TIepe3aXBaTHIBAIOTCS.

[MoncranoBka Bbipaxkenus (3) mas N B (2) OPUBOAUT K HEIUHEHHOMY
muddepeHInaTbHOMY YpPaBHEHHIO OTHOCHTEIBHO N PemieHwe ero B o00meM Buue
MPEJCTABIACT 3HAYUTEIbHBIC MaTeMarhdyeckue TpyaHoctu. OaHAKo, I HEKOTOPBIX
YaCTHBIX CJIy4aeB PEHICHUE MOJIYYaeTCsl JOCTATOYHO MPOCTO.

Ecnu ni=N;, to (3) maer;

©)

N
n, = Na? n, , (4)
n, Jij
a BeIpaxeHue (2) ynporaercs, ¥ IpUHUMAET BU:
dn
=Ny s, (5)
Pemenue ypaBuenus (5) npu Ha4aJIbHOM YCJIOBHH N; =0 = Nio , UMEET BUI;
n = ntO eXp[—(thj/+np5)t]. (6)
[Moacrasus (6) B (4), as N moJiydaeM CJICAYIOIIEE BhIpaXKECHHUE:
n, =Na10 ol (N, y+n, &), ()
n, B
Ecnu ke paccmarpuBath ciaydait Ni<< Ni, TO 11s 11t Ne TIOJydaeM pElIeHUE B BU/IE!
n, =Mexp[—(L+np5)t]. (8)
N.y+n,B 1+Ny/n,B

Jlerko Buaets, uto npu Niy << Nnyd (mepe3zaxBar He3HAUUTENIEH UIH OTCYTCTBYET),
ypaBHenue (8) nepexoaut B (7). 3 monydeHHoro Beipaxenus (7) cieayer, 4To BEIMYMHA
MOCTOSIHHOW BPEMEHH pacmaza 7. ONpeAeiseTcs ABYMs MpoIlieccaMy: TEIJIOBBIM 3a0pocoM
ANIEKTPOHOB W3 JIOBYIIEK B 30HY IPOBOAMMOCTH M PEKOMOMHAIMEH C HEPaBHOBECHBIMU
IOBbIpKAMM BaJICHTHOW 30HBI. I3 paccMOTpeHMs BBIPAXEHMs I IOCTOSHHOM BpPEMEHH
penakcanun

7, =(N,+don,)" ©)
ciaeayeT, 4To mpu HU3KuX Temmueparypax (yN¢ <<ONp) MHTEHCUBHOCTH TEILIOBBIX
3a0pocoB Mayla, M TOCTOSIHHAasE BpPEMEHM cmHajaa OyAeT ompenensiTbcs €AMHCTBEHHBIM
MPOIIECCOM - PEKOMOMHAIMEH 3aXBaYEHHBIX AJIEKTPOHOB C HEPABHOBECHBIMH JBIPKAMM.
Ecau npu 3TOM KOHUEHTpaUus MOCIEIHUX C1abo 3aBUCUT OT TeMIEpaTypbl, TO Ha 3TOM
y4yacTKe TeMIepaTypHOW 3aBUCUMOCTH T¢=CONSt. HamporTuB, B o00macTu BBICOKHUX
temmneparyp, koraa yN¢>>ONp, B TMpolecce OMYCTOIICHHsS JOBYIIEK IpeodianaoT
TEIJIOBble 3a0pochl B 30HY MPOBOJMMOCTH, W TMOCTOSHHas BPEMEHH cHaja
SKCIOHEHIIMAIIBHO 3aBUCUT OT TEMIIEPATYpHI:
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T, x(N, )" = ). (10)

iex (_Et
NPT

Pe3ynbTaThel M3MEpeHHH TeMIepaTypHON 3aBUCHUMOCTH T, Ml poaamuHa 62K
npuBeneHsl Ha puc.2. M3 pucyHka BHAHO, YTO B OO0JAacTH HU3KHX TEMIIEPaTyp T
noctosiHHa. [Ipu noBeiiennn Temmeparypsl Boiie 330K umeer MecTo IKCIOHEHIIMATbHBIH
cnajg T, 4YTO HAxXOJIUTCA B XOpPOIIEM COOTBETCTBHM C TPUBEACHHBIMU BBIIIE
pacCyXICHUSIMH.

DHepretudeckoe nojoxenue ypoBHs Ei=0.32 3B, ompenenreHHoe uU3 BBICOKO-
TEMIIepaTypHOTO ydacTka 3aBUCUMOCTH |97, ot 1/T Xopomo coriacyeTcsi ¢ rIyOMHOU
JOBYIIEK, OOHApYXEHHBIX B poaamuHe 6)K paHee METOJAOM TEpMOCTUMYIUPOBAHHOM
npoBoauMocTH [1], a Takke ¢ IUTEpaTypHBIMH JaHHBIMU 1O uccienoBanuto DIIP [3] u
doroamdnekTpuyeckoro 3gdexra [4].

.Sh. Barkhalov, E.L. Lutsenko, Phys. Stat. Sol., 2002, v.11, p. 433

.B.lyounun, b.I11. bapxanos, 3.JI JIynenko, ®TT, 2003, c. 870

. M. Memikos, B.E. Xonmoropos, IAH CCCP, 1995, 1. 160, c. 394

V. Sinitski, Yu.A. Vidadi, L.D. Rozenstein, Phys. Stat. Sol., 1971, v.5, p. 327
2.1. Aquposuu. HekoTopbie BOITPOCH TEOpUU JTIIOMUHECIIEHIIMU Kpuctaiuios, [ UTTJI, M.,
1996

1.B
2.H
3. A
4.V
5.

d" ELEKTRON TOBOQOSIN® MALIK BOZi KECID METALLARININ HOCMI
KLASTERLORININ KVANT-KIMY9VI TODQIQI

D.B. Bayramova '
Bak: Dovlat Universiteti, Fizika Problemlari ET/

Kecid metallarmin istiraki ilo meydana golon kasterlorin fiziki-kimyivi xassalarinin
tocrubi va nozori Usullarla 6yronilmasi matersinashgin asas mosaloloindan biridir. Bu
klasterlorin elektron-foza qurulusunun kvant-mexaniki todqiqi bu istigamatdo aparilan nazori
tadgigatlarin 6n siralarinda durur. Bu ilk ndvbada bels klasterlorin magnit xassalorinin tocribi
todgigat Usullari ilo oldo edilmis noticalorin sistemlosdirorak izah edilmasi zarurstindon
yaranmisdir. Bilindiyi kimi maddanin magnit xassalori yalniz kvant mexanikas: sargivasinds
izah edilo bilinor. togdim olunan moruzads Sc-scandium (N=21), Ti -titan (N=22), V-
vanadium (N=23) kegid metallarmin hacmi qurulusa malik ilk klasterlorin X, elektron —foza

qurulusunun yarimempitik kvant kimyovi metodlarla hesablamalarinin naticalori toqdim
olunur. Hesablama modellari qurularkon baslangic variantlar atomlarin ion radiuslari nozara
alinmagla toskil olunmusdurs hor bir klasterin foza qurulusu ilk morholods molekulyar
mexaniki, ikinci marhalodo kvant-mexaniki Usullarla optimallagsdirilmisdir. Optimallasmis
elektron qurulusuna uygun, orbital enerjilor, rabito enerjisi, elektron buludunun paylanma
zarbalari, spinlora gors orbitallarin maskunlagsma xususiyyatlori va s. tayin edilnmisdir. Stabil
klasterlordo metal atomlarinin koordinatlar: hesablanmisdir.

Hesablama modlerin qurarkon barabor Ucbucagli sotloro malik dizgun piramida
topalorinda yerloson klasterlorin  z matris atomlar kavalent radiuslart nozera alinib
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qurulmusdur. Valent elektron VAX-da metal atomlarin bitin nd vo m+1s orbitallar1 nazara
alinmig kimyavi rabitonin tamamlanmasi dglin vallasmayan rabitalor H ilo birlasir. Hor bir
klasterlori d orbitallarin maskunlasmasi asas gotirilorok atom orbitallar1 istigamat va néviine
gora elektron buludun paylanmasimi musyyanlasdirir. Naticalor gostoarilmisdir. Sira ndmrasi
artdigca enerji soviyyolor koskin dorinlosmasi bas verir. Tonlasma enerji T sonlu tutulmus
molekulyar arbitallar enerjisi butlin klasterlor ticlin tagriban eyni giymoto malikdir. 6-7 eV S
kanal valent elektor yerlosdiyi ilk vo “-li molekullar prbita arasinda enerji forqi 1,5 Titan ¢un
togriban 1,2 oldugu halda Vanadium ugln tagribi 3 eV-o boravardir. Saviyys enerjiys gors
paylanmasi bitln Klasterlor tiglin oxsarvaraktera malikdir.

Klasterlarin energetik paramertlori

Sc4 Vu4 T|4

Etot -3937.960 -17461.589 -11303.114
Eun 187.502 -110.425 -11303.114
Eivol -4125.461 -17351.164 -9776.111
Eee -9914.934 -61552.141 -29803.610
Ecc 5976.974 -44090.551 -18500.496

E.: - Umumienerji,

E., - izolo olunmus atomlarin enerjisi,

E.. - elektron enerjisi,

E,., - rabito enerjisi,

E.. - atom gahglarmin garsiliq tesir enerjisi
Cadvaldon gorinduyl kimi S , klasterinin rabito enerjisi misbot 187.502 kala barabordir.
Buna osason gliman etmok olarki, Scandium atomlarindan toskil ilk hocmi S_, Kklasteri

dayamqsiz olacaq. Digor iki klaster kifayat gqodor boyik rabits enerjisina malikdir vo giiman
etmok olar ki, bu metallarin ilk hacmi klasterlori dayanigl olacag.

BUTILBUTIRATIN OZLULUYU

S.X. Xalilov, A.B. ibrahimli, .M. ®Imardanova
Azarbaycan DOvlat Pedaqoji universiteti

Yag tursusunun murekkeb efiri olan butilbutirat:zn dinamik 0zlGlik amsalinin
molekulyar mexanizminin izah:na cohd edilmis va 6zlulik amsalizin mixtalif temperatur va
tazyiqlarda hesablanmas:na dair emprik dustur verilmigsdir.

Mayelorin istilik -fiziki xassalorinin genis temperatur vo tozyiq intervalinda tadqiqi
muasir mayelor fizikasmin garsisinda duran osas mosalolordondir.Belo ki, kimyoavi
texnologiya vo aparatlarin hazirlanmasinda istilik-fiziki kamiyyatlorin tacribi giymotlorinin
olmasi praktik shamiyyat kasb edir vo digar tarafdon komiyyatlorin molekulyar mexanizminin
Oyranilmasina komoaklik edir.

Butilbutirat mirakkab quruluslu mayelors aiddir, onun molekulyar kitlosi M=144,21
kg/kmol olur. O, praktikada boyayict maddslorin alinmasinda istifado olunur. Homin
maddanin 0zIulik va istilik kegirmasinin molekulyar mexanizmin 0yronilmasi vo praktikada
genis istifado olunmas: mogsadilo genis temperatur vo tozyiq intervalinda tocriibi todqiq
edilmisdir.Dinamik 6zliluk amsali Y.F.Qolubyev (v-variant) metodu ils istilikkegcirma amsali
ilo silindrik bikalorimetr Usulu ilo 297-499 temperatur 1-491 bar tozyiq intervalinda tacribi
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todqiq edilmisdir. Alinan tocribi noticalordoan muoyyan edilmisdir ki, har iki omsal
temperaturdan asili olaraq azalir va tozyiqdan asili olaraq ise artir. Buradan aydin olur ki, har
iki hadisalorin molekulyar mexanizmlori oxsardir. Lakin onlarin parametrlordon asililiginin
(P, T) dayismasi muxtalifdir. Belo ki, 6zltlik amsalinin temperaturdan asili olaraq doyismasi
eksponensial ganunla, istilikkegcirma amsalinin temperatur asililigi iss zoif azalir. Tozyiqdon
asili olarag artmalari xotti ganuna tabedir. Buradan aydin olur ki, ozluliyin molekulyar
translyasiya gaydasinda bir oruragliq veziyystindon digarina ke¢masi naticasindo  yaranir.
Yoni Frenkel Eyringin aktivatsiya nozariyyasino tabe olur, keyfiyyot baximindan diizgln
tasvir olunur. Bu asag1 temperaturlarda 6zinu daha yaxs1 gostarir [1].

Dinamik ozluluk ».Pa:s

T,K
297,41 325,42 358,66 373,16 405,16 439,16 46766
P,.MPa
0,1 954 651 456 396 299 - -
5,0 1024 695 489 420 323 245 200
10,0 1099 744 614 440 352 256 211
20,0 1253 636 555 484 380 275 241
30,0 1390 930 607 531 490 309 263
40,0 1509 1719 704 628 499 373 319

Butilbutiratin dinamik 0zlullylnin tozyiqdon asiliigi toklif olunmus duasturla ifads
olunmusdur. Muxtoalif tozyiq vo temperaturlarda dinamik 0zlilik omsalmin 6lgmoa

intervalinda duz xott verdiyindan, alariq [2]:
orc

(&)
ner= nr+\9PJ (P-Po)
Me,r - muxtalif tozyiq vo temperaturlardan dinamik 6zlilik amsal, 7T -atmosfer tozyiginda
ort
T-ya uygun 0zlulik amsals, [Z—Zj - orta barik duzaligidir,

t
ort

8_;7 =b, +b,T +b,T?+b,T, soklindo hesablanir. b-omsallar1 EHM kémayi on kigik

kvadratlar Gsulundan istifade edilorak toyin olunur. Butilbutirat Gg¢lin temperaturdan asili
ort
olaraq [Z—Zj giymatlori cadvalda verilmisdir.

t

T [a_rljort T [a_rljort
oP ), oP ),

297,41 14,6 405,16 5,35
325,42 9,4 439,16 3,31
358,66 5,86 467,66 2,61
373,16 5,44 499,06 2,55

ort
Cadvaldan gorindr ki, [Z—Zj -ni temperaturdan asili olaraq azalr. Yani izotermlords 7 -nin

t
P-don asililiginin dayismasi azalir.
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