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MonyyeHbl ypaBHEHUS 3aBUCUMOCTY NAOTHOCTY W NOKasaTens NpenomaeHns GuHapHbIX BOAHBIX
pacTBOpoB OT KOHUeHTpauun MII u umTpaTa HaTpua. MokasaHo 4YTO, MO/bHblE OObEMbI 3TUX
pacTBOPOB ABMATCA JMHEAHON (DYHKUMEN MOMbHOW [ONM KOMMOHEHTOB, YTO MO3BONAET Yepes
Ka>KyLLMecs MO/bHble 00bEMbl  BbIYUCAUTL  NapuuaibHble  MOfbHble  06beMbl  KOMMOHEHTOB.
YCTaHOBNEHO, YTO YMEHbLUEHWE N HEKOTOPbIE NOCTOAHCTBO 3HAYEHUS NapLManbHOro MObHOIO 06bema
M3r-6000 ¢ yBenuueHWeM COAepP>KaHust ero B pacTBOPE A0MKHO ObIT CBA3aHO C 06pa3oBaHMEM B Heii
OTHOCUTENbHO CTabunbHOW NPOCTPaHCTBEHHOW, CTPYKTYPbI. 3y4eHO BIMSHUE MONEKYNSPHON Macchl
NONM3ITUNEHTINKONEH, TemnepaTypbl U pas3MyHbIX [06aBOKHA (Pa3oBoe paccnoeHue B cuctTeme M3Ar-
UMTpaT HATpUA-BOAA.

MpyMeHeHWe AN pa3feneHns U OYMCTKM BELLECTB Ha MPOMbILIEHHOM YPOBHE BOAHbIX
[BYX(ha3HbIX CUCTEM BOAa-MONMMEP-HEOPraHUYeCcKne Coun, Takue Kak ¢ocdatbl, CynbdaThbl 1
T.[. IBNSAIETCA He XenaTe/lbHbIM 60 NPUBOAMT K 3arps3HEHNIO OKpYXXatoLLel cpefbl. Vicnonb3ys
TaK Ha3blBaemble 6riopasfaraeMble COM NPUPOAHBIX OPraHUYEeCKMX KUCOT, Takue Kak LmTparhl,
TapTpaTbl, CyKUMHATbI U T.[., MOXHO M36eXaTb yKasaHHY0 npobnemy. Cnegyet OTMETUTb, YTO B
nocnefHee BPEMSA WCCMEAOBAHWIO BOAHLIX ABYX(a3HbIX CUCTEM MOMUSTUNEHTIMKOML —
HaTpVeBble COMM OPraHUYECKUX KUCMOT W MPUMEHEHUIO WX A1 pasfefieHus U OUUCTKM
O1oNornyecknx 06LEKTOB MOCBALLAETCS [OCTATOMHO MHOro pabot. OpHako, MexaHu3m
pasfefieHnss TakMX CWUCTEM Ha [Be BOAHble (Dasbl HEAOCTaTOYHO W3y4YeH. A MexXay Tew,
nccneaoBaHns (N3MKO-XMMUYECKMX CBOMCTB COMPSHKEHHbLIX (ha3 BOAHbIX ABYX(a3HbIX CUCTEM,
TaK M BOAHbIX PacTBOPOB OTAENbHbIX KOMMOHEHTOB C MPUMEHEHMEM Pas/IMYHbIX METOA0B
(hM3MKO-XMMMNYECKOTO aHaM3a MOryT OKa3aTbCsf BecbMa MOJe3HbIMUA B PELLEHUW YKa3aHHOW
npo6/siembl.

MeTogamy  pethpakTOMETPUM WU BOIOMOMETPUM  M3y4eHbl  BOAHblE  PacTBOpbI
nonuatuneHrnnkons (M3r-6000) n numoHHokucnoro Hatpusa (CgHsO7Naz — B manbHeliem
UMTpaT HaTpusi). B CpaBHUTENbHO LUMPOKOM WHTEpPBasie KOHLEHTpaLMiA U3ydeHbl MoKasaTesb

NpenomMIeHns (?‘TE-o) M MNOTHOCTb (2-") BOAHBIX pacTBOpoB M3M-6000 1 uMTpaTa HaTpUs. Bbian
MCNONb30BaHbl MOMMATUNEHT IMKONN hnpMbl “Panreac” (McnaHus), UMTpaT HaTpua mapkn YA,
nepeKpUCTaININ30BaHHbIA M3 BOAHbLIX PacTBOPOB, 6GUAMCTMANMPOBaHHAas Boga. [lokasaTesb
NpeioMNeHns onpefenvnn Ha pegpaktometpe mapkun WUNP®-4546 ¢ TouvHouTbio +0,0001,
MAOTHOCTb B NMUKHOMETPaxX 0Kos10 10 M1, 06beMbl KOTOPbIX MPeABapuTeNibHO OblNv OMnpesesnieHbl
C TOYHOCTbI0 £0,005 mn npu 20+0,02°C.

Bbln NOCTPOeHbI (ha3oBble AvarpaMmbl AByXtasHoi cuctembl MAM-6000-uuTpaT HaTpuUs-
BOAa MpW pasnnyHbIX Temnepatypax (283,15; 298,15; 313,15 n 333,15 K). buHogann 6biiun
MOCTPOEHbI METOAaMu TUTPOBAHWUA W OMpPefesieHnsl COCTaBOB COMPSXKEHHbIX (ha3. W3yuyeHo
BNSHME MOMEKYNAPHON Macchl M3 B cuctemax M3l-yutpat HaTpus-Boga npu 298,15 K, a
TaKKe pa3nyHbIX [06aBOK (Kapbamwui, Tuokapbamug W 3TUAOBbIA CNMPT) Ha (as3oByHO
AavarpaMmy BOAHON ABYX(hasHoi cuctembl M3M-6000-uuTpat HaTpusa. STUNOBOM CNMPT 6bin
OUMLLIEH MO M3BECTHON METOAMKE, NPUBELEHHON B NUTepaType.
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MonyyeHbl YpaBHEHUS 3aBUCKMOCTY MapLmManbHOro MosIbHOro o6bema Mar-6000 (Vz) u
uutpata Hatpust (V=) OT KOHLEHTpaLIMK NX B BOAHOM pacTBope (M/1/MOsb)

Vp = 5046 +339,4 -10°X,, + 184.1 - 10°X} (R?=0.9866) (1)
rae Xp — mMonbHaa gonsa M3l B pacTBope;
Ve = 73,65 + 8,11m< + 5,08m? )

rae ms — MONAMILHOCTL CO/IN B BOLHOM PaTBOpeE.

CneflyeT OTMETUTb, YTO YMEHbLLUEHNE N HEKOTOPOE NMOCTOAHCTBO 3HAYEHUs NapumnanbHoOro
MoJIbHOro o6bvema M3AMr-6000 ¢ yBennMueHNeM cofiepXaHus ero B pacTBope BO3MOXHO CBSi3aHO C
06pa3oBaHVeM B pacTBOpax OTHOCUTENbHO CTabWIbHOW MPOCTPAHCTBEHHOW CTPYKTYpbI, rae
MOJIEKY/Ibl NMOMMMepa COeAMHeHbl MeXAy C060iM CBOGOAHLIMM MONEKynamy BOAbl 3a CYeT
BOLOPOAHbIX cBs3eil. O6pa3oBaHMe TaKOM MPOCTPAHCTBEHHOM CTPYKTYpbl, COXpaHAtoLlel B
ornpefeneHHON Mepe KOOMepaTVBHOCTb CBSA3EM, MO BCE BEPOATHOCTU, CAYXMWT MPUUMUHOMN
HEKOTOPOro MOCTOSIHCTBA MapuMasbHOro MosbHOro obbema M3M-6000 npu MOBbILLEHHBIX
KOHLIEHTpaLMAX ero B BOAHOM pacTBOpe. YBe/MyeHne napumasbHOro MoibHOro oobema uutpata
HaTpua C BO3pacTaHWeM KOHLEHTpauun ero B pPacTBOPE BO3MOXHO CBA3aHO C Ha/Myuvem
MOBOPOTHOM M30MEPUN Y LMUTPAT MOHA C OLHON CTOPOHbI U 06pa3oBaHNEM BOLOPOAHbLIX CBA3el
MeXay LMTpaT MOHaMU C YBENIMYEHMEM COLepXaHns Conv B pacTBope.

MocTpoeHbl 6UHOAANM BOAHbLIX [ABYX(a3HbIX CUCTEM, 06pa3oBaHHbIX 3 pasnuyHow
MOJIEKY/IAPHOM MacChl U LUTPaTOM HaTpus. [onyyYeHo, YTO yBeNMYeHUe MOMEKYNSAPHON MacChbl
M3r NpuMBOAUT K YBENMYEHWUKO 00/1aCTV FeTeporeHHOCTU. ITOT 3KCMEepUMEHTa/IbHbIN (haKT
MOXHO OOBACHUTb CliefyowymM 06pa3om. XOTA NpU MOCTOSHHOW BECOBON KOHLEHTpauuu
NOMIMATUNEHT IMKONA YNC/IO MOHOMEPHBIX 3BeHbeB (-CH,CH,0-) Ha eamHMLy maccbl BOAHOMO
pacteopa OyZeT O4MHAKOBO HE3aBMCUMO OT MOJIEKYNSAPHO Macchbl MosMmepa, OAHAKO, YMCOo
Mosiekyn 6yaet TeM 60MbLUe, YeM MeHbLUe MOJeKynspHas macca M3I. Bcneacrteme Toro, yto
Kny6KoobpasHble Moseky/bl M3 ¢ MeHbLIeld MOMeKYNSAPHON Maccoi UMET  60/bLUyiO
BEPOATHOCTb K 60/iee MONHOMY PacKpbITUO M rugpataumm, TO BCe 3TO [enaeT MOJeKy/bl
nosiMmepa Co CBOUM BOAHbIM OKpPY>KeHWeM 60/1ee COBMECTHbIMU C BOLHO-CO/EBLIM PACTBOPOM.
3Ta COBMECTMMOCTb [O0/DKHA YMEHbLUATHLCA M0 Mepe YBENMUYEeHUS MOMEKYIAPHON Maccbl M3l
paccnoeHne HaCTynuT NpPU MeHbLLEM COAepXXaHuM NoAnmepa B pacTBope.

M3yueHo Takke BMAHME TemrepaTypbl Ha (ha3oBYK Auarpammy BOLHOMW [ABYX(a3HOM
cuctembl M3r-6000-untpat HaTPUSA. YBENUYEHNE TeMMEPaTYpbl TakXe CMeLLaeT 6MHoAabHbIe
KpuBble BNEBO, yBennumnBas 06/1acTu reTeporeHHOCTU CUCTEMbI. BansHue TemnepaTypbl, Kak v
noboro Apyroro (pakTopa, BAUAIOLLErO Ha [MOMIOXEHWE PaBHOBECUSA, [O/MKHO ObiTb B
COOTBETCTBUM C MPUHLMMNOM CMeLLIEHNA paBHOBecus Jle LLaTtenbe — BpayHa.

B paboTe yka3aHO, 4TO B BOAHbIX pacTBOpax MOMMUITUIEHTIMKONE 06pasytoTea
ABYX(ha3Hble CUCTEMbI C BYMS KPUTUYECKUMU TeMnepaTypamMu pacTBopeHus — BepxHein (BKTP)
N HkHe (HKTP). CnegoBate/sibHO, TOT (PakT, 4YTO YyBe/IMYeHMe TemnepaTypbl CMeLlaeT
OMHOJaNIM YKa3aHHOIN CUCTEMbI B HANPaB/IEHUN YBENIMYEHNA 061aCTV reTeporeHHOCTH CUCTEMBI,
yKa3blBaeT Ha 06/130CTb paccMaTpUBaeMOro WHTEpBasia TeMnepatyp K HVDKHEA KpUTUYECKOM
Temnepatype pacTBopeHusi. Kpome TOro, moBbllLeHME TemnepaTypbl CMoco6CTBYeT npoLeccy
fernapataumy Kak WMOHOB COMW, TaK W MNOAMITUNEHTIMKONA, W3MEHAA BOLHOE OKpPYXKeHue
MOJIEKY/T NMOC/IEAHErO, YTO B UTOre TakXe MPUBOAUT K YMEHbLLLEHNIO COBMECTUMOCTU MOJEKY
M3l 1 noHOB conu, crnocobeTBytoLlee 6osiee paHHEMY PacC/IOeHUO CUCTEMbI Ha ABe BOAHbIe
(hasbl C OT/IMYAKOLLUMMCA CTPYKTYpPaMMU.
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Hamu Takke u3yyeHO BAMAHME Kapbamumpaa, Tuokapbamuga M 3TWUIOBOrO cnvpta Ha
(ha3oBYyl0 AuarpamMmMmy BOAHOM AByXtasHoi cucteMbl MIAM-6000-umTpat HaTpus. [obasneHve
Kapbamuga 3aMeTHO W3MEHSieT MOMOXKEHWe BUHOLANN YKA3aHHOW CUCTEMbI, YBEMYMBas MNpwu
3TOM 06/1aCTb FOMOrEHHOCTU CUCTEMbI, T.e. (pa30BOE pacC/I0eHNe UMEET MeCTo Mpu 6oNbLUNX
KOHLeHTpaumax (a3o06pasyowmx KOMMOHEHTOB, YeM B OTCYTCTBMW MOYEBWHbI. BBMAY TOro,
yto AobaBfieHVe Kapbamuia K BOAe WM BOAHbIM pacTBOpPaM COMPOBOXAAETCA paspyLLEHVEM
CTPYKTYpPbl BOAbl TO AO/HKHO ObITb ACHO, YTO YBe/NMYEHWE [0/ CBOOOAHbLIX MOMEKYN BOAbl B
CUCTEME [O/DKHO MPUBECTW K MOBbLILIEHUIO CTEMeHW rugparaumm MNOAUSITUNEHTIMKONA U
MPMBECTM K  WU3MEHEeHWIO  6/vKailero  BOAHOMO  OKPYXeHus  moniekynbl M3l
6naronpuATCTBYIOLLEr0 COBMECTUMOCTU MONUITWU/EHTIMKONSA U BOAHO-COMIEBOrO pacTsopa.
[lo6aBneHve B cUCTEMY 3TWUI0BOrO cnupTa (B MHTepBasle KOHUeHTpauwmii 10-30 Bec %) npuBoauT
K pacC/oeHui0 uccreflyeMoi CUCTeMbl Ha [ABe (asbl Mpu 60/iee HU3KUX KOHLEHTpaLUsX
(ha3006pasyroLLMX KOMIMOHEHTOB, YTO HaxXOAMTCA B COrnacuu C pesynbTatamMu K3MepeHus
CTPYKTYPHOM TemnepaTypbl 3TUX pacTBOpoB. Kak Obln0 NokasaHO paHee 3TaHO/ B yKa3aHHOM
MHTepBasie KOHLEHTpauUWin CTPYKTYpUpyeT BOAY, 4YTO [O/DKHO OTPasuUTbCA Ha W3MeHeHue
BOLHOr0 OKPY)XXEHUSi MOMEKY bl NOMUITUMEHTNIMKONA W, KakK CneAcTBue, Ha 6onee paHHeM
paccnoeHMn cCUCTeMbl Ha [ABe BOAHble (asbl. [loGasneHve Tuokapbamuia MpPakTUYecKu He
CKasblBaeTCA Ha MOMOXEHUN OMHOLaNM BOAHON [ABYX(ha3HOM cucTembl 3MM-6000-umTpaT
HaTpua. PaHee OblNO MOKasaHO, YTO TUOKapb6amMui He BAUSET HA COCTOSHWE BOAbl, YeM W
0OBbACHAETCA OTCYTCTBME B/IMSAAHWUSA €ro Ha MOMIOXKEHUe OVMHOAaIM  YKA3aHHOW CUCTEMbI.
MonyyeHHble [aHHble MOATBEPXKAAT paHee BbICKa3aHHOE MPEeAMNo/OXeHNe, 4TO (Pa30BOe
paccfioeHne B BOAHbIX cuctemax [M3I- conb NPOMCXOAMT BCMeACTBME BO3HWMKHOBEHWUA B HUX
[BYX Pa3NMyHbIX BOAHbIX CTPYKTYpP, 06pa3yroLmxca 3a CYeT pa3Ho opueHTaL My MONeKy BOAbl
BOMM3N MOJNeKyn (ha3o06pasytonx KOMMOHEHTOB U MX MOHOB.[06aBfeHNe K TaKUM BOAHbIM
CYCTEMaM BELLECTB, paspyLLaroWwmnx CTPYKTYPY BOAbl, OyAeT MpensaTCcTBOBaTb BO3HUKHOBEHUIO
TaKuMX pasiMyHbIX BOAHBIX CTPYKTYP, B TO BPEMSA Kak [4006aBfieHVe BELLECTB, CTPYKTYPUPYHOLMNX
BOAY, AO/DKHO 61aronpuAaTCTBOBaTbL 06PA30BaHMIO ABYX Pas/IMYHbIX He COBMECTUMbIX APYr C
APYrom BOLHbIX CTPYKTYP, Cy>XKalmx OCHOBOWN BOAHbIX (a3, Ha KOTOpble pacrnofaeTcs cuctema.
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POLIMER-SU IKIFAZALI SISTEMLSRINDS PAYLANMA METODUNUN
BIOTEXNOLOGIYADA V8 TIBBi DIAQNOSTIKADA TOTBIQI
E.D. Masimov, T.O. Bagirov, S.Y. Ocaqgverdiyeva, X.T. Hasanova, S.R. Bagirova
BakiDovlatUniversiteti
baghirov-t@mail.ru

Bir sira polimer-su ikifazali sistemlarinin ayirma gabiliyyati tayin edilmisdir. PEQ-C,0sH;Na,-H,0
ikifazali sisteminin ayirma gabiliyyatinin nisbatan kicik olmasi hamin sistemin bioloji maddalarin «inca»
ayrilmasi Ucun istifada oluna bilmasini miayysnlasdirir. Polimer-su ikifazali sistemlarinda geyri-barabar
paylanma metodu vasitasile ganda patoloji dayisikliklarla musayist olunan xastsliklarin erken dianozunu
vermak magsadi ile tibbi diagnostikada istifads olunmasi mumkiin sayilan ikifazali sistemler (PEQ-
Aly(SO4)3-H,0, PEQ-MgSO,-H,0) taklif olunmusdur. Gostarilmisdir ki, bu metodu tstbiq etmakle eyni
zamanda hamin xastaliklarin yaranmasi ve mualicasi mexanizmi haqgginda milahizalar yiritmsk olar.

Isde asasini su taskil edan polimer-su ikifazali sistemlarinds maddalarin geyri-barabar
paylanmasina asaslanan metodun nazari asaslari, analitik, preparativ ve diagnostik magsadlarls
biotexnologiyada ve tababstds tstbigi perspektivieri tshlil edilmisdir. Bioloji sistemin
fragmentlarinin, polimerlarin fraksiyalarinin ikifazali sistemin eyni zamanda mdvcud olan
fazalarina olan harisliklarinin muxtalifliyi onlari hamin sistemlarda ayirmaga imkan verir.

ikifazali polimer-polimer-su va polimer-duz-su sistemlarinds maddalerin geyri-barabar
paylanma metodu praktiki shamiyyst kasb edan fiziki-kimyavi metodlardan biridir. Bu metod
muxtalif kimyavi maddslarin, o ciimladan biopolimerlarin sistemin muxtalif hidrofobluga malik
fazalarinin su mahitlarina harisliklarinin muxtslifliyins asaslanir.

Malum oldugu kimi, suya daxil edilmis istanilen madda suyun strukturunu va/ve ya halini
dayismis olur va bu da 6z névbasinda su mihitinin hidrofoblugunu dayismis olur. Ona gora da
tobiidir ki, su-polimer ikifazali sistemlarinds (SPiS-da) hall edilon madds 6ziina yaxin olan
muhitda (hidrofoblugu hamin maddsnin hidrofobluguna yaxin olan fazada) camlasmis olacag.
Biopolimerlarin ve Kicik molekullu birlagsmalarin ikifazali sistemlarda paylanmasinin fiziki-
kimyavi ganunauygunluglari tadqiq olunarkan gostarilmisdir ki, bu maddaslarin paylanmasini
hidrofob va ion hidratlasmasi terminlari daxilinds izah etmsk olar. Bu garsiligh tssirleri
kamiyyatco xarakteriza etmak 0¢in marker maddslarin —dinitrofenillasdirilmis DNF-a-
amintursularinin natrium duzlari homoloji sirasinin paylanmasina baxiimisdir.

Hamin homoloji siranin paylanma amsali ile yan alifatik zancirin uzunlugu (metilen
gruplarinin sayn) arasinda asagidaki asililiq vardir:

InK:C+E'nCH2,

burada K -homoloji siranin verilmis Gzvinin ikifazal sistemds paylanma smsali, n, -

paylanan marker molekulundaki metilen gruplarinin sayi, C va E isa uygun olaraq molekulun
polyar (ion hidratlasmasi) ve qeyri-polyar hissalarinin (hidrofob hidratlasma) paylanma
amsalindaki payini xarakterize edan sabitlerdir. K=1 olarsa InK=0 va C=E:n" olur. Burada
n*s—nCHz metilen gruplarinin ela hipotetik sayidir ki, bu zaman madda fazalar arasinda barabar

paylanmis olur. Basga s6zls ion hidratlasmasi va hidrofob garsiligh tasirlarin effektlari bir-birini
kompensasiya etmis olur. Bu kamiyyat fazalarin hidrofobluglarin arasindaki farqi, yani sistemin
bioloji obyektlari bir-birindan ayirma gabiliyyastini xarakteriza edir va ikifazali sistemin ayirma
gabiliyyati adlanir. Bir sira SPiS-in ayirma gabiliyyatlari tayin edilmisdir va alinmisdir ki, PEQ-
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Aly(SO4)s-H.0 ikifazali sistemi an bdyiik ayirma gabiliyystine malikdir (n"=11,08). Qeyd edak
ki, sistemlari «inca» va «kobud» ayirma noqteyi-nazarindan se¢mak olar. Bels ki, «inca» ayirma
ucun ayirma gabiliyyati kicik olan ikifazali sistem (masalan, PEQ-C,OsHsNay-H,O ikifazal
sistemi, n'=2,8), «kobud» ayirma Uciin iss bdyik ayirma qabiliyystina malik olan sistem
alveriglidir.

Polimer-duz-su ikifazali sistemlarinda paylanma metodu vasitasi ila radioaktiv slialanmanin
gan zardabi zilallarinin nisbi hidrofobluglarina tasirina baxilmisdir. Radioaktiv manba kimi ®°Co
géturilmus ve tacrubs heyvanlari mixtalif dozalarda (200, 350, 450 va 500 rentgen)
stalandirilmiglar. Heyvanlardan 7, 14, 21 ve 28-ci glnlar gan gotirilmis va onlarin
paylanmasina baxiimisdir. Saglam ganin paylanma smsali ile migayisalar aparildigda malum
olmusdur ki, kicik dozalarla sualandiriimis heyvanlarin gan zardabinin paylanma amsali birinci
hafta arzinds dayisse ds, dordlncli hafteye gadar avvalki giymatini alir ve heyvanlar sagalir.
Boylk dozalarla stialandirilmis heyvanlarin gan zardabinin paylanma smsalinda iss bu misahida
olunmur va heyvanlar 6lir. Aparilmis tadgiqgatlar bir daha tasdiq edir ki, radioaktiv stialanmanin
tasiri ils gandaki zllallarin konformasiyasinda musyysn dayisiklik bas verir va bu konformasiya
dayisikliyini polimer-su ikifazali sistemlarinda paylanma metodu vasitssi ila boyik daqgiglikls
askar etmak mimkandr.

Digar bir tacribads radioaktiv stalanmanin albuminin PEQ-MgSO,4-H,0 ikifazali
sisteminds paylanma amsalina tesiri tadqgiq olunmusdur. Mixtslif dozalarla stalandiriimis
albuminin paylanma amsallari bir-birindan fargli alinmisdir. Bu tacribalarin naticasi kimi geyd
etmak olar ki, maddalarin SPiS-do qgeyri-barabsr paylanmasi metodundan ganda patoloji
dayisikliklarla musayist olunan xastaliklarin ilkin diagnostikasinda istifads etmak olar.

Elmi adabiyyatda polietilenglikolu sathi aktiv madda kimi gotirarak nazik tabagalarin sulu
mahluldan kimyavi ¢okdiurmasi metodu ils nano 6lcullt hissaciklarin alinmasina tez-tez rast
galinir. Bu metodun nanotexnologiyada tatbiqi PEQ-in bir sira geyri-tzvi duzlarla ikifazali sistem
amala gatirmasina asaslanir. Qeyd edak ki, PEQ-dan istifads olunmasi digar sathi aktiv
maddalardan istifads zamani rast galinmis bazi problemlari hall eds bilir. Taqdim olunmus isds
molekulyar kitlasi 6000 olan PEQ istifads olunmusdur. PEQ-in digar molekulyar kutlalsrindan
istifads olunmasi ile daha maragli naticalarin alinmasi gozlanilir. Bu istigamatda tadgigat islari
davam etdirilir.
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Baki Dovlat Universiteti
p.g.bakhtiyar@gmail.com

mahlulda Mg** ionunun hidratlasma adadi tayin edilmisdir. Miiayyan olunmusdur ki, 25°C temperaturda
Mg *? ionunun hidratlasma adadi n=26 olur.

Malumdur ki, elektrolitlarin sulu mahlullarinda elektrik carayani ionlarin istigamatlanmis
harakati hesabina yaranir. Adstan quvvatli eloktrolitlar kigik konsentrasiyalarda suda tam
dissosiasiyaya maruz galirlar. Odur ki, bels elektrolitlarin duru sulu mahlullarinin xdsusi ion
elekttik keciriciliyi, misbat ve manfi yukli ionlarin xususi elektrik kegiriciliklarinin camina
barabar olur:

S =S, +S_ @

Burada s, ve s_ uygun olaraq, kationlarin va anionlarin xususi elektrik kegiriciliyidir.

Mashlulun molyar elektrik keciriciliyi (A,,)

S
Am = F (2)
disturu ils tayin olunur [1,2]. Burada c(mol/I) molyar konsentrasiyadir. Kationlarin va
anionlarin molyar elektrik kegiriciliyini, uygun olaraq, 1, wve | _ile isars etsak, (1) ve (2)
dusturlarina gora

+

A, =1, +l_ 3

m

olur.
MgSO, duzunun sulu meshlulunda Mg* ve SO; ionlari yaranir. SO;  ionu zaif

hidratlasmaya maruz galdigindan onun molyar ion kegiriciliyi Mg?" ionunun kegiriciliyindan
tagriban 1,5 dafs boylkdir [3]. Odur ki, yaza bilsrik:

| =15l ,. 4)
(4) ifadssini (3)-da nazars alsaq, mahlulun molyar elektrik kegiriciliyi tigin

A, =15, ()

ifadasini alarig. Diger terafden, elektrolitlarde baxilan ionun (mas. kationun) xususi elektrik
kegiriciliyi (s )

2
m
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ifadasi ils tayin olunur [2]. Burada n-vahid hacmdaki kationlarin sayi, g-ionun yikd, m-hidrat

tabagaesi il birlikds ionun kitlasi, t -ionun su molekulu ils ndvbati togqusmaya gadar getdiyi
masafays sarf olunan zamanin orta giymeati, yani sarbast ga¢is muddatinin orta giymatidir.
MgSO, duzunun sulu mshlulunda kationlarin va anionlarin sayl barabar oldugundan

ionlarin tam sayI

N=N, +N_=2N, (7)
olar. Onda vahid hacmdaki kationlari say!
N N 1
v v 2 " ®)

olar. Burada N ,-Avogadro adadidir. ionun yiikiinin ¢ =Ze olundugunu va (8) ifadasini (6)-da
nazars alsaq, kationun xususi elektrik keciriciliyi t¢iin

N, Z%?
2m

1 9)

+

ifadasini alariq. Burada Z -ionun ionlasma daracasi (mas. Mg? ionu (igiin Z=2), e-elementar
yukddr. Su mihitinds harakat edan ionun sarbast gacis middatinin orta giymati

1
nlsu_nis

t = (10)

ifadssi ile tayin oluna bilsr [2]. Burada n -vahid hacmdski su molekullarin sayi, s-ionun maye
molekulundan sapilmasinin tam en kasiyinin sahasi, U, -ionun har hansi su molekuluna nazaran

nishi stratidir. Sarbast gacis middatinin orta giymatinin tayininds asas ¢atinlik U, surstinin
tayin olunmasidir. Bu magsadls bir necs yaxinlasmalar gabul edak: biricisi, gabul edsk ki, ionun
dreyf slrati onun istilik harakatinin stratindsn ¢ox kicikdir. Bu farziya mumkuindar, ¢unki (6)
disturu ionu istigamatlandiran xarici elektrik sahasinin intensivliyinin Kkigik giymatlarinds
dogrudur. Bu halda ionun dreyf surati istilik harakatinin stratinin Ustlina otuzdurulur. Bu iss o
demakdir ki, ionun dreyf surati istilik harakatinin slratinden ¢ox kigikdir; ikincisi, ionun hidrat
tabagesi ila birlikde kutlesi su molekulunun kitlssindan ¢ox bdyuk oldugundan onun istilik
harakatinin strati su molekulunun istilik harakatinin stiratindan gox kigik olacag.
lonun su molekuluna nazaran nisbi siirati

U pis ZJion _Jsu (11)
kimi tayin olunur. (11) ifadssini kvadrata ytksaldak.
2 .2 2
Unis =Ujo, U5, — 2Uj,Ug, - COSa (12)

(12) ifadasindan orta giymat goturdikds cosa ham miusbat, ham da manfi giymat
aldigindan axirinci ifada sifira barabar olur va (12) dusturu asagidaki sakila disdr.
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—2 —2 —2
Upis =Ujon +Ug, (13)
Yuxaridaki milahizalara asasan

2 2

u ion << usu

oldugundan, yekunda ionun su molekuluna nazaran nisbi orta surstini su molekulunun istilik
harakatinin orta slratina barabar gétiirmak olar:

3RT

u. =u,= 14
nis su M “ ( )
Burada R universal gaz sabiti, T mutlaq temperatur, M, suyun molyar kutlasidir.
Vahid hacmdaki su molekullarinin n, sayini
N N
n=—s=—A 15
EVARVA (15)
ifadasila tayin etmak olar. Suyun molyar hacmi (V)
V, = My, (16)
r su
olur. (16) ifadssini (15)-ds nazars alsaq
NLT g,
n = ,\‘/‘I (17)
olar. ionun su molekulundan sapilmasini tam en kasiyinin sahasini
S = p (ref + r.mol)z (18)

disturu ile hesablamaq olar. Burada r, ionun suda effektiv radiusu, r., isa su molekulunun
radiusudur. (14), (17) ve (18) ifadalarini (10) da nazars alsaq

M 3/2
t = M (19)
p NAr su(ref +rmo|) \/BRT
ifadasini alarig. (19) ifadasini (9)-da nazars alsaq, ionun xususi elektrik kegiriciliyi tgun
asagidaki ifadani alariq:
3
1 cZ%?*M Sé 20)
: 24/3RT mr sup(ref + I"mol )2
Onda
2,2 %
I _S. 1 Z°e"My; (21)

c 3VRT mr sup(ref +rmo|)2
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olar. (21) ifadssini (5)-ds nazars alsaq,

3
25 Z%6?M 2 22)
" 2J3RT mr p(ry + )’
ifadasini alariq. Buradan ionun hidrat tabagasila birlikda kitlasi Ggtin
. 7262072
2.5 1 e"M (23)

m: . .
2\‘3RT Am rsup(ref +rmo|)2
ifadasini alarig.
5% MgSO, duzunun sulu mahlulunun T =298,15°C temperaturda molyar elektrik

kegiriciliyi A, =4,148-10°0m'm’mol™, Mg* ionunun suda effektiv  radiusu
r, =0,44-10°m, su molekulunun radiusu r,, =138-10""m [4], suyun molyar Kitlssi

Msu:18~103k—q|, elementar yik e=16-10"KIl va hamin temperaturda suyun sixhg
mo

ry = 997,07k—q3 oldugunu bilsrak, (23) dusturuna asasan ionun hidrat tabagasils birlikds kiitlssi
m

ticiin m =828-10""kq giymatini alariq.
lonun strafinda n sayda su molekulunun hidratlasmis oldugunu gabul etsak, onda ionun
hidrat tabagasils birlikds m kitlasini

m=m,y, +NM,.,, (24)
kimi yaza bilarik. Burada m,, -ionun kiitlasi, m_, -su molekulunun ktlasidir. (24)-dsn
n = T Mon (25)
m

mol

ifadesini alarig. m=828-10""kq, m,,=24-166-10"kq ve m,, =18-1,66-10"7"kq
giymatlarini (25) dsturunda yerina yazarag, Mg ionunun hidratlasma adadi Ggiin n =26
giymatini alarig. (23) dudsturundan gorunduyt kimi, ionun hidratlasma adadi bilavasits
konsentrasiyadan asili deyil. Lakin (23) dusturunda molyar elektrik keciriciliyi konsentrasiyadan
asthidir va konsentrasiyanin artmasi ils molyar elektrik keciricilikds artir. Bundan basga
temperaturun artmasi ile da elektrik kegiriciliyi artir. Belalikls, (24) dusturundan alinir ki,
konsentrasiyanin va temperaturun artmasi ila ionun hidrat tabagasi ils birlikda kitlasi azalmalidir.
Bu isa 0z novbasinds, (25) dusturuna asassn, hidrat adadinin giymati da azalmalidir. Bu
masalanin arasdiriimasi galacak tadgiqat islarinds nazardas tutulur.

Onuda geyd edak ki, MgSO, duzu tasbabstds mada bagirsagin tamizlanmasi Ggln genis

istifade olunur. Bizim apardigimiz tadgigatlar gostarir ki, MgSO, duzu suda 20% -a gadar yaxsl
hall olur, sonra doymus mahlul alinir va duz ¢okinti verir.
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Belalikla, bu naticays galirik ki, MgSO, duzunun sulu mshlulunda Mg* ionunun
hidratlasma adadi 26-dir va bu duzun tababatds 20%-a gadar sulu mahlulundan istifads etmak
olar.
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AQAROZA MBHLULUNDA GELSMSL8GSLMS PROSESININ
ISIGIN DINAMIK S&PiLM8Si METODUDU iL8 TaDQIQi
E.©. Masimov, A.R. imamaliyev , A.H. 8sadova
Baki Dovlat Universiteti

Maddanin gel hali ham elmi, ham da praktik tatgiq baximindan maraq dogurur. Organizmls
uyusan oldugundan polisaxarid hidrogellari son vaxtlarda biotexnologiyada, tsbabatds, yeyinti
sanayesinds va kosmetologiyada genis tatgiq olunur. Gelin tatbigi zamani onun fiziki-kimyavi
xassalarini idara etmayi bacarmaq zesrurati meydana ¢ixir. Bu xassaler gelin strukturundan -
geldaki assosiatlarin sayindan va élgtisundsn asilidir.

Muasir modellara gora agaroza gelinin faza toru ikigat spirallardan va coxlu sayda ikigat
spirali 6zunds birlasdiran daha yuxari tartibli assosiatlardan (supraliflerdan) ibaratdir. Agaroza
gelina bulanigliq veran bu assosiatlardir.

Gelin strukturunun dyranilmasinda an effektiv metodlardan biri isigin dinamik sapilmasi
metodudur. Bu isds HORIBA SZ-100 Nanoparticle potential Analyzer cihazinin kémayi ils
agaroza gelindas assosiatlarin 6lctiys gors paylanmasi éyranilmisdir. Agarozanin suda mahlulunda
gelamalagalmanin kritik konsentrasiyasinin 0,15 % oldugunu nazars alaraq iki konsentrasiyaya
baxilmisdir: 0,1 %-li agaroza mahlulu (gel amala gatirmayan hal); 0,5 %-li agaroza mahlulu (gel
amala gatirmayan hal).

Olgmualarin naticalari gostirir ki, gel amala gatirmayan halda da (0,1 %-li mahlul) mahlulda
assosiatlar mévcuddur. Bu assosiatlarin orta 6lciist 42 nm, 6lglys gora paylanmanin yarimeni ise
taxminan 65 nm-dir. Bu assosiatlar arasindaki masafe kifayst gadar boyik oldugundan onlarin
birlagsarak vahid faza toru amala gatirmasi mimkin deyil. 0,5 %-li agaroza mahlulunda ise
assosiatlarin orta 6lglisii 104 nm, 6lguys gora paylanmanin yarimeni isa taxminan 21 nm olur. Bu
halda assosiatlarin say! da bdyik oldugundan onlar arasindaki masafe kicik olur ve miayysn
temperaturda onlar birlasarak vahid faza toru amala gatirir, yani mahlul gel halina kegir.
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BALIQ PULCUQLARINDA FLUORESSENSIYA
SPEKTRLSRININ TEDQIQI
E.M. Qocayev, S.V. Sliyeva
Azarbaycan Texniki Universitet
serefxanim@mail.ru

Taqdim olunan isda Kitim bahginin yan sathlarindan goétirilmas pulcuglarin 200 — 600 nm dalga
uzunlugu intervalinda flloressensiya spektrinin tadgiginin naticalari verilmisdir. Askar edilmisdir ki,
396,96, 388, 265,93 vs 253,64 dalga uzunluglu signallarla hayascanlanma zamani miivafig olaraq 541,02,
528,96, 362,00 va 495,97 dalga uzunluglarinda flloressensiya spektrlari askar edilir. Flioressensiya
spektrlarinin intensivliklari hayacanlandirici signallarin intensivliklari ils miigayisa olunan tartibda olur.
Kitin bahdinin pulcuglarinin flioressensiya spektrinin tadqigi aparilaraq askar edilmisdir ki, bu
materialdan ¢oxfunksiyali elektron qurgularinda unikal xassali yeni tip kompozit kimi istifada etmak olar.

Baliglarin badasni pulcuglarla ortaltdar. Pulcuglar baliglarin xarici strukturunda ¢ox
mihim yer tutur. Onun asas funksiyasi qoruyucu olmasidir. Bazi baliglarin (masslan, naxanin)
badaninda pulcuglar olmur. Har bir pulcuq dairavi formali, nazik sumik I6vhacikdan ibarst olub,
On hissasi ils dariys birlasir. Pulcuglar arxa hissalari ila bir-birinin Gzarini kirsamit kimi ortQr.
Baliglarin pulcuglarinin zari daima selik maddasi ila 6rtli olur. Seliyi dari vazilsri vazisi ifraz
edir.Selik o6rtuyd bahgin badsninin suda surtinmasiniazaldir, xastaliktoradici bakteriya ve
go6balaklardan qoruyur.

Baliglar boyldukce onun pulcuglari da boydydr. Har bir
pulcugun Uzarinda dairavi rangli tiind zolaglar amals galir. Bu
halgalari saymagla baligin yasini tayin etmak olur. Qigirdagl
bahgin dods Uzgacinin tikan slasinin en kasiyinda olan
dairalerin  sayina go6re bahgin yasi miayysn edilir.
Pulcuglarin tzarinda onun yasini miayyan edan illik Gzuklar
var (Sakil 1.).

Baliq pulcuglarinin (¢ asas ndvu var. Onlar formasina
gora secilir. Plakoid, ganoid va stimiklar.

Plakoid pulcug genis asasdan va onda oturan tikandan
ibaratdir. Oturacaq romb sakilinde plastinkadan ibaratdir. %Ml 1. Puleugun ssthinda anun
Daxili bosluju gan-damarlari ila temin olunur. Plakoid Y3 mieyyen edenillik Gzikler
pulcuglar bark maddslardan ibaratdir.Qanoid pulcuglar romb sakilinde va bir-birina bagh
formada olur va bitin badani shats edir. Onlara nara quyruq baliglar aiddir. Simukli pulcuglar
darialti vazids yerlasir. Onlar dairavi illik plastinkadan ibaratdir.

Tayin edilmisdir ki, pulcug mirakkab coxkomponentli sistem olub asassn mineral
maddalardan va kollagendan ibaratdir. Baliglarin miuxtalif novlsrinin pulcuglart kimyavi
tarkiblarina, 6lgllaring, galinhglarina, duzaltslarine va spesifik xususiyystlarina gora bir -
birindan farglanir. Baliq pulcuglarinin tarkibinin 60% dan c¢oxunu kollagenlar taskil edir.
Kollagen -skleroprotein qrupuna aid olan tabii polimerdir. Amin tursularin névbalasan
galiglarindan ibarat olan polipeptid zancir kollagenin ilkin strukturudur. Onlarin tadgigati Ugiin
fraktal struktur-sistemin taskili, faaliyyati idars etmanin asasi ola bilar [1-2].

Baliglarin pulcuglarinin sathlsrinin (atom-molekulyar ssviyyads) mikrostrukturla-rinin
optik va elektron mikroskoplari ils tadqiqi gostarir ki, pulcuglarin sath quruluslari ils tabii
kristallarin ssth quruluslari arasinda heyrstamiz oxsarliglar mévcuddur. Bundan slave baligin
muxtslif nayihalarindan goturilmis pulcuglarin dielektrik nifuzluglarinin va dielektrik itki
bucagdinin tangensinin tezlikdan astlihginin tadgiqi apariimis va askar edilmisdir ki, tezliyin Kigik
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giymatlarinda ham dielektrik nifuzlugunun ham ds dielektrik itki bucaginin azalmasi sonra isa
praktiki oaraq sabit galmasi misahida edilmisdir. Qeyd olunanlardan gortnur ki, uzun illsr agiq
havada galmagla mixtalif tabistli agressiv tasirlara baxmayaraq formalarini va xassslarini pratiki
olaraq saxlayan baliq pulcuglari ham ayriligda, ham ds digar materiallarla garsiligl tasirde ham
sirf elmi, ham de praktiki cahatden maraq kesb edsn tadgigat obyekti ola bilar. Bunu nazars
alaraq tagdim olunan maruzada baliq pulcuglarinda askar edilmis fllioressensiya effekti barads
malumat vermak istardim.

Balig pulcuglarinin liminessent xassalari Cary Eclipse fllorimetri vasitssila tadqig
edilmisdir [3]. Cary Eclipse fluorimetri miuxtalif tabistli nimunalarin spektral xassalarini
Oyranmak Gc¢ln universal cihazdir. Cihaz bioloji va materialsunasliq sahasinda tadgigat Ugin
uygunlasdiriimisdir. Hayacanlandirma manbayi kimi texniki gostericilari asagidaki kimi olan
impuls ksenon lampasindan istifads edilmisdir. Saniyada 80 parilti va piklar arasinda ekvivalent
guc 75kVt.

Fokuslayici optik qurgu kimi Svardssil kollektorundan istifads edilmisdir. Cerni — Turner
konstruksiyasinin kémayi ile monoxromatorlar va Ufqi yariglar idars edilir. Secilmis 6 yarig: 1.5,
2.5, 5, 10, 20, 10mm mdvcuddur. Eclipse cihazinin iki monoxromatoru var va har
monoxromatorla biri digarindan asili olmadan skan smaliyyati aparmag olur. ©gar hayscanlanma
va skanetma emissiya monoxromatoru vasitasils geyd edilibss onda emission spektr va ya bir ¢ox
hallarda fluoressensiya spektri alinir. Emissiyon spektri materialin tabisti ve molekulyar qurulusu
haqginda malumat dasiyir. Fluoressensiya spektrinin formasi hayacanlandirici isigin dalga
uzunlugundan asili deyil bels ki, emissiya an asagi hayscanlnamis hal tarsfinden yaranir.
Fluoressensiya spektri adsten 6ziunu udulma spektrinin glizgl sksi kimi gosterir. Emissiya
monoxromatoru ila fikse edib, hayacanlanma monoxromatoru vasitssile skanetmakls
fluoressensiyanin hayscanlanma spektrini almaq olar. Hayacanlanma spektri verilmis dalga
uzunlugunda emissiya intensivliyinin skansedilan hayacanlandirici isigin dalga uzunluglarindan
asthihgidir. Har iki monoxromatorla eyni zamanda ham tacriiba aparib ham da skansetmakls
sinxron skanetma spektrlari almaq olar.

Fluoressensiya spektrinin xarakterik xtsusiyyati nimunanin kimyavi tarkibi ils elementar
qurulus va nimunanin diger dinamik dayisikliklarla bagl olan proseslarle yliksak ayirdetma
xususiyyastine malik olmasidir. Flioressensiya spektri kifayat gadar Kkicik zaman diapazonuna
malikdir. Ctinki, isigin udulmasindan 10°® san sonra fluoressensiya bas verir. Bu zaman kasiyinda
bitun proseslar molekulyar saviyyada basa catir. Fluoressesniya spektrinds enerjinin stialanmasi,
dasinmasi, hamginin komponentlar arasinda i
yuklsrin va enerjilarin mibadilasi qisa muddatli |
dinamik proseslarda 6z aksini tapir. Butn bunlar :
materialin ~ statik  xassalarinin ~ va  qurulus
xususiyyatlarinin -~ dyranilmasinds  va  dar
liminessensiya  zolaglarinda isiq  signallar
vasitssile askar edilan proseslarda 6zinu gostarir.

Baliq pulcuglarinin hayacanlanma
spektrinin  tadgiginin  naticaleri  sakil 2-da ; - X
gosterilmisdir. Alinmis spektr pulcuglarin dalga - *Daiga urmningn (am)
uzunlugu 230nm olan isigla hayacanlanmasi Sakil 2 Balig pulcuglarirnn hayacanlanma spektri
naticesinda alinmisdir. Spektrda muxtslif piklar
alinmisdir. Onlarin bazilsri balig pulcuglarinin fllioressensiyasini xarakteriza edir va sakil 3-da
gosterilmisdir. Sekil 3-dan gorunduyl kimi 396,96, 388, 265,93 ve 253,64 dala uzunluglu
signallarla hayacanlanma zamani mivafiq olaraq 541,02, 528,96, 362,00 ve 495,97 dal§a
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uzunluglarinda flioressensiya spektrlari askar edilir. Askar edilmis bitiin FS-larin intensivliklari
hayacanlandirici signallarin intensivliklari ila mugayisa olunan tartibda olur. Belaki, 396,96nm
dalga uzunluglu hayscanlanmada fliioressensiya pikinin intensivliyi 28 atom enerji vahidi, 380
nm dalga uzunluglu hayscanlanmada
fltioressensiya pikinin intensivliyi 40 atom
enerji vahidina gadar artir. Uygun olaraq
265,95nm dalga uzunlugunda fllioressen-
siya pikinin intensivliyi 63 atom enerji
vahidinagadar artir.  253,64nm  dalga
uzunluglu hayacanlanmada iS9
fltioressensiya pikinin intensivliyi 13 atom
enerji vahidina azalir.

Intensivliyin dayismasi bir teraf-dan
ksenon lampasi spektrinds intensiv-liklarin
geyri barabar paylanmasi ils digar tarafdan
isa flloressensiyanin kvant ¢ixislarinin _ - .

- - Dralga wrmnlugu (nm) Dalga nruslogs (nm)
foQ|I olmas| . lla e_laqedgrqw. Sakil3.Elaliqptﬂcuqlarmdaf‘lﬁuressensi:rasuu xaralkteriza
Hayacanlandirici  signallarin intensivlik-  ;uon bazi intensiviikli pitar
lari ila alinmis fluoressensiya piklarinin
intensivliklarinin miigayisasindan asagi-daki naticays galmak olar ki, tedgiq olunan material
0z0nu kaskin sakilda biruza veran fliioressensiya xassasina malikdir.
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[acaHoBa, ViccnegoBaHMs CMEKTPOB (h1yOpecUeHUMN U AU3NEKTPUYECKUX CBOMCTB
komnosnTtos M3BIT +x 006.% TIGaSe2 3nekTpoHHad 06paboTka Matepuanos, 2013,
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Intensivhik (a.v.)
Intensiviik (a.v.)

1% ‘. . i P " " i
Dalga weuslugs (nm) Dakia wrunbsgu (mm)

Intensiviik {a.v.)
Imtensinlik {a.v.)

N3MEPEHNA BbICOKYACTOTHbBIX AN3SNTEKTPUYECKNX NMAPAMETPOB
YXNAKOCTEW (eT' n eT") MNPV OHE BOJIHbI | =3,21cm (CBUY)
C.M. YceitHoBa
BakuHcKkuii TocyaapCTBEHHbIV YHUBEPCUTET
moonsun8486@mail.ru

!

MPOBOAUAMCL  U3MEPEHMS1  BbICOKOYACTOTHON  AM3NEKTPUYECKO MpoHWuaemMocTn €' u

[VM3MEKTPUYECKAX MOTEPs €'  YACTOrO LMKIOMeHTaHoHa (CsHgO) M €ro  KOHLEHTpPUPOBAHHBIX
pacTBOPOB B LykioneHTaHe (CsHyo) B WIMPOKOM TemnepaTypHoMm uHTepeane (0T -40°C go +40°C).
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3mepsanochk TONLMHA C0S XKMAKOCTM Im npu nepsoM aKCTpemansHoM 3HadeHunh, C npumeHeHnem

HOMOrpamMmm BapnalunoHHOIo MeToAa HENOCPEACTBEHHO Ornpeaenanncb 3Ha4eHUA eT' n eT" .
[laneKTpuyeckass MpoHULaeMocTb e u notepn e’ , (e=e'—ie”) uccnefyemoii
Xugkoctu umknoneHTaHoHa (CsHgO) M ero KOHLEHTPMPOBaHHbLIX PacTBOPOB B LMK/IONEHTaHe
(CsH1g) 6blM M3MepeHb! B LLUIMPOKOM UHTepBasie TemnepaTyp (0T-40°C go +40°C ) B avanasoHe
CBEPXBbICOKMX 4YacToT (CBY) npu pfnvHe BOAHbI | =3,21CM, MPUHUMNUQIBHO HOBbIM

BapUaLMOHHbIM MeToZOM [1-5], MCoNb3ys CreaytoLLme YpaBHeHUs Ans pacyeTa e’ n e’ :

e =( /1,0 +(/,fl-t924/2) (1)
"=20/1,)tga/2 )
rpe. | — ONnHa 3]'IeKTp0MaFHI/ITHOI7I BOJIHbI B CBO60,EI|HOM NPOCTPaHCTBE MpPW OTCYTCTBUI CPeAbI,

| ,— KpUTMYecKas [AMHA 3NEeKTPOMArHWTHOM BOMHbI, OMpefensemMas pasMepamyt BOSIHOBOZA
(I ,=2a, a —BHYTPEHHWIN pa3mep BOIHOBOAA), | ,— A/IMHA 3NEKTPOMArHUTHON BO/HbLI B MYCTOM
BO/HOBOAE, | , —//IMHA 3M1EKTPOMAarHUTHOM BOMHbLI B BOMHOBOAE 3aro/IHEHHOM wuccneayemoi

XXMAKOCTbIO, —MapamMeTp, XapaKTepu3ylowuii CTerneHb 3aTyXaHWUs 31eKTPOMarHWTHbIX BOSH B
BO/IHOBOZE, 3ar0/IHEHHOM UCCNeayeMO XUAKOCTbIO.

CornacHo Teopumn BO/IHOBOAHbIX NMHWIA nepefad [6, 7], KO3th(hULMEHT CTOSUe BOMHbI 1 B
BOJIHOBO/E OMpPeSenseTcs BbipakeHNeMm:

rpe:|1'|— Mogynb KOMMNEKCHO BeNNUMHbI KOA(MULIMEHTA OTPaXKEHNS

= z-thVl—z,
{'9' - |: thy 1+ 2,

ZoM Z — BOJIHOBblE COMPOTMB/IEHWS, COOTBETCTBEHHO, MYCTOr0 BOJIHOBOALI WM BOJIHOBOZAA,
3arno/IHEHHOr 0 1CccnefyeMoin Cpeaoil.

Tak KakK (umkcaums 3KCTpeMasbHbIX TOYEK OCYLLECTB/AETCA C BbICOKOM CTeneHbHo
TOYHOCTKH, TO LenecoobpasHee 6bII0 B KayecTBe M3MepsSeMbIX MapaMeTpoB, WCMO/b30BaTh
BeNMUUHBI | 1 h , COOTBETCTBYIOLLME SKCTPEMASIbHBIM 3HAUEHUAM 3aBUCUMOCTU 1) OT .

Mocne npeobpa3oBaHWii ypaBHeHW (1) M (2) WMMEET, YTO 3KCTPEMa/lbHble 3HAYEHUS
KO3(humLMeHTa CTosAYeld BOHbI B BOIHOBOAE h,, nNpw TOMLLMHE CNOS XMAKOCTW B BOSTHOBOLHOM

CeKLMM paBHOM | ONKCLIBAIOTCS ABYMS YPaBHEHUAMMU.

_ \/ cth(2pxy) + yctg(2p X) 4
th(2p xy) - yt9(2p x)

m

he - | th@pxy) - yt9(2p X) 5
cth(2p xy) + yctg(2p x)
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npu hm =1 06a ypaBHeHWs NPUBOAATCS K BbIPAXKEHUIO BUAA:

sh(p x'y) =-ysin(p x) (6)

rae: x=1,/1,, y=tgA/2;
MonyyeHHble ypaBHeHUs (3)—(6) cogepxaT NuWb (YHKUMW [BYX BCMOMOraTeslbHbIX
napamMeTpoB Xv Yy W B MPUHLMMNE YCTaHAB/NBAKOT CBA3b MEXAY BEIMUMHON AM3NEKTPUYECKON
MPOHNLAEMOCTI €', AWN3NEKTPUYECKUX MOTepb € W ANWHbI 3NEKTPOMArHUTHOM BOJHbI

XUAKOCTU Ig N 3KCNepnumMeHTasibHO onpependeMmbiIM3Ha4€HNEM TOMLWWHBLI CNOA >XUAKOCTU B

Avelike |, Mpu KOTOPOM OOGHapYXXMBAaeTCA 3KCTPEMYM |f| wam h_ npu 3TOW TOMWMHE

m

XWAKOCTWU, Npu yCcnoBuun, 4YTo 3Ha4Ye€HWUA | n |b n3BeCTHbl. OAHaKo, MONYYUTbL 3Ty CBSA3b B

SBHOV (hopMe He MpeacTaBnsAeTCs BO3SMOXHbIM M3-3a HaMumMsl B UCXOAHbIX ypaBHEHUAX (5) n (6)
TPaHCLEHAEHTHbIX (YHKUMIA. B 3TOW CBA3M NPELNOXKEHHbIA HOBbIW, BapyauUOHHbIA MeTO[
M3MEPEHNS AN3NEKTPUYECKMX NapaMeTpoB B Amana3oHe CBY, npegnaras HOBbIW, rpaduyecKuii
MeToZ (HOMOrpammamu) pelleHUst He TOMbKO YCTPaHWN [aHHbIA HeAoCTaTOK CYLeCTBYHOLLMX
METOZ0B, HO OTKPbIN HOBble BO3MOXHOCTU [/19 WCCNeA0BaHUA MONAPHBIX >KUAKOCTEW C
60MbLINMMN MOTEPSMU;

TakK KakK y Takux >XULKOCTel B 3aBMCMMOCTM 1 OT | nofyyancs nub OAUH Makcumym, a

OAMH MaKCUMyM MO3BOAS OMPeJeNuTb 3HaueHns e 1 e yxe CYLLECTBYIOLMMU MeTodamu
(3T meToaMKM TpeboBann 3HaHKE Tpex 1 6onee 3HayeHMn makcumymos B h = (1)) [2, 3] aTo,

cnefyrouie HomorpamMmbl: 1) HomorpamMbl K rpaguyeckomMy Metogy BblumcrieHua |, u

tg A/2N0 3KCMEPUMEHT/IbHbIM 3HayeHusM | 1 h_ nNpyu TOMWWHE CMOA >XUAKOCTM B
BO/IHOBOAHOW fiYeiike, Npu KOTOPOM MMeeT MeCTO NepBblii MUHMMYM 3aBucuMOCTM h oT |, B
MIOCKOCTU KOOpAuHaT [x: I/l g yJ; 2)Homorpammbl K rpagpuyeckoMy MeTOAY BblUMC/IEHUA
| , 1 tgA/2 N0 3KCMEPUMEHTAbHBIM 3HadeHUsM | 1 h , Npu To/LHE CNos XUAKOCTN B

BO/IHOBOAHOWN fYeliKe, NMPU KOTOPO MMeeT MeCTO MNepBbli MUHMMYM 3aBUCUMOCTM 1 OT IB
MI0CKOCTU KOOPANHAT [I /1o tg A/Z]; 3) Homorpammbl K rparyeckomy MeTOAyY BblYMC/IEHUA

m?

e’ u e"’ no aKcnepuUMeHTaNbHbIM 3HaueHnsaM | 1 h  npy TOALMHE CNOS XMAKOCTM B KOTOPOi

MMeeT MeCTO NepBbIii MUHUMYM 3aBUcUMOCTY h OT |, B nnockocTy koopauHart [e” ;e ] [1-5].
VIMEHHO C NpUMeHeHWeM BapyaLMOHHOr0 MeToAa Oblnv UCCNeAoBaHbl LIMK/IOMNEHTAHOH Y
ero pacTBopbl B LMK/IONEHTaHe. Pe3ynbTathbl faHbl B Tabniuue 1.
Tabnuua 1
[l13neKTpuyeckast NPOHMLLAEMOCTb €' 1 NoKasaTe/b MornoLeHns e
pacTBOPOB LMK/OMEHTAHOH-UMKIONEHTaH A=3,21 cm

Temn KOHLEHTpaLWs LIMKNOMNEHTaHOHA B MOMbHBIX A0/NSX

eparypa t°C 0,1724 0,3572 0,5556 0,7692 1,0

L)

£ 1

L]
L]

L)

-40 205 |416 0,94 6,52 2,34 8,47 | 4,02 9,39 5,76 9,70 | 6,36

-20 202 |420 |085 6,50 | 2,06 8,63 | 348 10,11 | 518 10,73 | 5,74

0 2,00 4,21 0,76 6,53 1,82 8,86 3,06 10,81 | 4,24 11,81 | 4,91

20 1,97 1,97 0,72 6,63 151 8,90 2,70 10,58 | 3,45 11,75 | 3,78

40 1,94 1,94 0,65 6,70 1,44 8,81 2,34 10,20 | 2,91 10,86 | 2,72
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LinknoneHTaH He nonsipHas xugkocTb (e’ =0). C npuGaBneHneM KOHLEHTpaLum
LIMK/OMEHTaHOMa Taloke U TeMnepaTypbl 3HaueHns e ne'  nnaBHO yBenmumBatoTCs.
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PABHOBECHbBIE JN3TEKTPNYECKUWE CBOVICTBA UMKITOMEHTAHOHA
C.M.YceinHoBa
BakuHckuid TocyaapcTBeHHbI YHUBEPCUTET
moonsun8486@mail.ru
Ha ocHoBaHun MPOBEAEHHbIX 3KCNEPUMEHTOB M NONYYEHHbIX AaHHbIX pacCuMTaHbl CTaTUNYECKadA
npPoHUUaTeNbHOCTL W €e  3aBUCMMOCTb OT  TemMnepaTypbl, NpeaenbHO BbICOKOYaCTOTHaA

€= IN3NeKTpuYeckas NPoOHULLAEMOCTb 1 eé TemMnepaTypHas 3aBUCKMOCTb. PaccumTaHbl MOneKy sipHble
( NapamMeTPbl Py~ AUNObHLIA MOMEHT MOJEKY/bI LMKNONEHTaHOHa U §- KOPPENSLMOHHbIA hakTop.

TemnepaTypHble  3aBUCMMOCTM  CTaTUYECKOW  AM3MEKTPUYECKON  MPOHULLAEMOCTU
€oMcCneoBaHHOM XunakocTn (UmknoneHTaHoH CsHoO nnmn CH,(CH,)3CO) npuBefeHbl Ha pyc 1.

I i L 3
¥ Y

!_.

716 10°

) t”

&}é}‘j fﬁ

Puc.1. TemnepatypHas 3aBUCUMOCTb CTATUHECKON AUANEKTPUYECKOA
NMPOHULLAEMOCTY EoLIMK/IONEHTaHOHA.

AHanM3 [aHHbIX HW3KOYaCTOTHbIX (HY) wu3mepeHWidi npoBefeH C UCMO/b30BaHWEM
ypaBHeHusi OHsarepa-Kupkeypa-dpenvxa (1), BbiBOg Wr0 13  CTATUMYECKOW Teopum
[V3NEKTPUYECKO nonsipusaumm [1-4]:
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C(e,-e.)2e,+e,)( 3 Y VKT
gmz_ 3e, (ew+2j 4pn _mi ()

rge: e,— npegesibHoO HM3KOYaCcToTHadA, T.€. CTaTU4eCKaa OU3NeKTpuyeckasd NnpoHnLaemMmocCTb, e -

npeAensbHO BbICOKOYACTOTHAA T.e. U3MepsieMas B ONTUYECKOM Ayana3oHe BOSH AM3NeKTpUYecKas
MPOHML,AEMOCTb BELLECTBa.
MNapameTp
g =1+1zcosg 2

CTPYKTYpHbIV (PakTop, ABNAIOLLEACA NOCTOSHHON BENMYNHON ANt [LAHHOM MONEKY b, Z —
cpefHee KOOPAWHALMOHHOE MOJMEKY/bl MOMIAPHOA >KUAKOCTW, COSQ— CpefHee 3HaueHue

KOCMHYca Yyrna Mexay HanpaBfeHusMU AWnonei COCEAHWX MOMEKYN; ¢— MOXET CMYXWUTb
MEpPOI OTKNOHEHWS 3M(EKTVBHOTO AWUMOMBHOTO MOMEHTA M, MOMEKY/bl B XWAKOW (hase OT

3HaueHus eé MOMeHTa M. B rasoBoi (ase: \/_:&_ Mpy g =1 3PeKTUBHbIA AUNOMbHLIN
m

MOMEHT COBMafaeT C MOMEHTOM M30/IMPOBAHHON MONEKY/bI, YTO YKa3blBaeT Ha OTCYTCTBME B
nccnefyemon XXnLKoCcT OPUEHTALMOHHOTO BAMSHUA KOPOTKOAENCTBYOWMX cun. Mpu & >1, Kak
cnefyet u3 ypaBHeHus (2), cosg >0, YTO 3KBMBA/IEHTHO NapaafeflbHOMY BbICTPaMBaHUIO
Aunoneni, T.e. Npeo6nafaHnio OTKPbLITbIX LIENOYeYHbIX CTPYKTYp; mpu g <1, cosg <0, 4To
9KBMBA/IEHTHO aHTMMapan/ieNlbHOMy BbICTPaMBaHWIO AMMONEA MAM NPeobnafaHnio 3aKpbITbIX
LIENMOYEYHbIX CTPYKTYP.

B Tabnuue 1 npvBedeHbl pe3ynbTaTbl pacyeTa m, W ¢ UMKIOMNEHTaHOHa, W [Aia
CpaBHeHWs, aLeToHa. B KayecTBe €=, BXOASLLErO B pacyeTHoe ypaBHeHMe (1), B3ATbl 3HAYEHUA
BbICOKOYACTOTHOrO MpeAena AMCNepPCMOHHON 06/1acTh, MONYYEHHOE 3KCTPanosaUMen AaHHbIX
MUKPOBOJTHOBbIX M3MepeHUiA. 3HaueHsi MOMEHTOB M30/IMPOBaHHbLIX MOJIEKYN M), BblOpaHbl Ha
OCHOBE aHa/13a 60/1bLLION0 06bEMa IKCMEPUMEHTA/IbHBIX AAaHHBIX.

Tabnuua 1

Ah(heKTUBHbIE ANNOSbHBIE MOMEHTBI M, U KOPPENALMOHHBIE MapaMeTpbl g MOMyYeHHble

no ypasHeHmio (1), npu t=20°C.

CoegauHeHve XuMuueckas e e g
Ghopwyna 0 o My o Mo
LinknoneHTaHOH CsHgO 13,24 13,13 2,45 3,00 0,67
ALETOH (CH,3),CO 21,03 1,90 3,03 2,85 1,09

Mo p[aHHbIM Tabnuubl 2, BENUYMHBI BbICOKOYACTOTHLIX MPEAENoB  AMCMEPCUOHHBIX
obnacteli  LMKMOMEHTAHOHA, HECKOMbKO MPEBbLILAKT  3HAYeHMs KBagpaTa OMTUYeCKUX
nokasaTesiell MpenoMfeHns, YTO CBWAETENbCTBYET O BEPOSITHOM  CYLIECTBOBaHWM B
LUMKNONEHTaHOHE  [IONONMHWUTENbHOM  BbICOKOYACTOTHOM  06nacT  MOrNoLeHUs.  AHanu3

TeMNepaTypHbIX 3aBMCUMOCTEN €, MNOKa3blBakT, 4YTO HE3Ha4yuTes/IbHOE BO3pacTaHWE € C
YMEHbLUEHMEM TEMNepaTtypbl CO34aeTcd W3MEHEHWEM MJIOTHOCTU d ”n KONM4ecTBeHHO

e M
onucbiBaeTcA ypaBHeHmem Knasnmyca—MoccoTTu, 3anncaHHoro B Buge —= 5 -?z const ,rge
e +

0
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M- MOneKynspHblii BeC. OTO CBUAETENbCTBYET O TOM, UTO [AOMNONHWTENbHAs 06/1acTb AUCIEPCUN
CcBfA3aHa C aTOMHOIA Nonspu3aLuein, KoTopas CONPOBOXAAETCSA MOrNOLLEHEM PE30HAHCHOIO THNa

cnegyetr TakkKe OTMEHWUTb, 4TO HaﬁAeHHble 3Ha4yeHuna e_ = BO BCEM WCCNELOBAaHHOM

o]

TEMMNepaTypHOM  WHTepBase, HaxoAaTca B  XOPOLWMM  MNPUOGAVXKEHUW C  BEIMHMHAMM
paccuMTaHHbIX No opmyne Cmalica [5].

f— 2 —
e, -1 —105. Np 1, 3)

e, +2 n2 +1

0

roe: np— KO3((UUMEHT MpenoMIeHUs, W3MEPEHHbI B OMTWMYECKOM [yanasoHe BOSH;
KoatppmupmeHT 1,05 yunTbiBaeT BKNag B<=, 00yC0BAEHHbI aTOMHOIN Nonspusaumen.

Tabnuua 2
BbICOKOUACTOTHbIE npeaenbl gucnepcun e UMKMoneHTaHoHa
npv pasnnyHbIX TeMnepaTypax.
Te(:vmepaTypa, -40 -30 -20 -10 0 10 20 30 40
C
BbICOKOYACTOTHbIA 2,240 2,225 2,190 2,165 2,140 2,115 2,090 | 2,065 2,040
npegen €

Y aleToHa BenmumHa g 6113Ka K1; U3 Yero crieflyeT, UTo YMCTbI aleToH XapaKTepuayeTcs
Xa0TUYECKUM pacnpefeneHnemM Monekyn. TOT BbIBOA MOAKPENISETCS AaHHbIMU OMTUYECKUX
“ccneaoBaHuMiA PeneeBcKoro paccesiHus caeta [6, 7]

Y UMKMONeHTaHOHa BeNMYmnHa 3(eKTUBHONO AMMONbHOIO MOMEHTA # | onpefieneHHas no

ypaBHeHM0 (1), MeHblLe YeM 3HaUYeHVe AMMOMLHOTO MOMEHTAa MONEKYbl T onpefeneHHoro B
ra3oBoii (pase; 3TO yKasblBaeT Ha TO, YTO B YMCTOM LMK/IONEHTaHOHE UMEET MECTO JIOKa/IbHble
06pa3oBaHMA C aHTUMapafieNlbHOM OpUeHTauUMen B HUX 6/IM3KOPACMONOXKEHHbIX AUMONENA.
CyulecTBOBaHMe TaKMX 06pa3oBaHWii, NO-BMAMMOMY, HE CBS3aHO C AeCTBMEM CneunnyecKmx
MEXMONEKYNAPHbIX CUJI, TaKUX Kak , HanpyMep, BOAOPOAHbIX CBA3EN, a 0OBbACHAETCSA AENCTBMEM
cthepurueckmx akTopos [6, 7].
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GEPTILBENZOL DOYMUS BUXARI ELASTIKLIYININ TEMPERATURDAN
ASILILIGININ TOCRUBI TODQIQi VO ANALITIK iIFADSSI
F.Q. Abdullayev, Y.A. Cabiyev, H.S. Hasanov'
Azarbaycan Dovlat Neft va Senaye Universiteti
'Baki Dévlat Universiteti

T=(273,15 — 712,85) K temperatur intervalinda geptilbenzol doymus buxari tazyiqgi tac- riibi tadqiq
olunmus. Alinmis tacriibi naticalar asasinda geptilbenzolun Pg- Ts astlihgini ifads etmak gclin yeni tanlik
toklif olunur. Hesablama xatasinin giymati £ 0,01% - dan bdyik olmur.

Aromatik karbohidrogenlar muasir ssnayenin demak olar ki, butlin sahalsrinds ge- nis
istifads olunurlar. Bu maddalarin istirak etdiklari proseslarin aksariyysti temperatur va tazyiqin
cox genis dayiilma intervalinda bas verirlor. Bela proseslarin elmi cahatdan dlizgin
lahiyalandirilmasi va iqgtisadi ssmarasinin yikssk olmasi Uglin genis temperatur va tazyiq
intervalinda aromatik karbohidrogenlarin istilikfiziki xassalarinin daqiq giy- matlarinin malum
olmasi muhim shamiyyat kasb edir. Deyilanlari nazara alarag, biz maye geptilbenzolun doymus
buxari tazyiqini T=(273,15 -712,85) K temperatr inter- valinda tacrlbi tadqgiq etmisik.

Tacrubalar benzol, toluol, etilbenzol va s. maddslarin P<—Ts asililiglarinin tadgiqgin- ds
istifade olunmus P —u —T qurdusunda [1] apariimisdir. Tacribalards temperatur, xisusi sifarisle
hazirlanmig PTS-10 tipli, nimunavi platin migavimat termometri ils 6l- ¢ulir. Temperaturun
6lcilmasinds buraxilan mutlaq xsta + 0,01 K -dan boyuk olmur. Nisbi xatanin gimati bundan da
kick olur.

Tazyiq standartlasdirma markazlarinda xisusi yoxlama ke¢mis, niunavi MP-60 va MP-600
tipli , pistonlu manometrlar vasitasila ol¢llur. Tazyiqgin 6lgilmasinds buraxilan nisbi xatanin an
boyik giymati £0,01%-dan boyik olmur.

Tadgiqgat ugtn istifada olunan “CDA”( cistly dlya analiza) markal geptilbenzol nimunasi,
yuksak hassasliga malik rektifikasiya kalonunda tskrar tamizlenmisdir. Ted- gigatda istifads
olunan geptilbenzol mayesi tamizliyinin 99,9% olmasi miayyan edilmis- dir.

273,15 — 523K temperatur interalinda doymus buxarin tazyiqi, bu magsad ¢ln hazirlanmis
xususi U-sakilli manometrls olcilur. 523 — 598K temperatur intervalinda tacriibsnin tazyiqgi MP-
60 tipli, pistonlu manometrls olcilir. 598 — 639K temperatur intervalinda tacriibanin tazyigi ham
MP-60, ham da MP-600 tipli, pistonlu manometr- larls 6l¢tlmusddr.

Tacrubi qurgu doymus buxarin tazyigini ham nimunani qizdira-gizdira, ham ds soyuda-
soyuda 6lgmaya imkan verir. Bu imkandan istifads edsrak geptilbenzol doymus buxarinin tazyiqi
iki dafs , ham qizma prosesi zamani, ham da soyuma prosesi zamani Olculmusdir. Muxtslif
tacriibalards tazyiqin dlgilmus giymatlari arasindaaki farq +0,01%-dan bdyuk olmur.

Geptilbenzol doymus buxari teziginin tacriibi 6lculmis giymatlari asagidaki cadvl 1-da
verilir:

Cadval 1
t°C T.K t P,, bar t°C T, K t P,, bar
0 273,15 0,3832 0,4476 x 10® 432 705,15 0,8992 21,1351
25 298,15 0,4182 | 5,0546 x 10® 433 706,15 0,9906 21,6483
50 323,15 0,4533 | 3,6413x10™ 434 707,15 0,9920 21,9086
75 348,15 0,4884 1,8665 x 107 435 708,15 0,9934 22.1711
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100 373,15 0,5235 7,3539 x 107 436 709,15 0,9948 22,4362
125 398,15 0,5585 2,3555 x 107 437 710,15 0,9962 22,7032
150 423,15 0,5936 6,3930 x 10” 438 711,15 0,9976 22,9732
175 448,15 0,6287 1,5173 x 10™ 438,2 711,35 0,9979 23,0274
200 473,15 0,6637 3,22549 x10™ 438,4 711,55 0,9982 23,0816
225 498.15 0,6988 0,6258596 438,6 711,75 0.9985 23,1363
250 523,15 0,7339 1,127130 438,8 711,95 0,9987 23,1908
275 548,15 0,7690 1,896054 439,0 712,15 0,9990 23,2453
300 573,15 0,8040 3,048004 4391 712,25 0,9992 23,2727
325 598,15 0,8391 4,709264 439,2 712,35 0,9993 23,3002
350 623,15 0,8742 7,026300 439,3 712,45 0,9994 23,3275
375 648,15 0,9092 10,164806 439,4 712,55 0,9996 23,3548
400 673,15 0,9443 14,307231 439,5 712,65 0,9997 23,3822
425 698,15 0,9794 19,650807 439,6 712,75 0,9999 23,4099
430 703,15 0,9864 20,881895 439,65 712,80 0,99993 23,4236
431 704,15 0,9878 21,135080 439,70 712,85 1,0000 23,4373

Tacrubi naticalar asasinda T=(273 — 712)K temperatur intervalinda geptilben- zol doymus
buxari tazyiginin temperaturdan asili olaraq dyisilmasini aks etdiran Ps.Ts grafiki qurulmusdur.
Bu grafikda har iki seriya tacrubalsrds tayin olunmus giymatlar geyd olunur. Bitin tacribi
naticalarin Gmumilasdirici ayridan kanara ¢ixmasi + 0,01%- dan boylk olmur.

Qrafoanalitik aragdlrmalar naticasinde muayysn olunmusdur ki, geptilbenzol doymus
buxari tazyiginin Ig P°(t) asilihdi ils etilbenzol doymus buxari tazyiginin IgPs(t) [2] asilihglari
arasinda

Lg P(1) =M + N 1gPs(r) 1)

saklinda xatti asililiq mévcuddur. T = 0,47 — 0,70 temperatur intervali tgln tanlik
lg P%°(1) = -0,525221 + 1,232125 Ig P (1) 2)
saklinda, T=0,70 — 1,00 temperatur oblasti t¢iin ise

lg P°(1) = -0,517423 + 1,203516 lg P*°(1) (3)
soklinda yazilir,
Biitlin tadgiq olunan 1= 0,47 — 1,00 temperatur oblasti t¢un geptilbenzol doy- mus buxari
taziginin (2) va (3) tenliklari il hesablanmis giymtlari ve onlarin tacrbada alinmis naticalarla
mugayisasi cadval 2-da verilmisdir.

Cadval 2
t,°C T.K t P bar P2 bar ( A Py/Pstac)x100%
61,89 335,04 0,47 |0,824246x10° 0,824849 x 10 -0,0732
69,02 342,17 0,48 1,300186 x 10 1,300186 x 10 -0,0008
76,15 349,30 0,49 2,003974 x 10 2,003974 x 10 0
83,28 356,42 0,50 0,302318 x 10 0,302318 x 10 0
90,40 363,55 0,51 0,447100 x10° 0,447094 x 10° +0,0013
97,53 370,68 0,52 0,649090 x 10 0,649090 x 10 0
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104,66 377,81 0,53 0,926193 x 10™ 0,926192 x 10° +0,0001
111,79 384,94 0,54 0,0130075 0,0130075 0
118,92 392,07 0,55 0,0179723 0,0179723 0
126,05 399,20 0,56 0,0245516 0,0245516 0
133,17 406,32 0,57 0,0330583 0,03305823 -0,0002
140,30 413,45 0,58 0,0439674 0,04396736 0
147,43 420,58 0,59 0,0578042 0,0578043 -0,0002
154,56 427,71 0,60 0,0752673 0,0752674 -0,0001
190,20 463,35 0,65 0,243436 0,2434355 0
225,84 499,00 0,70 0,646561 0,646561 0
261,49 534.64 0,75 1,450015 1,450014 +0,0001
297,13 570,28 0,80 2,905446 2,905445 0
332,77 605,92 0,85 5,338704 5,338693 +0,0002
368,42 641,56 0,90 9,176672 9,1766432 +0,0003
404,06 677,21 0,95 14,98683 14,986789 +0,0003
418,31 691,46 0,97 18,02941 18,029376 +0,0002
425,44 698,54 0,98 19.73543 19,735376 +0,000
432,57 705,72 0.99 21,57170 21,571636 +0,0003
436.14 709,29 0,995 22,54436 22,544315 +0,0009
438, 27 711,42 0,998 23,14549 23,14545 +0,0002
439,70 712,85 1,000 23,55394 23,553867 +0,0003

A Ps - PStGC_ PS(Z)’(S)

Cadva 2-den gorindiyld kimi butiin tadqiq olunan temperatur intervalinda (2) va (3)
dusturlar ils hesablanmis giymatlar ils tacribi naticaler arasindaki farg tscribanin nisbi
xatasindan, yani + 0,01%-dan boyik olmur.Yalniz T = 335,04K temperaturda nisbi xata -0,
07%-a barabar olur. Nisbi xatanin orta giymati + (0,001 — 0,002)%-dan bdyik olmur.

t =0,47 -1,00 temperatur intervalinda etilbenzol doymus buxari tazyiginin tem- peraturdan
astli olaraq dayisilmasini ifads etmak Gctn, xlsusi arasdirnalar naticesinds

P = P exp (so+ Si/77) (4)

saklinda dustur muayyan etmisik. Harada t =T/Ty, Tx = 619,55 K kritik temperatur; p =Ps/Py,
Pk = 37,195 bar kritik tazyiq, &, so ve s; mixtalif temperatur intervallar G¢in sabit amsallardir,
giymatlari da cadval 3-da verilir:

Cadval 3
Temperatur intervali ) So S$1 T S=s; xT, & Tkee
1 1=0,47-0,55 1,44 3,95522 -4,16447 10485,52 -43666,671
2 1=0,50-0,63 1,40 4,22889 -4,38446 8107,876 -35548,69
3 1=0,64-0,79 1,30 4,84304 -4,92634 4262,842 -2100,221
4 1=0,71-0,86 1,20 5,44813 -5,49857 2241,256 -12323,712
5 1=0,80-0,95 0,90 7,76903 -7,77839 325,7382 -2533,7179
6 1=0,94-1,00 0,80 8,94733 -8,94931 171,2620 -1532,6772
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Etilbenzol doymus buxari tazyiqginin, amsallarin 3-cli cadvalds gostarilan giymat- larindan
istifada edarak, (4) tanliyi vasitasile hesablanmis giymatlarini tacriibi naticalarla muqaiss etmkla
muayyan olunmusdur ki, butiin tadqgiq olunmus T = ( 0,47 — 1,00) tem- peratur intervalinda nisbi
xatanin maksimum giymati * 0,05%-dan boyuk olmur. Nisbi xatanin orta giymati ise + 0,01%-9
barabar olur.
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ION PARAMAQNIT REZONANSININ KOM®8YI iL8 SiNIiR LIFi
MEMBRANINDA iON NOQLI INTENSIVLIYININ OYRONILMSSI

N.i. Quliyev, E.X. ismayilov, R.M. Veysova, V.S. Zarbaliyeva®

Ganca Dovlst Universiteti, *Azerbaycan Dévlet Agrar Universiteti

Usulundan istifads etmak taklif edilmisdir va bu tsulun dstunliklari gostarilmisdir. Miayyan edilmisdir ki,
toxumalardan buraxilan carayanin keskin azaldi§i tezliya gbra membrandan kegan ionun névil barada
carayanin dayisan giymsatina gdrs isa verilmis ion naglinin normaya nazaran intensivliyinin dayismasi
haqgginda miilahiza yiritmsk olar.

Sinir impulsunun sinir lifi boyunca yayilmasi lifin membranindan ionlarin harakati ila
misaiyat olunan prosesdir. Bunlar asasan Na* va K* ionlaridir. Bundan basga membrandan
diffuziya hesabina daima CI" ionlari da harskat edirlar va bu ionlar G¢lin membran kifayst gadar
keciricidir. Bu va ya digar fizioloji proseslarda sinir va azals membranlarindan H* protonlarin
dasinmasi, xUsusils da ATF sintezi t¢lin bdyuk shamiyyat kasb edir.

Sinir va azala lifi membraninin funksional hali ionlarin dagsinma intensivliyi ils tayin edilir.
lon daginmas! intensivliyinin azalmasi, organizmds metabolizmin pozulmasini géstarir. Bu isa 6z
ndvbasinda bir ¢ox patalogiyalara ssbsb olur. Diger tarafdan, ion dasinmasi intensivliyinin
normadan ¢ox olmasi membranin angal funsiyasinin pozulmasini gostarir ki, bu da hamginin
pataloji proseslara gatirib ¢ixarir.

Ona gora da ham faal, ham da geyri-faal ion naglinin intensivliyinin saviyyasinin izah
edilmasi va onun norma ile migayisasi mimkun diagnostika masslasidir. Bu zaman diagnostika
maqsadlari Uglin mixtslif név ionlarin dasinmasi intensivliyinin segma gayda ila tayin edilmasi
boyluk maraq kesb edir ki, bu da hazirki magalsnin naticalarini aks etdirdiyi tadgigat isinin
magsadini taskil edir.
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Qarslya goyulmus masals, organizmi sabit magnit sahasinds (SMS) yerlasdirdikds yaranan
ion paramagnit rezonansinin kdmayi ila hall edils bilar.

Rezonansin yaranmasinin mahiyyati asagidaki kimidir (Sakil 1).

Sabit magnit sahasinin tasir gostardiyi 1 sinir lifi boyunca sinir impulsunun yayilmasi
prosesina nazar yetirak. Xarici sabit magnit sahasinin By induksiyasi life paralel yonalmisdir.
Bela vaziyyat asagi atraflari sabit magnit sahasi yaradan selenoidin oxuna paralel yerlasmis
insanin oturaq sinirlarinda yaranir.
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Sakil 1. Sinir lifinda ion paramagnit rezonansinin yaranmasi (1-sinir lifi membrani, 2-membranda harakat
edan ion, 3-dairavi carayan, 4-toroidal magnit sahasi, 5- xarici elektromagnit sahasi

Neyromembrana perpendikulyar V surati il harakat edsn 2 ionuna SMS-da F Lorens
quwvvasi tasir edir. Bu qlivwvea membranin sathi boyunca yonalmisdir ve vektoru lifin oxuna
perpendikulyardir. Bu qiivve ham membranin lipid molekullari arasinda diffuziya edsn, ham da
ion kanallarinda harakat edan ionlarin harakat siiratinin tangensial toplananini yaradir. ionlarin
tangensial harakati sinir lifinda 3 dairavi carayan yaradir. Bu carayan tasir potensialinin kec¢diyi
an maksimum giymats malik olur ki, mahz bu zaman ionlarin dasinmasi daha intensiv olur. 3
dairavi carayan va onunla bagli olan 4 torsakilli magnit sahasi lif boyunca tasir potensiali ila
birlikds harakat edirlar. Dairavi carayanla bagli olan magnit sahasinin xarakteristikasi Py, magnit
momenti ola bilsr. Kvant fizikasinin Gmumi middsalarina asassn, Py magnit momenti
istigamatca xarici magnit sahasi ila tst-Usts duss bilmaz [28].

Larmor teoremina ygun olaraq Py magnit momenti xarici magnit sahasinin By magnit
induksiya vektoru atrafinda w larmor tezliyi ila presessiya edacskdir.w tezliyini asagidaki
dusturla hesablamaq olar:

gqB

w om Q)
Burada g- dairavi carayan yaradan ionun yikid, m —onun kdtlasidir. Qeyd etmak lazimdir ki,
dairavi carayanin Umumi magnit momenti Py muixtalif név ionlarin neyromembranlardan
harakati ils tayin olunan magnit momentlarinin vektor camindan ibaratdir. ionlarin har bir néviina
presessiyanin muayysn larmor tezliyi uygun gelir. Asagidaki cadvalds, xarici SMS-nin
induksiyasi By=10 mTIl oldugda mixtslif név ionlar Ucin n =w/2p larmer tezliyinin
hesablanmis giymeatlari verilmisdir.

Cadval 1.
1 2 3 4 5 6
fon Na* K* H* cr Ca™ Mg**
n,Hs 3340 1970 76836 2195 3841 6403
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Bo=10mTI induksiyasi, maqgnitterrapiyada tetbiq olunan giymatlarin diapazonuna disr.
Bgar sinirlifini 5 elektromaqnit sahasinds yerlasdirssk onda xarici SMS atrafinda Py magnit
momentinin presessiya tezliyi ila elektromagnit sahasinin tezliyi tst-lsta disdikds paramagnit
rezonans yaranir. Rezonans tezliyi presessiyanin larmor tezliyine uygun galir va membrandan
harakat edan ionun fardi xarakteristikasidir.

Organdan dayisan tezlikli dayisan carayan buraxmagla hamin organda elektromagnit sahasi
yaratmaq olar. Dayisan carayanin tezliyi ila presessiyanin larmor tezliyi tst-Gsts dusdikda
yaranmis rezonans elektromagnit sahasi enerjisinin organ toxumalari tarsfindsn udulmasinin
artmasina gatirib ¢ixarir va bunun da naticasinds toxumalarin impedansi artir. Bu verilmis
garginlikda larmor rezonans tezliyinds dayisan carayanin giymatinin azalmasina sabab olur.

Toxumalardan buraxilan cerayanin kaskin azaldigitezliys géra membrandan harakat edan
ionun ndvu barada carayanin dayisma giymatina gora iss verilmis ion naglinin normaya nazaran
intensivliyinin dayismasi haqqinda milahizs yurtutmak olar.

lon paramagnit rezonans va elektron paramgnit rezonans hadisalari arasinda formal oxsarliq
geyd etmak olar [28].

Bioloji sistemlarda, tacriibi olarag Ca™ va Mg"™ ionlarinin magnit rezonansi askar
olunmusdur.

Belalikls tasvir olunan Usul hliceyra membranindan ion naglinin se¢ma intensivliyinin
diagnostikasini aparmaqg ¢tn qurgu yaratmaga imkan verir. Bu bir ¢ox patalogiyalarin haqiqi
sabablarini agmaga va onlarin mualicasi U¢un tasirli Gsullar yaratmaga imkan veracakdir.

Bir ¢ox pataloji proseslarin yaranma sabsbi hiiceyra membranlarindan ionlarin dasinmasi
prosesinin pozulmasidir. Bu pozulmalarin xarakteri mixtalif ola biler. Har seydan avval, onlar
membranin angal funksiyasinin pislasmasi ila slagadardir ki, bu da hiiceyrays artig miqdarda
ionlarin masalan, natrium ionlarinin daxil olmasina ve ya hiceyradan artiq migdarda kalium
ionlarinin ¢ixmasina gatirib ¢ixarir. Naticads, membranin elektrokimyavi potensialinin azalmasi
bas verir ve hiuceyra 0z funksiyasini yerina yetira bilmir. Massalan, sinir hiiceyrasi tasir
potensialini 6tirmir, sekresiya hiiceyrasi organizma lazim olan maddalari sintez eds bilmir.

Membranin kegiriciliyinin dayismasi ham ds ion kanallarinin ve mixtalif dasiyicilarin
isinin pozulmasi ils slagadar ola bilar. Bu hiiceyranin normal faaliyysti G¢ln lazim olan ionlarin
axinlarinin azalmasina gatirib ¢ixarir. Organizmda Umumi metabolizm prosesi asagi dusir.bitin
bu hadisslar barads ion paramagnit rezonansinin kémayi ila avvalcadan malumat almaq olar.

Belalikls ion paramaqnit rezonans sulu bir gox xastaliklarin sabablarini askar etmak Ugiin
yeni imkanlar agir va yalniz xastsliyin slamatlari ils alagadar olmayan daha daqiq mualica Gsulu
tayin etmak Uciin serait yaradir.

Bu Usulun tatbiqi Ucun, konkret patalogiyalarla muxtslif organlarin toxumalarinda ion
dasinmasinin intensivliyi arasindaki slagsnin askar olunmasi Uzra klinik tadgigatlar davam
etdirilmalidir.
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PASSIV ELASTIKi BORU MODELININ KOMaYi iL8 QAN
DAMARLARININ T&XMINI TOSVIRI
N.i. Quliyev', Y.B. Namazov', G.M. Valiyeva®
1-Ganca Dovlat Universiteti
2-Azarbaycan Dovlst Agrar Universiteti

Magals iri damarlarda gan axininin izahi t¢iin biomexaniki modellardan istifadays hasr edilmisdir.
Gostarilmisdir ki, biomexaniki modellarin muayysn mahdudiyystlari olsa da onlarin kémayi ila
damarlarda yiksak tezlikli ragslarin yaranmasi, nabz dalgasinin yayilmasi kimi fizioloji hadisslari izah
etmak mimkindir. Passiv elastiki boru modelinin tatbigi sayasinda elastiki boruda alava tazyiqdan asih
olmayan siiratls yayilan dispersiya etmayan taklanmis dalda alinmisdir.

Mayenin nazik elastiki divarli boruda harakasti maraql va kifayst gadar mirakkab fiziki
masaladir. Fransiz alimi Puazeyldan baslayaraq bir ¢ox tadgiqgatcilar, xtsusila de gan dévraninin
biomexanikasi sahasinds, bu masslays dafalerls miraciat etmislar [1,2]. Maragl naticaler
alinmisdir. ©n ¢ox nailiyyatlar mayenin reoloji xassslarinin axinin hidrodinamikasina tasirinin
Oyranilmasi va muxtslif elektrik analoglarindan istifadas ila alagadardir. Bu elektrik analoglarinda
axinin va elastiki divarin xarakteristikalari elektrik parametrlari: potensiallar fargi, tutum,
induktivlik va s. ila avaz edilir. Hazirki isds diggst mayenin elastiki boruda axini zamani
hidrodinamika tanliklarinin geyri-xattiliyina yonaldilmisdir. istifads edilon passiv elastiki
borunun real gan damarina yaxinlasma daracasina baxilir. Qarsiya goyulmus masals ils alagadar
olarag, tadqgiq olunan hidrodinamiki modelds sadslasmalara yol verilmisdir. Birincisi ideal
mayenin texminiliyi gsabul edilmis, ikincisi elastiki boru Ucln atalatsizlik nazariyyssi istifads
edilmisdir.

Nazikdivarli elastiki boruda maye axinini sarti olaraq (¢ nisbatan sarbast hidrodinamik
hadisays bolmak olar: maye hacminin boruda dasinmasi, nabz dalgasinin yayillmasi ve
yuksaktezlikli ragslerin yaranmasi. Hazirki isds bu hadisslardan birincisina baxilir.

Organizmin vena va arterya gan damarlarinda gan axininin nazari masalalarine hasr
olunmus tadqgigatlar uzun tarixe malikdir. Onlar asasan iki istiqgamatds inkisaf edirlar: birinci va
daha genis fizioloji istigamat, zangin tacribi materiallara séykanan problemin nazari dark
edilmasidir. [4] Digar daha dar biofiziki istiqamatdir ki, burada asas massle damarlarda gan
selinin texmini hesablanmasidir [3,4]. Bu iki istiqgamat arasinda daqiq serhad yoxdur va bir ¢ox
tadgiqatcilar bu istiqgamatlarin har ikisindan eyni zamanda istifads edirlar [1].

Canli organizmda damarlarda ganin harakati har seydan avval gan axininin tanzimlanmasi
proseslari ila bagh olan mursakkab hadisadir. Bu tanzimlanma ¢ox saviyysli xarakter dasiyir: 6z-
6zlna tenzimlanma, neyroreflektor avtotanzimlanma ve s. Ona gdéra da gan damarinin passiv
elastiki boru kimi tasviri realliqdan kifayst gadar uzaqdir.

Qan axininin ikinci mihim xdsusiyyasti ondan ibaratdir ki, gan geyri-Nyuton qurulusa
malik, 6ziili-plastiki mayedir. ideal mayelar tigiin tanliklardan istifads ds hamginin yuxarida
geyd edilan modellasdirmani gercakliys yaxinlasdira bilmir. Bunun da naticesinds burada demak
lazimdir ki, ganin iri damarlarda harakatinin taklif olunan biomexaniki modeli yalniz (irak-damar
sisteminds misahids edilan bazi hadisalari tasvir eds bilsr. Onlardan bazilarina baxag.

Gostarilmisdir ki, passiv elastiki boruda axinin avtorags rejimi misahida oluna bilar.
Dogrudan da bir sira saraitlarda canli organizmin damarlarinda oxsar hadisslar inkisafi 10 Hs-dak
mumkiindir. Masalan, atin arteriyalarinda nisbatan yiiksak tezlikli ragsler muisahida olunmusdur
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ki, bu da nabz dalgasina alave olunmusdur. Oxsar hadiss gan axininin tsnzimlenmasi
mexanizminin pozulmasi zamani itin da aortasinda musahids edilmisdir. [5]. Lakin gorinur ki,
damarlarda axinin avtorags rejiminin an genis yayllmis tazahlri Korotkov Gsulu ila arterial
tazyiqgin 6lctlmasi zamani arteryada yaranan yuksektezlikli ragslardir. Korotkov yukskliklarinin
(tonun) tezliyinin dayismasinin analizi, canli organizmda damarin divarinin elastiklik modulunun
dayismasini giymatlandirmaya imkan verir.

Hemodinamikada diger mihim hadisa-nabz dalgasinin yaranmasidir. Modellasdirmanin
naticalari gostarir ki, bu hadiss butdvlikds hidrodinamika tanliklarinin geyri-xatti xarakteri ils
muayyan edilir. Nabz dalgasinin tasviri zamani asas rolu hemodinamika tanliklarinin birinci
tartibayrilisi oynadigindan sifir tertibla alagali olan “Bernulli effekti” damarlarda ganin nabzi
harakati zamani halledici olmur. Damarlarda tazyiq, damarin en kasiyinin sahasi va ganin surati,
umumilikda sinxron dayismasi malum fizioloji ganunauygunluqdur.

Qanin iri damarlarda axininin tasvir olunan biomexaniki modellsrinin mahdudiyyatlarina
baxmayaraq, onlar bazi fizioloji hadisalari izah etmays imkan verir: damarlarda yuksaktezlikli
ragslerin yaranmasi, hidrodinamika tanliklarinin qeyri-xatti xarakteri ila bagli olan nabz
dalgasinin yayilmasi xisusiyyatlari .

Elastiki boruda ideal maye axininin modellasdirilmasi zamani Eylerin sakli dayisdirilmis
tanliyindan istifada etmak lazimdir.

Passiv elastiki borularda axinin avtorags rejiminin mévcudlugu va bu zaman hidravlik
mugavimatin artmasi protez damarlara alava talablar qoyur. Bu protez damarlar kifayat gadar sert
materialdan hazirlanmalidir. Axinin avtorags rejiminin olmasina subut muxtalif akustik hadisalar:
sirilti, ses-kily va s. ola bilar.

Nazik divarl elastiki borularin istifads oluna bilacayi qurgularin masalan, biotexnologiyada
doylnan nasoslarin, siini gan dovrani aparatinin qurasdirilmasi zamani, selds borunun
tutulmasina gatirib ¢ixaran rezonans hadisasini nazara almaq lazimdir. Bu zaman qurgunun isinin
pozulmasina gatirib ¢ixara bilan gayidan dalgalar da ola bilar.

Belalikls, elastiki boruda tsklsnmis dalganin geyri-xatti modellasdirilmasi bela bir
muddaani stbut edir ki,qeyri-xatti proseslarin xususiyysti modelin parametrlarinin ¢ox Kicik
kamiyyat dayismalari zamani yeni keyfiyyst slamatlarinin yaranmasidir. Bunun ayani sibutu,
Korteveq ve Friz modelinin kémayi ila nabz dalgasinin modellasdirilmasinin va qeyri-xatti
Sredinger tanliyinin mugayisasi ola bilsr. Huk ganununun elastiki boru daxilinda slave tazyigls
borunun en kasiyinin sahasi arasindaki slagsni tasvir edan formasindan istifads, elastiki boruda
alave tazyiqdan asili Imayan slratls yayilan, dispersiya etmadan taklanmis dalganin alinmasina
gatirib cixardir.
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BIOLOJI VO FiZIKi SISTEMLSRIN TOKAMULU NSZORIYYSLORI 8SASINDA
BIOLOJI SISTEMLSRIN ENTROPIYASININ OYRONILMBSSI

N.i. Quliyev, R.M. imanov, K.R. Hasanova
Ganca Dovlat Universiteti

Bioloji sistemlards entropiyanin yaranmasi surati Gg¢un alinmis tanlik asasinda bioloji sistemlarin
tmumi xassslari analiz olunmus ve organizmlarin davranisi ils klassiktermodinamikanin 2-ci ganunu
arasindaki ziddiyyst izah edilmisdir.gostarilmisdir ki, bu ziddiyyst zahiran ela gorinir. 9slinds 6z-6ziina
proseslarin istigamsti acgiq sistemlar Gglin deyil, yalniz tacrid olunmus sistemlar {iclin entropiyanin
artmasi il tayin edilir.

Fizikada &yranilan hadisalara iki cir yanasma, onlarin tadgiginin iki saviyyasi
movcuddur.Birinci  saviyys hadisalarin tabisti barads daha Umumi ganunauygunluglarin
oyranilmasina asaslanan fenomenoloji saviyyadir. ikinci seviyys - yekun naticads hadisanin
elementar asasini iza ¢ixarmaga va onlarin kemiyyat xarakteristikalarini tayin etmays imkan
veran atom molekul saviyyasidir. Bu iki yanasma bir-biri ila heg cir zidiyyst tagkil etmir. X1X
asrin baslangicinda iki dahi tskamil nazariyyasi yaradilmisdir- Darvinin bioloji takamil
nazariyyasi va tacrid olunmus fiziki sistemin tskamiil nazariyyasi. ikinci tekamiil nazariyyasi
termodinamikanin ikinci ganununda formalasdirilmisdir. Bu ganun S.Karno, R.Klauzius, L.
Bolsman va C.Gibbs tarafindan kasf edilmis va onlarin asarlarinds asaslandiriimisdir. Elm
tarixcilari tarafindan he¢ ds hamise nazars alinmayan bir masslani geyd edsk. Natica etibari ila
tabistsunasligin butlin sahalari qarsthgli slagslidirlsr, bundan basga basar madaniyyati bitdv
sakilds inkisaf edir. Tokamil hagqinda massls takce biologlar garsisinda deyil, elaca da fiziklar
garsisinda deyil, elaca da fiziklar garsisida galxmisdir. Termodinamikanin ikinci ganunu ila
alagadar tadgigatlar mahz fiziki sistemin doénmaysn tskamilina hasr edilmisdir.
Termodinamikanin ikinci ganununa uygun olaraqg, tacrid olunmus fiziki sistem (yani atraf muhitla
na enerji, na da maddalar mubadilsesinds olan) 6z-6ziina ve donmaz olaraq tarazliq vaziyyatins
can atir. Bu vaziyyata maksimum geyri-nizamlilig ve maksimum entropiya uygun galir. Qeyri-
nizamlihq 6l¢usi entropiyadir. Tacrid edilmis fiziki sistem 6zinin an ehtimalli, geyri-nizamli,
maksimum entropiya halina dogru takamul edir. Bioloji tekamul mirakkabliyin yani nizamliligin
artmasi istigamatinda bas verir. Gorasan, bioloji va fiziki tekamillsr arasinda ziddiyyat yoxdur
ki? Ziddiyyat ilk baxisdan els goriindr. Canli organizm agiq sistemdir va entropiyanin maksimum
ganunu yalniz tacrid olunmus sistemlar G¢iin dogrudur. Aciq sistemda entropiya orta ve sabit gala
bilar. Lakin, bels sistemin daxilinda istehsal olunan entropiyanin migdarindan, onun xaricdan
daxils va ya daxildan xarica axinindan asili olaraq entropiya hatta azala bilar. ©gar biz canli
organizmin termodinamik balansini tayin etmak istayiriksa, onda bu canli sistemdan ibarat tacrid
olunmus sistemi ve bu canlinin gidalandigi maddani, suyu va havani dyranmaliyik. Dlbastta
termodinamikanin ikinci ganunu, canli organizmdan ibarst tacrid olunmus sistemds da 6danir.
Butovlikda sistemin entropiyasi artir, ona gors ki, kosmonavtin ayirdigi maddalarin entropiyasi,
onun gidalandigi maddalsrin entropiyasindan ¢oxdur. E.Sredingerin yazdigi kimi canli organizm
manfi entropiya ile gidalanir. Kosmonavt agiq sistemdir. Onun entropiyasinin dayismasi iki
hissadan ibaratdir-organizm daxilinds bas veran prosesler naticasinds istehsal olunan
entropiyadan d;S va daxils va ya xarice entropiya axinindan d.S

dS=d,S+d.S 1)
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diS kemiyyati misbatdir, o kosmonavti onu shats edan mduhitdan tacrid etdikds da
saxlantlir. de.S — in isarasi konkret vaziyyatdan asilidir. Agiqg sistemin entropiyasinin dayismasinin
mahz iki toplanana d.S va d;S bélinmasi, agiq va tacrid olunmus sistemlarin xassalarindaki farqi
dyranmaya imkan verir. (1) ifadasini differensiallayaq:

dS/dT =d,S/dt+d,S/dt )

Alinmis tanlik o demakdir ki, sistemin entropiyasinin dayismasi deS/dt sistemls atraf muhit
arasinda entropiya mubadilasinin srati ila sistem daxilinds entropiyanin yaranma sdratinin
camina barabardir. Sistemin atraf mihitls mibadils prosesini nazars alan d,S/dt toplanani ham

musbat, ham da manfi ola bilar ki, bunun da naticasinds sistemin Umumi entropiyasi ham arta
ham da azala biler. Misbat d.S/dt>0 kamiyyati, straf muhitls enerji va maddslsr mibadilasi
naticasinda sistemin entropiyasinin artmasi ile alagadardir. Manfi d,S/dt<0 kamiyyasti ona

uygun galir ki, sistemdan straf mihits misbat entropiya axini, xaricdan sistema misbat entropiya
axinindan ¢ox olur. Naticads sistemls straf muhit arasinda entropiya entropiya mibadiasinin
umumi balans kamiyyasti manfi olur.

(2) tanliyi asasinda bioloji sistemlarin Umumi xassslarinin analizi organizmlarin davranisi
ils Klassik termodinamikanin ikinci ganunu arasindaki zahiri ziddiyyati izah etmaya kdémak etdi.
Dogrudan da, organizmlarin boylima va inkisafl onlarin taskilinin mirskkablasmasi ila musaiyat
olunur ve Klasik termodinamika néqteyi-nazarindan canli sistemlarin entropiyasinin 6z-6z(ina
azalmasi kimi gorunur ki, bu da slbstds ki, ikinci ganunla aciq ziddiyyst taskil edir. Lakin, bu
ziddiyyat yalniz ele gorunur bels ki, 6z-6ziina proseslerin istigamsati bioloji sistemlarin aid
oldugu aciqg sistemlar tgun deyil, yalniz tacrid olunmus sistemlar Gglin entropiyanin artmasi ils
tayin edilir.

Umumilikda, canh sistemlarin boyiima prosesinda entropiyasinin azalmasi, xaricdan daxil
olan gida maddalarinin pargalanmasi zamani ayrilan sarbast enerji va ya giinas enerjisi hesabina
bas verir. Bu eyni zamanda onlarin sarbast enerjisinin artmasina gatirib ¢ixarir. Belalikls, manfi
entropiya seli, misbast entropiyanin yaranmasi prosesini kompensasiya etmak uUgcindar.
Organizmlarin béyima va inkisafinin bas vermasini sartlandiran mahz bu proseslar, canli
sistemlarin hayat faaliyyati va onlarin entropiyasinin dayismasi arasindaki alagays baxan zaman
boylk maraq kesb edir. Organizmds isci proseslarin bas vermasi 6zi-0zliylnds hamginin
istiliyin ayrilmasi ils misaiyat olunur. Lakin bu istilik aydindir ki, tmumi termogenezin yalniz
bir hissasini taskil edir. Bundan basqga, nazara carpacaq hallardan biri termodinamik bagliligin
olmasidir. Bu baglihq bioloji quruluslarda donmayan isci proseslarin gedisinda ayrilan enerjinin
bir hissasinin ehtiyat saklinda toplanmasini tamin edir.

Belalikls, organizmin bioloji quruluslarinda ehtiyat ssklinds toplanmis enerjinin bir
hissasi entropiyanin azalmasina gatirib ¢ixarir ve reaksiyalarin baglihq desracasi ile tayin edilir.
Bundan basga, bioloji proseslarin mihum xdsusiyysti odur ki, reaksiyalarda istirak edan
maddalarin 6zlari nazara carpacaq qurulus dayisikliklarina ugrayir. Bu dayisikliklar hiiceyranin
dinamik quruluslarinin fasilasiz sintezi va pargalanmasini musayist edir. Bu iss mahz ona gatirib
cixara bilar ki, reaksiyada istirak edan maddslarin 6zlarinin entropiyasi reaksiyanin gedisinda
nazars carpacaq daracada dayisa bilar. Belslikls, bioloji sistemlarda entropiyanin yaranmasinin
suratinin sads kalorimetrik tacriibslaer asasinda tayin edilmasi cahdi, bltév organizmlarin
temdinamik xassalarinin dyranilmasi t¢un birmanali naticalar vers bilmaz.

280



BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

ODBBIYYAT

Z.Zeynalov, N.Quliyev Biofizika, Baki 2009, 242 s.

Py6uH A.B TepmognHamuka 6uonormnyeckmx npoueccos M. u3 - Bo, MY 1979
MpuroxunH . BBefeHVe B TEPMOAMHAMUKY HeOBpaTUMbIX nporeccos, M.1961
"naHcgopd M., MpuroxuH I., TepMmoguHaMmmyeckas Teopus CTPYKTYpPbl, CTabUIbHOCTH
n pnyktyauuii, M. Mup, 1973

5. BonbkeHwTeiH M.B., Hayka 1 xwu3Hb, M.1970, Ne 1.

PN E

METiLKARBOMATLARDA_HiDROGEN SLA_QSSiNiN iNFRAQIRMIZI
SPEKTROSKOPIYA (1QS) USULU IL® ToDQIQI

S.1. Valiyev, Z.M. Zeynalov, S.i. Sliyev, S.X. Musayev. S.A. Abdiyeva
Ganca Dovlat Universiteti

Metalikarbomatlarda (uretilanlarda) hydrogen slagssinin Oyranilmasi muasir elmds
hydrogen alagasinin dyranilmasi mOuasir elmds xlsusi shamiyyste malik olan masalalardan
birisidir. Matilkarbomatlar NH,COOR-kimyavi qurulusa malik olub, sarbast halda olan karbamin
NH,COOR tursusunun efiridir. Spirt, fenol va bir ¢ox tibbi dermanlarin alinmasinda genis
istifade olunur. Bundan basga uretanlarin, yeni karbomatlarin téramasi olan poliuretandan
sanayeds polimerliflarin, penoplast, yapisqan ve laklarin, hamginin kauguk va ¢ox davamli
rezinlarin istehsalinda mihum rol oynayir.

Taqdim etdiyimiz bu isda metilkarbomatlarda (uretan) hydrogen alagasinin yaranmasi va
onun bazi xususiyystlarinin arasdiriimasina cahd gostarilmisdir. Belaki, avvala uretan
molekullarinda bir ne¢a qrup var ki, onlar H-alagasi yarada bilsr. Ona goéra da muxtalif nov H-
alagasinin mévcud olmasi ehtimali ortaya ¢ixir. ikincisi bu birlasmalardiki, sis izomerlarina
hydrogen alagasinin tasirini miayyan etmak boyiik shamiyat kasb edir. Nahayst geyd etmak
lazimdir ki, poliuretan elamesterlarinin bir cox xassalariH-alagasinin muxtsalif olmasindan
asthdir.

Tadgigat isine N,N-dimetil ve N-metil uretilanlarinin  1800-1100sm™ oblastinda
infragirmizi spektrlari (IQ), 1KS-14 va UR-10 spektrofotometrlari vastssile slda edilmisdir.
Gostarilan intervalda proton akseptoru rolunda olan gruplarla alagads olan ragslarin udma
zolaglar1 yerlasir. Spektrlar alinarkan bu maddslsrin CCL, va dixlarsirka tursusunun
mahlullarindan istifads olunmusdur.

aL {700 2200 (300 1400 7600 {7co 1300 ) 5.
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a) Sokilds dimetiluretilanin tsmiz halda ve onun halledici mahlulundaki infragirmizi
spektri verilmisdir. Dimetiluretilan va CCl, gatisigi, C~0,2m|—OI

b) Dimetiluretilan ve CHCl, COOH, C~0,2 ml_ol

Spektrlardan gériindiiyli kimi 1700 sm™ va 1200 sm™ oblastlarinda daysiliklor meydana
cixir. 1700 sm™ oblastinda iki yeni udma zolaglari yaranir. Bunlardan 1746 sm™ hidrogen algasi
olmayan C=0 tursu gruplarina va 1670sm™ iss hydrogen slagssi yarada bilan C=0 uretilan
qurgularina uygun galir.

Spektrin 1200sm™ oblastinda yeni 1174sm™ udma zolaginin yaranmasi va hamginin 1208
sm™ zolaginin daha yiiksak tezliklera dogru siirlismasi miisahide olunur. Qurulus etibari ila
uretronlara oxsayan miirakkab efirlordeki C-O-C valent ragslarinin 1200sm™ oblastinda
yerlasmasi [1] va hemginin C=0 deformasiya ragslarinin spektrin 900sm™oblastindan asagjida
yerlasmasi onu subut edir ki, C-O-C valent ragslarindaki dayisiklara sabab H-alagasinin
yaranmasidir.

Azotla avaz edilmis (N-avazedilmis) uretonlarda N-H qruplari C=0 va C-O-C ils slagays
girarak molekullar arasi H-slagasini yaradirlar. Bunun naticasinds infraqirmizi spektrds C=0
valent ragslari boyuk tezliklarls, N=H deformasiya ragslari ise asagi tezliklara dogru stristrlar
(cadval 1.) Spektirdski bu cir dayisikliklar bir gayda olarag H- slagssinin N-H va C=0
gruplarindan ayrilmasi ils izah edilir [2].

Cadval 1.
n(c=0)sm™ n(c-0-c)sm™
Kimyavi Tamiz I—!elledi- SL’lrtlgm?
birlasmaler | Nalda | cide An.sm” - =
X = E > § =
x = - | T 35| 38
- — a)
= =
e 2
N,N 1712 1670 42 1174 | 34
Dimetilu 1208
retan. 1746 34 1226 18
CHax Q
N-C-OCH;
CHs
N- 1742 22 1282 1
metilureton 6
(0]
1720
CH3;- N-C-OCHj
| 1266
H

282



BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

Tadgiqatlar naticesinds H-slagasinin yaranmasinda protonun gicli ve yaxud zsif donor
olmasi va hamgcinin protonun gucli ve yaxud zsif akseptor olmasi mihim shamiyyst kasb edir.
Beloki, dixlorsirka tursusu CHCI,COOH kimi giiclii donorlarla alinan 1Q spektrlerds udma
zolaginin kigik tezliklars dogru stirismasi, metal spirit CH3OH kimi zaif donorlara nisbstan daha
gucla olur.

IQ-spektrlarin arasdiriimasi onu gdstardi ki, proton akseptoru yalniz alkoksil (sada efirlar )
gruplari ils H-slagasi yaratdigda udma zolaglari hamise kigik tezliys dogru yerini
dayisir.Buradan da bela naticaya galmak olar ki, uretanlarda H-alagasi ham karbonit va hamda
alkoksil gruplar ilse yarana bilar. Lakin proton donoru zaif oldugda (masalan metil spirti) H-
alagasi yalniz karbonil gruplari ila yaranir. Udma zolaginin boyik tezliklare dogru stirismasini
iss H-slagasi yaranarkan karbonil qruplarina tasiri ila elektron sixhginin paylanmasinin
dayismasi naticasinda bas verdiyini gabul etmak olar.

Natica olaraq asagidakilari soylamak olar.

1.Metilkarbomatlarda asagidakilarda (uretilanlarda) C=0....H-N  tipli ~ H-slagasinin
yaranmasi nainki C=0 karbonil quruplarina, hatta alkoOksil C-O-C gruplarinin udma zolaglarina
tasir edir.

2.Uretilanlarda H-slagasi yalniz dixlorsirka tursusunda OH poton donoru gruplari olan
molekullar ils yarana bilar.

3.Azotla avaz edilmis (N-alkilavez edilmis) uretilanlarda yalmz C=0......H-N Tipli H-
alagasi yaranir.
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BOZi NEFT MOHSULLARININ FiZiKi XASSOLORININ DIAQNOSTIKASI
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Taqdim olunan bu isde neft mahsullarindan olan ag neft, dizel yadi va gazolin niimunilarinda
sapilma naticasinds isiq siasinin intensivliyinin dayismasinin temperatur ve dalga uzunlugundan asililigi
va hamginin onlarin kinematik va dinamik amsallarin, sixhgin temperaturdan asililigina baxilmisdir. isiq
stiasinin intensivliyinin temperaturdan asili olaraq dayismasi ag neft nimunasinds Reley sepilmasins,
dizel yagi va gazolin niimunasinds iss dipol sepilmasina uygdun galir.

Son illards neft va neft mahsullarinin nagl ile slagadar onlarin fiziki xassalarinin
Oyranilmasi sahasinda bir ¢ox nazari [1,2] va tacribi isler gérilmuisdir [3]. Tagdim olunan bu
magalads neft mahsullarindan olan dizel yadi, ag neft ve qazolinin istilik fiziki ve optik
xassalarinin diagnostikasina baxilimisdir.

Numunalarin optik xassalarindan olan isiq suasinin sapilma naticasinds intensivliyinin
muxtslif temperatur Gc¢un dalga uzunlugundan asili olaraq dayismasi fotoelektrokalorimetr
vasitasila yerina yetirilmisdir. Tadgig olunan nimunalarin kinematik va dinamik 6zltluk
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amsallarinin va sixliglarinin temperaturdan asihiligi isa diametrinin 6lgtsi 0,56 mm olan
viskozimetr vasitasila yerina yetirilmisdir. Dizel yagi, gazolin va a§ neft nimunalarinds isiq
stiasinin udulmasi naticasinds intensivliyinin mixtslif temperaturlar t¢iin dalga uzunlugundan
asili olaraq deyismasi qrafiklari uygun olarag sakil 1, 2 ve 3-de verilmisdir. Misyyan

olunmusdur ki, tadgig olunan niimunalarin intensivliyinin [,n'j muxtslif temperatur G¢un dalga
0

uzunluglarindan dayismasi eyni bir ganuna uygunluga malik olub asagidaki empirik dusturla

ifads olunurlar:
{In I—J => al'
Io I i=0

Burada, a;-amsallari Matlab programinda an Kigik kvadratlar dsulu ils hesablanmisdir.

Hesablamalar gostarir ki, talsb olunan xata daxilinds dizel yagi, gazolin va ag neft Ugln
aproksimasiya edici ¢oxhadlinin daracasi n=4.

- =
z _'_'_‘_\__\_\\‘\‘\__\_‘\H
Sokil 1.Dizel yagi niimunasinda isigin intensivliyinin Sakil 2.Qazolin niimunasinda isigin intensivliyinin
(Inll] muxtslif temperaturda dalga (InIIJ muxtslif temperaturda dalga
0 0

uzunlugundan (1 Hasilihig. uzunlugundan (1 ) asilihg.

Sakil 3. Ag neft nimunasinda isigin intensivliyinin (In I j muxtslif temperaturda
lo
dalga uzunlugundan (I )aS|I|I|g‘]|.
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Sekil 1-dan gorundlyd kimi dizel yaginda isiq stiasinin sepilmasi naticasinds intensivliyin
dalga uzunlugundan asili olarag muxtalif temperaturda deyismasi eyni xarakterlidir. Ag neft v
gazolin nimunaslarinda da isiq stasi intensivliyinin dala uzunlugundan asili olaraq mixtalif
temperatur tgiin dayismasi dizel yagi numunasindaki kimi olub eyni xaraktera malikdirlar.

Isda an maragli cshat niimunalardan sapilan isiq stiasinin intensivliyinin dayismasinin
temperatur astlihglari olmusdur. Dizel yagdl ve gazolin nimunalarindan sepilen isiq suasinin
intensivliyinin temperaturdan asili olarag dayismasi eyni xarakterli olub, avvalca temperaturun
artmasl ile o da artir, temperaturun sonraki artiminda isa intensivlik yeniden azalmaga baslayir.
Lakin ag neft numunasindaki bu asililiq grafiki tamamila basga cir dayisir. Belaki aj neft
niimunasinda sapilma naticasinds isiq stas! intensivliyinin dayismasi temperaturun artmasi ils o
avvalce azalir, temperaturun sonraki artiminda isa o kaskin olaraq artmaga baslayir. Belalikls, bu
arasdirmalardan bels giiman etmak olarki, ag neft numunasinda sapilmsa intensivliyinin dayismasi
Reley sapilmasina uygun gslirss,dizel ve gazolin nimunsalsrindaki bu dayisma ¢ox guman Ki,
dipol sapilmasinin naticasi kimi izah etmak olar.

Neft mahsullarindan olan dizel yagi, ag neft va qazolin Ucun isigin intensivliyinin
temperaturdan asililigini coxhadli saklinda yazmaq olar:

(mLJ=ZMﬂ.
Io | i=0
Burada, b;-smsallarida Matlab paketindan istifada olunaraq tayin olunur va niimunalarin taleb

olunan xata daxilinds ag neft va gazolin Ugiin aproksimasiya edici coxhadlinin daracasi n=3, dizel
yagi lgln iss n=2.

Tadqgig olunan nimunalarin udma amsalinin diagnostikasi tgln gabul olunur ki, udulma
Buger ganununa uygundur ve gorarlasmis temperatur sahasi Uciin atraf muhitle temperatur
mubadilasi olmayan hallarda istilikkecirma tenliyi asagidaki kimi olur:

cru (;—I =a(x)l, exp[— Ia (x)dx] (1)

Udulma smsalinin a (x) =a,(1+ b x) ganunu Gzrs dayismasini nazars alaraq (1) hallindan onun
dayisma tempini xarakterizs edan b amsalini tapiriq:

A B T TR
X|ay X cruAT
Dusturdan gorundiyd kimi udma amsalinin dayisma tempini xarakteriza edan b amsali
ndgtadan noqtayas dayisir.
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MAYELSRDS OPTOAKUSTIK DALGALARIN
YARANMASI V8 YAYILMASININ ToDQIQi
Q.T. Hasanov, M.A. Musayev, A.N. Cafsrova, N.N. Hasimova
Azarbaycan Dovlat Neft va Sanays Universiteti
aymin@mail.ru

Taqdim olunan maruzads optoakustik dalalarin miixtslif neft niimunalarinda yayilmasi tacribi
tadgiq olunmusdur. Mayenin istilik fiziki ve akustik xassalari ila dalganin periodu arasinda alags
yaradilmisdir.

Optoakustika elektromagnit dalgalarinin mayelards qgarsihigli tasiri zamani sas dalgalarinin
yaranmasi prosesidir. Elektromagnit dalgalarinin mayelara garsiligl tasiri zamani sas dalgalarinin
yaranma mexanizmi muxtslifdir. Elektromagnit dalgalarinin udma samsali béyuk olan mayelarda
sas dalgalari istilik effekti hesabina yaranir. Lazer stalarinin maye daxilinds qisa masafeda tam
udulmasi hamin masafada mayenin gucli gizmasina va naticads mihitde mexaniki garginliyin
yaranmasina sabab olur. Bu garginlik isa 6z ndvbasinds akustik dalga manbayina cevrilir.

Optoakustik dalgalarin mayelards yaranmasi ve yayilmasi nazari olaraq [1] arasdiriimis,
muxtalif neft mahsullarinda tacriibi tadqgiqi ise [2] aparilmisdir. Tacrubalar naticasinds udma
amsalinin mayenin gahinligindan asililigr misyyan olmusdur.

Taqgdim olunan maruzads optoakustik dalgalarin mixtalif neft nimunalarinds (udma amsali
mixtalif olan nimunalards) yayilmasi tecriibi tadgiq olunmusdur. Mayenin fiziki xassalari
haqginda haqiqi malumati tshrif olunmamis dalga cabhasi 6zu il apardigindan hesablamalar
dalga cebhasina nazaran aparilir. Mixtalif neft nimunaleri Gc¢lin dalga cabhasinin formasi
asidagidaki sakil 1-ds gostarilmisdir.

B o Fittng Todl == =]
b= Yiewr ook Window I=ip
S| WA O B

43 ¥ you have trree dimensicnal data, try the Surfoee Fiting Tocl x

P [ Cale... || Filing. . || Excuds.. || Fluling... | Zuialysis.. l

120 =

101 -

40-

20-

Sakil 1. Akustik dalga cabhasinin zamandan asilihgi
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Tacrubalar aparilmis qurgunun prinsipial sxemi va is prinsipi [2] verilmisdir. Sakildaki
ayrilari
P(t) = At" exp(- Bt?) )

dusturu ile ifade etmak olar. Bu dusturdaki A,Bva n sabit kemiyystlerdir va onlarin giymati
tacriibi 6lgmalarin asasinda tayin olunur.

max

Sakildan istifads edarak dalga amplitudunun maksimumuna uygun galsn zaman (t =%,

T-dalganin periodudur) ila mayenin udma amsalini xarakterize edsk. B sabiti arasinda slage
yazmag olar. ©yrinin maksimum sartindan istifads edarak alariq

2 2
Ta=8 yaxud Ta

= const (2)

Bu disturda T-optoakustik dalgani, a va n isa mayenin istilik fiziki va akustik xassalarini
xarakteriza edan parametrlardir. Basga sozla (2) disturu mayenin istilik fiziki va akustik xassalari
ila dalganin periodu arasinda slags yaradir.

Tacrlibi naticalarin (1) dusturuna asassn Aa,n,t. . parametrlarinin muxtslif neft

niimunalari Ugln tapilan giymatlari asagidaki cadval 1-da verilmisdir.

Cadval 1
a 3,86 1,93 1,54
n 14,2 10,87 14,59
A 7395 61,16 2,02
t 1,35 1,68 2,78

Istilik kegiran 6zlii mihitds optoakustik dalgalarin yaranma va yayilmasi tenliyi asagidaki
kimi yazila bilar [1]:

o> %o r

: 1, exp £ (1) 3)

o _Czazj 1(X+4hj o3 :_acgb
otoz’ ro,C

p

Burada | -surstler sahasinin skalyar potensialidir, u=—gradj , I,-isidin intensivliyi, f(t)-
oOlglstz funksiya olub, intensivliyin zamandan asilihigini xarakteriza edir, b -hacmi genislanma
amsall, C -sabit tazyiqds istilik tutumu, r ,-mayenin taraziliq vaziyystindaki sixhgi, C,-akustik

dalganin muhitds adiabatik yayilma sirati, a -isigin udulma smsali, X va h mayenin hacmi va

strisma Ozluitik smsalidir. Zamana gore Laplas ¢evrilmasi tatbiq edarak (3) tenliyi Ucun tars
masala hall edib isigin udulma amsali tayin edilir. (3) tanliyinin hallina asasan mayenin iatilik
fiziki va optik parametrlari arasinda alags yaradilir.
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NNCCOLMALINA HYKITOHHbIX ACCOUVALNI
MPUN BbICOKNX SHEPTIAX
N.K. 3peHmeBa
Asepbaig>KaHcKunii focyaapcTBeHHbIV YHuBepcnTeT HedhTu 1 MpOMbILLIEHHOCT W
irada.e@mail.ru

WceneayeTces cedeHve AUCCOLMALMOHHBIX MPOLECCOB C acCoLMaumsMn C TOYKW 3peHust s n-t
KaHa/IbHO YHUTapHOCTW. oNyyeHo ypaBHeHWe A MaTPULbl aMIAMTYAbl PAcCesHUs U BbIMUCAHDI
(hopMyNbl As CeueHnid auccoumann accoumaumit. O6Cy>KaaeTcs 3aBUCUMOCTb CEUYeHns 0T paauyca
B3aUMOAENCTBUS.

B Teopuu guccoumaummn peakums paccmMaTpmBaeTCca Kak KBaHTOBO-MeXaHUYeCcKuiA npoLecc,
06YC/IOBNEHHbIA TeM, YTO pasHble KOMMOHEHTbI BOJIHOBOM (DYHKLUMM HaNeTarowWwero ajpoHa
MMEIT pa3Hyt BEPOSATHOCTb B3aMMOEWCTBUSA C accoumaumsmu B agpe [1]. B pesynbTate
BO/IHOBasA (DYHKLMA MCKaKaeTcd. ECnm pasnoxuTb ee no MoAHOMY Habopy (yHKUMIA, mocne
COyJapeHns OHa COLEPXWUT He TOMbKO HavaslbHYH (DYHKUMIO afpoHa 1 Apyrue COCTOSHMSA, Ha
KOTOpble AuccouuvpyeT nafatowias uvactmua. [na 3aToro Hago MCMOoNb30BaTb «TOYEYUHYHO»
KOMMOHEHTY BO/IHOBOW (DYHKL MW HaNETaIOLEro agpoHa.

B paHHON paboTe 06CyKaaeTca amnanTyga ynpyroro paccesHus ans 061actm 60bmnx
Mp1LebHbIX NapaMeTpos b.

Mpegnonaraetcs, 4T0, NpeHebperaeTcsd BHYTPEHHSS CTPYKTypa accouuaumm, TO ecTb
accoupaums BedeT cebs Kak efgnHoe O6eCCTPyKTYpHOe Lefoe, a He Kak KOMOuHauus
NHAMBUAYaTbHBIX HYK/IOHOB [2].

Bbl6epeM HYKNOH-HYK/TOHHOE B3aMMOZECTBMe B BIAe NoTeHuuana lMaycca:

V(s,r)= is(%j exp(— r /4a), (1)

COOTBETCTBYHOLLErO YACTO MHMMOWN aMnAnTyge AMPpaKkuMoHHOro paccesHnsa. B (1) napameTp a
XapakTepusyeT 3((eKTUBHBLIA paanyc B3aMMOLENCTBMS, KOTOPbIA 3aBUCUT OT 3Heprum. C
YBE/IMYEHNEM 3HEPri M MapaMeTp a BO3pacTaeT NorapuMuyeckun: a = ag +Ins.

B npeacTaBneHMM  MHBApMAHTHbIX  MepPeMeHHbIX  (MepemeHHble  MaHaenbcTama)
CTaHAapTHas CBA3b aMnaMTydbl paccesHus f ¢ audidhepeHunanbHbIM CEYEHNEM YNPYroro
paccesiHUs UMeeT BUj

ds ., (s,t)
dt

[na amnanTyabl paccesHUs ¢ BblGMBaHMEM accouuauuii, NPU BbICOKUX IHEPTUAX OYeHb
YLOOGHO MepexofuT OT Pas3foXeHUs Mo napumasibHbIM BO/IHAM K MPeACcTaB/IeHNO MPULENbHOMo
napameTpa b:

=|F(s, 0, s=4(k?+m?)=4E% t=—(p-k)>. )

f (s,b) =i bdb(1— explic (s,0)])J, (0Vs). 3)

rge, ankoHan y(s,b) wmeet cnegytowwmin sug [2]:
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c(s,b):i(exp(—m\/b2 +a’) —exp(—2myb? +a2)), 4)
3[)eCb napameTpbl My 1 @, UMEKOT CMbIC/ NPUBEAEHHON MacChl U pajuyca B3aMMOLEACTBYA:
m=m,/~J1+Ins—ip/2; a=a,/v1-Ins—ip/2. (5)

B 3likOHaflbHOM MNPUGAMKEHNN He HaKNaAblBaeTCA HUKAaKMX OrpaHUYeHWin Ha Maccbl U
KOOPAMHATbLI YacTuLl. B 3TOM NpuBAMKEHMM 1 KOHEYHbIN paguyc, U 0Thava CYMTAOTCS TOYHO.
KpoMme TOro, B 3iKOHa/IbHOM MPUOAVXKEHUN BANSHUE UCKAXKEHWIA YYMTbIBAETCA TO/bKO B (hase
MA0CKOW BOJIHbI.

Mpu BbICOKMX 3HEPTUAX YCO0BUE YHUTAPHOCTU UMEET BUA

21m f(s,b) =|f (s,b)|" + A, (s,b) . (6)

3pecb A, (s,b) -BKnaf Heynpyrux KaHa/loB, T.e. BEPOATHOCTb Heyrnpyroro B3auMOAENCTBMUSA

afpoHa ¢ accouypauyeld B Touke b .
MONHOE CEYEHWE CTOMKHOBEHME W CEYEHWE HEeympyroro paccesiHus accoLmalmn
onpefienstoTcs creayoLM 06pa3om

S =4p[Imf(s,b)odb , s, = 2ijn (s,b)bdb . @)

Hafo oTMeTWTb, YTO PacCTOsiHME, Ha KOTOPOM BEPOSITHOCTb COYAapeHus elle He Mana,
YBE/IMUMBAETCS C POCTOM MO 3aKOHY

r(ins)y=alns+d-clins, (8)

rge a, d, ¢ —KoHcTaHTbl. CeuveHue ¢ amnamTygoin f(s,b) n ¢ paguycom (8) npeacTtaBnseT coboii

Anck paguyca r oc In s . BHyTpu aucka (b< r) BepoATHOCTb coygapeHus Im f—1, a Ha
nepucepun gucka (b>r) —ymeHbluaeTcsd, Kak f oc exp (—2mp(b—r)). Takoe nosefeHve

obecreynBaeT NpaBubHOE MOJOXKeHWe bavKalieli 0CO6eHHOCTM t -kaHana - t = 4m§.

Mbl paccmaTprBann 3MKOHaNbHOE NPUBAMKEHNE B paMKax TaK Ha3blBaeMOM S-KaHaslbHOWA
KapTWHbl paccesiHnsd, B KOTOPOM oOb6palleHne K TFeoMeTpUYecKuM pasmepam  3(¢eKTUBHON
06nacT B3aMMOJENCTBUA afpoHa M accoumauum u CTENeHW WX HEemnpo3pavyHOCTU KaxeTcs
BMO/IHE eCTEeCTBEHHbIM. B Takoil KapTuHe AMppakuus reHepupyeTcs MOrIOWeHNeM BOJH
aflpOHHOI MaTepun paccemBaTeneM, reoMeTPMYECKMMM pa3mepamMy KOTOpPOro M onpeaensercs
CTPYKTYpa AnddepeHumanbHOro ceyeHns no t.
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MUHITD® NaCl-un MUXTSLIF QATILIQLARI VS XRONIKi OZONLASMA
SORAITINDS BECBRILMIS MiIKROYOSUNLARIN BIOMSHSULDARLIGI V&
FOTOSINTETIK AKTIVLIiYi
M.N. Nacsfli, R.©. Musayev
Baki Dovlat Universiteti

Malumdur ki,ozonun canli organizmlara tasiri, onun dozasindan asilidir. Bels ki, Kigik
va orta dozalarda ozon hiiceyralarin antioksidant komponentlari tarafindan udulur va
muxtalif mahsullarin (ozonidlarin, peoksidlarin) amals galmasina sabab olur [1, 2]. Ozonun
yuksak dozalari, antioksidant sistemlarin udma qabiliyystinin yetmadiyi hallarda,
huceyralards bir ¢ox zadslanmalara sabab olur. Naticads o0zon mikroyosunlarin
biomahsuldarligina va fotosintetik aktivliyina ciddi tasir gostarir [3, 4].

Taqdim olunan isin magsadi duzlulugun dayismasi ve xroniki ozonlasma rejimlarinda
intensiv  becarilmis mikroyosunlarin biomshsuldarliginin va fotosintetik aktivliyinin
tadgiqidir.

Tadgigat obyekti kimi mikroyosunlardan (deniz halofiti) istifade edilmisdir.
Mikroyosun hiceyralarini ¢oxaltmaqg uc¢in terkibinda NaCl-un ¢ muixtalif gatiligi olan
(0,5M; 0,75 M; 1,0M NaCl) suini gidali mihitdan istifade olunmusdur. Hazirlanmis gidal
mihitlards hiiceyralar daimi isiglanma (16vt/m?), 27°C temperaturda, tarkibinda 2,0% CO,
olan hava garisigi verilmakla 250 ml-lik fotoreaktorlarda intensiv becarilmisdir. Tadgigatda
ozonun 5, 10 va 15 dag/saat xroniki dozalarindan istifads olunmusdur. Fotoreaktorlara ozon
saat mexanizmli xdsusi qurgunun kémayila, ozonatir vasitasila verilmisdir.

Mikroyosunlarin gindalik coxalmasi KFK-2 tipli fotokalorimetrda optiki sixligi
6lgmakla tayin edilmisdir. Fotosintetik aktivliyi tadqiq etmak tictin sixhgr d=0,8q/sm* olan
hiiceyra suspenziyalari hazirlanmis va termostatda 27°C temperatur saraitinda saxlanmisdir.
50 ml-oz. hiiceyra suspenziya numunalarinin fotosintetik aktivliyi polyaroqrafik qurguda
Olcilmis ve nimuna ile miqayiss edilmisdir.

Alinmis naticalarin analizi gosterir ki, mixtalif xroniki ozonlasma rejiminds
becarilmis mikroyosunlarin gidali muhitdski NaCl-un qatiligindan asili olarag yasama
gabiliyyati va biomahsuldarhi§i fargli gostaricilara malikdir.

Alinmis naticalara gora 0,5M NaCl tarkibli qidali muhitds becarilmis hiceyralar
ozonun muxtslif xroniki dozalarina garsi daha hassas olub, 15 daq./saat xroniki dozada,
nimuna ils mugayisada 64% yasama qabiliyystina malikdir. Qidali muhitds NaCl-un
gatihigr artdigca mikroyosunlarin xroniki ozonlasma dozalarina qarst davamliligi artir.
0,75M NaCl gatiligh gidali muhitds becarilmis hiiceyralarin 15 dag/saat xroniki ozonlasma
soraitinds yasama qabiliyyati kontrolla migayisads 81%, 1,0M NaCl gidali mihitinda
becarilmis hiiceyralards isa uygun olaraq 89,5% taskil etmisdir.

Miuxtalif NaCl qgatihigl gidali mihitlards va xroniki ozonlasma searaitinds becarilmis
mikroyosunlarin fotosintetik aktivliyinin gostaricilari cadval 1-ds verilmisdir.

Cadval 1
Qidali mihitda Hiceyralarin fotosintetik aktivliyi (niimuna ile miigayisads, faizls)
NaCl-un gatilig nimuna 5 dag/saat 10 dag/saat 15 dag/saat
xroniki ozonlasma | xroniki ozonlasma | xroniki ozonlasma
05M 100 87,5 82,6 80,7
0,75 M 100 95 92,8 89,7
1,0M 100 84 79,3 76,5

290




BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

Cadvaldan gorindiyd kimi xroniki ozonlasmanin dozasi artdigca mikroyosunlarin
fotosintetik aktivliyi azalir. 0,75 M NaCl tarkibli gidali muhitds intensiv becarilan
hiceyralarin, muxtalif xroniki ozonlasma dozalarindan asili olaraq, fotosintetik aktivliya
daha yuksak olmusdur.
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MAYE FORMIATLARIN DINAMIK OZLULUYU iL8
SIXLIGI ARASINDA SLAQD

H.A. Aslanov, S.X. Xalilov, A.B. ibrahimli, N.V. ibrahimli
Azarbaycan Dovlst Pedaqoji Universiteti
Aygunibrahimli@yahoo.com

Maye formiatlarin dinamik 6zIGllyl ila sixhgr arasinda asililig miayysn edilmisdir. Bu asililiga
asasen emprik tanlik tartib olunmusdur. Onun vasitasila maye formiatlarin dinamik 6zIulik smsalini 2%
xata ila hesablamagq olur.

Acar sozlar: dinamik ozlilik, sinxlhq, formiat, temperatur,tazyig, maye, buxar.

Taqdim edilan elmi isde maye formatlarin bizim terafimizdan tacriibi olaraq tadqiq edilan
dinamik ozltlUklsrinin naticalari [1-2] onlarin sixhigindan asililigi arasdirilmis ve hamin
mayelarin dinamik 6zlUllylnd hesablamag@a imkan veran tanliklar miayyan edilmisdir.

Mayelarin 6zlUllyunin sixhigindan asihihgr asagidaki sekilds bir ¢ox tadgigatgilar
tarafindan [2-5] arasdiriimisdir:

AN =ngr—nr = f(p) @

(1) ifadssindaki 75 ;- mayenin P tazyiginds ve T- temperaturundaki dinamik 6zliliyund;
nr -mayenin buxarinin T- temperaturundaki dinamik 6zliluyd, g- iss mayenin P-tazyiqginda va T-

temperaturundaki sixhgidir.
Formiatlarin dinamik o6zlulik smsalinin sixliglarindan asililigi bizim tarsfimizdan (1)
tanliyina asasan tadgiq edilmisdir. Tacrubi naticalarin Ah —r kordinatlarinda arasdiriimasi

gosterdi ki, formiatlarin dinamik 6zlultik smsali onlarin sixligindan asililigi kanaragixmalari
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nazara almasaq birgiymatli olaraq tayin edils bilsr. Aparilan arasdirmanin naticalari formiatlar
Ucuinse sakil 1-2-da verilmisdir.

Sokil 1-2—dan goriindlyt kimi izotermlar Gizra An-p asilihginin ayrisindski xatalarin £2%
oldugunu nazars alsaq (1) tenliyi formiatlar tgln:

A =7 ar’ (2)

i=0

tanliyi kimi alinir. (2) tenliklarindaki a; —larin qiymatleri mivafiq olaraqg 1 cadvalinda
verilmisdir.

(9pr— 7). L0 *Pa-=s

300

200 M{j!

oo 00 ko S00

Sak.1. Etilformiatin dinamik 6zliiliyunin (Ah =h, . —h,),
izotermlar Uzra sixhgindan (r ) asilihi§i

(Wpr—mnr)10 %Pa-s

400

4
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200
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Sak.1. Propillformiatin dinamik ozltliiyiinin (Ah =h . —h;),
izotermlar lzra sixhgindan (r ) asililig
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Cadval 1.
Formiatlar tglin (2) tanliyindaki a; —larin giymatlari

Formiatlar f, a,y a,

Etil formiat 1331,8807 -3,9318 0,003128
Propil formiat 1211,72 -3,8474 0,003301
Amil formiat -796,31 0,4219 0,001235
Heksil formiat -3123,49 6,9046 -0,0013
Heptil formiat -1948,01 23,5436 -0,01443
Oktil formiat -1948,01 4,2529 -0,001596

(2) tanliyi vasitasils muvafiq olarag formiatlarin dinamik 6zlulik amsali £2% xata ila
hesablanmasidir.
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ENDOMORFIN 1 MOLEKULUNUN F8ZA QURULUSU
N.F. 8hmadov’, L.N. Ajayeva’, S.R. Bhmadova ", N.M. Siikiirov™
“Baki Dévlat Universiteti, **Azarbaycan Texniki Universiteti

asimnara@mail.ru

Nazari konformasiya analizi tsulu ila Tyrl-Pro2-Trp3-Phe4-NH, endomorfin molekulunun faza
qurulusu onu amala gatiran amintursu gahiglarinin asagienerjili konformasiyalari ssasinda tadqiq
olunmusdur. Endomorfin molekulunun stabil konformasiyalari toplusu, onlarin ikitizli firlanma bucaglari,
onlari stabillasdiran amintursu galiglari arasi va daxili garsiligli tasir enerjilari miiayyan edilmisdir.

Endomorfin molekulu mamalilarin beyin iliyindan ayrilmisdir, enkefalinlarin va dinorfinin
opiat reseptorlarinin endogen aqonisti hesab edilir. Opioid reseptorlari mixtalif markszi va
periferik asab sistemlarinda endogen ligandlarinin kdmayi ils tasir edarak morfin molekulunun
gostardiyi effekta malik olurlar. Bu molekul p-opioid reseptoru dgiin gucli ve selektiv harisliyi
ilo digerlarindan farglenir. Endomorfin da morfin kimi gucli agrikssici xassesina malikdir.
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Bundan basga, soyuglama zamani alinmis opioid peptidlari opioid reseptorlarini stimullasdira
bilirlar [1-3].

Endomorfin molekulunun faza qurulusu nazari konformasiya analizi Usulu ila tadqiq
edilmisdir. Molekulun faza qurulusunu hesablamag Uglin sistemin potensial enerjisi geyri-valent,
elektrostatik, torsion garstligh tasir enerjilarinin va hidrogen rabitssi enerjisinin cami saklinda
secilmisdir. Qeyri-valent qarstligh tasir enerjisi Lennard-Cons potensiali ila Momani va
Seraganin verdiyi parametrlarla hesablanmisdir. Elektrostatik garsiligh tasir enerjisi atomlarin
parsial yuklarini nazara almagla monopol yaxinlasma Kulon ganununa asasan hesablanmisdir.
Osas va yan zancirlarin ikitzIlu firlanma bucaglari strafinda torsion garsiligh tasir enerjisini
hesablamaq Ucun ifadsler va potensial ¢aparlarin hundirluklsri Momani va Seraganin
maqgalasindan gotirilmisdir. Hidrogen rabitasinin enerjisi Morze potensiali ile hesablanmisdir.

Tyrl-Pro2-Trp3-Phe4-NH, molekulunun faza qurulusu onu smals gatiran uygun amintursu
gahglarinin asagienerjili konformasiyalari ssasinda hesablanmisdir. Malumdur ki, glisindan
basga diger amintursu galiglart prolin amintursu gahgindan avval galdikds onlar Gglin asas
zancirin R formasinin  konformasiyalari ylksskenerjili olur. Ona g0rs da endomorfin
molekulunun faza qurulusunu hesablamag Uclin baslangic variantlar secildikde Tyrl lgln asas
zoncirin R formasinin konformasiyalarina baxilmamisdir. Bu sababdan de baslangic variantlar
peptid zancirin eee, eef, efe va eff seyplarinin konformasiyalari asasinda formalasmisdir.

Endomorfin molekulunun hesablanmis konformasiyalarinin seyplar (zre paylanmasi
cadval-da gostarilmisdir. Cadval 1-dan gorindiyld kimi 0-5 kkal/mol enerji intervalina eee, eef,
eff seypinin konformasiyalari disir. Eee seypi daha ¢ox asagienerjili konformasiyalarla tamsil
olunmusdur. Molekula aromatik yan zancirli amintursu galiglari daxil olduglarina gore asas
zancirin agilmis formasinda n-ci va (n-2)-ci amintursu galiglarin yan zancirlari va n-ci va (n+1)-
ci amintursu gahiglarinin asas ve yan zancirlari arasinda alverisli garsiligh tasir yaranir. efe
seypinin konformasiyalarinin nisbi enerjilari 5,0 kkal/mol-dan ylksak olmusdur.

Cadval 1.
Endomorfin molekulu konformasiyalarinin enerjilarina gors paylanmasi.

No Seyp ©sas zancirin Enerji intervali

formasi 0-1 12 23 34 45 >5
1 eee BBBB 3 5 2 6 2 23
2 eef BBRR 3 1 - 6 - 26
3 efe BRBB - - - - - 32
4 eff BRRR - 1 - 2 - 33

Endomorfin molekulunun asagienerjili formalarinin an stabil konformasiyasi segilmis,
onlara geyri-valent, elektrostatik, torsion garsiligl tasir enerjilarinin verdiklari pay, mumi va
nisbi enerjilari cadval 2-da gostarilmisdir.

Cadval 2.

Endomorfin molekulunun asagienerjili konformasiyalari, onlara geyri-valent,
elektrostatik, torsion garsiliglh tasir enerjilarininverdiklari pay, Umumi va nisbi enerjilari.

No Seyp Konformasiya Uq Uel Usor Uim Unis
1 eee B,BB,;3B; -19.1 -0.1 2.9 -16.3 0

2 eef B;BR;R; -18.6 -0.1 32 -15.5 0.8
3 eff B3:RRxR, -18.0 0.6 2.7 -14.8 15

294



BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

Cadval 3-da hamin konformasiyalarda amintursu gahglari daxilinda va arasinda garsiligl
tasir enerjilari, cadval 4-da ikitzli firlanma bucaglarinin giymatlari gostarilmisdir. Molekulun an
stabil konformasiyasi B;BBy3B;-dir, onun stabillasmasina qeyri-valent qarsiligh tasir -19,1
kkal/mol, elektrostatik qgarstligl tasir enerjisi -0,1 kkal/mol, torsion garsiligh tasir enerjisi 2,9
kkal/mol qgadar pay verir. Gorinduyu kimi bu konformasiya geyri-valent va elektrostatik
garsthgli tasir enerjisina gors an alverislidir.

Konformasiyanin stabillasmasina Tyrl-in digar amintursu galiglari ils garsiligh tasiri -10,6
kkal/mol gadar, Pro2-nin digar amintursu galiglari ila garsiligh tasiri -1,2 kkal/mol gadar, Trp3-
un gigar amintursu gahqlart ils garsihigh tasiri -7,1 kkal/mol gadar pay verir (cadval 3).

Cadval 3.

Endomorfin molekulunun asagienerjili B,BB,3B; (Unis=0kkal/mol,1-ci satr),

B1BR11R; (Unis=0.8 kkal/mol, 2-ci satr), BsRR33R, (Unis=1.5 kkal/mol, 3-cl satr)
konformasiyalarinda amintursu gahqglari daxilinda ve arasinda garsthqgli tasir enerjilari.

Tyrl Pro2 Trp3 Phe4
2.0 -5.6 -3.2 -1.8 Tyrl
1.6 -4.8 -3.6 -0.2
2.6 -3.9 -3.0 -3.7
0.3 -0.8 -0.4 Pro2
0.8 -1.2 -4.0
0.2 -3.6 -1.5
-0.2 -6.9 Trp3
-0.3 -5.0
-0.4 -14
-2.4 Phe4
-1.9
-2.9

Cadval 4.

Endomorfin molekulunun asagienerjili konformasiyalarinin handasi parametrlari (ikitzIU
firlanma bucaglarinin giymatlari @ Y w 1, X2 ardictihgr ile daracalarla verilmisdir).

Amin tursusu B,BB,;B; B:BR11R; BsRR33R,
Tyrl -65 121 172 -68 149 171 -77 145 176
171 75 0 63 88 -75 112 0
Pro2 -60 119 -171 -60 95 174 -60 -44 -178
Trp3 -85 146 -179 -64 -36 175 -68 -42 -179
180 -120 65 88 -58 -83
Phe4 -98 147 180 -74 =31 179 -64 -46 180
60 86 59 81 -177 89
Unis 0 0.8 15

Endomorfin molekulanin ikinci asagienerjili seypi eef-dir, onun an stabil konformasiyasi
nisbi enerjisi 0,8 kkal/mol olan B;BR;;R;-dir. Bu konformasiya global konformasiyaya geyri-
valent va torsion qarsiligh tasir enerjilarine gore 0,8 kkal/mol gadsr uduzur (cadval 2).
Konformasiyanin stabillasmasina Tyrl-in diger amintursusu galiglari ile qarsithgh tesir -8,6
kkal/mol gadar, Pro2-nin -5,2 kkal/mol gadar, Trp3-in isa -5,0 kkal/mol gadar pay verarak onu
asagienerjili etmisdir (cadval 3). Endomorfin molekulunun eff seypinin an stabil konformasiyasi
B3RR33R,-dir, onun nisbi enerjisi 1,5 kkal/mol-dur.
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Endomorfin molekulunun faza qurulusunun 6yranilmasi gostarir ki, els faza quruluglari
yigimina malik olur ki, o muxtslif bioloji funksiyalari yerina yetira bilar va muxtalif reseptor
molekullari ila slagays gira bilar.
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Nazeri konformasiya analizi Gsulu ila kardiofeal Thrl-Pro2-Leu3-Val4-Thr5-Leu6-Phe7-Lyz8
oktarfin molekulunun N-ksnar pentapeptid molekulunun faza qurulusu tedqig edilmisdir. Oktarfin
molekulu sintez edilmisdir va b -endorfin molekulunun12-19 fragmentina uygundur. Pentapeptid
fragmentinin asagienerjili konformasiyalari toplusu muayyan edilmisdir ki, bunlar da oktapeptid
molekulun faza qurulusu dyranildikds baslangi¢ konformasiyalar olacaqdir.

Thrl-Pro2-Leu3-Val4-Thr5-Leu6-Phe7-Lyz8 oktapeptid oktarfin  molekulu cuHTe3
edilmisdir. Bu molekul b -endorfin molekulunun 12-19 fragmentina uygundur. Gostarilmisdir ki,
0 b -endorfin reseptorunun selektiv aganistidir. Oktarfinin isaraedilmis tritiyumun kémayi ila
reseptorun organizmda paylanmasi Oyranilmisdir. Muayysn olunmusdur ki, o immun
hlceyralarinda, endokrin, Ursk-damar sistemlarinds movcid olur. Oktarfinin hiceyralards
tasirinin  dyranilmasi gosterdi ki, mitogenla induksiyalanmis insan azalasinin T- va B-
limfositlarini artirir, azalsnin peritoneal makrofaqini aktivlasdirir, insanin limfoblast
hiceyralarinin inkisafini stimullagdirir, bdyrakusti membran qgabidini  adenilazsiklazasinin
aktivliyini ingibirlasdirir va boyrakdan qlikokortikoidlarin gana sekresiyasini zaifladir.
Oktarfinin organizmdas aktivliyi onun dozasindan asilidir [1, 2].

Malumdur ki, b -endorfin molekulunun faza qurulusu nazari konformasiya analizi Gsulu ils

dyranilmisdir [3]. Oktarfin molekulunun faza qurulusu tadqiq olundagdan sonra alinan naticalar
miqayiss edilacakdir. Biomolekulun vyerina yetirdiyi funksiyalari basa dismak, onlara
maqsadyonli tasir gostarmak va tabii molekulun yalniz miayyan funksiyalarini yerina yetirs
bilan suni analoglarin sintez tcun teklif etmak Uc¢lin onun asa@ienerjili konformasiyalari
toplusunu tayin etmak lazimdir.
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Oktarfin molekulunun faza qurulusu nazari konformasiya analizi Usulu ils tadqiq
olunmusdur. Molekulun faza qurulusunu 6yranmak Gglin sistemin potensial enerjisi geyri-valent,
elektrostatik, torsion garsiligh tasir enerjilarinin va hidrogen rabitssi enerjisinin cami saklinda
secilmisdir. Qeyri-valent garsiligh tasir enerjisi Lennard-Cons potensiali il Skott ve Seraganin
taklif etdiyi parametrlarle hesablanmisdir. Molekulun konformasiya imkanlari su muhitinda
dyranilmisdir.Hidrogen rabitssinin enerjisi Morze potensiali ils hesablanmisdir. Torsion garsiligh
tasir enerjilarini hesablamaq ugctin potensial funksiyalar, atomlardaki parsial yuklarin giymatlari,
valent bucaglarinin giymatlari va valent rabitslarinin uzunluglari Momani va Seraganin
maqalasindan goturalmisdur.

Oktarfin molekulunun faza qurulusu onu fragmentlara ayirmagla hesablanmisdir. ilk
marhalads molekulun N-kanar Thrl-Pro2-Leu3-Val4-Thr5 pentapeptid fragmentinin faza
qurulusu onu amals gatiran amintursu galiglarinin asagienerjili konformasiyalari asasinda
oyranilmisdir. Bunun {glin treonin, prolin, leysin va valin amintursularinin asagienerjili
konformasiyalarina uygun ikitzla firlanma bucaglarinin giymatleri uygun adsbiyyatlardan
goturilmus va onlar baslangic konformasiyalar olmusdur. Malumdur ki, pentapeptid fragment
Uclin  Umumi halda zancirin 16 seypi mumkindir. Pentapeptid fragmentin amintursu
ardicilligindan gorindiyd kimi ikinci yerds prolin amintursu gahgdi durur.9dabiyyatda geyd
edildiyi kimi prolin amintursu gahgi 6zindan avval galen amintursu galiginin konformasiya
imkanlarini mahdudlasdirir, onun asas zancirinin R formasi yiiksak enerjili olur. Ona gors da
hesablamalarda birinci treonin yalniz asas zancirin B formasinda gétirilmusdir va pentapeptid
fragmentin 16 seypi avazina 8 seypinin konformasiyalari hesablanmisdir. Pentapeptid fragmenti
hesablanmis konformasiyalarinin enerjilarina gors paylanmasi cadval 1-ds gostarilmisdir.

Cadval 1.
Oktarfin molekulunun N-kanar pentapeptid fragmenti
konformasiyalarinin enerjilarina gora paylanmasi.
©sas zancirin Enerji intervali (kkal/mol)

formasi

0-1 1-2 2-3 3-4 4-5 >5
BBBBB - 2 1 2 1 22
BBBRR 1 2 3 1 - 21
BBRRR - 1 1 - 1 25
BRRRR - - - 2 1 25
BRBRR - - - 1 2 25
BBRBB - - 2 2 2 22
BRBBB - 1 1 - 1 25
BRRBB - - 1 1 3 23

Cadvaldan gorinduyu Kkimi asas zancirin  formalarinin  enerjilarina gors  kaskin
diferensiasiya getmamisdir, kaskin diferensiasiya yalniz konformasiyalarin enerjilarina getmisdir.
Fragmentin asagienerjili konformasiyalari an cox olan formasiIBBBRR-dir. Bu formada 0-4,0
kkal/mol enerji intervalina yeddi konformasiya dusur va fragmentin an stabil konformasiya
B12BB21R1R12-dir. Gorlndlyi kimi bu konformasiyada ilk i¢ amintursu gali§gi asas zancirin B
formasinda sonraki iki amintursu galigi asas zancirin R formasindadir. Bu formada muxtslif
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amintursu gahqlari arasinda effektiv garsiligh tasirler yaranir ve onu asagi enerjili edir. Ssas
zoncirin BBBBB, BBRRR va BRBBB formalarinin konformasiyalari arasinda asagienerjili
konformasiyalar daha goxdur.

Hesablamalarin naticasina asasen demak olar ki, oktapeptid oktarfin molekulun faza
qurulusunu hesabladiqda cadval 1-do gbsterilmis asas zencirin bitin formalarinin
konformasiyalarini baslangic konformasiyalar kimi gotirmak lazimdir.
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KOH(OPMaUMOHHbIA aHann3 b -aHgopguHa. BroopraH.xumus, 1990, T.16, Ne5, c¢.661-
667.

CTPYKTYPHASA OPIFAHU3ALMA FTEKCANENTUAHOW MOMEKY b
N.N. Ncmannos.a, P.M. Abbacnbl, H.A. AXmefoB
VHCTUTYT ®Pursmnyeckux Mpobnem, BaknHCKWiA FocyaapCcTBeHHbI YHUBEPCUTET
Larisa_lsmailova@yahoo.com

C nomoLLsio MeToa MONEKYNSPHON MeXaHWKK BbIan UccnefoBaHbl NPOCTPaAHCTBEHHOE CTPOEHMe
1 KOH(hOpMaLMOHHbIe CBOMCTBA rekcanenTuAHON Monekynbl ceneseHkn Arg-Lys-Asp-Val-Tyr-Arg. 9ToT
rekcanenTug uwHayuupyeT AauchdepeHumMpoBky T-MMAOUMTOB, 061a4aeT MMMYHOCTUMYMPYHOLLER
aKTUBHOCTbIO. [MoTeHUManbHas 3Heprus MONeKyNbl  BblbMpanacb Kak CyMMa HeBafeHTHbIX,
3NeKTPOCTAaTUUYECKNX, TOPCUOHHBLIX B3aUMOLEWCTBUA W 3HEPruM BOLOPOAHbIX CBA3ei. HaiigeHbl 8
HU3KO3HEPre TUYECKNX KOHC(hopMaLMin Ans rekcanenTUAHOW MONeKy/bl, 3HAYeHUs [ABYrpaHHbIX Yr0B
OCHOBHOWi N 6OKOBbIX Lieneil aMUHOKUCNOTHbIX OCTaTKOB, BXOAALLMX B 3Ty MO/EKYNy, OLEHeHa aHeprus
BHY TPV - M MEXKOCTATOYHbIX B3aMMOAEAC T BUIA.

[na nopgepaHus CTabUNbHOTO COCTOSHUA OpraHuM3mMa BaXKHOe MeCTO 3aHWMaeT
NMMYHHaa cuctema. VI3BECTHO, YTO HW3KOMONEKY/NApHble MENTUAbI YYacCTBYKOT B PErynauuu
UMMYHHOTO oTBeTa. OHWM MposBAAIOT Cebs Kak npenapatbl C WUMMYHOCTUMYNUPYHOLLMM
pelictemem. [ekcanentugHas Monekyna Arg-Lys-Asp-Val-Tyr-Arg SBNSeTCA CUHTETUYECKUM
aHanorom Mosekynbl TUMoneHTMHa Arg-Lys-Asp-Val-Tyr. CpaBHeHMe aMUHOKUC/IOTHbIX
nocnegoBaTe/IbHOCTEN MOKa3blBaeT, YTO Lenb YBe/MYeHa Ha Of4HY aMUHOKMCNOTY Arg Ha C-—
KOHUe Monekynbl. [1poBefeHHbIe 3KCMEPUMEHTA/IbHLIE  WUCCMeAOoBaHUA  MoKasain, 4TO
yBe/IMYEHNE aMWUHOKMC/IOTHOW MNOCNefoBaTeNbHOCTU Ha OAHY aMWMHOKMCAOTY Arg, TO ecTb
rekcanentng  Arg-Lys-Asp-Val-Tyr-Arg, MOMHOCTbO  BOCMPOM3BOAMT  BMOMIOTMYECKYHO
aKTVBHOCTb NPUPOAHOI MOMEKY bl TUMONEHTUHA [1, 2].

Llenbto BbINOMHEHHOW paboTbl ABNSETCA OnpefesieHne NPOCTPaHCTBEHHON CTPYKTYPbI U
KOH(OPMaLMOHHBLIX BO3MOXKHOCTEN rekcanentugHon monekynbl Arg-Lys-Asp-Val-Tyr-Arg. Ans
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HaxXOXAeHNA ee MPOCTPAHCTBEHHOTO CTPOEHWA UCMO/Mb30Basiacb paspaboTaHHas Hamu
KoMMbloTepHas nporpammMa [3]. Vicnonb3yemblli B HaleM cfiydae TeOpeTMYecKuidi noaxog
MO3BOMSAET OMNPefeIUTb NPOCTPAHCTBEHHYHD CTPYKTYpPY rekcanentuaa UCXOAd W3 W3BECTHOWM
aMVHOKMC/IOTHON nocnefoBaTe/lbHOCTU. OH  [aeT BO3MOXHOCTb OMnMcaTb C  [JOCTATOYHOM
TOYHOCTHIO FEOMETPUIO MOJEKY/Ibl, OMPEAENUTb 3HaYeHWs ABYTPaHHbIX Yr/I0B OCHOBHOW Lieni
OOKOBbIX Liereil amMMHOKMCAIOT, BXOAALWMX B MOJEKYNly, a TakkKe 3HepreTnyeckume
B3aVIMOJENCTBMS aTOMOB B 3TOW Mosiekyne. CneunanbHO BBefeHHas Kraccugmkauma (Lwenn,
(hopmMa OCHOBHOW Lienu, KOH(opMauus) Mo3BOMSET YETKO pasfennTb paccmaTpyBaeMble
CTPYKTYpbl, MpeAnonaras, 4YT0 HWU3KO3HEpreTMyeckasa CTPYKTypa nentuga (opmMupyetcs W3
OTAE/bHbIX CTPYKTYPHbIX O/I0KOB MeHbLUEn [/IMHbl. DPOpMbl  aMUHOKUC/IOTHBIX OCTaTKOB
onpeaensnNCb HA3KO3HePreTUYecKMMM obnactaMm B, R 1 L AByrpaHHbIX Yr/ioB OCHOBHOM Lienu
@-y. OTcyeT [ABYrpaHHbIX Yr/IOB  BpalleHUs NPOM3BOAW/ICA  COMMAaCHO  CTaHAapTHOM
HomeHknatype IUPAC-1UB [4].

AMWHOKMNCIOTHAA NOCNefoBaTeNlbHOCTL Monekynbl Arg-Lys-Glu-Val-Tyr-Arg BK/toYaeT B
cebs rnaponIbHbIA OTPULATENBHO 3apSHXKEHHBI OCTATOK acnaparnmHoBOWM KUCNOTbl Asp, cnabo
rMapodobHble Y MOMOXKUTENILHO  3aPSHKEHHbIE  aMMHOKWCIOTHI Arg M LysS ¥ CUIbHO
rmapoobHbIin octatok Tyr. Mcxofs n3 3Toro, MOXHO cfefnaTb MpeanosioXXeHne 0 TOM, YTO
MPUCYTCTBME  KUC/IOTHO-OCHOBHbIX  aMWHOKUC/IOT ~ MOXET  OMpeaenstb  G1OIornmyeckyro
aKTVBHOCTb  MONeKynbl. CnoXHas 3ajaya HaxOXAeHWs MNPOCTPAHCTBEHHOW  CTPYKTYpbl
rekcanentTuAHOM MoONekynbl Oblna cBefeHa K (parmeHTapHOMYy pacyeTy. CHayana 6blLin
onpezeneHbl KOHPOPMAaLMOHHbIE BO3MOXHOCTY Tpunentuga Arg-Lys-Asp v TeTpanentuga Arg-
Lys-Asp-Val, noToM 6b111 M3y4eHbl KOH(POPMaLMOHHbIe CBOMCTBa NeHTanenTuaa Arg-Lys-Asp-
Val-Tyr n, HaKoHel, BCeil rekcanenTnAHOM MONEKY bl. Takas cxema pacyeTta NpPoCTPaHCTBEHHOM
CTPYKTYpbl MOMIeKyNbl 6blfa NPOAMKTOBaHa CaMOil aMUHOKMC/IOTHOW MOCNef0BaTeIbHOCTHIO U
WHTEPECHbIMW AaHHbIMW 06 ee OMOMOrMYeckoim akTMBHOCTU. OTMETUM, 4TO, MNepBUYHasA
CTPYKTYpa rekcanentufa COLEPXWUT aMUHOKWUCNOTHble oOCTaTkKM Arg, Lys € AIUHHbIMK,
06BEMHBIMU N MONOXMTENBHO 3apsXKeHHbIMU BOKOBLIMY LiensaMu, a Takxke octatkv Val un Tyr,
KOTOpble WMMeKT 06beMHble 60KOBble Lenu. OCTaToK acrnaparvHOBOM KUCMOTbl ASp MMeeT
oTpuLAaTeNlbHO 3apsXKeHHYH0 GOKOBYIO LiemMb.

lekcanentung Arg-Lys-Asp-Val-Tyr-Arg OT/M4yaeTca OT  MOJIeKYNbl  TUMOMNEHTMHA
Hamunem Ha C-KOHUe nmenTuja elle OAHOro octaTka apruHuHa. Mpo 3Ty MOMeKyny M3BecTHO,
yto  fob6aBfeHMe  aMUHOKMCNOTBI  Arg K C-KOHUY  MOMEKy/lbl  He  WU3MeHseT
UMMYHOMOAY/IMPYIOLLIE aKTUBHOCTK, TO €CTb OMONOrnyeckas akTMBHOCTb rekcanenTUAHOro
aHasnora Takas e, Kak 1 MosieKy/bl TUMoneHTUHa Arg-Lys-Asp-Val-Tyr .

"ekcanenTuaHas MoseKyna HacumTbiBana 122 atoma 1 38 ABYrpaHHbIX Yr/iI0B OCHOBHOW U
OOKOBbIX Lenein aMUHOKWUC/IOT, BXOAAWMX B 3Ty MOJeKyny. HayanbHble NpubnvmkeHns ans
HaXOXAEHNA NPOCTPAHCTBEHHOW CTPYKTYPbl rekcanentuga OblIn COCTaBfieHbl C YYETOM BCEX
BO3MOXXHbIX HW3KO3HEPreTUYeCKNX KOH(hopMaumMii, 4YMCno KOTopbiX npesbicunio 250. Bce
paccuMTaHHble KOHopMauuy npuHagnexann 34 ¢opmam OCHOBHOM Lenu. BbibpaHHble
HayasibHble NPUBIVXKEHWUA OblIM NPOMUHUMU3NPOBAHLI MO 3Heprun. PacuyeT 0OHapyXun
Ha/MumMe PesKoi 3HepreTUHecKon AuddepeHUMaLnm NPOCTPAHCTBEHHLIX CTPYKTYP MONEKYbI
rekcanentuga, TaK B 3HepretTnyeckmin wuHtepBan 0-7 Kkan/monb nonagatoT Bcero 30
KOH(hopmaLm, npuHagiexawmx  BOCbMW  (DOpMam  OCHOBHOM  Lenu. Camble
HW3KO3HepreTyeckme  KOH(opMauum C  3HEPreTUYECKMMU  BKNaJaMU  HEBAIEHTHbIX,
3MEKTPOCTATUYECKMX W TOPCUMOHHbLIX B3aMMOAENCTBMIA, a TaK >Xe OTHOCUTE/IbHOW 3Hepruen
npescTaBneHbl B Tabnuue 1.
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Tabnmual.

DHepreTuyeckmne BKIaabl (KKan/Mosb) HU3KO3HEPTeTUYECKUX KOH(opMaLmia
rekcanenTugHoin monekynbl Arg-Lys-Asp-Val-Tyr-Arg

Ne KoHchopmauws Eres Ean Eropc Eom
1 B2222R22222 R31R222R312R 3322 -34.8 14 3.1 0.0
2 B2222R22222 R31R222 R312B3322 -34.5 15 3.2 0.5
3 B2122R23222 R31 B322 Bo12 B3z -32.9 21 4.2 3.8
4 B2122R23222 Ba1 B222 R312R3322 -32.4 19 4.1 3.9
5 B1222 B21222 R11B122 B312Baize -36.3 4.9 5.1 4.1
6 B1222 Ro1222 B31B122R312B 3222 -314 24 4.0 5.4
7 Ba222 R22222 Ba1 Ro22 B312B3s2 -33.6 5.6 3.2 5.6
8 B2122 Ro3222 B31B222 B112B2222 -30.0 14 4.3 6.0

"no6anbHOM KOH(opmaumeid faHHOM MONeKynbl ABASETCA BooxoR22022 R31R222R312R3322, B
KOTOPOW NpOCTpaHCTBeHHas CTPYKTypa N-KOHLEBOro neHTanenTuga nosIHOCTbIO COBMafaeT C
HWU3KO3HEePreTU4Yeckor KOH(opMaumen Moneky/bl TUMOMeHTMHa. OTcrofja M 0fMHaKoBast
ononormyeckas axkTMBHOCTb 00emx MOneky/l. BaXHO OTMETUTb, YTO MPUCYTCTBME
KOH(hOpMaLMOHHO CBO6OAHBLIX aMUHOKMCIOT Argl, Asp3 1 Tyr5 B MOMeKy/ne CUHTETUYECKOTO
rekcanentnga Arg-Lys-Asp-Val-Tyr-Arg sBfseTcqd BaXXHbIM MOMEHTOM MpW B3anMOLENCTBUM
[aHHOr0 aHasiora C pelenTopoM. PacronoXeHWe aMUHOKWCIOT B HU3KO3HepPreTUYecKoM
KOH(popmaLmMKn rekcanenTuia npeLcraBneHo Ha pucyHke 1.

HW3K03HepreTMYeCKUMM KOH(opMaLMaMn 41 rekcanenTuaHON MOMEKY bl ABMAKOTCS Tak
¢ BRRRRB, BRRBBB 1 BBRBBB, npocTpaHCTBEHHbIE CTPYKTYPbl KOTOPbLIX HanomMnHaroT
perynspHble y4acTku o- U - CTPYKTYp. B aT1X KOH(opmaLmax NpucyTCTBYHOT BCe BO3MOXHbIE
AN18 rekcanenTUAHOM  MONeKy/bl  B3aMMOLENCTBUA, HO OCHOBHOW BKfaf NPUHALNEXUT
AUNenTUAHbIM, TPUNENTUAHLIM U TeTpanenTUAHbIM B3aUMOLEACTBUAM MeXY OCTaTKaMu.

PucyHok 1. MNpocTpaHCTBEHHas CTPYKTYpa koHhopmauu BRRRRR
Monekynbl Arg-Lys-Asp-Val-Tyr-Arg.
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MOLECULAR MECHANICS AND DYNAMICS STUDY OF
THE UPEROLEIN MOLECULE
G.A. Agaeva
Institute for Physical Problems, Baku State University
gulshen@mail.ru

The conformational properties of the uperolein molecule has been studied by molecular mechanics
and dynamics method in vacuum and in environment with water molecules. It is shown that uperolein is
observed in vacuum and in water with some flexibility of the N-terminal part of its amino acid sequence.
In the middle and C-terminal parts of this molecule is saved a helical conformation in all conditions.

Introduction

The major aim of the present article is the investigation of conformational dynamics for
uperolein, with the purpose of getting insight into basic structural requirements that determine
ligand-receptor interaction. The conformational behaviour of uperolein and conformational
dynamics of its side chains at the present article have been investigated by molecular mechanics
and dynamics method, which allow to determine a whole sets of energetically preferred
conformers of peptide molecule. Uperolein, an undecapeptide of frogs skin, with the sequence
pGlu-Pro-Asp-Pro-Asn-Ala-Phe-Tyr-Gly-Leu-Met-NH,, is a member of the tachykinin family of
neuropeptides [1]. All tachykinin peptides share the same consensus C-terminal sequence, that is,
Phe-Xxx-Gly-Leu-Met-NH,. This common region, often referred as the message domain, is
believed to be responsible for activating the receptor. Tachykinin peptides exhibit a wide and
complex spectrum of pharmacological and physiological activities such as powerful vasodilation,
hypertensive action, and stimulation of extravascular smooth muscle. Uperolein is a tachykinin
closely related to physalaemin and possessing the same spectrum of biological activity. The wide
range of physiological activity of tachykinins has been attributed to the lack of specificity of
tachykinins for a particular receptor type. Hence there is considerable interest in uperolein as
potential target for drug design. The major aim of the present article is the investigation of
conformational dynamics for uperolein, with the purpose of getting insight into basic structural
requirements that determine ligand-receptor interaction. The determined structures of uperolein
may be used as the basis for the design of further peptidic selective antagonists.
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Molecular mechanics (MM) study of uperolein conformation involves step by step
extensive computations of even-increasing fragments, with a set stable forms of each preceding
step used as a starting set in the next step. Only those conformations are retained whose energies
are smaller than some cut-off values. This cut-off value is usually taken as 5 kcal/mol above the
lowest energy. But it can be varied to make sure that higher energy states can justifiably be
neglected. The sequential method was used, combining all low-energy conformations of
constitutive residues. The conformational potential energy of a molecule is given as the sum of
the independent contributions of nonbonded, electrostatic, torsional interactions and hydrogen
bonds energies. The first term was described by the Lennard-Jones 6-12 potential with the
parameters proposed by Scott and Scheraga. The electrostatic energy was calculated in a
monopole approximation corresponding to Coulomb’s law with partial charges of atoms as
suggested by Scott and Scheraga. An effective dielectric constant value e=1 for vaccum, €=4 for
membrane environment and €=80 for water surrounding is typically used for calculations with
peptides and proteins, which create the effects of various solutions on the conformations of
peptides by MM method. The torsional energy was calculated using the value of internal rotation
barriers given by Momany et al. The hydrogen bond energy is strong, its maximum value being
1.5 kcal/mol; it is calculated based on Morse potential. Bonding lengths and angles are those
given by Corey and Pauling [2] and are kept invariable; the ® angle of the peptide bond was fixed
at 180 .

Molecular mechanics study of eledoisin has shown that its spatial structure may be
described by some families of low-energy conformations with identical structure of the C-
terminal heptapeptide. The C-terminal part (residues 5-11) of the uperolein can adopt a partially
helical structures, but the N-terminal part is flexible and different in each family. The lowest
energy structures of uperolein exhibit the most favourable dispersion contacts and therefore may
be expected to become the most preferred in a strongly polar medium, when electrostatic
interactions do not play a significant role. The lowest energy a-helical structure at the C-terminal
fragment is stabilized by network of hydrogen bonds. Conformational analysis of uperolein have
been indicated some families of low-energy conformations with similar C-terminal heptapeptide.

v

Fig.1. Conformational reorganization of the uperolein molecule at the
molecular dynamic simulation in vacuum.

Molecular dynamics (MD) simulations generate trajectories of atomic positions and
velocities and some general thermodynamic properties. MD involves the calculation of solutions
to Newton’s equations of motions MD is widely applied to the study of biological systems,
providing insight into the structure, function, and dynamics of biological molecules [3,4]. The
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quality of the results from a standard MD simulation is extremely dependent on the starting
conformation of the molecule. Runs were performed for 300 ps at 300K. The force field
parameters were those of the all atom version of AMBER by Cornell et al [3,4].The nonbonded
cutoff distance was 12A. The time step was 0,5fs. The program Hyper. Chem. 8.0 [4] was used
for the MD simulations. MD simulation, using the four starting lowest energy structures of
uperolein were shown the significant differences in the conformations of the molecule in a
vacuum and in an aqueous environment. Structural reorganization of the global conformation of
uperolein at the molecular dynamic simulation in vacuum and in water solution are shown in

Fig.1 and Fig.2. accordingly. The MD simulations revealed the possible deviation by +10° from
the optimal values of @ ,{, o, X dihedral angles in vacuum as compared to +20° in water. MD
simulations for eledoisin 300ps indicate that y angle for pGlul have a noticeable conformational

flexibility. The deviations of w for pGlul by +20° from its optimal values are allowed in all
calculated structures in vacuum and water environment.

Fig.2. Conformational reorganization of the uperolein molecule
at the molecular dynamic simulation in water .

The deviations by £20° from minimal values are possible for x1 angle. The rotation of the

X2 angle for Phe7 and Tyr8 is considerably limited due to the effective interactions between
these amino acids. In contrast to water simulations, where the ¢ angle for Asp3 may be changed
by retained, generally the bond stretching frequency of water, the trajectory has to be recorded at
an interval no larger than 4 femtoseconds. MD simulations show that the molecule backbone can
adopt only a limited number conformations while the side chains of the residues may populate
different rotamers. The Asn5-Metll heptapeptide fragment was found to be rigid in the

conditions studies. The Pro4 fluctuates by +20° from its optimal value i.e. Pro4 is very flexible in
water. So, the flexibility of residues in the 5th and 7" positions is limited by 10° as compared to
the preceding part of molecule. This fact can be explained due to the important role of these

residues in the formation of 3-turn.

The obtained results and discussion confirm the relative flexibility of the N-terminal part
and rigidity of helical structure of the C-terminal part of uperolein molecule.
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Uperolein molekulunun molelulyar mexanika va
molekulyar dinamika tsullart ils tadqiqi.
G.9.AJayeva

Uperolein molekulunun konformasiya imkanlari molekulyar mexanika va molekulyar dinamika
tsullari ile mixtalif muhitlarda dyranilmisdir. Bunun tgtin peptidlarin konformasiya dayismalari avvalca
vacuumda ,sonra su molekullarindan ibarat qutuda muayysn olunmusdur. Hesablamalar naticasinds
gostarilmisdir ki, har iki muhitds molekulun N-uclu hissasinin 8sas va yan zancirlarinin gevikliyi
mdovcuddur, lakin molekulun markazi va C-uclu hissasinin asas zancirinin alfa spiral qurulusu daha
dayanaghdir.

TEOPETUNYECKOE AB INITIO NCCJIEJOBAHUVE KOJIEBATEJIbHOI O CTEKTPA
KOMMNNEKCA OJ1INI OMEPA MOJTIN3ITUNEHT JINMKOJTA M3l5

C ATOMOM XJ10PA
C.A. OAemyxamepoBa, 3.1. Magpkues, .H. Anvesa, H.M. NofkaeB
NHcTuTyT Mpobnem usnkn, baknHcknid MocyaapcTBEHHbIN Y HUBEPCUTET
svetlanabest@mail.ru

B paboTe KBaHTO0BO-xMMUYeCKuUM ab initio MeToaom XapTpn—Poka ¢ ucnonb3osaHmeM dasmca 6-
31G nposefieH pacyeT KonebaTenbHOro crnekTpa KoMmaekca onMroMepa nonuaTuneHrnmkona M3r5 c
aTomMoM xnopa. lonyyeHbl 4acTOTbl, UHTEHCMBHOCTYW, NOCTPOEH TEOPETUYECKNA KonebaTenbHbIi
CNEKTP KOMMJeKca W MNpOou3BedeHa ero TeopeTuyeckas WHTepnpeTauus no pacnpeseneHuio
NOTEHLUMaNLHON 3HEPrmM No KonebaTeNbHbIM KOOPAMHAT aMm.

Knouesble cnosa:  O/MIOMEpPbl,  MOMAMITWIEHIINKONb,  KOMM/EKC, KBaHTOBO-XMMWUYECKUE
HE3MMUPUYECKME pacyeTbl, KonebaTenbHbIli CNeKTP, YaCTOTbl, NHTEHCMBHOCTW

HacTogLuasa paboTa noceALleHa KBaHTOBO-
XVIMWYECKOMY  UCCNef0BaHUIO  KosebaTenbHOro  criekTpa
KOMMJIEKCa 0NMromMepa nonnMaTUNEHTINKONA, COCTOALLEro 13
5 noBToOpAOLLMXCA 3BEHbEB C aTOMOM XJopa. PacueTHas
MOZenb  Mofiekynbl - (puc.l) 6blna  nonydveHa  nocne
npeLBapuTeNibHOro  MOZE/NMPOBAHNUSA CTPYKTYPbl METOA0M
MOJIEKY/IAPHOM ANHAMUKW.

PaHee Hamy  ©OblNO  NPOBEAEHO  WCCMeoBaHMe
NMPOCTPAHCTBEHHON [1] WM 3NEKTPOHHON [2] CTPYKTYpbI
komnnekca M3Ar5+Cl. PacueT KonebaTenbHOro criekTpa
3TOr0 KOMI/IeKCa MpOu3BeAeH KBaHTOBOXMMWYECKUM ab
initio metogom HF B 6asucHom Habope 6-31G (p,d) no
nporpamme Gaussian-09. B pe3synbTaTe NpPOBEAEHHOrO

Prc.l. PacyerHas Mogens
xovmirexca I[OT5+C1
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pacyeTa OblNM MNOMyYeHbl YAaCTOTbl U WHTEHCUMBHOCTW KO/ebaTe/lbHbIX MOAOC WM MOCTPOEH
TEOPETUYECKNIA CMEKTP MOr/IOWEHNS, KOTOpbIA  MpuBeAeH Ha puc. 2. Ana 6onee TOYHOW
MHTEpNpeTaLmMmn 4actoT HOPMasibHbIX KONe6aHUiA MONYyYeHHOro KosebaTeNbHOro crnektpa 6bin
MpoBe/EeH pacyeT pacrpeseneHns NoTeHUanbHOW SHeprumn No KonebaTeslbHbIM KOOpAMHATAM Mo
nporpammve VEDA-4.

Pe3ynbTaTbl pacyeTa 4acTOT M WHTEHCUMBHOCTEW MONOC MOr/IOWEHNS TeopeTUYeCcKoro
CMeKTpa KOMMeKca nonmatunenrnvkons M35 ¢ atoMom xiopa v UHTeprpeTaums nosiBneHns
3TUX M0JI0C, OCHOBaHHasA Ha NOAPOOHOM aHanu3e pacnpefenieHns NOTeHUMaNbHOW 3HEPrun no
KonebaTte/ilbHbIM KOOpAMHaTaM npeAcTaB/eHbl B Tabnmue.
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Puc. 2. TeopeTuueckuii KosiebaTenbHbIA cCNeKTp Komniekca MN3r5+Cl

Tabnuua.

TeopeTiyeckme YacToTbl (cM™), nHTeHcueHocTM (KM/Mole) 1 nHTepnpeTaums
WK cnekTpa komnnekca M3r5+Cl no gaHHbIM meToga HF/6-31G

\Y | OTHeceHue 1 CTeneHb y4acTus
4076 40752  q(O4Hy) 96

3268 4592 q(CisHss) 84 (CisHay) 14

3233 9217 q(CHi) 11 q(CoHio) 86

3225 139.93  q(CiHs2) 34 q(CisHas) 36 (CyaHas) 11

3218 13.02 0(C12H32) 37 q(CiaHas) 22 q(CraHss) 13

3208 16358  (CoHag) 27 Q(CoHas) 30 q(CoHas) 23

3204 2494  ((CeHy3) 14 (CeHae) 40 (CeHae) 13 q(CoHae) 20
3199 2129 q(CaHaa) 17 (CasHar) 71

3194 27.59 q(C“H?,o) 14 q(C11H31) 59

3190 2762 (CaHa) 14 (CoHas) 27 G(CoHag) 29

3186 3.09 A(CsHaz1) 12 q(CsHzp) 10 q(CsHz3) 49 q(CeHas) 13
3174 125.90 q(C12H33) 35 q(C14H35) 38

3167 4192 q(CoHis) 72 q(CsHar) 19

3163 118.70  q(CiH3o) 10 q(CizHa3) 21 q(CraHss) 13 q(CiaHss) 35
3158 18370  (CoHas) 17 (CsHpr) 26 (CoHag) 20

3151 85.70 q(CsHx) 27 q(CeHzs) 20 q(CyHys) 19

3143 5.76 0A(CgHz7) 17 q(Ci1H30) 47 q(CiaHa1) 10 q(CroHzz) 10
3137 27.24 g(C3Hy) 36  g(CeHas) 20 q(CgHyg) 13

3133 7.35 q(CsHz) 22 g(CgHy7) 29 q(CgHzg) 23

1661 1.18 (X,(H33C12H32) 28 (X,(H35C]_4H34) 31

1660 0.95 (X,(HZJ_C3H20) 36 (1,(H23C5H22) 31
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1659
1658
1641
1639
1637
1636
1635
1633
1626
1609
1593
1584
1573
1564
1551
1542
1535
1522
1512
1493
1444
1432
1417
1402
1398
1390
1381
1375
1358
1332
1323
1313
1303
1279
1276
1263
1248
1241
1234
1218
1206
1198
1195
1183
1156
1055
1052
1025
1010
983
968
944
934
923
920

0.70
0.24
0.41
1.82
5.52
5.76
14.06
3.25
14.44
31.76
6.41
66.76
25.59
48.60
5.99
66.46
101.15
151.37
18.39
8.54
23.61
14.21
3.18
38.41
21.81
22.27
0.73
5.25
29.62
39.17
118.30
18.20
377.74
310.66
21.64
13.94
8.95
20.90
70.12
14.45
46.19
50.01
54.56
23.19
8.58
45.77
56.79
4.64
11.56
13.73
17.78
5.20
23.55
21.22
17.47

a(H25CsHas) 25 a(H27CgHz6) 30

a(Ha5CeH24) 11 a(H29CoHzg) 20 a(H3:CaiHg0) 20

o(H37Cy5Hgs) 73

o(H19C2H1g) 70 a(H23CsHz2) 10

a(H20CoHzg) 36 o(H31C11H30) 32

a(H21C3Hz0) 21 a(H23CsH22) 24 a(HasCoH24) 12 au(H27CeHog) 13
o(HzsCeH24) 10 a(H33C1oH35) 19 au(H3sC14H34) 20

a(H25CeH2) 14 o(H27CgH26) 14 o(H33CiaH32) 17 a(H35C14Has) 14

M(H170:C5) 15 X(H19C>C30,) 13
X(H33C12013C14) 10

M(H170:Cp) 24 n(H15C,04) 28
X(H27C507C¢) 10
X(H33C12013C14) 11

¥(H35016Cl3g) 24 1N(H36C15016) 28  X(H37C15016Cl3) 18
N(H2Cs504) 14  n(H24Cs07) 20 N(H26Cs07) 11 Nn(H25Co040) 19
N(H22Cs04) 14 1n(H2C507) 11 n(H25Cq040) 19

N(H30C11010) 17 1(H32C120413) 13 X(H33C12015C14) 10
N(H30C11010) 17 N(H32C1,013) 13 N(H34C14013) 36

N(H20Cs04) 54

N(H22C504) 17 N(H24Cs07) 15 N(H28Co010) 14 N(H34C14013) 14
N(H22Cs504) 17 n(H24C607) 15 N(H30C11010) 11 N(H32C12013) 11 n(H34C14043) 14
N(H26Cs07) 17 n(H25Cq010) 15 N(H32C1,043) 11

N(H1sC>01) 27 N(H2C30,) 11 X(H1sC2C50,) 11 x(H19C2C50,) 11
¥(H35016Cl39) 20 N(H36C15016) 18  X(H37C15016Cl3g) 12

d(010Cq) 12 q(013Cy2) 31 q(O13C14) 25

0(04Cs) 20 g(O4C3) 13 g(0,Ce) 16

d(04Cs) 20 q(O10Cs) 18 G(04C5) 13 ¢(010C11) 15

d(0:Cs) q(O:Cs) 17 (O10Cu1) 15

q(0,Cy) 22

q(0.C;) 20

q(046Cys) 30

q(01C;) 11 q(C,Cs) 20 x(01C,C50,) 11
q(CeCs) 12

0d(016C15) 23 q(C15C1s) 14

0(04C5) 12 q(CyCs) 10 q(CsCs) 17
q(013C12) 11 q(013C14) 22 q(C12C11) 15
q(CsCe) 13 X (H22C504Cs5) 11

q(CoCs) 14

q(C2Cyy) 24

q(01Cz) 12 q(C,Cs) 33 X (H20C30,Cs) 13
0(016C15) 24 (C15C14) 35 X (H35C14013C1) 26

d(04Cs) 10 q(04C5) 12 X (H18C,C30,) 14
0d(013C12) 15 q(013C14) 19 X (H36C15016Cl39) 12
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702 218.44 X (H170,C,C3) 66 X (H33016C15C14) 28

618 1.34 § (CgO7C6) 14 ¢ (C11010C9) 11

584 8.77 € (013C12C11) 18 ¢ (C12C11010) 17

579 35.44 € (016C15C14) 34 ¢ (C15C14013) 18

571 2.20 € (0,C,C3) 31 € (C,C50,) 18

562 12.73 € (0,C5Cq) 13 € (019CyCsq) 10 € (CyCg0;) 14 € (C5Ce07) 21
545 40.93 X (H1701C2C3) 21 X (H33016C15C14) 44

410 0.98 G (C14013Cy2) 37 € (046C15C1a) 15

380 0.06 € (0,C5Cg) 15 € (C,C304) 11 € (C5C607) 11

372 0.37 € (01C2C3) 14 ¢ (OngCg) 10

358 0.06 € (043C1,Cyy) 15

308 0.24 ¢ (Cg0,Ce) 15

275 8.02 € (013C12C11) 16 ¢ (C15C14013) 22

250 1.79 ¢ (Cg07Ce) 14 ¢ (C304Cs) 12 ¥ (0,C,C30,) 13

228 4.16 ¢ (C11019Cy) 15 ¥ (040CyCg0y) 27

216 6.15 X (013C12C11010) 16 X (016C15C14013) 41

181 3.81 ¢ (C304Cs5) 10 € (CyC304) 12 % (04C,C504) 10

172 1.42 X (013C12C11010) 20 X (016C15C14013) 16

154 5.57 X (04C5Cs07) 12 % (Cg0,CsCs) 20 X (C304CsCs) 15

146 0.38 X (O4C5C607) 28 X (CuC“Ong) 15

132 6.19 X (C304C5C¢) 23 X (C1,C11040Cy) 10

98 9.69 q (Clggole) 23 X (C307C6C5) 10 X (C9C807C5) 10

80 101 0 (Cl3g046) 18 X (010CoCs07) 15 X (CoC50;Ce) 12

68 0.86 0 (Cl39O16) 10 X (C304C5Cs) 10 X (C11010CoCs) 10 X (C2C304Cs) 24
58 3.32 X (C14013C15Cyy) 12 X (C12C11040Co) 19

52 0.42 0 (Cl3gO16) 30 X (C14013C12C11) 12 X (CoCs0,C¢) 13

39 118 X (C504CsCe) 11 X (C15C14013C12) 19 X (Cl39016C15C1a) 11
29 2.69 ¥ (Cl3g0416Ci5) 12 X (C11019C4Cg) 16 X (CoC50,Cs) 11

20 0.11 Y (Cl3g016C15) 12 X (Cg07C6Cs) 11 X (C11010CoCs) 18 X (C15C14013C12) 12
13 0.45 ¥ (Cl3g046Ci5) 39 X (C14013C12C11) 30 X (Cl3g0416C15C14) 14
12 043 X (C15C14013C12) 24 X (Cl3g016C15C14) 38

MpoBefeHHbIM  aHanu3  pacrpefenceHus MNOTEHUMANbHOM  3HepruyM  KonebaHwuidi Mo
BHYTPEHHMM KO/nebaTe/lbHbIM KOOpAMHATAM MOKa3bIBAET, YTO OYeHb WHTEHCWBHbIE MOMOCHI
nornoweHna 4111 un 4076 cm? onpefensroTCa YMUCTO XapaKTePUCTUYECKUMU BaNEHTHbIMU
KonebaHnsamum OH cBs3eld, a BbICOKOYACTOTHbIe KOlebaHus, iexkalne B UHTepBasie 4acToT 3268+
3127 cm™ cocpej0TOUEHbI B UNCTO BaeHTHBIX KonebaHuax pasnnyHbix CH cBaseil. BaneHTHble
kone6aHus CO n CC cBsseii pacrnonaraioTcs B o6nactv 1323-923 cm™. YactoTbl B 06nacTy
1661+1633cM™ ABAAKOTCA YMCTO XapaKTEPUCTUYECKUMU KONeGaHWAMM M3MEHEHUS BaleHTHbIX
yrnos HCH pasnnuHbix CH, rpynn. [dethopMaumoHHble KosiebaHua BaneHTHbIX yrnos HCO
0TBEYAIOT 3a NosBNeHWe nonoc 1444, 1432,1402,1398,1320,1381,1375 1 1358 cm™ u BXOAT B
COCTaB Mosoc noroLeHus 1542 cm™ Hapsay ¢ AedhopMaLmMoHHbIMK KoneGaHuamm yrna Hyz0.C,
n 1417 cm™ Hapagy ¢ TOPCUOHHBIM KonebaHneM AByrpaHHoro yrna HasCio013C14. KonebaHue
yrna Hi70:C, BCTpeuaeTcs elle B nonoce 1573 cM™ Hapsgy C TOPCUMOHHBIM KonebaHueM
H19C,C30,4.  [edopmaumoHHble  KonebaHus BaneHTHbIX yrnoB OCC wm COC camoit
MONM3TUNEHTIIOKONEBOI LIeNOYKN MpOsBAAOTCA B 06macT yactoT 618+181 cm™. Uucro
XapaKTePUCTUYECKUMU [eOPMaLMOHHBIMU KoebaHmamn BaneHTHbIX yrnos OCC asnstoTcA
nonockl nornoLeHns 584, 579, 571, 562, 380, 372, 358 1 275 cm™, a yrnos COC — yacToThl 618
n 308 cm?’.  Hennockue KoneGaHWs WM3MeHeHWs ABYrpaHHbIx yrnos HCOC senstoTcs
XapaKTePUCTUUECKUMM N1 MOMOC MOFMOLLEeHUs 1564, 1535 n 1522 cM™, Takke Kone6aHus 3Toro
TNa BCTPEYaloTCs B CMECK C KOMebGaHUAMM N3MEHEHUS BaneHTHbIX yrnoB HCO (1417 cm™) u
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pacTskeHus ceasn CC (1055 cm™). Hennockue kone6aHus M3MeHeHUs ABYrPaHHbIX Yr/ioB
HCCO B cmecu ¢ Apyrumu KonebaHusMU HabmtogatoTes B monocax 1573, 1358 n 923 cm™.
Monockl nornoweHnss 702 n 545 cm™ asnawoTcs XapaKTepPUCTUYECKUMWN ANA  HEMIOCKUX
TOPCUOHHBIX KONE6aHUN N3MEHEHNS KOHLEBbIX ABYrpaHHbIX YrnoB HizgO16C15C14 M H170:C,C3
uenoyku M3Ar5. Hennockue TOPCUOHHbIE KONEGaHWsA caMoil NOAU3TUNEHOBON Lenoykn OCCO
0TBEUAIOT 3a MOAB/IEHNE YacToT 216 1 172 cm™, a konebaHus CCOC 3a yacToThl 132 M 58 cm™ U
B CMecu Apyr ¢ Agpyrom B nonocax 154 n 146 cm. Taoke TOPCUOHHbIE KO/lebaHMs Takoro Tmna
KonebaHus B CMecK ¢ KonebaHuaMU Spyroro Tuna nposBAstoTCA B Nosocax nornouieHms 1206,
250,29 1 12 cm™,

PaccmoTpyM KoniebaHus, 06yC/IOBNEHHbIE NPUCYTCTBUEM B KOMI/IEKCE aToMa xJiopa. 1493
1 1332 cM™ -3T0 YacTOTbl, 06YCNOBNEHHbIE M3MEHEHWEM YINa, 06pa3yIoLLErocs NPy KonebaHmsax
KOHUeBOW rpynnbl HzgO16 NOMMITUNEHTIMKONEBOW LEMOYKM U aTOMOM XJiopa. B atmx e
yacToTax NPUCYTCTBYHOT HEMNOCKMe KonebaHus AByrpaHHoro yrna Hz;Cis016Cl. TopcroHHoe
kone6aHne HssC15016Cl nposienseTcs B nonoce 920 cm™. [ipyrve kone6aHus, 06ycnoBneHHbIe
Ha/IM4YMeM atoMa X/opa, PacrosiokeHbl B HU3KOYACTOTHOM 06nacTu cnekTpa. 3meHeHue npu
KonebaHnAX pacCTOAHNUSA MeXay aToMOM Kucnopoga Oz U X/10pOM NPOSBAAKOTCA B YacToTax 98,
80, 68 1 52 cM™, B KOTOPbIX Takke MPUCYTCTBYIOT HEMMOCKMe Kone6aHUs ABYrPaHHbIX Yr/ioB
COCC uenoukn TM3l. WM3veHeHne npu KonebaHuMM yrna, 06pa3oBaHHOro aToMOM XJopa ¢
atomom Kucnopoga O:6Cis KOHLA Lenoukmn M35 npossasioTes B yactotax 13, 20 1 29 cm™, a
HennocKoe TOpcuoHHoe konebaHune ClO1C15Cy4 — B yacToTax 12, 13 1 39 cm™.

MpoBeAeHHbIN aHa/IM3 TeOPeTMYECKOro KonebaTensHOro cnekrpa komnnekca MN3rs+Cl no
JaHHbIM pacyeTa HF/6-31G(p,d) MOXeT MOMO4Yb 3KCrepuMeHTaTopam A1 UAEeHTU(UKaLmMmn
4yacToT  KofebaHWi npu  UCCNefOBaHWM  3KCMEPUMEHTa/IbHbIX  CMEKTPOB  MOT/IOWEeHMs
aHaIorMYHbIX KOMM/EKCOB.

NNTEPATYPA

1. Oemyxameposa C.A., lNamkues 3.., Anvesa W.H., Nogpxaes H.M. WccneposaHve
NPOCTPAHCTBEHHOW CTPYKTYpbl ONIMFOMEPOB MONUATUNEHTAMKoNs — PEG4+Cl  u
PEG5+ClI ¢ atomom xnopa.“Opto,-nanoelektronika kondensa olunmus muhit va yksak
enerjilar fizikasi” VII Respublika elmi-praktik konfransi, Baki, 20-21 dekabr, 2013,
5.259-263

2. Oemyxamegosa C.[., MNamkues 3.1, DneKTpoHHas CTPYKTypa KOMIMIEKCOB 0/IMTOMepoB
nonuatuneHrnukonsa MNalr4 v Nars ¢ atomom xnopa. “TeopeTnyeckne U NPUKNagHbIe
acnekTbl COBPEMEHHON Hayku”’COOPHMK Hay4HbIX TpyaoB no MaTepuanam VI
MexayHapoLHO Hay4YHO-NPaKTUYeCKor KoHgepeHuun. r.benropog, 2015, ¢.18-21

KBAHTOBOXVMMWNYECKOE NCCNEJOBAHUE MPOCTPAHCTBEHHOITO
CTPOEHNA AH3EPVHA 1 EIT'O MOHOMEPHbBIX KOMITJIEKCOB C UNHKOM
C.4. JemyxamenoBa
NHcTuTyT Mpobnem ¢usnkn, baknHckuid MocyaapcTBEHHbIN Y HUBEPCUTET
svetlanabest@mail.ru

B paboTe nomysmMnupuyeckuM KBaHTOBOXMMMWYECKMM MeTogom PM3 u3yyeHO CTpoeHue
MPMPOAHOro AvnenTu4a aH3epuHa W ero MOHOMEPHbLIX KOMMMEKCOB C aTOMOM LMHKA. [lonyyeHbl
reoMeTPUYECKNE U IHEPreTUYECKME NapamMeTPbl 4151 U3YUEHHbLIX MOMEKY.

Kntoyesble €10Ba: aH3epyH, KOMNEKC, CTPYKTYpa, KBaH TOBO-XMMUYECKWE pacHeTbl
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MpVPOAHbIA AMNENTWUS aH3EPUH BbIMOIHAET BaXKHble Guonormyeckmne yHKuumn, obnagaet
CMOCOBGHOCTBIO  MOAY/NMPOBaTb MMMYHHYHK) peakuuio 4YesioBeKa W BO  MHOMMX  Ciy4asx
OKa3blBaeTcd B 2-3 pasa 3PPeKTVBHEe KapHO3MHA, OT KOTOPOro OT/IMYAETCA Ha/IUYMEM
METWNbHOW TPyMnbl Y OAHOIO M3 aTOMOB a30Ta B MMWAA30/IbHOM KOfible. KapHO3MH u ero
NMPOM3BOAHbIE MPU3HaHbI BbICOKOI((EKTUBHBIMU aHTUOKCUAHTaMK [1]. AH3epuH B 60/bLLOM
KOMIMYECTBE HAXOAMUTCS B MbILLEYHBIX TKaHAX YesioBeKa U NO3BOHOYHBIX XXUBOTHbIX, KNETOYHbIE
CTPYKTYpPbl KOTOPbIX MNPefOXpaHAeT OT M3MEHEHWI, HacTynarowmux Mpu CTapeHun TKaHeil.
AH3epuH 06/1aaeT  CNOCOBHOCTLID  00pa3oBbIBaTb  KOOPAMHALMOHHbLIE  KOMIMEKCbl €
pasNMyHbIMK aTOMaMK NMepexofHbIX MeTaioB. B pabote [2] 6bl10 MoOKasaHO, YTO aH3epuH U
0CO6EHHO €ro KOMM/EKCbl C LMHKOM 06/1a4at0T CMoCOOHOCTbIO 3awmuiate Knetkn OHK ot
NOBPEXAEHNIA, BbI3BaHHbIX MOHU3VUPYIOLLUMUN U3NTYYEHUAMM.

PaHee Hamu Oblna uccnefoBaHa MNPOCTPAHCTBEHHAA W 3/IEKTPOHHAA CTPYKTypa [ABYX
TayTOMEpPHbIX (DOPM KapHO3MHA U X Pa3/IMYHbIX KOMIMJIEKCOB C aTOMaMu UMHKa [3-6]. JaHHas
paboTa MOCBfLLEHa WCCNeLOBaHUIO MPOCTPAHCTBEHHOM CTPYKTYpbl MOJIEKYN aH3epuHa U KX
MOHOMEPHBIX KOMM/IEKCOB C aTOMOM LMHKA B [BYX TayTomepHbix dopmax N'H u N°H
MMMAA30/1IbHOMO KOJbLA.
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Puc.1. HusKoaHepreTuyeckune KOHHOPMaLMOHHbIE COCTOSHUA MoZeNeli MONeKy bl aH3epuHa (a,6) v ee
MOHOMepHbIX Komrnekcos ¢ Zn(l1) (8,r) B ABYx TayToMepHbIX popmax N'H 1 N°H

Ha puc.1 npuBefeHbl pacyeTHble MOAENN UCCNEAYEMbIX MONEKY/I.

PacueTbl MPOBOAMNWCL C WCMOMb30BaHWEM mnporpamMmbl HyperChem.8.06 nonysmnu-
PUYECKUM KBAHTOBO-XMMMYECKM MeToaoM PM3. [ns pacyeTa KOMMNIEKCOB aH3epuHa C LMHKOM
6BbIN UCMOMb30BaH HEMTPaIbHbIA aTOM LIMHKA, CO3Aat0LLMIA KOOPAMHALIMOHHBIE CBA3W C aTOMaMy
Kicnopoga W fIByMS aToMamMM  a30Ta  FUCTUAMHOBOWA  LIENOYKM  aH3epuHa, 06pasys
KOOPAVHALIMOHHYIO MOMOCTb, COCTOSLLYHO M3 [BYX XeNaTHbIX KOMel — NATW U LLUECTUYIEHHBIX.
Pe3ynbTaTbl pacyeTa ONTUMU3MPOBAHHbIX FrEOMETPUYECKMX MapaMeTPOB -3HAYeHNs A/IVH CBS3ei,
Ba/IEHTHbIX 1 TOPCUOHHBIX YI/10B BpalLeHWsi 0606LLeHbI B Tab.1-3.
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Tabnumua 1.

JnvHbl cBsseit (A) 2-x TayToMepHbIX (hopm aH3epuHa

N NX KOMMEKCOB C LIMHKOM nocne ontumusauum PM3
Csasb AH3epuH | Kowmnnekc aH3epuHa | CBAsb AH3epuH Komnnekc

cZn aHsepuHa c Zn
N'H N°H | N'H+Zn | N°H+Zn N'H N®°H | N'H+Zn | N°H+Zn

N1-C2 1.39 1.34 1.40 1.34 C11-C12 | 153 1.52 1.52 1.53
C2-N3 1.35 1.40 1.35 1.40 C12-N13 | 1.48 1.48 151 1.50
N3-C4 1.39 1.41 1.39 1.41 C8-014 1.22 1.22 1.19 1.19
C4-C5 1.39 1.39 1.39 1.39 C8-015 1.35 1.35 1.24 1.24
N1-C5 1.41 1.40 1.41 1.40 C10-016 | 1.22 1.22 1.23 1.23
C5-C6 1.48 1.48 1.49 1.48 N1-C30 - 1.46 -
C6-C7 1.54 1.54 1.51 1.50 N3-C30 1.46 - 1.46
C7-C8 1.53 1.53 2.25 2.26 N9-Zn 2.04 2.03
C7-N9 1.48 1.49 1.37 1.36 015-Zn 2.21 2.18
N9-C10 1.43 1.43 1.43 1.42 N13-Zn 2.07 2.08
C10-C11 1.52 1.52 1.53 1.53

[lo6aBneHne MeTWIbHON Fpynnbl K OAHOMY M3 aTOMOB a30Ta B MMWAA30/IbHOM KOJbLie
MPVBOANT K PACTSHKEHMIO NPAKTUYECKN BCEX [/IMH CBA3EW MMMAA30/1bHOMO KO/bLAa aH3epuHa no
CPaBHEHMIO C PaHee M3YYeHHbIM Hamu KapHO3MHOM [3-5] Ha ~0.05A. Bce [4/IMHbI BaseHTHbIX
cBA3eli B MMMAA30/IbHOM KOMbLe aH3epuHa ~1.39+1.41 A 3a ucknouenvem cessn C,N; B
TayTOMepHoii hopme aHsepuHa N'H u cBsian N;C, B TayTomepHoii dopme N3H, koTopble He
MEHSAIOTCA.

Kak BuaHO 13 1abn.1, npy KOMMaekcoobpasoBaHUM C LLUHKOM B 060MX MOLENAX aH3epuHa
HabnoaaeTca 3HaumTenbHas gedopmaums B A/IMHAX Ba/leHTHbIX CBA3eW, 06pasytolmx
KOOPAVHALIMOHHYIO NonocTh - Ha 0.72A yBennumsaetca pacctosHue Mexxay atomamu C7-Cg 1
Ha 0.11A ymeHbluatoTes AnmHbl casseii C7Ng 1 CgO1s. HesHaunTenbHas aecopmaums Ha 0.03A
XapakTtepHa ana ganH BaneHTHbIX cBsA3eil CgCr(1), Cg014(1) 1 C12Ny3(1).

Tabnuua 2.
BasieHTHbIe yribl (rpag) 2-X TayTOMEpHbIX (POPM aH3epviHa
N NX KOMMJIEKCOB C LIMHKOM nocne ontumMusaunm PM3

Yron AH3epuH Komnnekc Yron AH3epuH Komnnekc

aH3epuHa c Zn aH3sepuHa c Zn

NIH N°H NH+Zn | N®H+Zn NH N3H NIH+Zn N3H+Zn

Cs-Ce-C, 1134 | 1125 111.4 111.7 N;-C,o-Nj 108.1 | 107.9 108.0 107.9
Ce-C7-Cq 107.7 | 108.0 97.4 106.8 C,-Ng-C, 108.9 | 108.9 109.0 108.9
C6-C7-N9 1137 | 1129 1175 126.2 N3-C,-Cs 109.0 | 105.7 109.0 105.7
C7-N9-C10 1212 | 1212 121.8 129.7 C,-Cs-N; 1055 | 108.8 105.5 108.8
Ng-C1o-C11 116.0 | 1155 1195 112.8 Cs-N;-C, 1085 | 108.8 108.6 108.8
C10-C11-C1o 1122 | 1125 117.8 111.9 Cg-O15-Zn - - 110.0 1115
C11-Ci-Nyg 109.8 | 109.9 113.1 111.1 045-Zn-Ng - - 89.3 90.9
C,-Cg-Ow 1293 | 129.1 104.9 107.5 C,-Ng-Zn - - 105.8 109.7
C,-Cg-Oy5 1145 | 1150 109.3 109.6 Cg-C7-Ng 107.6 | 107.1 100.9 101.3
0,4-Cg-Os5 1162 | 116.0 145.7 142.9 0,5-Zn-Ny3 - - 103.4 97.74
Ng-C15-O16 1189 | 119.3 120.4 124.9 C12-Ny3-Zn - - 100.3 108.8
046-C10-C11 1250 | 1251 120.0 122.3 Ny5-Zn-N9 - - 98.6 106.4
C1p-Nyz-Hy, 109.3 | 109.2 - - Zn-Ng-Cyg - - 121.2 1135
C1o-Nys-Hog 109.8 109.7 - - Cs-N;-Cag 126.2 - 126.0 -
Hy7-N13-Hog 109.1 109.0 - - C,-N;-Cyp 125.1 - 1255 -
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N;-Cs-Cq 126.5 122.7

126.0

123.3

CZ'N3'C30

126.1

125.7

C4-Cs-Cs 127.9 128.5

128.5

127.8

Ca-N3-Czo

125.0

1254

Mpn Komnnekcoobpa3oBaHUM aH3epuHa C aTOMOM LiMHKa 06pa3yeTcs KOOpAUHALMOHHaA
MofI0CTb, COCTOALLAA M3 ABYX XenaTHbIX Konew, —MATU- U LUeCTUYNEHHOro, UMELWMX 06LLYyH0
KOOPAMHALUMOHHYIO CBA3b ZNn-Ng. CornacHo pesynbTatam pacyeTa (Tabn.1l) xenaTHble KO/MbLa B
060MX KOMIM/IEKCaX COrHYTbl OTHOCUTE/NIbHO 00Wein cBA3n Zn-N9 TakuM 06pas3oM, 4TO
Ba/leHTHbIN yron C7;NgCip C 0AHOM CTOPOHbI CBA3N ~125° a yron Oi;5ZnNi3 C APYroi CTOPOHbI
cBA3n Zn-Ng ~100°, (hopMupys CTPYKTYPY, B KOTOPOI MONOCTb UMEET BUA «Kpecna». OTnnune B
BaIEHTHbIX Yr/ax XenaTHbIX Konew, aHsepuHaN'H+Zn u aHsepMHaN3H+Zn He npesblwaet 10°.
BaneHTHble yribl nonoct Ng-Zn-Oi5 U Ng-ZNn-Ni3 B UCCNEAYEMbIX KOMMIEKCAX MNPUHUMALOT,
KaK U B KOMMNJEKCaX KapHO3MHa, 3HauyeHus, 6nm3kuve K npsMomy yriy. B mmmngasonbHbIX
KO/bLax npy KOMMNIeKCoo6pa3oBaHn Ba/IeHTHbIE YI/ibl HE MPETePeBatdT U3MEHEHWIA.

Tabnuua 3.
TOpCUOHHbIE YIbl (Tpag) 2-X TayTOMepPHbIX (DoOpM
aH3EePUHa N NX KOMIMJIEKCOB C LMHKOM rnocne ontuMmmnsadnn PM3

Yron AH3epnH Komnnekc Yron AH3epUH Komnnekc

aH3epuHa c Zn aH3epuHa c Zn
C5-C6-C7-C8 178.3 | 1745 | 152.1 | 156.5 | N13-Zn-N9-C7 | - - -151.8 | 139.3
C5-C6-C7-N9 -62.5 | -67.3 | 1015 | -85.2 | N13-Zn-N9-C10 | - - -7.6 -14.3
C6-C7-C8-015 -101.2 | -115.4 92.1 | 159.0 | 015-Zn-N9-C7 | - - -48.4 | 41.0
C6-C7-N9-C10 102.4 | 118.0 | 158.1 | -12.6 | 0O15-Zn-N9-C10 | - - 95.8 -112.6
C7-N9-C10-C11 -164.2 | 122.8 | 166.2 | -170.1 | C7-C8-015-Zn | - - -6.9 3.3
N9-C10-C11-C12 | -149.9 | -175.9 24| 80.7 | C8-015-Zn-N9 | - - 28.0 -21.3
C10-C11-C12-N13 | -176.4 | -175.2 | -66.5| -87.2 | C8-015-Zn-N13 | - - 126.7 | -128.0
C11-C12-N13-H28 | 172.8 | 174.9 - - | C6-C7-N9-Zn - - -58.0 | -160.5
C11-C12-N13-H29 | -67.5 | -65.8 - - | C11-C10-N9-Zn | - - 21.7 -23.1
N1-C5-C6-C7 -70.7 | -789| -63.5| -64.6 | C30-N1-C5-C4 | -177.0 | - 1795 | -
C4-C5-C6-C7 1129 | 103.0 | 118.8 | 117.,5 | C30-N1-C2-C3 | 177.0 | - 179.1 | -
C11-C12-N13-Zn - - 78.7 | -32.8 | C30-N1-C5-C6 | 6.0
C12-N13-Zn-N9 - - | -39.5 8.8 | C30-N3-C4-C5 178.1 | - -179.0
C12-N13-Zn-015 - - | -130.8 | 102.0 | C30-N3-C2-N1 178.0 | - 179.0

Pasnuuue B CTPYKType ABYX TayTOMePHbIX (HOPM CBOGOAHOIO aH3epuHa U X KOMIMIEKCOB
C aTOMOM LIMHKa OTPXAOTCS Ha BENMYMHAX MOJHOW SHEPTUM U ANMONLHOrO MOMEHTa (Tabsn.4).

SHepreTnYecKre napaMmeTpbl U AUNONbHbIE MOMEHTbI 2-X TayTOMEPHbIX

Tabnuua 4.

(hopMm aH3eprHa 1 UX KOMIMIEKCOB C LMHKOM Mocse onTummusaumm PM3

KapHOo3uH 1 ero SHepreTuyeckune napameTpbl, KKaa/Monb u, D
KOMMEKCbI ¢ Zn Enom. Esn Eor. Ee.

AnzepuH N'H -68313.0 -446600.7 378287.7 -3282.1 3.0

AnzepuH N°H -68312.0 -438295.1 369983.0 -3281.2 5.7
Anseput N'H+2Zn -68548.7 -449529.9 380981.2 -3187.7 7.3
Ansepu N°H+Zn -68550.8 -442771.6 374220.8 -3189.8 7.2
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O6e hopmbl CBOGOAHOr0 aH3epuHa MOYTU PABHOMPABHbLI MO 3HEPruM, a HebOsbLUON
BbIMIPbILL MOMHONM 3Heprum Ha 1.0 Kkan/Monb B Nonb3y hopmbl N'H aeT aneKTpoHHas aHeprus.
Komnnekcoobpa3oBaHMe aH3epvHa C aTOMOM LUHKa MPUBOAUT K MOHVKEHWUIO 3HEPruu.
MOHOMepHbIe KOMMNEKChI aH3epUHa C LIMHKOM OKa3blBatoTCA MPeanoyvTUTeNibHen nx cBO60AHbLIX
dopm. Mpn 06pa3oBaHUM MOHOMEPHOTO KOMMeKca KapHosuHa N'H ¢ uuHKOM nonHas u
3NEKTPOHHAs 3Heprna ymeHbLuatoTcA Ha 235.7 1 2929.2 Kka/i/M0o/Ib COOTBETCTBEHHO, B TO Bpems
KaK BCNefCTBME CWUNbHOIO OTTa/IKMBaHMA Sfep aTtoMa LUMHKa U aTOMOB KOOPAWHALMOHHOWA
MOMIOCTN, 3JHEPrns CBA3bIBAHWUSA YyBenmumBaeTcd Ha 94.4 kkan/monb. [lpu  o06pasoBaHUU
MOHOMEPHOTO KOMMekca aHsepuHa N°H ¢ LUWMHKOM MOnHas W 3MeKTPOHHas 3Heprum
YMEHbLUAKTCA COOTBETCTBEHHO Ha 238.8 M 4476.5 Kkan/Mofib, a 3Heprus CBsA3blBaHWA
yBenuunBaeTcs Ha 91.4 Kkan/Monb. Pa3HOCTb SHEPrUiA MeXay KOMIieKcaMun aH3epuHa N3H+Zn
n N'H+Zn coctasnset 2,1 KKan/Mofb, UTO yKa3blBaeT Ha 00/bLUYH0 CTabWIbHOCTL KOMMJIeKca
aH3epyHa C LMHKOM C (hopMoii MMMAasonsHoro komblia N3H. Takum 06pa3om, nonydeHHble
pesynbTaTbl CBUAETENLCTBYIOT, UYTO TayTOMepHas (opma aHsepuHa N°H o6pasyeT 6onee
YCTONYMBbLIA KOMMMEKC C LMHKOM, HEeCMOTPS Ha TO, 4TO B CBOOGOAHOM aH3epuHe 6onee
MpeAnoyuTUTENLHON ABNAETCA CTPYKTYPa C hOPMON MMUAA30M1bHOTo KonbLa N'H.

Kak BMAHO u3 Tabn.4, Be/fIMYMHA MOSIHOrO [AUMOMIbHOMO MOMEHTA Yy MOHOMEPHOro
koMmnnekca aH3epnHaN'H+Zn pasHa 7.3 D, T.e. Ha 4.3 D BbiLLIe BEMYMHbI AUMONLHOFO MOMEHTa
cBO60AHOro aHsepuHaN'H. BennumHa nofHOro AUnoasHOr0 MOMEHTa MOHOMEPHOTO KOMM/IeKca
aHsepuHaN®H+Zn Ha 1.5 D BbllLe BEMNUMHBI AMNOALHOrO MOMeHTa cBO6OAHOrO aHsepuHa NH.
Ecnn y cBOGOAHBLIX MOSIEKY/T aH3epuHa pasHuua MeXay BesMymHaMu AUMOoSbHbIX MOMEHTOB
ABYX (hopM cocTanisieT 2,7 D, 4TO roBopuT 0 60/IbLLEA KOMNAKTHOCTM MONEKY bl aH3epHaN1H,
TO nocfe co3faHuss MOHOMEPHbIX KOMMJEKCOB C LIMHKOM BENWYMHBLI AWUMOMbHLIX MOMEHTOB
nprobpeTaroT NPakTUYEeCKN 0 MHAKOBbIE 3HAYEHNS.
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ANNEKTPOHHO-KOH®OPMALIMMOHHDbIE CBOWCTBA OEPMOP®UNHA
I".A. AxBepgneBa
VHCTUTYT msnyecknx npobnem, bakmHCcKuii MocyfapcTBEHHbIN YHUBEPCUTET,
hagverdigulnara@gmail.com

M3yueHa MonekynspHas AMHammuka Monekynbl fepmopdvHa U onpeaeneHbl Hambonee BepOSATHbIE
KOH(hOPMaLMOHHbIE COCTOSHUA B OKPECTHOCTAX /IOK&IbHBIX MUHUMYMOB C Y4eTOM BOAHOW Cpefbl C
“cnonb3oBaHnem cunosoro nons AMBER. 3neKTpOHHas CTPYKTypa ONTMMabHbIX KOHOpMaLwii
[AHHON Monekynbl uccnegosaHa meTogom CNDO, napameTpu3oBaHHbIM AnS pacyeTa 3NeKTPOHHbIX
CTPYKTyp 6uononmvepos. B pacueTax Obina MCMonb3oBaHa [EMOHCTpPAUMOHHAs Bepcus nakeTa
nporpamm HyperChem.

KnioueBble cnoBa: AepMOPMH, KOHGopMauWs, MONeKynsapHas AWHaMKKa, 31eKTPOHHas
CTPYKTYypa

B npefblgyliyx Hawmx pabotax ObLM  M3yYeHbl KOH(OPMALMOHHbIE MpopuavM ”
KOH(phopMaLMOHHasA AuMHamMuKa Monekynbl aepmopduHa (Tyr-DAla-Phe-Gly-Tyr-Pro-Ser-NHy)
[, 2]. B npeacTtaBneHHon paboTe MPOLO/DKEHO  CUCTEMATUYECKOe  WCCliefoBaHue
MPOCTPAHCTBEHHOW CTPYKTYpPbl AaHHOW MOfeKynbl. C  Uefbl0  U3YyYeHWUs  YCTOMYMBOCTU
ONTUMaJIbHbIX KOH(OPMALMOHHBIX COCTOSHWUI B YC/IOBMAX, MOAENVPYIOLWMX peaslbHOe BOLHOE
OKpYXXeHWe, Oblna npoBefeHa MOJEKyNApHas [AUHaMWKa AepMopdvHa B TUMNOTETUYECKOM
obbeme, cofepxKalleM MosieKy/bl  BOAbl. MonekynspHas [OUHamMWKa BbINOJHANACH  NPW
MOCTOAHHOM 4MC/e YacTul, C WCNo/sb3oBaHWeM cwunosoro nons AMBER ¢ nomousto
nporpaMmmHoro naketa HyperChem, pgoctynHoro Ha caiTe Kopropauun Hypercube
(http://www.hyper.com/) [3, 4]. bbina nucnonb3oBaHa npoueaypa conbBaTaumMm ¢ NPUMeHeHVEM
mMofenu Bofbl B 3afaHHOM cepuyeckom obbeme TIPAP. B pesynbTate npouecca CUMYnsaumm
onpejeneHbl npegenbl U3MEHEHUA ABYrPaHHbIX YI/0B BPALEHUS U MEeXaTOMHbIX PacCTOSHUN
MeXZJYy aMWUHOKUCNOTHbIMU ocTaTkamu. KOfmMyecTBeHHas OLEHKA MEXATOMHbIX PacCTOSAHWIA
nokasasna, 4to npy MoAenMpoBaHUN OCTaKOTCA HEU3MEHHLIMWN AUCNEPCUOHHBIE KOHTAKTbI MeXay
aMVHOKMC/IOTHBIMM OCTaTKaMy B MepBOA M YeTBEPTOW NO3WLUMUAX NENTUAHOW Leny MONEKY/bl.
N-KOHLEBOV TeTpanenTuAHbIA Y4acTOK MOJIEKY bl COXPaHSeT CBEPHYTYI CTPYKTYpy Ha
MPOTSHYKEHUN MONEKYNAPHON AMHAMUKW, 33 BPEMSI CUMYMSALMM paccTosHue Mexay C°-atomamu
yKa3aHHbIX OCTAaTKOB He npesbiluaeT 7A. CTpyKTypa faHHOro yyacTka Mo OKOHYaHWW npoLecca
MOZENMPOBaHNA MPaKTUYECKM He OT/IMYAETCA OT Hava/lbHOro atana. MoXXHO NPesnonoXuTb, YT
KOH(OPMaLMOHHas  YCTOWUMBOCTb  [JaHHOTO  y4yacTKa WrpaeT OnpejesieHHyl0 pofb B
(hYHKLMOHa/IbHON aKTUBHOCTW WCCNefyeMol Monekysbl. B To Bpems kak Ans N-KOHLEBOro
yyacTKa HabniofaeTcs XeCTKOCTb, And C-KOHLEBOro y4yacTka WcCnedyeMoin MONeKynbl
XapaKTepeH BbICOKWI YPOBEHb MOABMXXHOCTW. 3a BpeMSA CUMYMALMM MPOUCXOAUT COMMKEHME
aTomMoB OOKOBbIX Leneid octaTkoB Phe3 wn Tyr5, B pe3sy/nbTate KOTOPOro MNpPOUCXOAUT
06pa3oBaHve BOJOPOLHON CBA3W MeXAY TMAPOKCU/IbHOW rpynnoi octatka Tyr5 m OCHOBHOM
uenbto octaTka Phe3. Takoe KOH(OPMaLMOHHOE MOBefeHMe 00bACHAETCA NPUCYTCTBUEM B
nenTuAHoOM uenu octatka Gly4, xapakTepu3yroLlerocs KOHHopMaLMOHHON CBOO0A0IN BpaLLeHus
BOKpPYT CBA3el c’c'nc-N, npuaaroLLein onpeaeneHHy0 rmMoKocTb NenTUAHON uenn OTMETUM,
4TO NOCKOJIbKY CUCTEMA HAXOAMTCA B PaBHOBECHOM COCTOSIHWMW, BO3MOXHbIE KOH(OPMALMOHHbIE
M3MEHEHUA ABMAIOTCA 00paTUMbIMW. [NA LOMNONHWUTENBHOW KOPPensuuMn npocTpaHCTBEHHON
CTPYKTYPbl ¥ CTPYKTYPHO-(DYHKLUMOHANIbHOM B3aMOCBA3W AepMOptnHa Oblnv M3Yy4YeHbl ero
3NEKTPOHHO-KOH(OPMaLMOHHbIe  cBoicTBa. C  3TOW Uefbl0 Hamu  Oblna  WUccnefoBaHa
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3NEKTPOHHAs CTPYKTypa ONTUMa/ibHbIX  KOH(opmauunii - aepmopgmnHa  metogom  CNDO,
napaMeTpr30BaHHbIM 15 pacyeTa 3/IEKTPOHHBIX CTPYKTYP OMOMNONMMEPOB B MPUIOXKEHUU K
AEMOHCTPaLMOHHO Bepcun nakeTa nporpamm HyperChem [4]. Mpu onTumm3auum aneKTpoHHOW
3HEPIMM B KayeCTBe HY/MEBbIX MPUOAVXEHWUIA ObIIN PAaCCMOTPEHbI PABHOBECHbLIE KOH(UIypaLmm
f4ep, COOTBETCTBYHOLLME FEOMETPUM ONTUMANbHBLIX CTPYKTYP AepMopdurHa. Bbinn paccumTaHbl
OCHOBHble  MapameTpbl,  XapakKTepu3yloliMe  3MEKTPOHHYH  CTPYKTYpPY  MOOJIEKY/IbI:
pacrnpefeneHne 3MeKTPOHHOW MIOTHOCTK, NapuManbHbIX 3apsafoB  Ha aTtoMax, 3Hepruii
MOJIEKYNIAPHBIX OpbuTaneid, 3NeKTPUYECKNA AUMONbHBLIA MOMEHT MOJIEKY/bl, a TaKKe psj
3HepreTUYecKmnx napameTpoB, TaKMe Kak MosiHas SHeprus, sHeprus CBA3bIBaHWUA, U30/1MPOBaHHAA
aTOMHas 3Heprus, 3/IeKTPOHHAA 3Heprus, 3SHeprus sAfepHbIX B3aUMOLENCTBUIA, TensioTta
06pa3oBaHns, SHEPTUM BbICLLEN 3aMOTHEHHON U HU3LWEN BAKAHTHOM MOMEKYNAPHBLIX OpbuTanei,
JaloLlyX MHGpopMaumo 06 YCTOMYMBOCTM MOJMEKY/bl. YCTaHOB/IEHO, YTO paccMarpuBaeMble
KOH(pOpMaUMin XapaKTepusyeTcs Creumpuyeckum pacnpegeneHmeM 3/1eKTPOHHOW MIOTHOCTMK.
CnepyeT OTMETUTb, UTO KOH(OPMALMOHHbIE Nepexobl B Npefenax MasblX 3HaYeHUn 3Heprum
pe3ynbTUPYIOTCA (DAYKTyaUMsMU MAOTHOCTY 3apsja Ha OnpefefieHHbIX rpynnax aTtomMoB, He
npesbiwaroLLmm 18%. Bo Bcex KOH(opMaLmax NMeeTcs 30Ha BbICOKOW 3/1eKTPOHHOW NIOTHOCTMK,
NOLBEPXKEHHAsA aTake 3MeKTPOUIbHOro peareHTa. ONTUMaibHbIM KOH(opMaLmam LepMophrHa
MPUCYLLM HU3KME 3HAYEHUS OUMOSIbHOTO MOMEHTa U 3Heprun Epomo XapakTepusytollein ero
3N1eKTPO-LOHOPHbIE CBOWCTBA M BbICOKME 3HAYeHUA 3Heprun E umo, ONpefensioLwen aHepruo
aKTMBauum. MOXHO chenatb BbIBOZ, UYTO HW3KO3HEPreTUYECKUM CTPYKTYpaM CBOWCTBEHHbI
He3HauMTe/IbHas XMMUYeCKas peakLMoOHHasA Crnoco6HOCTL U criabble 3M1eKTPOLOHOPHbIE CBOMCTBA.
ConocTaBneHne paccyMTaHHbIX MapameTpoB [aeT Ham MpaBO YTBepPXAaTb, 4YTO Haubosee
YCTONYMBOMY 3/IEKTPOHHOMY COCTOSIHUIO [epMOpdMHa OTBEeYatoT CTPYKTYpbl, COAepKaliue o-
cnvpaib Ha N-KOHLIEBOM MeHTanenTUAHOM Y4YacTKe, a Takke CTPYKTYpPbl, XapaKTepu3ytoLasncs
ABYMS 3 —MOBOpPOTaMM B MOAMMNENTUAHON Lenn. HecMOTps Ha KOH(OPMaLMOHHbIE 0COBEHHOCTM
“ccneayemMbiX CTPYKTYP, pasnnums B 3apafax KacaloTcsi B OCHOBHOM aTOMOB GOKOBbIX Lerneii
OCTaTKOB, BXOAALMX B TPUMENTUAHbIA (parMeHT Tyr5-Ser7 monekynbl, a Takxke atoMoB C-
KOHL|EeBOW aMUAHOA rpynnbl. YCTaHOBMEHO, 4TO pacnpefesneHVe 3apsfoB Ha aToMax
(hapMaKo(OpHbIX 3/1EMEHTOB  (0-aMWHOrPYNMbl, OOKOBLIX LeNeli OCTaTKOB TMPO3NHA U
(beHnanaHWHa) BO BCEX OMTUMAaSIbHBLIX CTPYKTYpax CXOXee, YTO 0OBbACHAETCH OLUHAKOBbLIM WX
pacrnonioXXeHnemM B MPOCTPAHCTBE [APYyr OTHOCUTeNbHO fApyra. [10-BUAMMOMY, OCHOBHbIM
Kputeprem BMONOrMYECKM aKTUBHBIX KOH(OPMALMA MOMEKY/bl AepMOpdUHa ABNAKOTCA 06LLme
3aKOHOMEPHOCTW B 3/1EKTPOHHbLIX CBOMCTBAX (hapMakO(POPHbLIX 3/1EMEHTOB, CBA3bIBAOLMXCA C
peLenTopoM M 3aHMMAOLWMX OAMHAKOBOE MPOCTPAHCTBEHHOE PacrosioXKeHWe, YTO ABMSETCA
MPUYMHONM Creumnyeckoro pacnpeieneHns aNeKTPOHHOM NAOTHOCTU U NapumanbHbIX 3apsgoB
Ha 3/1eKTPOOTPULIATE/IbHBIX aTOMaX CONM3NBLUNXCS B MPOCTPAHCTBE YYaCTKOB MOJIEKY/bI.
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TEOPETUUYECKWI NOAXO K PELUEHUIO MPOBJ/IEMbI CTPYKTYPA-
OYHKUUWA OE/TbTOP®HOB

I".A. AxBepgneBa
VMHCTUTYT hmsnyecknx npobnemM, bakmHckuin MocyjapcTBEHHbIN YHUBEPCUTET
hagverdigulnara@gmail.com

B paboTe npeAcTasneHbl pesynbTaTbl WUCCNeAOBaHUS METOAAaMU MONEKYNAPHON MeXaHWKw,
KBAHTOBOW XUMUN U MONEKYNSAPHON AWHAMWUKM Ba>KHbIX acnekToB CTPYyKTYPHO-(PYHKLMOHANbHBIX
OTHOLUEHUIA NMHEHBIX OMMOMAHBIX NeNTWA0B AenbTopguHoB | u 1. MpegnonaraeTces, YTO MEXaHU3M
peLenTopHOro CBA3bIBAHWA MOMEKYN AeNbTOPMUHOB 3aKIoyaeTCs B 06pa3oBaHuM BOLOPOAHBIX CBA3ei C
yyacTueM UOHN3NPYEMbIX (HYHKLIMOHAIbHBLIX FPYMN MOMEKYy.

Kniouesble crnosa: [fenbTOPMUHLI, KOHOpMaumMsa, CTPYKTYpa-OyHKuMs, dapMakodopHble
3NEMEHTbI

B npeacTasneHHon paboTe NpUMEHEH TeOPETUYECKMIA NOAXOL K pPeLleHnto  npob6sieMbl
CTPYKTypa-PyHKUMA OnMonaHbIX nentugos genstopduHa | (Tyr-DAla-Gly-Asp-Val-Val-Gly-
NH2) n genbtopduna Il (Tyr-DAla-Gly-Glu-Val-Val-Gly-NH2), uMmetoLux BbICOKOE POACTBO U
n3bmpatesbHOCTb K [efibTa-onunons CcBsAsbiBaloWmMM MecTam [1]. Metofamu MoONeKynspHoOiA
MeXaHWKW, KBaHTOBOW XVUMWUW WM MOMEKYNAPHON AUHAMWUKW OnpeaeneHbl KOH(OPMaLVOHHbIE
npounn NenTuLoB, reoOMeTPUYECKME, IHEPreTUYECKNEe 1 3/1eKTPOHHBIE NapaMeTpbl CTabU/bHbIX
COCTOSHWI, a Takke Hambosnee BepoOATHble KOH(OPMALMOHHbIE COCTOSHWS B OKPECTHOCTAX
NOKaNIbHbIX ~ MUHUMYMOB.  [Ofly4yeHHble  JaHHble  MO3BOMMAW  U3YUYUTb  3/1EKTPOHHO-
KOH(hOPMaLMOHHbIE CBOWCTBA, MOABWXHOCTb (DYHKLMOHA/IbHBIX (PParMeHTOB M aTOMHbIX Fpynn
UCCMEefOBaHHbIX MOMEKY/, a TakKXe B/WSHWE BOAHOIO OKPY)XKeHVMS Ha WX [AUHAMUYeCKue
XapaKTepUCTUKM.

YCTaHOBMEHO, 4TO CTabWIbHOCTb  MPOCTPAHCTBEHHOW  CTPYKTYpPbl  Ae/bTOP(UHOB
onpeensieTcs B3aMMHbIM PACcMosioKeHWeM (HapMakoPOPHbLIX 3/1EMEHTOB: O —aMWUHOTPYNMbl,
(peHOMbHOTO KO/bLa ocTaTka Tyrl, a Takke apoMaTMyeCcKoro Kosnblia ocTtatka Phe3 wu
3apsHKEHHBIX rpynn octaTkoB Asp 1 Glu 1 xapakTepusyeTcs crneuntnmyecknM pacnpegeneHnem
3NIEKTPOHHOW MNOTHOCTK, YTO MrpaeT BaKHYH PO/b NPV B3aMMOAENCTBMU C PELEnTOpPOM.
MOXHO MpPeanosioXNUTb, UYTO 3a aHa/breTUYecKoe [eiicTBre AeNbTOPPUHOB OTBETCTBEHHbI
CTEPUYECKN BEPOATHbIE MPOCTPAHCTBEHHbIE CTPYKTYPbl WX N-KOHLEBLIX TeTpanenTugHbIX
(hparMeHTOB, XapakTepusyroLmecs KOH(POPMALMOHHON >KECTKOCTbIO MNENTUAHOIO OCTOBA,
CTabUNM3MPYIOLLYHOCA COMEBbIMM MOCTMKamu Mexay N-KOHLEeBbIM aTOMOM a30oTa M aToMamu
Kuncnopoja 60KOBbIX Lienel 3apsXXeHHbIX ocTaTKoB Asp M Glu, COOTBETCTBEHHO, B AeNbTOP(YUHE
| n genbToptuHe Il. YCTaHOBMEHO, YTO ONTUMAasibHble CTPYKTYpPbl AeNbTOP(PUHOB, Kak W
[EePMOpP(NHA, XapaKTepU3yTCA CBEPHYTOCTHIO OCHOBHOM Lieny AMNENTUAHOIO cermeHTa Tyrl-
DAla2. Yka3zaHHOe MUHUMa/IbHOE CTPYKTYPHOe TpeboBaHMe, MOo-BUAMMOMY, SABMSETCA BaXKHbIM
AN (PU3NONOTMYECKON  [eATeIbHOCTM  9TUX  MOMeKyn U obecreymBaeT  YCTOMYMBOCTb
COOTBETCTBYHOLLEA XMMUYECKON CBA3M K [eNCTBUIO (DepMEHTOB B npouecce MeTabosm3ma
nenTuaoB. lMoflyyeHHble AaHHble MOATBEPXKAAKOTCA paboTamy, YKasblBAKOWMMK Ha TO, 4TO
nenTuaHas cBA3b Tyrl—Xaa2 MOXeT 6bITb OTBETCTBEHHON 3a CBA3bIBAHWE OMWUOWAHbLIX MNENTUAOB
C peuentopom [2]. YCTaHOB/IEHO, YTO B BOAHOM Cpefe aTOMbl B GOKOBOW LeNU TUPO3MHa,
CBA3aBLUMNCL C ONpefesieHHbIM YMC/IOM MOJIEKYN BOfbl, OFPaHNYMBAKOT MOABVXHOCTL [aHHOIO
ocTaTka W B LENOM BCeil Monekynbl. MOXHO MpeanonoXuTb, UYTO MNPU UHIMOUPOBAHNM
(bepmeHTOB 60KOBas Lenb Tyrl, o0cBOGOXAasdCb OT MOJiEKyn BOAbl, Yy4acTBYeT B
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MEXMONEKYNAPHbIX KOHTaKTax B PoOiM cybeTpata. OTO MPeAnonoXeHue MNOATBEPXKAAETCA
paboToli [3], B KOTOpOW npegnonaraeTcs, YTo rMAPOKCU/IbHAA Fpynna AaHHOro ocTaTKa MOXET
y4yacTBOBaTb B PO/IM [OHOpa WM akuenTopa B YCTaHOB/NEHUW BOLOPOAHONM CBA3W C MeHee
KUCbIMW TMAPOKCUIbHBIMK rpynnamn peuentopa. OTMeTUM, 4YTo 60KOBbIe Lienn ocTaTkoB Val5
n Val6 nposBunn onpegeneHHyd AWHaMUYHOCTb B MPOLECCE CUMY/IMPOBaHMS, KOTopas
no3BONSET, MNO-BUAMMOMY, Y4acTBOBaTb WM B PeLENnTOPHON K36MPaTelbHOCTU  MOJEKY/
AenbToprHOB. O BO3MOXXHOM TOMOrpafuyeckor ponu ykasaHHbIX rmapogobHbIX ocTaTkoB C-
KOHLIEBOrO afjpeCHOr0 [OMeHa, 3aK/IYaIOLLENCH B CXOXMX KOH(OPMALMOHHbLIX 3(deKTax ux
GOKOBbIX Lienei, obecyxaaetcs B paboTe [4].

MonyyeHHble CTPYKTYPHbIE faHHble JAt0T BO3MOXHOCTb NPEeANnOI0XMTb, YTO CBA3bIBaHME
MOJIEKY/1 [efIbTOP(MHOB C peLenTopaMn MOXET OCYLLEeCTB/ATLCA MOCPeACTBOM BOLOPOAHbIX
CBA3ei C yyacTeM MPOTOHMPOBAHHOIO aToMa a30Ta, FMAPOKCUILHON Tpynnbl ocTaTka Tyr' u
KapBOHW/bHBIX TPYMN GOKOBbIX Leneit octatkoB Asp® 1 Glu®. Moxoxe, uyTo Hanmuve
OTpULATENIbHO 3apPSXKEHHON rpynbl aTOMOB B MOCNe0BATE/IbHOCTY AebTOPPUHOB HE0OXOAUMO
A1 3NeKTPOCTATUYECKOrO NPUTSXEHUA K MOMIOXKUTE/IbHO 3apsXXeHHbIM CBA3bIBAOLLMM MecTaM
d-onuaTHbIX peuentopoB (Arg292) v 3neKTPOCTAaTUYECKOro OTTa/IKMBAHWUS OT OTpULATE/NIbHO
3apHKEHHBIX MeCT p-peuenTtopa. onyyeHHble CTPYKTYPHbIE AaHHble MPeACTaBNAa0T MHTEpec
[/19 06BACHEHUA HA aTOMHO-MOJIEKY/IAPHOM YPOBHE MeXaHM3ma (PU3M0I0rMyeckoro Aencrsus,
Nnexalllero B OCHOBE aHa/IbreT!yeckoro aggpekta onmMaTonofo6HbIX NenTuaoB, a Takke MOryT
ObITb MCNO/b30BaHbI NPU NPOEKTUPOBAHWM MPenapaToB, NPOSBNAIOLLNX YCTOUUMBBIA U CUMbHBIN
aHanbreTMYecKnii apgexT.
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KOH®OPMALIMMOHHbLIE BOSMO>XXHOCTU METUNTAMNAA
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rashid_aliev@mail.ru

B pamKkax MexaHWuyeckoii MoAenn MOneKynbl MeTOAOM aTOM-aTOMHbIX MOTEHLWaNos
paccuyTaHbl KOH(POPMALMOHHbIE BO3MOXKHOCTU MeTunammga N — aueTun — L — cTaTuHa.
YCTaHOoBNEH Habop HWU3KOIHEpPre TUUYecKUx KoHdopmaumii meTunammuga N — aueTun — L —
cTaTuHa.

CratnH (Sta) O- amMWHOKMC/IOTA, OT/IMYAKOLLAACA OT JiehLMHA XUMUYECKUM CTPOEHUEM
OCHOBHOM Llenn 1 BXOAWUT B COCTaB MPUPOLHOr0 MHrMbuTopa NeHUUMANoNencuHa nencraTtuHa
(Iva- Val — Val — Sta — Ala —Sta) n ero cuHTeTnyeckoro aHanora (lva — Val — Val — StaOEt). [ng
MOHWMaHUA CTePeOXMMUYECKMX MPUYUH MHITMOMPOBAHWUSA MeHUUMNoNeNncnHa HeobXxoanmMo
3HaHWe KOH(OPMaLMOHHBIX BO3MOXHOCTel CBOOOLHON MONEKY bl CTaTUHA.

KoHdopmaumoHHaa 3Heprua Moniekynbl (Egonp) MPEACTABAANACH HaMW Kak CymMma
HeBaNeHTHbIX (Euesan), 3N€KTpOCTaTUHECKUX (Esn) B3aMMOLECTBMIA, & TakKKe TOPCUOHHBIX
BKNaA0B (Erop) Y 3HEPrun BOAOPOAHBIX CBA3eN (Es.c)

EKOch. = EHeBan.+ Ean."' ETop.+ EB.C.

HeBaneHTHble B3aVIMOAENCTBMSI paccuMTbiBa/iM NO noTeHumany JleHapga — [pKoHca C
napameTpammn CKoTTa u Llleparn. 3MeKTPOCTATUYECKYH) 3HEPTUIO PACCUUTLIBAIN MO 3aKOHY
KynoHa ¢ 3apsagamMu Ha atomax, NpeanoXxeHHbIx MomaHu u ap. [1]. Bce pacuyeTbl BbINOMHEHDI
NPUMEHUTENBHO K YCMOBUAM MOMISIPHOM  cpedpbl, MNO3TOMY Be/MYMHA  AMU3NEKTPUYECKON
MPOHMLAEMOCTN MpUHATA paBHO 10. TOPCUMOHHbIE MOTEHLMabl, OMNWCLIBAIOLME BpaLleHne
BOKPYT CBSi3eil OCHOBHbIX U GOKOBbIX Lienel, B3ATble U3 paboTel MomaHu u ap. BogopogHble
CBSA3M, OLeHMBaeMble Mo noTeHumany tuna Mop3e, npegnonaraincb 0cnabneHHbIMN U 3HEPT UK
CBA3U B BOJE HA PaBHOBECHOM PacCTOSHWM MPUHATA paBHON 1.5 KKan/monb. OTCUET ABYrpaHHbIX
yrnos npowussedeH cornacHo HomeHknatype IUPAC - IUB [2]. PacyeT onTumasnbHbIX (hopM
BbIMOJIHEH NYTeM MUHUMM3ALMN KOHDOPMaLMOHHOWK 3HEPrum Npu Bapuauuy AByrpaHHbIX YrioB
BpalleHuns. KoHopMmaunoHHasa sHeprua metunammpa N — auetmn — L — cTaTuMHa fBnsniach
(hyHKuMen 11 aByrpaHHbIX Yrnos BpaweHus. Lectb yrnos (wi, @1, Y1, @2, Y2 U 1) OCHOBHOM
uenv v Nt (X', X2, X5, X* v X°) 6OKOBOI Lienu cTaTuHa.

PacueTHaa mofenb metunammuga N- auetun — L — ctaTuHa npuBefeHa Ha puc.l. AnuHbl
CBA3el U 3HAYeHNS Ba/IeHTHBIX YI/10B B3ATbl U3 JaHHbIX PEHTTEHOCTPYKTYPHOro aHam3a [3]. 9ta
npocTeliwas MoeKyna, MogenmpytoLLast B3aMOAeNCcTBME OCHOBHOM M GOKOBOW Lienei ocTaTka,
MO3BO/ISIET BbIABUTL KOH(OPMALMOHHYHO CNELUMUKY CTaTUHA.

PacuyeT onTUMabHbIX POPM BbINOHEH MYTEM MUHUMMU3ALMN KOH(OPMALMOHHOW 3HEPrm
npy Bapuaumn [ABYrpaHHbIX Yrnos BpaiieHusd. KoHopmauuoHHas aHeprus metunammga N —
auetnn — L — ctatuHa aBnsnack yHKumein 11 aByrpaHHbIX Yrinos BpalleHus. LecTb yrnos (ws,
01, W1, P2, P2 1 03) 0CHOBHOM Lienm 1 nsaThb (XL, ¥, X5, X* 1 X°) 6OKOBOIA Lienu cTaTuHa.
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C(c, X
T
e X
/1 11 7»1 7

Puc.1. PacyeTHaa mogenb metunamuga N — auetun — L — ctaTuHa.

Tabnuual.

PacuyeTHble ABYrpaHHbIe YI/bl Y OTHOCUTE/bHbIE 3HEPTMM ONTUMa/IbHBIX KOHhopMaLuii
CBO60AHON MoneKy bl meTunammga N — auetun — L — ctatuHa.

\o KoHdop- [ByrpaHHble yribl OHeprus
M e L el o L 0l | @ | W | B | B | Eup | Eosu | Eom
1 B, -L -126 | 176 | 61 180 | 170 | 58 ;l76 57 | 67 | 4.8 2?3 03 | -68 | 0.0
2 B, -P -120 | 175 | 60 180 | 173 | 58 1;9 60 1i8 -4.5 2?5 04 | -66 | 0.2
3 Bs,- L -120 | -58 | 168 | -172 | 180 | 62 1;8 59 | 66 | 45 2?3 05| -63 | 05
4 B, -L -117 | 175 | 62 180 | 171 | 57 | -79 | 176 | 85 | 4.1 2?6 06 | -6.1 | 0.7
5 Bs,-Pa | -114 | 57 | 169 | -172 | 180 | 61 1;7 174 | -88 | -4.0 2?6 06 | -6.0 | 0.8
6 By -Pigo | -117 | 175 | 62 180 | 171 | 55 1;6 173 | -87 | -3.9 2?6 06 | -6.0 | 0.8
7 Bs,-La | -115 | -57 | 168 | -171 | 180 | 61 16-30 177 | 89 | -4.1 2?6 09 | -59 | 09
8 B, -L -117 | 174 | 62 180 | 171 | 56 16-39 173 | 95 | -3.8 2?5 0.6 | -5.8 1.0
9 Bs,- L -114 | -57 | 169 | -172 | 180 | 61 1;0 174 | 95 | -3.9 2?6 0.7 | -5.8 1.0
10 Rs,- L -94 | 58 | 172 | -170 | 179 | -63 | -64 | 177 | 85 | -3.9 2?5 0.7 | -5.7 1.1
11 By,-Lg | -113 | -55 | 169 | -172 | 179 1;9 -79 1;9 86 | -3.9 2?5 08 | 56 | 1.2
12 R3p-Pigg | -92 | -55 | 171 | -169 | 180 | -62 1;7 174 | -88 | -3.9 2?4 09 | -54 | 14
13 Bs- L -112 | -54 | 170 | -172 | 179 | 179 16-38 178 | 95 | -3.6 2?4 07 | -54 | 14
14 Bs,-Pigo | -113 | -55 | 171 | -173 | 179 | 179 1;5 178 | -87 | -3.6 2?3 05| -54 | 14
15 By - Ligo | -117 | 175 | 62 180 | 171 | 55 1;4 175 1%9 -3.1 2?6 04 | -54 | 14
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16 Bs,- L -113 | -56 | 168 | -171 | 179 | 61 | 174|176 | 81 |-33| 27 | 06 | -54 | 14
17 Rs2-Lyg | 94 | -57 | 172 | -170 | 180 | -63 1;0 174 | 94 | -3.7 2?4 09 | 52| 16
18 Bay-Lig | -113 | -55 | 171 | -172 | 179 | 179 1;4 179 | 180 | -2.8 2?5 04 | 49 | 19
19 Rs;- P -84 | -62 | 166 | -171 | 179 | -71 1;2 66 1&2 -3.7 2?5 15| 48 | 20
20 Rsp- L -93 | -55 | 171 | -169 | 180 | -63 1;5 176 1%9 -3.0 2?4 08 | -47 | 21
21 Bs,-P -111 ) 52 | 172 | -173 | 179 | 179 1;4 76 1é8 -3.1 2?4 11 | 43 | 25
22 Bs,- L -108 | -47 | 174 | -172 | 179 1%9 1;1 81 | 64 | -34 2?3 15| 42 | 26
23 Rj - L -114 1;6 63 180 | 168 | -83 | -74 | 173 | 63 | -3.0 2?6 16 | -40 | 2.8

w1 M W2 NpUaaBanock 3HaveHme 180°.

MoUCK MCXOAHbIX AN MUHUMMU3ALMN MOSIOXKEHWUIA OCHOBHOW M GOKOBOW Lieneil cTaTuHa
OblN HAaYaT C MOCTPOEHUA KOHPOPMALMOHHBIX KapT @1 - W1 NpY AeBATU BO3MOXHbIX MUHUMYMax
TOPCMOHHOTO MoTeHUMana X' v X°. Yrbl @1 v Yy MPU pacyeTe U3MeHsAuch oT -180° o 180° ¢
warom B 30°, a B 061aCTAX HWU3KOM 3Heprum ¢ warom B 5°. MNpuyem, Npy BpaLLeHUN BOKPYr
cBaizel @1 -1 He yunTbiBanuch atombl C 1 ganee. M3 AeBATU yNnoMAHYTbIX KOH(HOPMALMOHHbIX
KapT @1 - Y ObINO HaikgeHO 16 HWU3KO3HEPreTUYECKMX 3HaYeHWn @1 U Y3 ObIAN NOCTPOEHDI
KOH(OPMALMOHHbIe KapTbl @z — W».

Bo Bcex 3Tnx onepaumax yrnam i, o, )(3, x* 1 X° npugasanock 3HaueHne 180°. 113 aTux
16 kapT 6blnn BbIGpaHbl 57 HyNeBbIX MNPUOAMKEHNIA B KaYeCTBE MCXOAHBIX MPU MUHMMU3AL M
KOH(pOPMaUMOHHON 3Heprn. B Tabnuue 1 npuBeAeHbl OMNTUMasbHble  KOH(OpMaumu
metunammnga N — auetnn — L —ctatuHa. B wvHTepBan aHeprum O — 3 Kkan/Mosnb nonajaet 23
KOH(popMaummn cTaTuHa. Hu3KosHepreTuyeckummn aBnsoTca B n R ¢opmbl OCHOBHON Lenu
cTaThHa. 3TN KOHMOPMaLUU MOTYT CYXWUTb UCXOAHBIMW MPU U3YYeHUU NPOCTPAHCTBEHHOTO
CTPOEHUA MOJIEKYN, COLePXaLlnX CTaTUH.
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KOH®OPMALMOHHbIA AHANN3 N-KOLIEBbIX MEHTAMEMNTUAOB MONEKY /1
TEMOKVHWHA-1 YHENOBEKA N TEMOKNHWHA-1 MbILLUW/KPbICbI

Y.T. Araesa
WMHCTUTYT hmsnyecknx npobnem, bakmHckuin MocyaapCTBEHHbIN YHUBEPCUTET
ahaeval976@mail.ru

3BecTHO, 4TO BCe MPOLECChl B JKMBbIX OpraHM3Max npoucxXogdaT C  yyacTuem
OMONOrNYECKN aKTUBHBIX MOJEKY/, COAEPXALMXCA B HUX. PYHKUMK, BbIMOHSEMbIE 3TUMU
MONEKYNaMN  3aBUCAT OT MX MPOCTPAHCTBEHHOMN CTPYKTYPbl U BO3MOXHOCTEW MX U3MEHEHWIA.
CnefoBatefibHO, YTOObI MOHATL MEXaHM3M MPOLECCOB, NMPOUCXOAALLMX B XMBbIX OpraHu3max
Heo6X04UMO WCCNeaoBaTb MPOCTPAHCTBEHHbIE CTPYKTYPbl GMOMOMIEKYT M BO3MOXHOCTM UX
KOH(DOPMALMOHHbIX ~ M3MeHeHWi.  Wcxogs  ©M3  3Toro, Hamu  6blM UCCNefOoBaHbl
KOH(OPMALMOHHbIE BO3MOXHOCTM ~ [BYX OMOMIOrMYEKN aKTUBHbLIX MOSIEKY/T TEMOKWMHUH -1
yenioBeka U reMOKUHMH- 1 MbILLW/KPbICHI.

"€eMOKMHWHbI OTHOCATCA K CEMENCTBY TaxMKUHUHOBbLIX HEMpPOnenTuaoB. TaXMKMHUHBI
UrpatoT BaXXHYHO PO/b B NaToreHe3e GPOHXMaNbHbIX, BOCNA/INTE/bHBIX U XKeNny[0UYHO-KULIEYHbIX
6onesHeil. OHM 006134aK0T LUMPOKUM CMEKTPOM (DM3MOMOTMYECKON aKTUBHOCTU: COKpalleHue
rnagkoi MycKynaTypbl KuLIeYHMKa, OGPOHXOB, 3payKOB r/1a3, aKTMBaLMS MOBEAEHYECKMX W
FOPMOHa/IbHbIX MPOLECCOB, BLICBOOOXAEHME APYrMX aKTUBHbIX BELECTB M Y4yaCTBYHOT B
nepeHoce 60/1eBbIX OLLYLLEHWIA. VI3BECTHO TaKKe, YTO reMOKMHUH-1 YenoBeka 1 ero C-KOHLEeBOA
OKTanenTuAHbIA parMeHT YrHeTawolle AeMCTBYOT Ha POCT M AnddepeHUMaLnto KeToK
nenKeMuM YenoBeka 1 MOryT ObiTb MUCMNOMb30BaHbI MPY XMMUOTEpPanuM paka. Bbino nokasaHo
TaKXe, YTO MOJeKyna reMoKnHuUHa-1 yvenoseka, ero parmeHT hHK-1(4-11) n reMoKMHMHa-1
MbILUMN OKa3blBalOT B/IMSIHWE Ha CEPAEYHYID [AesTeNbHOCTb M Ha KOPOHapHble Ccocyfpbl
M30NMPOBAHHOW  CEpPAEYHOM  MbIlWLbl  MOPCKOM  CBUHKW. W3yyeHne MNpOCTPaHCTBEHHON
OpraHusauym reMOK1HMHOB, MO3BOIUT CO34aTb NpenapaTbl CNOCO6GHbIE UK CTUMYIMPOBATL UK
6710KMpOBaTb (PM3MONOTMYECKIE MPOLLECCHI B NIEUEHUN psaa 3a601eBaHNIA.

WccnepoBaHne KOH(OPMALMOHHBIX CBOMCTB  MOJIEKY/T TEMOKMHWHOB MPOBOAM/IOCH
METOLOM MOJMEKYNAPHOM MexaHuku [1-6]. B gaHHOM foknage 6yayT m3naratbCa pesy/bTathl
pacyeTa KoHopmauuii parmenta Thri-Gly*-Lys®-Ala*-Ser® Monekynbl reMOKuWHWHA- 1
yenoseka 1 Arg'-Ser*-Arg®-Thr*-Arg® reMOKVWHMH- 1 MbILLW/KPbICHI. STOT (parMeHT COAEPXKNT
NIN3UH C NONOXKMTENBHO 3apsXKEHHbIM GOKOBbLIM PajuKasioM, NOABMKHBIV OCTAaTOK FNLMHA U ABa
MONAPHbIX OCTaTKa TPEOHWMHA W CepuHa. Pe3ynbTaTbl pacyeTa MpeacTasieHo B Tabnuue 1. Kak
crnefyet M3 3TOM Tabnvubl, B WHTEpPBa/l OTHOCUTE/NIbHON 3Heprun 0-1 Kkan/mMonb BOLUN
KoH(opmaummn apyx weinos- efff n efef, B uHTepean 0-3 kkan/monb nonany KoHMopMaLumn yxxe
AECATW LLUEANOoB, M HakoHeu, B uHTepBan 0-5 Kkan/monb nonann KoHdopmauun Bcex 16
BO3MOXHbIX LUENOB. Takoe 3HepreTMyeckoe pacrpefeneHve KoH(opmauwin neHTanenTuja
CBUAETENLCTBYET O 3aMETHOM KOH(OPMALMOHHOW NOABMKHOCTY (parmeHTa. CrefyeT OTMETUTS,
4TO CamMbIMN HU3KO3HEPTeTUYECKMMI KOH(opMaLusaMn cBO60AHOIO NeHTanenTUAHOro yyacTka
Thri-Gly?-Lys>-Ala’-Ser® okasanuck cTpykTypb! Lweiina efff (Eqr= 0 Kkan/monb).

Kak crnefyeT v3 pesynbTaToB MCCMefOBaHWS, Onarofaps Haiuumilo B LenuW  ocTaTka
rMMuMHaN-KOHLEBa  MeHTanmenTuaHas  mocnegosaTenbHocTs  Thri-Gly-Lys®-Ala*-Ser®
OKasaflaCb OTHOCMTENbHO MOABMXHbLIM ~ Y4YaCTKOM W CMOCOGHONM 06pa3oBblBaTb Kak o-
crnumpasnbHble KOHGOPMaLMK, Tak U pasnnyHbIe N3rnbbl.
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Tabnumua 1.

SHepreTuyeckoe pacnpe/eneHne ONTUMaTbHbIX KOHGopMaLmii N-KOHLEBOro
neHTanenTuaHoro dparmenTta Thri-Gly?-Lys>-Ala*-Ser® MoneKynbl reMOKMHIUHA 1 YenoBeka.

LLleiin dopma VIHTepBan 0THOCUTENbHOW 3HEprum (KKan/mosb)
0-1 1-2 2-3 3-4 4-5 5-10
eeee BBBBB 1 1 25
RLBBB 27
efee BRBBB 1 - 2 24
RPBBB 1 2 1 2 21
eefe BBRBB 2 25
RLRBB 27
effe BRRBB 1 3 23
RPRBB - 2 4 20
eeff BBRRR 2 1 3 20
RLRRR 2 2 23
efff BRRRR 1 - 1 2 2 21
RPRRR 1 1 3 21
efef BRBRR 2 2 - 21
RPBRR 1 1 3 1 2 19
eeef BBBRR 1 1 2 23
RLBRR 27
feee RBBBB 1 - 26
BLBBB 27
ffee RRBBB 3 23
BPBBB 1 25
fefe RBRBB 1 26
BLRBB 27
fffe RRRBB 1 1 4 21
BPRBB 27
feff RBRRR 1 2 1 23
BLRRR 27
ffff RRRRR 1 6 1 2 17
BPRRR 27
ffef RRBRR 1 3 23
BPBRR 2 - 2 23
feef RBBRR 1 - 26
BLBRR 1 26

KoHthopmaunoHHbIi  aHanm3 N-KOHLEBOro neHTanentuga MOJeKy/bl FeMOKMHUHA-1
Mbiln Arg'-Ser’-Arg®-Thr*-Arg® nokasan Heckonbko OTMYHbIe OT N-KOHLEBOrO MeHTanenTu1aa
MOeKy bl FeMOKVUHMHA-1 YenoBeka pesynbTaTbl. Takoe OT/AMuMeE CBSA3AHO C TeM, YTO (parMeHT
Argt-Ser®-Arg>-Thr*-Arg® cofepxuT Tpu OcTaTKa aprMHUHA C MOMOXWUTENbHO 3apsKEHHOIA
pa3BeTBNEHHON GOKOBOV Lienbio. APrUHUHBI B 3TOM MOCNe0BATENLHOCTU PasfeneHbl Mex.ay
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cobol MONAPHbIMM OCTaTKaMW CepuHa W TPeOHMHAa. PacyeT MokKasasn, 4TO 3HepreTUyecku
MpeAnoYTUTENbHBIMI OKa3aIMCb KOH(opMaumn Tonbko AByx weino.: efff n efef. B nHTepsan
OTHOCUTE/IbHOW 3Heprum 0-3 Kkas/Mofb U3 16 BO3MOXHbLIX LUEANOB BOLUN CTabW/bHble
KOH(hopMaLumn NuLlb ABYX LUEVMNOoB.

Tabnuua 2.

SHepreTuyecKoe pacnpeeneHme onTMMabHbIX KOH(PopMauuii neHTanentuaa Argl-Ser2-Arg3-
Thr4-Arg5 Moneky/bl FeMOKUHUHA-1 MbILLW/KPbICHI.

LWeiin dopma VIHTepBan OTHOCUTENbHON 3HEPrn (KKa/Mosb)
0-1 1-2 2-3 3-4 4-5 5-10
eeee BBBBB 21
efee BRBBB 23
eefe BBRBB 31
effe BRRBB 30
eeff BBRRR 25
efff BRRRR 6 2 3 19
efef BRBRR 2 3 4 2 22
eeef BBBRR 18
feee RBBBB 11
ffee RRBBB 9
fefe RBRBB 1 1 17
fffe RRRBB 32
feff RBRRR 27
ffff RRRRR 2 4 25
ffef RRBRR 14
feef RBBRR 2 16

3TO CBA3aHO C HaaMuMeM B MOC/MEAOBaTeNbHOCTM TPEX OCTATKOB aprulHMHA,
MeXOCTaTOYHble B3aMMOAEWCTBIS KOTOPbIX WrpatoT OCHOBHYH pofb B CTabuaMsauum
KOH(hopMauuii JaHHOTO MeHTanenTuaa. BoKoBble LENU aprMHUHOB Yy4YacTBYHOT B 06pa3oBaHMu
BOJOPO/HbIX CBS3ei C aTOMamMn OCHOBHOW Lienu parmeHTa. [ns nocneaytowero pacyeta 6biau
0TO6paHbl HM3KO3HEPreTUYecKMe KOoH(opMaLmK, BOWeAle B WHTEPBal OTHOCWUTENbHOA
3Heprum 0-6 KKasi C 0XBaTOM M0 0f|HOI KOHOPMaLMK 13 KaXKAOTO Leiina neHTanenTtuaa.
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ANNEKTPOHHO-KOH®OPMALIMMIOHHDbIE CBOWVICTBA
MONEKYNbl CYS-ARG-GLU-LYS-ALA
I".0x. Ab6bacosa, J1.C. Mampxnesa
BakuHcKkuii FocyaapCTBeHHbI YHUBEPCUTET
Kadpeapa OnTukn n MonekynspHoin rsnkm
lala-h@mail.ru

OfHUM 13 aKTyasnbHbIX HanmpaBneHWii HaHOOMOTEXHONOTUN SIBASIETCA UCCNefOBaHWE MPOLECCOB
yNpaBAsemMoro  TpaHcrnopTa  NeKapCTBEHHbIX  MNpenapaToB M AMArHOCTWUYECKMX  CPEACTB,
OCYLLECTB/IAIEMOr0 C MOMOLLbI0 HaHoYacTuL. Harpy>keHHble MONekynaMy NekapCTBEHHOIO BeLLeCTBa,
HaHOYaCTMUbl CNOCOOHbI AOCTAaBNATHL XUMUYECKWE COEAUHEHWS HEnOCPeACTBEHHO K MOPaXKeHHbIM
KneTkam 6e3 CyLeCbBEHHOr0 BO3AENCTBISA HA 340POBble KNETKM Pa3nyHbIX OpPraHoB 1 TkaHeii. K uncny
TaKnX NeKapcTBEHHbIX NpenapaToB, UCNOMb3yeMbIX B Tepanuu onyXoneBbiX KNeTOK C UCMOb30BaHNEM
HaHO4YaCTWL, OTHOCUTCA COEAMHEHVE, COCTOSALLEE U3 NATU aMUHOKUCIOTHbIX OcTaTKoB-Cys, Arg, Glu,
Lys, Ala.

B paHHO paboTe C UMbl MNpefocTaBleHMA MH(OPMaUMM O  KOH(OPMaLMOHHOWA
MOABWKHOCTU N 3/1EKTPOHHO-KOH(OPMaLMOHHbLIX CBOMCTBaX Monekynbl Cys-Arg-Glu-Lys-Ala
TEOPETMYECKMMN MeTOLaMN C WCMO/Ib30BAHNEM BbIUYMC/IUTENbHBIX KOMMbIOTEPHBLIX MPOrpamm
paccunMTaHbl TEOMETPUYECKME W 3HEpreTMYecKue mnapameTpbl, OMpeaenstoLlie YCTonumBbIe
KOH(hOpMaLMOHHbIE COCTOSAHWUSA MONeKy bl [1].

CTepuyeckn [OMYCTUMble M3MEHEHUS ABYrpaHHbIX Yr/oB BpalleHUs BOKpYr cBsseld N-
C*(¢) B OCHOBHOI Lienn 1 cBsseii C*-CP(y1), CP-CY (x2), C'-C® (y3) U T. A. B BOKOBbIX Liensix
aMMHOKUCNOTHbIX ocTaTtkoB Cys, Arg, Glu, Lys n Ala 6binmn onpegeneHbl 13 KOHGOOPMAaLUOHHbIX
KapT, MOCTPOEHHbIX B HW3KOIHEPreTUYECKUX COCTOSHWUSAX MOJEKY bl MO  BbIYUCANTENbHONA
nporpaMme, OnN1caHHom B pabote [2]. YT/bl @ U y1, COOTBETCTBYHOLLME NIOK&/IbHBIM MUHUMYMaM
NOTEHUMaNIbHON NOBEPXHOCTU MOHOMENTUAOB BapbMpPOBa/INCL B 3HEPreTMYECKOM Mofe BCEei
MOJIEKY/Ibl, OCHOBHas LieMNb KOTOPOW (hMKCUpoBanacb B COOTBETCTBMM C KOOPAMHATaMM aTOMOB B
OAHON M3 HU3KO3HEPreTUYeCKMX KoHopmauuii Monekynbl. OTcYeT [ABYrpaHHbIX Yr/ioB
BpaLLleHNs NPOBOAN/ICA COrNacHO CTaHAapTHON HomeHKnaType IUPAC-1UB [3].

HuW3KoaHepreTnyeckne KoHgopmaumm CTabuin3mpoBaHbl BOLOPOAHBIMU - CBA3AMU, B
00pa3oBaHMM KOTOPbIX YYaCTBYKOT OOKOBble LIENM OCTaTKOB C MPOTUBOMNOIOXHO 3apsKEHHbIMU
(hyHKUMOHaIbHBIMK TpynnamMu Arg2 n Glu3 (Tabn.l). B 06pa3oBaHnM BOAOPOAHBLIX CBA3EN
y4yacTBYIOT TakKxe aToMmbl Bogopoga nentugHow rpynnbl (NH) ocHoBHoi uenn Cysl wu
KapOOKCW/IbHOM Tpyrnnbl GOKOBOW Lenu rnyTaMuMHoBOM Kucnotbl (Glu3), atombl nenTugHon
rpynmnbl B OCHOBHBIX Liensax octaTtkos Glu3 n Alas.

Tabnuua 1.
BopopoaHble CBA3W B HU3KOIHEPreTUYECKMX KOH(hOPMaLUsX
monekynbl Cys-Arg-Glu-Lys-Ala
*KoHtopmauuns BogfopoaHas cBs3b [nnHa BogopoAHoi DHeprus BOAOPOAHOIA
cBsian, A CBSA3U, KKa/I/MOSb
1 N°H(Arg2)...COO(Glu3) 2.7 -0.18
2 NH (Glu3)...COO(GIu3) 25 -0.34
CO(Glu3)...NH(Ala5) 2.7 -0.18
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3 N°H(Arg2)...COO(Glu3) 2.3 -0.54
4 N°H(Arg2)...COO(Glu3) 2.9 -0.11
5 N°H(Arg2)...COO(Glu3) 2.8 -0.15
6 NH(Cys1)...COO(Glu3) 1.9 -1.25

NH(Arg2)...COO(Glu3) 2.2 -0.76
7 NH(Cys1)...COO(Glu3) 2.1 -1.05

NH(Cys1)...COO(Glu3) 2.1 -1.05

NH(Arg2)...COO(Glu3) 2.0 -0.94
9 N°H(Arg2)...COO(Glu3) 2.4 -0.42
11 NH(Arg2)...COO(Glu3) 2.3 -0.50

CornacHo pesynbTaTaMm pacuyeTa, FyTaMUHOBas KWCNOTa UrpaeT CYLUECTBEHHYIO POfib B
(hopMUPOBaHUM CTABUMM3MPYIOLLMX KOHTAKTOB, TaK KaK Y4yaCTBYeT KaK B HEBa/leHTHbIX
B3aMO/IENCTBUSAX, TaK U B 3MEKTPOCTATUYECKMNX KOHTAKTaX C COCEAHMMM MO LIEMX OCTaTKaMu.
HaiiaeHHbIMU Hamn 12 HU3KO3HEPreTUYECKMX KOH(OPMALMOHHbBIX COCTOSIHUIA MOMEKY/bI, MOTYT
BbITb MCMO/ML30BaHbI A/ N3yUYeHUs KOHBOPMALIOHHO AMHAMMKM U CTPYKTYPbI ee aHa/IoroB.

JINTEPATYPA

1. Farokhzad O.C., Cheng J.J., Teply B.A., Sherifi I., Jon S., Kantoff P.W., Ritchie J.P.,
Langer R. 2006. Targeted nanoparticles—aptamer bioconjugates for cancer chemotherapy
in vivo. Proc. Nat. Acad. Sci. 103, 6315-6320.

2. MakcymoB  W.C., Wcmamnosa J1.W., Tompkaee H.M. 1983. [lporpamma
NONMY3MMMPMYECKOr0 pacyéta KOH(opMauuii MOMEKYNSPHbIX KOMMIEKCOB Ha 3BM.
XKypHan CTpyKTYpHON xumun, 24, 147-148.

3. IUPAC-IUB, Quantity, Units and Symbols in Physical Chemistry. 1988. Blackwell
Scientific Publications, Oxford, 39.

324



