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Tonyuenvl ypasnenus 3a8ucuMocmu NIOMHOCIMU U HOKA3AMENs NPEeLOMICHUS OUHAPHBIX B0OHBIX
pacmeopos om kouyenmpayuu 19" u yumpama unampus. Ilokazano umo, Monvhvle 00beMbl SMUX
PAcmeopos  AGIAIOMCS TUHEUHOU yHKyuel MOAbHOU OO0AU KOMHOHEHMO8, YMO HO360I5em uepes3
KAdiCywuecss MONbHble 00beMbl  BLIYUCIUMb  NAPYUATbHLIE MONbHbIE 00BeMbl  KOMHOHEHMOS.
Yemanosnerno, umo ymenvuienue u HeKoOmopvle noCmosHCME0 3HAYEHUs NAPYUATbHO20 MOLbHO20 00beMa
1I2I-6000 c¢ ygenuyenuem codepoicanus e20 8 pacmeope OOIIHCHO ObIM CEA3AHO ¢ 00pA308aHUeM 8 Hell
OMHOCUMENLHO CMAOUTLHOU NPOCMPAHCMBEHHOU, cmpyKmypuvl. H3yueno enusHue MONEKYISAPHOU MACCH
NONUIMULEHEIUKOAEU, MEMNepamypbl U pasiuyHblx 000a60KHA (Pazogoe paccroenue @ cucmeme T1O[-
yumpam Hampus-600a.

[MpumeHeHne I pa3leiieHUsl U OYMCTKU BEIIECTB HAa MPOMBIIIICHHOM YPOBHE BOJHBIX
IBYX(a3HBIX CHUCTEM BOJA-IIOJMMEpP-HEOPraHUIeCKUe COJM, Takue Kak ¢ochatsl, cyabhaTel U
T.JI. SIBISICTCS HE JKEJIaTeIbHBIM NOO MPHUBOIUT K 3arpsi3HCHHIO OKPYXKaromiel cpesl. Vcnomb3ys
TaK Ha3bIBacMble OHOpa3garacMble COJIU MPUPOTHBIX OPraHUYECKHMX KHUCIIOT, TAKHE KaK IUTPATHI,
TapTpaThl, CYyKIMHATHI U T.I., MOKHO N30€KaTh YKazaHHYI0 npoOiemy. CieyeT OTMETHUTh, Y4TO B
MOCJICAHEE BPEMS HCCICIOBAHUIO BOJTHBIX JBYX(a3HBIX CHCTEM IMOJMITUICHIIMKOIL —
HATPHMEBBIC COJM OPraHUYCCKUX KHUCJIOT M MPUMEHCHHIO HX I Pa3[AC/iCHUs M OYMCTKH
OHMOJIOTMYECKUX OOBEKTOB IMOCBSAMIACTCS JOCTATOYHO MHOro pabor. OpHako, MeXaHH3M
paselieHus] TaKUX CHCTEM Ha JB€ BOAHBIC (ha3bl HEJAOCTATOUYHO H3YYEH. A MEKIy TEM,
UCCIIe0BaHNs (PH3UKO-XMMHUYECKUX CBOMCTB COMPSIKCHHBIX (pa3 BOMHBIX ABYX(a3HBIX CHCTEM,
TaKk W BOJHBIX PACTBOPOB OTACIbHBIX KOMIIOHEHTOB C IPHMEHCHHEM pa3IMYHBIX METOIOB
(HU3HKO-XMMHUYECKOTO aHaIh3a MOTYT OKa3aThCS BEChbMa IOJE3HBIMH B PEIICHUH YKa3aHHOM
POOJIEMBI.

Metogamu  pepakTOMETpHH M BOJIOMOMETPHHM  M3Y4YCHBI  BOJHBIC  PaCTBOPHI
noymdTHiaeHraukoas  (II23I-6000) u nmumonnokucioro Hatpus (CgHsO;Naz — B mambHeimmem
IUTpAT HATpus). B CpaBHUTENBHO IHPOKOM HMHTEPBaJC KOHICHTPAIMI H3ydYeHBI MOKa3aTesb

npenomieHus (7 5“) U TUIOTHOCTh (ﬁ'zﬂ) BoAHBIX pacTBopoB [1DI'-6000 u utpara Harpus. beutn
MCTIOJIb30BaHbl MOTUATWICHTIMKOMH upmbl “Panreac” (Mcmanwust), nurpat Hatpus mapku YJIA,
MEPEeKPUCTAIIM30BAHHBIN M3 BOJHBIX PAcTBOPOB, OuIuCTH/UIMpOBaHHAs Bona. llokaszarens
npesrioMieHUsT omnpeaenwin Ha pedpakromerpe Mapku MP®-4545 ¢ Ttounoutsio +0,0001,
IJIOTHOCTh B MUKHOMETpax 0koJyio 10 M1, 00BeMbI KOTOPBIX MPEIBAPUTEIHHO OBLIU OTIPEICTICHBI
¢ Tounoctbio 0,005 M mpu 20+0,02°C.

beutn moctpoens! ¢azoBbie nuarpammel 1Byxdasnoi cuctemsl [131-6000-murpaT HaTpus-
BOJIa NpH pa3Nu4HbIX Temrepartypax (283,15; 298,15; 313,15 u 333,15 K). bunogamu Obutn
MOCTPOCHBI METOJIAaMH THUTPOBAHUS M OIPEACICHHs] COCTaBOB COMNPsDKEHHBIX (a3. M3yueHo
BIUsiHUE MoJieKyisipHO# Maccel [IDIT B cucremax IIOI-mutpar Harpusi-Boga mpu 298,15 K, a
TaKXKe pPAJVMYHBIX J00aBOK (kapOamui, THOKapOaMH H JTHJIOBBIA CHUpT) Ha (Ha30BYIO
quarpammy BogHOW nByX(dasHoi cuctemsl [1DI-6000-umrpar Hatpus. DTUIOBOM CHOUPT OBLI
OUMIIICH MO U3BECTHOM METO/IMKE, MPUBEICHHON B INTEPATypE.
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[TomyueHsl ypaBHEHHSI 3aBUCHMOCTH MapIHAIbHOTO MOJbHOTO 00Bema [131-6000 ("r) u
nutpara Hatpus (Vs ) oT KOHIEHTpaKu UX B BOJHOM pacTBOpe (MJ1/MOJIb)

Vy, =5046 + 3394 -10°X, + 184.1-10%X3 (R2=0.9866) (1)

rae Xp — MojbHas gois II9I B pactBope;

V. = 73,65 + 8,11m. + 5,08m? )

re Ms— MOJSUIBHOCTh COJIM B BOJHOM PaTBOpE.

Cnenyetr OTMETHUTb, YTO YMEHBIIEHUE U HEKOTOPOE MOCTOSIHCTBO 3HAUYEHMS MapHaIbHOIO
MousibHOTO 00BeMa [13I-6000 ¢ yBenmueHueM coaepkaHusi €ro B pacTBOPE BO3MOYKHO CBSI3aHO C
o0pa3oBaHHEM B pPaCcTBOpPaX OTHOCHUTEIHHO CTAOWIIBHON MPOCTPAHCTBEHHOW CTPYKTYPHI, TIE
MOJIEKYJIBI TIOJTUMEpPA COEIMHEHBI MEXAY COOOW CBOOOMHBIMH MOJIEKYJIaMH BOJBI 3a CYET
BOZOPOAHBIX CBsizel. OOpa3oBaHMe TakoW MPOCTPAHCTBEHHOW CTPYKTYpBI, COXpaHSIOIIEH B
ONpEJEICHHON Mepe KOONEpPaTUBHOCTh CBfA3€H, MO BCEW BEPOSTHOCTH, CIYXKUT HPUYUHOU
HEKOTOPOTO TOCTOSIHCTBA MapluaibHOro MmojpHOro obbvema [191-6000 mpu mMOBBIIEHHBIX
KOHIEHTPAIUSIX €r0 B BOJHOM PACTBOPE. Y BEIUUEHUE MAPIUATLHOTO MOJIBHOTO 00beMa IUTpaTa
HaTpUsi C BO3pAaCTaHMEM KOHILIEHTPALMM €ro B pPacTBOPE BO3MOXHO CBS3aHO C HAJIUYUEM
MOBOPOTHOM M30MEPHHU y IIUTPAT HOHA C OJHOM CTOPOHBI U 00Opa30BaHUEM BOJOPOIHBIX CBI3EH
MEXy UIUTpaT HOHAMH C YBEJIIMYEHUEM COJEPKAHUS COJIM B PaCTBOPE.

[Toctpoensl OmHOManM BOAHBIX NBYX(a3HBIX cucTeM, oOpaszoBaHHBIX [IDI" pazmuunoit
MOJIEKYJIIPHOM Macchl U HUTpaToM Harpus. [loydeHo, 4To yBeaMYEHHE MOJIEKYJIIPHON Macchl
[I3I" mpuBOAWT K YBENWYEHHUIO OOJIACTH TETEPOTeHHOCTH. DTOT IKCHEPUMEHTAIBHBIA (DaKT
MOXHO OOBSCHHTH CIEAYIOINM 00pa3oM. XOTs MpHU TOCTOSHHOW BECOBOW KOHIEHTPAIIUU
MOJIMA TUIICHTIIMKONIS 9UCI0 MOHOMepHBIX 3BeHbeB (-CHCH,0-) Ha enuHMIly Macchl BOJHOTO
pactBopa OyaeT OAMHAKOBO HE3aBHUCHMO OT MOJICKYJISPHOW MaccChl MOJMMEPa, OJHAKO, YHCIIO
MOJICKYJT OyaeT TeM Ooubllle, 4eM MeHbIe MosiekyisipHas macca [191. BenencrBue Toro, 4rto
KIyOkooOpa3uele Mousiekynbl [I3I7 ¢ MeHbIiedt MOJEKyIsIpHOW Maccoil HMMEIOT OOJIBIIYIO
BEPOATHOCTh K 0OJiee TMOJHOMY PAacCKpHITHIO M THIpATAllid, TO BCE ATO [EJAET MOJICKYIIbI
MOJIMMEPA CO CBOUM BOJIHBIM OKPYKEHHEM 00Jie€ COBMECTHBIMHU C BOJIHO-COJIEBBIM PACTBOPOM.
OTa COBMECTUMOCTh JIOJKHA YMEHBIIATHCSA MO0 MEpE yBEIIMYEHUS MOJIEKYJsipHOU Maccel [I0I u
pacciaoeHne HaCTYNHUT IPU MEHbBIIIEM COJEpPKAHUU ITOJUMEPA B pacTBOpPE.

W3ydeno Takke BIUSHUE TeMIepaTypbl Ha (h)a30BYIO IHarpaMMy BOJHOW ABYxXda3zHOI
cuctemsl [10I'-6000-tTpaT HaTpusi. YBeanueHHE TEMIIEPATyphl TaK)Ke CMEIIaeT OWHOIAIbHBIE
KpPUBBIEC BJIEBO, YBEIMUMBAs 00JIACTH T€TEPOTEHHOCTH CHUCTEMbI. BiusHue TeMmnepaTypsl, Kak U
moboro apyroro (QaxTtopa, BIHSIONIETO HA TIOJOXCHHE pPaBHOBECHS, JOJDKHO OBITh B
COOTBETCTBUH C IPUHIIANIOM cMelieHus paBHoBecus Jle IllaTense — bpayHna.

B pabore yka3aHO, YTO B BOJHBIX pAacTBOpaxX MOJHMITUICHTIIUKONEH 00pa3yroTcs
IByX(a3Hble CHCTEMBI C IByMs KpUTHYCCKHMHU TeMIleparypaMu pactBoperus — Bepxueit (BKTP)
u HwkHeit (HKTP). CrnemoBarensHOo, TOT (hakT, 4TO yBEIMYCHHE TEMIECPATyphl CMeNaeT
OMHO/MANM yKa3aHHOW CHCTEMBI B HAIIPABICHUH YBEJIWYCHUSI 00JIACTH T€TEPOTEHHOCTH CHCTEMBI,
YKa3bIBaeT Ha OJHM30CTh pacCMaTPUBACMOrO HHTEpBANa TEMIIEpATyp K HIDKHEH KPUTHYECKOUN
TeMmneparype pacTBopeHus. KpoMe TOro, MOBBIIIEHHE TEMIIEPATypbl CIOCOOCTBYET MPOLECCY
JeruipaTalid KaK HOHOB COJIM, TaK M NOJUATHICHIVIMKOJISA, W3MEHSS BOJHOE OKPYXEHUE
MOJIEKYJI MTOCJIETHEr0, YTO B UTOrE TAK)KE MPUBOAUT K YMEHBLIEHUIO COBMECTUMOCTH MOJIEKYJ
[19I" u noHOB coun, crocoOcTByIOIIEe Oojlee paHHEMY PACCIOCHUIO CHCTEMBl HA JIBE BOJHBIC
(a3bl ¢ OTINYAIOIIUMUCS CTPYKTYPAMH.
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Hamu Tarke wm3ydeHo BimsHHME KapOammuia, THOKapOaMuaa W ITHIIOBOTO CHUpPTa Ha
¢da3zoByr0 auarpammy BoaHOM nByxdaznou cuctemsl [I90-6000-umutpar Harpus. oOasneHue
KapbaMua 3aMETHO W3MEHSET IOJIOKCHHE OWHOJAIM YKa3aHHOW CUCTEMBI, YBEIMYUBAS IPHU
3TOM 00JIaCTh TOMOTE€HHOCTH CHCTEMBI, T.€. (pa3oBoe paccioeHHe MMEET MECTO IMPH OOJIBIINUX
KOHIEHTpausix (ha3000pa3yommx KOMIIOHEHTOB, YeM B OTCYTCTBMU MOYEBHUHBI. BBuay ToOroO,
9T0 no0aBieHHe KapOamuIa K BOJE M BOJHBIM PAcTBOpPAM COIPOBOXKIACTCS Pa3pylICHUEM
CTPYKTYPBI BOJBI TO JIOJDKHO OBITH SICHO, YTO YBEJIMYCHHE JOJMA CBOOOJHBIX MOJEKYN BOJBI B
CUCTEME [OJDKHO TPUBECTH K TOBBIIICHUIO CTENEHH THUAPATAUN TOJHITUICHIJIUKOI H
OpUBECTH K  M3MEHEGHHMIO  OJNIDKalIIero  BOJHOTO  OKpykeHuss  monekynsl  [IOT,
OJIarONpHUATCTBYIOIIETO0 COBMECTUMOCTH TIOJIMATHIICHIJIMKOISA W BOJHO-COJIEBOTO pacTBOpA.
JloGaBnieHre B cucteMy 3THIIOBOTO criupra (B mHTepBasie kKoHueHTpanuii 10-30 Bec %) npuBoaut
K PpAacCIOSHHIO HCCIIeIyeMOW cHCTeMbl Ha JaBe (a3pl mpu Ooee HHU3KMX KOHILIEHTPALMSIX
($a3000pa3yomuX KOMIIOHEHTOB, YTO HAXOAHWTCS B COTJIACHH C pe3yJIbTaTaMH H3MEpPEHUS
CTPYKTYPHOM TeMIIepaTypbl 3THX pacTBOpoB. Kak OBIIO MOKa3aHO paHee DTaHON B YKa3aHHOM
WHTEpBajJie KOHLEHTPALUH CTPYKTYpUPYeT BOIY, HYTO JOJDKHO OTPA3UThCS HA HW3MEHEHHE
BOJHOTO OKPYXKEHUS] MOJICKYJBI TOJHMATHIICHTIIUKONS M, KaK CJEeICTBHE, Ha Oojiee paHHEM
paccloeHnr CHCTeMbl Ha JBe BOAHBIC (a3bpl. JloOaBreHue THOKapOamMHUIa TMPAKTUYECKH HE
CKa3bIBACTCS Ha TMOJIOKEHWH OuHOmanu BogHOW aAByxdasznoit cuctemsr [19I-6000-mmTpat
HaTpusa. Panee OBIJIO MOKa3aHO, YTO THOKapOaMuJ HE BIMSET HAa COCTOSHHE BOJIBI, YeM U
OOBSICHSIETCS OTCYTCTBHE BIHSHHS €ro Ha TOJOXKEHHEe OWHOJAIM YKa3aHHOW CHUCTEMBI.
[lomyueHnHsle AaHHBIE MOATBEPKIAIOT paHEe BBICKA3aHHOE IMPENINOJIOKEeHne, 4To (pa3zoBoe
paccioenne B BOAHBIX cuctemax [19I'- comb mpomcxoauT BeieacTBUE BO3HUKHOBEHHS B HHX
JBYX Pa3IUYHBIX BOJHBIX CTPYKTYP, OOpa3yIOUINXCs 3a CYET Pa3HON OPUEHTALUU MOJIEKYII BOJIBI
BOMM3M MOJIEKYJT (ha3000pa3yromMux KOMIIOHEHTOB M MX HWOHOB.J/l0OaBlieHWE K TaKMM BOJHBIM
CHCTEMaM BELIECTB, Pa3pyMIAIONINX CTPYKTYPY BOJbI, OYJET MpPEensTCTBOBATh BO3SHUKHOBEHUIO
TaKMX Pa3IMYHBIX BOAHBIX CTPYKTYp, B TO BpeMsl Kak 00aBJICHHE BEIIECTB, CTPYKTYPUPYIOLINX
BOJY, JIOJDKHO OJIaromnpHusTCTBOBATH OOPAa30BAHUIO ABYX PA3JIMUHBIX HE COBMECTHUMBIX JIPYT C
JPYTOM BOJHBIX CTPYKTYD, CIIy’KaIllIX OCHOBOW BOJHBIX (ha3, HA KOTOPBIE PACIIOAAETCs CUCTEMA.
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POLIMER-SU IKIFAZALI SISTEMLORIND® PAYLANMA METODUNUN
BIOTEXNOLOGIYADA VO TIBBI DIAQNOSTIKADA TOTBIQI
E.9. Masimov, T.O. Bagirov, S.Y. Ocaqverdiyeva, X.T. Hasanova, S.R. Bagirova
Bak:DovlatUniversiteti
baghirov-t@mail.ru

Bir sira polimer-su ikifazal: sistemlarinin ay:rma gabiliyyati tayin edilmisdir. PEQ-C,0sHsNay-H,0
ikifazal: sisteminin ay:rma gabiliyyatinin nisbazan kigik olmas: hamin sistemin bioloji maddalarin «inca»
ayrimas: Uc¢ln istifado oluna bilmasini milayyanlagdirir. Polimer-su ikifazal: sistemlarinda geyri-barabar
paylanma metodu vasitasilo ganda patoloji dayisikliklorlo misayiat olunan xastaliklorin erkan dianozunu
vermok magsadi ilo tibbi diagnostikada istifads olunmas: mimkiin say:lan ikifazal: sistemlor (PEQ-
Aly(SO4)3-H,0, PEQ-MgS0,-H,0) taklif olunmusdur. Gostorilmisdir ki, bu metodu tatbig etmoklo eyni
zamanda hamin xastoliklorin yaranmas: va milalicasi mexanizmi hagginda milahizalar yliriitmak olar.

Isdo osasmi su toskil edon polimer-su ikifazali sistemlorindo maddalorin geyri-barabor
paylanmasina osaslanan metodun nazari osaslar, analitik, preparativ vo diagnostik magsadlorlo
biotexnologiyada vo tobabotdo totbiqi perspektiviori tohlil edilmisdir. Bioloji sistemin
fragmentlorinin, polimerlorin  fraksiyalarmin ikifazali sistemin eyni zamanda movcud olan
fazalarina olan harisliklorinin muxtslifliyi onlari hamin sistemlords ayirmaga imkan verir.

ikifazali polimer-polimer-su vo polimer-duz-su sistemlorindo maddolorin geyri-borabor
paylanma metodu praktiki shamiyyat kosb edon fiziki-kimyavi metodlardan biridir. Bu metod
muxtalif kimyoavi maddolorin, o cimladon biopolimerlorin sistemin muxtslif hidrofobluga malik
fazalarinin su muhitloring harisliklorinin muxtalifliyine asaslanir.

Molum oldugu kimi, suya daxil edilmis istonilon madds suyun strukturunu va/vs ya halini
doyismis olur vo bu da 6z ndvbasinds su muhitinin hidrofoblugunu doayismis olur. Ona gors do
tobiidir ki, su-polimer ikifazah sistemlorinds (SPiS-da) holl edilon maddo 6ziina yaxin olan
muhitdo (hidrofoblugu homin maddonin hidrofobluguna yaxin olan fazada) comlogmis olacag.
Biopolimerlorin vo kigik molekullu birlosmalorin ikifazali sistemlordo paylanmasmin fiziki-
kimyavi ganunauygunluglart todqiq olunarkon gostarilmisdir ki, bu maddslorin paylanmasi
hidrofob vo ion hidratlasmas: terminlori daxilindo izah etmok olar. Bu qarsiligh tosirlori
komiyyotco xarakterizo etmok uglin marker maddslorin —dinitrofenillosdirilmis DNF-a-
amintursularinin natrium duzlari homoloji sirasinin paylanmasina baxilmisdir.

Homin homoloji siranin paylanma omsal: ilo yan alifatik zoncirin uzunlugu (metilen
gruplarnnin sayi) arasinda asagidak asililiq vardir:

INK=C+E-ngy,,

burada K -homoloji siranin verilmis Gzvinin ikifazali sistemds paylanma omsali, ng, —

paylanan marker molekulundak: metilen qruplarinin sayi, C vo E iss uygun olarag molekulun
polyar (ion hidratlasmasi) vo qeyri-polyar hissalorinin (hidrofob hidratlasma) paylanma
omsalindaki payim xarakterizo edon sabitlordir. K=1 olarsa InK=0 vo C=E-n" olur. Burada
n*s—nCHz metilen gruplarnin elo hipotetik sayidir ki, bu zaman maddos fazalar arasinda barabor

paylanmis olur. Basqga sozls ion hidratlasmas: vo hidrofob qarsiligh tosirlorin effektlori bir-birini
kompensasiya etmis olur. Bu kamiyyat fazalarin hidrofobluglarin arasindak: forgi, yani sistemin
bioloji obyektlori bir-birindon ayirma gabiliyyatini xarakterizo edir vo ikifazali sistemin ayirma
gabiliyyati adlanir. Bir sira SPiS-in ayirma gabiliyyetlori toyin edilmisdir vo alinmisdir ki, PEQ-
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Aly(SO4)3-H0 ikifazali sistemi on boyiik ayirma gabiliyyotino malikdir (n"=11,08). Qeyd edok
ki, sistemlori «inco» vo «kobud» ayirma ndqteyi-nazarindon se¢mok olar. Bels ki, «inco» ayirma
uctin ayirma qabiliyyati kicik olan ikifazali sistem (masalon, PEQ-C4OsHsNa,-H,0 ikifazal:
sistemi, n'=2,8), «kobud» ayirma Uclin iso bdyiik ayirma gabiliyystine malik olan sistem
alverislidir.

Polimer-duz-su ikifazali sistemlorinds paylanma metodu vasitasi ilo radioaktiv slialanmanin
gan zordabi ziilallarmin nisbi hidrofobluglarina tosirine baxilmisdir. Radioaktiv monba kimi ®°Co
goturilmus vo tocribo heyvanlart mixtolif dozalarda (200, 350, 450 vo 500 rentgen)
stalandirilmiglar. Heyvanlardan 7, 14, 21 vo 28-ci glnlor gan goturilmus vo onlarin
paylanmasina baxilmigdir. Saglam ganin paylanma omsah ilo miiqayisslor aparildigda malum
olmusdur ki, kigik dozalarla stialandirilmis heyvanlarin gan zordabmin paylanma omsalh birinci
hafto orzinds doyisso do, dordincu hoftays godor ovvalki giymatini alir vo heyvanlar sagalir.
Boyuk dozalarla stialandirilmig heyvanlarin gqan zordabinin paylanma omsalinda iss bu misahids
olunmur va heyvanlar olir. Aparilmis todgigatlar bir daha tesdiq edir ki, radioaktiv siialanmanin
tosiri ilo gandaki zulallarin konformasiyasinda mioyyan doyisiklik bas verir vo bu konformasiya
doyisikliyini polimer-su ikifazali sistemlorindo paylanma metodu vasitasi ilo boylk doqgigliklo
askar etmok mumkdaindur.

Digor bir tocriibodo radioaktiv stialanmanin albuminin  PEQ-MgSO4-H,O ikifazah
sisteminds paylanma omsalina tosiri todgiq olunmusdur. Mixtalif dozalarla sualandirilmig
albuminin paylanma amsallart bir-birindon forgli alinmisdir. Bu tacriibalorin naticasi kimi geyd
etmok olar ki, maddolorin SPiS-do qeyri-borabor paylanmas: metodundan ganda patoloji
dayisikliklarlo misayiat olunan xastoliklorin ilkin diagnostikasinda istifado etmok olar.

Elmi odobiyyatda polietilenglikolu sothi aktiv maddo kimi gotlrorok nazik tabagolarin sulu
mohluldan kimyavi ¢6kdirmasi metodu ilo nano 6lguli hissociklorin alinmasina tez-tez rast
galinir. Bu metodun nanotexnologiyada totbiqi PEQ-in bir sira geyri-tizvi duzlarla ikifazali sistem
omolo gotirmosino osaslanir. Qeyd edok ki, PEQ-don istifado olunmasi digor sothi aktiv
maddalordan istifado zamani rast golinmis bozi problemlori hall edos bilir. Togdim olunmus isdo
molekulyar kitlasi 6000 olan PEQ istifads olunmusdur. PEQ-in digor molekulyar kitlolorindon
istifado olunmasi ilo daha maragli naticalorin alinmasi gozlonilir. Bu istigamotds todgigat islori
davam etdirilir.
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ELEKTRIK KECIRICILIYINO GORO
IONLARIN HIDRATLASMA 9DODININ TOYINi
E.9. Masimov, H.S. Hasanov, B.G. Pasayev, X.F. Oliyeva
Bak: Dovlat Universiteti
p.g.bakhtiyar@gmail.com

Isd> MgSO, duzunun sulu mahlulunun xisusi elektrik kegiriciliyinin tocribi giymatlarino gora
mohlulda Mg* ionunun hidratlagsma adadi tayin edilmisdir. Miayyan olunmusdur ki, 25°C temperaturda
Mg ** ionunun hidratlagsma adadi n=26 olur.

Molumdur ki, elektrolitlorin sulu mahlullarinda elektrik corayan: ionlarin istigamatlonmis
horokoti hesabina yaranir. Adoaton quvvatli eloktrolitlor kicik konsentrasiyalarda suda tam
dissosiasiyaya moruz gahrlar. Odur ki, bels elektrolitlorin duru sulu mahlullarinin xususi ion
elekttik keciriciliyi, misbot vo monfi yikli ionlarin xisusi elektrik kegiriciliklorinin comina
barabor olur:

o=0,+0_ 1)

Burada o, veo o uygun olarag, kationlarin vo anionlarin xususi elektrik kegiriciliyidir.

Moshlulun molyar elektrik kegiriciliyi (A,,)

A=

m

O
— )
C
disturu ilo toayin olunur [1,2]. Burada c(mol/l) molyar konsentrasiyadir. Kationlarn vo
anionlarin molyar elektrik kegiriciliyini, uygun olaraq, A, ve A ilo isaro etsok, (1) vo (2)
disturlarina gors
A, =4 +A 3)

olur.

MgSO, duzunun sulu mohlulunda Mg* vs SO} ionlari yaramr. SO} ionu zoif

hidratlasmaya moruz galdigindan onun molyar ion kegiriciliyi Mg?" ionunun kegiriciliyindan
togriban 1,5 dofo boyukdur [3]. Odur ki, yaza bilorik:

A ~152,. (4)
(4) ifadasini (3)-do nazars alsaqg, mohlulun molyar elektrik kegiriciliyi Ggiin

A, =152, ®)

ifadosini alarig. Digor torofdon, elektrolitlordo baxilan ionun (mos. kationun) xisusi elektrik
keciriciliyi (o)

2
=, ©)
m

o,
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ifadasi ilo toyin olunur [2]. Burada n-vahid hacmdoki kationlarin sayi, g-ionun yuki, m -hidrat
toboaqasi ilo birlikds ionun kdtloesi, 7 -ionun su molekulu ilo ndvbati togqusmaya godor getdiyi
moasafoya sorf olunan zamanin orta qiymati, yoni sorbast gagis middatinin orta giymotidir.
MgSO, duzunun sulu mohlulunda kationlarin ve anionlarin say:r barabar oldugundan
ionlarin tam say1
N=N, +N_=2N, (7

olar. Onda vahid hacmdoki kationlari say:

N N 1
:V+:W:§-CNA (8)

olar. Burada N ,-Avoqgadro adadidir. fonun yiikiinin ¢ = Ze olundugunu vs (8) ifadasini (6)-da
nazors alsaq, kationun xususi elektrik keciriciliyi Ggiin

_cN,Z%? .
2m

N 9)
ifadasini alarig. Burada Z -ionun ionlasma daracesi (mes. Mg? ionu iigiin Z=2), e-elementar
yukdur. Su muhitinds harokot edon ionun sarbast gagis middatinin orta giymati

1

T= —
n1SUnis

(10)

ifadasi ilo toyin oluna bilor [2]. Burada n,-vahid hocmdski su molekullarin say1, s-ionun maye
molekulundan sapilmasinin tam en kasiyinin sahasi, v, -ionun har hansi su molekuluna nozaron
nishi stratidir. Sorbast gagis muddatinin orta giymatinin toyininde osas ¢atinlik v, suratinin
toyin olunmasidir. Bu moagsadls bir nego yaxinlasmalar gobul edok: biricisi, gabul edak ki, ionun
dreyf slrati onun istilik horakatinin siratindon ¢ox kicikdir. Bu forziys mumkindar, ¢unki (6)
disturu ionu istigamotlondiron xarici elektrik sahosinin intensivliyinin kigik giymatlorinda
dogrudur. Bu halda ionun dreyf surati istilik harokatinin stratinin Ustline otuzdurulur. Bu ise 0
demoakdir ki, ionun dreyf sirati istilik harokatinin stratindon ¢ox kigikdir; ikincisi, ionun hidrat
tobaqgasi ilo birlikdo kutlosi su molekulunun kitlesindon ¢ox bdyiik oldugundan onun istilik
harakatinin surati su molekulunun istilik harakatinin stratindon ¢ox kigik olacaqg.
fonun su molekuluna nazaran nisbi siirati

Opis = Dion - Gsu (11)
kimi toyin olunur. (11) ifadssini kvadrata yiksaldok.

2 2 2
Ufis =Vjon + V& — 2VjonVg, - COSQ (12)

(12) ifadasindon orta giymot goturdikds cosa ham mishat, hom do monfi giymaot
aldigindan axirinci ifads sifira barabor olur vo (12) dusturu asagidaki sokilo disur.
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—2 _ =2 |, =2
Upis = Vjon T Vg, (13)
Yuxaridaki milahizalara asason

oldugundan, yekunda ionun su molekuluna nozoron nishi orta suratini su molekulunun istilik
harokatinin orta sliratina barabor gotlirmok olar:

3RT

Upis =Dy, = 14
nis su M “ ( )
Burada R universal gaz sabiti, T mutloq temperatur, M, suyun molyar kutlosidir.
Vahid hocmdoki su molekullarmin n, sayin1
N N,
VARV (15)
ifadasilo tayin etmak olar. Suyun molyar hacmi (V)
V, = My, (16)
pSLl
olur. (16) ifadasini (15)-do nazors alsaq
N su
n, = M—” (17)
olar. fonun su molekulundan sepilmasini tam en Kasiyinin sahasini
S= ﬂ-(ref * ool )2 (18)

dusturu ilo hesablamaq olar. Burada r, ionun suda effektiv radiusu, r,, iso su molekulunun
radiusudur. (14), (17) vo (18) ifadsloarini (10) da nazars alsaq

M3/2
T= e (19)
4 NApsu(ref +rm0|) \/BRT
ifadasini alarig. (19) ifadasini (9)-da nazors alsaq, ionun xisusi elektrik keciriciliyi tigiin
asagidaki ifadani alanq:
2.2 %
1 cZe*M{? 20)
o, = .
: 2\‘3RT mpsu”(ref +rmo|)2
Onda
2.2 %
)L+ZO-+ 1 Ze"M{; (21)

c _3VRT mpsu”(ref +rmo|)2
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olar. (21) ifadasini (5)-do nozors alsaq,

3
25 222\ 2 22)
23T Mo m(fy + )’
ifadasini alarig. Buradan ionun hidrat tobaqgasils birlikda kitlasi Gigtin
2.2 34
2.5 1 Ze"My (23)

m_z\/ﬁ Am psuﬂ'(ref +rmo|)2

ifadosini alarqg.
5% MgSO, duzunun sulu mohlulunun T =298,15°C temperaturda molyar elektrik
kegiriciliyi A =4148-10°0m™'m’mol™, Mg* ionunun suda effektiv  radiusu
r, =0,44-10°m, su molekulunun radiusu r

m

, =138-10""m [4], suyun molyar kitlssi

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

3

Pu :997,07m oldugunu bilorak, (23) disturuna asasen ionun hidrat tobagosilo birlikds kiitlosi
m

tglin m =828-10"kq giymatini alariq.
fonun otrafinda n sayda su molekulunun hidratlasmis oldugunu gebul etsok, onda ionun
hidrat tobaqosils birlikdo m kutlosini

m=m,,, +Nm,, (24)

kimi yaza bilorik. Burada m,, -ionun kitlesi, m,, -su molekulunun Kktlosidir. (24)-don

_ m— My,
m

(25)

mol

ifadesini alarig. m=828-10%kq, m, =24-166-10°kq vo m,_, =18-1,66-10""kq
giymotlorini (25) disturunda yerino yazarag, Mg?*ionunun hidratlasma ododi (ciin n =26
giymotini alarng. (23) dusturundan gorinduyu kimi, ionun hidratlasma ododi bilavasito
konsentrasiyadan asili deyil. Lakin (23) disturunda molyar elektrik kegiriciliyi konsentrasiyadan
asihdir vo konsentrasiyanin artmasi ilo molyar elektrik kegciricilikdo artir. Bundan basga
temperaturun artmasi ilo do elektrik keciriciliyi artir. Beloliklo, (24) disturundan almir Ki,
konsentrasiyanin vo temperaturun artmast ils ionun hidrat tabagosi ilo birlikds kitlasi azalmalhdir.
Bu isa 0z ndvbasinds, (25) disturuna osasen, hidrat adodinin qiymoti do azalmahdir. Bu
masalonin arasdirilmasi golocok todgigat islorinds nozardo tutulur.

Onuda geyd edak ki, MgSO, duzu tobabstdo mads bagirsagin tomizlonmosi Gglin genis

istifads olunur. Bizim apardigimiz todqiqatlar gostorir ki, MgSO, duzu suda 20% -o godar yaxst
hall olur, sonra doymus mahlul alinir va duz ¢okuntu verir.
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Belolikls, bu naticoys golirik ki, MgSO, duzunun sulu mohlulunda Mg* ionunun
hidratlasma adadi 26-dir vo bu duzun tobabatds 20%-o goadar sulu mahlulundan istifads etmok
olar.
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AQAROZA MOHLULUNDA GELOMOLOGOL M PROSESININ
ISIGIN DINAMIK SOPiLMaSi METODUDU iL® TODQIiQi
E.D. Masimov, A.R. imamaliyev , A.H. 9sadova
Bak: Dovlat Universiteti

Maddanin gel hali hom elmi, hom do praktik tatgiq baximindan maraq dogurur. Organizmlo
uyusan oldugundan polisaxarid hidrogellori son vaxtlarda biotexnologiyada, tobabotdo, yeyinti
sonayesindo vo kosmetologiyada genis totgiq olunur. Gelin tatbigi zamani onun fiziki-kimyavi
xassolorini idaro etmoyi bacarmaq zorursti meydana ¢ixir. Bu xassolor gelin strukturundan -
geldaki assosiatlarin sayindan vo 6lgtisindon asilidur.

Muasir modellors goro agaroza gelinin foza toru ikigat spirallardan vo ¢oxlu sayda ikigat
spirali 6zunds birlosdiron daha yuxar: tortibli assosiatlardan (supraliflordon) ibarstdir. Agaroza
gelino bulaniglig veran bu assosiatlardir.

Gelin strukturunun 6yronilmasinds on effektiv metodlardan biri isigin dinamik sopilmasi
metodudur. Bu isdo HORIBA SZ-100 Nanoparticle potential Analyzer cihazinin kémoayi ilo
agaroza gelinds assosiatlarin 6lgiys gora paylanmasi 6yronilmisdir. Agarozanin suda mohlulunda
gelomalogalmonin kritik konsentrasiyasinin 0,15 % oldugunu nazors alaraq iki konsentrasiyaya
baxilmigdir: 0,1 %-li agaroza mahlulu (gel amols gotirmoyan hal); 0,5 %-li agaroza mahlulu (gel
omolo gotirmoyon hal).

Olgmuoalorin naticalori gostirir ki, gel amoalo gatirmoyan halda da (0,1 %-li mohlul) mohlulda
assosiatlar movcuddur. Bu assosiatlarin orta 6lgtisti 42 nm, dlguys goro paylanmanin yarimeni iso
toxminon 65 nm-dir. Bu assosiatlar arasindaki masafo kifayat gqodor boylik oldugundan onlarin
birlosorok vahid foza toru omolo gotirmasi mumkun deyil. 0,5 %-li agaroza mohlulunda iso
assosiatlarin orta 6lctisti 104 nm, 6lglys gora paylanmanin yarimeni iss toxminan 21 nm olur. Bu
halda assosiatlarin say:r da boyik oldugundan onlar arasindaki mosafo kigik olur vo mioayyan
temperaturda onlar birlogorak vahid foza toru amolos gatirir, yoni mahlul gel halina kegir.
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BALIQ PULCUQLARINDA FLUORESSENSIYA
SPEKTRLORININ TODQIQi
E.M. Qocayev, S.V.Oliyeva
Azarbaycan Texniki Universitet
serefxanim@mail.ru

Toqdim olunan isda Kitlm baliginn yan sathlarindan goétirilmis pulcuglarin 200 — 600 nm dalga
uzunlugu interval:nda fllloressensiya spektrinin tadgiginin naticalori verilmigdir. Askar edilmisdir ki,
396,96, 388, 265,93 va 253,64 dalga uzunluglu signallarla hayacanlanma zaman: mivafiq olaraq 541,02,
528,96, 362,00 vo 495,97 dalga uzunluglarinda flioressensiya spektrlori agkar edilir. Flioressensiya
spektrlarinin intensivliklori hayacanlandiric: signallar:n intensivliklari ilo migayisa olunan tartibda olur.
Kutin baligmin pulcuglarinin fliioressensiya spektrinin tadqiqi apar:laraq askar edilmigdir ki, bu
materialdan coxfunksiyal: elektron qurgularinda unikal xassali yeni tip kompozit kimi istifads etmok olar.

Baliglarin bodoni pulcuglarla orttlidur. Pulcuglar baliglann xarici strukturunda ¢ox
mihdm yer tutur. Onun asas funksiyas: qoruyucu olmasidir. Bozi baliglarin (masalon, naxanin)
badoninds pulcuglar olmur. Har bir pulcug dairavi formali, nazik simuk l6vhocikdon ibarst olub,
on hissasi ilo doariys birlosgir. Pulcuglar arxa hissalari ilo bir-birinin Uzarini Kiromit kimi ortir.
Baliglarin pulcuglarnin tzori daima selik maddosi ilo Ortili olur. Seliyi dori vazilori vozisi ifraz
edir.Selik ortlyu baligin badoninin suda surtinmosiniazaldir, xostoliktorodici bakteriya vo
gObaloklordan goruyur.

Baliglar boyidikcs onun pulcuglar: da boydyur. Hor bir
pulcugun Gzarinds dairavi rongli tuind zolaglar omols golir. Bu
halgalar1 saymaqgla baligin yasmni toyin etmok olur. Qigirdaqgl
baligin dds uUzgocinin tikan sGasmmin en koasiyinds olan
dairolorin  sayina g0ro bahgin yasi mioyyon edilir.
Pulcuglarin Gzarinds onun yasint miayyan edan illik tzuklor
var (Sokil 1.).

Baliq pulcuglarmnin u¢ osas novu var. Onlar formasina
goro secilir. Plakoid, ganoid vo sumuklor.

Plakoid pulcug genis osasdan vo onda oturan tikandan
ibaratdir. Oturacaq romb sokilindo plastinkadan ibarotdir. %okl 1. Puleugun ssthinda onun
Daxili boslugu gan-damarlari ilo tomin olunur. Plakoid —¥fi mieyyen eden illik timiidar
pulcuglar bark maddslordon ibarstdir.Qanoid pulcuglar romb sokilinds vo bir-birina bagh
formada olur vo butlin badoni shato edir. Onlara nora quyruq bahqglar aiddir. Sumukli pulcuglar
dorialt1 vazids yerlasir. Onlar dairavi illik plastinkadan ibaratdir.

Toyin edilmisdir ki, pulcug mirokkab c¢oxkomponentli sistem olub ossasan mineral
maddalordon vo kollagendon ibarotdir. Baliglarin  muxtslif ndvlorinin pulcuglari kimyavi
torkibloring, Olgllorina, galhinhglarina, duzullslorine vo spesifik xususiyystlorina goro bir -
birindon forglonir. Balig pulcuglarinin torkibinin 60% don g¢oxunu kollagenlor toskil edir.
Kollagen -skleroprotein qrupuna aid olan tobii polimerdir. Amin tursularin ndévboloson
galiglarindan ibarst olan polipeptid zoncir kollagenin ilkin strukturudur. Onlarin todgigati Ugiin
fraktal struktur-sistemin toskili, foaliyyati idars etmonin osasi ola bilor [1-2].

Baliglarin pulcuglarinin sathlorinin  (atom-molekulyar saviyyads) mikrostrukturla-rinin
optik vo elektron mikroskoplar: ilo todqgiqi gostorir ki, pulcuglarin soth quruluslar ilo tobii
kristallarin soth quruluslari arasinda heyrotamiz oxsarligqlar mévcuddur. Bundan slava baligin
muixtolif nayihoalorindon gotirtlmis pulcuglarin dielektrik nifuzluglarinin vo dielektrik itki
bucaginin tangensinin tezlikdon asililigmin todqiqi aparilmis vo agkar edilmisdir ki, tezliyin kicik
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giymatlorinds hom dielektrik nifuzlugunun hom dos dielektrik itki bucaginin azalmasi sonra iss
praktiki oarag sabit galmas: misahido edilmisdir. Qeyd olunanlardan gérindr ki, uzun illar agiq
havada galmaqgla muxtolif tabistli agressiv tosirloro baxmayaraq formalarini vo xassalorini pratiki
olarag saxlayan baliq pulcuglari ham ayriliqda, hom do digor materiallarla garsiligli tasirds hom
sirf elmi, hom do praktiki cohotdon maraq kosb edon todgigat obyekti ola bilor. Bunu nozors
alaraq togdim olunan maruzados bahqg pulcuglarinda askar edilmis fllioressensiya effekti barada
molumat vermok istordim.

Balig pulcuglarmin luminessent xassalori Cary Eclipse fluorimetri vasitosilo todgiq
edilmisdir [3]. Cary Eclipse fliorimetri mixtolif tobiotli nimunalorin spektral xassolorini
Oyronmok Uc¢ln universal cihazdir. Cihaz bioloji vo materialsinasliq sahosinds todgigat tgun
uygunlasdirilmigdir. Hoyacanlandirma monboyi kimi texniki gostoricilori asagidaki kimi olan
impuls ksenon lampasindan istifado edilmisdir. Saniyado 80 parilti vo piklor arasinda ekvivalent
guc 75kVt.

Fokuslayict optik qurgu kimi Svardssil kollektorundan istifado edilmisdir. Cerni — Turner
konstruksiyasmin kdmayi ilo monoxromatorlar vo Ufqi yariglar idars edilir. Secilmis 6 yariq: 1.5,
2.5, 5, 10, 20, 10mm movcuddur. Eclipse cihazinin iki monoxromatoru var vo hor
monoxromatorla biri digorindan asili olmadan skan omaliyyat: aparmag olur. ©gor hoyacanlanma
va skanetmo emissiya monoxromatoru vasitasilo geyd edilibss onda emission spektr vo ya bir ¢cox
hallarda fluoressensiya spektri alinir. Emissiyon spektri materialin tobisti vo molekulyar qurulusu
hagginda molumat dasiyir. Fluoressensiya spektrinin formas: hoyocanlandirici isigin dalga
uzunlugundan asili deyil belo ki, emissiya on asagi hayacanlnamis hal torsfindon yaranir.
Fluoressensiya spektri adoton 0zinu udulma spektrinin glizgii oksi kimi gostorir. Emissiya
monoxromatoru ilo fikso edib, hoyacanlanma monoxromatoru vasitesilo skanetmoklo
fluoressensiyanin hayacanlanma spektrini almaq olar. Hoyacanlanma spektri verilmis dalga
uzunlugunda emissiya intensivliyinin skansedilon hoyacanlandirict isigin dalga uzunluglarindan
asililigidir. Hor iki monoxromatorla eyni zamanda hom tocriibo aparib hom do skansetmoklo
sinxron skanetmo spektrlori almagq olar.

Fluoressensiya spektrinin xarakterik xususiyyati nimunonin kimyavi torkibi ilo elementar
qurulus vo nimunonin digar dinamik dayisikliklorlo bagli olan proseslorlo yiiksok ayirdetmo
xususiyyatino malik olmasidir. Fluoressensiya spektri kifayot godor kigik zaman diapazonuna
malikdir. Cuinki, isigin udulmasindan 107 san sonra fluoressensiya bas verir. Bu zaman kasiyinds
batun proseslor molekulyar soviyyads basa ¢atir. Fluoressesniya spektrinds enerjinin stialanmas,
dasinmasi, hamginin  komponentlor arasinda 4500
yuklarin vo enerjilorin mibadilosi qisa muddatli |
dinamik proseslords 6z oksini tapir. Bitln bunlar 5
materialin  statik  xassolorinin ~ vo  qurulus
xususiyyatlorinin -~ dyronilmasinds  vo  dar
liminessensiya zolaglarinda isiq  signallart
vasitosilo agkar edilon proseslords 6ziinu gostorir.

Balq pulcuglarinin hoyacanlanma
spektrinin  todqiginin  naticalori  sokil  2-do - ; " S
gostarilmisdir. Alinmis spektr pulcuglarin dalga ” L
uzunlugu 230nm olan isigla hoyocanlanmasi Sakil 2 Balig pulcuglarunn hayacanlanma spektei
naticasinda alinmigdir. Spektrdo mixtalif piklor
alinmigdir. Onlarin bazilari bahq pulcuglarmin fliioressensiyasini xarakterizo edir vo sokil 3-do
gOstarilmisdir. Sokil 3-don gorunduyld kimi 396,96, 388, 265,93 va 253,64 dalga uzunluglu
signallarla hoyocanlanma zamani mivafiq olaraq 541,02, 528,96, 362,00 vo 495,97 dalga
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uzunluglarinda fliioressensiya spektrlari askar edilir. Askar edilmis butin FS-larin intensivliklori
hayacanlandirici signallarin intensivliklori ilo migayiss olunan tortibdo olur. Beloki, 396,96nm
dalga uzunluglu hoyacanlanmada fliioressensiya pikinin intensivliyi 28 atom enerji vahidi, 380
nm dalga uzunluglu hayacanlanmada
fliioressensiya pikinin intensivliyi 40 atom
enerji vahidins godor artir. Uygun olaraq
265,95nm dalga uzunlugunda fluoressen-
siya pikinin intensivliyi 63 atom enerji
vahidinogodor artir. 253,64nm dalga
uzunluglu hayacanlanmada ISo
fliioressensiya pikinin intensivliyi 13 atom
enerji vahidins azalir.

Intensivliyin dayismasi bir toraf-don
ksenon lampasi spektrinds intensiv-liklorin
geyri boarabor paylanmasi ilo digoar torafdon
iso flioressensiyanin kvant ¢ixiglarmin
forqgli olmast ilo olagodardir.
Hoyocanlandiricr  signallarin  intensivlik-
lori ilo alhinmig fluoressensiya piklorinin
intensivliklorinin mugayisssindon asagi-daki naticoys golmok olar ki, todqiq olunan material
Ozunu kaskin sokilds biruzs veran fliioressensiya xassasino malikdir.
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Dalga weuslugn (nm) Dhakia wrunbufw (mm)

Imtensinlik {a.v.)

Intensiviik {a.v.)

lhlg...; urmnlugu tnrl.-:l Dalga uu-.lui_i {mm)
wakil 3. Balig pleuglarinda fliore ssensiyasio xarakteriza
edan baz intensivlikli piklar

U3MEPEHMS BLICOKYACTOTHBIX JUAJIEKTPHUECKUX MAPAMETPOB
JKUAKOCTEM (¢"wu ¢") IPU JJIMHE BOJHBI A =3,21cm (CBY)

C.M. YceiinoBa
Baxuncxuii 'ocyoapcmeennwiii Ynusepcumem
moonsun8486@mail.ru

IIposodunucy  uzmepenus — 8bICOKOUACMOMHOL — OUILEKMPUYECKOU  npoHuyaemocmu €' u

4
Oousnexkmpuyeckux nomepvb &  uucmozo yukionenmanona (CsHgO) u €20 KoHyeHmpuposammvlx
pacmeopos & yuxnionenmane (CsHi) 6 wupoxom memnepamyprom unmepsane (om -40°C 0o +40°C).
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Hsmepsnocy monwuna cros scuokocmu Im npu nepsom skcmpemanvrom snavenuun) ,  C npumenenuem
HOMOZPAMM BAPUAYUOHHOZ0 MEMOOd HENOCPEOCMBEHHO ONPeOeTANUCH SHauenus. & W & .
JIuaneKkTpudecKas NPOHHMIAEMOCTh &' W HOTEpH e, (e =¢'—lig") wccnemyemoit
xuakocty ukioneHTaHoHa (CsHgO) U ero KOHIEHTPUPOBAHHBIX PACTBOPOB B IMKJIONICHTAHE
(CsHip) Obu1M m3MepeHsl B mupokoM uHTepsaie temmnepatyp (or-40°C mo +40°C ) B nuanaszone
ceepxBbicokux 4actoT (CBY) npu mmmae BosHBI A =3,21CM, NPUHIMIIHAIGHO HOBBIM

BapHaIMOHHBIM MeTOI0M [1-5], ncronb3yst ciieayromye ypaBHEeHus Ui pacueTa '™
& = (22 ) +(1/2, FL-tg2 A/2) (1)
e"=2(1/2, )tg A2 )

rae. A- JJINHa BHCKTpOMaFHHTHOﬁ BOJIHBI B CBO6OI[HOM IMMPOCTPAHCTBE IIPpU OTCYTCTBUHU CPCIBI,
ﬂ“O_ KpUTHYCCKas JJIMHA BHCKTPOMaFHHTHOﬁ BOJIHBI, ompeacrsicMad pasMCepaMH BOJTHOBOAA

(A,=2a, a —BHYTpEeHHHH pa3Mep BOJHOBOAA), A,— UIMHA 3JIEKTPOMATHUTHOH BOJHBEI B ITyCTOM

BOJIHOBOZE, }‘g —JJINHa BJICKTPOMaFHHTHOfI BOJIHBI B BOJIHOBOJC 3aI0JIHCHHO M HCCHCHyeMOﬁ

AKUJKOCTBhIO, —TIapaMeTp, XapaKTEPHU3YIOIIMI CTENEHb 3aTyXaHHUs JJIEKTPOMArHUTHBIX BOJH B
BOJIHOBO/IE, 3aII0JIHEHHOM MCCIIETyeMOMN KHUIAKOCTBIO.

CoracHo TeOpUH BOJHOBOJHBIX THMHUH niepenad [6, 7], koahduimeHT crosiueii BOJIHBI 1) B
BOJIHOBO/IE OIPEAEINAETCS BEIPAKEHUEM

77:1+|,r3|
1-|p|

rjae: | /3| — MOJTyJTb KOMILJIEKCHOW BETMYUHBI KOI(PPUIIHESHTA OTPasKEHUS

{l,al -

Zou Z — BOJIHOBBIE COIPOTHMBIICHUS, COOTBETCTBEHHO, IIyCTOIO BOJIHOBOABI M BOJHOBOJA,
3aII0JIHEHHOTO MCCIIELyEeMOM Cpeloi.

Tak kak Qukcaust SKCTPEMaJbHBIX TOYEK OCYLIECTBISIETCS C BBICOKOW CTENEHBIO
TOYHOCTH, TO Lejecoo0pa3Hee ObLIO B KadeCcTBE M3MEPSIEMbIX IapamMeTpoB, HCIIOJIB30BAaTh
BEJIMUMHBL | . U 77, COOTBETCTBYIOLIHNE SKCTPEMATbHBIM 3HAUECHHAM 3aBUCUMOCTH 7 OT |.

z«thil =z,

z-thVl + z,

I

\-‘}

[Tocne mpeoOpa3zoBanmii ypaBHenuit (1) u (2) umeer, 4TO SKCTpEeMabHbIC 3HAYCHHUS
K03((GULKMEHTA CTOAYEH BOJIHBI B BOJIHOBOJE 77, IPU TOJILUHE CJIOS KUIKOCTH B BOJHOBOJHOM

CCKIIMU paBHOM Im OIMUCBIBAKOTCS AIBYMSI YPABHCHUSAMU.

cth(2zxy) + yctg (27 x) &
"\ th@2rxy)-ytg@rx) |
nu
th(27xy) — ytg(2
r_ (27xy) — ytg(27 X) (5)

m

cth(2z xy) + yctg(27 x)
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npu nM =1 o0a ypaBHEHUs IPUBOAATCS K BHIPAKEHHUIO BUJIA!

sh(z xy) =-ysin(z X) (6)
rne: x=1,/4,, y=tgA/2;

[Mony4yennsie ypaBHenus (3)—(6) comepxkar nuimb (QYHKIMH JIBYX BCIOMOTATEIbHBIX
mapamMcTpoB XU y U B IPUHOUIIC YCTAHABJIMBAKOT CBs3b MCKIAY BEJIIMYNHON ,Z[I/ISJ'IGKTPPI‘-IGCKOﬁ
NpOHUIACMOCTU & l, AUDJICKTPUUCCKUX TIOTCPb & T U JJIMHBI BHCKTPOMaFHHTHOfI BOJIHBI
KHUIKOCTHU )“g U SKCIICPUMCHTAJIBbHO OINPCACIACMBIM3HAUCHUCM TOJIIIUHBI CJIOA KHUAKOCTU B

adeiike |, mpu KOTOPOM OOHApyKHBAaeTCA HKCTPEMYM |/3| WM 7], TPH OTOH TOJIIUHE

KMJIKOCTH, IIPH YCIIOBMH, YTO 3Ha4eHUs A M A, u3BecTHbl. OIHAKO, MOJIYYHMTh 3Ty CBS3b B
SIBHOH (popMe He MpeCTaBIsIeTCs] BO3MOXKHBIM HM3-32 HAIMYHS B UCXOIHBIX ypaBHeHUsX (D) u (6)
TPAHCUCHACHTHBIX (QYHKUIMHA. B 3TON CBS3M MpPENJIOKEHHBIN HOBBIN, BAapHAIIMOHHBIA METO]
W3MEPCHHSI TUIJICKTPUUYECKUX MapamMeTpoB B auanazone CBY, npennaras HOBBIN, rpadudecKuii
MeTol (HOMOTrpaMMaMM) PEIICHUs HE TOJBKO YCTPAHWI JAaHHBIA HEJOCTATOK CYIIECTBYIOIIMX
METOJIOB, HO OTKpPHIJI HOBBIC BO3MOXXHOCTH JIJII HCCJEJOBaHUS TOJISIPHBIX KUIKOCTEH C
OOJILIITUMU TIOTEPSIMH;

Tak KaK y TakuX XHIKOCTEH B 3aBUCHMOCTH 1 OT | moJrydalicst Iuiis OJUH MakCUMyM, a
OJMH MaKCHMYM IIO3BOJISJI ONPEACIUTh 3HAUCHUS &' u e yK€E CYIIECTBYIOIIMMHU METOJAMH
(Otu Metoauku TpebOBaIM 3HaHUE TpexX U Oonee 3HaueHnid MakcumyMmoB B 17 = f (1)) [2, 3] 2o,

cneyromme Homorpammbl: 1) Homorpammer K rpaduyeckomy METOAY BBIYMCIEHHS A, H

tg A/2110 OSKCHepUMEHTANbHbIM 3Ha4YeHUsM |~ W 77, TpPU TOJIIMHE CIOS JKUIKOCTH B
BOJIHOBOJIHOW sTY€HKe, MPH KOTOPOH MMEEeT MECTO NEepPBbIi MHHUMYM 3aBUCHMOCTH 77 OT |, B
MJIOCKOCTH KOOpJIUHAT |_X =1, / Ags yJ; 2)HomorpamMMbl K TpaguyecKoMy METOy BBIYMCIICHHS
A, ¥ 1g A/2 1O 3KCHIEpUMEHTAJIBHBIM 3HaYeHUsAM | W 717, , IPH TOJMUMHE CIOS XUIKOCTH B
BOJIHOBOJIHOW siY€iKe, MPH KOTOPOW HMMEET MECTO NEepBbI MHHUMYM 3aBHCHMOCTH 1 OT IB

IJIOCKOCTH KOOpAUHAT [ﬂ,g / A s tgA/ 2J; 3) HomorpaMMeI k rpaguuecKkoMy METOJY BBIUUCIICHUSI

T 1O SKCIICPUMCHTAJIbHBIM 3HAYCHUAM Im u 1, OpH TOJMHUHE CJIOA XKUAKOCTHU B KOTOpOﬁ

e'ne
HUMEeT MECTO MEePBbIii MUHUMYM 3aBUCUMOCTH 7] OT |, B TUIOCKOCTH KOOpAMHAT [gT' ; ST"] [1-5].
HMeHHO ¢ MpUMEHEHHEM BapHAIlMOHHOT'O METO/a OBLIM WCCIIEJOBAHBI IIUKJIONEHTAHOH U
€ro pacTBOPHI B IUKJIONIEHTaHe. Pe3ynbraTel qanel B Tabmuue 1.
Taoauna 1
JlMoIeKTpIYecKas IPOHAIACMOCTh &' M IOKa3aTellb MOTIOMICHUS &
pPacTBOPOB LUKJIONIEHTAaHOH-IIMKIIOTIeHTaH A=3,21 cM

Temn KOHHeHTpaHI/DI IMUKJIOIICHTAHOHA B MOJIBHBIX JOJIAX

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

fan)

4 4 4 e 4 4 4 £ 4 £

-40 2,05 4,16 0,94 6,52 2,34 8,47 4,02 9,39 5,76 9,70 6,36

-20 2,02 4,20 0,85 6,50 2,06 8,63 3,48 10,11 | 5,18 10,73 | 5,74

0 2,00 421 0,76 6,53 1,82 8,86 3,06 10,81 | 4,24 11,81 | 491

20 1,97 1,97 0,72 6,63 1,51 8,90 2,70 1058 | 3,45 11,75 | 3,78

40 1,94 1,94 0,65 6,70 1,44 8,81 2,34 10,20 | 291 10,86 | 2,72
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[{uknoneHTaH He NOJIIpHAs >KHUIKOCThb (g¢ =0). C mnpubaBieHUEM KOHICHTPAIUU

HUKIIOIICHTAHOJIA TAKKE€ U TEMIICPATYPhI 3HAYCHUS & T ne T IJIaBHO YBCJIMYMBAIOTCA.
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PABHOBECHBIE JUAJIEKTPUYECKHUE CBOMCTBA IIUKJIOIEHTAHOHA
C.M.YceiiHoBa
bakunckuii 'ocyoapcmeennvlii Yuusepcumem
moonsun8486@mail.ru

Ha ocnosanuu npoeec)eHHbe IKCnepumennos U nojly4€HHvlx OQHHbIX paccHyumansl cmamudeckast
npoHuyameibHocms U ee  szaeucumocms om  memnepamypbsl, npedeﬂbﬁo 8blCOKO4YacmomHas

£= QuaeKMpUYeCcKas NPOHUYAeMOCMb U e€ memMnepamypHas 3asucumocms. Paccuumanst monexynapHule
q napamempul [~ OUNOJILHYIL MOMEHM MOAEKYIbl YUKTIONEHMAHOHA U (- KOPPEeNAYUOHHbIN (aKmop.

TemnepaTypHble  3aBUCUMOCTH  CTaTHUECKOH  JTUAJNIEKTPUUECKON  MPOHUIIAEMOCTH
gouccienoBanHoi xuakoctu (nukimonentanon CsHoO unmu CH,(CH2)3CO) npuBenens! Ha puc 1.

(1) -0’

Puc.1l. TemnepaTypHas 3aBUCUMOCTb CTATHYECKOM JUINEKTPHUIECKOIT
IIPOHULIAEMOCTH EGLIUKIIONECHTAHOHA.

Ananmu3 npanHbIX Hu3kodacToTHbIX (HY) w3MmepeHmii TpOBENEH C HCIOJIB30BAHUEM
ypaBHeHuss Owuzarepa-KupkByna-@penuxa (1), BBIBOJA Uro M3 CTaTHYECKOW TCOPHH
JHMAJICKTPUUYECKOU mossipu3armu [1-4]:
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2
& —¢&,)(2¢, +¢, 3 VKT
( 0 )( 0 ) — ‘u?ZK (1)
3e, g, +2) 4rn

gu; =

rjae. &y — NPEACIIbHO HU3KOYaCTOTHAA, T.C. CTATHYCCKaAA AUDJICKTPHUICCKAS IIPOHUIACMOCTD, & -

IIPEAEJIBHO BBICOKOYACTOTHAS T.€. U3MepsAeMas B OITUYECKOM JHANa30He BOJIH JUIJICKTPUYECKast
[IPOHUIIAEMOCTD BELIECTBA.
[TapameTp
g=1+zcosy (2

CTPYKTypHHﬁ q)aKTOp, HBHSIIOLL[CI‘/'ICSI IMOCTOSSHHOM BEIWYMHOMN JJI1 JAaHHOM MOIJICKYJIbL, Z —
cpeaHee KOOPAMHAIIMOHHOC MOJICKYJIbL HOHHpHOﬁ KHUIKOCTH, COSy — CpCAHEC 3HAUYCHHC

KOCHUHYCa YyIJla MEXKAY HallpaBJICHUAMU I[HHOHCﬁ COCCIHUX MOJICKYJ; (— MOXET CIIY>KUTh

Mepoil oTKIOHEHUs 3(h(HEKTUBHOIO JMIIOIBHOTO MOMEHTA [, MOJEKYNbl B >KUAKON (ase oT

g:‘u_m

3HaueHMs1 e€ MOMEHTa [/, B ra3oBoil da3se: . [pu g =1 >pdexTuBHBI TUTOTBHBII

MOMEHT COBIIaJa€T ¢ MOMEHTOM HM30JIMPOBAHHOW MOJIEKYJIbI, YTO YKa3bIBa€T HAa OTCYTCTBUE B
UCCIIeTyeMO KUAKOCTA OPUEHTAIIMOHHOTO BIMSHUS KOPOTKOACHCTBYOmHUX cuil. [lpu & >1, kak
cienyer u3 ypaBHeHHs (2), COSy >0, 9YTO SKBHBAJICHTHO MAapaJUICIFHOMY BBICTPAMBAHHIO
JUIOJICH, T.e. MPeoOJIalaHMI0 OTKPBITBIX LEMOYEYHBIX CTPYKTyp; mpu ¢ <1, cosy <0, gto
SKBUBAJICHTHO aHTUIIAPAJUICILHOMY BBICTPAMBAHUIO JIAIOJICH WM TPEoOIaJaHUI0 3aKPBITBIX
LEMOYEHHBIX CTPYKTYP.

B rabnmune 1 npuBeneHsl pe3yiabTaThl pacueTa 4, M ¢ LUKIONCHTAHOHA, M JUIA
CpaBHEHMs, alleToHA. B kadecTBe £=, BXOMAIEro B pacuyeTHOe ypaBHeHue (1), B3AThI 3HAUCHUS
BBICOKOYACTOTHOTO Mpenesa JIUCIEPCHOHHON 007acTH, MOJYYEHHOE JKCTPAMOJSIIHEeH JaHHBIX
MHUKPOBOJHOBBIX HM3MEpeHHH. 3HaUeHHs MOMEHTOB H30JHPOBAHHBIX MOJIEKYN [/, BBIOpaHBI Ha
OCHOBE aHaJIM3a OOJIBIIOr0 00beMa IKCIICPUMEHTATbHBIX JaHHBIX.

Taoauna 1

D¢ dexTUBHBIE TUMOJIBHBIE MOMEHTHI (I, W KOPPEJALHOHHbIE TapaMeTpbl § MOJIydCHHbIE

1o ypassennio (1), mpu t=20°C.

Coeaqunenne XuMHudeckast &, g, T Hop g
b opmyna
[ukoneHnTano CsHgO 13,24 13,13 245 3,00 0,67
H
Aneron (CH,),CO 21,03 1,90 3,03 2,85 1,09

IIo JaHHBIM Ta6J'II/IL[BI 2, BCIIMYMHBI BBICOKOYACTOTHBIX IPCACIIOB AUCICPCUOHHBIX
obnacrei OUKJIONICHTAHOHA, HCCKOJIBKO IIPCBBLIIIAKOT 3HAYCHUA KBaJpaTa OINTHYCCKUX
nokasartelei NpeJoOMJICHUSA, YTO CBHUACTCJIILCTBYET O  BCPOATHOM  CYHICCTBOBAHHU B
OHUKJIOIICHTAHOHC I[OHOHHHTCHLHOﬁ BBICOKOYACTOTHOM  00JacTH IO IO CHHUA. Awnanms

TEMIICPATYPHBIX 3aBUCUMOCTEN €,y IMOKAa3bIBAIOT, YTO HCE3HAYUTCIIBHOC BO3paCTaHuUe & C
YMCHBIIICHHUEM TEMIICPATYPbl CO34aCTCA H3MCHCHHCM IIJIOTHOCTHU d ¥ KOIMYECTBEHHO
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0

e, +2

M
OIIHUCBIBACTCS YPABHCHUCM KJ'IaBI/cha—MOCCOTTI/I, 3aIlIMCaHHOI'O B BUJC -— =const ,rae
M- MOJ'ICKy.]ISIpHBIfI Bec. OTo CBHUACTCIBCTBYECT O TOM, YTO NOIOJIHUTCIIbHAA 00J1aCThb AUCIICPCHUHA
CBsI3aHa C aTOMHOU nonﬂpmauneﬁ, KOTOpas COIIPOBOXAACTCA MOTJIOMCHUEM PC30HAHCHOI'O THUIIA

CJICAYCT TaKXKC OTMCHUTL, 4YTO HaﬁHCHHBIC 3Ha4YCHUsA &, ~BO BCEM HCCJICAOBAHHOM

oo}

TEMIIEPATYpHOM HHTEpPBAJIC, HAXOIATCS B XOPOIIUM TPUOMIKEHHMH C  BEIUYUHAMHU
paccuntanHbIX 10 opmyne Cmaiica [5].
e, -1 nZ -1

=105 ——,
£, +2 np +1

©)

rae; Np— Ko3h(UIMEHT NpeNoMICHHs, W3MEPEHHBbII B ONTHYECKOM JMaNa3oHe BOJH;
kod¢pdunuent 1,05 yunteiBaeT BKIIag BE=, 00yCIOBICHHBIA aTOMHOW MOJISPU3ALIUCH.

Taoauna 2
BricokouacToTHBIC Mnpeaciibl JUCIICPCUHN &, NUKIIOTICHTAHOHA
MIPU PA3JIMYHBIX TEMIEpaTypax.
Temmneparypa, -40 -30 -20 -10 0 10 20 30 40

0

C

BrIcoKOYaCTOTHBII 2240 | 2,225 | 2,190 | 2,165 | 2,240 | 2,115 | 2,090 | 2,065 2,040
npezen &,

VY anerona BenmunHa £ Onu3ka k1; U3 4ero ciemyer, 4To YUCTBIA alleTOH XapaKTepU3yeTCs
XaO0THYECKUM pAaclpeieICeHHeM MOJIEKYJI. DTOT BbIBOJ NOJKPEIUISETCS JaHHBIMU ONTHYECKHX
UCCIICIOBAaHUI PEIIEEBCKOTO paccesiHus cera [6, 7]

Yy OUKJIOIICHTAHOHA BCJIMYHMHA 3(1)(1)€KTI/IBHOFO JAHUIIOJIBHOT'O MOMCHTA Hx , OIIPCACIJICHHAA 110

ypasHenuio (1), MeHbIIE YeM 3HAYEHHE IUIIOIBHOIO MOMEHTA MOJIEKYJILI FT | OIpeIeeHHoro B
ra3oBoii (pase; 3TO yKa3bpIBaeT HA TO, YTO B YHUCTOM IIMKIJIOTICHTAHOHE MMEET MECTO JIOKATbHBIC
o0pa3oBaHMs C aHTHIAPAJUICILHOW OpHEHTAIMedl B HUX OJIM3KOPACIIONIOKEHHBIX JHIIOJNICH.
CylecTBOBaHHE TaKMX 0Opa30BaHUH, MO-BUAMMOMY, HE CBSI3aHO C JCHCTBUEM CHEIH(PUICCKUX
MEXMOJICKYJISIPHBIX CHJI, TAKUX KaK , HAIIPHUMep, BOJOPOIHBIX CBsA3eH, a 00BSICHACTCS eiiCTBUEM
cepuueckux paktopos [6, 7].
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GEPTILBENZOL DOYMUS BUXARI ELASTIKLIYININ TEMPERATURDAN
ASILILIGININ TOCRUBI TODQIQIi VO ANALITIK iFADOSI
F.Q. Abdullayev, Y.A. Cabiyev, H.S. Hasanov'
Azarbaycan Doviat Neft va Sanaye Universiteti
'Bak: Ddvlat Universiteti

T=(273,15 - 712,85) K temperatur interval:nda geptilbenzol doymus buxar: tazyigi toc- rlibi todqiq
olunmug. Aliznmzs tacriibi naticalor asasinda geptilbenzolun Ps- T asililigint ifada etmak Gglin yeni tonlik
toklif olunur. Hesablama xatasmin qiymati £ 0,01% - don bdyik olmur.

Aromatik karbohidrogenlor muasir ssnayenin demok olar ki, bitin sahslorinds ge- nis
istifado olunurlar. Bu maddslarin istirak etdiklori proseslorin oksoriyysti temperatur vo tozyigin
¢cox genis doyiilmo intervalinda bas verirlor. Belo proseslorin elmi cohoatdon dlzgin
lahiyslondirilmasi vo iqtisadi somorasinin yuksok olmasi Uglin genis temperatur vo tozyiq
intervalinda aromatik karbohidrogenlorin istilikfiziki xassoslorinin dogiq giy- matlorinin malum
olmast muhim shamiyyat kasb edir. Deyilonlori nozors alaraq, biz maye geptilbenzolun doymus
buxar tozyiqini T=(273,15 —712,85) K temperatr inter- valinda tocriibi todqiq etmisik.

Tacrlbalor benzol, toluol, etilbenzol va s. maddalarin Ps—Ts asililiglarinin todqigin- do
istifado olunmus P —v —T qurgusunda [1] apariimisdir. Tacriibalords temperatur, xtsusi sifarislo
hazirlanmig PTS-10 tipli, nimunoavi platin migavimot termometri ilo 6l- ¢ultr. Temperaturun
6lctilmasinds buraxilan mutlog xsta + 0,01 K -don bdyuk olmur. Nisbi xatanin gimati bundan da
kick olur.

Toazyiq standartlasdirma markazlorinds xiisusi yoxlama ke¢mis, niiunavi MP-60 vo MP-600
tipli , pistonlu manometrlor vasitosilo 6lglur. Tozyigin 6l¢lilmosinds buraxilan nisbi xatanin on
boyuk qiymati +0,01%-don boyik olmur.

Toadgigat tglin istifado olunan “CDA”( ¢isty dlya analiza) markal: geptilbenzol nimunasi,
yuksok hassasliga malik rektifikasiya kalonunda tokrar tomizlonmisdir. Tod- gigatda istifado
olunan geptilbenzol mayesi tomizliyinin 99,9% olmas: misyyan edilmis- dir.

273,15 — 523K temperatur interalinda doymus buxarin tozyiqi, bu mogsad tg¢ln hazirlanmis
xususi U-gokilli manometrlo 6lcilur. 523 — 598K temperatur intervalinda tocribanin tozyiqi MP-
60 tipli, pistonlu manometrlo 6lguliir. 598 — 639K temperatur intervalinda tocriibonin tozyiqi ham
MP-60, ham do MP-600 tipli, pistonlu manometr- larlo 6lgilmusdr.

Tocrlbi qurgu doymus buxarin tozyigini hom nimunoni qizdira-qizdira, hom do soyuda-
soyuda 6lgmoys imkan verir. Bu imkandan istifads edoarak geptilbenzol doymus buxarinin tozyiqi
iki dofs , hom gizma prosesi zamani, hom do soyuma prosesi zaman: Ol¢tlmusdir. Muxtalif
tocriibalords tozyiqin 6lgtlmus qiymatlori arasindaaki forqg  +0,01%-dan boyuk olmur.

Geptilbenzol doymus buxari taziginin tocrubi Ol¢tilmis giymotlori asagidaki codvl 1-do
verilir:

Cadval 1
t,°C TK 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 3,6413x 107 434 707,15 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 10° 436 709,15 0,9948 22,4362
125 398,15 0,5585 2,3555 x 10 437 710,15 0,9962 22,7032
150 423,15 0,5936 6,3930 x 107 438 711,15 0,9976 22,9732
175 448,15 0,6287 15173x 10" 438,2 711,35 0,9979 23,0274
200 473,15 0,6637 3,22549 x10™" 4384 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 439,1 712,25 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 4394 712,55 0,9996 23,3548
400 673,15 0,9443 14,307231 4395 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

Tacrlbi naticalor asasinda T=(273 — 712)K temperatur intervalinda geptilben- zol doymus
buxar tozyiginin temperaturdan asili olaraq dyisilmasini oks etdiran P T grafiki qurulmusdur.
Bu grafikdo hor iki seriya tocriibslords toyin olunmus giymatlor geyd olunur. Bitin tocribi
naticalorin Umumiloasdirici ayridon konara gixmas: + 0,01%- don boyik olmur.

Qrafoanalitik aragdirmalar naticesindo muioyyan olunmusdur ki, geptilbenzol doymus
buxari tozyiginin Ig P<°(t) asililig ils etilbenzol doymus buxar: tozyiginin IgPy(t) [2] asililiglan
arasinda

Lg Ps%(t) =M + N IgPs(7) (1)

soklinda xatti asililig movcuddur. T = 0,47 — 0,70 temperatur interval: Ggln tonlik
lg PL(t) = -0,525221 + 1,232125 Ig P(7) (2)
soklinda, T = 0,70 — 1,00 temperatur oblast: U¢iin ise

lg P°(t) = -0,517423 + 1,203516 lg Ps*(1) (3)
soklindo yazilir.
Butiin tadqiq olunan t = 0,47 — 1,00 temperatur oblast: ticiin geptilbenzol doy- mus buxan
toziginin (2) vo (3) tonliklari ilo hesablanmis giymtlori vo onlarn tocrbado alinmis naticalarlo
muqayisasi cadval 2-do verilmisdir.

Cadval 2
t°C T.K T P bar P9 bar ( A Py/Pstoc)x100%
61,89 335,04 0,47 | 0,824246x 107 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 102 0,302318 x 102 0
90,40 363,55 0,51 0,447100 x107 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 37781 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 = Psmc' PS(Z)’(s)

Codvo 2-don gorindiyld kimi butin todgig olunan temperatur intervalinda (2) vo (3)
disturlart ilo hesablanmis qiymatlor ilo tocriibi noticolor arasindaki forg tocriibonin nisbi
xotasindan, yoni + 0,01%-don boyik olmur.Yalniz T = 335,04K temperaturda nisbi xota -0,
07%-o borabar olur. Nisbi xatanin orta giymati + (0,001 — 0,002)%-dan boyik olmur.

7 =0,47 1,00 temperatur intervalinda etilbenzol doymus buxar: tozyiginin tem- peraturdan
asili olaraq dayisilmasini ifado etmok Ggtin, xtsusi arasdirnalar naticasindos

P = P exp (So+ Si/TY) (4)

soklinda dlstur misyyan etmisik. Harada z =T¢JTy, Tk = 619,55 K kritik temperatur; 7 =Py/Py,
Pk = 37,195 bar kritik tozyiq, &, So Vo s1 mlxtolif temperatur intervallar: Ggiin sabit omsallardur,
giymatlori do codval 3-do verilir:

Cadval 3
Temperatur intervali & So Sy T S=s5; XT,* Tk

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 t=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 buxan tozyiginin, amsallarin 3-cti cadvalda gostarilon giymat- lorindon
istifado edorak, (4) tonliyi vasitesilo hesablanmis qiymatlarini tacriibi naticalarlo mugaisa etmkls
muioayyan olunmusdur ki, buttn tadqig olunmus t = (0,47 — 1,00) tem- peratur intervalinda nisbi
xatanin maksimum giymoti + 0,05%-don boyuk olmur. Nisbi xotanin orta giymati iso + 0,01%-o
baraboar olur.
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ION PARAMAQNIT REZONANSININ KOMOYI ILO SINIR LiFi
MEMBRANINDA ION NOQLI INTENSIVLIYININ OYRONILMOSI

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

Ganca Dovlat Universiteti, ‘Azarbaycan Dévlat Aqgrar Universiteti

Canl: organizm hiiceyralorinda membran kegiriciliyinin tadgiqi Uclin ion paramagnit rezonans
tisulundan istifada etmak toklif edilmisdir va bu Usulun Gstinliklari gostarilmisdir. Miayyan edilmigdir ki,
toxumalardan burax:lan carayanin kaskin azaldig: tezliyo géro membrandan kecon ionun névii barada
carayanin dayison giymatina gora isa verilmis ion naglinin normaya nazaron intensivliyinin dayismoasi
hagg:nda miilahizs ylriitmak olar.

Sinir impulsunun sinir lifi boyunca yayilmas: lifin membranindan ionlarin horokati ilo
misaiyat olunan prosesdir. Bunlar asason Na* vo K* ionlandir. Bundan basga membrandan
diffuziya hesabina daima CI" ionlari da horakat edirlor vo bu ionlar tglin membran kifayat qodor
keciricidir. Bu vo ya digor fizioloji proseslordo sinir vo ozolo membranlarindan H* protonlarin
dasinmasi, xtsusilo do ATF sintezi tglin boyuk shomiyyat kasb edir.

Sinir vo azoalo lifi membranmin funksional hali ionlarin dasinma intensivliyi ilo tayin edilir.
fon dasinmas: intensivliyinin azalmasi, organizmda metabolizmin pozulmasini gostorir. Bu iss 6z
novbasindo bir ¢ox patalogiyalara sabab olur. Digor torafdon, ion dasinmas: intensivliyinin
normadan ¢ox olmas: membranin angal funsiyasinin pozulmasimi gostorir ki, bu da hamginin
pataloji proseslora gotirib gixarur.

Ona goro do ham foal, hom do geyri-foal ion naglinin intensivliyinin saviyyasinin izah
edilmasi va onun norma ilo migayisesi mimkun diagnostika masslosidir. Bu zaman diagnostika
maogsadlori Ugiin muxtalif ndv ionlarin daginmas: intensivliyinin segmo gayda ilo toyin edilmaosi
boyluk maraq kasb edir ki, bu da hazirki mogalonin naticalarini oks etdirdiyi todgigat isinin
maogsadini togkil edir.
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Qarsiya goyulmus masala, organizmi sabit magnit sahasinds (SMS) yerlosdirdikds yaranan
ion paramagnit rezonansinin kémayi ilo hall edils bilor.

Rezonansin yaranmasmin mahiyysti asagidaki kimidir (Sokil 1).

Sabit magnit sahosinin tosir gostordiyi 1 sinir lifi boyunca sinir impulsunun yayilmasi
prosesino nazor yetirok. Xarici sabit magnit sahasinin By induksiyas: lifo paralel yonalmisdir.
Belo voziyyot asagi otraflari sabit magnit sahasi yaradan selenoidin oxuna paralel yerlosmis
insanin oturaq sinirlorindo yaranir.

Sakil 1. Sinir lifinds ion paramagnit rezonansinin yaranmasi (1-sinir lifi membrani, 2-membranda horokat
edan ion, 3-dairavi carayan, 4-toroidal magnit sahesi, 5- xarici elektromagnit sahasi

Neyromembrana perpendikulyar V surati ilo horokot edon 2 ionuna SMS-do F Lorens
qivvasi tosir edir. Bu qivve membranin sothi boyunca yonolmisdir vo vektoru lifin oxuna
perpendikulyardir. Bu qiivva hom membranin lipid molekullar: arasinda diffuziya edon, hom do
ion kanallarinda horoket edon ionlarin harokot siiratinin tangensial toplananmi yaradir. fonlarin
tangensial horakati sinir lifindo 3 dairovi corayan yaradir. Bu corayan tasir potensialinin kegdiyi
an maksimum giymoto malik olur ki, mahz bu zaman ionlarin daginmas: daha intensiv olur. 3
dairavi corayan vo onunla bagli olan 4 torsokilli magnit sahasi lif boyunca tosir potensiali ilo
birlikds horakat edirlor. Dairavi corayanla bagli olan magnit sahasinin xarakteristikas: Py magnit
momenti ola bilor. Kvant fizikasinin Gmumi middoalarina osason, Py magnit momenti
istiqamotco xarici magnit sahasi ilo tst-lsts diige bilmaz [28].

Larmor teoremina ygun olaraq Py magnit momenti xarici magnit sahoasinin By magnit
induksiya vektoru otrafinda o larmor tezliyi ilo presessiya edocokdir. tezliyini asagidaki
dusturla hesablamaq olar:

gB

W= om” @
Burada g- dairavi coroyan yaradan ionun yiki, m —onun kitlosidir. Qeyd etmok lazimdir Ki,
dairavi coroyanin Umumi magnit momenti Py muxtslif ndv ionlarin neyromembranlardan
horokati ilo tayin olunan magnit momentlorinin vektor comindon ibaratdir. fonlarin hor bir néviine
presessiyanin  mioayyon larmor tezliyi uygun golir. Asagidaki codvolds, xarici SMS-nin
induksiyasi Bo=10 mTIl oldugda mixtolif név ionlar Ucin v =w/27z larmer tezliyinin
hesablanmis giymatlori verilmisdir.

Codval 1.
1 2 3 4 5 6
Ion Na* K* H* cr Ca™ Mg™*
v,Hs 3340 1970 76836 2195 3841 6403
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Bo=10mTI induksiyasi, magnitterrapiyada totbiq olunan qiymotlorin diapazonuna dusur.
Ogor sinirlifini 5 elektromagnit sahasindo yerlosdirsok onda xarici SMS otrafinda Py magnit
momentinin presessiya tezliyi ilo elektromagnit sahasinin tezliyi Ust-Usto dusdikds paramagnit
rezonans yaranir. Rezonans tezliyi presessiyanin larmor tezliyino uygun golir vo membrandan
horokot edon ionun fordi xarakteristikasidir.

Organdan doayison tezlikli doyison corayan buraxmagla homin organda elektromaqgnit sahosi
yaratmaq olar. Dayison coroyanin tezliyi ilo presessiyanin larmor tezliyi Ust-Usto disdikdo
yaranmis rezonans elektromagnit sahasi enerjisinin organ toxumalari torafindon udulmasinin
artmasina gotirib c¢ixarir vo bunun da noticesinds toxumalarin impedans: artir. Bu verilmis
gorginlikds larmor rezonans tezliyinds dayison coroyanin giymatinin azalmasina sobab olur.

Toxumalardan buraxilan corayanin koskin azaldigitezliys gdro membrandan horokot edon
ionun ndvu barads corayanin doyismo giymotina gore isa verilmis ion naglinin normaya nazaran
intensivliyinin doyismasi hagqinda milahizs yurutmok olar.

fon paramagnit rezonans va elektron paramgnit rezonans hadisalori arasinda formal oxsarlq
geyd etmok olar [28].

Bioloji sistemlords, tocriibi olarag Ca™ vo Mg"™ ionlarnin magnit rezonans: askar
olunmusdur.

Beloliklo tosvir olunan Usul huceyra membranindan ion noglinin se¢mo intensivliyinin
diagnostikasini1 aparmaq Ugun qurgu yaratmaga imkan verir. Bu bir ¢cox patalogiyalarin hoqiqi
sobablarini agmaga vo onlarin mualicasi Gglin tasirli Gsullar yaratmaga imkan veracokdir.

Bir ¢ox pataloji proseslorin yaranma sabobi hiiceyro membranlarindan ionlarin dasinmasi
prosesinin pozulmasidir. Bu pozulmalarin xarakteri muxtslif ola bilor. Hor seydon ovval, onlar
membranin angal funksiyasinin pislosmasi ilo alagadardir ki, bu da hiiceyroys artig migdarda
ionlarin masalon, natrium ionlarmin daxil olmasina vo ya hiiceyrodon artiq miqdarda kalium
ionlarinin gixmasina gotirib gixarir. Noticado, membranin elektrokimyovi potensialinin azalmasi
bas verir vo hiceyro 0z funksiyasmi yerino yetiro bilmir. Masolon, sinir hliceyrosi tosir
potensialini 6turmur, sekresiya huiceyrasi organizme lazim olan maddslori sintez eds bilmir.

Membranin kegiriciliyinin doyismoasi ham do ion kanallarmin vo muxtslif dasiyicilarin
isinin pozulmast ilo slagoadar ola bilor. Bu hiiceyranin normal foaliyyati tg¢iin lazim olan ionlarin
axinlarmin azalmasina gotirib gixarir. Organizmds Umumi metabolizm prosesi asagi distr.bitin
bu hadisalor barads ion paramagnit rezonansinin kémayi ils avvalcadon molumat almaq olar.

Belslikls ion paramagnit rezonans Usulu bir gox xastaliklorin sabablarini askar etmok Ggiin
yeni imkanlar acir va yalniz xastaliyin alamatlori ilo slagodar olmayan daha dogiq mualics tsulu
toyin etmok Uclin sorait yaradir.

Bu uUsulun totbigi tcgun, konkret patalogiyalarla muxtslif organlarin toxumalarinda ion
dasginmasimin intensivliyi arasindaki slagonin askar olunmas: tzro klinik todgigatlar davam
etdirilmolidir.
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PASSIV ELASTIKiIi BORU MODELININ KOMOYI iL9 QAN
DAMARLARININ TOXMINI TOSVIRI
N.i. Quliyev', Y.B. Namazov’, G.M. Valiyeva®
1-Ganca Dovlat Universiteti
2-Azorbaycan Dovlat Agrar Universiteti

Mbqala iri damarlarda gan aximinin izah: Ugtin biomexaniki modellardan istifadaya hasr edilmigdir.
Gostarilmigdir ki, biomexaniki modellorin  miayyan mohdudiyyatlori olsa da onlarin kémayi ila
damarlarda yiksak tezlikli ragslorin yaranmas:, nabz dalgasin yay:mas: kimi fizioloji hadisalori izah
etmak mimkindir. Passiv elastiki boru modelinin tatbiqi sayasinda elastiki boruda alava tazyiqdan asi&i
olmayan siiratls yay:lan dispersiya etmayan toklanmis dalga alinmagdir.

Mayenin nazik elastiki divarli boruda horokoti maragli vo kifayst godor murokkab fiziki
moasoaladir. Fransiz alimi Puazeyldan baslayaraq bir ¢ox todqigatcilar, xtisusilo do gan dévraninin
biomexanikas: sahosinds, bu masoloys dofolorlo miraciot etmislor [1,2]. Maragli naticalor
alinmigdir. ©n ¢ox nailiyyatlor mayenin reoloji xassalorinin axinin hidrodinamikasina tesirinin
Oyronilmosi vo muxtalif elektrik analoglarindan istifads ilo alagodardir. Bu elektrik analoglarinda
axmin vo elastiki divarin xarakteristikalar: elektrik parametrlori: potensiallar forgi, tutum,
induktivlik vo s. ilo oavoz edilir. Hazirki isdo diggoet mayenin elastiki boruda axini zamani
hidrodinamika tonliklorinin qgeyri-xattiliyino yonaldilmisdir. istifado edilon passiv elastiki
borunun real gan damarina yaxinlasma doracasine baxilir. Qarsiya goyulmus mosals ilo slagodar
olaraq, todqgiq olunan hidrodinamiki modelds sadologsmolora yol verilmisdir. Birincisi ideal
mayenin toxminiliyi gobul edilmis, ikincisi elastiki boru Ggun otalstsizlik nozoriyyasi istifado
edilmisdir.

Nazikdivarl elastiki boruda maye axmini sorti olaraq ¢ nisbaton sarbast hidrodinamik
hadisoys bolmok olar: maye hacminin boruda dasinmasi, nobz dalgasmin yayilmasi vo
yuksoktezlikli rogslorin yaranmasi. Hazirk: isds bu hadisslordon birincisine baxilur.

Organizmin vena vo arterya gan damarlarinda gan axmmnin nozari masalalorino hasr
olunmus todgiqgatlar uzun tarixo malikdir. Onlar asason iki istigamatds inkisaf edirlor: birinci vo
daha genis fizioloji istigamot, zongin tocriibi materiallara séykonon problemin nozori dork
edilmasidir. [4] Digor daha dar biofiziki istigamatdir ki, burada asas mosolo damarlarda gan
selinin toxmini hesablanmasidir [3,4]. Bu iki istigamat arasinda doqiq sarhad yoxdur va bir ¢ox
todgiqatcilar bu istigamatlorin har ikisindan eyni zamanda istifado edirlor [1].

Canli organizmdo damarlarda ganin harakoti har seydon ovval gan axininin tonzimlonmosi
proseslori ilo bagl olan murakkob hadisadir. Bu tonzimlonmo ¢ox saviyyali xarakter dasiyir: 0z-
0zlno tonzimlonmo, neyroreflektor avtotonzimlonmo vo s. Ona goro do gan damarmin passiv
elastiki boru kimi tosviri realliqdan kifayst godor uzaqdur.

Qan axinmin ikinci mihim xdsusiyysti ondan ibarstdir ki, gan geyri-Nyuton qurulusa
malik, 6zuli-plastiki mayedir. ideal mayelor Ggclin tonliklordon istifado do homginin yuxarida
geyd edilon modellagdirmoni gergokliys yaxinlagdira bilmir. Bunun da naticasinds burada demok
lazimdr ki, ganin iri damarlarda harokatinin toklif olunan biomexaniki modeli yalniz rok-damar
sisteminds musahids edilon bazi hadisaloari tasvir eds bilor. Onlardan bazilarine baxaqg.

Gostorilmisdir ki, passiv elastiki boruda axinin avtorags rejimi musahido oluna bilar.
Dogrudan da bir sira soraitlords canl organizmin damarlarinda oxsar hadisslar inkisafi 10 Hs-dok
mimkindur. Masalon, atin arteriyalarinda nisboaton yiiksok tezlikli ragslor misahids olunmusdur
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ki, bu da nobz dalgasina olavo olunmusdur. Oxsar hadiso gan axmmin tonzimlonmasi
mexanizminin pozulmas: zamani itin do aortasinda misahids edilmisdir. [5]. Lakin goruntr ki,
damarlarda axinin avtorags rejiminin on genis yayilmis tozahuri Korotkov Usulu ilo arterial
tozyiqgin 6lgllmosi zaman arteryada yaranan yuksoktezlikli rogslordir. Korotkov yiikskliklarinin
(tonun) tezliyinin doyismasinin analizi, canli orqganizmds damarin divarmnin elastiklik modulunun
doyismasini giymatlondirmoys imkan verir.

Hemodinamikada digor mihim hadise-nobz dalgasinin yaranmasidir. Modellagdirmanin
naticalori gostarir ki, bu hadiso butévlikds hidrodinamika tonliklorinin geyri-xotti xarakteri ilo
muayyan edilir. Nobz dalgasinin tesviri zamani asas rolu hemodinamika tanliklorinin birinci
tortibayrilist oynadigindan sifir tortiblo olagoli olan “Bernulli effekti” damarlarda ganin nobzi
harokati zamani halledici olmur. Damarlarda tozyiq, damarin en kasiyinin sahasi vo ganin sirati,
umumilikda sinxron doyismasi molum fizioloji ganunauygunlugdur.

Qanin iri damarlarda axinmin tosvir olunan biomexaniki modellarinin mohdudiyystlorine
baxmayaraq, onlar bazi fizioloji hadisolori izah etmoys imkan verir: damarlarda yiksoktezlikli
rogslorin  yaranmasi, hidrodinamika tonliklorinin geyri-xotti xarakteri ilo bagli olan nobz
dalgasinin yayilmas: xtisusiyyatlori .

Elastiki boruda ideal maye axininin modellasdirilmasi zamani Eylerin sokli doayisdirilmis
tonliyindan istifads etmak lazimdir.

Passiv elastiki borularda axinin avtorags rejiminin mévcudlugu vo bu zaman hidravlik
mugavimatin artmas: protez damarlara slave toloblor qoyur. Bu protez damarlar kifayat godor sort
materialdan hazirlanmalidir. Axinin avtorags rejiminin olmasina subut mixtslif akustik hadisslor:
sirilty, sas-kily vo s. ola bilar.

Nazik divarl: elastiki borularin istifads oluna bilocayi qurgularin masslon, biotexnologiyada
doylnon nasoslarin, sini gan dovrani aparatinin qurasdirilmas: zamani, seldo borunun
tutulmasina gotirib ¢ixaran rezonans hadisasini nazors almaq lazimdir. Bu zaman qurgunun isinin
pozulmasina gotirib ¢ixara bilon gayidan dalgalar da ola bilor.

Beloliklo, elastiki boruda toklonmis dalganin geyri-xotti modellosdirilmasi belo bir
muiddoan: siibut edir ki,geyri-xotti proseslorin xususiyysti modelin parametrlorinin ¢ox Kigik
komiyyat doyismoalori zamani yeni keyfiyyat olamatlorinin yaranmasidir. Bunun oyani stibutu,
Korteveq vo Friz modelinin kdmayi ilo nobz dalgasinin modellosdirilmasinin va geyri-xatti
Sredinger tonliyinin migayisasi ola bilor. Huk ganununun elastiki boru daxilinds slavs tozyiglo
borunun en kasiyinin sahasi arasindaki slagoni tasvir edon formasindan istifads, elastiki boruda
olave tozyiqdon asili Imayan suratlo yayilan, dispersiya etmadon toklonmis dalganin alinmasina
gotirib ¢ixardur.
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BIOLOJi VO FizZiKi SISTEMLORIN TOKAMULU NOZORiYYOLORI 9SASINDA
BIiOLOJi SISTEMLORIN ENTROPiIYASININ OYRONILMOSI

N.I. Quliyev, R.M. imanov, K.R. Hasanova
Goanca Dovlat Universiteti

Bioloji sistemlorda entropiyan:n yaranmas: siirati ¢lin al:nmus tanlik asasinda bioloji sistemlarin
Umumi xassalori analiz olunmus va organizmlorin davranzs: ilo klassiktermodinamikan:n 2-ci ganunu
aras:ndak: ziddiyyat izah edilmigdir.gdstarilmisdir ki, bu ziddiyyat zahiran ela g6rinir. oslinda 6z-6ziina
proseslorin istigamati acgiq sistemlor Gcun deyil, yalniz tocrid olunmug sistemlor Ggiin entropiyan:n
artmas: ilo tayin edilir.

Fizikada Oyronilon hadisoloro iki clr yanasma, onlann todgiginin iki Soviyyasi
mOovcuddur.Birinci  soviyys hadisalorin tobioti barado daha Umumi ganunauygunluglarin
oyronilmasino osaslanan fenomenoloji saviyyadir. ikinci soviyys - yekun naticode hadisonin
elementar osasini Uzo ¢ixarmaga vo onlarin komiyyot xarakteristikalarini toyin etmoys imkan
veran atom molekul soviyyasidir. Bu iki yanagma bir-biri ilo heg clr zidiyyat togkil etmir. XIX
asrin baslangicinda iki dahi tokamul nozoriyyssi yaradilmisdir- Darvinin bioloji tokamul
nozariyyasi vo tocrid olunmus fiziki sistemin tokamiil nazoriyyesi. Ikinci tokamiil nozoriyyssi
termodinamikanin ikinci ganununda formalasdirilmisdir. Bu ganun S.Karno, R.Klauzius, L.
Bolsman va C.Gibbs torafindon kasf edilmis vo onlann asarlorinds asaslandirilmisdir. EIm
tarixcilori torofindan he¢ do homiso nazors alinmayan bir mosaloni geyd edok. Natico etibar ilo
tobiotstinashigin butln sahalori qarsiligh slagslidirlor, bundan basga bosor modoniyyati butov
sokilda inkisaf edir. Tokamul hagginda masalo tokca biologlar garsisinda deyil, eloco do fiziklor
garsisinda deyil, eloco do fiziklor qarsisida galxmisdir. Termodinamikanin ikinci ganunu ilo
olagodar todgigatlar mohz fiziki sistemin dOnmoyan tokamulino hosr  edilmisdir.
Termodinamikanin ikinci ganununa uygun olaraq, tocrid olunmus fiziki sistem (yoni otraf muhitlo
nd enerji, no do maddalor mubadilosinds olan) 6z-6zlino vo donmoz olaraq tarazliq vaziyystino
can atir. Bu voziyyoto maksimum geyri-nizamliliq vo maksimum entropiya uygun galir. Qeyri-
nizamliliq 6lglst entropiyadir. Tocrid edilmis fiziki sistem 6zlnin on ehtimally, geyri-nizamls,
maksimum entropiya halina dogru tokamul edir. Bioloji tokamtil mirokkabliyin yoani nizamliligin
artmasi istigamatindo bas verir. Gorason, bioloji vo fiziki tokamullor arasinda ziddiyyat yoxdur
ki? Ziddiyyst ilk baxisdan elo goériintr. Canli organizm agiq sistemdir vo entropiyanin maksimum
ganunu yalniz tacrid olunmus sistemlar Ggtin dogrudur. Agig sistemds entropiya orta vo sabit gala
bilor. Lakin, bels sistemin daxilinds istehsal olunan entropiyanin migdarindan, onun xaricdoan
daxilo vo ya daxildon xarico axmindan asili olaraq entropiya hotta azala bilor. ©gor biz canh
organizmin termodinamik balansini toyin etmok istayirikso, onda bu canli sistemdan ibarat tocrid
olunmus sistemi vo bu canhnin gidalandigi maddoni, suyu va havani dyronmoliyik. ©lbatto
termodinamikanin ikinci ganunu, canl organizmdon ibarst tocrid olunmus sistemds do 0donir.
Butévlikds sistemin entropiyas: artir, ona gors ki, kosmonavtin ayirdigi maddslorin entropiyast,
onun gidalandigi maddslarin entropiyasindan ¢oxdur. E.Sredingerin yazdig: kimi canli organizm
monfi entropiya ilo gidalanir. Kosmonavt agiq sistemdir. Onun entropiyasinin doyismosi iKi
hissadon ibarotdir-orqanizm daxilindo bas veron proseslor noticasinds istehsal olunan
entropiyadan diS va daxilo vo ya xarico entropiya aximindan deS

dS=d,S+d.S (1)
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diS komiyyati musbatdir, 0 kosmonavti onu oshato edon muhitdon tocrid etdikdo do
saxlaniir. deS — in isarosi konkret voziyyatdon asihidir. Agiq sistemin entropiyasinin doyismasinin
mohz iki toplanana d.S vo d;S bolinmasi, agiq v tocrid olunmus sistemlorin xassalorindoaki forqi
Oyronmoyo imkan verir. (1) ifadasini differensiallayaq:

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

Alinmis tonlik o demokdir ki, sistemin entropiyasinin doyismasi deS/dt sistemlo otraf mihit
arasinda entropiya mubadilosinin slrati ilo sistem daxilinds entropiyanin yaranma stratinin

comina barabardir. Sistemin ostraf muhitlo mibadilo prosesini nozers alan d,S/dt toplanani hom

musboat, hom do monfi ola bilor ki, bunun da naticasinds sistemin Umumi entropiyasi hom arta
hom do azala bilor. Musbat d.S/dt>0 komiyyati, otraf mihitlo enerji vo maddslor mibadilosi

naticesinda sistemin entropiyasmin artmas: ilo olagodardir. Monfi d,S/dt<0 komiyysti ona

uygun golir ki, sistemdan otraf miihito musbat entropiya axini, xaricdon sistemo misbot entropiya
axmindan ¢ox olur. Naticodo sistemlo otraf muhit arasinda entropiya entropiya mibadiasinin
Umumi balans kamiyyati moanfi olur.

(2) tonliyi osasinda bioloji sistemlorin imumi xassalarinin analizi organizmlorin davranisi
ilo klassik termodinamikanin ikinci ganunu arasindaki zahiri ziddiyysti izah etmoyo kdmak etdi.
Dogrudan da, organizmlorin bdyims vs inkisafi onlarin toskilinin murakkoblosmaosi ilo musaiyat
olunur vo klasik termodinamika ndqgteyi-nazarindon canli sistemlorin entropiyasinin 6z-6zlino
azalmas: kimi gorunur ki, bu da slbatds ki, ikinci qanunla agiq ziddiyyet toskil edir. Lakin, bu
ziddiyyat yalniz elo gorunur belo ki, 6z-6ziina proseslorin istigamoti bioloji sistemlorin aid
oldugu acig sistemlor ti¢tin deyil, yalniz tocrid olunmus sistemlor Gglin entropiyanin artmast ilo
toyin edilir.

Umumilikda, canh sistemlorin boyiimo prosesinde entropiyasmin azalmasi, xaricdoen daxil
olan gida maddoloarinin pargalanmas: zaman: ayrilan sarbast enerji vo ya giinas enerjisi hesabina
bas verir. Bu eyni zamanda onlarin sarbast enerjisinin artmasina gotirib ¢ixarir. Belaliklo, manfi
entropiya seli, musbst entropiyanin yaranmasi prosesini kompensasiya etmok ugiindur.
Organizmlorin bdyims vo inkisafinin bas vermosini sortlondiron mohz bu proseslor, canh
sistemlorin hayat foaliyysti va onlarin entropiyasmin doyismosi arasindaki alagoys baxan zaman
boyuk marag kosb edir. Organizmdo is¢i proseslorin bas vermasi 6zu-6zllyiinds hamginin
istiliyin ayrilmasi ilo musaiyst olunur. Lakin bu istilik aydindir ki, Umumi termogenezin yalniz
bir hissasini togkil edir. Bundan basqa, nazors ¢arpacaq hallardan biri termodinamik bagliligin
olmasidir. Bu bagliliq bioloji quruluslarda donmayan isGi proseslarin gedisinds ayrilan enerjinin
bir hissasinin ehtiyat soklinds toplanmasini tomin edir.

Belslikla, organizmin bioloji quruluglarinda ehtiyat soklinds toplanmis enerjinin bir
hissasi entropiyanin azalmasina gotirib ¢ixarir vo reaksiyalarin baglihiq daroacasi ilo tayin edilir.
Bundan basga, bioloji proseslorin mihim xisusiyysti odur ki, reaksiyalarda istirak edon
maddalarin Ozlori nozors ¢arpacaq qurulus dayisikliklarino ugrayir. Bu doayisikliklor hiiceyranin
dinamik quruluslarinin fasilosiz sintezi vo parcalanmasini misayist edir. Bu iso mahz ona gatirib
cixara bilor ki, reaksiyada istirak edon maddolarin Ozlarinin entropiyas: reaksiyanin gedisindo
nazors garpacaq dorocads dayisoe bilar. Belaliklo, bioloji sistemlards entropiyanin yaranmasinin
suratinin sado kalorimetrik tocrlibolor osasinda toyin edilmosi cohdi, bltdv organizmlorin
temdinamik xassalorinin dyranilmasi tglin birmonal naticalor vers bilmaz.
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METILKARBOMATLARDA HIDROGEN BLAQ®OSININ INFRAQIRMIZI
SPEKTROSKOPIiYA (iQS) USULU iL® TODQIQI

S.i. Valiyev, Z.M. Zeynalov, S.1. ®liyev, S.X. Musayev. S.A. Abdiyeva
Goanca Dovlat Universiteti

Metalikarbomatlarda (uretilanlarda) hydrogen olagosinin  Oyronilmesi muasir elmds
hydrogen oslagesinin dyranilmasi mOuasir elmds xisusi shomiyysto malik olan masalalordon
birisidir. Matilkarbomatlar NH,COOR-kimyavi qurulusa malik olub, sarbast halda olan karbamin
NH>COOR tursusunun efiridir. Spirt, fenol vo bir ¢ox tibbi dormanlarin alinmasinda genis
istifado olunur. Bundan basqa uretanlarnin, yani karbomatlarin tdromosi olan poliuretandan
sonayedo polimerliflorin, penoplast, yapisgqan vo laklarin, homginin kauguk vo ¢ox davaml
rezinlorin istehsalinda mihdm rol oynayir.

Toqdim etdiyimiz bu isdo metilkarbomatlarda (uretan) hydrogen olagesinin yaranmasi vo
onun bozi xususiyyatlorinin arasdirilmasina cohd g0storilmisdir. Beloki, ovvala uretan
molekullarinda bir ne¢a grup var ki, onlar H-olagosi yarada bilor. Ona goro do muxtalif ndv H-
olagesinin méveud olmas: ehtimal: ortaya cixir. Ikincisi bu birlosmolordiki, sis izomerlorino
hydrogen olagesinin tosirini mioyyan etmok bdyik oshomiyst kosb edir. Nohayat geyd etmok
lazimdir ki, poliuretan elamesterlorinin bir ¢ox xassaloriH-slagasinin muxtolif olmasindan
asihdir.

Todgigat isine N,N-dimetil vo N-metil uretilanlarmin  1800-1100sm™ oblastinda
infragirmiz1 spektrlori (IQ), 1KS-14 vo UR-10 spektrofotometrlori vastasilo oldo edilmisdir.
Gostorilon intervalda proton akseptoru rolunda olan gruplarla slagads olan rogslorin udma
zolaglar vyerlasir. Spektrlor alinarkon bu maddslorin  CCL, vo dixlarsirksa tursusunun
mohlullarindan istifads olunmusdur.

& 700 Zioo (300 1400 feso i7co 300 P 5
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a) Sokildo dimetiluretilanin tomiz halda vo onun halledici mohlulundaki infragirmizi

spektri verilmisdir. Dimetiluretilan vo CCls gatisigt, C~0,2m|—0I
L . mol

b) Dimetiluretilan vo CHCI, COOH, C~0,2 T

Spektrlordon goriindilyti kimi 1700 sm™ vo 1200 sm™ oblastlarinda doysiliklor meydana
¢ixir. 1700 sm™ oblastinda iki yeni udma zolaglar: yaranir. Bunlardan 1746 sm™ hidrogen olgosi
olmayan C=0 tursu gruplarina vo 1670sm™ iss hydrogen olagesi yarada bilon C=0 uretilan
qurgularina uygun golir.

Spektrin 1200sm™ oblastinda yeni 1174sm™ udma zolaginin yaranmasi vo homginin 1208
sm™ zolaginin daha yiiksok tezlikloro dogru siiriismesi misahido olunur. Qurulus etibari ilo
uretronlara oxsayan miirokkob efirlordoki C-O-C valent ragslorinin 1200sm™ oblastinda
yerlogsmasi [1] vo hamginin C=0 deformasiya rogslorinin spektrin  900sm™oblastindan asagida
yerlosmasi onu stbut edir ki, C-O-C valent ragslorindoki doayisiklora sobab H-olagesinin
yaranmasidir.

Azotla ovoz edilmis (N-ovozedilmis) uretonlarda N-H qruplart C=0 vo C-O-C ilo slagoys
girorok molekullar arasi H-olagosini yaradirlar. Bunun naticasinds infragqirmizi spektrdo C=0
valent rogslori boyik tezliklorlo, N=H deformasiya rogslori iso asag: tezliklora dogru strlstrlor
(codval 1.) Spektirdoki bu cur doyisikliklor bir gayda olarag H- olagesinin N-H vo C=0

gruplarindan ayrilmast ilo izah edilir [2].

Cadval 1.
v(c=0)sm™ vic-0-c)sm™
Kimyavi Tomiz | Holledi- S'L'lr'u;mgl; o _ . o
birlogmalaor halda cida Av.sm~ g} S 3 =
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Todgigatlar naticesinds H-olagssinin yaranmasinda protonun giicli vo yaxud zoif donor
olmas1 va hamginin protonun gucli veo yaxud zoif akseptor olmas: miihiim shamiyyat kasb edir.
Beloki, dixlorsirka tursusu CHCI,COOH kimi giiclii donorlarla alinan iQ spektrlordo udma
zolagmin Kigik tezliklors dogru suriismasi, metal spirit CH3OH kimi zoaif donorlara nisbaton daha
gucla olur.

1Q-spektrlorin arasdirilmasi onu gostordi ki, proton akseptoru yalniz alkoksil (sads efirlor )
gruplart ilo H-olagoesi yaratdigda udma zolaglart homiso kicik tezliys dogru yerini
doyisir.Buradan da belo naticoys golmak olar ki, uretanlarda H-slagosi hom karbonit vo homda
alkoksil gruplar: ilo yarana bilor. Lakin proton donoru zoif oldugda (masalon metil spirti) H-
olagesi yalniz karbonil qruplar ilo yaranir. Udma zolaginin boyik tezliklors dogru strlismasini
iSo H-olagosi yaranarkon karbonil qruplarina tosiri ilo elektron sixliginin paylanmasinin
doyismosi naticasinds bas verdiyini gobul etmak olar.

Notico olaraq asagidakilar: sylomok olar.

1.Metilkarbomatlarda asagidakilarda (uretilanlarda) C=0...H-N tipli = H-olagessinin
yaranmasi noainki C=0 karbonil quruplarina, hotta alkoOksil C-O-C gruplarinin udma zolaglarina
tosir edir.

2.Uretilanlarda H-olagasi yalmz dixlorsirke tursusunda OH poton donoru qruplart olan
molekullar ilo yarana bilor.

3.Azotla ovoz edilmis (N-alkilovoz edilmig) uretilanlarda yalniz C=0......H-N Tipli H-
olagosi yaranir.
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BOZIi NEFT MOHSULLARININ FIZIKI XASSOLORININ DIAQNOSTIKASI
Q.T. Hasanov, 8.9. Bliyev, I.C. ismayilov, A.N.Cafarova
Azorbaycan Dovlat Neft va Sanaya Universiteti

aymin@mail.ru

Toqdim olunan bu isdo neft mohsullar:ndan olan ag neft, dizel yag: va gazolin nimunilorinda
sapilmo naticasinda isiq sliasmin intensivliyinin dayismasinin temperatur va dalga uzunlugundan as:ilig:
va hamginin onlarmn kinematik vo dinamik amsallarmn, sixligin temperaturdan as:iiigina baximisdir. Isiq
sUasimn intensivliyinin temperaturdan asii olaraq dayismasi ag neft nimunasinds Reley sapilmasina,
dizel yag: va gazolin niimunasinda isa dipol sapilmasina uygun golir.

Son illordo neft vo neft mohsullarmin nagli ilo olagodar onlarin fiziki xassalorinin
Oyranilmasi sahasinds bir ¢ox noazari [1,2] vo tocriibi islor gortulmusdir [3]. Toqdim olunan bu
mogalodo neft mohsullarindan olan dizel yagi, ag neft vo qazolinin istilik fiziki vo optik
xassalorinin diagnostikasina baxilmisdir.

Numunalarin optik xassolorindon olan isiq stuasmin sopilma naticasinds intensivliyinin
muixtolif temperatur Uciin dalga uzunlugundan asili olaraq doyismosi fotoelektrokalorimetr
vasitosilo yerino yetirilmisdir. Tadqig olunan numunslorin kinematik vo dinamik o6zlulik
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omsallarinin vo sixhiglannin temperaturdan asililigr iso diametrinin 6lgist 0,56 mm olan
viskozimetr vasitosilo yerino yetirilmisdir. Dizel yagi, gazolin vo ag neft nimunalarinds isiq
sliasinin udulmas: naticasinds intensivliyinin muxtslif temperaturlar tcln dalga uzunlugundan
asilh olaraq doyismosi qrafiklori uygun olarag sokil 1, 2 vo 3-do verilmisdir. Mioayyan

olunmusdur ki, tadgiq olunan nlimunalarin intensivliyinin (,nLJ muxtolif temperatur tctn dalga
IO

uzunluglarindan doayismosi eyni bir ganuna uygunluga malik olub asagidaki empirik disturla

ifado olunurlar:

I n i
In—| => ax
Burada, a;-omsallari Matlab programinda on kigik kvadratlar Gsulu ilo hesablanmisdur.

Hesablamalar gostorir ki, tolob olunan xota daxilindo dizel yagi, gazolin vo ag neft Gcln
aproksimasiya edici ¢oxhadlinin doracasi n=4.

—— T=293K.
1=313K
— T=333K ||

T=353K.

" Aéﬂ A‘Eﬂ Séﬂ 5‘50 Eéﬂ 5‘50 . A‘ 400 450 500 550 600 650 A‘
Sakil 1.Dizel yag1 niimunssinds isigin intensivliyinin Sakil 2.Qazolin nimunssinds isigin intensivliyinin
ml muxtslif temperaturda dalga I muxtslif temperaturda dalga
I, Iy
uzunlugundan ( A )asililigs. uzunlugundan (A ) asililig.

B e Fiting Too! S IE=

T
SRR @I (=1
£l |
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Sakil 3. Ag neft nimunasinds isigin intensivliyinin [In I J mixtslif temperaturda

1o
dalga uzunlugundan (l)asﬂlth

284



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

Sokil 1-don gorindiyi kimi dizel yaginda isig suasinin sopilmasi noticasinds intensivliyin
dalga uzunlugundan asili olaraq muixtolif temperaturda doyismoasi eyni xarakterlidir. Ag neft vo
gazolin nimunalarinds do is1q sliasi intensivliyinin dalga uzunlugundan asili olaraq muxtolif
temperatur Ugin doyismasi dizel yagi nimunasindoki kimi olub eyni xaraktero malikdirlar.

Isdo on maragh cohot niimunolordon sopilon isiq stiasmin intensivliyinin doyismosinin
temperatur asililiglart olmusdur. Dizel yagi vo gazolin nlimunslarindon sapilon isiq stasmin
intensivliyinin temperaturdan asili olarag doyismosi eyni xarakterli olub, avvalco temperaturun
artmasi ilo o da artir, temperaturun sonraki artiminda iss intensivlik yenidon azalmaga baslayr.
Lakin ag neft nimunasindoki bu asilihg qrafiki tamamilo basga clr doyisir. Beloki ag neft
niimunasinds sopilma naticasinds is1q suast intensivliyinin doyismosi temperaturun artmast ilo o
avvalco azalir, temperaturun sonraki artiminda ise 0 kaskin olaraq artmaga baslayir. Belsliklo, bu
aragsdirmalardan belo giiman etmok olarki, ag neft nimunasinds sopilmas intensivliyinin doyismasi
Reley sopilmasina uygun golirss,dizel vo gazolin nlimunalorindoki bu doyismo ¢ox giman ki,
dipol sopilmasinin naticasi kimi izah etmak olar.

Neft mohsullarindan olan dizel yagi, ag neft vo qazolin Uglin isigin intensivliyinin
temperaturdan asililigini ¢oxhadli soklindo yazmagq olar:

(Inlj =>bT'.
Io 2 i=0
Burada, b;-omsallarida Matlab paketindon istifads olunaraq toyin olunur vo niimunalarin tolob

olunan xota daxilinds ag neft va gazolin ugiin aproksimasiya edici goxhadlinin doracasi n=3, dizel
yagi ugln isa n=2.

Tadgig olunan nimunalarin udma amsalinin diagnostikas: tgln gabul olunur ki, udulma
Buger ganununa uygundur vo gorarlagsmis temperatur sahoasi ugiun otraf mihitlo temperatur
mubadilosi olmayan hallarda istilikkegirma tonliyi asagidaki kimi olur:

Cpui—l =a(X)1, exp[— Ia(x)dx] (1)

Udulma amsalmin «(x) = a,(L+ £ x) ganunu tzro dayismasini noezors alaraq (1) hollindon onun
dayisma tempini xarakteriza edon S amsahni tapiriq:

I
X| agX CpvAT
Disturdan gorunduyd kimi udma omsahnin doyismo tempini xarakterize edon B omsah
ndqtodon ndqtoys dayisir.
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MAYELORDO OPTOAKUSTIK DALGALARIN
YARANMASI VO YAYILMASININ TODQIQI
Q.T. Hasanov, M.A. Musayev, A.N. Cafarova, N.N. Hasimova
Azarbaycan Doviat Neft va Sanaya Universiteti
aymin@mail.ru

Toqdim olunan moruzads optoakustik dalgalar:n mixtalif neft nimunalorinda yay:ilmas: tocriibi
tadqigq olunmugdur. Mayenin istilik fiziki vo akustik xassalori ilo dalganmn periodu arasinda slagas
yaradidmagdir.

Optoakustika elektromagnit dalgalarinin mayelords garsiligh tesiri zamani sos dalgalarinin
yaranmasi prosesidir. Elektromagnit dalgalarinin mayelors garsiliqli tosiri zamani sas dalgalarmin
yaranma mexanizmi muxtalifdir. Elektromagnit dalgalarmin udma omsali boyik olan mayelords
sos dalgalar istilik effekti hesabina yaranir. Lazer stialarinin maye daxilinds gisa mosafodo tam
udulmasi homin mosafodo mayenin gucli gizmasina va noticado mihitdo mexaniki goarginliyin
yaranmasina sobob olur. Bu garginlik iss 6z névbasinds akustik dalga monbayina gevrilir.

Optoakustik dalgalarin mayelordo yaranmas: vo yayilmasi nozari olaraq [1] arasdiriimus,
mixtolif neft mohsullarinda tocriibi todqiqi iso [2] apariimigdir. Tacrubslor naticesinds udma
oamsalinin mayenin gahinligindan asililigr misyyan olmusdur.

Taqdim olunan moruzados optoakustik dalgalarin mixtalif neft nimunalarinds (udma omsal:
mixtolif olan numunolords) yayilmas: tocribi todgiq olunmusdur. Mayenin fiziki xassolori
haqginda hagiqi molumat: tohrif olunmamis dalga cobhosi 6zu ilo apardigindan hesablamalar
dalga cobhosina nozoron aparilir. Mixtolif neft nimunolori Ggin dalga cobhasinin formasi
asidagidaki sokil 1-do gOstorilmisdir.

B Curve Fitting Tool —Te
File View Tools Window Help
@R O 3

@) I you have three dimensional data, try the Surface Fitting Tool x

P | Data... || Fitting... II Exclude... H Plotting... H Analysis.

120F T T T T T -

100

80+

60

401

20+

Soakil 1. Akustik dalga cabhasinin zamandan asililig

286



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

Tocrlbalor aparilmig qurgunun prinsipial sxemi vo is prinsipi [2] verilmisdir. Sokildoki
ayrilari
P(t) = At" exp(- Bt?) L)

disturu ilo ifado etmok olar. Bu dusturdaki A,Bva n sabit kemiyyatlordir vo onlarin giymati
tocrubi 6lgmalarin asasinda toyin olunur.

Sokildan istifads edarak dalga amplitudunun maksimumuna uygun gelon zaman (t,,, =

S~

T-dalganin periodudur) ilo mayenin udma omsalini xarakterizo edok. B sabiti arasinda slago
yazmagq olar. ©yrinin maksimum sortindan istifads edorok alariq

2 2
Ta:8 yaxud Ta

o)

= const (2

Bu dusturda T-optoakustik dalgani, « ve n iss mayenin istilik fiziki vo akustik xassslorini
xarakterizo edon parametrlordir. Basqa s6zlo (2) diisturu mayenin istilik fiziki va akustik xassalori
ilo dalganin periodu arasinda olage yaradir.

Tocrlibi noticolorin (1) dlsturuna osason A,e,nt, .. parametrlorinin muxtolif neft
niimunalari Ugiin tapilan giymatlori asagidaki codval 1-do verilmisdir.

Cadval 1
3 1 1
,86 93 54
1 1 1
4,2 0,87 4,59
7 6 2
39,5 1,16 ,02
1 1 2
,35 ,68 78

Istilik kegiron 6zl miihitdo optoakustik dalgalarin yaranma vo yayilmas: tonliyi asagidaki
kimi yazila bilor [1]:

02 %o 1 4 \ o aC? )
a—(f—CgaT(f——(f“‘anjatafz :_p éﬂ I exp ™ f(t) ©)
0

p

Burada ¢-suratlor sahasinin skalyar potensialidir, v =-grade, I,-isigin intensivliyi, f(t)-
Olglsiiz funksiya olub, intensivliyin zamandan asililigin1 xarakterizo edir, S -hacmi genislonmo
amsali, C, -sabit tozyiqds istilik tutumu, p,-mayenin tarazihq vaziyystindaki sixhgi, C,-akustik

dalganin mihitds adiabatik yayilma stroti, « -is1gin udulma amsali, £ vo n mayenin hacmi vo

surisma Ozlliik amsahdir. Zamana goro Laplas gevrilmasi tothiq edorak (3) tonliyi Ugln tors
mosalo hall edib isigin udulma amsal: toyin edilir. (3) tonliyinin hallino asason mayenin iatilik
fiziki vo optik parametrlori arasinda slags yaradilir.
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JUCCOINNALNSA HYKIIOHHBIX AC COIII/IAHI/Iﬁ
INIPU BBICOKUX DHEPI'UAX
N.K. Dpenauena

Aszepbaiioncanckuii ['ocyoapecmeennwiii Ynusepcumem Heghmu u [lpomviunennocmu

irada.e@mail.ru

Hccneoyemes ceuenue OUCCOyUayuOHHbIX NPOYECCo8 ¢ ACCOYUAUUAMU C MOYKU 3peHus S u-t
KaHanvHou ynumapuocmu. Ilonyueno ypaenenue Onisi mMampuybl amMnaumyobl paccesHus U GbINUCAHbI
dopmynvl 0na ceuenuil ouccoyuayuu accoyuayuii. OOCYaHcoaemes 3a8UCUMOCIb CedeHUsl om paouyca
83AUMOOELICINBUSL.

B Teopuu auicconmaniu peakius paccCMaTpuBaeTCs Kak KBAHTOBO-MEXaHUYECKHH Mpolece,
OOYCJIOBJICHHBI TEM, YTO pa3Hble KOMIIOHCHTHI BOJIHOBOM (YHKIIMM HAJICTAIOMICTO aapoHa
UMEIOT Pa3HYI0 BEPOSTHOCTh B3aUMOJCWCTBHS ¢ acconuanusmMu B sape [1]. B pesymbrare
BOJIHOBasE (DyHKIUSI UCKakaeTcs. Ecinu pas3lokuTh ee Mo MOJHOMY HaOopy (YHKIUi, mociie
COyIapeHusl OHA COJEPKHUT HE TOJBKO HAYAIBHYIO (DYHKIMIO aIpoHa M JAPYrHe COCTOSIHUS, Ha
KOTOpPBIC TUCCOLMUPYET Majaromias 4YacTuna. s 3Toro Hajgo HCMOJIb30BaTh «TOUYCUHYHO»
KOMIIOHEHTY BOJIHOBOH ()YHKIIMH HAJICTAIOIIECTO aJpOHa.

B nmanHO# pabote oOCyxIaeTcsi aMIUIUTYa YIPYroro paccessHus i 00JacTd OOJBIINX
MPHIEJIBHBIX MapamMeTpos b.

[Tpenmonaraercsi, 4To, NMpeHEOpEracTcs BHYTPCHHSS CTPYKTypa acCOIMAlUH, TO €CTh
accolpanus BemeT ce0s Kak eIuHOe OCECCTPYKTYpHOE Ielioe, a He Kak KOMOWHAIUs
WH/IMBUIYaIbHBIX HYKJIOHOB [2].

BriOepeM HYyKIIOH-HYKIIOHHOE B3aUMOJICHCTBUE B BUIE NOTeHIMana [aycca:

V(s,r) = is(gj exp(— r? /4a), (1)

COOTBETCTBYIOILIETO YHCTO MHUMOW aMIUTUTY/E TU(pakuoHHOro paccesausi. B (1) mapametp a
xapaktepusyeT S(G(GEKTUBHBIA paJnyC B3aUMOJCUCTBUS, KOTOPBIA 3aBUCUT OT dHepruu. C
YBEIMYCHUEM YHEPTUU MMapaMeTp @ BO3pacTraeT JiorapuMuuecKku: a = ap +Ins.

B mpencrtaBneHMM — MHBAapHAHTHBIX  IEPeMEHHBIX  (IepeMeHHble  MaHaenbcTama)
CTaHJApTHAsi CBsA3b AMIUTUTYABI paccesHus [ ¢ auddepeHraIbHbIM CEUCHHEM YIPYroro
paccesiHusl UMEEeT BUJ

dae&is’—t) —[F(s,t)®, s=4(K2+m?)=4E% t=—(p-K). 2)

JInst aMIUTATY/Ibl paccesiHusl ¢ BHIOMBAHUEM aCCOIMAINI, TIPU BBICOKHX JHEPrUsiX OYCHb
yI0OHO MEPEXOAUT OT PA3JIOKEHHS 10 MapIHATbHBIM BOJHAM K MPEACTABICHUIO MPHUICIHLHOTO
napameTtpa b:

f(s,b) = i[bdb(L- explix (s,)])J, (0's). 3)

rae, siikoHan yx(s,b) mmeer cienyromwmii Bux [2]:
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%(s,b) = i(exp(—,m/b2 +a®)—exp(—2u\b? +a? )), 4)

3ACCh MapaMCTPhbI IUO u aO HUMCIOT CMBICJI HpHBCI[CHHOfI MAcCChl U paauyca BSHHMOI[CP’ICTBHH:

u=pu,/N1+Ins—iz/2;a=a,/v1-Ins—in/2. 5)

B »siikoHaapHOM TPHOJMKCHWHM HE HAKJIAJBIBACTCS HUKAKWX OTPAHWYCHHH Ha MacChl M
KOOPAMHATHI YacTHll. B 3TOM mpuOIMKeHUU ¥ KOHEYHBIN pajiyc, ¥ OTAada CUUTAIOTCS TOYHO.
Kpome Toro, B 3WKOHaILHOM NPHOJIMKCHUHN BIUSHUC WCKAKCHUH YYMTHIBACTCS TOJBKO B (ase
IJIOCKOM BOJIHBI.

[Ipy BEICOKMX 3HEPIUAX YCIOBUE YHHUTAPHOCTH UMEET BH]T

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

3necs A, (S,b) -Bkimax Heynmpyrux kaHauoB, T.€. BEPOSTHOCTb HEYNPYroro B3aUMOJECHCTBHs

aJipoHa € accounauneﬁ B TOYKC b .
IlonHoe ceyeHHE CTOIKHOBEHHE M CCUYCHHE HEYNPpYroro pacceiHusd accournanuu
OMMpeaAC/EIIOTCA CICAYHOIIUM 06p330M

O =47 [Im f(s,b)odb , o, =27[ A, (s, b)odb. @)

HaI[O OTMCETUTDH, YTO PACCTOAHUC, HAa KOTOPOM BCPOATHOCTH COYAAapC€HUA CIIC HC Malla,
YBCIIUIUBACTCA C POCTOM II0 3aKOHY

r(lns)=alns+d -clins, (8)

rie a, d, ¢ —konctanTel. Ceuenue ¢ ammutynou f(s,b) u ¢ paguycom (8) mpencrasisier coboit
auck pagmyca r oc In s . BHyrpu amcka (b< r) BepostHOCTh coymapenus Im f—1, a Ha
nepudpepun aucka (b>r) —ymenpmaercs, xkak f oc exp (—2mﬂ (b- r)) Takoe mnoBeneHue

oGecrednBaeT NPaBWIbHOE TIOJIOKEHHeE OiusKaiiiel ocobeHHocTH t -kaHama - t = 4m?.

Mps1 paccMaTpuBalid SWKOHAIBHOE MPUOIMKEHNUE B paMKax TaK Ha3bIBAEMOW S-KaHAJIbHOU
KapTUHBI pacCcesHusl, B KOTOpPOW OOpalleHHe K TEeOMETPUYECKHM pa3mepaMm 3¢ (GEeKTUBHOM
o0JacTi B3aUMOJEHCTBHUS aapoOHA M aACCOIMAIMHM M CTENEHH WX HEMPO3PAuHOCTH KaMeTcs
BIIOJIHE €CTECTBCHHBIM. B Takoil kapTuHe auppakuus TeHEPUPYETCS MOTJIOMICHUEM BOJH
aJPOHHON MaTepUH paccemBaTesieM, TEOMETPUICCKUMHU pa3MepamMH KOTOPOTO M OMPEICIIeTCs
CTpyKTypa nud dhepeHnnanbHOro ceueHust o t.

JINTEPATVYPA

1. B.H. I'pu6os // 1d.1996, T.8, 1002 c.

2. S.G. Abdulvahabova, R.A. Ahmedov, I.K. Afandiyeva. Association in the two-Nucleon

transfer reactions. Journal of Physical Sience and Aplication. (US), 2015, V 5, N.2, p
158-162.

290



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

MUHITD® NaCl-un MUXTOLIF QATILIQLARI VO XRONIKI OZONLASMA
SORAITINDO BECORILMIiS MiKROYOSUNLARIN BiOMOHSULDARLIGI VO
FOTOSINTETIK AKTIVLIYI
M.N. Nacofli, R.9. Musayev
Bak: Dovlat Universiteti

Molumdur ki,ozonun canli organizmlors tasiri, onun dozasindan asilidir. Bels ki, kigik
vo orta dozalarda ozon hiceyralorin antioksidant komponentlori  torafindon udulur va
muxtalif mohsullarin (ozonidlorin, peoksidlarin) omalo golmasina sabab olur [1, 2]. Ozonun
yuksok dozalari, antioksidant sistemlorin udma qabiliyystinin yetmoadiyi hallarda,
hiiceyroalordo bir ¢ox zodolonmoloro sobob olur. Noticodo ozon mikroyosunlarin
biomohsuldarligina vo fotosintetik aktivliyino ciddi tosir gostarir [3, 4].

Toqdim olunan isin mogsadi duzlulugun dayismasi vo xroniki ozonlagsma rejimlorinda
intensiv  becorilmis mikroyosunlarin  biomohsuldarliginin vo fotosintetik aktivliyinin
todqiqidir.

Todgigat obyekti kimi mikroyosunlardan (doniz halofiti) istifado edilmisdir.
Mikroyosun hiceyrolorini ¢oxaltmaq dtcgin torkibindo NaCl-un t¢ mixtalif gatiligi olan
(0,5M; 0,75 M; 1,0M NacCl) suni gidalt muhitdon istifado olunmusdur. Hazirlanmis qidah
miihitlords hiiceyralor daimi isiglanma (16vt/m?), 27°C temperaturda, torkibindo 2,0% CO,
olan hava garisig verilmoklo 250 ml-lik fotoreaktorlarda intensiv becarilmisdir. Todgigatda
ozonun 5, 10 vo 15 dog/saat xroniki dozalarindan istifado olunmusdur. Fotoreaktorlara ozon
saat mexanizmli xtsusi qurgunun kdmoyils, ozonatir vasitasilo verilmisdir.

Mikroyosunlarin glndolik coxalmasi KFK-2 tipli fotokalorimetrdo optiki sixlig:
dlgmakls tayin edilmisdir. Fotosintetik aktivliyi todgiq etmok ticiin sixhig d=0,8q/sm® olan
hiiceyra suspenziyalari hazirlanmis vo termostatda 27°C temperatur soraitindo saxlanmusdir.
50 ml-oz. hiiceyro suspenziya numunosloarinin fotosintetik aktivliyi polyaroqrafik qurguda
6lctlmis vo nlimuna ilo miqayiso edilmisdir.

Alinmis noaticolorin analizi goOstorir ki, muxtslif xroniki ozonlasma rejimindo
becarilmis mikroyosunlarin qidali muhitdoki NaCl-un qatiligindan asili olaraq yasama
gabiliyyati vo biomohsuldarlig: forgli géstoaricilora malikdir.

Alinmig noticaloro goro 0,5M NaCl torkibli gidali muhitdo becarilmis huceyralor
ozonun muxtslif xroniki dozalarina garsi daha hossas olub, 15 doqg./saat xroniki dozada,
nimuns ilo migayisado 64% yasama qabiliyystino malikdir. Qidali muhitde NaCl-un
gatilig1 artdigca mikroyosunlarin xroniki ozonlasma dozalarina garst davamhiligi artir.
0,75M NaCl gatiliql gidalt muhitds becarilmis hiiceyralorin 15 dog/saat xroniki ozonlagsma
soraitindo yasama qabiliyyati kontrolla migayisads 81%, 1,0M NaCl gidali muhitinds
becarilmis hliceyralards iso uygun olaraq 89,5% toskil etmisdir.

Muxtalif NaCl gatiligl gidali mahitlordo vo xroniki ozonlagsma soraitindo becarilmis
mikroyosunlarin fotosintetik aktivliyinin gostaricilori coadval 1-do verilmisdir.

Cadwal 1
Qidali muhitds Hiceyralarin fotosintetik aktivliyi (niimuns ilo mugayisado, faizlo)
NaCl-un gatilig1 nimuna 5 dog/saat 10 dog/saat 15 dog/saat
xroniki ozonlasma xroniki ozonlasma | xroniki ozonlasma
05M 100 87,5 82,6 80,7
0,75 M 100 95 92,8 89,7
10M 100 84 79,3 76,5
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Cadvaldan goérinduyld kimi xroniki ozonlasmanin dozasi artdiqca mikroyosunlarin
fotosintetik aktivliyi azalir. 0,75 M NaCl torkibli gidali muhitdo intensiv becarilon
hiiceyralarin, muxtalif xroniki ozonlasma dozalarindan asili olaraq, fotosintetik aktivliys
daha yuksok olmusdur.
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MAYE FORMiATI:ARIN DINAMIK OZLULUYU iLo
SIXLIGI ARASINDA 9LAQO

H.A. Aslanov, S.X. Xalilov, A.B. ibrahimli, N.V. ibrahimli
Azarbaycan Dovlat Pedaqoji Universiteti

Aygunibrahimli@yahoo.com

Maye formiatlarmn dinamik 6zIGliyd ilo sixlig: arasinda asililiq miayyan edilmisdir. Bu asililiga
asasan emprik tonlik tortib olunmugsdur. Onun vasitasilo maye formiatlarin dinamik 6zIuliik amsalin: 2%
xata ila hesablamag olur.

Acar sozlar: dinamik 6zIUllk, suzixlq, formiat, temperatur,tazyig, maye, buxar.

Toqdim edilon elmi isdo maye formatlarin bizim torofimizdon tocriibi olaraq todqiq edilon
dinamik ozlaluklorinin naticalori [1-2] onlarin sixhgindan asilihigr arasdirtlmis vo homin
mayelorin dinamik 6zltluyini hesablamaga imkan veran tonliklor misyyan edilmisdir.

Mayelorin Ozluldyunin sixligindan asilihigr asagidaki sokildo bir ¢ox todgiqatgilar
torafindon [2-5] aragdiriimisdir:

An =npr—nr = Fp) 1)

(1) ifadasindoki 7z - mayenin P tozyiginds vo T- temperaturundaki dinamik 6zIuliyund;
1y -mayenin buxarinin T- temperaturundaki dinamik 6zlultyu, - iss mayenin P-tazyiginds vo T-

temperaturundaki sixhigidir.
Formiatlarin dinamik o6zlulik omsalnin sixhiglarindan asililigr bizim torafimizdon (1)
tonliyino asason todqiq edilmisdir. Tacrubi noaticalorin An — p kordinatlarinda arasdirilmasi

gOstordi ki, formiatlarin  dinamik 6zlulik amsalt onlarnn sixhgindan asililigi kenaragixmalar
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nozora almasaq birgiymatli olaraq toyin edilo bilor. Aparilan arasdirmanin naticalori formiatlar
tclinsa sokil 1-2-do verilmisdir.

Sakil 1-2—don gorundlyd kimi izotermlar Uzro An-p asililiginin ayrisindoki xotalarin £2%
oldugunu nozars alsaq (1) tenliyi formiatlar tGgn:

An=3" ap' (2)
tonliyi kimi alnir. (2) tonliklorindoki  a; —lorin qiymatlori mivafig olarag 1 codvalinda

verilmisdir.

(vtpr— n7r ). L0 “Pa-=s

300

200 D'}AE(‘?!{

700 00 kq 900

Sak.1. Etilformiatin dinamik 6zluluytintin (An =1+ —n;),
izotermlor lizro sixligindan ( o ) asihlig:

(ppr—117). 10 %Pa s

400

4
i
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kq
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Sak.1. Propillformiatin dinamik ézliliyiinin (An = Mot —N1),
izotermlar Uizra sixhigindan ( p ) astliligt
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Cadval 1.
Formiatlar tglin (2) tonliyindaki a; —lorin giymatlori
Formiatlar g ay s
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) tonliyi vasitesilo muvafiq olaraq formiatlarin  dinamik 0zlilik omsali £2% xota ilo
hesablanmasidir.
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ENDOMORFIN 1 MOLEKULUNUN F9ZA QURULUSU
N.F. 9hmadov’, L.N. Agayeva’, S.R. @hmadova~, N.M. Siikiirov™
"Bak: Dévlat Universiteti, **Azarbaycan Texniki Universiteti
asimnara@mail.ru

Noazori konformasiya analizi Gsulu ilo Tyrl-Pro2-Trp3-Phe4-NH, endomorfin molekulunun faza
qurulugsu onu amalo gatiron amintursu galiglarmin asagienerjili konformasiyalar: asasinda tadgiq
olunmusdur. Endomorfin molekulunun stabil konformasiyalar: toplusu, onlar:n ikitizli fzrlanma bucaglarz,
onlar: stabillasdiran amintursu gal:qlar: aras: va daxili garsiigl: tosir enerjilari miiayyan edilmisdir.

Endomorfin molekulu momolilorin beyin iliyindon ayrilmisdir, enkefalinlarin vo dinorfinin
opiat reseptorlarinin endogen agonisti hesab edilir. Opioid reseptorlart muxtalif morkozi vo
periferik asob sistemlorindo endogen ligandlarmin kdmayi ilo tosir edorak morfin molekulunun
gostordiyi effekto malik olurlar. Bu molekul p-opioid reseptoru ugtin gucli va selektiv harisliyi
ilo digarlorindon forglonir. Endomorfin do morfin kimi gucli agrikasici xassesine malikdir.
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Bundan basga, soyuglama zamani alinmig opioid peptidlori opioid reseptorlarmi stimullasdira
bilirlor [1-3].

Endomorfin molekulunun foza qurulusu noazori konformasiya analizi Usulu ils tadqiq
edilmisdir. Molekulun foza qurulusunu hesablamaq Ggln sistemin potensial enerjisi geyri-valent,
elektrostatik, torsion qarsiligh tosir enerjilorinin vo hidrogen rabitasi enerjisinin comi soklinda
secilmigdir. Qeyri-valent qarsiligh tosir enerjisi Lennard-Cons potensiali ilo Momani vo
Seraganin verdiyi parametrlorlo hesablanmisdir. Elektrostatik garsiliqlt tosir enerjisi atomlarin
parsial yiklorini nozora almagla monopol yaxinlasma Kulon ganununa osason hesablanmisdir.
Osas vo yan zoncirlorin ikitzli firlanma bucaglart otrafinda torsion qarsihigli tosir enerjisini
hesablamaq tcun ifadslor vo potensial coparlorin hindirliklori Momani vo Seraganin
moqalosindan gotirtlmisdir. Hidrogen rabitasinin enerjisi Morze potensiali ilo hesablanmigdr.

Tyrl-Pro2-Trp3-Phe4-NH; molekulunun faza qurulusu onu amals gotiron uygun amintursu
galiglarmin asagienerjili konformasiyalari osasinda hesablanmisdir. Moalumdur ki, glisindon
basga digor amintursu gahglari prolin amintursu gahgindan avval goldikds onlar Gglin asas
zoncirin R formasmin konformasiyalar yiksokenerjili olur. Ona gbéro do endomorfin
molekulunun foza qurulusunu hesablamaq tglin baslangic variantlar secildikdo Tyrl Gclin osas
zoncirin R formasmin konformasiyalarina baxilmamisdir. Bu sobobdon do baglangic variantlar
peptid zoncirin eee, eef, efe vo eff seyplarinin konformasiyalari osasinda formalagmisdir.

Endomorfin molekulunun hesablanmis konformasiyalarnin seyplor tzro paylanmasi
codval-do gostarilmisdir. Codval 1-don goriindiyld kimi 0-5 kkal/mol enerji intervalina eee, eef,
eff seypinin konformasiyalar duslr. Eee seypi daha ¢ox asagienerjili konformasiyalarla tomsil
olunmusdur. Molekula aromatik yan zoncirli amintursu qaliglart daxil olduglarina goro asas
zancirin agilmis formasinda n-ci vo (n-2)-ci amintursu galiglarin yan zancirlori vo n-ci vo (n+1)-
ci amintursu gahglarinin 9asas va yan zoncirlori arasinda olverisli garsiligh tosir yaranir. efe
seypinin konformasiyalarmnin nisbi enerjilori 5,0 kkal/mol-dan ytksok olmusdur.

Cadval 1.
Endomorfin molekulu konformasiyalarinin enerjilorino géra paylanmasi.

Ne Seyp Osas zancirin Enerji interval

formast 0-1 12 2-3 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 on stabil konformasiyas: segilmis,
onlara geyri-valent, elektrostatik, torsion garsiligl tasir enerjilorinin verdiklori pay, Gmumi vo
nisbi enerjilori codval 2-do gostorilmisdir.

Cadval 2.

Endomorfin molekulunun asagienerjili konformasiyalari, onlara geyri-valent,
elektrostatik, torsion garsiliglh tasir enerjilorininverdiklori pay, imumi va nisbi enerjilori.

Ne Seyp Konformasiya Ug Ue Utor Uiim Unis

1 eee B,BB,3B; -19.1 -0.1 29 -16.3 0
eef BiBR1;R; -18.6 -0.1 3.2 -155 0.8
eff B3RR33R; -18.0 0.6 2.7 -14.8 15
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Cadval 3-do homin konformasiyalarda amintursu galiglar: daxilinds vo arasinda garsiliqlh
tosir enerjilari, cadval 4-ds ikiuzli firlanma bucaglarmin giymatlori géstarilmisdir. Molekulun an
stabil konformasiyas1 B,BB,3B;-dir, onun stabillosmosino geyri-valent garsihigh tosir -19,1
kkal/mol, elektrostatik garsiligl tasir enerjisi -0,1 kkal/mol, torsion garsiliglt tosir enerjisi 2,9
kkal/mol godor pay verir. Gorinduyu kimi bu konformasiya geyri-valent vo elektrostatik
garsiligh tasir enerjisina gors on olverislidir.

Konformasiyanin stabillogsmosina Tyrl1-in digar amintursu gahglar: ilo garsiligl tosiri -10,6
kkal/mol godor, Pro2-nin digoar amintursu gahqlar: ilo garsiligh tosiri -1,2 kkal/mol godor, Trp3-
un gigoar amintursu galiglart ilo garsiligh tesiri -7,1 kkal/mol godor pay verir (codval 3).

Cadval 3.

Endomorfin molekulunun asagienerjili B,BB23B; (Unis=0kkal/mol,1-ci sotr),

B1BR11R; (Uis=0.8 kkal/mol, 2-ci satr), BsRR33R, (Unis=1.5 kkal/mol, 3-cli satr)
konformasiyalarinda amintursu galiglar daxilinds v arasinda qarsiliql tasir enerjilari.

Tyrl Pro2 Trp3 Phe4
20 -5.6 -32 -18 Tyrl
1.6 -4.8 -3.6 -0.2
2.6 -3.9 -3.0 -3.7
0.3 -0.8 -04 Pro2
0.8 -12 -40
0.2 -3.6 -15
-0.2 -6.9 Trp3
-03 -50
-04 -14
-24 Phe4
-19
-29

Cadval 4.

Endomorfin molekulunun asagienerjili konformasiyalarinin hondasi parametrlori (ikitzli
firlanma bucaglarinin giymatlori ¢ v o y1, 2 ardicilhig ilo doracalarlo verilmisdir).

Amin tUrSUSU BgBBngl BlBRllRl B3RR33R2
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;BR1;Ri-dir. Bu konformasiya global konformasiyaya geyri-
valent vo torsion garsiligqlt tosir enerjilorino goro 0,8 kkal/mol godor uduzur (codval 2).
Konformasiyanin stabillogsmosine Tyrl-in digor amintursusu qgahqglari ilo garsiligh tasir -8,6
kkal/mol godoar, Pro2-nin -5,2 kkal/mol gador, Trp3-in iso -5,0 kkal/mol godar pay veroarak onu
asagienerjili etmisdir (codval 3). Endomorfin molekulunun eff seypinin on stabil konformasiyasi
B3sRR33R2-dir, onun nisbi enerjisi 1,5 kkal/mol-dur.

296



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

Endomorfin molekulunun foza qurulusunun Oyranilmasi gostorir ki, elo foza quruluslan
yigimina malik olur ki, o muxtalif bioloji funksiyalar: yerino yetira bilor vo muxtslif reseptor
molekullar ils slagays giro bilor.
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Nazori konformasiya analizi Gsulu ilo kardiofsal Thrl-Pro2-Leu3-Val4-Thr5-Leu6-Phe7-Lyz8
oktarfin molekulunun N-kanar pentapeptid molekulunun faza qurulusu todgiq edilmigdir. Oktarfin
molekulu sintez edilmigdir vao [ -endorfin molekulunun12-19 fragmentina uygundur. Pentapeptid
fragmentinin agag:enerjili konformasiyalar: toplusu miayyan edilmigdir ki, bunlar da oktapeptid
molekulun faza qurulusu 6yranildikds baslang:¢ konformasiyalar olacaqd:r.

Thrl-Pro2-Leu3-Val4-Thr5-Leu6-Phe7-Lyz8 oktapeptid oktarfin molekulu cunaTe3
edilmisdir. Bu molekul g -endorfin molekulunun 12-19 fragmentins uygundur. Gostarilmisdir ki,
0 p-endorfin reseptorunun selektiv aqganistidir. Oktarfinin isarsedilmis tritiyumun kémayi ilo
reseptorun organizmdo paylanmas:t Oyronilmisdir. Mdioyyan olunmusdur ki, o immun
hlceyrolorinds, endokrin, uUrok-damar sistemlorindo modvcid olur. Oktarfinin hiceyralordo
tosirinin  dyronilmasi gostordi ki, mitogenlo induksiyalanmis insan ozolosinin T- vo B-
limfositlorini artirir, ozolonin peritoneal makrofagni aktivlagdirir, insanin  limfoblast
hlceyrolorinin inkisafin1 stimullagdirir, bdyrokisti membran gabigimmi adenilazsiklazasinin
aktivliyini ingibirlosdirir vo bOyrokdon qlikokortikoidlorin gana sekresiyasini zoiflodir.
Oktarfinin organizmds aktivliyi onun dozasindan asilidir [1, 2].

Malumdur ki, S -endorfin molekulunun faza qurulusu nazari konformasiya analizi tsulu ils
oyranilmisdir [3]. Oktarfin molekulunun foza qurulusu todqiq olundagdan sonra alinan naticalor
mugayiso edilocokdir. Biomolekulun vyerino yetirdiyi funksiyalari basa dismok, onlara
moqsadyonli tosir gostormok vo tobii molekulun yalniz mioyyan funksiyalarini yerina yetiro
bilon suni analoglarin sintez tgun toklif etmok Ggln onun asagienerjili konformasiyalar:
toplusunu tayin etmok lazimdir.

297



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

Oktarfin molekulunun foza qurulusu nozori konformasiya analizi Usulu ilo todgiq
olunmusdur. Molekulun faza qurulusunu 6yranmoak dgtin sistemin potensial enerjisi geyri-valent,
elektrostatik, torsion qarsiligl tosir enerjilorinin vo hidrogen rabitasi enerjisinin comi soklinda
secilmigdir. Qeyri-valent garsihigl tosir enerjisi Lennard-Cons potensiali ilo Skott vo Seraganin
toklif etdiyi parametrlorlo hesablanmigdir. Molekulun konformasiya imkanlart su muhitindo
oyranilmisdir.Hidrogen rabitasinin enerjisi Morze potensial: ilo hesablanmigdir. Torsion garsiligh
tosir enerjilorini hesablamagq tglin potensial funksiyalar, atomlardaki parsial yuklarin giymatlori,
valent bucaglarinin giymatlori vo valent rabitalorinin uzunluglari Momani vo Seraganin
moqalosindan gotirulmusdr.

Oktarfin molekulunun faza qurulusu onu fragmentlors aywrmagla hesablanmisdir. ilk
morhalodo molekulun N-konar Thrl-Pro2-Leu3-Val4-Thr5 pentapeptid fragmentinin foza
qurulusu onu omolo gotiron amintursu qaliglarnin asagienerjili konformasiyalari osasinda
oyronilmisdir. Bunun dglin treonin, prolin, leysin vo valin amintursularimin asagienerjili
konformasiyalarina uygun ikiuzli firlanma bucaglarmin giymatlori uygun odsbiyyatlardan
goturdlmus vo onlar baslangic konformasiyalar olmusdur. Malumdur ki, pentapeptid fragment
ucun Umumi halda zoncirin 16 seypi mimkindir. Pentapeptid fragmentin amintursu
ardicilhgindan gérindiyd kimi ikinci yerds prolin amintursu gahigi durur.9dobiyyatda geyd
edildiyi kimi prolin amintursu galigi1 6ziindon avval golon amintursu gahiginin konformasiya
imkanlarint mohdudlasdirir, onun asas zoncirinin R formas: yiksak enerjili olur. Ona gors do
hesablamalarda birinci treonin yalniz asas zoncirin B formasinda gotirtlmusdir vo pentapeptid
fragmentin 16 seypi oavozino 8 seypinin konformasiyalari hesablanmisdir. Pentapeptid fragmenti
hesablanmis konformasiyalarinin enerjilorino goérs paylanmasi codval 1-ds gostorilmisdir.

Cadval 1.
Oktarfin molekulunun N-konar pentapeptid fragmenti
konformasiyalarinin enerjilorino goro paylanmasi.
Osas zoncirin 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

Codvoldon gorindiytd kimi  osas zoncirin  formalarmin enerjilorino  goro  koskin
diferensiasiya getmomisdir, kaskin diferensiasiya yalniz konformasiyalarin enerjilorino getmisdir.
Fragmentin asagienerjili konformasiyalari an ¢ox olan formasiBBBRR-dir. Bu formada 0-4,0
kkal/mol enerji intervalina yeddi konformasiya dustr vo fragmentin on stabil konformasiya
B12BB21R1R1,-dir. Goriindiyl kimi bu konformasiyada ilk ti¢ amintursu galigi osas zoncirin B
formasinda sonrak: iki amintursu galigi asas zencirin R formasindadir. Bu formada muxtolif
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amintursu qaliglan arasinda effektiv garsiligl tosirlor yaranir vo onu asagi enerjili edir. ©sas
zoncirin BBBBB, BBRRR vo BRBBB formalarinin konformasiyalari arasinda asagienerjili
konformasiyalar daha goxdur.

Hesablamalarin noticasino osason demok olar ki, oktapeptid oktarfin molekulun foza
qurulusunu hesabladiqda coadval 1-do gOstorilmis osas zoncirin bitin formalarinin
konformasiyalarin1 baslangic konformasiyalar kimi gotirmak lazimdir.
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CTPYKTYPHAS OPT AHU3ALIUSI TEKCANIENITUHOM MOJIEKY.JIbI
JL.LA. UcmangoBa, P.M. A6Gacabl, H.A. AxmenoB
Hnemumym @usuueckux Ilpoodnem, baxunckuii I 'ocyoapcmeennuwiii Yuusepcumem

Larisa_lIsmailova@yahoo.com

C nomowbio mMemooa MoNeKYAAPHOU MeXAHUKY ObLIU UCCIeO08AHbI NPOCMPAHCMEEHHOE CIMPOEHUE
U KOH(OpMayUOHHbIE C8OlICMEA 2eKkcanenmuonoll monekynvt cenesenku Arg-Lys-Asp-Val-Tyr-Arg. Dmom
eexcanenmuo unoyyupyem ouggepenyuposxy T-rumgpoyumos, obradaem umMmMyHOCMUMYAUPYIOUel
akmuenocmoio. [lomenyuanvnas duepeus MONEKYIbl  BbIOUPANACL KAK CYMMA — HEBANEHMHBIX,
INEKMPOCMAMULECKUX, MOPCUOHHBIX B3AUMOOCUCMEU U dHepauu 8000poonbIX ceaseli. Havidenvr 8
HU3KOIHEp2eMUUeCKUX KOHGOpMayull 01 2eKcanenmuoHOl MONEKYIbl, 3HAYEeHUS O08VEPAHHbIX V2lo8
OCHOBHOU U OOKOBbIX Yenell AMUHOKUCTIOMHBIX OCAMKO8, 8X00AWUX 8 IMY MOAEKYNY, OYeHeHA IHePIUs
BHYMPU - U MEHCOCMAMOUYHBIX 83AUMOOECMBU.

Jns monnepxaHus CTAaOUIBHOTO COCTOSIHMS OpraHM3Ma BaKHOE MECTO 3aHHMMAaeT
UMMYHHas cucTteMa. V3BECTHO, YTO HU3KOMOJICKYJISPHBIC MENTHUABl YYaCTBYIOT B PETYJSLUU
UMMYHHOTO OTBeTa. OHHM MpPOSBISIIOT ce0s Kak MpenapaTtbl ¢ HWMMYHOCTHMYJIHUPYIOIIUM
neiictBuem. ['ekcanmentuanas Mmonekymna Arg-Lys-Asp-Val-Tyr-Arg siBiasercsi CHHTETHYECKUM
aHaJOroM MoJeKynsl THMoneHTHHa Arg-Lys-Asp-Val-Tyr. CpaBHeHHE aMUHOKUCIOTHBIX
MOCJIEI0OBATENBHOCTEH MOKA3bIBACT, YTO IIETh YBEIMYeHA HAa OJHY aMUHOKHUCIOTYy Arg Ha C—
KOHIIE MOJIeKynbl. [IpoBeneHHBIE HKCIEPUMEHTANBHBIE HCCICNIOBAHHUA —TIOKa3alld, dTO
yYBEJIMUEHHE aMHUHOKHCIIOTHOM TIOCIIEAOBATEILHOCTH Ha OJHY aMHHOKHCIOTY Arg, TO ecTb
rekcarmentuy  Arg-Lys-Asp-Val-Tyr-Arg, MOJHOCTBIO  BOCHPOU3BOAUT  OHOJIOTHYECKYIO
AKTHBHOCTb TPUPOJTHON MOJICKYJbI THMOTICHTHHA [1, 2].

[lenbt0 BBHIMOJTHEHHOW PabOTHI SBISETCS OINpEAeieHHe MPOCTPAHCTBEHHOW CTPYKTYpPhI U
KOH(OPMAITMOHHBIX BO3MOKHOCTEH TeKcanenTuaHON Mosiekynbl Arg-Lys-Asp-Val-Tyr-Arg. {ns

299



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

HaXOXJIEHUSI €€ TMPOCTPAHCTBEHHOTO CTPOCHHUS HCIIOJIb30Bajach pa3paboTaHHAs HaMH
KoMmnbproTepHas nporpamma [3]. Mcnomb3yemblii B Hamem cliydae TEOPETHUYCCKUN MOIXO]
MO3BOJISIET OTMPENEIUTh MPOCTPAHCTBEHHYIO CTPYKTYPY TeKCanenTHIa HCXOAS W3 H3BECTHOU
aMUHOKHCIIOTHOW TmocienoBaTesibHOCTH. OH  JTaeT BO3MOXKHOCTH OIKMCAaTh C JIOCTAaTOYHOU
TOYHOCTBIO T€OMETPHUIO MOJICKYJIbI, ONPEICIINTh 3HAYCHHS IBYTPAHHBIX YIJIOB OCHOBHOM LIETTH U
OOKOBBIX IeMe aMHHOKHUCIIOT, BXOISMIIMX B MOJIEKYJIy, a TakKe JHEPreTHUYECKUE
B3aMMO/JICHCTBUSI aTOMOB B 3TOi MoJjekyne. CrienuaibHO BBEJICHHAs Kiaccupukanus ([Iewir,
dopmMa OCHOBHOUW 1lemH, KOHGpOpMALMs) MO3BOJSIET YETKO pa3elMTh pPaccMaTpHBaEcMbIe
CTPYKTYpPBI, TpeArojaras, 4To HHU3KOIHEPreTHYecKass CTPYKTypa mentuaa (GopMupyercs u3
OTIENBHBIX CTPYKTYpHBIX OJOKOB MeHbIIeH AnuHbl. DOpMBI aMUHOKHCIOTHBIX OCTaTKOB
OTIpEICIISUIMCh HU3KOdHEepreTuueckuMu obnactsmu B, R u L aAByrpaHHbIX yrioB OCHOBHOMW LieNTH
¢@-y. Otcuer [BYrpaHHBIX YIJIOB BpalleHUS TPOU3BOAWICS COTJACHO CTaHAAapPTHOM
Homenkiarype IUPAC-IUB [4].

AMHWHOKHUCIIOTHAS TOCJIEIOBATEILHOCTh MONeKyibl Arg-Lys-Glu-Val-Tyr-Arg Bkimodaet B
ce0st TUAPOGUIBHBIA OTPULIATENIBEHO 3apsHKEHHBIN OCTATOK acmapardiHOBOM KUCIOTHI ASp, ciabo
ruipooOHBIE M  TOJOXHUTEIBHO 3apsHKEHHBIE aMUHOKUCIOTHI Arg u LYS u  cuibHO
ruapodoOHbIit octarok Tyr. Mcxoas u3 3TOro, MOXHO CHENaTh MPEAINOJIOKEHHUE O TOM, YTO
NPUCYTCTBHE  KHUCIOTHO-OCHOBHBIX ~AMHUHOKHCIOT MOXET OMpeAeNsiTh OHOJIOTHYECKYIO
aKTUBHOCTH MOJEKydbl. CloKHas 3ajada HaXOXKICHHS MPOCTPAHCTBEHHOM CTPYKTYpPHI
reKCarnenTUIHOW MOJIeKyNbl Oblla cBegeHa K (parmeHtapHoMy pacuery. CHavama Oblu
omnpezeneHbl KOH(GOPMAIMOHHBIE BOBMOKHOCTH TpurienTuaa Arg-Lys-Asp u tetpanentuna Arg-
Lys-Asp-Val, morom Obun M3ydeHbl KOHPOPMAITMOHHBIC CBOWCTBA MeHTarmenTiaa Arg-Lys-Asp-
Val-Tyr u, HakoHeI, Bcell TeKCanenTHIHOW MOJIeKYIbl. Takas cxema pacdera ImpoCTPaHCTBEHHON
CTPYKTYpBhI MOJIEKYJbI ObliIa MPOJUKTOBAHA CaMOW aMHHOKHCJIOTHOM TOCJIEI0BATEIBHOCTHIO U
WHTEPECHBIMU JIaHHBIMH 00 €€ OuOoJIOTMYecKOW aKTHBHOCTH. OTMETHM, 4TO, MEpBHYHASL
CTPYKTypa TeKCalleNTHAa COJCPKHUT aMHUHOKHCIOTHbIE ocTatku Arg, LYS ¢ aIuHHBIMH,
00BEMHBIMHU U TOJIOKUTEIIBHO 3apsHKEHHBIMA OOKOBBIMH IIeTIsIMH, a Takxke octatku Val u Tyr,
KOTOpBIE MMEIOT 00BbeMHbIE OOKOBble Ienu. OCTaToK acmaparuHOBOM KHCIOTHI ASpP nMeer
OTPHULIATEINILHO 3apsIKEHHYIO0 OOKOBYIO ILIETIb.

excanmentun  Arg-Lys-Asp-Val-Tyr-Arg  otnwuaeTcs OT MOJEKYJIBl THMOIICHTHHA
HaimuueM Ha C-KOHIE MEeNTH/a eIle OJTHOTO OCTaTKa apruHuHa. [Ipo 3Ty MOJEeKyny M3BECTHO,
yTo  nobOaBneHue  aMHUHOKHCIOTHI  Arg Kk  C-KOHIly  MOJEKyJIbl  HE  HM3MEHSET
UMMYHOMOJYJIUPYIOIIEH aKTHUBHOCTH, TO €CTh OMOJIOTMYECKas aKTUBHOCTh TE€KCAIENTHIHOTO
aHajora Takas e, Kak U MOJICKYJIbl TUMoTieHTHHA Arg-Lys-Asp-Val-Tyr .

['ekcanentuanas MoJeKyaa HacuuThiBasa 122 aroma u 38 OByrpaHHbBIX YTJIOB OCHOBHOM U
OOKOBBIX IIENEH aMMHOKHUCIOT, BXOJALIMX B 3Ty MOJIeKyJdy. HauanbHble npuOImKEHHS IS
HAXOXJIEHUSI MPOCTPAHCTBEHHON CTPYKTYpPBI T'eKcamnentuaa ObUTM COCTABJICHBI C YYETOM BCEX
BO3MOKHBIX HH3KOIHEPreTHYECKMX KOH(popManuii, 4yuciao KOTopsix mpeBbicuiio 250. Bcee
paccunTaHHble KoH(opmauuu mnpuHamnexann 34 ¢opmam ocHoBHOW 1enu. BriOpaHHBIE
HavallbHbIe NPUONMKEHHUS ObUIM TPOMHUHMMHU3MPOBAHBI MO SHEpruu. Pacuer oOHapyxui
HAJIMYUE PE3KOW SHEPreTHUecKor auddepeHranuy npoCcTPaHCTBEHHBIX CTPYKTYP MOJEKYJIIBI
reKkcamnenTuaa, Tak B dJHepreTuueckuit wHTepBanm 0-7 kkam/Monb momagaior Bcero 30
KOH(pOpMaIHii, NpUHAISKAIUX ~ BOCBMH  (opMamM  OCHOBHOM  IICTIH. Cawmple
HU3KOPHEPreTH4ecKue KOH(OpMalumu C  DHEPreTHUYECKHMH  BKJIAJaMH  HEBAJICHTHBIX,
AIEKTPOCTATUYECKUX W TOPCHUOHHBIX B3aUMOJEHUCTBHI, a TaK K€ OTHOCUTEIBHON 3HEpruei
MpeIcTaBIeHBI B TaOmuIe 1.
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Taoaunal.

DHepreTUdecKue BKIAIbI (KKal/MOJIb) HU3KOYHEPreTUIECKIX KOH(POpMaIHii
rekcanenTuaHoi Moniekysl Arg-Lys-Asp-Val-Tyr-Arg

Ne Koundopmarust Eues E,n Erope Eom
1 B2222R22222 R31R222R312R3322 -34.8 14 3.1 0.0
2 B2222R22222 R31R222 R312B3322 -34.5 15 3.2 05
3 B2122R23222 R31 Bazz B212 Baazz -32.9 21 4.2 38
4 B2122R 23222 B31 B222 R312R 3322 -32.4 19 4.1 39
S B1222 Ba1222 R11B122 B312Baizo -36.3 49 5.1 4.1
6 B1222 R21222 B31B122R312B 3222 -314 24 4.0 54
7 Ba222 R22222 B31 R222 B312Baazz -33.6 5.6 3.2 5.6
8 Ba122 R23z22 B31B 222 B112B 2222 -30.0 14 4.3 6.0

I'moGanpHON KOH(pOpManuel TaHHON MOJEKYNbI SBIACTCS B2nR2222 R31R220R312R3322, B
KOTOPOM MPOCTPaHCTBEHHAs CTPYKTypa N-KOHIIEBOTO MEHTANENTHIa MOJHOCTHIO COBMAAACT C
HU3KOPHEPreTHYeCKo KoH(popmanueln Moyiekyiabl TuUMomneHTHHA. OTcloga W OJWHAKOBas
OWojornyeckass AakTUBHOCTh 00euxX MoOJieKyl. BaxHO OTMETUTh, UYTO MPUCYTCTBHE
KOH(pOpPMaIMOHHO CBOOOAHBIX aMHHOKUCIOT Argl, Asp3 u TyrS B Mosiekyne CHHTETUYECKOTO
rekcanentuga Arg-Lys-Asp-Val-Tyr-Arg sBisieTcss BaXHBIM MOMEHTOM IPH B3aMMOJICHCTBUU
JAHHOTO aHaJora ¢ pelenTopoM. PacnonoxeHne aMUHOKHCIOT B HH3KOIHEPreTHUECKOUH
KOH(pOpMAaIUK reKcanenTr 1a MpeACcTaBIeHO Ha pUcyHke 1.

HuskosHepreTrnueckuMu KOHQOPMALIUAMU IJIs1 TEKCAMETITHAHON MOJICKYJIbI SIBISIFOTCSI TaK
ke BRRRRB, BRRBBB u BBRBBB, mnpocTpaHCTBEeHHBIE CTPYKTYPBhl KOTOPBIX HANOMHUHAIOT
peryJsipHBbIE YYacTKH - U - CTPYKTYp. B 3TuX KOHpOpMAIMIX MPUCYTCTBYIOT BCE BO3MOXHBIE
JUISE  TEKCANeNnTHAHONM MOJEKYyJIbl B3aWMOJICHCTBHS, HO OCHOBHOM BKJIQJ TNPUHAIICKUT
JTUTICTITUHBIM, TPUTICTITHIHBIM U TETPANCNITUAHBIM B3aUMOJICHCTBHAM MEXK]TY OCTATKAMH.

Pucynok 1. [IpoctpancreenHas cTpykTypa koHpopmanun BRRRRR
Modekymsr 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 =1 for vaccum, e=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 o 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 Comnell 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 ¢, ¥, ®, x dihedral angles in vacuum as compared to +20° in water. MD
simulations for eledoisin 300ps indicate that ¢ angle for pGlul have a noticeable conformational

flexibility. The deviations of y 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 B-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 tsullar ils tadqiqi.
G.9.Agayeva

Uperolein molekulunun konformasiya imkanlari molekulyar mexanika va molekulyar dinamika
usullart ilo mixtalif mihitlorde dyronilmisdir. Bunun glin peptidlarin konformasiya doyismolari ovvalca
vacuumda ,sonra su molekullarindan ibarot qutuda muayysn olunmusdur. Hesablamalar noticasinda
gOstorilmigdir ki, har iki muhitds molekulun N-uclu hissasinin asas vo yan zancirlorinin cevikliyi
movecuddur, lakin molekulun markazi vo C-uclu hissasinin asas zoncirinin alfa spiral qurulusu daha
dayanaglidir.

TEOPETHYECKOE AB INITIO HCCJIEJOBAHHUE KOJIEBATEJIBHOI'O CIIEKTPA
KOMILUIEKCA OJIMI'OMEPA NOJIMITUJIEHIJIMKOJISA II2I'5

C ATOMOM XJIOPA
C.A. demyxamenona, 3.U. I'ag:kues, U.H. AnueBa, H.M. I'oq:kaen
Wuctutyt [Ipobnem ¢pusuku, bakunckuii ['ocynapcTBeHHbI Y HUBEPCUTET

svetlanabest@mail.ru

B pabome reanmoso-xumuueckum ab initio memooom Xapmpu—®doxa ¢ ucnonvzosanuem basuca 6-
31G nposeden pacuem konebamenvHo2o cnekmpa Komniekca oauzomepa noaudsmunenenuxons [1915 ¢
amomom xaopa. llonyuenvl uacmomul, UHMEHCUBHOCHU, NOCHPOEH MEOPeMU4ecKull KoiebamenbHbll
CHneKmp KOMHJeKcA U HnpousgedeHa e20 MmMeopemuieckds uHmepnpemayus no pacnpeoeneHuio
HOMEHYUANbHOU SHEPSUU NO KOAeOAMENbHbIM KOOPOUHAMAM.

Kniouesvie cnosa: onucomepvi, NOAUIMULEHIUKONL,  KOMNIEKC,  KBAHMOBO-XUMUYECKUE
HeaIMnupuiecKue paciemsl, KoJaedamenbHbulli CHeKmp, Yacmombl, UHMEHCUBHOCU

Hacrosimast pabota HOCBSIIICHA KBaHTOBO-
XUMHYECKOMY UCCJICIOBAHUIO KOJEOATeNbHOrO CIEKTpa 0,
KOMILJIEKCA OJIUTOMEpa MOIUITUIICHTIIHKOIS, COCTOSIIETO U3 3\ 3
5 moBTOpSIFOIIUXCS 3BEHBEB C aTOMOM XxJjopa. PacuerHas Ty
Monenb  Monekynsl  (puc.l) Obuia moydeHa  moclie & |
NpEBApUTEILHOTO  MOACTHPOBAHUS  CTPYKTYPEL METOZIOM ?/&04
MOJICKYJISIPHON THHAMHKH. o 2

Panee wHamm OBUIO TIPOBEJCHO  HCCIICIOBAHUE yjé
npoctpancTBeHHOW [1] w amektponHO#t [2] cTpyKTYpBHI _@—-
kommuiekca [IDI'5+Cl. Pacuer konebaTenbHOro CHEeKTpa ! 'Cs
3TOr0 KOMIDICKCA TMPOW3BEJICH KBAHTOBOXHMHYECKUM ab

initio meromom HF B 0a3ucuom Habope 6-31G (p,d) mo
nporpamMe Gaussian-09. B pesymbTare mpoBeaIeHHOTO

Puc.l. PacyerHas Mogens
rovmirexca I19T5+C1
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pacuera OBUIM TOJYYEHBI YaCTOTHI M WHTCHCHBHOCTH KOJICOATEIbHBIX IOJIOC W TOCTPOCH
TEOPETUYECKHUI CIEeKTp TOTJIOIIEHUs], KOTOPhIA MpuBeAeH Ha puc. 2. Jna Oonee TOYHOM
MHTEPIIPETALNN YaCTOT HOPMAIbHBIX KOJEOAHUI MOIyYEHHOTO KOJEOATEeIBHOr0 CHEKTpa OBLI
MIPOBEJICH pacyeT pacIpeielCHUs MOTSHIUATBHON YHEPTUHU 110 KOJIeOaTeIbHBIM KOOPAUHATAM T10
nporpamme VEDA-4.

Pesynbrarel pacuera 4YacTOT W WHTEHCHUBHOCTEH MOJOC MOTJOMICHHUS TEOPETHUECKOTO
CIEKTpa KOMIUIeKca moymyTHieHrukos [19I°5 ¢ atomoMm ximopa u uHTEpHpeTaus MosiBICHHS
ATHUX I0JIOC, OCHOBAHHAs Ha MOAPOOHOM aHalu3e pachpeieseHHsl MOTEHIIUAIBHON YHEPTUU MO
K0JIe0aTeIbHBIM KOOpAUHATAM MPEACTABIICHBI B TAOIHIIE.

IR Spectrum
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1400 7 = 1200 —
. 12 1000 ©
S 1000 7 Cegp =
& an-
400 4 :400 ON
QDDE i — 200 BN
0- : Lo
I e e e e e e e [ e e e e G
-500 0 500 1000 1&00 2000 2800 s000 3500 4000 4500
Frequency {cm™)
Puc. 2. TeopeTnueckuii KoJefaTeNbHbII ciekTp Kommiekca [III5+Cl
Tabéauna.

Teopernueckue yactorsi (cm ), nurencurocti (KM/Mole) n nntepnperarms
UK cnexrpa kommiekca [13T5+Cl o nanabiv metona HF/6-31G

v
4111
4076
3268
3233
3225
3218
3208
3204
3199
3194
3191
3190
3186
3174
3167
3163
3158
3151
3143
3137
3133

3127
1661
1660

122.27
407.52
45.92
92.17
139.93
13.02
163.58
24.94
21.29
27.59
85.24
27.62
3.09
125.90
41.92
118.70
183.70
85.70
5.76
27.24
735
0.70
1.18
0.95

q(oleHgg) 96
q(O;Hy7) 96
q(C15H36) 84
q(CoHyg) 11
q(Clgng) 34
q(Clgng) 37
q(C6H24) 27
q(CsHy ) 14
q(C14H34) 17
q(Ci1Hso) 14
q(CgHzo) 10
q(CsHy) 14
q(C3H21) 12
q(Cy2H33) 35
q(C2H18) 72
q(CuHso) 10
q(CeHzs) 17

OTHeCEHHUE U CTEICHb yJacTHs

q(C15H37) 14

g(C,Hy,) 86

g(CeHzs) 30 g(CgHa) 23

q(C15H37) 71

Q(C11H31) 59

q(C3H21) 37 q(C5H23) 14

q(CeHze) 27 q(CgHze) 29

q(C5H22) 10 q(C5H23) 49 q(C6H24) 13
0(Ci4Hss) 38

q(C3H21) 19

q(C12H33) 21 q(C14H34) 13 q(C14H35) 35
q(CsHa7) 26 q(CoHas) 20

q(C5H22) 27 q(C6H25) 20 q(CgHzg) 19

q(C8H27) 17 Q(Cano) 47 Q(C11H31) 10 q(ClgHgg) 10
q(CgHgo) 36 q(C6H25) 20 q(CgHgg) 13

q(CgHzo) 22 q(C8H27) 29 q(CgHzg) 23

q(CgHgo) 15 q(C5H22) 34 q(C6H25) 27

(X,(H33C12H32) 28 (X,(H35C14H34) 31

(X,(H21C3H20) 36 (X,(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
041
1.82
552
5.76
14.06
3.25
14.44
31.76
6.41
66.76
25.59
48.60
599
66.46
101.15
151.37
18.39
8.54
23.61
14.21
3.18
38.41
21.81
22.27
0.73
525
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
464
11.56
13.73
17.78
520
23.55
21.22
17.47

(X,(H25C6H24) 25 (X,(H27C8H26) 30

(X,(H25C6H24) 11 (X,(HnggHgg) 20 (X,(H31C11H30) 20

(X,(H37C15H36) 73

(X,(H19C2H18) 70 (X,(H23C5H22) 10

(X,(HnggHzg) 36 (X,(H31C11H30) 32

(X,(H21C3H20) 21 (X,(H23C5H22) 24 (X,(H25C6H24) 12 (X,(H27C8H26) 13
(X,(H25C6H24) 10 (X,(H33C12H32) 19 (X,(H35C14H34) 20

(X,(H25C6H24) 14 (X,(H27C8H26) 14 (X,(H33C12H32) 17 (X,(H35C14H34) 14

],L(H170:|_C2) 15 X(H19C2C304) 13
%(H33C1,013C14) 10

],L(H170:|_C2) 24 T](H]_SCZO]_) 28
X(H27C807C6) 10
%(H33C1,013C14) 11

Y(H38016C|39) 24 n(Hseclsole) 28 X(H37C15016C|39) 18
T](H22C504) 14 T](H24CGO7) 20 'I'](H26C807) 11 T](HnggOlo) 19
’I](H22C504) 14 ’I](H26C807) 11 ’I](HnggOlo) 19

n(HsoCnOlo) 17 11(H32(:12013) 13 X(H33C12013C14) 10
n(HsoCnOlo) 17 11(H32C:12013) 13 11(H34Cl4013) 36

T](H20C304) 54

T](H22C504) 17 T](H24CGO7) 15 T](HnggOlo) 14 'I'](H34C14013) 14
n(H22C5O4) 17 11(H24CGO7) 15 n(HsoCnOlo) 11 11(H32(:12013) 11 11(H34Cl4013) 14
'I'](H26C807) 17 T](HnggOlo) 15 T](H32C12013) 11

’I](H18C201) 27 ’I](H20C304) 11 X(H18C2C304) 11 X(H19C2C304) 11
Y(H38016C|39) 20 n(Hseclsole) 18 X(H37C15016C|39) 12

q(O]_ng) 12 q(013C12) 31 q(013C14) 25

d(04Cs) 20 g(04Cs) 13 q(0+Ce) 16

g(04Cs) 20 (010Cs) 18 q(04Cs) 13 q(O1Cu) 15

q(O7C8) q(O7C6) 17 q(OmCM) 15

q(0,Cy) 22

d(04Cy) 20

0(016C15) 30

q(O]_Cg) 11 q(C2C3) 20 X(01C2C304) 11
a(CqCs) 12

0(016C15) 23 q(C15Cy4) 14

4(04Cs) 12 q(CoCs) 10 q(CsCs) 17
0(0135C12) 11 (013Cu) 22 q(C12C11) 15
q(C5C6) 13 bé (H22C504C3) 11

q(CyCo) 14

q(C12C11) 24

q(O]_Cg) 12 q(C2C3) 33 X (H20C304C5) 13
0(016C15) 24 q(C15C14) 35 % (H35C14015C120) 26

q(O4C5) 10 q(O4C3) 12 X (H18C2C304) 14
0(013C12) 15 (013Cus) 19 7 (H3C15016Clag) 12
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702 218.44 X (H1701C2C3) 66 X (H38016C15C14) 28

618 1.34 q (C807C6) 14 q (C11010C9) 11

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

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

571 2.20 € (01C2C3) 31 ¢ (C2C304) 18

562 12.73 € (O4C5C6) 13 ¢ (010C9C8) 10 ¢ (C9C807) 14 ¢ (C5CGO7) 21
545 40.93 X (H1701C2C3) 21 X (H38016C15C14) 44

410 0.98 q (C14013C12) 37 ¢ (016C15C14) 15

380 0.06 € (O4C5C6) 15 ¢ (C2C304) 11 ¢ (C5CGO7) 11

372 0.37 € (01C2C3) 14 ¢ (010C9C8) 10

358 0.06 € (013C12C11) 15

308 024 ¢ (C40:Ce) 15

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

228 416 q (C11010C9) 15 X (010C9C807) 27

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

181 3.81 G (C304C5) 10 ¢ (C2C304) 12 X (01C2C304) 10

172 142 X (013C12C11010) 20 X (016C15C14013) 16

154 557 X (O4C5CGO7) 12 X (C807C6C5) 20 X (C304C5C6) 15

146 0.38 X (O4C5CGO7) 28 X (C12C11010C9) 15

132 6.19 X (C304C5C6) 23 X (C12C11010C9) 10

98 9.69 q (Clggole) 23 X (C807C6C5) 10 X (C9C807C6) 10

80 101 q (Clggole) 18 X (010C9C807) 15 X (C9C807C6) 12

68 0.86 q (Clggole) 10 X (C304C5C6) 10 X (C11010C9C8) 10 X (C2C304C5) 24
58 3.32 X (C14013C12C11) 12 X (C12C11010C9) 19

52 0.42 q (Clggole) 30 X (C14013C12C11) 12 X (C9C807C6) 13

39 1.18 X (C304C5C6) 11 X (C15C14013C12) 19 X(C|39016C15C14) 11
29 269 Y (C|39016C15) 12 X (C11010C9C8) 16 X (C9C807C6) 11

20 011 Y (C|39016C15) 12 ¢ (C807C6C5) 11 (C11010C9C8) 18 g (C15C14013C12) 12
13 0.45 Y (CI39016C15) 39 X (C14013C12C11) 30 X (C|39016C15C14) 14
12 043 X (C15C14013C12) 24 X (C|39016C15C14) 38

[IpoBeneHHBIA aHANM3 pACHpPENENICHUS TOTCHIMATBHOW JHEPTHHM  KOJeOaHW 1o
BHYTPEHHUM KOJIEOATEIBHBIM KOOpPJMHATaM TMOKa3bIBACT, YTO OUYEHb WHTCHCUBHBIC MOJIOCHI
normomennst 4111 u 4076 o™’ onpeeNsIOTCS YHCTO XapaKTEPHCTHYECKHMH BaJICHTHBIMH
kosicOanussmMu OH cBs3el, a BBICOKOYACTOTHBIC KOJIeOaHus, JIe)Kalue B MHTEPBaie 4acToT 3268+
3127 cM™ cocpeioTOUCHBI B YHCTO BAJCHTHBIX KoeGanmsx pasandnsix CH csiseil. BaneHTHbIC
konebanust CO m CC cBsa3eit pacrosnaratorces B obsactu 1323-923 cv™. Yacrors B oGnactu
1661+1633cM™ SABIAIOTCS YHCTO XAPAKTEPUCTHUSCKMMH KOJCOAHMSIMH M3MEHEHHS BalCHTHBIX
yrnoB HCH pazmuunbsix CH; rpymm. Jledbopmanmonnsie kosnebanusi BaeHTHbIX yriioB HCO
OTBEYAIOT 3a MosBJIeHue Tosioc 1444, 1432,1402,1398,1320,1381,1375 u 1358 cM™ u BXOIAT B
cocTaB 1oJioc moriomenns 1542 cm™ Hapsay ¢ nedopManuoHHbIME Kojebanusmu yria Hi701C;
1 1417 cm™ Hapsixy ¢ TOPCHOHHBIM KoneGaHHeM AByrpaHHOro yria HasCi2013C14. KoneGanue
yrma H370:C, Berpewaetcs eme B mosioce 1573 et Hapsay C TOPCHOHHBIM KoJicOaHHEM
H19C2C304.  [edopmarmonnsle kosnebanus BajgeHTHbIXx yrioB OCC uw COC  camoit
[OJIMYTHICHIIIIOKONCBON LENOYKH IPOSBISIOTCS B oOmact wactor 618+181 cm™. Ymcro
XapaKTePUCTUYECKUMH JIe()OPMAITMOHHBIME KoJeOaHusIMU BasieHTHBIX yriaoB OCC sBhsiroTCS
roJjocsl noriomienns 584, 579, 571, 562, 380, 372, 358 u 275 CM_l, a yrinoB COC — gactoTsr 618
un 308 cm’. Hemmockme komeGanus wu3MeHeHHs aByrpaHHbIX yrmos HCOC  sBisroTCs
XapaKTePUCTHICCKUMH IS TIoJoc ornomtennst 1564, 1535 u 1522 cm™, Takoke KoneGaHuUs 9TOro
THITa BCTPEYAIOTCS B CMECH C KONCOAHMAMHU M3MeHeHns BaneHTHsIX yrmoB HCO (1417 cm™) u
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pactsxennss ceszu CC (1055 cm™'). Hemmockue KoNneGaHMs H3MEHEHHs IBYIPAHHBIX YIJIOB
HCCO B cMecH ¢ ApyrHMH KojeGaHMsIMH HaOmomaroTcs B momocax 1573, 1358 u 923 cm™.
Ionocsl mornomennst 702 u 545 oM™ SIBISIOTCS XapaKTEPHCTHYCCKUMHM IS HETLIOCKHX
TOPCHOHHBIX KOJIeOaHWN M3MEHEHHsI KOHIIEBBIX NBYrpaHHbIX yrioB HzgO16C15C14 1 H1701CC3
nernouku [12I'5. Hemtockue TopcroHHBIC KOJIeOaHus camoi moiaudTuieHoBol 1nenouku OCCO
OTBEYAIOT 3a MOsIBIEHHE YacToT 216 1 172 cm™, a koneGanust CCOC 3a wactoTsr 132 1 58 cm™ 1
B CMECH JIpYT ¢ Ipyrom B moJiocax 154 u 146 cm™. TakKe TOPCHOHHBIE KOJICGAHMS TAKOrO THIIA
KoJe0aHusl B CMECH ¢ KOJIeOaHHSIMH JPYTOTO THUIIA MPOSIBIBIIOTCS B Mojocax noriomienus 1206,
250,29 1 12 cm™,

Paccmotpum konebanust, 00yClIOBICHHBIC MPUCYTCTBHEM B KOMILJIEKCe aToMa xjopa. 1493
1 1332 cm™ -3T0 4acTOTHI, 0GYCIIOBICHHBIE H3MEHEHHEM YIIa, 00Pa3yIOMIErocs: IPH KOIeOaHHsIX
KoHIEeBOW Tpymnmnbl H3zgO1s MOMMAITUICHIIMKONEBON IIETIOYKH M aTOMOM xJyopa. B aTux xe
9YacToTaX MPHUCYTCTBYIOT HEIUIOCKHE KoyeOanus aByrpanHoro yria HizzCis016Cl. TopcuonHoe
xone6anue HasCi5016Cl mposiBasercs B momoce 920 cm™. Jlpyrue KomeGaHus, 00yCIOBICHHBIE
HAJIMYMEM aToMa XJIOpa, PACIIOJIOKEHbI B HU3KOYACTOTHOW O0JacTh crekTpa. V3meHeHue mpu
KOJIeOaHUSX PACCTOSTHUS MEXKITy aToMOM Kucsioposia O1s M XJIOPOM TMPOSIBISIIOTCA B 4acToTax 98,
80, 68 1 52 cM™, B KOTOpBIX TAK)KE MPUCYTCTBYIOT HEIUIOCKHE KOJTEOAHHS JBYTPAHHBIX yIIIOB
COCC uemnouku [I9I'. U3menenue mpu koneOaHWM yriia, oOpa30BaHHOTO aTOMOM XJIOpa C
atomoM kucyopoaa O16Cis konma nermouku 1915 mpossisrorest B wactotax 13, 20 u 29 em? a
Hertockoe Topcuonnoe kojebanue ClO16C15C14 — B yactotax 12, 13 u 39 emt,

[TpoBeneHHbI aHATH3 TEOPETHUYECKOTO KoJeOaTelbHOTO criekTpa kKominiekca [1915+Cl o
nanebiM pacdeta HF/6-31G(p,d) mMoxkeT momMoYp SKCHEpUMEHTATOpaM Uil HICHTU(DUKAIMN
4acTOT KoJIeOaHWW TpU  HMCCIEAOBAHMH  OKCIEPUMEHTANBHBIX CHEKTPOB  MOTJIOIIECHUS
AQHAJIOTUYHBIX KOMITJIEKCOB.

JINTEPATYPA

1. Hemyxamemoa C.[., I'amxue 3.1., AmmeBa W.H., I'omkaee H.M. HccnenoBanue
MPOCTPAHCTBCHHOW CTPYKTYpPBI OJMTOMepoB momdTHicHrmKonss  PEG4+Cl  wm
PEG5+Cl ¢ aromom xiopa.“Opto,-nanoelektronika kondenss olunmus mihit va yksok
enerjilor fizikasi” VII Respublika elmi-praktik konfransi, Baki, 20-21 dekabr, 2013,
5.259-263

2. emyxamenona C.J., l'amxues 3.1. DnekTpoHHAast CTPYKTypa KOMILJIEKCOB OJIMTOMEPOB
nomdTHIeHTuKosA 11914 u TI0I'5 ¢ atomoMm xjopa. “Teoperndyeckue u MpUKIIaIHbIC
acmeKkThl COBpeMeHHOH Haykn COOpHHMK Hay4yHBIX TpyAOB N0 Marepuasiam VI
MexnyHapoIHOM HayqHO-TIpaKTHYeCKO# KoHpepenuu. r.benropon, 2015, ¢.18-21

KBAHTOBOXUMHWYECKOE NUCCIIEJOBAHUE NTIPOCTPAHCTBEHHOI'O
CTPOEHUSA AH3EPUHA U ET'O MOHOMEPHBIX KOMIIVIEKCOB C HUHKOM
C.A. dlemyxamenoBa
Wuctutyt [Ipobnem ¢usuku, bakunckuit 'ocyaapcTBeHHbIN Y HUBEPCUTET
svetlanabest@mail.ru

B pabome nonysamnupuueckum xeammogoxumuyeckum memooom PM3 usyueno cmpoenue
NPUPOOHO20 OUNENMUOA AH3ePUHA U €20 MOHOMEPHbIX KOMNIeKco8 ¢ amomom yuuxa. Ilonyuensi
2eomempuyecKue U IHepeemuieckue napamempsl 01s U3yYeHHbIX MOLEK)I.

Knrouesvie cnosa: anzepun, komniekc, Cmpykmypa, K8AHMOBO-XUMUYECKUe pacyenivl
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[IpuponHbIi AUTIENTHT aH3EPUH BBITIOJHACT BAXHBIEC OMOJOrnueckue QyHKIuU, 00IagaeT
CIOCOOHOCTBIO MOAYJIHMPOBATh HMMYHHYIO PEAKIUI0 YEJIOBEKa M BO MHOTHX CIIydasx
okaspiBaeTcss B 2-3 pasza d¢ddexkTuBHEe KapHO3MHA, OT KOTOPOTO OTJIMYACTCS HAIUYUEM
METWJIBHON TPYyMIBl Yy OJHOTO M3 aTOMOB a30Ta B MMHUJA30JbHOM KoJjblle. KapHO3WH Hu ero
MPOU3BOJIHBIC MMPHU3HAHBI BBICOKOA(P(PEKTHBHBIMUA aHTHOKCHUIaHTaMu [1]. AH3epuH B 0O0JBIIOM
KOJIMYECTBE HAXOJHUTCS B MBIIICYHBIX TKAHAX YEJIIOBEKA M TTO3BOHOYHBIX )KUBOTHBIX, KIICTOYHBIE
CTPYKTYpPBI KOTOPBIX NPEIOXpPaHSET OT W3MEHEHHH, HACTYMAIOUIUX IPH CTAPCHUHU TKaHEH.
AHzepuH o00JiagaeT CIOCOOHOCTHIO  OOpa30BBIBATH  KOOPAMHALMOHHBIE KOMILJIEKCHI €
pa3IMYHBIMH aTOMaMH MEPEXOJHBIX MeTauioB. B padote [2] Obuto moka3aHO, 4TO aH3EpHUH H
O0COOCHHO €ro KOMIUIEKCHI C LIMHKOM O0JIaJafoT CrocoOHOCThIO 3ammumarhk kietku JJHK ot
MOBPEXKJACHUH, BBI3BAHHBIX HOHM3HUPYIOIIUMHU H3Ty4YCHHUSIMHU.

Panee wmamm Obula uWCClEIOBaHA TPOCTPAHCTBEHHAS W DJEKTPOHHAS CTPYKTypa ABYX
TayTOMEPHBIX (OpPM KapHO3MHA M UX Pa3IMYHBIX KOMIUICKCOB ¢ aToMamu IuHKa [3-6]. lanHas
paboTa TOCBAIIEHA WCCICIOBAHUIO TMPOCTPAHCTBEHHOM CTPYKTYPHI MOJIEKYJ aH3€pHUHA M HX
MOHOMEPHBIX KOMIUIGKCOB C aTOMOM LHHKAa B IBYX TayToMepHbix dopmax N'H u N*H
MMUIA30JbHOTO KOJIBIIA.

Puc.1l. HuskosHepreTuueckue KOHPOPMAIMOHHbBIE COCTOSTHUS MOJIENEelt MONIeKyIbl an3epuna (a,0) u ee
MoroMepHbIX kommrekco ¢ Zn(11) (8,r) B 1Byx Tayromeprsix hopmax N'H u N°H

Ha puc.1 npuBeneHsl pacyeTHbIE MOAETH HCCIIETYEMBIX MOJIEKYIL.

Pacuersl mpoBoamiuchk ¢ wucnonb3oBaHueM mnporpammbl  HyperChem.8.06 moysmmu-
PUYECKHM KBAaHTOBO-XUMHUUYECKUM MeTotoM PM3. Jlns pacyeTa KOMILJIEKCOB aH3epUHA C IIMHKOM
OBLJT UCTIOJIB30BaH HEUTPAIBbHBIN aTOM LIMHKA, CO3JAIOIINIA KOOPIUHAIIMOHHBIC CBSI3U C aTOMaMH
KHCIIOpOJa W JIByMsl aTOMaMd a30Ta THCTUAMHOBOM IIETIOYKH aH3epuHa, 00pasys
KOOPAMHALMOHHYIO IMOJIOCTh, COCTOAIIYIO M3 JBYX XEJIATHBIX KOJEI — ISITH U MECTHYICHHBIX.
Pesynbrarhl pacuera oNTUMU3NPOBAHHBIX T€OMETPUUECKUX TAPAMETPOB -3HAUCHUS JJIUH CBSI3EH,
BAJICHTHBIX U TOPCUOHHBIX YIJIOB BpalleHus: 00001meHs! B Ta01.1-3.
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Ta6auna 1.

Jlmunen cesseit (A) 2-x TayTOMEpHBIX (hOpM aH3epHHA

1 UX KOMIIJICKCOB C TMHKOM ITIOCJIC OIITUMH3allMH PM3
Csas13b Amnzepu | Kommnexc anzepuna | Cs3b AH3zepu Kommeke

H cZn H an3epuHa ¢ 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 1.53 1.52 1.52 1.53
C2-N3 1.35 1.40 1.35 1.40 C12-N13 148 148 151 1.50
N3-C4 1.39 141 1.39 141 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 141 1.40 141 1.40 C10-016 1.22 1.22 1.23 1.23
C5-C6 148 148 1.49 148 N1-C30 - 1.46 -
C6-C7 1.54 1.54 151 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 148 149 1.37 1.36 015-Zn 221 218
N9-C10 143 143 1.43 142 N13-Zn 2.07 2.08
C10-C11 | 152 1.52 1.53 1.53

JloGaBlieHWe METHJILHOW TPYNIBI K OJHOMY W3 aTOMOB a30Ta B MMHA30JIbHOM KOJIBIIC
MIPUBOJNT K PACTSHKSHHIO MTPAKTUYCCKH BCEX JUIMH CBSA3CH MMHJIa301bHOTO KOJIbIIA aH3EPHHA 110
CPAaBHEHMIO C paHee M3YYeHHbIM HaMM KapHo3uHOM [3-5] Ha ~0.05A. Bce /1iuHBI BaNeHTHBIX
CBS3¢H B WMHUAA30JIBHOM KOJblle aH3epuHa ~1.39+1.41 A 3a ucxmouenunem cBszu CoNj3 B
tayromeproii popme amsepura N'H u cessum NiC, B Tayromeproit ¢popme N°H, xoTopsie He
MEHSIOTCS.

Kaxk BuaHO U3 Ta61.1, npu KoMIiekcooOpa3oBaHUU ¢ IIMHKOM B 000MX MOJEIISX aH3epHUHA
HaOJNIOJaeTC 3HAYUTENbHAs jAedopManys B JUIMHAX BAJICHTHBIX CBS3CH, OOpa3yrOIIMX
KOOPAMHALMOHHYIO T0N0CTh - Ha 0.72A yBenuuuBaercst paccrosiaue Mesxay aromamu C7-Cg 1
ma 0.11A ymenbiarorces umHb cBsizeir C7Ng u CgO15. HesnaunTenpHas nedopmarus Ha 0.03A
xapakTepHa jyis JinH BaeHTHBIX cBsi3eit CeCr(]), Cg014(]) 1 C12N13(1).

Tadauna 2.
BanenTtnbie yriel (rpan) 2-X TayTOMepHBIX (opM aH3epHHA
1 UX KOMILIEKCOB C IIMHKOM I10cjie onrumMu3anuu PM3
Vron AnzepuH Kommneke VYron AnzepuH Kommneke
aH3epuHa ¢ Zn an3epuHa ¢ Zn
N'H N°H [ N'H+Zn [ N°H+Zn N'H | N°H N'H+Zn | N°H+Zn

Cs-Co-C; 1134 1125 1114 1117 N;-C5-N3 108.1 | 107.9 108.0 107.9
Ce-C+-Cs 107.7 108.0 974 106.8 C,-N;-Cy 1089 | 108.9 109.0 108.9
C6-C7-N9 113.7 1129 1175 126.2 N3-C4-Cs 109.0 | 105.7 109.0 105.7
C7-N9-C10 121.2 1212 1218 129.7 C4-Cs-Ny 1055 | 108.8 1055 108.8
Ng-C15-Cyy 116.0 1155 1195 112.8 Cs-N;-C, 1085 | 108.8 108.6 108.8
Ci10C1iCyp 1122 1125 117.8 1119 Cg-0O15-Zn - - 1100 1115
C11-Cip-Nyg 109.8 109.9 113.1 1111 O15-Zn-Ng - - 89.3 90.9
C:+Cs-0y4 1293 129.1 104.9 1075 C+Ng-Zn - - 1058 109.7
C+-Cs-055 1145 115.0 109.3 109.6 Cs-C7-Ng 1076 | 107.1 100.9 101.3
014-C5-O15 116.2 116.0 145.7 1429 O15-Zn-Ny3 - - 1034 97.74
Ng-C15-O16 118.9 1193 1204 1249 C12-Ny3-Zn - - 100.3 108.8
046-C10-Cyy 125.0 125.1 120.0 122.3 N;3-Zn-N9 - - 98.6 1064
C12-Ny3-Hyr 109.3 109.2 - - Zn-Ng-Cyp - - 1212 1135
C12-Niz-Hys 109.8 109.7 - - Cs-N;1-Cyo 126.2 - 126.0 -
Hp7-Ni3-Hapg 109.1 109.0 - - C,-N;-Cgo 125.1 - 1255 -
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N;-Cs-Cq 126.5 1227 126.0 1233 C,-N3-Cgo 126.1 - 125.7
C4Cs-Cs 1279 1285 128.5 1278 C4-N3-Cgo 1250 - 1254

[Ipu koMIuIeKCOOOpa30BaHUK aH3EPHHA C aTOMOM ILIMHKa 00pa3yeTcsl KOOpAWHAIIMOHHAs
MOJIOCTh, COCTOSIINAST M3 JBYX XEJIAaTHBIX KOJICIl —IATH- U MIECTUYICHHOTO, UMEIOIINX OOIIYIO
KOOPJIMHAIMOHHYIO CBsi3b ZN-Ng. CoracHo pe3ynbrataM pacuera (Tabn.l) xemaTHble KOJbIA B
000MX KOMILJIEKCAX COTHYTBl OTHOCHUTENBHO oO0meit cBsizm ZNn-N9 Ttakum oOpaszom, dTO
BaieHTHBIN yron C7NgCio ¢ omHO# cToponsl cBsizu ~125°, a yron O15ZnNi3 ¢ Apyroil cTOPOHBI
cBsi3u ZN-Ng ~100°, dhopmupys CTpyKTypy, B KOTOPOH MOJIOCTh HMEET BUA «Kpeciia». OTin4due B
BAJICHTHBIX YIJIAX XelaTHbIX Kouer amsepuHaN'H+Zn u amsepuraN’H+Zn ne npesprmaer 10°,
Banentnbie yriael monoctu Ng-Zn-Ois 1 Ng-Zn-N13 B ucclieyeMbIX KOMIUIEKCAaX MPUHUMAIOT,
KaKk ¥ B KOMIIJICKCAX KapHO3WHA, 3HAYCHUS, ONHM3KHE K TPSIMOMY yriy. B HMMHIa307IbHBIX
KOJIBIIAaX MPU KOMIUIEKCOOOpa30BaHUU BAJICHTHBIC YIJIBI HE MPETEPICBAIOT U3MCHCHHH.

Ta6auna 3.
TopcuonHsble yritel (rpaa) 2-X TayTOMEPHBIX GopM
AH3€PHHA U UX KOMILJICKCOB C IIMHKOM IIOCJIE OITUMH3allun PM3
Yroa Amn3epun Kommuiexe Yroa Amn3epuH Komnuexe
aH3epuHa ¢ Zn aH3epuHa c Zn
C5-C6-C7-C8 1783 | 1745 | 1521 | 1565 | N13-Zn-N9-C7 | - - -151.8 | 139.3
C5-C6-C7-N9 -625| -67.3| 1015 | -852 | N13-Zn-N9- - - -7.6 -14.3
C10
C6-C7-C8-015 -101.2 | -115.4 92.1 | 159.0 | 015-Zn-N9-C7 | - - -484 | 41.0
C6-C7-N9-C10 1024 | 118.0| 158.1 | -12.6 | O15-Zn-N9- - - 95.8 -112.6
C10
C7-N9-C10-C11 -164.2 | 122.8 | 166.2 | -170.1 | C7-C8-015-Zn | - - -6.9 33
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 | -665 | -87.2 | C8-O15-Zn- - - 126.7 | -128.0
N13
C11-C12-N13-H28 | 172.8 | 174.9 - - | C6-C7-N9-Zn - - -58.0 | -160.5
C11-C12-N13-H29 | -675| -65.8 - - | C11-C10-N9-Zn | - - 217 -23.1
N1-C5-C6-C7 -70.7 | -789| -635| -64.6 | C30-N1-C5-C4 | -177.0 | - 1795 | -
C4-C5-C6-C7 1129 | 103.0| 1188 | 1175 | 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 - -] -395 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

Paznuuue B CTPYKTYPC ABYX TAYTOMCPHBIX (bOpM CBO6OI[HOFO dH3CPHHA U UX KOMIIJIICKCOB
C aTOMOM IIMHKa OTPpaXaroTCA Ha BCJIIMYHHAX MMOJTHOM OHCPIruv U JUIIOJIbHOI'O MOMCHTA (Ta6J'I.4).

Taoauna 4.
DHepreTHYecKue mapaMeTphl U AUMOIbHBIE MOMEHTHI 2-X TayTOMEPHBIX
(dhopM aH3epHUHA U X KOMIUIEKCOB € IIMHKOM T0CJIe onTuMu3anuu PM3

Kapnosun u ero DHepreTuyecKre mapamerpel,
KOMILIEKCHI ¢ ZN KKaJl/MOJIb D
E E.. E E
nonn.* . or. B,
Anzepun N'H - - 3 -
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68313.0 | 446600.7 | 78287.7 | 32821 .0

Anzepun N°H - - 3 -
68312.0 | 438295.1 | 69983.0 | 32812 | .7

Amzepun N'H+2Zn - - 3 -
68548.7 | 449529.9 | 80981.2 | 3187.7 | .3

Anzepun N°H+2Zn - - 3 -
68550.8 | 4427716 | 742208 | 31898 | .2

O6e dopMbl CBOOOAHOrO aH3epHHA TOYTH PABHOIMPABHBI 1O JHEPTrUU, a HEOOIBIION
BBIMIPBIII TI0THOH SHeprin Ha 1.0 kKkax/Monb B momb3y dopmsr N'H maer snextpornas sueprus.
KowmrmiekcooOpa3oBanue aH3epuHa C aTOMOM IIMHKA MPHBOJUT K TIOHIKEHUIO OSHEPTHUH.
MoHOMepHBIE KOMIUIEKCHI aH3epUHA C IIMHKOM OKa3bIBAIOTCS MPEANIOUTUTEBHEH UX CBOOOTHBIX
dopm. TIpu 0oGpasoBaHMM MOHOMEPHOrO KoMIUIekca KapHosmHa N'H ¢ munkoM momHas u
AJIEKTPOHHASI SHEPTUsl yMEHbIIAOTCs Ha 235.7 u 2929.2 kKkan/Moib COOTBETCTBEHHO, B TO BPEMsI
KaK BCIEICTBHE CUJIBHOTO OTTAJKMBAHUA SIEp aTOMa IIMHKA W aTOMOB KOOPAWHALMOHHOM
MOJIOCTH, JHEpPrusi CBsA3bIBaHUS yBenuumBaercss Ha 94.4 xkan/monb. [lpu oOpasoBanuu
MOHOMEPHOro KoMIuiekca amsepua N°H ¢ [MHKOM TOMHAs M SMCKTPOHHAS 9JHEPIHH
YMEHBIIAIOTCA COOTBETCTBEHHO Ha 238.8 m  4476.5 xkan/Moiab, a  DJHEPTHUS CBS3BIBAHMS
yBenmunBaetcs Ha 91.4 kkan/Mous. PasHOCTS dHEpIHii Mex /Iy KoMruiekcamu amsepuaa N°H+Zn
1 N'H+Zn cocraBmster 2,1 Kkan/Moiib, 4TO YKasblBAeT HA GONBIIYIO CTAGHIBHOCTH KOMIUICKCA
aH3epHHA C LMHKOM ¢ (opMoil mMumasompHoro kombia N°H. Takum 0GpasoM, moxydeHHbIe
pe3yIbTaThl CBHACTEIBCTBYIOT, 4TO TayToMepHas (opma amsepuna N°H oGpasyer Gouee
YCTOWYMBBIA KOMIUIEKC C IIMHKOM, HECMOTpPS Ha TO, YTO B CBOOOJHOM aH3epHHE OoIee
TPEANOYTHTENBHOI ABISETCS CTPYKTYpa ¢ hOpMOii mMuIa30 16HOr0 Koibia N'H.

Kax BuaHo w3 Tabm.4, BenWYMHA TMOJHOTO JUMOJIBHOTO MOMEHTa Y MOHOMEPHOTO
KOMILIEKCA aH3epI/IHaN1H+Zn paBra 7.3 D, T.e. Ha 4.3 D BbIIIIC BEIMYNHBI TATIOJIHHOTO MOMEHTA
cBoboHoro amsepuraNH. BeuanHa MOIHOrO AUTONBHOTO MOMEHTA MOHOMEPHOrO KOMILTEKCA
ansepuraN>H+Zn ua 1.5 D Bblle BeIMUMHBI JUIONBHOTO MOMEHTa CBOGOHOTO am3epuna N°H.
Ecim y cBOOOAHBIX MOJEKYN aH3epUHA pa3HHIA MEXIY BEJIWYMHAMHU TUTOJIBHBIX MOMEHTOB
nByXx ¢opm coctapisieT 2,7 D, uto roBopuT 0 60IbIIEH KOMITAKTHOCTH MOJIeKYI bl an3epuHaN1H,
TO TIOCJI€ CO3JaHUS MOHOMEPHBIX KOMIUIEKCOB C IIMHKOM BEIMYWHBI JHUIOJIBHBIX MOMEHTOB
NPUOOPETAIOT MPAKTUIECKH OJIMHAKOBBIC 3HAYCHHUS .
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3JJEKTPOHHO-KOH®OPMAIIMOHHBIE CBOMCTBA JTEPMOP®UHA
I''A. AxBepaueBa
Hucmumym puszuueckux npoorem, baxunckuii I'ocyoapcmeennviii Ynusepcumem,

hagverdigulnara@gmail.com

H3yuena monexynsipuas OUHAMUKA MOIEKYIbl OepMOPPUHA U Onpedenensl Hauboiee 6eposimuble
KOHPOPMAYUOHHbIE COCMOSAHUS 6 OKPECMHOCMAX NOKANbHbIX MUHUMYMOS C YYemoM GOOHOU cpedbl ¢
ucnonvzoganuem cunogozeo noasi AMBER. Onexmponnas cmpyxkmypa onmumanvuwix xougopmayui
oannoui monexynvt ucciedogana memooom CNDO, napamempusoeannvim 0 pacuema 31eKMpOHHBIX
cmpykmyp buononumepos. B pacuemax Oviia UCNOIb308AHA OEMOHCMPAYUOHHASL 6EPCUs NaKema
npozpamm HyperChem.

Kniouesvie cnosa: Oepmopun, Kongopmayusi, MOAEKVIAPHAS —OUHAMUKA, DAEKMPOHHAS

cmpykmypa

B mpempiaymux Hamux paboTax ObUIM W3YyYeHbl KOH(MOPMAIMOHHBIE NPOQHIN U
KOH(OpMaIMOHHas TUHAMUKa Mojekynbl aepmopduna (Tyr-DAla-Phe-Gly-Tyr-Pro-Ser-NHy)
[1, 2]. B nmpencraBneHHoit paboTe MPOMOIDKEHO CHCTEMAaTHUYSCKOE  HCCIICIOBAHUE
MPOCTPAHCTBEHHONH CTPYKTYpbl JaHHOW Mosiekynbl. C 1[elbl0 HM3y4eHHS YCTOHYHBOCTH
ONTUMATbHBIX KOH(POPMAIIMOHHBIX COCTOSTHUM B YCJIOBHUSX, MOJACTUPYIOIIUX PEaTbHOE BOJIHOE
OKpy)XeHHEe, OblIa TpOBEIEHA MOJIEKYJspHas IWHAMUKAa JepMOpPHUHA B TUIOTETHUYECKOM
o0beMe, coaepKameM MOJIEKYJIbl BOAbl. MoeKynspHas JIWHAMHUKA BBINOJHAIACH TPU
MOCTOSSHHOM 4YHCJIE YacTUI[ C UCHOJb30BaHWeM cujoBoro mnoinss AMBER ¢ momomisio
nporpamMHOoro makera HyperChem, mocrymHoro Ha caiite kopnopauuu Hypercube
(http://www.hyper.com/) [3, 4]. Bruta ucnonap30BaHa MPOIEAYpa COJNLBATAIMU C MPUMEHEHUEM
MOJIeJIN BOABI B 3aJaHHOM cdepuueckoM odbeme TIP4AP. B pesynbraTe mporecca cuMymsuuu
OTIpe/IeTICHbl TpeeNibl U3MEHEHUS! JABYTPAHHBIX YIJIOB BPALICHHUS M MEKaTOMHBIX PacCTOSHHMA
MEXJy aMHHOKUCIOTHBIMU OcTaTKamu. KoOJIMuecTBEHHAst OIICHKAa MEXATOMHBIX PaCCTOSHUI
MoKa3aja, 4YTo MPH MOJCITMPOBAHUU OCTAIOTCS HEU3MEHHBIMH JUCIICPCUOHHBIE KOHTAKTHI MEXITY
AMUHOKHCIIOTHBIMA OCTaTKaMH B MEPBOW M YETBEPTOW MO3UIUAX MENTUAHON LIEMU MOJICKYJIHI.
N-KOHIIEBOM TETpAaNeNTUIHBIA YYaCTOK MOJEKYJIBl COXPAaHSET CBEPHYTYIO CTPYKTypy Ha
NPOTSHKEHUHM MOJIEKYJIIPHOM JMHAMUKH, 32 BPEMs CUMYJIALMU paccTostuue Mexay C’-aromamu
YKa3aHHBIX OCTAaTKOB He npesbimaet 7A. CTpykTypa JaHHOTO y4acTKa II0 OKOHYAHHMM TPOIIEcca
MO/ICTTUPOBAHMS MPAKTUUECKH HE OTIMYACTCS OT HAYAJLHOTO dTarna. MOXXHO NPeIoI0KHITh, YTO
KOH(pOpPMAIMOHHAsI YCTOMYMBOCTh JAHHOTO YYacTKa WIPAaeT OMpeAeNCHHYI0 pOjb B
(YHKIIMOHATBHON aKTHBHOCTH HCCIEIyeMOil MoieKkyibsl. B To Bpems kak anst N-KOHIEBOTo
ydqacTka HaOmromaeTcss JKeCTKOCTh, st C-KOHIEBOTO YYacTKa MCCIEAYeMON MOJIEKYIIbI
XapaKTepeH BBICOKUI YPOBEHb IMOJBIKHOCTH. 3a BpeMsi CUMYJISIMHU TPOUCXOIUT CONMKEHUE
aToMOB OOKOBBIX meneir octatrkoB Phe3 wu Tyr5, B pesynbrare KOTOPOrO TPOUCXOIUT
o0Opa3oBaHNe BOJAOPOJHON CBS3M MEXAY THIPOKCHIBHOM TpymImoil ocraTtka TYrS m OCHOBHOM
nenpio  ocratka Phe3. Takoe koHpOpManMOHHOE TOBEACHUE OOBSICHACTCS MPUCYTCTBHEM B
nenTuHO M nern ocrtatka Gly4, xapaktepusyromierocss KOHGOPMAIIMOHHOW CBOOOI0I BpameHUs
BOKPYT CBsI3eil C*C'u C-N, MIPUAAIOIICH ONPeAeICHHYI0 THOKOCTh MENTHIHOM e OTMeTHM,
YTO MOCKOJIBKY CHCTEMa HAXOUTCSI B PABHOBECHOM COCTOSIHMH, BO3MOYKHBIE KOH(POPMAIIMOHHBIE
W3MEHEHUS SBISIOTCS OOpaTUMBIMH. [l MOTIONHUTENBHON KOPPENSAIHUU MPOCTPAHCTBEHHOM
CTPYKTYphl U CTPYKTYpHO-(Q)YHKIIMOHAJIHHOM B3aMMOCBS3M AepMopduHA OBUTH H3YYEHBI €ro
AJIEKTPOHHO-KOH(OpManMOHHbIE cBoiicTBa. C 9TOM 1enpl0 HamMu Obla  HCClienoBaHa
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AJIEKTPOHHAsT CTPYKTypa ONTHUMalbHBIX KoH(opmammii nepmopduna metogom CNDO,
MapaMeTPU30BAHHBIM JUIS pacdyeTa JJIEKTPOHHBIX CTPYKTYp OHMOMOJMMEPOB B MPUIIOKEHUH K
JIEMOHCTPAIMOHHON Bepcuu maketa nporpamm HyperChem [4]. Ilpu onTuMu3anum 3IeKTPOHHON
SHEPTUM B KaUECTBE HYJICBBIX MPHUOIKEHUH ObLIM pacCMOTPEHBI PABHOBECHBIE KOH(PHUTYpaluu
S7Iep, COOTBETCTBYIOIINE I€OMETPHH ONTUMAIBHBIX CTPYKTYp AepMopduHa. beuin paccuuTanbl
OCHOBHBIC  MapaMETPbl,  XapaKTePU3YIOIIUE  DIEKTPOHHYIO  CTPYKTYPY  MOOJICKYJIBI:
pacmpesesieHue SJCKTPOHHOM IUIOTHOCTH, TMapIUAIBHBIX 3apsOB Ha aroMmax, OJHEpPrui
MOJICKYJIIPHBIX OpOMTANeH, SJICKTPUYECKUA AUIMOJBHBIA MOMEHT MOJEKYJIbl, a TaKXe Pl
HHEPreTHYECKUX MMapaMeTPOB, TAKHE KAaK MOJTHAS SHEPT U, SHEPTHUS CBSA3BIBAHUS, H30JIUPOBAHHAS
aTOMHasi DJHEPTHUs, OJJIGKTPOHHAS DHEPTUsl, HHEPrHUs SACPHBIX B3aUMOJICHCTBUHM, TEIUIOTA
00pa30BaHMs, SHEPTUU BBICIIEH 3aIOJIHEHHOW M HU3IICH BaKaHTHOW MOJIEKYJSIPHBIX OpOuTalieH,
Jaromux HOOPMAaNUi0 00 yCTOHYMBOCTH MOJEKYJBL. YCTAaHOBIEHO, YTO paccMaTpUBacMbIC
KoHpoOpMaIuii XapakTepusyercss CHenupuIecKuM pacrnpeaesieHueM 3JIeKTPOHHOW IUIOTHOCTH.
CrnenyeT oTMETUTH, YTO KOH(GOPMAIIMOHHBIC TMEPEXOAbl B MpeAesiaX MalbIX 3HAUCHUN SHEPrHHU
PE3YIBTUPYIOTCS (IYKTyallUSIMH TUIOTHOCTH 3apsifia Ha OINpPEAENCHHBIX TpyNIax aTOMOB, HE
npesbimamuM 18%. Bo Bcex koHpOpManmsax UMeeTcst 30Ha BRICOKOW JIEKTPOHHOM MJIOTHOCTH,
MOJIBEPIKEHHAs aTake dJEKTPOPMIBHOTO peareHTa. ONTUMANIbHBIM KOHpOpMaIsaM aepMophuHa
NPUCYIIH HU3KHE 3HAYCHHUsS JHIOJIBHOTO MOMEHTa M dHeprudm Epomo, XapakTepusyromen ero
AJIEKTPO-JOHOPHBIE CBOMCTBA W BBICOKWE 3HAUEHUS dHEPTruu E(ymo, ompepemnstonieil sHepruro
aKTUBalMu. MOXHO CJIenaTh BBIBOJ, YTO HHU3KOIHEPTETHUECKUM CTPYKTYpPaM CBONCTBEHHBI
HE3HAYUTETbHAs XUMHUUECKasl PeaKIIMOHHAs CIIOCOOHOCTH U c1a0ble 31eKTPOIOHOPHBIE CBOMCTBA.
ComocraBieHre pacCUMTAHHBIX MApPaMETPOB JaeT HaM MpPaBO YTBEPXKIaTh, YTO HauOoJee
YCTOWYMBOMY 3JIEKTPOHHOMY COCTOSIHUIO JepMOp(HHA OTBEYAIOT CTPYKTYPHI, COIEPIKAIIUE O-
criupaib Ha N-KOHIIEBOM IMEHTANENTUAHOM y4YacTKe, a TaKKe CTPYKTYPHI, XapaKTepU3yIOIIasics
IBYMsI 3 —TIOBOPOTaMU B TMOJHIIENITUAHON 1ienn. HecMoTpst Ha KoH(OpMamoHHbIE 0COOEHHOCTH
UCCIIETyeMbIX CTPYKTYp, Pa3iuuus B 3apsgax KacaloTcs B OCHOBHOM aTOMOB OOKOBBIX Iemeit
OCTaTKOB, BXOJSIIMX B TPHUIENTUAHBIN (parmeHT TYr5-Ser7 monekynsl, a Takxke atomoB C-
KOHIIEBOM aMUIAHOM TpyHIlbl. YCTAHOBJICHO, 4YTO pAacHpeNesicHHe 3apsiJoB Ha aToMax
(dapMakoOpHBIX 3JIeMEHTOB (0-aMUHOTPYIIIBI, OOKOBBIX IIeTIEHl OCTATKOB THPO3WHA U
(eHMamaHnHA) BO BCEX ONTUMAJBHBIX CTPYKTYpax CXOXKee, YTO OOBSICHSICTCS OJUHAKOBBIM HUX
pacrosioKeHneM B TPOCTPAHCTBE JPYyr OTHOCUTENbHO aApyra. llo-BuamMoOMy, OCHOBHBIM
KpUTEpUEeM OMOJOTHYECKH aKTUBHBIX KOH(GOpPMALMi MOJEKYbl IepMOpPUHA SBISIOTCS 00IINe
3aKOHOMEPHOCTH B 3JICKTPOHHBIX CBOMCTBaX (hapMako(pOPHBIX AIIEMEHTOB, CBS3BIBAIOLIUXCS C
PELEeNTOPOM U 3aHMMAIONIMX OJMHAKOBOE IMPOCTPAHCTBEHHOE PACIONOXKEHHE, YTO SIBIISACTCS
NPUYUHON CHEIU(PUUECKOTO pacpeeNieHUs JIEKTPOHHON TUIOTHOCTH M MapIHAIbHBIX 3apsI0B
Ha 3JIEKTPOOTPHUIIATEIbHBIX aTOMaX COTM3UBIIUXCS B MPOCTPAHCTBE YYACTKOB MOJIEKYIIBI.
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TEOPETUYECKHH MMOJXO/1 K PEHIEHUIO ITPOBJEMBI CTPYKTYPA-
OYHKIUA JEJIBTOP®UHOB
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B pabome npeocmagnenvi pezynvmamvl UCCie008aHUL MEMOOAMU MOIEKVIAPHOU MEXAHUKU,
K6AHMOBOU XUMUU U MOJEKYIAPHOU OUHAMUKY GAJCHBIX ACHEKMO8 CMPYKMYPHO-DYHKYUOHATHHBIX
OMHOWEHUl TUHEUNbIX ONUOUOHBIX nenmudos derbmopgunos | u . [lpeononacaemcs, umo mexanuzm
DPeyenmopHo2o CeA3bIBAHUL MONEKY 0eNbMOPPUHOE 3aKTI0UAemCs 6 00pa3068anuu 6000POOHBIX CEA3€l C
yuacmuem UoHU3UPYEMbIX QYHKYUO HALLHBIX SPYII MOAEKYIL.

Knioueevie cnosa:. oOervmopghunvl, Kougopmayus, cmpykmypa-@yukyus, dapmaxoghopHule
91eMeHmbl

B npeacraBneHHol paboTe MPUMEHEH TEOPETUUYECKHI MOAXOJ K PEIICHUIO MPOOIeMbl
CTpYKTypa-pyHKIMs omuouaHbix nentunos neneroppuna | (Tyr-DAla-Gly-Asp-Val-Val-Gly-
NH2) u nensropdpuna Il (Tyr-DAla-Gly-Glu-Val-Val-Gly-NH2), umerommux BbICOKOE POACTBO U
U30UPaTeNbHOCTh K JICTbTA-OMUOU I CBs3bIBaOmMM Mectam [1]. Meromamu monekymspHOT
MEXaHWKH, KBAaHTOBOM XUMHUH M MOJICKYJISIPHOW TWHAMHKHU OIpPEeIeHbl KOH()OpPMAIMOHHbBIE
npoUITH MEeNTHAOB, TEOMETPUIECKHIE, SHEPTETHUECKHE U IEKTPOHHBIE ITApaMETPhl CTA0MIBHBIX
COCTOSIHUH, a TakKe HamOosee BepOsSTHbIE KOH(POPMAIMOHHBIE COCTOSIHHS B OKPECTHOCTSIX
JOKAIbHBIX ~ MUHUMYMOB. [lodydyeHHBIE JaHHBICE TO3BOJMIM  W3YYUTH  DJICKTPOHHO-
KOH(OPMAITMOHHBIE CBOMCTBA, MOJBMKHOCTh (DYHKIIMOHAIBHBIX ()ParMEHTOB U aTOMHBIX TPYII
WCCIICIOBAHHBIX MOJIEKYJ, a TaKXe BIUSHHUE BOJHOTO OKPYKEHHS Ha HUX JUHAMHYECKUE
XapaKTePUCTHKH.

VYcraHoBiI€HO, YTO CTAOMIBHOCTh TPOCTPAHCTBEHHOW CTPYKTYpPhl AEIBTOP(HUHOB
OTpesieNIsieTCs] B3aUMHBIM PACIOJIOKeHHEM (papMako(OpPHBIX 3JIEMEHTOB. O —aMHUHOTPYIIIIH,
(deHoNMBHOTO KOJbIIa ocTaTka TYrl, a Takke apoMaTHYecKoro Koiblla ocrtatka Phe3 wu
3apsbKeHHBIX Tpym octaTkoB ASp u Glu u xapakrepusyeTcst criemupHUecKiM pacipeaeIeHueM
AJIEKTPOHHOHN IJIOTHOCTH, YTO WIPAET BAXXKHYIO POJIb NMPU B3aUMOJCHCTBHUH C PELETITOPOM.
MOXHO TPEINOJI0XKUTh, YTO 32 aHAIBIETHUECKOE [EHCTBHE AETbTOPPUHOB OTBETCTBEHHBI
CTEpUYECKH BEPOSTHBIE MPOCTPAHCTBEHHBIE CTPYKTYPHl WX N-KOHIEBBIX TETPaNEHNTHIHBIX
(bparMeHTOB, XapaKTepU3YIOMHecs KOH(POPMAIMOHHONW >KECTKOCTHIO TMENTHIHOTO OCTOBA,
CTAOMIM3UPYIOMIYIOCS COJIEBBIMH MOCTHKaMU MEXTy N-KOHIEBBIM aTOMOM a30Ta M aTroMamMH
KHCJIOpo/ia OOKOBBIX Tierieil 3apshkeHHbIX octaTkoB ASpP u Glu, cootBeTcTBeHHO, B HenbTopdrHe
| u nenpropdune Il. YcranoBineHo, 4TO ONTUMANbHBIE CTPYKTYpPHI NEIbTOPOUHOB, KaKk u
nepMop(drHa, XapaKTepU3YyIOTCS CBEPHYTOCTHIO OCHOBHOM IETH UMM THIHOTO cermeHTa 1Yyrl-
DAla2. YkazaHHOe MUHUMAJILHOE CTPYKTYpHOE TpeOOBaHKE, IMO-BUAUMOMY, SIBJISETCS BAXKHBIM
Ui (PU3MOJIOTUYECKON JEATETbHOCTH OTUX MOJEKYl M 00ecrnedynBaeT yCTOWYHMBOCTH
COOTBETCTBYIOIIEH XWMHUYECKOW CBS3M K JCHCTBUIO (PEpPMEHTOB B Mpolecce MeTadonm3ma
nentuaoB. [lomydeHHble IaHHBIE MOATBEPXKIAIOTCS pabOTamM, YyKa3blBAIOIIMMHU Ha TO, YTO
MenTUIHas CBsI3b |Yrl—Xaa2 MoxeT ObITh OTBETCTBEHHOH 3a CBSI3BIBAHWE OMHUOMIHBIX TICTITHIOB
¢ peuentopoM [2]. YcTaHOBIEHO, YTO B BOJHOM Cpele aTOMbl B OOKOBOH IICNMHM THPO3HHA,
CBSI3aBIINCH C OMPEACNICHHBIM YMCJIOM MOJIEKYJ BOJbI, OTPAHUYUBAIOT MOJABIKHOCTH JAHHOTO
OCTaTka M B IEJIOM BCEH MOJEKyJIbl. MOXHO NPEANOJOKUTh, YTO IPH WHTHOMPOBAHUHU
depmentoB OokoBas memb T1Yrl, ocBoOOXHasick OT MOJEKYT BOJbl, YYacTBYeT B
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MEXMOJICKYJSIPHBIX KOHTaKTaxX B pOJIM CyOCTpaTa. DTO MPEANOJIOKEHUE TOATBEPIKAACTCS
pabotoii [3], B KOTOpO# mpenarnoiaracTcsi, 4TO0 THAPOKCUIIbHAS TPYIINA JAHHOTO OCTATKAa MOXKET
y4acTBOBaTh B POJIM JIOHOpA WJIM aKIENTOpa B YCTAaHOBICHHHM BOJOPOJHOW CBS3H C MEHEE
KHCJIBIMH THIPOKCHIIBHBIMU TpyIIaMu perentopa. OTMeTuM, 4To 00KOBBIE Iienu ocTatkoB Val5
u Val6 nposiBHIIM ONpe[eNCHHYI0 IUHAMHYHOCTh B MPOLECCE CHMYIUPOBAHHS, KOTOpas
MO3BOJISIET, TO-BUAMMOMY, Yy4YacTBOBaTb HM B PELENTOPHOH W30UPATEIBHOCTH MOJICKYJI
nenbroppruHoB. O BO3MOXKHON TONOTpaUIECKO posiu yKazaHHBIX THIPO(OoOHBIX ocTaTkOB C-
KOHIICBOTO aPECHOT0 TOMEHA, 3aKIIOYAIOIICHCs B CXOXKHUX KOH(POpPMAIHOHHBIX d(pdexTax ux
OOKOBBIX IIeTIeH, 00cyKaaeTcs B padore [4].

[TosrydeHHbIE CTPYKTYpPHBIE JaHHBIE JAIOT BO3MOXHOCTBH MPEIIOJIOKHUTH, YTO CBS3BIBAHUE
MOJIEKYJI AENbTOPUHOB C PEHENTOPAMU MOXKET OCYILIECTBISITHCS IMOCPEACTBOM BOIOPOIHBIX
CBsI3eil C Yd4ACTHEM MPOTOHMPOBAHHOTO aTOMa a30Ta, TMAPOKCHIBHON IPYMIBI octatka Tyr' u
KapOOHHMIBHBIX TIPYII GOKOBBIX memeil ocratkoB Asp® u Glu®. Iloxoxe, uro Hammune
OTPHUIATENIFHO 3apsKEHHON TPYIIBI AaTOMOB B MOCIIEA0BATEIILHOCTH JeIbTOP(HUHOB HEOOXOIUMO
JUTS DIIEKTPOCTATHYECKOTO MPUTSIKEHHS K TMOJIOKHUTEIBHO 3apSyKEHHBIM CBS3BIBAIOIIUM MECTaM
d-omuaTHBIX perenTopoB (Arg292) u 2IIEKTPOCTATHYECKOTO OTTAIKWUBAHHS OT OTPULATEIHHO
3apsHKEHHBIX MECT -perientopa. [lomydeHHBIE CTPYKTYypHBIC NaHHBIC MPEACTABISIIOT UHTEPEC
JUIsE OOBSICHEHHS Ha aTOMHO-MOJIEKYJIIPHOM YPOBHE MeXaHH3Ma (hPU3MOJIOTHIECKOTO JICHUCTBUS,
JIeKalIeT0 B OCHOBE aHAJIBIeTH4eCKOoro d(ddexra onmmatonogoOHBIX MENTHIIOB, & TAKKe MOTYT
OBITH UCTIONIH30BAHBI IPU MTPOEKTUPOBAHUY NPETNAPATOB, MPOSIBISIOMNX YCTOWIMBBIA U CUITBHBIN
aHanmpreTuyeckuit 3pdexT.
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B pamkax mexanuueckoii moodenu MONEKYIbl MeMOOOM AMOM-AMOMHBIX NOMEHYUAL08
paccuumanvl KoOHpopmayuorusie sozmodchocmu memuramuoa N — ayemun — L — cmamuna.
Yemanoenen mabop nuskosnepeemuuecxkux xowgopmayuii memunamuoa N — ayemun — L —
cmamuna.

Cratun (Sta) o- aMHHOKHCIOTA, OTJIMYAMOMIASACS OT JICUIMHA XMMHUYECKAM CTPOCHHEM
OCHOBHOM IICTIM U BXOJHT B COCTaB MPUPOJHOTO MHTHOMTOpPA MEHHUIMILIONCIICUHA TeTICTaTHuHA
(Iva- Val — Val — Sta — Ala —Sta) u ero cuntetuueckoro ananora (lva — Val — Val — StaOEt). [{ns
NOHUMAHUSL CTEPCOXMMHUYCCKUX MPUYUH WHTUOMPOBAHUS IECHUIMIONCIICHHA HEOOXOIMMO
3HaHUE KOHPOPMAITMOHHBIX BO3MOKHOCTEH CBOOOTHON MOJICKYJIbI CTATUHA.

Kondopmannonnas sHeprus Monekynbl (Ewup) HpencTaBmsiack HaMum Kak CyMMa
HeBATCHTHBIX (Ejepan), 27MekTpocTatmueckux (E,;) B3aUMOACWCTBHIA, a TaKKe TOPCHOHHBIX
BKIa10B (Eop.) 1 5HEprum Bogoponnsix cBszeil (Es.)

EKOHq). = EHeBan.+ E3J1.+ ETop.+ EB.C.

HeBanenTHple B3aMMOJCHCTBUSA pacCUUTHIBAA 1O ToTeHIWany Jlenapma — JlxoHca ¢
napamerpamu Ckotra m llleparu. DneKTpOCTaTHUECKYIO DHEPTHIO PACCUMTHIBATH IO 3aKOHY
Kynona ¢ 3apsmamu Ha atomax, IpeaioxkeHHbx Momanu u ap. [1]. Bee pacders BBIOIHEHBI
NPUMEHUTEIBHO K YCIOBUSIM TOJSIPHOM Cpeabl, TOATOMY BEIWYMHA JIUDJIEKTPUUECKOMN
npoHunaeMoctd npunata paBHo 10. TopcroHHBIE MOTEHIHMANbI, OMUCHIBAIOIINE BpaIICHUE
BOKPYT CBSI3¢ OCHOBHBIX W OOKOBBIX IIeTieH, B3sAThIe M3 paboTel Momanu u np. Bomopoansie
CBSI3H, OIICHMBAaEMbIE IO MOTEHIMATy THra Mop3se, Ipeanoaraiiuch 0cla0JeHHBIMUA U SHEPTHU
CBSI3M B BOJIC HA PAaBHOBECHOM PACCTOSIHUU NPUHSATA paBHOM 1.5 kkan/mMonb. OTcUeT ABYTpaHHBIX
yrioB mpou3BeneH cornacHo Homenknatype IUPAC — IUB [2]. Pacuer onrtumanbsHbIX (opm
BBITIOJTHEH ITyTeM MUHUMHU3ALUU KOH(GOPMAITMOHHOW SHEPTUH NIPU BapHAIlMK IBYTPAHHBIX YTJIOB
BpamieHus. Korndgopmannonnas saeprus metwiamuga N — ametwn — L — cratwHa sBISIach
¢ynknueit 11 aByrpansbeix yrioB BpameHwus. lllects yrinoB (o1, @1, W1, @2, W2 U ®2) OCHOBHOMN
ner u b (L %% 1, 1t 1 y°) GokoBoii menu craTuHa.

Pacuernas monenr metunamuma N- ametmst — L — cratuHa npuBeneHa Ha puc.l. JImHbBI
CBsI3eH M 3HAYCHUS BAJICHTHBIX YIJIOB B3STHI H3 JAHHBIX PEHTTCHOCTPYKTYpHOTO aHanm3a [3]. Jrta
MPOCTEHIas MOJIEKYJIa, MOJICITUPYIOIas B3aMMOICHCTBUE OCHOBHON M OOKOBOM IIETICH OCTaTKa,
MO3BOJISICT BBISIBUTH KOH(OPMAIIMOHHYIO CIIEIU(PUKY CTATHHA.

Pacyet onTumanbHBIX (OPM BBITIOJIHEH TyTEM MUHUMU3AIUN KOHPOPMAIIMOHHOM SHEPTHU
Ipy BapualUy JByTpaHHBIX yrioB BpamieHus. Kondopmammonnas sueprust mermnamuaa N —
aretwin — L — cratuna sBisinace Gpynknuei 11 nByrpannsix yrios BpamieHus. [llects yrimos (o1,
01, Y1, P2, Y2 1 ®2) OCHOBHOM LIETH U MATh (Xl, xz, x3, X4 u x5) OOKOBOH LIENH CTaTHUHA.
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Puc.1l. Pacuetnas momens merunamuaa N — arerni — L — craruna.

Taoaunal.

PacuetHble ByrpaHHbIC YIIIbl 1 OTHOCUTENIBHBIC SHEPT UK ONITUMATbHBIX KOH(MOopMaIuit
cB00OTHOM MOJIeKyIbl MeTritamMua N — aretnit — L — cratuHa.

N K ;: g) Iff- JIByrpaHHbIE YIIIBI Oueprus

oo |2 Ll 8 Lo w0 | 9 | W | B | Es | Evp | Eoou | Eom
1 Bu-L | -126| 176 | 61 | 180 | 170 | 58 | 176 | 57 | 67 | -48 | 23 | 03 | 68 | 0.0
2 Bu-P | 120 | 175 | 60 | 180 | 173 | 58 | 179 | 60 | 118 | -45 | 25 | 04 | 66 | 02
3 Bo-L | -120| -58 | 168 | 172 | 180 | 62 | 178 | 59 | 66 | -45 | 23 | 05 | 63 | 05
4 Bu-L | 117|175 | 62 | 180 |171| 57 | 79 | 176 | 85 | -41 | 26 | 06 | 61 | 07
5 | By-Pa | -114 | 57 | 169 | -172 | 180 | 61 | 177 | 174 | -88 | -40 | 26 | 06 | -60 | 08
6 | Bu-Puo | 117 | 175 | 62 | 180 | 171| 55 | 176 | 173 | -87 | -39 | 2.6 | 06 | -60 | 08
7 | Byp-La | -115| 57 | 168 | 171 |180| 61 | 160 | 177 | 89 | -41 | 26 | 09 | 59 | 09
8 Bu-L | -117| 174 | 62 | 180 | 171 | 56 | 169 | 173 | 95 | 38| 25 | 06 | 58 | 1.0
9 B-L | -114| 57 | 160 | 172 | 180| 61 | 170 | 174 | 95 | -39 | 26 | 07 | 58 | 10
10 | Rep-L | -04|-58|172| -170 | 179 | -63 | -64 | 177 | 85 | 39| 25 | 07 | 57 | 14
11 | By-ls | -113| -55 | 169 | -172 | 179 | 179 | 79 | 179 | 86 | 39| 25 | 08 | 56 | 12
12 | Rey-Puo | 92 | -55 | 171 | -160 | 180 | -62 | 177 | 174 | 88 | 39| 24 | 09 | -54 | 14
13 | Byp-L |12 -54 | 170| -172 | 179 | 179 | 168 | 178 | 95 | 36| 24 | 07 | -54 | 14
14 | Bo-Puo | 13| -55 | 171 | -173 | 179 | 179 | 175 | 178 | 87 | 36| 23 | 05 | -54 | 14
15 | Bo-luo | 117|175 | 62 | 180 | 171 | 55 | 174 | 175 | 179 | 31| 26 | 0.4 | -54 | 14
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16 Bs,- L -113 | -56 | 168 | -171 | 179 | 61 | 174|176 | 81 | -33 | 27 | 06 | -54 | 14

17 Rs-Lygo | 94 | -57 | 172 | -170 | 180 | 63 | 170 | 174 | 94 | -3.7 | 24 | 09 | -52 | 16

18 Bgp-Lyg | -113 | -55 | 171 | -172 | 179 | 179|174 | 179|180 | -28 |25 | 04 | 49 | 19

19 Rs,- P -84 | -62 | 166 | -171 | 179 | -71 | 172 | 66 | 122 | -3.7 | 25| 15 | -48 | 20

20 Rsp- L -93 | -55 | 171 | -169 | 180 | -63 | 175|176 | 179 | -30 | 24 | 08 | 47 | 21

21 Bj,- P -111 | -52 | 172 | -173 | 179 | 179 | 174 | 76 | 128 | -31 | 24 | 11 | -43 | 25

22 Bs- L -108 | -47 | 174 | -172 | 179 | 179|171 | 81 | 64 | -34 | 23 | 15 | -42 | 26

23 Roi- L -114 | 176 | 63 180 (168 | 83 | -74 | 173 | 63 |-30)| 26 |16 | 40| 28

®1 ¥ My MpuaaBagoch 3HadeHue 180°.

[Torck MCXOMHBIX A MUHHUMH3AIMU TOJIOKEHUI OCHOBHON M OOKOBOM Iiemeil craTuHa
OBLJT HaYaT C MOCTPOCHUsI KOH(POPMAITMOHHBIX KapT (1 - Y1 IPU JIEBATH BO3ZMOKHBIX MUHUMYMaXx
TOPCUOHHOT'O MOTEHIMAIa xl 1 x°. YIIIbl ¢1 M W1 IPU pacuere m3MeHsuuch ot -180° o 180° ¢
marom B 30°, a B oOyacTsaXx HU3KOHM sHepruu ¢ marom B 5°. [Ipuuem, mpu BpamieHUu BOKPYT
CBSI3EU (1 -\y1 HE YUUTHIBAIUCH ATOMBI CY i nanee. U3 nepsitu YIIOMSIHYTBIX KOH()OPMAaIMOHHBIX
KapT @1 - Y1 ObUlO HalifieHO 16 HHU3KOPHEPreTHYECKHX 3HAYEHUH (1 M Y1 OBUIM TOCTPOCHBI
KOH(OpPMAIMOHHBIE KaPTHI (2 — 2.

Bo Bcex dTHX OMepaIisix yriaaM o1, Mz, X, X 1 ¥’ OpHaaBantock 3Hadenne 180°, M3 sTux
16 xapt ObuTH BBIOpaHBI 57 HYJIEBBIX NPHUOIIMKEHUN B KA4€CTBE MCXOMHBIX NMPH MHUHUMHU3AIHUU
KOH(pOpMaIMOHHOW »dHepruu. B Tabmume 1 mnpuBeneHsl oNTHUMaibHBIE KOH(OpMALIUU
metmnamuga N — amerun — L —cratuna. B unaTepBan sneprun 0 — 3 kkan/monp nomajgaer 23
KoHpopMaruu cratuHa. Huskosnepreruueckumu sBisitoress B m R dopmbr ocHoBHON 1enu
CTaTHHA. DT KOH(POPMAIMA MOTYT CIYXHTh UCXOAHBIMU TPU W3yUYEHHUU NPOCTPAHCTBEHHOTO
CTPOEHHSI MOJIEKYJI, COJIEPKAIINX CTaTHH.
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KOH®OPMAIIMOHHBIN AHAJIN3 N-KOIIEBBIX IEHTATNIENITUI0B MOJIEKYJI
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W3BecTHO, 4YTO BCE TMPOLECCHl B JKUBBIX OPraHU3Max IMPOUCXOAAT C ydacTHEM
OMOJIOTMYECKH AKTUBHBIX MOJIEKYJ, COAep)Kamuxcss B HUX. DYHKIWHU, BBIMOJHSEMBIC STHMHU
MOJIEKYJIaMH 33aBHCAT OT MX MPOCTPAHCTBEHHOW CTPYKTYPHI U BO3MOXXHOCTEH WX M3MEHEHHI.
CrnenoBatenbHO, YTOOBI MOHATH MEXAaHU3M MPOIECCOB, MPOUCXOASIINX B KUBBIX OpraHU3Max
HEOOXOJMMO HCCIIeIOBaTh IMPOCTPAHCTBEHHBIE CTPYKTYPhl OHMOMOJIEKYJT W BO3MOXHOCTH HX
KOHGOpPMAIMOHHBIX ~ W3MeHeHud. Mcxoas w3 3TOro, HamMu  OBUIM  HCCIEIOBAaHBI
KOH(OPMAITMOHHBIE BO3MOXKHOCTH  JBYX OWMOJOTHYEKH AaKTHBHBIX MOJIEKYJ T€MOKHHUH -1
YeJI0BeKa M TEMOKHHUH- 1 MBIIIH/KPBHICHL.

['eMOKMHMHBI OTHOCATCS K CEMEHCTBY TaXWKMHUHOBBIX HEHPOMENTHIOB. TaXMKUHHUHBI
UTPAIOT BAXHYIO POJIb B IATOT€HE3E OPOHXHMAIBHBIX, BOCHATUTEIBHBIX U JKEITYT0YHO-KUIIICIHBIX
6one3neil. OHM 00JIANAIOT MIMPOKUM CHEKTPOM (PU3UOIOTHIECKONH AKTHBHOCTH: COKpAallleHUE
TJIAJKOW MYCKYJaTypbl KHWIIEYHHKA, OpPOHXOB, 3payKOB TJa3, aKTHBAIMsA IOBEICHYECKUX U
TOPMOHAJIBHBIX MPOIECCOB, BBICBOOOXICHUE JAPYrUX AKTUBHBIX BEIIECTB M YYacTBYIOT B
nepeHoce 00JIeBBIX ONTyIIeHUH. MI3BECTHO Takke, YTO TeMOKMHUH-1 yeoBeka u ero C-KOHIIeBOH
OKTaNeNTHAHBIA (parMeHT YrHETalome ACWCTBYIOT Ha pocT M JU(PQPEpeHIHANI0 KICTOK
JeHKEMUH YeNIOBeKa U MOTYT OBITh MCIOJB30BAHBI NMPH XUMUOTEpANHH paka. bbuio mokazaHo
TaKXe, 4TO MOJICKYyla TeMOKuHHHA-1 uyenoBeka, ero ¢gparment hHK-1(4-11) u remoknHmHa-1
MBI  OKAa3bIBAIOT BIUSHHE HAa CEPACUYHYIO MACSITEIBHOCTh W HAa KOPOHApHBIE COCYIBI
W30JIMPOBAHHOM CEpIECYHOM MBIIIBI MOPCKOW CBHHKH. l3ydeHHE NpOCTPaHCTBEHHOM
OpraHu3aIi TeMOKHHHHOB, TIO3BOJIUT CO3/IaTh MPENapaThl CIIOCOOHBIC UM CTUMYJIMPOBATh HITH
ONMOKMPOBATh (DPU3HOIOTHUECKUE MPOIIECCHI B JICUSHUH psifa 3a00JIeBaHUH.

HccnenoBanne KOH()OPMAIMOHHBIX CBOWCTB MOJEKYJI TE€MOKHHHHOB NPOBOJIUIOCH
METOIOM MOJICKYIISIpHOW MexaHuku [1-6]. B manHOM nokmane OyayT m3naraTbCs pe3yJIbTaThl
pacdera koHbopmarmii ¢parmenta Thr-Gly*-Lys®-Ala®*-Ser” monexyns remoxkusuHa- 1
genoseka u Arg’-Ser’-Arg®-Thr'-Arg® reMoknHuE- 1 MBIIIH/KPEICEL. DTOT (ParMeHT COLCPKUT
JIM3UH C TOJIOKHUTEIBHO 3apsHKEHHBIM OOKOBBIM PAIMKAIOM, MOJBIKHBIA OCTATOK IIMIIMHA U JIBA
MOJIIPHBIX OCTaTKa TPEOHMHA U cepuHa. Pe3ynprarel pacdera mpencrasieHo B tabmune 1. Kax
clenyeT W3 OSTOW TaOnWIbl, B HMHTEpBal OTHOCHTENbHOW sHepruu 0-1 Kkan/Moiab BOLIIH
koHpopmaruu aByx meinos- efff u efef, B uatepsan 0-3 kkan/Monp nonanu KOHPOPMAIUHU yiKe
JECSITH IIeHNnoB, W HakoHel, B uHTepBan 0-5 kkan/monp momanu KoHpopMmaruu Bcex 16
BO3MOXKHBIX MIeWNoB. Takoe sHepreTudyeckoe pacmpeneieHue KoHPOpMaIili MeHTanenTHaa
CBHUIETEIHCTBYET O 3aMETHOW KOH(OPMAITMOHHOW MOJBMKHOCTH (parmenTta. CieyeT OTMETUTH,
YTO CaMbIMH HU3KOJHEPTeTHUYECKUMHU KOH(POPMAIMIMHA CBOOOIHOTO MEHTANENTHAHOTO yYacTKa
Thri-Gly*-Lys*-Ala*-Ser® okasamucs ctpyktypsi weiina efff (Eom= 0 Kkan/Mos).

Kak cnemyer w3 pe3ynpTaToB HUCCiENOBaHMsA, Onaromapss HAJIMYMAIO B LENH  OCTAaTKa
rimiHaN-KOHIeBast MEeHTalEeNTHIHAS IIOCIIENOBATEILHOCTD Thrl-GIyZ-LyS3-AIa4-Ser5
OKa3ajach OTHOCHUTEIbHO TOABIDKHBIM  yYaCTKOM W CIOCOOHOW OOpa3oBBIBaTh Kak Ol-
CIupasIbHble KOH(POPMALINHU, TaK U PA3TUIHBIC U3THUOBI.
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Taoauna 1.

DHepreTHYecKoe pacupeesieHiHe ONTUMaIbHBIX KoHpopMmalii N-KOHIIEBOTO
nexTanentiaHoro ¢pparmenta Thri-Gly%-Lys*-Ala*-Ser® monexyisl reMokunmHa 1 denoBexa.

Hleiin dopma WHTepBaT OTHOCHTENBHON 3HEPTHH (KKaI/MOJb)
0-1 1-2 2-3 34 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 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

Kondopmanuonnsiii ananu3 N-KOHIIEBOTO TMEHTANeNTUAA MOJEKYlIbl TeMOKHMHHMHA-1
MBI Argl-SerZ-Arg3-Thr4-Arg5 IO0Ka3aJ HECKOJBLKO OTINYHBEIE OT N-KOHIIEBOrO IEHTAIENITHIA
MOJIEKYJIbI TEMOKUHHHA-1 YesioBeKa pe3ynbTaThl. Takoe OTIMYUe CBS3aHO C Te€M, 4TO (pparMeHT
Argt-Ser’-Arg>-Thr-Arg® comepuT Tpm OCTaTKa APrHHWHA C TOJOKHTEIBHO 3apsIKCHHOM
pa3BeTBICHHONW OOKOBOH IENbI0. APTUHUHBI B 3TOW MOCIENIOBATEIBHOCTU PAa3lelICHbl MEXKIY
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co0Ol TMOJSIPHBIMH OCTaTKaMW CEpUHAa M TPEOHWHA. PacyeT mokaszai, 4YTO JIHEPTreTHYCCKHU
NPEANOYTUTEIFHBIME OKa3anuch KoHpopMmanuu Tosibko nByx neinon: efff u efef. B unrepsan
oTHocHuTeabHOU HHepruu 0-3 kKkai/Moab W3 16 BO3MOXKHBIX IICHITOB BOILIM CTAOMIBHBIC
KOH(pOpMAIUH JIUIIb ABYX HICHTIOB.

Tabauna 2.

DHepreTHYecKoe pacupeaesieHHe ONTHMAaIbHBIX KoH(popManmii mentanentuaa Argl-Ser2-Arg3-
Thr4-Arg5 mosekyiibl TeMOKUHHHA-1 MBIIIN/KPBICHI.

Hleitn dopma WHTepBaT OTHOCHTENBHOM SHEPTHH (KKaJ/MOJIb)

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 2 4 6 2 3 19
efef BRBRR 1 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
OTO CBS3aHO C HaJIWYHEM B [OCJIEOBATEIBHOCTA TPEX OCTATKOB apTrUHHUHA,

MCXKOCTATO4YHBbIC BSaPIMOI[CfICTBHH KOTOPBIX HUIpaldOT OCHOBHYIO DOJIb B CT3.61/IJ'II/I3aLII/II/I
KOH(I)OpMaI_IPII;'I JAaHHOI'O IICHTAIICIITHaA. bokoBrie eI apruHUHOB Y4aCTBYIOT B O6pa3OBaHI/II/I
BOJOPOOHBIX CBSI3EM ¢ aTOMaMH OCHOBHOM Oenu (l)paFMCHTa. I[JISI MNOCJICAYIOUICIO pacucTa OBUTH
OT06paHLI HU3KOOHEPTCTUICCKUC KOH(i)OpMaL[I/II/I, BOoICAIINEC B MHTCPBAI OTHOCHUTEJIBHOM
OHCPIUU 0-6 KKaj ¢ 0XBaTOM I10 O,Z[HOI\/’I KOH(bOpMaL[I/II/I U3 KaXXa0ro mIemmna INCHTAIICIITHAa.
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OOHUM u3z aKmydalbHblx Hanpaeﬂeyuﬁ HaH06u0m€XHO]l02MM Aensemcs ucwle()oeaHue npoyeccoe
ynpaenisiemoco mpancnopma JleKapcmeeHHbLX npenapamoe u ()uaZHocmuquKux cpedcm@ y
ocyuecmeniemoco ¢ noMowbro Harnodvacmuy. HazpyofceHHbze MOJIEKYIamu 1eKapcneernoco eewecmea,
Hanodacmuyvl Cl’lOCO6Hbl Oocmaeﬂﬂmb xumuuecxKkue coe()uHesz Henocpedcmeeﬁno K nopasiCeEHHbIM
Kiemkam 663 CYUWeCbB8€HHO 20 603()61201’}1614}1 Ha 300p06bl€ KlemKu pa3jiudHblx opeanos u mkaneu. K uucuy
maxKkux 1eKapCmeeHnblx npenapamoe, UCnoib3yemsblx 6 mepanuu onyxojiesvlx KiemoK C UCNOJ1b306aHUeEM
Hanodacmuy, ONTHOCUMC: CO€0MH€HM€, cocmosuiee u3 namu AMUHOKUCJIOMHbLX ocmamkoe-CyS, Arg, GlU,
Lys, Ala.

B nmanHoii paGoTe ¢ menpr0 mpeaocTaBieHHMs HHGOpPMANUMU O KOH(POPMAIMOHHOM
MOJIBM)KHOCTH M 3JICKTPOHHO-KOH()OPMAIIMOHHBIX CBOMCTBax Mojekyibl Cys-Arg-Glu-Lys-Ala
TEOPETUYCCKUMHU METOJAMHU C HCIOJIh30BAHUEM BBIYHCIHTEIBHBIX KOMITBIOTEPHBIX MPOTrpaMM
paccuuMTaHbl TEOMETPUYECKUE M DHEPTETUYECKHE IMapaMeTphl, OIPEIeISIOIMNe YCTOWIHBBIC
KOH(OPMAITUOHHBIC COCTOSIHUSI MOJICKYJIBI [1].

Crepudecky JONYCTHMbIC M3MEHCHHs JBYTPAaHHBIX YIJIOB BpalleHHs BOKpYr cBszeid N-
C*(¢) B ocroBHOM nenu u ceszeit C*CP(y1), CP-C (x2), C'-C® (y3) U T. 1. B GOKOBBIX LEISX
aMHHOKUCIIOTHBIX ocTatkoB Cys, Arg, Glu, Lys u Ala 6put onipeiesieHbl U3 KOHGOPMAIMOHHBIX
KapT, MOCTPOCHHBIX B HH3KOIHEPTETHUCCKUX COCTOSHUSX MOJICKYJBl I10 BBIYUCIUTEIBHOMN
nporpamMMe, OUcanHoi B pabore [2]. YTIbl ¢ ¥ 1, COOTBETCTBYIOIINE JIOKAIbHBIM MUHHMYyMaM
MNOTCHIIMATBHOW MOBEPXHOCTH MOHOICNTHIOB BAapHUPOBAIKCH B JHEPICTHUYCCKOM TIOJIE BCCH
MOJICKYJTbI, OCHOBHAS IIeTIb KOTOPO# (PMKCHPOBANIACh B COOTBETCTBUH C KOOPAHMHATAMH aTOMOB B
OTHOW W3 HU3KOJHEPreTUYECKUX KOH(popMmanuii MoJsieKyiabl. OTcdeT IBYIpaHHBIX YIIIOB
BpaIleHHs TIPOBOIMIICS COTJIACHO cTannapTHoi Homenkiarype IUPAC-IUB [3].

HwuskosHepreTndeckue KOH(POpPMAIMK CTAaOMIM3UPOBAHBI BOAOPOAHBIMU CBSI3SIMH, B
00pa30BaHNM KOTOPBIX YYacTBYIOT OOKOBBIE IIETTH OCTATKOB C MPOTHUBOTIOJOXKHO 3apsKEHHBIMHU
¢ynknuonanpHbiMU Tpynmamu Arg2 u Glu3 (ta6m.1l). B oOpazoBaHMM BOJOPOJHBIX CBSI3CH
YYaCTBYIOT Takxke atombl Bojopoxa nentumHoi rpymmsl (NH) ocHoBHOoW memu Cysl u
KapOOKCHIIBHOIM Trpymibl OOKOBOW memu TiyramMuHOBOM Kucinotel (Glu3), atomsr menTumHOM
TPYIIIBI B OCHOBHBIX Iemsix octatkoB Glu3 u Alab.

Taoauna 1.
Bopopoansie cBsi3u B HU3KOIHEPTETUIECKUX KOH(POpMAIHIX
mouekyibl Cys-Arg-Glu-Lys-Ala
*Kougpopmanus BonoponHas cBsi3b JlnuHa BopopogHoi DHeprust BOIOPOIHON
cBszy, A CBSI3U, KKaI/MOJIIb

1 N°H(Arg2)...CO 2.7 -0.18

O(Glu3)
2 NH 25 -0.34

(Glu3d)...COO(GIu3) 2.7 -0.18

CO(GIu3)...NH(
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Ala5)
3 N°H(Arg2)...CO 2.3 -0.54
O(Glu3)
4 N°H(Arg2)...CO 29 -0.11
O(Glu3)
5 N°H(Arg2)...CO 2.8 -0.15
O(Glu3)
6 NH(Cys1)...COO 19 -1.25
(Glu3) 2.2 -0.76
NH(Arg2)...COO
(Glu3)
7 NH(Cys1)...COO 21 -1.05
(Glu3)
8 NH(Cys1)...COO 2.1 -1.05
(Glu3) 20 -0.94
NH(Arg2)...COO
(Glu3)
9 N°H(Arg2)...CO 24 -0.42
O(Glu3)
11 NH(Arg2)...COO 2.3 -0.50
(Glu3)

CornacHo pe3yiibTaTaM pacdcTa, riiyraMuHOBasA KHUCJIIOTA UT'PACT CYHICCTBCHHYHKO POJIb B
q)OpMI/II)OBaHI/II/I CTa6I/IHI/I3I/IpYIOH_II/IX KOHTAKTOB, TaK KaK Y4YaCTBYCT KaK B HCBAJICHTHBIX
BBaHMOHCﬁCTBHHX, TaK U B JJICKTPOCTATUYCCKUX KOHTAKTAaX C COCCAHUMMU II0 LCIU OCTATKAMH.
HaﬁI[CHHBIMI/I Hamu 12 HHU3KOOHCPIreTUYCCKUX KOH(l)OpMaI_II/IOHHBIX COCTOSIHMI MOJICKYJIbI, MOT'YT
OBLITH MCIIOJIL30BaAHEI JJIsL U3YUCHUS KOH(l)OpMaHHOHHOfI JAWHAMHKU U CTPYKTYPbI €€ aHAJIOT'OB.
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