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ABSTRACT

Nucleosomes play a key role in genomic DNA packaging, structuring and epigenetic markup in eukaryotic
organisms. The regulation of virtually all life processes in these organisms occurs at the level of chromatin and is
tied to the interactions of DNA, nucleosomes and various chromatin proteins (such as transcription factors, remo-
delers, architectural proteins, etc.). Understanding the organization and work principles of chromatin is one of the
most important problems of modern biomedicine. The solution of this problem is of fundamental importance for
understanding the mechanisms of various socially significant diseases (cancer, diabetes, cardiovascular diseases,
etc.) and developing of new personalized treatments (e.g., cancer therapy, epigenetic therapy, stem cell reprogramming
and cell therapy, new disease biomarkers).

The histone-DNA interactions play a key role in various processes of chromatin functioning. In this work, we
have developed methods to calculate free energy of DNA histone interactions by the example of hexasome (tetramer
of histones H3-H4 and one dimer of histones H2A-H2B). Using molecular modeling free energy profile of DNA
unwrapping from hexasome was calculated. The calculated profile is in agreement with the experimental data.
Performed calculations reveal the interactions of DNA with a histone octamer at the atomistic level through a complex
structural and energy analysis.

Key words: molecular model, histon, interaction energy, DNA, chromatin.

INPMMEHEHME METOA0OB MOAEKY ASAPHOI'O MOAEANPOBAHUS A4
PACYETA DHEPTU B3AMMOAENCTBUSA AHK U TUICTOHOB

AHHOTAL VST

Hyxkae0coMBI UTpaloT KAIOUEBYIO pOAb B YIIaKOBKe, CTPYKTYpupoBaHuy U pasMmerke renomHoit AHK B syka-
PUOTUYECKUX OpTaHu3Max. PeryAsiims mpakTudecKy BceX SXM3HEHHBIX ITPOIIeCCOB B DTUX OPTaHU3MaX IIPOUCXOANT
Ha ypoBHe XpoMaTMHa U 3aBs3aHa Ha B3aumogeiictsue JAHK, HykaeocoMm 1 pa3anyHbIX 6eAKOB XpoMaTuHa (TpaHC-
KPUIIITMOHHEIX PaKTOPOB, peMOJeAepOB, apXUTeKTyPHBIX 6eakoB 1 T.4.). [TonnManme ycrpoiictsa 1 paboThI Xpo-
MaTMHa SBASETCS OAHON U3 BasKHENIITNX IIpoO.1eM COBpeMeHHOI OroMeAnnyHeL PerreHne 310t mpobaeMsl nMeet
NIpMHININAABHOe 3HaYeHMe A4 TIOHMMaHIA MeXaHN3MOB Pa3ANYIHBIX COIMAaAbHO 3HAYMMBIX 3a00aeBaHmi (pak,
AvabeT, cepAeJHO-COCYAUCTEIe 3a00A€BaHs U T.4.) U pa3pabOTKI HOBBIX IePCOHMQPUITNPOBaHHBIX METOAO0B A€JeHVI
(HampuMep, Tepamus paka, SIIMIeHeTHdecKas Teparsl, IepenporpaMMIpOBaHMe CTBOAOBLIX KAETOK M KAeTOYHAas
Tepamus, opejeleHrie HOBBIX O1iOMapKepoB 3a001eBaHuIk).

Bsammogerictsne AHK ¢ riucTonamu urpaet KAI04eBYIO POAb B pa3ANMYHBIX ITporieccaX PyHKIIMOHMPOBAHIIA
xpomatnHa. B ganHOI paboTe paspabaThiBaarch METOABI pacdeTa CBOOOAHOI sHepruu B3aumoaerictsusa AHK u
IMCTOHOB Ha IIpMMepe reKcacoMsl (TeTpamepa ructoHos H3-H4 cesasansoro ¢ ognuM AnMepom rucroHos H2A-H2B).
MeroaaMy KOMITBIOTEPHOTO MOAEAMPOBaHys ObLA paccunTaH poduab cB000AHOI sHeprym otsopaunsanys AHK or
rekcacoMbl. PaccamTaHHBIN MPOQPNUAL COrAacyeTcs ¢ SKCIepruMeHTaAbHEIMI AaHHBIMI. ITpoBeeHHbIe pacdeTsl Mo3-
BOASIIOT HOHATH B3auMoaelictsust AHK ¢ rimcToHOBBIM OKTaMepoM Ha aTOMapHOM ypOBHe, 0.1arojapst KOMILAEKC-
HOMY CTPYKTYPHO-DHEpPIeT4eCKOMY aHaAM3Y.

Karouesbie caoBa: MOAEKYASIPHOTO MOAeANPOBaHNe, TYICTOH, DHepPI:1 B3aIMOAETICTBIL, ‘Z],HK, XpoMaTuHa.
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A.K. Gribkova, G.A. Armeev, A.K. Shaytan

BBeaenue

l'enomnas AHK sykapuoTrnyecknx opraHnaMoB accollMMpoBaHa ¢ OeAKaMM, 4TO IIPUBOAUT
He TOABKO K KOMITAKTM3all/M T'eHeTUYeCKOro Marepuada, HO U K PeryAsluy IIPaKTUIecKn
BCeX >KM3HEHHO Ba>KHBIX ITPOIIeCcOB ITOCPeACTBOM OTpaHIyYeHMs AOCTyIa OeAKOBBIM (paKTopaMm.
Bsanmogericrsue AHK c riuctonamu urpaer KAx04eByio poab B pa3ANYHBIX ITpolieccax pyHK-
LIMOHMPOBaHMS XpOMaTUHa U, CAe40BaTeAbHO, (PYHKIIMOHMPOBAHMM >KMBBIX OpPraHM3MOB.
ITpobGaema opraHmsaluy XpoMaTiiHa, TeM CaMbIM, SIBASETCS 0COO0 aKTyaAbHON IIpU paccMOT-
peHun coumaabHO 3HAYMMBIX 3a004€BaHNII U pa3paboTKe IT0AXO0A0B IepCOHAAN3UPOBaHHONM
MeAuUyHBL Taxoke M3BECTHO, 4TO MHOIVE OeAKM, B3aMOAEVICTBYIOIINE C TUCTOHAMM, SIBASIOTCS
MOTeHUIMAAbHBIMY MUILIEHAMYU IPOTUBOPAKOBBIX A€KapCTBEHHBIX CPEeACTB.

SKCHepI/IMeHTI)I I10 11CCAeA0BaHMIO AVTHAMVKIL XpOMaTlHa OOBIYHO IIpOBOAST Ha MOHOHYKA€0-
CcOMax, 0O4HaKO ITOAHOCTBIO n3oexxaTh C/ly‘{aI?IHOI'O O6paSOBaHI/I}I AVIHYKA€0COM 11 APYIVIX HYK-
/A€0COMHBIX THTEepMEANaTOB He yAaeTC. K TOMY >K€, MHOTTIE OUoOXUMMYECKIe u 6MOC1)M31/I‘I€C-
Krie METOABI II0Apa3yMeBalOT MCIIOAb30BaHNE BKCTPEMAABHBIX TEPMIMYIECKIIX VANV XMIMIYIECKIX
yCAOBI/II7I, AaleKNX OT (l)I/ISI/IOAOrI/I‘IeCKI/IX. HOBTOMy JICIIOAb30BaHNE TEOPETMIECKIIX ITI04X0A40B
A4l pacCMOTpeHNMsI BOITPOCOB o0 YHeprumn BSaI/IMOAeﬁCTBMﬂ ‘Z],HK C TICTOHOBBIM SIAPOM CYI-
TaeTcsl BeCbMa ITePCIIeKTVBHBIM.

Cy1recTByeT psig 9KCIIepUMEHTAaAbHBIX METOA0B A5 olleHKM sHeprym JHK-ricToHOBbIX B3an-
MoZericTsuil. Ilepsble Kpucrasaorpadpuaeckie 1CcAeA0BaHIT paccCMaTpUBaeMbIX B3aIMOAEIICT-
B BBIABUAU CAeAylOlllee pacIioAO0KeHMe HaynboJee CUABHBIX KOHTAaKTOB: CMMMeTPUYHbIe
OTHOCHUTEABHO AMAAHONM OCM IMOAOXKeHM: +5 H.IL 1 £36 - +46 H.11 (1). BoapmuHcTBO 9Kcnepn-
MeHTaAbHbIX METOAOB He ITO3BOASIOT OLIEHUTh SHEePIMIO B3auMoaericTysl HykaeocomHon AHK c
OKTaMepOM TVICTOHOB Yepe3 M3MepeHlie paBHOBECHBIX KOHIIeHTparuii ceoboaHoi AHK n Hyk-
2e0coM (2), 0g4HaKO CyIIIeCTBYIOT MeTOABI AAs IPSMOTO M3MepeHMs MPOoPIAsl DHePIUN B3an-
MogenicTsusA oTaeabHbIX yyacTkoB AHK c rucronamm. Oaunmny 13 Hanbo.ee MHTePeCHbIX HpU-
MepOB SABASIOTCSA DKCIIEPVMEHTHI 110 CIAOBOMY PacTATMBaHUIO OAVHOYHBIX HYKA€0COM HpHU
IOMOIIIM ONTUYECKOTO MuHIleTa (3).

DKclepyMeHTaAbHO HabAl0JaeMble CTylleHJaTble YAAVHEHUS HYKAEMHOBOM KUCAOTBHI HpU
pacTAIMBaHNI ONMCHIBAIOTCS TpexcraguitHon Mogeabpio (1). CoraacHo »TOM MOgeAan, B Hadaae
BO3JevicTBysl BHelHMi BuToK JHK MoxkeT ObITh 0OpaTMO OTAeAeH, AaAbHelilllee yAAUHeHe
TpeOyeT IIpeoA0AeHNsI PHepreTdeckoro 0aprepa 1 MpUBOAUT K HEOOPaTMMOMY CKPYYMBaHMIO
sHyTpeHHero Butka AHK. Ha rocaeanen cragum okramep noaHocTsio orgeasercsa ot AHK.
Tem He MeHee, B paccMaTpuBaeMOIl MOAeAU CUUTAeTCs, YTO IMICTOHOBBIN KOP - A0BOABHO CTa-
OmabHas CTPYKTypa, KOTOpasi COXpaHseTCs Ha BceM ITPOTsDKeHmM npolecca pactsokenns JAHK.
Oanako mccael0BaHNs, BbIIIOAHEHHBIe MeTOA0M PepcTepOBCKOrO pe3oHaHCHOIO IepeHoca
SHepIVM OT OAMHOUHBIX M0Aekya (spFRET), mpogemMoHCTpupoBaau MOOMABHOCTD IYICTOHOBOTO
KOpa, CIIOCOOHOTO pasbuparscs ¢ noTepeii gumepa H2A-H2B n gaxe Terpamepa (H3-H4)2
(4). Ilomumo mmpouero, B 9KcnepuMeHTax, copmeraomux s cede spFRET 1 onriuecknit nmuH-
11eT, ObLA0 MOoKazaHo, 4yTo rnokocTsh AHK 3aBucuT oT HyKA€0TNAHOI 0cAeA0BaTe AbHOCTIA(4).
Hauaay orsopaumBaHus HyKAE€MHOBOJM KUCAOTHI MelllaeT ee B3anmMmoJelicTsue ¢ N-KOHIIOM
(H3) n C-xonnyom (H2A), B TO Bpems kak N-konusl (H2A, H2B, H4) npenarcryioT niporeccy
OTBOpauMBaHIs Ha O3AHUX CcTaAusX. Tak, B Mccae0BaHNAX METOAOM MOAEKYASPHOI AUHa-
MuKM, KOHTaKkThl AHK-rmcTons! (B caydae HyKA€0COM C TMCTOHOBBIMM XBOCTaMM) OKa3aAMCh
IIpOYHee, YeM MeXXITICTOHOBEIE (5).

B nipoaeaannoit HaMu paboTe 4451 CpaBHeHIs TeOpeTUIecK ITpeAcKa3aHHBIX IIpoILaeit DHep-
I MCIOAB30BAaAUCh DKCIIepVMeHTaAbHble JaHHbBIe (6). DTu ®KclepyuMeHTalbHble JaHHbIe
ObLAM TIOAYYEHBI CAeAYIOIIM 00pa3oM: K AUDAEKTPIIECcKOll OycrHe, HaXOAIIelcs B ONTirdec-
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KOI AOBYIIKe , IPUKAaAblBalach IIOCTOsIHHAsA MexaHndyeckas cuaa (28 pN). Ogna nens AHK
Oplaa cBsI3aHa ¢ OYCMHOI, a APYTOl KOHeI] 3aKperlleH Ha nosepxHocTi. K rmpobaeme pactsoke-
HI1sI HYKA€0COM MO>KHO OOpaTUTBCA M CO CTOPOHBI KOMIIBIOTEPHBIX METOAOB. DKCIIepYIMEHTHI
10 PacTAIMBAHUIO HYKA€OCOM IPOBOAVAYM METOAOM MOAEKYASIPHONM AVMHAMUKU IIyTeM Ipu-
AOXKeHMs BHEIIHMX cuA K AnHKepHbIM ydactkaMm /AHK (5). B pesyabraTte Ob140 BhIsIBAEHO 5
craauit mpouecca orpopaunsanus AHK 1 ABa OCHOBHBIX DHepreTnyeckux 6apbepa B 001acTsIx
70 1 45 H.I1. OTHOCUTEABHO AVMaAHOI OCIL.

B anrepatype ommcan psaa METOAOB 4451 TEOPETUYECKON OLIEHKU DHEPTUN B3aIMOACVICTBUS
AHK-rucronsl. OgHako oHU He AMIIIEHBI psja NPUOAVDKeHNI U gonylleHuil. B mpunmumne,
IIPOBOAMTH OLIEHKY DHEPIeTUKU B3alMOAEICTBIII MOXKHO KaK C IIOMOIIBIO TepMOAVHaMMI4Iec-
KOT'O MHTETPUPOBaHMs, TaK M SMIIMPUUECKUX OLleHOUHBIX pyHKuit. Ho 445 TepmoguHamu-
YeCcKOTO MHTerpUpOBaHIsA ITOTpedyeTcs MPOU3BeCcTyt O4eHb 00ABIION 00beM BBIYMCAEHUIL, a
AZS1 YICTIOAB30BaHNs OLIEHOYHBIX (PYHKIINIT He0OOX0AMMO OOyueHIe Ha M3BeCTHOM Habope DKC-
IepUMeHTaAbHbIX AaHHBIX.

Taknm oOpaszom, Hamu Oblaa IOCTaBAeHa cAeyiolast 1ieAb PabOThL: ITIOCTPOeHNE U MICCAeAO0Ba-
HIle YHepreTUdeckoro rnpoduas nponecca orsopaunsanus AHK ot rucronosoro siapa rekca-
COMBI ¥ HYKA€OCOMBI.

DaeMeHTapHON ITOBTOPSIONIENIC eAVHULIeN XpoMaTlHa SIBASeTCsl HyKA€OCOMHBIN KOp, ITpeAc-
TaBASAIOIMNII coooit ~ 145-147 n.n. AHK, obsmBaromniux 1,65 pa3 ructoHosbI okTamep. beako-
Bast YacTh KOpa MMeeT BUA IIUMANHAPa paguycoM 65 A u Bricotort 60 A u coctonT us weTspex
AVIMEPOB IMCTOHOB: ABa aumepa H2A-H2B n asa H3-H4. Hykaeocomnas AHK coaepxur 14
CaliTOB CBA3BIBAHMS C TMICTOHAMM, PaclOA0KeHHBIX B Maaoi 6oposake. IIpeumyiriectseHHO,
DTV KOHTaKTHI IIPeACTaBAeHbl BOJOPOAHBIMIU CBA3SIMI MeXKAY TYICTOHaMMI 1 caxapogocaTHBIM
OCTOBOM HYKAEMHOBO K1cA0ThI. IToMmmMo Bogopoansix cesselt, szaumMogericrsue JHK 1 Geaka
NPOsIBAsIeTCA B TUAPOPOOHBIX B3aIMOAEMCTBUAX U cOAeBbIX MocTUKax. KoHIleBble yacTy ruc-
TOHOB (N-KOHITBI) AaMHOM 15-30 aMMHOKIMCAOTHBIX OCTaTKOB HA3bIBAIOT IMICTOHOBBIMMU XBOCTa-
M, BBICTYIIAIOIIVIMM 3a IIpeAeAbl HyKAeOCOMHOIO Kopa. B HIx cocpes0ToYeHbl I0AOXKUTEeADb-
HO 3apsIKeHHbIe aMMHOKMCAOTBL, IIPeMMYIIeCTBeHHO AM3uH 1 apruHyH. HecMoTps Ha TO, uTO
TMICTOHBI SIBASIIOTCS BLICOKOKOHCepBAaTUBHBIMIU OeAKaMl, BHYTPU Ka’kKA0IO ceMelicTBa (Kpome
H4) cymecTsyroT pasanynple BapMaHThl, UTPAIONIVe BaXKHYIO pOAb B PEryAsSIy TPaHCKPUII-
LIMI, XPOMOCOMHOI cerperauym 1 pernapauym /AHK. I'mcToHsl, a yalile Bcero MMeHHO IICTOHO-
BBI€ XBOCTBHI, II0ABEP>KEHBI IIOCTTPAHCASIIMOHHBIM MOAU(UKAIIVAM, B YaCTHOCTH, alleTUANPO-
BaHMIO U (POCPOPNANPOBAHMIO, UTO YMEHBIIIAET 3apsi4 OeAKOB 1, COOTBETCTBEHHO, CTeIIeHb B3a-
umogerictsus ¢ AHK, npnsoAst K M3MeHeHMIO CTPYKTYphI XpoMaTuHa. Apyrue moanduxaiinm
BAVIIOT Ha y3HaBaHMe 1 csi3biBaHre JHK ¢ ructoHoBbIME ITTanIepoHamMu U paKTOpaMu peMo-
AeAUPOBaHI XpoOMaTIHa.

B rcronoBoM okTamepe BbIAeASIOT Y4acTOK, HadbiBaeMblli «acidic patch», koTopsiit coctout
"3 8-MIU OTPULIATeABHO 3aPSIK€HHBIX aMMHOKICAOTHBIX OCTaTKOB, PaCIIOAOKEHHBIX Ha TUCTO-
Hax H2A u H2B. Ilpeanoaaraercs, 4To ¢ HUM B3alMOAENCTBYeT XBOCT ructoHa H4 coceanent
HYKA€O0COMBI IIpY (pOPMUPOBAHUM XPOMATUHOBBIX pulOpnaa, a Takxke HeKOTopble Oeakn (LA
NA, IL-33, RCC1, Sir3 and HMGN2). Hykaeocomnsiit kop ¢ aunkepnoit AHK aannoit npu6-
ansuteabHo 50 H.II. popMupyeT HyKaeocomy. ObpasopaHuio 60aee 1aoTHo ykaaaku AHK
(marpumep, 30-Ti HM uOpMAABI) criocoOcTByeT TuctoH H1, Bzanmogeiicrsyrommii ¢ AHK B
MecTax ee BXOAa U BhIXOAa I3 OKTaMepa IICTOHOB.

Hecmotps Ha 1A0THYIO yIIaKOBKY, 445 HYKA€0COM XapaKTepPHbI BBICOKOYaCTOTHBIE TEI1AOBbIe
ABIVDKEHISI M KpyIIHOMacIITabHble KOH(pOpMaIlMOHHbIe Iepexoabl. IIpumepom Takoit 1moa-
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BVDKHOCTH sIBAsIeTCs YaCTMYHOe OTAeAeHye KOHIeBhIX yyacTtkos AHK oT rumcToHoBOro okrame-
pa - “apIxaHne”, 4TO TOBOPUT O MeHbIIIel SHepIuu cBA3bIBaHUs 3TuX ydactkos AHK. Takum
00pa3oM, HyKAeocoMa sBASeTCsI CTabMABHBIM, HO B TO JKe BpeMsI AMHaMIYHBIM KOMILIEKCOM,
oOecrieunBalomyM ITIOMMMO KOMITaKTU3alliy TeHeTUIecKoro MaTepuasa elre 1 peryAsiinio
DKCIpeccuy TeHOB.

Marepuaasr u MeToabI

Aas mpoBeAeHMs JCCA€AOBaHMsA Ha OCHOBE KPMCTAaAAMYECKON CTPYKTYPbl HYKA€OCOMBI U3
0assr gauHbIX PDB ¢ unaekcom 1kx5 (7) Ob14au co34aHbI MOAEAbHbIE CHICTEMBI B TIOAHOATOMHOM
NPpUOAVIKEHNI: OT HyKA€0COM YAaAsAMCh ITOABVKHbIe TMCTOHOBBIE XBOCTHI (8), 0OAMH AMep
H2A-H2B n orsopaunsasacs AHK (ot 5-111 20 40-ka H.1II. ¢ II1aroM B 5 H.II.) C pa3HBIX CTOPOH.

Jaaee cucteMpl IIOMeIlaANCh B IPsIMOYTO/AbHbIE pacyeTHBIe SYeliKM, C yIeTOM TOTO, YTOOBI
HalIMeHbIIlee pacCTOsIHIEe OT HyKA€OCOMBI 40 OAHOI U3 I'paHeil HyKA€OCOMBI ObLA0 He MeHee
1 M. CBOOOAHOE ITPOCTPAHCTBO SAYEVIKN 3aII0AHA0Ch BOAON (Modean TIP3P, kotopas sABasieTcst
TPEeXTOYeYHOI1, XKecTKO! 1 Henoasspusyemoit) u monamu Na+ Cl- ¢ konnenrpanuerr 150 MM.
Aas ipeAoTBpaleHs KpaeBbIX 9(PQPeKTOB ObLAM MCI0AB30BaHbI ITePUOAIIEeCKe IPaHIYHbIe
YCAOBMSL.

Bce Mogeamposanue mpoBoaAmnAOCh € MCIOAb30BaHMeM cuaoBoro roas AMBER99SB-BSCO,
VHTETPUPOBaHIe IIPOXOANAO0 MeToAoM leap-frog ¢ marom 2 ¢gc. DaekTpocraTudeckne B3au-
MOAENCTBUS YYUTBIBaAKCh pu oMot Mmetoda PME c marom pernretkn 1A, paaunycom o6-
pe3aHILst B3aMOAEVICTBUIA B IIPSIMOM IIpOCTpaHcTBe 1 HM 1 KyOmdeckoit nHTeproasdnuei. Jas
ydeTa BaH-AepP-BaaAbCOBBIX B3aIMOAENICTBIUI MICIIOAb30BaACs paAMyC OTCeUKM B 1 HM C I1aBHBIM
BBIpaBHMBaHNIEM IIOTeHIIMaJla Ha rpaHutie. Pacyetsr nmposogmance B mporpamMmme Gromacs.
Aas Bu3yaansanum MogeAer NpuMeHsaach nmporpamma VMD.

UYTOoOBI IpUBECTU CUCTEMBI K TEPMOAMHAMIYECKOMY PaBHOBECUIO Oblaa IIpOBeAeHa MUHMMU-
3aI1sl MeTOAOM HaVCKOPeIIero cIrycka. JaapHeriiee ypaBHOBeIIMBaHIE CUCTeMbI ITPOU3BO-
AUAOChH TaKKe, KakK B padore (9). Aas TepMocTaTHpOBaHs PacdeTHON SYeVIKM ITPUMeHAC
MoANPUITMPOBaHHEIN TepMocTaT bepeHaceHa co croxactuueckoir npubaskoit (10), mpuyuem
BOJa ¥ MOAEKYAbl TepPMOCTaTUPOBaANCh pa3aeabHO. B kayecTBe OapocraTa ObLa MCIIOAB30BaH
usotponHuit Oapocrar Ilapuneaao-Pamana. Jasee npoBoamnaach HapaOOTKa TpaeKTOpUit
AAUTEABHOCTBIO OT 1 40 5 HC MeTog0M MOAeKyAspHON AuHamuKy. CTaOMABHOCTD cucteM Oblaa
IpoBepeHa MeTOA0M pacdyeTa HalMEeHBIIero CpeJHeKBaJpaTUYHOIO OTKAOHEHUS CTPYKTYPhI
1o Tpaexktopuu (RMSD), Tunmassi rpadpuk mmpeacrasaeH Ha puc. 1.

Puc. 1. Tunmaysiin rpa(I)I/u( sapucumMocTt RMSD ot BpeMenn MoAeAupoBaHusl.
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Using molecular modeling methods to calculate interaction energies between DNA and HISTONES

PesyabTaThl m OOcyxaeHne

Paccunrannsle mpu momory mMetoga MM/PBSA snepretnyeckue mpoduan mporecca oTje-
aenns AHK ot rucToHOBOrO sigpa rekcacoMmbl, IpeAcTaBAeHHbIe Ha pUC. 2, TIO cBoeil popme
XOPOIIO COTAacyIOTCs C DKCIIePUMEHTaAbHBIMI AAHHBIMY, II0AYY€HHBIMM Ha OAHOYHBIX HYK-
Aeocomax (6).

Pasnuiia B aDCOAIOTHBIX 3HaYEHMAX CBOOOAHON DHEPIUM CBA3bIBaHNA OObACHAETCA TeM, UTO
ucroAan3yemsirt Metod MM/PBSA, B ciay 40CTaTouHO cepbhe3HBIX NPUOAVIKeHNI, AaeT Ppuan-
4yecKl HeKOppeKTHble 3HaueHus sHepruu. OAHaKo B 4aHHOM paboTe MHTepec IpeAcTaBAseT Bl
TeopeTndeckoro rpoduas sHepruu orsopaunsannst AHK oT rekcacoMsl, 4451 TOCTpOeHMsT KO-
TOPOTO AOCTaTOYHO OTHOCHUTEABHBIX 3HAYeHNIA.

JaHHOe 3aMedaHNe OTPa’keHO U B ITOAYYeHHBIX BKAaJaX pPa3ANYHBIX DHEPreTM4ecKrx KOMIIO-
HeHT B Hepruio cBsA3biBaHMA. OCHOBHOM BKAa/, 3a 9A€KTPOCTaTUYECKMMI B3alIMOACVICTBUSMIA,
Aajee caeAyeT HOAsIpHas KOMIIOHEHTa ®HePTUM COAbBaTalluM, M IIPaKTUIeCK! He3aMeTHbIe
10 CpaBHEHUIO C OCTaAbHBIMMU BKAaAbl BaH-aep-BaaabcoBbIX B3aIMOAEIICTBIUIA M SHEPTUN TUA-
paTanuy IOBepXHOCTH, AOCTYIIHOM pacTsoputealo. [Ipu pacyere sHeprum B3aiMoAeCTBUS
AHK ¢ rucToHaMu 1o HadaAbHBIM HeypaBHOBEIIIEHHBIM CTPYKTypaM OblA ITOKa3aH CHABHO
3aBBIILIEHHBIN BKAaJ Ban-gep-BaaabcoBbix B3auMOA@IICTBII, YTO CBA3aHO CO 3HAUUTEAbHBIMU
CTepUYeCKMMU IepeKphIBAaHNAMU B MOJEASIX U IIOATBEPKAaeT HeoOXOAMMOCTDb MCII0Ab30Ba-
Hust M/ tpaektopuii. OgHako ¢ yBeandeHueM AAuMHbBI Tpaekropun (ot 1 40 5 HC) TOYHOCTD
MeTOJa C Y4eTOM IIOIPelIHOCTY M3MepeHMII He yBeAndMBalach Ha COIIOCTaBMMO 3HaulIMble
3HaueHus. V13 yero MO>XKHO cAeAaTh BBIBOJ, UTO 445 cOOAI0AeHIs DadaHca MeXAy 3aTpadylBa-
e€MBIM Ha pacyeThl BpeMeHeM I TOYHOCTBLIO IT0AY4eHHBIX Pe3yAbTaTOB MOXKHO OTPaHUYUTHCS
TpaeKkTopuen AAnHo B 1 Hc.

VHTepecHo, 4To KpuBasl, IOAy4eHHas 445 TeKCacOM B HallleM pacdeTe XOPOIIO COOTBETCTBYeT
DKCIIEPUMMEHTAaAbHBIM 3HAY€HIAM, IMOAYYEHHBIM Ha CUCTeMax C IIOAHBIMM HyKA€O0COMaMM.
MO>XHO IPeAII0A0XKIUTh, 9TO B DKCIIEPUMEHTe (6) y4acTBOBAAM HE TOABKO HYKA€OCOMBI, HO U
rekcacombl, Beab ructonsl H2A-H2B criocoOHbI K CITOHTaHHOM 00paTUMOIL AMCCOIMALIANL.

Puc. 2. ITpeackazaHHBIN U DKCIIEPUMEHTaAbHO M3MepPeHHBI
npo¢uas sHeprin AHK-T1cTOHOBLIX B3aMMOAEIICTBIIA.

Mpodounu sHeprun OHK-rucToHOBBLIX
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BeiBoabr

B cnay CAOXKHOCTEN IMOAYYEHI TEKCACOM, MX CTPYKTYPHBIE 11 OMOXMMUYEeCKIe nccaeA0BaHMA
3aTpy/AHeHHI, ITI09TOMY Hamu ¢ roMoIsio Metoga MM/PBSA (molecular dynamics — poisson
Boltzmann surface area) 614 paccunTan SHepreTudeckuii mpoduap nporecca oraeaenus AHK
OT TeKcamMepa TMCTOHOB. PopMa paccunMTaHHOTO MPOPUA COTAacyeTcs C HDKCIIepUMeHTaAbHbI-
MI JaHHHBIMU, ITOAy4eHHBIMM Ha OAMHOYHBIX HyKAeocoMmax. B saabHerimeM IaaHupyercs
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11CCA€40BaTh DHEPINIO CBA3BIBAHIS HYKA€OCOM-IIO3MUIMOHMPYIOIINX 0CAeJ0BaTe AbHOCTeN,
a TaK>Ke CMMMeTPUYHOCTD cBas3biBanms AHK.

B pesyabrate ganHOI pabOTHI OBLAYM CO34aHBI MOAEKYASPHbIE MOAEAN TeKCacoM B BOJe C OTBep-
HyteiMu yyactkamu AHK (o1 5 40 40 HyKA€OTHAHBIX Iap ¢ IIaroM 5 H.II., C AByX CTOPOH A4
HykaeocoMsl (R n L) u ¢ ognoit croponst (R) 445 rexcacomer). Kongopmarust 4aHHBIX MoJe-
Aeit Oblaa ypaBHOBeIIIeHa, ObLAM pacCYUTaHbl TPaeKTOPUM ABVIKEHUs aTOMOB (4AMHOM OT 1
40 5 Hc). Ha ocHOBe 110Ay4eHHBIX TPaeKTOpuil ObLAYM pacCIMTaHbl DHEPIUM B3aIMOAEIICTBIS
AHK n riucronos metogom MM/PBSA. PacueTs! TpoBOAMANCEH TTOCA€40BaTEABHO A4Sl pa3And-
HBIX CTeTleHell OTBOPa4MBaHILS, YTO ITO3BOANAO IOAYIUTh SHEPreTIdecKIii IIpodrAb mporiecca
orsopaunsanusi JAHK ot rekcacomsr. Ilpeackasannas ¢popma mpoduast coraacyiorcs ¢ 9KcIe-
PUMeHTaAbHBIMM AaHHBIMH, ITI0AY4eHHBIMI Ha OJHOYHBIX HyKAeocoMax (6). beran ornpeaeaeHsl
(C TOYHOCTBIO 40 KOHCTAHT) BKAaAbl SHEPIeTMYeCKX KOMIIOHEHT B DHEPIMIO CBA3BIBaHII U I10-
KazaHbI TPaHUIIBI ITpyMeHnMocTy Metoga MM/PBSA a1 riccaea0BaHMsI HyKA€OCOMHBIX CHCTEM.

Taxkum 0Opa3oMm, MBI IOKa3aAy, 4TO padpabOTaHHAs METOAMKA II03BOASIET 1CCAeAOBaTh IIPO-
$uan sueprum cpsaswBanns JHK ¢ ructonamu B pa3andHBIX HYKA€OCOMHBIX MHTEpMeanaTax,
obpasyempix mpu otkpydusanun JAHK ot rucronosoro siapa. JanHas MeToguka MOXKeT OBITh
UCIIOAB30BaHa AAsl M3Yy4eHUs BAMSHMS IOCTTPAaHCASIIIMOHHBIX MOAUQUKAINIL IMCTOHOB U
TICTOHOBBIX BApMaHTOB Ha YHEPTeTUKY HYKA€OCOM, YTO Ba>KHO A5 IIOHMMaHNS MeXaHU3MOB
peryAsuny TPaHCKPUIILIUY B XpOMaTUHe

Pabora nposeaena npu nogaepxke Poccuiickoro Hayunoro ®@onga (rpant Ne 14-24-00031)
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MOAEKYASIPHOE MOAEAUPOBAHUE B3AVIMO AEVICTBUN
KAABIIUN-AKTUBUPYEMBIX KAAVMEBEIX KAHA/10B
C TOKCMHAMMI CKOPIIMOHA

A.JA. BOABIHLIEBA, B.H. HOBOCEAELIKUI
MocKOBCKIII roCcyAapCcTBeHHLI yHUBepcuTeT uMenn M.B.Zlomonocosa
Mocksa / POCCHSI

alenkavolynceva@gmail.com; valeryns@gmail.com

PE3IOME

Kazp1nit-akrusupyemsere kaanessle kaHaasl KCa3.1 ydacTByIoT B psige GpU3MOAOTMIECKUX IIPOLIECCOB: OT CEK-
perun A0 MMMYHHOTO OTBeTa ¥ KOHTPOAS HepPOHAaABHON aKTMBHOCTU. BAoOKMpoOBaHMe DTUX KaHaAOB SABASETCS
5P PEeKTUBHEIM IOAXOA0M AASI A€9€HUsI COCYAVCTBIX ITaTOAOTNI, HEBPOAOTUIECKUX PACCTPOIICTB, D0Ae3Hel AbIXa-
TeABHBIX ITyTel, BOCIIaAUTEeABHBIX 11 OHKOAOTMYIeCcKNX 3a0oaepannmit. Hanboaee n3ydeHHBIMI G10KaTopaMu KaHaJa
KCa3.1 sBAsIOTCS TOKCUHEL, BbIA€A€HHbIe U3 s4a CKOPIIMOHOB. 3HaHNe MOAEeKYASIPHBIX aclIeKTOB IIpolLiecca CBs3bI-
BaHM TENTUAHBIX 6A0KaTOPOB C KaHa/JOM SBASETCA Ba’KHBIM YCAOBMEM AAS CO3JaHUSA BHICOKOD(PPEKTUBHBIX U
CeAeKTUBHBIX AUTaHAOB. B paboTe ¢ IOMOIIIBIO MOAEAMPOBAHILL IT0 TOMOAOTUN U MPVIMEHEHIT MOAEKYASPHOI AV-
HaMUKM OBLAY ITIOCTPOEHBI KOMILAeKChI TnopuaHoro kaHada KesA-KCa3.1 ¢ aa>knUTOKCMHOM, XapMOA0TOKCHOM U
MaypOTOKCHHOM. AHaAM3 0Opa3yeMBIX KOHTaKTOB II03BOANA ITOAYINTH ITOAHYIO KapTUHY B3aMOJEVICTBII, a TakKe
BBISIBUTH KAIOUEBbIe OCTATK!, OTBETCTBEHHBIE 3a a)(PUHHOCTD CBSA3BIBAHIS TOKCUHOB. Pe3yAbTaThl BEIYMCANTEABHOTO
DKCIIEpUMEHTa COTAacyIOTCs € TTOAYIeHHBIMY DKCIIepUMeHTaAbHO KOHCTAaHTaMM CBA3BIBAHIA U MIMEIOT TIOTEHITMaAb-
HOe 3Ha4eHne A5 pa3pabOTKU AeKapCTB.

KaroudeBble ca0Ba: KaaneBble KaHaAbl, IeNITHAHEIE 010KaTOPHI, MOAEKYASIPHOe MOAeAMPOBaHIe, MOAEKYASIp-
Hasl AMHaAMMKa.
MOLECULAR MODELING OF INTERACTIONS OF CALCIUM-ACTIVATED
POTASSIUM CHANNEL WITH SCORPION TOXINS
ABSTRACT

Calcium-activated potassium channels KCa3.1 are involved in a number of physiological processes: from sec
retion to immune response and control of neuronal activity. Blocking these channels is an effective approach for the
treatment of vascular diseases, neurological disorders, respiratory, inflammatory and oncology diseases. The best-
studied channel blockers of KCa3.1 are toxins isolated from the venom of scorpions. Knowledge of the molecular
aspects of binding of peptide blockers with channel is an important condition for the creation of highly effective
and selective ligands. In the current work complexes of hybrid channel KcsA-KCa3.1 with agitoxin, charybdotoxin
and maurotoxin were built using homology modeling and molecular dynamics simulation. Analysis of formed
contacts allowed us to create a complete picture of the interactions, and to identify key residues responsible for the
binding affinity of the toxins. Results of computational experiment are consistent with the experimental binding
constants and have potential value for drug development.

Keywords: potassium channels, peptide blockers, molecular modeling, molecular dynamics.

BBeaenue

IIpuTOK KaabLms B KAETKM MMeeT MHOKeCTBO IOCAeACTBUIL, BKAIOYasl aKTMBALIMIO CUCTEM
BTOPMYHBIX MECCeHAKePOB U TPaHCKPUIILINY T€HOB, BLICBOOOXKAeHle KaAbLVs 113 BHYTPUKAe
TOYHBIX Aerlo 1 OTKpbITHe Ca-3aBMCHMBIX MOHHBIX KaHaa0B. Cpeau 9Tux coOBITUII HanOoAee
u3ydeHHBIM sBAsieTcst aktyBanus Ca-zaBucumeix K-xanaaos (KCa; [Gardos, 1958], [Meech,
Strumwasser, 1970]).

Manuscript received 23 March 2017 9



A.A. Boavinyesa, B.H. Hosoceaeyxuii

Kanaa KCa3.1, taxxe usBectupn kak KCNN4, IK-4, SK4, IKCal n KCa4, siBasteTcst roTeHIIa-
He3aBUCUMBIM U OTKpBIBaeTCs BHeKAeTOUHbIM Ca2+, CBA3BIBAIOIIMMCS C KaAbMOAYAMHOM
[Fanger n ap., 1999]. Kanaast KCa3.1 peryanpyior MeMOpaHHBII ITOTEHIIMAA M KaAbLIMEBYIO
CUTHAAM3aLMIO B Pa3AMYHBIX HOPMaABHBIX I OITyXOA€BhIX KAeTKaX: SpUTPOIUTaX, aKTUBIPO-
BaHHBIX T- 11 B-kaeTkax, Makpodarax, KAeTKaX MUKPOTANHU, SHAOTEAUS COCYAOB, SIIUTEANS I
poAnQepUpyIONIIX KAeTKaX IAagKuxX MBI cocyaos 1 ¢puodpobaacros [Wulff, Castle, 2010].
KCa3.1 mpeaao>keHbI B KaueCTBe ITOTEHIINAABHON TepaIleBTIIeCKOV MUIIEHN AAs A€YeHVs
TaKMx 3a001eBaHNII, KaK CepIIOBIAHO-KAETOUHAs aHeMIs, aCTMa, KOPOHAPHBIVI peCTeHO3 I10CAe
aHTMOIIAaCTUKIY, aTepPOCKAep0o3, PUOPO3 OUEK, HEBPOAOTMIECKIe U ayTOMMMYHHEIE 3a00e-
Banwms [Wulff, Castle, 2010].

IlepBpiM OOHapy>KeHHBIM IIENITUAOM, CeAeKTUBHO OaokupyomuM Ca2+-3aBicuMBble KaaleBble
KaHaAbl, ObLA BBIA€AeHHBIN U3 s14a maeanl Apis mellifera anamun [Hugues n ap., 1982; Romey,
Lazdunski, 1984]. Anamus coctonT 13 18 aMIMHOKMCAOTHBIX OCTaTKOB, COeAVIHEHHBIX ABYM:I
aucyabpuanbpimu Moctukamu (Cys3-Cys15, Cys1-Cysll) [Habermann, 1972]. Hauboaee usy-
YeHHBIMM OA0KaTOpaMM SIBASIIOTCS TOKCHMHBI, BbIAeA€HHBIE U3 s4a Pa3sANIHBIX CKOPIIMOHOB:
cimaaatokent (ScTx, aeitporokcuH 1, Lei), PO5, xapubaorokens (ChTx), nbepnorokens (IbTx),
HokcuycTokeyH (NTx), kaanorokeun (KTx), yporokcun, OsK-1, mayporokcun (MTx), Vm24
u Ap. OHI IpeACTaBASIOT cOO0I HeOOABIINe, CTPYKTYPHO KOHCepBaTUBHBIE VI YCTOMYMBEIE K
AEVICTBUIO IIpoTeas IenTuapl (28-40 aMMHOKMCAOTHBIX OCTaTKOB, COeAVHEeHHBIX 3 nan 4 An-
ncyabpUAHBIMUI MOCTUKaMM). VIX CTpyKTypa BKAIOYaeT B ce0s1 KOHCePBATUBHBIN «IIVICTEH-
crabuansuposanHbii o3 motus» (CSa/f, a-crimpaab coegunena 2 nan 3 AUCyAbPUAHBIMU
MOCTMKaMU € aHTUIapaAleAbHbIM [3-auctoM) [Bontems u ap., 1991; Tytgat u ap., 1999]. Anaans
DKCIIepMMEeHTaAbHO OIIpeeAeHHBIX KOHCTaHT CBA3BIBaHIA IT0Ka3al, YTO HanboAabIel appuH-
HOCcThIO K KaHaay KCa3.1 obaagaror Vm24 (Kd=0.59 nM, [Varga u ap., 2012]), maypoTOKcuH
(IC50=1 nM, [Castle n ap., 2003]) 1 xapubaoToxkcus (Kd=5nM, [Chandy u ap., 2004]).

OaHUM U3 TIOAXOA0B 4451 pa3pabOTKM BHICOKOCEAEKTMBHBIX 0A10KaTOPOB sBASETCSI BHepeHue
MyTallNIl B I10CAe40BaTeAbHOCTDb IIeNTUAHBIX Oa0KaTOpoB. Tak, 3amena K32E B xapnbaorokcnu-
He npuseaa K 30 KpaTKOMy yBeAM4eHMIO ceaeKTuBHOCTU cBsaspiBaHus ¢ KCa3.1, ognako nHe
ymenbimaa spdextusHocTh csaspiBanms ¢ KCal.l [Rauer u ap., 2000]. Myranum T1A, V2F,
R7M Tokcuna PO5 noseicuan ero adpgunnocts K kaHaay KCa3.1 40 HaHOMOASPHOTO ypOBHs
TokcuHa Lei [Fanger u ap., 2001], [Shakkottai u ap., 2001].

Aas nccaeaosanus nHTepQerica 3anmogericteist Kanaaos KCa3.1 n KCa2.3 Mb1 Op1a11 11OCTpO-
€HbI KOMIIAeKCBl STUX KaHaJ0B C XOPOIIIO U3yJeHHBIMI DA0KaTOpamMu: agXKuTokcHoM (AgTx),
xapuoaorokcrHoM (ChTx) n mayporokcuaom (MTx). CoraacHo anTteparypHBIM gaHHBIM, AgTx
He cBsasbiBaeTca ¢ Ca-3aBucumpiMu K-kaHasaMu, 04HaKoO €ro IocAel0BaTeAbHOCTL BBHICOKO
romoaormy"a ChTx, MTx. MoaexyaspHo-aguHaMuyecKkye pacdeTsl IO3BOAAT CAeAaTh IpeATIo-
AO>KeHe O MOAeKYAsSPHBIX OCHOBaX CeAeKTUBHOCTH CBSA3bIBaHIs TOKCMHOB, YTO MOKeT OBITh
UCII0AB30BaHO IIPY IIPOEKTUPOBAHNM CIIeIM(UIHBIX 0A10KaTOPOB KaHaA0B.

PesyabTaThbl 1 00CyXaeHue

I'n6puanni kanaa KesA-KCa3.1 mpeacrasasieT coboit romoTeTpamep, KakAas Cyobe AMHNUIIA
KOTOPOTO BKAIOYaeT ABe IIPOHU3BIBAIOIINEe MeMOpaHy CIiMpaAay, coeAHeHHbIe YaCTUYHO CT-
PYKTypUpOBaHHBIM ItoaAnienTtnaom. [loannentng, skaodaommuii B ceds P-mieraio, moposyio
ciupaab u pparmeHT K+-ceaeKTuBHOTO PpuabTpa, COCTaBAseT BHEKATOUYHYIO YacTh IIOPOBOTO
AOMeHa KaHaJa. 3aMeHa IMoAUIeNTUAHOTO ¢pparmeHTa P-rretan H6akrepraapHoro kaHaaa KcsA
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Ha COOTBETCTBYIOIIMII y4acTOK dyKapmormdeckoro kaHada KCa3.1 yseanmunsaeT ypOBeHb
romoaoruy BHeKAeTouHbIX JoMeHOB KcsA-KCa3.1 n KCa3.1 u yuactsyeT B popMUpOBaHUNU
canta csasbiBaHUs OaokaTopoB KaHaaa KCa3.1 B rmOpuanom kaHaze KcsA-KCa3.1 [Chen,
Chung, 2013; Legros u ap., 2002]. Imopuansiit kanaa KcsA-KCa3.1, tak >xe kak 1 KcsA, ne
COAEP>KUT IOTeHIINAA-9yBCTBUTEABHOTO JOM€eHa, KOTOPBIIl He YJ9acTBYeT B CBA3BIBAHNM TIOPO-
BBIX O10KaTOpoB [Banerjee 1 ap., 2013; Eriksson, Roux, 2002; Ling, Yingliang, 2007] 1 oObraHO
MCKAIOYaeTCsl U3 MOAEKYASPHOIO MOJeAMpPOBaHMUs KOMILAEKCOB KaHald0B C OA0KaTopaMu
[Novoseletsky u ap., 2016].

DKcriepuMeHTaabHble cTPyKTyphl KaHaaa KCa3.1 1 ero KoMIIAeKcoB ¢ IIOpOBBIMM 010KaTOpaMu
AO CHX TIOp He IOAy4eHbl, O4HAKO M3BecTHa Kpucraaaorpaduyeckas CTPyKTypa KaaleBOIo
xanaaa Kv1.2-2.1 B kommaexce ¢ ChTx ¢ paspernennem 2.5 A (pdb-koz 4JTA) [Banerjee u ap.,
2013]. DTa cTpyKTypa sABAAETCS XOPOIINMM I1a0A0HOM A4 MOAEAMPOBaHMS 110 TOMOAOTHM,
TaK KaK ypOBeHb ToMOA0TuM Mexxay noposbiMu gomeHamu KesA-KCa3.1 u Kv1.2-2.1, a Taxke
Mmexay AgTx, MTx u ChTx cocrasasiet coorseTcTBeHHO 32,9%; 44,4% u 45,5%. VI3BecTHO, UTO
yposeHb romoaoruu 6oaee 30% MexAy OeAKOBBIMU ITOCA€A0BaTeAbHOCTAMU SBASETC He00-
XOAVIMBIM U AOCTaTOYHBIM 4451 IIOCTPOEHI:ST A0CTOBepHBIX cTpyKTyp [Webb, Sali, 2016; Xiang,
2006]. Aon10AHUTEABHBIM IPEUMYILECTBOM IIPMMEHEHIST MOAEAMPOBAHIAS 110 TOMOAOIUN SIB-
A5€TCs UAGHTUYHOCTD CTPYKTYP MCCA@AYEeMBIX TOKCHHOB.

CTpyKTypbl OCTPOEHHBIX IO TOMOAOTUM KOMILAeKCoB rmOpuanoro kanaaa KesA-KCa3.1 ¢
AgTx, ChTx u MTx ObLan IOABepTHYTHI IIpolieAypaM MUHUMM3ALNN SHEPINY, YPaBHOBEIIN-
Banusl B NVT u NPT ancambae 1 pacyeTy MOAeKyAsSIpHON AMHAMMKU B Te4eHue 5 HC IIpu yc-
20ByM 3aMOpo3Ku Cx-aTOMOB OCTaTKOB TpaHCMeMOPaHHbIX CIIMpajel.

IToayuennsie Hamu komiiaekchl Ca-sasucumoro K-kanasa KCa3.1 ¢ TokcnmHamu ctaOuAbHEL,
a TaK>XXe AeMOHCTPUPYIOT CTPYKTYPY, ITOAOOHYIO XapaKTepHOI 4151 KOMILAeKCOB ITOTeHIaa-
3aBucMbIx K- kaHaa0B ¢ Tokemnamu ckoprmoHa [Nekrasova u ap., 2016] (Puc. 1). Tak, Tokcun
CBA3BIBaeTCs ¢ mopoBbIiM goMeHoM KCa3.1 xanaaa accumeTpudHbIM 00pa3oM, 0Opas3ysl KOH-
TaKThl IIpeMMYIIeCTBeHHO ¢ IiersiMu 2, 3, 4 (1jenbio 2 cyuTaeM Ty, ¢ KOTOPOI a-Clupaab 00-
pasyeT 604BIIYIO YacTh B3aMOAeNCTBII). B riporjecce MoaeKyAspHOI AMHAMUKU TOKCUH He
MeHsIeT CBOel OpMeHTalNM B caiiTe CBA3bIBaHNA KaHaAla, BTOPUYHAs CTPYKTypa TOKCUHOB TaK-
e OCTaeTcst CTabMABHOI (CpeaHekBaspatidaHoe otkaoHenve Ca-aTomos < 1,5 A).

Puc. 1. Apxurexrypa xomrnaexca rudpugnoro KesA-KCa3.1 kanaaa ¢ agxxurtokcntoM. LIserosoe KoanpopaHme
IIPMMEHEHO B 3aBMCUMOCTHI OT CyObeAMHULIBI KaHaAa (KpacHLIN, Cepblii, CMHMIA U1 XKeATBIiT) U TOKCUHA (3eA€HbII).
«Obaaka» 0603HavaOT 061aCTV GOKOBBIX I1eITelf aMUHOKICAOTHBIX OCTaTKOB. VIOHBI KaAus B ITOpe KaHa/a O0O3HaYeHEI
Juoserosrvu chepamu. BaanmogericTsyromye octatku KaHaaa Tyr u TokcuHa Lys27 mokaszansr MmeTogom Stick.
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Bo Bpems mogeanposanns M/ cTpykTypa KaHada agallTUPYeTCsl K TOKCMHY B OCHOBHOM B
obaactu P-mieteas, Torga Kak CTpyKTypa HOPOBBIX crimpadeir u K+ ceaekruBHoro ¢puartpa
ocraetcst HeuaMeHHOI. Tak, CKO Ca-atomoB KoHcepBaTuBHOro K+ cesexrusHOro ¢puaprpa
(TVGYG nocaeaoBaTeaAbHOCTH) cocTaBasieT < 1 A nocae OIITUMU3ALINI.

CoraacHo AuTepaTypHBIM AAaHHBIM, CPeAU MCCAeAYeMBIX HaMM TOKCMHOB: aJ’KUTOKCUHOM,
XapnOAOTOKCMHOM U MaypOTOKCMHOM, — HanOoAbIell 9pPeKTUBHOCThIO B oTHOIIeHnn Ca-
3aBrucuMbIx K-kaHaaos 061agaet mayportokcuH [Castle n ap., 2003].

Bo Bpem: cBssbiBanmsl 010KaTopos ¢ kaHaaoM KCa3.1 co cropoHsl KaHala, ag’KMTOKCUHA,
XapubA0TOKCMHA U MaypoTOKcuHa ydactsyeT 23, 11, 11 u 12 aMUMHOKMCAOTHBIX OCTaTKOB COOT-
BeTcTBeHHO. CeTh KOHTAKTOB BKAIOYaeT B ce0s rmApodoOHbIe B3aIMOAEVICTBIISI, BOAOPOAHBIE
v noHHbIe cBs13u (Puc. 2, TabGauria 1).

Puc. 2. CTpyKTypa KOMIL1€KCOB aAXXUTOKCHHa (A), xapudbaorokcuHa (B) 1 mayportokcuna (C) ¢ TubpmuaHbM
kaHaaoM KcsA-KCa3.1. LIseToBoe KoAMpOBaHNe IPUMEHEHO B 3aBICHIMOCTH OT CyObeAMHUIIBI KaHaAa
(KpacHBIi1, cepblil, CMHII U 5KeATBIN) 1 TOKCKUHA (3eaeHblit). Ienn Ha nepegHeM 1 3a4HeM yJaaeHbl
AAs HaTAsAHOCTU. B3anMoeiicTByIONe OCTaTKM BU3yaAM3MPOBaHbl MeToaoM Stick.

B mponecce cBs3bIBaHNS HaOAOAaeTCs psig oOIux B3aumoaerictsuit. Lys27/27/23 (AgTx/Ch
Tx/MTx) npoHNKaeT B IOpy KaHala, 00pa3oBbIBasi KOHTAKTH ¢ Tyr253(1, 2, 3, 4) (Tyr78 B kaHaae
KcsA-KCa3.1). ObmuM 445 Tpex KOMILAEKCOB sIBAsIeTCs TuApodoOHbIit KoHTaKT Prol2/Lys11
/Lys7 ¢ Tyr257(2). Asn30/30/26 obpasyeT ycToiramsbie BOAOPOAHBIE CBA3M C OCTaTKaMMI CeeK-
TuBHOTO QpuapTpa KaHaaa (Gly254(3), Asp255(3), Tyr257(3)). Arg/Ser24 (AgTx/ChTx) cBsa3siBa
eTcst ¢ octaTkaMu Asp239(2), Asp255(2). Serl1/Ser6 (AgTx/MTx), Lys11/Lys7 (ChTx/MTXx)
o0pasyeT cuABHYIO BoA0poaHyIO cBsasb ¢ Gly254(2). Tyr36/32 (ChTx/MTx) ¢ukcnpyer C-koners
TOKCMHA 3a cYeT B3anmogenctsuii ¢ Asp255(1).
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B cnay Toro, uro Mmaypotokcus cpsaspiBaeTcs ¢ kaHaaoMm KCa3.1 nanboaee adpPpunHO, MBI yae-
Anau ocodoe BHMMaHMe aHaAM3y ero uHTepderica casasbBaHuA. Tak, oOpasyeTcs psj yCTOl-
9UBBIX TMAPOPOOHBIX KOHTAKTOB: Thr4-Val259(2), lle25-Tyr257(2), Lys30-Gly254(4), Lys30-Tyr
257(4). Gly5 obpasyeT cnabHyI0 BOAOPOAHYIO CBs3b ¢ Tyr257(2), B TO Bpems Kak TOMO/AOTMYHbIe
octatknt AgTx 1 ChTx KOHTaKTOB c KaHaA0M He 00pa3yIoT. VIHTepecHBIM Ka’KeTCsl 3HaulTeAb-
HOe yCuJeHe KOHTaKTOB, 00pasyrommxcs octatkamu Ser6 u Lys7 ¢ 1 nenpio kanaaa. Bogopoa-
Hple cBsA3u Asn21-Asp255(2), Lys30-Gly254(4), Tyr32-Asp255(1) Taxke B cayyae MTX ycmanauce.

CoraacHo gaHHBIM ITPOBEeJEHHOTO MccAeJoBaHNs HTepderica CBA3bIBaHIA, OCHOBHON BKAaJ
B 9(pPexTuBHOCTD cBsA3bIBaHN:A ¢ KaHaaoMm KCa3.1 BHOCAT BOJOPOAHBIE CBS3I.

Tabawniia 1. BsanMoaericTBus TOKCMHOB ¢ TOpuAHBIM KaHaaoM KesA-KCa3.1 coraacHo 4aHHBIM MOA€KyAsIPHOTO
Mogeauposanus. HB — Bogopoansie ceaszu, HPC — rM4p0(1)06HLIe xoHTakThl, ION — nOHHBIE CBSI31.

Toxin residue AgTx2 ChTx MTx
Glyl Gly79(4):HB
Asp80(4):HB, ION
Thr9/8/4 Tyr82(1):HB
Gly10/Thr9/Gly5 Tyr82(1):HB
Ser11/10/6 Tyr78(1, 2):HB Tyr78(1, 2):HB
Gly79(1):HB Gly79(1):HB Gly79(1):HB
Asp80(1):HB
Tyr82(2):HB
Pro12/Lys11/Lys7 Asp64(1):ION Asp64(1):ION
Asp80(1):HB, ION
Tyr82(2):HPC Tyr82(2):HPC Tyr82(2):HPC, HB
Val84(2):HPC Val84(2):HPC
[le15/Trp14/Tyrl0  [Val56(2):HPC Val56(2):HPC
Gly79(2):HB
Tyr82(2):HPC Tyr82(2):HPC, STACK  |Tyr82(2):HPC, HB
Val84(2):HPC Val84(2):HPC
Lys19/GIn18/Argl4 [Val56(2):HB
Asn57(2):HB
Arg24/Ser24/Pro20 |Asp64(2):HB, ION
Asp80(2):HB, ION
Phe25/Arg25/Asn21 |Val56(2):HB
Ala58(2):HPC Ala58(2):HB Ala58(2):HB
Asp64(2):ION
Asp80(2):HB, ION Asp80(2):HB
Leu81(2):HPC
Tyr82(2):HPC, STACK Tyr82(2):HB
Val84(2):HPC
Gly26/Gly26/Ala22 |Tyr82(2):HPC, HB Tyr82(2):HB Tyr82(2):HB
Lys27/27/23 Tyr78(1, 2, 3, 4):HB Tyr78(1, 2, 3, 4):HB Tyr78(1, 2, 3, 4):HB
Met29/Met29/11e25 Tyr82(3):HPC
Asn30/30/26 Gly79(3):HB Gly79(3):HB
Asp80(3):HB Asp80(3):HB Asp80(3):HB
Tyr82(3):HB Tyr82(3):HB
Arg31/Lys31/Lys27 |Asp64(3):I0N Asp80(3):ION
Asp80(3):ION
Tyr82(1):-HB
His34/Arg34/Lys30 Tyr78(4):HB
Gly79(4):HB Gly79(4):HPC, HB
Asp80(4):ION Asp80(4):HB
Tyr82(3):-HB Tyr82(3):HPC, HB
Thr36/Tyr36/Tyr32 Tyr78(2):HB
Gly79(4):-HPC, HB
Asp80(2):HB
Tyr82(4):HPC, HB, ION
Pro37/Ser37/Gly33 |Val84(4):HPC
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Marepuaabl 1 MeTOABI

Ilepsuunas cmpyxmypa zubpudnozo xanara KesA-KCa3.1. AMMHOKICAOTHAsI TI0CA€A0BaTe AbHOCTD
rubpuanoro kanaaa KesA-KCa3.1 noaydena nmytem samenenus ocratkos 50-65 KcsA na 225-
240 romozaormnauon obaactu P-metan xanaaa KCa3.1. OcraabpHasl mocaea0BaTeAbHOCTD KaHala
Op1aa ocTaBAeHa OakTepuaabHoIt (Puc. 3).

Puc. 3. BripaBHMBaHME aMIHOKVICAOTHBIX ITOCA€40BaTeAbHOCTEN OaKTep11aAbHOIO KaAeBOro KaHala
KcsA(mokasas ceprim), sykapmoTideckoro kaHaaa KCa3.1 (rmokasaH 3eaeHBIM) U1 X TUOp1Aa. 3Be3409KaMU
OTMeYeHHI AeHTUYHBIe IToAoKeHw:1. Hymepariusa sepHa 445 6akTepraabHOTO U TMOPUAHOTO KaHaA0B.

TM helix H Turret H Pore helix H Filter ]—'TM helix

ANNN . N______ _\N\N\N\NNN___ NN
VvV

IV VV Vv VvV V VA

50 €0 70 80 90

KcsA GSYVLAERGAPGAQLITYPRALWWSVETATTVGYGDLY PVTLWGRL

KcsA-KCa3.1 GSYVL LWWSVETATTVGYGDLY PVTLWGRL
220 230 240 250 260

KCa3.1 AWVLSVAERQAVNATGHLSDTLWLIPITFLTIGYGDVVPGTMAGKT

P * koekkkk . Kk ke kok . .

Moderuposariue cmpykmypul Komnaexcos eudpudnozo karara KesA-KCa3.1 ¢ moxcunamu. ITpocrt-
pancTBeHHbIe cTPYKTYphl TOKCUHOB AgTx, ChTx 1 MTx Obran rioaydens! n3 0aspl JaHHBIX Oea-
KOBBIX cTpyKTyp PDB (Www.rcsb.org,pdb-koasr 1AGT, 2CRD n 1TXM cootsetcTsenHo, Puc.
4). CTpyKTypBI TOKCMHOB OBLAY YPaBHOBEIIIeHBI C [IOMOIIIBIO 5 HC MOAEKYASPHON AMHAMUKI.

Puc. 4. Bropiansre cTpyKTypsl ToKcuHOB ckoprimoHa: AgTx (A), ChTx (B) m MTx (C) u BeIpaBHUBaHIE VX aMITHO-
KMCAOTHBIX TI0CAe40BaTeAbHOCTell. 35e3A0UKaMll OTMeUeHbl AeHTUYHbIe 110A0XKeHs. IIseToBoe KogupoBaHme
D1€MEHTOB BTOPUYHOI CTPYKTYPBL: A-CIIMpaAb — KpacHslit, 3/10-criupaab — poO30BbIIL, [3-CTPYKTypa — KeAThIit,
IIOBOPOTHI U IIeTAN — 3eAeHblil, HeyIOpsIAOUeHHbIe YJacTKI — YePHBII.

B €
PDB-code 1 10 20 30 38
— aVWaVavlalaum Fat _—
vV VvV VvV

AgTx 1AGT GVPINVSCTGSPQCIKPCKD-AGMRFGKCMNRKCHCT PK—
ChTx 2CRD EFTNVSCTTSKECWSVCQRLHNTSRGKCMNKKCRCY S——

VoV aVaVa
V ViV VV

MTx 1TXM VSCTGSKDCYAPCRKQTGCPNAKCINKSCKCYGCX

ko ok ok ek * . . B I

Mogaean xommaekcos ruopuanoro kaHaaa KesA-KCa3.1 ¢ rokenmaamu AgTx, ChTx n MTx 65I-
AU TIOCTPOEHHI C IIOMOIILI0 MOAeAMPOBaHMS 110 ToMoaorun B rporpamme Modeller [Sali, A,
Blundell, 1993] o mabaony mytuposanHoro kaHaaa KcsA B xommaekce ¢ ChTx (pdb-kog 2A
9H). 3aTem 3D cTpyKTypBl TOKCMHOB B KOMILA€Kce ObLAM 3aMeHeHbI Ha DKCIIepMMeHTaAbHO I10-
Ay4eHHbIe U IIpeABapuUTeAbHO YpaBHOBEeIIeHHbIe ¢ IToMoIbio M.

Ilodzomoska cucmem 0As paciema. OTOBbIe KOMILAEKCHI OBLAY TIOMEIIeHBI B PacdeTHYIO SJelIKy
7x7x9 nM, 3antoanennyio 11000 moaexyaaMu BoAbl (MOAeAb TOYEUHBIX 3apsA40B) 1 okoao 100
JMOHOB HaTpMs U XA0pa AAs BOCIpOU3BeAeHNs (PU3NO0AOTMYECKNX YCAOBUIT. MUHIMaAbHOe
paccTosiHMe OT KOMILAeKCa A0 IPaHMUIIBI sTYeliKM cocTaBAsa0 1 HM. Vlon K+, oKpy>keHHBIIT MO-
AeKyAaMU BOABI, ObLA TIOMeltieH B cailT S3 ceaekTusHoro ¢puastpa KaHaaa. Cair SO u S1 6p1an
OCTaBJeHBbI ITyCTBIMM, TakK KakK ObBLA0 paHee IIOKa3aHO, YTO HPUCYTCTBUe MOHOB K+ B »Tmx
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MOAOXKeHUSIX IIPeIIsITCTBYeT IIPOHMKHOBEHIsI OOKOBOI LeIn ocTaTka Lys B cailT cBsA3BIBAaHUS
[Chen, Kuyucak, 2009]. MoaeKyasl BOABI OBLAY YAaA€eHBI U3 CaiiTa CBA3bIBAHM TOKCHHA AAs
o0erdyeHns ypaBHOBeIIMBaHMsI KOMILAEKca.

Monexyaapras dunamuxa. Aas IpoBeACHNs pacdeToB OblA MCIIOAB30BaH IIPOTPaMMHBIN ITaKeT
Gromacs (Www.gromacs.org) ¢ ciuaoseiM 11oaem charmm?27 [Sapay, Tieleman, 2010]. MeTtoast
HalICKOPeIIIero CIlycka I COIIPsI>KeHHBIX I'PaAVieHTOB ObLAY IIPUMeHeHBI A5 ITpoBeAeHIs MU-
HIMU3aLU ITOTeHIIaAbHOM DHEePIUM CUCTeMbI. 3aTeM CUCTeMBbl ObLAM ypaBHOBEIIeHB! B Ka-
HonmyeckoM (NPT) n usorepmo-nsobapudeckom ancamdae npu temmeparype 300 K n aas-
aenun 1 6ap. MunuMM3ans sHeprumu 1 ypaBHOBEIIeHe CUCTeMbl ObLAM ITPOU3BeAeHbI Oe3
3aMOpPO3KM aToMOB. M/ pacueTsl OblAM ITpoM3BeAeHbl B TedeHne 5 HC 1 Ipu 3amoposke Ca-
aTOMOB OCTaTKOB TPaHCMeMOpPaHHBIX Iierleil KaHaAa A4 UMUTaIUU MeMOPaHHOTO OKPY>KeHM:I.

Anaaus dannvix. Ha ocHOBe pacripeseaeHns1 yra0B IOBOPOTa TOKCMHOB B caliTe CBA3bIBaHIIS Ka-
HaJa B TedeHMe Tpaektopuu M/] KoMIaeKkcoB, Oblaa BbIOpaHa MpeAIiouTuTeAbHas OpyeHTa-
LT TOKCMHA. AHaaAu3 ruapoQOOHBIX M CTHKMHI-B3aIMOAEVICTBIUII BOJOPOAHBIX U MIOHHBIX
CBsA3el TOKCMHA C KaHaA0M OblA ITpou3BeeH ¢ IIOMOIIIbIO pacIIMPeHHON BepCcuy IporpaMMBbl
Platinum (www.model.nmr.ru/platinum) [Pyrkov u ap., 2009] aas 70 BrIOpaHHBIX KagpoB
Tpaekropun M/, B TedeH1e KOTOPBIX CiicTeMa Oblla ypaBHOBellleHa (eprnoa 3—5 He pacyeTta
MA). Iloa crabHO B3aIMOAEMICTBYIOIIMMY OCTaTKaMM ITIOHMMAaANCh Te, YTO 004a4aloT CyIecT-
BEHHOI1 I1A0I11aAbI0 TMAPOPOOHOrO KOHTaKTa (>0,2A2) u (nam) 00pa3yIoT CUABHYIO BOAOPOA-
HYIO CBs3b (3HaueHme napamerpa HB>(0,5) u (mam) nposBAsSIOT KOPOTKOAEHCTBYIOIIEee MOHHOE
B3aMMOJEIICTBIe (PacCTOsTHME MeXAy MoHaMu < 6 A) rocze ycpeanenist mapameTpos 1o 70
OTOOPaHHBIM A/ aHaAM3a KadpaM. DT OCTaTKM OBLAV OTHECeHBI K MHTepQeriCy B3alIMOAEIICT-
BUA U IIpeACTaBAeHBI B CBOAHOM TabAMIle 4451 aHaAU3a.

3akA04YeHue

ITocTpoeHsl CTpyKTypHbIE MOAeAY KOMILAeKCOB IMOpuaHoro Kaanesoro kaHaaa KesA-KCa3.1
C TOKCMHaM¥ CKOPIIMOHA: aAXKUTOKCMHOM, XapuOAOTOKCMHOM 1 MaypoTokcuHoM. IIpeaao-
JKeH aATOPUTM OLIeHKH B3aMOJEeMCTBIs 010KaTOPOB C KaHaA0B, ONMCAHBl BCe BO3HMKAIOIIVe
KOHTaKTHI. I1oAyueHHbIe pe3yabTaThl, KacaloIiecs poAu pa3ANdHbIX OCTaTKOB IIpy 0Opa3oBa-
HIM KOMIILA€KCOB, COTAacyIOTCs C DKCIepUMeHTaAbHBIMI A@HHBIMY, YTO IIO3BOASIET CAeAaTh
BBIBOJ, O 4OCTOBEPHOCTH IT0AY4aeMBbIX MOAeAeli KOMILAEeKCOB, a TaKXKe MX MCII0Ab30BaHMS A4S
Ipe/cKa3aHus poAU BO3MO>KHBIX MyTallMI.
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ABSTRACT

GaSe:Cd single crystal used in this research was grown by using the Bridgman/Stockbarger method. The ingots
have no cracks and voids on the surface in ingots. There is no process to polish and clean treatments at cleavage
faces of these samples because of the natural mirror-like cleavage faces. GaSe:Cd has specific impurities arising from
its crystal structure. When transition element is doped in to GaSe crystal, these impurities which is transition ele-
ments are eliminated from the crystal during the growth process. Samples were cleaved along the cleavage planes
(001). The freshly cleaved crystals had mirror-like surfaces even before using mechanical treatment. The optical
absorption measurements of the crystal depend on the temperature was taken in 10 K steps in the temperature range
of 10-320 K. The variation of exciton and band gap energy range depending on the temperature has been examined.
The Cd element doped to the structure increases the optical absorption intensity of the GaSe crystal and causes the
absorption edge to shift to the shorter wavelength side. In the annealed samples, the intensity of absorption decreased
and exciton and band gap increased.

Keywords: GaSe:Cd single crystal, Cristals grown, Bridgman/ Stockbarger method.
GaSe: Cd YARIILETKENININ BUYUTULMESI VE OPTIKSEL OZELIKLERININ INCELENMESI
OZET

GaSe:Cd tek kristali Bridgman/Stockbarger metodu ile biiyiitiilmiistiir. Numunenin yiizeyinde ¢atlak ve dii-
zensizlige rastlanmadig: gibi yiizeyi ayna gibi parlak ve temiz oldugundan kimyasal temizlemeye gerek duyulma-
mustir. Cd gecis elementi GaSe kristaline katkilanmistir. Katkilana Cd biiyiitme esnasinda var olan kusurlar1 ve
kirlilikleri elimine etmistir. Numuneler (001) atma diizlemin dikkate alinarak hazirlanmistir. Kristalin sicakliga
bagl optik sogurma 6l¢tiileri 10-320 K sicaklik araligin da 10 K'lik adimlarla alinmustir. Eksiton ve yasak enerji ara-
Iiginin sicakliga bagh degisimi incelenmistir. Yapiya katkilanan Cd elementi GaSe kristallinin optik sogurma sid-
detini artirmis ve sogurma kiyisinin daha kisa dalga boyu tarafa kaymasina neden olmustur. Tavlanan numune-
lerde sogurma siddetini azalmis ve eksiton ve yasak bant aralig1 artmistir.

Anahtar kelimeler: GaSe:Cd monokristal, Kristal yetisdirms, Bridgman/ Stockbarger metodu.

1. Giris

AIBY! tipi GaSe yariiletkenin optik ve elektriksel 6zelliklerinin bilinmesi yaninda, éncelikli
olarak, bu kristallerin biiytitiilmesi de 6nemlidir. Elde edilen kristallerin kullanilabilir 6zellik-
lerde olmasi, tek dogrultuda biiyiitiilmesi ve boyutlarinin en azindan arastirma yapilabilecek
ve devre elamani olarak kullanilabilecek biiytikliikte olmas: gerekmektedir. GaSe yariiletke-
ninin bazi yapisal 6zelliklerini ve sogurma olgiileri yardimiyla elde dilen yasak enerji araligi-
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nin bilinmesi 6nemlidir. Tabakali III-VI yariiletken kristali olan GaSe fotoelektronik cihazlar-
da uygulama alanina sahip olup, tabakal1 bir yapi iginde kristallesir ve yasak enerji aralig: yak-
lasik olarak 2.01 eVoldugu bulunmustur (De Blasi et al., 1989).

Cardette et al. (1972) Bridgman-Stockbarger metodu ile 180 mm uzunluguna ve 8-20 mm ara-
sinda degisen i¢ capa sahip, sivri uglu, yuvarlak ve diiz olmak {izere ii¢ ayr1 ampul kullanarak
960°C'de GaSe tek kristalini biiyiitmiistiir. Ayrica kristal biiytlitme isleminde biiyiitme firmi-
nin sicaklik gradyenti yaninda firmn igine yerlestirilen biiylitme ampuliiniin hizinin da énemli
oldugunu belirtmistir. GaSe kristallerin ytizey topolojisindeki degismeler, yapilardaki tepele-
rin ve cukurlarin bicimleri ve yiizey tabakalarindaki gerilmeler AFM metodu ile incelenmistir
(Kovalyuk et al., 2008).GaSe yariiletkeninin sogurma ve fotoliiminesans deneyleri ¢alisildigin-
da kirlilik atomlarmin ve yapisal kusurlarinin arastirilmasi, yasak enerji araligi, fonon enerjisi,
yaklasik bant yapisi, kusur seviyeleri, indirekt gegis enerjisi, kristal verimi, eksitonun olup ol-
madiginin arastirilmasi ve eksitonlarin enerji seviyelerinin bilinmesi de 6nemli yer tutmakta-
dir. Bu tekniklerle (sogurma, fotoliiminesans vs.) arastirma yapilirken, numunenin yapisina
zarar verilmemesi de ¢ok 6nemlidir Giirbulak et al. (1997).

2. Deneysal Prosodiirii

2.1. Bilesen Elementlerin Hazirlanmasi ve Ampuliin Yiiklenmesi
Kristal biiyiitme firmi, Bridgman-Stockbarger biiyiitme metodu ile kristalleri biiylitmeye imkan

verecek sekilde iki bolgeli (zonlu) olarak imalati gergeklestirilmistir. Uygulanan prosediire
gore temizligi yapilarak hazirlanan ampullerin yiliklenmesi igin su iglemler takip edilmistir:

« Baslangi¢ malzemeleri olarak 6N saflikta Ga ve Se elementleri kullanilmis ve molar olarak
%52 Ga ve %48 Se'den alinmustir.

o Bu calismada, bilesen elementlerin toplam agirligi; ampul boyutlar: ve bilesen elementle-
rin buhar basinglar1 dikkate alinarak 50 g olacak sekilde belirlenmistir.

o  Kristali olusturacak her iki elementin miktarlari,

S Ga- ZZA;; Tse- ZZA; (1)
%Ga = Ga(D Ga)x100 %Se = Se(>_ Se)x100
Wy, =50x(%Ga) W, = 50x(%Se) (2)

seklinde stokiyometrik oranlarda alinarak,
W, +W,, =50g 3)
olacak sekilde (1-3) denklemleri kullanilarak hesaplanmuistir.

e Temizligi yapilmis 2 ampule elementler aktarilmis ve daha sonra ampullerden birine %0,3
(binde ii¢) oraninda 0,06 g, 6N saflikta Cd (kadmiyum) elementi ilave edilmistir.

2.2. Kadmiyum Katkili GaSe

GaSe Kristalline Cd katkiladigimiz zaman donor seviyelerinde artma gozlenmekte ve bu sevi-
yeler, derin ve s1§ seviyelerin arasinda galyum ve selenyum elektronik yapisindaki bogluklara
gore olusur. Seviyeler bazen 0,2 eV 'luk valans bandin iizerinde veya 0,52 eV 'luk iletkenlik
bandinin altinda ulusurlar. Saf GaSe kristallinde atomlar arasindaki mesafe dca-c.=2,32 A, dse
se=3,74 A ve dcas=2,48 A'dir ve Cd katkiladiktan sonra atomlar arasindaki mesafeler dca.ca=0,07
A, dsese=0,26A ve dseca=0,14 A seklinde degisir. GaSe kristalline katki yapilmadig1 zaman ku-
sur seviyesi en yakin komsu atomlarindan yabanci atomlara kadar uzar. Bu seviyelerde agir-
likta olan Ga-s ve en yakin Se-p orbitalleri mevcuttur (Rak et al. 2008, Shi et al. 2002, Fan et al.
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2002). Cd atomlarinin kovalent yarigap: (1,36 A), Ga (1,26 A) ve Se (1,16 A) atomlarinin kova-
lent yaricapindan daha fazladir. Cd katkili GaSe kristallinde, Cd atomlar1 Ga ve Se atomlari-
nin bosluklarin1 doldurur ve iki tabaka arasindaki ara katman alanlarina yerlesir.

2.3. GaSe Yariiletken Kristallinin Bridgman- Stockbarger Teknigi Biiyiitiilmesi

Yariiletkenler bilim ve teknoloji igin oldukg¢a onemlidir ve gesitli alanlarda genis uygulama
potansiyeline sahiptir. ATBV! yariiletken kristallerin biiyiitiilmesi ve arastirilmasiyla, yariilet-
ken teknolojisinde biiyiik ilerlemeler saglanmistir.Bridgman- Stockbarger Teknigi ile biiytitii-
len yariiletkenin biiyiitme programi Sekil 1'de verilmistir.Boylece GaSe:Cdikili yariiletken kris-
talinin biiyiitme islemi 20 giinde tamamlanmustr.

Sekil 1.GaSe:Cd numunesinin biiyiitme isleminde uygulanan programi

1000 = —<-
200 4

—=— Ust bélge
—e— Alt bslge

v T T y r T T T T v v
o 20 40 60 80 100 120 140 160 180 200 220
Zaman (Saat)

3. Arastirma Bulgulan
3.1. GaSe:Cd Ikili Yariiletkenin Yiizey Morfolojisi ve EDX Analizi

Taramal1 Elektron mikroskopu analizlerinde, gekirdeklenme, kristal biiyiimesi, atomik oranlar
ve kristal yapis1 gibi 6zellikler hakkinda bilgi saglamaktadir. Modifiye Bridgman-Stockbarger
metodu ile biiytitiilen GaSe:Cd ikili bilesigin homojen bir yiizeye sahip oldugu, taneciklerin
ylizeyde homojen dagilimini, kiiresel ve oval sekillerde olup ve mikrometre boyutlarda olus-
tugu belirlenmistir(Sekil 2).

Sekil 2.GaSe:Cd kristallinin yiizey goriintiisii

EDX spektrumunu gostermektedir. EDX analizinde, GaSe:Cd igin Galyumun elementi %48,49
oraninda selenyum elementi ise %51,22 oraninda ve Cd elementi %0,29 alinmistir. EDX so-
nuglar1 incelendigindeOrnegin farkl noktalarinda yapilan analizleri Ga ve Se elementlerinin
malzemenin her tarafina homojen bir bi¢cimde dagildigini ve malzemede herhangi bir safsizlik
olusmadig1 gostermektedir.EDAX analizi sonuglarina gore Ga ve Se piklerinin atomik ytiizde
orani diger ¢ikan elementlere oranla daha baskindir. Kristaldeoksijenytizdesiningokdiisiik ola-
masi ve biiylitme esnasinda hesaplanip uygulanan ve EDX bulunan ytizdelik degerler birbir-
lerine ¢ok yakin olmasi biiyilitme esnasinda kimyasallarda azalma ve farkl reaksiyonda ciiruf
ve alasim olmadigini gostermistir.
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3.2. GaSe:Cd Ikili Yariiletkenlerin AFM Analizi

Bu calismada, Bridgman-Stockbarger metodu ile biiyiitiilen GaSe:Cd ikili bilesigin morfolojik
yapilarini incelemek i¢in atomik kuvvet mikroskobu kullanilmistir. $Sekil3'de40 pm kalinligin-
daki GaSe:Cd kristallerin ytiizeylerinin ti¢ boyutlu AFM goriintiilerini gostermektedir. Cizel-
ge 1.GaSe:Cdkristallerin AFM analizleriyapilmistir.

Sekil 3.GaSe:Cd kristallinin 40 um kalinliklarindaki {i¢ boyutlu AFM goériintiisii

Cizelge 1.GaSe:Cd kristallerin AFM analizi

Parametre GaSe:Cd
Ortalama piiriizliik (Sa) 6,18x10" nm
Maksimum vadi derinligi (Sv) 2,35 nm
Maksimum zirve yiiksekligi (Sp) 3,56 nm
Ortalama piiriizluk yiiksekligi (Sz) 5,90 nm
Toplam piiriizliik (St) 5,90 nm
Karekok ortalama degeri (5q) 7,55x10"! nm

GaSe:Cd kristallinde taneciklerin biiytikliigii, ytizeyi piiriizlii, kare kok ortalama degerleri ve
biiyiik tanelerin sayisi kiiciik tanelerin sayisina gore artmustir. Cd atomlar1 GaSe fazi arasina
yerleserek piiriizlii artmasina, yapinin bozulmasina ve kusurlarin olugsmasina neden olabile-
cegi diisiiniilebilir (Raposo et al. 2007, De Oliveira et al. 2012).

4. Sonug ve Tartisma

Yariiletkenler bilim ve teknoloji icin oldukca 6nemlidir ve gesitli alanlarda genis uygulama po-
tansiyeline sahiptir. ATB"! yariiletken kristallerin biiyiitiilmesi ve arastirilmasiyla, yariiletken
teknolojisinde biiytiik ilerlemeler saglanmistir.Nano teknolojinin ilerlemesinde yariiletkenle-
rin onemi giderek artmaktadir. Ancak, kullanilacak yariletkenlerin hem kolay elde edilebilir
hem de uygulama alanin genis olmasi daha da 6nem arz etmektedir. Bu maksatla, uygulama
alanlar1 ¢ok olan ve karakteristikleri tam olarak belirlenen yariiletkenlere ihtiya¢ duyulmakta-
dir. Giines enerjisinin depolanmas: ve kullanilmasinda ¢alisilan baslica malzemeler arasinda
yariiletkenler yer almaktadir.

Numunelerin, yapisal ve morfolojik karakterizasyonlar: X-Isin1 kirinimi (XRD), Taramal Elek-
tron Mikroskobu (SEM), Enerji ayrimli X-Isin1 spektroskopisi (EDX) ve AFM (Atomik kuvvet
mikroskobu) teknikleri kullanilarak gergeklestirilmistir. XRD sonuglari, biiyiitiilen numunele-
rin hekzagonal kristal yapiya sahip olduklarmi ve Cd katkilamanin pik siddetlerini diisiirdiigii
ve yar1 genigligi artirdig1 gozlenmistir.

GaSe: Cd kristalinde 300 °C 'de 20 dakika tavlama yapildiginda

» Piklerin siddeti artmistir.
> Pik siddeti yar: genislik azalmgstir.
> Kristallerin tanecik biiyiikliigii (kiimelesmesi) artmstir.
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GaSe: Cd kristallinde 500 °C 'de 30 dakika tavlama yapildiginda

» Piklerin siddeti artmstir.
» Pik siddeti yar: genislik azalmigtir.
> 500 <Ciistiinde tavlamalarda numune iizerinde bozulma (hasar) meydana gelmektedir.

500 °C tistiinde tavlamalarda GaSe yariiletkenin igerisinde belli oranlarda var olan galyum
ve selenyum numune yiizeyinden buharlasmakta ve ylizey yapisinda kusur olusturmaktadir.
Onleminin yolu, kalin numune segerek (Imm) tavlamak, sonra aynt numunenin atma diizle-
minden yeni ince (40-50 pm) numuneler elde edip sonra XRD 06l¢tii ve verileri alinmalidir.

Sekil 3'de iiretilmis GaSe:Cdkristalinin ti¢ boyutlu AFM (atomik kuvvet mikroskobu) goriin-
tiisii verilmektedir. 1 x 1 um? 'lik alan taranarak, gortintii alinmustir ve sirasiyla yaklagsik 55-
40um kalinliklarindaki GaSe:Cd kristali yiizeylerinin ti¢ boyutlu AFM goriintiilerini goster-
mektedir.Bu sekilde, ylizeyinin tabandan yukariya dogru sivrilerek biiyiiyen oldukga siki pa-
ketlenmis nano boyutlu tanelerden olustugu goriilmektedir. Bununla birlikte, kristallin ytize-
yinde yer yer {ist iiste y1g1lmis tanelerin ve tane bosluklarimin bulundugu fakat buna ragmen
homojen bir yiikseklik dagiliminin sergilendigi de goriilmektedir. Clinkii AFM goriintiilerinde
renklerin ¢ogunlukla ayni olmasi kristallin yiizeyinin homojen bir yiikseklik dagilimina sahip
oldugunun bir gostergesidir. Sekildeki en ytiksek tepe ile en ¢ukur bolge arasindaki yiikseklik
farki 6 nm civarinda olup RMS yiizey piiriizliligii degeri ise 0,75 nm 'dir. Bu yiikseklik fark:
ve RMS degeri de oldukga diisiik olup kristallin ytiizeyinin diiz ve piiriizsiiz oldugu soylene-
bilir. Bununla birlikte tiretim kosullar1 ayn1 kalmak kaydiyla Cd katkilamanin GaSe kristallin
ylizey purizluligiini arttirdigi sonucuna da ulagilabilir.

GaSe:Cd kristalinin sogurma bant araliklari, sogurma katsayisi, eksiton enerji seviyeleri, yasak
enerji araliginin sicaklikla degisimi, direkt ve indirekt yasak enerji araliklarini ve eksiton enerji
seviyelerini belirlenmesi i¢in bu numuneden 45+5 kalinlikta alindi. Numuneler 1s1 iletim yag1
kullanarak kapali devre helyum kryostat sistemine yerlestirildi ve optik ol¢timleri Perkin-El-
mer UV/VIS Lambda 45 spektrometre ile alinmistir. GaSe:Cd numunesininsogurma spektrumu
dalga boyu ile degisimleri sicakliga bagl olarak tavlanmamus ve tavlanmus ve sirastylaSekil 4'da
verilmistir.

Sekil 4. Tavlanmamis ve tavlanmis GaSe:Cd numunesinde sogurma

spektrumu sicakliga bagl olarak dalga boyuna gore degisimi
5.0 o !

1.5 o

{ GaSe:Cd - 10
4.5 o & 60
1 A 120
4.0 4 v 180
—_ 1 - 340
i 3.5 o -
5 77 T — - 4 <320
= )
- 3.0 " 4 101
1 | Tavlanmis
2 254 £ ® 1 *— 60T
=] 1 * ¥ . 20T
w20 - " ° 1 1201
4
4
4
-

1.0 o

0.5 o

570 580 580 00 610 620 630 640 650 660 670

Dalga boyu (am)
Cd katkili kristallerde sogurma katsayisimin pikleri degistigini, daha da diklestigi, daha keskin
ve fazla oldugu belirtilmistir. Katkilanan numunelerde Cd atomlar: kirliliklerle kompleks ku-
rup, onlar1 inaktif hale getirip ve kusurlar1 azaltmasina neden olabilir. Katkisiz numunelerde
kirlilik seviyeleri gelen 1s1k etkilesmesi ve piklerin dikliginin azalmasina ve yayvanlagmasina
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sebep olabilir. Cd atomlarinin, Ga ve Se atomlarinin kristal yapidaki yerlerine yerlesmeleri so-
nucunda, atomik yarigaplarmin selenyum atomlarinmn yaricapimndan biiyiik olmasi sonucu orgii
parametrelerinin biiylimesine dolayisiyla yasak enerji araligmin genislemesine neden olduklar:
ve yapidaki mevcut kirlilikleri aktif olmayan hale getirirken diger taraftan yeni kusurlar olus-
turduklar1 gézlenmistir. Cd katkili kristalde yer yer enerjilerde genisleme bazi sicakliklarda
daralmaya sebep olmustur. Yasak enerji araligimin kiigiilmesinin sebebi, 6rgii parametrelerinin
(a,b ve c) biiylimesi ve k'min (k= 7t/a) degismesinden kaynaklanabilir (Allakhverdiev et al. 1985,
Ves 1989, Gauthier et al., Camassel et al. 1978). GaSe:Cd numunede kirliliklerin varlig1, serbest
tastyicilar tarafindan Coulomb etkilesiminin perdelenmesine sebep olmasi ve eksiton olusma-
sii1 engellemistir. Katkili kristallinde, tasiyici-tasiyici ve tasiyici-kirlilik etkilesmelerinden do-
lay1 kristallin elektronik seviyeleri bozulur ve bant araliginda daralma olabilir.

Azot ortaminda tavlanan GaSe:Cd kristalinin optiksel 6zellikleri {izerindeki etkisini incelemek
icin 300°C'de 1.5 saat tavlanmistir. Tavlamadan sonra kristallerin sogurmalar: dl¢iilmiistiir.
Tavlama esnasinda bant araliginda bir miktar degisim goriilmiistiir. Tavlama bazi numuneler
tizerinde fiziksel 6zellikleri {izerinde 6nemli bir etkisi vardir. Tavlamanin etkisi bant aralikla-
rinda bozukluk ve kusurlar igeren yariiletkenlerde goriiniir.Tavlama islemi ile birlikte kristallin
ylizeyindeki piiriizliliiglin artmasi, buna bagh olarak, yansimalar ile meydana gelen kayipla-
rin artmasi ve yapisinda bozukluk ve kusur yogunlugu artmasi olabilir. Tavlama isleminden
sonra yiizey homojenligi azalir ve numunelerde ¢atlak ve yariklar olusur ve sogurmanin sid-
deti azalir. GaSe:Cd numunesinde sicaklik artikca yasak enerji arali1 azalmaktadir. Sicaklik
arttikca, piklerinin enerji pozisyonu ve enerji aralifinda daha uzun dalga boylarina dogru ka-
yar ve pikler genisler. Kaymalarin nedeni eksiton-fonon, eksiton-kusur etkilesimi ile aciklana-
bilir. Sicaklik artikca kristal orgii titresimi artar, kristal orgilisii genigler, valans bant iletkenlik
bandina yaklasir ve sogurmanin daha uzun dalga boylu bolgeye kayar. Orgii kusurlarmin ya-
sak enerji araligim degistirebilir. Iletkenlik bandinin diizensiz yapiya ve valans bandmin taba-
kal1 yapiya sahip olmasi da diger sebeplerdendir (Gauthier et al. 1989). GaSe:Cd kristallerine
tavlamadan sonra yasak enerji araliginin genisledigi goriilmiis ancak sogurma kiyis1 daha uzun
dalga boylu bolgeye kaymis ve sogurma piklerinin siddetleri azalmigtir. Tavlama esnasinda
kristallin yapisindaki bozukluklar ve kusur yogunlugu azalir ve yasak enerji aralig1 genisler
ve sogurma kenari yiiksek sicakliklara dogru kayar. Uygun sicaklikta tavlandiktan sonra kris-
tallin ytizeyindeki piirtizliiliiglin azalir ve yansimalar ile meydana gelen kayiplarda azalmalar
olabilir (Karaagag¢ 2006).Cizelge 2.Tavlanmamis ve tavlanmigsGaSe:Cd numunesinde yasak
enerji aralig1 ve eksiton enerjisi degerleri verilmistir.

Cizelge 2. Tavlanmamis ve tavlanmisGaSe:Cd numunesinde yasak enerji aralig1 ve eksiton enerjisi degerleri

Tavlanmamig Tavlanmisg
Numuneler | Sicaklik | Eg(eV) | 1.Eksiton enerjisi(eV) | Eg(eV) | 1.Eksiton enerjisi(eV)
10 2.141 2.119 2.154 2.126
40 2.133 2.111 2.143 2.115
80 2.119 2.097 2.131 2.103
GaSe:Cd 120 2.107 2.085 2.114 2.086
180 2.077 2.055 2.088 2.060
240 2.046 2.024 2.063 2.035
300 2.028 2.006 2.035 2.007
320 2.021 1.999 2.028 2.000

Optik sogurma sonuglari olarak bu ¢alismada;

22



Investigation of growth and optical properties of GaSe: Cd semiconductor

> GaSe kristalline katkilanan Cd elementi, GaSe yariiletkeninin yasak enerji araliinin sogur-
ma piklerinin siddetini artirmis ve pik yar1 genisligini daraltmistir.

» Cd atomlarmin, Ga ve Se atomlarmin kristal yapidaki yerlerine yerlesmeleri neticesinde,
orgii parametreleri biiyiir ve yasak enerji aralig1 genisler ve kristaldeki mevcut kirlilikleri
aktif olmayan hale getirir ve diger taraftan da yeni kusurlar olusturabilir.

» GaSe:Cd kristallerine tavladiktan sonra sogurma kiyis1 daha uzun dalga boylarina kaymus,
yasak enerji arali§1 genislemis, eksiton pik siddeti azalmis ve sogurma egrisinin egimi azal-
mastir.

» Yapilan Olctimler sonucunda kristaller direk gecisli bant yapisina sahip olduklar ve tavla-
madan sonra yasak enerji araliginin artig1 belirlenmistir.

» GaSe:Cd numunede kirliliklerin varligi, serbest tasiyicilar tarafindan Coulomb etkilesimi-
nin perdelenmesine sebep olmasi ve eksiton olusmasini engellemistir.
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ABSTRACT

It has been proven that due to generation and recombination of charge carriers at the presence of an external
constant electric field concentration fluctuations of charge carriers and electric field occur in semiconductors with
deep traps. For the first time a Van—der-Pol type equation was obtained in these semiconductors for the alternating
electric field. From the solution of the obtained equation both the amplitude and oscillation frequency were deter-
mined in the first approximation by the method of N.N. Bogolyubov and Yu.A. Mitropolsky. It was shown that the
frequency of oscillations in the first approximation is more important than in the zero approximation. The amplitude of
oscillations tend to a finite value at very high time value t — 0o . This proves that there is a steady dynamic mode. A
graph indicating the dependence of amplitude on time was developed. The values of the electric field and the cons-
tants of generation and recombination of charge carriers were determined.

Key words: traps, frequency, amplitude, oscillations, generation, recombination.
DORIN TOLOLI YARIMKECIRICILORLORDO QEYRI-XOTTi YARANAN ROQSLOR
XULASO

Isbat olunmusdur ki, derin telsli yarimkegiricilords yiikdastyicilarin generasiya vo rekombinasiyast naticasinde
xarici sabit elektrik sahasi olanda konsentrasiya va elektrik sahasinin raqsi yaranir. Ilk dafs olaraq gosterilon yarim-
kegiricilords dayisen elektrik sahasi igiin Van-der-Pol tenliyi alinmisdir. N.N.Boqolyubov ve Y.A.Mitropolski
metodunun vasitssils yaranan ragsin tezlik ve amplitudu teyin edilmisdir. Isbat olunmusdur ki, ragsin tezliyi birinci
yaxinlasmada qiymatce sifirinci yaxinlasmadaki qiymatinden ¢oxdur. Reqgsin amplitudu t — o0 zaman sonsuzluga
yaxinlasdigca sonlu giymate yaximnlagir. Bununla dayanighi dinamik rejim yaranmasi isbat olunur. Amplitudun
zamandan asililiq qrafiki qurulub. Elektrik sahasinin qiymseti, yiikdastyicilarin generasiya ve rekombinasiya sabitlori
tayin olunmusdur.

Agar sozlar: talo, tezlik, amplitud, rags, generasiya, rekombinasiya.
HEAMHEMHAS KOAEBAHUS TOKA B ITIOAYIIPOBOAHUKAX C T1YBOKMMMU AOBYIIIKAMU
PE3IOME

IToxasaHO, YTO B IIOAYHPOBOAHMKAX C TAYOOKMMU AOBYIIIKaMI BCAEACTBYE TeHepal[uu ¥ peKOMOMHALIN HO-
cuTeAel 3aps4a, IpY HaAudye BHEIITHETO IIOCTOSIHHOTO DAeKTPIIECKOTO I10AsI, IIPOUCXOAUTH KOAe0aHUs KOHIIeH-
Tpaluit HoCUTeAelt 3apsaa U AeKTPUIecKoro 1mos. Briepssle moayuena ypasHeHMe Tuna Ban — gep- IToas B yka-
3aHHBIX ITOAYIIPOBOJHUKAX A4S IIePeMEHHOro pAeKTpudeckoro moas. Merogom H.H.Boroaio6osa u FO.A. Murpo-
ITOABCKOTO M3 PellleHNsI II0AY4eHHOTO ypaBHEeHs OIlpejeleHbl aMIIANTyAa 1 9acToTa KoaeOaHys B IepBOM IIpHO-
avxennst. ITokasaHo, 4To yacToTa KoAeOaHNS B IIEPBOM IPUOAVIKEHNE UMeeT 6OAbIIIe 3HaYeHNs, UM B HY1€BOM
npubAVKeHre. AMIIANTYAa KOAeDaHWs CTPEeMMUTHCST K KOHEYHOMY 3HAUYeHMIO PV OYeHb OOABITIOM 3HadeHie Bpe-
MeHU t — o0 . DTUM A0Ka3aHO, 9TO IIPOVCXOAUTDH YCTOMIMBEIN AMHaMIdeckuit pexxnm. IToctpoen rpadpux sasucn-
MOCTHM aMITAUTYABI OT BpeMeHn. OmpeseaeHbl 3HAYEHIST DAEKTPUIECKOTO TI0AS ¥ KOHCTAaHTOB TeHepallii U PeKOM-
OMHaLVY HOCHTeAell 3apsija.

KarogeBble ca0Ba: A0BYITIKN, 9aCTOTa, aMILANTYAa, KOAeDaHIs1, TeHepanyisl, peKOMOMHAITVL.

The study of oscillatory processes is essential for the most diverse areas of physics and engine
ering. Electromagnetic oscillations in electronics and optics, sound and ultrasonic vibrations,
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all of these processes are combined through methods of mathematical physics in one common
doctrine of oscillations. It is necessary to note that with the development of science and tech-
nology the role of the studies about oscillations is also rapidly increasing. The origins of the
modern theory of oscillations can be clearly seen in the classical mechanics of the times Galileo,
Huygens and the Newton's task of the motion of the pendulum. In the works of Lagrange has
already the formed theory of small oscillations. In the further development it was called the
theory of linear oscillations, i.e. fluctuations characterized by linear differential equations with
constant coefficients both with homogeneous and free members being the known functions
of time.

In the works of A.N.Krylov and his students the differential equations have successfully applied
to the problems of artillery, ship rocking and also to the theory of gyroscope. The main concept
of oscillation theory, specific frequency, damping decrement, and resonance achieved the widest
popularity.

Due to the fact that the theory of linear oscillations developed in detail and its mathematical
apparatus operates almost automatically, researchers strive to learn their oscillatory processes
as far as possible to subsume under the linear scheme, discarding often without proper subs-
tantiation of nonlinear terms. Wherein sometimes completely overlooked one aspect that such
a "linear" interpretation can lead to serious errors not only quantitative, but also a fundamentally
qualitative nature. The fact is that the usual expansion in powers of the small parameter leads
for the unknown quantities characterizing movement, to the approximate formulas, where
along with members harmonically depending on time, there are still so-called secular terms
such as

t" sin at,t" cos ot (1)
For example, the movement described by the equation

dx
= ()
With a small positive parameter & has a solution

x=ce % (3)
If we apply the decomposition method, we get

242
X:C[l—at+€2t +J (4)

This formula becomes applicable only until t << 1 and during this time X will not manage to

change appreciably. The Van -der —Paul method of expansion of equation

d?x dx

— t+t o Xx=&| x,— 5
dt2 ( dtj ©)

can lead to secular members in form of (1).

After 20° of the last century new methods of the oscillation systems’ research have been
developed. They are which are described in detail in the book N. N. Bogolyubov and Yu. A.
Mitropolsky "Asymptotic methods in the theory of nonlinear oscillations."
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The solution of the Van -der —Paul equation (5) in the method of N. N. Bogolyubov and Yu.
A. Mitropolsky seems in the following expansion form

x=acosy +&U,(a, )+ U, (a,p)+. —acosz//+Zg”U (a,y) (6)
i1

w =t + 6, &-positive small parameter. U, (a,y )-are periodic function of the angle with 27

period, and the values a,y are determined as time functions according to the following diffe-

rential equations-

i —a)O+ZSnB ?)

It is requlred that at small ¢ the expression (6) would give a sufficiently accurate representation
of the solution of the equation (5) for a sufficiently long period of time. Periodical functions
U, (a,y) satisfy the following conditions:

joz U,(a,w)cosydy = Ojo ,(a,)cosydy =0, (8)
JOZ U, (a,y)sin ydy = 0,[0 a y/)SIn pdy =0,

After expansion of the Van —der-Paul equation (5) in powers of the small parameter & we get

[1]:

1 (2» dx

Al(a)z—% f(X,EjCOSy/dt// )
1 (2z dx

Bl(a)z—%‘.‘o f[x,ajcoswy/

Substituting (9) in (7) we obtain the differential equation for determining the oscillation ampli
tude a and frequency fluctuations in the first and second approximations. This mathematical
method eliminates the secular terms of form (1).

We will for the first time apply this asymptotic method of solution to the impurity semicon-
ductors.

First of all, it is necessary to obtain an equation of Van-der-Paul type (5) for semiconductors.

Model of impurity semiconductor and the basic equations of the problem

Some impurities in semiconductor create the canters capable of finding in several charged states
(mono-, di-, etc. positively or negatively charged). For example, gold atoms in germanium can
except neutral state be once positively charged and singly, doubly and triply negatively charged
centers. The atoms of copper, other than the neutral state can be singly, doubly and triply ne-
gatively charged centers. Thus impurity centers correspond to several energy levels in the for
bidden zone. These energy levels are located at different distances from the bottom of the con-
duction band in the forbidden zone of semiconductor. These levels are called deep traps depen
ding on the removal from their valence band. The deep traps are able to capture electrons or
holes depending on their charge states. As a result of such capture the concentration of electrons
in the conduction band and the concentration of holes in the valence band are changed, and
consequently the conductivity of semiconductor varies.

The deep traps can be more or less active under different experimental conditions. Singly and
doubly negatively charged gold centers in germanium were active traps during the experiments
conducted [2]. In the presence of an electric field, the electrons (and holes) receive an energy
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of eE,/ from the electric field (where €- a positive charge, E;— the value of the electric field

and /- electron mean free path). Due to this energy the electrons can overcome the Coulomb
barrier of a singly charged center and be captured (i.e., recombined with the center). Further
more, due to the warm transfer the electrons can be generated from the traps to the conduction
band. The number of holes is also changing as a result of electron capture by deep traps. Further
we will be referring to a semiconductor with carriers of both signs, i.e. electrons and holes with
concentrations N_ and n,, respectively. In addition, the semiconductor has negatively charged

deep traps with a concentration of Ny >>n_,n, .

From N,, N - the concentration of singly negatively charged traps, N_ -the concentration of

doubly negatively charged traps.
No=N+N_ (10)
The linear theory of oscillations in the abovementioned semiconductors was discussed and

presented in the early publications of the authors [3-6]. In these works, the system of equations is
described in detail and we will write them without detailed analysis.

The continuity equation for electrons and holes n_ and n, in a semiconductor with the above
types of traps will be:

on on
—+divji_ =y_(O)n_N_—-y_ (E)n_.N=| —

i =7 00N -7 (€0 N[ 2]
on L on

* +divj, =7, (0)n,N_—».(0)n,N_= =

8’[ J+ 7/+()1+ - 7/+()+ - [atjrek 7 (11)
j,=nuE-DVn,;j =nuE-DVn

n’N, nN°

nl’:Ni?’n”:Nif

on
5’\‘:[‘%) (Zﬁ_J (divd=0,d - j. - j.
at at rek. rek.

Signs "0" mean the equilibrium values of the corresponding quantities. We will bring the system
of equations (11) to (5), i.e. we need to get from (11) a non-linear equation for one of the unknown
values—n_,n_,E,N_. When linearization (11) n, =n° +An’ ,E=E, +E',N_ =N’ +N’, the variables
An',E" and N’ are considered much less than the equilibrium values nﬁ, E, and N°. How
ever, when we need to build a theory of nonlinear oscillations the variables An; , E"and N’

can be compared to their equilibrium values. Then, from the equation div] =0 J = J const

we obtain

U,(E)=U?+u Eg+ u E0 (E')=0° + 4 Eq + 4 E’ (12)

o(E")=(u/n® + 1’ )Eq +(n® +n°u® +n°u® + ' JE’

D,Vn, <<n, u,E T.e. T vn, <<1 (13)
eE n,

o _ ulE )n' _¢9(E) (14)

oo(E) T u(E)
Taking into account (12,13,14), from (11) we obtain:
on’ 9o

P —&(,ufnfE):le: -v.n_ (15)
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’ ’ 0 ’
vounte v ponie) o fient) (16)
at o ax U+ nl+
ON
= Ve v (17)

v_ :J/—(E)NO’V+7/+(E)N0'V1 :7—(0)n1—’V2 :}/Jr(o)nh

Here, v, ,v,, - the characteristic frequencies of the electron and hole capture.

From (15,16,17) we can easily obtain the following equation in operator form

2 2 2
{az—u £-2 v_a—av—”l}”i v n, +n, TULE) g v (18)
ot oxot ot ot oxon ot
v, ov. 2 o, -2v,u E 81) -2v,v y+Eg—20_y+E -3vuyv |n =
at ot X ox (19)
o ov, o
=v?lv,n, +n° L rp—+ +2u,Ev, L 12
U+(V+ 1+ -V ) U 61: ¢ 6t v_L (0 1u+ U a 1u+
Let’s write (18.19) in the following form:
Qn =A Q,n' =B (20)
From (20)
Q,A=Q,B 1)
L E’ . :
Designating y = = after opening (21) we obtain
0
1(d° AN
g[@tg-’_woyj By, (y +B7 Y+ ply ) V %x
x(3+10y+14y2+6[;’7y2+2ﬂ7+11y3+9ﬂ’y2+2y4+7,b’j’y4+2ﬂj’y5)+
At ?[6+6y+12y +14y° +12y* +4y° — (1+7y+12y2+7y3+5y5)} (22)
V. 4
¥4 4
_‘h’;"[y2+ﬂ7y2+ﬂ; y3+sz+l;ﬂﬂ;gty(2+1Oy+23y2+28y2+25y4+8y5)+
+Hey pr ay(n+V*J(1+2y+3y2+2y3+y4)+4vﬁ”8y(y+3/2y2+3/2y3+1/2y4)+
73 otin v ot
Py (e, e 4} (ayf 2y° ( dy y}
L 4 2 1+ =y, 2, L
+at2[y+ (v +y*+2y*) | T | 147 Vg oy
da & g2« dy dy
—=— f sin (23)
&t 270 (y dt d) vy
en, u n , 4
= uh . 2 :vv+[4—35(2+,3f)+’u+ﬂf LA gy gy —V-l}
o /u— n1+/u— V+ &
After integration of (23) we obtain
2
da_vw.e [l 3y gpr)e o AN Vg g (24)
da 2v_ || 4 viv, g \n, v 1)

When receiving (24) the values of both the electric field E, and the constant 37 were deter-

mined by the following formulas
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E0:3v+8;ﬂ_y:‘/1‘;+(1+7ﬂ+7j (25)
_ v \3
2
Designating 0 =Y+ ; 5:§(14+6[37)+ Yo AN Ve ) from (24) we obtain
v 4 v, w\n, v
:ﬁ;%zgé‘ga _9Laz :Qgga(l_lazj (26)
9v_ dt 2 %) v
Let’s write (26) in the following form:
2
o Lafi-Latfe- A
a 1) O¢....
da? ;020 dat _dt (27)
a® ¢p-a® ¢
az(l—lazj !
1
/na’ —fn((o— a2)= /ma? —Zn(go— ag): -
- (28)
a le
a= ) ° . 12
1+a°(er —1]
@
a e% (29)

o- . Tz
2( ¢
1+ 2 er 1
¢

As can be seen from (29) if the initial value of the amplitude is zero then the amplitude will be
equal to zero fort, and we obtain E' =0, i.e. trivial solution of the Van - der —Paul equation.

This trivial solution is obviously corresponds to the static mode, i.e. the absence of oscillations in
the sample. However, based on this formula, it is easy to notice that the static mode is unstable.
Indeed, matter how small has not been an initial value of the amplitude, it will still increase

monotonically, approaching the limit value equal to ¢''?.

From (29) we also observe that if a, = ¢*'*then a = ¢"*for allt > 0.

It correspond to the dynamic mode
E' = E 0" cos(m,t + ) (30)

Thus, the obtained dynamic mode has strong stability, whichever be the value a, # 0 all the
same a(t)— ¢"? at t »>oo. The conservative system has no dissipation or energy source, once
excited vibrations can neither grow nor attenuate, and their amplitude is equal to its initial
value.

The semiconductor discussed in this paper has energy dissipation and its source, the electric
field- E, . Therefore, the amplitude of the oscillations will increase if the quantity of energy

obtained through the charge carriers from electric field is greater than the amount of energy
dissipated by the dissipative forces. If the quantity of energy obtained from the electric field
is less than the quantity of dissipated energy, the vibrations will be damped.
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The graph a(t) clearly shows that at t — ), a(t)— ¢?. Fluctuations in the first approximation

can be calculated from the formula (9).

7 7794
de & (o f(y,dy,dyjcoswdw :a)0+—3vlv+ pra’+ Skv_fa + kv_pl7a +
0=—-=0,-——| dt " dx 4o, 4 4e 31
dt 2raya (31)
. v kp’a® 3wa’
64 8
2
From (31) at 87 = —— we obtain the following:
vV,
4 6
® = o, n 50)066 + 216()0& + 1580)08 (32)
8v, 8v, 128v,

The expression (32) indicate that the frequency of oscillation in the above semiconductor in
the first approximation is greater than in zero approximation.

Substituting the value of £’ in (25) we obtain the value of the constant g7

2
B g(wovj 1 (33)
14vy, )] 21
) N vy, 2 1/2
B and g7 positive constants and, therefore, from (33) @, > > 5 (34)

Thus, oscillation of electric field occurs in the above impurity semiconductors, concentration
of charge carriers, and finally, the current density in the dynamic mode. The frequency of
these oscillations in the first approximation is more than the initial oscillation frequency, and
the amplitude increasing over time in dynamic mode, tends to a stable value.

Pic. 1. Dependence of the amplitude oscillation a(t) from time

a

3.5
3
) P2
2
L.5
1
0.5
0 2 4 6 8 10 '

REFERENCES

1. H.H.Boroawotosa u IO.A. MuUTpornoabckuit. «ACUMIITOTYECKIE METOABI B TEOPUI HEeAMHEeMHBIX KOAeOaHMit
n3AareabcTBO PU3MKO-MaTeMaTUIeCcKOl AutepaTypel» Mocksa 1963.

2. MU .Uranps, O.I 11eas, A.fl.ITepsosa u B.J.Ouctyab. «HeycToiunmBOCTh 9A€KTPOHHO-ABIPOYHOM I1Aa3MBbl
I10AYIIPOBOAHIKa, OOyCAOBAE€HHAs HeAMHENHOCT! BOAbTaMIIepHBIX XapakTepuctuk» OTT, 1966, Tom.§,
BbINI12, cTp.3606.

3. E.RHasanov, R.N.Hosseyn, A.Z.Panahov and A.I.Demirel. «Instability in Semiconductors with Deep Traps
in the Presence of Strong ( . H >> c¢) External Magnetic Field» Adv. Studies. Phys. Vol.5, 2011, N1, 25-30.

30



Nonlinear oscillation of current in the semiconductors with deep traps

E.R.Hasanov, R.N.Hosseyn, A.Z.Panahov and A.l.Demirel. «<Impurity Semiconductor as an Energy Radiator
in Presence of Constant External Electric Field», International Journal of Pure and Applied Physics ISSN
0973-1776, Vol.5, N3, (2009) P.239-242

E.R.Hasanov, B.Z.Aliyev. «The Energy Radiation Theory For Nanodimentional Impurity Semiconductors
With Two Types Of Current Carriers In External Electric Field» 7t International Conference on «Technical
and Physical Problems of Power Engineering», 7-9 July 2011, Letkosa , TR Northern Cyprus, p. 316-320.
E.R.Hasanov, H.Sh.Hasanov, N.H.Aliyeva, A.V.Islamzade “Theory Of Current Oscillations In Doped Semicon

ductors In Strong Electric And Magnetic Fields”. The 12th International Coference On Technical And Physical
Problems Of Electrical Engineering, 7-9 September 2016, Bilbao, Spain (172-176)

31



JOURNAL OF BAKU ENGINEERING UNIVERSITY - PHYSICS

2017. Volume 1, Number 1 Pages 32-38

UuoT 539.193/.194
PACS: 11.15.-p

CTPYKTYPHAS OPTAHMU3ALIVISI TPUITEIITUUAHBIX
MOAEKY A I'ANITPOANHOB

AN. MCMANAOBA, P.M. ABBAC/BI, HA. AXMEAOB
MucruryT Gusnyeckux ITpobaem, bakunckuii I'ocyaapcTseHHbIN YHUBEPCUTET
Baxy / ASEPBAVIAKAH

Larisa_Ismailova@yahoo.com

PE3IOME

ITpocTpaHcTBeHHOE CTpOeHNMe U KOH(POPMAaI[MOHHBIE CBOIICTBA TPUITETITUAHBIX MOAEKYA TAUTIPOANHOB: Pro-
Gly-Pro, Pro-Gly-Arg, Pro-Arg-Gly, Arg-Pro-Gly n Gly-Pro-Arg 65111 riccAe40BaHBI € IIOMOIIBIO MeTOAa TeOpeTn
JeCKOro KOH(POPMAIIMOHHOTO aHaAM3a. DTU MOAEKY bl YIaCTBYIOT B XKM3HEHHO Ba>KHBIX IIPOLIECCAX U MCIIOAB3YIOTCS B
KavecTBe AeKapCTBEHHEIX ITperapaTos. [loTeHIInaAbpHas SHePIVS KaXK A0 MOAEKYABI BRIOMpajach Kak CyMMa He-
Ba/Z€HTHBIX, DAEKTPOCTATUIECKIX, TOPCUOHHBIX B3aIMOAENICTBUI 11 DHEPIUM BOAOPOAHBIX cBsideitr. HariaeHsr HU3
KODHepreTmyeckue KoHPOpMaIUm AAs KaKA0¥ MOAEKYADl, 3HaYeHMs ABYTPAHHBIX YI/10B OCHOBHON U GOKOBBIX
Lieltell, OIjeHeHa DHePIs BHYTPHU - M MEXXOCTaTOUHBIX B3aNMOJelCTBuil. PacdeT rokasa, 4To HU3KODHEpreTndec-
KUMM AAS1 TPUTIETITUAHBIX MOA€EKYA SABASIOTCS CBepHyThIe (OPMEI OCHOBHOI Iertn. CBepHyTas popma cOAMKaeT
Y4JacTKV OCHOBHOIUI I[eTIV 11 DOKOBBIE LIEIIN aMIHOKICAOT, BXOASIIUX B TU MOAEKYABL, U IIPUBOAUT K UX DPPEKTUB-
HBIM B3aMOJEVICTBUSIM.

Karouesble caoBa: TpumenTtu, KoHGOpMarys, MoAeKyaa, IIPOCTpaHCTBEeHHas CTPYKTypa.

STRUCTURAL ORGANIZATION OF THE TRIPEPTIDE OF GLYPROLINE MOLECULES
ABSTRACT

The spatial structure of the tripeptide molecules Pro-Gly-Pro, Pro-Gly-Arg, Pro-Arg-Gly, Arg-Pro-Gly and Gly-
Pro-Arg and the conformational properties were investigated using theoretical conformational analysis method.
These glyproline molecules regulate many of functions of a living organism. Using these regulatory peptides of the
human body, you can create new and effective drugs. The potential energy of the each glyproline molecule was
chosen as the sum of the non-valent, electrostatic and torsional interaction energies and the energy of hydrogen
bonds. The low-energy conformations of earth molecule, the dihedral angles of the backbone and side chains of the
amino acid residues of the tripeptides, and the energies of intra- and inter-residual interactions were determined.
It is revealed that low energy conformations of these molecules have the folded type of backbone. These folded
forms bring parts of the backbone and the side chains of the amino acids together, and they result in convenient
interactions.

Key words: tripeptide, conformation, molecule, spatial structure.

GLYPROLINLORIN TRIPEPTID MOLECULLARININ QURULUSLARININ TOSKILI
XULASS

Tripeptid glyproline Pro-Gly-Pro, Pro-Gly-Arg, Pro-Arg-Gly, Arg-Pro-Gly ve Gly-Pro-Arg molekullarmin faza
qurulusu ve konformasiya imkanlari nazari konformasiya analizi {isulu ile tadqiq olunmusdur. Molekulun potensial
enerjisi geyri-valent, elektrostatik, torsion qarsiliqh tesir enerjilarinin ve hidrogen rabitesi enerjisinin comi goklinds
secilmisdir. Hor bir molekulun asagienerjili konformasiyalari, asas ve yan zancirlarin ikiiizlli firlanma bucaglarmnin
qiymeotlari tapilmis, amintursu qaliglar1 daxilindes ve arasinda qarsiligl tesir enerjilari miisyyen olunmusdur. He-
sablamalarin naticalari gostarmisdir ki, tripeptid molekullarin asas zancirlerinin firlanmis formalarinin konforma-
siyalar1 asagienerjili olmugdur. 9sas zancirin firlanmis formasinda asas zencirin hisseleri ile amintursu qaliglarmin
yan zancirlari fozada bir-birina yaxinlasir va effektiv qarsiliqh tesir yaradur.

Acar sozlar: tripeptid, konformasiya, molekul, foza qurulusu.

BBeaenue

Bo Bcem MIUpe aKTMBHO MCCAEeAYETCI YHIKaAbHasl POAb PETyAJSTOPHBIX IIEIITIAOB B JKU3HU U
AesTeAbHOCTV OPraHN3MOB. PeI'yA}ITOpHLIe NEernTMAbpl OTHOCITCS K I'PYIITIe HeﬁpOMOﬂ,yA}ITOpOB,
OHI SIBASIIOTCST KAIOYEBBIM 3B€HOM MEXaHI3Ma pery/Asannmn CI)YHKLU/IIZ 9€10BE€YECKOro OpraHms-
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Ma. BersicHenune CTPYKTypHO—CIDYHKI_U/IOHaAbeIX CBOJICTB DTUX IIeIIT1AOB 1IMeeT DoabI1I0€ IIpUK-
AagHOe 3HadyeHre B MeJAUIIHe 1 Cl)apMaKO/lOI'I/H/L UtoOs! onpeaeAunTsb IIPUPOAY PETYASITOPHBIX
IIeIITIAOB ¥ BBIIIOAHSIEMbBIC MU qJYHKLH/II/I, HGO6XO,Z|,I/IMO M3Yy49NTD ITPOCTPAHCTBEHHOE CTpOEHNEe
n CTPYKTypHO-Cl)}IHKLU/IOHaAbHYIO Oprainmsanmnio STNX MOAEKy1.

B HacTosI11I€€ BpeM:sl OTKpBIBAIOTCSI HOBbIE CeMeNICTBa IeNTIAOB, M3y4JaloTcs UX cpoiicTBa. Oa-
HIM U3 TaKUX CEMEeJICTB ABAAIOTCS TAUIIPOAMHEI - KOPOTKME IeNITUABI, aMMHOKICAOTHbIE T10C-
Ae0BaTeAbHOCTI KOTOPBIX COCTOAT 13 octaTKoB rannuHa (Gly) n npoansa (Pro). Onu umeror
IIUPOKNI AVaTlla3oH (PU3NOAOTUYECKUX CBOMCTB. [ AMITPOANHBI BAVSIOT Ha CICTEMY CBEPTHI-
BaHIsI KPOBY, MOAYAMPYIOT pabOTy MMMYHHOI U HEPBHOI cUCTeM, 0041aAai0T IIPOTUBOSI3BEH-
HBIM JelicTBueM [1-3]. Pazangaior Asa mmyTy o6pa3oBaHMsI TANIIPOAMHOB: IIEPBLIN U3 KoAAare
HOBBIX DAaCTIYHBIX BOAOKOH, ITOCTYTAIOMINX C MUIIel B OpraHn3M, BTOPOII CBs3aH C CUHTE30M
KoA/areHa B puOpoOaacrax. VI3 oanronenTtnaos Hanboaee KOPOTKUM (pparMeHTOM, IPOsBA
SIOMIMM OM0A0TMYeCKYIO aKTUBHOCTD, sABAseTcs Tpunentus Pro-Gly-Pro u ero anaaoru. Tpu
nenitug Pro-Gly-Pro obaagaeT ps4oM IIpOTEKTOPHBIX U A€4eOHBIX CBOVICTB, ITOBBIIIAeT YCTOM-
YIBOCTh OpraHusMa K crpeccy [4]. VssectHo, uto npucoeaunenne Pro-Gly-Pro x C-koHITy 4py-
IMX OAUTOINENTAHBIX MOAEKYA ITOBBIIIAeT YCTOMIMBOCTE KOHEYHON MOAEKYABI K AeVICTBUIO
IIpoTeas, ycuAnBaeT U u3MeHseT gpusnoaormdeckre 3pQPeKTsl MCXOAHOTO renTua [5, 6]. Oto
CBOJICTBO MCITIOAB3YeTCs AA51 CO34aHMs AeKapCTBeHHBIX CPeACTB Ha MeNTUAHON OCHOBe, Hallpy-
Mep, ceMakca U celaHKa.

Ieapio aaHHOI pabOTHI SIBAAETCA ONpeseleHNe IIPOCTPaHCTBEHHOIO CTPOeHIs TPUIIeIITUAHBIX
MOA€KyA C 4epeAyIOIMIICA OCTaTKaMI TAMIIVHA, IIPOAVHA, a TakXKe MOAeKYA TAUIIPOAVHOB,
BKAIOYAIOIINX aMMHOKUCAOTHBIN OCTaTOK apruHuHa (Arg): Pro-Gly-Pro, Pro-Gly-Arg, Pro-
Arg-Gly, Arg-Pro-Gly n Gly-Pro-Arg. KondopmanmonHnsle B3aMOAENCTBUSA MEeITUAHBIX
MOAEKYA SBASIOTCSI OCHOBOVI COBPEMEHHBIX TeOPeTMYeCKIIX IIPeACTaBACHNI Pa3HbIX MeXaHM3-
MOB X pyHKIMOHMpoBaHus. [ToaysMnmpiraecknii MeTo, MOAEKYAAPHONM MeXaHMKI 03BOA-
sIeT OLIEHUTh ITPOCTPaHCTBEHHYIO CTPYKTYPY M KOH(pOpPMalMIOHHbIe BO3MOXKHOCTH ITeIITUAHBIX
MoOAeKyAa. /s HaXOXKAeHUsl IIPOCTPaHCTBEHHOTO CTPOEeHN I AaHHBIX HeIITUAHBIX MOAEKYA JC-
110/1b30BaJach padpaOoTaHHasl HAMM KOMIIBIOTepHasl Imporpamma [7].

Metog pacuera

VI3BecTHO, 4TO IenTuAHbIe IIperapaTsl 0041a4al0T HU3KOM TOKCMYHOCTBIO, Y HIX, KaK IIPaBuAo,
HeT 11000uHbIX 9P dexToB. Kpome TOro, KOpoTKIe AMHeHble IeNTUAbl He UMEeIOT B pacTBOpax
(pUKCMPOBaHHO MPOCTPAHCTBEHHONM CTPYKTYyphl. AMUHOKICAOTHAS IOCAeA0BaTeAbHOCTb 1
(PUBMKO-XMMMYECKMe CBOJCTBA PacTBOPUTEAS] OINpeAeAsioT HabOp HMU3KODHepPreTUYecKMX
KOH(pOpPMaLMIi MeNTUAHON MOAEKYAbL VI3BeCTHO, 4TO MOTYT HPOUCXOAUTL KOH(POPpMAaIMOH-
HBle M3MeHeHIs IeNTUAHON Ielln IPY B3auMOAeMCTBIY OMOAOTMYeCKM aKTUBHOTIO IenThAa
¢ peuentopoM. Oum obecnieunBaroT dP¢PeKTUBHbIe B3aIMOAEIICTBIS aKTUBHOTIO 1IeHTpa Mo.e-
KyABl C perieniTopoM. broaormndecku aktusHas KoHGOpMaIus HeNTUAHON MOAEKYAbl, KOTO-
pasi peaausyeTcs IpU B3aMOAEIICTBUM C PelielITOPOM, OOBIYHO BXOAUT B HAOOP HU3KODHEP-
TeTUYeCKUX CTPYKTYP, CYIIeCTBYIOIIUX B BOAHOM pacTBope, IIOSTOMY IIpeAcTaBAseT MHTepec
nccaejoBaHNe IIPOCTPAHCTBEHHOTO CTPOeHM:s 1 KOH(OPMAIMOHHBIX BO3MOXKHOCTEN IelTIA-
HBIX MOAEKYA.

451 HaXOKAeHMs1 IPOCTPAHCTBEHHOTO CTPOEHNsI TIeIITIAOB, HaMM MCII0Ab30BaACs TeopeTrdec-
KU I10AX04, TIO3BOASIONINIA PacCCUUTHIBATh TPEXMEPHYIO CTPYKTYpPy OMOMOAEKYA MCXOAS U3
M3BECTHOV aMMHOKIMCAOTHOM ImocaeaoBaTeabHOCTHU [8]. Takoi moaxo 11o3BoAsIieT ¢ A0CTaTO4-
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HOJ TOYHOCTBIO KOAMYECTBEHHO OIMCaTh TeOMETPUIO MOAEKYAbI, OIIPeAeANUTh 3HAYeHs ABYT-
PaHHBIX YI10B OCHOBHOI I1ery 11 OOKOBBIX Ilellell MOAeKyAbl, a TaKKe DHepreTuyeckye B3alMo
AEVICTBUSI aTOMOB B DTOVI MOAEKYy e

PacyeT BBIIIOAHSAACA B PaMKaX MeXaHIJeCKOi MOAeA MOAEKYA C y4eTOM HeBaAeHTHBIX, DAeK-
TPOCTaTUYECKIX, TOPCUMOHHBIX B3aIMOACIICTBUN M DHePIUN BOAOPOAHBIX cBs3ell. Hepasent-
HBple B3alIMOJEVICTBU: OLIeHMBAAMCh IO IOoTeHIMaady /enHHapga-/KoHca ¢ mapameTpamu
Mleparm [9]. DaekrpocraTika paccyMThiBaAach B MOHOIOABHOM HPUOAVKEHUM II0 3aKOHY
Kyaona c ncnoas3osanmneMm 3aps40B, IIpeAA0>KeHHHIX B paboTe [9]. KondopmaronHsre Bos-
MO>KHOCTH MeNTUAOB PacCUUTHIBAAVICh IIPUMEHUTEABHO K YCAOBMSM BOAHOTO OKPY>KEHIS,
IIOSTOMY BeAMYMHA AMBACKTPUYECKON HNpoHuIaeMoctu npuHaTta pasHon 10. Bogopoansie
CBsA31, KOTOPbIe OlleHIBaANCh 110 ITOTeHIIMaAdaM Tuiia Mopse, ripearnioaaraanuch ocaabAeHHbI-
MM (MaKcuMaAbHas DHeprus oOpa3oBaHUs BOAOPOAHON CBA3U IIPU I'0=1,8A cocraBasiaa 1,5
KKaa/M04b). TopcroHHbIe IOTeHIaAbl ¥ BeAMYMHB OaphepoB BpalljeHNs aHaAOTUYHBI BeAu-
4HaM, IIpeAA0XKeHHBIM B padoTe [9]. C oOMOIIbIO UCII0AB3yeMOTO II0AX04a U MeTOAa Teope-
TUYeCKOro KoHQOPMaIMOHHOTO aHaAM3a ObLAY HaliAeHbl IPOCTPaHCTBeHHbIe CTPYKTYPBI MHO-
IVIX IeNTUAHBIX MoAeKya [10-15].

KommpiotepHoe MogeanpoBaHue, OCHOBaHHOe Ha ICIIOAb30BaHUU MeTOJa TeOpeTUIecKOIo
KOH(pOPMaLIMOHHOIO aHaAM3a U IIporpaMM, MO3BOASIONINX [10Ay4aTh ITpadpuyeckoe n3odpa-
JKeHIe ITPOCTPaHCTBEHHBIX CTPYKTYP MOAEKYAbl, ObIA0 BBHIIIOAHEHO A4 MOAEKYA ceMelicTBa
rAUNPOANHOB. ITpocTpaHcTBeHHas CTPYKTypa IAUIIPOAMHOB OIIpeAeAsAach C IIOMOIIBIO Me-
TOJa TeopeTNJeckKoro KOH(POPMAaIIMOHHOTO aHaAu3a, KOTOPHII JaeT BO3MOXKHOCTh pacCUMTHI-
BaTh TPEXMEPHYIO CTPYKTYPY IeNTUAHBIX MOAEKYA MCXOAS U3 M3BECTHONM aMMHOKMCAOTHOM
rocaejosaTeapHOCTH. VIcrioap30oBaaack paspaboTaHHas HaMU CIleljabHast KAacCupuKars
(xonpopmarus, popma OCHOBHOI 1ieny, 1merirn). PopMbI OCTaTKOB oNpeAeasanch odaactsamu B,
R, L u P aByrpaHHbIX yI10B OCHOBHOI 1erin p-. OTcueT ABYyIpaHHBIX YIA0B BpallleHNs IIpo-
M3BOAMACS COrAacHO craHaapTHoN HoMeHKAaType IUPAC-IUB [16].

IIpu pacueTe paccMaTpuBaANCh pa3BepHyThe (POPMBI AUTIENTUAHON MoaeKyasl (BB, BR, LB,
LR, RL, PL, PP- meiin e) u ceepHyThie popmbl ocHosHOM 1ern (RB, RR, BL, LL, PR, PB- mreiin
f). Aas raunyiHa HavyaAbHbIe TPUOAVIKeHN POPMIPOBAAVICH U3 HU3KODHEPreTUIECKIX KOH-
Popmanuit (R popma-¢@=-90°; P=-90°; B popma — ¢=-90°; =100 L popma — ¢, P =90°u P
¢opma ocHosHOII et -= 90°; P=-90°). 4151 aMMHOKICAOTHI IPOAUH YIUTHIBAAVICH ABa T10-
aoxenus (B popma -=130° u R popma- = -50°). Jas aMMHOKMCAOTHOTO OCTaTKa Arg pacc-
Marpusaauch R, B u L ¢popmsr ocnosnoi nenu. [Toaoxxenus: OOKOBOI Lieny aprMHiHa, uMe-
IOIIel AAVHHYIO, II0A0KUTEeABHO 3apsI>KeHHYI0 OOKOBYIO I1eIlb, OIpeAeAs10Ch YeTBIPbMsI YI-
aAamMu L, y2 x3u

KondopmarimonHoe cocTosiHne Ka’k40ro aMMHOKMCAOTHOTO OCTaTKa 0003Hauaa0ch yepes Xi,
rae X - xapakrepusyeT ¢popMy ocHoBHOI Lentn octatka (R, B, L, P), a cumsoas ij =11...,12...,
13...,21..., u T.4. OTBeYAIOT MOAOKEeHMAM OOKOBON Lieru ()1, ¥%...); MHAEKC 1 cooTBeTCTByeT
3HaueHMsAM yra0B ooaactu 0-120°, nHAeKc 2-004actu 120°-(-120°), a muAekc 3-o6aactu (-120°)-0°.

PesyabTaThbl 1 00CYXKAeHUsI

C nmoMo1Ibio MeToAa TeopeTIeckoro KOH(PpOpMallIOHHOIO aHaAMu3a Oblaa paccuMTaHa IpPOCT
paHCTBeHHasl CTPYKTypa MOo4eKyA rannpoantos Pro-Gly-Pro, Pro-Gly-Arg, Pro-Arg-Gly, Arg-
Pro-Gly u Gly-Pro-Arg. PacueTs! TpexMepHOI CTPYKTYpPBI IIENITUAHBIX MOAEKYA ITO3BOASIOT
oIIpejeANTh TeOMeTpIdecKre U DHepreTdecKue IapaMeTpsl eNTUAOB, 3HaYeHs AByTpaH-
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HBIX yIZ10B OCHOBHOI oerm n OOKOBBIX L[GHEI?I AMMHOKICAOT, BXOASIINX B MOA€EKYAYy, a TaKXKe
bHepreTmiyeckrie BKaaapl BHyTPMMOAEKY ASIPHBIX B3ﬂI/IMO,Z|,€I7[CTBI/II7[.

Moaekyaa Pro-Gly-Pro. PacyeT saHHOI TpUIIENTHAHON MOAEKYABI BHIIIOAHSACA Ha OCHOBE
cTabnApHBIX KOHPOpMaLnii MoHonenTnAos N-arjetna-L-npoanna n L-rannmza. Aas amMmuHo-
KVICAOTBI ITPOAVH yunTeIBaAuch R 1 B popmsr ocHOBHOI 1Tern. OcTaTOK rAMIMHA B pacyeTax
nmMe gyetsipe GpopMbI ocHOBHOI Lern R, B, L, P. Tak >xe 4451 ranmuHa B pacdeT 65141 BKAIOYe-
HBI T'paHIYHbIe HauyaAbHble IPUOAVIKeHIUS YTA0B @, .

YunteBas crielinpuKy OOKOBBIX IIeIleli aMMHOKMCAOTHBIX OCTaTKOB TAMIIMHA U ITPOAMHA,
Ba’KHO ITOAYEPKHYTH, 4TO ocTaToK Gly AmireH OOKOBOII 1ery (B OOKOBOI L€V HaXOAUTCS OAVH
aToM BOAOpOJa), a OokoBas Lemnb ocTratka Pro mpeacraBasieT >KecTKO (PUKCHPOBAHHOE
K0ab10. KoHdopmanyoHHble BO3MOXKHOCTM TPUIIENTHAHON MOAEKYABI OIpeAeAsIOTCs
yraaMM TOABKO OCHOBHOII LIEIIM DTUX OCTATKOB: ¢, |, w. KondopmalimonHsie BO3MOXKHOCTI
tpunentuia Pro-Gly-Pro 6p1amu u3yyensl Ha ocHOBe cTaOMABHBIX KOH(POpMaIUil AUNenTIAa
Pro-Gly n mononentnaa N-anetna-L-npoanna. Jas AaHHOTO TpHUIIENTHAA, COAep >Kalllero
39 aTOMOB 1 7 MepeMeHHBIX ABYIPAHHbIX YIA0B, BOBMOJKHSEI 4 IIeiiIa, IIpeACcTaBAeHHbIX 16-10
¢popmamu ocHosHo 1jenn. PesyabpTaTsl pacueta mMoaekyawnl Pro-Gly-Pro mpeacraBaenst B
Tabanie 1.

M3 16 paccunTanHbpIXx (POPM OCHOBHOMN LIeNM CaMol HU3KO®HepreTudeckoi sipasercs RRR,
KOTOpasl UMeeT CBepPHYTBIN X04 OCHOBHOI 1iern. B rao6aasnoit konpopmarium RRR (AEon=0
KKa//MOAb) DHepTus HeBaAeHTHBIX B3aIMOAEIICTBIII cocTaBaseT -4,3 KKaa /MOAb, DAeKTpOCTa
T49ecKnXx -3,7 /Moab u TopcroHHbIX 0,7 KKaa/M0oAb. BaXkKHO OTMETHUTH, YTO B TPUIIENTUAHONM
MO/€eKy/Ae OCHOBHOJ CTadMAM3UPYIOMINIT BKAaJ, BHOCAT AM- U TPUIIENITUAHbBIE B3aIMOAEIICT-
Bus. Beero 1,1 kKka/M0Ab TpourpeiBaeT KOH(PpOPMaLVS C ITOAYCBEPHYTO (pOPMOII OCHOBHOI
termm RPR. Takum 0OpasoM, ITpoBeAeHHEIN pacdeT He OOHapY>KIA Pe3KOl DHepreTIYecKo
Auddepennmanuy no meinnam u GopmMam OCHOBHOM 1enn. B sHepreTrueckuit unrepsaa 0-
3 xKaa/Moab 1onagaior 12 koHdopmaluii, IpuHajAeXKallX BceM BO3MOKHBIM IIIeiIaM.
/lyarieit KoH(pOpMaLelt ¢ IIOAHOCTBIO pa3BepHYTONM OCHOBHOI 1emnblo sibasgercss RLR, a'y apy-
IOl II0AyCBepHYyTOI POPMBI OCHOBHOI 11eTN fe caMOll HU3KODHePIeTUIeCKO sABAseTCsl KOH-
¢opmarusa BLR. Pacuer Borsasna 20 HU3KODHepreTudeckux KOHPOpMauuii 4451 TpUIENTUAA
Pro-Gly-Pro.

Tab6avma 1. DHeprernyeckye BKAabl (Kkaa/Mo4b) KoHGopMarnuii MoaeKyasl Pro-Gly-Pro

No e Kongopmarms Eis Eoa Eiwp | Eos AEorn
1 ee BBB 0,5 -4,0 0,8 -28 |46
2 BBR -0,1 | -39 0,7 -3,3 4,1
3 RLB -14 | -38 0,9 -4,3 3,1
4 RLR 2,1 | -36 0,7 -5,1 2,3
5 ef BRB -1,2 | -38 1,1 -3,9 3,5
6 BRR 22 |-38 0,8 -5,2 2,2
7 RPB 1,1 | 41 04 -4,8 2,6
8 RPR 28 | 4,0 0,5 -6,3 1,1
9 fe RBB -06 | -39 0,7 -3,8 3,6
10 RBR -1,3 | -38 0,5 -4,5 2,9
11 BLB -1,1 | -39 1,1 -3,9 3,5
12 BLR -1,8 | -39 0,9 -4,7 2,7
13 ff RRB 25 | -34 1,0 -4,9 2,5
14 RRR -43 | 3,7 0,7 -7,4 0,0
15 BPB 04 | 4,0 1,0 -3,1 4,3
16 BPR 2,1 | 43 0,9 -5,5 1,9
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Tab6amia 2. 'eomeTpuyeckue rapameTpsl (rpad.) HU3KODHepreTudeckux KoHdpopmarmii Moaekyasl Pro-Gly-Pro

Yrast RRR RPR | BLR RLR
Prol o1 -60 79 -60 -64
W1 -52 -51 126 -55
1 -179 179 -176 -178
Gly2 [0 -90 -138 63 68
2 -83 -64 70 71
2 -178 171 179 177
Pro3 (0% -60 -45 -60 -60
Y3 -53 -60 -53 -54
3 -179 180 -179 179
DHeprusl, KKaa/MOAab Eorn 0,0 1,1 3,3 6,3

BakHO 110A4epKHYTH, UYTO IIPOAOHTMPOBAaHHOE AETICTBIe IIpeliapara ceAaHK OObACHAeTCA IpU-
CYTCTBMEM MIMEHHO TPUIIeNTUAHOTO yuacTtka Pro-Gly-Pro, KoTopbiil nMeeT HU3KODHepreTmdec-
Ky10 GpopMy OcHOBHOI1 lertit BLR, To ecTh 11oAycBepHYTYIO.

Moaekyaa Pro-Gly-Arg. DkcnepumeHTaAbHBIE MICCAAOBAHMS TI0Ka3aAl, YTO PeryAspHBIN
nentug Pro-Gly-Arg obecrieunBaeT coxpaHeHye HOpMaAbHOV (PYHKIIMU MHCYASIPHOM CUCTe-
MBI IIpM IIPOBOKALIMI Pa3BUTIS DKCIIEPUMEHTaAbHOTO MHCYAMH3aBICUMOTIO AnadeTa y KMBOT-
HBIX, IIPY DTOM B I11a3Me KPOBM ITOBBLIIIAeTCs arperanys TpoMOoOINTOB. PacyeT mpocTpaHCT-
BeHHOI1 CTPYKTypbl Pro-Gly-Arg nponsBoAnuAacs Ha OCHOBe CTaOMABHBIX KOH(popMaumii Pro-
Gly n mononentuaa N-anerna-L-apruansa. 45 aMMHOKIUCAOTHI ITPOAMH YYUTBHIBAAUCh R 1
B ¢opmBI OCHOBHOII I1€TI, @ OCTATOK IAUIIMHA B pacdeTax MMe A yeTsipe pOPMbI OCHOBHOII 1ie-
mu R, B, L u P, aa51 amunokucaors Arg - R, B, L ¢popmer ocHoBHOII 11ern. JAs1 A@aHHOTO TpH-
nenTuaa, cogepxamero 51 arom u 13 mepeMeHHBIX 4BYIPaHHBIX YIA0B, BO3SMOXKHEI 4 IIIeIIIIa,
IpeAcTaBAeHHBIX 16 popMamy OCHOBHOI Henn. Pe3yabTaThl pacyeTa TPUIIENTUAHON MOAEKY-
ap1 Pro-Gly-Arg nipeacraBaensl B Tabautie 3.

TabGanmia 3. DHeprerudeckie BKAaabl (Kkaa/M0Aab) KOHGOpMaruii MoaeKyasl Pro-Gly-Arg

No | Illesin | Kondopmaunsa | Ew Esa Erop | Eos AEom
1 ee BBBi222 -6,0 -0,5 1,1 -54 0,4
2 BBR3222 -4,0 -0,2 0,7 -3,9 1,9
3 RLB1222 -6,0 | 0,0 1,1 -4,9 0,9
4 RLR3322 51 |-01 |08 -4,4 14
5 ef BRB1222 22 |1-05 (09 -1,8 4,0
6 BRR2122 29 |06 |12 2,4 34
7 RPB 3522 35 |1-09 (08 -3,6 2,2
8 RPR3322 -43 | -1,0 |07 -4,6 1,2
9 fe RBB3222 -5,3 -1,5 1,0 -5,8 0,0
10 RBRs222 53 |-1,2 (08 -5,7 0,1
11 BLBs3222 -41 |-07 (08 -4,0 1,8
12 BLR3522 3,6 |-07 |07 -3,6 2,2
13 ff RRBi1222 48 |-05 | 1,1 -4,3 1,5
14 RRR3322 39 |-04 |07 -3,7 2,1
15 BPBa222 -42 | -24 (09 -4,3 15
16 BPRas2 44 |-10 (09 -4,5 1,3

Jazsee ObLAM M3ydeHBI KOHPOPMaIVIOHHBIE BO3MOXKHOCTHU IAMKonenTnaos Pro-Arg-Gly, Arg-
Pro-Gly u Gly-Pro-Arg. Jas Ka’kA0i1 MOAeKyAbI ObLAM HaliA€HBbl DHepreTuJecKye IapaMeTpsl
(3HaueHMsI BKAaA0B HEBAAEHTHBIX, DAeKTPOCTaTUYeCKIX, TOPCMOHHBIX B3alIMOAEVICTBII, DHep-
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I BOAOPOAHBIX CBA3€Mi, BHYTPUMOAEKYASPHbIe MOHO-, AV- ¥ TPUIIEITUAHbIE B3aIMOAEIICT-
BUs) M TeoMeTpuUyecKye MapaMeTpbl (3HadeHMs! ABYTPaHHBIX YIA0B OCHOBHON U OOKOBBIX
Lerel aMMHOKMCAOTHBIX OCTaTKOB, BXOASAIINX B 9TU MOAeKyabl). HuskosHepreTuueckue KoH-
dopmarnum STUX TPUIENTUAHBIX MOAEKYyA IpejcTaBAeHsl B Tabautle 4. IIpocTpancTseHHOe
pacIioA0KeHne aTOMOB B HU3KODHePreTU4ecKux KOHPOpMaIUAX TPUIeITUAHBIX TAUITPOAN-
HOB IIpeJcTaBAeHbl Ha puc.].

TaGarmya 4. DHepreTidecKyie BKAaAbI (KKaa/M0Ab) KoHpopMarmit MoaeKyasl Pro-Arg-Gly, Arg-Pro-Gly n Gly-Pro-Arg

No | Kondopmanus, meitn | Eis | Eoa | Erop | Eos | AEorn
Moaexkyaa Pro-Arg-Gly
1 R Rss22 B (ff) 58 |-05 (08 -5,5 10,0
2 R Ba22P (ff) -4,8 -0,8 0,7 -4,9 0,6
3 R R222 P (fe) 50 [-05 |09 -4,7 10,8
4 B R3322B (ef) 38 | -1,1 0,9 -4,0 1,5
5 B B3222P (ef) -3,5 -1,2 0,9 -3,8 1,7
6 B B1222 B (ee) -40 |-09 |15 34 |21
Moaexkyaa Arg-Pro-Gly
1 B1222R B (ef) 53 |-1,3 |06 -6,1 | 0,0
2 B222 B L (ef) 55 |-1,8 |24 50 | 1,1
3 B222 B P (ef) 44 |-1,1 |14 -40 |21
4 B2122 R L (ee) 5,1 |05 1,0 35 |26
5 B2222 R P (ee) 44 |1-05 |07 -42 11,9
Moaekyaa Gly-Pro-Arg
1 P B Baiz2 (fe) 3,7 |-06 1,9 24 100
2 P B Roi122 (fe) 22 |04 |19 -1,3 | 1,1
3 P R Rax (ff) 43 |-03 |44 -06 |18
4 B R B222 (ef) 3,3 |03 |26 -1,0 | 1,4
5 B B B2222 (ee) 38 10,1 3,0 0,7 | 1,7

Puc.1. ITpocrpaHcTBeHHBIE CTPYKTYPHI rAutpoanHos: a) PRR(Pro-Gly-Pro);
6) RBB(Pro-Gly-Arg); B) BRB (Arg-Pro-Gly); r) RRB (Pro-Arg-Gly)

a) 0) B) / r)

IIpoBeaeHHbIN pacyeT HPOCTPAHCTBEHHON CTPYKTYPhl TPUIIENITUAHBIX MOAEKYA, IIpUHaAAe-
KalMX CeMENICTBY AUIPOAMHOB, IIO3BOANA OIIPeAEAUTDh YeTKMe KOAMYeCTBeHHbIe BHepre-
TUYeCKMe U reoMeTpuyeckne xapakrepuctuku. Huskosnepretndyeckne koHpOpMaum ram-
IeNTUAOB MMEIOT CBEePHYTYIO MAU IOAYCBEPHYTYIO CTPYKTypy. Takoit Xo4 OCHOBHOI Liemu
oOecrieunBaeT yCcAOBMe MaKCMMaAbHOIO B3aIMOAEIICTBIS Y4aCTKOB OCHOBHO 11 OOKOBBIX 11e-
I1eli aMMHOKMCAOTHBIX OCTaTKOB, BXOASAIIUX B 9TU MOAeKyAbl. [loaydeHHbIe pe3yAbTaThl MOTYT
OBITH MCII0AB30BaHbI 4451 M3yYeHIs IIPOCTPaHCTBEHHOIO CTPOEHMS TeTpalelTUAHBIX U reKca-
HeNTUAHBIX MOAEKYA TAUIIPOAUHOB, a TaK >Ke MCCAeJ0BaHMsI KOH(POPMAIIMOHHBIX BO3MOXKHOC-
Tell DOKOBBIX IleTlell IIPY B3aMOAEICTBUA C MOAeKYAaMy pellelITOPOB.
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ABSTRACT

We have tried to probe into the effect of doping with transition metal Co on both the optic, magnetic, structural
and morphological properties of these dilute magnetic semiconductor. Diluted magnetic semiconductors (DMS)
were intensely investigated both experimentally and theoretically in recent years. In spite of large body of studies
to have a better understanding on working principles of devices based on DMS materials and taking a detailed
control during fabrication process, nature of the system remains largely unknown. It was generally thought that
DMSs, especially doped with low concentrations of magnetic metal ions, were suitable for spin-based multifunctional
devices. Transition metal Co-doped ZnO and MgO diluted magnetic semiconductor films were prepared on glass
substrates by Chemical Spray Pyrolysis method. Structural analysis of diluted magnetic semiconductors ZnO and
MgO thin films were made by X-ray diffraction (XRD) and scanning electron microscopy (SEM-EDX) techniques,
morphological analysis of diluted magnetic semiconductors ZnO and MgO thin films were made by atomic force
microscopy (AFM), the optical characterization of the films were carried out from spectral Photoluminescence
(PL) obtained by Jobin Yvon Triax 550 CCD and also, magnetic properties of the MgO:Co and ZnO:Co films were
investigated by vibrating sample magnetometer (VSM) which show that diamagnetic behavior of the MgO:Co thin
film and ferromagnetic (FM) behavior of the ZnO:Co film were is formed.

Key words: semiconductor, synthes, X-ray, diffraction.

KiMYASAL PUSKURTME YONTEMI iLE BUYUTULMUS KOBALT GECiS METALI KATKILI
ZnO VE MgO SEYRELTILMiS MANYETIK YARI iLETKEN INCE FILMLERININ
SENTEZi VE KARAKTERIZASYONU

OZET

Bu calismada Co gecis metali ile katkili seyreltik manyetik yar1 iletken filmin optik, morfolojik, yapisal ve man-
yetik 6zelliklerini ve filme Co katkisinin etkisini arastirmaya galisildi. Seyreltilmis manyetik yariiletkenler (DMS)
son yillarda hem deneysel hem de teorik olarak yogun bir sekilde arastirildi. DMS materyallerine dayanan cihazlarin
calisma prensipleri hakkinda detayl: bilgiye sahip olmak ve iiretim siireci boyunca daha kaliteli yapiya sahip olmak
i¢in yapilan genis capli calismalara ragmen, sistemin yapisi biiyiik 6lctide bilinmemektedir. Genel olarak, diisiik
konsantrasyonlar da manyetik metal iyonlari ile katkilanmis DMS'lerin spin bazli ¢ok fonksiyonlu cihazlar i¢in uygun
oldugu diisiiniilmektedir. Co gecis metali katkili ZnO ve MgO seyreltilmis manyetik yariiletken filmler, cam yiizey-
lerde kimyasal piiskiirtme yontemi ile biiyiitiildii. Seyreltilmis manyetik yariiletken ZnO:Co ve MgO:Co ince film-
lerinin yapisal analizi X-1s11 kirmimi (XRD) ve taramali elektron mikroskopisi (SEM-EDX) teknikleri ile yapilds,
topografik analizi ise atomik kuvvet mikroskobu (AFM) ile yapildi. Filmlerin optik karakterizasyonu, Jobin Yvon
Triax 550 CCD cihaz: ile elde edilen Photoluminescence (PL) spektrumu vasitasiyla yapildi. Ayrica titresimli 6rnek
manyetometre (VSM) ile MgO:Co ve ZnO:Co filmlerinin manyetik 6zellikleri arastirildi ZnO:Co filminin ferroman-
yetik (FM) davranis sergiledigi ve MgO:Co ince filmin ise diamanyetik davranis sergiledigi goriilmiistiir.

Anahtar kelimeler: yari iletken, sentezi, X-1s1n, kirtnim.
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1. Introduction

The exciting possibility of utilizing both the charge and spin character of an electron to develop
spintronic devices such as spin field effect transistors (FETs) and spin light emitting diodes [1]
(LEDs), non-volatile memory devices [2] , quantum computer and microelectronic devices,
which should have much higher speed and larger storage capacity, has led to an extensive
search for materials in which semiconducting properties can be integrated with magnetic pro
perties. Control of dimension and morphology of materials has aroused the interest of resear
chers in the design of functional devices due to the optical and electronic properties of nano-
meter a micrometer-sized materials, which determine their applications adapted by varying
their size and shape [4]. Zinc oxide (ZnO) is one of transparent conducting oxides (TCO) which
degenerate semiconducting properties with a wide bandgap (3.35 eV) and transparent properties
in visible range of spectrum [5].

Recent studies have identified wide band gap semiconductors including GaN and ZnO systems
as promising materials for spintnonics applications [3].

Diluted magnetic semiconductor (DMS) is referred to a semiconductor in which a small fraction
of host cations are replaced by transition metal ions (TMI) as magnetic elements [6]. Large efforts
have been devoted to the investigation of DMS due to their potential application in spintronic
devices [7] for which the basic requirements are room temperature ferro-magnetism (RTFM)
and good optical transmittance. Zinc oxide (ZnO) is an attractive semiconductor for numerous
applications and a building block material for many advanced device technologies because of
its large band gap at room temperature. It has large excitonic binding energy (60 meV), optical
transparency, chemical stability, hardness and piezo-electric properties [8,9]. Optical measure
ments and X-ray photoelectron spectroscopy confirm the direct substitution of dopant atoms
into Zn lattice sites [10].

A defect mediated ferromagnetism model based on the bound magnetic polaron (BMP) theory
has been predicted theoretically [11,12] and confirmed experimentally [13,14]. For instance,
surface defects have been implicated to be essential for the generation of ferromagnetism in
DMS oxide [13,15]. According to BMP theory,when the concentration of surface defects exceeds
the percolation threshold, the surface defect scan overlap many dopantions as well as adjacent
defects,inducing a ferromagnetic coupling between dopant spins.Thus, can speculated that
the Co ions at surface of the nanoparticles can be ferromagneticlly coupled and mediated by
oxygen vacancies.If the ferromagnetism arises from the surface of Co*%ons, onlya few of them
may contribute to the ferromagnetism because most of theCo* ions in the core of then a nopar
ticles. However, due to the insufficiency of oxygen vacancies in the core of the nanoparticles,
these Co*2spins are distributed as uncoupled spins or mediated through oxygenions [11-19].

II. Experimental Details

In order to synthesize transition metal-doped ZnO and metal-doped MgO diluted magnetic
semiconductor films, firstly we cleaned chemically the many parts of the glass in piranha so-
lution. Then, Zinc Nitrate Hexahydrate (Zn(NO3)..6H20)+hexamethylenetetramine((CHz)sN4)
salts were mixed ratio of (1:2) and Mg(NOs)2.6H20+NaOH salt were mixed ratio of (1:0.25).
They were dissolved in deionized water.ZnO thin film was grown on glass substrate at 450°C
and structural, morphology and elemental of the film is examined by XRD (X-Ray Diffraction),
AFM (Atomic Force Microscopy), SEM (Scanning Electron Microscopy)andmagnetic properties
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of the MgO:Co and ZnO:Co films were investigated by vibrating sample magnetometer (VSM).
As shown in Tablel ZnO and MgO thin films were grown on glass substrates with determined
experimental parameters. Table 1 is shown experimental procedure of film growth parameters
for different doped metal. For all film growth process, distance between the substrate and
nozzle is set 30 cm. .The growth of Co-doped ZnO and Co-doped MgO films is accomplished
by thereactive spray pyrolysis of the precursor metal salt solutions ofCo in the appropriate
molar ratios over heated substrates. In this work, Zn was sourced from Zinc nitrate hexahydrate
(Zn(NOs)2.6H20) and Mg was sourced from Magnesium nitrate hexahydrate (Mg(NO:s)2.6H20),
Co from Cobalt(II) nitrate hexahydrate(Co(NOs)2-6H20), The basic spraysolution consisted of
0.1IM solution of (Zn(NO3)2.6H20),dissolved in 100% de-ionized water. To realize theCo doping
each at the 10 at% level in ZnO, the(Co(NO:s)2 - 6H20) (10 Mm) concentration were added to
the precursor spraysolution respectively. The basic spraysolution consisted of 0.1 M solution
of (Mg(NO:s)2.6H20),dissolved in 100% de-ionized water. To realize theCo doping each at the
at 10% level in ZnO, the (Co(NO:s)2-6H20) (10Mm) concentration were added to the precursor
spray solution respectivelyThe substrates weremaintained at a temperature of ~450-C all
through the depositionprocess. Under typical conditions, the precursor spray rate was kept~3
ml/min.Then also structural, morphology and elemental properties of grown on different doped
metals the ZnO and MgO thin films are examined by XRD, AFM, SEM techniques.The stoichi
ometry of films, especially the at.10% of the transition metaldopants in ZnO and MgO. Based
on this, the Ni,Coprecursor concentration in the spray solution was adjusted as required to form
the ZnO-Co doped, ZnMi~O and MgO-Co doped(M= Co )thin films was determined by X-ray
diffraction(XRD) analysis using PANalytical’s X'Pert PRO Materials ResearchDiffractometer
with Cu K radiation. The optical characterization of the films were carried out from spectral
Photoluminescence (PL) obtained by Jobin Yvon Triax 550 CCD

Table 1.Experimental parameters by using CSP methodgrown on glass substrates the ZnO,
Co-doped ZnO and MgO, Co-doped MgO thin films.

Substrate Thin Salts for precursors Molar ratio of Substrate Carrier Film Growth
films | Solutions (in deionized water) | precursors solutions | Temperature (°C) gas Process time (min)

glass ZnO (Zn(NO3)2.6H20)+ (CH2)sN4) 1 450 air 35

glass MgO Mg(NOs)..6H20+NaOH 1:0.25 450 air 35
ZnO:Co | (Zn(NO3)2.6H0)+ (CH2)eNa)+ o ,

glass doped Co(NO#: - 6H:0 1:0.25:0.1 450 air 35
MgO:Co Mg(NOs).6H20+NaOH + - .

glass doped Co(NO#:- 6H:0 1:0.25:0.1 450 air 35

IT1. Results and Discussion

Fig.1-2 shows the XRD spectra of the ZnO and MgO thin films deposited on glass by CSP at
substrate 450°C temperature. The structural analysis of ZnO and MgO thin films was examined
by using XRD with varying diffraction angle 20°, by Rigaku 2200D/Max (CuKat (A=1.5405 A)).
As seen in, ZnO and MgO thin film growing on glass substrate is polycrystalline orientation
along different planes and phases. These planes are shown in Table 2[21]. This result is agree
ment with the literature [49].And for MgO, these planes are shown in Table 3[20].

As seen in Fig.3-4, ZnO-Co doped, MgO-Co dopedthin film growing on glass substrate is poly
crystalline orientation along different planes and phases. Likewise, Table 4-5shows that accor
ding to 20° values of peaks, inter-planar spacing d values and the crystallite size 0ofZnO-Co do
ped ,MgO-Co doped glass substrates respectively. In Table 4, planes are corresponding to the
Znx Corx O and ZnO-Co dopedstructures [22,23].In Table 5, planes are corresponding to MgO-
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Co dopedstructures [24].Due to the transition metal Co-doped ZnO and MgO thin films, accor
ding to 20° values of peaks have been deviated slightly.

Fig. 1.X-ray diffraction spectra for ZnO thin films deposited bychemical spray
pyrolysis onglass substrate at 450°C substrate temperature.
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Table 2. The structural parameters of ZnO thin films deposited by chemical spray pyrolysis on glass substrate
Thin Film | (hkl) FWHM 20° (Observed) | 20° (Literature) | d-values (A)
ZnO (101) 0.001 32.09 31.77 2.724
ZnO (213) 0.172 34.74 34.42 2.634
ZnO (002) 0.481 36.57 36.25 2.451
ZnO (411) 0.001 47.87 47.53 2.247
ZnO (610) 0.297 56.92 56.60 1.952
ZnO (431) 0.205 63.13 62.86 1.859
ZnO (433) 0.146 68.25 67.96 1.604
Table 2, shows that according to 20° values of peaks, inter-planar spacing d values and the

crystallite size of ZnO glass substrates.

Table 3. The structural parameters of MgO thin films deposited by chemical spray pyrolysis on glass substrate

Fig. 2. X-ray diffraction spectra for MgO thin films deposited by chemical spray
pyrolysis onglass substrate at 450°C substrate temperature
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(hkl) | FWHM | Intensity (a.u.) | 20° (Observed) | 20° (Literature) | d-values (A) | Crystal
(210) 0.240 1100 29.64 29.43 3.05 O
(211) 0.177 17329 32.17 32.01 2.78 MgO
(200) | 0.347 1229 43.05 43.07 2.10 MgO
(200) 0.347 1229 43.05 48.03 2.10 MgO
(410) 0.090 145 55.75 53.51 1.64 O2
(220) 0.300 458 62.40 62.68 1.48 MgO
(311) 1.320 2129 66.88 66.87 1.45 MgO:
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Table 4. The structural parameters of ZnxCoi1~O andZnO:Co doped thin
films deposited by chemical spray pyrolysis on glass substrate

(hkl) | FWHM | Intensity (a.u) | 20° | d-values(A) | Crystallite size(D) A
(604) | 0.416 800 32.55 2.75 3662
(311) | 0516 6610 35.30 2.54 2953
(311) | 0.719 1166 37.08 2.42 2141
(026) | 0.358 451 48.36 1.88 4443
(126) | 0.090 158 57.34 1.60 18487
(220) | 0.265 498 63.79 1.45 6503

Fig. 3.X-ray diffraction spectra for ZnxCo 1~O and ZnO- doped Cothin films deposited
by chemical spray pyrolysis onglass substrate at 450°C substrate temperature
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Table 5. The structural parameters of MgO:Co doped [24]thin films deposited
by chemical spray pyrolysis on glass substrate

(hkl) | FWHM | Intensity (a.u.) 20° d-values (A)

- 0.326 331 23.76 3.744
(220) 0.205 1478 30.30 2.949
(220) 0.235 489 32.76 2.733
(200) 0.001 251 36.20 2.481

- 0.337 392 39.89 2.259
(400) 0.266 363 43.61 2.075
(331) 0.138 363 48.80 1.865
(020) 0.079 211 63.16 1.471

Fig. 4. X-ray diffraction spectra for MgO-Co doped thin films deposited by chemical
spray pyrolysis onglass substrate at 450°C substrate temperature
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Fig. 5.X-ray diffraction spectra for MgO-Co doped, ZnO-Co dopedthin films deposited by
chemical spray pyrolysis onglass substrate at 450°C substrate temperature

5000 Mz0
Mg0 Co doped
— Zn0 Co doped SCope
4000
- -
E 3
2 3000 £
z =
E om0 E 10004
< =
= 1000 -
. z&\&my—_—l
T T T : :
20 30 40 s 6 70 80
26 deg, 26 deg.

Photoluminescence (PL) measurement of ZnO and MgO material was performed on the Jobin
Yvon Triax 550 CCD photoluminescence system. Figure 6 shows the PL. measurement graph
of ZnO and MgO materials.The ZnO, MgO, Co doped ZnO and Co doped MgO material was
excited with HeCd laser at a wavelength of 325 nm with an average energy of 3.8 eV and the
PL graph of Fig. 6 was obtained.As can be seen, the peak position for ZnO and MgO material
was measured as 361,5-381 nm.This value corresponds to an energy of 3,25-3,42 eV according
to Planck equation (E = hv), which corresponds to the theoretical value for the forbidden
energy range (Eg) of ZnO and MgO.

Fig. 6. PL spectra of (a) pure ZnO and Co-doped ZnO, (b) pure MgO
and doped MgOfilms at excitation wavelength of 275 nm.
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SEM is useful a technique to study the surface morphology of thin films. SEM images of the
Co-doped ZnO andCo-doped MgO films on glass substrates have been shown in Fig.7(a) and
(b) respectively. It is observed that the Co-doped ZnOthin films deposited at glass substrate
temperature of 450°C have well adherent to the all substrates. The Co-doped ZnO films are the
good covered the glass substrate and they are homogeneous.The atomic diameter of MgO and
the atomic diameter of Co are close to each other. Therefore, as seen in Fig. 7b, Co clustered
MgO compound. Co, its molecular weight is higher than MgO, appears lighter.

Fig.7. SEM images of a) Co-doped ZnO film and b)Co-doped MgO film
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Atomic force microscopy (AFM) is a method to measure the surface topography with scale range
from angstrom to 100 microns. With this method, the particle structure, surface roughness and
how the structure changes with temperature have been investigated. AFM images of Co doped
Zn0O and Co doped MgO films on glass substrates have been show in Fig.8. (a) and (b) respec
tively. As a result of AFM image studies, roughnessof ZnO and Co doped ZnO are 7.70 nm,
232,58 nm, respectively. Theroughness of MgO and Co doped MgO are 11,75 nm, 446,55 nm,

Fig.8. AFM images of (a) the Co doped ZnO, (b) Co-doped MgO films on glass substrates

Figure 9 shows the resulting graphs of VSM (Vibrating sample magnetometer) measurements.

Fig. 9.Magnetic effects of Co-doped MgO and Co doped ZnO
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IV. Conclusion

Magnetic properties of the MgO:Co and ZnO:Co films were investigated by vibrating sample
magnetometer (VSM) which show that diamagnetic behavior of the MgO:Co thin film and
ferromagnetic (FM) behavior of the ZnO:Co film were is formed.
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ABSTRACT

GaSe single crystal has been grown by using the Bridgman/Stockbarger method. The ingots have no cracks and
voids on the surface in ingots. There is no process to polish and clean treatments at cleavage faces of these samples
because of the natural mirror-like cleavage faces. GaSe has specific impurities arising from its crystal structure.
Sample was cleaved along the cleavage planes (001). The structure and lattice parameters of the GaSe semiconductors
has been analyzed using a X-ray diffractometer (XRD),Scanning electron microscopy (SEM) and energy dispersive
X-rays (EDX) techniques. It is found that the GaSe crystal has hexagonal structure, quite close 20 peak values. XRD
measurements indicate that there is an increase in peak intensities at specific annealing temperatures (300 and 500
’C) and a decrease in higher annealing temperatures (700 'C). The calculated lattice constants were found to be a=
b=3.749 A ¢=15.907 Afor GaSe which correspond to a hexagonal structure exhibiting C12/m (12) space-group sym-
metry.The crystallite size (373 and 176.5 A), residual strain (6.96x10* lin? m+ and 5.34x10+ lin2 m+) and dislocation
density (3.69x10' lin/m2 and 2.17x10™ lin/m-) values have been calculated using XRD results (004), respectively.
The crystallite size has been calculated to be 176.4-342.5 nmfor GaSe from the SEM result. These results are in a good
agreement with the ones obtained from EDX analysis.It has been observed that GaSe contains Ga= 45.02%, Se =
53.58%and O=1.40%.Average roughness and total roughness for GaSe was evaluated 1.085x10-! and 3.467 nm.

Keywords: Crystal growth, GaSe, Structural Characterizations, Single Crystal, XRD, SEM, EDX, AFM.

GaSe YARIILETKENININ BRIDGMAN-STOCKBARGER TEKNIGIYLE
BUYUTULMESI VE YAPISAL KARAKTERIZASYONLARI

OZET

GaSetek kristali Bridgman-Stockbarger metoduyla biiyiitiilmiistiir. Kiilgenin yiizeyinde catlaklar ve bogluklar
gozlenmemistir. Dogal yiizeyleri ayna gibi parlak oldugundan bu numunelerin yiizeylerinde oksitlenme ve lekelen-
me olmadigindan kimyasal temizleme islemi yapilmamustir.GaSe kristali yapisindan kaynaklanan belirli safsizlik-
lara sahiptir. Numunenin yarilma diizlemleri (001) boyunca kesilmistir.GaSe yariiletkenin yapisal ve morfolojik
karakterizasyonlar1 x-1s1n1 kirmimi (XRD), Taramal1 Elektron Mikroskobu (SEM) ve enerji ayrimli x-1s1n1 spektros-
kopisi (EDX) teknikleri kullanilarak analiz edilmistir. GaSe kristalinin 20 degerlerinde hegzegonal yapiya sahip
oldugu bulunmustur. XRD o6l¢iimleri, tavlama sicakliklarinda (300 ve 500 °C) piksiddetlerinde bir artis oldugunu
ve daha yiiksek tavlama sicakliklarinda (700 °C) bir diisiis oldugunu belirlenmistir. GaSe numunesi C12/m(12) simetri
uzay grubundave hekzegonal bir yapiya sahip olup 6rgii parametreleri a=b=3.749 A =15.907 Aolarak hesaplanmustir.
XRD sonuglarindan (004), kristal biiyiikligii (373 ve 176.5A), zorlanma derecesi (6.96x10 lin? m™ ve 5.34x10 lin2
m) ve dislokasyon yogunlugu (3.69x10%lin m?2ve 2.17x10%lin m?) degerleri hesaplanmistir. SEM sonuglarindan,
ortalama tanecik biiyiikliigiiniin GaSe igin 176.4 -342.5nm araliginda oldugu belirlenmistir. GaSenin biiyiitme oran-
lar1 Ga =% 45.02, Se =% 53.58 ve O =% 1.40 oldugunu gozlemlenmistir. Bu sonuglar, EDX analizinden elde edilen
sonuglarda iyi bir uyum igindedir. GaSe i¢in ortalama piiriizliiliik ve toplam piiriizliiliik 1.085x10-1 ve 3.467 nm
olarak degerlendirilmistir.

Anahtar Kelimeler: Kristal biiytimesi, gaz, yapisal karakterleri, tek kristal XRD SEM, EDX, AFM.
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1. Introduction

Semiconductor based electronic circuit elements and optoelectronic devices have a great im-
portance for today’s technology. Growth and operation properties of semiconductors used as
base material must be known. These processes include optimization of growth conditions and
characterization of structural, optical and transport properties. In the family of III-IV compounds
some of members have layered structure. Bulk GaSe is one of the most studied layered semi-
conductors of the III-VI family. In layered materials, the crystal structure is highly anisotropic
and consists of covalently bonded atomic layers. The two-dimensional layers are composed of
gallium and selenium atoms at opposite corners of the hexagons [1].

Gallium selenide (GaSe) has a number of interesting properties for electrical and non-linear
optics applications. It has been reported to be used in making a number of devices like MOS
FET [2,3], detectors for monitoring high energy Muon beams [4,5], solar cells, compound se-
miconductor hetero structure, photoelectric analyzers of polarized light [6] and used for X-ray
beam detection by producing direct current from high fluxes of 130 and 170kV X-ray at diffe-
rent exposure rates [7]. GaSe is a native p-type semiconductor with a hexagonal layered structure.
It has a relatively large band gap energy of ~2.1 eV [8], It is highly transparent in the infrared
region between the wavelengths 0.65-18 um, so due to these potential applications it is very
important to determine the structural, electrical and optical properties of this material.

2. Experimental Procedures

The horizontal furnace used in this work consists of two zones, each with an alumina tubes 50

cm in length as shown in Fig. 1. The furnace was heated using kanthal DSD (Cr-Al-Fe) heating

elements. The temperature of each zone was monitored by K type (Cromel-Alumel) thermo-

couples positioned close to the middle of the zone. Two thermocouples were used to control

the stability of temperature in the region of growth.

For the constituent of polycrystalline A"BY}, the first important step in obtaining high quality

crystals is the purity of the basic elements which are being involved in the structure. These ele

ments were weighed in a stoichiometric ratio accurate to 0.01 mg. The total mass of the elements

was about 50 g. The basic criteria for this choice were, firstly a sufficient need to justify the cost

of one run, secondly minimal loss of the material in case of breakage.

The choice of a growth technique for a particular material depends on many factors which

may be summarized as follows:

a)  The chemical reactivity of the compound and constituent the elements.

b)  The dissociation vapour pressure of the compound at the growth temperature.

c)  The melting point of the compound and whether the compound and whether the compound melts
congruence or not.

d)  Presence or absence of phase transformations.

Fig.1.The horizontal furnace. 1. Quartz rod, 2. Alumina tube, 3.Zirconium blanket for insulation,
4. Aluminum foil, 5. Heating element (Cr-Al-Fe), 6.Thermocouples, 7.Air pocket.
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The melting point of 960+5°C [9] of the GaSe compound were determined from the phase diag-
ram. Sealed quartz ampoule was annealed at 1000 °C for 24 hours in the out gassing furnace
designed in our laboratories. The temperature of quartz ampoule was decreased to room
temperature in 24 hours. The mix Ga-Se put into quartz ampoule and quartz ampoule was
sealed under a vacuum of 10 mbar. Quartz ampoules were coated with carbon. The mixture
of Se-Ga—-Ga-Se was put in it and sealed under a vacuum of 10 mbar. The crucible was sus-
pended in the middle of the horizontal furnace with two zone designed. Growth programmer
of GaSe single crystal have been given in Fig. 2.

Fig. 2.Growth programmer for GaSe single crystal.
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The prepared GaSe single crystal ingots have 12 mm in diameter and about 80 mm in length.
The ingots have no cracks or voids on the surface. No polishing or cleaning treatments were
carried out on the cleaved faces of these samples because of the natural mirror-like cleavage
faces. The ingot was cleaved into perpendicular planes of naturally cleaved planes. The quartz
ampoules, which are illustrated in Fig. 3, have been formed according to the structure (layer
chain) of growth crystals. Ampoules numbered 1, 2, 3 and 4 were used to grow layered struc-
tures (InSe, GaS and GaSe) and those numbered others 5, 6 and 7 were used to grow chained
structures (TlInSez, TlInTe2 and TlGaTez).

Fig. 3.Typical ampoule shapes.
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The quartz ampoules used in the growth process were shaped and carbon coated in our crystal
growth laboratory. Since there is a temperature gradient along the synthesis ampoule, the melt
solidifies directionally provides polycrystalline ingots (Fig.4). after optimization of solidification

regime, a growth of single crystal is likely to be possible directly on the stage of post-synthesis
cooling.

Fig. 4. Synthesized material and grown crystal of GaSe.
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The temperature of furnace is increased step by step paying attention to melting point of grown
crystal and of using elements when the necessary temperature is obtained to grow crystals. The
temperature of growth furnace is decreased to room temperature step by step paying attention
to phase transition temperature. A schematic of the overall system is shown in Fig. 5. The crys
tal growth system has continuous working characteristic and has been controlled from both
zones of the furnace. Temperature within the furnacewas controlled via a variac and the velo
cities (times) were controlled setting by a Temperature Control Unit (T.C.U).

Fig. 5.Schematic appearance of growth system. (T.C.U): Temperature Control Unit,
(U.P.S): Uninterruptible Power Supply.

—* Thermocouples ‘ |

U.P.S

The structural characterization of the single crystals deposited films were analyzed by means
of XRD, SEM and EDX measurements. The structural and lattice parameters of the GaSe se-
miconductor was analyzed using a X-ray diffractometer (XRD) using Cu-Ka radiation with a
wavelength of A=1.54050 A (Broker 2D Phaser).

From the XRD profiles, the inter-planar spacing dni was calculated for the (004) plane using the
Bragg’s relation [10].

na
2sinf

(3)

whereA is the wavelength of the X-ray used, d is the lattice spacing, n(n=1,2,3,.. ) is the order
number and 0 is the Braggs angle. The factor d is related to (h k [) indices of the planes and the
dimension of the unit cells. The average grain size of GaSe was determined using Debye —
Sherrer’s equation [11],

KA
- Lcosb (4)

dpr =

where0 is the Bragg angle, A is the wavelength of the X-ray and { is the full width at half ma-
ximum. The average crystallite size and micro strain op were also obtained from the Rietveld
analysis through the relationship

() =@+’ ®
where0 is the diffraction angle, A is the x-ray wavelength, § is the total broadening measured
at the peak’s full width at half maximum (FWHM) in radians and K is the Scherer constant
(=0.9). One can see that considerable crystallite growth and micro strain reduction occurred
due to ageing. The lattice parameters were calculated using the following relation (for
hexagonal structure a=b+c)

1 _ 4 (h®+hk+k? 12

=)

t= (6)

c2

a3 a?
where a, b and c are the lattice parameters and “d” is the lattice spacing. The dislocation
density 6, defined as the length of dislocation lines per unit volume of the crystal has been

evaluated using the formula [12] the dislocation density decreases with increase of grain size.
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1
6=-; )
The full-width at half-maximum 3 can be expressed as a linear combination of the contributions
from the particle size, D and strain, ¢ through the relation [13]

Bcosd 1 | esinb

2 pt 8)
The strain (&) value evaluated using the relation
e = ﬁ’czs@ (9)
The dislocation density () may be calculated by using the formula [14].
5= 1t (10)
axD

The number of crystallites per unit area (NN) of the crystal was determined using the relation [15]:

d
N== (11)

3. Results and Discussions

The structural characterization of the single crystals deposited films were analyzed by means
of XRD measurements, SEM and EDX. The structural and lattice parameters of the GaSe semi
conductor was analyzed using a X-ray diffractometer (XRD) using Cu-Ka radiation with a
wavelength of A=1.54050 A. The values of 20 were altered between 10 deg and 90 deg with the
step of 0.1 deg/sec.Structural properties of crystals (GaSe) have been studied by means of Scan
ning electron microscopy (SEM), energy dispersive X-rays (EDX) techniques. The effect of an
nealing temperatures at (100, 200, 300, 400, 500, 600 and 700 oC) for 10, 20 and 30 minutes on
structural properties has been investigated using X-ray diffraction (XRD). XRD measurements
indicate that there is an increase in peak intensities at specific annealing temperatures (300
and 500°'C) and a decrease in higher annealing temperatures (700 ‘C). The lattice parameters
of these crystals have found to be (a=b=3.749 A ¢=15.907A which correspond to a hexagonal
structure exhibiting C12/m(12) space-group symmetry. The crystallite size has been calcula-
ted to be 176.4-342.5 nmfor GaSe from the SEM result. The residual strain and dislocation den
sity values have been calculated using XRD results. It has been observed from EDX result that
GaSe contains Ga=45.74%, Se =48.07%.These results are in a good agreement with the ones
obtained from EDX analysis.

In this work, the XRD technique is used to determine the structure, the phases present and the
orientation of the deposited GaSe crystals. X-ray diffraction patterns of GaSe crystal as-grown,
the samples annealed at 300 °C for 10,20 and 30 min, the samples annealed at 300 and 500°C,
respectively (Figs. 6, 7)

Fig. 6.X-ray diffraction patterns of GaSe annealed at 300 "C for 10,20 and 30 min.
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Fig. 7.X-ray diffraction patterns of GaSe annealed at 500 "C for 10, 20 and 30 min.
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The values of standard inter planer distance (do) and observed inter planer distance (Dexp) cal
culated by using the Bragg’s relation (dpy; = %l) along with the respective plane for GaSe

semiconductor for as-grown and annealed at 300 'C and 500 ‘C has been given in Table (1). It
has been reported that GaSe crystals grown by Bridgman method has generally hexagonalst-
ructure [16,18].

Table 1.The standard and calculated XRD results for GaSe crystalannealed at 300 ‘C and 500 ‘C.

Sample 300 'C | Intensity (a.u.) 20 dexp (A) deeo. (A) Structure
GaSe-10 221917 23.270 3.810 3.82 Hexagonal
GaSe-20 327640 23.060 3.850 3.85 Hexagonal
GaSe-30 2758479 22.980 3.860 3.87 Hexagonal
Sample . o A

° Intensity (a.u.) 20 dexp (A) dteo. (A) Structure

500 C
GaSe-10 2096209 22.98 3.860 3.860 Hexagonal
GaSe-20 1713244 23.041 3.856 3.856 Hexagonal
GaSe-30 1494290 23.041 3.856 3.856 Hexagonal

The crystallite size (D), dislocation density (&), residual strain (6) and umber of crystallites per
unit area (N) for GaSe crystalhas been calculated using the Eq. (7), Eq. (8) and Eq. (9), respecti
vely. The analysis for as-grown, 300 ‘C and 500 ‘C has been presented in Table (2).

Table 4.The crystallite size (D), dislocation density (&) and residual strain () for the GaSe-as- grown (004).

Sam}ole 20 FWHM Dfxp DZea. g, x10+ O x10% N x10'8 (%)
300 C. (deg.) (A) (A) (lin2m*) (lin/m?) (m?)
GaSe-10 23.27 0.148 572.9 607.0 6.32 3.04 2.790 1.730
GaSe-20 23.06 0.094 902.0 943.8 4.01 1.22 0.716 1.880
GaSe-30 22.98 0.124 683.0 718.4 5.29 2.13 1.640 1.780
Sameple 20 FWHM Dfxp DZea. g, x10* O x10% N x10%8 (%)
500 C. (deg.) (A) (A) (lin2m*) (lin/m?2) (m2)
GaSe-10 22.98 0.122 695.0 738.2 5.21 2.07 1.56 1.884
GaSe-20 23.041 0.090 942.15 979.8 3.84 1.12 0.628 1.83
GaSe-30 23.041 0.103 823.24 872.2 4.40 1.475 0.942 1.81

The surface morphology images of the crystal were obtained by scanning electron microscope
(SEM) technique at 30.00 kV with a 10.000 magnification (Fig 8). The surface of the GaSe was
coated with Au for SEM image enhancement. SEM studies on GaSe slices showed smooth sur
face morphology without visible defects or micro cracks. (Fig.8)shows theSEM images of GaSe
crystal.
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Fig. 8.5EM images taken at 30.00 kV with a 10.000 magnification for GaSe crystal.

A typical EDX spectrum is shown in Fig. 9, which confirmed Ga and Se to be the only compo
nents in the GaSe crystals grown by the Bridgman/Stockbarger technique. According to the
EDX results, GaSe contains Ga= 45.02%, Se = 53.58%and O= 1.40%. These values are quite close
to the expected ones and a little amount of in has been got bonding with O.

Fig. 9.EDX spectra for GaSe crystal.
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The surface morphology of GaSe was observed by an atomic force microscope (AFM) in tap-
ping mode. Fig. 10Showsthelarge-scale (1 x 1 pum?) AFM image of GaSesinglecrystal. Average
roughnessand total roughnessforGaSewereevaluated 1.085x10'and 3.467 nm, respectively. A
relativelyuniformlydistributedgrainstructurewasobserved. Thegrain size for GaSe crystal is
between 20-210 nm. The crystallite size has been calculated to be 176.4-342.5 nmfor GaSe from
the SEM result.
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4. Conclusion

GaSe single crystal used in this research was grown by using the Bridgman/Stockbarger met-
hod. The ingots have no cracks and voids on the surface in ingots. There is no process to polish
and clean treatments at cleavage faces of these samples because of the natural mirror-like cle-
avage faces. GaSe has specific impurities arising from its crystal structure. When transition
element is doped in to GaSe single crystals, these impurities which are transition elements are
eliminated from the crystal during the growth process. Samples were cleaved along the cleavage
planes (001). The freshly cleaved crystals had mirror-like surfaces even before using mechanical
treatment.

The structure and lattice parameters of the GaSe semiconductor has been analyzed using a X-
ray diffractometer (XRD),Scanning electron microscopy (SEM) and energy dispersive X-rays
(EDX) techniques. It is found that the GaSe crystal has hexagonal structure, quite close 20 peak
values. XRD measurements indicate that there is an increase in peak intensities at specific an-
nealing temperatures (300 and 500 C) and a decrease in higher annealing temperatures (700 C).
The calculated lattice constants were found to be a=b=3.749 A c=15.907 Afor GaSe which cor-
respond to a hexagonal structure exhibiting C12/m (12) space-group symmetry.The
crystallite size (373 and 176.5 A), residual strain (6.96x10* lin? m*and 5.34x10+ lin? m+) and
dislocation density (3.69x10* lin/m? and 2.17x10™ lin/m?) values have been calculated
usingXRD results (004), respectively.The crystallite size has been calculated to bel76.4-342.5
nmfor GaSe from the SEM result. These results are in a good agreement with the ones obtained
from EDX analysis.

AFM was used to investigate the surface topography of the crystals over a 1 x 1 um? area by
tapping mode. AFM (2D and 3D) studies of the surface morphologies for the GaSe crystalis
shown in Figure 10. As seen from the AFM images, the grain growth is perpendicular to the
substrate surface.
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FRACTIONAL PARENTAGE COEFFICIENTS IN THE PROCESSES
WITH KNOCKING OUT NUCLEONS ASSOCIATIONS
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ABSTRACT

There presented very simple method of fractional parentage coefficients calculation, based on complete rejection
of group - theoretical antisymmetrical shell model states classification and of numerical diagonalization. The coef-
ficients of fractional parentage are calculated for association, each with angular momentum [,s, coupled into a total
angular momentum J. The internal structure of the associations is neglect. The associations states formed can belong
to any permutational symmetry. The rezults is very significant in that the number association dependent factor
has been completly factored out. The coefficients of fractional parentage of the antisymmetric L-S coupled states
are obtained in terms of products of fractional parentage coefficients for L and S corresponding to conjugate repre
sentations of the symmetric group. This method is demonstrated to provide coefficients of fractional parentage for L—
S states for systems with a considerably larger number of particles than is feasible using the procedures heretofore
available. Example is given of the use thus constructed coefficients of fractional parentagein evaluating matrix ele
ments (p,t) reaction.

Key words: fractional parentage coefficients, association, reaction, transmission matrix element.
T'EHEAZIOT'MUYECKUME KODPPUIIMEHTHI B ITPOILIECCAX C BBIBMBAHMEM HYK/ZIOHBIX ACCOI_H/[AI_H/WI
PE3IOME

IIpeacraBaeH oueHb MPOCTON MeTOZ pacdeTa KOO(PpPUIIMEHTOB reHeal0rMIecKOrOo poACTBa, OCHOBAHHEIN Ha
ITOAHOM OTKa3e OT TeOPEeTUKO-TPYIIIIOBOI KAaCCHPUKAIMM KAACCMIECKIX aHTVCHMMETPIYHBIX COCTOSHNI B MOA@AMN
000./1049eK U 9nCcAeHHOV gnaroHaausanyy. KosdduiimeHTs reHeaa0rmyecKoro poAcTsa pacCUUTHIBAIOTCS A ac-
coLaumii B s4pe, KaXKAasl C yIA0BbIM MOMEHTOM I, s, 0ObeAMIHEHHAST B TIOAHBIII MOMEHT J. BuyTpenneri cTpykrypoit
accoruanyu mpeHedperaercs. COCTOAHMS acCOIMALIVIT MOTYT OTHOCUTBCS K AI000I ITepeCcTaHOBOYHO CIMMETPIA.
PesyapTaTsl O4eHb CyIeCTBEHHBI B TOM cAydae, Korda Kod(pQUIIMeHT 3aBICMMOCTH, 3aBUCIINIT OT KOAMJIeCTBa ac-
colManuii, MoAHOCTHIO yuTeH. KosdPpuIineHTs reHea10rmyeckoro poAcTBa aHTUCUMMETPUYHBIX CBSI3aHHBIX COC-
TOsHMI L-S moayJaloTcs B TepMuHaX K09 PUITMEHTOB TeHeal0rm4ecKoro poAcTsa A48 L 1 S, cCOOTBeTCTBYIOIIIX
COIIPsIKEHHBIM ITpeCTaBAeHIsIM CMMMeTpUJYecKoll rpynisl. ITokasaHo, 4To 5TOT MeToA MO3BOAsIeT paccauTaTh KO-
3¢ PUIINEHTHI TeHeaA0TMIeCKOTO POACTBA AAS CUCTEM CO 3HAYNTEABHO OOABIINM YMCAOM YaCTUIL B COCTOSHIUIX L-
S, yeM 9TO BO3MOKHO C UCII0Ab30BaHNeM paHee JOCTYIIHBIX MeTo40B. [IpuBoanTcs nmpumep UCIoAb30BaHMS IIOCT
POeHHBIX KO9(PPUINEHTOB reHeaA0IMIecKOTo POACTBa 4451 MaTPUYHOTIO DAeMeHTa (p,f) peakLnm.

Karouesbie caoBa: K09 PUIINIEHTHI TeHea10TIIeCKOTO POACTBA, aCCOIIAIINS, peaKLiyisl, MaTPUIHBII DAeMEeHT.

NUKLON ASSOSIASIYALARININ VURULUB CIXMASI ILO BAS VERON
PROSESLORDO QENEALOJI QOHUMLUQ ©OMSALLARI

XULASO

Isda tebage modeline sasason antisimmetrik hallarin klassik nozari-qrup tesnifatin1 ve diaqonallagmani nazere
almadan genealoji gohumluq amsallarinin hesablama metodu gostarilmisdir. Qenealoji qohumluq amsallar: niive-
lards har biri I ve s momentlarine ve | momenti ils birlesmis assosiasiyalar iigiin hesablanmisdir. Assosoasiyalarin
daxili strukturu nazers alinmamisdir. Assosiasiyalarin hallar: istenilen yerdayisme simmetriyasina aid ola biler.
Alinan naticaler assosiasiyalarn sayindan asili olaraq asililiq emsalalrinin hamisinin nezers alinmasinda ¢ox asihidir.
Antisimmetrik alagali L-S halalriin genealoji gohumluq amsallar1 qgosma simmetrik qrupa aid olan L ve S halalri-
nin genealoji qgohumluq amsallarimin ifadaleri ile verilmisdir. Tklif edilmis metodlardan farqli olaraq L-S halalrinda
istanilen sayda zarraciklar olduqda bels bu metod genealoji qohumluq amsallarint hesablamaga imkan verir. Nii-
munos kimi alinmis genealoji qohumluq amsallar1 (p,t) reaksiyasinin matris elementinin hesablanmasinda istifads
edilmisdir.

Acar sozlar: genealoji qohumluq amsallari, assosiasiya, reaksiyai, kegid matrisi elementi.
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Fractional parentage coefficients in the processes with knocking out nucleons associations

1. Introduction

The problem of computing the energy and other characteristics of a system of n identical partic
les meets with difficulties in constructing the wave function and in the complexity of the com
putations. The introduction of fractional parentage coefficients in the papers of Racah definitely
simplified and systematized such computations.

Coefficients of fractional parentage are defined as the coefficients for the expansion of antisym
metrical wave-function in terms of the complete set of the vector - coupled parent states with
a lower degree of antisymmetry.

One of the most efficient methods for the construction of many - particle wave functions with
well-defined permutational symmetry and exact quantum numbers (J - total angular momen
tum and T - isospin) is the iterative procedure for the calculation of coefficients of fractional
parentage developed in classical works [1,2,3].

For classifying antisymmetrical states involves the construction and diagonalization of the
matrices representing the quadratic Casimir operators for the appropriate special unitary, or
thogonal groups. It is sufficient that the states be orthogonal. The second method uses the Red
mond iteration technique in conjunction with numerical Schmidt orthogonalization or Gram-
mian matrix diagonalization. Unfortunately, although this procedure can generate complete
sets for large spaces, the buildup of numerical errors in the process of imposing orthonormality
within the overcomplete set of antisymmetrical states causes many problems.

In this paper expressions are found for the coordinate fractional parentage coefficients of an
arbitrary associations configuration in the form of a product of single-shell parentage coeffi-
cients and matrix elements of the transformation matrices of the permutation group.

2. The coefficients of fractional parentage

When analyzing nuclear reactions, selection rules play an important role. One of the model rules
selection for reactions with allowance for nucleon associations is the selection according to
the Young scheme. It says that if the orbital part of the wave function of the initial nucleus A
is characterized by the Young diagram [f], then when the association X is emitted, the corres-
ponding part of the wave function is described by the Young diagram [¢], a finite nucleus A-
X will be formed in states with only such Young diagrams [fi] that satisfy the condition that
the decomposition of the Kronecker product of the permutation group with Young diagrams
[f1] and [¢] into irreducible representations contains a representation with the Young scheme
[f. The symbol [f] indicates the character of the symmetry of the wave function with respect
to the displacement of the spatial coordinates of the nucleons.

The wave function of the system of nucleons A is described as [A,v,I], where Vv is the seniority
number. When the finite (daughter) wave function expands in terms of (the parent state) of
the wave function of the system (A-X) in the form

[AV, IM]= (A= X VI AV T ¥(A) A= XV, 1)Ly )

When we considera large value of the nucleons, the number of possible fractional parentage
becomes quite large.

However, because of the high degree of degeneracy of the nuclear states, the set of exact quan-
tum numbers is in many cases not rich enough to classify the various antisymmetric states of
the system.
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We consider the wave function ¥ of A nucleus. This wave function can be represented as a
product of the wave function ¢ of one of the association X, and a wave function @ for the
A-X. We denote by Ix the orbital angular momentum of the association, with its angular
momentum projection on a fixed direction calledm, , and with m, as the spin projection in

the same direction. We adopt the notation

¢=¢Ixmlxsxmsx (X) (2)
In analogous (2), we can describe the remaining A-X by the wave function
=0 (A-X) 3)

LA—X MLA,X SA*X MSA,X

where Lax, Sax are the orbital and spin momenta of the (A-X) system, with projections
M Ms,  on the fixed direction.

La-x !

Multinucleon configurations are generally in several levels. We classify each of these levels
by definition of the initial level. The initial level, in turn, is identified as a level that produces
the given nucleus state after addition of an association. The specification of the initial level can
be regarded as a definition of the parentage of the level. The total wave function ¥, ¢, (A)
is represented as a linear combination of products @ and ¢ corresponding to various initial
levels. The coefficients in this combination are denoted as CLLiX s, (Ixsy) - They are called frac

tional parentage coefficients. That is, we have the total wave function expressed as

Poan A= 0 o (s) X{Laxh M my [LM)(S, s, Mg, |SM)
LaxSaxMi, Mg,
X ¢)I><mlxsxmS>< (X) (DLA—XMLA,XSAfXMSA,x (A_X) (4)

Fractional parentage coefficients must also permit the normalization of the wave function
Y, which means they must have the property

Z[GLA,XSA,X (Ix Sx )] =1 ®)

La-xSa-xMi, y Ms,
Multiparticle fractional parentage coefficients, the original essence of which lies in the fact
that they allow us to divide the antisymmetrized part of ((A—X),| with a fixed set of coordinate

numbers of the particles 1, 2, ..., A in the antisymmetrized wave function <A | of the nucleus

A in the state A-X and the analogous part of <X |with the particle numbers A-X-1, A-X-2,...,

A. This was a generalization of the known one- and two-particle kinship coefficients, which
gave a unique simplicity in the calculation of the matrix elements of one- and two-particle ope-
rators for many-particle systems.

For calculation the coefficients of fractional parentage, it is sufficient to calculate the matrix

of the N-particle antisymmetrization operator in the basis of functions with a lower degree of

antisymmetry. If to lead operators F, :1(“ pjx) n oK, :1(1_ P ), rae p- permutation of the
[ 2 I 1 2 [ !

spatial coordinates of the nucleons and associations, the average value F;gives the number

of symmetric spatial coordinates of the association nucleons that are symmetric in the permu
tation, and the average value K; gives the number of antisymmetric pairs of nucleons. The

construction of antisymmetric wave functions is performed with the help of fractional paren-
tage coefficient.
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Permutation of the spatial coordinates of the nucleons and associations, the average value gives
the number of symmetric spatial coordinates of the association nucleons that are symmetric
in the permutation, and the average value gives the number of antisymmetric pairs of nucleons.

As is known, the construction of antisymmetric wave functions is performed with the help of
genealogical coefficients:

th Y Sa_x (Ixsx )= Z<Ix5x [fl]LS ‘ LA—X SA—X [fz]l-s> (6)
where the summation is over [fi], [f2].

The fractional parentage coefficients is different from zero only if the triangle rules for the
vector sums L =La-x+ IxS = Sax+sax, are fulfilled, but for them one can specify a selection rule
according to the Young scheme. From this rule it follows that (6) will be different from zero
only for terms with such Young's partial schemes [fi] and [fz] that contain the scheme [f] in the
decomposition into irreducible representations of their direct product onto each other.

Fractional parentage coefficients allow us to calculate the matrix elements of the transition
operators.

Consider (p,t) the reaction. To explain the mechanisms of processes with nucleon transfer, the
association model is widely used [4,5,6]. According to this model, transmitted neutrons in (p,t)
reactions exist in the nucleus as association. Bineutron association in the nucleus is different
from free nucleons, as they are surrounded by other nucleons. This field leads to a change in
the association properties compared with the free neutrons [7]. Bineutron association is accep
table provided that the time during which the association maintains its structure is large com
pared to the time when the neutrons are in a dissociated form.

The transition occurs directly from the initial state to the final state by the transfer of the binuc-
leon association, without changing the internal nucleons [8].

The transition amplitude F A‘TtAf « (J) in the zeroth approximation has the following form:

Fol ()= N, 32842 gy (kior) X, 0, [A52 %

(+)

where No denotes the zero normalization [7], @" u got(_) incident and outgoing distorted

waves, respectively, Fyu denotes the form factor of the transmitted neutrons, y, | denote the
configuration and the total angular momentum of the two external nucleons, and M is the total
magnetic quantum number.

The spectroscopic factors or reduced widths depend on the quantum numbers of the states of
the nuclei, as well as on the orbital angular momentum L and the total angular momentum ]J.
Since the shell model with an intermediate coupling is mainly developed for 1p-shell nuclei,
this method is most justified precisely for light nuclei.

We represent F ,, in the form
F}/.JM =Z<7JMk1|F|M|kp(_)I7M IBMB>’ (8)
where F), is the reduced matrix. Then F,), is an operator function, mainly non-local, acting

on the coordinates of the transferred particles [9]. The tensor operator F can be expanshed into
terms that are of a specific tensor character, in spatial and spin coordinates separately
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Fm = Z Fzzgﬂ (r1r25152)<2}“o'/1| IM > )
ZAou

s10u cOTTEsponds to the product of spherical functions Y'Y, .

Now consider the final state of the transmitted binucleons |yJM)=|y j, j,,JM), where y it still

denotes other quantum numbers necessary for a complete description of this configuration.
It can be transformed from a JJ-connection into an LS-connection

‘?’j1j2r‘]M>: ZCLSJ ()

LM SMg

11
IlIZLML22,8M5>X (LSM M| IM) (10)

where Cisi(y) is the fractional parentage coefficients of the LS-jj transformation. The right-hand
side of (10) contains very important factors of the spatial and spin coordinates, each of which
does not depend on J. The dependence on J is contained only in the angular momentum coup
ling coefficients. The substitution of (9) and (10) into (8) reduces the reduced amplitude to the
form

Fav =2 ooy (ks LMK, [Fas T, ) X(IM 13,0, M =M ) X ()™ (A [ IM)(LSM M IM) S (11)

where the summationisover L, S, ], A, M1, and M. Now, the purely spatial operator F » is the

p component of the rank tensor and can be defined by the scalar product in the spin space:
FAL[? () =<SMg (5,5;), Fryso (128:5,) >/ (12)

those F is obtained from F!5 when a two-nucleon spin state is used, which is manifested in
(11). Transforming the Clebsch-Gordan coefficients in (12), we obtainT.e.

Fav = 2 (M, [3,3M =M )()" ™ (M [HMM)* 311 (=) C g, (7)W(IAIL;SL)

K
1]

XS (" (IMLAM ) 3 ()" (Im [ LAM, ) X (7 LA 1Sk K, ) (13)

[ "

XSO (ImLAM =)Ll LM sk, [Fy K, )

u
where W(I1AJL;SL) is the usual Raja coefficient.

Equation (11) shows that if Ia = 0, then each transition is characterized by a special value J=Is.
Further, if we only consider A = 0, then as follows from equalities (13), I =L u I = S. However,
in general, the orbital and "spin" transfers / and I are not identified with the orbital L and spin S
components. In the equality (13); if4=0, then, therefore, it is possible that [ # L and I = S.

3. Conclusion

The calculation of fractional parentage coefficients is quite simple and that it is sufficient to
calculate them only between states with number particle equal sniority. The rezults is very
significant in that the number association dependent factor has been completly factored out.
Fractional parentage coefficients give the part of the expression depending on the symmetry
properties of the wave function. If the wave functions do not contain the spin variables, then
to compute their matrix elements we need only know the parentage coefficients of the coordi-
nate wave function. Simultaneous (single-stage) and sequential (two-step) transmission chan-
nels for this approach clearly do not differ. In spite of the fact that the exchange of nucleons
between two nuclei is not taken into account, in all other respects our formalism satisfies the
requirements of antisymmetry.
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ABSTRACT

The mass attenuation coefficients for some sun protection creams (Solente ,Sebamed, La-Roche, Coppertone
and Forever ) have been determined at 59.54 keV photon energies by using a Si(Li) detector coupled with a multi-
channel analyzer system and spectroscopy amplifier.The spectrums collected for each sample were analyzed by
using Microcal Origin 9.0 Version software program with least-squares fit method. The representative spectrum
of X- rays for Sebamedis presented in Fig. 2. The results of the mass absorption coefficients for sunscreens are pre-
sented on the Table 1.The energy dispersive x-ray fluorescence technique has been successfully used for the deter-
mination of the mass attenuation coefficients of some sun protection creams.

Key words: Sun Creams, Mass Absorption Coefficients, Energy X-Ray Fluorescence.
GUNES KREMLERINDE KUTLE SOGURMA KATSAYILARININ TAYINi
OZET

Spektroskopikamplifikator ve ¢ok kanalli analizor ile baglantili Si(Li)dedektorii kullanilarak 59.5 keV foton
enerjisinde Solente , Sebamed, La-Roche, Coppertone and Forever markali bir takim giines koruma kremleri igin
kiitle sogurma katsayilari tayin edilmistir.Her bir numune icin alman spektrumlar en kiigiik kareleri fit etme metodu
ile Orijin 9.0 programi kullanilarak analiz edildi.Sebamed kremi igin X-1sinlarinin temsili spektrumu Sekil 2’de su-
nulmustur. Giines kremleri igin kiitle katsayilarmin sonuglar1 Tablo 1’de sunulmustur. Giines koruma kremlerinin
kiitle sogurma katsayilarinin tayini i¢in enerji ayirimli X 1sinu floresan teknigi basarili bir sekilde kullanilmistir.

Anahtar kelimeler: Giineskremleri, Kiitlesogurmakatsayilari, Enerji ayirimli X 1gmmu floresan.

Introduction

Long-term exposure to the sun’s harmful rays can increase your risk of skin cancer. It can also
result in dark spots, wrinkles, a loss of elasticity, and discoloration in your skin. Wearing sun
screen on a daily basis can help protect your skin from these extrinsic aging factors. Sun Pro-
tection Factor (SPF) is a measure of how well a sunscreen will protect skin from UV (Ultra
Violet) rays, the kind of radiation that causes sunburn, damages skin, and can contribute to
skin cancer. Experts recommend using a minimum SPF sunscreen of 15, applying the proper
amount (2mg/cm? of skin, or about one ounce for full body coverage), and reapplying every
2 hours for best protection. For example, While SPF 15 (93%protection) allows 7 out of 100
photons through, SPF 30 (97% protection) allows 3 out of 100 photons through.

In this research paper, total mass attenuation coefficients (um) of various sunscreens (Solente
(+50 factor), Sebamed (+45 factor), La-Roche (+50 factor), Coppertone (+45 factor) and Forever
(+30 factor) ) sold in pharmacies were calculatedat 59.54 keV photon.

The mass attenuation coefficient (u/p) is an important parameter for industrial, biological, ag
riculture and medical applications such as dosimetry, radiography and computerized tomog-
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raphy [1,2].There are numerous articles in the literature on mass absorption coefficients for
various materials [3-11].

When the primary exciting radiation, whether X-rays or an electron beam, penetrates into the
sample, several different processes occur as follows:

a) it may be photoelectrically absorbed by interaction with absorbing atoms, leading to
either:

i) the emission of photoelectrons (e.g. auger electrons),

ii) the emission of X-rays characteristics of the absorbing atoms, i.e., secondary fluorescence.
The wavelengths of secondary X-rays depend on the composition of the absorbing medium,
and are not directly related to those of absorbed radiation. Photoelectric effect dominates
at low photon energies.

b) it may be scattered, either:

i) coherently, with no loss in energy,

ii) incoherently, with a small energy loss and hence a slight increase in wavelength. When
higher energy photons interact with low Z materials, Compton scattering is more dominant.

c) pair production

The mass attenuation coefficient (11/p) depends on the photon energy and the chemical com-
position the material. The mass attenuation coefficient is independent of density and can easily
be computed from the mass attenuation coefficients of the constituent elements. For example,
for any material, the mass attenuation coefficient is a weighted sum of the mass attenuation
coefficients of the component elements, the weight being the fraction by weight of that element.
Mass attenuation coefficient is usually expressed in units of cm?/g.

The mass attenuation coefficient tends to increase with increasing atomic number at the same
photon energy, so materials with high atomic numbers (and, hence, high mass attenuation
coefficients) are normally chosen to shield X and gamma radiation[12].

Total mass attenuation coefficients (um) of various sunscreens (Solente (+50 factor), Sebamed
(+45 factor), La-Roche (+50 factor), Coppertone (+45 factor) and Forever (+30 factor)were calcu
lated using the following equations:

- E:_l(ml] M
p t I,

where t (g/cm?) is the mass thickness of the target and I and Ioare the areas under the peak for
with and without an absorber.

2. Experimental Details

The sunscreens were supplied from pharmacy. The 0.3 gram from each sample were poured
on filter paper. It was waited to be absorbed the creams by the filter papers. Then the transmis
sion measurements were taken. For this purpose, photon transmission values (I/lo) have been
measured by Si (Li) detector. The spectrums were obtained by using the computer software
MAESTRO (6.08 version) with a multichannel analyzer. The experimental system in the present
study is shown in Figure 1.

The samples were irradiated by 59.54 keV photons from 100 mCi?*'! Am point source. For each
sample and energy, lo and I were measured by a Si(Li) detector (FWHM =160 eV at 5.9 keV,
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active area 12 mm?, thickness 3 mm, Be window thickness 0.025 mm) coupled with a multi-
channel analyzer system and spectroscopy amplifier. The detector was also placed in a step-
down shield made from Pb, Fe and Al to minimize the detection of any radiation coming directly
from the source and scattered from the surroundings. The peak areas have been calculated
from the spectrum obtained for each measurement. The spectrums were analyzed by using
Microcal Origin 9.0 Version software program with least-squares fit method. Gaussian function
has been used for the lines. To determine the net peak areas, the areas under the peak Gaussian
function were subtracted to correct for background in the peak region. Typical spectrum of X-
rays without attenuation and attenuated by the samples is shown (Fig. 2). The spectra were
obtained for 360 s.

Fig.1. Experimental setup
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Results and Discussion

In this study, we aimed to determine the mass attenuation coefficients for various sunscreens
at 59.54 keV gamma energy. The mass attenuation coefficients (1/p) for Sunscreen samples are
presented in Table 1.

The Lamber-Beer law in Eq (1) was the principal way in which the mass attenuation coefficients
(1, cm?/g) of the samples were determined. The results in Table 1weresupported bythe fig.2c.
Solente in the suncreens have the maximum mass attenuation coefficient value whereas Forever
+30f has the minimum p, value. As seen from Table 1, solante(factor+50) and sebamed(+45
factor) can be preferred as sunscreen.

It is inconceivable to have errors in every measurement. For this reason, the measurements
were iterated five times to minimize any statistical error. To give a reasonable answer to the
question of how accurate a measurement is, relative standard error can appropriately be utilized.
For this reason, five successive measurements were made for each measurement time to analyse
the deviations from the nominal values. This error for the determined mass attenuation coeffi
cient can be given as

2 2 21%
Mt _ [gj (A_'j (A_IOJ , (4)
Hm t |t lout
where At is the uncertainty on mass thickness of the sample and Al,and Al are, respectively,

the statistical fluctuations in counted photons on incident and transmitted X-ray beams.The
overall error in the measured mass attenuation coefficients is estimated to be < 6%. This error
is the sum of the uncertainties in different parameters used to calculate the experimental
values, namely, the errors in the evaluation of the area under the gamma ray peaks, mass
thickness measurements and counting statistics.
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Protection from UV radiation is important for reducing our risk of skin cancer. Sunscreens can
reduce the amount of solar UV radiation entering the skin, and when used during periods of
high sun exposure they help to prevent squamous cell cancer. In conclusion, We found that
Sebamed (+45) and Solante (+50) showed better protection than the other sunscreens. We expect
that measurement results for mass attenuation coefficients of sunscreen materials are helpful
to people in choosing rightsunscreen.

Fig.2.a.The spectrum obtained from the transmission measurements
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Fig.2.b.Typical spectrum of y-rays without attenuation and attenuated by Sebamed
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Fig.2.c. The coherent peaks (59.54 keV) for the samples
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Fig.2.d. The peak areas are found with the origin 9.0 program
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Table 1. The mass attenuation coefficients (p1/p) for Sunscreen samples

Sunscreen name The arithmetic mean values of the mass
attenuationcoefficients (p, cm?/g)
Solente +50 factor 3.51+0.21
Sebamed +45 factor 1.79+40.11
La-roche +50 factor 1.40+0.08
Coppertone +45 factor 1.04+0.06
Forever +30 factor 0.75+0.05
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ABSTRACT

In last few decades, the Si(Li) detectors are being increasingly used in the detection of X-ray. For this reason,
the determination of of detector efficiencyhas been very important in the accurate interpretation of measurements. In
this paper, the mathematical expression that is based on the works of Cohen and Hansen has been used to calculate
the photopeak efficiency of Si(Li) detector. The attenuation of photons in the beryllium window and gold and silicon
layers has been calculated. The resultshas been presented in the Table 1. Detection efficiency curve ofSiLi detector
has been plotted in the 1-80 KeV energy range. From the present work, it is found that, at 4 - 20 KeV energy range
energy, photopeak efficiency isnearly 0.99 % .

Keyword: Si(Li) detectors, x- rays, polymer, photopeak, efficiency.

1-80 KEV ENERJi ARALIGINDA SI (LI) DEDEKTORUNUN FOTOPAK
VERIMLILIGININ HESAPLANMASI

OZET

Son yillarda, Si(Li) dedektorleri X-isinlarinin algilanmasinda giderek daha fazla kullanilmaktadir.Bu nedenle,
dedektor verimliliginin belirlenmesi, 6l¢timlerin dogru sekilde yorumlanmasinda ¢ok énemlidir.Bu makalede, Si(Li)
dedektoriiniinfotopik verimliligini hesaplamak igin Cohen ve Hansen'in ¢calismalarina dayanan matematiksel ifade
kullanilmistir.

Berilyum pencere ve altin ve silisyum tabakalarindaki fotonlarin zayiflatilmas: hesaplanmistir.Sonuglar Tablo
1'de sunulmustur. Si(Li)dedektoriiniindedeksiyon verimliligi egrisi 1-80 KeV enerji araliginda ¢izilmistir. Mevcut
calismadan, 4 - 20 KeV enerji aralig1 enerjisinde, foto pik verimliligi yaklasik% 0.99'dur.

AnahtarKelimeler: Si(Li) dedectdr,X- 1sinlari, polimer, fotopikverim.

1. Introduction

Si(Li) detectors have found use in many fields of physical researchs. It is the most important to
know efficiency of Si(Li) detector which are usually used in low energy region for quantitative
spectroscopy, due to wide-spread use of them. The dedector efficiency can be calculated from
the photon transmission and absorption probablities in the dedector system. In general, manu
facturers give information about efficiency of detector. But it may not be reliable and led to
erroneous efficiency estimates. Therefore, the efficiency of various semiconductor detectors
have been studied extensively both theoretically and experimentally by most authors (Hansen
et al., 1973; Cohen, 1980; O’'Mearaand Capmbell, 2004; Helmer, 1982).

Peak efficiency curves versus the energy, performed by several radioactive standarts (O'Meara
and Capmbell, 2004; Helmer, 1982),depend on source-detector geometries, detector assemblies,
colimator factor, sensitive area of detector, manufacture factor and escape through the sides
(Hansen et al., 1973).Cohen (1980)has suggested radially dependent theoretical model for effi
ciency which has five paremeters. For his model, Hansen work’s (Hansen et al., 1973) became
a starting point. Because of variable parameters, efficiency of detector have multiple meanings.
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Total peak efficiency is ratio of total number of detected photons to total number of photons
emitted by the source. It has the mathematical form that introduced in work of Cohen (Cohen,
1980)

e(E)=¢,¢,¢,fq @
Each term in this formula, is defined in the following section.

a. Geometric and Radial Efficiency

Geometric factor is the fraction of emitted photons that are captured by the detector. This effi
ciency is essentially independent of photon energy, depends on the solid angle of the detector
and photon flux impacting on the sample surface (I. Szaloki et al., 2001).

gngg(E)zz[l— L }[uz}z )

XL Wl+x d
where x =1 /(d +Z)? and Z(E) are given by Hansen (1973). Efficiency of radial dependence

concerns with the distance between the center of the detector and interaction point of the x-
ray. Cohen’s (2) radial dependent correction factor defined as;

f, :1/rJ'g0 exp(—ar®)dr (4)
0

where g, is the efficiency at the center of the detector and « is the constant on the characteristic
of the detector.

b. Intrinsic Efficiency

The intrinsic efficiency relates the counts in the spectrum to number of photons incident on the
detector. In other words, the ratio of the number of photons detected to the number of similar
photons which have struck the envelope limiting the sensitive volume of a radiation detector
(IUPAC). This efficiency comes from the standart absorption formula

& =1—exp[,ut(E)X] ©®)
where g, (E) is the energy dependent total attenuation coefficient and X is the thickness of

sensitive detector material. The full-energy peak contain events from photoelectric and
multiple Compton scattering interactions (Shima et al., 1980). In most experiments the counts
in the photopeak only are considered and loses due to Compton scattering are ignored.Since
in the energy range below 30 keVthere are very few Compton interactions, the posibility that
the effect reflects escape of scattered photons is negligible(Campbell, 1983). &, (E) depends on

the energy of the incident photons; transmission, absorption and full energy deposition.
Interaction probability of the photons in the intervening material is given eq(5).

c. Absorption Efficiency

This term come into prominence especially in low energy region. It includes attenuation in
detector absorber materials that are Be window, gold contact, dead layer, collimator etc. The
correction is gives as

&, =exp[ - i (E)% | (6)

where £, and x; are the mass absorption coefficient and the thickness of the material. For our

detector system, we took into account, Be window and gold layer correction, but collimation
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and escape effect was neglected. Because escape effect doesn’t make a significant contribution to
the efficiency for many detectors (Martinez et al., 1998).For instance, in the Si (Li) detector, the
ratio is < %1. For HpGe detector, ¢(11KeV )~ 0.15 and £(50KeV ) ~ 0.02.

2. Calculation work

We have discussed total full energy peak efficiency above. The basis of the method is descri
bed in detail in Cohen’s five - parameter model. Detection efficiency is given for our Si(Li)
detector system as;

s(E)=exp [_/Jsepsetse ] EXp [_/uAupAutAu {1_ eXp [_/JSi Psilsi } )

Mees n,VE U are attenuation coefficients of the Be window , Au and Si layers respectively.
According to the Beer-Lambert law, a parallel beam of monoenergetic X-ray and y- ray photons
is attenuated in matter by the following exponential attenuation equation:

B

I=le ° (8)

where |, and | are the incident intensity of photons without attenuation and the attenuated

intensity of photons in the sample, respectively, t (g/cm2) is the real density of the sample, p/p(cm’/g)
is the total mass attenuation coefficient , which is a density independent parameter.

For samples with multi-element materials (i.e., a chemical compound or a homogeneous mix
ture), the mass attenuation coefficient can be obtained from the coefficients of the constituent
elements according to the weighted average using the following equation:

u/p=2 Wi (/p), ©

where W, is the proportion by weight of the i-th constituent element. The mass attenuation

coefficients of the compounds used for analgesic and anti-inflammatory purposes were calcu
lated using the WinXCom program (Gerward et al., 2001, 2004) [initially developed as XCOM
(Berger and Hubbell, 1999)]. The WinXCom program provides the total cross-section and at-
tenuation coefficient of elements, compounds or mixtures as well as partial cross-sections for
incoherent and coherent scattering, photoelectric absorption and pair production both in the
field of the nucleus and electrons at energies ranging from 1 keV to 100 GeV.

The efficiency is calculated using themanufacturer specifications of Si(Li) detector and average
energy (K, ) of elements in the range 11<Z <85 was used for theoretic detector efficiency. In
the first step; corresponding mass attenuation coefficient of K, energy of each elements calcu
lated byWinXCom software. In the second step; calculated attenuation coefficient () and
thickness (1) was substituted in the eq (7) and the efficiency curve is performed by ORIGIN 8.5.

3. Results and Discussion

Detector efficiency can be obtained from the detector design, by using manufacturer specifica
tions. Eq.(7) gives reliable results. Si (Li) detectors are often use for low-energy gama and x rays.
On account of the sensitive volume is quite small, Si (Li) detector is permeable for high- energy
x-ray. The intrinsic and absorption efficiency are strongly dependent on the incident photon
energy. Selected absorbers at the detector entrance and intrinsic region reduce counting effici
ency. On the contrary thickness of the absorbers should be quite thin at lower energies, at higher
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energies, the thickness should be increased. Gold layer thickness (for our system manufacturer
value;t,,=3mm) is generally <3um (Shima et al, 1980),Be window thickness is mostly

<10um (Cohen, 1980) and our manufacturer value is 25um.

Intrinsic efficiency describes the measurement probability of photons stricking the detector.
Due to Si has low atomic number, it is used for detecting the photons at low energy region.
Efficiency values which was calculated using characteristic energy of pure elements, are pro-
vided in the Table 1. Also, corresponding efficiency for each energy, is avaliable in this table.
As expected, efficiency has been great in the low energy range. (4<E<20 KeV). Similar results
have been reported experimentally by Budak et al.(2007). The detector has maximum efficiency
in the energy range between 5 and 20 keV, and this energy region should be used whenever
conditions allow. M. Pajeket al. (1989) has been also demonstrated that observed efficiency
increases in the intermediate photon energy region (6-20 keV) by PIXE method. The photopeak
efficiency is never 100% (Cohen, 1980). According to our calculations in the energy range 4-20
keV, the detector efficiency is about 94 %.

Table 1. Energyof theelementsusedfortheoreticalefficiency of the Si(Li)
detector and correspondingefficiencyvalue.

Zx E(Ka) &(E) 2Zx E(Ka) ¢€(E) %X E(Ka)  &(E)
UNa 1041 0057 3Rp 13375 0993 ey 41,313 0,365
2\g 1255 0217  3Bgyp 14142 0991  %Gd 42,750 0,347
BA| 1487 0393 3y 14933 0992  S5Th 44,718 0,320
g 1739 0564 4z, 15746 0991  ®py 45714 0,304
15p 2014 0654 “Np 16584 0989  THo 42,242 0,290
16g 2307 0731 “Mo 17443 0984 68g, 48,801 0,275
70 2622 0791  MTc 18327 0977  *Tm 50,992 0,259
BAr 2957 0835 MRy 19235 0966 Oyp 52,014 0,249
vK 3312 0876 %Rp 20167 0945 i 53,660 0,233
0cq 3690  08% %pq 21,122 0928 T2f 55356 0,222

e 4088 0925 Tag 22103 0902 Ty 57078 0211

2Ti 4508 0941 4Ccq 23108 0873 4y 58832 0,206
2 4949 0955 49y 24138 0839 T5Re 60,620 0,195
24cr 5411 0964  S0gy 25192 0,803 750g 62443 0,189
BMpn 5895 0973 Slgp 26272 0765 7|y 64303 0,183
BEa 6400 0977  %Tg 27378 0725 8py 66200 0,178
Zco 6925 0981 28510 0,684 9p, 68133 0,172
BNj 7472 0986 SxXe 29667 0644  Opg 70103 0166

®co 8041 0987  SBcg 30,851 0607 S 72,113 0,160
070 8631 0989 gy 32062 0572 8py 74154 0,160
A5 9243 0991 ST 5 33297 0538 g 76246 0,154

2Ge 9876 0992  BCce 34564 0502  8pg 78378 0,148
BAg 10532 0993  pp 34858 0474 Spap 80547 0,142
34ge 11210 0,994 60Ng 37,179 0,443
By 11907 0995  Spm 38528 0,416
Sp 12,630 0992 ®Sm 39,906 0,346
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Fig. 1. Detectorefficiencyvsphotonenergy (E(K«))
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“AB INITIO” SELFCONSISTENT BAND STRUCTURE
CALCULATION OF PbMoO: USING PSEUDOPOTENTIAL
METHOD II: CONTRIBUTION OF METAL OXYGEN CLUSTER
TO THE FORMATION OF OPTICAL SPECTRA

Baba GASIMOV
Baku Engineering University
Baku / AZERBAIJAN

ABSTRACT
The self-consistent electronic band structure of the ppMo0, - polyatomic crystal with scheelite structure, having
space group symmetry c¢ , calculated in the previous paper [1], using the software package, developed by the author

on the basis of the microscopic theory of solids and unified approach to the numerical simulation of the electronic
subsystem of crystalline solids and calculating the total energy of the crystal per unit cell [2] was used to the quan
titatively confirmation of the conclusion of the determinative contribution of metal oxygen cluster to the formation
of optical spectra for this class of crystals.

Keywords: selfconsistent band structure, pseudopotential method, scheelites, PbMoO,.
CAMOCOTIACOBAHHBIN PACUET DAEKTPOHHOM CTPYKTYPHI F’bl\/|OO4 METOA0OM

IICEBAOITIOTEHLIMAAA N3 «ITEPBBIX ITPMHIIUIIOB» 11: BKAAA METAA-KNCAOPOAHOT'O
KZACTEPA B ®OPMINPOBAHME OIITUYECKOI'O CIIEKTPA

PE3IOME
CamocoraacoBaHHas 30HHasl CTPYKTYpPa PhMoO,-MHOTOATOMHOTO KpUCTal4a co CTPYKTypOIl IeeAnTa, UMe-
IOIIETO IIPOCTPAHCTBEHHYIO IPYIILy cuMMerpun cé [1], pacauTanHast ¢ MOMOLIBIO MakeTa IporpaMM, paspaboTaH-

HOTO aBTOPOM Ha OCHOBE MMKPOCKOIIMYECKOV TeOPUM TBEPABIX TeA U e4VHOTO M04X04a K YMCAeHHOMY MOAEANPO-
BaHMIO 9AEKTPOHHOI IMOACUCTEMBI KPUCTAAAMYIECKUX TBEPABIX TeA U pacdeTa IIOAHON SHepIuM, IIPUXOASLIENCs Ha
DAeMeHTapHYIO SYelKy KpucTalaa [2], MCmoAb30BaAcs 4458 KOAMYECTBeHHOTO TI0ATBeP K AeHIs BBIBOJa 00 orpejea-
SIOIIEM BKAaJe MeTalA-KICAOPOAHOTO KAacTepa B GOopMIUpOBaHIe OIITIIECKIX CIIEKTPOB pacCMaTpMBaeMOTo KJlacca
KPUCTaAAOB.

KarodeBble ca0Ba: caMOCOTraacoBaHHasT 30HHAST CTPYKTypa, METOJ IICEBAOIIOTEHIIIAAa, IIEEAUTEI, PbMoO, .
PbMoO, KRISTALININ PSEVDOPOTENSIAL USULU iLO OZ-OZUNO QORARLASMIS

ELEKTRON ZONA QURULUSUNUN “iLK PRINSiPLORDON” HESABLANMASI II:
METAL-OKSIQEN KLASTERININ KRiSTALIN OPTiK SPEKTRINO QATKISI

XULASO

Bundan avvalki meaqaleds [1], mikroskopik bark cisimlar nezariyyesi ve kristallarin elektron alt sisteminin
vahid yanasma ssasinda adadi modellasdirilmasi {iclin hazirladigimiz proqramlar kompleksi [2] vasitasile seelit
quruluguna voC;, foza simmetriya qrupuna malik olan PbMoO, goxatomlu kristali {igiin hesablanmug 6z-6ziine qe-

rarlasmis elektron zona qurulusundan istifade edarak, hamin nov kristallarin optik spektrinin formalasmasinda
metal-oksiqen klasterinin qatkis1 hesablanmigdir.

Acar sozlar: 6z-6ziine gorarlasmis zona qurulusu, psevdopotensial {isulu, seelitlor, PbMoO, .

1. Introduction

The PbMoO, crystal considered here refers to wide-band nonlinear optical crystals based on
oxide compounds of transition metals of the class ABO, (A = Ca, Pb, Sr, Ba, B = Mo, W) with
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scheelite structure. In [1], the self-consistent band structure of PbMoO4 was calculated from the
"first principles" using the "SCPPBAND" software package developed by the author on the
basis of the microscopic theory of solids and a unified approach to the numerical modeling
of the electronic subsystem of crystalline solids and calculating the total energy per unit cell [2].

As is known, the compounds ABO, (A = Ca, Pb, Sr, Ba, B = Mo, W) crystallize into a tetragonal
lattice with space symmetry group and contain four formula units per unit cell [3, 4]. In con-
nection with this, a simplified approach based on the consideration of scheelites in the form
of an ordered chain of radicals BO42 " (B = Mo, W), which are associated with the cations A*"

(A=Pb, Ca, Sr) by ionic type of chemical bond in the above-mentioned studies, in the analysis
and interpretation of spectroscopic data. In this case, as can be seen from Fig. 1, which shows

the spatial structure of crystals of the scheelite type, the tetrahedral complexes MoO? and
WO?" in the unit cell are located with a distortion of the absolutely regular geometry — the

oxyanions are compressed along the optical axis "C" with the transition from the state with
T, symmetry to the state with D,, symmetry. For some crystals of this class, the geometric

parameters of tetrahedral groups are given in Table 1.

Figure 1. The geometric structure of the scheelite type crystals

Table 1. Geometric parameters of tetrahedral groups of the scheelite type crystals

Distance between
ABQO, Crystal Mo and O atoms Ang]e.x between
(angstrom) chemical bonds
«@ 4
CallOy 1.788 113° 27" 107° 56’
CalMoO, 1.757 115° 10’ 106° 46’
PbMoO), 1.772 112° 50' 107° 40’

As can be seen from this table, the angles between the directions of the chemical bond of the
metal with the oxygen atom differ from the ideal value109" . In this simplified approach, using
the smallness of the deviation of the coupling angle from the ideal value and based on the
various crystals of the considered class, it is concluded that the metal-oxygen cluster is regar-
ded as a model of the corresponding crystal. Thus, the use of the cluster energy structure is
justified in interpreting the data of spectroscopic experiments instead of the band structure
of the electronic subsystem of the crystal. There are several works in the literature in which
calculations of the energy spectrum of the mentioned molecular formations have been carried
out in the framework of the molecular orbitals (MO) method [5] using different approaches
[6-9].

In the present work, in order to study the genesis of the formation of the band structure of
PbMoO, and to investigate the role of atomic clusters forming elementary cell components in
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the formation of optical spectra of the considered class of crystals, and also for the purpose of
quantitative substantiation of the approximate approach described above, we calculated the
energy spectrum of the MoO;" cluster, which gives the main contribution to the crystal band

structure.

2. Technique and details of calculation

The energy spectrum of the MoO} ™ cluster was calculated using the "MSXALPHA" program
[10], which was translated into "FORTRAN 77" and adapted for personal computers. Here
we briefly describe the calculation algorithm used in the "MSXALPHA" program, which imp
lements the MSX  method [11]. The essence of the method is reduced to solving the one-electron

Schrodinger equation in the potential field of a molecular cluster. In this case, a Watson sphere is
constructed so that to surround the molecule and separate it from the rest of the space (see Figure 2).

Figure 2. Scheme of the partition of the molecule space in the MSX o, method.
i @ e @

I —The atomic sphere region Il — The Watson's sphere region

11l — The region out of Watson's sphere

Inside the Watson sphere, atomic spheres are constructed around the atoms that form the mo
lecule and are centered on them. In this case, the physical space is geometrically divided into
3 regions: I - the area inside the atomic spheres (atomic spheres); II is the region between the
atomic spheres, but inside the Watson sphere and, finally, III is the region outside the Watson
sphere. In each of these three regions one-electron Schrédinger equation is solved:

(V2 +Ve +Vy, ) p(r) = E(r) (M

The following approximations are used: a) Slater's approximation X, for the exchange poten

tial and b) "Muffin-tin" (MT) approximation for the molecular potential, with the averaged
potential in region II being taken as MT-zero. The boundary conditions on equation (1) are
imposed proceeding from the requirement of continuity of wave functions and their derivati-
ves on the boundary of the selected spheres. The trial potential for starting the self-consistency
procedure is built on the basis of a superposition of atomic wave functions (WF), which are
taken as atomic WF obtained by numerical atomic calculations [12], or as an analytical repre-
sentation of Slater or Gaussian orbitals.

Equation (1) is solved by numerical integration using the Runge-Kutta method [13]. When
calculating the eigenvalues (EV) on a small energy interval, where the determinant changes
sign, the determinant values on some grid are calculated and zeroes are determined by inter-
polation. A special procedure is provided for separating the zeros from the poles, which makes
it possible to speed up the calculations at subsequent iterations. The secular equation is solved
for each energy value by the Gauss elimination method [13]. After calculating SP, the eigen
functions (EF) are determined, which are used in turn to construct molecular orbitals and the
"muffin-tin" potential. The iterative cycle thus completed is repeated until the convergence of
the self-consistency process is achieved.
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3. The results of the calculation

As noted above, when interpreting and analyzing the results of spectroscopic studies of crystals
of the class under consideration, a suitable metal-oxygen cluster is used as the model of the
crystal (see, for example, studies of polarization reflection spectra in the energy range from 2
to 40 eV [14-16]). The results obtained in this paper make it possible to trace the formation of
the electronic spectrum of the PbMoO, crystal from the energy levels of isolated atoms forming
an elementary cell of the crystal, the spectrum of the Mo0,? cluster, which makes the main con-
tribution to the formation of the band crystal structure [17-20] and to the self-consistent energy
spectrum of the PbMoO, crystal.

Figure 3 shows the calculated dispersion curves along the high symmetry direction I' - A - X
in the Brillouin zone (b), obtained from the "ab initio" self-consistent pseudopotential method
[1]. The contribution of the energy levels of individual isolated atoms that form part of the unit
cell to the formation of the band picture can be traced to the energy levels of isolated atoms
(e) depicted in the same figure, constructed from the data of Herman-Skilman numerical
calculations [12] on the one hand and the energy spectrum (c) of the cluster calculated in accor
dance with the method described above, on the other hand.

Figure 3. Formation of the PbMoO, band strucuture

n

Edm)

2
] e
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7 |y £

a) b) ¢ d e
a)  The imaginary part of the dielectric constant & , ( E) [20]; b) PP calculation;

c) MSX o Calculation; d) Schematic band structure based on spectroscopic data [14];
e) The energy levels of isolated atoms [12].

For convenience of comparison, in the same figure, data on the imaginary part of the dielectric
constant £ ,(E) (a) obtained on the basis of spectroscopic experiments and the schematic band

structure (d) of the PbM0O, crystal constructed on their basis are given. Comparison of these

data confirms the conclusion about the determining contribution of the metal-oxygen cluster
to the formation of optical spectra of the class of crystals under consideration.
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PE3IOME

DKcIepMMeHTaAbHO JCCAe0BaHbl CIIEKTPHI IIOTAOIIeH s, AIOMUHECIIeHITNN ¥ KMHeTHKa peaakcanun poTo-
TOKa B MOHOKpMCTaAAaxX ¥ TOHKMX IaeHKax GaSe, AermpoBaHHBIX aTOMaM Oopa. /lernpoBaHye KpUCTaAA0B IIPO-
M3BOAMAOCH B ITpOIiecce CHHTe3a MAY BhIpaIlMBaHI MOHOKPICTaA10B MeToaoM bpuaxmena. Tonkue naenxkn GaSe
ITO/y4eHbl TepPMUIECKMM JICTIapeHNeM COeAUHEeHIIs, 3apaHee AeTpOBaHHOTO OOpoM. VI3 cpaBHeHMsI CTIeKTpOB IOT-
AOIIeHNs KpUCTaAla U TOHKUX I11€HOK 9VCTOTO 1 AeTMpoBaHHBIX OopoM GaSe, BhIsIBAEHa 11010Ca TTOTAOIIEHNS C
MakcuMyMoM A=925 HM, 00yca0BAeHHas IpuMecsimu 6opa. ITpn BozOy>xaennu Kpucraaaos umnyascamu Nd:YAG
Aasepa, AAUTEeABHOCTBIO 12 HC, oIIpeeeHo, 4TO peKOMOMHAIIMA HepaBHOBECHBIX HOCHUTEAEI TOKa B YUMCTBIX KPYIC-
Talaax, IPOVCXOAUT depe3 OBICTphIe U MeAJeHHble KaHaAbl PeKOMOMHAIINI, a B KpMCTaAdaX AeTMPOBaHHEIX OOpoM
-TOABKO uepe3 OvIcTphle KaHaABl. CIieKTp POTOAIOMIUHECIIEHIINY YVCTBHIX KPUCTaAA0B COCTOUT M3 MIKa ITOAOCH
U3Ayd9eHns, o6ycA0BAeHHas MeX30HHBIMI U3AyJaTeAbHBIMU IIepeXoaMy, a B KpICTallax AeTMpOBaHHBIX H0poM
¢oToaromuHectieHIT OOHapy>KeHa B 004acTy 0K0410 A=932 HM, a HOAYIIMpPUHA [T010CkI cOCTaBAseT 15 A.

Karouesbie caoBa: GaSe<B>, MOHOKpIICTaA4, TOHKMe IA€HKY, AernposaHue, 6op, Nd:YAG aasep, moraome-
HIle, AIOMVHECIIEHITNsI, POTOIPOBOAVMOCTE.

INFLUENCE OF BORONS IMPURITIES ON OPTICAL ABSORPTION
AND PHOTOCONDUCTIVITY OF SALLENIDE GALLIUM

ABSTRACT

The absorption, luminescence, and kinetics of photocurrent relaxation in single crystals and thin films GaSe
doped with boron atoms have been investigated experimentally. Crystals GaSe were grown by the Bridgman method.
Thin films GaSe were obtained by thermal evaporation of a compound pre-doped with boron. Comparison of the
absorption spectra of the crystal and thin films of pure and boron-doped GaSe revealed an absorption band with
a maximum A=925 nm due to boron impurities. When the crystals were excited with Nd: YAG pulses of 12 ns duration,
it was determined that the recombination of nonequilibrium carriers in pure crystals occurs through fast and slow
recombination channels, and in boron-doped crystals only through fast channels. The photoluminescence spectrum
of pure crystals consists of a peak of the radiation band due to interband radiative transitions, and in boron-doped
photoluminescence crystals it is found in the region around A = 932 nm, and the half-width of the band is 15 A.

Key words: GaSe <B>, single crystal, thin films, alloying, boron, Nd: YAG laser, absorption, luminescence,
photoconductivity.

QALLIUM SELENIN OPTIK UDMASINA VO FOTOKECIRICILIYIN® BOR ASQARLARININ TOSIRI
XULASO

Bor atomlari ile asqarlanmis GaSe monokristallarinda ve nazik tebagesinde eksperimental olaraq udmanin,
liiminessensiyanin spektrlari va fotocarayanin relaksasiyasinin kinetikas: todqiq olunmusdur. Kristallarin asqar-
lanmast sintez ve ya monokristallarm Bricmen tisulu ilo yetisdirilmasinds hayata kegirilmlsdir. GaSe nazik tebagelori
avvelcadan bor atomlart ile asqarlanmig birloagmanin termik buxarlandirilmasi tisulu is alinmigdir. Borla asqarlanmig
GaSe kristalinin ve nazik tebagasinin udma spektrlarinin miiqayisasindan, bor asqarlar1 hesabina yaranmis, mak-
simumu A = 925 nm-ds olan udma zolag1 askarlanmisdir. Nd: YAG davametms miiddati 12 ns olan impulsu ila
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kristal1 hayacanlandirdiqda yaranan geyri-tarazliqh yiikdasiyicilarin rekombinasiyast siiratli ve yavas kanallarla,
borla asqarlanmisda isa siiratlikanallabag verir. Tomiz kristalin fotoliiminessensiya spektri zonalararasi siialanma
kegidinin siialanma zolagindan ibaratdir, ancaq borla asqarlanmis kristalda fotoliiminessensiya A = 932 nm atrafinda,
yarimeni 15 A olan zolaqdan ibaratdir.

Acar sozlar: GaSe<B>, monokristal, nazik tebaqe, asqarlanma, bor, Nd:YAG lazer, ulma, liiminessensiya,
fotokesiricilik.

1. BBeaenmue

Monoceaenng raaans KpUcTaaAu3yeTcsl B TeKCaroHaAbHOM CAOMCTOM CTPYKTYpe U SIBASeTCs
Ba>KHBIM MaTepuaaoM B onTosaekTponuke [1-3]. Ognako, kpucraaansr GaSe 0041a4a10T HU3KOM
TBEPAOCTBIO U CKAOHHOCTHIO K MUKPOPaACCAOEHHIO, a TaKXKe 0Opa3oBaHHbIE B KPUCTaAANYeC-
KOI1 CTPYKType TOueuHble 11 AMHelHble AepeKThl 3a cueT HeylpaBAsgeMbIX (paKTOpPOB B ITpoliecce
BBIpaIMBaHsI MOHOKPICTAAA0B, AeAal0T IIpaKTU4IecK/ HeBO3MOKHOI MeXaHIJecKylo oopa-
DOTKy pabounx mosepxXHOCTeil 00pasIoB 110/ YITAOM K OIITUYECKON OCU U IIPUBOAAT K YBeAN-
YEeHMIO ONTUYECKMX IOTeph B KpMcTadde. YCTpaHeHUe YKa3aHHBIX HeAOCTaTKOB IO3BOANAO
OBl CyIIeCTBEHHO YAYYIIUTh BOCTpeDOBaHHbIe XapaKTepucTukm Kpucraaaos GaSe. Jas perte-
HILsL DTOV ITpOoOAeMbl NpuUOeralT K COBEPIIeHCTBOBAHMIO TeXHOAOTUM BhIpalllBaHMs MOHO-
KPMCTaAA0B U AeTUPOBAHMIO KpUCTalaa M30BaA€HTHBIMI DAeMeHTaM! 110 oTHoIeHnIo K Ga
1 Se, a TakKe pa3ANMUHBIMIU peaKo3eMeAbHBIMI DAeMeHTaMu [4-7]. B azaHHOI paboTe B KauecTse
AeTUpPYIOIIero »1eMeHTa BrIOpaH Oop. V3oamposaHHEII aTOM Oopa MMeeT HeyCTOINYUBYIO
KOH(pUTYpaLMIO BaA€HTHBIX 9AeKTPOHOB s%pl. OgHako IIpu 0Opa3oBaHNUM KOHAEHCUPOBaHHO-
TO COCTOSIHUA DTa KOHPUIypaIus TpaHCPOpMUPYeTCcs B DHepreTudeckn 0oaee cTabIAbHYIO
KOH(pUTypanmio s'p? 3a cyeT 04HODAeKTPOHHOTO Ilepexoa s2p'— s'p?. Jas mocae Hero, B CBOIO
ouepeab BO3MOKHBI IIepexoabl IO cxeMe s'p*+ s'p?—slp3+ sip! [8]. ITosTomy, mpumecs Oopa B
MHOTOKOMIIOHEHTHBIX COeAVHEeHMAX BeJeT ceOs1 MHOrooopasHo. Hammpumep, nMIaaHTupoBaH-
HBle aToMBbI Oopa B n-turl GaAs, B 3arpeIeHHON 30He KpIUcTalla CO34al0T IAyOoKue Impumec-
Hble IeHTpbI Ha rayouse 0,55 1 0,705B [9]. I1ocae TepMmrdeckoro oT>kura, 9TH HEHTPhI 1CYe3aloT,
IIpeBpaIrasCch B KOMIIEHCUPYIOIINIT aKIIEIITOPHBIN IIEHTP.

IIpn KoHAeHcauy aToMOB OOpa BO B3aIMOAEIICTBUI C aTOMaM M celeHa 00pa3yeTcs M30TUII
Hasa cTpykTypa (BSe2) ¢ ontumaabrubim paccrosamuem 198(3) am mexxay aromamu B — Se [10].
B xpucraaamdeckoit cTpykType ceaeHnAa raaaus paccrosinue mexay aromamu Ga — Se coc-
TaBAasieT 247(2) HM. bedycaoBHO, Ipu 3aMellleHnH B KpUcTaaandeckon cTpykrype GaSe raaans
IIPUMeCHBIMY aTOMaMu OOpa, BO3HUKaeT 0oee ciAbHas CBsA3b C aTOMaMU CeAeHa, 4eM CBSI3b
Ga-Se. [TosTOMy, MOXHO OXK1AaTh, 4TO Aerupopanue GaSe aromamu Oopa, MOXKeT YCTpaHUTD
BBIIIIEYKa3aHHbIe HeAOCTaTKM U YAYUIIUTh BOCTpeDOBaHHbIe IIPaKTUIeCK/e XapaKTepUCTUKIA
KpucTasaaa.

B aanHOI1 paboTe mccae 0BaHbI ONTIYECKE, (POTODAEKTPIYECKIe 11 AIOMIHEeIIeHTHBIe CBOVICTBa
GaSe, aernposanHoro aromamu dopa.

2. Metoauka sKkcriepuMeHTa

MoHOKpICTaAAbl CeAeHMAa TalAUs AeTMPOBAaHHOTO OOPOM, IT0AydeHbl MeTOA0M bpuaxmMeHa.
ITpumecn 60pa BBOAMANCEH B IIpoIiecce CuMHTe3a coeAyHeHms B koandectse 0,5aT.%. IToayden-
Hble MOHOKpUCTaAAMdecKe UANHAPUIecKye CAUTKY, AuameTpoM 14 Mm 1 aamHoit 80 M,
OBLAM OAHOPOAHBIMI, A€TKO CKaAbIBAeMBIMI U ITIOAVPYEMBIMH B IIPOU3BOABHOM HallpaBAeHIN
OTHOCUTEABHO KPUCTAAAMIECKO OCH, a yAeAbHOe COIpOTUBAeHNre O0paslioB C pa3MepaMu
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Bausanue npumeceii 6opa nHa onmuvecxkoe nozaouerue u pomonposodumocmo cerenuda I'aarus

2x3MM?, BBIpe3aHHbIX U3 CAUTKOB cocTaBAsaa0 p ~9-10°0m-cM. Tonkue naenku GaSe<B>, Opran

II0Ay4eHBl MeTOAOM TepMUYEeCKOIO MCIapeHus MOAMKPUCTaAANYeCKOTo celeHuAa raaaus
AeTMPOBaHHOIO aToMaMu Oopa.

B xauecTBe 1CTOUHNMKA CBeTa MCIOAB30BaACs MMITyAbCHBIT Nd:YAG aasep co BCTpOeHHBIMU
reHeparopamMm 2-11 1 3-V TapMOHNK, IIpeAHa3HaYeHHbIN 445 TeHepalyuy U3Ay4eHns ¢ AAVHON
BoaHbI 1064, 532, 355 HM 1 ¢ nepecTpanBaeMOil AAMHOM BOAHBI B AnarazoHe ot 410-710 um.
AANTeAbHOCTD Aa3€pHOIO MMITy/Abca cOCTaBAsAa 12Hc ¢ MaKCMMaAbHOM MOITHOCTBIO ~12 MBT
/cM?. VIHT@HCMBHOCTD M3AYYeHMsI U3MEeHsAach IIpY IOMOIIM KaAOpOBaHHBIX HeMTpaAbHBIX
cBeTOBBIX (p1abTpoB. C IMOMOIIBIO AVH3BI MTaJalONINII Aa3epHbIN Ay4d (POKyCHpOBaACs Ha I0-
BepXHOCTb 0Opaslia C guamMeTpoM IsiTHa ~2,0 MM. Perncrpanis mmMIry 5o pOTOTOKA ITPON3
BOAMAACH 110 METOAMKE, IIO3BOASIONIeN 3allMChIBaTh Ha DKpaHe 3allOMMHAIOLIETO OCIIAAOTL-
pada (Tektronix TDS-2012C) oamMHOUHBIE HAHOCEKYHAHBIE UMITYyAbCHI. CIIEKTPHI IOTAOIIeHIIs
n PporoatomuHecteHu GaSe<bop> mccaea0BaHbI ¢ TOMOIIBIO aBTOMATU3MPOBAHHOTO MOHO
Xpomaropa ¢ ABOVHON agucnepcueit M833, ¢ KOMIBIOTEpHBIM yIIpaBAeHIEM U AeTeKTOpOM
U3AY49EeHUs], PETUCTPUPYIOLININ U3AYIEeHNS B Arana3one AauHel BoAHbI 350 — 2000 am. MeTo-
AVIKa DKCIIepMMeHTa aHaA0TUYHa IIpecTaBAeHHoI B paboTe [11].

3. BKCHQPI/IMGHTaABHbIe pe3yabpTaThbl 1 IX O6CY)KA€HI/I}I

Ha pucynke 1 nipeacraBaeH CIIeKTp IOrA0LIEHIs TOHKUX KpucTtaaaos GaSe, Oe3 aerupopaHus
atomamu 6opa. Kak Bruano 13 prucyska, B obaactu sHepruit ~2,0 9B (A =620um) HaOA04aeTCs
OueHb Y3KIiI MakcuMyM. [To-HalleMy MHEHUIO STOT MaKCUMYM CBsI3aH CBOOOAHBIMM DKCUTO-
HaMI, IIOCKOABKY M3BECTHO, 4YTO (pyHAAMEHTaAbHBIN Kpall M0A0CkH Ioraomenns GaSe o0Oyc-
AOB/A€H CBOOOAHBIMI DKCUTOHHBIMU ITepexojaMi, C DHepruen csa3y sKkcuToHa ~ 20msB. Iln-

puHa 3arrpererHoft 3oHs GaSe, onpeesenHas u3 3asucumoctu @’ ~ f (V) okazaaacny pas-
non Eg =1,98 »B.

Puc.1. Criextp noraomenusa kpucraaaa GaSe (6es aernposaHnst aromamu 0opa).

25 15
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3 /
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(-]
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CrexTp moraomieHus1 TOHKUX I1eHOK GaSe, aermpoBaHHBIX aToMamy Oopa 3HauMTeABHO
OTAMYAETCSI OT CIEKTpa IOTAOIIEHMs YUCTBHIX 00paslos (puc.2). B crekrpe moraormieHus
AeTUMPOBaHHBIX 00Pa3IioB HapsAy ¢ PyHAaMeHTaABHBIM IIOTAOIeHNeM, B 4AMHHOBOAHOBON
004acTu CIIeKTpa IOSIBASIETCs I1010Ca IIOTAOIeHNs ¢ MakcuMyMoM A=925uM. OrtcyTcTBue
aHaAOTMYHOTO IIOTAOIIEHMNS B CIIeKTpe YUCTBIX KPUCTaAA0B I103BOAsAeT IIPeAIIOA0XKUTD, 4YTO
AAVHHOBOAHOBaAsI 11040ca IIOTAOIIeHMs CBsI3aHa IMEeHHO C IpuMecsiMu 6opa.
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Puc.2. Ciextp noraomjenns ToHKux raeHok GaSe, AermpoBaHHBIX aTOMaMu Oopa.
|

Haanuane nipumeceit 60pa B TOHKUX ILA€HKaxX CeAeHNAa TaAANs BAUsIEeT He TOABKO Ha CIIEKTP
IIOTA0IIeHNs, HO 3HaYMTeABHO U3MeHseT TakKe UX (PpoTosAeKTpryeckne csoiictsa. Ha puc.3
IpuBeJeHa ocliaaorpaMmma (pOTOTOKA B «4MCThIX» oOpasiiax GaSe, BO30OY>KA€HHBIX UMITYAb-
COM U3Ay4YeHUs 2-011 rapMoHMKoil (hw = 2,34 9B) Nd:YAG aasepa ¢ AauteapHOCTHIO 12 HC.

Puc.3. Ocninasorpamma poTOTOKa B HeAeTMpOBaHHBIX oOpasiiax GaSe
(eHa ogHOTO geaeHus 110 ocu abciyce pasHa 250 MUKPOCEKYHA).

Tek I M Pos: 790.0us
-
AL
Ebik
Ebik]
M 250 us
2-Maii-14 1217

Kak BrAHO B KpuBOII pesakcauny HabDAI04AI0TCA ABa KaHada PeKOMOMHAIM: OBICTPBII - CO
BpeMeHeM pedakcaniun rnopsigka 100Mkc u MmeaaeHHbIN - HaunHas 250Mke 1 6oaee. Ha Hamm
B3IA514, OBICTPBIN KaHaA peKOMOMHAIIMIM MOXKeT OBITh CBsI3aH IIPSAMBIM MEK30HHBIM IIepexo-
AOM, a MeAAeHHBII 00yCA0BA€eH, HaandueM Ae]eKTOB 1AV HEKOHTPOAMPYEMBIX IIpuMecell B
3aIIpeleHHOI 30He 1CCAeAyeMbIX O0pasIloB.

Tunmynas kpusas peaakcanum gporoToka B oOpasax GaSe, aermpoBaHHBIX aToMaMu Oopa
PagMKaAbHO OTAMYAETC OT aHAAOTMYHON 3aBUCUMMOCTU B YMCTBIX Kpucraaaax (puc.4). Bo -
IIePBBIX, IIPOUCXOAUT pe3koe yMeHbIenue (~50 pas) Bpemenn peaakcauun. Bo-BTopsrx, mea-
AeHHas KOMIIOHeHTa (POTOTOKa B AeTMpOBaHHBIX OOpoM oOpasijax Bosce oTcyTcTsyeT. [Tpu sTom
caeayeT OTMETUTh, YTO BeAudnHa (pOTOUYBCTBUTEABHOCTH IIPU HTOM Bo3pacTtaeT Ooaee 60 pas.
Ha nam B3rasg, Bce 9Tu M3MeHeHNs: yMeHbIIIeHe BpeMeHM peAaKcalliy, Cue3HOBeHMe U3
KPpMBOII peJaKkcaluy MeAAeHHOTO KOMIIOHEeHTa U yBeAudeHue (poTodyBCTBUTeAbHOCTH, 00yC-
AOBAEHBI ITpUMecsiMI OOpa, KOTOpbIe IIPUBOASAT K YAYUIIIEHUIO KadecTBa BelecTsa.

Cy1iecTBeHHBIe M3MeHeHs MBI HabDAI0AaeM U B CIIeKTpax (pPOTOAIOMMHECIIEHITNY MICCAeAyeMBIX
obpas1ios. Ha pucyske 5 nmpusejeH CrieKTp AIOMUHECIIEHIINY HeAeTMPOBAaHHBIX TOHKMX ILA€HOK
GaSe, Bo30y>kaaeMbIx BTopoii rapmonnkoi Nd:YAG aazepa. B o6aactu pyHgameHTaAbHOTO
IIOTAOIIeHNsT HabAIodaeTcs u3aydeHne ¢ MakcumyM A=610 HM. Ckopee Bcero, 9TOT MaKCUMyM
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00yCA0B/€H 30Ha-30HHBIM IIepexo40M, KOTOPBIN COBIajaeT C IIMPIHON 3aIlpeIeHHON 30HBI
GaSe, onpeseaeHHOI 13 crieKTpa IoraoieHns. UTo KacaeTcs TOHKOV CTPYKTypbl, OOHapy>KeH-
HOI1 B MHTepBaje AAMH BoAH (610-615) HM, mO-BAMMOMY OHM OOYCAOBAEHBI CBA3aHHBIMU DK-
cutoHamu [12].

Puc.4. Ocninasorpamma ¢portoToka B obpasijax GaSe, aermpoBaHHBIX aTOMaMy Gopa

(meHa ogHOTO geaeHns B ocu abcuucce pasHa 10 MUKPOCeKyHA).
M Pos: 40.00 s CH1

Coupling

B cniexTpe aroMuHecrieHIIUM TOHKUX I1AeHOK GaSe, AermpoBaHHBIX aToMaMu 60pa B AAMHHO-
BOAHOBOII 004acTy HabAI0AaeTCs U3AydeHne ¢ MakcuMyMoM A~ 932 um (puc.6). Iloaymmpuna
DTON AMHUMU 2 pa3a MeHbllle, yeM HabAI0jaeMasl AIOMUHECLeHINS B HeAeTMPOBaHHBIX KPICTaa-
aax. Kpome Toro, B crieKTpe AIOMUHECIIeHIINN AeTMPOBaHHBIX 00pa3IjoB OTCYTCTBYeT TOHKas
CTPYKTypa, HabAI0AaeMasl B YUMCTBIX KpMCTaAAaXx.

Puc.5. CiexTps! $OTOAIOMMHECIIEHIINY HeAeTMPOBaHHBIX 0bpasrios GaSe,
B030y>KAaeMbIx BTOpoii rapmonnkor Nd:YAG aasepa.
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Puc. 6. CriekTpr! (pOTOAIOMUHECIIEHIINY AeTUPOBAaHHEIX 00pasos GaSe,
B030y>KaaeMbIx BTopoii rapmonnkoit Nd:YAG aazepa.
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4. 3akaouyeHue

B pesyabTarte aermposaHms MOHOCeAeHUAA Taaaus aToMamu Oopa B Koandectse 0,5aT.% Ha
crekTpax noraomieHns GaSe 1osiBAsIeTCs 10A0ca ITOTAOIIEHUs C MAKCUMYyMOM 925 HM, TIOBBI-
maeTcsl POTOUYBCTaUTEABHOCTh MaTepuaja. B oTamumm oT 4mcroro Kpucraaaa, B KOTOPOI
peKoMOMHaIIsI HepaBHOBECHBIX HOCHTeAell TOKa IIPOUCXOAUTD yepe3 ObICTphle U MeAAeHHbIe
KaHa/bl, B A€TMPOBaHHBIX OOPOM KpHCTaAlaX peKOMOMHAIVS IIPOMCXOAUTH TOABKO Yepe3 ObICT-
PBINl KaHaA, PV TOM BpeMsl JKM3HI HepaBHOBECHBIX HOocuTeAel Toka cocTtaBaseT 80 mkc. [Tpu
nccaeaoBaHny PpOTOAIOMUHECIIEHIINN B KpucTaaaax GaSe, AermpoBaHHBIX O0pOM HaOAIOAeHa
11040cCa M3AY4eHIs C MaKCMyMOM Iipu 932 HM, KOoTopast 00yca0BAeHa IpuMecsMu 6opa.
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PE3IOME

MeTozaMu TeOpeTIIeCcKOl KoaebaTeAbHOM CITeKTPOCKOIMI 1 KBAHTOBOM XMMMUM ITPOU3BeAeHO MCCAeOBaHIe
VIK-criexTpa IOTAOIIEHST MOAEKYABl MeTa-ToAyHUTpuAa. Moaeab MoAeKyAbl codupasach pparMeHTapHBIM MeTO-
AOM M3 paHee pacCYUTaHHBIX MOAeKy1 OeH30HUTpuAa 1 dTaHa. IlapameTps! MecTa CIIMBKM YTOYHAAUCH TTOAYDM-
PUYIEeCcKUM MeTOA0M KBaHTOBOY XMy AMI. PerreHs! mpsiMble 1 0OpaTHBIE CIeKTpaAbHbIe 3adaun. IToaydeHsr
9acTOTHI HOPMAaAbHBIX KOAeDaHMiT MOAEKYAbI 1 HaOOp CUAOBBIX TTapaMeTPOB, A0CTAaTOYHO XOPOIIIO OIMCHIBAIOIIINIA
9KcnepuMeHTaabHbiit VIK-criektp Moaekyasl Meta-Toayuurpuaa. Caeaana mogpoOHas TeopeTudeckas MHTepIipe-
TaIus KoebaTeAbHOTO CIIeKTpa MOAEKYAbl MeTa-TOAYHUTpPIAA C MCITOAb30BaHMEM ITOAyIeHHBIX pOpM HOpMaab-
HBIX KOAeDaHMI 1 paciipejeAeHNs SHepIruu o KoaedaTeAbHBIM KOOpAMHAaTaM, oIlpejeleHa IIpUpoja MOsSBAHIS
Kaxk011 moaocel noraomenus s VIK criektpe Moaexyasl.

Karouesble caoBa: K01ebaTeAbHBIN CIIEKTP, TOAYHUTPUABL, YaCTOTH HOPMaAbHBIX KOAe0aHMI1, CUAOBBIe I1a-
paMeTphl, KBAHTOBO-XMMUYECKIE PacyeThl, TeEOPeTUYeCKas MHTePIIpeTaVis.

THEORETICAL STUDY OF IR-SPECTRUM OF META-TOLUNITRILE MOLECULE. I. CALCULATION
OF FREQUENCIES OF NORMAL VIBRATIONS OF META-TOLUNITRILE MOLECULE

ABSTRACT

By methods of theoretical vibrational spectroscopy and quantum chemistry the IR absorption spectrum of the
molecule of meta-tolunitrile have been investigated. The model of the molecule was collected by a fragmentary
method from the previously calculated molecules of benzonitrile and ethane. The parameters of the stitching site
were refined by the semiempirical method of quantum chemistry AM1. The direct and inverse spectral problems
are solved. The frequencies of the normal vibrations of the molecule and a set of force parameters that well describe
the experimental IR spectrum of the meta-tolunitrile molecule are obtained. A detailed theoretical interpretation
of the vibrational spectrum of the molecule of meta-tolunitrile using the obtained forms of normal vibrations and
energy distribution over vibrational coordinates is made, the nature of the appearance of each absorption band in
the IR spectrum of the molecule is determined.

Key words: vibrational spectra, tolunitriles, frequencies of normal vibrations, force parameters , quantum-
chemical calculations, theoretical interpretation.

META-TOLUNITRIL MOLEKULUNUN iR-SPECTRININ NOZORi TODQIQi
XULASO

Meta-tolunitril molekulunun IQ udma spektri nazeri raqs spektroskopiyast ve kvant-kimyas {isullar ilo todqiq
olmusdur. Tedqiq olunan molekulun modeli avvallar hesablanmis benzonitrile ve etan molekullarinin fraqmetlari
asasinda qurulmusdur. Molekullarin birlasms yerinin parametlori AM1 yarimempirik kvant-kimyas1 metodu ils
dagiqlesdirilmisdir. Diiz ve ters spektral moasalalor hall edilmisdir. Meta-tolunitril molekulunu tercriibii IQ spektri-
ni keyfayyet qodar diizgiin tesvir eden normal ragslerinin tezliklari ve quvve sabitlarinin parametlori teyin olmusdur.
Meta-tolunitril molekulunun raqs spektrini atrafli nazari interpretasiyas: normal ragslarinin formasina ve enerjinin
raqs koordinatlarmin paylamasina géra aparilmisdir, molekulun her bir udma zolagmin IQ spektrinds yaranma
tobiyati miiayyan olunmusdur.

Agar sozlar: rags spektri, tolunitrillor, normal ragslarinin tezliklori, quvve parametlori, kvant-kimyavi hesab-
lamalar, nazari interpretasiya.
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BBeaenue

CsoeoOpasne GU3MIeCcKNX U XMMIIECKNX CBOICTB MOA€KYyA OIpeAeAsieTcss 0COOeHHOCTIMU
UX MOAeKyAspHOro crpoenus. VndpakpacHas CIeKTpOCKONNs TPaAUIIMIOHHO SBASETCS OA-
HIM U3 CaMBIX pacIpOCTPaHEHHBIX METOAOB MCCAEAOBaHNs CTPOEHNs M CBOJCTB MOAEKYA,
KOMIIA€KCOB, TIOAMMEPOB 1 KPUCTaaa0B pasHoro tuna. KosebaTeabHble CIIEKTPhHI peliaioT
MHOTHe aKTyaAbHble 3aJauy PpU3NIeCcKOl XMMUU-YCTaHOBAeHMe CyIIIeCTBOBaHMs ITOBOPOTHBIX
30MEepPOB, MEXXMOAEKYASIPHbBIE B3aMOAECIICTBISI, KOTOPhIe IIPOSBASIOTCA B CABUTaX OAOC, B
M3MEeHeHUN UX HIMPUHBI ¥ MHTEHCUBHOCTY. 3HaHMe KoJeOaTeAbHBIX YacTOT MOAeKyA HeoO-
XOAMMO AAsl pacyeTa TepMOoAMHaMudeckux PpyHKIuii serjectsa. CopepIiiieHCTBOBaHMe DKCIIe-
PUMEHTaAbHON TeXHUKM II03BOASIET I10Ay4aTh KaueCTBeHHBIe CIIEKTPBI BHICOKOTO pa3pereHs
B IIIIPOKOM AMara3oHe YacTOT U B pa3AMYHbIX arperaTHBIX COCTOSHIAX. DKCIIepUMeHTaAbHbIe
CHEeKTPHI II03BOAAIOT HOAYIUTh MHPOPMALINIO O MOAOXKEHNM MaKCMMYMOB I1040C IIOTA0Ie-
HIs Ha IIKaJe BOAHOBBIX 4ucea (4acTOThl KOAeOaHMIT), MX MHTerpaabHble MHTEHCUBHOCTH,
(opMBI KOHTYpPOB 11040C 1 X mupuHy. Ho mpocroe nsMepenne crieKTpaabHBIX XapaKTepuc-
THUK He AaeT MHPOpMaIIUM O CTPOEHIN JICCAeAyeMbIX MOAEKYA, a IT03B0AseT ITPOU3BeCTU TOABKO
Ka4eCTBeHHYIO NPUOAN3UTEABHYIO UHTepIIpeTaliiio CIIeKTPOB B OCHOBHOM 45 XapaKTepIic-
TUYECKMX YaCTOT, KOTOPBIE CBI3aHbI C OIIPeAeA€HHBIMI CTPYKTYPHBIMI 91€MeHTaMI MOAEKYABI.
ToabKo TeopeTnyeckye pacyeTsl, ITO3BOAAIOINIE YCTAaHOBUTD CBA3b MeXAY Hab0A104aeMbIMU B
CHeKTpe BeAMYMHaMM ¥ IlapaMeTpaMM, OIMCBHIBAIOIIVMMM MOJEAM M3y4aeMBIX MOAEKYyA,
MO3BOASIOT IIOAYYUTh AO0CTAaTOYHO TOYHYIO KOANYECTBeHHYIO uHTepriperanuio VIK criekrpos
coeanHenui. Teoperudeckas uHTeprnperanus VIK-criekTpos 1mo3soaseT onpeseanTb Hpu-
pO4y TOSIBAGHMSI KaXKAOM II0A0CH IoraomeHns. Ha ocHosanum teopermyeckoro anaamsa
KO/AeOaTeAbHBIX CIeKTPOB I10AYy4alOTCsl CUMAOBbIe ITOCTOSIHHBIE, XapaKTepu3yIoliye B3auMo-
ACVICTBUS aTOMOB B MOAEKy/AaxX U ®AeKTPOOITIUYECKNEe ITapaMeTphl - AUIIOAbHBIE MOMEHTEI
CBsA3€N M MX IPOM3BOAHbIE 110 KOOPAMHATaM PacTsKeHMs CBS3eM U M3MEeHEeHMI BaAeHTHBIX
yraos. TeopeTuyecknii pacyeT HeOOXOAMM IIPU aHAAM3€e IIPOAYKTOB CUHTe3a HOBBIX XMMUYeC-
KX Peakluii, aHaAu3e MOAEKYASPHBIX 3arps3HEHII BHEIIHEeN Cpeabl, IIPU PacCMOTPEHNUM
Ba>KHEeJIIIX BOIIPOCOB TeOPUI XMMMIYECKOM CB3U U T.4. I1o criekTpaM MOXKHO nAeHTUUIN
pOBaTh MOAEKYAbl, HAXOAUTH UX TeOMEeTPIUIECKOe CTPOeHNe, U3y4daTh pacpeseleHne D4eKT-
POHHOM IIA0THOCTHU, XapaKTep XMMMUYIECKMX CBsI3€l1, CBOVICTBA OCHOBHOIO U DA€KTPOHHO-BO3-
Oy>KAE€HHBIX COCTOSIHIIL 11 MHOTOe apyroe. [losTomy, coBpeMeHHOe CIIeKTpaabHOe 1CCAeA0Ba-
HIle, IMEIOIIlee CBOeI LIeAbI0 M0AyJYeHe CBeAeHIIT O CTPOeHNMI MHOTOATOMHBIX MOAEKY4, 5B~
ASI€TCSl CUHTE30M DKCIIePUMMEHTaAbHOIO M3MEepeHIs CIIeKTPpa U TeOPeTMYeCKON MHTepIIpeTa-
LMY €ro, BKAIOYas IIOAHBIN TeOpeTUYecKuil pacdeT K0AeDaTeAbHOIo CIIeKTpa IOTrAO0MIeHIs
BILAOTb A0 IOCTPOEHNs TeOPeTUIeCKIX KPUBLIX CIIEKTPaAbHOTO paciipeseaenns Kospduim-
€HTa ITOTA0IeHNs, KOTOPble MOKHO HeIOCPeACTBeHHO BU3yaabHO CPAaBHUBATL DKCIIEPUMEH-
TaAbHBIMU CIIEKTPaMI.

Panee HaM1 ¢ TIOMOIILIO ITIPOTPaMM TeOPeTUIeCKOro pacyeTa KoaeOaTeAbHBIX CIIEKTPOB MHO-
roaToMHbIX Moaekya LEV Ob1a0 nposegeno nccaeaosanue VIK-ciexTpa moraomjenmus Moae-
Kya OeH3oHUTpHUAa 1 o-ToayHutpuaa [1-3]. Hacrosmas paboTa mocssireHa TeopeTuyeckomMy
1ccAe0BaHMIO KOAe0aTeAbHOTO CIIeKTpa IOrAOIIEeHNs APYTOil MOAEKyAbl TOTO psja — MO-
A€KyABl MeTa-TOAYHUTpUA. MoaeKkyaa MeTa-TOAyHUTPUA HaXOAUT IIPUMEHEeHIe B KaueCTBe
IIPOME>KYTOYHOTO IIPOAYKTa B CHMHTE3e Ae€KapCTBeHHBIX IIPeraparos, a Tak>Ke IIPpY MOAyJ4eHIn
I1.1aCTMAaCC.

84



Tt)opz)mu yeckoe UccAed08aHue uKk-cne: KmMpa MOAEKYAbL MEmMa-mOAYHUMPUA. L paciem 4acmom HOPMAAbHBIX KOAeOaHULL M OACKYALL MEMA-TMOAYHUMPUA

MeTtoab1 pacuera

OaHuM 13 KPYIIHBIX yYeHBIX, BHECIIIMX HEOIIeHIMBIl BKAaJj, B pa3BUTHe I10CAe40BaTeAbHON
TEOPUI MOAEKYASPHBIX CIIEKTPOB MHOTOATOMHBIX MOA€Ky4, sABaseTcs pod. I'pndos A.A. Ha
OCHOBe eT0 Teopuy ObLAM pa3pabOTaHbI BBIYMCAUTEAbHbIE aATOPUTMBI ¥ KOMIIBIOTepHbIe ITPOT-
PaMMBI II0 pacyeTy MOAeKYASAPHBIX CIIEKTPOB, B YaCTHOCTH, 10 pacyeTy KoAeOaTeAbHBIX CITeKT-
poB Moaekya. OpuruHaapHas ocaeJoBaTeAbHas TeOpUs BIepBble B MUpe Oblaa pa3BUTa BII-
A0Tb A0 TIOCTPOEHMS TeOPeTUIeCKIX KPUBBIX CIIEKTPaAbHOTIO paciipejeleHns KodpduieHTa
TIOTAOIIEeHNs KaK A4 MaAbIX MOAeKy4, TaK U AAs TT0AMMepoB. B Hammmx paboTax Mbl KCIIOAb-
30BaAM pa3pabOTaHHBIN B €ro AabopaTopuy KOMILAEKC IIPOrpaMM II0 pacyeTy KoAeDaTeAbHbIX
CIIeKTPOB MHOTOATOMHBIX MOJ€Ky., OCHOBaHHOM Ha Teopun [4,5] 1 MeToJe, M3A0KE€HHOM B
[6,7]. BnocaeacTBuyt KOMIIA€KC OPUIMHAABHBIX IIpOrpaMM, HoAyduBmImii HaspaHme LEV,
ObLA CyIIIeCTBEHHO pacIlMpeH, YCOBepIIeHCTBOBAHbI €r0 BBIYMCAUTEAbHbIE BO3MOXKHOCTU U
BKAIOUeH HOBBIN pasaea kBaHToBOM xumun [8]. ITporpamma LEV mossoaser mpoBoauTsh He
TOABKO pacyeT YyacToT U MHTeHcuBHOCTell 11oaoc VIK noraorienns u cTpouTts TeopeTudeckmue
KpUBbIe CIIEKTPAABHOTO pacipejeleHns Ko>PPuiireHTa IOTAOIIEHNs, HO U IIPOBOAUTD
KBAaHTOBO-XMMIUYECKMe pacdyeThl Ioaysmrmmpudeckumn Metogamu CNDO/2, CNDO/M,
MINDO/3, MNDO, AM1 1 PM3. C nOMOIIIbIO 9TX MEeTOA0B pacyeTa MOXKHO OIITHMU3IPOBaTh
reoMeTpUIO MOAEKYA, PaCCUUTHIBATh 3apsIAbl Ha aTOMax, YTOYHATh CMAOBbIe U DA€KTPOOITH-
YeckKrie IlapaMeTpsl CTPOUTD KapThl U MTOBEPXHOCTU DAEKTPOCTaTUIECKOTO ITOTeHIIMala 1 pac
npeJeAeHNsI 9AeKTPOHHOM IIAOTHOCTY B MOA€KyAaX, YTO IIO3BOAsIET CYyAUTDh O XapaKTepe XU-
MHYecKMx cpsseil. IlporpamMmma saeT BO3MOXKHOCTh CA€AUTh Ha MOHUTOpPE 3a IIOCTpOeHUeM
Mogeell MOAeKy, BHOCSI HeOOXOAMMBIe IIOIIpaBK! B IIpoIjecce pacyeTa, HA0AI04aTh 3a KOe-
OaHUAMM OTAEABHBIX TPYIIII aTOMOB, COOTBETCTBYIOIIVIX Pa3AMYHBIM I1010CaM IOTAOIIEH.
IIporpammMa cHaO>keHa crieliiaAbHBIM OaHKOM AaHHBIX C ITapaMeTpaMy MOAEKYASPHBIX MOJe-
Aeli, ¢ IIOMOIIIBI0 KOTOPBIX MOKHO CMOJeANpPOBaTh HeOTPaHNYeHHOe YMCA0 HOBBIX MOAeKY -
SIPHBIX CTPYKTYP, COdep KallluX TPYIIIIMPOBKI y>Ke pacCdUTaHHBIX MOAEKyA, MOAeAUpPYsl pas-
HOTO poJa 3aMelleHIs I IPUCOeAMHEeHNs APYTUX CTPYKTYPHBIX 91eMeHToB. Kommaekc gaet
BO3MOXKHOCTh CO3/aBaTh I IOIIOAHATL OaHK AaHHBIX, He MEHsIs COAep KaHMs paHee HaKOILAeH-
HOII MH(pOpMaLIN.

Aas reopernyeckoro nccaeaosanus VIK criekrpa noraomenns MoAeKyAbl MeTa-TOAYHUTPUA
U IPOBOAVIMBIX HAMII pacyeToB OblA BBIOpaH KOMILAEKC IIPOTPaMM II0 pacdeTy KoaeOaTeAbHbIX
CIIeKTPOB MHOTOaTOMHBIX Moaekya LEV. ITpu ¢popmuposanun koaebGaTteAbHBIX ypaBHEHUI
MO/A€KyAbl HEODXOAMMO 3a4aTh FeOMEeTPUIO MOAEKYAB, T.€. AAVHBI CBA3€I1, BaA€HTHbIE YTIAbI,
TOPCUMOHHBIE YIABI, MacChl aTOMOB, a TaK>XKe BBeCTU CUCTeMYy KoAeOaTeAbHBIX KOOpAUHAT U
Hava/AbHbIe 3HAYEHIS CUAOBBIX IIapaMeTPOB.

AAas co3ganus IIPOCTPaHCTBEHHOM MOAEAN MOAEKYAbl MeTa-TOAYHUTp1Aa, IIpeACcTaBAeHHO
Ha puc.1, 6611 1CII0Ab30BaH (pparMeHTapHLIN MeTo/, pacdeTa. B Moaekyaax, cozaaHHbIX ¢ppar-
MEeHTapHBIM MeTOAOM, IIOYTY HEBO3MO>KHO U3MEHATh reOMeTpIyecKye mapaMeTpsl CIBae-
MBIX (PparMeHTOB. YKasaHHBINI He4OCTaTOK YCTpaHsAeTCs IyTeM JMCII0Ab30BaHUs KBaHTOBO-
XMMMYECKMX MeTOA0B pacyeTa, KOTOpble TakXKe BXOASAT B A@HHBIV KOMILAEKC IIPOTPaMM.

B xauecTBe pparMeHTOB 445 CO34aHUs MOAeAU MOAEKYyAbl MeTa-TOAYHUTpUAa HaMU OblAU
UCII0AB30BaHbl MOJEAN PaHee pacCUMTaHHBIX MOAeKyA-OeH30HUTp1Aa 1 9TaHa. C IOMOIIIBIO
nporpamMmbl Ha cBa3b CsHy Mmoaexyapl OensonnTpmaa Hakaagwisaercs rpynnuposka C-CHs
13 MOAEeKyAbl ®TaHa U (PparMeHThl CIIMBAIOTCS 10 9TOM CBA3M. B cozganHOI TakM oOpa3om
MOJeAN MOAEeKYyAbl MeTa-TOAYHUTpIAa COXPaHAIOTCs Bce TeOMeTpudecKiie, CMAOBbIe I DAeK-
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TPOONTHYECKIe TTapaMeTPhl UCIIOAb3yeMBIX (PparMeHTOB 3a MCKAIOYeHeM I1apaMeTpOB MecTa
cimBku pparmeHTos (ca3b C3-C9 Ha puc.l). ITocae ciumBKyu AaMHa CIIMBaeMOI CBS3U OCTa-
etcst Kak CH cBs13p OeH30HUTpMAA, TO ecTh MeHbIle AAnHbI TumaHon C-C cesasn. ITostomy c
IIOMOIIBIO ITOAYDMIMPUIECcKX MeToAoB kKBaHToBoM xumun AM1, MNDO n PM3 6p1aa orrtu-
Mu3upoBaHa gauHa csasu C3-C9 rnoaydyeHHo MojeAan, a 3aTeM, MCIIOAb3Ysl T0AydeHHOe A5
Hee 3HaueHIle, IIPOU3BeJeHa ONTUMM3aIIsI BceX TeOMeTPIUIEeCcKIX ITapaMeTPOB MOAEKYABL.

DkcriepuMeHTaabHbIN VIK-crieKTp M0AeKyabl MeTa-TOAYHUTPUA B3AT HaMy 13 ataaca Caar-
aepa [9].

PesyabTaThl 1 X O0OCyXKAeHIe

Brra0 ycTraHOBAEHO, UTO B pe3yabTaTe ONTUMU3AIUM BCe TeOMeTpUYecKue IlapaMeTphl 3a
MCKAIOUeHIeM ITapaMeTpa MecTa CIIMBKM IIpaKTUYecku He MeHsI0TcA. OKOHYaTeAbHO AAs
Aaunssl cesasu C3-C9 Obl10 BRIOpaHO 3HAaUYeHNe, II0Ay4eHHOe pacdeToM 1o Metody AMI, pas-
Hoe 1.54 A, 6am3Koe K XapaKTepHbIM 3HAYeHMsIM AAUHBI XuMudeckoit csisu C-C. Bee Aauusr
CC cBsa3zei1 O€H304bHOTO KOAbIla paBHbI 1.4 A, cBs13p C1C7 1.543A, Bce ceaA3u CH xpome casseit
CsH, pasubix 1.093A, pasner 1,09 A, cessp C=N pasna 1.158 A. Bee Basentnbie yrast CCC u
CCH 120°, kpome yraos CsCoH, pasnbix 109.47°, yrast HCH 109.472°, yroa CCN 180°. I'eomeT-
puyeckas MojeAb I HOMepa aTOMOB MOAEKYABl MeTa-TOAYHUTPIA IIpeAcTaBAeHH Ha puc.1, a
cucreMa KoleOaTeAbHBIX KOOPAMHAT - B Tabam1le 1.

Puc.1. MO,ZLE/II) MOAEKYAbl META-TOAYHUTPIA

P

Ta6111/1ua 1. Cucrema koaebaTeAbHBIX KoopanHaT MOA€KYAbl METa-TOAYHUTPUA

No | Koopa. | Ne | Koopa. | Ne | Koopa,. No | Koopa. No | Koopa.

1 CiC 12 | CeHi2 23 | CCGCo 34 | CsCaCsH1oCsHio | 45 | CoHis

2 CCs 13 | CeCiCa | 24 | CoCsCa 35 | CaCsCeH11CsHir | 46 | CoHis

3 Cs3Cs 14 | GCCs | 25 | CsCsHio 36 | CiCoCsHi2CsHiz | 47 | CoHie

4 C4Cs 15 | CCsCs | 26 | H10CaCs 37 | CeCiCaCiCaCs 48 | CsCoHis
5 CsCs 16 | CCuCs | 27 | CaCsHur 38 | C1C2CsCaCsCa 49 | GCoHis
6 CeCa 17 | CaCsCs | 28 | HuGsCe 39 | CCsCaCsCaCs 50 | CsCoHise
7 CiCr 18 | GsCeC1 | 29 | CsCeHi2 40 | CCaCsCeCsCa 51 | HisCoHie
8 C2Hs 19 | CeCiC7 | 30 | H12CeCx 41 | CaCsCeC5CoCr 52 | H14CoHas
9 C3Co 20 | GCIC | 31 | CCiCCrCiCr | 42 | CsCeCiCeCiCa 53 | Hi1sCoHis
10 | CsHuo 21 | CiCHs | 32 | CsC2CiHsC2Hs | 43 | C/Nis

11 | GsHnu 22 | HsC2Cs | 33 | C2C3CaCoCsCo | 44 | C1CrNis

1+12 mn 45+47 —koopaunatsl n3MeHeHus AauH caseit; 13+30 u 48+53 —BaaeHTHBIX YIAOB;
31+36 —TuI1a BEIXOJA CBSA3Y U3 I1A0CKOCTY; 37+42 —TuIla M3MEHeHNs ABYTPaHHBIX YIA0B; 43+44
—MI3MEHEHNs AAVHBI CBA3U ¥ BaA€HTHOIO yIAa Ha AMHEITHOM yJacTKe.
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HavaapHble 3HaYeHMs CIAOBBIX ITapaMeTpPOB B3AThI 3 MOAEKYyA dTaHa 1 OEH30HUTPIAA, a Ha-
YaapHbIe ITapaMeTphl MecTa CIIMBKY PacCYMTaHbI C IIOMOIIBIO ITOAYOMIINPUIECKOTO MeToAa
kBaHTOBOM XuMuu AM1. C takum HaOOpOM IapaMeTpOB CIA0BOIO 11045 MOAeKyAbl Oblaa pe-
IIleHa MpsMasl CIIeKTpaabHas 3adada 1 IT0AydeHbl HadaAbHble 3HaUYeHMs TeOPeTHUYeCcKIX JacToOT
HOpPMaAbHBIX KOAe0aHUII MOAEKyAbl MeTa-TOAYHUTpuA. B Tabaurie 2 npuseseHsl 3HaYeHNs
DKCIIEPUMMEHTAABHBIX U TEOPeTUYeCKUX YacTOT HOPMaAbHBIX KOAeOaHMiI MOAEeKyAbl MeTa-
ToAyHUTpuA. CpaBHeHUe DKCIIepMMeHTaAbHbIX ¥ TeOPeTUIeCcKMX 4acTOT I0Ka3aA0, YTO MeXK-
Ay HUMU CyIIIeCTByeT pacxoxKjeHne. /As yTOUHeHMsI TeOpeTHYecKNX JacToT Oblaa pelrieHa
oOpaTHas crieKTpaabHas 3ajada. [Ipu pernenny oOpaTHOI CIIeKTpaAbHOM 3a4aull CUAOBbIE
IIOCTOSIHHBIE BaPbUPYIOTCA 40 MOAYYeHNsI 40CTaTOYHO XOPOIIIEro COrAachs MeXXAy TeopeTu-
4eCcKMMU U DKCIepuMeHTaAbHBIMM YacToTamu. ITpeasapurteabHo HeOOX0AMMO caeaats Ipa-
BILABHOE COOTHEeCeHIe TeOpeTUIeCKUX U DKCIlepMMeHTaAbHbIX yacToT. Kpome Toro, yaaunoe
pellleHre OOpaTHOM CIIeKTPaAbHOM 3alaul 3aBUCUT OT IIPaBUABHOIO BEIOOpa CUAOBBIX IIOCTO-
SIHHBIX AAs BapMallii U MHTepBada ux usmeHeHns. [locae mpopeaeHHOro cooTHeCeHMs DKC-
IepUMEeHTaAbHBIX U TeOPeTHYeCK) PacCYMTaHHBIX YacTOT 4451 MOAEKYAbl MeTa-TOAYHUTPU-
Aa, TIOAY9eHHBIX IT0CAe pelleHys IPsIMON CIIeKTpaabHOM 3a4aun, ObLAY BRIOpaHBI JaCTOTHI,
KOTOpbIe AOAXKHBI B IIporiecce pertteHrss OC3 nmpubArsKaThest ApyT K Apyry. Aas KaXkA0Tro Bapb-
MpyeMoro napaMeTpa Obla BbIOpaH pu3NUecky pa3dyMHBI MHTepBaa uaMeHeHus. OOparTHas
MexaHnyJecKas 3ajada 445 MOAeKyAbl MeTa-TOAYHUTPUA pelllalach B Aba dTana. Ha mepsom
sTane oOpaTHasd 3agaya Oblaa IIOCTaBA€Ha 445 YacTOT, COOTBETCTBYIOIINX IIAOCKUM KOAeOaH!-
aM Moaekyabl. C moaydeHHbIM 11ocae pemteHns OC3 HaOOPOM CMAOBBIX IOCTOSHHBIX pela-
Aach IIpsiMast CrieKTpaabHast 3adada AAs IAOCKMX KOAeOaH!I MOAEKYAbl M IIOAy4eHHbIe Teo-
peTiyecKre 4acTOThI XOPOIIIO, B IIpejeAax OIIMOKM M3MepeHIs DKCIIepUMeHTaAbHBIX YacToT,
COrAacyIoTcsl C 9KCIepUMeHTaAbHBIMY YacTOTaMM MeTa-TOAYHUTpIAA.

or V
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Ha BTOpOM BDTalie Oblaa pe1ieHa O6paTHa}I MeXaHm4decKasa 3adada 445 CMAOBBIX ITOCTOSHHDBIX,
COOTBETCTBYIOIIINX HEIIA1OCKUM KoaebaTeAbHBIM KoopArHaTaM. C II0Ay4Y€HHBIM I110CA€ peIlle-
Hus OC3 Ha60pOM CMAOBBIX ITOCTOSMHHBIX, XapaKTePM3YIOIINX HEIIA0CKIE Ko/e0aHUsT MOae-
Ky4bI, pellladach IIpsAMasl CIIEKTpadbHasl 3ajada. AA}I HeIIAOCKMX KOAeOaHUI MoAy4InA0Ch
Doaee y4aqHoOe corlacne SKCIIepMMEHTAaAbHBIX I TEOPETNYIECKINX 9aCTOT.

HavabpHble 3HaYEHUS CI1AOBBIX ITOCTOSIHHBIX, MHTE€PBAaA VX MIBMEHEHI M 3Ha9€HIL, IIOAY4Y€H~
HbI€ IIOCA€e pelIeHNT O6paTHOﬁ MeXaHMYeCcKOM 3ala4dn MOA€EKYAbl ME€Ta-TOAYHUTPNAQ, IIPpVBE-
ACEHBI B Ta6AI/I]'_Ie 3. ,Z',OCTaTOLIHO XOpoI11iee COOTBETCTBIIE DKCIIEPMIMEHTAAbHBIX V1 TEOPETUIECKN
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pacCUMTaHHBIX YacCTOT, a Tak>Ke TOT (aKT, YTO HadyaabHbIe 11 KOHeUHbIe 3HaYeHsI BapbUPYeMBIX
CHAOBBIX ITIOCTOSIHHBIX OAM3KM, CBUAETEeALCTBYIOT O TOM, 4TO OOpaTHasl clieKTpaabHasl 3ajada
MO/A€KyAbl MeTa-TOAYHUTPIUA pellleHa YCIeIlIHO, BEpHO BbhIOpaHbI BapblpyeMble CIAOBbIe I1OC-
TOSIHHBIE 11 IPOBeAeHO IpaBI/AbHOe COOTHeCeHIe TeOPEeTUYeCKIIX 11 DKCIIepYMeHTaAbHbIX 4acToT.
A5 HaTAsIAHOCTY XOPOIIIETO COOTBETCTBI S DKCIIePUMEHTaAbHBIX ¥ TeOPeTNYeCKM BhIYMCACH-
HBIX YacCTOT ITIOCTPOeH IpapMK 3aBUCUMOCTHU Vuu/Vaxen. V13 Tpadpuika BUAHO, 9TO 4451 BCeX 4acTOT
pa3bpoc TouekK, COOTBETCTBYIOIINII OTHOIIEHMIO Veuu/Vaken. HE3HAYMTEABHO OTAMYaeTcs ot 1. B
CpedHeM HTO OTKAOHeHIe cocTaBasdeT 1-2%.

Ta61mua 2. SKCHepI/IMeHTaAI)HI)Ie 1 TeopeTmieckyie 4acToThl I MTHTEHCMBHOCTI

MK—CHeKTpa MOAEKYAbl META-TOAYHUTPVIA I OTHECEHVIE I1010C

No | voken. Vreop.nad. | Vreop.koH. (DOpMa K02€D. KOZLKOOPA. HOT.SH.,% KO/LKOOPA.

1 340 (358 349 0.256 CeCi1C7 65% CCiC
-0.251 CCiC2 25% CoCsCa
-0.162 CoCsCa
0.158 C2C3Co

2 |438 |451 439 0.182 CeC1C2 45% C5CeCa
0.107 CCaCs 29% GiCr
-0.98 CCiC
-0.97 CiCCs

3 |516 (498 509 0.220 C2CsCa 54% C5CoCa
-0.152 CiCCs 19% CCo
0.135 CsCeCa
-0.112 C2C3Co
-0.108 CoC3Ca

4 |702 |696 710 0.284 C4CsCs 47% C5CeCa
-0.223 CCaCs 16% CeCa
0.156 CiICCs
-0.150 CsCeCa
-0.149 HuCsCs

5 1894 (891 898 0.228 CsCsCa 42% CeC1
-0.178 CCaCs 17% CCo
0.161 C4CsCni 14% C5CoCa
0.133 CeC1Cr
-0.133 HuCsCe
0.132 CCo

6 |1000 {976 1002 0.692 CsCoHis 44% CsCoHis
-0.338 C5CoHis 21% CsCoHis
-0.338 C5CoHie 20% CeC1

7 1042 |1001 1034 0.226 CsCsCa 49% CeC1
-0.225 C2CsCa 38% C5CoCa
0.224 CCaCs
-0.222 CeCi1C2
-0.218 C4CsCo
0.215 CC G

8 |1090 (1074 1081 -0.392 H12CeCa 50% CeCa
0.365 CsCeHiz 30% H12CeCa
-0.327 CsCsHio
0.299 H10CaCs
0.243 C5CoHis
-0.171 C4C5 Cs
0.165 CiCCs
-0.623 C4«CsHn

9 |1134 |[1166 1129 0.612 HuCsCs 61% H2CeCa
0.560 CsCsHio 35% CoC1
-0.674 HsC2Cs

10 |1164 |1178 1170 0.639 CiC2Hs 49% H12CeCa
-0.461 HuGCsCs 19% CeC1

11 |1234 1279 1229 0.444 CsCsHn 73% CeC1
0.377 Ci1C2Hs 22% H12CeCa
-0.359 HsC2Cs
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-0.207 CsCo
0.193 CiCs
-0.556 CiC2 Hs

12 |1280 (1312 1285 0.503 HsC2Cs 51% H12CeCa
-0.500 CsCeHiz 40% CeC1
0.494 Hi12CeCi

13 |1312 |1327 1313 -0.603 H10CaCs 35% H12CeCa
0.471 C5CsHio 20% CeC1
-0.375 CsCs Hiz 13% CsCo
0.253 H12CeCa
0.220 CiCCs

14 |1376 |1387 1377 0.702 Hi:CoHie 34% H11CoC1s
-0.630 C5CoHis 29% C3Co Hie
-0.573 CsCoHi4 17% CsCoHis
-0.573 C2CsHie
0.538 HisCoHis
0.538 HisCoHie

15 |1424 (1425 1419 0.522 Hi:CoHie 32% CeCa
-0.497 HisCoHis 25% H14Co His
-0.497 Hi5CoHie 14% Hi12CeCa
-0.440 H12CeCa
0.308 CsCeHi2
-0.304 CsCsHio
0.235 CoCsCa

16 |1450 |1463 1452 -1.110 HisCoHie 54% HiCo His
0.457 HisCoHie 16% CeCa
0.457 HisCoHis

17 |1476 |1495 1477 -0.668 HuCsCs 42% CeCa
0.629 CsCsHn 42% Hi12Ce C1
0414 CsCeHi2
-0.400 CiC2Hs
0.387 HsC2Cs

18 |1584 (1622 1584 0.323 H10C4Cs 75% CeCa
0.318 CsCeHiz
0.284 C3Ca
-0.284 Hi12CeCa
0.260 CoC1
0.251 CiICCs
0.221 C2C5Co

19 |1600 (1639 1602 -0.425 HsC2Cs 69% CsCa
0.386 CiCoHs 11% H12Ce C1
-0.348 CsCsHio
-0.298 CC3Ca
0.254 CCs
0.243 CiC2
0.236 Hi12CeCa
0.219 CeCi1C2

20 (2224 [2265 2224 0.404 C/Nis 86% C7/N1s
-0.284 CiCr

21 |2852 (2894 2857 0.586 CoHis 99% CoHie
0.586 CoHie
0.586 CoHis

22 |2916 (2967 2916 0.863 CoHis 99% CoHie
-0.432 CoHia
-0.432 CoHie

23 13062 (3056 3056 -0.704 CsHn 99% CeHa2
0.480 CaHio
0.476 CesHi2

24 13062 (3060 3060 -0.739 CeHi1z 98% CeHr2
0.737 CaHio

25 3062 (3062 3062 -0.928 CoHs 98% CeH12
0478 CsHu
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26 (3062 3069 3070 0.605 CsHu 98% CeHi2
0.563 CesH12
0.562 CaHio
0.301 CoHs
27 (371 |357 366 -0.420 CiC7N13 50% CiC7N13
0.276 CoC1C2C1CCs 35% C5CeC1CeCi1C2
0.236 CsCeC1CeCr1C2
28 |442 |425 446 0.503 C4CsCeCsCoCa 53% C5CoC1C6Ci1C2 C1CeCsHi12CsHiz
0.357 C3CaC5C6CsCa 2%
29 (570 |525 561 -0.579 CoC3CaCsCaCs 40% C1CsCsH12CeHiz
0.489 C2C3C4CoC3Co C3CaCoCeC5Ca 32% C5CeC1CeCiC2
-0.455 CeC1C2CCiCr
-0.357
30 (683 |7-3 685 0.656 C5CeC1CeCr1C2 45% C5CeC1CeCiC2
0.630 CoC1C2C1C2C5 CaCsCoCsCeCa 26% C1CeCsH12CeHiz
0.577 CoC1C2CC1C7 CiCaC3CaC3C2 25% CeC1C2C/CiCr
-0.575 C4CsCeHnC2Hi C3CaCsCeC5Ca
0.526 CoC3CCCaCs
-0.493
0.473
0.448
31 (775 |779 777 -0.669 Cs5CaCsH10CaHio C1CsCsH12CeHrz - |85% Ci1CeCsH12CeHi2
-0.615 CuCsCeH1CsHu
0.577
32 (884 (894 888 -1.136 CC2C1HsC2Hs CaCsCeH1iCsHn 94% Ci1CeCsH12CeHi2
-0.458
33 (918 |910 923 -0.958 C1CsCsH12CsH12 CsCaCaHioCsHio  |91% Ci1CeCsH12CeHi2
0.825
34 (984 |973 976 0.932 C4CsCsHuCsHn 93% C1CeCsH12CeHr2
0.659 CsCsCsH1oCsHio
0.557 C1CeCsH12C6Hi2
35 |1065 {1028 1062 -0.684 C3CoHua 74% CsCoHis
0.684 C5CoHie
36 (1450 |1459 1448 1.123 HisCoHie 88% HisCoHis
-1.123 Hi:CoHis
37 (2916 (2967  |2915 -0.748 CoHua 99% CoHi
0.748 CoHie
TABANIIA 3. CuaoBble TOCTOSHHBIE MOAEKYABl MeTa-TOAYHUTPpMAA
Hau. Mut. | Kon. Koaeb. Hau. Mut. | Kon. Koaeb.
cua. CHA. KOpA. cnuAa. cna. KOpA.
ITOCT. ITOCT. IIOCT. IIOCT.
11.095 | 0.010 | 11.083 | C1Co/CiCa 0.669 0.030 | 0.625 C2C3Co/C2C3Co
0.835 | 0.390 | 1.219 | CiCo/CiCs -0.064 | 0.010 | -0.050 C2C3Co/CoC5Ca
0.544 0.050 | 0.598 C1C2/CsC1C2 27.700 | 1.150 | 26.614 C7N13/C7Ni13
-0.397 | 0.020 | -0.434 | Ci1C2/CesCiCr 8.030 0.250 | 7.782 CoHi14/CoHi4
0.115 | 0.010 | 0.107 | CiCo/C7C1C2 0.060 | 0.010 | 0.080 CoHi4/CoHis
0.115 0.010 | 0.129 C1C2/C1C2Hs 0.300 0.010 | 0.312 CoH14/C3CoHu14
-0.397 | 0.020 | -0.422 | CiC2/HsC2Cs 0.300 0.010 | 0.314 CoHi1s/H14CoHie
8.090 0.010 | 8.079 C1C7/CiCy 0.920 0.050 | 0.964 C3C9oH14/C3CoH14
0.173 | 0.010 | 0.186 | CiC7/CeCiCr -0.025 | 0.010 | -0.042 C3CoH14/C3C9oHis
0.280 | 0.010 | 0.295 | CiC7/CsNis -0.034 | 0.010 | -0.018 | C3CoHi4/C3CoHis
8.000 0.010 | 7.991 C3Co/C3Co -0.034 | 0.010 | -0.026 H15CoH16/H14CoHi6
0.460 0.100 | 0.422 C3Co/C3CoH14 0.643 0.129 | 0.787 C6C1C2C7C1Cr/CeC1C2C7C1Cr
1.129 0.100 | 1.181 CeC1C2/CeCiC2 | 0.212 | 0.020 | 0.213 C3C2C1HsC2Hs/CeC1C2C1C2Cs
-0.160 | 0.020 | -0.188 | CsCiC2/C1C2Cs | -0.025 | 0.010 | -0.011 | C3C2CiHsC2Hs/CsCuCs5CsCs5Cs
0.018 0.010 | 0.004 CsC1C2/CeC1C7 | 0.212 0.010 | 0.198 C2C3C4CoC3Co/C1C2C3C4C3C2
0.669 0.020 | 0.639 CeC1C7/CeC1C7 | 0.249 0.050 | 0.246 C6C1C2C1C2C5/CeC1C2C1C2Cs
0.023 0.010 | 0.006 CeC1C7/C1C2Hs | 0.017 0.010 | 0.012 CoC1C2C1C2C5/C2C3CaC5CaCs
0.669 0.010 | 0.657 | CiC2Hs/CiC2Hs | -0.060 | 0.010 | -0.070 C6C1C2C1C2C3/C3C4C5C6C5Ca
-0.064 | 0.010 | -0.052 | CiCoHs/HsC2Cs
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HpOBe,ZLeM TeOpeTNIEeCKYIO MHTEpIIpeTalio KoaeDaTeAbHOTrO CIIEKTpa MO/AEKYAbl ME€Ta-TO-
AYHUTPpUA C HO,Zl,pO6HI)IM aHaAVM30M IIOAY9€HHBIX pe3yAbTaTOB. TeOPETIA‘IECKa}I VHTepIIpeTa-
OVt Ko/eDaTeAbHbIX CIIEKTPOB BEIECTB II03BOASET ITIOAHOCTDIO BbISIBUTD ITPVMYTMHBI IIOSBACHVI
TeX VAN MHBIX CIIEKTPAaAbHBIX HpO}IB/leHI/Iﬁ BeniecTB B Ha6AIO,Z|,aeMOM CIIeKTpe - C IIOMOIIbIO
CTpOI'OI?I TeOpeTI/I‘IeCKOﬁ HTEpIIpeTal CIIEKTpa OIIpeaeAseTCs CBA3b MEXXKAY BHYTPEHHUMMU
ABVIDKEHMSIMU MOAEKYAbI Ha6AIO,ZI,a€MBIMI/I B CIIEKTp€ 9aCTOTaMI.

VHuTtepripeTaniiio 4acToT OOBIYHO IIPOBOAAT € ITOMOIIBIO popMbl KoaeOanuit. ITpu sTom 06-
pamaioT BHMMaHMe Ha OTHOCUTeAbHbIe 3MeHeHIs KoAebaTeAbHbIX KOOPAMHAT ¥ OTHOCUTEAb-
HbIe 3HaKJM DTUX M3MEeHeHMIT, KOTOpBIe CBA3BIBAIOT MHPOPMAIIUIO O KOAeDaTeAbHBIX JBVIKEHIAX
CO CTPYKTYPHBIMM XapaKTepUCTUKaMI MOAEKYAbI - BAA€HTHBIMMU CBA3sMM, BAA€HTHBIMU YyIAa-
MM, TOPCUOHHBIMY YTAaMM, CTPYKTYPHBIMY TPYIIIMPOBKaMM 1 pparMeHTaMi. DTO IIO3BOASET
HarAsAHO IIPeACTaBUTh KapTUHBI BHYTPeHHMX AedopMalinii MOAeKyAbl B AaHHOM KoAeDaHuM
U CBA3aTh HaDAI0JaeMYIO 4acTOTy KOoAeDaHUsA C ABVDKEHMUSMU ONpPeAeAeHHBIX CTPYKTYPHBIX
JacTeil MOAeKyAbl. B mpon3poabHOM KoAeOaHMm BUOPUPYIOT Bce sA4pa, a popMa KoaeOaHMIT
COAEP>KUT BKAaabl BceX KoaebaTeabHbIX KoOpAMHAT. OAHaKO, OTHOCUTEAbHBIE BKAAAbI Pa3HBIX
TPy KoaebaTeAbHBIX KOOPAMHAT MOTYT KOAMYECTBEHHO CMABHO OTAMYATLCA APYT OT ApYTa,
4TO M II03BOAseT CBA3aTh HabAIOAaeMyIO 4acTOTy KoAeDaHUs C oIpejeAeHHBIMIU CBA3SIMMU
AU BaA€HTHBIMU yrAaMU MOJeAY, a MHOTAA C OTA€AbHBIMM CTPYKTYPHBIMU (pparMeHTaMH,
T.€. MBI IM€eM HeKOTOPYIO A0KaAU3aluio KoaeOaHus. 3HaHue popM KoaeDaHMII IT03B0AsIeT
IIPOBECTY MOAHYIO MHTepIpeTalio HOPMaAbHBIX KOAeOaHMUIA.

ABVDKEHMS MOAEKYAbl MOXKHO OXapaKTepu30BaTh U € IIOMOIIBIO paclpeJeAeHys HOTeHIIaAb-
HOII DHEpPIUM II0 eCTeCTBeHHBIM KoAe0aTeAbHBIM KoOpAuHaTaM. VIHTeprpeTtarus KoaeOaHMI1
IO pacrpejeleHNIO DHePIUN M0 KoaeOaTeAbHBIM KOOpAMHATaM U IO gopmaM KoaeOaHUII
MMeeT pa3HbIl Ppuamdeckmnit cMbica. ViccaegoBaHne pacipeseseHns: SHePIUU IO3BOASIET OT-
BETUTH Ha BOIIPOC, B KaKMX 001aCTsAX MOAEKYAbl A0KaAN3yeTcsl B HanOO0AbIIlell CTelleH! DHep-
ISl AQHHOTO HOPMaAbHOTO KoAeOaHms. /l0Kaan3ays SHepIuy Ha TOM UAYM MHOM CTPYKTYp-
HOM DJeMeHTe sBAseTCA IIPU3HAKOM CTabMABHOCTY COOTBETCTBYIOIINX YacTOT KoAeOaHIII B
pAAY CXOAHBIX MOAEKYA.

B mozekyae meTa-ToAyHUTPMA 0A0CH ntoraomenus npu 349, 439, 509, 710 1 898 cm™! moss-
ASIOTCSA 3a c4eT M3MeHeHIs IIpU KoAeOaH!M YIAOBBIX KOOpAMHAT OeH30AbHOTO KOAbIIa, a TaK-
Ke yrA0BBIX KoopAMHaTt, oopasoBaHHbIX cBa3siMu C1Cr, CsCo, CsHii ¢ mpuaerarommmm csss-
M1 O€H304BHOTO KOABIIa. DT KOAe0aH!s XapaKTepU3YIOTCs cMechio 4e(pOPMaIIOHHBIX KOAe-
Oannit koasa u gegpopmanuonnsix koaedanuit C7CiCz, CoCsCs, HuCsCe. B mosiBaenne moao-
CBHI TIOTAOMIEHMsI ¢ YacToToi 898 cM! CcBOI BKJAaa BHOCUT TaK>Ke BaleHTHOe KoAeDaHIe CBSI3U
CsCo. D11 K02€6aHMA HEXapaKTePUCTUIHBI 10 YacTOTe, TaK KaK B 0Opa30oBaHUM DTUX I1010C
IPUHUMAIOT yJacTye pa3Hble HAOOPBI MPUBeAeHHBIX KOAeOaTeAbHBIX KOOPAMHAT U C pa3HO
CTeIleHbI0 yyactus. PaccMoTpuM pacripejeaeHye SHepIrum B 5TUX KoaeDaHMsIX. DHepreTmdec-
Kasl MHTepIIpeTays IIOAHOCTBIO COBIIaJaeT C MHTepIIpeTanye 1o ¢popMam KoaeOaHNIT TOAb-
KO A3 TIOAOCH! TTOTAOIIeHMsI ¢ yacToToi 349 cm™l. A5 OCTaaAbHBIX IIOAOC MTOTAOIIEHS A0Ka-
AM3anys DPHePIUN B KoAebaTeAbHBIX KOOpAMHATaX OTAMYaeTcs OT MHTepIipeTaluu 110 gpop-
MaM HOpMaAbHBIX KOoaeOaHmit. OcHOBHasl 4acTh DHEPIUM A4S TpeX M3 yKa3aHHBIX 4acTOT
cocpeAOTOYeHa B YIAOBBIX KOOpAMHaTaX OeH304bHOIO KOAbIIA, a OCTaAbHasl 4acTh DHEPIUU
cocpegoToueHa Ha KoAeDaTeAbHBIX KOOpAMHATaX PaCTsKeHMS CBA3U: AAs 110A0Ch 439 cm —
Ci1C7, aas moaocs! 509 cM™'-CsCo 1 a5 moaocsr 710 ecm? -CsCi. HecMoTps Ha To, 9TO B popmMax
KoAe0aHmi1 1oa0ckl 898 cM™! He ITPUCYTCTByeT KoAeDaTeAbHas KOOpAMHATA PaCTsKeHUs CBA3U
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Ci1Ce, ocHOBHAsI YaCTh DHEPIUM HTOM I10A0CHI IIOTAOIIEHNsI COCpe40TOYeHa MMEHHO Ha 9TOM
CTPYKTypHOM aemeHTe. Takum 0O6pasom, aHaan3 popM HOpMaAbHBIX KOAeOaHUII 1 pacIipe-
Ae/AeHIsI DHePIUU HTUX I10A0C IOTAOIIEeHNs ITI0Ka3bIBaeT, YTO HTY KoAeDaHIs CBsI3aHBbI C yJac-
TIEeM CMEe>XXHBIX KOAeDaTeAbHBIX KOOPAMHAT, ¥ [IO9TOMY HeXapaKTepUCTUYHEI.

B HuskouacToTHOI 064acTi KpoMe BbhIIIeyKa3aHHBIX 10A0C ITOTAOIIeHNs HabAI04al0TCsA T10-
AOCHI IIOTAOINEHMSI C yacToTaMu 366, 445, 561, 685, 777, 888, 923 u 976 cm™?, mosiBaeHme KOTO-
PBIX CBA3aHO C HEMAOCKMMU KoAeDaHmsmu. 1o popmam koaebaHmii, a Takke pacrpeseeHnIo
IOTeHIIMaAbHO DHEPIUM I10AOCH IIOTAOIIeHNs ¢ YacToTaMu Koaebanuii 777, 888 cm™ n 923
1 976 cm! cxoxkn. ITosiBaeHe 9THX II0A0C IIOTAOINEHMSI CBSI3aHO ¢ KOAeDaHIsIMI THIIa BBIXOAa
U3 ILA0CKOCTH OeH304bHOTO Koablla csaselt CH, cesasannbix ¢ Oenzoaom. Hanboaee KpynHbIN
BKAaJ B oOpa3oBaHIe II0AOCH HoraomieHns 888 cm?! BHOCUT KoAeOaHIUe, CBsI3aHHOE C BBIXO-
AOM U3 TLAOCKOCTM 0eH30AbHOTO KoAblla cBs13u C2Hs. I1osiBaeHMe ocTaabHBIX TpexX MOA0C CBsI-
3aHO ¢ depopMalyIMU KoAeDaTeAbHBIX KOOpAUHAT BbIXxoAa 13 raockocty caszert CaHio, CsHu m
CsHi2. ®opma xoaebaHMil yKazaHHBIX YacTOT HEOAMHAKOBa. AHaAU3 pacpejeaeHus SHeprun
IIOKa3bIBaeT, YTO OCHOBHAs YacTh YHEPTUM DTUX I10410C HOTAOIIEeHMs A0KaAu30BaHa B KOOp-
AnHaTax Tnra Bbixoda m3 1aockoctu cs3ym Hi: CiCeCsH12CsHi2 1 cocTaBasteT 4451 IIOAOCHI
777cm ! - 85%, a moaoc 888, 923 1 976 cm! cooTBeTCcTBeHHO 94%, 91% 1 93%. Ilock0ABKY TOSAB-
AeHIe HTUX [10A0C MOTAOIIEeHNs CBSI3aHO C OAHIUM TUIIOM KoAeOaTeAbHBIX KOOPAMHAT, TO MOX-
HO TOBOPUTH O IIOAHOM XapaKTePUCTUYHOCTY DTVX 0A0C ITOTAOIIeHNsI.

[Toaocer moraomennst ¢ 9acrotamu 561 1 685 cM™ IPOABASIOTCS 3a CYET M3MEHEeHMsT HEIL10C-
KJX KOOpAMHAT TUIIA M3MEeHEHMs ABYIPaHHBIX YIA0B MeXAYy IAOCKOCTAMH, AepopmMaliuii ca-
MOTO KOAblIa, a TaK’Ke HeILAOCKIX KoopAnHaT Beixoa 13 raockoctu cpaseit CiCr, C3Co m CsHun
DopMbl K0AeDaHUIT 4451 DTUX MOAOC IIOTAOIIeHUs pasHble. IloTeHMaabHas DHepIus DTUX
11010C TIOTAOLIeHNsI A0KaAM30BaHa B KOAeDaTeAbHBIX KOOPAMHATaX BBIXOAA M3 ITAOCKOCTU
6ensoapHoro koanua ceasu CsHiz 1 Ha KoaebaTeAbHON KOOpAMHATE M3MEHEeHMsl ABYTPaHHO-
ro yraa CsCeCiCeCi1C, T.e. m3a0Me gedpopmariy Koablia (Kpydenuu) otHocuteabHO cBssu CiCe.
Kpowme Toro, g4s rmoaocsr 685 cMm™! sHeprus A0Kaaus3oBaHa U B KoAeOaTeAbHBIX KOOpAMHATaX
Boixoga cas3u CiCr u3 rmaockoctnt Koapla. CpasHeHne (pOpMBI paciipeJeAeHIs SHepIum 9THUX
I1040C ITOKa3bIBaeT, YTO OHU Pa3ANdarOTCs.

IToaoca 366 cM™ 1 1o popmam KoaeOaHMIT U IO pacIpese]eHNIO DHEPIUM II0 KoAeDaTeAb-
HBIM KOOpJMHaTaM XapaKTepu3yeTcs O4HUMU M TeMU Ke KoAeDaTeAbHBIMI KOOpAUHaTaMI,
U CBsI3aHa OHA C M3MeHeHNeM KoAeDaTeAbHBIX KOOPAMHAT TUIIa M3MeHeHIs ABYTPaHHBIX YIAOB,
BBIXO/AQ CBS3M M3 IIAOCKOCTY M MI3MEHEeHNS yIla Ha AVHETHOM yJacTKe CTPYKTYpPHOTO DAeMeH-

Ta C-C=N.

A5 TI0A0CHI IOTAOIIEHNsI C YacToTol 446 cM™! yHTepIipeTanys 1o popMaM KoaebaHMUII I10-
Ka3aJa, 4TO OHa OIIpeJeAseTCs HeILAOCKUMU KOAeOaHUsAMH, CBI3aHHBIMU C K0Ae0aTeAbHBIMU
KOOpAMHaTaMM TUIIa M3MeHeHNs ABYTPaHHBIX YIA0B MeXKAy I1A0cKocTsMu. OCHOBHas 4acTh
DHepIunM AoKaamsosaHa B KoaeOaTeapHoI KoopanHate CsCeCiCeCiCz (53%), a ocTaabHas1 sHep-
IMsl IPUXOAUTC Ha KOoae0aTeAbHYIO KOOpAMHATY THUIIa BbIXOAa 13 11aockoctu cpsisu CeHi
(42%). Takum 0Opa3oM, MOXKHO OAHO3HAUYHO TOBOPUTD O HeXapaKTepUCTUIHOCTHU I10A0C TIOT-
AOIEeHM:I ¢ yactoTamMm 366, 446, 561 1 685 cmL.

B cniextpaasHOoM nHTepBase 1000-1650 cm™ aHaans o popmam KoaeOaHMII U pacipeeAeHUIO
DHepIUM IIpoBeJeM IO OTAeAbHBIM I'PyIIIIaM I10410C, YYUThIBasl I104001e B XapaKTepe OTHece-
HIISI TI0A0C OTAOIIeHNSL.
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IToaocsr noraomenns 1002, 1062, 1448 u 1452 cm! mosABASIOTCA 3a cueT AepOPMaILVIOHHBIX
Koaebanui crpykrypHoro saemenTa C-CHs. MoxkHO cka3aTh, UTO 3a IOsIBA€HMe I1010C C Yac-
ToTamu 1452 u 1448 cm™' oTBeTCcTBeHHEI KOoAeOaHms ¢ gepopmanmsamu yraos HCH, a moaocsr
1002 1 1062 cM™! mosABASAIOTCS 3a CYeT u3MeHeHus npu Koaedanusix yraos turna CCH. B stom
IL1aHe 5TU KOAeOaH!UsI IIOXOXKM, HO HeAb3s YTBeP>KAaTh, YTO OHM MIMEIOT OAVHAKOBbIEe (POPMBI.
CpaBHIM pacripeeseHnie SHEPIUM AAsl DTUX OA0C IOTAOILIEeHNs. DHepreTrdecKas MHTePII-
peTtaums koaebGanuit ¢ yacroramu 1062 1 1448 cm™ coBItagaroT 1o oOlIeMy BUAY C MHTepIIpe-
Tanuen 1o ¢popmam KoaedaHUII, A0KaAU3ysICh Ha yraoseix koopanHatax CCH n HCH. Aas
noaoc ¢ yacroramu 1002 1 1452 cm! ocHOBHasI YacTh DHEPTUU COCpeJOTOUeHa TakKe B KoaeDa-
TeabHBIX KOOpauHaTax CsCH, Ho yacTs K01ebaTeabHOM dHeprun nopsAaka 20% Aokaansyercs
Ha Ko4e0aTeAbHON KoopAnHaTte pacTsikeHms ca3y Koablia CsCi. VI3 mpuBegeHHoOro aHaamnsa
BBITEKAeT, 4YTO XapaKTepUCTUIECKMMH SIBASIOTCS KoAeOaHus ¢ yactotamu 1065 1 1448 cm.

Caeayromast rpynna — koaebanns ¢ yactoramn 1129, 1170, 1285 u 1477 cm. Tlo popmam ko-
Ae0aHuIl DTU YaCTOTH OIIpeAeAsIOTCs Ae(pOPMaIVIOHHBIMI KOAe0aHMSAMI YTAOBBIX KOOPAM-
Hat CCH, obpasosannbix CC cpsassamu 0eH304bHOTO Koablia ¢ npuaexxamymu CH cesassamm.
YacToTsl 9TV OAMHAKOBHI IO TUITY 00pa3yIoIINX X KOOPAMHAT, HO OTAMYAIOTCS 10 BeANdIHe
y4JacTusl STUX KOOpAMHAT B COOTBETCTBYIOIIUX KOAeDaHMAX. DHepreTudeckas MHTepIpeTas
9TUX KOAeDaHUII He coBHaJaeT C MHTepIIpeTalueil o gpopMam KoaebaHUI U 3aTparusaer
ITIOMMMO BbIIIIeyKadaHHbBIX 4epOpMalIOHHBIX KoaeOaHnii BaaeHTHbIe KoaebaHms C-C cpsseit
KOAbIIa, Ha KOTOPBIX A0KaAu3oBaHa sHeprys nopsaaka 20% aas gacror 1129 u 1170 em™ n 40%
Aas yactot 1285 u 1477 cm!. Takum oOpa3oM, HeCMOTps Ha XapaKTepUCTUIHOCTh YKa3aHHbBIX
I11040C TIOTAOIIeHNs 110 popMaM KoaeOaH!Il, HeAb3s X CIUTATh IOAHOCTBIO XapaKTepUCTU-
YeCKMMM 13-3a He XapaKTepUCTUYHOCTY IO paclpeeAeHNIO DHepIum.

IlosBaeHMEe TI0A0CH ITOTAOIIeHMs ¢ yacToTon 1229 cm o popmam KoaeGaHMII CBSA3aHO C Ae-
¢popmarmonnsiMn koaedanmsiMu C-H cpsseit otHocuTeapHo nipuaeskaniyx C-C cpsseil Koablla
(n3meneHmsIMu yraosbix KoopauHaT HCC koablia) u BaaeHTHBIMU KOAeDaHVSIMMU (MI3MEHEeHL
koopauHaT pactskennsa) C-C cBssell caMoro Koablia. B 9Tom cayyae sHepreTudeckas MHTep-
IpeTanysl II0AHOCTBIO COBIIajaeT C MHTepIIpeTaliueil 1o popMaM KoAebaHMI, ITpideM OCHOB-
Has 4JacTh sHeprum AokaamsosaHa B C-C csssax 6en3oapHOr0 Koabia: CiCe (73%), a Hi2CsC1
(22%). IToaoca nioraomienus 1229 cMm™ 110AHOCTBIO XapaKTepuCcTIYecKasl.

3a cuer gedpopmaroHHbIX koaebanmit yraosbix koopanHat CCH n CCC koabia Haba104aeTCs
moJoca roraoineHus: ¢ yacrororu 1313 cm, a B mosiBAeHUU 1MoA0CkHl moraomieHus 1081cm!
IIOMJIMO BBIIIIeyKa3aHHBIX AepOpMallIOHHBIX KOAeDaHMI1 KOAbLIa IPNUCYTCTBYIOT AedpopMarin-
onnbple koaeOanua C:CoH rpymnmsr CHs. VnTepriperamms 1o ¢popmam KoaeOaHUit U SHepreTu-
yecKkas MHTepIpeTanms A4 DTUX YaCcTOT He COBITa4aloT, TaK KaK AMIIb YacTh IIOTeHIIMaAbHOI
SHEpIUI cocpedoTodeHa B gepopmaroHHbIx KoaeOaHysax CCH xoapna, a OCHOBHas 4acTh
DHepPIUN A0KaAM30BaHa B BaAeHTHBIX KoaeOaHmAX pacTsokeHns C-C cpsi3ell KoAblia.

AHaau3 pacupejeeHns: PHEPIUU 110 KoAeOaTeAbHBIM KOOpAUHaTaM Aas yactoT 1584 n 1602
cM™! 1T03BOAsIeT CAeAaTh BHIBO/ O TOM, UTO OCHOBHAs YacTh DHepIuu (B cpegHeM 72%) A0Kaau-
30BaHa B KOoAeOaTeabHOI KoopauHaTe pacTspkenns C-C cpsasy 6eH304bHOTO Koablia. ITosTomy
OAHO3HAUYHO MOXKHO CKa3aTh, YTO IOsBAEHME DTUX I10A0C CBA3aHO C HaaudyeM OeH304bHOTO
KOAbIIa B CTPYKTYpe MOAeKyAbl MeTa-ToAyHuTpuaa. I[lo popmam xoaeGaHmi1 9Tu 110A0CHI I10T-
AOILEHMS 3aBUCAT OT CMecM KoAeOaTeAbHBIX KoOopAMHaT. IIoMMMO BaaeHTHBIX KOAeOaHmMi
CC cpaseit Koaplla B UX IOsBAEHUN yJacTBYIOT JedopMalliOHHbIe KOAeDaHMs M3MeHeHNs
yraos CCH n CCC 6eH304pHOTO KOABIIa.
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HecMmoTps Ha TO, UTO DHepreTuyeckas MHTepIIpeTalys ¥ MHTepIIpeTanys 1o ¢popMam Koae-
DaHMI1 445 TIOAOCHI TIOTAOIIEHNA € YacToTol KoaeOanusa 1034 cm™ He coBIIajaioT, BTy IOAOCY
MO>KHO CYUTaTh XapaKTePUCTIIHOI 4451 OEH30ABHOTO KOABIIa. DTO CBSA3aHO C TeM, UTo 110 (pop-
MaM KoJeOaHMI yKa3aHHas 9acToTa 3aBUCUT TOABKO OT gedopMaliuil YIAOBBIX KOOPAMHAT
CCC camoro Koablia, a DHepIus KoaebaHMI cOCpeAOTOYeHa U Ha KOOpAUHaTe pacTsKeHMs
Cs-Ci cBsa3u koab11a (49%) n Ha koopauHarte yraa CsCsCi xoabia (38%).

ITosiBAeHMe YacTOTHI HOPMaABHOTO KoAeOaHms 1377 cM! MOAHOCTLIO CBsA3aHO ¢ gepopMalin-
onHbMu Koaebanmamy rpyrmbl C-CHs, npuyem yyactue B 9TOM KOAeDaHMM HPUHUMAIOT
Kak gepopmanyu yraos HCH, tak n yraos CCH. Vareprnperanmns mo ¢popmMam 1 SHepreTn-
JecKkas MHTepIIpeTals DTOM II0A0CH IOAHOCTBIO COBIAAAlOT. DTO XapaKTepuUCTUJecKas Io-
aoca gepopManmoHHbIX Koaebanuit CHs rpyrimsr.

Yacrota HopMaabHOTO KoAeOanusA 1419 cm! mo popmam KoaebaHMII OIIpeaeAseTcs: KaK CMeChIo
Aedpopmanmonssix HCH xoaebannit CHs rpymimsl, Tak 1 AepopMalioHHBIMU KOAeOaHVSIMU
yraos CCH GeHzoapHOro koablia. A IIpM aHaAM3e paclpeieleHNs SHepIUy OKa3blBaeTcs,
4TO HauOOAbIIasl YaCTh YHEPIUM DTOTO KoaebaHm: A0kaausyercs Ha cesasu C-C caMoro Koablia.
CaeaoBaTeabHO, 9Ta 4acTOTa ABAsETCs HeXapaKTepYCTUIECKOIA.

B BrICOKOUACTOTHOI 004aCTH CIIEKTPa MOAEKYABl MeTa-TOAYHUTPIA HaXOAATCS TTOAOCHI TIOT-
AomeHus ¢ yactotamu 2857, 2916, 2915, 3056, 3060, 3062 1 3070 cm™. M mo popmam HOpMaab
HBIX KOAeOaHMI1 U 110 paclpeAeAeHIIO DHePIUM 110 KoaebaTeAbHbIM KOOpAMHATaM DTU 4acTOThI
CBsA3aHBI C BadeHTHbIMM KoaeOanussMu CH cBsseil, BXOAAIIMX B pasHble CTPYKTYpPHBIE Dae-
MEHTBI MOAEKYAbl MeTa-ToAyHuTpua. [loaocel noraomenns ¢ yacroramu 2857, 2916 u 2915
cm! ceasanel ¢ pactskenneMm CH cpaseit rpynmer CHs. Apyrast rpynina moaoc cesi3aHa ¢ pact-
soxenusaMu C-H csasert 0@H304bHOTO KOAbLIa MOAEKYABl MeTa-TOAYHUTPUA. Best sHepris stux
gacToT KoaebaHui cocpegorodena B C-H cBsA3sAX. DM 11040CH ITOTA0IeHNs SBASIOTCA 1104~
HOCTBIO XapaKTepUCTUIHBIMI.

IIpu xayecTBeHHOM aHaAM3e dKcIepuMeHTaabHbIX VIK-criekTpoB M0AeKyA 1o40ca I10rao1ie-
HILS1, IPOABASAIONIANCS B palioHe 2260 cM™! MHTepIIPeTUPYETCs KaK I1040Ca ITIOTAOIeHIs], CB-
3aHHas ¢ koaebanmem C=N cBsa3u. V3BectHo, uto KoaeDanme C=N cBs131 00.1a4aeT BBICOKOI
CTeIleHbIO XapaKTepUCTUYHOCTH I10 YacTOTe, U, KaK IPaBIAO, ITOABASETCS B O4HOM U TOM JKe
MecTe BHe 3aBMICUMOCTY OT OKPY>KeHMsI DTOM IPYIIMPOBKA. DTO 3aCTaBIAO HEKOTOPBIX JCC-
AejoBaTeaell CBA3BIBATh AIOObIe M3MeHeH!s IOAOXKEeHMs U MHTEHCUBHOCTY DTOM IIOAOCH B
VIK-criekTpe ¢ M3MeHeHMeM 91eKTpPOHHOI 000404uky camoit C=N cBs3u. JeTaabHbIN TeOpeTn
4eCcKMI1 aHaAM3 TI0Ka3a, 4To koaedanne C=N cBsA31 He ABAseTCs XapaKTepUCTUYHBLIM 110 (op-
Me I 3aXBaTbhIBaeT B CyIIIeCTBEHHOM cTelleHM coceaHIow csasb C-C. 3aech MBI MMeeM Aea0 cOo
cAydaeM KoaeDaHUI 5KeCTKOM CBsA3M, OKPY>KeHHOM cAabbIMM 110 YIPYIrocTH cBsa3siMu. Teope-
TUYeCK) yCTaHOBAEHO, YTO TaKoe KoAeDaHue OyJeT XapaKTepuCTUIeCcK/M II0 YacToTe, HO He
xapakrepuctudeckum 1o ¢opme. Tak kak B koaebanun C=N cBsA3M 3HaUNTEeAbHOE ydacTue
npuHuMaeT coceaHss cBsa3b C-C, TO ¢ HOAHBIM OCHOBaHMEM MOKHO yTBEepP>KAaTh, YTO JaHHOE
KoJeDaHMe sIBAsSeTCsl XapaKTepUCTUIeCcKUM I10 yactoTe 1 110 popme Aas rpynnsl C-C=N, Ho
He aast oagHoit C=N cBs3u.

Takum o6pa30M, B pesyabTaTe TEOPETUIECKOIO pacdeTa KoAe0aTe AbHOTO CIIEKTpa MOAEKYAbI
METa-TOAYHUTPNA MbI II0AYINAN 9aCTOTbhI HOPpMaAbHbBIX KoAeOaHUIt MOA€KYyAbl AOCTAaTOYHO
XOpOo1I0O COBITadaloiye € SKCIIEPpMMEHTAAbHBIMI 9aCTOTaMI DTOU MOAEKYABIL. HaﬁAeHbI Cnao-
BbI€ IIapaMeTphbl, OIIMCBhIBAIOIIINE KO/1e0aTe AbHBIN CIIEKTPp MOAEKYAbl ME€Ta-TOAYHUTPUA. Ha
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Teopemu yeckoe UccAed08aHue uKk-cne: KmMpa MOAEKYAbL MEmMa-mOAYHUMPUA. L paciem 4acmom HOPMAAbHBIX KOAeOaHULL M OACKYALL MEMA-TMOAYHUMPUA

OCHOBaHIM ITOAYYEeHHBIX B pe3yAbTaTe pacyeTa popM HOpPMaAbHBIX KOAeDaHUI U pacipese-
AeHNs TIOTeHIIMaAbHON DHepIuM 10 KoAebaTeAbHBIM KOOpAMHAaTaM HaMU cAeAaHa Ho4po0-
Has TeopeTudecKas MHTepIIpeTalus CIIeKTpa ¥ yCTaHOBJAEHa IIpUpoaa IOABACHM KaKAOM
IIOA0CHI ITIOTAOIIIEeHISI.
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ABSTRACT

This work is dedicated to the search of twin comets among the long-periodic comets and choice of pairs
according to the compliance of orbit parameters below shows; perihelion distance, argument of perihelion, longitude of
the ascending node, eccentricity and inclination. According to researches we have in our duty 490 long-periodic
comets from 2005 till the end of 2016. Completely there've observed 11 conventional “pairs”. We are classifying
them in two categories: the pairs which comes from the decomposition of the same comet nuclear; the pairs which
comes from the observation of same comet in different periods. These groups contains 8 and 3 comets pairs, accor
dingly.The impossibility of explanation of pair's closeness parameters with undulation of comet parameters distri
bution statistically proved. It is known that the comets with nearest orbit arranges different groupes. Besides the
classic Kreutz comet family which have more than thousand members, there are other comet families as well like
Meyer, Kracht, Marsden that are obvious to the science environment. There is assumption that Kreutz comet family
is the mass of the bodies of protocomets. The majority of objects and their vice verse movement makes rather diffi
culties for this assumption. Despite this, the family is the leader group and almost the only. It is not exception, that
comet family will decompose other comet groups in the future.

Key words: twin comets, getting identical, decomposition.
UZUN PERIODLU KOMETLOR ARASINDA 9KiZ KOMETLORIN AXTARISI
XULASS

Bu is uzun periodlu kometlar arasinda akiz kometlarin axtarisina hasr olunur vs ciitlitklarin se¢imi kometlarin
asagidaki orbit parametrlarinin uygunluguna gors aparilmigdir:periheli masafasi,perihelinin arqumenti,dogus
diiyiiniin uzunlugu,ekssentrisiteti ve meyl bucagi.Hesablamalarda bizim ixtiyarimizda 2005-ci ilden 2016-ci ilin
sonunadek miisahide olunan 490 adad uzun-periodlu komet var idi.Biitovliikde 11 serti “ciitliik” gotiiriilmiisdiir.
Onlar iki kateqoriyada tesnifatlandirdq:komet niivesinin par¢alanmasindan alman ciitliik,eyni kometin miixtalif
dovrlarde miisahide olunmasindan alinan ciitlitklar.Bu kateqoriyalara uygun olaraq 8 ve 3 komet ciitliiyii daxildir.
Statistik olaraq stibut olunmusdur ki,ciitliiklorin parametrlorindaki yaxinliq komet parametrlarinin paylanmasin-
daki miimkiin fliiktasiya (dalgalanma) ils izah oluna bilmsz.Malumdur ki,yaxin orbit parametlari olan kometlar
farqli qruplar tagkil edirler.Minden yuxari tizvii olan klassik Kreutz komet ailasindan basqa elma Meyer, Kracht,
Marsden ve s.komet ailaleri de malumdur.Bels bir ehtimal var ki, Kreutz komet ailasi boytik bir protokomet viicud-
larmin y1gimidir.Obyektlorin ¢oxlugu ve onlarin tarsine harakatlari bu farziyys {iglin xeyli ¢atinliklar tdradir.Biitiin
bunlara baxmayaraq bu aile lider qrupdur ve demsak olar ki,yeganadir.Ancaq oda istisna deyildir ki,komet toplu-
lugu golacakda digar komet qruplarina da ayrilacaqdir.

Acar Sozlar: akiz kometlar, eynilagsma, pargalanma.
ITONCK KOMETHBI- BAM3HEILLOB CPEAN AOAT'O- TEPMOANYECKNX KOMET
PE3IOME

Dr0 pabora MOCBsIeHa K IOMCKY KOMeThl-ABOMHIKOB (0AM3HEII0B) cpeAl A0ATOIIepUOANYecKX KOMeT U
BBIOOPY ITaphl C COOTBETCTBMEM K IlapaMeTpaM OpOMTHI, IIOKa3aHHBIX HIDKe; pacCTOsIHIe IIepureAns, apryMeHT Ile-
pureans, 40ATOTa BOCXOAAINETO y34a, DKCIIeHTpucuTeT 1 HakAoH. CoraacHo mccae0BaHMAM, B HaIlleM paciops-
>KeHnM 6b1a1 490 foATOIIepMOANIECKMX KOMET, B KOTOpoM Habarodaaock ¢ 2005 roga 4o xonma 2016 roga. Iloa-
HOCTBIO HabA104a10¢h 11 ycaosHble “mmap”. Mur kaaccudpummpyem ux AByMs KaTeTOPVAMIL: ITapbl, KOTOPEIe ITPOUC-
XOAAT OT pa3A0>KeHNsl OAHOIO U TOTO K€ KOMEeTHOIO siApa; Haphl, KOTOPhIe IIPOMCXOAAT OT HabDAIOAeHMs TOI >Ke
KOMETHI B pasHble eproAbl. COOTBETCTBEHHO, DTU IPYIIIIHI COACPKNT 8 11 3 KOMETHBIX ITapoB. CTaTICTIYECKN J0-
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Ka3aHo 4To, 0AM30CTHIO MapaMeTPOB Maphl He BO3MOXKHO OOBICHUTD pacrpejedenus (pAyKTaIun) mapaMeTpos
KoMeT. I3BecTHO, 4TO KOMETHI MMeIoIe 0AN3KMe OpOMTaAbHbIe TTapaMeTPBl COCTaBASAIOT pa3ANJHbBIe TPYIIITHL.
ITomumo Kaaccigeckoit cembu KoMmeT Kpeiill, B KOTOPOIT HaCUUThIBAeTCsA 00.1ee THICAIN YAEHOB, CYIIeCTBYIOT APY-
Ime ceMelicTBa KoMeT, Takue Kak Meiiep, Kpaxrt, Mapcaen, KoTopble 13BecTHb HaydHBIM nccaegosateasm. Cyimect-
ByeT ITpeAII0A0KeHIe, YTo ceMelicTBo KomeT Kpeiilia — pparMeHTh 04HOTO IMpoTOKOMeTa. MHOXecTBo 00BeKTOB
U UX ABVDKEHME B OOpaTHOM MOPSJAKe 3aTPYAHAIOT 9TOTO IIpearioaoykennue. HecMOTpst Ha 9TO, ceMbs ABASETCSA AU-
A€POM M IIOUYTH eAUHCTBeHHBIM. Ho 1 9TO He 1CKAI0UeHO, YTO KOMeTHas ceMbs OyaeT B OyAyllleM pasaaraThcs Ha
ApYyIui€e TPYIIIIbl KOMeT

Karouesble caoBa: komeTs! 6amsHeI s, nAeHTHGUKALN, Pa3A0>KeHNe.

This work is dedicated to the search of twin comets within long-periodic comets. Inside the
scientific literature there are enough sources that relates with this issue. The approach that
we are using is close to Guliyev's and Nabiyev's [1] methods. For remaining, in this source
have mentioned the comet informations that worked out by authors till 2005. On the other
hand, Guliyev [2] showed that the other probable mechanism of comet decomposition can be
their nuclear collison with massive meteorit objects. The fragments of comet nuclears that de
composed by this way enoughly can move on different orbits.

In our research the choice of pairs according to the compliance of orbit parameters below shows;
perihelion distance, argument of perihelion, longitude of the ascending node, eccentricity and
inclination. According to researches we have in our duty 490 long-periodic comets from 2005
till the end of 2016.

Completely there've observed 11 conventional “pairs”. We are classifying them in two catego
ries: the pairs which comes from the decomposition of the same comet nuclear; the pairs which
comes from the observation of same comet in different periods. The impossibility of explanation
of pair’s closeness parameters with undulation of comet parameters distribution statistically
proved. It is known that the comets with nearest orbit arranges different groupes. Besides the
classic Kreutz comet family which have more than thousand members, there are other comet
families as well like Meyer, Kracht, Marsden that are obvious to the science environment. There
is assumption that Kreutz comet family is the mass of the bodies of protocomets. The majority of
objects and their vice verse movement makes rather difficulties for this assumption. Despite
this, the family is the leader group and almost the only.

In addition, there can exist comet pairs and twin comets besides the comet families. They are
also creates enough interest in identifying the identity of comets which observed in different
periods, the study of evolution and representing comet nuclear's decomposition. In this scientific
work we will try to analyze modern comet informations and to define the similar pairs. Of course
the setting of this issue is not new thing, but every new discovered orbit parameter's compa
res with the previous comet parameters. Even by this way the most periodic comets identity
identified, and some of them get two or three names. Our approach to this issue consist from
considering comet nuclears as transneptune objects (Kuiper Belt objects and Oort Cloud) and
their movement to the depth of Solar System by the affect of Pluto.However, it is not difficult
to assume that, this is the result of a big process. We can think of the Kuiper Belt and Oort Cloud as
enormous reservoirs of icy planetesimals that now and then fall into the inner Solar System.
But why do they sometimes leave their frigid haven and take what will probably be a fatal plunge
inward toward the Sun? One idea is that comet nuclei run into each other from time to time,
knocking each other from their orbits. But even with the huge number of nuclei that the Oort
Cloud must contain, the immense volume of this region means that the distances between comet
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nuclei are great. The average separation between an Oort Cloud object and its nearest neighbor
must be at least 10 AU-as great as the distance between the Sun and Saturn-making collisions
between comet nuclei extremely uncommon events. It seems more likely that gravitational per-
turbations by objects beyond the Solar System-such as stars and interstellar clouds-disturb the
orbits of comet nuclei, kicking the nuclei in toward the Sun.

By looking at the distribution of stars around us, astronomers estimate that every 5 millions to
10 million years, one star or another, traveling in nearly the same orbit around the Milky Way
as does the Sun, passes within about 100 000 AU of the Sun, perturbing the orbits of comet
nuclei. The gravitational attraction from huge clouds of dense interstellar gas concentrated in
the plane of the Milky Way Galaxy might also stir up the Oort Cloud as the Sun passes back
and forth through the galactic plane during its 220 million year orbital journey around the center
of our galaxy. These disturbances from beyond the Solar System have little effect on the orbits
of the planets and other bodies in the inner Solar System. Inner Solar System objects are close
enough to the Sun that external disturbances never exert more than a tiny fraction of the gravi
tational force of the Sun. In the distant Oort Cloud, however, things are quite different. Oort
Cloud comet nuclei are so far from the Sun, and the Sun’s gravitational force on them is so
feeble, that they are barely bound to the Sun at all. The tug of a slowly passing star or interstellar
cloud can compete with the Sun’s gravity, significantly changing the orbits of Oort Cloud ob-
jects. If the interaction adds to the orbital energy of a comet nucleus, it may move outward to
an even more distant orbit, or perhaps escape from the Sun completely to begin an eons-long
odyssey through interstellar space. On the other hand, a comet nucleus that loses orbital energy
falls inward. Some of these come all the way into the inner Solar System, where they may ap-
pear briefly in our skies as active comets before returning once again to the Oort Cloud.

Unlike comet nuclei in the Oort Cloud, those in the Kuiper Belt are packed close enough together
to interact gravitationally from time to time.In such events, one nucleus gains energy while the
other loses it. The “winner” may gain enough energy to be sent into an orbit that reaches far
beyond the boundary of the Kuiper Belt.It seems likely that the Oort Cloud was populated in
just this way (by comet nuclei ejected from the inner edge of the Kuiper Belt in what is now the
Neptune region). The experience could prove fatal for the “loser” if enough orbital energy is
lost for it to fall inward toward the Sun.

It is assumed that in most comets especially in ancient times comets exentrisitet must be en-
oughly small for e=1. In modern cataloges the non-exact orbit parameters of such comets and
in comet sources their calculating as e=1, makes us to think that they are characterising as trans
neptun comets that circles over the hundred years. Non-exacting there not only in exentrisis
tic, also it is in other parameters. However, the development of observations techniques cau-
sed getting new exact datas about twin comet issue and observing new twin comets.

Inside the issue we added and analysed new informations to the Marsden and Williams catalog
that gained within the period of 2005 and 2017 january. To these information base we didn't
include the informations of Kreutz, Marsden, Meyer and Kracht comet groups. After this eli-
mination we have analyed the information of 490 length-periodic comets. It is given in sche
dules 1 and 2.

Schedule 1. The “pairs” that can come from the decomposition of comet nuclears.

Ne Comet Q E ® Q I
1 C/1998 M5 1,742281 | 0,996041 101,2844 | 333,3767 82,2289
' C/2016 T2 1,907275 | 0,981086 | 92,32354 339,089 81,30259
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5 C/2002 P1 6,530809 | 0,984468 | 347,8014 | 310,6727 34,6025
' C/2016 P4 5,888959 | 0,982127 | 356,0206 320,793 29,90399
3 C/1947 O1 2,827968 | 1,001052 9,3752 311,7961 97,3313
' C/2016 K1 2,291476 | 1,000059 | 18,24898 | 325,7015 | 90,84392
4 C/1998 W3 4,914591 | 1,001233 6,8897 123,9185 | 129,1914
’ C/2016 Al 5,328225 | 1,001435 | 10,32056 | 128,1779 | 121,1834
5 C/1985 T1 1,31714 0,983297 53,0001 53,0127 139,0692
' C/2015 WZ 1,376645 | 0,992853 | 66,71119 | 40,04636 | 134,1348
6 C/1988 Al 0,841333 | 0,996565 57,3876 31,5154 73,3224
' C/2015 F3 0,834401 | 0,996285 | 57,56531 | 31,64105 | 73,38539
” C/1987 H1 5,457548 | 1,002839 16,996 268,3257 | 132,4743
’ C/2013 J5 4,904924 0,9991 19,16342 | 256,7643 | 136,0094
8 C/2003 HT15 | 2,671492 | 0,419875 | 124,0394 81,4732 27,6701
' C/2013 H1 2,646929 | 0,985382 136,576 84,9708 27,08876

Comet Ikeya-Seki is a member of a family of comets called sungrazers, comets whose perihelia
are located very close to the surface of the Sun.Many sungrazers fail to survive even a single
pass by our local star.Ikeya-Seki became so bright as it neared perihelion in 1965 that it was
visible in broad daylight, only two solar diameters away from the noontime Sun, and when it
reappeared from behind the Sun, it had been split into two pieces.Sungrazers sometimes come
in groups, with successive comets following in nearly identical orbits.It seems likely that each
member of such a group strated as part of a single larger nucleus that broke into pieces during
an earlier perihelion passage.

Schedule 2. The “pairs” that can come from the observation of some comet in different periods;

Ne Comet Q e 0} Q I
C/1743 X1 0,222209 1 151,4855 49,2966 47,1417
C/2016 U1 0,319154 1,00029 162,7516 | 61,42703 | 46,43393
C/1922 B1 1,629083 | 0,986968 | 183,6812 | 275,5991 32,4456
C/2016 T3 2,65639 0,976208 | 194,5204 | 271,8094 | 22,66103
C/1757 R1 0,33738 1 268,69 217,677 12,828

C/2015 TQ209 1,41312 0,999091 281,499 224,0844 | 11,39005

1.

Statistically, it has proved that there is impossibility of explaining parameter closeness of such
“pairs’, the comet parameter's distribution, because of undulation. As a consequence we can
say that modern comet cataloges embrace many dependent comet performances. About choo
sing intervals we tried to be careful , and to make them close to each other. Wholly it can be
considered that the twin comet issue is actual and it will always in the center of attention of
researches their dynamics, statistics and studying of etimology.
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OZET

Bu makalede, Kahramanmaras'n onikisubat ilgesinde bulunan sekiz devlet anaokulunda elektrik ve manyetik
alan siddeti ve gii¢ yogunlugunun 6l¢iimleri yapildi. Anaokullarindaki elektromanyetik alan siddetlerini ve esdeger
diizlem dalga gii¢ yogunluklarini 6l¢mek igin frekans filtreleme 6zelligine sahip Spectran HF-60105 V4 tasmabilir
spektrum analizorii ve EF0691 izotropik proba sahip olan Narda NBM-550 genis bant elektromanyetik alan dl¢iim
cihazlar1 kullamlmigtir. Olgiimler ayni giin ve ayni anaokulunda biri sabah ve digeri 6gleden sonra olmak iizere
iki farkli zaman araliginda, giinde iki kere yapild1. Olgiimlerin anlamh bir sonug olusturmast icin her bir 6l¢iimiin
en az alt1 dakika yapildi. Bulunan sonuglar Ulusal ve uluslararasi kuruluslar tarafindan tanimlanan limit degerleri
ile karsilastirildi. Bulunan sonuglar BTK, ICNIRP ve IEEE/FCC tarafindan tanimlanan limit degerlerinden ¢ok kii-
ciik oldugu tespit edildi.

Anahtar kelimeler: Kahramanmaras, GSM, UMTS, 3G, cep telefonu, iyonlastirici olmayan radyasyon, anaokulu.

MEASUREMENT OF ELECTROMAGNETIC POLLUTION IN KINDERGARTENS LOCATED
IN ONIKISUBAT DISTRICT CENTRE OF KAHRAMANMARAS IN TURKEY
ABSTRACT

This paper presents the measurements of electric and magnetic field strength and power density in eight state
kindergartens located in onikisubat central district of Kahramanmaras, Turkey. Spectran HF-60105 V4 portable
spectrum analyzer which having the feature of the frequency filtering and Narda NBM-550 broadband electromag
netic field meter devices which having EF0691 isotropic probe were used to measure the electromagnetic field strengths
and the equivalent plane wave power densities in the kindergartens. Measurements were performed in the same
day and at the same kindergarten at two different time intervals including one in the morning and another one in
the afternoon. Each measurement lasted at least six minutes in order to obtain a significant result. The obtained
results were compared to the limit values defined by national and international institutions. The obtained results
were determined to be smaller than that of the limit values defined BTK, ICNIRP and IEEE/FCC.

Key words: Kahramanmaras, GSM, UMTS, 3G, mobile phone, non-ionising radiation, kindergarten.

Introduction

Nowadays, mobile phones are probably most popular wireless devices. First generation (1G)
of the mobile phones come on to the market in the early 1980s using analogue radio systems
operating at 450 MHz or 800/900 MHz. Second generation (2G) of the mobile phones become
available following the development of digital mobile communications systems in the early
1990s. The Global System for Mobile Communication (GSM) is the dominant mobile commu-
nications system in many countries around the world, operating at 900 or 1800 MHz. Third-
generation (3G) systems, also known as UMTS (Universal Mobile Telecommunications System)
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in Europe and CDMA-2000 (Code Division Multiple Access) in USA at operating 1990-2200
MHz, offering users a variety of applications, including internet browsing, email access and
high speed music and video download [1]. Third-generation (3G) UMTS technology was the
last mobile telecommunication systems, until using of the fourth generation (4.5G) telecom-
munications technology in 2016 in Turkey. Today, 4.5G telecommunication technology is about
three times faster than 3G (UMTS) telecommunication technology.This situation has encoura
ged people, especially young people and children, to use mobile phones.There are about 75
million mobile phone users in Turkey according to BTK, and this number is increasing incre
asingly following 4.5G telecommunication technology.The number of transmitters in settlements
has also increased with the increasing number of mobile phone users. Therefore, the radiofre
quency origin radiation exposure has increased gradually.The base stations accompanying
some of these and technological devices such as mobile phone, tablet, laptop computer, shavers,
television and microwave are caused us to be exposed to more radiation. This increased use
has led to growing concerns over the potential adverse effects of exposure to electromagnetic
fields on human health [2-4]. Especially the exposure to GSM and UMTS base stations and to
other wireless technologies has led to a growing concern among the public about potential
adverse health effects [5]. Regarding this case, the institutions such as the World Health Orga
nization were worried for public health. Therefore, in 1996, the World Health Organisation
(WHO), recognising the rapid growth of public exposure to Electromagnetic Fields (EMFs) and
increasing public anxiety and speculation, established the International EMF Project to assess
the potential hazards to health from Extremely Low Frequency (ELF) and Radiofrequency
(RF) fields and to help initiate new research. WHO consolidates research results from the mem-
ber states, from EU-funded research projects and from other countries. As well as providing
a database of EMF research for groups worldwide, the Organisation also reviews the data and
will produces recommended EMF exposure limits in 2007 [6]. Studies have been performed
related to exposure to electromagnetic fields (EMF) since the start of the non-ionization radia
tion usage that is the radio frequency origin [5, 6-11]. The most serious health endpoints that
have been reported to be associated with extremely low frequency and/or RF include childhood
and adult leukemia, childhood and adult brain tumors, and increased risk of the neurodege-
nerative diseases, Alzheimer’s and amyotrophic lateral sclerosis (ALS) [7]. Electromagnetic
radiation is emitted by many natural and man-made sources and is a fundamental aspect of
our lives. Radiofrequency (RF) energy is a portion of the electromagnetic spectrum with frequ
encies ranging from 3 kHz to 300 GHz, below that of visible light and above that of extremely
low frequency (ELF) electromagnetic energy. Radiofrequency (RF) energy is produced by many
man-made sources including cellular (mobile) phones and base stations, television and radio
broadcasting facilities, radar, medical equipment, microwave ovens, RF induction heaters as
well as a diverse assortment of other electronic devices within our living and working envi-
ronments [12]. To date, there is no consensus among researchers on the biological effects of
extremely low frequency magnetic and electromagnetic fields [13]. However, much valuable
information in this regard has been collected over the past 50 years [14]. Results of epidemiolo
gical studies in humans have reported potential health risks associated with public exposure
to Electromagnetic Radiation (EMR) [15, 16] and the International Commission on Non-ioni-
zing Radiation Protection and the European Commission have made recommendations on
how to avoid these risks to ensure a high level of safety [17]. However, experimental evidences
indicate that 900 MHz EMR does not affect the levels of certain human hormones such as thy
roid-stimulating hormone, growth hormone, prolactin, luteotropic hormone, follicle-stimulating
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hormone (FSH), and adrenocorticotropic hormone [18, 19], in other studies, contrary to these
experimental evidences, a decrease in the level of hormones such as luteinizing hormone (LH),
prolactin, growth hormone, cortisol, and FSH was reported in human beings [20-23].

The aim of this study is to determine the electric and magnetic field strength and equivalent
plane wave power density in eight state kindergartens located in Onikisubat central district
of Kahramanmaras, in Turkey. In addition, the results of this work will create awareness about
the possible harmful effects of radiofrequency originated from non-ionizing radiation.

2. Measurements on GSM 900, 1800 and UMTS 2100 (3G) MHz Network

Kahramanmaras is a city in the Mediterranean region which is located nearly 578 km in sout
heast of Ankara which is the capital of Turkey. Kahramanmaras is located between 38.6-27.
1833 latitudes and 36.25-37.7 east longitudes. The equivalent plane wave power densities with
the electric and magnetic field strength that caused by the radiofrequency originated from non-
ionizing radiation were measured in 8 kindergarten in Onikisubat district centre of Kahraman-
maras, Turkey.There are a great number of electromagnetic field sources such as GSM base
stations, radio and television transmitter and high voltage lines in Onikisubat district centre.
The map of the base stations in the Onikisubat district of Kahramanmaras is given in Figure
1. Many people from these locations may be exposed to the possible hazardous effects of elec
tromagnetic pollution. In these kindergartens, in which electromagnetic field strength was
measured, give education to the children who are at the age of six. Even though small radiation
energy present in this area, the children in this age group are more affected than the adults by
this electromagnetic radiation.

Figurel. The map of the base stations situated and kindergartens in the central
Onikisubat district of Kahramanmaras.
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In the measurements, NBM-550 Narda broadband field meter which is EF-0691 coded probe
(100 kHz-6 GHz) and Spectran Aaronia HF-60105 V4 Handheld Spectrum Analyzer which
having IMHz-9.4GHz frequency range and the feature of the frequency filtering were used.
As mentioned in ICNIRP and BTK, the measurement time for each parameter was at least 6

-

minutes to express a meaningful result. During measurements each parameter was repeated
three times and its average was taken. In addition, Narda NM-550 Broadband EMF meter and
EF-0691 coded probe were used to measure effective value of all the electric field strength in
environment because there is more than one transmitter in the environment where measure-
ment were made in these kindergartens.The MCS software program with Spectre HF 60105 V4
portable spectrum analyzer were used to measure one by one the electric and magnetic field
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strength and equivalent plane wave power density in GSM900, GSM1800 and (UMTS) 2100
MHZz frequencies. A typical spectrum of the equivalent plane wave power density was measu-
red in GSM 900 MHz frequency are given in Figure 2.

Figure 2. A typical spectrum of the electric field strength measured at GSM 900 MHz frequency by using
a Spectran HF 60105 V4 portable spectrum analyzer and a laptop loaded with MCS software.
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3. Results and Discussion

Measurements of the electric field strength (E), magnetic field strength (H) and equivalent plane
wave power density (S) in between 09.00-12.00 and 13.30-17.00 hours in the 8 state kindergar
tens in Onikisubat district centre of Kahramanmaras were carried out by Aaronia Spectran
HF-60105 V4 Portable Spectrum Analyzer in GSM900, GSM1800 and 2100 MHz (UMTS) fre-
quencies.In addition, the measurements of values of the total electric and magnetic field strength
and the equivalent plane wave power density of the medium were determined by NBM-550
Narda broadband field meter which is EF0691 coded probe (100 kHz-6 GHz). All of the mea-
sured values such as electric field strength (E), magnetic field strength (H) and the equivalent
plane wave power density (S) are smaller than that of the limit values defined by International
Commission on Non-lonizing Radiation Protection (ICNIRP), Health Canada, Information
Technology and Communications Authority of Turkey (BTK) and Institute of Electrical and
Electronics Engineers/Federal Communications Commission (IEEE/FCC). Measurement of
electromagnetic field strength was taken in these kindergartens where education is given to
group of children who are at the age of six.Therefore, it is important to find out how these
children are affected by this electromagnetic field. In childhood RF radiation exposure are
worrisome for several reasons, one reason is thata child’s brain absorbs significantly more ra-
diation than an adult’s brain [24]. Another reason is that children’s anatomical differences may
allow greater exposure of their brain regions from cell phone radio frequency (RF) because of
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differences in electrical conductivity in their bone marrow [25]. In other words, children may
be potentially more susceptible to RF effects because of their developing nervous systems, in-
creased levels of cell division, undeveloped immune systems, thinner skulls, and more conduc
tive brain tissue [26]. Many people at these locations may be exposed to the possible hazardous
effects of electromagnetic pollution. So far; guidelines for exposure to microwaves have been
based on thermal (heating) effects. Non-thermal (low-intensity) effects have not been conside
red for regulation of exposure. It is concluded that only few studies of long-term exposure to
low levels of RF fields and brain tumours exist, all of which have methodological shortcomings
including lack of quantitative exposure assessment [20, 27]. Occupational studies indicate that
long-term exposure at workplaces may be associated with an elevated brain tumour risk [22].
Today, there are about 75 million mobile phone users in Turkey and most of these people are
not aware of the possible hazardous effects of radiofrequency origin non-ionizing radiation
on human health. The possible hazardous effects of this type radiations depend on different
factors various such as power density, distance from source, tissue type, frequency, body reso
nance, volume and duration of exposure. Exposure to general public to low RF field from mo
bile phone and supporting their transmitters (base stations), wireless network, TV and radio
broadcasting and other communication technologies is now almost universal and continuous
[1].The radiation-emitting devices such as mobile phones together with the developing industry
and technology have become a part of human life. When the body exposed to radio waves, a
direct effect which leads to heating the body tissue since some of the energy is absorbed from
waves [28].The most of researchers were focused on possible association of mobile phone usage
and brain tumours development, since brains are mostly exposed to radiation by mobile phone.
In series of epidemiological studies by Swedish oncologists (Dr. L. Hardell group) a significant
increase of some types of brain tumours risk in long-term (10 years or more) users of mobile
and cordless phones has been detected [23, 29-35]. Yakymenko and Sidorik [23] reported that
two epidemiological studies were a significant increase of cancer incidence in people living
close to the mobile telephony base station as compared with the population from distant area
and was a significant increase in incidence of brain tumours (glioma, acoustic neuroma, meni
ngioma), parotid gland tumour, seminoma in long-term users of mobile phone, especially in
cases of ipsilateral use (case-control odds ratios from 1.3 up to 6.1). Overall these data do not
assert an increased brain tumor risk from using mobile phones. However, some uncertainties
remain with respect to heavy mobile phone use, with early life exposure, with rare histological
subtypes or with longer latencies and subsequent development of brain tumours in adulthood
[36]. The EMR absorption rate in human cells is affected by its frequency, polarization, and
power density capacities. The absorption rate-induced toxic effects are mainly based on the
absorption of radiofrequency energy by the cells. Radiofrequency has both thermal and non-
thermal effects. In the thermal mechanism, the radiofrequency of the electrical field generates
an oscillating current. An increase in the local temperature results from the rapid transfer of the
energy from this current to the molecular motion responsible for most of the heat capacity of
the electrical field [20, 27].

As seen from Table 1, the measurements were performed in kindergartens with Spectran
Aaronia HF-60105 V4 Handheld Spectrum Analyzer in the GSM 900MHz frequency; the values
of measurements made in the morning in HGA, TOA, SA and SGA kindergartens are higher
than the values of the measurements made in the afternoon.The largest electric and magnetic
field strength and equivalent plane wave power density values were obtained from measure-
ments in Siireyya Glines kindergarten both in the morning and in the afternoon. As shown in
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Table 1 and Figure 3, the smallest values of these were seen in the Binevler kindergarten in
measurements made in the morning, and in the Sirinler kindergarten in measurements made
in the afternoon.

Table 1. The measured values made between 09:00-12:00 and 13:30-17:00 hours with Spectra Aaronia
HF-60 105 V4 Portable Spectrum Analyzer in GSM 900 MHz frequency (E, mV/m; H, mA/m; S, mW/m?).

Coordinates Meastrements ICNIRP [41] IEEE/FCC[42, 43] BTK [40]
Measurements made L
2 made between The total limit
X 9] between 09:00 . .
Latitude = 13:00 and 6 minute 30 minute values of the
159 and 12:00 hours .
5 17:00 hours medium
ke
Longitude & E H S E H S E H S E H S E H S

37734189 ,N HGA 3044 |0.081 2460 2422 10064 |[1557 |41250 |111 |4500 - - 6000 |41250 | 111 | 4500

36°55'13.0" E

37°34'11.8"N o

36°5345.9" E TOA 3718 | 0099 | 3727 |5094 |0.014 |0.069

37°35'181"N

36551 42.9"E. SA 3545 | 0.009 0033 |2420 |0.006 |0.016

37°34'50.3"N

26752563 E CA 3329 0008 | 0029 |3397 |0009 |0.031

37°35'43.1"N

36°50500" E BA 1479 | 0.004 0.006 1271 |0.034 |0429

37°35'38.5" N

36°5533"F MA 1770 |0.005 0008 2030 |0.054 |1.094

37°35'20.1"N

36554 97" SAA 2481 |0.007 | 0.016 1203 [0.032 |0384

37°35'499"N
A .7 | 1474 19.1 . 1.01

369526.1" E SG 555 819.105 |380.8 010 | 385

H.G.A =Habibe Giimiiser Kindergarten; T.0.A.=Tiirkan Ozge Kindergarten; S.A.=Sirinler Kindergarten; C.A.=Cig-
dem Kindergarten; B.A.=Binevler Kindergarten; M. A.=Menekse Kindergarten S.A.A.= Senem Ayse Kindergarten
and S.G.A.=Siireyya Giines Kindergarten.

Figure 3. The comparison of the electric field strengths measured with Spectran HF 60 105 V4 portable
spectrum analyzer in GSM 900, 1800 and (UMTS) 2100 MHz frequencies [H.G.A .=Habibe Giimiiser
Kindergarten; T.O.A.=TiirkanOzge Kindergarten; $.A.=Sirinler Kindergarten; C. A.=Cigdem
Kindergarten; B.A.=Binevler Kindergarten; M. A.=Menekse Kindergarten; S.A.A.= Senem Ayse
Kindergarten; S.G.A.=Siireyya Giines Kindergarten (It was not included in the graph
since the measured values in Sureyya Giines Kindergarten (S.G.A.) are very big
according to measured values in the other kindergartens.)].
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As seen from Table 2 and Figure 4, the obtained results show that among measured values in
the morning in TOA, SA, MA and SA kindergartens are higher than the values measured in
the afternoon, while the values of the electric and magnetic field strength and power density
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measured in the afternoon in HGA, CA, BA, and SG kindergartens are higher than the values
of the measurement made in the morning. As shown in Figure 4, the smallest values of
obtained results were found in Binevler kindergarten and in Sirinler kindergarten in
measurements made in the morning, while the largest electric and magnetic field strength
and equivalent plane wave power density values were detected in Siireyya Giines
kindergarten both in the morning and in the afternoon.

Table 2. The measured values made between 09:00-12:00 and 13:30-17:00 hours with Spectra Aaronia HF-60 105
V4 Portable Spectrum Analyzer in GSM1800 MHz frequency (E, mV/m; H, mA/m; S, mW/m?).

Coordinates @ Measurements Measurements ICNIRP [41] IEEE/FCC[42,43] BTK [40]
fé made between made between The otal limit valucs
Latitude %’3 09:00 and 13:00 and 6 minute 30 minute ofthe medium
o 12:00 hours 17:00 hours
Longitude & E H S E H S E H S |E|H S E H S
37°34189" N
36°5513.0" E HGA | 5069 |0.134 | 6816 |52.04|0.138| 7.188 |58330| 157 {9000 | - | - 10000 58330 | 157 | 9000
37°34'11.8"N .
36°5345.9" E TOA | 21.61 | 0.057 | 1.240 |18.28 | 0.048 | 0.887
37°35'18.1"N
36°51'42.9"E SA 16.35 | 0.043 | 0.709 |3.020 | 0.008 | 0.024
37°34'50.3"N
36°50563" E CA | 2323 (0062 | 1433 |3820(0.101| 3872
37°35'43.1"N
3695250.0" E B.A | 1.003 |0.003 | 0.003 |70.48 [ 0.187 | 13.190
37°3538.5" N
36°5533"E MA 6.16 |0.016 | 1.006 | 4973|0013 | 0.066
37°35'20.1"N
36°54'9.7" SAA | 2205 [0.058 | 1290 |4.198|0.011 [ 0.047
37°35'499" N
36952'16.1" E SGA | 510.80 | 1.356 | 692.70 | 679.5 | 1.804 | 1225.70

H.G.A =Habibe Giimiiser Kindergarten; T.0.A.=Tiirkan Ozge Kindergarten; S.A.=Sirinler Kindergarten; C.A.=Cig-
dem Kindergarten; B.A.=Binevler Kindergarten; M. A.=Menekse Kindergarten S.A.A.= Senem Ayse Kindergarten
and S.G.A.=Siireyya Giines Kindergarten

Figure 4. The comparison of the magnetic field strengths measured with Spectran HF 60 105 V4 portable
spectrum analyzer in GSM 900, 1800 and (UMTS) 2100 MHz frequencies [H.G.A .=Habibe Giimiiser
Kindergarten; T.0.A =Tiirkan Ozge Kindergarten; $.A.=Sirinler Kindergarten; C.A =Cigdem
Kindergarten; B.A.=Binevler Kindergarten; M. A.=Menekse Kindergarten; S.A.A.= Senem Ayse
Kindergarten; S.G.A.=Siireyya Giines Kindergarten (It was not included in the graph
since the measured values in Sureyya Giines Kindergarten (5.G.A.) are very big according
to measured values in the other Kindergartens)].
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As seen from Table 3 and Figure 5, from the obtained results in kindergartens with Spectran
Aaronia HF-60105 V4 Handheld Spectrum Analyzer in the UMTS 2100 MHz frequency; the
values of the electric and magnetic field strength and power density measurements performed in
the afternoon in TOA, CA, BA, MA, and SG kindergartens are higher than in the morning, while
these values measured in the morning in HGA., S.A., and SA kindergartens are larger than
values obtained in the afternoon.

Table 3. The measured values made between 09:00-12:00 and 13:30-17:00 hours with Spectra Aaronia
HF-60 105 V4 Portable Spectrum Analyzer in UMTS 2100 MHz frequency (E, mV/m; H, mA/m; S, mW/m?).

Coordinates @0 Measurements Measurements
Latitude go mgfot())e::;e i mic;?o%e:n? " ICNIRPEI | ppgypec 23] BTK 0]
e 12:00 hours 17:00 hours
Longitude E E H S E H S E H S E H S E H S
37°34'189"N
955130 E HGA | 130.6 | 0.347 | 45290 | 32.85 | 0.087 | 2.865 | 61400 | 163 | 10000 | - - | 10000 | 61400 | 163 | 10000
37°34'11.8"N .
36°5345.9" TOA | 2214 | 0059 | 1.300 | 27.75 | 0.074 | 2.044
37°35'18.1"N
36°51'42.9" E S.A | 64.19 | 0170 | 10940 | 10.86 | 0.029 | 0313
37°34'50.3"N
36°5056.3" E CA. | 64.18 | 0.170 | 10.940 | 160.90 | 0451 | 68.670
37°35'43.1"N
36°5250.0" E B.A. | 2353 | 0.006 | 0.015 | 59.68 | 0.158 | 9.453
37°3538.5" N
36°5533"E M.A. | 0550 | 0.001 | 0.0008 | 147.5 | 0.391 | 57.730
37°35'20.1"N
36°54'9.7" SAA | 5487 | 0.145 | 7991 | 6.123 | 0.016 | 0.099
37°35'499" N
36952'16.1" B SGA | 139.3 | 0.369 | 51.470 | 2084 | 0.553 | 115222

H.G.A =Habibe Giimiiser Kindergarten; T.O.A=Tiirkan Ozge Kindergarten; S.A.=Sirinler Kindergarten; C.A.=
Cigdem Kindergarten; B.A.=Binevler Kindergarten; M. A.=Menekse Kindergarten S.A.A.= Senem Ayse Kindergar
ten an S.G.A.=Siireyya Giines Kindergarten

Figure 5. The comparison of the equivalent plane wave power densities in measured with Spectran HF 60 105
V4 portable spectrum analyzer in GSM 900, 1800 and (UMTS) 2100 MHz frequencies [H.G.A.=Habibe
Giimiiser Kindergarten;T.0.A.=Tiirkan Ozge Kindergarten; S$.A.=Sirinler Kindergarten;

C. A=Cigdem Kindergarten; B.A.=Binevler Kindergarten; M.A.=Menekse Kindergarten;

S.A.A.= Senem Ayse Kindergarten; S.G.A.=Siireyya Giines Kindergarten (It was not
included in the graph since the measured values in Sureyya Giines Kindergarten
(S5.G.A.) are very big according to measured values in the other Kindergartens.)].
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As shown in Table 3 and Figure 5, the smallest values of electric and magnetic field strength
and equivalent plane wave power density values were obtained in the morning by UMTS 2100
MHz frequency were measured at Binevler kindergarten, while the largest values were
measured in Siireyya Giines kindergarten. Within measurements taken in the afternoon; the
largest and the smallest values were measured at Sureyya Giines and Senem Ayse
kindergartens, respectively. As seen from Figures 6-8, the measurements of the electric and
the magnetic field strengths and the equivalent plane wave power densities were obtained
by Narda NBM-550 electromagnetic field meter and EF-0691 coded probe; the results of the
measurements carried out in the morning in SA, BA, MA, and SAA kindergartens are higher
than the results obtained in the afternoon in HGA., TOA, and SGA kindergartens, while the
values of the electric and magnetic field strength and the power density measurements made
in afternoon in HGA. TOA and SGA kindergartens are higher than the values of the
measurement performedin the morning in SA, BA, MA, and SAA kindergartens.

Figure 6. The comparison of the electric field strengths measured with Narda NBM-550 electromagnetic field
meter and EF-0691 coded probe [H.G.A.=Habibe Giimiiser Kindergarten; T.O.A.=Tiirkan Ozge Kindergarten;
S.A.=Sirinler Kindergarten; C. A.=Cigdem Kindergarten; B.A.=Binevler Kindergarten; M. A.=Menekse
Kindergarten; S.A.A.= Senem Ayse Kindergarten; S.G.A.=Siireyya Giines Kindergarten
(It was not included in the graph since the measured values in Cigdem Kindergarten (C.A)
are very big according to measured values in the other kindergartens)].
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Figure 7. The comparison of the magnetic field strength measured with Narda NBM-550electromagnetic field
meter and EF-0691 coded probe [H.G.A.=Habibe Giimiiser Kindergartens; T.0.A.=Tiirkan Ozge Kindergarten;
$.A=Girinler Kindergarten; C. A =Cigdem Kindergarten; B.A.=Binevler Kindergarten; M.A.=Menekse
Kindergarten; S.A.A.= Senem Ayse Kindergarten; S.G.A.=Siireyya Giines Kindergarten
(It was not included in the graph since the measured values in Cigdem Kindergarten
(C.A.) are very big according to measured values in the other Kindergartens)].
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Figure 8. The comparison of the equivalent plane wave power densities measured with Narda NBM-
550electromagnetic field meter and EF-0691 coded probe [H.G.A =Habibe Giimiiser Kindergartens; TOA=Tiirkan
Ozge Kindergarten; $.A.=Sirinler Kindergarten; C. A.=Cigdem Kindergarten; B.A.=Binevler Kindergarten;
M.A.=Menekse Kindergarten; S.A.A= Senem Ayse Kindergarten; S.G.A.=Siireyya Giines Kindergarten (It was not
included in the graph since the measured values in Cigdem Kindergarten (C.A.) are very big according to
measured values in the other Kindergartens)].
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Depending on the time of measurements, in some schools the values of the electric and mag-
netic field strength and the equivalent plane wave power densities were measured to be high,
while in other kindergarteners values obtained were low. This may be due to decrease or inc-
reasein the intensity of the use of mobile phones and similar devices in the same time interval
at which measurements were taken. In addition to this, it may also dependon the number of
base stations which are at close vicinity to kindergartens.

Table 4. The values of the electric and magnetic field strength in made EF0691 coded
probe with and Narda NBM-550 electromagnetic field meter in the kindergartens
before noon and afternoon (E, mV/m; H, mA/m; S, mW/m?).

@ Measurements made | Measurements made ICNIRP [41] IEEE/FCC [42, 43] BTK [40]
% between 09:00 between 13:00 6 minuies 30 minutes 6 minutes
%o and 12:00 hours and 17:00 hours
-E Emak | Hmak | Smak | Bmak | Hmak Sk E H S E H S E H S
HGA | 2660 | 7.1 19 6540 | 175 | 1135 | 61000 | 160 | 10000 | - - | 10000 | 61000 | 160 | 10000
TOA | 1770 | 51 8 |2500| 66 | 166
SA | 5910 | 15.6 93 2390 | 62 15.2
CA 21770 [ 582 | 1257 (2270 | 6 137
BA | 2080 | 75 115 [ 1980 | 53 104
MA | 4500 | 119 | 538 |2710 | 72 195
SAA | 5030 | 133 | 671 |[1970 | 52 103
SGA | 1540 | 41 63 3680 | 97 36

HGA =Habibe Giimiiser Kindergarten TOA=Tiirkan Ozge Kindergarten; $A=Sirinler Kindergarten; CA.=Cigdem
Kindergarten; BA=Binevler Kindergarten; MA=Menekse Kindergarten; SA.A= Senem Ayse Kindergarten; SGA=
Siireyya Giines Kindergarten.

4. Conclusion

The measurements of the non-ionizing radiation originated from the base station the electric
and magnetic field strength and equivalent plane wave power density in eight state kinder-
gartens located in Onikisubat central district of Kahramanmaras, in Turkey were done in the
GSM900, GSM1800 and UMTS 2100 MHz frequencies. Two different devices having different
characteristics were used in the measurements. One of the devices (Spectran Aaronia HF-60105
V4 Handheld Spectrum Analyser) has a frequency filtering feature and only makes measure-
ments on selected frequencies. The other device (Narda NBM-550 broadband electromagnetic
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field meter device having EF-0691 coded probe) makes measurement of the total electromag-
netic field strength in the environment. As seen from Table 1 to Table 4 and from Figure 1 to
Figure 8, all of the values obtained from measurements are smaller than the limit values deter-
mined for non-ionizing radiation defined by national and international institutions such as
BTK][40], ICNIRP[41] and IEEE/FCC [42, 43]. Although all of the values obtained from measu
rements are smaller than the limit values determined for non-ionizing radiation defined by
national and international institutions, all required measures should be taken by the authori
ties because the mentioned children are at the age of six. Since these children are more sensitive
to exposure to radiation than adults.There are reports related to this topic one study reported
that a child’s brain absorbs significantly more radiation than an adult’s brain [24]. In another
study it has been reported thatchildren’s anatomical differences may allow greater exposure
of their brain regions from cell phone RF because of differences in electrical conductivity in
their bone marrow [25]. In other words, children may be potentially more susceptible to RF
effects because of their developing nervous systems, increased levels of cell division, undeve
loped immune systems, thinner skulls, and more conductive brain tissue [26]. In addition to
these, there are several studies which interrelated in between childhood leukemia and exposure
to non-ionizing radiation in the literature [37, 38]. There is also evidence obtained as a result
of scientific research shown that the continuous exposure to extremely low frequency (ELF)
electromagnetic fields increased childhood leukemia risk [37]. For example, study conducted
on children under the age of 15, the estimated number of new leukaemia cases in 2000 was app
roximately 49 000 globally, translating into an incidence rate of about 3 cases per 100 000 [39].

Although the obtained results in this study are below the limit values, during our measurements
it was observed that people were worried about the base stations and similar constructions
emitting non-ionizing radiation. So, the public concern is related to specific topics. In general,
cell phones and base stations for mobile communication are not considered as a major risk factor to
children's health. Especially, most of the parents who live in the vicinity of base stations consi-
der this situation as dangerous for their children. Despite everything, risk managers and public
health officials should takethe necessary precautions to reduce levels of non-ionizing radiation.
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PE3IOME

Metogamu TeopeTHdecKoi koaebaTeAbHO CIIeKTPOCKOIIMI 1 KBaHTOBO XMMMI IIPOMU3BEAEHO JcCAeJOoBaHIe
MHTEHCUBHOCTel 1oaoc roraomenns VIK-crektpa MoAeKyAbl MeTa-TOAYHUTpuAa. Mojeab MOAeKyAbl cobupaiach
¢parmeHTapHEIM METOAOM 13 paHee pacCIMTAHHBIX MOAeKyA OeH30HUTpuAa U »TaHa. [loaysMrmpiaecknM MeTo-
AOM KBaHTOBOM xymun AMI yTOuHsAMCh TeOMeTpUUecK/e mapaMeTphl MecTa CIIMBKM 1 HauyaAbHble 3HAYeHUsI
DAEKTPOONTUYECKNX THapaMeTpos. OKOHJYaTeAbHBIE 3HaUYeHMs DAEKTPOOINTHYECKMX IapaMeTpOB MeTa-TOAYHUT-
praa OAydeHBI pelleHreM OOpaTHBIX DAEKTPOOITHMYecKUX 3aJad. IoaydeHbl TeopeTuyecKue 3HaUeHMs MHTEHCHB-
HocTelt oaoc noraomenusa VIK criekTpa MoAeKyasl 1 HaOOp 9AeKTPOONTHIECKUX ITapaMeTpOB, 40CTaTOYHO XO-
POIIIO OIMCHIBAIOIINII DKCITepuMeHTaAbHbIN VIK-criekTp MoaeKy sl MeTa-ToayENTpuaa. CAelaHa oApoOHast Teo-
peTndecKkast MHTepIIpeTalis MHTEHCMBHOCTeN KoAe0aTeAbHOTO CIeKTpa MOAEKYAbl MeTa-TOAYHUTPNAA IO AV-
IIOABHBIM MOMEHTaM CBs3ell M UX IIPOM3BOAHBIM I10 KoaeDaTeAbHBIM KoopauHaTtaM. IlocTpoeHa TeopeTmyeckast
KpMBasl CIIeKTPaAbHOTO pacrpeaelens Kod¢pduiyeHTa IOrA0MIeHN:, T03B0AAIONIas BU3yalbHO CPaBHUBATD Te-
OPeTUYEeCKUI ¥ BKCIIePUMEHTAAbHBIN CIIEKTPhI MOAEKYAbl MeTa-TOAYHUTpIAA.

KaroueBsblie caoBa: KoaebaTe AbHBIN CIIEKTP, TOAYHUTPUABI, MTHTEHCMBHOCTN I10A0C ITOTA0IEHNS, DAEKTPOO-
IITUYECKME ITapaMeTphl, TeOpeTnIeCKas MHTepIIpeTansl MHTEHCUBHOCTEI.

THEORETICAL STUDY OF IR-SPECTRUM OF META-TOLUNITRILE MOLECULE. II. CALCULATION
OF INTENSITIES OF ABSORPTION BANDS OF META-TOLUNITRILE MOLECULE

ABSTRACT

By methods of theoretical vibrational spectroscopy and quantum chemistry the intensities of absorption bands
of IR spectrum of the molecule of meta-tolunitrile have been investigated. The model of the molecule was collected
by a fragmentary method from the previously calculated molecules of benzonitrile and ethane. The geometrical
parameters of the cross-link and the initial values of electro-optical parameters were clarified by semiempirical
method of quantum chemistry AM1. The final values of the electro-optical parameters of meta-tolunitrile are obta
ined by solving of the inverse electro-optical tasks. The theoretical values of the intensities of absorption bands of
the IR spectrum of the molecule and a set of electrooptical parameters that well describe the experimental IR spectrum
of the meta-tolunitrile molecule were obtained. A detailed theoretical interpretation of the intensities of the vibra-
tional spectrum of the molecule of meta-tolunitrile on the dipole moments of the bonds and their derivatives over
the vibrational coordinates was made. A theoretical curve of the spectral distribution of the absorption coefficient
has been constructed, that makes it possible to visually compare the theoretical and experimental spectra of the
molecule of meta-tolunitrile.

Key words: vibrational spectra, tolunitriles, intensities of absorption bands, electrooptical parameters, theo-
retical interpretation of intensities.
META-TOLUNITRIL MOLEKULUNUN iQ-SPECTRININ NOZORi TODQIQi II. META-TOLUNITRIL
MOLEKULUNUN iQ- SPEKTRININ UDMA ZOLAGLARININ INTENSIVLIYININ HESABLANMASI
XULASO

Meta-tolunitril molekulunun IQ-spektrinin udma zolaglarmin intensivliyi nozari raqs spektroskopiyast vo
kvant-kimyast tisullari ila tadqiq olmusdur. Molekulun modeli fragmentar yol ilo avvallar hesablanmis benzonitril
va etan molekullarinin asasinda qurulmusdur. Molekullarin birlosma yerinin handaesi parametlori AM1 yarimem-
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pirik kvant-kimyasi iisulu ilo daqiglesdirilmisdir. Meta-tolunitril molekulunun udma zolaglarinin intensivliyinin
elektrooptik parametrlarinin son giymeatlari tors spektral masalalorin halli yolu ils alinmisdir. Molekulun 1Q—spek-
trinin udma zolaglarmin intensivliyinin noezeri qiymatlari ve molekulun tocriibi IQ-spektrini kifayat qoder yaxs
xarakterizo edan elektrooptik parametrlari toplusu alinmisdir. Meta-tolunitril molekulunun raqgs spektrinin inten-
sivliklorinin atrafli nazari interpretasiyasi rabitalorin dipol momentlarina va onlarin raqs koordinatlarinin téroma-
lorine gors yerina yetirilmisdir. Udma amsalinin spektral paylanmasmin nazari ayrisi qurulmusdur, bu da ki meta-
tolunitril molekulunun nazari ve tacriibi spektrlorini miiqayise etmays imkan verir.

Acar sozlar: rags spektri, tolunitrillor, udma zolaglarmin intensivlikleri, elektrooptik parametrlor, intensivlik-
lorin nazari interpretasiyast.

BBeaenne

KoaeGanms: MHOroaTOMHBIX MOAEKYA HeIlOCpeACTBEHHO ITPOSBASIOTC B MH(PaKpPacHBIX CIIeKT-
pax noraomenus. [Iporecc roraomenns IpoucxXxo4uT B pe3yabTaTe B3auMOAEIICTBIS DAeKT-
POHOB I sI4ep MOAEKyA C 9AeKTPOMarHUTHBIM II0A€M CBeTOBOV BOAHBL IIpy KoaeDanusx saep
AedopMupyeTcst 9AeKTpOHHasl 000404Ka MOAEKYAbl. XapakTep 9Tux gedpopManmii 3aBUCUT
KaK OT CTPOeHM:sI DTOI 000A0UKM, TaK 1 OT CBOMCTB caMMX KOAeOaHUIT U IPUBOAUT K M3MeHe-
HIIO 9A€KTPOHHON CTPYKTYPBI OTA@ABHBIX CBsA3el MoAeKyabl. HabaiosaeMble KoaebaTeabHbIe
CIIeKTPBl MHOTOaTOMHOI MOJeKyABl OIlpeAeAAIOTCsl He TOAbKO AMHaAMMKOI KoAeDaHMIT aTo-
MOB, CBsI3aHHOII C YaCcTOTaMI KOoAeDaHMI1, HO U C M3MeHeHMeM DAeKTPUIeCKIX CBOVICTB MO.e-
KyAbl B KoaeOanmsax. OgHUM 13 IMapaMeTpoB, TOYHO OTpaskalOIIUM OCOOEHHOCTU DAEKTPOH-
HO CTPYKTYPBI MOA€EKY4, a CA€40BaTeAbHO U CTPYKTYPBI OTA€ABHBIX CB3€il, SIBASeTCs] MHTeH
cuBHOCTD noaoc noraomenus VIK cnektpos Moaekya. VIHTeHcrBHOCTI HaOAI0 A@eMBIX TI0A0C
UMEIOT, KaK IIPaBUAO, CAOXKHYIO CTPYKTYpPYy U3-3a UX IepekpbiBaHus. O4eBuAHO, YTO MHTEH-
cuBHOCTL noaocel VIK-mioraomenus AoaxHa cogep>kaTh MHPOpMaIMIO O pacipeieleHnn
9AeKTPOHHOTO 3apsija B MOAeKyae, a TakKe O TOM, KaKIM 00pa3oM IIPOUCXOAUT Ilepepaclipe-
Ae/eHue ILA0THOCTU DAeKTPOHHOTO 3apsAa BaA€HTHOV 000A0YKHU IIpU KOAeOAHUAX MOAEKYABL.
Aas moayyenus Takoi MHGOpMaIUN 4451 OTAEABHBIX MOAEKYA CAeAyeT U3MePUTh UHTeHCUB
Hoctb VIK-110410C MoaeKya B ra3oBoii ¢pa3e, B KOTOPOI OTCYTCTBYIOT MeXMOAEKYASpHbIe B3al
MOAEVICTBUL.

NccaeaoBanms koaebaTeAbHBIX CIIEKTPOB MOAEKYA B Pa3AMYHBIX PacTBOPUTEASIX ITOKa3bIBAIOT,
4TO B Pa3HBIX pacTBOpaX YacCTOTHI OIIpeAeAeHHBIX II0A0C OUYTY He MeHSIOTCs, 3aTO MHTeHCB-
HOCTU M3MEHSIOTCS O4eHb CUABHO. DTO JOKa3blBaeT, uTo MHTeHcuBHOCTDL VIK rmoaocs! sBasercs
HaMHOTO 004ee 4yBCTBUTEeABHBIM ITapaMeTpOM HPU U3Yy4eHUN DAeKTPOHHON CTPYKTYPBl MO-
A€KyA ¥ MeXXKMOAeKYASPHBIX B3aIMOAEIICTBII, YeM KoJleDaTeAbHble 4acTOThl. YacToTa Koae-
OaHMIT OIpejeeHHO TPYIIIBI aTOMOB 1IeAMKOM OIlpejeAseTcsl CBOMICTBaMM DTOV TPYIIIIBI aTo-
MOB, a MHT@HCYBHOCTD 9THX >Ke KoAeDaHui1 OyaeT CyIecTBeHHO 3aBICeTh OT OCTaAbHOIN YacTu
Mo/eKyabl. Pacripesesenne AeKTPOHOB B CBS3sX OAMHAKOBOM AAVHbBI MOKET OBITh Pa3ANYHBIM.
CaeaoBaTeabHO, DKCIIepUMeHTaAbHbIE JaHHBIE He SIBASIIOTCS AOCTaTOYHO UyBCTBUTEABHBIMU
AASl XapaKTePUCTUKM DAEKTPOHHON CTPYKTYypPBl BaA€HTHBIX cBssell. Jas moaydenus Ooaee
II0AHON MHPOPMaIUM HEOOXOAMMO IIPOBOAUTD TeOpeTUIecKle 1CCAe0BaHIsI MHTeHCMBHOC
Tell 1oAoc roraomienus. KayecrsenHast MHTepripeTanys Kole0aTeAbHbIX CIIEKTPOB CAOXKHOM
MOA€KYAbl CTAHOBUTCSI BO3MOXKHOM TOABKO TOT4a, KOI4a pacCuMTaHbl HE TOABKO YacCTOTHI ee
KO/Ae0aHMI1, HO U MHTeHCUBHOCTM COOTBETCTBYIOIINX II0A0C IOTAOIeHNs. JAs1 MOAHOI MHTep-
npeTtanuy KoaebaTeAbHBIX CIIEKTPOB Halo 3HaTh (aKTOPHI, TA1aBHBIM 00pa3oM OIpeseasio-
IIJie MHTeHCUBHOCTU I0A0C, T.e. MMeTb MHTepIIpeTaliio MHTeHCUBHOCTeN, ITI0A00HYIO TOIA,
Kakas geaaeTcst A4 yactoT. KoanuecTtseHHOe pasjeaeHne BKAaja pa3ANdHbIX paKTOPOB B MH-
TEeHCUBHOCTb A@HHOI II0A0CHI TpeOyeT pa3BUTIS COOTBETCTBYIOIINX TEOPEeTUIeCKIX MEeTOAO0B.
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Panee HamMM C IOMOIIBIO MPOrpaMM TeOPeTHYeCcKOIo pacyeTa KoAeOaTeAbHBIX CIIEKTPOB
MHOTOaTOMHBEIX MoJeKya LEV Obli10 mposedeHO mccaeioBaHMe YacTOT UM MHTEHCUBHOCTEN
VIK-crieKTpoB MOrA0IeHnsI MOAeKyA OeH3OHUTpuAa U o-toayHuTpmuaa [1-3]. Hacrosias
paboTa 1ocBsIeHa TeOpeTUYeCcKOMy 1CCAeA0BaHNIO KoAeDaTeAbHOTO CIIeKTpa MOTAOIIeHS
APYTOJI MOAEKYABI BTOIO psija — MOAEKYAbl MeTa-TOAYHUTPUA. B mmepBoit yacTu 9TOM CTaThll
OBLAU A40A0KEHBI pe3yAbTaThl TEOPeTUIECKOrO MCCAeA0BaHMsI JaCTOTHOM 3ajadll, a B 9TOM
COOOIIeHNN MPUBOAATCA Pe3yAbTaThl MCCA€A0BaHNSA MHTEHCUBHOCTEN MOAOC IOTAOIeHIs
VIK criekTpa MOA€KyAbl MeTa-TOAYHUTPUA.

MeToabl

OcHoBHasI 11e4b B 1ccae0BaHNM nHTeHcuBHOCTY VIK-11010C cCOCTOUT B BBISICHEHUI OCOOEHHOC-
Tell ABVDKeHNs DAeKTPOHOB TP OTKAOHEHMAX TeOMeTPU MOAEKYAbl 3a cdeT KoAeDaHUil OT
pasHOBecHON KoHuryparun. OgHIUM 13 ITapaMeTpoB, TOYHO OTPa’KaIOIIMM OCOOEHHOCTHU
DAEKTPOHHON CTPYKTYpPhl MOAEKYA, a, CAeA0BaTe€AbHO, U CTPYKTYPhl OTAEABHBIX CBs3€M, SIB-
AsI€TCSl MHTEHCUBHOCTD 1oA0c noraomjeHns VIK ciekTpoB MoaeKkya. DKcIlepuMeHTaAbHbIe
4acCTOThI MICIIOAB3YIOTCs AASl BBIYNMCACHMA ITapaMeTpOB MOTEeHIMAaAbHONM DHepIrum (CIAOBBIX
IIOCTOSTHHBIX), KOTOpbIe XapaKTepU3yIOT IIPOYHOCTh XMMMIYECKON CBsA3U. VIHTeHCMBHOCT KO-
AeDaTeAbHBIX TT0A0C MOIYT OBITh BBIpa>KeHBI Yepe3 IapaMeTphl, XapaKTepu3yIoliye 3MeHe-
HIle pacIipejeAeHns 3aps40B IIpY K0AeOaHNIX MOAeKyA. DTU IapaMeTpsl UTPAIOT TaKyIo Ke
pOAab, KaK CIAOBbIE IIOCTOsIHHBIE B pacdeTe HOPMaAbHbIX KOOPAVHAT M Ha3bIBAIOTCS DAEKTPO-
ONITMYECKMMI - DTO AUMOAbHbIe MOMEHTHI OTAEABHBIX CBsI3€ 1 1X IIPOU3BOJAHBIe 10 KoAeba-
TeABHBIM KOOpAVHAaTaM. DTV BeANIMHBI AQIOT IIeHHbIe CBeAeHNs O IIPUPOAe XMMITIECKO CBA3U
B MOJ€KyJe, CTPYKTYPHBIX U3MEeHeHIIX (HallpyMep, O Pa3ANIHBIX 30Mepax), Me>XMOAeKy1-
SIPHBIX B3aMIMOACVICTBUSIX U AP.

A5 Hage>XHOI MHTepIIpeTaliy CIIeKTPOB HeOOXOAMMO UCII0Ab30BaTh TEOPUIO aOCOAIOTHBIX
MHTerpaAbHBIX MHTeHcuBHOCTel VIK-criekTpos. Takas Teopust MOXKeT OBITh IIOCTpOeHa Ha OC-
HOBaHMI TOYHOTO perneHus ypasHeHus HIpeaunrepa. OaHako M3-3a CAOXKHOCTU CTPOEHU
MHOTOQTOMHBIX MOA€KYA ¥ MaTeMaTN4eCKOV HeBO3MOXKHOCTY ITOAHOCTBIO 1 TOYHO PEIINTh
1Io400HbIe 3a4adl, TaKOM II0AX0J, 4aeT HEKOTOpOe pacxoXKJAeHle C HDKCIepUMeHTOM. XOpOIIo
3apeKoMeH0Bala ceOsl TOAYySMIIMpUIecKasl TeOpysl MHTEHCUBHOCTEl, OCHOBAaHHAsI Ha Ba/leHT-
HO-ONTUYECKON TeOpuy, KOTOpas TeCHO CBs3aHa C IIpeACTaBACHUAMY KAaCCUYeCKON TeOpUn
XMIMMIYECKOTO CTpOoeHM:. B coBpeMeHHON XuMuM B KadecTBe CTPYKTYPHBIX €AVHUIL MOAEKYA
BBIAEASIOT BaA€HTHBIE CBsI3M1 aTOMOB, IMeIOIIe ollpe/eleHHOe HallpaBaeHe. BaaeHTHO-011-
THUJYecKasl Teoplsl AaeT BO3MOKHOCTD 10 MHTEHCUBHOCTSIM KO/e0aHMIT MOAEKYABI CYAUTH O ee
BHYTPEHHEM CTPOEHIM, TaK KaK BbLIBASET 3aBMICIMOCTD OT IIapaMeTPOB OTAEAbHBIX €€ JacTell.
Jannas pabora mocssieHa pacyeTy nHteHcusHocTell VIK-ciexTpa roraomienns MoAeKkyAbl
MeTa-TOAYHUTPUA C IOMOIIBIO IIPOrpaMMBbl, CO34aHHOM Ha OCHOBE Ba/AeHTHO-OIITUYeCKOM
Teopun [4-8]. B ocHOBe BaAeHTHO-ONTNYECKON TeOPUN AXKUT IIpeAcTaBAeHNe ITIOAHOTO AM-
II0ABHOTO MOMEHTa MOAEKYABI B BIA€ BEKTOPHOJ CyMMBI AMITIOABHBIX MOMEHTOB OTA@AbHBIX
Ba/E€HTHBIX CBs3€en

ﬁzzlukék
k

rae ek - e AMHIYHBI HallpaBASIOMINIT BeKTop k-011 cBA3M; M - AUTIOABHBINT MOMEHT CBSI3M.

ou
HpOI/ISBOAHbIG AVUIIOABHOTO MOMEHTa IIO KOAeDaTeAbHOI Koop4arnHaTte [8(] XapaKTepI/ISyIOT

n3MeHeHre abCOAIOTHBIX BEAMYMH ANIIOADBHBIX MOAEKYA CBsI3en IIp1 HapyHIeHNMIX paBHOBEC-
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HO KOHCl)I/II'ypaLU/H/I MOAEKYADI. 3HaHIe CUCTEMBI DAEKTPOOIITNYIECKNX IIapaMeTPOB , a TaKKe
TeoOMeTpuUN 1 pEeIIeHIT MeXaHI4YeCKOI 3adaun, 13 KOTOpOﬂ II0Ay4alOT 9aCTOThI 1 CI)OPMI)I HOPp-
MaabHBIX KOAG6aHI/II7[, MO3BOASIOT O4HO3HAQYHO BbIYVICAUTH BEANINHY U1 HallpaBA€HNE AUITOAb-
op
oQ,
AVTb MTHTEHCUBHOCTD U ITOASPM3an IO ,ZI,EIHHOI?I ITI0A0CHI ITOI'A0IIEeHIST ([1 - ,ZI,I/IHO/H)HI)Iﬁ MOMEHT

HOTI'O MOMeHTa MOAeKyAbl II0 HOpMaAbHBIM KOAeDaTeAbHBIM KOOpAMHATaM [ ] , T.e. oIIpee
0
MOAeKyAbl, Qi -HOpMaAbHas KolebaTeAbHas KOOpAMHATa).

an
Q

CHMABHO 3aBUCETh OT POPMBI KoaeOaHMs1. JI3BeCTHO, UTO B 11€10M psije cAydaeB HaDAIOAAIOTCs

s popmyast I'pubosa aa:1 [ j BBITEKAET, YTO MHTEHCUBHOCTD I10A0C IMOTAOIIEHs A0AXKHA
0

KoaebaHmsA, popMa KOTOPBIX AOBOABHO CYIIECTBEHHO MEHseTCs, a YacToTa OCTaeTCsl ITOUTU
6e3 nsmenenuii. I1pu nsmepeHnn TOAbBKO YacTOT KoAeOaHMIiT TI0400HbIe 3MeHeHNs (POPMEL,
CBsI3aHHBIE YaCcTO C Pa3HOIO pOAa BHYTPU M MEKMOAEKYASIPHBIMU B3aIMOAEVICTBUSIMI, MOTYT
OCTaThCsl He3aMedeHHbIMI. BooOIiie MHTeHCMBHOCTh AQHHOM ITI0A0CHI ITOTAOINEHUS 3aBUCUT
OT DOAblIlIero, YeM 4YacTOThl, Ylcla MapaMeTpoB MoAeKyabl. [TIosToMy cTaHOBUTCS ITOHATHBIM,
IIoYeMy MHTeHCHBHOCTh 00./ee UyBCTBUTeAbHa K Pa3HOTO poja HapyIlleHUsM CTPOeHMs MoJe-
Ky, 4eM 4JacToTa.

HpI/I TEeOpEeETNIECKOM MCCAeA0BaHIL MHTEHCHBHOCTEN KoAe0aTeAbHBIX CIIEKTPOB MOAEKYA BO3-
HIMKaeT ABa OCHOBHBIX THUIIA 3a4a4: IIpsIMasl DACKTPOOIITNIECKaI 3adada-pacieT VIHTEHCUB-HOCTEN
110 MI3BECTHBIM 3HAYE€HVIIM BAEKTPOOIITUYECKNX IIapaMeTpPOB I o6paTHa;1 DAEKTPOOIITNIECKAA
3aga4da-orpegeaeHnre 5A€KTPOOIITNIECKUX [IapaMeTpOB Ha OCHOBaHIM AaHHBIX 00 MHTEHCUB-
HOCTSIX KO1e0aTeAbHBIX IT0AO0C.

DPPeKTUBHOCTD UCIIOAB30BaHNs BaA€HTHO-OIITIYECKOI Teopun, Kak 1 A100011 MapamMeTpudec-
KOI1, 1IeAKOM OIlpeAeAseTcsl KadecTBOM Ioa0opa aeKTpoonTudeckux napamerpos (DOII).
B xauecTse 11Cx04HOTO IPUOAVIKEHMsI AAs1 PellleHnsl TaKMX 3aJad OepyTcs IapaMeTphl, 3Hade-
HI1SI KOTOPBIX II€PEeHeCEeHbI U3 POACTBEHHBIX MOAEKYA, COAeP KallliIX aHAAOTMYHbIE aTOMHBIE
IPYHIMPOBKU AM0O0 3HaYeHUs DAeKTPOOITUYECKIIX ITapaMeTpOB, HallAeHHbIe C IIOMOIIILIO KBaH-
TOBO-XMMMYECKIX pacyeToB.

Brruncaenns 1o sTon InporpaMme 3aBepHIarOTCiI ITOCTPOEHMEM TEOPEeTMIeCKIMX MK-CHGKTPOB
nccaeayeMbIX MOAEKYA, YTO ITO3BOASIET HEIMOCPEACTBEHHO BII3yaAbHO CpaBHIMBATbh T€OpPETIIEC-
KN IIOAY4Y€HHBIE CIIEKTPDI C DKCIIEPUMEHTAAbHBIMI.

PesyabTaThl 1 mX O0CyKAeHUe

ITocae pereHns 4aCTOTHOM 3adaul, pe3yAbTaThl KOTOPOIO COOOIEHB! B IIpeAbIAYIIell cTaTbhe,
HaMI1 Obla IIpoBeAeH pacdeT nMHTeHcuBHOCTel V1K moaoc moraomenns 4451 MOAEKyAbl MeTa-
Toaynutpuaa. Ha puc. 1 nmpeacrasaena pacyerHast MOAeAb MOAEKYAbl ME€Ta-TOAYHUTPUA C
yKazaHMeM HyMepaluy aToMOB U AAVH CBs3J1, a B Tabauile 1-cucreMa KoaebGaTeAbHBIX KOOP-
AVIHAT MOAEKYABL.

Vurencusnocts noaoc noraomenns VIK-crnekTpoB MOA€KyA BBIMMCASIETCS Ha OCHOBE IOAY-
SMIIMPUYECKON TEOPUM U TIOSTOMY AASl PEIeHIs PIMOI AeKTPOOITIYECKON 3a4a4y HeoO-
XOAMMO 3HaHUe HAeKTPOONTUYECKNX ITapaMeTPOB MOAEKYAbI-AUIIOABHBIX MOMEHTOB CBSI3€ii
U X IIPOM3BOAHBIX 110 KOAeDaTeAbHBIM KOOpAMHAaTaM. /45 HaXOXKAeHNsl HauyaAbHOTO ITpu0-
AVDKEHUs 9AeKTPOONTUYECKNX MapaMeTPOB A4 MOAEKYAbl MEeTa-TOAYHUTPUA MBI pelaau
KBaHTOBO-XMMMYECKYIO 3a4a4dy IOAySMImMpudecknum metogom AMI. Pesyabprarsl 5TOro pac-
yeTa npuseeHsl B Tabaunax 2 u 3. IloaydenHrle HauaabHbIe 3HAYEHUS DAEKTPOOIITUYECKIX
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IIapaMeTpOB BEIOpaHBI B KauecTBe MICXOAHBIX AQHHBIX AAs1 PeIleHIs] IIPAMOI DAeKTPOOITIIec-
KOI1 38424V MOA€KYAbl MeTa-TOAYHUTPpHUA. VI3 pelreHns mpsMoii 91eKTPOOIITUYECKON 3a4aun
MBI TIOAYYNAV TeOpeTHIecKye 3HaueHIs] MHTeHCUBHOCTE I1040C IOrAOIIeHIs], KOTOphle CpaB-
HIBAAVCh C VHTETPaAbHBIMIU MHTEHCUBHOCTSAMIY, BBIUVMICAEHHBIMU U3 HKCIIePUMEHTAaAbHOTO
CIIeKTpa MOAEKYABl MeTa-TOAYHUTPUA. DKcrepuMeHTaabHbIN VIK-criekTp MOAeKyAabl MeTa-
TOAYHUTpPHUA B3AT HaMU 13 aTaaca Caaraepa [9].

Puc. 1. Moae/u) MOAEKYAbl META-TOAYHUTPNIA C YKa3aHVeM HyMepaunm AAVH CBsI3eu

Ta6111/1ua 1. Cucrema koaebaTeAbHBIX KoopanHaTt MOA€EKYAbl META-TOAYHUTPUA

No | Koopa. | Ne | Koopa. | Ne | Koopa,. No | Koopga. No | Koopa.

1 | GC 12 | CeHi2 23 | CCCo 34 | CsCaCsH1oCsHio | 45 | CoHus

2 | CCs 13 | CeCiCz | 24 | CoCsCa 35 | CaCsCeH11CsHir | 46 | CoHis

3 | GCa 14 | GCCs | 25 | CsCsHio 36 | C1iC2CsHi2CeHiz2 | 47 | CoHie

4 | CiGCs 15 | CCsCs | 26 | Hi1oCaCs 37 | CeCiC2CiCaCs 48 | CsCoHis
5 | GCs 16 | GCuCs | 27 | CaCsHu 38 | C1C2CsCaCsCa 49 | CGCoHis
6 | CCa 17 | CaCsCs | 28 | HuGsCe 39 | CCsCaCsCaCs 50 | CsCoHis
7 | CGCr 18 | GsCeC1 | 29 | CsCsHiz 40 | CCaCsCeCsCa 51 | HisCoHie
8 | CHs 19 | CeCiC7 | 30 | H12CeCx 41 | CaCsCeC5CoCr 52 | H14CoHas
9 | GCo 20 | CGCiCe | 31 | CeCi1CaCrCiCr | 42 | CsCeCiCeCiCa 53 | H1aCoHis
10 | CsHio 21 | CiCHs | 32 | CsC2CiHsC2Hs | 43 | C/Nis
11 | GsHu 22 | HsC2Cs | 33 | CaCsCaCoCsCo | 44 | CiCrNis

1+12 n 45+47 —koopAuHaThl U3MeHeHMs AAuH cBsaseit; 13+30 u 48+53 —BaaeHTHBIX yraos; 31+36
—TUIIa BBIXOAA CBA3M U3 MAOCKOCTY; 37+42-TuIla M3MEHeHMs ABYTPaHHBIX yTaoB; 43+44 —
M3Me-HeHNs AAVHBI CBA3M M BaA€HTHOTO yI/la Ha AVTHEJIHOM y4JacTKe

Ha ocHoBaHumn TeopeTmieCKN II0AYIE€HHBIX 3HAYEHMIT YaCTOT U MHTEHCUBHOCTEN OblA I1OCT-
poen TeOpeTI/I‘IeCKI/Iﬁ MK-CHGKTP 1 IIpomn3BeaeHo HEeIIoCpeACTBEHHO BI3yaAabHOE CpaBHEHIIE
TEOPETNIECKOTIO 1 DKCIIEPVIMEHTAABHOTO CIIEKTPOB ME€TA-TOAYHUTPIMAAQ. B pe3yabTarte ObLA0
YCTaHOBAEHO, 9TO IIOAY4Y€HHbIE TEOPETNICCKIE 3HAYICHIII VMHTEHCUBHOCTEN I10A0C Imoraoiie-
HIST AAS1 MOAEKYAbl MeTa-TOAYHUTPNA 3HAYMUTEAbHO OTAMIAIOTCA OT DKCIIEPVMMEHTAABHBIX
3Ha4YeHU I MHTeHCUBHOCTEN COOTBETCTBYIOINMX ITOA0C.

YTouHeHne DAEKTPOOIITUYECKIUX ITapaMeTPOB A1 MOAEKYAbl ME€Ta-TOAYHUTPMA ITPOBOAMIAOCH
IIyTeM peIeHN: I o6paTme HAEKTpOOIITNYIECKNX 3adad. B kauectBe OIIOPHBIX AAQHHBIX IIPpM
pemennn O6paTHOI7I BAGKTpOOHTI/I‘IeCKOIZ 3ada4m VICIIOAB3YIOTCS 3HAYEHVLI abCOAIOTHBIX MH-
TerpaabHbIX MHTEHCUBHOCTEN, BhIUMCAEHHBIX U3 DKCIIepUMEHTaAbHOIO MK CIIEKTPa MOAEKYAbI
MeTa-TOAYHUTPUA.

/451 IOCTaHOBKM OOpaTHO HA€KTPOONTIYECKO 3a4auyl HeOOXOAMMO BRIOpaTh BapblpyeMble
napameTpsl. C DTO 11eAbI0 IIPOBOAMACS aHaANU3 3aBUCMMOCTY MHTEHCUBHOCTEI! I1010C I10r10-
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IIeHNs OT DAeKTPOONTUYECKX ITapaMeTpOB, Ha OCHOBaHMUM KOTOPOTO OblA oIlpejeleH BLIOOp
IIapaMeTpOB A4s pellleHns oOpaTHOM »aeKTpoornTudeckon 3agauu (OD3) MeTa-TOAYHUTPU-
aa. Ilocae pemenns OC3 BbrIOMpaancy napaMeTpsl 445 cAeayloniero srama pemenus OD3 ¢
LIeAbIO AAABHENIIEer0 YTOUHEeHNs 9AeKTPOOIITMYECKIIX ITapaMeTpoB. Tak MBI ITOCTyIIaeM 40 Tex
II0p, ITOKa He HaXOAUM DAeKTPOOIITUYeCKe ITapaMeTphl, KOTOpble CYiTaeM BIIOAHE COOTBETC
TBYIOIIMMI ONMCAaHUIO DKCIIePUMEHTaAbHOTO CIIeKTpa MOAeKYAbl MeTa-ToAyHUTpual. OKoH-
JaTeAbHble 3HaYeHMs DAeKTPOOIITUYECKMX [apaMeTPOB MOAEKYAbl MeTa-TOAYHUTPIA, IOAY-
YeHHbIe HaMI B pe3yAbTaTe PelleHs] OOpaTHBIX AeKTPOOIITUYECKIX 3a4a4, TaKKe IIpuBese-
HBI B Tabauax 2 un 3.

Ta61mua 2. ,ZI,I/IHOAI)HI)IG MOMEHTHI CBsI3el MOAEKYAblI MeTa-TOAYHUTPIA

Wi W1=p2=3 | 4 =[5 -6 u7 U8 =410 =Ju11 =412 o H13 14 =15 =16
Hau. 0.428 -0.428 | -1.092 0.736 | 0.657 | -0.234 0.463
Komn. 0.212 -0.212 | 0.037 0.701 | 1.112 | -1.502 0.397

Ta6111/1ua 3. HpOI/ISBOAHLIe AUTTIOABHBIX MOMEHTOB CBsI3en MOAEKYAbI
MeTa-TOAYHUTPUA 11O ee KoaeDaTeAbHBIM KoopganHaTtam

Ou | O | Omy | Oy | Op | O | Ouy | O | O | U | O
oq j 6q1 aq, oa, oq, g, oq, 00, aqs o, G

Hau. | 0.464 | 0.151 | 0.041 | -1.751 | -0.245 | -0.282 | 0.066 | 1.251 | -0.167 | 0.586
Komn. 0.121 | -0.124 | -0.059 | -1.246 | -0.380 | -0.079 | -0.006 | 0.594 | 0.014 | 0.497
O | Oy | O | OHy | QM | OMs | Qs | Ou | Oy | Omy | Oy
o 00 s e g W Mes 005 Ol 00 s

Haw. | 0119 | -1.521 | -0.450 | -0.259 | 0.750 | 0.595 | 0.192 | 0.039 | -0.862 | 0.024
Kon. | -0.193 | -1.965 | -0.604 | -0.375 | 0.646 | 0.460 | 0.143 | 0.154 | 0.140 | 0.268
O | O | OMy | Oy | Opg | Oty | Opy | Ot | Oy | O | Oy

6qj 0Ol Olys 6q19 6q19 00y, anl 00y, 0y, 00 00y,

Hau. | -0.683 | -1.194 | 0.017 | -0.020 | -0.379 | -0.361 | 0.086 | 0.002 | -0.017 | -0.025
Kon. | -1.043 | -0.456 | -0.127 | -0.069 | -0.435 | -0.255 | -0.007 | 0.203 | 0.022 | 0.164
O Ot Oty Oftas Oty Othas Oy Otus
aiqj WZG Olyg W‘m 00 sy 05y s
Hau. | -0.021 | -0.301 | 0.245 | 0.303 | 0.238 | -0.219 | -0.222
Kon. | 0.166 | -0.238 | 0.032 | 0.199 | -0.041 | -0.106 | -0.111

CpaBHeHMe HadaAbHBIX 3HaYeHNII DAeKTPOOHTUYECKNX IlapaMeTpPoOB, IIOAYYEeHHBIX U3 KBaH-
TOBOXMMMYECKUX PacdeToB C VX KOHEUHBIMU 3Ha4eHUAMHU (TaldAa. 2 u 3), IOAYIeHHBIMU pe-
mennamMy OC3, 11oKasbIBaeT, YTO BTU HapaMeTphl CIUABHO M3MeHnANCh. OnpeJeaeHHas 4acTh
IIPOU3BOAHBIX AUITOABHBIX MOMEHTOB 10 KoAeOaTeAbHbIM KOOpAMHATaM OTANYAeTCsl OT VMCXOA-
HBIX (KBAHTOBO-XMMMYECKNX) HEe TOABKO 3HAYEHUSIMY, HO ¥ 3HaKaM M

00, 00, 00, 0Gy 00y, Ol OCy 00y 0Gy, 00 0Gs

Cpeau AUIIOABHBIX MOMEHTOB 3HaK MEHSeTCsl TOALKO A4s noaspHoit cesasu Ci-Cr. AunoapHble
MomeHTHI cszert C-H Moaekyabl MeTa-ToAyHUTpIAa IO CPaBHEHMIO C HadyaAbHBIMM 3HaYeHIs-
M1, ITOAy49eHHBIMI KBAHTOBOXMMIYECKIM MeTogoM AMI1, MensioTcs: HesHaunTeabHO. Hauaan-
HEbIe 11 KOHeYHBbIe 3Ha4eHIs AUIIOABHBIX MOMEHTOB CBs3ell ORH30AbHOIO KOABIIa, a TaKXKe CBsI-
seit C1-C7; C3-Co m C=Ni3s crapHO oTamyarorcs (Tabaniia 2). AHaAU3UPYsI TTOAydYeHHbIe AaHHbIe
BUAMM, 9TO DAEKTPOOIITHYECKNe TIapaMeTphl, BEIMMCAEHHBIE C IIOMOIIIBIO IOAYDMIIMPUIeCcKO-
ro KBAaHTOBO-XMMMYECKOTO MeToJa pacdeta AMI1 445 MOAeKyABl MeTa-TOAYHUTpIAA HEYAOB-
AETBOPUTEABHO OIMCBHIBAIOT DKCIIEPUMEHTAABHBIN CIeKTp. DTO CBUAETeAbCTBYeT O HeaoCTa-
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TOYHOM TOYHOCTM MeTOAa IPU pacyeTe DAeKTPOOITHYECKMX IapaMeTpOB MOAEKYA TaKOro
ropsigka. OTOT He40CTaTOK IoAysMIIMpuyeckoro Meroga AMI1 He orpaHmymBaeT BO3MOXKHOC-
T €r0 NPMMEeHEeHNs], TaK KaK C [IOMOIIBIO pacyeTOB KBaHTOBO-XVIMIYECKMI MeTOAaMI MOKHO
yBeAN4YMBaTh YMCAO OIlpeAeAseMbIX DAeKTPOONTHIecKuX IapaMeTpoB. C Apyroil CTOpOHBI,
AUTIO/AbHBIE MOMEHTHI ITOAsIpHbIX cBsaselt Tunta CH onpeaeaennsie mytem perennst OC3 aoc-
TaTOYHO OAM3KM K 3HaYeHUAM AUIIOABHBIX MOMEHTOB, OIlpejeAeHHbIX MeTogoM AMI, uyro
CBIAETEABCTBYET O TOM, 4TO C IIOMOIIBIO HTOTO ITOAYSMIIMPUYECKOIO MeToAa pacdeTa AUIIOAb-
Hble MOMeHTHI cBsaselt C-H onpeaeasioTcs 40CTaTOYHO TOYHO.

IToayuennsle B pesyabTare pelieHus oOpaTHOM CIIeKTpaAbHOM 3aja4ull AUIIOAbBHBIE MOMEHTBI
cBsa3u C=N n nexkoapnesbx C-C ceasent C1-C7 n C3-C9 xopo1o coraacyrorcs ¢ AuTepaTypHbl-
MU JaHHBIMI.

C ncrioap3oBaHneM noAay4eHHbIX 11ocae pemteHnsa OC3 OKOHYaTeAbHBIX 3HAYEHUI DAEKTPO-
ONTUYEeCKMX IapaMeTpoB Obla noctpoeH Teopetydeckuii VIK criekrp. Ha puc.2 aas cpaBHenms
IIPUBEAEHBI DKCIIePUMEeHTaAbHbIN 1 TeopeTydeckuit VIK criekTpbl MOA€KyAbl MeTa-TOAYHNUT-
puaa. VI3 cpaBHeHIsI ®TUX CIIEKTPOB BUAHO, YTO HECMOTpPsI He He3HaulTeAbHble pa3Andms
DKCHEePYMEeHTaAbHbIN ¥ TEOPEeTUYECKUII CIIEKTPhI MOAEeKyAbl MeTa-TOAYHUTPUAA B OCHOBHOM
XOPOIIIO COrAacyloTcs. Xopolllee COoriacue TeOpeTUYeCcKOro ¥ DKCIIePUMEHTAaAbHOIO CIIeKTPOB
CBIAETeABCTBYeT O TOM, YTO HaOOp DAEKTPOONTUYECKUX ITapaMeTPOB A4 MOAEKyAbl MeTa-
TOAYHUTpPILAA OIIpeJeAeH A0CTaTOYHO TOYHO. TakuM oOpa3oM, HaMu OIlpeAeAeHbl AUIIOAbHbIe
MOMEHTBI IOASIPHBIX CBsI3€l, a TakKe IIPOMU3BOAHBIE AUITOABHBIX MOMEHTOB CBsI3ell 110 KOAe-
DaTeAbHBIM KOOPAMHATaM A4 MOAEKYAbl MeTa-TOAYHUTPHUAA.

B Ta6/u/n_1e 4 IIpMBEAEHDBI PE3YAbTAaTbl HALIETO pacdeTa-SKCIIEPMIMEHTAAbHbIE U TEOPETITIECKIIE
3Ha4Ye€HN: 1 3Ha9€HISI 9aCTOT HOPMaAbHBIX KO/e0aHUIT U MHTEHCUBHOCTEN [10A0C ITIOTAO0IIEeHM T
MOAEKYAbI ME€TA-TOAYHUTPIUA U ITIapaMeTPbl OT KOTOPBIX 3aBUCIT 3HAYECHISI VIHTE€HCUBHOCTEN
COOTBETCTBYIOIIINX ITOAO0C.

Ta6111/1ua 4, BKCHepI/IMeHTaALHLIe 1 TeopeTmyeckyie 4acToTol I MTHTEHCMBHOCTI
I10A0C ITOTAOIIIEeHM A MK-CHEKTpa MOA€EKYAbl ME€TA-TOAYHUTPNA

VBKCTI. VTEOP. IEKCH. ITEOP. BKAaA H H BKAaA aﬂl /aq J gTHeceHI/Ie

X y X y ﬂl/aqj
-0.052 | 0.173 w

340 | 349 | 15 |1.82| O |[-0.149 w3 0.320 | -0.220 Oty / O0y0
0 -0.118 L4, L5, 146

Oty /0,

0 -0.133 alul/aqﬂ

144,15, L6 0 0.138 aul/aq

0133 0 L L2, 3 0 0.171 5 5 22

438 | 439 | 52 413 0105 0.050 | pspuo,pr,pi2 | 0.174 | 0.052 £,/ O3

0oss | O 0.174 | -0.052 dpt, /80y,

0218 0 ou, /0

0179 | 0.056 v

0179 | 0 Opts /Ol

Oty / O0y

0.087 | -0.133 2#1/ gq“

o | ooso | HeHoRRE 0122 | 0152 a'“l/ aqzz

0050 | 0o6g | MR | 009 | 0095 425 [

516 | 509 | 08 | 106 | " | osp | ek | 0170 | 0190 Oty /O 4

' 0.164 | -0.120 14,/ 80,

-0.164 | 0.120 B4/

-0.160 | 0.151 21

8#9/ oq, 5
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0078 | 0.155
0 | 0134
0078 | 0.083 Oty /Oy Oty /OOy,
0082 0 Opt, /Oy Oty /OOy Oty /0T,
gg;z 8 ay43/8q7 5/,18/5(]14 8/48/8q21
0134 | 0 :‘Aii s | o Oty /005 Opty /Oy,
702 | 710 | 09 |0.07 0.233 -0884 g | 0075 | 0 o4,/ 60,
: 0 | 0067 Ott; /00,5
0 -0.066 Oty [ O
0 | -0.065
0063| 0
0063 | 0
d14, /80, O14,/q
20107 | -0521 #a/ 5 21/ agtl/ *
0063 | 0278 #a/ M
0053 | -0.178 Oty [ 905
o | 0085 | 0375 O,/ 9q,
0077 | FHORVRE Y 6956 1 0,166 o, /80
032001 jaa | MK | 5103 | 0058 e
894 | 898 | 1.8 |345| 0.123 L4, 1015, 16 6/,18/ oq,
0110 | 0058 0209 0
- 20.136 0 Otty /00,5
0347 | -0.059 Otts /OOy,
0191 | -0.058 Oty [ Oz
0347 | 0.059
o o
0244 | 0073 a#s// a?;l
Fho 27
0658 | 0.714
20670 | -0.702
0254 | -0.285 aﬂ45/an19 a/u45/8q48 8/,145/8(]52
0552 | 0.606 g ps,we | 0.266 | 0.274 Oflys/O0sy Oty /00, Oy /00,
1000|1002 | 1.0 [1.71]| 0 |-0.137
s o pur 2 | 0.088 | 0.265 ory, /90,
0233 0 o4, /s
0228 0
0215| 0
0102 | -0.444 Oty /OChs
0213 | -0.064 Opts | OChs
0213 | 0.064 Oty [ O
0.210 0 ot /095,
| o5,
1042 | 1034 | 1.7 |3.67 ) '0 '0'190 oLt /60,
0.164 | -0.154 Oty / O
0 | 0155 Oty / 0045
-0.14 0 a/vﬁo/GQN
81?81 -0'336 5;17 / 6q1
aﬂg/acbz alul/aqzl
0.103 | 0.657 | pspuopuspn | 1186 | -0.192 Ot/ 0G0
0.181 | 0198 | puspusue | 0.853 | -0.157 Ot/ O,
1090 | 1081 | 33 [250 |-0130 | © W | 0.058 | -0.757 O,/ 00y,
0126 | 0 waps,pe | -0.101 | -0.541 Oty /O
04 .
0483 | 0.093 s, /50
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1.063 | -0.154 Ottyo/ O,
1134|1129 | 09 019|020 O |Miaii | O | 0481 Ot /A0
T %7 0124 [ 0108 | FHEME | 0339 | 0102 oL, /6q,,
0322 | 0304 Oty /00,
0894 | 0131 | pspuo e | 020 | 1672 Ot/ Ao
1164|1170 | 05 | 186 | 0119 | 0 1 0138 | 0819 o4 /O,
. B . H14,H15, ]J.lé -0098 -0.852 aM / aqzz
0.806 | 0241 Bue. /50,
0240 | 0 | gy | 0771|0068 Ottio/ Oy
. 0 2 | ) P P
1234 (1224 1.0 [010| 0 | 0086 | pusows 8'205’62 881;16 a/‘l/ aqﬁw
0 [-0.084 | puspus,pue '0 0'227 A ; (S P3
- Oty Oy
a,Ulo/ ad,,
om0 | 0372 Okt /Xl
o ' alLll/ [o/e P9
0202 | -0.183 A
oy | 001 | 0190 a%? anl
4
0177 | -0.126 e 0184 | 0.095 £4g /Oy
1280 1285 | 13 [025| ("0 i | oo | oo, opr O
0163 | -0.170 Optye /O,
0150 | 0.142
%) 15,
0134 | -0.148 4o [ D0z,
0.139 | 0.144 6/”45/6(:]49
a,U45/ aQ48
1535 | -0.086 Ou, /00,
-0. X o 15,
1312|1313 | 12 |331] O |0668 | pspopunpue | 0994 ) 0 44/ 00,5,
0.373 | -0.212 | pus4pis, e 0 0.918 6/”10/6(:]27
0542 | -0.088 B4, /O
1292 | -1.219 Brte /O
1292 | 1219
%) O
0755 | 0.925 4o/ O¥s,
1048 | 1129 | pupsme | 0.825 | -0.852 Oftss/ O0s;
1376 | 1377 | 2.3 | 3.14 | -0.076 | 0.335 | pspuo,pu,piz2 | 0.837 | 0.171 Oty /O,
wlo | e,
e e 15, 15,
0467 | -0368 Ha5/ 01
0 -0.428 Ot /Oy, Optys/O0,g Ot/ 00,
0.889 | 0482 Ottas/ Oz
: ' Ouz, /O
0.865 | -0.822 44,/ O30
0545 | -0.807 Optys/ 00,
-0.543 | 0463 Oty /09,
0644 | 0086 | pusgusus | 020 | 0120 Oty [ Oz
0323 | 0316 0.151 | 0424 Oty /00,
1424 | 1452 | 15 (314 | "5 HSHIOHILIEZ 1 415 | 0,184 o145
' HURAS 1 0123 | -0.401 44/ O
0325 | -0.400 Ottg [ Oy
-0.107 | -0.368 Ott0/ 00y,
02| o Otty /05 Oty /O,
N ' YN
0344 | -0.324 o / O
aﬂg/ aqSl
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0919 | -1.165
1062 | 1.030 a/445/8(-152 6/,{45/8(]51
%311135 gggg HISHISHIE 0 297 | 0.204 Oty /sy Oy /00y,
1450 | 1452 | 45 (352 | 00| HSHOHIVHEZ | 537 1 0,195 Ottys /0y,
' HAHHE ) 0443 | 0278 o145/ 00,
0215 | -0437
Ot /O
0299 | 0413 #as/ O%s
-0.400 | -2.621
0.976 | -0.502 w 0163 | 1503 Opty/ Oz Oty [ OV,
1476 (1477 | 72 [912| 0 | -0.149 | pspuopmpe | 0237 | 1.503 oy /80,
L1211 0142 a/LL_LO/aq27 Oy /6QZ1
-0.641 | -0.192
0981 | -0.195
-8%912 8 HILHE S 0'%68 g;ié Ot /00, Oy /00y,
: L 15,116 -0.
1584 11584 | 501300\ 567 | 0336 | pspuounpue | 0160 | 0437 Ottio/ 27 Oty XVlzo Oty /Oy
0413 0 Oty / 00y,
-0.408 | -0.122
0409 | 0.950 Ot /0030 Oy /00y,
o171 | o1ss | " | 0598 | o178 Ottr) O
-0. . L, L2, 13 . . o o
160011602 | 38 |\ 315 193 | wapsps | 0562 | -0.530 45/ Oz,
0 | 0062 | pspwsws | 0417 | -0.180 Oty /OO
-0.305 | 0.104 Otty /000
0141 | -0471
0387 | 0116 Or4 /00,
2224 | 2224 | 11.0 | 8.85 0.387 | 0.116 Oftys/O0ys Oty /6Q,5 Oe, /00,
0272 | -0.081 Ott4/ G,
0272 | -0.081
-0.852 | 0.804
2852 | 2857 | 3.0 [3.36|-0.053 | O wsps s | ol oo Oftys /00,6 Otlss/Olys
-0.838 | -0.888 Oftys /Oyus
2916 {2916 | 48 |2.00 [-0057 | 0.061 | mispuspus | oo | Bpte /O
N o o
3062 | 3056 013 | -0.056 | -0.062 | PeHere | 0246 | -0.064 #4/ G
0 | 0142 B4 /00,
I, pi2, 13 -1.245 | 0.292
3062 | 3060 645] 0052 | 0 os0s | o156 Oty /O Oty /O
N 15} o
s062 13062 | 2 1000 2355 | -0553 44 /00
0319 | -1.360 Otts /00
1462 | 0.345 Oy /60g
3062 | 3070 597 o199 | oom D14, /50,
0.114 W 0402 | -0.122
o o o o
371 | 366 | 14 1443 0271 s | 0402 | 0120 #a3/ Oaa Otz | Oas
- ort, /0q
i | a6 | 54 | ae1 0373 | pspopz | 0117 | 0 7/ 0044
0.118 | mspspe |-0117| 0 Ottaz/ s
0.182 | 4 s, pie 0.086
-0.160 W 0.287 | 0.086 o1 /0
1y /Oq
570 | 561 | 0.5 |0.30 0.151 | ps o | 0.287 7/ Oas
0.115 s a/U43/aQ44
0.104 o
-0.604 | s o, L, p2 0.062 5 /8
-0. . X q
683 | 635 |14.0 | 8.40 0.181 L1, L2, 3 0.207 | 0.602 20 a4
0.181 | papspe | 0207 Ottsz/ OVas
-0.145 W
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1o} o
775 | 777 | 200 | 204 1651 | pspuopune | O11 | 0602 447/ OVas
0.111 0 a/U43/aQ44
o o
g4 | 888 | 27 |28 | Moz 0.495 | pspuo, put, pz 0.065 £las/O0g
-0.065 Oftys /6Q49
- o o
o15 | 923 | 20 lo1a| Tioy | 0105 | mispspue | 0052 | -0112 £las/O0g
0.083 | pspuo,put,pi2 | 0.052 | 0.112 Oftys /O,
Oy, /0q
984 | 976 | 0.6 |0.05 | TToz | -0.101 | puspus,puis 0.117 45/ g
-0.117 Oftys/ Olag
1118 Otys [ OUug
1065|1062 | 0.5 |0.17 | Tloz | -0.900 | puspus, e -0.503 Oty / 005,
0.503 Ofts5/ 00,
1.835
E o o o o
1450 [ 1448 | 45 | 152 | oz |-0.815 | puspus s 1.835 Has/ sz Oftas/ e
0.548 Otys /a9 Otlys/ O g
-0.548
o o
2916 | 2915 | 4.08 | 221 | Tloz | 2083 | Wi pe 1221 Has/ OVas
-0.059 o -1.221 Oftys/ 00,6

AA}I YCTaHOBAEHV ITPUPOADbL MHTEHCUBHOCTEN I10A0C MK-CHGKTpa IIOrA0IMEeHMs MOAEKY bl
MeTa-TOAYHUTpPNUAA HaMIU IIPpOBEeA€H aHaAN3 3aBUCIMOCTV MMHTEHCMBHOCTI Ka>K,ZI,OI7[ I1010ChI
IIOTAOLIEHNSI MOAEKYAblI META-TOAYHUTPIIAA OT DAE€KTPOOIITNIECKIX IIapaMeTPOB (Ta6/l.4).

Hamn Op140 BBISIBA€HO, YTO B BBICOKOYACTOTHOM 004acT! CIIeKTpa MHTeHCUBHOCTD I11010C I10T-
aotenns 2916 n 2857 cm! sapucut ot AnnoabHeix MomenTos C-H csasert CHs rpynmer u mpo
U3BOAHBIX OT AUIIOABHOTO MOMEHTa 9TON CBA3M MO KOoAeOaTeAbHBIM KOOpAMHAaTaM CaMoOl
sron cBsasu u coceguet CH cpasu rpynmer CHs. VIHTeHcuBHOCTD moA0ch! 2915 cM™! 3aBucut
erfe oT aunoapHoro momeHTta Co-CHs. B BricokOuacTOTHOI 064acTy crieKTpa HabAI0AQIOTCs
eme noaocel noraomenns 3056 n 3060, 3062 1 3070 cm™!, MHTEHCHMBHOCTI KOTOPBIX OIIpeAea-

SIIOTCSI ITIPOM3BOAHBIMU AUTIOABHBIX MOMEHTOB % 178 % - 910 CC n CH cBs131, CBsI3aHHBIE
d0s 00

¢ OeH30ABHBIM KOABIIOM II0 KoaeOaTeabHON KoopauHate »Toit CH cBsasu. VHTeHCHMBHOCTI

noaoc 3056 u 3060 cm! 3aBucaT OT AnmoasHBIX MOMeHTOB CC cBs13elt KOAbIla, a MHTeHCUBHOC-

1 rtoaoc 3070 1 3062 cm™! He 3aBUCST HU OT KaKUX AMIIOABHBIX MOMEHTOB.

B BBICOKOUACTOTHOI 00AAaCTU MHTEHCUBHOCTD IIOAOCHI OrAoIeHms 2224 cm! He 3aBUCUT OT
AVUTIOABHBIX MOMEHTOB ITOASPHBIX CBsI3€li, a OIIpejeAsieTCs] IPOU3BOAHBIMIY AUIIOABHBIX MO-
menToB cBaseit C1-C7, C=N u C1-C2 o xoaebaTteabHBIM KOOpAMHATaM CTPYKTYPHOTO DAeMeH-
Tta C-C=N. DTO NUMEHHO TOT cay4dail KoaeDaHMs KeCTKOM CBsA3M, OKPY>KeHHOI CAa0BIMU I10
YIIPYTOCTU CBSI3sMMU, KOTJa BO3HMKaeT KoAeDaHe, XapaKTepUCTIYHOe 110 YacToTe, HO He Xapak-
TepuctuaHoe 110 ¢popme. VIHTepripeTalys 3aBYCUMOCTY MHTEHCUBHOCTY DTOM IIOAOCHL IIOT-
AOIIEHNs TI0 pe3yAbTaTaM HalllerO pacyeTa ITOKa3blBaeT, YTO MHTEeHCUMBHOCTb HTOM I10A0CHI
MeHsIeTCs He IIOTOMY, YTO MeHsAeTCsl XapaKTep paclipeleeHns DAeKTPOHHON IIAOTHOCTU Ha
CN cBsI31, a IOTOMY, YTO MEHseTCs pacipejeleHle 51eKTPOHHOIO o04aKa Ha IIpuaesKalent
CC cBA3M 1, KaK cAe4cTBre, COOTBETCTBYIOIINX DAeKTpoonTudecknx rnapamerpos. Cpasp CC
IIPUHUMaeT 3HauuTeAbHOe yJacTue B 9ToM Koaebanun. Takum oOpa3om, BaaeHTHOe Koaeba-
H1te C=N He 00aajaeT XapaKTepUCTUYHOCTBIO IO MHTEHCUBHOCTI. DTO 0OCTOSATEABCTBO OAT
Bep>KAaeT, 4To caM (paKT M3MeHeH!sI MHTeHCYBHOCTY I10A0CHI IIOTAOIeHNs], HeTIOCpe ACTBeH-
HO HabAI04aeMOIl1 B CIIEKTpe, eIlle He MOXKeT CAY>KUTh HaJe>KHBIM ITPM3HAKOM M3MeHeHIs Xa-
pakTepa XMMUYECKOI CBsA3M, a8 MOXKeT ObITh BhI3BaH BHYTPUMOAEKYASPHBIM BO3A€VICTBUEM.
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B ciexrpaasnom nHTepsade 1000-1650 cm! mHTerpaabHasi MHTEHCUBHOCTH HabAI0AaeMBIX I10-
A0C TIOTAOITIeHNs 3aBUCUT OT CMeCH Pa3ANYHBIX IPOU3BOAHBIX AUMIOABHBIX MOMEHTOB CBsI3ei1
I10 KoAeDaTeAbHbIM KOOPAMHATaM 3a MCKAIOYeHVeM ITapaMeTpoB %%%%%%?ﬁ?ﬂ%

0z OOy Oy OG5 Oy Oy Ol Oy OG
XapakTrepusyomux cTpykTypHbiin saemeHT C-CN n npuaexammue x Hein casu CC u CH, a
taxke CH cBasu rpynnel CHs. B 5ToM nHTEpBaje MHTEHCMBHOCTD I1010C HOTAOIIEHNS 3aBUCUT

oT aurnoabHbeIXx MOMeHTOB CH cBs13ei1 0eH30AbHOIO KOAbILIA.

MuTencusnocty noaoc noraomenns 1081, 1170, 1224, 1318 cm™! onpeaeasioTcst AUMIIOABHBI-
Mmu moMmeHtaMu CH cBs3eit 0€H304bHOTO KOABIIA, a I10A0ca Horaornenms 1285 cm! ammoas-
HeiM1 MoMeHTamu CC cBsasert bensoapHOro koasiia 1 CH csasert CHs rpyminsl. VnTeHcBHOCTD
11040cb!I noraommenns 1377 ecm onpeaeasiercs aunoabHsiMy MmomenTamu CH cssasenn CHs rpyn-
bl B moaocax 1452, 1452,1285 1 1002 cm™! x auntoasHbeiM MmomeHTaMm CH cBsasent rpynmsr CHs
2A00aBAsIeTCs ellle 3aBUCUMMOCTh OT AUITIOAbHBIX MOoMeHTOB CH cBs3eit camoro OeH304bHOTO
kozb1a. IToaocer 1584 1 1602 cm? 3asucsat ot annoababix MoMenToB CH 1 CC cBsi3eit 0eH304b-
Horo kob11a. IToaoca 1034 cm ! BooOI1Ie He 3aBUCUT OT AMITOABHBIX MOMEHTOB HUKAKIX CBSI3EIL.
IToaoca noraomenns 1477cm? onpeaeasiercst aunoabHbIM MoMeHTOM CC CBSI3M CTPYKTYpPHO-
ro saemenTa C-CN.

MurencusHOCTN 11010C T1oraomenns 1062 n 1448 cm! xapakTepusyioTcs AMIIOABHBIMU MOMEH-
tamy CH cBsasent rpynnsr CHs 1 MX Ipon3BOAHBIMU II0 YTA0BBIM KoopanHaTtaM yraos HCH
9O rpynisl. [TosTomy oM OyAyT XapakTepucTudecKumMu 1o nHreHcuBHocTn A4 CHs rpyr-
ITbl MOAEKY/Abl MeTa-TOAYHUTpUAA. VIHTeHCMBHOCTI STUX IT0AOC IOTAOIIEHS MOXKHO OXapak-
Tepu30BaTh Kak OueHb caabasi 1 caadasl.

3aBUCUMOCTh MHTEHCUBHOCTU OT DAEKTPOONTHMIECKUX ITapaMeTpOB B HM3KOYACTOTHOI 0O-
AacCTU CIIeKTpa - 9TO I10A0CHI IIOrAoIeHns ¢ yactotamu 349, 439, 509, 710, 898, 1002 1 1036 cm™,
MO>KHO YCTaHOBUTb 110 AaHHBIM Ta0AuLbI 4. IHTeHCcuBHOCTN I0A0C ntoraotenus 340, 371, 570
u 683 cm! onpeAeAsIOTCs HAeKTPOONTUYECKUMMHI IlapaMeTpaMy CTPYKTypHoro saemenTa C-
CN, a UHTEHCUBHOCTHU HOAOC Ioraomurenus 683, 775, 884, 018, 984, 1065 u 2916 cm! 3aBucar
OT ®AeKTpoonTiIeckux rnapametpos rpymnsl CHs. [To MHTeHCMBHOCTH 110A0CHI IOTAOIEHUS
9TON 001aCTV MOKHO pasouTs Ha: 710,1062, 1129, 1229 u 1285 cm™ — ouens caabsie; 349, 509,
1002, 1170, 1081 u 1448 cm™ -caabsie; 439, 898, 1034, 1313, 1377, 1452, 1584 u 1602 cm'-cpearne
u 1477 cm™! cuuabpHas IOAOCHI ITOTAOIIEHS.

Ofty . Oflyz Oty . Oflys

0d,, , 0y, , 0,3 ’ 0g

y Otas XapaKTepU3YIOT MHTeTpaAbHble MHTEHCUBHOCTH I1010C IIOTAOIIeHNs KOAeOaH!il TUIIa
00yq

BBIXOJa CBS3M U3 ILAOCKOCTH € yacTtoTamm 446, 561, 685, 747, 889, 9234 1 976 cm. Kpome TorO,

MHTEeHCUBHOCTI 9TUX OAOC IIOTAOIIEeHNs 3aBUCAT B pa3AMIHON CTeIIeHN OT CaMUX AUIIOAb-

HBIX MOMEHTOB ITOASPHBIX CBA3EIL.

HpOI/ISBOAHbIG ANTIOABHBIX MOMEHTOB ITIO KoAe0aTeAbHbIM KoopAHaTaM

Kax B TeopeTnueckoMm, Tak 1 B 9KCIIEPMMEHTaAbHOM CIIEKTpaX HanOo.1ee MHTeHCVBHAsI [1010ca
roraoleHus1 HabaodaeTcs mpu dacrore 777 cm?. OctaabHble TeOpeTIdecKye I0A0CH IIOrA0-
IIeHNsI MOXKHO OXapaKTepu3oBaTh Kak cruabHas (685 cm™), cpeanne (366, 442 cm'), caabas (886
cm!) 1 odeHb caaObie (561, 889, 923 1 984 cm). DTO yca0BHOe pa3OneHNe TeopeTIecKIX I10-
0C ITIOTAO0IeHIST MeTa-TOAYHI/ITpI/IAa I1I0 MHTEHCVMBHOCTI COBIIagaeT C MHTEHCMBHOCTSIMU Ha6-
AI0JaeMBIX DKCIIePUMEHTAABHBIX [1010C ITOTAOIeHNSL.
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Puic. 2. Teopetnuecknii (cBepxy) u skcriepuMeHTaabHbIl VIK-criekTpsl MOA€Ky Al MeTa-TOAYHUTPIA
Dom

200 400 600 800 1000 1200 1400 1600 1800 2000 2500 3000 3500 v, cm-!

V3 anaamsa 3aBMCHMOCTeN IOAOC MOTAOIIEHUS OT DAeKTPOOITUYeCKUX ITapaMeTpoB ObLA0
YCTAHOB/AEHO, YTO IOAOCH IIOTAOIIeHNsI, COOTBETCTBYIOIIe YacTOTaM HOpMaAbHBIX KoAeDa-
Huit 889, 976, 1065, 1148, 2915 1 3056 cm™! MOAHOCTBIO MTOASAPU3OBAHBI.

SHaveHIs I/IHTEHCI/IBHOCTeﬁ, II0AY49€HHbIE TEOPETMIECKIIM pacdeToOM, OIIpeaeAII0TCI Cl)OpMaMI/I
KOA€eDaHUIT U CUCTEMOI 9AEKTPOOITNYIECKIX ITIapaMeTPOB MOAEKYAbI. HOSTOMy COBIIageHIe
pacaeTHbIX VMHTEHCUBHOCTEN C Ha6AIO,ZI,aeMI)IMI/I IMOATBEP>KAAET, 9TO CriCTeMa CMAOBBIX 11 DA€K-
TPOOIITNYIECKNUX IMapaMETPOB MOAEKYAbI ITPaBUABPHO OTpa’kaeT CBOJICTBa 9A€KTpOHHOI7[ 000-
A0YKI1 MOAEKYABbI.

TaxuMm obpa3oMm, B pesyabTaTe MPON3BeA€HHOIO HaMJl TeOPeTIUeCKOrO 1CCAeA0BaHIs MHTEH-
cusHocTel1 VIK noaoc noraoieHns MoAeKyAbl MeTa-TOAYHUTPIAA OIpejeAeHbl 91eKTPOOIl-
TUYeCKMe ITapaMeTPhl 5TOV MOAEKYABI, IIOCTpoeH ee Teopetndecknit VIK-criekTp, mposeaeHo
CpaBHEeHNe IT0AY4eHHOTO TeOPeTUYECKOTO CIIeKTpa C SKCIIepUMEHTaAbHBIM, a TaK>Ke IIpOoaHa-
AVI3VIpOBaHa 3aBUCHMOCTDh MHTEHCUBHOCTEN I10AOC IOTAOIeHNs MeTa-TOAYHUTpHuAa OT DAeK-
TPOONTUYECKUX [TapaMeTpPOB.

ANTEPATYPA

1.  ZI.Gadjiev, S.D.Demuxamedova. Issledovanie chastot normalnix kolebaniy i intensivnostey polos pogloche-
niya IK-spektra molekuli benzonitrila. Fizika, 6, No 4, 6-15, 2000, (in Russian).

2. S.D.Demuxamedova, Z.I.Gadjiev. Raschet chastot normalnix kolebaniy molekuli o-tolunitrila. Fizika, 7, Ne 2,
5-10, 2001, (in Russian).

3. S.D.Demuxamedova, Z.1.Gadjiev. The absorption band intensity of the IR-spectrum of the o-tolunitrile molecule.
Fizika, 7, No 4, c. 27-32, 2001.

4. M.V.Volkenshtein, L.A.Gribov, M. A Elyachevich, B.L.Stepanov. Kolebaniya molekul. M., Nauka, 1972, (in Rus-
sian), -pp.700.

5. L.A.Gribov. Vvedenie v molekulyarnuyu spektroskopiyu. M., Hayka, 1976, (in Russian), -pp.400.

L.A.Gribov, V.A.Dementyev. Metodi i algoritmi vichislenii v teorii kolebatelnix spektrov molekul. M., Nauka,
1981, (in Russian) —pp.356.

7. L.A.Gribov, V.A.Dementyev. Modelirovanie kolebatelnix spektrov slochnix soedineniy na EVM. M., Nauka,
1989, (in Russian), -pp.160.

8.  L.A.Gribov. Light Elucidation of Vibrations. Opisanie programmi i instruksiya polzovatelyu. OOO “Inlan”,
1995, (in Russian).

9.  The Saddler standard spectra infrared grating spectra Philadelphia: Saddler research laboratories. 1978.
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INSTRUCTIONS FOR AUTHORS

"The Baku Engineering University Journal-Physics" accepts original unpublished articles and reviews in the
research field of the author.

Articles are accepted in English.

File format should be compatible with Microsoft Word and must be sent to the electronic mail
(Journal@beu.edu.az) of the Journal. The submitted article should follow the following format:

Article title, author's name and surname

The name of workplace

Mail address

Abstract and key words

The title of the article should be in each of the three languages of the abstract and should be centred on the
page and in bold capitals before each summary.

The abstract should be written in 9 point type size, between 100 and 150 words. The abstract should be written
in the language of the text and in two more languages given above. The abstracts of the article written in each
of the three languages should correspond to one another. The keywords should be written in two more
languages besides the language of the article and should be at least three words.

. UDC and PACS index should be used in the article.

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

In case the reference is in Russian it must be given in the Latin alphabet with the original language shown in
brackets.

Figures, pictures, graphics and tables must be of publishing quality and inside the text. Figures, pictures
and graphics should be captioned underneath, tables should be captioned above.

References should be given in square brackets in the text and listed according to the order inside the text at
the end of the article. In order to cite the same reference twice or more, the appropriate pages should be
given while keeping the numerical order. For example: [7, p.15].

Information about each of the given references should be full, clear and accurate. The bibliographic description
of the reference should be cited according to its type (monograph, textbook, scientific research paper and etc.)
While citing to scientific research articles, materials of symposiums, conferences and other popular scientific
events, the name of the article, lecture or paper should be given.

a)

b)

10.

11.
12.

Samples:

Article: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomerrik
and dimeric conapeetes of carnosine Uith zinc, Journal of structural Chemistry, VVol.51, No.5, p.824-832,
2010

Book: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, p.386-398, 2002

Conference paper: Sadychov F.S., Aydin C., Ahmedov A.I.. Appligation of Information — Commu-nication
Technologies in Science and education. Il International Conference.”Higher Twist Effects In Photon- Proton
Collisions”, Baki, 01-03 Noyabr, 2007, ss 384-391

References should be in 9-point type size.

The margins sizes of the page: - Top 2.8 cm. bottom 2.8 cm. left 2.5 cm, right 2.5 cm. The article main text
should be written in Palatino Linotype 11 point type size single-spaced. Paragraph spacing should be 6 point.

The maximum number of pages for an article should not exceed 15 pages

The decision to publish a given article is made through the following procedures:

The article is sent to at least to experts.

The article is sent back to the author to make amendments upon the recommendations of referees.

After author makes amendments upon the recommendations of referees the article can be sent for the
publication by the Editorial Board of the journal.



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University”- oavvallor nasr olunmamus orijinal asarlori vo misllifin tadgiqat
sahasi iizra yazilmis icmal maqalslari gabul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) iinvanina géndorilmslidir. Gondoarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Maqalada bashiq har xiilasadan avval ortada, qara vo boyiik horflo xiilasslorin yazildigi hor t¢ dildo
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiytindo, moqalenin yazildig1 dilde vo bundan
olavo yuxarida gostorilon iki dildo olmalidir. Mogalonin har ii¢ dildo yazilmig xiilasasi bir-birinin eyni olmahdir.
Agar sozlor uygun xiilasalorin sonunda onun yazildig: dilds verilmokls an azi1 ii¢ s6zden ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalos asagidakilardan ibarat olmalidir:

Giris,

Tadqiqat metodu

Tadgiqgat isinin miizakirasi vo onun naticolori,

Istinad adebiyyati rus dilinds oldugu halda orjinal dili mdterze icorisinde gdstarmokls yalniz Latin slifbasi
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyyatds va moatn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlarm altinda yazilmalidir. Cadvasllards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilindo géstorilmoklo mogqalonin sonunda motn daxilindoki
stra ilo diiziilmolidir. Eyni manbays iki vo daha cox istinad edildikds ovvalki sira say1 saxlanmaqla miivafiq
sohifalor gostorilmolidir. Masalon: [7,5oh.15].

BOdobiyyat siyahisinda verilon her bir istinad haqqinda malumat tam vo deqiq olmalidir. Istinad olunan monbanin
bibliografik tesviri onun ndviindon (monoqrafiya, dorslik, elmi moqalo v s.) asili olaraq verilmolidir. EImi mo-
qalslora, simpozium, konfrans, vo diger niifuzlu elmi todbirlorin materiallarina va ya tezislorine istinad edarkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbaqals: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Maonbolar 9 punto yazi tipi boyiikliiyiinde olmalidir.

10.

11.
12.

Sohifo ol¢iilori: tistdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yaz: tipi
boyiiklityiinds, Palatino Linotype yazi tipi ilo ve tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafs olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifodon artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyalorini nazors almaq ii¢iin moqalo miollifo géndorilir.

Mogqals, ekspertlorin tonqidi qeydlori miisllif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University-Physics" o6nceler yayimlanmamis orijinal ¢aligmalari ve yazarin
kendi aragtirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin bagligi, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig: dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her ii¢ dilde yazilmis 6zeti birbirinin ayni olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az {i¢ s6zciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun iist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde késeli parantez igerisinde numaralandirilmali, ayn1 sirayla metin So-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirli de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [lmi makalelere, sempozyum, ve konferanslara
miiracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gésterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A.I. Appligation of Information-Communication Technologies
in Science and education. Il International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Balki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; tist: 2.8 cm, alt: 2.8 ¢cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto biiyiik-
likte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal arastirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editoér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri gonde-
rilebilir.

Makalenin yayina sunusu agagidaki sekilde yapilir:

Her makale en az iki uzmana gonderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yaym Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler i¢in,(derginin kendilerine gonderilmesi za-
mani posta karsiligi) 30 ABD Dolar1 veya karsiligi TL, T.C. Ziraat Bankasi/Uskiidar-istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu {iniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - ®u3uka my0IuKyeT OpUTHHAIBHBIC, HAYYHBIC CTATHU U3 00NACTH
HCCIICZIOBaHIUSI AaBTOPA U PaHEe HE OMyOINKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINMCKOM SI3BIKE.

PykormuicH TOIKHBI OBITh HaOpaHs! corsiacHo porpammbel Microsoft Word u oTripasiieHs! Ha 37K TPOHHBIH
anpec (Journal@beu.edu.az). OtmpasiseMble CTaThbH A0JXKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

Ha3zBanue ctatbu, uMs U paMUIIHS aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE MPEACTABICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
mpudrom 9 punto. Kpome Toro, npencTaBisioTcs aHHOTAIMKM Ha JBYX JNPYTHX BBIIIE YKA3aHHBIX sI3bIKaXx,
MePEeBOJT KOTOPBIX COOTBETCTBYET COJIEPKaHUIO0 OpUruHaia. KitoueBble ciioBa JOKHBI ObITh MPEACTABICHbI
1OCJIe Ka)K0M aHHOTAILlMU Ha €To0 A3BIKE U COJIEP)KaTh HE MEHEE 3-X CIIOB.

B crarbe momxub! ObTh YKa3ansl koasl UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCKOM sI3BIKE, TOTJa OPWUTHMHANBHBIA S3BIK YKa3hIBacTCA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(aBUTE.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHIBI JOJDKHBI OBITH YETKO BBIMOJHEHBI M Pa3MEIeHBI BHYTPH CTATHH.
INoamucu k pUCYHKaM pa3MEIIAIOTCs MO PUCYHKOM, KapTHHKON mid rpadukoM. Haseanue TabiauIp! mUIeTcs
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAf0TCA B TEKCTE IMU(POI B KBaPATHBIX CKOOKAX M PACIONIaraloTCs B KOHIIE CTaThU
B TIOPSIZIKE IUTHPOBAHMUS B TeKCTe. ECITM Ha OJIMH M TOT jK€ MCTOYHHK CCHUTAIOTCS JIBa U OoJiee pas, He06X0-
JIMMO yKa3aTh COOTBETCTBYIOILYIO CTPAHHILY, COXPaHASA MOPSAKOBLIM HOMep muTHpoBanus. Hanpumep: [7,
crp.15]. bubnrorpadguueckoe OnMMcaHue CChLIAEMOM TUTEPATYPHI JOJKHO OBITH MPOBEICHO ¢ YIETOM THIIA
HCTOYHMKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE HA HAYYHYIO CTAThIO, MaTEPHAIBI CHM-
no3uyMma, KOH(GEPEHIINH WK IPYTHX 3HAUNMBIX HAYYHBIX MEPOIPHATHI JIOJDKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knueza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenyus: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies
in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Baki1,01-03 Noyabr, 2007, s5.384-391

Crcok IMTHPOBaHHOM JIUTEpaTyphl Habupaercs mpudrom 9 punto.

10.

11.
12.

Pa3mepbl crpaHunbl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaBa 2.5. Tekcr nedaraercs wpudrom Pala-
tino Linotype, pasmep mpudra 11 punto, uareppan-oauHapHbli. [laparpadsl T0KHBL OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM dKCIIepTaMm.

CraThs MOCHUTACTCS aBTOPY IS ydeTa 3aMeuaHuil SKCTIEPTOB.

CraTps, TIOCNE TOTO, KaK aBTOP yd4es 3aME4YaHHs KCIEPTOB, PEIAKIIMOHHON KOJJIETHell KypHama MOXET
OBITh PEKOMEH/IOBaHA K MICYATH.
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