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CTPYKTYPHhIE HEO)UloPO)UlOCm B ~ H-OKTAHE 

1111300KTAHE. AHAJI113 KOMIIhIOTEPHhIX MO~it1 

• • # ~_~J u #
B.TI.BonODnlH , H.H.MeARe,Z:(eB , .D:.TIameK , A.Annem.XareH , A.raurep 

• HHcmumym XUMUlleCKOÜ KUHemUKU U ZOpeHUSl CO PAR, H060cu6uPCK 
# YHU6epcUmem z.,[JopmMYHd, repMQHUSl 

BBE.D:EHHE 

TIOARIDKHOCTL CB060,Z:(HhIX 3nerrpOHOB B HopM8.lThHOM OKTaHe Ha ARa 

nopJmKa HHlKe, qeM B K300KTaHe, HecMOTpJl Ha TO, 1fI'() clIH3J11iecKHe 

CBOHCTBa )I(lf)tKOCTeH npaKTH'ieCKH O~aKOBLI [1]. Een. MHeHHe, ~o 3TO 

1 Pa60ra no,zmep)f(aBa rpaHTOM Pctxbß 08-03-00140, H rp8HTOM Cl>oB,Z(a 
I'yM6om.,Z:(Ta. ' 



p83JIHIm.e 06YCJIoBJIeHo pa3HOH crpyrrypOH (q,OPMOH, P33MepOM) 

Me>KMOJIeKYmIpHLIX DOJIOCTeH, DO rcOTOpLlM npOHCXO,!(HT J(BlDICeHHe 

3JleIOpOHa. B ~aHHOH pa60Te DOlC33aHO, rrro crpyrrypHLIe p33.llH'nUI M~ 
H30MepHLIMH ~OCTnfH HMeIOTCJl, CKopee, He B DOJIOC'l'n, a B 06Jla.cnIX 

ruIOTHOH yxn~ MOJIeKyJI, 60JIee KpynHLIX B H300KTaHe. 

MO):(EJlli 

B pa60re HCD0lIL30BaJIHCL KOMDLIO

TepHLIe MO~eJIH OKTaHa H H300KTaHa, 10 --HoOICT8H 

-1I3001CT8H 
DOJIY'leHHLIe MeTO~OM MOJIeK}'JIJlPHOH 

~aMHKH B NPT-aHcaM6Jle npH TeMDe

paT)'pe 298K H HOPMaJILHOM aTMOCq,ep

HOM MBJIeHHH. ~ MO~eJIL 6bIJIa 

npe~cTaBJIeHa 100 KOHq,HTYP~, ~5 0 S! .~ G e 1'O·~ 
BLI6paHHLIMH H3 'IpaeKTopHH )VIHHOH B r 

2 HC. KOHq,HTYPaJ:tßH co~epx(aJIH DO 1000 PHc.l PllAHaJIWlLle 4Jyma:tIm p8enpe

MOJIeKyJI B 60rcce C DepHO~ecKHMH ,ltel1eBru1 &TOMOB yrJlepo,ltB. 

rpaHK'lHI>IMH YCJIOBHJlMH. 

Bce B3aHMO~eHCTBHJl, KaK BJIYlPH, TaK H BHe MOJIeKyJI, ODHC.bIBaJIHCL 

npH DOMO~H DOJIJl CHJI TraPPE-UA [2], B KOTopOM K~U MeTHJlLHU 

rpynna np~CTaBJlMaCL DK o~a Om.e,rumeHHU aTOMHU e~HHHI(a. ):(JIJI 
B3aHMO~eHCTBHH fiel XHMH'leCKOH CBJl3H HCDOJIL30BaJICJl DOTeH~aJI 
JIeHHapM-):(X<oHca. IIepBLIe Pe3}'llI>TaThI DO H3Y'1eHHlO crpyrrypld :mn: 
MO~eJIeH 6LDIH Ony6JIHKOBaHLI HaMH B pa60Te [3]. 

P33.llH'nUI B crpyrrype MO~eJIeH npOJIBJIlIIOTCJl YJICe B q,YH~ 
~aJILHOro pacnpe~eJIeHHJl aTOMOB yrJlepo~a, npe~CTaBJleHHIdX Ha pHc.l. 

H3 pHCYHKa B~O, rrro CJIe~OM 3a ~eaJILHO COBDa,naJO~ DepBIdMH 

MaKCHMyMaMH, OTHOC~HCJl K BJIYlPHMOJIeK}'JIJlPHLIM pacCTO.llHHJlM, 

CJIe.ztYlOT 60JIee ~aJIeKHe OC~H C 3aMeTBO p33HLIMH DepHO~aMH. 

METO):( BOPOHOrO-):(EJIOHE 

):(JIJI aHaJIH3a crpyrrypld PIdXJIIdX H DJIOTHLIX Y'lacTKOB MO~eJIeH HaMH 

HCD0lIL30BaJICJl Mero~ BOPOHoro-):(eJIOHe [3]. IIPH DOMO~H 3TOro Mero~a, 
Bee npocrpaHCTBO KOHq,HTYPa~ 61dJlo pB3~eJIeHO Ha 3JleMeHTapHLIe 

rerpB3,[q)H'leCKHe Y'laCTKH (CHMDJIeKCId ):(eJIOHe) C BepmHHaMH B n;eH'Ipe 

'IeTLIpex 6~ aTOMOB. ):(HaMe'Ip Bcex aTOMHLIX e~HHn; 61dJl npHHJIT 

paBHLIM 3.73 A. 'ITO COOTBeTCTBOBaJIO 3Ha'leHHlO er, HCDOlIL3yeMoMY B 

TraPPE-UA npH M~eJIHP0BaHHH rpymIld C:llt. Pacnpe~eJleHHe P~COB 
nyCThIX HHTepCTHIlHaJILHLIX cq,ep, BDHcaHHLIX M~ aTOMaMH ~oro 
CHMruIeKca ):(eJIOHe, npe~CTaBJleHO Ha pHcymce 2. KaK B~, B 06eHX 
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MO.n:eIDIX 06Hapy:>KHJIocb 3aMeTHoe KOJIHqecTIlO HHTepcTHIl;HaJIbm.IX c4IeP C 

arpH.ll;aTeJThHI:.lMH P8,lJ,HycaMH. KaK OICa38JIOCb, Bee TaKHe Cq,epLI B H-OKTaHe 

H 6oJn.mu HX qaCTb B H300KTaHe paCnOJIO)l(eHLI BHyrpH CHMIIJIeKCOB, 

06pa3oBaHm.IX aTOMaMH O.D:HOH H TOH )l(e MOJIelC)'JILI, TO ecTl> DIDIIOTCa 

3neMeHTOM BHyrpHMOJIeKYIDIPHoH CTpYKTYPLI. TaK)I(e OTMeTHM, 'lTO XOTa 

pacnpe.n:eneHHa Pa,u;HyCOB nyCTLIX cq,ep 3aMeTHO OT.mfCI8lOTCa no BLICOTe H 

mHpHHe, OHH DpaKTH'lecKH O.D:HHaICOBLI B 06nacTH 6oJ:u.mHx p8,ZJ,HYCOB. 
1.21.0 
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PHc.2 P~eHHe pa.,AHYCOB PHc.3 PaAHam.m.re 4!}'B.lIllHl[ paCIIpelleJJeBHJI 
~c4lepRI. ~m.IXC4lepCRI>1.4A. 
B3aHMHoe paCUOJIO)l(eHHe HHT~m.IX cq,ep, KaK H 

pacnOJIO)I(eHHe aTOMOB, MO)l(eT OLI'l"l> H3yqeHo DpH nOMOm;H napm.IX 

KoppemllUIOHm.IX q,YHKIQrli pacnpe.n:eneHHa. Ha pHc.3 npHBe.n:eHLI q,YH~H 
pacnpe.n:eneHHa He BCex, a nlnm, caMLIX OOJIbßßfX HHTepCTHl\Ham.m.IX cq,ep, 

qeH Pa,u;HyC npeBLImaeT 1.4 A. 3.n:ecb CHOBa nO'ITH H.D:eaJILHoe COBna.n:eHHe 

nepBoro MaKCHMYMa COnpoBO)l(.ll:aeTC.Il 3aMeTHLIM pacxO)l(.D:eHHeM B 

.n:am.HeHmHX OC~. 

BbI,I:{EJIEHßE nOnOCTEii H nnOTHbIX ATOMHbIX 
KOH~HrYPAJ.U:Ii1. nEPKO.JJJlQHOHHbIH: nOWCO)); 

npH pacqere CHMIIJIeKCOB ));enoHe MLI O.D:HOBPeMeHHO norryqaeM MacCHB 

HX CB.Il3HOCTH ceTIC)' BopoHoro. K~ }'3en 3mH CeTKH COOIBeTCTBYeT 

CHMIIJIeKcy, a CB.Il3b CeTKH 03HaqaeT, 'lTO cOOIBeTCTByrom;He CHMIIJIeKCLI 

CMexcHLIe no rpaHH, TO ecTl> HMelOT 'IpH OOII{HX aTOMa. «OKpamHB8.ID> 

(BLI.D:e:JWI) }'3nLI CeTKH, .D:JllI KOTOPLIX Pa,u;Hyc HHTepCTHlUlaJIbHOH Cq,epLI 

npeBLImaeT Pa,u;Hyc HeKOTopoH BLI6paHHOH np06HoH C4lePLI, MLI OTMeTHM 

yqaCTKH npOC'IpaHCTBa, B KOTopLIe 31'8. cq,epa MO)l(eT 6LI'l"l> nOMe~eHa. EcnH 
P8,lJ,Hyc npOXO.D:a M~ CMexcHLIMH oKpameHHLIMH CHMIIJIeKcaMH TaK)l(e 

npeBLImaeT P8,lJ,HYC TOH )l(e npOOHOH cq,epLI, MLI «oKpaCHM» H HX TO)I(e, TeM 

caMLIM OTMe<J:U npoXO.D:LI, .n:ocrynHLIe .D:JllI nepeMe~eHHa yr<a3aHHOH C4lePLI. 

B pe3ynbT8.Te Ha CeTKe BopoHoro 6y.D:YT oKpameHLI ICnaCTepLI, K~ H3 

KOTOPLIX 6y.n:eT COOIBeTCTBOBaTL OT.n:eJThHOH 06naCTH npocrpaHCTBa, 

.n:OcrynHOH .D:JllI nepeMem;eHHa np06HoH cq,epLI BLI6paHHoro HaMH pa,u;Hyca. 
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.nna BI.r,1I;eJIeHIDI: 06JIacreH nOBLIlIIeBHOH nJIOTHOCTH 3TOMOB HaM 

AOCTaTO'lHO OxpacH"I'L HHTepcTHIUI3J1lioHLIe C4>epbl C pa..ztHYCOM Mem.me 

pa,n;uyca BLI6paHHOH np06HoH ccJ>epLI, nOCJIe lIero 06'&e.znnmn, B OAHH 

IClI3crep ace OxpameHHLIe CHMnJIeKCbl, CMe)J(ßJ.Ie no rpaHH. 
PHcA ~YMIlpBll.ll JlJlJIIOCTp8IlHlI 

cnoc06a BLI,IIeJleHHll Hau6o.m.nmx IlO1l'OCTefi 
H HaH60nee IlJIOTI1LIX 06J1aCTei!: YIla:KOBKH. 
Me:EJIY aTOMaMH ('lepBlile H TeMHO-cepMe 
lCpym O,llHBa:KOBOro pa3Mepa) BIlBCIIlIloI 
H!l1'epC1'HlUWlbBl>le c4>epM (Il}'llJ(TBp). 
Haa60nee xpyIIm.Ie H3 RHX, 'lei!: pa.ztHyc 
npeBLmlaeT Pa.ztHYC npOOHO:ii ctPePM Hgl, 
OKpIllIIeBl>I B CBeTJIO-cepLtll: II,BeT. 3TH 
OKpIllIIemn.te Cq,epw: 06pa3YJOT HBB6o.m.lIIHe 
nonoCTB (ABe Ha AaHHOM PHcyaxe). CaMMe 

MenKHe HIl.TepC'l1IIlHlIJIl.IIJ>le c4>epM (MeHblIle IlpOOHOä cq,epw: 1'&2) He HapRCOBBBl>i. 
BMeCTO 3Toro B 'lepHLIß II,BeT OlCpBllleHM aTOMM, Me:lI€JlY KOO'OpI.IYII 3TH c4>epM 
BIIlICIIlIloI, B KOTOpMe o6pa3YJOT 06naCTR IlJIOTHoii YIlaxOBKH (TalOKe ABe Ha pBcyaxe). 

B A3HHOH pa60re AIDI BI.r,1I;eJIeHHJl nOJIOCTeH MJ.l HCIIOJIh30BaJIH np06ßYIO 

ccJ>epy C pa..ztHYCOM 1.4 A, a AIDI 06JIacreä IIOBLIlIIeHHOH nJIOTHOCTH 0.7 A. 
KaJIC,D;oMY IClIacrepy, BI.r,1I;eJIeHHOMY Ha cence BOPOHorO, MO)lQ{O COIIOCTa

BH"I'L 1) KOHC'rpYlanno H3 CHMnJIeKCOB .lleJIOHe, COOI'BeTCTB)'lOIQHX Y3JIaM 

IClI3crepa, 2) KOH4>HrYPmnno nyCTI:.lX HlITepCTHQH8.J1Lm..IX ccJ>ep, BnHCa.HHIilX. 

BHYIPH 3THX CHMnJIeKCOB, 3) ICOH4>HI}'P3IUOO 3TOMOB, 4>opMHp)'lOmKX 9TH 

CHMnJIeKCbl. Ha pHCymmx 5 H 6 IIpeACTaBJIeHLI paCIIpeAeJIeHHJl 06'&eMoB 

IIOJIOCTeä H 06.n3CTeH IIOBJ.ImeHHOH nJIOTHOCTH aTOMOB, BI:JIIHCJIeHm..IX 

CYMMHpOBaHHeM 06'&eMoB S-06JI3CTeH (p3CmHpeHHe IIOIDITIDI MHororpaH

HHKa BopOHoro, npeAJIo:a:eHHoe HaMH B [4] AIDI yrraKOBOK c4>ep pa:moro 

p83Mepa) B COCTaBHOH KOH4>HrYPaQHH aTOMOB H HHTepCTHQHaJIbm..IX ccJ>ep C 

P~H, npeBLIIIIalOmHMH 0.7A. 
H-OKTBH 
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PHc.5 PacnpeAeJIeHHe nOJIocreii, Aocryn
lILlX .llJIll nepeMelIleHHll cq,epw: 1.4 A, no 
ofu.eMY, yYHOlKeKHoe HlI. o6J.eM IlOJIOCTR. 
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PHc.6 PacnpeAeJIeHRe 06J1aCTei!: HBB6om.
mei!: MOTHOCTB (Rr<O.7 A) no 06l.eMY, 
YMHOlKeHHoe Ha o6J.eM 0611acTR. 
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H3 pHCymca BH,ZUIO, 'lTO pacnpe.D;eJIeHWI Ooo.eMOB 6om.DIHX ßOJIOCTeH 

OqeHL ßOXO)I(H, TOr.D;a KaK B ßJIOTHbIX 06naCTIIX OHH 3aMeTHO OfßHqaIOTCJI. K 
TOMY )l(e BLIBO.D;y HaC npHBO,wIT H cpe~e 3HneHIDI 06l>eMoB, a TalOICe 

cpe~ IIpOTIDKeHHOCTL ßOJIOCTeH H yruIOTHemm (HX MaKCHMaJILHIUI .wmua 
B KaKoM-nH60 HanpasneRHH), IIpHBe.D;eHHLIe B T8.6JUUl;e. 

HIlH60JILIDHe nOJIocm HIlH6Mee nJIOTHLIe yqacrrm 

MO.lleJIH Cpe.llmm o61.eM _~~.l\HIIlI
IIpOTJIliCeHBOCTL Cpe.l\HIdi: o61.eM 

Cpe,l\Hllll 
lIJ)OTlIlKeHHOC'lT> 

H-GIrnIH 35.2:1: 57.2 5.37:1:3.23 121.8:1: 108.6 9.75:1:3.65 
HlOOIrnIH 40.9:1:66.6 5.61:1: 3.74 203.2:1: 159.3 11.73:1: 4.83 

BhffiO,l(hI 

Pauee B pa60re [3] MLI 06Hap~ Pa3JIH'1ID1 B pacßOJIO)l(eHHH nyCTLIX 
c4Iep 6om.moro pa3Mepa B MO.D;eJIJIX H-OIcraua H H300KTaHa H 

npe.D;ßOJIO)I(HJJH, 'lTO 3TO 03HaQaeT Pa3JIH'1ID1 B crpyrcrype 60JILDDIX 

ßOJIOCTeH. O.D;HaKO orpoMHoe KOJIHqeCTBO pa3Hoo6pa3Hhlx xapaKTepHcrHK, 

paccqanuuoe HaMH B .D;aHHOH pa6ore, ßOKa3anH Y.D:HBHTeJIhHOe CXO.D;CTBO B 

crpyrcrype Hau6om.DIHX ßOJIOCTeH, H cynJ;eCTBeHHo 60nhmHe Pa3JIHt1ID1 B 

crpyrcrype ßJIOTHbIX 06nacreH 3THX MO.D:eJIeH. 
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