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06Il(MI XAPAKTEPIICTIIKA PA60Thl 

AKmya.llbHOCmb me.Mbt 

I1ccJIC,llOBamrn B 06Jiacn1 cenICT03JICKTpw,ecTBa aKTIIBHO BC.llYTCH Ha 

npoT51)KCIIHH TIOCJIC,llHIIX TI51TH,llt'!C51TH JICT. 3a 3TO BpeMH q>113IIKa cerIICT03JICKTpHKOB 

npenpaT1rnacb B o6umpttoe 11anpaBJICHIIC JICCJIC,llOBaIIHii, B KOTOpOM 3KCIIepIIMCH

TaJibJIOe lI3Yl.fCIIJIC cpII3lll.JCCKlIX CBOllCTB II CTpyKTYPbI certteT03JICKTp1I'ICCKIIX 

MaTepHaJIOB ,llOTIOJIIIHCTCR attaJilI30M Ha OCHOBC xoporno pa3BIIToro TeopeTJil.JCCKoro 

annapaTa. 

I1ccJIC,llOBaJlllC cjm3II'ICCKIIX IIpOI~eccoB, npoTeKaIOIUIIX B cen1eT0-

3JICKTpWICCl<HX KplICTaJIJiax, II npupo,llbl cerneT03JICKTp1I'ICCKOro cpa30Boro 

nepexo,lla B HHX y)Ke BHCCJIO cymeCTBCHHbII1 BKJia,ll B pa3BHTIIe cpH3HKII 

KOH,llCIICHpona11HbIX cpe,ll B UCJIOM. L(ocTaTOl.JHO YIIOMHHYTb, nanp11Mep, KOHUCTIUIIIO 

MHrKOH MO,llbl II o6muii IIO,llXO,ll B paMKax ,llJUiaMIIKII perneTKH .llJIH OIIl!CaHIIH 

cTpyKTYPHhIX cpa30BbIX IIepexo,llOB, pa3BHTbiii: B JICCJIC,llOBaHHHX no 

cerneT03JICKTpH1ICCTBY' 3llal.JIITCJ!bHOC pacru1Ipett11e H 0606mcm1e npe,llCTaBJICHIIll 0 

xapaKTepe cpa30BbIX IIepexohon (11eco6crne11nb1e II 11ecopa3Mepnb1e cpa30Bhie 

nepeXO,llbl)' Bb151CJICJIJIC pomr anrapMOHII3Ma KOJie6attlll1 II IIpIIpO.llbI Me)KaTOMHbIX 

CIIJI B3aHMOJlCHCTBII51 II T. Jl. 

CJie,llyeT OTMCTHTb, '!TO q>II3HKa cerneT03JICKTPH'ICCTBa .llaBHO rrpeO.llOJICJia 

paMKII l.JHCTO aKa,lleMJil.JCCKOH uay1<_11: KpHCTaJIJibl, o6Jia,llaIOIUIIC 

cer11eT03JICKTplI'ICCKHMH CBOHCTBaMH, IIIHpOI<o IICTIOJ!b3YIOTC51 II HaXO,llHT Bee HOBbie 

Ba)l(Jlb!C, 3al.JaCTy10 yn111<aJibllbIC, rrpHMCHCHHH: .llJIH yrrpaBJICIUIH Jia3epHblM 

H3JIY'ICHHCM 11 B renepaTopax OTITll'ICCKIIX rapMOHlIK, B YCTPOllCTBax 

aKyCT03JICKTpOHHKII II OIIT!Il.JCCKOll o6pa6oTKII 1rncpopMaum1, B rH,llpoa1<ycTHKC lI 

CIICTCMax nepa3pyrna1omero KOIITPOJIH. 113 Bcero CKa3annoro CTaHOBHTCH HCHbIM, 

'!TO cjHI3HKa certteT03JICKTp11'1CCTBa rrpo,llOJI)KaeT OCTaBaTbCH aKryaJibHOll o6JiaCTbIO 

IICCJIC,llOBaHnii: KaK C l.JIICTO Hay<rnoii, TaK II C IIplIKJia.llHOll TO'IKII 3pemrn. 

CoBpeMeHHbJC 3KCrrepHMCHTaJibllb!C MCTO.llbl q>H3HKII TBCp,lloro Tena 

II03BOJIRIOT 11ccne.11onaTb aToM11y10 11 MoJie1<ynHpuy10 cTpyKTYPbI 1<p11cTaJIJIOB 

(3JICKTpOHHa51, peHTrCHOBCKaH, ueiiTpOHHaH JlHq>paKTOMCTp1111), JlHHaMHKY 

KpIICTaJIJill'ICCKOH peIIICTKII (ueyrrpyroe pacceHHIIC ne:ihpoHOB, KOM6llliaUIIOHHOe 

pacceHHIIC cneTa, nmppaKpacHa.H CIICKTpOCKOIIIIH), H3yl.faTb q>H311l.JCCKIIC rrpoueccbI, 

.rrpOTeKaIOIUIIC B TBCP.llblX TeJiax rrplI pa3JIIIl./HbIX cpa30BblX rrepexo,llaX II T. Jl. EcJIII 

ronopHTb 06 uccne.11onanu11 Kp11cTaJIJil!l.fecKoii cTpy1<rypb1 11 .1111uaM11K11 

KpllCTaJIJill'ICCKOll pellleTKH, TO C yBepeHHOCTbIO MO)KIIO YTBCP)KJlaTb, '!TO TCIIJIOBbie 

neii:TpOIIbI ,51BJI5110TCR OJlHIIM 113 nan6onee rrpeUII31IOIIHbIX IIHCTpyMeHTOB .llJIH 

peIIICHIIH 3THX aa.11al.J, oco6e1rno rrpn II3Y'ICHIIII BO.llOPOJlCOJlCP)Kamnx KpHCTaJIJIOB. 

L(JIIIIIa BOJ!Hbl TCIIJIOBbIX HeiiTpOIIOB 6Jill3Ka K xapaKTepHbIM MC)KIIJIOCKOCTHbIM 

pacCT051H1151M B KpllCTaJIJiax, '!TO II03BOJl51CT IIOJIYl.faTb nmpopMaUIIIO 06 aTOMHOll 

CTpyKrype nemecrna. B TO )KC BpeMH 3HeprnH TCIIJIOBbIX ueii:TpOHOB 6JIII3Ka K 

3HeprHHM KOJIJICKTIIBHblX B036y)KJlCHHll B TBCp.llblX TCJiax. ::ho .11aeT B03MO~<HOCTb 

IICCJIC.llOBaTb .lllIHaMIIKY KplICTaJIJIHl.JCCKOll pellICTKH. TaKHM o6pa30M, TCIIJIOBble 

neii:TpOIIbI npe.11CTaBJIHIOT co6oii YHIIKaJibHblll 30H.ll, C IIOMOIUbIO KOTOporo MO)KHO 

113BJICKaTb HHq>OpMaUIIIO O CTpyKrype II .llHHaMIIKC TBCp.llbIX TCJI. 

B nacTOHIUCC npeMH aKTIIBHO IIPO.llOJI)KaCTCR IIOIICK II l!CCJICJlOBaHIIC HOBbIX 

KpHCTaJIJIH'ICCKHX COCJlHHCHHii, 06na.11aIOIUIIX cerHCT03JICKTp1I'ICCKHMH CBOllCTBaMII. ~--- ~-- "--=~-:=·~ < ~ o~ri.t i;~,J.i,;,.,,.fi ,.,,u.~i "f{ 4 
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Heo6XOJIHMOCTb B TaKoro poJia pa6oTaX o6ycJJOBJICIIa nepcnCKTIIIlaMJI 
HCII0Jlb30BaHH.H H0BbIX MaTepnaJJ0B B npoMb!IIIJJeHII0CTJI JIJJ.H C03)lamrn 11p116opon, 

xapaKTepHCTIIKII K0T0pbIX MoryT 3aMeTl!0 rrp,enocxoJil!Tb npmrnTbJe 11a ccr0JIJI.H 

CTaHJiapTbI. B CBOI0 oqepeJib II0.HBJJeHHe H0BblX ceMeHCTB cer11eT03JJel<Tpw1eCKHX 

KpHCTaJJJJ0B IlbI3bIBaeT Heo6XOJIHMOCTb CHCTeMaT11qecKoro 113yqemrn HX CBOIICTB 11a 

MIIKp0CK0IIJiqecK0M ypom1e C {leJJb!O C03)lamrn a)leKBaT!lb!X MOJieJJCTT cj1a30Boro 

rrepexo)la H rrporH03llp0Bamrn Il03MO:>IOIOro yJJyqIIIeIIII.H xapaKTepHCTIIK Kp11CTaJJJJ0B. 

B rrpeJICTaBJJeHJIOH pa6oTe J13JI0)KeHbl pe3yJJbTaTbl JICCJICJIOBaHHii KpHcTaJJJIOB 

H0Boro ceMettCTBa cerIIeT03JJeKTpllK0B-cerHeT03JJacTHK0B JlHMCTl!JJaMMOJlllfi

aJJJOMlfHJfHCYJJbcpaTa reKcarnaparn (D:MAAC) MernaaMH IIeifrpom1on 11mj1pa1<111111 If 

Hei1TpOHHOll crrer<Tp0CK0TTHH. 

Oc110B1tbte 3ai)a11u pa6ombt 

B Kaqecrne ofo,erna 11ccJJe)loBamrn BblCTyna10-r KpucTaJJJJbI D:MAAC, 

XHMll'ICCKa.H cpopMyJJa K0T0pb!X M0)KeT 6b!Tb 3am1caI1a Il IlllJlC 

(CH3)2NH2Al(S04h6H20. ITp11 Tc=152 K KpncTaJJJJbI npc-repnena10-r 

cerneT03JJeKTpIIqecrrnn cpa30BbJJI nepexoa (rrepexoa nToporo poJia nma nop.HJI0K-

6ecrrop.HJIOK) II no BCeM JIHana30He TeMrrepa-ryp BTTJI0Tb JIO -repMWICCKoro 

pa3JJ0)KCHII.H .HBJJ.HIOTC.H cer!ICT03JJaCTI1KaMH. B pa6o-re II0CTaBJJCHbl CJICJlYIOIUHe 

0CH0BHble 3aJiaqn: 

1. C II0M0lllbIO MeT0Jia nen-rpomrott JIHcppaKUHlf y-roqHnTb CTPYKTYPY coeJim1emrn n 
napa3JJeKTpIIqeCKOH II cerHeT03JJeI<TPH'ICCKOH cpa3ax, HCCJJeJionam1y10 pa11ee 

MeT0JI0M pen-rreIIOBCKOH JlllcppaK{lllll (rrocJJeJIIll1H MeT0JI l!MeeT, I<aK 1!3BeCTII0, 

ecTecrneHHbie orpa1mqemrn, He II03B0JJ.HI0llllle K0ppeKTII0 0IIHCaTb c-rpyKTYPY 

B0JI0p0JIC0Jiep)l<aIIUIX coeJil!Hemn1). D:eTaJJbHOe 3JiaHIIe CTpy,nypbl 11eo6xoJIHMO 

JIJJ.H a11aJJ113a Ml!KpocKon11qecKoro Mexa11113Ma cerHeT03JJeKTpuqecKoro cpa3onoro 

nepexoJia B KpHCTaJJJJax D:MAAC. 

2. lfayq11Tb oco6eIIIIOCTII CTp0eHII.H, xapaKTep TeIIJJ0Bb!X KOJJe6a11Htt D:MA-KaTHOlla 

([ ( CH3) 2NH2]+), 11ccJJeJionaTb rrpoueccbI opuernannommro ynop.HJI0'JeIIH.H 

KaTnoua D:MA B peIIIeTKe )lMAAC rrpII ceme-ro3JJeK-rpw1ecK0M cpa3onoM 

nepexoJie II BbrncHHTb poJJb 3THX rrpoueccoB n Mexam13Me cen1eT03JJe1<T

p11qec1<0ro cpa3onoro rrepexoJia. 

3. BbrnCJJJ!Tb p0JJb M0JJeKyJJ c-rpyKryp11oii B0Jibl n MexamrnMe 
pw1ernoro cpa3onoro nepexoaa B Kp11cTaJJJJax )lMAAC. 

cerHCT03JJeKT-

4. MeTOJIOM 11eynpyroro JleKorepeIITIIOro pacce.H!III.H Hett-rpo11on HCCJJCJI0BaTb 

nJJumme cerne-ro3;1e1npnqecKoro cpa3onoro nepexoJia na cpy1m11mo TTJJ0TII0CTH 
qaCT0T cpo110111n,1x COCTO.HJIIIH 11 113yqJ1Tb ee 3B0JJIOllHI0 B nmp0K0M 

TeMrrepa-ryp110M a11ana3011e JJH)KC H IlbJIIIe -roqKH K10pn. BbrnCJIHTb p0JJb 

B0JI0P0JIIlbIX CB513CTT B McxaJJH3Me cpa3onoro ncpeX0Jia. 

5. HcnOJJb3Y.H )lalllJbie 3KC11CpHMCIITaJJbHb!X IICCJJeJIOBaJIHH, Ha 0CH0Ba!IHH 

MIIKpocKOIIll'ICCKOH M0)leJJH o6b.HC!IHTb MCXa!III3M cer11eT03JJeKTPH'IeCJ<Oro 
cpa3onoro rrepcxo)la n KpHCTaJJJJax )lMAAC. 
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H ay1111asi 1WBU31lll U noJto;Ke1lUSl, Bbtff0CUJltbte ua 3aw,umy 

B pe3yJJbTaTe l!CCJJeJIOilaJIJ1H, II0JJ0)KeJl!lbIX B 0Cl!0BY JIHCcepTa{lIIOHHOH 

pa60TbI . 

1. Bnepnbre TT0JIII0CTbI0 pacnmcppoBaIIa aTOMI!a.H c-rpyK-rypa rrepBoro 
npeJICTaBHTeJJ.H H0B0ro ceMeHCTBa cerHeT03JJeKTpHK0B-cerHeT03JJaCTHKOB 

)lMAAC n napa3JJe1npnqecKott H cerneT03JJeKTpHqecKott cpa3ax. J13yqeHbI 

xapa1nep pa3ynop.HJI0qemrn H TeTTJJ0BbIX KOJJe6aHIIH MOJJeKyJJ.HpHbIX 

KoMnJJeKC0B, cocrnnJJ.HIOlllHX -rpexMepIIbIH KapKac )lMAAC. 

2. Bnepnr,re Ha 0CH0BaHIIII IICCJJe)l0Bamrn crre1<TpOB Heyrrpyroro HeKorepeHTHOro 

pacce.HHH.H J1eii-rpo11on nocCTaH0BJJel!bI 06061lleHHb!e cpyHKlllIII IIJIOTHOCTII qaCTOT 

cpoIIOHHhIX cocrnmmii: KpncTaJJJJ0B )lMAAC n IIIIIpor<oM JIII<!na::ioHe -reMnepaTyp 

IIII)Ke H nhrIIIe TeMrrepa-rypbI cerHeT03JJeKTpnqecKoro cpa3onoro rrepexoJia, II Ha 

0CH0BaHHII cpanHHTCJlbH0f0 anaJJII3a C )laHHblMII no KOM6IIHa{lIIOHHOMY 

pacce.HHIII0 cne-ra Jiana nx mneprrepeTallII.H. 

3. Ha 0CH0Bamrn conMeCTH0r0 aHaJJII3a aaHHbIX HCHTpOHHOH amppar<{lHJI II 

IIeiiTpOHHOH cneKTp0CK0IIIUI ycTaH0BJJeH MIIKpOCKOIIJiqecKHH MexaHJI3M 

cerHeT03JJCKTpIIqecr<oro cpa3onoro 1;1epexoaa n r<pncTaJJJJax )lMAAC. 

4. Ha ocuonaHIIII Knan-roB0-XMMJiqecKJIX pacqe-roB orrncano na6moJia101lleec.H: B 

3KcrrepIIMCHTe qe-r1,1pexr<pa-rnoe pacllleriJJeHIIe rro3IIllIIH )lMA B peIIICTKe 
napa3JJeKTpIIqecKoii cpa3bI )lMAAC. C IICh0JJh30BaHneM 3JJeKTpocTaTJiqeCKoro 

npII6JJJI)KeJIH.H H C yqeT0M JIIIII0Jib-JIIIII0JlbII0ro B3aIIMO)lellCTBH.H )lMA-KaTHOIIOB 

yc-rauonJJena rrpnqnna rrperrMylllecrnennoro 3aceJJeIIII.H OJIHOH 113 TT03IIllHH )lMA, 
KaTII0Ha n KpncTaJJJJax )lMAAC HII)Ke TeMrrepaTypr,r cerneT03JJCKTpnqecKoro 

cpa3oBoro rrepexoJia. 

5. ITpeJIJJO)Ke!la MIIKpocK0TTIIqecKa.H M0JICJJb cerueT03JJeKTpIIqecKoro cpa3oBoro 

rrepexoJia JIJJ.H KpHcTaJJJJ0B nonoro ceMeiicrna cerneT03JJCKTpHK0B )lMAAC 

· (MOJICJJb J13nura B npH6mrn<eHm1 caMocor JJacoBaHHoro MoJieKy JJ.HpHoro noJJ.H). 

H ay1111asi u npaKmu11ec1wsi ~e1111ocmb 

KoMnJJeKcHoe nccJJeJionaHIIe r<pnc-raJJJJon )lMAAC MCT0JiaMn Heii-rpoHHOll 

JIHcppaK{llllI ll neii-rpmmoii cneKTp0CK0illllI Il03B0JIIIJJ0 II0JJyqIITb tieHHbie CBCJieHII.H 

06 aTOMHOll c-rpy1nype n . peIIIeToq11oii JIIIHaMIIKC rrepBbIX npeacTaBIITCJICll HOBOro 

ceMCHCTBa cerHeT03JJeKTp.llK0B-cerHeT03JJaCTHK0B. Pe3y JlbTaTbI 3KcnepIIMCHTaJJbHbIX 

nccJieJIOBam1i1: KpHcTaJJJJ0B )lMAAC MCT0JlaMn HeiiTpoIIH0ro pacce.HHII.H ,naJJII 

neo6xoJIHMYIO nmlmpMaumo JIJJ.H: rrocTpoeHH.H: · Mnr<pocr<onnqecKoii MOACJJH 

cerue-ro3JJCKT])Il'ICCKoro cpa3onoro rrepexoJia B Hnx. 

ITpocT0Ta npeJIJJO)KCHHOll MIIKpOCKOTTIIqecKOll M0JieJJH, IICIIOJ!b30Bannoii JIJJ.H 

0TTIICaHH.H cpa30BOro nepexo)la B KpIICTaJJJJaX )lMAAC, II03B0JI.HCT pacc'!IITbIBaTb Ha 

ee rrpuMe11nM0CTb n n 0TH0IIICHIIII Jipyrnx npeJICTaBHTeJieii ceMeiicrna )lMAAC, 

II0JJyqaeMb!X ll30BaJJeHTHbIM 3aMellle1IIIeM Al Ha Jipyrne MeTaJJJihI, 3aMeHOll S Ha Se 

JI T. TT. 

l13BeCTHO, qTo M0)leJJb J13nnra If rrpII6JJII)KeHIIC caM0C0fJJaCoBaHHOro 

M0JICKYJJ.Hpnoro TT0JI.H HCTT0JJb3YIOTC.H: 061,rqno Jllllllb JIJI.SI KaqecTBeHHOro orrncaHII.H 

cerHeT03JJeKTpIIqecKHX cpa30BblX nepeX0JI0B Tnna nop.HJlOK-6ecnop.HJl0}(. ,[(JI.SI 
rroJiyqeHH.H K0JIHqecTBCIIII0ro corJiaCII.H C 3KcrrepnMeHTaJJbHbIMH· )laHHbIMll 

Heo6XOJlllM, KaK npaBHJI0, )laJICK0 He TpIIBHaJibHbIH yqeT pa3JJllqHoro TIIIIa 
3 



B3al!MOJ:{eikTBIIH Me)KllY CTPYKTYPHbIMH e,':l1mnuaMn Kp11CTaJJJJa. Ol{HaKo B 
0TH0IIJeHllll KplICTaJJJJ0B .ll:MAAC l!CII0J!b30Bam1e JJHIIIb 3JleI<Tj)0CTaT!llJCCJ(0fO 

rrpl!6JJ11)KeH1151 ll Y'ICT /llI!l0JJb-llllII0JJbll0f0 B3aHMO/lCl!CTBIUI II0JJ51p!Ib!X .ll:MA

KaTll0H0B Il03B0JJl!Jlll II0JJY'IIITb oueIIKH llJl51 1,1eJJll'IHH C!lOHTaHHOII r0JJ51j)Jl3a1u111 II 

TeMrreparypbI cpa3onoro rrepexol{a, KOTOpb1e oKa3aJJHCb n xopoIIIeM cornac1m c 

3KCIIep11MeHTOM. IIocJJel{Hee oco6enno rrp11Me'!aTCJ!bIIO' II0CK0J!bKY ycTOTT'IIIIJOCTb 

TpexMepnoro KapKaca coel{Hne1111,1 n neMaJJOH cTerre1111 orrpe/lCJJHeTc.H pa3mrroii 

Cl!CTCMOH BOJlOP0/lllb!X CB.H3eH, K0TOj)b!C He Y'IIITbJBaJJJICb B 11CI10Jlb30Bamroii I1a~111 

M0llCJIJI. 

Orr11cairnoe n paMKax Tex )Ke npocThIX rrpellIIOJJO)l<eJm11 'ICTbrpexKpanroc 

pacmerrJJen11e II03l!Ullll .ll:MA-KaTHOIJa n pemen<e napaaJJeKTpw1ecKm1 cpa31,1 

.ll:MAAC l{aeT 0ClI0llaJIHe Hal{e.HTbC.H 11a rrpHMCIIIIMOCTb 11CIIOJ!b30Bamrm1 IIaMJI 

MOl{eJJH II B 0TJJOIIIemrn llpyr11x cerIIeT03JJeKTp11'1eCI<HX COClllllleIIHIUI, cpa30llblii 

rrepeXO/l B l(QTOpbIX corrpoBO)Kl{aeTC.H opnenTaUHOHHb!M ynop.HJlOlJCHllCM 1101rnp111,1x 

MOJJeKy JI.Hj)llbIX KOMIIJJeKCOB. 

Anpo6at4UR iJuccepmat4uu 

OcHOBJ!ble pe3yJJbTaTbl JlllCceprnu11omrnii pa60Tbl 6b]JJH J{OJIO)Kellhl 11a 

Me)Kl{ynap0/lHOM ceM1rnape "CTpy1<TypHble CBOHCTBa KpHcTaJJJJJf'leCJ{l[X MaTepua1ron" 

(4.03.97-6.03.97, .lI,y6na, Pocc1rn), HauuonaJJhHOH 1<0Hcpepe11u1rn no npHMCIIe11n10 

penTreHOBCKoro, cm1xp0Tp0Imoro ll3JJY,Ie!IHH, HCHTpOIIOB 11 3JJeKTJ)0HOl3 /lJJ.H 

uccJJe,':{onan11,1 MaTepnaJJon (25.05.97-29.05.97, .ll:y6na, Pocc1rn); 9-M 

Me)Kl{ynapomroM conemamrn no cerneT03JJe1<Tpwiecrny · (24.08.97-29.08.97, Cey11, 
Kope.H)' 2-M Me)K,':{yttapO/lHOM CCMHHape no cerHeT03JJCKTpmrnM-peJJaKCOJ)aM 

(23.06.98-26.06.98, .lI,y6na, PocC11.H), Hay•rnoii cccc1rn MI1<DI1 (cpcnpaJJh 1998, 

MoCKna, Poccn.H), ceM11nape Jla6oparnp11u neiiTpom1hrx uccJJc,':{onam1ii I15II1 PAH 

(oKrn6pb 1998, TpouuK, PoccHH), 11rnronoM 3acel{aHHII 1998 r. Hayq11oro concrn 

PAH no npo6JJeMe "<Dll31!Ka cernernaJJeKTPHKon 11 JlH3JJc1<Tp111<on" (11c1<a6p1, 

1998 r., Moc1rna, Poccu,1). 

II y6.llU1Wl{UU 

IIo pe3yJJhTaTaM /lHCCepTaUHH ony6mmonano n BH/lC CTaTcii H TC3HC0ll 

8 pa6oT. 

061,eM u cmpyKmypa pa6ombl 

.lJ:uccepTal{l!51 C0CTOllT ll3 llllC/lCIIHH, lJCTblpex rJJall, 3aKJJIO'ICHIUI H cm1c1rn 

JIHTepaTypb!. Pa6orn H3JIO)KCHa na 101 CTpaIIHI{C' lll(JJJO'lacT 31 p11cy11m< If 15 

Ta6JJHI{. Cm,coK JIHTepaTyp1,1 C0,':{Cj))l(HT 79 IIalfMCJJOllaJIHH. 

KpamKoe coiJep,1wuue pa6ombt 

Bo aaeiJeuuu 06oc110BblBaeTCH aKryaJJbIIOCTb TCMhl, <popMyJJHPYJOTC.H 

0CJI0BIJ h[C 3aJ1a'!Jf pa6oTbl' nay'!llaH IIOBl!3!1a ll noJJO)KCHHH' Ilh!H0CIIMblC ua 3an1ury' 

11ayq11an 11 11paKTlJlJCCKa.H UCHHOCTh pa6oTbl, KOpOTl(O H3JJaraeTC51 CO/lCJ))l<aJIIIC fJJall 
/lHCCCpTaI(H 11. 

B nepaou vzaae np1mo11HTCH o63op mneparypbI, IIOCBH!llCIIJIOH 
3KcncpHMCIITaJJhllhlM HCCJIC/l0BaHHHM cen1eT03JJCI<Tj)Hl(0U-CCfllCT03JJaCTIIK0!l 

ceMeiicrna .ll:MAAC MCT011aMH pe11TreIIonc1<oii /lHlppaKUHH, KOM6miau1101111oro 
pacce,1111rn CBCTa, J1113JJCKTpll'ICCKHMH MCT0/{aMH H llP- Ha 0CII0BaJHIH anaJJH3a 
l{amn,IX 3KCflCj)lfMCJITaJJI,HblX HCCJIC/lOBa1111ii KJ)HCTaJJJJ0ll CCMCHCTBa .ll:MAAC 
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paco1aTpnnaIOTC.H B03M0)1(11blC MCXaIIJl3Mbl cerneT03JJCKTp11'1CCKOf0 cpa30DOf0 

rrepcXOl{a Il IIIIX, a TaK)KC Jlll3K0TCMIIepa-ryp111,1x cpa30llblX rrcpcxo110B B KpllcTaJJJJaX 

,UMAAC II ll30MOpqlllblX IIM C0C/{l!IICIIJl$1X. 

Bo amopou v,aae / 1/ Koponw 06oc1rou1,macTrn 11co6xo,1mrocTh 

11efrrpo11orpacj1w1cc1<0ro 11cc11e110Balll1H aTm111oii npy1nyp1,1 LIJ\IAAC II up11uo.1HTCll 

11co6xo11m11,1c CBCJ(Cllll}I o :u1(!1paKl(IIII 11ciiTpOHOil KaK ~ll'T0.1C 11cc.1c.101Jat111ll 

KJ)IICTaJtJIII'ICCKOii npy1nyp1,1 TBl'Jl,1hlX Tl'.l. .]a.we OllllCbIBaeTCll npone.1em1e 

11ciiTpo11onp~••nyp111>1x :➔ KClll'pm1e11To11 11a ~ro1101<p11na.1.1ax .]J\lAAC B 
11apa:-iJ1e1np11•1cr1rnii {I1a:ie (T=29:i IO • 11a a1nm1aT11•1ecKm1 LICT1>1pcxKpy)K110M 

~HJ110I(jlllCTa:11>11m1 ;uH!1paHm1eTpe SYNTEX-PIN pcaKrnpa BBP-U qmmiaJJa 
HMcDXII mt. Kap11ona ( O6111111cK, Pocc1rn) 11 n ccrnernaJJeKTpll'ICCt<Oii <pa3e 

(T=135 K) 11a :rnrnMarn•recKmt 'ICTblpcxKpy)KIIOM ,1tt<ppaKTOMeTpe D9 H11cT11Tyrn 

JiaycJ-JlamKcBc11a 2. (fpc1106m,, <Dpamurn), i1p1moJ\.HTC.H napaMeTpbl 

3KCIICJ)IIMCIITaJihllhlX ycTal!0ll0I(. O6pa6onrn 3KCllCJ)IIMCIITaJJbllblX Jlallllh!X II 

crpyrcryp11bIC paC'ICThl llj)0B0/(IIJll!Ch C IICil0Jlh30llalll!CM l<OMIIJICKCa nporpa~m 

CSD ,:l.i 

B Ka11ccTne 11cxo1111oii Mo11c1111 11JJn yTol111c1m.H c-rpyKTyp1,1 L{MAAC B 

11apa,JJICKTJ1IILJCCI<Oii qia3c 11))11 Kmman1oii TCMl!CpaTypc 11Cll0Jlh30llaJIIIC.h 11a1ll1bll' 

4.0 

3.0 

2.5 

0.5 1.0 1.5 2.0 2.5 3.0 

Puc. 1. </Jypbe-cu111ne3 <J paiio11e 
amo.Moa a3011za N(t) u N(2) 
nepneuawcyMqmo ocu C-C. Xopowo 
aua111,1 m0Ab1w amo;,tbt a.10ma N( 1 ), 
can3a11111,w t{emnpo.M wwepciw 

4. 

0.5 1.0 1.5 2.0 2.5 3.0 

Puc. 2. Pa:111oc111111,11i c11111111•.1 <IJ!J/Jbe <I 

paiio,u• a1110.1w<1 N( I) 11 N( 2) 
nep11e1u111Ky.r1J1/J110 oc11 C-C. Amo;,11,1 
N( 1) ow1111c111,1. Xopo1110 011il111,1 

{11/J()J,(IJ/ (/;l(Jl/1(/ N( 2 ), C<JJl:1<1111/1,/(' 

l!Cll/11/IOJ,/ llll<U'flCll/1 11 01//1/0CJlll{lll'CJI I( 

N( I) llfJOlll<Jllbl 

I Amnop <Jbl/Ja;1wcm 61w10aap1wc1//b B.A.Cap111111 ;/(/ 110.•totl!I> (/ 11/IO{l('(lcllllll .SKCIU'/111.11('1111/()(/ //() 

1/e/llfl/JOl/1/0iJ auq)/J(ll<l(UU U 06pa6om1<e 1/l'lllll/JOIIOCIII/J!JK1'1!J/Jlil>(X c)a11111,IX. 

2 Guide to Neutron Research Facilities at the I LL // Grenoble. FR:1NCE. /')9./. 
1 Al<selrud L.G., Gryri Yu.N., Zavalij P. Yu. <'l al.// 12th Eump. CY!/Sfal/ogr. Meet. Ahstr. 
Moscow. 1989. V. 3. P. 155. 
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pe11Tre1IOBCKOTT .n11cjJpaKUJIII. McTO/ll!Ka 
YTO'!IICHIUI CTpy1nyp1>1 COCTO.HJia ll 
CJIC.L\YIOUlCM: ITOCJIC YTO'IIICIIJI.H M0/lCJIII C 
6a3JICll4JMII HCllO.L\Opq.n111>1MJI aTO~lal\111 
.neJiaJIIICb ccpm1 pa3JI0CTllbIX cjJyp1,c-
CIIIITC30[1 51.L\CPIIOTT ITJIOTIIOCTH ll paiio11ax 
rrpe.nrroJiaraeMm'i JI0KaJI113aUJm aT0M0B 
1101topona, 113 
YTO'IIICIIIlbIC 
JICll0Jl0po.n111,1e 

KOTOpbIX Ilbl'lllTaJIJICb nee 
Ha 11cp110M aTanc 

aT0Mbl (061>I'!llblC cjJyp1>c-
CHIITC3bl . !IC ll03UOJI.HI0T BbHIBHTb 
oco6c1111ocT11 CTpocmrn .llMA-1rnnw11a, 
CBH3aIIIIbie C pa3yrropHJl0'1ClllleM aMJ111HbIX 

Puc. 3. /!MA-Kamuo11 a napa- rpyrrrr. CM. pnc. 1, 2). ITo3HUHOIIIlbie 
3/LeKmpu11ecKOU ( A) U cememo- napaMeTpbl H 3aCeJieIIIIOCTll IT03111\HH 
3/leKmput1eCKOU ( E) rpa3ax /!MAAG. JIOBbIX JI0KaJIH30Bamn,IX aT0M0U rrpn 
IloKaJauo pa3ynopaao11e11ue aMw11wu ,i.. 

llMA 'l'IIKCHpona11I1bIX TeITJI0BbIX napaMeTpax 
zpynnbt µ. -Kamuo11a a napa-
JJ1eKmpu11ecKou rpa3e /!MAAG u yrn•mHJIHCb MHK. IIo:Jie 
Jlllluncouabt menllo<Jbtx Kolle6auuu npu reoMeTpwiecJ<oro a11aJI113a JIJIHH cu.H3en n 
meMnepamypax 293 u 135 K yrJIOB no KpHcTaJIJIOXHMH'!CCKHM 

Kp1uepm1M CTp0HJIHCb H0BbIC pa3H0CTHbIC 
cjJypbC-CHIITe3bl. I1cnoJib30BaHIIC H3JIO)KCJIHOH MCT0.L\IIKH H03B0JIIIJI0 orr11caTb 
'!CTblpexKpanme pacmerrJieIIHC IT03HllHII .llMA-Kan1011a B rrapaaJieKTPH'ICCKOH cjJa3e 
.llMAAC (p11c. 3). 3aceJieJIIIOCTII JIBYX 113 HHX cocTaBJIJU0T rrpHMepno no 10%, a 
JlBYX npyrnx - rrp11Mep110 rro 40% (pacrroJIO)KCIII!e .llMA-Karno11a n6JIH3H ucHTpa 
H11Bepc1111 H CIIMMCTpI!H peIIICTKII 06ycJiaBJ11ma10T era pa3yrropHl\0'!CIIIIC u 
rrapaaJieKTpH'!eCKoii cjJa3e .llMAAC; B pe3yJihTaTC o6pa3ona1111H no.nopon111>1x CB.H3CH 
C cyJibcjJaT-a1111011aM11 II M0JICKYJiaMJI B0Jlbl .llMA-I<aTIIOII 0Ka3b!B~eTCH 
pa3y110pH.L\0'!ellllbIM ITO '!CTblpeM IT0JIO)KCIIHHM, CB.H3aHHblM rrorrapno llCHTp0M 
mmepc1111). 

<Dypbe-CJIIITC3bl HJlCplIOH ITJI0TH0CTH B pailotte M0JieKyJI B0.L\bl B rrapa- II 
cernernaJieKTPll'!ecKoil cjJa3ax .llMAAC nc o6Hapy)KHJIH KaK11x-JI1160 oco6emIOCTeil n 
IT0BC,'le!IIIH rrpoTOJI0B, ll3 qcro 6bIJI c.neJiau BblU0.L\ 0 TOM, lffQ BOJl0P0.L\IlblC CB.H311, 
o6pa3yCMbie M0JICKyJiaMH BOJlbl, no nceil B11,'\HM0CTH, 11e necyT 0TBeTCTBeHH0CTII 3a 
cerHcrnaJieKTPH'!CCKHH cjJa30BbIH rrepcX0Jl n KpHCTaJIJiax )lMAAC. B 
rrp0Tl!BOIT0JI0)J(Jf0CTb 3T0MY' anoMaJibII0 60JibIIIIIC aMllJIHTY.L\bl KOJie6aHHH aT0M0B 
yrJicpona 11 0TJI0C.Hll(HXC.H K HeMy rrp0T0H0B, a TaK)KC 'ICTb!pexKpanIOe pacmerrJieHHe 
rro311111111 aMHIIIIOH rpyrrrr1>1 .llMA-KaTHOHa u napaaJICKTp11qecKoil cjJa3e 
CBH,'\eTeJibCTBYCT O TOM, '!TO rrpouecCbl op11e11Ta1111mrnoro yrropHl\O'!CIIIIH .llMA
KaTH0IIa rrpH IlOHH)KeIIHH TCMrrepaTyp1>1 MoryT 6b!Tb rrpH'!HHOH cjJa3onoro rrepexo]la B 

KpHcTaJIJiax .llMAAC. 

A11aJI113 J1a11111>1x 11eilTpm111oil .n11cjJpaK111111 11a MonoKpHcTairne )lMAAC B 
CCrJICT03JICKTpll'!CCKOH cjJa3e npH T=135 K rrpoBO.L\JIJIC.H ITO cxeMe, om1caHHOH BbIIIIe. 
B Ka'!ccTne 11cxoJ111oil MO.L\CJIH .L\JIH yT0'!11e1111H CTPYKTYPbI 11crroJib3onaJI11cb na11nb1e 
11eilTpm111oil JIH<jJpaKHHH na KpHcTaJIJie .llMAAC n rrapaaJieKTpH'!CCKOH cjJa3e rrp11 
KOMIJaTIIOM TeMncpaTypc. 

O)1(1!.L\aJIOCb, '!TO B cerHCT03JICKTpH'!eCKOH cjJa3e rrpo113oil:.neT op11e11Ta1111omIOe 
ynopHJI0'ICIIIIC .llMA-KaTl!Olla B OJIHOH 113 '!CTblpex IT03HUHH, B03M0)l(HbJX B 
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1) 

napaaJICKTpnqecI<ott cjJaJe. OJ1na1rn yT0'!11en11e cTpyI<rypnoil MOJ1eJI11 rroKa3aJio, '!TO 
np11 135 K nomwro op11eHTa11nmmoro yrrop.Hl\O'!eHH.H )lMA-KaTHOHa He 
npOI!CX0.L\IIT. Tpn .L\0H0JIHl!TCJibHbJe no3HUHH a3oTa aMHHHbIX rpynrr .llMA-KaTHOHa, 
COOTBeTCTBYIOIUHe IT03Jlllll.HM, aamIMaeMbil\i .llMA B rrapaaJieI<TpH'!eCKOH qia3e 
.llMAAC, 6b!JIII o6Hapy)KeHbI Ha qiypbe-c11nTe3ax. OnnaKo nepo.HTHOCTH 3aceJieHH.H 
an1x no3HllHH naxo,'\HTC.H 11a ypontte 1%. )laHHbn'i qiaKT rronrnep)K.naeT paHee 
Cj\eJiaHHbIH Bb!BO.L\ 0 TOM, '!TO cerHeT03JieKTpH'!eCI<l!H cjJa30BbIH rrepexon B 
KpncTaJIJiax .llMAAC .HBJI.HeTC.H rrepexonoM THrra nopHJIOK-6ecrrop.Hl\OI< / 4 / 

IIpoc1<11n.H CTPYKTYPbI .llMAAC n cernernaJieKTpH'!ecK011 cjJaae Ha rrJiocKoCTb ab 

noKa3ana Ha pnc. 4 (npoeKuirn n rrepcneI<Tnne). 

TaKHM o6pa30M, B pe3yJibTaTe nponenemrn 3KCrrep11MeHTOB no HCHTpOHHOH 
.nncjJpaK1111n na KpncTaJIJiax )lMAAC n rrapaaJieKTp11qecKott 11 
cernernaJie1np11'!ecKm'i qia3ax 6blJia noJIHOCTbIO pacm11¢ponana cTpyKTypa .llMAAC 
Hl!)Ke II BbIIIIe TO'!Kn cerneToaJieI<TpH'!ecKoro qia3onoro rrepexo]la. Mo)KHO C'!HTaTb 
ycTanonJieHHbIM, '!TO cer11eToaJieI<Tp11qecK1IH cjJa3oBbIH rrepexo.n n .llMAAC cn.H3aH c 
H3MeHe!IHCM opneHTaUHOHHOH • M06IIJibHOCTH .llMA-KaTHOHa C ll3MeHeHIICM 
TeMrrepaTyp1>1. 

Ol J oO 0 . C ·() ~Xf .~ _c;l. rf) cJ). 
•__}I :,'")~~~-( ( 

01 far ~)Jc? 
S \O;R C O '/S@ ,, 
0~ N H ~E: 

"' C " ~S 
'-~J ;i~· 

~ ~A 
__} ~===3c-''i-==t"t":t.:a;;s~~~-=~a~~l 
0 

Puc 4. IlpoeKl{ttR cmpyKmypbt /!MAAG a cememoJJ1eKmpu11ecKou rpa3e ua nAocKocmb ab. 
IloKaJallbt Jlllluncouabt menAO<JbtX KOJ1e6a11uu npu T=t35 K 

B mpembeu ZJZaee npiinon11Tc.H KpaTKoe 06ocnona1me neo6xon1IMOCTH 
rrpone.nen11.H aKcrrepnMenrnn no neynpyroMy neI<orepeHTHOMY pacce.HHHIO ueilTpoHon 
na noJI11Kp1IcTaJIJIH'!ecK1IX 06pa311ax )lMAAC II paccMaTp11naIOTC.H pe3yJibTaTbl 
IICCJie.nonaHHH llHHaMIIKll perneTKll KpI!CTaJIJIOB .llMAAC MeTOl(OM Heyrrpyroro 
neKorepeHTHoro pacce.HHH.H neilTponon. 

3KcnepHMeHTbI no neynpyroMy neKorepeHTHOMY pacce.HHHIO neilTponon Ha 
KplICTaJIJiax )lMAAC rrpono.nnJIIICb na crreKTpoMeTpe Heynpyroro pacce.HHHR n 

4 Kupnutt11wwaa JI.<JJ., A11apeea E.<JJ., Haauoa H.P. u ap. / / KpucmaJlllozpa<jJUR. 1988. T. 33. 
Ne6. C. 1437. 
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o6paTHOH reoMeTp1111 HEPA-TIP 1 51 
1200 (peaKrnp I1BP-2, JIH<D OI15II1). 0 

IIEPEAA'IA 3HEPflUI, 1/cM 
200 400 600 800 1000 

,i::: 400 St,a;n v;b,.tlon, of C-N-C 8KCIIep11MeHTbl npOBOJlHJIHCb npll 

S -:~~~~~~~-::,~~~== TeMneparypax 162, 80 11 9 K, Ka)KAblll 

13 ======= cneKTp CIIHMaJICR )J TC'IClll!e 15 lJaCOB. 

ti 300 IIocJie ycpew1emrn no 11cpc1la11110My 
0 
U ==== HMIIYJibCY, Bhl'IIITallll}I tj1011a II 

~ 11opM11pOllKII na CflCKTp 11a11a1011111x 

~ 200 IICHTpOIIOB 6bIJIII ll0CCTaJI0DJICllbl 

~ 0606iuemn,1c lpym<HHII IIJI0TII0CTII 

~ 'laCTOT lpOIIOllllhlX COCTommii B 

:::: OAHOlpOHOIIIIOM np116JJll)l(CIIIIJI (p11c.S). 
t;1w _ 
o CpamrnTcJibllbllf a11a1m3 

~ neHTJ)Ol!Hh!X jla!IHh!X C pe3y111>TaTaMH 

2 0 _,_ ___ .':'~~~~~~~----------' ,:lKCIIepHM.eJITOIJ no KOMfornau110HHOMY 

paccemnuo cJJeTa no3BOJIHJI npoBCCTH 
150 " 

COOT!lecett11e JIHIIHH )J CIICKTpax 
25 50 75 100 125 

IIEPEAA 'IA 3HEPfllll, Mall 
0 

neynpyroro paccemnrn c 

onpeACJICHllh!MH nmaMH KOJie6a11m1 
Puc. 5. <DoHOIIHbte cneKmpbt II.MAAG 

aTOMOB B KpHCTaJIJie II CjleJiaTb HeK0TOpb!e 3aKJJIO'leIIH.H O IJ03MO)l(Jlb!X MCXaHH3MaX 

lpa3onoro nepexoAa JJ KpncTaJIJiax .l(MAAC. 

B 'laCTIIOCTII; Tpll Han6oJiee 11HTe!IClIBHb!X IIHI(il JJ o6JiaCTH pcrneTO'lllhIX 

KOJie6aHHH (nepejla•rn :mepr11n MeHbIIIe 200 CM-1) 6bIJIH ornece!lbl K JIH6paU11.HM 

.l(MA-KaTHOHa BOKpyr ero rJiaBHb!X oceil 1111epu1111. .l(aHHOe 3aKJII0'Ie1111e 

OCHOBbJBaeTCH Ha TOM, 'lTO B nepnoM np116Jil1)1(Clll1H HIITel!CHIJH0CTh CIICKTJJ0D 

neynpyroro neKorepenrttoro paccemrnH neiITpo1101J nponopunonaJI1>11a q2<u2>, r)lc 

q - nepe)laHHh!H l!MIIYJibC, a <u2> - cpe,'lHe1ma)lpaTl1'1IIOe CMeU{CIIHe aToMa 113 

IIOJIO)l(eJIIIH paBHOBeCIIH. OcHOBHOH BKJia)l B cneKTpbl Heynpyroro HeKorepCIITII0fO 

paccemrn>1 jlaIOT npoTOHbI, o6Jia)laIOIUile 6oJibillIIM ce•1enIIeM neKorcpcHTJIOro 

paccemrn.H, a JI116pau1111 .l(MA-KaTl10Ha OTBe'laIOT 11a1160JibillIIM 

cpejlIIeKBa)lpaTWIHh!M CMeIUCHl1HM npoTOIIOB 113 TIOJIO)l(eHIIR paDHOljeCHH, 'ITO 

CJiejlycT 113 )laHHh!X no HettTponnoiI )llltjJpaKL{IllI. Ha lpOHOHHh!X, CTICKTpax xoporno 

Dil)lHO, 'lTO DCC TPII HIIKa CHJibIIO rrepenopMIIPYIOTCH C 113MeIICHileM TeMrrepaTyp1,1. 

3Ty rrepenopM11pom<y IICJlb3}1 OTIIeCTH JIIUI!h na C'lCT lpaKTOpa ·.l(c6aH-13aJIJICpa, 

IIOCKOJihKY' 11arrp11Mep, IIIITerpaJib!Ja}I lIJITeJICIIDIIOCTh JlClpOpMau11omIOro KOJie6a1111a 

C-N-C-CKeJieTa .l(MA-Karnona He Men.HeTc.H c TeMnepaTypoiI n npeJleJiax 

3KCrrep11Me11TaJihlIOH norpenmocn1. CJiejlOBaTCJibIIO, )laJIHh!H 3lplpeKT CB513aH C 

ll3MCHCIIIICM )ll!IIaMIIKll .l(MA-KaTIIOIIa rrp11 H3Me11e111111 TCMnepaTypbI. IlpH 

IIODb!IlleHHl1 TeMrrcpaTyp1>1 pacTeT anrapM0Hil3M JII16pau11011I1blX KOJie6a1111iI, a DhllllC 

Tc JIII6pauHH rrepCXO)l.HT BO Dpall{CHIIH, 'lTO corrpoBO)l(JlaCTCR pa3pb1D0M 

BO/lOJ)0JlHhIX CBH3ett .l(MA-1<arno11on c rpyrrnaMII S04 . 

OTcyTcTBHe CMHr•1e1111.H KoJic6am111 na tjmnom11>1x cneKTpax .l(MAAC 

corJiacyeTCH C TCM lpaKTOM, lJT0 tjJa30DhlH nepeX0Jl OTIIOCIITCH K rnny nopHJlOK-

6ecrropHJlOK, a DTopoi-i poJl lpa3onoro ncpcxo,~a o6bHCHHeT nJiamme H3Menenne 

muerpaJibllb!X l!IITCHCIIBHOCTCH II 1mlp1m Jil111111l C TCMneparypoiI. 

5 User Guide. Neutron Experimental Facilities for Condensed Matter Investigations at FLNP 
JINR I/ Dubna. RUSSIA. 1997. 
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I 

lli11pm<a.H noJioca 11a lpo11011111,1x cneKrpax .l(MAAC D 06Jiacr11 nepeJla1111b1x 

a11cpr1111 600-1000 CM- 1 0TIICCC!la 11a~111 K KOJie6amrnM B0JlOp0/lllbIX CDH3CH, 

06pa3y101u11xrn MC)l(JlY aT0Ma~111 KIICJI0J)0/la IJ0/lhl II cyJI1>l)JaT-a111101101J. 3Ta o6JiaCTh 

npaI<Tll'ICCJ(ll IIC MCH>ICTC}I C J)0CTOM TCM1leparyp1,1. IIocJICJlIICC CDIIJlCTCJibCTBYCT () 

TOM, 'ITO l{allllblC B0ll0P0WlbIC CD}l31f, II0-llllJlllMOMY, !IC OTflCTCTDCllllbl 3a Mexam13~1 

lpa30floro llCJ)CXOjla, II flJ)CJlllOJIO)l(ellllC O ll03M0)1(11011 po.1111 y11opH,10'1Cllll}I ~IOJICK)'JI 

ll0./1hl lJ CCrIICT03JICKTJ)ll'ICCKQM lpa30DOM nepeXOAC, CJlC,1a1111oc lJ pa60TC 6 -· , ue 

llaXOl{IIT CBoero l10l{TflCJ))l(JlClllrn. BMCCTf! C re~, jlallllhlii Bhlll0;1 IIOJIHOCTbl0 

corJiacycTC}I C 11a11111MI1 pe3yJI1>TaTaM11 CTpy1<ryp111,1x IICCJIC/lOBam,ii /7 . 

B 11emaepmoii l.!lOBe IIJJIIBO/{HTCH pe3y Jib Ta Thi Kfla!ITOB0-XIl~lll'ICCKIIX 

pac•1eT0B pa1moncc11oii rem1crp1111, •iac-ror B11yrpm10JicI<yJI>1p111,1x Ko11c6a1111ii 11 

pacnpCJlCJICllIIH 3ap>1/(0B 11a aTOMax Cflo6ommro .l(MA-Kan1011a (KO~lllJICKC 

nporpaMM Gaussian-94 / 81 ). 1-lro oco6e11110 JJa)lrno /lJIH 11a.111,11di111cro, 11a 

oc11ona111111 pacc•111ra11111,1x ab initio 311a•1c1111ii 3ap.H,10B 11a aT0~1ax 61,rna Bbl'IIICJICIIa 

flCJIH'Illlla /llllIOJibllOro MOMCIITa .l(MA-1<ar11011a. Pc:1y JlbTaTbl pac•1cra paBIIODCCIIOii 

reoMeTp1111 .l(MA-KaT11011a · cpaBmma10rc>1 c pe11Trc11ocTpyKryp11b1M11 11 

11eilrpo11ocrpy1<ryp111,m11 /{allllhlMII. 81<cnep11MCIITaJihllO ycrall0BJICII0, 'ITO fl 

napa3JICI<TPl1'1CCI<Oli lpa3c .l(MA-I«ITIIOII 0I<a3blllaCTC}I CIIJibll0 IICJ{a)l(Cllllbl~l 113-3a 

D036y)l(JlCIIll}I BOJ{OJ)OllllblX Cll.H3eii, ~on1a !(al(_ fl cerncT03JICKTJ)lfllCCl<Oii l)Ja3c ero 

reoMeTpm1 611113Ka K 11.11eaJ11,11oii. 

CpaB11e1111c JJC3YJlhTaT0B 1ma11TOBO-XIIMll'ICCl(Of"O ]XlC'ICTa ,,acroT flll)'TJ)CIIIIIIX 

KOJic6a1111ii CB0601111oro .l(MA-KaTHOIJa C [lallllhlMII 110 I<OM61ma111101111m1y pacceHIIIII0 

cBcra noKa3aJio 11x xopomee cor11ac11e (p11c. 6). 
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Puc. 6. Cpaa11e11ue pe3!fllb1/Ul1/10(1 .3KC11Cflll)tell1/10(] 110 IW1lt61111ati11011110.•tf/ fHICC('J/1//110 

caema /G/ U K/JattlnO<JO-Xll.MU•WCKIIX p(/(;t/('1/10(/ O.!Ut !/(/Cl//0111 <lll!JIII/JC111/llX 1'0.7C6m1111i JIJ\l1I
Kamu011a 

.l(aJice, 11Cf10Jlh3Y51 llhl'IIICJICllllblC 31Ja'IClll151 3ap51/l0B 11a ,rrm,ax .l(J\IA

Kar11011a, II ,lJJCI<TpocraTJl'ICCI<0M 11p116JI1f)l(CIIIIII 6b1Jla parc•111-ra11a :➔ lll'J}f"IBI 

nepcop11c11ra111111 · .l(MA-1<:rr11011a II pc111c-r1<c .l(MAAC. Ka1< c11e:1ye-r 11:1 p11r. 7, Jta,1<e 

6e3 Y'ICTa KaI<IIX-Jll!6o /l0II0JIIIIITCJlbllhlX B:JallMOJ\ciicrn11ii, l(!)0Ml' l(YJI0II0l!l"l({ll"0, 

6 Topwwea B.lf., J0.110K JO.If., K11111m•111111w1w Jf.<J) 11 <Jp . . •' /(p11c11/!J.'1.w1p<11/111J1. /')91. T. ]Ii. 
M37. C. 677. 
7 /(aawtupoo /J./0., P11rJ1•p E.9., Cap1111 IJ.A. 11 dp.// Kp11cuw.vwq""/1w1. 1991?. T.-IJ. .\<>2, C".228. 
8 Frisch M.]., Trnchs G. \V .• Schlcyd II.II. ;/ Gaussirm 9./. Rc1•isio11 IJ. I. G1111ssia11 Inc. 
Pittsburgh PA. 1995. 
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Puc. 7. 311epzun nepeopueumaiiuu /l.MA-
1wmuo11a a pewem1ce KpucmaMa /!.MAAG. 
/1.MA-Kamuou ucnb1mb1Baem 1tu6paiiuu 
aoKpyz zAamwu ocu u11epu,uu, a ywA 
omc'lumbtaaemcn om 11anpaa/le11un 
cememo3JleKmputlecKou ocu. Om'lemAuao 
11a6A10aa10mcn J.twtuJ.ty.Mbl, omaetlmow,ue 
tlemb1pexKpam1to.My pacw,enAe-11wo 
noA0;1ce11un /f.MA-Kamu01ta a KpucmaAJle 
/!.MAAG 191 

N. 
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TeM11epa-rypa, K 

Puc. 8. 3aaucuJ.tocmb cnownmmou 
. nollJlpu3at!uu /!.MAAG om meJ.t-

nepamypbt. GnAow1wu Kpuaou n0Ka-
3a,w meopemutleCKGJl 3G8UCUJ.IOCmb, 
3ae3aotlKaJ.tu 3KcnepuJ.te11mallb1tbte 
31lG'lellUJl /9 I 

ynaeTCll Ka'ICCTBCIIIIO om1caTb :mcrrepHMCIITaJibII0 na6JIJOJiaCMOC 'ICTbipexKpanIOe 

pacnte1rnem1e rro3Hlllflf l{MA n pemeTKe l{MAAC. 

IIpeJIJIO)KCIIHOe B m1ccepTaUJIH MlIKp0CK0Jllf'ICCK0C 0JllfCaHHC 

cer11eToaJieKTpH'!ecKoro cpa3onoro rrepexoJia n KpHcTaJIJiax l{MAAC, cBll3aJrnoro c 

op11e11Tal{l!0llllblM yrropllJI0'ICIIIICM Jl0JillpIIblX l{MA-KaTlfOIIOB, 0CH0BaHo na 

np116JIJ1)KCIIIIII caMocorJiaconannoro M0JICKYJillpttoro IT0J!ll, B K0T0p0M lfCIT0Jlb3YCTCll 

npocToH ra:-111J11>To1111a11 M0JICJJII lfam!fa 1 101. M1rnnM113alllfll cno60JIHOH attepnin n 

3T0M II0/lX0JlC 11031J0JJllCT II0JIY'llfTb npoCTbIC Bb!pa,KClllfll JlJlll TeMnepaTypbl 

cpa3onoro rrcpexo11a H BCJIH'IHJJbl CIIOHTaHHOH Jl0Jillp113alllfll, K0T0pbIC 0I<a3b!BaJ0TCll 

3aBHCllllllfMH OT K03cpcjHIHl!CIITOB Jllfll0Jib-Jllfll0JlbH0f0 B3alfMO/lCHCTBIIll lI BCJIH'llIHbl 

JllIIl0JibH0f0 M0MCIITa l{MA-KaTJIOJJa. 

I1cnoJih3YR pacc•rnrnmme ab initio 311a'!e11ne JIHII0JihHoro M0MenTa l{MA JI 

npHMCllllll MCT0/l 3 BaJlb/la /{Jill pac•[CTa K03<p<plflllfCIITOB JlHil0Jib· JlHIT0JlbH0f0 

n3aJIMO/lCHCTBHll n Kp11CTaJIJic l{MAAC B rrapaaJieKTpH'ICCKOI1 cpa3e, JIJill JIBYX 

no3M0,KHbTX opne1nau11i-i l{MA-1<arno11a B pcmcTKC l{MAAC ( 'ICT1>1pe opHeHTalllflf, 

CB.H3allllblC nonapuo l{CIITj)0M Cl!MMCTJJHH) 61>1JI1f ll0JIY'ICHbl JIBC 0UCHI<lf 

TeMneparyphI cpa3onoro nepcxona: 170 11 1 :n K, 'ITO uenJioxo cornacyeTcR c 

TeMneparypoii: K1op11 - 152 K. IIpe11My111ccrnc1111oc JaceJJenne OJIHOH H3 no31flllftt 

o6bllCHllCTCll 0TII0ClfTCJlb!I0 6oJibllllfMlf 1(03(j)cjHll{lfCIITaMlf /llfll0Jib·Jllfll0JibH0f0 

B3aHMOJICHCTBIIll JIJ!ll 3TOH op11el1Talllflf l{MA 110 cpaBIICIIJfI0 C K03<p<plilllICHTaMlf 

JlJlll Jipyroli B03MO)KJIOH opHCHTalllflf. 

9 M.5.C-"tupuoo, H.C.Hmmnbeo, B.JO.Ka3wtupoo, Jl.A.Illyaa/l0<J I I Kpucma/l/lozpaqiua. 1999. 
T. 44. Mt. C. 103. · ,o Cmpy1wa 5.A., Jleoa1110K A.K. I I <Pu3u'lecKue oc1wob1 cememo3/leKmpu'leCKUX nollettuu.a 
Kpucma/l/lax. M: 1/ayKa. 1995. C. 163. 
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Ouc1ma BCJlll'lllllhl CTIOJITammii II0Jlllj)ll3a111111 TaK)KC 0Ka3aJiaCb 6Jil!3Ka K 

3KC11Cp11MCJITaJibJI0 TI0JIY'ICllllhlM 31la'ICllll}IM ( p11c. 8). Xopo111ec cor Jiac11e 

TC0JJCTll'ICCKIIX 0UCII0K II 3KCl1Cj)IIMCIITaJihlfbIX 1tallJ1blX 1103B0JIHCT ronop11n, 0 

llj)IIMCJll!M0CTII IICIIOJ11,:mna1111oii ~IIIKJJOCI<o1111•1ec1<oi'i M0/lCJIJI JlJlll 0111,camrn 

cer11cTo::i11cKTp1Precrrnro cj)a3onoro 11epexo11a II KpllcTaJJJiax l{MAAC. 

B 3ll1UllO'lCHUU IIJ)llll0/lllTCll 0Cll0BllblC pe3)']JbTaTJ,J /lllCCepTa1u101111011 pa6on,1 

ll Jlblll0/lbl. 

Oc1we11b1e pe3y.11bmambl u BblBO0bl 

B JlllCCCpTaL{llOIIIIOtt pa60TC TI0JJY'ICl!bl CJICJl)'I0U{llC 0CJI0llllblC j)C3)'JlbTaTbl: 

1. Ha 0CllOJJalfllll 31(CIICJ)IIMCIIT0B 110 Jl[l(jlpaKl{llll IICttTj)OIIOB 11a ~I0II0Kj)IICT,UIJiax 

l{MAAC 1101111ocThI0 pac11111cj)pona11a CTPYKTypa 11cpBoro npcJicTaB11TcJ1ll 11onoro 

CCMciicnia CCrTICT03JJCKTJ)IIK0B-CCrIICT03JiacT11K0B. Onpe11e11c111,1 ll03111!11011llblC ll 

TCTIJI0llblC 11apa~JCTJ)hl BCCX aT0M0B CTj))'KT)'j)bl, BJ(JIJ0'l,UI B0J!0j)0JlllhlC, 'IT0 ll~ICCT 

oco6oc 3Ila'ICIIIIC, II0CK0JlhKY IIMCIIII0 B0JI0j)0J{llblC CBJl311 B 11a11110~1 Kj)IICTaJIJIC 

0TBCTCTBCllllbl 3a ycToii•nmocTb Tj)CXMCJ)JI0fO KapKaca C0CJ{IIIICIIJIH. 

2 - l13y'ICII ' xapaKTep TCIIJI0BblX KOJIC6a11nii ll npoucccon 0j)llCIITalUIOJIII0ro 

ynopllJI0'ICIIIIR l{MA-Kanw11011 n pe1ucTKC LI:MAAC, 11rpa1011111x Ba:>1rny10 poJih B 

MCXallll3MC cer11cT03JICKTpll'ICCK0f0 cj)a:io11oro 11cpcxo11a. TI01<a:la110, 'IT0 B 

napa3JICKTJ)ll'ICCI<Oii cpa3c l{MA-IGITllOII pa3y{IOJ)51J10'1Cll 110 'ICThlJ)C~I 110:mJ{llllM 11 

co11ep111aeT II0'ITll CB0601tm,1e Bpa111cmrn B0Kpyr 0CII, COC/!IIIHIIOIHCii aT0~lhl 

yrJICJ)0Jia MCTllJihllblX rpynn l{MA-J«ITIIOJla. IIp11 II0IIJD!(Cllllll TCMIICJXIT)'J)hl 

np0IICX0Jll!T TI0'ITII ll0JIII0C 3aMopa)l<111Ja1111c Jlllll)KCilllii l{MA-1<aT!I01la II ll 

pc3yJibTaTC cpa30BOfO ncpcxona l{MA-I«ITIIOII K0IIJlCIICIIJ)YCTCll B OJlllOii 11:1 

'ICTblpcx 1103111{1111, 'ITO llj)IIB0J{IIT K IJ031111KII0BCIIIIIO CllOIIT<lllllOii IICJJJ}lj)ll:Ja[lllll. 

3. A11aJIH3 JiallllblX 11cfiTpom10ii JlllcjlpaKHIIII II0Ka3aJI, '!TO ll0/lOJ)0JlllhlC Cl!}l:lll, 

o6pa30BallllblC M0JICKY JiaMll B0JU,J' Ile }IBJim0TC}I 0TBCTCTBCIII I hlM II :ia 

cer11cT03JICKTJ)ll'ICCimii cj)a30B1>1i1 ncpcxo;1 B 1<p11cTaJ111ax l{MAAC. 

4. B pe3yJJbTaTC npoBCJIClllUJ 3KCIICJ)IIMCllT0B 110 11cy11pyrcmy IICIWl"Cj)CIITll0~IY 

pacccJ1111110 11ciiTpo110B 11a 11011nKpncTaJI1111•1ccKnx o6pa:inax l{MAAC 

onpe11cJICJlbl 0606u1c11111>1e cj)yllKl{llll IIJI0Tll0CTII 'laCT0T cj)()IIClllllhlX COCTO}lllllii ll 

OJIIIOcj)OHOIIIIOM 11pH6J11D!(CIIIII!. TipoBC/lCllO C00TIICCCIIIIC Jlllllllii 11a cjm11011111,1x 

CTICI<Tpax l{MAAC, II pc3yJIJ,TaThl cpaBIICllbl C /{allllhlMII 110 KOM61111a1111rn1110My 

paccem11110 cneTa. A11a1111a 11a11111,1x 11cy11pyr01'0 paccc}lllllH 110:mo.rrneT 

npeJill0JIQ)l{IITb, 'IT0 cpa30Bhlli IICJ)CX0/l 113 CCl"IICT0:➔JICKTJ)ll'ICCKOii (j)a:Jhl 11 

napa3JJCI<TpH'lCCKYI0 CJl}J3all C pa3pymc1111cM CIICTCMhl ll0/l0J)0/lllhlX c1rn:ll'ii 

MC)KJtY l{MA-KaTJIOllaMJI ll cyJI1>cjnn-a1111011aM11, '!TO JlaX0Jl[ITCH B 110.r111m1 

corJiac1111 c 11a11111,1M11 11ciiTpo1111ofi 1tmj)paK111111. KaK CJICJlCTBllc, m16pa111111 ,1lJ\1A 

lll1)KC Tc 11cpeX0JIRT BO Bpa111aTCJlhll0C /lllll)KCJJIIC BhllllC Tc- CllCTCMa 

Jl0/W))0Jll(hlX CJJJl3cii MC)KJlY cym,cjiaT-a1111011aM11 11 l<OMIIJICKCa~111 

reKcaaKnaamoMIIIIHH coxpa11.HCTCH, 06cc11c•11111aH ycToii•11111ocTh TJ)l'XMcp11oro 

KapKaca C0CJIIIIIC)lllll. 

S. Ha 0CJI0llalllm 1maI1T0B0-XIIMll'ICCl<Oro pac•rcTa JJCCJIC/I0Ba11a paBII0lll'CllaH 

fC0MCTj)IIH cno6om1oro l{MA-KaTIIOlla, •raCT0Thl BIIYTJ)CllllllX l(OJil'6a1111ii, 

pacnpeJICJJCIIIIC 3ap51J10ll na aT0Max II, 'ITO oco6c11110 Ba)KII0, llhl'IIICJICII 

JIHJJOJJhllhlll M0MCIIT 1lMA-1<aT11011a. Pc3yJ11,TaT1,1 pac•rcTa •1acToT n11yTpc111111x 
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KOJie6a1111ii .l{MA IIOKaJaJIII xopomee corJiaCIIC C 3KCnep11MCJITaJibllhlMII JlallllblMII 
110 KOM61111au11011110My pacce.HJIIIIO CBCTa. 

6. IlpoCToe 3JieKTpocTaTJflleCKOe np116JIJD1(Clllle 1103BOJIJIJIO 1<a1 JCCTBCIIIIO Olll!CaTJ, 
3KCnep11MeHTaJibllO 11a6JIJO,llae;.10e 11eTbtpex1<paTIIOe paCil{eTIJIClllle TI0311llllll .l{MA
KaTl!Olla n pcmeTKe .l{MAAC. 

7. KnallTOBO-XHMl!'leCKII}[ pac11eT /lllTIOJJbllOfO J\IOMe!ITa .l{MA-KaTJJOlla ll03BOJIIIJI 
yqecTh ,llHIIOJib-,lllHIOJlbJ-IOC BJaHMO,llettCTBHe 3TJIX TIOJIHpllb!X MOJICKYJI H B 
np116JimKe!IHH caMOCOf JiaCOBaJIHOfO MOJieKy JIHp11oro TIOJIH C JICTIOJib30Bam,eM 
raMHJlbTOHIIaHa MOJ(eJIII lfa1mra ouenHTh 3J!a'-!emrn c11011Ta1111oii llOJIHp113ailllll II 
TeMnepaTyp1,1 cpa30BOfO nepexona, KOTOpb!e oKaJaJIHCb ll XOJ)OJIICM cornac,111 C 
3Kc11ep11Mel1TOM. 

8. 81,rncneno, '-!TO B0311l!KHOBClll1e cer11eT03JieKTJ)H'-!eCTBa ll KpllCTaJIJiaX .l{MAAC 
CBH3al!O C npe11My1UeCTBeHI11,IM 3aceJie11neM Ol{IIOli HJ 11eT1>1pex B03MQ)l(l[b!X C 
TO'-IKH 3pemrn CHMMeTpllH KpllCTaJIJia 1103HUHTT .l{MA-1<anm11a, KOTopoc B CBOJO 
O'-!epeJlb o6ycJIOBJiellO OTHOCllTeJibllO . 6oJiblIIIIM K03<pcpm111cllTOM JllillOJib
,llllllOJlbHOfQ B3aHMO,llettCTBHH ,llJIH 3TOTT II03Hl\llH 110 cpan11c111110 C t1pyn1MH 
1103HUIIHMll. 

9. Ilpe,llJIO)l(eIIIJaH Ml!KpocKOIIll'-ICCKaH MO,lleJib cpa30B0f0 11epexo,lla B KpHCTaJIJiax 
IIOBOfO ceMettCTBa cerHeT03JieKTpHKOB-CCfHeT03JiaCTHKOB 1103B0JlllJJa Ka'-!eCTBeJIJIO 
01111caT1> HBJieHHH, 11a6monaeM1>1e n KpHCTaJIJiax .l{MAAC, H noJiy'-IHTb 
KOJIH'-leCTBeHHbJe oueHKH, 11aXOl{HJUHeCH B xopomeM COfJiac,m C 3KC11epHMeHTOM. 
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