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e ~o- qacoe Ha JacenaHHH cneuHanHJHpoeaHHoro coeeTa 
n 047.01.05 npH ITa6opaTOpHH HBATPOHHOA ~H3HKH H fla6opaTOPHH 
RllBPHLa peaKUHA 06bBllHHBHHOro HHCTHTYTa RllBPHLa HCcnenoeaHHA 

(141980, ny6Ha, MoCKOBCKaR o6naCTbl. 

C llMCCepTaUHBA MOlkHO 03HaKOMHTbCR B 6H6nHOTBKB OHHH. 

YqeHLIA ceKpeTapb 
cneuHanHJHpoeaHHoro coeeTa TapaH IO. B. 
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OEill!Aff XAPAKTEPl1CTl1KA PAEiOTLI 

~nynm,H"ocTb TeMLI. CynepHoHHLJe npoeonHHKH - TBepnLIB 

rena, B KOTOPLa npH HBKOTOPOA TeMnepnType BOJHHKReT COCTORHHe 
C BLICOKOA . :rneKTpHqBCKOA npOBOllHMOCTbD ( ~ 10· 

1 
+ 10· 

1 

oM·' · cM· • l, o6ycn~eneHHOA 6L;crpLrM HOHHLIM TPBHcnoproM. B 

cynepHOHHOA 0,838 T8KHX KPHCTRnnoe COOTBBTCTBYDMHB 8TOMLI 

I HOHM) HMBDT nonBHlkHOCTb 6nHJKYD K nonBHlkHOCTH 8TOMOB B 

lkHllKOCTH, B TO epeMR K8K npyrHe 8TOMLI COXPBHRDT ceoe 

perynRpHOB pncnonolkeHHB e KPHCTRnnttqecKOA peweTKB. Heo6L~HLl8 

COCTO/IHHB H C,HJHqecKHe CBOACTB8 cynepHOHHLIX KPHCTnnnoe, 8 

T8KlkB nepcneKTHBHOCTb npHMBHBHHR HX B KnqecTBB HcroqHHKOB H 
npeo6p830B8TBneA 3H~prHH H B CHCTeM8X nepepn6oTKH HHC,opM8UHH, 

CTHMYilHPYDT noHCK HOBLIX cynepHOHHLIX npOBOllHHKOB H nonpo6Hoe 

HCCnBllOB8HHB HX C,HJH4BCKHX XBP8KTBPHCTHK H CBOACTB, 
B 1982 ronY e 11K AH CCCP oTKpLrro Hoeoe ceMeAcTeo 

npoTOHHLIX cynepHOIIHLIX npoAOllHHKOB - ruenoqHLle rnnpocYnbC,!IUI H 

rnnpoceneH8UI H noJllHBe I 1985r. l - ceMeACTBO KPHCTBnnoe 
IUBil04HLIX rnnpo6HcenBH8TOB, CocTORHHB cynepHOHHOA npoTOHOA . 
npoBOllHMOCTH B 3THX KPHCT8Ilil8X BOJHHK8BT CK8qKoM npH 

CTPYKTYPHOM C,8JOBOM nepexone H npoBOllHMOCTb BOJP8CT8BT H8 4 -
5 nOPRllKOB, BoJHHKHOBeHHe BLICOKOA npoTOHHOA IlPOBOllHMOCTH e 
BLICOKOTBMnepnrypHLa C,838X 3THX KPHCTBnnoe YK83LIB8BT HR 

HJMBHBHHB X 8P8KTBP8 ynopRll04BHHR npoTOHOB HR eonoponHLIX 

CBRJ/IX npH CTPYKTYPHOM C,BJOBOM nepexone. DnR noHHM!IHHR 

MBX8HHJM8 cynepHOHHOA npoTOHHOA npoeonHMOCTH B 3THX 

KPHCTRnnnx H C03ll8HHR TBOPHH, onHCL1B8DIUeA C,8JOBLIA nepex on H 

npoueccLI nep~HOC8, He06XOllHM8 3KCnepHMeHT8IlbH8R HHC,OpM8UHR 0 

pnJnHqHLa C,HJH4BCKHX CBOACTB~X 3THX KPHCTnnnoe. 

C noMOMbD HBATpoHorpnC,HH MOlkHO nonyqHTb HHC,OpM8UHD oO 

oco6BHHOCTRX C,830BLa nepexonoe, npocrpBHCTBeHHOA CHMMeTpHH H 

KOOP,llHHBTnx ftTOMOli · ,!lYK1YPLI, B cnyqao KpHcTnnnoe, coneplk!IDlHX 
eonopon HnH neAT, 'I•::!, llHC,p8KUHR HBATPOHOB RBITRBTCR 

BllHHCTBBHHLIM MBTOllOM, ll8DIIIHM HBllelkHYD HHC,opM8UHD 0 
KOOPllHH~T8X 3THX !ITOMOB, 

U_enb H 38J18qH pnOorn. Uenb llHCCIJPTIIUHOHHOA paOoni 
HccnenoeRHHB MBTOllOM llHC,p8KUHH HeATPOHOB CTPYKT,YPHLa l83OBLa 

nepex OllOB B eonoponHLIX cynepHOHHLIX KPHet;Rnnnx CBHSO, , CsHSeo, 

H Rb, ll{Seo, >. H HX neATBPHPOB8HHLIX 8HRnornx. 
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B CBRJH C 3TOA uenbD 6blJIH nocTaBneHbl cneZIYDIJlHe JaZiat:fH! 

1. llnR HeATpOHHoro ZIH\OpaKTOMeTpa no epeMeHH nponern llH-2 

Ha HMnYnbCHOM peaKTope H6P~2 pa3pa60TaTb MeTOZIHKY HJYt:feHHR 

ll)aJOBblX nepex OZIOB. 
2. MeTOZIOM ZIBYX KOOPZIHHa.THOA HeATpOHHOA ZIH\OpaKTOMeTpHH 

HccnenoeaTb Ha MOHOKPHCTannHt:feCKHX 06pa3uax KpHCTannoB 

CsHSO,, CsHSeo,, Rb,H(Seo, >., csoso, J1 CsDSeo, oco6eHHOCTH HX 

CTPYKTYPHblX ll)aJOBblX nepeXOZIOB B HHTepeane TeMnepaTYP OT 

KOMHaTHOA ZIO TeMnepaTyp nnaeneHHR HnH paJnOll<eHHR. 

3. IT~oeeCTH aHanHJ HeATPOHHOrpaMM H onpenenHTb 

KPHCTannorpail)Ht:feCKHe napaMeTphl JneMeHTapHoA Rt:feAKH, 

npocTpaHCTBeHHYD CHMMeTpHD, KOOPZIHHaThl aTOMOB B Rt:feAKe, B TOM 

t:fHCne H aTOMOB BOZIOPOZia, B HccnenoeaHHblX ll)aJax BelJleCTBa. 

4. BbIRBHTb CTPYKTYPHble Mex aHHJMhl ll)aJOBblX nepex OZIOB H 

MeXaHHJM BOJHHKHOBeHHR 

HaYt:fHaR HOBHJHa. 

paJpa6oTaHa MeTOZIHKa 

cynepHOHHOA npoBOZIHMOCTH. 

B ZIHCCepTaUHOHHOA pa6oTe enepBbIB 

onpeneneHHR OCHOBHblX xapaKTepHCTHK 

ZIH~paKTOMeTpa no BpeMeHH nponeTa B Ot:feHb WHPOKOM ZIHanaJOHe 

nnHH BOnH HeATPOHOB. BnepBble npoBeZIBHbl CHCTeMaTHt:feCKHe 

HeATPOHOrpail)Ht:feCKHe HccnenoBaHHR aTOMHOA CTPYKTYPbl paJnHt:fHblX 

ll)aJ rHnpo- H neATepocynb\OaToB H ceneHaToB ueJHR H 

rHZipo6HceneHaTa py6HZIHR, nonyt:feHa HH\OOpMaUHR O CHMMeTpHH, 

napaMeTpax peweTKH H KOOPZIHHaTaX aTOMOB. BnepBblB onpeneneHa 

aTOMHaR CTPYKTYPa cynepHOHHOA ~aJhl KpHCTannoe C npOTOHHOA 

npOBOZIHMOCTbD ceMeACTBa CsHSO H Ha ee • 
MeXaHHJM BOJHHKHOBeHHR ZIH~\OYJHH npoTOHOB. 

ocHoee npennoll<eH 

BnepBhle BhlRCHeHbl 

npHpona H oco6eHHOCTH CTPYKTYPHOro HJMeHeHHR B 

rHnpo6HceneHaTe py6HZIHR npH T > 606 K. 
Hayt:fHaR H npaKTHt:feCKaR ueHHOCTb. Ha HMnynbCHOM peaKTope 

nepHOZIHt:feCKoro neACTBHR H6P-2 OHHH COJZiaH ZIH~paKTOMeTp no 

epeMeHH nponeTa C WHPOKHMH BOJMOlKHOCTRMH nnR ~ccnenoeaHHR. 

MOHO- H nonHKpHCTannHt:feCKHX BelJleCTB. 

YcTaHoeneHHbie npH HccnenoeaHHH HOBblX cynepHOHHblX 

KpHCTannoB CTPYKTYPHble oco6eHHOCTH. ~aJOBblX nepex OZIOB B HHX 

He06XOZIHMhl nnR nanbHeAwero HJYt:feHHR cynepHOHHblX npOBOZIHHKOB C 
npOBOZIHMOCTbD no BOZIOPOZIY H paJBHTHR TeOPHH npoTOHHOro 

TpaHcnopTa B HHX. 
Anpo6aUHR pa6on1. OcHOBHble peJynbTaHI ZIHCCepTaUHOHHOA 

pa6on1 ZIOKnaZibIBanHCb H o6CYlKZianHCb Ha YII <raTt:fHHa, 1983 l, 
YIII (PHra,1985), IX (CeepnnoBCK-3apet:fHbIA,1987l CoeemaHHRX no 
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HcnonbJOBaHHD pacceRHHR HeATP.OHOB .B \OHJHKe KOHZieHCHPOBaHHOro 
COCTORHHR, 4-oM (liHenponeTpOBCK,1988) BcecoDJHOM ceMHHape no 

\OHJHKe cerHeToJnaCTHKOB, 8-oA MelKZIYHaponHoA KOH\OepeHUHH no 

KOHZieHCHPOBaHHbIM cpenaM (6ynane~T.~988l, Ha Pa60t:fBM COBelJlaHHH 

no HCCnenoBaHHRM KOHZieHCHposaHHblX cpen Ha peaKTOpe H6P-2 

C lly6Ha·, 1984, 1985, 1987r. r. l, Ha ell<eroZIHbIX ceMHHapax no 
npoTOHHbIM npoBOZIHHKaM COHHH, llY6Hal. 

ITy6nHKaUHH. 0CHOBHLie peJynbTaTLI ZIHCcepTaUHH ony6nHKOBaHLI 
B 10 pa6ornx, cnHCOK KOTOPLIX npHeeneH B KOHUe aBTopell)epaTa. 

COllEPlKAHHE PA60Tbl 

Bo BBeneHHH KpaTKO o60CHOBaHa aKTYanbHOCTb TeMLI, 
C\OOPMYnHpoBaHLI JaZiat:fH pa6on1, paCCMOTpeHLI HaYt:fHaR HOBHJHa, 

HaYt:fHaR H npaKTHt:fecKaR ueHHOCTb pe.JynbTaTOB, 

B nepeoA r naee KpaTKO HJnOll<eHbl OCHOBHLIB npHHUHnLI 
HeATPOHHOA ZIH~paKTOMeTPHH H ee npHMeHeHHe nnR pemeHHR 

CTPYKTYPHblX Janat:f. OnHcaHa KOHCTPYKUHR ZIH\OpaKTOMeTpa no 

BpeMeHH nponeTa llH-2 Ha HMnYnbCHOM peaKTOpe H6P-2, Ha KOTOPOM 

npoeeneHbl OCHOBHble 3KCnepHMeHTl,I no HCcnenoeaHHD CTPYKTYPHLIX 

~aJOBblX nepex OZIOB B cynepHOHHblX KPHCTannax. ex eMa 

ZIH\OpaKTOMeTpa noKaJaHa Ha PHC.1. Oco6eHHOCTbD ZIH\OpaKTOMeTpa 

-1:J. I~ "•c),'""••~=:}~;;~:l~MJ f .• ~~JtE~~lf~:1~"~ i 

1 5 7 4 
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PHc.1. CxeMa HeATPOHHOro ZIH~paKTOMeTpa. 

1 - JaMennHTenb; 2,4,5 - 6Honor~t:fecKaR JalJlHTa; 3 - JepKanb~LIA 
HeATpOHOBOZI; 6 - nnaT\OOpMa c noBOPOTHbIM nnet:fOM; 7 - roHHOMeTp 
H HccnenyeMblA o6paJeu; 8 - neTeKTOpHaR cHcTeMa. 
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RBnReTCR CHCTeMa ~OpMHPOBaHHR nyqKa HeATpOHOB H30rHYTLIM 
3epKanbHLIM HeATPOHOBOnoM H HCnOnb30BaHHe nnR perHCTpaUHH 
pacceRHHLa Ha o6pa3Ue HBATPOHOB onHoKoopnHHaTHOro 
no3HUHOHHo-qyscTBHTenbHoro neTeKTopa. fipHseneHa cxeMa 
3neKTPOHHOro o6opynosaHHR. AHanH3 H cpasHeHHe nH~paKTOMeTpa C 
aHanorHqHLIMH ycTaHOBKaMH Ha_cTaUHOHapHLa peaKTopax noKa3anH, 
qTo nnR nH-2 HaHnyqmHM o6pa3oM nonxonRT 3anaqH, Tpe6yDmHe 
perHCTpaUHH nH~paKUHOHHOA ~YHKUHH B 6onbmOM qHcne ToqeK 
o6paTHoro npocTpaHCTBa B o6nacTH ManLa H cpenHHX nepenaHHLa 
HMnynbcos, a TaKll<e 3anaqH, Tpe6y_m1me 6onbmoro nonHoro noToKa 
HeATPOHOB, HO YMepeHHOro pa3pemeHHR. 

OcHOBHLJe napaMeTpLI nH~paKTOMeTpa npencTaBneHLI s Ta6nHue 1. 

napaMeTpL.LJ(H-2 

1. fiOTOK TennoBLa HeATPOHOB 
Ha 06pa3ue npH w = 1 MBT 

2. PaccTORHHe 3aMennHTenb - 06pa3eu 
06pa3eu - neTeKTOP 

3. Pa3Mep nyqKa 
4. nHana3oH no nnHHe sonHLI 

no yrny pacceRHHR 
no MeEnnOCKOCTHOMY paCCTORHHD 

5. illHPHHa HMnynbca 6LICTpLa HeATPOHOB 
HeATpOHOB C A= 2+20 a 

6. Pa3pemeHHe no dd/d npH 
e = 80°, d = 5 a 
npH 9 = 10°, d = 60 a 

7. ~OH Ha neTeKTOpe npH A~ 3 a 
8. qaCTOTa HMnynbCOB MomHOCTH 
9. TenecHLIA yron 

onHOKOOpnHHaTHOro neTeKTopa 

-Ta6nHua 1 

- 6,6·106 H/cM2 ·c 
- 24,2 M 
- 0,5+2,0 M 

- 2 X 20 CM2 

- 1,2+20 a 
10+160° 

- o. 6+120 a 
- 230 MKC 
- 320 MKC 

- 1% 
10% 

- 0, 05 H/c/a 
- 5 ru 

- 6-10-•_cp 

Bo BTOpoA rnase onHcaHa MeTonHKa H3MepeHHR H pe3ynbTaTLI 
onpeneneHHR BaEHeAm:Hx xapaKTepHCTHK nH~paKTOMeTpa 
3llillieKTHBHOro cneKTpa' HeATPO,HOB H lliYHKUHH pa3pemeHHR. 3HaHHe 
~THX xapaKTepHCTHK He66ionHMO: npH nonyqeHHH 
kpHc±annorpa111HqecKHX H CTPYKTYPHLa pe3ynbTaToB H3 
nH~paKUHOHHLa cneKTPOB. 
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nnR nHlOpaKToMeTpa nH-2 onpeneneHHe 3lOlOeKTHBHoro cneKTpa 
HeATPOHOB CBR3aHO c nBYMR oco6eHHOCTRMH: Heo6xonHMOCTbD 
onpenenHTb cneKTP B Heo6L~HO 6onbmOM HHTepsane nnHH BOnH OT 
0, 8 no 22 a H cymecTBeHHOA Hep.erynRpHOCTbD ~OPMLI cneKTpOB B 
o6nacTH Mamrx H cpenHHx nnHH sonH. nnR onpeneneHHR 
3li)li)eKTHBHOro cneKTpa H3MepeHHR nposonHnHCb B TOA Ee reoMeTpHH 
H C TeM Ee neTeKTOPOM, qTo H B lOH3HqecKHX 3KcnepHMeHTax. nnR 
Toro, qT06L1 nepeKPLITb pa6oqHA HHTepsan nnHH BOnH 
Hcnonb30BanHCb TPH MeTonHKH: HeKorepeHTHOe pacceRHHe Ha 
BaHanHH, KorepeHTHoe pacceRHHe Ha nonHKpHcTannHqecKoM 
Fe(CN)OK3 H RBneHHe nonHoro OTpaEBHHR HBATPOHOB OT HHKenesoro 
3BPKana. PacceRHHe "Ha BaHanHH 3li)li)eKTHBHO npH onpeneneHHH 
CnBKTpa npH A .<10 a, OTpaEeHHe OT 3epKana nnR A >12 ~- nnR 
"CillHBaHHR" 3THX nsyx HHTepsanos Hcnonb30BaHa nHlOpaKUHR 
HeATPOHOB Ha nonHKPHCTanne Fe(CN)OK3, HBATPOHOrpaMMLI OT 
KOToporo H3MepeHLI npH Tpex yrnax pacceRHHR. 

Pe3ynbTaTL1 3KCnepHMBHTanbHOro onpeneneHHR 3li)li)BKTHBHoro 
cneKTpa nepsHqHoro nyqKa 
onHCLIBaDTCR ll)OpMynoA: 

HBATPOHOB nnR nHllipaKTOMBTpa nH-2 

~ (A) 

S(A) 

A/i:." 

A/i:.
8 

exp fEln
2 

(0, lA)) 

C/'Ao 

0,8 '5 A 5 4,95 a 
4, 95 5 A 5 10, 0 

10, 0 5 A 5 ·12, 0 
12, 0 5 A 5 22, 0 

a 
a 
a. 

rne . S(A) 03HaqaeT annpoKCHMaUHD KY6HqecKHMH cnnaAHaMH, 
KOHCTaHTLI B wopMyne HMBDT 3HaqeHHR: 
A= (9,00 :t 0,04)· 10" B = 3,50 :!: 0,02 

C = (2,216 :t 0,021·10" n = 5,85 :t 0,05 E = 6,307 :t 0,005 
Pe3ynbTHPYDmaR lOYHKUHR ~(A) noKa3aHa Ha PHC.2. 
nanee naHo onHcaHHe 3KcnepHMBHTOB no H3MepeHHD yrnosoro 

pacnpeneneHHR nepsHqHoro nyqKa HBATPOHOB Ha 06pa3ue, 
ropH30HTanbHOro pa3pemeHHR n03HUHOHHo-qyscTBHTenbHOro 
neTe-KTopa, 'MeTona aHanH3a pe3YnbTaTOB nnR nonyqeHHR lOYHKUHH 
pa3pemeHHR nHll)paKTOMeTpa. 

KoppeKTHOCTb onpeneneHHR 3li)li)BKTHBHoro cneKTpa H lOYHKUHH 

pa3pe"meHHR nHlOpaKTOMeTpa nposepeHa o6pa6oTKOA no 
PHTBenbna nHll)paKUHOHHLa cneKTPOB OT CTaHnapTHoro 
Al2 03 H neATepHposaHHoro MonenbHoro cerHeTo3neKTPHKa 
nonyqeHHLJe KPHCTannorpall)HqeCKHe H CTPYKTYPHLie 
xopomo cornacyDTCR c nHTepaTYPHLIMH 
o6pa6oTKH HnnDCTPHPYeT PHC.3. 

5 

naHHLIMH. 

MeTony 
06pa3ua 
KD PO. z • 

napaMeTpLr 
KaqecTso 



Cl> 

104 

103 

102 
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P11c. 2. Pe3YnbTl1PYDmaR ~YHKU11ff, 
annpoKC11Ml1PYDmaR 

3~~eKTl1BHb~ cneKTP 
neps111.JHoro 

lll1~PaKTOMerpa 
UYlJKa 

DH-2 
llnR 

B 

11repsane 0,8 $ ~ $ 22 i. 

TperbR rnasa nocsRmetta,HeArpoHorpaw111.JecK0My 11ccnel10BaH11D 

waJOBba nepeXOllOB B r11l!pocynb~are 11 r11npoceneHare ue311R 11 11x 
neArep11pOBaHHba attanorax. 

8 pa3l!ene 3.1 np11Bel1eH KparK11A 063op n11reparypHba l!aHHba 
0 ~11311lJeCKl1X CBOACTBaX, CTPYKType 11 MexaHl13Max npoTOHHOA 
nposol111Mocr11 B 3r11x coen11HeH11Rx. no pe3ynbraraM 11ccnel10BaH11R 

npoBOlll1MOCTl1, peHTfBHOBCKOA 11 HBATPOHHOA lll1~paKTOMerp1111 Cs 

TOM lJl1Cne 11 no pe3YnbTaTaM llaHHOA pa60Tbll, HMP 11 MK 
cneKrpocKon1111 ycrattosnetta cnel!YDmaR nocnel!osarenhHocrb wa3: 

CsHSO I~ II 333K 
III +------+ • 

I ~ CsDSO II • 
~II CsHSeO I • 403K CsDSeO I +------+ II • 

8 pa3l!ene 3.2 on11catthl 3Kcnep11MeHrhl 

11ccnel10BaHl1ff oco6eHHOCTeA wa30BblX nepex OllOB B 
11 pe3ynbran1 

BpllOPOllHLa 11 
llBArep11poBaHHba MOHOKp11crannax CsH(D)SO, 11 CsH(D)Seo,. 
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(/10 3 

10 

~ f:::\~ M ~ M 

I I I 

2,0 

1/10
1 

10 

140 

~.:: 5? 
MN~ 

II I 

260 

160 180 

N 
M 

Al 2 03 

20 =,120° 

280 

200 

0 
N 
N 

JOO 

K02 P0 4 

220 2'0 

0 

N 

360 

260 

N 
N 
N 

JBO NO 

280 340 No 

P11c. 3. Y'laCTKl1 lll1wpaKU110HHba cneKTPOB OT Al. o. 11 Ko. PO, 
Co6beM 06pa3ua ·- 1 CM

3
, speMR 113Mepett11R 5 MHHyr). 

To1.JK11 3Kcnep11MettranbHbIB 3Ha1.JeH11R, rnal!KaR 
KPl1Baff - paCClJl1TaHHb~ cneKTp, BHl13Y noKaJaHa 

paCClJl1TaHHLIB pa3HOCTHaff KPl1Baff, lJepTOlJKl1 
nonoxceH11R n11Kos. 

Ha p11c.4 noKa3aHa cxeMa per11crpau1111 ~YHKUl111 pacceRHHR a 
o6paTHOM npocrpattcrse Kp11cranna Cce1.JeH11e hko) np11 
OllHOBpeMeHHOM 11cnonh30BaHl1l1 llBYX lleTeKTOPOB. TaKaff CXBMa 

7 



P11c.4. CxeMa per11cTpau1111 ~YHKU1111 
pacceRHl1R. 

3KCnep11MeHTa no3eon11na HenocpencTBeHHO Ha6nnnaTb nepecTpOAKY 
pemeTKl1 Kp11cTanna np11 ~a3oeoM nepexone 11 conpoeoJKnanm11e ee 
penaKcau110HHbJe npoueccu. nonr1eHu cnenynm11e pe3ynbTan1: 

- Uepexon II--+I e csnso. conpoeoJKnaeTcR pa3611eH11eM 
Kp11cTanna Ha 6noK11 11 npoTeKaeT e TeqeH11e HeCKOflbKl1X qacoe. 

- Up11 nepexone III---+II e CsHso,, e TOM cnyqae,. ecn11 
HarpeeaH11e KPl1CTanna eenocb B aTMOC~epe Hl13KOA enaJKHOCTl1 
(~ ~ 30%), n11~paKUl10HHaR KapTl1Ha npaKt11qecKl1 nonHOCTbD 
11cqe3aeT. 

I, a csHso, - 113 - nocne ox naJKneH11R csnso. 113 ~a3bI 
~a3bl I~ no KOMHaTHOA TeMnepaTYPbl npo11cxon11T qacT11qHoe 

B03BpameH11e K 11cxonHDMY COCTORHl1D: BOCCTaHaen11BaDTCR 
·napaMeTpbl 11 Cl1MMeTpl1R JneMeHTapHOA RqeAKl1, 
napaMeTpbl, no KpaAHeA Mepe HeKOTOPblX aTOMOB, 
qTo yKa3bIBaDT 113MeHeHl1R 11HTeHCl1BHOCTeA B 
cneKTpax. 

HO CTPYKTYPHbJe 
113MeHRDTCR, Ha 

n11~paKUl10HHblX 

nocne oxnaJKneH11R csHso. 113 ~a3u I no KOMHaTHoA 
TeMnepaTYPbl n11~paKUl10HHaR KapTl1Ha He B03Hl1KaeT. 

- CTeneHb enaJKHOCTl1 aTMOC~epu ~. B KOTOPOA npo11cxon11T 
Harpee Kpl1cTanna, oKa3bIBaeT cymecTBeHHoe en11RH11e Ha npouecc 
nepexona. Up11 ~ ~ 100% nepexon III---+ II e CsHso, npo11cxon11T 
6bICTpO. 

- Pa3pymeH11e MOHOKPl1CTann11qecKl1X o6pa3UOB CsDSO • np11 
nepexone II -.I 11 OTCYTCTBl1e n11~paKUl10HHblX nl1KOB OT CsHSO 
e ~a3e I He no3eon11n11 onpenen11Tb naJKe ToqeqHYD rpynny 
KPl1CTannoe B cynepl10HHOA ~a3e. 

• 
3Tl1X 

- ta30BblA nepexon II--+ I B CsHSeo, 11 csnseo, npoTeKaeT 
B OCHDBHOM TaK JKe,- KaK B KPl1CTannax CsDS~: Kl1HBTl1Ka nepexona 
3aMenneHa, B03Hl1KaeT 6onbmoe q11cno 6nOKOB c c11nbHO 
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pa3n11qanmeA op11eHTau11eA oceA pemeTK11, onHaKo o6pa3Ubl He 
pa3pymaDTCR. 

Uepeq11cneHHhle pe3ynbTan1 onH03HaqHo YKa3bIBaDT Ha TO, qTo 
o6a ~a30BbIX nepexona conpoeoJKpanTcR 3Haq11TenbHOA nepecTpOAKoA 
aTOMHOA CTPYKTYPll 

Pa3nen 3.3. Up11 aHan113e HeATpOHHbIX n11~paKUl10HHbIX 
cneKTPOB non11Kp11cTann11qecKoro CsHso, - III BbIRCH11nocb, qTo, 
no Kpa_AHeA Mepe, TPl1 n11~paKUl10HHblX n11Ka C dH3H= 5, 0: 4, 7 11 
3,7 a He Onl1CbIBaDTCR napaMeTpaMl1 pemeTKl1, onpeneneHHbIMl1 113 
peHTreHOBCKl1X naHHblX ( KPl1CTanm1 MOHOKnl1HHble, np. rp. P21/m, a 
= 7,3079 a: b = 5,8099 a: c = 5,4908 a: p = 101,51: z = 2: 
/Itch K. et al. Acta Cryst., 1981, 1337, p.1908/. 

3T11 pe~neKcu MOJKHo on11caTb, ecn11 npennonoJKl1Tb, qTo 
CsHso, B ~a3e III OTHOCl1TCR K np.rp. P21/C 11 nepeonpenenl1Tb 
napaMeTpu pemeTK11: o 

~ •=~ + t, b•=-b, t •=-2t. 
3necb l•,t•,l• 11 l,t,l - napaMeTpu~oeoA 11 cTapoA RqeeK 

CP11c.5l. TaK KaK yneoeH11e nep11ona B HanpaeneH1111 c He 
Ha6nnaanOCb B peHTreHOBCKOM 3KCnep11MeHTe, TO ecTeCTBeHHO 
npennonoJK11Tb, qTo 3a yneoeH11e OTBeTcTBeHHbl aToMu eonopona. 
YJKe np11 KOMHaTHoA TeMnepaType OH11 ynopRn6qeHu B cocenH11x no c 
RqeAKax TaK11M o6pa3oM, qTo np11 Bbt6ope c B KaqecTee nep11ona, 
11X cynepn0311U11R naeT pacnpeneneH11e JneKTPOHHOA nnOTHOCTl1, 
Ha6nnnaemeeCR B peHTreHOBCKOM 3KCnep11MeHTe. UpoeepKa 3Tl1X 
npennonoJKeH11A 6bma npoeepeHa e HeATPOHorpa~11qecKoM 
3KCnepl1MBHTe Ha_MOHOKPl1CTanne CsHso •• U11K11 Chol) np11 1=2n 11 
n11K11 (oko) np11 k=2n Cl1CTeMaT11qecK11 OTCYTCTBOBan11, qTo 
onH03HaqHo np11eon11T K npocTpaHCTBBHHOA rpynne P21/c. 8 .TO JKe 
BPBMR n11K11 ( hkl) np11 k " 0 11 1 = 2n + 1, 3anpemeHHble 8 rpynne 
P21/m, Ha6nnnan11cb nocTaToqHo qeTKo CP11c~6l. 

. Koopn11Han1 aToMoe eonopona 6bm11 onpeneneHu 113 
11HTBHC11BHOCTeA n110)paKUl10HHblX n11KOB OT MOHOKPl1CTanna 
l1J-3a Cl1nbHOro Bnl1~Hl1R 3KCT11HU1111 aHan11311poean11cb TOnbKO 
ceepx CTPYKTYPHbie ( B pemeTKe P21/ml 11 cna6b1e OCHOBHbJe nl1K11. 
AHan113 MonyneA CTPYKTYPHblX O)aKTOPOB MeTonoM Hal1MBHbm11x 
KeanpaToe nan cnenynm11e Koopn11Han1 aToMoe: 

aHan113a 
CsHSO • • 

x• = -0,029(61: y• = 0,020(81: z'= 0,780C10l. 
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er--__ P11c. 5. 

<= 

c' 

liaJoBaR nnocKOCTb 
3neMeHTapHOA R4eAKl1 
CsHSO • III,· 8bIXOll aTOMOB 

BOllOPOlla 113 4aCTHblX 
Il0311U11A {cTpenK11l npl1B0lll1T 

K Heo6XOlll1MOCTl1 BbI6opa 
HOBOA R4eAKl1: 11c4e3aeT 
nep11on 

nep11on .. 
nep11on c. 
i,w1 

.. 
a IlORBnReTCR 

i,. YZ1Ba11aaeTCR 

C.MS04 

i" I ! ;;;; 
I~ 
I l ' SC-

P11c. 6. 
I 

CKaH11posaH11e o6parHoro npocTpaacTsa Kp11c Tanna 

CsHso,. HanpasneH11e O{{. PewneKCbI c 1 = 2n + 1 

3anpemeHbl B np. rp. P2 1/m. 

Pa3nen 3.4 IlOCBRmeH 11ccnenoBaHl1D 11 aHan113y CTPYKTYP B 

il:)aje II. H3MepeHl1R ll11illPaKUl10HHblX cneKTPOB, KaK Ha 

non11Kp11cTannax, TaK 11 Ha 

noZ1TBepn11n11 np11seneHHhle B 

napaMeTpoa R4eeK /Yokota 

p.199/. OnHaKo pewneKcu 

MOHOKPl1CTannax CsHSeo, 11 CsDSeo, 

n11TepaType 3Ha4eHl1R peHTreHOBCKl1X 
s. J.Phys.Soc.Japan, 1982, 51, 

aka c k 2n+1 Cl1CTeMaTl14eCKl1 

OTCYTCTBOBan11 11, cnenoaaTenbHO, llBOAHaR OCb B CTPYKType 

RBnReTCR Bl1HTOBOA. TaK11M o6pa30M, 11CTl1HHOA npocTpaHCTBeHHOA 

rpynnoA CsHSeo, -II 11CCsDSeO,·-~I RBnReTCR P2i/C, a He P2/c 

onpeneneHHaR no peHTreHOBCKl1M naHHblM. CpaBHeH11e HeATpOHOrpaMM 

nonl1KPl1CTannoB noKa3bIBaeT, 4TO Bee 4en1Pe coen11HeHl1R CsHSO, 1 

csoso, , CsHSeo, 11 CsDSeo, 1130MOPillHbl B il:)a3e II. 

CBblllle 70% 

KOMHaTHOA 

Y KPl1CTannoB csoso, np11 neATep11poaaHl1l1 
OTCYTCTBYeT nepex Oll II -->. III 11 Kpl1CTanm1 np11 

TeMnepaType HaXOllRTCR B il:)a3e II. ITp114eM np11 IlOHl1lKeHl111 

Ha6nDnaDTCR. TeMnepaTYPbl no .5 K Hl1KaK11e il:)a30Bble nepex Ollbl He 
TaKl1M o6pa30M B CsDSO npORBnReTCR . . 1130TOill14eCKl1A 
Hel130MOpil:)113M. CpasHeH11e ll11illpaKU110HHblX cneKTpOB OT nopomKOB 

10· 

J 
r 

CsH.o,_.so, np11 X = 0,4 11 0,6 noKa3ano, 4TO np11 KOMHaTHOA 
TeMnepaType CsH D HaXOlll1TCR B il:)a3e III, a CsH D - B o, c, a,, o,, o, a 
il:)a3e II. TaKl1M o6pa30M, MOPillOTponHaR rpaH11ua MelKllY il:)a3aM11 III 

11 II nelKl1T a6nl1311 50% KOHUeHTpau1111 neATep11R. 

--1 --
1 --(,-----,-

I 
I 
I 
I 
I 
I 

'...-
1 -1--~ 
I 
I 

a-~ 

,,,,,"' 

P11c. 7. BollOPOllHbre CBR311 B il:)a3e CsDSO, - II. 

06beMHOUeHTPl1POBaHHaR R4eAKa il:)a3hl I noKa3aHa 

npepbml1~TblMl1 nl1Hl1RMl1. 

C uenbD HeATpOHorpail:)114ecKoro onpeneneHl1R CTPYKTYPbl 11 
n0Kan113au1111 aTOMOB BOllOPOlla BbmonHeHbl ll11illpaKU110HHLre 
11ccnenoaaH11R non11Kp11cTann114ecK11x neATep11poaaHHLIX 

r11npocynbi1laToB 11 r11npoceneHaToB ue311R. Pe3ynbTaThl 
o6pa60TKl1 llflR CsDSO 11 CsDSeO np11BeZ1eHhl B Ta6n11ue 2. DnR 

~ . 4 

CTPYKTYPhl csoso, Il0311U1111 aTOMOB Cs, S 11 0 B npenenax 
3KCnep11MeHTanbHblX om1160K cornaCYDTCR c· peHTreHOBCKl1M11 

naHHblMl1. /Mepl1HOB li.B. 11 ZIP,, Kp11cTannorpail:)11R, 1986, T.31, 

c.450/. Ha p11c.7 noKa3aHa CTPYKTypa il:)a3hl IL BonoponHaR CBR3b 

06pa3yeTcR MelKllY K11cnoponaM11 02 11 01 1
, np11HanneJKam11M11 

TeTpa3npaM, pacnonoJKeHHLIM anonb HanpaaneH11R c. HJ Ham11x 

pe3ynbTaTOB cnenYeT, 4TO npOTOH 3aHl1MaeT Il0311Ul1D 6n11JKe K 02, 

OTCTORIDYD OT Hero Ha paCCTORHl111 - 1 ~. T.e. 06pa3yeTCR OH 
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Ta6n11ua 2 

IlapaMBTPhl pemeTKl1, KOOPnl1HIIThl aTOMOB 11 reOMBTPl1ll 
aonoponHoA CBll311 a ~a3e II 

X 

a, b, c,(J 

Cs 
S(Se) 
01 
02 
03 
04 
H,D 
02-Ql I 
02-H, D 
H, D-01 1 

02-H, D-01 1 

a,b,c,(1 

Cs 
S(Se) 
01 
02 
03 
04 
H,D 
02-01 1 

02-H, D 
H, D-01 1 

02-H, D-01 1 

0 

CpaccTollHHll BA, np.rp. P21/cl 

7. 771(3) 
X 

0.2157 
0.2478 
0.3340 
ci. 4102 
0.1928 
0.1039 
o. 360( 3) 

8.018(4) 
X 

0. 211(3} 
0.279(3) 
0.342(4) 
0. 412(6) 
0.194(4) 
O • .P95C 41 
0.359(8) 

CsH D SO, 
1-x X • 

0.67(3) 
8.136(3) 

y 

0.8709 
0.3727 
0.4289 
0.2793 
0.5047 
0.2546 
0.212(3) 
2. 636"' 
1.96(5) 
1. 60( 5 l 
162(7)0 

CsH D seo 
1 - X X 

0. 70(3) 
8. 477(5) 

y 

□. 876( 3 l 
0.368(3) 
0.445(4) 
0.273(5) 
0.520(3) 
0.276(4) 
□. 206( 7 l 
2. 41( 7l 

□. 82( 15 J 
1. 64(14) 
155(18) 0 

• 

7.714(3) 
z 

0. 2064"' 
0.2205 
0.0923 
0.3685 
0.3131 
0.1409 
0.459(4) 

7. 853(3) 
z 

0.182(4) 
0.233(3) 
0.065(4) 
0. 407( 5) 
0.302(4) 
0.134(4) 
0.442(10) 

xf7fa peHTreHOCTPYKTYPHhlX naHHhlX. 
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111. 32( 31° 

:" '"' 

rpynna. Il03TOMY, KaK 11 og11naeTCll B 3TOM cnyqae, pacCTORHl1e 
s-02, paeHoe 1,57 ~. Ha116onee nn11HHoe B TeTpaanpe; Tp11 npyr11x 
s-0 pacCTORHl1ll - 1,44~. PactTORHl1R 0-0 B so. TeTpaanpe 6n113K11 
npyr K npyry(oT 2,34 no 2,43 ~J. TaK qTo 06pa3yeTcR noeonbHO 
Cl1MMeTp11qHhlA TeTpaanp. 

J,fa HeATPOHHhlX naHHhlX nnR CsDSeo. I np1111eneHHhlX B Ta6n11ue 
2 cnenye-r, qTo nn11Ha eonoponHoA CBR311 2,41 ~ noeonbHO Mana. 

'PaccTORHl1e Se-0 113MBHRBTCR OT 1, 60 ~ ( Se-04) no 1)0 ( Se-01), 
a pa3H11ua Haxon11TcR B npenenax om1160K 113MepeH11A. Dn11Ha □-□ e 
TeTpaanpe Seo. 113MBHRBTCR OT 2, 42 ~ ( 03-04) no 2, 92 ~ nnR 
K11cnopona, o6pa3YDmero eonoponHYD CBR3b '02-01 1 • • AHan113 ecex 
U0311U11A 11 paccTORHHA B CTPYKType l(ia3hl II n6Ka3hIBaeT. qTo 
nonomeH11e npoToHa Megny 110HaM11 K11cnopona 02-01 1 RBnReTCR 
en11HCTBBHHO B03MogHhlM. 

P11c.8. IlpennonaraeMaR CTPYKTYPHaR Monenb 
nepex ona III-+ II B CsHSO . 

j • 

• Cs 0 

" s .. 
• H 
• 0 X 

I 
P11c. 9. l1nean11311poaaHHaR Monenb ~a3hl I. 

CpaBH11BaR KPl1CTannorpal(i11qecK11e naHHhle l(ia3hl III GsHso. 11 
l(ia3hl II csoso. MOgHo npennog11Tb Monenb nepeCTPOAKl1 aTOMHOA 
CTPYKTYPhl np11 nepex 0,'.IB III-+ II B CsHso.. □Ha 3aKnDqaeTCR B 
pa3BOPOTe TBTpaanpoa so. 11 nepexone aTOMOB Cs 11 H TaKHM 
o6pa30M, qTo Koopn11HaTHhle OCH b 11 c HOBOA RqeAK11 OKa3hIBaDTCR 
HanpaeneHHhIM11 noqT11 no n11aroHanRM CTapoA CP11c.8l. CoxpaHeH11e 
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BHHTOBOA OCH 21 Tpe6yeT noeonbHO 6onbWHX nepeMemeHHA aTOMOB 
cs(. 2,5 ll H paJeopoTa TeTpa3nos so •. ITpouecc, no-eHnHMOMY, 
HOCHT nH~~YJHOHHblA xapaKTep, qTo H onpenenReT Ha6nnnanmYDCR a 
3KcnepHMeHTe 3aMenneHHYD KHHeTHKY H npyrHe oco6eHHOCTH 
~aJoeoro nepexona III-+ II a csHso •. ITpenno*eHHaR Monenb a 
nanbHeAmeM 6bUJa nonTeep*neHa a npRMOM peHTreHOBCKOM 
3KcnepHMeHTe. 

B paJnene 3.5 npencTaeneHbl peJynbTaTu nnR cynepHOHHOA 
~a3bl. ITpoeeneH aHanHJ naHHblX, nonyqeHHblX Ha MOHOKPHCTannax H 
nonHKPHCTannax .. no peHTreHorpa~HqecKHM naHHblM ~aJa I 'CsHseo. 
TeTparoHanbHaR c napaMeTpaMH RqeAKH a= b = 4,18 l, c = 7,20 
l, z = 1 /Yokota s., J.Phys.Soc.Jap., 1982, 51, p.1884/. 
Ha6nnnaeMble B HeATpOHHOM 3KCnepHMeHTe CHnbHble pe~neKCbl C 
dH 3 H= 5,46; 3,76 H 2,59 l He MoryT 6brrb onttcaHbl a paMKax 3TOA 
RqeAKH. TeM He MeHee, cpaeHeHHe nH~paKUHOHHblX cneKTPOB B ~aJe 
II HI YKaJbrnaeT Ha peJKOe YMeHbWeHHe qHcna nH~paKUHOHHblX 
nHKOB npH nepexone a cynepHOHHYD ~aJy, qTo ceHneTenbCTBYeT o 
nOBblWeHHH CHMMeTpHH pemeTKH. 

flnR onHcaHHR HJMepeHHOro a ~aJe I tta6opa Me*nnoCKOCTHblX 
pacCTORHHA B TeTparottanbHOA CHHrOHHH Heo6xonHMO Bbi6paTb 
~ '= I b' I = ~ + h, . t '= 2t. Hattnyqmee cooTBeTcTBHe Ha6nnnaeMblX 
H Bbl'lHCneHHblX pe~neKCOB nocTHraeTCR nnR np. rp. I41/a H 
I41/amd. Ho rpynna I41/a nporneopeqHT Ha6nnnaemeAcR 
opHeHTaUHH rpaHHU cerHeT03naCTHqeCKHX noMBHOB. 

TaKHM o6pa30M, COBOKYnHOCTb 3KcnepHMeHTanbHblX naHHblX 
naeT OCHOBaHHe npennonO*HTb, qTo B cynepHOHHOA ~aJe ceMeACTBO 
KPHCTannoB CsHso, xapaKTepHJYeTCR o6beMHOUeHTPHPOBaHHOA 
TeTparoHanbHOA RqeAKOA c napaMeTpaMH a= b = 5,906 l; c = 
14,43 l. KpHcTannorpa~HqecKHe Tpe6osaHHR H naHHb~ o qttcne 
~OPMYnbHblX enHHHU B 3neMBHTapHOA RqeAKe nOJBOnRDT npennO*HTb 
Monenb CTPYKTYPhl ~aJbl I Ha OCHOBe rpynnu I41/am~ 

B HneanHJHposaHHOM sttne Monenb noKaJatta Ha pHc.9. 
illTPHX OBblMH nHHHRMH noKaJaHbl CBRJH Me*nY TeTpa3npaMH. 
HMeeTCR 8 cBR3eA (3,4 ll B nnocKocTH (0011 H 4 CBRJH (3,2 ll 
c npyrHMH qeTb~bMR TeTpa3npaMH, 6nH*aAWHMH K (001). HaH6onee 
sepORTHOe nono*eHHe aTOMOB Bonopona - HaxonHTbCR Megny aTOMaMH 
KHCnopona, paJHeceHHblMH Ha 3,4 l. TaK KaK 3TO paCCTORHHe cnHWKOM 
senHKo, TO nongeH npottcxonHTb nosopoT TeTpa3npos HJ HX 

Hnea~bHblX nOJHUHA. 80JHHKaDmHe npH 3TOM nee KOH~HrypauHH 
opHeHTaUHA TeTpa3npoB H eonoponHhlX CBRJeA npHseneHbl Ha 
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PHC.10. 0HH xapaKTepHJYDTCR uenRMH TeTpa3npoe, CBRJaHHblX 
BonoponHblMH CBRJRMH snonb (111) H (l 1 1) HanpaeneHHA 
COOTBeTCTBeHHO. CpenHRR CTPYKTYPa, Ha6nnnaeMaR a 
nH~paKUHOHHOM 3KCnepHMeHTe, npoRBnReT CHMMBTPHD I41/amd H 
RBnRBTCR cynepnOJHUHeA nsyx • OpHBHTaUHA TBTPa3npos C 
JaceneHHOCTbD 1/2. OnHa CHCTeMa ·TeTpa3npoB pa3BepHYTa npoTHB, 
a npyraR no qacoeoA cTpenKe. 06pa6oTKa ntt~paKUHOHHblX cneKTpoe 
OT nonHKpHcTannHqecKoro CsHso. no Me Tony PHTBenbna 
nonTsepnHna npennaraeMYD Monenb. PaJsopoT TBTpa3npos BoKpyr 
ocH c npHsonHT K nnHHe sonoponHoA CBRJH 2,78 l. ITpoTOHbl 
pacnonaraDTCR B (16f) - nOJHUHRX c JaceneHHOCTbD 1/4. ITpOTOHbl 
ntt6o OCUHnHPYDT OKOno- onHoA napbl TBTpa3npos, COBepmaR npbll!CKH 
Ha 2,2 l, ntt6o MHrPHPYDT no noJHUHRM, paJHeceHHblM Ha 2,85 l H 
3,60 l snonb HanpaBnBHHA (100), (010) H (0011 COOTBeTCTBeHHO. 
BOJMO*HOCTb MHrpaUHH snonb neyx HanpaeneHHA OTpagaeT 
3KcnepHMeHTanbHblA ~a KT ManoA aHHJOTpOnHH npOTOHHOA 
nposonHMOCTH B 3TOM CBMBACTBe KPHCTannoe. 
KpHcTannorpa~HqecKHe H CTPYKTYPHble naHHble nnR ~aJbl I CsHSO 
nptteeneHbl a Ta6n. 3. • 

PHc.10. nae KOH~HrypaUHH sonoponHblX CBRJeA, peanHJYDWHe 
npH nepex one II--+ I. 
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Ta6m1Ua 3 
nocTOllHHLIB pemeTKH, KoopnHHaTLI H HeKOTOPLie paCCTOllHHll B 
CTPYKType (Oa3LI I CsHso. (np.·rp. I41/amd, T 2: 414 K) 

a= 5,718(3) a, C = 14,232(9) a 

ATOM llo3HUHR i!JaKTop x/a y/a z/c 
JanontteHHll 

cs 4b I 0,5 0,25 0,125 
s 4a I 0,0 o. 75 0,125 
0 32i I/2 0,201(3)" 0,678(8) 0, 067( 1) 

·H 16f l,::'.4 o, 1'9( 1 l 0,5 0,0 
so. - rerpa:rnp 4x1, 48a 

0-0 2x2, 44a 
4x2. 40a 

Cs-0 
12

- nonH3np Cs-0 4x3, 24a 
4x3, 10a 
4x3, 78a 

rnaea 4 noce11metta HJyqeHHD cynepnottttoro KpHcranna 
Rb,H(Seo.J,, a KOTOPOM npH T,= 449 K npOHCXOllHT Heco6CTBeHHLIA 
certtero3nacTHqecKHA ~a30BLIA nepexon II pona c yaenHqeHHeM B . 
10~ pa3 npoTOHHOA nposonHMOCTH. BropoA CKaqoK nposonHMOCTH 
Ha6nvnaeTCll npH T, = 606 K. no pettrreHOCTPYKTYPHLIM naHHLIM B 

.:(OaJe III ( T < 449 K) KPHCTann MOHOKnHHHLIA: a = 10,475 a; 
b = 6,09 a: C = 15,418 a;~= 102,91°; Z = 4,m np.rp. A2/a m m 

/MaKapoaa H.n. H np., KpHcrannorpa~HR, 1986, r.31, c.178/. 
BL1me T; - poM603npHqecKHA: ah = 6,118 a; ch= 22, 226 a; z = 4, 
np. rp. R3m C reKcarottanbHall YCTaHOBKa l /!iapaHOB A.H. H np. , 
KpHcrannorpa~Hll, 1987, T.32, c.682/. 

HeArpottorpa~HqecKHe HccnenoaaHHR npoaonHnHcb Ha 
BOllOPOllCOl!eplKamHx MOHOKpHcrannax H Ha BOllOPOllHLIX H 
neArepHpoaaHHLIX (80%D) nonHKpHcrannax a HHrepaane reMnepaTYP 
290 + 650 K. AHanH3 llH~paKUHOHHLIX orpalKeHHA OT MOHOKPHCTannoB 
H nonHKPHCtannoB, Haxon11mHXCll B II~ H II ~aJaX, UOllTBepnHn 
onpeneneHHLie pettTrettorpa~HqecKH npocrpattcraeHHLie rpynm1 nn11 
3THX (OaJ. IlapaMerpLI 3neMettrapHLIX 11qeeK a npem~nax 
3KcnepHMeHTanbHLIX OmH60K COBnanaDT c peHrreHOBCKHMH 
nH~paKUHOHHLJe cneKTPLI BonopOl!HLIX H neATepHpoBaHHLIX 
OKaJanHCb HlleHTHqHLIMH B o6eHX ~a3ax. YKaJLIBall TeM 

naHHLIMH. 
o6pa3UOB 

caMLIM Ha 
nonHLIA H30TOnHqecKHA H30MOP~H3M RB,D(Seo.J, H 
HccnenoaaHHOM HHrepaane TeMnepaTYP (a ornHqHe 
CsDSO H CsHSO ). 

Rb,H(Seo.J, B 
OT KPHCTannciB 

• • 
16 
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IlpH Harpeae MOHO- H nonHKpHcrannHqecKHX o6pa3UOB BLnne 
606 K npoHCXOllHT H3MeHeHHe nH!OpaKUHOHHOA KaprHHLI. OnttaKO, npH 
oxnalKl!eHHH no T = 290 K HcxonHall nH~paKUHOHHall KaptHHa He 
BOCCTaHaBnHBaerc11. IlpoaeneHHLIM CKaHHPOBaHHeM o6paTHoro 
npotrpaHCTBa MOHOKPHCTanna BLmenetto HanHqHe reKcarottanbHOA 
(HnH nceenoreKcaroHanbHOAl OCH B HCcnenyeMOA CTPYKType. Ho, 
reM He Mettee, onHCaHHe CTPYKTYPLI B paMKaX nH!OpaKUHOHHLIX 
KnaccoB TpHrottanbHOA HnH reKcarottanbHOA CHHrOHHA OKaJanocb 
HeB03MOlKHLIM H3-Ja Heco6nvneHHll 3aKOHOB CHCTeMaTHqecKHX 
noracattHA. 

nonttoe onHcaHH~ Ha6nvnaeMLIX nH~paKUHOHHLIX nHKOB 6Lmo 
nocrHrHYTO C noMombD POM6HqecKOA 11qeAKH C napaMeTpaMH: 

a=7,.91a; b=6,12, c=10,72; z=4:np.rp.Pnma· 
Ha6nvnaeMall nH~paKUHOHHall KaprHHa H napaMerpLI CTPYKTYPLI 
COOTBeTCTBYDT HenaBHO HccnenoaaHHoA pettrrettorpa(OHqecKH 
crpyKrype Rb2 Se0

4 
/Takahashi I. et al. Acta Cryst., 1987, 

c43, 179/. CnenoaarenbHO, npH T >T
2 

Rb
3

H(Se0
4

)
2 

npeepamaerc11 
B Rb,seo. B peJynbTaTe XHMHqecKOA peaKUHH B TBepnoM 
COCTOllHHH! 

·2Rb, H (Seo. l,--+ 3Rb, Seo, + Seo, t + o, t + H, t. 

CymecreettHo, qTo TaKoe XHMHqecKoe npeepameHHe npoHcxonHr 6e3 
pa3pymeHHll MOHOKPHCTannHqecKoro COCTOllHHll Hcxonttoro o6pa3ua. 

KottrponHpyeMLIM BpeMeHeM BLil!eplKKH o6paJua npH T ·>T 2 MOllCHO 
l!OCTH% cocymecreoeaHHR B ~aJe II Hex onttoro Rb

3 
H (Seo.·) 

2 
H 

06pa3yvmeroc11 B peJynbtaTe peaKUHH Rb
2

seo~ npHMepHo B paBHLIX 
06beMax. BpeMR BLl.lleplKKH nnR MOHOKPHCTannHqecKoro o6pa3ua 
o6beMoM oKono 0,25 CM

3 
cocraen11er npHMeptto 20 MHHYT. nocne 

oxnalKneHHll no KOMHaTHOA reMnepaTypLI COBMeCTHO Ha6nvnaDTCll 
nH~paKUHOHHLie pe(OneKCLI OT Rb, H (Seo.) 

2 
8 ~a3e III H Rb, Seo •. 

HanHqHe TaKoro COCTOllHHll B KpHcranne nOJBOnHno 
ttenocpencreetttto onpenenHTb B3aHMHYD npocTpattcreeHHYD 
opHeHTaUHD oceA 3neMeHTapHLIX 11qeeK Rb,H(Seo.), B 
II, a TaKlKe cocymeCTBYDmero C HHM KPHCTanna 
(pHc.11). Ha PHC.12 noKa3aHa npoeKuHi CTPYKTYP 

~aJax III H 
Rb seo z • 

Rb, Seo. H 
Rb,H(Seo.1. B ~a3e II. BHnHo, qro npH nepecrpoAKe CTPYKTYPLI 
Rb3 H (Seo.) 2 B npouecc_e paJnolKeHHR pa3pymaerc11 HHreaHnHLIA 
xapaKTep rpynnHpOBOK Rb+ Seo •• cymeCTBYDmHX B ~a3e II Bl!Onb 
HanpaeneHHll Ch H CBR3aHHLIX MelKllY C060A BonopOl!HLIMH CBll3llMH. 
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P11c. 11. 83al1MOCBR3b 3neMeHTapHba RqeeK ll)a3 II~ 
II Rb H(SeO) 11 cocymeCTBYIOmero C H11M Rb Seo. 

J3 4Z Z 4 

Oh 

Om 

Ch.Oo 
Cm 

Co 

bm.bh.bo 

P11c.12. flpoeKUl1R CTPYKTYPLI 
Rb sea z • ( TeTpa3llPbl 
nl1H11RMl1). 

. , 

I 
Rb

3
H(Se0,)

2 
a ll)aJe II 11 

Rb Seo noKa3aHLI TOnCTbIMl1 z • 

8 pe3ynbTaTe pa3noEeHl1R Rb,H(Seo,). 06pa3yeTCR 
CT~611nbHLrn KapKac aHl10HHba rpynn sea~• 11 KaTl10HOB Rb·. Ilp11 
3TDM KaEnaR napa aHl10HOB cTpeMl1TCR JaHRTb 6n11JneEam11e 
co6craeHHLie n0311Ul111 B CTPYKTYPe Rb. Seo,. 

8 3aKn10qeH1111 113nOE8Hbl . OCHOBHLie pe3ynbTaTbI 
n11cceprau110HH0A pa6on1, cocTORm11e a cnenyiomeM: 

1. Ha 11MnYnbCHOM peaKTOpe_ HEP-2 C03llaH HeATPOHHLrn 
n11ll)paKTOMeTp no apeMeHl1 nponeTa C JepKanbHbIM HeATPOHOBOllOM. 
linR m11pOKOfO n11anaJOHa llnl1H BOnH 1 + 20 a onpeneneHbl OCHOBHblll 
xapaKrep11CTl1K11 lll1ll)paKTOMerpa - 3ll)ll)eKTl1BHLrn cneKTP 11 ll)YHKUl1R 
paJpemeHl1R, BblflOnHeHLI TeCTOBLie 
non11Kp11cTannax. 

2. MetOllOM llBYXKOOPlll1HaTHOA 

3Kcnep11MeHTbl 

HeflrpoHHOA 

Ha MOHO- 11 

lll1ll)paKTOMeTpl111 
npoaeneHLI c11cTeMaT11qecK11e 11ccnenoaaH11R ll)aJOBLa nepex onoa B 
r11npo- 11 neATepocynbll)aroa 11 ceneHaTOB ueJl1R 11 r11npo611ceneHaTa 
py611l(l1R. 

3. 8 KOOPlll1HaTaX ( X, T J 113yqeHLI ll)aJOBLie n11arpaMMbl 
Kpl1cTannoa cs (H

1 
_. D) so, 11 cs (H

1 
_. o. ) sea,. YcTaHoaneHo, qyo B 

n11anaJOHe OT KOMHaTHOA TeMneparypbl l(O - 450K CsHso, HMeeT TPH 
ll)aJLI (III, II, I), a c~oso, H Cs(H, __ o.)seo, TOnbKO nae (II H 
I l. Mopll)orponHaR rpaH11ua nepex ona cs (H

1 
_. o. ) so, HJ ll)aJLI III B 
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II HaXOll11TCR np11 X ~ 0.5. ~a3LI II 11 I acex 3THX KPl1CTannoB 
1130CTPYKTYl)Hbl. 

4; Ha·MoHo- 11 non11Kp11cTann11qecK11x o6paJuax npoaeneHLI 
He_ATPOHOr pall)11qecKHe 11ccnenoaaHH~ CTPYKTYPLI ll)a3bl III CsHso,, 
Csoso, H CsDSeo, B ll)aJe II; YcraHoaneHO, qyo HCTHHHaR 
CHMMerpHR 3THX ll)aJ Ca orn11q11e or npenmecrey10m11x 
peHtreHOCTPYKTYPHba l(aHHba l P21/C. OnpeneneHLI KOOPllHHan, 
npoTOHOB H reoMeTpHR BOllOPOllHOA CBR3H B crpyKrype. 

5. HccnenosaHHe MoH0Kp11crannoa ceMeAcrea csHso, 
o6nanaer noKaJano, qro nepexon e cynep110HHYIO ll)aJY I 

JaMenneHHOA KHHeTHKOA 11 conpOBOEl(aeTCR paJ611eHH8M KPHCTannoB 
Ha 6noK11 c,noqTH npo11JeonbHOA op11eHTau11eA oceA. 

6. HccnenoBaHHe aTOMHOA CTPYKTYPLI cynepHOHHOA ll)aJLI I 

ceMeflcTBa npoaeneHo Ha non11Kp11cTann11qecKoM csHso,. OnpeneneHLI 
npocrpaHCTB8HHaR Cl1MM8TPl1R 11 napaMeTpbl .pemeTKl1: np.rp. 
I41/amd, a= b = 5,718(3) a: C = 14,232(9) a. MeTOllOM 
P11Taenbl(a ycraHOBneHLI KOOPlll1HaTLI acex aTOMOB CTPYKTYPLL 

7. Ha OCHOBe YCTaHOBneHHOA CTPYKTYPLI ll)a3bl I npennoEeH 
aTOMHLIA M8XaHH3M cynep110HHOA npOTOHHOA npOBOllHMOCTH, 
OCHOBaHHLrn Ha lll1HaM11qecKOM 6ecnopRl(Ke Cl1CT8Mbl Terpa3llPOB • so, 
H npOTOHOB. C11MM8TPl1R CTpYKTYPhl 06ecneq11aaer q11cno 
3KBHBaneHTHb~ n0311U11A nnR Terpa3l!POB B naa paJa, a npoTOHOB B 
qen1pe pa3a npeBLlllla10mee. 11x ll)aKT11qecKoe Kon11qec'reo, qyo 
06ecneq11aaeT BLICOKl1A K03ll)ll)11U118HT l(H!l/!l/Y31111 npOTOHOB. no 
BaKaHTHbIM n0311Ul1RM. 

8. HccnenoeaHl1RMH Ha MOHO- 11 non11Kp11crannax eonoponHoro 
11 neArep11poeaHHoro cynepHOHHoro Kp11cranna Rb,H(Seo,)

2 
e. 

n11anaJOHe 290 + 650 K nonreepEl(eHbl Han11q11e CTPYKTYPHOro 
ll)aJoaoro nepex ona np11 T = 449 K 11 c11MMerp11R ll)aJ •. 

9. YcraHoeneHo, qro np11 T ~ 606 K, . paHee 
HHTepnper11poaaemeACR KaK TeMnepayypa CTPYKTYPHOro ll)aJoBoro 
nepeXOl(a, B BOllOPOllHOM H neArep11poaaHHOM Rb H(SeO) 

. !I 4 Z 

npoHCXOll11T Xl1M11qecKaR peaKU11R paJnoEeHHR B TB8Pll0M COC~ORHHH, 
B pe3Ynbra~e KOTOPOA 06pa3yercR Rb.Seo, C coxpaHeHHeM 
MOHOKPl1CTann11qecKoro COCTORHl1R o6paJua. 
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