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1. BueJieHu:e . ·,· 
IbJ.ienne iritrni;IDI Bh;~~K~~ J{aBJiennfi na rarroreHHJ{hi ';;.MMOn~" ~pe){CTaJl.IDieT 

J.IHTepec WU1 BblliCHeHIDI HpnpOJ{bl !IJa30BblX nepeXOJ{OB~ npOHCXOJ{l!IllHX . B 3THX 
coe){nnemutx no){ J{aBJienueM [1]. B pa6oTe [2f tSbuio·n~~~o, '.ITo'8'6pci~Me·3.MMoniDI 
ND4Br: it inopHJ{e' a~tMOHH51 NDi~I opneimtunoiiilhiif !IJa30Bbill rrep'exoJI: 'n3 i !IJa3bi II 
( CTp}'Krypa inria CsCl; B Koiopoii: HOHLI aM:~toiuffi. cnY'Jaii:ubri.{ o6p~OM 'pacnpe){errenbi 
rio J{ByM 'il03M~)((!Ibu.l: 1103HUiriiM) B ¢a3y IV ( crp}'Kiypa mila : CsCC B KOTOpoii: llOHbl 
aMMOHH51 napaJUienhno yiiopMoqenhr),. nponcxo){nT npH onpe){enennhrx "Kp1frnqectillx;' 
3naqenn51x no3nunonnoro. napaMeTpa ... Ehmo .. BhiCKa3aiiO ~: npbinono~enne o TOM, ~o 
TaKM )((e CHTyaUH51 MO)((eT. HMeTb MeCTO H B Jlpymx COe){HHei!IDI~.- 3T0f0 KJiacca (ND4I, 
ND4F). ITosToMy UeJih nacT051IIIeii pa6oTbi 3aKJiroqanacb! ·~,. nposepKe 3Toro 

! 

npe){HOJIO)((eliiDI ~ BblliCHeHHH B03MO)((Hb!X npnqnu ~aKOI'O llOBe){eHH51 ... 
llo){HJl aMMOHH51 NH41 cymecrsyeT s. ¢a3e II npn KOMiiamoii :reMneparype H 

AaBJieHHH P>0.5 i K6ap[1]. .UanHbie o nepexo)le IHV npo~nsopeqnshi. B [3] on 6hm 
3a!IJHKCHposan *PH'. )laBJieliH~. P=27 _K6ap l: na ; ocnos~imn . <im16iix ·: H3MeHeHHii B 
paMaHOBCKHX cneKTpax· NH4U Co macHo J{aHHhiM · pa6oThr" [ 4 J ;' peanbHM sennqnna Pn.Jv 
AOJI)((Ha 6b!Th cymecnlenuo 6onhiiie.' ' 1 

KaK cne.ziyeT H3 · peuTrenoscKnx J{aHnblx, s OTJIHqne o~ )lpymx ranoreHHJ{OB, 
!IJTOpHJ{ aMMOHmi NH4F :·liM eel- .l!niiib :~ii.~y. MO~HqJ~KaUHIO 'co. CTp)\Krypoii mna CsCl -
NH4F(IIl) c, nd~snJiHMO~IY yiicipm{oqem~h~M 'siiJIO;~ )l6 :. Teitneparypbl IL'IaBJieHH51, 

~---r;.!; .. 
paCHOJIO)((eUHeM , HOHOB·· aMMOHll51 ~- ~- .npe)ll!OJIO)((HTeJ!bHO·-· napaJUieJibHbiM, KOTOpM 
cymecTByeT npn ~oMnamoii. TeM:nepaType npir )laBJieHIDIX P> 11.5 i6ap [ 5]. 

Ba)((noii oc~6eiiHOCThiO CTPYKTYPhi rano~HHJ{OB: a\1MOIHN, . omnqaromeii ee OT 
: .~ 1 •• 

ananomqJlbiX ·rarroreHHJ{OB IIIeJIOqHbiX MeTaJUIOB, 51BJI51eTC51 HaJillqne 1103HUHOHHOI'O 
napaMeTpa )lJl5l a~OMOB BO)lOpO)la. 3TO o6CT051TeflbCTBO ·. 1103BOmieT. onpe){eJillTb )lJIHHbl 
CB513eif H COOTBeTCTBeHHO pMHYCbl KaTilOHa H aHHOHa, a· ne nx; CYMMbi; KaK B CJiyqae 

;-- ' ~ t ·. 
6ecnapaMeTpOBhiX cTp}'KTyp. IlocKOJihKY no3nunn aTOMOB ·so){opo)la no~n. ne BJIIDIIOT na 

.. : '. ' i ~ l : ; 
pacce51nne penTrenoBCKHX -n}"!ei\,. To· nan6onee no)lXOJ{l!JA.U:M MeTO)lOM )lJl5l nonyqenH51 
nn¢opMautm o· d·p}'KTypnoM• ~ose~~nn~ ~· ()c~6~~i~oi::T51X !IJa3mihix ·rrepexo){os· B ND4I· n 
ND4F noA )laBJie!meM 51llJilleTc51 MeTo!i.neiiTponnoii JlntlJpaKunn. B nacTCi51meii pa6oTe 
npe)lcTaBJieiihi pe3ynhTaTbr--·rieii-rponorp~¢nqecKoro-::·'··iiCCJieA~Bamm CTp}'KTYPHhiX 
li3MeHeHJ.IH )leii~~pnpo~aihibiX. rano[emlli<m )~M~HIDI. ND;t ~·~ND4F npn Bb!COKHX 

I ..... 

)lasnenn51X. Bbi6op )leiiTepnposaHHhiX 'coe)lHHeHnii o6yCJioBJI~H, KaK o6hjq1fO, nyqiiiiiMH 

¢?I,IO_Bh}Mn. :~ap~T~P';C!!fK(IM~ . , npn . , P.ac,s~51HH_H_. ,I~eiiTp,oiio.~ :ua ;.~~P.ax,, .ut;ihep_,rn_ . • no, 
c~~~lel~n~o _S· !JPO:J'<?!IaMq;,·,.; .•. \. _, ' ·r , ·,; ·, , : ,. , . , ,', \_ • . \ ,. , ' 

-,::_,.;:"-1.\:}. •. ).~~ ~ r .. ..: ::i, 

2 .. Orru:caHu:e 3KcrrepmueH'ra 
3KnepnMeHThi 6imn Bhi~onneHbi ua )ln!IJpaKTOMeTpe .UHCK [6] na P.eaKTope 

HP-8 B PHU: "KypqaToBcKnii nncTHTYT"· L{.rmna BOJIHhi MOHoxpoMaTnqecKnx ueiiTponoB 
cocTa~~a 2.34 A . .UaBJienne s KaMepe .ilw;oKoro J{aBJieHI~ c~3)lasanoch ~~¢nposbrMn 
naKOBaJibll51MH . [7] n~ H3M:ep51mJch c noMOlubiD Jia3epa 11 omnqecKoro crreKTPmteTpa no 
c){snry py6miosoii mmnH niDMnnecuenunu .C. :;oqnoCThiO 0.5 KGap. Bee llKcnepmteiiThl 

Otn.ei:;,;~~;;~4D J;:~:nTJJ t 
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BbiiiOnHeHbl IIpii KOMHaTHOH TeMIIepaType. BpeMji II3Mepetiiiji O.!liiOfO: Jl!i<!JpaKUHOHHOfO 

crreKrpa coCTa=o B cpe.!lHeM OKono 20 'I rrpH MOIIIIIOCTH peaKTop~ 4~5 -MBT~ 

3. OcuolmLie pe3J-!JLTaTLI .. 
Jf3 .!lHlPPaJ<UHOHHhiX c,rreKrpoB; }'ll)4l II_ ND,J<, .rronyqemthiX ,npii :BhiCOKHX 

,!laBneHllj!X II o6pa6oTaHHhiX no MeTO.!lY. PIITBen&.!la. (piic.l,. piic.2), orrpe.!lenen&t mrr 
• -. <- ~ ' • - ' ' ' ,, • - • 

perneTKII, rrapaMerp ::meMeHTapHOll jj'JeiiKH a II . II03IIUHOHHblll napaMerp aTOMOB 
;···· ' . ' . 
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PucLY'laCmKU: OuqipaKIJUO/lHblX cneKmpos ND~l;. U3MepeimblX npUoaBJrellWU 5 lc6fip u' 
31 . K.oop u o6pa6orri~nillilX no M~mooy Pum«eJI~>oa . . lloKruaHbl ~KcnepUJIIeiimanbHbl~ 
m?~KU, ~bi~IICJieHflblU npofjJUJlb U pa3/lOCmnaJi K]JUUWJ . . .. 
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Puc.2. Y'lacm:u oufjJpaKIJUO/lllbiX cneKmpo6 ND4F. U3Mepell/lbiX npu oa~Jl~;;J!i~ 14 K6ap 

u 30 K6ap u o6pa6omallllbtx no .Atemooy .Pum«ex&oa:' lloKaJallbt, 3KcnepUMe~maJlbllble 
-·- .. ! .. ··_. 

mO'lKU, 61>1'lUCJlell/lbiU npof/JUllb U pa3/lOCmllaJI /(]JUBWI 

\-· ,• 

Cy)ljl no oTcyrCTBRIO rroracauiiii:, ND4l(II)'. li ND4F(Ill) nMeiOT rrpHMIITH!JHYID 

Ky6H'leCKYIO 3neMeuTapHyiO ji'Jeii:Ky. H3 ABJX :IiapnaHTOB' CTPYKTYJlhi Tnrra CsCl, c 

HeyrrOpj!JlO'leHHbiM . H . yriOJlji)lQ'leHHbiM , 1 : paCIIOllO)KeHHeM , •.H<)HOB . aMMOHlljl;·. 

::~Kc~~Pl!Mel!~~bubl~ •. nuTencn~ubcTn ND4I(II). y.!loBn~TBopnren&Ho · onnc&rBaiOTcx 'fon&ico ' 

rreps!Jii: ,Mo)len&IOjRp=;=2.57, .Rwp=3.3, R8=4.3 .% rrpu P=3LK6ap; np; rp:;PmJm);' a 

::~Kcrrepn~eHT<UI~Hhre nH:reucnBHOCTII. ND4F(III) - .TomKo · .BTOpoii: MO,!len&io • (Rp=2.36, • · 

Rwp=3.03, R~=3.4 % rrpn P=30 K6ap; rrp.rp. P43m). B pac'leTax ucrron&30Bru:inch 

<!JnKcHponaHH&Ie 3Ha'leHIUI TerrnoBoro <lJaKTopa aTOMOB )leii:TepiU! B 0=3.3 A2 
(ND4l) n 

B
0
=3.0,N (ND4F), rronyqeHH&Ie rrpn P=O. 'PeJyn&TaThr:pac'leToB rroKa3hiBaiOT, 'ITO. HO.!lllJl·,:. 

aMMO~lljl ND4l rrocne ,rrepexo)la B <!Ja3Y II (Pn=0.5 'K6ap ·[8]) •rrim )lanLiieihneM C)KaTifn··' 

3 



)lO 52 K6ap OCTacTCH B neyaopH)lO'ICIIIIOM COCTOHHIIII, B TO BpeMHKaK lPTOpii)l aMMOIIIIH 
ND4F IIOCJie nepexo)la B lP113Y ND4F(III) (Pm=l L5 K6ap) OKI13biBaeTCH B 
ynopH)lO'ICHHOM COCTOHHIIH II lip II )laJihHeihiiCM IIOBbiiiiCIIIIII )laBJieHMH He·· HCIIbiTbiBaeT 
HMKaKnx lP1130BhiX rrpespameunii. , . . . , 

J.b IIOJiyqcHHbiX 6apH'ICCKHX 3aBIICIIMOCTeii napaMeTpa peiiieTKH 'Bbi'IIICJIC!Ibl 
ypaBHCHIDI COCTOHIIHH (p1IC.3). YpasneHHe COCTOHIIIIH . ND41 IIInepUOJIHpOBaHO 
ypasnenMeM Eepqa BII)la: . 

· P=(3/2}Bo·(x'713
- x'513)·[1+3/4·(B,-4)·(x·~-l)], . . • • (I) 

me x= VIVo- oTnocHTeJibnoe H3M'eiiei.ine o6oeMa, Bon B 1 - ::JMimpM'IecKHe rrapaMeTpbl, 
HMCIOIIIHC CMbiCJI MO)lYJIH BCCCTOpOUHero C:lKaTIIH. B COCTOHHHII paBJIOBCCII~ H ero rrepsoii 
11pOH3BO)liiOH 110 )laBJICHHIO. . -~' 
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Puc.3. :3afiUCUMOCI/lU napaMempa /ememKU om 'lJaa~eHUJI ~ ypa«HeH~ cocmoJimU! ND41 

. u .. ND4F • . · no~peumocmu 3KcnepUMelll/l~b1lbci: lnO'IeK lie npeiJocxoOJiln pfilitipoa 

CUM80JIOQ.'; floK0301lbl . maK')Ke OGilllble JlO 'ypaaiienuw .·. coi:moAniu! . NH41, '. no!ly'lelllll;/e' 

.· .MemooaMu ouppOKIJUU penmze1108CKUX !IY'ICU {9 j'(mpeyZoJibiiUKUf U C.MeUieHUJI nopmlu! 
{IO].(nyiiKmupn(IJI JIWtUJI) . . -

Bb!'IHCJiennLie,xapaKTepKCTHKn C:lKMMaeMOC'J'H';ND41 npellCTIIBllCHht B Ta6n.l BMecre c< 
no-, JllH4LM3 · [9}.- KaK BH.Unn 113. pnc.3, namH llannLie · xoporno corimcyiOTCH ·c.-

4 

.. 

1 

" } 
S' 

peJymmiTUMII, .. IIOJiyqeii)IbiMII MCTO)lOM . CMCIIICIIHll IIOPJl!!:lll. ; [10), :· ')lallllbiC 
pemrenorpa<!J~;;~cK~ro · Hccnelloll~i,ii~ · [9] -~ ~6~~c;~· ·~~·~ ~qenh 6cini,rnifx )laBJienMii, 

110-BII)liiMOMy, :mte.IOT IICBbiCOKYIO ib'IJlO~Tb. !130TOnii'ICCKIIii ::><!J<!JeKT B C:lKIIMaCMOCTII 
ND41 ne lia6;'no.ria~n:M B npellCJIUX OIIIII6KII 3.Kcnep11~1el1Ta. ' 

Ypasnenne, c'ocTollniui ND4F omtcbmaeTcll npocroii mmeiin.oH 3aBIICIIMOCThiO > , . ' , . V=Bo·P+Vo, . • : -::; ·· (2) 

'ITO COOTBeTCTBYCT. :ypaBIICII.IIIO Eep'!a )lJJll TBep.UblX TCJl C MaJIOH : . .C:lKHMieMOCTbiO: 
C:lKI!MaCMOCTh ND4F ropa3.U~ ~fCIIbllle C:lKIIMaC~IOCTII ND41. 

6. I. X, UK!I C)I;II.Atae.Mocmu ND4/, NH4/ u ND4F 
. 

KpiiCTaJIJI .. Bo, i6ap B, Vo. A3 
' 

ND4l 129(8) '5.5(8) 81.89=0.856Vo'(cj:JaJa I) 

NH4l [9] 187(2) 4.2(2) 81.89=0.856Vo (cj:Ja3a I) 

ND4F 934(7) - 35.27(2) ... . _:.-.:' 

8 06CIIX CIICTCMaX npn yse.riii'ICIIIIII .UaBJJCIIIIH 11p011CXO.UIIT poeT !J0311L{Il011110f0 
napaMeTpa (pnc.4). :, · '' 

=' 

0.190 

0.180 

0.170 

ND4F 

!-=~--!' 

0.160 L.u=OJ53 

0.150 ·-

0.140 ·-
ND4I 
~~-~---~-~----+-~--

5:4 IK6ap 

0.130 t~·,····~··l"',' I. 'I. I •I I .I 'I I "I'" I 1 

l \' ~ \' 

: 

' P, i<6ilp'L-. . . ., ' . ' 
PuC.4.·· 3(/fiuczwocmu ninutiiiOHHozo ·na/Jl'u1~1i1pa oc~~,hejiuJI. ~)lJI ND~I u 'ND-1F._ KpeCJilo.M' I 

o6o3Jw•teuci'":moiJKa, pacc'l.umczim(IJI no· '&ui,J,,;~i ')c;,:;z;.Atite.Awcmu··· NH-1/ {9] ·~' 
npeoniJJl(iii;eHim.' <imo o;mua'N-D-: caJIJu liv.h~ t:OI A . . 

''' ' • '._ ' " 1' ~ :--

npH ::!TOM ;iin-iiia CBll311 N-D nim ClKaTilll HO'IT;l ne H3MCII~e~cli. (piid). '}N~o= I :o2(2)' 'A.' 
)lJJH ND4l 11 IN~i:)=0.98(2) A. )lJJll 'ND4F, --;,To qYT" Meni,me, ·~~~~ .upynix .·~oic\iimax . 
aMMOilllll. UN-6=1.03(2) A [II J), TaK 'qTO' poc·r' rlCJ3111liiOiinoro. napaMeTpit.' B. o~noimo~i'' 
11p011CXO.UIIT 3a C'ICT. C6JllllKCIIIlsl II Oil Oil faJIOfcll<l C MOJlCKYllllpiii>IM "no11m1, aM~I,~IIIlll 
(p11c.5). '' 

: •. ,_;,_. 
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Puc.5. 3a6ucu.Mocmu .Me)l(amo.MHhlX paccmOJmuii D-1, D-F u OJIUHbt N-D CflJIJU OJIJI 
ND4/ u ND4F om oaoJieHUJI . . . - . . . . 

,. 
4. 06cyH<,IJ:eHue pelyJILTaToB 
Panee s pa6oTe [2]. 6ww )'Ka3ano, lJTO opueHTaQHOilllbiH cpa30BbiH nepexo.n II-IV 

s ND48r H ND4CI npouc~~JlHT npu -6~~3KHX KpHTH'leCKHX Jlla'lemrnx noJHQHOHHoro 

napaMeTpa u.p;O.l.53(2). Jh noJI)"leiiHbiX.: pe3yJibTaTos cne.nyeT, 'ITO B CJI)"lae ND4I 

I103HQHOIIIIbiH napaMeTp Ue ){OCTHraeT KJ?HTH'leCKOfO 3Ha'lell~ B HCCJie){yeMOM 

uul-epsanc ){aBJieHuii (nlm P=36 K6ap u=0.142h)); aM~ ND4F noJHQHOHHbiH napaMeTp 

ll3Ha'larrbll0 npeBbiWaeT u.p· (ripu P=l~. K6ap. u:::O.I74(2)). 3To '.nena,eT,HOIUITHbiM 

_OTCYTCTBue nepexo.na II-IV M» ND4I s ucCJie.nyeMOM HHTepsane .naBJienuii (u < u.p) u 

llaJIH'IHe y_ ND4F TOJibKO ynop~.uo'leHHoii cpa3bi cocTp)'KTypoii Tuna CsCl (u > uKp)-. 

';'rro~}"rei;Hbie pe3yJibTaTbi comacyroTc~ . (HJII!, no . Kpaiineii Mepe, He 

npo'riisope<laT) c YTBep~.uenueM, ~To .opuemauummoe ND4F(III) ynop~.uo'leHue so scex 

raJIO~CHH.UaX aMMOIIH~· . npoHCXO,llllT npfi onpe,lleJICIIIIbiX ll 6JIH3KHX 3Ha'leHM~X 
I10JHQHOIIIIOfO napaMeTpa aTOMOB BO){OpO){a. 06'bl!CHeiiHe TaKoro nose.uenu~ MOJKIIO 

fiOJIYlfliTb, rrpe){nonara» H3Menenue noTenuuanhnoro penbecpa npu yMeiibiUeuuu o6'beMa, 

KaK ::ITO CXeMaTH'leCKH noKa3aiiO na puc.6. Ilpu I10BbiiUellHH ,llaBJICilllll .UBYX'bliMHbiH 

6 

1 
l 
I 

' 1 /)• ... 
\ 
\ 

I10TCIIUHa.'l, COOTBCTCTBYIOIQHH .llBYM noJioJKeHHliM aTOMOB BO,llOpo.na B Heynopli){O'ICHHOM 

cocTOliiiHII (llJIH ABYM · opueuTaQHliM uono!i aMMOHllll),. cHa'lana ymy6JilleTc~. ·a npn 

){OCTHJKemm KpHTH'ICCKOfO 3Ha'ICHH~ . HCKaJKaeTC~, TaK 'ITO BblfO,llHbiM CTaHOBHTCJI 

TOJibKO otmo nOJioJKeHue so.uopo.ua llJIH o.umtopneirraQlll!. JlmrpeiUeH~ sonpoc~ o TOM, . 

np11 KaKHX napaMeTpax 3QJQJCKTHBHOro noTeHUHaJia (u. CB~3aHHbiX C HHMH 3Ha'ICHlll!X 

noJHQHOIIIIbiX napa~~po;- ~ .u~BJie~m~) .U~nJK~!t npou~~o.nnTr. cjlaJosr.rii nepexo.u, eyxmi.i 
KOBKpemr,re paC'leTbt. 

~ 

..• P<Ptr 

P>~r 

0 

,_ 
,· 

a r, 'A 

Puc.6. lf3.MeHeHue nomeHIJUMbnozo peJibeifm 8 ZMozenuoax a.M.MOHUJI npu,_noBblmenuu 
oaBJieHUJt 

J': 

B CJI)"lae ND4I 3KCTpanoJiliQH~ noii)"leHHoii 3asucnMocTu no3HQHOHHoro napaMeTPa .uo 

KpllTH'ICCKOfO 3Hati:eHH~ UKp=0.153; TaK JKC; Ka'ic 3Kc-rPa~OJil!Qiu!·.umiHbiX' (4] no QJa30BOH 

.uuarpaMMe NH4I, .uaeT 3Ha'leHue .uasJieHlll! nepexo.ua II~IV Pu.rv -70 - 90 K6ap. B TO JKe 

speMJI, - comacno · .uauHbiM paManoscKoii cneK'rpociormn;; s • NHil irpn' P=54 • K6ap 

Ha6mo.uaeTC~ QJa30BbiH' nepexo.u B HOByro QJa3Y v. CTp)'Krypa KOTopoii: .ll~ CHX nop He 

H3BeCTHa [3]. Cne.uosaTeJibHO, JI~6o 3TO opueHTaQHOHHhlft nepe:Xo.u, H nirila OH 

npOHCXO,llHT npu n03HQHOIIHOM napa.\leTPe · 6JrH3KOM, HO OTJIH'IIIOM- OT ~p~ITH'ICCKOI,U 

3Ha'leHH~ M» ND48r u ND4Cl, lJH6o ::ITO nepexo.u .upyroii npnpo.ur.r. 

)lnll KpucTaJIJIOB ranoreHH,llOB aMMOHllll B cs~3M c HaJIH'IHeM . B CTPYJ<Type. 

fi03HQHOIIJIOro napaMeTpa 113 6aputleCKUX 3aBHCUMOCTeii: rrepHO,lla perrreTKH -H: ){JIHIIM: 

N-D- CBJI3H cTaHoBHTCJI B03MOJKHbiM onpe.ueneHne rrapQHaJibHbiX CJKHMaeMocTeii uo~~~., 
C'IHTaJI pa.uuyc HOHa ND4 + nponopu:HOHaJibHblM ){JIH!Ie N-D- CB~3ll ll npeHe6peru. ero: 

CJKHMaCMOCTbiO (I10CK01IbKY lN-D noit ,llaBJieHHeM nO'ITH , He li3MClllleTCJI), .'!.,I:OJK~O, 
onpe,lleJIHTb CJKmd_ll,eMOCTll HOHOB: ranoreHa ._ I10,ll: .o;aBJieHHCM. _ Pa.uuyc HOHa aMMOHIIM, 

(Ta6n.2) paCC'lllTbiBaJIC~ Ha OCHOBe 31!a'leHUH napaMeTpa peiUCTKU a ll Ta6JIII'IHbiX 
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pa,nnycoB nouoB raJiorena [12] npu P=O K6ap. L{rui ND4I (¢a3a,II) uND4F(III) 6w10 

l!C!IOJih30BaH0.3Ha'leHIIe a; 3Kcrpanonnpomiunoe K P'=O (Ta6JI; 2). 
;._ :;~~i;.·.F !',:- ~:~~:;·~.· 

Ta6JIUl/a:2, Pa3Mepbt uonoB'npu P=O T• 

'> 
",., 

> ' ·" •• > ,., "" ' ••• ·." •• ; < ... 

BemecrBo• <'.:• .,,. a;·A·:, ·» R(X'), A [13]'·· • R(ND4 +), k .. 
ND4F. 3.28 1.33 1.51 

ND4Cl [2] 3.87 1.81 1.54 
ND4Br [2] i 4.06 1.96 1.56 

ND4I ' 4.35 2.20 1.57 

• .,J. 

YpaBHeHID! COCT05!HH5! JVISI HOIIOB r. F . paCC'IHTaHIIbie no )lallllbiM HaCTOlii!leii 
pa60Thl, a TllK)!(e Br" II cr ·. paCC'Il!Taiiiibie np )laHHbl~ pa60Tbl. [2], llOKa3aHbJ H~ pnc.7. 
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0.90 
0 

~ 
> 0.80 

0.70 

o:sol , • ~ ;: 1 \ ' > '. ,,~-. ' 

I I I I I 

0 10 20 30 40 50 
. P,l<6ap 

";•. Puc. 7. Ypa6H_eHUJ! co_anOJIIlWt UOHOB ZaJIOZeHa F, cr. Br", 1 

YpaBHeiU!a COCTOliHIIll r: B{, cr llllrepnonnpoBaHbL ypaBHenneM. Eepqa; nma > (1), B 
KOTOpOM x=V"N"0 .. YpaBHeHl!e., COCTOSIII!Ill' IIOHa F, onncano npocroii JI!IHeiinoii 
3~B~C~MOCThiO mmi (2). 3I~aqen~5! Bo(X").n B1(X") npe)lcTaBJieHhi B Ta6n.3. 

. . ' . ,_,' ...... ;, 

Ta6Jiulla 3. 'Honnble CJKUMaeMOCf!ZU 

BemecTBo Bo(X"),K61l!l B,(X") Bo(ND4 +), K6ao 
ND4F. 437(4) > 1000 
ND4Cl ·' 96(4) [2] 3.6(4) > 1000 
ND4Br , . 65(7) [2] 5.2(3) > 1000 
ND4I .. 69(4) 3.6(4) > 1000 

8 

. H;~tiii'me' 1in¢o'p~mu~n ·~· ·d~nMaeMOCTII , 11onos. r~~;e11a noJBOJISieT. TaK;Ke 
BbuicJiifn. noBeneime. 3ne~Tpoimoii nonllpinye:\locm ::nux "~noB noll )laBJienHeAf.: .fl.n5J. 
IIOIIIIOro KpHCTanna B o6.ria~u O!ITII'ICCKIJX ··IaCTOT. :>neKTpOIIIIble llOJillplBYC~IOCTil .uo'noB 

• + ,- - . ·., . ·_ · ... · .. -·~···-~-"'~-'-' ·••· - ·-'·• • v~ ---~ a· If· a onpCllCJiliiOTCSI CJICllYIOIUIIM o6paJo~i: ·: : . . •·:· 
' . . . ; . . • 2 . ': .• . ..... 

N- -._+IV·· .·.:._ 3 n~l V ··· · (3) 
·a. . a,-::- 4.7r.·n2 +2.: .• --· ·--· 

r11e 11 - no~<,<naTeni. np~ri~iJieiiill!; N~·ii tr ~ q)Jcno aunolioB.H Ka;HOIIOB B ?fil>eMe_Y.B 
cnyqae fa10fCIIII1lriBaM~HJIIH~;· cllllTaii nOKll3il'TCJlb npenmt-;;C:,inSI ~ n~JI5!pli3YCMOCTb HOIIa 

. . . . . . . - ; ' - . ~ - . . . . . . . . . . .. . .. 
aMMOIIH}f MaJI<? . B3Melll!IOI!l!Uil!C}f • . ,npn c ,C)!(aTHII, , , !IOJI}"'aeM, 'ITO ·· !13MCHCifHe 
nOJiliP!I3YC~f!JC!If.lfOII?B ranoreua H?lllla_RIJe!I.IIe~t:pnpelleJil!CTCll ypaBHClllfeM COCTOSIHHJi 
KpncTanna: 

- . + 3 n2 ~ I 
a.·.""-a. +-·-,.-.-·V(P}, 

4.7r.:n· + 2 . , (4) 
rlle V ~ ooi,e~t aneMeirrap;·,~j~ }f;IeiiKII KpiiCTarJJia. 

'3afiwc;tMoCTJ.f a·(P).nnSI iloi1on F,.d-; Br·. rnoKaJmi~t.ua.pi!c.S.·npu.pac'leTe• 
Hcnom,J~nanli~~ :3,,;;ieilltll · ..• ·. ::meKTP<?IIIloii no~npitJyeMocm .; lloua ·. aMMOII;tir ND

4 
+,. · 

onpde.ii~IU;hi~ ·~OAallJI~rM.(JJj. (Tafin~4), a TaK)!(C ,ypamiCIIIISI COCTOSIIII;ll- tinoreHifllOB 
. aMMmtitll ti3 uacroi!mi:ii pa6ol-br i1·12j. .. . . . 

Puc.8.:- 3a;lliCIIMOCniti 3JreKinp!mumi ;i-uf!IJiJJIIJ}'e.Artlcmu 1101/0(1 llUIOlellil F. ·cr. Br"; r iJIII' 
t)a;tJin;l;;; , . . ' . ·. . · · c · . • • • . . • • • . • "" 
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Ta611UIJG 4. IloKaJamellu npeliOMJiellltJI zMozeuuooa aMMOIIUJI,, . 3JieKmpo1111bte 

noJIJipu3ye.J.wcmu uouoa ZMoziiita npu P~O u /wci:'l~i~ait~~te" ~';,~/anpouuble 
. . . + ·: . " ,, . ': ,! '.. ' 

no.JiJipuJyeMocmu uoua ND4 . _ .. . , . 
',· 

11 • 

BemecTBO n <"-=5893 A) [131. a:. A3 [BJ 
. + • 3 ' 
a,A 

ND4F 1.328 . 0.644 1.065b, 

ND4C1 1.6426 2.960 2.026 

ND4Br 1.7108 , .. ~ 4:158 •. H 2.090' 

ND4I ·· .. ; 
__ .,, ·1.7031 •... ' 5:1953 2.426 

a311a'lefiU(' pacc'lumauo OJIJI cjJaJbl II c UCilOJibj'Q(wuueM OW111biX HacmoJiiqeu pa6ombl. . ·, 

b3ua'leuue. pacc'lumauo 01111 cjJaJbt• ND4F(lll) c'·ucnollbJoaauit'e.i.l'd{iilubtX 'H~cm~iuw~ 
pa6ombl. 

,Ila~~~Ie 0 IIOmiplByeMOCTH OT,UeJlbllbiX HOIIOB If 06. HJMeile!IHH IIO!IllpH3yeMOCTH . C_ 
JiaBJieHne~t (puc. 8) noKa3b!BaiOT, 'ITO .um1 · uccneiosaHHoro -. 

1
KJiacca ~-.c~~~lcnu!nuli 

nose.uenue ::>THX'· BeJlH'IHII · onpeJieJii!eTCi! pa3Mepa~H noi{os'. H xapaKT~po~ OKpy:iKeHUil. 
Eonee cna6oe H3Mene~me IIOJii!pH3yeMOCTH F" HOI! a c )laBJieuneM 'ec~eCTBe~l~iri 'cs~3a~~ c 
ero OTIIOCHTeJibHO MaJib!Mif pa3Mepa~tH IIO cpaBHeHHIO,:C KaTHOilO,M. .-, . ; • . . 

'· .. ; ··-: ·.' ~ 

3aKJIIOI!eHne 
PeJyJibTa~b; .. ~~;.~oi-i pa6oTbl noKaJbiBaiOT, 'ITO cTpyKTypnoe, noBeJieHHe 

faJIOreHH.UOB ~MOHH$1 IIpH BbiCOKifX )laMeHHHX MO)KeT 6b!Tb OlllfCaHri \~; IIOMOlllbiO 
eJim!Oro KpHTH:'IecKoro 3Ha'leHifi! noJHUifOIIHOro napaMeTpa u•P•. (lripeJieJJ~IOlllero TO'IKY 
opHenTaUHOHHoro <!JaJosoro nepexo.ua u CBi!JaiiHoi-o, nO-BIU{liMoMy, c'· H3MeneHHeM' 
noTeHUHaJibHOrb peJJbe<!Ja np~ YMeHbUJe;mu. o6'heMa-:~H3";6apuqecKnx. 3is~cn~ocTei-i 
o6'heMa H II03H~IfOHHOro ~apaMeTpa onpeJieJJ~li~CIIap~HaJibllbie C)KHMaeMOCTH u'tinoB If 

H3MeHe!lne HX ::>JieKTpOHHOH IIOJIHpH3yeMOCTH [IOJ), ~~BJieHHeM. ' :.,• 
OTcYTcT~ne cymeciseHnMx u~~e-iienuii N-D csHJn YKa3bisaeT ~a::o1-cYTcTsne 

C)KHMaeMocm ~.amona NP/ ;· ~)IeC,!<O~bko 3aHn)JCennoe JHa'!euue lN-D Jk$1 ND4F no 
CpaBHeHHIO C ' JlpyrHMH · raJIOrelllf.!laMH aMMOIIIfi! CBH3aHO, no - Blf)lHMOMy, C 
nomipn3yeMOCT~-IO HOHa-aMMOIIHi! B npHCYTCTBHH HOHOB F". \ •:., 

AsTOpbi npH3HaTeJJbllb~.~:H.rlaphifiHY 3a ~~~~~~-~ ·~~ose.ne:·IH~ 3KCnepnMeHTOB. 

Pa6oTa Bbmonnena··. npn no.n.nep)KKe: <Pmma· P<D<DH, npoeKTbi· N '97-02!17587 H 
N 97:0·2-16622, a TaK)Ke nporpaMMbl HHKC. '··· 
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