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AH.O.pee# A. H llp. Pl4 - 11451 
Onpelleneaae KpacrannaqecKHX yposael! HOHa Pr 3+ B PrAia 
MeTOilOM aeynpyroro pacceguag ael!rpoaos 

C noMOUlbiO ueynpyroro pacceguag rennoBbiX aefirpouos uccnenosanocb 
pacmenneuue ocaosaoro yposug 3H4 noaa Pr 3+ B HHTepMerannuqecKOM 
C081lHH8HHH PrAI . npu paanuqHbiX TeMneparypax H3MepeHbl nepeXOilbl 
Me)!(llY Kpucrannu.recKIIMII yposagMn. Yro6bi ornnql!Tb ax or ,Pououuoro pac
cegaaa, 6blllH DpOBelleHbl 1!3MepeHHg H8 H30CTpyKTypHOM HeMarHHTHOM coe

llHHeHHH LaAl 
3

. 
npaBelleHbl napaMeTpbl KpHCT81IJlHqeCKOrO DOllS! H CXeMa 3HepreruqeCKII 

yposael! Jlllg pacmennesuoro ocaosuoro cocroSIHHSI B PrAI 
3

. 

Pa6ora sbmonseua s Jla6oparopuu sel!rposuol! ,PnaHKH OIHH1. 

Cao6WeHHe 06'heiiHHeHHOro HHCTHTyT8 SlllepHblX KCCileiiOB8HKii. lly6Ha 1978 

Andreeff A. et al. PI4 - 11451 
Determination of Crystal Levels of Pr 3+ Ion in PrAI 3 
by the Inelastic Scattering of Neutrons 

Crystal field splitting of the 3 H 1 ground state of Pr3+ ion 
in the intermetallic compound PrAl has been investigated by 
inelastic scattering of thermal neu~rons. At several temperatures 
crystal field transitions have been measured by TOF' and TAS 
methods for polycrystalline PrAl . In order to decide between 
crystal field transitions and pho~on scattering the isostructurai, 
nonmagnetic compound LaA1 3 wus measured by the TOF' method, 
The crystal field parameters and the energy level scheme for the 
ground state solitting in PrAI

3 
are given. 

The investigation has been performed at the Neutron Physics 
Laboratory, JINR. 
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BBE):(EHHE 

B HacToJm~eii pa6oTe coo6~aiOTCJI pe3ynLTaTbl B3y'leHBJI 

ypOBHeii HOHa npa3eO~BMa B 3lleKTpB'IeCKOM KpBCTannaqe

CKOM none coe~BHeHBJI PrA1 3 C nOMO~LIO Heynpyroro 

HeKorepeHTHoro pacceJIHBJI TennoBbiX HeiiTpoHoB. PrAI
3 

BMeeT reKcaroHanLHYIO CTPYKTYPY TBna Ni Sn I tl c To-
u u 3+ B3 u 'le'IHOB CBMMeTpBeB BOHa Pr -D

3
h. cne~CTBBe 3TOB 

CBMMeTpBB O*H~aeTCJI pac~enneHBe OCHOBHOrO MYllLTB

nneTa 3H4 Ha 6 no~yposHeii - 3 CBHrneTa B 3 ~y6neTa. 
H3 TeMnepaTypHOH 3aBBCBMOCTB MarHBTHOB BOCnpBBM'IB

BOCTB I 21 cne~yeT, 'ITO PrA13 JIBnJieTcJI napaMarHeTBKOM 

BaH-CI>neKa, 'ITO B CBOIO O'lepe~L yKa3b1BaeT Ha CBHrneTHbiH 

xapaKTep OCHOBHOrO COCTOJIHBJI B 3Ha'IBTellLHYIOBenB'IBHy 

KpHCTannB'IeCKOrO nonJI no cpaBHeHBIO C 06MeHHbiM B3aBMO

~eHCTBBeM. BnBJIHBe KpBcTannaqecKoro nonJI B cnyqae napa

MarHeTBKa oco6eHHO xopowo npocne>KBBaeTCJI 3KcnepBMeH

TanLHO Ha TeMnepaTypHOH 3aBBCBMOCTB y~enLHOH Tenno

eMKOCTB. Y~enLHaJI TennoeMKOCTL PrAI3 accne~osanacL 
B pa6oTe /31, Bo BpeMJI Hawax accne~oBaHBii 6blnB ony6na

KoBaHhl pe3ynLTaTbl 3KcnepBMeHTOB no HeynpyroMy pacceJI

HBIO HeiiTpOHOB Ha PrAl I 4,5~ no3BOllJIIO~e npoB3BO~BTL 
npJIMOe B3MepeHBe nep~XO~OB Me>K~Y KpBCTanHB'IeCKBMB 

ypoBHJIMB, r~e 6blnB ~aHbl 2 pa3Hble cxeMbl ypoBHeii. 
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TEOPHJI 

KpucTannuqecKoe none reKcaroHanLHOH CHMMeTpHH c 
nOMO~LIO 3KBHBaneHTHbiX onepaTOpOB om OnHCbiBaeTC.II 

f raMHnLTOHHaHOM: 

}( = B 00 ° + B0 0 ° t- 8° 0 ° -t B 
6

0 
6 

22 44 66 66 
/1/ 

r~e 13 e -napaMeTpbl KPHCTannH'IeCKOro non.ll. 
~n.ll o6cy~eHH.II 3KCnepHMeHTanbHbiX pe3ynLTaTOB 

y~06Hee nepeHTH K Ha6opy OTHOCHTenbHbiX napaMeTpOB 
KpHcTannuqecKoro non.11 x , y H a6conwTHOMY napaMeTpy 
W, KOTOpbiH ~aeT pac~enneHHe B e~HHH.QaX 3HeprHH. 

o 0 o0 o0 + vo 0 

}(=W{(l-jyj)-2 +y[x----.!+0+\xj) 6 6 1!. /2/ 
F F F 

2 4 6 

BenH'IHHbl F , F , F - nocTO.IIHHble, KOTOpble ~JI.II ocHoa
Horo MynLTHhneT! 3H 

6 
y Pr3+ npHHHMaJOT 3Ha'leHH.II I ,60 

H 1260 cooTBeTCTBeHko /6/. BenH'IHHa V npe~cTaanJieT 
co6o8 oTHoweHHe 13 ~/B g , onpe~enJieMoe o6bi'IHO npu-
6nH)KeHHO C nOMO~biO MO~enH 3c)c}leKTHBHbiX TO'Ie'IHbiX 
3ap.11~oa. TaKHM o6pa30M yMeHLwaeTC.II qucno cao6o~HbiX 
napaMeTpoa I 2/. B pa6oTax /2-5/ 6hlna ucnonL3oaaua ae
nH'IHHa V =77 /8, KOTopa.ll nony'laeTcJI, ecnu reKcaro
uanLHa.ll peweTKa HMeeT H~eanLHOe OTHoweHHe oceu c/a = 
=1,633.~n.ll PrA13 c/a =0,708.3TO 3Ha'leHHe CHnhHO OTKno
H.IIeTC.II OT H~eanbHOrO H n03TOMY Mbl HCnOnb30BaJIH ~pyrYJO 
BeJIH'IHHY V, paBHYJO 6,606. 

~HaroHanu3a.uue8 raMHnLTOHHaHa /2/ 6blno onpe~eneHo 
paClllenneHHe OCHOBHOrO COCTO.IIHH.II HOHa npa3eO~HMa 3H 

4 
B 

reKCarOHaJibHOM KpHCTannH'IeCKOM none B 3aBHCHMOCTH OT 
napaMeTpOB X H y, KOTOpble MeH.IInHCb B HHTepaane OT 
-1 ~0 +1. 

4 

3 
CocTO.IIHHe H 

4 
pac~ennJieTC.II Ha cne~yw~e 

ypOBHH C COOTBeTCTBYIO~HMH BOnHOBbiMH c)yHK.UH.IIMH: 

CUHZAellfbl 

I' : I 0> 
1 

13: 1/y'2l\3>+ l-3>1 

r : 1/v2l\3> -l-3> I 
4 

Oy6Aellfbl 

r : cl ±4>-bl +2> 
5A 

r ·bj ±4>+c!'+2> 5B' 

r : 1 ± 1>. 
6 

no~-

Ha puc. J npHBe~eH npHMep OTHOCHTenbHOrO nonO)KeHH.II 
ypoaHeH ~n.11 onpe~eneHHoro 3Ha'leHH.II y, nonyqeHHoro 
C UOMO~biO /2/ H V =6,606. ~n.ll cpaBHeHH.II UOKa3aHa 
cxeMa, r~e V =77 /8. 

B 3KcnepuMeHTe no HeynpyroMy pacceJIHHIO HeHTpoHoB 
B ceqeHHe pacce.IIHH.II BXO~HT BepO.IITHOCTb nepexo~OB Me)K
~y KpHCTannH'IeCKHMH ypOBH.IIMH B BH~e MaTpH'IHOro 3ne
MeUTa \<m\J; \n>\2, r~e \n>,\m' - BOnHOBble c)yHK.UHH 
ypoaHeH c 3ileprH.IIMH E , E . B reKcaroHanLHOM cnyqae 

n n:1 
cy~ecTayeT 9 ~HnonLHbiX nepexo~oa Me)K~Y KpHcTannuqe-
CKHMH ypoBH.IIMH BHYTPH HH3Wero MynLTHnneTa. Cpe~H HHX 
He3aBHCHMbiMH OT napaMeTpOB X H y .IIBn.IIIOTC.II TOnbKO 
nepeXO~bl l' -l' H l' -r .~n.ll MaTpH'IHOrO 3neMeHTa ne
pexo~a l~ -I~ n~nyqaefc.11 taMoe BbiCOKoe 3Ha'leHHe I 40/3/. 
OH JIBn.lleTc.ll H e~HHCTBeHHbiM pa3peweHHbiM nepexo~oM c 
CHHrneTa l, l . Bee OCTanLHble BKniO'IaiOT B ce6.11 O~HH H3 

YPOBHe! r5A HnH l '5B. llocKonLKY BOnHOBble c)yHK.UHH 3THX 
ypOBHeH MeH.IIIOTC.II B 3aBHCHMOCTH OT X H y , BepO.IIT
HOCTL nepexo~oa TO)Ke 6y~eT MeHJITLC.II. Onpe~eneHHe quc
neHHbiX 3Ha'leHHH MaTpH'IHbiX 3neMeHTOB, a TaK)Ke ~HaroHa· 
nB3a.QH.II raMHnbTOHHaHa /2/ npOBO~HnHCb C nOMO~blO 3BM. 

3KCIIEPHMEHTAJJbHME PE3YJJbTATM 

H3MepeHH.II no pacceJIHHIO HeHTpOHOB 6blnH npoae~eHbl 
C nOMO~biO cneKTpOMeT:pa, HaXO~.II~erOC.II Ha KaHa· 
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Puc. 1. 3aeucuMocmb 3Hep
zuu ypoeHeu E /a eouHu
~ax WI om napaMempoe 
2UMUAb1fiOHUUHa /2/ X U y 
I y - (JuKcupoeaH/. CnAow
Hble AUHUU - OA.R V =6, 606, 
wmpuxoeaHHbre - OA.R V = 
= 77/8. 

ne .Nd peaKTOpa 11Ji p- 30. IlonHKpHCTannH'IeCKHH 06-
pa3eu. aecoM 350 2 6bln H3roToaneu B3 Pr , 'IBCTOTOH 
99,90/o, u Al, 'IHCTOTOH 99,990/o, MeTO,IJ.OM ,IJ.yroaoB: nnaBKH 
B rocy,IJ.apCTBeHHOM Hay'IHO-HCCne,IJ.OBaTenbCKOM H npoeKT
HOM BHCTBTyTe pe,IJ.KOMeTannH'IeCKOH npOMbiWneHHOCTB 
''rupe,IJ.MeT" /MocKaa/. 113 d>a3oaoii ,IJ.BarpaMMbl ,IJ.nJI cu
CTeMbl Pra Alb/ 1/ BH,IJ.HO, 'ITO O,IJ.Hotjla3uoe coe,IJ.uueuue PrA1

8 
B3 pacnnaaa nony'IHTb TPY.Il.HO. 

~ilJI npoaepKH COCTaBa o6pa3U.OB npOBO,IJ.Hnacb ,IJ.BtjlpaK
U.HJI ueB:Tpouoa MeTO.Il.OM apeMeHu nponeTa. HaqanbHble o6-. 
pa3U.bl, KaK npaBBnO, COCTOJiilH H3, CMeCH <)la3 PrAl

0
, PrAl. 

~ ,j 

u Pr aA~ 11 . B pe3ynbTaTe ,IJ.nHTenbuoB: TepMB'IecKoii o6pa-

6 

6oTKB I ... 300 'l npu 850° C/ y,IJ.anOCb yMeHbWBTb npHMeCB 
d>a-3 PrA1 2 B Pr3Al 11 )..(0 3Ha':leHHH 8o/o H 4o/o COOTBeTCTBeHHO. 
IlpoKanuaauue o6pa3u.a B My<)lenbuoii nequ npoao,IJ.unocb 
B 3anaJIHHOH KBapu.eBOH aMnyne npB ,IJ.aBneHBH 10 -2MM pm. Clfl. 

~nJI onpe,IJ.eneHHJI dJououuoro BKna,IJ.a B cneKTP no 
ueynpyroMy pacceJIHBJO ueB:Tpouoa /oco6euuo c u.enbro 
OTilB'IBJI dJOHOHHbiX nBKOB OT OCTailbHbiX/ 6blnO H3rOTOBneHO 
coe,IJ.BHeuue LaAl , H30CTPYKTypuoe PrAl . B pe3ynb
TaTe ,IJ.ilBTenbHOH

3 
TepMB'IeCKOH o6pa60TKB 

3
/ -470 'l npu 

850°C/ y,IJ.anOCb nony'IHTb o6pa3eU. c npBMeCblO dJa3 LaA12 
B La 

3
Al

11 
MeHbwe 5o/o. Ha puc. 2 npe,IJ.cTaaneua CHJITaJI 

npu TeMnepa Type 300 K ueii:TpouorpaMMa o6pa3u.a PrAl g , 

Ha KOTOpOM 6hlnB npoBe,IJ.eHbl Heynpyrue 3KCnepHMeHTbl. 
HeB:TpouorpaMMa npe,IJ.cTaBnJieT co6oii cneKTP o6pa3-

u.a, ,IJ.eneHHbiH Ha cneKTp na,IJ.aJO~HX HeHTpOHOB /peaKTop
HbiH cneKTP i (A) I. Ilo ocu a6cu.ucc oTnO)I(eHbl HOM epa 

0 
Kauanoa N apeMeuuoro auanu3aTopa, CBJ13aHHbie c Me)l(-
nnocKOCTHbiM paCCTOJIHHeM d hkf cne,IJ.yJO~HM o6pa30M: 

N = 252,8_h_ · 2d 0 ·sinO, 
KB hkr 

/3/ 

r,IJ.e L - nponeTuaJI 6a3a B MeTpax, KB - wupuua KaHana 
B MKC H (i - nonOBHHa yrna pacceJIHHJI. Ilo OCH Op,IJ.HHaT 
OTilO)I(eHa BHTeHCBBHOCTb f B npOH3BOilbHbiX e,IJ.HHHIJ.aX. 

Ocuoauble nHKH xopowo HH.Il.HU.BPYJOTCJI no CTPYKType 
PrAl 3 c nocTOJIHHbiMB peweTKH a = 6,487 A H c = 

' 0 

4,574 A • ManeHbKHe nBKH, yKa3aHHble B ueKoTophlx 
MecTax ueii:TpouorpaMMbl cTpenKoB:, yKa3biBaJOT ua uanuque 
npuMeceB: P rAI 2 B Pr :1 Allf IlHK npu N "" 1020 o6ycnoaneu 
caMBM cneKrpoMeTpoM. KonuqecTaeuuaJI ou.euKa npuMeCHbiX 
d>a-3 npOB3BO,IJ.HnaCb nyTeM cpaBHeHBJI pac'leTHbiX B 3KCne
pHMeHTanbHbiX HHTeHCHBHOCTeH COOTBeTCTBYIOIIJ.HX dJa3, C 
HCDOilb30BaHHeM COOTHOWeHHJI/7/: 

2 
A
4 
·j\Fh~.i (,\), 

---· 0 I -
hkr v2 

/4/ 

EZ 
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\I 
I 

r.n.e I "k£ - H3MepeHHaJI HHTCHCHBHOCTL, (F 
0 

) 2 - CTpyJC-
u "'Q . "' hkt TypHLIH ..,.._ICTOp, J - ..,aJCTOp nOBTOpJICMOCTH, ..\ - .IJ.JIHHa 

BOJIHbl Heii:TpOHOB, VEZ - 06'LeM 3JICMCHTapHOB JI'ICBICH. 
3JCcnepuMeHTLI no ueynpyroMy pacceJIHHJO ueiiTpouoo 

ocy~eCTBJIJIJIHCb no MCTO.!J.Y BpCMCHH npoJieTa B o6paTHOB 
reoMeTpHH /6epHJIJIHCBLIB fiJHJibTp nepe.n. .!J.CTCICTOpOM/ / 8.9' , 

Ha puc. 3 npuoe.n.eHLI cneJCTPLI PrA1
3

, nonyqeuuLie npu 
TeMnepaTypax 10, 90 u 300 K. Ha cneJCTpax MO)I(HO you
.n.eTL 6 OT'ICTJIHBLIX nHICOB. ,[{JIJI nOJIO)I(CHHB nHICOB H COOT
BCTCTBYIOIUHX nepe.n.aq 3Hepruii .. HMeeM cne.n.yromue 3Ha
'ICHHJI: 

H oMep 

KaHana 

MaKCH

MyMa 

(' 

B M98 

763:t_8 697:t_5 6S5:t_l 0 600:t_5 455:t_6 395:t_6 

4,6:t_0,3 6,6:t_0,2 7,6:t_0,4 10,6:t_0,3 23,3:t_0,8 33,8:t_l ,4 

Ilpu ueynpyroM pacceJIHHH ueiiTpouoo ocer.n.a HMeeT 
MCCTO B036y)I(.IJ.CHHC filoHOHOB, TalC 'ITO Ba)I(HaJI 3a.IJ.a'la -
OTJIH'IHTb fiJOHOHHLie nHICH OT ICpHCTaJIJIH'ICCICHX nepeXO.!J.OB. 
0 BJCna.n.e filououuoro pacceJIHHJI ueiiTpouoo MO)I(HO cy.n.HTL, 
HCCJIC.!J.YJI TCMnepaTypHyiO 3aBHCHMOCTb cneiCTpOB HJIH cpao
HHBaJI Heynpyrue cneiCTpLI CO cneiCTpaMH H30CTPYICTYPHLIX 
COC.!J.HHCHHB, B ICOTOpLIX HOH Pr 3·l 3aMeHeH HOHOM La 3-c /'ITO 
cooTBeTcToyeT o uaweM cnyqae coe.n.uueuuro Lal\l. 

3 
I, o JCO

TOpOM MarHHTHOC paCCCJIHHC Ha 4£ - 3JICICTpOHaX OTCyT
CTBYCT . 

Ha puc. 4 npuoe.n.eu cneJCTP ueynpyroro pacceJIHHJI 
ueiiTpouoo ua LaAl3 . Bu.n.uo, 'ITO o LaA1

3 
npu 33 u 

22,5 M3B TO)I(C cy~eCTBYIOT nHICB. 3TO 03HaqaeT, 'ITO B 
PrA1 3 ux MO)I(HO npunucaTL filououaM. H3Meueuue BHTeu
cuouocTu 3TBx nBJCOB o Pr AI 3 ~epoMe Toro, xopowo 
onucbloaeTcJI TeMnepa Typuoii 3aBHCBMOCTLIO pacnpe.n.eneHHJI 
TBna lio3e. Cne.n.yeT nO.IJ.'ICpiCHYTL, 'ITO filoHOHHbiB nBIC 3Hep
rBB 22,5 M3B .n.oooJILHO xopowo coona.n.aeT c TeMnepaTypoii 
,[{e6aJI e D = 221 K, ICOTOPYIO MO)I(HO onpe.n.eJIBTL B3 
31CCnepBMCHTaJILHbiX .n.aHHbiX pa60Tbl /3./. IlpB yrJie pacCeJI
HBJI ¢ =105° Ha6JIIO.IJ.aJICJI CJia6biB filoHOHHLIB nBIC B.IJ.Bana-
30HC nepe.n.aqu :mepruu 10-:-12 M3B. 
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Puc. 3. CneKmp&l Heynpyzozo pacce.JIHUJI HeilmpoHoe Ha 
PrAl 3 npu 10, 90 u 300 K. YzoA pacce.JIHUJI ¢ =60". 
N - · HOMep KaHaAa wupuHoil 32 MKC, ( - nepeoa~a 3Hepzuu 
6 M3B, I · UH111€HCU6HOC11lb Ha KaHaA 3a 50 ~. U3MepeHUJI 
npu 'I =90 u 300 K u 3a 30 ~- npu 'I =10 K. Be - 6e
puAAueea.JI zpaHU!Ia, Be'- 6epuAAueea.JI npeozpaHuija. 
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Puc. 4. CneKmp Heynpyzozo pacce.JIHUJI HeilmpoHoe Ha LaAl
3 npu 'I =90 K 3a 44 ~. U3MepeHu.JI. YzoA pacce.JIHUJI dJ = 

60°. 3Ha~eHUJI OC111QAbHb1X CUM60A06 - KQK Ha puc. 3 . 

)J.OllOJIHHTeJibHO 6hiJIH npoae,neHhl H3MepeHHH no He· 
ynpyroMy pacceHHHIO HeihpoHoB Ha TpexocHOM cneKTpo
MeTpe TKCH-400 B U.lUIH /PocceH,nopl}>/ npu 'I =90 K 
C nepe_naqeii: 3HeprHH 0 S £ ::; 8 M3B H npH llOCTOHHHOH 
nepe,naqe HMnynhca K. 3KcnepHMeHTaJihHhle pe3yJihTaThl 
MH K =1 .~ -1 npe,ncTaBJieHhl Ha puc. 5. B pe3yJibTaTe 
no,nrOHKH 3KCnepHMeHTaJibHOrO cneKTpa C llOMOW:biO rayc • 
COBCKHX llHKOB BhiHBHJICH, KpOMe BhiWeyKa3aHHhiX nepexo· 
.nos, B 3TOM ,nuana3oHe nepe,naqu 3Hepruu ,nonoJIHHTeJibHhlil 
nepexo.n npu c = 3,15±0,2 M3B. 

CaMhiH HHTeHCHBHhlH nHK a cneKTpax Haxo,nHTCH npu 
t =4,6 M3B. C llOBhiWeHHeM TeMnepaTyphl ero HHTeHCHB· 
HOCTh na,naeT I puc. 3/, 'iTO yKa3hiBaeT Ha nepexo.n c Hau
HH3Wero ypOBHH, 3aCeJieHHOCTb KOTOpOrO yMeHbWaeTCH 

C llOBhiWeHHeM TeMnepaTyphl. )J.pyrHX llHKOB C TaKOH T~M· 
nepaTypHOH 3aBHCHMOCTblO B ClleKTpe He Ha6JIIO,naeTCH. 
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Puc. 5. CneK111P Heynpyzozo pacce.RHU.R Heii111poHoe Ha PrA1 3 
npu T =90 K, noAy'leHHblii Ha 111pexocHOM cneK111POMe111pe 
TKCH-400. 3Hepzu.R T).OOa10Jqezo ny'IKa E

0 
=20 M3B, nepe

oa'la UMnyAr.ca K =1 A-1 ,< - nepeoa'la 3Hepzuu e M3B, 
I - UH1fleHcueHoc1flr. e npou3eoAr.Hr.Jx eouHUflaX. CnAowHa.R 

AUHU.R - paC'I€111HbiU cneK1flp. 

HCXO,IJ;JI H3 3TOrO H npHHHMRJI BO BHHMRHHe TO o6CTOJITenL-
v 1 o/ 

CTBO, 'ITO no ,IJ;RHHLIM MarHHTHOH BOCnpHHM'IHBOCTH''"' B 

PrA1 3 OCHOBHOH ypoBeHL JIBnJieTCJI CHHrneTOM, MLI npe,IJ;

nonaraeM, 'ITO 3TOT HRHHH3WHH ypoBeHL THna J' l, H npa

nHCLIBaeM nHK npH < =4,6 M3B nepeXO.IJ;Y 1~1 -1.
6

, 3TO -

e,IJ;HHCTBeHHLIH nepexo,IJ;, KOTOPLIH pa3pewea c CHHrneTa r 1 • 

l{T06LI onpe,IJ;enHTL no 3KCnepHMeHTanLHOMY cneKTpy 

Ha6op napaMeTpOB X , y, W /CM. ypaBH. /2//, C nOMOil\LIO 

3BM HCKanHCL TRKHe TO'IKH x-y -nnOCKOCTH, .IJ;nJI KOTOpLIX 

cyweCTBYIOT nepexo.IJ;LI Me:>K.IJ;Y KPHCTannaqecKHMH ypoBHJIMH 

C 3HeprHJIMH £ l = 3,15 M3B, < = 4,6 M3B, £ 
3 

=6,6 M3B, 
( 4 =7 ,6 M3B, < 5 =10,6 M3B. IlopMHPOBKa /onpe.IJ;eneaae 

MacwTa6aoro napaMeTpa W I BLI6apanacL no nepexo.IJ;y 

r. -1' =4,6 M3B. B Ka'leCTBe .IJ;ononHHTenLaoro ycnoBHJI 
1 6 

12 

cny:>KHnO npe,IJ;nono:>KeHHe, 'ITO OCHOBHOH KpHCTannH'IeCKHH 

ypoBeHL JIBnJieTCJI COCTOJIHHeM r 1' KpoMe 3TOH npone.IJ;ypLI 

cywecTByeT ewe .IJ;OBonLHO MHoro aa6opoB napaMeTpoB 

x , y , Vi , o6'LJICHJIIOI1\HX nepexo.IJ;LI c BLiweyKa3aHHLIMH 

3HeprHJIMH. 0,IJ;HRKO npH yqeTe TeMnepaTypHOH 3RBHCHMOCTH 

nepeXO,IJ;OB /3aceneHHOCTL ypOBHeH/ 'IHCnO nO,IJ;XO,IJ;JIIl\HX 

aa6opOB yMeHLWaeTCJI ,IJ;O l}m,KTOpa 3. )J;nJI OCTRBWHXCJI Ha-

6opOB 6Lina npoBe,IJ;eHa no,IJ;rOHKa 3KCnepHMeHTRnLHLIX 

cneKTpOB /B OCHOBHOM nony'leHHLIX Ha TpeXOCHOM cneKTpO

MeTpe/ npB npBMeHeHBH HeKHX nonyWHpHH CRMBX ypOBHeH 

a cne.IJ;yiOil\HX H3 3Toro nepexo.IJ;OB Me:>K.IJ;Y HHMB. Haanyqwee 

COBna,IJ;eHBe C 3KCnepBMeHTanLHLIMH pe3ynLTRTRMH noKa3an 

aa6op .IJ;RHHLIX, npe.IJ;cTaBneHHLIH aa puc. 6. Pacc'IHTaHHLie 

PrAI 3:x=- 0,36 
y-0,52 

W-G,455Ma8 

115,1 rsA 

m 11,7 ~ 
~ 10,8 rsa -w 

7,6 G 

4,6 rs 

0 ~--r; 
Puc. 6. HoAy'leHHa.R cxe;wa ypoeHeii M!Ar.•unAe•a 3 H 4 uoHa 
Pr3 1 e PrAl . Owu6Ka OA.R 3Ha'leHuu x u y coc•aeA.Re• 
0,02. ~3 
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npu 3TOM cneKTpbi H3o6pa)KeHbl ua puc. 5 H 7 /cnnowHaJI 
nBHHJI/. CooTBeTCTBYIO~He nonywupHHbl yposueii /a M3B/ 
COCTaBllJillH: [' =0,3; r =0,6; I' =0,4; l =0,7; l =1 ,8; 
I, O 9 ll 1 3 4 5A . 5B = , ; pu pac'leTax cneKTpoB no speMeHH npcmeTa 
uc

6
nonL30BallCJI MeTO.IJ., OnHCaHHbiH B pa6oTe lsi, 
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Puc. 7. Y'lacllloK cneKIIIpa OAJI T =90 K U3 puc. 3, npunu
CbzeaeMbiU pacceJIHUJO Heil•poHoe Ha nepexooax Mexoy 
KpuclllaAAU'IecKuMu ypoeHJIMU. CnAOUIHaJI AUHUJI - pac'le•
Hf>IU cneKIIIP no oaHHbiM puc. 6. 
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J{HCKYCCHJI 

Haii.neuuwii HaMH Ha6op napaMeTpoB KpHcTannuqecKoro 
nOllJI, K CO)KalleHHIO, He nOllHOCTLIO 06'LJICHJieT 3~CnepHMeH
TallLHLie cneKTPbl B .nuana3oHe nepe.naqu 3Hepruu f > 5 M3B, 
r.ne TeopeTH'IeCKaJI HHTeHCHBHOCTL nepeXO.IJ.a npH 6,6 M3B 
BLIWe H npH 10,6 M3B HH)Ke 3KCnepHMeHTanLHOH. 3TO 
HMeno MeCTO .IJ.llJI BCeX Ha6opOB KpHCTallllH'IeCKHX napaMeT
pOB, OnHCLIBaiO~HX 3KCnepHMeHTallLHO HaH.IJ.eHHble nepexo
.!J.LI. lloCKOllLKY B .IJ.Hana30He 10_::: ( :s_ 12 M3B Ha6nJO.IJ.allCJI 
cna6wii clloHOHHblii nuK, MO)KHO noHJITL pa3HornacuJI B 3TOH 
o6naCTH. C .IJ.pyroii CTOpOHbl, Bbi'IHCneHHe CneKTpOB npH 
npuMeHeHHH Ha6opoB x , y , W H3 I 4. 5,: nonyqeHHbiX npu Heii
TpOHHLIX H3MepeHHJIX, nOKa3allO Cy~eCTBeHHO 60llLWee 
OTKllOHeHHe OT 3KCnepHMeHTallLHbiX cneKTpOB, 'leM Ha6op 
Ha puc. 6. 

KpoMe Toro, c noMo~LIO Ha6opa napaMeTpoB puc. 6 
paCC'IHTLIBanacL TeMnepaTypHaJI 3aBHCHMOCTL y.nenLHOH 
TennoeMKOCTH C H aocnpHHM'IHBOCTH X· Cornacue c 3Kc
nepHMeHTanLHOH P Kpusoii .nnJI x H3 pa6oTbl I 21 xopowee, 
.IJ.nJI senH'IHHbl MoneKynJipHoro napaMeTpa A =0. Cne.nyeT 
3aMeTHTL, 'ITO nOBe.IJ.eHHe X HHOr.IJ.a He O'leHL 'IYBCTBH
TellLHO K Ha6opy napaMeTpos. Cpe.nHeKsa.npaTH'IHOe oT
KnoHeHHe 3KCnepHMeHTallLHbiX TO'IeK Y.IJ.ellLHOH TennoeMKO· 
CTH H3131 H paC'IeTHLIX no CXeMe ypOBHeH puc. 6 He
CKOllLKO MeHLWe OTKllOHeHHH, onpe.neneHHbiX no CXeMaM 
ypoBHeii pa6oT I 4~51. llpu TeMnepaType T > 35 K KpusaJI 
Cp .!J.llJI Hamero Ha6opa napaMeTpOB npOXO.IJ.HT HeCKOllLKO 

BbiWe 3KcnepuMeHTanLHOii Kpusoii Is/, 
ABTOpbl Bblpa>KaiOT 6naro.napHOCTL K.Kuccury 3a 

o6ecne'leHHe xopoweii pa6oTbl 3neKTPOHHoii annapaTypbl npu 
3KcnepuMeHTax Ha peaKTope HliP- 30 H cl».llpoKepTy 3a 
nOMO~L npH npoBe.IJ.eHHH H3MepeHHH Ha cneKTpOMeTpe 
TKCH-400 B U.HRH /PocceH.nopcll/. 
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