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01p11u11aJJbHb1e onnotteHTbl: .u.qi.M.H., npo1peccop Tpym1 KapaneT 

./l.<j>.M.H .• npo<tieCCOp L{eM11pxam1H farnK 

.u.cti.M.H .• .uoueHT L{M11Tp11eB l0p11tt 

Be.uymall opraH113aUl1l!: 11HcrnTyr pa.u11o<j>11311K11 11 3JJeKTpoH11K11 HAH PA 

3aiu11rn COCT011TCll 1-ro 11IOJUI 2023 r. B 12.00 '!aCOB Ha 3ace.uaHl111 cneu11aJJl1311pOBaHHOro 

coseTa 049 no <J>11311Ke EpesaHcKoro rocy.uapcTBeHHOro ytt11sepc11Tern no a.upecy 0025, r. 

EpesaH, yn. A. MattyKl!Ha, I. 

C .u11cceprnu11ei1 MOlKHO 03HaKOMl1TbCll a 6116n110TeKe EfY 

J\BTOpecpepaT pa30CJJaH 22 Mall 2023 r. 

Y<1e11b1tt ceKpeTapb 

c11eu11an11311posaHHoro 

COBeTa. 
~ 

KaH.u11.uaT <j>113. MaT. HayK, .uoueHT 

B11Tan11i1 IleTpocos114 Kanattrnpl!H 

AKT)'3JlbHOCTb TCMhl 

B cs51311 c .UaJJb1-1ej;\w11M pa3B11T11eM KBaHTOBOH 3JJeKTpoH11K11 pe3KO B03pocna 

noTpe6HOCTb B HOBblX coe.u1111e1111six, 06na.ua101Ul1X CTporo onpe.ueneHHblMl1 KaK 

onT11'!eCK11M11, TaK 11 cp11J 11KO-Xl1Ml1'tecK11M11 CBOHCTBaM11. B '!aCTHOCT11 3a nocne.uH11e fO.llbl 

11HTepec K rpaH3TaM 3Ha411TeJlbHO B03poc B CB51311 c Pll.llOM HOBblX o6nacTeH np11MeHeHl15I B 

KBaHTOBOH 3J1eKTpo1rnKe. K np11Mepy, nepexO.Ubl 5d - 4f 110Ha Ce
3
+ B rpaHaTax npo11JBO.ll5IT 

113JJY4eH11e KBaHTOBOH 3<l>cjleKT11BHOCTl1, 6Jil13KOe K e.u11H11ue, B umpOKOH nonoce, OT 500 .uo 

650 HM . C11cTeMa 11.ueanbHO no.uxo.u11T .llJlll II10M11HecueHTHoro npeo6pa30BaH115I c11H11x 

CBeTO.ll110.llOB (LED) [1, 2). JllOMl1HOcjJOp nornomaeT 'laCTb Cl1Hero CBeTa, 11cnycKaeMoro 

CBeTO.lll10.llOM, 11 npeo6pa3yeT Cl1Hl1H CBeT B lKeJITOe 113IIY4eH11e, KOTOpoe BMeCTe c 

nponyll(eHHblM Cl1Hl1M, .uaeT 6eJiblH CBeT. Kp11CTaJJJlbl rpaHaTa, nernpoBaHHOro uep11eM, TaKlKe 

51BJ151IOTC51 nepcneKT11BHblMl1 B Ka'leCTBe BbICOK03<p<l>eKTl1BHblX 11 6b1CTpo.uettCTBYIOll(l1X 

CU11HTl1JIJl51TOpOB [3-6] .llJl51 MHOf0411CJieHHblX np11MeHeHl1H, BKJllO'lall si.uepHYJO cp11311KY 11 

COBpeMeHHble MeTO.llbl Me.U11U11HCKOH s113yan113au1111 [7-10]. HoBoe HanpaBJieH11e B 

11CilOJlb30B3Hl111 rpaHaTOB c np11MeCblO 113IIY4al01Ul1X pe.UK03eMeJibHblX 110HOB Il051Bl1JIOCb B 

CB51311 c B03MOlKHOCTblO 11X noTeHU11aJJbHOro 11Cil0Jlb30BaHl151 B KB3HTOBbIX Bbl411CJieHl1llX 11 

KBaHTOBblX KOMMYHl1Kau11six. Kp11CTaJJJlbl c np11MeCblO P3 110HOB 51BJl51IOTC51 11.ueaJJbHbIMl1 

113IIY43TeJI51Ml1 11 , 0 .UHOBpeMeHHO, cn11HOBblMl1 Cl1CTeMaMl1 KaK 3JieKTpOHHblMl1, TaK 11 

51.UepHb1M11. He.uaBHO onT11'lecK11 6b1II o6HapYlKeH Marn11THb1tt pe3oHaHc Ha o.u11HO'IHOM 110He 

Ce
3+ a Y3Al50 12. TaK11e c11cTeMbl 51BJJ51JOTC51 MO.UeIIbHbIM11 .llJlll ocymecTBJieH115I 

B3311MO.UeHCTBl151 MelK.UY 0.ll11H04Hb1Ml1 cpoTOHaMl1 (onTl14eCKl1Ml1 Ky611TaM11) 11 0.lll1H04HblMl1 

cn11HaM11 (cnl1HOBblMl1 Ky611TaM11), '!TO COCTaBJl51eT OCHOBY .llJl51 ocymecTBJieHl151 KBaHTOBbIX 

MaH11nyJ15IUl1H np11 KBaHTOBblX Bbl411CJieHl151X 11 KOMMYH11KaU1151X [ 11-13]. 
BalKHeHw11e 113 3Tl1X CBOHCTB onpe.uen51IOTC51 xapaKTepoM 3JJeKTpOHHbIX nepexo.uoB 

B 3KTl1BHbIX ueHTpax, npe.ucTaBJI51IO!U11X co6ott co6CTBeHHble 11Jll1 np11MeCHble .uecpeKTbl 

Kp11CTaJJJia, BO MHOrOM onpe.ueII5110TC51 CBOHCTBaMl1 nepBOH KOOP.lll1Hau110HHOH ccpepbl. 

X11M11'1eCKl1H COCTaB 11 CTpyKTypa ueHTpOB, a, cne.uosaTeJibHO, 11 o6ycJJOBJieHHble 11Ml1 

CBOHCTBa, B 60IIbWOH CTeneH11 3aBl1C51T OT ycIIOB11H pocTa Kp11CTaJJJIOB. L{JJ51 HanpaBJieHHOro 

ynpaBJ1eH11si npoueccoM Kp11cTru-1n11Jau1111, Heo6xo.u11Mo noH11MaH11e CTPYKTYPbI aKT11BHbIX 

ueHTpos 11 11x Mo.u11cp11Kau11H np11 11JMeHeH1111 ycnos11tt poem. AHaJJl13 cospeMeHHoro 

COCT051Hl151 cjll1311K11 0IlTl14eCKl1X 11 napaMarHl1THblX ueHTpOB 51BJI51eTC51 6a30H .llJl51 pa3pa60TKl1 

HOBblX Kp11CTaJJJIOB, nepcneKTl1BHblX .llJl51 KBaHTOBOH 3JieKTpOHl1Kl1. He MeHee aKTyaJJbHOH 

Ja.ua'leH stBJI51eTc51 .UaJJbHeHwee 11ccne.uoBaH11e cp113114ecK11x xapaKTep11cT11K ylKe 113secTHblX 

MaTep11aJJOB. 04eBl1.llHO, '!TO nporpecc B 3TOH o6naCTl1 BO MHOfOM 3aBl1Cl1T OT nOJJHOTbl 

113YlfeHHOCTl1 cneKTpocKon114ecK11x CBOHCTB aKT11B11poBaHHblX Kp11CTaJJIIOB. Ot1Hl1M 113 

np51MblX MeTO.llOB 11CCJle.llOBaHl151 3T11X CBOHCTB 51BJI51eTC51 3JieKTpOHHblH napaMarHl1THblH 

pe30HaHC (3ITP), no3BOII51101Ul1H onpet1eJil1Tb cn11H 11 BaJJeHTHOCTb np11Mec11, ero IIOKaJJbHYIO 

c11MMeTp1110 11 cocrnB 6n11lKaHwero oKpylKeHHll, cTpyKTypy 3HepreT11'!ecK11x ypoBHett, 

oco6eHHOCTl1 BJa11Mot1eHCTBl15I c Kp11CTaJJJ111'!eCKOH peweTKOH 11 .llP· MeTO.ll 3f1P t1airr 

yH11KaJJbHY10 11HcjJopMau11io o napaMarn11THb1x ueHTpax. OH O.llHOJHa'!HO pa3II11'!aeT 

np11MeCHble 110Hbl OT M11KpOBKJll04eHl1H. ITp11 3TOM 113BJieKaeTC51 nOJIHall 11HcpopM3U1151 0 

t1aHHOM 110He B Kp11CTaJJJie: BaJJeHTHOCTb, KO,.Q,p~~lm'fl'A\'61 t rmMeTp11-;;: \ 

rn6p11.lll13aU1151 3JieKTpOHOB, 411CJIO He3KBl1B~en"rHblX - CTP)'l\T~rW11~ s11 llPl}P~,~ 
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11111111:1rn111 ll llOJl )I II MCCTe pacnono)f(eHl1ll JTOfO 110Ha, nonHal! 

i ," 111 ii 11111 111 II Jl l' l i\Jlhllble CBe,D,eHHll 0 XHMl1'1eCKOH CBll311. MCTO,D, 

j111li11 II II Ktl'ICCTBe o6beKTOB 11ccne,D,OBaH11H BbI6paHbl 

(LuAG), I p .111111 hi Y3Al 50 12 (YAG), Lu3Al50 12 

111·y11t1p11Jl0'1Cllllble Cl1CTeMbl Ha OCHOBe rpaHaTOB H 

(l'hWO.i, 'faK)1<e PWO), co6crneHHblH cerneToJ1iacT11K 

1111i0Tt.1 

MC IO)IOM 

3aKn10'lanacb a 

n P-cneKTpOCKOnHH 

06Hapy)f(eH1111 11 

np11MeCHblX HOHOB 

1i.111.1~ ',1; U'Ml' llllll\ II 11c<l>eKTOB B Marep11anax, 11cnonb3YJOll\11XCll 11 

JlollCpllblX aKTl1BHblX cpe,D,, JQ>Q>eKTl1BHblX 11 

KBaHTOBOH 11HQ>OpMaTHKl1. y CTaHOBn eH11e 

,, It 1:111y1{1 y p1.1 1111paMa fllHTHb!X u.eHTpOB Ha JneKTpOHHOM ypoBHe, 

1111 .-r1 ,1111 111•1 cc1<ori CTPYKTYPbI Henocpe,D,CTBeHHO na3epHbIX 

1111¢opMau.1111 0 COnYTCTBYIOll\11X np11MeCl!X, 

)lf1p1 11i 11: p11 l 1111\ 11 Jl33epHblX MaTepHanOB ,D,nll Ml1HHMl13al(l111 11X 

J'lll~11 11 . 1 JIC)t<llT 113y'leH11e Kp11CTannoB rpaHaTOB (Y3Als01 2, 

y /\103, CMewaHHbIX rpaHaTOB (Y, _,LuJ3Als01 2, 

11:11111111 11 .1, lljll !l(lJllOM11HaTOB Y,_, Lu, AI03, BOnbQ>paMaTa CBHHU.a 

1111rn ~: 1N1 1( < 1 < >1)), a KT11a11poaattHoro MoneKyn11pHbIM 110HoM Mno/-. 

11111: 1ot111 1c 1111o ii uenH B ,D,aHHOH pa6oTe pewan11Cb cne,D,YJO!l\He 

lll!IC ll I llllL: l 11 l ll<T11B3TOpHb!X 110HOB B KpHCTannax, noKanH3al(HH 

111111!.1!'; 111~ 1 1 1 p1111 , !I X C~IMMCTp1111, 6nH)f(aiiwero 0Kpy)f(eHl1ll , per11cTpau.l1ll 

11i'i{!l llij][1]1111•Yl'M i.tl( l il ll! Ml 'l' l ' li , RXO,l\llll\11X B MaTep11anbI B npouecce Bbipall\11BaHHll. 

• >11 1 • rn1:1n 110 
' IJll' li l Jll>llllh II 

I , 11111: 11111.11 

llJl>I ' \If I 

!llkpt•llll'l llllll t ll 0 ll'IJIY'lelll1ll ,IJ,Jlll 113)"leH11ll KpHCTannoB c np11MeCblO 

1tl!•itt.1~ 1111111 111 1 h t1J1i.11111M11 sen11'111HaM11 pacll\enneHHii s Hynesb1x nonllx. 

ilill·liJ l!JMCpl 11 1111 rn 11pOllO)f(,IJ,eHbl TeOpeT11'1eCKOH o6pa60TKOH pe3ynbTaTOB, 

11•11t•fl r.1.111111111 1y •1 t·11h1 11a6 0pb1 cneKTpanbHbIX napaMeTpos. 

u!i li• i;11•JI CM .t 111 •11·1 koc 11 cc;1c,D,0BaH11e MOHOKpHcTannos Y 3Al50 12, Lu3Al50 12, 

W1 11 \' 1 , 111 /\ 10 1, PbW04 co,D,ep)f(all\11X pe,D,K03eMenbHbie 11 nepexo,D,Hb1e 

'1111· . I lp11 11l'Jll' llllhl C HCCJ1e,D,0BaH11ll nOKa3MH Bb!COKYIO 3Q>Q>eKTl1BHOCTb 

1111111 11p11 w1y• 1l' 111111 p c aJ1b11oii CTPYKTYPbI MaTep11ano0 ,D,nll KBaHTosoii 

Mt)l ll) lllM 11 I MCpCllO paCll\enneH11e B 

I t l/J 11 I± 3/2> 110Ha Mo
3
+ 

HyHeBoM none Me)f(,D,y 

B KpHCTannax HTTpHH-

1j jj111 11111 ii "l'lll:ll llllM llll t\ ra 11TTpHll . c nOMOll\blO w11pOKOnOIIOCHOH 3ITP-

1!Clllil 'l ll i l'll' ll llll p llClllCnJ1e 1rnii: 261,6 ± 0,5 rru. ,D,nll Y 3Als01 2 H 75,8 rru. 
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2. BnepBble Ha6nl0,D,M 11Cb OCHOBHOe 11 TepM11'1eCKl1 3aceneHHOe nepaoe B036y)f(,IJ,eHHOe 

cocTOl!H11e 110HOB Er3
+ B Kp11cTanJ1ax Y 3Al50 12, Lu3Als012 11 (Yo.9Luo. 1)3Als012 MeTO,D,OM 3TIP 

B 3 caHT11MeTpoBOM ,D,11 a n a30He. W11poKononocHa11 3fTP-cneKTpOCKOnl1ll no,D,TBep,D,11na 

non)"leHHble pe3y n bTaTbl. y CTaHOBJleHO HM11'111e ,D,OnOIIH11TeJlbHblX u.eHTpOB 3p611l1 B 

Kp11CTannax HTip11H-an lOM11Hl1eBOfO 11 CMewaHHOro rpaHaTOB, MexaHl13Mbl o6pa30BaHl1ll 

KOTOpblX MO)f(HO CBl!3aTb c HMl1'111eM « aHTl1CaHT)) ,D,eQ>eKTOB. 

3. B KpHcTannax Y 3Al50 12 snepBble 06Hapy)f(ettb1 11 11ccne,D,0BaHb1 HeKpaMepcoBbI HOHbI Ho
3
+. 

Onpe,D,eJleHa n0Kan 113au.1111 rOilbMl1ll B KpHcTann11'leCKOH peweTKe rpaHaTa c noKMbHOH 

Cl1MMeTp11eii D1, BeJlH'll1Ha g-Q>aKTopa (16,61), KOHCTaHTa csepxTOHKOro B3al1MO,D,eHCTBl1ll 

(I 0,88 Ill\) 11 JHeprern'leCKHH HHTepsan /j. = 114,2 Ill\ Me)f(,D,y OCHOBHb!M 11 nepBbIM 

B036~,D,eHHblM no,D,ypoBHllMl1 OCHOBHOro MynbT11nileTa 
5Jg pe,D,K03eMenbHOfO 110Ha. 

3aperncTpHpOBaHbl cna6b1e caTeJlJl11THble Cl1rHMbl, npo11cxo)f(,IJ,eH11e KOTOpblX o6ycnoaneHO 

06pa30BaH11eM « aHTHcaiiT» ,D,eQ>eKTOB B OKp~eH11H napaMarn11THbIX u.eHTpos Ho
3
+. 

4. BnepBbie MeTO,D,OM 3nP 11ccn e,D,0BaHbI Kp11cTannb1 Y3Al50 12, co,D,ep)f(all\11e eapon11i1 c 

KOMnettcaTopoM Si
4
+. 06Hapy)f(eHbl 110Hbl Eu

2
+, 3aMell\alOll\11e y 3

+ B no311l\HH c TO'le'IHOH 

c11MMeTp11eii D2. Ha ocH0BaH1111 aHan113a cneKTpos s pa3Jl11'1Hb1X 'laCTOTHbIX ,D,11ana30Hax 

c,D,enaH BbIBO,D, o npHCYTCTBl1H 6onee O,D,Horo T11na napaMarn11THbIX u.eHTpoa. BnepBble 

3aperncTp11posatta mDMHHecue11u.1111 1101100 Eu
2
+ B o6pa3uax Y 3Al 50 12:Eu

2
+:Si

4
+. 

JJ10M1111ecueHU.Hll np11n11ca Ha K nepexo,D,aM c nepettocoM 3ap11,D,a OT 110HOB Eu
2
+. B cneKTpax 

n10M11Hecu.ettu.1111 TaJOKe Ha6 n 10,D,aeTc11 6onee O,D,Horo T11na uettTpoa. 

5. BnepBbie MeTO,D,OM w11po KononocHOH 3ITP-cneKTpocKon1111 o6Hap~eHbI 11 11ccne,D,0BaHbl 

He KpaMepcoBbl 110Hb1 Tb
3
+ B Lu3Al50 12, 3aMell\alOll\He 110Hb1 y 3

+ B ,D,o,D,eKaJ,D,pH'leCKOH 

n03 11l(l111. Onpe,D,eneHbl BeJl l1'111Ha g-Q>aKTopa 15,27, KOHCTaHTa CBepxTOHKOfO 

B3al1MO,D,eHCTBHll 5, 16 lll\ 11 J HepreT11'1eCKHH HHTepBan /:;. = J 09, 7 Ill\ Me)f(,IJ,y OCHOBHblM 11 

cne,D,y10ll\l1M ao36 y)f(,IJ,eHHblM MYJ1bT11nneToM pe,D,K03eMeJlbHOro HOHa Tb
3
+. Ha6n10,D,aeTc11 

3Ha'll1TenbHal! p a3Hl1l(a w11p11H nl1Hl1H 3nP Tep61111 B 6Jll13KHX no CTpyKType Kp11CTannax 

Y 3Als01 2 H Lu3Als01 2· 

6. Bnepsb1e Ha6n10,D,an11cb c11rnanb1 3nP OT HeKpaMepcoaa HOHa Fe
2
+, 3aMell\alOll\ero Al

3
+ B 

TeTpa3,D,pH'lecKoii no311u1111 peweTKHY3Al50 12 H B OKTa3,D,p11'1eCK11x y 3nax Al
3
+ B Y Al03. C 

nOMOll\blO W11pOKOnOJlOCHOH 3 llP-cneKTpOCKOnHl1 npl!MblM MeTO,IJ,OM onpe,D,eneHbl 

paCll\enneHl1l! B Hyn eBOM none ,IJ,Jlll 3Tl1X 110HOB. 

7. B Kp11cTannax opToan10M11HaTa 11TTp1111, aKT11a11poaaHHblX pe,D,K03eMenbHbIMl1 JneMeHTaMH, 

anepBb1e 11ccne,D,0BaHbI cneKTpb1 3 llP HOHOB Er
3
+, Nd3

+, Ce
3
+, TmJ+ 11 Tb

3
+. Pacc'l11TaHbl 

napaMeTpbl cn11HOBOfO raMl1JlbTOHl1aHa 3Tl1X HOHOB H KOHCTaHTbl caepxTOHKOro 

a3a11Mo,D,eiiCTBl1ll He'leTHblX 1130Tonos Er, Nd, Tb 11 Tm B Y Al03. Ha oc11oaatt1111 

11CCJle,D,OBaHl1H ycTaHOBJleHO, '!TO op11eHTal\l1ll noKMbHblX MarHl1THblX oceii napaMarHl1THblX 

u.eHTpOB B peWeTKe OpTOMIQMl1HaTa 3aBHCHT OT Tl1na 110Ha. 

8. BnepBble Hccne,D,OBaHbl KOMn0311l\110HHO Heynopll,D,O'leHHble TBep,D,ble paCTBOpbl rpaHaTOB 

(Y1_,Lu, ) 3Al50 12 H Y 3(Al2_,Sc, )Al30 12 no cneKTpaM 3nP 110HoB Mo
3
+. 06Hapy)f(eH pll,D, 

HOBblX, no cpaaHeH1110 c Y3Al50 12 H Lu3Al50 12 u.eHTpoa Mo
3
+, o6ycnoaneHHbtX H3MeHe111111M11 

Cl1MMeTp1111 11 napaMeTpOB Kpl1CTann11'1eCKOro nOilll np11 1130Mop¢HblX 3aMell\eHl1l!X y 3
+ Ha 

Lu3+ 11 Al3+ s OKTaJ,D,pe Ha Sc3+, o6ycnoaneHHblX CTaTl1CT11'lecK11MH ¢nyKTyau.115IM11 11x 

pacnpe,D,eJleHHll B Kp11CTMJl11'1eCKOH peweTKe. y CTaHOBneHbl Cl1MMeTp11ll, 6n11)f(aiiwee 
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01q1yi 1<c1111c, 011pcneneHbl napaMeTpbl CnHHOBOfO raMHnbTOHHaHa H paCC'-!HTaHbl sepOllTHOCTH 

06rinoJ1am111 llOllblX napaMarHHTHbIX l(eHTpOB npH HCKIDl<eHHH 6nH>KaHwero OKpy>KeHHll 

11araMan11rr11oro l(e11Tpa. 

9. B11cpo1>1c :)l(cnepHMeHTaJJbHO HccnenosaHbl 

Y 1.,1 ,u , Al03:Ce
1
'. 061rnpy>KeH pllA HOBbIX no 

KpHCTaJJnbI CMewaHHb!X aJJI-OMHHaTOB 

cpasHeHHI-O c Y Al03 l(eHTpos Ce
3
+, 

06yCJIOl3JICllJJblX 113MeHeHHRMH CHMMeTpHH H napaMeTpOB KpHCTaJJJIH'-!eCKOro nOJJll npH 

1130MOpcp11i,1x 3aMell(eHHllX y 3
+ Ha Lu

3
+ s KaTHOHHOH noApewe-rKe. Bi,rnsneHbI npH4HHbI H 

3aKOllOMep11ocTH o6pa30BaHHR HOBb!X l(eHTpOB. y CTaHOBJJeHbl CHMMeTpHR, 6JJH>KaHwee 

01<py>KeHHe, onpe,[(eJJeHbl napaMeTpbl CnHHOBOro raMHJlbTOHHaHa H pacC'-!HTaHbl sepOllTHOCTH 

o6pa3osaHHll HOBbIX l(eHTpos Ce
3
+. 

I 0. B MOHOKpHCTaJJJJax BOnbcppaMaTa CBHHl(a snepBbJe o6HapyiKeHbl HOHbl AByxsaneHTHOrO 

BHCMyTa. B o6pa3l(ax, aKTHBHposaHHbIX MapraHl(eM, HapllAY c 061>1'-!HhIMH HOHaMH Mn
2
+ Ha 

MecTe Pb
2
+, 06Hapy>KeH1>1 AecjieKTHb1e napaMarHHTHb1e l(eHTpbr Mn

4
+ s BOJJbcjlpaMOB1>1x 

TeTpll3Apax c JIOKaJlbHOH KOMneHCal(HeH 3apll,!\a acCOl(HHpOBaHHble c BaKaHCHeH 6JJH>KaHwero 

0
2
- . 06ttapy>KeHb1 TaK>Ke l(eHTpb1 Mn

4
+, JJOKaJJH30Battttb1e s y3nax CBHHl(a c HeJJoKaJJbHOH 

KOMnettcal(HeH 3apJ1Aa, a TaK>Ke KJJacTep1>1 Fe
3
+ - V Pb H HOH Fe

3
+, 3aMell(aI-Oll\HH Pb

2
+ c 

JIOKaJlbHOH KOMneHCal(HeH 3apl1Aa BaKaHCHeH CBHHl(a. 

11. Bneps1>ie o6HapY>Ketto BJJHllHHe AecjieKTOB nepecrnHOBKH («aHTHCaHT» AecjieKTbr) Ha 

napaMarHHTH1>1e l(eHTpbr Ce
3
+ 11 Tb

3
+ s MOHOKpHcTannax Y AG. ¥fa-3a OTJJH'-lillOll\HXCll HOHHbrx 

pa,!\11ycos y 3
+ H Al

3
+ HCKa>KaeTcll 6nH>KaHwee OKpY>KeHHe, CHMMeTpHll H seJJH'-!HHa 

KpHCTaJJJIH'-!eCKOro nonR, npHBO,[\llll(ee K o6pa30BaHHI-0 HOBblX napaMarHHTHb!X l(eHTpOB. 

YIAeHTHcjJHl(HposaHbI TaKHe HOHbI Ce
3
+ H Tb

3
+, B oKpy>KeHHH KOTOp1>1x JJOKaJJH30BaH 

«aHTHCaHT» ,[(ecpeKT THna Y Al HJIH Aly. npoBej\eHa Ol(eHKa KOHl(eHTpal(HH aHTHCaHT ,!\ecpeKTOB 

MeTO,!\OM 3ITP. 

12. Bneps1>1e 3KcnepHMeHTaJJhHO o6Hapy>KeH 3cpcpeKT JJOKaJJbHOro cTpyKTypHoro nepexoAa s 

MOHOKpHCTaJJJJax co6cTBeHHOro cerHeT03naCTHKa K3Na(Cr04)i, aKTHBHposaHHOro 

MOJJeKyJJRpHblM HOHOM MnO/. fl:aHHb!H HOBb!H 3cpcjleKT npoHCXO,[\HT npH nOHHlKeHHH 

TeMnepaTypbl AO 3,5 K H Bbl3bJBaeT cnOHTaHHYI-0 JIOKaJlbHYI-0 nepecTpOHKY B 06nacn1 

MOneKyn11pHoro npHMeCHoro l(eHTpa, a TaK>Ke CBll3aHHbJe c 3THM Apyrne llBJJeHHll. 

13. ITpeAJJO>KeHa MOAeJJb JJOKaJJbHoro CTPYKTYPHOro nepexo,[(a B RH-TenneposcKOM 

npHMecHOM l(eHTpe Mnol-s KpHcTanne c cjieppo3nacTH4ecK11M cpa30BbIM nepexoAOM. 3To 

CHllTHe op6HTaJlbHOfO Bb!pO>K,[\eHHll OCHOBHOro 3JJeKTpOHHOro COCTOllHHll (2E) npHMeCHOfO 

HOHa Mnol- B MOHOKJIHHHOM KpHCTaJJJIH'-!eCKOM none MaTpHl(bl B HH3KOTeMnepaTypHOH 

cerne-ro3nacTH'-!ecKoH cjla3e KpHCTanna. Ha6n1-0AaeTCll ABa THna aKTHBHbIX l(eHTpos 

MoneKynllpHoro npHMecHoro Houa Mno/- s cjieppo3nacTHKe K 3Na(Cr04) 2 B o6nacTH 

CTPYKTYPHOro JIOKaJlbHOro nepexo,[(a, COBna,[(aI-Oll(He c TeopeTH'-leCKHMH pe3yJJbTaTaMH. 

Hay<maH u npaKTH'lecKaH ueuuocTb 

B pe3yJJbTaTe HCCJJe,[\OBaHHH nony'-!eHbl HOBb!e ,[\aHHbie 0 cneKTpOCKOOH'-!eCKHX 

CBOHCTBax KpHCTaJJJIOB rpaHaTOB, aJJI-OMHHaTOB, BOJJbcjlpaMaTOB aKTHBHpOBaHHb!X 

peAK03eMenbHbIMH 3neMeHTaMH. YCTaHosneuHe npHpOAbI AecjJeKTHbrx H npHMeCHbIX 

napaMarHHTHblX l(eHTpOB pacwHplleT B03MO>KHOCTH npaKTHl.feCKOro npHMeHeHHll 

HccneAOBaHHbIX KpHcTannos. ITony4euH1>re AaHHbre no JJOKaJJH3al(HH npHMeceH H 

AecjJeKTHOCTH CTpyKTyp1>1, nanHl.fHe HeKonTponHpyeMbIX np11MeceH MOryT 6bITb HcnoJJb30BaHbI 
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npH Bb!pall(HBaHHH KpHCTaJJJIOB ,[\JJllnOBblWeHHll 3cpcjJeKTHBHOCTH JJa3epHoro H3JJYLfeHHll ua 

KpHcTannax Y AG:P3, a AaHH1>1e no l(epHH-COAep>Kall\HM MaTepHanaM - npH CHHTe3e 

6bICTpOAeHCTBYI-Oll\HX Cl(HHTHJIJlllTOpOB. fl:aHHbJe, nonyl.feHHble B AHCCepTal(HOHHOH pa6oTe, 

MOryT 6b1Tb 6a30H npH nOHCKOBblX pa6oTax npH nony'-!eHHH HOBblX MaTepHaJJOB AJJll 

KBaHTOBOH 3neKTpOHHKH c ynyl.fweHHblMH xapaKTepHCTHKaMH, a TaK>Ke ,[\Jiii ,[\aJJbHeHWHX 

HCCJJe,[\OBaHHH H TeopeTHl.feCKHX pacl.feTOB B o6naCTH cneKTpOCKOnHH KOH,[\eHCHpOBaHHblX 

cpeA. 

OcnoBHbie Hay'lub1e nono:1Ke11uH, Bb1HocuMb1e ua 3aiuury. 

I. B pe3yn1>TaTe npose,[(eHHJI cHcTeMaTH'1ecK11x 3ITP 11ccneAOBaH11H B KpHcTannax Y 3Al50 12 

HAeHTHcpHl\Hposaub1 11 Hccne,[(osatt1>1 npHMeCHbre napaMarHHTHbre HOHbl Dy
3
+, Mo

3+, Eu
2
+ 11 

y2+. 

- ycTaHOBneHbl BaJJeHTHOCTb H noKaJJH3al(HJI napaMarHHTHb!X l(eHTpOB 

- 3aperncTpHpOBaHO OCHOBHOe H TepMHl.feCKH 3aceneHHOe B036Y>KAeHHOe COCTOJIHHJI HOHa Er3+ 

- BbIJIBJJeHbI oco6eHHOCTH nose,[\eHHll csepxTOHKOH CTPYKTYPbI np11 CHJJbHOH aHH30TponHH 

KOHCTaHTbl CTB AJJR H30Tona
163

Dy3+ 

- 3aperHCTp11pOBaH Me>K,!\y6neTHblH nepeXOA HOHa Mo
3
+ (pacll(enneHHe 261,6 ± 0,5 ffl(). 

2. PernCTpal(Hll HOHOB Ho3+, Tm3+, Fe2+, 11 Tb3+, 11Me1oll(11x 6onbWHe pacll(enneHHll yposHeH s 

HynesoM MarHHTHOM none B Y 3Al50 12, Lu3Al50 12 H YAI03 B03MO>KHa MeTOAOM 

Bb!COKO'-!aCTOTHOH 3ITP npH HH3KHX TeMnepaTypax. 

3. B KpHcTannax Y AI03, Ha ocuosaHHH 3ITP HccneAOBaHHH HAeHT11cjJ11l(11posaHbI np11MeCHbre 

napaMarHHTHble HOHbl Mo
3
+, Er

3
+, Nd

3
+ 11 Ce

3
+. 

- ycTaHOBneHbl saneHTHOCTb H nOKaJJH3al(HJI napaMarHHTHblX l(eHTpOB 

- ycTaHOBneuo, 1.fTO OpHeHTal(HH nOKaJJbHb!X MarHHTHb!X oceH napaMarHHTHblX l(eHTpOB 

OTHOCHTenbHO KpHCTannorpacjJ111.feCKHX oceH 3aBHCJIT OT THna HOHa. 

- nonyl.feHO 3Hal.feHHe pacll(enneHHll Me>KAY Ay6neTaMH 1±1/2> H 1±3/2> MR HOHOB Mo
3
+ B 

Y AI03 (75,8 ffl\). 
4. np114HHOH ywHpeHHJI cneKTpOB HOHOB Mo

3
+, Ce

3
+, Er3+ B KOMn03Hl(HOHHO HeynopJIAOl.feHHblX 

cY(l-x)Lu.)3Als012 (0::::: x :SI), Y3 Ali-xSc2Al3012 (0::::: x :::::2) 11 Y 1-xLu.Al03:Ce
3
+ (0::::: x :SI) 

JIBnlleTCll cynepn03Hl(HJI JIHHHH, OT perynJipHblX H l(eHTpOB c HCKIDl<eHHb!M 6n11>KaHWHM 

OKpy>KeHHeM. Y4eT CTaTHCTH'-!eCKHX cjJnyKTyal(HH B KaTHOHHOH noApeweTKe A3eT 

B03MO>KHOCTb paC'-!eTa 1.fHCna H sepOJITHOCTH o6pa30BaHHll pa3nH'-IHb!X l(eHTpOB B 3aBHCHMOCTH 

OT COCTaBa x. 

5. B HOMHHaJlbHO 1.fHCTOM KpHCTanne BOnbcjlpaMaTa CBHHl(a o6Hapy>KeHbl HeKOHTpon11pyeMbJe 

np11Mec11 11011os Nd3+ 11 Ce3+. B nernposaHHbJX Maprattl(eM o6pa3l(ax, ttapllAY c ocHOBHbJMH 

l(eHTpaMH Mn
2
+, HAeHTHcjJHl(HposaHbl AecjleKT1>1 s BHAe KJJaCTepos Mn

4
+-V0 11 Fe

3
+-VPb· ITp11 

o6ny4eHHH pryTHOH naMnoH 0611apyll<eHb1 HOBbie napaMarHHTHbJe l(eHTpbI Bi
2
+, 3aMell\aI-Oll(He 

HOHbl Pb
2
+ B Kp11cTann114ecKOH peweTKe PbW04. 

6. 06Hapy>KeHO BnHJIHHJI HeCBOHCTBeHHblX 3aMell(eHHH HOHaMH y 3
+ HOHOB Al

3
+ B 

OKTll3APHl.feCKHX n03Hl(HJIX H HOHOB Al
3
+ Ha MeCTC y 3

+ (aHTHCaHT ,[(ecjJeKTbl) Ha cneKTpbl 3ITP 

HOHOB Ce3+ H Tb3+ s Kp11cTannax Y 3A I50 12. ITpeAnO>KeHa MOAenb AecjieKTHoro KJJacTepa. Y!oHbI 

Ce3+ 11 Tb3+, llBJJllJICb penepHbIMH, AaI-OT B03MO>KHOCTb Ol(eHHTb KOHl(eHTpal(HI-O aHTHCaHT 

,[(ecjJeKTOB B KpHCTaJJnH'-leCKOH peweTKe rpaHaTa. 
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7. 06ttapYJKeH J<jJ<jleKT JIOKaJibHO!'O CTpyKTypttoro nepexo)J.a B MOHOKp11CTaJIJiax K3Na(Cr04)i, 

CO)J.ep)l(all.lHX MOJieKyJIJ1pttb!e 110Hbl Mn042"np11 nott11)1(ett1111 TeMnepaTyphl )J.0 3,5 K. 

Oco6ettttocT11 TeMnepaTypttoH 3as11c11MocT11 cneKTpos, npollBJilllOll.ll1ecl! s pe3KOM 

yMeHbWeHl111 W11p11Hb! Jll1H11H 3ITP c nOHl1)1(ett11eM TeMnepaTypbr 11 poCTe 11HTerpaJibHOH 

HHTeHCl1BHOCTl1 B 2,7 p33a, 06bllCHlleTCll B paMKax npe.LIJIO)l(eHHOH MO)J.eJil1 nceB)J.OJ<jJ<jleKTa 

5ltta-Tennepa. 

)J,ocTOBepuocTb IIOJiy<IeHHbIX pe3yJibT3TOB 

IIOJIO'.IKeHHH H BbIBO)J.OB, c<jlopMyJI11posaHHbIX B 

H o60CHOB3HHOCTb uay'-IHbIX 

)J.l1CCepTa1.11111, 06ecne'l11BalOTCll 

Cl1CTeMaT111.JeCKl1M xapaKTepoM 11CCJie)J.OBaHl1H, 11cnOJib30BaHl1eM cospeMeHHbIX 

JKcnep11MeHTaJ!bHbIX MeTO)J.OB MarHl1TOpe30HaHCHOH cneKTpOCKOn1111, socnp0113BO)J.11MOCTblO 

nony'leHHblX pe3yJibTaTOB, conoCTaBJieH11eM pe3yJibTaTOB 11CCJie)J.OBaHl1H Ha p33Hb!X 'laCTOTax, 

a TaK)l(e cpaBHeHl1eM c pe3yJibTaTaM11, nOJIY1.JeHHb!Ml1 tlPYrHMl1 11CCJie)J.OBaTeJIJIMl1, 11X 

COOTBeTCTBl1eM TeOpeT114eCKl1M pac'leTaM, BblnOJIHeHHbJM Ha cnel.ll1aJ!bHblX KOMnblOTepHbIX 

nporpaMMax. On11cbrnaeME.1e s pa6oTe pe3yJibTaTbI ony6n11Kosattb1 s pe<jlep11pyeMbIX ttay'lttbJX 

)l(YPHaJiax 11 6b!Jll1 npe)J.CTaBJieHbl Ha poCCHHCKl1X 11 Me)l()J.yttapO)J.Hb!X cnel.l11aJll1311pOBaHHblX 

KOH<jlepeH!.ll1llX. 

Arrpo6aunH pa60Thl 

Pe3yJibTaTbl 11ccnet1osatt11!1, sowet1w11x s t111ccepTal.ll10HHYIO pa6ory, 6b1JI11 

)J.OJIO)l(eHbl B Bl1)J.e )J.OKJia)J.OB Ha CJie)J.ylOll.l11X KOH<jlepeH!.lHllX: BceCOI03HOM C11Mno311yMe no 

cneKTpocKon1111 Kp11cTaJIJIOB. (Kpacttot1ap, 1979), II 3aKaBK33CKOH KOH<jlepettl.ll111 no 

np11Mettett1110 pa)J.11ocneKTpocKon1111 B x11M1111, <jl11311Ke 11 611onorn11. (Epesatt, I 979), VI 

Bcecol03HOM c11Mno311yMe no cneKTpocKon1111 Kp11cTaJIJIOB. (KpacHOJJ.ap, VII BcecoI03HOM 

c11Mno311yMe no cneKTpocKon1111 Kp11CTaJIJIOB, aKT11s11posaHHbIX 110HaM11 P3 11 nepeXOt\HblX 

MeTaJIJIOB, (Csep.LIJIOBCK 1985, J1ett11ttrp3t1 1989), VII scecoI03HOM c11Mno311yMe no 

cneKTpocKon1111 Kp11CTaJIJIOB, aKT11011posaHHbtX 11ottaM11 P3 11 nepexO)J.HblX MeTaJIJIOB. -

(Jlett11ttrpat1 1989), XXVII Congress AMPERE on magnetic resonance and related phenomena. 

- (Kazan 1994), International Conference on Inorganic Scintillators and their Applications, 

SCINT 95, - (Delft, The Netherlands I 995), International Conference on defects in Insulating 

Materials, ICDIM 96, - (Winston-Salem, North California, USA, 1996), Feofilov Symposium 

on spectroscopy of Crystals activated by rareearth and transition ions, 1995, 200 I, 2013), XI 

Bcepocc11HCKOM ceM11ttape-coBell.latt1111 "<D11311Ka JI33epttblX Kp11cTaJIJios", - (Kpacttot1ap 2004, 

2005), VII Voevodsky Conference "Physics and Chemistry of Elementary Chemical 

Processes". (Chernogolovka 2007), Xll-XVIII BcepocCHlicKoli Kott<jlepettl.ll111 "OnrnKa 11 

cneKTpocKon11ll KOHt1ettc11posattttb1x cpet1", (Kpacttot1ap 2007 - 2021 ), Me)l(t1yttapot1HOM 

Cl1Mn0311yMe "<Dl1311Ka 11 Xl1Ml1ll npO!.leCCOB, op11eHTl1pOBaHHb!X Ha C03)J.att11e HOBbIX 

ttayKoeMK11x Texttonornli, MaTep11aJioB 11 06opyt1osatt11J1 11
• (MocKsa 2007), EUROMAR 2008, 

(St. Petersburg). 13-oM Me)l(t1yttapot1HOM c11Mno311yMe «f1opllt\OK, 6ecnopllt\OK 11 csolicrna 

OKCHt\OB», (r. PocTos-tta-)J,otty 2010), Kott<jlepettl.ll111 no <jl11311Ke 11 aCTpottoM1111 )J.Jill MOJIOt\blX 

Y1.JeHblX C. ITeTep6ypra 11 Cesepo-3anat1a.©11311KaA.Cf16, (C. ITeTep6ypr 20 I 0 - 2014), XII, 

Xlll Me)l()J.yttapOt\Hhie Kott<jlepettl.ll111 "<D11311Ka t111JJieKTp11Kos" ()J,11JJieKTp11K11 - 2011 ), - (C. 

f1eTep6ypr 201 I, 2014), International conference "Resonances in condensed matter", (Kazan 

20 I I), Me)l()J.yttapOJJ.HOH KOH<jlepeH!.ll111 "J133epttal! <jl11311Ka - 2011 ", (AwrnpaK 2011 ), 8- 11 9-

oli MOJIO)J.e)l(HOH WKOJie-KOH<jlepeH!.ll111 «Marttl1THblH pe30HaHC 11 ero np11JIO)l(eHl1ll Spinus». 
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(C. f1eTep6ypr 2011, 2012), I 1-11 Bcepocc111icKol1 c Me)l(JJ.yttapot1HbJM y4acT11eM 

KOH<jlepeH!.ll111-WKOJie «MaTep11aJibl Hatto-, M11Kpo, onTOJJieKTpOH11K11 11 BOJIOKOHHOH onTl1Kl1: 

<jJ113114ecK11e csolicrna 11 np11MeHett11e». (CapattCK 2012), IO'h meeting NMRCM, St. Petersburg 

2013, International Conference "Magnetic Resonance: Fundamental Research and Pioneering 

Applications (MR - 70)". (Kazan 2014), fnternational Conference "Spinphysics, spin chemistry 

and spin technology" (SPCT-2015). (St. Petersburg 2015). 

Tiy6nmrnuu11 

OcttOBHble pe3yJibTaTbl t111ccepTal.l1111 ony6n11Kosattb1 B 117 HaY1.JHbJX pa6oTax, 

BKJllO'la!Oll.ll1X 39 CTaTeH B pel.leH311pyeMblX OTe'!eCTBeHHb!X 11 3apy6e)l(Hb!X 113)J.aHl1llX, 

BXOt\llll.ll1X B nepe4eHb ttay'lttbIX 113t1aH11l1 BAK, peKoMeH)J.OBaHHbtX )J.Jill ny6n11Kal.ll1l1 

OCHOBHb!X pe3yJibTaTOB )J.11CCepTal.l11H, 24 TPYt\OB 11 54 Te311COB KOH<jlepeH!.l11H. 

CTpyK'f)'pa u o6oeM t1nccepTauuu 

)J,11ccepTal.ll1ll COCT011T 113 BBe)J.eHl1ll, 6 mas, 3aKJIIO'leHl1ll 11 cn11cKa Jil1TepaTypbl. 

06ll.l11H o6beM cocrnsJil!eT 277 cTpatt11!.l, BKJIIO'IM 126 p11cyHKOB 11 8 rn6JI11!.l. Cn11coK 

l.l11THposaHHOH Jil1TepaTypbl CO)J.ep)l(11T 227 H311MeHOBaH11ll. 

Ocuosuoe cot1ep:acairne pa6oThI 
Bo sse)J.euuu o6ocHOBbIBaIOTCll aKTyaJIE.HOCTb TeMbI 11 Bb16op o6beKTOB 

11CCJie)J.OBaHl1ll, c<jlopMyJI11posaHbl l.leJil1 11 33)J.a1.Jl1 )J.11CCepTal.ll10HHOH pa60Tbl, HOBl13Ha 11 

npaKT111.JeCK3ll l.leHHOCTb noJiy'leHHbIX pe3yJibTaTOB, )J.aHbl CBe)J.eHl1ll 06 anpo6al.ll111 pa60Tbl. 

C<jlopMyn11posaHbl OCHOBHbte noJIO)l(eHl1ll, Bb!HOCl1Mble Ha 3all.ll1TY. 

IlepBaH rnasa (3TlP-cneKTpOCKOnl1ll napaMarHl1THblX l.leHTpOB B Kp11CTaJIJiax 

11TTp11H-aJIIOM11Hl1eBoro rpattaTa) noCBllll.leHa 11CCJie)J.OBaH11IO np11MeCHblX LleHTpOB B 

Kp11cTaJIJiax Y 3Al50 1211 Lu3Als012. 
ITpaKTl11.JeCKl1 BO BCeX o6p33!.l3X Y 3AJ5012, Bbipall.leHHbIX MeTO)J.OM HanpasJieHHOH 

Kp11CTaJIJI113al.ll111 B MOJI116t1eHOBbIX KOHTeHHepax, o6ttapYJK11BalOTCll 110Hbl Mo3
+ (S=3/2). 0 

Ha6JIIO)J.eHl111 3HP nepexo)J.a I+ 112>+-+l-l /2> 3T11X 110HOB 11 Ol.leHKe pacll.lenJieHHJI (144 ± 35) rrl.l 

Me)l()J.y t1Y6JieTaM11 C006ll.laJIOCb B pa6oTe [16]. l13MepeHl1ll npOBO)J.11Jil1Cb Ha W11pOKOnOJIOCHOM 

BblCOKO'!aCTOTHOM (37 - 850 ffl.l) 3f1P-cneKTpOMeTpe np11 TeMneparype )1(11)J.KOrO reJIHJI B 

Martt11THbtx noJIJ1x t\O 9 MTJI. Pe3oHaHCHbte c11rttaJibt, np11n11cbrnaeMbie Me)l()J.y6JieTHbtM 

nepexo)J.aM 110Ha Mo3+, tta6JIIO)J.3Jil1Cb B )J.11an330He 220 - 300 rrl.l. Ha p11c. 1 npe)J.CTaBJietta 

'laCTOTHO-noneBM 3as11c11MOCTb cneKTpa )J.JIJI op11ettrn1.111l1 B II [JOO] 11 B II [111]. DpllMbJM 

113Mepett11eM Yt\aJIOCb nony'l11Tb 3Ha'!ett11e JHepreT111.JecKoro 11HTepsaJia Me)l()J.y )J.y6JieTaMl1 

1±3/2> 11 1±3/2>, KOTopoe OK333JIOCb paBHb!M 261,6 rrl.l. Ha p11c. 2 np11Be)J.eHbl op11ettTal.ll10HHble 

3as11c11MocT11 cneKTpos 3HP 11otta Mo3+ s Kp11CTaJIJie YAG np11 spall.lett1111 s nnocKocT11 (I 00) 

np11 'laCTOTa 272,5 ffl.l. )J,JIJ! on11CaHHJ1 yrnOBb!X 11 1.JaCTOTHO-nOJieBblX 3aB11Cl1MOCTeH, 

nony'leHHb!X Ha BblCOKHX 1.JaCTOTax, Mb! 11cnOJib30BaJil1 cn11H-raMl1JlbTOHl1aH 811;:\a: 

H = 911f3BzSz + 9J.f3(BxSx + BySy) + ~bg[3S} - S(S + 1)] (1) 

3)J.eCb 11CKJllO'leHbl 1.JJieHbl, OTBeTCTBeHHble 3a csepxTOHKOe B3311MO)J.eHCTBl1e, nocKOJibKY B 

JKcnep11MeHTe CTC 6b1Jia cKpbtTa B w11p11tte JI11tt1111. 3tta'leHl1ll g 11 = 1,965 11 BJ.= 1,958 B3l!TbI 

113 pafiOTbl (J7). ITapaMeTp bg= t!J2 fipMCll 113 113MepeHHOrO JKCnep11MeHTaJ!bHOrO 3Ha'leHHJI 

PHf1 (6 = 261,6 rrl.l). KaK 811;:\HO 11MeeTCll xopowee cornac11e Teop1111 11 JKcnep11MeHTa, 'ITO 

cs11t1eTeJibCTByeT o npas11JibHOCT11 Bbt6pattttol1 MOt1eJI11 (S = 3/2) 11 nony'lettttoe 3Ha'!ett11e PHH 
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XOpOWO COrnacyeTCll C H3BeCTHbIMH flHTepaTypHbIMH ,ll,aHHblMH.261,6 ff!.\. 

"" 
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'"" 

~ !1() 

e "~I 
~ 

~<o 

'HJ 

i\11 

II . ml 

Puc. 1. '-!acmomHo-noneeaJl 3aeucUMocmb 
nepexoooe uoHa Mo3+ e YAG. Tpey20J1bflUKU 

Bl lflOO}; Kp)T.JICKU Bll[l I l}; 36e:JOO'IKU -
camennumb1, Bl l[l 00}. 

'E 
"' 

11on1 

<o 
lfl,J~·i 

100 

Puc 2. Y2ll06aJl 3aeucUMocmb cneKmpoe 
3llP uoHa Mo3+ e YAG. BpauieHue e 

nnocKocmu (100). TO'IKU -3KCnepUMeHm, 
nuHuu pact/em. 

ITpw wccne,ll,OBaHHH HOHa Er3
+ B Y3Al50 12 B 3cM ,ll,Hana3oHe 6brnH o6Hapy)f(eHbI 

HOBbie nHHHH. KaK BH.L\HO H3 pwc. 3 (npw T = 20 K) B o6nacTH 6onbwwx noneH Ha6mo,ll,aeTCll 

cna6bIH CHfHM 3ITP (Er[+), HHTeHCHBHOCTb KOTOporo paCTeT c pOCTOM TeMnepaTypbI. ITpH 

nOBbIWeHHH TeMnepaTypb1 nol!BnlleTCll HOBM nHHHll B MMbIX nonllx (Er[+, T = 100 K, pwc. 

3). ITpw ,L\MbHeHweM noBbIWeHHH T B03pacTalOT HHTeHCHBHOCTHo6ewx nHHHH (Er[+)KaK B 

MMbIX, TaK H B 6onbWHX nonllx.TeMnepaTypHal! 3aBHCHMOCTb OTHOWeHHll HHTerpanbHbIX 

HHTeHCHBHOCTeH CHrHanOB npHBe,ll,eHHal! Ha pHC. 4 HOCHT xapaKTep Eonbl\MaHOBCKOro 

pacnpe,ll,eneHHll HaceneHHOCTeH ypoBHeH. 

Er: 

~fo'' 

'"C•I• 
u 1wo1 

l:r: 20K 

Lr 1
' 

IOOO !000 JOO() .iooo 
ll(GI 

Puc.3. CneKmpbl 3llP OCH06H020 u 
eo36y:J1coemw20 (Er[+) cocm01muu 

Er3+Bllf001}, v= 9,23 I'I'!,f. 
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/ Er" 
~ 

1Er6' 
0,2 

0,1 

YAG:Er J-

•• 

.. 
!OK 20K 

T-.. 

Puc. 4. Pac'lemHaR u 3KcnepUMeHma!lbflaJl 
(mO'IKU) 3G6UCUMocmu OmflOUleflUR 

uHmeHcueHocmeu 3llP Er/+(11) u ErJ+(lo) 

B pacYeTax wcnonb30BMHCb :rneprnw nepBoro B036~,ll,eHHOro ypoBHll Mil Er3+ B Y AG 22 CM-
1
, 

B3llTM H3 pa60Tb1 [!8Error! Reference source not found.]. HecoMttetttto, ttosb1e 

cwrnanb1 npHtta,ll,ne)f(aT nepsoMy B036y)f(,ll,ettttoMy ypoBHIO Er3
+. EbrnH nonyYettbI napaMeTpb1, 

Mil OCHOBHOro ErJ+gx = 3,71,gy = 7,75, gz = 7,35 H B036y)f(,ll,eHHOro COCTOllHHH 

Er[+g, = 2,036 ± 0,005, gx = 1,995 ± 0,001,gy = 14,6 ± 0, I. B Y3Al50 12 ,L\JUI B036y)f(,ll,eHHOro 

COCTOllHHll Er13+Ha6n10,L\aeTCll COOTHOWeHHe gz > g., gy, a ,[\JUI OCHOBHOro - gz < gx, gY" 

I1pHMe4aTenbHbIM cjJaKTOM l!BfllleTCll 4eTKOe Ha6mo,[\eHHe MarHHTHOH CBepxTOHKOH 

CTpyKTypbl B 3ITP B036y)f(,ll,eHHOro COCTOllHHR Er3
+, n03BOflillOU(ee O,L\H03Ha4HO 

HHTepnpeTHpoBaTb pe3ynbTaTbl. 

11ccne,L\oBanHCb TaIOKe KpHCTMnbI Lu3Al50 12, aKTHBHpOBaHHbie 3p6weM. Ha pwc. 5 

npHBe,L\eH cneKTp 3ITP OCHOBHOro ErJ+w TepMH4eCKH 3aceneHHOro nepBoro B036y)f(,ll,eHHOro 

cocTOilHHH HOHOB 3p6Hl! Er[+B Lu3Al50 12 npH T = 45 K. I-fa opHeHTal\HOHHbIX 3aBHCHMOCTeH 

pe30HaHCHbIX noneH nonyYeHbl cne,ll,y!OU(He 3Ha4eHHil 3cjJcjJeKTHBHbIX g-cjJaKTOpOB npH 

opweHTal\HH B II [110] ,ll,nll ErJ+: g 1 = 8,18, g2 = 5,37; Mil Er[+ 10,4 H 2,18 cooTBeTCTBeHHO. 

1000 2000 

Er J+ 
I I 

3000 

B,mT 
Puc. 5. CneKmpb1 3llP ocH06Ho20 ErJ+u eo36y:J1Coe1mo20 Er[+ cocmoRHuii 3p6UR e LuAG npu 

B II [001}, v = 9,23 I'I'!,f u T = 45 K. 

TeMnepaTypHail 3aBHCHMOCTb OTHOWeHHil HHTerpanbHblX HHTeHCHBHOCTeH cneKTpOB 3ITP 

ErJ+ H Er[+ B LuAG HeCKOnbKO ornwrneTCil OT Y AG, 4TO BbI3BaHo 6onhweH 3HeprneH 

pacU(enneHHR Me)f(,ll,y OCHOBHblM COCTOilHHeM H B036~,ll,eHHblM (36 CM-
1
). lllwpoKononoCHal! 

3ITP-cneKTpocKonHil n03Bonwna nO,ll,TBep,ll,HTb pe3ynbTaTbI , nonyYeHHbie B 3 CM-,ll,Hana30He H 

ycTaHOBHTb HanHYHe ,ll,OnonHHTenbHblX l\eHTpOB 3p6Hll B KpHCTannax Y3Al50 12. 

)J,ononHHTenbHble l.leHTpbl o6ycnoBneHbl HMH4HeM «aHTHCaHT» ,ll,ecjJeKTOB B MaTpHL\e. 

EbrnH o6Hapy)f(eHbI w wccne,ll,oBaHbI HOHbI Dy
3
+ B rpaHaTe. 0.L\H03Ha4Hail 

HHTepnpeTal\Hil 6brna C,ll,enaHa Ha ocHOBaHHH tta6n10,ll,aeMoH csepxTOHKOH cTpyKTypb1 OT 

He4eTHbIX H30TOnOB 
161

Dy H 
163

Dy. J13 opHeHTal\HOHHbIX 3aBHCHMOCTeH cneKTpOB nonyYeHbl 

cne,ll,y!OU(He rnaBHbie 3HaYeHHil g-TeH3opa: g = 19,0 ± 0,5, g = 0,75 ± 0,05 H g = 0,43±0,1. 
x y z 

PacC4HTaHbl napaMeTpbl CBepXTOHKOro B3aHMO,[\eHCTBHR: 
163

Dy A = 736· l 0·
4
, A = 50 · l o-4, 

x y 

A = 40· !0"4 (cM-1)· nnll 161 Dy A = 532· 10·4 A = 36· 10-4 A = 29· 10-4 (cM" 1). 8blllBneHO 4TO 
Z )M X ' y ' Z ' 

cwnbHM aHH30TponHil KOHCTaHTbI CTB npHBO.L\HT K HCKa)f(eHHIO cBepxTOHKOH cTpyKTypbI. Ha 

pHC. 6 npHBe,[\eHbl yrnOBbJe 3aBHCHMOCTH CBepxTOHKOro pacU(enneHHil (cnnOWHbJe KpHBbie -

pacYeT, TOYKH - 3KcnepwMeHT, )f(HpHbie nHHHH - YeTHblH H30Ton) HOHa Dy3+ B Y3Al50 12 B 
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8b!COK11X MarHl1THblX nom1x np11 'laCTOTe 9,3 rrl( 11 T = 8 K. A Ha p11c. 7 np118e):\eH cneKTp 

np11 yrnax 86° 11 90°, r.ne JK811.U11CTaHTHOCTb CTC noJJHOCTbIO HapyweHa. 

'E 
r£ 

730 

I so i.,,..-:=:: I I I 

•l" K7" 
0 

X9" 

Puc. 6. Y2J106b1e 3aeucUMocmu 
ceepxmonKou cmpyKmb1pb1uona 161Dy 
eYiA/5012, T=8K 

lhl 
I Dy 

m'"'Dy 

86" 

Dy( even) 

800.0 1200.0 1600.0 

Magnetic field. mT 

Puc. 7. CneKmpb1 3IJP D/ e Y3Al50 12npu 
B = 86° u 90° e n.nocKocmu (110), v = 9,3 I'I'l4 
uT = 8K. 

nb1JJ11 11ccne.no8aHbI HeKpaMepc08bI 110HbI Ho
3
+ 8 Y3Al50 12. Bee 113MepeH11ll 

8blnOJJHeHbl 8 KOJIJll1HeapHOH 83al1MHOH nOJJllp113al..(1111 nOCTOllHHOro 11 M11Kp080JJH080ro nOJJll 

(BollB1). C11rttaJJbl 3ITP 110Ha Ho
3
+ Ha6JJIO):\aJJl1Cb 8 .n11ana30He '!aCTOT l 14 - 170 rrl(. Ha p11c. 

8 np118e):\eH 811):\ cneKTpa Ha 'laCTOTe 170 rrl(. BoceMh JJl1Hl1H CTC O):\H03Ha'-IHO 

C811.UeTeJJbCT8YfOT o np11Ha.llJ!elKHOCTl1 c11rnano8 110Hy roJJbMl1ll ('
65

Ho, I= 7/2, I 00 %). l13 

yrno8bIX 3a811c11MocTei1 cneKTp08 MOlKHO YT8eplK.llaTh, '!TO Ho
3
+ 3aMewaeT Y3

+. HanpasneH11ll 

MaKc11MaJJhHOro g-<j>aKTopa l(eHTpo8 co8nano c Hanpa8JJeHl1llMl1 <001 >. )l;Jlll op11eHTal..(1111 

B II <001> 6hIJJa 113MepeHa qacTOTHo-noJJe8M 3a811C11MOCTh cneKTp08 3ITP, np118e.neHHM Ha 

p11c. 9. 3<J><j>eKTl1BHblH cn11H-raMl1JlbTOHl1aH 11MeeT 811):\ 

H = 1:!,.Sx + AlzSz + BzµBBzSz (2) 

.-- ---~ 

2 .i 6 II 

B(kGl 

Puc. 8. CneKmp 3/lP uoHa Ho3
+ e Y3Al5012-

lfacmoma 170 I'I'lf, opurnmalJU5l Bl l<OOJ >. 

,., 

'"' 
"' ~ I~ 

"" 

........ 
. ····'°··· .. · .. · .. · .. · .. • 

H(lGl 

Puc. 9. lfacmomHo-noneeG5l 
3aeucUMocmb cneKmpoe 3/lP Ho3npu 

B ll<OOJ >. To'lKU - :JKcnepuMenm. 

CooT8eTCTBYf011\11e 3a811c11MocT11 pe3oHaHCHbIX qacToT v OT Mam11THoro nonll, napannenhHOro 

OCl1 z .llJ!ll 110H08 rQJ!bMilll onpe.neJ!llIOTCll 8blpalKeH11eM 

12 

hv = [62 +(Am+ 9zµBBz) 2 ]1i2 , (3) 
r.ne m onpe.neJJllIOT npoeKl..(1111 l!.UepHoro cn11Ha (±1/2, ±3/2, ±512, ±7/2) Ha Hanpa8JJeH11e 

JJJeKTpoHHOro Marn11THOro MOMeHTa. Yrno8M 3a811C11MOCTh cneKTp08 3ITP Tor.na 6y.neT 

onpe.neJJllThCll BbipalKeH11eM 

8(8) = ((hv)2-~2)1;2 -Am 

g,µB COS 0 ' 
(4) 

r.ne B - yron MelK.lly 8HeWHl1M Marn11THhIM noJJeM B 11 Kp11cTanJJorpa<j>11qecK11M11 

Hanpa8JJeH11l!M11. Mo.nen11posaH11eM YacTOTHo-noJJe8bIX 3as11c11MOCTei1 sen11'111Hbl HaYanhHOro 

pacll(enneH11l! K8a311-.ny6neTa nony'!eHbI cne.ny10w11e napaMeTpbI cneKTp08 3ITP. 

6 = 114,2 ffl\, g = 16,61, A= 10,88 ff!.(. 
B pa3.nene 1.7 np1180.UllTCll .naHHhJe 11ccne.no8aH11IO cneKTpa 3ITP HeKpaMepco8a 

cocTOl!H11ll lKeJJe3a B Kp11cTanJJe Y AG. 0cH08HOe cocTOl!H11e 110Ha Fe
2
+ (d 4, 

5D) 11MeeT cn11H 

s = 2. Jl11Hl1l1 3ITP Ha6JJIO):\aJJl1Cb np11 KOJJJJl1HeapHOH nOJJllp113al.(1111 M11Kp080JJH080ro 

Martt11THoro nonl! (Bo II B1). l13 aHan113a cneKTp08 c.nenaH 8hIBO.U o TeTpa3.np114eCKOH 

Koop.n11Hal.(1111 110H08 Fe
2+. l1cnOJJh3Yll cn11H08hIH raM11JJbTOH11aH c JcjJcjJeKT118HhIM cn11HOM 

S = 1/2, noJJyqeHbl 3Ha4eHl1ll CneKTpaJJbHblX napaMeTp08 (g = 8,3 ± 0,1; /:!,. = 110,2 ± 0,5 ff!.(). 

Hanpa8JJeH11e OCl1 z (8.UOJ!b OCl1 qernepToro nopll.nKa) 11 '111CJJO MarHl1THO-HeJK8118aJJeHTHblX 

l(eHTp08 (6) n0380JlllIOT c.nenaTb 8b!BO):\, '!TO np11MeCb JJOKaJJl1308aHa 8 Kl1CJJopo.nHOM 

TeTpaJ.npe (c11MMeTp11ll S4). 

I1po80.U11JJl1Ch 3ITP 113MepeH1111 8 Y3Al50 12 c np11MeCbIO e8pOnlll, KaK 8 3 CM 

.n11ana30He P3 1301 11 (JEOL), TaK 11 8 u111pOKOH o6nacrn '!aCTOT 22 - 150 rrl(. Db!JJl1 

o6HapylKeHbI c11manb1 3ITP, np11Ha.llJ!elKaw11e 110HaM Eu2
+ (4/7, S= 7/2), npol!8JJllIOll\11e 

Martt11HTHYfO c8epxTOHKYIO cTpyKTypy, (
151 Eu 11 

153Eu c l!.UepHbtM11 cn11HaM11 I= 5/2. 
3apernCTp11po8aHHhti1 cneKTp np118e.neH Ha p11c. l 0. vl3 op11eHTal\l10HHbIX 3a811C11MocTei1 11 

q11cna MarHl1THO-HeJK8118aneHTHbIX noJJolKeH11i1 6b1JJ c.nenaH 8h1BO.U o TOM, '!TO 110HhI Eu2
+ 8 

rpaHaTe JJOKaJJl1308aHhI 8 .no.neKaJ.Up11qecK11x Y3JJax peweTKl1, 3aMewM np11 JTOM 11TTp11i1. 

I ! "'Eu 

YAG :Eu2; 

-JCilll\~l~Mi\1"--

800 1000 1200 

R. G 

Puc. 10. Jlu11U5l 3IJP Eu2
+ 6 Y3Al5012, 

v = 9,38 I'I'lJ,HJJ [JI 1) u T = 77 K. 
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\l..it•tkr1v1t..nm 

Puc 11. Jl10MuHeC!JeHlJU5l 
Y iA/50 12:Eu2+,Si4+ npu pa3!1U'lHOU iJnune 

60J111b1 A.exc- T = 77 K. 



Vlccne,l\OBMacb TaJOKe Jl10MHHecf_\eH1-1HH B cepHH KpHCTMJlOB Y3Al50 12: Eu,Si c 

pa:3JlH'-IHblMH KOHU,eHTpaU,HJIMH HOHOB aKTHBaTopa H CO-aKTl•!BaTopoB 11 OTJ1H'-!al0ll\11XCJI 

ycnoBHJIMH poem. JJ10MHHecu,eHU,HJ1 o6pa:JU,OB B036YlK.l\Macb np11 noMOll\H HenpepbrnHoro 

nonynpOBO.[\HHKOBOro Jla:Jepa c .[\JlHHOH BOJlHbl H3Jly'leHHJI /.., = 405 HM, TBep,l\OTeJlbHblX 

Jla:JepoB c .l\HO.l\HOH HaKa'-IKOH (DPSS) c /.., = 473 11 532 HM H reJlHH-HeOHOBOro Jla:Jepa c 

/.., = 633 HM. ,[\Jlll H3MepeHHJI BpeMeHH lKH3HH JllOMHHecu,eHU,HH HCnOJlb30B3JICJI HMnyJlbCHblH 

TBep.l\OTeJlbHbIH Jla:Jep c .l\110.l\HOH HaKa'-IKOH (Q-switched DPSS) c .l\JlHHoi1 BOJlHbI 113nyYeHHH 

532 HM, ,l\JlHTeJlbHOCTblO HMnynbca 10 He, YaCTOTOH noBTopeHHJI HMTIYJlbCOB IO Kf'u, H 

cpe,l\Hei1 MOll\HOCTblO 30 MB. CneKTpb1 JllOMHHecu,eHu,HH, npHBe.L1eHHb1e Ha pHc. 11 

perncTpHposaJ111cb np11 noMOll\H peweTOYHoro cneKTpoMeTpa (pa:JpeweH11e I HM) c CCD­

.[\eTeKTopoM. ,[\JlJI H3MepeHHJI speMeHH lKH3HH JllOMHHecu,eHU,HH HCnOJlb30B3JICJI .[\BOHHOH 

peweTO'!HbIH MOHOxpoMaTop (pa:JpeweHHe 0,4 HM) c cPOTOYMHOlKHTeJleM, pa60TalOll\HM B 

pelKHMe C'leTa cPOTOHOB, H CTapT/CTOnHaJI MeTO.[\HKa perncTpau,1111 cPOTOHOB. l13MepeHHJ! 

npoBO.l\11JlHCb npH KOMHaTHoi1 H T = 77 K. 06HapylKeHo, YTO B 3HaYHTeJlbHOi1 YacTH o6pa:Ju,oB 

JllOMHHecu,eHU,HJI OTCYTCTBOBana. CneKTpbl JllOMHHecu,eHU,HH CBH.[\eTeJlbCTBYIOT o 

cyll\eCTBOBaHHH HeCKOJlbKHX pa:3llHYHbIX Jl10MHHecu,Hpy10ll\l1X u,eHTpos B Y3Al50 12• 

B pa:J,l\ene 1.11 npHBe.[\eHbJ pe3yJlbTaTbJ o6HapylKeHHH H Hccne,l\oBaHHH HOHa Tb
3
+ B 

KpHCTMJle Lu3Al50 12. B ,l\Hana:JoHe 37 - 210 f'f'u, BnepBbJe 3aperncTp11poBaHbl cneKTpbI 3ITP 

:noro HOHa B LuAG. HanHYHe 'leTb1pex JlHHHi1 CTC (
159

Tb, I = 3 /2, p acnpocTpaHeHHOCTb 

100%) O.l\H03HaYHO CBH,l\eTeJlbCTByeT o npHHa,l\JlelKHOCTl1 cneKTpa HOHY Tb
3
+. JloKMH3au,HJI 

Tep6ttJI B .[\O.[\eKa3,l\pe nO.[\TBeplK.[\aeTCJI xapaKTepHOH yrnOBOH 3aBHCl1MOCTblO cneKTpOB 3ITP, 

H3MepeHHOi1 Ha 'laCTOTe 175 Ill\. nbrno o6HapYlKeHo HeCKOJlbKO pa:3Jltt'-IHbIX napaMarn11THbIX 

u,eHTpOB. HaH6onee HHTeHCHBHble JlHHHH npHHa.[\JlelKMH HOHaM Tep6HJI, JlOK3JIH30BaHHblM B 

.l\O.L1eKa3.l\pHYecK11x no3HU,HJIX. Ha pHc. 12 npe.l\CTasneH BH.l\ cneKTpa 3nP HOHa Tb
3
+ 

nonyqeHHblH Ha YaCTOTe 150,7 ['['u, B MOHOKpttCTMJle Lu3Als012, a Ha pHC. 13 npHBe.[\eHbl HX 

yrnOBble 3aBHCHMOCTH. ,[\Jlll HaxOlK.[\eHHJI cneKTpOCKOTIH'-!eCKHX napaMeTpOB napaMarttHTHOro 

f_\eHTpa 11CTIOJlb30BaH cnHH-raMl1JlbTOHHaH (5) c 3cjlcjleKTl1BHblM CTIHHOM s = 1/ 2 H H,l\epHblM 

cnHHOM I= 3 / 2 . 

H =µBS· g · B + (LlxSx + flySy) + ASzlz (5) 

Tb( I) 

~ -l 6 I( 

fl(kG) 

Puc. 12. CneKmp 3flP uoHa Tb3
+ e J110me4uu 

QJIJOMUHueeoM 2paHame npu T = 4, 2 K, 
B ll< lOO> u '4acmome 175 I'I'4. 

14 

g ) 
·~ 

•ldeiil 

Puc 13. Y2J10J16b1e 3aeucUMocmu 
cneKmpoe 3flPTb3

, v = 150 I'I'4, 
T = 4,2 K. BpaUJeHue e (110), rp = 0°­

B /j< 100>. Tol4KU 3KcnepUMeHm. 

r.[\e, µB - MartteTOH nopa, S = 1/2 - 3cj}cj}eKTHBHblH 3JleKTpOHHblH CnHH . nepBbIH '!JleH B (5) 

onHCbJBaeT 3eeMaHOBCKOe B3aHMO.[\eHCTBHe, BTOpoi1 - paCll\enneHHe 3JleKTpOHHb!X ypOBHei1 B 

HyJleBOM MarHHTHOM none /'). = (6/ + 6 / )112
, a nocJle.[\HHH - csepXTOHKOe B3aHMO.[\eHCTBHe c 

KOHCTaHTOH A. l1cnOJlb3YH BblpalKeHHJI .[\JlJI ypoBHei1 3HeprnH H 3KCnepHMeHT3JlbHbJe .[\aHHble, 

onpe,l\eJleHbl cneKTpOCKOnH'!eCKHe napaMeTpbl (g-cjlaKTopoB H /'). .[\JlJI u,eHTpOB Tep6HJI B 

LuAG). Pe3yJlbTaTbI npe.l\CTaBJleHbI B rn6n. !. 

Ta6nu4a 1. flapaMempbL 4eHmpoe Tb3
+ e KpucmQJIJle Lu;A/5012. 

IJ;eHTp gz A Z (f'f'u,) /'). (ffu,) 

Tb3+ 15,27 5,16 109,7 

TbJ+ (I) 15,17 - 146,96 

TbJ+ (II) 15,56 - 128,04 

06ttapylKeHbl TaJOKe caTeJlJlHTHble CHrHaJlbl MaJIOH HHTeHCHBHOCTl1, noKa:JaHHbJe 

CTpenKaMH Ha pHC. 12, TaJOKe npHHa.[\JlelKall\He HOHaM Tb
3
+, JlOK3JIH30BaHHblM B c-yJnax. 3TH 

CHrHaJlbl o6ycnOBJleHbl HaJIH'-!HeM aHTHCaHT .[\ecjleKTOB B OKpYlKeHHH napaMarHHTHOfO u,eHTpa. 

06pall\aeT Ha ce6JI BHHMaHHe Ha6JllO.[\aeMaJI 3Ha'-IHTeJlbHaJI pa:3HHU,a w11pHH JlHHHH 3ITP 

Tep6HJI B 6JlH3KHX no CTpyKType KpHCTMJlaX JllOTeU,HH-3JllOMl1Hl1eBOfO H 11TTpHi1 

3JllOMl1Hl1eBOro rpaHaTa, nO'-ITl1 B 3 pa:3a. 

BTopaH rnasa (3ITP-cneKTpOCKOnttJI napttMeCHbIX u,eHTpOB B KpttcTannax 

opTOMIOMttHaTa HTTpttll) nocBJill\eHa 11ccne,l\0BaHHIO aKTttBttpoBaHHbIX KpHcTannos Y AI03. 

Ha pttc. 14 npHBe.[\eHbI cneKTpb1 3ITP ttOHOB Er
3
+, Nd

3
+ H Ce

3
+, B MOHOKpHCTMJle 

Y Al03, 3aperncTpHpoBaHHb1e B op11eHTaU,HJ1X B II a, B II b H B II c npH T = 10 K H YacToTe 

9,24 f'f'u,. Ha cneKTpOMeTpax JEOL H ERS-230. 

Er' I c< rd· YAIO, 

T•IOK 

M o'' 
B,la 

'V 

Er' Mo' I I NJ' !le< H h 

"'Iv 

,... I . 
Mo' Nd B 1.: __.r___._. 

0 1000 2000 3000 4000 

Magnetic licld {mT ) 

Puc. 14. CneKmpbl 3flP uoHoe Er3+, Ncf+ u 
Ce3+ e YA/03 npu pa3!1U'4HblX opueHma4UflX 

v = 9,24 I'I'4 u T = 12 K. 

• t- r" ... ,r 
l~l(l ~ 11 Nd'.EJ)(p, 

~ 
~ 1u.•JO 
..: 

~ 
~" 
;; 

• c.,.· ""r· 
- lh..'t)fl:Un<K 

An~k (dcgn .. -cl 

Puc. 15. Y2J1oeb1e 3aeucUMocmu 
pe30HQHCHblX MQ211UmHblX noneU U0fl06 

Er3+, Nd3+ u Ce3+, nnocKocmu (a-b). 

Ha pHc. 15 npHBe.[\eHbl 3KcnepHMeHT3JlbHbJe (TOYKH) H pac'leTHbJe opHeHTau,HOHHble 

3aBHCl1MOCTH MarHHTHOfO nOJlJI np11 spall\eHHH KpHCTMJla B TIJlOCKOCTH (a-b). 3TH 
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3aBl1Cl1MOCTl1 onl1Cb!BaIOTCJ! cn11HOBbIM raM11nbTOH11aHOM c ::HpcjleKTl1BHblM cn11HOM s = 112. 
napaMeTpbl cneKTpos np11se.11ettb1 B rn6n111.-1e 2. 06ttapy)!(eHo, LJTO pa3n11LJHb1e napaMarn11THb1e 

pe,llK03eMenbHbie 110Hbl, 3aMell.(alOll.\11e 110Hbl y 3+ B Y AI03 11 n0Kan113osattttb1e B o.11tt11x 11 Tex 

)Ke y3nax, TeM He Mettee, 11Me10T pa3n11LJHb1e HanpasneH11JI noKanbHbIX MarHl1THbIX oceli. z 11 y 
OTHOCl1TenbHO Kpl1CTannorpacjl11LJeCKl1X oceli. Kp11CTanna. 3HaLJeHl1J! 3Tl1X yrnoB np11Be,lleHbl B 

rn6nmw 2. 

Taiinuu,a 2 flapCl.Mempbt cnuHoeo20 2Cl.MWlbmOHUaHa uoHoe Er3+. Ncf+ u Ce3+ e 
MOHOKpucmwuwx YA/03• 

J10H J130TOn A., Ay. A,, 
0 OT a 

g, gy g, 
B (a-b) 

10-4CM-J 10-4CM-I 10-4CM-I 

Er3+ 8,812 9,142 2,801 161Er 280 335 350 41,4° 

Nd3+ 2,565 2,81 1695 14sNd 295 256 192 30,5° 

Nd3+ 2,565 2,81 1695 14sNd 186 184 69 30,5° 

CeJ+ 0,395 0,388 3,614 - - - - 31,8" 

3TIP Tm3+ B Y AI03. Ha octtoBaH1111 11ccne.11osatt11l! cneKTpoB 3ITP Kp11cTannos 

Y AI03 06ttapy)!(ettb1 11 O,llH03IIaLJHO mnepnpeT11posanb1 cneKTpb1 3CTP npHMeCHbIX 1101ms 

Tm3+, 3aMell.(a!Oll.(HX 110Hbl Y 3+. CTp11 3TOM HanpaBneH11l! Marttl1THblX MOMeHTOB ne)!(aT B 

nnOCKOCTl1 (ab) 11 COCTaBnl!IOT 55° c OCblO a. CneKTpbl perncTp11pOBMl1Cb B LJaCTOTHOM 

11HTepBane 90 - 160 fI'I.-1 np11 KOnn11HeapHOM pacnonO)!(eHl111 nepeMeHHOfO B1 11 nOCTOJ!HHOfO 

B0 Marn11Tnb1x noneli.. Ha p11c. 16 npe.11cTasnenb1 np11Mepb1 3aperncTp11posaHHb1x c11rnanos 

3ITP 110HOB Tm3+ BY AI03. Yrnosb1e 3as11c11MOCT11 npo113so.1111n11cb np11 spall.(en1111 Kp11cTanna 

~/\!'-,.;., ~ ,.)1 \I 
-e--c .. v i1 \I l iii 
l J UI 

B 1 
b ------.-/ \\ ( 

/\ J 
a .J vi"'"' 

(I ::? ... (i !( 10 

B.mT 
Puc. 16. CneKmpb1 3flP uoHa Tm3+ e YA/03. 

(a) f./acmoma 98,7 I'I'Z{, Biia. (b) - 117 I'I'Z{, 
Bl la; (c) - 149 I'I'Z{, Bl lz. 

16 

~ 10 .,. vv 
•11,deg 

Puc 17. Y2ll06aR 3aeucUMocmb cneKmpoe 
3IIP Tm3

+ e YA/03. Toi;Ku - 3KcnepUMeHm, 

v= 150 I'I'Z{, 90° coomeemcmeyem Bl la. 

B nnocKOCTJ!X (ac) 11 (ab), B (ab) np11Be,lleHbl Ha (p11c. 17). 113 LJaCTOTHO-noneBOH 3aBl1Cl1MOCTl1 

,llnl! op11eHTal.\l1H B II z nonyLJena sen11LJ11Ha pacll.(ennen11JI B nynesoM none (89 ff!.() 11 

g-cjlaKTopa (g, = 10,9). obrn11 3aperncTp11posaHb1 TaK)!(e y3K11e cna6b1e napbI n11H11i1 (B 

ysen11LJeHHOM Macwrn6e na p11c. 16), np11po.11a KOTOpblX, nO-Bl1,lll1MOMy, CBJ!3aHa c o6MeHHO 

CBl!3aHHbIMl1 napaM11 Cr3+ - Tm3+. 

B pa3.11ene 2.6.4. np11se.11eHbI pe3ynbTaTb1 no 06Hapy)!(en1110 110HOB Tb3+ B Y AI03. Ha 

pHC. 18 npe.11crnsneH 811,ll cneKTpa 3CTP 110Ha Tb3+ 3aperncTpHpOBaHHblH np11 'laCTOTe 41 ff!.( 

B op11eHTal.(HH, KOf,lla MarHl1THOe none ne)!(l1T B nnoCKOCTl1 (ab) 11 OTKnOHeHO OT nanpasneHHJI 

"a" Ha 34°. Ha p11c. 19 nOKa3aHbI yrnoBbJe 3as11c11MocT11 (TOLJKl1 - 3KCnep11MeHT) cneKTpoB 

3ITP 110HOB Tb3+ s YAI03 B nnocKOcT11 (ab). ITony\JeHbI cne.11yioll.(11e 3HaLJen11l! napaMeTpos 

cneKTpos: g = 17,55, /';. = 4,29 ff!.(, A1 = (g/g)A = 537 Mfl.(. 

r-----ir------,--------~------- T 

1.0 1.5 2.0 

B (kCi) 

Puc. 18. CneKmp 3IIP uoHa Tb3
+ e YA/03. 

f./acmoma 41 I'I'Zf u T = 4,2 K. 

~ (j 

~ I~ ) 
= 

••+-~~~~~~~~~~~~~~ 
·~ ~ . . ~ 

\'hi\!'') 

Puc. 19. Y2ll06aR 3aeucUMocmb 
cneKmpoe 3flP uoHa Tb3

+ e YA/03. 

BpaUjeHue e rlJIOCKocmu (ab). 

)J;anee npl!MbIM MeTO.l\OM 113MepeHo pacll.(ennen11e B nynesoM MarHl1THOM none 

Me)!(.LIY KpaMepcosb1M11 .11y6neTaM11 I± 1/2> 11 I± 3/2> np11MecHoro 110Ha Mo3+ 3aMell.(a!Oll.\11e 

AI3+ s Kp11cTannax Y AI03, pasHoe 75,8 ff!.(. 06pall.(aeT na ce6l! sn11MaH11e 6omwaJI pa3Hl11..(a 

3TOH Benl1411Hbl no cpaBHeHl1!0 c HTTpHH MIOM11Hl1eBbIM rpanaTOM (261,6 ff!.(). 

nbrn o6Hapy)!(en TaK)!(e napaMarn11THbIH l.(eHTP B Y Al03, 3HepreT11YecKaJI cxeMa 

yposHeli. KOToporo npe.11crnBnl!eT co6ol1 c11nrneT 11 .11y6neT c pacll.(ennett11eM Me)!(.LIY Hl1MH 

215,2 ff!.(. Ha OCHOBaHl1H 'll1Cna He3KBl1BaneHTHblX nono)!(eHl1H 11 yrnOBb!X 3aBl1Cl1MOCTeH 

3TOT l.(eHTP np11n11caH HonaM Fe2+, 3aMell.(alOll.\HM Al3+ B Kp11cTann11YecKoll peweTKe 

opTOMIOMl1HaTa HTTp11l!. 

B TpeThCH rJiaBe (Heynopl!,llOLJeHHbie Cl1CTeMbl Ha OCHOBe rpaHaTOB 11 

opTOMIOM11HaTa 11TTp11l!) 11ccne.11osaHbl CTaTl1CTl1'leCKl1 Heynopl!,llOLJeHHbie rnep,llble paCTBOpbl, 

Kp11cTannb1 Y1.,LuxAI03 c np11MeCblO Ce3+, (Y1.xLux)3Als012, co.11ep)!(all.(11e 110Hbl Mo
3
+ 11 Er

3
+, 

a TaK)!(e Y 3(Al2_xScJAl30 12 (0 ~ x ~ 2) c Mo3+. Oco6eHHOCTblO cneKTpos 3TIP 3Tl1X cnO)!(HbIX 

coe.1111HeH11H l!Bnl!eTCJ! yw11peH11e cneKTpanbHblX nHHl1H. IlpH'll1HOH 3TOro l!Bnl!eTCJ! 

cynepn03111..(11J! n11Hl1H, KaK OCHOBHOro, TaK 11 OT l.(eHTpOB, B03Hl1Ka!Oll.(11X 113-Ja 

CTaTl1CTl14eCKHX cjlnyKTyal.(HH B pacnpe.11eneHl1l1 .11ononHHTenbHOH np11Mec11 B KaTl10HHOH 

no.11peweTKe 11 11cK~aJOll.(l1X 6n11)!(attwee 0Kp~eH11e napaMarn11Tnoro l.(eHTpa. 
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l1HTeHCl1BHOCTl1 11 KOJIWieCTBO A0110JIHl1TeJibHbIX 1111KOB 3aBl1ClIT OT KOHIJ,eHTpaIJ,1111 

AOIIOJIHl1TeJibHOH 11p11Mec11 11 pacTyr c x . .nmi 11p11Mepa Ha p11c. 20 11 21 npHBe)J.eH B11A 

cneKTpos 110Ha Ce
3
+ B rnepAblX pacrnopIDK Y 1 .. LuxA103 AJill x = 0,111 0,3. B HHTepsane yrnos, 

npHBe)J.eHHb!X Ha p11cyHKax 11p11 BpalljeHl111 BHeWHero MarHHTHOro IIOJlll B B IIJIOCKOCTl1 

Kp11CTaJIJia c Ha6JIIO)J.aeTCll HaHJIY'!Wee pa3peweHHe A0110JIHl1TeJlbHblX Jll1HHH 3f1P. 

•OOO 

71 40" 

~ 43' 

~" 
~ 48" Y , 
~ 
KOOO 11000 

Magnetic field . m T 
Puc. 20. CneKmpb1 3llP UOH06 Ce3

+ 6 
Y09Lu01Al03 npu v = 9,24 I'I'tf, T = 9 K 6 
u11mep6W1e y2llo6 8 om 40 oo 50°. 

40° 

~ 
~, 

~O" 
6000 KUO(! 10000 

M:u.:mctic fie ld . 1nT 

Puc. 21. CneKmpbt 3llP uo1106 Ce3
+ 6 

Yo.7Luo.~l03 npu v = 9,24 I'I't{, T = 9 K 6 

u11mep6W1e y2llo6 8 om 40 oo 50°. 

B rn6n11IJ,e 3 11p11BeAeHb1 3HaYeHHJI g-<jlaKTopoB 110Ha Ce
3
+ B Y Al03 11 A01IOJIH11TeJibHbIX 

IJ,eHTpOB B Yo,9LU0,1AI03 npH npH v = 9,24 rrlJ, T = 9 K AJlll 3Ha'!eHl1ll yrna e = 50° MelKAY 

BHeWHl1M MarHl1THblM IIOJieM H Kp11CTaJIJIOrpa<jJH'leCKHM HanpaBJieH11eM a B IIJIOCKOCTl1 c, 
paBHOM 50°, npH KOTOpOM Ha6JIIO)J.aeTCll Ha11Jiy'lwee pa3peweH11e cneKTpa. MHOfOTHIIHOCTb 

IJ,eHTpOB Ce
3
+ B YLuAP 3aB11c11T OT KOHIJ,eHTpaIJ,HH (x) 11 KOH<jJHrypaIJ,1111 pacnoJIOlKeHHll HOHOB 

Lu
3
+ B Y3JiaM 11TTpHeBOH 110,!1.peweTKH. B OAHOM 11 TOM lKe KpHCTaJIJie o6pa3y!OTCll HOBbie 

Ta6Jluu.a 3 311a1JeHU5l 3<jJ<jieKTHBHblXg-¢aKmOp06 UOHa Ce3
+ 6 YA/03 u oono11HumeJ1bHblX 

t{eHmpo6 Ce3
+ 6 Yo. ~uo, 1AI01 npu v = 9,24 I'I't{, T = 9 Ku 8 = 50". 

Li,eHTp Ce! Ce2 Ce:YAP Ce3 Ce4 Ce5 I Ce6 

g><l><I> 0,581 0,594 0,626 0,646 0,685 0,115 I o,746 

IJ,eHTpbl c HCKIDKeHHbIM 6JIHlKaHWHM OKpylKeHHeM HOHa Ce
3
+. ,Zl,nll o6blICHeHl1ll 11p11pOAbl 

HOBbIX IJ,eHTpOB Ce
3
+ 6i,rna paccMOTpeHa cTpyKTypa 6JIHlKafiwero OKpylKeHHll napaMarnHTHoro 

IJ,eHTpa B KpHcTanJIHYecKofi peweTKe. KIDKAblH HOH Ce
3
+ B Y Al03 B HenocpeACTBeHHOM 

OKpylKeHHH HMeeT 8 HOHOB 0
2
·, 06pa3ylOlljHX HCKIDKeHHblH AOAeKa3AP· B CJieAyIOl!JYIO ccpepy 

BXOAlIT 6 HOHOB y 3
+ HJIH Lu

3
+ Ha Tpex pa3JIH'IHbIX paccTOlIHHll.X 3,641 A, 3,792 A 11 3,730 A. 

o6pa3yll HCKIDKeHHblH OKTa3,!1.p. DblJlH paCC'll1TaHbl 'IHCJIO H Bepol!THOCTH o6pa30BaJ-!Hll HOBblX 

IJ,eHTpOB. I1p11 Bcex B03MOlKHbIX KOM611HaIJ,HlIX pacnoJiolKeHHll 110HOB y 3
+ 11 Lu

3
+ BOKpyr Ce

3
+ 

B y l-xLUxAl03 B03MOlKHO o6pa30BaHHe 27 pa3JIH'IHblX napaMarHHTHbIX IJ,eHTpOB. 

18 

Ha p11c. 22 npHBe,!l.eHa KOHIJ,eHTpaIJ,HOHHall 3aBl1CHMOCTb HHTeHCl1BHOCTl1 

AOnOJIHl1TeJibHbIX IJ,eHTpOB Er
3
+ B (Y 1_xLux) 3Al 50 12 OT co,1:1eplKaHHll. HOHOB Lu

3
+ (x) . J.13 

pHCYHKa BHAHO, '!TO HaplIAY c Jl11H11eH Er1
3
+ (B036YlKAeHHOe COCTOlIHHe) Ha6JI!O)J.a!OTCll HOBbie 

JIH.HHl1, o6o3Ha'leHHble KaK Er1(1) 11 Er1(2) (rnK)l(e B036YlKAeHHble cocTOSIHHll). 

l:.r, 

..... 
Lr1t2) 

' . '\: o~ ' 01 

B 

Puc. 22. CneKmpb13 llP iier1mpo6 Er3+ 6 

(Yo,95Luo.os) 3Al50 12· 

3500 

- Er, 

Er
1
(1) 

[001] [I 11] [I )OJ 

30° 6<J° 80° 
A--

Puc. 23. Y2llo6bte 3a6UCUMocmu 
Ma2Hum11btX noJ1eu Er3+ 6 

(Yo,9sluo.osJJAls0 12 v = 9,35 I'I'tf, T = JO K. 

Ha p11c. 23 np11BeAeHbI 3Kcnep11MeHTaJibHb1e (TOYKH) 11 pac<JeTHbJe yrnoBbie 

3aBHCHMOCTH OCHOBHOH H )J.OnOJIHHTeJibHbIX JIH.H11H 3I1P Er
3
+ B yBeJitt'leHHOM MacwTa6e. 

I10JIY<JeHbl CJieAY!Ol!JHe 3Ha'!eHl1ll g-cJ:>aKTOpOB )].Jill ,l:\OIIOJIHHTeJibHb!X IJ,eHTpos : 

g xEr1(1) = 2,051 11 g xEr1(2) = 1,947. PaCCLJHTaHbl YHCJIO H sepOlITHOCTH o6pa30BaHH.ll HOBblX 

IJ,eHTpOB. IlpH Bcex B03MOlKHhlX KOM6HHaIJ,Hll.X pacnoJIOlKeHH.ll 110HOB y 3+ H Lu3+ BOKpyr Er3+ B 

KpHCTaJIJIH'leCKOH peweTKe (Y1 -x Lux) 3Als012 B03MOlKHO o6pa30BaHHe 12 pa3JIH'lHblX Tl1nOB 

napaMarHHTHblX IJ,eHTpOB. 

Ofo1apylKeH TaK)l(e pH.A HOBbIX no cpaBHeH1110 c Y AG 11 LuAG napaMarHHTHbIX 

IJ,eHTpoB Mo
3
+, o6pa3yrol!JHXCll np11 3aMell,\eHttl1 y 3

+ Ha Lu
3
+ 11 (Y I-xLux) 3Al50 12, me 0 :::; x :::; I 

11 Al
3
+ B OKTa3ApwiecKHX y 3nax Ha HOHbl Sc

3
+ B Y3(Al2_xScx)Al30 12, r )J.e 0 :::; x :::; 2. Pacc'!ttTaHbl 

sepoSITHOCTH o6pa3oBaHHll 11 Y11cno o6pa3yeMbIX ueHTpos B 3as11c11MOCT11 OT cocrnBa x. Dp11 

Bcex B03MOlKHbIX KOM611HalJHllX pacnOJIOlKeHHll. HOHOB y 3
+ 11 Lu3+ BOKpyr Mo3+ B (Y l ­

xLllx) JAls01 2 B03MOlKHO o6pa30BaHHe 13 pa3JIH.'lHblX THIIOB napaMarHl1THb!X IJ,eHTpOB, a B 

y 3(Al2-xScx)Al3012 22. I10Ka3aHO, '!TO npH CTeXHOMeTp11YeCKOM COCTaBe y 3Sc2Al301 2 (x = 2) 

HOHbl Sc
3
+, IIOMHMO OKTa3ApHeCK11X, 3aMellja!OT TaK)l(e HOHbl y 3

+ B AOAeKa3APH'feCKHX Y3JiaX. 

YcTaHOBJieHbl CHMMeTpH.ll, 6JIHlKaHwee OKpylKeHHe 11 onpe,!1.eJieHbl napaMeTpbl cn11HOBOro 

raMttJibTOHHaHa aKCHaJibHbJX 11 poM611yecK11x IJ,eHTpOB Mo
3
+ B YLuAG 11 YScAG 11p11 MaJihlX 

KOHIJeHTpaIJ,11lIX AOnOJIHHTeJibHOH npHMeCH x :::; 0,16. 

B •1eTBepTOU rJiaBe (3f1P MOHOKpHCTaJIJIOB BOJibcppaMaTa CBH.HIJ,aPbW04) 

npHBe)J.eHbl pe3yJibTaTbl l1CCJie,1:10BaHl1ll KpHCTaJIJIOB PbW04, KaK 6ecnpHMeCHbIX, TaK H 

aKTHBHposaHHbIX, c o6pa30BaHHeM pa3JIH'IHhIX AecpeKTOB. B cneKTpax 3f1P HOMHHaJibHO 

'lttCTbJX KpHCTanJioB PWO 6brn11 06HapylKeHE.1 ABe n11Htt c AOCTaTO'lHOH 11HTeHCHBHOCTb10 AJill 

noApo6Horo 11ccne,1:1osaH11ll.. 06e JIHH11H Ha6JI10AaJIHCb np11 TeMnepaTypax Hl1lKe 30 K 11 

npOSIBJlll.Jil1 aKCHaJibHY!O c11MMeTp1110 c oci,10 z II [001], 11 11MeJI11 OAHO MarHHTHO­

He3KBl1BaneHTHOe 110Jl0)1(eHHe. 1IHH11ll, HMe!Olljall g-cJ:>aKTOpbl gll = 1,362 11 g .l = 2,594, 

np111111.caHa HOHaM Nd3
+ Ha ocH0BaH1111 YeTKO Ha6n10AaeMoi1 MarnHTHOH CTC. 
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V!):(eHrncjrnKauHH BTOpOH mrnHH 3!1P c g-cjJaKTopaMH gll = 2,677 H g J_ = 1,516, OCHOBbJBaJJaCb 

1-Ja BpeMeHH cnHH-peweT04HOH pe11aKcauHH xapaKTepHOH ):(JUI pe):(K03eMeJJbHblX JlleMeHTOB, 

OTC)'TCTBHH l!):(epHoro CnHHa H 3Ha4eHHl1 cpe):(Hero g-cjJaKTopa. 3TOT ueHTp 06yc110BlleH 

HOHOM Ce3+. 

B aKTHBHpOBaHHblX MapraHueM o6paJuax, Hapl!ey c OCHOBHbJM HHTeHCHBHblM 

TeTparoHaJJbHbJM ueHTpOM Mn
2
+ [ 19] B Hcc11e):(yeMbJX o6paJuax o6Hapyll<eHhJ o4eHb c11a6h1e 

cneKTpb1 KaK MHHHMYM Tpex ue1npoB. Ha OCHOBaHHH no):(po6Horo aHaJJHJa 

JKCnepHMeHTaJlbHblX pe3yllbTaTOB MO)l(HO yrBep)l():(aTb, 4TO O):(HH H3 ueHTpOB, 06yc110B11eH 

HOHOM Mn
4
+, JaMeCTHBWHM W

6+ H HMelOJ.UHM B 611H)l(aHWeM OKpy)l(eHHH BaKaHCHJ{) 

KHc11opo):(a. ,ll,pyrnM ):(ecjJeKTHhIM ueHTpoM l!Blll!eTCl! HOH Mn
4
+ HaXOJ:\l!J.UHHCl! B noJHLIHH Pb

2
+ c 

He110KaJJhHOH KOMneHcauHeH H36bJT04HOro no110)l(HTe11bHOro Japl!J:\a. CneKTP TaKOro ueHTpa 

npHBe):\eH Ha pHC. 24. llhpHXOBbJe CTpellKH noKaJbJBaJ<JT pac1.Uen11eHHe O):(HOH HJ 

cBepxTOHKHX KOMnoHeHT. Cn11owHbJMH CTpe11KaMH 

ueHTpy. 
c 

a 

b 

Ji.II IMI ~OU 

H rnr 

Puc. 24. CneKmpaMn4
+ 66llU3U om 

Bl IS4T = 100 K. a - cneKmp npu Bl IS4, b - npu 

e = 6 ~ rp = 40 ~ c - npu e = 5,5 ~ rp = 0 ° 

OTMe4eHbl CHrHaJJbl He npHHa):(lle)l(aJ.UHe 

2 I 

11 -AJ1r 
~ 

% B.mT qJi · 2ml 

Puc 25. CneKmp Fe
3
+ B 

PbW04,T = 28 K, B-z 75 ~ 
rp = o~ 

1 - JKcnepu.MeHm, 2 - cnntMyJmifUR. 

TpeTHH ueHTP npe):(CTaB11l!eT HJ ce6l! HOH Fe
3
+ B PbW04 JaMeJ.UatOJ.UHH HOH Pb

2
+ c 

llOKaJJbHOH KOMne1-1cauHeH 3apl!):(a BaKaHCHeH 611H)l(aHwero CBHHua. CneKTp 3!1P JTOro 

ueHTpa npHBe):(e1-1 1-ia pHc. 25, npol!Blll!l<JJ.Uero cynepCBepxTOHKHy10 CTPYKTYPY· !1pH TaKOM 

BapHaHTe llOKaJJHJauHH H 3apl!):(OBOH KOMneHcauHH HOHOB Fe
3
+ B PbW04 CJJe):(yeT 0)1(H):(aTb 

JaMeTHOro HCKa)l(eHHl! OKpy)l(eHHJJ, B TOM 4HClle 11 CBHHUOBOro. B pe3yllbTaTe 4ero 

JlleKTpOHHO-l!):(epHoe B3aHMO):(eHCTBHe c TpeMl! OCTaBWHMHCl! 
207

Pb 6y):(eT pa3JJl1'1H0. 

0611r1eHHe o6pa3uOB PbW04:Mn CBeTOM KCeHOHOBOH HllH PTYfHOH llaMnbJ np11 

TeMnepaType -z l 00 K np11BOJ:\HT K nol!BlleHHIO HOBoro 3ITP cneKTpa. Ha6n10):(aeMhJH ):(eCl!TH 

KOMnOHeHTHhlH cneKTp, 06yc110B11eH CBepxTOHKHM B3aHMO):\eHCTBHeM napaMarHHTHOro 

ueHTpa c co6crneHHblM l!):(epHblM cnHHOM paBHblM 9/2. 3TOT ueHTp H):\eHrncjJHuHpOBaH KaK 

):(ByxBaJJeHTHhJH BHCMyr. Bee KOMnoHeHThl CTC cneKTpa Bi
2
+ ):(eMOHCTPHPYIOT 

cynepCBepxTOHKy10 CTPYKTYPY (CCTC), c11a60 JaBHCl!J.UYIO OT BellH'tHHbJ npoeKuHH l!J:\epHoro 

cnHHa. <l>opMHpOBatrne JTOH CTPYKTYPhl BOJMO)l(HO Ja C4eT B3aHMO):(ei1cTBHJJ llH6o c l!):(paMH 
207

Pb (1 = 1/2, ecTeCTBeHHaJJ pacnpoCTpaHeHHOCTb - 22, 1 %) H3 611H)l(ai1tnero CBHHUOBOro 

TeTPaJJ:\pa 111160 c l!):(paMH 
183

W (1 = l/2, eCTecrneHHal! pacnpOCTpaHeHHOCTb - 14,3 %). 
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B narnif rnaBe (3!1P-cneKTpocKoTIHl! accouHaToB «AHTJ1CAKT»-P3 HOH B 

HTipHH-aJllOMHHHeBOM rpaHaTe), HCClle):(OBaHO BJIHl!HHe aHTHCaHT ):(ecjJeKTOB Ha cneKTpbt 3fTP 

peJ:\KOJeMellhHhJX HOHOB Ce
3
+ H Tb

3
+. 

B npouecce BblpaJ.UHBaHHl! H3 pacn11aBa npH BblCOKOH TeMnepaType B KpHCTaJJllaX 

rpaHaTOB o6pa3Y!QTCl! ):(ecjJeKThl nepeCTaHOBKH HllH «aHTHCaHT» ):(e<jJeKTbl (antisite defects, 

AD). B KpHCTaJJ11ax Y 3Al50 12 OHH BOJHHKalOT B pe3y11bTaTe JaMeJ.UeHHH HOHOB Al
3
+ 110HaMH 

y 3
+ (Y Al) B OKTaJ):(pax, HllH HOHOB y 3

+ B ):(O):(eKaJJ:\PH'teCKHX c-y311ax HOHaMH Al3+ (Aly). 

0):(HOH H3 nepBblX ny611HKaL1HH, B KOTOpb!X paccMaTpHBaJJOCb JaMeJ.UeHHe HOHOB 

Al
3
+ HllH Ga

3
+ HOHaMH y 3

+, 6h1Jla pa6orn [20], TIOCBl!J.UeHHal! peHTreHOCTPYKTYPHOMY aHaJJH3Y 

aJJIOMHHHeBh!X H raJJ11HeBblX rpaHaTOB. nocKOllbKY «aHTHCaHT>> ):(ecjJeKTbl He napaMarHHTHbl, 

HX HeB03M0)1(H0 Henocpe):(CTBeHHO Ha6m<J):(aTb MeTO):(OM 3TIP . 0):(HaKO, H3-3a 3Ha4HTellbHOro 

OTJlH4Hl! HOHHbIX paJ:\HYCOB (RA1
3

+(6) = 0,53 A, R /+(6) = 0,9 A) HX B3aHM03aMeJ.UeHHl! Moryr 

npHBeCTH K cyJ.UeCTBeHHOMY HCKa)l(eHHJ{) KpHCTaJJJIH'JeCKOH peweTKH B611H3H napaMarHHTHblX 

ueHTpoB. B cneKTpax 3ITP YAG:Ce
3
+ Hapl!J:\Y c ocHOBHbJMH, 6hrn o6Hapy)l(eH pl!J:\ llHHHH Ce

3
+ 

MeHbWeH HHTeHCHBHOCTH (- Ha 2 nopl!):(Ka), crpynnHpoBaHHblX pl!J:\OM c OCHOBHbJMH. Ha 

ocHoBaHHH aHaJJHJa cneKTpoB caTeJJJJHTHbJe n11HHH TaK)l(e 6hrnH npHnHcaHhJ HOHaM Ce3+, 

JaMeJ.Uat<lLUHMH Y
3
+. Ha pHc. 26 npHBe):(eH cjJparMeHT cneKTpa 3IlP B yBe11H4e1-11-10M Macwrn6e 

npH B II [001]. BH):(Ha HHTeHCHBHaJJ H ):(Be rpynnbJ llHHHH MaJJOH 111-1TeHCHBHOCTH, BbJ):(e11eHHbJe 

Ha pHC. 29 co CTOpOHbl MeHbWl1X no11ei1 KpaCHbJM, a co CTOpOHbl 60llblllHX - CHHHM. 

04eBH):(HO, 4TO npH JaMeJ.UeHHl!X y 3
+ -->A l

3
+ HllH Al3+--> y 3+ HCKa)l(eHHl! 611H)l(ai1wero 

oKpy)l(eHHl! napaMarHHTHoro ue1-1Tpa Ce
3
+ 6yJ:\yr np11Hu11nHaJJbHO ornH'JaThCl!, 

COOTBeTCTBeHHO, C)l(aTHeM HJ111 paCTl!)l(eHHeM KHCllOpO):(HblX nOllHJJ:\pOB 04eBH):(HO, 4TO 6y):(yr 

OTJlH4aThCl! TaK)l(e napaMeTphI cneKTpoB 3flP. 

3Ha4eHHl! g-cjJaKTopoB caTeJJllHTHblX 1111Hl1H c 60llblllHMH H MeHbWHMH 3Ha4eHHl!MH, 

4eM y OCHOBHOro Ce
3
+ (rn611. 4) COOTBeTCTBYIOT TaKHM H3MeHeHl1l!M. KoHueHTpau11l! ueHTpOB 

Ce
3
+ Al~v ):(Oll)l(Ha 6bJTh MeHbWe ueHTpoB Ce

3
+ v~A i (Bepol!THOCTb npe6bJBaHHl! y 3

+ B 

weCTHKpaTHOM OKpy)l(eHHH 6011hwe, 4eM Al
3
+ B BOCbMepHOM). IloCKOJlbKY HHTeHCHBHOCTh 

JlHHHH c MeHbll!HMH g-cjJaKTopaMH (60llbllll1e nomi) 3Ha4HTeJlbHO 6011bwe, 4eM 1111HHH c 

60llblllHMH g-cjJaKTopaMH (MeHblllHe no11l!), TO OHH COOTBeTcrnyeT Ce
3+, B OKpy)l(eHHH 

KOTOpblX eCTb ):(e<jleKT 

:!l 
§ 

~ 
~ 
:;; 

"" o.. 
UJ 

YAG:Cc'· 

Cc -Al, 

~ 

0.235 0.240 

Cc 
Cc'·Y" 

9.35 Gll1 
4.2 K 

~ 
0.245 0.250 T 0.255 

Magnetic Field (T) 

Puc. 26. CneKmp 3llP OCH06flOU u came;1J1umHblX J1U11uii uoHa Ce3+ 6 KpucmaJ1J1ax YAG 
npu opueHmaiiuuB II [001} u i;acmome v = 9,35 rri1. 
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peweTK11 B 811,ll,e 3aMeU_\eHl1H y 3+ ->Al3+(oKT)> a 3aMelJ.leHl1l!M Al3+-> y 3+ COOTBeTCTBYfOT fll1Hl111 B 

MeHbWl1X nonl!X. no Ol.leHKe 11HTerpanbHbJX 11HTeHCl1BHOCTeH OKOflO 6 % HOHOB Ce3+ 11MelOT B 

OKpy)f(eHl111 ,ll,ecjJeKT nepecTaHOBKl1 T11na y 3+ ->Al3+, a 1,5 % C04eTalOTCll c Al )+-> y 3+. 

Ta6nut(U 4 3Ha'leHUJl g-rjJaKmopo6 i1e11mpo6 uono6 Ce3
+, c ucKa:J1CeHHb1M 

0Kpy:;1cenue.M A/3+-> y3+ (1 - 2), y3+ ->A/3+ (3 - 5). 

1.1,eHTPbl Ce gx gv gz 
I 2,81 1,89 0,92 

2 2,79 1,88 0,92 

YAG:Ce 2,74 1,87 0,91 

3 2,71 1,86 0,91 

4 2,70 1,85 0,91 

5 2,67 1,85 0,91 

B cneKTpax 3ITP Kp11cTannos Y AG, aKT11a11poaaHHbIX Tep611eM TaK)f(e, Hapll.ll.Y c 

OCHOBHbJMl1 11HTeHCl1BHb!Ml1 Ha6nJO,ll,aeTCl! Pllil. ,ll,Ofl0flH11TenbHblX fll1Hl1H MeHbWeH 

11HTeHCl1BHOCT11 . Ha OCHOBaH1111 Ha6mo,ll,aeMOH csepxTOHKOH CTPYKTYPbI MO)f(HO OP.H03Ha4HO 

yYBep)f(,ll,aTb, 4TO fll1H1111 3ITP MeHbWeH 11HTeHCl1BHOCTl1 TaK)f(e o6ycnosneHbl 110HaMl1 Tb
3
+, 

3aMeL1.1aJOL1.111M11 110Hbl Y 3+. Hosbie n11H1111 Tb3+ B Y AG o6ycnosneHbI napaMarn11THbIM11 

t.1eHTpaM11, 11MeJOT TY )f(e np11po,ll,y, HO HX 6n11)f(aHwee OKpy)f(e~111e 11CKa)f(eHO aHTl1CaHT 

,ll,ecpeKTOM KaK 11 s cny<1ae c l..(ep11eM. Ha p11c. 27 noKa3aH cj>parMeHT cneKTpa 3nP Ha 'laCTOTe 

148,5 fTt.1 c YKa3aHl1eM HOBbIX t.1eHTpOB, KaK c 60flbWl1Ml1, TaK 11 c MeHbWl1Ml1 napaMeTpaMl1 

Ha4MbHOro pacL1.1enneH11l!M11 (!:i). qeTBepK11 n11H11H CTC ocHOBHbIX t.1eHTpos o6o3Ha4eHbI KaK 

Tb3+, a ,ll,ononH11TenbHb1e t.1eHTpb1 KaK Tb3\ I), Tb3+(ll), Tb3\ III) c 6onbWl1M pacL1.1enneH11eM 

(rony6bIM Ha p11c. 27) 11 Tb3+(1V), Tb3\ V) c MeHbWl1M !:i (KpaCHbIM, p11c. 27). napaMeTpbl 

scex Ha6mo,ll,aeMblX t.1eHTpos Tep611ll np11Be,ll,eHb1 B rn6n11t.1e 5. ob1n11 113MepeHbI LtaCTOTHO­

noneBbie 3aBl1Cl1MOCTl1 cneKTpa 3 ITP, np11Be,ll,eHHbie Ha p11c. 28. 

YAG:Tb ' 

148.5 GHz 
4.2 K 

Tb 1·-v., 

Tb'-AI , 
.11 .11 .11. 

r.wwr 
I I I I Tb'' 

0.4 0.5 0.6 
Mal(netic filed (Tl 

Puc. 27. CneKmp 3IlP Tb3 6 YAG 
+11a 'lacmome 148,5 I'I'71 npu B II [001}. 
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Puc. 28. Cfacmom110-none6b1e 3a6ucuMocmu 
cneKmpo6 3IlP mep6U516 YAG, T = 4 K. 

np11pO,ll,HblH t.1ep11i1 He CO,ll,ep)f(11T He4eTHbIX 1130TOflOB 11 B cneKTpax 3f1P OTCyYCTByeT 

csepxTOHKal! CTpyKTypa. 8 cnyYae HOHOB Tb3+ c ll,ll,epHblM cn11HOM I= 3/2 c11rnanb1 MeHbwei-i 

H11TeHCl1BHOCT11 npOllBfllllOT csepxTOHKYIO CTPYKTYPY 11 OiJ.H03Ha4HO OTHeceHbl K t.1eHTpaM 

Tb3+. 

Ta6Jluu.a 5 JlapGMempb1 71enmpo6 mep6U51 6 KpucmaJIJle YAG. 

1.1,eHTp g !:i (fft.1) A(ITt.1) 

Tbj\lll) 15,36 115,92 5,41 

TbJ+(II) 15,66 98,19 5,52 

TbJ+(I) 15,6 94 5,55 

TbJ+ 15,7 81,1 3,5 

Tbj\IV) 15,7 76,5 5.6 

Tb
3
\V) 15,65 71 5,7 

Ysen11YeH11e paCL1.1enneHl1H !:i ,ll,fll!Tb3+ 03Ha4aeT C,ll,Bl1r 110HOB 0 2- K napaMarH11THOMY 

t.1eHTPY (c)f(aT11e KHcnopo,ll,Horo P.OP.eK33P.pa). ITo3ToMy, caTenn11THb1e n11H1111 Tb3+ c 6onbW11M 

pacw.enneHHeM acCOl.11111pOBaHbl c «aHTl1CaHT)) ,ll,ecj>eKTaMH Tl1na y 3+ Ha MeCTe 

OKT33P.p114ecKoro Al3+, a c MeHbW11M11 !:i, - c ,ll,ecj>eKTaM11 Al3+ -> y 3+. 

,[(nll nocTpOeHl1ll MO,ll,en11 ,ll,ecj>eKTHOro t.1eHYpa 6brna paCCMOTpeHa Kp11CTMfl114eCKal! 

CTpyKTypa rpaHaTa B 0Kpy)f(eHl111 napaMarHl1THOro t.1eHTpa. 8 0Kpy)f(eHl111 y 3+ np11CyYCTBYeT 

,ll,eCl!Tb OKT33,ll,p114eCKl1X 110HOB Al3+, y,ll,aneHHblX Ha Tp11 3Ha4eHl1ll paCCTOllHHH OT t.1eHTpa ,ll,0 

6n11)f(aHw11x OKTa3,ll,p114ecK11x y3nos Al3+: 3,36 A, 5,41 A 11 6,79 A. Eonee y,ll,aneHHbre y3nbr 

HaxOP.llTCl! Ha paccTOllH11llX 6onee 7,35 A 11 11x an11l!H11e He3Ha411TenbHO. Tp11 3Ha4eH11l! 

paCCTOllHHH Me>Kil.Y 110HOM Tep611l1 11n11 t.1ep1rn 11 «aHTl1CaHT» ,ll,ecj>eKTOM onpe,ll,eflllfOT Tp11 

sen11Y11Hb1 s 113MeHeH11l!x napaMeTpa Ha4anbHoro pacL1.1enneH11l! /'i il.flll 110HOB Tb3+ 11 g­

cjJaKTopa 110HOB Ce3+. f103TOMY HM11411e «aHTl1CaHT)) ,ll,ecj>eKTa ,ll,Ofl)l(HO np11BeCTl1 K 

o6pa30BaHl1IO Tpex HOBb!X napaMarHl1THblX l..(eHTpOB. 3To COOTBeTCTByeT 411cny 

:JKcnep11MeHTMbHO Ha6nJO,ll,aeMbIX ,ll,ononH11TenbHbIX t.1eHTpoa Tb3+ 11 Ce3+. MaKC11MMbHOe 

l1CKa)f(eH11e Kp11CTMfll14eCKOro nonll COOTBeTCTByeT 6n11)f(aHweMy «aHTl1CaHT» ,ll,ecj>eKTy, 

yP.aneHHOMY OT Tb3+ (Ce3+) Ha M11H11ManbHOe paccTOllH11e 3,36 A. )J,nll t.1eHTpos Tb3+(lll) 11 

Ce3+(JJI) Ha6n10,ll,aeTCl! Ha116onbwee OTKflOHeH11e OT 3Ha'IeHl1H, COOTBeTCTBYJOL1.111X t.1eHTpaM B 

perynllpHOM 0Kpy)f(eH1111. M11H11ManbHOe OTKnOHeH11e !:i 11 g-cj>aKTopa, Ha6nJO,ll,aeMb1e .ll.flll 

Tb3+(1) 11 Ce3+(1), 11 cooTBeTCTByJOT «aHrncai-irn P.ecj>eKTaM, yP.aneHHbIM OT y 3+ Ha 6,79 A. 
CpaaHeH11e 11HTeHCl1BHOCTei1 n11H11i1 3ITP 110Hos Tb3+ 11 Ce3+ s perynllpHOM 11 P.ecj>eKTHOM 

0Kpy)f(eHl111, fl03B0fll1fl0 ou,eHl1Tb 11X KOHl.leHTpat.11110. yt3 cneKTpOB 3ITP cne,ll,yeT, 4TO 

«aHT11caHT» ,ll,ecj>eKT np11cyYCTayeT s 0Kpy)f(eH1111 np11MepHo 6 % 110HOB Tb3+. ITp11MepHo TaKoe 

)f(e COOTHOWeH11e Ha6n10,ll,aeTCll ,ll,flll t.1eHTpOB t.1ep11ll. 

B rnecTOH rnase (3ITP-cneKTpocKon11l! noKMbHOro CYpyKTypHoro nepexo,ll,a B 

MoneKynllpHoM np11MeCHOM 110He Mno/- a cj>eppo:inacrnKe K3Na(Cr04)i) o6Hapy)f(eH, 

11ccne,ll,OBaH 11 11HTepnpeT11posaH 3cj>cj>eKT noKanbHOro cTpyKTypHoro nepexo,ll,a. 

3ITP MOHOKp11CTanna K3Na(Cr04)2: MnO/, 113y4ancll B 3 CM ,ll,11ana30He B w11poKOM 

23 



HHTepsane TeMnepaTyp OT 3,5 AO 300 K. TipH T < 25 K 6b1n o6Hapy)l(eH HHTeHCHBHblH cneKTp 

3TIP, COCTOl!ll(HH H3 60JlbWOro •rncna 'l3CTH'lHO Ha.JJOl!<CHHblX Y31<11X (4 re) JlHHHH. AHa.JJH3 

OpHeHTal(HOHHbJX 33BHCHMOCTeH nOK33a.JJ, 'lTO 3TH JlHHHH npeACT3BJll!IOT co6oi1 KOMnOHCHTbl 

csepxTOHKOH CTPYKTYPbI OT 12 ceKcTeToB, o6yenosneHHbIX 3d 1 
MoneKynl!pHblM KOMnn eKeOM 

Mnol-, e S = 1/2 H l!AepHbJM cn11HOM I = 5/2. Ha6n10AaeTcl! CHJlbHal! aH113oTponHl! 

CBCpXTOHKOrO paemenneHHl! B M3KeHMyMe, nopl!AK3 149 re, a B MHHHMyMe - 15 re. 

TiapaMarHHTHblM l(eHTpOM 3ACCb l!BJll!eTel! HOH Mn
6
+ B MOJleKynl!pHOH npHMCCH Mn04

2
-, 

HMCIOLL(HH 12 M3rHHTHO-HC3KBHBa.JJCHTHblX noJJO)KCHHH, o6p33ylOLL(HXCl! B KpHeTanne npH 

TeMnepaTypax HH)KC $330BOro nepeXOA3 (239 K). 3To COOTBCTCTByeT pettTreHOBCKHM A3HHblM 

pa60Tb1 [21], TO eeTb B cerneT03nacT11Yee1<oi1 <!>aJe KpHeTa.JJJlbl K 3Na(Cr04) 2 xapaKTepH3YJOTel! 

ABOHHHKOBaHHeM H o6p33yJOT 6 AOMCHOB c 60° OpHeHTal(HeH, npH 3TOM TCTPa3APbl Cr04 

HeKa)l(alOTCl! H nosopa'lHBalOTCl! OTHOeHTCJlbHO OCH c KpHeTanna. 

0TMCTHM He06bJ'lHOe eBOHCTBO cneKTpOB 3TIP, o6Hapy)l(eHHble B 

HH3KOTeMnepaTypHblX 3TIP-3KcnepHMCHTax npH T < 20 K (pHe. 29 - 3 I). 
I) 3TO npe)l<Ae scero pe3KOe ysemt'lCHHe HHTerpanbHOH HHTCHeHBHOCTH CHrHa.JJa 3TIP npH 

noHH)l(CHHH TeMnepaTypb1 B AOeTaTO'lHO Y3KOM AHanaJoHe OTT = 4 KAO T "" 3,7±0,2 K: pocT 

HHTerpanbHOH HHTeHeHBHOCTH npH6JlH3HTCJlbHO B 2,7 p33a (PHe. 29). 
2) no Kpai1HeH Mepe, B HHTepsane TeMnepaTyp 14,5 2: T 2: 3,5 K Ha6ntOAaeTCl! 

ena6o3aBHCl!Ll.(3l! OT TeMnepaTypbl He3 KBHAHeTaHTHOeTb JJHHHH esepxTOHKOH eTpyKTypb1. 

TaK, npH renHeBblX TeMnepaTypax co cTopoHbl Ma.JJblX MarHHTHblX nonei1 esepxTOHKoe 

paemenneHHe paBHO 118 re, a co CTOpOHbl 6onbWHX MarHHTHblX nonei1 ~ I 09 re (pHe. 31 b ). 
3) Ha6n10AaeTcl! H3Me11e1-1He <!>opMbI OTAenbHblX JJHHHH csepxTOHKOH CTPYKTYPbl npH 

nepexoAe OT 4 K "" 3, 7 K (PHe. 3 la). 

2800 3200 3600 

Magnetic Fie ld {U) 

Puc. 29. Te.Mnepamyprta51 360fllOZJUfl 
c6epxmoHKOU cmpyKmypbL cneKmpa 3flP 

uoua MnO/ 6 K3Na(Cr04hBll c. 
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Puc. 30. Te.Mnepamyprta51 3G6UCUMOCmb 
umpUHbl JlUHUU 3flP MOJleKyllRpH020 UOHG 
Mno/- 6 MOHOKpucm(lJ!Jle K3Na(Cr0,J2. 

4) HaKOHel(, npH nepexoAe K o6nacrn HaH6onee HH3KHX TeMnepaTyp (T = 4 K) 

I ia6n IOAalOTei! : 

a) Oco6eHHO pe3Koe ey)l(eHHe JJHHHH csepxTOHKOH CTPYKTYPbl 3TIP npH nOHH)l(CHHH 

TeMnepaTypbi. Ha pHC. 30 npHBCACHa 3aBHeHMOeTb WHpHHbl JlHHHH OT TCMnepaTypb1; 

b) IlpOl!BJlCHHe paemenneHHl! ABYX BbleOKOnoneBblX H eaMOH HH3KOnoneBOH JlHHHH 

esepxTOHKOH.CTPYKTYPbl 3TIP npH T < 4 K (pHc. 31 a); 

e) Bo3HHKHOBeHHe p33JJH'lHl! B aMnnHTyAax OTACJlbHbJX nHHHH esepxTOHKOH cTpyKTypbt (pHe. 

3 1 b) 

K.Natt'rO,)MnO, II C I 
ll . . b II 

I ~ r -.i t-.: •• l'" rn l • \lk ~I l l:l I(, Iii !(, I LI . " 
11 :<. I~.... I 

L L <i . t. J·~· 
c,w.i. 

I 11 I. :. , 

l \ L ""' "'" ""' 
- ---,-- -- 1/,(1 

JIM)() 3200 .14!IO 
11.G 

Puc. 3Ja. C6epxmoHKafl cmpyKmypa cneKmpa 

3flP npu Biie T = 4 ±0,2 K; 
Puc.3lb. C6epxmoHKafl cmpyKmypa 

cneKmpa 3flP npu Biie T = 3,7 ± 0,2 K. 

,l(nll HHTepnpeTal(HH 3KCnepHMCHTa.JJbHblX pe3yJlbT3TOB 6brna npeAJlO)l(eHa MOACJlb 

JlOKa.JJbHOro nepeXOAa B l!H-TenneposeKOM npHMeeHOM l(CHTpe B KpHCTa.JJJle e 

cpepp03Jl3CTH'JeeKHM $330BblM nepeXOAOM . 0Ha OCHOBaHa Ha npl!MOM B33HMOACHeTBHH 

napaMeTpa nopl!AKa $330BOro nepeXOA3 B MaTpHL(e e l!H-TennepOBCKHMH eTeneHl!MH eso60A bJ 

npHMeeH . obrno noK33aHo, 'lTO B 3TOH CHTyal(HH B03MO)l(HO HHAYL(HposaHHOe noneM 

napaMeTpa nopl!AKa eHl!THe BblpO)l(ACHHl! aKTHBHblX B 3Cp<!>eKTe 5IHa-Tennepa 3JlCKTpOHHblX 

eocTOl!HHH, conpoBO)l(AaJOmeeel! nepeXOAOM OT 35!T K nceBA0-3<!><!>eKTy 5IHa-Tennepa 

(I135!T) c noeneAylOLL(HM ero noAasneHHeM. B pe3ynbTaTe B o6nacTH HH3KOCHMMeTpH'IHOH 

cjJeppo3nacTH'leeKoJ:i $33bl MaTpHL(bJ npH noHmKeHHH TeMnepaTypb1 B03HHKaeT eTpyKTypHbIH 

JlOKa.JJbHblH nepeXOA OT MHOrOl!MHOro JlOKa.JJbHOro 3AHa6aTH'JeeKoro nOTCHL(Ha.JJa K 

OAHOl!MHOMy . 

TeopeTH'leeKoe HeeneAOB3HHe MHHHMH33l(HH l!H-TennepoBeKoro aAHa6aTH'leeKoro 

noTeHL(Ha.JJa B6JlH311 TO'lKH JICIJ nOK33a.JJO B03M0)1(HOeTb eymeeTBOB3HHl! ABYX 

MHHHMYMOB B Ka)l<AOM eerneT03JlaeTH'lCCKOM AOMeHe, 10 eeTb K npOl!BJlCHHIO ABYX 

nOTCHl(Ha.JJbHblX l!M 11 eBl!33HHb!X e HHMH ettrHa.JJOB 3ITP . .lJ:ei1eTBHTCJlbHO, npoBCACHHble 

11ecneAOBaHHl! 3<l><!>eKTOB HaCblll(CHHl! JlHHHH 3TIP MOJleKynl!pHOro HOHa MnO/-s 

K3Na(Cr04) 2 noK33a.JJH, 'lTO B o6nacTH eTpyKTypHoro noKa.JJbHoro nepexoAa peanH3yJOTel! ABa 

THna aKTHBHbIX napaMarHHTHblX l(CHTpa. IlpeAJ10)1(CHH3l! TeopeTH'leeKal! MOACJlb n03BOJlHJla 

HHTepnpeTHposaTb 3KenepHMCHTa.JJbHble A3HHbie J<!><!>eKTa noKa.JJbHoro CTPYKTypHoro 

11epeXOAa B MOJleKynl!pHM npHMCCHOM HOtteMnol-s <!>epp03JlaCTHKe K 3Na(Cr04)i. 
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3AKJIIO'IEHHE 

HH)f(e npHBO.[ll!TCll OCHOBHbJe pe3yJibTaTbl H BblBO.[lbl, nonyLfeHHble B pa6oTe. 

I. B KpHcTannax HTTpHi1-ant0MHH11esoro rpattaTa H HTTpHi1-ant0MHHHesoro neposcKHTa 

6btJIH 061-1apy)f(eHbt cneKTpbt 3ITP HOHa Mo3+, npHCYTCTBYJO!J..\ero KaK HeK0tnponHpyeMaJ1 

np11MeCb. MeTO.LI wHpOKononoCHOH 3f1P-cneKTpocKonHH n03BOJIHJI c.nenaTb BbIBO.LI o 

1-1a6mo.neHHH Me)f(.ny6neTHbtx nepexo.nos. f1pllMbtM H3MepeHHeM nonyLfeHbt TOLfHbte 

3Ha4eHHll paclJ..(enneHHH 6. = 261,6 rr1.1 .[IJll! Y 3Al501z H 75,8 rr1.1 .[IJill y AI03. 

2. 061rnpy)KeHo H Hccne.nosatto TepMHLfeCKH 3aceneHHoe nepsoe B036y)f(.nettttoe cocTOl!HHe 

HOHOB Er3+ B YAG, LuAG H rnep.noM pacrnope (Y0.9Lu0.1)3Al50 1z, KaK B 3 CM, TaK H s 

cy6MHJIJIHMeTposoM t1Hana30Hax. KpoMe H3BeCTHbtX 3f1P nepexo.nos BHYTPH OCHOBHOro H 

nepBOfO B036y)f(,LleHHOrO COCTOl!HHH, B .[IHana30He LfaCTOT 580 - 750 fff.1 Ha6nt0,L1anHCb 

Me)f(.ny6neTHble nepeXO.[lbl. l13MepeHbl H TeopeTHLfeCKH paCCLfHTaHbl LfaCTOTHO-noneBble H 

yrnoBbte 3aBHCHMOCTH 3THX nepexo.nos. f1onyLfeHbl napaMeTpbl cneKTPOB, KaK OCHOBHOro, 

TaK H B036y)f(.[leHHOfO COCTOl!HHH. WHpOKOnOJIOCHaJI 3ITP-cneKTpOCKOnl1ll no.nrnep.n11na 

pe3ynbTaTbt, nonyYeHHbte B 3 CM-.n11ana30He. YcTattosnetto HMHLfHe .nononHHTeJibHbIX 

1.1eHTpOB :ip6Hll B KpHCTannax Y 3Als01z H CMewaHHOfO rpaHaTa, o6pa30BaHHe KOTOpbIX 

MQ)KHO CBl!3aTb c HanHLfHeM «aHTHCaHT)) .ne<jleKTOB. 

3 . 3aperHCTpHposaHbl cneKTpbl 3ITP HOHOB Dy3+, JIOKanH30BaHHbIX B n03Hf.IHl!X y 3+ peweTKH 

rpaHaTa. CneKTpbt on11cbrnat0TCll cnHHOBbtM raMHJibTOHHaHoM poM611YecKoi1 CHMMeTpHH c 

:i<jJ<jleKTHBHblM cnHHOM s = 112 H gx = 19,0, gy = 0,75, gz = 0,43. 3aperHCTpHposaHHaJI 

snepsbte csepxTOHKaJI CTPYKTypa OT 163Dy3+ n03BOJIHJia O.[IH03HaLfHO HHTepnpeTHposaTb 

cneKTpbt . Hafi.neHbl KOHCTaHTbl csepXTOHKOfO B3aHMO.[leHCTBHJI 163DyAx = 736x 1 o·4(cM-
1
), 

A y =50x !0-4(cM·1), A,=40xto·4(cM-1), .LIJlll 161DyAx = 527xl04 (cM-1), A = 36x 10·4(cM-1), 
y 

A = 29 x I o·4(cM-1). YcTaHOBJieHO, LfTO npH CHJlbHOH aHH30TponHH KOHCTaHT csepxTOHKaJI 
z 

CTpyKTypa HCK3)f(aeTCl!. 

4. B KpHCTannax Y 3Al50 12 11 YAI03 c np11MeCbt0 )f(ene3a 6btJIH 061-1apy)f(eHbt HeKpaMepcosbJ 

HOHbl .nsyxsaneHTHOro )f(eJie3a. Ha OCHOBaHHH aHan113a cneKTpOB 6btJI c.nenaH BblBO.[I, LfTO 

tta6mo.na10TCJ1 pe3oHaHCHbte nepexO,Llbt Me)f(.ny ypoBHl!MH I± 1/2> 11 I± 3/2> OT 110Ha Fez+ s 

TeTpa:i.np11'1ecKOM 0Kpy)f(ett1111 s rpaHaTe, H oKTa:i.np11YeCKOM s Y AI03. 3HepreTHLfeCKaJI 

cxeMa yposHeH o6Hapy)f(eHHblX napaMarHHTHblX l\eHTpOB npe.ncTaBJIJllOT co6oi1 CHHrneT H 

.ny6neT c paclJ..(enneHHeM Me)f(.ny HHMH 215,2 rr1.1 B YAl03 H 110 rr1.1 .[IJill y 3Al501 z· 

5. 3aper11cTp11posaHbt cneKTpbt 3f1P HeKpaMepcosbtX HOHOB Ho3+ s Y 3Al50 1z, 3aMelJ..(atOlJ..(HX 

y 3+ B .no.neK33,LlpH4eCKOH n03HLIHH c JIOKanbHOH CHMMeTpHeH Dz. flpOHCXO)f(,LleHHe 

caTeJIJIHTHblX CHrHanOB o6bllCHeHO o6pa30BaHHeM «aHTHCaHT» .ne<jleKTOB B OKp~eHHH 

napaMarHHTHbtX 1.1eHTpos Ho3+. Onpe.neneHbt g-<jlaKTop (16,61 ), KOHCTaHTa csepxTOHKOH 

CTPYKTYPbl ( 10,88 rr1.1) H 3HepreTHLfeCKHH MHTepsan Me)f(.ny OCHOBHblM 11 nepBbIM 

B036)')1<.LleHHblM no.nypOBHllMM OCHOBHOrO MYJibTHnneTa 
5lg 6. = 114,2 fff.1 MOHa Ho

3
+ B 

KpMCTannax y 3Al501z. 

6. 3Kcnep11MeHTanbHO ycrnHosneHo, LfTO s Y 3Al50 1z:Eu, BbtpalJ..(eHHOM c KOMneHcaTopoM 

Si4+, o6pa3yeTcll .nsyxsaneHTHbtH espon11i1. l1oHbI Euz+3aMelJ..(aJOT y 3+ s n03Mf.IHH c 

TOLfe'IHOH CMMMeTp11ei1 Dz. l1ccne.nosaHMll B WMpOKOnOJIOCHOM .n11ana30He nOKa3anH 

HanHLfHe 6onee o.nttoro THna 1.1ettTpos. B 06pa31.1ax Y 3Al50 1z:Euz+, Si
4
+ tta6nt0.nanacb 
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JIIOMHHeCI.\eHI.\IUI HOHOB Euz+, KOTOpaJI OTO)f(.[leCTBfllleTCll c nepexo.naMH c nepeHOCOM 

3apll.na OT HOHOB Euz+. B cneKTpax nt0MHHec1.1eHL1HH TaK)f(e Ha6nt0.naeTcJ1 6onee o.nttoro 

THna 1.1eHTpOB. 

7 . Onpe.neneH napaMeTp TOHKOH cTpyKTypb1 b20 H KOHCTaHTbI csepxTOHKoro B3aHMo.nei1cTBHll 

HOHOB yz+ B Y 3Al50 1z. B Hccne.nosaHHb!X KpHCTannax cneKTpbt 3f1P npe.nCTaBJilltOT 

ttano)f(eHHe :ineKTpOHHO-l!.Llepttbrx nepexo.nos TpHrOHMbHOro 1.1ettTpa yz+ H 6onee cna6b1x 

TpHKnHHHb1x .LIHMepHb!X 1.1eHTpos. TpHKnHHHbIMH 1.1eHTpaM11, l!BJil!IOTCll acCOI.\HaTbl yz+ c 

.ne<jleKTaMH nepeCTaHOBKH THna y 3+ Ha MeCTe Al3+ B OKT33.LIPHLfeCKOM noJIO)f(eHHH HJIH 

KOMnJieKCaMH (Si04)4-. 

8. Bnepsb1e o6ttapy)f(eHbI H 11ccne.nosaHb1 HeKpaMepcOBbI HOHbl Tb3+ s KpHcTannax 

Lu3Al50 1z. ,lJ,.rrn HOHOB Tb
3
+ s nt0Te1.111i1-ant0MHHHesoM rpattaTe, 3aMelJ..(atOlJ..(HX y 3+ B 

.no.neK33.LIPHLfeCKOH n03Hf.IHH, onpe.neneHbl BeJIHLfHHa g-<jlaKTopa (15,27), KOHCTaHTa 

CBepXTOHKfO B3aHMO.[leHCTBHll (5, 16 fff.1) H 3HepreTHLfeCKHH HHTepBan (J 09,7 fff.1) 

Me)f(.ny OCHOBHbIM H cne.nyt0lJ..(HM B036y)f(.[leHHblM MYJibTHnJieTOM 3TOro pe,LIK03eMeJibHOro 

110Ha. Ha6nt0.naeTCll 3HaLfHTeJibHaJI pa3HHL1a wHpHH JIHHHH 3f1P Tep6Hll B 6nH3KHX no 

CTpyKType KpHCTannax H Y 3Al501z, nOLfTH B 3 pa3a. 3aperHCTpHpOBaHbl JIHHHH 3ITP HOHa 

Tb
3
+ ManOH HHTeHCHBHOCTH o6ycnosneHHbre l\eHTpaMH, B Henocpe,LICTBeHHOM OKpy)f(eHHH 

KOTOpbIX JIOKanH30BaH «aHTHCaHT)) .ne<jleKT. 

9. 3KcnepHMeHTanbHO 06Hapy)f(eHbl H HCCJie.[IOBaHbl cneKTpbr 3ITP pe.nK03eMeJibHblX HOHOB 

Er
3
+, Nd

3
+ H Ce3+, 3aMelJ..(aJOlJ..(HX y 3+ B KpHcTann114ecKoi1 peweTKe Y AI03. ITonyLfeHbI 

rnaBHbie 3HaLfeHHll g-<jlaKTopos H KOHCTaHTbr CTB .LIJill 167Er, 143Nd 11 145Nd. 06ttapy)f(eHo, 

LfTO OpHeHTaUHH JIOKMbHb!X MarHHTHblX ocefi napaMarHHTHb!X 1.1eHTpOB OTHOCHTeJibHO 

KpHCTannorpa<jJHLfeCKHX ttanpasneHHH Y Al03 3asHCl!T OT THna pe.nKo3eMenbHOro HOHa. 

HanpasneHHll JIOKanbHOH OCH ZOTHOCHTeJibHO KpHCTannorpacjJHLfeCKOH OCH a, B nnOCKOCTH 

(ab) coCTaBJilltOT 41,4° .LIJIJ! Nd3+; 30,5° .LIJlll Er3+; 31,8° .LIJill Ce3+; 25° .nnll Gd3+; 55° 

.nnl1Tm3+ H 34° .nnll Tb3+. 

I 0. B KpHcTanne YAI03 MeTO.LIOM w11p0Kononocttoro 3f1P snepsb1e 06ttapy)f(eHb1, 

Ht1eHTH<jJH1.111posa1-1b1 H Hccne.nosaHbr HeKpaMepcosbre TpexsaneHTHbre HOHbl TYJIHll, 

3aMelJ..(atOlJ..(He y 3+ B KpHCTanJIHLfeCKOH peweTKe. Onpe.neneHbI cneKTpanbHbJe napaMeTpb! 

HOHa Tm3+. 

11 . B KpHcTanne Y Al03 snepsb1e 11.neHTH<jJHI.\HposaH napaMarHHTHb!H 1.1ettTp HOHa Tep61ui, 

3aMelJ..(a!OlJ..(ero y 3
+ B KpHCTanJIHLfeCKOH peweTKe. 06Hapy)f(eHbl JIHHHH OT napHbIX 

1.1eHTpos Tb
3
+. B paMKax cylJ..(ecrnyt0lJ..(ei1 Teop1111 c.nenaHbl pacLfeTbl H onpe.neneHbl 

cneKTpanbHble napaMeTpbt: g = 17,55, 6. = 4,29 rr1.1, A1 = (g/g)A = 537 Mr1.1. 

12. l1ccne.nosaH 3ITP HOHOB Mo
3
+ B KOMn03HLIHOHHO-Heynopll,L10LfeHHblX KpHCTannax 

(Y 1-xLUJ3Als01z, r.ne 0 :'.S x :'.S 1 H Y 3(Alz_xScx)Al301z, r.ne 0 :'.S x :'.S 2. 06ttapy)f(eH Pll.LI HOBbIX 

no cpastteHHJO c Y AG c LuAG napaMarHHTHb!X 1.1eHTpOB Mo3+, o6pa3YJO!J..\HXCll np11 

3aMelJ..(eHHH y 3
+ Ha Lu

3
+ H Al3+ B OKT33.LIPHLfeCKHX y3nax Ha HOHbl Sc3+. I1oKa3atto, LfTO B 

(Y1-xLuJ3Al501z B03MO)f(H0 o6pa30BaHHe 13 pa31IHLfHb!X THnOB napaMarHHTHb!X l\eHTpOB. 

B YScAG o6pa3yeTcl! 22 pa3JIHLfHb1x T11nos 1.1ettTpos. PaccYHTaHbI sepol!THOCTH 

o6pa30BaHHll 3THX 1.1eHTpOB B 3aBHCHMOCTH OT CTaTHCTHLfeCKHX <jlnyKTyal\HH COCTaBa x 
KpHCTanna. YcTaHOBJieHbl CHMMeTpHll, 6JIH)f(aHwee OKpy)f(eHHe H onpe.neneHbl napaMeTpb! 

cnHHosoro raMHJibTOHHaHa aKcHanbHbJX 11 poM6HLfeCKHX 1.1eHTpos Mo3+ s YLuAG npH 
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x s 0, 16. noKa'.3aHO, LfTO B y 3Sc2Al3012 (x = 2) HOH bl Sc3+, nOMHMO a - Y3JJOB, 3aMell.(a!OT 

TaK)f(e HOHbl y 3+ B .uo.ueKa3.UPHLfeCKHX y3nax. 

13. B KOMn03HUHOHHO-Heynopll.UOLfeHHblX KpHcTannax Y(l-x)LuxAI03 (11n11 YLuAP), r.ue 

x = 0, I 11 0,3, o6Hapy)f(eH pll.U HOBblX, no cpaBHeHHIO c Y AI03, napaMarHHTHblX ueHTpoB 

Ce3+. H0Bb1e ueHTpb1 o6ycnoBneHbl H3MeHeHHeM CHMMeTpHH 11 senHLfHHbJ 

KpHCTaJJJIHLfeCKoro nOJlll npH H30MOPcPHOM 3aMell.(eHHH y 3+ Ha Lu3+ B HTTpHeBOH 

no.upeweTKe. TioKa3aHo, LfTO B YLuAP H3-3a cTaTHCTHLfeCKHX cjlnyKTyaUHH B03MO)f(HO 

o6pa30BaHHe 27 pa3JJHLfHblX THnOB ueHTpOB B 3aBHCHMOCTH OT KOHUeHTpau1111 x HOHOB 

JJIOTeUHll. PaccLIHTaHbJ Bepm1THOCTH o6pa3osamrn HOBblX napaMarHHTHblX ueHTpos. 

14. B HOMHHMbHO LfHCTblX KpHCTannax PbW04 MeTO.UOM 3TIP o6Hapy)f(eHbJ 

HeKOHTponHpyeMble np11MeCH HOHOB Nd3+ H Ce3+. )J;pyrne cneKTpMbHble MeTOJlbl aHan113a 

He nOKa3blBaJJH npHCYTCTBHll 3THX HOHOB B MaTpHue. 06nyLfeHHe PbW04 c npHMeCb!O 

MapraHua, BHCMYTa H onosa KceHOHOBOH naMnoi1 MOll.(HOCTb!O 35 BT HJJH PTYTHOH naMnoi1 

HPML-125 npH T < 170 K npHBOJJ.HT K noimneHHIO HOBoro napaMarHHTHoro ueHTpa Bi
2
+ 

VloHbl BHCMYTa 3aMell.(aiOT HOHbl Pb2+ s peweTKe PbW04 H B3aHMO.Uei1crny10T c 

6nmKaHWHMH ll.UpaMH HOHOB CBHHUa. 

15. B KpHcTannax PbW04 c npHMeCb!O MapraHua, KpoMe TeTparoHanbHblX Mn2+, o6Hapy)f(eHbl 

Mano HHTeHCHBHb1e TPHKJJHHHble KJ1acTepb1 Mn4+-V0 11 Fe3+-Vpb, npe.ucrnsnl!!Oll.(He HOH 

Mn4+ B n03HUHH W 6+, acCOUHHpOBaHHblH c BaKaHcHeH 6JJH)l(attwero 0 2-, H HOH Fe3+, 

3aMell.(a!Oll.(HH Pb2+ c noKanbHOH KOMneHcau11ei1 saKaHcHei1 cs11Hua. TioKaJaHo, LfTO s 

PbW04:Mn cyll.(ecTsyeT TaK)l(e He6onbwoe KOJJHLfecTso TeTparoHanbHb1xueHTpos Mn
4
+, 

JIOKMH30BaHHblX B n03HUHH Pb2+ c HeJJOKaJJbHOH KOMneHcauHeH H36blTOLfHOro 3apll.ua. 

16. BblllBJJeHO BJIHllHHe «aHTHCaHT» .uecjleKTOB Ha cneKTpbl pe.UK03eMeJlbHblX HOHOB uepHll H 

Tep6Hll . Hapll.UY c ocHOBHblMH napaMarHHTHblMH ueHTpaMH Ce3+ H Tb3+, 3aMell.(a!Oll.(HMH 

y 3+ s perynllpHblX .uo.ueKa3JJ.pH•1ecKHx y3nax peweTKH Y AG, o6Hapy)l(eH pll.U 

napaMarHHTHblX ueHTpos MeHbwei1 HHTeHCHBHOCTH. CarnnnHTHble ueHTpb1 Manoi1 

HHTeHCHBHOCTH OTJJHLfa!OTCll OT perynllpHblX g-cj:>aKTopaMH .unll Ce3+ H pacll.(enneHHeM s 

HynesoM none .!lJ!ll Tb3+. TipHpo.ua «.uononHHTenbHblx» ueHTpos uepwll 11 Tep6Hll s Y AG 

OJJ.Ha H Ta )Ke - OHH o6ycnosneHbl npHCYTCTBHeM B 3THX KpHCTannax «aHTHCaHT)) 

.uecjleKTOB y A1' HJl)1 Aly pacnOJJO)l(eHHblX B OKpy)l(eHHH npHMeCHblX HOHOB. J.10Hbl Ce
3
+ H 

Tb3+ llBJJlll!Cb HH.UHKaTopaMH npHCYTCTBHll aHTHcai1T .uecjleKTos s peweTKe, no3BOJJll!OT 

KOJIHLfeCTBeHHO onpe.uenl!Tb HX KOHUeHTpaUHIO. 

17. TI pH HH3KHX TeMnepaTypax o6Hapy)l(eH, HCCne.uosaH H HHTepnpeTHposaH 3cjlcjleKT 

noKanbHOro cTpyKTypttoro nepexo.ua MoneKynllpHbJX npHMeCHblX HOHOB MnOl s 

KpHCTannax co6CTBeHHOro cerneT03JJaCTHKa K3Na(Cr04)i. npe.UJJO)l(eHa HOBall MO.UeJJb 

JIOKaJJbHOrO nepexo.ua B 5IH-TennepOBCKOM npHMeCHOM ueHTpe B KpHCTanne c 

cjlepp03JlaCTHLfeCKHM cPa30BbJM nepeXOJJ.OM H npeo6pa30BaHHeM MHOrOllMHOro noTeHUHana 

B O.UHOl!MHblH. 06Hapy)l(eHO .usa THna aKTHBHblX ueHTpOB MOJJeKynllpHoro npHMeCHOro 

HOHa Mno/- s cjleppo3nacT11Ke K 3Na(Cr04)2 s o6nacTH cTpyKTypHoro noKanbHoro 

nepexo.ua, OTJJHLfa!Oll.(HXCll 3aBHCHMOCTllMH Hacb1ll.(eHHll nHHHH 3TIP OT CB4 MOll.(HOCTH. 
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U thpmpn u.f 

UU1hl.nultinum]_(}JmliJ! ui.{liptj_tuo t liJm]_(}hp]:i u]:i ptuu]:i rimu]:i, J:iuLUJ. hu tuprihu 

q]:ipmntj_nIJ., WJUUJ. hu q ptj_tuuU1w1J:iu qhlJ.U1pnu]:ilJ.m1mu, ugJ:iuU1J:iumg]:inu illhltiuJ:ilJ.mimu 

li tuJL puwqwtj_mnuhpmu tuUJ.tuqtu q]:iptunm]_(}Jmliuhp]:i hhnmuqmpm1J:iu htulituptj_nIJ. 

hhilltuqnilllituli]! q hqillpnutu1J:iu UJ.tuptutftuqu]:iutuqtuu nhqnutuuutuJJ:iu (t'llfi)­

UUJ. hlj_U1pnuqnUJ.J:ituJJ:i tfJ:i2ngmf UDU1.UJ21.Uphpmtf, tuUnLUJ:iUtuU1Uhpmtf U qtullj_tup]:i 

tl_n1.'.ppmutuU1mu ltimnumlJ.miJ:iu li mptuU1tuJJ:ili UJ.tupmumqu]:iumqwu q huU1pnuuhp]:i 

mumuumu]:iputuu]!: L.hilltuqnilltl_h1 hu utuu J:iU1pJ:imu-umillhg]:imlituJ]:iu tuuqtuunu 

ltitun]! htuutuqtupqhp li unutupwp]:i p]mphIJ.tu]J:ili gtuugmu htuqtuUtu]illtuJJ:iu tuptuilluhp 

(antisite defects): t'llfi lih¥nrintl_ Mn042- un1hlJ.nqtuJJ:ili J:inu UJ.tupmutulJ.nIJ. K:iNa(Cr04)2 

uhquhillnqwuill]:iq u]:itupJmph11mu gtuop 2hputuuU1]16:tuuuhpmu htuJillutuphptl_ht, 

numuumu]:iptl_ht u ptugwillptl_ht t illhIJ.tuJJ:ili qtunmgtj_woptuJJ:iu muguwu t.'.p.'.phlJ.illJ!: 

Uzltimillmu.121! pmIJ. lJ.mgmo t uhpmom¥imuJ:ig u. tj_hg q1mltiuhpJ:ig: 

L,hpmomlJ.mu umumu uhplJ.wimgtj_mo t ¥humiJ:i mpriJ:imlJ.mum]_(}JmliJ!, C..limlJ.hpUJ.tj_mo 

hu mzltimillwup]:i hUJ.tuUltulJ.E li mnm2m11ptl_mo m 1motj_mo ItiuriJ:ipuhpJ!, gnqg t U1ptj_mo 

UUltugtj_tuo tup111mupuhp]:i q]:iilltuqtuu unpnL]]_(}]! u qnpoutuqtuu tupdhp]!, J:iuLUJ.hU Ul.UU 

phptj_mo tu UJ.1.UZU1UJ.tuum]_(}Jtuu uhplJ.mimgtj_mo hJ:iuumlJ.mu rirmi¥uhpJ!: 

Unm2J:iu qJ]umu uhplJ.m1mgtj_mo hU hmqtj_mqimill hnIJ.miJ:iu li mugmumiJ:iu ltitunlintlJ.miJ:iu 

J:inuuhp UJ.tupmutulJ.nIJ. J:iU1pJ:intu mumu]:iu]:inttftuJJ:ili u umillhg]:intu mumUJ:iu]:inttftuJJ:iu 

\.inumptuphp]:i (Y3Als01i, Lu3Al5012) U]:itupJmphIJ.uhp]:i hhilltuqntnntli]!: U111 ]_(}tj_mu' Mo3+, 
Fe2+, V2+, Tb3+, Ho3+, Er3+, Dy3+ u Eu2+ J:inuuhp]:i htuutup UJ.tupqtuptuutl_ht hu uptuug 

tl_m1huU1tulJ.mum¥1muJ!, U1hIJ.mlJ.m1uwu hmuqnt1guhpJ! pJmph11m1J:iu gmugmu, tuhpqpmlJ.mu 

umqtuJ111tuquhpJ! u hmztj_tj_h1 hu uUJ.J:ium1J:iu hmUJ:i1tnnu]:imu]:i UJ.WptutfhU1phpJ!: 

bplJ.JlllJlll qJ]umu uhplJ.m1mgtj_mo hu hmqtj_mqimill hllIJ.tuJJ:ili li mugmumiJ:iu ItimnlintlJ.uhp 
(Er3+, Nd3+, Ce3+, Tm3+, Tb3•, Fe2• li Mo3+) UJ.tupntutulJ.IlIJ. ]:iillp]:intli]:i op]_(}nmumUJ:iutuU1J:i 

(YA103) UJ:itup]mph11uhp]:i l!mpC..utuqtuu hhilltuqntnnL]_(}]IlLUUhp]:i 1.UMJilLUJ2Uhp]!: 

'1lmpqmpmutl_h1 hU ltimnlintquhp]:i U1hIJ.mlJ.m1mtIJ! p1mph11m1J:iu gmugmu u. uU1tugtlh1 hu 

pn1np UUJ. hlJ.U1pnuqnUJ.J:ituqtuu UJ.tuptulihillphp]!: 8mJ9 l:: U1ptj_hi_, np Y Al03 U]:itup]mph11mu 

UJ.tupmumquJ:iumlJ.mu q huU1pnuJ:i illhIJ.miJ:iu qJ]umtj_np umqu]:iumqmu mnwugpuhp]:i 

IlLIJ.IJ.IlL]_(}JmliuhpJ! pJmphIJ.tuJJ:iu gmug]:i IlLIJ.IJ.IlL]_(}Jmliuhp]:i uqtuilllituup t.]:impnltitl_mu hu u 

lJ.mltitl_mo hu J:inu]:i U1huw q]:ig: 

bppnpri qJ]umu uhpqtu]tugtj_tuo hu Mo3+, Er3• UJ.tupmutuqnIJ. J:iU1pJ:imu 

umillhgJ:imtftuJJ:iu (Y1-xLux)3Als012 u Mo3• UJ.tupmutuqnIJ. J:iU1pJ:imu uqtuurilmttftuJJ:iu 

Y3(Al2-xScx)Ab012) unutuptuphp]:i UJ.J:iu111montJ]_(}uhpmu, J:iuLUJ. hu uwu Ce3• UJ.tupmutulJ.nIJ. 

Yi -xLuxA.103 muqmunu hmumqmpqhp]:i hhilltuqnillutuu mp111mupuhp]!: UUJ. hlJ.U1ptuJJ:iu 

qohp]:i 1m1umgmuuhpu m111 UJ.J:iuri 1momi¥uhpmu UJ.1.UJtftuumtj_nptj_mo hu pJmph11m1J:iu 

gmugmu Lu3+~ Y3• u Sc3·~A13• J:iqntj_m1huU1 t.]:inltimp]:i\.intuuhp]:i tuM-Jmlipmu pmzltilimu 

i.{li6:mlJ.mqpmlJ.mu :P1mlJ.U1mmgJ:imuhpntj_ u. J:inumlJ.mu zmnmtlJ:iIJ.uhpJ:i Ultupphpm]_(}Jtutfp: 

34 

r \ugmhtuJUltlht hu \.inp UJ.1.UptuumquJ:iumlJ.mu lJ. huU1pnuuhpJ:i plintJ¥J!, hm2tltlh1 hu Linp 

t1 ~ uuipnuuhpJ:i mnm2mgumu hmtj_mumlJ.mum¥1muuhpJ! li pmutulJ.E lJ.mltitl_mo UJ.J:iuri 

1n Lom1¥J:i qmqu]:ig (x): 

'.)nppnpri qJ]umu uhpqtu]tugtj_tuo hu tuntuug ltitunumq hp]:i tu6:hgtj_tuo u ltitunumq 

lLJwpmumqnIJ. lJ.tuUJ.tup]:i tl_n1.'.ppmlitull1]1 (PbW04) pJmph11uhp]:i hhll1tuqnll1nt]_(}Jmuuhp]!: 

'llwpqtl_ht t np tuntuug ltimnumq]:i tu6:hgtj_tuo u]:itupJmph11uhpmu tuJli m muhutu]U11tj_ 

hwJillutuphptl_ht hu Nd3• li Ce3• J:inuuhp]:i uutugnp11m1J:iu ltitunumquhp: 5nqg t U1ptj_hi_, np 

Jwuqmuntj_ tulJ.U1J:itj_tugtj_tuo pJmphIJ.uhpmu tunm2mumu hu unp U1J:iUJ.J:i tuptuU1tuJJ:iu 

Lthliillpnuuhp: Pmg]:i hJ:iuuwlJ.mu Pb2• U1hU1ptul:;ripm1 hmuqnqguhpmu U1hIJ.mqm1tj_mo 

Mn2• - ]:ig htuJUlutuphptl_ht hu tl_n1.'.ppmu]:i hmuqnqguhpmu U1hIJ.mlJ.m1tl_wo Mn4•, 

qmqnpritl_mo unilltuqtu 0 2- 11 Pb2• J:inuuhp]:i ¥tut.]:impuhpntj_: L.tuJUlutuphptl_ht hu Fe3• - V Pb 

L11muU1hpuhp illhIJ.tuJJ:ili !lig.12m1J:iu qntfUJ. huumgJ:imintl_: 'ItuUJ.tup]:i tl_n1.'.pptulitull1]1 

r1mph11uhpmu mnm2J:iu muqmu hm1U1umphptl_h1 t hpqtl_m1huU1 p]:iuunLUlJ:i J:inuuhp]:i 

tumnumq: 

L.J:iuqhpnpri qJ]umu uhpqtu]tugtj_tuo t ]:iillp]:imu mumu]:iu]:imum1J:iu unutuptup]:i 

!'JilLphIJ.1.UJJ:iU gtuugmu htu]UlUtuphptj_tuo htulJ.tuU1.UJU11.UJJ:iU 1.UJ11.UU1Uhp]:i tuqrihgm]_(}]IlLUJ! 

Ce3+ li Tb3+ J:inuuhp]:i t'llfi UUJ. hlJ.U1php]:i tj_ptu: L.tuqtuU1.UU11.UJJ:iU tuptuU1uhp]! nL 

Ll[tupmumquJ:iumlJ.mu hu li Lhu mnm2mgumu t'lln UUJ. hlJ.U1php: UmlJ.miu hpp 

zwntutj_IJ.ntj_ qqtu!linphu tutj_h!li uho ]:iillp]:imu]:i J:inuuhpJ! htuJU1utj_mu hu olJ.U1tul:;ripm1 

wumUJ:iuJ:intUJ:i htuuqnt]glihpntu qtuu Al3+ ]:inli]! U11'IJ.tulJ.tu1tj_mu t Y3+ - J:i htuuqnt]glihpmu 

uihIJ.J:i hu muhumu pJmphIJ.tuJJ:ili gmug]:i qqtutii illhIJ.tuJJ:ili t.]:int.]:inltim¥1muuhp: 

lJhpC..tuqtu 2P2tulJ.tuJpJ:i li pJmphIJ.tuJJ:iu rim2U1J:i tuIJ.tutj_tuIJ.mliuhpJ! phpmu hu unp 

Ll[wpmumquJ:iumlJ.mu qhuillpnuuhp]:i mnm2mgumliJ!, npJ! qpmugtj_mu t t.]:inpC..umqw\.inphu: 

'.)mt.]:itl_ht hu unp qhuillpnuuhp]:i UJ.tuptulihillphpJ! ' g-.'.ptulJ.illnpuhpJ! Ce3• - J:i li qpnJtuqtuu 

rim2U1mu 6:1'IJ.PmtIUhpJ! Tb3+ - J:i hmump: Y3Als012 pJmphIJ.miJ:iu gmugmu t'llfi lih¥nriJ:i 

t.fJ.12ngntj_ ll1Jltlh1 t hmqtuutuJilltuJJ:iu wpwilluhp]:i qnughuillpwg]:iwi]:i quwhwillwqwul!: 

~hghpnJlil qlltintli t'llfl--uUJ. hlJ.U1pwulJ.nUJ.J:iw1J:i UJ:i2ngntj_ htu]U1Uwphptl_h1 u hhillwqnilltl_ht 

I:; illhIJ.WJJ:iu qwnmgtj_wopw]J:iu wuguwu l:;.'.phqill Mn042- un1hqnqw1J:iu J:inu UJ.WpmuwqnIJ. 

uhquhillnqwuill]:iq K:iNa(Cr04)2 u]:iwp1mph11mu (uhquhillnqwuill]:iq t.]:im1w1J:iu wuguwu 

2hpuwuU1]16:muu t 239 K): 5nqg t U1ptj_hi_, np gwop (3.5-25 lr) 2hpuwuU1]16:wuuhp]:i 

ui]:ipmJ]_(}mu t'llfi UUJ. hqillphpJ! gmgwphpmu hu impwhwillmq tj_wppwq]:io: l,wlti u 

wnw2 Illlllltl_ht hu qhpumpp qohp]:i l]_illpmq uh11wgmu li ]1uillhqpw1 ]:iuillhuu]:itj_m]_(}Jtuli 

lJ.illpmq tu6:, unill 2,7 wuqwu: qpwugtj_q t, np qhpumpp qwnmgtj_wgp]:i 6:h11pmuuhpJ! nL 

hwtj_wuwpwhhn hu (118 qwmu t.]:inpp u 109 qwmu Uho riwzillhpmu hpp T = 4,2 K 

tuuU1]16:wumu): flULUJ.hU uwu t'llfi UUJ.hlJ.U1phpJ:i wnwuC..J:iu qhpumpp qohp]:i illhuphp]:i 

t.]:int.]:inltint]_(}]ntuuhp 4,2 - J:ig 3,7 K wuguhUiu, htuilllJ.tuUJ.hu npnz qohp]:i 6:hIJ.pmuuhpJ:i u 

wnwuC..J:iu qohp]:i wliUJ.!liillmriwuhp]:i illwpphpm]_(}Jwu tunw2wgmu: <DnpC..tupwpwqwu 
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wp111mupuhp!i pwgwuipml'liwu hwuwp wnw2wpl.ilj_hl l:: Bwu-La-h11hpli uiuli.1111-l:::Phl.iui:ti 

h:tiuwu lj_pw tiwnmglj_wo un11hi.: 

Summary 

The dissertation is devoted to the investigation of several classes of materials, both 

as already used and promising for future applications in quantum electronics, scintillation 

techniques and other fields, by means of electron paramagnetic resonance (EPR)­

spectroscopy. Including the study of impurity and defect paramagnetic centers in garnets, 

aluminates, and lead tungstate. Irregular yttrium-lutetium mixed systems and antisite 

defects in the crystal lattice of garnet were also investigated. The effect of local structural 

transition was detected, studied and explained in the ferroelastic single crystal K3Na(Cr04)2 

containing Mn042- molecular ion at low temperatures using the EPR method. 

The work consists of an introduction and six chapters. 

The dissertation begins with an introduction, where the relevance of the topic is 

presented, the purpose of the work and the problems presented and solved are formulated, 

the scientific novelty and practical importance of the obtained results are shown, and the 

basic results to be defended are presented. 

The first chapter presents the investigation of single crystals of yttrium aluminum 

and lutetium aluminum garnets (Y3Als012, LU3Als0 12) containing rare earth and transition 

impurity ions by the EPR method. Among them Mo3+, Fe2+, V2+, Tb3+, Ho3+, Er3+, Dy3+ and 

Eu2+ ions. Their valence, location positions in the crystalline lattice, energy levels were 

clarified and the parameters of the spin Hamiltonian were calculated. 

The second chapter presents the results of EPR experimental studies of yttrium 

orthoaluminate (Y Al03) single crystals containing rare earth and transition impurities (Er3+, 

Nd3+, Ce3+, Tm3+, Tb3+ and Mo3+). The location of impurities in the crystalline lattice was 

clarified, all spectroscopic parameters were obtained. It was shown that the directions of 

the main local magnetic axes of the paramagnetic center in the Y Al03 single crystal change 

relative to the directions of the crystal lattice and depend on the type of ion. 

The third chapter presents the results of Mo3+ and Er3+ containing yttrium 

lutetium (Y1 -xLux)3Als012 and Mo3+ containing yttrium scandium Y3(Ah-xScx)Al3012) garnet 

solid solutions, as well as Ce3+ containing Y1 .. LuxAlQ3 irregular systems research by EPR 

method. Broadening of spectral lines in those solid solutions is caused by statistical 

fluctuations in distribution and difference in ionic radii as a result of Lu 3+ ~ Y3+ and Sc3+ ~ 

A13+ isovalent substitutions in the crystal lattice. The nature of new paramagnetic centers 

has been identified. The probabilities and number of new centers were calculated 

depending on the composition of the solid solution (x). 

Chapter four presents investigations of as-grown and admixture containing lead 

tungstate (PbW04) crystals. Nevertheless it was revealed that trace impurities of Nd3+ and 
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Ce3+ ions were found, in single crystals grown without admixtures. It has been shown that a 

new type of defect centers is formed in the activated by manganese crystals. In addition to 

main Mn2+ ion replacing the Pb2+ in tetrahedral sites, it was found Mn4+ ions located in 

tungsten sites and coupled with vacancies of nearest 0 2- and Pb2+ ions, it also were detected 

Fe3+ - Vrb clusters with local charge compensation. A mixture of divalent bismuth ions in 

lead tungstate crystals was registerd for the first time. 

The fifth chapter presents the founded influence of antisite defects (AD) in the 

crystal lattice of yttrium aluminum garnet on the EPR spectra of Ce3+ and Tb3+ ions. Antisite 

defects are non-paramagnetic and do not cause EPR spectra. However, when yttrium ions 

with a significantly larger radius appear in the octahedral aluminum sites or the AP+ ion is 

substituted in the Y3+ sites, significant local changes in the crystal lattice occur. Distortions 

of the nearest environment and crystal field lead to the emergence of new paramagnetic 

centers, which is recorded experimentally. The parameters of the new centers - g-factors 

for Ce3+ and zero-field splitting for Tb3+ ions - were measured. The EPR method was used to 

estimate the concentration of antisite defects in the Y 3AfsQ 12 crystal lattice. 

In the sixth chapter, a local structural transition effect in the ferroelastic 

K:iNa(Cr04)2 single crystal containing Mn042- molecular ion was discovered and 

investigated using EPR-spectroscopy (the ferroelastic phase transition temperature is 239 

K). It was shown that EPR spectra in the low (3.5-25 K) temperature range exhibit the 

unusual behavior of the temperature dependence. First of all, a sharp narrowing of the 

hyperfine lines and a sharp increase in the integrated intensity, by a factor of about 2.7 was 

observed. It was observed that the splittings of the ultrafine structure are unequally spaced 

(118 Gauss in small and 109 Gauss in large fields at T = 4.2K). As well as changes in the 

appearance of individual hyperfine lines shape of the EPR spectra when passing from 4.2 to 

3.7 K, and especially the occurrence of some line breaks and the difference in the 

amplitudes of individual lines. A model built on the basis of Jahn-Teller pseudo-effect was 

proposed to explain the low temperature experimental results. 
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