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3+ 
KpucrannH'IeCKHe ypoBHH Pr a PrFe03 H PrGa03 , 
onpeaeneHHhie MeToaoM aeynpyroro pacceSIHHSI aellrpoaos 

C noMOIUbiO Heynpyroro pacceSIHHSI rennosbiX Hellrpoaos uccneaosana 
paciUenneHHe OCHOBHOI'O COCTOSIHHSI HOHa Pr (38
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) B PrFe03 H PrGa03 11 

xpucrannuqecKOM none, nepexo.Qbi 6hlnH H3MepeHhi npu pa3HhiX TeMnepary
pax Ha nonuKpucrannax PrFe0 3 H PrGa0 3 MeTO.QOM apeMeHH nponeTa. 
nonuKpuctannhi Pr FeO 3 uccneaoaanucb TaK>Ke c noMOIUbiO Tpexocaoro cnexT-

-poMeTpa, npeano>KeHhi cxeMbi aHepreTH'IeCKHX ypoaaeli anSI o6oux o6pa3UOB, 

Pa6oTa BhmonHeHa s Jla6opaTopliH aeliTpOHHOil ljlH3HKH 01-HIH, 

llpenpMHT 061>e,nMHeHHOrO MHCTMTyTa .H,nepHhi:X MCCJie,nOBaHMA 
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Crystal Field Levels of Pr3+ in PrFe03 and PrGa03 
by Inelastic Neutron Scattering 

The crystal field splitting of the 3H4 ground state 
of Pr -ion in PrFe03 and PrGa{)_Jhas been investigated by 
inelastic scattering of thermal neutrons. At several 
temperatures.the transitions have been measured by TAS 
and TOF method for polycrystalline~Fe03 and by TOF 
method for polycrystallip.e PrGall.J.Energy level schemes 
which are different for these materials are given. 

The investigation has been performed at the Labora
tory of Neutron Physics, JINR. 
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1. BeeoeHue 

B HaCTOJIII(eB: pa6oTe coo611(aiOTC.H pe3yJILTaTbl D3y'leHDJI 

ypOBHeH DOHa npa3eO~DMa B KpDCTaJIJID'IeCKOM none B 

PrFe03 D PrGaO 3 c noMOII(LIO Heynpyroro HeKorepeHT

Horo pacceJIHDJI TenJIOBbiX HeHTpOHOB. PaHHDe DCCJie~OBaHDJI 

C nOMOII(LIO DH!lpaKpaCHOH cneKTpOCKOnDH, npe~pHHJITble 
By~COM H ~p./1/, 6biJIH He B COCTOJIHHH onpe~eJIHTL nepe

XO~bl Me)K,D.y Jq)HCTaJIJIH'IeCKHMH ypoBHJIMH _BHYTPH llaHHH3-

Wero MYJILTHnJieTa. H3 H3MepeHHH y~eJILHOH TenJioeMKOCTH, 

c~enaHHbiX TpesecoM /2,3/, cne~osano, o~aKo, 'ITO B 3THX 

COe~eHH.IIX ~OJI>KIIbl Cyll(eCTBOBaTL JIOKaJIH30BaHHble KpH· 

cTannaqecKae ypoBHD. Ha6niO~aeMble HaMH nepexo~bl HH

TepnpeTHPYJOTCJI Ha OCHOBe pacll(enneHHJI ypoBHeH OCHOBHOrO 

COCTO.IIHH.II DOHa Pr 3+ ( 3 JI4 ) no~ ~eHCTBHeM 3JieKTpD'IeCKOro 

KpHCTaJIJIH'IecKoro noJI.II B 3THX ~syx coe~HHeHHJIX. HoH 

npa3eo~HMa HMeeT B PrFe03 aanenTHOCTL 3. 3ToT pe3ynL

TaT Henocpe,nCTBeHHO BbiT~K,.eT H3 Mecc6ay3p0BCKDX H3Me· 

peHHH KoncllxaMMepa a ~p. 4 • OcHOBHoe cocTOJIHHe cso6o.n-
3+ :J 

Horo DOHa Pr - H 4 . Pac CTOJIHHe 3Toro cocTo,r~HJI ~o 
coce~ero MynLTHnneTa 

3 H5 npHMepHo 300 M3B 
11 '. ,[(JI.II 

PrGaO 3 cne~eT OlKH.MTL Toro )f(e "a114oro nose,neHBJI. 

KpDcTaJIJIH'IecKaJI cTpyKTypa PrFeO 3 - 0 16 /'J/. ,[(nJI DoHa 

Pr JD 3Toro BbiTeKaeT TO'Ie'IHa.ll CHMMeTpJJl C8 . Bcne,ncTBHe 

3TOH CHMMeTpHH O)f(H,MeTCJI pacll(enJieHHe COCTOJIHDJI 3 H
4 

Ha 

~eBJITL HeBblpo)f(~eHHbiX ypOBHeH. 

2. Ce'leHue pacce.RHUR HeiiapoHoe 

.l(a~epeHUHaJILHoe ce'leHae AJIJI Heynpyroro napaMar

HHTHoro pacceJIHHJI Ha OAHOM HOHe npH MaJibiX nepe,naqax 
DMDYJILCa HMeeT BH,n/6,7/ 
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r.ne In>, I m> - co6cTBeHHLie cllYHK~H, onHCLIWUOI~e Kpac
TannaqecKae ypoBHH E 0 H Em cooTBeTCTBeHHO, J 1.. - onepa
Top npoeKI{HH nonHoro MOMeHTa Ha nepneH,nHKyJIJip K BeKTOpy 

...... ->... d. d. 
pacceJIHH.II K = k i- k f , f(K)- MarHHTHLIB ..,opM..,aKTOp aTo-
Ma, g ,J- MHO:>KBTenL JlaH,ne, p m - HaceneHHOCTL 3HepreTH
qecKHX ypoBHei Em, ocTanLHLie 6yKBeHHLie o6o3Ha'leHH.II 
HMeror caoii: OOLI'IHLii CMLicn. 

IlmcH OT nepexo,noB B KpHCTaJIJIH'IeCKOM none MO)I(HO 
OTnH'IBTL OT llHKOB 4x>HOHOBnOH3MeHeHHIOBXHHTeHCBBHOCTH 
B 3aBHCHMOCTH OT H3MeHeHBJI TeMnepaTypLI H yrna pacceJI· 
HHJI. · HHTeHCBBHOCTB o,naoclloHOHHLIX nHKOB nponopuuoaanLHLI 
~ 2 ,a nBKOB OT nepeXO,nOB B KpBCTaJIJIB'IeCKOM none - f 2 ( ~) , 

T .e. HHTeHCBBHOCTL nocne,nHBX 6y,neT na,naTL C pOCTOM K • 

«<>OHOHLI no,n'IBH.IIIOTC.II CTaTHCTBKe lio3e, a HaceneHHOCTL 
KpBCTaJIJIBqecKBX ypOBHeii: onBCLIBaeTC.II CTaTHCTBKOH 
lionLI{MaHa. 3TO 3Ha'IBT, 'ITO nBKH OT nepexo,nOB Me~y 
KPBCTaJIJIB'IecKHMB ypoBH.IIMB npu pacceJIHHH aeii:TpoHoB c 
noTepeii: 3HeprBB paCTYT C yMeHLWeHBeM TeMnepaTypLI. 
,ll;n.11 clloHOHOB xapaKTepHO npoTBBOnOnO)I(HOe noae,neHHe. 

3. 06pa3flbl u 3KcnepuMeHIII 

fiOJIBKpBC TaJIJlB'IeCKBe o6pa3l{LI 6blnB H3rOTOBneHLI 
06LI'IHOB KepaMB'IeCKOH Te XHOnorHeii: B npoBepeHLI,nBcllpaKI{B· 
eii: peHTreHOBCKBX nyqeii:. fio,npo6Hyl0 HHcllOpMa~IO 06 3TOM 
MO)I(HO HaiTH B 181. 06pa3el{ 6Lin c,nenaa B3 nnaCTBH pa3-
MepoM 30 X 20 X 3 .IWM3.H3MepeHB.II Ha PrFe0 3 B PrGa{l:J6LI
nB npoae,neHLI Ha HMnynLCHOM peaKTope HliP-30 B ,LJ;y6ae 
Ha cneKTpoMeTpe no apeMeHB nponeTa B o6paTHoii: reoMeT
pua c 6epHJIJIBeBLIM cllanLTpoM nepe,n ,neTeKTopoM I 9 I . 
PrFeO 3 , KpOMe Toro, BCcne,noaancJI Ha CTa~OHapHOM 
peaKTope ,D;P-3 B PH3o Ha TpexocHOM cneKTpoMeTpe /IOI . 
Ha Tpe XOCHOM cneKTpOMeTpe pa6oTa BeJJaCL B pe)I(HMe OT,na
'IB 3HeprBB Heii:TpOHOB B nOCTO.IIHHOB nepe,na'IH HMnyn·Lca. 
3HeprHJI aHanB3aTopa BCer,na OCTaBanaCL cllBKCHpOBaHHOB. 
,ll;.n.11 B3MepeHHB C nepe,naqeii: 3HeprBB 6onLWe 6 M.3BB ny'IOK 
6Lln nOMeii{eH cllBnLTp H3 rpacllBTa. 
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Puc. 1. Pactlei/IHCJJI (/JyHKfiWI pa3peweHUJI 1\N. 'zoe N - HO
N 

Mep KaHaAa a 3aaucuMOCIIIU 011 3Hepzuu nepeOa'lU 1\ E . 

Pa3Mepbl o6pa3ua Ha TpexocHoM cneKTpoMeTpe 6~o~na 

OKOnO 30 X 20 X 3 MM 3 H Ha cneKTpOMeTpe. no BpeMeHH 
nponeTa - 200 x 200 x 3 MM 3 . Hawa 3KcnepaMeHTLI nepe
KpLIBana 06JII.CTL 3HeprHB OT 0,5 ,no 80 M3BC 3HepreTH'Ie· 
CKHM pa3peweHHeM npHMepHO 10 ... 20~ /pac. 1/ H 6LIJIH 
npoae,neHLI npa TeMnepaTypax 4,10,7],80,130 B 300 K. 

3. Pe3yA bill,,., u o6cyJKOeHue 

CneKTpbl, nonyqeHHLie Ha Tpe XOCHOM cneKTpOMeTpe, no
Ka3aHLI Ha pHC. 2 B 3. llo OCB OP.D.BHaT HaHeCeHa HHTeHCHB· 
HOCTL Ha 10 '7 OTC'IeTOB MOHBTopa/'" 20 MUH/ B 3aBHCHMOC
TH ol- nepe,u,a'IH 3HeprHH. Pa3peweHBe cneKTpoMeTpa o6o3-
Ha'leHo ropH30HTanLIILIMH JIHHBJIMH Ha pac. 2 a 3. Ha puc. 4 
H 5 npBBe,neHLI cneKTPLI no apeMeHH nponeTa .D.JIJI PrFeO 3 H 
PrGaO 3 cooTBeTCTBeHHO. CTpenKH yKa3LIBaJOT nono)l(eHBe 
MaKCHMYMOB, o6ycnoBneHHLIX nepexo,naMH MC~y KpBCTan-
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Puc. 2. Cnenap Heynpyzozo pacceJIHUJI Heu•poHo6 Ha PrFe0

3 npu 4,77 u 130 K, noAy'leHHr.au Ha •pexocHOM cneK•poMe•pe 
6e3 zpatjju•o6ozo ;iwar.•pa. I - 'IUCAo o•c.,e•a Ha 107 o•
C'Ie•o6 MOHu•opa, !1E- nepeaa'la 3Hepzuu 6 M3B. 

nuqecxu:uu ypoBHJIMU. Pa3pemai<D(aJI cnoco6HOCTL cnexTpo
MeTpa DO BpeMeHU DpoJieTa B 3aBUCUMOCTU OT nepe,,l.a'IU 
3HeprHB BH.D.Ha U3 puc. 1. Puc. 6a noxa3wBaeT 3Hepruu 
nepexo.u.oB, nony'leHHwe Bo Bcex U3MepeHBJJ:x. llepe.u.aqa 
3Hepruu f1E UaHeceua B 3aBUCUMOCTU OT BeKTOpa pacceJIHUJI 
K • Ha puc. 6 b u 6c .u.auw cxe:uw 3HepreTu'lecxux ypoBueii: 

AJIJI PrFe03 u PrGa0 3 cooTBeTCTBeHuo. H3 puc. 6a BWTe-

6 

xaeT, 'ITO .AJIJI HR3KBX 3BepreTB'IeCKBX ypoBHeii: He cy~QecT
ByeT 3aBBCBMOCTB 3HeprBB nepeXO,,I.OB OT BeKTOpa pacceJI-
HBJI K • 

H3MepeHBJI llaTo B .u.p. 131 noKa3aJIB aHOMaJIBIO WoTTKB 
npu 1,9 M3}J /21,6 K/, 'ITO xopomo coBna.u.aeT c 3Heprueii: 
Hame ro HB3Kone ~ero KpBcTaJIJIB'Iecxoro ypoBHJI npu /2,0± 
+0,1/ M3B/puc. 2 B 4/. 
- B cneKTpe llll)paxpacHoro norno~QeHUJI PrFeO 3 /I/ ne
pexo.u.w :ue~y ypoBHJIMU 3H4 u 3H5 YKa.3WBaiOT Ha cy~Qecy
BOBaHue KpUCTa.JIJIH'Iecxux ypoBHeii B uoHe Pr, Ho He .u.aiOT 
,,I.OCTaTO'IHOH RH4lOpM8.1{UU 06 UX 3HeprUJIX. 

B uaWBx 3Kcnepu:ueHTax Ha6JIIO.u.anucL 
TOnLKo 6 U3 9 <»Ku.u.ae:uwx 3HepreTu'lecxux ypoBHeii: .u.n.11 
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Puc. 3. CneK•P Heynpyzozo pacceJIHUJI HeU.poH06 Ha PrFeO 3 
npu 10K, noAy'leHHbiU Ha •peXOCHOM cneK•poMe•pe. 3HepZUJI 
aHaAu3a•opa E A = 14,3 M3B /a/, 14,9 M3B I b I u 
6eK•op pacce.11 HUR K = 2,4 A'- 1 I a, b /. ){.11.11 b pa3pewe
Hue 6bi.IIO 6 1,4 pa3a .IIY'IIIIe, 'leM 0./IJI a . ){.11.11 no006AeHUJI 
II nopJIOKa ynpyzozo o•paxeHUJI npu 19 M3B nepeo Kpuc
•aAAoM - aHOAU3a•opoM 6w.11 noc•a6AeH zpatjju•o6wu tjjUAr.•p. 
1 - 'IUCAO o•c.,e•o6 Ha 1,5 x 10 7 o•c.,e•o6 MOHu•opa,11E -
nepeOa'la 3Hepzuu 6 M3B. 
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Puc. 4. CneKIIPbl no epeMeHu npoAella Ha PrFeO 3 npu 
10, 80, 300 K. C111peAKU yKa3bi6UIOIII noAoJKeHUJI MaKcuMy
M06, o6yCA06AeHHbiX nepexoOaMU MeJKOy KpUCIIIQAAU'IeCKUMU 
ypo6HJIMU, s - o6o3Hat~aelll noAOJKeHUJI 111aK Ha3bJeaeMbiX 
calleAAulloe, 111unut~HbiX 0AJI peaKIIopa 111una HiiP. CneKIIIP 
npu 80 K, 6e3 caJieAAUII06, 6bJA noAy'leH 6 pe3yAbilla•e 
06YX U3MepeHUU npu pa3AU'IHbiX nOAOJICeHUJIX Cal/leAAUIII06. 
I - 'IUCAO OIIC'Iello6 Ha KaHaA 3a 35 t~aco6 U3MepeHUJI, AE -
nepec}at~a 3Hepzuu 6 M3B, N- HOMep KaHaAa npu wupuHe 
KaHaAa 32 MKC, Be- 6epuAAueeaJI zpaHuija u Be'- 6epuAAue-
6aJI npebzpaHuli{J. 

o6oHx o6pa3UOB PrFeO 3 H PrGaO 3 /pHc. 6/. CrrexTpbl 

PrFeO 3 rrpH 4 K .n;aiOT HeKoTopoe yKa3aHHe Ha To, 'ITO 

IIHK IlpH 15 M3B CO,ZJ;eJ»KHT ,ZJ;Ba rrepexo.n;a. 3TO MOrJIO 6bl 

06'LJICHHTJ. C,ZJ;BHr H pacWHpeHHe IIHKa IIpH 2 M3B Ha pHC. 2 
rrpH 130 K, r.n;e ypoBeH:t. 2 M3By>Ke 3aHJIT. 

,lJ,JIJI HHTeprrpeTaUHH CXeMbl :mepreTH'IeCKHX ypOBHeii Ha

,ZJ;O rro.n;po6Hee paccuoTpeT:t. CTPYKTYPHble caoiicTBa PrFe0/5/. 
H3BecTHO, 'ITO opT.ppHTbl pe,ZJ;KHX 3eMeJI:t. KpHcTaJIJIH-

3YJOTCJI c opTopoM6H'IeCKHM HcKa>KeHHeM cTpyxTypbl rrepoa

CKHTa. B Ky6H'IeCKOH CTpyKType rrepBOCKHTa 12 paBHO-
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OTCTOJIIIUIX HOHOB 0 OKpy>KaiOT KaTBOH Pr . IIpH OpTOpOM-

6H'IecKOM HCKa>KeBHH o6a HOHa, Pr H 0, BbiBe,ZJ;eHbl H3 Ky-

6H'IeCKOH II03HUHH. H3MepeBHaJI cxeMa 3HepreTH'IeCKHX 

ypoBHeii: PrFe03 H PrGaO 3 /pHc. 6 b H 6 c coOTBeTCTBeH

Ho/ IIOKa3biBaeT, 'ITO pe3yJI:t.TaTJ.J HeJI:t.3JI 06'LJICHHTJ. Ha 

OCHOBe xy6JilleCKOH /HJIH IIO'ITH Ky6H'IeCKOii:/ TO'Ie'IHOH CHM

MeTpHH, IIOTOMY 'ITO B 3TOM CJIY'Iae O>KH,ZJ;aeTCJI TOJIJ.KO 

4 ypoBHJI /U/. Bbi'IHCJieHHJI c YJIY'IWeHHoii: Mo.n;eJI:t.IO TO'Ie'IHblx 

3apJI,ZJ;OB, r.n;e l)a.KTOpbl 3KpaHHp0BaHHJI ae H pa.n;HaJI:t.Hble 

HHTerpaJibl <rf> 6biJIH B3JITbl H3/12/H /13/COOTBeTCTBeHHO, 

,ZJ;JIJI PrFe0 3 xy6H'Iecxoii H opTopoM6H'Iecxoii CTPYKTypbl/5/, 

BKJIIO'IaJI 20 COCe,ZJ;HHX aTOMOB, IIOKa3b1BaiOT OT'IeTJIHBOe 

H3MeHeHHe CXeMbl 3HepreTH'IeCKHX ypoBHeii: IlpH rrepexo.n;e 

OT Ky6H'IeCKOH K OpTOpOM6H'IeCKOH TO'Ie'IHOH CHMMeTpHH. 

H 
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500Di 
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Puc. 5. Cnenpbl no 6peMeHu npoAe~~a Ha PtGaO 3 npu 80 
u 300 K. Bpe.MJI U3MepeHUJI cocm6AJIAO 35 11aco6. OcllaAb
Hwe CUM 60Ab1 - KQK Ha puc. 4. 
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Puc. 6. a/ 3Hepzuu nepexodo6 !\E 6 M3B dAJI pa3HbiX 
6eK•opo6 pacceJIHUJI K 6 A'- 1. KpyJICO'IKaMu o6o3Ha'leHbl 
pe3yA~o.a-..,, noAy'leHHbte dAJI PrFeO 3 Ha •pexocHOM 
cneK•poMe•pe, •peyzOAbHUKaMu U Kpec•uKaMU - pe3yAb
•a•~ot, noA,Y'IeHHbte Me•odoM 6peMeHu npoAe•a Ha PrFeO 

3 
u 

PtGaO 3 coo~e•c•6eHHO. b I CxeMa 3Hepze•u'lecKux 
ypo6He u 6 ICpuc•aAAU'IeCKOM noAe dAJI PrFe 0 

3 
• c I Cxe

Ma 3Hepze•u'lec Kux Yf'06Heu 6 Kpuc•aAAu'lecKoM noAe dAJI 
PtGaO 3 • 

3TO rOBOpBT 0 TOM, 'ITO OTHOCBTenLHO Manoe BCk&)l(eHBe 

kY6Jill eCkOB CBM MeTpBB .QaeT CBnLHLIB 3cWJekT B pacLQenneHBB 

ypOBHeii B kpBCTannB'IeCkOM none /pRe. 7/. C .Qpyroii 

CTOpOHLI, OT MO.QenB Toqequwx 3&p.II,QOB,.OC06eHHO .Qn.ll HB3kOB 

TO'Ie'IHOB CBMMeTpBB,HenL3JI O)I(B,QaTLXOpowero COBU&.QeHBJI 

C 3kCDepBMeHTanLHLIMB ,Q&HHLIMB B3- 3& He06XO,ABMOCTB 
BBe.QeHBJI B Hee MHOrBX UOUpaBI)k /14/. 
~ PrGa03 no3B.uBB &TOMOB B 3neMeHTapHoii JI'Ieiike 

HeB3BeCTHLI, B MLI He MOrnB BLI'IBCJIBTL CXeMy 3HepreTB'Ie-
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~ 

ckBx ypoBHeii B paMkax MO.Qena TO'Ie'IHLIX 3&pJI.QOB. C.QBRr 

/ana paci.QeJDJeHRe/ 3HepreTR'IeCkRX ypoBHeii B CBJI3R c 

4teppOM&rHRTHOR YUOpJI.AO'IeHBOCTLIO UO.QpeweTkB )l(ene3a 
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Puc. 7. CxeMa 3Hepze•u'lecKux YP06Heu dAJI PrFeO 3 no 
MOOeAu •o'le'IHbiX 3apJI006 c 3HeK•u6HWMu 3UPJidaMu uo
H06 JICeAe3a Z Fe U 3HeK.U6HbiMU 3apJidaMU UOH06 KUC-

ZF 
AOpot)a Z o = -( 1 + -T-) : a/ 6 ~UK.U6HOU KY6U'IeCKOU 
u b I 6 peaAbHou op•opoM6u'lecKou CUMMe•puu. B cKo6Kax 
OOHbl pac'le•H~ote 6eAU'IUHbt 3Hepzuu 6 M3B. 
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none Ha npa3eQZJ;HMe - 3,3 K3 121 ~ano 6w CJUJHr « 1 M3B. 

CyMMaj,)HWe pe3ynLTa TW uawux H3Mepeuuii /puc. 6/ 
npe~cTasneuw B Ta6nulle, r~e 3HeprHH ~auw B M3B. 

JJ;soe H3 aBTopos, K.X. HE. B., swpa:>KaiOT 6naro~apuocTL 
pYJ<OBO~CTBy )J;aTCKOrO KOMHTeTa no aTOMHOH 3HeprHH 
H OH.HH 3a rocTenpHHMCTBo. 

ABTopw 6naro~apJIT A. P. MaKHHTowa, II.IiaKa, II.A.Jluu
rap~a /.D;KA3/ H IO.M.OcTauesuqa /OH.HH/ 3a none3uwe 
~HCKYCCHB. 
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