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1 • BBE,l\EHl1E 

B npeA~AY~MX pa60Tax~ ·21 6~no noKa3aH0, 4T0 ABYXK00PAMHaT
Ha.fl HeATpOHorpac)>MR C MCn0nb30BaHMeM AM<l>paKT0MeTpa no BpeMeHM 
nponeTa .flBnR e TC.fl 3<l>c)>e KTMBHblM MeT0A0M MccneA0BaHM.fl TpaHc<l>opMa
l.lM0HH0 r o ABOAHMKOBaHM.fl KPMCTannoB . B /2 / on1-1caH0 np1-1MeHeHMe 
3Toro Me T0Aa np1-1 M3y4eH1-11-1 npo1..1ecca nonRp1-1aa1..11-11-1 Kp1-1cTanna 
KD 2PO4 (DKDPJ, HaX0AR~erocR B cerHeTo3neKTp1-14ecKoA <l>aae . 6b1-
no noKa3aH0 , 4T0 HM>Ke T04Kl-1 <l>a30Boro nepeX0Aa (T :S T c ) B 0TCyT
CTBM e 3ne KTpM4eCK0ro non.fl B KPMCTanne DKDP Ha6n~AaeTC.fl A0MeH
Ha.fl CTPYKTypa, C0CT0.fl~a.fl M3 4eT~pex / ±S a M ±S b / KOHc)>Mrypa1..11-1A. 
B npo1..1ecce nonRpMaa1..11-11-1 Kp1-1cTanna c Man~M 3Ha4eH1-1eM K03Pl.lMTMB
Ho r o non.fl /E zc~ l KB/cM/ BHeWHMM 3neKTPM4eCKMM noneM E z Ha6n~
Aa e Tc.fl nocTeneHHbli1 pa3B0P0T S a - M S b - KOH<l>Mrypa1..1MA AO coenaAe
HM.fl MX opMeHTal.l'MA, TO eCTb nepeXOAS a -M Sb -A0MeH0B BP-Ao
MeH~. B12 1 npMBeAeH~ TaK>Ke npeABapMTenbH~e peaynbTaT~ 1-1ccneAo
BaHM.fl npo1..1ecca ne penonRpM3al.lMl-1 KPl-1CTann0B DKDPM CAenaH B~BOA 
0 TOM, 4T0 npM nepeKn~4eHl-1M non.RpH0CTl-1 KPl-1CTanna BHeWHl-1M noneM 
o6paTHoro 3HaKa KPMCTann np0X0Al-1T CTaAl-1~ nonl-1A0MeHH0ro C0CT0.fl
HM.fl, BKn~4a~~ero Bee 4eT~pe K0H<l>1-1rypa1..11-11-1 A0MeH0B. 

B HaCTOR~eA pa6oTe np1-1BeAeH~ peaynbTaT~ l-13MepeHM.fl ABYMep
H~X He ATpOHOrpaMM Ha 6onee >KeCTK0M /c 6onbweA BenM4MHOA K03p
l.lMTMBH0ro non.fl/, 4eM B pa6oTe121, Kp1-1cTanne r>KDP B npo1..1ecce 
e ra nonRpMaa1..1M1-1 M nepenonRpMaa1..11-1M 3neKTPM4eCKl-1M noneM M o6cy>K
AaeTcR B03MO>KH~A MexaHl-13M nepecTpoAKl-1 AOMeHHOA CTPYKTYP~ KpMc
Tanna . 

2. JKcnEPl1MEHT 

l13MepeHM.fl He ATpOHOrpaMM 6~n1-1 B~nonHeHbl Ha A1-1<l>paKT0MeTpe 
no epeMeHl-1 nponeTa C 0AH0K00PAl-1HaTH~M n03Ml.lM0HH0-4YBCTBM
TenbHblM AeTeKT0p0M /,l\1, p1-1c. 1/ 13 1, CpeAHl-1i1 yron pacce.RHM.fl 20 
C0CTaBn.fln 90 ~ MHTepean yrn0B pacce.RHM.fl, OXBaT~BaeM~A AeTeKT0-
poM, - 10 ~ yrnoBa.fl WMpMHa OAHOA no3Ml.ll-10HHOA rpynn~ paBH.flnacb 
11 '. 11cnonbayeMbt A MHTepean Anl-1H eonH HeATPOHOB /1 .; 6 A/ noaeo
nRn pe rM CTPMP0Ba Tb He CK 0nbK0 nop.RAK0 B 0Tpa>KeHM.fl OT B~6paHHOA 
KpMcT anno rpa<l>M4 e c KoA nnoc K0CTM . HanpMMep, An.fl anpaeneHl-1.fl 
(Ok~ 0AH0 BpeMe HH0 pe rMCTPMP0 Banl-1Cb HeATpOHo rpaMM~ An.fl /040/, 
/060 / M /080 / yano B o6pa THOA peweTKM. 
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PHc.l. CxeMa pacnono~eHHH AeTeKTopoB 
OTHOCHTenbHO o6pa3Qa H ny<1Ka HeHTpo
HOB /nl - Il03HQHOHHQ-qyBCTBHTenbHbIH; 
nII - 06bl'IHb!H AeTeKTOp/ H CXeMa Han
paBneHHH pacceHHHH HeHTPOHOB npH 
Ha6nroAeHHH (hOO) H (OkO) ysnoBblX npn
Mb!X o6paTHOH pemeTKH DKDP. 

no cpa0HeHHD c121 3KcnepHMeHTanbHaR 
npot~eAypa 6bl_na AOnOnHeHa H3MepeHHeM 
OAHOMepHblX /no 0peMeHH nponeTa/ AH<l>
paK4HOHHblX cneKTP08 OT nepneHAHKynRp
HOro ysno0oro PRAa. Ha pHc. 1 cxeMa
TH4eCKH Hao6pameHbl Hanpa0neHHR pac
ceRHHR HeATPOH08 npH HanH4HH 8 06pa3-
4e AOMeH08 ±Sa-,H ±Sb -KoH<l>Hrypa4HA 

AnR cny4aR Ha6nDAeHHR (hOO) H (OkO) y3n08blX npRMblX 061>eMH0-
4eHTPHP08aHHOA peweTKH DKDP /npocTpaHCT8eHHaR rpynna 142d /. 
BHAHO, 4TO HanH4He 8TOporo AeTeKTOpa /~II / no380nReT Ha6nD
AaTb pa3AenbHO KOMnOHeHTbl yana COCTa8HOA o6paTHOA peweTKH' 
co0naAaD111He 0 nep80M AeTeKTope. 3TO OKaaanocb Heo6XOAHMblM KaK 
AnR _6onee AOCT08epHoA HHTepnpeTa4HH HeihpoHorpaMM, TaK H AnR 
perHCTpa4HH no0opOT08 o6pa34a KaK 4enoro. 

3KcnepHMeHT np080AHnCR Ha KpHCTanne' KOTOpblA' KaK H 0 121, 
HMen 061>eM V .. , 1 cM 3, c TeMnepaTypoA KDpH Tc .. 214 K, HO 3Ha4e
HHe ero K03P4HTH8HOro nonR COCTa8nRno OKOnO 2 KB/cM, 4TO 
0 2,5 paaa 6onbwe K03P4HTH8Horo nonR KPHCTanna, HccneA08aHHOro 
0/2~ Bo 0peMR H3MepeHHA TeMnepaTypa 06paa4a nOAAepmH0anacb 
pa8HOA /210.:!:_1/ K, npOAOnmHTenbHOCTb perHCTpa4HH HeATP?HOrpaM
Mbl npH <l>HKCHP08aHHOM 3Ha4eHHH 8HeWHero 3neKTPH4eCKoro ,nonR 
COCTa8nRna 8 cpeAHeM 90 MHH. nocneA08aTenbHOCTb 803AeACT8HR 
nonR Ha 06paae4 noAp06Ho onHcaHa 0 121• npH npo0eAeHHH 4HKna 
nepenonRpH3a4HH HCXOAHOe /MOHOAOMeHHOe/ COCTORHHe KPHCTanna 
AOCTHranocb HenocpeACT8eHHO nepeA Ha4anoM 4HKna H, 8 OTnH4He 
OT Ha6.nDAaBwerocR 0 121, COOT8eTCTBOBano + Sa - KOH<l>Hrypa4HH AOMe-
HOB. 

3. PE3YJlb TATbl 3KCnEPHMEHTA 

Ha PHC. 2 npHBeAeHbl ABYMepHble, a Ha pHC. 3 - OAHOMepHble pac
npeAeneHHR HHTeHCHBHOCTH pacceRHHblX HeATPOHOB B y3nax /060/ 
H /400/ COOTBeTCTBeHHO o6paTHOA peWeTKH KPHCTanna npH HeKOTo
PblX 3Ha4eHHRX HanpRmeHHOCTH Ez BHeWHero nonR, yeenH4HBaD111eAcR 
OTO AO 4 KB/cM c waroM 0,25 KB/CM. HcxoAHOe COCTORHHe npH 
E z =O 6b1no nony4eHo npH oxnamAeHHH 06paa4a AO T =210 K 6ea 
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PHc.2. nBYMepHble pacnpeAeneHHH 
HHTeHCHBHOCTH /KOHTYPhl C maroM 
_20/ B ysne /060/ KpHcTaJIJia DKDP 
B npoQecce nonnpHsaQHH KpHCTaJIJia 
B sneKTpffqeCKOM none E z • 

HanomeHHR 0HewHero nonR. B oTnH-. 
4He OT KpHCTanna, HCcneAOBaHHoro 
0121, B AaHHOM cny4ae npo4ecc nonR
PH3a4HH 3aKaH4HBaeTCR nepeXOAOM 
B + Sa -KOH<l>Hrypa4HD: npH 3TOM 
nonomeHHe COOTBeTCTBYDl!lero AH<l>-

0 . 
paK4HOHHOro MaKCHMYMa Ha PHC. 2 
npaKTH4eCKH OCTaeTCR HeH3MeHHblM. 
XapaKTepHoA oco6eHHOCTbD HeATpo
HorpaMM 'RBnReTCR Ha6nDAaD111eecR, 
Ha4HHaR C Ez::: 1,5 KBicM, CHnbHOe 
HCKameHHe <1>opMbl AH<l>paK4HOHHblX 
nHKOB' COOTBeTCTBYDIIIHX + s a - H 
+Sb-AOMeHaM, B TO me epeMR MaK-
C~MYMbl, OTBe4aD111He cy111eCTBOBaHHD 

B 06pa34e -Sa-'H -Sb -AOMeHOB, yMeHbWaDTCR no HHTeH,CHBHOCTH 6e3 
H3MeHeHHR <l>OPMbl. npH Ez2:_ 2 KB/ CM nHKH, COOTBeTCTBYDl!IHe +Sa - H 
+Sb - AOMeHaM, <l>aKTH4eCKH o6paayDT eAHHblA MaKCHMyM. 

Ha PHC. 4 npHBeAeHbl ABYMepHble pacnpeAeneHHR HHTeHCHBHOCTH 
e yane /060/ .e npo4ecce nepenonRpHaa4HH KpHcTanna, HaXOAR111e
rocR B HCXOAHOM MOHOAOMeHHOM + Sa -coCTORHHH. 0T4eTnHBO Ha6nD
AaeTCR B03HHKHOBeHHe B KPHCTanne nonHAOMeHHOro COCTORHHR, co
CTORl!lero H3 ecex 4eTb1pex THnoe ± Sa- H ± Sb-AOMeHOB. XapaKTepHO 
TaKme TO, 4TO Ha nepeoA CTaAHH paapyweHHR MOHOAOMeHHoro COCTOR
HHR npoHCXOAHT 061>eAHHeHHe + Sa· H +Sb -KoMnoHeHT AH<l>paK4HOHHoro 
nHKa B eAHHblA WHpOKHA MaKCHMYM. . 

npH nepeKnD4eHHH, KPHCTanna H3 + s a -cocTORHHR B -Sa H o6paTHO 
yrnOBble nonomeHHR KOMnoHeHT pa3nH4anHCb Ha 50~ 4TO HeCKOnbKO 
MeHbWe YABOeHHOA BenH4HHbl yrna cnOHTaHHOro CABHra Uxy•Ha6nD
AaeMble B ~II OAHH04Hble nHKH OT nepneHAHKynRpHoro y3noeoro PRAa 
/pHc. 3/ CMe111anHCb npH 3TOM Ha ~A/A• =0,0035, 4TO 03Ha4aeT no
BOPOT 06pa34a KaK 4enoro Ha l2 ~ TaKHM o6pa30M' CKOppeKntpoeaH
HaR Ha noeopoT 06pa34a pa3HH4a yrno~blx nonomeHHA ±Sa-KOMno
HeHT npHBOAHT K Uxy=31: 4TO COOTBeTCTByeT paHee H3MepeHHblM 
3Ha4eHHRM 111• 

4. 06CY~~EHHE 
/2/ 

B pa6oTe OTMe4anOCb, 4TO B HAeanbHOM KPHCTanne nepeKnD4e-
HHe 3HaKa nonRpH3a4HH AOMeH08 TeopeTH4eCKH AOnmHO npOHCXOAHTb 
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Puc. 3. <I>opMa AUq>paKI.IUOHHblX nu
KOB B y3ne /400/, U;MepeHHa~ . 
AeTeKTOpOM ~II OAHOBpeMeHHO 
c HeHTPOHOrpaMMaMu puc. 2. 
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Puc. 4. ~ByMepHbie pacnpeAene
Hua UHTeHCUBHOCTU /KOHTYPbl 
c waroM 25/ B y3ne /060/ Kpuc
Tanna DKDP B npo11ecce nepeno
napu3a11uu KpucTanna B none 
Ez.HCXOAHOe COCTOHHUe KpUCTan-

Jia +Sa. 

O,QHOBpeMeHHO C noaopOTOM S a-1,1 Sb -KOH<!>Hrypa41,1i1 HaBCTpe4y ,qpyr 
,qpyry 1,1 3aKaH4HBaTbCH B o,qHo,qoMeHHOM COCTOHHl,11,1 nepexo,qOM B 
P -KoH<1>1-1rypa41,1io. MMeHHO ·Ta Koe noae,qeH1,1e Ha61110,qaJlOCb a 12: ,QJlH 
KPHCTa1111a DKDP c K03P41-1THBHbJM no11eM 'Ez~=O ,8 K8/cM / 11MHrK1-1i1 11 

KPl-1CTa1111/. 0,qHaKo ,QJlH HCCJle,qoBaHHOro B pa6oTe 141 Kpl-1CTaI111a 
c Ezc =5 K8/cM /1 1mecn<1,1i:l11 KPHCTan11/ np1,1 no11Hp1,1aa41,11,1 noaopoT Sa-
1,1 Sb -,qOMeHOB OTCYTCTBOBaJl *, a nepexo,q B 0,QHO,qOMeHHOe f- Sa -
COCTOHHHe npo1,1cxo,q1,111 cKa4K006pa3HO. 

'•KaK Cile,qyeT 1,13 pe3yJlbTaTOB, 1,13IJO)l(eHHblX B npe,qbl,qy~eM pa3,qene, 
KPHCTa1111 c Ezc=2 K8/cM a npo4ecce no11Hp1,13a41,11,1 3aHHMaeT npoMe
myT04Hoe nonomeH1-1e no OTHoweHHIO K 1-1ccne,qoaaHHblM paHee KpHcTan
naM. B Kp1-1cTan11e He Ha6nio,qaeTCH o,qHoapeMeHHoro noaopoTa Sa -
1,1 Sb -,qoMeHoa c nepexo,qoM a P-KoH<1>1-1rypa41,1io, HO a TO me apeMH 
nepexo,q npo1,1cxo,q1-1T nocTeneHHO 1,1 xapaKTep1,13yeTCH o6paaoaaHHeM 

* KpoMe He3Ha41-1TeI1bHoro /a npe,qenax 3 '/ paaaopoTa, cBH3aHHOro 
C o6paTHblM nbe303neKTpH4eCKl,1M 3.<l><l>~KTOM. 
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e,q1-1Horo. w1,1p0Koro MaKCHMYMa 1,13 +Sa-vi+ Sb -nHKOB. 06paaoaaHHe 
no,qo6Horo MaKCHMyMa. MO)l{HO 061>HCHl-1Tb TOilbKO nOHBneH1-1eM a· Kp1-1c
ranne ,qoMeHOB c op1-1eHTa41-1HMY1, pacnpe,qeneHHblMl-1 a HHTepaane 
Mem,qy op1-1eHTa4HHMYI + Sa- "1 + Sb -,qoMeHOB. npe,qnonomeH1-1e o TOM, 
4TO B npo4ecce nepeKill04eHHH ,qoMeHOB B KPHCTannax T1-1na DKDP 
B03HHKaeT npoMemyT04HaH ynaKOBKa, COCTOH~aH 1,13 ,qoMeHOB P-TJ.1na, 
BblCKa3btBanocb paHee B pa6oTe151• Haw1,1 ,qaHHble ca1-1,qeTeilbCTBYIOT 

cKopee o TOM, 4TO pacnpe,qeneH1-1e op1-1ettTa41,1i1 npoMemyT04HOH yna
KOBKH. ,qoMeHOB HBnHeTCH HenpepbJBHblM. 0TCYTCTBl-1e HCKameHl-111 <1>op
Mbl - Sa - 1,1 -Sb - ,qoMeHOB np1,1 nepexo,qe KpJ.1CTanna a + Sa -cocToH
HHe * no3BOnHeT npe,qnOIJ0)1(1,1Tb, 4TO nOHBileH1-1e pacceHHl,1H BO 
aceM HHTepaane yrnoa Mem,qy op1-1~t1Tat.1HHMH + S a-1-1 +Sb -,qoMeHOB ceH
aaHo C nocTeneHHblM noaopOTOM + s b -,qoMeHOB K + s a -,qoMeHaM; TaK 
KaK op1,1e~Ta41-1H - Sb·-,qoMeHOB np1,1 3TOM OCTaeTCH Hel-13MeHHOH, 
TO TaKoro po,qa noaopoT npo1-1cxo,q1-1T TOnbKO a y4acTKax KPHCTanna, 
r,qe yme ,qoCTHrHyTO 0,QHO,QOMeHHOe+Sb-cOCTOHHHe. 

TaKHM o6pa30M, pe3yilbTaTbl HaCTOH~eH pa60Tbl no,qTaepm,qalOT 
Mo,qe11b nonHp1,13a41,11,1 Kp1-1cTanna, npe,qnomeHHYIO a 121, a 1-1MeHHO.: 

- a Ha4anbHOH CTa,q1,11,1 npo1,1cxo,q1,1T nepeKnl04eH1-1e 3HaKa ,qoMeHoB 
3a C4eT ABl-1)1{eHHH KorepeHTHblX rpaHl-14 Mem,qy + 1,1 - ,qoMeHaMl-1 06e1,1x 
S a-"1 Sb -KOH<!>Hrypa41,111; . 

- nocne ,qoCTl,1)1{eHl,1R a HeKOTOPOH o6nacTJ-1 Kp1,1CTanna COCTOHHJ,1H 
c onpe,qe11eHHblM 3HaKOM nonHp1,13a41,11,1 ~TaHOBHTCH B03MO)l{HblM noao
pOT ,qoMeHa B CTOpOHy HeKorepeHTHOH rpaHHLlbl C ,qoMeHOM .. aJlbTep
HaTHBHOH KOH<!>Hrypa1.11-11-1; 

- cTeneHb a3a1,1MHOCTH npo1,1cxo,qH~ero noaopoTa 3aa1,1c1-1T OT 
pea/lb HOH CTPYKTYPbl KPHCTanna; B11MHrK"1X11 06pa31.1ax noaopOT ,qo
MeHHblX KOH<!>Hrypa41,111 a3a1,1MeH 1,1 nocTeneHeH, a 11meCTKl,1X11 OH npo-
1,1cxo,q1,1T cKa4KOo6pa3HO, a 11npoMemyT04HOM11 cny4ae noaopoT nocTe
neHeH, HO noaopa41,1aaeTCH TOilbKO MeHee YCTOl141-1BaH KOH<!>Hrypa1.11-1H 
,qoMeHOB. 

Ha nony4eHHblX ,qaHHblX cne,qyeT TaKme, 4TO B 11npoMemyT04HOM11 

cny4ae HanpaaneHHe noaopoTa ,qoMeHHOH KOH<!>1-1rypa41,11,1 OT Sa K Sb 
l,1/11,1 Hao6opoT He HB/lHeTCH a6CO/llOTHblM; B pa3nl-14Hb1X y4aCTKaX Kp1-1c
Ta1111a· npo1-1cxo,qHT KaK Te, TaK 1,1 ,qpyr1,1e noaopOTbl. BoaMomHo, 3TO 
CBH3aHO C pa3HOH CKOPOCTblO nepeK/ll04eHHH 3HaKa nonHp1-1aa1.11,11,1 
B ,qoMeHax Sa 1-1 Sb B ,qaHHOH 0611aCTJ,1 KPl-1CTa1111a; Ha4HHaeT noaopa-
41,1BaTbCH Ta KOH$Hrypa41-1H, a KOTOPOH ,QOCTHrHyTO YHHnOllHPHOe 
COCTOHHHe. 

*Pa3pewaio~aH cnoco6HocTb Hawero ,q1-1$paKT0MeTpa He no3aonHeT 
Ha611io,qaTb Ma/lble l-13MeHeHl-1H <!>OPMbl ,q1,1<1>paK4HOHHblX n1-1KOB, OTMe4eH
Hble B pa6oTe '6 ·'. 
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3TO YTBepmAeHH~ BWTeKaeT ~3 ¢aKTa cy~eCTBOBaHHR nonHAOMeH
HOro COCTORHHR C npoMemyT04HblMH MemAY Sa - H Sb -opHeHTa4HRMH 
AOMeHOB, Ha6n10AaeMoro npH nepenonRpH3a4HH KpHcTan.na. B 4acy
HOCTH, npo4ec~ MOHOAOMeHH3a4HH HccneAyeMoro KPHCTanna BKn104a
eT B ce6R B OTAenbHWX ero.y4aCTKax H B03MOmHwe BpeMeHHWe no
BOPOTbl + Sa-K + sb-KOH¢Hrypa4HH AOf:leHOB, npHBOAR~He B • KOHe4HOM 
C4eTe /c noMO~blO o6paTHWX noeopOTOB/ K +Sa MOHOAOMeHHOMY co
CTORHHIO KpHCTanna. 

0TMeTHM TaKme, 4TO HHTeHCHBHOCTb nORBnRIO~HXCR .B npo4ecce 
nepenonRpH3a4HH AH¢paK4HOHHWX MaKCHMyMOB, COOTBeTCTBYIO~HX Me
Hee. YCTOH4HBOH KOH¢Hrypa4HH AOMeHOB, cy~eCTBeHHO MeHbWe HX 
nepeoHa4anbHOH /AO Ha4ana nonRpH3a4HH/ HHTeHCHBHOCTH. Bo3Mom
HO, 4TO MHOroKpaTHOe 4HKnHpOBaHHe nonRpH3a4HH KPHCTanna BHew
HHM noneM npHBeAeT K nonHOMY HC4e3HOBeHHIO MeHee YCTOH4HBOH 
KOH¢Hrypa4HH AOMeHOB. 

AeTopw 6naroAaPHbl B.H.ropAenH10 H r.H.HHPOHOBOH 3a noMo~b· 
B npoBeAeHHH 3KCnepHMeHTa H ~.H.0cTaHeBH4Y 3a PRA KPHTH4eCKHX 
3aMe4aHHH, 

JlHTEPATYPA 

1. Balagurov A.H. et al. phys.stat.~ol.(a), 1979, 51, p. 367, 
2. 6anarypoe A.H. i-1 All, <l>TT, 1980, 22, c. 2735. 
3, 6anarypoB A.H. HAP, OHHH, P13-80-44o, ,lly6Ha, 1980. 
4. 6anarypoe A.H. HAP, H3B, AH CCCP, cep.¢H3., 1979, ~3, 

c. 1740. 
5. AKHa3apoB C. X. ' Wa6enbHHKOB Jl .r. ' WexTMaH B .H. <!>TT' 1975' 

17, C, 30, 
6. BastieP.H., Bornarel J. J.Phys.C: Solid. St.Phys., 1979, 

12, p. 1785. 

6 

PyKOnHCb nocTynHna B H3AaTenbCKHH OTAen 
1 HIOnR 1981 roAa. 

I 


