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AHHOT8UilS1 

Paan:oxHMH'leCKHM MeTO.llOM n:ay'lanoch o6paaoBaHire n:aoTorroB acTaTHHa 

J1: 211 li. 210 ll 207 
I f , Jf'f. n: JTl I Ira c BHHua no a aelicTBireM rrpoTOHOB c saeprHSI-

MH 80-660 MsB, aeliTpoaoB c aaeprn:SIMH 115-370 MaB Ir ot-qacTn:u c aaeprHSI

Mn: 210-810 Maa •. 8TH .H30TOIIhi acTaTHHa rrony'laiOTCSI B peaynh.TaTe ocymecTBne

HHSI BTOpir'lHOJl peaKUHH 38XBaTa Haa6apbepHhiX staep nHTHSI1 rronyqaeMhiX B pac-

_ff.211 o( menneaHBx. Bhxxoa. JTf npH 6oM6apaHpOBKe . -qacTn:uaMn: aocTHI·aeT 

0,3 M HK po6apH Ir rrpaKTH'leCKH He 38BHCHT OT SHeprHH o( -qac.THU. n pH 6oM6ap-

.lliipOBKe rrpOTOH8MH H aeftTpOH8MH OH pac·TeT C yBenH'leHireM aHeprHH 1 oco6eHHO 

aa npoToaax nocne 400 Msa H aocTn:raeT 0,2 MHKpo6apH npn: aaeprirn: 660 Maa. 

!1. 211 
BhiXO.ll. J(C B 38BHCHMOCTH OT TOnlllHHhl CBHHUOBOli MHllleHH IIOCTOS!HeH B HHTep-

Bane TOnlllHH 0,3- 1,6 MM H yMeHbWaeTCSI .llnSI TOnUUiH MeHee 0,3 MM. Via Bh!XO

.llOB 8CT8THH8 H3 CBHHU8 paCC'lHT8HO ceqean:e o6pa30B8HHSI H OUeHeH 9HepreTH'le

CKHA crreKTp aaxBaThiBaeMhiX nHTHeBhiX ¢parMeHToB. Ce'lean:e o6paaoBaHHSI aaa-

6aphepHhiX nHTireBhiX ¢parMeHTOB np~ aaeprHirfbpoTOHOB 660 M a a co eTa BnHeT 

3-6 M n:nnH6apa. 



BBeaeHIIe 

II-61 
B npouecce ciJparMenTaunu , noa KoTophiM Mhi nounMaeM Bhiopachmanue 

JIUTUeBhiX, oepllliJIUeBhiX II OOJiee TSI)KeJihlX OCKOJIKOB BoaoymaeHHhiM SinpoM, 

6onee lmTepecHhiM SlBJISieTcSI ncnycKauue HaaoapbepHhiX ciJparMeHTOB. 3To SIBneHne 

He IIMeeT ao cux nop yaoBneTBopnTenbHoro TeopeTnqecKoro o6oSICHeHrm. Hu oanH 

1!3 H3BeCTHhiX MexaHH3MOB SiaepHhiX peaKUHft He MO)KeT OO'hSICHUTb nepenaqy KOM-

nneKcy HyKnOHOB, 6ea paapewemiSI aToro KOMnneKca, TaKoft 6onbwott KIIHeTuqecKofi 

aHeprun, KoTopaSI npeBocxonuT UHorna · nonHyiO airepruro cBSian HYK.TIOHOB B ¢par-

MeHTe. 

' >V u 17-111 
PaauoxnMH•IecKne nccneaoBaHHSI "BTopu•IHhiX peaKuuu" ·SIBJISIIDTCSI on-

HUM ua MeToaoa uayqeHnSI aToro npouecca, BTopnqHhlMH peaKunSIMH npnHSITo 

HaahiBaTb peaKunu, npoucxonSimue Ha· Sin pax MHweHn no a neficTBHeM BTOpHqHhiX 

uanoapbepHhiX ciJparMeHToa. B HacToSimeu paooTe uayqanocb oopaaoBanne naoTo

noa acTaTHHa n~ BTopnqHofi peaKunn J2.?C' ( ot:,x ft~~Jit /rne J{- qucno 

BbineTeBWHX HeftTpOHOB/ npu, OOMoapnHpOBKe CBIHIUa DpOTOHaMH 1 aefiTpOH8Mii ·u 

a/-qacT:uuaMn BhiCOKHX aHepruft. Bbioop cBuHua B KaqecTae o6oeKTa o5nyqeHmi 

ooycnoBneH aByMs:r np:uquHaMu. B cnyqae canuua onacHbiMH npnMecSIMH SIBJISIIDTCH 

npnMeCH BIICMyTa, ypaHa II TopnSI, oqncTK8 OT KOTOph!X MomeT Oh!Tb UOCTHrHyTa 

cpaBHHTel!bHO nerKo, C apyrott cTopoHhi, npn om:uaaeMhiX ManhiX a¢¢eKTax 
-30 -32 2 

IBhixoa peaKunn 10 -10 eM I KOHeqH&Ifi nponyKT peaKuim- acTaTIIH - y.no6-

HO uaonroaaTh no ncnycKaeMoMy ·eX -nanyqennio, B nanuoM cnyqae anaquTeJibHO 

oonerqaiDTCSI TpeOOBaHUSI XUMnqecKOH oqncTKII IICKOMhlX nponyKTOB p88KUIIH OT 

Mewaromux - paauoaKTIIBHhiX aarpSiaHennft. 

M'eToanKa aKcnepnMeHTa 

DnSI ysepeHHoro HaonroaeHHSI BTopuquott peaKunu cBuHeu He aonmeH 

coaep2KaTb npnMecii J3,· , Zf u 7'~ BhiWe 10-3%, 10-4% U 10-5%, COOTBeT-
/10/ 

CTBeHHO • YKa3aHHaSI CTeneHb qHCTOTbl CBHHUa UOCTHranacb cnea yiOUHIM oopa- 1 

30M: UCXOUHhiM npoayKTOM SIBJISlJICSI XIIMUqecKH qHCThifi KapOOHaT CBHHUa; H3 nero 

Ob!JI npHrOTOBJieH HHTpaT, KOTOpblfi UBamnhi nepeKpHCT8.Tl1IU30BbiBaJICSI H3 75% pacTBO

pa /no o6oeMy I MeTunoBoro cnHpTa u onHH paa - ua KOmtenTpupoBannoft aaoTHoll 
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KHC.TIOTblj HHTpaT npOKariHS8.TICSI .0:0 OKHCH; OKHCb CSHHU8 SOCCT8H8B.TIHS8.Tl8Cb .0:0 

MeTanna caxapoaoa npn 700- 800°C • Co.n:ep:lKaHHe SHCMyTa s Hcxo.n:HoM Kap6o·-

HaTe CSHHUa COCTasnSinO 10-
2%. B MeTannH'I9CKOM CBHHUe SHCMYT He o6napy:lKeH 

-3 x/ 
1<.,10 %/. 0pHM9Cb ypaHa If TOpliS! S M9T8.TI.Tllf'I9CKOM CSHHU9 OU9HHBa.TI8Cb H3 

223 
Sb!X0.0:8 .e. npH o6ny'IeHHH CSHHUa npOTOH8Mlf C aueprHel1 120 Mas. OpuMecb 

./) 223 21 H Th -5 
B csunue uaa.o:ena < 10 %, ecnH C'IH~aTh, 'ITO Ka ODpaayeTCSI 113 

/12/ 
aTHX sneM9HTOS C C9'!9HH9M -;::::; 10 MHnnH6apH • 

06ny'IeHH9 Mlflll9Hei\ npOH360.0:HnOCb npOTOH8Mlf 6 HHT9p6ane aHeprHH 

80-660 M 95; .n:el1TpoHaMH :8 HHTepsane sneprHR 115-370 Mas 11 .X- qacTHua-

MH B HHTepsane SHeprHit 210-810 Mas. Yf3M9HeiJHe 9HeprHH OOMDap.n:HpyiOlllHX 

'I8CTHU .O:OCTHranOCb ycTaHOBKOll MHW9HH H8 pa3.TIH'!Hb!9 pa.O:HYCbl op6HTb! ny'IK8 

'IaCTIIU. LJTODbl H36e:>KaTb nOT9Plf acT.aTHHB npH HarpeBaHHH MHllleHeit ny'IKaMH 

npOTOHOS H .n:ei\TpOH06, 06pa3Ubl C6MHU8. B9COM OKOnO O.O:HOr'O rpaMMa, 3anaHBanHC!: 

B KSapuesbi9 aMnynbl C Hapy:>KHbtM .O:HaMeTpOM 4 MM, .O:T!HHOH 30 MM, C TO.TllllHHOH 

CTP.HOK Ot5- 0,6 MM. BpeMeHa o6nyqen'HH cocTaens:~nH OT 0,2 .n:o 2 qacos. 

B onbiT8X no onpe.n:eneHHIO 6biX0.0:8 .8CT8THH8 H3 CBHHUOBbiX !j>Onbr pa3.TIH'I

HOH TO.TllllHHbl o6ny'IeHHe 0Dp83UOS npOBO.O:H.TIOCb H8 TOpU9BbiX _n069pXHOCTHX nnac-

/}3/ . 
THH ShlSO.O:HOrO MarHHTHOr'O KaHana CHHXpOUHKnOTpOHa npH SHeprHH npoTo-

HOB 660 M a5. Oy'IoK npoTonos na Topuax ·nnacTHH MarHHTHoro KaHana cHnbHO 

2 
pa3Mb!T H HM99T HHT9HCHSHOCTb Ha 1 CM 6 50-100 pa3 M9Hblllyl0, '!9M UHpKynH-

pyiOlllHfi ny'IoK. B aToM cnyqae secb na6op !j>onbr IKa:lK.n:aH paaMepoM 3 x 40 MMI 
. 0!> . 

o6nyqancSI o.n:HoBpeMeHHo. ct>onhrH pacnonara~HCh ps:~.n:oM .n:pyr c .n:pyroM 6 o.n:-

Hofi nnOCKOCTH, nepneH.O:HKynstpHOfi ny'IKY npOTOHOBo JlnHT9nbHOCTb o6ny'I9HHSJ B 

STHX OnhiTaX COCT8MSina 2~10 'I8COBo 

Yfa o6ny'I9HHOr'O C6HHU8 8CT8THH BbiJJ:9nstnCSJ aKCTparHpOBaHH9M ero H3 

CO.TISJHOKHC.TIOr'O pacTBOpa .O:HH30npominOBbiM S!j>HpOM. JlanbH9lllll8SJ 0'1HCTK8 npe-. 

napaTa npOSO.O:H.Tl8Cb nyTeM COOCa:lK.0:9HHSI p8.0:lf08KTHBHhiX 3arpSI3H9HHH C ane-

M9HT8pHbiM TennypOM H3 lll9.TIO'IHOr'O paCTBOpa H COOC8:lKJJ:9HHSI 8CT8THH8 C 

aneMeHTapHbiM TeJinypOM H3 CO.TIHHOKHCnoro paCTBopa. 0o.n:po6HaSJ M9TO.O:HK8 

x/ 
CneKTp8.TlbHbie onpe.n:eneHHSJ npHM9CH BHCMyTa B CBHHU9 SbinO.TIH9Hbl COTpy.n:-

HHKOM rEOXYf M.cl>apa!j>OHOShiM, KOTOpOMy 86TOpbl npHHOCSIT C6010 6naro
.n:apHOCTb. 
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/14 I 
XMMuqecKoro BhlaeneuuH acTaTuua onucaua 

o6pa3UOB CBliHUa o6pa6aTbiBaliOCb MeToaoM 

B pa6oTe o JlnH KOHTpOmi HeCKOlibKO 
/10/ 

,. OCHOBaHHbiM uenUKOM Ha COoca-

*aeHHH acTaTHHa c TennypoM. Bhrxoa-br acTaTMHa n aTMX cnyqaszx nonyqeubr TaKH

MH )Kel B npeaenax 9KCnepHMeHTalibHhlX OllJU60K, K8K H B 9KCTpaKUHOHHOM MeToae. 

MeToa usMepeHHH o6pasuoa u npnMeHHeMaSI 
' /15/ 

annapaTypa onucaHhi a pa6oTe , 

Bo acex onbtTax aa6moaanacb C>( -aKTHBHOCTb c nepuoaoM nonypacnaaa 7,5 qac 
(,) 210 

M OKOliO 140 aH, OTHeceHHbiX HaMil K J!t 211 u ~ • B HeKoTophlx orrhlTax 

o6uapy*eHa aKTHBHOCTb c ne puoaoM oKono 2 qacoa, /1 207 
ITpHnHC8HH8Sl ~ , 

VlnTeacHBHOCTb nyqKa 6oM6apaH·pyromHx qacTHU orrpeaenSinacb no Bhrxoay 
,!' 24 / 

.A'tt 113 aliiOMHHHeBO:ii cp01IbrH,.,_!3 KOTOpyro 3aBOpaqHBaliHCb o6pa3Ubl npH o6nyqe-
, ' ,/'24 /15/ ' 

nrm. M eToaHKa H3MepeHHS'I npenapaToB .A'q · Ta me, qTo H a pa6oTe • Ceqe-

·~ 24 113 M27 HHH o6pa30BaHHSI ./V£1 J(C. npli- pa31IHqHbiX :=meprHHX 6oM6apaHpyiO!llllX 

6 6 · /16-19/ · n 6 200 M qacTliU paliUCb li3 pa OT • ,.u.liH a e:iiTpOHOB C aneprHHM H 01Ibll18 9B 
,;' 24 

.A1'4 onpeae-H eX -qacTHU c aueprnHMH 6onbllle · 400 Maa ceqrnHSI o6pa3oaauus:~ 
/1617/ 

1I8Hbl nyTeM SKCTpanOliHUlili xoaa KpHBbiX ' • B cnyqae aefiTpOHOB STO 

ceqeaue npHHSITO paBHhiM 22 MlililiH6apf!aM. JlnH o( ..;.qacTHU C 9HeprHSIMli 585 11 

810 MaB OHO oueneHO paBHbiM 18 U 13 MH1IliH6apH, COOTB8TCTB8HHO. 

B03MO)KHbie norpelll HOCTH B MOHliTOplipOBaHHH nyqKa, B03HHKaiO!llli8 npH 

o6nyqeanH a aMnynax, onpeaemmHcb nyTeM conocTaaneaHH ceqeuns:~ o6pa3oBaHHH 

acTaTHHa npn aaeprnH 660 Maa a cnyqae o6nyqeami a aMnyne n 6eo aMnynhi aa 

MarHHTHOM KaHane, a T8K)Ke Ha UlipKYliHpyromeM nyqKe npH CHH)K8HHOii HHT8HCHB-
x/ 

HOCTH. Bo acex Tpex cnyqaszx nonyqeHHbre BbiXOahi peaKUHH a npeaenax ollln6oK 

onbtTa cornacyroTcSI apyr c a pyr OM. 

3KcnepHMeHTanbHhte pesynhTaThi 

211 210 ..J!t~"1 
BbiXOahl H30TOnOB .fit H ..it , 8 TaK)Ke OTHOCHT8libHhlii BbiXOa J/t.?ff 

npn pasnHqaoil aueprrm npoTouoa aaHhi a Ta6nnue 1. 3aecb, KaK n acioay HH*e, 

npHaeaeHHbie aenHqHHhi Sians:~roTcS'I cpeaHHMn H3 aecKolibKHX onpeneneunii /ne Menee 

Tpex/• TonbKO ans:~ aneprnn npoTOHOB ,_ 80 Maa aano eaHnnquoe onpeaenemte. 

x/ 
B H8CTOSI!llei1 paooTe ace oonyqeHUH npoaoaHliHCb c "TOliCTbiMU:" MnweHHMH 
B KOTOpbiX BhiXOa peaKUlili He Sa BHCUT OT TOli!llliHbl o6pa3Ua, VI CKli roqeHH8M 
SIBliSIIOTCSI onhiTbi no onpeaetieHHIO 3aBHCliMOCTH Bb!Xoaa OT TO.TI!llliHb! MIIWeHIIo 
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Cny•raltHaH own6Ka, c KOTopoii B Ta6naue 1 .n.aH BbiXo.n. acTaTHHa, He npeBbiWaeT 

207 ±_30%. B oTHOCHTenhHOM BbiXo.ae /It yqTeHa .n.onH K-GaxnaTa, paBHaH 90%. 

npu aueprHH npOTOHOB 660 Man B O.D.HOM 11:3 onbiTOB y.n.anOCb o6uapyLKUTb H30TOn 

._A-{205 (~K) ~ =25. MHH H OUBHI1:Tb ero OTHOCHTen6Hhlfi BhlXO.D. • BeG yqeTa 

.Jlt2os· 
Jlf~" 

.aonu K -GaxnaTa oTHOCHTenbHbiH Bbtxo.a COCTBBnHeT --'-' 0,1 1 

T a 6 n n u a ·1 

3Heprmr BbiXO.D. Jl(.fo'} CyMMapHbiii BbiXo.n.. 
npOTOHOB IMHKpo6apH/ Jf211 /MnKpo6apH I 

Man ..Jt2tt Jft2to 

660 0,17 0,21 ..--...} ,3 1'-'1 ,3 

500 0,06 0,10 - "'-'0,35 

340 0;03 0,08 - "'-'0,2 

120 0,005 0,01 ""'1,1 t'-{),03 

"'---80 0,01 

VI 3 Ta6nnu bi . nn.n.Ho, '!To BbiX o.abr ..Jt 211 
H 

.}It 207 no:<!TH O.D.HHBKOBbl 

/J. 210 
npu auepruu 6oM6ap.n.upyrow:nx npoTOHoB 66_0 n 120 Man. Bbrxo.a Jf't npn 

I!L 211 
aueprnHx 500-120 Man npnMepHo B .n.aa pa3a 6onbwe, qeM Bbrxo.n. Jfl- • 

C yMeHbweHJ.IeM aHeP.rnn npoToHOB BbiXo.n. nGoTonon acTaTnHa yMeHbWaeTcH npu-

MepHO O.D.HH8KOBO, 0THOCHTenbHbiH Bb!XO.D. 
j,ff21o 

Jt'fJfl 
rHHM 6oM6ap.n.Hpy!OW:HX npoTOHOB, paBeH 1,5 ±. 0,5. 

Ubi 1 npHBS.D.CH CyMMapHbiH Bb!XO.D. H30TOnoB OT 

, ytpe.n.HeHHbifi no BCeM aHep- , 

B nocne.aneii: KononKe Ta6nn

Jt 207 .n.o Jlt 211 • npn 

II 209 1J. 208 
aTOM Bb!XO.D.bl vif H Jt'f HHTepnonnpOB8Hbi no Bb!XO.D.8M H30TonoB 

211 21 0 . /i. 207 u .J/t , ..fit H Jt't . Cny'laHHaH own6Ka B onpe.n.eneHHn: cyMMapHoro 

Bb!XO.D.8 8CT8THH8, no-BH.D.HMOMy 1 He npeBbiWaeT _±50%, 

BhiXO.D.bi H30Tona 
II 211 
~t npn: pa3nH'IHhlX 9HeprHHX npOTOHOB 1 .n.efiTpOHOB 

u eX -qacTHU rroKaGaHbi na puc. 1. K aK BH.D.HO IJ3 pucynKa, Hau6onbWHii: Bhrxo.n. 

211 -/ .J/f Ha6nro.aaeTC51 IIpU 6oM6ap.n.npOBKe (X. -qacTHU8Mli H COCTaB.IIHeT OKOnO 

0 1 3 MHKpo6apH, 0H Mano MeHHeTCH C pOCTOM 9HeprHH eX -qacTU,U, ~pH 6oM6ap

.D.HpOBKe .aefiTponaMu n: rrpoToHaMu .n.o ::mepruu 400 M::JB Bbrxo.n. J/t 211 
rro'!TH 
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O.llHHSKOB H npHMepHO B 10 p83 M9HbWe, 'IBM HS 

Ha npOTOHSX H8011IO.lla9TCSI CH1lbHblit poeT BbiXO.ll8 

of-qacTuuax. B&Iwe 400 Msa 
211 . 

. ..-fl. .t KOTOpbiA .ll OCTHraeT npu 

saeprHH npoToaoa 660 Msa 6onee nonoBHHbi oT a&rxoila aa 0{ -qacTuuax. 

CnenyeT OTMeTHTb, 'ITO npH 6onbwoA saeprHH. of -qacTuu uaoTon J?t 211 

MO>KeT OOp830BbiB8TbCSI 1 KpOMB TOr'0 1 B peSKUHH 38XB8T8 {)L -qacTHUbl H30TOOOM 

p.e 208 C DOC1lB.llYIOWHM HCnyCKSHHBM 7f:M930H8 H aeATpoaa, a TaK»<e npH 

38XBaTe J>e 207 eX -qacTHUbi c ucnycKaaHeM 7T:Meaoaa. OnaaKo us pn-

CYHKB ·BH.llH0 1 'ITO BK118.ll OT T8KHX peSKUHA: 9C11H H 9CTb 1 TO OH HBB911HK H HB SIB-

nseTcs onpenenSI,IOWHM. 

B&Ixon ..Ji 211 
us cBHHUOP,biX ¢onbr paanu'laoA Tonwua&I yKaaaa aa 

211 . . 
pHC. 2. KaK DOK83biB89T pHC. 2, BbiXO.ll Jt DO'lTH HB MBHSIBTCSI .llllSI HHTep-

88118 Tonwua 0,3 - 1,6. MM. Hu»<e 1-onmHHhi 0,3 MM a&rxon MoaoToaao nanaeT 

H npH T011WHH9, MHWBHH, paBHOit 0,03 MM1 COCTaBllSleT DOllOBHHy OT BbiXO.lla Ha 

nnaTo. 

06cy»<neaue peaynbTaToB 

Ha6niOnaeMoe K011H'l9CT~O acTaTHHa He Mo>KeT ObiTb oopaaoaa!lo sa C'leT 

pacwenneHHit B03MO»<HbiX npHMBCeit ypaaa, TOpHst H BHCMyTa. OueHKH DOK83hiBa

IOT1 'ITO npH saepruu npoToaoa 120 Msa. sa C'leT pacwenneaust ·aoaMo»<HbiX npu-

6 6 0 //~211 
M eceA yK83BHJibiX sneMeHTOB 0 'bSICHsteTCSJ He onee ,1 'l8CTH BblXO.llB ../fC.. 

u ..If 210• B cny'lae saepruu npoTOHOB B&Iwe 120 Msa sTa nonst cTaHOBIITcst 

ewe MeHbwe. 

TaKHM o6paaoM, aat5niOnaeMaS1 aKTHBHOCTb acTaTHHa caouM npoucxo»<neaneM 

UO'lTH UOllHOCTbiO OOS138H8 BTOp,H'lHOit peaKUHH 38XBaTa stnep llHTHSI • 

BbtnH conocTaBIIeHbi aaBHCHMOCTH cyMMapHbiX Bblxonoa acTaTnna us canaua 
/9/ 

H aaanorH'laoA: peaKUHH oopaaosaa&s Rona us onosa OT saeprlln 6oM6apnll-

PYIOlllHX npoToaos /eM. pRe. 3/. Ha pucyaKa BHnao, 'ITO STH aaallCIIMocTil no

no6abt npyr npyry. ·npH saeprHH 660 Mss BbiXO.llbi acTaTHHa n ilona coananaiOT. 

HaoniOnaawHA:cs a aawux on&ITax npu saepruu npoToaoa 340 M8B cyMMap

HhiA B&IXO.ll acTaTHHa I ,.... 0,2 MHKpo6apa I aaxonHTCSI B y noaneTaopnTenhHOM 
) 
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cornac1m c a&rxo.aoM aaanorH'laoR peaKUHH oopaaoaaaHSJ caHaua H3 aonoTa 

. · . · · 111 I 
· 10,36 ,MHKpooapal npH saeprH·H npoToaoa 380 Msa • 

H a OCHOBSHHH BbiXO.QOB. UpO.llyKTOB BTOpH'lHOA peaKUHH aenanHCb 0U9HKH 

SHepreTH'l9CKOrO cneKTpa nHTH9BbiX tPP8rM9HTOB H HX C9'l9HHA .o6pa30B8HHSJ H3 

cBHHua npH 6oM6apaHpoaKe npoTOHaMH BhiCOKOA saeprHH. OueaKH npoaoaHnHCb 

. . 1101 
no CX9M e, OIIHCBHHOA B pa6oTe • 

CTaBHnacb 38.ll8'l8 noaoopaTb T8KYIO <PopMy cneKTpa H.llep nHTHH, 'lTOObl 

npH 38.ll8HHbiX tPYHKUHHX B036y>K.lleHHH .llnH peaKUHA 'Pt'(oi,•,Jtfr).J/t 
/' \ J( = 1, 2, 3 "' • • ao X"' 81 H H3BecTHhiX noTepSJx saeprHH aa HOHHaauHIO 

. . fi.lto · ..Jf.lDl 
y .llOBneTBOpHTb SKCnepHM9HTanbHOMY OTHOW9HHIO BbiXO.llOB jpllt H _AJlt( ·• 

3aTeM npH noaoopaaaoM cneKTpe"pacc'lHThiBanocb ceqeaHe o6paaoaaaHH Haep 
. ~I • . . 

pnTwH. Ocaoa&raaHcb aa pa6oTe 
1 

cneKTp_ Haep nHTHSJ Mhl a&ropanH a BRae 

.E-V --:c-

" 

.. · -E-V 

'(t=jt/£ = ""F e . ol£ x/ Ill 

IIO.z:tOHpaSJ COOTB9TCTBYIOWH9 BenH'lHHbl napaMeTpOB V H z-' , npH STOM npea-, 

. A.& .../. ~ ./K 151 
nonaranocb, '!TO SHepreTH'l9CKH9 CII9KTpbi H30TOIIOB O<i t c:Xt" . H oU O.llHHSKOBbi • 

¢yHKUHH B036y.>K.ll9HHH .llnSJ peaKUHH 38XB8T8 nHTH9BbiX epparM9HTOB H30TOII8MH 
. 1201 ' ·. ( ~ 

CBHHUS paCC'lHTbiB8nHCb no tPOpMynaM .ll>KeKCOHa t OT.llenbHO .llnst oti t otl .H 

cit g • CeqeaHe aaxaaTa a.ttep iutTHSJ CBHHUO~ -BhlttHcnstn~cb ~o <PopMyne Ea6aKoaa
121.' 

H a. pRe. 4 npHBe.tteRbl Bbi'!Hcneaa&re <i>YHKUHR 

. . ·ILi 211 210 . 8. 207 
. peaKUHit o6pa30B8HHH · VIC. ·., . ./It . R .AI! · 

• •• . 1;1!1 

1$030Y>K.ll9HHH- .llnH OCHOBHbiX 

npR aaxaaTe H.ttep of./ R o!.· ;r 
. ., .. ; . 

paanH'lHbiMH H30TonaMH CBRHU~o _Bcero· 6blnO paccMoTpeao 25 H3 43 aoaMo>KH&Ix 

peaKuHtl:. B Ka:>K.ttoM cnyqae Y'lHT-hiaanaca 
I . 

pacnpOCTpaH9f!HOCTb C00TB9TCTBYIOUl9rO . 

/.' ./.~. JK 
H30TOII8 CBHHUS H OTHOCHTenbHhlA BblXO.tt <PparMeHTOB o(j , o(( H o/l a pac-

wenneHRHX. 0THOCHT9nJ:-HbiA BhiXO.ll <PparMeHTOB 
. /11/ . . 

./..'• ../~• ~s o< ,. •O<.i • Ot..,· H3 CBHHUa npu-

HHT, KaK H .z:tnH 30noTa t paBHbiM 0,55 : 0,41 : 0,043. npo6erH nHTH9BbiX 
. . 1221 

c}:>parMeHTOB B CBHaue Bbl'iHCnHnHCb no H3B9CTHbiM <iJopMynaM 

x/ . . .• ·. . . . . . ... 
M hi He BKna.z:tbiB89M cPR3H'IeCKOe coaep>KaHRe .B RcnonbayeMyiO c}:>opMy aanHCR 

SHepreTR'lecKoro CII9KTpa, .1\t\O_>KHO B3SITb 38BHCRMO.CTb THna ;'P{E)o/£: 1f;. I 
rae lz ~ 2. OaHaKo, a&ropaaaast aaBHCRMOCTb aecKOnbKO nyqwe anpOKCHMH-

. pyeT COBOKYIIHOCTb R3BeCTHbiX SKCnepHM9HTanbHbiX .c:iaHHbiX. 
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.llt~/0 Jf-10~ 
PacqeTilbie OTHOC11TenbHbie BbiXOAbl Jlt2 , u J;fi:iT , a TaK>I<e cetieHHe 

. o6pa3oBaH11H nHTHeBbiX cpparMeHTOB c :cmepr11stMii :> 30 Mse npn s.nepr.nr 660 Mse 

' A!IH pa3HbiX 3HatieHnii napaMeTpoe V 11 'C npliBeAeHbl B Ta6nHue 2~ K aK 

Ta6n11ua 2 

'C 
..Jt2to .Jif20~ v;.. IM 11!J.nn6apH i Ji.fZtt ../If~ I( v 

11,5 1,67 0,9 6,0 

6 10,5 1,63 0,79 6,1 

9,5 1,57 wJ 0,63 6,7 

11,5 1,7 0,86 5,7 

10 10,5 1,65 0,8 6,0 

9,5 1,57 0,63 6,7 

15 
'6:, 5 1,39 0,28 9,4 

5,5 1,27 0,15 11,5 

4,5 1 '16 0,09 14,5 

BllAHO H3 T861Il1Uhl 2, KpRTlJ'IHOft ee.nR'IlJHOft, onpeaenstrowefi 9HepreTH'IeCKRA 
.Jlf.2ol ..Jf J lo (}; 

cneKTp, stB.nsteTcst OTHOCIJTenbHbiii BbiXOA Jf 211 • Bemt'IMHbi Jff-lll H ~->30 N\sa 

M8110 M9HSIIDTCSI A!ISI p831Ill'IHbiX 3H8'IeHRft napaMeTpOB v lJ '-C , 3H8'-ieHl15I napa-

MeTpOB V "' 15 Mse n '(' = 4,5-6,5 Mae aaroT eenntiRH.bi OTHocnTe.nbHbiX 
llt3o? · 

BbiXOAOB .// 1 2. · CR!IbHO OTJill'I8IDWHeCSI OT 9KcnepnMeHT8JibHbiX /eM. Ta6nrrua l /, 
Jlt f( ' 

Jlyqwe Bcero YAOBneTBOpstroT BCeM 9KcnepuMeHT8JibHbiM A8HHbiM 1 B TOM '1HC.ne ll 

/5/ 
JIUTepaTypHbiM 1 9HepreTH'IeC~Ife cneKTpbl CO 3H8'IeHHSIMU napaMeTpOB B cpopMy-

Jie Ill V = 6-10 Mse '{) = 10,5-11,5 Mse, CneKTP anst sn eprnii 30 M sa 

H BbiWe I 't =11
1
5 Mse V = 6 Mse/ npueeaeH Ha puc. 5. Cpaei1enne Hawero 

cneKTpa C paCC'IHT8HHblM cneKTpOM JIHTifeBbiX cpparMeHTOB 113 BbiXOAa BTOpii'moii 

fill 
peaKU11H Ha 301IOTe , noKa3biBaeT, 'ITO cpopMbi cneKTpoe yaoaneTaopuTeribHO 

cornacyroTcst apyr c apyroM. Ho ceqeHne po>KaeHHst staep 1111T11st c ·sneprHeii 
' 

) 54 M sa H3 30JIOTa oKa3anocb B tieT btpe pa3a 6onhwe , qeM B Haw eM cny•we 

npH 9HeprHU 340 MsB /113 30JIO.Ta Qii = 1 MU1IJI116apHa, U3 CBHHU8 - 0,27 MH.TIJIII-

6apH/. 
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J!f-201 
J!f.Zif 

npn 9Hept'IIH npu6nH3UTSJlbHOe UOCTOHHCTBO OTHOCUTBJlbHOT"O BhlXOll8 

6oM6apnupyromnx npoTOHOB 660 Man u 120 Man /eM. Ta6n·. 1 I yKa3biBaeT, t{TO 

CllBKTp Han 6apbepHbiX ntiTIIBBb!X cpparMeHTOB lJllll He 3aBHCIIT OT. aHeprUH npOTOHOB) ·. 
Hllll MBHHeTCH HB3H8t{HTBJlhHOo 

B uenHx nponepKH nonyqeuuoro cneKTpa nnTHBBbiX cpparMeiiToB paccqHThtBa-

6 -t7J.2ft ,.!., . " ,.!., 
Jl8Cb BepOHTHOCTb 0 pa30B8HliH . .J{L KaK 't'YJIK,UHH TOJllUIIHbl CBHHUOBOH 't'OllbT"H 

u conocTaBnHnacb c na6nronaeMoil: ua onbrTe aanucuMOCTbiD. DnH npoBeneuuH pac-: 

qeTa neo6xonnMo 3HaTh acpqJeKTHBHbie npo6eru nHTHBBhiX Hnep B cponhrax paanHq

Hoii TonwiiHhi. 3TH npo6er11 Mhi bueHnnu, ncxonH 113 yrnoBhiX pacnpeneneHuil: Obi-

/6/ 
cTphiX llHTnenhrx cpparMeHToB, npnneneHHbtx B • BepoHTHOCTb o6paaonanuH 

2~ . 
H30TOll8 Jt B cnoe CBHHUa T01ILUHHOW d paccqHTbiB8Jl8Cb K8K pa3HOCTb Me)Kiiy 

BepOHTHOCTblO o6na30B8H IIH Wo aT0£'0 H30TOlla cpparMBHTOM ll8HHOW aHeprliH B 

cnoe CBHHUa 6eCKOHeqnoil: T01IlUIIHbi It BepOHTHOCThiO w o6pa30B8HltH YKEI38HH0f'O 

nponyKTa cpparMeHTOM C. aHeprneii, OCTa IOLUBHCH nocne npOXO)K.LlSHHH CJIOH CBIIHUEI 

TOJllUHHOH d. 3necb 

IAI I'J . 
rvrJ:: X: ~· CJi·A.fc·, 

/2/ 

c.~ { 
rae ..;Yo - t{liCJlO aTOMOB CBIIHUEI B 1 CM

3 
1 a (}[ - CSt{ElHHe peaKUllll 38XBaTa 

Haep J1HTHH 1 IIpHBOllHlUBH K 00p830B8Hlll0 ..J!t:itt , II .Af.· - liOHli38UliOHHblH npo-

6er cjJparMeHTa B CBHiiue B liHTepnane aHeprHil: ( £,·-IJ~·i £'.·) • DnH Ka)Knoil: 

TOJllUHHbl 

BEIHIIH 

c( 

J[2" 
np0113BOllliJ10Ch t{liCJlBHHOB HHTerpllpOBEIHliB BepOHTHOCTBM o6paao

ll0 .nceMy cneKTPY ::mepr11il: Hnep nnTIHI. 

PaccqnTanHaH aaBHCHMOCTb eepoHTHocTn o6pasonaHUH uaoTona 
IJ.J.21( 

Jtl npr-IBe-

llBHa 118 puc. 2 B BllllB. KpliBOii. 0Ha COBMBLUE11IEICb C aKcnepUMSHT8JlhHb!Mll TQqKa-

MH npu TOJJLUIIH8X c/, pa_BHbiX 0,24 MM u 6onee. K aK nunno na pncynKa, xon 

KpHBOii ·yaonneTBOpliT91Ibflo OllliCbiBaeT cnan aKcnepHMSHTanbHblX TO'ISK npu M8llb!X 
. . 

TonwHnax cBHHUOBbiX -cponi.r. CnenaHHhre B npouecce pacqeTa npennono>KeHHH /o6 

HllBHTHqHQCTH ·cneKTpOB y pa3JlllqHbiX li30TOllOB JlliTHH 1 a 1::8K)KS 0 BennqnHe OTH0-

./.6 t. ./g . 
WSHliH 0(/ :J, -'o(i f II B03M0)!{Hble OTKJJOHBHUH pacqeTHb!X cpyHKUIIH B030Y)K.LlS- · 

HHH OT neficTBHTeJJbHblX HeCKOJlhKO. CHlf)!{810T H8llS>KHOCTb BblBOllOB 1 BblTSK8IOlUIIX 

npu oueHKax cneKTpa II 3EIBHCUMOCTH BblXO.Ll8 OT TOJllUHHbl cpOllbT"ll. noaTOM 'f 

sTu aaKn roqeHnH HY>KHo paceM aTpunaTh T01IhKO KaqecTBBHHD. 
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H a6mo.oaeMaSJ · B aawnx sKcrrepHMeHTax 38BHCHMQCTh BepOSITHOCTlf o6pa3oBa-

HHSJ ..Jt3'1 oT Tonil.UiHbi CB!IHUOBoi\ cponhrH rro3BOJISieT oueHHTh ·ae~aaacuMbiM rryTeM 

ceqeaae o6pa3oBa~HSI Han6apbepHhlX Sinep JI!ITHSJ,. 3To ceqeHHe lo6o3Ha'IHM ero 

qepe3 o:t/. I HaXO.lllfTCSJ H3 COOTHOWeH If~ 

13 I 

BhlXO.ll 8CT8TifH8 .llllSJ .llllHHOfi SHeprHH IIpOTOHOB, 

ycpenHeHHOe IIO 9HeprHf!M ceqeHHe peaKUHII 38XBaTa SI.llep J1!1TIISl U30TOII8Mlf CBHHU8, 

6 · T IB 1"1
1211 1. BeJII·I-rrpnao.onmee K o pa3oBaHHlO ac aTuHa, naaHoM cnyqae H3oTorra .JfL 

qHHbi /3 H .1 e H8XO.ll5ITCSI He!lOCpenCTBeHHO II3 pHC, 2. ,.8 - Op.llUHaTa KpHBOfi .n 
.B ODJ18CTH Hl.lCbiiUeHIIH1 a J( OTBeti:aeT, rpy6o f'OBOj::JH, IlO.T!OBIIHe TOllll.IliHbl CBIIH-

UOBOfi cpOJibf'II, B KOTOpOfi: BepOSITHOCTb o6pa30B8HHSI __/'(
211 

Hat:JHHaeT 01"KJIOHHTbCH 

...-;,{,· 
oT aacbiil.I9Hl:ISI. Bemrt:JHIW \Jjf - 6biJia Bbit:JHcneaa H3 cpyHKUIIii: ao36y}!{naaHSJ .onSI 

COOTB9TCTBYIOIUHX peaKUHfi o6pa30B8HMSJ H30TOIIa ..J"t.:llt C yt:JeTOM pacrrpOCTpaHeH-

HOCTefi H30TO!l0B CBHHU8 H BbiXO.llOB p83JIHt:JHbiX H.llep JIHTHSl B pacmerrneHHH.X, Benu-

~,/j 
t:JUHa \,J..ff 

rrony'IaeM 

p8BH8 0,1 6apH, n O.llCTa B115l5l 
p ' 0-i =3- 4 Mnnmr6apaa. 3Ta 

rrepet:IHCJieHHhle 3HO'IeHHSI B cpOpMyJiy 13~ 

aenuquaa ynoaneTaopuTeJibHO cornacyeT-

CSJ ·C ceqean.eM o6paaoBaHHSJ aan6apbepHbiX nnTueBbrx cpparMeHToa, BbrqncneHHbiM 

lf3 9H epreTn'JeCKHX CIT eKTpOB, 

Mo}!{HO cnenaTb aecKOllbKO aaMe'IaHHfi o MexaHH3Me o6pa3oBaHIHT aan6apb

epHhiX cpparMeHTOB. HecMoTpSI Ha To, qTo HeKoTopbrM aaTopaM ynaeTcSI o6oSICIIIITh 

Pfl.ll oco6eHHOCTet1: rrpouecca cpparMeHT8UIIII C TO'IKII 3peHHfl CT ffi'IICTU'JeCKOll Mone-

1231 24 i nn STa Monenb oKa3hiBaeTCH HerrpuronHott nnH o6oHcHeHHSJ rrpoucxomneHus:J 

Ha.o6apbepHhiX cpparMeHTOB. CTaTHCTIPieCKaH Mo.oenh o6oSJCHHeT rrpoucxomnenue oc

HOBHOll MaCChi cpparMeHTOB, IIM910IUlfX 9HeprHH1 D1III3KJie K 9HeprHH KYllOHOBCKOf'O 

OTTanKuBaHHSI, OnHaKo 3HB'IHTe1lbHaSJ qaCTb aan6apbepHhlx cpparMenToB He o6bHCHSI-

141 
9TCSJ CT8TlfCTH'JeCKOfi MO.llellbiO. 3To Blf.llHO, HaiipHMep, li3 paoOTbi , B KOTOpoit 

C IIOMOil.IbiO cpOT09My1lhClfH II3Y'I81lliCb aaepreTH'JeCKHe crreKTpbi cpparMeHTOB, 

ABTOpbi UHTHpyeMOll paoOTbi f'OBOpSIT 0 'I8CTH'IHOM ycrrexe TeOpHH IIC11l.lp9Hli5l H 

yKa3hiBaiOT aa aeo6xonuMOCTb rrpn:Me'IeHHSJ aoaoro MeXaHH3Ma, H erri:mronnocTh 

CTaTHCTH'IeCKOll Mo.oenn .llllSJ OObSJCHeHHSJ aaepreTHqecKOf'O crreKTpa Han6apbepHblX 

cpparMenToB BIInHa TaK)Ke n:a Haw efi pa6oT hr •. EcnH rrpunaaaTb rra paM eTpy 't = 10,5-

- 11,5 Maa cpuauqecKufi cMbrcn TeMrrepaTyphr SI.llpa, KaK STo Tpe6yeTcH a TeopnH 
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HCnapeHIH1 1 TO 9TO npliBO.llHT K a6cyp.UHOMy pe3yJJbT8 Ty, nOCK OJlbKy 9HBpf'llSI B036yn<-+ 

.ueHHSI SI.upa oKa3hiBaeTcSI B HBCKOJJbKO pas 6onbwe aHeprHH 6oM6ap.uupytoiUiiX qac

Tnu. C .Upyroil CTOpOHhlt llCnOJlb30B8HllB B cPOpMyne /1/ paayMHbiX C TOtiKU 3peH.HSI 

TeOp!ill RcnapeHHSI 3Ha<JeHuii napaMeTpon V . H 't' I · V = 15 Man· u 

'C M~ =4,5- 5,5. Man/ .ll8BT 1 K8K 9TO BIHlHO U::i T80JlllUbl 2, BBJlHlJHHy OTHOWBHHSI ~ 
-ffZ.'I 

3H8lJ.llTBJlbHO HU:IKe 9KcnepUMBHT8JlbHOH. . 

06paaoBaHue Ha.uoapbepHbiX ¢parMeHToB He y.uaeTcSI o6'bSICHUTb ~ paMKax 

CTaTHCTlllJBCK Oil MO.llBJlH B03M 0:/KH hiM "JlOK8JlbHbiM" neperpeBOM SI,llpa t Bbl3 BaHHbiM 1 

/25 26 I 
HanpHM ep, npOUBCCOM pO:IK.llBHHSI ll nOI'JlOlUBHHSI Tf -Me30HOB 1 

, Vf3 pUC, 1 

MO:IKHO 'Bli.llBTb 1 'ITO o6pa30BaHUB Ha.uoapbepHbiX ciJparMeHTOB npOUCXO.llllT H npH 

9HBpi'USIX OOMOap.uupytoWHX lJaCTHU, JJB:IK8IUHX CyiUeCTBeHHO Hll:IKB nopora Me30HO

o6pa30B8HIHI. 

B bi6pachiBaHue ua.u6apbepH biX ¢parMeHTOB, no nceil BH.UHMOCTH' oc yruecTBnSieT

CSI Ha 6onee paHHHX aTanax, <JeM npoucxo.uuT HarpeBaHue SI.r.:t pa, Kor.ua noo6rue cTa

THCTH<JecKoe paCCMOTpeHHe HenpUI'O.llH.O • Ha 9T0 1 HanpHMep, yKa3b!BaBT CBSI3h 

MB:IK.llY Bb!XO.llOM Bh!COK09HBpf'HlJHhiX cPPBf'.MBHTOB H. 'IHCJJOM KaCKa.UHhiX lJaCTHU B 

/4/ 
pacmenneHHSIX , a TaK:IKe peaKaSI HanpanneHHOCTh nnepe.u Bh!JlBTatoiUHX ¢parMeu-

TOB, OTMeqaeMaSI nOlJTH BO BCBX paOOTaX no HaOJJIO.UeHUIO cPP8f'M8HTOB B cPOT09MYJlh" 

. cunx. HaM npe.ucTaBJJSIBTCSI 6onee o6eruatorue~ To,Ka apeHHSI, B KoTopoii o6paaona

uue Ha.u6apbBpHbiX ciJpaf'MBHTOB paCCMaTpHBaeTCSI KaK pesynhTaT npSIMbiX 8KTOB 
'· 

MHOI'OlJ8CTlllJHh!X B3aUMO.Ue1\CTBUii KaK OOM6ap.UllpytoiUeft lJaCTllUbl 1 TaK ll KaCKa.llHhiX 

· /27 I 
HYKJJOHOB C HYKJJOH8Mll SI.Upa • npe.ucTaBUTb" ce6e T8KllB B38llMO.llBitCTBllSI MO:IKHO; 

• 
ecnH npe.unOJJO:IKliTh, 'ITO HBKOTOpblB MOM8HTbl BpeMeHH B SI,UepHOM BBlUBCTBB HyK-

_JJOHbl MoryT KpaTKOBpeMeHHO <PntoKTyaTHBHo c6nu:IKaThCSI Ha paccToqHnSI M8Hbwue, 

<JeM aTo nMeeT MBCTO o6bilJHO B SI.upe. B aTux ycnonuSix HaneTatoruaSI qacTuua 

MO:IKBT B38llMO.llBHCTBOB8Th C cPJllOKTYBUHOHHOii rpynnoii HyKJJOHOB 1 KaK C UBllhiM 

u nepe.uaTh eii 3HalJHTB1lhHyto <JaCTh cnoeii auepruH. O.uHaKo, Mo.uenh cbntoKTyaunoH

Horo C>KaTHSI SI,UepHOI'O BBIU8CTBa B TOM Bll.llBt KaK OH8 pa3p800T8H8 .llJJSI OO'bSICHe-

. u /28/ 
HUSI Bb!JlBTa BbiCOK09HBpi'l1lJHbiX ,llBUTpOHOB 1 K H8WBMY CJJy<Ja!O HB npUM8HUM8, 

Oua .uaeT OlJBHb Manyto nepoSITHOCTb o6pasonaHHSI Ha.u6apbepHhlX nHTHenwx ¢par

MBHTOB ll COBBpWBHHO HB OO'bSICHSIBT H80Jl!O,lla8Mb!B B HaWHX OnbiTaX pa3JllllJHb!B 

3aBHcm.roCTH Bb!XO.UOB 9THX ciJpaf'MBHTOB npH OOM6ap.uupOBKB npOTOH8Mll ll 0t-
lJllCTHUllM u. 

,, 

i;~ 
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Cne.llyeT 'oTMeTHTb, 'ITO ec~H 38 o6pa30BaHHe Ha.ll6apbepHbiX cpparMeHToe oT-

;- BeTCTB9HHbi .aKTbi MHOrO'l8CTH'IJHbiX B38H.MO.IleiicTBHii1 TO B peaKUHSJX C MHOroaapSlJl

HbiMH HOHo!lMH .llO.Il>KHbi BCTpe'llaTbCSJ o6paTHbie cny'llaH, Kor.lla sueprHSJ uaneTaiOmero 

HOHa 6y.lleT YHOCHTbCSJ 9JlHHH'IHbiMH HyK1IOH8MH. no-BH.IlHMOMy, ua61JIOJl8eMbie B pa-

6 /29/ 
oTe cny'laH, KOr.lla Best saeprHSJ B036y>K.IleHHSJ loKono 60 Mae/ yuocuTcSJ 

JlBYMSJ HYKliOHo!lMPt YK83biBa!OT Ha B03MO>KHOCTb DOSJBneHHSJ To!lKHX o6paTHbiX Mf1'0ro

'l8CTH'lHbiX B3o!lHMO.IleiiCTBHiio 

AeTopbi 6naro.llapstT E .H. CHHQTOBy 3a noMOIUb a npoBe.lleHHH sKcnepuMeu

TOB H B.B. Kyp'laToea 3a ueHH.bie KpH'l'K'leCKHe 3aMe'laHHSJ, 

PyKonHcb nocTynuna a H3.1larenbCKHA oTaen 
9 MapTa 1960 ro-.lla. 
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