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6 /1-9/ x/ 
1. B HaCTOHmee BpeMH HMeeTCH BCef'O lIHlllb HeCKOlibKO pa OT 

no Ce'leHHHM Heynpyf'HX peaKUHH B np -B3aHMO/leHCTBHHX. 3TH 9KCITepHMeH-

Tb! 6bllIH BbIITOlIHeHbl npH o6ny'leHHH npOTOHaMH KaMep, HaITOlIHeHHbIX /leHTe-

( ,. " /5/) 
pHeM O HCIT01Ib30BaHHH /l9ttT9pHH B Ka'!eCTBe H9HTPOHHOH MHlll9Hli CM, , 

/10-12/ 
B /laHHOM 9KCnepHM9HT9 C9'!9HHH Heynpyf'HX peaKUHH onpe/l91IH-

lIHCb Ha MaTepHane 3- H 5-ny'!eBblX 3Be3/l, BbllIO OT06paHO "' 8 TblCH'I 

3-ny'!eBbIX H OKOlIO 3 Tb!CH'I 5-ny'leBbIX 3B93/l, Onpe/lelIHlIHCb C9'19HHH cne

llYIDmHX KaHanoB peaKUHH: 

xi 

np ➔ 

pprr 

pprr-(mrr 0 ), m=l,2, ... 

nprr+rr-

n prr+ rr -(m rr°}, m = 1,2, •.. 

n n rr+ rr +rr -(mrr O), m = 0,1,,2, ..• 

pprr+ IT -17-

p prr+ rr- rr - (m rr 0 ) , m = 1,2, •.• 

nprr+ rr+ rr- rr -

+ + - -( 0 ) 12 nprr rr rr rr mrr ,m=, , ••• 

nnrr+rr +rr+ rr- rr- ( mrr 0 ),m=0,1,2, ••• 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

~8) 

(9 ) 

(IO) 

<POT09MY1IhCHOHHbie /laHHbie He npHBO/lHTCH BClI9/lCTB.He 601Ibll!HX Oll!H60K. 
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BbI)leJieHue co6hITUH Tuna ( 1,6) OCHOBhIBaJIOCb Ha )( 2 -MeTO)le C IIOCJie)ly!O-

u . " ,l, "/ 12, 13, 16-19 / M " 
!lleU BUSyaJibHOU U)leHTUq,UKarrneu , eTO/lbl Bb!)leJieHU51 peaKUUU 

(2,5,7-10)'. crroco6b! IIOJiy'leHU51 crreKTpOB HeHTpOHOB, Bbl3BaBIIJUX co6bITH51 

)laHHOf'O THIIa H rrpu6moKeHU51, UCIIOJib3yeMbJe B HUX, IIO/lp06HO orrucaHbl B 

6 /12,14/ 
pa oTax • 

2. OcTaHOBHMC51 Ha crroco6e pa3)leJieHH51 peaKUHH ( 3 ,4). MeTO)lbI, pas

/12 14/ 
pa6oTaHHb!e paHee ' ' Il03BOJI51!0T C "'10% rrpnMeCb!O BbI)leJIHTb B 3-ny-

'leBb!X 3Be3JlaX KJiacc peaKUHH n p ➔ n p TT +17 - ( m TT O ) , m = 0,1,2,... ( "n "), 

Co6hITH51 Tuna " n II cocTaBJI51JOT "'70% OT BC ex 3-ny'leBb!X 3Be3Jl, HCIIOJib-

syeMb!X )lJI51 IIOJiy'leHH51 ce'IeHHH. TT O KOJIH'leCTBY y -KBaHTOB, saperncTpnpo- • 

BaHHbIX Ha Ollb!Te, 6brno orrpe)leJieHO, 'ITO B KJiacce "n ,, CO)lepMHTC51 ,,,45% 

co6hITHH n p ➔ n p 17 + TT - • 

llarree BH/lHO, 'ITO peaKUH51 np ➔ npTT+TT-(mTT 0 ), m = 0,1,2, ... cuMMeTpH'l-

Ha OTHOCHTeJibHO H30TOIIH'leCKOf'O COilp51MeHH51. OTC!O)la CJie)lyeT, 'ITO BCeB03-

MOMHbie pacrrpe)leJieHH51 B C,U.M, peaKUHH /lJ151 xapaKTepHCTHK H30TOIIH'leCKH 

C0IIp5!MeHHb!X 'laCTHU H HX KOM6HHaUHH )lQJI)KHbl 6bITb IIOJl06Hbl, Tor)la (B 

rrpeHe6pe)KeHHH pa3HOCTb!O Mace HeHTpOHa H IlpOTOHa) crrpaBe)lJIHBO YTBepMne

HHe, 'ITO CK0JibKO SHeprHH B cpe/lHeM yHOCHTC51 'laCTHUaMH B rrepe)lH!O!O rro

nyccpepy, CTOJibKO Me SHepruu yHOCHTC51 'laCTHUaMU U B sa)lH!O!O rronyccpepy. 

ilJI51 BCeX co6b!THH KJiacca II n II H3 3aK0HOB coxpaHeHH51 SHeprmI-HM-

rrynbca orrpe)leJIHM HMIIYJibC rrepBH'lHOf'O HeHTpOHa P min B rrpe)lIIOJIO)KeHHH, 

'ITO cpe/lH BTOPH'lHb!X 'laCTHU eCTb T0JibK0 0/lHa HeHTpaJibHa51 'IaCTHUa - HeHT

pOH, 3To B03M0MHO, T,K, HarrpaBJieHHe HaJieTaJO!llero HeHTpOHa H3BeCTH0, TTpu 

3Ha'leHH51X BeJIH'lHH HMIIYJibCOB IIa)la!O!llHX HeHTpOHOB p min rrepeBe)leM KHHe

MaTH'leCKHe xapaKTepHCTHKH C06hlTHH KJiacca II n II B C.U,M, peaKUHH H orrpe-

)leJIHM BeJIH'IHHY pa3HOCTH SHeprun, yH0CHMb!X · 'laCTHUaMH B rrepe)lH!O!O H 

sa)lH!OJO rronyccpepb1, E ~ - E\ . (/ 
_,,,, ... 
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Ha p1:1c. 1 npencraBJieHo pacnpeneneH1:1e BemPIHHbI E *r - E*b AJIH 

Bcex co6hlrHA KJiacca" n ". 3awrprrxoBaHo pacnpeneneerre AJIH peaKu1:11:1 

( 4) ( 6panrrcb co6brr1:1H, conep)Kaw1:1e 

perrrcrpaurrn), 

~ -KBaHrhl C yq§roM 8¢cpeKrl:IBHOCr1:1 

.QJIH BbI):leJieHl:IH peaKUHH n p ➔ n p 7T + 7T Bbr6epeM Cl:IMMerprrqHbl8 rpa-

Hl:IUbl no Benrrq1:1He E:*r - E:\ raK, qro6br AJIH co6b1rrril:, HaXOAHIUHXCH BHyrprr 

Bbr6paHHb!X rpaHHU, HaHJiyqwrrM o6pa30M Bb!ITOJIHHJIHCb ycJIOBH H: 

a) qrrcno co6brrrril: BHyrprr rpamru He AOJI)KHO npeBhrwarb q1:1cna co6b1r1:1fi 

r1:1na ( ;j), onpenenHeMoro no 

peaKUHl:I ( 4); 

y -KBaHraM, 60Jibllle, qeM Ha np1:1MeCb 1:13 

6) B c.u.M. peaKUHH yrJIOBbie pacnpeAeJieHl:IH Heil:rpOHOB 1:1 nporOHOB, 

7T+ --H 7T- -Me3OHOB AOJI)KHbl 6hrrb nono6Hbl, Bbr6paHbl cnenyIOIUHe rpaHHUbI: 

np1:1 p min< 7 faB/c, :1 E:*1 - Et l\ < 0,3 faB, a np1:1 P min< 7 faB/c, 

IE;' - E:: I <0,5 faB, 

T aKHM o6pa3oM, ecn1:1 Benrrq1:1Ha E ~ - Et nonanaer BHyrpb Bbr6paHHbIX 

rpaHHU 1:1 B 3Be3Ae Her 3aperrrcrp1:1poBaHHoro y -KBaHra, ro namroe co-

6hlrHe orHoc1:1rcH K peaKUHH n p ➔ n p rr + rr 

Ha 6epercH paBHbIM P min 

H HMnynbc nanaIOmero Heil:rpo-

ITpl:IMeCb B peaKUHIO n p ➔ n p rr+ 7T -

no y -KBaHraM H OKa3anacb paBHOH 

or co6hlr1:1il: rana (4) oueHHBanacb 

""35%. Ha p1:1c. 2,3 npHBeAeHbl yrno-

Bbie pacnpeneneHl:IH eefirpoHOB 1:1 nporoHoB, rr+ - 1:1 rr -Me3oHoB B c.u.M. 

peaKUHH AJIH co6brr1:1il: n p ➔ n p rr+ rr - • 3awrpaxoBaHN yrnoBwe pacnpeae-

neHHH AJIH np1:1MeCHb!X co6b!THH. Koacpcp1:1u1:1eHrbI aCHMM8I'J)HH a paBHbI: 

a 
7T 

➔ .... 
p - p 

--➔-.... -- = - 0,075 ± 0,045; a n 

p+p 

➔ .... 
n-n 

-➔--.... --= + 0,014± 0,045 
n + n 

= + 0,37 ± 0,045; arr+ 

( 11 ) 

-0,31 ± 0,045 ; 
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CTpenKofi yKaaaao aarrpaBneHHe rroneTa B c.u,M, peaKUHH qacTHU oITpeAe

neaaoro copTa, BlIAHO, qTo B ITpeAenax CTaTHCTHqeCKHX cpnyKTyaUHI1 C00TH0-

III8HHH H30T0ITHqeCK0I'0 coripHlK8HHH BbIIT0nHH!OTCH, 

B HT0I'e M0lKH0 CAenaTb Bb!B0A, qTo ITPHMeHeHHe BbIIIl8H3n0lK8HH0fi ITpo-

ueAyp1,1 IT03BOnHeT BbIAenHTb C = 35% ITPHMeCb!O C06bITHH n p ➔ n p 71' + 71' -

H OITpeJ:(enHTb HMITynbCHblll CITeKTp ITepBHqHb!X HefiTpOHOB, Bbl3BaBIIIHX AaHHY!O 

peaKUH!O, 

Co61,1THH Knacca ,, n 1', HaXOAHIUH8CH ITO BenHqHHe E*r -Et BHe 

BbI6paHHblX rpaHHU, H cnyqaH, ITOITaBIIIHe BHyTpb rpaHHU, HO C0AeplKallme 

y -KBaHTbI, 0THOCHnHCb K peaKUHH ( 4). B AaHHOM cnyqae BenHqHHY HM

ITynbca HefiTpOHa MOlKHO oueHHTb,nHIIIb ITpeAITOn0lKHB HeKOTOpy!O scpcpeKTHBHY!O 

Macey yneTeBIIIHX HefiTpanbHb!X qacTHU. 

IlnH BCex cnyqaeB peaKUHH (4) 6panaCb O.[\Ha n Ta lKe cpeAHHH scjJcpeK

THBHaH Macca HefiTpanbHbIX qacTHU, paBHaH BenuqHHe scpqieKTHBHOfi MaCC!,J 

KOM6HHaUHfi ) , ITpH K0Topofi ITnomaAb 8KCITepnMeHTanbHOI'O pacITpe-

2 
M p'll'± AenHnacb IToITonaM ( M P 17 ± =1,4 fsB/c ). AeneHHH ITO BenHqHHe 

TTpn 8TO.M oueaoqaaH BenHqHHa HMITynbca HefiTpOHa 

HyTofi B CTOpoHy 6onbIIIHX 3Ha'leHufi ITO cpaBHeHH!O C 

p OKa3bIBaeTCH CABll-ou 
p min 

11CITOnb3YH CTaTHCTHKY 3B83.[\ C y -KBaHTaMH, HeTpyAH0 oueHHTb 

, ITOITaAaromnx ITO Be.n;Hqnae E * - E * f . b 
, aa 

ITpeAen1,1 Bb!6paHHblX rpaHHU, OKa3bJBaeTCH, qTo npHMeCb B peaKUH!O ( 4) OT 

co61,1THfi n p ➔ n p 11+ rr- C0CTaBnHeT = 20%. KosrjicjJHJmeHTbl 8CHMMeTpHH 

AnH cnyqaeB peaKUllll ( 4) paBHbI: 

➔ 

a P --'--p_-.....,P'-- = - 0,11 ± 0,035; 
➔ <-
p + p 

( I 2) 

➔ <-

a 17 _ = _ 17 __ -_rr __ = +0,21 ± 0,035; 
➔- ,t- -

17 + 17 ;++ii- + 
= -0,015 ± 0,035. 
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31:1ecb IlOJl SHa'IKOM ,, n ,, no1:1pasyMeaaeTCH '18CTHUa C Maccoil:, paBHOil: 

scj,cj,eKTHBHOil: Macce Heil:TpanbHbIX 'laCTHU. Heil:TpoH, KaK 6onee TH)Kenasr 'laCTH

ua, IIO'ITH nonHOCTblO onpe1:1enHeT HanpaiineHHe JlBH)KeHHH scj,cj,eKTHBHOil: M8CCblo 

BHJlHO, 'ITO KOScj,cj,HuHeHTbl aCHMMeTpHH JlllH ·17+ -: H 17 -MeSOHOB 

XOTH H HMelOT paSHbie SH8KH, HO OTllH'l8lOTCH no a6con10THOMY SHa'leHHIO. 

B OCHOBHOM, STQ CBHS8HO C TeM, 'ITO HMIIYllbC fi8Jl8lOIUeI'O Heil:TpOHa 

He MO)KeT 6b!Tb TO'IHO onpe1:1eneH B KB)KJlOM OTJlElllbHOM co6bITHH. KpoMe 

STOI'O, yrnOBbie pacnpe1:1eneHHH MOI'yT 6bITb HCK8)KeHbl npHMeCplO OT JlPYI'HX 

KaHanOB peaKUHA. Koscj,cj,HUHeHTbl 8CHMMeTpHH nonyqeHbl HS pacnpeJleneHHii, 

He nonpaaneHHbIX Ha npHMeCb HS peaKUHH { 3). B n.c. 17+ -MeSOHbl MeJlneH-

Hee 17 - -MeSOHOB H BClleJlCTBHe STOI'O MHOI'OKpaTHOe pacceHHHe yxyi:uuaeT 

TO'IHOCTb HSMepeHHH ilMnynbCOB H yrnoB 17+ -MeSOHOB no cpaBHeHHIO C 

17- -M8SOH8MH, 'ITO MO)KeT npHBeCTH K HCKa)KeHHIO yrnOBOI'O pacnpe1:1eneHHS 

17+ -MeSOHOB B c.U,M, peaKUHH. 

B Jl8HHbIX ycnoBHSX BbIITOnHeH_He COOTHOllleHHii H3OTOilH'leCKOI'O conpH)K8-

HHS B npe1:1enax Tpex CT8HJl8pTHbIX OTKllOHeHHA MO)KHO C'IHT8Tb YJlOBneTBO

PHTenbHbIM. 

3. 8KcnepilMeHTanbHas o6pa6oTxa 3- H 5-ny'leBbIX saes1:1 nosaonseT 

nony'IHTb HMilYJibCHbie cneKTpbI nepBH'IHbIX HeATpOHOB, Bbl3BaBlllHX peaKUHH 

/12 14/ 
(1 )-(10) ' · • .D.ns nony'leHHs o6mero cnekTpa na]laromHx HeATpOHOB Heo6-

XOJlHMO y'leCTb BKll8Jl B nonHoe C8'18HHe n p -B38HMOJleAcTBHA OJlHOny-

'leBbIX 3B83Jl, KOTOpbie He C>6pa6aTbIB8lOTC.H B Jl8HHOM. SKcnepHMeHTe. 3aeSJlbl 

C 6onblllOA, MHOmeCTBeHHOCTblO {7,9 H T.Jl.) Jl8lOT BKJ18Jl, He npeBbllll8lOlllHA 

2%. D.ons peaKUHA C Y'18CTH8M CTpaHHb!X '18CTHU COCTaBnseT ,. 1% •. HaH6onee 

cymecTBeHHO ynpyroe paccesH11e 

np ➔ np. {13) 

10 



ilnSI rronyti:emrn crreKTpa HeHTpOHOB, Bbl3B8BlllHX peaKUH!O ( 13), IIpMBJ!eKaJIHCb 

/20/ 
8KCITepMM8H1'allbHhl8 pesyJJb1'81'bl , rronyti:eHHhl8 Ha cpororpacjmSIX /l8HHOf'O 

o6nyti:eHHSI, Co6bI1'MSI yrrpyroro pacceSIHHSI Bbl}l8JISIJIMCb 
2 

X -MeTO/lOM C llBYMSI 

crerreHSIMH CBOOO/lbl, 1',K. rrpM rrpOCMOTpe 01'60:pallHCb COOblTHSI, f'/l8 pacceSIH

HbIH HerrrpoH /l8B8JI BTOPH'l:HY!O 3B83/:lY • 

ITpa yii:ere BKJJaJ:la peaKuarr 

pn "o 

np ➔ 

p n ( m TT O ) , m = 2;3, ... 
( 14) 

HCITOJ!b30B8JIHCb CJl8):{C1'BHSI sapSI/:lOBOH CHMM81'pMH H IIpMBJ!eKaJIHCb COOTHO!lle

/21/ 
HHS! M8:lK/lY K8H8Jl8MM peaKUHH, Bbl1'8K8!0UJHe H3 C1'81'HC1'H'l:8CKOH TeOpHH • 

Harrp0:Mep, 

annTT+= app1T- ( 15) 

a o 
P n 1T 

1,57 a _ 
pp 1T 

( 16) 

H301'0ITH'l:8CK8SI HHB8pH8H1'HOC1'b /l881' C001'HO!ll8HH8 

a o= 
P n 1T 

apn1T+ 

2 
+ a 

pp 1T 
( 17) 

11 



/1-3 5-7 / 
K0Topoe Ha 0CH0Be HMeIOI!lHXCfl 9KcnepHMeHTallbHbIX JlaHHbIX I no-

3B0/IS!eT npoBepHTb npaBHIIbH0CTb ( 16). B HallleM HMnynhCHOM HHTepBane 

na}laIOIIlHX HeHTpOHOB COOTHOllleHHe (16) OT/IHqaeTCSI OT. 9KCnepHMeHTallbHoro 

He 601Ibllle, qeM B 1,5 paaa. 

C JlpyroH CTOpOHbI, npaBHIIbHOCTb oueHKH BK/la)la. 0/lHO/lyqeBbIX 3B83Jl 

MOJKeT 6bITb npoBepeHa nyTeM cpaBHeHHSI OJKH}laeMoro TeopeTHqecKoro qHcJia 

0JlHOfIYqeBbIX co6bITHH Ha !.JeKOTOpOM ·KOIIHqecTBe KaJlpOB C 9KCnepHMeHTaJlbHO 

Ha6J1i0Jl8BlllHMHCS1. TeopeTHqecKOe H Ha61IIOJlaB1lleecsi qHcna 3B83Jl cornacyroTC.H 

C yqeTOM 9KCnepHMeHT81IbHbIX nonpaBOK B npeJlenax 0/lHOro CTaHJlapTH0ro 

OTKIIOHeHHSl0 

OKoHqaTellbHbie OUEiHKH noKaaanH,. qTo npHBneqeHHe BbIBOJlOB CTaTHCTH-

qecKOH TeOpHH MOJKeT npHBeCTH K HeToqHoCTH B onpe}leJieHHH ceqeHHH,He ~ 

npeBbilllaIOI!leH 10%. 

OTHOCHTellbHbIH cneKTp HeHTpOHOB, na}laIOI!l.HX Ha KaMepy, noKaSaH Ha 

pHc, 4, CpeJlHHH HMnynbc . P n =6,8 faBlc. 3alllTPHXOBaHHbIH npaBbIH KpaH 

cneKTpa He HcnonhayeTcsi Jl/lSI nonyqeHHSI ceqeHHH, HaH6onee ToqHo onpeJlene

Ha cpeJlHSISI qaCTb cneKTpa, Ha Kpasix cneKTpa (no 2 HHTepBana cneBa-cnpaaa) 

npH6nHJKEiHHSI, HCnOIIb30BaHHbie npH ero nonyqeHHH, yBeJIHqHBaIOT Jl0JlIO MeTo

JlHqecKOH. OlllH6KH ·B onpeJlelleHHH ceqeHHH "" 2 paaa. no cpaBHeHHIO co cpeJl

HeH qacTbIO cneKTpa. BKIIa}l MeTOJlHqecKOH HeToqHoCTH B onpe}lelleHHe qiopMbI 

cneKTpa B no~IHYIO 0lllH5Ky B HeKOTOpbIX cnyqasix npeBbllllaeT 50%. 
. /12 22/ 

CneKTpbl HeHTpOHOB, nonyqeHHbie HeCKOIIbKO JlpyrHMH cnoco6aMH ' , 

He CHIIbHO OTIIIfqaroTCSI OT npHB9Jl9HHOro Ha PHC. 4, qTo yKa3bIBaeT Ha ero 

ycTo:il:qHBOCTb K pa311HqHoro po}la np11:61IH)lElHHSIM, 

4. CeqeH11:e 0T}lellbHOro KaHa/la peaKUHH MOJKHO nonyqHTb, HCilO/lb3YSI 

COOTH0lll9HH8 

U / P) = U tot {p) • 

12 

n I (p) 

:£ n. ,( p ) 
I 

( 18) 
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T'Jle a tot (p) - nonHoe cetJemrn n p -CTOnKHOBemru B 3aBHCHMOC.Tli OT 

HMnynbca HeHTpOHa; 

ce HenTpoHa p 

n i (p) - 'Itt:cno 3Be3Jl i -TOH peaKUlili nptt: HMnynb-

cyMMHPOBaHHe BeJleTC.H no BCeM peaKUliHM, 'IaCTb H3 

KOTOpbIX perHCTpapyeTCH Ha onhITe, a Jlpyrasr 'IaCTb Y'IHTh!BaeTCH paC'IE!THblM 

nyTeM, KaK ontt:caHO Bblllle, 

B Ha6nroJlaBllleecsr B sKcneptt:MeHTe 'Itt:cno 3Be3Jl ,BHeceHhI nonpaB

Ktt:: Ha noTepro C06b!THH npH ·npOCMOTpe, Ha nOTep1O Heli3Meptt:Mb!X cnyqaeB, 

Ha nptt:MeCb oT Jlpyrwx peaKUHH, ITonHoe cetJeHtt:e n p ;_B3aHMOJleHCTBHH 

JlOCTaTO'IHO TO'IHO 

jl-3,23/ 

t'1 a tot_ ,,, 2-3%) H3BeCTHO B HallleH o6naCTH SHep
a tot 

r'HH . , 

CetJeHH.H pasnH'IHbIX peaKUHH B 3aBHCHMOCTH OT HMITynbca HeHTpOHa 

nptt:BeJleHhl Ha pHC, 5-11 a Ta6n, I , II, Ha pliC, 11 rrpeJlCTaBneHO OTHOllleHHe 

R ce'IeHHH 5-ny'IeBbIX a 5 K Ce'IeHHIO 3-ny'IeBblX 3Be3Jl a8 • HeTO'IHOCTb 

B orrpeJleneHHH cetJeHHH BKnroqaeT B ce6sr CTaTHCTH'IeCKH8 OllIHOKH, MeTOJlli

'I8CKHe - B. orrpeJleneHHH cpopMbl HMnynbCHOT'O cneKTpa naJlaIOIUHX HeHTPOHOB,

OllIHOKH B norrpaBKaX, BO3HHKaroi.mx B SKCneptt:MeHTe. 

ITpHB8Jl8Hhl TaK~e naTepaTypHhle JlaHHhle no Ce'I8HHHM HeynpyrHX 

j4-8! 
peaKUlili B np -B3aHMOJleHCTBHHX, 

8 3aKJ1IO'IeHHe OTM8THM, 'ITO BenH'IHHbl Ce'IeHHH,. rrony'IeHHhie B rrpoTOH

/4-8/ 
HOM o6ny'IeHHH I HaXOJl.HTC.H B YJlOBJ18TBOpHT8nbHOM cornaCHH C HallIHMli 

JlaHHb!Mli, 
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