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AHHOT8UHSI 

npo&H8liH3Hp.OBAH BOUpOC 0. B03MOmHOM BKli8Jl9 H3008pHbiX COCTOSIHI!l!:1 of5pasyro

IllHXCSI np11 cTonxuoaeHHH uyxnquoa c I!MnynbCOM 10 Bsa/c 11!fi -Mesouoa c I!MnynbCoM 

7 Bsa/c c HyKliOH&MII. B oooHx STHX cny'laSix suepri!SI aosoymJleHI!SI B c.u.H. OJli!Ht1-

xoaa. 

no:Kasauo, 'ITO np~ H30TpOUHOM pacna}le 113008pbl c M8CCOl!: 1,24 Baa .• BKli8Jl 

o6pasyiOUlHXCSI. H30.68pHbiX COCTOSIHI!J!: Cli9JlY9T C'IIIT8Tb M8lib!Me 



YfaooapHOe COCTOSIHHe 6apHOHOB1 COOTSeTCTSYIOI..Uee COOCTS9HHOit MSCCe 1,24 Eas1 

CnHHY 3/2 H H30TOnH'I9CKOMY CnHHY 3/21s HSCTOSII..Uee speMSI OOOC!IOSSHO pS!.D.OM -reupe

TH'IeCKHX JI aKcnepHMeHTanbllbiX paooT. O.o.uaxo Manoe npeMSI.· :lKJI3HH uaooapbi He noaso

nSino noKa· HeilOCpe.D.CTS9!1110 S aKcnepHM9HTe. HSOniO.D.8Tb HyKnOII S COCTOSIHHH H3008pHO

I'O soaoym.o.eHHH, OnbiTHbie .o.a!l!lbie no cpe.a.aeit MHomecTseHHOCTH '18CTHU II .a.onH cnyqa• 
r.--

es C .D.8HHOfi MIIO:lK9CTSeHHOCTbiO S HeynpyrHX CTOnKHOD~HIIHX ~~ -Me30HOS C HMnynb-

COM 7 Eas/c II npoTouos c HMnynbcoM 10 Eas/c c uyKnouaMH cornacyiOTCH c pac'ieTa

MH no CTSTIICTII'I9CKOfi TeOpiiii ct>'epMH S npe.o.nonomeHHII 1 'iTO SH8'18ne aueprHH S030y:lK

.D.9HIISI II.ll.9T HS 00p830SSHII9 li300Sp II M930HOS, Yfay'leHHe yrnOSbiX H HMnynhCHbiX' 

xapaKTepHCTIIK Heynpyroro CTOnKHOS9HHH .D.SeT CS9.D.9HHSI 1 ananH3 'KOTOpbiX1 S npHHUHne1 

.D.On:lKeH SbHICHHTb SO!lp OC 0 pOnH II300SpHOrO COCTOSIHIISI1 T8K K8K pacna.o. H3008pbl liMe

aT O.D.H03HS'iHYIO KHH9M8TiiKYo B COOTSeTCTSHH C aTHM H8MH npoaHanH3HpOS8Hbl peaynb

Tl!Tbl OnbiTOB no HeynpyroMy CTOnKHOS9HHIO M930HOS . C HyKnOHliMH H npOTOHOS C HyKnO-

Hli~H1 KOT0pbl9 H3nO:lK9Hbl B p.SOOTliX [1] H [2] 

A. HyKnoH-HYKnOHHbie CTonKHoseHHSI npH 10 Eas/c 

B paooTax [ 3] H [a a] obm TeopeTH'IE!CKH paccMoTpeH sonpoc o HaooapHOM 

COCTOSIHHH npH CTOnKHOB9HIIH C HyKnOHliMH npOTOHOB C HMnynhCOM 10 Eas/c, 

B paooTe [ 4 J chino npose.o.eHo cpasaenHe c onbiTOM H c.a.enaa SbiSO.lJ. o sxna.o.e 

H300SpHoro COCTOSIIIHSI ,.., 20%. B paooTe L 4a] c.a.enaH Sb!SO.D.1 'ITO 50% p-p-CTOnKHb'-

seHH.lt npn 6,2 Bas onHCbisaeTCSI HaooapHo.lt Mo.o.enbiO, B paooTe [ 46 J 1 aaanH3HPYSI 
,_.-

S38HMO.D.eitcTSliSI }I -Me30HOS C aHeprne.lt 4,5 Bas C SI.D.pSMH cpOTOaMynbCHH 1 SSTOpbl 

OO'bHCHSIIOT peaynbTSTbl H8 OCHOSe H300SpHO.fi MO.D.enH, npHonH:lK9HHblfi pSC'I9T C y'leTOM 

onbiTHbiX .D.SHHbiX paHee ynoMHHSnCSI S l5] /nonepe'IHblit HMnynbC HyKnOHOS 

-0,5' Eas/c/. npoHase,z:teM pac'leT CTOnKHOS9HHSI c HyKnOHOM npOTOHa c HMnynbCOM 
I 

10 Eas/c S npe.o.nonomeHHH1 .'ITO SH8'1ane oopaayeTCSI O.D.HS HnH .o.se H300Spbi1 KOTO-

pb!e pacna.o.aiOTCSI H3oTponHo s cooc~seaao.lt .cHCTeMe aa ayKnoH 11 J, -Meaoa, Pac

C'II!TaeM .D.SS SSpH8HTS1 KOr.D.a 11300Spbl HM910T nonepe'iHbi.lt HMnynbCI paSHbi.lt HyniO HnH 

0,5 Bas/c. 
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B Ta6mme 1 .aaubi peaynbTSTbi pac'ieTa, 

2 Hao6apbi Ylao!Sapa + uyxnou 

• ,. 
'f1 - yron 'fJ - ·yron B n.c. 'f' yron 'fJ - yron B n,c. 
BbmeTa BbinOT8 (nnep-; BbinOT8 BbineTa (nnep. I{ 

P.~.. a c.u.M. B n,c, I! uaa,) p .J.. uoo6apbi H3068pbl uaa.) 
B c,u.M, a n.c. 

0 0 0 0,992 0 0 0 0,994 

" " 0,32' " " " 0,28 

0·6 • 0 30 0,99 0,5Ban/c 13° 2,6° 0,992 Ban/c .16,5 

164,6° 41°10 0,62 " 167° 41°20 0,60 

J.1a Ta6nH!lbl 1 BH.Qll01 'ITO B na60p8TOpliOA CHCTOMO llp8KTH'l0CKH l!eCylliOCTDOllll8 

p83HH!l8 MO:lK.OY cny'lSSIMII o6p830B8HHSI O.QHOB HnH .ODYX Hao6ap H .aanbHOAWHA pac-

'lOT 6y.aeT npoae.aea .anSI .aayxHao6apaoro npouecca •. 

8 C06CTDOHHOA CHCTeMe li306ap~I CKOpOCTb M030H8 npn ee pacna.ae p8DH8 

0 186 1 T,e. MOHbW01 'lOM CKOpOCTb nao6apb11 DbinOT810WOA nnepe.a D n,c, 1 ll09TOMY 

yrnonoe pacnpe.aeneaHe Meaoaon n n,c, OT pacna.aa aTHX Hao6ap 6y.aeT aaKniO'iOHO 

B Y3KOM nepe.OHOM KOHyce ll Cp8DH0llll0 C OllbiTOM 38Tpy.OHHTenbHO, np0H3BO.QOM 
~ 

pac'leT yrnonoro pacnpe.aeneHHSI ]I -Meaoaon n n,c, OT pacna.aa H3o6ap, Dbine-

TSIOWHX B c.u.M, n aa.au1010 nonyc¢epy, .Unst cny'iast P.1. .. 0 npH HaoTponHH pacna-
, c;(.co~o<." /. 

.08 B C06CTDOHHOlt CHCTOMO p8C'l0T CDO.QHTCSI K 1!8XO:lK.QOHHIO lPYHKilllll /d.c.o.!Jco<. ,. 
no o6bi'lH011 ¢opMyne npeo6paaonaHHSI yrnon, r.ae o( 11 c( yrnbi DbmeTa Meaoaa 

B CHCTeMe Hao6aphi H n n.c. B cny'lae P.t. -:/:: 0 Hao6apa .anHmeTCSI B 

n,c, IIO.O yrnOM lp ll cpet:UIH!t yron BbinOT8 M030H8 B n,c, 0< B 38Bl!CHMOCTH OT , 
yrna o<. .anst o< .aaeTcst ¢opMynolt: 

f 
~ (ck") = Jr. f <V«-<<> [ <D> '1' ~>(3 ( o<!') +ri ~ 'fJ J '"Jl (« •) .sin 'I J <L<./ 

_J! 
~ 
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r.ae j5 ( o(.t()- Y_I"OJI Bb!JieTa Me30H8 OTHOCl!TeJibHO ABl!)KeHl!n l!306apbl B JI,C, 1 a 

~ - yron B nJIOCKOCT!! 1 nepneHA!!KyJinpHOll: HanpaBJieHl!IO ABl!)KeHHn l!306apbl B JI,C, 

PactteT 0( ( o{ "} 6hm npoH3Be.aeH .ann yrna lf1 = 41°, cooTDeTCTByromero PJ. -::::. 
-=0,5 EaB/ c. YrnoBoe pacnpe.aeneHHe B n.c • . Bhrpa)KaeTcn cpynH:u:~~ell: J.t:Dl~ol C8;) ~. 

Ha p11c. 1 .aaHbi yrnoBbre pacnpe.aeneHHn 1i -Me3oHOB 1 nocTpoeHHhre · n6 cpyHKUHII 

c/.,U>!J ~CD') r1.. .ann Be ex yrnoa o( npH pacqa.ae o6eHx l!3o6ap - Kp!!Ban 1 , 

!! .ann cpyHKUl!l! tl~ot./:J ~-;;[ OT pacna.aa l!3o6aphr1 B hineTaromell: D c.u.M. • naaa.a 

II .ann 0{ ~ 41 O - Kp!!Ban 2, rl!CTOI"p8MM8 1 np!!Be.aeHHan Ha p!!C,11 .aaeT HOpM!!po

BBHHOe Ha OA!!HBKOBYIO ·nnoma.ab C Kp!!Bb!Ml! 1 !! 2 3KCnep!!MeHTBnhHOe yrnOBOe pac-

npe.aeneHl!e B p-p-cTonKHoBeHHnx• .ann 3Be3.a c ttl!cnoM nyttell: 2 H 4,. KoTopoe nocTpoeHo 

no .aaHHbiM 'pa60Thi D.onn Meaon<m, Bh!JieTSIOllll!X B n.c. B .38AHIOIO nony-

ccpepy, paBHa .ann P..1. = 0 16% -~ a .ann P..L =0,5 Eaa/c - 12 %, Onhr:rHan aenHttH-

Ha p.J. no .aaHHbiM [6] cocTannneT /0,372 ::!:. 0,025/ EaB/c l! ,cne.aoBaTenhim, 

COOTBeTCTBY!OlllBn 3TOMy 3HatteHlt!O KpiiBBn yrnoBOI"O pacnpe.aeneHHn Me30HOB AOn)KH8 

npoli:TH Me)K,ay Kp11Bh!MII t l! 2, . 

OnbiTHOe aHatteHne .aonn Me30HOB 1 Bh!JieTaroruHx Ha3a.a· B n.c. paBHO 1,7%, 3TO 

Manoe 3H8tteHHe1 a TBK)Ke CpBBHeHHe I"IICTOI"pBMMbl C paCtteTHb!MII KpiiBblMII .ann yrnOB 
0 ' . ' . 

. 60nbme 90 n03BOnniOT 3BKn!OttiiTb1 . 'ITO l!306apHOe COCTOnHHe He 11I"p8eT cymecTBeHHOll: 

p0n11 B Heynpyi"IIX CTOnKHOBeHHnX HyKnOHOB, (3aMeTIIM 1 ti:fO np11 l!30TpOnHOM yrnOBOM 

pacnpeAeneHIIl! Me30HOB B C,U,M,1 CTanKIIBB!Ollll!XCn HyKnOHOB 1 Kor.aa l!X IIMnynbC paBeH 

0,5 Eaa/c B n.c., H83a.a BhrneTaeT 1%/, 

, x/ 
6) n. -Me3oH-HyKnOHHb!e CTOnKHOBeHIIn npll 7 Eaa/c 

- r.:-
_OueHIIM BKna.a 113068pHblX COCTOnHIIll: 1 o6pa3yiOIUIIXCn np11 CTOnKHOBeHIIIIJ/ -Me30HOB C 

HMnynbCOM 7 EaB/c c HyKnoHa~m. D.nn aToro ito aH:cnepHMeHTanhHOMY cneKTPY npo-. ' 

TOHOB(piiC.2,1) BOCCT8HOBneH cpe.aHHll: cneKTp 11306ap, l1cnonb30B8JIOCb TO o6CTOnTenb 

c·Tao, ttTO np11 .aByxttllCTHttHOM pacna.ae 11306apbr c .aaHHoll: aHeprnell: cneKTp npoTo -

HOB B itafiopaTopHoll: clicTeMe Koop.aHHaT noCTonHen oT /E:,,.;;~(If.- p6 fo"!3 ).ao 

£.:41':"'i~~f0 +Po,P-> .. 3), r.ae Eo 11 Po aHeprHn n HMnynbC npoToHa B cncTeMe H3o6apbr, 

0Tcro.aa onpe.aennnocb cpe.aHee 3HatteHne aHeprnn npoTOHOB .ann Ka)K.aoll: aueprHH 

x/ ~ Bee 3KCnepnMeHTanbHb!e A8HHL!e 1 IICnOnb3yeMb!e B 3TOM naparpa't'e, B3nThl 

H3 pa60Tbi [1] • 



6-

. £p +E.p 
K3ot58p&l E, ... c. .... "" .. -·Kc. H CTpO.liiiACb 3ABJICHMOC~b. tfll ( Ep~) 

2, ) . ' I 
DO JtOTOpol K BOCCT8HABnKB811CB Cp9JlHHI CD9KTp K3oe5ap (puc.212 o TaxHM oC5p830M1 

M&l c'I:HTaeM1 'ITO H3oC5apa oC5pa3:yeTca so scex cn:y'lAHX1 Jl&>Ke 8 Tex, r.11e npoTou:y 

uepe.11aeTCK CSon&Wol xMn:yn&e, 'ITO &e.lleT. x 3AB&J:weuxro oueuu. 

,Llanee DpHUKM88TCR1 · 'ITO CpeJlHKA :yron '8&J:n8T8 H3o6ap TAXOI >Ke KAK :Y DpoTOHOB 

- • ~ . 0.37 _2.1.5"0 a = Q.'U.$c.n..-::"' = Ql'c.C.$cn. -, Of - I , 
Ill p • 

npu aToM 3HA'1:8HHH Et,, ucnonb3:ya suepreTH'lecxHI cnexTp H3o~ap (pHc.2,2) u cu

TAR,·'I:TO paCD8~ B CRCT8M8 H30C58p&l H30TpoD8H1 ~TOp&l p&CC'IHTAIIH :yrn0809 pacnpe.llen& 

HHefi -M830H08 OT p8CD&Jl& H306ap B na()op&TOpHOI CHCT8M8 XOOp.Q,HH8T \pHc,i;i,l'J, 
. . ' ,.- . 

l-la.TOM me puc:yaxe ~aaeceuo sxcnepKM&HTanbHoe :yrnoaoe pacnpe.11eneuHe h -Me3o-

. -- ' BOll, 8 n,c, OT CTOIIU088HHI ]I -Me30KOB C eueprKel 7 Sea C H:YXIIOH8MK .(pKc,S,2), 

OfSa p&CDp8Jl8lJ8HHJI HOpMRp088H&I K8 OJlH:Y' D1101ll8Jlb, Hs ~1HX Cp8BH8HHR. BHJlH01 'ITO 

801111 B. p8C'I8TBOM ·• 8838.11 II~KT 15 % BC8X M830Ko~- (paC'1:9T1 Dpo89.119HH&IA JliiR ' 

Cll:y'IU1 :xor.ll& 8H8'18n8 RM88TCJI O.llHH r. -M830H. H H30C5apa1 8&1119T8101l.l8R 110.11 0° 

J188T 161~ ] 1 TO 8 8XCD8pHM8HT811bHOM•211%. 

. ~ 
3&M8THM1 'ITO. DpH H30TpollHOM :yrno80M pacnpe.llen8HHH Jl -M930HOB C HMD:YIIb"' 

cow 0153 B•a/c 8 c,u.x. ( f', N), uon:y'I:KM 2% :ii -Me30HOB 1 a&J:neT&IOlllHX uasa.11 

8 n,c. 

Jlanee C5&1118 paCCMOTpeua aepoaTBOCTb ~30C5apuoro COCTOBHHK 8 (f.i~N)-
838HMO.Il8ICTBRRX BA OCH088 cn:y'l:aea C RJl8BTKcpH!lHp088HB&IM npOTOHOM K 'c OJlHHM 

xmr c uecxon.JoUMil fr"" -Me3oB&MH~ .Llna eTol llenH CS&rna pacc'IHTaHa .eueprK~ Q~i 
nap&l llpOTOH& R ·fi' •Me30K81 p0>KJ18101UIIXCK npK pacn&Jl8 K30C58pbl, '3H&'lf:IHKR G.~r 
CS&IIIR onpe.11eneuw .11na acex aoaMomu&Jx nap npoTou- 1i -Ma3oH, Bcero 6&Ino pacc'lHTauc 

108 TAXHX nap 8 88 ( f'~ N)- CTOIIXH089HHBX~ ' 

JlonR R30C5ap, 'CS&IIIA paCO'IHTAHA. H3 OTHOW8HHII 'IHCII& on:y-i!aea 1 COOTB8TCT8:YIO-

lllHX H30C5&pKOM:Y OOOTORHHI01 X 'IHOII:Y 808X nap, )'MHO>K8HH08 HA Op8JlH89 'lHOIIO 

f'i; •. 215 1108X 38pii>K8HHbiX 1\ •M830HOB 8 3883Jl8X C H.118HTKcpHilKpoBAHH&IM npo• 

TOHOM•· 
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Onpe.11eneuue rpaHHU B B8nH'IHH8 Q p,Jr MO:lKHO np088CTH DO TO'IHOCTH H.3M8pe-

HHA HMUf~J;COB ~ H p;. - !, 16%. Bo.~OOTBOTCTBHH C STHM ·~ QP~li' ~ 2.5'% 
T.e. Q · •( 160+40) Mss B c.u.M. ( Si', JY ). B. aTOM cn)"lae .110ns H3o6apuoro 

P,'li' -
cocTosuus s. ( ~ fl) - B38HMo.11e.ltcTBHHX pasua 13%. Ecnu 6bl owH6~y DPH onpe.11ene-

HHH Q P.ll' C'IHTaTb paBHOit 16%, TO llOnH H3068pHOrO COCTOHHHSI YMOHbWaeTCH 

.110 6%. , 

Ha puc. 4 rHcTorpaMMa npe.11c TasnseT pacnpe.11eneuue Q .. ,. .11ns acex pacc'IH-,.., 
TaHHbiX nap DpOTOH- ft -M830H1 a 38WTpHXOB8HHbll DpHMOyronbHHit - llOnJO H3o6ap, 

(:r., ' 

'
COOTBOTCTBYIOlllYIO Q •( 160+40) MsB. 

P,T -

Kax BHllHO H3 rHCTorpaMMbl, H3o6apuas .11ons ue BblllenseTCH 3aMeTHO ua · !l>oue 

wupoxoro pacnpe.11eneuHH s aTol 'IACTH cnexTpa. 

B COOTB9TCTBHH C npHB9.118HHbiMK CODOCT8BneHHHMK1 auanorH'IHO HyKnoH-HYKnOH

liOMY cny'laiO, MO:lKHO 38KniO'IHTb, '1~0 o6p830BaHH8 H3068P,!fb1X COCTOHHHit 8 ( Ji";/1 )-
338HM0.1191tCTBKSIX He .1189T C)'lll8CTB8HHOrO BKn8.118o 

0TMGTHM, 'ITO B paccMO!I'peHHH se3.11e ucnonb3osanac& H3o6apa c Macco.lt 1,24 Baa. 

Ecnu .11onycTHTb y'lacTHe H3o6ap c 6on&WHMH MaccaMH, pacnal1810lllHMHCH ua T -
M930H H H)'KnOH1 TO p8C'I8TH.SH llOnR M930HOB, Bbln9T810lllHX H838l1 1 .110n:lKH8 6&1 ewe 

803p8CTHo. 

B 38KniO'Ieuue asTOpbl Bb!pamaiOT 6naro,tlapuocT& H.H.1osopyuy 3a noMOWb 

B pac'leTax, xonneKTHBY" asTopos pa6oTbl [6] 38 03HaKoMneuue c pe3yn&TaTaMH H 

xonnexTHB)' asTopos pa60Tbi [1 J 38 none3Hble o6cy:lK.119HHHc 

PyKODHCb IIOCT)'DHna 8 H3.118T&nbCKHit OTll&n 

8 C9HTH6pH 1960 ro.l18o 

·' 
./ 
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BaH llly-cpeHb; T,BiiwKli, J.1,M.rpa~~HH~KHii·, B,r ~rpHwHH, H,Jlanxamim; P.M.ne-
5ez:tea, A,A,HoMocpnnoB, M,J.1,0oz:tropenKHii, B,H,CTpenbUOB, HeynpyrHe asaH~!O

z:teiicTBHSI c HyKnoHaMH npoTOHOB c sHeprneii 8 Esa, OpenpHHT OJ.1SIJ.1, P-R26, 

[3,] J.1,E,TaMM, JloKnaz:t Ha• 1X KOH~epeHUIIII no cpH3HKe Bb!COKIIX 9HeprHii 1B58 r, 
a KHeae. 

(3a) J.1,M~JlpeMI!H 1 Jl,C,4epHaBCKHii, )K3T¢, T,38, 228 ( 1860), 

[4] BaH llly-:-cpeHb, J.1,M,rpaMeHHUKHii, B,r ,rpnwHH1 H,Jlanxamaa, P,M,ne5ez:tea, 
A,A,HoMocpHnoa, M,J.1,0oz:tropeuKHii, B,H,CTpenbuoa, MaTepHanbi 1X KOHcpepeH
UHH no cpH3HKe Bb!COKHX 9HeprHii B 1859 r, B r,KHeBe, 

[4a] 

~5] 

t.sJ 

[al 

IVNinzeler et al, Nuovo Cimento, XVII , 8 (1960). 

H.H.A1y and C.M.Fisher, Nuovo Cimento, XVII, 98 (1900). 

MaTepHanbi Yl ceCCHH Y'leHoro CoaeTa OJ.1SIJ.1, Mail: 1859 r. (3aMe'I8HHSI K,Jl,Ton-
CTOBa), . . 

T ,BHWKH, J.1,M,r paMeHHUKnii,· 3,Kop5en, 
.ri,Po5, B,H,CTpenbuoa, Jl, Tyaz:teHz:topm, 
Ha X KOHcpepeHUHIO no cpn3HKe BbiCoKnx 

.. \. H: ~k:i.l 

A.A.HoMocpnnoa, M,J.1,0oz:tropenKHil:1 

M,C,XaacTyHOB ll l:tp. npez:tcTaaneHo 
sHeprnii B 1860 r. B PoqecTepe, 
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PHc. 1. CneKTp Jii -Me30HOB B na6opaTOpHoll CHCTCMe AnA p-p-CTOnKHOBeHHA • 

1 - pac'!eTHhill cneKTp Ami cny'last 
11 - paC'ICTHhlll cneKTp Ami Cny'ISH 
OnhiTHhilt cneKTP - rucTorpaMMa. 

PJ. 
P.t. 

.. o 
• 0,6 BsD/c 
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PHc. 2, 1. 3KcnepaMeHTanbHbiA cneKTp npoTOHOB a (~ rv' )-cTonKHOBeHHSIX, 

2, BoccTaHoaneHHbiA cpe.aHHA cneKTP a3o6ap. 
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PHc. 3, 1. Pac'!eTHoe yrnoBoe pacnpe.o.eneHHe if -Me30HOB OT pacna.o.a H3o6ap. 
2. 3KcnepHMeHTanhHOe yrnoBoe pacnpe.o.eneHHe ~- Me30HOB B (?;NJ

CTOnKHOBeHHHX, 
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