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BeeoeHue 

B HaCTORIUee apeMR .D;HR Bbi'IHcneHHR ce'leHHH xn -peaK

~H:ii, HHH~HHpOBaHHbiX TR>KCllblMH HOHaMH C o6pa30BaHHCM 

.D;CllRIUerOCR COCTaBHOrO R.D;pa, HCllOllb3YJOT .D;Ba pa3HbiX 

MCTO,ZJ;a. 0.D;HH H3 HHX /Ha30BCM ero TO'IHbiM/ Y'IHTblBaeT 

CllO>KHblH xapaKTep npo~ecca CHRTHR B036y)l(.IJ;CHHR R.D;pa, 

KOTOpbl:ii npoTeKaeT nyTeM nocne.D;oBaTen&Horo HcnycKaHHR 

X HC:iiTpOHOB H COllpOBO)I(,ll;aCTCR H3MCHCHHCM pa3llH'IHblX 

XapaKTCpHCTHK npoMC)l(YTO'IHbiX R.D;ep: 3HeprHH B036y>K

.D;CHHR, yrnoaoro MOMeHTa H T • .D;. I 1l. Pe3yn&TaTbl pac'leToB, 

BblnonHeHHblX B paMKax TaKoro no.D;xo.D;a I 21, oKalanHCb 

O'ICHb 'IYBCTBHTCllbHblMH K napaMeTpaM, KOTOpble OllHCbi· 

aaiOT .D;enRmeecR B036y)l(.IJ;CHHoe R.D;po - K nnoTHOCTH ypoBHe:ii 

H MOMCHTY HHep~HH R.D;pa B COCTORHHH C Mano:ii .D;ecllopMa~HCH 
H B CC.D;llOBO:ii TO'IKC, K BCllH'IHHC 3HeprHH CBR3H HeiTPOHa·, 

BenH'IHHC H cllopMe 6apbepa .D;eneHHR, a TaK>Ke K TOMY, 

KaK H3MCHRCTCR 3HeprHR B036f)I(.D;CHHR H yrnOBOi MOMCHT 

R.D;pa npH HCllYCKaHHH He:iiTpOHOB. fi03TOMY TO'IHbl:ii MCTO.D; 

JIBllRCTCR XOPOWHM HHCTpyMCHTOM .D;llR llOllY'ICHHR ,ZJ;eTallbHO:ii 

HHcllopMat(HH 0 B036y)I(.IJ;eHHOM JI,ZJ;pe H3 cpaBHCHHR paC'ICTOB 

C 3KCnepHMCHTallbHbiMH .D;aHHblMH. 0.D;HaKo 'lpe3Bbl'la:iiHaR 

'IYBCTBHTellbHOCTb paC'ICTOB K HCll0llb3yCMbiM napaMeTpaM 

He ll03BOllRCT llOKa .D;enaTb Ha.D;e>KHble npe.D;cKa3aHHR .D;llR 

Ce'leHHi o6pa30BaHHR HCH3BeCTHbiX CBepxTR>KCllbiX 3llCMeH· 

TOB. 

06bl'IHO HCllOllb3yeMbl:ii .D;llR 3TO:ii ~enH MCTO.D; OCHOBaH 

Ha npe.D;nono>KeHHH, 'ITO ynoMRHYThlii awwe cno>KHLI:ii npo

~ecc CHJITHJI B036y)I(.D;eHHJI MO>KHO OllHCaTb llpOCThiM, B KO

TOpOM TeMnepa Typa H ,ZJ;pyrHe xapaKTepHCTHKH JI,ZJ;pa He 

NeHRIOTCR. B 3TON cnyqae cllopMy cllYHK~H:ii B036y)I(.IJ;eHHJI 

.llJIR xn -peaK~H:ii Mo>KHo xopowo onacaTb ~aocTo:ii H y.D;o6-

Hoi B o6pameHHH cllopNynoi ,lVKeKcoHa 37, no.D;6HpaJI H3 

ycnoBifJI Haany'llllero cornacHJI c onLITOM 3Ha'leHHe 3~liJeK-
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THBHOit R~epuoit TeMnepaTypLI T. B ~aHHOif pa6oTe MLI 
paCCMOTpHM B03MO>KHOCTH TaKoro no~xo~a ~JIR npe~CKa· 
3aHHR Ce'leHHR 06paJ·OBaHH.11 CBepXTR>KeJILIX 3JieMeHTOB 
B peaKIJ;HRX C TR>KeJILIMH HOHaMH. 

Memoo pac..,ema 

KpaTKO onaweM MeTo~ pac'leTa, KOTOpLiit y>Ke ueo~
uo~paTpo 6LIJI H3JIO>KeH B H3BeCTHLIX pa6oTaX CHKKeJiaH
~a/4, s ~ 

r,lle 

Ceqeuue x n - peaKn;HH onpe~eJIReTcR $opMynoii 

a (E) 
" 

a P 
CN " 

li~/rn /(fn +ff )]i lacN p", 

LeN 
I a (E)P L (E*). 

L =0 L "• 

/1/ 

l~ecL E - 3HepraR aoua, a L- ceqeuue L -oii napu;HanL
uoii BOJIHLI, LeN - npe,lleJILHa.ll ueJIH'IHHa yrnouoro MOMeu
Ta, npH KOTOPOM ew;e npOHCXO~HT o6pa30BaHHe COCTaBHOrO 
.ll,llpa, p L (£*) - BepO.IITHOCTb 3MHCCHH x HeHTpOHOB H3 

"· L COCTaBHOrO Jl~pa C yrJIOBLIM MOMeHTOM H 3HeprHeii 
B036y>K,lleuas E *. 

Uapu;uanLuoe ceqeuae aL onpe~enseTc.ll no $opMyne 

2 
a L = rr A ( 2 L + 1) T L , /2/ 

i 
r~e T L - Ko3cWJau;aeuT 
BOJIHLI 'lepe3 UOTeHIJ;HaJI 
UJ;HMH .ll~paMH /6/ 

npoxo>K,lleHHR L -oii napu;uanLuoii 
V (r) Me>K~y B3aHMO,lleHCTByiO· 

L 

V (r) 
L 

2 Z
1
Z

2
e 

-----+ 
r 

1i 2
L(L+l) 
--- + V exp 

0 
211r 

(A 1/J AI /3)-
'o I + 2 r 
- 73/ d 

l~ecb zi H Ai- 3ap.II~LI H MaCCOBLie 'IHCJia a:~ep, ll - npuoe
~eHHaSI Macca CHCTeMbl, )J;JIJI napaMeTpOB OllTHI.feCKOH. M.O-
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~eJIH 6epyTCJI CJie~yiOUJ;He 3MUHpHI.feCKHe 3Ha'leHH.R / 7/ : 
V0 = -70 M:Je; r0 = 1,24.10-I 3 eM, d = 0,48.10- 13 eM, 

~JIR uouoo yrnepo~a H aJoTa, '0 = 1,25.10-I3cM, d 
= 0,48.10-13 CM ~Jl.R HOHOB KHCJIOpO~a, r O = 1,26.10-13 CM, 

d = 0,44.10-IJ CM ~Jl.R HOHOB HeOHa. 

B npu6na>KeHHH nepeoepuyToit napa6oJILI /B/ 

-1 
T =II+ exp [2TT(B-E )/'lied] I , L c 

/4/ 

r~e B- BLICOTa 6apLepa V (r), E ('- 3HeprHJI uoua B C.I.I.M., 
L . 

a2 v 
I -:;-2-

or 

w j_ a2 v 1 --
- j; iJ ,r 2 

Bhll.fHCJIJieTC.R B TOI.fKe, r~e .i!...Y-.=0 /. ar 
$opMa $yHKUHH B036y>K~eHH.R onpe~eJI.ReTC.R $opMyJIOH 

)J;>KeKCOHa 

P, fE*) = l'ft\ ,2x- 3) -l'(fl +l'2x-l}, /5/ 
X,L X X 

r,lle I'(z,n) - uenonua.11 raMMa-$yHKIJ;H.R, a ee apryMeHTLI 

npHHHMaiOT 3Ha'leHHSI 
" fl.. = ( E * - I B. - ER) IT 

H " i= 1 I 

fl.. +I = ( E * - I B. - B f+ 1 - E ) / T . 
X I X R 2 

j-] n. I( 
l~ecb Bi - 3HeprHH CB.R3H i -oro ueiiTpoua, ER=- -/+l) -

2, 

upaw;aTeJILHa.R 3Hepru.R, B f ' - 6apLep ~eneun.R nonyl.faiO-
f X +I f 

w;eroc.R .R~pa jecnn Bx+I > Bx+I'To BMeCTO Bx+I cne~yeT 
nocTaBHTb Bx+I /7' 

8 pacl.feTaX HCllOJib30BaJIHCb 3Hal.feHH.R napaMeTpOB 
T = 1,2 M3e H ~ = 0,8 ~ Te.T noJiyl.feHHLie CHKKenau~oM 
H3 ycnoBH.R uaunyl.frnero cornacHR c 3KcnepnMeHTOM ~JI.R 

- * JuaqeuH.R Bi-H-~paccl.fHTLIBanncL no $opMyJiaM 
Maiiepca H Cu.RTeuKoro/9/, 
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4JopMhi «i>YHKUHB B036Y*ACHHJI l4,sl. Taep,D;oTenfuoJ 3Haqe

uue MOMenTa uuepu;uu paauo 3T =0,4mN r0 A 53
, r0 = 

-13 · BoT 
= 1,22.10 eM. KpoMe Toro, npe,D;nonaranoch, qTO apa-

maTenhHhle 3Hepruu ,D;enJim;erocJI JI,D;pa u JI,D;pa, ucnycKaromero 

ueiiTpou, paBHhl Me*AY co6oii. 

rnaauoii aenuquuoii, onpe,D;enJirom;eii ceqeuue BhiXO,D;a 

H30TOnOB, JIBJl.fiCTCJI nepBbiB MHO)KHTCJlh B ypaBHCHHH /1/. 

Ka)I(,D;hiB qneu 3Toro npoH3Be,D;eHHJI cnnhuo 3aBHCHT oT 

3HeprHH B036y)I(,D;CHHJI H yrnOBOrO MOMCHTa JI,D;pa. 0,D;HaKO 

pacqeTbi, BhinOJlHCHHhiC HaMH B paMKaX TOt{HOB TCOpHH /JO/, 
noKa3anu, qTo ycpe,D;ueuuoe no ucnapuTenhHOMY I<aci<a,D;y 

x 1/ 
3HaqeuHe<rn /(['n +rrJ>=( U [f /(r + f 1 )] 1) :KOTOpoe 06blt{H0 

i= 1 n n 

H3MepJieTCJI ua onhiTe, cna6o 3aau·cuT oT E H x. ITo3TO¥Y 

3KCnepHMeHTaJlbHble 3HaqeHHJI < [n /rf >, nonyqeHHbie B peai<

IJ;H.fiX C TJI)I(eJlhiMH HOHaMH, YAOBJleTBOpHTeJlhHO OnHChiBaiOTCJI 

3MnHpHqecKHM COOTHOWCHHeM CHKKeJlaH,D;a/s/, KOTOpoe 3a

BHCHT TOJlhKO OT A H Z JI,D;pa: 

1
19,23 + 0,05 N AnJI N > 153 

log < r 1 r1 > = -o. 276 z + · 
n 5,46 + 0,14N Ami N ~ 153 

/6/ 

/An.fl JI,D;ep c ueqeTHhiM Z K npaaoii qacTH ypaaueHHJI /6/ 

HY)I(HO ,D;o6aBHTh 0,12/. 3To 3Mnupuqeci<oe ypaaueuue 

H HCnOJlh3yeTC.fl ,D;Jl.fl Bblt{HCJleHHJI ,D;OJlH JI,D;ep, "Bbi)I(HBaiOIIJ;HX" 

a I<OHKypeuu;uu npou;eccoa ucnapeHHJI ueiiTpouoa H ,D;eneuuJI. 

Pa3yMeeTcH, Tai<oii MeTOA yqeTa KOHI<ypeuu;uu ,D;eneHHJI 

XOpOW JlHWh ,D;JlH He CJlHWKOM ,D;aneKHX 3KCTpanOJ1JIIJ;HB 

B o6naCTh CBepXTJI)I(CJlbiX 3J1CMCHTOB /AJl.fl Z ~ 108/. 

06cyxoeHue pe3yA&mamoe pac'lemoe 

C noMOIIJ;hiO onucauuoro BbiWe nony3Mnupuqeci<oro Me

To,D;a 61inH paccquTaHhl ceqeuuJI o6pa3oBaHHJI pa3J1Ht{HhiX 

H30TOnOB 3JleMeHTOB C Z = 98 - 105 B peaKIJ;HJIX CJlHJIHHJI 

TJI)I(eJlhiX HOHOB C, N, 0, F, Ne c JI,D;paMH U, Pu, Am, Cm, Cf, 
conpOBO)I(,D;aiOIIJ;HXCJI HCnapeHHeM H3 COCTaBHhiX JI,D;ep OT 3 

,D;O 8 HeBTPOHOB. 

6 

·~ 
t! 

.. 

li3 pHC. 1-4 BH,D;HO, t{TO 4JopMa H nOJlO)I(eHHe MaKCHMyMa 

4JyHKIJ;HB B036y)I(,Il;eHHJI /3a HCKJliOt{eHHeM ,D;BYX peaKIJ;HB 

C o6pa3oBaHHeM H30TODOB 103 H 104 :meMeHTOB, H3Me· 

peHHhiX aMepHI<aHCKHMH aBTOpaMH/ BOCnpOH3BO,D;JITCJI ,D;o

CTaTOt{HO XOpOWO. qTO KacaeTCJI a6COniOTHhiX .• BeJlHt{HH 

ceqeuuii xn -peai<u;Hii, TO uau6onee xopowee cornacae 

jc TOt{HOCTbiO ,D;O MHO)KHTeJl.fl i "' 2/ ua6nro,D;aeTCJI ,D;Jl.fl 

peaKu;Hii c acnycKauaeM 4 H 5 ueB:Tpouoa. ITpu y,D;aneuaa 

OT 3TOB BeJlHt{HHhl t{HCJla HCflyiiJ;eHHhiX HeBTpOHOB B CTOpOHY 
I • 

MCHhWHX H 60JlbWHX 3HaqeHHB X corJlaCHe MC)I(,D;y OnbiTOM 

H pacqeTOM yxy,D;WaCTCJI: ceqeHHJI 3n -peaKIJ;HB OKa3biBaiOT· 

CJI 3aBhiWCHHhiMH, a ceqeHHJI peaKIJ;HB C X 2: 6 OKa3biBaiOTCJI 

3aHH)I(eHHhiMH no cpaaueuuro c 3I<cnepuMeHTanhHhiMH. Cne

,D;eeT OTMCTHTh, t{TO 3TO paCXO)I(,Il;eHHe yBeJlHt{HBaeTCJI C 

pocToM MaccLI uaneTaromero uoua. Tai<, ,D;JlJI ucnyci<aHHJI 

3 H 8 HeBTpOHOB B peaKIJ;HH 
16 0 + 238 U OHO COCTaBJlHeT 

BCJlHliHHY"' 10 
2

. 

OTMelleHHhie pacXO)I(,D;eHHJI yi<a3hiBaiOT ua To, liTO npe,D;

nono)l(euue 0 He 3aBHCHMOCTH OTHOWeHHJI rn II'r OT 3HeprHH 

B036y)I(,D;eHHJI H yrnoaoro MoMenTa JI,D;pa JIBJlJieTCJI ue,D;o

cTaTOliHO xopowHM, npuqeM xapai<Tep pacxo)I(,Il;eHHJI no,D;

TBep)I(,Il;aeT BhiBOA uaweH: pa6oThi /111 o6 yMeHLWeHHH ,D;enu

MOCTH TJI)I(CJlhiX H,D;ep C pOCTOM 3HeprHH B036y)I(,Il;CHHJI ~ 

Tai<oe 3aBhlweuue ,D;enHMOCTH JI,D;ep ,D;JlJI x ~ 5 H 3a

HH)I(eHHe ,D;JlJI X = 3 CHJlLHee DpOJIBJl.fleTCJI npH 60JlhWHX 

3HalleHHJIX Z cocTaauoro JI,D;pa. HanpuMep, ,D;nH cocTaa

uoro JI,D;pa c Z = 106 ceqeuue c ucnyci<auueM 5 ueH:Tpouoa 

DpH6JlH3HTCJlbHO Ha DOpJI,D;OK MCHLWe, qeM ~n' a a3 n "'a4 n • 

Mo)I(HO AYMaTh, liTO ceqeuue 3n -peaKu;HH 3aBhiWeHo 3a 

CliCT HeTOliHOrO onpe,D;eneHHH ceqeHHJI peai<IJ;HH B6J1H3H 

* Kai< OhiJlO noi<a3aHo B uawax pacqeTax no TOliHoii 
MO,D;ena 7 Jl~ BI<nroqeuae B pacqeT npou;ecca ,D;eneHHJI cy)l(aeT 
<I!YHKIJ;HIO B036y)l(j!eHHJI, liTO TaK)I(e JIBJlHeTCJI CJle,D;CTBHCM 
3aBHCHMOCTH fn fl'r OT £*. qT06bi HMHTHpOBaTh Tai<Oe 
cy)l(euae B paMKax nony3Mnupuqeci<oro no,D;xo,D;a ,D;JlJI co
cTaauoro JI,D;pa C f, HY)I(HO yMeHhWHTh TeMnepaTypy T B 
1,5 pa3a. BHAHMO, 3THM u o6'hJICHJieTcJI TOT 4JaKT, t{TO ,D;nH 
ODHCaHHJI 4JyHKIJ;HB B036y)I(,Il;eHHH He,D;eJlHIIJ;HXCH JI,D;ep B no
JlY3MDHpHqeCKOii Mo,D;ena HY)I(JlO 6p~T~ T = .2 M3e, a ,D;JlH 
Tpaucypauoahlx H,D;ep T = 1,2 M 36 /2ol. · 
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KynouoocKoro 6apbepa, o.nnaKo cpaonenne pacqeTHhiX n 

:JKcnepnMeHTanhHhiX ceqennii .neneHHH /eM. puc. 5/ onpo

oepraeT :JTO npe.nnono:>KeHHe. 

TaKHM o6pa3oM, MO:>KHO c.nenaTh Bhmo.n, 'ITO npn pacqe

Te C ITOMO~blO nony3MITHpHJ.ICCKOrO MCTO,na CC'ICHHH o6pa-

30BaHHH H30TOITOB 3RCMCHTOB C l ~ 106 HaH6onee TO'IHO 

MO:>KHO OQCHHTh CC'ICHHC peaKQHH C HCnapeHHCM 'fCThlpex 

ueiiTponoo /TO'fHOCTh "'2-3 I, ceqenne Sn-peaKQHH oKa3LI

oaeTcH 3aHH:>KCHHhiM B HCCKORbKO pa3, a CC'fCHHe3n-peaKQHH, 

BH.D:HMO, 3aBbllliCHO 6onee 'ICM Ha ITOPH.D:OK. 

3aK/110'1eHUe 

HTaK, nony3MrrnpnqecKHH MeTo,n pacqeTa ceqennii o6pa-

30BaHHH n3oTonoo rrpn ncnycKaHHH neiiTpOHOB H3 .nemi~erocH 
B036y:>K,nCHHOrO H,npa C 7, ;; 100 XOpOlliO OITHChiBaCT tiJopMy 

tiJyuKQHH B036y:>K,neHHH. A6conJOTHhie 3Ha'feHHH ceqennii nc

nycKaHHH x ueiiTponoo nan6onee xopolllo cornacyJOTCH 

c orrhiTOM ,nnH x = 4,5 I c TO'fHOCThJO .no MHO:>KHTenH 1{"' 2/, 
npH4CM 3Ta TO'fHOCTh yxy,nlllaCTCH npH 3KCTpanonHQHH B 

o6naCTh HOBhlX 3RCMCHTOB C Z ~ 106 B nepByJO oqepe,nh 

,nnH S n - peaKQHH. 

CpaBHCHHe 3TOrO MCTO,na C TO'fHhiM MCTO.D:OM paC4CTa 

IT03BORHCT, C O.D:HOH CTOpOHhl, ITOHHTb npH'IHHhl paCXO:>K,nCHHH 

nony3MITHpH'ICCKOrO MCTO,na C 3KCnepHMCHTOM H H3MCHCHHH 

ero napaMeTpos, npnpo.ny c,neJiaHHhiX ynpo~ennii. C ,npyroii 

CTOpOHhl, H3 cpaBHCHHH pe3ynhTaTOB, paCC'fHTaHHhiX nony-

3MrrHpH4CCKHM MCTO.ll:OM ,nnH peaKQHH, B ~OTOphiX HC BbiiTOn

HCHbl 3KCnepHMCHTaRbHbiC H3MepeHHH, C pacqeTaMH ITO 

T04HOH MO,nenH MO:>KHO nonyqaTL 6onee ,neTanhHYJO HHtiJop

MaUHIO 0 CBOHCTBaX e~e HC H3Y'fCHHhiX 3KCnepHMCHTaflhHO 

B036y)l{,nCHHbiX R,nep. 

ABTOP 6naro.napeH r.H.~neposy, B.C.IiapallleHKOBY H 

B.A.ToHCCBY 3a ITOCTORHHhlH HHTepec K pa6oTe H MHOro-

4HCRCHHhlC o6cy)l{,neHHR, X.liepTHHH - 3a nw6e3HO npe.no

cTaonennyw nporpaMMY pacYeTOB. 
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PRe. 1. cl»yHKURR B036~)K,IJ,eHRJI.f-eaKURii' U ( C, xn) Cf 
/neawl pRe./ R 238 U( 60, xn) 25 -" Fm . 3HattKaMR o,e,.t,8, 
0603HatfeHbl 3KCnepRMeHTanLHble ,AaHHbi,e ,llJlJI X= 3, 4, 5,6, 7,8, 
A, Q COOTBe'l:CTBeHHO, B3JITble R3 pa6oT I 4,12~ llo OCR a6c • 
URCC OTno>KeHa KRHeTRtfeeKaJI 3HeprRJI ROHa Bna6opaTOpHOH 
eHCTeMe. 
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243 A (12 C ) 255""" M PRe. 2. <l>yHKURR B036y:"?eHHJI peaKUHii m ,xn v 
/near.Iii aepxHHii pHe./ 23 U( 19 F,xn) 257-" Mv /npaar.Iii 
aepxHHii pH e./, 2~ C'J'!, 13 C, xn) 257-" I l /JieBbiH H epe,AHHH 
HH>KHHH pRe./, 

23 
U( 2 Ne, xn) 260-"/l /npaBbiH IJH>KHHj\ 

pRe./. 3KenepHMeHTaJibHble ,AaHHble B3JITbl H3pa6oT /5,12,13/. 
Bee oeTaJibHble o6o3HatteHHJI - KaK Ha pRe. 1. 
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u 248 C 1s N 263-x Puc. 3. cl»yuKuuu B036y:>K~euu.R ~eaKuuu m( , xn) 103 
/neBbiH aepxHuii puc./, 243 Am(/ 0, xn)261 -x 103 /npaBbiH 
aepXHUH puc./, 242 Pu( 22 Ne,xn/ 4-xKu /JieBbiHHH:>KHUHpuc./ 
249 Cf(l2· C, xn) 261-x Ku /npaBbiH HU:>KHUH puc./. 3Kcne: 
puMeHTaJibHbie ~aHHLie BJJITbi UJ pa6oT /14-17/. Bee oc
TaJibHbie o6oJHa'leHUJI - KaK Ha puc. 1. 
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u. 243 22 265-x 
Puc. 4. fl>yHKUUU B036y)l(~eHUJI peaKuuu Am( Ne,xn) 105 
/JieBbiH aepxHuii puc./, 249 Cf( 15 N,xn) 264"""' 105 /npaBbiH 
BepXHUH puc./, 249 C{(lB 0, xn) 26~-x]()6 /JI~BbiH HU)I(HUH puc./, 
246 Cm(22 Ne, xn) 268-x 1~ /npaBbiU HU:>KH,HU pqc.j. 3Kcnepu

MeHTaJibHbie ~aHHbie BJJITbi U3 pa6oT I 18,19/ • Bee ocTaJib
Hbie o6oJHa'leHuR - KaK Ha puc. 1. 
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Puc. 5; 3asucuMocTL ceqeuu• ~eneuu• oT lHepruu uane
TaiOIUero HOHa /a· na6: CUCT./ bpu o6nyqeHHU MUWeHeii U3 
238 U UOHaMU f2 C /neBLII pRe./, 16 0 /Cpe~HUii puc./ 
u 20 Ne /noaBLII puc./. Toqi<R • :JI<cnepuMeHTanLnLie ~auu~o~e 
pa60TLI /7/: 
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