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1. BBE,QEHI1E 

11CXOAR 113 BeCbMa 06l!li1X npeAnOnOlKeHI1H, He orpaHI14eHHbiX np11-· 
MeHI1MOCTb~ OAHOYPOBHeBOH ¢opMynbl 6pei1Ta-811rHepa, ¢.n.manl1p0 
noKa3an, 4TO BblpalKeHI1e AnR Ce4eHI1R peaK'-111111 B 3aBI1CI1MOCTI1 OT 
3Heprl1111 ·s -eonHOBbiX Hei1TpOHOB MOlKHO 3ani1CaTb B B11Ae ./1/ 

ayE = (ayE)T/(1 +ayE +f3E -t· •.• ) • /1/ 

3AeCb Han111..10 He TOnbKO 113BeCTHbiH 3aKOH 1/V, HO Ill OTKnOHeHI1A 
OT Hero, onl1cbleaeMble ·4neHaMI1 c. a 111 f3. Yn~H c ~. Ka~ 3TO RBCT
eyeT 113 npeACTaBneHI1R /1/ 611HOM!IIanbHbiM PRAOM, BeAeT K noRene
Hill~ noCTORHHOH cnara~l!leH Ce4eHI1R. 3TOT 4neH onpeAenAeTCR. 3Ha-
4eHI1eM aT B TennOBOH T04Ke 11 COOTHOWeHI1eM BKnaAOB .KaHanoB CO 
cnii!HaMI1 I 2:_1 /2 /Hanpi1Mep, OTHOCI1.TenbHbiM Be COM X+ KaHana . I+ 1/2/. 
4neH c~ o6l!lei1 ¢113114ecKoi1 11HTepnpeTal..ll111 He nony411n, HO AnR 
Hero B 121 6brno HaHAeHO BblpalKeHI1e Ha. OCHOBe ¢opMynbl opei1Ta-811r-
Hepa. . 

0TKnOHeHI1e .OT 3aKOHa 1/v B Ce4eHI1111 peaK'-11111 3He(n, p) · 6brno 
o6HapylKeHo e ¢11AH CCCP e pa6oTax 12 ~ 31 • 11ccneAoeanacb 3HepreTI1-
~ecKaR 3aBIIICI1MOCTb OTHOWeHI1R Ce4eHI1H peaK'-111~ 3 He~, p), 
6 Li (n, a) 11 1° B(n, a) np11 3Hepri1R~ AO 25 K3B. ,QnR 3 He 6brnlll 

onpeAeneHbl cneA~~l!ll1e 3Ha4eHI1R napaMeTpoe ¢opMyn~ /1/ e na6o-
paTopHoi1 CI1CTeMe: . 

a= /~,17~0,~5/·~,0{~2 K3~~...:l/ 2 ,,f3~/3,5.±_~:~/·10-3 
K38-l. /2/ 

113 pa3niii411R MelKAY 3Ha4eHHRMI1 a B /2/ 11 ee MaKC11ManbHO B03MOlK"" 
HbiM /npl1 x_ =-1 I 3Ha4eHI1eM aM(OO. =I 4 '65.±_0 '25/ ·1 o-2 6brna nony4e
Ha Ol..leHKa X+. =/6+6/%, YT04HeHHaR 3aTeM BcnOnRpl13ai..II10HHOM 3KC
nepi1M~HT,e 147• 3To-o3Ha4ano, 4TO peaK1..111R 3He(n, p) 11AeT npei1My
l!leCT.BeHHO 4epe3 KaHan co cni1HOM J =I- 1/2 = o+ . ABTOpbl pa6oT12•31 . 
061>RCH!IInl1 o6HapylKeHHOe OTKnOHeHI1e, BBeAR'B paCCMOTpel-i11e B~3_: 

. 6YlKAeHHbri1 ypoeeHb RApa 4He c 3Heprl1ei1 - 20 M3B, · cn11HOM 0 
11 Ha6n~AaeMoi1 npoTOHHoi1 W11PI1HOi1, paeHoi1 =1,2 M38 np11 3Heprl111 
CBR311 Hei1TpoHa 20,58 M38. 

B HaCTORl!lee epeMR CYl!leCTBoeaHI1e 3Toro ypoBHR HaXOA11TCR sHe· 
. /5/ 4 

coMHeHI1i1. OH npoRel1ncR 11 e (p, T)-pacceRHI111 .. · , rAe He RBnR-

eTcR COCTaBHbiM.RAPOM, 11 B TaKI1X peaKI..I11RX, KaK, Hanpi1Mep, 
.3 He(d, p) 4He 161 , 4He(e, e') 4He 111, . 4He(a,. a') 4He 

1~1 
· 

rAe 4Heo6pa3yeTCR B B11Ae KOHe4HOro RAPa - nPOAYKTa peaKI..II1H. 

O~wnzHenU.Mti. l-:.lien..'11~ ( 
~pUL1X E~f.?,ell~ti~b~~ 

Gt:':SJilltOTEHA 
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npH BCeM 06HnH~ pa6oT, OAHaKo, AO C~X nop OTCYTCTBY~T HaAem- . 
Hble KOflHlleCTBeHHble 3HalleHHR xapaKTepHCTMK ypOBHR 0+, B llaCTHOC
TH npHBe,qeHHbiX WMPMH. 

Heo6XOAHMO TaKme_HMeTb s BHAY, liTO celleHHe peaK4MM 3He(n,p) 
npHHRTO B KalleCTBe OAHOrO H3 CTaHAapTOB HeHTPOHHbiX celleHMH. 

· Ero 3HalleHMe_ s Tennosol1 TOliKe onpeAeneHo s pa6oTax 19•101 c 
BbiCOKOH TOliHOCTb~. _Ho npRMbiX H3MepeHMH CelleHHR S WMPOKOM AHa
na30He :meprHH He npOBOAHflOCb: HCnOflb3yeMble AaHHble AflR MHTep
sana 1 0-200 K3B nonylleHbl nepeclleTOM celleHHR o6paTHol1 peaK4MM 
T(p; n) 3 He 'H HMe~T. norpeWHOCTb ""'1 0% 1111• Cyl!leCTBY~T · owH-
6oliHble YTBepmAeHI-1R 0 3%-HOH TOliHOCTH 3 He -cTaHAapTa npH 
E <1 M38 H 06 OTCYTCTBHH H3MepeHMH OTKflOHeHHR OT 3aKOHa 1/v 
llPH E =0, 01-5. K3B 1121, a TaKme 0 B03MOmHOCTH 06'bRCHeHMR OTKno-

. HeHHR OT aaKoHa 1/v AflR (a 3H I a BF ) a a ClleT CMflbHOro 
BflMRHHR MOfleKynRpHOH CBR3H /137 eB BF 

3
.3 

HacTORI!laR pa6oTa npeAnPMHRTa c 4enb~ onpeAeneHMR celleHHR . 
peaK4MM 3 He(n,p)T B AHana30He 3HeprHH HeHTPOHOB 0,2-200 K38. 
803MOmHOCTb npoBeAeHMR M3MepeHMH 6wna o6ecnelleHa WMPOKHM 
cneKTpOM HMnynbCHOro HeHTPOHHOro HCTOliHHKa - peaKTOpa H5P-30 
C mimeKTOpOM 

1141
. 5blna AOCTHrHyTa 2-3%-HaR TOli.HOCTb, He06XOAM

MaR AflR peKOMeHAa4MM peaynbTaTOB B KalleCTBe CTaHAapTa. npe4M-
3HOHHble AaHHble. n03BOflHflH YTOliHHTb 3HalleHMR napaMeTpOB a, {3, X+ • 

YAefleHO. BHHMaHMe TeopeTrt4eCKOH MHTepnpeTa4MH 3Hepre.TMllec
KOrO XOAa Ce4eHHR H nony4eHH~ nprtBeAeHHbiX WMPHH, CAenaHbl 
HOBble aaKn~4eHHR o. napaMeTpax nepeoro eoa6ymAeHHoro · ypoBHR' -·1 · 

~APa 4 He. . 

2. OLIEHKA nAPAMETPOB OT!<JlbHEHH~ OT 3AKOHA 1/v 
B nPH5nHmEHHH HYnEBOrO PAAH~CA 83AHMOAE~CTBH~ 

BblpameHHe AflH K03$$H4HeHTa a HMeeT oco6eHHO npOCTOH BHA, 
ecm1 peaK4HR HAeT 4epe3 OAHH cnrtHOBbiH KaHan. TorAa a onpeAe
nReTCR eem14HHO~ Ce4eHHR B Tennoeol1 TOYKe /2/, noKameM' liTO 

·. H AflR K03$$H4MeHTa {3 .CYI!leCTByeT B03MOmHOCTb anprtOPHOH 04eHKH. 
'PaCCMOTpeHMe npoBeAeM B paMKax 6onee 061!lero·' 4eM B /2/' nOAXOAa 
. n.A.naHAa~ H E.M.nHBWH4a, OCHOBaHHoro Ha aHanHTH4eCKHX CBOHC~

BaX' aMnnrtTYAbl pacceRi-IHR f. BBHAY YHHTapHOCTH onepaTopa pacceR-
.. HHR nocneAHRR HMeeT BHA: 

f = 1/(g- ik) ' /3/· 
-... 

rAe ¢YHKLIH~ g ='·g(k) paanaraeTCR B PRA no 4e1lbiM CTeneHRM 3Hep-
rrtH E 

1157
, TO eCTb no 4eTHbiM CTeneHRM BOilHOJiloro BeKTOpa 

·k=(2JLE;1i 2 ) 11~. ·3AeCb-kn =cy'E,"_kp=cv'G+E, G=764 K38-
pa3HOCT~ ~eHTpOHHOrO H npOTOHHOrO noporOB H 3HalleHHe ~03$~ 
ttlrtqrteHT~ C -~ CHCTeMe 4eHTpa·MaCC paBHO . 

2 
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C =0 ,6015 .1 0_11 CM - 1 K38 -1/2, /4/ 

lllrtpoKoe nprtMeHeHHe nonyliHilO paanomeHHe BMAa g =- ; + ~ r 0k ~, 
. 4 /15/ npeAnomeHHOe n.A.naHAay _H ~.M.CMOPOAHHCKHM e194 r. 11 H3BecT-

HOe KaK nprt6nHmeHrte 3$$eKTHBHoro paArtyca (r 0 ). 3AeCb senrtllrtHa 
a-· AilHHa- pacceRHMR. 0Ha KOMnneKCHa nprt HailHliMH peaK4HH 
a = A-iB,TaK 4TO aMnilHTYAa· pacceRHHR rtMeeT BHA 

f = 1/ (- 1 - ik + .!:. r 0 k 2 ) : 
. ·:A-iB·. 2 

/51 

HHTepecy~l!lMe ·HaC OT~flOHeHHR CelleHHR pacceRHHR OT KOHCTaHTbl H 
Ce4eHHR peaK4HH OT 3aKOHa 1/v MOmHO noriyliMTb, HCnOilb3YR 
H3BeCTHble COOTHOWeHHR 

a n = 4rrl f I 2 , 

4rr . I 
1
2 ) a = --(Im f - k f _ 

r k 

H BblpameHMe /5/. 3TO 6blfl0 CAenaHO B /15/ npH E -+ 0 B npeHe6pe-
meHHH 41leHaMH c k 2 • AnR Hawero cnyllaR 0 < E < 0, 2 M38 3TH 
41leHbl He06XOAHMO COXpaHHTb, HO MOmHO npeHe6pellb llfleHOM -k 4 

((A2+B 2)r5k 4/4). nonaraR AilR npocTOTbl rtanomeHrtR, liTO 
norflOI!leHrte HMeeTCR TOflbKO B CHHrileTHOM KaHaile~ ~TaTHCTH4eCKMH 

sec KOToporo eCTb g_, nocne HecnomHbiX npeo6paaoeaHMH nony4aeM: 
' 

an= 4rr[ g·_ A
2 

+ B2 
1 + 2Bk+ (A2+ B 2-Aro) k 2 + g+a !<k)], 

/6/ 

B/k 
a = 4rrg . 
.r . - 1 +2Bk+(A2+B 2-Ar 

0
) k 2 

Hcno1lb3YR 'npH61lrtmeHMe Hyneeoro paArtyca 
H BBOAR 0603HalleHHR 

a ~ 2Bc, {1 = (A 2 + B 2 ) c 2 , 

171 

B3aHMOAeHCTBHR /r 0 =0/ 

/8/ 

nprtXOAHM K BblpameHHRM, COAepmal!lHM TOT me 3HaMeHaTeflb, 4TO H 
/1/: 

an=4rr[g_ A2+B2 
1 - + 2 +ayE +fiE g+a+(E)], 

a = 417 · g_B/k 

r 1 + ayE + {-3E 

-COOTBeTCTBY~IIlMe Ce4eHHR B TennOBOH T04Ke, noJly4aeMble nprt E~6, 
paBHbl: 

3 



(a ) T -4rrg a+2 = 4rrg {3/c 2, 
n + - /9/ 

(u r ) T ~ 2rrg _ ah/ E T c 2 
• /10/ 

TaKJ.-tM o6pa3oM, .qnR a J.1MeeM J.13BeCTHbiH pe3yJ1bTaT, onpe.qenReMbiH 
TennoebiM ce4eHJ.-teM peaK~I-11-1, Tor.qa KaK {3 nony4J.1J10 CMbiCJl eeni-141-1-
Hbl, xapaKTepJ.-t3yeMOH CJ.1HrneTHOH 4aCTbiO Tennoeoro ce4eHJ.1R pa·c
ceRHJ.1R. 3TO n0380J1ReT .qaTb O~eHKJ.1 a J.1 {3, T. K. COOTBeTCTByiO
~J.1e TenJlOBble Ce4eHJ.1R J.13BeCTHbl. MomHO TaKme HCnOJ1b30BaTb .QJ1J.1Hbl 
n 3 He-pacceRHJ.1R .A =6,53; B =4,45; a+=3,62 /ace 3Ha4eHJ.1R -
e ¢epMJ.1/ 1-13/161. Tor.qa ·cornacHo cooTHOWeHJ.-tRM /8/ nony4aeM cne
.QYIO~J.-te O~eHKJ.1 8 CJ.1CTeMe ~eHTpa Mace: 

4 1 -2 -1/2 '{3 -3 -1 a=5,3·0 K38 , =2,25-10 K38. /11/ 

Coon:ieTCTBYIO~J.-te eeJ1J.14J.1Hbl .QJlR na6opaTopHOH cJ.-tcTeMbl, o6o3Ha4a
eMOH 8 .qaJlbHeHWeM J.1H.QeKCOM L,nony4aiOTCR 1-13 04eBJ.1.QHbiX COOTHO
WeHJ.1H: a L =a [A/(A +1)] 112 , {3 L = {3A/(A + 1). 

3. CBH3b·nAPAMETPOB OTKnOHEHHH OT 3AKOHA 1/v 
C XAPAKTEPHCTHKAMH b+-YPOBHH 3 He 

CxeMa HeCKOJlbKJ.-tx ypoeHeH 4He .qo nopora, (d, d)-pa3eana 
noKa3aHa Ha p1-1c. 11171.Cnpaea yKa3aHa 3HeprJ.1R eo36yll<.qeHJ.1R·, oT
C4HTaHHaR OT OCHOBHoro COCTORHJ.1R. 8 .qaJlbHeHWeM J.13J10meHJ.1J.1 6y.qeT 
J.1CnOJ1b30BaHa CJ.1CTeMa ~eHTpa Mace C OTC4eTOM 3~epri-1J.1 OT HeHTpoH
HOro nopora .E =20, 58 H38, COOTBeTCTByiO~ero 3Hepri-1J.1 CBR3J.1 
HeHTPOHa 8 R.Qpne 4He. nepeoe B036ym.qeHHOe o+-coCTORHJ.1e J.-trpaeT 

·E , 1 ponb wJ.-tpoKoro OTPJ.-t~aTeJlbHoro pe3oHaH-
______ j ca e o6bi4HO!l ¢.,9PMYJ1e 6per:1Ta-BJ.-trHepa 

:127 23.85 d D rrgP np p 

22.4 2" T•O 

"'l·l o· T:O 
0.82 

2\4 

o• T•O ~ 20.58 n3He 0.0 ~ 20.2 

1982 p 3H 

I o.oo o• T=O I o.oo 

.. PHC. 1 •. · CxeMa nepBbJX 

1 YP'OiHeii Hp;pa 4 He. 

4 

17 np .· /12/ 
k 2 [ <E' o- E> 2 + r 2; 4 1 

4epToH o6o3Ha4eHbl Ha6niO.qaeMble 3Ha4e
HJ.1R WJ.1PJ.1H 8 CJ.1CTeMe ~eHTpa Mace. 
0HJ.1 OTJ1J.14aiOTCR OT COOTBeTCTBYIO~J.1X 
I eM. .qanee/ eenJ.14J.1H e R -MaTpJ.14HOM 
no.qxo.qe. nonHaR WJ.1pJ.1Ha 8 HaWeM CflY-
4ae eCTb. f =fn +fp.HcnOJ1b3YR .QflR f'p 
J1J.1HeHHOe pa3J10meHJ.1e 8 OKpeCTHOCTJ.1 

- - dlnrP 
noporOBOH 3HeprJ.1J.1 r =P o<1 +E-E IE ) 

P P d n 
J.1 J.138eCTHYIO 3HepreTJ.14eCKy~ 3~J.1C~ 

MOCTb HeHTPOHHOH WJ.1PJ.1Hbl p n =PM V E/E *, 
r.qe 

1 

I 
,I • 

"j 

• 

\! 
! 

·E* - ¢J.1KCJ.1pOBaHHOe 3Ha4eHJ.1e 3HeprJ.1J.1, HeTpy.qHO 1-13 /12/ nony4J.1Tb 
BblpameHJ.-te /1/ c napaMeTpaMJ.-t _ 

- - -2 -2 dlnr -2 -2 
f3 =[r:; /E* -sE +<r 

0 
-4E

0
) P 1 ]/(4E

0 
+P ), 

. n 0 · p dE En 

·- - - -2 -2 
a = 4P Porn* I..; E * ( 4E 0 + r ) 

uT 

- - . 
4rrg_rP0 ~*/-./E * 

2 -2 -2\c (4E 0 +P-J..jET 

/13/ 

/14/ 

3TJ.1 BblpameHJ.1R aHanorJ.14Hbl COOTBeTCTByiO~J.1M 1-13 pa60Tbl 121 C Y4e
TOM. pa3J1J.14J.1R CJ.1CTeMbl KOOp.QJ.1HaT J.1 HeKOTOpbiX o603Ha4eHJ.1H. KaK 
cne.qyeT 1-13 nocne.qHJ.1X .qeyx cooTHoweHJ.-tH, Tennoeoe ce4eHJ.1e aT 
J.1 K03¢¢J.1~J.1eHT a ·no-npemHeMy CBR3aHbl COOTHOWeHJ.-teM /10/. 8bl
pameHJ.1R /13/ J.1 /14/ n03BOJ1RIOT HaHTI-1 Ha6niO.qaeMble tleHTPOHHYIO 
J.1 npOTOHHYIO WJ.1PJ.1Hbl npl-1 J.13BeC~HOH 3HeprJ.1J.1 pe30HaHCa. 

npl-1 J.1HTepnpeTa~J.1J.1 pe3yJ1bTaTOB ~enecoo6pa3HO nepeHTJ.1 K ee
J1J.14J.1HaM R-MaTpJ.14HOH TeopJ.-tJ.-t 118~e 4acTHOCTJ.1 K npJ.-tee.qeHHbiM ~J.-tpJ.-t-
HaM y~, BBO.QJ.1MbiM COOTHOWeHJ.-teM r c =2y~Pc, r.qe Pc- ¢ai<TOp 
npOH~~aeMOCTI-1. 6y.qeM J.1CnOJ1b30BaTb O.QHOYPOBHeBOe npJ.16J1J.1meHJ.1e 
Te?PI-11-1 6e3 ocTaT04Horo 4JleHa R -MaTpJ.-t~bl. ApryMeHTOM . e nOJ1b3Y 
TaKoro no.qxo.qa RBJlReTCR OTCYTCTBJ.1e .qpyr1-1x ypOBHeH nonomJ.-tTeJlb
HOH 4eTHOCTJ.1 B6J1J.13J.1 o+-pe3oHaHca. Tor.qa·R -MaTpH4HYIO ¢DPMYJ1Y 
.QJlR Ce4eHJ.1R peaK~J.1J.1 MOmHO 3anJ.-t.CaTb 8 BJ.1.qe 

. rrgr c r c, 
0 # = 
cc /15/ 

k 2[ (E,\ +~ ,\-E) 2 + f' 2/4] 

r.qe E,\- xapaKTepJ.1CTJ.14ecKaR 3HeprJ.-tR ypoBHR, onpe.qenReMaR pe- '· 
WeHJ.-teM ypaeHeHJ.1R llipe.qJ.1Hrepa C rpaHJ.14HbiMJ.1 YCJ10BJ.1RMJ.1 .QJlR .qaHHOro 
KaHana c, xapaKTepJ.13yeMbiMJ.1 napaMeTpoM Be, ~,\(E) =- Iy ~(S c-·Bc) 
- C.QBJ.1r YPOBHR, BblpameHHbiH 4epe3 B c J.1 ¢aKTOP C.QBJ.-tra S c • nocne.q
HJ.1H, paBHO KaK J.1 npOHJ.1~aeMOCTb p c a, CJle.qoeaTeJlbHO .. J.1 npOJ-13-
BO.QHaR 8 /13/, Bbi4J.1CJ1RIOTCR no ¢OpMyJ1aM pa60Tbi/1S/ C J.1CnOJ1b30-
BaHJ.1eM 'perynRpHOH .F c J.1 HeperyJlRPHOH: 'Gc KYJ1DH<?~~KJ.1X ¢YHK~J.1H. 
TaK, HanpJ.-tMep, npoTOHHbiH c.qe1-1r eCTb .· 

.. dln(F2+'G2) ,_. 
S =k a · P P 
· P P P d(~a P) ·. . .... . 

nepeXOA OT R~MaTpJ.14HOH 3anJ.1CJ.1 /15/. K BblpameHI-110 /12/ o6b14HO 
.qena10T nocpe.qcniot-1 pa3nomeHJ.1R ¢YHK~J.1J.1 · ~,\(E) e pR.q oKono . 
~eHTpa pe3oHaHca c coxpaH.e.HJ.-teM TOJlbKo · JlJ.-tHer:iHoro 411eHa. 8 Ha
weM cny4ae J.13-3a HaJ1J.11.1J.1R HeHTPOHHOro nopora BbiWe 3HeprJ.1J.1 pe-
30HaHca _TaKoe. pa3:flom~H-~~ Hecnpaee.qnJ.-teo e npe.qenax WJ.1PJ.1Hbl ¥POBHJ 

·s 



no3TOMy pa3no>KeH~tte cneAyeT nposecT~tt s6n~tt31-1 nopora (En =0) cnpa
sa OT Hero, rAe Sn =0 "' Sp(E)- rnaAKaR_4>YHK~~t~R. lknonb3YR 
rpaH~tt4Hoe ycnos~tte ·B c =0, o6o3Ha4eH~tte E.\ =E.\ -yiS P ( 0) "' pa3no-

dS 
>KeHII1e A, (E) =-y2S (0) -Ey2 __ P_I

0
, nony4aeM 1113 /15/: 

II. p p p dE 

u np 
"gr Pr nfk 

2 

[E.\ -E<t +y:s J1 2+r 
2;4 

fl.BOA.I!.HOBble of?o3Ha4~H~t~R: rn=r.n/(l+y~Sp), rp=Tp/(1+y~Sp), 
E 0 ..:'E.\/~1+y'-2 SP.), r =r/(1+y~SP), · np~t~XOA111M K cpopMyne /12/ 
c .E 0 , r n , ~ Ha6niOAaeMble W111PII1Hbl MOlKHO npeACTaBII!Tb 111 KaK 

I\ = 2y;P c , /16/ 

4TO no3sonReT nony4111Tb npii1BeAeHHble w~ttp~t~Hbl R -MaTpii14HOH Teop~tt~tt 

1113 1113MepeHHbiX ji; no cpopMyne 

y2=r2J<1 +y2s ). 1171 c c p p 

4. METOA M3MEPEHHA H AnnAPATYPA 

4T06bl o60HTII1 1-13BeCTHble TPYAHOCTII1 a6conlnHoro onpeAeneHIIIR 
nOTOKa HeHTPOHOB 111 34>4JeKTII1BHOCTII1 AeTeKTOpa, Mbl 1113MepR11111 OT
HOWeH~tte ce4eH~t~H peaK~I-111 3 He(n,p) 111 6 Li(n, a) H sen~tt4~t~HY ce-
4eHII1R AJ1R 3He onpeAe11R11111 no 11111TII1eBOMY CTaHAaPTY - Ce4eHII!IO 
Una (6 Li) , H3BeCTHOMY K HaCTORuteMy speMeHII1 C T04HOCTbiO 
/1-.2/% 121• 0THOWeHII1e ce4eHII1H nony4anll1 no cpopMyne 

u T u 
-IiL =-(~) K, /18/ 
aLi T H aLi H H 

rAe T =NHJNLi 111 TH=(NHe/N LJ- OTHOWeHII1R 4111Cna 3aperii1CTpll1po
saHHbiX aHanll13aTopoM oTc4eTos ABYX AeTeKTopos /3a Bbl4eTOM 
4JoHa/ np~tt 111CC11eAyeMOH 111 HOPMII1POB04HOH 3Heprii1RX. nonpaB04HbiH" 
4JaKTOp K = (£ L./ cH ) /(EL. /lH ) H - OTHOWeHII1e1 OTHOWeH~t~H acp-

ul e l·e. 
4>eKT111BHOCTe~tt AeTeKTopos np~tt yKa3aHHbiX 3Heprii1RX. To4Ka HOPM~tt-

posK~tt Bbl6~ttpanacb a o6nacTII1 HI-13K~t~X 3Hepr~ttl1 /168-259 aB/, rAe 
KaK Ce4eH~tt_ e 6Li, TaK 111 ce4eH~tte 3He HaAe>KHO 1-13BeCTHbl: C T04HOCTbiO 

. --/19/ --
1% OHII1 Onii!CbiBaiOTCR ~OpMynaMI-1 149,5/y'E38 Ill 848,6/ y'~8/1+ 
+1,5.10.-3 E 3s/ A11R aHe/101. · 

H3MepeH111R npoBOA~ttn~ttcb MeTOAOM speMeH~tt nponeTa Ha 500-MeTpo
aol1 6a3e cneKTpoMeTpa c ~t~MnynbCHbiM peaKTopoM H6P-30+~t~HmeKTop 
a Ka4ecTse 111CT04H~t~Ka Hei1TpoHoa. BpeMeHHoe pa3peweH~tte pasHR
nocb 9 Hc/M. H3no>KeH~tte sonpocos MeTOA~t~KI-1 ~tt3MepeH~ttl1 Ha 3TOM 
CneKTPOMeTpe 111, B 4aCTHOCTI-1, cnoco6oa onpeAeJleHIIIR 4JOHOB C 
noM~~IO 

1
pe39HaHCHbiX 4>1-111bTpOB,MOlKHO HaHTI-1 B PRAe pa6oT,Hanp~tt

Mep a 
16 

• PeaK~IIIR 6 Li (n, a) AeTeKT~ttposanacb c noMOIJtbiO ABYXCeK
~~~~OHH~H ~t~MnynbCHo.:l ~t~OHII13a~~t~OHHOH KaMepbl. KaMepa coAep>Kana 

6' 

't 

... 

~ 

• 

'~-

12 cnoes 6 Li2CO 3 . T0111Jtii1Hol1 5 Mr I eM 2 Ka>KAbiH, HaHeceHHbiX Ha 
7 aniOMIIIHII1eBbiX KaTOAOB A~ttaMeTpOM 230 MM 111'T0111Jti-1HOI1 no 1 MM; 
0Ha 3anonHRnacb ra3osol1 cMecbro Ar+ NH4 AasneH~tteM 1 , 3 aTM. KoH
CTPYK~111R KaMepbl 111 Bbl6paHHbiH pe>K111M pa60Tbl o6ecne4~t~Ba11111. He3a
BII1CIIIMOCTb aMn111-1TY~b1 Cll1rHana OT yrna BbiJleTa anb4Ja-4aCTIII~bl 11111111 
TPII1TOHa.. PeaK~II1R He(n, P) perll1cTp~ttposanacb c6opKol1 · 1113 nRTII1 
resill1eBbiX c4eT4~t~KOB. Tll1na CHM-17. ,lleTeKTOPbl ycTaHasn~ttsan~ttcb 
B ny40K HeHTPOHOB noo4ePCAHO, npii1HII!Ma1111!Cb Mepbl no C03AaHII!IO 
ycnos~tt.:l, 3KBII1BaneHTHbiX no pacceRHI-110 ny4Ka. · 

,llononH~t~TeJlbHO 1113MepRncR aMnnii1TYAHbiH cneKTP 111Mnynbcos AeTeK 
Topos A11R o~eHKII1 nonpaso4Horo 4>aKTopa K. Ero MaKc~t~ManbHaR 
seJ11114~t~Ha np111 3Hepr~tt~tt 125 K3B He npesbrwana 0, 99 < K < 1 , 01 • 

nepBII14HaR o6pa6oTKa 111H4JOpMa~l-1111 npOBOAII!JlaCb Ha 38M 63CM-4, 
a pac4eTbl C 111CnOJ1b30BaHII1eM KY110HOBCKII1X 4>YHK~II1H 111 no MeTOAY 
Ha~t~MeHbWIIIX KBaApaTOB - Ha 311eKTPOHHO-Bbi4111C11111Te11bHOH MaW~t~He 
cbc -6500. · 

5. PE3YI1bTATbl H 06CY>K,llEHHE 

Ce4eH~tte anp (3 He). H3MepeHHble OTHoweH~t~R ce4eH~ttl1 peaK~I-111 
3He(n, p) Ill 6Li(n, a) B IIICCJleAOBaHHbiX 3HepreT~tt4eCKIIIX II!H-
Tepsanax AaHbl B Ta6n. 1 B TpeTbeH KOJlOHKe,a IIIX CTaTII!CTI-14eCKII!e 
OW~tt6K~tt - 8 4eTBepTOH. nRTaR KOJlOHKa Ta6m1~bl COAep>KIIIT ct~4eH~tte 
anp ( 3He), onpeAeneHHOe c ~ttcnonb30BaH~tteM cTaHAapTa ana (6 Li) AO 
3Hepr~ttll1 10 K3B.~tt3 pa60Tb1 1191 ~tt np~tt 6onee BbiCOKIIIX 3Hepr~t~RX-
1-13 pa60Tbi/20~ norpeWHOCTb CTaHAapTa COCTaBnReT 2%. 8 yKa3aH
HYIO a wecTo.:l K0110HKe cpeAHeKBaApaT~tt4HYIO owH6Ky ce4eH~t~R anp(

3
He) 

BK11104eHbl CTaTII1CTII14eCKaR OWI-16Ka, norpeWHOCTb nonpaBKI-1 Ill HeT04-
HOCTb CTaHAapTa. ,llOCTII1rHyTaR T04HOCTb /2-3/% B BeJllllllii!He Ce4e-
HIIIR a np ( 3He) no3BOnReT ~ttcnonb30BaTb noc:neAHee -TaK_>Ke a Ka-
4eCTBe CTaHAapTa A11R MHOr~t~X np~t~JlO>KeHII!H. Ha PIIIC. 2 npeACTas
neH rpa4>~t~K ce4eH~t~R a 3as~ttc~t~MocT~tt oT 3Hepr~ttll1. OH AeMoHcTp~ttpyeT 
OTKJlOHeH~tte OT 3aKOHa 1/V Ill COAePlKIIIT cpasHeHII1e C APYriiiMI-1 pe-
3Y11bT.aTaMII! onpe~eneH~t~R Ce4eHII!R anp(3He) KaK npRMbiM ci10C060M 
np11 E > 100 K3B 211 , TaK "' KocseHHO np~tt E >1 0 K3B 1-13 o6paTHol1 
peaK~~~~~~~ T(p,n) 3He 11ll. 06a pe3ynbTaTa ~t~Men~tt no.rpewHoCTb 
- .1 0%. 

napaMeTpbl OTKJlOHeHII!R OT 3aKOHa 1/v. ,llanbHeHWIIIH aHaJll-13 
3HepreT~tt4eCKOrO XOAa Ce4eHII!R anp(3H~ npOBOAI-111CR B npeHe6pe
>KeHII!I-1. BKnaAOM p ..;sonHbl a ~ttccneAOBaHHOM A~ttana3oHe 3Hepr~tti1. 

3TOT; BKJlaA B . np~t~H~Itlne CyuteCTByeT, HO OlK~t~AaeTCR MaJlbiM: ::: 0, 02 6 
np~tt 100 K38 /= 0,05 6 np~tt 200 K38/ cornaCHO HaWeH O~eHKe no . 
AaHHbiM 4>a3osoro ·aHan~tt3a pacceRH~t~R HYKnoHos Ha. RApax c A =3 1221• 

Ha pii!C. 3 nocTpOeH rpa4J~t~K 3aBII!CIIIMOCTI-1 OTHOWeHi-iR Be111-141-1H 
(ay'"E} T =848, 6 6 38 ~ Ill ay'E OT KOPHR 1113 3Hepr~ttl-1 He~1TpOHOB. 
CnnowHaR Kp~ttsaR npeACTaBnReT co6oi1 napa6ony (l+aLyEL +f3LEL) .• 
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Ta6nuua I 

Pe3yJibTaTw U3MepeHUH ceqeHUH peaKuuu 
3

He(n,p) 

I I 
~E Ei aile 

~ ~- ~E -~ rr E ~ 
K3B K3B aLi 10-~ 8 10"28 K3B K3B 11 Li 10-~ 

t? II,9-12,1 t 12,0 8 o.~,28 0,27 5,44 49,44 82 4,82 
0,38-0,43 0.41 5,49 8 40,70 70 !2,3-!2,6 12,5 4,80 7 
0,43-0,48 0,46 5,48 6 38,40 54 13,5-13,9 13,7 4,74 7 
0,48-0,55 0,52 5,53 5 36,43 52 13,9:-14,4 14,2 4,75 7 
0,5f).;.(),63 . 0,59 5,42 6 33,44 50 14,4-15,3 14,9 4,72 8 
0,63-0,72 0,67 5,51 5 31,72 43 15,3-15,7 15,5 4,89 7 
0,72-0,84 0,78 5,39 5 28,80 40 15,7-16,4 16,1 4,79 7 

0,8~,99 0,92 5,36 5 26,26 37 16,4-17,4 16,9 4,74 7 
0,99-1,05 1,02 5,35 6 25,26 38 17,4-18,0 17,7 4,62 7 
1,12-1,18 1,15 5,29 7 23,33 36 18,0-19,0 18,5 4,61 6 
1,18-1,33 1,25 5,32 5 22,48 31 19,0-19,8 19,4 4,63 6 
1,33-1,50 1,42 5,40 6 21,30 33 19,8-20,8 20,3 4,65 7 
1,50-1,72 1,61 5,32 5 19,34 30 20,8-21,8 21,3 4,60 6 
1,72-2,02 1,87 5,35 7 18~46 30 22,4-23,2 22~8 4,44 5 

~ 

2,13-2,67 2,40 5,29 8 16,14 30 24,8-25,~ 25,2 4,23 6 
2,99-3,34 3,16 5,34 7 14,36 32 27,6-28,6 28,!( 4,58 7. 
3,47-3,68 3.58 5,27 7 13,49 31 29,1-30,3 29,7 4,50 7-
3,97-4,23 4,10 5,13 8 12,23 30 37,9-39,6 38,8 4,06 7 
4,95-5,34 5,14 5,II 9 10,81 27 39;6-45,5 42,5 3,94 5 
5,34-5,00 5,57 5,01 7 10,27 26 48,8-53,9 51,4 3,90 5 
6,08-6,29 6,!8 4,98 8 9,78 25 63,3-67,0 65,2 3,35 4 

6,76-6,88 6,82 4,97 9 9,36 24 72,0-75,4 73,2 3,20 5 
8,!0-8,26 8,18 5,02 9 8,56 22 80,2-85,4 82,8 3,05 4 
8,43-8,6! 8,52 4,95 9 8,24 2! 85,4-91,3 88,4 2,91 4 
8,97-9,50 9,23 4,9! 7 7,69 20 94,4-IOI, 97,8 2,58 3 
9,50-10,2 9,85 4~8! 6 7,37 !9 105-II3 !09 2,50 2 
!0,2-10,9 10,6 4,8! 6 7,!8 18 II7-127 122 2,21 2 
II,1-II,7 II,4 4;84 5 6,83 17 132-142 137 1,75 2 

-

8 

I 
rr ~a-

8 10"28 

. 
6,6.0 I? 
6,43 16 
6,14 16 
6,05 15 
5,87 15 
5,91 15 
5,66 14 

5,43 14 
5,33 14 
5,04 13 
4,94 13 
4,80 12 
4,60 12 
4,32 II 

4,28 II 
4,12 IO 
3,97 IO 
3,12 9 
2,97 8 
2,69 7 
2,16 6 

2,02 6 
1,89 5 
1,78 5 
1,6;1 5 
1,58 4 
J,46 4 
1030 4 
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~~~~------------------~ G£ 
1,8 

1,6 

1,4 

1,2 tf 

4 6 ·8 10 12 
.JE"K3B 'Jt2 

l>HC. 3 .. 3aBHCHMOCTb OTHOWeHHH (ayE\/ ayE OT KOPHH 
H3 3Hepruu HeHTPOHOB. To~u - 3KcnepuMeHT, cnnomHaH 
KpuBaH - napa6ona (1 +a LyE+ {3L E) c napaMeTpaMu, o6cYJK
~aeMbWH B TeKCTe. 

np08e,QeHHYIO no MeTO,IlY HaHMeHbWHX K8a,QpaT08~ napaMeTPbl 3TOH na-
pa6onbl pa8Hbl · 

aL =14,62+0,091·10-2 K3B-112 ; {3 =11,58+0,241;·10-3 K3B-l 
. . - L - 1191 

8 na6opaTOPHOH CHCTeMe. B CHCTeMe ~eHTpa Mace HM COOT8eTCT8YIOT 

a=l5,34_±0,111·10-2 K3B-112 ; {3=12,11+0,321·10-3 K3B-1• 
- . 1201 

Ha6op napaMeTp08 1191 HMeeT cy~eCT8eHHO 6onee xopowy10 T04HOCTb, 
4eM paHee H38eCTHbiH 121. B yKa3aHHbiX owH6Kax npeo6na,QaiO~ei1 
.A_8n.AeTc.A norpewHoCTb sa c4eT 803MO>KHoro 11 , 5%1 cHcTeMan14ec
Koro HCKa>KeHH.A 3HepreTH4ecKoro xo.c~a ce4eHH.A 8 HHTep8ane J:IO 
1 00 ·K38. nony4eHHble 3Ha4eHH.A napaMeTpo8 1201 Haxo,Q.ATC.A 8 xopo-' 
weM cornacHH c npe,QcKa3aHHbiMH /111. CornacH.A cne,Qo8ano 
O>KH,QaTb, T. K. Ha6op 111 I pacc4HTaH no p·eaynbTaTaM H3M~peHH.A · 
Ce4eHH.A pacce.AHH.A H nonHero Ce4eHH.A 83aHMOAeHCT8H.A HeHTPOH08 
c ·3He 8 TOM >Ke AHanaaoHe 3HeprHi1. ; · ::: 

EcnH Hcnonb308clTb H080e 3Ha4eHHe Tenno8oro ce4eHH.A a··T = 
=5337_±8 5/lO/ H nonO>KHTb, 4TO OHO nonHOCTb~ onpeAell.AeTC.A Ka
HallOM 1-1/2, TO Ail.A MaKCHManbHO 803MOlKHOrO 3Ha4eHH.A aMaKC. no 
~OPMYile 191 MO>KHO nony4HTb 6onee T04HOe, 4eM AaHHOe 80 88eAe
HHH, 3Ha4e.HHe· 

10. 

aMaKc.=l5,365_±0,0081-10-2 K3B-:1/2. /211 

BenH4HHa a yMeHbwaeTC.A npH cna6oM 8KilaAe APYroro KaHana. I+ 1/2, 
TaK 4TO 8 ~OPMYilY 11/ 8XOAHT 3~~eKTH8HOe 3Ha4eHHe a, C8.A3aH
HOe I CM. pa6oTy /2· 1 _ I c · aMaKc700THOWeHHeM a ::: (1 - x +) 2 a MaKe. 
CooT8eTCT8YIO~ee cpa8HeHHe 8enH4HH /201 H 1211 .~:~aeT peaynbTaT: 

X+ =10,2_±1,01%, 4TO YT04H.AeT non.APH3a~HOHHYIO o~eHKY pa6o-
. Tbl/4/ · (x < 3%) • . +-

napaMeTpbl o+-yp08H.A 4 He. 3KcnepHMeHTa1lbHble 3Ha4eHH.A na-
paMeTp08 1201 6bJnH noAcTa8neHbl 8 cooTHOWeHH.A I 13/ H 1141 ,Qn.A 
H38ne4eHH.A HH~OpMa~HH 06 OTpHqaTenbHOM pe30HaHce 4He 8 (np) -
ce4eHHH, onHCbJ8aeMoM ~opMynoi:i 1121. B Ka4eCT8e .Eo 6bi11H 83.ATbl 
3Ha4eHH.A - 0,400 M3B /8apHaHT 1/ H - 0,300 M3B /8apHaHT 2/, 
CileAYIO~He H3 Ha6niO,QaeMbiX nOilO>KeHHH nHK08 8 AH~¢epeH~HanbHbiX 
Ce4eHH.AX (e, e') .. H (a, a ')-pacce.AHH.A. 3aMeTHM, 4TO 8 3TOT >Ke 
HHTep8an E 0 ae.c~eT H·Hcnonb308aHHe·napaMeTpa E,\,onpeAeneHHOro 
n_p (p't)-pacce.AHHIO 151• B Ka4eCT8e E* All.A y.~:~o6cT8a cpa8HeHH.A 
r n* H r PO 8b16paHO E *=51 Q. K38 - 3Ha4eHHe 3_tleprHH 8 CHCTeMe 
~eHTpa Mace, npH KOTOpOM r n * pa8H.AnOCb fibl r PO 8 npeAnOilO>KeHHH 
pa8eHCT8a npH8eAeHHbiX WHPHH ji 2 H jip2• Eiblna Hcnonb308aHa 8e11H4H-

dlrir n 
Ha npoH380AHOH ~~ =0,90 M3B, pacc4HTaHHa.A All.A paAHyca 

dE o 
KaHana ap =3 ¢M •. Ypa8HeH.!::!.A 113L, 1141 pewanHCb rpa¢H4eCKH . 
Ha nllOCKOCTH nepeMeHHbiX r n * H r Po··Y4aCTOK o6naCTH cy~eCT80Ba
HH.A peweHH.A noKaaaH iia pHc.4 • .Qn.A llHHHH a·yKa3aH KOPHAOP.ee no
rpeWHOCTH, norpeWHOCTb IlHHHH {3 OTMe4eHa TpeM.A 8epTHKa1lbHbiMH 
4epTaMH. Kak cneAyeT H3 pHCYHKa, c xopowei1·T04HOCTbiO onpeAe
n.AeTc.A TOilbKO OTHOWeHHe WHPHH, HO He HX a6coniOTHble 8enH4HHbl. 

- . - . 0 09 .. ' -
TaK, HanpHMep, B eapHaHTe 1: rplrn*=1,45.±o'o6' HO rPo= 

. 0 50 - 0 24 .. . ' · .. 
=2,11.±o'35' rn* =1,46.±o'18. B Ta6n. 2"8KI1104eHbl nony4eHHble 

' 4 ' napaMeTpbl 0+-ypOBH.A He; B TOM 4Hcne H HeHTpOH~HPHHa r~ = 
(r n * I yE * (3£3)) y 1 38, npHBeAeHHa.A 

K OAHOMY 3neKTpOH-eanbTy.nocneAH.A.A 
WHPOKO HCn01lb3yeTC.A B HeHTPOHHOH 
cneKTpOCK~nHH. nony4eHHble 3Ha4eHH.A 
napaMeTpOB OTI1H4aiOTC.A OT npeAilO>KeH
HbiX 812/, r,Qe 6bln~ . HCnanb30BaHa 
.rHnOTe3a pa8eHCT8a HeHTpOHHOH H 

rn* 
M3B 

1.5 

~5 t~s~ _____ -J ______ _L ____ __j 
2.0 z.s rp0 M3B 

npOTOHHOH WHpHH. 

Puc.4. fpa~uqecKoe onpe~eneHHe npo
TOHHOH r PO H HeihpOHHOH r n * 
mupHH o+-YPOBHH H~pa 4He npH Eo . 
=-0,400 M3B • .llHHHH a H f3:COOTBeT
c TBYJOT cooTHomeHHHM /13/ H /14/ • 

·n 



TaGnu~a 2 

IlapaMeTpbi 0+-ypOBHH 4He* 

Eo r PO rn*/vE~ ro. 
y2J}t2 BapnaHT. n·· 

M3B .M3B ~13B 112 10-3 H3B 
P n 

-0,400 . 2, II 2,045 2,045 0 09 
1 ,4s!o:o6 

2 -0,300 1,93 1,792 1,792 I 51 0,08 
' · !o,os 

* ,QaHbi AJIH CHCTeMbi ~eHTpa Mace B IDKaJie C OTC'leTOM HYJIH 
OT 3HeprHH CBHSH HeHTPOHa B 4He .fp0ecTb f~ npH 20,58 H3B. 

B COOTBeTCTBHH C COOTHOWeHHeM /17/ 6biJ1H noJ1yLieHbl npHee,qeH
Hble. WHPHHbl R -MaTpHLIHOH TeOpHH, npH 3TOM HCnOJ1b30BaJ10Cb 3Ha-

dS · · 
LleHHe npoHaeo,qHOH --1 ·, =0, 25 M3B, paccLIHTaHHoe c noMOtqbiO 

dE ·0 
KYJ10HOBCKHX <I>YHKLIHH npw pa,qHyce, kaHana :ap =3 <!>M. 

PeaynbTaT y~ =4, 5 M3B, y ~ =6, 7 M3B cor nacyeTc.R c o,qHoLiac- · 
THLIHbiM npe,qeJ10M.BHrHepa ~ y~ ~2h2jMa ~. 0,qHaKO TOLIHOCTb 
paa,qenbHoro onpe,qeneHH.R WHPHHbl HH3Ka.R. 6onee Ha,qe>KHbiH peaynb
TaT ,[IJ1.R OTHOWeHH.R y:/y:, noMetqeHHbiH B nocne,qHeH KOJ10HKe 
Ta6J1Hl.lbl, CBH,qeTeJ1bCTBYeT 0 HepaeeHCTBe npOTOHHOH H HeHTPOHHOH 
npHBe,qeHHbiX WHPHH. 3aMeTHM, LITO <!>a30BbiH aHaJ1H3 (p, T) -pac-
Ce.RHH.R npH Ep ~ 990 K3B TaK>Ke yKa3aJ1 Ha TO, . LITO y ~ <y ~ lSI • 

06Hapy>KeHHOe HepaeeHCTBO npHBe,qeHHbiX npOTOHHOH H HeHTPOH
HOH WHPHH, HMeiOtqHX O,qHOLiaCTHLIHbiH xapaKTep, TpefiyeT Ofi"b.RCHeHH.R. 
KaK OTMeLiailocb · e 121, ero TPYAHO fiblno 6bl cornacoeaTb c aap.R,qo
eoH CHMMeTpHeH .R,qepHbiX CHJ1. O,qHaKo 3TOT apryMeHT He CTOHT 
nepebl.leHHBaTb BBH,qy·o+cyTCTBH.R KOJ1HLieCTBeHHbiX pacLieToe. B 
npHHLIHne paam1LIHe WHPHH MO>KeT 6b1Tb o6ycnoeneHo He TOJ1bKO eaa
HMo,qeHCTBHeM B KOHeLIHOM COCTO.RHHH, HO H CTPYKTYPHbiMH ocofieH"'' 

. HOCT.RMH. BOJ1.HOBOH <I>YHKLIHH B COCTO.RHHH o+. Ha 3TO He 6biJ10 o6pa
~qeHO BHHMaHHe .B pafiOTe/23~ HCnOJ1b30Baewei1 KJ1aCTepHyiO MO,qen~ 
B R -MaTpHLIHOM <!>OpMaJ1H3Me B ,qonytqeHHH, LITO KYJ10HOBCKOe. eaaH
MO,qeHCTBHe MeH.ReT TOJ1bKo·xapaKTepHCTHLieCKHe 3HeprHHEA,H~ He 
MeH.ReT npHBe,qeHHble WHPHHbl. 

TaKHM ·o6paaoM, menaTeJ1bHO ,qanbHei1wee paaeHTHe TeopHH eaa
HMo,qei1cTBH.R HeHTpOHOB C renHeM-3. 'B 3KCnepHMeHTaJ1bHOM nnaHe 
HeOfiXO,qHMO paa,qeJ1eHHe BKJ1a,qOB 8-' H p -eOJ1Hbl B 3<!><!>eKTHBHOM 
CeLieHHH ,qnR 3HeprHi1 BbiWe 150 K3B. no-npe>KHeMy aKTyaJ1bHbl .. 

. nOJ1.APH3al.IHOHHble OnbiTbl ,qn.R H3y4eHH.R n3He-eaaHMO,qeHCTBH.R • 
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npH.RTHO BblpaaHTb 6naro,qapHOCTb H.M.<I>paHKY ~a noCTO.RHHbiH 
HHTepec K pa6oie, B.n.An.<I>HMeHKOBY H IO.n.nonoey aa nno,qoTBOPHble 
o6cym,qeHH.R, K.Twel.I.RK aa noMotqb npH o6pa6oTKe 3KcnepHMeHTaJ1bHbiX 
,qaHHbiX. 
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