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Bne.o.eHHe. 

MHoroneTHHH OilbIT HCnonb30BaHHH HefiTpOHHOro aKTHBaUHOHHOro auaJJH3a. HAA 

Ha SU{epHOM pea~TOJ)e HEP.:..2 . [ 1) JIH<I> OIUIH noKa3aJJ, 'ITO Hatt6~JJee npOJlYKTHDIIO 

ml_ npttMe!Ul~TCf D yKa3aHHlilX ~HJKe, npHJJOJll:elllHIX. 

1. · MHOr03JJeMeHTHlilH . HAA C HCITOJJh30Daimer.i D OCIIODIIOM · 'pe3011a11c11ux 

HefiTpOHOB .![Jill _ 113yqeHHlI. pacnpeJleJJeHHlI CJJe.l[ODlilX 3JleMeHTOB ( DKJIJO'Iall 

TOKCH'IeCKHe) D 06LeKTaX OKpYlll:alOIUefi qie)llil. H CeJJhCKOX03lIHCTBeJll!OH. llpOJlYKUHlf 
' . . ' .: ·. 

(2,3;4].. 

2. HcnoJJh3onaime HAA · JlJJlI pa3)leJJh11or-o onpeJ1e11e1111SI · n. o61,eMe' · H "Ha 

nonepXHOCTH CJJe)lOBlilX . H np11Mec11ux 3JJeMeHTOB · B 'IlfCTUX I H . oco6o qHCTblX 

MaTepttaJJax;·TaKHX KaK. Si, G~ •. Al,. Be, v. Cu, Nb', Si02, Al2o3.- -~go, ,BeO, 

ITOJJHMepaic H opraHtt'IeCKHX pacrnopttTeJJSIX (5,6]. 

3. HAA 'reOJJOrH'IeCKHX _ o6pa3UOB Ha P33. COBMeCTHO. C JlpyrHMH: CJJe)lOBLIMH 

3JJeMeHTaMH, npeJl~TaDJJlIIOUIHMH HI!Tepec _.l[Jlll reOXHMHH_ H reonorHH. 

4. ·npoBe)lelme 'anaJJtt30D II~ 30JIOTO Ha ncex CTa)lH~X e1·0 · IIOHCKa If 
· - . . , - -4 . . · -12 : ' 

o6orameHHlI . B . IIIHpOKOM HHTepBaJJe . ero KOIIUeHTpaunft OT 10 . : )10 1 0 . r/r c 

JJOOUM npttpO.llHLIM · pacnpe.lle11e1meM pa3~epon ero 'Iacrnu. 

'5., HcnoJJh30BaHHe MrllOBeHHLIX KBaHTOB 3axnaTa HefiTpOIIOD JlJJlI_ 
~ . ' ' 

onpe)leJJeHHSI cTexnoMeTpnqecKoro cocTana pa3JJH'IHUX coeJ1m1e1111ft · ( KepaMHK, 
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CHHTeTtt'IeCKHX HJJl-1 npnpOJlllLIX. KpHCTaJJnax _T1-1na KopyH.llOD, wmme11en, .rpanaTOB, I 

KonueHTpau1-1rt npnMec111,1x H11i-i' . cne)lonux 3JJeMe1non n 

,. 
6. Onpe.l[enenm~ 

6epHJJJIOB ;· 
0 
TO?a30~ ~ . _ ~leJJhlO _ onpeJ1ene11m1 .. BJll-1511UHI npHMec(iux .,, irroMori. Ila ',;<°.' :··.' • _ I 

o6pa3onam1e paJ11-1aUH01iimx ( neiiTpommxJ uenTpos oKpacKH._ _ _ .... , · / 
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7. H3y'IeHHe MeJlJieHH1i1x H 61i1cTp1i1x npoueccoa nepeimca BOJllil, BOJlOpoJla, 

opraHH'IeCKHX JKH)lKOCTei1: B KaTaJIH3aTopax, cop6eHTax, ueMeHTax H 6eTOHaX C 

IlOMOII(hD CTaTH'IeCKOH H )lHHaMH'IeCKOH paJtHorpatlllm. a . TaKll!:e no 

raMMa-KBaHTaM, B03HHKaDII(HM npH 3axBaTe HeHTpOHOB BOJlOPOJlOM. 

3KcnepIDleHTaJihH11e yCTaHOBKH JlJIH HM H pa.nHorpa~HH 

)lJIH BlilllOJIHeHHH pa6oT yKa3aHHlilX . HanpaBJieHHH H6P-2 o6opyJlOBaH 4 

Il03HUHHMH o6Jiy'IeHHH o6pa3UOB C ycrpOHCTBaMH llX nepeMell{elllffl, BpeMeHHoro 

' xpaHeHHH, nepenaKOBKH H H3MepeHHH. HMeeTCH TaKJKe Dy'IKOBlilH Ka.HaJI 

MHoroueneaoro npHMeHeHHH. B 
i 

Ta6JIHUe 1 npe)lCTaBJieHl,I OCHOBHlile 

no3HUHH o6ny'IeHHH, pacdoJio:a:emmx OKOJIO $H3HKO-TeXHH'IeCKHe xapaKTepHCTHKH 

aKTHBHOH 3081,1 peaKTOpa H6P-2. 

Ta6JIHUa 1 

~H3HKO~TeXHH'IeCKHe xapaKTepHCTHKH Il03HUHH o6nyqeHH~ H6P-2. 

Il03HUHH IlJIOTHOCTh llOTOKa HeHTpOHOB, TeMnepaTy- )lHaMeTp MaKCH- Cl!CTeMa 

(H/CM
2

C) 1012 
I 

o611yqe- D ll03HUHH KOHTeH- lt!aJihHDe nepe-

HHH o6nyqemrn, 
! 

Hepa.MM 'IHCJIO Mell(eHHH 
i 

TenJJOBhlX Ha,[\Tenno- 6hlCTphlX oc ' ~OHTeH-

~=1.8 a Db!X i 
> 0.55 3B >0.5 M3B pas. 

Pl Cd 3KpaH 0.23±0.3 1. 4 ±0. 2 70 · 28 7 }IlHeB-

P2 0.54±0.1 0.12±0.01 0.64±0.1 60 28 7 MaTH'I. 

P3,P4 4.0 ±0.5 0.4 ±0.04 4.2 ±0.5 30-40 30 10 MeXaH. 

BHyTpeHHHH BblCOTa KOHTeliHepos 40 MM. HcnOJih3YIITCH KOHTeHHep1,1 H3 

IlOJIH3THJieHa, Te$JIOHa H aJIDMHHI-IH. B 3aBHCHMOCTH OT aHaJIH3HpyeMoro 

MaTepHaJia H onpe~eJIHeMUX B HeM 3JieMeHTOB HCilOJih3YDTCH B OCHOBHOM 3 pe:imMa 

anaJJH3a. 

8"e¥11e-1rnNa m1cnrryr I 
~ 3Jtc:itaomumtl . 

5HS/ff,!CTEK~ 



Ta6mma 2 

BpeM51 

PeJKHM MaTepttaJI 
KOHTettHepa o6Jiy'leHH51 Bbl)leplKKH H3Mepemrn 

1 noJIH3THJieH 5 -10 M 2- 5 M 5 -15 M 

2 Te(flJIOH 0. 5- 3. 0 q 10-30 q 0.5- 2.0 q 

3 aJIIOMHHHH 3 -10 Jl 3-10 Jl 0.5- 6.0 q 

ITpH HeOOXOJlHMOCTH B03MOJKHO HCnOJih30BaHtte UHKJltt'!eCKOro HAA C 

·HcnOJib30BaHHeM H30TOnOB ceKyHJlHoro )lHana30Ha [1].ITHeBMaTtt'!eCKHH TpaHcnopT 

ocymecTBJI51eT JlOCTaBKY o6nyqeHHOrO o6pa3ua Ha H3MepeHtte 3a 10-15 c. 3TOT 

peJKHM aHaJIH3a ttCnOJib3YeTC51 B OCHOBHOM )lJl51 3KcnepttMeHTaJibHOro onpe)leJiemrn 

KOHUeHTpaUHH Sc, Se, Rh, As, In, Dy, Yb tt Hf B 3KOJIOrttqecKttX tt 

6HOJIOrH'!eCKHX o6pa3uax. nepcneKTHBHO ttCnOJib30BaHtte 

)lJI51 onpe)leJieHH51 Hf B UHPKOHHH. 

UHKJitt4eCKOro HAA 

raMMa-cneKTpOMeTpH51 ocymecTBJI51eTC51 C HCnOJib30BaHHeM Ge(Li) H 

)leTeKTOpOB H3 oco6o. tIHCTOro Ge C pa3peweHHeM 2. 5-3 K3B )lJI51 JIHHHH 

60 Co .KaJitt6pOBKa )leTeKTOpOB ocymecTBJI51eTC51 no aTTeCTOBaHHblM o6pa3UOBblM 

o6beMHblM H TO'!e'!HblM raMMa-ttCTO'IHttKaM. KOHUeHTpaUH51 3JieMeHTOB onpe)leJI51eTC51 

a6COJIIOTHblMH - KOMnapaTOpHblMH H OTHOCHTeJibHblMH MeTO)laMH. B Ka'!eCTBe M3C 

HCnOJib3YIOTC51 pa3JIH'!Hble COI03Hble tt MeJl[JlyHapOJlHble CTaH)lapTbl, a 'TaKJKe 

COOCTBeHHoro tt3rOTOBJieHtt51 

H Al 0 
2 3 

qmpMbl MERCK. 

Ha OCHOBe xpoMOTorpa!IJH'!eCKHX nopoWKOB Si02 

o6pa60TKa pe3yJibTaTOB HAA ocymecTBJI51eTC51 no 

nporpaMMaM, C03)laHHblM B OHHH Ha IT3BM THna IBM PC/AT. 

Tiy'IKOBblH KaHaJI HMeeT 3 3KCrrepHMeHTanbllbie ycTaHOBKH C npoJieTHblMH 

6a3aMH 7. 2, 15 H 27 M c ycTpOHCTBaMH qiopMHpOBaHH51 HettTpOHHblX ny'IKOB H 

)leTeKTOpaMH. cxeMa KaHaJia npttBe)leHa Ha pHCYHKe 1. 3KcnepHMeHTaJibHble 

ycTaHOBKH KaHaJia HCnOJib3YX>TC51 )lJl51 CTaTH'leCKOH H )lHHaMH'!eCKOH HettTpOHHOH 

pa)lHOrpa!IJHH, 3JieMeHTHOro aHaJIH3a no MrHOBeHHblM peaKUH51M (n, ex:), (n, p), 

(n, 7) Ha 27 M 6a3e H (n, f) Ha 15 M 6a3e. 

CTaTH'!ecKa51 · Hei1TpoHHa51 pa,llttorpa!IJH51 ocymecTBJI51eTC51 Ha Bcex nponenmx 

6a3ax, a )lHHaMH'!eCKa51 TOJlbKO Ha 7.2 M 6a3e C B03MOJKHblM Bbl6opoM 
. - -3 

3HepreTH'!eCKOro HHTepBaJia HettTpOHOB OT 1.0 JlO 10 3B no MeTO.llY BpeMeHH 

nponeTa. HcnoJib30BaHHe COBpeMeHHOH BH)leOTeXHHKH C KOJrnepTopOM 

4 
:,.,)''"{~::;~; 

,,__,...,_,,,:: 

ZnS(Ag)+
6
LiF n03BOJI51eT nony'laTb Ha)leJKHOe q/6 HJIH UBeTaoe H3o6p~eHHe . I . . 

o6beKTa 3a 0.llHY BCITblWKY peaKTOpa npH 3qXfleKTHBHOH JlJIHTeJibHOCTH HMnynhca 
.. l -1 TenJIOBblX HeHTpOHOB Ha 3TOH 6a3e 1.5 MC tt qacTOTe CJie)lOBaHtt51 5 c 

. I 
.llJIHTeJihHOCTb HMnyJibCa 6blCTpb1X HettTpOHOB Ha nonyBhlCOTe - 250 MKC. 

l 

Puc. I. · C - CMeHHblH 

s - o6pa3eU, 

15m 
Z_6m 

·.~ 
I 

) 

KOJIJIHMaTop, R - BpamaX>mHHC51 KOJIJIHMaTop, 

L - KOHBepTop (ZnS + 
6
LiF), M - 3epKaJIO, 

TV - TeJieKaMepa, GT - 3epKaJibHblH HeHTpOHOBO.ll, 1 -,lleTeKTOp . n 
6blCTpb1X HettTpOHOB (g 407.), D - )leTeKTOpbl [Si HJIH Ge(Li)]. 

5 
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Pnc.3 

2. fipHMep Hcnonb30BaHHH pe30HaHCHUX HeHTpOHOB B HHCTpyMeHTanbHOM HAA 

oco6o qHcToro aJllOMHHHH,nonyqaeMoro MeTOAOM 30HHOH nnaBKH, nPeACTaBneH.Ha 

pHC. 4. YKa3aHHUH Ha 3TOM pwcy11Ke ,llHana3011 nonyi:1e11Hux KOHUeHTpaUHH 

3neMeHTOB onpe)lenHeTCR He OIIIH6KOH, a H3MeHeHHeM KOH~eHTpa~HH sneMeHTOB no 

~He 'IBCTOH 30111,1 cnHTKa. Pe3ynbTaTU nonyqe11u )lnR o6pa3UOB BeCOM 6, npH 

BpeMeHH o6nyqeHHR H B~epIKH, 7 cyTOK. 6op onpe)lenHeTCH no peaKUHH 
10 7 . 

B(n,a) Li no ,aMMa-KBaHTaM ,478 K3B Ha ny~OBOM KaHane. Pe3ynbTaTU HHAA 

xpoMaTorpa~nqecKH qwcTUX nopOIIIKOB SiO H Al O npeJlCTaBneHU Ha pHCYHKe 5. 
. 2 2 3 

IlpH aHanH3e oco6o qHCTblX MaTepwanoB HX- noaepXHOCTHaH 3a,pH3HeHHOCTb 

CHHMaeTCR nocne o6nyqeHHR o6uqHl,IMH. KHcnOTaMH HnH paCTBOpHTenHMH. o6uqHQ 

npe)lenu o611apyieHHH yKa3UBaklTCH TORbKO JlnH Tex ·3neMeHTOB. KOTOpue 6unw 

o611apyieHU Ha IlOBepXHOCTH. 
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Fe B Sc Cd Nd La Co Sb Mo Ag Ge Th i u Yb 

Pnc.4. I - Km1ueHTpaUHH B 'IHCTOH 30He JlnHHOH 60 CM, Q.- KOHUeHTpaUHH 

B ,pH3HOH 30He JlRHHOH 10 CM ( CTeneHb O'IBCTKH 0. 1 + 0.3); • - TO Ee, HO 

CTeneHb oqHCTKH 0.01 + 0.1, I::,. - TO ll{e, HO cTeneHb oqHCTKH O. 00 I ¾0. 0 I •. 

J{nH yKa3aHIIUX BblWe Tpex peimMOB HHAA C HCilORb30BaHHeM pe30llaHCHhlX 

HeHTpOHOB B Ta6RHUe 3 npeJlCTaBReHbl npe)len1,1 o6Hapyll{eHHH 3neMeHTOB B 

o6pa3uax oco6o qHcToro KpeMHHH BeCoM 4_r. 

rpynna aneMeHTOB 

Au 
Sm Sb Ir 
Tb Lu Ta 
Eu Tm Yb 
La Se Mo 
Ce Na Ni 
Nd Gd Co 
Cr Zn Sn 
Sr Zr 
Fe 

Th U 
Sc Mn As Br Ag 
Cd Hf W 
Rb In Pt Hg 
Ga Ru Te Ba 

9 

Ta6nwua 3 

C, ppb SD 

0.0003 
0.002 
0.006 
0.03 
0.10 
0.30 
1.00 
2.00 

15.00 
70.00 

50 ¾ 



HCKJI10qa51 Ir, npaKTHqecKH Bee yKa3aHHlle 3JieMeHTll o6uqHo Ha6JIIOJlalOTC51 

Ha noBepXHOCTH c SD He xyJKe 307. . 
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No K Bo Cu Sr Cr Zr Ni Lo Nd Br Te Tm As Sm Se U Eu 
Ge Fe n Cn Mo Zn Rn Hf Ce Go Th Sb Sc Yb W To Cs Tb 

Pttc.S 

3. B KaqeCTBe npHMepa HCn0Jih30BaHH51 HHAA B re0JI0,HH Ha pwc.6 

npe11cTaBJiem,1 BapHall;HOHHbie nHarpaMMll pacnpe11eJieHH51 KOHUeHTpauttii P33, 

HOpMHpoBaHHllX na co11ep:imHHe HX B X0HJlpHTaX. 3TH 11warpaMMll noJiy"leHll npH 

H3y"leHHH pacnpe11eJieHH51 p51Jla 3JieMeHT0B, _BKJIIO"la51 YKa3aHHble P33, no rJiy6wHe 

neqrrnnux CKBaxliH B Ont!0M H3 paiioH0B Ky6u. o6pamaeT Ha ce651 BHHMaHHe 

3Ha"IHTeJibHDe yBeJIH"leHHe co11eplmHH51 P33 3a 300 M 110 He(flT51H0,O nJiaCTa, 

pacnoJioJKettnoro Ha rJiy6Hne 2400 M, 11warpaMMa 3. K TOMY JKe, no (flJianraM OT 

3TO,O MaKCHMaJibH0ro pacnpe11eJieHH51 ( 11warpaMMll 2 H 4) K0HUeHTpaUHH P33 

yMeHhUJalOTC51_B_ necKOJihK0 pa3 na paCCT051HH51X Bcero B 150-160 M. B 3THX JKe 

pa6oTax OJlHOBpeMeHHO c P33 6UJIH noJiy"leHU 11aHHlle o pacnpe11eJieHHH no 

10 

rJiy6ttHe CKBaJKHH Si, Ca, Fe, Mn, Al, K, Na, Sr, V, Cl, Zn, Ba, Mo, As, Rb, 

no Mepe YMeHbmeHHH KOHD;eHTpau;uii OT 105 go J0- 1 ppm gnH CKBaJKHHbl" rny6HHOH" 

2421 M. 

(J 

u 
'---(/) 

0 

3 

5 

100j 2 
4 

10 

Lo Ce Nd Sm Eu Gd Tb Tm Yb 

Pttc.6. Cs H Cc - K0HUellTpauww 3JleMeHT0B B o6pa3Ue H X0H.llpl-nax, 

C00TBeTCTBem10. 

1 - cpe111rne 311a•1emrn Cs/Cc Ha n1yfomax 1648 11 1808 M, 4 - To JKe ua rny61max 

2311 If 2421 M, 2 - Cs/Cc 11a rJ1y61111e 1993 M, 3 - To JKe Ha rny6ttHe 2160 M, 

5 - Cs/Cc JlJI51 CTa1111apTa SL-1 .. 

4. YJKe HeCKOJlhK0 JleT C0BMeCTII0 C nm AH CCCP c II0MOUlh!O HHAA H 11pyrwx 

51JlepHO-(fll-!3H"leCKJ.IX MeTOJl0B 1-13yqaeTC51 BJIJ.151HJ.le y11o6pe1rnii 1-1 HX np0H3B0JlCTB Ha 

3arp513Hen1-1e 0KpyJKa10me11 cpe11u P33 [ 41 . 

J10J10JKemi1 

C0aBTopaMtt 

Ha 11.ammti 

BJJH5111J.le 

oKpyJKaIOnteti cpe11u". 

Kompepemum 

npmt31J0)lCTBa 

11 

Pe3yJihTaTU 3THX l-lCCJie110BaHHH 6yJiyT 

B Jl0KJJa)le M.B.~p0HTacbeB0H C 

cpoccpop111,1x yJ1o6peHHH Ha o6'beKTll 



5. B Teqe1me nOCJie)ll!HX .llBYX JieT C nOMotllhlO HHAA COBMeCTl!O C HT3<1> 

( MOCKBa) H GSI ( JiapMIIITa)l) npoBO.llSITCSI H3Mepe!IHSI ce4eHHH HcnapeHHSI aTOMOB 

Au npH B3aHMO)leHCTBHH C TmceJiblMH HOl!aMH [7). B MeTO.llHKe H3MepeHHH ceqe~HH 

HCnapsieMble npH 6oM6ap.llHpOBKe TSIIeJiblMH HOl!aMH aTOMbl Au C ~OJihrH TOJIIIITTHOH 

0.4 MKM co6HpaIDTCH Ha KonneKTOP H3yrJiepO.lll!OH cflOJihrH TOJIIUHHOH OKOJIO I MKM. 

lJHcno aTOMOB Au, oceamHx Ha KonneKTop, orrpe,o;enHeTCH,.HHAA C IlOMOII(blO pe30HaH

CHblX HeiiTpoHoB. Ha pHc. 7 rrpnae,o;eHa noJiy4eHHaSI OTIIOCHTeJibHaSI 3aBHCHMOCTb 

ce4eHHSI HcnapeHHSI aTOMOB Au B aTOMaX/HOII OT 3HeprHH HOIIOB B M3B/U. )IJIR 

HOHOB U C 3HeprneH 5,5 M3B/U a6COJIIOTl!oe 3Ha4eHHe Ce4eHHSI COCTaBHJIO 

(12 ± 2) aTOMOB/HOH. 

30.00 

if) -I 

10.00 -l 

0.00 
o.b 

Pnc.7. 

1.0 

tt 
l f 

2.0 
E, 

3.0 
MeV/U 

t t t H 
4.0 5.0 

S - ce4eHHe B aTOM/HOII, OTHOCHTeJibHO e.llHIIHUbl. 

6.0 

6. B JIH<I> npOBO.llSITCSI pa60Tbl H no npHMeneHHIO H30TOnHblX HCT0411HKOB 

12 

neHTpouoB .llJISI 3Kcnpeccnoro onpeneJiemrn conepxamrn a3oTa B npHpO.llHhlX H 

CHHTeTtt4eCKHX MaTepHaJiaX no perttcTpaUHH MrnoBeHHblX KBal!TOB, B03HHKaJOIIUfX 

nptt 3axBaTe TenJIOBl,IX HeHTpOHOB aTOMaMH 

HaCTOS!UleMy BpeMelm C03)lall H ttcn1,1TaH B' 

a3oTa. Ha yKa3annoM npttnuune K 

npoH3B0.llCTBeHHblX YCJIOBHHX npw6op 

6eJIKa B 3ep110BblX KYJihTypax H "A30T" .llJISI onpeneJieHHSI co,o;epJKaHHH 

KOM6HKOpMaX. B nptt6opax ttcnoJib3YeTCSI Cf - HCT04HHK HeHTpOHOB C BblXO.llOM 

5·107 11/c. PerHCTpanHH raMMa-KBaHTOB C 3HeprHSIMH 2,223 M3B OT"B0.llOPO.lla H 

10,828 M3B ocymecTBJIS!eTCSI )leTeTKTOpOM NaJ(Te) c pa3MepaMH 150 X 100 MM. 

l13MepsieMllH MaTepttaJI 06-beMOM 8-10 JI B nptt6ope SIBJIS!eTCR H 3aMe)lJIHTeJieM 

neHTpOHOB. B 3TOM BapHal!Te .llJlH KOMneucauHH BJIHSIHHSI H3MeneHHSI n~OTHOCTH H 

COCTaBa MaTepttaJia 4HCJIO perttcTpttpyeMblX KBaHTOB OT H)lep a3oTa 

HopMHpyeTCH na IIJIOTIIOCTb nOTOKa TenJIOBblX neHTpOHOB B o6pa3ue H Ha 4HCJIO 

perncTpHpyeMblX KBaHTOB OT 80.llOPO.lla. CTaH.llapTnoe OTKJIOHentte SD npH 

onpeneJJemrn 6eJJKa B ,o;narra30He OT 8 no 70 7. 3a speMSI onnoro tt3MepeHHH 5 

MHH ne npes1,1waeT Tpe6osanttH MeTona KbeJJb.llaJISI. 
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Ha pttc. 8 npe.llCTaBJiena 3aBHCHMOCTh Ca /C x, r )le Ca - KOIJUeHTpauttH 

a3oTa B o6pa3t(ax tt3Mepemrn npn6opoM "/\30T" • a c - To JKe, no H3Mepe1masi no 
X . 
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MeTo~y KoeRb~aRH. 3Ta 3aBttCMMOCTb noRy4eHa no O)lHOH KaRtt6poBKe ~RH 

npo~yKTOB OT pttca ~o EBK " pb16HOH MYKM. HaxolKJ].e1me HeKOTOphlX T04eK 3a 

npe.neRaMH oum6oK OOoHCHHeTCH rrnoxow Chlny4eCTblO .naHHhlX npo.nyKTOB. TT03TOMY 

B IIPH6ope ttMelOTCH ycTpOWCTBa .llRH KOIITPORH 3anORHeHMH M3MepttTeRbHOH 

KaMepu, a TaKJKe H3MepHeTCH IlROTHOCTb npo~yKTa no norROIUeHttlO B HeM 6ucTpux 

HeHTpOHOB. 

IlpHBe~eHHUe npuMepu npHMettemrn pa~HoaHaRHTH4eCKMX MeTO.llOB, 

OCHOBaHHUX Ha HCI10Rb30BaHHH Hei1TpOHOB; IlOKa3UBalOT, 4TO HX .naRbHewwee 

COBeprneHCTBOBaHHe H pa3BHTHe 6y.neT cnoco6cTBOBaTb HX ycneWHOMY npHMeHeHHIO 

B p~e ~yHJl,aMeHTaRbHl,IX H npttKRa~Hl,IX HCCRe.llOBaHHH. 
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