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~3y4e~~e c~eKTPOB nHAHPY~HX npOTOHOB B On~TaX 
"0 paCCCAHH~ ~POTOHOB C HHnynbCOH 6,8 r36/c 
Ha nporoHax H AAPax C', AI , Cu, Sn , Pb 

HJMepeH~ HHKn~3HBH~C ABO~HWe AH~epeHUHanbH~e CC4CHHA 
BWXOAa npOTOHOB 8 OnWTC no paCCCAH~~ npOTOHOB Ha rpOTOHaX 
H AAPax C, Al, Cu, Sr, Pb,c noMo~b~ OAHOnre4eaoro 
HarHHTHOrO cneKTPOMCTp~,~P"'UlCr-Q_., ,,...,.,__~··•'1_bH~X 
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BBEAEHI-1E 

3a nocneAHee speM~ 3Ha4~TenbHO so3poc ~HTepe c K ~3y4eH~~ 
Heynpyr~x aAPOH-~AePHblX B3a~MOAeCiCTB~Ci. 

PHAOM asTOpOB 1· 3 BblCKa3blBanOCb MHCH~e 0 TOM,4TO ~3y4eH~e 
xapaKTep~CT~K ~HKn~3HBHblX Ce4eH~H PO~AeHHH nHA~PY~UIHX aAPOHOB 
80 B3aHMOAe~CTBHAX aAPOHOB C AApaMH, 8 OC06eHHOCTH HX 3aBHCH -
MOCT~ OT uTOMHO ro HOMepa RApa-MHWeHH, HMnynbCa H COpTa Hane-
Ta~werO aAPOHa, CMO~eT C006wHTb CYUICCTBCHHO HOBy~ HH¢OpMauH~ 
0 CTPYKType aAPOHOB ~ npocTpaHCTBeHHO-epeMCHHOH KapTHHC CHnb 
HOrO B3a~M0ACCiCTBHA . 

06~nHe pa3n~4HblX TeOpeTHI.lCCKHX nOAXOAOB l 2.f> l K npo6neMe 
npOXO~ACH~R 6blCTpblX aAPOHOB CKB03b RAPa yKa3blBaeT Ha ee cna6y~ 
06ecne4eHHOCTb COOTBCTCTBY~UIHMH 3KCnepHMCHTanbHblMH AaHHblM~. 

B HacToAweH pa6oTe npeACTaaneHbl AaHHble onblTa npH Po = 
= 6, 8 r3BI C no A~¢4JepeHuHanbHbiM CC\.lCH~AM cl 2ol dn dp BbiXOAa 
nHAHPY~w~x npoTOHOB ~3 peaKUH~ p + A .. p + X. B pa6oTe H3MepAn~cb 
npoTOHbl, eblneTa~~e a HHTepeane HMnynbcos 0,6 ~ p lp 0 ::::0,95 
H yrno e 16 MPaA ~ 6 ~ 40 MPaA. TaKOH ~HTepean yrnoe ~ HMn yn b
cos 6bln Bb16paH, 4T06bl perHCTDHPOBaTb n~AHDY~He 4aCT~Ubl, Hc 
nbiTaBWHe Heynpyroe, HCKOrepeHTHOe B3aHMOAC CiC TBHe 8 AApe-MHWe
HH l . 

3KCnEPI-1MEHT 

I-13MepeH~A npOBOAHnHCb Ha CHHXpo¢a30TpOHe fia6opaTOPHH B~CO

KHX 3HeprHH 01-1~ 1-1. 

ny40K npOTOHO B C ~MnynbCOM Po= 6,fl r3Bic ~ HHTCHCHBHOCTb~ 
- 10 f> 4aCTHUIUH Kn BbiBOAHnCA ~3 yCKOPHTen~ 3a epe MA . Q,) C. 

0AHOnne'-leBOH MarH~THbiCi cneKTPOMeTp "Anb¢a 11 6 pa60Tai1 Ha 
nHHHH c 38M 63CM- 4. CxeMa pacnono~eHHA annapaTypbl Ha ny'-lKe 
np~ BeAeHa Ha pH c . 1. YcTaHOBKa BKn~4ana s ce6A MHoronposono4Hble 
npOnOPUHOHanb~aMepbl l nKI, CUHHT~IlnAUHOHHble C4eT'-l~KH (S, A 1) 

H aHanH3Hpy~HH MarH~T. 6nOKH nK HMen~ no ABe nnOCKOCTH CHr 
HailbHbiX npo sonoK I X H Y I, war HaMOTKH 2 MM, o6wee '-lHCno cHr
HanbHbiX npOBOilOK 6bln0 OKOn O 1200. 

npH nOMOUIH C4eT 4HKOB Sl , S2, S 3• BKn~4eHHblX 8 COsnaACH~11 , 

C4eT4HKa A I lc OT BepCTHeMI, BKn~4eHHOrO 8 aHTHCOBnaAeHHA, 
H KaMep · nKl, nK2 BblACilAilHCb 4aCTHUbl ny4Ka , TpeKH KOTOPbiX HMenH 
HY~Hble KOOPAHHaTHblC H yrnOBble napaMeTpbl OTHOCHTenbHO OCH yCTa-

f Otv ,, '1-1'. ~lll.tl.t at'~nrryr I 
I t::t.!?liH1 II(. (' J~lOl!l!mQ 
I '"' -tr.I'Afl ::" Tr=W• 



HOBKI1. C4eT411KI1 S 4 ..:.g 
8 

11cn011b30Ba1111Cb AJlR op raHI13aU1111 rp11r 
repa. KaMep~ nK l 11 nK2 npi1MeHR1111Cb AJlR onpeAe11eHI1R rpaeKTOPI1~ 

4aCT11U 1 naAa~~11X Ha M11WeHb 1 nK3 11 nK4 - AJ1R onpeAe11eHI1R rpaeK
TOPI1~ 4ac r11u nocne npoxo~AeHI1R M11WeHI1. TaK11M o6pa30M, np11 no 
MO~I1 nK I' nK2' nK3 11 nK4 onpeAe11R11CR yron pacceRHI1R 0. npl1 no
M0~11 nK 3, nK4 11 nK5 onpeAe11R11CR yron noeopora 4aCT11U~ B none 
aHaf111311PYIOUiero MarHI1Ta, lA. TeM CaM~M Bbi411Cf1Rf1CR ee 11MnyflbC. 

2 

~ 

0 1 3 3,., 

P11c . I. CxeMa 3Kcnepi1MeHra Ha B~BeAeHHOM ny4Ke nporo
H'OB'"C 11MnyflbCOM Po ~ 6,8 r3B/c . S, ,\1- CU11HTI1flf1RU11 -
0HH~e C4eT411KI1i nK - nponopui10HaflbH~e KaMep~; H -
MI1WeHb. 
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P11c . 2 . ~MnynbCH~e cneKrp~ Heynpyro pacceRBWI1XCR 4acr11u 
np11 pd3H~x yrnax pacceRHI1R. 0 · 19 MpaA, • - 25 MpaA, 
• - 31 MPaA, • - 37 MPaA. 
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Yrnoeoe pa3peweHI1e cneKrpoMerpa cocraenRno ~ 1 MPaA, 11Mnynbc 
Hoe ~100 M3B/c. npl1 3aAaHH~X paccTORH11RX Me~AY 311eMeHTaMI1 
cneKTPOMeTpa yrnOBOH /o..:.so MPaA/ 11 11Mny!1bCH~~ /4,076,8 r3B/c/ 
aKCenTaHC~ ycTaHOBKI1 OnpeAe11R1111Cb, B OCHOBHOM, pa3MepaM11 nK4, 
nK5 11 aneprypo~ aHa!111311PYIOUiero MarHI1Ta, 

AnR 3¢¢eKT11BHoro HaKonneHI1R co6~TI1H a rpe6yeMoM 11HTepeane 
nepeAaHH~X 11Mny11bCOB 11Cn011b30Ba!1CR Cneul1a1111311pOBaHH~H U11~po-
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80~ npoueccopl conpA•eHH~~ c KaMepaMM nKl I nK21 nK41 npM no
MO~M KOTOpOrO OT6MP8!1MCb C06~TMA C yrflOM paCCeAHMA 8 nnOCKOCTM 
X, 0 X ' 16 MP8A. 

noA88fleHMe C06~TM~ ynpyrOrO pa c ceRHMR AOCTMraflOCb 8K!104eHM
eM 8 TPMrrep ycn08MR "Hm-1" co C4eT4MK08 S 11 S 5 1 S 6 /ocH08HaR 
4aCTb ynpyro pacceA8WMXCA 48CTMU nonaAana 8 C4eT4MKM s7 I s 8/. 

B MeTOAM4eCKMX uenAx 4aCTb MH¢opMaUMM 3anMcaHa c 8Kfl~4eHMeM 

8 CXeMy "HnH" 8Cex C4eT4MK08 S 4 .;. S 8 , 4TO n0380flMI10 n0!1Y4MTb 
A8HH~e no ynpyroMy pacceRHM~ npoTOHOB. HcnOnb308anMcb raK•e 
ABa TMna TpMrrepal o6ecne4M8ao~Mx HaAe•Hoe onpeAeneHMe 3¢¢eK
TM8HOCTM ycTaH08KM. 

nepeK!104eHMe nO KOMaHAaM 01' 38M 4 TMn08 TpMrrcpa 8bln0!1HR
!10Cb a8TOM8TM4eCKM 1 C AOCTaT04HO KOPOTKMM nepMOAOM /20 UMK!l08 
yCKOPMTenR/ 1 4TO 06ecne4MBanO KOppeKTH~~ y4eT 3¢¢eKTM8HOCTM npM 
803MO*H~x M3MeHeHMAX ycno8M~ 3KcnepMMeHra. 

MMweHM M3 CH2 1 C1 Al 1 Cu 1 Sn 1 Pb, ron~MHO~ ~ 5?! RA€PHO~ 
AI1MHbl 1 MHOrOKpaTHO CMeHAflMCb 8 COOT8eTCT8MM C nporpaMMO~ 3KCno-
3MUMM. AnA OUeHKM ¢OHa 8enaCb 3anMCb MH¢QpMaUMM 1 KOrAa MMWeHb 
OTCyTCT808ana . 

06PA50TKA AAHHbiX 

npM o6pa6oTKe AaHH~x Mcnonb308anMCb 1 rna8H~M o6pa30M, cne
AYO~Me KPMTepMM o;oopa co6~TM~: 

- 3¢¢eKTM8Hoe cpa6aTbl8aHMe ecex nK; 
- xopowee CWM8aHMe TpeKa 4aCTMU~ 1 yna8we~ Ha MMW€Hb, c Tpe-

KOM 4aCTMUbl, BbiWeAWe~ M3 MMWeHM; 
Z - KOOPAMHaTa T04KM pacceRHMR 4aCTMUb1 Ha yron, 60!lbWM~ 

16 MpaA, AO!l*Ha HaXOAMTbCR 80!1M3M /:!:_25 CM/ OT Z -KOOPAMHaTbl 
MI-1WeHM. 

~ 

KaK noKa3ana 06paDOTKa MH¢0pMaUMM, 3anMCaHHO~ 8 OTCYTCT8Me 

MMWeHM, $0H 6bl!1 npeHe6pe•MM0 Man. J 
.[lM¢¢epeHUMa!lbHble Ce4eHMR 8biXOAa flMAVIPY~~MX npOTOH08 8 peaK- , 

UMM p • A ... p + X onpeAenRnMCb no ¢opMyne: ' 

d
2 N a !J 

ctf!ctp ij = 2:-sino;:-~e~.-~p·;--:-r.;~~;' 

rAe F- noTOK nep8M4HbiX 4aCTMU; nnn- 4VICflO RAeP 8 MMWeHM/cM 2 ; 

( - K03¢¢MUM€HT 1 y4V!Tbl8ao~M~ 3¢¢eKTM8HOCTb cneKTPOMeTpa; (} 1 -

yron pacceRHMR; t\6 1 M :\p 1 - 8em14MHbl MHTepeano8 no yrny 
pacceRHMR 0 M MMnyflbCY p 8 ij -~ R4e,;:,Ke A8YMepHO~ rMCTOrpaMMbl; 
N ij - 4MCno co6b1TM~ a ij - ,;:, R4e~Ke rMcrorpaMMbl, nonpa8neHHOe 
Ha K03¢<!>M 41-1eHT, Y4M Tbl8ai00\>HI y r J1080H M MMnyn bCH~~ aKcenT aHCbl 
YCTaH08KM, KOTOpbl~ paCC4MTbiBancR MeTOAOM MOHTe-KapnO C y4eTOM 

8>~Aa TpMr repa M pea!lbH~X yrnOBbiX H KOOPAMHaTHbiX pacnpeAene-

~ 

HM~ ny4Ka. ~~ 
df!dp 

8 peaKUMM p · p ~ p + X HaXOAMJ1MCb no ¢op-

Myne: 

d 2<1 

dfldp 

d ~ 
dOdp 

~ B 

3, 96 :!: 0 ,42 
4, ?8 ! 0,42 
5, 60 t 0 ,42 
6,28 :!: 0,28 

3,96 ± 0,42 
4,?8 ± 0 ,42 
5,60!: 0,42 
6, 28 !: 0, 28 

3,96 !: 0,42 
4,78!: 0,42 
5,60 :!: 0,42 
6,28:!: 0, 28 

3,96 :!: 0,42 
4,78:!: 0,42 
ti , 60 :!: 0,42 
6,28 :!: 0,28 

3 , 96 :!: 0,42 
4,?8:!: 0,42 
5,60 !: 0,42 
6,28! 0,28 

3,96:!: 0,42 
4,?8! 0,42 
5,60! 0 ,42 
6,28 ± 0 ,28 

2 d (} d 2(] ) . 

Ta6nMua la 

6apH/cp .r3 B/c 8 peaKuHRX p + A .• p +X 

R.lu>o - lo!lmleiU. : P 

19 ! 3 25 :!: 3 31 :!: 3 3? t 3 

o,oo2 ± o,OI4 
0, !7 :!: 0,02 0, 056±0, Oil o,06±o,o2 o,049!:o, 009 
0, 32 ! 0, 04 o,r5 :to,o2 o,r.P:o,o2 o,13 ±o,o2 
0, 50 ! 0 , 06 o,23 ±o,03 o, 1a:to, 03 o,18 ±o,03 

RJu>o - loi1!DieH1> : C 

0,29 ± 0,02 
0, 68 ! 0 , 03 0,33 ±0,02 0 ,2?!0. 02 0,19 :to,OI 
!,5 ! 0, 06 0,65 :to,03 0,53:!:0. 03 0,43 ±o,03 
2,1 !: O,II I,I !o,06 o,8s!:0. 04 o, 7I !o,04 

R.lijxl - MKWeR~ : At 
0,44 :!: 0, 06 
1,2 :!: 0,13 o,45 :to,06 0,3s!0,05 o,37 :to,06 
2,2 ± 0 , 2 !,1 :to,r o,8?!:o,ro o,6o :to,oo 
4 , 2 :!: 0,4 I , ? ±o,2 !,2 :!:0,2 I,I ±o,I65 

&oo - Mlll!leH~: Cu 
0, ?3 !: O, II 
116 :!: 0, 2 o,5I :to,oo 0,56±0,00 0, 59 !:o, 09 
2, 2 :!: 0,2 I,? ±o,z 0,9!±0,13 0,81 :!:o,I3 
5,! :!: 0,6 2,1 ±o,3 I,4 !:0,2 1,4 :to,2 

liiijlo - MHI!JeH~: s~ 

0,83 :!: o,14 
1,8 :!: 0,3 o,a? ±o,r3 0,7otO,I2 o,4o ± o,ro 
3,7 ± 0,4 1,4 :to,ra r ,s ±o,2 r,o !: 0,2 
4, I ± 0, ? 2,8 ±o, 4 3,4 ±o,4 3,2 ± 0,5 

lizlpO - Ml!!IIeH~: PB 

I ,O ± 0, 2 
±Q114 2,4 :!: 0,3 1,2 ±o,2 0,69±0,14 0,59 

4,0 :!: 0,5 2, 0 ±o,3 r,? !:o,3 1,4 ±o,J 
6,0 ± 0,9 3,1 t o,4 3,8 ±o, s 2,3 :!:()!4 
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PE3YnbTATbl 

B ra6n. 1a ~ Ha p~c . 2 np~eeACH~ a6con~TH~e 3Ha4eH~R ~HKn~-

3~BHbiX A~¢xt>epeHUHa~ ce4eHHi1 peaKu~i:1 p + A .. p + X 8 ~H-
repeane yrnoe pacceRH~R 16 MPaA ~ 0 ~ 40 MpaA 1-1 ~Mnynbcoe 
4 , 0 r 3 B I c :._ p ·- 6 , 3 r 3 B I c . 

8 Ta6n. 1a 1-1 Ha p~CYHKaX yKa3aH~ CTaTI-1CT~4eCK~e OWI16KI1. 

Ta6n1-1ua 16 

~ 6apHicp 8 peaKu~Ax p +A,.p~x ynpyroro 11 KBa3~ynpyroro 
dfl pacceAHI'IR 

.RAPO Yron pacceAHI'IA 0, MPaA 

MI-1WCHb 
25.:~) 31+3 37+3 

p 1. 1.:!:_0 ,08 0,80.:!:_0 , 06 0 ,75.:!:_0,05 

c 10,6.:!:_0,2 4,76.:!:_0 , 05 2,9£,.:!:_0,08 

A1 10,8.:!:_0,4 4,5.:!:_0,3 5 , 0.:!:_0 ,3 

Cu 12,8.:!:_0,5 10,5.:!:_0,4 6 ,3.:!:_0,4 

Sn 27 ,6.:!:_1 ,0 10,5.:!:_0,6 7.5.:!:_0,6 

Pt. 31. 3.:!:_1. 1 16,6.:!:_0,8 10 ,5.:!:_0 , 8 

Ta6n11ua 2 
2 2 a Pe3ynbTaTbl <!>HTa d oldfldp no <I>OpMyn e: d a l dfldp =nA 

r :'3.>/c 1"1 d. :t/na<J n o£ l: / ntr d. 

:- 4 C,!">4 !0,!,... C,46!(',00 1,14/3 ... 
t 4,8 C, Zc;!U, 03 U,4s!u ,04 J,5/J '- (, , I~!l•, OJ C,4 ! u,w :J,ijfj \ ... .... .... 5,6 o, G&!o,O? O, J:J! O,GJ 5, b/:J "' (1 , ..;4!0,~> 0,4o!o,03 II , ~/J • " ~ 

6,3 o,ss!u,II 0,37:!:0 ,04 1~ .01~ q, 0,43!0, 0C· 0 ,38!C,G4 I,J/:.1 

.. 4,8 C,II!O,();I C,37:!:o,06 1, 19/3 :00 o ,!>6!o,w CJ ,50!0 ,05 9 , 1/J • '- ~ \ 5, 6 o,z9! 0,ro C,4I:!:o,04 3 ,4V3 O,ls!C,03 0 ,3~,06 c.~t:; ... ... 
"' &,3 u, :~:>!0, 03 o,SO:.o,04 9,:>/J ..... 0 , 21!0,04 0 148!0, 05 ·, ,5/J " " (I) (I) 

--- - -

6 

l11CTCMuTI-14eCK11e OWI.1fKI-1, CBA3nHH~e C y4eTOM :>!f><tleKTI-18110CTI1 
11 aKCenTdHCn yCTnHOBK~, HC npeB~Wu~T 5 . np~MeCb peaKU~~ 
p . A ·- • ~X a yKa3aHH~~~ K~HeMaTI-14eCKI-1.::1 I'IHTepean oueHHeanacb 
H<lM~1 Ha OCHOBC pnfiOT~ ? ~ He npe8~waeT 3- 5 e6n~31-1 H~)!(HeH 
rpaHMU~ e~6paHHOro HHTepeana HMnynbcoe . CyMMapH~e c~creMar~-

4CCK11C OW116KI-1 He npee~wa~T 8 '10 C uenb~ KOHTpOnA KOppeKT-
ttO< HI OnPCAenCHI1A :>dJ<!JeKT118HOCTI-1 ~ dKCen r aHca yC fdHOBKI1 Ha Ma
rep~ane, Ha6paHH0M OAHOBpeMeHHO C 0CH0BH~M 1 ~3MCPCH~ 3HJ4CH~A 

A~!f><tlepeHu~anbH~X ce4CHI1H d,r dll ynpyroro 11 K8n311ynpyroro 
pacceAHHA npoTOHOB Ha AAPuX lrarn . 161, KOTOp~c xopowo cornacy
~TCA c pe3ynbraraMM pa6or 8 

JlnA AACP c A _ 12 11HKn~31-1BHbiC Al1<!>$epeHU11anbH~e CC4CHI1R 
Heynpy roro puCCCAHI'IR MO)!(HQ annpOKC11MHP0BdTb $lpMyno~: 

d 2" dO tip = nA
11 

• 

rAe n 11 a - noArOH04H~e napaMerp~. Pe3ynbrar~ annpoKC11MaU~11 

npi1BCAeH~ 8 ra6n .2, 113 KOTOpOH BI.1AHO, 4TO B AaHHOM KI1HeMaTI1-
4CCK0M 11HTcpsane 3Ha4eH~1R noKa3uTcnA creneH~ u a npeAenax 
CJWI1fiOK He 3d811CAT OT yrna BblnCT<l 11 ~MnynbCa BTOPI14HOi1 4nCTI1-
U~ , aero cpeAHCC COCTu BnAeT ,7li,S 0,42.:!:_0,01. 

AHano r~4H~~ pe3ynbrar MO)!(HO nony4MTb 113 pa6or~ 1 s~nonHeH
HOi1 np11 Hd4allbHOM 11Mnynbce npOTOHOB Po 19, 2 r3Bic. np11 TOM 
)!(e 3tHI4CHI1M nonepe4HOro I-1MnyllbC<1 pT ~ p O" 200 M:>Bic, 4fO 11 a 
HaweM on~ r e, annpoKCHMI1PYA A~'~<ll<PcpeHU11anbH~e ce4eHI1A <l>YHKU11ei1 
BI1Aa nA<t. Hi'IXOA~M <t l'! :! 0, 4 ).:!:_0, 0 1 . 

Aarop~ 6narOAaPAT COOTBeTCT By~~MC cny)!(6~ fi83 3d o6ecne4CHI1C 
xopowet:'1 pa60Tbl JBM 11 yCKOPI1TellA. ABTOp~ npl13~i<1TenbH~ PYKOBOA
C TBY na6opaTOPI111 ~~ tl<JY<IHO -:"lKCnep~MCHTa/lbHOro ::>nCKTpOHHOrO 
OTAena 3a nOAAen)!(Ky ~~ ofccnelleH~IC B03M0)!(HOCTCi-1 npOBe/WH~IA 
3KCnepi1MeHTa, n.J\.Cnenel\, 3.rl.MOTI1HO~I, P.H.ncrpoao~ - 3u 
noMo~ b a pafore . 
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