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1. BBE.QEH~E 

HacroR~a.A pa6oTa RBnRercR npogon*eH~eM MccneAOB8HHH caoHcre 
3HepreTH4eCKHX pacnpeAeneHH~ npOTOHOB, HCnyCK8eM~X B CTOJlKHQ-
BeHHRX rr -Me30HOB H MPOTOHOB C RAPaMH KCeHOHa B J.1HTepeaJ1e 
3HepntH E OT - 2 AO 9 r3B I 1•21 • TaKOH HHTepean 3HeprYIH nepSH4-
HWX aAPOHOB, 8 TBK*e RApO-MHWeHb, npeACTSBJlR~T 3H84HTeilbH~H 
HHTepeC C T04KH 3peHHR PRA8 cne4H¢H4eCKHX RBJ1eHHH Y1 38KOHO
MepHOCTei1 /eM., Hanplo1Mep /3,4/j. B 4BCTHOCTH, 6blnO ycTaHoe
neHO, 4TO penRTHBHCTCKH HHBSPHaHTHble HHKJ1~3HBH~e 3~eKTJ.18Hble 
Ce4eHHfl /P~3C/ HCMYCK8HHR npOTOHOB 8 3THX B3aHMOAe~CTSHRX 
OMHC~BaCTCR npOCTOH 3KCMOHeH~H8J1bH~ $yHK~HeH: 

d 3o" 
E"'3 -exp(-Ek/<), /1/ 

HeaasHCKMO or Hx \U1cna k H yrnos Op 3Mio1CCHH 
11

•
21

• 3AeCb E.Ek 
H p - nOnHaR 3H.eJ)rHR, KHHeTH4CCK8R 3Hepn1R H HMnyllbC BTOPH4-
Hbi'X npOTO.HOB 8 na6opaTOPHOH CHC'feMe OTCI.!eTa /n.c./; ! - na
paMeTp, onpeAellReMW~ nt-t6o ~eHOMCHQn0fH4CCKM no 3KCnepHMCHTBnb
HbiM ,AaHHbiM, · .nl46o H3 MOAent~oHbiX coo6pa*eHHH. 131• CneAosarenbHO, 
3BAa~y aHBJ1H3d OAHOMepHWX PH3C MOmHO CBCCTH K H3yl.!eHH~ 38BH
CHMOCTH napalr4eTpa i OT 4HC/1a k H yrnoe Op : 
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npw·AaHHOH 3HeprHH E nepeH4HOro aAPOHa. 0Kaaanocb raK*e, 4TO 
f 3a8HCHT OT k llHWb npH He60llbWOM MHOmeCTBCHHOCTH OpOTOHOB, 

H.cnycKaeMWX a nepeAHIOtO nonyc$epy e 11. c. /k '$. 3/, KorAa 3Hep
rHR E aAPOHa, HHH~HHpy~~ero eaaHMOAeHcTBHe, He MCHbWC 
- 3 raB 111

• 
3aBHCHMOCTb OT 8p MOmHO OOHCBTb, no Kpa~HeH Mepe Ka4eCTBeH

HO, cneAy""'eYi <IJYHKl.lHC.::i I 1/ : 

" np" 0 < T 
/2'/ 

3Aecb no ~ 40 HaB, KOC,Qa E_ ::3 raB. MOl1<HO npe,Qnono>< .. Tb, aHano
f"HI..Ui0/4(, 4TO PQCT f npH YMCHbW8HH-H yrna 3MHCCVIYI 8p B HHTep
BBile 0 <·fJ.p'< u/2 B !1. C. eCTb pe.RJITHBt-ICTCKHH 34>$eKT t CBR3BH
~H c ABHMeH~eM o6nacTH /HnH ee 4aCTH/ noKanbHOro soa6Y*AeHHR 
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RAePHOH MaTep~~ BHYTP~ RApa-M~WeH~. 0TC~Aa MO~HO nony4~Tb O~eH

KY npOAOflbHbiX paaMepos r 11 o6nacT~ saa~MOAeticTs~R r;: :::::RA,rAe 

RA- PSA~YC RApa-M~WeH~, KOTopaR He npoT~sope4~T APYf~M ASH

HbiM, OTHOCR~~MCR K 3TOti o6naCT~ ~CCileAOBSH~R/5/.Uenb~ HSCTOA

~ei1 pa6oT~ RBflReTCR ~3y4eH~e o6cymASeMbiX 3SKOHOMepHOCTei1 

OAHOMePHbiX PJ.13C HS 60JlbWei:1 CTaT~CT~Ke ~ YT04HeHJ.'Ie COOTSeTCTBy~

~HX 4~CileHH~X 3HS4eH~H napaMeTpa E AflR peaK~HH 

"- + Xe ~ kp + .•• /3/ 

np~ 9 r"s /k=1 ~171. 
8 pa60Te litCOOilb30BaHbl CHHMKJ-1, OO!ly4eHHble Ha 26- IH1TpOBOi1 

KCeHOHOBOi1 ny3blpbKOBOi1 KaMepe /KnK/, 06Jly4eHHOi1 B ny4Ke TT-

Me30HOB C HMOYilbCOM 9 r38/c. 

2. HH~OPMAUH~ 05 3KCnEPHMEHTAnbHOM MATEPHAnE 

3KcnepHMeHTSJlbHble AaHH~e, HCnOilb30BaHHble 8 HaCTOR~e~ pa-

6oTe, nony4eHbl a peayilbTaTe 1·1qMepeHHR npo6eros ~ yrnoa 3Mlo1c

c~H 5708 npOTOHOB, conpOBO*Aa~~~X 2066 CO~T~~ /3/, KOTOp~e 
6b111H OT06paHbl npH npOCMOTpe OKOilO 20 TbiCR4 CHHMKOB C 26-n~T-

_pOBOH KnK. B aHanHa BKJlC4eH raK~e aHanorH4HbiH MaTep~~tan, nony-

4eHHbiH HaM~ paHee I 11. Kp~o·tTepHtrt oT6opa co6biTHH saaHMOAeYicTBHR 

lo1 MeTOAS onpeAeJleHHA 3Hepr"'l-1 H Y.f110B 3MHCCI-1J.1 OpOTOHOB 6bi11YI 

TaKHe lKe, KaK a pa6oTax11 ·21• 26-m-nposaR KnK o6ecne4~~tsaeT 803-

MOmHOCTb HccneAOBaHHA 8 npeAenax nonHero TenecHoro yrna npOTo

HOB C KHHeTH4eCKOi1 3Hepr~ei1 Ek =/30 7150/ MaS, npH4eM aepxHee 

3Ha4eHHe Ek npOTOH08, \.1CnycKaeMbiX 8 HHTep8ane (cos8p) =0,6-:

~ 1, paBHO 210 M3B. 

3. AHAnH3 3KCnEPHMEHTAnbH~X AAHH~X 

3asHCHMOCTb P~3C OT 4Hcna k 8TOPH4Hblx npoTOHOB ~ OT yrnos 

8 p HX 3MHCCHH OnpeAeilRJlaCb, KaK ~ paHee /1/, !l_P. H OOMOII.IH cne-
AYO~HX COOTHOWeHHH: ~ 

COOTBeTCTBeHHO. 

OT BP; <np (k)> 

2 

3Aecb napaMeTp~ a 

~ <n P (cos8 p)> 

/4/ 

/51 

1-1 lo 3aB~CRT. OT k. a* 1-1 Eo
- cpeAHHe 3HalfeHH·R '4aCTOT~ 

.. 
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PHc.l. 3aaHCHMocTn penHTHBHCT
CKH HHBapHaHTHOrO 3~€KTHBHOrO 

ce~eHHH OT KHH€T~€CKOH 3Hep

rHH Ek npoTOHOB, HcnycKaeMbiX 

Bnepe,D; (cos()P ~.0) H Hasa,D; 
(cos&p < 0) B rr'.c. /a/, B 

npe,D;enax ,D;eCHTH pasn:aqHhlx HH
Tepsanos ~cosO P yrrros sMHc
CHH B JI.C. /G,sf,, BO B3aHMo

p;ei1:CTBHHX "- + Xe 4 kp + •.. , 
COIIpUBO~aeMb~ 3MHCCHeH pa3-

JIHqHoro qHCJia IlpOTOHOB IIPH 

9 foB/c. 

B 

2 

3*(E~_1 1 ,-+Xe -p+ ... 
P,;-= 9foB}c 

litL{~ I • cos8p=O~ -0.2 
0 -0.27-0.4 
• -0.4•-0.6 
X -0.6+ -0.8 
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3Ha"t.J:eHHR napaMeTpOB ( 0 H a cPoPMYJibi I 4/, onHcbma.IOm;e:H: 

3HepreTw.IeCKHe cneKTPhl IIPOTOHOB C 9HeprHe:H: E k = 
=/30 7150/ M9B BO B3aHMOAei1:CTBHHX rr- +Xe ~ kp+ ... 
rrpH 9 r3B/c 

K GOS ep C,
0

(MaB) Q (I'aB-2cp-1) 'X In 
1+3 ~0 53,4;t4,8 14,6j;2,4 6,4/4 

< 0 38,7;t3,7 25,9;t.3,8 4,1/4 

4+6 ~0 55,4;t5,3 14,4;t2,4 !,6/4 

~0 34,5;t2,8 33,6;t4,8 1,2/4 

~0 60,7;t6,8 12,9:!;2,3 0,4/4 
7+I7 <::o 33,0;t2,7 35. 9;t.5. 6 6,1/4 

~0 56,2;t5,4 I4,0;t2,I 2,8/4 
1+17 <.o 37,2;t3,I 31,2;t4,0 3,5/4 

X o/n - 3Ha'tleHHR TeCTOBOH CTaTHCTHKH 
2 

X rrpH n cTeneHHx 
CB060AbJ:. 

3M~CCHH npoTOHOB c E >30 M3B, HcnycKaeMWX so ssaHMOAe~CTBHRX k-/3/ OpH 3aAaHHOM 3Ha4eHHH k H B AaHHOM HHTepaane yrnos @p~ 
COOTBeTCTBeHHO; u(k) - 34Mf>eKTHBHOe Ce4eHHe B3aHMOAeV.CTB&-tti /3/; 
a in - nonHoe ce4eHtAe HeynpyrHx npo~eccoa"--Xe npH 9 f3B/c. 
B ~opMyne /4/ HHTerpHpoaaHHe npo~3BOAHTCR no nepeAHeH HJTH no 
3aAHeH nonyc$epe AJT~ npoTOHOSg HCOYCKaeM~X B nepeAHCO HJTH 3aA
H~~ nonyc$epy COOTBeTCTBeHHO. B ¢OpMyJTe /5/ o6naCTb MHTerpHpo
saHH~ oxsaT~saeT yr.nosble HHTepaanbf se11H4HHOH 2tr-.1cos0p • 

Ha PHC. la HaHeceH~ H3MepeHH~e 3Ha4e~R senH~HHW p(Ek) 
B 3aBHCHMOCTH OT I<HHeTH4eCKOH 3HeprHH Ek npOTOHOB, HCOYCKaeMWX 

~npHH~TaR a AaHHOH pa6oTe senH4HHa yrnosoro HHTepsana 
1\cos@P =0,2. 
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B nepeAHIOIO (COS 8 p 2: 0) H 3aAHIOIO (COS 8p < 0) nonyc<)>epy B I1. C. 
B pa3J11.14HbiX no 414CIIY k Kil8CCaX .,- -Xe 838HMOAet:iCTBYU1 COOTBeT

CTBeHHO. nony4eHHble B pe3y.flbT8Te CT8TJ.IICTirl4eCKOt1 O'-'eHKIII 3Ha-

4eHit!R napaMeTpos ( 0 H a ¢lYHKLJ.IrU1 I 4! np~t~BeAeHbl a Ta6n. 1 . 
Ha PHC. 16,8 npeACT8BIIeH~ 3Ha4eHI4R p*(Ek), COOTBeTCTBy~

utltle paam14HbiM yrnosbiM lriHTepsanaM HcnycKaeMbiX npoTOHOB, a aa
BI-1Cit!MOCTH OT E k. P,e3YI1bTaTbl CTaTJ.1CTVI4eCKOt1 OU.eHKI-1 napaMeTpOB 

(0 H a* ¢lyHKLJ.1414 /5/, KOTOpO~ On14Cb!B8III4Cb 3KCnep~t~MeHTailbHble 
A8HHble, npeACTaaneHbl a Ta6n. 2. Ha Ta6n. 1 14 2 BbiTeKaeT, 4TO 
aas~t~CHMOCTb OT Ek H3y4aeMbiX PH3C YAOBileTsop~r~TeilbHO oTo6pa
)l(aeT 3KCnOHe!oUJ,H8J1bH8fl ¢lyHKLV1fl. 

Ta6nau;a 2 

3Hat~eHHH napaMeTpOB fo H a* lflOPMYJihl /5/, OITHCbiBa.IOm;ei1 

::mepreTHqeCKHe crreKTpbi IIPOTOHOB C 3HeprHeH E k = 
=30 ~150 M3B a n.c. 

ACOS9p e:<MaB) Q.'lt ("faB-2cp-I) rxifn 

I+0,8 86,7;t9,5 37,0 ± 7,5 !,2/4 

0,8+0,6 62, 7z.8,0 62 ±!2 2,9/4 

0,6+0,4 52,0;t5,8 82 ± 16 1,2/4 

0,4+0,2 38,2;t2,9 !50 ± 25 3,7/4 

0,2+0 35,8;t4,8 148 ± 20 6,8/4 

0+ -0,2 33,7;t2,9 177 ± !4 2,3/4 

-0,2+-0,4 39,2:!:;4,4 170 ± 20 7,0/4 

-0,4+-0,6 82,7;t3,0 !82 ± 33 7,0/4 

-0,6+-0,8 35,2:!:;4,0 !57 ± 33 0,8/4 

-0,8+-1 33,5:!:;4,2 179 ± 25 3,9/4 

X 2fn - 3Ha'lleHHR TeCTOBOH CTaTHCTHKH IIPH n CTeneHHX CB060,IJ;bl. 
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cor------------------. 
/MoB/ • p+Xe- kp+ .. . 
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cos 9p < 0 
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PHc.2. 3aBHCHMOCTb TiapaMeTpa iO ¢l0PMY!lbl /4/, OTIHCbJ

BalOrn;eH 3HepreTH'lleCKHe CTieKTPbl TIPOTOHOB H3 peaKUHH 

rr- + Xe .... kp + ••• npH 9 r3B/c, OT 'tiHCJia k npOTOHOB, 

HCTIYCKaeMbiX B 3aAH1010 (COS(;Ip <0) H nepeAHIOIO (COSt9p>0) 

TIOJiyc¢lephl s n. c. HaHeceHhi TaK>Ke pesyn~>TaT&I HawHx 
6onee paHHHX pa00T /1,2/, OTHOCJ:Ill.Ui€C.f:l K peaKUH1IM 

"+ + Xe H p+Xe npH 2,34 f3B/c H "-+Xe rrpH 3,5 f3B/c. 

TaK KaK cneACTB~eM ycnoBHR HOPMHPOBKH 

dp8 
(p(Ek) ~.I /6/ 

RBJlReTCR 3aBHCHMOCTb Me>f<AY napaMeTpaM!-1 a H f O /aH8110rJ.II4HO 

MemAY a* H fo f, TO 3aAal!a HCCJ1€AOBaHI-1R CBO~CTB OAHOMepHbiX 

P~3C CBOAHTCR K 8Ha11H3y 388HCHMOCTH B€11H4HH fO 1-1 fo OT MHO

>f<€CTB€HHOCTH H yrJlOB 3MHCC~H npOTOHOB COOTBeTCTBeHHO. nocKOnb

Ky s oGt4eM Cnyyae napaMeTp l, onpe,qe!l.RI0\111-111 HaKnOH 3KcnoHeHTbl, 

ecTb ¢>YHK~I-1.R k \.1 () P /2/, To onpe,qeJuteMble HaMI-1 napaMeTpbl "o 

H £* paBHW COOTBeTCTBeHHO 
0 
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{ ;· <(k, 8 pldOp npH Op " < 2• 
' ~ 171 
0 

<(k, OP) dOP np~ ev "- " 
rr/2 2 

~ ,•~}; <(k,Op). !8/ 
0 k 

3aelo1CYIMOCTb napaMerpa e 0 ¢opMynbl /7 I or k noKaaaHa Ha p1-1c. 2. 
TaM me npi-1BeAeHbl AaHHble, nony4eHHble paHee /1,2/ 1o1 OTHOC.A~YieCR 
K B3aYIMOAe~CTB\.1RM C RApaMH KCeHOHa npOTOHOB J.1 77+ -Me30HOB 

C I-1MnYilbCOM 2,34 r38/c Yl .,--Me30HOB C YIMny.nbCOM 3,5 rsB/c. 
Ha PHC. 3 nplo'IBeAeHa aaawcHMOCTb napaMerpa f* ~ onpeAeneH

Horo coorHoweHYieM /8/, or yrna 3MHCCYIIII npoToHo8. KaK H Ha 
p1o1c. 2, ABHHble HBCTORW.e~ pa60Tbl conocrasneHbl c aHanon14HbiM~t~ 

pe3y11bTBT8MH, ony6m1KOSBHHbiMH paHee /1,2/. 

4. BbiBOAbl 

Ha OCHOBBHHH npoBeAeHHbiX H8MYI J.1CCJ1eAOBBHH~ penRTHBHCTCKH 

HHBBpi4BHTHbiX HHKJ1103HBHbiX CneKTpOB npOTOHOB, HCnyCK8eMbiX SO 

aaaJ.IIMOAeHcraHRX rr- + Xe ~ kp+ ••• npH 9 f38/c I k =1 +- 17/, a raK

>Ke HBWI-1X 6o11ee paHHHX pa60T /!, 2/, MO)I(HO CAeilaTb CJleAYI0!4He 

BbiBOAbl: 

t{)IJ 

o p+Xo, 2.34 f3B/c 
• 11++Xe, 2.34 fsB/ c 
o ,,-+ Xe, 3.5 f3B/ c 
!11f+Xe, 9.0 fsB/c 

1. 0AHOMepH~e 3HepreTH4ec

KHe cneKTp~ npOTOHOB OnHcbi

BaiOTCR 3KCnOHeH~HaJlbHbiMH $yHK

~~RM~ /4/ ~ /5/, He3aB~C~MO 
OT 4HCna H yrnoa 3MHCCHH npo

TOHOB. 

Pac.3. 3HaqeHHH HaKnOHa (0 sKc

noHeHThl /5/, OITHC~aro~e~ 3Hep

reTHqeCKHe cneKTphl npOTOHOB, 

HCITycKaeMMX BO B3aHMOAeHCTBHHX 

rr- + Xe ~ kp+ •• ~ npH 9 f3B/c, 
B 3aBHCHMOCTH OT HX yrna 3MHC

CHH B n.C. llpHB~eHhl TaK~e 
aHanorHqHhle AaHHhle, OTHOCHmHe

CH K peaK~HM ..,+ +Xe H p + Xe 
npH 2,34 fgB/c H "-+xe npH 

3,5 f3B/c. 

1 



2. npl-1 A0CTI-1rHyToi1 T04HOCH1 3KcnepHMeHTa I- 10%/ He Ha6niO
AaeTCR aaei-1CHMOCTH 3HepreTI-14eCKHX pacnpeAeneHH~ npoToHoe, J..1c
nycKaeM~x a aaAHIOIO nonyc¢epy e n.c., HH OT 4Hcna, Hl-1 OT yrna 
J..1X 3MHCCHI-1. 

3. napaMeTp fO' OnpeAeJ1RIO~Hi1 HBKJ10H 3HepreTH4eCKJ..1X cneKT
pOB npOTOHOB, 3BBHCHT OT 4HCna k J1HWb npH He6onbWHX 3HB4eHI-1RX 
I k 5 3/ npoToHos, ~t~cnycKaeMbiX a nepeAHIOIO nonyc¢epy s n. c. 

llHTEPATYPA 

1. Cnoa~HcK~i1 6., Mynac 3. H<ll, 1981, T.34, abln. 3/9/, c.777. 
2. Cnoa~HCK~i1 6., CTpyranbcK~<i 3. !14>, 1977, 25, awn. 3, c.613; 

Oxp~MeHKO ll.C. ~ AP· OHHH, P1-9692, Ay6Ha, 1976; OH~H, 
P1-9806, Ay6Ha, 1976. 

3. JlyKbRHOB B.K., T~Toa A.H. 34AH, 1979, T. 10, 4, c.815. 
4. 6ora~KaR H.r. "AP· H<ll, 1978, 27, c. 856. · 
5. Bnacoa A.B.~ AP· npenp~HT HT3<1l-53. M., 1981; OHHH, 

Pl-8566, Ay5Ha, 1975. 

• 

PyKonHCb nocTyn~na a H3AaTenbCKH~ OTAen 
31 OKTR5pft 198l rOAa • 


