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AHrenon H. H up. 12108 

yf3yqeflfle peaKUHH "- + 12c ~ P + ... npu P
17

- ~ 40 LlB/c 

J..13yqanHCb TT-
12

C -B38HMOJiefiCTBH51, CODp0BO>KJl810WH8CH HCnyCKBHHeM, 

no KpaHneH Mepe, onnoro nporona. CoornoweHHH Me)Kny aepoHTHOCT5IMH 

HCUYCK8Hfl51 p83HOI'O 'IHCna UpOTOI!OD B 38UHJOIO Uonyc<jlepy na6opaTOpHoii CHC 

TeMbl KoopnHHar noKa3brBaiDr, YTO 3TH npoueccvr He3aBHCH.Mbi. CpennHe 
xapaKrepHCTHKH TT± -Me30HOB B 3THX B38HMOneHCTBHHX OK838nHCb T8KHMH 

>Ke, KaK " no ncex rr- 12 C -B3aHMoneiiCTBfiHX. f!3y•JeHhJ cTpyKTYPHLJe <jlyHKUHH 
JJ.nH IIpOTOHOB, BbineT810lllHX flOtl. p83HbiMH yrnaMH, B TOM t.tHCne H .UnH C06b!

THfi C p83HbiM t.HtCnOM 3THX IIpOTOHOB. 

Pa6oTa BhJUonnena n J1a6opaTopuu BhJCOKHX :mepr01il 0115HI. 

flpenpHHT 06beUHI!eHHOI'O HI!CTHTYTS HAepHbiX uccnenonaHHH, "ily6Ha 1979 
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§1. BBE)J,EHHE 

B HaCTOHll.leH pa6oTe, HBllHIOll.leHCH 'laCTbiO CHCTeMa TH'IeCKOrO 

HCCne~OBaHHH CBOHCTB HeynpyrHX TT- 12C "B3aHMO~eHCTBHH npH 

p _ =40 F3B/c I 1/ npo~OIDKeHO H3y'leHHe HHKlli03HBHOH peaK~HH: 
17 • 

17 + 12C _, P + ... /1/ 

c 'IHcnoM HcnymeHHhlX npoTOHOB NP ?. 1. qaCTh peJynLTaTos 

no aHanH3Y JTOH peaK~HH ony6nHKOBaHa B HaWHX pa6oTax
12 · 31

. 

3KcnepHMeHTanhHhlH MaTepHan, KaK H paHbwe, nony'leH npH o6pa-

6oTKe CHHMKOB C ~BYXMeTpOBOH nponaHOBOH KaMephl, o6ny'leHHOH 

"- -MeJoHaMH c HMnyn~>coM P 
77

- =40,00 ± 0,24 F3B/c Ha cepny

xoscKoM YCKOpHTene 11.cl>B3. llpH npOCMOTpe CHHMKOB no CTaH~apT

HhlM KpHTepHHM / 1l OT6HpanHCb "77-p"-, "TT-n"- H "r.'" C"- BJaHMO-

~eHCTBHH. llonHoe 'IHCllO OT06paHHhlX cnyqaeB npHBe~eHO B ma611. 1. 

qHCllO TT-
12 

C - B3aHMO~eHCTBHH, yKa3aHHOe B JTOH Ta6nH~e, 
onpe~enHnocb no cl>opMyne: 

N (;r- 12c ) = N ( " 17- C " ) +a 
1 
{i N ( " TT- p " ) + a 

2
N (" 17-n"). /2/ 

3~eCb KOJcl>cl>H~HeHT {i =0,44 onpe~enHeT ~OlliO "77-p" -sJaHMO

~eHCTBHH, KOTOpyro HY~HO OTHeCTH K coy~apeHHHM Ha KBaJHCB0-

6o~HhlX HyKnoHax H~pa yrnepo~a. OH 6hln Bhl'IHcneH c HcnonhJOBa

HHeM nonHOrO Heynpyroro Ce'leHHH BJaHMO~eHCTBHH TT- - Me30Ha 

c H~poM yrnepo~a a in =179 M6. KoJcl>cl>H~HeHThl a 1 H a·2 

y'IHThlBaroT To o6cToHTenbcTso, 'ITo ""-p"-, ""-n"- H ""·-c"
co6hlTHH 6blnH OT06paHhl Ha pa3HOM KOllH'IeCTBe CHHMKOB. ~llH 

CTaTHCTHKH, npHBe~eHHOH B ma611. 1, a
1 

=0,55 H a 2 =0,57. 
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3Ta npoue,l:\ypa Bbi'IHcneHH.II qacna scex rr- 12C -s3aHMO,I:\eif-

CTBHH 6blna acnonb30BaHa HaMH ,1:\n.ll onpe,l:\eneHH.II qacna co6b1THH 

THna /1/. 
B Jla6A. 1 npaBe,l:\eHbl TaiOKe 'IHCna H,l:\eHTHfl>HUHPOBaHHbiX B OTo6-

paHHbiX B3aHMO,I:\eHCTBH.IIX npOTOHOB, pa36HTbiX Ha ,1:\Be rpynnbl 

no HMnynbcaM (PJI ). IlpoTOHbl C P,1 OT 140 ,1:\0 1000 M3B/c-
3TO BCe npOTOHbl, KOTOpble HaM y,l:\anOCb H,l:\eHTHfl>HUHpOBaTb. H,l:\eH

THfi>HKaUH.II npOTOHOB OCyiUeCTBn.llnacb BH3yanbHO no HOHH3aUHH. 

Ha Ha,l:\e)I(HOCTH H,l:\eHTHfl>HKaUHH npOTOHOB CKa3biBaeTC.II HepaBHO

MepHOCTb ycnOBHH OCBeiUeHH.II HH)I(HeH H BepxHeH qacTeH KaMepbl. 

l.JaCTb npOTOHOB, HCnyiUeHHbiX B HH)I(HIOIO qaCTb KaMepbl, r,l:\e 

HaHXY.L\WHe ycnoBH.II ocBeiUeHH.II I 3TO OTHOCHTC.II B ocHOBHOM K 

BbiCOK03HeprH'IHbiM npOTOHaMI, MOryT H,l:\eHTHfl>HUHpOBaTbC.II KaK 

rr f- -Me30Hbl. Ilo3TOMY npa nocTpoeHHH 3HepreTH'IeCKHX pacnpe-

,1:\eneHHH Mbl OrpaHH'IHnHCb IIpOTOHaMH C HMnynbCaMH He 6onbWe 

620 M3B/c. KpoMe 3TOro, ,1:\JI.II yqeTa IIOTepb IIpOTOHOB, BblneTaiO

IUHX B HH)I(HIOIO 'laCTb KaMepbl, BBO,I:\HnHCb BeCa, OIIpe,l:\eJI.IIeMble 

no fl>opMyne: 

<v ( P) = 2 g 
1 

(P) / [ g 
1 
(P) + g 

2 
(P) ] . 131 

r,l:\e g 1(P) H g2(P) - 'IHCnO IIpOTOHOB, HCnyiUeHHbiX COOT-

BeTCTBeHHO B BepXHIOIO H HH)I(HIOIO qaCTb KaMepbl. 

Pe3ynbTaTbl, nony'leHHble c yqeTOM secoB 131, cosnana c pe-

3ynbTaTaMH ,1:\n.ll npOTOHOB, HCnyiUeHHbiX B o6naCTb yrnOB C HaHnyq

WHMH ycnOBH.IIMH H,l:\eHTHfl>HKaUHH. 3TO IIpOTOHbl, BblneTaiOIUHe ITO):\ 

He6onbWHMH yrnaMH K ropH30HTanbHOH nnoCKOCTH KaMepbl, npH'IeM 

B BepxHIOIO qacTb. KoHKpeTHO ,1:\n.ll 3Toro 6blnH Bb16paHbl npoTOHbl 

C a3HMyTanbHbiMH yrnaMH ¢ B HHTepBanaX 180° 7 240° H 300° 7 

360°· 

§2. BEPO.HTHOCTH HAEJIIO,l(EHH.H 

rr- 12 c - B3AHMO,l(EHCTBHH C NP ~1. 

0CHOBHble pe3ynbTaTbl no Bepo.IITHOCT.IIM ( 'WN ) Ha6nJO,I:\e
p 

HH.II C06b1THH C pa3Hb1M 'IHCnOM H,l:\eHTHfl>HUHpOBaHHbiX npOTOHOB 

CYMMHpOBaHbl B JIU6A. 2. 

B 3TOH )l(e Ta6nuue npHBe,l:\eHa COOTBeTCTBYJOIUa.ll CTaTHCTHKa 

co6biTHH, rrpuqeM qacno co6biTHH c NP =1 onpe,l:\en.llnocb no 

H3nO)I(eHHOH BO BBe,l:\eHHH npOUe,l:\ype. 

4 

Ta6Au~;a 1 

CTaTHCTHKa co6biTHH 

T11rr B3aH- '-! UCllO CO- '-! HCllO IIpOTOHOB 
MO!lelfcTBHll 6b!Tllll 

0,14.:>::PJJ~1,0 f9B/c 0, 14:::P,1 ~ 0,62 f9B 

"77-p" 11640 2594 2117 
H - tt 

rr n 4146 310 213 

"77-C .. 4931 7194 6663 
rr- 12c 10073 8019 7290 

Ta6Au~;a 2 
Bepo.IITHOCTH Ha6nJO,I:\eHH.II co6biTHH THrra I II ". 

Bee cfGj'rTHH C oGLrTH5.! c rrporo,.- Co6biTHH c rrpoTOHOM 
THIIa 1 Ho:.r eEl~< 80 '" C (M)11 :::_90° 

NP 
'-I HCllO WN (%) '-Incno WN (%) YHCllO WN (%) 

p p p 

2o38 26 ,2~0,6 2636 26,2~0,6 1509 14,9~0,4 

2 1268 12,()~0,4 925 9,2~0,3 279 2,8~0,2 

3 521 5,2~0.2 314 3,1~0,2 33 0,33~0,06 

4 215 2,1~0,1 76 0,75~0,09 1 0,01~0,01 

5 70 0,69~0,08 16 0, 16~0,04 

6 12 0,12~0.03 

BCe 4724 46,9~0,8 39()7 39,4~0.7 1822 18,0~0,5 

* B Ta6naue e .'1 - yron HCIIYCKaHH.II rrpOTOHa B na6o!Ja TOPHOH 

CHCTeMe KOOP.L\HHa T. 

** B Haweif pa6oTe
13

:· B KoTopoif He Y'IHTbiBanc.ll BKJia.L\ KBa3a

yrrpyrax BJaHMO,I:\eHCTBHH,,I:\n.ll 3TOH BepO.IITHOCTH nony'IHnOCb 3Ha

qeHHe 137 ± IIO/o. 
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Ji3 111a611. 2 ,ll;ll.ll BepO.IITHOCTeH HCnycKaHH.II npoTOHOB "Ha3a.n;" 

MO:lKHO nony'IHTb cne.n;y10mee npu6nH:lKeHHoe 3MnHpH'Iecxoe owpa:lKe

HHe: 

Np 

WN :::: W 1 
p 141 

3.n;ecb W 1 - BepO.IITHOCTb Ha6niO.n;eHH.II C06b1THH C O,li;HHM npOTOHOM, 

ucnymeHHbiM "Ha3a.n;", WN - lxax B ma611. 2, Ho He o npoueH

Tax!/ - BepO.IITHOCTb Ha6niD.zfeHH.II C06biTHH C 'IHCllOM HCnymeHHbiX 

"Ha3a.IJ." npoTOHOB N P . Bwpa:lKeHHe 141 yKa3biBaeT Ha HeJaoucu

MOCTb H3lly'leHH.II pa3HOrO 'IHCna npOTOHOB B Ja,li;HIOIO nonyc4>epy *. 
To :lKe caMoe Ha6n10.n;aeTCJ1 .n;n.11 oepo.IITHOCTeil o6Hapy:lKeHH.II 

77- 12 C ·oJaBMO.IJ.eHCTBHH, conpOBO:lK,ll;aiOil(HXC.II HCnycKaHHeM "Ha

Ja.n;" npOTOHOB C HMnynbCOM 6onbWe .n;aHHOrO ( Pk ). COOTBeT

CTBYIOil(Be pe3yllbTaTbl npHBe.n;eHbl B 111a611. 3, H3 KOTOpOH cne.n;yeT, 

'ITO 

Np 
WN ( p > pk ) = W 1 ( p > p ). 

p Jl :J k 

§3. CPE,ll,HHE XAPAKTEPHCTHKH 

rr- 12 c - B3AHMO,ll,EHCTBHH 

C O,ll,HHM H EOJIEE llPOTOHAMH, 

HCllYIJ{EHHbiMH "HA3A,ll," 

lSI 

3KcnepHMeHTanbHa.ll HHcPOpMallH.II 0 CBOHCTBaX BTOpH'IHbiX Jap.ll

:lKeHHbiX 'laCTHll B 7T -
12C - BJaHMO,ll;eHCTBH.IIX, COnpOBO:lK,ll;aiOil(BX

c.11 HcnycxaHHeM, no xpaiiHeil Mepe, o.n;Horo npoToHa HaJa.IJ., npuoe

.n;eHa B 111U611U!JUX 4 7 6. 3TO Cpe.n;HHe MHO:lKeCTBeHHOCTH Jap.ll:lKeH

HbiX 7T ·MeJOHOB (n
77

± ) - 111a611. 4, B TOM 'IHCne ,ll;ll.ll C06biTHH 

c pa3Hb1M 'IHcnoM H.n;eHTBcPBllHPOBaHHbiX npoTOHOB I c o6peJaHHeM 

no BMnynbcy ucnymeHHoro HaJa.IJ. npoToHal - ma611. 5; cpe.n;Hue 

* 0TMeTBM, 'ITO ,ll;ll.ll npOTOHOB, HCnymeHHbiX "onepe.n;", TaKOrO 

BbiBo.n;a c.n;enaTb HenbJ.II, T.K • .n;n.11 HBX He nonyqaeTC.II npocToro 

cooTHoweHH.II THna I 41. . 

6 

'-:-
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Ta611ulla 3 

Bepo.IITHOCTH o6Hapy:lKeHH.II co6wTHH Tuna I 11, HMeiOil(HX npoToH 

"Ha3a.n;" C HMnynbCOM ~ ~ p k · 

PK w w2 (~)3 w4 
(f3B/c) (%)1 (%) (%) 

0,1 14,9:!:_0,4 2,8:!:_0,2 0,32:!:_0,06 0,01:!:_0,01 

0,2 11,9:!:_0,4 1,5:!:_0,1 0,16:!:_0,04 

0,3 7,3:!:_0,4 0,46:!:_0,07 0,01:!:_0,01 

0,4 3,1:!:_0,2 0,02:!:_0,02 

0,5 1,1 :!:_0,1 

0,6 0,48:!:_0,07 

0,7 0,20:!:_0,06 

0,8 0,08:!:_0,03 

0,9 0,05:!:_0,02 

Ta6Aulla 4 

Cpe.n;HHe xapaKTepHCTHKH Jap.ll:lKeHHbiX rr -MeJOHOB B co6wTH.IIX, 

HMe10mux, no xpaiiHeil Mepe, O.IJ.HH npoToH, ucnymeHHbiH "HaJa.n;" 

( 77- c) ll . 

(rr-c)
8 

(rr-C) /(rr-C) 
B tot 

fi rr+ 3,61:!:_0,05 (0,95:!:_0,02) 

nrr_ 3,60:!:_0,04 (1,01:!:_0,01) 

Prr+ 2,46:!:_0,04 ( 1,00:!:_0,02) 

p77_ 4,34:!:_0,11 ( 1,03:!:_0,03) 

P.:.rr+ 0,348:!:_0,004 ( 1,00:!:_0,01) 

p..lF- 0, 354:!:_0,004 (0,99:!:_0,01) 
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Ta6Auija 5 

Cpe.nHHe MHO)I(eCTBeHHOCTH 17± -Me30HOB B co6biTH.IIX c O.llHHM 

HnH .llBYM.II rrpOTOHaMH "Ha3a,ll" (Np ), HMelOJl.IHX HMrrynbC ~~ ?_Pk 

pk 
NP n n -

(f98/c) 77+ 17 

0,3 
3,58:!:_0,08 3,62:!:_0,07 

2 3,78:!:_0,30 3,62:!:_0,25 

0,4 1 3,69:!:_0,13 3,73:!:_0,11 

0,5 1 3,79:!:_0,20 3,86:!:_0, 17 

Ta6Auija 6 

Cpe,llHHe xapaKTepHCTHKH IIPOTOHOB B C06hlTH.IIX C HCIIYCKaHHeM, 

no Kpail:Heil: Mepe, o.nHoro rrpoToHa Ha3a.n. 

- P (f98/c) P+ (f98/c) n 
p p 

Bee 2 ,13:!:_0,03 0,312:!:_0,002 0,242:!:_0,002 

rrpOTOHbl ( 1 ,46:!:_0,03) ( 0,97:!:_0,01) ( 1,00:!:_0,001) 

flpOTOHbl 0,22:!:_0,01 0 ,285::!),003 0,240:!:_0,003 
"Ha3aJJ.." 
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HMrrynbchl ( P 
17 

± ) H cpe.nHHe rreprreH,llHKynJipHwe HMrrynbChl 

(P, 
17 

± ) - ma6A. 4, a TaK)I(e COOTBeTCTBYlOJl.IHe xapaKTepHCTHKH 

.nn~ H,lleHTHlPHUHpoBaHHhlX rrpoToHoB - ma6A. 6. B ma6AU~Jax 4 H 6 
B CK06KaX ,llaHhl OTHOWeHH.II yKa3aHHhlX BenH'IHH K COOTBeTCTBYlOJl.IHM 

3Ha'leHH.IIM ,lln.ll BCeX 77-
12 C "B3aHMO,lleHCTBHH. 

lf3 rrpHBe,lleHHhlX ,llaHHhlX cne.nyeT: 

1. Cpe.nHHe xapaKTepHCTHKH 3ap.R)I(eHHhlX 

TH.IIX C rrpOTOHOM "Ha3a,ll" TaKHe )l(e, KaK 

B3aHMO,lleHCTBH.IIX. 

77 "Me30HOB B C06hl· 

H Bo Bcex 17-
12 C-

2. He Ha6n10.naeTC.II cyll.leCTBeHHoil: JaBHCHMOCTH cpe.nHHX MHo

)l(eCTBeHHOCTeil: 77 ± -Me 30HOB OT 'IHCna HCIIYJl.leHHhlX "Ha3a,ll" rrpo

TOHOB H HX HMIIynbCOB. 

3. Cpe.nHHe xapaKTepHCTHKH rrpoTOHOB B co6wTH.IIX c rrpoToHoM 

"Ha3a,ll" H BO BCeX 77-
12 C "B3aHMO,lleHCTBH.IIX He OTnH'IalOTC.II 

,llpyr OT .npyra, 3a HCKnlO'IeHHeM cpe,llHHX MHO)I(eCTBeHHOCTeH rrpOTO

HOB. 

§4. HHKJII03HBHblE CIIEKTPbl IIPOTOHOB 

C HCIIOnb30BaHHeM "BeCOB" /3/ 6binH rronyqeHbl pacrrpe.neneHH.II 

E 
BenH'IHH -pr L\N 

i\P 
/J.necb E H p - COOTBeTCTBeHHO rronHa.ll 

3HeprH.II H HMIIynbC IIpOTOHa B na6opaTOpHOH CHCTeMe KOOp,llHHaT/ 

,lln.ll rrpOTOHOB C P OT 140 ,llO 620 M3B/c. 3TH pacrrpe.neneHH.II 

6wnH rrepec'IHTaHw B CTPYKTYPHbie lPYHKUHH: 

f(P2) 1 
a 

in 

E d2a 
p2 -ctP cta 

IIpH IIOMOJl.IH K03$$HUHeHTa 

1 
K=-~---~, 

llPN i\0. 
B3 I 

/6/ 

/7/ 

r.ne 

Ll 0 i 

N 
83 

- rronHoe 'IHcno paccMaTpHBaeMwx B3aHMo.neil:cTBHH, 

- TenecHwil: yron. 
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B Ka'lecTBe npHMepoB Ha puc. 1 npHBe,neHbl cTpyKTYPHble 

cPYHKUHH ,nJJJI npOTOHOB, HcnymeHHbiX "Ha3a,n" I e JI ~ 90° I H "Bne

pe,n" I e < 90° I H3 rr- 12C 'B3aHMo,neiiCTBHH, BMeCTe co CTPYKTyp
JI 

HOB cPYHKUHeii .nns npoTOHOB 

puc. 2-c-5- ,nJIR rr- 12 C-H rr 

H3 rr-p-a3aHMO,neHCTBHH; Ha 

p ·B3aHMO,neHCTBHH C pa36HeHHeM 
71- 12 c -npoTOHOB no yrnaM HcnycKaHHR BMecTe c ,neneHHeM 

B3aHMo,neiicTBHii Ha ,nae rpynnbi no 'IHcny npoToHoB I c N =1 
p 

H Np >_2/. 

llonyqeHHble pacnpe,neneHHR annpoKCHMHpOBanHCb o,nHOH HnH 

cyMMOH ,nayx 3KCnoHeHT B 3aBHCHMOCTH OT ycnoaHii ,nocT~eHHR 

HaHnyqweii annpoKCHMaUHH. llony'leHHble pe3ynbTaTbl .nns napa

MeTpoB HaKIIOHa B 1 ,B 2 H B3 BBblpa)l(eHHRX f 1(P2)=A 1exp(-B 1p 2) 

H f
2
(P2)=A2 exp(-B 2P2)+A3 exp(-B 3P2) npHBO,nRTCJI B 111a6.11. 7,8 

BMeCTe C COOTBeTCTBYIOIUHMH ,naHHbiMH ,nnJI 77 p-H 

MO~eHCTBHH. B CK06KaX yKa3aHbl 3Ha'leHHJI BeiiH'IHH 

CTeneHb CB060,nbl. 

rr- 11 -s3aH

x2 Ha o,nHy 

0TMeTHM pJI,n HaH6onee CyiUeCTBeHHbiX, Ha HaW B3rnJI,n, cPaKTOB. 

KaK aH,nHo H3 111a6.11. 7, 3Ha'leHHJI napaMeTpoB B 
1 

,nnJI rr- p-H rr- 11 -

B3aHMO,neHCTBHH COBna,naiOT CO 3Ha'leHHJIMH napaMeTpa B 3 ,nnJI 

npoTOHOB,HCnymeHHbiX "Bnepe,n" H3 77-
12 C ·B3aHMO,neHCTBHH, B TOM 

'IHcne H B pa3Hb1X HHTepsanax "nepe,nHHx" yrnoa. TaKHM o6pa30M, 

cpe,nH npOTOHOB, HCnyiUeHHbiX H3 77- 12C 'B3aHMO,neHCTBHH "Brre

pe,n", cymeCTByeT rpyrrrra, KOTOpaJI He "'lyBCTByeT" BIIHJIHHJI JI,npa. 

C yBeiiH'leHHeM yrna HCIIYCKaHHJI HaMe'laeTCJI pOCT BeiiH'IHH 

rrapaMeTpoB B 3 so seeM HHTepaane yrnos oT 0" .no 180° KaK 

a co6biTHJIX c o,nHHM HcrrymeHHbiM rrpoTOHOM I N P =1/, TaK H B co-

6b1THJIX c NP 2. 2. llpH'leM, B co6biTHJIX c N =1 H NP '>2 3TH p -

napaMeTpbl OKa3biBaiOTCJI O,nHHaKOBbiMH IIO BeiiH'IHHe. 

llapaMeTpbl B 2 ,nnJI rrpoTOHOB, HcrrymeHHbiX "srrepe,n" H "Ha3a,n" 

B rrpe,nenax OWH60K O,nHHaKOBbl H He 3aBHCJIT OT MHO)I(eCTBeHHOCTH 

npOTOHOB. llo- BH,nHMOMY, :no CBJI3aHO C 60IIbWHM BKna,nOM HCIIa

pHTeiibHbiX IlpOTOHOB B "KpyTOH" 'laCTH CIIeKTpOB. llocne,nHee 

no,nTaep)l(,naeTcJI xapaKTepoM yrnoablx pacrrpe,neneHHii rrpoTOHOB 

c P < 0,2 T3B/c H P ~ 0,2 T3B/c /eM. puc. 6/. llpoTOHbl 

nepaoii. rpynnbl oKa3biBaiOTCJI 6onee H30TPOIIHbiMH. 
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Puc.2. Pacnpeoe/leHue f(P 2 ) O/IJI npoftoHo6, ucny111eHHbiX U3 
rr- 12 C - 63QUMOOeUCIII6UU 6 UH111ep6U/Ibl YZ/106 0 ° 5 () JI < 30 ° ; 
30 ° 5: () JI < 60 ° ; 60 ° ~ () JI < 90 °. 
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13 



Ta6Aut~a 7 
llapaMeTpbl HaKJlOHa )J.JlJI npOTOHOB, HCnyll(eHHbiX "Bnepe)J.". 

Tun 
8381!
MOLiell
eTBI!ll 

rr-p 

rr -n 

rr- 12 C 

NP =1 

17 - 12C 

N >2 
p -

1T- 12 c 

Bee 

n HHTepaan yrnoa uerryeKaHu~ rrpoTOHOB apa-
Me"rp 
HaKJlO-
Ha oo 7 30o 

(f3BI e 12 

81 
4,4:!:_0,6 

( 0, 79) 

-
81 

82 -

83 

30°-;- 60° 60° -;- 90° 

7,4:!:_0,5 12,1±_0,5 
( 1,05) ( 1 '77) 

- -

7 3,4:!:_56,0 61,9±_28,5 

11,1±_0,7 15,2:!:_0,8 
( 1,87) ( 1 ,59) 

82 32 ,0±_349,4 34,4±_7 ,6 40,1±_7,9 

83 
8,4±_1,5 8,8±_1,1 11,7±_1,1 
( 1 ,13) (1,07) ( 1,54) 

8 17,7±_29,0 36,6±_6,3 46,2±_D,9 
2 

83 
6,1±_2,4 8,1±_0,8 12 ,8:!:_0,7 
(0,86) ( 1 ,17) (2,60) 

oo-;- goo 

8,7:!:_0,3 
( 1 ,61 ) 

7 ,9±_1 ;2 
( 1,65) 

38,9±_8,2 

8,8±_0,7 
( 1,35) 

35,7±_4,8 

8,7:!:_0,6 
( 1,40) 

37,4:!:_4,7 

9,0±_0,4 
( 1 ,35) 

3AKJI/OlJEHHE 

B pa6oTe Ha OCHOBe aHa1lH3a ::: 20 000 B3aHMO,IleHCTBHH 

rr -MeJOHOB B nponaHe Bbl,lleneHbl .-r- 12 C -BJaHMO,IleHCTBH.A: 

/-5000 cnyqaeB/, conpoBO)I(,IlaiOI.I.(HecH HcnycxaHHeM, no xpaiiHeif 

Mepe, O.D.Horo npoToHa. Onpe,lleneHa aepo.A:THOCTb TaKHX BJaHMo

.D.eiicTBHH, B TOM 'IHCne H C HCnycKaHHeM npOTOHOB B nepe,llHIOIO 

H Ja,llHIOIO nonyc$epbl na6opaTopHOH CHCTeMbl. KOOp,llHHaT. CooTHO

WeHHJI Me)l(,lly BepO.A:THOCT.IIMH HCnycKaHH.II pa3HOrO 'IHCna npOTOHOB 

B Ja,llHIOIO nonyc$epy noKaJbiBaiOT, 'ITO 3TH npo~eCCbl He JaBHCHMbl. 

llony'leHbl Cpe)J.HHe xapaKTepHCTHKH Jap.A:)I(eHHbiX 1T -Me JOHOB, 

KOTOpble OKaJaJlHCb TaKHMH )l(e, KaK H BO BCeX rr- 12 C - BJaHMO-

)J.eHCTBHJIX. 
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Ta6Aut~a 8 
llapaMeTpbi HaKnOHa ,llJlJI npOTOHOB, HCnyll(eHHbiX "HaJa,ll" 

Trw 
B38l!MO
I.leiieTBI!lJ 

napa
MeTp 
HaKno-

HHTepaan yrnoa uerryeKaHI!~ rrpoTOHOB 

H8 cf' . o 
(f:3B/e )2 9 _,. 120 120° ~150' 150°7 180° 900 7180° 

"-12c B2 23,6:!:_5,1 100, 7±..70,4 - 44,9±_15,9 

Np ~1 83 5,9:!:_8,4 19,7±_2 ,9 - 15,0±_2,4 
(1,42) (0,47) ( 1 ,55) 

"- 12c 82 72 ,6:t_47 ,1 86 ,8:t_53,1 48,7:!:,.17 ,1 59,0:!:,.16,5 

N P 2. 2 83 
15,7±_1,1 20,7±_1,9 10,9:!:_5,9 14,9:!:_1,1 

( 1 ,27) (0,71) ( 0,70) (0,99) 
-

rr- 12c 82 59,0:t_27 ,0 84,6±_28,4 36 ,4±_9 ,0 57,2:!:,.12,2 

83 
15,0:!:_0,9 18,0±_1,6 8,7±_9,4 14,4±_0,8 

Bee ( 1 ,37) ( 0,93) (0,64) ( 1 ,32) 

lfJy'leHbl CTPYKTYPHble cPYHK~HH .D.nH npoTOHOB, BblneTaiOI.I.(HX 

no,ll pa3JlH'IHbiMH yrnaMH, B TOM 'IHCne H ,llJlJI C06biTHH C paJHbiM 

'IHcnoM JTHX npoTOHOB. AnnpoKcHMa~HJI JTHX cPYHK~Hii 3KcnoHeH

~HanbHbiMH JaBHCHMOCT.A:MH noKaJana, 'ITO xax B rr- 12 C, Tax 

H B rr j)-BJaHMO)J.eHCTBHJIX Cyll(eCTByeT rpynna npoTOHOB, o6na,llal0-

ll(HX O)J.HHaKOBbiMH CBOHCTBaMH. 

llapaMeTpbi HaKnOHOB JKCnOHeHT ,llJlJI BbiCOK03HeprH'IHOH 'laCTH 

cneKTpOB paCTYT C yBeJlH'IeHHeM yrna HCnycKaHHJI npOTOHOB. 

ABTOpbl 6naro,llapHbl xonnexTHBY cOTPY.D.HH'IecTBa no o6pa6oTxe 

CHHMKOB C .llBYXMeTpOBOH nponaHOBOH KaMepbl 01-UIH Ja o6Cy)I()J.eHHe 

H nOMOI.I.(b B nonyqeHHH 3KCnepHMeHTanbHOrO MaTepHana • 
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