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An~ aHSJ11-13S MeXSH~3MOB 838~MOA€~CTB~~ SAPOHOB C ~APSM~, 

,qn~ pact..~eTa pa,q~au.~oHHO~ aall!~Tbl, ou.eHoK t.1HTeHCt.1BHOCTI-1 nyt..~KOB 

BTOP~4HbiX 4SCn1U. Ha yCKOPvtTeJl~X 1-1 P~AB APYn1X 3BAB4 Heo6xo

A1-1MO vtMeTb aHaJU1Tt.14ecKJ.1e Bblpa)l(eHt-1~ AJ.1¢¢epeHU.HBJ1bHbiX ce4eHH~ 
BbiJleTa npOTOHOB J.1 Hei:1TpOHOB B Heynpyr\IIX p-p J.1 p-n 83814MQ

,Qe~CTBYIAX d 3aldp3 ,KOTOPble 6bl111-1 6bl nplo1rO,QHbl AflR WI-1POKO~ o6-

J1SCTJ.1 3Heprlo1~ nepsYI4HbiX 4aCTJ.1U. T >> 1 raB *. 
TaKI-'Ie BblpameHJ.1fl, cpaeH~Ten bHO npocToro evt,qa, c no,qo6paH

HbiMt.1 1-13 Cp88HeHJ.1~ C OnbiTOM K03Q)¢1-1U.I-1eHTSMI-1 MQ)I(HO nony41o1Tb 

B 0,QH04SCTH4HOM lo1HKJ1~31-1BHOM no,qxo,qe, HCnOJ1b3Y~ rHnOTe3y CKe~

J1J.1Hra I eM. , Hanp~-tMep, pa6oTbl 1 1· 71 , r,qe MO)I(HO Ha~TH ,qanbHe~wyiO 
6~-t6.n~-torpa¢J.1~/. B HeKoTopbiX cny4aAx T04HOCTb Bblpa)l(eHH~ oKaabl

saeTcA ,qoaonbHO 8biCOKoH. K comaneHI-1~, 3TH Bblpa>KeHio1~, KaK npa

BHno, npi-1MeHHMbl J1~Wb B orpaHY!4eHHO~ 06naCT~ 3Ha4eHHi:1 K~HeMa

Tio14eCKio1X nepeMeHHblx. AnR 6onee nonHero onHcaHHR 3Kcnepi-1MeHTa 

npHXO,QHTCR 880,QVITb ,QOnOJ1HJ.1TeJ1bHble ¢eHOMeHOJ10rH4eCKvte 4J1eHbl, 

KOTOpble YT04H~~TC~ no Mepe HSKOnneHHR 3KCnepHMeHTBJ1bHbiX ,QSH

HbiX /S/ **. 
E~e o,qHa TPYAHOCTb, B03HvtKa~aA npvt nocTpoeH~YI annpoKCYIMJ.1-

PYIOU4YIX Bblp8)1(eHH~, COCTOHT 8 TOM, 4TO 143BeCTHble 8 HSCTO~u_.ee 

apeMR 3KCnepvtMeHTSJ1bHble ABHHble noKa He no3BOI1RIOT C paBHOH TQ4-

HOCTbiO onpe,qe.ni-1Tb 4HcneHHble K034>¢1o1U.vteHTbl ,qnR 8cex nmoe peaK

U.HH, pa3J1YI4SIOU41-1XCR aapR,QBMI-1 nep81o14HbiX 1o1 BTOPio14HbiX 4aCTJ.1U.. noKa 

eute nnoxo lo1CCJ1e,Q088Hbl CneKTpbl HeHTpOHOB 8 p-p CTOJlKHOBeHHRX, 

* 3,qecb 1o1 8ea,qe ,qanee T - KHHeTI44ecKaR 3HeprHR Ha.neTaiOu,.eH 

48CTYIL.J.bl 8 .na6opaTOpHOail CYICTeMe KOOPAHHST. Mbl 6y,qeM lo1CnOJ1b30-

B8Tb cTaH,qapTHble o6oaHa4eHJ.1R: S -Kea,qpaT nonHoail 3HeprHI-1 cTa.n

K~;~aa~vtxc~ 4aCTio1L.J. 8 CHCTeMe L.J.eHTpa Macc,p H p~- npOAOJ1bHaR 

H nonepe4HSA KOMnOHeHTbl J.1MOY11bCa BTOpH4HO~ 4SCTVIL.J.bl B 3TOail 

C14CTeMe KOOPAHHBT, E = T +ffi::: (p~ +Pl +m)% - COOTBeTCTBy~aR 
3Hepri-1R 4aCTHU.bl x = 2p 

11 
Is~, x~ = 2p..l /s% • 

** 81o1A 3THX 4neHOB TBK*e nOACKS3~8aeTCR TeopeTH4eCKJ.1M\II HC

cne,qoBaHVIRMVI aHSJ1HTV14eCKJ.1X CBOai!CT8 aMnJlVITYA B3aJ.1MOAei7JcT8H~, 

O,QHSKO CHTYBU.YI~ 3,QeCb BeCbMS HeOAH03HS4Ha. 
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OYeHb MSI10 ,QSHHbiX AJlR p-n 

pHYHbtX Hei1TpoHos. B TaKHx 

B3SHMO,Qe~CTBHi1, OCo6eHHO AflR BTo

CilyYaRX npHXO,QHTCR np~t~cnoca6!1HBSTb 
Bbtpa)!{eHHR, nonyYeHHbte ,QJlR YaCTHI...I ,QpyrorO 3H8KS 38PR,Q8, YTO 
BHOCHT onpe,qeneHHble norpeWHOCTI-1 8 a6COJ110THYIO seJ1H4HHy Ce4eHHi1 

BbiXO,Q8 48CTHI...I H MQ)!{eT 38MeTHO HCK83VIT!t' BVI,Q ,QVI¢¢epeHI...IV18I1bHbiX 
pacnpe,qeneH~t~l1 d 3a(x,p-l., s)/dp 3 , oco6eHHO a ofinacTH fionbWVIx 
3HS4eHHi1 X VI p ...J.. • 

TeM He MeHee, ,qnR yKaaaHHbtx Bblwe aa,qaY T04HOCTb $eHoMeHo-
norV~4eCKHX Bbtpa>KeHVIi1 d 3a/dp 3 

OK83btBaeTCR snonHe np~t~eMJleMoH, 
nOCKOJlbKY 6011bWHe VIMnynbCbl BS>KHbl, rnaBHbiM o6pa30M, JlHWb ,QilR 
JlVI,QVIPYIOli\HX 48CTHLI, pacnpe,qeneHVIe KOTOPbiX annpoKCVIMHpyeTCR ,qo
CT8T04HO T04HO; 4TO >Ke KaCaeTCR OCTSJlbHbiX 48CTitll...l, TO OHitl CpSB
HHTeJlbHO pe,QKO VIMeiOT 60J1bWHe 3Ha4eHVIR X VI P.l . EcnVI CTOJlKHOBe
HHR 1.18CTVII...I paCC41o1Tbi8810TCR /pa3btrpbt8SIOTCR/ MeTO,QOM MOHTe-Kapno, 
TO HeCYli\€CTB€HHbiMf.1 OK83biB810TCR f.1 norpewHOCTVI 8 a6COJ110THOi1 ee
J1VI4HH€ Ce4€Hf.1i1 d 3a/dp3 , TSK K8K MHO)!{eCTBeHHOCTb BTOPf.14HbtX 
48CH11...1, HX 3Heprf.1H f.1 yrnbl BbtlleTa MO>t<HO onpe,qeJ1f.1Tb C nOMOli\biO 
OTHOCf.1TeJ1bHbiX - Hanpf.1Mep, HOPM11.fOB8HHbiX Ha €,Qf.1HVII...IY, - ,Q~tt$¢e
peHI...IV18J1bHbiX pacnpe,qeneH~ttl1 /eM./ 

1 I. 

H€,QOCT8T0LlHO~ Cne,qyeT TSK>Ke vtMeTb a B~ttAY, 4TO 6naro,qapR 
T04HOCTVI 3KCnepHMeHT8IlbHbtX C€4€HHI1 d 3a/dp 3 , H8 OCHOBe KOTo
PbiX no,Q611p810TCR K03¢¢vtl..lf.1€HTbt B annpoKCVIMf.1PYIOli\VIX $OpMy118X, !.laC-
TO OK83btBaeTCR T8K, LlTO Bbtpa>KeHvte, XOpOWO Om1Cbl8810li\€e ,Qlt1$$e
P€H1...1H811bHble pacnpe,qeneHf.1R, npvtso,QHT K nnoxo cornacyl0li\f.1MCR 
c onbtTOM /a npe,qenax ¢aKTopa 1,5-2/ 3Ha4eHJ.1RM cpe,qHel1 3Hepr1.1J.1 
po)!{.Q810li\J.1XCR 4SCTlttl...l <T>, v.x cpe,qHero nonepe4Horo V~Mnynbca <p.l > 
vt ,qpyr1.1x f.1HTerpanbHbiX xapaKTep~ttcTHK. BMecTe c TeM T04HOCTb 
annpoKCvtMHPYIOii.IHX Bbtpa)!{eHvtl1 Cyli\eCTBeHHO yny4WaeTCR, ecnH 3Tvt 
Bbtpa>KeHHR no,q6VIpaTb npH ycnos1o11o1 xopowero cornacosaHf.1R pac4eT
Hbtx HHTerpaJlbHbiX Be11vt4VIH C pe3yJ1bT8T8MVI lo13MepeHHI1. npHBO,QVIMbte 
Hvt>Ke annpoKcvtMal..l~ttl-1 nony4eHbt c y4eToM 3Toro Tpe6osaHio1R. 

Mbt paccMoTPHM o6nacTb 3Heprvtl1 oT T:::. 5 138 ,qo T- HecKOilbKI.-tx 
TbiCR4 138, npvt MeHbWVIX 3HeprvtRX ,QJlR onpe,Qe11€Hf.1R xapaKTepvtCTHK 
BTOplt14HbiX HYK110HOB MO}f(HQ f.1CnOJ1b3088Tb XOPOWO pa3pa60T8HHbl€ 
MOHTe-KapnoBCKf.1€ MeTO,Qbt H annpoKCHMf.1PYIO(l4H€ Bbtpa>KeHitiR, OCHOBaH
Hble Ha peaoHaHCHbtX MO,QeJlRX /CM. 191 , r,qe MO}f(HO H811Tvt ,Q8IlbHel1wyiO 
6~tt6nvtorpa¢HIO/. 8 o6nacTf.1 3Heprvtl1, 6onbWf.1X HecKollbKvtx TbtCR4 138, 
r,qe HM€10TCR JlHWb pa3p03HeHHbl€ H H€T04Hbt€ KOCMio14€CKJ.1€ 3KCnepf.1-
MeHT8JlbHbte ,qaHHbte, ~t~cnonbayeMbte H8Mf.1 BbtpameH~ttR c onpe,qenReMbt
MI-1 l-13 OnbtTa K03¢xl>vtllf.1eHT8MVI, CT8HOBRTCR BeCbMa npvt6Jllo1>K€HHbiMf.1, 
0,QH8KO 8 Cf.111Y He,QOCT8TKa 3KCnepf.1M€HT811bHOH f.1H¢opM81...11.1VI ,qame 
T8Kf.1€ 01..1€H04Hbl€ annpOKClt1M8U,HVI npe,QCT8811RIOT 3,QeCb 60J1bWOI1 HHT€
peC, 
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AH4XJ>epeHu,HailbHoe pacnpeAeneHHe 11 coxpaHRIOU.IHXCA 11 4aCTHU. 

B N-N CTOilKHOBeHHAX MO)f(HQ OnHCSTb 8btpa)f(eHHeM *: 

3 
d a(x.p.l,s) 

E-----
dp 3 

2 
0 27 fp.l 

c-x..L s ' (1-x) gx 
~a(l+bxs )-----e 

(pf +id d 

2 
v -5p..l 

t-US (1-x)e X 

O"[x[<0,7 
/1/ 

l t-at 
x A It I ( - x-')--;:-,---e 1" 

(0,0195-t 2 ) 2 

4 s
0 

ai 
+ l G (-) 

i = 1 I s 

0,7:'[x[<l 

t ~-p 2/x -(1-x)(M2/x -M 2). 
.l c a 12/ 

3AeCb M a 1-1 M c - MaCCbl 4aCTI-1U. 8 l-1HKI1103H8Holli peaKU,HYI 

a+b .... c+ ••• /8 ASHHOM cny4ae Ma==Mc - Macca HYKilOHa/, s 0 = 

== 1 f3B 
2

• 3Ha4eHYIR nocTORHHbtx npl-18eAeHbt 8 Ta6n. 1 1t1 2. Bo scex 

e~pa)f(eH~Rx Ailfl x cneAyeT ~cnonb308aTb a6coniOTHoe 3Ha4eHYie. 

B cny4ae p-p \.1 n-n B3altiMOAeikTB\IIH pacnpeAeneH!riR 4SCT~U. 

8 06J1SCTYI nOJlQ)f(YITeilbHbiX 1-1 OTPYIU,ST€IlbHbiX 3H84eH~i/i X OtMMeTplti4Hbl 

OTHOC\IITeJlbHO X =0. TaKOili CI-1MMeTPVIVI HeT AJlfl p-n B3S!riMOAel-icT8HI-i, 

rAe COXPSHR~~VIMVICA 4SCT\.1U,SMVI C4HTS€TCFI npoTOH npVI x>O 1-1 HeHT-

poH npl-1 X< 0 /B n-p B3SHMOAeiliCTB\.1\rl 3HSK X H3MeHReTCR HS 

o6paTHbtH/. 

KaK BHAHO 1-13 pl-lc.l-3, BbtpameHVIe /1/ xopowo cornacyeTcR 

C 3KCnepHM€HTQM. 3TO corJlaC\.1€ \IIM€eT MeCTO npH 3HeprVIRXT>5 f38. 

Bbtpa»<eHHfl /1/, /2/ np~t~MeHHMbl TaKme AJ1fl onHCaHHR cneKTPos 

HeCOXpSHFIIO~HXCfl HYKilOHOB B peaKU,\.1fiX C nepe3aPRAKOili HaJleTaiO~HX 

* 11
CoxpaHRIOU..\eilicR11 Mbt Ha3btsaeM 4acTHU.Y a 8 peaKU,HI-1 a+ b ..... a+ ... , 

ecnH 3Ta 4aCTHU.a nocne B3ai-1MOAeilicTBt.1R BbtileTaeT s Ty »<e nony

cQ>epy, 4TO 1-1 AO saaHMOAellicTBHH. PacnpeAeneHHe AJlR ''coxpaHHIO

~ei1cH'1 48CTI-1U.bl b 8 peaK~..tl-11-1 a+ b--~> b+ ... On\IICbiBaeTC.fl !POPMYilSMl-1 

111-121 c 3aMeHo~ [x[ ~ 1-xl /T.e. a3HMyTanbHble yrnbl BblneTa 

48CT\.1U. a l-1 b CBfi38Hbl COOTHOWeHHeM eb = TT - e a I. B CJ1y4ae p-p 

1-1111-1 n-n CTOilKHOBeHHA 4SCT\rlll,b1 a \.1 b COBepweHHO paBHonpaBHbl. 

Ecnl-1 11 coxpaHHIOIJ.ISHcR 11 4acn1u,a a lt1JU1 b BbtneTaeT cooTBeTCTseH-

HO noA MSilbiM (8~ 0) 1-1!11-1 60ilbWVIM (O_rr) yrnoM, TO OHS yHOCt.1T, 

KSK npaBt.1IlO, OCHOBHYIO 48CTb 3Heprt.1YI CTSilK\.1BSIO~t.1XCfl 4SCTt.1LJ,. 

TaKyiO 4acTHU.Y HS3biBSIOT nHAt.1PYIO~eili. 
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Ta6n"~a 1 

3H84€H~R K03$¢H~H€HT08 8 cneKTPSX COXpSHR~~HXCR 
1-1 HecoxpaHRIOtlt~t~XCfl HYKilOHOB np1-1 fx I <0,7 

Ko3<P¢. 
a b c d 

PeaKU.HR 
f g p u v 

PP ~ P + •·• 100 9,4 -0,06 6,43 0,21 1 • 5 1. 81 230 -1 
Pll-+P+··· x<O 6,0 3,6 -0,01 4,9 1 ,0 3,0 1,36 230 -1 

x>O 95 8,5 -0,06 6,43 0,45 1 '4 1,84 210 -1 
PP-+ll+ ... 13 0,35 0. 17 5,5 1 '2 -0,4 1,25 210 -1 

Ta6n"~a 2 
3HS4€HI-1fl K03¢l¢Hli,I-1€HTOB B cnet<Tpax COXpaHRIOIJ.IHXCR 

" HeCOXPSHRIOutHXCR HYKilOHOB npH fxl_?0,7 

0,QHHSKOBbl€ ,Qilfl 

peaKI..IHH 
PP-+P+···· pn-+p+ .... PP-+D+ ••• ecex 

A 19 23/23/* 3,8 R 4,3 5,6/0,08/ 0,23 
a 0,6 1 '2/1 '3/ 1 ,62 

a; f3; Y; a, R; a, R, a i R; 

1 0 0 1 ,5 3,3 -0,38 5,7/3,8j0,07/4,8/ 
2 0 -0,5 0,85 9 6,5 1 10 0,007 0,45 
3 0,5 -0,5 1 '5 57 3,6 24 1 ,4 5. 1 4' 1 4 0 -1 0,2 0,2 1 '5 0,07 1 '3 

* 1\nH o6nacTH x<O 

4SCTJIH-1: Hei:1TpOHOB B p -p B3SJ.1MO,QeC1cTBHRX, npOTOHOB C X< Q 
H Het1TpOHOB C X> 0 8 p-n 83SI-1MO,Q€l1CTBI-1RX /lit COOTB€TCTBYIOtqJ.1X 
'•-laCTI-Il" B 3SpR,QOBO-CHMM€Tp"14Hbl~ O-Il H n-p CTOJ1KHOB€HJ.IIRX/, 
0T!1J.14He OT COXPSHRIOIJ.IHXCR 4SCTHLI, IlHWb 8 3HS4€HHRX K03¢l¢lHLI,HeH
TOB /CM, Ta6n. 1,2/. 

~3 p~c.4,5 BH,QHO, 4TO B cny4ae p-p B3aHMO,Q€t1CTBHI7r pSC4eT
Hbl€ C€4€HI-1R XOPOWO cornacyiOTCR C 3KCnepHM€HTOM. 6onee TPYAHbiM 
~en~eTc~ cny4a~ p-n B3aHMOAe~CTBH~, rAe o4eHb Mano 3KcnepH
MeHTant:. HbiX AaHHbiX. B Ta6n. 1 , 2 yKaaaHbl 3Ha4eHH~ K034>4>a-1~HeHToB, 
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...... 
"' u ~-~~~~epeH4~anb

Hbte pacnpeAeneHlr1fl 

BTOP\11'-IHbiX npOTOHOB 
.,. 
I 10 

PP-P + ... 

a Heynpy r~r1x p-p -

CTOJlKHOBeHHfiX Anfl 

o6nacnt x :s 0 ,6. 
To4e4Hble KPHBble -

pac4eT AilR T=lO f3B, 

MyHKTlr1P - pac4eT AilR 

T ~ 103 r3B. Bo3ne 
Kpi-1Bb\X YK838Hbl 3H8-

"eH~~ p~ /r3B/c/. 
3KcnepHMeHTan bHbte 

T04KH 83RT~ 1-13 pa-
60Tbl /iO/, 

"' "' L 

\0 s 
;[ 

...... 
M 
a. 2 "0 

~ 
M 1 
"0 
I.LI 

0.5 

0.2 

0 

P1r1c.2. AH¢¢epeH4lr18JlbH~e pacnpe

,Qe.neHVIR BTOPlr14HbtX npOTOHOB 

B HeynpyntX p-p CTOJ1KHQB€HHRX 

AilR o6.nacn1 x 2: 0 ,6. Kplr1Bble -

pac"eT An• T: 10 3 r3B. Bo3ne 

Kpi-1Bbtx yKasaHbl sHaYeHlr1R P.L 

/f3B/c/, 3HS4KaM~tt X, T , e , 

0 HSH€C€Hbl 3KCnep!-1M€HT8.flbHbl€ 

TQ4Kll1 /11,12/ COOTB€TCTB€HHO AJlR 

T~385, 659, 1062, 1482 r3B. 

0.1 

npH KOTOpblX nony4S€TCR H811111Y4Wee 

cornac~tte c HsaecTHbtMJ.1 3KCneplo1MeH

TaMH /CM,plr1c.6/, 0AH8KO MOmHO 

O>tH1A8Tb, "4T''PesynbTaTbt 6onee 

,Q€T811bHblX H3MepeHH~, 803MQ}I(HO, 

noTpe6y~T yT04HeHHR 3THX K03$¢H

~HeHT08, 

B o6nacTH T ?: 5 r3B pac4eTHb1e 

MHO}I(eCTBeHHOCTH npoTOHOB VI He~T

POHOB <np>=1,4, <nn> =0,6, 

r11e 

0.2 

10 2 

...... 
"' u 

10 "'" I 

"' "' L 

"' 1 ;[ ...... 

0.3 

0.4 

1.8 

0.7 

0.4 

,. - 11 r3B 

X -500r3B 

• -1100 r3B 

"' -1500r3B 

0.4 0.5 0.6 
:r. 

0.9 
X 
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/3/ 

aiN - nonHoe ar<cnep~MeHranbHOe ce4eH~e Heynpyroro saa~MOAeHcr
B~R Hyr<noHoa. PeaynbTaT~ pac4eroa xopowo cornacy~TCR c on~ToM 
/pHc.?/. 
~OAR 1-13 CT8THCTW4€CKHX C006pa~eHHH, OCHOBaHH~X Ha H30TOnH-

4€CKOH HHB8pH8HTHOCTH, 4aCTO yTsepmAa€TCR, 4TO npH 60JlbWOM 4HC-
ne 8TOPJ.14Hb1X 48CTI-1U, <np > = <nn >, He38BHCHMO OT 38PRA8 CTan-
KHB810UtJ.1XCR HYKJlOHOB. npHB€AeHHbJe ABHHbl€ noK83blB810T, 4TO 8 p-p 

6 

10 

,.'-
y 5 

C"'l 
c. 
'0 

~1 
C"'l 
'0 
w 

0.5 

\ pp-p+ ... 

\ \ I 
\0.45 \0.65 \o.825 1.0.925 

\ \ \ \ 
\ ~. ~ \ 

+, \ I + 
! +\ '\· + I . 

\ ~i ~\ ~ ' ~ ~ \ I ~1 ~ I 
\ \ !\ ~ 

0.1 '--::-':~ ....... -:!-::-'-,-:'.\ \, -,l!----1 ...J.......:' 
0.5 1.5 0.5 1.5 0.5 1.5 0.5 1.5 

Pf ;r ... s/c/ 2 

PHc.3.PacnpeAeneHHe nporoHoa s HeynpyrHx 
p-p -cTOJlKHOBeHHRX no aenH4HHe HX nonepe4-
HOrO HMnyJ1bCa npH T = 1062 r ... s. Kp"Bble - pac
Yer, To4Kf.1 - 3Kcnepl.<1MeHT ItS/. Beane KPIIIBbJX 
yKa3aHbl 3Ha4€HHR X. 



10 
., ...... 5 u 

"' I 
co 1 "' '-

"' 0.5 :>: 
' 

"'a.1(f1 x- 270 138 
-c 

v.~- 500 138 -10 

0,6 

"' "· •-1060 138 
u 
LLJ o,e-1500 138 10-2 

0 0.2 0.4 0.6 0.8 1 X 
PHc.4. JlH¢¢epeH~I-1ailbHble pacnpe,QeneHHR He~TPOHOB s p-p -saaHMo

Ae~cTBt.oiRX. Kp111Bble - pac~eT AJ1fl T =10 3 r3B. Bo311€ KPI-1BbiX yKa-

3aHbl 3Ha4eH~t~R PJ. /r3B/c/. 3Kcneplt1M€HTanbHble T04KH s3RTbl 1-13 

pa6oTbl 1141 • 

'10 
"'u 

7 
~ 1 
'-

~ 
' M 

%10-1 
' 10 

M 

u 
w 10-2 

\ 
,- \ 06"':x:.;0.7 

t- \0~ 
~0 

I 

b-
\ 

I 
Iii 

1 2 

~:. 
'\;, 0.3"'X!S0.4 

"' \t 

l \ 
X- 500 138 

.A-1060 138 

o-1500 136 

I I I 

0 1 2 
PHc.5.PacnpeAeneHHR HeHTpOHOB e ~ eaaHMOAeiAcTBHRx no senH4H

~ nonepe4HOro J.1Mnynbca. KpHBbl€ - pac4eT AflR T = 10 3 r3B. 

80311€ KP14BbiX yKa3aHbl AHana30Hbl 3Ha'-I€HI-1iA X, K KOTOpbiM OTHOCfiTCfl 

3KCnepvtM€HTSilbHbl€ T04KJ.1 /14/. /PaC4€T BblnOilHRilCfl AJlfl COOT8€TCT

BYID~J.1X CP€AHHX 3Ha4eHHIA/. 
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100 p+n...p +. · · 

L-~~-L_L_L__~-L~~~--L-~ 

-1 -0.8 -0.6 -0.4 -0.2 0 Q2 
X 

P~t~c.6. PacnpeAeneH~H npOTOHOB e HeynpyroM p-n aaa~MOAe~CTB~~ 
nplo-1 'I'= 56' 7 r3B. Kp~t~Bbl€ - pac4eT AflR yKa3aHHbiX HHTepsanoe 
P..L ;r3B/c/. 3Kcnep~t~MeHTanbHble To4KI-1 B3f1Tbr 1113 pa6oTbl /15/. 

0.8 LLll.-.L......J.-L.L.Ll-U.L.,:-----L-..L..LJI~~,---1--__J 
102 103 10 

T ;r3B/ 
P~ttc. 7. Cpe,QHee LU1cno BTOPH4HbtX npoTOHOB s HeynpyroM p-p cTonK
HOBeH~t~~t~. Kp~t~BaR- pac4eT no ¢opMyne /3/, T04KH- 3Kcnep~t~MeH
TanbHble ,QSHHbl€ /!S· 2SI, 
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HHT€rpa!1bHbl€ xapaKTeplt!CT14KIII BTOPIII4HbiX npOTOHOB 8 HeynpyrHX 
p-p 83SI4MO,Qel::icTBit!fiX /CHCT€MS t.teHTPS Mace/ 

T, r3B <pJ.p>, r3B/c <T p>• r3B <Kp> 

10 0,38 0,62 0,34 
20 0,39 0,99 0 '31 
10 2 0 '41 3' 17 0,30 

5 ·1 o2 0,42 8,02 0,29 
10 3 0,44 11 '6 0,29 

1 ,5-10 3 0,44 14,4 0,29 
5-10 3 0,44 26,9 Q,29 

CTOJ1KH08€Hit!RX cpe,QHIII€ MHOmeCTB€HHOCTIII npOTOHOB 14 Hel::iTpOHOB 
OCTSIOTCR pa3J11-14HbiMVI Aame nplll 04€Hb BbiCOKl.-lX 3Heprl.-1RX. 0 paseH
CTB€ 3HaqeHI.-11:1 <n > lo1 <n n > MO>!<HO rOBOPHTb J114Wb B CJ1Y4Se p-n 
B3aii!MO,Q€~CT814~. p 

B Ta6n. 3 yKaaaH!:.t aHa4€HHR cpeAHero nonepe4Horo II!Mnynbca 
npOTOHOB 0 p-p CTOJ1KHOB€Hio1RX 

<p.l(s)>:a[p.l.;s]/o[l; s], 

+1 
a[z;s]~ n [ dx 

-I 

2 
p .l MaKe. 

I E 
0 

z(x,p.L,s) dpJ 

Jx 2 + .i.cp.J.2+M 2)' 
s c 

/4/ 

!51 

PJ. MaKC.- MSKCVIt-1aJlbHaR B€J1YI4HHa nonepe'-lHOrO HMnynbCS npOTOHa, 
8bt4111CJ1€HHbl€ 3HS4€HI4R 6J1Yt3KVI K 3Kcr1€PII1M€HTSJlbHblM, KOTOPbl€ co
CTaBnmOT oKono 0,4 138/c B o6nacn1 T::: 5-30 13B 1-1 04€Hb Me,Q
neHHO aoapacTaiOT AO 3Hal.leHV1fl 0, 44 np1-1 T ~ 1 03

138. 
no CpaBH€HI-110 C npOTOHaMH CP€AHV1€ nonepe4Hbl€ VIMnynbCbl H€~T

pOHOB, POM<ASIOU\!r1XCR 8 p-p CT0JlKH08€HI-1fiX, OKS3biBaiOTCR HS He
CKOJlbKO np04€HTOB 60JlbWI-1MH, XOTR B npe,Qenax TOLIHOCTH HCnOJlb-
3Y€MbiX annpcKCI-1MaU.H~ Ha 3TOM paaJ111!4HI-1 HacTaHBaTb TPYAHO. 

B Ta6n. 3 np(..18€,Q€Hbl TSKme 3HS4€HHR cpe,QH€~ KHH€TH4eCKOH 

/6/ 

9 



<K (s)>~{<T (s)>+M }/ 'S. p p - p v-;:; 171 

npl-1 T:: 10 raB Be11H4HHa <T p > 6nvt3Ka K 3KCnepHMeHTaJlbHOMY 3Ha-
4eHI-110 0,6 raB 127

•
281 

H ASJlee B03pacTaeT HeCKOilbKO 6biCTpee, 4eM 
1/2 

-S /T.e, 2: T /. 3Ha4eHI-1.A <Kp > OCTSIOTCFI npaKTHlleCKlrl no-

CTORHHbiMI-1 BO seeM AltlanaaoHe 3Heprr.-t~ T ::_ 20 faB, CpeAHFIFI 
KHHeTH4eCKSFI 3HeprHR pomAa~~eroCR B p-p CTOJ1KHOB€HI-1J.1 He~Tpo
Ha <T n > a 1,5-2,5 paaa MeHbwe, ·4eM y npoToHa. C yaem14eHJ..1-
eM 3HepnH1 nepBI-14HO~ 4SCH11.1bl 3Hepn1fl <T 0 > B03pacTaeT HeCKOJlbKO 

MeA!leHHee, 4eM <Tp>:nplt1 T =10 raB OTHOWeHitle <Tp>/<Tn>=1,4 
npl-1 T = 102 11 10 3 raB OHO COCTSB!lReT COOTBeTCTBeHHO 2 VI 2,5. 

EcnH npHHFITb 80 BHHMSHHe OTHOCHT€JlbHYIO BepORTHOCTb pomAe

HHR npoTOHa 1-1 H€~TpOHa, TO AnR CP€AH€~ 3Heprl-11-1, YHOCHMO~ npo
TOHOM B SKTe Heynpyroro p-p CTO!lKHOBeHH~, nony~aeTC~ npH6nH-
3HTe!lbHO B4eTBepo 6onbwee 3Ha~eHHe, 4eM An~ He~TPOHa. npH 3TOM 
K03$¢H4HeHT HeynpyroCTH p-p B3aHMOAe~CT8H~, T.e. AO!lR 3Hep
rHH, YHOCHMaR BCeMH BHOBb POAHBWHMHC~ ~aCTH4aMH 

!81 

COCTaBnReT OKO!lO 42%, ~TO XOPOWO cornacyeTCR C 143BeCTHbiMI4 
3KCnepHMeHTS!lbHbiM\11 ,QaHHb1Mlt1 /eM, pH C. 8; AJIR p-n B3SHMO,QeiiiCTBH~ 
nony4aeTc~ 6nHaKoe aHa4eHHe/ *. ---

Ha PHC.9 cpasHHBa~TCR pac4eTHoe H 3KcnepHMeHTSJ1bHoe pac-
npe,QeneHHR K03¢¢H~HeHTOB HeynpyrOCTH W(K) AnR HHTepsana 

*8 COOTBeTCTBHH C TeM, l<aK 3TO 06bi~HO AenaeTCR B 31<CnepH
MeHTe, HOBbiMH C4HTS~TCR Bee BTOpH4Hble 4SCTI-14bl 3S HCK!ll04eHHeM 

ABYX HYK!lOHOB, EC!lH B ~HC!lO HOBbiX 4aCTH4 BKJliO~HTb \11 He&7:TpOH, 
TO senH4HHS COOTBeTCTBYIO~ero K03~H4\11eHTS HeynpyrOCTH 
<K>~l-<n2><Kp> ~ 0,45 npH T ~10 r3B H 0,4 npH 
T > 500 r3B. 

tO 



T- 10 2 -:- 10 3 138 *. :3TVI pacnpe,qeneHVIR 6nYt3KVI Me>KAY co6oH, o,q

HaKo CJle,qyeT VIMeTb B BI-1.QY, '-ITO 3Kcneplo1MeHTBJlbHble T04KVI nony-

4eHbl npVI pB3Jli-14HbiX 3Hepn1RX T 1-1 CO,Qep>KBT 6onbWVIe OW!II6KVI, no3-

TOMY MO>KHO AYMBTb, 4TO TeopeTYt4eCKOe pacnpe,QeJleHYte W(K) RB
JlfleTC.R 6onee TO'-lHbiM. 

" ~ 0.4 

v 
0.2 

I ' I I I 

5 10 50 10 2 

T /r3B/ 

P111c.8. 3asHCVIMOCTb K03$¢1Hu,~t~eHTa Heynpyrocn1 <K> 

I ' 

B npoTOH-HYKnOHHb!X CTOJli<HOBeHYtRX OT 3HepnH1 nepBI-11.1-

HOro npOTOHB. nyHKTVIPHBR KPVIBBR - paCl.leT. :3KcnepYt-

MeHTBJ1bHbte TOLIKH B3F1Tbl V13 pa6oT 129•30/ VI KOMnl-1-
IlRU,VI~ 131,32/ 

*Pacnpe,qeneH!IIe ,QOJlVI 3HeprVIYt, YHOCVIMO~ HYKJlOHOM, nony4aeTCFI 

nyTeM npocToro npeo5pa3oBaHI-1A: 
2 2 

d a(X,PJ.• s) 2 d aK(KN'pJ.,S) 2 f dp, dx ~ dp 1 dK ~ fW(K , s) dK . 
dpJ dX - dpJ dK - N N 

.QOJlR 3Hepnn1, 3BTpaYVIBaeMaR Ha o6pa30BBHHe BTOpV14HbiX Me30HOB, 

3BBVICVIT OT 3HeprYt~ cpa3y ABYX HYKnOHOB /eM. ¢opMyny /8//. Pac

l.leT pacnpe,qe.neHVIR 3ToH se.m·1LIV1Hbt, a TBK>Ke pacnpe,qeneHHi:l K N 
1 

VI K N 2 B na6opaTOpHoe1 Clo'iCTeMe KOOPAI-1HBT MO>KHO 8blnOJ1HVITb Me

TO,QOM MoHTe-Kapno /MeTo,qoM cTaTHCTYt'-!ecKo~ 6paK08KI-1/, pa3blrpbt-

sa.R 3Ha4eH~t~R nepeMeHHbtX x, p .l- no Q>opMyJie I 1/ H Bb14HCJ1RR cooT-

aeTCTBYIOUI~e 3HeprH~ HYKJlOHOB TN 1~f(x 1 ,p.J.l) , TN 2 ~f(x 2 ,p.l. 2 ) 

8 na6opaTopHoH Cl-iCTeMe HJlVI 8 Cl-iCTeMe u,eHTpa Mace. TaKe~ cno

co6 paC4eTa OKB3btBaeTCR BeCbMa 3Q>¢leKTVIBHbiM. 
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0.25 r--.--,--,----.-----, 

-~ 0.2 -3: 
0.15 

0.1 

0.05 

0 
0.2 1 

K 
PHc.9. Pacnpe,QeneHHe K03¢$H4H€HTa HeynpyrocrH 
Bp-p CTOJ1KHOB€HHRX, fHCTOrpaMMB- paC~eT ,QJ1R 

T = 10 2..;-10 3 rae. ToLIKI-1 - 3KcnepHM€HT8J1bHble 

,Q8HHbl€ /33~35/ A11R p-N CT011KH08€Hit1t1, nony4eH-

Hble 8 "HTepeane T "zo~5·10 4 f3B. 

~OI1R 3HeprHH, yHOCHMBR DHAHPY~mHM 

npOTOHOM H npOTOHOM OT,Q84H 

B ~ B38HMO,Q€~CTBHH 8 na6opaTOpHO~ 

CHCT€M€ KOOp,QHHBT 

T. f3B <K LID> <K > 
REG 

10 0,53 0' 15 

102 0,55 0,05 

1 o3 0,56 0,02 

B Cl-111Y 01MM€TPHH N-N 
CHCT€Mbl pacnpe,Q€J1€HHe W(K) 

" cpe,QHHH K03$¢HLtH€HT He-

ynpyrOCTltl <K> H€ 3881-1CHT 

or .roro, paCCM8TpHB810TCfl 

OH" B CHCTeMe Lt€HTpa MBCC 

"II" s na6oparopHoH Clr1CTe-

Me KOOPAHHar; e ro >Ke ape-
MR HYKilOHHbl€ K03¢$lllt...tH€HTbl 

<KNi> H<K.N
2 

>,paBHble B Clt1CT€M€ 4€HTP8 MBCC, CY11t€CTB€HHO paa

J1H48~TCfl 8 na6oparopHO!It CHCT€M€ K00p,QHH8T /CM, Ta6n.4/. np~ 

3TOM AOrtR 3Hepr~~, YHOC!t1Mafl 111t1AitiPY~ItiM HyK!lOHOM, OCTaeTCfl npaK

Titl'-leCKitl nOCTORHHO~ npltl acex T ::: 5 r3B. 
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~3 nplt1B€A€HHbiX AaHHbiX MO>t<HO CA€11aTb BbiBOA 0 TOM, 4TO B npe

Aenax T04HOCTit1 ltl3B€CTHbiX B HaCTORIJ.I€€ BpeMR 3KCnepltlM€HTaJlbHbiX 

AaHHbiX 14HKJli0314BHOe Bblpa>KeHI-1€ /1/ AOCTaT04HO XOPOUJO Om1CbiBaeT 

Alt1$¢€p€HLtlllaJlbHbl€ 1.1 ltlHTerpaJlbHbl€ xapaKT€pltlCTitlKJ.1 BTOPI-14HbiX HyK

JlOHOB B HeynpyntX N-N CTOJlKHOB€Hitl.AX, 1t1 MOm€T lt1CnOJlb30BaTbC.A 

A11.A pa3111114HbiX TeopeTII14€CKII1X 0Lt€HOK npt-1 T ?: 5 r3B. 
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