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Beec)eHue· 

3KcnepHMeHTRJILHLie ,naHHLie 0 p- n ·pacceHHHH IlpH BLJCOKHX. 
· :meprnHx ,naiOT HH!~JopMaUHIO ,nnH oueHKH pH,na M:o.neneii Teopnn 
'CHJILHLIX B3RHMO,neifCTBHii. liOJJLUIOH HHTepec npe,D;CTRBJJHeT cpas· · 
HeHHe · BeJJHqHHLI OTHOUieHHH · ,neifCTBHTeJILHOH qacTH- aMIIJJHTy,nLI 
yrrpyroro p-· n pa~ceHH~H K MHHMoii tE~ qacTH npn t =0 a ~n · 
C BeJIHqHHRMH, npe,nCKa3aHHLIMH ,nHCIIepCHOHI{LIMH COOTHOUieHHHMH. 
ConocTaBJJeHne napaMeTpoB · .. ·aMIIJIHTY~ p-n n n- p- pacceHHHH 
MO)KeT CJJY)KHTL ,nJJH IIpOBepKH IIpHMeHHMOCTH. Mo.il.eJJH T JJay6epa 
H CTeiieHH ee TOqHOCTH. 

)J.JJH orrpe,neJieHHH xapaKTepHCTHK RMIIJIHTY.Z.LI.;ynpyroro p~ n 
. pacceH.HHH HCIIOJih.30BaJJHCI. .,nif!IJ!IJepeHUHaJILHLie ·Ce~eHHH yrrpyroro 

p-d pacceHHHH /l, 2/ H rrapaMeTpLI aMIIJ1HTy,nLI·yrrpyroi-o p-p pac
,ceHHHH /3,4/, H3MepeHHLie Ha YCKOpHTeJJe B CeprryXOBe B HHTepBa· 
ne :meprnii 10"'70 r:m. ELIJJH BJHTLI ,naliHLJe. B·.HHTepB.aJJe 
0,002 ~I t I ~ 0,05 ;r':JB/c/2 : )J.JJH aHanif'3a 'HCIIOflL30BaJJaCb 
MO,neJJL r Jiay6epa /5/,. B. paMKaX , 3Tolf. MO.zleJJH II pH MaJJbiX BeJJH• 
tJHHax qeTLipexMepHoro rrepe,naHHoro· JIMIIYJILca .nn!IJ!IJeperiiiuanLHoe 

·. ceqeHHe yrrpyroro p-d pacceHHHH MO)KeT 6.LITL Bhipa)KeHo qepe3 
aMIIJJHTY.Z.LI yrrpyroro p-p H p-n -pa'cceH~HH Ha, cBoGo.riHhiX 

·HyKJJOHaX f (t) if· f, (.t): . 
pp pn · .. 

: d a . t · ·. · .' . · • ' .·· 
1---l =lS('4)[fc(t)+exp(zXcp )fPP(t)+exp(zXcn )fpn (t)]+ 

dt pd . 

/1/ 

ih exp(ix cpn -+-,-. 
.v'TT' 

i . t .. ' 2 
)I (-)1 (-) JG 1 • 

pn 4 PP 4 " 

{.. )J.nH aMnJJ~Ty.n pacceHHHH Ha. cilo6o,nHLix HyKJioHax· 6Lma ncnonL-
l .' 30BaHa cne,nyiOUiaH napaMeTpH3RUHH: · 

f ( t) a · · · b t · . = ( z + a ) exp ( T), 
4\'Tt h . 

r,ne · a - IIOJJHLie. ceqeHHJl B3RHMO,neifCTBHH, HX. 3JiaqeHHH .6paJIHCL. 
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' /6/ ' 
H3 pa60Thl ; b - napaMeTp HaKJIOHa; f c = Fjt)e-

1
11_ 

- aMnJIHTy.na xynoHoocxoro pacceJIHHH, r.ne F(t)- 3JICKTpoMar-. p 
HHTHbiH !lJopM!lJaKTOp npOTOHa; 

2 
0_ 1.06 11 rr= nUl 
·av~ 

n = 1/137 fJ na6. I f3 .na6. - cxopoCTb HaneTaiOIL\CH qacTHUbi B na-

6opaTopHoii CHCTCMC B C)J;HHHUaX c/; a - BCJIH'IHHa nopH,IJ;Ka 

pa.nHyca HYKJioH·HyxnoHHoro B3aHMo.neii:cTBHH /1 IP /.-

-s 2 ( .L) = s 2 ( _!) + s 2 ( ...!... ) • 
·4 0·4 2·4'• 

S
0 

(t) H S 
2 

(t) !lJopM!lJaKTOpbi ,II;CHTOHa B S H D COCTOHHHHX. 

3Ha'ICHHH S!_ ( _.!_) B3HT~I H3 pa6oibl /7/. 
- 4 

BenH'IJUlbi X; (i = cp, en, cpn) npe.ncTaBJIHIOT co6oii: c-pe,II;HHe 

3Ha'ICHHH C,IJ;BHrOB KYJIOHOBCKHX !lJa3 no OTHOIIICHHlo ·. K H,II;CpHOMY 

paCCCHHHIO / Xc; , X en H Xcpn _ - COOTBCTCTBCHHO C,IJ;BHrH !lJa3 

no/ ?THOIIICHHIO K p-p , p-n. H _,IJ;BOHHOMY H,IJ;CpHOMY pacCCHHHIO/. 

B 8 6biJIO noKa3aHo, 'ITO Xcp·_ =X cn=X epn = 0,06 H 'ITO MO)KHO 

npaKTH'ICCKH npene6pC'Ib 3aBHCHMOCTb10_ 3THX BCJIH'IHH OT 3HCprHH. 

I a· - HHTerpan rnay6epa. 0H,6biJI .B3HT paoHi.IM0,028M6H-1 /7/. 
HMe~ ,IJ;HtP!lJepeHUHaJibHbie . ceqeim·H ynpyroro p- d pacceHHHH, na" 

paMeTpbi- aMUJIH'fY,IJ;bi ynpyroro p~p pacceJlHHH H !lJopM!lJaKTOP ,IJ;eii:

TOHa, no !lJopMyne /1/ Mbl . Bbi'IHCnHJIH rrapaMeTpbi aMIIJIHTY)J;LI .· -- ' - ,· -.· ··. .. 

yrrpyroro p-n pacceHHHH, KOTOpbiC_HpHBO,IJ;HTCH HH)KC, _ 

I. llapaMemp uaKAOHa ynpyzozo p-:n pacceJIHUJI 
. ~ ·-..-· -~ . ,. . 

fioJiy'leHHbiC 3Ha'ICHHH b npHBC,I\CHbi Ha pHC. 1 H B Ta6JIH• - - ·. pn - . . . - .. 
UC, B KOTOpOH OHH _naHhl CO CTaTHCTH'ICCKHMH OIUH6KaMH. CHCTe-

MaTH'ICCKaH OIUH6Ka B BCJI~'IHHC _ bpn i B Uepoyro O'lepe,IJ;b, CBH3aHa 

C IIpC,II;IIOJIO)KCHHCM, _3aJIO)KCHHbiM B OCHOBY paC'ICTa-!lJopM!lJaKTOpa 

)J;CHTOHa, a HMCHHO TeM, 'ITO napa¥eTp HaKJIOHa b pp COBITa,IJ;aCT 

C napaMeTpoM-HaKJIOHa HCHTpOH·npOTOHHOrO paCCCHHHH b np ·rrpH 

3HeprHHX 10-26 T3B. .3To . rrpe.nnonomeHHe 6Lmo c.nenaHo Ha 
' - ·'" -· . : . 

OCHOBC a!1aJIH3a 3KCnepHMCHTaJibHbiX ,IJ;aHHbiX no ynpyroMy p-p H 
n-p pacceHHHIO !9-_14/. - - . - · , · · · _ ::- · __ . ·· 

Ha pHc. 1 BH,IJ;HO, 'ITO napaMeTp iiaxnoHaynpyroro p·-n -pacceH

HHH pac1:eT c _3HeprH'eii. BamHo OTMeTHTb, 'ITO. pacqeT BCJIH'IHHbi 

bpn - npH HCIIOJlb30BaHliH Teopeiu-.lecKJii 3Ha'<ieHRH !lJopM!lJaKTopa 
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Tadlluua 

napawetp sauoRa: -~p~ •. ~ p~ a 5! ~= ?!) -. 
~R.Cp8BReHIR npHBeAeRY 8H&aorHquue Be&HqHHY ~R P-P pacce

RB~R, K3UepeRBY8 DpH dllH3XHX 3HaqeHHHX INDJ~&Ca. 

p ' . ~ /) /4/ ' ' -- '··j,J.f/ 
ud .. ,,,. . "F? . ·'· .. J. J. --

ru/c <rn/c)-2 <ru/c)-2 , - fl' · I'P ' · . 
0,002•Jt:J1:0,05 0,008!:jtj~O,I2 

!.rn/c)2 (raB/c)2. -- . . - -· 

II,2 9, 95±,0. 72 . .;.Q,21;!:.0,07 -0,290±,q,on 

15,9 9,58;:0.56 10,31;t0,15· ·. -0,38_t<),06 

20;5 9,42;!:.0,44 10., 24±_0, II ..:o,35;to,06 -0,258:!:.0,020 

26,5 10,22;!:,0;58 10,52;!:,0,12 -0,35±,0~06 -0, 154;tO. 025 

'34,8 10,77;t0,58 10,69;!:,0~12 -0,25;!:.0,06_' -O,I7I:!;,Oo029: 

''48,9 _ 10, 51;!.:.01 70 . . 1?,,84;!:.0, II -0,14+0,07 '' -0,159+0;030 -.. . -
'57,2 II, 72;t0, 66 . II,II;tO,IO -0,20±,0,06 -0,154;t0,022 

_64,8 13,49;!;,0,&!.' II,50;!,:.0,II · +0,13;t0,08 

70,2' '12,05±,0,61 II,46;!;.0,15 -0,14;t0,08 -0,092+0,0II . . .- ~ 

Opaueqaoe: CHCteUUHqecJ:Re ODdKK COC'r&BJIRII'f: . 
. D - I -2/4/. 

4 op,!l • ±,0,3 (I'n c) .· 

A , 0, • +0,8 (rn/c)-2 (AauHall padoora) 
AJ.'op.;. ~0,028 13/ .. ' . 

A' ol.1 
• +0 02 /II/ 

"" Pf -' .· . 
... cJ.• •. ;tO, 13 (.lBHHu padoora) ... p• . . . ' 

.·,. 

• ._#,. 
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10 100 S(rae) 2 

I I I 1 I I I I I I 

10 P(r3ejc)2 100 

PHc. 1. IIapaMeTp HaKJioHa ynpyroro p-n pacceRHHH B HHTepaane 
3HeprHH 10·70 r3B. ~JIH cpaBHeHHH HaHeCeHa DpHMaH, ODHCbiBaiO· 
maH 3HepreTHqecxyro 3aBHCHMocTb napaMeTpa HaxnoHaynpyroro 
p-p pacceHHHH /4/. 

,l(eHTOHa ,naeT aHaJIOrHqHyiO :iaBUCIIMOCTb b -OT 3Hepruu. ~JIJI 
- - .. pn -

cpaBHeHHH Ha TOM >Ke pHCYHKe HaHeCeHa npHMaH, COOTBeTCTByromaR 
Haii,neHHOH. B f 4f 3aBHCHMOCTH napaMeTpa HaKJIOHa ynpyroro p-p 
pacceHHHH a TOM >Ke :iilepreTHqecxoM HHTepaane. B cnyqae 
p-p. pacceHHHH 10,008 'S,. I t I 'S,. 0,12 (r3alc/ I 6Lmo Haii.neHo, 
qTo 3HepreTHqecxaH 3aBHCHMOCTb napaMeTpa HaKJIOHa annpox-
CHMHpyeTCH filopMyJioii . . 

b (S)o=b
0 

+2b1 fn (S/ 5
0

), 
pp . . 121 

-.. . .· . 2 
r.ne 3HaqeHHH napaMeTpoa b 0 H b1paBHLI: b0=7,32±0,25lr3alcr, 
b1 = 0,41±0,06 lr3alci-2.B paMxax Mo.neneii c nonrocaMH Pe.n>Ke 
ocHOBHoii axna.n a aeJIHqHny b 1 .nae-i HaKJIOH 1-paexTopHH IIOMe
paHqyxa. Bii,nHo, qTo nonyqeHHLie 3HaqeHHH bpn y,noaneTaopHTeJib~ 
HO no>Ka TCH Ha 3TY npHMyro I X 2 1 1 Toqxy - 21. 3HepreTuqecKaH 
3aBHCHMOCTb napaMeTpa HaKJIOHa ynpyroro p-n pacceHHHH TaK 
>Ke, KaK H. 3HepreTHqecKaH 3aBHCHMOCTb napaMeTpa HaKJIOHa 
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ynpyroro p-p.pacceHHHH, roaopHT o cy>KeHHH KoHyca c pocToM 
3HeprHH. B paMxax- TeopHH KOMrinexcHLIX MoMeHTOB 3TOT fbaxT 
CBH,D;eTeJibCTByeT 00 OTJIHqHOM _OT HYJIH HaKJIOHe TpaeKTOpHH 
IIoMepaHqyxa. 

I I. BeAU'IUHa omHOUteHU.JI c)eiicmeumeAbHOii 'Ia emu 
aMnAumyc)bl p-npacce.RHU.JI K MHUMoii npu t=O 

3HepreTHqecKaH 3aBHCHMOCTb aemecTBeHHOH qacTH aMDJIHTy· 
,nbl p-n pa·cceHHHH, nonyqeHHaH no fbopMyne 111,. npuae,neHa Ha 

Ref ,/0) ·· . 
puc. 2.3HaqeHHH a = ___ P __ BMecTe c .naHHbiMH o napaMeTpe 

pn lm f (0) · 
pn 

HaKJIOHa b DpHBe,neHbl TaK>Ke B Ta6JIHUC. YKa3aHbl CTaTHCTH" 
pn . 

qecKHe OWH6KH. CHCTeMaTHqecKHe OWH6KH B_,D;HfilfilepeHUHaJibHOM 
ceqeHHH ynpyroro p-d pacceHHHH, HBJIHIOmHeCH O,D;HHM. H3 OCHOB~ 
HbiX HCTOqHHKOB CHCTeMaTHqeCKHX OWH60K, no,npo6HO 06Cyff,naiOJCH. 
B f 1f. Ha pHC. 2 npHBe,neHbl TaK>Ke ,naHHble H3 pa60T IS. 

16 

H pe3yJILTaTbl pacqeTa. Ha OCHOBe ,D;HCnepCHOHHbiX COOTHOWeHHH, 
BbmonHeHHbiX a pa6oTax I I7,IB/. BH,nHo, qTo .neiicTBHTeribHaH 
qacTb aMnJIHTY,D;bl ynpyroro p-n pacceHHHH OTPHUaTeJibHa H na-

ol 
Pn 

0.2. " . t 
I~' 

· .. 1 \.r "T T T 

.4 ... ~ 
-0.2 

-:-0.4 

-0.6 

-0.8 
I I I I I I I I Jl I I •.. I I I I II 

z. 4 6 10 20 40 60 ,100 
P(rsafc) 

Ref . (0) 
PHC. 2. BeJIH'JHHa a =. I /" (0) B HHTepaane' 3HeprHii. 1 ~ pn m ... 

. pn . 
70 r3B. •,- f.aHHil,JI pa60Ta, CHCTeMaTHqecKaH OWH6Ka !J.ap_n= 
±0, 13. • -' 15 ' - I 16/ KpHBaH 1 c xojm,nopoM. owH6oK · 1 ' .H 1 ". 
paccqHTana a pa6oTe /1i/,xpHBaH 2 - a /18t. .. .·-. ..·· ... 
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,naeT no a6COJUOTHOH BeiiH"lHHe C pOCTOM :meprRH B _cornaCHH 

C pe3yiibTaTaMH pacqeTOB no ,nHcnepCHOHHbiM COOTHOllleHHHM. 

TaKHM o6pa3oM, ,naHHbie· no p-n pacceHHHIO TaK JKe, KaK H ,naiiHbH~ 
·no p- p pacceHHHIO /3/, He 06HapyiKHBaiOT OTKIIOHeHHH OT ,nHcnep-. 

CHOHHbiX KpHBbiX. )J;IIH npoBepKH BIIHHHHH . BeiiH"lHH Xc , Xc 
• P n 

X cpn Ha pe3yiibTaT 6biii paCC"lHTaH BapHaHT, B KOTOpOM BCe 3TH 

BeiiH"lHHbl 6biiiH npHpaBHeHbl HyiiiO. 0Ka3aiiOCb", "'TO npH 3TOM 
. 2 

3Ha"leHHe b yBeiiH"lHBa·e.TCH Ha -0,6-0,7 lr3Bicr ,a a . pn . pn 
yBeiiH"lHBaeTCH no a6COIIIOTHOH BeiiH"lHHe Ha - 0,05. 

113 Ta6nHUbl BH,nHO, "'TO B paCCMaTpHBaeMOM 3HepreTHl{eCKOM 

,nHana3oHe napaMeTpbi aMnnHTy,nbl ynpyroro p- p pacceHHHH 

I a H b I 6nH3KH K COOTBeTCTBYIOIUHM napaMeTpaM aMnnHTy,nbi 
PP . PP · 

ynpyroro p-n pacceHHHH I apn H b pn I B6IIH3H . t = 0. 3TH 

,naHHbie n03BOIIHIOT 3aKIIIO"lHTb, "'TO aMniiHTy,nbi pacceHHHH B 

·H30TOnH"leCKHX . cocTOHHHHX T = 1 H T = b npil BbiCOKHX. 3HeprHHX · 

H ManbiX t · 6nH3KH MeiK,ny co6oii. AHanorH"lHbie BbiBO,nbi 6blnii 

c,nenaHbl B pa6oTe /6/ Ha OCHOBe H3MepeHHH llOIIHbiX Ce"leHHH 

p-pH p-,; ~B3aHMO,neiiCTBHH. 
ABTOpbl BbipaiKaiOT 6naro.napHOCTb T .<I>. rpa6oBCKOH, A.II.Jia

PH"leBOH H JI:YH,npax 3a TeXHH"leCKOe oilJopMneHHe pa60Tbl. 
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