
B.C. EapaweHKOB, 3.K. Maxyn, XyaH Uay-"'*BHb 

CE4EHJ..1_s:I OEPA30BAHJ..1.H 
CTPAHHbiX 4ACTJ..1U 

.a - 673 

HanpaBneHo B Acta Physica Polonica 

I Och.elKHeHHWA IIBCTIITJT I 
•lepuwx •cuwrsPd 

t 6H6nHOTI!KA 



.---

~ 

"" 

A H H o ~ a u H g 

PaccMOTpeHo MHO)K9CTB9HHoe P0*.0.9HHe cTpaHHbiX 'laCTHU. Y''IHTbiBaiOTCB 

p930H8HCHbi9 B38HMO.O.eACTBHB CTpaHHbiX '18CTHU, 6onee TO'IHO Y'IT9H 38KOH C0Xp8H9HHB 

CTpaHHOCTH. 1-Ja npHMepe 8HHHI"HnBUHH Me.a.neHHbiX 8HTHHyKnOHOB H ITHOH-HyKnOHHbiX 

CTonxHoaeHKA npH aHeprHH 1,7 Baa noxa3aHo, 'ITO TeopeTH'IecxHe ceqeHHB o6pa3oaa~ 

HHB CTpaHHbiX 'IBCTHU MO)KHO COI"n8COB8Tb C 3KCIT9pHM9HT8nbHbiMH .0.8HHbiMHo 
~--

--~~-====~--=--......=...===-==~=~ ~ ---

' 

I 
I 
j 
j 
l 

l 

t 
j 

l 
' l 

t< ----



~~ 

· "1 -lliiTI ·fTTlHHit,~ l · 
. 1' .. '11Cin::Jii.' 

06bELU1HEHHbiC1 VfHCTVfTYT 5UlEPHbiX YfCCJIE,llOBAHvtC1 

fla6oparopHH reoperHqecKoH ¢H3HKH 

B.C. EapaweHKOB, 3.K. MHxyn, XyaH U3y-q)l{aHb 

Ll - 673 

CE4EHVI.H OEPA30BAHVI~ 

CTPAHHbiX 4ACTVIU n l 
jl~ f- ~ .f.AJhA· -~~ 

., to I ,· I 6 7- ~''L . 

ny6Ha 1961 ro.o 



' 

~ 

' I 

I. BaegeHHe 

Po:lK.lleHHe cTpaHHhiX qacTHU rrpH 5onbWHX aHeprHSJx u npH BHHHI"HnHUHH Me.llneH-

/1-3/ HhiX 8HTHHY·KnOHOB p8CCM8TpHB8nOCb BO MHOI"HX pa50T8X (eM. 
1 

I".lle rrpHBe,lleHa 

6H5nHOI"p8cpHSJ). Dhino ITOK838H01 'ITO COOTBeTCTBYIOWHM Bhi50pOM rrpOCTp8HCTB9HHhlX 

05b9MOB 1 B HOTOpb!X pO:lK,ll8IOTCSJ CTp8HHbie '18CTHUhi
1 

B cnyqae ('JiN)• H {N,fj
B38HMO.lleiicTBH.ll: MO.>!<HO rrony'IHTb 3H8'19HJIISJ ITOnHOI"O Ce'leHIISJ pO:lK,ll9HIISI CTp8HHb!X 

'18CTHU a;~ 1 5nii3KHe K SKCrrepKM9HT8nbHbiMo Bae,lleHKe pasnK'IHhiX 05b9MOB SIBnSI-

9TCSJ B 8TOM cnyqae CITOC060M cpeHOM9HOnOI"K'I9CKOI"O yqeTa pasnK'IKil: B Benii'IKHe 

/l-4/ 
B38HMO,lleii:CTBHSI '18CTHU pasnH'IHb!X COpTOB • 0,llH8KO B H8CTOSJWee BpeMSI H8KO-

rrHnHCb 8KCrrepHM9HT8nbHbl9 cpaKTbi1 KOTOpbie KOnH'I9CTB9HHO y:lKe Tpy .llHO 05bSICHHTb 

/5/-/9/ 
C ITOMOWbiO T8KOH rpy5oi!: MO.llenH • l--faH5onee B8:lKHbiM pesynbT8TOM B 3TOM -OTHOW9HHH SJBnSJeTCSJ T0 0 'ITO 3KCIT9PHM9HTanbHOe C9'19HHe pO:lK,lleHHSJ I( -qaCTHU 

rrpH5nH3HTenbHO H8 ITOpSI,llOK rrpeBOCXU,llHT TeopeTH'I9CKoe. 3To 0C069HHO SipKO BH.llHO 

H8 rrpHMepe 8HHHI"HnSIUHH Me,llneHHbiX 8HTHHyKnOHOB
1 

I",lle Ce'leHHe o;~ COBIT8,ll8eT C 

ceqeHHeM pO:lK.ll9HHSJ K-MesoHoa: 

L !< (}) ('t) ~ J..t.ne0r: <T. IV 0)~ q lo 1 e 

s"'- 4n 1 

Gr. - nonHoe ceqeHHe acex HeynpyrHx npoueccoa). 

'" 
2. CoxpaHeHHe CTpBHHOCTH 

. -. S')% Crl 

MaTeM8TH'I9CKH pasnH'IHe TeopeTH'I9CKHX If 8KCrrepHM9HT8nbHbiX Ce'leHHil: OS't 
o5ycnoaneHo T9M 1 'ITO B CT8THCTH'I9CKHX Becax peaKUHil: C i( -Me30H8MH CTerreHb 

II8p8M9Tpa, OIIpe,llenSIIOI.llero OTHOW9HHe rrpOCTP8HCTBeHHb!X 05beMOB .llnSJ 1(.. If 'Ji -
M930HOB

1 f.:::'Y.: /Vfi' ~..(. i I OK83biB8eTCSI 6onbWe.ll:, '19M .llnSI pe8KUHH C I"HDepo-

H8MH, C cpHSH'IeCKOil: TO'IKH 3peHHSJ 3TO 8KBH3aneHTHO rrpe,llrronO:lK9HHI0
1 

'ITO CTp8HHble 
~ .. 

'18CTHUh1 1 T8K :lKe K8K Jf -MeSOHbl H HyKnOHb1 1 MOI"yT pO:lK,ll8TbCSJ ITOO.llHHO'IKe; COXpa-

HeHHe CTp8HHOCTH Tpe6yeTCSI nHWb rrocne yCT8HOBneHHSI CT8THCTH'IeCKOI"O p8BHOBeCHH
0 

4To6hi cornaCOB8Tb 3KCrrepHM9HT8nbHbie If TeopeTH'I9CKHe .ll8HHbJe
1 

0TK8:lKeMCH 

OT 8TOI"O rrpe,lliiOnO)K9HHSI If 6y,lleM C'IHT8Tb1 'ITO CTp8HHbi9 '18CTHUbi K8:lK,llbi.ll: p83 

po:lK.llBIOTCSI napaMH. Ka:lK.llhi.ll: BKT pO:lK.ll9HHSJ rrapbr CTpaHHhiX 'IBCTHU 6y.lleM xapaKTe-
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pH30B8Tb "nocTo~HHOA B38HMoaeACTBHSI" A . OpocTpaHCTBeHHhiA cpaKTop s Bhipa:lKe-

HHH .ami CT8THCTH'leCKOrO Beca B 9TOM cnyqae MO:lKHO 38llHC8Tb B BH.lle: 

\ S/a. SA 
V =!l.- (L)v"·•v.c +!:(~ )V..IC'r t.-1 = ~stz.s K-t K + e1 V:. .c: ... ~-• <I> 

G- C+K 1t r G- e+K K Vy l t;..{K.+eJ tr 1 

rne K- 'IHCno K- H K -Me3oaos; S- 'IHcno scex BHOBb o6pa3osaswHxcg CTpaHHhiX 

qacTHu; (t<. +f}- nonaoe 'IHCno po.aHBWHXCSl qacTHUi fr - cpaKTop, y<~HTbiBaromHA 
~r ~ 111 

TO:lK.lleCTBeHHOCTb '18CTHU; f 'I' - cpepM:HeBCKHH 06'beM ( T8K :lKe 1 K8K B 1 3.lleCb 

y'ITeH 38KOH coxpaaeHHSl ueaTpa HHepuHH). 

3. BTopH'IHbie B38HMo.aeAcTBHSI 

B HaCTOSII.Uee speMSI HMeeTcSI pSI.ll sKcnepHMeHT811bHhiX .aaHHbiX, KOTOpbie yKa3biBaiO'I 
~ 

Ha cymecTsosaaHe 3aMeTHoro B38HMo.aeAcTBHSl K- H ]' -Me3oaos. HaH6onee sa:lK-

HbiMH H3 HHX SIB11SIIOTCSI C11e.lly!Oll1He: 

1. AHanH3 KoppenSIUHA K- H '1f -Me30HOB 1 pO:lK.ll810UlHXCSI B ( 'j' ... p )-CT011KHO• 

seHHRX npH sHeprHH E=7 Bss, npHBO.llHT K 38K11IO'leHHIO o pe30HaHCHOM B38HMo.aeA-

- ""' - 1101 CTBHH K- H ~ -Me30HOB c MaccoA "H3o6apbi" "'~t•- 0,82 Bss • 

2. AcHMMeTpHIO yrnosbiX pacnpe.aeneHHA cTpaHHbiX <~acTHu, po:lK.aarowHXCH 

~ ( /7/) 
npH CT011KHOBeHHSIX Jl -Me30HOB C HYK110H8MH CM. 1HanpHMep1 1 MO:lKHO llOHSITb1 

ecnH y<~eCTb "nepH¢epH'lecxHe cTonKHOBeHHSI" nepsH'IHoro tfi -Me3oHa c K-Me30HHbiM 

/11/ 
o6naxoM HyKnoaa (cp. § 5 B ). PaccMoTpeaHe, ocaosaaaoe aa TeopHH nonrocos, 

.aaeT ll11Sl Ce'leHHSI ( tc.'ft) - B38HMO.lleACTBHSI OUeHKY o;'fl" N ~"• 

3. OnTH'leCKHA aaanHa ynpyroro ( K•P )-pacceHHHSI yxa3biBaeT Ha 3H8'1HTenbHYIO 

sepoHTHOCTb ( K•P )-s3aHMo.aeAcTBHA npH 6onbWHX napaMeTpax y.aapa. llnH ce<~eHHSl 
/12/ ( k'if)- B38HMOlleACTBHSl OTCIO.ll8 T8K:lKe cne.ayeT OUeHKa - cr.cT tw ~N 

Cne.ayeT TSK:lKe OTMeTHTb1 'ITO • ob - o6pa3Hbie" cny<~aH ( 1f'N) -B38HMo-

.aeAcTBHA, H861110ll8BWlieCSI B Jly6He H B npyrHX na6opaTOpHSIX1 MoryT 6biTb T8K:lKe 

~ 
HCTOJIKOBSHhi KaK pe3y11bTaT B38HMO.aeAcTBHSI K- H Jt -Me30HOB. 

• 
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HHIO o6oeMa VIC. . TaK KaK H3BeCTHbiX B HaCTOSII.l.lee speMSI aKcrrepHMeHTanhHbiX .oaH-

Hb!X el.l.le He.OOCTaTO'IHO .OnSI O.llH03Ha'IHOI'O Bbr6opa .osyx rrapaMeTpos ,.\ H ~ t -

~;~. KpoMe Toro. y'leT pe3oHaHca 

B ( K 1j ) - B3aHMO.Uei!:CTBHH MaTeMaTH'IeCKH 9KBHBaneHTeH BBe.[leHHIO B CTaTHCTH'Ie

CKyiO TeopHIO HOB Oil: qaCTHUbi - " { IC 7f) - H3o6apb! ", KOTopag B rrocne.oyroLLeM 

CHOBa pacrra.oaeTCSI Ha HCXO.OHbie 'laCTHUblo 

KpoMe pe30HaHCHOI'O"' ( KT )-s3aHMO.Oei!:cTBHSI H o6bi'IHo Y'IHTbisaeMoro pe30HaHc

Horo B3aHMo.uei!:cTBHSI T -Me3oHOB c HyKnoHaMH cne.uyeT y'IHTbiBaTb TaK:>Ke pe3o-

c."' r::- l) 
HaHCbl BO B3aHMO.Uei!:CTBHSIX Jl -Me30HOB C 'Jf -Me30HaMH H I'HrrepOHaMH, a 

TaK:>Ke, B03MO:>KHo, pe3oHaHcHoe ( KK )-s3aHMo.oei!:cTsHe. B Ta6nHue l yKa3aHbi 

rrapaMeTpbi COOTBeTCTBYIOI.l.lHX 
6
H306ap., • Cne.uyeT OTMeTHTbt 'ITO B 60nbl.l.lHHCTBe 

Cnyqaes 'IHCneHHble .naHHbie B Ta6nHUe l SIBnSIIOTCSI opHeHTHpOBO'IHblMH, a .[laHHbie 

B0061.l.le SIBnSIIOTCSI rrpe.urronO:>KHTenbHblMH - 9KCrre-

pHMeHTanbHO TaKOe B3aHMO.[lei!:CTBHe B HaCTOSII.l.lee speMSI el.l.le He Ha6nro.oanOCh, XOTSI 

H SIBnSieTCSI BeCbMa sepOSITHhlM C TeOpeTH'IeCKOH TO'IKH 3peHHSI. 

4. Po:>K.oeHHe CT aHHbiX 'l:aCTHU B N iV}- H (7 ,Y}_CTOnKHOBeHHSIX 

PaccMoTpHM Terreph K KaKHM 'IHCneHHhlM pe3ynhTaTaM rrpHBOLlHT y'leT scex 

BbiilleH3no:>KeHHbiX coo6pa:>KeHHi!:. B Ka'leCTBe rrpHMepa paccMoTpHM aHHHI'HnRUHIO Me.o-

neHHbiX aHTHITpOTOHOB Ha llpOTOHaX H ( 'ji'-r )-cTO.lJKHOBeHHSI npH aHeprHH E=l,7Eas. 

f-Ia pHC. l I1pHBe.OeHbi 3Ha'leHHSI a;t fa;.'l\, Bbi'IHCneHHbie .[lnSI 9THX cnyqaes IT pH 

pa3nH'IHbiX 3Ha'leHHSIX napaMeTpa A . Yl3secTHbiX B HaCTOSII.l.lee speMSI aKcrrepHMeH

TanbHbiX .oaHHbiX el.l.le He.uocTaTO'IHO .nnSI OLlH03Ha'IHbiX 3aKniO'IeHHi!:; cornacHe c aKc-

nepHMeHTanhHbiM 3Ha'leHHeM a;:~p«r/a't'rl. ~ {~ -:-.5} "/, B o6oHx cnyqagx 

MO:>KHO rrony'IHTb B HHTepsane 3Ha'leHHi!: " !: 0,1 -;- 0,2. • AHHHI'HnSIUHSI 

• 
Me.oneHHbiX aHTHHyKnOHOB SIBnSieTCSI HaH6onee y Ll06HbiM BHLlOM B3aHMO.UeitCTBHSI 

.onR Hccne.uosaHHSI MHo:>KeCTBeHHoro po:>K.neHHSI qacTHU. B aTOM cnyqae po)K.oaroTCSI 

scero nHillh TPH copTE£ 'laCTHU H HeT rrepHcpepH'IeCKHX B3aHMo.ueil:cTBHi!:, 'ITO 3Ha'IH-

l ) 
Q TOM 1 K KaKHM pe3ynbTaTaM rrpHBOLlHT y'leT pe30HaHCHOI'O ( jT '1/) -

B3aHMO.LleJiCTBHSI 
1 
CM. I10Llp06Hee /2/-/4/ 0 
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TellbHO ynpowaeT 8H81lH3 9KCrrepHM8HT81lbHblX naHHblXo .LJ.ononHHT81lbHbl8 CBeneHHSI MOryT 

6hiTb nony'leHhi H3 H3MepeHHil ce'leHHH pa3nHtWhiX KaHanoB po:»<neHHSI K-Me30HOB. B 

'IBCTHOCTH, Ha onhiTe Ha6monaeTCSI onHH cny'lait po:»<neHHSI naphi ( K ~ K) npH6nH3HTenb

HO H8 TbiCSI'IY cny'laeB SHHHrHilSIIIH/
131 , T.e. CJ""'(p-t-,_.,J<+~)/~t ,_ ( 2. +lt )% 

ecnH y'leCTb1 'ITO 
~t { <f",~ ::-' ( ~ -+ 5) 0/

0 
• TeopeTH'IeCKHe 3Ha'leHHSI ce'leHHH pa3nHq_:' 

B Ta6nHUe 11 ) (B %% ITO OTHOWeHHIO 

HblX K8H81lOB 
( p p )- aHHHrHilSIUHH rrpHBeneHbl 

K a;i). KaK BHnHo, B cny'laSix, Kor na y'IHThiBBIOTCSI ...pe3oHaHCHbie B38HMoneitcTBHSI 

K-Me3oHoB, KaHan c po:»<neHHeM naphi ( l'j 'i< ) 3aMeTHO rronaBneH. 

npHBeneHhl TeopeTH-
B Ta6nHue !l! nnSI ( 'i- r )-cTOilKHOBeHHH npH E=1,7 09B 

'leCKHe oTHoweHHSI ce'leHHil po:»<neHHSI I< -Me3oHOB K ce'leHHSIM po:»<neHHSI /\- H I ... 
rHnepoHoB { ~ K: -t 0:" +~'t -::. OSt) . 3KcnepHMeHT81lbHaSI BenHqHHa aTHX OTH0-

2) /7/ /8/ 
weHHA npH E=1,7 EaB HaM HeH3BeCTHa • OnHaKo B pa6oTax • noKa3aHo, 'ITO 

(J"'ILi / (}"'"'" 6hiCTpO B03pacTaeT c aHeprHei!: ( oT 0,5 npH E=3 EaB no 1,5 npH 

E=7 EaB). CnenyeT o:»<HnBTb, 'ITO npH E= 1, 7 EaB 0""' ~ / (}"" I.. 0,5. 

TaKHM o6pa30M, 6onee ToqHhlH yqeT 38KOHa coxpaHeHHSI cTpahHOCTH a y'leT 

BTOPH'IHbiX B3aJrMoneAcTBHi cTpBHHhiX 'IBCTHII 3HaqHTellbHO ynyqwaiOT cornacae TeopeTa

'leCKHX H 9KCrrepHM8HT81lbHblX ce'leHHi%. po:»<neHHfl CTp8!1HbiX '18CTHllo ( 0 cpaBHeHH~ 
OllbiTOM TeopeTH'IeCKHX xapaKTepHCTHK po:»<naiOlllHXCSI rrpH 9TOM HYKilOHOB H 'jf-Me3o-

/1/-/4/ 
HOB CMot H8ITpHMep1 pa60Tbl ) • 

Mb1 6naronapHbi )l.Yi. EnoxHHuesy H A.K. N'vlt.xyn 38 o6cy:»<neHHfl H CTHMynH

pyiOWYIO KpHTHKY. 

2) Pac'leThi nnSI 6on~:>WHX aHeprHit sbmonHsriOTCR. 
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Ta6nHua I 

N\acca Hao6ap&r J.1aOTOIJHqecKH:it 

IMacca HyKnoHa CIIHH 
M=1/ 

0,8 1 

0 82
1101 

• 3/2 

1,32 3/2 

1 48
1131 

• 
1,54 

Ta6nHua TI 

Ta6nHua TiT 

YqTeHbi ace B38HMO.f!eHCTBH.H 

,(K11'):: 0 ){~e1i)=i 

0,174 0,148 

0,182 0,118 

CrrHH 

0 HnH 1 

3/2 

3/2 

3/2 

TOnbKO 

(Nlf} 

0,280 

0,320 

li (7i'ii) 
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PHC. 1. 

CnnowHbiMH KPHBbiMH yK838Hbi 3Ha"'leHHSI a; 'I: /a; .. 

/ 
/ 

/ 
/ 

/ 

~, 

c 

A 

.llJISI cny qaH 

(Tt~+p). 
(p+p); 

nyHKTHPHbiMH KpHBbiMH - 3Ha"'leHHSI a;l: { Ol"' .llJISI cnyqaSI 

OpH Bbl'lHCJieHHH KPHBbiX A y"'lHTbiB8JIHCb see pe3oHaHCHbie B38HMO.lleitcTBHSI ; 

cnHH ( I' T )-H306 apbl S ( !Cli') :: { ; 

KpHBbie B - TO :>Ke caMoe, ao cnHH ~ { IC.71') ::::. 0 . 
OpH Bbi"'lHCJieHHH KpHBbiX C ae y"'lHTbiB8JIHCb pe30HaHCHbie B38HMO.lleltcTBHH 

CTp8HHbiX "'!8CTHU (T.e. B CJiy"'lae (p +(>) yqTeH JIHWb pe30H8HC (Jt 11); a B cny

qae cn-+p) - pe30H8HCbi ('Ji'fl) H (n 71) ), 

... 

~ 

( 
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