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1. BBE,llEHHE 

Bceeo3MO*Hwe npo~eccw, npoHCXOAR~He npH HeynpyrHx coyAape
HH~x aAPOHOB BWCOKOH 3HeprHH C ~ApaMH, MOryT 6WTb pa3AeneHW 
Ha ABe rpynnw. K nepBOH OTHOC~TC~ KBa311HYKnOHHWe 83ai1MOAeHCT
BH~ , 8 KOTOPWX 6wcTpa~ 4aCTI1~a CTanKI1 BaeT C~ KaK 6w CO C8060A
HWM HyKnOHOM ~Apa, npHCyTCTBI1e *e OCTanbHWX HyKnOHOB HI1KaK 
He cKa3weaeTc~. TaKHe co5wTI1~ npOHCXOA~T npei1My~ecTaeHHO Ha 
nepH¢leP11H ~Apa. BTopa~ rpynna eKnl04aeT. a ce6~ B3811MOAeHCTBH~ 
nep8114HOH HnH BTOPH4HWX 4aCTI1~ C ABY~ 11 6onee ~AePHWMH HyK
noHaMH, 

npH cpa&HeHHH npo~eCCOB MHO*eCTBeHHOrO PO*AeHI1~ Ha ~AePHO~ 
H Ha HyKnOHHOH M11WeH~X C06WTI1~ nepao~ rpynnw ~~n~IOTC~ no CYTI1 
Aena ¢oHOM, yMeHbwa~HM npo~aneHHe ~AePHWX 3~¢leKTOB, no3TOMy 
An~ 6onee BHI1MaTenbHOrO 113Y4eHH~ MHOrOHYKnOHHWX B3aHMOAe~CT
BI1H Ba*HO YMeTb 3KcnepHMeHTanbHO HX BWAen~Tb, KaK yKa3WBanOCb 
8 pa6oTe I l l , OAHHM H3 cnoco6oe 8WAeneHH~ MHOrOHyKilOHHWX B3ai1-
MOAeHCTBHH ~an~eTC~ OT6op C06WTI1~ C pQ*AeHHeM ABYX A - rHnepo
HOB, TaK KaK BepO~THOCTb o6pa3088HH~ 11X Ha OAHOM HyKnOHe np11 
yMepeHHO BWCOKI1X 3HeprH~X npaKTI14eCK11 pa&Ha HyniO, 8 cny4ae 
"- -Me30HHOro ny4Ka A -rHnepoHbl PO*AaiOTC~ npeHMy~ecTBeHHO oT 
~parMeHTa~I1H MHWeHH, n03TOMy H3y4eHHe reHepa~l111 HX Ha ~Apax 
AaeT 11H¢opMa~l110 o TaKoro poAa npo~eccax. 

B HacToR~eH pa6oTe npi1BOA~TCR 3KcnepHMeHTanbHWe AaHHble 
0 MHOrOHyKnOHHWX rr-

12C -a3aHMOAeHCT BI1~X, BbiAeneHHWX no npH
CYTCTBI110 ABYX A-rHnepOHOB. npoBOAHTC~ cpaaHeHI1e nony4eHHbiX 
pe3ynbT8TOB CO CpeAHHMH xapaKT8PHCTHKaMI1 ni10H-yrnepOAHbiX 11 
nHOH-HyKnOHHWX C0YA8peHI1H H C npeACKa3aHI1RMH KBapKOBOH MOAenl1. 

2. 3KCnEPHHEHTAfibH~A HATEPHAfi 

3Kcnepi1MeHTanbHwe AaHHWe nony4eHw c noM~biO 2-MeTpoao.:1 npo
naHOBOH KaMepw, o6ny4eHHOH rr- -Me30HaMH C P - 40 r3B/ C Ha cep
nyXOBCKOM YCKOPHTene. 6wno OOpa6oTaHO OKOnO 33000 C06biTHH, 113 
KOTOpbiX 14491 OTHOC~TC~ K rr-p -a3aHMOAeHCTBI1~M, 5107 - K rr-n 
11 13565 - K HeKBa3HHyKnOHHbiM ~AePHWM B3aHMOAeHCTBH~M. nocneA
HHe C06WTI1~ B AanbHeHWeM 6YAYT 0603Ha4aTbC~ tr- C. 

CpeAH rr - c -a3a11MOAeHCTBHH OKa3anOCb 17 C06WTI1H c ABYM~ 
A-rl1nepoHaMI1, 3 - c 2A 11 1K0

8 • H OAHO co6wTHe - c 2A 11 2K8 -
Me30HaMH. nocne BBeAeHH~ BCeX nonpaBOK 3TH AaHHWe COOTBeTCT-
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sy~T 93 co6~THRM c 2A - rHnepoHa~. EcnH npeAnOnO*HTb, 4TO ace 
A - rHnepoH~ e co6biTHRX o6paaoeanHc b e nape c K -Me3oHaMH , H npH 
3TOM paeHoeepORTHO c K0 H K +.TO H3 nonHero 4HCna 93 4eTeepoK 
(AA K° K 0 • A A K+K + H A A K° K ~ e HaweM 3KcnepHMeHTe AOn*-
H~ Ha6n~AaT bCR 17 c06biTHH c 2A , 4 - c 2A H K s H 0, 4 co6~THH 
c 2A H 2K 8. 4Hcno 3KcnepHMeHTallbHO Ha6n~Aae,...,x co6biTHH co
rnacyeTcR C O*HAaeMbiM, 4TO rOBOpHT 0 npaBHilbHOH HHTepnpeTa
l.IHH V0 -c06biTHH. 

XapaKTepHCTHKH rr- C -co6biTHH c ABYMR A- rHnepoHaMH npHee
AeHbl B Ta6n. 1 BMeCTe C xapaKTepHCTHKaMH rr-C , rr- 12 C H rr -N -
eaaHMOAel1cTBHH c PO*AeHHeM OAHOH A -4aCTHl.lbl H e cex Heynpy rHx 
B3aHMOAeHCTBHH yKa3aHHbiX THnOB. Anfl cpaeHeHHfl B Ta6n. 1 npHee
AeHbl TaK*e MHO*eCTBeHHOCTH 3apR*eHH~X 4aCTHl.l B MHOrOHyKilOHHbiX 
rr - (mN) B3aHMOAeHCTBHRX, nOily4eHHble B pa6oTax 12 •3 C no-
~b~ OT6opa no 31leKTPH 4eCKOMy 3apRAY penRTHBHCTCKHX 4aCTHl.l. 
BHAHO, 4TO HallH4He A-rHnepoHa npaKTH4eCKH He MeHReT MHo*ecT
e eHHOCTb BTOPH4Hb1X 4aCTHLI e rr-N•> cTOilKHOBeHHRX . B rr-c H 

11 -
12 C B3aHMOAeHCTBHAX 3Ha4eHHA < n h> , < n+ > , < n '> H < n 0 > 

c - - 11 
a npHCYTCTBHH A -rHnepoHa HeCKOilbKO yeenH4HBa~TCR. XapaKTepH-
CTHKH MHoroHyKilOHHbiX eaaHMOAel1cTBH.::i c po>KAeHHeM ABYX A -rHne
pOHOB B npeAellaX OWH60K He 0TilH4a~TCfl OT COOTBeTCTBy~~HX BellH-
4HH A/lA BCeX rr-C -e3aHMOAeH CT BH.::i H A/lA rpynnbl 11 -c C06b1TH.::i 

c PO*AeHHeM OAHO.::i A -4acTHl.lbl. 

3. CPABHEHHE C MOAEflRMH 

npH HHTepnpeTal.IHH nolly4eHHbiX AaHH~X 6yAeM HCXOAHTb H3 npeA
CTaeneHHA 0 COCTaBHOH KBapKOBOH CTPYKType aAPOHOB, COrllaCHO 
KOTOpOMy 11 -Me30H COCTOHT H3 ABYX npocTpaHCTBeHHO pa3AelleHHbiX 
KBapKOB. 8 nHOH-HYKnOHHbiX COyAapeHHRX, KaK npaBHilO, B3aHMO
AeH CT ByeT OAHH H3 KBapKOB HalleTa~~ero nHOHa, a BTOPOH OCTaeTCR 
cneKTaTOPOM. B CTOilKHoeeHHRX c RApaMH c HeM"no.::i eepORTHOCTb~ 

eaaHMOAe.::icT BY~T o6a KeapKa 14 - 91 . B pa6oTax 6
•
71 

noKa3aHo, 4TO 
TaKHe eepORTHOC TH, KaK ~YHKLIHH aTOMHOrO Beca flAPa MHWeHH, onpe
AellR~T BbiXOAbl BTOPH4Hb1X 4aCTHLI 8 o6naCTH ~parMeHTal.IHH Hane 
Ta~ero aAPOHa, a TaK*e OTHOWeHHe MHO*eCT8eHHOCTeH BTOPH4Hb1X 
4aCTHLI A/lA nHOHHOrO H npOTOHHOrO ny4KOB 8 t~eHTpallbHOH o6na
CTH. 0AHaKO BOnpOC 0 MexaHH3Me K8apK-RAepHOrO B3a HMOAeHCT8HA 
OCTaeTCfl OTKpbiT~M, H B HaCTOR~ee 8peMR Ha 3TOT C4eT cy~eCTBy
eT ABa MHeHHR 

1 1
·
101

. B pa6oTax 4 ·5· 9 1 C4HTanocb /8apHaHT A/, 
4TO B KBapK-AAePHOM COYAapeHHH BTOpH4Hble 4aCTHLI~ pO>KAa~TCR 

•) AaHHble AllA "~ -eaaHMOAe.::icT8HH nony4eHbl nyTeM cTaTHCTH4ec
Koro ycpeAHeHHA 3H a4eHHH A/lA 11- p H 11 -D -CTOilKHOBeHHH. 
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TaK *e, KaK B KaapK-HYKnOHHOM; HeKOTOpoe pa3n~4~e B03MO*HO 
TOnbKO 3a C4eT BKnaAa cpaBH~TenbHO MeAneHH~X BTOP~4H~X 4aCT~~. 
nepepacce~ea~~xcR Ha RAePH~x HyKnoHax, T.e. 3a C4eT npo~ec
coa BHYTP~RAepHoro KacKaAa. CpeAHee 4~cno KBapKoe, Heynpyro 
a3a~MOAe~cTey~~x c R~POM e cny4ae HaneTa~ero nHOHa, onpeAe
nReTcR B~pa*eHHeM 16~ 

< N > .. 2u prod /u prod 
q qA rrA ' /1/ 

rAe U prod - Ce4eH~e C POM<AeH~eM XOTA 6~ OAHO~ BTOp~ 4HO~ 4ac 
TH~~. a K03<l>¢1-1~HeHT 2 y4~T~ BaeT, 4TO TT -Me30H COCTO~T ~MeHHO 
~3 ABYX KBapKOB. 

1 101 
ApyraR T04Ka 3PeH~R /aap~aHT B/ 3aKn~4aeTCA a eo3MO*-

HOCT~ B3aHMOAe~CTB~A KBapKa 0AHOBpeMeHHO C HeCKOnbK~M~ OTAenb
H~M~ HyKnOHaMH /HanpHMep , nyTeM o6MeHa HeCKOnbKHMH peAM<eOHa
MH/ . CpeAHee 4HCno HYKnOHOB, C KOTOPWMH Heynpyro B3aHMOAe~cT
ayeT KBapK BHYTP~ RApa, np~ 3TOM paBHo1101 

In prod 
<v :qA = A ·UqN /u qA /2/ 

rrA 
YMHOM<aR <v> Ha cpeAHee 4Hcno a3a~MOAeikTBY~ll1~X KBapKoa < Nq > , 
nony4aeM cpeAHee 4~CnO AAepH~X HYKnOHOB, Ha KOTOP~X npoHCXOAHT 
pOM<AeH~e BTOP~4H~X 4aCTH~ , B BHAe 

rrA 
<Nq> •<V> 

qA 

In 
Au,N 

prod 
u,A 

=<v> 
rrA /3/ 

T04HO TaKoe M<e 3Ha4eHHe eenH4HH~ <v>, A nony4aeTCA npH cyMMH
poeaHHH Ce4eHH~ B3a~MOAe~CT B~A C AaHHWM 4~CnOM v AAePH~X HyK
nOHOB , KOTOp~e MOryT 6WTb 8~4~CneH~ no $OpMynaM OnTH4eCKO~ 
MOAenH 

In 
u(v)= _1_ J d2b[uln ·T(b)lv e -u,N •T(b) 

v! TTN /4/ 

T(b) cfp( b,Z)dZ, 
/51 

rAe P (b.Z)- pacnpeAeneHHe nnOTHOCTH AAePHO~ MaTepHH. BnHAHHe 
B03MOM<H~X KaCKaAH~X nepepacceAHH~ Ha xapaKTepHCT~K~ BTOPH4HWX 
penRTHBHCTCKHX 4aCTH~ npH 3TOM C4~TaeTCA npeHe6pe*HMO ~~an~M. 
B pe3ynbTaTe aapHaHT B TOnbKO HecylJ1eCTBeHH~MH AnA Haw~~~~~9eH 
AeTanAMH OTnH4aeT CA OT MOAenH MHOrOKpaTHOrO pacceAHHR · 

KaK noKa3aHo e pa6oTe/ 10t. coeoKynHOCTb AaHHWX no cpeAHHM 
MHOM<eCTBeHHOC TRM BTOpH4H~X 4aCTH~ Ha AApax XOTR H CB~AeTenbCT
ByeT B nOnb3y BapHaHTa 8, HO He n03BOnReT 6e3yCnOBHO OTBepr-

4 

HYTb nepey~ rHnOTe3y. 0CHOBHaR TPYAHOCTb 3aKn~4aeTCR B TOM, 
4TO HeH3BeCTHO, CKOnbKO BTOP~4H~X 4aCTH~ H KaK~e ~MeHHO PO*
Aa~TCR e HH3K03HepreTH4eCKOM BHYTPHRAePHOM KacKaAe . B CBA3H 
C 3T~M H3y4eHHe PO*AeHHR h-rHnepOHOB npeACTaBnAeT 6onbWO~ 
HHTepec, TaK KaK, B OTnH4He OT rr -Me30HOB, PO*AeHHe ABYX h 
Ha OAHOM HYKnOHe HCKn~4HTenbHO ManoeepOATHO, H, B OTnH4He OT 
npoToHOB, h He e~neTa~T H3 AAPa e Ka4ecTBe cneKTaTopoe 3a 
C4eT $epMH-ABH*eHHA. no3TOMY co6~THe c ABYMA A-rHnepoHaM~ AB
nAeTCR 3aBeAOMO MHOrOHyKnOHH~M. 

KaK Y*e OTMe4anocb , KBa3HHyKnoHH~e B3aHMOAe~CTBHA e rpynne 
rr-

12 C -co6~TH~ ABnR~TCR $QHOM K MHOrOHyKnOHH~M, n03TOMy M~ 
6yAeM pacCMaTpHBaTb HenocpeACTBeHHO ,-c -a3aHMOAe~CTBHA. AfiA 
3Toro npH pac4eTe cneAyeT oT6pocHTb 47%,- 12

c -e3aHMOAe~cT
BH~ C OAHHM B3aHMOAe~CTBy~~HM KBapKOM / eapHaHT A/ HnH C V= l 
/ eapHaHT B/. TeopeTH4eCKHe 3Ha4eHHR cpeAHero 4HCna e3aHMOAe~
CTBY~Hx KBapKOB, < N q >"A H eepOR THOCTe~ Heynpyroro B3aHMO
Ae~CTBHR c AaHH~M 4Hcno M v -HyKnOHOB RApa yrnepoAa, V( v) = 
= u(L•)Iu!lod npHBeAeH~ e Ta6n.2. B 4aCTHOCTH, BHAHO, 4TO 
npH nepeXOAe OT ,- 12C K ,- C -e3aHMOAe~CTBHAM, BenH4HH~ 
< Nq >rrA H <v> Cy~eCTBeHHO yeenH4HBa~TCR, npH6nH*aRCb K 3Ha-
4eHHA M, xapaKTepH~M AnA coyAapeHHA n~oHa c AAPOM *ene3a. 

Ta6nH~a 2 

Pac4eTH~e 3Ha4eHHR cpeAHero 4Hcna e3aHMOAe~cTey~Hx KeapKOB, 
<N >, BepOATHOCTe~ Heynpyroro B3aHMOAe~CTBHA C V HYKnDHaMH, 

q V(v), e ,-t2c H ,-c -co6~THRx 

n-I2c Ire <53% tr12c> 

<Nq) I , I6 I,~ 

' (1) 0,70 0 ,44 

' (2) 0,20 0,98 

' (3) 0 ,07 0,13 

' (4) 0,02 0,0. 

' (5) 0,01 0,01 

<v> 1,44 1,80 

L:c;· f(ll) 0, 59 I,I3 
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nepeHAeM K cpaaHeHHO AaHH~X On~Ta C ABY~ aapHaHTaMH TeO
PHH, 

BapHaHT A 

B cny4ae sapHaHTa A MHOM<ecTseHHOCTb A -rHnepoHos s ,- C
CTOnKHOSeHHAX COAePM<HT HeH3BeCTH~H SKnaA KaCKaAH~X npo~eCCOS. 
0AHaKo senH4HHy 3TOro SKnaAa MOM<Ho onpeAenHTb H3 on~Ta. Be
poATHOCTb pOM<AeHHA A -rHnepoHa a KsapK-HYKIIOHHOM coyAapeHHH, 
cornacHo Ta6n. 1 , pasHa < nA > ,- N = 0, 059~0, 006. CneAOBaTenbHO, 

MHOll<eCTBeHHOCTb A -4acTH~, o6pa3y~HXCA a rr- c -co6~TH~x sa 
C4eT BKnaAa BHYTPHAAePHOrO KacKaAa, AOnM<Ha ~Tb pasHa 

C&BC TT-C 
<n> _ · .. <nA > - < N > · <n > = 0,033 ± 0,009, 

TT c /\ TT c q A ,-N /6/ 

4TO COCTa811AeT OKOI10 30% BCeX A - rHnepOHOB, poli<Aa~HXCA S 
TT - C - 83aHMOAeH CTBHAX. 0AH0SpeMeHHO, COrllaCHO 1101 /c y4eTOM 
OT6pOWeHHWX KBa3HHYKI10HHWX C~THH~ 3a C4eT KaCKaAH~X npo~eCCOS 
p0li<A8eTCA 0,9+0,4 penATHBHCTCKHX 3ap~ll<eHH~X 48CTH~ /B 3TO 
4HCI10 He BXOAi!T npOTOH~ C HMnyllbCOM ~ ]00 1''\36/ c/. 

H3 /6/ HeTPYAHO nony4HTb cpeAHOO MHOll<eCTBeHHOCTb A -rHnepo
HOI, POli<A8~XCA 38 C4eT KacKaAHWX nepepacceAHHH BTOPH4H~X 
48CTH~, npH B3aHMOAeHCTBHH OAHOro KBapKa C AAPOM yrnepoAa: 

C&IC C IIC TT-C 

< nKqc = <nK,-c / <Nq > = 0,025 ± 0,007. 171 

BepoATHOCTb B3aHMOAeHCTBHA OAHOrO H ABYX KBapKOB BHYTPH AAP8 
pasHa COOTBeTCTBeHHO 2-<Nq>rr-CH<Nq>rr-C- 1. 

Co6wTHA c ASYMA A- rHnepoHaMH MOryT npoHCXOAHTb nH6o 3a 
C4eT KaCKaAHOro BKnaAa npH 83aHMOAeHCTSHH OAHOrO KSapKa C AA
poM C aepOATHOCTbO 

TT- C 
w1 • (2-<Nq > case 

) <nA > _ · <n &> = 0 0010+ 0 0003 
I \ TT N 1\ qC . - . • /8/ 

11H6o npH B38HMOAeHCTBHH o6oHx KBapKos, aepoATHOCTb 4ero pasHa 

TT\:: 

W2 •(<Nq > -1)[< nA > + < nA>cas~ 2 =0,0021 ± 0,0005 
1\ TT -N qC /9/ 

B pe3ynbTaTe AOno rr -c co6~THH c ASYMA A -rHnepoHaMH nony4aeM 
paBHOH 

' 

1 
) 

A w AA = w1 + w 2 = o.oos1 ± o.ooos. 

s TO apeM~ KaK 3KcnepHMeHTanbHOe 3Ha4eHHe WAA pasHO 
0,0069+0,0014. 

/10/ 

CpeAHee 4Hcno s3aHMOAeHCTBYO~Hx KSapKos a co6~THAX c ASY~ 
A -rHnepoHaMH OKas~aaeTcA paBH~M 

AA 
<Nq> w1 +2 W2 =1.7, 

w1 + w2 
/11/ 

T.e. B -1/3 cny4aeB B38HMOAeHCTByeT OAHH KBapK, H B -2/3 cny-
4aes - o6a KBapKa. no3TOMy OTHOWeHHe MHOll<eCTBeHHOCTeH ~parMeH
Ta~HOHH~X 4aCTH~ C x .. 1/2 B ,- C - B3aHMOAeHCTBH~X C po*AeHHeM 
2A H s ,- N coyAapeHHAX AOnli<HO 6wTb -1/3 161 . K co•aneHHO, 

fieAHOCTb CT8THCTHKH He n03BOnAeT npoaepHTb 3TO npeACKa3aHHe. 
B paccMaTpHaaeMOM eapHaHTe A KaapKoa~ MOAenH MOli<HO TaKlle 

~4HCnHTb CPeAHHe MHOM<eCTBeHHOCTH BTOpH4H~X 48CTH~ conpOBOli<
AeHHA, HanpHMep, <n_>. a co6wTH~x c OAHHM H c ABYMA A -rHne
poHaMH. CneAYA pa6oTe110~ 6yAeM C4HTaTb, 4To MHolleCTBeHHOCTb 
OTpH~aTenbHO 3ap~ll<eHH~X BTOPH4HWX 48CTH~ 8 ~eHTpanbHOH o6naCTH 
H B o6naCTH ~parMeHTa~HH MHWeHH nponop~HOHanbH8 CpeAHeMy 4HC
ny B3aHMOAeHCTBY~HX KBapKOB. Y4TeM, 4TO 8 HaweM cny4ae MHO
M<eCTBeHHOCTb OTpH~aTenbHO 3apAll<eHHWX 4aCTH~ 8 o6naCTH ~par
MeHTa~HH HaneTaiOIIIero nHOHa <n.!. > .1,2 110·181. TOrAa AfiA pa3nH4-
H~x rpynn Co6~THH 3Ha4eHHA <n > OK8SW880TCA paBHWMH 

-12
0
-

r " r <n > 12 =<n > +<N > ( <n > - <n >l-3,20 1121 - TT- C - Q - TT ""}( -

-c 
<n_ > _ =<n' > +<Nq~ (<n > - <n' >] .. 3,44 

TT C - - rr-N /13/ 

A r ,- 111; A 
<n > 12 =<n_> + (2 <Nq > - 1){<n .> -<n' >l .. 3,47 

-rr C -rr""N /14/ 

A r ,- c A r 
< n > =<n_ > +(2 <Nq> -l)[<n_>_ - <n >] .. 3,95 

-,-C TT N 
/15/ 

AA AA A 
<n > =<n ' > + <Nq > [ < n >_ -<n'>lE4,10. 

rr-C - - TT N -
/16/ 

Hs cpaaHeHHA c AaHH~MH Ta6n.1 BHAHO, 4TO Bei1H4HH~ <n > 12 A -,- c 
H <n > 1LornacyOTCA C On~TOM, OAH8KO 3H84HTellbHOrO y&ei1H4e-

- " - l!c 
HHA <n > a ,-c co6wTHAX c HMH4HeM A -rHnepoHos no cpasHeHHO 
CO sce;H rriC COYA8PeHHAMH 8 3KcnepHMeHTe npH 40 f36/c He 
Ha6nOAaeTCA. 
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B 04eHKax /12/-/16/ C4HTanocb, 4TO KacKaAH~e nepepacceR
HHR Aa~T npeHe6pe~HMO Man~H BKnaA B < n_> . EcnH nPHHR Tb , 4TO 
KacKaAHOe po~AeHHe A-rHnepoHOB caR3aHo c norn~eHHeM " 
Me30HOB, HanpHMep AA a npo4eccax TH na rr - + p ... A+ K 0 , TO 3Ha4e
HHR <n > A-,., H < n > _ yMeHbWaTCR, OAHaKO OAHOBpeMeHHO yMeHb-

-rr" -rr C wHTCR H aenH4HHa < n > _ I 13/, KoTopaR H 6e3 Toro MeH bWe, 4eM 
-" c Ha onbiTe. 

BAPI-1AHT B 

B cny4ae aapHaHTa B aenH4HHbl < n A >
17

- c ' W AA H cpeAHHe MHO-

~ecTBeHHOCTH 4aCTH4 conpoao~AeHH~ MOryT ~Tb Bbi4HcneH~. CpeAHee 
4HCno A - rHnepoHOB s rr-C-co~THRX npeACKa3~aaeTCR paaH~M 

<nA >rr- c=<v>rr-c · <nA>rr-N = 0,106 ±0,011, /17/ 

a xopoweM co rnacHH c 3KcnepHMeHTanbHbiM pe3ynbTaToM, paaH~M 
0. 11 0+0, 06. npH Bbi 4HCneHHH AOnH COObiTHH c ABYMR A - rHnepoHaMH 
He06XOAHMO y4HTb1BaTb KOMfiH HaTOpHbiH MHO~HTenb. HanpHMep, B cny-
4ae Heynpyroro a3aHMOAei1cTBHR c TpeMR HyKnOHaMH, A - 4aCTH4bl 
MOryT POAHTbCR Ha n~OH HX nape, T.e. TpeMR cnoco6aMH. B pe-
3ynbTaTe 

( B) ~ A 2 
W AA = [ <nA >rr-N I v!-

2 
C v .V (v)= 0,0039± 0,0008, /18/ 

4TO HeCKOnbKO a~we , 4eM a cny4ae aapHaHTa A /10/. 
CpeAHHe MHO~eCTBeHHOCTH BTOPH4Hb1X 4aCTH4 BO B3aHMOAeHCTBH 

RX c po~AeHHeM ABYX A -rHnepoHoe a aapHaHTe 8 TaK~e o~HAa~TCR 
6onbWHMH, 4eM a cpeAHeM rr-c co6b1THH. HanpHMep, pac4eT no 
MOAenH MHOrOKpaTHOrO pacceRHHR / ll 

121 AaeT < 0 > -12 = 3,28, 
-" c 

A A AA < n > .. 3,62, < n > 2 3,61 <n > =3 96 < n > =4 53 3AeCb, 
-rr-c - 17 - 12c ' - rr-c ' ' - 17-c' · 

TaK ~e KaK H a cny4ae aapHaHTa A, /12- /16/, o~HAaeTCR 3Ha4H
TenbHOe yaenH4eHHe < n_ > a co6b1THRX c npHcyTCTBHeM A - rHnepo
HOB, KOTOpoe Ha On~Te He Hafin~AaeTCR. 

Apyroi1 HHTepecH~ aenH4HHOi1 RB.nReTc.R 3Ha4eHHe cpeAHero 
HMnynbca A- r HnepoHa a pa3nH4HbiX rpynnax co6~THH. 8 cny4ae 
aapHaHTa A, cornacHo /6/, oKono 30% A- rHnepOHOB a "- C
B3aHMOAeH CTBHRX AOn~H~ pO~AaT b CR 8 KaCKaAH~X npo4eccax. C fpy
rOH CTOPOHbl, BCR COBOKynHOCT b HMe~HXCR AaHH~X OOKa3~BaeT , t4 / 

4TO B KaCKa,QHbiX np04eccax MOryT npHHHMaTb y4aCTHe nHWb cpaa
HHTenbHO MeAneH H~e BTOPH4Hble 4aCTH4bl- C HMnynbCaMH ~ 3-4 f38/ c , 

8 

I 

. 
• 

a eo3MO~Ho, H e~e MeHbWe. TorAa cpeAHHH nPOAOnbH~i1 HMnynbc 
A-rHnepoHoa, o6pa3y~~HXCR a TaKHX npo4eccax, 6yAeT He 6onee 
1-1,5 f3B/c, 1-1 TKHA4aTHnP04eHTH~i1 BKnaA HX a < nA >rr -c npHBeAeT 
K yMeHbWeHH~ < P11 > a rr- C- a3aHMOAei1CTBHRX Ha - 20% no cpaaHeHHIO 
c rr -N-coyAapeHHRMH. 8 cny4ae eapHaHTa B, a KOTopoM yeenH-
4eHHe MHO~eCTBeHHOCTH A -r~o~nepOHOB npOHCXOAHT 3a C4eT MHOro
HyKnOHHbiX B3aHMOAeHCTBHH, HanpOTHB, 3aMeTHOrO H3MeHeHHR < P NA > 
O~HAaTb He cneAyeT, TaK KaK Ka~AbiH HYKnOH MHWeHH MO~eT ~par
MeHTHPOBaTb a A-4aCTH4Y He3a&HCHMO OT a3aHMOAei1XTBHi1 c APY
rHMH HyKnOHaMH . 3KcnepHMeHTanbH~e AaHHble no < P 

11 
>, npHBe,QeH

Hble 8 Ta6n. 1, nO-BHAHMOMy, He n03BOnR~T CAenaTb Bbi60p Me~AY 
3THMH ABYMR eapHaHTaMH. A 

npeACTaanReT HHTepec TaK~e B03paCTaHHe < P~ >n pH nepeXOAe 
OT rr-N K rr- 12C,H 3aTeM K rr-C-a3aHMOAeHCTBH.RM, 4TO MOIKeT 
6b1Tb CBR3aHO C ~epMH-ABHIKeHHeM RAePHbiX HYKnOHOB. HeHee nOH.RT-
HO yaenH4eHHe < P} > a rr -c -co6biTHRX c ,QByM.R A no cpaa-
HeHH~ c rr-c -e3aHMOAeHCTBHRMH c O,QHHM A - rHnepoHOM. 8 4aCT
HOCTH, 3TO MO~eT yKa3b1BaTb Ha ynpyrHe nepepacceRHH.R po,QHBWHXC.R 
A -4aCTH4 BHYTPH R,Qpa. 

4. 3AKIJ)4EHI-1E 

TaKHM o6pa30M, o6a aapHaHTa KeapKoaoi1 MO,QenH ,Qa~T MeHbwee 
3Ha4eH~o~e WAA , 4eM Ha6n~,QaeT cR Ha onbiTe, np~4eM eapHaHT B 
HeCKOnbKO 6nHIKe K 3KCnepHMeHTanbHOMy 3Ha4eHH~. npH 3TOM B ea
pHaHTe A Heo6xoAHMO C4HTaTb, 4TO oKono 30% acex A -r~o~nepoHoe 
B rr-C CTOnKHOBeHHRX pO~,Qa~TC.R 3a C4eT KacKaAH~X nepepacce.R
HHH BTOPH4H~x 4aCTH4. 8epORTHOCTb Heynpyroro B3aHMO,Qei1cTBH.R 
BTOPH4Hb1X Me30HOB B rr-C -coy,QapeHHRX MOIKeT 6b1Tb 04eHeHa no 
onTH4ecKoi1 MO.QenH 11 OKa3bleaeTCR -0 ,5. HHo~ecTaeHHOCTb A -rHne
POHOB 8 nHOH-HyKnOHHbiX CTOnKHOBeHHRX nPH 3HeprHH B HeCKOnbKO 
f3B npHMepHO BABOe MeHbWe, 4eM npH 40 f38/c 1151.Tor,Qa OKa3b1Ba
eTC.R, 4TO 8 KacKaAHbiX nepepacceRHHRX ,QOnlKHbl y4aCTBOBaTb, 
8 cpe,QHeM, ABa BTOpH4HbiX Me30Ha. 3TO 4HCnO npe,QCTaBn.ReTC.R 
BeCbMa 6onbWHM, eCnH npHHRTb 80 BHHMaHHe, 4TO OCHOBHa.R AOn.R 
BTOPH4Hb1X 4aCTH4, nO-BH,QHMOMy , pOIKAaeTCR npH pacnaAe pe3o
HaHCOB. 6blno 6~ HHTepecHo nposecTH 3,Qecb 6onee ,QeTanbHble pac-
4eTbl. 

06a aapHaHTa npeACKa3biBa~T 3Ha4HTenbHOe yaenH4eHHe < n_ > 
B cny4ae pO~AeHH.R OAHOro 11, TeM 6onee , ABYX A -rHnepoHOB. 
C pQCTOM aTOMHOrO Beca RApa MHWeHH 3TOT 3~eKT ,QOnlKeH B03pa
CTaTb. TaK, AnA B3aHMOAeHCTBHH "- -Me30HOB C R,Qpa MH CBHH4a 
npH 40 r3B/c 8 paMKaX eapH aHTa B OlKH,QaeTC.R • n_ > - =4,2~' 

A AA " Pb 
'- 0 > =5,02, <n> ..5,78.Ha OnbiTe B rr-C -cOyAapeHHRX npH 

- rr-Pb rr- Pb 
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40 r38/C TaKOrO yaenH4eHHR B npeAenax OWH60K He Ha6n~AaeTCR. 
3TO MO~eT 03Ha4aTb nH60 TO, 4TO 3HeprHR 40 r38 HeAOCTaT04HO 
B~COKa H y4eT 3aKOHOB COXpaHeHHR RBnReTCR 6onee cy~eCTBeHH~M, 
4eM npeAnonaranocb a pac4eTax , nH6o TO, 4TO MexaHH3M MHOro
HYKnOHHbiX coyAapeHHH 6onee cno~eH. 

ABTOP~ 6naroAapRT H.H.CTpHKMaHa H 8.H .lliexTepa 3a none3H~e 
OOCYW.AeHHR. 
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