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8 npeAblAYIJ\eH ny6m1Kal\1111 111 6b11111 npe,qcTaBneHbl peaynbTaTbl 11c
c11eAOBaHl1R 11HKJ1I03"1BHOro PO)l(AeHHR ¢-:Me30HOB B HeHTpoH-npOTOHHblX 
B3al1MOAeHCTBl1RX. B AaHHOH pa6oTe aHaJ1"13l1PYeTCR aaBHCl1MOCTb ce-
4eH~R "1HK11I03"1BHOro PO)l(AeHHR ¢-Me30HOB OT aTOMHoro aeca MHWe-
Hl1 A. . 

3Kcnep1,1MeHTaJ1bHWe AaHHwe no A-aaa1-1c11MocT1-1 ce4eH1-111 o6paaosa
HHR aAPOHOB no3BOJ1RIOT OQeHl1Tb BeJll1411Hbl ce4eHl1H HX norI10IJ\eHl1R 
RAePHOH MaTep1-1e11. np1-1 3TOM 60J1bWHe 3Ha4eHl1R noKa3aTeJ1R a B paM
Kax napaMeTpl13aQl1"1 Aa AOJl)l(Hbl COOTBeTCTBOBaTb MeHbWl1M ce4eHHRM 
aaaHMOAeHCTBHR 1,1ccneAYeMblX aAPOHoa h c HYK110HaMl1 RAPa a(h + N). 
CpaaHeHHe 3KCnepl1MeHTaJlbHblX AaHHblX no pO)l(~eHHIO 11, K l1 J/'l' 
Ha RApax yKa3blBaeT Ha POCT BeJ1114l1Hbl a l1 COOTBeTCTBeHHO YMeHb
weHHe a(h + N) AJ1R aAPOHOB, cocTORII\HX 1,13 6onee TR)l(em,x KBapKoa. 
TaK KaK ¢-Me30H npeACTaBJlReT B OCHOBHOM Cl1CTeMY KBapKOB ss, 
TO B 3TOM CMWCJle 3aHHMaeT npoMe)l(yT04HOe nOJlO)l(eHHe Me)l(AY 11, K 
"1 J:/11'. no3TOMY npeACTaBJlReT l1HTepec, COOTBeTCTBYIOT 11"1 AaHHble 
no A-3aBHCHMOCTl1 ce4eHHR ero 06pa3oaaHl1R 0611\eH TeHAeHQl1l1. 

8 HaCTORIJ\ee BpeMR l1MeeTCR Mano AaHHblX no A-3aBHCl1MOCTl1 ce-
4eHHR PO)l(AeHHR ¢-Me30HOB. l13MepeHl1R Ha pa3HblX RAePHblX MHWeHRX 
npoBeAeHw TOJlbKO a 3Kcnep1-1MeHTe ACCMOR a orpaHH4eHHo~ KHHeMa
TH4ecK011 o6naCT"1 no ct>eiiHMaHOBCKOH nepeMeHHOH O .< X F< 0 ,3 121• 
3Toi1 )l(e rpynnoii nony4eHo oTHoweH1-1e ce4eHHi1 o6pa3oBaHHR ¢-Me-

. /3/ . 
30HOB Ha 6epl1J1J1"111 1,1 BOAOPOAe AJlR O '11 <xF .< 0 ,24 . • 0AHaKO 3TH 
HCCJleAOBaHHR npoaeAeHbl npl1 pa3HblX 3KCnepl1MeHTaJlbHblX YCJ10Bl1RX 
11 l1X cpaBHeHHe 3aTPYAHeHO l13-3a pa3HblX BeJ1114l1H Cl1CTeMaTl14eCKl1X 
0Wl160K. ,QaHHble no A-3aBl1CHMOCTl1 ce4eHl1R' pO)l(AeHHR µ. +,_, - -nap ' 
a 0611acT11 Maccw ¢-Me30Ha, nony4eHHwe a jKcnep1-1MeHTe 141 , 
He cornacyroTcR c pe3y11bTaTa~11 rpynnb1 ACCMOR. Ho a AaHHOM cny-
4ae 60J1bWOH ypoaeHb ct>oHa He n03BOJ1ReT BblAeJll1Tb A-3aBHCl1MOCTb 
ce4eHl1R PO)l(AeHl1R fb-Me30HOB l13 0611\HX AaHHblX. TaKHM o6pa30M' 
Heo6XOAl1Mbl AOnOJ1Hl1TeJ1bHble l13MepeHl1R B 6onee Wl1POKOH Kl1HeMaTl1-
4eCKOH 0611aCTl1 AJlR BblRCHeHHR YCTOH4l1BOCTl1 pe3YJlbTaTOB l1 l1X 3a
B"1Cl1MOCTl1 OT ct>eHHMaHOBCKOH nepeMeHHOH xF. 

3KcnepHMeHT BwnonHeH c poMOIJ\blO cneKTPOMeTpa 611C-2 Ha cepny
XOBCKOM YCKOPHTene. ¢-Me3oH~ per1-1cyp11poaa1111cb no MOAe pacnaAa 

+ -K K B Kl1HeMaTl14eCKOH 0611aCTl1 XF > 0 11 p T .< 1 f38/c co cpeA-
Hl1Ml1 3Ha4eHl1RM"1 <x-? =; 0 ,28 11 <Pr>= 0 ,35 f38/c. MaKCHMaJlb
HaR 3HeprHR HeiiTPOHHoro ny4Ka 6b111a orpaH114eHa 3Ha4eHHeM 
70 f38. AKcenTaHC cneKTPOMeTpa no3BOJ1RJ1 perHCTPHPOBaTb (6-Me3o-
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Hbl, PO>KAeHHble HeATpoHaMM C MMHMMaJlbHOA 3HeprMeA 30 r3B. 06pa-

30BaHMe ~-Me30HOB MCCJ1eA0BaJ10Cb Ha Tpex MaTepManax - yrnepo
Ae /A= 12/, an~MMHMM /A= 27/ M MeAM /A= 63,5/. CpaeHeHMe 
C AaHHblMM Ha BOAOPOAe /1/ 6blJ10 3aTPYAHeHO M3-3a pa3JlM4Mfl 3KCne

pMMeHTaJlbHblX YCJlOBMA, 4TO npMBOAMJlO K pa3HbIM CMCTeMaTM4eCKMM 

owM6KaM. Ton~MHa MMWeHeA no OTHoweHM~ K AilMHe RAepHoro B3aMMO

AeAcTBMR 6bina Bb16paHa npM6JlM3MTeJlbHO OAMHaKOBOA BO M36emaHMe 

pa3Horo norno~eHMfl nY4Ka M nPOAYKTOB pacnaAa ¢-Me30HOB. HcnOJ1b-

3yeMble TOJl~MHbl MMWeHeA npMBeAeHbl B Ta6n.1. B XOAe M3MepeHMA 

MMWeHM 4ePeAOBaJ1MCb 4epe3 KalKAble ""50 TblC. npMHMMaeMblX cneKTpo-
MeTpOM co6blTMA. ,., 

Ta6.1Zu4a 1 
Ton~HHb! HCnonb3yeMblX MHilleHeft 

C Al Cu 

T ( r/cM 2) 7,8 I 0,2 13,4 

T/ fRASP. 0,091 0,096 . 0,099 

OcHOBHblMM 3JleMeHTaMM cneKTPOMeTpa RBJlRJlMCb cneKTpoMeTPM4ec

KMA MarHMT, ABe rpynnbl MHOronpOBOJl04HblX nponop4MOHaJ1bHblX Ka

Mep M ABa MHoroKaHaJlbHblX noporOBblX ra30BblX 4epeHKOBCKMX C4eT-

4MKa. noAp06Hoe onMCaHMe cneKTPOMeTpa M TpMrrepHblX YCJlOBMA MOIK

HO HaATM B pa6oTe151 ·• noporOBble xapaKTepMCTMKM 4epeHKOBCKMX 

C4eT4MKOB npMBeAeHbl B Ta6n.2. 

CqeTqHK 

Cl 

C2 

Ta6.1Zu4a 2 
XapaKTepHCTHKH noporOBblX qepeHKOBCKHX cqeTqHKOB 

HMnynbc nopora, f3B/c 

If- KananoB fa3 ,, 
K p 

7 B03p;yx 6,0 . 2 I ,2 40,3 

14 qipeoH 12 3, I 10,8 20,5 

HH(j)OpMa4Mfl C 4epeHKOBCKMX C4eT4MKOB no3B0JlRJla Bbl4MCJlflTb 
AJlR KalKAOA 3apR1KeHHOA 4aCTML1bl TpM aepORTHOCTM /cTaTMCTM4eCKMX 

aeca/ - 6b1Tb nMOHOM' KaOHOM MJlM npoTOHOM 
161 

• PacnpeAeneHMR 

KaoHHoro aeca WK /MaKCMMaJlbHblA sec paaeH 3/ AJlR' nOJlOIKMTeJlbHblX 
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PHc. I. CTaTHCTnqecKHH .Bee 

KaOHHOH rnnoTe3bl: a - ,n;nH OT

puu;aTenbHblX qacTHD; H o - p;na 
nono~HTenbHbIX qacTHD;. 

M OTPMl..laTeJlbHblX 4aCTMLI noKa-. 

3aHw Ha pMc.la M 16. Bw6pocw 

npM WK.< 0 ,5 COOTBeTCTBY~T 

OAH03Ha4HO MAeHTM¢MLIMPOBaH

HblM nMOHaM M npoToHaM. 3Ha-
4MTeJlbHaR 4aCib TpeKOB RBJlR

eTCR HeMAeHTM¢MLIMPOBaHHblMM. 

3TOMY COOTBeTCTBYeT nMK npM 

w K=: 1. HMny!lbCbl 60JlbWMHCTBa 

4acTMI..I nemaT HMme nopora pe

rMcTpa4MM KaOHOB B 4epeHKOBC

KMX c4eT4MKax. B 3TOM c11y4ae 

MOIKHO MCKJ1~4MTb TOJlbKO nMOH

HY~ rMnOTe3y, TOrAa KaK KaOH

HaR M npoTOHHaR rMnOTe3bl pae

HOBepoRTHbl /Wit&KC = f ,5/, 

H TOJlbKO MaJlafl AOJlR TpeKOB 

OAH03Ha4HO MAeHTM$MI..IMPYeTCR 
KaK KaOHbl. npM aHaJlM3e B Ka-

+ 
4eCTBe KaHAMAaTOB B K~Me30Hbl Bbl6MpaJ1MCb 4aCTHl..lbl C KaOHHblM ee-

COM WK> 1 ,2. 3TO orpaHM4eHHe HCKJ1~4ano OAH03Ha4HO MAeHTH¢H-

1..111poaaHHble nHOHbl H npoTOHbl, a TaK>Ke HeHAeHTH$Ml..111POBaHHble 4a~ 

CTl1l..lbl. 
AHaJ1M3 66111 OCHOBaH Ha CTaTMCTHKe ~ 4 · 10

6 
co6b1THA AilR KalKAO-

ro MaTepMana MHWeHl-1. npMMepHO B 1 , 5%. co6blTMA 6bJnl1 BblAeJleHb1 

KaHAMAaTbl B napbl K+rc C 3¢(j)eKTHBHOA MaccoA MeHbWe 1 ;08 r3B/c 
2

• 

npH BOCCTaH<;)eJleHHH CQ6bl'rMA HanarailHCb Ta.K1Ke 0T"Pi3Hi,t4ei-(M.i1 Ha nep- : 

neH,AHKY/lRPHOe K n)'4KY .QTK1'0HeHHe aepWHHbl B3aHMOAf!ACTli!Htl. B :Oi>e
AeJlaX pai:i11.Yca-'Ml-1Wet-tH 3 'c:M -H tia OTK/IOHeHHe BA0.11t,' OC'1 ~ 'n~~i<a ;' .. 

B npeAi;max 11), CM OT Kpa'ea MiiweHH, ·a Ta611. 3 np1-1aeA(hW p,aHHble 

0 seJ1114Htte noToKa:HeHTpc>HOB 1,1 'KOI1114eCTBe co5blTHi'.1, "Y.AOSJleTBO-. 

PR~~11x'aceM_KPl1TepWR~ oT6opa. 
CneKTPbl' 3(j)(j)eKil-1BHblX Mace K-tx- Ail.R Ka>KAOIII J.13 Tpex M.J.1weHe~ 

npeACTBBileHbl Ha PHC: 2. f{pt-1B~e. JlHHHl-1 noKa3btBa~T pe3Y,m,TaTbt an
npoKCi-iMatiW:H ,<1>y'Ht<L1HeA 6p-ei1T~' - BMn-tepa, HanomeHtiO~, Ha fifat\KY-IO . 
<l>YHtCl\HIO ·(j)oHa. WOH BKn~i:iaeT B ce6.fl HenpaBHJlbHO 11,c(eH:risqn-141-1posaH

Hble K+K--napbI, a TaKme peail.bHO pomAeHHble napbI K+K- ~ He RBJ1.R10-

~1-1ecR npOAYKTaMH pacnaAa pe30HaHca. Ko11114eCTBO Ha6n~AaeMblX ¢

Me30HOB AJlR Ka)!(AOH M1-1weH1-1 np11BeAeHo a Ta6n.3. TaKme noKa3aHbl 

BeJlJ.14HHbl <J)oHa nOA pe3oHaHCOM, 

3 



IloTOKH HeHTPOHOB H KOITHtieCTBO CO6bJTHH 

IlOT(?K HeHTPOHOB_/ 1 0 lO 

tfucno TpnrrepoB/1O6 

qucno K+K--co6b1Tnl1 

CT.aTHCTHKa ¢ 
BenHtIHHa q)OHa 

.NU 

'-ro 
(I) 

1000 

:::E -800 
I") 

'--
·~ 600 

";;}_ 
:c 
:s: 
lD 
:::E 400 
0 
~ 

~ 
0 200 :s: :r 

C Al 

1 ,51 1 ,51 

3,9 4, 1 

19700 19340 

1190 ± 80 1320 ± 85 

4280 ± 80 4360 ± 85 

C Al 

Ta6.11uu,a 

Cu 

1 ,24 

3,8 

15570 

1220 ± 85 

3350 ± 85 

Cu 

0.99 . 1.02 1.05 , 0.99 1.02 1.05 0.99 1.02 · 1.05 

3CDmEKTl-18HAH MACCA K+K-. , ·Ta8/c2 

Puc. 2. CrreKTPbI 3<pqJeKTHBHbIX Mace K+K·.:. AJI~ co6bJTHH 
Ha yrnepop;noil:, anioMmmeBott n Mep;HOH Mlfillemrx. 

3 . 

· RpH aHan1-1se A-aaBHCHMOCTH 1-1cnonbaosan11cb bTHoweHHR ce4eH11H 
PO}l(AeHHR ¢-Me30HOB Ha Ka}l(AOH · Ml-1WeHH K Ce4eHHIO Ha yr'nepoAe, no
ny4eHHble 1-13 cneAYIOll\eH cj)OpMynbl: 

. . N'q}A) -A· T(C) • M (C) 
R =a(A)la(O) = NJ.C) ,C,T(A)•MnlA); 

4 

,t.; 

.... 

" 

04 

rAe A 1-1 C - aTOMHbte seca M1-1weHei1, N0 - Kon114ecTBO Ha6nioAaeMblX 
¢-Me30HOB, T - TOnll\11HW MHWeHeH, Mn - noTOKH HeHTPOHOB. 

OTHOWeH11e R MOmeT 6WTb nony4eHo C MeHbWei::i Cl1CTeMaT114eCKOH 
norpeWHOCTblO, 4eM CaMl1 3Ha4eHl1fl ce4eHl1H, TaK KaK KoppeK4Hl-1 
Ha reoMeTpl14eCKYIO 1-1 TpHrrepHylO 3CIJcj)eKTHBHpCTb perHCTpa41-11-1 co-
6WTHA, a TaK}l(e Ha 3cj)cj)eKTHBHOCTb BOCCTaHOBneHl1R co6WT11A 11 l1ijeH
Tl1cj)HKa41-11-1 4aCTl-14 He 3aBl-1CflT OT MaTep11ana M1-1weH1-1 H 8 OTHoweHMl-1 
KOMneHCl1PYIOTCR. KpoMe 3Toro, OTHOWeHHe HeATpOHHWX nOTOKOB 1-13-
BeCTHO 3Ha41-1TenbHO ny4we, 4eM l-1X a6conlOTHWe a~a4eHMn. Ha cpaB
HeH11R paanH4HWX cnoco6oB BW411CneHl1R nOTOKOB ny4Ka nony4eHa 
04eHKa Cl1CTeMaTl14eCKO~ ow1-16K11 11X OTHoweHl1R B npeAenax 3%, Tor
Aa KaK a6conlOTHWe Benl1411HW nOTOKOB 11MelOT ow1-16~1-1 -30%. np11 onpe
AeneHl111 norpeWHOCTl1 senl1411HW OTHoweHl1R ce4eHl1H np11H11ManHCb 
BO BHl1MaH11e CTaTl1CTl14eCKl1e ow116K11 c11rHanoB ¢-MeaoHOB 11 Cl-1CTe
MaT114eCKaR ow1-16Ka OTHOWeHl1H nOTOKOB HeHTPOHOB. Bw411cneHHWe Ta
Kl1M o6paaoM OTHoweHl1R ce4eH11H cocTaB11n11 a(Al)/a(C) = 1 ,91:: 0 ,21, 

a(Cu) la(C) = 3 ,85±0 ,40. · 
BoccTaHOBneHHble cneKTPbl nPOAOnbHblX 11MnynbCOB <,{r-MeaoHOB An.A 

Ka}l(AOH Ml1We~11 npeACTaBneHw Ha p11c.3. Kp11Bwe nHHl11-1 noKa3wBalOT 
peaynbTaTbl napaMeTp11aa41111 cneKTPOB CTeneHHOH cl>YHK4vteH ( 1 -
- x~~ nony4eHHbre aHa4eH11.A noKaaaTeneH N, TaK)Ke np11BeAeHHb1e 

Ha p11c.3, cornacyioTCfl B npeAenax ow1160K. Ha 3Toro MO)KHO CAe
naTb BWBOA, 4TO np116n11}1(eHvte CKei::invtHra no cj)eHHMaHOBCKOH nepeMeH
HOA XF He aaBl1CHT OT THna flAPa M1-1weH11. 8 cneKTpax no p~ TaKme 

l 8 
10 -

107 

~ ,,-... 
(L 
"D 
'---.. 
z 
"D 
w 
'--"106 

& Cu, N=4.43±0.41 

II Al , N=4. 14±0.40 

C , N=4.39±0.37 

10
5 

c__,c_____.L _ __,_ _ _,__ _ _J___.J___J 

8 12 16 20 24 28 

PL , 1::,8/c 

He Ha6n10AaeTCfl . CyllleCTBeHHblX 
paanl1411H 1 4TO noasonReT CAenaTb 
BWBOA O npv16nv1av1TenbHO OAl1HaKO
BOM s npeAenax ow1160K 1-1aMepeH1-1H 
nornollleH11v1 npoAYKTOB pacnaAa 
¢-MeaoHOB B paaHWX MaTep11anax 
MHWeHl-1. 

Ha pMc.4 npeACTasneHW OTHO
weHl-1.A ce4eH11H pomAeH11R cfr,Meao
HOB K ce4eHvtlO Ha yrnepoAe s aa
s11c11MOCTM OT senM411HW aTOMHoro 

Puc. 3. BoccTa1-10Bne1mL1e HHBa
pHaHTHbJe crreKTPbl 6-Me30HOB 
ITO IIPOAOITbHOMY HMITYITbCY AITH CO
Ub!THH na yrnepop;Hoif, amoMHHHe
uo11 H Me.n;nof'I MHIIIelIHX. CrrJIOlllHbJe 
JIHHHH IIOKa3b!Bal0T arrrrpoKCHMd~lilO 

·crreKTPOB cpyHK[(HeH / I - X F;N. 

5 
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Puc. 4. 0TH01uem1e cetie1mtl: pO)l(,[le

HHH Ha H,[(pax K cetieHHID Ha yrne

po,[le ,[\ml ¢-Me30HOB H cpoHOBbIX 

CO6b!THH. CnJIOIIJHbie JIHHHH noKa3bI

BaIDT annpoKCHMa~HID ,[\aHHbIX CTe
neHHOH 3aBHCHMOCTbID Aa. 

seca M11weH11 A. Hcnonb3YR napa
MeTp11sa1.111~ Aa AnR OTHoweHJ.1~ ce-
4eH11i1, nony4aeM 3Ha4eH11r1 noKa-
3aTenr1 a= 0,81±0,06 s KJ.1HeMa

TJ.14ecKoi1 06nacT11 p L > 6 f38/ c 
11 p T < 1 f38/c. CpasHeH11e oT-

102 HoweH11i1 ce4eH11i1 cr{Cu) /cr{Al) 
A 11 cr(Al) / cr(C ) noKa3bJBaeT, 4To 

B npeAenax ow1160K 11sMepeH11i1 sen11411Ha noKa3aTenr1 a He yMeHbllia

eTCR C POCTOM aTOMHOro seca RApa A. CooTBeTCTBY~~J.1e OTHOllieHJ.1R 
AJlR cj)OHa TaK>Ke noKa3aHbl Ha PHc.4. B paMKaX Toi:i >Ke napaMeTpJ.13a

'-IJ.1J.1 nony4eHo 3Ha4eH11e a = 0, 65 ± 0, 03, 4TO cy~ecTBeHHo MeHbllie 
noKa3aTenR a AnR ¢-Me30HOB J.1 cornacyeTCR C AaHHbJMJ.1· no PO>KAe-

. /7/ 
HJ.1~ "± , K ±, p Ha RA Pax • 

1. 

0.9 

~ 0.8 

0.7 

0.6 

0. 

8 

+ 
12 16 20 24 28 

PL , rsB/c 

0.2 0.4 0.6 0.8 

P, , fsB/c 
1. 

6 

Ha p11c.5 npeACTasneHa sen11-
4J.1Ha a KaK cj)yHK4J.1R npOAOnbHOro 
PL 11 nohepe4Horo pT HMnynbcos 

¢-Me30HOB. Hs PHCYHKa BJ.1AHO, 
4TO noKa3aTenb a cy~eCTBeHHO 

He MeHReTCR B npeAenax KJ.1HeMa

rn4eCKOi1 o6nacrn pL > 6 f38/c 

11 p T < 1 f38/c. HJ.1>KHJ.1i1 np_eAen 
no PL c y4eToM 3HepreT114ecKoro 
cneKTpa Hei1TpOHHoro riY4Ka COOT

BeTCTBye~ 3Ha4eHJ.1~ XF = 0. 
fpynno~ ACCMOR nony4eHa sen11-

4J.1Ha Cl = 0 ,86 ± 0 ,02 J.13 AaHHblX 
no PO>KAeHJ.1~ ¢-Me30HOB B nPOTOH
HOM ny4Ke Ha RApax 6ep11nn11r1 
J.1 TaHTana

121 
8 KJ.1HeMaTJ.14eCKOi1 

ot;>naCTJ.1 0 < x F< 0 ,3 J.1MJ.1 TaK>Ke 
He Ha6n~AaeTCR CJ.1nbHOro J.13Me-

Puc.5. 3aBHCHMOCTb ITOKa3aTeJIH 

a OT ITPO,[\OJlbHOro PL H nonepeti

HOro PT HMITYJibCOB ~-Me30HOB. 

·} 
'.l 

,J 

.f 
j 
' 

HeHJ.1R a OT cj)ei1HMaHOBCKOi1 nepeMeHHOH XF. Xoni HaWJ.1 AaHHble COOT
BeTCTBY~T nonHoA nepeAHei1 06nacTJ.1 xF> 0, J.1MeeTcr1 cor11ac11e 
B npeAenax ow1160K c AaHHblMJ.1 rpynnbl ACCMOR. 

napaMeTp11sa411r1 RAePHblX ce4eH11A s BHAe , cr(A)' = a
0

• PP AaeT 

06bJ4HO senJ.14J.1HY 09 ' ICOTopaR 3Hc34J.1TenbHO 60JlbWe ce4eHJ.1R Ha BO
AOPOAe a(A = 1) 17 • no3TOMY 3Ha4eHJ.1R a , nony4eHHbJe nyTeM cpas
HeHJ.1R C ce4eHJ.1eM Ha BOAOPOAe, CHCTeMaTJ.14eCKJ;J OTnJ.14a~TCR OT pe
aynbTaTOB J.13MepeHJ.1H TOnbKO Ha RAePHblX MHWeHRX. BenJ.14J.1Ha a = 
= 0 ,96 ± 0 ,04 J.13 AaHHblX no PO>KAeHJ.1~ ¢-MeaoHOB npoTOHaMJ.1 Ha 6e

p11nn1111 J.1 BOAOPOAe B o6naCTJ.1 0 '11 < XF< 0 ,24 181 cy~eCTBeHHO npe
BblWaeT noKasaTenb a, nony4eHHblH B on11caHHbJX· BblWe 3KcnepHMeH

Tax Ha RAPaX, 4TO RBnReTCR cneACTBJ.1eM pa3H"1'-lbl Me>KAY O'o 
11 a(A = 1). 

,llnR 6onbWJ.1HCTBa 4aCTJ.1'-I noKa3aTenb a naAaeT c POCTOM XF 171• 
Ha p11c.6 npeACTasneHa sen114HHa a s aas11c11MoCTH oT cpeAHero 

3Ha4eHJ.1R XF 3aper11CTPJ.1POBaHHblX cp-Me30HOB B 3Kcnep11MeHTaX 
Ha npOTOHHOM J.1 HeHTPOHHOM nY4Kax. 3AeCb TaK}l(e J.1MeeTCR yKa3a
HJ.1e H_a yMeHbWeHJ.1e a c_ ysen114eHJ.1eM XF. 0AHaKO 3TH AaHHbJe oxsa

TblBa~T Y3KY~ o6nacTb no xF, 4TO HaPRAY C orpaHJ.14eHHOH cTaTJ.1C
TH4eCKOH 11 cHcTeMaT11YeckoA T04HOCTb~ He nossonReT CAenaTb OA
H03Ha4HbJH BbJBOA. KpHBaR nJ.1HJ.1R Ha p11c.6 npeACTaBnReT napaMeTp11-
3a411~ napa6on114eCKOH ct>YHK411eA senJ.14J.1Hbl a AnR PO>KAeHHR 1T ± 11 K± 
B npoTOH-RAePHblX B3al1MOAei1cTBJ,rnx 171 • CpasHeHJ.1e 3Tl1X AaHHblX 

C pesynb TaTaMl-1' nony4eHHblMl1 AnR cf,-Me30Ha 11 J/lp / a "" 0 '97 / 181 

yKa3bJBaeT Ha cy~eCTBeHHblH pOCT senl-1411Hbl noKa3aTenR a C ysen1,1-

4eHl1eM Ma CCbl KBa PKOB, BXOAR~HX B COCTa B aAPOHa. 
,llnR 04eHKJ.1 BeJlJ.14l-1Hbl ce4eHHR norno~eHl1R ¢-Me30HOB RAPOM 

no AaHHblM 06 A-saBHCHMOCTH Ce4eHHR HX o6pa30BaHl1R 6b1na HCnOJlb-
30BaHa MOAenb AnHHbl cj)opMHposa-
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Hl1R aAPOHOB • AaHHOl1 MO-
AenH npeAnonaraeTCR, 4TO s pe-
3YJlbTaTe B3a11MOAeAcTBl1R 4aCTH
'-lbl ny4Ka C HyKnOHOM RAPa 803-
HHKaeT npoMe>KyT04HOe COCTOR
HJ.1e, 113 KOToporo Ha npoTR}l(eH111,1 

Anl1Hbl cj)opM11posaHl1R A o6pasyeTCR 

Puc.6. 3aBHCHMOCTb noKa3aTeJIHa 

OT cpe,[(Hero sHatieHHH xF sape
rucTpupoBaHHbJX cp-Me30HOB B 3KC
nepHMeHTaX Ha npOTOHHOM H Heti:T

poHHOM ITYtJKax. CnnomHaH riHHHH 

OIIHCbIBae-r 3aBHCHMOCTb a(xF) 
,[\JIH "± H K± 171 • 
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gnH saBHCHMOCTH: a - ceqeHHH 
norno~eHHH ¢-MesoHOB HyKnoHa
MH HAPa a(¢ + N) H 6 - ,a;nHHhI 
cpopMHPOBaHHH cf,-MesoHoB ,\ oT ce
qeHHH norno~eHHH HaqanbHoro 

0 

>-=10(1)M 
a 

>-=7 (l)M 

>-=4 (l)M 

of 
a(~N)=13Md 1/(♦N)•B.5 M6 

4 8 12 16 
a(nN), MO 

cocTOHHHH a(n + N). KpHBb1e no-
nyqeHbI Mo,a;enbHOH annpoKCHMa -
~Hell 3KCnepHMeHTanbHblX OTIIOme
HHH ceqeHHH poJKAeHHH <p-Me30HOB 
Ha Hgpax a (Al) /a(C) H a(Cu) /a(C). 

KOHe4HLIH aAPOH. norno~eH1-1e Ha-
4aJlbHOro, npoMemyTo4Horo 1-1 Ko
He4Horo COCTORHH~ HYKJlOHaMH 
RAPa xapaKTep1,13yeTCR COOTBeT
CTBYIOU\l,1Ml,1 ce4eHHRMl,1 nor JlO~e
Hl,1R '.• B AaHHOM aHa111,13e npeHe6pe
ranocb norno~eHHeM npoMelKYT04-
Horo COCTORHHR B COOTBeTCTBl,11,1 
C napTOHHOH MOAeJlblO/lO/ 1,1 MO
AeJlblO 4seTHoA CTPYHbt 1111 • B Ha
weA KHHeMaTH4eCKOH 0611aCTl,1 o6e 
MO{\eJll-1 npeACKa3blBalOT 3Ha4eHHe 
Am-tHbl C!Jop1,11,1posaHHR ~ 7 CIJM. 

HcnOJlb3YR l-13MepeHHble OTHOWeHHR ce4eHHH 06pa3osaHHR ¢-Me30HOB 
Ha RApax, MOlKHO BbJ4HCm1Tb ce4eH1-1e norno~eHHR ¢ -Me3oHoB HYKJ10Ha
MH RAPa a(¢+ N) B 3aBHCl-1MOCTl-1 OT ce4eHHR norJ10U\eHHR Ha4aJ1bHOrO 
cocToRHHR a(n + N). KaK BHAHO 1,13 p1-1c. 7a, aern,,141-1Ha a(¢+ N) 6b1cTpo 
naAaei- c poCTOM a(n + N). ,[\JlR l,1JlJllOCTpa41-11-1 BJlHRHHR AJlHHbl CIJOPMl-1-
posaH~Ul ,\ Ha seJ11-141-1HY a(cf, + N) 6L1Jll,1 CAeJlaHbl Bbl4HCJleHHR npl-1 ,\ = 
= 4, 7 1,1 1 0 C!JM. MoAeJlb npeACKa3blBaeT MeHbwee 3Ha4eHHe a( cf,+ N) 
AJl.i-1 ManoA AI11-1Hbl CIJOPMHPOBaHHR. ,[lpyr1-1e 3KCnep1-1MeHTbl AalOT seJll-141,1'
Hbl a( cf,+ N) = /8, 8 ± 2 ,._2/ M6 1-13 aHa111-13a pomAeHHfl ¢ B TT :/p -RAep-

. hi HblX B3aHMOAeHCTBl-1RX .1-1 a( cf;+ N) = /8 ,3 ± 0 ,5/ M6 1-13 AaHHblX 
no C!JOTOPO~AeHHIO ¢ Ha HApax 11 21 . MoAeJlb AaeT 6JlH3KHe BeJlH41-1Hbl 
a( (p + N), CCJll-1. npeAnOIIOlKHTb ce4eHHe nor IIOU\eHHH Ha4aJlbHoro co

CTOHHHH a(n + N) "' 12 M6. 3TO COCTaBJlHeT np1-1MepHO nOJlOBHHY 3KC
nep1-1MeHTaJlbHOro 3Ha4eHHfl a(n+N) /lS/. OTCIOJJ.a MOlKHO CAeJlaTb 
BblBOA, 4TO norno~eHHe Ha4aJlbHOrO HeATpoHa RAPOM He CHilbHO 
YMeHbwaeT sepOHTHOCTb pomAeHHH cp-Me30Ha. 

3aBHCl-1MOCTb nony4eHHOH B MOAeill-1 AJlHHbl CIJOPMHpoBaHHH ,\ OT se
IIH41-1Hbl ce4eHHH norilOU\eHHH HeHTPOHOB npl-1 ¢1-1Kc1-1poBaHHblX 3Ha4e-

8 

HllfHx a(¢+N) noKa3aHa Ha p1-1c.76. Be111-141-1Ha a(c/>+N)= 8,5 M6 
6n1-13Ka K on1-1caHHblM Bb1we 3Kcnep1-1MeHTaI1bHb1M AaHHbtM 12, 121 , TorAa 
KaK a( <b + N) = 13 M6 COOTBeTCTByeT npeACKa3aHHHM aAAHTHBHOH 
KBapKOBOH MOAen1-1 1141 • B pe3yJlbTaTe C poCTOM a(n + N) MOAeJlb Aa
eT 60ilbWHe 3Ha4eHHH AIIHHbl ¢,opMHPOBaHHH. 'HcnOJlb30BaH1-1e 3KCnep1,1-
MeHTaI1bHblX AaHHblX no a(n + N) -rpe6yeT 04eHb 60ilbWOH BeIIH41-1Hbl ,\ 
AJlR on1-1caHHH A-3aBHCHMOCTH pomAeHHH cfrMe30HOB. B 3TOM c11y4ae 
<P-Me30Hbl B OCHOBHOM AOillKHbl ¢,OPMHPOBaTbCH BHe RAPa 1-1 HX 3¢,¢,eK
THBHOe norI10U\eH1-1e HYKIIOHaMH Mano. 

On1,1caHHble BblWe 3KCnep1-1MeHTbl noKa3b!BalOT, 4TO a(¢+ N) CYU\eCT
seHHO MeHbWe BeIJ"14HH, nony4eHHblX AIIR TT± 1,1 K ±/l3/ , HO 60ilbWe 
3Ha4eH"1R a(J/IJl+N) = /2,2±0,7/ M6, Bb141,1c11eHHoro 1,13 AaHHblX 
no pOmAeHl,1IO J/IJI B npoTOH-HAePHblX B3a"1MOAeACTBl,1RX 181 

B 3a KIII04eH1,1e MOlKHO CAeIJa.Tb BblBOA, 4TO 3¢lClleKT"1BHblA paAHYC 
aAPOH-HAepHoro B3a"1MOAeAcTBl,1R yMeHbwaeTCH AIIR aAPOHOB, COCTOR-
~1,1X 1,13 6011ee TRmeIJblX KBapKOB. ,[\aHHble. no pomAeH"1IO c;6-Me30HOB 
Ha HApax, no11y4eHHb1e s H·aweM 3Kcnepw~eHTe, xopowo cor na_CYIOTCH 
C 3TOH TeHAeH41-1eA. 

AsTopbl np1,13HaTeI1bHbl A.M.6aIJA"1HY, 3.H.Ma11b4esy, H.A.CaBHHY 
3a noAAepmKY 3T"1x 1,1ccneA0BaH1,1A, H.B.Bnacosy, E.M.n1,1xa4eso~, 
n.B.C"1IlbBeCTpoey, B.E.C"1MOHOBY, r.r.TaxTaMblWeBy 3a y4acT1,1e 
B 3KCnep1,1MeHTe. 
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