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COOTHOWeHIHI Me)!{.uy BMnJU!Ty D.BMII HYK1IOH-HYK110HHOrO If HyKllOH-SI.UepHoro pacceSIHHJt, Bb!Be­

.UeHHble B p8MK8X cynepn031flllfOHHOJt MO.Ue11H, HCn011b3yiOTCSI .llllSI Onpe.ueneHHSI 3HB'IeHHJt ycpe.u­

HeHHbiX no H30TonnqecKoMy cnnHy 8Mll11HTy .u HYK1IOH-HYK1IOHHoro paccenHHSI snepe.u npH 660 Mas, 

ConocTasneHHe c pe3y1lbTBTBMH cpa3osoro 8H811H3a aKcnepHMeHTBllbllbiX .llBHHLIX no HyKnoH-HyK­

llOHHOMy pacceSIHKIO nOK83biB8eT, 'l:ro CllHH-op6HT811bHbllt noTeHU:If811 HYKllOH-SI.UepHOI"O 838HMQ­

.ll9ltCTBHSI SIB11SieTcSI KOMnlleKCHbiM s HHTepsane aHeprnlt 40-660 Mas. 
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Ill 

BaTCOHOM If ero coTpy .UHHK8MH a paMKax Mo.aenH npHMoro B38HMo.ael!cTBHH 6hma ycTa-

HOBJ18H8 K0Jllf'I8CTB8HH8H CBH3b Me:»<.ay aMnJIHTY .U8Mif HYKJIOH-HYKJIOHHOrO If HYKJIOH-SJ.UepHoro 

pacceHHifH, llpH 3TOM npeHe6peraJIOCb pH.UOM acpcpeKTOB, T8KHX, KaK H8Jllf'llf8 KOppenHpOB8HHhJX 

rpynn B H.Upax, BHyTpHH.UepHoe .UBH:>K8Hife HYKJIOHOB If .ap., KOTOpbie o6paTHO nponopUHOH8JlbHhl 

aHeprHH E, H, cne.aoaaTeJibHo, Manhi npH 6onbWirx 3HeprHHX. lloaToMy ecTeCTB8HHO o:»<H.aaTb, 'ITO 

B 06JI8CTif 60JibilllfX 3HeprHl! y,aaCTCSJ nony'IHTb CB8.U8HifSJ 0 HyKnoH-HYKJIOHHhl~ 8MnJIHTy.aax, 

Hcnonb3YH aKcnepHM8HT8JibHhie .aaHHhJe no HyKnoH-SJ.aepHoMy pacceSJHH!O: TaKol! no.axo.a npe.a­

CTaBnSJeTCSJ pa3yMHhiM B o 6nacTH 6onbWHX 9HeprHll, r.ae peanH38UHSJ nonHoro Ha6opa onbiTOB 

no HYKJIOH-HYKJIOHHOMY paCC8SJHif!O CBSJ38H8 C 6onbWifMif Tpy.UHOCTSJM!f, 

B 6opHOBCKOM npu6nH:»<eHHH MaTpHua pacceHHHSJ HyKnoHa Ha SI.ape co cmrHOM 0 .aaeTCH 

Bb!p8:»<8Hif8M 

f ( q) = G ( q) F ( q) + i !I ( q) F ( q) sin e. (1 n I 

( 1 ) 

q = 2ksin.ft_- nepe.aaqa HMnynbca, 
2 . 

e r.ae F ( q ) - H.aepHhiii cpopMcpaKTop, fzk HMnynbC 

If yron pacceSJHHH B na60p8TOpHOA ClfCT8M8 1 an - npoeKU!iH CfilfH8 H8 HOpM8Jlb K llJIOCKOCTH 

121 
pacc e HHifH, 3anHW8M M8TpHUy HYKJIOH-HyKJIOHHOrO pacceSJHifH B Blf.08 

3.aecb HH.OeKCh! 1 li 0 OTHOCHTCSJ K H30T0filf'I8CKHM COCTOSJHHHM C T = 1 H T =0 CHCT8Mhl .aayx 

HyKnOHOB. Tor.aa B paMKax cynepno3HUHOHHol! Mo.aenn Me:»<.ay aMnnHTy.aaMH HyKnoH-g.aepHoro 

H HYKJIOH-HYKJIOHHOrO pacceHHHl! cywecTayeT cne.ay!OW8H CBII3b 

G(q) = fl (.!_)[_d. A (q) + _1_ A 
0

(q)] , 
k 0 4 1 4 

.'l(q) =- t.'N ( ~) 2[.d_CJ(q) + ...LC0 (q)], 
· Ko 4 4 

(3) 

r.ae N 8TOMHh!H B8C SI.apa, fik 0 - HMnynbC HyKnoHa a CHCTe~e ueHTpa Mace .aayx HyKno-

HOB, 

llpH 660 Mas 3Ha'leHHH peanbHhiX If MHHMhiX qacTel! 6opHOBCKHX aMnnHTy.a G(O) H 11(0) 

6biJ1H onpe.aeneHbl H3 pe3yJibT8TOB lf3M8p8HHl! B 06JI8CTH M8Jlh!X yrnOB .UHcpcpepeHUH8JlbHhiX C9'f l'" 

HHl! ynpyroro pacceSJHHH npoToHoa Ha SI.apax yrnepo.aa If nonSipH38UHH npoTOHOB B aTOM npouec-

/3/ -13 
Ce , yf3 3THX .08HHhlX cne.ayeT, 'ITO B 8.0HHHU8X 10 CM ycpe.UH8HHhl8 no H30TOfiH'f8CKHM 

cocTOHHHHJVJ p e anbHhie If MHHMhie 'f8CTH aMnnHTy .a A If C HyKnoH-HYKJIOHHoro paccesmHSJ anepe.a 

paBHhl: 

- R R R 
A (0) = 3/4 A 1 (0) + 1/4A 0 (0) =- 0,36 ± 0,0.3, 

- 1 1 
A (0) = 3/4A 1 (0) + 1/4 A~(O) 0,72:!: 0,04, 

(4) 

c~o; = 3/4 c:roJ + 114 C0R(OJ 0,,33 ! 0, 28 I 



1-13 nony'!eHHbiX pe3ynbT8TOB MOmHo caenaTb JJ:B a samH bi X BbiBOJJ:a . Bo-nepBbiX 1 peanbH8SJ 

'!8CTb 6eCCll11HOBOH 8MllJJI1TYA b l 
-R 
A (OJ HMeeT 0Tp11U 8 T e JJbHbiH 3H8K 1 'ITO, nO-BI1AI1MOMy 1 o6ycnoB-

neHO BJJHS!HHeM TBepaoro OTT8JJKJ1B8IOIUero cepJJ:e'!HI11'8 B HYKJJ OH-Hy iWOHHO M B3 811MOJJ:eHCTBiil1 . 

Heo6xoAHMO 3aMeTHTb1 'ITO npH 3HeprHSJX 1 MeHbWHX 11n11 paBHbiX 315 M 3 B 1 3Ta aMnnHTyJJ:a 

HMeeT llOJJO)KHTeJJbHb!H 3H8K. 8o-BTOpblX 1 HMeeTCS! yK83 8HJ1e H8 K OMnneKCHb!H X8p8KTep CllHHOBOH 

aMnnHTYAbi C(OJ 1 cooTBeTCTBYIOIUeii B nepaoM 6opHOBC K OM npH6nHmeHHH cnHH-op6HTanbHOMY 

HyKnoH-SJJJ:epHOMY noTeHuHany 1 TaK KaK OK83biBaeTCSJ, 'ITO np11 660 M3B peanbHaSJ '!8CTb cnHHOBOH 

-R 
8MllJJHTYAbl C (OJ HMeeT OTJJH'IHOe OT HYJJS! 3H8'1eHu e . Ha KOMnneKCHOCTb Clli!H-op611T8JJbHOrO 

noTeHuHana 1 H 1 cooTBeTCTBeHHO , aMnnHTYAbi C(O) u MenHcb yKa3aHHSJ H paHee ( 1 ), (4). OaHaKo , 

/2/ , /5/ 
B 6onee n03AHHX pa60T8X 8Tlf Bb!BOJJ:bl fiOJJ:BeprnHCb COMHeHH!O H B H8CTOSJIUee BpeMSJ yT-

BepJJ:HJJOCb MHeHHe, 'ITO aMnnHTyJJ:a C(OJ SJBnSJeTcSJ '!HCTO M HHMO!t B HHTepaane 3HeprHi1 

40 - 970 M3B. 

no3TOMY npeJJ:CT8BJJSieT HHTepec COf!OCT8BHTb 3 H8'!eHHS! ycpeJJ:HeHHhlX no H30TOnH'IeCKOMy 

cnHHy aMnnHTYA A(O) H C (OJ HyKnoH- HyKnOHHOro pacceSJHHSJ np11 pa3nH'IHbiX aHeprHSJX . AHa­

JJH3 3KcnepHMeHT8JJbHbiX aaHHbiX no HyKnoH- SJAepHoMy pacceSJHHIO B HHTepsane 40 - 970 M3B ( 5) 

B npeaenax OWH60K 3KCnepHMeHTOB C OrnacyeTCS! C npe.(lnOJJO)KeHHeM 0 'll:ICTO MHHMOM 3H8'!eHHH 

aMnnHTYJJ:bi C(OJ. 0AH8KO pe3ynbT8Tbi ocywecTBneHHoro HeJJ:aBHO IO . M. Ka3apHHOBbiM H Yi . H . C a­

/6/ 
nHHbiM cpa3oBoro aHanH3a ABHHbiX no p + p- 11 n + p - pacceSJHI!IO B aHTepaane 40 - 310 Mas , 

CBI!AeTeJJbCTBY!OT 0 KOMnneKCHOCTI! aMnJJHTYAbl C(OJ 11 1 B npeanonomeHI!I! CnpaBeAJJI!BOCTH cynep-

ll031!l.\I!OHHOH MOJJ:eJJJ1 1 0 KOMnneKCHOCTH CnHH- op6HT8JJbHOro noTeHUHana. 

H ·a p11c . 1 npHaeaeHbi 3Ha'!eHHSJ aMP 'I HTYA A ( 0) n C(OJ KaK cpyHKUI!H KHHeTH'!ecKoii 

3HeprHu HyKnoHa Ec.u. M . B CI!CTeMe ueHTpa Mace ABYX HyKnoHoB. B HHTepB an e 8HepruA 

40 - 660 M3B 3HepreTH'!eCKI!e 38BI!CI!MOCTH aMnnHTYA yaosneTBOpHTenbliO annpoKC HMHPYIO TCSJ 

cneJJ:yiOIUHMI! BblpameHHS!MH: 

,?(OJ= 7 ,20+0 ,20 + (4 ,68 .:t_0,26) · 10- 3 
E c . u . M • E . 

c . u.M . 

-3 A R(O) = ( 0 1673 .:t_O ,03) - ( 6,88 ±..0135) · 10 Ec.u.M . (5) 

- 3 C1
(0) = (O,l88.:t_0,038) + (3,86.:t_0 170) · 10 Ec.u. M. 

CR(OJ = (2145±..0142)·10-3 
Ec.u.M.- ( 1197 + 0 184 ) ~ 10-

5 
E

2 
- c.u . M. 

3aecb aHeprHSJ Ec . u.M . 
-13 

aaeTCSJ s M3s , 3Ha'leHHSJ aMnm1TYA - s 10 eM . nocTOSJHHbJe K03cp-

cp!!uHeHTbi 6hinH HaltaeHbi MeTOAOM HBHMeHbillHX KBaapaToB . Ha p11c. I 38il1TpHXOB8HHolt nono­

coa YK838Hbl KOp11AOpbl Oll11!60K cpyHKUHH ( 5) . 

- r 
noseaeHI!e A OTpamaeT, B OCHOBHOM , 1!3MeHeHHe C 3HeprHeH ycpeJJ:HeHHb!X no 1!30TOnH-

'!eCKOMy Cni!HY nOJJHbiX Ce'!eHHH u HyKnoH- HYKJJOHHOro B38HMOJJ:eHCTBHS! , riOCKOJJbKY, cornaCHO 

On T H'!eCKOH TeopeMe 1 

-1 
A (0) ka 

4rr 
k - ( Cl +CJ l 

8rr PP n p' ' 

rae CJPP H Clpn. - nOJJHb!e ceqeHHS! p + p - H n + p B38HMOJJ:eHCTBI1H. 

4' 

( 6) 



AMnnnTyaa A R(O) npoxoanT qepe3 Hynb npn 3Hepruu .. 400 Mas s na6opaTopHolt cncTe-

Me, CneaosaTenbHO, npH 3TOlt 3Hepruu ITOTeHuuanbHoe pacce~Hue OTCyTCTSyeT H UMeeT MeCTO 

( C TO'lHOCTbiO LlO CITUHOSblX non paS OK) 'lHCTO TeHesoe pacce~Hue, 0TCIOL18 B03HUK8eT P~Ll cnea­

CTSHll., S 'l8CTHOCT!.f 0 TO, "'ITO ceqeHue HyKnoH-~LtepHoro pacce~HU~ ITOLl HyneM LtOn)I{HO YLlOSneTso­

pS!Tb COOTHOWeHHIO U (0)"' (~~~)~ 

-1 
KaK MO)I{HO suaeTb u3 puc, 1s, aMnnHTy a a c (0) ITOnO)I{UTenbH8 H8 npOT~)I{eHUH pac-

cMaTpusaeMoro uHTepsana aHepruA. 3To o3HaqaeT, "'ITO snnoTb ao 660 Mas peanbHa~ qacTh 

CITuH-op6HT8nbHOrO ITOTeHU!.fana VSR HyKnoH-~LtepHoro S38UMOLtell.CTSU~ HMeeT T8KOll. )l{e 

3HaK, KaK u s o6onoqeqHolt Moaenn. 3Ta cuTyauu~ uMeeT MecTo H npu 970 171 u 1700 
181 

Mas. 

Yf3 puc, 1r SULlHO, "'ITO senu'lHHa C R(O) xoT~ u Mana, HO onpeaeneHa c 6onbwoll. Toq-

HOCTbiO, YKa3aHHbllt Ha pHCYHKe KOPULlOp OWH60K HeCKOnbKO 3aBb!WeH, ITOCKonbKy S 8HanH3e He 
19; 

6bmu y'ITeHbi Koppenguuu Me)I{LtY ¢a3a:.tu • OaHaKo aa)l{e s npeaenax yKa3aHHbiX owu6oK 

peanbH8~ 'l8CTb CITUHOSOll. aMnnuTyLlbl C R(O) OTnU'lH8 OT Hyn~ U nonO)I{UT9nhH8 S o6naCTH 

3Hepruu 40-310 Mas. no-sHLlUMOMy. OHa npOXOLlHT qepe3 Hynh s paltoHe .. 420 Mas u npK 

660 Mas uMeeT oTpuuaTenbHbilt 3H8K, 

llnS! onpeaeneHu~ napaMeTpos onTuqecKux noTeHuuanos HyKnoH-~LtepHoro pacceSIHUH u3 

L18HHbiX no HyKnoH-HyKnoHHOMy pacce~HHIO 6binU UCITOnb30S8Hbl COOTHoWeHIUI 0 SbiBeLteHHbl9 B 
110/ 

paMKaX cynepno3HUUOHHOll. MOLtenu 

v 2rrlf 2 c 2 k N.ll, 
c 0 1 E k 0 

(7) 

V5 ==-i 2TTfl 2 c 2 
N C. , ' 0 2 E r- koJ 

p.C 

3aecb E - nonHa~ 3HeprHH ITiiL1810ll.l9ro HyKnOHa s na6opaTopHoll. CUCTeMe I 0 2 u n 2 

- HOpMuposo'lHbie o6oeMbi an~ ueHTpanbHoro H cnuH-op6uTanbHoro noTeHuuanos. npeanonaranoc~:,, 

'ITO fl 
1 

U 0 
2 

He 38SUC~T OT 3Hepruu U UM910T 3H8'leHUSI 
-39 3 

0 1 == 45,99• 10 CM 1 0 2-

-39 3 /3/ 
68,64 • 10 CM 0 K8K 3TO 6binO H8ltLteHO S pa6oTe , 8 Ta6nuue npuseaeHbl Sbl'IUCneHHble U3 

HyKnoH-HyKl!OHHbiX Ll8HHbiX 3H8'l9HHH OITTH'19CKHX ITOT9HUHanos, npu 3He prHH 660 M3B 3TH napu-

MeTpbl onpeLtel! eHbl H3 Ll8HHbiX ITO HyKnoH-HLtepHOMY pacceHHHIO, 

Ta6nuya 
ITOTeHUHanoB 

E VCR, V Cl, VSR, VSI, 
Mas Mas Mas Mas Mas 

40 82 :!:. 6 99 :!:.3 8,6 :!:. 2,9 -1,14 :!:. 0,36 
90 65 :!:.9 57 :!:.9 5,0 :!:. 0,9 -0,85 :!:_0,56 

147 52 :!:.4 46 :!:.3 3,8 :!:. 0,4 -0.65:!:. 0,09 
210 33 :!:.4 46 :!:.3 3,1 :!:. 0,2 -0,58 :!:. 0,07 
310 17 :!:.7 43 :!:.3 2,2 :!:. 0,2 -0,56 :!:. 0,19 
660 -33 :!:.3 67 :!:.4 1,3 :!:. 0,3 -0,55 :!:. 0,48 

5 



.---1 

3HepreTaqecKa~ 3aBKCHMOCTb UeHTpallbHOrO noTeHuaana Vc , HailAeHHa~ K3 9KCnepKM~H-

TOB no HYK1IOH-HYK110HHOMY pacce~HHIO B npeAnono:>KeHKK cnpaBeAliKBOCTK MOAena- np~Moro 

B3aKMOAellCTBH~, HaXOAKTC~ B cornaCKK C 3aBHCHMOCTbiO, HailAeHHOH HenocpeACTBeHHO H3 9KCne­

pHMeHTOB no HyKnoH-~AepHoMy pacce~HHIO. HccKo.nsKo saBbiWeHHbie sHaqeHH~ Vc , npHBeAeH­

Hbie B Ta6naue npH Mallb!X 9HeprH~X, no-BHAHMOMy, o6ycn OBlleHbl TeM,qTQ paAHYC UeHTpanbHOrO 

noTeHUHana He ~Bn~eTC~ noCTO~HHbiM, KaK 9TO npHHHMaliOCb HaMH 1 a pacTeT C yMeHbllleHH9M 

9HeprKH /S/, 3TO npHBOAHT K ysenHqeHHIO HOpMHpOBQqHoro 06beMa 01 1 H 1 COOTBeTCTBeHH0
1 K 

yMeHbWeHHIO 3HaqeHati VCR H Vcr , qTo ynyqwaeT cornacHe Me:>KAY senHqaHaMH napaMeTpos, 

HaitAeHHbiX ABYM~ pasnHqHbiMK cnoco6aMH, 

VfMe~ B BRAY nonyqeHHbie pe3yllbTaTbl 1 KHTepeCHO OTMeTHTb cneAyiOwee. Bo-nepBbiX, B 

COrllaCHH C . HYKliOH-~AepHbiMH 9KcnepHMeHTaMK, AaHbie ITO HJK1IOH-HJK110HHOMY pacce~HHIO npeA-

CK83b!B8IOT yMeHbllleHHe peallbHOH qaCTH cnaH-op6HTanbHOro noTeHuHalla VSR C pOCTOM 9Hep-

rHH. Bo-sTOphlx, HyKnoH-HJKliOHHhle &KcnepHMeHThl yKa3hlBaiOT Ha oTnHqHe OT Hyn~ 3HaqeHa~ 

MHHMOH qaCTH CnHH-op6HTa11bHOrO noTeHuaana, KaK H3BeCTH0 1 paHee K3 HYKliOH-~AepHb!X 9KCne­

paMeHTOB He yAanocb o6Hapy:tKHTb noTeHuHan V51 
151 • 3To o6cTo~TellbCTBo, no-BHAHMOMy, 

o6ycnOB11eHO AByM~ npaqHHaMH, npoBOAHBWHeC~ AO CHX nop 9KCnepHMeHTbl no HyKliOH-~Aep­

HOMy pacce~HHI0 1 a HMeHHO, 9KCnepHMeHTbl no H3MepeHHIO AHcpcpepeHUHallbHOro ceqeHH~, non~pH3a­

UHH H npH HeKOTOpbiX &HeprK~X napaMeTpa R ( (}) 1 HMeiOT He60llblllYIO TOqHOCTb B 061!aCTH Mallb!X 

yrnos pacce~HH~. KpoMe Toro, 9TH napaMeTpbi npaKTHqecKH HeqyscTBHTellbHbi K senHqHHe V 
51 

Tor A a KaK H3MepeHHe napaMeTpa A ( (J), HaH6onee qyscTBHTellbHOro K V51 , He ocywecTsneHo 

AC CHX nop HH npH OAHOH 9HeprHH, 

B sai,niOqeHHe asTopbi Bbipa:>KaiOT 6naroAapHOCTb lO.M. KasapHHOBY H VI.H. CHnHHY sa 
- /6/ 

npeAOCTasneHHe pesynbTaTOB cpa30BOrO aHaflH38 AO HX ony6nHKOBaHH~ , 
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PHc. l. 3HaqeHHSI ycpeLlHeHHbiX no H30TOnHqeCKHM COCTOSIHHSIM 8Mn1IHTYLl A (0) H C (0) 
HyK1IOH-HYK1IOHHOI'O pacceSIHHSio l{epHble Kpy>KKH - pe3y1lbT8T H8CTOSIWell pa60Tbl 0 

CBeT1lble - pe3y1lbT8T cpa30BOf'O 8H81IH38 3KCnepHMeHT81lbHblX LlBHHblX no HyK1IOH­

HYK1IOHHOMY pacceSIHHIO / 6/. 3awTpHXOB8HH O A n01IOCOll nOK838H KOpHLlOp OWH60K. 


