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Mccne.n;oaauue non.RpH3aiJ.HOHHLIX 34>4>eKTOB a peaKIJ.HH 

(p, 2p) ua nerKux .R.n;pax npe.n;cTaan.ReT 6onLwoii HHTepec 

C TO'IKH 3peHH.R YTO'IHeHH.R HaWHX 3HaHHH 0 MeXaHH3Me 
np.RMLIX .R.n;epHLIX peaKIJ.HH H o CTPYKType .11.n;ep .,_1 .O.n;HaKo 

yKa3aHHLie 34>«l>eKTLI H3y'leHLI O'leHL Mano. MMeiOTC.R nuwL 

oT.n;enLHLie pa6oTLI no KBa3uynpyroMy pacce.RHHIO non.Rpu-

30BaHHLIX H Henon.RpH30BaHHLIX npOTOHOB .R,LJ;paMH B He

CHMMeTpH'IHOH reoMeTpHH OULITa<J COBUa.n;aiO~eH C reoMeT
pueu ynpyroro pp -pacce.RHHJI I- . 

C n.enLIO pa3BHTHJI yKa3aHHLIX HCCne.n;oBaHHH Ha CHHXpo

IJ.HKnOTpoHe 06be,LJ;HHeHHOrO HHCTHTyTa JI,LI;epHLIX HCCne.n;o

BaHHH 6LinH npe.n;npHH.RTLI H3MepeHH.R neao-npaaou acuM

MeTpuu KBa3uynpyroro pacceJIHH.R nonJipH30BaHHLIX npo

TO HOB Ha nerKHX .R,LI;pax B 3aBHCHMOCTH OT aenH'IHHLI HMnynL

ca, nepe.n;asaeMoro ocTaTO'IHOMY .R.n;py. Kor.n;a 6Linu nony
'leHLI npe.n;aapuTenLHLie .n;aHHLie 10 .n;n.R .R.n;pa r, Li, no.RBH

nacb TeopeTH'IeCKa.R pa6oTa 1 ,~ B KOTOpOH Ha OCHOBe 

BLI'IHcneuuu ce'leHHH KBa3Hynpyroro pacce.RHH.R nonJipH3o

aaHHLIX npoTOHOB c 3Heprueu 200 M3B npoToHaMH p -o6o

no'IKH .R,LI;pa KHCnopo.n;a I 
60, BLIDOnHeHHLIX B HMnynLCHOM 

npu6nH)I(eHHH C HCKa)l(eHHLIMH BOnHaMH, 6LinO UOKa3aHO, 

'ITO H3 • 3a COBMeCTHOrO .n;eHCTBH.R CUHH" op6HTanLHOH CB.R3H 

.R,LJ;epHLIX HyKnOHOB H .R,LI;epHoro norno~eHH.R B03HHKaeT 

CHTyaiJ.H.R, paBH03Ha'IHa.R UOJIBneHHIO 34>«t>eKTHBHOH UOn.RpH· 

3aiJ.HH HyKnOHOB MHWeHH. 3Ta non.RpH3aiJ.H.R 3aBHCHT OT 

HMnynLca, nepe.n;aaaeMoro ocTaTO'IHOMY .R.n;py, u HMeeT 

npOTHBOUOnO)I(HLie 3HaKH ,LJ;n.R HyKnOHOB, HaXO,lJ;.R~HXC.R B 

* He.n;aauo ony6nuKoaaua pa6oTa II Ha 3Ty )l(e TeMy. 
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P3/2- H P] c2 -coCTOHHHHX. HJ pacqeTOB CJie~oaano, 'ITO 

eCJIH MeTO~ HMllYJihCHOrO npH6JIH)I(eHHH C HCKa)l(eHHhiMH 

BOJIHaMH npaBHJihHO OllHCbiBaeT (p, 2p) - peaKI.J;HIO, 3ci><PeKTHB

HaH llOJIHpHJai.J;HH ~OJI)I(Ha 6biTh BeJIHKa H ll03TOMy MO)I(eT 

6biTh nerKo o6Hapy)l(eHa Ha onhiTe. 

TaK KaK H~po 6 Li He HBJIHeTCH no~xo~HmeH: MHllleHhlO 

~JIH 06Hapy)l(eHHH npe~CKaJaHHOrO 3<l><l>eKTa, HaMH 6biJIH 

npOHJBe~eHhl HJMepeHHH (p,2p) -peaKI.J;HH Ha H~pe 12 C , 
CTpyKTypa KOTOporo ~OCT a TO'IHO XOpOlliO OllHChiBaeTCH 060-

JIO'Ie'IHOH MO~eJiblO C j j - CBH3hl0. Jl~po 12C KaK MHllleHb 

B ~aHHOM CJiyqae BhirO~HO eme 6naro~apg TOMY, 'ITO pac

CTOHHHe Me)l(~y ypOBHHMH OCT a TO'IHOrO H~pa llg, COOT BeT

CTBYIOIUHMH Bhi6HBaHHIO npOTOHOB HJ s- H p - 060JIO'IeK, 

COCTaBJIHeT 20 M3B, 'ITO ~aeT BOJMO)I(HOCTh npOHJBeCTH 

B HallleM OllbiTe 'JaCTH'IHOe paJ~eJieHHe BKJia~OB B pacceHHHe 

oT HYKJIOHOB 3THX o6ono'leK. 

CxeMa onhiTa npe~cTaaneHa Ha puc. 1. HJMepeHHH 

npOHJBO~HTCH C llOMOII.J;hiO ~BYX TeJieCKOllOB, BKJIIO'IeHHhiX 

Ha COBna~eHHH. Ka)l(~biH TeJieCKOll COCTOHT HJ 'JeTblpex 

cu;uHTunnHu;HoHHLix c'leT'IHKoa c1 c 2 C:l c1 u CsC6c 7c8 
TpH nepBbiX C'leT'IHKa BKJIIO'IeHbl Ha COBna~eHHH, a 'leT

BepTbiH - Ha aHTHCOBna~eHHH C nepBbiMH TpeMH C'leT'IHKaMH. 

HHTepaan 3Hepruu nporoHoB, perucTpupyeMhiX Ka)l(~hiM 
TeJieCKOllOM, Ja~aeTCH Ha6opOM Me~HhiX llOrJIOTHTeJieH <!J I , 

¢ 2 , QJ 3 , <l> 4 , llOMeii.J;aeMbiX Me)l(~y BTOpbiM H TpeTbHM, a 

TaK)I(e TpeTbHM H 'leTBepTbiM C'leT'IHKaMH Ka)I(~OrO TeJieCKO

na. YrJihl pacceHHHH 8, H 8 2 H TOJIII.J;HH:bl norJIOTHTeneH: 

no~6upanucb TaKHM o6paJoM, 'IT06hl HMnynhc q, nepe~aaae
MbiH OCTaTO'IHOMY H~py, 6biJI paBeH HYJIIO HJIH HanpaBJieH 

no ny'IKY HJIH llpOTHB ny'IKa llOJIHpHJOBaHHbiX npOTOHOB. 

3Ha'JeHHH npoeKI.J;HH q HMllYJibCa OCTaTO'IHOrO H~pa Ha z 
HanpaBJieHHe llY'IKa, ~JIH KOTOpbiX npOHJBe~eHbl HJMepeHHH, 

yKaJaHbl B ma6/l. I H I I. IlpH onpe~eJieHHH yrJIOB e, H (><) 2 

Y'IHTbiBanacb 3HeprHH CBJIJH Ec Jl~epHhiX HYKJIOHOB. Bo acex 

cnyqaJlx yron pacceJIHHJI B cucTeMe u;eHTpa Mace na~a10mero 

H H~epHOrO npOTOHOB COCTaBJIJleT 8UM = 57°, IlOJIHpHJOBaH

Hhie npoTOHhl HMeiOT 3HeprHIO 635±15 M3B; aeKTOp ux 

llOJIJlpHJai.J;HH HanpaBJieH BBepx OTHOCHTeJibHO llJIOCKOCTH 

paCCeJIHHJI; BeJIH'IHHa llOJIJlpHJai.J;HH paBHa 42,5o/o. 
I') 

KaK noKaJanu pac'leTLI, ~JIJI Jl~pa "C npu q = 
= 80 M3B/c B reoMeTpHH, COOTBeTCTBYIOII.J;eH pacceJIHHIO Ha 

4 

.Hapo 

12c 

Rn.po 

6 
Li 

8 UM 

57° 

8llM 

57° 

Ta6mrua I 

q (MaB/c) e (%) 
z Ec = 15 MaB E c= 35 MaB 

0 - 16 ,8±_1,2 

80 17 ,8±_0,9 18,2±_1,3 

-80 15,5±_0,8 11 ,5±_1,5 

+160 - 18,6±_1,9 

-160 - 9,5±_2 ,5 

Ta6nuua II 

q (M9B/c) 
e (%) 

z 
Ec= 5 MaB Ec =21 ,5MaB 

0 - 18,5±_0,4 

80 20,9±_1,5 22,8±.1 ,7 

-80 13,7±.1 ,3 11,7±_2,0 
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Puc. 1. CxeMa onbJma. 

HyKnoHax p -o6onoqKH, BKnaA OT pacceBHHB Ha uyKnoHax 

s - o6onoqKH cocTaBnBeT npHMepHo TpeTbJO qacTb oT nonuoro 

BbiXOAa peaKU.HH. B cnyqae reoMeTpHH, COOTBeTCTBYIOIIJ.eH 

pacceBHHJO Ha HyKnouax s-o6onoqKH, BKnaA OT pacceBHHB 

Ha HyKnOHaX p - o6onoqKH HeCKOflbKO MeHbWe TpeTbeH qacTH 

nonHOrO BbiXOAa. llpH q ~ 0 B o6eHX reoMeTpHBX OCHOBHOH 

BKnaA B pacceBHHe AaiOT HyKnOHbl s-o6onoqKH. 

Pa3peweHHe ycTaHOBKH no HMnynhcy ocTaToquoro BApa 

COCTaBnBeT ";\ q = +25 M:JB/c. JlHTHeBaB MHWeHb COAep)I(HT 
6 - 0 

900/o H30Tona Li, TOniiJ.HHa ee paauBeTCB 2 z/cM':YrnepoA-., 
HaB /rpa<lJHTOBaB/ MHWeHb HMeeT TOfliiJ.HHY 6,8 2/CM- · 

Pe3ynbTaTbl H3MepeHHH H HX CTaTHCTHqecKHe OWH6KH 

npHBeAeHbl B ma6A. I H I J. 113 Ta6nHU. BHAHO, qTo BO Be ex 

cnyqagx, B03MO)I(HO, 3a HCKniOqeHHeM AaHHbiX AflB BApa 

yrnepoAa npH E c = 15 M:JB, Ha6nJOAaeTCB 3aBHCHMOCTb 

H3MepeHHOH acHMMeTpHH OT npoeKU.HH HMnynbca OCTaToq

HOrO HApa Ha HanpaaneHHe nyqKa npOTOHOB. ACHMMeTpHB 

6onbwe, KOrAa naAaJOIIJ.HH H BAepHbiH npOTOHbl ABHraJOTCB 
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' 
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HaBCTpeqy, H MeHbWe, KOr Aa o6a OHH ABH)I(YTCB B OAHOM 

uanpaaneHHH. B nepaoM cnyqae 3HeprHB OTHOCHTenhuoro 

ABH)I(eHHB cTanKHBaJOIIJ.HXCB npoTOHOB 6onbwe 635 M :JB, 
BO BTOpOM - MeHbWe. 

Ha puc. 2 npHBeAeHbl HMeiOIIJ.Hecg B nHTepaType AaHHbie 

no nonBpH3aU.HH npH ynpyroM pacceBHHH HenonBpHJOBaHHbiX 

npOTOHOB Ha yron ('9 I(M = 60 ° B 3aBHCHMOCTH OT 3HeprHH 

B na6opaTOpHOH CHCTeMe. 

Ha puc. 2 noKa3aHbi TaK)I(e uawH AaHHbie AnB s -o6onoq-
P 

KH BApa -c IE,.= 35 M:JB/, npHBeAeHHbie K nonHou nong-

PHJaU.HH naAaiOIIJ.HX npoTOHOB. llpH coxpaueHHH apeMeuuou 

qeTHOCTH nOnBpH3aU.HB npH ynpyrOM paCCeBHHH HenonHpH-

30BaHHbiX npOTOHOB paBHa neao-npaBOH aCHMMeTpHH ynpy

roro pacceBHHB nonHOCTblO nonBpH30BaHHbiX npOTOHOB Ha 

uenonBpH30BaHHbiX npoToHax. Puc. 2 noKa3biBaeT, qTo xa

paKTep JaBHCHMOCTH H3MepeHHOH aCHMMeTpHH OT 3HeprHH 

OTHOCHTenhHoro ABH)I(eHHB naAaJOmero H BAepHoro npoTo

HOB TOT )l(e, qTo H AflB CB060AHOrO pp -pacceBHHB. llOCKOnb

Ky 3<P¢eKTHBHaB nonBpH3aU.HB Ha uyKnoHax s -o6onoqKH He 

BOJHHKaeT, ecTecTBeHuo CAenaTb 3aKnJOqeuHe, qTo nong

PHJaU.HB B KBaJHynpyroM pacceBHHH uenonBpH30BaHHbiX 

llpOTOHOB Ha BAepHbiX npOTOHaX, KaK H B cnyqae CB060A

HOrO pp -pacceBHHB, JaBHCHT OT 3HeprHH OTHOCHTenbHOrO 

ABH)I(eHHB CTanKHBaJOIIJ.HXCB HyKnOHOB H He oqeHb CHflbHO 

OTnHqaeTCB OT nonBpH3aU.HH B CB060AHOM pp -pacceBHHH. 

llpH cpaaueHHH nonyqeuublx AaHHbiX AnB p - o6onoqeK 

060HX BAep BHAHO, qTo B cnyqae BApa i 2 C pa3HOCTb H3Me

peHHbiX acHMMeTpHH AflB q / = 80 H q / =-80M3B/c ropa3AO 

MeHhwe, qeM B cnyqae BApa r,Li. B o6onoqequo8 TeopHH 

CTPYKTypa BApa 6 Li B OCHOBHOM onpeAenBeTCB LS -
CBB3bJO 12 • 1.1 npoTOH Ha p - o6onoqKe npHMepuo c paa-

HbiMH BepOBTHOCTBMH HaXOAHTCB B P:J 2 H P! 2 -COCTOB

HHBX. 3<P¢eKTHBHaB nonBpH3aU.HB, oTueceuuag :K p 
3

. 2 H 

PI :2 - COCTOBHHBM npOTOHa, 6yAeT 6nH3Ka K HyneBOMY 3Ha

qeHHIO. 3<lJ<PeKTHBHaB llOnBpH3aiJ.HB 6yAeT paBHa HYfliO H B 

TOM cnyqae, KOrAa BAPO flL1 OllHCbiBaeTCB KnacTepHOH 

MOAenbJO, B KOTOpOH anb<lJa- qacTHquag H AeHTpOHHaB a ceo

U.HaU.HH HaXOABTCB B s - COCTOBHHH OTHOCHTenbHOrO ABH)I(e

HHB. I103TOMy, eCnH aCHMMeTpHB He 3aBHCHT CyiiJ.eCTBeHHbiM 

o6pa30M OT 3HeprHH CBB3H HyKnOHa, AflB BApa 6 Li He 

AOfl)I(HO 6b1Tb 6onhworo pa3nHqHg acHMMeTpHH npH pacceJI-
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HHH ua npoTouax p- H s -o6onoqeK. B cnyqae H~pa 12 c 
llpOTOHbl Ha p - o6onoqKe HaXO~HTCH npeHMyi.QeCTBeHHO B 

p .3 
2 

- COCTOHHHH l 4 , ll03TOMY 3<il4>eKTHBHaH nonHpH3al.{HH 

Mo~eT HMeTh 3aMeTuoe 3Haqeuue. Ee noHBneuue ~on~uo 

llpHBO~HTb K yMeHbWeHHIO BenHqHHbl aCHMMeTpHH ~nH q z = 
= +80 M:JB/c H K yBenuqeuHIO acHMMeTpHH ~nH qz = 
= -80 M :JB/ C no cpaBHeHHIO C COOTBeTCTBYIOII.{HMH 3Haqe

HHHMH aCHMMeTpHH ~nH llpOTOHOB s - o6onoqKH, T. e. K Ha-

6niO~eHHOMY Ha OllhiTe yMeHbWeHHIO pa3HOCTH aCHMMeTpHH 

~nH nono~uTenhHOro H oTpuu;a TenhHOro 3HaqeuuH: qz. 
Ecnu 3TO ~eiicTBHTenhuo TaK, To ~nH Benuquubi 3<ll4>eKTHB

uoH: nonHpH3au;uu npoTOHOB p - o6onoqKH H~pa 12c nony

qaeM 3Haqeuue P3 rpm= 15-200/o. Quo MeHbWe JuaqeuuH: 341-

liJeKTHBHOH n?~HPH3aUHH npoTOHOB p 3 1 2 H p 1; 2 -no~o6o
noqeK H~pa 0, BhlqucneHHhiX B ynoMHHYThiX BhiWe pa6o

Tax /.3, II I. 3TO pa3nHqHe MO~eT BllOnHe 06'bHCHHTbCH 

TeM, qTO B pa6oTaX / .'l' ll i 34J4JeKTHBHaH llOllHpH3al.{HH Bbl

qucneua ~nH pacceHHI'H nonuocThiO nonHpH30Bauuoro nyqKa 

llpOTOHOB H ~nH reoMeTpHH, 6onee BhirO~HOH C TOqKH 3pe

HHH B03HHKHOBeHHH 6onbWeH 3<i14>eKTHBHOH llOnHpH3al.{HH, 

qeM B uaweM onhiTe. 

TaKHM o6pa3oM, o6uapy~euuaH JaBHCHMOCTh acHMMeT

PHH KBa3Hynpyroro pacceHHHH llOllHpH30BaHHbiX npOTOHOB 

MO~eT o6ycnOBllHBaTbCH ~BYMH npuquuaMH: 

a/ cyll.{eCTBOBaHHeM 3aBHCHMOCTH llOllHpH3al.{HH, B03-

HHKaiOII.{eH npH pacceHHHH HenonHpH30BaHHbiX npOTOHOB Ha 

H~epHbiX npOTOHaX,OT 3HeprHH OTHOCHTenbHOrO.~BH~eHHH 

CTallKHBaiOII.{HXCH qacTHU; 

6/ B03HHKHOBeHHeM 3<il4>eKTHBHOH nonHpH3al.{HH npo-

TOHOB p - 060nOqKH. 

Ecnu nepByiO npuquuy MO:>KHO cquTaTh ycTaHoBneuuoH:, 

TO ~nH OKOHqa TellbHOrO llO~TBep~~eHHH B03HHKHOBeHHH 

34J4leKTHBHOH nonHpH3au;uu uyKnouoB p - o6onoqKu H~pa 12 C 
ueo6xo~HMhi ~ononHHTenhHhie H3MepeHHH. 

B 3aKniOqeuue cne~yeT OTMeTHTh, qTo JaBHCHMOCTh 

llOllHpH3al.{HH OT 3HeprHH OTHOCHTellbHOrO ~BH:>KeHHH Hane

TaiOII.{ero H H~epuoro HyKnOHOB HCKmoqaeT B03MO~HOCTb 

npe~cTaBneHHH ceqeuHH KBa3uynpyroro pacceHHHH nonH

pu3oBaHHhiX npOTOHOB H~paMH B BH~e npOH3Be~eHHH liJYHK· 

l.{HH HMllYllhCHOrO pacnpe~eneHHH H~epHbiX HYKllOHOB Ha 

ceqeuue ynpyroro p p - pacceHHHH B cucTeMe u;euTpa Mace. 
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