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vlayqeHH0 saaHMOA0llCTSHH uyKnOHOB C HyKnoHaMH - OAHa aa·ocHOSHhlX npo6neM cos

peM0HHOl! HAepHOl! q>H3HKH. 3q,q,eKTHBHhlM cnoco6oM HayqeHHH 9TOA npo6/l0Mhl HSn>UOTCH 

om,IThl no pacceHHHIO ffYK/lOHOS HyK/lOHaMH H aHMH3 peaynhTaTOS 9THX onh!Tos. 

HaqaHaH C 1954 rOAa Ha yCKOpHT0/l0 nHn CTana peanH30SbISaTbCH nporpaMMa non• 

HOI"O Ha6opa Onh!TOS A/lH ynpyroro npoToH-npOTOHHOI"O paccesHIIH np11 aHepr1111.660 Mas. 

nepSbll! war S ocywecTS/l0HIIH aToll nporpaMMbl COCTOH/l S npOS0A0HIIH nonHoro HOpMMb-

x) 
HOI"O Haoopa onbITOS II IIMen csoeJI uenb!O nonyqeHl!e CS0A0Hlll! 0 MOAYllllX Koacpcp11u11eHTOS 

MaT,PHUbl ynpyroro npoToH-npoTOHHOI"O paCC0HHllllo 3Ta nporpaMMa nonHoro HopManbHoro 

onh!Ta S 113S0CTHOM CMb!C/10 OKaaanacb aasepweHHOl! nocne 113M0p0HHl! yrnosol! 38BIICIIMOCTll 

napaMeTpa Cnn Allll ynpyroro p•p pacceHHHH r.pa 660 Mas, sbmonHeHHhlX E.ro11os11HbIM, 

H.,ll}Kenenosh!M, UyA Ba-qyaHOM II asTopoM AHccepTau1111 
11-21 

noqTII 0AH0Sp0M0HHO C aasepW0HH0M aTIIX ll3M0p0HHl! vf.EhICTpllUKOMY, vf .Clllll!Hy 

. /3 4/ 
COSM0CTHO C aBTOpOM AIICC0pTBUIIII ' YA8/l0Cb ycTaHOSIITb, qTQ ofipaoOTKa IIM0!0W0l!Cll 

np11 aHepr1111 660 Mss 11HtpOpM8UIIII no3SO/lll0T He TO/lbKO nonyqHTb MOAY/111 Koacpcp11u11eHTOS 

MaTpl!Ubl, onHCbIBaroweA ynpyroe coyAapeHHe ASyx npOTOHOS, HO H SOCCT8HOSl!Tb sepoHTHhlll 

ee SHA. vlcxOAll H3 OTMeqeHHoro Sh!W0 cpaKTa, aTH asTopbl H Apyr11e yKaaanH S03M0}KHhl0 

nyTH S ,AOCTH}K0HHII KOHeqHOll ue1111 - 0AH03HaqHoro II S AOCT8TOqHOl! Mepe TOqHoro SOCCTa-

110l'Jl0HIIH M8Tp11Ubl ynpyroro p-p pacceHHHll- AllH 660 Mas. 

Pecpep11pyeMaH AHccepTauHst nocsstweua aKcnepHM0HTa/lbHOMy KayqeHH!O yrnosol! aasH

CHMOCTH napaM0Tpa cnn (0) llpK aHeprHH OK0/10 .660 Mas H cpaaoSOMY aHMH3Y scel! coso

KyllHOCTH A8HHhlX 06 ynpyroM pacceHHHH npoTOHOS npOTOHaMH npH TOA }1{0 aHeprHH~ Peaynh

TaTbl, no/lO}K0HHbl0 s OCHOSy AHCCepTau1111, 6bl/lll nonyqeHbl s 1960-1964 roAaX, ony61111Kosa

Hhl B COB0TCKIIX II IIHOCTpaHliblX }KypHanax II AOK/laAblSMIICb Ha MO}KAyHapoAHblX KOHcpepeH

Ul.lllX no cp11a11Ke Bb!COKHX auepr11J1 ( PoqecTep 1960 r., )Keueaa 1982 r. / I-U. 

,ll11ccepTBUHH COCTOIIT 113 ngTH rnas II npH/l0}K8HIIH. 8 nepsoJI rnaae paCCMOTp8Hbl 

H0KOTOpbi0 c:peHOM0HO/lOI"HqecKH0 M0TOAbl 01111caHHH npouecca ynpyroro paccegHIIH npOTOHOB 

npOTOHOMH. CoA0p}K8H110 ABYX IIOC/l8AY!OWIIX rnaa CSH3aHo B OCHOBHOM c, .. 9KcnepHM0HTa/lb:"" 

Hh!M 11ayqeHJ10M napaMeTpa C nn ( 0 ) • B '?0TBepTol! rnaae JtanaraeTcH · COA0p}KaHHe Me-

TO)la cpaaoaoro auanm,a. HaKoHeu, B rnaae nHTOl! coAep}KHTCH Hano}KeHHe npoueAYPbl npo

BOAOHHH cpaaoaoro aHa1111aa p -p pacceHHHH; npHS0,!l0Hbl peay/lhT8Tbl aHa/111308 C yqeTOM 

00p830BaHl!ll M030HOS S 
3
P -, 

1
D2 -, 

3
F2, 3~COCTOHHIIHXo npeACK83aHHH 8Ha/lll30B CpasHH-

0, 1,2 

BaroTCH C Ollb!TOM. npe,n/lO}K0Hbl B03MO}KHhl0 aKcnepHM0HTbl A.11,ll Bb!HB/l0HHH Hau6onee 

)lOCTOBepHoro Haoopa cpa30Bb!X C)lSIII"OB. 8 npllllO}K0HIIII npHB0Jl0Hbl ~CJl0HHbl0 3HaqeHll>I 

MaTpHqHh!X a/l0M0HTOB MaTpl!Ubl paCC0HHHH )l/lll pa3JIHqHb!X Ha6opoB cpaaOBblX CABHI"OB. 

x) /5 8/ 
0 110/lHOM Ollb!Te CMo B paoOTBX ' • 

3 



ConpeM8HH8ll q>H3H'l8Clt8ll TeOpHH eme He 06'bHCHHeT Y.CIOBJieTBOpHTeJibHh[M ot5paaoM 

caolcTBa RyltJIOHa H RyKJIOH-HyKJIOHHhlX B38HMO.t1ellcTBHA, no 9TOlt npH'IHHe 8CTeCTBeHHhl no

nh!TltH .CIBTb. q>eHOM8HonorH'l8CKytO TpaKTOBK:'{ peayJibT8TOB, nony'leHHhlX npH 9KCnepHM8HT8JI&

HOM HCcn8.C(0B8HHH HYKnOH-&yJtJIOHHhlX B3aHMO.C181tCTBHlt, npH OO'bSICH8HHH peayJibTSTOB OnhlTOB 

no ynpyroMy RyKJIOH-RyKnOHHOMy pacceHHHIO H8WJIH npHMeHeHHe .C(B8 q,eHOM8HOJIOrH'l8CKHX 

IlO.C(XO.t1a: M8TO.CI no.t16opa nOT8HUHanoa B3aHMO.C(8l!CTBHH H M8TO.CI MaTpHUhl pacceHHHH ( •np.11-

Moe' BOCCT8HOBJI8HH8 H q>830Bhll! 8H8JIH3), 

./lHCC8PT8UHH H8'DIH88TCSI C p8CCMOTp8HHH cyIUHOCTH BTOporo H3 9THX MeTO.CIOB - M8TO

.C(a MaTpHUhl pacceHHHH, C 9TOl! U8Jlbl0 B H8'1BJie rnaab[ 1 .C(8HO onpe.t1eneHHe M8TpHUhl ynpy -

roro pacceHHHH, npHBO.CIHTCH pB3Jill'IHhie cpopMhl 38IlHCH 9TOl! MBTpHUhl .CIJIH CJiy'laH pacceHHHH 

.CIBYX npOTOHoa/
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B Bhlpa:lKeHHH ( 1.1) KOa!pcpHuHeHThl 

0 
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.. 117xt71 k I HMnyn&ehI na.t1a10mero H pac- 1 

M l•I 

cesi:m'lo~o !iYKJIOHOB S HX
1
CIICTeMe u0H1·pa Mace (c.u,M,), MaTpH'IHhle 9JI8M8HThl 

H T,.CI. B ( 1.2) 3aBHCHT OT yrnoa H cpaaoBhIX C.C(BHroa pacceaHHll, 

M II ' Moo• 

CoOTB8TCTBeHHO .C!ByM cpopMaM 38IlHCH M ynp p8.31IH'l8IOTCH .CIB8. cnocot5a BOCCT8HOBne-

HRH MaTpHUhl pacceHHHH no .C(8.HHhlM OnbITa: 'npHMOll' cnocot5 ll cpaaoahll! 8.HanH3, B nepBOM 

cnocot5e, HCil01Ib3YH CBll3b K09<pCpllllll8HTOB ( a+ b ) 
1 

( a -b ) 
H T • .a. C aenHtUfHBMH, 

/5/ 
H801IIO.C(80Mh1Mll Ha OnbITe • H8.XO.C(llTCSI Henocpe.t1CTB8HHO K09q>!pllUlleHThl MaTpllUhl ( 1.1 ). 

npH 9TOM Il0.Cl'lepKllB8.8TCH1 'ITO COBM8CTHOe 

H p-p pacceaHHHM IlO.CIOOHO TOMy, K8.K 

paccMOTpeHae 

9TO OhIJIO 

peayn&T8.TOB OilbITOB no 

C.C(e1I8.HO B pat50Te 181 
n-p 

cymeCTBeHHO COKpamaeT MHHHM81IbHO HeOOX0.C(llM08 'IHC1IO 9KcnepaMeHTOB ( C 19 .CIO l3 B 

o6meM cny-qae). Xap8.KTepao, 'ITO Heo(ixo.t1HMOl! 'ISCTblO acex npe.t11IO>KeHHhIX a181 B03MO:lK

HhlX Haoopoa 9KcnepHMeHTOB HB1IHIOTCSI OilhlThl no ll3MepeHHIO napaMeTpOB KOppenHUHH CilllHOB 

RyK1IOHOB, 

4 

t 
'1 

1 

~--::,~ 

'~,' 

B CBH3H C T0M, 'ITO npe.t1JIO:lK8HHBSI a pat5oTe/8/ uporpaMMa 9KCil8pHM0HTOB npH 

aHepraa 860 Maa eme .t1ane1ta OT aaaepweHHH, aaTopoM .t1HccepTBnHH npe.t1naraeTcH .t1pyroll 

n '' /8 8a 7/ 
cpeHOM8H01IOI'H'l8CKllll cnocot5 BOCCT8.HOBJI8HHSI M y p npH 9TOli 9HeprHH 1 

' , TaKHM cno-

COOOM SIB1IH8TCH cpaaoablll 8H81IH3 acex HM8I01UHXCSI npH 880 Maa 9KCilepHM0HT81IbHhlX .C(8HHhlX 

no ynpyrOMY paccesiHHIO npoTOHOB Ilp0TOH8MH, B 9TOM M8TO.t1e aneMeHThl M8.TpHUhl ( 1.2) 

Bhlp8.:lK8.IOTCH 'lepea q,aaoahle C.CIBHI'H p(l.CC8SIHHSI sf,J H napaMeTpbl CM8WHB8HHSI f J ,H H8 

OCHOB0 OilhlTHhIX .C(8 HHblX BOCCT8HaBJIHB8IOTCH BeJIH'IHHb[ s. H f , 8 He K09cp<tJHUH8HThl 
) r.J J 

M8TpHUhl ( 1,1 ),x 

AaTopoM .C(HCcepT8I1HH ot5pameHO BHHM8HHe Ha PSI.Cl .CIOCTOHHCTB 9TOI'O MeTO.C(8 H C.C(8Jl8.H 

BhlBO.CI O TOM, 'ITO q>830Bhlll aaanH3 noneaeH H He 38M8HHM B TOM npaKTll'18CKII IIHTepecnoM 

cnyqae, KOI'.CIB 9KCil8pHM8HT8JlbHOlt HHcpopMrutHH H~.CIOCTBTO'IHO, 'ITOOhl IlOJib30B8TbCSI q>eHOMe

HOJIO,'H'l8CKH BIIOJIHe CTpor:llM M8TO.CIOM •npHMoro• B0CCT8HOBJ18HHH MBTpHUhl paccesiHHH, 

II 

BTopaH rnaaa CO.t1ep>KHT B OCHOBHOM H3JIO:lK8HHe paaJIH'IHbIX aonpocoa 3KCnepHM8HT8Jlb• 

0 
HOI'O HCCJI8.C(OBBHHSI napBMHTpa cnn (0) JlJISI ynpyroro p-p pacceSIHHSI HB yron 90 C,U,M, 

B HB'lane I'JIBBhl 2 .C(B8TCSI onpe.t1eJieHHe napaMeTpa C no (0) K8K K09cpcpHnHeHTB cnH

HOBOlt KOppeJISIIIHH Jl1IH ynpyroro pacceSIHHH .ueyx HYKJIOHOB, B COOTB0TCTBHH c
191 
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D H M ynPt5bIJIH onpe.U0Jl8Hhl BhlWe, npHBOJlHTCll CBSl3b Cnn (0) C MBTpH-

uelt ynpyroro p-p pacceSIHHH H C8'10HHSIMH pacceSIHHH B CHHI'JI8THOM H TpHilJI8THblX COCTOSI

HHS1X. 

3BT8M onHCbIBB0TCSI 9KcnepHM0HTBJibHBSI npoue.uypa H3MepeHHlt Con (0) ' KOTOpasi coc

TOHna a npoae.ueHHll npouecca ynpyroro paccesiHHH HenonsipuaoaaHHoro ny'IKB npoToHoa ao.uo

po.uoconep:iKamelt HenonstpH30B8HHOII MHW8Hbl0 B IlJIOCKOCTH, onpe.ueJIH0MOlt aeKTOpOM ·npH 

o.uHospeMeHHOM aHMHae HOpManhHhlX xoMnoHeHT nonsipaaauull ot5onx nyqKoa nocne pacceHHHH, 

TaKolt BHBJIH3 ocymecTBJISIJICSI O.UHOBpeMeHHhlM pBCC8HHH0M OOOIIX nyqKOB MHlll8HSIMH-aHaJIH-

3BTOpaMH nOJIHpH3BUHlt TL H 

npa 9TOM B0JIH'IHHB C 
DD 

TR • 

(0) H8.XO.UHJIBCb H3 <pOpMyJihl 

CDD (0) = e C (0) 
po po 

L R 

x) 
npH f ➔ - p83JIH'IH0 M8:lK.UY OOOHMH cnOCOOBMH BOCCT8HOBJI8HHH 

5 

(2.2) 

M ynp ucqeaaeT, 



r.ne po 
L 

H p~ -auBJIB3KpyJOWH8 cnoco6HOCTK MHWeHeA 

KOppeDllDHOIIHSll SCHMMeTpllll e 
0 

onpe.neneHa KSK 

e = 
0 

(NLirf\.J-(NLR+ _!i_B_Ll 

( NLL+ NLR)+ ( NLR + NRJ 

TL H TR, 3KCD8pKM8HT8Dbll8ll 

(2,S) 

3aecb NLL' NRR' NLR H NRL llBDlllOTCll BeDH'IBHSMH, H3M8pll8MblMK Henocpe.ncTB8HHO Ha 

ODb!Te,H npe.ncTSBDlllOT co6o.a, COOTBeTCTB8HHO, cny'lfill O.!lHOBP9M8HHOro pacce11HH11 BD8BO Ha 

o6eux MHWeHSIXi BDpa):10 118 o60HX MHWeHSIX; BD8BO HS MHW8HB T4 H 0.!lHOBp8M8HHO BDpa»o 

Ha .npyroA H , HaKoHen, Bnpasb Ha MHWeHH TL H O.!lHOBp8M8HHO BDeBO HS TR 

CxeMa HCDODb30BaHHOA aKCDepHM8HTMbHOA YCTSHOBllll DpHB8.!l8Ha Ha pHC, 1. 3Ha'IBTenb

HOe MeCTO B rna»e II y.nen11eTCB p83DH'IHhlM BODpocaM no.n6opa qioToaneKTpOHHhlX yMHO:lKH• 

Tene.a, Bb16opa CllHHTHDDBTOpOB H T,D, 3aTeM no.npo6HO o6cy:lK.!l8JOTCll BODpOCbl, CBB3aHHbl8 C 

<pOHOM B HCDODb3yeMoA ycTaHOBKe H DO:lKHhlMH acHMM8TpHllMH, KOTOpble B03HBKMH B nponec

ce pa6oTbI, 

llDll BOCCTSHOBDeHBll BenH'IBHbl napaMeTpa CDD (0) Heo6xo.nHMO 3H8Tb aHaDH3HpyJO-

WHe cnoco6HOCTH po H 
L 

P; MHW8H8l! TL H TR , COOTB8TCTB8HHO ( CM, (2,2) ), 3TH 

BeDH'IHHhl He MOrnH 6hlTb Hal!.neHbl npH H3MepeHHSIX KOppen11nHOHHOl! acHMMeTpHH, noaToMy 

.!lllll HX onpe.neneHHH 6htn nocTasneH CD8I!HMbllbll! Kana6pOBO'IHhll!_aKcllepHMeHT, 

B .!lHCcepTanaH .naeTCll no.npo6Hoe onHcaHHe CX8Mhl Kamr6pOBO'IHOro onh!Ta, npoue.nyphl 

H3MepeHHl!, DpKBO.!lllTCll pe3ynhTaTbl aToro onh!Ta H pe3yDhT8Thl H3MepeHHl! KOppen11nHOHHOA 

acKMMeTpKK ,ycpe.nHeHHble Ka OCHOBaHKH 10 ceaHCOB H3MepeHKA ( CM, Ta6n, 1 ). B aTol! 

)Ke Ta6nune yKa38HO Bbl'IKCDeHHOe no cpopMynaM(2.2) H (2.s) 3Ha'l8HH8 C (00°) • 
DD 

B 3aKDIO'IBTenbHOM naparpacpe BTOpoa rnaBhl o6cy:lK.!laJOTCll nony'leHHbie pe3yDhTaTbl, 

flp11 3TOM o6pamaeTCll BHHMaHHe Ha B03MO:lKHYIO H8MOHOTOHHOCTb aHepr8TH'l8CKOA aaBHCHMoc

TH BenH'IKHbl cnn ( 0\. oneHKBaJOTCll ce'leHHll CHHrneTHOro H TpHDD8THoro P-P pacce11HHA Ha 

yron 00°c,ll,M, DpH aHeprHH 660 Mae, llm1 paCcMaTpHBSeMOA aHeprHK npOBOJlHTCll BOCCTSHOB

DeHHe MaTpKI!bl ynpyroro paccellHHll 'npl!Mb!M' MeTO.!lOM (cM, Ta6n. 2). 

III 

8 COOTBeTCTBHII C nporpaMMOA aKcnepKMeHTanbHhlX Hccne.no»aHHll p-p pacce11HHll DpH 

aHeprHH ,6DH3KOA 660 Maa,.nanhHeAwue onh!Tbl no H3MepeHKIO C nn (0) DpOBOJ:(HDKCb DO.!l 

yrnaM~ 12° ( 108°) K 54 ° ( 126°) B CKCTeMe ueHTpa Mace .!lBYX npoTOKOB, 

HaMepeHHH yrnosoa aaBHCKMocTK napaMeTpa CDD (0) npoBO.!lKl'(KCb Ha npOTOHHOM 

ny'IK8 C 3HeprHea 640 MaB, TaKoe noHH:lK8HHe aHeprHH nepBH'IHOrO ny'IKS 61,rno Heo6XOJJ;HMO 

C TO'IKH apeHHll npoBe.neHKll KaDH6poBO'IHblX H3Mep8HKl!, TaK K8K npK aTOM .!lllll BOCCTaHOBne

HHll :aHaDH3HpylOWHX cnoco6HocTeA 8KMH3aTOpOB MO:lKHO Hcnonb30BaTb onbITHbI8 .!lSHHble . 0 

non11pH38I!HH ynpyro pacce11HHhlX npoTOHOB, nony'leHHbl8 Henocpe.ncTBeHHO .!lllll aHeprKK 

6 

-i 

,_,,,-:""..,. 

~ 

633 MaB, KpoMe Toro, DpK paCCMOTp8HKK peaynhTSTOB HSCTOllWKX K3M8peH11l! OKa3bIBa8TCll 

.!lOCTynHblM DpKBD8'1eHK8 .naHHblX no KaMepeHKIO p ( 0) ' D DD ( 0 ) R ( 0 ) • TSK)Ke Bbmon-

H8HHOMY Ha ny'IK8 c aHeprKel! 635 MaB/lO,ll/, 

8 COOTB8TCTBKK co CKaaaHHblM Bhllll8 cxeMa aKcDepKMeHTMbHOl! ycTaHOBKK npeTepnena 

K3MeHeHKB ( CM, pHC, 2). TaK, HanpKMep,. OTMeqaeTCll, 'ITO .nm1 6onee acpcpeKTKBHoro 
Bbl.!l8-

neHKll cny'l88B ynpyroro pacceHHKll npOTOHOB Ha nepaoa MHlll8HH Ha cpoHe HHTeHCHBHblX He

ynpyrHX npoueccoB 6h!D8 npKMeHeHa nepeKpecTHaB CKcTeMa Bb!KDJO'leHKll C'leT'IHKOB IL K 

IR HS COBna.neHKll C TenecKonaMK (234)L K (234) R • flpK aTOM (cM. piic. 2) cxeMbl 

CCL K cc R OJlHOBpeMeHHO perKCTpKpOBMK o6a npoToHa - pacceHHHbll! K npoTOH OT.!l8'1H, 

flo.nqepKKBSeTCll .nanee, 'ITO OTDH'IKe acHMMeTpKK .!lBOl!HOro pacce11HKll OT HYDll _npK 

0 
pacce11HKK HS yrn1,1,0TDH'1Hhl8 OT 00 C,U,M,,y:>l<e He MO:lKeT cny:lKKTb KpKT8pKeM HSDH'IHll 

DO:lKHblX acHMM8TpKA KDK HapyweHKA B IOCTKpOBKe annapaTyp1,1. 8 CBll3K C aTKM B JlKCCepTa

I!KK no.npo6Ho onKCb!Ba8TC>l pll.!l .npyrux Mep, npe.nnpKHHM8BlllKXCR .!lllll o6Hapy>KeHKll B03MO~ 

Hb!X DO>KHbIX acpcpeKTOB BO BTOpOM pacce11HKII npoTOHOB, 

flpH K3DO:lKeHHH npoue.nyp Bb16opa MKllleHeA, cpopM'KpOBSHllll ny'IKOB, npose.neHKll Ka

nK6pOB0'1HhlX H3MepeHBll K T,n. B Tp8Tbel! rna»e Hru!60Dblllee BHKMaHHe yaenaeTCll DKlllb T8M 

aonpocaM, pellleHHe KOTOpbIX npOBO.!lKDOCb cnoco6aMK cywecTBeHHO ( KDK cosepllleHHO ) OT"" 

DH'IHblMK OT onKCSHHblX B rna»e II • 0TMe'leHo, 'ITO 6on1,wa11 CTeneHb nom1pH38I!KK ny'IKOB, 

pacce11KHblX nonBpK38TOpoM,B aTHX on1,1Tax .nenaeT B03MO:lKHhlM Bb!IlODHeHHe K8DH6posKH MK

lll8Hea -aHMH38TOpOS 0.!lHOBpeMeKKO C KaMepeHKllMK KOppenBUKOHHOA SCKMMeTpKK, TaKKM 

o6paaoM, CTSHOBllTCll K3DHlllHKMH cneuHSDbHhl8 'KanH6posO'IHble' aKcnepHMeHTbI, KS:lK.!lbll! 

K3 KOTOphlX paBH03H8'18H .!lODODHKT8DbHOMY onbITY no • .!lBOAHOMY paccel!HKJO', 8 noTOMY 

·.nocTSTO'IHO Tpy.noeMOK. flpH onpe.neneHHK aHMK3KpylOlllKX cnoco6HOCTell MKllleHeA Hcnoni,-

/10/ 
30BMKCb peaynhTSTbl pa60Tbl ' a .!lllll onpe.neneHHll senH'IHHbl non11pH38UKK ny'IKS npoTo-

TOHOB no.n yrnoM 12° C,ll,M, npK ynpyroM P·P pacce11HHK C aHeprHeA 640 Mas Hcnonb-

/10/ 
30SMOCh 3HS'leHHe (23,3 ! 2,8 ) % , 

Hal!.neHHbl8 aHaqeHHll napaMeTpa C DD TaK:lKe npuso.n11TCll a Ta6n, 1, B CBH3H c aasep-

weHK8M H3Mep8HKA yrnosol! 38BKCHMOCTK napaMeTpa C DD .!lOCTynHblMH JJ;Dll aHanuaa OKa-

3hlB8IOTCll peayDhTSTbl aHa'IHTeDhHOro KODK'leCTBa HeaaBKCHMbIX aKcnepHMeHTOS no p-p pac-

Cel!HHIO, Bb!IlOnHeHHblX npH 3HeprHK npOTOHOS a6nH3K 640 Mas: I (0) P(0) DDD (0) ' 

K nn (0) II .np. B Ta6nHnax 2, 3 npHBO.!lllTCH peayilbTaTbl aHan11aa, SKDIO'IHSWero s ce611: 

1) onpe.neneHHe MO.nynel! KOacpcpHUHeHTOB MaTpKUbl ( 1.1) .!lDH aHepra11,6nK3KOl! K 

640 lv\as ( 'np11Moll' cnoco6 soccTaaosneHKll M ynp), K 

2) npose.neHHe qiasosoro aHan11aa ynpyroro p-p pacce11HH11 s cHHrneTHOM cocTOHHKK 

npH 3TOA >Ke aHeprHH, 

flo.nasn1110wa11 qaCTh peayn1,TaToB aToro aaanuaa nonyqeHa anepa1,1e K .naeT Harn11JJ;Hoe 

npe.ncTSBDeHHe O xapaKTepe B38HM0.!l8l!CTBKll .nayx npOTOHOB npK aaeprHK 640 Mas. 

3TH peayDbTaTbl CpSSHHSSIOTCll C peayDbTST8MH 1nony'leHHbIMH npK JlpyrHX 3HeprirnX, 
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IV 

B 'i8TB8pToll: rnaee )leTan&HO pacCM8TpHB88TC!I P!IA B8)KHbJX BOnpoco11,cB!l38HHblX C 

auam<aOM )l8HHbIX O HYIUIOH-HYIUIOHHOM paccB!IHHH B o6np.CTH 3HeprHA, npBBbllll8IOlllHX nopor 

o6paaoeaHHK MeaoHoe. Hen11.11c& no cymecTBY eiie,o.euHeM K nocne,o.y10meA rnaee, r,o.e aa

naraJOTCK co6CTB8HHO peayn&TBTbl aaanaaa, 3TOT paa,o.en HallHC8H TBK)Ke HB OCHoee pa-

6oT13•41 aBTOpa JlHCcepTal!HH. 

B H8'i8118 rnaBbl paCCM8TpHB88TCK ( 6onee .UBTMbHO H CTporo, 'IBM 3TO 6blnO c,o.enaHO 

n rn. 1) co.uep)ICBHHe MBT0,0.8 q,aaOBOI'O aaanuaa. 3aT8M 06cy)K,t1.aJOTC!I paanH'lHb18 BOllpOCbl, 

CB!l3BHllbl8 C napaMBTpHaanuell s - MBTpHI! ynpyroro HyKnou-uyKllOHHOI'O pacce!IHH!I. 

OTM8'{88TC!I npH 3TOM, '..rTo B o6nacTH 3HeprHII, npeBbllllBIOlllHX nopor o6paaoBaHH!I M830HOB, 

s 
I!H!I s 

- MaTpHUa ynpyroro pacce11uH11 ue 6y,o.eT yHKTapHoll. no aToll npK'IHHe napaMeTpHaa

/7/ 
-MaTpau, JlBHHa11, HanpHMep, CTannoM , K3MBHeHa. B AHccepTauuK npe,o.naraeTc11 

napaMeTpH30BBTb 3TK MBTpllllbl cnenyJOlllKMH KO':fllll0KCHblMH napaM0TpBMH: 

Re Im 
8 ae8 +i/5 

£ £ f 

,o.n11 CKHrneTHb!X COCTO!IHHII; 

An!I TpHnneTHb!X C J 

H 

Re 

a = a 
£,1 f,J 

Im 

+ i an 
t,J 

Re Im 
a = a + a 

J!_t,'"J J+l,J J:!:,1.J 

l :=(Re +illm 
J J J 

,o.m1 TpHnneTHblX cocTOKHHII c f f J • 

.Llanee o6cy)K,o.aeTcK '!Keno napaMeTpoe, Heo6xo.nHMblX ,0.1111 napaMeTpH3BI!HH M ynp a 

MeTo,o.e cpaaoaoro auanHaa. TTpe,o.no>1CeHa q,opMyna ,o.nK Ol!0HKH aToro 'lHCna n C Kenon&-

30BaHH8M 3TOII cpopMy/Ibl ,o.n11 3HepreTH'i8CK0I'O HHTepBana (300-700) MaB 0U8HHBB8TCH n • 

3TH OUBHKH noaaonKIOT npoBBCTH B 3BKllIO'iHT0nbHOM naparpaq,e 'i0TBepTOII I'llaBbl conocTaane-

HHO B03MO)KHOCTell o60HX M0TOAOB BOCCTall0Bll8HHK M ynp B OTM0'i8HHOM HHTepeane 

aaeprall. B peayn&TaTe AllK ynpyroro p·p coy,o.apeHHK npH aHeprHH 660 Maa BBTOpoM 

AenaeTcH BblBO)l O TOM, 'lTO M8TOA qiaaoaoro BHMH3B AnK 3TOII sueprHH KBll!18TCH HBH6onee 

npe,o.nO'{THTen&HbIM H 3KOHOMH'lHb!M M8TO)lOM BOCCTBHOaneHKK MBTPHl!bl. 

V 

B aaim10'1HTenbHoll rnaee ,o.HccepTauHH onHcblBaeTcK npoue,o.ypa npo»eAeHH11 q,aao»oro 

auan11aa Ollb!THblX JlBHKblX npx aueprHH, 6nll3KOA K 660 MaB, H JlBIOTCK peayn&TBTbl ,o.ayx 

3Tanoa au_an11aa. nepBbIII aTan 3BKllIO'iB8TC!I B TOM, '{TO )lnH npoCTOTbl M830Hoo6paaonaHHe 

8 

,;, 

., 

,,,? ,, ~·✓ 

,. 

---- --

Y'lHTblJIMOCb TOJlbKO JI ap -, 
0 

aP-,aP-, 
I 2 

'o 
2 

- H8'l8JlbHblX COCTO!IHHJ(X p-p CHCT8Mblo 

nocne Toro, KOK 6hmO JlblKCHBHO, 'lTO 'lKCno pellleHHII II 11enH'iHKbl OlllH60K, B03HHKBIOlllHX 

npH TBKOM 8HanH38~He»enHKH, 6bln ocymecT»neu BTOpoll 3Tan - 8HanH3 C Y'lBTOM o6paao»a-

HHK ueaoHoB Ha 3i> - , 3 P - 3 P ·-, 3 F - , 3 F _ tF - H 10- - cocToKHKII. 
0 I 2 2 3 4 2 

B auanHae Kcnonb3oaanKCb cpopMynhI pa6oT
17

•
121

• B aTKX q,opMynax napaMeTpbI CMe

lllH»aHHH H <pB30Bble C,IJ.BKI'K nonaranHCb KOMllll0KCHblMH B COOTJIBTCTBKH C peayn&T8T8MK 

rna»hl IV • 

<PaaOBble C)lJIKI'H HaxO,o.HnHCb M0TO,O.OM H8KM8HblllHX KB8,t1.p8TOB, a llOHCK MKHIIMYMOJI 

2 /13/ 
q,yHKUKOl!ana X ocymeCTJlllKllCK MBTOAOM nHHeapH381!HH 

TTpH BblllOnHeHHH aaanaaa HCllOnb30J18nHCb peayn&TaTbl, nony'leHHble B Jla6opaTOpKH 

K,O.epHbIX npo6neM B T8'{8HH8 1954 - 1963 r r. 

s 1 
p -, D 
o, 1,2 2 

TTpH aHanHae, BblllOnHeHHOM C Y'IBTOM M030H006paao»aHH!I JI COCTO!IHH-

KX ( fmax=A) , 6bmo Hall,o.eao no o,o.HOMY pellleHHIO B KHTepaanax x2 '.: X 2 :_2 x 2 H 

2x 2 :_X 2 <S... 3x ~Hall.ueHHbl8 HB6opbl !pB30BblX C,O.BHI'OB CM. B Ta6naue 4. YrnoBbIO 3aBHCl!MOC

TH 3KCllepHM8HTMbHO ua6n10,o.aeMblX »enH'lHH, Bbl'IHClleHHb!e Jlll!I Hall,o.eHHbIX pellleHHII, Hnn10c-

TpHpyIOTC!I pile. 3. 

YCTOll'IHBOCTb Hal!,o.eHHbIX pelll8HHll )l8TMbHO Hccne,o.yeTC!I. PeaynbTBTbl 3THX Hccne,o.o

BaHHl! llOKB3BHbl Ha pHc. 4. via pHC. 4 BH,UHO, 'ITO Ha6op NQ 1 )lOCTBTO'IHO ycTO!l'IHB no 

OTHOlll0HHIO K yaenH'IBHHIO 'IHCna »apbKpyeMblX napaMeTpOB. 

TTpK BblllOllH0HHK aHanHaa C Y'IBTOM Meaouoo6paaoaaHHll a 3 P - 1 0 _ H sF 

COCTO!IHKSIX llO,U'18pKKBB8TCll, 'ITO HB B0llH'lllHbl /) ( 
3

P ) K o, 1, 2 

o, t, 2 2 2. 34 

/) ( SF ) He HBKllBJlblBBllOCb 
2, 3, 4 ' 

HHKBKHX llCKYCCTB8HHblX orpaHK'I0HHll. 3TH orpaHH'i0HKll, cy>1Cal1 Knacc KCKOMblX perneHHil, 

MOI'llll 6bl npHB0CTH K HeKa6e)KHOl! llOTepe 'IBCTll 1{3 HKX. Bcne.ucTBKe 3TOI'O o6CTO!IT8llbCTB8 

peaynbTBTbl Harnero aHanKaa l!Bll!IIOTCll H8K6onee o6lllHMll cpe,o.K KM0IOUlllXC!I B nKTepaType. 

3TH peaynbT8Tbl ( CM. Ta6nHuy 5 H pHc. 5) ,U0TBllbHO o6cy)KJlBIOTCll, cpaBHl!BBIOTC!I C H0-

K0TOpbIMH peayn&TBTBMK, nonyqeHHb!Mll a ,o.pyrHx pa6oTax
114

• 
151 

3aTOM T0Op0TH'I0CKHe npeACK838HHll aHanHaa COllOCTa»ll!IIOTC!I C 3KCnepHM8HTallbHblMH 

)lBHHblMH7 He BKlllO'laBlllHMHC!I B BHMH3HpyeMyIO COBOKYllHOCTb, TBK KBK 6b!llll nonyqeHbl 

3H6l{H'reJlbHO noanHee. Ha OCH0B8HHH 9TRX conocTaBJI8HHA .a.enaeTCSl Bb!BOll. 0 TOM, 't{TO 

cpe,o.H ncex Hai\neHHb[X peilleHHll llHlllb TOllbKO Ha6op qlll30BblX CABHI'OB perneHH!I I ( CM. 
x) 

Ta6nKuy 5 ) xopOlllO cornacyeTCSl C HOBel!rnHMH 3KcnepKM0HT8llbHblMH peaynbT0TaMH • 3To 

npKBO.UHT K TOMY, 'ITO nocToaepHOCTb pelll0HKll III ( uony'I0HHOI'O B nepBOM aapHBl!Te 

aHanHaa KBK pelll0HII0 N2 1 ) CTBHOBHTCll KpallHe Manoll:. 

x) , /15/ 
OnHoapeMeHHO I{ H03aBHCHMO OT HBC pe1lleH11e THna I 6bmO nonyqel!o B pa6oTax • 

9 



Cpe.nH oco6eHHOCTell peUJeHH!I I oco6o rron•rnpKHB88TCR TOT cpaxT, 'l:TO Ha6op cpaaoSblX 

cnsHrOB THIIa I qpe3Sbl'l:8ltHO TpynHo COSM8CTHTb C xapaxTepOM yrnosoro pacrrpeneneHH!I 

,/> - M830HOS s peaKUHH p-p ➔ rr0
, p-p rrpH 660 Mas. 3Ta aasHCHMOCTb OK83b!S88TCll s· 

/16/ 
ny,i:llleM cornacHH c Ha6opoM cpaaosblx cnsHros pellleHHll III , qeM I • no aToll npH'l:HHe 

npencxaaaHHll Ha6opa cj:,aaOSblX cnsHros pellleHHll I 8lll8 Hy>KnaJOTCll s nanbHeltlllell axcne

pHM8HTaJibHOlt nposepxe. 

B 38KJI!O'l:HT8nbHOM naparpacj:,e IIRTOll rnasbl o6cy>KnaJOTCll nanhH8ltlllH8 IIYTH axcnepH

M8HTIIJibHOro HccnenoBaHHll IIpOTOa-rrpOTOHHOro paccellHH!I s o6nacTH 660 Mas, peKOMeanyer-

Cll nposeneHHe pllna axcrrepHM8HTOB, naiouwx HOBY!O HH<t,OpM8UH!O O P·P 

, paccMaTpHBaeMoll aaeprHH. 

Bb!SO,g_J,! 

pacceHHHH npH 

HaH6onee cymecTS8HHble peaynbTBTbl nHccepTBUHH CBOnllTCSI K cnenyiomeMy: 

1, CoanaHa anrrapaTypa, II03SOnHJOlll8ll IIposonHTb CJIO>« Hb18 KOppenHUHOHHbie axcnepH

M8HTbl Ha HerronHpH30S8HHOM H nonllpH30B8HHOM nyqxax npOTOHOB. B cnyqae HCIIOnb30B8HH!I 

rronepeqao no1111pH30B8HHOro rryqxa npHM8H0HH8 aToll annapaTypbl S03MO>KHO T8K)K0 nnH Ha-

MepeHHH rrapaMeTpos D (0) 
nn 

H K nn (0) 

2. C IIOMOU(b!O OIIHCBHHOJI annapaTypbl nposeneHbl H3MepeHHH na_paMeTpa cnn (0) nm1 

P-P pacce!IHHH C aaeprHell,6nH3KOlt K 660 Mas ( CM. Ta6nHuy 1). 

3. BbIHCHeHo, 'l:TO s Tex cny,i:aHx, xorna HatjJOpMBUHH 06 yupyroM pacceHHHH aerronaa, 

M8TO.ll cpaaosoro 8HIIJIH38 HBnH8TCSI npaKTl!'l:8CKH 6onee yno6Hb1M M8TonoM SOCCT8HOSJl8HHSI 

MBTpHUbl yrrpyroro pacceHHHH, qeM 'np11MO'll' cnoco6, 

YcTaaosneHo TBK>Ke, ·'l:TO npH nposeneaHH cpaaosoro aaanHaa ynpyroro pacce11aH11 

npOTOHOB npOTOHBMH npH 660 MaB aneM8HTbl s - MBTpHUbl ynpyroro pacces!HH!I MoryT 

uapaMeTpH30S8TbC!I KOMnneKCHblMH napaM0Tp8MH CM8lllHS8HH!I H KOMnneKCHblMH cpaaOSblMH 

C,ltBHrB.MH• 

4. BoccTBHOBJI0Hbl MO.llYJIH xoaej)q,HUH0HTOB MBTpHUbl y.npyroro p-p pacces!HH!I npH 

860 Ma11 'np.HMhIM' crroco6oM Ta611Hua 2). 

5. npK aKeprHK,6JIK3KOll K 660 Mas,anepSbl8 SblIIOnHeH cpaaosblll 8HBJIH3 ynpyroro 

p-p pacceHHHH ( CM, Ta611, 3-5, pHc, 3-5) 110 nonaoll nporpaMMe, 

8. CpaBHHT811bHO ae6011blllOe 'l:Hcno pellleHHll, nony,i:eaaoe B peaynM'aTe cpaaoaoro 

8KaJIK38 y>Ke KM8!0lllHXC!I naKHb!X no ynpyroMy p-p pacceHHH!O, CBHneT8JlbCTSY8T O TOM, 

'ITO Taxoll aaarurn ocyw.ecTBKM ·K csoeBpeMeaeH. 
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7. PeayJibTBTbl p8311H'l:HblX sapHBHTOB aHanaaa noanonmoT HBXO.llHTb O>KH.ll88Mbl0 3Ka

'l:8HH!I nJ06b!X B8JIH'l:KH, xapaKT8pH3Y!OlllHX yrrpyroe pacce11HK8 nByx IIpOTOHOS UpH aHeprHH • 

6nK3KOll K 860 MaB. 

8. Heo6XO,llHMbl .llllJibH8lllllH0 axcrrepKM8HTbl nn11 nponepKH npencxaaaHHll: 8HIIJIII30B. 
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2. 6.M.rononKa, B.n.Jl>Kenenoa, P • .H.3ynbKapHeen, Uyll Ba-ryaH. 

3. P • .H.3ynbKapHeea, 11,H,CKnHH, )K3T<t>, i2., 684 (1963); 
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4, 11.6blCTpHUKHll, P • .H.3yJibKapaees. )K3T<t>, '!§.. 1169 ( 1964 ). 

5, L,Wolfenstein. Phys, Rev., P.&, 1654 ( 1954); 
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7. PeaynbTaTbl paanH'lHblX aapHaHTOJ'I aHamrna noaaomlIOT H8XOAHTb Q)f{HAa8Mbl8 3Ha

'l8HHSI nIOOb!X aenH'lHH, xapaKTep1rnyIOtUHX ynpyroe paccesiHHe .UBYX npOTOHOB npH 8HeprHH • 
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Phys. Lett, .§. 196 (1963). )K3T<l>,.i§ 1074 (1863). 
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Ta61rnua 1 

0 c.u.M. C (0) e (0) pc 
nn C L 

rpan 

54±3 0,57±0.14 0.15±,0.04 0.40±,0.03 

72±3 0.65±0.15 0.22±,0.03 0.55,±0.07 

90±3 0.93±,0.21 0.26±,0.04 0.51±,0.06 

108 0.65±0.15 - -
126 0.57.:t0.14 - -

Ta6nHua 2 

0 I 2 2 
c.u.M. I a I + [ e I I b I 2 I e I 2 Id I 2 

-- --
rpan 21(0) 21( 0) - 21(0) 21(0) 

54 0.78,±0.09 0.22_t0.08 0.00±,0.08 0.00±,0.08 

72 0.66+0.07 0.19,±0.07 0.02,±0.07 0.17,±0,07 -
90 0.95±,0,08 0.02±0.05 0.02,±0.05 0.02±,0.08 

108 0.66±,0.07 0.02±,0,09 0.19±,0.09 0.17±,0.07 
.. 

128 0.78,±0.09 0.00±0.07 0.21±,0.07 O.OD±,0.09 

12 

Po 
R 

0.68±0.05 
' 

0.62±,0.07 

0.54±,0.06 

-
-

., 

I a - e [ 
2 

2 I (0) 

0.42±,0.09 

0.53,±0.07 

0.95±,0.08 

0.79±,0.07 

I. 14±,0.09 

[ 
Bem!'!HHa 

fJ Re( ISO) 

5R•(1D2J 

CocTOSIHHe 

tso 

'po 
"P, 
'P2 

'n• 
'2 

3F. 
"F 3 

"F• 
'G • 

3p 
0 

•p, 
•p. 

l D2 

Ta6nHua 3 

PeweHHe A 

- 30 o0+7 o0 

' - ' 
- 7,5°,±s.o0 

Ta6nHua 4 

PeweHHe B 

40,0 .t 6.5° 

7,5°.± 5,o0 

3HaqeHHH q,aaoBhlX cnaHroa s rpanycax 

( emax = 4; x• = 28) 
PeweHHe Ni 1 PemeHHe N.2 

x
2 =41,5 x 2 = 68,5 

2 

t 0.093+0.032 
peanbHSH qaCTb 

-20,46+8,93 
-37,26+8,25 
-15,32+4,75 
55,23+8,62 
3,56+2,62 

-0,16+3,70 
-5,6!+1,!4 
2,39+!,6! 

-3,43+1,IO 
7,99+1,00 

MHHM8H 't!BCTh 

4,38+9,63 
-1,86+3,21 
26,31+6,93 

18,24 

13 

II,00+4,22 
-25,57+2,85 

1, 12+3, 12 
-69,32+7,28 

1,88+3,82 
-0,89+3,19 
-3,55+0,66 

8,24+1,39 
4,51+1,02 

-6,93+1,08 

-9,80+4,63 
, 2,20+3,87 
30,62+4,98 

18,24 



Ta6nsua 5 

3H8'18HHSI cpaaoBbIX CLtBHI'OB B ,rpai:tycax 

( fmax = 4; X 2 = 22 ) 
CocTOHHHe PeweHHe I PeweHHe II PeweHHe Ill x) PeweHHe IV 

x 2 =22 x 2 =23 x 2 =26 X 2 =40 
peanbHBSI '18CT~ 

's -33,40,±6,00 -24,24±8,00 -21,62±8,00 -3,85±5,00 
0 

ap -6l,04±II,OO -20,95±3,00 -40,52±13,00 -6,54±14,00 
0 -

8p . -41,10±5,00 -30,75,±2,00 -21,IIzS,OO -II,22±2,00 
l 

8p2 14,23±3,00 6,86 ,±5,00 47,88+8,00 -33,00+l,94 -
I 
D2 · 7, 74,±4,00 7,80+2,2 7,77,±2,00 4,97±4,00 
• -3,80 -14,00 -0,63 1,90 

2 - 8 -9,98,±2,00 4,89,±2,00 -4,46,±2,UO 3,80,±1,00 I' 2 

aF a -0,67±3,00 - 5,25±3,00 0,83,±2,00 -0, 78,±2,00 -
3 

L,21,±2,00 6,58,±1,00 -4,95±1,00 15,60,±1,00 F'., 

'G, 6,64,±1,00 6,55+1,00 7,IS±l,00 5,07,±1,00 --
MHHMBSI '18CTb - - - -

apo 2,01,±6,00 -17,80,±4,00 9,94+9,8 27,30,±15,00 
--

ap 
l 

4,62+4,00 -4,40±4,00 -2,04.±,3,00 -I,83.±,3,00 
3p2 -o,61f,12,oo 29,00,±8,00 20,27,±7,00 -3,37,±2,00 --
tD2 I0,00 I0,00 I0,00 I7,50 
8F2 3,65,±4,00 5,58,±3,00 -0,58,±2,00 3,08.±,2,00 --
aF a 5,01,±5,00 2,69.±,3,00 -0,36.±,2,00 2,38,±4,00 

aF • 2,86+I,OO 3,66,±1,00 3,06±1,00 2,85,±3,00 
'2 -o:-64 5,00 - 2,00 - 2,00 

x) ( 
PeweHHe JJI - aHanor peweHHH Ng I CM. psc. 4 ) 

0 
PHc. I. CxeMa 3KCII8pHM8HTBnbHOl! YCTBHOBKH LtnSI H3MepeHHSI cnn (90°). 

14 

15 
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