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1 . Bne,neHHe 

.Ilm1 Bl>UICHeHIUI MexamI3Ma a.n:poH-H,n:epHl>IX M H,Upo-H,nepHl>IX 

B3aMMo,neu:cTBl'.IH qacT0 l'.ICII0J11,3yeTCH MeT0,UMKa cpaBHeHMH pe3yJil>

Ta T0B, II0JiyqeHHl>IX B 3KCIIepMMeHTe, C rrpe.n:cKa3aHMHMl'.I cymecTBYIO

llll'IX TeopeTMqecKMX MO,UeJiett:, TaKMX KaK KaCKa,UH0- l'.ICIIapMTeJibHaH 

M0,UeJib (KMM), Mo,UeJII, KBapK-rJIIO0HHbIX CTpyH (MKrC), FRITIOF 
M .n:pyrMe. 

B o6JiaCTl'.I 3HeprMH 2-5 r3B Ha HYKJI0H H,Upo-H,nepHbie B3aMMO,n:eu:

CTBl'.IH Tpa.n:m:~M0HH0 aHaJIM3MpoBaJIMCb B paMKax Mo.n:enM KMM. 3Ta 

M0,UeJib KaqecTBeHH0 0IIl'.ICbIBaeT 3KcrrepMMeHTaJII,HI,Ie ,naHHbie, X0TH 

K0JIMqecTBeHHbie pacxo2K:,n:eHMH MMeIOT MecTo. B qacTH0CTM, KMM, 

HaIIpMMep, 3aHM2K:aeT BeJil'.lql'IHY rrorrepeqHbIX MMIIYJibC0B IIM0H0B l'.I 

rrepeoueHMBaeT MX MH02K:eCTBeHH0CTb [1]-[4]. 
CpaBHe1me 3KcrrepIIMeHTaJibHbIX .n:aHHbIX .UJIH AC-B3aMMo.n:efi:cTBMH 

C MKrC II0Ka3aJI0 MX Y.U0BJieTB0pMTeJibH0e corJiacl'.le [5]-[7]. BMeCTe 

c TeM rrpM orrMcaHMM xapaKTepMCTMK ATa-B3aMMo.n:eu:cTBMH [8] 06-

Hapy2K:MJIMCb cymecTBeHHbie pacxo2K:,UeHMH Me2K:,ny 3KCIIepMMeHT0M l'.I 

M0,UeJII,IO. B qm3MKe BbIC0KMX 3HeprMH rrorrynHpHa l'.I IIIMp0K0 l'.ICII0J1b-

3yeTCH Mo,nen1, FRITIOF [9]. CqMTaeTrn, qTo ee HeJII,3H MCII0Jil>3o

BaTl> rrpM yMepeHHbIX 3Heprl'.IHX, II0CK0Jil>KY CTaH0Bl'.ITCH HerrpMMeHM

MOH l'.l,Ue0JI0rl'.IH o6pa30BaHMH l'.I pacrra.n:a KBapK0BbIX CTpyH. O.n:HaKo 

aKKypaTHl>IH yqeT KMHeMaTMqecKMX orpaHMqeHMH l'.I peJIHTl'.IBMCTCKM-. 

l'.IHBapMaHTHl>IH yqeT "qiepMM-.UBM2K:eHMH" HYKJI0H0B II03B0JIHIOT [10] 
CHl'.13l'ITb qiopMaJibHbIH rrpe,neJI l'.ICII0J1b30BaHMH M0,n:eJIM l'.I Y.U0BJieTB0-

pMTeJibH0 0IIMCaTb, KaK 6y.n:eT II0Ka3aH0 Hl'.12K:e, 0CH0BHI,Ie xapaKTe

pMCTMKl'.I H,npo-H,nepHl>IX B3al'.IMO,Uett:CTBMH. 

HacTOHlllaH pa6oTa II0CBHllleHa aHaJIM3Y 3KCIIepMMeHTaJibHl>IX .n:aH

Hl>IX no rrpoToHaM M n---Me3oHaM M3 AC-B3aMMo.n:eiicTBMH B paMKax 

MO.UMqJMUMponaHHOH M0,UeJIM FRITIOF. 

2. 3KcrrepHMeHTaJibHblH MaTepHaJI 

B pa6oTe MCII0Jil>30BaH MaTepMan, rronyqeHHhltt: Ha .n:nyXMeTpoBott: 

rrporrattoBott: rry31,1pbKOBOH KaMepe JIB3 OM5IM, o6nyqeHHOH B rryq-



Kax npoTOHOB, .n;eiiTpoHOB, a-qacTHU H Jmep yrJiepo.n;a C HMilYJihCOM 

4,2 r3B/c Ha HYKJIOH Ha CHHxpocpa3oTpoHe OI15II1. K ttacToHrueMy 

BpeMeHH noJiyqeHa OKOHqaTeJihHa5£ CTaTHCTHKa co6hITHH Ha npona

He. 

!13 IlOJIHhIX aHCaM6JieH B3aHMo.n;eHCTBHH JierKHX 5£.n;ep B npona

HOBOH KaMepe 6hIJIH Bhl.ll:eJieHhl HeynpyrHe B3aHMO.n;eHCTBH5£ C H.n;pa

MH yrJiepo.n;a pC-, dC-, aC-, u CC - [11). O.n;ttaKo npH IICIIOJih-

30BaHIIII KpIITepIIeB, npIIMeHeHHhIX B [11), Bhl.n;eJI5£eTC5£ OKOJIO 70% 
noJIHOro qIICJia H.n;po-yrJiepo,n;HhIX co6hITIIH, KOTOphie onpe.n;eJI5£JIIICh 

no II3BecTHhIM ceqeHII5£M Ap - u AC-B3aIIMo.n;e:iicTBIIH II cooTHOIIIe

HIIIO npoTOHOB II 5£,n;ep yrJiepo.n;a B MOJieKyJie nponaHa. OcTaBIIIIIeC5£ 

B3aIIMo.n;e:iicTBII5£ 6hIJIII cTaTIICTIIqecKH pa3.n;eJieHhI Ha Ap - u AC
co6hITH5£ c noMOIUhIO BBe,n;eHH5£ BeCOB Ha co6hJTH5[. Bee onpe.n;eJI5[JI

C5£ TaKIIM o6pa3oM, qTo6hl q11cJia co6h1T11ii Ha yrJiepo.n;e 11 Bo.n;opo.n;e 

COOTBeTCTBOBaJill q11cJiaM, O)Kll,n;aeMhIM 113 ll3BeCTHhIX ceqeHllH He

ynpyr11x B3allMo.n;e:iicTBllH [12). T..focJIO BTOpllqHhIX qacTll~ 11 llX pac

npe.n;eJieHll5£ 6hIJill CKoppeKTllpoBaHhl nyTeM BBe,n;eHll5[ nonpaBOK Ha 

nponyrueHHhie qacTllUhI, BhIJieTaIOIUlle B HanpaBJieH1111, 6JI113KOM K 

onT11qecKOH OCH q>OTOOfo,eKTIIBa (KPYThie CJie.n;h1), 11 Ha qacTllUhI, 

llMnyJihChl KOTOphIX He MOrJill 6hITh onpe.n;eJieHhl ll3-3a MaJIOH .l(Jlll

Hhl CJie.n;a qaCTllUhl. KpoMe Toro, BCe noJIO)KllTeJihHhle qacTllUhl C 

HMilYJihCOM BhIIIIe O ,5 r3B / C noJiyq11JIII Beca, onpe.n;eJI5£IOIUHe Bepo-

5£THOCTh Toro, qTo .n;aHHM qacT11ua 5£BJI5£eTC5£ npoTOHOM llJIII 7r+ _ 

Me30HOM (.n;o 0,5 r3B/c npOTOHhl 11 7T+-Me30Hhl .l(OCTaToqHo Ha.n;e)KHO 

II.n;eHTllq>IIUIIPYIOTC5£ no llOHII3aUllll Ha CJie.n;ax 3TllX qacTllU). 

Ilo.n;po6Ho np011e.n;ypa KoppeKTllpOBKII 3KCnep11MeHTaJihHhIX .n;aH

HhIX, BKJI10qeHHhIX B noJIHhIH Ha6op H.n;po-nponaH B3aIIMo.n;e:iicTBIIH, 

onIICaHa B [11). KaK 11 B npe.n;h1.n;yrn:11x pa6oTax [6), [7), [13)- [15), 
,n;JIH cpaBHeHll5£ c MO.lI;llq>IIUIIpoBaHHOH Mo,n;eJihIO FRITIOF 11cnoJih3o

BaJillCh MHO)KeCTBeHHOCTll 11 pacnpe.n;eJieHll5£ 1T- -Me30HOB 11 npoTOHOB-

yqacTHllKOB. I1cKJIIOqeHhl IICnap11TeJihHhle npoTOHhl (p <0,3 r3B / C) 

11 CTp11nn11HrOBhie cpparMeHThl 5£.n;ep-cHapH.lI;OB (p >3 r3B/c, 0 < 4°). 

--,.,. : ... 2 • 

.,,: ·~ ,;Aa .-:..: 
. -.;· --~-~ 1:.::. 

3. Mo,n;enh FRITIOF 

Mo.n;eJih FRITIOF [9) npe.n;noJiaraeT ,n;ByxqacT11qHy10 KllHeMaTll

KY HeynpyrIIx a.n;poH-a.n;poHHnIX B3a11Mo.n;e:iicTBIIH a+b ---+ a' +b', r.n;e 

a' 11 b' - B036y)K,n;eHHhle cocTo5£Hll5£ a.n;poHoB a 11 b. Bo36y)K,n;eHHnie co

CT05£Hll5£ xapaKTep113YIOTC5£ Maccoif, .l(JI5£ BnI6opa KOTOpo:ii IICilOJin3Y

eTC5[ cJie.n;yIOIUIIH no.n;xo,u: B CIICTeMe ueHTpa Mace CTaJIKIIBaIOIUllXC5£ 

a,upoHOB 3aKOH coxpaHeHll5£ 3HeprllII-llMnyJinCa IIMeeT BII,U 

Ea+Eb 

Paz+ Pbz 

Ea1 +Eb1 = ~' 
Pa'z + Pb'z = 0, 

0 = Pa'J_ + PI/J_, 

(1) 

r.n;e En II Eb (Ea,, E,,,) - 3Hepr111111cxo.n;HnIX (KoHeqHhIX) a.n;poHOB a II b 
(a', b'), a Paz 11 Pbz- npo,uoJinHnie KOMilOHeHTnI IIMnyJinCOB ( npoeKIJIIll 

11MnyJI1,coB Ha oc1, B3aIIMo.n;e:iicTBIIH). 

CKJia,UnIBa5£ 11 BI,JqIITa5£ nepBnie .n;Ba ypaBHeHII5£ CIICTeMnl ( 1)' npe-

06pa3yeM ee K BII.n;y 

p: +P,; 
ptl- +Pb-

0 

Pj +Pbt, 

P;, + P11 , 
Pun + 'Pb' J_, 

(2) 

r.ue p+ = E + Pz, p- = E - Pz· 
B Mo,ueJIII IIcnoJih3yeTC5£ cJie.n;y10ruee pacnpe.n;eJieHIIe no P;;; 11 Pbt: 

dW ~ dP;, /P;;, 

dW ~ dPi; /Pbt. 

IIpe.n;eJinI ll3MeHeHII5£ P;;; 11 Pi}; onpe,ueJI5£IOTC5£ KaK 

[P;, P;], [Pi\ P:]. 

(3) 

(4) 

B cJiyqae a,upoH-5£.n;epHhIX B3aIIMo,ue:iicTBIIH ,UJI5£ nepBoro coy,uape

Hll5£ HaJieTa10ruero a,upoHa a c KaK11M-JIII60 HYKJIOHOM H.npa ( a+ Ni ➔ 
a'+ ND IICITOJih3yeTc5£ KIIHeMaTllKa, onpe,ueJI5£eMM ypaBHeHIIHMll 
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(2) - (4). llmI BToporo coy.uapemrn (a'+ N2-+ a"+ Nn MCnOJih3Y

IOTC.lI aHanorn<JHbie COOTHOIIIeHMH, O.D.HaKo ycJIOBMe ( 4) 3aMeHHeTC.lI 
Ha ycJIOBMe 

[ P,;, PNJ, [PA\, P,jJ (5) 
B pe3yJihTaTe B nocne.uoBaTeJibHhlX coy.uapeHM.lIX npOMCXO.D.MT nocJie

.D.OBaTeJibHOe yBeJIWieHMe Macchi a.upoHa a, ecnu nepe,naqu nonepeq
Horo MMnyJihCa MaJibI. 

3TOT )Ke no.uxo.u npMMeH.lleTC.lI" np.H MO.D.eJIMpOBaHMM .lI.D.pO-.lI.D.epHI,IX 

B3aMMo,neii:cTBMM. 3.uecb paccMaTpMBaIOTC.lI peaKUMM a'+ b' -+ a"+ b". 
Pacnpe.ueJieHMe no Pa-;, M Pit, Bhl6MpaeTc.lI B npe)KHeM BM.D.e, a o6nacTb 

M3MeHeHM.lI Pa-;, M Pit, onpe.ueJIHeTc.lI KaK 

[Pa-;, Pi], [Pbt, P,;]. (6) 

Pacnpe,neJieHMe no nonepeqHoMy MMnyJihcy, KOTop1,1M o6MeHMBaIOTC.lI 

CTaJIKMBarorn:uec.lI HYKJIOHI,I, 61,mo Bl>I6paHo B BM.D.e 

dW = b2e-BP:J.pTdPT, B = 6, 7. (I':JB/c)- 2• 

B McnoJih3yeMl>IM HaMM BapMaHT Mo,neJIM BBe.D.eH1,1 cne.uyrorn:ue M3-
MeHeHMa: [16]: 

• HM)KH.lI.lI rpaHMUa Mace B036y)K,neHHbIX HYKJIOHOB noJio)KeHa paB
HOM 1,1 I'3Bj 

• B cnyqae .D.ByxqacTMqHoro pacna.ua cTpyH c Maccoii: MeHhIIIe 

1, 7 I'3B Mo,nenupyeTc.lI M3OTponHhlM pa3JieT qacTMU B cMcTeMe 
nOKO.lI CTpyHhlj 

• B 50% CJiyqaeB .D.ByXBepIIIMHHOM .umppaKUMM .uonycKaeTC.lI o6MeH 

3apH.D.aMM Me2K,ny CTaJIKMBaIOrn:MMMC.lI HYKJIOHaMMj 

• 3HaqeHMe cpe,nHero KBa,npaTa nonepeqHoro MMnynhca, KOTop1,1M 

o6MeHMBaIOTCH CTaJIKMBaIO:rn:MecH HYKJIOHl>I, paBHo 0,15(I':JB / c)2. 

Bee 3TH M3MeHeHM.lI BBe,neHbI B MO.D.eJib .D.JIH .ll.OCTM)KeHM.lI Y.D.OBJie

TBOpMTeJibHOI'O onucaHM.lI pacnpe.ueJieHMM 7r- -Me3OHOB M npOTOHOB B 

4 

np-B3aMMo.ueii:cTBM.lIX B MHTepBane MMnyn1,coB 1-5 r3B/c [16]. Ila

nee BapMaHT Mo,n:eJIM FRITIOF c 3TIIMII II3MeHeHmIMII ucnoJib3OBaJI

ca: .D.JI.lI cpaBHeHM.lI C 3KcnepIIMeHTaJibHI,IMM .D,aHHI,IMM no IIIMpOKOMY 

Kpyry HYKJIOH-.lI.D,epHl>IX II a:.upo-a:.uepHl>IX B3alIMO.D,eMCTBIIM (17]-(19). 
McnoJih3yeM1,1ii: B HacToa:rn:eii pa6oTe 6aHK MO.D.em1poBaHHl>IX co61,1-

TIIii, co.uep2Karn:11x OT 6 ( dC) .uo 20 ( CC) Thlca:q,fam 3an11caH B BII.D.e 

DST 11 o6pa6oTaH no TeM 2Ke ycJIOBII.lIM, qTo M 1Kcnep11MeHTaJihHl>IH 

MaTep11an. 

4. Pe3yJihTaThI aHaJIH3a 

HaqtteM paccMoTpettn:e c xapaKTepIICTIIK 1r- - Me3OHOB. B Ta6n11ue 

1 npe,n:cTaBJieHI,I cpe,UHIIe MHO)KeCTBeHHOCTM 7f- - Me3OHOB B 3aBIICII

MOCTM OT MaCCI,I a:.upa-cttapa:.ua BMeCTe co 3HaqeHM.lIMII, paccq.HTaH

Hl>IMII no ucnoJib30BaHHOM BepcMII Mo,neJIM FRITIOF. KaK BII.D.Ho 113 

Ta6n11u1,1, Mo.D,eJib cornacyeTca: c 3Kcnep11MeHTOM B npe.uenax 5% .una: 

pC-, dC-, aC-, u CC-B3aIIMo.ueii:cTBMM. B Ta6n11ue 2 np11Be.D,eHhl 

CTaTHCTHKa 
Tm1 pcaKu11::ii 

p+C d+C o:+C c+c 

l.Jm:m, coo. 8371 5807 13318 205!)4 

3K<:I!Cp. 0.407 ± 0.00G 0.G8G ± 0.00!) 0.!JG8 ± 0.007 1.43!) ± 0.007 

FIUTIOF 0.408 ± 0.002 0. 703 ± 0.003 1.003 ± ll.001 1.505 ± 0.002 

Taon. 1. Cpc.n;HHt) MHoJKeCTBeHHoCTH TC- -Mt)'.lOHoB B m~yrrpyr11:x (p. ,L n. C)+C

B.1a11:Mo.n;c:iicTBHHX II{JH HMIIJJibCt) ]1=4.2 r~fl/c Ha HJKJIOH 

cpe,UHMe 3HaqeHM.lI KIIHeMaT.HqecKIIX xapaKTepIICTMK 

1r- -Me3oHoB B pC-, dC-, aC-, u CC- B3aMMO.D.eii:cTBIIa:x np11 p=4,2 
r1B / C Ha HYKJIOH. Ha1160JibIIIee pacXO)K.D,eH.He Me2K.D.Y 3KCnepIIMeH

TOM 11 MO,UeJibIO, Ha6nro.uaeMoe B pC- M dC- co6MTMa:x, He npeBu

rnaeT 6%. C yBeJI11qeH11eM aTOMHoii Maccu a:.upa-cHapH.ua cornac11e 

3KCIIep.HMeHTaJibHbIX M pacqeTHI,IX 3HaqeHIIM cpaBHIIBaeMl>IX BeJIII

quH cyrn:ecTBeHHO ynyqIIIaeTca:. Ha p11c. 1 npe.ucTaBJieHbI pacnpe

.ueneHII.lI 7r- -Me3oHoB no KIIHeMaTnqecKIIM nepeMeHHl>IM - P,PJ.., y, 0, 
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Tun peaKrruil: 
Cpe.n:Hue .3Ha'IP.HHH KUHeMlLTU'WCKUX rrepeMCHHhIX 

P,.a6, I'aB / C (),.a6, ?.parJ. Pr. I'aB/c BhlcTpoTa. Y 

pC 3Kcrrep. 0.503 ± 0.007 50.8 ± 0.6 0.248 ± 0.003 0.832 ± 0.013 
pC FRITIOF 0.480 ± 0.003 49.1 ± 0.3 0.236 ± 0.001 0.860 ± 0.002 
dC 3Kcrrep. 0.557 ± 0.007 46.0 ± 0.5 0.255 ± 0.003 0.941 ± 0.011 

.dC FRITIOF 0.540 ± 0.002 44.6 ± 0.2 0.240 ± 0.001 0.970 ± 0.003 
aC 3Kcrrep. 0.583 ± 0.004 44.1 ± 0.3 0.250 ± 0.Ofll 1.000 ± 0.006 
aC FRITIOF 0.570 ± 0.002 43.4 ± 0.3 0.240 ± 0.0fll 1.0lfl ± 0.001 
CC 3Kcrrep. 0.592 ± 0.003 41.0 ± 0.2 0.241 ± 0.001 Ul71 ± 0.004 
CC FRITIOF 0.600 ± 0.001 40.9 ± 0.1 0.240 ± fl.001 1.090 ± 0.0113 

Ta6JI. 2. Cpe,n:HUe 3Ha'!eHHH KUHeMaTU'leCKUX rrepeMeHHhIX 7f--Me.30HOB .D:JIH (p, ,I. 
a, C)+C-B3aUMo,n:eil:CTBUH rrpu UMIIJJihCe p=4,2 r~Bf,: Ha HJKJIOH 

HOpMHpOBaHHbie Ha noJIHOe "l!MCJIO co6bITMH, B cpaBHeHMH c pac-qe

TaMM no Mo~eJIM FRITIOF. Ha ptt:c.la npe~cTaBJieHhI HMnyJihCHhle 

pacnpe~eneHmI rr- - Me30HOB B CC-B3att:Mo~eifcTBM.S:X nptt: MMnyn1,ce 

p=4,2 I'3B / c Ha HyKJIOH. Mo~en1, HecKOJihKO npeBhlIIIaeT 3KcnepH

MeHTaJihHble 3Ha"l!eHM.S: nptt: HMnyn1,cax 0,2-0,6 I'3B/c. llanee pa3-

HOCTh Me)K~y 3KcnepHMeHTOM M MO~eJibIO yMeHbIIIaeTC.9:. Ha ptt:c.16 

~aHbI pacnpe~eJieHM.S: no nonepeqHoMy HMnyn1,cy: pac"tJeTHble 3Haqe

HM.s: npeBhlIIIaIOT 3Kcneptt:MeHTaJihHhre nptt: PT;::::: 0, 2-0, 6 I'3B/c. Ha 

ptt:c.lB cpaBHMBaIOTc.s: pacnpe~eJieHM.S: no 61,rcTpoTaM: 3Kcneptt:MeH

TaJibHoe M pacqeTHOe pacnpe~eJieHM.9: 7T"- - Me30HOB IIMeIOT MaKCMMYM 

nptt: o~HOM M TOM )Ke 3Ha"l!eHMM 61,rcTpOThI Yo ~ Yc.tp.i. ;:::::: 1, 1 ~JI.a: 

N N-B3aMMO~eifcTBIIH. Pac-qeTHbie 3Ha"lleHM.S: npeBhIIIIaIOT 3Kcneptt:

MeHTaJihHhle B o6JiaCT.9:X qiparMeHTaUMM .s:~ep (y ~ -0, 5-;- 0, 5 U y rv 

1, 5 + 2, 5). Ha ptt:c. lr npe~CTaBJieHbI yrnom,re pacnpe~eneHM.s: rr- -

Me30HOB. Bn~Ho, "l!TO MO~eJib 3aBbIIIIaeT MHO)KeCTBeHHOCTI, Me30HOB 

nptt: MaJibIX yrnax 0 ~ 0° + 30°. Bo3MO)KHo, y-qeT nornorueHM.s: rr-

Me3oHoB B .s:~pax - OCTaTKax, He Y"llMTbIBaeMbIH B cyruecTByrorueM Ba

ptt:aHTe MO~eJIM, MO)KeT cnoco6cTBOBaTb nyqrneMy BocnpOH3Be~eHMIO 

3Kcneptt:MeHTaJibHbIX 3aKOHOMepHOCTen:. 
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Pnc. I._ Pacrrpe.n:eJieHIIR ITO IUIHeMaTnqecKIIM rrepeMeHH1IM OTpurraTeJihHO 3apRllieHH1IX 

qacTUll B CC- B3aIIMo.n:ettcTBURX npu ·IIMOYJibce p=4,2 A r::iB/c Ha HYKJIOH 
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B ueJI0M M0,UeJib xoporno B0C11p0H3B0,Ul'.IT 0,UHO"'IaCTWIHhie pac11pe,ue

JieHmI 7r-Me30H0B 110 KHHeMaTn:qecKHM 11epeMeHHhIM II MmKeT 6nITI:, 

l'.ICl10Jib30BaHa B ,UaJibHett:rneM, 6oJiee ,ueTaJII:,H0M aHaJIH3e, a TaK)Ke 

.umr oueHKH BhlX0,Ua Me30H0B B coy,uapeHH5IX T5I)KeJihIX l'.I0H0B. 

B Ta6nn:ue 3 11pe,ucTaBJieHbl cpe,uttn:e MH0)KeCTBeHH0CTH 11p0T0-

H0B-yqacTHHK0B B AC-B3an:Mo,uett:cTBH5IX 11pn: n:Mrryni,ce p=4 ,2 I'3B / c 

B cpaBHettn:n: c pacqeTaMI-i no M0,UeJIII FRITIOF. Han:6oni,rnee pac-

CTaTHCTHKa 
T:nrr peaK~H:ii: 

p+C d+C n+C c+c 

qllCJIO co6. 8371 5807 13318 20593 
3Kcrrep. 1.82 ± 0.01 2.10 ± 0.02 2.90 ±0.Dl 4.43 ± 0.02 
FRITIOF 1.99 ± 0.02 2.05 ± 0.03 2.77 ± 0.01 4.13 ± 0.03 

Ta6JI. 3. Cpe.IlHlle MHO)KeCTBeHHOCTll rrpoTOHOB-y<IaCTHllKOB B rreyrrpyr:nx (p. ,l. IL 

C)+C-B3allMO,lleHCTBllillC IIpll llMIIYJibCe p=4,2 r~B / C 

X0)K,Uettn:e tta6mo,uaeTC51 B 11pe,uenax 10 % .umi pC-B3an:Mo,uen:cTBHtt:. 

B Ta6nn:ue 4 11pn:Be,neHhI cpe,uttn:e 3Haqettn:51 KHHeMaTn:qecKn:x xa

paKTepn:cTHK 11poT0H0B-yqacTHHK0B B AC-B3an:Mo,nett:cTBH5IX 11pn: HM-

11yni,ce p=4,2 I'3B / c Ha HYKJI0H. Han:6oni,rnn:e pacxo)K,nettn:51 tta6mo

,ua10Tc51 B cpe,uttn:x yr nax n: cpe,n:HIIX n:M11yni,cax 11poT0HoB B pC-B3a

HMO,Uett:cTBH5IX ( B 11pe,uenax 10 % ) . 
Ha pn:c. 2 11pe,ucTaBJieHhl 3KC11epn:MeHTaJII:,HI:,Ie l'.I pacqeTHbie pac-

11pe,ueJieHH51 11poT0H0B 110 KIIHeMaTn:qecKn:M rrepeMeHHhIM B CC-B3a

n:Mo,uen:cTBH5IX. Ha pn:c. 2a 11pn:Be,ueHhI HMIIYJihCHhie pac11pe,uenettm1 

rrpoT0H0B. 

IIpeBI:,IlIIeHn:e 3KC11epn:MeHTaJII:,HI:,IX ,UaHHhIX Ha,U pacqeTHhIMH 3Ha

qeHH5IMH Ha6JIIO,UaeTC51 11pn: 3HaqeHH5IX l'.IMIIYJihCa IIp0T0Ha B o6JiaCTH 

p = 0, 4 -;-1, 0 I'3B/c. Pacxo)K,Uettn:e Me)K,uy 3Kc11epn:MeHTaJihHhIMH n: 

pacqeTHhIMH 3HaqeHH5IMH rrpn: P,rn6 ~ 3 I'3B/c, 110- BH.UHM0MY, CB51-

3aHo C ycJI0BIIeM orrpe,ueJieHH51 CTpH1111HHr0BhIX 11p0T0H0B. Ha pn:c. 26 

11pe,ucTaBJieHbl pac11pe,ueJieHH51 11p0T0H0B-yqacTHHK0B 110 rro11epeqHo

My n:Mrryn1,cy. Mo,ueni, tte,uoouettn:BaeT 3Kc11epn:MeHTaJihHhle 3Haqe

HH5111pn: PT~ 0, 3-;- 0, 4 r3B/c. 

Ha pn:c.2B II0Ka3aHhl pacrrpe,ueJieHH51 11poT0H0B II0 6bICTpoTaM. 
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Pnc. 2; Pacnpe.neneHn11 no l{lll!eMaTll'leCKllM nepeMeHHldM IlJ)0T0II0B-ytJaCTHllKOB B 
CC-B3aniw.nelkTBll11X npn 4,2 A r3B/c Ha HyKn0H 
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Tnrr peaKIUI:ii 
Cpe,UHU!~ :rna'IP.Hllll KUHeMaTU'IC<'.KUX IH!!J<~Mt!HHhIX 

P,,a6, I'.-iB/c e,, .. r.. ;)11a.a. I'r I':iB / i: BnI<:TpoTa. Y 

pC 3Kcrrep. 1.292 ± 0.007 36.1 ± 0.2 0.443 ± 0.002 0. 77G ± l).(104 
pC FRITIOF 1.170 ± 0.003 39.3 ± 0.3 0.420 ± 0.001 0.720 ± 0.11114 
dC 3Kcrrep. 1.289 ± 0.008 36.5 ± 0.2 0.437 ± 0.002 0.765 ± 0.00G 
dC FRITIOF 1.250 ± 0.002 38.4 ± 0.2 0.440 ± 0.001 0.750 ± 0.003 
aC 3Kcrrep. 1.541 ± 0.005 33.0 ± 0.1 0.464 ± 0.001 0.887 ± 0.003 
aC FRITIOF 1.450 ± 0.002 33.6 ± 0.3 0.408 ± 0.001 0.817 ± 0.003 
CC 3Kcrrep. 1.857 ± 0.004 27.5 ± 0.1 0.476 ± o.urn l.0Gl ± 0.11112 
CC FRITIOF 1.808 ± 0.001 26.8 ± 0.1 0.440 ± 0.001 1.070 ± 0.0!14 

Ta6JI. 4. CpenHne 3Ha'IP.HU5I KUHeMaTU'l{-~CKUX IH~}WMeHHhIX II}J0T0H0B ,llJI5I (p. ,l. IL 

C)+C- B3aUMO,lleRCTBUR rrpn UMIIYJlh<'.t! p=4,2 r:ciB/c Ha HYKJI0H 

BII,UHO, '-ITO 3KcnepI:IMeHTaJibHOe pacnpe,ueJieHI:Ie I:IMeeT ,[(Ba MaK

CI:IMyMa npII y ~ 0, 2 u 1, 5 II Ml:IHIIMYM - npII y ~ 1, 1. AcIIMMeT

pm1 6bICTpOTHblX y-pacnpe,ueJieHI:II1: npoTOHOB o6ycJIOBJieHa ne60Jib

IIIOM ( 10%) np:I:IMeCblO ,uettTpOHOB' KOTOpbie CMemaroT cneKTp B 06-

JiaCTb 66Jiblll:I:IX 6bICTpOT np:I:I nplUIHCbIBaHHl:I l:IM MaCCbl npoTOHa. 

Pac'-IeTHoe pacnpe,ueJiemte TaKott acI:IMMeTpHH He I:IMeeT. Mo,ueJih, 

KaK BH,UHO, ne,uooueH:I:IBaeT BbIXO,U Me,UJieHHbIX npoTOHOB B o6JiaCT5IX 

cpparMeHTaUI:Il:I 51,uep. 

Ha pnc.2r noKa3aHbl yrJIOBble pacnpe,ueJieHI:I5I npoTOHOB-y'-IaCTHI:I

KOB. B:I:I,UHO, '-ITO He60JibIIIOe paCXO)K,Uenne Me)K,uy 3KCnepnMeHTaJib

HbIMl:I H pacqeTHbIM:I:I 3Ha'-IeHH5IMl:I Ha6JIIO,UaeTC5I B IIII:IpOKOM l:IHTep

BaJie yrJIOB. 

B ueJioM, XOT5I I:IMeIOTC5I HeKOTOpbie pacXO)K,UeHI:I5I B cpopMe 3KC

nepI:IMeHTaJlbHhlX II pac'-IeTHhIX pacnpe,uenen:I:Itt, npoBe,uennoe cpaB

HeHI:Ie 3KCnepI:IMeHTaJibHblX l:IHKJII03l:IBHblX pacnpe,ueJieH:I:IM npoTOHOB 

no KI:IHeMaTH'-IeCKI:IM nepeMeHHhIM ,UJI5I pC-, dC-, aC- n CC-B3a

HMo,uei1:cTBHtt C COOTBeTCTBYIOID:HMH pacnpe,ueJieHH5IMH, noJiy'-IeHHhl

M:I:I B paMKax Mo,ueJIH FRITIOF, no3BOJI5IeT c,ueJia'l;'h BhIBo,u o Ka'-!ecT

BeHHOM cornacI:IH Mo,ueJIH FRITIOF c 3KcnepnMeHTOM ,UJI5I AC-B3a

HMo,uei1:cTBHii. 
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CyMMIIpy5I paccMoTpeHHoe B ,uaHHOM pa?oTe, MO)KHO 3aKJIIO'-Il:ITh, 
'-ITO 

• IIcnoJio3yeMa51 Bepcn51 Mo,uenu FRITIOF y.n;oBJieTBopuTeJihHo orrn

CbIBaeT II3yqaeMbie cpe,unue xapaKTepI:ICTHKI:I 1r -Me3oHoB II npo

TOHOB B Heynpyrux A C-B3aI:IMo,uei'IcTBH5IX; 

• MO,UeJib ,uaeT KaqecTBeHnoe onucaHI:Ie pacnpe,ueJieHI:IM 1r--Me3oHoB; 

• .n:eTaJihHoe onucanI:Ie pacnpe.n;eJieHI:Itt npoTonoB B o6JiaCT5IX cppar

MeHTaUI:Itt 51,uep Bee eme ocTaeTcH npo6neMott. 

ABTopb1 6naro,uapHT yqacTHI:IKOB coTpy.n;HI:I'-IecTBa no I:Iccne.n:oBa

HI:IHM na .UBYXMeTpoBott i::rponattoBott ny30IpbKOB011 KaMepe 3a nony

qeHue 3KcnepI:IMeHTaJibHOro MaTepI:Iana, Jia6opaHTOB 3a npocMoTp 

nJieHoK II H3MepeHI:Ie co601THM, JI.A.PaTnI:IKoBy 3a noMom:o B ocpopM
JieHI:II:I pyKonI:IcH. 
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