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§ 1.	 BBE.aEHl-1E 

KoppenR~~~ BTOP~4HWX 4aCT~~ BO s3a~MOAeAcTB~RX penRT~B~CTC

K~X HAep ~Me~T cnomH~R xapaKTep. MHomeCTBeHHoe pomAeH~e 4aCT~~ 

OCJ10>KHeHO cne~~cI>Io14eCKl-1MIo1 RAepHblMIo1 npoueccaaa , ~ onacauae ~X 

8 nOAaElJlRIO!14eM 60nbl1U1HCTSe pa60T OCHOSaHO Ha ~HKnI03~SHOM nOA
xOAe. B 3TOA CBR3~ AaneKO He Bcerna YAaeTC~ pa3Aen~Tb pa3nlo14
Hble MexaH~3Mbl, onpenerurr s , B KaKJIlX 06naCTRX !1>a30Boro npocr paucr> 
sa npeotinanaor aAPOHHble c reneaa caofionsr , a B KaK~X - xaapxoaae , 
Yme B nepaux pa60Tax no peJ1)'H~B~CTCKOH RAepHOH !1>1.13~Ke OTMe4a
JlOCb, 4TO B HApax cy~eCTBYIOT ABa xapaKTepH~x MaCWTa6a K~HeMa
T~4eCK~X nepeMeHH~x: OA~H COOTseTcTByeT HYKnOHH~M CTeneHRM 
caofonu, APyroH - KsapKOBbIM / 1 , 21 • tlllR ~X Ha6nIOAeH~R He06xOAI;1
MO Io1cnOIlb30eaTb aCID AocTynHYIO 3Kcnep~MeHTY ~H¢opMau~lO, B OCo
6eHHOCT~ nonyqeHHYIO Ha TpeKOB~X np~6opax. B HOBOM/f-=rfTIo1BHCTC
K~-HHaap\l1aH~HOM nOAXOAe TaKaR B03MomHOCTb I.1MeeTCR • 3TOT . 
MeTOA n03BonReT npOBeCT~ 4eTKY~ KnaCC~¢~Ka~\I1~ RAep~~ 83a1.1MO
AeHCTB\I1~ !§ 2/ ~ nonY4~Tb OCHOBH~e xapaKTep\l1CTHKH 06pa30BaHHR 
rpynn npOTOHOB - KnacTepoa, KOTop~e BO MHorOM aHanOrl.14H~ CBOH
CTBaM KBapKOB~X cTpyA, HO pacnono*eH~ COBceM B APyroH K~HeMaT~
4eCKO~ 06nacTH nepeMeHH~x (bit). B § 3 paccMoTpeH~ ASYX4aCTH4
Hble KoppenR~~~ BTOP~4HbIX 4aCT~~, 06pa30BaHH~x BO B3a~MOAeHCT
B~RX penRT~B~CTCK~X RAep C RApaMH yrnepoAa, H OTMe4eH~ I;1X oco
6eHHOCT~. HaKoHe~, B n.3.2 aHanH3HpYlOTCR cneKTp~ 3~eKT~BHblX 

Macc Aayx npOTOHOB ~ nonY4eHbI yKasaHHR Ha cYlqeCTBOBaH~e peso
HaHCHblX nlo1KOB AHnpOTOHOB. 

3KcnepHMeHTanbH~~ MaTepHan nony4eH C nOMOlqblO 2-MeTpoBoH 
nponaxoeoa nY3~pbKOBOH KaMep~, 06nY4eHHoH npoTOHaMI-1, RApaMH d, 
4 He H 111: C P = 4,2 r3B/c Ha HyK110H Ha c~Hxpoct>a30TpoHe 11B3 
O~flH. O~aR CTaT~CT~Ka C06b1T~~ B3aHMoAeAcTB~H 3THX RAep C RApa
M~ yrnepoAa COCTaanReT OKOno 20 T~C • .anR cpaBHeHHR xapaKTep~
CT~K 6apHoHH~X KllaCTepoB ~cnOllb3Y~TCR TaKme AaHHble no pC-B3aH
MOAe~cTB~RM np~ p = 10 r3B/c H "~-coYAapeHHRM npH p = 40 r3B/c. 

.
 
§ 2.	 YHHBEPCAJ1bH~E CBOACTBA 4ET~PEXMEPH~X
 

6APHOHH~X KnACTEPOB B ~apO-flaEPH~X
 
B3AHMOaE~CTBHflX nPH P = 4,2 r3B/c'HYKnDH
 

B pa60Tax/ S
,41 6b1no npeAnomeHO npoBOAHTb KnaccH~HKa~\I11O RAep~ 

H~X B3a~MoAeHcTBHH no napaMeTpaM - KBaApaTaM pa3HOCT~ 4b ik 
MepHblX CKopOCTeH: ,--.•._.....,.,v:I~, •• ~1.:,~ 

~ ..~.Obo('~!' ;~ r:'" 
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P 2 
b = -(- _k_) - (U i - Uk) , III 

ik mi m
Pi 2 

k 

rAe Pi(k) - Q-II1MnYJ1bCbl H mi (k ) - MaCCbl uac r au , .aJ1~ pea xu111 111 

l+II -+ 1 +2+ 3+ ••• 121 

II1HAeKCbl i,k = I,ll, 1,2, ••• BeJ1I11'''iIl1Ha b i k xapaxrepaayer CIi1
J1y B3aHMoAe~CTBII1R 4aCTII11..l i 111 k 111, CJ1eAOaaTeJ1bHO, onpeAellReT 
ypoaeus IHYKJ1oHHbl~ 111 KBapKoBbl~/, Ha KOTOpOM CJ1eAyeT paccwar pn
BaTb CTpyKTYPY B3aIl1MoAe~cTBY~~II1X o6beKToB i 111 k. 

06J1aCTb b~ _10- 2 cooTBeTcTByeT B3aHMoAe~CTBII1~ RAep KaK 
CJ1a 00 CBR3aHHbiX CII1CTeM, COCTOR~I1X 1113 HYKJ10HOB InpoToH-He~TpoH
HaR MOAeJ1b RApa/. 06J1aCTb 0, 1 .~ <1 RBJ1ReTCR npoMe>«YTo4HO~,b ik 
3AeCb xaa pkoaae CTeneHH cBo6oAbi II1rpa~T cy~ecTBeHHYIO POJ1b 8 ne
pecr pouke aAPoHHblX CII1CTeM. HaKOHeLt, npa b ik» 1 B3aHMoAe~-
CTBHe npOIl1CXOAII1T Ha KBapKOBOM ypoBHe. 

HHme npHBOAII1TCR aHaJ1H3 CBO~CTB 6apHoHH~X KJ1aCTepOs,06pa3Y~

~II1XCR B RAPO-RAepHbIX CTOJ1KHOBeHII1RX C 3Heprll1e~ B II1HTepBaJ1e 4-:
-:-40 r3B/c. TlI1n~ B3aIl1MOAe~CTBII1~, 3Heprll1R 111 CTaTII1CTHKa C06~TH~ 

npll1BeAeHbl B Ta6J1.1. 3Ha4eHII1f! m 111 B $OpMYJ1e /1 I nOJ1araJ1I11Cb1 m n 
paSH61MII1 rot = mn = 938 M3B AJ1R·RAepHbIX 06J1Y4eHII1~ KaMepbl 111 m I = 
=m - AJ1R 1T-C-B3aIl1MOAe~cT8111~.

7T 

Tariauua 1 
CTa THC THKa co 6blTHH 

THn B3aHMO- liMnYJIbC nyqKOBbIX CTaT;HcTHKab I II
,n;eHcTBHH qaCTHIJ;, f3B/c 

p(Os HS ) 4,2 7 , 16 6207 

d(CsHs )- 4,Z·A 7 , 16 8724 

a(CsHS ) 4,2'A 7 , 16 3795 

0(03 H8) 4,2'A 7 , I 6 10199 

p(OsH s) 10 19,4 2706 
1T-0 40 570 879] 

OTMeTII1M MeTOAII14eCKII1e oco6eHHocTII1 3KCnep1l1MeHTaJ1bHb1X AaH
H~x/8-91 • HII1>l<HRR rpaHII11..la: Ha4111HaR C KOTOPO~, perIl1CTpV1pOBaJ1I11Cb 

nporoau B KaMepe, COCTaBJ1ReT ~ 150 M3BI C, a BepXHRR rpaHII1Pna6 
l..la II1AeHTII1<l>II1Kallll1l11 - 800 M3B/c. n0J10>«II1TeJ1b~~e OAH03apRAH~e 4a
CTII1Ltbl C Z 800 M3BI C B RAepHblX B3aVfMOAe~CTBII1RX I~ s1 a r3BIPna15 
C4I11TaJ1HCb npOTOHaMH, B 7T-C-B3aV1MoAe~CTBII1RX - 7T+ - Me30HaMII1. 
MaKCII1MaJ1bHaR npll1MeCb 7T+-Me30Hoa cpeAII1 n0J10>KII1TeJ1bHbIX QaCTV1Lt 
B RAepH~X B3aIl1MOAe~CTBII1RX He npeBwwaeT 12%. fipV1Mecb AeATpoHoB 
111 Tpll1TOHOB cpeAII1 MeAJ1eHHblX nporoaoa (P < 800 M3B/c) He npeauua
er 1 0%. CneKTaTOP~h1e (PnS15 s 250 }13B/c) 111 CTpV1nnV1HrOBble IPn• 1S ~ 
~ 3 r3BI C 111 e .$ 4 I npo'rouu II1CKJ1~4aJ1I11Cb 1113 aHaJ1V13a • 

B RAPo-RAepH~X B3aIl1MOAe~CTBV1~X IHeC 111 cel B~AeJ1RJ1V1Cb 6apV10H
..Hble «nacrepu a H f3 nyTeM HaXO>KAeHII1R MJ-1HHMyMa CyMMbl KsaApaTOB

J 
I. " V flO/'-t-CKopOCTell1 BTOPll14HbiX npOTOHOB OTHOCII1TeJ1bHO II1X LteHT.pOB a({3) 

Va = I. U~/J(Iual)~ 1311 1 

~HblMII1 CJ10BaMII1, MII1HHMII13I11pOBaJ1aCb eeJ1H4J-1Ha: 

A2 = min[- It (Va - u f)2 - I (V D - U ~ ) 2 L 141 
4 k ~ 

AnR pC- 111 dC-co6~TII1~ BMeCTO BToporo KJ1aCTepa B 06J1aCTII1 ~par
MeHTa~~~ ny4Ka paCCMaTpll1BaJ1aCb B OCHOBHOM O~Ha nOnO>K~TeJ1bHO 

3apR~eHHaR 4aCTII1~a, T.e. BKJ1aA BToporo 4J1eHa B 141 6~n paaeH 
HYJ1IO. MeTo~~Ka oT6o.pa KnaCTepOB nOApo6Ho onll1calria e pa6o
Tax/10 , 11! . C4I11TaJ10Cb, 4TO B C06~TV1~ o6pa3yeTCR ~Ba KJ1aCTepa 
II1n~ 0AII1H KJ1aCTep ~ nOnOmll1TeJ1bHO 3apRmeHHaR 4aCTII1~a, eCJ1111 I~ac
CTORH~ell B npOCTpaHCTBe 4-Cl<opocTe~ bafj MemAY u.eHTpaMII1 KJ1aCTe
POB 131 &lno 60nbwe 1. 

b afJ = - (Va - VfJ ) 2 ~ 1 .. /5/ 

AonR Hepa3AeJ1eHH~X Ha KJ1aCTep~ C06~TII1~ C MHomeCTseHHOCTblO npo
TOHoe n p ~ 4 COCTaBII1J1a 32% B pC-B3aIl1MOAe~CTBII1RX np~ .P = 
::: 4,2 r3B/c, 16% B pC-coYAapeHII1RX np~ p= 10 r3B/c; 22%, 12% 
111 14% B dC-, aC- lit C(-coYAapeH~Rx COOTBeTCTBeHHO. B AaJ1bHe~
weM 3T~ C06~TII1R paCCMaTpll1Banll1Cb KaK 0AII1H KnaCTep, nOCKonbKY 
~x Ao6aBneHII1e B o6~ylO CTaT~CT~KY Co6~T~~ He MeHRJ10 3KCnepIl1MeH-. 
TanbHO nonY4eHH~e pacnpeAeneHHR. MII1H~MaJ1bHaR MHomeCTBe~HOCTb 

npOTOHOB B xnacrepax COCTaBJ1Rna n p = 2. 
B AaHHo~ pa60Te 1I13Y4anll1Cb KJ1aCTep~, o6pa3Y~lI1ecR B OOJ1aCT~ 

<bparMeHTau.1I1111 RApa-MlI1lUeHH IT. e. B 06J1aCTII1 $parMeHTa,~II1"" RApa C/ .. 
~nR ~x pa3~eJ1eHII1R II1cnonb30aaJ1I11Cb nepeMeHH~e 111 KOTO·X1 C x II C ' 

p~e xapaKTepll13YlOT ~OJ11O 4-II1MnYJ1bCa RApa-M~weHH ~ RApa-cHapRAa, 
yHOCHMYIO KIIaCTepOM 10. 11/ : 
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ma(fJ) 
c (Va(~) .~ 

xnc'"	 /6/
mIl CUI' un) 

ma(fJ ) 
(Va(fJ) • U II )C
 

'"
xI C	 /7/m (UI·Un )t 

06I1aCTb 6oI1bwlIlx. SHa4eHIIl~ xII C COOTseTcTByeT 06I1aCTIIl cj)parMeH

Ta411l1ll MlIlweHIIl, aXle - cj)parMeHTa411l1ll HaneTa~~ero ~Apa. Ha plllc.l 

noxaaaxo AByMepHoe pacnpeneneaae nporoaaux KJlaCTepOB , ofipaayo 
~IIlXC~ B CC-Heynpyrlllx BsaIllMoAe~cTBIIlRX, no nepeMeHHblM xIC III xu c ' 

KaK BIIlAHO illS pucyaka , ABa BbIAeI1eHHbIX, npOTOHHblX knacrepa XOpOUJO 

paSAeJlR~TCR no 3TIIlM' nepeMeHH~M. B AaJlbHe~WeM C4I1lTaJlOCb, liTO 

eCJlIll	 npO TOHHW~ KI1aCTe p 06pasyeTc~ B 06I1aCTIIl cj)par-Xnc > X I C ' 

MeHTa411l1ll MIIlWeHI1, a ecnu x r c ? Xu c ' TO B 06I1aCTIIl c(l.parMeHTa41111l 

aaneracaer-o RApa. CpeAHRfl MHO>KeCTSeHHOCTb npOTOHOB B Bbl,LIeJleH

HblX '. xna crepax COCTaBIIlI1a .< n p >=3,40±0 ,04. I-1sY4al1ocb pacnpene
I1eHlIle npoToHo~ B K~acTepax no eeI111l4l1He b k 

b = _ ( V . a({3) 2 /8/
k a(~) - Uk ) 

CpeAHee SHa4eHIIle b k no cneKTpy	 ~ B KI1aCTepe COCTaBI1I10: 
~k.< b k >= 0,324±o,004. 

CpeAHee paCCTOflH lIle Me>KAY Kl1aCTepaMIIl B npOCTpaHCTBe OTHOCIIl 

rensuux 4eTblpeXMepHbiX CKopOCTe~ paBHO: < b a{3 > = 2,31±O,03. Ta
KIIlM o6pasoM , BeI111l411lHa 

.< b k > « < b a{3 > , 
cc Iol h "p..,rlo4 . 

'Xl e 
T.e. Ha611IOAaeTcR xopowee pas

AeI1eHlIle npoTOHOB Ha ABa Kl1a 

crepa.:: :::::::'.<~ . 
AHa110rlll4Hwe Bel111l411lHW AI1R 

CTPY~ aAPOHOB nplll E ~ 20 r3B 

oxaaanace paBHblMIIl: .< b > :::4 , 0 ; 
k 

< ba~> :Q 6 -='3 0 / 14 , 15/ • . 

PHc.l. PacnpeAeneHHe npOTOH
HblX J<naCTepOB no aenaxaaax 
XI C H XII C B CC-HeynpyrHx 
B3aHMOAeHCTBHHX. 
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COrI1aCHO npJ.1H4J.1naM, BblABI1HYTblM	 B pa6oTel1 2/ , pel1RTIIlBJ.1CTCKIIl 

IIlHBap~aHTHbJe pacnpeneneaaa B~DORTHOCTe~ /ce4eHIIlR/ W saBIIlCRT ' 

TOl1bKO or Bel1l1llllllH b ik' I1cnol1bsyeMble HaMI4 nplllH414n oCl1a611eHIIlR 

Koppel1R411l~ III npIIlH411ln aBTQMOAel1bHOCTIIl MaTeMaTIIl4eCKI1 cj)oPMYl1I4PY~T

Cft Cl1eAY~~I1M 06paSOM: 

W(ba k ' b~ k ,ba~ ••• \ a{3 .... O<l = 

a_1_ Wa (b , X k f3 bat 

b 
m a k b~k , •••) wf3(b{3i' xi = - ... ). 

/9/ 

af3 ba~	 bafJ 

CMbICI1 cj)oPMYl1bl /9/ saKl1~4aeTCR B TOM, 4TO pacnpeneneuaa ae 
PORTHocTei1 /ce4eHIIlR/ W, OnI1CbIBa~~l4e npoueccu MHO>KeCTBeHHOrO 

po>KAeHIIlR, cj)aKTopIIlSYIOTCR Ha MHO>KI4Tel1l1l Wa 14 Wf3, OTHOCR~l4eCR 
K paSl111l4Hb iM r pynnaa BTOPlll4HbiX 4aCTIIl4 /jcnac'tepaa/ a III fJ,npl-1 AO

CTaT04HO 60I1bWI-1X Bel1l1l4l1lHa>s. ba~ .... O<l /npl1H4l-1n oCl1a611eHI-1~ KOppe

l1R41-1 l';1 /5/ /. Ce4eHHR Wa 
\Il WP, KaK CI1eAyeT 1-13 /9/, xapaxrepaayor > 

CR aC\IlMnTOTIIl4eCKHM nOBeAeHHeM npJ.1 b {3 .... O<l. Hx SeI1 1-14I-1H~ 3aSI-1a 
CRT OT AByX TI,mOB napaaerpoe nOAo61-1~: MaCWTa6HO-HH8apl-1aHTHbIX 

bak(b~i) 1-1 MaCWTa6HO-I-1HBapl-1aHTHWX x~(x~),1-1 He 3aBI-1CRT' OT APY

rl-1x xa paKTepl1CTI1K B3aI-1MOAel';1cT8I-1A /3Heprl-1 J.1,TlIlna peaK411l~ 1-1 AP./. 

3TO 03Ha4aeT, liTO pacnpeAel1eH~R 4aCTIIl4 8 TaKI1X KI1aCTepax Aofl}/{ 

Hbl 6~Tb YHI-1Bepcal1bHw no ABYI>1 nepeMeHHblM b k 11 X k,Ha4l1Ha~ C He

KOTOPblX 3Ha4eH I-1i1 ba f3 . 
~3 cj)OPMYI1bl /9/ TaKl1le cnenyer , I.lTO pacnpeaeneaae Kl1aCTepOB 

a l-1 fJ no nepeMeHHoi1 ba{3 AOfl}/{HO onucuaar bCR CTeneHHoi1 SaBI-1Cl-1

MOCTblO 

da A 

db a {3 --m-'
ba f3 

/10/ 

Bel111411lHa m MO>KeT 6blTb 4l-1C110M, a MO>Ke T 6blTb cj)YHK4 I4ei1 apry

MeHTOB W. 

ACI-1MnTOTIIl4ecKI-1e saKoHoMepHocTIIl B nOBeAeHl414 cj)yHK41-1i1 WHasw

Ba~TCR npOMe>KYTol.lHblMI-1 aCI1MnTOTl-1l.leCKI1MI1. Onpeneneaae o611acTI-1 

nplIlMeHI4MOCTI4 Ccj)OPMYI1l1pOSaHHblx npl-1H411lnOa /12/ R8I1ReTCR saAa4ei1 

3KCnep1-1MeHTa. 

B pa6oTax/14,16/ IIlSY4al11-1Cb aCI-1MnTOT144eCK14e 3BKOHOMepHOCT14 

B nOBeAeHlIl1ll aAPOHHblX CTPYH, o6pa3YIO~l1xCfl B npoueccax <!lparMeH

Ta414~ KBapKOS; 6~l1a nOKa3aHa cnpaBeAI1I4BOCTb npeAcKasaH~~ /12/ 

B KBapK-r11100HH0i1 o611acTIIl aApOHHblX 14 aApOH-flAepHbiX 8SaI1MOAei:1cT

BI-1 Vo. B HacToR~e~ pa60Te I4SYl.lalOTCfl aCI4MnTOTl4l.leCKl-1e CBoHcTsa 6a
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PHc.2. PacnpegeneHHe rrpOTOHHb~1 dN 
KnaCTepOB no KBagpaTaM paCCTOflN dTC(jl cc - H.e\'/np~r\.l~ 
HHH Me~gy H~H baS B npOCTpaHCT
Be 4-CKopOCTeH B tC-HeynpyrHX 
B3aHMogeHcTBHflX.

1,0 

• 
Pl-10HH blX Klla Cr e POB',o6pa 3 YIOlL\I-1X
C~ B npOMemYT04HOH 06naCTI-1 pe
llRTIo1BI-1CTCKI-1X RAepHblX CTOllKHOBe

0,1 
HI-1~. 

Ha pl-1c.2 nOKa3aHO pacnpeAe-, 
neaue AByX BblAelleHHblX xnacre
POB B CC-B3aI-1MOAe~~TBI-1RX no Be
llH41-1He ba~. BI-1AHO, 4TO 3TO pac0,01 
npeAeneHl-1e, B COOTBeTCTBHI-1 
C npeACKa3aHHeM /9/, onIo1C~BaeT

CR CTeneHHO~ 3aB~CMMOCTb~ B 06
llaCTI-1 b a,9 > 2 c napaaerpoa m = 

0,001 =4,3:tO ,3.. 
MaCWTa6HO-HHSapl-1aHTHaR ne~ 

o peMeHHaR x'k AllR 4aCTH4 H3 xna
2 4 6 8 1 crepe a onpenenaercn KaK Kk = 

'SoLrl b~k ' 
y	 =~, 1-1 npl-1 AocTaT04HO 6011b

WHX BellH41-1HaX bafJ .... nepeXOAHT B Ha:RsecTHYIO nepeMeHHYIO...CBeTOBOClO 

ro 4>poHTa = u - U '. rne Ukz - npOeKI.4HR sexropa uk Ha Hax k k o k z 
.... ........ E k de 

npaaneaae z = Va - V f3; = --. ~HBapl-1aHTHOe Ce4eHI-1e E - ....u ko mk	 dp 

B 3aBHC\IIMOCT\II OT nepeMeHHOI4 xk MO>KHO npeACTaBI-1Tb B 8I-1Ae/ 11/ : 

2	 1 dO'F(x ) f -=========::;:=-	 /11/k mi ba{3 vx k b {3 +--(x k b [3 'P/4a	 a

Ha pHC. 3 npl-1BeA~Hbl HOpMl-1pOBaHHble pacnpeneneaaa F (xk) npOTO
HOB C I-1MnYllbCOM Pna6 = 0,3 70,8 r3B/c B pa3lll-14HblX Tl-1naX B3aI-1MO
Ae~cTBH~. KaK BI-1AHO 1-13 PHCYHKOB, BCe pacnpeAelleHI-1R cOBnaAalOT 
APyr C APyroM B npeAellax C~1-160K. 3TO 03Ha4aeT, 4TO BbiAelleHH~e 

B 061laCn1 <!>parMeHTau.HH RApa-Mlt1WeHI-1 6apl-10HHble xnacrepu 0611aAa1OT 
yHI-1BepCaJ1bHb~lt1 CBO~CTBaMI-1 no nepeMeHHoH Xt He3aBHCI-1MO OT Tl-1na 
HalleTalO~e~ 4aCTI-11.4M 1-1 3Heprl-11-1 B3aI-1MOAe~CTBI-1R B I-1HTepBalle 47 
+40 r3B. 
6 

I I I PHc.3. HHBapHaHTH~e ~YHK~HH• pC, 4,2 f3B1e 
F (x k) gnfl npOTOHOB C 'HMnynbcoM 

.. pC. 10f3B/c 
o de, 4~ raiVe 

0, 3 ,~Pna6 ~ 0,8 f3B/ CB pa3JlHQF(~K) 
AaC ,4,2 r3B/c~~;;, Hb~ THnax B3aHMQAeHCTBHH.1,01-	 --Jrc ,40 faBleII ~., 

HaKOHe~,	 nepeHAeM K aHanl-13Y ;' '\OJ I-	  pacnpeAeneHHHnpOTOHQB S Kna
CTepax'no nepeMeHHOH bk 18/.

'l~ 
MHBapl-1aHTliOe ce4eHHe E!! B 3a-q:n dp 

tt
Ii Bt1CI-1MOCT-jIl OT 3-'fOH nepeMeHHoi'1 

3al11-1CblBaeTCR cneAYlOlqHM o6pa
;() 1 2 3 30M /:5,11/: 

I JO,001lL..

~-k 

F(bk )	 
...!L f 1 dO' en 112/ 

m~ \ibk + b:14 d bkd-n • 

HOpM~pOBaHHble I-1HBapHaHTHbie 4>YHKLV11-1 F(b k) AllR paaxax ranoa B3aH
MOAe~CTBHH npencraaneau 'Ha pHC. 4 H 5. KaK BI-1AHO H3 PHCYHKOB, 
3T~ pacnpe.qeneHI-1R XOpOWO annpoKCI-1MHP~TCR 3KcnOHeH~Hallb~OH 3a
BI-1CIltMOCTblO /13/ AIlR pC- H dC-B3aHMOAeHCTBI-1~ 1-1 CYMMOH Aayx 3KC
nOHeH~HallbHblX 4>YHK~HH /14/ AnR HeC- 1-1 CC-cOYAapeHHH: 

100 
dC- ....."""...I 
~,..." 
.~,.o 

oI4~' 

pC - Mivn...... 
\1 

\O~ \

II,1r "I. 

r.~e 

I~I'J\	 

~ 

.~~o
 
o~,~,
 

i \0 

-l 0,1 

cpt" , I Q,61" II I I ! 

o	 11' 11 2P 0 1,0 J 2,0 0 1,0" 2p 
"UK 0" II. 

PRc.4. HHBapHaHTHble <l>YHKIUlH F (bIt) Ann rrpo roaoa B KJIaCTe
pax, o6pa3yro~md:~fl B pC- H dC-B3aHMOAei'icTBHHX. TeMHble TOq
KH Ha rpa~HKax cOOTBeTCTByIDT pC- H dC-B3aHMoAeHCTBHHM 
c yqeToM C06~THff, B KOTOpbIX ace nporoasr paCCM?TpHBaJIHC:b 
KaK OARR KnacTep. CnnomH~e nHHHH - pe3ynbTaT annpOKCHMa
~H 3KcnepHMeHTanbHb~ AaHHNX 3KcnoHeH~anbHoH 3aBHCH
MOCTbID /13/. ' 
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cc- H~\l"pY~'U! 
100.. 4,2 r3B/c

ol C K2!lnpYtuQ. F(i:~ 
4,2. f3B!c 

loL'\. '!;=7~±I(M3B) 
10 

.1,0
 
. 1,0
 

OJ
 
0,1
 

Dp1 
0,01 

0 1,0 2,0 0 1,0 2,0bK "f,K 
PHc.5. HHBapHaHTHWe WYHK~H F(bk ) gnH npOTOHOB B KnaCTe
pax, 06pa3yro~HXCH B aC- H CC-B3aHMogeHcTBHHX. CnnOWHbre 
nHHHH - pe3ynbTaT annpOKCHMa~HH 3KCnepHMeHTanbHb~ gaHHb~ 

3aBHCHMOCTbID /14/. 

F ( b.k ) = a 1exp (- bk /« b k >1), /13/ 

F (bk ) = a 1exp (- bk !< b k >1 ) + a2 exp (- bk / <b k >2 ) • /14/ 

3Ha4eHI-1H napaserpoe < b k >1 1-1.< bk >2 npl-1BeAeHbl B Ta6Il. 2. KaK BI-1A

HO 1-13 Ta6IlI-1l..\bl, B npeneriax OWI-160K 3Ha4eHI-1R<bk>1(.<b k>2) 6111-13

K~ B pa3IlI-14H~X Tl-1naX B3aI-1MOAe~CTBI-1~. HeTPYAHo nOKasaTb, 4TO
 
B CI-1CTeMe nOKOR xnacrepa a / Va = 0/ cnpaBeAJlI-1BO cnenyouiee
 
COOTHOWeHl-1e:
 

- 2<T k >E k mN 
< b > = 2,< > /15/k m mN
N
 

rAe < T >- cpeAHflR Ki'lHeTI-14eCKaR 3Heprl-1R npOTOHa. OTclOAa cne
k 

AyeT, 4TO B pC- 1-1 dC-B3ai'lMOAe~CTBI-1RX o6pa3yeTcR 0AI-1H KIlaCTep 
C <T 1 >c 70±5 M3B, a B HeC- i'I CC-cOy~apeHI-1RX - ABa r ana KIla

,8 

L \ 
! \ I 

Ta6.flu4a 2 
CpegHHe xapaKTepHCTHKH npOTOHOB B KnaCTepax 

THn B3aHMO- 3HeprHH, , KnacTep I Knac.Tep II 
,lJ,eHCTBHH f3B/c 

<bk>1 <Tk>1,M3B <bk>2 <T~>2,M3B 

pC 4,2 O,133±0,004 62±2 
de 4,2'A 0, 147 ±0, 002 67±1 
OLC 4,2'A 0, 147 ±0 , 008 67±4 O~248±O,022 ll8±10 
CC 4,2'A 0,154±0,014 72±7 0,288±0,028 135±13 
pC 10 0,158±0,OO5 74±2 
CC-MHoro- 4,Z·A - ~ - 0,256tO,005 120±2 
HYKnOHHble 

CTepOB co cpeAH~MI-1 3Ha4eH~RMi'I Ki'lHeTM4ecKo~ 3Heprl-1H npoToHoB 
B ~x Ci'lCTeMe nOKoR: 

.<T 1 > :t(70±5) M3B H < T 2>Q&(120±10)M3B. 
~ 

Ofipaaoaaaue KnaCTepOB C <T 2> = 120±10 M38, nO-SI-1Ai'lMOMY, 
CBRsaHO C MHorOHYKIlOHHWMi'I CTOIlKHOBeH~RMI-1 B HeC- 1-1 CC-coYAape
HI-1RX 1111 • B pa60Tax/I0.111 nOKa3aHO, 4TO B 17 -C =S3aI-1MOAeVlCTBI;1RX 
npl-1 P = 40 r3B/c TaKme 06pa3YIOTcR HYKIlOHH~e KJlaCTep~ B 06Jla
CTI-1 $parMeHTa~I-1H RAP~-yrJlepOAa, B KOTOP~X npOTOH~ xapaKTepH
3Y~TCR TaKI-1M~ me B npeAeIlax ow~60K 3Kcnep~MeHTOB pacnpeAeneH~

RMI-1 no nepeMeHH~M bk 1-1 Xk , KaK H B p-, d-, He- 1-1 C-B3aHMO
Ae~CTBI-1RX C RApaM~ yrnepOAa. 

TaKI-1M o6pa30M, npI-1H~l-1n~ HOBoro peJlRT~BHCTCKI-1-~HBap~aHTHoro 

nOAXOAa, c<I>OPMYIli'lpOaaHHble B pa6oTe / 12/, nOATSep>KAaIOTCfi axcnepa
MeHTaIlbHO AIlR B3aI-1MOAe~CTBI-1v. npOTOHOB, n~OHOB 1-1 RAep d, He, C 
C RApaMiI1 yrIlepoAa B I-1HTepBaIle I-1MnYl1bCOB p=4+40 r3B/c·!HYKIIOH/. 

§ 3. ABYX4ACT~4HME KOPPEnHU~H 

B 3TOM pa3AeIle M~ paCCMOTp~M ABYX4aCTI-14H~e KoppeIlR~~~ Mem
AY BTOPI-14HWM~ sapRmeHHWMH 4aCTI;1l..\aMH, o6pa30BaHH~M~ BO B3a~MO
AeAcTB~RX nerKI-1X RAep /p, d , a, C/ C RApaMI-1 yrIlepoA~ npl-1 HM
nynbce 4,2 r3B/c Ha HyKIlOH CHapRAa. 

AnR aHaIll-13a HcnOIlb30Ba111-1Cb 10394 pC-, dC-, aC- 1-1 CC-B3aHMO
Ae~CTBI-1R, 3apR>KeHHble BTopH4Hble 4aCTHl..\bI B KOTOpblX 6blIll-1 pasne
IleHbl Ha cIleAYlOlltHe Tl-1nbl: 

9 



1. Su - OAHoaapRAH~e CTp~nn~HrOB~e 4aCT~4W c ~MnynbcaMH 

~ 3 r3B/c ~ yrnaM~ aunera 0 s 4°; 
2. S t2 - MHoroaapRAHble c rpannaaroeue 4aCT~4b1; 

3. R - nonom~TenbHO aapRmeHHble HeCTp~nn~HrOB~e 4aC~~4~ 
C ~MnynbcaMH > 0,7 r3B/c; 

4. "+ - HAeHTwl>~4~poBaHHble "+-MeaOHbI C P + ,$ 0,7 r3B/c;
" (

5. "- - OTp~4aTenbHO aapRmeHHble aAPOH~. ) 
6. p - HAeHtH(jJ~4HpoBaHHbl~ npOTOH C ~MnynbcoM Pn~(j:5 0,7 r3B/ c . 
~AeHT~(jJ~4~poBaHHble nporoaa AnR nonY4eH~R 60nee AeTanbHo~ 

~H(jJopMa4~~ paaAenRn~Cb Ha cneAY~~He rpynnbl: P(j - npOTOH~ C HM- ~ 
nynbcat-1~ 0,3 < P ::; 0,7 f38/c H 0 < 90°, P(j - nporoau C 0,3 .< P ::;; 
,$ 0,7 r3B/c ..l-1 0 ~900, a TaKme cooTBeTcTBeHHo C PM P~0,3 r3B/c 
H 0,$90° l-1 PM C P,$O,3 r3B/c l-10 ~ 90 0 . 

3.1. AaHMYTanbHbie KoppenR4~H 

AnR l-1aY4eHHR aaHMYTanbHblX KoppenR4H~ MemAY aapRmeHH~Ml-1 4ac
TH4aMH Mbl HcnonbayeM K03$(jJH4HeHT a3HMYTanbHo~ aCHMMeTpHH 

TTl 2 TT " 

A Ij = f r«( Ij ), d(lj - f r( (IJ ) d (IJ / f r «( )d e /16/Ij IJ 
o n12 0 

HHKnI03l-1BHOrO oacnpeneneuaa (Ij = arccos (P: 1 .... P.1J)/I PL I · P.1j I 
yrnoB MemAY 4aCTH4aMH THna 1 H j B nonepe4HO~ nn6CKOCTH cOYAa
peHHR. B TOM cnY4ae, KorAa .4aCTH4b1 1,j OTHOCRTCR K 0AHOMY 
H TOMY me THny, 6YAeM roaopar s 0 BHyTpHrpynnoBblX KoppenR4HRX, 
B cnyvae , xorna i';' j - 0 MemrpynnoB~X. 

4T06bl HCKnI04l-1Tb TpHBHanbHble aaHMYTanbHble KoppenR4l-1l-1, o6y
cnOBneHHble Ae~CTBHeM 3aKOHa coxpaHeHHR nonepe4Horo HMnynbca, 
KOTopble npH paCCMaTpl-1BaeMbIX HaMH 3HeprHRX MoryT 6b1Tb AOBonbHO 
aHa4HTenbH~MH, 3KcnepHMeHTanbHble AaHHble Cp~BHHBanHCb C peayns
TaTaMH paC4eTOB, BbinonHeHHblX no AY6HeHCKO~ BepCHH KaCKaAHO

/ 1111 sxcne pl-1MeHT ans HOi1 MOAenl-1 • 

3aMeTHM, 4TO, KaK RCHO H3 CTa'TIi1CTl-14eCKl-1X coo6pameHH~, ecna 
CHCTeMa, pacnaA KOTOpoi1 npHBOAl-1T K 06pa30BaHHIO BTOpH4HblX 4a
CTIi14, HenOABl-1mHa B nonepe4HO~ nnOCKOCTH cOYAapeHHR, 3aKOH CO ,~ 
XpaHeHIi1R nonepevaoro HMnynbca ( ~ PLI = 0) np~BOAl-1T B cnyvae He-

I . 

AeneHHe npl-106peTaeT HaOTponHY~ (jJOpMy, a AnR K03$(jJH4HeHTa aaH-

MYTanbHO~ aCHMMeTpHH HMeeM A 1__ ~ O . 
...-: n > 

3KcnepHMeHTanbHbie AaHHbie 0 BHYTpHrpynnoBblX H MemrpynnoB~x 

KoppenR4HRX AnR paccMaTp~BaeMblx BaaHMoAe~cTBH~ npeAcTaBneHbl 
Ha pHc .6-8. ~a 3THX AaHH~x H HX cpaBHeHHR C peaynbTaTaMH pac
4eTOB no KacKaAHo-HcnapHTenbHo~ MOAen~ MomHO CAenaTb cneAY~~He 

BbIBOAbl: 
1. B npenenax oWH6oK onura BHYTpl-1rpynnoBble aaHMYTanbHble KOp

penR4J;lH npaKTH4eCKH OTCYTCTBY~T / A II = 0/ AnR TT-
+ -MeaOHOB, 6bl

cr pux H MeAneHHblX npOTOHOB /npoAYKTOB (jJparMeHTa4HH RApa-MHwe-
HH/. 

~nR penRTHB~CTCI<HX 4aCTl-14 Benl-14HHa K03(jJ$H4HeHTa aaHMYTanb
HO~ KoppenR4l-1H A OTpH4aTenbHa, KaK omHAaeTCR Ha OCHose aaKoHa 
coxpaueuaa cyMMapHoro nonepevaor'o HMnynbca np~l ManblX MHomeCT oo; 

P d d. C P d oC. C 
I , i I 

Jr' Jr: l ~ 9<} ~ 
PMFt 

-0,1 

0 

~ft~-0,1 ~ f + 
( i 

n-op:~{f. ~ P.i;~ f~ ¢{
 ? Ii 
-OPS 

-O~ r 1 
itii o~ -o.~ RR 

-0,1 '9~ -W~ 8 e 
~ 

-0,3 

-o,Lt ~ 
60nbwo~ MHomeCTBeHHOCTH BTOPH4HblX 4aCTH4 K aCHMMeTpH4HOMY pac
npeAeneHH~ no (lj, TaK 4TO K03(jJ$H4HeHT a3HMYTanbHoi1 aCJ;lMMeT
Pl-1H OTpH4aTeneH: A < O. C YBenH4eHHeM MHomeCTBeHHOCTH (-pacnpe

PHc.6. 3H3qeHHH K03~HUHeHT3 3SHMYTanbHoH a CHMMe TpHH A 
AnH BHYTpHrpynnoBb~ KoppenHUHH BO B33HMOAeHCTBHflX npo
TOHOB H flAep d, a H C C H,IJ;paMH yrnepoAa:. - H axcne-: 
pHMeHTe; 0 - B KaCICaAHO-HCnapHTenbHOH MOAenH. 
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c a	 P d 
n 

I	 fI 
I ' ,0:- •EJt .....-	 0 r--o'»'-----x~~"--JI 

-0,1	 _ ?~ i 0 

-0,1 -o,z[ , 

aJ[1"R 0 Iii i i 

~ 0 "P.R ~ ~ s 
. -0,1 ¢-0,1 ~ ?~ ~ 

<? 4> 
-O,2~ ,	 -O2~) + 

Jt-Pa 0 I ~ e~ 
0 

I ~R 

-o,1~ ~	 -0,1 

-0,2 ~	 -02, 

PHC. 7. 3HaqeHHH K09IpqmIJ;HeHTa aSHMYTaJlbHOH aCHMMeTpHH A 
gJlH Me~rpynnoBb~ KoppenR~H BO BsaHMogeHcTBHHX npo~oHoB 

1'1 ngep d, a 1'1 C C HgpaMH yr-nepona: C - B sxcnepaxeare , 
o -	 B KaCKagHo-HcnapHTenbHoH MogenH. 

aeHHOCTRX 4acT~~,~ cTpeM~TcR K HyneB~M aHa4eHHRM C YBenH4eH~eM 
MaccoBoro 4~CIla RApa-cHapRAa. rtocnenaee 06cToRTeIlbcTBo ,04eBHA" 
HO, cBRaaHO c YBeIlH4eHHeM 4~CIla HyKnoHoe cTaIlK~Ba~~HxcR RAep 

~ c YBeIlH4el~~eM POJ1lo1 MHOro

__ H08eAb 1l1(104 I<paTHblX nepepacceRH~i1. 
- L1/lHHblll 3Kcnep, 

PHc.8. PacnpegeneHHe no pa3HO

N

100: /1--0055+0014- .. ~nb CTH a3HMYTanbHb~ yrnoB ogHo3an.+O;067to;023- 9KCl\tP. 

pHgHb~ CTpHnnHHrOBb~ qaCTHIJ; 
II I I	 I , I I I , I o •	 B CC-coygapeHHHX.4"-1:: n 

12 

3l<Cnep~MeHTaIlbHble AaHHbie AIlR acex 3.T~X CIlY4aeB XOpOUJO corrra
CY~TCR C paC4eTOM no KaCKaAHo-~cnap~TeIlbHOH MOAeIl~ . 

2. ,QaHHble 0 Melllr pynnoaux aa~MYTaIlbHbIX xoppena ll~RX B uenoa 
TaKlile corIlaCY~TCR C npeACKa3aH~RMH KacKaAHo-~cnap~TeIlbHoi1 MO
AeIl~" ~ K03¢¢~1l~eHT aa~MYTaIlbHoi1 aC~MMeTp~~ MMeeT aaB~C~MOCTb 

OT MaCCbl RApa-CHapRAa, Olll~AaeMY~ Ha OCHOBe KMHeMaT~4eCK~X <70
06pallleH~H. 

3. B yrnepon-yr neponaux Baa~MOAeHCT.B~RX Ha6Il~Aa~1;.cR 4eTK~e 
I\,• aa~MYTaIlbHble xoppenauaa MelilAY OAHoaapRAHblMM CTpMnn~HrOBbIM~ 4a- ", 

1 ( CTM~aM~ - npOAYKTaM~ ¢parMeHTall~~ peIlRT~B~CTCK~x ,RAep yrIlepO
:
t Aa /p~c.8/: c rpannauroaue 4aCT~llbl npORBIlRIOT TeH,cieHllMIO K' aunery , 

B OAHOM HanpaBIleHM~ B aa~MYTaIlbHOH nIlOCKOCTM cOYAapeH~R /A > 0/.
 
,Qei1cTB~e aaKOHa ~oxpaHeH~R nonepe4Horo MMnYIlbca np~ pacnaAe .
 
B0a6YlIlAeHHOro OCTaT04Horo RApa, B OTCYTCTB~e ero ABMlIleH~R
 

B aaMMYTaIlbHoi1 nIlOCI<OCT~, AOIllilHO 6blIlO 6bl aecrv K A < 0, 4TO
 
~ noencxaauaaerca xa cxanao-vrcna p~TeIlbHoi1 MOAenb ~ / AM =- 0,055' ±
 
±0,014 ~ ASKC = +0,067±O,02}/.
 

TaK~M 06paaoM, M3 3Kcnep~MeHTaIlbH~X AaHH~X MOlilHO CAeIlaTb 
BWBOA 0 TOM, 4TO CTp~nn~HrOBwe ¢parMeHTW peIlRT~B~CTCKMX RAep 
yr nepona 06paaYlOTCR B npouecce (j>parMeHTall~~ OCTaT04HbiX RAep, 
~MelO~MX aaMeTHwi1 n~nepe4HWH ~MnYIlbC. 3TOT 3(j>¢eKT, BnepBwe npeA- . 
CKaaaHHbli1 B pa-ucax r~ApoAMHaM~4eCK~X MOAeIlei1, nOIlY4MIl HaaBaH~e' 

3¢¢eKT~ II0TCKOKa" ~ Ha6Il~AaIlCR, B 4aCTHOCT~, B pa60Tax / 1,7 / AIlR 
npOllecca (j>parMeHTall~~ peIlRT~BMCTCKMX RAep lIleIleaa ~ HeOHa. 

3.2.	 Cn e x r p 3(j>¢eKT~BHbIX Macc
 
nap npOTOHOB
 

,QIlR nO~CKa AM6apHoHHwX peaOHaHCOB paCCMaTpMBaIlHCb C06WTMR 
C AByMR M 60Ilee HaAelilHO ~AeHTM(j>MllMpoBaHHbIMM nporouaaa , MMnYIlb-,. 
Cbl KOTOpblX (O,2<;;'P ~O,7 r3B/c') 6blIlH MaMepeHbl C norpeuu-ocrso 
He 60IlbUJe 10%. 3Kcnep~MeHTaIlbHwe norpeUJHOCT~ B 3(j>~eKT~BHoi1 Mac
ce AByX npOTOHOB COCTaBHIlH OKOIlO 2 M3B/c 2 ; eCIl~ ~x ~MnYIlbCW 
6b1Il~ ~aMepeHbl no npofiery , ~ OKOIlO 5 M3B/c2 , ecru- ~MnYIlbebl Ha
MepRIl~Cb no KpMB~aHe TpeKOB B KaMepe. 

~, 
Ha p~c.9 npeACTaBIleHW pacnpeAeIleH~~ no 3¢¢eKT~BHWM MaccaM
 

nap npOTOHOB AIlR Tpex CIlY4aeB: 1/ KorAa Ha paCCMaTp~BaeMwe
\/ 
npOTOHW He HaKIlaAWBaeTCR H~KaKMX orpaH~4eH~i1 /pMc.9a/,2/ KorAa' 

) \ OAHH ~a nporoaoa RBIlReTCR "KYMYIlRT~BHbIMII, r i e , sunerae-r B aan
to	 

H~~ nOIlyc¢epy /e > 90° / , a APyroi1 - B nepeAH~~ nOIlyc(j>epy
 
B Il.C.K. /p~c.96/ ~ 3/ xorna ace nporouu - MeAIleHHble C P .<,
 
.< 0,3 r-3Bic, r v'e , II~cnap~TeIlbHble" /p~C.9B/.
 

B~AHO, 4TO np~ paCCMOTpeH~~ Bcex npOTOHOB /p~c.9a/ rOBO
~~Tb 0 KaK~X-IlH60 RBHWX YKa3aH~RX Ha peaOHaHCHoe nOBeAeHHe 
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PHC.g. PacnpeAeneHHH no 3~eK-. 

THBHOH Macce nap npOTOHOB c HM
nvnscox 0,2$ Pna6 ,5 0,1 13Blc 

a/ BO ncex C06bITHHX; 6/ B COGbl
'THHX C KyMynHTMBHblM nporonox , 
neTjJ:~HM "Ha~a,IJ," B n ... c .. K.; 
'BI "HcnapHT.enbHlilX npo-ronon 
c Q, 2 ,~p ,~O, 3 13'B I c " 

PHc.IO. PacnpegeneHHH no 3~eK
"THBHOH Macce nap npOTOHOB c HM
nyrrscoa 0,2 :5Pna6 SO,3 13B/c. 
CnnomH~e nHHHH - pe3ynbTaTan
npOKCHMaQHH 3KcnepHMeHTanbHWX 
AaHHb~ 3aBHCHMOCTbID 1171. 
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-uH)~ _# ~~ ~ 

1896 1916 1936 M3~/c2 
Mpp 

cneKTpOB 3~¢eKTHBHWX MaCC ,npaTOHOS He npHXOAHTCR. XapaKTep pac

npeASI1eHHR no, 341et>eKTHBH.blM xacca» CY\J4eCTBeHHO MeHReTC~ AnR nap
 
npoTOHOB, neTR~HX B npoTHBOn0I10~H~e nOI1yc~ep~ /PHc.96!. nORS

nRIOTCR BbI'6POCbI np~ Maccax 1,903, 1915, 1934, 1970 M3B/c2 , nep

B~e ABa Ha KOTOP~X MorYT 6~Tb oTo*AecTBneHbI C HeKOTopWM~ H3 06

Hapy>KeHHbIX paaee KaHAHAaToB B AH6aJ,>J10HHbte pesoaaacu 118 -241 •
 

B pacnpeAeneHHH 3~~KT~BHblX Macc nap MeAI1eHHblx npoToHoB
 
IpHC.981 Ha6nJOA~eTCR R8HaR oc05eHHOCTb np~ Macce 1903 M3B/c2 ,
 
nORBI1eHHe Bbl6poca npH 3TO~ Macce Ha pHc.96 CBRaaHO rI1aBH~M 00

paaos HMeHHO c npOTOHaMH, HMeJOf.qHMH HMnyI1bCbI 0,2< P < 0,3 r3BIc. 

nOCKOI1bKY 3KcnepHMeHTaI1bHOe ~aapeweHHe B onpe~eneHH~ Mpp 
AnR MeAI1eHHWX npOTOHOB COCTaBI1ReT 2 M3B/c 2 , Ha pHc.l0a npeA
CTaBneHo pacnpeAeI1eHHe C 60nee MeI1KHM warOM. BHAHO, YTO oco
oeHHocTb npH Macce 1903 MaB/c 2 HOCHT xapaxrep HeOAHHOYHOrO Bbl
6poca B OAHOM HHTepaaI1e; KpoMe 3Toro, npORsnReTCR HOB~~ 4eTKH~ 

MaKcHMyM npH Macce 1915 M3B/c2 • npH CrI1amHBaHHH aTpro pacnpeAe
I1eHHR no <t>oPMYI1e N~r= 0,25 N _1 ±'O,5 Nt + 0,25 N,+ l' rne i - HOMept 

14 

'\/ 

~ 

ill 

II 
~ .
 

~HTepBana;Nj - 4~cno KOM6~Ha~~H nap npOTOHOB, 'CTaTHCTH4eCKHe 
~nYKTya~HH B pacnpeAeneHHH YMeHbwa~TC~, HO pe30HaHCHwe nHKH 
toxpaHR~TC~ Ip~c. 1061. 

PatnpeAeneH~~ no Mpp Ha pHc.l0 6wnH annpOKCHMHpoaaHW ~YHK 'I 
~He~ 

2
dN 

a<1l (M pp) + ! ,B k • BW ( Mk' r k ), 1171 
dMpp k = 1 

" 

rAe <1l(M pp) - ¢oHoBoe pacnpeAeneHHe, nonY4eHHoe nYTeM cnY4a~Ho
ro nepe60pa npoToHoB H3 C06WTHH, BoweAWHX B 3KcnepHMeHTanbHoe 
pacnpeneneaae , a BW (Mk,ofk r~YHK~HR 6pe~Ta-Blo1rHepa, a H 13 k 
OTHOClo1TeI1bHbie BKnaAbl ¢,OHa H peaoueacos , Peayns r aru annpoxcaxa
~HH, nOKaaaHHwe Ha pHc.10 CnI10WHWMH I1kHHRMH, OKaaaI1HCb CI1eAY~

Il.\HMH: 

Mpp = (1903±1) M3B/c 2 , of= (4 f8±2,2) M3B/c 2 

Mpp= (191 5 ±4) M3B/c2 , of= (1,2±0,6) M3B/c2 

AnR AaHH~X pHc.l0a H 

Mpp = (1903 ±1) M3B/c2 , r = (6,0±0,3) M3B/c 2 

Mpp = (l915±4) M3B/c2 , r= (1,8±0,65) M3B/c2 

AI1R AaHHblX pHc.l00. 
YKa3aHHwe WHpHHbI pe~oHaHcoB nonY4eHbI 6e3 Y4eTa 3KcnepHMeH

TanbHoro paapeweHHR B onpeAeneHHH ; nOCKonbKY OHH - nopRAKaMpp
norpeWHOCTH MeTOAa, TO MO>KHO C4HTaTb, 4TO WHpHHa Ha6I1IOAaeMWX 
peaOHaHCOB S 3 M3BI c 2 • 

ECI1I.1 B cHCTeMe AByX npOTOHOB cy~eCTBYIOT peaoaaacaue COCTOR'
HHR, OHH AOn>KHW npoRBHTbCR HB ce4eHHRX Ba'HMoAe~cTBHR npOTO
HOB npH COOT8eTCTBYIO~HX 3HeprHRX. B pa60Te 251 6 bin npoBeAeH aHa
I1H3 cy~eCT8YIO~HX AaHHWX no ce4eHHRM PP-BaaHMoAe~cTBHH anI10Tb 
A6 KHHeTH4eCKO~ 3HeprHH TKHH = 300 MaB H aaMe4eHO, 4TO aaBHCH
MOCTb ce4eHHR OT 3HeprHH HMeeT HeMOHOTOHHOCTH H BWOPOCbI, B Ya
CTHOCTH, 3Ha4HTeI1b~b1H BbiOPOC npH T KHH = 54 M3B HaxoAHTCR B co
OTBeTCTBHH C HaonlOAaeMbiM HaM"" nHKOM npH Mpp = 1903 MaSI c2 .' 

CI1eAyeT OTMeTHTb, 4TO aHa4eHHR Macc HaHAeHHblx B HacToR~eH 
pafiore ABYX HOBblX KaHAHAaTOB B AHoapHoHHble peaoaaacu HaxoART
CR B xopoweM cornaCHH C npeACKaaaHHRMH poTa~HoHHoH MO~eI1H MaK
Fper-opa 1261 • ' 
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§ 5. 3AKnlOlfEH~E 

OCHOBHble BblBOAbl HacToR~e~ pa60Tbl MoryT 6blTb KpaTKO C¢OPMY
napoaaau GlleAyl(j~IIlM 06pa30M. 

1. HYKlloHHble KllaCTepw, 06pa3Y~~lIlecR B npoMemYT04Ho~ 0611acTIIl 
pellRTIIlBIIlCTCKIIlX RAepHblX CTollKHoBeHIIla:1, xapaxrepaayorca yHIIlBep-, 
callbH~MH CBoa:1cTBaMIIl no AByM napaMeTpaM nOA05I1lR: MacwTa5Ho-He
IIlHBaplllaHTHoMy b k III MacwTa6Ho-IIlHBaplllaHTHoMY X k , TO ec r s pacnpe 
AelleH~R npOTOHOB B KllaCTepax no nepeMeHHblM AllR OAHoro3T~M 

III Toro me RApa-MlIlweHK He 3aSIIlCRT O~ TlIlna HalleTa~~ea:1 4aCT~~w
 

K ee 3HeprHH B ~HTepBalle 4+40 f3S. 3TH AaHHwe nOATBepmAa~T BW

BOA 0 cy~ecTBoBaHIltIll nepaoa npOMe)f(YT04Hoa:1ac~MnTOT~K~/27/..
 

2. B aC- H CC-B3aHMoAe~cTB~RX nplll ~MnYllbce 4,2 f3B/c Ha Hy
KllOH anepaae BblAelleHbl ABa n,ma HYKJ10HHblX KJ1aCTepOB, pa31l1ll4a~

W.~XCR CBOIllMIIl cBo~kTBaMIIl. OA~H 113 HIIlX xapaxrepaayerca rexnepa
TYPO~ .<T >1 = 70±5 M3B, APyro~ - TeMnepaTYPOI1'< T > 2 = 12G±10 M3S 
III CBf13aH, nO-B~AHMOMY, C MHorOHYKllOHHblMIIl CTOJ1KHOBeH~RMIIl 

rrAep lUI. 

3. B yrnepon-yrI1epOAHbIX B3aIllMo.qea:1cTBHRx 05HapY>KeHbl a3I1lMYTaJ1b
Hble xoppenauua Me>KAY OAH03apf1AHbIM~ CTplllnn~Hr08bIM~ /tlparMeHTaMIIl 
pellRT~BIIlCTCK~X RAep yrnepoAa, 6epoRTHo~ np~4HHoA B03HHKHoseHHR 
KOTOpblX RBllReTCR 3¢¢eKT 1I0TCKOKaii OCTaT04Horo <t>parMeHT~pYIO~ero 

HApa. npeACKa3b1SaeMbie B paMKax KacKaAHO-J.1Cnap~TellbHo~ MOAellJ.1 
a3~MYTallbHble KOppenRLt~~ AIlR CTp~nnHHrOBbiX 4aCTJ.1~ Ka4eCTBeHHO 
OTJ1H4a~TCR OT Ha611~AaeMbix Ha 3KcnepHMeHTe. 

4. B cneKTpax 3~¢eKT~BHblX Macc ASyX npOTOHOB ~3 pC-, dC-, 
aC- H CC-B3aHMoAe~cTBHH C BbilleTOM OAHoro npOTOHa B aaAHtOlO no
llyc<!>epy B Il.C.K. Ha5J1~Aa~TCR yaKwe (c WHP~HOa:1 HeCKOIlbKO M3S/c2) 

peaoaaucuae n~K~ npa Maccax 0903±1) M3B/c2 
VI (1915±4) MaB/c 2• 

~MeeTCR YKaaaH~e Ha cyw.eCTBOBaH~e HOBWX pe30HaHCOB C Macca
Mill OKono 1934 M3B/c2 

III 1970 M3B/c 2• 

B 3aKIl~4eHlIle aTopM 5J1srOAapRT rpynny na50paHToB nS3 ~ nBTA 
aa Y4aCTHe B 06pa60TKe <!>HllbMoBOa:1 IIlH<t>opMa~~IIl'C nponaHoBo~ Ka
Mepbl. 
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