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Mopo3 B. YI., HHKHTHH A.B., PollHOHOa A.YI., 
T poSIH IO . A. 

P1-3145 

Heynpyr.He np - a38HMOJleficTaHSJ npH aHeprHH OT 2 llO 

10 faa . II • MeTOilhi pa3aeneHHSI KaHanoa peaKuHfi 

B pa6oTe paccMoTpeHhi MeTOJlhi pa3aeneHHSI KaHanoa peaKuHfi 

np -a38HMOJletiCTaHH a 3 - x H 5-TH nyqeahiX 3ae3Jl8X, a03HHKW.HX np.H 

o6nyqeHHH 2 4 - l!HTpOBOii Tiy3h!pbKOaoli nponaHoaoli K8Mepbl TIY"'KOM Heii

TpOHOa C aHeprHeli OT 2 - X JlO 10 faa. Pa3Jlel!eHHe OCHOa8HO H8 npH

MeHeHHH MeTOJl8 x2 H HCCl!e)loaaHHH npe)lel!bHOH KHHeMaTHKH C HC

TIOl!b30a8HHeM HeKOTOpb!X aepOS!THOCTHh!X Coo6palKeH.Hti 06 acjJcjJeKTHa

Hb!X Maccax aTOpH"!HhiX qacTHU. B pe3ynbTaTe nonyqaeTCSI aocTaTO"'HO 

Xopowee Jll!SI Jl8HHOT'O HeHTpOHHOT'O o6nyqeH.HSI p83Jlel!eH.He K8H8l!Oa 

peaKUHH . Yl3l!OlKeHHb!e MeTOJlhl TI03aOliSIIOT T8!0Ke OUeHHTb H8H6onee 

aepOS!THhlfi HMTiyl!bC HeHTpOHa, ahi3aaawero Jl8HHOe a38HMOJleHCTa.He, 

npenpHHT 06'be.QBHeHHOro HHCT HTy Ta SlllepHbiX HCCne.QOBSHHA. 

lly6aa, 1967 . 

Mor oz V. I., Nikitin A .V. , Rodionov A.I. , 
Trojan Yu.A. 

P1-3145 

Inelastic n p-Interactions at 2 - 10 G eV. 
II. Methods of Separ ation of the Reaction Channels 

The methods of separat ion of the reaction channels of 
n p-interactions in three - and five-prong stars, produced by 
bombarding a 24-: litre bubble chamber with 2-10 GeV neutrons, 
a r e cons idered. F'or this separation the X 2 method was app
lied as w ell a s the investigations of an extreme kinematics 
using some considerations on probability of realization of effec
tive masses of secondaries. As a result a sufficiently well 
separation of the reaction channels is obtained for the g iven 
neutron bombardment. The methods proposed a llow one to esti
mate the most proba ble neutron momentum, \"Jhich i nducod the 
he g iven intera ction, 

Preprint. Joint Institute for Nuclear R e s earch. 
Dubna, 1967. 
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Ill 
KaMepa ITK-4 na6opaTOpHH BbiCOKHX 3Heprul!: OHSIH o6nyqeaa ael!:TpoHaMH 

c saeprael!: no 10 faa. Hanpaaneaue oca KaHana ael!:Tpoaoa onpenenanoch no sneK

/2/ 
TpOH-II03HT.POHHbiM nap&M OT Y -KaaHTOa, IIpHCYTCJ'ayiOWHX a KaHane 

B AaHHOi!: pa6oTe H3naraiOTCH MeTOAbl paaaeneHHH KaHanoa peaKUHJ!: D p 

a3aHMOAelicTaHJ!: a C06biTHHX C 3 -MH H 5-IO 3apiDKeHHbiMH ny'taMH 6ea CTpaHHbiX 

'lBCTHU. 

Paao6beM ace peaKUHH aaaHMOAei!:cTaHJ!: llaAaiOWHX Hel!TpOHOa CO Cao60AHbiMH 

IIpOTOHaMH Ha KnaCCbi: 

1 ) Knacc "Q " , a KOTOpOM ace a'J'OpH'lHbie 'laCJ'HUbl 3aperHCJ'pHpoaaHhl. CpeaH 

HHX IIpHCYTCJ'ayiOT 2 IIpOTOHB ( h p-+ pp rr- ; 'n p -+ pp rr+ rr-rr- ) ; 

2) Knacc "rr 0 "- Cpe!IH 3aperHCTpHpOaaHHbiX 'laCTHU IIpHCYTCJ'ayiOT 2 IIpOTOHa. 

06paayeTCSI eme m "'1, 2, ••• Hepei"'HCTpBpyeMbiX rr O -Me30HOB ( HaiipHMep, 

Dp-+pprr-rr 0 

3) Knacc "n 

H T.A.); 

- cpe!IH aaperHCTpHpOaaHHbiX qaCJ'HU IIpHCyTCTayeT OAHH npo-

TOH. 06paayeTCH O!IHH aeaapei"'HCTpHpOaaHHbii!: Hei!:TpOH C m • 0, 1, 2 ••• rr O -Me3Q

HaMH. (HanpHMep, n p-+ n prr+rr-; n p-+ n prr+rr+rr-rr-rr 0 ); 

4) KnaCC "2n " - cpeAH aaperHCTpHpoaaHHbiX qaCTHU H9T 1IpOTOHOa. 06paay

eTCH 2 Hepei"'HCTpHpyeMbiX ael!:TpOHa C m '" 0, 1, 2 ••• rr O -Me30HaMH. 

3aAa'ta 3aKniO'laeTCH a TOM, 'lT06bi, ao-nepabiX, ycTaHOBHTh, K KaKOMy H3 nepe

'lHCneHHbiX KnaCCOa peaKUHli OTHOCHTCH AaHHOe C06biTHe, H, ao-aTOpbiX, OUeHHTb 

HMnynbC aei!:Tpoaa, ablaaaawero 9TO a3aHMOAeliCTaHe (TaK KaK Ha KaMepy IIaAaiOT 

aeliTpoHbi paaahiX saepral!:) . 

3 



1. Bhinen~HHe peaKUHll Knacca '0' 

2 /S/ 
BhineneHHe ocaoaaHo aa npHMeHeHHH X -TecTa no MeTony, onHcaaaoMy a 

llnH peBKUHl! THUa '0' MO)!{HO HaiTHCaTb 4 ypaBHBHHH CBSI3H, HarrO)!{BHHhiX Ha napa-

MBTpbi: 

f,p -IP =0 
1 n x 1 1 x. 

f=P -~P =0 
2 n y 1 I y (1) 

f =P -IP =0 
3 n z 1 i z 

f=E +m -~E=O. 
4 n p 1 1 

Pa3MepHOCTb x· 2 
-pacnpeneneH!iH paaHa qHcny ypaBHBHHl! CBHSH. TaK KaK unSI 

UBHHOrO HBHTpOHHOrO o6nyqeHHSI HBH3BBCTHO 3apaHee a6COnJOTHOe SHaqeHHB HMnynb

ca neli:TpOHa, Bbi3BaBmero .QBHHOe B3aHMOUBHCTBHe, TO OUHO H3 ypaBHBHHl! ( 1) cny

)!{HT unH onpeneneHHH I Pn I H TOnbKO 3 ocTaBillHXCH ypaaHeHHSI MO)!{HO HCnonb3D-

BBTb unH ITOCTpOBHH5! x~tn. 
Ha p11c. 1 11 2 npencTaaneHbi pacnpeneneHHH x 2 

nnH 3-K 5-nyqeabiX 3Be3.u. 
ml" 

B COOTBBTCTBIIH C STHMH pacnpe.ueneHHHMH .QOBepHTBrrbHaH rpaHI!Ua Bb!6paHa paBHOl! 

16. EcnH nonb30BaTbCH T01lbKO X 
2 

MBTO.QOM, To npHMBCb oT .upyrHX peaKuHl! co-

CTa BHT OKOnO 30% (40%) .QrrSI 3-nyqeBbiX (5-nyqeBb!X) 3BB3.Q, noaTOMY ·acerna, 

KOr.Qa STO 6binO B03MO)!{H0, npHMBHS!rrHCb .QOUOrrHHTBnbHbiB MBTO.Qbl H.QBHTH<jJHKaUHII 

qaCTHU H KaHanoB peaKUHl!, qTO U03BOrr51eT 38MaFHO oqHCTHTb Krr8CC "0" OT llpH

MBCH .upyrHX peaKUHH, 

II. Bhi.QeneHHe peaKuHll: Knaccoa 
,, 'd ,, 

rr ' ''n " , ''2n '' 

1. llnS! TBKHX peaKUiiM MO)!{HO HBITHCaTb rrliillb O.QHO ypaBHBHIIB CB513H .QrrSI napa-

MBTpOB - 3aKOH COXpaHBHiiH SHeprHH: 

f= y P 2 
+m 2 +m -IE 

n n p 1 

... ... 2 
-y(P n -~PI) + 

3necb P.- HMnynbc HaneTaiOmero aell:TpOHa , P
1

- KMrrynbc 

m2 
0 (2) 

- Oil: 3aperKCTpHpOB8H-

nol! qacTHUhi, E
1 

- ee sneprHH B onpe.ueneHHOM npennono)!{eHHH o ee Macce, m 0 -

Macca yneTeamel! ne3aperHCTpHpoaaaaol! qacTHUhl. 

BeH.UY Toro, qTo HMnynbc neifTpona HB!i3BecTeH; .unH sTHX Knaccoa peaKuHl! 

X 
m! n 

" 0. 

4 

~ 

lln5! BbiUeneHH5! STHX Kn 

ypaBHBHHB OTHOCHTenhHO pn 

HOe npennorrO)KBHHB 0 MBCCB> 

a 3-nyqeahlx 3Be3nax o6e 1 

npennonaraeTcH BhineT MHHH 

• 
( m

0 
~ m

170 
unSI Knacca •" 0 

, 

EcnH HaHDBHHOe pemeHHB un 

unH HaC HHTepaane HMnyrrbC 

co6biTHH K HCIThiThiBaeMOMy 

HMBBT nel!CTBHTBrrbHbiX pE 

pn >10,7 fsa/c , TO TBKBSl 

pa3nHqHbiX rHnoTe3 nonpo61 

Mbl HaXO.QHM MliHHMBrrbHbiH 

0 C06b!THH. 

llanee npHMBHSIIOTC5! J 

1) llnH nono)!{HTenbHhi 

HMllyrrbCaM B na6opaTOpHO~ 

pacnpeneneHHe P na
6 

OTPH 

KaK pacnpeneneaHe P na6 

CqHTaH HMnynbCHbie pacnpell 

OTO)!{.Q9CTBn51eM ITOrrQ)!{l!Tenc 

Te )!{e pacnpe.ueneHHSI 

MH 51BnHIOTC5! IIOfiO)!{JiTerrbHhl 

2) BH3yanhHaH oueHKa 

eTCH OTpHUBTBnbHblli: nyq H! 

17- -MB30HBMH ), 

3) YI3MepeHHe KOHH3 a u 

pHuaTenbHb!l! nyq Ii3 TOll )!{€ 
g 

peHHB OTHOillBHHSI 
gpen. 

cTaaneHhl aa pHC. 7. BH.UHC 

4, YfUBliTH!jJHKBUHH qac 

5. HanHqHe y -KaanT 

.Qe 6Lin XOT51 6bi O.QHH rr O 



'0' 

0 MeTony, OnHCaHHOMy B 
131 

CBSI3H, H8JIO)KeHHbiX H8 napa-

( 1) 

lBHeHHfi CB513H. TaK KaK nnSI 

t6COJ1IOTHOe 3HaqeHHe HMnynb-

O.QHO H3 ypaBHeHHfi (1) CJiy-

ypaBHeHHSI MO)I{HO Hcnonbao-

nnSI 3- H 5-nyqeBhiX aBean. 

H8SI rpaHHU8 Bhi6paHa paBHOli 

MeCb OT .QpyrHX peaKUHfi CO-

) 3Beaa. IToaToMy ·Bcerna, 

bHbie MeTO.Qbi H.QeHTH<IJHK8UHH 

)'!HCTHTb Knacc 6 0' OT npH-

''n '' , "''2n ''. 

0 ypaBHeHHe CBSI3H .QJISI napa-

lbC -OH 3aperHCTp!ipOB8H-

nono)KeHHH o ee Macce, m 
0

-

, .QJISI aTHX KJ18CCOB peaKUHfi 

.[lnSI Bhi.QeJieHHSI 3THX KJiaCCOB peaKUHli nonaraeM f ~o H pewaeM nonyqeHHoe 

ypaBHeHHe OTHOC HTeJlbHO p n • ITpH 3TOM .QJISI K8)1{.QOro KJ18CC8 nenaeTCSI onpeneneH

HOe npennoJIO)KeHHe 0 MaCCaX nOJIO)KHTeJibHhiX qaCTHU ( HanpHMep, llJISI KJ18CC8 "11 O" 

B 3-nyqeBhiX 3Be3.Q8X o6e llOJIO)KHTeJibHbie qaCTHUbl CqHT8IDTCSI npOTOH8MH) H 

npennonaraeTCSI BhineT MHHHMaJibHOli M8CCbl m 0 , Tpe6yeMOli .QJISI .Q8HHOrO KJ18CCa 

( m 0 ~m 110 .QJISI Knacca 
• 

110 . ' m ~ m 
0 n 

• 
nnSI Knacca .n 

EcnH aalineaaoe peweHHe nnSI KaKoro-nH6o Knacca ne)I{HT B <iJH3H'!eCKH aonycTHMOM 

.QJISI HaC HHTepBane HMnyJibCOB ( pn <1 0, 7 f<ml C) 0 TO rHnoTeaa 0 npHI!a.Q Jie)KHOCTH 

co6hTTHSI K HCnhiThiBaeMOMY Knaccy C'lHTaeTCSI npHeMneMofi. EcnH <PYHKUHSI He 

HMeeT .QefiCTBHTeJibHbiX perneHHH, HJIH perneHHSI ne)KBT B 06J18CTH HMnynbCOB 

Pn >10,7 f3Bic , TO TaKaS! rHnoTeaa oT6paChiBaeTcSI, IToBeneHHe <PYHKUHH nn51 

141 
p83JIHqHbiX rHnOTe3 no.Qp06HO HCCJ1e.QOB8HO B • 0TMeTHM, 'ITO T8KHM o6pa30M 

Mbl H8XO.QHM MHHHMaJibHblli HMnynbC HBJieT8IDWero HeHTpOH8 .QJISI .QaHHOfi rHUOTe3bl 

0 C06biTHH • 

.[lanee npHMeHSIIOTCSI .Qpyrae He38BHCHMbie CUOC06bl H.QeHTH<\JHKBUHH 'l8CTHU. 

l) .[ln51 nOJIO)I{HTeJibHbiX H OTpHU8TeJ1bHhiX 'laCTHU CTp05ITC51 pacnpeneneHHSI no 

HMITYJ1bC8M B na6opaTOpHOfi CHCTeMe (pHC. 3, 4, ti, 6). B 3-ny'leBbiX 3Be3.Q8X 

pacnpeneneHHe p 
1186 

OTpHUaTeJibHbiX '!8CTHU o6pbiB8eTCSI H8 4 faBIC, B TO BpeM51 

KaK pacnpeneneHHe p 
1186 

nOJ10)1{!1TeJ1bHbiX 'l8CTHU npOCTHpaeTCSI BnJIOTb .QO 9 faBIC, 

C'!HTaSI HMnynbCHhie pacnpeneneHHH nnSI 11+ H 11 He CHJlbHO OTJIHq8IDWHMHC51 0 Mbl 

OTO)I{.QeCTBJ15IeM llOJIO)I{HTeJibHbie 'l8CTHUhl C p 
1186 

> 4 faBI C C npOTOHaMH. 

Te )l{e pacnpeaeneHHH H3 5-ny'!eBhiX asean noKa3hiB8IDT, 'ITO B HHX npoTOHa-

MH SIBJISIIOTC51 llOJIO)I{HTeJibHhie qaCTHUhl C p na6 > 3 faslc. 

2) BH3Y8J1bH8SI OUeHK8 HOHH38UHH, npH KOTOpOil MOHHTOpHpyiOWHM Cn e.QOM SIBJ151-

eTCSl OTpHU8TeJ1bHbiH nyq H3 TOll )l{e 3Be3.Qbl ( BCe OTpHU8TeJ1bHhie JIY'IH C'lHTaiOTC51 

11 -Me30H8MH). 

3) J13MepeHHe HOHH3aUHH 0 npH KOTOpOM MOHHTOpHpyiOWHM CJie.QOM HBJ15IeTCSI OT-

puuaTenbHhili nyq 

peHHe OTHOllleHllSI 

CT8BJ1eHbl H [l pHC. 

H3 Toli )l{e 3Be3.llhi, PeaynbTBThi HOHH3ai.tHOHHhiX H3Mepe HHli (naMe

g 
--- ~ g* no UJIOTHOCTH 'IHCJ18 pa3pbiBOB C f > f O ) Upe.Q-

gpen, 
7. BH.llHO, qTo Ha.Qe)I{HO une nTu<!JuunpyioTCH qacTHUhi no 1,1 f 3Bic . 

4. 11neuTucjluKauHH qacTHU no auepruu [i -aneKTpona Ha cnene. 

5. Hanuqne y -KBBHTa, 3bl.'leTeBwero H3 3Be3Jlhi, roBopHT o TOM, qTo B 3 Bea-

ne 6LTJ1 XOTSI 6bi OIHIH 11 O -Me30l!, 

5 



' . 
l1TaK, rl!nOTe3a 0 npi!HaanelKHOCTI! C06biTIISI K OAHOMY 113 KIIaCCOB •" O , ,n 

I 

1 2n C'II!TaeTCSI IIplleMIIeMOi1, eCIII! MI!HI!ManbHbli1 p n , Hai1aeHHblll 113 perueHIISI 

ypaBHeHIISI f ~ 0, II9JKIIT B cPII31!'19CKI! aonyCTI!MOH o6naCTII I!MnyiibCOB HeHTpOHOB 

H naeHTI!cPI!KaUHH '!aCTI!U He npOTIIBOp9'11!T npeAII01IOlK9HI!IO 06 !IX MQCC9. 

2 • .QanbHeihuee pa3A9II9HI!e ICo'!HaiiOB peaKIU!H QCHOBaHO Ha cpaBH9HIIII aepoSITH<>-

CTeH OCyilleCTBli9HIISI pa31Ili'!Hb!X ri!IIOT93. 

B pa6oTe/5 / nony'!eHa cpOpMyna AIISI OTHOlll9HI!Sl BepOS!THOCT9H OCylll9CTBII9HIIH 

pa3IIII'IHblX rHnOTe3: 

"' a 
!\. J · · · · J W a V a L a d P 

1 
••• d P n J · · · fW {3d P 

1 
• • • • d P n 

x2-x2 
-~ 

wp n.{3 f .. . fV'f'. Vfll{3dp . .. dP J. .. JW dp .... dp 
p 2 (3) a 

fJ 1 n a 1 n 

3aeCb nil II {}.{3 xapaKT9p113YIOT '!aCTOTY IIOHBIIeHIISI C06biTIIll Tl!na a II {3 

( C y'!eTOM 3cp<jleKTI!BHOCTI! perllCTpaUIIII C06biTII H naHHOrO THIIa), W a wf3 ¢y.HKUIIII 0 

OIIpCACllmOllllle AOCTynHyiO o6naCTb AIIH 1!3MepSieMbiX rrapaMeTpOB p ( We 1 IIIII! 0 
I 

D 3aDI1C II MOCTII OT TOrO, IIOnaaaiOT 113M9pSieMble napaMeTpbl D cpH3H'IeCKI! AOnyCTHMYIO 

3aKOHaMII coxpaneHHSI o6nacTb an11 neT). TaKHM o6pa30M, cpyHKUHII W 3aaa!OT npe-

A91Ibl IIHTerpl!pOBaHHSI no 113MepSieMbiM rrapaMeTpaM; V a , V {3 - H9KOTOpbie 81Ip110p

Hb!9 BepOS!THOCTI! AIISI napaMeTpOB HMeTb Te IIIIII 11Hbl9 3H8'!eHHH, X8paKT9pH3YIOllll!'f 
-~) 

M8Tp1!4Hb!e 9 lleMeHTbl npouecca; La ' l f3- cpyHKUIIH, rrponopUIIOHQIIbHbie e 2 (.A P, ,
2

, 

rae p 
1 

- nel!CTBIIT91IbHbl9 3H8'!eHHSI napaMeTpOB AIISI aaHHOrO npouecca, 

2 • 
HI!H napaMeTpos, noao6paHHblX x -MeTOAOM (a cnyqae r11rroTe3 w" o 

p - 3Ha'!e

' H H 

,n I ,
1
? n 

anH aanuoro Hel!Tpouuoro o6ny'!eHIIH p 
1 

CQBIIaaaiOT C p 
1 9 

) , !:;. p 
1 

- OU11!6KI! napa-

MeTpos. 

Dpll Hei!3BeCTHbiX n a II {) {3 6yaeM C'!HTaTb !IX paBHbiMII Ali !I OTA91IbHOrO C06bi-

Til H. 

PaccMoTpaM cnyqal! pa3HOMacwTa6RbiX rarroTe3, T.e. 6yaeM Cp8BHH8aTb Be-

pOSITIIOCTI! ocyweCTBIIeHI!H ABYX ri!IIOTe3, 1'13 KOTOpb!X OAHa (rHIIOT938 Q 

pR3yeTCH 66nbWIIM '!I!CIIOM ypaBH9HIIH CB513H, '19M apyraH ( rl!IIOT93a 

/5/ 
HeHTpOHHOrO o6ny'!eHHSI MOJKHO 3aiii!C8Tb cpOpMyny (14) 1'13 pa60Tbl 

xapaKTe-

8 ) • .UnSI 

npn cpaaHe-

l!RI! rl!nOT93bl *0* c ranoTe3aMH " 0 
11 

, n • 
If • 

2n' .. B BI!A9 ({) a ~ 0 {3 ) : 

"' 0 
0) {] 

(f - f ) 
lmax l min 

( 2rr\3/2 i\f I 

( f - f 
2max 2min 

!If 2 

6 

X 2 o (f -£ ) ---
3max 3mtn 

0 
2 (4) 

,\£ 3 

... 

3aeCb f I max 1'1 f !min - 3 

(eM. cPOPMYIIbl (1)), KOTOpbl 

• 
"0 . . • 11m1 ,n •• " 2n ). B 

coxpaueHIISI HMnynbca. C'IIITi 

noao6nbi pacnpeaeneHI!SIM 3a 

BTOpi!'!HbiX Hell:TpOHOB noao6H 

1!3MepeHHSI acex IIMTIYIIbCOB Y 

"' 0 2 w e HHe --- ~ lOO, anSI x 
CU 

11
o min 

nonyqaeTCSI 11 anSI rHnoTe3 ,n 

TaKHM o6pa3oM,rHrrOTE 

'!eHIIH 3-MH ypa8H9HIISIMII CB 

2 
Te3aMII, ecn11 3Ha'!eHHe X 

m 

AOBepHT9llbHOrO IIHTepaana ( 

Do9TOMY IIpi!HSITa cne. 

3Ha'!eHI!9 X 2 
" 0" neJKI!T 

min 

peri!CTpl!pyeMbiX '18CTIIU He 

perHCTpl!pOBaH y -KBaHT, 

Mb!e peweHI!eM ypDBHeHHH 

Hb!C ri!IIOT93bl OT6p8Cb!B810'I 

B89TCSI rl!nOTe3a "0" II OC 

Ecm1 3Ha'leHHe 
2 

X min 
'C 

C06biTI! I! He YUOBIIeTBOpHIOT 

Knacc MoryT norraCTb ne TC 

nepoga, no 11 HenpasanhHO 

OrracaHHhle cnoco6w 

3-ny'!esbie 3se3Abi 

0 rnn. i r11n. 2 r 

11,8% 45% 35,8 ' 

--
5-nyqeawe 3Be3AW 

0 nm. 1 run. 2 rRr 

22,7% 40,5% 23,4% 



• • lHOMy H3 K!l8CCOB 1 rr O , • n 

, HBHJleHHhlll H3 pemeHHil 

naCTH HMTiynhCOB HeHTpOHOB 

>uno o6 ax Macce. 

.ano aa cpaaaeHl!H a ep oHTHo-

::!pOHTHOCTeM OCyiUeCTBne HHSl 

d p • • •• d p 
I n 

d p .. . . d p 
< I n 

Ill C06hiTHH THI18 a H {3 

> nma ), W 
a W (3 - QJy HKUl!H, 

IMeTpOB p W c ana 0 
I 

'pb! B cPH3 H'leCKI! JlOny CTHMyiO 

I, cPYHKUl!H W 3 anaiOT npe-

V f3 - HeKOTOpbie anpaop

>Ha 'leHaH, xapaKTepa3yiO!lllil~ 
-~) 

OnOpUHOHBnbHble e 2( /1 p
1 

)2 t 

IHoro rrpouecca, 
q 

nmoTe3 •" 0 

p 
1 

- 3Ha'le-

" " ,n , .,? n 

P 
1 8 

) , ('1. p I ·- OIIIH6KH napa-

BHbiMI! JlnH OTAenbHOrO C06bi-

.e. 6yJleM Cp8BHHB8Tb Be-

18 (rHTIOT938 a xapaKTe-

~a H (rHTIOTe3a 8 ) • llnH 

pa6oTbi 
/5/ 

1!3 TIPH cpaaae-

B BI!Ae ({)a= (l {3) : 

-f ) -~ 
3m~ (4) 

3JleCb I max H f lmln - 3H8'leHI!il cjlyHKUHH, XapaKTepH3YIO!UHX ypaBHeHIH! CBSl3H 

( CM. cPOpMy!lhl ( 1)), KOTOphie OBI! 11pi!HI!M8IOT AnSI rHTIOTe3hl f3 • ( {3 -rHTIOTe3a 

" ~ 
ana , n , .2n ). B ypaaaeHHSIX ( 1) f 

1 
, f 2 ' f~ XapaKTepa3yiOT 38KOH 

coxpaHeHaSI nMnynbca. C'!aTaSI, 'ITO ace HMnynbCHhie pacnpeaeneHHSI " 0
- Me30HOB 

noao6nhi pacnpeaeneaaSIM 3apSilKeHHhiX Me3oaoa, a ace HMnynbCHhie pacnpeneneang 

BTOpH'lHhiX HeHTpOHOB nono6Hhl pacnpeneneHHSlM 11pOTOHOB H Y'IHThiB851, 'ITO TO'IHOCTb 

H3MepeHHSl BCeX HMTiynbCOB y HaC He XylKe 10%, MOlKHO 110JIY'lHTb· nnH X 
2 

• 3 OTBo-
cu Q min 

w eHHe --- ~ 1001an11 x 2 
"' 16 8TH aepoHTJIOCTH npaMepHo OAHHaKOBbi. To :>Ke 

W 77 0 min , 

nonyqaeTCH a anH ranoTe3 
11

n .2n 

TaKKM o6pa3oM, ranoTe3e "0", xapaKTepa3yeMoil B cnyqae HeilTpOHHOro o6ny

'leHHH 3-MH ypaBHeHHHMH CB513H, Hano OTJlaTb npeATIO'!TeHHe n epea npyrHMH rHn0-

2 
Te3aMH, ecna 3Ha'leHae X mtn Jl!!H rHnoTe3bi ·o• nelKHT BHYTPH Bb16paHHoro HilMI! 

JlOBepHTenbHOrO I!HTepaana ( X 2 < 16 ). 
min -

noaToMy npaHHTa cnenyiOIUaH npoueuypa pa3neneHHH Kaaanoa peaKuau: ecna 

3Ha'leHHe x 2 ·o· ne:>KHT B noaepaTenhHOM HHTepaane, npeanono:>Keaae o Maccax 
min 

p erHCTpapyeMbiX '18CTHU He npOTHBOpe'IHT I!X HAe HTHcPHK8UHH, H B C06biTI!H He 38-

perncTpapoaaH y -KBaHT, T0 1Jl81l(e ecna aonycTHMbl apyr11e ranoTe3hi, onpe aenHe

Mble perneHHeM ypaBHeHHH f = 0, OTJlaeTC!l npeanO'!TeHHe rJIITOTe3e "0", a OCT8!lb-

Hb!El ri!ITOTe3hl OT6paCbiBaiOTCH. Ecna X 
2 

"0" 6onbrne rpaHa'lnoro, TO oT6pacbJ-
m tn 

BaeTC!l rHnOT938 "0" H OCTBBnHIOTCH .Opyrae rHITOT93bl (ecna OHH TipHeMneMbi). 

Ecna 3Ha'lenae 
2 

X min "0" 6onbiii9 rpaHH'IHOro H HI!KBKHe apyrae rHTIOT93bl 0 

C06biTHH He YAOB!leTBOp!IIOTCH, TO TBKOe C06biTHe OTHOCHTCH !( THITY n C ( B 8 TOT 

IWBCC MOryT 110118CTb He TO!lbKO JlGllCTBHTe!lbHbJe C06biTHH, B03HI!KWH9 H8 HApe yr

nepOJ;ta, HO H HenpaBH!lbHO H3MepeHHbJe C06biTI! l'I n p -B381!MOJle HCTBH i1) • 

OnacaHIIbie cnoco6bi aaiOT cneayiOIIIee pa3aeneHae: 

3-ny'leBbie 3Be3Jlhl 

0 nm. ran. 2 rHn. 3 rnn. 4 rnn. 

11,8% 45% 35,8% 1,83% 5,5% 

5-ny'le Bbie 3BG3Jlhl 

0 nm. 1 run. 2 run. 3 ran. 4 rnn. 5 ran. 6 rnn. 7 ran. 

22,7% 40,5% 23,4% 5,3% 5,3% 1,4% 0 1,4% 
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3TH Ta6IIKUbl IIOKa3biB8IOT, B CKOIIbKKX Ilp0U8HT8X c nyqaeB OCTaJOTCSl IlpHeM

II8MbiMK 0 C06biTKH 0, 1, 2, ,,, I'HIIOT83. 

P aaAene aHe rro KaHanaM peaKuHi1: rronyqaeTCSI cneAyiOmee: 

3 -nyqeawe 3Be3AW 

"0 " nfTO o ''n ,, '~n" 

-
CyMMa 

KOIIH'I. C06biTHH 49 49( 10 y ) 344 (51y 232(32 y) 674(93y) 

% KO BC8M 

n p - co6biTHHM 7,3% 

5-ny'!eBbie aae3Abi 

' t> " 

7,3% 

" rrO " 

51 ,2 % 34,2% 100% 

''n ,, '~n" CyMMa 

KOIIH'I , C06biTHH 37 27.7 (5,5y) 99(14,5 y) 54,3(8y) 218(28 y) 

% KO BC8M 

n p -co6biTH HM 17% 13% 45% 25 % 100% 

3TH Ta6IIHUbl IIOCTp08Hbl C y'leTOM B8Ca Ka~AOH I'KIIOT83bi: 8CIIH IlpH8MI!eMbl 2 PK

IJOTC3bl o co6biTKK, TO Ka~AaSI H3 rimoTea Y'IKTbiBaeTCH c aecoM 1/2, 3 rarroTe-

3bl - C BeCOM 1/3 K T.A, B CK06KaX yKa3aHO 'IHCIIO y - KBaHTOB , HaHACHHbiX B 

C06b!TK SlX AaHHOI'O KIIaCCa ( TO~e C Y'I8TOM BeCa I'KIIOTe3 ). 

3 . .Un H Aai!bH8HWero pa3Aeiie HKf! KaHaiiOB peaKUKil KCIJOI!b3yeM HeKOTOpb!e Be

pOHTHOCTI!ble C006pa~e HKf!, 

A. .no cax rrop ypaaaeuae = 0 pewanocb B npeAnono~eHHH BbliieTa MHHH-

MaiibHOH aeperKCTpKpyeMOH MaCChi AIIH AaHHOH I'HIIOT83bl 0 C06b!THK. Ho B peanb

llb!X rrpoueccax 2 (ana 6onhwe ) yneTeBWHe Heaaperac TpHpoaaHHhte '!aCTHUhl o6pa

ayiOT HeKOTOpyJO acjJcjJeKTKBHYIO Macey, 60IIbWyJO CyMMbl MaCe yneT8BWHX '!aCTKU. , 
noa TOMY AilS! KaHana 

11
20 ypaBHemre f .. 0 pewae TCH B rrpeArrono~eHHH , 'ITO 

2 Heihpona o6paayJOT acjJcjJeKTHBHYJO Macey. Ecnu B co6btTKH ecTb y -KBaHT, TO AIIH 

Kanana ,n • ypaaaen11e f =0 pewaeTC H D npeAnono~enaH, 'ITO yneTeawae aeiiTpon 

0 • 
H 11 -M830lf o6pa3yiOT HeKOTOpyiO scjJcjJeKTHBHYIO Macey, AilS! KaHana • 2n B 3TOM 

CJlyqae 2 nei1:Tpona H ;r O - M830H o6pa3yiOT H8KOTOpyiO s<j;cjJeKTIIBHYIO Macey. 

3Ha'leiiH51 3 THX Mace Bbi6HpanHCb n a uawero ~e s KcnepaMeuTa: B Kauanax 

peaKUHi! , pasneneHHblX OIIHCaHHblMH p auee MeTO/l8MK, CTpOS!TCS! p acnpeAeiieHHSI 3 <j>

Q•CKT HD!!b!X Mace rr+rr-; rr+rr+; prr-; prr + ; pprr-; pp • PacnpeAene UIISI no s<j>-

8 

-· 
I 
J 

f 

f 

cjJeKTKBHbiM MBCC8M n 17 O ; 

UUIMKCSl OT COOTBeT CTBYIOIUH 

cjJeKTIIBHbiX MaCC Bb!6HpaeTCSl 

M5 

L_£_ 
t' t 

HaaoaeM T aKyio Macey '50% 

pOM aano~eHa BM8CTO CYM 

(TaM, rAe 3TO He06XOAKMO 

3 Ha'l e HKM p rrpKMepuo HI 

i\P 
n 

3 necb M 0 ell - 3aKIIa/lbiBaeM 

Mai!bHB!I yneT8BillB!I Macca Ill 

i!CJIMIJTOTa AI!f! f (eM, 
14 

MKHKMaiibHOMy peweHHJO, [ 

llii!! HeKOTOpb!X PKIIOTe3 MOI 

B. Ha npyrax 3Kc rrepa~ 

nyeT, 'ITO 2 HYKIIOHa B CKCT 

HOBHOM B p83Hbl8 I!OIIyCcjJept 

Aax a 10% c nyqaea n eTHT I 

ayKnOHbl neTSIT B OAHY non) 

npeAIIOIIO~HM, 'ITO H I 

HOBHOM pa3IIeTaTbCSl B pa3. 

a nanaa BhliieTa nyKnonoB B 

illHM BhiBOJl.SM. 

fHIIOT838 
• 710 . • Ec 

c. u.M. naaaA, TO npa nana ~ 

CbJDaeTCH, TaK KBK I!pll yae 

neTeTb B c . n . M . c yrnaMn 

MllHHMa nhnOM HMrrynbce n e 



cnyqaea ocTaroTcg rrpHeM-

YIOlll.ee: 

c yMMa 

232(32 y) 674(93y) 

34,2% 100% 

cyMMa 

By 218(28y) 

100% 

3 bJ: e CJIH llpHeMJI9 Mbl 2 rH

g C BeCOM } /2, 3 rHITOTe-

y - KB8HTOB , HBHACHHbiX B 

T e3 ). 

HCITOnb3ye M HeKOTOpb!e Be-

~ AIIOROlKeHHH BblneTa MHHB-

hi o co6biTHH. Ho a peanb

pHpoaaHHhie '18CTHUbl 06pa-

.J Mace yneTeswax qaCTHU. 

reg B npeAITOROlKeHHH, 'ITO 

THH eCTb y -KB8HT, TO AJIII 

IIH, 'ITO yneTeBWIJe HeHTpOR 

, ARII K8H8JI8 • 2 n" B 3 TOM 

3~cpeKTllBHyiO Macey. 

3 KCITepHMeHTa: B K8H8Jl8X 

rposTCB pacrrpeAe neHHn acjr

p • Pacnpe Aenenns no acjr-

' 

t 
j 

cjleKTHBHbiM MaCCa M n TT O j n n ; n n TT O j TT O rr° C'IHTaiDTCQ He CHJlbHO OTJIH'I 8 ID-

WHMHCQ OT COOTBe TCTByiDWHX pacnpeAeJieHHH 3apSDKeHHbiX '1 8 CTHU. H a KpHBbiX a cjr

cjleKTIIBHblX MBCC Bbi6upae TCQ TO'IKB, AeJIQW8Q BCID ITJIOW8 Ab ITOA KpHBOH IT OIIOJIBM, T. e . 

M SO% 

d f(M) dM 

("f(M)dM 
= 0, 5. 

Ha3oBeM TaKyio Mace y '50% -oii a cjJ!jleKTUBHOi1 Maccol\'. Ypaane Hne f = 0, a KoTo-

pOM 38JlQ)KeH8 BMeCTO CyMMbl M8CC yneTeBIUHX '18CTHU 50% 3 cpcpeKTHBH8Q M 8CC 8 

(TaM, rAe 3TO He06XOAHMo), ABeT peiUeHHe p n , CABHHyTOe B CTOpOHY 60JiblUH X 

3 Ha'leHHll p 

3AeCb M 0 elf 

npHMepllO H8 BeJIH'IHlly 

2 2 
-m M 

0 eff i\P 0 min 
n 

38KJl8AbiB8eMaQ B cpyHKUHID 

(3) 

a!jJ!jleKTHBHag Macca, m -MHHII-
0 min 

MaJibHas yneTeswas Macca AJIQ ABHHoro Knacca peaKuHli, f =I p cosO + m -IE 
/4/ 00 

I I P I 

a CJIMITTOTa ARQ ( CM. ) , {!, p n CABHr B peweHHH f = 0 ITO OTHOW e HHIO K 

MHHHM8JlbHOMy peiUeHHID. npH 38KJI8Ab!BaHHH B cpyHKUHID f 50% MaCChi pemeHHQ 

AJIQ HeKOTOpb!X rHITOTe3 MOryT OK838TbCQ BHe cpH3H'IeCKOi! o6naCTH ( p > 10,7f:JB/c). 

B N ( /6,7,8/) 
• 113 upyrHx 3 KCnepHMeHTOB no - N a 3 aHMOue licTBHQM CM. c n e -

uyeT, 'ITO 2 HYKJIOH8 B CHCTeMe UeHTpa M8CC B38HMOAell:CTBHQ pa3JieTaiDTCII B OC-

/6/ 
HOBHOM B pa3Hble rronyccpepbl, HanpHMep, B pa6oTe HyKJIOHhl B 5-nyqeBbiX 3Be3-

A8X B 10% cnyqaeB neTBT B OAHY nonyccpepy, B 3-ny'leBbiX 3Be3A8X B 1% cnyqaeB 

HYKJIOHbl neTBT B OAHY nonyccpepy 

npeAITOIIOlKHM, 'ITO H B H8WHX ·D p -B38HMO}leHCTBHIIX HyKROHbl AOR)I{Hbl B OC

HOBHOM pa3neTaThCQ s pa3Hbie nonyccjlephi s o6mel\ CHCTeMe ueaTpa Mace. TorAa 

aHanH3 BbrneTa HYKJIOHOB s c.u.M. rrpH MHHHMBJihHOM HMrrynhce npHBOAHT K cneAyro-

WHM BbiBOAaM. 

fnnOTe3a • EcnH o6a npOTOHa llpH MHHHM8llbHOM BMIIyRbce neTBT B 

o• 
C.U.M. H838A , TO rrpH H8RH'IHH ApyrHX rrpHeMJieMbiX rHrrOTe3 rHITOTe3a •" OT6pa-

CbiBaeTCII , T 8K KBK ITpH yaeJIH'IeHHH HMITYllbC8 II8A8IOlllerO HeHTpOHa llpOTOHbl 6yAyT 

neTeTb a c.u.M. c yrnaMH ewe 6onee 6nH3KHMH K 180°; ecnn o6a rrpoToHa npu 

MHHHMaRhHOM RMITYJlbCe JieTBT B C.U.M. BITepeA, TO Tpe6yeTCII BbiJieT ewe OAHOrO 

9 



(no KpaVIHeii Mepe ) rr 
0 

-Me3oHa , 'IT06bi HYKllOHbi pa3neTanHCb a pa3HbJe nonyc¢epbi. 

DpH BTOM B ¢YHKUHID HaAO 3anO>KHTb a¢¢eKTHBHYID Macey 2-x rr O -Me30HOB. 

" EcnH npa BTOM p n OKa>KeTCH BHe ¢H3H'I9CKOH o6naC TH, TO f'HnOTe3a 
* 

rr 0 OT-

6pllCbiBaeTCH npH HallH'IHH ApyrHX npHeMn eMbiX f'HnOT93 H OCT8BllH9TCH npH HX OT

CyTCTBHH, TaK KaK B BTOM cnyqae Mbl npeanaraeM BbineT MeHb!lleH '!eM 50% a¢¢eK

THBHOH MaCCbi 2-X rr
0 -Me30HOB; HMIIynbC HeilTpOHa, Bbi3BaB!ll9f'O A8HH09 B3aHMO-

.. 0 ., 
A911CTBH9 C f'HnOT930H 11 TT ' C'IHTaeT CH paBHbiM rpaHH'IHOMY• 

fl!noTe3a ,n . EcnH npH MI!HaManbHOM HMnynbce o6a nyKnOHa neTHT a c.u.M. 

B OAHY nonyc¢epy ( BCe p8BHO KaKyiO) , TO Tpe6yeM 13blll9Ta eme OAHOf'O (no KpaiiHeH 

Mepe) rr
0 -Me.30Ha. B ¢YHKUHIO AllH rHnOTe3bl .,n B BTOM cnyqae 3aKnHAhlB8-

eTCH 5 0 %-HaH a¢¢eKTHBH8H M8CCa H9HTpOHa H rr
0 

-M930H8. Ecna npH 3TOM P OK8-
n 

" 3b1Bll8TCH BHe ¢H3H'IeCKOii o6naCTH , TO ri1IlOTe3a .,n OT6paCbiaaeTC51 npH HallH'IHH 

APYf'HX npHeMn9MbiX f'HnOTe3 II OCTaBnHeTCH npH HX OTCyTCTBHH, TaK KaK B BTOM 

cnyqae Mbr npeanonarlleM BbineT MeHbllleii, '!eM 

0 .. 
H Tl - Me:::lOHa; HMnynbC HeHTpOHa , Bbi3B8Billero 

" 30I-i n n , C'IHTaeTCH paBHhlM rpaHH'IHOMy . 

5 0 % a¢¢eKTHBHOH MaCChi HeiiTpOHa 

AaHHOe B3aHMOAeHCTBHe C rHnOTe-

HanH'IHe y - KBaHTa B C06biTHH Tpe6yeT An51 rHnOT93 ~2n ' .• n" 

3aiWaAbiBaHH51 HeKOTOpOii a¢¢eKTHBHOH MaCChi yneTeB!llHX 'IaCTHU, a 113 a HallH3a yr

llOBbiX pac.npeaenermr1 npH MIIHHMallbHOM HMilYllbCe Mbl 3HaeM B '!aCTH C06b!THH 0 Bbl

neTe aononHHTenbno eme oanoro (no Kpaiiueii Mepe) rr 
0 - Me3oua All 51 acex Knaccoa. 

nocne npHMenenHH onHcaunoA npoueaypw pa3AenenHe no 'IHcny runoT e3 nony-

<raeTCH cneayromee. 

3-nyqeabre 3Be3Abi : 

0 rHn. 1 rHn. 2 rHn. 3 rHn. 4 rHn. 

11,8% 47,8% 33,8% 2,7% 3,9% 

5-nyqeahie 3B83Abi : 

0 rHn. I rHn. 2 f'Hil. 3 f'Hn. 4 run. 5 rHn. 6 run. 7 rHn. 

22,7% 5 1,5% 16% 5% 4,3% 0,7% 0 % O"'o 

10 

Pa3aeneHHe no KaHanaM pea 

3-nyqeawe 3Be3aw: 

KonHqecTao 

C06biTHH 

% KO aceM 

n p - C06b!THHM 

"0" 

49 

7,3% 

5-nyqeahre 3Be3Abl 

KonHqecTao 

C06biTHH 

%% KO aceM 

"0" 

37 

np -co6biTIH!M 17 

49 

4. 8¢¢eKTHBHOCTb pe 

npHMepHO 12-13%, T8K KaK 

Toraa '!Hcno 11° -Me3onoa a 

!13 npHB8AeHHOH Ta6nHUbl BH 

TellbHO nO'ITH BO BCeX Bb!AI 

B 60% Clly'IaSIX pO>KAaeTCSI 

aaeTCH eme rr
0 

-Me3oH. B 5 

THHX pO>KAallCSI AeHCTBHTellb 

0 • 
rr -Me3oH, a KaHane .2n 

B KaHane ,n· o l.Jac 

oaun (no Kpafiueii Mepe) 11
1 

BbineTa HyKnOHOB B pa3Hble 

'IHCna co6hiTHH Knacca ,. n" 

npHMepHO B 60% HAeT pe8KL 

UHSI C o6pa30B8HHeM rr
0 

-

AHT K TO My, 'ITO B OCTaBI!IH: 

H B 33% cnyqaea B BTOH pe1 

!1 TaK, OilHCaHHble cnoc 

B nponaHOBOJ! KaMepe AaiOT 

nyqeuan pa3Aeneaae Kanan< 

HeJ!TpOH8, Bbl3B8B!llero AaH 

5. llanbHeii!llee pa3aen 

HCilOI!b30BaHHH eme H9KOTOIJ 



IeTanwcb B pa3 HbJe nonyc¢epbi. 

HYIO Macey 2-x rr 0 -Me3 0HOB, , 
3C TH, To rwnoTe3a rr 0 OT-

e3 11 OCTa Bn£IeTC£I Upli HX OT-

Ine T MeHb!lleH '!eM 50% SQJQJeK-

Bbi3BaB!llero ABHHOe B3aHMO-

3Hli'IHOMy. 

c.: o6a HyKnoHa neTHT B c.u.M. 

IneTa e!lle OAHOro (n o KpaRHeR 

B STOM cnyqae 3aKnctAbiBa-

lOHa. EcnH npH s TOM OKB-

OT6paCbiBaeTCH npH HBnH'!HH 

OTCyT CTBHH, TBK KaK B STOM 

s<jJijleKTHBHOH MaCChi HeHTpOHa 

:oe B38HMOAe fiCTBHe C rHnOTe -

.. 
reT t:tn £I ranoT e3 ~ 2 n , n" 

llHX 'laCTHU, a H3 aHanH3a yr-

3HaeM B 'laCTH C06b!Tilil 0 Bbl -

7 ° -Me30Ha AnH acex Knaccoa. 

r eHae no '!Hcny rnnoTe3 nony -

3 rnn. 4 rHn. 

2,7% 3,9% 

5 rHn. 6 r wn . 7 l'Hn, 

0,7% 0 % 0 % 

P a3t:tcneHHe no KBHanaM peaKuwR: 

3-nyqeawe 3Be3t:tw: 

"0" ''n ,, 

K onH'!eCTBO 

C06biTHfi 
49 49(10y ) 354(53 y ) 

% KO BCBM 

n p - co6biTH£IM 7,3% 7,3% 52,5% 

5-nyqeBLie 3Be3Abl 

"0" ''n ,, 

"2n " CyMMB 

221(30y) 674 (93y ) 

32,8% 100% 

CyMMB 

KonwqeCTBo 

co6biTHH 37 27(6 y l 114(14 y l 40(8 y ) 218(28y) 

%% KO BCeM 

np - co6biTH£IM 17 12.4% 52,5% 18,3% 100% 

4. 8<jJijJeKTHBHOCTb perHCTpaUHH y -KBBHTOB B HaWeM SKC!TepHMeHTe pasHa 

npHMepHO 12-13% , TaK KaK 3Be3Abl OT6HpanHCb TOnbKO B rrepBOH nonOBHHe I<aMepb! , 

Tort:ta '!Hcno rr 0 -Me30HOB B KaMAOM KaHane peaKUHR npa6nH3 HTenb HO paBHO 
oq 

!13 npHBet:teHHOi! Ta6nHUbl BHAHO, 'ITO B 3-ny'leBbiX 3Be3AaX B KaHane •" t:tefiCTBH-

Te nbHO UO'ITH BO BCeX Bb!Aen eHHb!X C06biTHHX pOM)lancg rr 0 -Me30H, B KaHane ,n" 

a 60% cnyqagx po• AaeTCH ewe ,o -Me30H, B KaHane .2n B 55% c nyqaeo po>I<-

t:taeTCH e!lle 11° - Me30H. B 5-nyqeBbiX 3Be3Aax B KaHane 

.. 0 • 
THHX pOMAanC51 )leHCTBHT enbHO 11 - Me30H, B KaHane .n 

"o' . nO'ITH BO BCBX CG6hl -

B 50% cnyqaea 6wn ewe 

0 • 
" - Me3oH, B KaHane • 2n rr 0 - Me30H pOMAancg rrp aMepHO B 75% cnyqaeB. 

B KaHane ,n· o 'IaCTH co6biTHH H3aecTno, 'ITO KpoMe HeiiTpoHa eCTb ewe 

OAHH (no KpaRHeH Mepe) rr 0 - MB30H (Hami'IHe y -KBaHT Q B C06biTHH H Tpe60B8HIIB 

BbinBTa HyKnOHOB B pa3Hble nonycljlepbl), EcnH Bbi'IBCTb 9TH C06biTH 5I 1!3 nonHoro 

'll!Cna C06biTHH Knacca • n" TO B OCTaBWIIXC51 C06biTH51X B 3-ny'leBLIX 3Be3AaX 

npHMepHO B 60% HAeT p eaKUH £! 6e3 o6pa30BaHHH 11° - Me30IIOB H B 40% HJle T p eaK

Uii51 c o6pa3osaHHeM 11 ° - MeG OHOB. B 5-nyqeabi X 3 Be3JlOX Ta Me orrepauaH rrpHBO

.I:HIT K TO My, 'ITO B OCTaB!llliXC51 C06b!TH51X B 67% cny qaea HABT peaKUii£! n p-.p n11~ ,+,-11-

li B 33% cnyqaeB B 3T Ofi peaKUHH pOM)la!OTCSI ewe 11° -Me30ilb!, 

Y!TaK, Olli!CaHHbie C!IOC06bl Bb!t:teneHH£1 KaHanOB p eaKUIIH np -B3aHMOABi!CT BHi1 

B nponaHOBOH KaMepe Aa!OT, BO-!IepBbiX, JlOCTaTO'IHO XOpowee )ln51 Hei1TpOHHOrO o6-

nyqeHIHI pa3)lenenae KaHanOB peaKUHi! , H, BO-BTOpb!X, li03BOnSJIOT OUeHHTb HMrrynbC 

Hei1Tpona, Bhl3Baawero u anHyiO peaKUHID. 

5, llanbHeil!llee pa3Aenenae K!lHanOB peaKUHH MOMeT 6b!Tb Ct:tenano !Ipll !IOMO!llli 

HC!IOnb30BaHHSI ewe HBKOTOpb!X Bep051Tl!OCTCii , 

11 



/6,7 8/ 
113 p a6 oT ' enenyeT, 'ITO B NN eoynapeHH5!X e M8ll0H MHOlKe eTse HHQ-

eTbiO ( 3,4 n yqa B KOHUe) HyKnOHbl p a3neT8 JOTe51 B e , U , M . S p83Hbl e n o n ye<jlepbl e y r

ll8Mii 6mt3KHMH K 0° HnH 180° K n a npasneHHJO none Ta nepSH'IHOH '!aeTHUbi , Yrnosbie 

paenpene n e HHSI HyKllOHOB B 3 THX p a60T8X OTIHebiB810TC51 <flyHKUH51MH COS(}* 
e.u. M . 

s e T e n eHH n e HH>Ke 4-ofl . Paenpenene Hne " - Me3oHoB 6onee HnH Menee a3oTponno. 

PoeeMoTpHM <flopMyny OTHOJJJeHHH sepoHTHOeTeil pa3nH'!HbiX ranoTe3 s eny'!ae, 

een 11 OHH OOHOM8 eJJJT86Hbl ( T , e . OUHCbiB8JOTe51 OilHH8KOSblM 
/5/ 

KOllH'!eCTBOM OilHH8KO-

SblX ypaBHeHHH eB51311 H8 napaMeTpbl, eM , ) : 

f . .. fW f3 dp 1 .. • d P n 

"' Q 
n 

a 
---=--

"'(3 (' p 

f. .. fWa V aLadpl ••• dpn 

f · · · f W {3 V l fld P 
1 
••• d P n f . .. f W a d p 1 ... d p n 

(6) 

113-38 HllllH'IHH B nepBbiX HHTerpanax 3KenoHeHuHanhJIOro MHOlKHtreng L OHH 

npesp81118IOT e51 S Sblp8JKe HH 51 : 

9 s 3 
Va1 Va2 · ···Va n{l.p la··· · tJ. Pna 

3 9 3 ' ' V(3
1 

v132 ... . Vfin " Pi f3 .... '-'Pnf3 

3 neCb npennonaraeTe51, 'ITO s ee H3Mep51eMble napaMeTpbl He38BHei!Mbl , npe He-

6 pera51 s n e p B OM npa6nalKeHIIH p83HHUeH B OJJJH6K8X napaMeTpOB '18C T HU S pa3llH'I

HblX npe n nono>Ke !IHHX o6 ax Meece, nony'I~M OTJ60111 e HHe n e pshtX HHTerpanos: 

v3 v3 ... v9 
a 1 a2 an 

3 3 3 
v{i l v,,2 .... v{3 n 

HHT e rpanos nnn ranoTea 
,r, o" . 

n ., 2n" ne eHllbHO OT-
QTHOJJJe HHe BTOpb!X 

naqaeTe51 OT e nHHUUb! (HX MO)!(HQ TO'!HO Bbi'!HellHTb no <flopMynaM CT8THCTH'leCKOH 

TeOpj!H e y;eTOM 38KOHOS COXpaHeHHSI ), T8K K8K M8KeH!I.WflbHbie H Mi!HHM8llbHbie 3 H8-

'!e iiH51 senJf'IHH, SXOil51lllHX B 3 T H HHTerpanbi, He CHllbHO OTllH'!8iOTC51 nnn p83 llH'IHblX 

npennonolKeHHM 0 M8CC8X 'lllCTHU l:(ll51 I:(OCT8TO'IHO Bb!COKOH 3HeprHif, 

Torna 

~ 
vaal va32 .... v~n ()a 

\7) 
OJ f3 vf tvl~2 ... v,t r f! 

3 neeh V ;
1 

- HeKoT ophie anpnopH biC s e poHTHOCTH napnMc TpaM nMeTb onpc nenc HHbie 

3 !18'1e liiHl, 133 51Tble B 3 KC n e pi!MCIITAnLJJOfl TO'!K e Ull51 rUfi OTC3bl a 

H e liOflb3YP-M mtlllb H:Jne eTHbiC s e ponTHOeTH, a nMemto yrnonbre pacnpenen e HHH 

•wcTIIIl p l13Jtoro copTa E' c .u.M. PacnpeneneHIHI no aanMy-ranbnOMY yrny onunaKODbi 

/lTI I l UCCX •W C THll H C 0 K p 8lllll lOTeSI 1\ OT IIO IJJC!Ja H (7), ll pllt:f!penen eliH51 TIO no:r>IpHOMY 

1? 

yrny pe3KO pa3 nH'!Hbi nnH ' 

6onbJJJHX 3HepraHx). Eena 

paenpenenenae HyKnoaos n 

" - Me30HOB H30TpOUHbi.K!, ~ 

oa 
r a51 OTH OJJJeHI!e --- p8BH 

nf3 
• 

(t) 710 : (lj n :"' • 
4Hene HHble MHO>KHTenH TI> 

Bena'lnHa OTHOJJJeHHH ( 

neliTpOH8 ( MHHHM8nhHOM, 5 1 

K8K851-TO sep051THOe Tb 60nb 

T e3a oeTaeT eH, a npyrae r 1 

yqeeTb sepOHTHOCTb K8lKI:(OH 

H5151 s e p051THOeTH UO HMnynb 

npaMeHeHI!e 3 T OrO enc 

3-ny'IEBbte 3Be3nhi: 

0 ran. 1 nm. 

11,8% 6l,t>% 

Paenpene nenae no KaHanaM 

3 - nyqesble ase30bt : 

Kona'leCTBO 

eo6biTIIll 

% KO seeM 

np-co6biTH51M 

"0" 

49 5 

7 ,3% 

B 5 - ny'!eBbiX eo6biTIHll 

yrn oshle pacnpeneneHHH HYKI 

IOTCH <flyHKUII51MH COS 0* B 

B aaKnJO'Ienae asTO[Jbi 

ne3nhle o6cy>KnennH 11 11.M . 

THKy. 



SIX C Manofl MUO>KeCTBeHHo-

B paanhie nonyc<jlephi c yr

lpBH'!HOfi qacTHUhi, YrnoBhie 

QJYHKl\HSlMR COS 0 * C.U.M, 

nee HnH Me Hee H30Tponno. 

nR'IHhiX r11noTea B cnyqae , 

BhlM KOJlH'!eCTBOM O!IHH8KO-

dpl ... dpn 
(6) 

.nhnoro MHO>KH't'enst L OHH 

3MeTphi ueaaBHCIIMhl. Opene-

3paMeTpOB '!8CTI!l\ B pa3lll!'!

e nepBhiX IIHTerpanoB: 

" I 

" 
n 
. 

.,2n" ne Cl!llbHO OT-

M8llbHhie II MIIHI!MallbHh!e 3Ha-

0 OTflH'!a!OTCSl !lflSI pa3flli'!Hh!X 

oKoi1 anepnm. 

l7) 

.MeTpaM nMeTh onpeuenc JIHb!e 

TIOT03bl a 

.<ci!HO yrnoubxe p acn penen en HSI 

tHMyTaflb HOMY y rny 0!111H8KOI3bl 

pncnpeneneUHSl uo nonHpHOMY 

yrny peaKo paamPIBhi nnst '!aCTHU paaaoro copTa (nnst N N B3aHMO!Iei!cTBHll: Upll 

6onhwax 3neprastx) . Ecna npennonoJKRTh B 3-ny'!eBhiX 3Beanax nannoro o6nyqenast 

pacnpenenenae nyKnonoB nponopuaonallbnhiM cos~ 0 * c.u.M. , a pacnpenenenae 

rr -Me30HOB R30TpOUHhll«, TO !IllS! OTHOWeJIHSI 

~ 
BepOSITHOCTell: MO>KHO nony'!HTb, nona-

rast oTnowenHe paBHhiM enHnll ne: 
of3 

n : cu cos~()* 
p2 

) : ( s cos 4 
()* ) : 1 . 

p 

41!CneHHhle MHO>KI!TellH HOSIBHlli!Ch 113-38 HOpMHpOBOK, 

(8) 

X 

BenH'!HHa oTnowenHst (8) npoBepsteTCSI np11 pa3nH'IHhlX I!Mnynhcax naneTaiOwero 

nefiTpOHa (MHHHMBITbHOM, 50% MaCChi, MaKCHMallbliOM ), EcnH npll BCeX HMnynbcax 

KaKast-To BepostTHOCTh 6onbwe npyrax ae Menhwe, '!eM B 2 paaa, TO n a nnast rHno

Teaa OCTaeTCSl, a npyrHe rHnOTe3hl OT6paCh1B8IOTC5l ( 6onee TO'IHO MO>KHO 6hll10 6hl 

y'!eCTb Bep05!THOCTb Ka>K!IOll: rHUOTe3hl, C'!HTa5l HX CyMMY paBHOH e!IHHI!Ue II y c pen

HSlSl BepostTHOCTR nO I!MnynhCaM HaneTaiOIURX Hell:TpOHOB). 

OpaMeneHHe aToro cnoco6a naeT paanenen11e no '!Hcny rHnOTea: 

3-ny'!EBhie 3Be3!1hi: 

0 rHn. 1 rHn. 2 r11n. 3 r11n . 4 r11n . 

11,8% 61,ti% 23% 2,7% 1% 

Pacnpenenen11e no KananaM peaKualf: 

3-ny'!eBhie 3Be3!1hi: 

"0" " rrO " ''n'' "2n" cyMMa 

KonH'leCTBO 
49 50(10 y) 3(11 (55 y ) 204 (28 y ) 674l93y) 

co6hiTHll: 

% KO BCeM 
np-<:o6hiTII5IM 7,3% 7,4% 55% 30,3% 100% 

B 5-ny'!eBhiX co6hiTHSIX npuMenenHe aToro cnoco6a Hl!'lero ne naeT, TaK KaK 

yrnOBh!e pacnpeneneHI!Sl HyKnOHOB B 3Beanax C TaKOH MHO>KeCTBeHHOCTb!O OUIIChiBa-

!OTCSI QJYHKI!HSIMH COS()* B CTeneHI! HI!>Ke 'IeTBepTOH, 

B aaKniO'leHHe aBTOpbi Bbipa>KaiOT 6naronapnocTb M.l-1. nonropeuKoMy aa no

neanbie o6cy>K!IeHHSI II (.1,M. fpaMeHI!UKOMy 3a nOCTOSIHHYIO no6po>KenaTellbHYIO Kpll-

TI!Ky. 
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