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HacToHmaH cTaTbH nocBHmeHa nsy~eHHID po~aeHHH pesoHaHCOB B 4- n 
I . . + . 

5-~aCTH~HblX KOHe~HhlX COCTOHHHHX 1T p -B38HMOaefiCTBHll npH 2,34 fsB/C, 

Ha CHHMKaX, nony~eHHhiX npll: o6ny~eHHII 40- CM lKHaKoBoaopoaHofi ny

SbipbKOBOfi KaMe phi Ol1fll1 /1/ TT + -MesoHaMn ~ IIMnynbcoM 2,34 ± 0,06 fsB/ c, 

6hinO OT06paHO OKOnO 8000 4-ny~eBhlX 1T + p- B38HMOaefiCTB!Ill, 

DpnHHTaH MeToanKa pasaeneHHH KaHanoB peaKunil /2-4/ n BnsyanbHaH 

OU9HK8 HOHH38UHH BTOp!I~HblX ~8CTHU TI03BOniina BhiaenHTb KOH9~Hbl9 COCTOH-

HHH: 

(1) 

+ + '- 0 ... p77 1T 1T 1T (2) 

(3) 

DnH onpeaeneHHH ce~eHHH peaKUHll (1)-(3) Benn~nHa nonHo~o ce~eHHH "+P -
B38HMOaefiCTBHll npH 2,34 fsB/C, paBH8H a tot= 30,6 ± 0,07 M6, 6bina B3HT8 

us pa6oTbi /5/, 3To SHa~eHne a tot ncnonbSOBanocb anH onpeaeneHHH non-
. + . 

HO~O Ce~e~HH 4-ny~eBhiX 1T p- B38HMOaefiCTBHll 0 KOTOpOe HafiaeHO paBHhiM 

a 
4 

= 7,39 ± 0,18 M6, Oocne BHeCeHHH nonpaBOK H8 BTOpH~Hhle B38HMOaefi

CTBHH H BKnaa C06hiTHll C aByMH H 6onee HefiTpanbHhlMH ~aCTHU8MH Ce'ieHHH 

KaHanOB ( 1 )-(3) OKaSanHCb paBHblMH: 
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peaKUIHI 

IT+ p -+ p IT+ IT + IT -

-+piT+IT+IT- ITO 

-+II IT-fiT +IT +IT-

'IUCno co6h!TUH 

3469 

2906 

270 

ceqeaue 

UM6 

3,74:!: 0,11. 

3,07 + 0,10 

0,24 + 0,01 

3aBUCUMOCTU Ce'IeHUll peaKUUH ( 1 )-(3) OT UMIIynhCa IIepBU'IHb!X IT+ -Me30HOB 

B HHTepBane'1.0T 1 JlO 8 raB/C /6/ IIpUBe)leHbl Ha pHC, 1-3, OTKy)la BHJlH0 1 

'ITO '8enu'IUHhi ce'Ieaufi, orrpe.tlen.eHHhie B ll8HHofi paooTe, xoporno c<?rnacyroTCSI c 

C 061l1UM XOllOM Ce'IeHUll IIpU 6nU3KUX 9Hepi'H51X, 

PeaKUHH + + + 
TT p ->prr TT TT 

J.13y'IeHue pacrrpe,(leneHHll a!lJ!lJ~KTUBHb!X Mace llBYX- H TpeX'IaCTH'IHhiX 

KOM6UH8UUH ·B peaKUUU ( 1) II03BOnuno 06Hapy)KUTb 6onblll0ll BKnall p0)K,(leHll51 

pe30H8HCOB. 

Ha puc. 4,5 rrpuBe.tleHhi pacrrpe.tleneHuH no a!lJ!lJeKTUBHhiM MaccaM MIT+ P 

u Mrr+IT- BUllHbl 3aMeTHble IIUKU B o6naCTU MaCC p O -Me30Ha U U306apb! 

N*++ 
1238 B pacrrpe.tleneHu HX no Mac caM M IT- u 1\1 :r + HUKaKnx oco6eHHOC-

P IT IT 
Tefi He Ha6nro.tlanocb. 

llByMepHoe paqrrpe.tleneHue a!lJ¢eKTUBHhiX Mace M IT+rr- H. MIT+ P !lnH 

peaKuHu ( 1), rrpuBe,(leHHoe Ha puc. 6, yKa3hiBaeT Ha 6onhrnoii BKna,(l rrpouec-

ca COBMeCTHOI'O p0)K,(leHU51 pe30HaHCOB: 

+ ++ IT p-+ N* pO (4) 

Ha JlByMepHofi nuarpaMMe puc. 6 Ka)KJlOe co6biTue rrpellCTaBneHo llBYMH 

TO'IKaMU, TaK KaK B KOHe'IHOe COCTOHHUe KaHana / 1/ BXOJlSIT )lBe TQ)K,(leCTBeH-

Hble 'IaCTUUbl -
+ . 

TT -Me30Hbl 1 U II08TOMY IIpll aHanuae a!lJ!lJeKTUBHbiX MaCC 

l\1 77+ P H 1\1 77 +77- cnenyeT paccMaTpuBaTb KaK paBHorrpaBHhie KOM6uHaUHH c 

+ 
ITi -Me30HOM ll C IT 2 -Me30HOM, 

TaKuM o6paaoM, Ka)Knoe co6biTue ua peaKuuu ( 1) BXOJlUT B rucTorpaM

Mhi a!lJ!lJeKTHBHbiX M8CC IIepBblll pa3 KaK "UCTUHHOe" ll BTOpOfi pa3 KaK "nO)K-
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co6hiTI!il: 

3469 

2906 

270 

ce'IeHI!e 
a 

3,74 ~ 0,11. 

3,07 + 0,10 

0,24 ~ 0,01 

+ (3) OT IIMIIynbCa IIepBII'IHhiX TT -Me30HOB 

rrpuBeaeHhi aa puc. 1-3, OTKyaa BIIAHo1 

B aaaHoil: paooTe, xopowo cqrnacyJOTcs:t c 

!IX 9Hepi'1151X, 

+ + + 
TT P->PTT 1T 1T 

TIIBHhiX Mace ABYX- II TpeX'IaCTII'IHbiX 

no o6aapymHTh 6onbmoil: BKnaa po~aeHI!51 

eaeneHI!51 rro scp!fleKTIIBHhiM MaccaM M11+ P 

B o6naCTII Mace p 0 
-Mesoaa 11 1!3o6aphi 

caM M 11 - 11 M + + HI!KaKI!X oco6eaaoc-
P TT 1T 

THBHhiX Mace M 17+17
- ll M17+ P ang 

yKa3hiBaeT Ha 6onhmoii BKnaa rrpouec-

* ++ p 0 
(4) 

• 6 · Kamaoe co6hiTHe rrpencTaBneHo ABYM51 

51HIIe KaHana Ill BXOn51T ABe TO~neCTBeH

TOMy IIpll aHanH3e s!fl!fleKTIIBHbiX ·MaCC 

KaK paBHOIIpaBHble KOM6H:HaUIIll C 

1!3 peaKUlll! (1) BXOnliT B I'IICTOI'paM

uiiCTIIHHOeu ll BTOpoil pas KaK "nom-
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Hoe"' yBem'l'liiBBSI o6nudi Hepe30H8HCHb!H cpoH; CnenoBaTenbHO, cnoco6 oueHKII 

cpoHa MO*eT cymeCTBeHHO UOBniiSITb Ha TOqHOCTb onpeneneHIISI ceqeHIIH pO*Jle

HHSI pe30H8HCOB B peaKUIIII (1). 

DnSI onpeneneHIISI np?UeHTHoro conep*aHIISI peaoHaHCOB 11 HX napaMeTpoB 

B peaKUHII ( 1) nnOTHOCTb pacnpeneneHIISI C06b!THH Ha JlByMepHOH JlllarpaMMe 

annpOKCHMHpOBanaCb C llOMOIDbiO MeTOJla MBKCIIManbHOrO npaBJlOUOJl0611SI Bbl-

pa*eHIIeM: 
_,1 

1 wN* "' wP , 
P

1 
dM

1
dM 2 =-[a

1
(--+W )ta 2(--+ Wp)+ 

. 2 . I N* I . 
N* p 

w * "' w ta (~+W )+2( 1-a -a -a ) ~] dM 1 dM 2 , 
3I * I 2 3 I N*p N p p.s. 

(5) 

rne M
1 

H M 
2

- acpcpeKTIIBHbie Macchi M + 11 M + -; a 11 a - npoueHT-17p 1717 1 2 

Hoe conep*aHIIe peaoHaHCOB N*++ 
1238 

0 II p ; a 3 - npoueHTHoe conep*aHHe 

KaHana N* p o W p.s.- Bbipax(eHIIe nnSI cpasoBoro o6'beMa 4-x qacTIIU 191, 

wp.e.= qlq 2 q 12. (6) 

rne q 1 -IIMnynbc qaCTIIUbi OT pacnana cncTeMbl M 1 B CIICTeMe noKoSI· M 1 

q2 - IIMnynbC qaCTIIUbl OT pacna.na CIICTeMbl l\1 2 B CIICTeMe UOKOSI l\1 2 , . 

q 
12

- HMnynbC CIICTeMbl l\1 I Hnll l\1 2 B o6mei1 CIICTeMe. UCHTpa j W a 

B (5) - cne.nyiOWIIe Bb!pallieHIISI, 03HaqaiOli!IIe np0113Be)leHHe penSITHBIICTCKHX 

<PYHKuui1 EpafiTa-BIIrHepa Ha cpaaoBbifi o6'beM pacna.na peaoHaHca 11 o6mHi1 

cpa30Bblll o6'beM 4-X qaCTIIU. 

a
4

r
1
·(a

4
,a5 

WN* 
( 1\12 -a 2 )2 r 2 2 

1 4 + 1 a4 

M ].-' w ql p.s.' 

a6 r2(a6,a7) ] ~12 w 
W =( . -- p.sJ 

P (M;-a;f+ r 2
2 a! q2 , 

8 

(7) 

(8) 

I 

I 

W =[ a4rl(a4,a5) ]~[ 
N*p (M ~ 2 )2 ·r2 2 q 

a6 r2 

la4 +la4 1 <~:-a' 

3necb : a 4 H a 5 - Macca nao6apb! N.~ia; 

p 
0 

-Me30Ha H ero WllpiiHa, rl) II r2. 

N~:i"s H p 0 , Bllll KOTOpbiX onpenensmTCSI 

HOM /9/ B Teop,llll B03MyiUeHIIH JlnSI JlByxq~ 

2h1 
q · n/ 

r(w)=ro(-) ~ 
qo p( 

B cjlopMyne (10) w -Macca pe3oHaHca; 

B CHCTeMe llOKOSI pe30H8HC8j f - op611T 

IICTHHHaSI m11p11Ha peaoHaHca np11 ~ = w 0 

HaHca; q 0 - IIMnynbc q l3 CIICTeMe noK 

TOpb!e cpyHKUIIII, 3aBIICSIWIIe OT. op611T8nbHO 

a TaK*e qeTHOCTefi II ClliiHOB pacnaJlHblX 

peaoHaHCOB N * ++ 
1238 

rl (a4,a5)=a5 

r 2 (a 6 ' a7 ) = a7 

li p UpiiHIIMaeT BliJ 

3 2 
qdMt) (M 1+mP) · . 
3 

ql(a4) (a 4 +mP ) 
2 

a 
q2(M2) as ---· --
qa2(aa) M 

2 

I a B Bbtpa*eHHH (5) 03HaqaiOT HOpMIIp• 

Mlmax 
M , 
· 2max 

I = a J J wa d~l 
M M 

!min 2m in 

· KaK Y*e oTMeqanocb Bblme, cymecTJ 

B peaKUHII (1) MoryT .[18B8Tb a<P<tJe'KTHBH 

B HaCTOSIIUeii pa6oTe nnoTHoCTb pacnpe.nen 
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HepeaoHaHCHbiil !f>oH~ CnenoaaTenbHo, cnoco6 oueHKH 

HB TO'!HOCTb OIIpeneneHHH C9'!9HHH PO*Ae-

HOI'O COA9P*8HHH pe30H8HCOB H HX napaMeTpOB 

pacnpeneneHHH COObiTHH Ha AByMepHOfi AHarpaMMe 

MeTona MaKCHManbHoro npaanonoito6HH Bbi-

wN* == wP == 
[ a I ( -- + W * ) + a 2 { -- + Wp ) + 

I * N I . N p 

w 
+2(1-a

1
-a

2
-a

3 
)~] dM

1
dM

2 lp.s. 

.... 

(5) 

Hbie Macchi !\1 17+ P H i\1 17+17-; a
1 

H a 
2 

- npoueHT-

OB N*++ 
1239 

H p 0 ; a 3 - npoueHTHoe conep*aHHe 

Bbtpa>:(eHHe nnH !f>aaoaoro o6'beMa 4-x '!BCTHU /9/. 

wp.,.= q1q 2 q 12. (6) 

OT pacnana cucTeMbi M I B crrcTeMe noKoH· M 
1 

OT pacnana CHCT9Mbl i\1 2 B CHCTeMe IIOKOH i\1 
2 

, . 

l\1 1 lWH 1\1 2 B 001ll9ll Cl!CTeMe UeHTpa; W a 

lK9HHH, 03H8'!8101llHe IIpOH3B9A9HHe peilHTHBHCTCKHX 

Ha !f>aaoabifi oo'beM pacnana pe30HaHca H o6muii 

u. 

a4 , as 
I ] M I ' ·-" q p.s.' 

I (7) r 2a 2 
I 4 

,a 7 ) ] ~12 \V 
-2-. p.g) 

a 6 q2 • (8) 

8 

j 

I 
I 
I 
I 
I 

a4r1(a4,ao) l\11 [ a6r2(a'&a7) 1 M2 
W = [ ] - -W • * . p.s. 
Np (•t:.2)2r2 2 q (rtl2-a2)2+r2a2 •q2 "1 a 4 + 1 a4 1 ' 2 6 2 6 (9) 

3necb : a 4 · H a 5 - Mace a uao6apbt N "Jia~ H ee nmpHHa, a 
6 

u a 
7 

- Mace a 

p 
0 

-Me30Ha H ero lllHpHHa, rl H r2- lf>YHKilHH Jl.1SI lllllpHH pe30H8HCOB 

N*++ 0 1238 H p 

HOM /9/ B 

1 BHA KOTOpbiX OIIpenenSieTCSI Bbipa>K9HifeM1 IIOily'!eHHbiM .lliKeKCo

TeOp,HH B03MYlll9HHH AnSI ABYX'!aCTH'!HbiX pacnanoa: 

~£+1 
r{w)=ro(~) p(w) 

qo p(w
0 

) 
(10) 

B <jlopMyne (10) w -Macca peaoHaHca; q - HMnynhc pacnanHofi: '!aCTHUbi 

B CHCTeMe IIOKOSI pe30HaHCa; f - op6HT8ilbHbiH MOMeHT peaol{aHCa; r o -

HCTHHHBSI lllHpHHa pe30HaHCa IlpH W = W O 
1 

a W
0 

HaHca; Q o - HMIIYilbC Q B CHCT9Me IIOKOSI w
0 

HCTHHHBSI Ma CCB peao

t p(w) H p(w0 ) - HeKo-

TOpbie «jJyHKUHH, 3aBHCHU1He OT op6HTanhHOrO MOMeHTa H '!9THOCTH pe30H8HCa
1 

a TaK*e '!9THOCTefi H CIIHHOB paCIIBAHbiX '!aCTHU, Bb!p8*9HHe ( 10) B cny'!ae 

peaoHaHcoa N * ++ u P npnHuMaeT ann 191: .tns 

r1 (a4,ao)=ao 

3 2 2 qd!\11) (M 1+mP) -m 17 
2 

a4 . 
2 ? ·--2, 3 

ql(a4) (a 4 +mP) -m~ ~1 1 ( 11 ) 

3 
q2(M2) a6 ---· --
qa2(a6) Mz ( 12) 

r 2 (a 6 ' a7 ) = a7 

J a B Bbipa*9HHH (5) 03H8'!810T. HOpMHpOBO'!Hbie HHTerpanbi BHAa! 

Mtmax "
1
2max 

Ia f f WadM 1 dM 2 • 

M1min M 
2m in (-1.3) 

· KaK Y*e OTMe'!anocb BbiJne, cymecTBe_fiHbifi BKnan B HepeaoHaHCHbiii ¢oH 

B peaKUHH (l) MOryT ABBBt:b slf>«jJeKTHBHbJe MaCChi 'nomHbiXu KOMOHHBUHii, 

B HaCTOHIUefi pa6oTe nnOTHOCTb pacnpeneneHuH "no>KHbiX 8 KOM6uHaUHit Ha nay-
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P11c.5,_Pacnpe.o.eneHIIe ·no aqxpeKTIIBHOii Macce M77 +j,.-Aml peaKUilllrr+p:-prr+rr+·rr-._ 
KpiiBall 1 oniiChmaeT cyMMapHblll: BKnan acex npoueccoa, KpiiBall 2 -
BKnan coaJi.lecTHOI'o poJKneHIIll N* · p 0 , 3 - BKnan oniiHO'IHOI'O polKne
HIIll Nf28s , 4 - ljla30Bbill: 06'beM, 5 II 6 - BKnaJ:tbl • nolKHb!Xu KOM-
611HSUIIll: M 77+ 77 - nnll N*p 0 ·II N;+rr- cooTBeTCTBeHHO, 
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PHc.6. LlByMepuoe pacnpeneneuHe sljl¢eKTHBHhiX Mace !\1 + H 1\1~+ 77 -
nnll peaKUHH 77+p->p77+77+ ·77-. 

77 
P 

12 

'j 

MepHoii anarpaMMe ( M 17+p v s M 11 +11 ..l 

C noMOII1biO nporpaMMbi- ct>OPC I 13/ I= 

H M·+ -anSI KaHanoB 11+p ... N*++11+ 
'17 1T 1238. 

ITpn p03bii'pbtme, 6btnH ncnonb30BaHbi s 
,.. 

neHHSI anSI po~aeHHSI H pacnaaa peao1 

Ha pnc. 7 nprtBeaeHhi HopMHJ 

npeaeneHHSI sclJciJeKTHBHhiX Mace M 17+P 

cpaBH9HHSI - KpHBbie, COOTBeTCTBYIOII1 

· OT"ieTnHBO BHaHo oTnn"ine npHI 

06'beMa. B CBSI3H C STHM B Bbipa~eHHe 

UHH Wa pacrrpeaeneHnii M 17 +P H M. 

Hbie MeToaoM MoHTe-. Kapno n_ aaaa1 

Bbtpa~eHHe ( 5) anSI rrnoTHOCTH p 

y"ieTa HHTepciJepeHUHOHHblX 3~9KTOB. 

IT pH MHHHMH3aUHH ciJyHKUHH npaE 

2 
· 2n 

L =-2 !. fn P. 
1=1 

1 

rae n - 'lHCno co6btTHH peaKUHH ( 1 ) 

aapTHOii nporpaMMbi 181 CIT-123 orrp· 

M9TpOB a t••• a 7 1 3H8"i9HHSI KOTOpbi: 

Han6onee HHTepeCHhiMH peaynbT 

U9HT COBM9CTHOI'O po~aeHHSI pe30HaHC 
. 0 

HO'IHOI'O po~aeHHSI p -M930Ha B pe 

Ha pnc. 4,5 BHaHo, "iTO cyMMaf 

aaHHhiX Ta6nHUbi 1, xopomo onHCbiBa~ 

THBHhlX MaCe l\1 17+ P H .M 11+11 - • 

Cnoco6 orrpeaeneHHSI napaMeTpOI 

MY, npHMElHSincst npn · uay"ieHHH 4- H ~ 

aeiicTBustx /lO,lll. ITpn nccneaoBaHH 

CTBHSIX,· KaK ycTaHOBneHO BanbTepOM 

co6hi oueHKH ce"ieHnii. ·3TH .cnoco6h1 

MaUHH oaHOMepHblX pacnpeaeneHHH sclJq 
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Mepaoli JlHarpaMMe (M 11+p vsM 11 + 11 ...} orrpeJlensmacb MeTOJlOM MoaTe-Kapno. 

C IIOMOlliblO rrporpaMMhi. ci>OPC /13/ paabrrphiBanHCb to:nmKHhie'. MaCChi M11+ P 

H M
11

+ 11-JlnSI KaHanoB "+p ... N 1~~"+"-, 11+p ... p 0 11+p H 11-rp ... Nj:i;-8-rpo. 

Opn poabrrphtwe · 6btnll ncrronb:3oaaHhi aKcrrepHMeHTanbHhie yr_noBbie pacrrpeJle

neHHSI JlnSI pO)!{JleHHSI H pacrraJla peaoaa~coa N i'2tt H P, 0 • 

Ha pnc. 7 rrpltBeJleHbi aopMnpoaaHHhie Ha OJlHHaKoBylO rrnowaJlb pac-
./ 

rrpeJleneHHSI a<f><f>eKTHBHhiX Mace M 11+P !I M 
11

+
11

...!'no)!{HbiX .. KOM6HHauHli H JlnSI 

cpaBHeHHSI - KpHBbie, COOTBeTCTBYlOlliHe paC'IeTy IIO <fla30BOMy 061>eMy·. 

.. 0T'IeTnHBO BHJlHO OTnH'IHe IIpHBe)leHHbiX paCIIp_eJleneHHli OT <fla30BOrO 

06'beMa. B CBSI3H C 3THM B Bblpa)!{eHHe (5) JlnSI ·pi dl\t 1 dl\t 2 BKnlO'IeHhl <flyHK-

Ullll Wa pacrrpeJleneHHli M 11 + P 11 M IT+ 11 - "noiKHhiX" KOM6Haaun:H, Bhi'IHcneH-

Hhie MeTOJlOM MoHTe-. Kapno H aaJlaHHhie B BHJle Ta6nHu. 

Bbipa)!{eHHe (5) JlnSI rrnoTHOCTH pacrrpeJleneHHSI co6biTHli cocTaBneHo 6ea 

y'IeTa HHTep<flepeHUHOHHbiX a<l><f>eKTOB. 

0pH MHHHMH3aUHH <flyHKUHH rrpaBJlOIIOJl06HSI: 

2 
2n 

L =-2 I fn P. 
1=1 

I 
( 14) 

r)le 0 - 'Il!Cno C06biTHli peaKUHH ( 1) 1 C IIOMOlliblO MOJlH<fJHUHpOBaHHOli CTaH

JlapTHOli IIpOrpaMMbl !B! C0-123 orrpe)lenSini!Cb OIITHManbHhie OUeH~H rrapa-

MeTpOB a 1 ... a 7 1 3Ha'IeHHSI KOTOpb!X IlpHBeJl8Hbl B Ta6nHUe 1. 

HaH6onee HHTepeCHhlMH peaynbTaTaMH cneJlyeT C'IHTaTb 6onbwoli rrpo-

++ 0 ) UeHT COBMeCTHOro pO)!{)leHHSI pe30H8HCOB N * p { "' 53% H OTCyTCTBHe OJlH-

HO'IHOro p0)!{Jl8HHSI p 0 
-Me30Ha B peaKUHH ( 1) • 

Ha pliC. 4,5 BHJlH01 'ITO CyMMapHbie KpHBhie, Bbi'IHCneHHhie Ha OCHOBe 

JlaHHblX Ta6nHUbl 1 1 XOpOWO OIIHCbiBalOT OJlHOMepHble pacnpe)leneHHSI a<fl<fleK-

THBHblX Mace M IT+ P H M 11+11 - • 

Crroco6 orrpeJleneHHSI rrapaMeTpOB peaoaaacoB, aaanorH'IHhili OIIHCaHHo-
+ 

My, IIpHMeHstnCSI IIpH 113y'IeHHH 4- H 5-'IaCTif'IHb!X peaKUifli B k p - B3aHMo-

)leliCTBHSIX /10,1 i 1• OpH HccneJloBaHHH )!{e. peaKUHH ( 1) BIT +P- aaaHMOJle.li

cTBHstx,· KaK ycTaHoBneHo Bani.TepoM 1121 , rrpaMeHSinHCb 6onee rpy6hie ·crro

co6hi OUeHKH Ce'IeHHli. ·3TH CIIOC06b! OCHOBaHhi 1 KaK npaBHnO, H8 8IIIIpOKCH

MaUHH OJlHOMepHblX pacrrpe)leneHHli a<fl<fleKTHBHblX M8CC 6e3 BBeJleHHSI Bblp8)Ke-

13 
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11p := 747 :t 49. 
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rp =121,4~~8 
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HHH THIIa (9) C ABOHHOH ¢yHKUH9H EpafiTa-BHrHepa AJISI COBM9CTHOrO PO*Ae

HHSI pe30H8HCOB
1 

a TaK*e 6e3 y'leTa OTJIH'lHOrO. OT ·:¢aaoaoro b6'beMa BKJiaAa 

"no*HbiX" KOM6HHaulin a¢¢eKTHBHbiX Mace. CpaaHeHHe ce'leHHSI AJISI KaHana 

IT+p ... N**p0, nonyqemioro B HaCTOSIIUefi pa6oTe, c naHHhiMH npyrnx pa6o-r'
7 

• 
121 

noKa3hiBae;r, 'qTo ce'!eHne coaMeCTHoro pO*AeHHH. peaoHaHCOB N* ++ p
0

, onpe

neneHHOe M9TOllOM MaKCHManbHOrO rrpaBAOIIOA06HSI C Y'l9TOM 'BKJiaAa "nO*

HbiX" KOM_§HHaUHH
1 

OK83biBaeTCH. BhiiUe 3H8'l9HHH Ce'!eHHH rrpH 6nH3KHX :3Hep

rHSIX ( CM, pH C. 8)' 
1 

AaHHbl9 *9 AJISI Ce'leHHH OllHHO'!HOrO PO*Il9HHH pe3o-

HaHCOB B peaKUHH ( 1) 

:3HeprHSIX 1-8 faB, 

xopomo cornacY:IDTCSI c o6iuuM XOAOM ce'leHHH npu 

.. 

PeaKUHSI 
+ + + - 0 

IT p->piT IT IT IT 

AHaJIH3 a¢¢eKTHBHbiX ·Mace 2- H 3-qaCTH~HbiX KOM6,HH8UHH B peaKUHH (2) 

yKaaan Ha aaMeTHOe · po*AeHHe uao6aphi · N 12~ B cncTeMe "ir+p, 'w
0
-' u 11° -. . ' 

Me30HOB B CHCTeMe "IT+ IT-ITO", (CM; pHC, 9, 10), B a¢¢eKTHBHbiX MaCCaX APY-

rHX KQM6uHaUHH HHK8KHX oco6eHHOCTeH He Ha6niDAaJIOCb. 

Ha nayMepHofi nliarpaMMe ( M + v sM + _ o ) nng peaKUHH (2), rrpn-. ITP ITITIT 

BeAeHHOH Ha puc; 11, OT'l9TJIH~O BHAHhl CKOIIJ19HHSI TO'leK B o6naCTSIX1 COOT-

B9TCTByiDIUHX OAHOBpeMeHHOMY o6pa30BaHHID pe30HaHCOB B KaHanax: 

+t 0 
IT p:. N i238 w ' 

_;N*t!;' o 
1238 11 

(15) 

(16) 

p acrrpelleJieHHe co6hiTHH Ha AByMepHOH AHarpa,MMe annpOKCHMHpOBaJIOCb 

no aHanorHH c Bhipa*eHHeM · ( 5) ¢yHKUH~fi anna: 

1 . W N* - ~ Ww ~ : W N*w 
P

1 
dl\h dl\h=~[a 1 (--+ w:*)+a 2 (--+ Ww_)+a 3 (---+ W* )+ 

~ IN* N .. Iw IN*w Nw 

(17) 

+ a4 
w* ~ .1. w (~ +w ) +2(1- 2. a

1
) ~ 1 dl\t-dl\1 • 

I N*n j=l I I 2 
N~ ~ ~L 

16 

3necb M 1 .H ·M 2 oaHa'laiOT a¢¢eKTHBHhie 

npoueHTHbie BKnaAhi pe3oHa~coa N * ++, 

CTB9HHO, 

<l>yHKUHH W a , . I a H W a HME 

HHH (5). ,Ung ¢aaoaoro o6'beMa 'nsn'H'la 

ucnonbaoaanocb Bhipa}l{eHne: 

' wp .... =q 1 q 12·Sa (M 

rne: q 
1
-HMIIYJibC BTOpH'IHOrO rrpOTOH8 

rrynbc CHCT9Mbi" 1\1 1 HJIH l\1 2 B o6mefi 

CMhiCJI !flaaoBoro o6'beMa npu pacnane c~ 

n2 . 2 m~ 
S 3 (M 2 ,31T) = -!\1 2 (1+0,997--, 

8 ~I i 

0 
nocKOJibKy 1] -Me30H SIBJISI9TCSI 

Ha • 3 K:3B) ~ rrpaKTH'leCKH, nHHH9H II 

paap~rneHHeM no Macce ( • 15 M3B) - 1 

Tpanbuofi !f!YHKUHH EpafiTa-BnrHepa llJISI 

COBa lf!YHKUHSI pacnpeneneHHSI BHAa: 

W 
11

=( • _ exp[
a10y2rr 

(M 2-

~ 

3neci.: ag H a10 - Macca 11 ° -Me3 

'rayCCOBCKOrO pacrrpe_neneHHSI, COOTB9TC 

.[lng W -Me30Ha, HCTHHHaSI lliHpHl 

:3KCII9pHM9HTaJibHOH TO'!IIOCTbiO orrpenem 

HHSI THIIa 11 It npHM9HSIJiaCb T8K*e II ri: 
BHAHO H3 Ta6nHUhl 1 1 pe3ynbT8Tbl annpo 

rrpaKTH'leCKH COBIIalla!OlUHMH, 

x/ c!lopMyJia (19) BbiBelleHa r.H. Konh!Jl 



EpafiTa-BurHepa ~nn coBMeCTHoro po*~e

~TnH.;IHoro OT.~cpa30BOI'O b6'beMa BKna~a 

BHbiX Mace. CpaBHeHHe ce'leHHn ~nn KaHana 

nruefi pa6oTe; c ~aHHbiMH ~pyrux pa6oT'7,12/. 

cTHoro po*~eHHn peaoHaHCOB N* +t- p
0

, onpe

Horo npaB~ono~o6un c y'leTOM BKna~a "~o*-
3Ha'leHHH ce'leHHH npH 6nH3KHX 9Hep-

. . ~ 

ce'leHHfi o~HHO'IHoro po*aeHHn peao-

cornacyK>TCn c o6iuuM xoaoM ce'leHHH npH 

+ + + - 0 
rr p->prr rr rr rr 

2-. H 3-'laCTH~HbiX KOM6,HH8UHH B peaKUHH (2) 

6 N* +t- . , + , 0 0 H30 . apbl . 1238 B CUCTeMe . TT p, W-' H Tf 

'(eM. puc. ~. 10). B a¢¢eKTHBHbiX Maccax apy-

6eHHOCTefi He Ha6nK>aanocb. 

(M · + v sM + _ 0 ) ann peaKUHH (2), npu-
TTP TTTTTT 

0 BHaHbl CKOnneHHn TO'IeK B o6nacTnX, COOT-

o6pa30BaHHK> peaoHaHCOB B KaHanax: 

0 w, 

N*t!; o 
1238 TJ • 

(15) ' 

(16) 

Ha aByMepHofi auarpaMMe annpoKCHMHpoBanocb 

) .cpyHKUHefi Buaa: 

. Ww ~ W N*lLI ~ 
+ W *)+a 2 (-- + W )+a3 (--- + W * )+ 

N I lLI I N lLI 
w N*w 

2( 1- i a ) . wp.s. 
;~t I I 

p.s. 

16 

dM dM • 
I 2 

(17) 

3~ecb M 1 R ·M 2 03Ha'laJOT a¢¢eKTHBHbie MaCChi M rr/P · H M17 + 17 -n: o : a 1 ••• a 4 -. 

· npoueHTHbie BKnaahi peaoHa~coB N * +t-, w 0 , N * +t-wo H N *~ Tf 0 , cooTBeT

CTBeHHo. ... 
<l>yHKUHH W a , J a H W a HMeJOT TOT *e CMbiCn, 'ITO. H B Bblpa*e-

HHH (5), ,Unn cpaaOBOrO 06'beMa , nnTH'laCTH'IHOI'O COCTOSlHHSl ~'p TT+ TT + TT- TT O " 

Hcnonb30Banocb Bhlpa*eHHe: 

'Wp .... =q1q12.Sa(M2t'3rr), 
(18) 

rae: q 1-HMilynbC BTOpH'IHOrO npOTOHa B CHCTeMe IIOKOn M I ; q 
12

- HM-

nynhC CHCTeMbl l't1 I HnH l\1 2 B o6ruefi CHCTeMe UeHTpa; S3 (!\1 2 ,3rr) llMeeT 
. x/. 

CMbiCn tjlaaoBoro o6'beMa npu pacna~e cucTeMbi ~1 2 - Ha 3rr -Me3oHa H · paBHo: 

rf.l 2 m 2 m 3
/ 2 m 2 2 

S 3 (M 1p3rr)= -!\1 2 (1+0,997~)(1- - 11 ) (1-9---:tz:) 
8 ~I 2 ~I 2 l\1"2 (19) 

nocKonbKY T/ 
0 

-Me30H smnneTcn oqeHb yaKnM peaoHaHCOM ( ero nmpu

Ha = 3 KaB) -. npaKTH'IeCKH, nHHHefi IIO CpaBHGHHK> C 9KCIIepnMeHTanbHbiM 

pa3peilleHHeM IIO MaCCe ( = 15 M9B) - TO B Bbtpa*eHHH W Tf BMeCTO CIIeK-

TpanbiiOH tjlyHKUHH EpaiiTa-BnrHepa ann Tf 
0 

-Me3oHa ucnonb30Banacb fayc-

coaa ¢YHKUHSI pacnpeaeneHHSI anna: 

. (M 2-a9)2] )--1-.-· 
W 71 =( _exp[- 2a 2 S (M;3rr) 

a y2rr 10 3 
10 

(20) 

3~eci,: a9 H a10 - Macca Tf 
0 

-Me30Ha H a Tf -CTaHaapTHOe OTKnOHeHHe 

rayccoBcKoro pacnpe.aeneHnn, cooTBeTCTBeHHo • 

.llnn W -Me30Ha, HCTHHHan IliHpHHa KOTOporo ( = 12 M9B) CpaBHHMa C 
I , 

aKcnepuMeHTanhHOfi TO'IHOCTbJO onpeaeneaun M 
17 

+17 - 17 o , KpoMe Bbtpa*e-

HHSI THIIa 171 , npHMeHSinacb TaK*e H fayccoaa tjlyHKUnn pacrrp,eaeneHun, KaK 

BHaHO H3 Ta6miUbl 1, pe3ynbT8Tbl 81IIIpOKCUM8UIIH B 060HX cnyqanX OKa3anHCb 

npaKTH'IeCKH CoimaaaJOIUHMH, 

x/ . 
<t>opMyna (19) BhiBeneHa r.H. KorrhinOBbiM, 

17 

i' 
I 
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_.,!. 

Heo6xonHMOCTb, Bhi'IHcneHHst W a Me Ton oM MoHTe-Kapno ttnst "noiKHhtX" 

KOMOHHaUHii Mrr+ H M + - o a cnyqae peaKUHH {2) HnmocTpHpyeTcSI' PHC. 
p TT TT TT· 

12, OTKyna BHJlHO OTnH'IHe nonyqeHHhlX pacnpeneneHHH OT ~830BOH KpHBOH. 

QueHKH napaMeTpOB B BblpaiKeHHH { 17) 0 nony'leHHbie npH MHHHMH3aUHH 

WHKUHH npaanonono6Hst { 14), npHaeneHhi a Ta6nHue 1·. KaK H a cny'lae pe

aKUHH {1), Ha6nronaeTCSI OOnblliOH BKnan COBMeCTHOrO pOiKJlaHHSI pe30H8HCOB 

N *, 2~~ w 0 {,; 51%). I! Ni;;;Jf { ~ 6%), a TBKiKe OJlHHO'IHOe pOiKlleHI!e wO -Me3o-

Ha. 0Jll!HO'IHOe poiKneHHe 1!3o6apbi N \;!"
8 

npaKTI!'IeCKH oTcyTCTayeT. KaK 

Bl!JlHO 1!3 pHC. 9,10, CYMMapHb!e KpHBble 1 Bbl'IHCneHHble C y'leTOM napaMeT

pOB 1!3 TaonHUhi l, xoporno onHCbtaaroT pacnpeneneHllst al\l¢eKTI!BHhiX Mace 

l\lrr+p H ~+rr-rr0 • 

Ha pHc. 2 H 13 npHsenenht ce'leHHH onHHO'IHOro I! coaMeCTHoro poiKne-

HllH pe3QH8HCOB B peaKUHH {2) nnH HHTepsana nepBH'IHb!X HMnynbCOB 1-8 

faa/c /?I. KaK H B cnyqae peaKUHH { 1); Ce'leHHe COBMeCTHOrO p0iKJl8HHSI 

pe30HaHCOB
1 

onpeneneHHOe B H8CTOSilliefi paoOTe, OK83biBaeTCSI Bhlllie Jl8HHbiX 

npyrnx paooT npll 6nn3KHX aHeprHRX. 

PeaKUHSI 77+p~n"+ "+" +"-

B KOH8'1HOM COCTOSIHIH! peaKUHH { 3) . npnCyTCTByiDT 3. TOiKJ18CTB8HHble 

'lacTI!Ubl - Jrr + -Me3oHa, IT09TOMY _o6llil!H Hepe30HaHCHbiH ¢oH 3a C'leT BKna

na KOMOHHaUHH CO BCeMH rr + -M~30HaMH CT8HOBHTCSI oco6eHIIO BenHK. B 

pacnpeJleneHHU 9~eKTI!BHbiX Mace M n 
17

- - B yeaKUHll { 3) BHJleH llHK, COOT

BeTCTBYIDlliHH u3o6ape N* (eM. pHc. 14). AnnpoKcHMaUHSI pacnpeJleneHHst 
1238 

l\tn 77- BbtpaiKeHHeM c yqeToM 1\JyHKUHH EpaiiTa-BHrnepa nnH H3o6apbt H He-

pe3oHaHcnoro ¢ona • n03aoluma onpeJtenHTb. ce'leHHe pO)KJleHHSI H3o6apbi 
,' '} . \ 

N
1

;
38 

... nrr • Ono o~a~a~ocb paaH~IM ::,N* "' 0,14 ~ 0,02 M6. 

B cneKTpax Mace scex npyrux 2- H 3-qacTu'IH~tx KOM6unauuii peaKUUH 

(3) HHKaKux oco6eHnocTefi He na6nroJlanocb. 

B 3aKnK>'leHHe aBTOpbl Bbtp8)1{810T 6narOJlapHOCTb r .H. Konbtnoay H 

B.E. KoMonoaoii aa psrn none3HbiX KOHCynbTaunii n AHCKyccRii. 

22 

N 

150 

50 

so 

0W'~8~-------.~~~~-----

ass ~ 

PHc.12. PacnpeneneHHll scjl¢eR 
"nOlKHbiX" KOM6HHaUH 
Te-Kapno; CnnOIIIHall 
o6'heMY. 



W MeTonoM MoHTe-Kapno Allll "nolKHhiX" 
a 

cllyqae peaKUHH (2) Hllll~CTpHpyeTCll puc. 

pacnpeneneHHH OT ~a30BOH KpHBOfi. 

blpalKeHHH ( 17), nony'ieHHbJe npH MHHHMH38UHH 

npuaeneHhi B Ta6nuue 1. KaK H B cnyqae pe

wofi BKll8A COBMeCTHOrO pOlKAeHHll pe30~8HCOB 

a TSKlKe OAHHO'iHOe pOlKAeHHe wO -Me3o-

N* ++-
1238 

npaKTH'ieCKH oTcyTcTayeT. KaK · 

KpHBble, Bbl'iHClleHHble C y'ieTOM napaMeT

OllHCbiB8~T pacnpeneneHHSI a~¢eKTHBHbiX M8CC 

ce'ieHHll OAHHO'iHOrO H COBMeCTHOrO pOlKAe

AllSI HHTepaana nepBH'iHblX HMllyllhCOB 1-8 

peaKUHH ( 1) 0 ce'ieHHe COBMeCTHOrO pOlKAeHHSI 

pa6oTe, OK83b!BaeTCSI BbiWe A8HHb!X 

rr+p~nrr+ rr+rr +TT-

peaKUHH (3) npncyTCTBy~T 3. TOlKAeCTBeHHbie 

R=IToMv . oomHfi Hepe3oHaHCHbiii ¢on 3a c'leT aKna

-M~3oHaMH cTaHOBHTCSI oco6eHHO nennK. B 

- B peaKUUH (3) BHAeH llHK, COOT-

14). AnnpoKCHMauusr pacnpeneneHHll 

~YHKUHH BpailTa-Bm:•uepa nnsr H3o6apbi H He

. onpenenHTh ce'ieHHe po>KneHHSI n3o6apbl 

UN* = 0,14:0,02 MO. 

H 3-'iaCTU'iHblX KOM6UH8UUH peaKUUH 

Ha6n~nanocb. 

Bblpa>Ka~T 6naronapHOCTh r .H. KonblllOBY H 

93Hb!X KOHCyllhT8UHii H JlHCKyCCHH. 
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PHc.12. PacnpeaeneHHH slf!tf>eKTHBHhiX Made MIT+ P (a) n l\IIT+ IT- ITo (6) 
.,nomHbiX., KOM6HHaUnft B peaKUHH (2), nony'leHHhiS MSTOllOM MoH-. 
Te-Kapno. CnnownaH KpHBSH COOTBeTCTByeT paC'leTy no lfla30BOMy 
o6oeMY• . 
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nyHKTHpHbie KpHBble OlliiCbiBBIOT OTile/IbHO <jla30Bb!H 06'beM II pO:lKile-

HIIe ·nao6apbi N*
1238 

• CnnowHaSI KpnaaSI - cyMMapHaSI. 
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