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1. Onnoll na sa>KHbi?t npo6neM, B03HHKaiOmnx npn nccnenosanHH peaoHancos, 

HBUHeTCH Toqnoe onpeneneHHe nnH HHX TaKHX napaMeTpOB KaK Macca H lliHpHHa, a 

TaK n<e ceqeHHe po>KneHHH. B TOM c nyqae, ecnn peaoHaHCbi nponenmoTcn KaK "nHKH • 

B pacnpeneneHHHX 3!j><jleKTHBHbiX MaCC He KOTOpbi X KOM6HHaUHli qaCTHU KOHeqHoro 

COCTOHHHll, OU9HKH HX napaMeTpOB, KaK H3B9 CTHO, MO>KHO nonyqHTb HpH I.IOCTaToq-

HO 60flhWOli CT8THCTHK9 H9HOCpencTB9HHO H3 8H8flH38 3THX pacnpeneneHiiH. 

OnHaKo nall<e npH ycnOBHH BbiCOKoro paapeweHHll aKcnepHMeHTanbHOil a nnapa

Typbi oueHKH napaMeTpos peaoHaHCOB, HailneHIIbie TBKIIM o6paaoM, He scerna nnnn·· 

IOTCH I.IOCTOB9pHbiMH H H9H36eli<HO 38BHCHT OT pnna LIOHOUHHT9flbHbiX npennono>Ke

HIIli. PaccMoTpHM a TOT eonpoc nonpo6Hee. 

PacnpeaeneHHe no a!j>tjleKTHBHOli Macce KaKoil-nu6o KOM6HHBUHH qacTHU 

H3 KOHeqHoro COCTOHHHH KBKOli-nH60 peaKUHH nenneTcn nn¢<jlepeHunanbHhiM ceqeHH-

do 

di.1"2 eM aToil peaKUHH no nonHon 3HeprHH LIBHHOli KOM6HH8UIIII 4aCTHU B CHCTeMe 

do 

~ 
ee noKon, 11 !j>opMa "nnKa" B ceqenH H , COOTBe TCTBYIOillero npoMe>KyToqno-

MY peaoHaHCHOMY cocTOHHHIO R , 38BIICHT He TOflbKO OT llillpllllbl II MBCCbl pe30H8H-

ca R , HO H oT ero cnnHa , 4eTnocTn H MexaHH3Ma ero o6paaosaHit51. no3TOMY nnn 

H8XOll<l.leHHH HeCMelUeHHbiX OUeHOK napa~IeTpOB pe30H8HC8 B 06tUeM cnyqae HY>KHO 

3HaTL ero CHHH H qeTHOCTb II Yli.I9Tb aH81IIITH4eCKH OOI!CaTb LlliHBMHKY 9<0 po>Kne-

HHH. B nacTomuee speMn nocn enHeo MO>KHO cnenaTh T onhKO B paMKax onpeneneHHbtX 

ynpomeHHbiX Moneneii. 
do 

Xon ceqeHnn -
d M 2 

6 
/ 1,2,3 / 

6blll paCCMOTpeH B pnne pa OT , B KOTOpbiX B He-

KOTOpbiX npY.6UHll<eHHHX 6btnH nonyqeHbl aHaliiiTHqeCKHe Bblp8>K9 HIIH nnn nnOTHOCTH 

pacnpenenennn nsyxqacTnqabiX atp!j>eK THBHh!X Mace B o6nacTn"nnKa" 

HbiX peAKUHii ( 6ea y4eTa snnnt·!HH nepeaonancaoro tjloHa ). 
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/3/ 
6opue 11 ~yee HCcneuoea nH B nonrocHOM npH6nHme HHH npouecc pomueHHH 

BeKTOpHOrO Me30H8 K* B p eaKUHH, OITHC biBaeMOH UHarpaMMOH, 11306pa)f<eHHO~ 

Ha p11c. I, rue K 11 rr nceBAOCK8ll HpHhle M e 30Uhl H p -6apHOH. noc ne HHTe-

rpHpoeaHHH no yrnaM pomueHHH 11 pacnaua pe3oHaHca HMH 6bino nony•;eno cneuyiD' • . . 
wee Bbipa)f(eHae an 51 ce'!eHH51 sTore npouecca B CHCT eMe noK051 ( K rr) 

2 

d a/ d M 
4 

~ f d P a cTa6 . ( P • M) P pe3. 
(M 2 )l( M

2 ,tl 2
), 

rue ac Ta
6 

- ce'l e HHe pomu e HH51 pe30HaHca K a K c Ta6HllbHOii 'laCTHUbi c Maceo~ M 
0 

P (M 2) = _1_ 
fl(ll 

2
) 

---------- CIJeKTpa:lbH851 <jlyHKUH51 All 51 npo-
pe3 . rr 2 2 2 

(M -M
0 

) +fl(M ) 

naraTopa pe3oHaHca K * (non Hoe Bbipa)f(e Hae ·an51 f1 ( M 
2

) 
/ 3 / 

CM, B pa6 oTe ) 

2 2 Fill 2 2 
I ( M , fl ) = ( -M , 6 ) 

F ( ll 2 2 
( -M tl ) 

0 ' 

- nonpaDO'!HbiH K03<jl<jlHUHeHT Ull51 o6naCTH 

M 2 f M 2 
0 

( I) 2 2 
F (-M ,tl ) - ~lOpM<jlaKTop B e epum n e ( 1) ll 

fl - '!e T wpeX-H MITYllbC 06MeHHOH '18CTH!l hl . 

/4/ ' 2 B pa6oTe n)f(eKCOH npHeen 3TO Bblpd)f(eHHC AMI d a I d M K BHuy: 

M 
2 

d a d a I d E cTa6. 

1 M r(M) 
(M) [- o 

TT 2 22 2 2 
(M -M ) -I 0') M 

0 0 

l . (3) 

r ·ue M 
0 

- Mace a pe30HaHca; 

l ( M) - WH pHHa pe30H8HC8, 38BHCHIU851 OT KOII CTOHT C B I-!3 11 'IDCTHU pBC IT DJ.l B H 

CllHH8 p e30HfiHC D . 

llnH neyx'laCTH'IHbiX p acn auoe B T eop aH B03Mywe HH 51 nonpi e Ho c n e u y 1owre <:: Bbl 

/ 4 / 
p al!< "•me an H f' ( M) 

I(M)=I (-q~)2P+ 1 

0 q 
0 

P ( M) 

P (M ) 
0 

(4) 

rue Q - HMITyHbC '18CTHUbl OT pacnaua pe30H8HC8 B CHCTeMe ei' O IT OKO~I, - CIT IIH 

pe30 H8HC8~ r O - l!CTHHH851 • U1H pHH8" pe30HDHC8 IT pH M ~ M 
0 

H q
0 

- H ~mynh c q 
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!!pH M c M0;p(M)- HeKOTOpaSI 38BHCSIW8SI OT CI!HHa pe30H8HC8 <jly HKUHSI, BH!I KOTOpoH 

!II!SI !IBYX'I8CTH'IHOI"'O pacnana MO>I<eT 6bJTb I!OI!y'leH B TeOpliH B03MyWeHHii HI!H I!OiJ.()-

/4/ 
6paH 3MnHpH'IeCKH (eM. pa6oTy ) • EcnH pe3oHaHc HMe e T ne TOI!bKO noyx'!aCTH'IHbii1:, 

HO n npyrue pacrranbi, ljlopMyna (3) ocTaeTC SI cnpasennHsofi nmt Ka)l{noro oTne·nbHo

ro BH!l8 pacnana, !!pH'! eM r (M) !IOmK H8 6biTb I!OC'!HT8H8 KBK napUH8l!bH8SI WHPHII8 

nnSI naHHoro pacnana . 

B Dbipa)l{eHHH nnn ce'!eHHn po)l{neHHn p e 30HaHca K a K CTa6HlibHOi1: •taCTHUbi c 

Mace oil M 
0 

2 
da 6 (M) .. ronst J\r 

6 
(M,W) J F (M,W) 

CTB • CTa • R (5) 

F (M, Wr penSITHBHCTCKHH <jla 3 0Bbtii 06beM npOMe )l{yTO'lHOI"'O COC TOSIHHSI, B KOTOpOM 
R 

pe3oHaHc paccMaTpHoaeTCSI KaK cTa6HnbHaSI 'lliCTHua c Macco•i M 
0 3TOT <jl83()-

BbiH 06beM MO)I{eT 6biTb lJOI!y'lefJ cnenyiOWiiM o6pa 30M. 0yCTb HMeeTC51 n - 'IBCTH'l

HOe KOHe'IHOe COCTO SIHH e , OllHCbiD8eMOe penSITH BHCTCKHM tjl830BblM 06beMOM 

3 3 
d PI d P 2 

(2rr)
3

" (2 E ) 
. I 

3 
d pn 

S (p I+ p 2 + 
(2 E ) 

(6) 

n 

II nne K8KHe- nH60 '18CTHUbl 3TOI"'O COCTOS!HHSI SIBI!SIJOTCSI llpO!IYKT8MH pacnana pe30H8H-

ca . Torna <jla30Dbii! o6beM nm1 ( n - 1) '18CTH'iHOI"'O COCTOSIHHSI , B KOTOpOM pe30H8HC 

paCCM8TpHB8eTCSI KBK CT86HI!bH8SI '18CTHU8, 38llHWeTCSI cnenyiOil!HM o6pa30M 

F ( M, w) - 4 IT 2 __!__ F (W) • 
R q n (7) 

rne q - HMnynbc '18CTHUI>t OT pacnana pe3oaaaca B cucT e Me ero noKOSI H M - Macca 

pe3oHaHca. 

MaTpH'IHbiH 3 neMeHT ~ ( M, W) o o6we M cnyqae HeH3oecTeH . llnSI He KOTOpbiX 

/2,5/ 
peaKUH fi ero BH!I MOlKeT 6bJTb HOI!y'le H H8 OCHOBe KOHKpeTHbiX MO!I e n ei! 

B ee npenbtiiYWHe paccy)l{neHHSI OTHOCHI!HCb K cny'laiO, Korna o npoMe>~<yTO'lHOM 

COCTOSIHHH H MeeTCSI O!IHH pe30H8HC HI!H HeCKOI!bKO p e30H8HCOB, H MeiOWHX 0!1HH8KC>

Bblli BHII pacnana . 0 !1H8KO BO MHOI"'HX Cny'ISSIX O!IHO II TO )l{e KOHe'lH Oe COCTOSIHHe 

MOlKeT o6p830BbiB8TbC51 '1epe3 p831!H'IHbie I!pOMe>l<yTO'lHbie COCTOSIH HSI, CO!leplKSWHe 

p e 30H8HCbl C pa3Hb1MH BH!18MH pacnana . 
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8 9TOM cnyqae OllHOMepHbie pacnpeaeneHHH sljxjleKTHBHbiX MBCC 'IBCTHU OT pac

naaa KB>KilOr'O pe30HBIICB 5yayT .;HnbHO HCKB >KeHbl BJlHHHHeM apyrHX pe30HBHCOB, H 

ll03TOMY ll11H nonyqeHHH HeCMemeHHbiX OUeHOK napaMeTpOB pe30HBHCOB Hy>KHO H3Y'IBTb 

y>Ke MHOroMepHbie pacnpeaeneHH H. 

PacCMOTpHM nonpo5aee CJIY'IBH, KOr'llB TpeX'IBCTH'IHOe KOHe'IHOe COCTOHHHe 

( ml ' m 2 ' m 
3 

) MO>KeT o5pa30BblBBTbCH qepe3 llBB pa31lH'IHbiX KBB3HilBYX'IBCTH'I-

HbiX npoMe>KyTo'IHbiX cocTOHHH H R • + m J R • TaK KBK pe30HBHChl MOryT 
e 

HHTep~pBpOBBTb, ceqeHH e o5p830BBHHH TpeX'IBCTH'IHOr'O COCTOHHHH HY>KHO 5paTb npo

/ 6 7/ 
nopUHOHBJlbHbiM KB81lp8Ty CYMMbl 8Mll11HTY ll npoMe>KyTO'IHbiX COCTOHHHH ' 

2 2 2 
d u(M

1 
,M

2
) 

f(W)[a 
.. .. ... ain 8 1 ~ F ( p , p' , q , W) e I + 

d M ~ d M 
I I I I I ~ [ r (M ) M ] 

0 I 
(8) 

... ... ... sin 8 
+ aF(p,p',q,W) 2 

2 2 2 2 

e tt. 2 
l' 

[r(M)M l~ 
2 2 0 2 

rae 
ain 8 

e -18 I 1 2 
e • ~ .( u ) ' 

p e3 . ~ 
[r M 1 

e Oe 

8 = arctg 
• 

r.(M
8

) !.1 0 • 

2 2 
M - M 

, ' t..~<P.- 8. 

e Oe 

F 
.... , .. 1¢ 

a •• (p,p,q,W)e e HeKoTopag ¢YHKUHH, y'laTbiBBiomag MeXuHH3M po>KaeHHH 

pe30HBHC8 R 
• 

, B KOTOpOH p H p' - HMllY1lbCbl OJl,HOH H3 nepBH'IHbiX 'IBCTHU llO 

H nocne B38HMOileHCTBHHJ 
... 
q aMnynbc qacTHUbi oT pacnana pe30HaHca a e ro cac-

TeMe llOKOH, 

Baeneaae noao5Holl !jlyHKUHif Bbi3B8HO TeM o5cTOSITenbCTBOM, 'ITO a cnyqae 

aayMepHoro pacnpeaeneHHSI sljxjleKTHBHbiX Mace (nanee 5yaeT ae3ae noapa3yMe saTbCH 

2 2 
aaarpaMMa .nanaTua) 

2 2 
nnoTHOCTb pacnpeaeneHHSI aa naarpaMMe c OC HMH M M 

I VS 2 

D ( M 
1 

M 
2

) pe3oHaHca R. , npOS!BJlSIIOlllerocSI B scjJ<jleKTHBHOH MBCCe Ml , MQ)f{eT 

aMeTb 3BBifCHMOCTb H OT M 
2 

Henb3SI y>Ke ycpen-R • , il09 TOMY Ce'leHHe pO>KileHHH 

HHTb no seeM nepeMeHHbiM, KpoMe M 
1 

0CHOBHOH xapaKTep 38BifCHMOCTif nnOTHOCTH pacnpeneneHaSI pe30HBHCB R oT 
e 

M 
2 

MO)I(HO noHCHHTb cneayiOmaM o5pa3oM. 

6 
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Yf3BeCTHO, 'ITO JJ.nR Tp e X'lBCTH'lHOrO KOHe'lHOrO COCTORHHR CylUeCTBy e T CBR3b 

2 
MelKJJ.Y KBBJJ.pa T OM 3 <jJQJeKTHBHOii M B CCbl OJJ.HOli napbl 'IBCTHU, HanpHM e p, M ~ p.1

2 
H 

2, 3 2 

yrnOBbiM pacnpeJJ.eneHHeM I ( e *) OJJ.HOH H3 'l8CTHU apyroft napbl ( Ha npHMep, m 'm ) 
1 2 

B CHCTeMe ee nOKOR OTHOC HTe nbHO Hanpaane HHR 

/8/ 
M EM 

1, 2 
B C.U.M. 3Ta 38BHCH-

MOCTb HMeeT BHJl 

M
2 

=2yp* ( {3E +p )co~O*+m 2 +m 2 +2yE* (E {3 ) 
2,3 2 3 3 2 3 2 3+ p3 ' 

{9) 

rae 

E 
12 

M 
12 

V' 2 2 ~ · + m 3 - 1 12 
' {3 

2W 

E* - nonttaR 3HeprHR 'lBCTHUbt "2' B CHCTeMe nOKOR 

p R - HMnynbC M a c.u . M . , q - HMrrynhc -qacTI!Ubi 
1' 2 "'2 B CHCTeMe IIOKOR M 

1,2 

E 
1

,
2 

P
1
,

2
- 3HeprHR H IIMIIynbC CHC T eMbl 'l8CTHU (1,2) B C .U. M . 

2 
no3 TOMY rrnOTHOCTb pacnpeJJ.eneHIIR D ( M 2) Ha JJ.HarpaMMe .UanHTUa 6yJJ.eT 

rrporropuHOHanbH8 I ( e•) ' KOTOpoe H30Tp0IIHO TOnhi<O anR pe3 0HBHCOB co cnHHOM 0. 
d 2

u 
.UnR nony'leHHR TO'IHOH 38BIICHMOCTH 

2 
Hy>KHO 3H8Tb 8MIInHTYJJ.Y pOX<JJ.eHH51 

dM 2 dM 

pe3onanca R • 

1 2 

a <jlopMe, Y 'lHTbtaaJOweii nnoTHOCTh 3aceneHHOCTll noJJ.ypoatteii c pa3 -

nH"!H biMH MBr!IHTHb!Mii 'lHCnBMll m I OTHOCHTenhHO Hanpaane HHR nepB!!'lHOrO IIY'IKB 

I! ll ll!OlUei.f IIpBBHnhHYIO 3 8 B!!CHMOC Tb JlH qxpepeHU!!BnbHOrO -ce'leHHR no KB8JJ.p8TY rrepe-

aattttoro HMrrynbca. 

nocKOnbKY TO'lHbiH BI!Jl TBKHX a MnnHTYJl HeH3Be CTeH, JJ.nR y"'eTa 38BHCHMOCTH 

D ( ~\2 , M 
2
) OT M 

2 
nonb3ytoTCR neKOTOpbtMH tjlenoMettonorH"!eCKHMH QJYHKUH51MH. 

Hanpr!Mep, MOlKHO 3aiiHCaTb a 6opHOBCKOM np~c~6n~c~lKeHHH HHsapnaHTHyto aMnmrTyJJ.y 

p OlK Jl e HHR pe30HBHCOB C onpeJJ.en e HHbiM CnHHOM H 'l e THOCTb!O (eM., HanpHM e p , pa6o

Ty / 9 / ), H a K a "!eC Tae F ( p, p', q, \V) B3RTh TY ee 'lBCTh, K OTopaR tt a ~c~6onee cywe-

2 
HB paCnpe aeneHHe no W

2 
, OCTBBnRR npH 3 TO M 3BBI!CHMOCTb OT 

sins. ~ 
____ ..:.___--,- e-1•0 •· HanpHMep, 

1! / 2 

C TBe HHO B n HReT 

M
2 

B BHae 
1 

/ 9 / r. PonbJJ.xa6ep H n p . , H3y-qaawne polKae-

HI!R K* 
890 

aMnnHTYJl b l 

[ r· 
H 

M 
• Oe 

N* 
1238 

K* 
890 

+ 
B p e aKUHHX Y 

F K * ( p, p-+', q, W) = ( p x p' q) 

7 

+ 
K* p-+ N* K , B3RnH JJ.nR 

!238 



II nn 5I 11306apbl N* ( Ha OC HOBaHIIII 
1238 /5/ 

p - <jloTOHHOii aHanor1111, npennolKeHHoii 

CaKy pall 11 CTononbCKIIM ) 

... ... ... 1 c/; * ... _. ... ... ... 
F (p,p' , q,W)e N oo (p x p')(2q+IO' X q). 

N* . 

Hy>KHO noa'l e pKHYTb, 'ITO npasllnbHOe on11caHJ!e nnoTHOCTII nsyMepHoro pacnpenene

HIIH pe30HaHCOB OC06eHHO CyiUeCTBeHHO 11p11 113y'leHIIII IIHTep<jlcpeHUIIOI!HbiX 3cjxpeKTOB, 

B brpalKeHIIe (8) nerKo pacnpocTpamrTb Ha npOII3BOnbHOe 'IIICno pe3ol!aHcoB, 

pacnatl810!UI!XC51 Ha Te napbl '!aCTI!U , KBanpaTbl 3QJtPeKTIIBHbiX MaCC KOTOp btX OTnOlKel!bl 

no oCHM n11arpaMMbi JlamiTua. OnHaKo, ecn11 y 11ccnenyeMoro KOHe'll!oro 3-'!aCTII'I-

I!OrO COC f 051H1151 B npoMelKyTO'IHOM COCT051HIIII I!MeeTC51 pe30HaHC, KOT Opwif pacna-

naeTC 51 Ha npyryro napy '!aCTIIU, TO Ha tlllarpaMMe . JlaniiTUa l1051BIITC51 e ro *oTpa-

>i<eHI!e• , 11 nonHy ro nnoTHOCTb pacnpeaene HI! H co6b1TIIit Ha n11arpaMMe J1an11Tua y>Ke 

He nb351 Ol111CaTb Bbipa>KeimeM Blltla (8), 

T aK a H CIITyaUIIH ocymec T B n SJeTCSJ, nanpiiMep , B peaKUIIII " +P oo "+p" 

KOrtla nro6a51 ll BYX'IaC TII'!Ha51 KOM611HaUII 51 SJBn51e T C51 KBHa.'IOM pacnaaa Otli!OrO 113 pe-

30Ha HCOB , 

Al!aniiTII'!ecKoe Bbrpa;KeHIIe a nH omt ca HII SJ nnoTHOCTII p acnpeaeneHIISJ "oTpalKe-

lfi!Sl" pe30I!aHCa MO>KHO n o n y'IIITb cnenyJOIU IIM 06pa30M, 

Vi3BeCTHO, 'ITO B TpeX'!aCTI!'IHOM KOHe'IHOM COCTO>IHIIII BCe Tpll tlBYX'l8CTII'IIlb!e 

3cjJ<jleK TIIBHbie MaCChi M 
I J 

2 
M 

1, 2 

CB513aHW COOTHOIUel!lleM 

+ M 2 
2, 3 

+ M Vi 
1, 3 

2 
+ IT' 

1 

2 2 
+rn2+"'3' {9) 

rae W - nonH8Sl 3Hepr11SJ B C.U.M, II m I - MUCCbl '18CTIIU B KO!Je'HIOM COCT0 51 HII II , 

3 aniiUJeM 3 T OT COOTHO Wel!l!e COKp8!UeHHO KBK 

2 2 2 
M =C- 01 +M ), 

1,3 1,2 2,3 

OycTb no ocnM n11arpaMMbi JlaniiTUa OTl10>l<enbr KBaapaTLI 3 <lxj>eKTIIBHbiX Mace 

2 2 2 2 
M "' M , 11 M "' M • Torna m:oTHOC Tb pacnp<o!neneHI!H pe3oHaHca R 3 -. m 

1
+ m3 , 

1, 2 1 2 , 3 2 

l!e IIHTepcjJepllpytOUierO C npyri!Mil pe30H£li!CaMII , 6yncT 0!1l!Cbi B8TbCH H8 3TOH tlllllrpaM-

Me Bblp!lll<eHII eM : 

2 2 2 
d ,a,<M

1
,M

2
) 

d M 
2 

d M 
I 

~ (7 
CT 

8 

M f'(M,M) 
0, 3 3 I 2 

• (10) 
[ C- ~~ 2

- hl 
2

- M 
2
1 

2 
+ [ f'' ( M , M ) M ] 2 

I 2 0,! 3 I 2 0, 3 

• 



Bbtpa~<eHHe ( 10) npHMeT oco6eHHO npocTyto cl>opMy '3 cny<1ae r; = con st. 

npaKTH'ICCKH OU CHKH napaMeTpOB pe30HaHCOB HaXOJHITC51 C nOMOIUbiO MCTO)la 

MaKCH ManbHOro npasnonono6H51 npH annpoKCHMaUHH aKcnepHMeHTanbHoro pacnpenene

HH51 OJlHHM H3 npHBC)lCHHbiX BbllUC BbtpaiKCHHH, .[le!iCTBIITCnbHO, )ln51 cny'!a5l .1\ByMep

HOrO pacnpeneneHH51 acl>cl>eKTI!BHLIX Mace OTHOpMHpOBBHHOe COOTBCTCTBYIOIUI!M o6pa-

30M Ce'!CHI!& 

2 2 ' 2 
d a (M

1
, M

2
,{3 1) 

N 

rne {3 
1 

- MaCChi, IUHpHHbl H OTIIOCI!TCnbHOe ConepiKOHI!C pe30HaHCOB, naeT BCp051T-

2 2 
HOCTb nonanaHH>J co6btTH!il a aneMeHT d M

1 
d M

2 
np11 naHHbtX 3Ha'leBH51X napaMeTpoa 

{3 I • nosTOMy, COrnUCHO MCTOJlY MBKCI!ManbHOrO n paB):;OHOJl06H51, ny'IUJHMI! OUCHKaMI! 

IICTI!HIIbiX 3H8'!Cili!H napaMeTpOB 6ynyT Te HX 3Ha'ICH1!51, np11 KOTOpt.l X <jlyHKUH51 npaano-

nono6H5l 

2 2 
L({3) ~ flp W(M,M,f3) 

I l l l I 2 I 
(11) 

( rne p l - BCC C06b!THH ) JlOCTI!raeT MBKCI!MyMa. 

B Bblpa~<eHHH ( II) npOH3BeneHHe 6epeTC5l no accM co6btTIIHM , scl>cl>eKTHBHbte 

MaCCbl KOTOpblX M I M 
2 

n elKaT a aanaHHOt1 o6nacn1. B 'IBCTHOCTI!, nn5l Tp ex-

'18CTH'IHOrO KOHC'!HOrO COCT051HI151 6epeTC51 np01!3BCLlCirHC fl p W BCCX C06btTI!ii, 
l l 

twanpaTbl a<jJ<jleKTI!BHbtX Mace KOTOpbrx 6ynyT ne)I<OTb BHYTPH KOHTypa Ha nHarpaMMe 

LtanHTUa. 

P eanhno o6Ll'!HO OTLtCKHnaeTC5l ne MaKCHMYM L ( {3
1

) , a MHHHMYM <jlyHKUI!H 

V(f3
1
)=y-2ln L( f3

1
l=y-2:£ ln( p

1
W

1 
(M 2,M~], 

l I 2 I 
(II a) 

TOK KllK D &TOM c,,yqae MO)I(JJO HCn Onb30BaTb CTaHnapTHbiC MCT OJlL>l HllXOiKJlCHI! Sl Ml!HH-

II . HanoiKeHHbt!i BbtUJe cnoco6 HaXOiKJlCHHH ouenoK napaMeTpoa peaoHaucoa 6btn 

l!CnOnb30Dall aBTOpDMII npn t!Dnl!CllHIUI nporpaMMbl nn11 llli8nH3a TpCX'!8CT1!4HOrO KO-

HC'li!GrO COC T05li!H5l peaKUIHI ,+ p ·• ,+ p 1T O ( nporpaMMa "PEn" ). 
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nnoTHOCTb pac npeneneHHS! 9 qxpeKTHBHb!X M8CC Ha llH8rp8 M Me llanHTUB C OCHMH 

2 2 2 2 
ft. = h' H ~· = 1.1 6bJna annpOKCHMHpoaana Bbrpa)l{eHHeM: 

I 17+ 17 0 2 17+ e 

2 2 1 
Y!' ( M I' ~~ , {3 ) d ~~ 2 d M 2 ~ I - {31- f3 2 -{3! f3 IF 2 

2 I 1 2 + I 
Nl N2({34f3 s) 

BW ( f3 , f3 
5 

, M 21 + 
I 4 I 

2 
f3F 2 f3F2 

+ 
2 2 BW ({3 ,f3 ,M )+ ! ! 

N(f3f3) 2 e 1 2 N(f3f3l 
3 e 1 4 s 9 

B W ( f3 , f3 , M 
2
, M 

2
) l d M 

2 
d M 

2 

38912 I 2 

rne N cffdM
2
dM

2
; N = fJBW (f3 ,f3 ,lt.

2
)dM

2
d M

2
; 

I 12 2 1451 I 2 ( 12) 

2 2 2 2 2 
N = ffBW ( {3 ,f3, M )dM dM; N = ffBW ({3 ,(3. ,M,M )dM

2
dM

2
, 

3 287212 4 3 89121 2 

+ ++ 
Y'<HTbiB8JOWH M o6paaoaanH e p (M

1
) - MC30H8, H3o6apbr N I/(M), 

! 2, 3 2 2 
0 Tp8)1{CHH S! II30-

+ 
6'lpbr N I I (M ) 11 n e peaonanc n oro 

! 2,! 2 3 
ljlona . 

8 Bblp8 )1WHHH ( 12) {3 I , j3 
2 

II f3 
3

- OT HOCHTeJlbHhte COL!Cp)I{8HHH pe30H£lH-

COB; {3 , f3 - M DCCa II WHpHH8 p+ ; f3 , f3 - M8CC8 H WHpHHa N++ ;{3 ,f3 -
4 5 + 

2 
e 1 3/2, 3f2 e 9 

MBCCa H WHpHH8 N 3/2 ~ ,B\V ({3 ,f3, M) - Bb!pa l!<enae B HLI£l (3) II 

2 2 
, 2 1.2 I J e 

BW ({3 p ,M ,M ) - abrpmr<enn e BHna (10}. 
3 8' 9 I 2 

8 rjly HKUIIH ( 12) He y'iH T b!B8eT Cfl HHTe pt!Je pCHUIIH Me)KllY pe30H8HC8MII p + H 

++ 
N I I , nocKOflbKY eCTb ocnoeannsr nonaraTb, 'iTO BKnan 9Toro scjJ<jle KTa nomr<e H 

3 2. 3 2 / 9 / 
6b!Tb BeCbMU MUJl 

npH BbiBOJ:(e Bbtp8 l!< e!H!fl ( 12) 6J,J fl0 TUK )Ke CllCfl a HO npe nn OJJQ )KC H!t e , 'IT O p C30-

+ ++ 
!laHCbl p II N 

3
/2,

3
/2 He HHTep{jlepnpy!OT C He pe3 0HL! HCI!b!M ~JOHOM . lln ~t y'i e Ta T £l -

KOii HHTe p cpepeHUHII lly )JHI O II C nOnb3 0BL!Tb pD3flO)KC HJI C no fl ll pUIIIWbHb i M BOflllaM , KO-

T opoe 6yn e T conepll<aTb 6onbwoe 'iHcno neii3 BCCTIIbt X n a p a MeT poa. B pacc MnTpll-

B 3 C MOM CJJy'ia e T 8 KOi·i IlOJlXOJ:( llp8KTH'iC CKH lleBL irtOJJHHM. 

lloc KOllbKY upM anaJJM3C sv. cu e pMM C HTanbnoro p a cnp cnene mr11 c o6bi T !iii no '"1>

qJeK TH B !l b tM MD C Ca M 06bl4110 Tp e6yeTCI1 a ) TO'IHO onpe neliHTb rtOJJO)KC H!i C H 9 Kert e pli -

MeHTllllb l-i Ui e lllUpiiHhl H;l6niO!l B e M biX "nHKOD" H 6) u,q iiTH OUeHKH "HCTHHll bi X" 3 H ll 4 C -

Jlli H ~wee , W Hptlll 1i npOUC I"ITIIOrO e one p )I{8 Hitl1 p e:J OH ll lfCOB, 6 bJJIO IWrtHCB HO 2 BapH-

a nTIJ up orpD.MMhl "PEn· .. 
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8 nepnoM napnanTe 6btno B311TO ~ = cons! , F 1 = 1 , BW 
3
., 0 , T . e . pacnpeae-

nenne C06biTHH Hll J:lHBrpllMMe ila nHTUB a nnpOKCHMHpOBBJJOCb npOCT b!MH Bblpll)l<e HHS1-

MH 
rl M 01 

nmoc n aoTponHbtll n epea onanC Hbtll ¢on. 

8 o BTOpO~I BBpHilHTe J:lJ111 r1. 2 (M) HCfiOJ1b30BBJ10Cb Bbtpa>Ken n e (4). npn 3 T OM 

+ / 4 / 
an11 p -Meaona 6htno B351TO p + ( M ) = M 

0' +m)2-m2 p I I 
2 

p fT npoBeJ:te HH blii ll)l<eKCOHOM 8JIIlJ1H3/
4

/ nOK838JJ, 

H J:lJ111 H3068pbl 

2 
M 2 

unn F 1 oco6 eHHO cymecTBeHen an11 peaoHancon, Macca KOTOpbtX JJ e)I<H T 6JJH3Ko 

K 'nopory' nx pacnaaa , T.e. m
1

+m
2 

, rae m 
1

•
2

- MllCCbl '18CTHU p8Cfi8J:l8 , fiOCKOJJb-

KY nn11 TBKIIX peaonaHCOB 3KCncpHMeHT aJJbHOe nono;.KeHHe nnKa OKil3bJBaeTc 11 cywe-

cTnenno cnsnnyTbiM B o6naCT b M < M 0 • H r 3KCn < r 0 • nocKOJJbKY MLlCCa p 

Me30Ha ne,.<HT 3 H8'1HTeJJbHO Bbtwe nopora, npn pac'JeTax 6btno nono>KeHo F c 1 
I 

lln11 nao6apbt ljJyHKUH11 F 2 6btna B3HTa panHoii p ,o , TaK KllK T aKyto aasncn-

MOCTb HMeeT MaTpH'IHbtt"t 3JJeMeHT n Moaenn CaKypaH-CToaonbcKoro. T aKal1 npoCTBH 

6btJJa Bbt6paHa , s o-nepsbt X, H3 - 3a orpann'leHHofi naMS1TH E3CM-3M, H, !j>opMa F 
2 14! 

BQ-BTOpbiX, 110TOMY , 'ITO, KllK nOK838J1 ll)l<eKCOH , BBe.QeHHe TllKOJ1 38BHCIIMOCTH 

'18C T O OK83biB8eT CS1 J:lOCTSTO'IHb!M J:l J1 11 np8BHJ1bHOrO onpeJ:te J1eHHS1 
+ ;t 

H3 o6apbt N / .t' 
3 2,:v 2 • ++ 

ilnH "oT pa>KeHHS1' N 
3
/2,

3
/2 6h!J10 B311TO !'; cl, r = cons! • lln 11 MHHIIMH38UH H ljJyHK-

UHH V ( ~\, M 
2 

{3 
1

) I! CfiOJ1b30D8J18Cb CT8HJ:lllpTH811 nporp8MM8 Cn-123, H3Me He !IHill1 

llJJH CJ1Y'I811 !j>yHKUIIH npasaonoao6HH vi.H . CnnHHblM, 

Pa6oTa nporpa ~1Mbt 6btna npoaepeHa Ha ncKyccTneHHbtX co6btTH HX, creHepnpo-

• .., . Ill / p 6 
B8HHb!X C nOMOII!b iO nporpa~1Mbl ..-ope • e3yJ1bT8T b! 0 C 'J e Ta rene pllpOBBHHb!X 

co6biTHfl npnneaenbt s Ta6n11ue 1. 

nepBb!H DllpHBHT nporpBMMbl 'PEn" 6b!J1 HCnOJJb30BBH J:lJJH 8H8J1 H38 npeJ:tBBpH

/10 / 

8 cnyqae n eo6xomtMOCTH nporpaMMa 'PEn' MO"<eT 6btTb nerKo p acwnpena na 

60J1bWee KOJJH'IeC T BO pe30H8HCOB. 

8 38KJ110'1eHHe 8BT Opbl 6naroaapS1T VI .H. CnnHHS, H.M. rpaMeHHUKOI'O II r.VI. Ko

fl b!JJOBB 38 fiOMOII!b B pa6oTe H HeO.QHOKpBTHble 06Cy )I<J:teHHR pa60Tbl, B TBK>Ke 

B. KoMonosy 38 MO.Qennposanne co6btTHfl. 
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Y. 

y 

6 

c 

1 

( 

Ta6nau a 

3a.uaHHbie 3Ha'leHK!I no,norHaHHbie 3Ha'le iHI!I 
napaMeTpoa napaMeTpoa 

--
f3, ( %) m,7 37 ,1.±3,2 

{32 ~ % ) 25,2 27,7,±2,5 

f3 3 ( %) 12,6 13,4,±2,0 

f3 (fga ) o, 768 o, 767 .±0, 005 
4 

{35 (fga ) 0,120 0, !01,±0, 0!4 

{3& (fga) !,238 1,244,±0,cx:t1 

f3 (fga) o,r2o 0, IOO,±O, 028 
7 

f3 (fg a) 
8 

1,238 I, 240,±0, 005 

f3 (fga ) 0,120 O, CJ77 ,±0, OI8 
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PHc. I. ll>rarpaMMa po>KaeHHR peaoHaHca npH OllHO'IBCTH'<HOM o5MeHe . 

2. PacnpeaeneHHe renepHpOBBHHbJX COObiTHil no M 
2 

0 • KpHaol! (I) o5o-
3Haqea BKnaa ~aaoaoro o6beMa, KpHsoH (2) -"::nan ~aaoaoro o6beMa 

H Hao6aphl N•1++ 1 , KpHaol! (3) - BKnaa cj>aaoaoro o6heMa, Hao6apbl 
3 2,3/t 

N•++ H oTpa>KeHHll nao5apbl N•
1
+ I 

,;.,,;. ' 2,' 2 
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II/ 

7D 

60 

$() 

lfq 

JO 

20 

101 

oi r . . .- - - _..,._b::h!... ntr"T' 
- - - - ·- 4 ~ 

Pac. 3. Pacnpenene nae I"eHepapo8BHHbiX co6biTI<ii no M 
2 

+ • KpaaoA (I) 
o6oauaqeu 8Knan ~a3080I"o o6beMa, KpH8oA (2)•~ 8Knan ~a3080I"O 
06beM8 H p -Me30H8, KpR80il (3) - BKnOll ~30801"0 06beM8

0 
p -Me-

30H8 H oTpa>Ke uu H H3o6apbi N•
1
+ s/ . 

s 2, 2 
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