
C 3 VV,fp 
5-.tsl.f 13 - 6929 

I 
B.B.BapMHH, B.B.BHnorpaAOB, r .B .,ll,aBHA8HKO, 
A.r .,Z:~oJiroJienKo , B.A.MaKcHMenKo 

KHHEMATMqECKAH H,li,EHTH~HKAUHH PACOA~OB 

K 0 
-ME30HOB C OBPA30BAHHEM rt0 

-ME30HOB 

H y -KBAHTOB 

1873 
AA60PATOPIIIR RAEPHbiX nP06AEM 



B.B.BapMHH~ B.B.BunorpaAOB, r.B.~aBKAeHKO~ 
A.r.~onronenKo~ B.A.MaKcKMeHKO 

13 - 6929 

KHHEMATUqECKAH H~EHTU~HKAU»H PACllA~OB 
KO -ME30HOB C OBPA30BAHHEM 1t0 -ME30HOB 

H Y -KBAHTOB 

* CorpyllHHKH YIHCTHTyTa reopeTH'IeCKOH H 
3KCnepHMeHTanbHOH ¢H311KH, r. MocKBa 



1. BeeoeHue 

O,nHHM H3 Ba)f(HbiX 3TarroB o6pa6oTJCB ,naHHbiX, rronyqaeMbix 

C IIOMOIQbiO TpeJCOBbiX IIpH60pOB, JIBJJJieTCJI JCBHeMaTHqecJCaJI H,ll;eH

TH~BJCaUBJI C06b1TBH / 1/, JCOTOpaJI II03BOJJJieT BblqHCJlHTb BepOJIT• 

HOCTb rrpe,li;IIOJJaraeMOH rBIIOTe3bl, ynyqWHTb OTHOWeHBe 

3~eJCT/~OH, BbiJICHBTb rrpaBBJlbHOCTb orrpe,neneHHJI IIOrpeWHOCTeH 

JCHHeMaTHqeCJCBX rrapaMeTpOB qacTHU. 

B HaCTOJIIQeH pa6oTe OIIBCaHa CBCTeMa rrporpaMM, JCOTOpaJI 

6biJJa pa3pa6oTaHa ,li;JlJI JCBHeMaTBqeCJCOH B,ll;eHTH~BJCaUBH pacrra,nOB 

Ko -Me30HOB: 

Ko -+ 
+ - 0 0 

-+ 2y /1/ TT TT TT TT 

Ko -+ 2rr 0 0 
-+ 2y, 110 2y /2/ , 11 -+ 

1 2 

Ko _, 3 71°, TTO ... 2y, 71° ... 2y, 11 
0 ... 3y /3/ 

1 2 3 

Ko ... rroyy , 110 ... 2y /4/ 

Ko_, 2y /5/ 

)l;auua.11 cucTeMa rrporpaMM pa3pa6oTaHa ,nnJI auanB3a yJCa3aH

HbiX pacrra,nOB B YCJJOBBJIX 3JCCIIepHMeHTa, BbiiiOJlHJieMOrO C IIOMO

IQbiO 180-JJBTpoBou JCceuouoBou rry3blpbJCOBOHJCaMepbl 12/, 3JCcrro

uupoBaBweucJI B HeHTpaJJbHOM rryqJCe IIpOTOHHOrO CHHXpOTpOHa 

HT34>. Pacrra,nbl K 0 -Me30HOB rrpoucxo.nunu BHYTPB BaJCYYMHOH 

Tpy6JCB, paCIIOJlO)f(eHHOH B,li;OJlb OCB JCaMepbl. raMMa•JCBaHTbl OT 

pacrra.na K0 -Me3oHOB H 71° -Me30HOB perBcTpBpoBaJJHCb B JCaMe

pe C ~ 95-rrpoueHTHOH 3~eJCTHBHOCTbiO IIO 3JleJCTpOH-II03HTpoH-
+ 

BbiM JJBBHJIM JCOHBepcBB. Yrnbl BbiJJeTa y -JCBaHTOB B rr- -M_e30HOB, 

a TaJC)f(e IIOJlHble ,li;JlBHbl 3JleJCTpOH -II03HTpOHHbiX JlBBHeH H rrpo6erB 

11 ± ·Me30HOB H3MepJIJJBCb C IIOMOIQbiO CTepeoiipOeJCTOpa /J/. 
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BXO,II;HOH HH$OpMal(HeH B nporpaMMY CDy)l{aT H3MepeHHH KHHe

MaTH'IeCKHX napaMeTpoB IHMnynLca P, aJHMyTanLHoro yrna ,f, H 

rny6HHHoro yrna A I* rr± -Me30HOB H y -xsaHTOB u senH~HH 
a3HMyTaJJLHoro ( cjJ It) H rny6HHHoro (A It ) yrnoa HanpasneHHH )J;BH

)l{eHHH K0 -Me3oHOB, a TaK)I{e norpewHOCTH H3MepeHH.II yxaJaHHhiX 

BeJJH'IHH. IJoCKODbKY BXO,IJ;Ha.ll HH$opMal(H.II HMeeT ,IJ;OBODbHO o6111HH 

xapaKTep, TO C03,1J;aHHbie nporpaMMbl MOryT HCllODb30BaTbC.II ,II;JJH 

KHHeMaTH'!ecxoii H,IJ;eHTH$HKaUHH pacna,~~;oB Ko -MeJoHoslll- 151, 
perHCTpHpyeMbiX C llOMOlllbiO pa3DH'IHhlX TpeKOBbiX )J;eTeKTOpOB. 

2. Memoo KUHeMamu~eCKOU uoeHTIIUfPUKaijUU 

~n.11 KHHeMaTH'Iecxoii H)J;eHTH$HKaUHH pacna,~~;oB Ko -Me30HOB 

HaMH 6hlD HCllODb30BaH o6o6meHHbiH MeTO)J; llaHMeHbWHX KBa,ll;paTOB 

C He onpe,~~;eneHHbiMH MHO)I{HTeD.IIMH JlarpaH)I{a B BH,IJ;e, npe,II;DO)I{eH

HOM B pa6oTe I 4/. 

B 3TOM MeTO,IJ;e MHHHMH3HpyeTC.II !IJyHKUHOHan: 

x 2
(m,x,a) = (m- m0

) TG (m- m 0
) + 2a Tf(m,x), 

m 161 

r,~~;e m = (m
1

, ••• m
1

) - BeKTOp H3MepeHHbiX nepeMeHHbiX, 

x = ( x 
1 

, ••• x]) - BeKTOp HeH3BeCTHbiX nepeMeHHbiX, 

{(m,x) = ({
1 

, ..• ,fit)- BeKTOp ypaBHeHHH CB.II3H l3aKOHOB co-

xpaHeHH.II 3HeprHH - HMllYDbCal, 

a = (a 1 , ... a 1c ) - aexTop Heonpe,~~;eneHHbiX MHO)I{HTeneii Jla-

rpaH*a, 

c:/ - MaTpHI.(a OWH60K, (G-;/J;; = (fl.m;) 
2

, HH,IJ;eKCbl 

'tJ': ''T"H "-]" llOKa3biBaiOT 3KCnepHMeHTaDbHble 3Ha'!eHH.II, TpaHc

llOHHpOBaHHe H o6pameHHe MaTpHI.(. 

MHHHMYM X 2 
HaXO,IJ;HTC.II H3 peweHH.II CHCTeMbl ypaBHeHHH 

17 I - 19 I OTHOCHTeDbHO m, x, a: 

2 1" 
Jx /am = 2l(m- m0

) G,+ 
T I 

a f,.(m,x)l 0 171 
2 T 

Jx /ax = 2a f (m,x) = 0 IBI 
* B onHcaHHOM Bb!We 3KcnepHMeHTe aJHMyTaDLHbiH yron cP oT

C'IHThlBaeTc.ll OT ocH X B ropH30HTaDLHOH nnocxocTH XOY lny'ioK 
na,~~;aromHX K0 -Me30HOB HanpaaneH B,IJ;ODb Tpy6KH - ocb Y I H HJ-
MeH.IIeTC.II B npe,~~;enax 0 ~ cjJ ::; 360°, a rny6HHHhlH yron A oT-
C'IHThlBaeTC.II oT nnocxocTH XOY H H3MeHHeTC.II B npe,~~;enax 

-90° 5 A ::; + 90° . 
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;I 
llf· 

·I 
a 
:"', 

r 
-,~ 

~~ 
t 

ax /Ja = 2[(m,x) = 0. 191 

3,~~;ecb f,.(fx)- MaTpHua npOH3BO)J;HhlX OT ypaBHeHHH CB.II3H no H3-

MepeHHbiM IHeH3BeCTHbiMI nepeMeHHbiM 

arlt 

ax j 

J fIt 
(f,.)lti =-a-,({") lti 

m. 
I 

YpaBHeHH.II 171 - 191 pewaroTC.II MeTO,IJ;OM nocne,~~;oaaTeDLHhlX 
npH6DH)I{eHHH. ~D.II 3TOrO ypaBHeHH.II CB.113H pa3nararoTC.II B p.11,11; 

I v - HOMep HTepaUHHI: 

v 
f + 

v v+ 1 v v v+l v 
f (x -x )+[ (m -m) 

" "' 
0 . 

BeKTOphl m, x, a H BeDH'IHHa X 2 
Ha (v+l) HTepauuu paBHbi: 

v+1 

" 
v+ 1 

a 

I/+ 1 
m 

2 
X 

T 1 
" v- ([ v S -1 f v) -1 ( f v S -1 R) 

X X X 

S - 1 l R 
JJ v+1 

X JJ}] + f x (X -

-1 v ·r v+ 1 
m 0 -G,f,a 

(av+1)T [R + fv (xJJ+1_xv)], 
X 

r,~~;e MaTpHUhl R u S onpe,~~;emiroTc.ll BLIPa*eHHJIMH: 

JJ JJ 

R f + f ( mo 

"' 

JJ 

m ) f 
JJ -1 T 

G fv 
"' m ., H s 

C noMOIQhiO TaK Ha3hlBaeMo8 npoue,~~;yphl "o6pe 3aHHJI war a" I 51
· Ja 

HTepal(HOHHhlM npol(eCCOM oC:'YllleCTBDJieTCJI KOHTpODb, KOTOpbiH 

3aKnroqaeTCJI B cne,~~;yromeM. EcnH Ha (v +1) -uTepauuu aenH'IHHa 

v+ 1 v 
A • II fit I CTaHeT 6onLwe, 'leM A , una xaxaJI-nu6o H3 nepe-

v+1 v+1 u 

MeHHhlX m i HDH X j BbiH,IJ;eT 3a 3a.D.aHHhle rpaHHI.(hl, TO Bhl-

llODHAeTCJI npeo6pa30BaHHe 

v v+I v+1 
(m + m )/ 2 -> m 

v v+ 1 v+ 1 
(x + x )/2-> x H 
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I 

JhepaUHOHHblB rrpouecc 3aBepruaeTCJI IIpH BbliiOJIHeHHH yCJIOBHH 

v+l v+J v 
A <C H B =(.'rim. -m. a za za 

i 

I + l: I x v+l 
ja 

-x v IJ< ca ;a 1101 

HJIH eCJIH KOJIHqeCTBO HTepaUHH rrpeBblCHT 3a.IJ;aHHOe qHCJIO n max 

3.IJ;eCh HH.IJ;eKC a HMeeT 3HaqeHHJI 1 H 2 H OTHOCHTCJI K .IJ;BYM THIIaM 

rrepeMeHHblM - HMIIYJihcaM H yrJiaM. BbiiiOJIHeHHe ycJIOBHH 1101 
o6ecrreqHBaeT paBeHCTBO Hymo B 3a.IJ;aHHhiX rrpe.D;enax ypaBHeHHH 

CBJI3H H IIpOH3BO.IJ;HblX 171-19/, T.e • .IJ;OCTH>KeHHeMHHHMyMa X 2
• 

BeJIHqHHbl C, C 1 , C 2 6blJIH IIO.IJ;06paHbl HCXO.IJ;JI H3 .IJ;OCTaToq· 

HOB ToqHoCTH BbJqHcJieHHH H paBHJIIOTCJI 0, 1 M 36, 0,1 M 36/ c H 

0,05 ° COOTBeTCTBeHHO • .liblJIO YCTaHOBJieHO lpHC. 1al, qTo HTe· 

paUHOHHblH rrpouecc B CJiyqae rrpaBHJihHOH rHIIOTe3hl CXO.IJ;HTCJI B 

cpe.D;HeM 3a 5 HTepauH:ii:. IIo:noMy BeJIHqHHa n max 6blJia ycTaHOBJieHa 

paBHOH 15. 

Ilocne Toro KaK HTepauHoHHhiH rrpouecc 3aBepweH, BbJqHcJIJIIOT

CJI MaTpHUbl OWH60K IIO.IJ;06paHHblX H3MepeHHblX BeJIHqHH H HeH3BeCT· 

HblX rrepeMeHHblX no cl>opMyJiaM: 

-J. -1 -1 T-1 -1 
Gm=G 0 -Go[S [Go+ 

m m m m m 

-1 T -1 
+G

0
[ S [ 

m m x 
(f TS-lf )-If TS-1[ G ~~. 

x x x m m 

G - J = ([ T s -1 I ) -1. 

" " " 

3. JipUMeHeHUe Memooa KUHeMQMU'IeCKOU UOeHmUfPUKQijUU 

K pacnaoaM K0 
- Me30H06 

C ueJihiO H.IJ;eHTH<i>HKaUHH pacrra.IJ;OB K0 
-Me30HOB 111-151 6blJIH 

cocTaBJieHbl rrporpaMMbl .IJ;JIJI 3BM. OcHOBHble xapaKTepHCTHKH 

3THX rrporpaMM IIpHBe.IJ;eHbl B Ta6JIHUe, B KOTOpOH BBe.IJ;eHbl CJie.IJ;yiO· 

IUHe o6o3HaqeHHJI: 

n
1 

• KOJIHqeCTBO ypaBHeHHB CBJ13H, 

n • - KOJIHqecTBO H3MepeHHblX rrepeMeHHblX, 
m 

n • KOJIHqecTBO HeH3BeCTHblX rrepeMeHHblX, 

n " • qHCJIO CTerreHeB CB060.IJ;bl, n; -KOJIHqecTBO npoaepJieMblX ranoTe3, 

6 

'1',1 

',~~: 
tf. 
N;, 

:;!'! 

m • CTpyKTypa BeKTOpa H3MepeHHhiX rrepeMeHHblX, 

x - CTpyKTypa BeKTOpa HeH3BeCTHblX rrepeMeHHblX. 

H3MepeHHblMH aenaqHHaMH JIBJIJIIOTCJI KHHeMaTuqecKHe rrapa

MeTpbl 11+, 77-·Me30HOB H y ·KBaHTOB - P, ¢, .:\": Ilo3TOMY cTpyK

Typa BeKTOpa H3MepeHHhiX nepeMeHHhiX, HaiipHMep, .IJ;JIJI pacrra.IJ;a 

Ko + - ( + - ) ... 77 77 77°, BMeeT BH.IJ;: m = 77 , 1T • ·Y J • Y 2 • 

Cpe.D;HHe rrorpemHOCTH H3MepeHHJI yKa3aHHblX BeJIHqHH B ycJIOBHJIX 

.IJ;aHHOro 3KCIIepHMeHTa TaKOBbl (!'!.PIP) ±=5%, (!'!.PIP)= 20%, 
!'!.¢ = 2o, !'!..:\ = 6o. 77 y 

B KaqecTBe HaqaJihHhiX 3HaqeHHB H3MepeHHblX rrepeMeHHblX ( m o) 

6epyTCJI HX 3KCIIepHMeHTaJihHble 3HaqeHHJI. 

HeH3BecTHhiMH rrepeMeHHblMH JIBJIJIIOTCJI HMIIYJihC K" - Me3oHa 

IBapHaHT a I HJIH HMIIYJihC H Macca pacrra.IJ;aiOIUeBcJI qacTHUhi IBa

pHaHT 61. 
BeKTOp ypaBHeHHH CBJI3H CO.D;ep>KHT CJie.IJ;yiOIUHe 3JieMeHTbl: 3a· 

KOHhl COXpaHeHHJI 3HeprHH•HMIIYJihCa, CBJI3aHHble C pacrra.IJ;OM K" -
Me30Ha,H 3aKOHbl coxpaHeHHJI, CBJI3aHHhle C 77° ·Me30HaMH IB CJiy· 

qae pacrra.IJ;oB 111- 1411 H, HarrpHMep, .IJ;JIJI pacrra.IJ;a I1I,HMeeT 

BH.IJ;: 

l = l p = p l + p l + p l - p l 
1 "· + + - - 0 0 lc l 

r 

f .. I p -- p m + p m + p m - p m 
2 Y; + + - - 0 0 lc lc 

' 

f -- I p = p n + p n + p n - p n 
3 z. + + - - 0 0 l lc 

r 

f cc I E; = E+ + E + E - E l 
4 - 0 

' .. 

f 5 
2 

M
17

- 2P
1

P
2
(1- cos() 

12
), cos()

12
=l

1
l

2
+m

1
m

2
-t-n

1
n

2
• 

3.IJ;eCh BH.IJ;eKCaMB "+ ", '~ '~ '1J ': , k ,. 0603HaqeHbl BeJIHqHHhl, 

OTHOCJIIUHeCJI K 11 +, 77-, 11°,K 0 ·Me30HaM, HH.IJ;eKChl "] "H "2" OTHO" 

CJITCJI K y-KBaHTaM, BeJiaqHHbl l,m,n HE o6o3HaqaroT Ha

rrpaBJIJIIOIUHe KOCHHYCbl H 3HeprHIO: 

* A3HMyTaJihHblfi H rny6HHHblH yrJibl ( ¢ ~ 
.IJ;BH>KeHHJI K0 ·Me30HOB H3BeCTHbl c xopowea 

!'!..:\ 
1 

< 0,04° I H He BaphHpyroTCJI. 

, .:\ 1c ) HarrpaBJieHHJI 

ToqHOCThiO I !'!. ¢ " , 
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E 

cos ,\ cos ¢ , m 

[P 2 + M 2] 1/2 

cos ,\ sin ¢, n sin ,\ , 

YpaaHeHHe CBJI3H f 
5 

oTHOCHTCJI I< pacna.ny rr
0 

-. 2y. KuHe-
MaTH'IeCI<He napaMeTpbl TT

0 ·Me30Ha (P 0 ,cp 0 ,,\ 0 )Bbl'IHC~JIIOTCJI 
cornacHo cne.nyiDIUHM 4JopMynaM: p = [ p 2 + p 

2 + p 
2 

] 
1 2

, 
0 X Y Z 

P =P l + P l, P = P m + P m, P = P n + P n, 
X 11 22 y 11 22 Z 1122 

,\ arc sin ( P I P ) , 
% 0 

¢ 
0 

= arc tg ( P I P ) . 
y X 

B cny'lae pacna.noa /2/ - /4/ B03MO:>KHbi Heci<onbi<O cnoco6oa 
o6'be,IJ;HHeHHJI y -I<BaHTOB a rr 0 -MeJOHbi. 3To npuao.nHT I< Heo6xo
,IJ;HMOCTH npoaepi<H HeCI<Ollbi<HX rHnOTe 3, I<OllH'IeC TBO I<OTOpbiX 1<0-
ne6neTCJI OT 3 .nnJI pacna.na /2/ .no 15 .nnJI pacna.na /3/. 

4. CmpyKmypa npozpaMMbl 

IIporpaMMbl 6blnH HanucaHbi .nnJI pacna.noa /1/ - /4/ Ha JI3bii<e 
AJirOJI .nnJI 3BM I<nacca li3CM- 4 H .nnJI pacna.na /5/ Ha JI3bii<e 
<I>OPTPAH ,IJ;nJI 3BM li3CM-6 H COCTOJIT H3 cne,IJ;yiOIUHX OCHOBHbiX 
6noi<oa: !NIT, !NXV, F.1F, FAM, FAX, FIT ,P/0, !NVERS, OUTPUT. 

B 6noi<ax !NIT H !NXV Bbi'IHCnJIIOTCJI Ha'lanbHbie 3Ha'leHHJI 
o o 6 G -1 Bei<TOpOB m H X H :weMeHTbl MaTpBD;bl OWH 01< m • linOI<H 

FAF, FAM, FAX npe.nHa3Ha'leHbl .nnJI Bbl'IHCneHHJI 3Ha'leHHH ypaa
HeHHH CBJI3H H 3lleMeHTOB Ma TpHU npOH3BO,!I;HblX { m H {X. 0CHOB
HbiM 6noi<oM JIBnJieTcJI 6noi< FIT, B I<OTopoM peanHJOBaH MeTo.n 
HaHMeHbWHX I<aa.npaTOB H HTepauuouHaJI npoue.nypa. B 6noi<e P!O 
Bbl'IHCnJIIOTCJI I<HHeMaTH'IeCI<He napaMeTpbi rr

0 
-Me30HOB. linoi< 

/NVERS npe,IJ;Ha3Ha'leH ,IJ;llJI 4JopMHpOBaHHJI rHnOTe3 B cnyqae 
pacna.noa K0 -Me 30HOB /2/ - I 4/. linoi< au TP u T 4JopMHpyeT MaC
CHB pe3ynbTaTOB, Bbi,IJ;aBaeMbiX Ha ne'laTb: 'IHCnO HTepaD;HB, 

X , m, ""m, x, ""x. 1 
BpeMJI o6c'leTa O,IJ;HOH runoTe3bl Ha 3BM li3CM -4 COCTaBnJieT 

1,5-2 MUH. 

5. AHaAU3 pa6ombl npozpaMM 

QenbiO aHanuJa pa6oTbi coJ.naHHblX nporpaMM JIBnJinocb cne
,IJ;YIOIUee: 1/ npoBepi<a OTCyTCTBHJI CHCTeMa TH'IeCI<HX OWH60I<, 
2/ npoaepi<a npaaunbHOCTH oueHoi< norpewHOCTeil: a no.no6paHHblX 
nepeMeHHblX, 3/ oueHI<a npeuMymecTB, nonyqaeMblX a peJynbTaTe 

8 

:.;. 

I 
I 

.~ , 

!. 

~ II 
,( 
I I 
I 

I<HHeMaTH'Ieci<oii u.neHTHtPHI<aUHH pacna.noa K0 
- Me30HOB a ycnoBH

JIX 3KCnepHMeHTa, BblnOnHJieMoro C nOMOlUbiO KCeHOHOBOH ny3blpb
KOBOH I<aMepbl. 

3ToT aHanHJ 6bln ocymecTaneH Ha ocHoBe xax cMo.nenupoaau-
HbiX, TaK H peanbHblX C06blTHB. 

Mo.nenupoaauue JOJ>biTHB npoB3BO,IJ;Hnocb c noMOIUbiO nporpaMM 
<I>OPC I 61 H FOWL 7 MeTo,IJ;OM MouTe-Kapno. IlpH 3TOM Y'IHTbi
aanucb cne,IJ;yiOIUHe oco6eHHOCTH 3KCnepHMeHTa: a/ HMnynbCHblH 
cneKTP K o -Me30HOB, 6/ xpnTepuu OT6opa JapJI:>KeHHblX rr -MeJo
HOB, B/ nopor o6pe 3aHHJI no 3HeprHH ,!l;llJI 3lleKTpOHHO" no 3HTpOHHblX 
nHBHeB, B03HHKaiOIUHX OT KOHBepCHH y ·KBaHTOB, r/ norpeWHOCTH 
H3MepeHHJI KHHeMa TH'IeCKHX napaMeTpOB TT ± "Me30HOB H y "I< BaH

TOB. 
IJpoaepi<a OTCYTCTBHJI CHCTeMa TH'IeCI<HX OWH60I< H npaBHllbHOC

TH Bbl'IHClleHHJI norpeWHOCTeH BellH'IHH npOH3BO,!I;HllaCb nyTeM aHa· 

nuJa pacnpe.neneHHB aenH'IHH 

S(m ) 
i 

IU 
n V v 

(m.-m.JI""m. 
' ' ' 

H S(x.) 
' 

(x .n- x ~'JI""x .~ 
' ' ' 

3,IJ;eCb HH,IJ;ei<COM '} "o603Ha'leHbl "HCTHHHble" 3Ha'leHHJI BellH'IHH, 
y.noaneTBOpJIIOIUHe 3ai<OHaM coxpaHeHHJI 3HeprHH"HMnynbCa, a HH" 
.nei<COM "v" - no.no6paHHbie nporpaMMoii aenH'IHHbi. Ecnu B npo
rpaMMe OTCYTCTBYIOT CHCTeMaTH'IeCI<He OWH6I<H H norpeWHOCTH Bbl" 
'IHCllJIIOTCJI npaBHllbHO, TO pacnpe.neneHHJI BellH'IHH S ,!J;On:>KHbl 
HMeTb rayCCOBCKHH xapai<Tep CO cpe,IJ;HHMH 3Ha'leHHJIMH,paBHblMH 0, 

H ,!J;HCnepCHJIMH, paBHbiMH 1. 
,[J;nJI I<a:>K.noro pacna.na K0 -Me JOHOB I 1/ - /5/ 6btnO cMo.nenu

poaaHo no Heci<onbi<O coTeH co6hlTHii. PeJynbTaTbl o6pa6oTKH 3THX 
C06blTHB no nporpaMMaM KHHeMaTH'IeCKOB H,IJ;eHTHtPHKaD;HH npe.n
CTaBneHbl Ha pHC. 1-2 BMeCTe C O:>KH,IJ;aeMblMH TeOpeTH'IeCKHMH KpH" 

BbiMH. 
Ha puc. 1 npuae.neHbl .naHHbie o xapaKTepucTHKax pacna.na /1/, 

pacnpe.neneHHJI: no 'IHcny HTepauuii, no aenH'IHHe x 2 H no aenH'IH
HaM S .nnJI rr -MeJOHOB H y -xaaHTOB. Kai< BH,IJ;HO H3 3Toro 
pucyHKa, "3I<CnepuMeHTanbHble" pacnpe.neneHHJI a npe.nenax no
rpewHocTeii cornacyiDTCJI c Teope.TH'IeCI<HMH. AHanorH'IHbie BbiBO,IJ;bl 
6blnH nony'leHbi npu aHanuJe pacna.noa/2/- /5/. 3To cau.neTenbcT
ayeT 06 OTCYTCTBHH B nporpaMMaX CHCTeMaTH'IeCI<HX OWH60K 
H npaBIIllbHOCTH onpe.neneHHJI norpeWHOCTeH. 

Ha puc. 2a H 2 6 nyHI<THpHoii nHHHeii noi<aJaHbl pacnpe.neneHHJI 
CMO,IJ;enHpOBaHHblX C06blTHH, COOTBeTCTBYIOIUHX pacna,IJ;aM /2/-/3/ 
/aapHaHTbl 2 6 H 3 6 Ta6nHD;bi/, no 34J4Jei<THBHOB Macce y ·KBaHTOB, 
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a CnJIOWHOI JIHHHeA - pacnpe,!l,eJieHHe 34J4leKTHBHhiX Mace ,!J,JIJI TeX 

>Ke co6WTHA,o6pa6oTaHHbiX no ,!l,aHHWM nporpaMMaM"' · B pe3yJibTaTe 
npaMeHeHHJI nporpaMM KHHeMaTH'ieCKOH H,!l,eHTH~HKaUHH norpew

HOCTb H3MepeHHJI MaCChi yMeHbWaeTCJI B 1,4 pa3a. 
Ha pHC. 2 8 H 2 2 npHBe,!l,eHbl OTHOCHTeJibHble norpeWHOCTH H3Me

peHHJI HMnyJibCOB B C06b1THJIX, COOTBeTCTBYJOIUHX pacna,!l,aM /1/ 
H /3/ /BapHaHTbl 1 a H 3a/. llyHKTHpOM noKa3aHbl norpeWHOCTH 
"H3MepeHHbiX" HMnyJibCOB y -KBaHTOB, a CnJIOWHOH JIHHHeH- nO,!J,0-
6paHHbiX. B pe3YJibTaTe o6pa6oTKH co6h1THH no nporpaMMaM KHHe
MaTH'ieCKo:it H,!l,eHTH~HKaUHH norpeWHOCTb H3MepeHHJI HMnyJibCOB 

y -KBaHTOB yMeHbWaeTCJI B "' 1,6 pa3a. 

6. Pe3yAbmaml>l o6pa6omKu co61>1TIIUU 

QnacaHHble BbiWe nporpaMMbl HCnOJib30BaJIHCb B 3KCnepHMeH

TaJibHOM HCCJie,!l,oBaHHH h.s.9/ pacna,!l,OB K 0 -Me30HOB /1/ - /5/, 
KOTopoe 6b1JIO BbiROJIHeHO C nOMOIUbiO 180-JIHTpOBOH KCeHOHOBOH 
ny3blpbKoso:it KaMepbl. HeKoTopble pe3yJibTaTbi 3Toro Hccne,!l,oBaHHJI 

npe,!l,cTaBJieHbl aa pac. 3. 
Ha pHC. 3 a H 3 6 npHBe,!l,eHbl ,!l,aHHble, Ha OCHOBe KOTOpbiX 6biJia 

onpe,!J,eneaa sepoJITHOCTL pacna,!l,a K~ .... 2110. 3ToT pacna,!l, o6aapy
>KHBaeTcJI no aanH'IHJO aa cHHMKe qeTblpex ·)' -KsaHTOB. cl>oHOBbiM 
JIBJIJieTCJI pacna,!l, K0 

.... 3TT0 ,KOr,!l,a ,!l,Ba y -KsaHTa He peracTpH-
L 

pyiOTCJI B KaMepe. ,na>Ke B YCJIOBHJIX ,!l,aHHOrO 3KCnepHMeHTa 
/95-npoUeHTHaJI 3~eKTHBHOCTb perHCTpaUHH y -KBaHTOB/ ~OH 
npHMepHO Ha nopJI,!l,OK npeBbiWaeT 3~eKT. llpHBe,!l,eHHble pHCYHKH 

,!l,eMOHCTPHPYJOT, 'ITO HCnOJib30BaHHe nporpaMMbl H,!l,eHTH~HKaUHH 
jsapHaHT 26/ ,!J,aJIO B03MO>KHOCTb Ha,!l,e>KHO ycTaHOBHTb ~aKT pacna
,!l,a K L ... 211° • llpH 3TOM senH'IHHa 3~eKTa, c yqeToM nonpasoK, 
OCTaeTCJI HeH3MeHHOH IT~H pa3JIH'IHbiX KpHTepHJIX o6pe 3aHHJI no X 

2
• 

Heo6xo,!l,Ji:Mo OTMeTHTb, 'ITO ~oaosaJI KpaaaJI TaK>Ke JIBJIJieTCJI 
pe3yJibTaTOM o6pa6oTKH C06b1THH /CMO,!l,eJIHpoBaHH~X/ no ,!l,aHHOH 

nporpaMMe. I 
Ha pac. 3e npase,!l,eHbl pe3yJILTaTh1 o6pa6oTKH co6b1THA c ,!l,BYMJI 

y -KBaHTaMH. Ha6nro,!l,aeTcJI qeTKoe pa3,!l,eneaae co6wTBH aa ,!l,Be 
rpynnhl: KL ... 2y a 11° ... 2y /~oaosble co6h1TBJI oT pacna,!l,a KL ... 

11 + 11 - 11° C He3aperBCTpBpOBaHHbiMB TT ± -Me30HaMH/. 3TH ,!l,aHHble 

no3Sonana onpe,!l,eJIBTL sepoJITHOCTL pacna,!l,a K L... 2 y I 8~ 
Pac. 3 ,!l,eMOHCTp&pyeT cymecTBeHHoe ynyqweaae /B 1,5 pa3a/ 

pa3peWeHBJI B cneKTpe 3~eKTHBHbiX MaCC WeCTH y -KBaHTOB, 
o6pa3oBaHHbiX npa pacna,!l,e K 0 

... 3 "0.3ToT pe3yJILTaT nonyqea aa 

* Pacnpe,!l,eJieHHJI CO,!J,ep>KaT BeJIH'IHHbl, COOTBeTCTBYJOIUHe rano
Te 3aM C MHHHMaJibHbiM X 2 • 
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ocaoae aaana3a H3Mepeaablx cobhiTHA a cornacyeTCJI c cootaef~f
ayrome:it aeJIH'IHHo:it, onpe,!l,eneaao:it nyTeM MO,!l,enapoaaHHJI /pac-. 2 e/. 

3aKAPO'IeHue 

Ocaoaable pe3yJibTaThi, nonyqeaahle B aacTOJIIUe:it pa6oTe, MoryT 
6yTb C~OpMyJIHPOBaHbl CJie,!l,yJOIUHM o6pa30M: 1/ C03,!1,aH KOMDJieKC 
nporpaMM KHHeMa TH'ieCKOH H,!l,eHTH~HKaUHH pacna,!J,OB K0

- Me 30HOB 
/1/ - /5/; 2/ o6pa60TKa ,!l,aHHbiX C nOMOIUbiO 3THX nporpaMM H 
aaana3 nonyqeHHbiX pe3yJibTaToB noKa3aJIH, 'ITO: a/ nporpaMMW 
o6ecne'IHBaJOT onpe,!l,eJieHHe KHHeMaTH'ieCKHX napaMeTpOB 'laCTHU 
H BeJIH'IHH X 2 6e3 cymeCTBeHHbiX CHCTeMaTH'ieCKHX OWH60K; 6/no
rpeWHOCTH nO,!J,06paHHbiX napaMeTpOB OUeHHBaJOTCJI npaBHJibHO; 
B/ npHMeHeHHe nporpaMM n03BOJIJieT /B YCJIOBHJIX paCCMOTpeHHbiX 
3KcnepaMeHTOB/ yny'IWHTb pa3peweaae B HMnynhCHbiX cneKTpax 
y -KBaHTOB H CDeKTpOB 34J4leKTHBHbiX MaCC B cpe,!l,HeM B 1,5 pa3a. 

Co3,!l,aHHbiH KOMnneKc nporpaMM JIBJIJieTCJI ,!l,OCTaTO'IHO Q6IUHM 
H MO>KeT 6h1Tb npHMeHeH B HCCJie,!l,OBaHHJIX pacna,!l,OB K 0 

-Me30HOB 

C DOMOIUbiO ,!J,pyrHX TpeKOBbiX ,!l,eTeKTOpOB. 
ABTOPhi Bblpa>KaJOT 6naro,!l,apaoCTb B.A.We6aaoay, A.r .Mew

KOBCKOMY 3a noCTOJIHHOe BHHMaHHe B pa6oTe, ID.A.6y,!J,arosy 3a 
none3Hble o6cy>K,!l,eHHJI, H.K.3aM6KoBcKo:it, H.H.CnaaymesoA:, 
JI.A.cl>aTeesoA 3a TexaaqecKyronoMOIUb, B.C.,neMH,!J,OBY, B.r .Bapw

nosy, r. C. MHpOCH,!l,H - 3a DOMOIUb B H3MepeHBJIX. 
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SIP, I sr ~r,1 sr A1J 

Puc. 1. Pacna,n K0 ->11 +11 -11~Pe3ynLTano~ o6pa60TKH cMo,nenuposau
HbiX co6LITBii no nporpaMMe u,neHTHcllBKauuu. Pacnpe,neneHBJI: 
a/ no 'IHcny BTepauuii, 6/ no aenu'IBHe X 2, a/- M/ no aenB'IBHaM 
S(P), S ( ¢) , S( >..) ,nJIJI " -Me30HOB u y -KsaHTOB. 
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Puc. 2. Pacnpe,neneHHH cMo,nenupoBaHHbiX co6LITHH no 3cllclleKTHBHoii 
Macce CHCTeMbl )I ·KBaHTOB /M/ H no OTHOCHTeJILHbiM norpew· 
HOCTJIM HMnynbCOB y ·KBaHTOB ( f\,p /P ) ,no /nyHKTHpHaJI JIB· 
HHJI/ H nocJie /cnnOWHaJI JIHHHJI/ 0tJpa66TKh no nporpaMMaM H,neH· 
THcllHKaUHH: a/ pacna,n K0 

... 211°, M(4y),6/ pacna.n K0 
... 311°,M(6y), 

a/ pacna,n K0 .... J11°, I'!Py/Py, z/ pacna,n K0 
.... 11+11-11°, !'.Py/Py 

13 

I ________________________ _ 



N 

JO 

20 

10 

0 
300 

N 

Pfx'>-m 

a> 6) 

2) 
50 K-3.- N•18tJ 

40 

JO 

20 

Pac. 3. Pacnpe~eneaa• no 3cWleKTBBHWM MaccaM cacTeM y ·KBaH
TOB C06WTBB, DOJiy'leHHWX C DOMOIJlLIO KCeHOHOBOH DY3WpLKOBOE 
xawepw. a/ pacna~ X0 

-+27r
0

, P(x 2)?.10%; 6/ pacna~ X0
-+ 2" 0 

_ 

P (x 2 ) 2: 30 %; e/ pacna~ X 0 
-+ 2y ; z/ pacna~ K0 

-+ 3"0
-
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