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)l;aHHbie, npe.n;cTaaneHHbie 3,n;ecb, ocHoBaHbi Ha .nonon

HHTenbHOM o6cqeTe no nporpaMMe KHHeMaTH'IeCKOH o6-

pa60TKH OKOnO 6000 C06biTHH, HaKOnneHHbiX npH H3y'IeHHH 

HHKni03HBHbiX peaKUHH TT -- Me30HOB C npOTOHaMH npH 3Hep

rHH 40 r3B . Co6biTHJI 6binH 3aperHCTPHPOBaHbl B npona

HOBOH .UBYXMeTpOBOH KaMepe /I/ H H3MepeHbl B na6opa

TOpHJIX CoTpy.n;HH'IeCTBa. Pe3ynbTaTbi H3y'IeHHJI HHKni03HB

HbiX peaKUHH ony6nHKoBaHbl B pJI.n;e pa6oT I 2 -4 I . TaM :>Ke 

paCCMOTpeHbl MeTO,D;H'IeCKHe BODpOCbl 3KCOepHMeHTa. 

l13MeHeHHJI, Heo6xo.n;HMbie .n;nJI Toro, 'IT06bl ocyiUeCT

BHTb pacqeTbi, 6binH BHeceHbl B nporpaMMY rEOcl>l1T /5,6 /, 
npu'IeM, KpoMe HMeiOIUerocJI B nporpaMMe BHyTpeHHero 

BBO,D;a B 6noK H,D;eHTH~HKaUHH rHDOTe3, ocymecTBneH BBO,D; 

pe3ynbTaTOB reoMeTpH'leCKOH nporpaMMbl C BHeWHeH Mar

HHTHOH neHTbi I puc. 1/. PacqeT BbmonHJinCJI TonbKO .n;nJI 

TaKHX C06biTHH /He C'IHTaJI pacqeTOB, npoae,n;eHHbiX C Me

TO,D;H'IeCKHMH uenJIMH/, KOTOpbie He HMeiOT y -KBaHTOB HnH 

V 0
- C06b1THH, H aHanH3HpOBanHCb Te rHnoTe3bl, KOTOpbie 

npe,n;nonaraiOT OTCyTCTBHe HeHTpanbHbiX qaCTHU /T .e. 

4C-~HT/. Co6niO.n;anOCb Tpe6oBaHHe, COCTOJIIUee B TOM, 

'IT06bl HMnynbCbl BCeX 3apJI:>KeHHbiX 'IaCTHU ,D;nJI 06C'IHTbi

BaeMbiX C06biTHH 6blnH H3MepeHbl C TO'IHOCTbiO 1\p /p::;20~. 
OcTanbHble co6biTHJI y'IHTbiBanHcb npu onpe.neneHHH ceqeuuii. 

0T6op no.nxo.nJIIUHX runoTe3 ocymecTBnJincJI no aenH'IHHaM 

x 2 ( X 2 s: 13) , npe.n;cTaBnJIIOIUHM co6oii MHHHMYM ~YHKUHO-
uana: 3 n L 

F =.~ (xi-x~)Gij (xi-xj) +~ Akfk(x), 
l,j=l k=l 

m 
r,n;e X i,j - H3MepeHHble, a Xi,j - HCKOMble 3Ha'IeHHJI napa-

MeTpOB, G i .i 3neMeHTbl MaTpHUbl aecoa .n;n.R napaMeT-
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Ta6miUa 1 

Konrrqecrao co6wrrrA 

N9N9 
n/n 

Kanan peaKurrrrl llaHHOA I llauuoro I nonepequoe 
rononorrrrr KaHana I ceqeurre 

1

6e3 no-~c no-· a (M6) 
npaBOK npaBKaMR 

1 • 17-p -+ p 17 + 217 - 1 7 42 

2. 11-p --p211+317- 1568 

3. 17-p ~p317+417- 901 

4. 11-p ·~ p417+ 517- I 368 

5. 17-p ·p517 +617- 1 132 

6. 17 p --p611 +717- 1 28 

125 

87 

38 

16 

5 

2 

B c e r o: I 4739 I 273 I 

104,6' 0,67::!:..0,09 

52,7: 0,31::!:..0,11 

19,2 

7,8 

1,8 

1,2 

187,3 

0, 12::!:..0,06 

0,05::!:..0,03 

-0,0 11 

-0,007 

-1,168 

poB, n • 'fHcno TpeKoB, L • 'fHcno ypaBHCHHH CBX3H, A k -
ueonpe,IJ,eneHHbie MHO)I(HTenu Jlarpau)l(a. Tpe6oBanocb 
co6mo,IJ,euue 3aKoHoB coxpaueuux ua ypoBHe. ~ f i ::1 M3B. 
0TCYTCTBHC CXO,IJ,HMOCTH HTepall,HOHHOrO npou.ecca /T. e. 
ueco6mo,IJ,euue 3aKouoB coxpaueuux npu 'lucne uTepau.uu 
N'>20/ C'IHTanocb paBuocunbHbiM /7 I TOMY, 'ITO ,IJ,auuax 
runoTe3a ue xBnxeTcx no,IJ,XO.IJ.Xlll,eH K npoBepxeMoMy co6bi
THIO. 

l13 BCCX 06C'IHTaHHbiX B3aHMO,IJ,CHCTBHH 6blnO OTOfipaHO 
234 COfibiTHX ynpyroro paCCCXHHX 17-·MC30HOB Ha npOTOHaX. 
Konu'ICCTBO .IJ.pyrux Bbi,IJ,eneHHbiX peaKUHH npuBe,IJ,eHo B 
ma6A. 1. Cpe,IJ,uee 3Ha'leHue x 2. BenH'IHH ,IJ,nx Be ex oTo6pau
HbiX peaKIJ,HH COCTaBn.HeT 4,38 npu TCOpCTH'ICCKOM 3Ha'ICHHH, 
paBHOM 4. Pacnpe,IJ,eneuue npoToHOB no a3HMyTanbHOMY 
yrny ¢ /yron B nnocKOCTH, nepneH.IJ.HKyn.Hpuou ny'IKy/ 
npuBe,IJ,euo ua puc. 2. 0T.IJ.enbHO noKa3aHo pacnpe,IJ,eneuue 
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Puc. 2. PacnpeoeAeHUJI npomoHoe no a3UMymaAbHOMY YZAY ¢: 

/a/ OAJI ecex 8biOeAeHHbiX peaKt~uu; /6/ moAbKO OAJI 
cAy~aee ynpyzozo pacceJIHUJI rr-- Me3oHoe Ha npomoHax. 

no ¢ ,IJ;JIB cJiyqaeB ynpyroro pacceJIHHJI rr -_Me30HOB Ha npo

TOHax. KaK BH,IJ;HO, cyll.(eCTBeHHbiX noTepL no ~b He Ha6Jiro-

,naeTC.JI. • 

He.nocTaiOII.(He MaCChi ,IJ;JIB ynpyrHx B3aHMo,neii:cTBHH 

rpynnHpyiOTCB OKOJIO HYJIB co cpe,nHHM <MHeA> = -0,30 M3B 
/3HaK 3,necL nocTaBJieH ycJIOBHo;<M~ei-1 > = -0,0913/ M3B/ 21 
H ,nacnepcaeii: 0,176 /puc. 3/. llpaBe,neM BeJiaqHHbl oma6oK 

B onpe,neJieHHH HMnyJILCOB / ma6A. 2/, noJiyqeHHble nocJie 

6 

npHMe.HeHH.JI nporpaMMbi KHHCMaTaqecKOH H,IJ;eHTH$HKaiJ;HH 

,IJ;JIB Bcex H3yqaeMbiX peaKn;Hii:. 

0qeBH,IJ;HO, qTO C06biTHJI C 3aperHCTpHpOBaHHbiMH B Ka

Mepe y -KBaHTaMH HC OTHOC.JITC.JI K peaKIJ;HJIM /1-6/ H3 

ma6A. 1. EcJIH o6cqaTaTL TaKHe B3aHMo,neii:cTBHJI no rano

Te3aM, COOTBCTCTBYIOII.(HM peaKIJ;H.JIM 1-6, TO noJiyqaeTCJI, 

qTo B peaKu;aro I 1/ nona.naeT oKoJio 1 ~. B peaKu;aro /2/ -

2~, a B peaKn;HH /376/ - He 6oJiee /2-7-3/~ OT Bcex co6LITHB: 

C y-KBaHTaMH. llpe,nnOJIO~HM XY,IJ;illHH BapHaHT, COCTOJIII.(HH 

B TOM, qTo KHHeMa THKe peaKIJ;HH 6e 3 o6pa30BaHH.JI 77°- Me 30-

HOB y,nOBJieTBOp.IIIOT C06biTHJI, HMeiOII.(He TOJILKO O,IJ;HH po

,IJ;HBillHHCJI 77° -Me30H. KaK noKa3hiBaJOT ou;eHKH, ,IJ;OJIB TaKHX 

B3aHMO,IJ;eHCTBHH cpe,nH C06LITHH 6e3 3apeFHCTpHpOBaHHLIX 

B KaMepe y -KBaHTOB yBeJiaqaBaeTCJI no cpaBHeHHJO c ,npy

rHMH KaHaJiaMH B,nBoe. TaKHM o6pa3oM, B,nBoe npa,neTCB 

YBCJIHqHTL H BblillenpHBe,neHHLie npou;eHTLI C TeM, qTo6LI 

OTHeCTH HX TenepL y~e K C06LITHJIM 6e3 3aperHCTpHpO

BaHHbiX B KaMepe y -KBaHTOB. HecMoTpJI Ha TO, qTo cpe,nH 

C06LITHH, B KOTOpbiX o6pa30BaJIHCL rr0 -Me30HLI, HO He 

3aperHCTpHpOBaHbl y -KBaHTLI, ,IJ;OJI.JI Tex, KOTOpLie y,noB

JieTBOpJIIOT KHHeMaTHKe peaKIJ;HH 1-6, HeBeJIHKa, BCe ~e OHH 

COCTaBJIJIIOT 3HaqHTeJILHYIO qacTL BLI6paHHLIX C06LITHH. 

llpou;e,nypa BLJqHTaHH.JI 3THX C06LITHH 3HaqHTeJILHO yBeJIH

qHJia OWH6KH B nonepeqHLIX ceqeHHJIX. B npe,nnocJie,IJ;HeH KO

JIOHKe ma6A. 1 npHBe,neHO KOJIHqecTBO C06LITHH, OCTaBillHXCJI 

B Ka~,IJ;OH peaKIJ;HH nocJie BbJqHTaHHJI yKa3aHHbiX npHMeceii:, 

a TaK~e He60JihillOH ,IJ;OJIH C06LITHH, COCTaBJI.JIIOII.(HX B3aHMO

,neHCTBH.JI 7T-- Me 30HOB C "KBa3HCB060,IJ;HbiMH. npOTOHaMH". 

Ou;eHKH npHMeceB: cpe,na oTo6paHHbiX co6biTHH oT B3aa

Mo,neii:cTBHii: Ha npOTOHaX, BXO,IJ;.JIIl.(HX B COCTaB .JI,nep yrJie-

Ta6nHua 2 

l.JaCTHUa 

77 -Me30Hbl 

npoTOHbl 

<~p/ p > 

0,063 

0,034 

llHcnepCHSI 

0,006 

0,002 

7 
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Puc. 3. PacnpeoeAeHue Heoocmaro~ux Mace OA~ cAy~aee 
ynpyzozo pacce~Hu~ rr-- Me3oHoe Ha npomoHax npu 40 T:JB/c. 

-o,6 -o.4 -o.2 0,0 0,2 

po,D,a I"KBa3HCBOfiO,D,HbiX"I, fibinH C,D,eJiaHbl Ha OCHOBe pac

'leTOB, npooe,neHHbiX C y'leTOM 3KCnepHMeHThJibHbiX OIIIHfiOK 

I ma6A. 21 Ha cMo,D,enupoBaHHbiX co6biTHHX 
7

/. 0Ka3anocb, 

'ITO ,D,JIH peaKI.J,HH 111, 121 BKJia,D,OM npHMeCeH BBH.D.Y HX 

ManocTH MO)I(HO npeHe6pe'lb, .D.JIH ,D,pyrux npoueccoo OHH 

8 

\} 

' 

I 

' 

COCTaBJIHIOT OT 4 ,D,O 12o/o OT OTOfipaHHbiX COfibiTHH B KaHane 

B 3aBHCHMOCTH OT 'IHCJia 3apH)I(eHHbiX 'laCTHU B HeM. 

KonuqecTBO co6biTHH, y,D,ooneToopHIOII.J,HX KHHeMaTHKe 

peaKI.J,HH 1-6, B006II.J,e-TO O'leHb MaJIO no cpaBHeHHIO C Ko

JIH'leCTBOM co6biTHH, no,D,oepriiiHXCH npooepKe. TaKHM o6-

pa30M, nporpaMMa ,D,OBOJibHO )l(eCTKO OTfiHpaeT COfibiTHH. 

Ho ecnu ,D,aHHoe co6biTHe cornacyeTCH c KHHeMaTHKOH 

O.D.HOH H3 runoTe3, TO qacTo I ma6A. 31 npoxo,D,HT H anbTep

HaTHBHLie rHnOTe3bi, KOTOpbie OTJIH'IaiOTCH OT nepBOH TOJib

KO MeCTOnOJIO)I(eHHeM npOTOHa IT .e. TeM, KaKaH H3 nono

)I(HTeJibHbiX 'laCTHI.J, npHHHTa 3a npOTOHI. 

B 3THX cnyqaxx npuMeHeHue ,D,ononHHTeJibHbiX KPHTepu

eo - COOTBeTCTBHe BeJIH'lHHbl HMnyJibCa npOTOHa HOHH3a

I.J,HH ero cne,D,a, a TaK)I(e peiiieHue B nonb3Y runoTe3bi 

"rr -Me30H" B Tex cnyqaxx, Kor,D,a HMnyJibC npoToHa no 

oenH'lHHe 6onbiiie 5 T3B/c, - 3Ha'lHTeJibHO yMeHbiiiHJIO 

'IHCJIO Hepa3JIH'lHMbiX rHnOTe 3. 

)J.nx ynpyrux B3aHMO,D,eHCTBHH 6bmo nony'leHo pacnpe

)leJieHHe no KBa,D,paTaM nepe,D,aHHbiX HMnyJibCOB ITO'lHee, 

no P ;"'- tj, KoTopoe annpoKCHMHpooanocb KPHBOH BH.D.a -e-At, 

T a6mma 3 

KaHan 4Hcno 

peaKUHH C06hlTHA 

2 

1 125 
2 87 
3 38 
4 16 
5 5 
6 2 

l.J HCnO C06biTH;c,yiJ.OB.fl8TBOp>IIDIIUIX 

OJJ.HOA, JJ.ByM, TpeM, 'l8Tb!p8M, JI5ITH: 

rHIIOTe3aM 

3 4 5 6 7 

112 13 
58 22 7 
23 10 5 

5 2 3 6 
2 2 1 

1 
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Puc. 4. PacnpeoeAeHue no Keaopamy neJ!eoaHHozo uMnyAb
ca OAJI cAy~aee ynpyzozo pacceJIHUJI 17 - Me3oHoe Ha npo
moHax npu 40 F3B/c. TeMHblMU KpyxKaM~ o6o3Ha~eHa 
nooo6paHHQJI meopemu~eCKQJI (JyHK'ijUJI euoa e- t OAJI CAy~aJI, 
Kozoa He y~meHbl mo~Ku oo t = 0,05 /F3B/c/ 2, Kpecmu
KOM - Kozoa He y~meHbl mo~Ku oo t =0,09 /F3B/c/ 2 . 

10 

;.. 

~ 

1 
I 
l .... 

l • ··+;, ..... + •• 
t 

• ft •• :t +t I , I \ + I + 
(5') 

0.11 

• 

t 

500 

PA.r , f•l/c 

Puc. 5. 3aeucuMocmb nonepe~HbiX ce~eHuu om 3Hepzuu /a/ 
OAJI ynpyzozo 77-p- pacceJIHUJI, /6/ OAJI peaK'ijUU 17 -p-m -17 + 17 -p . 

npH'IeM HaKnoH pacnpe~eneHHJI npHHHMancJI paBHbiM 3Ha
'leHHIO A =8,05 I F3B/c/-2 , H3BeCTHOMY H3 pa6oTbl/s/ 
I puc. 41. TaKHM nyTeM 6hlnH on;eHeHLI noTe pH co6LITHH 
c Me,IJ;neHHbiM npoTOHOM OT.IJ;a'IH. Cne.IJ;yeT 3aMeTHTL, 'ITO 
npoTOHLI c HMnynLcoM p Jia6 < 130 M3B/c HMeiOT npo6er 
B nponaHe MeHLIIIe 1 MM H He MOryT 6LITL 3aperHCTpHpo
BaHLI B KaMepe. IIpoTOHbl c 130<PJia6<300 M3B/c TaK)J(e 
HMeiOT He 100o/o-HYJO 34>4JeKTHBHOCTL o6Hapy)J(eHHJI. EcnH 
.IJ;nH annpOKCHMaD;HH HCllOnL30BaTL BCe 3KCnepHMeHTanLHOe 
pacnpe,IJ;eneHHe, TO x2 = 26,5 IHa OAHY cTeneHL cao60ALII 
H llOTepH COCTaBnJIIOT 50o/o OT BCeX 3aperHCTpHpOBaHHbiX 
co6LITHH. KaqecTBO no,IJ;roHKH 3Ha'IHTenLHO ynyqiiiaeTcJI 
lx 2= 10,4/, ecnH He Y'IHTbiBaTL nepBble TpH TO'IKH pac
npe,IJ;eneHHJI lAo 0,09 I F3B/cl 21. B 3TOM cnyqae noTepH 
COCTaBnJIIOT 78,5<fo OT BCeX 3aperHCTpHpOBaHHbiX C06b1THH 
I 184±33 co6LITHJI/, a ce'leHHe ynpyroro pacceJIHHJI 17- -Me-

11 
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Puc. 6. CneKmpbl 3rjjrjje~emueHbiX Mace: /a/ 77 +77--: Me3oHoe; 
/6/ 77+ 77 - 77 ± - Me3oHoe; /e/ - npomoHoe u 77 + Me3oHoe. 
BHewHue zucmozpaMMbl coomeemcmeyrom UHKA103UBHbiM ~ 
cneKmpaM; eHympeHHue - cyMMe 3KCKII103UBHbiX cneKmpoe. 
CnAowHoii Kpueoii Ha puc. 6a o6o3Ha<~eHa meopemu<~ecKaJI 
Kpuea.11, onucaHHaJI e meKcme. 
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30HOB Ha npoToHax npH 40 F3B/c oKa3biBaeTcH paBHbiM 

a ef= 2,95±0,30 M6. 3TO 3Ha'leHHe B npe,neJiaX OWH60K 

COBna,naeT C ,naHHbiMH 6onee TO'IHbiX H3,MepeHHH /8/. 
HaMH 6biJIH ou.eHeHbi 3Ha'leHHH ce'leHHH HeKoTopbiX 

3KCKJII03HBHbiX peaKu.Hii: I ma6A. 1/. llonepe'IHoe ce'leHHe 

,nJIH peaKIJ,HH 17 -p ~p17 +217-, nOJiy'leHHOe HaMH, XOpOWO BnH· 

CbiBaeTCH B 3HepreTH'IeCKYIO 3aBHCHMOCTb Ce'leHHH 3TOH 

peaKIJ,HH, npHBe,neHHyiO Ha puc. 5. 
,lJ.JIH Bbl,neJieHHH HeynpyrHX 3KCKJI103HBHbiX KaHaJIOB 6bl· 

JIH nOCTpOeHbl cneKTpbl 3qxpeKTHBHbiX MaCC pa3JIH'IHbiX 

KOM6HHau.uii: ttacTHIJ,. O,nHaKo H3- 3a Manoro ttHCJia co6biTHH 

B Ka)l(,nOM H3 KaHaJIOB 3KCKJI103HBHbie cneKTpbl 6biJIH 3aTeM 

npocyMMHpoBaHbi. Ha puc. 6 noKa3aHbi HeKoTopbie H3 

nonytteHHbiX pacnpe.neneH~ii:: .nnH M
17
+

17
-/puc. 6a/, M

17
+rr 

17
± 

I puc. 66/ u M P 17 + I puc. 66/. 3.necb )l(e .naHbi cooTBeT

CTBYIOIIJ,He HHKJI103HBHbie cneKTpbl, nocTpOeHHble C HCnOJib· 

30BaHHeM Bcex.-6000 co6biTHii:. OtteBH,nHo, 'ITO B nepBoM 

CJiyttae, T. e. ,nJIH CYMMbl He60JibWOrO 'IHCJia 3KCKJII03HBHbiX 

KaHaJIOB, 3Ha'IHTeJibHO JIY'IWe, tteM B nOJIHbiX HHKJII03HBHbiX 

pacnpe,neJieHHHX, npOCMa TpHBalOTCH MaKCHMYMbi, COOTBeT

CTBYIOIIJ,He H3BeCTHbiM p~- 1\1-H N;;2 ,:l;2 -pe3oHaHcaM.l-13-3a 

CJia6oii: CTaTHCTH'IeCKOH o6ecnetteHHOCTH pe3yJibTaTOB HeT 

CMbiCJia npoBo,nHTb 6onee rny6oKHii ax aHaJIH3. 3.necb MeTo

.noM, onucaHHbiM B 'I 0/, npoBe,neHa TOJibKO OIJ,eHKa Ce'leHHH 

o6pa3oBaHHH p~Me3oHa. B 3TOM cnyttae no.n 3KCnepuMeH

TaJibHbiH cneKTp M 17 + 17 - MeTO,nOM HaHMeHbWHX KBa,npa TOB 

6biJia no,norHaHa TeopeTH'IeCKaH KpHBaH, BKJIIO'IaiOllJ,aH B 

ce6H <iJoHoBoe pacnpe.neneHHe I cneKTp Mace o,nHOHMeHHbiX 

no 3apH,ny 17 ·Me30HOB/, peJIHTHBHCTCKYIO cPYHKIJ,HIO lipeHTa· 

BurHepa .nnH onHcaHHH p 0 -Me 30Ha, a TaK)I(e cPYHKIJ,HIO /I 0 I, 
oTpa)l(aJOIIJ,yiO BJIHHHHe Ha cneKTp M 17+ 17- o6pa3oBaHHH w -Me-

30HOB. Pe3yJibTaTbi noKa3aJIH, 'ITO BKna.n w ·Me3oHoB B co-

6biTHH C 17° ·Me30HaMH - TaKHe C06biTHH, KaK BH,nHO H3 

ma6/l. 1, HMeiOTCH Cpe,nH Bbl,neJieHHbiX peaKIJ,HH • He OTJIH

qaeTCH OT HYJIH B npe,nenax OWH60K jaw =/0,19±0,40/ M6/, 
a Ce'leHHe o6pa30BaHHH p0 -Me 30HOB COCTaBJIHeT a p o = 
= /0,83±0,30/ M6 . TaKHM o6pa3oM, MO)I(HO 3aKJIIO'IHTb, 

'ITO B o6cy~aeMbiX peaKIJ,HHX pe30HaHCbl pO)I(,naiOTCH ,no· 

cTaTO'IHO o6HJibHO. HanpHMep, .nonH 17+ ·Me30HOB oT pacna.na 

p ° COCTaBJIHeT OKOJIO 40~ OT BCeX pO)I(,neHHbiX 17 +- Me30HOB. 
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B ~aKJIIO'IeHHe aBTOpbl Bblpa)l(aJOT cBoiO rny6oKyiO 6na

ro.napHOCTb BCeM $H3HKaM CoTpy,nHH'IeCTBa no o6pa6oTKe 

cPHJibMOB C 2·MeTpOBOH nponaHOBOH KaMepbl 3a npe,nocTaB· 

neHHble MaTepHaJibl, a TaK)I(e .noKTopy B.r .rpHWHHY 3a 

TIOJie3Hbie 06Cy)l(,neHHH. 
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