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Ha CHHMKax, nciny'ieHHbiX npu o6ny'ieHHH 55- caHTHMeTpoBoii nponaHo-

Boii ny3blpbKOBOH .KaMepbl Ill HeiiTpOHaMH C HMllYllbCHbiM ClleKTpOM (eM. 

puc. 1) uccnenyeTcR npouecc 

np .. p p " ( 1) 

.naHHbiH KaHan peaKUH.H BMeCTe C pRnOM npyi'HX KaHaliOB x/ H3y'iaeTCSI 

B KaMepe cpenu Tpexny'ieBbiX aBean: 

n'C B3aHMOneiiCTBHe (2) 

P p rr- (m'rro ); nt= 1,2, .•. (3) 

np .... n pIT+ rr- (mIT 0 ) ; m = 0,1,2, ... (4) 

on rr+IT +IT ...:(m 1T 0 ); · m = 0,1,2, ... (5) 

BbineneHHe KaHami- (1) OCHOBaH~ Ha x2 
-MeTone 121. TaK KaK Ha Ollbi

Te aapaaee HeH3BeCTHO a6conroTHOe 3Ha'ieHHe HMnynbca nepBH'iHOI'O HeiiTpo
~ 

Ha, TO paaMepHOCTb Xmln -pacnpeneneHHSI nnH peaKUHH np -+ p p IT-

nomKHa 6biTb paBHOii TpeM ( CMo npH110.lK9HHe) ~ 

Ecnu B peaKUHSIX (3-5) aanaTb Be11H'iHHY s~~eKTHBHoii M~Cchl yneTeB-

IUHX HeiiTpanbHblX 'i8CTHU1 TO X 2 :: 0. 
· · ·· ' min 

x/ KaHalibi p~aKUHi!: c y'laCTHeM CTpaHfihiX 'l:aCTHU ae paccMaTpHBaiOTCSI. 
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B cnyqae pa3HOMaCWTa6HbiX rHIIOT83 131 npeono'ITeHHe cneoyeT 

OTOaTb rHIIOTe3e e 60JlbWHM "'HeJlOM eTeneHe:il: CB060llbl 1 T.e. e 6onbllle:il: pa3-

2 
MepHoeTbiO X -paenpeoeneHHSI. 

2 
CneooBaTenbHO, eenH 3Ha"'eHHe X ~In ong rHIIOTe3bl KaHana ( 1 ) OKa-

. 2 

3biBaeTCSI. M8Hblll8 Bbi6paHHO:il: Ha Ollb!Te OOBepHTenhHOll rpaHHUbl X min rp ' 

TO rHIIOTeSbl 
1
KaHanoB ( 3-5) OT6paehiBaiDTeSI. 

Y"'eT HOeHTH~HKaUHH qaeTHU H KaHanoB peaKUH:il: noaBonSieT oo aeKoTo-
~ ) . 

po:il: CTeneHU O"'HeTUTh KaHan ( 1 OT npHMeeH opyrHX peaKUHH. 

EeTeCTBeHHO, "'TO Ha Ollb!Te HeT B03MO)!(HOeTH nonHOH O"'HeTKH KaHana 

peaKUHH fi(l->(l(l 77-• OT llpHMeeefi KaHanOB (2-5). flpHMeeb OT peaKUHll e yqa_; 

eTHeM CTpaHHbiX qaeTHU He3Ha"'HT8JlhH8 BeneoeTBH8 MaJlOCTH HX Ce"'eHHH. 

OueHKY BenH"'HHbl 11pHMeeH MO)!(HQ eoenaTb KaK Ha OeHOBaHHH OllbiTHblX 

JlaHHbiX, TaK H rryTeM MOfl8J1HpOBaHHSI KaHanoB peaKUHH ( 1-5) • 

§ 1. OyeHKa rrpHMeCH rryTeM MoaenHpoBaHHH 

0JlHHM H3 enoeo60B OUeHKH llpHMeeH M0)!(8T eJiy)!(HTh MOll8J1UpOBaHH8 

H3y"'aeMOrO H llpHMee~blX K8HaJ10B. flpH 3TOM eMOOeJlHpOBaHHble eo6biTH.SI 

OOn)!(Hbl OTpa)!(aTb oeH,OBHbie KHHeMaTH"'eeKHe oeo6eHHOeTH, HaJle)!(HO yeTaHOB

.JleHHbie H8 OllbiTe. 
. ~ 2 

KRHeMaTRKa eo6biTHSI oKaahmaeT eymeeTBeHHoe BnHSIHHe Ha '*'opMy x · 
min 

paenpeoeneHHSI llnSI nO)!(HOH rHIIOTe3blo 3Ha"'eHHe 

UHH (eM. llpHnO)!(eHHe) ,MO)!(HO aanHeaTb B BHlle 

2 

.·X min l 
noene MnHHMHaa&. 

2 
X 

min 

k: 

~ 
f. a 

1 

~ f ia 

2 

' (6) 

roe_ fja~ paa6anaHe aaKOHa eoxpaHeHHS:i llpH .aKenepHMeHTanbHbiX 3Ha"'eHHSIX 

. napaMeTpOB, ~fj'3 .:_ epellH8KBallp8TH"'HOe . OTKnoHeHHe llJlSI aHa"'eHHSI l i. 1 

k - "'Heno eB0600HbiX ypaBHeHHH eBSI_3Ho 
2 . 2 : . . 

Ha ( 6) BHOHO, "'TO B o6naeTb e x < X npoHexooHT Bbi6opKa 
. , min . minrp 

eo6biTHfi,· y KOTOpbnC p~a5B:niurc . £ i 3 TOnbKO TeX llpHMeeHbiX 

npeBbiniaeT. OIIIH6Ky ~ f i 3 
• EeTeeTBeHHO, "'TO eaMK. aHa"'Em~SI· 

noepeoeTB8HHbiM o6pa30M aaBHe~T OT KHH8M8THKH e06bi;t'I!SI. 
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KHHeMaTii:Ka oKaabiBaeT BnnSIHHe H I 

Te OIIIH6KH napaMeTpOB 38BHeSIT OT HX Bel 

Hy*HO OTMeTHTb, "'TO nony"'eHHe HMI 

K aKenepHMeHTanhHbiM1 - B8)!(H0 llJlSI npaBHni:: 

!lJHKaUHH nonO)!(HTeJlbHhiX "'aeTHU B KaHana: 

llnSI MOlleJ1HpOBaHHR ~aHaJlOB (l-5) Hel 

(eTaT. TeopHSI). MooenHpOBaHHe npoBoimnc 

HaneTaromero He:il:Tpoaa: 3; 6 H 9 faBle. 

Ha OllbiTe HaJle)!(HO yeTaHoBneHo, "'TO 

B e.u.Mo peaKUHH paaneTaiOTeSI B pa3Hble : 

KHX K 0° H 180°. 

llaHHaSI 3aBHeHMOeTb. 6hma OTpa)!(eHa 

JlOHOB MOllennpyeMblX KaHaJlOB. llnSI aTOrO 

J1Heb 110 4Ja30BOMY 06'beMy H OT6paKOBbiBa. 

pHMeHTanbHblM Ta6J1HUaM paaneTa HyKJlOHC 

llng IIOeTpOeHHH Ta6J1HU HeiiOJ1b30Banac 

KaHanoB ( 1 ,3). Bee aKerrepHMeHTaJ1bHhie c 

HMIIynbea HaJ1eTa10111ero HefiTpOHa Ha TpH 

<P < 7 faBle H P > 7 faBle. Ha aTJ 
n · n 

llByMepHble Ta6J1HUbl .(eM., HallpHMep, TatS 

OT6paKOBKH.IIpH 3Ha"'eHHSIX HMIIynbea rrep 

eooTBeTcTBeHHO. BeneoeTBHe TO*lleeTBeHI 

pa3BOpa"'HBanHCb BOKpyr oen aa • llnSI BeeX 

OllHHSKOBbiMHo 

HHKaKHX orpaHH"'eHHll Ha ¢opMy pa 

yrnoB BbiJleTa 77 -Me30HOB He oenanocb 

MOTpeTb, HaCKOnbKO 6nH3KHMH IIOJlY'!HnUeb 

MeHTanbHbiMo 

Ha pHc. 2 rroKaaaHhi HMrrynbeHbie .I= 

30HOB B n.c. llJlSI aKCIIepHMeHTanbHbiX H 

Han a n p .... p p 77 ; B npeoenax OBYX ow 

Bcex o6naeTSIX. Bce-TaKH ·BHllHO, "'TO MaK 

llpOTOHOB llnSI MOll8J1HpOB8HHbiX C06biTHll 

HeHHIO C aKCIIepHMeHTanbHbiM. 

5. 



npennoqTeane cnenyeT 

cao6onhi, T.e. c 6onhmefi pa3-

nmi I'HllOTe3bl KaHana ( 1 ) OKS-
. 2 

rpaHHUbi X min rp , 

peaKuufi noaaonHeT no HeKoTo-

O'IHCTKH KaHana 

peaKUHfi c yqa..: 

M8ITOCTH HX ceqeHHfi. 

H8 OCHOB8HHH OnbiTHblX 

{1-5). 

H MO)KeT ·cny)KHTb MOnemipOBaHUe 

STOM CMonenHpOBaHHbie COObiTHH 

He oco6eHHOCTH 1 Hane)KHO ycTaHOB-

2 
CTBeHHOe BnHHHHe H8 ¢opMy X 

m~ 

2 

.·X min j 

nocne MHHHMII3a.::. 

' 
(6) 

npu SKCnepHMeHTanhHbiX 3H8'leHHHX 

OTKnOHeHHe nnH 3H8'leHHH 1 i , 

2 . 2 . . 
< X npoHcxoniiT BbtoopKa 

mln . "'in rp 

p~a6ananc f i 
9 

O, 'ITO C8MII 3HaqeHHH. 

co6hi:rHH. 

HeHaMHOI'O 

f · . ne
t a 

l 

I 
l 

·l 

KHHeMaTIIKa oKa3hJBaeT aniiHHHe II Ha oUIIIOKH t1 f i 
Te OlllHOKH napaMeTpOB 38BHCHT OT HX BeiTII'liiHbl •. 

1 T,K, Ha Ollbl-

Hy*HO oTMeTIITb, 'ITO nony'leHIIe uMnynhCHbiX pacnpenenemdi, 6nH3KIIX 

K SKCnepHMeHT8ITbHbiM
1

• B8)KH0 nnH npaBIInbHOI'O yqeTa B03MO)KHOCTII IIneHTII

¢1IK8UHII nonO)KIITenhHhiX 'laCTHU B KaHanax (4,5) npii MoneniipoaaHIIH. 

llns MonenHpoaaHIIR ~aHanoa (1-5) IIcnonbaoaanach nporpaMMa ·~opcd4/ 
(cTaT. TeOpHH), ~oneniipOB8HIIe npoaonHnOCb npii Tpex 3Ha'leHHHX IIMllYnhC8 

naneTaJOmero HefiTpona: 3; 6 H 8 faa/c. 

Ha onhiTe nane)KHO ycTanoaneHo, 'ITO a NN -aaaiiMoneficTBIIHX HyKnOHbi 

a c.u.M. peaimm paaneTaJOTCH a pa3Hbie nonyc¢epbt a nanpaanenuHX, 6nii3-

KIIX K 0° II 180°. 
.llaHH8H 38BIICHMOCTb. 6bina OTpa)KeHa B yrnOBb!X xapaKTepHCTHK8X HYK-

nOHOB MoneniipyeMhiX KaHanoa. llnH aToro Tpexny'leBhie aaeanbi MonenHpoaa

niicb no ¢a30BOMY 06'beMy H OT6paKOBbJBaniiCb (eM, npiinO)KeHIIe) no 9KCne

p1IMeHTanhHbiM Ta6niiU8M pa3neTa HyKITOHOB B C,U,M. peaKUHH, . 

llnH nocTpOeHHH ;a6nHU HCIJOnb30BanaCb CYMM8pH8H CT8 THCTHKa (200 C06,) 

Kananoa ( 1,3). Bee aKcnepHMeHTanbHbie co6hiTHH pa361IaaniiCb no aenii'lHHe 

HMnynbC8 HaneTaJOUiero HefiTpOH8 ita Tpii rpynnhi: p < 4 faa/c, 4 faa/c < . n 

< p < 7 faa/c H p > 7 faa/c. l13 STHX rpynn COO~ITHfi CTpOHITHCb TPH 
n · n ~-, • 

nayMepHble Ta6nUUbi .(eM., HanpHMep, ,;a6n,2) 1 KOTOpbie HCnOnb30BanHCb nnH 

OT6paKOB~H·npii 3Ha'leHUHX HMnynbca nepBH'lHOrO HefiTpOH8 3; 6 H 8 faa/c 

COOTBeTCTBeHHO, BcnencTBIIe TO)KneCTBeHHOCTH npOTOHOB B ( 1) 1 ( 3) Ta6nHUbl 

paaaopa'IIIBanHCh BOKpyr ocu aa • .llnH acex KaHanoa peaKuuii: Ta6niiUbi 6panucb 

onHHaKOBbiMH, 

HHKaKHX orpaHH'leHHfi na ¢opMy pacnpenenenuii: IIMnynhCOB qacTHU H 

yrnoa abmeTa rr -Me30HOB ne nenanoch. B CBH3H c sTHM HHTepecno noc

MoTpeTb, HaCKOnbKO 6nH3KHMH nonyttHniiCb naHHble pacrrpeneneHHH K. 9KCnepH-

MeHT8nbHbiM, 
Ha pHc. 2 noKa3aHhi uMnynhCHbie _pacnpeneneHHH npoTonoa u rr -Me-

30HOB B n,c. nng sKcnepiiMeHTanhHblX H CMOnenHpOB8HHbiX COObiTHH H3 Ka-

Hana np ... pp rr • B npenenax nayx omHoOic pacnpeneneHHH coananaJOT ao 

acex o6nacTHX. Bce-TaKu ·BHnHo, 'ITO MaKCHMYM HMnynhcnoro. pacnpeneneHHH 

npoTOHOB nnH MonenupoaaHHbiX coohiTHii: neMHoro cnaHHyT anpaao no cpaa- · 

HeHHJO C 9KCnepUMeHT8nbHbiM. 

5. 



3TO CBSI38HO C. T9M <iJaKTOM, 'ITO 6paKOBK8 B9ll9TCSI TOllbKO IIO yrnaM 

paaneTa HYKllOHOB. TaK KaK B CTaTRCTR~eCKOH TeOpHR HMIIynhCHOe pacrrpelle

lleHne IIpOTOHOB HMeeT 6onee Illl8BHYIO H lliRpOKYIO <iJopMy CO CpellHHM 3Ha'le

HR9M, 6ollbiiiRM 9KCIIepRM9HTallbHOI"O, TO IIOClle . 6paKOBKH, IIO yrllaM 9III9 . CKa-

3b!B89TC.I1 BllRSIHne HCXOllHOI"O HMIIYllhCHoro pacrrpe]:leneHHSI. Hy:»mo ]:lorwnHH-1 . . . 

T9llhHOe orpaHR'l9HRe H8 BellH'lHHY HMIIYllhCa HYKllOHa, HO-T8Ka.l1 IlpOUellypa 

Tpe6yeT IIOCTP_9ElHHSI TpexMepHOH T86llHUbi, 'ITO He II03BOllSI9T Cll9ll8Tb RMeiO-

IIIaSICSI B HallH'lHR 9KCIIepHM9HT8llbHaSI CT8THCTHKa. 

YrnoBoe,pacrrpe]:lenenue TT -Me30HOB ~ C.U.Mo .peaKURR llllSI CMOll9,llR-

pOB8HHbiX 3B93ll 6llH3KO K H30TpOIIHOMy, 'ITO Ha6lliO]:l89TC.I1 H Ha O!lblTe. 

PaccMoTpeB nMnynhCHbie H yrno·Bbie pacnpelleneang B paann'lHbiX KaHa

nax, MO:lKHO CKa3aTb, 'ITO, 38]:laB, TOllbKO YI"ll0Bbl9 XapaKTepHCTHKH HYKllOHOB 

B c.u.M. peaKUHH, Mbi rrony'lHllH co6biTHSI, ylloBneTBOpHTellhHO oTpa:lKaromue 

OCHOBHbl9 T9Hll9HUHH KHH9M8THKH MOll9llHpyeMbiX KaHallOB. · 

i1MnyllhCbl R YI'llbl B MO]:lennpyeMbiX 3B93]:laX p83b!l"pbiBanRCb IIO HOpManb

HOMY 3aKOHY C 9KCIIepHM9HTallhHOH llHCIIepcuefi. 

B peaynhTaTe rrony'lHllRCh 

P =Po +~~P. 

a=a +~i"ia 
0 

{3=(30+~6.(3. 

(7) 

rae Po , a o f3o R i"iP , i"ia , /). f3 - nMnynhCbi, YI'llbl HaKnoaa, a3RMY-

TallhHble YI"llbl. 'l8CTRU B MOll9llRpOB8HHbiX 3B93ll8X R RX Cp9ll·H9KB8llpaTR'lHbl9 

OTKllOH9HRSI COOTB9TCTB9HHO; ~ - cny~afiHOe 'lRCllO, pacrrpellelleHHOe HO HOp

MallhHOMY 38KOHY CO CpellHHM 3H8"19HR9M, paBIIbiM Hynro, ~ llRCIIepcnefi, paB

IIOH 9llRHRUe. 

LJ.n.11 p03bll"pb!III8 OIIIR60K 3ap.11:lK9HHblX 'l8CT.HU 38ll8B8llHCh 3H8"19HII.I1! · 

. 0 
~ P / P = 14 % ; ~ a '= ~ {3 = 0,5 . 

CpellH9KBallpaTR'lHbie OIIIH6Kn B 3Ha'le!IHSIX yrnoa rrepBR'lHOI'O nefiTpona/5/ 1 
6panncb cnellyiOmHe: 

~a =~{3 05° ' . 
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TaK KaK Ha OIIbiTe aapanee H91I3Bec 

ro nefiTpoHa, TO rrpu MOllellHpOBBHIIII aa 

• rrpollOllhHbifi HMIIYllhC aapSI:lKeHHbiX 'l~CTIII 

CMollennpoBaHHbie BbiiiieHano:lKe!IHbiJ 

IIO rrporpaMMe Hll9HTR<iJHK8URH KaHanoB pe 
2 . 

Ha pnc. 3,4 rrpellCT8Bll9Hbl 'X min 

HOCTH Hll9HTH<iJHK8UIIII 'llllSI H9KOT0pb!X K< 

HMIIYllbCa hepBR'lHOI"O HefiTpOHa (3; 6 H 
2 

Ll.oBepnTenhHaSI rpaanua X 1 m n rp 

6, 'ITO COOTB9TCTByeT He 6onee '19M.·}%-. 

11crronh3Y.I1 llBIIIIbie, rrony'leH!Ibie io1 

no orrpellellRTh rrpoueHT rrpnMeCH C 0 

C 0 = n/ N, 

l"lle n R N - COOTB9TCTB9HHO 'lHCllO c 

CMOll9llHpOBaHIIbiX C06biTHH B rrpnMeCHOM 

TaK KBK H8 OIIb!Te HM99TCSI B03MO; 

H8ll0B peaKUHfi, TO peaKUHIO np ->pp TT 

2 ' 2 
MeC!IhiX co6biTHfi c X < X 

min _mln 1"0 

LJ.ng Kanana l4) 6bma nocTpoena cy 

IIQCTb 1Ill9HTR<iJIIK8UIIH TT + -Me30IIOB H II] 

Cpeanufi aec OllHIIO'lHOro y -KBaH 

C06biTRSIM, OK838llCSI paBHblM \V y =10,~ 

TaKRM o6pa30M, y'lnThiBaSI aoa.Mo:lK: 

r M9:lKllY C9"191III SIMH IlpHM9CIIOI"O · Kana. 

a 
npltM. 

r = 
anp-Jopp7T 

IIOllY'lliM IIpOUeHT IIpnMeCH C H3 orrpe 

C=aC 0 r. 



Mo ~TO 6paKOBK8 BeAeTC~ TOnhKO ITO yrnaM 

CT8THCTH~eCKOfi TeOpHH HMITynhCHOe paciTpeAe

WHpOKYJO !jlopMy CO cpeAHHM 3Ha'le

ITOCne , 6paKOBKH . ITO yrnaM ewe CKa

HMITynhCHOrO paciTpeAeneHHSI. Hy:lKHO AononHn
. I 

HY HMITynhC8 HyKnOH8 1 HO TBKBSI ITpOUeAypa 

cAenaTh nMero
-" 

CT8THCTHK8, 

1T -Me30HOB B C,U.M, peaKUHH AnSI CMOAemr-

yrnoahre paciTpeAeneHHSI B paanu'lHhiX KaHa

TonhKO yrnOBble XapaKTepHCTHKH HyKnOHOB 

OTpa:lKaJOIUHe 

MOAenupyeMhiX KaHanoa. · 

~· .. ·~ aaeaAaX pa3brrpbrBannch no . HOpManb

AHCITepcuefi. 

+.;~P. 

(7) 

' 

~ f3 - IiMrrynhCbi 1 yrnbi HaKnOHa, 83HMy

n!ipOBaHHbiX 3Be3A8X H !iX cpeAHeKBaApaT!i'IHble 

.; - cny~afiHoe qucno, paciTpeAeneHHOe HO Hop-

3Ha'leHneM, paBHbiM Hynro, Ii A!iCITepcliefi, paa-

OK. 3apSI:lKeHHbiX qacTBU 38A8Ban!iCb 3Ha'leHIISI: · 

0 
14 % ; !!:.. a = !!:.. {3 = 0,5 . 

B 3Ha'leH!iSIX yrnoa rrepBH'IHoro HefiTpoHa151 
1 

=1!:..{3 05° ' . 
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TaK KaK Ha OIThiTe aapaHee HeuaaeCTHa aemPmHa u~mynhca' rrepB!i'IHO

ro Hei'ITpoHa, TO rrpn MoAennpoaaHnn aa ero 'aHa'leime 6pancSI cyMMapHbifi 

rrpOAOnbHbifi liMrrynhC 38pSI:lKeHHbiX 'laCTHU C 50%-Hofi OWU6KOII, 

CMoAemrpoaaHHhie Bhiweuano:lKeHHhiM ciToco6oM co6biTHSI nponycKannch 

no nporpaMMe UAeHTu!jluKauuu. KaHanoa pe.aKuufi 12 1 c ruiTOTeaofi KaHana· ( 1). 
~ 

Ha p!iC, 3,4 npeAcTaaneHhi X min -pacnpeAeneHnSI· 6ea yqeTa B03MO:lK-

HOCTH UAeHTH!jJUKBUllli AnSI HeKOTOpbiX KaHanOB · ( 1-5) ilpll Tpex 3H8'1eHIISIX 

!iMrrynhca hepB!i'IHoro HefiTpoHa (3; 6 u 9 faa/c). 
J 

lloaep!iTenhHaSI rpaH!iUa x 2 
( cM. rrpuno:lKeH!ie) l3hi6paHa paBHofi 

min rp 
6 1 'ITO COOTBeTCTByeT He 6onee 'leM 1%-HOfi ITOTepe C06biTllfi ll3 KaHana ( 1) o 

I1crronb3YSI AaHHbie 1 rrOny'leHHbie TOnhKO rryTeM MOAen!ipOBaH!iSI, HeTpyA-

HO orrpeAenuTh ITpoueHT ITp!iMecu C 0 ua Ka:lKAOro KaHana: 

C 0 = n/ N, (8) 

rAe n u N - cooTBeTcTaeHHO ~mcno co6hiTufi c x 2 < 6 Ii ITOnHoe qucno 
min 

CMOAen!ipOBaHHbiX C06biTiiH B ITpUMeCHOM KaHane. 

TaK KaK Ha OITbiTe UMeeTCSI B03MO:lKHOCTh HAeHTH!jlllKaUUii '18CTHU II Ka-

Hanoa peaKuufi, TO peaKUiiJO np __, pp " MO:lKHO 'laCT!i'IHO O'lliCT!iTh OT ITpii-
2 ' 2 

MeCHhiX co6hiT!ifi c x <·x 
min 'min ro 

llnSI KaHana l4) 6brna nocTpoeHa cyMMapHaSI 
__-::::.::.--~ 

8KCrrep!iMeHTanbHa£1 -m~pOHT-

HQCTh IIAeHT!i!jl!iKaUUII 17+ -Me30HOB Ii ITpOTOHOB. 

CpeAH!ifi aec OAHHO'l:Horo y -KBaHTa, onpeAeneHHbifi Ha OllbiTe ITO BCeM 

co6hiTHHM, OKaaancg paBHbiM W y =10,22 :!: 0,61. 

r 

TaK!iM o6pa30M, Y'IHTbiBaSI B03MO:lKHOCTh rrAeHTii!jlllKaUuii 

Me:lKAY Ce'leH!iHMII rrp!iMeCHOrO KaHana Ii KaHana (1) /8/ 

a 
ITpliM. 

r = 
a 

np-+pp7T 

ITony'IIIM ITpoueHT ITp!iMeCU C !i3 onpeAeneHHoro KaHana: 

C=aC 0 r. 
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Ii COOTHOWeHue 

(9) 

(10) 



3neeb a - Koa!W>HUIIeHT, Y'IHThiBaJOIIIHH B03MO)KHOeTb HAeHTIIqJHKaUHII <JaeTIIU 

II KaHanoB peaKUHH. 

CyM.MapHhie pe3ynhTaThi rrpHBeneHhi B Ta6n. 1. 

a) fipHMeeb OT n C- B3aHMOAeHeTBIIH. 
\ . 

fioene BH3ya~bHOrO OT6opa IIpHMeeb B OeHOBHOM eoeTOHT H3 KBa3!IeB0-

60AHhiX Up -B3aHMOAeiieTBHH. OrrpeneneHHaSI Ha OIIhiTe IBI rrpHMeeb BO Bee 

BOAOPOAOIIOA06Hhie4B3aHMOAeiieTBHSI OKa3anaeb paBHOH 34;2%, 4a'eTb KBa3H-

eB060AHhiX B3aHMOAeiieTBHH OT6paebJBanaeb rroene KHHeMaTII'IeeKoi'x o6pa60TKH, 

. 8 HTore IIpHMeeb B Tpexny'leBbJe 3Be3Ahi eoeTaBHna 16,4%, 

B MonenHpyeMhiX 3Be3nax rrpoTOH MHIIIeHH H30TporrHo Kone6neTeSI e MaK-
. p t4t . . . 

eHManbHhiM HMIIynbeOM · max "" 0,25 faBle , flocne rrporryeKaHHSI HeKye-

eTBeHHhiX eo6biTHH IIO rrporpaMMe HAeHTHtl>HKaUHH KaHanOB peaKUHH IIpOHeX0-
2 

AliT Bhi60pKa 'laeTH eo6hiTHH- B o6naeTb e X < 6. 
min 

fionaraSI B (10) f paBHhiM aKerrepHMeHTanbHOMY 3Ha'IeHIIJO IIpHMeC:H 

KBa3HeB060AHhiX np -B3aHMOAeHeTBHH BO Bee .BOAOpOAOIIOA06Hhie B3a!IMOAeii

CTBHSI AO KHHeMaTH'IeCKOH o6pa6oTKH1 rrony'IHM o6IIIHH npoUeHT IIpHMeeu Cnc, 

fiony'leHHaSI 1!3 MOAenHpOBBHHSI IIpHMeeb Cn C IIpH HMIIYIIbCaX rrepBII'I-

HOrO HeHTpOHa 3; 6 H 9 faBle OKa3hJBaeTeSI paBHOH (6,85;t 1,57)%, (12;t2)% 

H (13,5:!; 2,2)% COOTBeTCTBeHHO, 

CyMMapHaSI IIpHMeCb H3 KaHanOB (3-5) IIpH B38HMOAeHCTBHH Ha KBa3H

CB060AHOM IIpOTOHe He rrpeBhiiiiaeT 2%, 

CpaBHHBaSI aKerrepuMeHTanhHYJO Benu'luHy rrpnMecu rrocne KHHeTn'leeKoii 

o6pa6oTKH co 3Ha'leHHSIMH Cn c , MbmHo eKa3aTh, 'ITO rrpuMeCb KBB3HeBo-

60AHhiX np -B3aHMOAeiieTBHH B peaKUHii np ... pp rr- He rrpeBhi!UaeT (12f..16)%, 

HymHO OTMeTHTb 1 'ITO HeT eyiiieCTBeHHhiX IIpH'IHH AnSI neKameHHSI tl>H3H-

'leeKHX pacrrpeneneHHH H3-3a rrpnMeCH KBa3HCB060AHhlX Up iB3a!IMOAeHCT-

BUM, 

3HaHUe Benn'IHHhi aTOM IIpHMeeH BamHO nu!Ilb AnSI orrpeneneHIISI Ce'leHIIH 

KaHana (1 ). 

6) fipnMeCII II3 KaHan em ( 3-5), 
flpnMeeb II3.KaHanoB np ... pp77-rr 0 n np ... nprr+rr-. B3BeiiieHHaSI rro cneKT-

py rrepBH'IHhiX HeiiTpOHOB1 OKa3biBaeTCSI paBHoii: 
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I 

r 
'I 

I 
'I 

I 

I 
lj 
J; 
. I 
.I 
i. 

i 
i' 
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i 

I 
.-··f 

c (}o= (6,2.+2, 8)% 
7T -

c .. ,;,(6,.8+2,8)% 
n - . 

KaK BIIAHO 1!3 Ta6n. 1, IIpHMeeb peaKUHH C 

uaMH He3Ha'lnTenhHa. BKnan KaHana (5) He r 

l13 AaHHhiX IIO MOAenHpOBaHIIJO enenyeT, 'I 

UHH (3,4) naeT rrpnMeeb, He rrpeBhiiiiaJOIIIYJO (7 

TipoueHT rrpHMeeH H3 KaHana. np ... p p rr- { u 

6hiTh aoeT_aTO'IHO TO'IHO orrpeneneH Ha OIIhiTe rr\ 
2 2 

IIOIIBBIIIIIMH B o6naeTb e X < X 
min min rp 

K eomaneHHJO, He BHAHO aKerrep.HMeHTanhH 

eHMOH OUeHKH IIpHMeen H3 KaHana (4), 
fionHhiH rrpoUeHT IIpHMeeH, B3BeiiieHHOH IIO 

H~B, 1!3 KaHanOB peaKUHH (2-5) eoeTaBnSieT (2 

2 
§2, 3xcrrepHMeHT8IlbHbie X mln - p 

2 
Ha pHc. 5 rrpencTaBneHo X -paerrpen 

min 

Kauuu nnSI 6750 Tpexny'IeBhiX 3Bean. BHnao, 'I 
2 

X min cymeeTBeHHO o6orameHa eo6hiTHSIMH II 

Ha pHe • .6 rrpnBeneHo x 2 
-paerrpenene 

· min 

'laeTIIU -H .KaHanOB peaKUIIH AnSI 2200 3Be3A. 
2 . 

Bhr6epeM x paBHhiM 16 (pnc. 6 ) • 
.m~n 

6,5% IIO OTHOIIIeHUJO KO BCeM OT06paHHhlM C06hi' 

rrorrano 6 3Bean c y -KBaHTaMn, cpenHnii B~ 

w y ""5,16: 1,14. 

BunHo, .'ITO OH cy.IIIeCTBeHHO MeHbiiie cpenaero 

fl p -B3a!IMOAeHCTBHiM C y -KBaHTaMH, 3TC 
?. ~ 

c rroMO!IIhJO · x · -MeTana nponcxonn'r Bhi6opKa 

T!Ii'x, B KOTOphiX 
0 

7T -Me30H JieTH'I"' BAOnb OCH · 
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y'IHTbiBaiO!IlllH B03MO)KHOCTb HAeHTHqJHKaUHll 'laCTHU 

Thi npnBeaeHhi B Ta6n. 1. 

COCTOHT ll3 KBa3HCBO-
• /6/ i 

a<>n~THHH. OnpeaeneHHaH Ha OIIhiTe rrpnMeCh BO Bee 

OKasanacb paBHOH 34;2%. _!;ia•CTh KBa3H

nocne KHHeMaTH'IeCKOH Obpa60TKH. 

COCTaBHna 16,4%, 

C MaK

ITocne rrponycKaHHH ncKyc

nporpaMMe H):leHTH~HKaUHH KaHanOB peaKUHH IIpOHCX0-
2 

B o6nacTb c X < 6 • 
min 

paBHbiM 9KCnepnMeHTanbHOMY 3Ha'leHHIO npuMeCU 

llMO):IeHCTBHH BO BCe BOAOponorrono6Hhie B3aHMO):IeH

o6pa6oTKH, nony'IHM o6mnil: upoueH~ rrpnMecn Cnc. 

Cn c rrpn HMIIynhcax rrepBH'I-

paBHOil: ( 6,85:!: 1 ,57)%, (12:!:2)% 

(3-5) npn B3aHMoneil:CTBHH Ha KBa3H-

2%. 

BenH'IUHY npUMeCH nocne KHHeTU'IeCKOH 

, MO)KHO CKa3aTh 1 'ITO npHMeCh KBa3UCBO

peaKUHH np ->pp TT- He IIpeBbilllaeT (12f.16)%. 

, 'ITO HeT Cy!IleCTBeHHhiX npH'IHH nnH HCKa)KeHHH ~H3ll-

H3-3a npuMeCU KBa3HCB000):1HbiX np -BsanMoneil:cT-

9TOil: npnMecn Ba)KHO nnlllh nnH onpeaeneHHH ce'leHnil: 

(3-5). 
H np->nprr+ TT- , B3BellleHHaSI no CIIeKT

OKa3biBaeTCSI paBHoil:: 

/ 

8 

I 

I 

I 
I 
I 

i ' 

!I 

i• ' 

;l 
1./ 
I 
II 
'l ; 
't 
f 

.I 
I. 

C G= (6,2.+2, 8)% 
TT -

c. ,;,(6,.8+2,8)% 
n -

KaK BHAHO us Ta6n. 1, npnMech peaKuun c aflyMH Heil:TpanhHh;Mn qacTn

uaMH HeSHa'luTenhHa. BKnaa KaHana (5) He npeBhllllaeT oaHoro npoueHTa. 

J13 ):laHHhiX no MO):IennpoBaHHIO cneayeT, 'ITO K8)K):IbiH H3 KaHanoB peaK'

UHH (3,4) aaeT npnMeCh, He npeBhilllaiO!IlYIO (7 ~ 9)%. 

ITpoueHT rrpnMecn us KaHana. np ... p p rr- ( m 11_ 
0 ) , rne. m = 1,2, ... , MO)KeT 

OhiTh aocT_aTO'IHO TO'IHO orrpeaeneH Ha on&ITe no co6hiTUSIM c y -KBaHTaMu, 
2 2 

nonaBIIIUMH B o6nacTh c x < x 
min min rp 

K CO)KaneHHIO, He BHAHO 9KCIIepnMeHTanbHOiJ: B03MO)KHOCTU . anH He3aBH-

CHMOH OUeHKH npnMeCH H3 KaHana (4). 
ITonHhiil: npoueHT npnMecu, B3BellleHaoil: no cneKTPY nepsn<lHhiX Heil:Tpo

HOB, H3 KaHanOB peaKUHH (2-5) COCTaBnHeT (26,4:!: 4,5)%, 

2 
§2. 9xcrrepHMeHT8llbHbie X min - pacrrpe.[jelleHHH 

2 
Ha puc. 5 npeacTaBneHo X -pacnpeaeneHue 6es y'leTa uaeHTH~H-

min 

KaUUH anH 6750 Tpexny'leBhiX 3B93):1, BunHo, ~TO 00naCTb ManbiX 3Ha'leHUil: 
2 

X min cymecTBeHHO o6orameHa co6biTHHMH us ·:KaHana ( 1). 

Ha puc • .6 npuBeaeHo X 2 -pacnpeaeneHue c y'leTOM naeHTH~HKaunn 
min 

'laCTHU .H.KaHanOB peaKUUH anH 2200 3Besn. 

Bhi6epeM x 2 paBHhiM 16 (puc. 6 ) • Toraa KaHan ( 1) cocTaBuT 
.m~n 

2 

X 
min 

6,5% no OTHOllleHHIO KO BC9M OTOOpaHHbiM CObhiTHHM, B o6naCTh C 
I • 

<16 

nonano 6 seesa c y -KBaHTaMU,_ cpenHUH BE:lC KOTOpbiX OKasancSI paBHhiM: 

w y = 5,16 ~ 1,14 .. 

BnaHo, 'ITO OH cymecTBeHHO MeHhllle cpeaHero seca, onpeneneHHoro.. no seeM 

II p -B3aHMOil8HCTBUiM C y -KBaHTaMH, 3TO CBH38HO C TeM QJaKTOM, 'ITO 
2 . • . 

C nOMO!Il.hiO · X -MeTona npoucxonuT BhiOOpKa npenMy!IleCTB9HHO TeX C06hi-

TUM, B KOTOpbiX 
0 

TT -Me30H neT I!~ B):{Onh OCII· nyqKa, 
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ilpeJlnonoxmB, ·qTo BCe 3Be3Jlhi ·c y -KBaHTaMH npaHaJlne:lKaT KaHany 

Dp->- p p 77-77 O , nony'IHM BepXHIOIO OU8HKY npHMeCH H3 KaHana peaKUllll 

DP->PP"-(mTT 0
) , rAe m=1,2, ••• 
2 

Ecna X - B3SITb paB!IhiM 16, TO npnMeCb H3 KaHana (3) coc-
min rp 

TaBHT (8,2 + 4,2 )%, l13-3a pa3HOI"O poAa HCKa:lKeHHH Bbi5op 
- t' 

KonbKO npon3BOnb!IaSI npoueJlypa. 

U8HT npHM8CH 9K8:lKeTC5I paBHbiM 

2 
Ecnn X min rp 

(5,5± 3,2) %. 

yMe!Ibll.IHTb 

'l 

X min I_'P - !lee-

JlO 12, TO npo-

Bennqnaa npnMecn, onpeJlene!I!IaSI no y -KBa!ITaM, aaxoJlHTCSI B cor-

nacnn CO 3H8'18HHeM . C 
17

0 , nony'le!IHhlM B pe3ynbT8Te MO)lenapOBaHHSI, 
. 2 

113 MOAenapOB8HH5I BHJlHO, '1T9 X min -pacnpe)lene!IHSI )lnSI npnMeCHhlX 

Ka!IanoB cnaJlaiOT B o5nacTH Manhrx 3!Ia'!eHHH X 
2 

• min 

B CBSI3H c aTHM cT_aHOBHTCSI pa3yM!IhiM cnoco5 oue!IKH nonHoii npaMecn 

, " 2 no XBOCTY X min aKcnepnMeHTanbHOI"O pacnpeJleneHHSI, 
2 

ilpn :aKCTpanonSIUHH "xBocTa" X roln -pacnpeAeneHHSI B o5nacTb c 

2 < 2 u u x X B Balle npSIMOH npoue!IT non!IOH npaMeca oKa3hl8aeTCSI paB-
min min rp . 

Hb!M "'22% •. 
flonHhiH npoueHT npllMeCH, onpeAene!I!IhiH no "XBOCTy", H8XOAHTC5I B 

COI"naCHH C pe3ynbTaTctMH MOJlenHpOB8HH5I, 'ITO I"OBOpHT B nOnb3Y npHMeHeHHSI 

)laHHOI"O MeTOAa B )lanbHeiillieM )lnSI•OUeHKH nonHOH npHMeCH, 

§3. OcHoBHbie BbiBO!Jbi 

a) flpnMeCb
0 

KOTOpaSI MO:lKeT B!IeCTH !IeKOTOpble HCKa:lKeHHSI B tPH3li'leC

KHe pacnpeAeneHli:ll, ae npeBhill.IaeT (6;- 14)%. Han6onee saa'luTeneH BKnaA 

KaaanoB peaKU!iH np -> p p TT - TT 
0 

If n p -> n p " + TT - • 

5) KaK BHilHO us Ta5n. ~1, CllBHI" BneBo no BenH'lliHe HMnynbca nepBH'l-

!IOI"O !Iei1Tpo!Ia yny'lll.IaeT BhiJleneaae peaKUliH n p -> p p TT 

CyMMapHaSI npnMeCb 113 KaHanoB peaKU11H np->PP"-" 0 n np->OpTT+TT-

npn HMnynbC8X p n , paB!IhiX 3; 6 If 9 fail/c, .COCTaBnSieT COOTBeTCTBeHHO 

(2,4+2,26)%, (6,3+3,1)% H (20+7,3)%. 
- - 2 -

B) YMeHbll.Ie!Ine x , B pasyM!IbiX npellenax, l:rosBonHT CHH3HTb 
. minrp 

npoueHT npnMecn. 

10 

\ 
j·· 

I, 
I, 

1 
I· 

.ll.f·~ ,, 
T 

~ .... 

. \l ! 
), 
;I 
l/ 
!I ,(, 
t! .. 
t;i 

ji 

I. 
tl·i~ )'• 

,','·' 
~.~ ' 

llt u 

'• 

r) Mo:lKHO HaJleSITbCSI, 'ITO H3y'leHne np01 

He TOnbKO Ka'leCTBeHHblH XapaKTep, HO If no3 

nH'lE!CTBeHHhie COOTHOll.IeHHSI npn AOCTaTO'lHOH 

ABTOphr Bhrpa:lKaJOT 5naroJlapHOCTb B.E. I< 

· f1pnno)KeHne 

HeKOTOphle aaMe'laHHSI K ncn 

6 2 . 
p 0 3 bl I' phi ll.I y 0 ll.I li 0 K H X min - p a c n 

a) Ylcnonb30BaHne npoueJlyphr 6?aKoBKH 

y'leCTb HeKOTOpble Ha)le:lKHO yCT8HOBne!IHbie a 
flponycTHM BCe MOAennpyeMbie COOblTI 

B liY:lKHOH nponopUHH TOnbKO Te COOhiTHSI, B J 

napaMeTpOB COBUa)laeT C 9KCnepHMeHTanbllblJ-. 

38KOHOB COXPaHeHHSlo 

B Ka'leCTBe "cHTa" ncnonhsyeM 5paKoBK: 

r . 
l 

W· 9KC 
l 

w.lfl 
1 

I"Jle \V ~KC 11 \V ,tP -. Bep.OSIT!IOCTH nona)laHHSl 
l I 

pyeMhiX no tt>asoBoMy o5'beMy co6hiTHH B 1 -

npe)leneHHSI no 0 Kll!IeM8TI1'1eCKHM napaMe 

CyTb 6paKOBKH COCTOHT B cne)lyJOll.IeM 

Ka:lKJlOM po3hii'pbill.Ie conocTaBnSieM co6hiTHIO J 

aa paB!IOMepHo pacnpeJlene!I!IOe cnyqaft!Ioe q~ 

TOI'Jla, KOI'Jl8 BenU'lHHa r i >a ·. r max • EcT 

ueAyp~r ocTa!IyTcSI Hy:lKHbie co6hrTnSI. 

nnSI npoBepOK MeTOJlHKI1 nony'le!IHSI 9KC 

o6pa6oTKH H oue!IKH npnMeCeH 6paKOBK8 MOP 

co6hiTliH c noMOIUbiO TpexMepaoii .· T_a6miUhi 

BnOnHe Jl0CT8T0'1H8 AnSI OTpa:lKeHHSI Han6oneE 

oco6e!I!IOCTei1 • 
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-'ITO BC9 3B93llbl C Y -KB8HTaMH rrpHHanne~aT KaHany 

OUeHKy rrpHM9CH H3 KaHana peaKUHH 

m =1,2, · · · 
. B35!Th paBHbiM 16, TO rrpHM9Ch H3 KaHana (3) COC-

'l 

x, min rp -
' -no 12, TO 

l13-3a pa3HOI'O pona HCKa~eHHll Bbi60p 

'2 
EcnH X i ~ yMeHhlliHTh 

m n • p 

HeC-

rrpo-

(5,5± 3,2) %. 
,.J 

M9CH, orrpeneneHHa5! ITO y -KBaHTaM, HaXOllHTC5! B COI'

, C 
17 

0 , nony'leHHbiM B pe3ynhTaTe MonenHpOBaHH5!, 
2 

5I BHllHO, 'lT9 X min -pacrrpeneneHH5! nn5! rrpHMeCHb!X 

• 2 
3Ha'l9HHII X min • 

CTaKOBHTC5! pa3yMHbiM CITOC06 OU9HKH ITOnHOll npHM9CH 

sKcnepHMeHTanhHOI'O pacnpeneneHH5!, 

u u 2 6 
.OilHUIIH XBOCTa X roln -pacnpeneneHH5! B 0 naCTh C 

nonaoit npHMeCH oKa3hiBaeTC5! paB-

onpeneneHHblll no "XBOCTy", HaXOllHTC5! B 

MOllenHpOBaHH5!, 'ITO I'OBOpHT B nonh3Y npHMeHeHH5! 

.anbHeitrueM lln5l•OU9HKH nonHOll npHMeCH, 

§3, 0CHOBHbie BbiBOBbi 

~OTonag MO~eT BH9CTH HeKOTOpb!e HCKa~eHH5! B <fJH3H'leC

npeBbllllaeT (6 +- 14)%, HaH6onee 3H8'lHTeneH BKnan 

H np ... np77+17-. 

Ta6n. '1, CllBHI' BneBo no BenH'lHHe HMnynhca nepBH'l

T BbilleneHHe peaKUHH 0 p -> p p 17 

M9Ch H3 K8H8nOB peaKUHll np-> p p 17 -17 ° H 0 p ->0 p 17+ 11-

, paBHbiX 3; 6 H 9 fsB/c, .COCTaBn5leT COOTB9TCTB9HHO 

3,1 )% H (20+ 7,3)%, 
2 -

X i , B pa3yMHbiX npenenax, IT03BOnHT CHII3IITh 
.m n rp 
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r) Mo~Ho Hane5!ThC5!, 'ITO H3y'leHHe npouecca np ... p p 11 6yneT HOCHTh 

• He TOnhKO Ka'leCTBeHHblll xapaKTep, HO H n03BOniiT nony'lHTh Hane~Hbl9 KO-

nH'l9CTB9HHbl9 COOTHOllleHH5! npH llOCTaTO'lHOll CT8THCTHKe, 

ABTOpbi Bbipa~aroT. 6naronapHOCTh B.E. KoMonoBoit 3a rroMOlllh B pa6oTe. 

. TipHnO)K9Hll9 

HeKoTophie 3aMetJaHH5! K Hcnonh30BaHHIO 6paKOBKH, 
2 

p o 3 hi r phi III y o Ill 11 6 o K ll X min - p a c n pen en e H H 5I M 

a) l1cnonh30BaHHe npouenyphi 6paKOBKH B nporpaMMe "c:t>opc" rro3BOn5IeT 

y'leCTh HeKOTOpbie Hane~HO ycTaHOBneHHbie SKCnepHMeHTanhHbie <flaKTbl, 

flponycTHM Bee MonenHpyeMbie co6hiTHSI 'lepe3 "CHTO", Bbi6Hparomee 

B HY~HOll nponopUHH TOnhKO Te COObiTH5!, B KOTOpb!X 'IaCTh KHHeMaTH'IeCKHX 

napaMeTpOB COBITanaeT C SKCnepHM9HTanhHbiMH, a OCTaBllla5IC5! - cnenyeT H3 

3aKOHOB COXP8H9Hll5!, 

B Ka'leCTBe "cHTa" . HCnOnbsyeM 6paKOBKy 

W· SKC 
l 

r . 
l q:i W· I 

no BenH'lHHe 

( 11) 

I'lle \V :;Kc H \V icp -. Bep.05ITHOCTH nonanaHH5! SKCnepHMeHTanhHblX H MOllenH-
1 

pyeMbiX no ¢la30BOMY 06'beMy co6biTHH B 1 -Tyro. Sl'leitKy 0 -MepHOI'O pac-

npeneneHH5! no n KHH9MaTH'I9CKHM rrapaMeTpaM, 

CyTh 6paKOBKH COCTOHT B cnenyromeM: HaXOllHM f 
,max 

, . 3aTeM npH 

Ka~noM p03bii'pbillle conocTaBn5leM co6hiTHIO BenH'IHHY r i , YMHO~aeM r max 

Ha paBHOMepHo pacnpeneneHHOe cnyqaitHoe 'IHCno a H 6epeM 3Besny TOnhKO 

Torna, Korna BenH'lHHa r i >a ·. r max 0 EcTeCTBeHHO, 'ITO nocne TaKOll npo-

uenyphi ocTaHyTCSI Hy~Hhie co6hiTHSI, 

nn5! npoBepOK M9TOllHKH nony'IeHH5! SKCnepHM9HTanbHOI'O MaTepHana,ero 

o6pa6oTKH H oueHKH npHMeceit 6paKOBKa MonenHpyeMbiX no ¢a3oBoMy o6'heMy . . . 

C06biTllll C nOMOillhiO TpeXMepHOll Ta6nHUbi B 6onbiiiHHCTBe cny'JaeB 6yneT 

BnonHe llOCTaTO'JHa nnSI OTpa~eHH5! HaH60nee cymeCTBeHHbiX KHHeMaTH'IeCKHX 

oco6eHHOCTeit, 
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6) Bonee npaBHJlbHbiH p03bii'pbllll Olll!160K MO)KHO Cll@llaTb, HCnOJib3YSI 

sKcrrepnMeHTaJibHhie Ta6JIHilbi t1P = f(P) , t1a = f( a ) H 11. {3 = f ( {3) • Torna 

CMOA8JIHpOBaHHbiM 3Ha'l8HIBIM p O , ~ O H {3 0 C SKCIIepHM8HTaJibHOH BepOSIT-

HOCTblO COIIOCTaBmiiOTCSI 3Ha'leHHSI t1 p 1 t1 a H .t1 {3 , C IIOMOillblO KOTOpbiX 

B8JIH'IHHbi / . p O a o f3o pa3 bii' p biB a IOTCSI no HOpMaJibHOMY 3aKOl;IY • 

B) B aana'le BhineneHHH peaKUHH np ... pp rr Ha KHHeMaTH'leCKHe napa-

MeTpbi c9fibiTH5:1 ai , {3 i H KpHBH3Hbi K i HaKnanhiBaiOTCH orpaHH'leHHH 'Ie· 

TblpbMSI ypaBH8HHHMH CBSI3H ( 3aKOHaMH COXpaH8HHSI) : 

f ( ... U• 'P· ,K .... )=O. 
k . l 1 1 ( 12) 

no cymecTBY Tpe6yeTcH rrono6paTb napaMeTpbi, ny'IIIIHM o6paaoM ynoB

neTBOpSIIOIUHe 38KOHaM COXpaHeHHH. 

DpeAIIOJIO)KllM, 'ITO BCe ypaBH8HHSI CB.II3H JIHH8HHbi B OKpeCTHOCTH OAHOH 

OlliH6KH rrapaMeTpOB 1 KOppeJISIUHH M8)KAY HHMH MaJibi H BCe rrapaMeTpbi pacrrpe

A8JI8Hbl ITO HOpMaJibHOMY 38KOHY. · Torna nocne MHHHMH38UHH no rrapaMeTpaM, 

2 
3Ha'leHHe X min MO)KHO 3aiiHCaTb B B!IA8 

2 

X min 

k 

I. 
f. . 2 

1 s ) 

t1 f . 
(13) 

1s 

rne COXpaHeHHSI npll SKCII8p!IM8HT8JlbHbiX 3Ha'le-fi
9 

- paa6anaHc aaKoHa 

Hli.IIX napaMeTpOB, t1 f ia. - Cp8AH8KBanpaT!I'IH08 OTKJIOH8Hll8 B8Jlli'IHH f iS 1 

k - 'l!ICJIO CB060AHbiX ypaBH8HHH CB.II3H. 
. 2 . 2 

PacrrpeneneHue B8JIH'IHHbi X min AOJI)KHO COOTB8TCTBOBaTb X -pacnpe-

neneH!IIO c k -cTerreHstMH CB060Abi u nucnepcneii D , paBHOH 2K. 

Ecnn Ha onhiTe m rrapaMeTpoB He !13Mep.IIIOTcsr, To m ypaBHeHnii 
21 

CBSI3H HA8T Ha HX orrpeneneHH8 H pa3M8pHOGTb X min . -pacnpeneneHHSI CTa-

HOBHTCSI paBHOH: 

k=4-m. 

l1:3 (13) BHAHO, 'ITO 8CJIH H8KOT0pb!M napaMeTpaM CHCTeMaTn'ieCKH IIpH-
2 

nHCbiBaiOTCSI 3aBbllll8HHbi8 OIIIH6KH 1 TO ll 3Ha'leHH.II- X min noJiy'laiOTCSI 

CHCTeMaTH'l8CKH 3aHH)K8HHbiMH. 
2 

B HallleM cnyqae ¢opMaJibHO MHHHMYM HaXOAHTC.II nnsr X c 'I8TblpbM.II 

CTeneHSIMH CB060llhl. TaK KBK OIIIH6Ka B HMnynbCe nepBH'IHOI'O HeHTpO}la 

'12 

(50% B8JlH'IHHbl CyMMapHOI'O npOAOJlbHOI'O 

.BbillleHa, TO ljlaKTH'l8CKH OAHO ypaBH8HHe 

Ha pnc. 3, npnBeneHo X 
2 

-pacn 
min 

(KaHaJI · np -> pp 1T- , MOA8JIHpOBaHHbi8 C06 

x2 
min 

H '18HHSI.AJI.II 

2 
X 

min 

..; Dx2 . 
min 

=2, ,, D 2 
v xm: 

BM8CTO 3 .H 2,45 COOTB8TCTB8HHO. 

.UaHHOe 3aHH)K8HH8 MO)KHO o6'b.IICHHTl 

HA.eHTHijlHKaUHH KaHaJIOB MHHHMH3aUH.II np: 

K . B MonennpoBaHHbiX co6hiTH.IIX no J 

B8JIH'IHH8 HMIIYJlbCa, a pacnpeneneHHe Kp 

UHIO HOpMaJibHOI'O pacnpeneneHH.II Ha I'HI 

pacnpeneneane llJI.II KpHBH3Hbi noJI)KHO 6 

3Ha'l8HHH KpHBH3Hbi. 

EcTeCTBeHHO, 'ITO naHHoe HCKa)KeHE 

H3MepeHHSI HMIIYJlbCOB. 

EcnH BeJIH'lnHa t1 = x- a pacnpene. 

HYJIIO, n nHcnepcHeii D 

Wr\t1)., 

TO B8JIH'IHHa y 

W(.y) 

1 
X 

= 1 
vD 

1 
a 

1 

y'D 
exp ( - --: 

pacnpeneJ 

2 

exp [-(2.1: 
. ·~y +l 

l13 Bbilll8H3Jl0)1{8HHOI'O BHAHO, 'ITO 

aaKoila B pacnpeneneHHH KpHBH3Hhi nom 

aaHH)KeHnro aaa'leHHii X 
2

· i • m n. 

Hy)KHO oTMeTnTh. 'ITO BC.IIKoro pon• 
2. 

Ha ¢opMy X min :-pacnpeneneHH.II, OllHHal 

M8CHblX C06biTH.IIX B o6JiaCTH He CJIHIIIKO!I; 

1 



p03bii'pbllll OlliUOOK MO)KHO ClleJiaTb 1 IICn01Ih3YSI 

TaoniiUbl ~p = f(P) , ~a= f (a ) II ~ {3 = f ( {3) , Toi'lla 

n f3o 

~a • 

C 9KCnepiiMeHTa1IbHOll BepOSIT-

H ~{3 , C llOMOIIlblO KOTOpb!X 

pa3b!I'pbiBaiOTCSI no HOp~allhHOMY 3aKo~y, 

peaKUHH np -.pp 7T Ha KHHeMaTH"'eCKHe napa-

{3 i H KpuBn3Hhi K i HaKnaJlhiBaiOTSJJ, OI'paHII'IeHHH '!e· 

CBSI3Il ( 3aKOHaMII COXpaHeHIISI): 

a· 
' 1 

.p .• K .... )=O 
1 1 . ( 12) 

TpeoyeTCSI nonoopaTb napaMeTpb! 1 liY"'IliHM Oopa30M YAOB- ' 

M coxpaHeHHSI, 

CBSI3H liHHellHbl B OKpeCTHOCTH OJlHOll 

KOppe1ISIUHH Me)KJlY HUMH Mallhl H BCe napaMeTpb! pacnpe

OMY saKoHy.- Toi'Jla nocne MHHHMnsauHu no napaMeTpaM1 

MO)KHO. 3aniiCaTb B BU)le 

2 
k 

X min 
k 

f. . 2 
1 9 ) 

~£. 
(13) 
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coxpaneHHSI npH 9KcnepirMeHTanbHhiX 3Ha"'e-

- cpenHeKB8llP8TII'IHOe OTKliOHeHIIe BeliH"'HH f 1• , . 9 

ypaBHeHHll CBSI3U, 
I . . 2 

BeliH"'HHbl X min ll01I)KH0 COOTBeTCTBOB8Tb X -pacnpe-

HSIMH CBOOOJlbi H nucnepcHefi D , paBHofi 2K, 

ffi napaMeTpOB He H3MepSIIOTCSI1 TO ffi ypaBHeHHll 
2 

pa3MepHOCTb X min -pacnpeneneHHSI CTa-

k=4-m. 

eCliU HeKOTOpbiM napaMeTpaM CHCTeMaTU'leCKH npH-
2 

OlliHOKH, TO u 3Ha"'eHHSI X min nony'!aiOTCSI 

2 
MHHHMYM HaXOJlHTCSI JlliSI X C '!eTblpbMSI 

K8K OlliHOKa B uMnynhCe nepBH"'HOI'O uefiTpoua 

'12 

(50% aeliH"'HHhi cyMMapHOI'O nponon:buoi'O uMrrynbca sapSI)KeiiHhiX <tacTuu) sa

BbiilleHa, TO ¢aKTH'leCKH OJlHO ypaBH9HHe CBSI3U·UJleT Ha ei'O onpellelleHue, 

Ha pRe. 3, npuBeneno x 2 
-pacnpeneneuue llliSI IICTIIHHofi I'unoTe3bi 

min 
(KaHan np ... pp 7T- I MOJlellupOBaHHhie COOb!THSI). nony"'HliHCb CllellyiOIUHe 3Ha-

'!eHHSI JlliSI X 2 u v D x2 
min min 

--
2 

=2, v D 2 =1,35 X 
min X min 

BMeCTO 3_u 2 145 COOTBeTCTBeHHO, 

.Oauuoe saHu)KeHHe MO)KHO oo'hSICHHTb cnenyrolliHM o6pasoM, B rrpoi'paMMe 

HJl.eHTH¢HK8UHH KaHaliOB. MHHUMU38UHSI npOBOJlHTCSI no nar,aMeTpaM a 1 {3 II 

K • B MonennpoBaHHhiX coohiTHSIX no uopManbHOMY saKOHY pacnpeAeneua 

BeliH"'HHa HMnyllbCa, a pacnpeneneHue KpHBH3Hbi npellCT8B1ISieT COoofi.npoeK-

1 
uuro uopMallhHOI'O pacnpeAeneHuSI ua I'Hnepoony, T,K. K "" -- • DosToMy p . 
pacnpeAeneuue JlliSI KPHBH3Hhi llOll)KHO ohiTh BbiTSIHyTo B cTopouy 5onhlliHX 

3Ha"'eHHll. KpHBH3Hbi, 

EcTeCTBeHHO, 'ITO nauuoe ncKa*eHne· TeM 5onbllle, '!eM xy*e TO'IHOCTb 

U3MepeHHSI HMIIyllhCOB, 

Ecnn Benn'IHHa ~ = x -a pacnpeneneua no fayccy co cpenHHM, paBHhiM 

Hynro, · u AncnepcH:efi D 

Wr(~> 

TO B91IH"'HH8 y 

i W(.y) 

1 
X 

= 1 
vD 

1 
a 

1 

vD 
2 

~- ) 
e~(-~ 

pacnpeAeneua no cneAyromeMy saKoey: 

2 

~[-(2..1: 
. ~y + 1 

2 2 

> I 2D 1 • a 
(ay+1)2 

(14) 

(15) 

H3 BhlllleH3110)1{9HHOI'O BIIllH0 1 'ITO T8KOe OTK1IOHeHH9 OT HOpM81IbHOI'O 

38KO.il:a B pacnpellelleHHII KpHBH3Hbi ll01I)KH0 npH:BeCTH K CHCTeMaTn"'eCKOMy 

2 
38HH)K9HIIIO 3Ha"'eHIIii X min . • 

'Hy)KHO OTMeTHTb. 'ITO BCSIKOI'O polla HCK8)KeHHSI, OK83biB810IUH9 BliHSIHHe 
2 

Ha ¢opMy X min -pacnpeneneHHSI, 0JlHH8KOBbl KaK B IICTH~HbiX 1 TaK -·H B npn-· 
. 2 

MeCHbiX COObiTHSIX B o6naCTII He CliHiliKOM 001IblliiiX 3Ha"'eHIIll X min 

13 
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Pn=7,15 [Gwc] 

1 3 S 7 .9 II Pn[r3rtc] 

Pnc.l. H MnyJibCI!hifi cneKTp nepBH'IJihiX nefiTponoB, nana10IIIHX na KaMepy. . i 
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*-

Pnc. 2. HMnyJibcJihie pacnpenenennsr aK 
· co6hiTHfi 113 Kanana np -> pp. rr-. 

neneHHH CMonennpoBai!HblX co6: 
9KCll9pHM9H'I'aJibiiOMY Cll9KTpy 
naHHYlO peaKUHKi1 . H OT:HOpMl 

TanbHhiX pacnpenenenliii. 
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Hb!H cneKTp nepBII'iHblX Heil:TpOHOB, nanaiOIUHX Ha ' KaMepy. 
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12 Pn-[36/t] 

PHc. 2. l1Mny.JibCHbie pacnpeneneHHH aKcnepHMeHTanbHhiX H cMonenHpoaaJ.IHhiX 
co6hiTHil: H3 KaHana np ... pp. "-_ nnH npoToaoa H "-MeaoHoB. Pacnpe-
neneHHH CMOllenHpOBaHHbiX C06hlTHH aa'aellleHbi no HMnynbCHOMY 
aKcnepnMea'i'anhHOMY cneKTPY nepBH'IHhiX .·Heil:TpoHoB, ·Bbi3BaBIIIHX 

l{aHHYIO peaKUHICi1 . H OT:IIOpMHpOBaHbi no . nnoruallH aKcnepHMeH-

TaiThHbiX pacnpenenemiil:. 
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rp-ppn· 

J'-2 
vo-·l3s 

Pn•3(rJ\I:J 
np-ppn·n• 

Pn•6f~] 
np-PPilil'· 

x· ..... 

,..; 

HSI llnSI HCTHHHOf'O H npHMeCHbiX K8H8riOB ( MO

yqeTa HlleHTH~HK8UHH, 
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Puc, 4. 

-~.1· 
Pn ~6f3&fc] 
nC·b5nllH06e.Um~llt 

Pn•S~l&/c] . 
l"f'-+ ppn-n•n• 

'f..1mi.fl 

X :In -pacnpelleneHHSI llnSI npuMeCHbiX Kaaanoa ( M.ollenupoaaaue) 

· 6e3 Y'IeTa HlleHTH~HK8UHH. 
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PHC.' 5. 
2 

X min -pacnpeaeneHHe £l11Sl 9KCnepHMeH T811bHbiX C06biTHii 6e3 y'leTa 

H£leHTH!jJHKllUHHo 

ill 

PHc. a. X !In -pacnpeaeneHHe £l11st 9KCnepHMeHTS11bHbiX co6hiTHit c y'leTOM 

H£leHTH!jJHK8UHHo 
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