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§ 1, 34J<j>eKTHBHOCTb perHCTpBUHH C06blTHSI 

3aKOHOMepHOCTH 1 Ha6mo.naeMble B OnblTBX no SI.QepHOil <jlH3HKe, 06blqHO OTnHqa­

lOTCSI OT HCTHHHblX 6naro.napSI KOHeqHblM pa3MepaM H reOMeTpaqeCKOil <jlOpMe .QeTeK­

TOpOB, B CBSJ3H c 9THM aao.nHTCSI noHSJTHe '9<jl<j>eKTHBHOCTb perHcTpauHH co6b!THH' 

(f 
1 

) , PaCCMOTpHM H8 pSI.Qe KOHKpeTHblX npHMepOB B03MO>KHble onpe.neneHHSI 9<jJ­

<j>eKTHBHOCTH. 

1. Co6b!THSI c yqacTHeM y -KB8HTOB 

TipH HCCne.QOBaHHH B38HMO.QeiiCTBHil 9neMeHT8pHblX qaCTHU 1 B KOTOpblX o6pa3ylOT­

CSI tr O -Me30Hbl HnH .npyrHe HeiiTpanbHble qacTHUbl, pacna.Q810UlHeCSI H8 y -KBBHTbl 1 

9<jl<j>eKTHBHOCTb HX perHCTp8UHH B ny3blpbKOBblX K8Mepax MeHbWe e.QHHHUbl, 

HanpHMep, HayqaeTCSJ peaKUHSI THna: 

B 9TOM cnyqae 9<jl<j>eKTHBHOCTb perHcTpauHH co6b!THSI MO>KHO 

cne.nyJOUlHMH cnoco6aMH: 

onpe.nenHTb 

a) peaKUHSI ( 1) H3yqaeTCSI no C06b!THSIM 1 KOr.na B K8Mepe 38pertt<.:TpHpOB8H 

x) 
O.QHH y -KB8HT 1 TOr.Qa 

(l) 

(2) 

r.ne f y 
1 

9<jl<jleKTHBHOCTb perHCTpBUHH y -KBBHTa. 

x) 
PeraCTp8UHSI y -KBaHTOB B ny3blpbKOBhlX KaMepax o6hlqao npoH3BO.LIHTCSI 

no (e+ e-) -napaM KOHBepCHH. 
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6) PeaKUI<>t (I) a3y'iaeTCH no co6biTHHM c 2 y -KB8IITaMa : 

f 
2 ~ f f 
I y II y 21 (3) 

e ) PeriiCTpllpy!OTCst co6biTIIst c n J06biM 'iiiCnoM y -KBaHToe: 

f 1 = f Y II + f y 21 - f Y II f y 21 
(4) 

B o6we'vt cnyqae , Korna po>KnaeTcst m y -KBaHT OB II perHCTpapyeTC SI k y -KBaHTOB: 

f = f f 
1 Yu Y2 1 

f y {1-f )(1-f ) ... (1-f ). 
kl Ym Ym-1 Y m-1 (5) 

113 uanacaHHbiX Bbtwe <jlopMyn BllnHo, 'iTO n n st onpenene aast f 1 '!aCTO aeo6xo-

niiMO y'iHT biBaTb TaK>Ke scp<jleKTH BHOCTb aeaa6n 10nenast y -KBaHTOB, 'iTO 3KCnepH-

MeHTanbHO cnenaTb eecbMa Tpynao. Ecna f « 1 
)' 

, T .e. llcnonb3yeTcst, Hanpll­
/ 1 / 

. Hao6opOT, nnst Mep , ny3b!pbKOBast KaMepa ManbiX pa3Mepoe, TO ( 1- f y)" 1 

KaMep C 6onblll0H aqxjleKTIIBHOCTbiO periiCTp8UHII y -KBaHTOB (HanpiiMep , f ., 0,5) 
/2-5/ y 

3TOT eorrpoc O'i€Hb ea>KeH 

B enH'iiiHa f y orrpenensteTcst ceqea11eM rrpouecca o6pa3oBaHIIst (e+e -)-nap 

y -KBaHT8MII II r eoMeTplleli KaMepbl: 

-l't ::r ' L noT 

f ~ 1- e y 
L 

pan (6) 

3necb L - panaaUI!OHHast nnana, 1' ( E y)... K03<jl<jJIIUII €HT KOHBepCIIH II 
pan. 

L 
noT. 

rryTb y -KBaHTa B s<jl<jleKTII BHOM 06b€M€ KaMepbl. 

nnst E .. 2mc 2 

y & 
K03<jlljJHUII€HT I' (E ) y 

.. o 
B cest3 11 c s TII M s¢<jleKTII BHOCTb perHcTpauHa Menn eHHbiX 

nosToMy uenecoo6pa3HO peracTpapoeaTb y -KBaHT bl KaK ITO 

TaK 11 no KOMITTOH-s n eKTpOHaM. B 3TOM cnyqae 

f 
y + f f ( 0 + e- I KOM 

f • f (e+e-) KOM 

4 

y -KB8HTOB Mana . 

(e+ e-)- rr apaM, 

(7) 

( 

I 
i 

2. Co6bt Tast 

PaccM OTpii M caa'il 

0 0 
Y:ac THUbi A 11 K per> 

3apst>K€HHbl€ 'iaCTIIUbl. 

B 3TOM cnyqae, e 

TO: 

nn st onpeneneHIISI f I 

TIIU. 

a ) Ecn11 OT611pa10 

TO 

f I 

3necb noC TaTO'iHO 3HaT 

wellcst A 0 -'iaCTaue. 

nyc Tb H3y'iae','C 5l 

rr-+ P 

6) Ecn11 peracTpapy 

f = f 
I II 

OrrstTb neo6xoni!MO 3 Ha 

3KcrrepaMenTanbHOe orr 

nsteT 60nbWII€ TpynHO• 

OT6apast co6biTIIst c ne· 

B TOM cnyqae, e 

CTpaHHbiX 'i8CTIIU H y 

poBaHHbiX C06biTIIH ITO 

6 / 5 / ) 
OTY • 



KBaHTaMH : 

(3) 

-KBaHTOB; 

{4) 

!rHCTpHpyeTCSI k y -KBaHTOB; 

. (1- f ). 
Y m- 1 {5) 

HHSI f I '!aCTO Heo6xo-

' - KBaHTOB, 'ITO sKcrrepH-

.e. HCI10nb3ye TCSI, HallpH­

/ 1 / 
.)" 1 . Hao6opOT, anSI 

ITOB ( HallpHMe p, f y ., 0,5) 

o6paaoaaHHSI ( e + e -)-nap 

{6) 

r KOHBepCHH H l 

•HHbi X 

K 110 

nOT. 

y -KBaHT OB Mana . 

(e+ e-)- n apaM, 

{7) 

I 

I 
i 

2. Co6b!THSI co cTpa HHbiMH 'laCTHUaMH H y -KBaHTaMH 

Pacc M OTpH M cHa'lana peaKUHIO co cTpaHHbiMH '!aCTHUaMH: 

" - + P .. " ++ " - + A o + K o 

Y:acTHUbi A 
0 

H K
0 

perHcTpHpyiOTCSI B rryabipbKOBbiX KaMepax rrocne HX pacrraaa Ha 

3apmKeHHbie 'laCTHUbi. 

B STOM cny'lae , ecnH oT6HpaiOTcSI m o6bie co6LITHSI co cTpaHHbiMH '!aCTHUaMH , 

TO: 

+ - f 
K 0 K 0 

I I (8) 

llnSI orrpeaeneHHSI Heo6xoaHMO 3HaTb s¢¢eKTHBHOCTH perHCT paUHH o6eHX 'laC-

THU. 

a ) EcnH oT6HpaiOTCSI co6biTH SI no Ha6niOaaBIIIHMCSI pacrraaaM A 1 
- qacTHU, 

TO 

3aecb aOCTaTO'IHO 3HaTb T On bKO 

mellcg A 0 
-'laCTHUe. 

, KOTopaSI nerKo orrpeaenSieT cSI no Ha6niOaaa-

6) 

16/ 
DyCTb H3y'lae"','C Sl peaKU11 Sl 

" -+ p .. II o + "' o + K o .. II o + y I + y 2 + K o 

EcnH peracTpHpyiOTCSI co6biTHSI THrra ( II 
0 

y ) H ( A \ y ), 

f=f 0 f +f, 0 I II y 1\ 

I II I y 21 

( 10) 

TO 

( 11) 

0nSITb Heo6xoaHM O 3 Ha Tb KaK f , T aK H anSI BCeX OT06paHHbiX C06biTH ii. 
y II y 21 o 

3KcnepHM eHTanbHOe onpeaeneHHe STHX aenH 'IHH anSI co6biTHil THna ( A y ) npeacTaB-

nSieT 6onbmHe TpyaHOCTH. B CBSI3H c STHM H3y'laTb p ea KUHIO (II) nyqme ace ro, 

OT6HpaSI C06biTHSI C aayMSI y -KBaHTaMH . 

B TOM cnyqae, ecnH HCcnenyeTCSI HeCKOnbKO p a3nH'IHbi X peaKUHfi c po>I<aeHHeM 

CTpaHHbiX 'laCTHU H y -KBaHTOB, CHTyaUHSI ycnO*HSieTCSI H paaaeneHH e 3aperHCTpH­

pOBaHHbiX C06biTHH 110 pe8KUHSIM B03MO*HO nHIIIb 11pH6nH*eHHO (eM., HanpHMep , pa­
/ 5/ 

60Ty ). 
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§ 2. BwqHcneHHe cpe~HHX aHaqeHHA H ~HcnepcHA npH HanHqHH 

PeOMeTpH'19CKHX nonpaBOK 

PaccMOTPHM 0 KaK Bhi'!HCnSIIOTCSI cpe~HIIe 3HaqeHH!!·paanH'!HhiX ljlH3H'IeCKHX senH-

'IHH H HX ~HcnepCHH npu HanHqHH reoMeTpHqecKHX nonpasoK. Ey~eM npe~nonaraTb, 
x) 

'ITO qHcno HCCne~yeMhlX B38HMO~eACTBHA ljlnyKTyHpyeT no 38KOHY nyaccoHa • B 

:3TOM cnyqae H 'IHCDO aaperHCTpHpOB8HHhiX C06hiTHA TOJKe pacnpe~eneHO OT OnhiT8 

K onbiTY no 38KOHy nyaccoHa. 

1. CpeaHee '!HCno saaHMoaeAcTBHA ( N) npH f • const 

EcnH H3Mepeuo n -co6hiTHA, To cnyqaAHaH senH'IHHa 

x • w n ( 12) 

HMeeT cpeaHee 3HaqeHHe: 

x • w n w N f N 
(13) 

rae w- - 1- - 'sec• co6biTHSI. 
f 

flHcnepcHSI x pasHa 

D w
2 D w2 ;=Nw (14) 

z 

2. 06hi'!HO BeDH'IHHbl W H 38BHCSM' OT K8KHX-nl!60 napaMeTpOB, HanpH-

Mep, OT yrna BbineTa no OTHOmeHHIO K nepBHqHoA '18CTHUe H T.n. 

nycTb w I' n I - senHqHHhl, onpeaeneHHhle Bhlllie npH I - TOM 3H8'1eHHH napa­

MeTpa. HaAaeM cpe~Hee aHa'!eHHe BenH'IHHhi x ,..._I. w 1 n
1
: 

xai w
1 
n

1
=N I. w p f 

I I I 
NI.p

1
sNP, ( 15) 

r~e p 
1 

- anpHOpH8SI BepOSITHOCTb C06b!THSI npH I -TOM 3Ha'leHHH napaMeTpa H 

P=I.pl 

x) 
3TO npeanODOJKeHHe sepHO ~DSI T8KHX :3KCnepHM9HTOB, KOr~a 'IHCDO HCCDe-

~yeMblX B38HMO~)fCTBHi1 M8DO no Cp8BH9HHIO C 'IHCnOM na~aiOIDHX H8 MHlli9Hb '18C­

THU (HanpHMep,-- "' 0,1 ). 
No 

6 

HnH 

r~e 

flHcnepc uH senH'!HHhl 

D =~ 
2 

w D 
I 

W = ~ pI WI - ycpeaHeHH~ 

flng OUeHKH aucnepCHH X 

B ( 18) BXOilHT cyMMa no sc 

3. CpeaHee 3Ha'!eHHe H 

A 
0 

'!acTuu), Bbine TaiOmux B . 

nycTb 

X== I w 

0603!18'1HM ~ w t n t a x 1 

rae 

H 

X= lf 
I 

p = 

D =D + D ! W
1 . . . 

4. Ko:3(jxjluuue . 

nyCTb 

~ w n - ~ 
I I 

X 

~WI n I + 

r~e ft I - '!8CTHUbl D9TSIUIH e , 

Bblpa)f{eHHe (22) MO)!<Ho 



1A npa aanH'IHH 

onH'!HblX <jlH3H'I9CKHX Bena­

IBOK, EyneM npennonaraTb, 
x) 

38KOHY nyaccoaa • B 

pacnpeAeneao OT onbJTa 

tpH f • const 

(12) 

(13) 

(14) 

mt6o napaMeTpos, aanpa-

H T.n. 

i - TOM 3H8'19HHH napa-

p. ( 15) 

a'leHHH napaMeTpa H 

'OB, KOrAa 'IHCnO HCCne­

.naJOIUHX 88 MHilleHb 'IBC-

X 

0 

onpenenHeTCH ¢op Mynon 

2-
w n 

I 

rne w c ~ p 
1 

w 
1 

- ycpenHeHHbili "sec" co6biTHH 

llnH oueHKH nacnepcaa X 

D , ~ w
1
2 . 

8 (18) BXOART CyMM8 110 BCeM COObiTHHM/ 3 / . 

( 16) 

( 17) 

(18) 

3. Cp enHee 3Ha'!eHae a nacnepCHH nnH pa3 HOCTH a '!acne 'IBCTHU (HanpHMep, 

A 
0 

'IBCTuu), BbineTaromax a nayx HenepeKpboBaiOIUHXCH T eneCHbiX yrna . 

nycTb 

0603H8'1HM 

rne 

R 

X e X 
I 

Torn a 

N ( ~ w I pI + ! w ' q' ) . 

4 . Koacjxjm uae HT acaMMeTpaa ( P - 0 ) 

~wn-~m 
I I 

w 

' 
X -X 

2 

X + X 
2 

( 19 ) 

(20) 

(21) 

(22) 

rne n I - 'laCTHUbl neTHillHe, HBUpHMep, B nepeAHJO!O nonyc<jJepy, 8 m I - D 3UJ:IHIOJO. 

171 B bipa)!(e aa e (22) MOll<Ho npencTaBHTb s sane : 
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X = U U 1 + U --U 
--v- - u ;;- 1 + v ---- (l 

- 1 + v-v -rne ll = u - u _ --.: v 1 + {3 (23) 
H fJ v -v v 

v --
u yDu yDT 

no nopRUKY aenH'IHHbl a '" 
u 

KaK BHUHO H3 (21 ), aenH'IHHbl 

H {J ,. 

vDu 
H 

VyDT 
o6paTHO nponopuaouanbHbi 

v u 
.,jN , T.e. npa 6onbmax N , qneaaMa, coneplKalllHMH ll a fJ a cTapmax cTene-

nnx, MOJKHO npeue6pe'lb. 

Pa3naran a pnn 3HaMeHaTenb sbipaJKeHHSI (23) ,' nonyqaeM: 

u 
[ 1+ Q-{3-ll/3+ {3

2 1-X ,. 

v 
0TCIOU8 cnenyeT, 'ITO 

u - - - 2 ' 
x=--=-[l+ii-{3-ll/3+/3 ]. 

v 

Cpenuae 3Ha'leHHSI aenH'IHH a npaaoR '!aCTa 

- - -2 D u 2 D T 

(25) aMeiOT san: 

u v 
a• f3 sO; a • --=-2; {3 -= --=2 

u v 

KUT 

~-

rne K =UV-UV 
UT 

CnenoaaTenbHO, 

u - 2 
x • --- [ 1 - a {3 + {3 ] • 

v 

HecnoJKHbie Bbi'IHCneaan noK83bisa!OT, 'ITO 

2 - 2 
K U T= D Z - D Z a I W I D I- I W J Ill J 

1 2 

noncTSBnSISI (28) B (27) a aocnonb3oaaamacb (21), HMeeM: 

X= 
__ u_ (1-

I 2 - 2 -
wIll 1- I w l 1111 

+ 
I P t w t -N 

v u v 

) . 

TaKHM o6pa30M, Mbi nonyqaeM CMemeaayiO oueaJcy acKOMOII aeriH'IHHbl 

u ------= (P-Q). 

v R 

v N(-P-Q) 

8 

(24) 

(25) 

(26) 

(27)" 

(28) 

(29) 

(30) 

(31} 

0TCl~;l .'1 C.!IQHO, 'ITO CMeWeHHe cpc 

maeTcn c yaena'leHHeM N 

He·rpynEo nony'IHTb, 'ITO na· 

1 - - 2 
D.=--:-[ w + w(P-Q) · 

N 

,UnSI oueHKH nacnepcaa aenH'IHHbi 

JKeHHeM: 

D z 
1 

--- [ 1 + ( p - Q ) 
k 

rne k - cpenuee qacno 3aperl! 

5. PaccMOTpHM aonpoc o H 

nH60 ~H3H'IeCKO~ aenH'IHHbl Z 

1r
0

- Me3 0HOB H T.U . ) 

BaeneM aena'IHHY 

~ 

X c 

nocTynaSI TO'IHO T8K JKe, K8K 3TO 

pHH, nony'IHM: 

X,. z I 1 

!13 ~OpMynhi ( 35) BIIUHO, 'ITO Cl 
1 

yMeHbmaeTCSI KaK Z-:-.Uacnep 
N 

D 
z 

N 
( ~ WI p 

Ecna • aeca • co6biTHII cna6o <Pn 



1 + Q 
(23) 

v + f3 

..;o ., 

v..;o., 
o6paTHO H nponOpUHOHSJlbHbl 

v 
~plKSIUHMH Q H f3 B CT8p1UHX CTene-

HSI (23),' nony'laeM: 

-- - 2 ' af3+f3 ]o 

(25) HMeiOT BHn: 

K,.., 
u v 

:b (21), HMeeM: 

2 -
wlml !ptwt 

N 
) 0 

:>UeHicy HCKOMOII Be/IH'IHHbl 

(P-Q) . 

IHM: 

l q l w 
---+ ----) 0 

I N 

(24) 

(25) 

(26) 

(27) ' 

(28) 

(29) 

(30) 

(31) 

OT(:!:J;J.,') co!!OHO, 'ITO CMelUeHHe cpe.nHell BeJlH'IHHbl 

waeTCSI c ynenH'IeHHeM N 

X 
u 

OT:-t::>C..W!':?!!b HO -=- yMeHb-

HeTpyn~: o nony'IHTb, 'ITO .nHcnepCHSI nenH'IHHbi 

D = - 1-[ w 
X -

N 

- 2 
+w(P-Q) -2(P-Q)(!w

1 

X 
171 

HMeeT BHJl 

p ~-! wl q l)] 0 

V 

(32) 

MOlKHO BOCllOJlb30B8TbCSI cne,nyiOIUH~ Bblpa-

D 
X 

1 2 
-::-[l+(P-Q) -2(P-Q) 

k 

! w I p 1-: I w l q l __ .:.._.:..__!...,__;"-] • 

w 

r,ne k - Cpe.nHee 'IHCJlO 3aperHCTpHpOB8HHblX C06biTHil . 

(33) 

5. PaccMoTpHM nonpoc o Haxo~<neHHH cpenaero 3Ha'leHHSI H nHcnepcuu KaKoll­

nH6o ~H3H'IeCKOil nenH'lHHbi Z (HanpHMep, nonepe'!Horo HMnynbca A
0 

-'laCTHU, 

1r
0

- Me30HOB H ToOo) 

BneneM nenH'lHHY 

! w n Z 

X = (34) 
! n w 

nocTynaSI TO'lHO TSK JKe, KSK 3TO nenanOCb npH Bbl'lHCJleHHH K03~HUHeHT8 SCHMMeT-

N z 

!13 ~OpMyJlbl ( 35) BHOH0 0 'ITO CMemeHHe Cpenael! BenH'lHHbl X OTHOCHTenbHO Z 
1 

yMeHblliSeTCSI K8K z....:-D.HCnepCHSI BenH'lHHbl X OllpenenSieTCSI Bb!pS lKeHHeM 

D 
N 

N 

( :£ w p 
I 

2 - 2 
Z +Z w-2Z!.W 

Ecnu 'neca' co6hiTHII cna6o <PnyKTHpyiOT, TO 

9 

(35) 

(36) 



X "' Z 
(36 ) 

I! 

D • 
D (37 ) 

n 

HaM npnHTHO no6naronapHTb aa ue HHbte o6cy>Knenull 3.T pKy . 
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Bbi'I HcneHHe cpenHHX 3H& 'IeHHll cjJH3H'IecKHX aenH'IHH H HX nHcn e p ­

CHll npH H&nH'IHH reoMeTpH'IeCKHX n o np&B OK 

13bra eneHbi cjlopMynbl nn11 B b!'IHcneHH!I cpenHHX aH&'Ie HHll H nHcnepcHll 

cpH3H'IeCKHX BenH'IHH DpH H&nH'IHH reoMe T pH'IPCKHX nonp&B OK, 

npenpKHT 061a8llBH8BHOrO HHCTHTyTa SUl8pHhlX KCCnell088HHA • 
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Calculation of Average Physical Quantities a nd their Dis p e r s io ns 
Taking into Account Geometrica l Corrections 

The formulae are derived for calculation of avera ge phy sica l 
quantities and their dispersions taking into account the g eome trical 
corrections. 
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