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MeTOJl Hes!jxpeKTHBHbiX C'leT'mKoB HeOJlHOKpaTHo Hcnonb30BancSI B SKcnepHMeH

TanbHbiX HCCRe}lOB8HHSIX KOC MH'IeCKOro H3ny'leHHSI K8K npoCTeliWHll MeTO.Q rpyfioll 

OUeHKH HOHH3Hpy!Owell cnoco6HOCTH OTJleRbHOH 38pS!>KeHHOll '18C THUb1 0 o6ecne'IHB810-

WH il B T O >Ke BpeMSI Cp8BHHTenbHO BbiCOKYIO TO'IHOCTb onpe.QeneHHSI cpe.QHell . HOHH-

3Hpy!OWeH cnoco6HoCTH .QRSI .QOCT8TO'IHO 6onbWOll rpynnbl '18CTHU 0 oTo6p8HHOH no 

K8KHM- RHfiO JlpyrHM npH3H8K8M. llpHMep TaKoro HCnoRb30B8HHSI MeTOJl8 HeS¢$eKTHB

/l/ 
Hb!X C'leT'IHKOB MO>KHO HailTH B pafioTe • 0.QH8KO IlpH 6onbwoll 3HeprHH HCCRe-

.QyeMb!X '18CTHU B CBSI3H C B03MO>KHOCTb!O HCnonb30B8HHSI 6onbWoro 'IHCR8 C'leT'IH-

KOB 3TOT MeTo.Q MO>KeT o6ecne'IHTb nony'leHHe H8HBb!CWell TO'IHOCTH H3MepeHHSI Ho-

HH3Hpy!OIUeH CllOCOfiHOCTH H .QRSI OT.QenbHoll '18CTHUbl. LlnS! o6ecne'leHHSI Tpe6yeMoll 

TO'IHOCTH noTpe6yeTCSI npHMeHHTb .QOCT8TO'IHO 6onbWOe 'IHCRO C'leT'IHKOB H npHHS!Tb 

c neuHanbHbte Mepbt anSI ycTpaaeHHSI CHCTeMaTH'IeCKBX norpewuocTell. MeToA Hes<jr

cjJeKTHBHbiX C 'leT'IHKOB MO>KeT 6b!Tb C ycneXOM BCIJOnb30B8H B noHCK8X KB8pKOB C 

.Qpo6HbiM 38pSI.QOM AnH ofiHapy>KeHHSI pe.QKBX '18CTHU C Manoll HOHH3 Hpy10Well cnoco6-

HOCTbiO Ha ljloHe 6onbworo 'IHCna o6bi'IHbiX 'IBCTHU. YcTaHoaKa H3 HeCKonbKHX co

T en HeS!jxpeKTHBHbiX C'leT'IHKOB MO>KeT n03BORHTb ocymeCTBHTb p83.QeneHHe '18CTHU 

pa3RH'IHOll M8CCbl B ny'IK8X '18CTHU C onpe.QeneHHbiM 3H8'1eHBeM HMnynbC8 IJO pe

nSITHBHCTCKOMY pOCTY nepBH'IHOll HOHH3Hpy!Olliel! C!lOCOfiHOCTH. 

lloCKOnbKY .QnSI T8Koro po.Qa 38.Q8'1 Tpe6y!OTCSI aeCbM8 rpoM03KHe H cno>KHble 

yCT8HOBKH 0 aonpoc o6 O!lTHM8RbHbLX ycnOBHSIX H3MepeHHH npHHHM8eT OC060 B8>KHOe 

3H8'1eHHe. LleliCTBHTenbHO, TO'IHOCTb p83}leneHBSI '18CTBU no HOHB3Bpy!OllieH C!lOC06-

HOCTH 38BHCHT He TOnbKO OT 'IHCna C'leT'IHKOB B ycTaHOBKe, HO B OT Bb16paHHOil Be-

RH'IHHbl HX 3$cjleKTHBHOCTH. 
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• 

nycTb nepeA HaMH CTOHT 3aAa'!a MeTOAOM Hea<)xjleKTHBHb!X C'!eT'!HKOB pa3Ae

nHTb JlBa Knacca '!aCTHU , OTnH'IaiO!UHXCSI HOHH3HpyiO!Uelf Cnoco6HOCTbiO, 0603Ha'!HM 

'lepe3 a H ~ cpeJlHHe 'IHCna aKTOB nepBH'IHOli HOHH3aUHH B OTJlenbHOM C'leT-

'IHKe COOTBeTCTBeHHO )lnSI 'laCTHU nepsoro H BTOporo THna, EyneM C'IHTaTb nanee, 

'ITO C03AaHHe XOTSI 6bi OAHOrO aneKTpOHa B C'!eT'!HKe o6ecne'!HBaeT ~aKT perHCTpa-

UHH 'laCTHUbi, Torna Hea<)xjleKTHBHOCTh perH c TpauHH 3THX 'laCTHU 6yAeT pasHa 17 ~ 
41 -{3 I 

= e H 17 
2 

= e • CooTaeTcTaeHHO a <)xjleKTRBHOCTH perHcTpaUHH 'laCTHU 6ynyT paB-

Hbi 

-a 
f ~ 1 - e 

I 
H f 2 a 1- e -~ 

B Ka>KAOM oTnenbHOM c ny'!ae H3MepeHHSI no 'IHcny cpa6oTaBlUHX C'!eT'!HKOB n Mbi 

onpenenS!eM OUeHKY a$$eKTHBHOCTH perHCTpaUHH )lnSI AaHHOli '!aCTHUbl 

Q 

fm 
N 

rne N- o6mee '!Hcno c'!eT'!HKOB B ycTaHOBKe. Ha oCHOBaHHR cpasHeHHSI a Toll oueH-

K.ll C BenH'IHHaMH f l H f 
2 

H AOn>KHa 6biTb C MaKCHManbHO B03MO>KHOJ1 AO-

CTOBepHOCTbiO onpeneneHa npHHaAne>KHOCTb '!aCTHUbl K OAHOMY H3 KnaCCOB • 

BenH'IHHa n AnSI '!aCTHU, npHHaAne>KalUHX no HOHH3HpyiOLUelf cnoco6HOCTH K 

OJlHOMY H3 KnaCCOB paCCMaTpHBaeMblX '!aCTHU,!jlniOKTyHpyeT no 6RHOMHanbHOMy 3aKOHy. 

BenH'!HHbi AHCnepcHA 3THX pacnpeAeneHHA paBHbi cooTseTCTBeHHO 

D
1

= N f
1
(1-f

1
) H D2·Nf2(1-f2) . (I) 

npH N > 100, a TaK>Ke npH f , He CnHlliKOM 6nH3KOM K npenenbHblM 3Ha'leHH-
,. . /2/ 

SIM 0 HnH I, 6HHOMHanbnoe pacnpeneneHHe xopowo onHCbiBaeTCSI aCHMnTOTH-

'leCKoli ¢opMynoA Myaspa- llannaca , npeACTaBnSIIO!Ueli co6oll HOpManbnoe ·pacnpeAe

n e HHe c AHCnepcHeA D ~ Nf ( 1- f ) . 

TaKHM o6pa3oM, pa36poc B '!Hc n e cpa6aT b i BaeMbiX C'leT 'IHKOB yMeHbwaeT CSI 

C npH6nH>KeHHeM BenH'!H Hbl a<)xjleKTHBHOC TH C'!eT '!H KOB K OAHOMY 113 npeAenbHb!X 3Ha

'!eHHi1 0 HnH 1. OnHa Kq npH a T oM y MeHhwa e T C SI Bbipa>KeHHOe B '!Hcne C '!e T'!HKOB 

paccT OSIHH e Me>KAY u e HTpaMH A B y x pac npenen eHHA, no A n e >K aWH X a Kc n epHMe HTanb

HOMY pa3A eneHH IO. no 3 T OI1 n pH'IHHe AOn>KHO cymeCTBOB a T b HeKOTOpoe onT HManbHOe 

3Ha'leHHe a<)xjleKTHBH OC TH C '!e T'IH KOB 1 o6ecne'!H Ba iOIUee Ha Hny'lwee pa3AeneHHe 'laC-

THU npH 3aAaHHOM nOnHOM 'IHC n e C'l e T 'IHKOB B ycTaHOBKe, 
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Bonpoc o6 onTHManbHbtX ycnoBHHX paaneneHHH qacTnu no nepBH'lHOll HOHH-

3HpyiOIUell cnoco6H OC T H AOnycKaeT, OAH8KO, pa3n H'l HYIO nOCT8HOBKY B 38BHCHMOC

TH OT Uenecoo6p83HOCTH npHH51TH51 Toro HnH HHOrO COOTHOIUeHH51 MelKAY T8K H83bi

B8eMblMH omn6KaMH nepsoro n BToporo pona . Mbt paccMoTpHM 3TOT sonpoc nnH 

cny'la51 , Korna Tpe6yeTC51 H8AelKHO BbiAenHTb peAKH e 'l8CTHllbl C MeHbiUell HOH H3H

pyiOIUell cnoco6HOCTbiO na ¢one 6onbmoro qncna qacTnu , o6n anaiOIUHX nopManbnoll 

HOHH3HpyiOIUell CnOC06HOCTblO. 11 MeHHO C T8KOll nOCTAHOBKOll 38A8'lH Mbl BCTpeqa-

eMC51 B 3KCilepHMeHT8X no nOHCKy KBBpKOB HnH npn BbiAeneHHH B ny'!Ke OT pHUB-

TenbHblX pen51THBHCTCKHX 'lBCTHU onpeneneHHOPO HMnynbCB peAKHX BHTHnpOTOIIOB. 

B 3TOM cny'lae , O'leBHAHO, naH6onee HelKenaTenbHbiMH 6ynyT norpeiUHOCTH, HMH

THpyiOIUHe peAKHe 'l8CTHUbl , KOPA8 'l8CTHUbl C HOpManbHOH HOHli3HpyiOIUell CnOC06-

HOCTbiO, KOTOpbte Mbl B ABnbHelltueM 6yneM OTHOC H Tb K Knaccy 1 , B OTAenbHblX 

cny'IB51X perHC T pnpyiOT C51 B KB'leCTBe peAKHX 'lACTHU Knacca 2 , o6nBABIOIUH X MeHb

IUefi HOHH3HpyiOIUell C ilOC06HOCTbiO • .HCHO, 'ITO K TBKHM OC06eHHO HelKenaTenbHblM 

" n 
OWH6KBM 6yAeT npHBOAHTb pa36poC 3HB'leHHH 3MilHpH'leCKOH senH'lHHbl f = --

N 
An51 'l8CTHU ne~Boro THIT8 , XapBKTepH3yeMblll CpeAHHM KBBApBTH'leCKHM Ol'KnOHe-

j I (1 ) 
HHeM 

1 
• Hanuque lKe paa6poca ananoruqnoll senH'lHHbi nnH BbiAenH-

N 
eMb!X peAKHX 'lBCTHU MO>KeT npHBeCTH nHWb K nOTepe 3cpcpeKTlH\HOCTH perHCTp8UHH 

3 THX 'l8CTHU, a He K nOlKHOMy peaynbT8Ty. noaTOMy OilTHMBnbHble yc/IOBH51 BbiAe

neHH51 peAKHX qaCTHU Knacca 2 na ¢one 6onbworo 'lHCna 'lo3C THU Knacca 1 6ynyT 

OTBe'l8Tb MHHHMYMY OTHOWeHH51 cpennero KBanpaTH'leCKOro OTK1fOHeHH51 yN f {1-f ) 
I 1 

K p83 HOCTH CpeAHHX 'lH-

Cen Cpa6aTbiB8eMblX C'leT'lHKOB An51 'l8CTHU 1-ro H 2 - ro KIIBCCA ~= ii - n 
1 2 

= N ( f 
1 

-f 
2

) • llnH onpenen eHHH onTHManbnofi senH'lHHbi a<)>cpeKTHBHOCTH C 'l e T 'lHKOB 

, COOTBe T CTByiOIUefi MHIIHMYMY OTHOWerH_H_51 ____ _ 

JD: 1 ,/ fr0-f1) 

~ f -f N 
1 2 

Heo6XOAHMO npHp8BH51T b HyniO npOH3BOAHYIO 

•I ~ 
-- ( -- ) 

da ~ d a 

a 
e 

. -u I ,. 
-a \I 

( 1- ,. ) I 

e- {3 - e -a) N Y, 

,/ea -1 ( 1 - _ {3 _ ) 
a 

5 
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0TCIOJl8, o603 H8'1851 
f3 = K , nony'IHM ypaBHeHHe Jlfl51 OITTHM8nbHOrO 3H8-
a 

'!eHH51 a o a -Ka 
e o_l) e o 

e (I -K)ao-1 2(1 K ) 

KOTOpoe MO>KeT 6biTb npeo6pa30B8HO B cne)lyJOIUee ypaBHeHHe Jlfl51 OITTHM8flbHOrO 

3H8'1eHH51 s¢¢eKTHBHOC TH C'!eT'IHKOB f, Jlfl51 perHCTpaUHH ¢oHOBbiX 'IBCTHU: 

(1 - K ) In ( 1 - f 
0 

) -In ( 1 - 2 ( 1 - K ) f 
0 

] = 0 . (3) 

CooTBeTcTaeHHo c peJlHee KBBJlpaTH'IeCKoe oTKnoHeHHe JlnH 3MnHpH'!ecKoA oueHKH s6-

~eKTHBHOCTH C 'leT'IHKOB, nonyq aeMOfi B cny'!ae npOXO>KJleHHH '!epe3 yCTBHOBKY ¢o-

HOBb!X '18CTHU , 6yJleT HMe Tb 3H8 '!eHHe 

u =/fo{l-fo) 

o N 

EcnH Mbi, HanpHMep, ycTaHOBHM o6nacTb BbiJleneHHH HHTepecyJOWHX Hac q ac

THU C MeHbllleM HOHH3HpyJOmefi CITOC06HOCTb!O , COOTBeTCTByJOIUeM ITO 'IHCny Cpa6a-

TbiBBeMb!X C'leT'IHK OB n < n = Nf 
- 2 2 

, TO Hy>KHble '18CTHUbl 6yJly T OT6Hp8TbC51 C 

aepOHTHOCTb!O 0,5, a aepOHTHOCTb HMHTBUHH HX 38 . C'!eT ¢oHOBbiX 'IBCTHU 6yJleT 

COCT8Bfl51Tb 

K 

1 2 
H -t

2
/2 tJ. 

(1- f ) -{1 - f 0) 
0 

y•-( 1--- f e dt 1 , H=-- = 
2 .;:;; 0 ro: Jfo(l-fo) (4) 

N 

0THOC HTenbH8Sl Jl0fl51 flO>KHO BbiJleneHHbiX 'IBCTHU npH 3 TOM COCTBBHT Be.'JH'IHHY 

I 
8 = 2 y _..1_ , rJ:te 

I • 
Bbl)lenHeMbiX '18CTHU. 

I I H COOTBeTCTBeHHO HHTeHCHBHOCTH ¢0HOBbiX H 

0nTHM8flbHOe 3H8'1eHH e 3~eKTHBHOCTH C'!eT'IHKOB Jlfl51 ¢oHOBbiX 'IBCTHU f
0

o 

cor naCHO ypaaHeHHIO ( 3 ), onpe)lenHeTCH BenH'IHHOA OTHOllleHHH nepBH'IHbiX HOHH3H-

p 
PYJOIUHX cnoco6HoCTeA 'laCTHU K = -- • EcnH nepBH'IHBH HOHH3 HpyJOIUB H cnoco6-

a 
HOCTb BbiJlenHeMbiX '18CTHU COCTBBnHeT 80% OT nepBH'IHOM HOHH3HpyiOIUefi CITOC06-

x) 
HOCTH dJOHOBbiX '18CTHU , TO OITTHMBnbHOe 3 H8'1eHHe 3qxpeKTHBHOCTH C'leT'IHKOB 
xl . -

npH6flH3HTenbHO T BK COOTHOC51TC 51 nepBH'IHbie HOHH3HpyJOIUHe CITOC06HOC TH BHT H-

npOTOHOB H ITHOHOB B ITY'!Ke C HMITYflbCOM 60 fsa/c, 
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l 

'· 1 

f O ; 0,889 . TaKHM o6pa30M, llii5! BbilleiieHH5! 'l8CTHU C MeHbWeH HOHHH3HpyJOWel\ 

CIIOC06HOCTb!O MeTOllOM He3<jxjleKTHBHb!X C'leT'lHKOB B OIITHM8IlbHOM CIIy'lae Tpe 6yeT

C5! I!pHMeHeHHe C'leT'lHKOB, o6II8ll8IOWHX llOBOilbHO BblCOKOil 3<jxjleKTHBHOCTb!O pei'HC T • 

pauuu OCHOBHbiX 'laCTHU rry'lKa. MeHbWHM 3Ha'leHH5!M K cooTaeTCTBYIOT ewe 6onee 

BbiCOKHe OIITHM8IlbHble 3H8'leHH5! 3<jxjleKTHBHOCTH f O 

iln5! paCCM8TpHB8eMOI'O CIIy'l85! K ; 0,8 rrpH N JQQ II OIIY 'IHM Bep05!THOC Tb 

HMHTBUHH Bbinen5!eMbiX 'IBCTHU 38 C 'leT <jJOHOBbiX, paBHYJO y = 2,5%. Cne noaaT e nb

HO, IIpH H8IIH'IHH JQQ C'leT'lHKOB B ycTaHOBKe 06f!apylKeHHe 'l8CTHU, HMeJOIUHX H 8 

20% MeHbllle rrepBH'lHyiO HOHH3HpyiOIUY10 CIIOC06HOC Tb, B03MOlKHO TOilbKO B TOM Cn y 

qae, eCIIH OTHOCHTeiibH85! UOII5! T8KHX 'l8CTHU B IIY'!Ke C OCT8BII5!eT He MeHbWe J / 20. 
-5 

ilrr5! yCT8HOBKH 83 4QQ C'leT'lHKOB 1 COI'Il8CHO <jJOpMyiie ( 4 ), IIOIIy'IHM y ; 5.1 Q . 

OuHaKo rrpu cnuwKOM MBIIbiX 3Ha'leHH5!X aenH'IHHbi aep05!THOCTH y ucrronb30BaH

Ha5! H8MH 8IIIIpOKCHM8UH5! !IpHBOllHT K OTHOCHTei!bHO 6 0 IIbWOMY 38HHlKeHHJO BeiiH-

'IHHbl y 

B 3TOM cnyqae pac'leT aenH'IHHbi y , orrpenen5!JOIUeli TO'IHOCTb pa3ueneHH5! 

'18CTHU, UOII>KeH IIPOBOUHTbC5! H8 OCHOBe HeiiOIIHOA 6eTa-I)JyHKUHH, · OIIHCbiB8JOIUeH 

/3/ 
"xaocT" 6uHOMHanbHoro pacrrpeneneHH5! • Bocrronb3oaaawucb rrpuaeneHHbiM a Mo--

/ 3/ 
HOI'p8<jJHH T86IIHU8MH 18 H 19 B e iiH'lHHbl Bep05!THOCTH f UII5! pa3IIH'IHblX rrpe-

H N - n , OTBe'laJOIUHX cyMMapHoll aepo5!THOCTH "xaoc-

Ta" 6HHOMH8IlbHOI'O pacrrpeueneHHl'l , paBHOH 2,5 H 0,5%, MO>KHO llii5! p83IIH'IHblX 

3H8'1eHHil o6mero 'IHCII8 C'leT'lHKOB B yCT8HOBKe TO'IHO OrrpeuenHTb B03MOlKHOC Tb 

p83AeiieHH5! '18CTHU IIO HOHH3HpyJOIUeli. CIIOC06HOCTH . HHlKe B T86IIHUe 1 UII5! P5!ll8 

N rr p HBeAeHbi senH 'IHHbi OTHoweHH5! K rrepBH 'IHbiX . HOHH3HpyJOmHx; 

CIIOC06HOCTeH '18CTHU, rrpH KOTOpbiX B03MO>KHO BbiUeiieHHe '18CTHU C MeHbWeli HOHH-

3HpyiOIUeli CIIOC06HOCTbJO C TO'I HOC T b!O y ; 2,5 H 0,5%. 

Ta6nuua I 

~ 25 50 100 220 550 

0,025 0,58 0 ,70 0,78 0,84 0 ,90 

0,005 0,50 0 ,63 0 ,73 0,80 0 ,87 

npuaeueHHbie B 3TOH T86IIHUe 3H8'1eHH 5! K f3 
OTBe'laiOT Bbi6opy OIITHM8IIb-=--

a 
Hb!X 3H8'1eHHi! 3<jl¢eKT H B HOC T H C'leT 'lHKOB. 
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CooTHoweHHe (4) npH ManoM y npHBODHT K 38HH*eHH~ pe3ynbTBTa aa•e 

npH 6onbWOM 3Ha'leHHH N TaK, npH N = 100 H COO TBe T C TByJOIUHX 3 TOMY 3 H8-

'leHHIO Be1!H'IHH8X K (Ta6nHU8 I) BMeC TO 3HB'IeHH H y = 2,5 H 0,5% COOTHOWeHH e 

( 4) aaeT I ,5 H 0,2 % . npH N = 550, C OOTBeTC T BeHHO,- 2,0 H 0,3% . 

ConocTaeneHHe c TO'!HhiMH pac'!eT aMH noK83biBaeT TaK•e , 'ITO HeCMOTp51 Ha 

3H8'1HTe1IbH Oe 38HH•eHHe Be1IH'IHHW y npH p8C'!eTe 
0

XBOC T OB
0 

pacnpegeneHH51 

no !jlopMyne Myaepa-flannaca , Hcnonb30B8HHe 3 Toro npH6nH•eHH 51 an51 o npeaen e 

HH51 onTHM81IbHOH 3!jl!jleKTHBHOCTH C'leT'!HK OB npHBODHT K npaBH1IbHbiM pe3ynbT8T8M 

JlJl51 3 H8'1eHHH f O < 0,95 . 

nocneaHee ycnoeHe orpaHH'IHBaeT o6nacTb npHMeHHMOCTH ypaBHe HH51 (3) 

K > 0,67. npH K= 0,5 ypaeHeHHe (3) npHBODH T K f 0 = I ,00, 'ITO HBn51eTC51 

pe3y1IbT8 T OM HenpaBOMepHOCTH HCn01Ib30B8HHOI"'O npH61IH*eHH51. 

npH 3!jl!jleKTHBHOCTH C'leT'!HKOB, 6 nH3KOH K eaHHHUe, aa•e npH 601IbWOM N 

6 HHOMH 8 1IbHOe pacnpeaeneHH e C T 8 HOBHTCII CyWeCTBeHHO HeCHMMeTpH'IHbiM H 38Me-

H8 ero HOpM8Rb H biM pacnpeaeneHHeM npHBODHT K HeKOTOpOMY 38BbiWeHHIO OnTH

M81IbHOI"'O 3H8'1e HH51 3!jl!jle KTH BHOCTH C'!eT'!H KOB . no3 TOMy peWeHHII ypaBHeHH 51 (3), 

6JIH3KH e K npegenbHWM 3H8'1eHH 51M , c neay eT p8CCM8TpH B8Tb K8K OpHeHTHpOBO'IHWe 

3H8'1eHH 51 D1!51 Bbi60p8 3!jl!jle KTHBHOCTH C'!eT'!HKOB, COO TB e T CTBYIDWeii OnTHM81IbHbiM 

ycnOBH51M H3MepeHH51, OI"'p8HH'IH B8,11 Bbi6op 601IbWHX 3Ha'!eHHH 3 !jl!jleKTHBHOCTH BeJIH

'IHHOH 0,95. TaKHM o6pa30M, an51 BhiDeneHH51 'IBCTHU c MeHbweii HOHH3HpyJOweii 

CnOC06HOCTbiO BO BCeii npaKTH'I HOC TH DOCT ynHOii D1I51 p83De1IeHH51 '18CTHU 061I8CTH 

3Ha'leHHii K < 0,9 onTHM81IbHhi e 3Ha'leHH51 3!jl!jleKTHBHOC TH C'leT'!HKOB K !jloHOBhiM 

'18CTHU8M ne•aT B o6naCTH 3H8'1eHHH 0,85 t- 0,95. 

CneayeT OTMeTHTb, 'ITO Bhi6op 3!jl!jleKTHBHOC TH c'!eT'IHKOB eo eceii yKa3aHHoii 

o6nac TH 0,85 +- 0 ,95 He3aB H CHMO O T KOHKpeTHoro 3Ha'!eHH51 eenH'IHHhi K< 0,9 H 

COOTBeTCTByJOWei"'O ej6, 3 Ha'!eHHII f O np8KTH'!eCKH He OK83biB8eT B1IHHHH51 H8 TO'I

HOCTb pa3neneHH51 'IBCTHU. B 3TOM MO>KHO v6enHTbCII, onpenenHH no T O'IHbiM T a6nH -

/ 3 / 
U 8M MOHOI"'padJHH il1I51 p 83HbiX 3 H8'leHHH 3!jl!jleKTHBHOCTH f Be1IH'IHHY OTHOWe-

HH51 n e pBH'IH biX HOHH3 Hpy!OWHX C nOC06HOC Teii '18CTHU1 p83ile1IHeMhiX C TO'IHOCTbiO 

2 , 5 H 0 , 5%. TaK , an51 N = 24 H y = 0,5% eenH'!HHa K , p8BH851 0,520 , OCT B-

eTC51 HeH3MeHHOii 9 nO Kp8iiHeii Mepe, B TpeTbeM 3H8Ke BO BCeii 061I8CTH 3!jl!jleKTHB

HOCTeii C'leT'IHKOB OT 0 ,82 DO 0 ,93. npH 3H8'1eHH51X 3!jl!jleKTHB)fOCTH 0 , 95 , 0 , 97 H 

0 , 99 Be1IH'IHH8 K p8BH8 COOTBeTC T BeHHO 0 , 518 ; 0,507 H 0 , 46 . V!3 ypaBHeHHH ( 3 ; .'l1III 

K = 0 , 520 cnenyeT f 
0 

= 0 ,99 . AHanorH'IH8 51 KapTHHa nonyqaeTCII H npH npy-
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rHx 3H8'leHH51X N • .Un.11 N = 50 H y = 0,5% npH , paBHbiX 0,85, 0,93 H 

0,98, senH'lHHa K npHHHM8eT COOTBeTCTBeHHO 3H8'leHHSI 0,633, 0,633 H 0,605. 

Cor nacHo l!<e ypaBHeHHIO ( 3), onTHMBITbHOe 3Ha'leHI'!e 3qxpeK THBHOCTH nnH K= 0,633 

paBHO 0,965. llnH N = 100 H y = 0,5% BeiTH'lHH8 K = 0, 730 nnH 3qxpeKTHBHOCTH 

OT 0,83 no 0,92. OpH f , paBHbiX 0,96 H 0,99, aenH'lHHa K paaHa cooTBeTCT

BeHHO 0,710 H 0,66. CnenyeT, KOHe'lHO, y'lHTbiBBTh, 'ITO yJKe Manoe yMeHhllleHHe 

npenenbHoif aenH'lHHbi K nnH pa3nenSieMbiX 'laCTHU o3Ha'!aeT 3 Ha'lHTenbHoe no

HHll<eHHe TO'IHOCTH H3MepeHHif. TaK, cor nacHo Ta6nHue I, yMeHhllleHHe npenenbHoro 

K Ha I 0% nnH K 0, 7 +- 0,8 o3Ha'laeT, 'ITO nnH aoccTaHoaneHHH npeli<Heif TO'!-

HOCTH H3MepeHHH ITOTpe6yeTCSI ynBOHTb 'lHCno C'leT'lHKOB B yCT8HOBKe. 

npH yMeHhWeHHH 3~~eKTHBHOCTH C'leT'lHKOB ITOCTeneHHOe ITOHHll<eHHe npenenb

HOrO 3Ha'leHHH K na6niOnaeTCH TOIThKO Ha'lHHaSI c f < 0,80. 3na'lHTenbHOe JKe 

yxynwenHe TO'IHOCTH H3MepeHHif npoHcxonHT npH f < 0,50. TaK, rrpH 3qxpeKTHBHOCTH 

C'leT'lHKOB 0,50 H 0,30 nnH noCTHll<eHHSI TO'IHOCTH OITTHM8ITbHOro B8pH8HT8 Tpe6y

eTCSI yBeiTH 'lHTb 06Illee 'lHCno C'leT'lHKOB B yCT8HOBKe COOTBeTCTBeHHO B 1,5 H 

4 paaa. 

HeH3MennocTb npenenhHoro 3Ha'leHHH K B o6naCTH 3~~KTHBHOCTH C'leT'lHKOB 

OT 0,80 no 0,95 03H8'!8eT, 'ITO yMeHbllleHHe ll!HpHHbl pacnpeneneHHSI 'lHCna C'leT

'li!KOB , cpa60T8BlllHX OT ~OHOBbiX 'IBCTHU, B 3TOH o6naCTH T O'IHO KOMITeHCHpyeTCSI 

yMeHbLUeHHeM p8CCTOSIHIISI MeJKny ueHTpaMH pacnpeneneHHH nnSI p83 nenSieMbiX 'l8C 

THU. 3TO 06CTOSITeiTbCTBO HMeeT 60nblll0e 3HB'leHHe nnSI npaKTH'leCKOrO HCITOITb-

30B8HHSI MeTona He3~~eKTIIBHbiX C'leT'lHKOB. npell<ne BCero nnH BC8X aanaq Bbinene

HliSI 'l8CTIIU C MeHbWeif HOIIHH3HpyiOIUeif CITOC06HOCTbiO He38BHCHMO OT BenH'lHHbl 

fl 
OTHOilleHHSI K = --MoryT 6biTb HCIT01lb30B8Hbl onHH H Te lK~ C'leT'lHKH C 3<!>-

ll 

<jleKTHBHOCTbiO 0,85 +- 0,90. KpoMe Toro, H3 He3aBHCHMOCTH TO'IHOCTH H3MepeHHH 

OT BeiTH'lHHbl 3~~8KTIIBHOCTH C'leT'li!KOB B COOTB8 T CTBYIOWeil: o6naCTH 3 H8'leHHil: cne

nyeT norryCTHMOCTb pa36poca B HeCKOITbKO rrpoueHTOB B BeiTH'li!H8X 3~~eKTHBHOC

TH HCITOITb3yeMblX C'leT'lHKOB. 3TO 3H8'lHT e iTbHO o6nerqaeT H3rOTOBneHHe H Hanan

KY MHOrOC'leT'lHKOBOH CI!CTeMbi. no 3TOH ll<e rrpH'IHHe B npouecce 3KCrrnyaTaUHH 

CHC TeMbl Tpe60B8HII51 BbiCOKOH CT86HnbHOCTH nonli<Hbl rrpen'bHBITSITbCSI TOITbKO K Cpen

Heif BeiTH'lHHe 31jl~KTHBHOCTH nnH C'leT'li!KOB BCell: CHCTeMbi . 

8hiCOK8SI 3~~eKTHBHOCTb C'leT'lHKOB, COOTBeTCTBYIOill8Sl 0ITTHM8nbHblf'1 ycno

BHSIM pellleHHSI paCCMOTpeHHOH 3ana'IH, COCTaBnSieT OCHOBHOH pe3ynbT8T H8CTO

SIWel1 pa60Tbi, HeCKOITbKO HeOli<Hn8HHbiH nnH MeTona M8IT03~~eKTHBHbiX C'leT'lHKOB. 
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MeHbwHe aHa'leHHR a¢¢eKTHBHOC TH C 'leT'lHKOB 6ynyT coaTBeTCTBOBaTb onTH 

Mal!bHhiM ycnOBHHM nnH BhtneneHHZI '18C THU C HOHH3Hpy!OWeM CnOC06HOCTb!O 6onbWeil , 

'!eM y <jJoHOBbiX qa·cTHU. T aK, nnR K = 2 H3 ypaaaeHHR (3) aall:neM f 
0 

= 0,50. 

llnR BhtneneHHR '18CTHll C HHTHKpaTHOH HOHH38UHeil OHTHM81IbHOe 3H8'leHHe 3¢¢eK

THBHOCTH C'leT'lHKOB K '18CTHU8M C anHOKpaTHOil HOHH38UHeH namKHO 6biTb paBHO 

0,25. 

* * 
* 

llnH peamt38UHH BbiCOKOil Hane)I(HQCTH BbtneneHHH penKHX '18CTHU, COOTBeTCT

BY!OWeil BbiCOKOll: CTaTHCTH'leCKail TO'lHOCTH MeTana. npH 6onbWOM '!Hcne C'leT'lH

KOB B ycTaHOBKe, aeo6xonHMO aa npaKTHKe npennpHHRTh cneuHal!bHhte Mepbt nnR 

ycTpaHeHHH C H cTeMaTH'leCKHX norpewHoCTefi. Dpe>Kne acero non>KHO 6btTh nonHoCTbiO 

HCKl!!O'leHo aecpa6aTbiBBHHe C'leT'lHKOB H3-aa TeXHH'leCKHX HeHcnpaBHOCTeil. DpH 

60l!bWeM 'lHCl!e C'leT'lHKOB 38ll8'18 HOC TOHHHOrO KOHTpOl!SI pa60Tbl C'leT'lHKOB BCTpe

'18eT, KOHe'lHa, onpeneneHHhte npaKTH'leCKHe TpynHaCTH. KpoMe Taro, aecbMa aa>K

Ho, 'lT06bi Bbt6paHH85! H e3!jlcpeKTHBHOCTb C'leT'lltKOB 5 i- 10% Uel!HKOM 6btn8 o6yCl!OB

neHa OTCyTCTBHeM BKTB nepBH'lHOH HOHH38U11H B C'leT'lHKe. B npOTHBHOM cnyqae 

HeMHHyeMO B03HHKHYT C H CTeMBTH 'leCKHe norpeWHOCTH, KOTOpbte He H03B01!RT noc

THrHyTb paC'leTHOM H8lle>KHOC TU BbtneneHH 51 '18CTHU. 

lleiiCTBHTe l!bHO, eCl!H B K8lKnOM C'leT'lHKe 38BellOMO npOHCXOnHT nepBH'lHbiH 

BKT HOHH38UHH H l!Hllib npoueCC perHCTp8UHH era CB5!38H C Bbi6paHHOH BeliH'lH

HOM He31jxpeKTHBHOCTI1, TO rtpH H3MepeHHI1 6ynyT npOSIB1!5!TbC5! C8Mbie 06bi'lHbie tPll!OK

TyaUHH cneKTpOMe:rpH'leCKUX CUI1HTH1!1!5!UHOHHbiX Hl!H ra3apa3pstnHbiX npo nopUHOH8nb

HbiX C'leT'lHKOB. M e Ton Hea !jlq>eKTHBHbiX C'leT'lHKOB nae T npH H3MepeHHH HOHH3HpyiO

mei! cnoco6HOCTH 'lBCTUU 6onee BbiCOKOe paapeweHHe no cpaaHeHH!O c cywecTBY!O-

IUHMH CneKTpaMeTpR'leCKHMH C'leT'1HK8MH TOl!bKO B TOM C l!y'lae, eCl!H yCHl!eHHe H 

nopOrH nnCKpHMHHBUHU HCH01!b3yeMbiX C 'le T'lHKOB 38BellOMO o6ecne'lHB8!0T perHCTpa

UHIO KB)I(naro 8KT8 nepBH'lHOM ROHU381lHH B C'leT'lUKe . KoHe'lHO, npH nacTaTO'lHO 

60l!blli0M KOl!H'leCTBe napannenbHO HCIIOllb3yeMbiX cneKTpOMeTpH'leCKHX C'leT'lRKOB 

TBK)I(e MO>KHO nony'lHTb BhiCaKyto uane)I(HOCTb BhtneneHHH ay>KHhiX <taCTHU. OnaaKo 

CT8THCTH'leCKHe pac'leTbl 3 TOH Hane>KHOCTU y>Ke He MOryT 6hiTb npoaeneHbl nacTa

TO'lHO npOCTO II naCTOBepHO. Da3TOMy, HO>Kal!yl1, H8Hl!Y'lllil!e pe3yl!bT8Tbi MO)I(HO 

nony'lHTh, o6~enHHRR o6a MeTana. 
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nycTb, H8llpHMep, nocne aMllllHTyAHOI'O aHalll!3a HeCKOllbKHX CUHHTHllll51UHOH

HblX C'leT'lHKOB Bb1Aell51JOTC51 C06b1TH51, nonne)!{al!lHe HCClleAOBaHHJO MeTOAOM He3cpcpeK

THBHb1X C'leT'lHKOB. B aToM cnyqae uenecoo6pa3HO 6yneT Hcnonb30BaTb 6onbmoe 

'lHCllO MliHHaTJOpHblX nnOCK!iX HCKpOBhJX C'leT'l!iKOB, ynpaBn51eMh1X no n!iT8HHJO CI!C-

TeMOH CneKTpOMeTpH'leCKHX CUHHTHllllSIUHOHHblX C'leT'lHKOB C aBTOM8TH'leCKIIM BblBG-

AOM AaHHblX 0 cpaKTe B03H!iKHOBeHHSI I!CKp. 

no CTaTHCTH'leCKOMy pacnpeneneHiilO 'lHClla C'leT'lHKOB, B KOTOpblX He npOH.30W-

no HCKpOBOI'O pa3pS!A8, ynaCTCSI nerKO yCTaHOBHTb CTaTHCTH'leCKHe xapaTepHCTHK!i 

OT60pa 'laCT!iU ynpaBn51JOl!lell CHCTeMbl CUHHTHnn51UHOHHbiX C'leT'lHKOB H nononHHTenb-

HO nOBhiCHTb Ha HeCKOllbKO ll0p51AKOB Hane)!{HOCTb BhiAeneHHSI 'laCTHU C MeHbWell !iO-

HH3HpyJOl!lell CllOC06HOCTblO. TaKa51 KOM6HHHpOBaHH8SI CHCTeMa C yMepeHHbiM KOlll!-

'leCTBOM ynp8Bll51eMbiX HCKpOBbiX C'leT'l!iKOB 6yneT 3KBHBaneHTHa no CBOHM B03M0)!{

HOCT51M CHCTeMe C Cyl!leCTBeHHO 6onbWHM KOllH'leCTBOM HeacpcpeKTHBHbiX C'leT'l!iKOB. 

YnpaenSieMbill pe)!{liM pa6oThi !iCKpOBhiX C'leT'lliKOB Tpe6yeT npl!H51TH51 Mep nnSI 

yMeHhWeHHSI He3cpcpeKTHBHOOTH C'leT'lHKOB 3a C'leT AH!jlcpy31ili aneKTpOHOB Ha 3fleKTpO

Ahl H npHnHn8HH51 HX K aTOMaM 3neKTpOOTpHU8TenhHbiX npHMecell. JlnSI 3TOI'O npe)!{-

ne ecero non)!{HO 6biTb npenenbHO yMeHbl!leHO epeM51 38Aep)!{KI! Bb!COKO-

BOnbTHOI'O HMnynbca llHTaHHSI C'leT'lHKOB, yMeHbWeHO TaK)!{e KOllH'leCTBO npi!Mecel\ 

a ra3e 11 npHMeHeHo aanonaeaHe ra3oM, o6ecne'li!BaJOl!li!M MeHbWI!ll Kos<jxpHuHeHT 

AH!jl!jly3HH 3lleKTpOHOB. no 3TOll npll'lliHe uenecoo6pa3HO 6yneT BMeCTO 06bi'lHO !iC-

nonb3yeMOI'O B I!CKpOBb!X K8Mepax HeOHa HanOllHI!Tb !iCKpOBbie C'leT'li!KII renl!eM. 

Jlpyroll cnoco6 yMeHbWeHIISI He3cpcpeKTHBHOCTII C'leT'lliKOB , B03HHKaJOl!leli H3-38 

!iC'le3HOBeHHSI 3lleKTpOHOB, MO)!{eT 6b!Tb OCHOBaH Ha HCllOllb30BaH!ill CMeCI! DeHHIIH-

ra H OTHOCHTenbHO BbiCOKOrO llOCT051HHOI'O Hanp51)!{eHHSI Ha C'leT'lliKe, AOCTaTO'lHOI'O 

/4/ 
AllSI scjl<i>eKTHBHOI'O o6pa30BaHI!SI MeT8CT86l!llbHb!X aTOMOB OCHOBHOI'O !'838 • 

rapaHT!ieil OTCyTCTBIISI CHCTeMaTI!'lQCK!iX norpeWHOCTell 6yneT Clly)!{HTb HeH3-

MeHHOCTb 3cpcpeKTHBHOCTH HCKpOBhiX C'leT'lHKOB npll Mallb!X H3MeHeHHSIX BpeMeH!i 3a-

nep)!{KH, aMnllHTYAbl H nnHTenbHOCTH nHTaJOwero BbiCOKOBOnbTHOrO liMnynbCa, a TaK-

)!{e eenH'lHHbl IIOCTOSIHHOrO HanpSI)!{eHHSI Ha C'leT'lHKaX. 

npH KOHCTpyHpOBaHHH MHOI'OC'leT'IHKOBOll CHCTeMbl AflSI 113MepeH!iSI nepBII'lHOll 

HOHH3HpyJOl!leil CnOC06HOCTH 'l8CTHU cnenyeT liMeTb B BHAY B03MO)!{HOCTb OCyWeCTBne

HHSI HeCKOllbKO 6onee 6biCTponeliCTBYJOl!leli CI!CTeMbl 3a C'leT !iCnOflb30BaHI!SI ra30-

pa3pS!AHbiX C'leT'li!KOB npH llOCTOSIHHOM Hallp51)!{eHHH, o6ecne'lHBaJOl!leM B03HiiKHOBe

HHe cna6oro pa3pl!na. TaKaS! CHCTeMa 6yneT cymecTeeaao cno)j{aee, TaK KaK H3ny-
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'leHHe, COllpOBO>KA810l!lee 3TOT pa3pS!A, AOll>KHO C BblCOKOl!: s!jlljleKTHBHOCTbiO perHCT

pHpOBaTbCSI B Ka>KAOM C'leT'lHKe' OTAellbHblM ljlOT031leKTpOHHblM YMHO>KHTe1leM. 
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