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npH H3MepeHHSIX tiH4'<flepeHUH8nbHblX Ce'JeHHH 3neMeHTapHb!X '18CTHU 

Bb!COKHX 3HeprHil: C HJlpaMH MHUieHH B o6naCTH MBnblX nepeJla'l HMnynbC8 

npH npOXO~JleHHH HenpOB38HMOJleHCTBOB8BUIHX '18CTHU ny'IK8 qepe3 BC~ yCTa

HOBKy 06bi'IHO H3Y'I8~CSI OJlHOTpeKOBbie C06b!THH. npHMeHSISI JlnH perHCTpa

UHH '18CTHU I'OJlOCKOnH'IeCKHe CHCTeMbl ( nponopUHOIIBnbHbie K8Mepbi
0 

CUHHTHnnHUHOHHbie I'OJlOCKOnbi) 0 nony'la~T HH<fJOpMBUH~ B JlBOH'IHOM 

KOlle Ill 0 KOTOpaH O'leHb YJl06Ha JlnH UH<fJpoBOH o6pa6oTKH Jl8HHb1Xo 

nocKOnbKy B T8KHX 3KCnepHMeHT8X C06b!THSI pacCeHHHSI coc-

TaBnH~ uonH npouenTa oT Bcex aaperncTpHpoaaHHbiX co6biTHil:, o'leHb no

neaHbiM oKa3biBaeTcH npeuaapHTenbHbiH oT6op JlBHHbiX ( nouaanenHe npHMbiX 

npoxo~ennii qacTnu) 
1 2•3 •4,51, cymecTBeHHbiH JlnH ycKopeHHH na6opa cTa

THCTHKH. npo6neMa 3T8 OC06eHHO BB~Ha JlnH OnbiTOB C npHMeHeHHeM HCKpO-

BbiX K8Mep, y KOTOpbiX MepTBOe BpeMSI COCTaBnHeT 06bi'IHO HeCKOnbKO MHn-

nHceKynu. npHMenenHe peUia~mero ycTpoiiCTBa noasonHeT aanycKaTb HCKpo

Bbie KaMepbi 151 TOnbKO JlnH perHcTpauHH noneaHbiX co6biTHil:. Kone'IHO, 

TBKOe ycTpOHCTBO JlOn~HO o6naJl8Tb MBnbiM BpeMeHeM peUieHHSI, T8K K8K 

BpeMSI ll8MSITH HCKpOBbiX KBMep 06bi'IHO nopHLtKB MHKpOCeKyHJlbi. 

B uannoti pa6oTe paccMaTpHBa~TCH npaKTH'IeCKHe B03MO~HOCTH peanH

aauHH 38Jl8'1H OT6opa C06biTHH pacCeHHHSI H HX KB'JeCTBeHHhlH aHanH3. 
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t 

floCT8HOBKa sapaqH 

nnH orrpeneneHHH yrna paCC9HHHH qaCTHU Ha Hapax MHW9HH Hy~Hbl 

rro xpaAaeA Mepe TpH ronocxorra nnH xa~noA rrnocKoCTH xz H yz ). 
06biqao rrpHMeHHIOT naa ronocxorra nnH orrpeneneHHH yrna axona rrepBH,HoA 

qaCTHUbl B MHW9Hb H Tp9THft1 tfJHKCHpyiOUIHA yrcin paccel'IHHH. Tax KaK nanb

we HH$OpMaUHll 06biqag o6pa6aTb!Ba9TCll B UBQHqHQM Kone, HY~H0 1 qTo6bi 

6bmH BhmonaeHbi ycnoBHH aa cpa6aTbiBaHHe onaoro H TonbKO onaoro neTeK

Topa B xa~oM ronocxorre. PHc. 1 rroxasbiBaeT cxeMy ycTaHOBKH nnH orrpe

neneHHll yrna pacceliHHll B onaoA rrnocxocTH, cocTOlllliYIO H3 Tpex ronocxo

rroB fQl, f02 H fQ3 C maraMH CUHHTHnnliTOpOB1 nH6o ITpOBOnOK B rrporrop-

UHOHanbHOft KaMepe COOTB9TCTB9HHO a , b c • BenH,HHhi TJ J • 

o6osaaqaiOT cnBHrH ronocxorroB OTHOCHTenbHO ycnoaao~ ocH, a 
TJ2 

L H T/3 

H M -6a3bl ycTaHOBKH. flpH Cpa6aTbiBaHHH OUHOT'O H3 neTeKTOpOB B ro-

UOCKOrraX KOOpllHH8Tbl rrpOXO~U9HHll qacTHU OTHOCHTenbHO ycnOBHOft OCH 

orrpenenliiOTCll COOTHOill9HHliMH: 

L II 

-----

____ __ yc .. •6M4.J ~ 

PHc. 1. YcTaaoaxa nng orrpeneneHHll yrna pacceliHHll qacTHU. 

4 

'~ 

~\~' 

~g~ 
\ 

f 
f 
I 

Xi 

X2 

TJ + 
J 

ax 
J 

TJ + bx 
2 2 

X 3 = '113 + b X 3 

Ka~ag xoopnHHaTa B aToM cnyqae perHcTpHpyeTcg co 

OWH6KoA, paBHoft: 

a 

rne d -war ronocxorra. 

d 

vTI 

Yron BXOUa qacTHUbl B MHW9Hb MO~HO orrpeoenHT: 

X 2- Xi 

L 

a yron Bhixona B BHne: 

X3 X2 

M 

81 , 

82 . 

0TciOna yron pacce!IHHll aaxonHM rro tflopMyne 

8 , 8 - 8 = 
2 ,, J 

X3 - X2 

M 

X2- Xi 

L 

Yron rrpHHHMaeT KaK rrono~HTenbaoe, TaK H OTpHuaTenbJ 

YcnoBHe aa rrpHMoe rrpoxo~eaHe ( 8, = 0 ) MO~J 

t1Xi-(L+M)X2+LX3= 0. 

KpoMe npHMhiX, orrHcaHHhiX ypaaaeaHeM ( 6), cymec· 

KOT0pbl9 Bb!pa~eHHe ( 6) BCnencTBMe UHCKpATHOCTM ycTa, 
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nocTaHOBKa sasaqH 

orrpeAeneHHSI yrna paCCeSIHHSI qaCTHU Ha SIApax MHllleHH Hy)!(Hbl 

H Mepe TpH roAOCKOila AnSI Ka)!(AOH rrnOCKOCTH xz H YZ ). 

MeHSIWT ABa rOAOCKOila AnSI OrrpeaeneHHSI yrna BXOaa nepBHqHQH 

MHll!eHb H TpeTHH, ~HKCHpywiUHH yron pacceSIHHSI. TaK KaK aanb

oobi,HO oopaoaTbiBaeTCSI B aBOHqHQM KOae, Hy)!(H0 1 qTQObl 

ycnOBHSI Ha cpaoaTbiB8HHe oaHoro H TOnbKO oaHoro aeTeK

roAOCKOrre. PHc. 1 noKaSbiBaeT cxeMy ycTaHoBKH anSI onpe-

a pacceSIHHSI B oaHOH rrnoCKOCTH1 COCTOSIIUyw H3 Tpex roaOCKO

H f03 c lllaraMH cuHHTHnnHTopoe, nHoo npoeonoK B nponop-

KaMepe COOTBeTCTBeHHO a 1 b c • BenH,HHbi 111 • 

qawT caBHrH roaOCKOI10B OTHOCHTenbHO ycnOBHO~ OCH 1 a 
112 

L 

ycTaHoBKH. DpH cpaoaThlBaHHH oaaoro HS aeTeKTopoB B ro

qacTHu OTHOCHTenbHO ycnoBHOH OCH 

51 COOTHOll!eHHSIMH: 

L "' 
rot 

------

____ __ yc4o6M4.J ~ 

CTaHoBKa anSI onpeaeneHHH yrna pacceHHHH qacTHU. 

4 
. 1 , 
1 

Xi 11 + ax 
1 1 

X2 11 + bx 
2 2 

X 3 = 113 + b X 3 • 
(I) 

Ka)!(.({aH KoopaHHaTa B aToM cnyqae perHcTpHpyeTcH co cpeaaeKeaapaTH,Holt 

Oll!HoKOlt1 paBHOH: 

a 

rAe d -lllar roaocKona. 

d 

..;12 

Yron Bxoaa qacTHUbl B MHll!eHb MO)!(HO onpeAenHTb B BHae: 

X 2- Xi 

L 
81 ' 

a yron BbiXOaa B BHae: 

X3 - X2 
-- = 8. 
M 2 

0Tcwaa yron pacceSIHHSI aaxoaHM no ~opMyne 

E> , E> - 8 = 
2 1 

X3 - X2 

M 

X2- Xi 

•· L 

Yron npHHHMaeT KaK nono)!(HTenbHoe, TaK H OTpHuaTenbHoe saaqeaHe. 

( 2) 

(3) 

(4) 

(5) 

YcnoBHe aa npSIMoe npoxo)!(.({eHHe ( 8, = 0 ) MO)!(HO sanHcaTb B BHae 

IJXI- (L + M)X2 + LX3 0 . ( 6) 

KpoMe npHMbiX, onHcaHHbiX ypaBHeHHeM ( 6), cymecTBywT eme npHMbie, 

KOTOpbie BbJpa)!(eHHe ( 6) BcneACTBHe aHCKpP.THOCTH ycTaHOBKH He yqHTbiBaeT • 
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PHc. 2 noKa3biBaeT MexaHH3M noSIBneHHSI TaKHx TpaeKTopHA:. BenH'IHHbi ·Y I 

H .y
3 

OllHCbiBaiOT o6naCTH fQ 1 H f03 1 OXBa'leHHbl9 mo6biMH npSIMbiM H1 npo-

B9A9HHbiMH 'l9p93 OAHH war fQ 1· H f021 nH60 f03 H f02. 

L 
·Y = - (b + c) + b, 

I M ( 7) 

M b) + b. •Y3 = -(a+ 
L 

BenH'IHHbi: 

•Y 'Y3 
ki k3 ( 8) -. a c 

noKa3hlBaiOT1 CKOnbKO A9T9KTOpOB rOAOCKOna M0*9T cpa6oTaTb npH npo

XO*A9HHH HepacceHBaromeA:cs 'laCTHUbi. YrnOBbie owH6KH, AonycxaeMbie 

npHM9H9HH9M anropHTMa (6), paBHbi: 

a 
fk t - 1 J I: c 

(k - 1) -
3 M 

(9) l\8I Mt 
3 

L .. 
-.-----'" 1 - - - _¥-----, 

--
- --1---~r--~-~--- -------------,.+-~-- -..::;::--<..:-=:£:'·- ----(~<~_ ------· lr---- - - -~-- -- .. ______ _ 

~ 

.J f• 

-- -----u i 
--~~ ---

~ 

PHc. 2. CxeMa onpeAeneHHSI owH6KH perHcTpauuu. 

6 

'1'··· .. ··•.·· 

·' ' 

;1 

-.:~' 
::~' 

··.~·,"'i•· ' ,. 
f 

........ \l(< 
·;..\'" 

t 

0onH09 ypaBH9HH91 onpeAenHIOIIl99 yron paCC9SIHHS11 

8~M·L =Maxi- (L + M)bx 2 + Lcx
3 

+ L(71
3

-1 

HnH 

Z =Ax - Bx + Cx - D, 
% I 2 3 

rAe 

A Ma , B (L + M) b c L c , 

D L( 11 - 11 ) + M( 11 - 11 ), Z 
I 3 2 I " 

a, 
B AanbHeA:weM aHanuae 6yAeM npHHHMBTb aHa 

OTpHUaTenbHblit1 TaK KaK B peanbHblX ycTaHOBKaX f03 

WOe KOnH'I9CTBa KaHanOB ( T/ .< 1/ ) • 
3 I 

DpH apH~MeTH'IeCKOH o6pa6oTKe 3KCnepHMeHTa 

( x 1 x 1 x ) nocTynaroT B pemaromee ycTpoltc· 
I 2 3 

BHA91 a peweHue nony'laeTCSI B BHAe senH'IHHhl Zx 

yrny pacceHHHSI. Dpu npaKTH'IecxoA: peanuaauuH ypa 

yAaeTCH noAo6paTb K03~~HuueHTbl A 1 B 1 C 

peanbHbiM B9nH'IHHaM1 BbiTeKaiO!IlHM H3 reOM9TpHH )l 

AOllOnHHTenbHYIO OWH6Ky npH Bbl'IHCneHHH yrna pace 

anropHTMe OTKnOH9HH9 OT npHMOH Ha OAHH war f03 

C9SIHHIO Ha yron -'
M 

'ITO AaeT OTC'I9T L c B 

B9TCTB9HH01 OTKnOH9HH9 Ha n waroB rOAOCKOna, C 

C9SIHHH HB yron n ..!:_ H AB9T OTC'I9T nL c 
M 

DpH HopMHpOBI<e ypaBH9HHH ( 11) K npoCTbiM 'I 

(AnSI npOCTOTbl npaKTH'19CKOit peanH3aUHH) ypaBH9HH• 

KOTOpoe HaXOJlHTCSI B cneAyiO!Il9H 3aBHCHMOCTH OT y: 
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IKa3hiBaeT MexaHH3M rro.~~:BneHH.II TaKHX TpaeKTOpHA. BenH<IHHhi ·Y 
1 

lbiB8!0T o6naCTH fQ J H f03, OXBa<IeHHbie n!OObiMH IIp.IIMbiM H0 IIpO-

~ qepe3 OaHH war fQJ· H f02, nHOO f03 H f02. 

L 
•Y = - ( b + c) + b, 

1 M ( 7) 
M b) + b. 'Y3 = -(a+ 

L 

•Y 
k3 

·Y3 
( 8) --, 

a c 

~. cKonhKO aeTeKTopoB roaocKona Mo~eT cpa6oTaTh rrpH rrpo

aepacceHBaJOmettcSJ qacTHUhi. YrnoBhie owH6K~ aorrycttaeMbie 

eM anropHTMa ( 6), paBHhr: 

a 
(k - 1)-' 

1 L 
~8 

3 

c 
(k - 1) -

3 M 
( 9) 

L .. 
- :j..:___ 

- ___ j 

.. 
I t• 

-- --J·--.r---~---- --- -----
t·-~-z·-- ..;c-- ------
---- - . --~-- -::-:-o-:-=:-::_-______ ~_------ ...... _ 

--- -~-u --

~xeMa orrpeneneHHR owH6KH perHcTpaUHH. 

6 

~.:1~ 

f 

DonHOe ypaBHeHHe, OIIpeaen.IIJO!Uee yron pacCe.IIHH.11 0 HMeeT BHa: 

8 .. M·L = Max 1 - (L + M)bx 2 + Lcx
3 

+ L{'q -., )+ M(TJ -.,) (10) 
r 3 1 1 2 

HnH 

z 
" 

Ax 1 - B x
2 

+ C x 
3 

- D , ( 11) 

rae 

A Ma, B (L+M)b, c L c , 

D L(q - TJ ) + M(., - TJ ), 
1 3 2 1 

( 12) 
z 

" 
S,·M·L 

B aanbaeAweM aaanH3e 6yaeM rrpHHHMaTb 3HaK, cTOSJ!UHA rrpH D ,3a 

oTpHuaTenbHhrA, TaK KaK B peanbHhiX ycTaHoBKax f03 Bceraa HMeeT caMoe 6onb-

woe KonH<IeCTBa KaaanoB ( TJ .< TJ ) • 
3 

DpH apH$MeTH<IecKoA o6pa6oTKe 8KcrrepHMeHTanbHhiX aaHHhiX <IHcna 

( X 0 X 0 X ) IIOCTyiia!OT B pemaJO!Uee YCTpoikTBO B 3aWH$poBaHHOM 
1 2 3 

BHae, a peweaHe rronyqaeTC.II B BHae BenH<IHHhi Z x , rrporropuHoHanbHott 

yrny pacceSJHHSJ. DpH rrpaKTH<IecKott peanH3aUHH ypaBHeHHSJ (II) He Bteraa 

yaaeTCR rroao6paTb K08$$HuHeHThi A , B c D TO<IHo OTBe<IaJOIUHMH 

peanbHbiM BenH<IJ.IHaM, BbiTeKB!O!UJ.IM J.l3 reoMeTpHH yCTaHOBKH
0 

<ITO BHOCHT 

aorronHHTenbHYJO owH6Ky rrpH Bhi<IHcneHHH yrna pacceSJHHSJ. DpH TO<IHOM 

anropHTMe OTKnOHeHHe OT IIpS!MOti Ha OaHH war f03 COOTBeTCTByeT pac-

ceSJHHJO aa yron ..s:.. 
M 

<ITO aaeT oTc<IeT L c B ypaBHeHHH (10) H0 COOT-

BeTCTBeaao, OTKnoaeaHe aa n waroB roaocKorra. CBHaeTenbCTBye~ o pac-

ceRHHH Ha yron n ..!:... H aaeT oTc<IeT nL c 
M 

DpH HOpMHpoBKe ypaBHeHHR (11) K rrpoCTbiM <IHcnaM K08<P<PHuHeHTOB 

(anSI IIpOCTOTbi rrpaKTH<IeCKOti peanH38UHH) ypaBHeHHe OIIpeaenSJeT <IHCnO, 

KOTopoe HaXOUHTCSI B cnenyJOIUett 38BHCHMOCTH OT yrna pacceSJHHSI: 
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®,=Z"·H, 

rae H -Koa$$HuHeHT aopManHaauHH, 

PeanHayg anR o6eHx rrnocKocTeH anropHTM 

z" 
z 

y 

IA'x 1 - B'x 2 + C'c
3

- D'l < s "' 

A "y 
1 

B"y + C"y - D"l < S 
2 3 y 

(13) 

(14) 

MO)KHO BhiaenHTb BCe C06biTHR, B KOTOpblX pacceSIHHe '18CTHU ITpOH30illnO 

Ha yron 6onbllle aaaaHH01"0 1 T,e, OT6pOCHTb ITpSIMbie ITpOXO)KaeHHSI H 

HCKnJO'IHTb $oH, CoaaaBaeMbiH MHOI"OKpaTHbiM pacceSIHH9M B MHIIIeHH, 

AnropHTM ( 14) BHOCHT ellle aorronHHTenbHYIO OIIIH6Ky 38 C'leT Toro, 

'ITO He BbtpeaaeT ITOCTORHHbiH l- ITpOCTpaHCTBeHHbiH yron, 

DpaBHnhHhiH anropHTM HMeeT BHt:t: 

..JZ 2
+ Z 2 < s, 

" y 17 

( 15) 

oaaaKo aTa $opMyna o'leHb aeyao6aa anR arrrrapaTypaoJ;t peanHaauHH. 

01IIH6KH anropHTMa, HCITOnbayeMoro anSI OT6opa C06b!THH pacceSIHHSI
1 

CBSI3a-

Hbl CO cnet:tyiOII1HMH rrpH'IHH8MH: 

1) Hes<jl$eKTHBHOCTbJO YCT8HOBKHj 

2) KoopaHH8THOt;i OIIIH6KOH MeCTa ITpOXO)I{JleHHSI '18CTHUhl H B03HHK810 meJ;t 

BCneaCTBHe 9TOI"O OIIIH6KOI1 ITpH Oi6ope ITpSIMbiX TpaeKTOpHJ;!:j 

3) HeOITTHManbHOCTbJO paaMepOB ycTaHOBKHj 

4) aeTo'IHOCTbiO rroa6opa Koa$$HuHeHTOB A , B , C , D ; 

5) paaMepaMH (HeTO'IHOCTbJO) H MeCTOM pacrronO)KeHHR MHIIIeHHj 

6) MHOI"OKpaTHhlM pacceSIHHeM, 

AaanHa adxbeKTHBHOCTH oT6opa co6biTHit 

llnR HCCneaoBaHHSI Ka'leCTBeHHbiX B03M0)KHOCTelf OT6opa C06biTHJ;!: pac

CeSIHHSI OhinH rrpoBeaeHhi pac'leTbi rro MeTony M oaTe-Kapno aa 3BM E8CM -6. 

8 

'·* ~-
' ~;~~; 

; 
~~ 

'
'' . . 

·,, 

>p' 

' 

PaccMaTpHBanHch rHrroTeTH'IeCKaR ycTaHOBKa co c1 

HOCTbiO H rHITOTeTH'IeCKHt;i ITy'IOK 38pSI)KeHHhiX '18CTI 

Bbi6paHa H3 Tpex roaOCKOITOB C 16 aeTeKTOpaMH B 

paMH B ro3 (o6oaHa'leHHe eM. Ha pHCo 1). Dy'IOK ( 

HHSIMH! 

a 
a" n 

1 
a H a 

17 
n2 

L + 

rae a" -pacrrpeneneaHe rry'IKa B rrepsoM ronocKorre 

rrpeaeneaHe rry'IKa. PacqeThi 6binH paa6HTbi Ha nB• 

a) HCCne)lOB8HHe ITOBe)leHHSI BenH'IHHbl Z" B 

HepacceSIBIIIHXCSI '18CTHU B oaaoj;i rrnOCKOCTH IIpH pa 

H ycTaHOBKHj 

6) HccnenoBaHHe KpHBoU o6peaaHHSI nnSI co6hl 

UeHTp rry<~Ka aaxonHnCSI aa ocH CHMMeTpHH Y' 

yrnOBOJ;!: TO'IKH p83b!l"pL!B8IIOCb 1000 C06biTHt;i. 

a 
b 

c: 

L 
11 

... 

... 
,_ 

·-1 
·-1 
·-J _, 
•} 

1 

a cS ' 
.a 2 2 

. 
,, 

20 40 60 

tlo 40 'o 
" " 4 

1 1 1 

~ " 
a 6 2 a cS 6 2 

2 2 2 2 2 ~ 2. 

2 4 6 8 

2o 20 'O ~o 2o Ro 2o . 
4 4 " 4 4 4 4 

q" 2 4 1 1 1 1 

I .. 
a .5 6 2 

' 
e )<(.~ 

2 2 2 2 2 2 2 2 

\ 4 4 4 4 

"'" "!, ~'t) * ~ 'l. jJ ~ 

~ 
4 4 4 4 4 4 4 4 

1 1 1 1 1 1 1 1 

j.----L,_,.c..,f:-. .., .. 

PHc. 3. Ta6nHua rrapaMeTpOB H3MepeHHt;i Z " 6e: 

B rpyrrrre a) HccneaosaHHSI senHCb anSI H3Y'IE 

neHHSI rrpSIMOt;i, Y CnOBHSI H3MepeHHt;i aaHbl B Ta6nH II 
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ep= z" .n, 

03~~HUH9HT HOpMal!H3aUHH. 

Al!R o6eHX ITliOCKOCT9H anropHTM 

I A 'xI 

A "y 
I 

B'x 2 + C'c 3 - D'! < S "' 

B"y + C"y - D"! < S 
2 3 y 

(13) 

(14) 

IA9l!HTb BCe C06b!THH, B KOTOpb!X pacceHHHe qaCTHU llpOH30Wl!O 

OllbWe 38A8HHOrO, T,e. OT6pOCHTb llpHMbie llpOX0)1(1l9HHH H 

C03A8BaeMbiH MHOrOKpaTHb!M paCC9HHHeM B MHWeHH. 

(14) BHOCHT ewe .llOITOl!HHTel!bHYJO OWH6Ky 3a cqeT TOro, 

tpe3aeT ITOCTOHHHb!H Z - llpOCTpaHCTB9HHb!H yron. 

HllbHb!H anropHTM HMeeT BHil: 

2 + z 2 < s ( 15) 
y 17 

a ~opMyna oqeab aey.no5aa .nnH annapaTypaoA peanH3BUHH. 

illrOpHTMa, HCITOl!b3yeMoro .lll!H OT5opa C05b!THfi p8CC9HHHH
1 

CBH3a-

.llYJOIUHMH npHqHHBMH: 

e~~eKTHBHOCTbJO YCTBHOBKHi 

OOp.llHHaTHOH OWH5KOH M9CTa npoXO)I(,ll9HHH qaCTHUbl H B03HHK810 IU9H 

e 3Toro OWH5KOI1 npH OT5ope llpRMbiX TpaeKTOpHA; 

eonTHManhHOCTbJO pa3MepoB ycTaHOBKH; 

eToqaoCThJO no.n5opa K03~~HUHeHTOB A , B , C , D : 

3MepaMH ( HeToqaoCTbJO) H MeCTOM paCITOl!0)1(9RHH MHW9HH; 

HOroKpaTHhlM pacceRHHeM, 

AaanH3 sdxbeKTHBHOCTH oT5opa co5biTHA 

CCl!eJlOBBHHg KaqeCTB9HHb!X B03MO)I(HOCTeA OT5opa C05b!THH pac

l!H npoBeAeHLI pacqeTbi no MeTOilY M OHTe-Kapno aa 3BM B3CM -6. 

8 

J~ 

(i 

:i 

J
·· . . 

. 

• 

PaccMaTpHBanHcb rHnoTeTHqecKaH ycTaHoBKa co cTonpoueHTHOH g~eKTHB

HOCTbJO H rHnoTeTHqecKHA nyqoK 3apg)l(eHHLIX qacTHU. YcTaHOBKa 6Lma 

Bhl6paHa H3 Tpex rOAOCKOITOB C 16 AeTeKTOpaMH B f01 B f02 H 32 AeTeKTO

paMH B f03 ( 0603HaqeHHe CM. Ha pH C. 1). nyqoK OITHCb!B8l!CH pacnpellene-

HHHMH: 

a 
a 

" 
n 

1 
a H a 

17 n2 L + M 

rile a" -pacrrpeaeneaHe nyqKa B rrepBOM rollOCKone, a -yrnoBoe pac-
17 

npelleneaHe nyqKa. PacqeTbi 6LinH pa36HTbi aa llBe rpynnbi: 

a) HCCl!ellOBaHHe ITOBeAeHHH BenHqHHbl l" B ypaBHeHHH ( 11) ,lll!H 

HepacceHBWHXCH qaCTHU B O.llHOH lll!OCKOCTH npH pa3Hb!X napaMeTpax nyqKa 

H ycTaHOBKHi 

6) HCCl!e,llOBaHHe KpHBOH o6pe3aHHH .lll!H C06hlTHH pacceHHHH, 

lieHTp nyqKa HaXOLIHl!CH Ha OCH CHMMeTpHH ycTaHOBKH. llnH K8)1(AOH 

yrnOBOH ToqKH p83birpL!BalJOCb 1000 C05biTHH. 

Q 

b 

c. 

L ,., 
... 
... 
,_ 

•~J 

·~] 

... ] 

"' •] 

1 

a ~ ' 
.1! .2 2 

. 
20 40 60 

!lo 40 t;o 

" " " 
1 1 1 

.2 J 

.. 6 2 .. 0 6 2 

2. 2 2 2 2 2 2 

2 " 6 8 

2o /10 'O zo 20 llo 2o 

.. 
"' "' 4 4 4 4 

q, 2. 4 1 1 1 1 

I "' s 

a & b 2 ~ r X~ Q h 6 ~ ~ e X' 
2 2 2 2 2 2 2 2 .2 :z .2 2 2 2 :z 2 

1 " 4 .. " 4 . 
Y• 4/3 ~'._; ~ ~ 'l. ~ ~ lo 20 2o 20 20 20 2030 

~ . . . 
4 4 " 4 4 4 4 4 4 4 4 4 4 4 

4 " 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

f-lf"lf4C...&f'.:- ~" ""' -'"' ......... ._ .... ·- _ ... /!!> 

PHc. 3. Ta5nHua napaMeTpoB H3MepeaHA Z " 5e3 pacceHHHH. 

B rpynne a) accneaoBaHHH BenHCh .nnH H3yqeHHH B03MO)I(HOCTH 

li9HHH npHMott. YcnoBHH H3MepeaHtt .naHbi B Ta5nH ue aa pHc. 3. 

9 
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I 

a 
1. Z" = f ( y-J , L = M H a= b = c • OpH nocTOHHHbiX napaMeTpax 

ny'IK8 JlliH p83HbiX 
a 

T npHMbi9 perHCTpHpy!OTCH C ITOCTOHHHOft OWH6Koft, 

'lero H Cll9Jl0B81IO O*HJl8Tb H3 COOTHOW9HHft (7). 

2. z .. = f(a1T) • nnH Jl8HHOA reoMeTpHH ycTaHOBKH Kl= 3, 'ITO no-

K838HO H8 rHCTOrpaMMBX ( pHC. 4) • 0pH n 2 < 1 OWH6Ka Bb1Jl9ll9HHH npH-

MOft He60llbW8H H 38BHCHT OT ~ 
(117 

; ecnH npocTpaacTseaaoe pacnpeJlene-

HHe ny'IKB Cp8BHHMO HIIH 60llbW9 pa3M9pOB Jl9T9KTOpOB ( pe8llbHbl9 aKCne-

pHM9HT8llbHbl9 YCIIOBHH ) 0 OT6op DpHMbiX DpOHCXOJlHT C - 50% OWH6KOft 

(pHc. 4). 

3. z .. = f(....E.J 
a 

, npH a = b • CpeJlHHH yrnoBaH owH6Ka pacTeT c 

yB91IH'I9HH9M war a Jl9T9KTOpOB B OJlHOM H3 rOJlOCKOITOB ( 06bJ'IHO f03) 0 

TBK K8K 061JaCTb 38XB8T8 Jl9T9KTOpOB npHMbiMH 0 He BbiDOIIHHIOlliHMH ycno-

BHA anropHTMa, pacTeT. 

TeopeTH'IeCKHe Bbi'IHcneHHH (10) H (13) cosnaJlaJOT c peaynbTaTaMH 

paC'I9TOB (pHC, 5). Ha rHCTOrpaMM BHJlHO ITOCTOHHHOe CT8THCTH'I9CKOe CMe-

lli9HH9 U9HTpa ~yHKUHH Z" • Oao B03HHKaeT aa c'leT Toro, 'ITO Ka*noMy 

perHcTpHpyeMoMy npoxo*LteHHJO npHnHCbiBaeTcH KoopnHHaTa cepenHHbi 

cpa6oTaswero neTeKTopa._ Ha (5) MD*HO BbiBeCTH, 'ITO cpeJlHee cMemeHHe 

c - a t\9 
paBHO t\8 0 = -~ , oTKyna t\D = T. B onHcbiBaeMbiX pac'leTax 

ypasaeaHe ( 11) 6blliD aopMHposaaol scerna K B = 1. Ha ( 10) nony'laeTcH 

M+L 
KOa~HUH9HT HOpM81IH38UHH H = b ~' KOTOpblft LlliH Ll8HHOA rpyiTITbl 

p8C'I9TOB paBeH 0,2 Mpan, 

4. z = 
" 

f (L_) 
M 

, npH a= b = c H a = b , c = 2a • 

Ha pHc. 6 npencTaBneHbi peaynbTBTbi HccnenosaaHA t\8- Z" 
L 

LlliH 

pa3HbiX OTHOW9HHit 
M 

npH ITOCTOHHHOM L+M • Ha KpHBhlX BHJlHa 

CHllbHBH 38BHCHMOCTb OWH6KH H3MepeHHft OT COOTHOW9HHft 6aa ycTaHOBKH, 

10 

'i\/' 

0.. d 6. 

... 6ir-12Gl'..., &-aos.., 6··01 

.~ .......... ·-~:!:.!:.:.:.,: 

..... :. . ·····; ........ ·:.··· 

~~~~~i~~~~H~m~~{~ H ~5E~~~~~\ 
.... ···-··· ······ ... ······· ..... . 
~~~~~t~~~~!~!!l~ 

R.Hc. 4. fHCTorpaMMbi H3MepeHHA Z" 

11 



= f ( .!.) • L = M H a= b = c • npH noCTOSIHHbiX napaMeTpax 
X L 

a 
npHMbie perHCTpHpyJOTCSI C noCTO.IIHHOft OWH6KOft, pa3Hb1X 

L 
O)I{H)lSTb H3 COOTHOWeHHft ( 7), 

X = {(aTT) • Dns )lSHHOA reoMeTpHH ycTaHOBKH Kl= 3, 'ITO no

rHCTOrpaMM8X ( pHC, 4) o npH II 2 < 1 OWH6Ka Bbl)leneHHSI np.11-

a 
WSSI H 38BHCHT OT -

aTT 
; ecnH npocTpaacTBeaaoe pacnpeaene-

cpaBHHMO HnH 6onbwe pa3MepoB aeTeKTopoB (peanbHbie aKcne-

bie ycnOBH.II ) , OT60p np.IIMbiX npOHCXOilHT C - 50% OWH6KOft 

x={(:) , npH a = b • Cpeaass yrnosa.11 owH6Ka pacTeT c 

M war a )leTeKTOpOB 13 OllHOM H3 rO)lOCKOnOB ( 06bi'IHO fQ3) t 

naCTb 38XBSTa )leTeKTOpOB np.IIMbiMH 0 He BbinOJlH.IIIOWHMH ycno-

TMa, pacTeT, 

TH'IeCKHe Bbl'IHCneHHSI ( 10) H ( 13) COBn81l810T C pe3ynbTST8MH 

pHC, 5), l13 rHCTOrpaMM BHilHO flOCTO.IIHHOe CT8THCTH'I9CKOe CMe-

pa tPYHKUHH Z x • Oao B03HHKaeT 3a c'leT Toro, 'ITO K8)1{1lOMy 

9MOMY npoXO)I{)l9HHIO npHnHCbiB89TC.II KOOp.llHHSTa cepellHHbl 

ro ll9T9KTOpa,_ l13 ( 5) MO)I{HO Bb!B9CTH 0 'ITO cpellHee CM9W9HHe 

c - a L\8 
0 = -~ , OTKyaa L\ D = T . B onHCbiBaeMbiX pac'leTax 

( 11) 6bmo aopMHposaao aceraa K B = I. l13 ( 10) nony'laeTc.ll 

M+L 
T HopManH3aUHH H = b ---, KOTOpblft ans aaaaoil: rpynnhi 

ML 

Mpaa. 

f (LJ 
M 

, npH a= b = c H a = b , c = 2a 

c. 6 npeacTasneHbi pe3yJlbT8Tbl HCCJl91lOBSHHft 
L 

L\8- Z X llJlH 

M 
OW9HHU L+M , l13 KpHBhlX BHilHS npH noCTO.IIHHOM 

BHCHMOCTb OWH6KH H3MepeHHft OT COOTHOW9HHft 6a3 YCTSHOBKH, 

10 
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PHc. 5, fHcTorpaMMbi H3MepeHHl!: Z x B QJYHKUHH 
c 
a 

12 

'I 

' r . 
t 

0nTHManbH09 COOTHOlli9HHe 
L 
Jf npH nJOObiX a • 

KpHTepHIO paBeHCTBa yrnoB a H a (pH Co 2) • 
l 2 

A0[•P0 '}] 

' 
oot 'q. .. 

' ' 'Q ' ost ' .. .. 
' 

04 

03 

0..!. 

.;;ll 

~6 

PHc. 6, 3aBHCHMOCTb 

I 
I 

I 

' ; 
' ' I 

' ' ' ' .. ' ,' " ~ .. , "' / 
' ........ _,.o-" , . , ... .. , .. ... -cr_ *"' 

, 

%; 3~ 

lx OT COOTHOlli9HHH 

a J 

a2 

b 

_b_ L 
a + b 

b 

_.!!_ M 
c+b 

% 

L 
M 

I 

;, 

I 

; 

nng a l a
2 

OITTHManbHOe ycnOBHe Ha MHHHMyM 

L a+ b 
M = 7+7/ 
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C. 5. fncTorpaMMbl H3MepeHHi!: l x B tPYHKUHH 
c 
a 

12 
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I 
·l 

~ 
i 

0nTHM8nbHOe COOTHOlli9HHe 
L 
Jf npu mo5biX a , b c BbiBOJlHTCSI no 

KpHTepHIO p8B9HCTBa yrnoB a
1 

H a
2 

(puc. 2) • 

06 

OS 

04 

03 

O.l. 

.::;; I 

A0[Hpo1] 

I 

? 
I~ C=4Hif 

I 

I ' I 
'q_ I " 

' ' I J{ 
' ' J " 
'Q ' l' "-c=-1..,,.. ', ', I ," 

... , ·, " " ',' . ." / 

~6 

''"' ', _, , ~ ....... _..,o , 
' , 

' ......... "'0_ .. ' 

~ .3~ % % 

Puc. 6. 3aBHCHMOCTb Z" OT COOTHOlli9HHSI 
L 

M 

a 1 

a2 

b 

b 
a + b 

b 

L 

_!!_ M 
c+b 

._£_ 
L+" 

1 

llnH a 1 a 2 OnTHManbHOe ycnoBJie H8 MHHHMyM OlliH5KH eCTb 

L 
M 

a+ b ---· c + b 

13 
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( 17) 



1!1 

<.II ,, 

IIpH a= b = c 

c = 2a anH 
L 
M 

MHHHMYM OlliH6KH 6yaeT anH 
L 

1i 
= O,BB, 'ITO rroxaaaao aa pHc. B. 

= 0,5, a rrpH a b 

5. Z" = f (/),.B) , rrpHMeHHeMbift · anropHTM sceraa oTnH'IaeTCH oT 

peanhHOf'0 1 OIIHCbiBaeMOf'O ycTaHOBKOHo 

HccneaoBaHHH aaBHCHMOCTH Z" OT HeTO'IHOCTH KOS~~HUH6HT8 

rroxaaanH, 'ITO rrepeMeaaag /),.@ pacTeT rrporropuHoHanhHO {).8 (pHc.7a), 

rrporropu~~:oaanhHO /),. B pacTeT TaK>Ke cMe ruea~~:e ueaTpa /),. D (pH c. 76). 

AD 
.ael·~ 

d. a . .. 
2 

<>tJ["] '-I!Jl"i 

5 .20 .so fO IO 5o 

Pnc. 7. 3aBHCHMOCTH /).E) 11 f).D oT HeTO'IHOCTH xoa#HnHeHTa B • 

npH orrpeaeneHHH B03MO>KHOC'I:H BbiaeneHHH pacceHHHblX C06b!THH C 

IIOMOIUhiO anropHTMa ( 14) ycnOBHH H3MepeHHit OCTanHCb T8KHMH >Ke 1 K8K 

H rrpe>Kae ( L = M = 20, a= b = c = 2 MM, a = 8 MM, a = 0,05Mpaa). a rr 

Ha'lano MHllieHH (anHHa 0,5 M) aax~annocb B cepeanHe ro2. 6btnH aaaaHbl 

TpH yrna o6peaaHHH 0,2; O,B H 1 Mpaa. Ha rncTorpaMM (pnc. 8a,6,s) sna

ao, 'ITO co6biTHH pacCeHHHH H8 yron M6Hblli6 aaaaHHOf'O OT6paCbiB8IOTCH1 

rrpH'16M oruH6Ka o6peaaHHH paBHHeTCH 0,2 Mpaa, 'ITO IIOK83b!B86T paCCMOT

peHHblit paHhme (pHc. 5a) cnyqait. Ha pnc. 9(a,6) MO>KHO snaeTh paanH'IHH 

Me>KaY KpHBb!MH npoCTp8HCTB6HHOf'O o6pe38HHH IIpH IIpHMeHeHHH anropHTMOB 

( 15) H ( 14). npasHnhHbift anropHTM ( 15) coxpaaHeT yrnosy10 omn6xy 

0,2 Mpaa, nony'leHHYIO ang oaaoit rrnocxocTH (pHc. 8). 06peaaHne HepaBHo-

14 

MepHbiM npocTpaHCTBeHHbiM yrnoM ( 14) ysenH'IHBaeT 

0,35 Mpaa. fHcTorpaMMa 9 B 6brna CHHTa npH a<I><!Jex1 

98%. noHBneHHe HeOT06paHHbiX rrpOXO>KaeHHft CBH38HO 

Hecpa6aThlB8HHH xaxoro-nH6o aeTeKTopa B f03 anrop 

C06b!THe K8K pacceHHHOe H He OT6paCb!B86T ero. 

PeanHaauHH anropHTMa 

npaKTH'IeCKOe pemeHHe ypaBHeHHit (14) anH oaE 

BbiiiOnHHTh cneayiOIUHe <jJyHKUHH: 

1. A·x 1 = ¢1' 

2. B. X 2 = ¢2 ' 

3. C • XJ = ¢ J , 

4. ¢1 + ¢ 3 = ¢ 4 ' 

5. ¢2 + D, 

B. I ¢ 4 - ¢51 = ¢6' 

7. ¢6.< s" = ¢7; ¢7=1· xoraa ¢6 < s" 
¢7 =o,xoraa ¢6 :::_ S" . 

PeanHayH aTy nporpaMMy anH o6e~~:x · nnocxocTeJ 

>KenaeMblit rrpOCTp8HCTB6HHblft yron 06peaaHHHo npHIIH 

aepaseHCTB ( 14) norHqecxyiO eaHHHuy, o6ruee pemeHHe n 

pemeHHit B,o6eHX rrnOCKOCTHX (pacceHHHe XOTH 6~ 

CBHaeTenhCTByeT 0 noneaHOM C06b!THH) • 

<l>yHKUHOHanhHaH cxeMa pemaiOruero ycTpoitcTBa 

p~~:c. 10. HH<jJopMaUHH c mH<jJpaTopos aaHHbiX nocTynae 

i 
enos mHpHHoit N • OrrepauHH yMHO>KeHHH peanHay!O'l 

KOHKpeTHbiX anH aaHHOft yCT8HOBKH / 2;3,4 / CX6M COf'l 

Koa<jJ~Hu_HeHTbi A , B , c csoasTCH ao npocThiX 'IH' 

npaKTHKe Bb!IIOnHH6TCH CllBHf'OM BC6X pa3pHaOB B CTO 

15 



=b=C MHHHMYM OlliH6KH 6yaeT AnH 
L 

1i 
L - 6 - - 0,66, 'fTO IIOKa3aHO Ha pHC, o 
M 

0,5, a npH a b 

z" = f ( l'l B) , rrpHMeHHeMbiA anropHTM Bceraa OTnH'faeTCH oT 

Horo, OIIHCbiBaeMoro ycTaHOBKOH, 

HccnenoBaHHH aaBHCHMOCTH z" OT H9TO'fHOCTH K03~~HUH9HTa 

ann, 'ITO rrepeM9HHaH f'l 8 pacTeT rrporropunoHanhHO l'l B (pnc.7a), 

punoHanhHO l'l B pacTeT TaK>Ke cMe rueHHe ueHTpa ·l'l D ( pnc. 76), 

~>0 ,..l • ...,] 
Cl. d. ,, 5 

2 

MJ[Jl] 68[111/ 

5 .20 30 <O ~0 5o 

7, 3aBHCHMOCTH f'l@ n l'l D oT HeTO'fHOCTH Koa~HnHeHTa B 

npH orrpeneneHHH B03MO>KHOC'I:H BbiAeneHHH pacceHHHbiX C06b!THH C 

b!O anropHTMa ( 14) ycnoBHH H3MepeHHft OCTanHCb T8KHMH >Ke, KBK 

20, a= b = c = 2 MM, a = 8 MM, a = 0,05Mpan). 
a rr 

0 MHlli9HH (nnHHa 0,5 M) HaxonHnOCb B cepenHHe ro2. EbinH aanaHbl 

rna o6peaaHHH 0,2; 0,6 n 1 Mpan. Ha rncTorpaMM ( pnc, 8a,6,B) BHn

co6biTHH pacceHHHH Ha yron MeHbllie aanaHHoro oT6paCbiBaiOTCH 1 

OlliH6Ka o6pe3a.llHH paBHH9TCH 0,2 Mpan, 'fTO IIOKa3biBaeT paCCMOT

di paHhllie (puc, 5a) cnyqaft, Ha puc, 9(a,6) MO>KHO BnneTb paanH'fHH 

y KpHBbiMH IIpOCTpaHCTB9HHOrO o6pe3aHHH npH IIpHM9H9HHH anropHTMOB 

n ( 14). npaBHnhHbift anropHTM ( 15) coxpaHH~T yrnoByiO ornn6Ky 

pan, IIOny'f9HHyiO nnH onHOft rrnOCKOCTH (pHC, 8), 06peaaHH9 HepaBHO-

14 

MepHbiM IIpOCTpaHCTB9HHbiM yrnoM ( 14) yBenH'IHBaeT 3Ty OlliH6Ky no 

0,35 Mpa.n, fHCTOrpaMMa 9 B 6bina CHHTa IlpH a4J$eKTHBHOCTH f03 paBHOft 

98%, noHBneHHe H90T06paHHbiX IIpOXO>KneHHft CBH3aHO C TeM, 'ITO IIpH 

H9Cpa6aTbiBaHHH KaKoro-nH60 neTeKTOpa B f03 anropHTM OU9HHBaeT AaHHOe 

C06b!TH9 KaK paCC9SIHH09 H He OT6paCbiB89T ero, 

Peannaaunu anropHTMa 

npaKTH'I9CKOe p9lli9HH9 ypaBH9HHft (14) nnH O.llHOft IInOCKOCTH .llOn>KHO 

Bb!IIOnHHTb cne.nyiOliiHe lPYHKUHH: 

1. A 0 X 1 = ¢ 1 , 

2, B. X 2 = ¢2 , 

3, C·xJ = cPJ• 
4, ¢1 + ¢3 = ¢4 , 

5, ¢2 + D, 

a. I¢ 4 - ¢sl = ¢6, 

7, ¢6<Sx= ¢7; ¢7=J,Kor.na 

¢7 =O,xor.na 

¢6 < s" 
¢6 ~ s" . 

PeannayH aTy nporpaMMy .nnn o6enx · nnocxocTeit ,MO>KHo Bbi.llenHTh 

>KenaeMblft rrpOCTp8HCTB9HHblft yron 06pe3aHHHo npHIIHCbiB8H BbiiiOnHeHHIO 

HepaBeHCTB ( 14) nornqecxyiO e.nHHHuy, o6ruee perneHne rrony'IHM KaK coBrra.neHHH-

perneHHft B 069HX rrnOCKOCTHX (p8C£9HHHe XOTH 6bi B O.llHOft IInOCKOCTH 

CBH.ll9TenbCTByeT 0 none3HOM C06b!THH), 

~yHKuHoHanbHaH cxeMa perna10ruero ycTpoftcTBa rrpe.ncTaBneHa Ha 

pHC, 10, HH$opM8UHH C lliH$paTOpOB .naHHbiX IIOCTynaeT B BH.lle 6HHapHbiX 

cnoB mnpnHoft N i • Orrepaunn yMHO>KeHHH peannayiOT o6bi'IHO rrpn rroMorun 

KOHKp9THbiX .nnH .ll8HHOft YCT8HOBKH 12•3 •4 / CX9M CornaCHO anropHTMy ( 10), 

Koa<P~nu_neHTbi A , B , C CBO.llHTCH .no npocTbiX queen ( 1, 2, 4), 'ITo Ha 

IIpaKTHKe BbiiiOnHH9TCH CllBHrOM BC9X paapH.llOB B CTOpOHy CT8plliHX 6HTOB, 

15 
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PHc. 10, cl>yHKUHOHanbHaSI cxeMa pelllaJmuero ycTpoi:J:cTBa, 

18 

Koa¢¢HuHeHT 3 Tpe6yeT y~e nononHHTenbHOro cyMMa 

paccMaTpHBaTbC51 yHHBepcanH38UH51 npoueCCOB YMHO~E 

MOCTH yCTpOJ!:CTBa K ni06biM 9KCnepHMeHTanbHbiM yeT 

cJ>yHKUHH c/J 4 H c/J 5 peanH3yJOT npH nOMOIIlH 

HbiX cyMM aTOpOB1 COCTaBneHHbiX nH60 H3 06bi'IHbiX MH 

"'11-HE" /3;, nH6o ~3 MHKpocxeM co cpenuel!: cTeneHbl 

cJ>yHKUHJO ¢6 (onpeneneaHe MonynH pa3HOCTl 

nByMH MeTonaMH, nepBbil!: 3aKnJO'IaeTC51 B TOM1 'ITO 9 

Bbi'IHTaHHSI c nonHbiM ¢opMaTOM cnoaa. Ha cooTBeTcTB) 

Bbl'IHTaHH51 yMeHblllaeMoe H Bbl'IHT89M09 nonaHbl B ne. 

BbiXOllbi exaM nponymeHbi qepes BopoTa, OTKpbiBaeMb 

Hell: n03HUHH CX9Mbl Bbi'IHTaHH511 B KOTOpOJ!: yM9Hblli8E 

More, a saTeM cyMMHpoBaHbi, BTopol!: MeTon Hcnonh~ 

paspHllHYJO cxeMy Bbi'IHTaHHH, EcnH yMeHblllaeMoe 6o 

pesynbTaT nony'laeTCH B npHMOM xone, a ecnH yMeHJ 

T~eMoro (o 'leM cBHneTenbCTByeT nepeaoc H3 nocneJ 

synhTaT nony'IHTCH B nononHHTenhHOM xone: 'IHcno : 

aecTH B npHMol!: xon. CymecTByeT npocTol!: npaxTH'IE 

nononHHTenbaoro B npHMol!: xon: 6HTbi naaaoro 'IHCnf 

no o'lepenH, Ha'IHHaSI c caMoro Mnanlllero; aynH H nE 

HHU8 nepenHCBIBaiOTCH 6e3 H3M9H9HHl!:1 a BCe cnenyJO 

HHeM, 

cJ>yHKUHJO c/J 7 peanH3yJOT UH¢pOBbiM KOMnapaTO 

'IHCny HcnonhsyeMbiX KoMnoueHTOB cxeMa KoMnapaTo. 

Te /3/ . 
YHHBepcanbHaH onepauHH yMHO~ 

YHHBepcanH38UHJO anropHTMa (npHMeHHMOCTb x 

TanbHbiM ycTaHOBKaM) MO~HO OCyllleCTBHTb Ha6opOM 

19 
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Co 10. <l>yHKUHOHanbH8SI CXeMa pelll8101U91"0 ycTpoikTBa. 

18 

Koa~~HuHeHT 3 Tpe6yeT Y*e QorronRHTenbHOI"O cyMMaTopa. Hn*e 6yQeT 

paccMaTpHBBTbCSI yansepcanH3aUHSI rrpoueccos yMRO*eHHSI QnH rrpHMeHH

MOCTH ycTpOftCTB8 K nJ06biM 3KCITepHM9HTanbHbiM ycTaHOBK8Mo 

<J>yHKUHH c/J 4 H c/J 5 peanH3YIOT ITpH ITOMO!UH rronycyMM8TOpOB H rron-

Hb!X CyMM 8TOpOB 0 COCT8Bn9HHbiX n1160 H3 06bi'IHblX MHKpOCX9M THIT8 

"'11-HE'" /3/ 0 nHOO ~3 MHKpOCXeM CO cpeQHeft CT9IT9HbJO HHT91"p8UHH /6/ • 

<l>yHKUHIO ¢6 (orrpeQeneHHe MOQynH p83HOCTH) MO*HO Bb!ITOnHHTb 

QBYMH M9TOQ8MH. nepBblft 38Kn10'189TCSI B TOM, 'ITO C'l'pOHTCSI QBe CX9Mbl 

Bbi'IHT8HHSI C rronHbiM !lJopMaTOM cnosa. Ha COOTB9TCTBYIOIUH9 BXOQbl cxeM 

Bbl'IHT8HHSI yM9Hblll89M09 H Bbl'IHT89M09 ITOQ8Hbl B rrepecTaBneHHOM ITOpHQK9o 

BbiXOQbi cxeM rrponymeRbi 'lepes sopoTa, OTKpbiBaeMbie rrepeHocoM Hs rrocneQ

aea IT03HUHH CX9Mbl Bbl'IHT8HHSI 0 B KOTOpOft yM9Hblll89MOe M9Hblll9 Bbl'IHTae

MOI"Oo a saTeM cyMMHpoBaHbi. BTopoA MeTOQ HcrronoayeT TOnbKO OQHY N 

paspHQHYJO cxeMy Bbi'IHTaRHH. EcnH yMeRornaeMoe 6onorne Bbi'IHTaeMol"o, 

pesynbT8T rronyqaeTCSI B rrpHMOM KOQ9 1 a ecnH yM9Hbllla9M09 M9Hblll9 Bbi'IH

T~eMOI"O (o '19M CBHAeTenbCTByeT rrepeROC H3 rrocneQH91"0 pa3pHQa), pe

synbT8T rrony'IHTCH B QOITOnHHT9nbHOM KOQe: 'IHCnO 3TO H8QO 38T9M rrepe

B9CTH s rrpHMOA KOQ. CymecTsyeT npocToft npaKTH'IeCKHA crroco6 nepesoQa 

QOITOnHHT9nbHOI"O B rrpHMOft KOA: 6HTbl QaHHOI"O 'IHCna H8QO paCCM8TpHB8Tb 

ITO oqepeQH, H8'1HH8SI C caMOI"O MnaQlll91"0i RynH H rrepBaH RaftaeHH8SI 9QH

HHU8 rreperrHCbiB810TCSI 6e3 H3M9H9HHA1 a see cneQy!OIUHe 6HTbl C OTpHua-

HH9Mo 

<J>yHKUHIO c/J 7 peanHsyJOT UH~pOBbiM KOMITapaTOpOMo 0ITTHManbH8SI ITO 

'IHCny HCITOnbsyeMhlX KOMITOH9HTOB CX9M8 KOMITapaTOpa ITpHB9Q9H8 B pa6o

T9 /3/• 

YaHsepcanbHaH orrepauHH yMRO*eRHH 

YHHBepcanH38UHJO anl"opHTMa (rrpHMeHHMOCTb K n106biM aKcrrepHMeH

TanbHbiM yCT8HOBKaM) MO*HD OCyiUeCTBHTb Ra6opOM K03~HUH9HTOB0 qepe3 

19 



~ 

KOTOpbie yMHO:>K8IOTCH nocTynaiO!llHe qHcna HOMepOB Cp800T8BWHX }leTeK

TOpOB0 cornaCHO anropHTMy OTOOpa, 

PeanbHhie Ko9<1x!JHuHeHThi ( Ap , 8p , Cp ) ( 12) MoryT npHHHMaTb 

niOObie 3HaqeHHH C onpeaeneHHOrO JIHana30H8 H qeM H800p nOCTOHHHhiX KO-

9<1xiJHUHeHTOB yCTpOftCTB8 OOnbWe H paBHOMepaee, TeM nyqwe MO:>KHO npH-

onH3HTbCH K pe·anbHblM ycnOBHHMo 

EcnH U -KonHqecTBo Koa~HuHeHTOB, KOTopoe MO:>KHO peanHaoBaTb 

npH nOMO!llH }l8HHOro CXeMHOrO peWeHHH 0H K8:>K/lhlft K09~HUHeHT H86HpaeT-

CH OTJienbH0 0 TO oomee KOnHqeCTBO KOMOHH8UHft qHcen A t 8 C HBnH-

eTCH coqeTaHHeM U no 2. 

u! 
z 

2! (u- 2)! + 1 • 
( 18) 

PHc. 11 noK83hiBaeT npaKTHqecKyiO peanH38UHIO onpeJieneaaoro aaoopa 

K09!fJ<jJHUHeHTOB, 8 pHC, 12 - p83Me!ll eaHe HX 3HaqeHHft0 ecnH HOpMHpOBKa 

}lenaeTCH no OTHOWeHHIO K C8MOMY OOnbWOMy K094$HUHeHTy, fl max 0003H8-

qaeT M8 KCHMBnbHO B03MO:>KHOe OTKnOHeHHe Koa!fl!fJHUHeHT8 npHOnH:>KeHHOrO 

OT peanbaoro, 0nTHM8nbHbiM no KOnHqecTBy KOMnOHeHTOB H TOqHOCTH Ka-

:>KeTCH peweHHe n 0 KOTOpoe TpeoyeT TOnbKO 0/lHOrO CyMM8TOpa. nnH 

9Toro peweHHSI, noJiroToBneaa Ha H3hiKe <l>opTpaH nporpaMMa JinH noHcKa 

onTHManbHhiX A , 8 , C no KpHTeflHIO 

A -A 2 8 -8 2 
( ) + (---) + ( 

A 8 

f1porpaMM8 9T8 npHBO/lHTCH HH:>Ke, 

c - c 
c 

20 

2 
) __, min ( 19) 

.. N of .. •& N 

•:l 

.. o.Z N •1 

•2 N 

PHc. 11. PeanHaauHH Koa<lx!JHuHeHTOB A , 8 
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1e yMHO)K810TCSI nocTynaJOWHe 'IHCna HOMepoB CpaOOT8BIIIHX lleTeK

cornaCHO anropHTMy oT6opa. 

eanbHbie Kos<!xiJHuHeHTbi ( Ap , Bp , Cp ) ( 12) MoryT npHHHMBTb 

aHaqeHHSI C onpeaeneHHOrO llH8n830H8 H qeM HBOOp nocTOSIHHbiX KO-

ycTpOi!:CTB8 OOnbiiie H paBHOMepHee, TeM nyqiiie MO)KHO UpH-

peanbHbiM ycnOBHSIM, 

cnH U -KOnHqecTBO K09~HUHeHTOB1 KOTOpoe MO)KHO peanH30B8Tb 

MOWH llBHHOrO CXeMHOrO peiiieHHSI
1 

H K8)Kllbli!: KoatfJ<PHUHeHT H80HpaeT-

enbHO, To o6IIIee KOnHqecTBO KOMOHHBUHi!: qHcen A , B C s:~ans:~-

oqeTaHHeM U no 2. 

z 
u! 

2! (u- 2)! + 1 • 
( 18) 

11 noKB3b!BaeT npaKTHqecKyJO peanuaauHJO onpeaeneHHoro aaoopa 

iHUHeHTOB1 a pHCo 12 - p83Meiii eHHe HX 3HaqeHHit1 ecnH HOpMHpOBKa 

CSI no OTHOIIIeHHIO K C8MOMY OOnbiiiOMY K09~HUHeHTy, f'l m "" 0003H8-

MB KCHMBnbHO B03MO)KHOe OTKnOHeHHe KO~~HUIJeHT8 npHonH)KeHHOrO 

ianbHOrO, 0nTHM8nbHbiM no KOnHqecTBy KOMnoHeHTOB H TOqHOCTH Ka-

peiiieHHe ll 1 KOTOpOe TpeoyeT TOnbKO OllHOrO CyMM8TOpa, llns:I 

peiiieHHs:I, noaroToBneHa Ha s:I3biKe <J>opTpaH nporpaMMa ans:~ noHcKa 

anbHbiX A , B , C no KpHTepH!O 

A -A 

A ) 
2 

+ 
B - B 2 

(---) + ( 
B 

8MM8 9T8 npHBOllHTCSI HH>Ke, 

c - c 
c 

20 

2 
) - min ( 19) 

.. •• N •f 

·~ 
•I. N •f 

•4 •2. N •f 

PHc. 11. PeanuaauHs:I Kos<!xiJHuHeHTOB A ' B H c • 

21 



I 
~·· 

n:., ll ! :; ~ ;! ;; .. ~ '!! .... ca;l 0 
A"Oltl&o~". .a_ " .. ... ... 

o· o o 0 0 o· 0 <i 0 0 0 0 0 0 
0 " " "' 

A. 1,2 
-,----,--

~OS 0 I ' ~ 
' ' : 

6 f,/1,4 o ... • ' • I 
I 

' • 
I ' ' ' . ' 

I 
I ' e. 1,2,~ 0,<11 

' • ~ ' + ' 
0 

' I 
I ' ' I 

' • ' • I I ' r. 1.2,5,4 o.us I ' ' . • ' • • ' I ' ' I I 

A. f,2,~•.$,6 ... H • I ' • • I I • ' • ~ ' ' . ~ ! 
' 

I 

~ . I ' 
E. #,I, 5,•5;~ 7 qou • 0 • • 0 • • •• 0 • • • • 

PtiC. 12. PaaMeweHlle aHaqemrH: KOa<lxlmulleHTOB Jlml paaHhiX cxeMHhiX 
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5 

10 

11 

12 

PROGRAJI1 DIANA 
DATA (A ) I (B ) I (C 
FO 1000000. 
DO 10 I 1,6 
DO 10 J 1,6 
DO 10 K 1,6 
XI FLOAT(!) 
XJ FLOAT(J) 
XK FLOAT(K) 
F ((XI - A) /A)** 2 ( {XJ-B) /B) ** 2 ( (XK-C) /C) **2 
IF (F - FO) 5 I 10 I 10 
FO F 
IO J 
KO K 
CONTINUE 
PRINT 11, A,B,C 
FORMAT (///5X, 17H REAL COEFFICIENTS, BX,3(2X,F8,4)) 
PRINT 12, 10, JO, KO 1 
FORMAT (5X, 25H APPROXIrffiTED COEFFICIENTS, 3(2X,l8)) 
STOP 
END 
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for Application in High Energy Physi· 
Nucl.Instr. & Meth., (in print). 
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12. Pa3MeureHHe 3Ha'ieHHH KoaQxllHuHeHTOB JlJIH pa3HbiX cxeMHbiX 

"· 
ROGRM1. DIANA 
ATA (A ) I (B ) I (C 
0 1000000. 
0 10 I 1,6 
0 10 J 1,6 
0 10 K 1,6 
I FLOAT (I) 
J FLOAT(J) 
K FLOAT (K) 

((XI - A) /A)** 2 ( !XJ-B) /B) ** 2 ( (XK-C) /C) **2 
F ( F - FO) 5 I 10 I 10 
0 F 
0 J 
0 K 
ONTINUE 
RINT 11, A,B,C 
ORMAT (///SX, 17H REAL COEFFICIENTS, BX,3(2X,F8,4)) 
RINT 12, 10, JO, KO I 
ORMAT (SX, 25H APPROXItmTED COEFFICIENTS, 3(2X,l8)) 

STOP 
END 
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