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AnnpoKc~Ma4~~ ~3MepeHHwx H8 onwre saa~c~MOCTeH 
0PTOHOPM~POB3HHWMM non~HOM8M~ 

PaccMOrpeHo npHMeHeH~e annapara opTOHOPMHpoaaHHwx nonHHOMOB 
K 4~CneHHoH annPOKC~M84~H ~3MepeHHWX H8 onwre 33B~C~MOCTeH. HCKOM8~ 
38BHCHMOCTb npeACT3BileH8 B B~Ae KOHe4HOrO P~Aa no non~HOMaM, 
MHPOB8HHWM H8 T04e4HOM MHO.eCTBe, 4b~ 311eMeHTW COBn8A8nT CO 3H8 
'MH ~3MepeHHoro apryMe Hra. HeoA~HaKoaa~ T04HOCTb H3MepeHHH y4HTwaae 
BBeAeH~eM COOTBeTCTB~~X BeCOB. 8 3T~X YCilOBH~X 38A348 ~ annpoK
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A~Tc~ H8 OCHOBe KPHTep~~ )(e H no 3H84HMOCTH OTI1H4H~ OT HY/111 OT6POWeH-i 
MOro 4neHa l)IIIAa . _ Onwr•~~ -----

'8'.3 ~2739/2-80 np . 

-...-:-I -3, l'a,ItJKO KO B , B • H 
• Bor.nanoBa , H. 

AnnpoKcrtMaUHR H3Mepen-

1e11~ npHXOA~TCII 

IHCileHHwH ~ rpa-
011HHOM~811bHWM 

.e, 4eM Hcnonb
~ paCUJ~plleT 

ycnOBHeM Ha-

H~X Ha on~Te . . . I 
PI.I- 80- !22 . !98J ~XHHKH H· aaro-

--"/'-1!¥( e-~JJ-{)1!-S"f- ·•· "'""' ,,., 

~~JJ , fJ ~ _,u/) /) (O~ kholq"' lo 

j j} 7"""" _ , .)..: (/) r~ iJ ( ~ 1ed. The unknown 
U._c of..- I'W"''o 1 v-

~ __ .., • -·-·--·- _.,.._."t'llo.:~ .. --

1. BBE,llEHI-1E 

B npeA~AY~eH pa6ore 111 M~ on~can~ anrop~TM nocrpoeH~R c~c
reM~ non~HOMOB, oproHopM~poeaHH~X Ha 3aAaHHOM MHO*ecree M: 
!xili=l ,2, ... m c eecaM~ lw 11, a raK*e np~een~ naKeT ~3 rpex 
nporpaMM, pean~3Y~~~x ero. 3AeCb 6yAeT paccMorpeHo np~MeHeH~e 
annapara OpTOHOpM~pOBaHH~X non~HOMOB K 4~cneHHOH annpOKC~Ma
~~~ ~3MepeHH~X Ha on~Te 3aB~C~MOCTeH. 

2. nODI-1HOMI-1ADbHA~ AnnPOKCI-1MAUI-1~ KPI-1B~X 

K annpoKC~Ma~~~ ~3MepeHH~x Ha on~re 3aB~C~MocreH non~HOMaMH 
npHXOAHTCR np~6erarb eo ecex cny4aRx, KOrAa nocrpoeHHe pa3yM
HOH MaTeMaTH4eCKOH MOAen~ ~ccneAyeMOrO RBfieH~R HeB03MO*HO 
~n~ 3aTPYAH~TenbHO ~. cneAOBaTenbHO, nOAXOA CKP~T~X 3aKOHOMep
HOCTeH 2 Henp~MeH~M. nocraHoeKa 3aAa4~ BKpar~e raKoea: nycrb 
¢lyHK~~R Y (x) ~3MepeHa e T04Kax I x 1 11 = 1.2 .... m ~ np~H~Maer 
e H~x 3Ha4eH~R I Y 1 I. ~3eecrH~e c KOHe4HOH T04HOCTbiO I'\ Y ,I 
l-1~eM raK~e K03¢¢~~~eHT~ aj pa3no*eH~R 

k . 
Y(x) ~ax1 , /2.1/ 

j=O .I 

4ro6~ YAOBnereopRnocb HeKoropoe ycnoe~e M~H~MyMa 

lj Y(x)-Y ll • min, /2.2/ 

np~4eM 4a~e ecero paccMarp~ea~rcR eeKn~AOB~ HOPM~ e Merp~Ke 
c eecaM~ 

w, = 1 ( '\ y )
2 

I /2.3/ 

3ro RBnRercR o6ocHoeaHH~M np~ ycnoe~~ HOpManbHOro pacnpeAeneH~R 
ow~6oK 1 .~ Y 1 I. H rorAa /2.2/ npeepa~aercR e np~e~4HOe rpe6oea
H~e MeTOAa Ha~MeHbW~X KBaAparoB /enpo4eM, MeTOA Ha~MeHbW~X 
KBaApaTOB np~BOA~T K HeCMe~eHH~M O~eHKaM ~CKOM~X napaMeTpOB 
C M~H~ManbHOH A~Cnepc~eH He3aB~C~MO OT B~Aa pacnpeAeneH~H OW~-

60K- CM. 14 ~ CTp. 153/. 
m 2 

1
;

1 
[ Y1 -Y (x1 )l w 1 4 min ; 2 .4/ 
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BseAeM o6o3Ha4eHHA: 
m y ... col( y 1 • y 2 ..... y rJ ~ R . /2.5/ 
n 

A =col(a0 ,a1 .... . ak) ~ R • n = k + l, /2.6/ 

~ 

x~ . x1 .l1 ,., . 
k 

X 1 

/2.7/ 

0 2 xk 

X = I 
x2. ~ x2, 2 
. . ~ . . . . . . 

0 2 k 
xm.xm. x m··· X 

m 

rAe X- n~He~H~~ onepaTop, oTo6pall<aiO~H~ R 11 

pa3J10ll<eHHe /2.1/ 3an~Cb1BaeTCR B BHAe 
Ha R 111 TorAa 

XA ~Y /2.8/ 

a yC110BHe /2.4/, HOPMHpOBaHHOe OTHOC~ TeJ1bHO 4HCJ1a CTeneHe~ cao-
60A~ m- 0. npHHHMaeT BHA 

., (Y-XA)W(Y-XA) 
~.. • min . /2.9/ m-n 

rAe 4epTa csepxy RBJ1ReTCR 3HaKOM TpaHCnOHHPOBaHHAi ~ eCTb A~a
rOHaJ1bHaA MaTpHua secos . 

W"' diag(w 1 ·""2 •. •. ,wm). 

1-1 npeAnona raeTcA, 4TO c~cTeMa /2.8/ nepeonpe AeneHa , T.e . 

m > n. 

/2 . 10/ 

/2. 11 I 

MeTOA HaHMeH bWHX KBaApaTOB npHBOAHT K CHCTeMe HOpMaJ1bH~X ypaa
HeHH~ OTHOCHTeJ1 bHO HCKOM~X K03¢¢HUHeHTOB pa3110ll<eHHA - -

XWXA =XW Y , /2 . 12/ 

4be peweHHe, 04eBHAHO, 

A .. (xw xf 1 xwy. / 2. 13/ 

~aK XOPOWO ~3BeCTHO, OAHaKO, 4HCJ1eHHOe o6pa~eHHe MaTPHU THna 
XWX 04eH b 4aCTO HaTaJ1KHBaeTCA Ha Cy~eCTBeHHble TPYAHOCTH, 
H3-3a 4ero pacc4HTaHH~e cornacHo /2.13/ K03¢¢~uHeHTbl annpoKcH
MHPYIOT HeT04HO ~CXOAHYIO 3aBHCHMOCTb. 3TO o6CTOATeJ1bCTBO CBA3aHO 
c TeM, 4TO ~arp~ua X HMeeT BHA, noAo6Hbl~ Marp~ue BaHAepMoH -
Aa 1 '. crp.42, ~ no3TOMY KBaApaTHaA Marp~ua iwx nony4aeTcR 
CXOll<e~ C MaTpHUe~ r1-1116epTa ~ y KOTOpO~ 04eHb nJ10XaA 06yCJ10BJ1eH-

2 

I f> ' 
HOCTb npORBMieTCR yll<e np~-1 0:5-6 , CTp.239. bOJ1ee TOrO, HMeeT 
~ecTO cneAY~~H~ napaAOKc: 4eM ry~e ceTb T04eK I xi I ,TeM 6111-1 ll<e 
X\VX K MaTPHUe fHJ1b6epTa 1-1 TeM Xyll<e ee o6yCJ10BJ1eHHOCTb. no 
3TO~ npH4HHe 8 CJ1y4ae npaKTH4eCKHX npHMeHeHH~ MeTOAa 06~4HO 
orpaHH4HBa~TCR nonHHOMaMH 3-ro - 4-ro nopRAKa, 4TO AaneKo He 
scerAa AOCTaT0 4HO. 

CosepweHHO HHaA CHTyauHA s03HHKaeT, ec111-1 non~TaTbCR npeA
CTaBHTb 3aBHCHMOCTb Y(x) He a BHAe /2. 1/, a KaK KOHe4H~~ PAA 
no nonHHOMaM Pj (x/ 11. opToroHanbH~M Ha T04e 4HOM MHOll<eCT se I xi I 
c secaMH I w i l: 

k 
Y(x)= -~n bjPJ (x). /2.14/ 

J=v 

06o3Ha4HB Tenepb 
n 

B =col ( bo . b 1 ..... b k ) e R /2. 15/ 

1-1 

( P0 (x 1 ) 
pl (x 1) .... . p k (x 1) 

Po( x 2). pl (x 2) • ... • pk (x 2) 
P = 

. ...... 
/2. 16/ 

Po (x rn ) . Pl(xm) ..... p k(x m) 

nony4aeM B3aMeH /2.8/ 

PB = Y, /2.17/ 

npH4eM C aHaJ1HTH4eCKO~ T04KH 3peH~A o6e 3TH C~CTeM~ 3KBHBaJ1eHT
Hbl: 3HaA B. HeTPYAHO nepe~TH K A H Hao6opoT nyTeM J1HHe~Horo 
npeo6pa3oaaHHA a R" .TaK KaK, 04eBHAHO, /2.9/ coxpaHAeT cHny, 
TO peweHHe 3aAa4H 6yAeT HMeTb B~A: 

o ~ (p~\' P r 1 'Pwv. /2.18/ 
Bnpo4eM, 311eMeHT~ MaTPHU~ PWP coanaAa~r c nea~MH 4aCTRMH 
/ 2.4/ 1-1/2 . 5/1-13 I , T.e. 

PWP= I' /?.. 19/ 

a 3TO He 4TO HHOe, KaK APyraR $OpMa 3anHCI-1 yCJ10BH~ OpTOHOPMI-1-
pOBaHHOCT~. TorAa 

8 = PWY. /2.20/ 

~111-1, HHbiM~ CJ10BaMH, 3aAa4a 06 annpOKCHMaU~H pewaeTCR 6e3 o6pa 
~eH~A MaTP~U, np~ nOMO~~ npOCTO~ $OpMyJ1~ AJ1A K03$¢HUHeHTOB pa3-
J10ll<eHHA a PAA no opToroHallbHbiM nonHHOMaM. KpoMe Taro, s~pall<eHHe 
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/2.20/ o6naAaeT C80HCT80M, KOTopoe MO*eT OKa3aTbCR none3H~M 
8 npaKTH4eCKHx pac4erax: ecnH npo80AHTb annpoKCHMa~H~ c A8YMR 
pa3HbiMH 3Ha4eHHRMH 0, CKa*eM, n 1 < 02, TO nep8~e Dt K03~H~HeHT08 

8 060HX pa31lO*eHHRX C08naAa~T H AnR pac4eTa annpOKCHMHpy~~ero 
PRAa 6onee 8biCOKOro nopRAKa He06XOAHMO 8~4HCJ1HTb TOJlbKO K03~
~H~HeHT~ 8~CWHX CTeneHeA, no3aHMCT808a8 HH3ruHe H3 npeAbiAY~ero 
paano*eHHR. 

ao CHX nop M~ paCCMaTpH8anH MaKCHMaJlbHy~ CTeneHb k annpoK
CHMHpy~~ero PRAa /2. 14/ KaK 3aAaHHY~ H ~HKCHP08aHHy~, TOrAa 
KaK 8 npaKTH4eCKHX 3aAa4aX k n04TH HHKOrAa He M38eCTHO 3apa
Hee. B 3THX cny4aRx AnR 8~6opa onTHManbHOro 3Ha4eHHR k cneAyer 
HCnOJ1b308aTb CTaTHCTH4eCKHe KPHTepMH: X2 H 3Ha4HMOCTb OTJ1H4HR 
OT HynR (k+l) -ro K03~H~HeHTa pa3J10H<eHHR 141• §21. 

16 1 C T04KH 3peHHR TeOpHH HeKOppeKTH~X 3aAa4 paCCMaTpH8aeMaR 
3aAa4a R811ReTCR npHMepoM JlHHeHHOH 06paTHOH 3aAa4H, 8 KOTOpoA 
nnoxaR 06yCJ1081leHHOCTb 06XOAHTCR eCTeCT8eHHbiM nyTeM Ha OCH0 8 e 
pa3JlOH<eHHR 8 OPTOrOHanbH~H PRA. 3TO OC8060*AaeT HaC OT Heo6XOAH
MOCTH 880AHTb aAAMTH8H~H CTa6HJ1H3Hpy~HH ~YHK~HOHan; TeM He 
MeHee orpaHH4eHHe 4HCJ1a 41leH08 pa3JlOH<eHHR R811ReTCR THnH4HOH 
npo~eAYPOH perynRPH3a~HH, OCH08aHHOH Ha npHH~Hne He8R3KH 8 e8-
KJ1HA080H MeTpHKe c 8ecaMH, 4eM o6ecne4H8aercR rnaAKOCTb an
npoKCHMHpy~~eA KPM80A. Pa3yMeercR, 8 aa8HCHMOCTH or KOHKpeTH~x 
OC06eHHOCTeH pewaeM~X 3aAa4 MOH<HO paCCMaTpH8aTb H He8R3KH 8 
HHOH nOAXOAR~eA MeTpHKe /HanpHMep, 4e6blwe8CKOA/. 

O~eHKy HacneACT8eHHbiX owH6oK KOMnoHeHT08 8eKropa B HeTPYAHO 
np08eCTH Ha OCH08e TOrO H<e 8blpaH<eHHR /2 . 20/, cornaCHO KOTOpOMy 
3TH KOMnoHeHT~- flHHeAHaR KOM6HHa~HR 8eflH4HH IY 11. 4bR T04HOCTb 
H38eCTHa. 

0603Ha4H8 4epe3 C K08apMa~HOHHy~ MaTpH~y H3MepeHHbiX 8eJ1M4HH 

cij - !:J. Y it\YJ /2.21/ 

H HCnOJ1b3yR YCJ108He OPTOHOPMHP08aHHOCTH CHCTeMbl nonHHOM08, no
Jly4aeM 8 COOT8e TCT8MH c 141, CTp. 163 

1:!. b j =0. /2.22/ 

T.e. K03~~M~HeHTbl nonHHOMHaJlbHOrO PRAa HMe~T OAMHaK08y~ ~~H6-
Ky, He 3a8HCR~y~ OT nOpRAKa 4JleHa pa3nOH<eHHR. 

KpoMe To ro, npH co6niVAeHHH ycno8HR rn >> n H npH HOPManbHOM 
pacnpeAefle HHH OWH60 K H3MepeHHR 3JleMeHTbl K08apHa~HOHHOH MaTpH~~ 
~OH<HO TaK*e O~eHHTb KaK 

c1j=B Y, 8 Yj, /2.23/ 

rAe 

8 Y 1 y i - Y (x I) . /2 .24/ 

4 

To rAa H3 /2.20/ , /2.23/ H / 2.24 / , a r a KH< e H3 He3a8HCHMOCTH 

H3MepeHHA nony4aeM 

m 2 2 2 1 ' 2 
~b ~· ( ~ P. (xk) w k (B Yk ) l , /2.25/ 

J k= l .l 

npH4eM, KaK H CfleAOBano 6bl OH<HAa Tb, /2.22/ H /2.25/ Aa~T OAH
HaKOBble no nOPRAKY 8eJ1H41-1Hbl Ol.l e HOK T0 4HOCTI-1 HCKOM~X K03~~H

l.IHeHTQ8. 

3. nPHMEHEHHE METOM B ()>H3114ECKHX 3AaA4AX 
I ? I 

E~e a 1957 r. ~opcaAr nHc an, 4TO e r o pa6ora R8nReTcR no 
cy~ecr8y nocneA0 8arenb HbiM H31lOH<eHHeM p e aynbraro8, KOTopble, 
ecnH 83RTb HX 8 OTAe flb HOCTI-1, H3BeCTHbl . B npeAbiAY~e.::i pafiore / lf 
Mbl ~po8en1-1 nOA0 6 Hble paccy H<Ae HMR , pacwHpH8 HX AnR cny4aR npoH3-
B01l b HbiX nonOH<H T eflbH~X 8 eC08 n p H craHAaPT H3a~HH Ha6opa nonHHo 
M0 8 K eAHHH4 HbiM HOpMaM H AOnOJ1HH 8 AOKa3 a TeJ1 bCT8aMH Teo peM 
0 KOHe4HOCT V. H 0 nOJlHOTe CHCTe Mbl . 0AHaKO , HeCMOTPR Ha Aa8H~~ 
H3Be CT HOCTb OCH0 8 HbiX nOJlOH<eHHH, M~ He pacnonarae M HH CBeAeHHR
MH 0 npo rpaMMHOH peanH3a~HH Me TOAa Ha 3BM, HH 0 ero HCnOJ1b30-
Ba HHH 8 npaKTHKe o6pa60 TKH Aa HHbiX. 3 r o 8~r11RAHT HeCKOnbKO 
crpaHHbiM, reM 6on ee 4T O n o a aTpar a M Ma wi-IHHoro 8peMeHH H no 
B03MOH< HOCTRM annpOKCHMa~HH C npHB1le4 eHHeM BbiCWHX CTeneHeH Me
TOA OPTOrOHaJlbHbiX n OJlHHOMOB 3 Ha 41-1Te J1b HO npeBOCXOAHT TPoAH~HOH
Hble cnoco6~ pac4era. 

HHH<e npi-IBOARTCR p e aynbr a Tbl 4H c n e HHbiX 3KcnepHMeHTOB c ~H3H-
4eCKHMH AaHHbiMI-1 pa3HbiX BHA0 8, KOTOPbl e Hfl fl~CTPHPY~T C~epy npH
MeHeHHR MeTOAa. Mbl orpaHH4HflH Cb nHWb He 6onbWHM KOJ1H4ecraoM 
npHMepOB, nOJlHOCTb~ 06XOAR HHble B0 3MOH<HOCTH /HanpHMep, perpec
CMOHHbl.::i aHaJ1H3, HHTepnOJlA~H~ CJlOH<HbiX ~yHK~H.::i H T . n./. Bee pac-
4eTbl npOBOAHflHCb npM noMO~H OnH CaHHbiX HaMH paHee nOAnporpaMM 
PORTHN , ORTHQN M ERORTH 1 1 1 Ha Mano.::i 3BM EC · 101 0 e eAH-

HH4HOH T04HOCTH npH AflHHe CJ10B8 8 4 6aATa, T. e . 6-7 3H84a~MX 
AeCRTH4HbiX ~H~P MaHTHCCbl. 

3. 1. OpHeHTa~HA Kp Hcra nnoe 8 TOHKHX cnoRx. Cr ene Hb o pHeHr a
~HH MHKPOKPHCT8J1J10B 8 TOHKHX Cepe6pAHbiX nneHKax, o6pa3y~~HXCR 
8 BaKyyMe npH KOHAeHCa~HH napOB MeTanna Ha nOAflOH<Ke, 3aBHCHT 
OT TOJl~HHbl OTJlOH<eHHOr O CJlOR npH np04HX paBHbiX YCJ108HRX. Ha 
PH C. 1 T04KaMH H30 6 paH<eHbl AaHHble H3MepeHHH , CAena HHbiX a. ao6pe-
8 biM npH noM~H peHr reHOBCKoro AH()lpaKTOMerpa a HHCTHTyre ~H -
3H4e CKOA XH MHH 6 onrapcKoA AH. KaK 1-1 8 cneAy~~Hx npHMepa x /eM. 
HHH<e/, annpOKCHMa~HR nOJlHHOMHaJl bHbiM PRAOM He06XOAHMa 3a OTCyr
CTBHeM MaT eMaT H4e CKOH MOAeflH HCcneAye MOrO RBfleHHR. HCXOAH~e 
AaHHble o6naAa~T 60J1bWHM pa36pOCOM , H npeAnOnaraCTCR, 4TO T04-
HOCTb H3MepeHMR OTAeflbHbiX T0 4e K He ny4we 25-30%. AnnpoKCMMa-
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CTeneHb OPI1eHTaU1111 
lorbiti'O'y units) 
-o ' 

P11c. 1. 3aBI1CI1MOCTb CTeneHI1 OPI1eHTaU1111 
MI1KPOKp11CTannOB TOHKOrO CepeopAHOrO 
CnOA OT ero TOn~I1H~. nnOTH~e T04K11 
COOTBeTCTByOT 113MepeHH~M Ha on~Te 3Ha-
4eHI1AM; cnnowHaA KP11BaA npeACTaBnAeT 
Co60H 11X annpOKC11MaU11~ OpTOHOPMI1POBaH
H~M noni1HOMI1anbH~M PAAOM 10-ro nopAA
Ka, np11 KOTOpOM AOCTI1raeTCA MI1H11MYM 
HeBR3KI1. 

.. 
.. 

8 

6 

" 
2 

o~--~--~----r---~--~--~-----
0 z " 6 8 10 12 IA•1041 

U11A o6~4H~M noni1HOMOM AaeT HeYAOBneTBOPI1TenbH~e peaynbTaT~ Y*e 
np11 cTeneHI1k=3. TOrAa KaK P~'~A no opToroHanbH~M noni1HOMaM ycToH-
411BO annpoKCI1M11pyeT AaHH~e AO 14-H CTeneHI1 BKn0411TenbHO /a,Boa
MO*HO, 11 BWWe: M~ He 11CCneAOBanl1 4neHOB PRAa, Ha4HHaA C ~5 (x) /. 
MHHI1MYM OCTaT04HOH CyMM~ KBaApaf~B 0 2 COOTBeTCTBOBan k ~ tO; 
3Ha4eHI1R cooTBeTcTey~ero PAAa I b P.(x) 11ao6pa*eH~ Ha p11c. 1 

~ ~ '- 0 j J --cnnOWH011 KPI-18011. r 

3.2. 3~eKT11BHOCT b nonynpoeoAH11Koe~x AeTeKTopoe. Ha-aa na
pannenbHOro npoTeKaHI1R PAAa ~113114eCK11X npouecCOB, OTBeTCTBeH
H~X aa per11cTpau11o raMMa-KeaHTOB nonynpoBOAHI1KOB~M AeTeKTopoM, 
aae11CHMOCTb a¢$eKTHBHOCTI1 AeTeKTopa f oT 3HeprHI1 113ny4eHI1R E 
11MeeT CnO*H~H BI1A C aCI1MMeTpi14H~M MaKC11MYMOM B 06naCTH H113KI1X 
3Hepri1H. nonO*eHI1e MaKCI1MyMa npeACKaaaTb Henb3A, XOTA 113BeCTHO, 
4TO OH CMe~aeTCA enpaBO no Mepe yeenl14eHI1A TOn~I1H~ 11 OODeMa 
AeTeKTOpa. AnA 11HTepnpeTaUHH peaynbTaTOB cneKTPOMeTp114eCKHX 
aKcnepi1MeHTOB *enaTenbHO pacnonaraTb KaK MO*HO 6onee T04H~M 
aHani1TH4eCKI1M B~pa*eH11eM, annpOKC11MI1PYO~HM XOA 3aBHCI1MOCTI1 f(E). 
B pa6oTe

181 dE ) npeACT aenRnacb KaK 
k 

dE) = exp [.I aJ (lnE)J ] , 
J=O 

npH4eM 113-3a W11POKOrO 11HTepeana, B KOTOpOM MeHROTCR 3Ha4eHHR 
aHepr1111 11 3¢$eKTI1BHOCTH, npoBOAHnacb KYC04HaR annpoKCHMa411R 
c paani14H~MI1 aHa4eHHRMI1 a J 11 k. KycKH cw1-1ean1-1cb no 3Ha4eHI10 
Ha OTpeaKax nepeKpbiTI1R cMe*H~x noA~HTepeanoe. nonaranocb, 4TO 
CWI-1BaHI-1e AOCTaT04HO xopowee, ecn11 3Ha4€Hi-1R f Ha 3THX OTpe3Kax, 

6 

i 

J 

A6conOTHaA 3¢$eKT11BHOCTb 
, • .p) 

7 

5 

.7 

.2 

.1 
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P11c.2. AnnpoKCI1MaU11A aaBI1CHMOCTI1 
a6conOTHOH 3¢$eKT11BHOCTI1 nonynpo
BOAH11KOBOrO AeTeKTOpa o6DeMOM a 
37 CMS OT 3HeprH11 raMMa-113ny4eHI1A . 
3Kcnepi1MeHTanbH~e AaHH~e, npeACTae
neHH~e TeMH~MH T04KaMI1, 3ai1MCTBO
BaH~ 113 pa6oT~ 181 . CnnowHaA KPI1BaA 
pacc411TaHa KaK PRA no opTOHOPMI1po
BaHH~M nOni1HOMaM C MaKCHManbHOH 
CTeneHbO k=10. Ha1160nbwee OTKnOHe
HI1e annpOKCHMI1py~ero PAAa OT H3-
MepeHH~X T04eK He npeBOCXOA11T 4% 
no WKane 3¢$eKTHBHOCTH. 

E/MaB/ 
2 , 

pacc411TaHH~e no neeoMy 11 no npaeoMy noA~HTepeany, oTnl14ai111Cb 
APYr OT APYra 11 OT 113MepeHH~X T04eK He DOnee 4eM Ha 4% no 
WKane 3¢$eKT11BHOCTeH. noAOOp nOA~HTepeanoe KYC04HOH annpOKCI1-
MaU11H ocy~eCTBnRncR epy4Hyo MeTOAOM npo6 11 OWHOOK. 

M~ ~HT11poean11 3aBHCHMOCTb f(E) no BCeMy 11HTepeany H3Mepe
H11H 113 / 8 / , CT~.20, 11CnOnb3yA npeACTaeneHHe 

c (E) = exp [ I b . P J(lnE )] 
J~O J 

11 nOA011paR k no MHHI1MYMY HeBA3K11 0. Ha PHC. 2 11306pa)l(eHa Hawa 
KPI18aA, COOTBeTCTBYIO~aA KP11BOH 4 113 / 8 / ;--c:;:p-,21; C11eAyeT OT
MeTI1T b, 4TO npeACT aeneHI1e ln c (E) PAAOM no OPTOrOHanbH~M noni1-
HOMaM He TOnbKO YAo6Hee KYC04HOH annpOKCI1Ma411H 113-3a HeHaAOO
HOCTI1 3Mnl1pl14eCKOro pa36HeHI1R 11HTepeana Ha KYCK11 . 0HO TaK)I(e 
ABnReTCR DOnee T04H~M! CPeAHee OTHOCI1TenbHOe OTKnOHeHI1e HaWeH 
Kpi180H OT H3MepeHH~X T04eK COCTaBnAeT 1, 13%, TOrAa KaK npH 
KyC04HOH annpOKCI1Ma4111-1 OHO paBHO 1,83% np11 TOH *e a6coniOTHOH 
eeni1411He MaKCI1ManbHOro OTKnoHeHI1R /oKono 4 % a o6o11x cny4aRx/ . 
noA06H~e peaynbTaT~ 6~n11 nony4eH~ 11 no AaHH~M Ta6n.2 Ha cTp.6 
a pa6oTe 1 101. 

3.3. Heni1HeHHOCTb c neKTPOMeTpoe Ha nonynpoBOAH11KOB~x AeTeK
TOpax. noHRTI-1e Heni1HeHHOCTI1 cneKTpOMeTpa 8 BBeAeHO B uenRX 6o
nee-To4HOH 3HepreTI14eC KOH KanH6pOBK11 / 9 ,10/ 11 B~pa*aeTCR paa-
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Ta6n~~a 1 

CpaeHeH~e oue HOK Hen~He~HOCT~ cneKTPOMeTpa cornacHo tO ' 
~ MeTOAOM pa3no~eH~R e PRA no opToroHanbH~M non~HOMaM 

I<~ KAHAJI 

I 3a2,058 
2 303,3I3 
3 339 205 
4 4II: 854 
5 412, 415 
6 608,309 
7 634 332 
8 634

1 797 
9 694!314 

IO 694,826 
II 856600 
12 915~ 184 
13 974 87! 
14 975:343 
15 1023.305 
16 n 05.2!3 
I? III2, 767 
!8 14!8,777 
19 1 1419.221 20 1545.489 
21 !638.685 
22 1648.015 

24 I688.:.!I! 123 1 1648,358 
25 17n,533 
26 1760, :.>63 

28 1903:147 1~ l l 854 154 
129 1940,080 
31.) I 2037,786 
31 1 2079,319 
32 I 2(]79,645 
33 2160,253 

134 2~lX3', 560 35 I 2334 830 
36 2400~ 53b 
37 25a2 ,679 
38 2647 845 
39 2648:127 

140 2702 905 
41 27I2' &ao 
42 ~67'946 
43 2776: 56I 
44 2?76,844 
45 29I9, 540 
46 29I9,7b!J 
47 3017 857 
48 3170: 274 
49 3!70,469 
50 3231 ,096 
51 
--\? 

3313, b:.!4 
't'll'l ??'l 

53 3441~ ... 170 
04 3499 Y27 
o5 3667.231 
56 373~.2II 
57 388u,U6I 

31n:Pf'rlH 

I2l, 782 
I22,060 
I36,475 
I65,854 
I65 .854 
244,691 
255, 132 
2!>5,132 
279,189 
~9 189 
344: 267 
367,768 
391.688 
391 688 
4U

1
084 

443:940 
446,8a2 
569 ,683 
569 ,683 
620,353 
657,744 
661,648 
661 648 
677:613 
687 001 
706:672 
744 ,~1 
763,936 
?78,9I4 
818,030 
834,858 
834.,-:858 
86 ,383 
884,695 
937,5rtl 
964, rJ70 I 1005 ,23~ 

1063,660 
' 1063,660 

1005 834 
I 10891 726 I 
I III2~065 I I llS 55!> 
II1~~5S5 

I 1!'73,236 I 
1!'73.236 
1212, 895 
!274,-.>30 
1~4.530 
1299, 108 
1332,484 I 
T:l..'l~L4R4 

1384~~9 
14r:Jl, 973 
1476,778 
I5a5~0:Z7 
1562.303 

HE1111HERHOCTb 
pacqflu 1 tump. t. /to I 

3KCn, Cl 

-,835 - ,863 -,82I ·~¥ -,014 
- , 830 -,861 -,8I9 - ,010 
-,779 -,796 - ,772 ;o1s -,UlJ7 
- ,632 - ,652 -,655 .020 , az3 
-,616 -,651 - ,654 .• 034 ,038 
- ,219 - ,195 -,229 - ,azo ,our 
- , 160 - , I28 -,163 -,032 , 003 
- , 214 -,12? - ,162 -,087 -,052 

,OCXJ ,030 -,005 -~030 ,005 
,000 ,031 - ,003 - .031 :8&5 , 458 ,480 ,458 -~022 
,602 ,648 ·~ 

-,046 -,030 
,808 ,821 -,013 -,004 
,aaz 822 ; al3 - ,021 -,012 

I ,OIO !961 ,958 049 ,052 
1,216 1,199 1,205 ; ora , on 
1, 191 I 22! 1,228 -,029 - , 037 
2 097 2

1
064 2,094 :8fo ·~ 2:us 2:065 2,095 

2 398 2,374 2405 ,a24 'ocn 
:.!!626 2 ~I 2;610 ,045 -,017 
2,647 2:so1 2,629 ,047 !o19 
2,592 :.! 601 2 630 -,009 -.o:n 
2,7b0 2

1
682 2

1
709 ,069 ,041 

2,730 z:n8 2'753 ,003 -,023 
2 850 :.! ,818 2'840 ,033 ,ow 
2:956 2,97! 2'986 -,014 - .030 
3054 3 039 3:050 ,015 ,004 
3:I09 31086 3,093 ,024 ,016 
3,194 31 184 3 I82 ,on ,012 
3 234 3'215 3'209 ,019 ,024 
3;213 3~215 3~209 -,002 ·~ 3288 ~254 3,241 ,034 
3:214 264 3;247 -,048 -~033 
3 !'73 3:240 3,214 -,067 -, 042 
3:140 3,198 3,!68 -,056 -,028 
2,920 3,088 3~055 -, I67 -,135 
2802 2~834 2,8U2 -,032 -,OOI 
21805 2, 833 2 802 -,028 , 003 
2!722 2. 706 2'677 . 013 ,045 
2,723 2'682 21

658 ' 042 , r:JlO 
2 ~35 21 532 2'5rn !ooo , 028 I 
2:471 2:5rn 2:483 -,036 - 1 0I2 
2;491 2. srn 2,482 -,015 , 009 
2,016 2,025 2,014 -,009 ,oaz 
1.985 2 a24 2,013 -,037 -,028 
r.?I3 1!617 1,617 , 097 , 096 

.864 ,854 , 8?5 , (X)8 -.on 

.843 ~~ , 8?4 -,OII -.031 
: 568 , 532 063 . 036 
,our -,013 ,024 

1
013 - .. 023 

. OOI -.0!5 .023 :ors -,021 
- ,934 
-1~313 

- 2, ·r75 
-3. ~19 
-5, l179 

- ,918 
- 1.371 
- 2,821 
- 3, 515 
- 4,996 

-,8?3 1 - ; oro -_, 061 

:~:~ :~ :~a 
-3.519 1 -,004 -,oo1 
- 5,080 - ,061 . 001 

~----~ 
C PF'.l}{l;E A.ECO.II.I.lTHOE O'fKllOHEilliE .034 .024 

.... 

I 
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HOCTb~ Me~AY Ae~CTB~TenbHO~ n03~U~e~ MaKC~MyMa n~Ka AaHHO~ 

3Hepr~~ ~ no3~~~e~ Toro *e MaKC~MyMa np~ npeAnono*eH~~.4TO 
cneKTPOMeTp n~HeeH . Hen~He~HOCTb B~4~cnR~T a KaHanax 191 np~ 
AaHHOM ¢~Kc~poeaHHOM e~6ope ABYX penepH~x n~H~~. no KOTOp~M 
CTPO~TcR 6a3~CHaR npRMaR p = a0 + a 1E , rAe E - 3Hepr~R, a p -
COOTBeTCTBy~~aR e~ no3~U~R MaKC~MyMa n~Ka. aanee ¢YHKU~~ o(p) 
annpoKC~M~PYI0T non~HOMOM. / IO/ 

H~ noeTop~n~ 3TY npoueAYPY c AaHH~M~ Ta6n. 1 ~3 pa6oT~ , 
CTp.5, 3aMeH~B 06~4H~~ non~HOM PAAOM no OpToroHanbH~M non~
HOMaM. Pe3ynbTaT~ npeACTaBneH~ B Ta6n. 1. nepe~e Tp~ KOnOHK~ 
Ta6n~~~ COAep~aT ~CXOAH~e AaHH~e, 8 4eTeepTO~ AaH~ COOTBeT
CTBy~~e ~M 3Ha4eHHR onpeAeneHHO~ ~3 on~Ta Hen~He~HOCT~; nATaR 
KOnOHKa npeACTaBnAeT paC4eTH~e 3Ha4eH~R Hen~~e~HOCT~ np~ an
npOKC~Ma~~~ 3KCnep~MeHTanbH~X T04eK 06~4H~M non~HOMOM 4eTBep
TO~ cTeneH~ 1 10 ' , cTp. 5, a wecTaA - Te ~e pac4eTH~e 3Ha4eH~R 
np~ annpoKC~Mau~~ PRAOM no opToroHanbH~M non~HOMaM ; nocneAH~e 

ABe KOnOHK~ Aa~T npeACTaBneH~e 0 T04HOCT~ ¢~THPOBaH~A COrnac
HO / lO/ ~ OPTOrOHanbH~M~ non~HOMaM~ COOTBeTCTBeHHO. M~ orpaH~-
4~n~cb opToroHanbH~M PRAOM nRToro nopRAKa, TaK KaK np~ ~cnonb -

3yeMo~ T04HOCT~ npeACTaeneH~R 4~Cen 8 3BH eMy COOTBeTCTByeT 
M~H~MYM OCTaT04HO~ CYMM~ KBaApaTOB /nocneAHRR KOnOHKa Ta6n~u~/. 

CpaeHeH~e KOnOHOK 7 ~ 8 Ta6n. 1 noKa3~eaeT, 4TO onRTb -TaK~ 
annpoKC~Ma~~R opToroHanbH~M PRAOM T04Hee o6~4HO~ np~ Tex ~e 
~CXOAH~X AaHH~x; e ABYX TpeTb~x ~3 ece x 57 T04eK a6con~THaR 
Ben~4~Ha pa3HOCT~ 3Kcnep~MeHTanbHO~ ~ pac4eTHO~ Hen~He~HOCT~ 

MeHbwe e cny4ae opToroHanbHO~ annpoKc~Ma~~~; MaKc~ManbHoe a6-
con~THoe OTKnOHeH~e AnR o6~4HOrO PRAa COCTaBnReT 0,167 KaHa
nOB , a AnR OPTOrOHanbHOrO - 0, 135 8 TO~ ~e "nnox0~1 '_ T04Ke 
N' 37; cpeAHee no seeM T04KaM a6con~THoe OTKnoHeH~e tJ. paeHo 
0,034 ~ 0,024 KaHana COOTBeTCTBeHHO; pacnpeAeneHHe 3HaKOB pa3 -
HOCT~ 6onee paBHOMepHO AnR OPTOrOHanbHOrO PRAa. Ecn~ ~CKn~-
4~Tb BblnaAa~UIYIO T04Ky N'37, KaK 3TO npeAnO~eHO_ 8/ lO: TO T04HOCTb 
¢~T~pOBaH~R OPTOrOHanbH~M PRAOM yny4waeTCR ~ ~ naAaeT AO 0,022. 

3.4. Hen~He~H~e ~cKa~eH~R cn~panbHoro ~3Mep~TenA. 06Mef 
TpeKOB 4aCT~U B~COK~X 3Hepr~~ Ha cn~panbHOM ~3Mep~Tene / ll np~
BOA~T K Ha6opy KOOPA~HaT T04eK TpeKa 8 nonRpHO~ C~CTeMe(R,O ). 
0AHa ~3 OCHOBH~x uene~ ~3MepeH~R - onpeAeneH~e ~Mnynbca 4aCT~
u~ no KP~B~3He ee TpaeKTop~~ np~ ~3BeCTHOM MarH~THOM none. Ecn~ 

6~ Hen~He~H~e ~CKa*eH~R OTCyT CTBOean~, TO ~3MepeH~e 3aBeAOMO 
npRMOrO ~CKYCCTBeHHOrO 11 TpeKa11 Aano 6~ Ha B~XOAe Ha6op T04eK 
c KaK~M-TO ¢~Kc~poea HH~M 3Ha4eH~eM y r na 0 np~ n~6oM paA~yce R. 
Ha caMoM *e Aene o6Hapy~~eaeT cR cno~HaR, xOTR ~ cna6aA 3ae~
c~MOCTb 0 OT nonRpHoro paCCTORH~AR , 0 KOTOPO~ npeAnOnaraeTCA, 
4TO OHa 06naAaeT C~MMeTp~ e~ BpaUieH~R, T.e. He 3aB~C~T OT no
no~eH~R ~3MepReMo~ npRMO~ OTHOC~T enbHO nonRpHO~ oc~. AHan~T~-
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P~c.3. 0TKnoHeH~A ~3MeDeHH~x Ha cn~DanbHOM 
~3MeD~Tene OHRH KOODA~HaT ~cKyccTBeHHOro 
nDAMOro TDeKa OT ~AeanbHOH nDAMOH 0 = COnSt 
To4K~ Ha rDa~~Ke cooTBeTCTBy~T ~3MeDeHH~M 

KOODA~HaTaM, ~CnDaBneHH~M Ha Hen~HeHH~e ~c
Ka*eH~A nD~ nOM~~ ODTOHODM~DOBaHHOrO non~

HOM~anbHOrO DRAa 13-ro noDAAKa. UeHTD cKaH~
DOBaH~A nD~XOA~TCR Ha CeDeA~HY rDa~~Ka; 
nyHKT~DOM 0603Ha4eH KOD~AOD B +4 MKM , 
C4~TaR OT ~AeanbHOH nDRMOH. 

4eCK~H B~A 3TO~ aae~C~MOCT~ HY*eH AnA BHe
ceH~A nonDaBOK Ha Hen~He~H~e ~cKa*eH~A a ~a 

MeDeHH~e 3Ha4eH~A KD~B~3H~ TDeKOB DeanbH~X 
4aCT~~. non~TKa annDOKC~Ma~~~ aae~c~MOCT~ 

O(R) o6~4H~M non~HOMOM oKaaanacb Hey-
AOBneTBOD~TenbHO~ nD~ CTeneHAX 6 - 7, C xa
DaKTeDHOH 11DaCKa4KOH11 OTKnOHeH~A OT 3KCne
D~MeHTanbH~X T04eK no KDaAM ~~T~DYeMoro 
~HTeDBana. 6onee H~3K~e cTeneH~ Aa ean~ eu1e 
MeHee YAOBneTBOD~TeilbH~H ~~T, a 6onee e~
COK~e nD~BOA~Il~ K neDenonHeH~~ Da3DRAH0H 
CeTK~ 3BM 63CM-6, Ha KOTODO~ oen~Cb DaC4eT~. 

M~ nDoeen~ annDOKC~Ma~~~ 3TO~ aae~C~Mo-

CTH no nonHOMy A~aMeTDY ~3MCDHTenA C ~3Me
HeH~eM DaA~yca a nDeAenax +40 MM oT ~eHTDa 
CKaH~DOBaH~A nD~ o6~eM 4~Cne CHAT~X T04eK, 
Da BHOM 301. M~H~MyM OCTaT04HOH CyMM~ KBaA
DaTOB nD~wencA Ha noDAAOK k ~ 13,a 3TO roeOD~T 
0 TOM,4TO B~A,AeHCTB~Te/lbHO,A0CTaT04HO CnO*eH. 
nony4~B aHan~T~4eCKOe nDeACTasneH~e O(a),MO*
HO nDOBecT~ o6DaTHOe eMy nDe06DaaoeaH~C ~ 
11cnDAM~Tb11 CHRTy~ Kp~Byi').Ha p~c.3 ~306pa*eHO 
DaCCTOAH~ e 3KCneD~MeHTa/lbH~X T04eK OT CnDRM
neHHOH Kp~BOH B 3aB~CHMOeT~ OT paA~yea R. 
PaccTORH~ e 3TO paec4~TaHo a M~KDOHax no 
AyraM COOTBeTCTBy~~~X paA~yeOB, HO BB~AY 

ManOCT~ paeeMaTD~BaeM~X yrnOB OHO He3Ha4~Te/lbHO OTI1~4aeTCR OT 
~cT~HHoro no HOPMan~. Bee T04K~ aa ~cKn~4eH~eM OAHOH no*aTeA 
B KOD~AODe +4 MKM /T04Ka-~eKI1~4eH~e TaK*e 04eHb 6n~3Ka K 3TOMY 
KOD~AOpy/, 4TO BnO/lHe noHRTHO: A~eKpeTH~H cnoeo6 per~eTpa~~~ 
yrna 0 o6naAaeT waroM a 0,00009696 DaA~aH,~ Ha paccTORH~~ a 
40 MM OT ~eHTDa CKaH~DOBaH~R 3Ta HeT04HOCTb np~BOA~T K Da36po
ey no AYre, paBHOMy KaK paa 4 MKM. CornaeoeaHHOCTb AaHHOH o~eH-

1() 

K~ e pa36pOCOM T04eK Ha D~C.3 rOBOD~T 0 TOM , 4TO nOA06DaHHaR 
MaKC~Ma/lbHaR CTeneHb 13, AeHeTB~TenbHO, RBnReTeR OnT~ManbHOH. 
PaayMeeTcR, ~cnonbayR noe~weHHY~ T04HOCTb pac4eToe, MO*HO 
AOCT~4b 6onee T04HOH ~DManbHOH annDOKe~Ma~~~ 3KCnep~MeHTanb
H~X T04eK, HO TaKaR annDOKe~Ma~~R 6~na 6~ MeHee rnaAKOH ~ He 
nD~Bena 6~ K 6onee T04HOH ~~3~4eCKOH O~eHKe He/l~HeHHOeTH ~c
nO/lb3yeMoro nD~6oDa. 

7. 3AKJ1104EHHE 

~OCTO~HeTBa DaCCMaTD~BaeM0rO MeTOAa annDOKC~Ma4H~ no OTHOWe
H~~ K Ha~6onee DaCnDOCTDaHeHHOMy ~~T~poeaH~~ o6~4H~M~ non~HOMaM~ 
AOeTaT04~0 nD03Da4H~ C TeODeTH4eCKOH T04KH apeH~R ~ BeebMa 4eT
KO npORBilR~TCA B 4~CneHH~X 3KCneD~MeHTax . Ha HaW B3ri1RA, nOA
XOA OPTOroHa/lbH~X non~HOMOB DaCW~DReT Knaec DewaeM~X Ha 3BM 
aaAa4 annpoKe~Ma~~~ KD~B~x. HanoMH~M, 4TO so ecex 4eT~pex nD~
Mepax Da3Aena 3 Henb3R 6~no Hai1T~ YAOBneTBOD~Te/lbHOe DeweH~e 
o6~4H~M cnoeo6oM, pa6oTaR a DaMKax eA~HH4HOi1 T04HOCT~. EeTb 
eepbe3H~e OeHOBaH~R nDeAnOnaraTb, 4TO ~ ABOHHaR T04HOCTb OKa
aanaeb 6~ HeAOCTaT04HOH, no KpaHHeH MeDe AilR 3aAa4 3.2 ~ 3.4, 
T.e. 4TO ODTOrOHdi1~3a4~R annDOKe~M~py~~ero DRAa RB~/laCb ey
~eeTBeHH~M ycnoe~ eM AOeT~*eH~R DeweH~R. 

6eaye/lOBHO , Da60TaTb C ODTOrOHa/lbH~M~ non~HOMaM~ HeeKO/lbKO 
6onee HenD~B~4HO no cpaBHeHH~ e 06~KHOBeHH~MH nO/lHHOMaMH. no
BHAHMOMy, TyT cneAyeT HCKaTb np~4~Hy CpaBH~TeilbHOH HenonynAp
HOCT~ MeTOAa CPeA~ ~~3~KOB. np~ *enaH~~ Ha OeHOBe peKyppeHTHOrO 
COOTHOWeH~R /2.8/ ~3 ' I ' nerKO B~BeCT~ COOTBeTCTBY~~~e ~OPMYil~ 
nepexoAa OT opToroHanbH~x K o6~4H~M non~HoMaM, npeAnonaraR, 
4TO peKyDpeHTH~e K03~~H~HeHTbl a 1 H ~j H3BeeTH~, TaK me 
KaK ~ K03~~H~HeHT~ paanomeHHR bk ~CC/leAyeMOH aae~e~MOCT~ /eM. 
~OPMYI1Y /2.20//. M~ He CTan~ 3TOrO AenaTb, TaK KaK C4~TaeM, 
4TO noene KOPOTKoro nep~oAa aAanTa~H~ paanomeH~e no opToroHanb
H~M non~HOMaM eTaHOB~TCR TaK~M me np~B~4H~M ~ 06~AeHH~M, KaK 
~ n~6aA xopowo 3HaKOMaR MaTeMaT~4ecKaR ~pMyna. 

XoTenocb 6~ eep~Tb, 4TO HaeTOA~aA pa6oTa noMomeT 6onee 
WHPOKOMy HenOnb30BaHH~ annapaTa OPTOrOHanbH~X nO/lHHOMOB, 4eM 
3TO 6~no AO C~X nop. 

HcKpeHH~e 6naroAaPHOCTH aa npeAOeTasneH~e AaHH~x AnR npH
Mepoe np~HoeRTeR ~.~o6peey H3 H~X 6onrapeKoi1 AH ~ B.neHeey 
~3 Jla6opaTop~~ B~4~cn~Te/l bHOH TexH~KH ~ aBTOMaT~3a4~~ OHRH. 
M~ o6R~aH~ TaKme B.ropomaHK~HY ~3 OTAena RAePHOH cneKTpoeKo
n~~ ~ paA~ox~M~~ Jla6oDaTop~H RAeDH~x nDo6neM OHRH aa o6cymAe
HHe De3yilbTaTOB no 3$$CKT~BHOCT~ H HenHHeHHOCTH cneKTDOMeTDOB . 
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