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BnH~HHe Koppen~~HH 3Ha4eHHH 3HeprHH raMMa-nHHHH 
3TanOHHWX HCT04HHKOB Ha~ pe3ynbTaTW 3HepreTH4eCKHX 
K8nH6pOBOK 8 raMMa-~neKTpOHeTpHH 

3Ha4eHH~ 3HeprHH 3TanOHHWX raHMa-nHHHH nony4a~T nyTeH 
cpaBHeHH~ C OAHOH HnH ABYH~ HCnOnb3yeHWHH B HaCTO~~ee 
apeH~ a6cO~THWMH 3HepreTH4eCKHHH KOHCTaHTaMH. 3TO MO*eT 
npHBOAHTb K KOp~n~~HH nony· .. -tewwx 3Hali, .. H ... MeliCAY COOoH, 
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1. BBE.llEHHE 

HeTOA~Ka onpeAeneHHR 3HeprHH raMMa - ny4eH c noM~b~ nonynpo
BOAHHKOe~x Ge(Li) -AeTeKTOpOB OCHOBaHa Ha CpaBHeHHH annapa 
TYPH~X cneKTpoe HCcneAyeMoro H 3TanOHH~x o6paauoe. KaK npaeH
no, np~ 3 TOM no ~Me~~eMycR Ha6opy Kan~6poB04H~X T04eK npoeo
A~TCR KP~Bafl 11KaHan-3Hepr~R11 , no KoropoH e AanbHeHweM eoccra
Haen~ea~TCR 3HeprHH HCCneAyeM~X n~HHH. 

3Ha4eHHfl 3Hepr~H 3TanOHH~X raMMa-n~HHH, KaK npaBHnO, He 
MOryT 6~Tb OnpeAeneH~ B npRM~X H3MepeH~RX H nony4a~TCR nyTeM 
cpaeHeHHR c H3eecTH~MH a6con~TH~MH 3Ha4eH~RMH. GonbwaR 4aCTb 
cy~eCTBy~HX B HaCTOR~ee BpeMR 3HepreT~4eCKHX KOHCTaHT npo
HCXOAHT OT OAHOrO H3 ABYX H3BeCTH~X 3Ha4eHHH: 3HeprHH aHHHrH
nRUHH 3neKTPOHHO-n03~TpOHHOH nap~/~ B~4HCneHHOH Ha ee OCHOBe 
3HeprHH raMMa -nHH11H 411 , 795+0 , 007 K3B 198 Au/ 11 3HeprHI1 Ku 
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ni1HHH BOnb$paMa I ll. -

Tor <PaKT, 4TO 3TanoHH~e HCT04HHKH KanH6py~TCR no OAHOH 
a6con~THOH 3Hepr~H, npi1BOAI1T K KOppenRUH11 3H84eHHH HX 3HeprHH, 
KOTOpaR AOn*Ha Y411T~B8 TbCR npH npOBeAeHHH KanH6pOB04~~X Kpi1B~X 
H B~4HCneHH11 3HeprHH 11 11X norpeWHOCTeH AnR 11CCneAyeM~X 11CT04-
HHKOB. 

Oco6eHHO 3Ha411TenbH~MI1 KoppenRU11H 6yAyT s cny4ae , ecnH 
rpynna 3TanOHH~X y -nHHI1H K8nl16pyeTCR B COBMeCTHOM 3KCnepH
MeHTe. 0AHaKO Aa*e ecn11 B K8*AOM 3KcnepHMeHTe K8nl16pyeTCR ni1Wb 
0AH8 3TanOHHaR raMM8-ni1HHR , HeOnpeAeneHHOCTb B onpeAeneHHH 3Ha-
4eHHR a6con~THOH KOHCTaHT~ npHBOAI1T K KOppenRU~11 Me*AY BCeMH 
3Ha4eHHRM11 3HeprHH raMMa -ni1H~H , Kanl16poeaewHXCR no AaHHOMy 
a6con~THOMy 3Ha4eHI1~. 

0AHaKO 4aCTO cny4aeTCR, 4TO $11311Ky- 3KCnep~MeHTaTopy 6~eaeT 
HCH3 BeCTHa KOBapHaUH0HH8R MaTp11Ua 3H84eHI1H 3HeprHH HCnOnb3y~
~11XCR y HerO Kanl16pOB04H~X 11CT04HHKOB 11 OH, ecTeCTBeHHO, npeA
nonaraeT 11x He3aBI1CHM~MH. B peaynbTare MOryT nony4HTbCR He 
npaeHnbH~e 3Ha4eHHR 3Hepr11H raMMa -n11HI1H H 11X norpeWHOCTeH. 

Uenb~ HaCTOR~eH pa6or~ RBnRercR aHanl13 en~RHI1R KOppenRU11H 
3Ha4eHHH 3Hepr11H Kanl16pOB04H~X 11CT04HHKOB Ha pe3ynbTaT~ Ka
nH6pOBK11. AHanl13 ocy~ecrenRercR c noM~b~ 4HcneHHoro 3KcnepH
MeHTa , B KOTOpOM napaMeTp~ AeTeKTOpOB 11 APYrHe xapaKTepHCTHKH 
e~6paH~ 6n~3KI1MI1 K peanbH~M eenH4HHaM. 
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2. OnPEAEflEHHE nonHOA KOBAPHAUHOHHOA HATPH~ 
nPH KAnM6POBKE . 3TAflOH~X HCT04HHKOB 

npeAnOflO*HM, 4TO MW OnpeAenHnH 3HeprHH HeCKOnbKHX 3TaflOHHWX 
raMMa-nHHHH C no~b~ KpHCTann-AH~paK~HOHHOrO cneKTpoMeTpa, 
xapaKTepHCTHKY KOTOporo MW C4HTaeM nHHeHHOH B npeAenax T04HO
CTH HaWHX HSMepeHHH. KanH6poaKa 6yAeT npoH3BOAHTbCR OTHOCH
TenbHO OAHOrO 113 HSBeCTHWX a6CO~THWX 3Ha4eHHH, HanpHMep nHHHH 
411 , 795.:!:_0, 007 K3B 198 Au. nycTb WKana CneKTpoMeTpa HMeeT 1000 Ka
Hanoe H nOnO*eHHe raMMa-nHHHH onpeAeneHO C T04HOCTb~ AO 
0,001 KaHana. UeHTP KanH6poao4HoH raMMa-nHHHH HaXOAHTCR a 
1000-M KaHane, ~eHTpw HCCneAYeMWX 3TanoHHWX nHHHH - B KaHanax 
100, 300, 500, 700, 900. BocnonbsoeaamHcb MeTOAOM HaHMeHbWHx 
KBaApaTOB / 2~ nony4HM 3Ha4eHHe BeKTOpa KO~~HeHTOB KanH6po
B04HoH npRMOH E(x) = 0 0 1

• x + 9 02 : 

.. T - 1 T ... 
9 0 =(A 0 RA 0 ) A 0 RE 0 /1/ 

3AeCb A O - KOHCTPYKUHOHHaR MaTPH~a BHAa 

[ 1 ·x1 J [1 0] 
Ao = 1 x 2 "' ~ 1000 ' 

X l 11 X 
2 

- a6C~HCCbl T04eK, no KOTOpwM npoBOA.HTCR npRMaR, R0 
MaTpHua, o6paTHaR KOBapHattHOHHOM MaTPM~e 3Ha4eHHH 3HeprHH, 
a HaweM cny4ae: 

[

_1 0 l 
R0 • :~ :~ , 

2 aE 2 2 2 o. = D(E 0 ) = ( --) ·Ax 1+t\E 0 , 
1 l iJx I ... 

E 0 - BeKTOp 3Ha4eHHtt 3HeprMM TO'IeK 0 110 KOTOpWM npoBOAMTCR npA-
MaA: 

0 
Eo = [411,735 1 · 

JHeprMM 3TanoHHWX raMMa-nMHMM OOpeAenAOTCR M3 ypa&HeHMR 

.. .. 
El = Al80 -

[ 

41.1795 
123.5385 
205,8975 
288,2565 
370,6155 

rAe A1 - KOHCTpyK~MOHHaA MaTPMtta BMAB 

2 

... 

1 X 1 1 100 
1 x2 1 300 

At= 11 xa = 1 500 
1 x4 1 700 
1 xs 1 900 

... 
KoaapHa~HOHHaA MaTpH~a AnA E1 BW4HCnAeTcA no $OpMyne nepe

Hoca OWH60K : 
... ... T 

D (E 1 ) = A 1 D ( 0 0 ) A 1 • 

3AeCb 0(00 ) pasHa, KaK o6w4HO a MHK: 

... T -1 
0(0 0 ) = A 0 RA 0 ) 131 

AnA TOrO, 4T06w npeACTaBHTb Ma CWTa6 KOppenR~HH Me~ OTAe~bHW
MH 3Ha4eHHAMH 3HeprHH, npHBeAeM nony4HBWHecR 3Ha4eHHA D(E1): 

0,063 0,16 0,25 0,35 0 , 44 
... I o. 16 0,45 0,74 1, 04 1, 33 

D(E 1) = 0,25 0,74 1 ,23 0 , 72 I -s 2,21 y 10 . 
0,35 1, 04 I, 72 2,41 3,10 
0,44 1 ,33 2,21 3, I 0 3,98 

3. BflH~HHE KOPPEfl~UHA HA PE3YflbTAT~ KAflH6POBKH 

AnA cpaeHeHHA pesynbTaToe, nony4a~~HXCA np11 KanH6poeKe 
C y4eTOM 11 6e3 y4eTa KOppenA~HH Me~AY 3Ha4eHHAMH 3HeprHH 3Ta
nOHHWX raMMa-nHHHH, npOBeAeM pac4eTW AnA Ka~AOH 113 3THX CHTya
~HH . 

Ha cneKTpOMeTpe, HMe~~eM onpeAeneHHY~ HenHHeHHOCTb /HanpH
Mep,cneKTPOMeTpe c Ge(Li) -AeTe KTOpoM/, MW nony4aeM cneKTp, 
COAep~a~H HaPRAY C HeH3BeCTHWMH H 3TanOHHWe raMMa-nHHHH H3 
Ha6opa E 1 • B Ka4eCTee npHMepa HenHHeHHOCTH B03bMeM HenHHeHHOCTb, 
OOA06Hy~ npHBOAHMOH B pa60Te 1 1 1 .nono~eHHe Ka~AOH nHHHH 6yAeT 
OnpeAenATbCR ee 3HeprHeH, HenHHeHHOCTb:~ H cny4aHHWM OTKnOHeHH
eM. 3Ty 3aBHCHMOCTb MO*HO 3anHCaTb B BHAe 

X. =X 0 + p(X ) +O(X ), 
I I I 1 /4/ 

rAe x0
- nono*eHHe raMMa-nHHHH /e KaHanax/ a oTcyTCTBHe HenH-

- I - 6 HeHHOCTI1 H CTaTHCTH4eCKOH OWH KHj MW B03bMeM AnA 3TanOHHbiX 
nHHHH X0 =1 200 , 1000, 1800, 2600, 34001 , AnA 11CCneAyeMWX nH-
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HI-1H x0 = 1500, 1200, 1900, 2600, 3300 I, p (xi) - CABI-1r nonoM<eHI-iA 
raMMa-ni-1HI-1H BCfleACTBI-1e Hefll-iHeHHOCTI-1 cneKTpOMeTpa, B HaWeM cny 
~ae 3TO non1-1HOM c nOA06paHH~MH napaMeTpaMH. B(x 1 ) - cny~aH
HOe OTKflOHeHHe nOflOM<eHHA i -TOH raMMa-n!-iHI-11-1 - onpeAenAeTCA KaK 
B(x 1) .. N 1 ,\x /3AeCb N 1 - HOpManbHO pacnpeAeneHHaA cny~aHHaA 
een1-1~1-1Ha C eAI-1HI-1~HOH A1-1Cnepcl-1eH, 6x - norpeWHOCTb, c KOTOpOH 
M~ onpeAenAeM nonoM<eHHe raMMa-nHHI-11-1/. 

npo~eAypa KanH6pOBKI-1 COCTOHT 1-13 npOBeAeHI-1A no 3Taf10HH~M 
T04KaM KPHBOH 11 KaHan-3HeprHA11 /e HaweM cny~ae xapaKTep Heni-1HeH
HOCTH n03B0f1AeT HCnOflb30BaTb AflA 3TOrO nOflHHOM TpeTbeH CTeneHH/ 
1-1 nocneAy~ero BOCCTaHOBfleHHA no HeH 3Ha~eHHH HCCfleAyeM~X raM
Ma-nHHHH. 

Ko3~H~HeHT~ nonHHOMa onpeAeflA~TCA 1-13 e~paM<eHHA 

... T -1 T -+ 
82 =(A2R2.A2) A 2R2 El. 

3AeCb, KaK 1-1 npeM<Ae, A 2 - KOHCTPYK41-10HHaA MaTp1-14a: 

A ,. 
2 

1 

1 

X I 

x5 

x 2 x3 
1 1 

X 2 X 3 
5 5 

/5/ 

R2 - e o6~eM cny4ae MaTp1-14a, o6paTHaA KOeapHa~HOHHOH AflA E 
1

. 
EcnH M~ HCKf1~4aeM B03MOM<HOCTb KOppef1A4HH MeM<AY 3Ha4eHHAMH 3Hep
ri-1H 3Taf10HH~X flHHHH, 3Ta MaTpH~a npi-1HHMaeT 81-iA 

1 
0 (12 

1 1 
(12 1 2 

/6/ 

R2, (12 1 
3-

(12 
4 1 

0 
(T 2 •. 

2 ... aE2 5 
rAe a. =D(E 1) + (--) · ~x., t-.x1- norpeWHOCTb onpeAeneHHA no-

1 II ax I 

flOM<eHHA i-TOH 3Taf10HHOH raMMa-nHHHI-1. 3Ha~eHHA 3HeprHH HCCfle-

AYeM~X f1HHI-1H 6y(AY;2 ~~~~S~] 
... ... 144' 1281 
E2 =A 3 .e 2 = 216,1925 · 

288,2558 
360,3199 

4 

i~ 

~ ~:} ,,, 

3AeCb A a- KOHCTPYK4HOHHaA MaTPH4a AflA nonOM<eHHH HCCfleAyeM~X 
raMMa-ni-1HI-1H, aHanori-1~HaA A

2
. Koeap1-1a4HOHHaA MaTp1-14a 3HeprHH 

HCCfleAyeM~X raMMa-ni-1HHH BHOBb B~~HCflAeTCA no ~OpMyne nepeHOCa 
OWH60K: 

... .. T 
D(E

2
) ~ A

3
D<e

2
)A

3 171 

3AeCb 0(02)- KOBapa.1a~HOHHaA MaTpH~a napaMeTpOB Kaf1a.16pOBO~
HOrO nOfli-1HOMa: 

... T -1 
D(8 2 )=q(A

2
R 2 A

2
) , !81 

q - OCTaTO~HaA CyMMa KBaApaTOB OTKf10HeHI-1H 3Ha4eHHH 3HeprHH 
3Taf10HH~X T04eK OT 3Ha4eHI-1H KanH6pOBO~HOrO nOflHHOMa, OTHeCeH
HaA K ~I-1Cf1Y CTeneHeH CB060A~ 3aAa~H. 

norpeWHOCTb onpeAefleHI-1A 3Hepri-1H I-1CCf1eAyeM~X raMMa-ni-1HI-1H 
e~paM<aeTCA 1-13 AHarOHaflbH~X 3fleMeHTOB KOeapHa~a.10HHOH MaTpH~~: 

... 
\E 2 . =\ D(E2) It 

I 
/9/ 

np .... aeAeM nony4eHH~e 3Ha4eHHA Af1A cny~aA, KOrAa 6x =0,01 KaHa
na: 

[ 
. 

0,0014 
... 0,0017 

~E 2 : 0,0023 
0,0031 
0,0042_ 

Tenepb noeTOpi-1M ace npoeeAeHH~e e~4HCfleHI-1A Ha4HHaA c /5/ 
np~-1 I-1Cnonb30BaHI-11-1 nonHOH KoeapHa~"'OHHOH MaTPI-14~ AflA E1, B3A
TOH 1-13 /2/ . TorAa 

c,2 
0 1 

' 2 

R2 =(D(El)+ I 0'2 
c,2 I -1 /10/ 

3 
) 

(12 
4 

0 ·a: 

rAe 'a 2,.( dE) 2 .6x2. npoeeAA 8~41-1CfleHHA, nony41-1M: 
1 ax i 
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~ ... 
E2 = Ase2 .. 

[ 

]2,0634 1 144,1288 
216,1921 
288,2547 
360,3200 ...J. 

_., .. T _,. ~ 

D(E2) ~ A3 D(02)A 3 , I'IE2. =Q'v'D(E2)ii, 

.. 
!\E2 

0,0018 
0,0026 
0,0035 
0,0047 
0,0058 

I 

Mbl BH,qHM, 4TO KaK 3Ha4eHHFt 3HeprHH HCCile,qyeMbiX raMMa-nHHHH, 
E 2 H i 2, TaK H HX norpewHOCTH, !:!E .. 2 H 1\E 2 , oT 1lH4aiOTCFt ,qpyr 

OT ,qpyra. AnFt TOrO, 4T06bl Onpe,qenHTb, KaK BllHFteT Ha 3TO OT1lH4He 
T04HOCTb, C KOTOpOH onpe,qenFteTCFt nono~eHHe raMMa-nHHHH, Mbl 
npoaenH pac4eT ,qnFt aenH4HHbl ~x, MeHFtawel1cFt a npe,qenax 
0, 001 -'- 0, 1 KaHana. /Cne,qyeT ynoMFtHyTb, 4TO npH L\x .. 0 sa.qa4a 
Bbi4HcneHHFt R '

2 
no <)lopMyne ~1 0/ He HMeeT o,qH03Ha4Horo peweHHFt, 

nocKonbKY paHr MaTpH~bl D(E 1) paaeH 2/. 
I 

t1 E2 

A E2 

4 

3 

2 

0,0001 

3aBHCHM0CTb MaKCHMallbHOrO OTHOCHTellbHOrO yaenH-
4eHHFI norpewHOCTH KanH6pOBKH OT T04HOCTH onpe
,qeneHHFt nono~eHHFt y -nHHHH npH y4eTe KoppenFt
~H~. KpHBaFt I - cneKTpoMeTp c HenHHeHHOCTbiO. 
KpHBaFt II - nHHeHHbiH cneKTpoMeTp. 

0,001 0,01 0.1 A :X: (KAHAt\) 

Pe3y1lbTaTbl npoee,qeHHbiX Bbi4HcneHHH npe,qcTaaneHbl Ha pHCyHKe. 
Ha HeM npHBe.QeHbl TaK~e ,qaHHble aHanorH4HbiX Bb14HC1leHHH, c.qenaHHble 
6e3 y4eTa HellHHeHHOCTH. HHTepecHO, 4TO xoTFt caMH norpewHOCTH 
B 3TOM C1ly4ae CTaHOBFtTCFt MeHbWe, XO,q KpHBOH OTHOCHTellbHOrO 
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yBe1lH4eHHFt OWH6KH B 3aBHCHMOCTH OT L\X nOnHOCTbiO nOBTOpFteT 
/e ,qHanasoHe ~~0,001/ pesynbTaTbl, nony4eHHble .qnFt cneKTpoMeT
pa C HellHHeHHOCTb~ . 

4. 3AKm4EHHE 

CyMMHpyFt nony4eHHble pe3y1lbTaTbl, MO~HO c Ka3aTb, 4TO 3HaHHe 
KOBapHa~HOHHOH MaTpH~bl 3HeprHH KanH6pOB04HbiX HCT04HHKOB FtBilFt
eTCR •enaTenbHbiM npH npoee.qeHHH npe~H3HOHHbiX H3MepeHHH . B Tex 
C1ly4aFtX,KOr,qa TaKyiO HH<)lopMa~HIO n01lY4HTb HeB03MO~HO,MO~HO nonb-
30BaTbCFt npHBe,qeHHbiMH B pa60Te K03<1l<)lH~HeHTaMH pOCTa norpeWHO

CTH. B TO *e epeMFt cne,qye T OTMeTHTb, 4TO paCCMOTpeHHbiH C1ly4aH 
/3Ta1lOHHble llHHHH KanH6pyiOTCR B COBMeCTHOM 3KCnepHMeHTe/, FtB
IlFteTCR C T04KH 3peHHR KOppenHpoBaHHOCTH 3Ha4eHHH 3HeprHH 3Ta-
1lOHHbiX raMMa-nHHHH HaHXy,qWHM, n03TOMy BO BCeX C1ly4aFtX npHee
,qeHHble K03<1l<)lH~HeHTbl ,qa,qyT MaKCHMallbHO B03MO*HOe yBe1lH4eHHe 
norpeWHOCTH. 
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