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l.Bae/leHHe 

B Te'!eHHe nocne/lHHX neT 6naro/lapg pa3BHTBro TeXHHKH H3rOToaneHHB nony­

npoBO/lHHKOBbiX JleTeKTOpOB H8KOnneH 6onbWOil SKCnepHMeHTanbHbiil MaTepaan 0 

cneKTpaX H3ny'!eHHII p8/lH08KTHBHblX 11/lep. 0JlH8KO CBe/leHHII, nony'!eHHbie H3 0/lH­

HO'!HbiX cneKTpOB, He BCer/la D03BOnllroT JlenaTb O/lH03H8'!Hbie 3aKnro'!eHHII 0 CXeMaX 

pacna/la HCCneJlyeMbiX 11/lep. QqeHb stjl!lleKTHBHbiM cpe/lCTBOM Jlnl! DOCTpOeHHII CXeM 

pacna/l8 IIBnl!eTCII H3y'!eHHe pa3nH'!HOrO p0/l8 COBD8/leHHii. llo nocne/lHero BpeMeHH 

T8KHe HCCne/lOB8HHII npOBO.QHnHCb npH DOMOWH CBeTOCHnbHblX MarHHTHblX cneKTpo­

MeTpOB H CllHHTHnnllUHOHHOii TeXH.HKH, 0JlH8KO MarHHTHbie CDeKTpOMeTpbl 0 npHMeHI!e­

Mbie Jlnll H3y'!eHHII COBD8/leHHii, I!BnllroTCII 0/lHOKaHanbHblMH npa6opaMH, H HX HCDOnb-

30B8HHe Tpe6yeT o'!eHb JlnHTenbHbiX H3MepeHaA. CuaHTBnnSIIIHOHHbie cneKTpoMeTpbi, 

B caoro oqepellb
1

o6na/laroT He/lOCTaTO'!HOA pa3pewaromeA cnoco6HOCTbro, '!TO B 6onb­

WHHCTBe cnyqaeB He D03BOnlleT JlenaTb KOnH'!eCTBeHHblil 8HanH3 CD9KTpOB COBD8Jle-

HHii, 

B nocne/lHHe ro/lbi 6binH /lOCTHrHyTbi 6onbmHe ycnexu B H3rOToaneHHH KoaKCH­

anbHbiX Ge(Li) -JleTeKTopoa 6onbworo o6'beMa, KOTOpbie no caoeA slj>$eKTHBHOCTH He-

3Ha'!HTenbHO ycTynaroT CUHHTHnnBUHOHHbiM Na J ( TP) -JleTeKTOpaM npH BbiHrpbiWe 

a pa3pewaromeA cnoco6HOCTH 6onbwe, '!eM Ha nopll/lOK, 3To no3BOnl!eT npaMeHI!Tb 

Ge ( Li) -JleTeKTOpbl Jlnll H3MepeHHII y-y - COBDa/leHHii, a BMeCTe C MarHHTHblMH 

cneKTpoMeTpaMH H Si( Li) -lleTeKTopaMH - Ani! H3y'!eHHII e--y H {3 -y- coana­

/leHHii. 

npaMeHeHHe nonynpOBO/lHHKOBblX JleTeKTOpOB B CO'!eT8HHH C COBpeMeHHOii TeX-

HHKOil, OCHOB8HHOH Ha HCDOnb30B8HHB CHCTeM MHOrOMepHOrO 8HanH38, D03BOnllL~ 

nony'!HTb 60nbWOe KOnH'!eCTBO HHtjlOpMaUHH 0 CneKTpaX COBD8/leHHii 38 OTHOCHTenb­

HO He6onbwoe BpeMB, 06pa60TK8 pe3ynbT8TOB H3MepeHHH llBYXMepHbiX CueKTpO& 
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l 

gsnsEl'I'CSI oqeH& Tpy.QoeMKOil1 HO acnon&sosauae 9neKTpOHHblX Bbl'IHCnaTen&HblX MB­

WRH 3HB'IHTen&HO o6nerqaeT 9TY 38ll8'1y, 

B aacTo51Weil pa60Te onucbiBaeTCSI MeTOAUK8 o6pa60TKU llBYXMepHblX cneKTpOB 
155 

u ee npaMeaeuae unniOc·TpapyeTCH ua npaMepe auanusa y-y -cosna.QeHRil B Tb. 

Ll.ng usMepeHHH y- y -cosna.QeHHil acnon&sosanac& KOaKcuan&Hbie Ge(Li) -AEl'l'eKTo­

pbl 06b9MOM 6
1
1 U 7,3 CMS U 4096-KBHBnbHblil BMnnHTYllHblil 8H8nH38TOp OT.[lena H.[le(l­

HOil cneKTpOCKOnRH HHCTRTyTa H.QepHbiX HCCn9.QOB8HUll. qCAH B r. PlKelKe. 

2. MeToll o6pa60TKU ABYXMepHbiX cneKTpOB 

B 9TOM pas.Qene npuso.QSITCH o6wue cjlopMynbi 1 ucnon&ayeMble npu o6pa60Ttte 

llBYXMepHblX cneKTpOB COBna.QeHHll.. 

2.1. 06pa60TK8 llBYXMepHblX cneKTpOB y-y -cosna.[l9HRJI. 

Bse.QeM cne.QyiOwHe o6osuaqeaug: (1)
1

, (U 
2

- TenecHbill. yron 1-ro H 2-ro AEl'I'BK-

TopOB1 COOTB9TCTB9HHO; 

u (E) 
1 

u
2
(E)- cjJOTo9cjlcjleKTHBHOCTb peracTpanaa y -usnyqeHRH c 9Hepruell. E 

1-M H 2-M .[l9T9KTOpOM1 COOTB9TCTB9HHO; 

dE)= tu•u (E) 
I y (E), I

8

.(E) - qucno y -KB8HTOB H qacno KOHBepcuoHHbiX 9neKTpOHOB nepe-

HCnyCK89MblX npenapaTOM 38 9.[lRHHllY xoAa c 9Heprueil E 

speMeHH; 

N-;(E), N
2
(E) qucno y -KBBHTOB c 9Hepraell. E 1 saperscTpHpOBBHHblX B eAB-

*) 
f u (E I , E k ) 

•) 
N 12 (E I, E t) 

HBllY BpeM9HU 1-M U 2-M .[lEl'I'9KTOpOMI COOTB9TCTB9HHO; 

9cjlcjl9KTUBHOCTb perUCTpBilUU COBn8.[l9HHll. llBYX y -KB8HTOB C 

9HeprHHMH E 1 a· Et 

- nonaoe qacno y 
1 

- y t -cosnaAeHBit 1 saperucTpuposaHHblX a 

9llUHUllY apeMeHU; 

r - paspewa10wee speMSI annapaTypbl; 

cnyq •) N 
12 

• ( E 
1
, E t)"') - qucno cny'lali.HbiX cosnaAeaull. a eAHHUllY apeMeHH; 

N UCT. (E , E ) - 'IUCnO HCTUHHblX COBn8ll9HUll. B e.[lHHUllY apeMeBU; 
U I k 

l: ( I y + I • ) - cyMMa nonHblX uaTeHCUBHOCTell. nepeXOAOB c ypOBHH x 

•
1 

B ASHHbiX o6osaa'leHHAA npeAnonaraeTCH1 'ITO aMnyn&Cbl OT 
c 9Hepruell. E

1 
nocTynaiOT aa cxeMy cosna.Qeauil c 1-ro AeTeKTopa, 

E t - co 2-ro .QEl'!'eKTopa. 

4 

y -KB8HTOB 
a c 9Hepraell. 

demr:Kmup N.2 
I cit:meKmop N.1 

t:.,iEJ=w..G.(E) 
IT(E)~ JT(E~) f:a(fK}:c.J,.G,{E,.) 

N.(E.J N.(E .. ) 

cxema co6nadeHuli 

€ .. {£..£K) 

N .. (E.E.J 

Puc. l. CxeMaTu'leCKoe uso6palKeHHe perucTpallHH cosna.Qeaull.. 

> 
• EK 

c, 

bK 
--1 - --

I 
1 

O;CIC [ b;C11 C;CK 
I 

-- + . 

a;bl( b;bK C;b11 

+-------

a1a,. b1a,. C;OIC • 

' 
I 

N~~- -~'-A--~~-t'------
1 I I I I I T I 

'-----1 I I b : E 
I 0· I • C; I i 
I ' I ' I I I I 
I I ' 
I 1 I 

I l NfA l 
I I I 
I I I 
I I I l I I 

I 
I r:::::---...::: N I 
I 1::::::::::--=:: f.&. I 
1 l~j T' I 

l ~ t 

I' 

Puc. :l. CxeMaTu'leCKoe uso6palKes&e y'laCTKa MaTpHllbl ABYXMepuoro cneKTpa 

cosna.Qesall.. 
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ana HarnHAHOCTH Ha pae. 1 npBBOAHTeH exeM8TH~eeKoe H306pa~eHHe peraeTpa­

llHH coanaAeaaa. 

HaMepeaae ABYXMepHbiX enexTpoa y - y -eoanaAe,a:aa npoaoAaTea eneAY!OIItBM 

o6pa30M, 3neKTpOHHaSJ annapaTypa (eM, pae, 6), eBH38HH8SI e Ka~blM B3 AeTeKTo­

pO!!-, aaeTpaaaaeTeSJ Ha onpeAeneaayiO aaepreTB~eexyiO o6naeTb y -eneKTpa; npa 

HanH~HB eoanaAeHHit llBYX )' -KBBHTOB BMnyn&e&I, nOCTyna!OIItBe B3 Ka~AOrO AeTeK­

TOpa, peraeTpapy!OTeSJ B eOOTBeTeTBY!OIItelt Sl~eltxe llBYXMepaoro aaana3aTopa, 

B peayn&TaTe B3Mepeaalt nony~aeTeSJ npoeTpaHeTBeHHbllt eneKTp eoanaAeaalt, 

rAe xa~oa nape eoanaA&!OIItBX naaaa eoOTaeTeTayeT "xoaye", o6~eM KOToporo npo­

nopuaoaanea ~aeny eoanaAeaaa (eM. pae. 7 a 8), nony~eHH&IA enexTp eoanaAeaaa 

yA06HO npeAeTaBRTb B BRAe MaTpR!lbl, K8~AbiA aneMeHT KOTOpolt 0603Ha~8eT ~aeno 

eoanaAeaaA a eoOTaeTeTayiO~~teA gqeltxe ABYXMepsoro aaanaaaTopa. 

npa o6 pa60TKe peayn&TaTOB H3Mepeaaa eneAyeT y~aT&IBaTb, ~To a nonaoe 

~Keno 3aperaeTpHpOBaHHbiX eoanaAeHHA ABIOT BKnaA T8K~e eOBnaAeHRK, o6yenoanea­

Hble KOMnTOHOBeKBM paeeeSJHHeM )' -KB8HTOB'B eny~altHble eoBnSAeHRSI, 

rae 

2.1.1. Cny~aa e_oanaAesaA B oTeyTeTaae <jloaa 

B aTOM eny~ae 

-N (E E )• N ReT. ( E E ) + N eny~. (E E ) 
12 lk 12 lk 12 It' 

N eny'!. (E E ) .. 2r N ( E )N (E ). 
12 I k I I 2 t 

(1) 

(2) 

nonaoe qaeno eoaniiAeaaa N 12 ( E 1 E t) onpeJlenSJeTeSJ xax eyMMa eoanaAesai!: no 

seeM aneMeST8M MaTpB!lbl, H8XOAKIItHMeSJ B npe.Qenax "Kosyea" eoanaJleHHA, 

2.1.2. Cny~aa eoanaAesaA npa sana~KH <jlosa 

Ha pae, 2 H306pa~es y~aeTOK MaTpRilbl .llByXMepsoro eneKTpa, eOOTBeTCTByiO­

IItBi!: eoana.QeHBSJM .llBYX y -nasal!: B peanbHOM enexTpe npa aanK'IHR <jloaa. 

no oeSJM E 1 R Ek BblAenseM no TpK y~aeTKa: a • b • c • Y~aeTKR bl 

H b k eOOTBeTeTBYIOT paenono~eHIIIO )' -nHHHi!: E I H E t B OAKHO'IHblX eneKTpax. 

6 

KpaeB&Ie y~aeTKII a a c eoOTBeTCTBYIOT Ton&xo <jloay, nonaoe ~aeno y- y -

eoanaAeHRi!: Me~Ay o6naeTSJMB b B 
' 

bt npelleTaanseT eyMMY ~aena eoanaAeSRi!: 

no seeM aneMeHTaM M8TpRilbl B npeAenax y~aeTxa b 1 bk 11 onpeAenseTeSJ <jlopMy-

noA. 

N • N*tT. + N eny~ •• ( ( N 
1 

• N , \ aeT •. + ( N . N 
2

, )ReT. 
12 11 u n ' :lit 1<jl • qy + 

(3) 

+ (N1n; ti2fjl ) ReT. + (N2n; ~141 )ReT. I+ [ (Nln; N2n) eny~. + 

+ ( N141; ~<P ) QJy~. + ( N 1n; M:l<jl ) eny~. + ( N 2n; NI·<P ) eny~. l . 

3aa~eSIISJ eaMBonOB Min , N 2n , N l.<P 11 N2<P BRAilbl sa pae. 2. B&Ipa~esas B xpyr­

n&tX eK06K8X o603Ha~a!OT ~Rena COBil8AeSRA (RCTRHHbiX B Cny~aitHbiX) Me~y y 

KB8HT8MR, npapo11y ltOTop&tX yxa3b!B810T IIHAeKC&I In, 2n, I<jl, 2<j!. 

anSI llan&HeA~~tax paecy~esaa paceMaTpaaaeM&IA y~aeTox ABYXMepaoro cnexT­

pa y.ll06HO npeACT8BRTb 
x) 

B BRAe Ta6nBilbl 1. 8 OTAenbSbiX XneTK8X T86nB!lbl 381lRC8-

Sbl Te ~eS&I <jlopMyn&l ( 3), KOT0pb18 npeACT8BnKIOT nonSble ~Rena COBil8AeSHA B 

eOOTBeTCTBY!OIItRX y~aCTK8X ABYXMep&oro cneltTP8. 

Ta!Sn11na 

(NI41; N 241 )BCT. + (N •N )BeT. +(N • N ) RCT. + 
In' 241 Iqt 241 

(N •N ) RCT, 
I!lf 241 + 

ct 
+(N • N )eny~. +(N • N )cny~+(N ·N )cny~. cny'L. 

I41 , 241 In' 241 I41' 241 +(NI41 ;N 241 ) 

RCT, 
(N 2n ; N I41 ) + 

(N BCT, 
2n ;N I41 ) + 

~ ( .RCT, 
+ N I41; N 241 ) + 

RCT, 
+(N 141 ; N 241 ) + 

I bt 

a 
t 

cny~. 

+ (N 2n ; N I41 ) + 

(l'f Cny"', 
+ 141 ; N 241 ) . 

(N 1({J ; N 2<P ) KCT, + 

+(N1<P;N2<P 

a 
' 

,cny~. 

N 11 
eny~. 

+(N2n ;N141 ) + 

+(N 141 ;N241) 
cny~. 

ReT. KCT 
(N1n ;N2q,) +(N1q,;N.2q,) + 

KCT, 
(N1q,;N2q,) + 

eny~. cnyq 
+(N1n ;N2<P) +(N1<P ; N2q,'> + ( N 1 <P ; N 2<P ) 

cny~. 

bl cl 

--------------~EI 
x) 

npe.QnonaraeTCSI, =o KBlKADlt' KneTKe Ta6nK!lbl COOTBeTeTayeT OARHBKOBOe 
~acno aneMeHTOB MaTpKil&I aayxMepaoro cnexTpa. 
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II 

Hawel! uenbiO HBnSieTCH Bhilleneaae 11a nonaoro '!Rena cosnaaeaal! N 12 

" N IICT, (N N ) HCT, .,._ IUHM o6pa3oM: nHIOIUen 12 • In; 2n • vTO MO)I{HO caenaTb cneayiO 

1) nposeaeM Bhi'IHTSHHe cosnaaeHHA s ceqea118 a (c ) OT cosnaaeaal! B ce'!eHBHX 
1 1 2 

a 1 , b I , c 1 saonb oca Et • B peaynbTaTe Bhi'IHTaHHSI nonyqaeM Ta6nauy • 

Ta6·nHua 2 

ct 0 (N 1 ~N 2 cjJ) BC'l', + ( N 1n ; N2cjJ ) cny'l. 0 

Et ( N 1 n; N:ln) HCT. + ( N 1 n ; N <!cjJ ) BCT. + 

t 
0 bk 

+(Nln;N2n )cny'I.+(N1n ;N2cjJ )cny'l, 
0 

0 ( Nln ; N 2cjJ )HCT. + ( Nln; N :.!ifl ) cny'l. a 
k 

0 

a 
1 b I - E1 c, 

2) npoBe)leM Blll.'IHT8HHe COBll8JleHHH B Ce'!eHHH a k ( C k) OT cosnaJleaul! s ce'!e-

El . B peaynbTaTe HMeeM Ta6nuuy S. b k , a 
k C k BJlOnb OCH HHS!X 

Ta6n11na s 

ck I 0 J 0 I 0 

E I o I ( Nln; N2n) HCT. + ( N1n ; N<!n ) cny'l. I k bk 0 

t 8 I 0 I 0 I 0 k 

a1 b' 
1 c, 

0603H8'1HM E, 

N, = (N In; N <!n) HCT, + ( N 1n ; N 2n ) cny'l. a 

8 

B cny'lae, eCnB 'IBCna COBllaAeHBll B C9'19HBS!X a
1 

B 

pa3Hbl9, TO HYlKJIO Bbl'IBT8Tb OT COBllaAeHBA B Ce'leHBSIX b I 

c 

' 
HnB 

II bit 

• k B c k 

cpe.QaHe aaa-

'19HB51 aTBX senB'IBH, KaK BBAHO B3 Ta6nBUbl 3, Hallla 38A8'18 CBOABTC51 K cny'laiO 

coanaA&HBA B OTCYTCTBB9 cjloaa, paCCMOTpeHHOMY B 2.1.1., ecnB N U 3aMeHBTb 

nony'leHHhlM 'IBCnOM N' • ~nH BCTBHHOrO 'IHCna COBnaAeHBA B paCCMSTpBBaeMOM 
II 

nHKe N ~~Q't'· nony'laeM: 

N JlCT. - ( N • N... ) HC'm u 1n • ·-~n • N ' - ( N • N ) cny'l. 
u 1n ' 2n (4) 

•N;1 -2r Nln N2il 

Ha npaKTHKe BM&CTO Bhl'IBTSHBSI cjJOHOBhlX cosnazteaHll no Bhl6paHH&lM o6naCT51M yzto6-

aee npOBOAHTb Bhl'IIITSHBe cPOHa no C9'19HHS!M B K8)1{AOM KaHane B OT.[l9nbHOCTB. 

nocne nposeAeaaa TaKoll o6pa60TKB no sceMy cneKTpy cosna)leaaA Mhl nony'la­

eM aa6op 'IBCen N~· (E1 E It ) , npe.QCTaBnHIOIUBX 'IHCna HCTBHHhlX COBna.[leHHA 

M9)1{AY y -KBaHTaMB ABYX ifJOTOniiKOB, COOTBeTCTBYI01UBX nepeXO.QaM C aaeprBSIMH 

El II Et 

2.2. Aaan11a peaynbTaTos o6pa60TKH cneKTpOB 

y - y -cosnaJleHHll 

B npeA&lAY1UeM pa3Jlene 6&tn0 nOKa3aHO, KaKHM o6pa30M MO)I{HO B3 CyMMhl aK­

cnepHM9HTSnbHblX AaHHblX nony'IHTb 'IHCno HCTIIHH&lX COBna)leHI!li N~~,;. ( E I E k ), 

B JlanbHeliweM nOKa)l{eM, KaK peaynbTaT&I KOnii'I9CTBeHHOro SHanaaa JlBYXMepHOro 

cneKTpa BMeCTe C AaHHblMB 06 BHTeHCBBHOCTS!X y -ny'leil II KOHBepCBOHHbiX aneK-

TpOHOB HCnOnb3yeTCSl .QnH nOCTpOeHI!Sl CX9Mbl pacnaAS BApa. 

Ha'IHeM c paCCMOTpeHBH cosna.QeHBll JlBYX y -KBaHTOB B cny'lae npocToro Kac­

KaJla (pac. S). lfcnonb3YH o6oaHa'leHBH, npaseJleHHbte B paaAene 2.1, aeTpyAHO y6e­

.QIITbCH B cnpase.[lnBBOCTII cneAYIOliiHX cjJopMyn; 

IICT. 
N 11 (E 1 Et)-=N

1
(E

1
)N

2
(Ek)t

12 
(E

1
Et)------

I (IY +1 8 

• I ( E ) I (E )t (E )f (EL) y &ykll2~ 

9 

A 

'u(E,Et) 

!(1+1) r e 
A 

(Sa) 



~-

N HCT. 
21 

(E E )•N (E )N (E )1- (E E )--...;I;__ __ 
It 211 kU!t 

(1)'+1•) I 
A (5a) 

.. I ,<E 1 )fy( Et) t 1 (E1 )t 1 (~) 
tu(E,Et) 
---
I (I + I ) 

E· ,, 
---,--.L.._---,- A 

. .E,1r: 

~ 

Puc, 3, ¢parMeHT CXeMbl ypOBHel!: Hapa; 
cnyqal!: npocToro· KacKaaa. 

A y e 

.t; I 

---,r--,-..._-y-----c 

m rtl ··a 

-T-~r-~r--~--B 

, r 

I I J[ I ,. I A 

~ If £t 

' 
Puc. 4, ¢parMeHT cxeMbi ypoa­

Hel!: SIJ:lpa; cnyqal!: 
cnolKHoro KacKaaa. 

PacCMOTpUM Tenep& 6onee cnolKHbii!: KacKaa (puc. 4). B STOM cnyqae 

N RCT. 
12 ( E I E t) ,.; N 1 ( E' ) N I ( E t ) l 12 ( E l E t ) 

ly (E.,) + I • ( E 
11 

) 

X I 
I ( ly + I ) 
" . . 

10 

I ( E ) + I (E ) y r e r 

I(ly+l) 
B e 

- X 

! Oy + I •) 
A 

+ 

I (E ) + I ( E ) y • • • 

I (I, + r. > c 

(6) 

HnR 

rae 

a 

RCT, 
Nil ( E I E " ) • I )' ( E l )I,< E t ) l 1 ( E I ) '2 ( E k) ( 12 ( E IE k ) X 

X 

!I" 
A 

! (I y + I e ) ! ( ly + I e) 
A C 

c ly( E, ) + 1
8 

( E r) 

6A •[I (E)+ I (E )] +I (E )+I (E ), 
y a e a ; (I y + I .) r • • • 

6 e 
A 

! ( ly+l.) 
c 

(6a) 

(7) 

npeacTaanHeT aepOHTHOCTb pa3pSIJ:lKH ypCBHH C qepea ypoaeHb A AHanorHqHo 

nonyqaeM 
e 

HCT. 
Nu 

6A 
(E E)=l (E )I (Et)t

2
(E

1
)t

1
(Et)t

21
(E

1
Et) (6a) 

It y I y ! Oy+I.)I(I +I) 
A c )' e 

e 
Ha npuaeaeHHoro npHMepa HeTpyaHo BHaeTb, KaK nonyqHTb i\ A anH mo6oro Kac-

Kaaa. 

OnpeaenHM HHTeHCUBHOCTb coanaaeHHft, KaK 

N HCT. (E E 
12 I t 

I (E E ) 
12 I k 

( I ( E I ) ( 2 ( Ek ) 

Toraa oKoHqaTenbHO nonyqaeM 

HnH 

" 6 A 

I ( E E ) "' I y ( E I )I y ( E t ) t 12 ( E I E t} ! ( I + I n: ( I + I e ) 
121t C Y eAy 

1 21 (E 1 Et) ~Iy(E 1 )Iy(Et)t21 (E
1
Et) 

11 

c 
/).A 

! ( I y + I e) ! (I y+ I ) 
C A 8 

(8) 

(9a) 

(9a) 



QqeBHAHO, 'ITO nony'leKHbl9 tjlopMyllhl npiiM9HHMbl TBitlKe npH 8H8nH3e cneltTpOB 

cosnaAeKHA H ApyrHX BHAOB H3nyqeKHil npH COOTB9TCTBy~mell 3aMeKe BXOA£mHX B 

tjlopMyny HHT9HCHBKOCTell H3liY'19HHH H 9~ltTHBHOCTell annapaTYpbl. 

ISS 

3. l13yqeaae y- y -coanaAeHHA npa pacnaAe Tb 

c ucnollb30B8HHeM Ge (Ll) -AeTeKTopoB 

HacTo£maH pa60Ta HBnHeTCH npoAonJKeaaeM aawux uccneAOBaHHA pacnaAa 

155 /1/ Tb .• 

3.1. 11 CTO'IHHit 
155 

.llnH nony'leHHH 'IHCTOrO H30TOna Tb acnonb30sanacb tjlpaKUHH Ho , Bb1-

/2/ 
AeneHH8H XpOM8TOrpatjJH'19CKHM MeTO}lOM H3 CM9CH peAK039M91lbHblX 9ll9M9HTOB, 

nonyqa~WHXCH npu pacwenneHHU T8HT8liOBOil MHW9HU noll A91lCTBH9M npOTOHOB C 

9Hepraell 660 M9B Ha CHHXpOUHitliOTpOH9 0115111. npoAOlllKUT9llbHOCTb o6ny'I9HUH T8H-

T8liOBOil MuweHH cocTasnsna .. 2 qaca. PaAUOXBMU'IeCKU 'IUCThiA Ho nony'lancs 
155 

qepe3 .. 2 qaca nocne KOHUa o6ny'leRHH. I130TOn Tb aaKannasancs no ueno'IKe 

us 10 '18C 155 
Tb 47 MUH 155 Ho Dy 

H Bbll.l9liHliC'H H3 tjlpaKUHH Ho qepe3 30-40 '18COB. 

3.2. 3Ec.nepuMeHT8llbH8H annapaTypa 

CneKTpbl y -'Y -cosnaAeauA U3Mepsnacb npu noMOWH ABYX KoaKcuanbHbiX 
x) 3 

Ge(Li) -AeTeKTOpOB C pa3Mep8MU cP 18 X 30 MM {'lyBCTBHTellbHblll o6'heM 6,1 CM ) 
3 

U 0 18 X 34 MM ( qyBCTBUTellbHbiA o6'heM 7,3 CM ) • p 83peweHHe 060UX A9T9KTOpOB 

eo 
COCT8BnHliO 5 K9B Ha liBHHU Co C 9HeprueA 1331 K9B. CxeM8TU'19CK09 U306pa-

lK9HUe reoMeTpHH onblT8 npHB9A9HO H8 puc. 5 • .llnH yM9HbW9KUH 'IHCll8 COBnaAeHUA, 

o6ycnosneHHblX .Y -KB8HT8MU, pacceHHHbiMU U3 OAHOrO KpUCTanna -B ApyroA, M9lKAY 

HUMU pacnonaranaCb CBHHUOBBH 38WUT8 TOliWUHOil 10 MM, 06liHUOB8HH8H 1 MM Cd + 

+ 0,35 MM Cu 

3neKTpoaaaH annapaTypa npeACTaanseT co6oA aaanoru~ 6blcTpoMeAneaaoA cxe-

Mhl cosnueasA. BnoK-cxeMa annapaTYPbl npuaoAuTCH aa puc. 6. CTa6BilbHOCTb an­

nap!.Typbi ae xyJKe 0,1% B Te'leaue 100 qacos. Pa3pewa~mee apeMH annapaTypbl 

X) .lleTeXTOpbl 6blliU B3rOTOBll9Hbl B 11HCTHTyTe S~AepHblX uccneAOBBHHA t{CAH. 

12 

Pee. 

~ 
r------ ucmo4HUK 

@j,0l&//f?l10"'"Pb 
1mmCd + R 0.35mmCu 

Pac. 5. CxeMaTH'IeCKoe H3o6palKeHHe reoMeTpua onbiTa. 

X 

6. BnoK-cXeMa aneKTpoaaoA annapaTypbl Ans H3Mepeaas cosnaAeaua. 

P A- 3apSIAOBO'IYBCTBHTenbHbie npeAycanuTenu; D- repMaHaeBbie AeTeK­

Topbi; <- ycanuTenu; A - OAHOKaHallbHbie aMnnaTyllHbie aaanH3aTOpbi; 
K-KoasepTop speMH-aMnnHTylla BMecTe c ycanaTeneM; C -cxeMa Tpol!:HbJX 
cosnaAeauft; MPA - MHoroKaHanbHbiA aMnnHTYilHbiA aaanu3aTop; X,X', Y 
nOilKll~'19HHe MHOrOK8H8llbHOro 8H8liH38TOpa B 38BHCHMOCTH OT pelKUMa 

pa6oTbl. 

13 



r 

l 

-7 r ., 10 ceK, 3qxpeKTHBHOCTb peracTpallHH COBn8lleHHI!: )lnll y -ny'leA C 9RepraeA 

BbiWe 50 K9B cocTasmma He M6HbW6 80%. B H3MepeHHliX HCilOllb30Bancs 4096-KBRan&­

Hbill aMnnHTYJlR&IA auanaaaTop, paoOTarowaA B pelKaMe ABYXMepaoro ananaaa 64x64 

KaHana. 

3.3. P e ay n&Ta T bi H3MepeRHA 

HccneAosaaae cneKTpOB y -·y -cosnaAenaA npoBOAHnoc& a o6nacTa ssepraA 

80-390 KSB. HaMepsnac& cosnaAeRHll y -ny'lell: 9RepreTH'16CKOA o6naCTH 80-240K9B 

( o6nacT& A) c Y -ny'laMH TOll: lKe o6naCTH ( 1-&IA Ollb!T) H y- ny'laMH 9BepreTB'Ie-

CKOI!: oonaCTH 240- 300 K9B ( oonaCTb B , 2-oft On hiT), flpH 9TOM OAHOMY KaHany 

COOTBeTCTBOBana 9BeprHll ti 2,4 K9B, flpOAOnlKHTen&HOCTb H3MepeHBA B OOOHX Cny-

'la!IX COCTaBn!Ula ., 20 'laCOB, 3~KTHBHOCTb )leTeKTOpOB onpeAensnaCb 9KCnepBM6H-

Tan&HO B KalK)lOM OnbiTe no BHT6HCBBHOCTliM nBBBA B OABHO'IBbiX cneKTpaX, Peayn&Ta­

Tbl H3MepeHHA oopa6aThiBanBCb M6TOAOM 1 OnBCaHBbiM B .Pa3Aene 2, 

Paapewaromee speMs annapaTyp&I onpeAensnoc& no cny'laAH&IM cosnaAeHBliM ns­

aall:, KOTOp&Ie 3aBe)lOMO Be COBnaAa!OT BO speMeHB, 0'1eBBAH01 'ITO npB HCilOllb30BaHHB 

!jlopMyn (6) aeooxoABMO ssecTB nonpaBKB, y'IBT&IBaromae paana'layro npOAOnlKBTen&­

aocT& B3MepeRHI!:'OABHO'IHbiX cneKTpOB B CneKTpa COBnaA6HBA, 0o03Ha'IBM 'lepea 

n l ( E l ) • n 2 ( E t) B. n l2 ( E, ~) 'IBCna aaperBCTpBpOBaHHbiX r -KBaHTOB B 

OABHO'IHbiX cneKTpax B 'IBCnO COBnaAeHBil., nony'leHHbiX Sa speMll !\ t l, /t;. t 2 B /t;. t 12 

COOTBeTcTseaao. B aToM cny'lae 

D ( E ) 
l l 

N (E,)• 
l 

Nl2 (E,Et)• 

~OpMyna(6) npBBBMaeT BB)l 

N ( E ) • 
I t 

Dli(E,Et) 

/t;. t 
12 

n ( E ) 
2 t 

/t;. t I 

c 
/t;.A 

BCT. (E E ) - D ( E ) n 2 ( E t) K f ll ( E 'E t) X I (I +I ) I (1.,+ ~·.> 
Dll I t 1 I A y e C ' 

14 

B 

H 

(10) 

rna 
/t;. t l2 

K • 
/t;. t /t;. t 

2 ( 11) 

B cny'lae BCnonb30BaHBll !jlopMyn (9) BBOABncs nonpaBO'IHhiA K09!jl!jlB!lB6HT K' 
CBll3blB810lllHA WKSnbl BHT6HCHBHOCTeA I y( E 1 ) . Iy ( Et ) H I 11 (E. 1E ~; !jlopMyna 

(9a) npHHHMana BBA: 

c 
,1 A 

Ill (E 1 E t)"' Iy< E 1 )I y( E t) K' r 
12 

(E 
1
E t) 

I ( I y + I 8 ) I (I + I ) ( 12) 
c A y • 

0'!eBHJlH01 'ITO KOs!jl!j!BilH6HT '•K' 0JlHH8KOB Jln!l BCeX K8CK8)10B
1 

Jl810lllHX BKnaA 

B paCCM8TpHB8eM&IA CneKTp COBUS.lleHHA, flOCTO!IHCTBO K09$PB!lB6HTa 

aeliweM cnylKHnO KpHTepHeM npaBHllbHOCTH npe.llnOlKeHHblX K8CK8Jl0B, 

K' e .llan&-

B cnyqae paapeweau&Iit naunli e cneKTpe cosnaneanA B !jlopMyny ( 12) .ll06as-

n~mac& '!neH&I, Y'IHThiBaromae BKnan B I 12 npyrax B03MOlKHbiX KaCKBJlOB. 

Ha pac. 7 a 8 npaeenea&I npocTpaHCTBeHH&Ie cneKTp&I y -y -cosnaneanA a 
155

Tb , c!jloTorpa!jlnpoeaaa&Ie c sKpaaa OC!lannorpa!jla. CneKTp&I, aaoopalKeHH&Ie aa 

pHC, 7 H 8, OTHOCliTC!I K 1-My H 2-My OnhiTaM, COOTBeTCTBeHHO, 

Ha pBC, 9-19 UpHBe)leHbl cneKTpb! COBn8)l9HB1i, COOTBeTCTBYIOlllHe C6'16HH!IM 

llL10nb OCH E t npa B&Iopaaa&Ix saeprnsx aa oca Et B aaooopoT • .llns cpaaae-

HHH IIpHBOL1HTCll TaKlKe OJlBHO'Illble CII6KTpb! B.llOnh OOeBX OCell , 

flonyqeaacie BHTeacnaaocTH y -·y -coarraneanll rrpneenea&I a Taona!le 4, flpa 

HOpMHpOBKe COBIIa!16HB1i 1 OIIpeneneHHhiX OIIBCBHHhlM BbiWe MeTO!IOM
1 

BHTeHCBBHOCTb 

COBIIaJleHHA y -nyqeJ! C 9HeprB!IMH 105,3 B 262,45 K9B npBHHManaCb paBHOll 1000, 

illKana HHT6HCHBHOCTe1i COBII8!16HH1i 1-ro OnbiTa BbiOBpanaCb TaK, 'ITOObl KOS!jl!jla!lB9HT 

K, Obin O!IBHaKOB B OOOBX OnhiTaX, florpeWHOCTb B onpeneneHBB BHTeHCBBHOCTeA 

COBIIa!leHBfi KOne6neTC!I OT 20 

XOL10B B !jlOHOBbiX COBU8!1eHBI!:, 

!10 50% B 38BBCHMOCTB OT BHT9HCHBHOCTeJ! nepe-

B CIIeKTpax COBIIa!leHBA C Haaoonee BHTeHCBBHbiMB nepeXO!IaMB Ha6niOAanBCb 

-4 Y -nBHHH 1 HHTeHCHBHOCTb KOTOpb!X COCTaensna "b• 10 y -KBaHTOB Ha pacna!l, 

PaCCMOTpBM HeKOTOp&Ie KOHKpeTHble Ce'!eHBll B3 !IBYXMepaoro cneKTpa COBna­

!laHHl!, 

Cpasaenae cneKTpOB COBnaAeHBll C nBHBRMH 86,5; 105,3 B 148,65 K9B C O!IHHO'I-

Hh!M Y -cneKTpOM (pac, 9-11) noKa3hiBaeT1 'ITO HaOniO!IaiOTC!I BHTeHCBBHble 

15 



PHc. 8 • .LlayxMep!Ibiii cneKTp y - y -coanaaeaaii y -ny'lell aaepreTH'!eCKoll 
o6naCTB E I 240- 390 KSB C y -ny'!SMII aaepreTH'!SCKOll o6naCTH 

PHc. 7 • .LlayxMepHbill cneKTp y - y -coanaaeaal! y -nyqel! aHepreTH'!eCKoll 
o6naCTH E 

1 
, 80- 230 KaB c y -ny'laMH aaepreTH'ISCKOll o6naCTH 

Ek 80-230 KSB \2-l! ODbiT). 

Ek 80-230 KSB \ 1-ii ODbiT } • . 

17 
16 
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PHc. 9a. OllHHoqabJll: cnexTp y -nyqeJI: B aaepreTHqecxoll: o6nacTH 80-230 xsa 
BllOnb OCH Ek {1-ll: OIIbiT}. 
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OT 80 .Q.O 240 lta.B (1-A Onb!T). 
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Y -ny'lell c E k 208 H 220 K9B c y -ny'laMH 
OT :.!40 AO 390 K9B (2-ol! OITbiT ), 
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COBDSJleHHSI y -nyqell C SHeprHHMR 148,65 H 86,5 KSB R HeT COBIISileHRll Me>KilY 

nepexollaMH 148,65 H 105,3 Ksa. Pac'leTbJ, npoaelleHHble no ljlopMyne (1:.!), yK83bJ­

aaJOT HS cyWeCTBOB8HHe DpSIMOrO KSCKSil8 H3 nepeXOilOB 148,65 H 86,5 KSB (pac.20) 

K, TSKHM o6pa30M, DOilTBep>KilSIOT CyWeCTBOB8HH9 ypOBHR C SHepraeii 235,2 KSB, 
I 55 155 /3/ 

saeJleHHOro a cxeMy pacna)la Tb ~ Gd B pa6oTe • TaKoe pacnono>KeHHe nepe-

xoJla 148,65 KSB '18CTR'IHO BblpSBHHBSeT 6anaHC HHTeHCHBHOCTall HS ypOBHe 118,0 KaB 
141 

AnSI KOMIIeHCHpOBSHKSI KOTOporo Ha06XOilKMO 6binO BBBCTH B pa60Te RHTaHCRBHblll 

nepexoll 12,7 KaB, KOTOpblli aKcnep&MeHTan&uo He ua6nJOilancH. 01lH8KO npe>Kuee pac­

nonolKeuae nepeXOilS 148,65 KaB MBlKilY ypOBHSIMH 266,6 H 118,0 KSB Hen&3SI KCKnJO­

'IKTb nonHOCTbJO. HaWK Jl SHHble llpKBOJlSIT K Ol{BHKe HHTeHCKBHOCTH y -ny'lell TSKOrO 

nepeXOJlS I y < 30% OT DOnHOH KHTBHCRBHOCTR y -ny'leit C aHeprueA 148,65 KaB. 

Ha6nJOJlSJOTCR TSKlKe COBDSileHKR MelKJlY y -ny'ISMR C aHeprKHMU 148,65 U 
Ill 

216 KaB. nepeXOJl C aueprueii 216 KaB HSitllaH B pa60Te • Ha OCHOBe YKS3SHHbiX 

COB1181leHuit nepeXOil 216 KaB p83MeW8eTCR Me>Kily ypOBHRMU 451,3 R 235,2 KSB 

(puc. 20), 'ITO 110JlTB9plKJl89T CyWeCTBOBSHUB VpOBHSI 451,3 KSB, BBeJlBHHOrO B pa-
~/ .... 

60Te H8 OCHOBe CYMMbl SHeprKll nepeXOilOB 391,3 + 60,0 KaB K llpSIMOrO nepe-

XOJlS 451,3 KaB. KpoMe TOro, peayn&TSTbl R3Mepeuuit y- y -COBII81leHRA DOilTBep>Kil8-

JOT cywecT~osauue yposuell c aueprKRMK 86,5; 105,3; 118,0; 266,6; :.!68,6; 286,8; 

326,0; 367,7; 427,4 u 488,8 Kas. 

B cneKTpe cosnaJleHKll c y -ny'ISMH 148,65 (puc. 1la) Kas o6Hapy>KeHa nKHUH 
155 

c auepruell .. 192 KaB, KOTopaH paHee npa pacnalle Tb He Ha6nJOJlanac&. nepe-

XOil C T8KOll aueprueit XOpOWO yKnSilbiBaeTCSI MelKilY ypOBHSIMK 427,4 K 235,2 KSB 

(puc. 20). 

l13BBCTHO, 'ITO nKHUSI C aHepr&ell •162 KaB CnOlKH8SI U COCTORT U3 'leTblpex 

nKHUH 158,6; 160,5; 161,3 U 163,3 KSB. CneKTpbl COBII8Jl9HUli C y -ny'I8MK 86,5; 

105,3; ., 162 K ,. 180 KaB 1101lTBep)I{Jl8JOT pacnono>Keuue aTUX 'IBTbipeX nepeXOilOB 
155 /1,.3,4/ 

a cxeMe ypoaueA Gel • 

Ha6nJO)lSnUCb T8K>Ke COBII81leHUSI y -ny'leA c aueprueA N162 KSB c nepexo-

Jl8MR 208, 220,6 U 239,45 KaB, pa3pSI>K8JOWUMU ypOBBHb 326,0 KaB. qT06bi 06'bSICHRTb 

aTK COBIISJlBHHH, He06XOilUMO npelliiOnOlKHTb cyweCTBOB8HKe HOBOrO nepeXOJl8 C auep­

rueli - 163 Kaa, pacnono>Keuuoro MelKJly ypoaHHMK 488,8 u 326,0 KSB (puc. 21 ). Ha-

6nJOileHue aToro nepeXOJl8 B OllUHO'IHblX CIIBKTpax 3STpyllH9HO, 'leM MO>KHO 06'bSICHUTb 

TOT ljlaKT, 'ITO nepeXOil •163 KaB pauee He ua6nJOJlancR. 
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06pamaiDT s:a ce6s BHHMas:ae HeKOTOpbie pe3ynbTSThl as:ana3a cosnaneaaA c 

nepeXOllSMH 86,5 H 105,3 K9B lpac. 10 H 14), (Ta6n, 4), KaK BHllHO H3 pac. :.!1, 

nepeXO.Qbl C 9S:eprH!IMH 262,45 i 321,8 H . 384,2 K9B HSXOll!ITCH B UPHMOM KSCKSlle 

c nepeXOllOM 105,3 K9B, B TO BpeMH KSK C Y -ny'fSMH 86,5 K9B OS:H COBUSllSIOT 

qepe3 nepeXOll 18,7 K9B, nepeXOllhl 281,1 H 340,8 K9B COBUS.QSIOT HenocpeQCTB8HHO 

c nepexollOM 86,5 Ksa. BenH'fHS:hl K't 11 (eM. cjlopMyny 12), npase.QeHHble B Ta6-

naue 5, .Qn!l BCex ll!ITH YK838HS:b1X npHMhlX KSCKSllOB OTnH'fSIOTC!I OT cpeQHero 3Ha­

qeHHH s:e 6onee, 'feM Ha 15%. Onaaxo sena'l:HS:hl K 't 
11 

nnH xacxanos 262,45 .. 

.. 18,7 .. 86,5 K9B H 321,8 .. 18,7 .. 86,5 K3B npeBbiWSIDT COOTBSTCTBYIOWHe BenH'fHHhl 

.QnH npHMblX KSCKSllOB 6onee '18M B TpH pa3a, npH'feM OT Cpe.QS:ero 3HS'feS:H!I OS:H 

oTnaqaiDTCH ae 6onee 'feM aa 15%, .UnH o6'bscs:es:a!l Taxoro pacxoJK,QeHH!i B sena­

qas:ax K' f l2 np!!MhlX K8CK8ll0B H KSCKSllOB, HllYWHX "18pe3 nepeXOll 18,7 .K3B, s:e-

06XOllHMO npe.QuOnOlKHTb, 'ITO HHTeHCHBHOCTb nepeXOllS 18,7 K3B, CBH3b!B810Wero ypoB­

HH 105,3 H 86,5 K9B, no Kpaltaelt Mepe, B llBS p838 npeBbiW88T HIIT8HCHBS:OCTb, npH­

B8ll8HHyiO B pa60Te /4/ • Taxoe 3aaalKeaae as:TeacasaocTH nepexona 18,7 xas B 

npe.QbillYUlHX pa60Tax, no-BHAHMOMY, CBSI38S:O C TPYAHOCTHMH TO"'S:O.I"O onpeneneHHSI 

HHTSHCHBJ{OCTH KOHBepCHOHHbiX sneKTpOHOB B CTOnb MllrKOit ot5naCTH 3S:epralt, TO"'HQe 

3HSHHe HHT8HCHBS:OCTH nepeXOll8 18,7 K9B, KOTOpas A8lKe no OU8S:Ke pa~OThl/4/ co­

CTSBnseT 20% OT HHTSHCHBHOCTH nepeXOil8 105,3 K3B, HMeeT t50nbWoe 3H8"18HBe AnH 

npSBHnbHO.I"O onpeneneHBH napUHSnbHO.I"O BpeMeS:H lKH3HH ypOBHH 105,3 K9B no OTHo­

WSHHIO K nepeXOAY 105,3 K3B, 

B cneKTpax y - y -cosnanes:aA nposBnsiOTcs T&KlKe cosnaneHHs c naaaRMB 

a o6naCTH saepraii ISO a 306 KaB, KOTOphle COOTBeTCTBYIOT cyMMapahlM naxaM 

pes:Tres:oscxoro H3ny"!eaa!l a HHTes:caBs:blx y -ny"!eA c aaeprH!IMH 86,5 a :.!62,45 xas. 

CyMM8pllbie UHKH OT ApyrHX HII:T9HCBBHbiX nas:HA C 3Hep.I"BHMH 100,3; 148,5; 162, 

180 KSB B cnexTpax y - y -cosnanes:aA s:e BbiAenHIOTcs, Tax xax oaa nonana·IOT 

a o6nacTb o'feHb nnOTaoro cneKTpa y -ny"'eA. 

ABTOpbi Bblp8lK810T CBOIO 6naronapS:OCTb pyKOBOAHTeniO OTilena .llllepaoA cneKTpo­

CKonaa 11HCTHTYT8 H.QepHbiX BCCneAOBSIIHA 'iCAH llOKTOpy 3, nn8Aaepy 38 npe.QOCT8B-

nes:ae B03MOlKHOCTH npOB8ll8HHSI 9KCnepRM8HTOB no H3Y"'9HHIO Y - )' -coBn8AeHHA; 

llOKTOpy 11, 3BOnbCKOMy 38 UOMOWb npa nOCT8HOBKe 9KCnepHM811:T8 H nona3Hbl9 llRC­

KYCCHH, ABTOpbl 6naronapabl T. r8n8HOBOA, T. na3MOHOBOA H n. t{epaoA 38 UOMOWb 

npa o6pa60TKe 9KCnepaMeS:T8nbHbiX ll8HHbiX, H. ne6eneBy 38 npoBeAaHBe XllMH"'eCKo­

Po Bbilleneaas ISS Tb 
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T a <l n 11 u a -4 

IIHT8HCIIBHOCTII C,0Bll8.)18Hill! I IICT, 
12 

86,5 105,3 148,6B 162 180 192 200 208 216 220 2'l9,45 

86,5 -28I -IJ 796 1008 2009 52,9 23,5 60,4 57 
(-26) (-IJ) (89) (77) (87) (84) (61) (70) (b5) 

ID,5,3 I28 -38 32,3 :!:258. -16,2 0,72 21,7 I21 0,0'7 
(I4) (-5) (30) (65) (-8) (9) ( 66) (86) (o, 9) 

I48, 65 781 105,7 2,77 59 -0,42 7,13 I,l 17,1 
(89) (58) (27) (73) C-:-2) x) (50) x) 

162 1068 161'7 47,6 156 93,6 7,4 33,3 2,I 
(78) (88) (68) (70) (58) . (622.. (85) (49) 

ISO 2051 36,4 4,77 108 II,I 2";77 5,7 0,12 
(87) (I4) (18) (63) (-22) (47) (51) . {49) 

I92 9, 54 
x) 

200+208 64,4 33 12,7 23,2 0,6 
(72) (64) (8'7) (81) (55) 

220 64,6 176,5 48,5 26,3 -0,13 
(71) (90) (96) (82) (-2) 

239,45 1,5 1,4 7,7 6,95 
(22) (34) (85) (83) 

262;45+ 693 IOOO 0,2 12,6 -7,2 6,7 3 5,5 
268,7 (83) (90) (2) (29) (-35) (86) (64) (62) 
281,1+ 81 -2 6 I 
286,9 (85) (-25) (68) (26) 
321,8 31 44 2,6 12,8 5,2 1,1 

(88) (93) (90) (93) (86) (90) 
340,8 32il -1,2 3,2 0,33 

(92) (-6) (35) (5) 
361+367,6+ 43 -II, I --0, 17 1,5 -0,9 

371 (41) (-31) (-4) (IO) (-7) 
380+384,2 7 0,33 0,96 8,8 

(91) (82) (81) (98) 

ilO~ KaX~llM 3Ha48Hii8M IIHT8HCIIBHOCTII COEna~eHiln 1 IICT, (E E ) 
12 I 1: 

B CKOCKax npi!B8~8Hll 

J HCT. (E
1

Et)IOO 
B81!11411Hll .. 

"' I l:CT· (E IE k ) + 1 ~ny'l. ( E 1 E It ) 

x) BeJIII411Hbl 
l,~cT. ( E IE t) JI)O ll He npi!B8~8Hbl 113-3a OTCYTCTBIIR ~aHHbiX 

r ~~cT. <F.s E It>+ ' ~fY ... ·< E 'E t > 
00 IIHT8HCIIBHOCTRX I B O~IIH04Hb!X y -cneKTpaXo 

y 
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180,1 
281,1 

Kacxa.n 

86,5 
86,5 

340,8 -- 86,5 

262,5 
321,8 

205,3 
105,3 

384,2 -- 105,3 

T a Cl JI H n a 

262,5 -- 18,7 -- 86,5 
321,8 -- 18,7 --86,5 
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5 

JC',u 

1,8 
1,7 

1,6 

1,5 
2,0 

1,9 

6 
8,1 


