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• Bse.ueHae 

B neqSTH noasHnOCb MHOro CTSTeA/ 1-
71 

0 

STHX CTSTbaX COo6rQaeTca 06 06Hapy>KeHHH 

a -pacna.ue Tep6aesb1x aaoTonoa. B 
149 151 

a -aanyqeHaa Tb a Tb a .uaiOTCH • 

aHaqeaaa aaepraA o6Hapy>KeHaoro aanyqeaaa a a -napuaanbHb!e nepao.ubt nonypacna.ua. 
150 152 

Y Tb H Tb .uo cax nop ae Ha6niO.uanocb a -aanyqeaae, TOnbKO 6bln .uaH npe.uen 

.una a -napuaanbHoro nepao.ua nonypacna.ua. 

Mb! cTasana csoeA uenbiO accne.uoaaTb a -cneKTp Tep6aesoll cppaKUHII, Bbt.ueneH

HOil aa Ta-MaLUeHa nocne o6nyqeaaa ee npoToHaMB c aHepraeA 660 Mas, 

3ttcnepHM9HTanbHaa yCTaHOSKS B MeTO.UBKS H3MepeHBA 

OcaosHbte xapaKTepacTHKB acnonb3osaHHoro HSMH nonynposo.uaattoaoro a -cneKTpo.,. 

JIUITpa cne.uyiOmae. B KaqecTse .ueTeKTOpa acnonb3osanca nonynposo.uHHKOShtA cqeTqaK, 
4 

aaroTosneHHb!ll aa KpeMHBa P -Tana c y.uenbHbtM conpoTaaneaaeM :? 10 oM,CM, 3cp-

cpeltTBSHSH UUO[QS.Ub nosepXHOCTH cqeTqBJt8 5 MM
2 . D -cnoA HS nepe.uaeA UOSepXHOCTH 

cqeTqaKa uaroTosneH MeTOWM .uacpcpyaaa cpoccpopa a HMeeT Tonruuay 0,2 MK. CneKTpo

MeTp nparo.ueH .una aaanaaa a -qacTHU c aaepraeA .uo 16 Mas. npe.uycanaTenb a rnaa-

Hbll yCHnHTenb MSnoLUyMaiUaa CHCTeMa, qysCTSHTenbHaa K aapa.uy/8 / 

C UOMOIUbiO STOll yCTSHOSJtH nonyqeHS nonyLUHpHHS a -nBKOB1 pSSHSa 18 KSB H 

paapeLUeaae 0,3% Ha rnaBHb!X a -rpynnax TbC (oKono 6 Maa), 

a -cneKTpoMeTp 6hln aaroToaneH a HacTaTyTe a.uepHb!X uccne.uoaaaall BAH 

(.lle6peuea, BeHrpaa), 

AHMH3 HMnynbCOS no SMnnHTY.USM npoH3SO.UHUCB C UOMOIUbiO 128-KSHMbHOro 8HS

nH38TOp8 Tan a Y -5-2- R , M T A, K F r.:I • 

nocne KS>K.UOro H3MepeHHa a -cneKTpa npoaaso.uanacb Jtana6poatta cneKTpoMe-r-

pa C UOMOIUbiO CHrHanoB OT npeUH3HOHHOrO HMnynbCHOro reHepaTopa, 8 STOM reH~paTope 

pTyTHOe pene nepHOJ:lHqecJtH npepb!Sano Hanpa)KeHH91 JtOTOpoe CpBBHHSSnOCb C HOpMMbHbiM 

aneMeHTOM a no.u.uep>Kasanocb cTporo nocTOHHHbiM, CarHanbl no.uasanacb Henocpe.ucTBeH

HO HS C9TKy nepsOA flSMUbl npe.uyCHnHTenH H, TSJtHM o6p830M1 H3MepeHBB npaKTHqecKH He 

aasacena oT ae6onb1U91 aecTa6anbHOCTB a aenaaeAaocTH annapaTypbl, 

Pono 
Caraanbl HMnynbCHoro reaepaTopa Jtana6posanacb no 

, ThC , ThCa 
al o 

3 

148 
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B npouecce HaMepeHHI! TeMnepaTypa ,!l9T9KTOpa noaaep>KHBanacb UOCTOHHHOII. Kone-

6aHHQ TeMnepaTypbl 91;"0 He npeBbiWMH:!:0,J5°C. VfaMeHeHHH TeMnepaTypbl B UOMeiUeHHH 6binH 

0 -2 
He 6onbwe :!:1 C • .!laeneHHe eoaayxa e eaxyyMHoll xaMepe 6binO MeHbwe 5.10 MM pT.CT, 

Me>K.LlY HCTO'IHHKOM H aeTeKTopoM coaaaeanocb cHnbHoe MarHHTHoe none. 3To aa-r-

py.LlH>InO nonaaaHHe Ha ,!leTeKTOp BblneT810IUHX H3 HCTO'iHHKa sneKTpOHOB H U03HTpOHOB H, 

TaKHM o6paaoM, cyruecTeeHHO noHH>KancH ypoeeHb wyMa. 

8 K8'ieCTBe HCTO'IHHK8 Hcnonb30Banacb Tep6Heea>I ¢paXUH>I1 T,e. CYMMa H30TOUOB Tep-

6HH, o6pasy10IUHXCH npH o6ny'ieHHH T8HTM8 npoTOH8MH C SHeprHel! 660 Mse Ha CHHXpo

llHXnoTpOHe OVIHVI • PeaxoaeMenbHble sneMeHTbl oTaenHnHcb apyr OT apyra xpoMaTorpa-

¢H<~eCKHM MeToaoM. TpeTHI! Tb HCTO'IHHK 6bln ,!lBa paaa O'illlll9H C uenbiO YM9HbW9HH>I 

B03MO>KHOrO Dy aarp>I3H9HHH, VfHT9HCHBHOCTb HCTO'IHIIKOB COCT8Bn!!n8 - 0,2 MKIOpH H8 
149 

Tb 

/9/ 
Tep6HA sneKTponHTH'ieCKH HaHOCHnc>I ua TIUaTenbHO oTnonHpoeaHHYIO nnaTHHOBYIO 

nnaCTHHKY .LlH8MeTpOM 13 MM. 

PeaynbTaTbl HaMepeHHA 

Vfccneaoeanocb a -aany<~eHHe Tpex paanH'IHblX Tb HCTO'IHHXOB. VfccneaoeaHHe 

cnexTpoe H8'iHHanocb <~epea 4 qaca nocne OKOH'iaHHH o6ny'ieHHA. 

.!lnH Toro, 'IT06bi HaMepHTb nepaoa nonypacnaaa oTaenbHblX naxoe H Ha6e>KaTb eoa

MO>KHoro pacwHpeHH>I UHKOB Ha-aa He6onbUIOI! H9CT86HnbHOCTH CHCTeMbi, K8>K.LlOt! H3Mepe· 

HHe cnexTpa anHnocb non<~aca, nocne qero npoH3BO.LlHnacb xanH6poexa c noMOillbiO HM

nynbcHoro reHepaTopa. 3TOT UHKn UOBTOp>InC>I B Te'ieHHe 10 qacoB 10 pas, a 38TeM 

pe>Ke. 

Ha nepeoM a BTOpOM pacyuxax noxaaaHbi a~a nony<~eHHbiX cnexTpa. CM. Tax>Ke 

pHc. 3. 

napuHanbHbiA nepHO,!l nonypacnaaa an>I HCnyCK8HH>I a -qacTHU paCC'iHTbiBanc>I 

cneay10IUHM o6pasoM. CHa<~ana Ha ocHoee KpHBbiX pacnaaa Bbi'IHCn>InH, xaxoea 6bma HH-

TeHCHBHOCTb a -nHHHI! B MOMeHT OKOH'i8HH>I o6ny'leHH>I, 3aTeM C UOMOillbiO 4JopMynbi 
/10/ Ill/ 

PyacTaMa H 6apauoecxoro H MypHHa pacc'IHTbiBanHcb OTHOCHTenbHbie KyMMyn>I-

THBHble BblXO,!lbl OT,!lenbHblX H30TOUOB Tb • npH 9TOM Hcnonb30BanHCb napaMeT -

pbi 6apaHoecxoro H MypHHa an>I rny6oxoro oTruenneHH>I TaHTana npoToHaMH c cooTBeT
/11/ 

CTBYIOIUell sueprHeA • Haxoueu, Hcnonb3~ HaeecTHYIO eenH'IHHy a - napuHanbHoro 
149 /4 71 

nepHoaa nonypa cnaaa Tb : 36 !_ 7 'I ' , Mbl Bbi'IHCnHnH a -napuHanbHbie nepHo-

.Llbi nonypacnaaa oTaenbHbiX Tb aaoTonoe. 

nony'ieHHble peaynbT8Tbi npHBe,!leHbl B Ta6nHue I. 
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a -cnexTp Tb ¢paKUHH, nony<~eHHOII npH rny6oxoM oTruenneHHH 
sHeprHell 660 Mse. CnexTp - peaynbTaT 3x0,5 qacoeoro auanHaa, Ha<~aew 
9 'i8COB nocne OKOH'i8HH>I o6ny'ieHH>I. nHKH, 0603H8'ieHHble nyHKTHpHOA nHf 
lOT xanH6poBO'iHbie cHrHanbi HMnynbCHoro reHepaTopa. No HCTO'iHHKa 2. 
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aMepeHHA TeMnepaTypa .aeTeKTopa no,ll,aep>Kasanacb nocTOHHHoA. Kone

e,o He npeBbiWanH,!0,J6°C, J.1aMeHeHHH TeMnepaTypb! B fiOMeweHHH 6b1nH 

-2 8BnBHH9 B03,ayxa B B8KYYMHOII K8Mepe 6btnO MeHbWB 6,)0 MM pT,CT, 

'IHHKOM H .aeTeKTOpOM C03,Q8Banocb CHnbHOe MSrHHTHOQ none, 3To 38T

H8 ,QeTeKTOp Bb1neTBIOWHX H3 HCTO'IHHKB SnBKTpOHOB H fi03HTpOHOB H, 

;wecTBeHHo noHH>Kanc>I yposeHb WyMa, 

CTO'IHHK8 HCUOnb30Banacb T9p6HBBBSI tPPBKUHH, T,e, CYMMa H30TOUOB TBp

npH o6ny'leHHH T8HTana UpOTOH8MH C SHeprHej! 660 ~SB HS CHHXpo

Pe,aK03eMenbHb1e aneMeHTb1 OT,llen>InHcb ,llpyr OT apyra xpoMaTorpa-

TpeTHA Tb 
HCTO'IHHK 6btn .QBS paaa O'IHil{eH C uenbto YMeHbWeHH>I 

arpH3HeHHH, YfHTeHCHBHOCTb HCTO'IHHKOB COCTSBn>Ina - 0,2 MKIOpH HS 

/9/ 
OnHTH'IeCKH HSHOCHnCH HB Tll{STenbHO 0TUOnHpOB8HHyto nnSTHHOByiO 

PeaynbTBTbt H3MeOOHHil 

a -Hany'leHae '.l'pex paanH'IHb1X Tb HCTO'IHHKOB. J.1ccneaosaHHe 

'lepea 4 'ISCS nocne OKOH'IBHH>I o6ny'leHHII, 

bl H3MepHTb nepHO.Q nonypacna.Qa O'.I'.QenbHbiX fiHKOB H H36e>KSTb Bos

SI fiHKOB Ha-aa HB60nbWoll HeCT86HnbHOCTH CHCTeMbi, KB>K.QOe H3Mepe· 

non'laca, nocne 'lero npoHasoaHnacb KSnHt5pos~~:a c noMOil{bto HM-

a. 3TOT UHKn UOBTOp>InC>I B Te'leHHe 10 'IBCOB 10 pea, a 38'.1'eM 

TopoM pHcyHKax noKaaaHbl .a~a nony'leHHbiX cneK'.I'pa. CM. TSK>Ke 

pHo,a nonypacna,aa anSI HcnycKSHH>I 
a -qac'.I'Hn pacc'IHTbtsancg 

CHa'lana Ha OCHOBe KpHBbiX pacnaaa Bbi'IHCn>InH, KBKOBa 6btna HH

HHII B MOMBHT OKOH'ISHH>I o6ny'leHHSI, 3aTeM C UOMOil{biO tPOPMynhi 
1111 

HOBCKoro H ~YPHHa pSCC'IHTbiBanHcb OTHOCHTenbHbte KYMMyn>I-

enbHbiX H30Tonos Tb • Dpa aToM Hcnonb3osanacb napaMeT -

YPHHa anSI rnyt5oKoro oTmenneHH>I TSHTana npoToHaMH c COOTBeT-1/ 

• HaKoaeu, Hcnonb3Y>I aasecTHyto aenH'IHHy a - napuaanbaoro 
149 /4 7/ 

Tb : 36 ~ 7 'I ' , Mbl Bbi'IHCnHnH a -napuaanbHhte nepao-

·n bHbtX Tb H30Tonos. 

ynbTSTbt npaae.aeHbt a Tat5naue I. 

4 

• 

., 

2500 

2000 

1500 

1000 

UMn 
1.5 'Ill( 

) 

l1l [HISIJ JI [niSo] / J; 

. ,y/ 
)---
~ 

/ . 
KRII~IiP. _,.. /35!IJI35.73 131iBIJ 
(WfHRIIbl r 500 

A 
IJB.IDI 38.64 139.50 

0 10 

i i 
/ t 

,• \ 

zo JD 

n •' '' 
/ ~ 
! ~ 

' '· 

'1 

!\ 
,) \.. 

" 

/\ 
''I 

40 50 60 70 

pH c. I. 

I 

-1 ,, ,, ,, 
I o 

'' '' '' ili4I.IJIJ 
' ' ' ' 
; \. 
! ' 

/ 

·' 
80 

I [TIIftSJ 

•200 

/11<2.<< 

I \ J \ / \ , __ 

91J m 

"\ " .. ., 
I' 

fli<i7D \ 
o I \ 

o I \ 

) : ' 
' I 
' I 
I 

N KJIH/11108 

liD 120 130 

a -cneKTp Tb ¢paKUHH, nonyqeaaoA npH rnyt50K'OM OTil{enneHHH Ta npoToHSMH c 

aHeprHeA 660 ~as. CneKTp - peaynbTaT 3x0,6 'lacosoro aaanHaa, Ha'laswerocg 'lepea 

9 '18COB nocne OKOH'ISHH>I Oony'leHHSI, nHKH, 0003HB'IBHHb19 nyHKTHpHOII nHHHBII, H300p8>Kij
IOT K8nHt5pOBO'IHb!e CHrHanbt HMnynbCHoro reaepa'.l'opa, No HCTO'IHHKa 2, 

1'1 
\ 

6 



2000 

IBIJO 

' 1600 

14[1] 

1200 

J.Dill 

800 

600 

'100 

2[10 

I> 

IW .. 
.. 01 .. .. 
0 0 
oj .. .. ;:: 
): 0 
:>< 0 

t ~ .. .. 
"';:: 
"0 ::; 
0 ;:, 
Ill .. 
0 oj ""« ;:: J:l 
>< !!:: 
.. 0 
0 .. 
oj "1 
0 .. .. .. = :0 "tl .. 0 
=- 01 0 .. 
01 "' 
= a r> 
01"< 
oj ;:, 

f' 0 Pi 
"0 = 0 0 
"1 "1 
0 0 

..;"1 

""~ 
~~~~ 
0 .. 
oj oj 
0 0 
-""0 i .. 
:>< 0 
!" oj 

:00 .. 
= "' oj .. .. 
"' 

IAiifl 
3'1U 

I Tt'~s 

1lf T~l51 ll TK150 

•250 

.. Jl 
j33j7 j3nzz 39.81 

HIIAM6P. 33.30 ! ! 33.90 36.00 ! ! 36.~0 38.90 ! 40.6D ntrHAIIbl 

.t{ HIIH/11108 

10 20 30 40 50 60 70 80 90 100 liD 12[] 

p II C. 2 

a -cneKTP TpeTbero Tb HCTO'lHHKa. CneKTp - peaynbTST 6x0,5 qacosoro aaanHaa, 

aaqaslllerocH qepea 9 qacos nocne OKOH'ISHHSI o6ny'leHHSI. HcTO'IHHK 6bln JlBS paaa O'IHllleH 

OT JlpyrHX pe1lK03eMenbHbiX aneMeHTOB XpOMSTOrpacpH'leCKHM MeTOJlOM. 

t..J 
bl r§ di t,n. 

t::j ~ ei Bl 

::s: ::l:::! 
3: 3: 

~ :::::1 :::::1 

bl Ji: lC :::::. ... ~ :::::. ::s: 
Cl"'[l cJ rr --i 

"' n lC Q! :r: ):::::::, 
~ D ::t:J 
CT"i$ --, n D ::s: --, --, 

1'1 :r: :r: ::l:::! 
1'1 :::::. -o D 

~ 
::t::. CD 
--i 
D 

w -o 
b :r: 

1'1 -o 
t..n --, 

::s: 
::::0 Ll 

0 

"' ~ 
a 

I 
__r: e: :::t:, 
n 
--i 

;:!-; ::s: 
r:: , :::.-,.. ~ 



14
00

 

12
00

 

' 
f·D

OO
 

BO
O 

60
0 

l.JD
O 

20
0 

I>
 I 

c.>
 "' 

..
 

Ill
 

"' 
"' 

0 
0 

oi
 

"'
 

~
~
 
~ 

:..
 

0 

g 
~ 

_, __
 

"' 
"' 

"'
;;:

: 
'0

 
=

 
0 

:::
. 

Il
l 

"'
 

~
~
 

=
 )J 

1!: 
tr

 
>< 

-
"'

 
0 

0 
"'

 
oi

 
..,

 
0 

=
 

.. "
' 

=
 :. 

'U
 

"'
 

0 
:..

 
Il

l 
0 

"' 
Il

l 
"'

 
.. 

~ 
r> 

Il
l'
<

 
oi

 
:::.

 
?'

 
0 

p; 
'0

 
=

 
0 

0 
.., 

.., 
0 

0 

-
,j

"
l 

C
T
~
 

"
' 

CD
 

o
'O

 

oi
 

"'
 

0 
oi

 
@

.g 
"' 

"' 
:..

 
0 

!" 
oi

 

:.. "' =
 

CD
 

oi
 "' .. CD
 

0 :.. 0 :.;
. "' =
 

CD
 

'0
 .., "' .. 

" 
-~

. 

i1f
 T
~ 

151
 

ll T
~l:

:iD
 

•2
50

 

Jl
 

.. 

13
3.5

7 
J3n

ZZ
 

39
.82

 
HA

IIM
6P

. 
33

.3o
 1

 
1 3

3.9
o 

36
.00

 1
 

13
6.5

0 
38

.90
 1

 
4U

6D
 

CM
rH

.4J
ibl

 

10
 

20
 

30
 

If
 H

AH
Af

lD
B 

40
 

50
 

60
 

70
 

BO
 

90
 

10
0 

110
 

12
0 

p
H

 
C

. 
2 

a 
-c

n
e

K
T

p
 

T
p

e
T

b
e

ro
 T

b
 

H
C

T
O

'I
H

H
K

a
. 

C
n

e
x
T

p
 

-
p

e
a

y
n

b
T

B
.T

 
6

x
0

,5
 

q
a

c
o

a
o

ro
 

a
a

a
n

a
a

a
, 

H
B

.'
IB

B
U

ie
ro

c
g

 
'l
e

p
e

a
 

9 
'I

B
C

O
B

 
n

o
c
n

e
 

O
K

O
H

'I
B

H
H

H
 

o
6

n
y
'l
e

H
H

H
, 

J
.1

C
T

O
'I

H
H

K
 

6
b

ln
 

Jl
B

B
 

p
a

a
a

 
O

'I
H

I.
U

9
H

 

O
T

 
J
lp

y
r
a

x
 

p
9

J
lK

0
3

9
M

9
n

b
H

b
lX

 
a

n
e

M
e

H
T

O
B

 
X

p
O

M
B

T
o

rp
a

tj
:J

H
'I

9
C

K
H

M
 

M
9

T
O

J
lO

M
, 

lJ
 

bl 
rS 

~
 

f!l 
81 

eJ 
Bl 

::s
: 

:I:
::.

 
3

: 
3

: 
il
 

.::
J 

.::
J 

hi 
~
 

u
: 

:::::
:::. 

-
l 

~
 

::s
: 

.,..
!ill

 
;;;

j 
c
r 

--
l 

Q
! 

n 
u

: 
I 

1:::
::1 

-'
I 

D
 

:l:
:::

J 
0"

.$
 

-,
 

n 
D

 
::s

: 
-,

 
-,

 
1

'1
 

:r
: 

I 
:::J

:::,
 

fT
l 
~
 

L
J
 

D
 

~ 
:::J

:::,
 

[
lJ

 
--

l 
D

 
w

 
L

J
 

b 
I 1

'1
 

L
J
 

t.n
 
-,

 
::s

: 
:::

:0
 

L
l 

c 

!5 
~
 I L
 

!jl 
::::r

::. 
n --

l 
::s

: 
r::

: 
;:

L
-1

 
,
.
,
 

::
T

" 
jL

 
,.

.-
, 

·
~
 

-
!; 

01
 

.... ~
 



No 
DHKOB 

II 

III 

IV 

Ta6naua 

PeaynbTSTM HaMepeaaA 

06aapy.lKeHHblA nepa
Oll nonypacnalla 

(qac) 

4,06!(),08 

+3 
4,3 -1,2 

' +1,1 
18,5 -0,5 

149 

a KaHeTH'IecxaH napuaanbHWA 
saeprBH a - Ea.Tb •• nepHOll nony-

'18CTHU Ea EaTb 140 pacnalla 
(Mas) (T a ) 

3,950 ~ 0,006 

3,634 !. 0,008 

3,399 :! 0,006 

0,9199+ 
!(),0008 

0,8605+ 
;!O,OOOS 

06Cv.lKL1eHBe peaynt.T8TOB 

28 + 15 neT 

64 :! 22 neT 

~ 3,8,1o3ne1 

YllleHTB- 3a
!j:lHK8UBll Meqa

HHe 

Tb149 

150 
Tb 

151. 
Tb 

Tb152 

HoBblA 
a -aa

n;y'la
Tenb 

Tb nony'leHHwA nepHOll nonypacnalla H aaepraa a - '18CTHU H8XOllSITCSI B 

xopoweM cornacaa c peaynbT8T8MH llpyrax asTopos. nonyqeaaaH llDH aaepraa a -qac

THU BeJIH'IHH8 HMeeT OWB6Ky +6 KSB, T,e, HeMHOrO MeHbWe, 'letA B paaee OD;y6DHKOB8HHMX 
/4 12-16/ 

p860T8X llP:YrHX 8BTOpOB ' ' , 
150 

Tb • CywecTBOBSHHe a -qacTHU c aaepraeA 3,634!(),008 Mas ycTaHosneao 

H8lle.lKHO, 3TO BHllHO, H8DpHMep, H3 pHC, 1 H 2 (nHK 'II'), nax 'II' o6Hapy>KeH B CDeK-
149 151 

Tpax scex Tpex HCTO'IHHKOB H ero nono>KeHHe no cpasHeHHIO c DHK8MH Tb a Tb cox.-

paHHnOCb npH H3MeHeHHH napaMeTpOB yCHDHTeJibHOII CHCTeMW, nepHOll nonyp8CD8ll81 nony-

'leHHblll npH H3MepeHHH CKOpOCTH y6hlB8HHll HHTeHCHBHOCTH STOll a -rpynnw, oxaaancH 
+3 

paBHbiM 4,3_
1

,
2 

'lac, ,Llaaawe o nepHOlle noy!lJacnaJJ.a noxaab!B810T 'ITO a -rpynna • II' 

C 60DbWOII BepOHTHOCTbiO DpHH8llne>KHT Tb , Haa6onee TO'IHoe aaaqeaae nepHolla no-
150 

n;ypacna.11a Tb 
/5/ • 

nony'leHo TaTOM H llp. , Oao pasao ( 3,1 !. 0,2) '18C, 

150 
_nony'leHHSH saepraH a -pacnalla Tb Qa a 3,756 ! 0,008 Mss xopowo no-

>KHTCH aa xpas;y10 aasacHMOCTII aaeprHH a -pacnalla oT aTOMHoro HoMepa Hllpa (pac.4j, 

150 146 
a - {3 -pacnalla Tb -> Sm , B&llHO, 'ITO aa6-Ha pHC, 5 Hao6pa>KeH UHKn 

niOllaeTCH xopowee cornacae B saeprHHX, 

152 
OcTaeTCH, B npaauane, B03MO.lKHOCTb, 'ITO a -rpynna 'II" npaHallne>KHT Dy 

' 152 
npacyTCTB:YIOWeMy B Tb -!j:lp8KUHH K8K 38rpli3H9HH9, Dy HMeeT nepHOll nonypacD8ll8 

( 2,3 + 0,2) qaca H npa ero pacna.11e llcnycKaiOTCH a -qacTHUhl c aaepraeA 
- -3 /2 4/ 

(3,660:! 0,050) Mas B KODH'I9CTB9 0,18,10 H8 OllHH p8Cfl8ll 0 
, 0llH8KO OU9HK8 B03-

8 

• 

~ 
~ 

Lt.5 Od. (M3s) 

'i.O 

Crt"" 
/ 

I 

3.0~EJ"'' 

2.5 

1~7 

Dj' 
I 

T!JH9 < D:J's:1 

T6 1511 
I 

I 
I 

T615' 

1511' 

Gd 

Gt152 

1~9 151 
p H C, 4, 

A 
153 155 

3aBHCHMOCTb SHeprHH a -p8CD8ll8 ( Q a ) OT M8CCOBoro 'IHCJI8 (A), 
>KHT aaeprHIO a -'18CTHUbl, SHeprHIO llllp8 0Tll8'1H H KOppeKUHIO H8 SKp 
sneKTpOHHOII o6ono'IKOII, ,LlaHHbre o Tep6HeBbiX aaoTonax - peaynbTayy~fa 
pa60Tbl, a ll8HHbre o6 aaoTonax Dy , Gd H Eu B3l1Tbl Ha pa6oTbl , 
rail Tb aaoTonos MeHbWe, '19M paaMepw xpy>KKOB, 

9 



Ta6naua 

PeaynbTBThl HsMepeaall 

>KeHHhili nepu- KHHeTH'IeCK8SI a H.lleHTH- 3a-
:ypacna.lla sue rHH a _ E napuHMbHhiA tPHK8UHSI Meqa· p a~b •• nepHO.ll nony-
(qac) '18CTHU E E HHe 

( M a ) a Tb 1 •• pacna,lla 
~ 'T ) 

08 3,950 :!: 0,006 1 - Tb149 

150 Ho8hlll 
3,634 '!:. 0,008 0,9199:!: 28 :!: 15 neT Tb a -ua· 

;!:0,0008 nyqa-
Tenb 

,1 0,8605+ 64 :!: 22 neT 
151 

3,399 :!: 0,006 Tb 
,5 ;!:O,OOOS 

~ 3,8.l03ne'I Tb152 

Q6cy>t<.geaue oeaynbT8T08 

onyqeuabrll nepHO.ll nonypacna,lla a aaeprHH a - '18CTHU H8XO.llSITCSI B 

HH C peaynhT8T8MH JlpyrBX 88TOp08, nony'I9HH8SI JlnH SHeprHH a -qac

eeT OWH6Ky +6 Ka8, T,e. H9MHOrO M9HbW9 0 '19M 8 paHee ODy6nHK088HHbiX 
/4,12~16/ 

88TOP08 • 

ywecT8osaaue a -qacTHU c aaepraell 3,634;!:0,008 Mas ycTaHo8neao 

H3 pHC, 1 H 2 ( DHK • II'), nuK • II' 06Hapy>KeH B CD9K-
149 151 

HCTO'IHHKOB H ero nonoJKeHHe no cpasHeHBIO c DHKSMH Tb H Tb cox .. 

9H9HHH napaMeTpOB yCHnHTenbHOli CHCT9Mbl, nepHO.ll nonypaCD8.ll8
0 

nony-

peHHH CKOpOCTH y6hiB8HHSI HHT9HCHBHOCTB aToll a -rpynnhl, oKaaancH 

qac, JJ.aaHbre o nepHO.lle non{!tJacna.lla DOK83bi8810T 'ITO a -rpynna • II • 

THOCTbiO npaHa.llneJKHT Tb , Hau6onee TO'IHOe aHa'leHue nepBf.ll8 no
/5/ 

nonyqeao ToToM H .llp. , Oao p88HO (3,1 '!:_0,2) qac, 

150 
saeprHH a -pacna.lla Tb Qa '" 3, 756 :!: 0,008 Ma8 xopowo no-

aasacuMocT H aaeprHH a -pacna.lla OT STOMHoro HOMepa H.llpa ( puc.4j, 

146 
... Sm • BH.llHO, 'ITo aa6-uao6pa)KeH UHKn Tb 150 a-{3 -pacna.lla 

ee cornacae B saeprHHX, 

152 
IB npuauane, soaMO)KHOCTb, 'ITO a -rpynna •rr• npuHa.lln&)I(HT Dy 

152 
Y B Tb -q,paKuHH KSK aarpHaHeaue. Dy HMeeT nepHO.ll nonypacna.lla 

Ia npu ero pacna,lle ucnycKBIOTCH a -qacTHUhl c aaepruell 

-3 /2 4/ 
38 8 KOnH'leCTBe 0,18.10 HB O.llHH p8CD8.ll ' • 0JlH8KO 0U9HK8 BOa-

8 

,;;: 

I 

I 

Lt.5 

lt.O 

Od. (M3e) 

Dj/ 
I 

rs"'' < D:J
15

:1 

T6 1511 
I 

I 
I 

Dj~· 
I 

I 

388HCHMOCTb aaeprHH a -paCD8Jl8 ( Q a ) OT M8CCOBOrO 'IHCna (A), Q a CO.Ilep
)KHT aaeprHIO a -'18CTHUb1 0 aaeprHIO S!Jlp8 OT.ll8'1H H KOppeKUHIO H8 aKp8HHpOB8HHe 
aneKTpOHHOli 060nO'IKOli, .IJ.aHHb19 0 Tep6HeBbiX H30TOD8X - peaynbTa;r: '8CTOHWeli 
pa60Thr, a .llSHHhre o6 uaoTonax Dy , Gd H Eu saHThl ua pa6oTbl 2 • Owu6KK auep· 
rail Tb uaoTonos MeKbWe, 'leM paaMepbr Kpy)KKOB, 

':' 

' 
9 
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~ 
L 

~.7~[1006 [fJ] 
,fl+ 

oL 
175Ei±ODD8 
HRCTD~ll1R51 

PA6DTJI 

oL 
2.83±0.01 

[13] 

3.88Ei ± 0.015 {1~] 
,B+ 

p R C, 5. 
150 146 

a - {3 nRIUI pacna)la Tb - Sm 

10 

• 
' 

MO>KRhiX sarpRSHeHRll Tep6Kesoll ¢paKUKK JlKCDpOsKeM DpK BO.llKT K Bh!BO.lly 

0,06 KHTeHCKBHOCTK DKKa a -rpynnhl 'II • Mo>KeT 6h!Tb o6'bRCHeao sarp• 

152 
naK II He MO>KeT 6h!Tb ceRsaH c Dy • 3To HaM yJlanocb noKa 

'leHKR a -cneKTpa JlKCnposaesoll ¢paKUKK. CpasHeHae OTHoweHRll 9Hepr 
152 

Eall ) K a - 'laCTKU Dy ( Eaoy u2 ) K sHeprKK a -'IB 

Jlano cneJlyrowae pesynbTaTbi: 

Eall _ E a DYUl = 0,006 + 0,001 , 
EaTbtn 152 EaTbtn -

T.e. 9HeprKR a -'laCTKU Dy- saMeTHO MeHbWe 9HeprKK a -'lacTKu 

150 
Bhi'IKCnRR napuKanbHblll nepKOJl nonypacnaJla Tb no a -eeTBK, M 

'leHKe 28 ! 15 neT. PesynbTaT He npoTKBope'IKT JlaHHhiM, nony'leHHbiM To 

·o 11 151 
TaTbuo~ , roJla • 

I 51 151 
Tb • naK lli npKHa)lne>KKT Tb , nepKO.ll nonypacnaJl8 K 9H 

/1 16/ 
XOpOWO COrnacyroTCR C Jl8HHblMK JlpyrKX aBTOpOB 1 K KJleHTRcpKKaUKR 

/2/ 
TOBepH8 , nony'leHHaR OWK6K8 npR HSMepeHKH 9HeprHK a - 'laCTHU (), 

pRJlOK MeHbwe, '!eM 6bmo aaMepeHo paHbwe. 

Y Hac JlnR Ta Tbut nony'leHo sHa'leHHe 64 ! 22 neT, 'ITO .. 10 pas 1 

/4/ /1/ 
pa6oTe 1 HO COOTBeTCTByeT )laHHhiM pa60Tbl 1 COrn8CHO KOTOpb!M 3Ta 

HO BO MHOrO pas MeHbWe, '!eM 543 neT, 
151 

a - napuaanbHhlll nepHOJl 

o6mell sasncHMOCTH 7:;JlY Ta 

Tb , nony'leHHb!ll KaMH, pacnono>KeH 6nu 
/4/ 

H Ea I '!eM Jl8HHhle • npu ucnonb30l 

T .. 740 neT , JlnR 
a TbiGI 

H nony'laeM: 

Ta(sKcn,) 
H sfog-=~~------~-

Ta (npeJlCKas.) 

a DpH HCDOnb3oBaHHH Haw ell senK'IHHbl - T a Tb U 1 • 64 neT1 
\ 

H = 0,61. 

3TO SHa'leHHe 6nH>Ke K o()mell KpHBOll S8BHCHMOCTR 
/12 fig. 2) 

o6nacTK peJlKHx seMenb. CM, rpa¢aK • 
1S! 152 

Ta 

1,96' 

OT 3HeprHH 

Tb • a -usny'leHae Tb o6Hapy>KHTb He yJlanocb, Vfs aaanus 

cneKTpOB B o6n8CTH 3,12 M9B (rJle MO>KHO 6blnO O>KHJl8Tb a -'18CTHU 
> 3 

ny'laeTCR, 'ITO T r Ill•"' 3.8.10 neT, aTb. 

AsTOphl BblpamaroT rny6oKyro 6naroJlapHOCTb npo¢eccopy A. Canan, 

THTyTa RJlepHbiX accneJlosaHKll B!!HrepcKoll AKa.lleMHH HayK sa DOJlJlep>KB 

B.A. XanKHHy, H.A. ne6eJleBy, c;t>, MonHapy R JlpyrHM COTpyJlHHK8M p8JlH 

OTJlena nfln 0Vff1Vf S8 Bbl)leneHHe ¢p8KUHR Tb a T. Kuwcanau sa n 

nnyaTaUHH MHOrOKaHanbHOrO aaanusaTopa, 

11 



~.7~rr-D.DE [fS] 
.e+ 

6±0.008 
ll~WR51 

DTJI 

d 
2.83~[101 

[13] 

3.886±[1015 [1~] 
_e+ 

pH C, 5, 

150 146 
'acnaaa Tb - Sm 

10 

,. 

MO>KHblX aarpHaH9HHll Tep6Hesoll <jlpaKUHH ancnpoaH9M npK BOJ:IRT K BbiBOay, 'ITO He 6onee 

0,06 HHT8HCHBHOCTH nHK8 
152 

a -rpynnbl •11 • Mo>KeT 6&1Tb o6'bRCHeHo aarpRaHeHHHMH Dy 

152 
nuK 11 He MO>KeT 6&JTb csnaaH c Dy • 3To HaM yaanoc& noKaaaT& R npu nay-

'19HHH a -cneKTpa ancnpoauesoll ¢paKUHH. CpasHeHHe OTHoweHHll aHeprHH nnKa 11 
B2 1~ 

Eall ) H a - qacTHU Dy ( EaDY 102 ) K aHeprHH a -qacTHU Tli (E ) 
aTbU9 

aano cneayJOwne peayn&TaT&I: 

Ean _ E a DY 151 ~ 0,006 + 0,001 , 
EaTbH9.JS2 EaTbtn -

T,9, SHeprHil a -qaCTHU 0 aaM9THO M8HbW9 SHeprRR a -qaCTHU n11Ka 11 • 
150 

B&I'IHCnRll napuRMbH&lll nepuoa nonypacnaaa Tb no a -seTBH, Mbl nony'IHnH aaa-

'leHRe 28 :!: 15 neT. Peayn&TaT ae npoTHBope'IHT aaHHbiM, nony'leHH&IM ToToM H ap. 

·o 11 151 
T aTbuo~ , roaa • 

I~ 1~ 
Tb • nuK m npRHaane>KHT Tb , nepuoa nonypacnaaa H :iiHeprHil pacnaaa 

/1 16/ 
XOpOWO COrnaCyJOTCil C aaHHbiMH apyrRX aBTOpOB 1 R Ha9HTHij>RKaUHH STOrO n&Ka aoc-

/2/ 
TOB9pHa , nony'leHHaH OWH6Ka npR HaMepeHRH 3R9prRH a - '18CTHU 6onee '!eM aa no-

p&aoK M9H&we, '19M 6&mo RaMepeao paa&we, 

Y aac an& TaTbUI nonyqeao aHa'leHHe 64 :!: 22 neT, 'ITO .. 10 paa Mea&we, '!eM s 
14.1 Ill 

pa60T8 1 RO COOT88TCTByeT J:laHHb!M pa60Tbl , COrnacHO KOTOpbiM 3Ta B8nR'IRH8 BepOHT-

HO 80 MHOrO paa M9HbW8 1 '18M 548 neT, 
151 

a - napuuan&Hblll nepuoa 

o6well aaaucKMOCTR Me>Kay • T 

Tb 1 nonyq9HHblll HaMK, pacnonOlK9H 6nH>K8 K KpKBOll 
/4/ 

R Ea • '18M aaHHb19 • npu Kcnonb3oBaRHK aenH'IKHbl 
/4/ a 

T .. 740 neT , ann H 
aTbUI 

nonyqaeM: 

Ta (aKcn,) 
H afog~~~------~-

Ta (npeacKaa.) 

a npR Kcnonb3oBaHHH aawell aenH'IHHbl - T a Tb 151 • 64 neT, 

H = 0,61. 

3TO aHa'leHHe 6nH>K8 It o6well KpRBOll aaBHCHMOCTR 
/12 fig. 2) 

o6nacTH peaKHx aeMen&. CM. rpa¢HK ' 

I. 

Ta 

1,96, 

OT SH9prHH a -qacTHU B 

1SZ 152 
Tb • a -uany'leHRe Tb o6HapylKRTb He yaanoc&. VIa aHanuaa nonyqeHHblX 

152 
cneKTpOB B o6nacTH 8,12 Mas (rae MOlKHO 6blno OlKHaaTb a -qacTHUbl Tb ) no-

> 3 
nyqaeTcR, 'ITO Ta Tb~ 111 1• 3.8.10 neT, 

AaTop&I B&IpalKaJOT rny6oKyJO 6naroaapHOCTb npo¢eccopy A. Canau, aupeKTopy VIHc

THTyTa RaepHbiX uccneaoaaHRll Bt~HrepcKoll AKaaeMHH HayK aa noaaeplKKY pa6oTbl, 

B.A. XanKHHy, H.A. ne6eaeay, q,, Monaapy H apyrHM COTpyaHHK8M paaHOXHMH'I9CKOrO 

OTaena n.fln OH.f!V! 38 BblaeneHH9 ¢paKuRR Tb a T. Kawcanaa 3a noMOlllb npH Site-

nnyaTauHH ~oroJtaaan&Horo aHanu3aTopa. 

\! , 
11 
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