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C noMOlllbiO A -cn e KTporparpa c n oc T OHHH LIM MBr HI1Til hiM HoneM 11 rj:loTorparpuqe-

CKO~ perHCTpBUHel SneKTpO HOB H3Y'IBil11Cb ClleKTphl KOHoepCHOHH NX s n e KTpOHOB rppBKUHI 

9p61Hl H ronbMHH , nony"teHHhiX npH: o6ny4eHHH T8HT B n OBOI'\ MHWeHH 11pO T OH8MH C 8 HeprHe A 

660 fv\38 118 CHHXpOUHKilOTpOHe 06beJl11HeHHOrO 1111CTIITYT1l I!JlepH biX HCCneJlOBBHHI. V1 c TOq-

HHKH .o n st {3 - cneKTporf.Ja¢a Haro-roanHnHcb aneKTponHTlPJ:eCKH . OT Ka>K.noro HCT O l{HHK a 

CHIITO llO HeCKOilbKY Cll e KTporp8MM , B 061lBCTH SHeprui! OT 25 JlO !000 K3B , np11 paapewe

HI!I! np 11 60pa OKOilO 0 ,07%. np11 onpeneneHI!I1 BHeprl!l! II OTII OCI1TenbHbiX I!HTeHCI!BHOCTel 

JlH H HH. KOHBepCHOHHblX aneKTpOHOB Mbl nonb30B8JlHCb M9TOLl8MH, Oll H C8 HHbiMJI B p a6oTe / l / • 

15Y ) V130TOilbi Er (T \1, ~3000 ceK 

V1aoTon Er 1 '" 6 nrn OTKpJ,IT i\6nypaa aKOBbi M 11 np. 

o6!-! a py>KeH TocoM
131

• B pa6oTe
121 

Mbi coo6LUan11, <ITO 

159 
Ho ane psnr e • V1 30T Oil 

E/ 59 HM ee T nepHo.a. II ony pucna.ao 

OKano 3600 ceK , 11 np11 e r o p acnane B03HHKaeT y -n e p exon c a HeprH e ll 205,9 KaB. K 

pacnany Ho
1

H 6 brnH OTHeCeHbr y - n e p exonbr c aHeprH>IMH 56 ,7 ; 79,8; 173 ,0 ; 177,5; 

249,8; 253,0 11 309,7 KBB. 6brna npenno>Ke u a B03MO>KHOH cxeM<:J p acnana ueHO<IKu, " " ""-
159 

HaiOLUeilcH c E r 

npo.UOJl>K851 HC CJle.llOB8H H51 3TO H uen O'-IKH pacna.aa, Mhl 0 6 H apy>K HJ1H lleCKOJlbKO HOB biX 
159 

nepexo.a.oa , B031HIKBIOLLH1X npH pac na.a e flo , H nonyttw nH naHHbie o6 OTHOCIIT~JlbJJbiX 

HHT9HCHBHOCTHX K O HB 9 p CHO HH biX !1HI·IHJ1: . P e3y !l b T Q T bl llD.WH.X H CC!l8ilOB8HH'i U 8fl0 '-lKH p acna-

1 5 9 159 l!i~· 
nos Er .. Ho .. Dr npencTasneHbl B Ta6nHue l . 

KoHnepcHOHHtJie nHHitlf Y - nep eXOJlB C 3 HeprHei\ 20 5, 9 K3B H861lJOJl810 TCII T OnbKO 

B cneKTpe cj:JpaKUHH ap6w11 . Bee ocTanbll bre nHHHH Ha6 JI IOJlBIO TC51 KBK s o rppaKuHH a p 6 u11, 

TBK H BO ¢paKUiflf r O!lbMHH . no p83 H OC TH M 3 H e prHJ1: KO HB 8pCHOH H WX llHHil~ yCT8H00!18HO, 

'-ITO n epexo.n C 3HeprH efi 20 5,9 K3B npOHCXOJlliT 8 H .npe ronbMIIH, 8 OCTanLH bi € - B Hilp8 

ilHCOp03 HSl. Mbi H 3 M epHnH 118pHOJl llO!lypacna.na, C KOTOpblM lf3M8HH8TCH HHT8H C H BIIOC T b 

K -nwHI!H v - nepexoaa c SHeprH eii 205,9 KBB, c noMOlllL>IO fl - cneKTpOMeTp a c nsoii-

Hail rpo KycHpoeKoil . O H OKa3ancH paBHbiM ( 3000 :t_600) ceK. V1neHTHrpl! KBUHH y - u e p e -

xona 249,8 K3B 1 yK838 H.HOr O B HBLUei{ pa6oTe/
2/ 1 0 K 808nD.Cb 11 8 11 8il8)t( HOJ1:. no3TOMY O H 

H8 BKnl0'-18H B Ta6nuuy l . M UI C '-lH:TBeM He06XO,llHM biM OTM8T it Tb 1 Y.TO HC C118JlOBaH HSI 

Cfi8KTpOB KOIIB8pCHOHHbiX 3!18 K TpOHOB npOH3BODif nHCb B CllOMHblX ycnOBHHX: B npHCyTCTBHH 

nHHHH KOHa epcHOHH blx ::weKTp o H OB .apyntx H30TOnoa 3p6 H H H ronbMIHt, Mbi 11e ~fMcnw so3-

MO)t(HOCTH Hane)t(HO H.aeunu:PuuuponaTb nHIHHI KO HaepcHOHIIbiX 3nexTpoHoB E/' 9 11 n0
15

,9 

3 



"' "' "' " \0 "' r- .. "' :t "' " >< 3 :t 
:t 
0 "' u c. 
"' "' :t 0 "' "' C1> ... u 0 x
~
 

"'"' 
:
s
:
~
 

u 
"' 

:t 
1::) 

C1> 
t 

'"~ 
"'"' 
:
s
:
~
 0 

><
>t: 

:;; :t 
t 

.0
~
 

t:
"' 

Cl>
""

... ..., 
"' u 

"' 
0 

"' 
:t 

"' 
... 

0 
0 

t:: 
C1> 

"' "' 
"' 0 Q

 
0 >< C1> 
c. 
C1> 
t:: 
I ,.._ 

"' "' 'c. 
C1> 
:t 

(T) 

.0 
... u 0 X

 
.0 

" 0 t:: 

"' ... .0 

" >. :€ 

.0 
... u 0 :t 

"' "' u 

<!: 

"' 

:t 
C1> 
... X

 

--l~ 

"' "' "' 0: 
.0 

" C1> 
... 

--l~ 

"' u 0 X
 

... 0 . "' 
"
' 

(I) 
..c:: 

"' 

4 
"' t:: u "' 0. 

~
 

--l 

:.:! 

I 

I 
"
'\"

' 
('>)IN 

t 
I 

I 
"
-\"

' 
t 

"
-\"

' 

I I '-
l
t
)
~
~
 

... \ 
'-

+
 

.... "'"' ..., 
.... 

'
-

"" 
+

 
,.., ..., 

.... "' 
0 

0 
0

-
:
:
t
 

N
 

H
 

0
0

 
'J"\ 

..;:) 

""' 
0 y 

"' ..., ::X:: 

"" 0 ~ 
u 

.... "-1 

0 
(
)
 

1!'1 
8 

li'I 
:--

::X
::lf'l 

~
 

:'-
0 ~ 

D
 

0 
0 

0 
lf"' 

li'I 
:--

N
 

lf'l 
co 

\.0
 

~
-i 

0 
0 

0 
l!'l 

.'
-
I
O

O
H

 
H

N
"
'-

:
:
t
N

 

""' 

~
 

li'I 
-::t 

~ 0 ~ 
u 

.... ~ "' " "' .... ..., 

0 
li'I 

-::t 
H

 

~
 

"' . 
"" + .... ..., " " " .... "-1 

0 . 0 . 0 

li'I 
0 

0 
0 

N
 

\.0 
0 

~f"' 
H

 
H

 

•..::J 
:::) 
-:J 

H
 

O
::
l
O

O
O

O
O

O
 

O
~
f
\
C
'
-
-
O
H
O
O
O
 

C
'--

H
 

N
 

\
f
\
 

N
 

N
 

0 
0>

 
N

 
H

 

0
\ 

('-
co 

0 
:.:0 

tf\ 
0 

li'I 
li'I 

0 
['-

..................... 
Ll"\ 

\.0
 

0'1 
H

 
li'I 

::_) 
'f\ 

('-
N

 
N

"' 
C

)'\ 
0 

1 f"'\ 
c

-
N

 
L.:'\ 

L
r\ 

["-
C

'-
0 

If\ 
'=> 

N
 

H
H

Y
H

H
N

N
N

"
'
 

~
 

"' ~ ~
 

~
 

"' ~ .. "-1 

'I 

~
 

"' "' 1::) 

~ 0 
;x:: 

.. ] \0
 

"' " u .0 
" 

X
 

"
"
 

C1> 
:;; "' 
X

 
0 

"' 
. 

0 
.0 

t: 
X

 
u 

Q) 

"' 0 
X

 

"' 
u 

0 
• 

" 
0 

u 
0 

"' " :t C1> 

"' "' X "' 0 \0
 

0 

ec
nw 

Hx 
a
H
e
p
r
H
~
 

6
nH

aK
a 

K
 a 

c
o

r n
a

c
H

o 
c
x
e

M
e

 
p

a
c
n

a
n

a
 

(I 

1
3

6
,5 

K
3

B
. 

M
b

t 
H

e
 

H
a

6
m

o
n

a
n 

lH
 

H
O

, 
H

o
 

B
0

3
H

H
K

B
IO

T
 

M
.H

T
e

H
c

 

npH
 

p
a

c
n

a
.n

e
 

E
r 

1
'

9 
w

nw
 

H
.H

T
€

H
C

H
B

H
O

C
T

H
1 

K
O

T
O

p
b

lX
 

M
b

l 

B
 

T
a

6
n

H
u

e
 

2 
3

K
c

n
e

p
H

M
<

 

H
e

K
O

T
o

p
w

x
 

n
e

p
e

x
o

n
o

s
 

T
a

6
n

H
I 

. n
l.P

IH
b

!X
 

M
y

n
b

T
H

n
O

n
e

t:l. 
0

.a
H

0
3

 

E
 3 

• 
n 

e
p

e
X

O
L

lbl 
5

6
,7

 
K

3
B

 
H

 

1
2

1
,0 

K
3

B
 

e
c

T
b

 
n

e
p

e
x
o

n
 

T
H

n
 

o.n.H
oa

H
a

qH
o

r
o 

B
b

ra
o

.n
a

 
o 

M
Y

T
 

n
o

c
n

e
.n

H
H

X
 

K
O

nO
H

K
8

X
 

T
8

6
n

H
u

r
 

H
b

l€ 
H

H
T

€
H

C
H

B
H

O
C

T
H

 
y 

-
n

E
 

K
O

H
B

ep
C

H
O

H
H

bfX
 

nH
H

H
A

 
3

T
O

rO
 

H
H

S
1

X
 

0 
M

y
n

b
T

H
ilO

n
b

H
O

C
T

H
, 

B
ll 

C
H

O
H

H
W

X
 

s
n

eK
T

p
O

H
O

B
, 

n
p

H
ilH

C
 

C
 

p
8

3
H

O
C

T
H

M
H

 
3

H
e
p

r
H

A
 
C
B
S
1
3

~ 

'-l€
H

0
1 

1.JTO
 

3
T

O
 

C
O

B
il8

.D
.9

H
H

e
 

C
 

2
0

2
,5

 
K

3
B

 
H

e
B

e
p

H
a

, 

n
o

n
y
'!e

H
H

bte
 

p
e

a
y

n
b

T
B

T
 

p
a

c
n

a
n

a
 

u
e

n
o

'!K
II 

E
,Z 5

9
 ~ 

H
o

1 

H
H

e
 

H
B

 
H
3
0
M
e
p
H
w
~
 

n
e

p
e

x
o

n
 

E
r 0

9• 
V

la
o

M
e

p
H

b
le

 
n

e
p

e
x
o

n
h

t 
1

6
3

 

(:;,H
e

p
rH

R
 

2
11 

K
3

B
) 

H
 

H
o 

X
O

.llb
l 

H
3

 
H

3
0

M
e

p
H

O
r

O
 

C
O

C
T

O
f. 

O
t.te

B
I·L

U
H

O
, 

1.fT
O

 
a 

H
o

1
5

9
 

M
b

l 

H
O

B
n

e
H

H
b

JM
, 

l.£T
O

 
O

C
H

O
B

H
O

e
 

C
C

 

H
a

6
m

o
n

a
e

T
C

R
 

H
3

0
M

e
p

H
biA

 
yp<

 

K
s
a

H
T

O
B

b
te 

x
a

p
a

K
T

e
p

H
C

 

C
R

 
9

3
-

M
 

H
e

A
T

p
O

H
O

M
. 

P
a

c
e

M
<

 

H
h

iX
 

st.n
ep

 
H

H
n

b
C

C
O

H
a

, 
M

O
>

K
f. 

V1
M

e
iO

m
H

e
c

H
 

cae.a.eH
H

H
 

o
 

p
ac 

l$
9

 
H

O
e 

C
O

C
T

O
H

H
H

e 
D

y 
H

M
• 

yp
O

B
H

R
 

pO
T

B
U

H
O

H
H

O
l! 

n0110C
bl 

lJ
S

 
s 

C
d

 
• 

M
o

>
K

H
O

 
O

>K
H

Ll· 
6

4 
9

1
 

K
 

a
T

H
M

 
3H

B
Y

eH
H

Q
M

. 
C

p
e

a
H

 
} 



~ 

" " " 
.... 
"' 

lJ"\ 
H 

~ 
' 

~ 
+ .... 
"J 

" " " 
.... 
"l 

0 

0 

0 

DO 
0 l !l 
H H 

Oc--

J t<\ :·"1 
) 'J"\ ;:) 
J N t<\ 

"' :;; 
\0 

"' " u 
.0 

.; :t 
Ql 

:;; :r 
:t 0 

"' 
.£ 0 

" 
:t 

u "' :r 
0 

i. 

"' 
u 

0 ci 
" u ci 

0: 

" :t 
Ql 
:r 

"' :t 
0) 
0 
\0 
0 

ec nH H X 3HeprHst 6 nH3K 8 K aHepruH KOHaepCiiOHHL>IX nHIIH~ npyrHx H30Tono a . H anpiiMe p, 

cornacHo cxeMe pacn ana (puc. I ) , non»<eH cyLUeCTBOB8 T b y -n e p exon c a He pru e il 

136 ,5 K3B . Mbl He H86J11onanH T a Koro nepexona, T a K KaK npH p acnane 
1!15 

156 
Ho H 1 B03MO>K -

Ho, Ho B03HHKBIOT HHTeHCI1BHbie y -n e pexo.abi c 6nK3 K O ~ 3Hepri1eii . B casta H c aT~<J M 
1$9 

npH pacnane Er 1
'

9 HnH Ho MoryT B03HHK B Tb KOHBepC H O HHble nHHHH aaMeTHD~ 

HHT€HCHBHOCTH, KOTOp blX Mbl H e H 861ll0 ll811H • 

B TB611HU€ 2 3 KCn e pHM € HT 811bHhl9 OTH OW€ HHH HHT € HCHBHOCTeA KOHBepCHOHH biX flHHHn 

H€KOTOpblX nepeXOllOB T 8611 HUbl 1 Cp8BHH B8!0TCS1 C T eOp €T Hl.J €C KHMH OTHOWeHIHIMH .UflH paa

. 11H1..(HbiX MYflbTHnoneA. 0.nH03HBY.HO ycTaHaanHaa e T CH MYilbTHn o nbH DC Tb ne pexona 205 ,9 K3B 

E 3 • nepexOllbl 56 ,7 K3B H 79,8 K3B OK838J1 HC b CMewaHHblMH, THil l! M 1 + E 2; n e p exon 

121,0 K3B ec Tb n epexon THn a E 1 .llnst oc TBflbHbJX nepexonoa He y naeTCH cnenaTb 

O.llH03 H 84HO f' O BbiBO.O.a 0 MynbTHTIOnbHOCTH j B 03MO>K Hbl 8 MynhTHnOnbHOCTH H X YK838 H bl B 

llOCJlellHHX KOJ10HK8X T86J1HU bl I H T86J1HUbl 2 . 06p8 LU8 10T li B ce651 BHHM8HHe OTH OC HTenb-

HbJe HHTeHCHBHOCTH y - n e p exona 202,5 K3 B (cM . T86 J1. I ) . 0THOWeHH51 HHTeHCHBHOC T e l! 

KOHB8pCHOHH biX nHHHt\ 3TO f'O n e p e xo.aa He MOf'yT 6b!Tb 06bHCH € H bl npH nl06 b!X npe.a n o n o>Ke-

HHHX o MynhTHnonbH OCT H:, s nnoT b no E 3 H MI. Xo T51 paa HoCTH 3 HeprHl! nHHHll KDHBep-

C H OH H biX aneKTpOHOB , npHllH C8HHbiX nepexony C 3 H8prH e A 202 ,5 K3B, npe KpB CHO COBfl8.ll8~T 

c paaaocT>~MH aH eprH~ CB 51 3 H Ha K L o6ono4KBX .aHcnpo31tH , no- aH.aHM OM y, H e ncKnJO-

48HO, ttTO 3TO COBTI8.0.8HH8 c ny4 8 A.H oe , T.e . He H CKnl0 1.f8 H O, "iTO Hil8HTHcjJHK 8 UHH 11ep exona 

202,5 K3B He a epHa . 

n o nyY e HH bie peaynhT8 T bi 11 03BOn 51JOT T enepb 6onee yaepeHO Bbi C K 838TbCH 0 CX8M8 

p acnana ueno'IKH Er' 59 -> Ho
1 
.. ->Dy

159 
( puc . 1 ). npe»< ne acero c n e nye T o6p aTHTb BHHMa-

HHe Ha uaoMepHwl! nepexon THn a E3 

Er 
09

• Vl aoMepHbJe n e p e xonbl Ta Kor o 
163 /51 

C 3HeprHei! 205 , 9 K3B, B03HHKBIOLUHA npH p acnane 

THna Ha6nJOnaJOTC51 a cocenHHx >~npax ronbMJ<51 Ho 1 q',
41 

(aHe prH51 211 K3 B) H Ho (aHeprH51 30 5 K3B) . 3TH ue p eXOllbl HCTOJ1KOB3 Hbl K8 K ne pe -

XO.llbl H3 H30M e pHoro COC TOSIHHSI THI1 8 Y,+ ( 411} B OC HOBHOe COCT051HHe THI1 8 ]__ - ( 523 } . 
1 59 2 

QqeaH.O.HO , 1.fTO B Ro Mbl HM 88M .aeno C T8KHM >K8 nepeXO.O.OM, T . e . M O >KH O C LfHTBTb y cTa-

HOBJ1eHHbiM, 'ITO OCHOBHOe COCTORHH e Ho
159 

HM eeT X8p8KTepH CTHKH _L_ -( <;23} rl 'ITO 
2 

H86J110ll8eTCSI H30MepHb!l! ypoBeHb THil B \'2 + [ 1JJ] C 3HeprHel! 205,9 K3B . 

KB B HTOBbl8 X8 p 8KT8pHCTHKH OCHOBHOf'O COCTOH HHSI 
l 59 

9r 
6 6 9' 

.aon>K:H bi on p enenHTb-

C51 93-M Hel!TpOHOM . PaccMaTpHaaSI nuarpaMM bl onHo'laCTH'IHbiX cocT051HHl! n ecj:lopMHpoa a H-

HbiX 51.llep HHJ1bCCOH8, MO>KHO O>K Hll8 Tb, 'ITO 93-l! Hel!TpOH H8XOllHTC51 B COCTDo!!H HH _ 3 - (52!] 
. 159 2 • 

VIMeJOLUHeCSI caeneH HSI o pacnane D y He npoTHaop e qaTb npenn ono}!{ eHu JO , 'ITO ocHoa-

Hoe coc T051HHe Dy 
159 

HMeeT cnHH 3/2 H oTpHuaTe J1bHYJO q eTHOCTb. 3HeprHSI nep8or o 
151 

ypoBH51 pOT8UHOHHOl! 110110C bl COCTO SIHHSI ___!_ - (521] p8BH 8 55 K3B B C d H 60 K3B 
1H 2 64 93 

a 
64 

Cd 
91 

• MO}!{HO O>KHLIBTb, 'ITO aHe prHSI nepaoro poTaUH OHHoro ypoaH 51 Dy 1H 6 nHa Ka 

K 3THM 3Ha 'leHH SIM. CpenH Ha6nJOnaeMblX y - nepexonoa ( Ta6n. I ) HMeeTC51 nepexon 

5 
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c 3Hepl"'H ell 56,7 K3B nma (t.f 1 + E 2) • DonycTHM, 'ITO a ToT nepexo.a onpe.aen~eT anepl"'HIO 

nepaoro poTauHOHHoro ypoBHH. Torna aHeprHH aToporo ypoBHH nonocbi MO>KeT 6biTb Bbi1.fH-

cneHa no cj:JopMyne E
1 

= A [1(1 + 1)- 1
0 

(1
0 

+ 1) J • 0Ha OKB3biBBeTC~ pBBHOll 136,5 K3B. 

Mbi Ha6n10.aaeM nepexo.a c aHepf'Heil 79,8 K3B THna M 1+E 2 . BepoHTHo, 3To. nepexon 

co aTopor o ypoBHH poTBUHOHH OA nonocw Ha nepabtA . TaKHM o6paaoM, ycTaHaanHaa~TCH 

3Hepn!H .llBYX pOTBUI!OHHbiX ypOBHei! OCHOBHOf'O COCTO~HH~ D y
1 

J9 C 3Hepl"'H~MII 56,7 K3B 

(~~ (521]) H 136,5 K3B(_!_ _}_- (5211) 3Hepl"'eTI!'!eCKI!e C006pa>KeHH~ Il03BOn~IOT 
2 2 2 2 

TBK>Ke BJ:leCTH ypoBeHb C 3Hepf'Hel! 309,7 K3B. C 3TOf'O ypOBH~ ll.llYT TpH nepexo.aa C 

3Hep1"'11~MH 309,7 K3B;' 253,0 K3B H 173,0 K3B . 

n03BOnSUOT on pe.nen eHHO BblCK838TbCH 

o cni!He H <JeTHOCTH ypoBH>t c a Hepl"'Hell 309,7 K3B . O.aHaKo TOT cj:JaKT, 'ITO B03MO>KHbiMII 

MynbTI!nonbHOCT>tMII .an~ nepexo.aos 253,0 H 309,7 >tBn>tiOTC~ TOnbKO M 1 

BOn~eT CKB3BTb, 'ITO 3TOT ypOBeHb HMeeT COIIH 5/2 11n11 3/2 . 

8 Ta6nHue 3 IIHTeHCHBHOCTH y -nepeXO.llOB p8CC1.fHT8HW riO HHT9HCHBHOCTHM flHHHA 

KOHBepcHOHHbiX aneKTPOHOB T 86nHU bJ L npH 3TOM HCriOflb30B8Hbl TeopeTT.PleCKHe 3 H 81.f9HHH 

K03cj:Jcj:JHUHeHTOB KOHB e pCHH no CnHsy
161

• npHBneKa~ 3TH .llBHHbie K pBCCMOTpeHIIIO cxeMbl 
159 

ypoBHeH Dy , MO>KHO yTsep>K.llElTb, 'ITO nepexo.a 253,0 K3B HMeeT MynbTIInOnbHOCTb u 1
1 

TBK KBK B cnyqae , ecn11 OH THri8 E 1 era HHT9HCHBHOCTb ri04TH B .llB8 p838 60flbWe 

HHT9HCHBHOCTH nepexo.na 56,7 K38 1 H8XO.lllllU9f'OCs:J C HHM B K8CK8.lle . 

Onpe.aeneHHe MynbT<InonbHOCTH nepexo.a a 253,0 K3B ( 1.11 J YCT8H8BnHB8€T Y€THOCTb 

ypOBH>l 309,7 K3B. 4eTHOCTb 3T0f'O ypoBH~ OTpi!UB"TenbHB, B CO<IH 3/2 11n11 5/2. 8 CXeMe 

ypoBHeli H><nbCCOHB s6n<!3H ypoBH~ 3/2-[5211 ( OCHOBHOe COCTO~HI!e Dy" 9 
) HeT COCT051 -

Hill! Tlln a 3/2, 11 ecTb TOnbKO O.llHO cocTo~HIIe Tllna 5/2- - 5/2 -[ 523 I. 8o36y>K.aeHHe TaKo
tJ9 

f'O COCTOSIHlHI npH pacrran,e Ho 1 HMeiOwero B OCHOBHOM COCTOSIHHH X8p8KTepHCTHKH 

7/2 - [523] , Cne.ayeT O>K<I.QBTb. 3TO paapeweHI! bl l! Heaa.aep>KBHll bl il (3 -n epexo.a . noKB 

Tpy .aHo CKB3BTb, KBK pacnono>KeHbi s cxeMe ypoBHell .apyf'lle nepexo.ahi Ta6n<!Ubi I. 

06pawaeT HB ce6~ BHIIMBHIIe nepexo.a c a Hepf'Hel! 121,0 KaB. 3TOT nepexo.a Tllna El. 

KaK BH.OHO H3 Ta6nHUbi 3, on o6na.a.aeT 3H8l.J.HTenbHOA HHTeHCHBHOCTbiO. OY.eBH.O.HO, YTO 

159 
3TOT nepexo.a B cxeMe ypoBHel! Dy .aon>KeH 6biTb cs~aaH c ypoBHeM nonO>KiiTenbHol! 

1..f € THOCTH. 

l$9 

Pacnan Ho Ha ypoaeHb nono>tOfTenbHOA 4€THOCTH 38npeweH , noaTOMy noSianeHHe 

T8KOI"'O ypOBHSI H€Il0HSITHO. 

VlaoTOIIbi Ho
156 

(Ty. =3360+ 120 ceK) " Ho
155 

T II =2760+ 180 ceK) 

136 171 
Vl3oTon Ho 6btn OTKpbiT M11xen11KOM H .ap. B 1957 f' O.ll y. CneKTp KOHBepc<!OHHbiX 

3neKTpOHOB <1 3Y 'IBnCSI o'VIHxenHKOM II up/ 7 I' rpoMOBbiM II .ap/8/' 6acHHOl! II .ap. /9/ II 

rpiii"'OpbeB biM " .ap.
1101

• rpKl"'OpbeB II .ap. noK838nH, 'ITO npH pacna.ae Ho
136 

B03HKK810T 

7 



T a 6 n H u a 3 

VIHTe HC H B II OCT H y - n epe xo.noa , B03HHKBIO U!H X n pH pacna.ne Er 1 5 9 
H ll o 159 

x) 

xx) 

h v, K 3B 
M y nbTHno n b-

t' / / . HOC Tb Y + e 

~L<:) ' 9 :.;3 20'JO 5160 

:.<. ,7 .. il 2:.i00 o4oo:;cc/ 

'/'3 , 8 :ell '7 62 3%0 

121 ,0 EI 1?0!50 20DO 

6 :> , 0 bl lf-::)660 46830 
;.n 5000 6170 
-:_.·1-, 681.60 69310 )09 ,'I J..J .;. 

;.ii 10330 Ii480 

k1 cn o n b30BD.H bl Te >KB e.Q. HHHUH HHT 9 HC H B HOCTH , l.JTO H B T a6nHu e l. 

J-1HTe HC H B I-I OC T b n e p exo,a a 56,7 K 3B 0 U e H e H8 6e3 yt.t e T a HHTe HCH B!IOC T H [{ - Ko H

Be p C H OIIHO l:\ llHHHH . EcnH n pHHSIT b , '-I T O O THow e HH e [( / L :::: 5 , TO HH Te nCH:BHOC T b 

nepexona 56 ,7 non >K HB 6b! Tb OKon o 2 5000 . 1 

Y - ne pexonbl C 3HeprHSIMH J38 ,0 ; 2 66, 5 ; 366 , 7 H 68 5 ,2 K3B . npHH an n e>KHOCTb BCeX 3 TH X 
! 56 

ne pe x on oa .'lo noKa3aHa H3 Mep eHiieM n e p11 ona n on y pacnana K - nHHHil . 8 o acex cny '< BSI X 

6bW O nony'ie Ho 3 HB'ie HHe 3 3 60:!:_120 ce K. 6bw o noKa3a Ho , 'ITO n e pBbl e TPH n ep exona HM e!OT 

My n bTHfiOn bliOC Tb E 2 H o6pa3y !OT pOTBUH OHHYIO non oc y OC HOB HOI'O COCTOSIHHSI D /~6 .[lpy T'HX 
156 

caeueHuA o p a c n an.e Ho HeT. 

Cyll.leC TBOB aHH e fl o IH y c TaHoan eHo MHxenHKOM " np/
71 

H .[l anxcypeHOM H np. 11 11 
1 55 

.[lanx c ypen H np. H3 Me pHnH nepwon nonypac nana ll o nyTeM H3Mepe HH!I aKTH BHOCTH npe-
U 5 

n apa ToB Dy noc ne n onaTenbHO BhlneneHHbi X H3 ron bMHeaoll cpp aKUHH. n e pH OLl nonyp ac -

nan a OK83anc !l paBHbiM 2760 :!:_180 ceK. H HKa KHX c aenenHil o6 H3ny'ieHKH, B03 HHKalo ll.leM 
IS5 

npH pacnane Ho , He T . 

8 Cll eKTpe KO HBepCHOHHb!X 3neKTpOHOB cppaKUH H I'On bMHSI Mbl Ha6monanH p<!n nHHH i! 

( Ta6n . 4 H 6) , HH TeHC HBHOCTb KOTOp b!X y 6btBan a c n e pHonoM n onypac n ana MeHbw e nay x qa

c oa. 8 Cll e KTpe cppaKUHH 3 p6 HSI OHH He H86n !Onam<Cb. 3 TH cpaKTbl n 03BOnSIIOT cnenaTb Bbl BOn , 
156 1 55 

'-ITO o 6 c y>K .a.ae M b t e n HH H H B03HHKBJO T n pH o ac n an e !l.o H nH lio . Vfcn o nb3o BBHHbi A: 

H B MH M € T O .O. ( c1JoTope r H CTp 8U H SI ) !i e Il 03B On Si e T p83.0enH Tb nH H H H 3TH X H30T OilOB IlO n e pH O -

n y non ypacnana. 8 Ta6n Hu e 4 n pHaeneHbl 3KcnepHMe HTan bH ble n aHHbl e o y -n epexon ax , 
11 0 1 156 

K OTOp bt e rpu r o pbeB H .a. p. npHO HC bi B8lO T p ac n a .a.y Ho . Oc T a n b H bie .'lHH H H , KOTO p bie , 

8 

llO H 8 W BM Y MHBHH l0 1 npHH ll.Une 

K a K B HDHO H3 T a6nHu J::> I • 

2 66 , 6 K3B; 3 66,5 K3B H 684 ,7 

6 on ee Bb!C OKBSI p a3 pe w a!OWBSI 

WHTb L - nHHHH y -u e p exo 

HO ·y CTS HODHTb MynbTHll OflbH OC ' 

B hlw e yKaa aH o, qTo nHHr 

.ilnSI yn o6C TBa CpaBHeHHSI HHT! 

" a Ta6mme 4 (T.e . nHHHSI K -

npH H C Cn e .UOB 8 HH H C ll e K": 

6n 10nanH p<~n c n a6 b!X KOHBe pc 

H3 H3BeC TH biX H30TOI1 0B n p HH8 

C IIH C KH 3 TH X nHHH~L B T a6n H I 

TeH CHBHO CTb KOTOp WX Cll 8.UJB 1 

CHBHOCTb KOTO p b!X y6waae T C 

H BH6 o n ee e e p051THbiM 1 YT O nHH 

! 59 
IJo , a nHHHH Ta6nHU bl 7 61 

1. A . A . A6nypa3aKOB, ct:>.M. AI 
VI 3B. A H Y36 .C CP, cep .cp> 

2. A . A . A6ny pa30 KOB , ct:> . M . Ae 
I 729 ( 196 1 ). 

3. Toth K.S. lnorg. a nd Nucll. Cl 

4 . VI.C . .LlHen pOBCKHi! , n . f-13·ME 

5. C.L.Hamm er, M.G.Stewart. Phy 

6 . r aMM a- ny 'i H. non pena KU 

7. J.W.Miheli ch, B.Harmatz, T .H.H, 

8 . K .H.rpoMOB , 6 .C • .[l>Ken en 
c o a ewaH IHI no H e fiTpo H OJl€ 

npenpHHT OVIHVI P - 483, 

9 . A .6 ac HHa, K .H.rpoMoa , I 
.aectHIUHTH biM H 30 T OilliM , T, 

10 . E . ll. rpHrOpbeB , 6 . C • .[l>K 

11. 6 . .[l anxc ypeH, Vl. lO .n eae• 
t\ T QM H 851 3 H epf' IHI 1 T.8 , 2~ 



e E rl 5 9 H ll o l59 

5160 

o4ooxx/ 

3:!60 

20230 

46830 

61'70 

693IO 
Ii4GO 

B Ta6nHue I. 

HHT9 H C HB!IOCT H [( - x o H 

"" 5 I TO H'HT9 1lC HBHOC T b 

npHH 8 .0. J1 9)K.HQCTb DC9X 3 TH X 

K - nHHII A. Bo acex cny Ya S! x 

:!pBbJe TPH nepexo.aa H M910 T 

'0 COC TOSIH HH D/~6 
.ilpyrHX 

11 .Ll anxcy peHoM 11 Jl p . 111 1 

H3M9p9HH~ B KTHBH OC TH npe 

Jp3KUHH , n epH OJl 11 0/lypac-

lnyYeH H H , B 0 3 HHK8 JO W 9 M 

<bl Ha6n JOJlanu pS!Jl JJHHiiA 

,nypacn a.a a M 9 Hhw e .aayx qa

ll 03a o n su o T c.a. e nBT b n hiao.a, 
1 5$ 

Ho • V!cnon b3oBaHI! blll 
1 3 TH X H3oTon o a no n e puo-

aaHH bre o v -n e p e x o .aax , 

~T Bn bH bl9 n HHHH , KO T O p bi 9 , 

n o H aweM y M H e HH lO , npHH a.nne>+< a T llo 
156 

Hna Ho 
155

1 n e p e YH c n eHhJ a T a6nHu e 6 . 

K aK B H .O. H O H3 Ta6nHuh i 4 1 non y Y e HHbie H BM H .O.BHHbi e o y - nepeXOJlBX ( 137,85 K3B; 

266, 6 K3B ; 366 ,5 K3B li 684,7 K3B) XOpOWO COr /I BCy iO TCSI C pe3y /l bTaTaMII rplirOp beBa li Jlp , 

6onee BbiC OKa n p aa pewaJOLLtaSI c noco6HoCT b Hawer o n pu 6opa noaaonuna HaM nyYwe paa pe-

W HT b L -nHHHH y -ne p eXOJlOB 137,85 K3B; 266 ,6 K3B 1i Ha 3TOA OCHOBe 6o JJ ee HaJle>K -

HO y CT3HOBIITb My/lbTiillO/IbHOCTb 3TiiX nepeXOJl OB ( c M.TB6/IIiUY 5 ) , 

BbJW e yKaaauo , 'iTO /lliH II Ii Ta6nHUbl 6 MoryT npuH BJl/le>KaT b nu 6o !10 1 5 ~ nu 6o Ho155
• 

llnst y,a o6CTB8 C p 8BH 9 HHSI HHT9 H C H BHOC T H 3 THX Jl HH H A YK83 8Hbl B T9X )K 9 9 .0.HHHU8X 1 YT O 

" B Ta6nuue 4 (T .e . nunHSI K - 266 npHHS!Ta aa 100 eJl HHIIul. 

npH H CCJ1 9.0.0B 8 HHH C I1 9 KTp8 K O HBe p C H OHH blX 3 11 9 KTpO H O B r 0 1lbMH9BO A Qlp B KUHH M bl H B -

6 Jl l0.0.811 H p51.0. C J1 8 6 bJX K OH B9 p C H O HH bi X JlHHHH:. M b l H e M O>K9 M y sep 9H H O C K838 Tb, KB KO M y 

H 3 H 3 B 9C TH bi X H30 T 01108 11 p H H 8.QJl 9 )K 8 T 3 TH 11HHHH 1 O.O. H B K O C YHT 89M 11 0 Jl93H biM 11pH D9C TH 

CII H C KH 3 TH X JlHHHH: . 8 T 8 6 J1HU 9 7a 11 9 p 9 YH C J1 9Hbl JlHHHH K O H B9 p C H O HH biX 3 11 9 KT pO H OB , HH -

TeHCHBHOCTb KOTOpbl X cnaJl ·JeT c T \1; < 9000 ceK. B Ta6nuu e 76 npiiBeJleHbl m< HHH, HHTeH

CHBH OC Tb KOTOpb! X y6 b!BaeT C ne piiOJlOM ll OJJypac n aJla T\1; ~ 18000 CeK, npeJlCTa BJJ S! e TCSI 

1 59 
H B H 6011 9 9 89 p 0 SITHWM 1 qT Q JlHHHH T 8 6JlHUbi 7a H B 03H H K 8lO T npH p 8C 11 8.U9 H 155 

0 ' Ho H/I H 
1 59 160 

llo , a nHHHH T 86JlHU bi 7 6, B 03M O>+< H O, B03HHKBlOT n pH pacna.a.e Ho 
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Ta6nHua 4 

K o HsepcHOHHbie n<II<HH Ho 
156 

~3360 c eKl (Ty, 

rpH ropbe B H llp, 
1101 

H awH .ll B HH bi e 

Ee, K3B VIHTe HcHBH. Ee, K3B VIHTeH c H:aH. J1HHHH 
hv, 

K3D 

I. 84 ,1 480 + 145 f:l4 ,02 613 K- 137,81 
2. - - I28,87 70 L

1
- 13'/ , 95 

3 . 129 ,4 I 65 I 29 ,36 I 65 L
11

- 13'/ , 98 
4. I30 ,2 I06 I30,II 145 Lttt- I37 ,96 1 I37 , 85.t0,2 
5. - - I35 ,70 M -1 

fi . - - 135 ,91 88 AI -
It 

7. - - 136 ,Otl M - I3'7, 76) ~ .., 
tn 

"' 8. - - I37 ,38 I6 N - I3'7 ,80 Cl 

'9 . 2I 2 ,6 IUO + II 212 , 58 I cox/ [( - 266 ,47 "' 
[!) 

I O. }257 6 25'1 ,52 12 L
1 

- £::66 ,60 266 ,6.t0 ,35 "' 24 + 3 
0 
q 

II. ' "' 0 257 ,9!:) '95 Ltt- 266,60 :I " II> 

I2 . 258 ,6 9 ,4 .t I 258,71 ? ,5 L - 266 , 56 = a. 
II> 

Itt <: " 
I3 . - - 264 , 50 5 ,3 AI - 266 ,60 10 = ... 

"' 
u 

14 . 3I2 ,9 S, '9 .t I 3I2 ,63 9 ,3 « - 356 , 4 J 0 

f- "' cxx/ .0 

15. 3:57 ,6 1 ,5!. 0 ,2 3'.57 ,55 L
1 

- 366 , 6 366 , 5!,0 , 5 <: 
~ 

16. 359 ,0 0 ~~3 + 0 I L
11

- 366 ,5 ;; - - ... ' - ' .0 

17 . 631 ,4 G, I :t 0 ,8 630 ,9 4 ,3 !{ - 684 ,? 484,7±.1,0 <: 
>. 
~ 

II> 

= "' II> 
<: 
II> 
q 
II> 
a. 

x ) VlHT e HCHBII OC Tb K-266 , 6 K3B n nH yn o6c Tsa cpasHe HHn npnH>ITbi 38 100 npOH3BOnb- " 0 
H bi X Cil, HHIIU. 

xx) 
C - c n a6bi~ . 
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n epexonbi 0THOWeHHe 
B K3B 

[( :L 
137 ,9 I 

L :L 
I n 

L :L 
II III 

[( : L 
I 

266 ,6 L :L 
I II 

L :L 
11 111 

w 
"' 
0 
0 

" 0 

" w 
"' 0 
:, 

~ 

~ ~ £""' - ~ ..,.t"-t .... r- ..,.t"" ~ ~ .... .=: .... ~ .... === ~t"' ~ ['""' >::: 
::;z .... ........ ::: .... 1::1 .... ::: ::: .... 

I I I I I I I I I I I I I I I 

~~~~~N N~NHHHHHHHH co ~ 0~ 0~ ~ ~ ~ o~ o·, ~ ~ ~ ~ ~ ~ ~ ~ 
~ m~m~~ ~~~~~~~~~~~ .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. 
~~~~~~ ~ ~~~~~~ ~~ ~co 

0 ~ 0 0 ---:! e. : ~ ~CO ~ H~ '----= ) .........___,., 
~ ~ N 
CO 0~ ~ H 
~ ~ ~ ~ 

.. .. .. -:J 
-.-.] ~ ~ w 

I+ I+ I+ co 
H 0 C ~ 

w I+ 
~ 0 
~ 'N 

w 

0 
w 

~ 

~t 

Ta6nnua 5 
1$6 

OnpeneneHHe MynbTHn onbHOCTH nepexonoa B Dy 

TeopHH 

"' :t 

:::, 

" :t 

"' " 

"' "' "' 

"" .~ 

E 
" 
b 

"' "' :t 
!2: 

"' 

3xcnepnMeHT 
MynbTnnon!oHOCTb 

EI E2 E3 MI ill2 M3 

8 ,84+2 ,2 9 ,16 9, 95 5,75 7 ,42 5,49 3 , 31 

0 ,43!0 ,08 5,60 0 ,36 O,II 12, 02 7,76 5, 50 .L2 

I 20+0 25 
I - I 

0 ,85 1 , IC 1,35 3,29 0,35 0 , 08 

8 20+2 0 ' - ' 8 ,?0 6 , <~4 8,23 7 ,33 6 ,04 5 ,00 

1,25±0,25 8 , 51 1 ,02 0 ,28 1~ , 85 8,27 5, 52 ~2 

1,28! 0,25 0 ,93 1,40 1, '12 6 ,36 .£ ' '( Lt 5,45 



Ta6nHua 6 

KouoepcHOHHul e eneKTPOHbi fl d 56
( T 

y, =3360 ceK) + lld 55 (T y, =2760c e K) 

N>No ll Ee, 
VfHT6 HCifBH . 

I ) 
V1Jl e HTHqll! KBUIHI 

3 Hepr1151 rBMMB -

1111 p K9B nepexonoo a K3B 

I 2 3 4 5 6 

I. s:;7 ,2 3u ,45 226 L - 39 , 53 
I 

2. G02 ,2 30 ,95 I2U L - 39, :)'1 
II 

3. 609 ,9 31 , '12 I65 Lm - 39 , 5'1 
4. 66'+ ,6 3'/ , ;>6 - At - 39, SCJ ~ 39 , .5 :J :!:.L- ,U5 

l 

5. 666 ,4 3'1 , 65 - !.III - Y3 ' :)J 
6. 667 , 9 Yl , o2 - !.111J - 39 , 50 
7 . G'7 9 , <f 39 , 08 ,-.4 ) N - 39 , -:iU .J 

8. 684 , c. 39 ,G9 12 
9. 863 , I 6I,76 53 (K-II5,55) (Il5 ,6:!:.0 , I) 

10 . ';- 36 ,5 72 ,03 3 s2) 
' 

II . SJLJ.I, 8 '/2 ,'19 2 ,8 
I2 . 1006,4 82 ,40 33 ,3 K - I % , 19 I3 ,J ,2:!:.L , l~ 
13 . IIS8 ,8 roc; ,ss 4 , 80 
14. 1163 ,7 IO'i' ,'7 I 2 ' lf 
IS. 1172 ' 5 109,21 30 ,6 
Tr I 2?5 ,3 I2? , I6 6 ,'i' L - I3G ,24 .L o . I 

n . I27 B~ O 12'/ ' 6:.> I,I L - :us ,27 L) .:) ,2:!:.U, I5 II 

18. - ) - - L - 1.56 ,2 III 

I9 . 12>8 ,5 I3I , 35 - ( I( - ICb , Ilf ) (I0::i , I+0,2) 
20. 1!>7'7 ,o 165 ,10 2 ,7 ( [( - 218 ,9) (dt5 ,;.:!:.C,25) 
2I. 1530 ,5 175 ' 72 1 ,5 
22 . I 53G ,3 I I? ,3 I ,I 
23. 1583 ,2 186 ,38 2 ,9 ( [( - 240 ,1 '1 ) (2Lf0 ,2:!:.0 , 3 ) 

24 . 197'/ ,3 2'7I ' 57 2 ,8 K - 325 ,4 56 L>+U 35 '-' 
25 . 342'/ ,0 036 ,3 1 ,7 l( - 6::JO , I 6% ,I:t.1 , U 

1 ) VlHT eHCHBHOCTb naeTC51 no OTHoweHH !O HHTeHCIIBHOCTH K-266,6 lio 
156

, npHH51TOil 

38 100 eJlHH HU. 4acTb nHHHil 3 TOi\ Ta6nHuw aepo51THo 1oTHOCH TC51 K H0
155

• B CBH3H c 9THM 
1 t 56 

HHTeHCHBHOCTH 3TH X llH.HHA , no- CylU.eCTBY HCKyCCTBeHHO CB~38Hbl C IHITeHCHBHOCT~M H Ho , 
OnHaKo yK838HHbi e HH TeHCHBHOCTH , no HaweMy MHeHHto , MoryT 6biTb none3Hbl a nanbHeH -

W HX HC C J1 e ,D.OB8HHH X . 
/59 

2) J1HHH51 cno>KHB51 , He oTnenena OT L 111 - 79,8 fl o 

3) CosnanaeT c 

4) C . - cna6blil. 

159 
L - 137,9 Ho 

I 

12 

; 

; 

'r·· ·t~ .. N>No 

4t: nn 

' 

1L 
~~-

~-

;I; 
1 • 

Cn HCOK He HneHTH ¢HuH pooa• 
nan H e b 

It> 

I. 6'i7 ' 9 
2. f j41 , I 
3. Il.A 3 , 5 
4. 1065 ,3 
5. 1(;'13 ,8 
6. 13"19 ,I 
" 1382 ,0 ; . 
0 1505 ,0 U o 

9 . 1:307 ,0 
I O. 1'193 ,o 
II . 1?9~ ,o 
I2 . 1812 ,o 
13 . 18?9 ,8 
14. 1G86 ,8 
15 . 20:56 ,8 
I 6. 2078 ,5 

17 . I086 , I 
I S. 1313 ,8 
I 9. 1406 ,0 
20. ILfi3 ,1 
21. 1423 ,2 
22 . 1445 ,0 
23 . 1458 ,0 
24 . 1603 ,6 
2:5 . I?6I 

X) J].n51 OpHeH THpQBO'I HO il 

ltHTeH C HBH OCTH nHHHA, nonyq 
CH BHOCTb nHHHH K - 266 !l o

1 

XX) 8 HBC TOHLUeil H BO 

HHti, KOTOpbi€ TpynHO HnH Hl 

MeTpa /V\ ct:> - 2, oueHeHbl BI13Y 

C . - c n a6bl A, O .C. - o'!eH' 



3360 c ex ) + lld 55 (T,h = 2760 ce K) 

K8 U H5t 

9 , 33 
s , )? 

9 , 5'1 

9 , ':JO 

S , :.;J 
,, '~n 
_.. ' ..... -

, 55 ) 

130 ,24 
:L3S ,27 
LG ,2 
13) , .[1+) 
218, 9) 

ZitO ,I?) 

325,4 
6~0 , 1 

3HeprHst raMMa

n c ~exo.o.oa a K3B 

(Ii5 ,6±_0 ,I ) 

(I 0':i , I ±_0 ,2) 
(dt5 , S+l_, , 25 ) 

(2Lt0 ,2±_0 , ) ) 
:52 5,4±_0 , 35 
69U , I±_I ,U 

K - 266 ,6 1/o 
156

, npiiHHToil 

:: 51 K H0
155

• B co~3H c . 3~~ ~ 
J.,J C HHT€ll C H B HOCTS1MII flo , 

· 6 b1Tb none3Hbi a ,aanbHeti: -

., 
I 

Ta6nHua 7 

CnHCOK HeH,QeHTH¢HUHpOD8HHWX flHHHA KOHB€pCHOHHbiX 9fleKT p OHOB, KOTOpble He Ha6mo-

.a.anHcb npH H CC IT€D.OB8 HI1:H ronbMHeBoA ¢pBKUHH 

NgNg lf, Ee , K3B 
V1HT € HCHBHOC Tb 

x) 
nn 

a) T,, < 2,5 'IBC 

I. 6'17 , 9 3E; ,92 5, 9 
2 . I J41 ,1 8'/ , '16 3 ,2 
3. IlA3 , 5 08 ,14 0 , 93 
4 . 1065 ,3 91, 57 I , I 
5. IL./13 , 8 92 ,93 I , I 
/ 1379 ,1 146 ,28 0 , 53 tJ . 

" 1382 ,o 146,80 0, :>3 ; . 
0 1505 ,0 170 , 50 cx:xl ' • 

9. 1507 ,o 1'1 1 0 . , c 
I O. I'/Si3 ,o 230 , 6 c 
II . 1?9~ , 0 231,9 0 ,7 
12. 1812 , 0 23'+,'7 0 , '7 
13 . 18?9 ,8 249 ,7 o.c. 
14. 1886 ,8 251 ,2 c. 
15. 2056 ,8 289 ,8 c. 
16. 2078 ,5 294 ,8 c. 

6) TI/2 ~ 5 qac. 

17 . 1086 ,1 94 ,90 c. 
I S. 1513 ,8 134 ,14 1 ,1 
19. 1406 ,0 151 ,38 c. 
20. ILti3 , I 152 ,73 I , I 
21. 1423 ,2 154 ,6'/ 0 ,8 
22 . 1445 ,0 158 , 9 o.o.c. 
23 . 1458 ,0 161 ,4 o.o.c. 
24 . 1603 , 6 b0,5 o.c. 
2:5 . 1'761 223 7 o.c. 

x) ilnst DpHeHTHpOBO~HO~ OU€HKH HHT€HCHBHOCTH nepeqH CIT €HHbiX ITHHHA B T8 61THU€ ,Q 8 Hbl 

HHT€HCHBHOCTH IT HHH}\, TIOITY '"1 8 HHbie npH cjJOTOM8 TpHpOB8HHH' O.llHOei" H 3 nnaCTHHOK, r.ae HH TeH

CHBHOCTb nHHHH K-266 !lo 116 
6 bina npnHllT8 38 100. 

XX) 8 H8CT051l..l..leA H BO BC8X npe.abi.llYlllHX T86nHU8X HHT8HCHBHOCTH KOHB8pCH O HHbi X nH

HHti , K O TOpbl8 T p y.U H O HnH H 8 B03MO/I<HO KOnH'"I8CTB8HHO onpe.aenHT b npH ll O M O WH MHKpOQ:lO To

M8Tp8 McD - 2 , oueHeH bi BHayanbHO 11 paa.aeneHhi Ha Tpn r p yn nbi : 

C . - cna6biA, O .C . - o'!eHb cna6biA , O .O .C .- o'leHb , O'!eHb cn a6bill. 
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