
 538.945 

 (  II )

. . , . . , . .
 " - ",

, . , . , 1. 

 23  2008 .

«  [1] 

»

. . ,  75-

 [2]. 

 II ,  7 

,  20 .

, -

 1935/1936 . . . .

: , , ,  II ,

.

 50  ( .1)  (  1911 ., 

-  [3] ,  1957 ., , ,  [4] 

).  27 

.

(0) , ,  0,01  1 

( )  9,2  2  ( ), =138 

 Hg-Ba-Ca-Cu-O(F), a (0)

1 .

.1.

 R/R0
o
C

 [3] 

 1914  1926 . [5] ( .  [6]) - ,

 (  I )

,

, > ( . .2). 

.2.

<T  [6] 

120
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 823,  2008 Â.Â. Ñë¸çîâ, È.È. Ïàïèðîâ, À.Ã. Øåïåëåâ

ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 3 /39/ Îòêðûòèå ôàçû Øóáíèêîâà...



,  I  (

)  ( )

.  [7]   1933 . ,

 ( =0).

 ( )

 ( .3).

.3.

 – ;  – 

- ,  [8] 

. ,  Bi-Tl, Sn-Bi, Sn-Cd, Pb-

Tl, Pb-Bi, Sb-Sn, Pb-Hg, Au-Bi ( )

 ( .4, 5). 

.4.  Sn-Bi, Pb-Tl  [8] 

.5.  Bi-Tl, Pb-Bi  [8] 

 [8] ,  (Sn-Bi, Sn-Cd, Pb-Bi) 

, .

 Sn-40% Sb  Pb-67% Tl ,  [8] 

.

121
ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 3 /39/ Îòêðûòèå ôàçû Øóáíèêîâà...



,

. 14  1934 .

 [9], , , ,

 Pb-Sn (20; 63; 80%)  Bi (50%) + Pb (27,1%) + Sn (22,9%) 

:

.

 [10], 

 26  17  1934 ., ,

 Pb-Bi, Sn-Cd  Sn-Bi «

,  10-20% ».

 22  1934 . -

[11] ,  Bi-Tl (38%)  Pb-Tl (65%) 

 ( .6).  

.6.  3-  [11,12] 

, ,  – 

,

.  [11] 

 3- .  [12] 

  «Nature» 7  1934 .

 «Communication from the Physical Laboratory of the University of Leiden». 

 [13] ,  «

-  [12], , ,

, ,

.

, .  [14] 

 [15]». 

. . , , ,  1926 .  1930 .

-  ( -  – 

),

. ,  1934 .

.  2- ,  1935 . [15], 

. .

,  Pb-Tl (67%)  Pb-Bi (35%) 

1. 2 .  [15], 

,  [8], ,  «

,

».

 1935 .  [14] 

Pb-Bi (70%)   « » ( . [16]), 

25 . . .

« » . .  [17], : «

, . ,

,

».  « »,  ( .,

, [2]) , ,

122
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 823,  2008 Â.Â. Ñë¸çîâ, È.È. Ïàïèðîâ, À.Ã. Øåïåëåâ



,

, .

,  9  13 ,

 7  (  [8, 11, 12],  [9], 

 [10, 14, 16]  [15] ), 

 «Nature»  «Commun. Phys. Lab. Univ. Leiden», .

. .  [18], , . .

 [19], ,

« , , , ,  – « »,

,  æ < æ , ns>0, . .  I .» 

-  [19],  ,

 [1],  « -

» [20].  

-  æ = 1/ 2,

-  [19], ns=0.  ( ), 

 æ < æ ,  I ; ,  æ>æ , –

 II .  II 

 [21]  1957 ., . .  20 .

, ,

,  Pb-Tl,  ( ,

, [22]), , . . .

, , ,  [1]. ,  1936 ., 

 Pb-Tl 

(0,8; 2,5; 5; 15; 30  50%)  Pb-In (2; 8%), .

, :

a) ,

 (

) ( . .7).

 (  – 

-  æ= / ,  – ,   – 

) :

 H< 1.

 H< 2,  ( . .8).

.7. :

 ( )  Pb  0,8% Tl  ( ) [1] 

1 2  – 1 , 2

 (  æ) ( . .9). 

b)

, . .

123
ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 3 /39/ Îòêðûòèå ôàçû Øóáíèêîâà...



, .

.8. :

 Pb  2,5% Tl  ( )  Pb  5% Tl  ( ) [1] 

.9. 1 2  PbTl 

Tl.  -  [1] 

c)

F MdH ,  – ,  – 
B

F
S

T
.

, , , ,

, , .

.

124
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 823,  2008 Â.Â. Ñë¸çîâ, È.È. Ïàïèðîâ, À.Ã. Øåïåëåâ



d) ,

( ), ,

.

, , , ,  [1] 

 [8-12, 14], ,  1935 . [15], 

.

. .  « » (1938 .), 

, ,

. . .

,

 2-  – . . . . .

. .  «

» (2004 .) : « . .

,

 II . ,

,  (  36- !)

» [23]. 

, . .   – . . ,

,

 [1]  1936 .,  1950 ., . .

 [19], -  æ.  1997 .,

«  ( )», ,

 [19], : « ,  II ,

, » [24]. 

,  1937 .

 28.10.1937 .  (  20 

).  1938 . ,

. .  (

 1990 .).

, , , , ,

. .  [21],  20 ,

, , ,  [1]  II ,

, , . ,

1 2:

2

1

2k k

k k

H H

H H
æ.

,  æ, 1 2,

 [1]. ,

I ,

 II 1 2 .

 [21] , 1 2

,  (

), ,  I  [25]. 

7 2

0 2,07 10
2

hc

e
,

.

, , ,

 ( , 1963 .),  350 

.  [26]: « ,

 II , , ,

 1937 . ».

 « »,  1966 ., . ,

 II ,  [27]: «

 [1]  1937 .».

: « . ,

125
ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 3 /39/ Îòêðûòèå ôàçû Øóáíèêîâà...



, . . ,

, » [28]. 

 «Superconductivity»,  1969 , .  [29] 

,  [21] , , ,

 [1], «  II ».

«  II . » [30] .

 II : «

 [1]  1937 .».

40 .  [31], 

1937 . [1],  « »,

.

. .  [1] . .  [21]  II 

,

. -  [19] 

 II  [21], ,

, ,  [1], ,  2003 .

, ,  Nb3Sn 

, , MgB2 –  II . ,

2, , .

 II 

:

 20  Nb-Ti 

 1 -  [32]; 

 6  3  Bi-

[33]; 

 –  2003 .

 581 /  [34]; 

 II .

 (  2 )

 27  [35]) ( .10), 

 13 ,  6  40  2,5 

[36] ( .11), .  Nb-Ti 

.

.10.

126
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 823,  2008 Â.Â. Ñë¸çîâ, È.È. Ïàïèðîâ, À.Ã. Øåïåëåâ



.11.  13 ,  6  40 

 2,5  [36], .

 ( , .12) 

 3- : , 18  6 

. ,  Nb3Sn,  135 ,

 60  (  120 );

,  Nb-Ti,  60  [37]. ,

 (

 30 )  41 !

.12. .

127
ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 3 /39/ Îòêðûòèå ôàçû Øóáíèêîâà...



. . ,  2001 .

. .

.

,  « »,

. .

,

. . ,

. -

. . .

, ,  II ,

,

:

 1935/1936 . . . ,

. . , . . , . .

 II  ( ).

. . .  27.06.2008 .

 ( 9). 

1. Schubnikow L.W., Chotkewitsch W.I., Schepelew J.D., Rjabinin J.N.. Magnetische Eigenschaften supraleitender Metalle und 

Legierungen // Phys. Z. Sowiet. - 1936. - Bd.10. - H.2. - S.165-192; . ., . ., . ., 

. .  // . - 1937. - T.7, 2. - C.221-237. 

2. Berlincourt T.G. Type II superconductivity: quest for understanding // IEEE Trans. Magnetics. - 1987. - Vol.MAG-26, .2. -

P.403-412.

3. Kamerlingh Onnes H.The disappearance of the resistance of mercury // Comm. Phys. Lab. Univ. Leiden. – 1911. - 122b.- 

P.13-15; Report on the researches made in the Leiden cryogenic laboratory between the Second and Third International 

Congress of Refrigeration // ibid, 1913, Suppl. 34b to 133-134. - P.37-70.  

4. Bardeen J., Cooper L.N., Schri ffer Microscopic theory of superconductivity // Phys. Rev. – 1957. - Vol.106, 1. – P.162-164; 

Bardeen J., Cooper L.N., Schri ffer Theory of superconductivity // ibid. - Vol.108, 5. – P.1175-1024. 

5. Kamerlingh Onnes H.The appearance of the resistance in superconductors, which are brought into a magnetic field, at a 

threshold value of the field // Comm. Phys. Lab. Univ. Leiden. - 1914, 139f. - P.65-71; Tuyn W., Kamerlingh Onnes H. The 

disturbance of supra-conductivity by magnetic field and currents. The hypothesis of Silsbee // ibid, 1926, 174a. - P.3-39 . 

6. Sizoo G.J., De Haas W.J., Kamerlingh Onnes H. Measurements on the magnetic disturbance of the superconductivity with tin. 1. 

Influence of elastic deformation. 2. Hysteresis phenomena // ibid. - 1926, 180c. - P.29-53; De Haas W.J., Sizoo G.J., 

Kamerlingh Onnes H. Measurements on the magnetic disturbance of the superconductivity with mercury // ibid.- 1926,

180d.- P.57-103; De Haas W.J., Voogd J. The magnetic disturbance of the superconductivity of single-crystal wires of tin // 

ibid. - 1931, 212c.- P.29-36. 

7. Meissner W., Ochsenfeld R. Ein neuer Effekt bei Eintritt der supraleitfähigkeit // Naturwiss. - 1933. - Bd.33, .44. - S.787-788 

8. De Haas W.J., Voogd J. Disturbance of the superconductivity of the compound Bi5Tl3 and of the alloys Sn-Bi and Sn-Cd by 

magnetic fields // Comm. Phys. Lab. Univ. Leiden. - 1929, 199d. - P.31-40; De Haas W.J., Voogd J. The influence of 

magnetic fields on superconductors //ibid, 1930, 208b - P.9-20; De Haas W.J., Voogd J. Further investigations on the 

magnetic disturbance of the superconducting state of alloys // ibid, 1931, 214b. - P.9-16. 

9. Tarr F.G.A., Wilhelm J.O. Magnetic effects in superconductors // Canad. J. Research. - 1935. - Vol.12. - P.265-271. 

10. Keeley T.C., Mendelssohn K., Moore J.R. Experiments on supraconductors // Nature. - 1934. -Vol.134, .3394. - P.773-774. 

11. De Haas W.J., Casimir-Jonker J.M. Penetration of magnetic field into superconductive alloys // Proc. Roy. Acad. Amsterdam,

Proc. Sec. Sci. - 1935. - Vol.38, 1. - P.2-7. 

12. De Haas W.J., Casimir-Jonker J.M. Penetration of magnetic field into superconductive alloys // Nature. - 1935. - Vol.135, 

3401. - P.30-31; De Haas W.J., Casimir-Jonker J.M. Penetration of magnetic field into superconductive alloys // Comm. Phys. 

Lab. Univ. Leiden. – 1935. - 233c. - P.1-7;  Casimir-Jonker J.M., De Haas W.J. Some experiments on a supraconductive alloy 

in a magnetic field // ibid, 1935. - 237 . - P.1-8. 

13. Shoenberg D. Superconductivity (2nd ed.). Cambridge, University Press, 1952.- 253 p.; . . - .: 

, 1955. - 242 .

14. Mendelssohn K., Moore J.R. Surpa-conducting alloys // Nature. - 1935. - Vol.135, 3420. - P.826-827. 

15. Rjabinin J.N., Shubnikow L.W. Magnetic properties and critical currents of superconducting alloys // Nature. - 1935. - Vol.135, 

3415. - P.581-582; Rjabinin J.N., Schubnikow L.W. Magnetic properties and critical currents of superconducting alloys // 

Phys. Z. Sowjet. - 1935. - Vol.7, 1. - .122-125. 

16. McLennan J.C., Cockroft J.D., Shoenberg D., Keesom W.H., Meissner W., de L. Kronig R.,  Brillouin L., Kurti N., Simon F., 

Peierls R., London F., Mendelssohn K., Bernal D., Mott N.F., Blackman M. A Discussion  on superconductivity and other low 

temperature phenomena // Proc. Roy. Soc. - 1935. - Vol.152A, 875. - P.1-46. 

17. . . . - .: - , 1946. - 204 .

128
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 823,  2008 Â.Â. Ñë¸çîâ, È.È. Ïàïèðîâ, À.Ã. Øåïåëåâ



18. . .  ( , ), 

« »  XXI  // . - 2004. - .174. - .1240-1255. 

19. . ., . .  // .- 1950. - .20, 12. - .1064-1082.

20. Chandrasekhar B.S. Early experiments and phenomenological theory. In: Superconductivity (ed. Parks R.D.), N.Y.: Marcel 

Dekker, Inc. - 1969. - Vol.1 - P.1-49. 

21. . .  // . - 1957. - T.32, 6.- .1442-1452. 

22. Binary Alloy Phase Diagrams. (Massalski . ., Editor-in-Chif), Metals Park, Ohio: American Society for Metals, 1987, 2vol. 

2224p.

23. . .  // . – 2005 - .175, 2. - .187-189.

24. . . C  ( ) // . - 1997. - T.167. 

- C.429-454. 

25. . .  // . - 1937. - .7, 3. - C.371-378; . .

 // , 1943 - .13, 11-12. - C.377-387.

26. Bardeen J., Schmitt R.W. International conference on the science of superconductivity // Rev. Modern Physics. - 1964. - Vol.36,

1. - Pt.1. - P.1-2. 

27. Bardeen J. Theory of superconductivity. In: Superconductivity in Science and Technology (ed. M.H.Cohen), Chicago&London: 

University of Chicago Press. - 1968. - P.1-17. 

28. Mendelssohn K. The Quest for Absolute Zero. The Meaning of Low Temperature Physics, N.Y.: McGrow-Hill Book Company, 

1966. - 256p.; . . . - .: ,

1971. - 225c. 

29. Anderson P.W. Superconductivity in past and future. In: Superconductivity (ed. Parks R.D.), N.Y.: Marcel Dekker, Inc. - 1969. -

Vol.2. - P.1343-1358.  

30. Serin B. Superconductivity. Experimental part. In: Superconductivity (ed. Parks R.D.), N.Y.: Marcel Dekker, Inc. - 1969. - 

Vol.2. - P.925-976. 

31. De Gennes P.G. Superconductivity of metals and alloys, N.Y.; Amsterdam: Benjamin W.A., Inc, 1966. - 274p.; ..

. - .: , 1968. - 280c. 

32. Andrews D.E. Magnetic resonance imaging in 1987 // Adv. in Cryogenic Engineering. – 1988. - Vol.33. - P.1-7. 

33. . .  // . - 2002. - .172, 6. -  

C.716-722.

34. http://www.rtri.or.jp/rd/maglev/html/english/maglev_frame_E.html 

35. Anon. First dipole descends to LHC // CERN Courier. - 2005. - Vol.45, 3. - P.5; Rossi L. The longest journey: the LHC 

dipoles arrive on time //Ibid. - 2006. - Vol.46, 8. - P.28-32. 

36. Anon. CMS magnet reaches full field after eight years of construction // Ibid. P.6; Anon. CMS closes up for magnet test and 

cosmic challenge // Ibid. 6. - P.28-29. 

37. Salpietro E. Status of the ITER magnets // Supercond. Sci. Technol. - 2006. - Vol.19. - P.84-89. 

DISCOVERY OF THE SHUBNIKOV PHASE (TYPE II SUPERCONDUCTORS) 

V.V. Slezov, I.I. Papirov, A.G. Shepelev 
National Science Center “Kharkov Institute of Physics and Technology”,  

1 Akademicheskaya St., Kharkov 61108, Ukraine 

A nonsimple path of type II superconductor discovery, which was covered by the International scientific community over 7 years, is 

considered in some detail. The impact of this discovery, made in 1935/1936 by the outstanding physicist L.V. Shubnikov and his co-

workers at the Ukrainian Physical-Technical Institute (former name of NSC KIPT), on present-day physics and engineering is 

demonstrated.

KEY WORDS: superconductivity, electrical properties, magnetic properties, type II superconductors, magnetic systems. 
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