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�® ¢â®à®© ¨§ª®á¨¬¬¥âà¨ç®© ä §¥ CsSrCl3 ¯à®¢¥¤¥® ¨áá«¥¤®¢ ¨¥ á¯¥ªâà  ��� ç¥âëà¥å

âà¨ª«¨ëå æ¥âà®¢. � «¨§ ¯®«ãç¥ëå á¯¨®¢ëå £ ¬¨«ìâ®¨ ®¢ ¯®§¢®«¨« ®¯à¥¤¥«¨âì ¢¥«¨ç¨ë
¯®¢®à®â®¢ £« ¢ëå ®á¥© â¥§®à®¢ â®ª®© áâàãªâãàë ¯à¨ ä §®¢ëå ¯¥à¥å®¤ å, ª®â®àë¥ ¢ àï¤¥ á«ãç ¥¢
¬®¦® á¢ï§ âì á ¯®¢®à®â ¬¨ å«®àëå ®ªâ í¤à®¢,   â ª¦¥ ®æ¥¨âì å à ªâ¥à ¤¥ä®à¬ æ¨¨ ®ªâ í¤à®¢.
�à®¢¥¤¥ë íªá¯¥à¨¬¥â «ìë¥ ®æ¥ª¨ ã£«®¢ ¯®¢®à®â  å«®àëå ®ªâ í¤à®¢ ¢ ¯à ä §¥.

1. � ªà¨áâ ««¥ CsSrCl3  ¢â®à ¬¨ [1] ¢ à¥§ã«ìâ â¥
¬¨ªà®áª®¯¨ç¥áª¨å ¨ à¥â£¥®¢áª¨å ¨áá«¥¤®¢ ¨© ®¡-
 àã¦¥  ¯®á«¥¤®¢ â¥«ì®áâì âà¥å á¥£¥â®í« áâ¨ç¥-
áª¨å ä §®¢ëå ¯¥à¥å®¤®¢, ®¡ãá«®¢«¥ëå ¯®¢®à®â ¬¨
 ¨®ëå ®ªâ í¤à®¢ ¢®ªàã£ ®á¥© ç¥â¢¥àâ®£® ¯®àï¤ª 

ªã¡¨ç¥áª®© à¥è¥âª¨, â. ¥. ª®¤¥á æ¨¥© ¢à é â¥«ì-
ëå ¬ï£ª¨å ¬®¤ M3 ¨ P25. �®§¤¥¥   ªà¨áâ «-
« å CsSrCl3 ¯à®¢¥¤¥ë à¥â£¥®¢áª¨¥, ã«ìâà §¢ãª®-
¢ë¥ [2], ¤¨« â®¬¥âà¨ç¥áª¨¥ [3] ¨ ¬ £¨â®à¥§® áë¥
¨áá«¥¤®¢ ¨ï [4–6], ¯à¨ íâ®¬ â¥¬¯¥à âãàë áâàãª-
âãàëå ¯à¥¢à é¥¨©,  ¡«î¤ ¥¬ëå à §«¨çë¬¨  ¢-
â®à ¬¨, ¥áª®«ìª® ®â«¨ç «¨áì. �® ¬¥¨î ¬®£¨å

¨áá«¥¤®¢ â¥«¥© [1,6,7], ¢ íâ®¬ ªà¨áâ ««¥ à¥ «¨§ã¥âáï

â ª ï ¦¥ ¯®á«¥¤®¢ â¥«ì®áâì ä §, ª ª ¨ ¢ à ¥¥

¨§ãç¥®¬ CsPbCl3 [8,9]:

O1
h

[00ψ]
−−−−→D5

4h

[0ϕψ]
−−−−→D17

2h

[ϕ2ϕ1ψ]
−−−−−−→C2

2h, (1)

£¤¥ ψ ¨ ϕ — ª®¬¯®¥âë à®â æ¨®ëå ¬®¤ M3

¨ R25 á®®â¢¥âáâ¢¥®. � à ¡®â å [10,11] ¢ ®¡®§ ç¥-
¨¨ ¢â®à®© ¨§ª®â¥¬¯¥à âãà®© ä §ë  ¬¨ ¤®¯ãé¥ 

®¯¥ç âª .
� [6] á ¯®¬®éìî ¬¥â®¤  á¨¬¬¥âà¨©®© ª« áá¨-

ä¨ª æ¨¨ á¯¥ªâà®¢ ��� ¯à¨ áâàãªâãàëå ä §®¢ëå

¯¥à¥å®¤ å   ®á®¢ ¨¨ â¥¬¯¥à âãàëå ¨ ã£«®¢ëå § -
¢¨á¨¬®áâ¥© ¯®«®¦¥¨© á¨£ «®¢ ªã¡¨ç¥áª®£® æ¥âà 

Gd3+, «®ª «¨§®¢ ®£® ¢ ¯®§¨æ¨¨ Sr2+, ¡ë«® ¯®ª § -
®, çâ® ¢ CsSrCl3 ¤¥©áâ¢¨â¥«ì® à¥ «¨§ã¥âáï ¯®á«¥-
¤®¢ â¥«ì®áâì ä § (1). �â  ¯®á«¥¤®¢ â¥«ì®áâì ª ç¥-
áâ¢¥® ®¡êïáï¥â ª àâ¨ã â¥¬¯¥à âãàëå ¨ ã£«®¢ëå

à áé¥¯«¥¨© à¥§® áëå «¨¨© ªã¡¨ç¥áª®£® æ¥âà 

¢® ¢á¥å ä § å.
�à®¬¥ ªã¡¨ç¥áª®£® æ¥âà  ¢ ªà¨áâ «« å CsSrCl3,

«¥£¨à®¢ ëå ¨® ¬¨ Gd3+,  ¡«î¤ îâáï ¤¢  â¥âà -
£® «ìëå (¢ ¯à ä §¥) á¯¥ªâà . � [10] ®¯à¥¤¥«¥ë
¯ à ¬¥âàë á¯¨®¢ëå £ ¬¨«ìâ®¨ ®¢ ¨ ¯®áâà®¥ë

¬®¤¥«¨ íâ¨å æ¥âà®¢ ¢ ¯à ä §¥. �®«¨ç¥áâ¢¥®¬ã ¨á-
á«¥¤®¢ ¨î ªã¡¨ç¥áª®£® ¨ â¥âà £® «ì®£® á ¬ «ë¬

 ç «ìë¬ à áé¥¯«¥¨¥¬ æ¥âà®¢ ¢ ¯¥à¢®© ¨§ª®-
á¨¬¬¥âà¨ç®© ä §¥ ¯®á¢ïé¥  à ¡®â  [11]. �®áâà®¥-
ë á¯¨®¢ë¥ £ ¬¨«ìâ®¨ ë Ĥ æ¥âà®¢, ®¯à¥¤¥«¥ë
ã£«ë ¯®¢®à®â  £« ¢ëå ®á¥© â¥§®à®¢ â®ª®© áâàãªâã-
àë, ª®â®àë¥ ¬®¦® á®®â¥áâ¨ á ¢¥«¨ç¨®© «®ª «ì®-

£® ¯ à ¬¥âà  ¯®àï¤ª , á¤¥« ë ®æ¥ª¨ ¤¥ä®à¬ æ¨¨

«¨£ ¤®£® ®ªâ í¤à .
�¥«ìî  áâ®ïé¥© à ¡®âë ï¢«ï¥âáï ª®«¨ç¥áâ¢¥®¥

®¯¨á ¨¥ á¯¥ªâà®¢ ��� ªã¡¨ç¥áª¨å ¨ â¥âà £® «ì-
ëå (¯® ¯à®¨áå®¦¤¥¨î) æ¥âà®¢ ¢® ¢â®à®© ¨§ª®-
á¨¬¬¥âà¨ç®© ä §¥ ¨   «¨§ ¯®«ãç¥ëå ¯ à ¬¥âà®¢

Ĥ ¤«ï ®¯à¥¤¥«¥¨ï ¢¥«¨ç¨ «®ª «ìëå ¯ à ¬¥âà®¢

¯®àï¤ª  ¨ å à ªâ¥à  ¤¥ä®à¬ æ¨¨ ¡«¨¦ ©è¥£® å«®à-
®£® ®ªâ í¤à .

2. �§¬¥à¥¨ï ¯à®¢®¤¨«¨áì   á¯¥ªâà®¬¥âà¥ ���

âà¥åá â¨¬¥âà®¢®£® ¤¨ ¯ §®  (ν ≈ 9400 MHz), ®¡®-
àã¤®¢ ®¬ ãáâà®©áâ¢®¬ ¤«ï ¯à®¢¥¤¥¨ï ¢ëá®ª®â¥¬-
¯¥à âãàëå ¨§¬¥à¥¨©. �¥¬¯¥à âãà  ¨§¬¥àï« áì â¥à-
¬®¯ à®© åà®¬¥«ì-ª®¯¥«ì, áâ ¡¨«¨§ æ¨ï â¥¬¯¥à âãàë
®áãé¥áâ¢«ï« áì á¨áâ¥¬®© ���-1 á â®ç®áâìî ¥ åã¦¥

0.2 K. �«ï ¨§¬¥à¥¨© ¨á¯®«ì§®¢ «¨áì ¬®®ªà¨áâ «-
«ë, ¢ëà é¥ë¥ ¬¥â®¤®¬ �à¨¤¦¬¥  ¢ § ¯ ïëå

ª¢ àæ¥¢ëå  ¬¯ã« å. �à¨áâ ««ë CsSrCl3 á¨«ì® £¨-
£à®áª®¯¨çë ¨   ¢®§¤ãå¥, ¯®£«®é ï ¢®¤ã, ¡ëáâà®
à §àãè îâáï. �«ï § é¨âë ®â ¢« £¨ ®¡à §æë ¯®ªàë-
¢ «¨áì á«®¥¬ ¨âà®« ª .

3. � CsSrCl3, «¥£¨à®¢ ®¬ Gd3+ (¨® Gd3+ § ¬¥-
é ¥â ¨® Sr2+), ¢ ªã¡¨ç¥áª®© ä §¥  ¡«î¤ îâáï âà¨
â¨¯  æ¥âà®¢ [10]: â¨¯ 1 — ªã¡¨ç¥áª¨© á ¥«®ª «ì®©

ª®¬¯¥á æ¨¥© ¨§¡ëâ®ç®£® § àï¤ ; â¨¯ 2 — â¥âà -
£® «ìë© á ª®¬¯¥á æ¨¥© § àï¤  §  áç¥â ¢ ª á¨¨

¢ ¡«¨¦ ©è¥¬ ã§«¥ Sr2+: â¨¯ 3 — â¥âà £® «ìë©,
ª®¬¯¥á¨à®¢ ë© § ¬¥é¥¨¥¬ ¨®  Cl− ¢ ¡«¨¦ ©-
è¥¬ ®ªàã¦¥¨¨ ¨®®¬ O2−. �¨á«®à®¤ ¯à¨áãâáâ¢ã¥â

¢ ªà¨áâ ««¥ ¢ ¢¨¤¥ ¥ª®âà®«¨àã¥¬®© ¯à¨¬¥á¨. �â®â
æ¥âà ¨¬¥¥â á¨£ «ë ¡®«ìè®© è¨à¨ë ¨ ¢ ¤ ®©

à ¡®â¥ ¥ à áá¬ âà¨¢ ¥âáï.
�à¨ ¯¥à¢®¬ ä §®¢®¬ ¯¥à¥å®¤¥ æ¥âà â¨¯  1 áâ -

®¢¨âáï â¥âà £® «ìë¬,   æ¥âà â¨¯  2 ¯®à®¦¤ ¥â

¤¢  æ¥âà : 2 ‖ — â¥âà £® «ìë© (®áì ª®¬¯¥á æ¨¨
¯ à ««¥«ì  ®á¨ ¯®¢®à®â  ψ) ¨ 2 ⊥ — à®¬¡¨ç¥áª¨©

(®áì ª®¬¯¥á æ¨¨ ¨ ®áì ψ ¯¥à¯¥¤¨ªã«ïàë).
�à¨ ¢â®à®¬ ä §®¢®¬ ¯¥à¥å®¤¥ (ª®¤¥á¨àã¥âáï ®¤-

  ª®¬¯®¥â  ¬®¤ë R25) ¯®ï¢«ïîâáï ç¥âëà¥ ¥íª¢¨-
¢ «¥âëå æ¥âà : 1 — ¯à®¨áå®¤¨â ¨§ ªã¡¨ç¥áª®£®

æ¥âà ; 2 ‖ — ¨§ 2; 2 ⊥ 1 — ¨§ 2 ⊥ (¯®¢®à®â ϕ
¯¥à¯¥¤¨ªã«ïà¥ ®á¨ ª®¬¯¥á æ¨¨); 2 ⊥ 2 — ¨§ 2 ⊥
(¯®¢®à®â ϕ ¯ à ««¥«¥ ®á¨ ª®¬¯¥á æ¨¨).
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�¨á. 1. �¥¬¯¥à âãà ï § ¢¨á¨¬®áâì Bres æ¥âà®¢ â¨¯  2
á OK ‖ B ¯à¨ B ‖ C4 (¯¥à¥å®¤ 3–4, ã¬¥à æ¨ï ãà®¢¥©
á¨§ã ¢¢¥àå). �§¬¥¥¨¥ ®â®è¥¨ï ¨â¥á¨¢®áâ¥© ¢ âà¥-
âì¥¬ ä §®¢®¬ ¯¥à¥å®¤¥ ¯à®¨áå®¤¨â ¨   ¤àã£¨å á¨£ « å

æ¥âà®¢ â¨¯  1 ¨ 2, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® ¯¥à¥áâà®©ª¥

¤®¬¥®© áâàãªâãàë.

� ¯®«¨¤®¬¥®¬ ®¡à §æ¥ ¢® ¢â®à®© ä §¥ áãé¥-
áâ¢ãîâ è¥áâì íª¢¨¢ «¥âëå ¤®¬¥®¢, à §«¨ç îé¨å-
áï ®à¨¥â æ¨¥©, ¢ ª ¦¤®¬ ¤®¬¥¥ §  áç¥â § ª®¢

¯ à ¬¥âà  ¯®àï¤ª  ¨¬¥îâáï ç¥âëà¥ â¨¯  ¯®§¨æ¨¨

¨®  Sr2+. � ª¨¬ ®¡à §®¬, ªà â®áâì ¥«®ª «ì®

ª®¬¯¥á¨à®¢ ëå æ¥âà®¢ Gd3+ ¢ íâ®© ä §¥ à ¢ 

24, ªà â®áâì «®ª «ì® ª®¬¯¥á¨à®¢ ëå æ¥âà®¢ ¢
3 à §  ¡®«ìè¥. � áâ®«ì á«®¦®¬ á¯¥ªâà¥ ¨§¬¥àïâì

ã£«®¢ë¥ § ¢¨á¨¬®áâ¨ à¥§® áëå ¯®«®¦¥¨© ���-
¯¥à¥å®¤®¢ (Bres) ã¤ ¢ «®áì â®«ìª® ¢ ®£à ¨ç¥®¬

¤¨ ¯ §®¥ ã£«®¢ (®¡ëç® ±15◦). � ¢¨á¨¬®áâ¨ Btes

¨§¬¥àï«¨áì ®ª®«® ¢ë¤¥«¥ëå ®à¨¥â æ¨© B ‖ C4 ¨

B ‖ C2 ¢ ¯«®áª®áâ¨ C4−C2−C4 (®á¨ ¯à¨¢¥¤¥ë ¤«ï

ªã¡¨ç¥áª®© ä §ë).
�¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ à¥§® áëå ¯®«®¦¥-

¨© ¯à¨ B ‖ C4 æ¥âà®¢ â¨¯  2 á ®áìî ª®¬¯¥á æ¨¨

(��), ¯ à ««¥«ì®© B, ¨ æ¥âà®¢ â¨¯  1 ¤¥¬®áâà¨-
àãîâ ª ç¥áâ¢¥® ®¤¨ ª®¢®¥ ¯®¢¥¤¥¨¥ (á¬. à¨á. 1,
à¨á. 1 [6], à¨á. 1 [10]). �à¨ B ‖ C2 ¢¥áì¬  ¯®å®-
¦¨ § ¢¨á¨¬®áâ¨ Bres(T ) æ¥âà®¢ â¨¯  1 ¨ â¨¯  2 á

OK ⊥ B (à¨á. 2). �£«®¢ ï § ¢¨á¨¬®áâì ¤«ï ¯¥à¥å®¤ 
ªã¡¨ç¥áª®£® æ¥âà  ¢® ¢â®à®© ¨§ª®á¨¬¬¥âà¨ç®©

ä §¥ ¢ ®ªà¥áâ®áâ¨ B ‖ C2 ¯à¨¢¥¤¥    à¨á. 3. �«ï
æ¥âà®¢ â¨¯  2 á OK ⊥ B ¯à¨ B ‖ C4 à¥ «¨§ã¥âáï

¢¥áì¬  á«®¦ë© ¨ ¨ä®à¬ â¨¢ë© á¯¥ªâà (à¨á. 4, 5),
ª®â®àë© ¥ ¨¬¥¥â   «®£  ¢ á«ãç ¥ æ¥âà  â¨¯  1.
� ª ã¦¥ ®â¬¥ç «®áì [4,5], ¯¥à¢ë© ä §®¢ë© ¯¥-

à¥å®¤ CsSrCl3 ¯à®ï¢«ï¥â ¢ ��� å à ªâ¥àë¥ ç¥à-
âë ¯¥à¥å®¤  ¯¥à¢®£® à®¤ : à §àë¢ë â¥¬¯¥à âãàëå

§ ¢¨á¨¬®áâ¥© ¨ á®áãé¥áâ¢®¢ ¨¥ ä § (à¨á. 1, 2, 4).
�â®à®© ¯¥à¥å®¤ ¯à¨ B ‖ C4 (à¨á. 1, 4) á®¯à®¢®¦¤ ¥âáï
¥¯à¥àë¢ë¬ ¨§¬¥¥¨¥¬ Bres, â®£¤  ª ª ¯à¨ B ‖ C2

(à¨á. 2) ¢¨¤ë § ¬¥âë¥ à §àë¢ë Bres(T ), å®âï á®áã-
é¥áâ¢®¢ ¨¥ ä § ®¡ àã¦¨âì âàã¤®. � âà¥âì¥¬ ¯¥à¥-
å®¤¥, ª ª ¨ ¢ ¯¥à¢®¬,  ¡«î¤ îâáï à §àë¢ë Bres(T ),

  ªà®¬¥ â®£®, áãé¥áâ¢¥ ï ¯¥à¥áâà®©ª  ¤®¬¥®©

áâàãªâãàë, ¯à®ï¢«ïîé ïáï ¢ ¨§¬¥¥¨¨ ®â®è¥¨ï

¨â¥á¨¢®áâ¥© ¤¢ãå ¨¦¨å ª®¬¯®¥â, ¯à®¨áå®¤ï-
é¨å ¨§ 2 ⊥ ¨ ¯®ª § ëå   à¨á. 1: â ªãî ¦¥

¯¥à¥áâà®©ªã ¤¥¬®áâà¨àãîâ ¤àã£¨¥ ¯¥à¥å®¤ë íâ¨å

æ¥âà®¢,   â ª¦¥ æ¥âà  â¨¯  1. �«¥¤ã¥â ®â¬¥-
â¨âì, çâ® ¯®á«¥¤®¢ â¥«ì®áâì, ¯®«ãç¥ ï ¢ [7] ¤«ï
CsPbCl3 ¯à¨ ®à¬ «ì®¬ ¤ ¢«¥¨¨, ¯à¥¤áª §ë¢ ¥â
¤«ï ¯¥à¢®£® ¨ âà¥âì¥£® áâàãªâãàëå ¯¥à¥å®¤®¢ ¯¥à-
¢ë© à®¤,   ¤«ï ¢â®à®£® — ¢â®à®© à®¤, ¯¥à¥å®¤ïé¨© ¢
¯¥à¢ë© ¯à¨ ¯®¢ëè¥®¬ ¤ ¢«¥¨¨.
�®«ãç¥ë¥ á ¯®¬®éìî ¬¥â®¤ , ®¯¨á ®£® ¢ [6],

¢ëà ¦¥¨ï ¯ à ¬¥âà®¢ Ĥ ç¥à¥§ ª®¬¯®¥âë ¯ à ¬¥-
âà®¢ ¯®àï¤ª  ¯®§¢®«ïîâ   ®á®¢ ¨¨ ¤ ëå ¯® ¯¥à-
¢®© ¨§ª®â¥¬¯¥à âãà®© ä §¥ ¯à¥¤áª § âì ¨§¬¥¥¨¥

á¯¥ªâà  ¯à¨ ¢â®à®¬ áâàãªâãà®¬ ¯¥à¥å®¤¥. � áç¥â,
¯à®¢¥¤¥ë© ¤«ï á¯¥ªâà , ¯®ª § ®£®   à¨á. 4,
á ãç¥â®¬ ¯ à ¬¥âà®¢ £ ¬¨«ìâ®¨   â®«ìª® ¢â®à®£®

à £  ¢ ¯à¥¤¯®«®¦¥¨¨ à ¢¥áâ¢  ª®íää¨æ¨¥â®¢

¯à¨ ψ2 ¨ ϕ2 ¤ ¥â ¢ ä §¥ D17
2h à áé¥¯«¥¨¥ áà¥¤¥£®

á¨£ « , ¯à¨¡«¨§¨â¥«ì® à ¢®¥ áã¬¬¥ à áé¥¯«¥¨©
ªà ©¨å, çâ®, ª ª ¢¨¤®, ¯à®â¨¢®à¥ç¨â íªá¯¥à¨¬¥âã.
�é â¥«ìë¥ ¨§¬¥à¥¨ï   «®£¨çëå á¯¥ªâà®¢ ¤àã-
£¨å ¯¥à¥å®¤®¢ ¯®«¨¤®¬¥ëå ¨ ¯®çâ¨ ¬®®¤®¬¥ëå

®¡à §æ®¢,   â ª¦¥ ãç¥â ¯ à ¬¥âà®¢ Ĥ ç¥â¢¥àâ®£®

à £  ¥ á¬®£«¨ áïâì íâ® ¯à®â¨¢®à¥ç¨¥. � «ì¥©è¥¥
®¡áã¦¤¥¨¥ íâ®£® ¢®¯à®á  ¯à¨¢¥¤¥® ¢ à §¤¥«¥ 4.

�¨á. 2. �¥¬¯¥à âãà ï § ¢¨á¨¬®áâì Bres ¯à¨ B ‖ C2.
a — æ¥âà â¨¯  1, ¯¥à¥å®¤ 5–6, b — æ¥âà â¨¯  2, ¯¥à¥å®¤
6–7. �§¬¥à¥¨ï ¯à®¢¥¤¥ë   ¯à ªâ¨ç¥áª¨ ¬®®¤®¬¥®¬

®¡à §æ¥, ¯®íâ®¬ã ¢¥àå¨¥ ª®¬¯®¥âë ¥  ¡«î¤ îâáï.
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�à¨ ®¡à ¡®âª¥ íªá¯¥à¨¬¥â «ìëå ¤ ëå ¢®§¨-
ª « ¢®¯à®á ® áâëª®¢ª¥ äà £¬¥â®¢ ã£«®¢ëå § ¢¨á¨-
¬®áâ¥© ¡®«ìè®£® ç¨á«  æ¥âà®¢ à §ëå ®à¨¥â æ¨©.
� ¤ ç  á¨«ì® ã¯à®áâ¨« áì ¯®á«¥ ¨§¬¥à¥¨© ã£«®¢ëå

¨ â¥¬¯¥à âãàëå § ¢¨á¨¬®áâ¥© á¯¥ªâà  ¯®çâ¨ ¬®®-
¤®¬¥®£® (¢ ¯¥à¢®© ä §¥) ®¡à §æ ;   ¥¬ ã¤ «®áì

¯®«ãç¨âì ã£«®¢ë¥ § ¢¨á¨¬®áâ¨ ¥ª®â®àëå ¯¥à¥å®¤®¢

¢ ¤¨ ¯ §®¥, ¯à¥¢ëè îé¥¬ 90◦, ª®â®àë¥ ¯®§¢®«¨«¨
¯®ïâì ¯®¢¥¤¥¨¥ ®áâ «ìëå á¨£ «®¢ ¨ ®â¥áâ¨ ¨å ª

®¯à¥¤¥«¥ë¬ â¨¯ ¬ æ¥âà®¢.
� ¤ ç  ¯à¨¢ï§ª¨ ®à¨¥â æ¨¨ ®á¨ ¯®¢®à®â  ϕ, ¢®§-

¨ª îé¥£® ¯à¨ ¢â®à®¬ ¯¥à¥å®¤¥, ª ¯®«ãç¥ë¬ á¯¥ª-
âà ¬ à¥è « áì á«¥¤ãîé¨¬ ®¡à §®¬. � ¥¯®«¨¤®¬¥-
®¬ ®¡à §æ¥ ¢ ä §¥ D5

4h íªá¯¥à¨¬¥â «ì® ®¯à¥¤¥«ï-
«¨áì ®â®á¨â¥«ìë¥ ®¡ê¥¬ë ¤®¬¥®¢. �à¨ íâ®¬ ¬®¦-
® ¯à¥¤áª § âì ¨â¥á¨¢®áâ¨ à §ëå â¨¯®¢ æ¥âà®¢

¢ à §«¨çëå ®à¨¥â æ¨ïå ä §ë D17
2h ¨ á ãç¥â®¬ íâ®£®

¨¤¥â¨ä¨æ¨à®¢ âì  ¡«î¤ ¥¬ë¥ æ¥âàë. � «¨§ «®-
ª «ìëå ã£«®¢ ¯®¢®à®â , ¯®«ãç¥ëå ¨§ ¯ à ¬¥âà®¢
Ĥ (á¬. à §¤¥« 4), ¯®¤â¢¥à¤¨« ¯à®¢¥¤¥ãî ¨¤¥â¨ä¨-
ª æ¨î.

4. �¨¬¬¥âà¨ï ¯®§¨æ¨¨ Sr2+ ¢® ¢â®à®© ¨§ª®â¥¬¯¥-
à âãà®© ä §¥ Ci (  ¢ á«ãç ¥ «®ª «ì®© ª®¬¯¥á æ¨¨
C1), ¢á«¥¤áâ¢¨¥ ç¥£® ¤«ï ª®«¨ç¥áâ¢¥®£® ®¯¨á ¨ï

æ¥âà®¢ Gd3+ ¥®¡å®¤¨¬® ¡ë«® ¨á¯®«ì§®¢ âì ¯®«ë©

á¯¨®¢ë© £ ¬¨«ìâ®¨ 

Ĥ = ĝβ(BS) +
1

3

2∑
i=0

(b2iO2i + c2iΩ2i)

+
1

60

4∑
i=0

(b4O4i + c4iΩ4i)

+
1

1260

6∑
i=0

(b6iO6i + c6iΩ6i), (2)

£¤¥ Ori, Ωri — á¯¨®¢ë¥ ®¯¥à â®àë �â¨¢¥á  [12].

�¨á. 3. �£«®¢®¥ ¯®¢¥¤¥¨¥ ª®¬¯®¥â ¯¥à¥å®¤  5–6 æ¥âà 
â¨¯  1 ®ª®«® B ‖ C2 ¯à¨ â¥¬¯¥à âãà¥ 372 K. �®çª¨ —
íªá¯¥à¨¬¥â, ªà¨¢ë¥ — à áç¥â.

�¨á. 4. �¥¬¯¥à âãà ï § ¢¨á¨¬®áâì Bres æ¥âà®¢ â¨¯  2
á OK ⊥ B ¯à¨ B ‖ C4 (¯¥à¥å®¤ 6–7). �®¢¥¤¥¨¥ ¤àã£¨å

¯¥à¥å®¤®¢   «®£¨ç®.

�¯â¨¬¨§¨à®¢ ë¥ ¯ à ¬¥âàë á¯¨®¢ëå £ ¬¨«ì-
â®¨ ®¢ ç¥âëà¥å âà¨ª«¨ëå æ¥âà®¢ ¯à¨¢¥¤¥ë ¢

â ¡«. 1 (¯ à ¬¥âàë b65, b66, c65, c66 ¬ «ë ¨ ¨¬¥îâ

¡®«ìèãî ¯®£à¥è®áâì). �  à¨á. 3, 5 ªà®¬¥ íªá¯¥-
à¨¬¥â «ìëå â®ç¥ª ¯à¨¢¥¤¥ë à áç¥âë¥ ã£«®¢ë¥

§ ¢¨á¨¬®áâ¨ ¢ ¯«®áª®áâ¨ C4−C2−C4 ( ¯à ¢«¥¨ï
ªã¡¨ç¥áª®© ä §ë), ¨««îáâà¨àãîé¨¥ â®ç®áâì ®¯à¥-
¤¥«¥¨ï ¯ à ¬¥âà®¢ Ĥ.
�«ï  å®¦¤¥¨ï ã£«®¢ à §¢®à®â  â¥§®à®¢ â®ª®©

áâàãªâãàë ¨á¯®«ì§®¢ «¨áì ¢ëà ¦¥¨ï, ª®â®àë¥ ¡ë-
«¨ ¯®«ãç¥ë ¨§ ãá«®¢¨ï à ¢¥áâ¢  ã«î ¢ ¯®¢¥àãâ®©

  ã£®« ∆ á¨áâ¥¬¥ ª®®à¤¨ â ¯ à ¬¥âà®¢ c44, c64, c22,
b21 á®®â¢¥âáâ¢¥®,

∆ = 1/4arctg(cr4/br4), r = 4.6, (3)

∆ = 1/2arctg(c22/b22), (4)

∆ = 1/2arctg{b21/(b22 − 3b20)}. (5)

�«ï  å®¦¤¥¨ï ∆ ¨§ ãá«®¢¨ï à ¢¥áâ¢  ã«î

b41 ¯à¨å®¤¨«®áì ¬¨¨¬¨§¨à®¢ âì ¬®¤ã«ì á«¥¤ãîé¥£®

¢ëà ¦¥¨ï:

b41(new) = − 5b40{sin ∆ cos ∆(7 cos2 ∆− 3)}

+ 0.25b41{28 cos4 ∆− 27 cos2 ∆ + 3}

+ b42{sin ∆(7 cos3 ∆− 4 cos ∆)}

+ 0.25b43{sin
2 ∆(4 cos2 ∆− 1)}

+ b44{sin
3 ∆ cos ∆}. (6)
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�¨á. 5. �£«®¢®¥ ¯®¢¥¤¥¨¥ áà¥¤¥© ª®¬¯®¥âë (à¨á. 4)
¯¥à¥å®¤  6–7 æ¥âà®¢ â¨¯  2 ⊥ 1 ¨ 2 ⊥ 2 ®ª®«® B ‖ C4 ¯à¨

â¥¬¯¥à âãà¥ 372 K. �¢¥§¤®çª®© ¯®¬¥ç¥ë  §¨¬ãâ «ìë¥

§ ¢¨á¨¬®áâ¨, ®áâ «ìë¥ § ¢¨á¨¬®áâ¨ ¯®«ïàë¥: â®çª¨ —
íªá¯¥à¨¬¥â, ªà¨¢ë¥ — à áç¥â.

� à ¬¥âàë c44, c64, c22 ®â¢¥ç îâ §  ¯®¢®à®â ¢®ªàã£

®á¨ z ¯ à ¬¥âàë b21, b41 — ¢®ªàã£ ®á¨ y.
�¥§ã«ìâ âë à áç¥â®¢ ¯à¨¢¥¤¥ë ¢ â ¡«. 2. � íâ®©

¦¥ â ¡«¨æ¥ ¯à¨¢¥¤¥ë ã£«ë à §¢®à®â  δ, ï¢«ïîé¨¥áï
à¥§ã«ìâ â®¬ á®¢¬¥áâ®£® ¤¥©áâ¢¨ï ψ ¨ ϕ, ¢®ªàã£

âà¥âì¥£®  ¯à ¢«¥¨ï, ®¯à¥¤¥«¥ë¥ á ¯®¬®éìî (3)–
(6) ¨ ¯®¢®à®â  á¨áâ¥¬ë ª®®à¤¨ â   π/2 ¢®ªàã£

®á¨ z, ¯¥à¥¢®¤ïé¥£® cr1 ¢ br1. �¥«¨ç¨  ¯ à ¬¥âà 

¯®àï¤ª  ψ, ¯®«ãç¥ ï ¨§ à¥£¥®¢áª¨å ¨áá«¥¤®¢ ¨©
á ¯®¬®éìî ¢ëà ¦¥¨ï [2]

ψ2 = 2(1− a/c), (7)

á®áâ ¢«ï¥â 6.8◦ ¤«ï ¢á¥å ¨§ãç¥ëå æ¥âà®¢.
�¥â£¥®¢áª¨¥ ¨áá«¥¤®¢ ¨ï [2] ¥ ¯®§¢®«ïîâ á¤¥-

« âì ®æ¥ªã ¢¥«¨ç¨ë ¯ à ¬¥âà  ϕ.
� «¨§ ¤ ëå â ¡«. 1, 2 ¯®ª §ë¢ ¥â, çâ® ¯ à -

¬¥âàë è¥áâ®£® à £  ¨§-§  ¡®«ìè®© ¯®£à¥è®áâ¨ ¥
¯®¤å®¤ïâ ¤«ï ®¯à¥¤¥«¥¨ï ã£«®¢ ¯®¢®à®â  ®ªâ í¤à .
� ªâ ¡®«ìè®£® ¨§¬¥¥¨ï ¯à¨ áâàãªâãàëå ¯à¥¢à -
é¥¨ïå ¢¥«¨ç¨ë b20 ¯® áà ¢¥¨î á b40 ¨ b60 (¤¨ £®-
 «ìë¥ ¯ à¬¥âàë ª¢ ¤à â¨ç® § ¢¨áïâ ®â ψ ¨ ϕ [6])
á¢¨¤¥â¥«ìáâ¢ã¥â ® § ç¨â¥«ì®¬ ¢ª« ¤¥ ¤¥ä®à¬ æ¨¨

¢ b20, çâ® ¤ ¥â ®á®¢ ¨¥ ¯à¥¤¯®« £ âì ¡®«ìèãî

çã¢áâ¢¨â¥«ì®áâì ª ¤¥ä®à¬ æ¨¨ ¨ ¤àã£¨å ¯ à ¬¥âà®¢

¢â®à®£® à £ . �â® ¯à¥¤¯®«®¦¥¨¥ ¯®¤â¢¥à¦¤ ¥âáï

¥à §ã¬ë¬¨ § ç¥¨ï¬¨ ¢¥«¨ç¨ë δ (à¥ «¨áâ¨ç¥-
áª®¥ § ç¥¨¥ á®áâ ¢«ï¥â ¤®«¨ £à ¤ãá ),   â ª¦¥

¡®«ìè¨¬ à §¡à®á®¬ § ç¥¨© ψ, ϕ ¨ δ, ¯®«ãç¥ëå
¯®áà¥¤áâ¢®¬ ¬¨¨¬¨§ æ¨¨ ¬®¤ã«ï á®®â¢¥âáâ¢ãîé¨å

¯ à ¬¥âà®¢ ¢â®à®£® à £ . � ª¨¬ ®¡à §®¬,  ¨¡®«¥¥
¤®áâ®¢¥àë¥ ¤ ë¥ ® «®ª «ìëå ¯ à ¬¥âà å ¯®àï¤-
ª  ¬®¦® ¯®«ãç¨âì ¨§ ã£«®¢ ¯®¢®à®â  £« ¢ëå ®á¥©

â¥§®à  ç¥â¢¥àâ®£® à £ 

ψ = ψ‖ = 7.2(5)◦, ϕ = ϕ‖ = 3.9(5)◦,

ψ⊥ = 5.4(5)◦, ϕ⊥ = 1.5(4)◦. (8)

� ª ¢¨¤®, «®ª «ìë¥ ã£«ë ¯®¢®à®â  æ¥âà®¢ â¨¯ 

2 á ϕ ¨«¨ ψ, ¯ à ««¥«ìë¬¨ OK, ¨ æ¥âà®¢ â¨¯  1
¥¯«®å® á®£« áãîâáï ¤àã£ á ¤àã£®¬ ¨ á à¥â£¥®¢-
áª¨¬¨ à¥§ã«ìâ â ¬¨, â®£¤  ª ª  «¨ç¨¥ ¢ ¯«®áª®áâ¨
¯®¢®à®â  ª®¬¯¥á â®à  § ¬¥â® ã¬¥ìè ¥â ¢¥«¨ç¨ã

«®ª «ì®£® ¯ à ¬¥âà  ¯®àï¤ª , çâ® ã¦¥ ¡ë«® § ¬¥-
ç¥® ¢ ¯¥à¢®© ¨§ª®á¨¬¬¥âà¨ç®© ä §¥ [11]:

ψ = ψ‖ = 6.4◦, ψ⊥ = 3◦, ψx=ray = 5.7◦. (9)

� [11]   ®á®¢¥ áã¯¥à¯®§¨æ¨®®© ¬®¤¥«¨ [13,14]
¯® ¨§¬¥¥¨î ¢¥«¨ç¨ë  ªá¨ «ì®£® ¯ à ¬¥âà  Ĥ
¯à¨ ¯¥à¢®¬ ¯¥à¥å®¤¥ á¤¥«  ¢ë¢®¤ ® á¦ â¨¨ ®ªâ í¤à 

¢¤®«ì ®á¨ ¯®¢®à®â . �â®â ¢ë¢®¤ ¯à®â¨¢®à¥ç¨â à¥-
§ã«ìâ â ¬ ���-¨áá«¥¤®¢ ¨© ï–â¥««¥à®¢áª®£® ¨® 
Cu2+ ¢ RbCdCl3 [15], ª®â®àë¥ ã¡¥¤¨â¥«ì® ¯®ª § «¨,
çâ® ¯à¨ ä §®¢®¬ ¯¥à¥å®¤¥ á ª®¤¥á æ¨¥© ¢à é â¥«ì-
®© ¬®¤ë à ááâ®ï¨¥ ¬¥â ««–«¨£ ¤ ¢¤®«ì ®á¨ ¯®¢®-
à®â  ã¢¥«¨ç¨¢ ¥âáï ¡®«ìè¥, ç¥¬ ¢ ¯¥à¯¥¤¨ªã«ïà®©
¯«®áª®áâ¨.
� áá¬®âà¨¬ ¯®«ãç¥ë¥ ¢ ä §¥ D17

2h à¥§ã«ìâ âë

¢ à ¬ª å áã¯¥à¯®§¨æ¨®®£® ¯à¨¡«¨¦¥¨ï. �®£« á-
® [14], ¨¬¥¥¬

b2i =
6∑
l=1

b̄l2K2i(θl, ϕ), (10)

£¤¥

K20 =
1

2
(3 cos2 θ − 1), K22 =

3

2
sin2 θ cos 2ϕ,

b̄l2 =
{
χpA2p(R0)(R0/Rl)

3 + χsA2s(R0)(R0/Rl)
10
}
,

®áâ «ìë¥ ¯ à ¬¥âàë ¯à¨¢¥¤¥ë ¢ [14].
�à¨ § ç¥¨¨ R = 0.280nm ¯ à ¬¥âà

b̄2 = 3 · 10−2 cm−1 ¨ á¢ï§ì ¨§¬¥¥¨ï b̄2 á à ¤¨ «ìë¬
á¬¥é¥¨¥¬ «¨£ ¤  ∆R ¬®¦® § ¯¨á âì ª ª

∆b̄2(MHz) = −19 · 10−4∆R(nm). (11)

�®£¤  ¨§ (10) ¯®«ãç¨¬ b22 = 3 · 19 · 10−4(∆Ry −∆Rx),
£¤¥ ∆Ry, ∆Rx — à ¤¨ «ìë¥ á¤¢¨£¨ «¨£ ¤®¢,  å®-
¤ïé¨åáï   y- ¨ x-®áïå á®®â¢¥âáâ¢¥®. �«ï æ¥âà 

â¨¯  1 ¯ à ¬¥âà b22 = −4 MHz ¯®ï¢«ï¥âáï ¯à¨ ϕ ‖ y
¨ âà¥¡ã¥â, á®£« á® ¬®¤¥«¨, á¦ â¨ï ®ªâ í¤à  ¢¤®«ì

ϕ, çâ® á®£« áã¥âáï á ¢ë¢®¤ ¬¨ [11]. �®© à¥§ã«ì-
â â ¯®«ãç ¥âáï ¤«ï æ¥âà  2 ‖: ¯®«®¦¨â¥«ì®áâì

b22 (â ¡«. 1) ¬®¦® ®¡êïá¨âì â®«ìª® ¢ëâï£¨¢ ¨¥¬
®ªâ í¤à  ¢¤®«ì ϕ. �à®¤®«¦ ï íâ®â   «¨§,  å®¤¨¬,
çâ® ¯®¢®à®â ϕ ¤«ï æ¥âà  2 ⊥ 1 á®¯à®¢®¦¤ ¥âáï

¢ëâï£¨¢ ¨¥¬,   ¤«ï æ¥âà  2 ⊥ 2 — á¦ â¨¥¬

å«®à®£® ®ªâ í¤à  (¨§¬¥¥¨¥ § ª  ¤¥ä®à¬ æ¨¨ ¯à¨
¯¥à¥å®¤¥ ®â 2 ⊥ 1 ª 2 ⊥ 2 á¨¬ ¥â ¯à®â¨¢®à¥ç¨¥,
®¡áã¦¤ ¥¬®¥ ¢ à §¤¥«¥ 3). �¤¢¨£¨ «¨£ ¤®¢, á®£« á®
(11), á®áâ ¢«ïîâ ¢¥«¨ç¨ã ¯®àï¤ª  10−5 nm.
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� ¡«¨æ  1. � à ¬¥âàë á¯¨®¢ëå £ ¬¨«ìâ®¨ ®¢ æ¥âà®¢ Gd3+ ¢ CsSrCl3 ¢® ¢â®à®© ¨§ª®á¨¬¬¥âà¨ç®© ä §¥ (372 K)

� à ¬¥âà
�¨¯ 1 �¨¯ 2 ‖ �¨¯ 2 ⊥ 1 �¨¯ 2 ⊥ 2

(z ‖ ψ, y ‖ ϕ) (z ‖ ψ ‖ OK, y ‖ ϕ) (z ‖ OK, x ‖ ϕ, y ‖ ψ) (z ‖ OK ‖ ϕ, y ‖ ψ)

gx 1.9930(15) 1.9920(10) 1.9930(15) 1.9930(15)
gy 1.9930(15) 1.9930(15) 1.9930(15) 1.9950(10)
gz 1.9950(20) 1.9950(15) 1.9930(10) 1.9920(15)
b20 29(1) −573(2) −638(2) −631(2)
b21 −7(12) −56(6) −274(8) −276(8)
b22 −4(3) 4(2) −27(3) −22(3)
b40 −33.7(4) −33.0(4) −32.0(5) −32.0(5)
b41 −45(6) 18(3) −61(4) −63(4)
b42 −1(3) −1(4) −5(4) −5(4)
b43 38(20) −24(30) 54(18) 55(15)
b44 −153(4) −171(4) −188(4) −185(4)
b60 1.0(6) 0.4(6) 1.3(6) 1.1(6)
b61 −1(8) −5(6) (6) 7(6)
b62 0(7) −1(6) −1(5) −3(6)
b63 5(10) 9(18) 20(18) 26(18)
b64 −24(7) −20(9) −26(8) −22(10)
c21 70(13) −115(9) −96(6) −66(8)
c22 0(6) −1(6) 33(4) 4(3)
c41 3(6) −8(4) −19(4) 2(4)
c42 −2(8) −6(6) 3(5) 2(4)
c43 0(15) −37(15) −22(30) 7(26)
c44 −80(5) 98(3) 4(6) 52(6)
c61 4(8) −11(9) −3(6) 1(9)
c62 −3(12) −17(15) 1(10) 0(10)
c63 −11(10) −34(21) 17(15) 0(36)
c64 −13(7) 15(9) −1(10) 8(10)
n 120 137 140 152
f 5.72 5.98 5.51 5.83

� à ¨ ¬ ¥ ç    ¨ ¥. �¥«¨ç¨ë bri, cri, f ¯à¨¢¥¤¥ë ¢ MHz, OK-®áì ª®¬¯¥á æ¨¨, n— ç¨á«® íªá¯¥à¨¬¥â «ìëå â®ç¥ª, ãç áâ¢®¢ ¢è¨å

¢ ®¯â¨¬¨§ æ¨¨, f =

√∑
(νtheor − νexper)2

n(n− 1)
— áà¥¤¥ª¢ ¤à â¨ç®¥ ®âª«®¥¨¥ ¯à¨ ®¯â¨¬ «ìëå ¯ à ¬¥âà å.

� ¡«¨æ  2. �£«ë ¯®¢®à®â  ®ªâ í¤à , ®¯à¥¤¥«¥ë¥ ¨§ ã£«®¢ à §¢®à®â  â¥§®à®¢ â®ª®© áâàãªâãàë ¨ à¥£¥®¢áª¨å

¨áá«¥¤®¢ ¨©

�¨¨¬¨§¨àã¥¬ë©
�¨¯ 1 �¨¯ 2 ‖ �¨¯ 2 ⊥ 1 �¨¯ 2 ⊥ 2¯ à ¬¥âà

c22 ψ = 0(30) ψ‖ = 7(30) δ = 25(4) ϕ‖ = 5(4)
c44 ψ = 6.9(5) ψ‖ = 7.5(4) δ = 0.3(5) ϕ‖ = 3.9(5)
c64 ψ = 7(4) ψ‖ = 9(5) δ = 0(5) ϕ‖ = 5(5)
b21 ϕ = 2(5) ϕ⊥ = 0.8(2) ψ⊥ = 4.1(2) ψ⊥ = 4.2(2)
b41 ϕ = 3.8(5) ϕ⊥ = 1.5(4) ψ⊥ = 5.3(5) ψ⊥ = 5.5(5)
c21 δ = 20(3) δ = 1.9(2) ϕ⊥ = 1.6(4) δ = 1.0(1)
c41 δ = 0.2(6) δ = 0.7(3) ϕ⊥ = 1.6(4) δ = 0.2(3)

� à ¨ ¬ ¥ ç    ¨ ¥. � ª¨ ‖ ¨ ⊥ ãª §ë¢ îâ   ®à¨¥â æ¨î ®á¨ ¯®¢®à®â  ®â®á¨â¥«ì® OK. �¥«¨ç¨ë ã£«®¢ ¯à¨¢¥¤¥ë ¢ £à ¤ãá å

¡¥§ ãç¥â  § ª®¢.

�ª« ¤ë¢ ¥âáï ¢¯¥ç â«¥¨¥, çâ® å à ªâ¥à ¤¥ä®à-
¬ æ¨¨ ¯à¨ ä §®¢®¬ ¯¥à¥å®¤¥ ®ªâ í¤à  á ¯à¨¬¥áë¬

¨®®¬, ®¯à¥¤¥«ï¥¬ë© ¢ ���-¨áá«¥¤®¢ ¨ïå, á¨«ì®
§ ¢¨á¨â ®â â¨¯  ¤¥ä¥ªâ  ¨ «¨èì á ¡®«ìè®© ®áâ®-
à®¦®áâìî ¬®¦¥â ¯¥à¥®á¨âìáï   ¡¥á¯à¨¬¥áã[Aî
à¥è¥âªã; ¢ íâ®¬ á«ãç ¥ ¯à®áâ® ¥¯à ¢®¬¥à® £®¢®à¨âì

® ¯à®â¨¢®à¥ç¨¨ ¢ë¢®¤®¢ [11] ¨ [15] ®â®á¨â¥«ì® § ª 
¤¥ä®à¬ æ¨¨ ®ªâ í¤à .
�¥â®¤ á¨¬¬¥âà¨©®© ª« áá¨ä¨ª æ¨¨ á¯¥ªâà®¢

��� [6] ¯®§¢®«ï¥â á¢ï§ âì ¯ à ¬¥âàë á¯¨®¢®£® £ -
¬¨«ìâ®¨   á ¯ à ¬¥âà ¬¨ ¯®àï¤ª  ç¥à¥§ ä¥®¬¥-
®«®£¨ç¥áª¨¥ ª®íää¨æ¨¥âë, ¡®́«ìè ï ç áâì ª®â®àëå
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�¨á. 6. �£«®¢ ï § ¢¨á¨¬®áâì Bres ¯¥à¥å®¤  6–7 æ¥âà®¢

â¨¯  1 ®ª®«® B ⊥ C2 ¯à¨ â¥¬¯¥à âãà¥ 357 K. a — à áç¥â,
b — íªá¯¥à¨¬¥â.

¬®¦¥â ¡ëâì ®¯à¥¤¥«¥  ¨§ ¤ ëå ¯¥à¢®© ¨ ¢â®à®©

¨§ª®â¥¬¯¥à âãàëå ä §. �®«®¦¨¢ ¥¨§¢¥áâë¥ ª®-
íää¨æ¨¥âë à ¢ë¬¨ ã«î ¨ ¢§ï¢ á«¥¤ãîé¨¥ ¢¥«¨-
ç¨ë ¯ à ¬¥âà®¢ ¯®àï¤ª :

ψ = 7◦, ψ1 = 4◦, ψ2 = 3◦,

¯®«ãç¨¬ ¯ à ¬¥âàë Ĥ ¢â®à®£® ¨ ç¥â¢¥àâ®£® à £ 

¤«ï ¡ë¢è¥£® ªã¡¨ç¥áª®£® æ¥âà  ¢ âà¥âì¥© ¨§ª®-
â¥¬¯¥à âãà®© ä §¥. �  à¨á. 6, a ¯à¨¢¥¤¥ äà £¬¥â
ã£«®¢®© § ¢¨á¨¬®áâ¨, à ááç¨â ®© ¢ íâ®¬ ¯à¨¡«¨-
¦¥¨¨ ¤«ï æ¥âà®¢ â¨¯  1,     à¨á. 6, b ¯®ª § 

â®â ¦¥ äà £¬¥â, ¨§¬¥à¥ë©   ¥¯®«¨¤®¬¥®¬

®¡à §æ¥ ¯à¨ â¥¬¯¥à âãà¥ 357 K. �¥âàã¤® § ¬¥â¨âì,
çâ® íªá¯¥à¨¬¥â «ì ï § ¢¨á¨¬®áâì ¥¯«®å® á®£« -
áã¥âáï á à áç¥â®©, çâ® ¥é¥ à § á¢¨¤¥â¥«ìáâ¢ã¥â ®

¯à ¢¨«ì®áâ¨ ¢ë¡®à  ¯®á«¥¤®¢ â¥«ì®áâ¨ (1).
5. � à ¡®â¥ [16] á ¯®¬®éìî ¬®®¬¥â®¤  � ãí  

ªà¨áâ ««¥ ¨®¡ â  ª «¨ï ¡ë«  ¯®«ãç¥  â¥¬¯¥à -
âãà ï í¢®«îæ¨ï â¥¯«®¢®£® ¤¨ääã§®£® à áá¥ï¨ï

¨ áä®à¬ã«¨à®¢   £¨¯®â¥§  ® áãé¥áâ¢®¢ ¨¨ ª®®¯¥-
à â¨¢ëå â¥¯«®¢ëå ª®«¥¡ ¨©  â®¬®¢, á¢ï§ ëå ¢

¯à®âï¦¥ë¥ ®¡ê¥ªâë à §«¨ç®© à §¬¥à®áâ¨ ¨ ¯à¨-
¢®¤ïé¨å ª ®á®¡®¬ã ¤¨ääã§®¬ã à áá¥ï¨î. � à §¢¨-
â¨¥ íâ®© £¨¯®â¥§ë  ¢â®à ¬¨ [17] ¡ë« à §à ¡®â  ªà¨-
áâ ««®å¨¬¨ç¥áª¨©   «¨§ áâàãªâãàë, ¯®§¢®«ïîé¨©
®¯à¥¤¥«ïâì à §¬¥à®áâì, ä®à¬ã ¨ ®à¨¥â æ¨î ¯à®âï-
¦¥ëå ª®£¥à¥âëå ®¡ê¥ªâ®¢,   â ª¦¥ â¥®à¥â¨ç¥áª¨
¯à¥¤áª §   ¯®« ï ª àâ¨  ¤¨ääã§®£® à áá¥ï¨ï

¨ ¨áá«¥¤®¢   á¢ï§ì ãª § ëå ®¡ê¥ªâ®¢ á® áâàãª-
âãàë¬¨ ä §®¢ë¬¨ ¯¥à¥å®¤ ¬¨, ¢ â®¬ ç¨á«¥ ¨ ¢

ªà¨áâ «« å áâàãªâãàë ¯¥à®¢áª¨â . �«ï íâ®£® ª« áá 
ªà¨áâ ««®¢  ©¤¥  á¢ï§ì á®®â®è¥¨ï ¨®ëå à -
¤¨ãá®¢ á â¨¯®¬ ¢®§¬®¦ëå áâàãªâãàëå ¯¥à¥å®¤®¢

(ª®¤¥á æ¨ï ¯®«ïà®© — ”è¨äâ¨£” — ¨«¨ ¢à -
é â¥«ìëå ¬®¤ — ”â¨«â¨£” ¨ ” â¨â¨«â¨£”) ¨ ¨å
ª®«¨ç¥áâ¢®¬. �¤¨¬ ¨§ ¢ë¢®¤®¢ [17] ï¢«ï¥âáï áãé¥-
áâ¢®¢ ¨¥ ¢ ¯à ä §¥ ”â¨«â¨£®¢ëå” ªà¨áâ ««®¢ âà¥å
¥ã«¥¢ëå ¨ à ¢ëå ª®¬¯®¥â ¯ à ¬¥âà  ¯®àï¤ª ,
®¯à¥¤¥«¥®£® ª ª  ¬¯«¨âã¤  á¬¥é¥¨ï ª®£¥à¥â®£®

®¡ê¥ªâ  ¨  ¡«î¤ ¥¬®£® ¢ íää¥ªâ å à áá¥ï¨ï.
�®¯ëâ ¥¬áï ®æ¥¨âì ¢¥«¨ç¨ã ã£«  ¯®¢®à®â  ®ª-

â í¤à  ¢ ¯à ä §¥, ¨á¯®«ì§ãï ¤ ë¥ ���-¨áá«¥¤®-
¢ ¨©. �®£« á® [6], âà¨ à ¢ëå ¯®¢®à®â  ¯à¨¢®¤ïâ

ª á«¥¤ãîé¥¬ã ¢®§¬ãé¥¨î á¯¨®¢®£® £ ¬¨«ìâ®¨  

ªã¡¨ç¥áª®£® æ¥âà :

∆Ĥ = ∆Ĥcub + (−αψ2)Ω44 + (αψx)(Ω41 + Ω43)

+ (αψy)(−O41 +O43), (12)

£¤¥ ¯¥à¢®¥ á« £ ¥¬®¥ — ¨§¬¥¥¨¥ ªã¡¨ç¥áª®£® £ -
¬¨«ìâ®¨  ,   á«¥¤ãîé¨¥ ®¯¨áë¢ îâ ¯®¨¦¥¨¥

á¨¬¬¥âà¨¨ ¨ ¢ë§ë¢ îâ á¤¢¨£¨ ã£«®¢ëå § ¢¨á¨¬®áâ¥©

Bres ¢ ¯«®áª®áâïå, ¯¥à¯¥¤¨ªã«ïàëå ®áï¬ z, x, y
á®®â¢¥âáâ¢¥® (è¥áâ®© à £ ®¯ãé¥). � ªá¨¬ «ì®¥
à áé¥¯«¥¨¥ ���-á¨£ «®¢ æ¥âà®¢ Gd3+ á ¯à®â¨¢®-
¯®«®¦ë¬¨ § ª ¬¨ ψ á«¥¤ã¥â ®¦¨¤ âì ¯à¨ ã£«¥ ¢

22.5◦ ®â B ‖ C4 ¢ ¯«®áª®áâ¨, ¯¥à¯¥¤¨ªã«ïà®© C4.
�§¬¥à¥¨¥ ã£«®¢®© § ¢¨á¨¬®áâ¨ è¨à¨ë «¨¨¨

��� (¯¥à¥å®¤ 1–2) ¢ íâ®© ¯«®áª®áâ¨ ¯à¨ T = T1+1.5 K
¯®ª § «®, çâ® ãè¨à¥¨¥ ¥ ¯à¥¢ëè ¥â 0.05 mT ¯à¨

è¨à¨¥ «¨¨¨ 0.5 mT. �®á¯®«ì§®¢ ¢è¨áì í¬¯¨à¨ç¥-
áª®© ä®à¬ã«®© [18], á¢ï§ë¢ îé¥© ãè¨à¥¨¥ ¨ à áé¥-
¯«¥¨¥ «¨¨¨, ¯®«ãç¨¬ ¤«ï áªàëâ®£® à áé¥¯«¥¨ï

¢¥«¨ç¨ã ∼ 0.15 mT. �®áª®«ìªã à áé¥¯«¥¨¥ íâ®£®

¯¥à¥å®¤  ¢ ä §¥ D5
4h á®áâ ¢«ï¥â ∼ 13 mT ¯à¨ ψ = 6.4◦

(9),   § ¢¨á¨¬®áâì ¢¥«¨ç¨ë à áé¥¯«¥¨ï ®â ψ ¤®áâ -
â®ç® «¨¥© , ¤«ï ®áâ â®ç®£® ã£«  ¯®¢®à®â  ¢ ¯à -
ä §¥ ¯®«ãç ¥¬ § ç¥¨¥ ∼ 0.1◦. �«¥¤ã¥â ®â¬¥â¨âì,
çâ® ¯®«ãç¥ ï ¢¥«¨ç¨  ï¢«ï¥âáï «¨èì ®æ¥ª®©

á¢¥àåã ¤«ï ψ, ¯®áª®«ìªã áãé¥áâ¢ãîâ  «ìâ¥à â¨¢ë¥
¬¥å ¨§¬ë ãè¨à¥¨ï ���-«¨¨© á ¬¨¨¬ «ìë¬

¢ª« ¤®¬ ¯à¨ B ‖ C4.
� «®áâì ¢¥«¨ç¨ë ®áâ â®ç®£® ã£«  ¯®¢®à®â  ®ª-

â í¤à  ¢ ¯à ä §¥ ¬®¦¥â ¡ëâì ®¡ãá«®¢«¥  ¤¨ -
¬¨ç¥áª¨¬ ãáà¥¤¥¨¥¬ íää¥ªâ®¢ á¬¥é¥¨©, á®®â¢¥â-
áâ¢ãîé¨å ¯®¢®à®âã ®ªâ í¤à . � ª ï á¨âã æ¨ï  ªâã-
 «ì , ¥á«¨ ¢à¥¬ï ¦¨§¨ á¬¥é¥®© ª®ä¨£ãà æ¨¨

¬ «® ¯® áà ¢¥¨î á å à ªâ¥àë¬¨ ¢à¥¬¥ ¬¨ ���
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(∼ 10−7−10−8 s). �®© á«ãç © à¥ «¨§ã¥âáï ¢ íªá¯¥-
à¨¬¥â¥ ¯® à áá¥ï¨î [17].

� § ª«îç¥¨¥  ¢â®àë ¢ëà ¦ îâ ¨áªà¥îî

¡« £®¤ à®áâì �.�. �¨ª¨ä®à®¢ã, �.�. �ã¬ïæ¥¢ã,
�.�. � ©èã ¨ �.�. � áá -�£«ë §  ¨â¥à¥á ª ¤ ®©

à ¡®â¥ ¨ ¯®«¥§ë¥ ¤¨áªãáá¨¨.

� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ £à â  �®áª®¬¨-
â¥â  �®áá¨©áª®© �¥¤¥à æ¨¨ ¯® ¢ëáè¥¬ã ®¡à §®¢ ¨î.
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