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BBE.l!EHl1E 

B KPHCTannax THna CsHSO, 

3naCTH48CKHR q>a30BW'I nepexo4 

npH Tc= 414 K Ha6n104aeTcS1 cerHeTo

(~n), KOTOPW'I conpoBOll(JlaeTCSI pa3y-

nopS14048HH81'1 npoTOHOB no B040P04Hbll'I CBSl3Sll'I /1-6/. ~n npoHCX04HT c 

Y4B08HH81'1 Ol5bel'la npHl'IHTHBHOR Sl48RKH. B pa150T8_ ' /7 / paccMaTpHBaeTCSI 
1P !5 

Mo4enb ~n D,h ==> C2 h /8-12/ THna nopsi40K-6ecnopsi40K,KOTopW'I H48T no 

4BYl'I BOnHOBWI B8KTopaM: no 04HOl'IY nY4y 3B834li {k~3} (Ha rpaHHU8 30Hli 

Bp1mn103Ha, X T04Ka H k,.= 0. PacCMOTPHM ~n. nonarasi (ku=1/2b3) 

(348Cb H B 4anbH8RmeM Ol503Ha48HHSI no KoaaneBY /13/ ). TeopHSI CTPOHTCSI 

B npH(5nHlK8HHH Cp84Hero nonsi, KaK H B TeOpHH ynopS14048HHSI cnnaBOB 

/14/. B paMKax npe4nolKeHHOR M04enH /7/ onpe4eneHN B03l'IOlKHlie ynopsi40-

48HHSI npoTOHOB no B040P04Hbll'I CBSl3Sll'I npH ~n. TaK, B KpHcTanne 1'10lK8T 

0(5pa30BliBaTbCSI KaK 4Hl'l8pHaSI CTPYKTYPa (Ha6n104ae1'1aS1 B KPHCTannax THna 

KHSO,), TaK H CTPYKTypa C uen04KOR B040P04Hl:>IX CBSl38R, Ha6n104ae1'1aS1 B 

paccMaTpHBaeMl:>IX KpHcTannax. 

B HacTasimeR pal5oTe paccMaTpHBaeTcsi M048nb ~n, KaK H B /7/, npH 

4ononHHTenbHOl'I Y48T8 npoTOH-<!>OHOHHOro B3aHl'l048RCTBHSI. 

MO.llEJib 

Slime TeMnepaTypli nepexo4a Tc= 414 K KPHCTann ~~aHSO, HMeeT 

Ol5b8l'IHOU8HTPHPOBaHHYIO T8TparoHanbHYIO pemeTKY (np.rp. D,h ) /10-12/. 

CTPYKTypa 015pa30BaHa T8Tpa34pa!'IH so,, CBSl3aHHbll'IH 1'18ll(JlY COl50R 

B040P04Hbll'IH CBSl3Sll'IH. Ha pHC .1 noKa3aHa npoeKUHSI C8TKH B040P04Hl:>IX 

CBSl38R Ha nnocKOCTH XY. KBa4PaTHKH ycnOBHO H30(5paJKalOT T8Tpa34Pli, a 

T04KH - B031'10lKHli8 nonOlK8HHSI npoTOHOB Ha CBSl3SIX. BHYTPH Kaa4paTHKOB 

YKa3aHo 3Ha48HH8 npoeKUHH U8HTpa T8Tpa3,IU>a Ha OCb z_ CL • EY481'1 

pa3nH4aTb T8Tpa34Pli THna A, B8PXHSISI rpaHb KOTOPl:>IX napannenhHa OCH·x, H 

T8Tpa34pli THna B, B8PXHSISI rpaHb KOTOpl:>IX napannenhHa OCH Y. B 

3n81'18HTaPHYIO Sl48RKY THna 

04HHaKOBbll'IH HH48KC81'1H. Ha4ano KOOP4HHaT BlilSepel'I B ueHTpe T8Tpa34pa 

A
0

• Ha PHC. 2 npHB848Ha HYl'l8PaUHSI aTOl'IOB KHCJ1opo4a B 11PHl'IHTHBHOR 

Sl488Ke. 

Pacnpe4eneHH8 npoTOHOB B KPHCTanne 15Y481'1 onHCliBaTb C nOl'IOlllblO 

04H048CTH4HOR <!>YHKUHH n, (Rl), paBHOR 1, ecnH npoTOH HaX04HTCSI B y:3ne 

1.:1-a B npHl'IHTHBHOR Sl488Ke (pHC .1) C KOOP4HHaTOR Rl, H HYJIIO, eCJIH 

y:3en nyeTOR. faMHJlbTOHHaH CHCT81'1li C Y48TOl'I npOTOH-¢0HOHHOro 



X 

PHC. 1.npoeKUHH C8TKH BOllOPOllHWC CBH38A 

Ha nnOCKOCTH XY. KaanpaTHKH ycnoBHO 

H300pa*alOT T8Tpa3ttPN, a T04KH -

n03HUHH B 3ne11eHTaPHOA 

ry 
X 

6 
PHC. 2. HYHePaUHH aTOIIOB KHcnopona 

B 3ne11eHTaPHOA H48AK8. ► 1 ? 

B38Hl!Oll8ACTBHH npencTaBHM B BHll8 

H = Hp + Hph +Hp-ph I 

H = 1/2 E ,;> . . (R-R') n.(R)n (R'), 
P R,, R• 1. J 1. . J 

i. , j 

H h= 112 E {!Pie 12
+ "'Jc IQ1c 12

} 
P k ,q s"q a'q s"q 

H p-ph 

■ -

= E v~ , ~R) Qlc qn, (R) ' 
Jc ,q s s 
R

s. 
• L 

( 1 ) 

rne raMHnbTOHHaH Hp - Y4HTNB88T npOTOH-npOTOHHOe B38HMOll8ACTBHe, Hph 

.;,oHOHHOe H H -hnpOTOH-.;,oHOHH08 B38Hl!Oll8ACTBHe. 3necb ,;,_ . (R-R.) ' -
p-p ' ·t 

noTeHnHan B3aHMOll8ACTBHH nPOTOHOB'. aHanorH4HO /7 /. Vic ; ~R) 

" onHcNaaeT B3aHMOll8ACTBH8 npoTOHa, Haxo~H~erocH B ysne, n,(R) C Qlc ,q- A 

" MOllOA CMemeHHH aTOMOB KHcnopona. q -HoMep MOAN CM8W8HHH HOHOB npH ,;,n 
no ·•aonHOBOMY BeKTOPY ks ttnH COOTB8TCTBYIOWero HenpHBOllHMOro 
npencTaaneHHH. 

2 

.• 

HcKnl048H q,oHOHHNe nepeMeHHN8 cor nae Ho /Hi/, raMHnbTOHHa_H CHCT8MN 

Mo=o npHB8CTH K BHllY 

rne 

H = 1/2 E J"r (R-R") n. (R)n. (R'), 
P R,, R•" J 1. J 

i., j 
V' ( R ) VJ I R.) 

k , 4 le , 4 

( 2 ) 

J"r (R-R') = ,;, __ (R-R" )+ E 
__ .. ____ .. ___ _ 

1. J L J 2 
"'Jc .q 

" 
TaKHII oopa3oM, ,;,n THna nopHllOK-OecnopHllOK C Y48TOM .npoTOH-

-.;oHOHHOro B3aHMOll8ACTBHH M0-0 paccMOTP8Tb aHanorH4HO /7/, onpenenHB 

~YPbe-npencTaaneHHe 3~KTHBHoro noTeHnHana B3BHM0ll8ACTBHH J~r_(R-R'). 
t,.J, 

~EKTHBH!IB noTEHUHAfl B3A11MOLIEHCTB1151 

~be-npe11cTaaneHH8 Jar (k ) , cornacHO (2), HBnH8TCH CYHMOA ~YPb8• 
s 

npencTaBneHHA MaTpHn npoToH-nPOTOHHoro B3aHMOll8ACTBHH ,;>(Jc"), KOTOPN8 

onpeneneHN B /7/, H IIBTPHU
0

B3aHMOll8ACTBHH, CBH38HHWC C .;,oHoHaMH. 
1P · 5 

,;,n D, h ==> c2h Hll8T no BTOPOMY HenpHBOllHMOMY npettcTaaneHHIO T 2 
rpynnN aonHoaoro BeKTopa Gk /16/. tianbH8ADIHe pacCYJK.a8HHH QTHOCHTCH , K 

19 · 

T2. 8 TaOn.1 npHB8ll8HN 083HCHN8 BeKTOPN ttnH .;,oHOHHOro npencTaaneHHH HB 

rpaHHUe 30HN BpHnnl03Ha ( X T04Ka, k 
1 

s= 1/2 b9). KaK OTM84anocb B 

/10-12/2 083 Y48Ta pa3BOpOTOB T8Tp83llPOB ttnHHa BOllOPOllHOA CBH3H OOnbWaH, 

- 3, 4 A
0 

, no cpaBH8HHIO C HaOn10nae110A B 3KCnepHM8HTe - 2, 7 A
0 . 

nonaraeM, 4TO npOTOH HaXOllHTCH B Y3ne 1. T.e. BN6HpaeM 3HaK y 683HCHWC 

B8KTOpoB (TaOn .1) TBKHII o0pa30M, 4T06N BOllOPOllHaH CBH3b 1 COKpama

nacb. B Ta6n.2 noKasaHo HSMeHeHHe BO~OPO~HNX CBH388 ,t:tJlH COOTB8TCTBYIO~e8 

q- A MOAN CM8W8HHA BTOMOB KHcnopona. KaK BHllHO, MOAN CM8W8HHA (q } 1 H 4 

H8 H3M8HHIOT ttnHHY CBH3eA 1, 2, 7, 8 H YttnHHHIOT CBH3H 3, 4, 5, 6. 

80llOPOllHN8 CBH3H 1, 2 H 1, 7 COKpamaJOTCH, a BOllOPOllHN8 CBH3H 7, 8 

H 2, 8 YttnHHHIOTCH ttnH MOll CMemeHHA 2 H 5 COOTB8TCTBeHHO. LlnHHN *8 

BOllOPOllHWC CBH38A 3, 4, 5, 6 He H3M8HHIOTCH. OttHBKO H3 aHanH3a, 

npoaeneHHoro npH H3MeHeHHOM BNOope HanpaaneHHA oceA X <==> Y (4TO 

3KBHBaneHTHO BNOopy Haqana KOOPllHHBT B U8HTpe T8Tpa3npa THna B) 

BHllHO, 4TO MOAN CM8W8HHA 2 H 5 Tenepb H31!8HHIOT ttnHHN BOllOPOllHWC 

CBH38A TBK *e,KaK COOTB8TCTBeHHO Mo.tlbJ 1 H 4 no H3M8H8HHH HanpaaneHHA 

oceA. H HaooopoT. TaKHM oopa3011, MOAN CM8W8HHA 1 H 4 3KBHBaneHTHN 

MOllaM 2 H 5 COOTB8TCTB8HHO. CnenoaaTenbHO,BKnan IIOll CMemeHHA 1 H 4 
B ,;,n Mo=o·He Y4HTNBBTb. 

BKnan q- A MOAN CM8W8HHH B ~YPb8 ;.npencTaaneHHe 3~KTHBHOro 

noTeHUHana B3aMOll8ACTBHH 0003H84HM 48P83 Q. 8 TaOn.3 npHB8ll8Ha 
er q 

MaTpHna J (k.9), rne Y4T8HO ~YPb8 •npencTaaneHHe MaTPHUN npoTOH-

3 



Taon. 1. 

6aJHCHNe BeKTOpa paJnH4HblX Hn ansi q,()HOHHoro npea

CTaBneHHSI (k19=1/2b9; X - T04K8 30HN 6pynny3Ha) 

SA SB o. 02 09 o, o,, o., o,, OB 

T 
x+y 

1 x+y 

x-y 
x-y 

T 
2 z 

z 

X +x -y :!:y +y y :tx X 
T • +y :!:x y -x +x X :!:y -y (BePXH. 

3H8K) 
z ±z z +z 

:!:z z +z -z 
T 

2 
-x +x y +y 

y :!:y X :!:x C HHll:H. 
3H8K) +y -y +x -x 

X :!:x y :!:y 

:tz -z :!:z -z 
z -z z -z 

raoii. 2. 

M3H8H8HH8 BoaopoaHblX CBR3efl ansi COOTB8TCBYIOWeA ·HOaN CHemeHHfl aTOHOB 

Kttcnopoaa (T 
2

)-

0 o,, 02 OB 09 q • 
X X -y 

1 -x -x 

2 
-y -y X -y -y 

3 z -z -z z -z 

4 
·X -x y 

-x X 

5 
-y 

-y 
y X y 

6 
z z z z z 

--

npOTOHHOro B3aHHoaeflCTBHSI 

BTOHOB KHCnopoaa (TaOn.2). 

rpynnu BOnHOBOro B8KTOpa 

o,, o, o., HeH3- COKpa- yantt-
HeH. maJOTCR HSIIOTCSI 

-y 1 -, 3 4 y y -
,L_lL __5____6_ 

X 3 4 1 2 
X X .., 6 7 R 

z 3 4 1 7 -z z ._ R •) R 

-y 1 2 3 4 -y y 
7 H fi R 

X 3 4 1 7 
X X ,; R •) R 

z 3 4 1 2 
z z ... 5-. ..!L _l__fL ----

/7 / H BKnaa COOTB8TCBYIOWHX Hoa CHemeHHfl 

MaTpHUa Jet (k ) CHHH8TPH4Ha OTHOCHT8nbHO 19 
Gk /7, 17 /. AHanH3 q,()HOHHblX CHemeHHfl, 

19 . 
CBH3aHH@X C BOnHOBblM B8KTOPOM k1 .. H COOTBeTCTBYIOIIIHX Her.pHBO,IUiMOMY 

npeACTaBneHHIO r g 1 npHBOAHT K pesynbTaTaM,aHanOrH4HblM MOAaM 2 H 5,3TH 

CM8!I18HHH. 'imnaAa. B CODCTBeHHOe 3Ha4eHHe MaTpHLU,1 Jef (k1 ") ,COOTBeTCTBylO-. 

!Il88 re, H~ Aa~T. Il03TOMY B AanbH88~eM HX He Y4HT@BaeM. 

4 

'· 

l~ 
11 
( 

1) 

Taon. 3 (a) Taon. 3 (o) 

3<P¢eKTHBHaSI H8TPHUa YHHT8PH8SI HaTpttua u;• attaroHanttJH-
er 

B3aHHoaef!CTBHSI J (k19): 
ts .r 

PYIOmasi HaTPHUY B3aHHOaeflcTBHR J (k19) 

A B G H 
B A H G 

A B G H 
B A H G 
G H A B 
H G B A 

G H A B 
H G B A 

A= q,11 (K,9) +Q2+Q.,+Q9+~ 

B = q,u(K,9) +Q2+Q.,-Q9-~ 

G = q,,17 (K19) +Q9 +Q,, -Q2 -Q., 

H = q, to (K,9) -Q2 -Q., -Q9 -~ 

_l_ 
21'2 

. 
1 1 1 1 1 1 1 1 
1 1 -1 -1 -1 -1 1 1 
1 -1 -1 1 1 -1 -1 1 
1 -1 1 -1 -1 1 -1 1 
1 -1 1 -1 1 -1 1 -1 
1 -1 -1 1 -1 1 1 -1· 
1 1 -1 1 1 1 -1 -1 
1 1 1 -1 -1 -1 -1 1 

T T • 2 

OnpeaenHH B03HOll:HN8 YllOPRa048HHR npoTOHOB nptt q,830BOH nepexoae, 

KaK B /7/, 3anttcNBaR pemeHH8 B BHae cynepn03HUHH CTaTH48CKHX 

KOHU8HTP8UHOHHblX BOnH 

ii. (R) = C + E X. ( k • R)' 
L .k I. • 

( 3 ) 

" 
rae X, (k.,. R)=ni (k,. )exp( ik,.R) onttcNBaeT OTKnoHeHtte OT cpeaHero 

pacnpeaeneHHSI npoToHOB nptt T > Tc, ii,= c = 1/4. 3aecb exp(ik.,R)_• 

CTaTH4CKaSI BOnHa, k - nyq BOnHOBoro B8KTopa 3B83aN {k } , 7). (k ) -
a • L a 

napaHeTp. B (3) Y'!TeHo; 4To nepexoa ttaeT no oaHoHY nyqy 3Be3aN {k,.}. 

B TaOn.2 0 noKa3aHa YHHTapHaSI HaTpttua u;• ,attaroHanH3HPYIOmaR H8TPHUY 
·er 19 

B3BHHoaeflcTBHSI. J (k,9). KOTOPOfl COOTB8TCTBYIOT 4 C00CTB8HHblX 3Ha48HHfl, 

KalKltoe H3 KOTOPblX aBalKltN BNPOlKlt8HO. Co5CTB8HHN8 3Ha48HHR 

A,.(k,9 ): A
6

(k 19 ): a - h + 2 ( Q
9

+ Q,.), 

A7 (k19): A
8

(k19 ): a - h + 2 ( Q
2

+ Q
6

) 4 ) 

COOTB8TCTBYIOT BTOPOHY HenpHBOaHHOHY npeacTaaneHHIO T2. ITOnY4HH 

cneaYJOmee ypaBH8HHe ansi cpeaHero npoTOHHoro JanonHeHHSI noJHUHfl npH 4>IT 

ii. (R) = C + y .. + y . exp(ik R) ' 
I. 0,. L 1,. I. a ( 5 ) 

k t+1 ... k k 
rae Y0 .= C.,.; Y

1 
.= E 

,. L • t. • \. t 
19 

8 
ct,i - aBYXKOHflOH8HTHaR ~YHKUHR. 3aecb ct,i= 

: zt(k,.) 'Yt,i(k,.); 'Yl,i(k,.) - i -H _KOHflOH8HTa 'Yt(k.,)-ro 
-• B8KTopa, (t- fl CTonoeu HaTPHUN Uk). COOTB8TCBYIOIItHfl 

C00CTB8HHoro 

C00CTB8HHOHY 

3Ha48HHIO At(k
8

). B (5) 
q,a3oaoro nepexoaa,Koraa 

.. 
nonOlK8HO, 4TO z,.(k,,). : 0 

k 19 : 1/2(b,-b
2

) z,.(k 14 ): 

5 

(npH pacCHOTP8HHH 

0 H z
6

(k
14

): 0). 



z PHC. 3. 

51 t1 
CM8W8HHff aTOMOB KHcnopoaa npH 

3anonH8HHH Y3IlOB 2 H 8 B 

U8HTpanbHOR ffq8ffK8. 

KJ I 7/'>, l - y 

X 

B aanbHeRmeM paccMOTpeHHH napaMeTp z,.(k 1,) = 0. napaMeTp zl (k
8

) 

BNOHpaeTCff TaKHM oopa30M, qTOON BNnonHffilOCb ycnoeHe 
k 

I Cl: i. I = 1/4 • ( 6 ) 

113 aHanH3a ynopRaoqeHHff npoTOHOB Ha CBff3ffX npH c;,n cneayeT, qTo 

C00CTB8HHOMY 3HaqeHHIO A?(k19) COOTB8TCTByeT aHMepHaff CTPYKTYPa 

KPHCTanna (KaK B KPHCTannax THna KHSO,), a C00CTB8HHOMY 3HaqeHHIO 

A,.(kt9) COOTB8TCTBY8T CTPYKTYPe C oopa30BaHH8M uenoqeK BoaopoaHNX 

CBff38R. TaKHM oopa3oM, BKnaa B c;,n B paccMaTPHBaeMNX KPHCTannax aalOT 

MOaN 3 H 5. npH, 3TOM T8TPa3aPN noeopaqHBalOTCff BOKpyr OCH Z,H aTOMl,I 

KHCnopoaa CMe111a10TCH COOTB8TCTBYIOIIIHM 06pa30M B,IlOJib OCH Z. Ha PHC. 3 

noKa3aHN CMemeHHff aTOMOB KHCnopoaa npH 3anonH8HHH Y3IlOB 2 H 8. 

0TM8THM, qTo 3HaK napaMeTpa zl (k
1
,) onpeaenffeT HanpaeneHHe 

uenoqKH. npH z
0

(k
1
,) > 0 uenoqKa HanpaeneHa eaonb OCH [ 1,-1, 1), a 

npH z
0 

(k
1
,) < O HanpaeneHa eaonb ocH [-1, 1, 1). 3HaK napaMeTpa JKe 

z,. (k 
19

) onpeaenReT HanpaeneHHe noeopoTa T8Tpa3apoe eoKpyr ocH Z. 

MO*HO 3aM8THTb, qTo 

(5) 

'Yo,i.(ku) = 'Y,.,Jku) 'Yo,i.(ku) • ( 7 ) 

k k k 
£9 • :lS ' t4 

sign( C0 ,i.) = sign( c,.,i.) sign( c 0 ,i.)' ( 7') 

TaKHM oopa30M,YPaBH8HH8 anff cpeaHero 3anonHeHHff npoTOHHNX no3HUHR 

MO*HO 3anHcaTb B BHae 

n,(R) = 1/4 ( 1 + 
k 

S_
1
~)(1+ ~., 

6 

k 
s_ 1

~exp(ikR) ), 
...... I, • 

( 8 ) 

~ 

PHC.' 4. ,......-x:----- ... ~ , ..... - . - y 
I:> p-.;,: • 0 

OpoeKUHff peanbHoro .3~ ,, 

KPHCTanna CsHSo,;8-9/ 

Ha nnoCKOCTb XY. 

k 

3 

Xt A0 

Ol4.27,C.) Ol0.67/:d 01'6.54/:l.) Oi2.94A) 
0/6.26/f.) Oi2.66;:;J Oi4.ss.LA) 02fu.gs~) 
03'5.86A) Oi226/IJ ~v..9sA'.') ~{1.35~) 

04(4_52/f.) Oi1.02AJ OJ5.19A'.') q b.sgm 

A 

.~ 

rae s,: i. = z; (k
9

) 'Y,., (k,.). napaMeTp z; (k
9

) BNOHpaeTCff Tenepb 

TaKHM oopa30M, qTOON BNnOilHffilOCb YCilOBHe 

k 

I s,: i. I = 1 . 

Pa3IlOlK8HH8 CBOOoaHoR 3HeprHH B Pffa BOilH3H 

2 

F = F
0

+ 1/2 E AµI Sµl
2 

+ 0 I SµI', 
µ 

( 9 ) 

T HM88T BHa 
C 

( 10) 

rae Aµ= Aµ'( 1 - A'c(c-1)/T ). 3aecb A·= A (k ) , A'= A (k ) 
k k µ 1 o 1, 2 ,. 1!1 

S = S 
1

' 8 = 8 
19 

1 d ' 2 5 • 

B!IBO/lli 

B paMKax npeanoJKeHHoR MoaenH nonyqeHo ypaeHeHHe anR cpeaHero 

qHcna 3anonHeHHff npOTOHHNX no3HUHR H onpeaeneHN B03MO*HN8 ynopffaoqeHHff 
, 1P • 5 

npoTOHOB no eoaopoaHNM cBff3ffM npH q>a30BOM nepexoae D,h ==> C2 h c 

yqeTOM npOTOH-<lXJHOHHoro B38HMOaeRCTBHff, KOTOpoe CHHMaeT BNPO~eHHe no 

B03MO*HNM oopa30BaHHffM CTPYKTYPN npH q,830BOM nepexoae. nonyqaeM08 B 

/7/. OpeanoJKeHHaff Moaenb aaeT B03MO*HOCTb onHCaTb aHHaMHKY T8Tpa3apo5 

so, npH Yl10Pffa048HHH Ha CBff3ffX (pHc.3). 

CpaBHHM C 3KCnepHM8HTOM. 

aTOMOB 3Il8M8HTapHOR ffqeffKH B 

B paooTax /8,9/ 

MOHOKilHHH08 <Pcl38. 

npHBeaeH1,1 KoopaHHaT1,1 

Ha pHc. 4 npHeeaeHa 

npoeKUHff peanbHOro KPHCTanna CsHSO, Ha nnoCKOCTb XY, nOJIY'{8HHaH H3 

/8, 9/ B npe,IlnOJIOlK8HHH, 4TO b m HanpaeneHa no HanpaBn8HHIO BOilHOBOro 

B8KTOpa k19=1/2b,., a cm- no HanpaBn8HHIO eoaopoaHoR CBff3H. Ha PHC.4 

BHH3Y YKa3aHN npoeKUHH eepll!HH T8Tpa3apoe (aTOMOB aoaopoaa) Ha OCb z. 

7 



KaK BHAHO,MOTHBbl CM8W8HHA,nonY1-18HHbl8 B AaHHOA padOTe,cornacy~TCR 

C 3KCnepHM8HTOM. HeKOTOpble pa:3nH'·!HR B nonOlK8HHRX U8HTPOB TeTpa3APOB 

(aTOMOB S) Ha PHC. 3 H 4 t 0'¾8BHAHO, CBIJ:!aHbl C H8Y'l8TOM NOA CM8W8HHA 

TRlKenwc aTOMOB (Cs, S) C conyTCTBYIOllleA cnoHTaHHoA ~e~OpMauHeA, Ha '¾TO 

YKa3blBanocb B /12/. 

B 3aKn~'¾8HH8 aBTOP BblpaJKaeT 6naroAapHOCTb 

none3Hble 06CYJKA8HHR padOTbl H U8HHbl8 3aMe'¾aHHR. 
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