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I. BBOAOHHO 

B npeA~eB peOote /I/ B paKBaX CHKMOTpHAHOrO aaanxaa OHno 
OITHC8HO ynopH,it0'18HHe IlpOtOHOB npH H8C00CT.BBBHOM cerH9T03JiaCTH'i8C)tO.U. 
ljlasoBOK nepexoAe (<~;II) a xpKCTannax TBna Rb, H (Se o, }2 /Z-5!, 
liwxH uaRAeHH ABa HenpHBOAHKHX rrpe.z~cTaBJIO!!M (HII) T3 K E; rpynn 
sonuoawx sextopoB GA?t' ... Jlt.z H GK::.o cootsetctsenno, no xo
topw.u. HAet ~n. BwpaaeaHe, onpe~enammee cpeAaee sanoXHeBHe npotonawx 
IT03HUHU, nonyqeHO B BaAS 

;i;("R) = 1/3 + o-o sj3 + v.- ·B /2. eXf> (,- kf/R), (I) 

rAe S, 6 - napa~~erp!i nopHAKa (IIII), oTBeoanllllle HII £9 H £3 /6/; 
c)i. H V:·- i-e 3Jl81l8HTW C00CTBBHHWX BSKTOpOB ~:&a-·tfpe,D;CT8BJI8BH8 

MaTpH~ BSaHMOAOICTBHH p(K~o) H p(i<;'= 7; /2) COOTBOTCTBOHHO, 
B AaHHOR padote npe,D;JIOZ888 MHKpOCKOflR'l8CK88 KO~BJI~ ~TI B KpHCT8Jl-

nax una R£,; +!(SeQ, J2 • B peKKax npH6nuenn MoneKynspHoro nons 
npoBOAOH aaanHS ljlaSOBHX .!IHarpaMM npeARaraeMol MOA9RK, 

2. IlpHOnueHHe KOneKynspaoro nona (IIUTI) 

raMHJI~TOBH8H CHCTBKH 38DHm8K B BH.ItB 

1-1= !. L__ !1,,-("R-7!) nJY!) nj{Q) ' 
..z "ri' . . u 

"'' ''tJ 

(2) 

r.l(e fl,· (;<)- onepatop "-HCJla 3allOJlHBHHJI i -it npoTOHHOI IT03Jm.Hl! B 

IIpKKHTHBHOA gqeiKe C KOOp,!IHH6TOA df , a fit,; {1!-af) - IIOTeH~Han 
B3aHKO~eACTBHR npOTOBOB. ~>) 

SanHmeK oneperop 1'1;{f?; a aue 

n..('R)= nlfl J+ ( nJlf)- ii,~)), (3) 

r.D:e n;(i!)-cpe)I.Hee 3Ba.QeHHe 'IHCJia 3aOOJIH9HHA i,. -:11: IT03HUHH, a BIOpo1! 

4MH OIIHCHBaOT ~JI)'KTY6UHH OT lf/Jl) . JIO~CTaBRSS (3) B (2 ) H OT6pa
CYBaR qneHH, KBa~paTHQHHe ITO ®RYKTyaUHRM, nonyqaeM raMHJibTOHH6H 
CHCT9MH B IIMII: 
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(4) 

_, ; L_ p'J (o) a./W) ~ tf) + 

~ ~ L (/)'./ {l- if) ii. (?J!) ni (1!') · 
~~ 

12,02' 
(I J 

0tMOTHM, qto BTOpoH qneB B (J) ODHCWBaet KOB~Hryp6UHOHHYD 3HeprHn 
B3aHMO~eHCtBHR npOTOHOB B O~OH npHMHTHBHOH oqeH&e (eM, T8~),a 
nocne~HHH qneH yqHTaBaet AaH~BOA9RC7BHe. 

Ha OCBOBO (4) nonyqaeu BHpax&HHO ~nH CBOOO~HO! 3HeprHH 

r~e O H (h- napauetpH MOR&KYUPHOTO nou MR 5 H 6 ; L -
Ct6THCTHQOCKaR Cy.MMa~ 

+.2~.t(g.2~~2e-&cl,i) -r .!Os,
1
(e-.2"'-f 

.f )eadt t) r2~,/ Gd. 5) /e2""2e~ di)" 

+ ~,2 fe -~Q. r 2 r/"' d .2 g ) +-

2 

(6) 



H 

.,. .2 ( rJ~r,r" Q.,, z) (e-.Ja -t 2 e ad, /;).,. 

+ 19.,,z (e Ira+ J e -.lo. dt 2 t) -t 

f 4 tJM dt /; ( j_.Jd,3o.) 

Q,i~ = t?'ff' (-f (,.,_) ) f= ,f /1, 7' ) 

3HeprHJJ COCT OS:BlUI { -npOTOHOB, COOIB eiCIBYil!QaJI o/_ -:ti KO~HryparutH 
B npHMHTHBHOH HqeHKe (eM, TadillfluY), 

TaOJIPJ:Ua 

Bo3MOXHYe KOH~HrypauHH npotOHOB (odo3HaqeHY toqKaMH) B npH¥HIHBHOH 

H!..ieUKe fZ~ lf(5e{J,)2 , BO BTOPOM CTOJldUe npHBe,lleHO tiJ'ICJtO cnocodOB 

ocymeCTBJieHHR ,ll8HHOU KOH~HrypaUHH C 8HeprHeA COCTOHHHR ~~~ 
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OrwetD, '!Ito E6-t·,o~. =I= tF i/rX. {tt-J), tax Ka.K sapa,IUi npKW.HTHBaoA 
8'!18IKH (no a6COADTHOI BB~H'IIHHB), COOTBBTCTBYD~He yKa3aHHHM KOH~Hry
pa~HRM, HO paBHW, XOTR KOH~Hryp~HOHHO OHH 3KBHBanOBTHW / 7/. 

B (6) yqreao aoa~eDcTBHe aaemaero anextpHqecxoro non• aa i7ZT, 
5 • 6 • nonoxeuo o.=,pE+oS 1 /,=p,E, +if,6 

(np• 3TOII nonarae11 aE, I el E., = 0 ) • 
TexnepatypHwe aasacKMoctx napaxerpos nops~xa 

~8~8DTC8 ypaBH8HHRKH 

'c) F;fJ11i /~ 6 = 0, 

3. <Paaoawe ~•arp&IIIIW · 

0 H S onpe-

(7a) 

(70) 

OrpaHHQ:KW.C8 HCCAB~OBaHHBK Od~HX CBoACTB pemeHHA CHCTBMW ypaBHBHKA 
(7), T6K KaK BHpaXOBH8 ~· CBOOO~OA 3HOprHH COAOpXHT 15 napaweTpOB, 
H3 KOTOpYX 13 onpe~enHDTCR 3HOprHRHH KOH~HrypaUHA (CII. Tadilllluy),a 
OCTa~bHWe, t.e. (} H L)i,CBR3aHW C B3aHMOABACTBHBK AaRDHBfO llOPRA-
xa. 

B paccllaTPHBaelloA Jto~enu »a napa11erpa nop•~xa S,6 • ~ao
BYD nepexo~ B03IIOKOH no KaK~OyY H3 HHX. 0003HaqHJI '7!::; {7!: 6 ) TOii
neparypy <PIT no IIII 5(6) , onpe~6J!Jl9MYID ?f ((fl-} np• ycnoBHH 
6=0 ( 5= 0). 'Tc,"? ( '/' c,;) - TOIIneparypa oOpa~eHHH B HYJih () 
( S) • 113 aaan•aa CHCTOIIY ypaBHeHHA (f-) nony•ae11 rjlaaoBwe ~a-

rp&IIIIH (<P!), npeAcraaneaawe Ha pHc. I H 2. 

T 

4 

PHE.:.!. 
<Paaoaa• ~arpallll6 
B CJIYQ:ae 

~s>rc6· 



Ha p•c.I npHBe~eH cnyqaa, Kor~a ~ s > 7:_6
, 

~BYM ~a30BHK nepexo~ BTOporo po~ B ?;5 H 
COOTBOTCTBYJJDIHa 

rf7 S QTO 
c ' o6ycnosneuo ITMIT. 

Ha pKc.2 noxaaauH soawoxHHe Pn np• 
npe aeswnonHeHHH ycnoBKR 

=0, (8) 

ue A=0l1+Q,,,,tf,,3-G>s,1--0>;,t-f'.,.7 • B= Qz- 19,2' 
CHCT8118. ("J-) He .ltOITYCR68T pOIIOBHR Tllll6 5=0, 6~0 . PI! ITO 
napau.erpy .S "38.TJifHBa8TCII'' ,)tO ~~ t r:o;e H3K8H118tCH ClCSQKOK 
(pHc. 2a). Pn B cnyqae BHITOnHBBHH ycnOBHH (e) npHBO~OHK 86 pHC. 26,B. 

a ~~-2. paaosue ~arpaKKH npH 

5,S s 6 
Tcs~ ~6j 

(a) ycnoBHe (8), •• Y.ltOUOT-
' sopHetca; (6) YCJJOBHB (8) ' ' BY!IOJIH.aerca, a (9) •• \ 

BliiiTOJIHJIBTCJI; ·.(B) YCJJ.OBHB (8) \ 
l! (9) Y.ltOMGTBOpinoTCJ!. 

r' T~,~~r ( . . TiyuRTHpow yxaaaau peme••• 
6 CHCTOKH ' (7) ITpH HBB3a.HII.O-

G,S s ~eRCTBHH llTI. 

' ' \ Bcne,D;CTBKe roro, qro \ 
Tel~ I 3aBHCHT OT s , T&Mne-I 

PTI no napawerpy <5 parypa 
T' s • r• CTaHOBHTCS KBH~me ~E) \r lcr ( . ( 

' llpH 3TOM COOTHOWOHHB K8X,IIy 
6,S B rc,:: H rrc,t!{ onpe.ztBJUIBTCR 

COOTHOIIIeHKBK 

' 40 ~2 _{ /rC r \ 
\ 

' (9) \ 
' f13V+JE, \ ' I ' ' 

Ts s- 6 T6 Tcr-Tcr ~ . . ( 
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ue C= blq1-r {)6,1 -r liid -r 6 Gtz J 

Q)2 8,~ -t tJ, t- bL ) 
E = (),; 1 t- ()s,1+ Gtr 

rp 6>(""7""7 s 
llpH H6)T,IIOBJ!6TBOp6!1Kl! yCnOBHX (9) C,'Y I C,">' • ~)l,COOTBOTCTBYD-
IIl6B 3TOIQ' cnyqaD,npHBO)IOHa Ha pi<C,26, llpH BWDORHOHHH ycnoBHB (9) 

rJ:c,~ ~ Tc,!> . (pJl Dp9.ltCt8BJI6H8 H8 pHC.2B. 

H3 npHB8.lt8HH:btX ~JI Bl!JlHO 1 QTO B KpHCTaJIJiaX 3TOTO KJ18CC8 B03MO:lit8H 

O,IIHH waaoBHK nepeXO)I (pHC, 2a,2c), qTo Ha0nD)IaeTCR B KpHCTanne 
ljU

1 
+f (S'e{).,)z , HnH liBa nocne)loBate•••wx <I'll (pHc. I H 26), uaOnD-

Jl!iOWX ,(; Cs3 I! (Seq )2 [ 8] 

4. 3aKJIII1.l8HH8 

B paMK8X np6,ltJIOX8HHOM »HKpOCKODHQ8CKOA YO,ltBJlH B npHdJIHXBHHH 
KOJIBKYJIHpHOrO DOJIR llpOBS~SH 8HaJIH3 B03KOXHWX ~830BYX ,ltHarpaKM B 
KPHCTannax TBna 12 b1 1-1 (SeD, )2. • 

B pa6ote K:bt orpaHHQHJlHC~ HCCJ18AOB8HH8Y od~X CBORCtB pemeHHA 
CHCTBKH ypaBHBHHR (7) BCJl8,ltCtBHB dOJILmoro 1.lHCJl8 napaMetpOB KO.ltBJlH. 
0TMOTHK, qTO B KpHCTanne 'J2bJfi(SeOr,)z B HH3KOTOJmepatypHOR lj>aae 
peaJIH3YBICH Y.DOPH~01.l8BH8 COOTBBICTBYII~X KO~Hrypan»A ~,2 
(CM, Ta6nHuy)/Z-4/. YqeT B paCCMaTpHBaOMOR MO)IOnH llll ~ npHBO)IHT 
B paMKaX llMll K lj>a30BOMY nepexoli)',OnH3KOMy K nepBOliY poll)' (CM, pHC,2), 
OtMetHM, qTo 5 cuaau c aenpHBOliHMW npe)lctaoneuHeM E,t ( F=-0), 
B pa60T8 napaMeTp 5 IIH aa3WJaOil napaMetpOM nopJUKa, XOTB 5 
W.OJ:9t OKa38.:UCil CODYTCTBYDIUK J['Jj, CBJI38HHYM C .D;e<ftOP.Ma~He::l:, '-iTO 

npHBO~HT K ~ll nepBOfO pOAS, K8K 370 dHnO flOK838HO B 7S/ • 
0)1aaKo • KpHCTannax C"l/I(Sel$)2 aaon~)laetc• cne~ymlll'i• 

DOCR9.D;OBaT9RLHOCTh ~a30BYX nepeXO.D;OB /B/: 

])3: ----.. C: G/ 
V 2V \1 (IO) 

BHH3y yKa3aH Od~eM npHW.KTHBHOH aqeAKH COOTB9TCTBYD~H ~3H. 
Mw npoaaanH3HposanH B03MOXHOCTh od~RCH&HHH nocne.D;osarenLHOCTH 

(IO) B paMKaX TeOpHH nau~ay. O&oa.at••••wR peayn•TaT ••••eTCR OTPH
~arenLHWK. Mw nonyqHnH cne~D~He .D;onycrHKWe nocneAosarenLuocre ~n:· 
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q; []] 
v 2V 

K'=O (II) 

r~e KB8ftP8I-3TO H8KOIOpas He 
(jlaaa.' 

B sRcnepHMeHTe npowezyro~aas 

••• 
c {. 

(12) 

Orw.erw.~., liTO s odoHx c.nyt~axx HIT ~ aKtHBHO, no:no:wy S MOllet 
HBXHT~CH napawetpOM nopH~Ka. 

rroc•o•••Y Ha~aeMHe ~IT 181 woryr ONr• nep•oro pola, npeJ~craB
JIJliOT HHtepec )la.JtbH81mHe HCCJI9AOB8HHH CBOHCIB KpHCT8JJJia C~fi(Se{),)l-

B aaKJIIltleHHe asropw BI~~pamllt npHasateJihHOCtlt H.M . .lliiruw:,n;e 
sa nonesHue o6c~eHHR. 3Ta pa6oTa 6urra ~acTa~o WHHaHcapoBaHa 
ITon•cROH aR~9Mll9H HayR B paMRaX TSMH CPBP OI.I2. 
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