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TeMnepaTypHa.R JaBacaMocTb Mo,nyneii ynpyrocTH KpHcTannoa, 
o6ycnoaneHHa.R aHrapMoHaqecKHMH 3~eKTaMH Kone6aHaii peweTKH, 
06blqHo HCCne,nyeTCJI B KBa3HrapMOHHqecKOM npa6nH>KeHHH /1 ,2/, B KOTO
POM CB060,nHaJI 3HeprHJI KPHCTannaqecKOH peweTKH BbJqacn.ReTCJI 
B rapMOHHqecKOM npa6nH>KeHHH, HO qacTOTbl rapMOHHqecKHX clloHOHOB 
cqaTaroTcJI JaBHCJI~HMH OT o6~eMa KpacTanna. B 3TOM npa6na>KeHHH 
TeMnepaTypHa.R JaBHCHMOCTb Mo,nyneii ynpyrocTH - BTopblx npoH3Bo,n
HbiX -GT cao6o.naoii 3Hepraa no .necllopMa:u;aa - onpe,nen.ReTCJI aarapMoaa
qecKHM B3aHMO,IJ;eHCTBHeM TpeTbero H qeTBepTOrO nopJI,!J;KOB, KOTOpoe 
cqaTaeTc.R ManbiM H paccMaTpaaaeTCJI no Teopaa B03My~eHHii. O,nHaKo, 
KaK noKaJana He,naaaae pacqeTbl, KBaJarapMoHaqecKoe npa6na>KeHHe 
CTaHOBHTCJI HenpHMeHHMblM npB BCCne,noBaHBH KpBCTanno'

3
f 6onbWBM 

aHrapMOHB3MOM, TaKBX KaK KpBCTannbl TBep,noro renHJI HnB KpB
CTannbl BHepTHblX ra30B qpB BblCOKHX TeMnepaTypaX (T ~ 0,51 nn -
TeMnepaTypbl nnaaneHBJI 141J.B 3TOM cnyqae 6onee nocne,noBaTenbaoA 
oKa3blBaeTCJI caMocornacoaaaaaJI TeopH.R aarapMoaaqecKax KpacTan
noa, B KOTOpoii CBnbHblH aarapMOHB3M Kone6aHHH aTOMOB yqBTblBaeTCJI 
c caMoro aaqana B npa6na>KeHBH caMocornacoaaaHoro clloaoaaoro 
non• /eM., aanpaMep, fS- 121 /. 

B npa6na>KeHBB nepaoro nop.R,nKa caMocornacoaaaaoii Teopaa 
Bblqacneaae Mo,nyneii ynpyrocTH 6blno paccMoTpeao B pa6o
Tax/S,6,B,9,13,14/, npaqeM qacneHHble pacqeTbl/14/ noKaJana pa3yM
Hoe cornacae TeopeTaqecKBX 3Haqeaaii c 3KcnepaMeHTanbHblMB a 
pacqeTaMB MeTO)l;OM MOHTe-Kapno /IS/ B WBpOKOM BHTepaane TeMne
paTyp. TeM He Meaee aonpocbl o ToqaocTH Bbiqacneaaii B caMocorna
coaaHHoi TeopBB B 0 ponB qneHOB BTOporo B BblCWBX nopJI,IJ;KOB TeOpBB 
OCTaroTCJI He,IJ;OCTaToqao BblJICHeHHbiMB /16/. 

B HacTo.R~eii pa6oTe Mbl paccMoTpBM TeMnepaTypayro 3aBBCBMOCTb 
Mo,nyneii ynpyrocTB c yqeTOM qneHoB BToporo nopJI,nKa caMocorna-
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COBaHHOH TeOpHH B npH6llH)KeHHH, pa3BHTOM B pa6oTe/ll( IlpH 3TOM 
Mbl CMO)KeM yqecTb BeCbMa cymeCTBeHHbiH BKna.IJ; He1.feTHbiX aurapMo
HH1.feCKHX 1.fneHOB B nepeHOpMHpOBKY 1.faCTOT CaMOCOrnaCOBaHHbiX 
~OHOHOB H paCCMOTpeTb BOllpOC 0 CBB3H ,IJ;HHaMH1.feCKHX KpHTepHeB 
yCTOH1.fHBOCTH aurapMOHH1.feCKOrO KpHCTanna /ycnOBHB cymeCTBOBaHHB 
caMocornacosaHHbiX ~ououos/ c TepMO.IJ;HHaMH1.feCKHMH KPHTepHBMH 
/ycnoBHB ycTOH1.fHBOCTH KpHcTanna npu .ne~opMa:u;uu/. Ilocne.nuue 
cornacuo /t?/ onpe.nenBIOTCB H3 ycnoBHB nono)KHTen&uoii onpe.neneuuo
CTH KBa,IJ;paTH1.fHOH ~OpMbi npH BapHai.J;HH CB060.IJ;HOH 3HeprHH H, ITOMHMO 
o6mux ycnosuii ycToii1.fHBOCTH TepMO.IJ;HHaMH1.fecKHX cucTeM 

c >0 p , ( a P J < o, 
av T 

/1/ 

co.nep)KaT ycnoBHB nono)KHTen&uoii onpe.neneuuocTH .nnB Mo.nyneii 
ynpyroCTH, KOTOpbie B cnyqae Ky6H1.feCKOH peweTKH HMeiOT BH,IJ; 

c11 (T)>O, c4/T)> 0, c11 (T)-c 1/T)>O. /2/ 

Te~o~HaMH1.feCKHe KpHTepuu ycTOH1.fHBOCTH o6cy)K.naroTCB B pa6o
Tax 16 , r.ne aBTOpbi npHXO,IJ;BT K BbiBO.IJ;y 0 B03MO)KHOCTH HapyweHHB 
COOTHOWeHHH /2/ H B03HHKHOBeHHB "MBrKOH MO,IJ;bl" npH paC1.feTaX 
B nepsoM nopB.IJ;Ke caMocornacosauuoii Teopuu .nnB o.nuoMepuoii peweT
KH. B HaCTOBII.J;eii pa6oTe Ha npHMepe MO.IJ;enH rll,K peweTKH C B3aHMO
,IJ;eHCTBHeM 6nH)KaHWHX coce.neii 6y,IJ;eT ITOKa3aHO, "'TO ycnOBHB ,IJ;HHaMH-
1.feCKOH yCTOH1.fHBOCTH BMeCTe C YCllOBHBMH /1/ HapywaiOTCB nepBbiMH 
npu .non)KHOM y1.feTe qneuos BTopo~o nopB.IJ;Ka caMocornacosauuoii 
TeOpHH H "MBrKaB MO,IJ;a" He B03HHKaeT. 

B pa3.nene 1 BbiBO.IJ;HTCB o6mee Bblpa)Ke7ue .nnB H30TepMH1.feCKHX 
MO,IJ;yneii ynpyrOCTH B MeTO,IJ;e .IJ;nHHHbiX BOllH 131 TeMnepaTypHaB 3aBH
CHMOCTb KOTOpbiX .IJ;nB MO.IJ;enH rll,K peweTKH paCCMOTpeHa B pa3,IJ;ene 2. 
B 3aKnroqeuue o6cy)K.naeTcB TO,fiHOCTb nony1.feHHbiX pe3yn&TaTOB H .naeT
CB cpasueuue c pe3yn&TaTaMH .npyrux pa6oT. 

1. MooyAu ynpyzocmu e caMocozAacoeaHHou meopuu 
aHzapMOHU~eCKUX KpUC111aAA08 

PaccMoTpHM aurapMOHH1.feCKHii KPHCTann, raMHnbTOHHaH KOToporo 
JanuweM a o6meM su.ne: 
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;,: 00 1 . 
H = ! 2M + ! 1 -, ! <Ill u 1 ••• u + uo (X 

s !c n= n, 1 • .,n ••• n n 

-+ u 

r.ne p s - HMnyn&c aToMa c Maccou Mk 
nono)KeHHe KOToporo x s onpe.nenBeTCB npu 
HOMY COCTOBHHIO KpHCTanna< ... > KOOp.IJ;HHaTbl 

;t -+ -+ 
X =<K >=X =f +X • 

s s ~ k 

3,IJ;eCb f - KOOp.IJ;HHa Ta 3neMeHTapHOH B1.fei 
aTOMa COpTa k= l, ... r. <llt ... n - K03cWIHUHeHTh 
uoii 3Hepruu KpHcTanna U (x; + u; ) a pB.n 
u.=R

1
-x 

I I 

<II 
t ... n 

=Vt.,v Uo(x.)= a - ... --a 
n I -.Xat ax 

Ptkt (,Jn 

Cne.nyB pa6oTaM'12 ~ onpe.nenHM o.nuocl>< 
cJ>yHKI.J;HIO rpuHa OT onepaTOpOB CMeii.J;eHHH B I 

afJ a f3 2 afJ 
G 1 w) = « u I u , » = [ w Mk 5 ~ {j , - M , ( (J; ss s s w a,.... ss ss 

DOniOca kOTOpOH /HnH Mai<CHMYMbi npH y1.feTt 
3He~rHIO O,IJ;HOcJ>OHOHHbiX BOJ6y>K,IJ;eHHH B KpHCT 
Maf:5, COCTOHT H3 .IJ;BYX 1.faCTei: 

ss 

Ma~ (w)~ ~ + naf3 fw), 
ss ss ss 

onpe.IJ;enJUOII.J;HX COOTBeTCTBeHHO 3HeprHIO 

cJ>oHOHHOM none: 

i a/J, = V a V ~< U ( x 
ss s s I 

+u.J>=vavf3 tu;vl 
1 ,< e 

S B 

a TaK>Ke nonpasKy K 3Hepruu a 3aTyxauae 3a c 
pacceBHHH cJ>oHOHOB: 
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npa6JIH)KeHHH, pa3BHTOM a pa6oTe/11( IIpa 3TOM 
BeCLMa cyu_.eCTBeHHhli BKJia.IJ; HeqeTHbiX aHrapMo

B nepeHOPMHpOBKy qacroT CaMOCOrJiacosaHHbiX 
rh BOnpoc 0 CB.R3H .IJ;HHaMHqecKHX KpHrepaes 

anMQHHqecKOrO KpHCTaJIJia /yCJIOBH.R cyu_.ecTBOBaHH.R 
tlJoHOHOB/ C TepMO.IJ;HHaMHqecKHMH KpHrepH.RMH 

OCTH KpHcTanna npa .D;etlJopMau:aa/. IIocne.IJ;HHe 
H H3 YCJIOBH.R nOJIO)I(HreJILHOi onpe,IJ;eJieHHO
npH BapaaiJ;HH CB060.IJ;HOi 3HeprHH H, nOMHMO 

oiqHBOCTH repMO.IJ;HHaMHqecKHX CHCreM 

/1/ 

nOJIO)I(HreJILHOi onpe,IJ;eJieHHOCrH .IJ;JIH MO.IJ;yneji 
e B CJiyqae Ky6aqecKoi pewerKH HMe10r BH.IJ; 

c11 (1) - c 1/T) > 0. /2/ 

Kparepaa ycroaqasocra o6cy)K.IJ;arorcx a pa6o
npaxo.IJ;xr K BhiBO.IJ;y 0 B03MO)KHOCTH HapyweHH.R 
B03HHKHOBeHHJI "MJirKoi MO.IJ;bl" npa pacqerax 

cornacosaHHoA reopaa .IJ;JIH O.IJ;HOMepHoA pewer-
re Ha npHMepe MO.IJ;eJIH rQK peweTKH C BlaHMO-

coce.IJ;ei 6y.IJ;er noKalaHo, qTo ycnosaJI .IJ;HHaMa
BMecre C YCJIOBHJIMH /1/ HapyWaiOrCJI nepBbiMH 

e qneHos BToporo nop.R.IJ;Ka caMocornacosaHHoA 
" He B03HHKaeT. 

O.IJ;HrC.R 06IIJ;ee Bhlpa)Ke'H7 .IJ;JI.R H30TepMHqeCKHX 
B MeTO.IJ;e .IJ;JlHHHbiX BOJIH 13

, TeMneparypHa.R 3aBH· 
MO.IJ;eJIH rQK peweTKH paCCMOTpeHa B pa3.IJ;eJie 2. 
erc.R TOqHOCrb noJiyqeHHbiX pe3yJILraTOB H .IJ;aeTi 

JILra raMa .IJ;pyrux pa6oT. 

emu e caMocozAacoeaHHoii meopuu 
aHzapMOHU~eCKUX KpUC111QAA08 

OHHqeCKHi KpHcraJIJI, raMHJihrOHHaH KOroporo 

4 
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I 
i 
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p2 00 1 
H = I - 8

- + I 1 - 1 I ~~ u 1 ... u + V
0 

(x 
1 

) , 
s 2M n= n. 1 n ••• n n I< . • " /3/ 

-+ u t'(} 
r.IJ;e p s - HMnynLc aroMa c Maccoa Mk a YlJie peweTKH s=,t,k), 
noJio)KeHae KoToporo x s onpe.IJ;eJI.Rerc.R npa ycpe.IJ;HeHBB no pasHosec
HOMY COCrOJIHHIO KPHCTaJIJia < ••• > KOOp.IJ;HHa rLI a TOM a If 

8 
': 

x =<~ >=x =f 
s B Yk 

-+ 
+X' k • /4/ 

3.IJ;ecL Y. - Koop.IJ;BHara 3JieMeHTapHo8 xqeiiKa H x k - Koop.IJ;aHara 
aroMa copra k= l, ••• r. ~ 1 ••. n - Ko34l4Jau:aeHThl pa3JIO)KeHH.R noreRu:aanL
HoA 3Hepraa l<pBCTaJIJia U (xi + u i ) B p.R.IJ; no TenJIOBLIM CMeiiJ;eHH.RM 
u I =R I -xi • 

. a a ... =V 1 • .V U 0 (x. ) = -... - U 
0 

(I x y 1). 
n I ~Xa1 axan k 

Y1k 1 ~In 

~ 
1 ••. n /5/ 

Cne.IJ;y.R pa6oTaM'12~ onpe.IJ;enHM O.IJ;HotboHoHHYIO 3ana3.IJ;LIBaiDwYID 
tlJyHKU:BIO rpaHa OT oneparopos CMeiiJ;eHHH B BH.IJ;e 

af3 a f3 2 af3 -1 
G88 /w)=«u 8 I U 8 '»w=[w Mk8a{38ss ,-M

88
' (w) 1, /6/ 

nOJIIOCa I<OTOpoi /BJIH Mai<CHMYMbi npa yqeTe 3a TyXaHH.R/ onpe,IJ;eJI.RIOT 
3HCRrHIO O.IJ;HOWOHOHHLIX B036Y>K.IJ;CHHH B KpHCTaJIJie. MaccOBhiH oneparop 
MaP, COCTOHT H3 .IJ;Byx qacTeH: ss 

Ma~ ( w).4 ~ + Daf3fw), 
SS SS SB 

/7/ 

onpe.IJ;eJIJIIOwax 
cJ>oaoHHOM none: 

COOrBeTCrBeHHO 3HeprHIO B036y)K,IJ;eHHH B cpe.IJ;HeM 

Iu V - -R f3. {3 I I i 
~ ...,..,, = V a V ,< U ( x + u J> = V a V , < e 

ss s s I I s B /7a/ >Uo (xi), 

a TaK>Ke nonpaaKy K 3Hepraa a 3aTyxaHae 3a cqer Heynpyrax npou:eccoa 
pacce.RHB.R cl>oHOHOB: 
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I, . 

00 .... 1 
~ <I> K 1' , 1 ••• n i1.,,n 1 •• ,!,1, •• ,!,1 .. (w)~ , '·'• /76/ 

•••. !,1_1 
n ,,,(w)= ~ 

11 n,n ~ n! n '! 
1'.:~n' 

llepeHOpMHpOBaHHLie B cpe,nHeM <IJoHOHHOM none aHrapMOHH'IeCKHe 
BepWHHbl ci1 ,_n(n:?3) onpe,nenJIJOTCJI no,no6HO /7a/; H~npHBO,nHMaf!_ ~HO· 
ro<iJOHOHHaJI i}lyHKI.lHJI rpHHa K 1 ..• n,1 ' •.• nlcu)=<< u 1 ... un I Uz, ... u n, >> w 
He cp.nep)I(HT cna60CBJ13aHHLIX -·qacTeH, COe,ztHHeHHLIX O,ztHOH nHHHeB 

0 . 
G a, , H He MO>KeT 6b1Tb ynpoll.leHa cnapHBaHHeM onepaTopoa lu

1 
••• u l 

ss n 
HnH lu 1 '•••Un' J, OTHOCJIII.lHXCJI K O,ItHOMY MOMeHTY BpeMeHH. 

H3oTepMH'IeCKHe Mo,nynH ynpyrocTH aHrapMOHH'IecKoro KpHcTanna 
cornacHo/13/ MoryT 6LITL onpe,neneHbl no cTaTH'IeCKOMY (w=<J) ,nnHH· 
HOBOnHOBOMY npe,neny (q-.0) Maccoaoro onepaTopa /7/: 

-+ -+ -+ 
; q ( x fk -xe 'k' J 

g;m MafJ,(q)=eim 1 ~ ReM a{J 
.... kk .... - e e, , 
q-•0 q-.o NyMkMk, fe' . k, k 

(w=O) e • /8/ 

BBO,ItJI HOpMHpOBaHHLie BeKTOpa e ~ ,nnHHHOBOnHOBbiX (q -.0) CMell.leHHB 
,ztnJI aKyCTH'IeCKHX MO,It TJ = 1, 2, 3, He 3aBHCJIII.lHX OT COpT a aTOMa 
k, 'laCTOTY aKyCTH'IeCKHX Kone6aHHB peWeTKH 3anHWeM B npe,nene 

.ztnHHHLIX BOnH /8/ B BH,ne/13/ 

pea eim w; "' ~ ( z {3 0 + z' fJo ) q y q 0 
e fJ , /9/ 

TJ q-. o 'IT/ {Jyo a ,y ay, TJ 

r.ne P=t(Mk/v) - nnoTHOCTL, v=V/N - o6'beM 3neMeHTapHOHJI'IeiiKH. 

TeH3op z-A 0 HMeeT BH.zt 
'+'•Y 

1 - a{J a{J -+ -+ y -+ -+ o 
z fJ 0=-- I.l<l> , +Rell ,(w~O)l(x -x,) (x -x ,). /10/ 

a ,y 2V ss, ss ss s s s s 

TeH30p z ~ }1, {3o , , ODHCbiBaiOII.lHH BKna,n B MO,ztynH ynpyrOCTH OT .OTHO • 

CHTenbHOrO C,ItBHra aTOMOB pa3HbiX COpTOB B 3neMeHTapHOB Jl'leHKe, 
HM'eeT 6onee cnO)I(HLIB BH,n/q!KOTOpLIB MLI He 6y,neM npHBO,ItHTb, ,ItnJI 
npOCTOH peweTKH JipaB3 OH o6pall.laeTCJI B Hyn&.CpaBHHBaJI Tenepb 
ypaBHeHHe /9/ c ypaaHeHHeM xone6aHHB ynpyroi cpe,n&I, .nni'3oTeo

7
-

u I 13 1iJ MH'IeCKHX MO,ztyneR ynpyrOCTH nonyqaeM 06bi'IHOe Bbipa)l(eHH ' ' : 

c is = ( z + z - z ) + z ' • /11/ 
a{J,yo ay,{Jo {Jy,ao {Ja,yo a{J,yo 

6 

'!I' 

i 

' 

llony'leHHLie B .ztnHHHOBOnHOBOM npe,nene MO, 
COBna,naJOT C Bbi'IHCneHHLIMH Henocpe,ztCTBeHHLII'. 
no ,ne<IJopMal.lHH CB060,ztHOit :meprHH aHrapMOHH'IE 

,D;mr BLI'IHcneHHJI Mo,nyneB: ynpyrocTH cornac 
caMocornacoaaHHoit TeopHH Heo6xo,nHMo or 
onepaTop /7 I <IJyHKI.lHH rpHHa. llpH 3TOM 
onpe,nenJieTCJI KaK TO'IHOCTbiO nonyqeHHLIX laM~ 
cpe,nHeit noTeHI.lHanbHOit 3HeprHH B /7a/ H Ml 
rpHHa B /76/, TaK H TO'IHOCTbiO peweHHJI CaMOC4 
ypaaHeHHB ,nnJI onpe,neneHHJI qacToT npo6HLIX q 
caMocornacoaaHHOB cHcTeMLI ypaaHeHHB o6&I'IH 
>Ke?seM ne;'aoro nopJI,nKa, HnH ncea,norapMOHJ 
eM B-

10
•
14 

, B KOTOpOM npeHe6peraeTCJI 3aTyxa 
H, KaK cne,ncTBHe 3Toro, Y'IHTLIBaeTCJI caMoco: 
nHWb aHrapMOHH'IeCKOe B3aHMO,ztefh:TBHe 'leTHb 
npo6HLIX <iJoHOHOB H KOppenJII.lHOHHbie <IJyHKI.lHH Bbl 
qecKoit MaTpHI.le nepaoro nopJI,ztKa: 

~·(l)a{J = va i!_ expl ..!._ I. < u1 u 2> V1 V2 l U o (x; ) =: 
sp s P 2 12 

llpR 3TOM ,ztnJI nony'leHRJI BLipa)l(eHHH ,ztnJI Mo,n: 
/11/, COBna,naiOII.lHX C BLI'IHCneHHbiMH npJIMbiM 
cao6o,nHoit 3HeprHH nepaoro nopJI,nKa, Heo6xo,nl 
BKna,n /7a/ B npH6nH)I(eHHH /12/, HO TaK)I(e H B: 
HJieTCJI naw& nepablit qneH pJI,na - ,nayx<IJoHOHHaJI 
neTBOpJIIOII.laJI HHTerpanbHOMy ypaBHeHHIO /13/: 

•· 

0 1 0 -
K 12 1'2 ,(w)=FI2 1'2' (w)+- I. F12 34 (w)<l>3456 •. , 2 3456 , 

0 
r.ne F12 I '2, .... ,nayx<IJoHOHHaJI <IJyHKI.lRJI rpHHa B l 
npH6nH>KeHHH. TaKHM o6pa3oM, npH onpe,neneHI 
/10/, /11/ a np&6nR*eHHH nepaoro nopJI,nKa 
TeopHH, no cyll.leCTBy, npHxo,nHTCJI Y'IHTLIBaTL q; 

caMocornacoaaHHoii TeopHH a /76/, o6ycnoaneHI 
aHrapMOHH'IeCKHM B3aHMO,zteHCTBHeM TpeTLero I 
nopJI,ztKOB. 
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1 I «<> K , , 
.. 

1 .•. n i1.,.n 1 .• ,1),1 •• ,1). 
1 ~.;n' 

(w)~ =· .t:~'i'' /76/ 
n! n '! 

B cpe,ZJ;HeM <}JOHOHHOM none aHrapMOHH'IeCICHe 

onpe,ZJ;eJIBIOTCJI no,ZJ;06HO /7a/; H!'npHBO,!J;HMaB MHO-

rpaua K 1 1, ,(cu)=<< u 1 ... u I ul, ... u , >>1
;;/ 

···!.1~ ••• n.., n n "' "" 
OCBJI3aHHhlX qacTeH, COe,ZJ;HHeHHhlX O,ZJ;HOH JIHHHeH 

T 6biTL ynpow;eua cnapasauaeM onepaTopoa lu 1 ... u nl 
HOCJIW:HXCB IC O,!J;HOMY MOMeHTY BpeMeHH. 

CI<:He MO,ZJ;yJIH ynpyrOCTH aurapMOHH'IeCKOrO ICPHCTaJIJia 

6hlTh onpe,ZJ;eJieHhl no CTaTH'ICCKOMY (w:O) ,!J;JIHH· 

(q-+0) Maccosoro onepaTopa /7/: 

1 
-+ -+ -+ 

iq(xek -xe'k' J 
-~I ReMa{3 

yM kMk' f£' · fk,e 'k' 
(w:O) e , /8/ 

hlC BCKTOpa e ~ ,!J;JIHHHOBOJIHOBLIX (q -+0) CMCW:CHHH 

MO,!J; TJ = 1,2,3, HC 3aBHCBil.l;HX OT COpTa aTOMa 

TH'IeCKHX KOJIC6aHHH peWCTKH 3anHWeM B npe,ZJ;eJie 

I B aa.ne1131 

I (z +z' )qYq8ef3, 
yB a{3,y8 a y,f38 TJ /9/ 

- nJIOTHOCTh, v .. V /N - 06'be.M 3JICMCHTapHOH B'ICHKH. 

HMeeT BH,ZJ; 

- a{3 af3 -+ -+ y -+ -+ 8 
1<1> , +ReD ,(w:O)I(x -x,) (x -x ,). /10/ 
, ss ss s s s s \ 

, OnHCbiBaiOil.l;HH BKJia,ZJ; B MO,ZJ;YJIH ynpyrOCTH OT .OTHO

aTOMOB pa3HLIX COpTOB B 3JieMeHTapHOH B'ICHKC, 

LIB: sa.n/qiKOTOphlii Mhl ue 6y.neM npHBO.D;HTL, .ZJ;JIB 

lipaB3 OH o6paw;aeTCJI B HYJIL.CpaBHHBaB Tenepb 

ypaBHCHHCM KOJie6aHHH ynpyroH cpe.D;LI, ,!J;JI"30TCD
7
-

1 13 1'TJ 
ynpyroCTH noJiyqaeM 06LI'IHOC Bhlpa>KeHH ' ' : 

+Zf3 ~ -zf3 ~ )+z'f3 ~ , /11/ y,au a,yu a ,yu 

6 

.t 
ilt 

j 

'!' 

IlOJIY'ICHHbiC B ,!J;JIHHHOBOJIHOBOM npe,ZJ;CJIC MO,ZJ;YJIH ynpyrOCTH /11/ 
COBDa,ZJ;aiOT C Bbi'IHCJICHHhlMH Henocpe,ZJ;CTBCHHbiM ,ZJ;H<}l<}JepeHIJ;HpOBaHHCM 

no .ne<}lopMaiJ;HH CB060,ZJ;HOH :meprHH aurapMOHH'ICCKOro KPHCTaJIJia/13 / • 

,lJ;JIB Bhl'IHCJICHHB MO,ZJ;yJieii ynpyrOCTH COrJiaCHO /10/,/11/ B paMKaX 

CaMOCOrJiaCOBaHHO:i TCOpHH HC06XO,!J;HMO onpe,ZJ;CJIHTb MaCCOBhl:i 

onepaTop /7 I !IJyHKUHH rpaua. Ilpa noM TO'IHOCTL BLI'IHcneua:i 

onpe,ZJ;CJIBCTCB KaK TO'IHOCTbiO nOJIY'ICHHhlX 3aMKHYThlX Bblpa>KCHHI ,ZJ;JIB 

cpe,ZJ;Heii nOTCHIJ;HaJibHO:i 3HeprHH B /7a/ H MHOro!IJoHOHHOI !IJyHKIJ;HH 

rpaHa B /76/, TaK H TO'IHOCTLIO peWCHHB CaMOCOrJiaCOBaHHOii CHCTCMhl 

ypaBHCHHH ,!J;JIB onpe,ZJ;CJieHHB 'laCTOT npo6HhlX liJOHOHOB. fipH peWeHHH 

CaMOCOrJiaCoBaHHOH CHCTCMbl ypaBHeHHH 06LI'IHO DOJib3YIOTCJI npH6JIH• 

>KC~CM n~BOrO nopB,ZJ;Ka, HJIH nceB,ZJ;OrapMOHH'ICCKHM npH6JIH>KCHH· 

CM B-
10

•
14 

, B KOTOpOM npeHe6peraeTCB 3aTyXaHHCM npo6HhlX liJOHOHOB 

a, KaK cne.ncTBHe 3TOro, y'IHTbiBaeTCJI caMocornacoaaHHLIM o6pa3oM 

JIHWb aurapMOHH'ICCKOC B3aHMO,!J;CHCTBHe 'ICTHhlX nopJI,ZJ;KOB. qaCTOTbl 

npo6HhlX liJOHOHOB H KOppeJIJIIJ;HOHHble <}lyHKIJ;HH Bbi'IHCJIJIIOTCB no ,!J;HHaMH

qecKoii MaTpaue nepaoro nopB,ZJ;Ka: 

-·(l)a{J 1 a f3 -
«<> = va V!_ expl- I < u

1 
u

2
> v1 v2 I U

0 
(x.)"" y V U(x 1). /12/ 

sp s p 2 12 t s p 

fipH 3TOM ,!J;JIB nOJiy'ICHHJI Bblpa>KCHHH ,!J;JIB MO,ZJ;YJICH ynpyrOCTH /10/, 
/11/, COBna,ZJ;aiOil.l;HX C Bbi'IHCJICHHLIMH npBMhlM ,ZJ;H<}l<}JepeHD;HpOBaHHCM 

CB060,ZJ;HO:i 3HeprHH nepaoro DOpJI,ZJ;Ka, HC06XO,!J;HMO Y'ICCTb HC TOJILKO 

BKna.n /7 a/ B npa6JIH>KCHHH I 12/, uo TaK>Ke a BKJia.n /76/, r .ne coxpa

HJICTCJI JIHWb nepBhll 'IJICH p.R,ZJ;a - ,ZJ;ByX<}JOHOHHaB <}lyHKIJ;HB rpaHa, y,ZJ;oB

JICTBOpJIIOil.l;aJI HHTerpaJibHOMy ypaBHeHHIO /13/: 
•· 

0 1 0 -
Kl21'2'(w)""Ft21'2' (w)+- I Ft2 34 (w)«<>3456 K561'2' (w), /13/ •. , 2 3456 , , 

0 
r.ne Fl2 1 '2, .... ,ZJ;Byx<}loHOHHaB 4JyHKIJ;HJI rpaua B ncea.norapMOHH'IeCKOM 

npa6na>Keuaa. TaKHM o6pa3oM, npa onpe.neneHHH Mo.nyneB: ynpyrocTH 

/10/, /11/ B npa6JIH>KeHHH nepaoro nopB.D;Ka caMocornacosauuoB: 

TCOpHH, no cymeCTBy, npHXO,!J;HTCB Y'IHTbiBaTb 'IJICHhl BTOporo nopB,ZJ;Ka 

CaMOCOrJiaCOBaHHOH TCOpHH B /76/, o6yCJIOBJICHHbiC peHOPMHpOBaHHhlM 

aurapMOHH'ICCKHM B3aHMo.neiicTBHCM TpeTbero a 'ICTBepToro /a /13/ I 
DOpB,ZJ;KOB • 
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B caMocornacosaaaoi Teopuu BToporo nopJI,nKa qacTOThl npo6HhiX 
4JoHOHOB H KOppeJJJIUHOHHhle 4JyHKUHH Bhi'IHCJJJIIOTCJI C DOMOIQbJ04JYHKUHH 
rpaHa /6/ BTOporo DOpJI,nKa C MaCCOBhiM onepaTOpOM B BH,ne 

~(2>af3 = va vf3(U(x 1 J+~ 2 U(x1 JJ, /14a/ 
sp s P , 

00 (J) 00 • 't 
ll (2 )af3 ( W ) = f .!!.!:2.:_ ( e 0 -1 ) f .si.1.. e -zw X 

sp
1 

-oo w -w ' -oo 211 

00 1 - -
xi -(I, <u.(t)u .• '>V v)" Va vf3 U(x 1 )U (x 1 • ), 

n=2 n! jj J J i j s P' 

/146/ 

r.ne nonpasKa BToporo nopJI,nKa K noTeauuaJJbHOii 3HeprHH 
(J) 

00 d -
1:! 2 U(x. )=-Re J ~(e () 

l -oo (J) 

-1) j .:!..!.._ e -iw t 
-oo 211 

X 

xI l;ri <u (t)u., > v v ,J" U(x1 )"V(x1' ). 
n:J n. JJ' i J J J 

/14B/ 

llpH 3TOM ,nJJJI Bhi'IHCJJeHHJI MO,nyJJeH ynpyroCTH BO BTOpOM DOpJI,nKe 
CaMOCOrJJaCOBaHHOi TeOpHH B Bhlpa)l(eHHH /10/ ecTeCTBeHHO BCDOJJb• 
30BaTb pe3yJJbTaThl /14/, r.ne cTaTH'IecKoe 3aaqeaue (w =0) Maccosoro 
onepaTopa B cnyqae KJJaccuqecKoii o6nacTB TeMnepaTyp O=k T»wD 
MO)I(HO 3aDHCaTb B BH,ne 

Rellaf3(w=0)=-L ~.L( I<u u > v v )"~ U(x.Jvf3u(x ,), /15a/ 
sp' () n~ n! .. , J j' J J' s 1 p' i 

JJ ---

oo ~ n ~ -
1:! U ( x. ) = - L I 1. ( I < u u. , '> V V ) U ( x

1 
) U ( x 1 , ) • 

2 z () n:J n! JJ, J J J J • 
/156/ 

TioJJHhlii y'leT qneaos BToporo nopJI,nKa B I 14/ npu pemeHBB caMocor na-
· COBaHHOH CHCTeMhl ypaBHeHHH npe,ncTaBJJJieT 3Ha'IBTeJJbHhle Tpy,nHOCTH,. 

B D03TOMY orpaHH'IBBaJOTCJI 06hi'IHO yqeTOM nepBhiX 'IJJeHOB, nponop· 
uuoaaJJbHhiX peaopMHposaHHOMY Ky6aqecKoMy aarapMOHB3MY. B eiQe 
6onee npocTOM npa6JJB)I(eHHH, TaK aa3hiBaeMOM ynyqmeHHOM caMocor
nacosaHHOM npu6JJH)I(eHHH (JSC) /ts/, qneHhl BToporo nopJI,nKa c Kyou
qecKHM aarapMOHH3MOM y'IHThiBaJOTCJI no Teopau B03MYIUeHaii, r.ne 

8 

:t 

l 

B Ka'leCTBe HyJJeBoro DpH6JJH)I(eHHJI HCDOJJb3YI 
4JoHOHhl nepsoro nopJI,nKa B /12/. 

2. Mooy/lu ynpyzocmu Mooe/lu 

Hccne,nyeM TeMnepaTypayJO 3aBHCHMOCTI 
MO,neJJB rQK pemeTKH C napHhiM UeHTpaJJ 
6JJH)I(aiwux coce.neii. 3Ta Mo.nenL paccMaTpl 
rapMOHH'IeCKOM DpH6JJH)I(eHHH B pa6oTe /!Of 
yqeTOM 'IJJeHOB BToporo nopJI,nKa, o6ycno?JJ€ 
Ky6aqeCKBM aHrapMOHH3MOM, B pa6oTaX tt, 
npBXO,nHM K npOCTOi caMOCOrJJaCOBaHHOH CHC 

,nJJJI peHOpMBpOBaHHOrO napaoro DOTeHUH8 

00 

¢(f )= I 
n=O 

2. ( 2 li 2 ( e JJ" ¢ (2n) ( e ), 
n! 2 

,nJJJI KOppeJJJIUBOHHOi 4JyHKUBB CMeiQeHHii 
paCCTOJIHBB f': 

u2 1 -+ -+ 2 ( e ) = - < [ e ( u-+0 - u 0)] >= 
f2 (. . 

..!.... I w f
00 

dw [-Jm'G (w+ 
N q' q o 211 . q 

1 

zi"re) 
Ypasaeaue ,nJJJI .nasneHHJI BMeeT su.n 

p = - ..!J_ ~ , (f ), 
6v 

r,ne ,nJJJI rQK pemeTKH v = f 3 h/2. z = 12. Cllyll 
HMeeT BB,n 

2w 

G (w)= · 2 2w ll (w) ctJ w2-w - q q 
q 

r.ne nepeaopMaposKa qacTOT B nces.norapN 
wqj CBO,nHTCJI K nepeHOpMHpOBKe CBJJOBOH DOC 
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pt~.HHun Teopuu aToporo nopB~Ka qacTOThl npo6HhiX 
luoHHhle I!JyHKUHH Bhi'IHCJJJIIOTCJI c DOMOIULIO 4>YHKUHH 
DOpJI~Ka C MaCCOBhiM ODepaTOpOM B BH~e 

( x i ) + L'l 2 U (xi )) ' 

u., 
J 

. , 
()() 

-1) I .s!J_ e -iw 't 
-oo 2rr 

(l) 

( e 7j X 

'>V v )" va vf3 U(x;)D (x., ), 
j j s pi l 

nopB~Ka K DOTeHUHaJJLHOB 3HeprHH 

d ~ "" dt -iwt 
~(e 0 -1) I --·e x 

w -oo 2 TT 

> v v J" U(Xj )V (Xl·' ). 
j J, 

l14al 

11461 

I14BI 

CJJeHHJI MO~yJJeB ynpyrOCTH DO DTOpOM UOpS~Ke 
TeOpHH B Bhlpa>KeHHH 1101 ecTeCTDeHHO HCUOJJL-

1141, r~e cTaTu'lecKoe 3Ha'leHue (w=O) MaccoDoro 
KJJaccuqecKou o6nacTu TeMnepaTyp O=k T»wD 

00 

Lri<u u > v v )"~U(x.Jvf3urx ,J,I15al 
n' .. , j. J, J J, s l p' i . }} 

n - -
( I < u 

1 
u. , '> V V ) U (xi ) U ( x i , ) • 

jj, J J i, 
11561 

BToporo nopB~Ka D 1141 npu peweuuu caMocorna
HHB npe~cTaDJJJieT 3Ha'luTeJJLHhle TPY~HOCTH,. 

06bi'IHO y'leTOM nepBhiX 'IJJeHOD, nponop
rnvu.tSt~.HHUMY Ky6H'IeCKOMY aurapMOHH3My. B eme 
I)JJH>KeHHu, TaK Ha3LiaaeMOM ynyqweHHOM caMocor-

HHu (JSC) /tB/, 'IJJeHhl BTOporo DOpJI~Ka C Ky6u
MOM Y'IHTLIBaiOTCJI DO TeopHH B03MYIUeHHB, r~e 

8 

:' 

Iii 

I 

l 

a Ka'leCTBe uyneaoro npu6nu>KeHuJI ucnoJJL3YIOTCJI caMocornacoDaHHhle 
4>oHOHhl nepaoro nopB~Ka D I 121. 

2. Mooy11u ynpyzocmu ..wooe11u F.QK pe111emKu 

Hccne~yeM TeMnepaTypHyiO 3aauCHMOCTL Mo~yneu ynpyrocTu ~JIB 
MO~eJJH riJ;K peweTKH C napHhiM UeHTpaJJLHhiM D3aHMO~eBCTDHeM 
6nu>Kalwux coce~eu. 3Ta Mo~eJJL paccMaTfuDanacL uaMu a nceD~o
rapMoHu'leCKOM npB6JJH>KeHHH D pa6oTe /to H c caMocornacoaaHHhiM 
y'leToM 'IJJeHoD DToporo nopB~Ka, o6ycno?reuurx peuopMuposaHHhiM 
Ky6B'IeCKHM aurapMOHH3MOM, D pa6oTax 1

•
19 • B 3TOB Mo~enu Mhl 

DPHXO~HM K DpOCTOB caMOCOrJJaCOBaHHOB CHCTeMe ypaBHeHBB 
MJI peHOpMBpOBaHHOrO napuoro DOTeHUBaJJa: 

00 

cp(e )= I 
n=O 

j_ (...!. ri 2 ( e;;" cp (2n) ( e ), 
n! 2 1161 

~JJJI KOppeJJJIUHOHHOB 4JyHKUBB CMeweHHB 6JJu>KaBWHX coce~eB Ha 
paCCTOJJHBB f': 

-.- ~ ~ 2 
u2(e )= :

2 
<U (u£ -u

0
J] >= 

1 L I w j dw [ -Jm G ( w +'iS J] cth_!;l_, 
z¢" (e) N q' q o 2rr . q 20 

1171 

YpaDHeHBe ~JIB ~aDJJeHHJI BMeeT DB~ 

P =-~ ¢, re J, 
6v 

r~e ~JJJI rQK peweTKH v = e3 /...j2, z ... 12, 
HMeeT DB~ 

2w 
G ( w) = ___.......9.. ____ _ 

ifJ w2-w 2 -2w n (w) 
q q q 

1181 

«<»yHKUHJI rpBHa 'G (w) D 117 I q 

1191 

r~e nepeHOpMupOBKa 'laCTOT B DCeB~orapMOHB'IeCKOM DpH6JJH>KeHHH 
wqj CDO~BTCJJ K nepeHOPMHpODKe CBJJOBOB DOCTOJIHHOB /to/: 
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2 
(JJ-+ 

¢ "(f ) 

¢"(~) 

2 f((),f) 
CiJ , = 

Oqj f 
2 

CiJ • 
Oqj 

ll9al 
qj 

CiJ 
0
-;l} " 'laCTOTbl B rapMOHH'IeCKOM npH6JIH>KeHHH B :noi MO,IleJIH 

c canoaoi nocTOJIHHoi f=¢ "(R 0 ). Bwpa>KeHHe ,llJI.R Maccoaoro onepaTopa 
BTOporo DOpJI,IlKa fi q(w) B npH6JIHffff.HH peHOPMHPOBaHHOrO Ky6H'IeC • 
KOro aHrapMOHHU(a npHBO,IlHTC.R B ; B ope,lleJibHOM CJiy'lae BbiCOKHX 
( () >> wD) TeMnepa Typ, KOTOpbiH ,llaJI&We Mbl TOJibKO H 6y,IJ;eM paccMa T" 

PHBaTb, OH HMeeT BH,Il 

g2 (O,f) 
ll-+ ( w) =- Ocd-+ 3 SCi· ( w), 

q j q J f (() J £) 1 
11961 

-r,lle g((),f )=¢"rfr KOHCTaHTa peHOPMHpOBaHHOro Ky6H'IeCKOrO B3a· 
HMO,IleitCTBH.R H 

1 s:t ('11)=- I 
<~1 32N -+ -+ 

q1q2 

Mq-+rt-qr-qJ 
2 2 2 

A.qA.q
1

A.q
2 

(A.q +Aq )
2 

I 1 2 

(A q 1 +A. q 2/-v 2 

2 
(>.. q1 - ,, Aq f 

2 2 
(A. q -A.q ) -v 

1 2 

lx 

d J 112 
:}.,t 

X I I '(-1) r (ite-+ -+} )(ite )(ite-+q 
if q q1 2 

)sin.!l..~i/sinj_~q sin..!l..;,q-+ If 
4 4 1 4 2 

v=2wlw ,A. =A ..... =2w lw , w 2 =8f(O,f)IM, 
L q q j tfj L L . 

-+ -+ -
n=2f ld, d= f y2 " nepHO,Il Ky6H'IeCKOit peWeTKH. 

Peweaae caMocornacoaaHHoii cacTeMbl ypaaaeaait 1161·1191 pac-
cMaTpaaanoc& B pa6oTax 110•11 •191 ,llJIJI MO.IleJI&Horo noTeHuaana 
Mop3e 

-2a(R-Ro) -a (R-Ro) 
· ¢(R) ... D[e -2e ], 1211 

r,lle D- rny6HHa DOTeHUHaJibHOit JIMbl: cp(RoJ=-D, a- napaMeTp DOTeR· 
UHaJia, KOTOpblit Y.ll06HO Bb16paTb B BH,Ile aR0:6, TaK, 'IT06bl rapMOHH· 
'leCKaJI CHJIOBa.R DOCTOJIHHa.R f=2Da 2 COBDa,llaJia C Bbi'IHCJieHHOit ,llJI.R 
noTeauaana Jleaap,lla-,D;>Koaca (12-6). llpa 3TOM caMocornacosaaaa.R 
CHCTeMa ypaBHeHHit CBO,IlHTC.R K O,llHOMY ypaBHeHHIO ,llJI.JI 6e3pa3MepHOH 
xoppeJIJIUHOHHOi «<IYHKUHH y= a 2 u"7(T) B I 11 I ; B cnyqae swcoKHX 
TeMnepaT'yp npa aynesoM ,llasneHHH P=O oao HMeeT BB.Il 111 I 

10 

Y = 1 *ey 

4 (1- 9A T * e Y ) 

r,lle 1 *= 01 D, B nces,llorapMOHH'IecKoM r 
npH6JIH>KeHHH peHOpMHpOBaHHOrO Ky6H'Ie CKC 
Ha.R OUeHKa ,llJIJI CYMMbl 1201 ,llaeT A 
B nceB,llOrapMOHH'IeCKOM npH6JIH>KeHHH H).fee 
B 06JiaCTH TeMnepa TYP 1 *< 1 * ph = 1 4 7 I 1 O, 

- S t I 

BToporo nop.R,IlKa lpeaopMij~osaaaoro xyf 
B o6nacTH T*:; T8* = 0,6 f.l, 191. CHJibHOt 
.llBHaMH'Iecxoii ycTOH'IHBOCTH cacTeMw 
caMocornacosaaawx 4Joaoaos - npa y'leT€ 
nerxo o6'b.RCHHT&, pewa.R ypasaeaae 1221 OJ 

Y: 1* (l+y+O,ST*);: 1
4
* ( 1 + 0,251 * + 0,. 

4 . 

Kax BB.IlH0
1

.B 3TOM peweHHH JIHHeiiHa.R no 
qneaos BToporo nop.R,IlKa B 2 pa3a npe1 
qneaoa nepsoro nop.R,IlKa ·: e Y = 1 + y • 

ITpH Bbi'IHCJieHHH MO,IlyJieii ynpyrocTH AJ 
MO>KeM BOCDOJib30BaTbC.R TeM 06CTO.RTeJibC 
CHMble MO.IlYJI.R ynpyrOCTH MOryT 6&ITb 
.llBCnepcaoaawx xpaswx. B npe,lleJie AJIHHH 
,lleJieHHOM sw6ope sexTopa ~ = q I q B.llPJib 
Hanpa&JieHHH B KpHCTaJIJie H Bbi6ope DOJI.R] 
HJIH j=T1 ,12 IOAHOH H3 nonepe'IHhlXI, "<>J]bf 
HHJI, onpe,lleJI.RIOIUHe MO.IlYJIH ynpyroCTH : 

~ = [ 1 J o, 0] p ;;; 2 -+ c 11 q 
2
• ,, q,L 

-p w :t -+ c44 
q, T 

... 2 c 2 ;;1 -+.L K=[1,1,0]pw~T -+ 44 q 'P q~T 2 2 
'l, 1 

Cne,llosaTeJI&Ho, paccMaTpasa.R cTaTH'IeC 
npe,llen (q-+ 0) AJI.R «<JYHKUHH rpaaa 1191, non: 
HH.R ,llJI.JI MO,IlyJieii ynpyrOCTH: 

Caf3 = Ro f(O,f) [ 1 _20 g2 (0, e) s_, 
ca~' e t t3(o, e J ~ 

II 



2 
(J) • 

Oqj 
/19a/ 

pMOHH'IeCKOM npH6JIH>KeHHH B 3TOfi: MO)leJIH 

=¢ ''(R 0 ). B&Ipa>KeHHe .IlJIR Maccosoro onepaTopa 

B npH6JIH!fff.HH peHOPMHpOBaHHOro Ky6H'IeC-

O)lHTCR B ; B npe)leJibHOM CJiyqae BbiCOKHX 

op&Jii )laJI&We Mbl TOJibKO H 6y,neM paCCMaT-

(w), /196/ 

peHOpMHpOBaHHOrO Ky6H'IeCKOrO BJa• 

('A +A ) 2 
1:·' ., 1 qt q2 

~ 2 2 
l"qt +Aq2) -1.1 

2 
O..qt - ,, 'Aqj 

2 2 ('A q -'Aq ) -1.1 
1 2 

lx 

) sin .s!.. ~ if sin 2.. flq 
4 4 1 

• d-+-+ 12 szn- nq ; 
4 2 

_.!w , w2 =8f((),f)/M, 
.,, L L · 

Ky6H'IeCKOI peWeTKH. 

BaHHOH CHCTeMbl ypaBHeHHi /16/-/19/ pac-

ax It o,tt ,19/ .IlJIJI MO.IleJI&Horo noTeHuaana 

-a (R-R 0 ) 
2e ], /21/ 

JIMbi: ifJ(RoJ=-D, a- napaMeTp noTeH· 

Bb16paTb B BB)le aR0,.(), TaK, 'IT06bl rapMOHB· 

f=2Da 2 
COBna)laJia C Bbi'IBCJieHHOI )lJIJI 

ca (12-6). llpa 3TOM caMocornacosaHHaJI 

CR K O)lHOMY ypaBHeHHIO )lJIR 6e3pa3MepHOH 

y=a 2 u-:l{"r) B /17/ j B CJiyqae BbiCOKHX 

)laBJieHBH P=O OHO HMeeT BH.Il /It/ 

10 

1*ey 
/22/ Y= 

4(1-9A1* e Y ) 

r)le '1*=01 D, B nces)lorapMOHH'IeCKOM npu6JIH>KeHHH ·A= 0, a B 

npB6JIH>KeHBH peHOpMHpOBaHHOrO Ky6H'IeCKOrO aHrapMOHH3Ma 'IHCJieH

HaJI oueHKa )lJIJI cyMMbl /20/ )laeT A = 0,056. YpasHeHHe /22/ 
B nceB)lOrapMOHB'IeCKOM npH6JIH>KeHHH H~ee,)leHCTBBTeJibHble peWeHHR 

B o6nacTB TeMnepa TYP '1*;5 T: ph = 1 ,4 7 10
, a c y'leTOM nepsoro 'IJieHa 

BTOporo nopR)lKa /peHOpM~~OBaHHOrO Ky6H'IeCKOrO aHrapMOHH3Ma/ 

B o6naCTB T *5: T s* = 0,6 ;. 1•191. CHJibHOe nOHH>KeHHe TeMnepaTypbl 

.IlBHaMB'IecKoii ycToii'IHBOCTH cucTeMbl - o6nacTH ·cymecTsosaHHR 

caMocornacosaHHbiX ~OHOHOB - npu y'leTe 'IJieHOB BToporo nopR)lKa 

nerKo o6'bRCHHTb, pewa11 ypasHeHHe /22/ npu y«1 HTepauueii 

y= T* (1 + y+0,5 T*) = L* ( 1 + 0,251 * + 0, 5 1 * ). 
4 4 

/22a/ 

KaK BB.IlH01 JJ 3TOM peweHBH JIHHeiiHaR no TeMnepaType nonpasKa OT 

'IJieHOB BToporo nopJI)lKa B 2 pa3a npesblwaeT nonpaBKY 3a cqeT 

'IJieHoB nepsoro nopR)lKa ·: e Y = 1 + y • 
llpB Bbi'IBCJieHHB MO)lyJieii ynpyroCTB )lJIR Ky6H'IeCKOH peWeTKH Mbl 

MO>KeM BOCnOJib30BaTbCR TeM 06CTORTeJibCTBOM, 'ITO BCe TpB He3aBB· 

CBMble MO)lyJIR ynpyrOCTH MOryT 6biTb onpe)leJieHbl no HaKJIOHy 

.IlHcnepcuoHHbiX KPBBbiX. B npe)lene .IlJIHHHbiX BOJIH B /9/, npu onpe-
... -+; )leJieHHOM Bb160pe BeKTOpa K= q q B)lpJib O)lHOrO H3 CBMMeTpB'IHbiX 

Hanpa&JieHBH B KpBCTaJIJie B Bbi6ope nOJIRpB3aUBB j=L /npO)lOJibHOI/ 

BJIB j::aT1 ,12 /O.IlHOH H3 nonepe'IHblX/, no;J6JaeM CJie)lyiOIQHe COOTHowe-

HBJI, onpe)leJIRIOmBe MO.IlYJIB ynpyrOCTH : 

] -2 2 R= [1 ,0,0 p w .. cllq 
q,L 

-pw -+C q2 
q,T 44 ' 

~ 

[ ] ... 2 2 "'2 1 2 K= 1,1,0 pw~ -+ c q, pw~ -+ -(c -c )q 
'l,T1 44 q,T 2 2 11 12 

·/23/ 

Cne)loBaTeJI&Ho, paccMaTpusaR CTaTB'IeCKHii (w= 0) .IlJIBHHOBOJIHOBOii 

npe)len (q ... O) )lJIR ~YHKUHB rpHHa /19/, nonyqaeM cne)lyromue Bblpa>Ke

HBJI )lJIR MO)lyJieii ynpyrOCTH: 

Ca[J = Ro 1((),£) [1-20 g2((), f) s... ], 

Ca(f/l e f 13 ( 0, e ) K ,j 
/24/ 

II 



r,D.e c:&) - MO.D.YJIH ynpyrocTH B rapMOHH'IeCKOM npH6JIH>KeHHH, 
s;:

1 
=.f:im s ..... (w=O) • .ll.JIJI Mo,D.ena ru.K peweTKH c napHhiM noTeH:u;aa

q .... o q, 

JIOM l'fl/ noJiy'laeM CJie,D.yJOIIJ;YIO 3aBHCHMOCTL MO,D.yJieii ynpyroCTH OT 

TeMnepaTyphl: 

-y 9 T * S .... L [e - KJ, C*- 5 ] 
11- 1+0,

2 
Y-. -y -9T*SK .... ,T ' 

*- 1 [e l • ]. 
C

44
- 1+0,25y 1 [e -y -97*SK

2

,T2 

rc11-c 12 J * = 1+o ,25 r 

], l25al 

12561 

l25al 

(0) 

],D.eCL BBe~eHLI 6e3~a3MepH:ble ro,D.yJIH ynpyrOCTH c;B =Ca{3/C44 = 
= dCcfJ/f·, K

1
=[1,0,0], K2 =[1,1,0 ]; ""'RO = 1 + 0,25 ynonyGeao H3 ypaa

HeHHJI /181 npH P=O. 3Ha'leHHe 6e3pa3MepHoft KOppeJIJIIJ;HOHHOft cilyHKIJ;HH 
npa 3a,D.aHHoA TeMnepaType T * cne,D.yeT no,D.cTaBJIJITL H3 ypaaHeHHJI 
caMocornacoaaHHJI 1221, peweaae I<oToporo B ncea,D.orapMOHH'Ieci<oM 
npH6JIB>KeHHB (A=O) ,!laeT MO.D.YJIB ynpyropTH B nepBOM nopJI,D.Ke caMo
cornacoBaHHOft Teopaa, a peweaae c y'leTOM peaopMapoaaaaoro 
I<y6H'IeCKOrO aHrapMOHB3Ma (A~O) onpe,!leJI.ReT MO.D.YJIH ynpyrOCTH BTO
poro nopJI,D.Ka a npa6na>KeHHH rnaBHLIX, I<y6&'1eCI<BX qneaoa. Kaa.3H· 
rapMOHH'IeCI<Oe B:blpa>KeHHe ,IJ.JIJI MO,D.yJieft ynpyroCTH MO>KHO nony'IBTL 
a3 125/, no,D.cTaBJIJIJI rapMoHH'IecKoe 3Ha'leHBe y(O) = T *I 4 lcM./22al I 
B nonaraJI e -y :1- y. 
. fipe.D.eJILHWe 3Ha'leHHJI CYMM Ski B 1201 Ebi'IHCJIJIJIBCL npH 
nOMOIIJ;B O,IJ.HOKpaTHOrO CYMMBpOBaHBJI no 103 TO'IeK B nepBOft 30He 
JipBJIJIY3Ha. fipH 3TOM 6LIJIB nony'leHLI CJie,D.YIOUlBe 3Ha'leHBJI: 

s.... = 0,1028' s.. =0,080' s.... = 0,0647, 
KJ,L KJ ,L I K2 ,T2 

.ll.JIJI KOHTpOJIJI paCC'IBTLIBaJiaCL TO'IHO BLI'IBCJIJieMaJI CYMMa: 

s = L I 
. N qJ 2 

A It J 

• 2 d X Y 
szn -;r(q +q )= 0,5. 

Pac'leThl noKa3aJIH, 'ITO npa 'IHCJie To'leK N = 343 S = 0,4985, 
3 

· hpH N = 10 S = 0,4995, N = 3375 S = 0,4998. 
TeMnepaTypHaJI 3aBBCHMOCT~ MO,D.yneft ynpyrocTH npaae,D.eHa aa 

pacyaKe, r,D.e cnnowaoft naaaeii noKa3aHw MO.D.YJIH ynpyrocTH npa 

12 

noJIHOM caMocornacoaaHBB a ypaaHeHBH 
KpHB:biX COOTBeTCTBYIOT HC:<fe3HOBeHHIO ,D.e 
nyHKTHpHOH - npH nceB,D.OrapMOHH'IeCKOM 
Kaa3&rapMOHB'IecKHe MO.D.YJIH ynpyrocTB (y 
,D.O 211/o COBna,D.aJOT C MO.D.YJIJIMH ynpyrOCTB II 
caMocornacoaaHHH, xoTJI BLipa>KeHHJI .D.JIJI 

1 *« 1. 

3. 06cyJKOeHue 

B paccMaTpaaaeMhiX npa6na>KeHBJIX MO.Il 
TeMnepaTypbl, 'ITO npBBO,IJ.HT, KaK BB,IJ.HO H: 
B 12561, K HapyweHHIO COOTHOWeHBJI KOWB 

2C44 
JIB'IHHa a(1) = , KOTOpaJI JIBJIJieTCJI M 

c11-ci2 
waeTCJI c pocTOM TeMnepaTyphl. H< 
a::: 2(1-0,135 1* e Y) 

fioJiy'leHH:ble pe3yJibTaT:bl HaXO,IJ.JITCJI B 
6na>KeH&eM Manoro aarapMOHH3Ma npu '[*<;.< 
TeMnepaTyp, T*~ 0,4 T * , OTJIB'IHe MO,D.ynei 
npa pa3JIB'IHOM cnoco6e caMocornaco:BaHBJI 
100/o. .D.nJI c.paaHeHBJI c Bbi'I&cneHHJIMB ' 
MO,D.yJieii ynpyrOCTH ,IJ.JIJI KCeHOHa npH HeKOT< 
HOi TeMnepaTyphl 1"f = 0,2 i 0,3; 0,4, 
3Ha'leHHJI B npa6na>KeHHB, y'IHT:biBaJOIIJ;eM . 
B coana,D.aJOIIJ;eM c HaWHM npa6na>KeaaeM : 
caMocornacoaa:HBH lnyHKTBpHaJI JIHHBJII, a T 
nony'leHH:ble npa yqeTe acex qneHoB a ypa 
K yMeJt,LWeHHIO OTpHIJ;aTeJibHOrO BKJia,D.a 
peaopMapoaaHHoro Ky6aqecKoro aarapMOI 
HeCOOTBeTCTBHe HaWBX paC'IeTOB C /! 4

/ II 
aaMH acnonb30BaH noTeH:u;aan Mop3e, 6o 
C noTeH:u;HaJIOM lleHap,D.a- .ll.>KOHCa (12-6) B 

¢ M,, (R 
0 

) I¢-"' ( R0 ) :: 0,86 • 
L-1 

fioBe,D.eHBe MO,D.yJieii ynpyroCTH npB 1~ 
3aBBCBT OT xapa~Tepa c.aMocornacoaaHBJI. 
nocne,D.oaaTeJibHhiB y'leT rnaBHhiX qneHoB :E 

no T * B 1221 I npaao,D.HT K CBJILHOii nepeao 
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CTH B rapMOHH'IeCKOM npH6JJH)I(eHHH, 
JJH rQK peweTKH C napHbiM noTeHUHa· 

3aBHCHMOCTh MO,D;yneit ynpyrOCTH OT 

], 

1 *S ,.. T ] ' 
K1 ' 

- Y 91 *S -+ T ] ' - K2, 2 

/25a/ 

/256/ 

/25B/ 

(0) 
pHble ro,D;y.JJH ynpyrOCTH c:B = Ca{3/C 44 = 
1,0 ]; l(o = 1 + 0,25 y nonyt:ieuo H3 ypas-

6e3pa3MepHoA KOppe.JJJIUHOHHOit IIJyHKUHH 
e T * cne.D;yeT no.D;cTaBJJJITL H3 ypaBHeHRJI 
emeHRe I<oToporo B nces.D;orapMOHH'Ieci<oM 

nu ynpyrocTH B nepsoy nopJI.D;I<e caNo-
peWeHRe C y'leTOM peHOpM.HpOBaHHoro 
(A ~0) onpe.D;e.JJJieT MO.D;YJJH ynpyroCTH BTO· 

HH rnaBHbiX, I<y6R'IeCI<HX 'lneHoB. Ksa.3R
e .D;JJJI MO.D;ynel ynpyrOCTH MO)I(HO fiOJJY'IRTb 

ecKoe 3Ha'leHRe y(O)=T*/4 /cN./22a// 

cyMM Sk.J B /20/ EbJ'IRCnJinHcL npu 
MHpOBaHHJI no 103 TO'IeK 8 nepsoi 30He 
nony'leHbl cne.D;yromue 3Ha'leHHJI: 

=0,080, s-+ = 0,0647. 
K2 ,T2 

CL TO'IHO Bbi'IHCJJJieMaJI CYMMa: 

• 2 d X y 
szn 4 ( q + q ) = 0,5. 

npu 'IRene To'lei< N = 343 S = 0,4985, 
= 3375 s = 0,4998. 
MOCTL MO.D;ynel ynpyrOCTH npHBe,D;eHa Ha 

eii noKa3aHLI Mo.D;ynu ynpyrocTH npu 

12 

nOJJHOM CaMOCOr.)JaCOBaHHH B ypaBHeHHH /22/ /TO'IKH OKOH'IaHRJI 
KpHBLIX COOTBeTCTBYIOT HC_'Ie3HOBeHHIO .D;eHCTBHTe.JJLHbiX peweHHH/, 
nyHKTHpHOH - npH nceB.D;OrapMOHH'IeCKOM CaMocornaCOBaHHH (A=O). 
Ksa3HrapMOHH'IeCKHe MO.D;ynH ynpyrocTH (y=-y(0J.:T*/4) c TO'IHOCTLJO 
.D;O 2o/o COBfia.D;aiOT C MO.D;YJJJIMH ynpyrOCTH npH nceB.D;OrapMOHH'IeCKOM 
caMocornacosaHHH, XOTJI BLipa)l(eHHJI .D;JJJI HHX cnpase.D;nHBLI npu 
T *« 1. 

3. 06cyJKoeHue 

B paccMaTpHsaeMLIX npu6nH)I(eHHJIX Mo.D;ynu ynpyrocTH 3aBHCJIT OT 
TeMnepaTypbl, 'ITO npHBO.D;HT, KaK BH.D;HO H3 cpaBHeHHJI /25a/, /25B/ 
H /256/' K HapyweHHIO COOTHOWeHHJI Kowu, TO eCTL K c12 ~ c44 • Be-

2C44 
JJH'IHHa a(1 )= , KOTOpa.H .HBJJ.HeTC.H Mepoit aHH30TponHH, yMeHL· 

C11-C12 

waeTc.H c pocToM TeMnepaTyphl. HcnonL3Y.H /25/, nony'laeM 
a::: 2 (1- 0,135 T * e Y ) 

IIony'leHHble pe3ynLTaTbl Haxo.D;.HTC.H B xopoweM cornacHH c npu-
6nH)I(eHHeM Manoro aHrapMOHH3Ma npH '[*<;.< 1. B 3Ha'IHTenLHoii o6nacTH 
TeMnepaTyp, 1*~ 0,41 * , OTJJH'IHe MO.D;yneit ynpyrOCTH, Bbi'IHCJJeHHbiX 
npH pa3nH'IHOM cnoco6e caMocornaco:BaHH.H/B f22f, HesenHKO, nopJI.D;Ka 
100/o. ,lJ,JJJI ~paBHeHH.fl C Bbi'IHCJJeHH.HMH 14 npHBe,D;eHbl 3Ha'leHHJI 
MO.D;yneit ynpyrOCTH .D;JJ.fl KCeHOHa npH HeKOTOpbiX 3Ha'leHHJIX npHBe.D;eH· 
HOB TeMnepaTypLI T"' = 0,2; 0,3; 0,4, r.D;e Kpy)I(J<aMH noKa3aHbl 
3Ha'leHHJI B npu6nH)I(eHHH, Y'IHTbiBarorueM nHWL nepsblii qneH s /13/ 
H COBna.D;aJOIUeM C HaWHM npH6JJH)I(eHHeM npH nceB.D;OrapMOHH'IeCKOM 
caMocornacosaliHH /nyHKTHpHaJI nHHH.H/, a TpeyronLHHKaMH - 3Ha'leHHJI, 
nony'leHHble npH y'leTe BCeX 'IJJeHOB B ypaBHeHHH /13/, 'ITO npHBO.D;HT 
K yMeHLWeHHIO OTPHUa Te.JJLHOrO BKJJa,D;a B MO.D;Y.TVI ynpyrOCTH OT 
peHopMHposaHHoro Ky6uqecKoro aHrapMOHH3Ma B /76/. HeKoTopoe 
HeCOOTBeTCTBHe HaWHX pac'leTOB c/l4/ MO)I(HO 06'bJICHHTb TeM, 'ITO 
HaMH ucnon&3oBaH noTeHuuan Mop3e, 6onee MJirK1, no cpasHeHHJO 
c noTeHuuanoM JleHap.D;a·,lJ,)I(oHca (12-6) B pa6oTe 114 : 

,/.. .,, (R ) I,/.._"' ( R ) - 0 86. 
'f' M 0 'f' L-J 0 - ' 

IIose.D;eHHe MO.D;yneii ynpyroCTH npH 1*$ 1 8 * = 0,6 cyruecTBeHHO 
3aBHCHT OT xapaKTepa c.aMocornacosaHH.H. KaK BH.D;HO, B 3TOM cnyqae 
nocne.D;OBaTe.JJLHbiB y'leT rnaBHbiX 'IJJeHOB BTOporo nopJI.D;Ka /nHHeHHbiX 
no T * s /22/ I npHBO.D;HT K cun&Hoii nepeHopMHPOBKe npo6HbiX IIJoHOHOB, 
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,-

H npH T *-+ 1 * CHCTeMa CTaHOBHTCJI HeyCTOi'IHBOi OTHOCHTenbHO pac
npocTpaHeHHJI caMocornacoaauublx «<JoHOHOB. Ojj1,THM, 'ITO nono6HaJI 
*e ueycToi'IHBOCTb 6blna nony'leHa a pa6oTe Toni.Ko npu y'leTe 
qneHOB BToporo nopJI,llKa, Hrparo~HX B 3TOM cnyqae OCHOBHYID ponb 
/eM. o6cy*neuue a /22a/ /. IIceanorapMOHH'IecKoe caMocornacoBaHHe 
B 3TOi o6naCTH TeMnepaTyp Cy~eCTBeHHO He MeH.IIeT xapaKTepa 
Monynei ynpyrocTH H npu T * -0,8 npuaonuT K no>KHoi "MJirKoi i.lone" 
nm1 nponom"Hblx

1
Kone6aHuii ; uanpaBneHHH [ 1 ,0,0] . KaK noKa3aHo 

jlt 19 . • 
B pa6oTax ' .a6nHJH TO'IKH ueycToi'IHBOCTH T * TennoeMKOCTb 

' 8 • 

-Yl a 
c - (1- T*/T *) -+oo H C*HMaeMOCTb ( ...!!..; .... O, 'ITO o3Ha'laeT HapyweHRe 

p 8 av T 

TepMO.llRHaMH'IecKRX KpRTepaeB ycToi'IRBOCTR /1/. 0TMeTHM 3,lleCb 
BO H3.6e*&HHe He,llOpa3yMeHHR, 'ITO ,llHHaMH'IeCKa.ll HeyCTOi'IRBOCTL 
npu T* = 0,6 /eM. /tt, 191 I ne*HT BbiWe TeMnepaTypw nnaBneHHJI 

B 

/.llnJI HHepTHblX ra30B 'l:rtn .::;; 0,5/ H D03TOMY B peanLHLIX ycnOBHJIX 
He MO*eT Ha6mo,llaTLCJI. Cy~eCTBOBaHHe *e ",¥:.11rKOi MO,llLI" MO*HO 

!22 23/ O*R,llaTb ,llnJI CRCTeM CO cnO*HOR peweTKOi ' , r,lle HeycToft-
'IHBOCTb ,lln.ll O,llHOft R3 MO,ll KOne6aHRft MO*eT npOH30ftTR paHLWe 
nonuoft ,llHHaMR'IeCKOft HeyCTOi'IHBOCTR BCel CHCTeMLI, R no:JTOMY 
Heo6xo,llHMo npoH3BO.llRTL accnenoaaHHJI Monynei ynpyrocTR 4ononHR
Teni.Ho K pe~e,aro caMocornacoBaHHol cacTeMw ypaBReHRI, xaJC 6wno 
OTMe'leHO B 16 • 

C4enaeM e~e HecKonLKo JaMe'laHRI o TO'IHOCTR nony'leHuwx 
B pa34ene 1 ·Bwpa>KeHHI nn.11 Monynel ynpyrocTH /10/, /11/, /13/, 
/15/ R Bwpa>KeHRi /6/, /12/, /14/, onpe4en.11ro~ax caMocornacoBau
Hyro CRCTeMy ypaBHeHHI. CnenyeT OTMeTRTL, 'ITO cat,~ocornacoBaHHa.ll 
TeOpRJI aHrapMOHR'IeCKHX KpHCTannoB, pa3BRTa.ll B / 5 - 12/, OCHOBaHa 
Ha BapHaUHOHHOM npHHUHne H He Tpe6yeT npOR3BO,llHTb pa3nO>KeHRe 
no ManoMy napaMeTpy. Ilo:JTOMY KpHTepaeM npaMeRHMOCTR TeopRH 
JIBn.lleTCJI CXO,llHMOCTL nocne,llOB8.TenLHblX npa6nH>KeHHR npR Bee 6onee 
cno>KHOM Bw6ope npo6aol «<JyHKUHH - raMHnLTOHRaua npo6uwx «<Joao
Hoa 15•91 .OnuaKo B cnyqae Manoro aHr~M7HH3Ma TeopRJI non>KHa 
CBO,llHTbCJI K o6W'IHOI TeOpHH B03My~eHHR ' 2 

, H D03TOMY KOHKpeT
HWft BLI60p npo6HWX «<JoHOHOB 06W'IHO npOH3BO,llHTCJI B COOTBeTCTBHH 
C :JTHM Tpe6oBaHHeM. C 3TOR TO'IKH 3peHHJI o6~He BLipa:>KeHR.II /14/, 
/15/ conep*aT qneHw 6onee awcoKHX nopJI.llKOB no napaMeTpy Teopuu 
B03M~eHHR 1*<<1, D03TOMY ,lln.ll nony'leHRJI 6onee Ha,lle*HLIX pe3ynL· 
TaToB cnenoBano 6w yqecTL TaK>Ke H BKnanw oT cnenyro~ax nopJI.z:lKOB 
B KyMynJIHTHOM pa3nO*eHHH. 
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B 3aKnroqeuue aBTopw C'IHTaJOT caoHM n 
ronapHTL II.C.3wpJIHOBa 3a coo6meuue pe3yJ 
ny6nuKa!!HH H none3Hwe o6cy*,u.eHHJI. 
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* CHCTeMa CTRHOBHTCJI HeyCTOi'IHBOft OTHOCHTenbHO pac
HJI caMocornacosaHHhlX «boHOHOB. 0TM~THM, 'ITO no~o6HaJI 

6 /211 'IHBOCTb 6blna rrony'leHa B pa OTe TOnhKO npH yqeTe 
poro rropJI~Ka, HrpaiOIQHX B 3TOM cnyqae OCHOBHYIO pom, 
l~eHHe s /22a//. llces~orapMOHH'IecKoe caMocornacosaaae 
nacTH TeMrrepaTyp cy~ecTBeHHo He MeHJieT xapaKTepa 
pyrocTH H rrpa T *:0,8 rrpaso~HT K no>KHoi "MJirKoi Mo~e" 
"'h}x 1Kone6aHHii: s HanpasneHHH [ 1 ,0,0] . Ka!< noKa3aHo 
1 

• 
9 

.s6nHJH TO'IKH HeycToi'IHBOCTH T * TennoeMKOCTb , 8 

-Vl ap 
*) -->oo H C>KHMaeMOCTb (-) .... 0, 'ITO 03Ha'laeT HapyweHHe 
s av r 

H'leCKHX KpHTepHeB YCTOi'IHBOCTH /1/. 0TMeTHM 3~eCb 
He He~opa3yMeHHi, 'ITO ~HHRMH'IeCKRJI HeycTOi'IHBOCTb 
0,6 /eM. /ll •

191 I ne>KHT swwe TeMnepaTypw nnasneHHJI 
HLIX ra30B J:rtn ;;; 0,5/ H n03TOMY B pean&HldX ycnOBHJIX 
a6mo~aTbCJI. CyiQeCTBOBRHHe >Ke ",\UrKoi MO~W" MO>KHO 

{22 23! 
Jl CHCTeM CO CnO>KHOi peWeTKOi ' , r~e HeyCTOft-
JI O~Hoi H3 MO~ Kone6aHHi MO>KeT npOH30iTH paHJ.We 
RMH'IeCKOi HeyCTOi'IHBOCTH BCei CHCTeMitl, H n03TOMy 
npoH3BO~HTb accne~osaHHJI MO~ynei ynpyrocTH ~ononaa-
efiHIO caMocornacosaHaoi cacTeMw ypasaeaal, JCal< 6wno 

16/ 

eiQe HeCJCOnhKO 3RMe'IRHHI 0 TO'IHOCTH nony'leHHitiX 
1 swpa>Keaal ~nJI Mo~ynel ynpyrocTH /10/, /11/, /13/, 
>KeHHI /6/, /12/, /14/, onpe~enJ:lOII.lHX caMocornacosaa

Y ypasaeaal. Cne~yeT OTMeTHTh, 'ITo ca:t,tocornacoaaaaa• 
PMOHH'IeCKHX KpHCTannos, pa3BHTRJI B / 5 - 12/, OCHOBaHa 

10HHOM npHHI(Hne H He Tpe6yeT npOH3BO~HTb pa3nO>KeHRe 
napaMeTpy. ll03TOMy KpRTep&eM npRMeHHMOCTR TeOpRR 
o~HMOCTh nocne~oBaTen&Hhlx rrpa6nH>KeHRI npa ace 6onee 
6ope npo6Hoi 4JYHKI(HH - raMHnbTOHHaHa npo6HitiX ~ORO· 
HaKo s cnyqae Manoro aar~M?HH3Ma Teop&JI ~on>KHa 
061t1'1Hoi TeOpHH B03MYII.leHRI ' 2 

, H IT03TOMY KOHKpeT
po6HitiX 4JOHOHOB 061d'IHO npOH3BO~HTCJI B COOTBeTCTBHH 
OBRHHeM. C 3TOi TO'IKH 3peHHJI 0611.lHe Bltlpa>KeHHJ: /14/, 
aT 'lneHLI 6onee swcoKHX nopJI~KOB no napaMeTpy Teopaa 
1*<<1, IT03TOMY ~n• rrony'leHHJI 6onee Ha~e>KHwx pe3ym.

sano 6w Y'leCTb TRK>Ke H BKna~ltl OT cne~YIOII.lHX nopJI~KOB 
OM PR3nO>KeHHH. 
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B 3RKn1Qqeaae asTopw c'IHTaiOT csoHM rrpHJITHhlM ~onroM no6na
rO~RPHTb fl.C.3wpJIHOBa 3a coo6IQeHHe peJynbTRTOB pa6oT / 16/ .D;O HX 
ny6nHKa~HH H none JHwe o6cy>K.D;eHHJI. 
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YcJJoBHB o( 

npenpHHTbl H coo6meHHSI OHHH paCCbint 

HMHOrO o6MeHa,yHHBepCHTeTaM, HHCTHTyTa~ 

RBY'l:HhiM rpynnaM H OT)leJibHbiM yqeHblM 60 

nonyqaTeJISIM H3.1l8HHH OHHH npenocTaB. 

HBHTb HHHUHBTHBY B 6ecnJiaTHOH nOCbiJIKe n 

06MeHa npHHHMBIOTCSI HBY'l:Hble KHHrH 1 *YPJ 

ny6JIHK8UHH no TeM8THK9 011fll1, 
E.aHHCTBeHHbiH BH.Il ny6JIHK8UHH, KOTOpl 

aTO penpHHTbl ( OTTHCKH CTBTeH 1 Y*e ony6m 

B pSI.ae cny'l:aeB Mhl caMH o5pamaeMCSI 

6onee KpynHbiM noJiy'l:aTeJISIM H811IHX H3ll8HHI 

CJI8Tb HaM K8KH9-JIH60 KHHrH HJIH BbiiTHCBTb 

*YPHBJibi, H3.1l810I1IH9CH B HX CTpaaax, 

0TAeJibHhle 3 

HsnaTeJibCKHli oTnen e JKeronao BbiiTOJIHSJj 

COB HB Bb!CbiJIKY H3.1l8HHH OHHH. B TBKHX 

YK83biB8Tb HH.Il9KC aanpaiiiHBBeMOrO H3ll8HH 

A.Qpec.: 

nHcbMB no seeM sonpocaM o6Meaa ny6. 

OTll911bHbl9 H3.1l8HHSI ClleayeT HanpaBilHTb no t 

MocKBa, 
TnaBHbiil no'lTBMT 

HaaarenhCKHil ora 
06'benHHeHHOrO HHC 
>rnepHbiX Hccneaos~ 

A.apec llllH noCblllKH scex ny6nHKBUHH 1 

6ecrmaTHOH fiO.IlfiHCKH Ha HBY'l:Hb!e *YPHBilbi: 

MocKBa, 
TnaBHbiil no'lTBM: 
Hay'lHo-rexHH'leCJ 

06'benHHeHHOrO HE 
HnepHbiX Hccneaos. 


