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BBE,l(EHHE 

llp~: nopeTH'llecKoM pacc~~~·peHHH :HeqeTHblx· s~ep oc-
HOBHLIM ':,IB~.JieTcs .~onpoc o 'cxeMe· cas3H He'lleiHo.ii qaq..f'aubl 
c oc-x:oaoM. B s~pax,, 6nH;JKHX K MarH}I~CKH}.{.HJIH canL,H9-
~eclJopMapoaaHHLIX, .. OTBeT~TL Ha ,3TOT BOITpOC, HeTpy~H.O. 
B ~THX s~p~x c~M~eTpHs ype~!lero nons xopowo H3B~CTHa. 
Cpe~HHe nom ycToiiHHBbl no OTHomeHmo K Mam~IM aapaa~HBM 
s~epHOH nnOTHOCTH •. Il03TOMY, He'lleTHaB qaCTHD;a cn~60 
B03MyiD;aeT OCTOB, H BOllHOBYIO clJyHKD;HIO M9)1{1{0 .HCKaTL 

.• a xopowo H3aecTHoii clJopMe: 
• • • > • ~ 

. ' . + + 
I '· c -'l b I 0 > , · sn s n ; 

./1/.. 
~ ' J • 

r;Ae .CYMMHPOBaHHe ITO·. ''n" BKlliO'llaeT TOllLKO · .HIDKaiimHe 
9~HoclJoHmi!{Lie ~ocTosliB:s ocToaa;· .. ~-! :: ,onepaTop · po,K,u.e
HHB K!Ja3H'llaCTHD;bl .B COCT~BHHH s ; h + - qne.paTop p_Q~eH~B 
clJoHQHa .C KBaHTOBLJ;MH q:n;c;:naMH_ "n '~;. lO>- OCHOiiHOe_ COCTO~-
HHe OCTOBa; 

TaKas·\· .. cxeMa· CBB3H :6blna acnonL30BaHa· a· III ~npH 
paCCMOTpeHHH cclJepH'lleCKHX 'B~ep H. B /2/ ~nB · OITHCaHHB 
CHllLHO~eclJopMHpoBaHHblX B~ep. 

Jlop~q:rp~_M ,_ J.<aKHe .ao3~KHYT TPY~HPCTH, ec,JIH, pa3no
_)l{eHHe /l/. ._acnonL30BaTL ~ns onacaHHB He'lleTHJ.ix :Ji~ep, 
y~an~HHLIX OT Mara,ecK,HX H .. CHllLHO~eclJ~pMHpOBaH~hlX, T.e~ 
cclJepaq_ecKHX .H nepexo~l{LIX,. ·· . 

· I1epa~11 . TPY~Ho~TL , oqeaH~Ha: · Ii:u;~J(o~e.)l{aiUH~ 1 .ypoBHH 
. COCe~HH~ • C,, H~'lleTHblM,, qeTHO ': ~eT:Jll.d~ B~ep H~ .. B:SJIBIOTCB 
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OJUIOCJIOHOHHWMH. :Sonee npaBHJILHWM 6y,AeT ucnoJIL30BaHHe 

pa3JIOlKeHHJI no peaJILHWM COCTOJIHHJIM 'leTH0•1feTHOrO OCTO· 

Ba: 

l:C a+ln>, 
s, n sn s 

r.lle In > - n -oe B036Y*,AeHHoe COCTOJIHHe OCTOBa. no . b 

cy~eCTBY 3TO 03Ha'laeT, 'ITO B pa3JIOliCeHHH BOJIHOBOB · 

c)YHKUHH He'leTHOrO JIJlpa yqHTWBaJOTCJI He TOJILKO OJUIO• 

CJIOHOHHWe, HO H, no KpaiiHeii uepe, .ABYXc)OHOHHWe COCTOJIHHJI, l" 

TaK KaK 

+ n + + 
In> = d n h n I 0 > + l: d pqh p h q I 0 > + ·••• 

. p,q 
ITepBaJI oneHKa BJIHJIHHJI Ha cBoicTBa He'leTHWX JIJlep 

OTnH'IHB peaJILHW~ B036y)I(,AeHHii OCTOBa OT OJUioc)OHOHHWX 

6wna CJlenaHa B / 31, r.lle 6wno no:Ka3aHo, 'ITO y11eT 3Toro · 

:JI}MlleKTa MOliCeT Ha l00-400 K3B H3MeHHTL 3HeprHH B03· 

6Y*,AeHHWX COCTOJIHHii He'leTHOro JIJ1Pa. , 

ITo3JlHee TaKHe pac'leTw noBTOPJIJIHCL, Hanpu:Mep, B /4./, 
r.lle 6wno noxa3aHo, 'ITO H3 cneKTpoB Bo36}'>1(JleHuJi He'leT

Hwx JIJlep MO)I(HO H3BJieKaTL HHI)opuanmo o 3HaKe KBaApy

noJILHoro MOMeHTa 'leTH0•1feTHOrO OCTOBa. 

B CHJILHOJle~OpMHpOBaHHWX JIJlpax OT 3HaKa Jlec)opMaUHH 
3aBHCHT nopJIJlOK cne.lloBaHHJI. O.llHO'IaCTH'IHWX ypoBHeii I cxe

ua HHnLccoHa/. ITo TOMY, xaxoi ypoBeHL c~aHOBHTCJI o_c

HOBHWM COCTOJIHHeM, npH 3a.llaHHOM 'IHCJie HYKJIOHOB MO)I(HO 

onpeJleJIHTL 3HaKH .llec)opuanuu. B HHTepecyro~eM liCe Hac 

CJiyqae CHTyauHJI HHaJI.' B OCHOBHOM COCTOJIHHH - OCTOB 

cc)epH'IeCKHii, H cneKTp COCTOJIHHB He'leTHOrO Jl.ll.Pa, y KO· 

TOpLIX rJiaBHaJI KOMBOHeHTa - O.llHOKBa3H'IaCTH'IHaJI, COCTOHT 

H3 06W'IHLIX ypOBHeii cc)epH'IeCKOrO O.llHO'IaCTH'IHOrO BOTeH· 

nuana. Ho ypoBHH O.llH6c)oHOHHoro uyJILTHnneTa pac~enneHw, 
H pac~enneHHe BpOBOPnHOHaJILHO KBaJlpynOJILHOMy· MOMeHTy 

2"i ·cOCTOJIHHJI 'leTHO·'IeTHOrO OCTOBa •. 

' BTopaJI TPY.IlHOCT:b ue CTOJIL O'leBH.IlHa. ITpu paccMoTpe- · 

HHH ue'leTuwx JIJlep B cxe·Me · /1/, JlliJI uaxolK,AeHHJI 3HeprHii 

ypoBueii ue'leTuoro .HJlPa H}')KHo pewaTL ypaBueuue, H3o-: 

6palKeHuoe rpac)uqecKH ua puc. 1. BeJIH'IHHa O.AHOKBa3H

'IacTH'IHOii :J~eprHH c cornacoBaHa c 'leTuo-ue'leTuoii 

pa3HOCTLIO MaCe. llo:JTOMY BOJIBJieHHe JlOnOJIHHTeJILHOrO 

C.llBHra !':!.. E . npHBO.IUIT K paccornacoBaHHJO TeopeTH'IeCKHX 
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Puc. I. Fpa!fiu<~ecKoe peweHue ypaeHeH.UJI bA.R 3HepzuiJ oc-. 
HoeHozo u eo36yxoeHHblx coci/IOJI!fUU He<~eiiiHozo Jlopa. A E -
C06U2 3Hepzuu . OCH06H020 COCIIIOJIHUJI He'lei/IHOZO JIOpa, 
o6ycAoeAeHHbiU e3aUMooeiJcllleUeM K6U3U'laCIIIUflbl c fPOHO
HaMu; I ,2 - KopHu ypaeHeHuJI; ( - ooHoKea3u<~aclllu<~HaJI 
3HepZUJI. 

H 3KCnepHMeHTaJILHLIX pe3yJILTaTOB .JlJIJI 'leT~o-He'leTHOH 
pa3HOCTH Mace. 

OneuuM aenH'IHHY A E : 
. A E "'. w C 2

, . 

r.ne (I) - 3HeprHB c)~ ilona, C2 - axna.n o,nuoc)ououuoii KOMno

HeHTLI B HOpMy OCHOBHOrO COCTOBHHB HeqeTHOrO B,Apa. 

B pac'leTax KHCCJIHHrepa H Copeuceua /I/ C2"' 0,270,5, 
(J..o=O,S-0,7 M3B H ·AE=100~300 K3B. 3To 6onLWaJI aeJIH'IH-. . . 
ua.; , 

Kaxoii BLIBOJl .cne.nreT H3 :noii oneuic~'! Jlu6o uenL3JI. 

paccMaTpHBaTL paJ,neJILuo napnLie H xaa,npynonLHLie xoppe

JIBUHH, JIH60 npH paCCMOTpeHHH He'leTHLIX JI,nep B CXeMe /1/ 
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He yqHThiBaeTC.H BruKHhiH 3cilcileKT, llHOO H TO H ,IJ;pyroe. KaKoro 
. po,IJ;a 3cllcileKT MOr 6LITL YllYIIleH - MO:>KHO CKa3aTb cpa3y. 

3TO KOppen.HIUIH B OCTOBe, Bbi3BaHHLie CB.H3hl0 C HeqeTHOH 
qacTHn;eii. Ha To o6cTo.a:TenLCTBo, qTo OHH MoryT 6biTL 
CyiD;eCTBeHHLIMH, o6paTHnH BHHMamie eiD;e B pa6oTaX /5-8/. 

YqeT Koppen.a:IUiii a ocToae o3HaqaeT yqeT H3MeHeHH.a: 
qHcen 3anonHeHH.H O,IJ;HoqaCTHqHhiX COCTO.HHHH, T.e. yqeT. 
H3MeHeHH.H K03cllcilHUHeHTOB u j ,vj • JipH 3TOM H3MeHeHH.H 
K03cilcilHUHeHTOB .MOryT 6h1Tb pa3nHqHb1¥H ,nn.H p~3nHqHLIX 
COCTO.HHHH HeqeTHOrO .a:,npa. 

1. YP A;BHEHHJI )l.BH)J(EHHJI 

CcllopMynHpyeM MeTo,n, KOTOphlii no3aonHn 6hl BKnxoqHTL 
B paCCMOTpeHHe o6a ynOM.HHYTLIX Bblnle 3cilcileKTa: 

a/ B KaqecTBe 6a3HCHLIX cilYHKD;HH HY>KHO HCllOllb30BaTL 
BOllHOBble cilYHKD;HH HH3KOne>KaiD;HX COCTO.HHHH COCe,IJ;HHX qeT-

' ' ' . 

HO- qeTHbiX .a:,nep; . , 
6/ He cne.nyeT nepexo,nHTL OT onepaTopoB qacTHU K one

paTopaM KBa3HqaCTHD;, TaK KaK K03cilcilHUHeHTbl 3aBHC.HT OT 
cocTo1IHHii ocToaa, c :KoTopLIMH ca.a:3aHa HeqeTmi.a: qacTHn;a~ 

raMHllbTOHHaH Jl,npa BLI6epeM cne,nyiOID;HM: 
A GA+A '"'+"' 
H = ~ E a+ a --A A - K ~ Q Q 

. j jm jm 4 , 2, 211 
JID · r r 

r.ne 

A j- m 
A= ~ (-) a. a. , 

jm J -m ·Jm 

Q 211 = ~ 
1 . 
---C 1m · 2 

y'2j + 1 ,. j'm'211<] I\ r Y 2\\ j'> a~ Jffi 
A 

jj'mm' 

a a, , 
Jffi 

E i - o,nHoqacTHqHLie 3HeprHH; . G - KOHCTaHTa napHoro 
B3aHMO,neHCTBH.H; K - KOHCTaHTa KBa,D;pynOnLHOrO B3aHMO-
,ne:iiCTBH.H; a.+ (a; ) · - onepaTOpbl po)K,neHH.H /YHHqTO-

JID. Jffi 
:>KeHH.H/ HyKnOHOB B COCTO.HHH.HX C .KBaHTOBbiMH qHCnaMH jm ; 
C ii~:~i 

3
m

3 
- Ko3cllcllHn;HeHTLI Kne6wa-rop,naHa. 

s-

.... 

y 

BonHoayxo cilYHKUHIO HeqeTHoro · .a:.npa, coc~o.a:ID;ero H3 
(N + 1) qaCTHD;hl, HID;eM a· BH,ne: 

IJM,N+1>= .~ (P 1.c J~ a:mllnM,N>-
1 M

. - InJ IMJm J 
n JID 

/2/ 

J JM j-m · ) - h C . (-) · a . I In M , N + 2 > , 
lnj IM]m J-m 

r.ne 1 In M, N> - aeKTOpLI cocTo.HHHii, coce,nHHX c HeqeTHLIMH 
qeTHo-qeTHhiMH .a:.npaMH; I,M - MOMeHT H npoeKn;H.H Mo-. . . 
MeHTa qeTHo-qeTHOrO .a:,npa; n - ,nononHHTenLHOe KBaHTOBOe 
qHcno; J , l\1 - MOMeHT H npoeKD;H.H MOMeHTa HeqeTHOrO 

.a:.npa. 
IIo onpe,D;eneHHIO aeKTopoB cocTo.HHHH 1 In M, N > : 
A N 
H I lnM > = ( E 0 ( N) + E In) I I~ M, ~ >, ~ . 

r.ne E 
0 

( N) - 3HeprH.a: ocHOBHor.o cocTO.HHH.H .a:.npa H3 N 
HyKnOHOB; Ern - 3HeprH.H B036y)KJJ;eHH.H COCTO.HHH.H In B 

.a:.npe H3 N- HyKnOHOB. 
IIpH peweiiHH yp_aaHeHH.H Illpe,nHHrepa 

A • 

HI JM, N + 1 > = f J (N + 1) I JM, N + 1 >, 
r.n~ f 

1 
( N + 1) - 3HeprHH HeqeTHoro .a:.npa, 6y,neM yqHTLI

aa TL TonLKO ,IJ;HaroHanLHhle Ma TpHqHLie · 3neMeHTLI on epa-
A A 

TOpOB A+H A: 

A+ • · A+ 
A I In M , N > "' I In M, N + 2 > <In M , N + 2 \"A I In M , N > = 

2~(lnN) 

G 
I In M, N + 2 >. 

A 

Pe3ynLTaT _.neiiCTBH.H Q 2 j.L Ha COCTO.HHH.H qeTHOrO .H,npa 
MO:>KHO 3a~HC~Th cne,nyiOID;HM o6pa30M: 

..... 
A 

Q IInM,N> = -·~ \l'n'M',N><I'n'M','N\Q2 llnl\1,-N>.';=. 
211 . 1'~'~1' . . 11 
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l 
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j 

~ 

I'M'· 
:£ ciM~ 

1 __ .<l'n'; NIIQ
2

11 ln,N>II'n'M',N>. 
v' 21' + l. . . I 'n 'M' 

B pe3ynLTaTe ,n;n11 aMnnHTy,n; P1 J. 
y,n;oBneTBOpJIIOT ycnOBHIO HOpMHpOif:JH: 

. { J 2 ( J )2} :£ (PI . ) + h In· . = 1' 
I . nJ J . 

nony.fieM cne,n;yromHe ypaBHeHH.Il: · 

h J
1 

. , KOTOpble nJ. 

J N J I'+j+J 
P 

1 
: ( E . -A + E 

1 
) + A (InN) h . - 2K :£ (-) x 

nJ J n In] · 
1

, , • , 
n J 

x .<j[lr
2 Y

2 
llj'>{ ~, 2J ~·,l<InNI[Q 2 11I'n'N>P 

1
, ,., 

J J I n J 

" 

=(EJ(N+l)-
E 

0 
(N) + E0( N + 2) J 

___;;...__ ____ ) pI . 
2 nJ 

/3/ 

J · N+2 . J 
h 

1 
(-E . + A + E 1 ) + ~(InN) P · 

nj J . n lnj 

I'+j+J 
(-) X + 2K :£ 

I'n'j' 

x <jllr 2 Y
2 

llj;>{ ~' 2J ~,}<ln,N+2I[Q 2 l[l'n',N+2>h~ ,.,x 
J. J In] 

E
0 

(N) +E 0 (N+2) J 
=k

1
(N+l)- -:-)h 

2 Inj 

I I I 
r,n;e t .1 .2 .3 }- 6j 

J 11 2 J 3 

- CHMBOn; A = 
E

0
( N + 2) -E0 (N) 

2 

B qeTuo-qeTHbiX g,n;pax Benuquua 2~0nN) HrpaeT 
pOllb 3HepreTHqeCKOH menH. II pH paCCMOTpeHHH HH3KOlle)Ka
IUHX cocTOJIHHii o6blquo· npe,n;nonaraeTCJI, qTo ~(InN) He 
3aBHCHTOT In; T.e. ~(InN)=~(N) .• 

8 
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IJp.H K = 0 ypaBHeHHJI /3/ nepeXO,IJ;JIT B ypaBileHHJI MO
,n;enH He3aBHCHMbiX KBa3HqacTHU. IlpH ~(N) =0 nonyqaeM 
o6blquble ypa:BueHHJI qacTHquo- ,n;blpoquoro no,n;xo,n;a. 

Tax xax co6cTBeuuo~ 3HaqeuHe ypaBHeH.Hii /3/ ,n;n11 
OCHOBHOrO COCTOJIHHJI HeqeTHOrO JI,IJ;pa COBna,n;aeT C qeTHO
ueqeTHOH pa3HOCTbiO -Mace, ~ MO:>KHO onpe,n;enHTb TaK, 
qTo6bl :na pa3HOCTb COBna,n;ana C 3KCnepHMeHTallbHOH • 
B oTnHqHe OT o6blquoro paccMoTpeHHJI npH 3TOM · 6y,n;eT 
yqTeHO BllHJIHHe Ha qeTHo-ueqeTHYIO pa3HOCTb M_acc·KBa,n;

pynonhHbiX cHn. 

2. CPABHBHHB C jfPYTHMH JIOjfXOJ(AMH 

B "cBepxTeK}"::eii" Mo,n;enH 11,n;pa pa3nHqHeM B CBOHCTBax 
coce,n;HHX qeTuo-q_eTHLIX 11,n;ep o6blqHo npeue6peraroT. llpH
HJIB_ 3TO npe,n;nOllO)KeHHe, MO)KHO 3allHCaTb BeKTOp COCTOJI

HHJI/2/ cne,n;yJOIUHM o6pa30M: 
JM J J ' . -

IJM,N+1>= :£ C . (P .a"f: -h . (-) 1 m.a. ) [InM>. 
I M

• IM]m In] JID In] . J-m 
n Jm 

BBe,n;eM HOBble K03!M!HUHeHTbl: 

p J 
lnj 

f J u J 
Inj Inj 

(u J ) 2 + (v J )2 
lnj Inj 

hJ =£ 1 v
1 

Inj \ Inj lnj ' 

I. 

1 . 

Teneph /4/ nepenHuie.TCJI iax: 

/4/. 

I JM, N+1> = :£ 
lnMjm 

JM J J + J j-m 
C f ( u a - v (-) a )[In M>. 

IMjm lnj lnj jm Inj · j -m 

9 
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BLipa)KeHHe · B KpyrnLIX . CK06KaX B 151 HallOMHHaeT 

onpe,D;eneHHe ·onepaTopa po)K.D;eHHH KBa3HllaCTHnLI, HO B 

HaWeM cnyqae K034J4;1Hn;HeHTLI ? , V 3aBHCHT OT KB!1HTOBLIX 

t{HCeJl COCTOHHHH qeTHO -qeTHOrO OCTOBa, 0 qeM rOBOpHJlOCL 

no BBe.D;eHHH. EcnH 6LI 3Ta 3aBHCHMOCTL 6Lina HecyiD;ecT

·neHHoii, H MLI MOrJlH 6LI llpH6JlH)KeHHO HallHCaTL: 

J 
u Inj = u 

j 
J 

v Inj = v 
j 161-

TO 151 COBnano 6LI C BLipa)KeHHeM .D;JlH BOJlHOBOH tPYHKD;HH 

HeqeTHOrO H,D;pa, HCllOJ1L30BaHHLIM B pa6oTaX /I ,2/. 
C.D;ena TL qHcneHHLie on;eHKH .D;JJH _ nponepKH npe.D;nono)Ke

HHH 161 MO)KHO B paMKaX CJle,D;yiOID;eH llpOCTOH MO.D;eJlH. 

liy,D;eM Ct{HTaTL, t{TO HMeeTCH O.D;HHH30JlHpOBaHiiLIH O.D;HOqac

THt{HLIH ypoBeHL j _/uanpHMep, ypoBeHL "npOTHBOllOJlO)KHOH" 

qeTHOCTH g 9 12 HJJH h ii/2 I. -Cpe.D;H cocTOHHHii qeTHO

qeTHoro OCTOBa yqTeM JlHWL OCHOBHOe H nepBoe B036y)K-

. ,D;eHHOe 2! -COCTOH._!.fHH. Jiy.D;eM npeHe6peraTL KBa,D;pyllOJlL"

HLIM MOMeHTOM 2 1 -coCTOHHHH. Tor.D;a H3 151 CJle,D;yeT: 

2-Mui .ui .+ vi.vi.) =[ 2 (E-(N+l)-Eo(N)+E0(N+2). 
01] ___ 21] 01] 21] j )-(l)]X 

2 

x(u 0i. vd .+uJ. vj.) 
1 J 1 J . 1 J 1 J 171 

•(1J(u
2
i .v

0
i . + vl

2
' .. u 

0
i .) + 2(E.-.\)(ul

2
' .v

0
i .- v

2
i · .. ul

0 
.. ) = 0, 

11 11 11 11 l 11 11 11 ll 

r,D;e (1) - 3HeprHH B036y)K.D;eHHH 2; -cOCTOHHHH COCe,D;Hero 

qeTHo-qeTHoro H.D;pa. 

TaK KaK 
. 2 . 2 

(ul.) +(vb 
1
.) 

. 2 . 2 
(u~ .·) + ( v 2l .• ) l' 

u1 l 1 

TO MO)KHO nona·raTL 

ui . = cos ¢ 0 . ' Ul] ] 

10 

1 J • 1 J 

v
0
i . = sin ¢

0
. ~ ul2' . =cos¢ 2. , vi2 . = sin¢2j' 

lJ J l.l J lJ . 

! ' 

H3 17 I cne.D;yeT, 'ITO 

(1) 6 - 181 
tg( ¢2j- ¢o j) = E{)(N)-tfo(N+2) . 

(E. -.\) [2(E. (N + 1) - - )-(1.)] 
] . J 2 

Ilpe.D;DOJlO)KeHHIO /61 OTBeqaeT paBeHCTBO 

¢2j = ¢0 j. 
'191 

H3 /81 cne.D;yeT, qTo 3TO paneHCTBO, noo6ID;e ronopH, He 

BLillOJlHHeTCH. HaH6onee CHJlLHLie OTKJlOHeHHH OT /91 HMeiOT. 

MecTo npH Ej -.\"' 0. · 
· - BenHqHHa cos(¢

2
. -¢0 j) .HrpaeT ponL HHTerpana nepe

KpLITHH nonHOBLIX ~yHKn;Hii isa3HqacTHn, onpe.D;eneHHLIX 

Ha6opaMH K03tPtPHD;HeHTOB ~ j01j , V j01 j H Uj2Ii , v2{ j • 

0Ha BXO.D;HT B BLipa)KeHHH . .D;JlH BepOHTHOCTeH 3JleKTpHqeCKHX 

H MarHHTHLIX nepeXO.D;OB. 

Ko3$$Hn;HeHTLI uJ . 
1 J 

j 
'. v2 

1 
npHHHMaiOT 3HaqeHHH: 

- j - . ·j - j u
2 

.-0,92u0 . 0,39v 0 . 
. ·1 l 1 l . 1J 

j ' j . j 
v 2 . = 0 '39 u 0 . + 0, 9 2 v 0 . 

1 l . 11 · . 1 l, 

npH (1) = 0,5 !tf3B, Ej- .\ = 0,5 M3B, 6 = 0,7 M,::B, 

E0(N)"+ Eo(N+2) . . 
c (N+ l)- = 1,1 M3B. OTnHqHe ul2 . , vl2 . OT 
l 2 11 1 l 

j 0 Ii , Jo 1 j CyiD;e CTBeHHO. 

TaKHM o6pa30M, ecnH (Ej.-1.) 3aMeTHO Mt;HLwe, qeM l'l , 
TO. OTJlHt{He Haweii: BOJlHOBOH tPYHKn;HH HeqeTHOrO H,D;pa OT: 

nonHoBoii tPYHKD;HH, HcnonL30BaHHOH B 11 I, necLMa cyiD;ecT

BeHHO. EcnH (E.->.)» l'l, TO o6e BOJlHOBLie tPYHKD;HH 6nH3KH 

,D;pyr K ,D;pyry. 
1 

CpaBHHM ypanHeHHH ,nnH 3HeprHii pa3J1Ht{HLIX cocToHHHH 

HeqeTHoro H.D;pa, nonyqeHHLie B · paMKax Hawero MeTo.D;a 

H B pa6oTe Ill. MLI nonyqaeM cne.D;yloiD;ee ypaBHeHHe .D;JlH 

II 



# 

E ( ( i ( N + l) _ o N) + Eo ( N + 2) 
2 = (j: 

. 2 . 2 . . [ ( uJ .) - ( vJ . ) ](E. - A) + 2 6 uJ . v J . - L 
11 I1 1 . 11 11 1 

= ~ g~ .• (ui. ui .• -vi. vi .,)2 x 
j' 11 011 211 011 21} 

X 1 

·' 2 ·' 2 .• .• f ( u
2
l • ,) - ( v 1

2 
• , ) ] ( E.,- A) + 26 u 1

2 
• , v 12 • , + w - c 

11 1 l l ll I1 l 

rJJ.e 

gji' =2K<01!1t.>2 112t><.iJI22 Y 2 llf'>l~ ~ ~~· 

B. pa6oTe_/I/.BMeCTO uLj , ·v~l j. CTOJ.lT COOT.BeTCTB~HHO 
ubi . , vb 1 j • TaK KaK OTnH'IHe u~}j , vd1j OT ubi j , vbi j 
uauBonee cyll{eCTBeHHO; ecnu ypoueHL j ne)I(HT u6nH3H 

llOBepXHOCTH <l>epMH, TO llpH paCCMOTpeHHH CB83H C TaKHMH 
ypoBHBMH B /I I JJ.enaiOTcs uau6onee cyll{ec.fueuuble OUIH6KH. 
· PaccMoTpHM onsTL MOJJ.enL c H3onupouaHHLIM OJJ.HO'Iac
TH'IHLIM ypouueM j H 6yJJ.eM npeJ].nonaraTL, 'ITO F.._ A. =0· 
B 3TOM cnyqae u 0i1 1

. :c v 
0
i 

1
. (¢ 0 . =.lL) H MOJJ.enL Kucbnuure-

. I 1 ·l 
pa- Copeuceua JJ.aeT JJ.Ba "HeB03MymeHHLIX" peUieuus: 

/). 
t = I A 

CtJ + L\ • 
/10/ 

B HaUieM *e cnyqae H3 /8/ cne)J.yeT, 'ITO tg (o? .- o01· )·,:,""• 
-~.. -L rr :lrr .;J 

T;,e. '~'2j -'Poj=::! H ch2j= -.-l. llpH w=0,5 M3B,ll=1 M3B, 
g:-. =0,55 

11 
(. = 1 1,5 M3B 

1 1,85 M3B. 
Pa3HtiCTL 3Hepru~ JTHX JJ.BYX peUieHH~ /Jueprus ~o36y*
,IJ;euuoro COCTOBH~B CO CllHHOM j, OTC'IHTaHHaB OT OCHOBHO
ro/ 3aMeTHO MeHLUie w. 

12 . 
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