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.-~~---
HaM tioJl. 
3Hepr~~ ~. 

-541. 

HHCTHTyr H.o;epHbiX HCC1Ie.D;OBIUiHH ny6Ha, 1990 ·· 

·~ .. , ... \~.t-j.,; ~H ........ ·.,,,,.,. 

I. BBeAeHHe 

B nocneAHee speMH sunonHeH PHA pacYeros npocre~w11x 

OTOMHUX 11 MOneKynHpHUX . CHCTBM B CHnbHUX MOfHI1THU~ nonHX 

II ' 2 ' 3/. 3Aeci. M~ paccMOTPHM sni1HHI1e MarHIHHoro · nonH Ha

npsn«eHHOCTH AO 108 f~ HO cneKTp YPOBHB~ MB30MoneKyn 1130-

~000B BOAOPOAO / 4 , 5/. 

V13BBCTHO / 2/, 4TO B MOfH11THOM none I0~2 ./. } _{ 10-I 

( } = B/Bo' B - 11HTBHCI1BHOCTb. MOfHI1THoro nonH B .·! rc' 
0 So = 2,35•I09·fc) CABHf OCHOBHOfO COCTOHHHH OTOMO "BOAOPOAO 

pOBBH I0-4-I0-2 B OTHOCHTenbHbiX BAHHHUOX. nocKOnbKY CAB~r 

OCHOBHOfO COCTOHHHH OTOMO . B?ADPOAO OPOOOPI.l~OHaneH 12 np11 

nonHx J ~ ro-I, cneAyer om11AOTb, 4To np11 ro-4 ~ 1 _£ Io-3 

STOT CAB11f paBeH !0-8-Io-6. Ecn11 TOKOH TBHABHI.li1H COXPOHI1TCH 

11 AnH MB30MOneKyn, TO STOT S~~BKT yme ~eOdXOA11MO Y411TUBOTb 

np11 pOCCMOTPBHI111 PB30HOHCHOfO odp030BOHI1H MB30MOneKyn 

d0-t 11 cH:}J· /6/, TOK KOK 11X ypOBHI1 SHepr~~ ADnlflHbl dbiTb 

113BBCTHbl C T04HOCTbiO rv I0-3 SB, tiro' B OTHOC~TenbHbiX 

BAHHHI.lOX COCTOBnHeT BBni1411HY rv I0-6 / 4/ 

2. nocTOHOBKO 3040411 

300I1WBM ypa~HBHHB WpeA11Hrepa AnH Tpex KynOHOBCKI1X 

40CTI1ll (Me3oMoneKyna) c 30PHAOMI1 11 .MaccaMI1 .( € Zd.) Ma;.), 

( ezc}Mg ) 11 ( eZc) Me. ) B OTCYTCTBI1e BHewHero MOfHI1THOro 

nonH B CI1CTBMB KO~PA11HOT } , BpO~O~~e~CH BMBCTe C BBKTOPOM 

it <e=~=m""::::{) /4,5/: 

"' . ) ti.J -> -'Po) (H-E T (Y'jR =0 1 

Otn~tllbiin.lril>iillt:HCTHTyr I 
ll1l~JJ!iLU uc::: .,~lionatrJO 

·. 6t·15Jl~!OTEHA · 



;.. 1\ 1\ /\ " 1 
H = Ta -t Wtt · = T~ + h + R ' . 
h == - j_ L1F"- 1 1 --2 . tA. -~ J 

_.,. --1_ M -1 -t M -1 -mo.- c . . a ) R = Rt -Rex , 

R ~ I iZ I 1 f = Rc.- (~.+Ret) jz 
Yo.~ I f-R/21 ) v-~ = (P~ + ir/2/ 

' 
) 

(I} 

/\. . 
rAe B~A oneparopa T 0 onpeAeneH s pa6ore / 4/. B OA~a6ar~-
4ecKoM npeACTa8neH~~ ypa8HeH11e (I) · AnH 8bl4~cneH~1H · yposHet1 

3Hepr~t1 Me30MOneKyn CBOA~TCH K perneH~IO C~CTeMbl 06biKHOBeHHbiX 

A~mwepeH~I10nbHbiX YPOBHeH11&1 /4,5/: 

{cld
2
z. t2M£:n1- Ui~ (t<J} ):'i{R)=~. UiJ·{R)X,J·(R) (2) 

R .Jt=L . J 

rAe Ertr- 3Heprl1ll Me3oMoneKynw s cocroHH1111 (JlJ) c MoMeH-

roM J 11 KOne6aTenbHbiM KBQHTOBbiM 411CnOMIJj[)j=(~1mr- H060p 

c!Pepl14eCKI1X KBOHT08biX 411cen /
4/; M = Mo/ma.; M~ 1 = M~1 + 

~-~~ 1 
11 Xi. (R) - sonHOBble ~YHKU1111 6rHocl1renbHoro AB11HieHI1H 

HAep B Me30MOneKyne. 

3ID~eKT11BHble noreH~11anw Uij 11Meror B11A 

Uij (R) =2M { E ~(R)- Eg }cti.j + H~j (R) 

+ :R R~j (R) + 2 Qij(t<) jR . -t Bt.j (R) J 
(3) 

rAe E;.LR) -: perneH11l1 (repMw) 30A04~ ABYX ueHrpos ~ 

EfS = -Z~/2- 3Hepr~H 1130nl1pOBQHHOrO OTOMQ (a,c). B OCH08HOM 

cocroHH~1~ 15 ; H.:i(R.), Q~j(lt) 11 8i.i(R)- Marp~4Hble 3ne

MeHTbl 30A04~ Tpex Ten B OA~060TI14eCKOM 603~Ce / 4,5/ 

2 

~ 

~ 

.,,,.:;x~[;~,r~,;~. ·. POCCMOTP~M CRY40~, KOrAO Me30MOReKyna 

nOCTOHHHOM BHemHeM MOrH~THOM none 

cosnaAaer c HanpasneH~eM seKropa 

J , HonpasneH~e KOToporo _,. 
R • nocKORbKY. MOrH11TH.Oe 

none B STOM cny4oe He Bn~HeT HQ AB~lKeH~e HAep, B raM~nb

TOH~OHe Me30MOneKynbl .. ( 1) Y4TeM n~lllb B3Q~MOAe~CT8~e MIOOHQ 

1 ( -> ~]2 C 8HernH~M noneM. BKn104~M 3TO 830~MOAe~CT8~e 
8 

'(X r 8 

roM~nbTOH~aH 30A04~ ABYX ~eHrpo8: 

1 1 1 -- -'>'] 2 
h"- _ _1_,6~---- -+ <5"[o xr == r- 2 r ra. ~ o 

I' ~ - _.,.. 2. 
h -t 8 ( '! x rJ . 

(4) 

Tor AO ARR perneH11H 30A0411 ( 1) MOHIHO ~cnonb3080Tb OAt-1060JI.1-

4eCKOe npeACT08neH~e C H08biM 60311COM 

r.. rh r (..,.. ) Y ) J~ ¥.( _,. . ) ho ~L. r j R = Ei. (R '+' i. r ,R. , (5) 

j\. 

rAe. ho on~Cb180eT ABI1HieH11e MIOOHO 8 KynOH08CKOM none A8YX 

30KpenneHHbiX HU onpeAeneHHOe POCCTOSIH~e IZ HAep ~ B _,. 
nOCTOHHHOM 8HernHeM MOrH~THOM none · } , Hanpa8neHHOM no 

~ 

MelKbHAepHo~ oc~ R . 
nepeXOA K HOBOMY 6a3~Cy (5) 03H040eT 30MeHy 

Ei. {R.) ~ E ~ r ( R), 
- "( 
l=ts .-:>.> E1s , 

. "(' ) Hu(R) ~ Hi.j ( R. I 

Q~j(R.) ~ Qi.f LR) I 

Bi.j lR) -7 11 ir ( 1\) 

·(5.a) 

8 \liopMyne (3). 3Aecb Mbl orpoH~4~MCH n~rnb 30Me~o~ E:(R}7E[{R) ~ 
Ets ~ E1~ , np~ 3ToM MarH~THoe 830~MoAe~cTBt-~e Y4~Tw8a-

,, 



· ercll c· T04HOCTbiO ..v ~/2M , nocKOilbKY ocranbHhle MOTP114Hble 

311BMBHTbl B (3) 11MBIOT nopl!AOK MOJ10CTI1 1/2M no CpOBHBH1110 

c. 411BHOM 2M(E i. (R) - E fS) • 

3. lt13MeHeHI1ll aHepr11~ ypoaHel1 1 So 11 2 p6' 30A0411 ABYX 

yeHTPOB B nOCTOSIHHOM MOfHI1THOM none 

...J 
3Aecb AilS! 11CCJleAOBOHI1SI BJ111SIHI1~ MOfHI1THOfO nOilSI HO 

3HBPfl111 MB30MOileKyll l1CnOilb3YBM TOK H03hiBOeMbllil npoCTOiil 

nOAXOA fgf. 3TOT OOAXOA AOCTOT04HO llefKO peOJ1113YBM, nOCKOJlb

KY B HeM Y411Tb1BOIOTCSI 1111Wb nepBble ABO COCTOSIHI1SI 1 So 11 

2 Po a OAI1o6orl14ecKoM po3nomeHI111 t-~cKo_Mot1 aonHosolil WYHKL11111 

Me30MOJleKyllhl (a MOTPI1LIO (3) 11MBeT p03MepHOCTb 2x2), 11 

AOeT AOCTOT04HO XOpOWI1e npl16Jll1lHeHl1SI K ypOBHSIM 

Me30MOJleKyll c/~ 11 dt_p , OOJly4eHHbiM C BhiCOKO~ 

B MHOfOYPOBHeBOM OAI1060TI14BCKO~ npi16Jll1lHeHI111 /
4/. 

8 CQepl14eCI{l1X KOOPAI1HOTOX f'" :=. f ( l'j (j) 'f) 
illpeA11Hfepo (5) 11MeeT BI1A: 

{ hr- E { (R)j f i. ( r, K; R) =- 0 ' 
"' 1cF 1 ol 2~ h-r = - 2 CTF2 - 2r2. d)( (1-X) dx 

+ 'r1.'8"X2 ( 1-X2) J 

1 .1.. 
--~ rOI. 

h ( r; x; R) = r cb [ ( f; R) ex p (- i m If ) ; 

sHeprl111 

T04HOCTbiO 

ypOBHBHHe 

(6) 

·tCt=(J3.2 +r2 -Rrx)Y2 
_; v.r== ( !2

-H-
2
+Rrx)Y'2-

4 . J 

rAe X= cos e . ~onoi1Hl1B 3TO YPOBHeHt-18 rpOH114HbiMl1 YC/10-

Bl1SIMI1 

4 

':' 

2;m f~ (YJX; R) = J?;m f~ ( r,x; R) =0 
V-> 0 V-7o0 . 

(6.a) 

11 YCI10BI1BM HOPMI1POBKI1 

JciP' 
fi ( r, X j R) f i. ( Y; X j R) 
':· rz (6.6) 

AilS! KOlHAOro Ho6opo 011KCI1POBQHHbiX 3H04eH11Iil r 11 R n011Y40eM .. 
ABYMepHyiO 30A04Y HO C06CTBeHHble:_~H04eHI1SI (6), (6.o), (6.6) 

c Hepo3AellSJI0!1111MI1cH· nepeMeHHbiMI1 {r, X} . 

~Ill! peweHI1ll arot1 30A0411 l1cnollb30BOI1CSI npeAnomeHHbllil 

B po60TOX /?, 8
/ MeTOA MHOfOMBPHOfO YPOBHeHI1SI mpeA11Hrepo. 

I'13BeCTHO, 4TO 30A040 ABYX lleHTPOB (6) Xopowo. Onl1CbiBOeTCSI 

B KOOPAI1HOTOX { r) X} B npeABJle R-> 0 ( npl1 R= 0 3TI1 

nepeMeHHble P03Aelll!IOTCH). Ee pemeH11e a TOK11X KOOPAI1Horox 

np11 60ilbWI1X R CY!IIecrseHHO ycnomHHercH. TeM He MeHee 

MeTOA /7, 8
/ AOeT AOCTOT04HO XOPOllli1B pe3yllbTOTbl AilS! E~(R.) 11 

Ei.'( (R) BO Bee~ 06JlOCTl1 113MeHeHI1SI 0 ~ I<~ 50' 0 {. J ~ ro-I 

AilS! N,......, 30-50 Y31lOBbiX To4eK no· nepeMeHHolil .X /7 I. Ecrecr-

seHHo, CXOA11MOCTb MeTOAO 30MeAnHeTcll c pocroM R . 
TepMhl Ei. ( R) s orcyrcrs11e MOfHI1THoro nonll Bbi411CileHhl 

C BbiCOKOiil T04HOCTbiO B po6oTe /IO/. ~JlSI Bb1411CileH11SI [ ·! ( /<) 
3AeCb 6blllO l1cnonb30BOHO cneAYIO!IIOll npolleAypo. TepMbl E J(R) 11 

E~ (R) 6hllll1 Bhi411CileHhl c noMO!IIbiO onr'opi1TMO /7/ AilS! rpex 

3Ho4eHI1~ N = 32, 40, 48 Allll R= O,I-50 •. nocKollbKY B o6noc

TI1 6ollbllli1X R CXOAl1MOCTb MeToAo 111 no N 30MeAnlleTcll, 

5 



AMI YT04HOHHSI HCKOMOt1 BeflH4HHbl Ei.~ ( R) Mbl npOBOAHflH' 

aKcrpanonR~HW pa3HOCTH 

4EJ=EJ(R)- E-N(R) (7) 

K npeAeny N_,oo no 3THM TpeM T04KOM N = 32, 4o, 48. 

3KcrpanonR~HSI BblnonHRnacb no ¢opMyne 

.6EJ (R)= .t.El (R)+ A(J<)· N -D<(R). (8) 

b.Ej (R) = '0 2 
{ .6 Eo (R) -t A (R) · N- D<(l<)}. (9) 

Ha pHc. I npe,JJ,crasno\HI rpa\liHKH A( fZ ) H <X ( R ) JJ.nR 

COCTOSIHHSI IS 0 , 0 HO Pl-lC. 2 nonpOBKI1 ..6E0 (R) ,/J,flSI COCTOSI

HHt1 ·. 1So• H 2 po . B T06n. 1 nOK030Hbl l-13MeHeHHSI 3HeprHH 

OCHOBHOrO COCTOliHHll M6300TOMOB dy H 1::}' ( B e,JJ,HHH~OX 
'1f '( r 

30JJ.0411) AE1s = E1s-: c 1 S a MarHHTHOM none o. l-13 cpaaHeHHll 

acHMnTOTHK L1 Eo(R) npH R-?00 c AOHHbiMH ra6n. 1 cneAYeT, 
t. 

4TO TOKHM o6p030M Bbi4HCflBHHbl8 113MeHBHHll aHeprH~ 30,/J,04H 

ABYX ~eHrpo a a MOrHHTHOM none npH R--?DD xopotu~ . ., coanOAOWT 

· C COOTBBTCTBYW~HMH nonpOBKOMH Aflll 

AOHHol1 pa6ore pemeHHSI E1~ ( R) 11 

TOKme C P63YRbTQTOMI1 npeAhiJJ.Y~HX pa60T 

oHR. 

6 

OTOMOB. HOt-IABtiHble B 

Efr ( R) cor nacyrorcll 

/I,I3/ AflSI 0,/J,HHOKOBbiX 

,I 

:1 

\ 
'1 
I 
i 
i 

6 

4 

c£ (Rl 

0 
·- 20 30 40 R PHC. I. ~YHK~I111 A( R) H D{ ( R ). 

0.4' .e.EoiRl 

03H 2P6 

0.1 
PHC. 2. nonpOBKI1 K 3HeprHH 

COCTOSIHI1t1 1 So H 2 po 
O 10 20 30 40. R 30A0411 ABYX ~6HTPOB. 

0.6 

0.4 

?<a(Rl 
I 

l I I I • •., P OIL ' ._ 

-Q2 

-0.4 

-

PHC. 3. POAHOflbHhle BOflHOBb16 \liYHK~HI1 

Xo. (R) COCTOSIHH~j{IO)' (I!l 
M630MOneKynbl dd)A . n-pl1 J = I0-4• 

7 



,.-.··. ···.-

Ta6n~qa 1. H3MBHBH~Sl 3HeprH~ OCHOBHOrO COCTOSIH~Sl Me300TOMOB 
B eA~H~UOX e ::. ll = YYijJ = 1. 

J EJ /2/* 
.. 

.• . \~ ' :- .. !o-4 0,25 X I0-8 

.~ 
,\ 

I 

\-> 

Io-3 · 

Io-2 

10-I 

* 3T~ AOHHble 

o,25Ix Io-6 

0,25I X I0-4 

o,248 x Io-2 

B3J'ITbl 

,..; 
0,25 X I0-4 

0,245 X I0-2 

~3 pe3ynbTOTOB / 2/, rAe 

Bbl4~cneHM 3Hepr~~ CBSI3~. 

Ta6n~ua 2. ~13MeHeH~Sl 3Heprl1~ Me3oMoneKyn dd)A ~ dt}A s 
MarH~1THOM none - E:nr. 

J (J2!)=( 00) (OI) (IO) , (II) 
-

. .. ~ . 
. \·:~-;(iJ\ 33I,0090 36,8I92 232,6780 2,389I 

Io-4 33I,oo9o 36,8!92 232,6780 2,389I 

Io-3 33! ,0093 36,8!93 232,6783 2,3892 

ro-2 33I,04I8 36,8317 232,7063 2,3973 

ro-I 333,9624 37,8027 235,I866 2,9535 

0 3I8,7925 34,3593 232,8308 0,53387 

ro-4 3I8,7925 34,3593 232,8308 0,53387 

Io-3 3I8,7928 34,3595 232,83II 0,53396 

Io-2 3I8,8254 34,3737 232,8599 0,54328 

IO-I 32I,757I 35,5I92 235,4I52 I,2I5IO 

8 

(20) 

9I,3298 

9I,3298 

9I ,3300 

9!,35I2 

93,I54I 

I03,5668 

I03,5668 

I03,5670 

103,5900 

I05,5699 

I 

4. 3Hepr~l1 M830MOneKyn dc;t 11 cH:.J.! B MOrHI1THOM none 

B roan. 2 npeAcrosneHM 3Hepr~~ E:nr scex ~3BecrHux coc-

TOSHI~n MB30MOneKyn . dcJy ~ dt)-1 B MOrH~1THOM none 0 ~ J 

~ I o-I' B.bi411CneHHble np~ peoeH~~ ( 2) c aO¢eKT~BHUM noreHu~onoM 

(5.o) HO ~Hrepsane H3MeHeH~Sl R = O,I(O,I)8(0r5)20(I)50 ·s 

npOCTOIA noAXOAe /9/ rAe BXOASIUIHB B COCTOB a9¢eKT~BHOrO no-
' 

reHuHona MOTPH4Hue aneMeHru HL.; (R) , Q.i.i (R) .H 

E.:(R} B3SlTbl ~3 pa6oTLi liD/. Ha p~c. 3 noKa3anu rpo~I1K11 IDYHKU~W 
'to. (R) OTHOCI1TBnbHOro AB~llleH~Sl SlAeP AnSI COCTOSIH~SI ( IO) 

~ (II) Me30MOneKy nbl dd)-1 np~ J = Io-4 (AnSI ddJA 

X a. (R) =- Xc ( R) 
pa6orox / 4,5/). 

rAe CMbiCn 11H~eKCOB a,B 06bSICHSIBTCSI B 

~3 rpa~~HO BOnHOBbiX ¢yHKU11~ cneAyeT, AnSI B036YliiABHHoro 

COCTOSIHIHI (II) MB30MOn~Kynbl d~ sepoSITHOCTb ABYX SIABP 
'I 

HOXOA~TbCSI 6n~3KO APYr K APYrY MeHbWe 1 48M y B036YliiABHHOrO 

COCTOSIHHSI (IO), ~ no3TOMY B · OA~HOKOBOM MOrH~THOM none 3Hep-

r~SI I ~iol ysenH4HBaercH B 2-3 pa3a no cposHeHHID c sHep-

rHe~ I E 1-1 j. Tor me s~¢eK.T Hci6niDAOBTCSI H AMI dl;J..c. 
B ra6n •. 2 Bb14~cneHHble 3H04BHHSI E.J'V' npeAcrasneHY. 

C T04HOCTbiD I0-5sB AMI roro, 4T06bl npocneA~Tb BnHSIHHe IIGrHHT

HOrO nonS! HO 3Hl ypOBtiM SHeprH~, HO o6COniOTHOSI T04HOCTb Bbi-

4HCnBHHSI, KOHB4HO, Xyllte. np~ ] = I0-3 (2,35"I06 fc) 113MB

HBH~SI SHeprHH BCBX COCTOSIHH~ dd.)-1 11 dt.)-l COCTOBnSIIOT 

~ O,I MSB. 0TCIOAO cneAyer, liTO np~ J < Io-3 MarH~THoe 

none npOKTH4BCKI1 He Bn~SIBT HO. pe30HOHCH08 06p030BOHHe MB30-

MoneKyn. 

Asrop rny6oKo 6naroAapeH B.C.Menelii11KY 30 nocraHOBKY 
30404~ 11 noMOillb B po6ore. 

9 
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HET JlH IIPOBEJlOB 1! 

Bbi MOlKeTe nonyt~HTL no no'll'e nep 
K8311HW pBHee._ 

.f.\ 

.[t9-87·105 Tpy~ X BcecoJ03Horo co. 
3apmKeHHLilt 'lacTIUl. ,llyi;~ 

.Il7:.S7-88 Tpy~ M~yH&po.IUIOK 11 

TlDKMLilt HOHOB. ,Ily6Ha, 1 

.Il2-87-123 Tpy~ Coael.ttaHH11 "PeHoJ 

.Il-4-87-892 Tpy.ztbl Mel!CAYHapo.IUioro ' 
MaJIO'I8CTMHbJX H_ KB8pK·8 

,IlZ-87-798 Tpy~ vm Mel!CAYHapoAH 
KB8HTOBOH Teopi!H nOJVI. j 

.Ill-4-87-199 Tpy~ n Mel!CAYHllPo.IUior 
B3aHMO,IleHCTBHJI MIOOHOB 
,lly6Ha, 1987 

.Ill7-88-95 Tpy.ztLI IV MeliCAYHapo.IUio: 
npo6neM&M CTBTIICTMecKc 

.Ill4-88-833 TpyAhl pa6oqero coaemaHJ 
HanpaBneHHJI B BKTIIB~O 
,lly!)Ha, 1988.:-

.Ill3-88-938 Tpy.zthl Xl~l M~YHBpOJUI 
no Jl,llepHOK 3neKTpoHIIKe • 

.ZU:0-89-70 Tpy,lthl MBl!CAYHapo.IUIOK w 
npi!MeHeHHJI SBM a cfln3m 
,lly6Hll, 1988. 

1'2.89-138 Tpy~ ceMHHapa "I'paaHTI 
H rpaa~OHHble BOJIHbl' 

,lll9-89-143 TpyALI pa6o11ero COBeiiWD 
AeHCTBHIO KopnyCKy1VIpHL 

.Il4-89-221 TpyALI pa6o11ero COBemaHf 
H C03AIIHHIO H3ny'IBTMJI II J 
BOJIH,,lly6Ha,1988 

,Il9-89-62 TpyALI XI Bcecoi03Horo co 
38p.RlKeiUiLilt 'IBCTIUl. ,lly6Hf 

.Il-4,6,16-89-838 TpyALt M~yHapo.IUioA xc 
aonpoC&M CTPYKTYPbiHApa 

,Il9-89-708 TPYAbiii MelKJlYHBpo.IUIOrt 
u ux npHMeHeHHIO. BexnH, 1 

. 3&K33bJ HB ynOMliHyYLIB KHIIrH MOryT 
Ilmmtm'ITBMT, n/11 79. H3ABTent.cKHA OT.zten 06t.• 


