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I. B B e 11 e H H e 

8JibHO-CHMMeT;:HI'IHOrO ITOT9HUHana C p83Mb!Tb!M KpaeM H COOTB9TCTByiOWHX 

BOJIHOBbiX <j:lyHKUHli ITOCBSIW9Hbl pa60Tb/ 1-7/, Bo BC9X 3THX pa60T8X BOJIHOBbl9 

<j:lyHKUHH OTbiCKHB8JIHCb B BHJle p83JI0)1(9HHSI ITO c<j:lepH'19CKHM <j:lyHKUHSIM, 'ITO 

Jl89T xopowee rrpH6JIH)I(9HHe IIpH He6onhWOM 'IHCne 'IJI9HOB pa3JI0)1(9HHSI TOJibKO 

rrpH M8Jib!X }le<j:lopM8UHSIX, 

B pS!JJe cny'laes, HarrpHMep, rrpH H3y'leHHH JJeneHHH Slllep, B03HHKaeT 

rroTpe6HoCTb B rronyqeHHH OllHO'IaCTH'IHbiX yposHeli rrpH 6onbWHx JJe<j:lopMaUHHx, 

B ll8HHo li pa6oTe rrpeJJnaraeTcH ~eKTHBHbili M9TOil peweHHSI aToli 3aJJa-

'IH, Co6cTBeHHbie <j:lyHKUHH raMHJibTOHH8H8 C KOH9'1Hb!M 8KCH8JibHO-CHMM9T-

pH~HbiM ITOT9HUH8JIOM C pa3Mb!Tb!M KpaeM rrpeJJCTBBJISIIOTCSI B BHil9 p83JIQ)I(9HHSI 

rro co6cTBeHHbiM <j:lyHKUHHM raMHnbTOHHaHa HHnhCCoHa B € -rrpeJJcTasneHHH/8/ 

6e3 D f 2 
H C l it 'IJI9HOB, T,e, "''IHCTOro" ll9lPOPMHPOB8HHOro rapMO

HH'l9CKOrO OCUHJIJISITOpa , 

CooTHoweHHe Me)I(Jly sonHOBbiMH <j:lyHKUHHMn aTHX llBYX raMHnbTOHHaHOB 

H3Y'lanoch B pa6oTax CnHBa H BonqKa/9/ H <t>ecn epa H WenatfHa/101. 

B pa6oTe Perrepa/11/ rroJJo6Hbili MeToll 6bin acrronb30BaH JJnH peweHHSI 

yp8BH9HHSI llipeJJHHrepa C H9JIOK8JibHbiM ITOT9HUH8JIOM II 6b!JIO ITOK838H0 0 'ITO 

MO)I(HO JJOCTH'lh TO'IHOCTH rropH.'lKa 100 Kas, ecnH B pa3nO)I(9HHH 6pa Tb see 

<j:lyHKUHH BITJIOTb llO llB9H8JJU8TOli 060JIO'IKH, 

3!jJ!j!eKTHBHOCTb M9TOJl8 llOCTHraeTCSI 38 C'leT 3KOHOMHOrO Bb!60p8 683H 

ca rrpH K8)1(Jl0li JJe<j:lopM8UHH H p8UHOH8JibHOro Bhl'IHCJI9HHSI MaTpH'IHhlX 3 JI9M9H-

TOB, 
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B~16op rroTeHuHana H 6aaHca o6cy~naeTcH so BTopoM paanene. B TpeT&-

eM paanene rrpennaraeTCH MeTon Bbi'IHcneHHH MaTpH'IHbiX aneMeHTOB. Peayn&

T8Tbi UnH c!jlepH'IeCKH-CHMMeTpH'IHOro H 8KCH8nhHOrO Hnpa o6cy~ll8 IOTCH B 

qeTsepTOM H IIHTOM paanenax. 

2. nocT8HOBK8 38.Q8 "'IH 

npennaraeMbltl MeTOU MO~eT 6b!Tb IIpHMeHeH UnH WHpOKOrO Knacca IIO

TeHUHanoB. VfMeH B BHllY 6onbWHe ne!jlopM8UHH, Bbi6epeM IIOTeHUHan, cnenyg 

Perrepy, B BHne 

2 2 2 2 
V ( x y z ) = V0 I 1 + exp [ ( y w x ( x + y ) + w z 

2 -1 
z lw

0
-R

0
lla]l , 

1 
W =W =w(ll(1+-

3 
E), 

X y 0 
w - w ( ll( 1- _!_ () • 

z 0 3 
(1) 

w w w 
X y Z 

8 
wo ( ( l • 

rne E -rrapaMeTp ne!jlopMauHH/8/, 

npeHMyiUeCTBO IIOTeHUHana/1/ rrepen 06bi'IHblM Bbi60pOM/1-7/ COCTOHT 

B TOM 0 'ITO B (1) He HCIIOn&ayeTCH paano~eHHe ITO IIapa~eTpy ae~OpM8UHH 

B IIOK83aTene 3KCIIOHeHTb!, 

CnHH-op6HTan&aoe saaHMoneACTBHe aaH6onee nocnenosaTen&ao Bhi-

6paT&/12/ B BHUe 

... 
rae p - H 

v 

... 

so 
~ [ it p ) grad V , 
I t. 2 

s - HMnynhC H CIIHH HyKnOH8, 

B Ka'leCTBe 6aaHCHbiX !jlyHKUHH B&I6HpaeM npoHaseneaHe 

I n n A l: > = I n n A > • I l: > , 
r z r z 

4 

( 2) 

rne 
tA¢ 1 2 

e Mwz T 
_, 12 

\ n n A>- ( ) . N e Hn r z -.f2'" tt n z z 

Mwx ) tl2 A IAI -p2 12 !AI 
( p 2) • X ( Nn p e L 

ll r n 

=<v-;;2nz 
-112 A 

N n !) . N .. (n !l( n +\1 
n z z 

nr r r 

X "' ..; 'h I M w " p cos ¢ . y • y 'h I M w " p sin ¢ 

z • yb.IMcuz (, 

H ll: > - CIIHHOB8H !jlyHKUHH. 

3nec& H 0 (x) H La (x ) 
D 

- IIOnHHOMbl 3pMHT8 II 

oTBeTCTBeHHo, A 
H8 OCb z. 

H l: - npoeKuHH yrnosoro MOMeHTa H 

rnaBHoe KB8HTOBOe 'IHCno N, onpenenHeMoe HHnbCC 

38HO C n r H n z cnenyiOUlHM o6paaoM: 

N=n.l+n., nJ.•2nr +I A\. 

8onHOB8H !jlyHKUHH COCTOHHHH C onpeneneHHOH 'I~THOCTbiO 

UHeil: nonHero yrnosoro MoMeHTa n .. A + l: rrpencTasnHeTc 

nO ' '"eHHH ITO TeM 6a3HCHblM !jlyHKUHHM ( 2), UnH KOTOpb!X Bb!ITO 

p n 
E 

N n A 
L 

p n 

< E 
max • 

B KplnepHH ( 3) E M n A - aHeprHH ypoBHH cxeM&1 
z 

c acHMIITOTH'IecKHMH KBBHTOBbiMH 'IHcnaMH [ N n z A 1. 
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rae 
11\¢ 1 :l 

e Mwz -:r _, /:l 

I D D A>= ) . N e HD {') X 
r z V2" " 

D z z 

Mwx ) t/:l A !AI -p:l /2 IAI 
{ p :l) • X { N n p e L 

Tt r 

=<v;;2nz 
-t/2 A t/2 

N D !) N .. {n /{o +I A I ) ! ) 
n z 

z 
nr r 

y - y tl / M w x p sin ¢ 

H I I > - CITHHOB8SI tPYHKUHSI. 

3nech Hn {x) La {x) - ITOnHHOMbl 3pMHTa H nSirrepa, CO-

OTBeTCTBeHHO, A 
Ha OCb z. 

H I - npoeKUHH yrnosoro MOMeHTa H crrHHa HyKnoHa 

fnaBHOe KBBHTOBOe "'HCnO N. orrpeaenHeMoe HHnbCCOHOM/8/, CBSI-

38HO C Dr H o z cneayJOIItHM o6pa3oM: 

BonHOBBSI <PYHKUHSI COCTOSIHHSI C orrpeaeneHHOA "'~THOCTbJO p H rrpoeK-

UHeH nonHero yrnosoro MOMeHTa n -A + I npeacTasnSieTCSI B BHae pa3-

nO ''"eHHSI ITO TeM 6a3HCHbiM <PYHKUHSIM ( 2) 1 anSI KOTOpblX BbtnOnHeHO ycnOBHe 

p n 
E < E 

max • N D 1\. 

(3) 

z. 

B KpllTepHH (3) 
p n 

- 3HeprHSI ypoBHSI cxeMbi HHnbcCoHa/ 13/ E 
Wn 

z 
c acHMnToTH"'eCKHMH KBBHTOBbiMH "'HcnaMH [ N n z A l . 
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3aBHCHMOCTb TO'iHOCTH pe3yribTBTOB OT rpaHH'iHOti :3HeprHH E max 

CY*A8eTCH B pa3aenax 5 H 6. 

o6 -

B pa6oTe Penepa / 11 / B xaqecTae 6a3uca aw6upanucb ocuunnHTOpHwe 

<jJyHK UHH BCeX 060nO'ieK BnriOTb AO HeKOTOpOti N max o f1pH 60rihWHX ae<jJop -

MBUHHX npeanO'iTHTenhHee H CnOnh30B8Tb KpHTepHfi/3/ . 

3. MaTpHIJHbie s neMeHTbi 

MaTpH'iHwe aneMeHThl KHHeTH'iecxoti aHeprHH 

1iw 1 a a 
T =- ----...L. ( - -.,--- p d-;;-p 

2 p op 

A2 

p2 

2 
>-~_a_ 

2 a(2 

0 

nuaroaanhHhl no I. H A H Bhl'iHCriHIDTCH HenocpenCTBeHHO: 

< n , n A I TIn n A > 1iw x 
(n..l + 1) + 1i w z 

2 
z , z 2 

(n 

< n,n.A I T I n -1 , n 
• • z A > 

1iw 
--x yn (n + !AI), 

2 r r 

4 
y -(n -1) n 

z 
< n, n z A l T I n, , n z - 2' A I 

n. w. 

z + -2- ), 

z 0 

B bipa*eHHe LJ.n H CHMMeTpH'iHbiX a n eMeHTOB He rrpuBeaeHo . OcTanhHhle 

a neMeHThi paBHhi Hynro. 

T a x )!(8 nerxo C'iHT8IDTCH MBTpH'iHhie aneMeH T bi KBaapynOrib HOro MOMeH-

-+ -+ -+ 2 I 8/ 
Ta H orrepaTopoB f s H f orrpeneneHHbiX HHnhc c oHoM , t t 

BhlP8*eHHSI AriH KOTOPhlX npHBeaeHhl B npHnO*eHHH. 

MaTpH 'iHhie a neMeHThi noTeHuHanhaoti a aeprHH 

< n:n .'A '~' Iv I n, n z A~ > = 8 A' A 8 ~- ~ X 

x N N ' N A 
n n n z 

A oo oo -(~ 
N, fd(fdpe H 

n 0 ( () H n' ( ( ) 
z 

IAI -p IAI 
X p e L 

n, 
(p) L IAI 

n 
(plY 
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H cnua-op6HTanhHoro B3BHMone ticTBHSI ( A 2:. 0 > 

Mw A 
< n; D: A I. I vaol n, nzA I. > =- 2 K __ _;x:_ !.AN N , N 

1i Dz D z Dr 

-C 
X f d' f 

0 
d p e H 

n 
z 

H 
D 

z 

:\ 
p 

-p A A 
e L , L 

n n 

< n ' ' , A- 1 !.+ 1 I V 
8 0 

I n , n z A !. > = K M n , z 
11 

xfd(fdpe 

_,2 
-00 0 

+ 2 w 
( ' H ' X n z 

v ' = a V(u) 

au 

A 
e-pV'[2w p ' H 

z 

A-1 
- H , ) 1-{ 

n -1 n 
L L 

z z n 

2 
u =W x p 

' H HL 
n n 

z z 

A 
l . n 

+ w ':;!. z 

v ' . 

y w w N 
X Z 

A A 
+ L ' n D -1 

Bhl'iHCriHIDTCH HBH 6onee a<jJ<jJe KT HBHO C nOMOWbiD KBBApBTypHhlX 

wet\ anre6p8H 'ieCKOti C TeneHH TO'iHOCTH C BeCaMH 

e -p 2 
H 

! AI -p P e 

DpH HHTerpHpOB8HHH DO ( H p COOTB8 T CTBeHHO / 14-16/. T 

.'18HHH HHTerpanOB 6bin8 CyWeCTBeHHO DOBbiWeHa C nOMOlUhiD .'II 

nepeMeHHhlX HHTerpHpOB8HHH 1 KO a <jJ<jJHUHeHT KOTOpoti 6bm noaoe 

1MHHHMyMB cpeaHet\ OWH6KH HHTerpHpOB8 HHSI . 

YfcnO.rJb3 0BBHHe OnHCBHHOro MeTOAB HHTerpHpOBBHHH no< 

AHTb Bhl'iHCneHHe M B TpHUhl r a MH.'IbTOHHBHB 

H=T+V+V so 
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H cnHH-op6HTanbHoro B38HMOLiei1CTBHSI ( A 2:. 0 ) 

Mcu 
--...:x::... '!AN N , N 

A A 
N 

1l nz n z n r n 

X 

< n, 
r 

00 

X f 
-00 

+ 

n 
d p e H 

n 
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z z 

n ~ , A- 1 , '!+ 1 I V 
8 0 

n n 
z 

A l > 

-C l\ 
d 'f d p e p e -p V , [ 2 cu ' H 

0 z n 

A-1 
2 w 

( ' H , - H , ) f{ L ' L 
X n n -1 n n 

z z z 

v' = 
a V(u) 2 

u =W p 

v , . 

A A 
, H )(L + L , -I) L 

n n n 
z z 

A 
J 

n 

+ w ';l. z 

X 

A 
n 

z 
+ 

A-t 
N , X 

n 

BhlqHCnSI~TCSI H8H6onee 9~~8KTHBHO C TIOMOWb~ KB8Llp8TypHhlX ~OpMyn H8HBhlC 

Wej;\ anre6paH q ecKoA cTeneHH ToqHoCTH c aecaMH 

2 
e -p 

H 
p I AI e - P 

npH HHTerpHpOB8HHH ITO ( H p COOTBeTCTB8HHO/ 14 - 16/. T O'IHOC Tb Bbl'IHC 

neHH SI HHTerpanoB 6bina CyWeCTBeHHO ITOBbiW8H8 C ITOMOlUb~ nHH8i1HOi1 38MeHbl 

nepeMeHHbiX HHTerpHpOB8HHSI 1 K09~~HUHeHT KOTOpoj;\ 6bin ITOLI06paH H3 ycnOBHSI 

1
MHHHMyMa cpenHeA OWH6KH HHTerpHpOB8HHSI . 

McnonbaoBaHHe onHcaHHoro MeTana HHTerpHpoBaHHSI rroaBonS!eT rrpoBo -

LlHTb BhlqHcneHHe M8TpHUhl raMHnbTOHH8H8 

(4) 
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llpH HOpllllKe Mt1TpHUbl 1 pABllOM 20 , 3il BpC~IH 1 B /.1Bil p838 MeHbure 1 '-!eM BpeMH 1 

Hco6xonHMoe .::tn n ee nHaroHnJ!li.Jnnrrn , 

Co6CTBCHIIbre 3 Ha '-! e rrHil ll co6cTBe i!II bie ncKTOpbr :-.wTpi!Ubl raMHJlbTOHHaHa 

(4) 6biJ111 HaiillC!!bl ~.1CTOJl0\1 Sl Kof)u /17 1 , 

4 . P e3ynbT8Tbl !lnR crjJepH 4 ecJ(JI - CHMMeTpH'lH,IX Rn.ep 

OrrucaH HGI M Me-ronoM 6t, r11 rrpoaencH pHil pnc'-!eTo B, no n -rsep>KllA!OlUH X 

Bbr coKyiO acjxpeKTHBHOCTb MeTona , B peMH pac'-!eTa Ha 38M pac Te T c ysen11 -

'-! eHHCM E max , KOTopy!O , C11e.QOBaTCJlbllO , ll ano Bbl0Hp8Tb MJ.IHJ.IMa11bHOtl , 

o6ecne '-!I! sa IO!Ue tl Heo6xonH My 10 To '-!HOCTh Bbi '-!H c ne Hl1 t\ , 

3 a BHCI1MOCTh TO'-!HOCTH Bbl'-!11CJle HHH OT F. m a x l!1111 10C Tp11pyeTCil H8 11pH -
209 

Me?e Pb n Hnpa c A = 165 , TO<IH bi(r aHepr e TH'-!eCKHii CITeKTp KOTOp biX 

H3BeCT8 HI J,J 8 ,J 91, 

OoTeHunan H ero rrapaMeTphl Bhl6upanHCh corl1acHo / 12 / , 

Pa c '-! AThl 6hll1 11 rrpoaeneHhl n1111 Tpex 3Ha'-!C HI1(r 

ThlB8llHCh 083HCHhle ~YHKUI111 BCex 000110'-!eK C N ~ 
E 
m~x 

TaKJ.IX, '-!TO Y'-!11 -

N max 

0TMeTHM , '-!TO COOTBeTCTBJ.Ie Me>KllY E 11 N max MO>KHO ycTaHO -max 

BI1Th T011bKO B C~ep11'-!eCKHX H Olli13KI1X K C~ep11'-!CCKI1M HApa x , 0HO HapywaeT 

Cil C pOCTOM ne~pM8UJ.II1 J.l C pOCTOM N max • TaK , Ha11p11Mep , y>Ke B C~e 

pH'-!eCKOM llllpe HJ.I>KaiiWI1H ypOBCHb lleCIITOH 000110'-!KI1 paCITOllOlKeH cpen11 ypOB

Heii BOChMOii 000110'-!KJ.I , Ho pa311J.I'-!11e B CITeKTpax rrpH o6pe3aHHH ITO E max 

H N max 11p11 Mal1b!X llC~OpMaUHIIX HC31!8 '-!11TC11hHO. 

HaH0011hWee pa CXO>KAeHH e B aHepri1H CBil3aHHhlX COC TOIIHHii llllp8 

paBHOe 0,60 M aa , llOCTHr&eTCil rrp11 N max= 10 ll111l ypOBHil 4 s 

209 Pb ' 

CCJIJ.I 

N max = 12, To MaKCI1Mal1hHOe pacxo>KneHHe n anaeT no 0,23 Mas (ypoBeHh 

1 j 151 2) 11 paBHO 0,06 M as (ypoBeHb 2 f 7 1 2) rrpH N max= 14,CpenHilll 

OWH6Ka B aHeprHH CBil3 aHHblX COCTOIIHH(r paBH a 0 ,} 5 , 0,05 H 0,03 MaB ll111l 

N max= 10,12 11 J4 COOTBeTCTBeHHO , 

Cpe)lHilll OWH6Ka B 011pene11eHHH aHeprHH COCTOIIHI1ii , ITpHBClleHHhlX Bi l l , 

lll11l llllpa C A = 165 paBHa 0,32, 0,27 H 0 , 07 MaB ll111l N max= 8,10 H 12, 

COOTBeTCTBCHHO , 

8 

t 

I 

MHTepeC HO OTMe TI1Th 1 '-!TO OWI16Ka B 011pene11eHI1H a Hep 

OH8pH bi X COCTOIIHI!t\ llOB011hHO MellJICHHO paCTe T C pO CTO M 

H arrp11Mep , n 1111 KBa311ypoBHil 

.TaBI11! e T 0 ,1 5 M aB , 

2 i 13 1 2 c aHeprHeii 7,10 f. 

K aK 11 Cl1e !tOBal1o O>KI1llaTh , see rro11y'-!eHHbie 3Ha '-!eHHil 

Bhlille TO'-!HhlX, 1100 MeTOll ll l1 a rOH811H3 a UH I1 naeT llllll COOCTB 

OUeHKY CBepxy , MHHHMal1hHO B03MO>KHYIO ' ll111l COOC T BeHHOf'O 

wero B Bhl Opa HHOM npOCTpa HCTBC 6a311C HhlX ~yHKUHii, 

Opoaene HHoe cpaB HeHHe noKa3biBaeT, '-!TO B HaH6o11ee 

HOM ll l11l MeTona c ¢epH'-!eCKOM c11y q ae nocTHraeTcll ynoa 11eTB( 

HO CTb B Bhl'-!HC11eHHH a HeprHH ypOBHeii y>Ke rrpH N max -

HMe e T orrpenel1eHHhlii 3 HaK 11 MO>Ke T OhlTb OUeHeHa C ITO MOIU I 

rrpOC'-!eTa C 6011bWHM N ( E 
max max 

7. Pe3yJibT8 T bi !liTH 8 KCH8JibHO-cHMMerpR 

CpaBHeHI1e peay11hT8TOB pac'-!eTa aHeprHii ypoBHeii 

c peay11hTaTaMH HeMHpOBCKoro 11 Y errypHoaa1 11 rrpoHaaene. 

CpenHHe a6co11IOTHoii BC11H'-!HHhl pacxo>KneHHil Me>Kny nsyM~ 

N max = 10 C11a6o 3aBHCIIT OT ne~opMilUHH H paBHhl 0,26, 

rrpH ne~opMaUHH 0 ,1 5 , 0,28 H 0,41, COOTBeTCTBeHHO, 

0 6pamaeT Ha ce611 BHHM 8 HHe 3aMeTH81l OWH6Ka rrp 

aHeprHH ypOBHeii C 0011billHM BK11allOM COCTOilHHii 113 o6onc 

COCTOIIHHil 112-, 1111aBHO rrepeXOlllllUHe B 3 P 1 1 2 C YN 

~OpMaUHH , 3 1 2 11 512 rrepeXOlllllUHe B 2 5 1 2. 

3HeprHH aTHX ypoBHeii rrana iOT Ha 1, 5 Mas rrpH "BK11I< 

060110'-!KH , a 11pH "BK1110'-!eHHH" OllHHHallU8TOii 000110'-!KH orryc 

40 -70 K aB. 

3TH TpH ypoBHil - enHHCTBeHHhle B T a61111ue I, llllll 1 

o60JIO'-!KH 6a3HCHbiX COCTOilHHii , na!OlUHii OCHOBHOtl BKJI8ll, CO 

(N = N max = 7) . Op11 "BK11IO'l eHHH" neBHToii o6o11o'-!KH no1111 

HhlX COCTOilHHii llCBilTOii 060110'-!KH B B011HOBhlX ~yHKUH ilX 

COC T8BJIIleT rrpH011H3HTellbHO 10% , '-!TO o6yc11aB11HB8CT 6011b 

ypoBHil . O pHBeneHHbiii rrpHMep cBHneTeJibCTayeT o B8>KHOCTH 
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HHTBpBCHO OTMBTHTb 1 qTQ OWH6Ka B OrrpeaeneHHH 3 HBprHH KB83MCT8 UH 

OH8pH~X COCTOAHHA llOBODbHO MBQDBHHO paCTBT C pOCTOM 3HB prHH ypOBHA , 

HanpHMep, a nH KB83HypoBHH 

.T aBnHeT 0,15 Mas . 

2 i 13 / 2 c aHeprHeA 7,10 M aB owH6Ka coc -

K aK H CDBHOBBDO O>KHQ8Tb 1 BCB rronyqeHHbiB 3HaqeJU1A 3HBprHH DB)l<D T 

Bb!lliB T OqJ!biX , 1160 MBTOQ QHarO H8DH38UHH aaeT llDH C06CTBBHHOrO 3HaqeHHA 

OUBIIK Y CBBpxy , MHHHM8Dbi!O B03MO)l(HYIO ' QDH C06CTBBHHOro BBKTOpa, DB)l(B 

wero B B~6paHHOM npOCTpDHCTBB 68311C HhlX ~yRKUHA, 

npoBBQBHHOB CpBBHBHHB ITOKB3b!BBB T 1 qTQ B HBH6one e HB6narorrp1UlT

HOM DOH MBTOQB c¢epnqeCKOM cny q ae QOCTHrBBTCH YQOBDBTBOp HTBDbH8H TQq-

HOCTb B BhlqHCDBHHH 3HBprHH ypOBHeA y)l(e rrpH N ma x = I 0 . nor pew HOCTb 

HMBBT onpeaeneHH~A 3HBK H MQ)l(B T 6~Tb OUBHBH8 C ITOMOWb!O KOHTpODbHOrO 

N ( E ) . 
m ax max 

7. Pe3ynbTa Tbi anH aKcHanbHo-cHMMerpH'lHoro Hapa 

Cpa BHBHHe pe3ynhTBTOB pacqeT a aHe prHA ypoBHeA Aapa c A = I 85 

c pe3ynhTBTBMH HeMHpOBCKoro n ~enypHoBa/ 1 / npoH3BeaeHo B Ta6n11ue I, 

CpeaH He a6coniOTHoA BenHqHHhl pacxo)l(QBHHA MB)l(QY aByMA pacqeTaMH rrpH 

N max = 10 c na6o 38BHCAT OT ae~opMBUHH H paBHhl 0,28, 0,28 11 0,28 M a s 

rrpH QB~OpM8UHI1 0,15, 0,28 H 0,41, COOTBBTCTBBHHO , 

0 6pawaeT Ha ce6A BHHM BHRB 38MBTHBA Olli!16Ka rrpR N 
max 

7 B 

3Hepr1111 ypOBHBA C 6onbWHM BKD8QOM COCTORHHfi 113 o6onoqKR N = 7, 3TO 

COCTOAHRA I / 2-, ITD 8 BHO rrep e XOQAWRB B 

~OpM8URH 1 3/2 H 5/2 rrepeXOQAWHB B 2 

3 p I / 2 C yMBH b lliBHRBM Qe-

5 /2 . 

3HeprHR a THX ypoBHefi naaaiOT Ha I, 5 M aB rrp11 "BKnJOqeHHH" aeBATOfi 

o6onoqKH
1 

a rrpH "BKnJOqBHRH" OQHHH8QU8 TOA o6onoqKI1 onyCKBIOTCR DRllib H8 

40-70 K aB . 

3TH TpH ypOBHA - BQHHC T BBHH biB B T a6 nHUB I, llDA KOTOph!X HOMBp 

o6onoqK R 6a3RCHhiX COCTOAHHfi 1 ll8IOWHA OCHOBHOA BKDBll 1 COBIT8ll8BT C N max 

(N = N max 

HhlX COCTOAHRfi QBBATOfi o6onoqKR B BODHOBhlX ~YHKURRX 3TRX COCTORHHfi 

COCT8BDRBT rrpH6DR311TBDbHO IO% , qTQ o6ycnaBnHB8BT 6oOblliOB OITYCK8HHB 

ypoBHA, npHBBllBHHh!A rrpHMep CBHQBTBDbCTBYBT 0 B8)l(HOCTR B3811MOQBfiCTBHA 

9 



o6ono'leK c ~ N = :!:_ 2 H fl03BOnSieT Bb1CK838Tb npeanonoJKeHHe, 'ITO OCHOB-

HaS! omH6Ka B pa6oTe ~ecnepa H illenaAaa/10/ B onpeaeneHHH aaeprHH cna6o 

CBSI38HHbiX COCTOSIHHA o6ycnoBneHa Hey'I~TOM B38HMOlleACTBHSI ~~JKllY o6onoq

K8MH, KaK 6bmo OTMeqeao B npellblllYllieM paaaene, aaeprHH at! TOnhKO cna6o 

CBSI38HHbiX 0 HO H KB83HCT8UHOH8pHblX COCTOSIHHH nony'laJOTCSI B npeanaraeMOM 

MeTO)le C paayMHOA TO'IHOCTb!O, 

He6onbmoe pacxoJKaeHHe, aa6nJOaaeMoe, cornacao Ta6nHue 1, npH acex 

N max B 3HeprHH rny60KO CBSI38HHblX COCTOSIHHA C 6onblliHMH M8KCHM8nb-

HblMH yrnOBbiMH MOMeHT8MH 1 yBenH'IHB8JOIUeeCSI C pOCTOM ae¢opM8UHH 1 no

BHllHMOMY1 MOJKeT 6b1Tb npHflHC8HO HenonHOMY Y'I~Ty CflHH-op6HTanbHOro B38-

HMOJletiCTBHSI B pa6oTe/1/ (cM/20/ H /5/ ), 

HaTepeCHO OTMeTHTb1 'ITO oueHK8 CBepxy AnSI 3HeprHH ypoBHeH, nony-

'JeHH8SI B Jl8HHOM paC'JeTe, HHOr)la npH ~ = 0,28 H JlOBOnbHO '18CTO npH 

~ 0,41 naaaeT HHJKe 3Ha'leHHA, npHBOllHMbiX HeMHpoBCKHM H '4enypHo-

BbiM , 3TO Ha6nJOJl8eTCSI B 3HeprHH ypOBHeA K8K C M8nbiM, T8K H C 6onblliHM 

M8KCHM8nbHblM yrnOBbiM MOMeHTOM H He MOJKeT 6biTb OTHeCeHO TOnbKO 38 

C'I~T HeTO'IHoro Bbi'IHcneHHSI cnHH-op6HTanbHoro B3aHMOJleAcTBHSI, CneaoBa

TenbHo, B pa6oTe/l/ 6panoCb HeAOCT8TO'IHOe 'IHCno qneHOB B pa3nOJKeHHH 

BOnHOBOH !jlyHKUHH (HnH flOTeHUHana) no c!jlepH'IeCKHM rapMOHHK8M, 

0TMe'JeHHOe p8CXOJKJleHHe1 He O'JeHb 3H8'JHTenbHOe npH HCCneayeMbiX 

ae!jlopM8UHSIX1 SIBnSieTCSI npH3H8KOM Toro, 'ITO npH 60nblliHX ae¢opM8UHSIX 

paanoJKeHHe no c¢epH'IeCKHM rapMOHHKaM SIBnSieTcSI HeHaaeJKHOH npoueaypoM:. 

B HCnOnbayeMOM H8MH paanoJKeHHH BOnHOBOH !jlyHKUHH no 6a3HCHbiM 

¢YHKUHSIM (2) c pocTOM ae¢opMauHH ace 6onee npeo6naaaeT OAHO cnaraeMoe, 

'ITO )leMOHCTpHpyeTCSI H8 pHC. } 1 rae npHBeAeHbl KB8Jlp8Tbl KOa¢¢HUHeHTOB 

paanoJKeHHSI JlnH qeThlpex COCTOHHHA HApa C A = 165. 

ilnH npoBepKH CXOAHMOCTH npH 6onblliHX ae¢QpM8UHHX 6bin Bbl'IHCneH 

aHepreTH'IeCKHti cn e KTp Hapa c A= 165 c noTeHuHanoM (1) npH Hcnonb

aoBaHHH KpH~epHH (3) npH ae¢opMauHH ~ = 0,6. Pac'leT npoaoaHncH npH 

Tpex 3Ha'leHHHX E max npH'IeM 'IHCnO 'lneHOB B paanoJKeHHH BOnHOBOH 

¢YHKUHH 6binO n pu6nH3HTenbHO T8KHM, K8K B c¢epH'IeCKOM cnyqa e npHN ma'J18 1 

10, H 12. 

DpenrronaraH, 'ITO rrocneAHHti H3 Tpex BapHaHTOB aaeT TO'IHbie 3Ha'leHHH, 

nonyqaeM B nepBbiX ABYX B8pH8HT8X JlnH OlliH6KH 0 ycpeaHeHHOH no aceM 

OTpHU8TenbHblM ypOBHHM 1 3H8'1eHHH 0,14 H 0,08 MaB COOTBeTCTBeHHO , 

10 

7. 3 a K n 10 'l e H H e 

TaKHM o6pa3oM, cpaBHeHHe HalliHX pac'!eToB c HMeJOlliH._ 

CBHJleTenbCTRy eT 0 H a JleJKHOCTH pe3 y nbT8TOB
0 

nonyqaeMbiX npe, 

TOJlOM rrpH Jl0 C T S TO'I60 ManoM BpeMeHH 0 38Tp8'IHB8eMOM Ha S 

'IHCnHTenbHOH M8lliHHe JlnH HX nonyqeHHH, 

ABTOp bi rrpH3HaTenbHbi B.f.ConoBheBy 3a npoHBneHHbiM: ;. 

MaHHe K pa6oTe , IO,A,My3bl'!Ke 38 ITOMOllib B pa6oTe, a T8K:>K 

c.n.HaaHOBoM:, E.H.KanHHKHHy 38 o6cyJKJleHHe, 

npHnO)f(eHHe 

OTnH'!Hhle oT HynH MaTpH'I3hle aneMeHThl onepaTopa KJ 

MOMeHT8 

Q20 r
2 

Y (0¢) 
20 

_I V 5 2__ ( 2 _1_( 
2 

2 I - --p 2 4" M cd () ) 
X 

B 6 aaH c e ( 2) H MeJOT BHJl 

< n n A I o2o I A > _I_ v _5_ 11 n n = X r ?, r z 2 4" M 

x[2 -
1
-(n +-

1
-)- _I_ ( 2n +A+ll] w z z 2 w r 

X 

< n ' n z + 2 ' A I Q20 I n r 1 v 5 11 
2 '"'iiT -M-n 

z A> 

X V (n +I)(n +2), 
z w 

z 
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7. 3 a K n IO T.J: e H H e 

TaKHM o6pa3oM, cpaBHeHHe HBlllHX pac q eToB c HMeJ0!1lHMHC51 pac'leT aMH 

CBHLleTenhCTByeT o HanemHOCTH pe3ynhTBTOB, rronyqaeMbiX rrpennaraeMbiM Me 

TOLlOM IIpH LlO C T.3TO'l~;o ManoM BpeMeHH , 38 T p8'lHB88MOM Ha aneKT:!JOHHO - Bbl

'lHCnHTenbHOA MBl!JHHe Lln51 HX IIOnyqeHH51 o 

ABTOp~ n pH3HBT8nhH~ B.f.ConOBheBy 38 IIp051BneHH~A HHTepec H BHH 

MBHHe K pa6oTe , IO,A . My3hi'lKe 38 IIOMOl!lb B pa6oTe , a TBKme ¢,A,fapeeay, 

C ,n,M aaHoBoA, 6,H,KanHHKHHY 3B o6cymneHHe, 

OTnH'lH~e oT Hyn51 MaTpH'l~~e aneMeHT~ orrepaTopa KBanpyrron&Horo 

MOMBHT8 

2 
r y 20 ( e ¢ ) 

2 
_ I y 5 1i 

2 4 7T M (2 ' 
I 2 

-- p 
(d 

z 

B 6 a3H C 8 ( 2) H M810T BH/l 

< n n i\ I Q Inn A > 
r 7o 20 r z 

X ( 2 ( n + ) - - 1
- ( 2n z -2- w x • 

< n , n z + 2 , A I Q20 I n r n z A > 

w 
z 

y(n +l)(n +2), 
z z 

X 

( d 
X 

I y 5 
2 4;-

+A+ 1 l] , 

1\ 
-- X 

M 

1 _/ 5 11 
2 V 4iT --M- X 
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20
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w. 
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r 
X 

• 
CHMMeTpH'!H bie MaTpH'!Hhie aneMeHTh i He B LinHCa H bi , MaTpHUbi o nepaTopoa 

.. .. 12 
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< Dr n z A I ( f t) z I n, n .• A > ~ A . 

12 

OcTa nhHhie MaTpH'!Hbie aneMe HTbi paBHbi ayn 10, TaKHM o6paaoM, nm1 o Tmt'!H bi X 

OT HYOR M8TpH'!HhlX aneMeHTOB .. 2 
f, OpHXOUHM K Bbip8lKeHHIO 
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A I f t I n n A > 

= 2 n (2 n +A+Il+2n 
r 

+ ,\ + A2 

CliMMeTpH'Iiwe aneMeHTw He a w nacaHw, AaanorH'!HO awnacwaa eM M a TpHuy 

1r; 
.. 

< n, +I , n -I , A- I, I+ I I e, -; I n, D .\I > -z 

vn ( n +l l / 2 
z r 

< n n +I • A-1 , !+1, 1 f s I n n AI > r z t 

-y(n + ll (n +Al / 2 
z r 

< D ll A I If s-+1 D D A I > a A I • 
r z t r z 

13 



fl H T e p 8 T y p 8 

I. n . 3 .HeM11pOBCKHil, B. A . 'ienypHOB. HaepuaR cfm3HK8 .0 998 ( 1966) . 

2. E , Rost, Phys . Rev., ~ 54, 994 (~967). 

8. E .H.KamrHKJIH, H. rpa6oacxnil: , <P. A . Tapeea. Acata Physica Pol onica, 

2Q, 99 ::; (1 966). 

4 . <P. A . Tapeea, c . n . uaaHOBB , E . H . KanHHKJIH, n perrp HHT O J1HJ1, P4 - 2976, lly6-

HB, / 966, 

5 , <P. A . Tapeea, c .n. HaaHOBB, E .H. K anHHKHH. nperrpHHT O J1HJ1, P4 -3325, lly6 -

H8 , / 967, 

6. <P. A r r apeea, c .n.H aa HOBB, E.H.KanHHKJIH. npenpHHT OJ1HJ1, P 4 -3326, lly61 

H8 1 1967, 

7. <P.A.Tapeea, c.n.uaa HOBB, E.H.Ka n HHKHH. n penpHHT O J1H J1, P4-3451, lly6HB , 

1967. 

B. S .G.Nilsson, K g l. D a n.Vid, S els k., Mat. Fys . Medd., ~No ~6 (~ 955). 
( CMo nepeao a B c6, "'fle</JopMBUHH 8TOMI-lblX Haep"' ), 

9. II.A.C nHa, E.A.BonqeK. )f(3T<P ~ 589 ( 1959). 

10. A .Faessler a nd R.K.Sheline. Phys. R ev. , ~48, ~003 (~966). 

11, P . Roper, Z . Physik., 2_22, 3 ~ 6 (~ 966). 
12. n.3.HeMHPOBCKHR. C oapeMeHHbie Moaen H 8 TOMHoro Ha p a . A TOMH3£!8 T, 

1960. 

18. C.Gustassoh, I.L.L::imm, B.N ilsson and S. G .N ilss o n , A r kiv cur 

Fisik, 36, 6~3 (~ 967). 

14. B.J1.KpblflOB. n pH6nHJKe HHOe Bbl'lHCn e HHe JIHTerpanoa. <PH3M8Tr113, Mocx aa , 

195 9. 

15 . B. J1.KpblflOB H II. T.IllynhrHHB . Cnpaao'IHBH xuura no 'lHcneHHOMY HHTer

pHpoaa HHJO. J13aarenhCTBO 'Hayxa' Mocxaa , 1966. 

16. O .B.Ea6ypHH, B. J1.11e6eaea. ' B bi'lHCnHTenhHBH M BTeMBTHKB H 

MBTeMaTn'leCKBH 4>H3HKB"' . L 102 1 ( 1967) . 

17. B.B.BoeaoaHH, r .KHM. B bl'lHCnHTenbHb/e MeTOabi H nporpBMMHpOBBHHe, 

J13a . MrY, 269- 278 ( 1962). 

18 . r.r.EyHaTHH, M . A . MHxynHucxHR. H<P .1, 38 ( 1965) . 

19. r.r.EyuarHH, H<P, 4 ( 1966) 921. 

20. v. A . Chepurnov, P .E . Nemirovsky. Nucl. Phys. , ~ 90 ( ~ 963). 
PyKonHc b no c TynHna s H3naTenbCKHA oTne n 

5 MaS! 1968 rona . 

14 

.,,. \\ ~~ r ·,· ! I r• 
'-

,..,,. ' t \ • •• \ Gr 
.-'A. '\ ::-\. \ _\:. -,- "''\ 0 ''. 

r2l 
:>:: 
0 
:s: 
ro 
co 
0 

co 
~ 
:;; ... 
::! 

• 0 
~ E-< 

. 0 

co 
0 
p. 

::f 0 
:s: 

IXl 

"' :::= I'; lJ'\ 
'0 \!) 
ell H 

E-< 
u 

«: 

IXl 

::11 
:>:: 
co 
I={ 

& ts: 
I={ :s: 
IX: ~ 

ts: 
:s: 
:<: 
IX: 
0 
E-< 
0 
0 
0 

~ 
:>:: 

p. 
Q) 

:>:: 
<') 

::11 
:>:: 
:s: ... 
~ 
Q) 

IXl 

... Q) 

:s: ::11 
E-< :>:: 
0 E-< 
ell $:1 
... I'; 
0 0 
:>:: 0 
I={ 0 
0 «: 

r2l ~ 
i:i a 
8. ~ 
E-< p, 
ts: >9< 
Q) 
:>:: 

ts: 
:s: s. 
Q) 

:>:: 
<') 

ts: 
:s: 
:>:: 
Q) ... 
ell 
IX: 
ro 

~ 
0 
0 
::1 

~ 
0 
>< 

<:.) 

N 
H 

~ H 
o dlo 
" E H 

~~ 

a) 

a) 

....... 
H ....... 

...: E< 
::11 Q) 
:>:: :>' 
:>' 0 

~ ~ 

N 
H 

C'!, ~ 
0 u 

~~~~ 
a) 

....... 
H 

lt!Sl .... 
::11 CD = :>' :>' 0 
0 ell 
E-< p. 

lJ'\ IN 
H H . 
0 ~ 

u " 

~ ~~~ 
a) 

ts: E-< 
::11 Q) 

:>:: "' &:>' OH 
o co · 
E-< p. 

0 0 IN 0 lJ'\ N . . . 
4- 0 H 
H H H 

Ot'-1 00 0 N 0\ . . . 
""" 0 0 
H H H 

""" "' I""" 
!X) N 0\ . . . 
"'0 0 
H H H 

N\OOO H \0 
!X)0\4-4- t'- 0\ 

.. ... .. .. .. 0'\ 
t'- \!lll"' t<'\0. 
HHHHH \0 

t<'\0\t<'\\!) H 
\Ot'-t<'IN\0 4-

• .. .. .. .. Cl) 
C' \Olf'\f'('\ 0 ... 
H HHHH\!l 

t<'l 0\ lJ'\ N t<'l 
4- ll"'HH li"' N .......... o::> 
t'-\!l ll"' t<'\0. 
HHHHH \!l 

a)t'-14-1 0\ 04- ll"'N t<'\ 0\4- t'- Nt<'l t<'\ t<'\t'- 0\ .. ... .. .. ... .. .. . .. 
t<'\0 H !X)t'-ll'\ 't<'\0\!l 
HH H HHHHH 

c- "'10 , ..... c- !X) a) \0 \!) Oll"' lJ'\ OONN!X)O\!l .. ... ... .. .. ... .. .. .. 
4-0 0 ll'\ll'\4-NHOO 
HH H HHHHH 

t'-t<'\1014-Ht<'\t<'\HH Oll"' lJ'\ \!lHHt'-0\ ll'\ 

.;a a u1~.;No~ 
HI-t H HHHHH 

04-IO\It'-ll"'O'IN4-00 0\ ..-, N 4- 0\ 0\ \0 00 4-• .. .. .. .. ... .. .. ... 
1<\0 0 ll'\4-t<'\NOOO 
HH H HHHHH 

!X) t'-IH It'- c- \!) c- 0\ c-q~ u;. ~.:J;."!,~~~ 
4-0 0 ll'\ll'\4-NHOO 
HH H HHHHH 

0\ 0\ I a) I"' c- ·~ c- .... \!) 
C!~ ~ ~~~~ll!.~ 
4-H H ..-,t<'lt<'\NHO 
HH H HHHHHH 

0\ 0\ I !X) ' !X)"' """"' 0\ H 00\ a) t'-li"' O t<'I ..-.N .. .. .. .. .. .. .. .. .. 
4-H H t<'\..-,t<'\NHO 
HH H HHHHHH 

NOla) \OHt<'\4-Nt'-
~~ ~ ~~~~~~ 
t<'\ H 
H H 

OH 
H 0 .. 
4-N 
H H 

H t<'lt<'\NNHO 
H HHHHHH 

a) OOOONO<nO 
a) 0\t'-N ll"' ll'\4-• ~ . .. .. . .. 
H t<'\ t<'\ t<'\ N H 0 
H HHHHHH 

~ a.. ~·~ 
lij I I I c: ;:::;-~ 

+ I I I I I 
N NNNNNN .............................................. 
H Ht<'\ll'\t'-0\H 

~a~::! "''~ 
g·~gO<O -d 
UUIJ'HP. N 

H 
<' ,,....~ 

"'~ H 

15 

N 4' 
a)\!) .. 
4- N 
H H 

H t'

\!l """ .. 
4- N 
H H 

t<'\ N 
ll'\4-

4- N 
H H < 

tl'\ \0 
lJ'\ 0\ . . 
;::t- H C 
H H 

~ 5 ~ . . 
N H C 
H H 

\0000 
~~0 
NOO 
H H 

Hli"'C' 
"!. ~ a 
NO <X 
H H 

""""''-'= ~r-:c 
N 0 • 
HHO'I 

4-\!lll'\ 

0\ "' ""' . . . 
0\ 0\ co 

0\ N ""' t'- N :\..1 . . . 
0'10\CO 

t'- H N 
t'- N N ... 
0\ 0\ co 

0\4-4-
~~ 4".,. 
0'10\00 

I I I 
NNN ..................... 
H..-,ll"' 

"''e-t 
H 



TaC!JIIIIUa ~. 

Cxo~UOCT. 3B8116HIIIA 3Heprlll3 HeKTpoHHNX OAH0118CTIII1{HNX COCTOHHIIIK HAPS A c 165 C pOCTOU 11 111 CJI8 C!83111CHNX 

~YHKUHK. AC!COJIDT~e B6Jllll11111B~ aHeprlllK ASH~ B MaE 

CocTOHHIIle j3. 0,!5 J3· 0,28 J3 a0,41 
C!IJeplll-

TOliH~It ..!"{"" "'-. 0(.. T011Hlil.t J)Fm,.Q.:x.. T011Blilt JY""~Cl.:Z., qecKo-
ro HA- pacqeT 8 10 12 pacqer:/I/ 8 IO 12 pacqeT/I/ 8 IO 12 pa .Qp LIL 
2~t I/2+ 14,!0 !3,92 !4,09 14,09 !4,08 !3,90 14,07 14,07 13,98 13,84 14,00 14,00 

3/2+ !2,01 !!,80 !!,99 !!,99 10,57 10,34 10,53 10,53 !0,47 10,23 10,27 10,50 

3~ 1/2+ !!,88 !!,68 !!,88 II,88 10,51 10,29 10,50 10,50 !!,74 10,94 10,98 !!,22 

1-ki. I/2- 13,98 13,66 13,78 13,93 15,97 15,47 15,64 15,81 18,29 17,43 17,63 17,82 
c;; 3/2- 13,78 13,41 13,53 13,67 15,47 14,95 15,!! 15,27 17,30 16,59 16,79 !6,96 

5/2- 13,22 12,93 13,04 13,1~ 14,26 13,99 14,13 !4,28 15,34 !5,15 15,33 15,48 
7/2- 12,50 12,24 12,33 12,47 12,87 12,62 12,73 12,88 13',35 13,12 13,26 13,41 
9/2- !!,59 !!,32 !!,39 !!,53 II,09 10,84 10.9! !!,06 10,72 10,53 !0,61 10,76 

II/2 10,40 10,17 10,21 10,36 8,67 8,48 8,51 8,66 6,93 6,82 6,84 6,99 

I~j I/2- 9,99 9,77 9,79 9,94 12,34 12,21 12,26 12,45 14,53 14,53 14,61 14,82 
1. 3/2- 9,34 9,21 9,22 9,36 10,73 10,85 10,88 II,04 II,96 !2,42 12,4? 12,64 

5/2- 8,44 8,22 8,l3 8,35 9, 06 8,8? 8,88 9,02 9,5? 9, 51 9,55 9,69 
?/2- ?,12 6,89 6,90 ?,OI 6,56 6,33 6,35 6,46 6,05 5,8? 5,91 6,02 
9/2- 5,47 5,23 5,25 5,34 3,39 3,08 3,14 3,23 1,31 0,91 1,04 1,12 

l.f-2 1/2 ,. 9,18 8,82 8,89 9,13 10,65 10,39 10,49 IO,?I !!,8? II,84 II,98 12,19 
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