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HeiiTpoHHble cunooble cllYHKUHH JIBDJIIOTCJI oa:>KHbiMH xa

paKTepHCTHKaMH JIAepHOrO CneKTpa npH 60DhWHX 3HeprHJIX 

B036Y:>KAeHHJI, nOCKODhKY OHH HenocpeACTBeHHO CBJI3aHbl C 

BenH'IHHaMH OAHO'IaCTH'IHbiX KOMnOHeHT B BODHOBbiX cllYHK

UHJIX B036Y:>KAeHHbiX COCTOJIHHH, ne:>KaUUIX o6nH3H 3HeprHH 

CBJI3H ueiiTpoua B" . H3 3KCnepHMeHTanhHbiX AaHHbiX no 

Ce'leHHJIM B3aHMOAeHCTBHJI MeAneHHbiX HeHTpOHOB C JIApaMH 

C AOBODhHO XOpoweif TO'IHOCThiO H3BneKaiOTCJI 3Ha'leHHJI 

S - CHDOBhiX cllYHKUHH, 3Ha'leHHJI p - CHDOBhiX cllYHKUHH H3-

BeCTHhl C ropa3AO MeHhWeH TO'IHOCThiO. 3KcnepHMeHTanb

Hble 3Ha'leHHJI CHDOBhiX cllYHKUHH, ecnH HX paCCMaTpHBaTb 

KaK cllYHKUHIO Maccoooro 'IHcna A , AeMOHCTPHPYIOT RpKo 

Bblpa:>KeHHble MaKCHMYMbl H MHHHMYMbl. 0CHOBbl TeopeTH'Ie

CKOrO OnHCaHHJI CHDOBhiX cllYHKUHH 6blnH 3ano:>KeHbl JleifHOM, 

ToMacoM H BuruepoM /J/ 0AHaKo TeopeTH'IeCKHe pac'leThl 

CHDOBbiX cllYHKUHH npaBHDhHO nepeAaiOT HX a6CODIOTHYIO 

BenH'IHHY TODhKO TaM, rAe CHDOBble cllYHKUHH MaKCHManbHbl. 

0nHCaTb CHDOBble cllYHKUHH B MHHHMyMe OnTH'IeCKaJI MOAenh 

OKa3anacb 6eccHnhHOH. ,
2 

·~' 
B nHTepaType HeOAUOKpaTuo yKa3bloanoch 

1 
·• 

1 

MaKCHMYMbl H 

cllYHKUHH OT A 

'ITO 

MHHHMYMbl B 3aBHCHMOCTH CHDOBOH S 
KoppenupyJOTCJI c nono)l(eHHeM S - ypoBHJI 

HeHTpOHHOH OAHO'I8CTH'IHOH CXeMbl OTHOCHTenhHO 3HeprHH 

CBJI3H, T .e. CBJI3aHbl C TeM, KaK 6nH3KO OT B pacnonO)I(eH 
n 

nHK B npeAnonaraeMOM pacnpeAeneHHH CHDbl OAHO'IaCTH'IHO-

ro s -cocTOJIHHB no JIAepHbiM ypoBHJIM. TaKHM o6pa3oM, 

HMeJI MOAenb, KOTOpaB npaBHDhHO OnHCbiBaeT 3TO pacnpe

AeneHHe /uuaqe rooopg, cllparMeHTaUHJO/, Mbl MO)I(eM pac

C'IHThiBa Th Ha npaBHDhHOe OnHCaHHe CHDOBbiX cllYHJSUH';· 

TaKaJI MOAenh 6hlna npeAno:>Keua B.r .ConoobeBbiM · 3 ·4 · 

JICHO, 'ITO BOnHOBaJI cllYHKUHJI, OnHCbiBaiOil(aJI BbiCOKOB036y:>K

AeHHOe COCTOJIHHe, KpaifHe CDO)I(Ha H COAep)I(HT orpOMHOe 
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KOJIH'ieCTBO pa3JIH'iHLIX KOMnOHeHT. ll03TOMY ~JIJI peweHHJI 

3a~a'iH C TaKOH BOJIHOBOH «<JyHKUHeH He06XO~HMa pa3pa60TKa 

3~eKTHBHLIX npH61IH*eHHLIX MeTO~OB. ~Jl~ TaKHX MeTO~OB 
6LIJI npe~JIO*eH H H3y'iaJICJI B ~a6oTaX 15,6/ . C nOMOIUhiO 

MeTO~a, OnHCaHHOrO B pa6oTe 1 6/ , y~aJIOCh OnHCaTb «<Jpar

MeHTaUHIO O~HO'iaCTH'iHLIX COCTOJIHHH B ~e«<JopMHpOBaHHLIX 

Jl~pax, HCnOJib3YJI BOJIHOBYIO «<JyHKUHIO B036y~eHHOrO co

CTOJIHHJI CJie~yiDIUero BH~a: 

v + Ai )[ + ,+ ] 
IJ!(.JM) = C,J laJM+ ~Dj (Jv ajm {)Afl JM + 

/1/ 
A . ' + ~ F l Ill\ 2 i 2 
ji 

+ + .+ J l Ill'. ( .J v) [a J. m [ <t A 11 i Q A 11 i lfl J M 0 
tr 1 1 2r2 2 

+ 
3.D,eCb: aJM - onepaTop PO*~eHHJI KBa3H'iaCTHULI C KBaH-

TOBLIMH "tiBCJiaMH JM • flo~ J MLI nOHHMaeM TpH KBawro

BLIX 'iHCJia, xapaKTepH3YIOIUHX O~HO'iaCTH'iHOe COCTOJIHHe 

B c«<JepuqecKOM noTeuuuane mj ; M - npoeKUHJI nonuoro 

MOMeHTa. Q,\ i - onepaTop PO*~eHHJI «<JOHOHa C MOMeHTOM 

\. ero npoeKIWt:eii f1 H HOMepOM i . lf0 - BOJIHOBaJI «<JyHKUHJI 

OCHOBHOrO COCTOJIHHJI 'ieTHo-qeTHOrO JI~pa. KBa~paTHLie 

CK06KH 03Ha'iaiOT BeKTOpHyiO CBJI3b MQMeHTOB. 
7; 

Pe3yJILTaThi pacqeToB pa6oTLI · lxoTJI ouu H uecao-

6o~HLI OT HeKOTOpLIX He~OCTaTKOBI C HeCOMHeHHOCTbiO yJ<a-

3LIBaiOT Ha TOT «<Jai<T, 'iTO pacnpe~eJieHHe O~HO'iaCTH'iHOH 
KOMnOHeHTLI no B036Y*~eHHLIM JI~epHLIM ypOBHJIM, nony

qeHHOe C HCnOJih30BaHHeM BOJIHOBOH «<JYHI<UBH 111, MaJIO 

OT nuqaeTCJI OT pacnpe~eneHHJI, nony'iaiDIUerocJI c ucnoJih30-

BaHBeM eiUe 6onee npOCTOH BOJIHOBOif «<JYHI<UBB, KOr~a f·O 
ll03TOMY MLI paCC'iBTaJIH CHJIOBLie «<JYHKUBB c«<JepB'ieCI<BX 

Jl~ep, orpaHB'iHBWHCh npOCTOH BOJIHOBOH «<JyHI<l(Beii. ~OUOJI

HHTeJihHLIM OUpaB~aHBeM 3TOrO UpH6JIB>KeHHJI JIBJIJieTCJI XOpO

wee COrJiaCBe C 3KCUepHMeHTOM CBJIOBLIX «<JyHKUBH paCC'iB

TaHHhiX aHaJIOrB'iHLIM o6pa30M B ~e«<JopMBpOBaHHLIX JI~pax. 

B J<aqecTBe 06'hei<Ta BCCJie~oBaHBJI MLI BLI6paJIB B30TOULI 

OJIOBa H TeJIJiypa, T.e. Te JI~pa, r~e CHJIOBaJI S -«<JyHI<UHJI 

MHHHMaJibHa. 

Mo~eJih, I<OTopyiO MLI HCUOJih3yeM UpH OUBCaHHH «<Jpar

MeHTaUHH O~HO'iaCTH'iHLIX COCTOJIHBH, npe~CTaBJIJieT co6oi 

HeCKOJihKO paCWHpeHHLIB BapHaHT XOpOWO H3BeCTHOB CBepx-

4 

TeKyqei. MO~eJIB JI~pa /S/. raMHJihTOHBaH 3TOB MO~eJIH 
BI<JIIO'iaeT cpe~ee none ~JI npoTOHOB H ueiTpOHOB, cna

puaa TeJILHoe B3aBMo~eicTBBe In - n B p - p I B ~aJILHo~ei
cTBYIDIUBe CBJILI. B J<aqecTBe ~aJILHo~eicTBYIDIUBX CHJI,UOMB

MO 06LI'iHLIX KBa~pyUOJih-J<Ba~pynOJihHLIX H OKTYUOJih

OKTYUOJihHLIX,B raMBJihTOHBaH BI<JIIO'ieHLI B CHJILI C 6oJiee 

BLICOKBMB MYJihTBUOJihHOCTJIMB, a TaK.>Ke CUBH-MYJihTH

UOJihHLie. CaepxTeKy'iaJI Mo~eJIL JI~pa no3BOJIJieT y~oaneTBo

pBTeJihHO OUHCaTh CBOBCTBa HB3I<OJie>KaiUBX JI~epHLIX B03-

6y>K~eHHH. ll03TOMY, nepexo~JI I< OUBCaHHIO BLICOKOB036y*

~eHHLIX COCTOJIHBH, MLI C'iBTaeM BCe napaMeTpLI MO~eJIB 

«<JBKCHpOBaHHLIMB; MLI 6epeM BX TaKBMB >Ke, KaK B npB OnB

CaHHB HB3K01Ie*aiUei 'iaCTB cneKTpa. 0TBeTCTBeHHLIM 3a 

CMeWBBaHBe pa3JIB'iHLIX BH~OB B036y~eHBB B 3TOH MO~eJIB 

JIBJIJleTCJI B3aBMO~eHCTBBe KBa3B'iaCTBU C «<JoHOHaMB. 11MeH

HO OHO npBBO~BT K pacnpe~eJieHBIO CBJILI O~HO'iaCTB'iHOrO 

cocTOJIHBJI no s~epHLIM ypoBHJIM. OrpaHB'iBBWBCh npocToii 

BOJIHOBOB «<JyHKI(Bei, CO~ep*aiUei TOJihKO O~HOKBa3B'iaCTBq
HYIO B "KBa3B'iaCTBI(a + «<JOHOH" KOMUOHeHTLI, MLI MO*eM cpa3y 

Hanuca Th ypaBHeHBe, onpe~eJIJIIOIUee 3HeprBIO COCTOAHBJI 

If,, B BLIPa*eHBe ~JIJI K03~Bl(BeHTOB c I~ B u]i ( .J I') / 5 / : 

I' 2 (Jj.\i) 
= 0 ' ( - Tf - ...::;__ l 

J v 2 Aji 
f . + (J) A i- Tf IJ 

J 

12/ 

Ai 1 l'( .JjAi) 
' 

D . ( .Jt; ) = ---==-
f.+ wAi- "'~v 

J y2 J 

/3/ 

r· 2 (JjAi) -l/2 j/ 1 l 
I c =ll+-

( ( j + w A i - Tf v )
2 J 2 Aj i /4/ 

Ecnu o6o3Ha'iHTb neay10 qacTh ypaaHeHBJI /2/ qepe3 F( TJ), 
TO nerKO BB~eTh, 'iTO 

c ~ = I a F ( TJ. ) I - t/2 
ary Tf=Tiv 

15/ 
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B cilopMynax /2/-/4/ ucnonL3osauw cne.nyroiJUie o6o3uaqe
HH~: cJ- 3HeprH~ KBa3HqaCTHUbl C KBaHTOBbiMH qucnaMH 
J M , uJ A i - 3HeprH~ clloHOHa c A KBaHTOBbiMH qucnaMH A/1 i 

1/2 f v( ±) 
I' ( J j Ai ) = ( 2A + 1 ) Jj Ji 

21 + 1 vY(Ai) 

r .ne f ;j - npuse.neuuwii o.nuoqacTuquwii Ma TpHqnwii 3ne
MeHT MynLTHnOnLHOrO /HnH CnHH-MynLTHnOnLHOro/ one
paTopa; Y( Ai )- senH'IHHa, xapaKTepH3yromaa cTeneHL Kon
neKTHBHOCTH cllonoua A11 i . Oua Mana .nna KonneKTHBHbiX 
cllonouoo /nanpuMep, HH)I(aiiwero Koa.npynonLnoro/ u senuKa 
.nna HeKonneKTHBHbiX. v(JJ) = u J u j ± v J v j - 3HaK + .nn~ 
CnHH-MynLTHnOnLHbiX ciloHOHOB, 3HaK - ,II,nJI MynLTHnOnLHbiX. 
u, , v - Ko3cllcilHUHeHTbl npeo6pa3oBaHHH lioronro6ooa. 

0 + - COCTOJIHHJI Mbl OnHCbiBaeM KaK napHble BH6paUHH. 
Benuquua (C~) 2 onpe.nenJieT BKna.n O.IJ.HOKBa3HqacTHqnoii 
KOMnOHeHTbl B HOpMHpOBKy BOnHOBOH cilYHKUHH. 

llapaMeTpbl raMHnLTOHHaHa /o.nuoqacTuquwe 3Hepruu 
H MaTpHqHble 3neMeHTbl, KOHCTaHTbl CnapHBaTenLHOrO B3aH
MO,II,eHCTBHJI H .npyrue/ B3JITbl H3 pa6oTbl 19 /. Oco6o ua.no 
no_nqepKHYTL, qTo BenuqHHbl KOHCTaHT KBa,II,pynonL-KBa,II,py
nonLHbiX H OKTynonL-OKTynonLHbiX CHn Mbl 6panH TaKHMH, 

+ -
qT06bl npaBHnLHO OOHCaTL 3HeprHH 2 1 H 3 1 COCTOJIHHH qeT-
uo-qeTHbiX H30Tonos onosa H Tennypa c yqeTOM aurapMo
uuqecKHX nonpaooK. HecKonLKO enos ua.no cKa3aTL o cunax 
C MynLTHnOnLHOCTLIO 6onLWe 3 H CnHH-MynLTHnOnLHbiX. 
HeT onpe.neneuuwx 3KcnepuMeHTanLHbiX yKa3aHHii ua cy
mecToosauue B cneKTpax ccllepuqecKux qeTuo-qeTHbiX JI.IJ.ep 
KaKHX-nH60 KOnneKTHBHbiX B036y)K.IJ.eHHH C MOMeHTOM 6onL-

+ 
we 3 /3a ucKnroqeuueM, 6wTL MO)I(eT, 4 -ypooueii/, no3-
TOMY KOHCTaHTbl 3THX CHn Mbl Bb16panH oqeHL ManeHLKHMH 
H BKna.n ux B pacnpe.neneuue cunw o.nuoqacTuquoro cocToH
HHJI uesenHK. BnpoqeM, 3TOT oonpoc Hy)K.IJ.aeTCJI B 6onee 
no_npo6HOM HJyqeHHH. B OCHOBHOM,cilparMeHTaUHJI npOHCXO,II,HT 
H3-3a B3aHMO,II,eHCTBHJI KBa3uqacTHU C KBa,II,pynonLHbiMH H 
OKTynonLHbiMH Kone6aHHJIMH. 

Pe3ynLTaTw pacqeToB senuquuw ( C ~) 2 noKa3anu, qTo 
CHna O,II,HOqacTHqHoro COCTOJIHHJI, B OCHOBHOM, CKOHUeHTpH
poBaHa Ha ypOBHJIX, KOTOpble ne)l(aT B6nB3H nOniOCOB ypas
HeHHJI /2/, HMeJOUUIX 6onLWYIO oenuquuy f'( JjAi) . 3aMeTHM, 

6 

qTo paC"'eTbl B paMKaX npOCTOH MO,IJ,enH ,IJ,aiOT npaBHnLHble 
3HaqeHH~ };i'lE (C ~) 2 

, r,IJ,e CYMMHpOBaHHe Be,IJ,eTC~ no v 
yposH~M v , ne)l(aiJUIM a 3HepreTuqecKoM HHTepsane 1\ E , 
a He 3HaqeHH~ OT,IJ,enLHbiX KOMnOHeHT ( C ~) 2 . 3TO CB~3aHO 
C TeM, qTo peweHH~ ,COOTBeTCTBYIOIJUie noniOCaM" KBa3Hqac
THUa nnroc cllonou", aKKyMynupyroT BKna.n oT peweuuii, co
OTBeTCTBYJOIUHX nonrocaM "KBa3HqacTHUa nniOC ,IJ,Ba cilOHOHa", 
Ha puc. 1 H 2 npuse.neua cllparMeHTaUH~ no.no6onoqeK 'lS l/ZH 
3p 1;2 a <Z9Te. B 173 Te .no 3HeprHH B036Y)I(.IJ.eHH~ 
9 M3B HMeeTc~ 72 nonroca "KBa3uqacTuua nnroc cllonou" 
,II,n~ COCTO~HHH C J 77 

= l/2 + , , a ,IJ,n~ COCTO~HHH C .J n 1/~ -
- 39 nonrocos. Ha pucynKax .nauw a su.ne sepTHKanLnwx nu
uuii oenuquuw ( C j) 2 - 0.0 !i .llpu swqucneuuu ueiiTpouuwx 
CHnOBbiX cilYHKUHH CYMMHPYIOTC~ 3HaqeHH~ ( ( '') 2 ,II,ml 

M o J 
COCTO~HHH, ne:lKall{HX B HHTepoane -\ 1•. OKOnO 3HeprHH CB~-
3H ueiiTpoua Bn. Bcne.ncTBHe Manoii nnoTHOCTH nonrocos 
"KBa3uqacTuua nnroc cllouou" H cHnLHoii cllnroKTyauuu senH'IHH 
1· (.I j Ai) TaKoii cnoco6 pac'leTa npuoo.nuT K 6onLWHM 
H3MeHeHH~M 3Ha'leHHH ~ ( ( :; ) 'l B 3aBHCHMOCTH OT 
HHTepoana ycpe.nueuu~ \E.' 

~na Toro, qTo6w H36e:lKaTL 6onLwHx cllnroKTyauuii ueiiT
pouuwx cunoowx cilYHKUHii,ucnonL3yeM MeTo.n uenocpe.ncT
oeuuoro Bbi'IHcneuu~ ycpe.nueuuwx xapaKTepucTHK 6e3 .ne
TanLnoro pac'leTa Ka)l(.noro cocTOHHHH. Mw BBO.IJ.HM .nonon
HHTenLHYIO 3cllcileKTHBHYIO pa3Ma3Ky HaWHX COCTOJIHHH npH 
noMoiUH cilYHKUHii lipaiiT- BuruepoocKoro Tuna. BMecTo ( C'/)2 

,J BBe,neM BenH'IHHy 

s ( '/) 
.J -~-~ (C'')z ---·-'-. ----

2 77 I' ,J ( TJ - Tf ) 2 + \ 2 I tl 
l' 

/6/ 

TaKoii cnoco6 pacqeTa ueiiTpouuwx cunoowx cilYHKUHii 
6wn ucnonL 30BaH ConosLeBbiM H ManoswM a .necllopMuposau
uwx ~.npax. Kone'IHO, npu 3TOM BOJHHKaeT .nononHHTenLHblii 
napaMeTp pa3Ma3KH \ , o.nnaKo pe3ynLTaTw pacqeTa cna6o 
3aBHCHT OT ero oenuquuw. Cnoco6 swqucneHH~ cunoswx 
cilYHKUHH C BBe,II,eHHeM 3cllcileKTHBHOH pa3Ma3KH no npHMepy 
cllopMynLI /6/ onucau a Monorpaclluu O.liopa H li.MoTTenL
coua Z/. JlerKo su.neTL, qTo paccMoTpeuuwii TaM cnyqaii 
BLI'IHCneHHJI' cunosoii cilYHKUHH .nn~ CHCTeMbl ypooueii, Kor.na 
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TOnbKO O~HH H3 HHX B3aHMO~eHCTByeT CO BCeMH OCTanb

HbiMH, TO'IHO peanH3yeTCJI B Hamei MO~enH. MO)I(HO nony

'IHTb JIBHbiH BH~ 4JyHKUHH S J ( T] ) , HCnOnb30BaB 4JopMyny 

151. llO~CTaBHB 151 B 161 H 3aMeHHB CYMMY Ha HHTerpan 

no KOHTypy B KOMnneKCHOH nnOCKOCTH, nony'IHM: 

;\ I + I (T/) 
S ( 1/) -- -

2 2 - 2 J 'i77 (, J - y I 11) - 11) + 1/tl t\ ( I + I (11 )) 
171 

r~e 

,-; (7 ) ~ __!_ ~ 1' 2 UjAi) 
I 2 ,\ i j 2 \ 2/ 1 ( (. I <d A.- 'I) j 

J I 

1 I ' 
2 

( J jA i ) ( ' j t <d ,\ i - 11 ) 
y (11 ) = - - L 2 2 

2 A i j ( ( . ~ U) \ . - 1/ ) + ;\ /·1 
J t\ I 

Buewue 4>YHKUHJI :-:.,J 'I) HMeeT 6paiT- Buro_epoBCKYIO 

4JopMy, O~HaKO 6naro~apJI 3aBHCHMOCTH BenH'IHH [' H y OT 

71 HCTHHHbiH BH~ ;-;J(71) pe3KO OTnH'IaeTCJI OT 6paiT· BHrHe • 

poacKoro. Ha puc. 1 H 2 Mbl npuoenu rpa$HK S J (71 l ~m1 
COCTOJIHHH 112 1 

H 112- B JI~pe 129T<' ~nJI ~BYX pa3HbiX 

3Ha'leHHH \ I \ = 0,5 M3B; 1,0 M3BI. BH~Ho, 'ITO KpH· 

BaJI HMeeT HeCKOnbKO MaKCHMYMOB, KOTOpble COBna~aiOT C 

NecTonono:>KeHHeM cocToJIHHH 112 + lunu 112 -I, HMeiOIUHX 
I' 

6onbWYIO aenH'IHHY C J . Yaenuqeuue \ npuao~HT K crna-

)I(HBaHHIO KpHBOH S J( 11). TaK, Ha puc. 1 BMeCTO BTOporo 

NaKCHMyMa npu .\ = 0,5 M3B Ha KPHBoi c \ = 1,0 M3B 
noJIBnJieTCJI ue6onbwoe nnaTo. 

HTaK, TeM HnH HHbiM cnoco60M Bbi'IHCnHB O~HOKBa3H· 
'laCTH'IHble KOMnOHeHTbl, Mbl MO:>KeM paCC'IHTaTb CHnOBble 

4>YHKUHH. HeiTpOHHble S- H p -oonuoable cunooble 4>YHKUHH 

HMeiOT cne~YIOIUBH BH~: 

10 

s = 0 
1' 2 15(1(JB) -1/3 2 ~ t.E ( C s1/2) ' ---A us1/2 v 

t. E(x.tB) 181 

S
1

=S
1
'(l/2) +5

1
(3/2), 191 

S ( 1/2) = 15(xJB) A-1/3 u2 ~ (Cv )2 
1 t.E(x.tB) P 1/2 v ~E P1/2 ' 

IIOI 
S ( 3/ 2)= 30(xJB)A-1/3 u2 ~ (Cv )2 

1 t! E(xJB) P 3/2 v ;".E P 3/2 

T. e. p - BOnHOBble CHnOBble 4JyHKUHH COCTOJIT H3 CYMMbl CH. 

noBbiX 4JyHKUHH C 177 
= 112- H 312-. 3~ecb t.E - :mep· 

reTH'IeCKHH HHTepaan, B KOTOpOM npHBO~HTCJI ycpe~eHHe. 

llpH Bbi'IHCneHHJIX C 4JyHKUHeH S J ( T] ) Ha~O 3aNeHHTb 

~ ( c J!) 2 
I' .\E J 

' J d11 S J( 7]) · 
i\E 

Pac'leTbl BblnonuJIIOTCJI cne~yiDIUHM o6pa3oM: ~nJI coc

TOJIHHH C $HKCHpOBaHHbiMH 3Ha'leHHJIMH J 77 HaXO~JITCJI KOpHH 

ypaaHeHHJI 121, no 4JopMyne I 41 Bbi'IHCnJIIOTCJI I<OMnoueHTbl 

( C ~) 2 H BblnOnHJieTCJI CYMMHpOBaHHe ~ ~( C ~) 2 
no 

COCTOJIHHJIM, ne:>KaiUHM B 3HepreTH'IeCKOM ifHTepaane t.E . 
Bbi'IHcneuue S J ( 11) npooo~HTCJI no 4JopNyne 17 I co 3Ha

qeHHJIMH \ = 0,5 H I ,0 M3B H ~anee 6epeTCJI HHTerpan 

J dr/SJ(lJ). . 
\E B H30Tonax onoaa u Tennypa ueiTpouuaJI no~o6onoqxa 
:~S 1 ;2 HaXO~HTCJI B6nH3H 3HeprHH noaepXHOCTH~epNH. 003-

TOMY npeo6na~aiOIUaJI 'laCTb ero CHnbl CKOHUeHTpHpOBaHa 

ua nepaoN ypoaue c 177 
= 112 +. OcTanbHaJI qacTb pacnpe

~eneHa B WHpOKOM 3HepreTH'IeCKOM HHTepaane. 3TOT cny'laH 

npo~eMOHCTpupoaaH ua puc. 1. B 3THX H30Tonax no~o6ono'II<H 
3p 1 ; 2 H 3p 1/ 2 ne:>Ka T ua 5-7 M 3B Bblme 3Hepruu no

aepxuocTH cl»epNH, H no3TOMY HX cuna pacnpe~eneua no 

MHOrHM Jl~epHbiM ypOBHJIM B WHPOKOM 3HepreTH'IeCKOM HH· 

Tepaane. 3TOT cnyqai· ~aH ua puc. 2. 
~nJI Bbi'IHCneHHJI HeHTpOHHbiX CHnOBbiX 4JyHI<UHH Hy)I(HO 

pacC'IHTaTb ~ ( C vJ) 2 B 3HepreTH'IeCI<OM HHTepaane AE 
v 

oxono B 0 H pe3ynbTaTbl no~cTaBHTb B 4JopNynbl 181 H 191. 
Bo MHOrHX cnyqaJIX pe3ynbTaTbl pac'leTa CHJIOBbiX ciiYHKUBH 

cunbHo 3aBHCJIT oT HHTepaana ycpe~HeHHJI A E. Ecnu npu 

II 



BblqBcJieHBJIX CBJIOBbiX 4JyHK~BH BCDOJib30BaTb BeJIBqBHbl 

f dr1S ( 17) 
AE J , To peJyJILTaTbl pacqeToB cna6o JaBBCJIT OT 

f dr1 S ('I) , 
'\E. 3aMeTBM, qTo BeJIBqBHbl i\E J 3aBBC.JIT OT 

JHaqeHBJI napaMeTpa .'\ • 3TH senaqaHbl, paccqaTaHHble 

s6JIB3B Bn c i\ = 1 M3B, 6onLwe JHaqeHaii, paccqaTaHHbiX 

c \ = 0,5 M3B, npaqeM 3TO npeBbiWeHae ~ocTaraeT 50~. 

B •a6A. 1 a 2 npase~eHbl 3KcnepaMeHTaJILHble·
10 / a 

paccqaTaHHble 3HaqeHB.II S • B p • BOJIHOBbiX HeHTpOHHbiX CB • 

JIOBbiX 4JyHK~BH ~JIJI HeqeTHbiX KOMDayH~ • .JI~ep OJIOBa B TeJI • 

nypa. PacqeTbl BbiDOJIHeHbl o6oBMB MeTo~aMB c BHTepsanaMB 

ycpe~HeHBJI i\E =1 a 2 M3B a c •\ = 0,5 a 1,0 M3BH 
B3.11Tbl cpe~HBe 3HaqeHBJI. 

06cy~BM OC06eHHOCTB DOBe~eHBJI S • BOJIHOBOH Heii:TpOH • 

Hoii canosoH: lilYHK~BB s0. CornacHo HaWBM pacqeTaM, sena-

' / dr1 S ( 'I) 
qaHa f; Ar·: ( ( ·' ) 2 

/HJIH I'.E J 
1 

" / yMeHLw.aeTcJI c 

pocToM A , ~ocTaraeT MHHBMyMa B 
23 Sn a 

12
!l T(' , a 

~anee HaqaHaeT Me~neHHO BOJpacTaTb. PoeT 3Toii senuqaHbl 

B B30TODaX Tennypa KOMDeHCBpyeTCJI yMeHbWeHBeM u ? , 
T .K. 3HeprBJI Heii:TpOHHOH D0~060JIOqKH ;~S t/2 C pOCTOM J<\ 

onycKaeTCJI HB~e ypoBHJI ~epMB. ~aJibHeiiwee ysenaqeHae 

S 0 c poeT oM Z a A CB.JIJaHo c npa6na>KeHaeM HeiiTpoHHoii 

no~o6onoqKa 1S 1; 2 K 3Hepraa CBJIJB HeiiTpoHa B n. TaKBM 

o6pa30M, HaM y~aJIOCb npaBHJibHO ODBCaTb DOBe~eHBe Heii:T· 

pOHHOH CBJIOBOH 4JyHK~BB S 0 B paiioHe ee MBHBMyMa. 

06cy~BM peJyJibTaTbl pacqeTOB p ·BOJIHOBbiX HeHTpOH· 

HbiX CBJIOBbiX 4JYHK~BH S1 . B B30TODaX OJIOBa B TeJIJiypa 

HeiiTpoHHble no~o6onoqKa ;~p 1,12 a ;~p 3; 2 pacnono>KeHbl
2 
He

MHOrO HB>Ke 3HeprBB CBJI3B HeHTpOHa Bn. ~JIJI HBX U j "" 

= 1,0, a senaqaHbl S 1 npBHBMaJOT 6onbwae JHaqeHBJI. B 
•a6A. 2 ~aHbl paccqaTaHHble 3HaqeHBJI CBJIOBbiX 4JyHK~BH 

c J" = 1/2- a 3/2 -. Cor nacHo pacqeTaM, no~o6onoqKa 
3p1; 2 4JparMeHTBposaHa cna6ee,qeM no~o6onoqKa 3p 3 ; 2 

~JIJI B30TODOB TeJIJiypa paccqaTaHHble 3HaqeHB.JI S 1 DpBMepHO 

B 2 pa3a 60JibWe 3KCDepBMeHTaJibHbiX Ja cqeT 60JibWBX 

JHaqeHBii S 1 ( 3/2) . TaKBM o6pa3oM, y~anocL nonyqaTb npa

BBJibHOe ODBCaHBe HeHTpOHHOH CBJIOBOH 4JyHK~BB B6JIB3B ee 

MaKCBMyMa. 

B HaCTO..IIIIUIX pacqeTaX Mbl BCDOJib30BaJIB HOBbiH MeTO~ 

BblqacneHBJI HeiiTpoHHbiX CBJIOBbiX WYHK~Bii, 6a3BPYIDIIUIHC.JI 
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Ha tilparMeHTaUBB O.D,HO'iaCTB'iHbiX COCTOJIHBH llO MHOrBM 

JI.D,epHbiM ypOBHJIM. llpB Bbl'iBCJieHBB CBJIOBLIX tiiYHKUBH HeT 

HB O.D,HOro CB060.D.HOrO napaMeTpa, XOTJI pe3yJILTaTLI pacqe

TOB 3aBBCJIT OT BHTepBaJia ycpe.D,HeHBJI. B pe3yJILTaTe llOJiy· 

qeHO npaBBJILHOe OllBCaHBe HeHTpOHHLIX CBJIOBLIX tiiYBKUBH 

B o6JiaCTJIX BX MBHBMYMOB B MaKCBMYMOB. MO)I(HO Ha.D,eJITL· 

CJI, 'iTO .D,aJILHeiiwee pa3BBTBe MO.D,eJIB, OCHOBaHHOH Ha 

B3aBMO.D.eHCTBBB KBa3B'iaCTBU C tiloHOHaMB, ll03BOJIHT OllBCaTL 

tilparMeHTaUBIO MHOro'iaCTB'iHbiX COCTOJIHBH. B HaCTOJIIUee 

BpeMJI BMeeTCJI OCHOBa .D,JIJI npOBe.D,eHBJI BLI'iBCJieHHH pa3HO

ro po.D,a CBJIOBLIX tiiYHKUBH npB npoMe)f(yTO'iHLIX B BLICOKBX 

:meprBJIX B036y)f(.D,eHBJI .D,JIJI 60JILWOrO 'iBCJia cpe.D,HHX B 

T JI)f(eJibiX JI.D.ep. 

B 3aKJIIO'ieHBe 6naro.D,apBM JI.A.Manosa 3a noMOIUL B 

BHTe pe CHble 06Cy)f(.D,eHBJI. 
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