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OAHa 113 OCHOBHblX uenefi HAepHOll ¢H3HKII - nonyqHTh HH¢op

.M8UII!O O B38HMOAellCTBIIII HyKHOHOB B aTOMHOM ~mpe H3 "riepBblX 

npnaunnoB" I T.e. HCXOAH H3 B381!MOAefiCTBJHI ABYX CB060AflblX llyK

HOHOB. flocneAHee AOBOHhHO xopowo H3yqeno - l!HcjiopMaUl!H O HeM 

II3BneKaeTCH 113 9KCnepl!MeHTOB no HyKHOH-HyKHOHHOMY paccemrnm 

11 npeACTaBnHeTCH B Bl!Ae cjia30BhIX CABHl'OB. flpeAnoi1<e110 MHOl'O 

,¢e110Me11onornqeCKl!X noTeHunanoB, BOcnpoH3BOAS!IUIIX 9TH CABHl'II 

I! onncbIB8IOIUl!X pa3nnq11b1e CBOllCTBa Aei1rpo11a. 3TH nore11unan1,1 

npeAnonaraJOT CaMbie pa3Hhle CBOllCTBa B381!MOAellCTBl!H CB060AllbIX 

11yKno110B(KopOTKOAeficTB1Ie, ABHbHOAeACTBl!e, TBepAaH HHI! MS!l'KaH 

cepAUeBl!Ha, HenoKaHbHOCTh, CBOIICTBa CHMMeTpl!H I! T.A.). OcraeT

CH TOHbKO npocneAl!Tb, KBK Olli! H3MeHHI0TCSI IIPH nepeXOAe OT CB0-

60AHhlX IIYKHOHOB K S!Apy, flepeXOA OT B38HMOAellCTBIISI CB060AHI,IX. 

HyKnOHOB K 9¢¢eKTHBHOMY IIYKHOII-IIYKH0IIHOMY B3ljHr-:10Aeiicrn1110 

B aTOMHOM S!Ape MO)KHO OIIIICaTb C IIOM0IUhlO annapaTa MaTpHUbl 

/1,2/ 
peaKUHH 6paKHepa, npenno)KeHHOl'O n pa6orax II nonyquBwero 

nanbnefiwee pa3BHTHe II crporoe MaTeMarnqecKoe o6ocHOBaHHe 

/3/ /4/ 
B pa6orax Eere H fonAcToyHa • 

Marp11ua peaKUHH yqli'.1,rnaer ABa oc110BHhlX ¢aKTOpa, npnBo

AS!llll!X K cyweCTBeHHOMY pa3n11q11JO Me)KAY B381!MOAeHCTBliCM CB0-

60AHblX HYKHOHOB H 9¢¢eKTHBHbIM B38HM0AellCTBlleM IIYKHOHOB 

/5/ . 
B S!Ape • Bo-nepBbIX, B S!Ape HYKHOHbl ABl!)KYTCH B none cun, 
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C03/:taBaeMOM BCeMH OCTanhHblMII HyKnoHaM11, II ll03TOMY !IX 3Hep-· 

r11.11 nMe~T xapaKTep aaepr1111 XapTpn-¢oKa, a He rrpocTo KI1HeT11'!ec

KOi1 aneprnn, 11 .QomKHa BbI'!Hcn.11ThC.1I caMocornacoaaHHbIM rryTeM, 
' . 

Bo-BTOpbIX, /lBa CBO0O/lHblX B3al!MO/lei1CTBYIOlllllX HyKnoHa MOryT 

pacce.11ThC.1I a mo6oe aoaoe cocTomme, pa3peweHHoe 3aKOHaMI! cox

paHenn.111 TOr.Qa KaK /l.Ba nyKnOHa B .II/lpe rrocne B3aUMO/lellCTBII.II MO

ryT pacce.lIThC.II nl!lllh B CBO0O/lllbie, !Ie3aH.IITbie /lpyrnMII nyKnonaMn, 

COCTO.IIHII.II, T,e. Bblllle IIOBepxnocTn <PepMII, OTCIO/la cpaoy lKe cne

/lyeT, ~TO /ln.lI HyKnona B .II/lpe BepO.IITHOCTh rrepellTII rrocne B3aUMO

/leHCTBirn B HOBOe COCTO.IIHlle 3aBHCllT OT Toro, KaK .QaneKo OT II0Bepx

lIOCTII ¢epMll OH HaXO/lllnC.II B naqanhHOM C0CTO.IIHllll, HyKnOIIbI, 3am1Ma10-

1lllle BblCOKOnelKalllne, 6mwirne K IIOBepXHOCTU ¢epMll ypoBHII, 6y/lyT 

paccenBaTbC.II C 6onhrneil: Bep051THOCThlO, '!eM HyKnOHbl Ha rnyoOKO

nelKalUUX YPOBHHX, 

TaKUM o6pa30M, pe3ynhTaT B3aUMO/lellCTBII.II KaK11x-n1160 /lnyx 

. HyKnOHOB B H.Qpe OKa3bIBaeTCH cymeCTBeHHO 3aBl!CHlllllM OT Toro, 

CKOnbKO eme HyKnOHOB eCTh B H/lpe II KaK Ollll pacnpe.QelleHbI, 1mn, 

HHblMII cnoaaMn, OT rrnoTHOCTll, Kor/la HllPO 3aXBaTbJBaeT nn11 TepH

eT HyKnOHbI, nn6o npoCTO rrepeXO/llll' 113 0/lHOro COCTOHHll.lI B /lpy

roe, nnOTHOCTh HyKnOHOB Men.11eTC51, Men.11eTC.II B3al!MO/lellCTBl!e MelK

llY HUMII, ll BC.II CHCTeMa nepecTpanaaeTC.II, Bo3HllKalOT TaK Ha3bIBa

eMbie acpcpeKTbl nepecTpOHKll, TTpn uccne/lOBaHllU HeKOTOpbIX CBOl!CTB 

.II/lep 3TH acpcpeKTbl MOlKIIO .HBHO BbI/lem1Tb II Bbl.lICllllTh, HaCKOnhKO 

aennKa ux ponb, 

8 i:111ccepTaun11 BCe paC'leTbl npoae.Qellbl llMeHHO C TaKUM 

aqicpeKTllBHblM B3aUMO/lellCTBlleM, MaTpll'Illbie aneMeHTbl KOTOporo 

Bbl'IUCnmoTC.II C nOMOlllhlO 1:eop11n EpaKHepa-Eere-fon.QCToyna, ~ 

Ka'!eCTBe peam1CTll'!·ecKoro B3al!MO/lellCTBU.II /lBYX CBO0O./lHbIX HyK

noHOB ucnonh3yeTc . .11 noTenunan XaMa.Qa-il)lWIICTona 
161 

(noKanhHbIH 

noTeuunan c Taep11oil: cep.QueanHoi1). 
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B nepaoil: rnaae on11cb1Ba10TC.1I /lBa cnoco6a BbI'!11cne11n.11 060-

no'!e'lllbIX Ma TpU'IIIbIX aneMeHTOB G -Ma TpHUbl EpaKnepa: MeTO/l 

171 /Bl 
cenapamrn CKOTTa-MornKOBCKoro nreference Bpectrum method- , 

TTepBblll npuMe11.11eTC.II B TeX cnyqa.11x, KOr/la OTHOCllTenhHblll op6u

TanbHblll MOMeHT /lBYX HyKnOIIOB e -'leTHblll u, COOTBeTCTBeHHO, 

5=0 ,T=l nnn S= I, T =o ( S - cyMMapHblll cnuH /lBYX HyKnOHOB, 

T - cyMMapHblll ll30Cllllll), BTopoil: MeTO/l npnMe11S1eTCSI npn He-

'18THblX e Ii, COOTBeTCTBeHHO, 5= 0 , T = 0 nnn S= I T=l 

Paccq11Tallbl MaTpll'IHbie aneMeHTbl <nes T,\ I GI D, e, ST,\> .QnSI Sl/lep 

2s I d - 11 2 p I f OoOnO'leK (n, £ - ocuunn.11Top11b1e KBaHTOBbie 

qucna, ·~ = S 1- f ) . Cpa~HeHne c COOTBeTCTBY!Olll!lMU pac'!eTaM!l 

Kyo II EpayHa
191 

noKa3brnaer; 'ITO npu S = I HeKOTOpbie 

/21/ 
Ma Tpll'!Hble aneMeHTbl cymeCTBeHIIO pa3nnqaJOTC.II no BenU'l!llle 

,T=O 

3TO nponCXO/lllT, B OCHOBHOM, ll3-3a !IeO/lUHaKOBOll oueHKll nepe-

KpeCTHOro qnena 2 G ~ V L B pa3nolKeHllll G -MaTpllUbI no MeTOllY 
s e 

CKoTTa-MowKoBCKoro: 

G G 
s 

+ V - V 
L L 

_Q_ VL 
e 

-2G_Q_V 
S e L 

- G Q-IG -G (..!.- ..!_ )G , 
S C S S e CA S 

r.Qe Gs - np'n6m1lKeHHaS1 MaTpnua peaKUl!ll OT KOpOTKO.QellCTBYIOlllell 

qaCTll noTeHunana; V L - /lanhHO.QellCTBYIOlllaSI qaCTb noTeHunana; 

Q - orrepaTop, 11cKn10~a10muil: 3aH51Tbie cocTO.IIHIISI; c - TO'!HbIH 

n eA - npn6nnlKeHHbie aHepreT!l'!eCK!Ie 3HaMeHaTenn. B1,1q11cneHHbie 

3Ha'leH!l51 MaTpll'IHbIX aneMeHTOB < n 0 IO I! - 2 Gs _Q_ 'i,\n0IOl.> npnae
e 

.QeHbl et'T'aeI~nue 1, Bll/lHO, 'ITO OHll npnMepHO B rronTopa· pa3a 

6onhllle IIOKa3aHHbIX TaM lKe aHanorn'IHb!X Ma Tpll'IHblX aneMeHTOB 

/9/ 
113 
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Ta6nnua 1 

TTepeKpecTHhie nHTerpam1 <nfSTAI -2G8 ~ VLI nfST.\,> 

nnH 160 npH f=0, S=l,T=0,.\=l 

0 1 2 
n 

<nOI01\-2G)lvL1nol01 > -2,77 -2,99 -2,52 

< n0IOl\-2G JtvL\n0lOl>/
9

/ 
s C 

-1,94 -1,86 -1,61 

Bo BTOpOII rnaBe nonyqeHHble MaTpll"IHble 3neMeHThl 11cnonb-

3y10;.C51 /:W51 paC'IE!T0 HCK0TOpblX xapaKTepuCTIIK 0T0MHhlX 51/:lep 2s 1 d

i! 2 p I f -o6ono'IeK'. 

B § 1 poCC'Il!TaH omio'IaCTH'IHhlll cneKTP 
17 

0 ( xapTpH-qJOKOB-
. /21/ 

CKIIC ypoBHII auepr-1111 naneHTH0r'O 11yKno11a), TToKa3aHO 1 "ITO 

1rnH 'xopowcro cornacn 51 c aKcnepHMeHTOM nocTa TO'IHO y'IeCTb nnar-

" " "6" ( 1 ) 6 
191 

JJaMM!,1 £l II pnc. 11, B npOTl!B0IIOlJ0}IOIOCTb po oTe 

lleT IIIIKOKOii 11eo6xo/ll!MOCTII npuHIIM/lTb BO BHl!MDIIIIC 111rnrpoMMhl 

"n" ( puc. 1 ) ' K 0Top1,1e qiaKTll'!eCKII Y)J(e Y'ITC!lhl B /liIOr'pl.lMM8X "Q" I 

'ITO cnenyeT 1!3 cnM0r'O_ onpcneneHH51 Ml.lTpHUU pcoKUIIII. ,, p [" . ,,or- . J . ,, 
1 
~h + _Jr , . _' _ P1 hL + 

j \ '-' J\" . J ' j 

II 

{} ,, 
0 

J 

P, 

j 

j 

J 

TnKa51 

/9/ .. 
Puc. 1. ilHarpoMMbI, Y"ITCHHhie B pa6oTe npn poc'IeTe OAIIO'IaC-

TH"IH0r'O cneKTpa 
1 7 0 . . 

6 

paaHnua B onncaHHH cneKTpa 
17 0 npOHCTeKaeT H3 0TMe"leHHOr'O 

B nepBoil: rnaBe paCXO)KJ:leHU51 B BenH"IHHe MBTpH"IHhlX aneMeHTOB 

<nfST.\I GI n 'f 'ST.\·> npn S= 1 , T =O. B Ta6nnue 2 npnBenea 

cneKTP 17 0 ' paCC"IHTBHHhlll C y"leTOM H 6ea yqeTa AHarpaMM "B", 
/9/ 

BMeCTe C aHanorH"IHl:,IMH peaynbT8T8MH pa60Thl H aKcnepnMeHTanb-

HhIMH ABHHhlMII. 

Ta6nnua 2 
' 

OAHO'I8CTH'IHblil: cneKTP 
17 0 . E.( 1 )-y"IHThlB81QTC51 Bee 

nuarpaMMhI ( pnc. 1 ) , E (2)- nnarpaMMhI "B" ( pnc, 1 ) 

He Y"IIIThlB8IOTC51 

n e j E(l) MaB E(2) MaB 
/9/ /9/ 

E (aKcn.) MaB E(l) MaB E(2)MaB 

-
od ~ 0 0 0 0 0 

l_s 1 -0,19 0,18 0,87 0, 11 0,76 2 
od 3 4,79 5,21 5,08 5,51 6,27 2 

B §2 Bhl'IHCneHbl IIH3K0ne)K8mHe YPOBHH anepr_HH B 18 0 

n 18 F nyTeM nnaroaanusaunu ABYX'IBCTH'IH0ro raMunbTonnana 
/9/ . 

B npenenax. 2 s 1 d -06onO"IKH. TaK )Ke, K8K H B ' '18CTH"IHO yq-

Teaa nonSipll38UHSI 0CT0Ba ( 16 0 ) • '.PeaynbT8Thl pacqeTa npaKTH-

/9/ 
'IeCKII C0Bil8A8IOT C peaynbT8T8MII pa60Tbl • 3Toro H cnenoBano 

Q)KIIJ:l8Tb, TaK KBK BhlllleynoMSIHYTBSI paannua B Benll"IIIHe MaTp11q

HbIX aneMeHT0B <n es T ,\ I G 1. n '£ 'ST,\ > He T8K y)K BenHKa II M0)KeT 

noBnHSITb n~lllb HB cyMMapHbie xapaKTepHCTHKII SIAep, 

xapTpH-,t>oK0BCKHe YPOBHII nnu aHepruSI CBSI3H, 

T8KH8 1 KBK 

. B !l3 paCC'IHTBHa aneprnSI CB513H SIAep 16 0 H 4° Ca K8K 
/21/ . 

,t>yHKUIISI ocunnnSITOpHofi "18CT0Thl W , PeaynbT8Tbl IlOK838Hbl 

Ha PHC. 2 II 3. ilnSI 16 0 np11 it w = 14 MaB ( "ITO CO0TBeTCTByeT 

8KCnep11MeHTanbH0MY 3H8"18HHIO cpeAH8KB8Ap8TH"IHOr'0 pan11yca aToro 

7 
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Pac. 2. 3aepI'HSI CBSI3H 
16 0 KaK qiyHKUHSI ocuannSITOPHOll "laCTOTbI. 

4f9. 

'15".6 1 
'-' 

tJ 

¼l'f 

392. 

fr W ( .,,v,i) 
360+----~-~-~----'--~-_.____. _____ ~ 

t1 O ff H 13 2.f 

Pac. 3. 3tteprirn CBSI3H 
4° Ca KaK qiyHKUHSI ocuannSITOpHoii 'lac-

TOTbI, 

8 

ru:1pa B MOAenH rapMOHH"leCKOI'O OCUHnnSITOpa) 6e3 y"leTa KynOHOB-

CKOH aaeprna nony"laeTCSI E = 114,9 MaB, 3KcnepnMeHTanhttoe 
CB / 9 / 

3Ha"leHHe paBHO 127 ,6 MaB, B pa6oTe npn TOM )Ke 3Ha"leHHH 

-Ii w nony"lanocb E = 88 MaB, Paaanua B 27 MaB o6ycnoBneaa 
CB · 

Bee TeM )Ke paCXO)KAeHHeM npn oueHKe MaTpH"IHblX aneMeHTOB 

G -MaTpHUbl B cny"lae s 1, T = 0. Haany"lmee cornacne 

C 3KCilepHMeHTOM nony"laeTCSI npn 3Ha"leHHSIX fiw , COOTBeTCTBYIO

IIIHX paBHOBeCHOll nnoTHOCTH ( MHHHMYMY 
1

nonaoii a Hep nm ann MaK

CHMYMY aHeprHH CBSI3H). B 16 0 MaKCHMYM anepran CBSI3H /lOCTH

raeTCSI npn ii'w = 20,3 MaB (pac. 2). C y"leTOM KynoHOBCKOH aaep-

• 
I'HH, KOTOpag oueHHBanaCb KaK anepI'HSI paBHOMepHO aapSI)KeHHOI'O 

rnapa, B aToii TO"IKe nony"laeTCSI E "' 123 MaB, 'ITO y)Ke COBCeM CB . 

6nH3KO K 3KCnepHMeHTanbHOMY 3Ha"leHHIO, B 4° Ca MaKCHMYM AO.CTH-

raeTcSI npa iiw = 18 MaB 

B aToii TO"IKe nony"laeTCSI 

(pnc. 3). C y"leTOM KynoHOBCKOll aHeprHH 

E "' 406 M::rn, 'ITO npaMepHo Ha 19% 
CB 

npeBbilllaeT 3KCnepaMeHTanhHOe 3Ha"leHHe 342 MaB. PaCC"IHTaHHhie 

3Ha"leHHSI iiw t COOTBeTCTBYIOIIIHe paBHOBeCHOll nnoTJIOCTH (20,3 MaB 

B l 
6 0 H 18 MaB B 

4° Ca ) t /lOBOnbHO )laneKH OT BenH"IHH -liw ' 

neo6xo)lHMbIX )lnR 06'1,SICHef!HSI aKcnepuMef!TanbHblX cpeAHeKBaApa

TH"lflbIX p8AHYCOB B MO/lena rapMOHH"leCKOI'O ocuunnSITOpa (14 MaB 

AnSI 
16 0 H 11 MaB AmI 

4° Ca ). B AaccepTaUHH o6cy)KJlaIOTCSI 

B03MO)Kflbie npH"IHHbl TaKoro paCXO)K)lef!HSI, 

B §4 npe)lnO)Kef!a qieHOMeHonOI'H"leCKaSI MO)lenb, Il03BOffSIIOIIIaSI 

paCC"IHTbIB8Tb anepI'HIO Kone6aHHll ru:1pa, CBSI3aHHbIX C qinyKTyaUHSI

MH paana"IHhIX napaMeTpoB, onnchIBaIOIIIHX pacnpeAeneane SI/lep11oro 

/20/ • 
BeIIIeCT:Ba • PaCC"IHTaHa aHepI'HSI KOne6aHmr, Bbl3B8f!HbIX qinyK-

TyaUHSIMH cpeAHeKBa)lpaTH"IHOI'O pa/layca ·ru:1pa ( T,8K lia3hIBaeMblll 

"AbIXaTenbHbtll" ypoBeHb). ,Ung 16 0 nony"lnnocb E /l = 26,8 MaB, 

a AnSI 4° Ca - E . /l = 35,7 MaB, O6a "IHCna /lOBOnbJIO 6nH3KH K 

9 



/10/ 
COOTBeTCTBY!OIUIIM peaynbTaTaM EpaKHepa ' nonyqeHHb!M He-

. 16 
cKonhKO IIHhIM nyTeM ( E = 30,5 MsB B O II E = 29,5 MsB 

/l /l 

B
4° Ca ). 

TpeTbH rnaBa ITOCBHIUeHa npo6neMe onpe)leneHIIH OCTaTO'IHO-

ro B3aHMO)leiiCTBIIH B H)lpax. naH)lay np11 ITOCTpoeHIIH Teop1111 cpepMII-

/11/ . 
lKll/lKCTCTH BnepBble -ITOKa3an 1 'ITO OCTa TO'IHOe B381IMO)leHCTBIIe 

qaCTIIU, HaXO/lHIUIIXCH B caMocornacoBaHHOM none, MOlKHO nony'IIITb 

•KaK BTOpy!O Bap11au110HHy10 npOII3BO/lHYIO ITOTeHU1IanhHOii SHepr1111 

ITO cpyHKUUII pacnpe)leneHIIH 'IaCTIIU B Cl!CTeMe, T,e. ITO nnoTHOCTII, 

TT03ll<e aaanorU'IHblll peaynbTaT )lnH H/lepHblX MO)leneii, CBH3aHHblX 
. . /12/ 

c. MeTO/lOM XapTp11-<PoKa, ohrn nonyqea B paooTe 11 11cnonb:::o-

BaH )lnH pacqeTa KOHCTaHT B3al!MO)leiiCTBIIH B Teop11u KOHe'IHbIX 

cpepMII-Cl!CTeM M Hr)lana. 

TT0TeHu11anbHaH saepr11H 3aITIIChlBaeT~H B BIi/le: 

E = !_ tr tr G (p) p p 
IIOT, 2 I ;I 12 I 2 

r)le tr! 03Hll'IlleT IIHTerpupoBaHHe ITO KOOp/lHHaTaM r I ; p -nnoT-

HOCTb; Gl2(p) - MaTp11ua peaKUHII, KOTopan, KaK 3TO ObinO n·oKa-

3aHO BO DDe)leHHH, 3aBl!Cl!T OT nnoTHOCTII, 0TC:IO/la )lnH BTOpoii 

Bap11aUHOHHOii npOH3DO/lHOii nonyqaeTCH 

rile 

t,,,.Fl2 [ tr 
3 

82 E ITOT. 

op I a P2 

o G,a 

op2 

= F12 = G12 (po) +f:,,,.F12' 

oG 23 1 
Pa + tr a --- Pa + - tra 

op
1 

2 

a2G4a 
tr

4 
~-

opt op2 
Pa P 4 ] 

p
0 

- nnoTHOCTb B caMocornacoBaHHOM none, TTonpaBKa ti. F\ 2c6n-

aaaa CBOl!M ITOHBneHHeM TOnbKO 38Bl!CliMOCTli G ..;.MaTpliUbl OT 

nnOTHO.CTli Ii Ha3bIBaeTCS! "scpcpeKTOM nepecTpOHKII", 

10 

·1 
i) 
1) 

' 

lf 
I[' 

( 
I' 

I. 
;i' 
'F 
il 

;• 

I 
\ 
l 
' 

B )luccepTau11H npe/lnOlKeH cpaBHIITenbHO npocToii np116n11-

• /19 21/ 
}KeHHhrn MeTO/l pacqeTa t,,,. F 12 ' • TTp116n11lKeH11e aaKn10qaeTcn 

B TOM, 'ITO Bapb1ipOBaH11e ITO ITnOTHOCTII 3aMeHHeTCH /lllcpcpepeHUli

poBaHHeM ITO napaMeTpaM, onpe)lenHIOIUIIM nnoTHOCTb, B ccpep11qec

KOM rapMOHII'IeCKOM ocu11nnnTope, KOTOpblll liCITOnbayeTCH 3/leCb 

B Ka'IeCTBe cpe/lHero nonn, nnoTHOGTb nonHOCTh!O onpe/lenneTCH 

/lBYMH napaMeTpaM11: q11cnoM 'IaCTIIU A 11 ocu11nnnTopaoii qac-

TOT
0

0ii W , PaBeHCTBa, CBH3bIB8IOIUIIe nnoTHOCTb C STIIMII /lDYMH 

Ben1I'IIIHaM11, 113BeCTHhI: 

f3. I 

V 

A 

I (2n. + el + 
i;=I I 

A tr p 

3 

2 
) = tr r

2 p 

r)le n I I p I - OCUHnnHTOpHble KBaHTOBLte q11cna HyKnOHOD, 

V = ~, m - Macca HyKnoaa. nonb3YHCb 3THMII COOTl!OWeimH-
-fi 

MH, HeTpy/lHO nony'Il!Tb 

o 2 
-- =r 
op 

a a 
(po) a{i + a.\ 

rile r2(Pol=p0 r20-pJ+O-pi)r2.p , 0KOH'IaTenbHOe BbipalKeHHe JlnH 

nonpaBKli t,,,. FI 2 BbJrnH)lliT cne)lyIOIUl!M o6pa30M: 

f:,,,.F (r
1 

,r
2

) = K 2 v
2

r/(AJ )r;(p 0) -K 1 v [r~(p0)+r;(p~)] +K0 , 

B i:rnccepTau011 nonyqeHhI ypaBHeHttn, aeooXO/lHMLie Jlnn pacqeTa 

KOHcTaHT K BO Bcex qeThipex cnyqanx: S = 0 , T,;, 1; S= 1, T =0; 

S=O ,T=O II S=l ,T=l, 
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B 'IeTBepTOll rJiaBe paCC'Il!TaHbl K
8

T .nm1 smep 
16 0 11 

4° Ca 

np11 ABYX 3Ha'IelmSIX OCUIIJIJISITOpHOll aHepr1111 iiw fi w COOTBeT-

CTByiomeii aKcnepl!MeHTaJibHOMY 3Ha'!eHl!IO cpe_.nHeKBa.npaTl!'IHOro 

pai::myca g,npa, 11 .fi W , COOTBeTCTBy10meii paBJIOBeCHOll nJIOTHOCTIIJ 

_ 119,211 n 
T,e. MIIHHMYMY noJIHOll 9Heprim g,npa , OKa3aHO, 'ITO MeTOA 

cenapamm CKOTTa-MolllKOBCKoro Henp11ro.neH .nnSI pac'!eTa acpcpeKTOB 

nepecTpOHKll - OH CJIHIJIKOM rpy6. Pe3yJibTaTbl pac'IeTa np11Be.neHbl 

B Ta6n11uax 3 n 4. CpaBHHBaSI KOHCTaHTbl K C pa3Jll!'!Hb!Mll s 
11 T , a TaK)Ke MaTpll'IHbJe aneMeHTbI, 113 KOTOpbIX OHi! 6hJJIH no

JIY'I0Hbl, MOlKHO c.nenaTb Bb!BOA, 'ITO acpcpeKTbl nepeCTpOHKII onpe.ne

JISIIOTC SI, B OCHOBHOM; 

1) KOPOTKOAeiiCTBYIOlll0ll qaCTblO noTeHUl!BJia, OT'\'aJIKl!BaHneM 

Ha MaJibIX paCCTORHHSIX, 

2) TeH30pHblMI! Cl!JlaMl! 1 

3) nepexo,naMn qaCTHU 'Iepe3 o6oJIO'IKY I! Bblllle, 

B §3 Bbl'Il!CJleHO 1!3MeHeHne cpe.nHeKaanpa Tl!'!Horo npOTOHJIOrO 

pa.nnyca 8< r 2 > SIAep 
16 0 n 

4° Ca npn no6aane1mn K HllM on-

P" /1921/ 
Horo Ii ABYX HellTPOHOB I • 8<r 2 > paCC'IHTbIBaeTCSI no TeopHn 

_113/ P • 
no3Mylll0Hllli , TToKa3aHo, 'ITO acpcpeKTbl nepecTpOl!Kll cymeCTBeHHO 

BJll!SIIOT Ha BeJIH'Il!Hy lJ < r 2 1> ll MoryT AalKe 1!3MeHHTb ero 
p 

3HaK ( CM, Ta6Jil!UhI 5 I! 6). B cnyqae 
4° Ca ➔ 42 Ca nony'IeHHoe 

3Ha'!eHne lJ <r 2 > ncnOJib3yeTCSI ,[lJlSI pacqeTa 1!30TOnll'IeCKOro 
.P 

CMe!UeHHSI f; ( ii E) cneKTpaJihHbIX JlllHHll /..I -Me308TOMOB ( K -nepe-

xon). ct>opMyJlbI, CBSI3bIBaIO!UHe f; (ii E ) C 8·<r; •>, 6bJJII! B3SITbl l!3 

/14 15/ /16/ 
pa6oT 1 

, CpaBHeHne C aKcnepl!MeHTOM noKa3hIBaeT, 'ITO 

acpcpeKTbl nepecTpOHKll neiicTny10T B HylKHyIO CTOpOHy. BHAHO TaKlKe, 

'ITO B TOM cnyqae, Kor.na KOHCTaHTbl K nhI'Il!CJISIIOTCSI C OCUHJIJISITOp-

HOll aHeprHeii -fiw , COOTneTCTBYIO!lleii paBHOBeCHOil. nJIOTHOCTn, 

Bbl'Il!CJ10HHOe 3Ha'!eH11e 8 ( ii E )· 3Ha'!l!T0JlbHO 6nnlKe K aKcnepl!MeH-

12 

TaJihHOMY I 'IeM B TOM cny'Iae, Korna K Bbl'!l!CJlSIIOTCSI C -fi W 

COOTB0TCTBYIO!llell aKcnepnMeHTaJibHOMY cpe.nHeKBanpaTl!'IHOMy pa-

" /15/ 
Al!YCY SIApa. TTpl! aTOM, eCJII! nOJib30Ba_TbCSI cpopMyJion ll3 pa60Tbl 1 

Bb!'Il!CJieHHOe a ( ii E )= 0, 795 Kan npocTo COBnanaeT C aKcnepl!MeH

TaJihHb!M B(ii E) ~ 0,80±.0,06 KaB, HanoMHl!M, '!To npl! pac'!eTe 

aHeprl!I! CBSI31! cornaCl!e c aKCnepl!MeHTOM TaKlKe 6bJJIO HaMuoro 

Jiy'!llle npl! panHOBeCHOH nJIOTHOCTn. CJieAOBaTeJibHO, Hanp~lllnnaeTCSI 

Bbmon, 'ITO, no Kpaiiueii Mepe, npn pac'!eTe rno6anhHh1x xapaKTe

pl!CTHK R.npa, Korna He O'!eHb BalKHO 3HaHne TO'!Hb!X OAHO'!aCTH'IHbIX 

BOJIHOnbIX cpy:HKUHH, OCUl!JlJlSITOpHyIO '!aCTOTY W HaAO C'Il!TaTb Jll!lllb 

BcnoMoraTeJibHbIM napaMeTpOM, KaKHM-TO o6pa30M CBSI3aHHblM 

C nJIOTHOCTblO RAepHoro aem·ecTBa, I! aepl!Tb pe3yJibTaTaM, noJiy'IeH

HbIM npl! paBHOnecuoii nJIOTHOCTH, ApryMeHTOM, no,nTBeplK/:l8IO!UHM 

llJII! onpoaepraio!lll!M 9TOT Bb!BO/:l, MOrJin 6bI nocJiylKl!Tb pacqeTbl 

cpeAHeKB8ApaTH'IHbIX panl!ycon g,nep C KOppeJil!POBBHHblMI! BOJIHOBblMI! 

cpyHKUl!RMI!, 

B §4 

42 Ca ,42 Sc 

18 
Bbl'Il!CJieHbl _Hll3KOJ10lKB!UH0 ypoBHll aHeprnn B 0 

" /19/ 
C y'IeTOM acpcpeKTOB nepeCTpOllKH • CneKTpbl 

1
18 F , 

6b1Jll! 

nony'!eHbl nyTeM Al!aroHaJIH3aUl!ll ABYX'IaCTH'IHOro raMl!JlbTOHl!aHa 

B npene_nax 2 s Id -o6ono<IKH AJISI 18 0 n 18 F I! 2 p If - 060.:.. 

JlO'IKH /:{JISI 42 Ca H 42 Sc. nonSipll3aUl!SI OCTOBa, KaK oHa noHnMaeTCSI 

/9/ . 
B pa6oTe I He Y'Il!Tb!BaJiaCb, B pac'!eTaX l!CnOJib30BaJil!Cb KOHCTaH-

Tb! KST I Bbl'Il!CJieHHbie npl! iiw 1 COOTneTCTBYJOlll0M paBHOBeCHOll 

nJIOTHOCTU, 

TToKa3aHO, 'ITO acpcpeKTb! nepecTpoil.KI! npaKTU'IeCKI! He BJillSIIOT 

Ha cneKTpbl 5!Aep 
18 0 u

42 Ca I B KOTOpb!X BCe ypoBHI! l!MeJOT 

OAl!IIaKOBhtil. usocnnH T = 1 , B SI,npax 18 F H 
42 Sc ecTb ypOBHl! 

KBK C U30Cnl!HOM T= 1 TaK II C l!30Cill!HOM T=Q , no6aBO'IHbl0 

Cl!Jlbl CABl!r'aIOT aT11 /:lBe rpynnbl ypOBHeH Apyr OTHOCl!TeJihHO .npyra 

npnMepHo Ha 1,5 Man 'ii: 18 F n Ha 0,6 Man n 
42 Sc n cTopo!Iy 

JIY'Illlero corJiaCl!SI C aKcnep11MeHTOM, 
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r-

-~ 

OJ 

Ta61mua 3 

KoHCTaHTbl K ST K ST KST nns1 . 1;6 0 
2 • I 

, . o 

it Cu 14 Mirn 
,fi (,J = 20,3 M9B 

s; T 0,1 0,0 1,1 1,0 0,1 0,0 1,1 1,0 

(MaB) -0,0024 0,0050 0,0171 0,0616 -O,O407 0,0145 0,0442 0, 1320 
K2 

0,0508 0,1510 0,4586 
(MaB) -0,0082 0,0176 0,0594 0,2114 ·-0,1283 

KI 

(MaB) -0,0281 0,0621 0,2086 0,7423 -0,4078 0,1788 0,5219 1,6286 
KO 

Ta6mrna 4 

KoHCTaHTbl KST K ST • 
K ST 

o nm1 40 Ca 
2 ' 1 

Ii (,J 11 M9B 
-ti (,J = 18 M9B 

0,0 1,1 1,0 0,1 0,0 1,1 1,0 
S, T 0,1 

K2 (MaB) -0,0004 0,0017 0,0050 0,0140 -0,0253 0,0071 0,0211 O,O378 

K 1 (MaB) -0,0016 0,0077 0,0264 0,0625 -0,1158 0,0315 0,0924 0,1713 

K 0(MaB) -0,0071 0,0349 0,1199 0,2874 -0,5321 0,1430 0,4121 0,7994 

Ta6mma 5 

o < r 2 >( q>Mlnp11 no6aBneHHH K16 0 H 4° Ca HeilrpoHa Ha ypoBeHh n £_ j · • ( .I ) - i.\ F
12 

Bh1.fi1cneHo npu fiw, COOTBeTCTBYIOIIleM 9KCnep11Me1nanbHOMY cpenHeKBanpaTH'UIOMY 

pannycy sinpa, ( II ) - ,\ F12 Bbl'rncneHO npH 'fi W . , COOTBeTCTBYIOIIleM paBHOBeCHOl'i 
nnoTHOCTH 

16 0 
➔ 

17 0 40 Ca ➔ 41 Ca 

od 5 . 1 
od2 or.I. 3 1 of..£ ls- lp- lp-

3 2 2 2 2 2 2 2 

G(r
1

,r
2

) -0,044 -0,202 0,010 -0,012 -0, 146 -0, 151 0,022 

(I) G (r
1 
,r

2
)+i.\F(r 

1
,r 

2
) 0,005 -0,156 0,059 0,02·3 -0, 114 -0, 119 0,057 

(II)G (r1 ,r2k\F (r 
1
,r 2) 0,060 -0, 103 0,114 0,079 -0,062 -0,067 0, 113 

. Ta6nttua 6 

o<r 2 > .(itir.:i2) ;ipn no6aBne1rnu K 
16 0 II 

4 °Ca ABYX HeHTpOHOB. B COCTOSIHHe Jt. 
( I ) -1\l-~2 Bhl'!l!Cneuo npu 1iw , COOTBeTCTBYJOIIleM 9KCnepuMeHTanhHOMY cpenHeKBanpaTJf'IHOMY 
panI1ycy sinpa , ( II ) - i.\F12 131.,l'H!CneHo npu iiw., COOTBeTCTBYIOIIleM paBHciBeCHOll !InOTHOCTH, 
( k - HOMep ypOBHSI C MOMel!TOM J )' 

16 0 
➔ 

18 0 40 Ca ➔ 42 Ca 

3qiqi. 1N" B3811 k o+ 
1 

2+ 
1 

+ 
41 

o+ 
1 

2+ 
1 

4+ 
1 

G(r
1

,r
2

) -0,126 -0, 140 -0,085 -0,029 -0,031 -0,027 
(l)G(r ,r l+i.\F(r .r l-O,O11 -O,Q46 0,015 0,043 0,039 0,044 

l 2 1 2 .... 
II)G(r, r )+.'\F(r , r ) 0,08 I .0,063 0,124 0,154 0,150 0,154 

1 2 I 2 



O6nuifi BbIB0A II0CJieAHefi I'Jl8Bbl: acpcpeKTbl rrepecTpOttKH cy

JlleCTBYJOT II Y'lllTblB8Tb lJX 118/:l0, 

Bee pac'!eTbI B m1ccepTamm rrpoBeAeHhI Ha 3BM 63CM-4, 
/18/ 

CocTaBJieHbl c'i'aHAapTHbie rrporpaMMbl a CIICTeMe v!C-1 AJISI 
/ 17 / 

Bbl'lllCJieHIISI 6 j -CIIMB0Jl0B II K08cpcp11u11eHTOB 6pOAII- M 0llll!HCK0I'0 • 

H eK0T0pbie cymeCTBeHHbie AeTaJII! 3Tl!X rrporpaMM 0IIl!C8Hbl B §3 

rrepB0fi I'Jl8Bhl AIICCepTau1111. 
. . /18-21/ 

OCHOBHbie MaTep11aJibl }lllCCepTaUl!II orry6Jil!K0BaHbl B pa6oTax • I 
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