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OHIWI XAP AKTEPHCTHKA P AEO'IH 

ARTyaJJI,HOCT» npo6.new. BaXHW4 HCTO"UIRKOM HHqx>pMaD;illI O CTPYJtType 
SJ,Iij)a JlllMeTcH·ncOJie.n;oBaJme Bpama,TeJll,HUX lt KOJie6aT8Jll,HWC COCTOsmml. 
Bonpoc O TOM, Kalt qx>p!mpYll'J,'CH KOJIJieltTnBHl:le BeTmr BOB6yzi;Item STOMliHX 
H,D;ep, JiBJI!leTCH O,ItlllIM HB HaH6oJiee aitTyaJII,HWC B COBp8M8HHO11 H,D;epnol 
qlIIBHite HmlIGIX 8Hepl'l!I. B RBaHTOBOI CltCTeMe, COCTOJllll8ft BB OHJII,HO BBSH
uo.n;eloTBYJ)!llRX qaoT:im H 96Jra.n;amll181l: O~8OTB8HHO .n;liICKp8THHM anepreTlt'leo
mm Cll8RTPOM, ,Italt8 T8Itaa B8TB» oneRTpa, Kalt BP81l18HHe, O6.na.n;aeT PJUtOM 
B8lmHX H .n;o omc nop He BllOJIHe llOHJrl'HWC oco6eHHOCTeft, BHBBaHHl:lX H88.n;liI
a6aTJAecmn.m: 8qxp8ItTamt CBaBH BP81l18HHH H KOJie6amtlt. CyiiieO'fBYH' imoro 
MO.n;eJieft, npe,IOtasHaqeHJIHX ,ItJIH HCCJI8J];OB8HHH OT)l;8Jll,Hl,IX B8TBel BOB6yir.ne
Hd (Hanpm1ep, TOJIDKO mt6paitlilOHHllX :wm: T~Jll,KO poT~omna:). Ho OHR 
He .n;SDT noqepIIHBalllllero OTBeTa BOnpOOSM, ~OTOpli8 CTSBHT HS llOBCCTey 
.IOtH coBpeuemme a1tcnepm1en'l'H. 

CoBepmeHOTBOBSHR8 T8XHRI<H H M8TO,ItHltH npoBe.n;eHl!Jl a1tonepweHTOB 
llOBBOM8T B H8CTOJllll88 BPCW! npOBO.n;liITb )l;OCTSTO'tJHO noJIHldl aHSJmB coc
TOHHd aTOMHUX JUtep B llllij)OROI o6JiacTH 8Heprmt BOB6yzi;It8llIDI ll yrJIOBiil 
MOM8HTOB, T.e. B YOJIOBHSIX, itor.n;a Bpa!ll8Hll8 H8 HBM8TCH 8.n;liia6aTJ:I118CKB 
M8,JµI8HBIDI no OTHOmemm R ltOJI868mtm.f, a llOOJI8.n;mt8 T81Clt8 H8 JIBJIIDlTCH 
8,ltlta6aTJJll8CltH M8,JµI8HHUMH no OTHOmemm K BOB6~8HWI1,f ItBaBJrtiaCTKtmOro 
TmIB.. B qaOTHOOTH, aHaJm3 BC8X CQCTOmml B O6.nacTH 8H8pl'l!I .n;o 3 MaB 
a1tcnepoeHT8Jll,HO BllllOJIH8H B H;Itpax D,y H Et-. B Taitol C:wryanml JIBJISl-

8TCH SJtTYaJII,HOI sa.n;aqa llOOJI8)tOB8T8Jll,HOro T8OP8Tll'I8CROro OIIHOSHHH 
BO8X nyqeHHWC a1tcnep:HM8HTaJII,HO H,ll;8pHWC COOTOHHlltt B O1tpeCTHOOTB 
Kpao'f---.lmED - .mmo, . OOA:U,UfO'l11'AI ypomm C pasmam yrJIOBWl! MOU8H
T&m JI Hamm3me! npB ~OU UOM8HTe 8H8pl'Beft. HMeBHO TaltaJI sa.n;aqa 
pemaeTCJl: B .n;liIOO8PTantm- B OCHOBy OIIIICaHlIJI llOJIO2t8H8 uo.n;en np:imy;D;H
·T8.lll,HOI'O Bpa!ll8HHJ!:, OCHOBaHHrut H8 !lllaBlt'laC'i'~OM Baeyyue itpemamr
uo.n;e.m. 

OcHOBH8Jt nen pa6OTH. UeJll,J) HSOTOSlllleft pa6OTH Jll!M8TCH lICOJie.n;o
BalDle 8HepreTlfli8OItmc B 8~8RTPOM8I'HHTHWC xapaitTepBCTHlt BOeX BOBMOJ!BHX 
ROJIJI8ltTHBHWI: COCTOJUml .i,;eqx>pimpoBSHHHX JUt8P B HlIBltOOnHHOBOI O6JiaCTll 
c aHeprnel BOB6Ylf,Il;elll!Jl .i,;o 2,5 MaB • 

~l.CJl611t'liHL.1il RHcrnryf I 
B!t~HMX BCrleJOBlU!I 

6"15111-iOTEHA 
......... - ~ .. -



Hayt1HM HOBR3Ha H npaKTW18CKaH Il8HHOCTI, pa6oT!l. B ,ItB'CcepTa~ 
peaJm3YJ)TCH nmpoKHe B03MO.lltHOCTR B'CllOJ.L&30BaHltfI llOJJYMHKPOCKOIIl!'i8CKOI 
TeopHR ,IVrH OIIHCaHB'Jl pasJilrlllWX TB'llOB B036yz,Itemwx COCTOronnl B .zte<Ix>p
MZPOBaHHHX .!J,IU)ax: 

- Paspa6oTaHa no.nyMHKpOCROIIJiR8CKaH MO,IteJ.L& ,IVrH 8H8J!H38 cneKTPOB 
H 9~8KTp0.Mal'JllIT.Hl:lX xapaKTepHCTB'K KOJIJI8RTlm.HllX COCTOJ'IHltlt ~eqiop.MHpOBaH
HllX smep B6JmsH Hpa~T-JIHIDm RaK BH6panaoHHoro, TSR H POTim,IOHHOro TR
noB. 

- B PaMRaX nOJJ:yMmtpOCKOillI"l8CROro no,ItXO,Ita pa3BRT qx>pMaJm3M ,IVrH 

OIIHCruma: KOJIJI8RTlm.HllX. COCTO.lllildt OTP~T8J.L&HOff ~8THOCTR C j'MepeHHHMlil 
3Ha~eimmm YI'~OBOro MOM8HT8. B ~aCTHOCTH, llOJIY'i8Hll C8KYJISiPHll8 ypaBHe
mm WII{ 9H8pl'ID'I H CT!)YltTypli qx>HOHOB C OT~Telll,HO! ~eTHOCTI,l) BO Bpa
l!l8J)lltHXCH H,Itp8X. 

- IlpOB8,It8HI:l 'lllIC~8HHll8 pac~eT!l 9Hepnm YJ)OBHett H npm3e.ztemna: Be
POHTHOCTe! EI-, E2-nepexO,ItOB BO BpautaT8J.L&HHX no~ocax IDrnKO~ezalltHX 
COCTOsmm!: C no~OlEHT8Jll>HOI H OT~T8lil,HOI ~eTHOCTm.nt Ha np:HMepe H,Il;ep 
I58Dy H I68Er. 

- Hcc~e,ItOBSHa 3aBHCHMOCTI, CHJIOBWC ROHCTaHT OCTSTO,mHX B3am.«>
.zteffcTBH! H MOMeHTa HHep~ OT CnHHa. PaccMOTpeHa CBHSI, rOJI,D;CTOYHOBC
Kl!X .u;yxoma: pemeHd Bpautallmerocx H,Itpa c pemeHI!Jll,!H YJ)aBHeHd ,ItBDemm 
B paMitaX npH6JimteJmH CJIY'{afllmx qas (ITC~) • .AHamraHpOBaJIOC!, BJlll.filllle 
,ItHnOJll,-,It]UIOJll,HOro H ,It]UIOJll>-OKTYIIOJII,HOro BSaHMO,ztelcTBd Ha ,CBOICTBa 
COCTOmnnt BpautaTeJII,JmX nMoc. 

)U!ccepTaitBOHHWI pa6oTa HBJIKeTCH .ztaJD:.Helmlo4 pasmrrHeM Teopmt 
CT!)YltTYJ)li H CBOICTB STOMIWX smep B llO.n:yl,IBltpOCKOim;'48CKOM no,ItXO,Ite. 
IIpe~OJEeHHWI MO,It8.l[I, MOlt8T HaitTH CBOe npHMeHemre B .ztpyrll 06.naCTH.X 
.zte<Ix>JJMH.PoBSHJmX smep, a TaKlte B onHcamm HOBWC axcnepoeHTSJII,JmX 
,Itammx. 

Anpo68IlHJI pa6om. OcHomme pesynTaTR ,ItB'CcepT~ 6RD .ztO~Oltem.t 
Ha M8QYHapO,ItHOI KOHqiepeimr,m no CTpyitTYJ)8 smpa (AMcTep,ItaM, !982), Ha 

ezero,ltlmX (Im! - MocKBa, I983;:xmY - A.lnla-ATa, I984; !DJ - .HeHHH
rpa,zt, I985) BcecoDs.Hl:lX coBelll8HHJtt no smepHo! cnexTpocxomm lt CTPYKTY
pe STOMHOro smpa, Ha Pecny6.mmaHcxol KOHqJepeimr,m MOJlO,ItHX y,:i:ema: 
(TamKeHT, !985). B XO,Ite pa6oTli llOJIY118HHH8 pesynTaTR ,ItOJtJT81']l]38JltlCI, H· 
060~01, Ha ce1DHSpax 0T.zt8Jl8 Teop:l]I aT01moro· smpa, cenop911 J I H 

Ji 2 Toro ze OT,It8Jl8 Jr.a6opaTOpml T80P8'l'J!1i8CROI qmsmm omm, Jr.a6opaTOpml 
a;itepHoit cneitTpOCKOIDD! Ha~ AH YsCCP. 

Il;y6Jmxamra. Ilo pesy.n,TaT8ll ;ltllC08P'l'anaH onyo.mntOBaHO ,It8Ca'l'l> pa-
6oT, CllHCOK ltOTOPKX npHJiaraeTca B KOJ1It8 aBTOpeqiepara. 

2 

06'!.eM pa6oTH. ,I{Rccep'l'a~OHHM pa6oTa COCTOHT ns BBe.n;eima, ~eTll
pex rJiaB OCHOBHOro CO,ItepxaHl!II, saltJID~eHWI n Tpex npHJIOlieJml. Pa6oTa 
HS~02lt8H8 na II9 cTpammax :MalllllllOimCHOro 'l'8KCTa, BK.1ID'!Wl 9 pncymtoB, 
II Ta6Jrm:J; H CIIHCOK ~THpyeMoff ~TepaTYJ)li H3 IIO HamA8HOBalml. 

CO,lJEPJKAHHE PAEO'lll 

BBe.IteHHe CO,It8pDT :itpaTKOe 060:v,.-meHl'le npo~eM H3yt18Hrui KOJIJI8R'l'ID3-
HHX Bos6ylf,ll;e!ml Bpautallll!lllCH aToMmlX smep. Hs~raeTc.11 ~en pa6om, no
:tee.SKBa9'?04 80 n:omtsm 1t npaKTR801Wl ~OmIOOT!:1.,ItaeT0.11 Il.l!:Llll ,ltitOCOPT8J:tlIR. 

IIepBall r~aBa nocB.llllleHa paspa60T1te Mo.zte~ IIBX~B+-IIC~ (IIplit6.mDteJme 
CJIY'{affmoc qas, B KOTOpOM RBaS~CTlNH!ll BSRYYJ,f B!i6l1Jl88TC.II HS MO,ll;MH 
npHHY)llIT8JII,HOro Bpallt8Blffl C no,ItXO,ll;OM XapTpH-~KS-EoroJID6oBa) WIii OmI
CaHH.11 H,Itep.lillX xapaxTepHCTmt O,ItHOqx>HOHlWX COCTOHHHI Bpa1l1,9.Dllteroc.F. H,1l;pa 

B6msn HpaCT-JIIDilm. 
B §I 06ocHoBHBaeTc.11 neo6xo.n;m.100TI> IIBX~B+-IIC~ B onHcamm Bpati:a

TeJII,ma:: H BHYTP8HmtX BOS6y3,ll;e!ml STOMHWC smep, a Taiate B HCM8~0Ba
mm KOH:itpeTma:: CBOICTB H,ltep}!HX COCTOHHHI B YM8P8HlWX SIIatJ:8HRIIX yr~o

BOro MOMeHTa. 
.It,na pemeHl'l.11 nocT~eHHoi Ba.zta'llll B §2 BH6npaeTcH xpemamr-raMWD>-

TO}m8H B Bll,It8 

H
1

=H -~a N -QI 
A 'i:' '[' '[" X , 

r.n;e Ix - onepaTop npoe~ noJIJ:1oro yr~oBoro MOMeHTa Ha 001, Bpa~emm 
(oc1, X); Q - ~CTOTa BpallteHM; Nie- . - onepaTop 'lllICJia HeA'fpoHOB 
(xor,Ita .'t' = N ) ~ npo'l'OHOB ( 't' = p ) ; ~'t - xm,nrqecrotl! HOT8ImiJM. 

Ilo.Jlllldl smepimfl: rmmJII,'l'OHllSH H COCTOHT HS cpe,ItHero noM Hep H 

OCTSTO'llWX BSam.to.n;ettc'l'Blrli & 

1 ~ "'+"' 
H = Hcp-4 ~G(.lt')~ ~ + HocTaT ' 

r~e BTOpol U8H npe,ItCTaM.118T co6ol napwe xoppeJIHI:tl!ll BYRJIOHOB CBepx
npOBO.ztmit8ro 'l'MI8 (KOp0TKO.n;ettcTByillli8St ~aCTI, OC'l'STOtIHOro BSaHMO.ztelcT
JlIDI) • .lT,aJIJ,Ho.n;elcTByJ)lllWI ~CTI, OCTSTOtIHIDC BSaRMO,ztelc'l'Blrli ~CTST KU 
o6wmo, B!i6HpaeTc.a: B BR.Ite MYnTmron-MYnTHIIonma: cenapa6enma: cJ!Jl. 

· Ilp.lrl 8TCU Mli orprumtnmaBMC.H MYJll>TmIOJVlM.lrl nopSJ,ItKa }.. ::: 3: 

H 
-1 ' ~+ p 1 ~ ['C'J p+ p 

. OCTOT =-2 F a'~f4°"l~ol.2.14-e:- f:o:1 ~1f4 ol.1141!t'lol.1l't'] -

1 !"'+ p 1 , c:] "+ · "' "+ "' ) 
-]: ~ a?a~ stlC,M.- "i' L- 6'.ir- (l1~irJ!s t't"] + !3 r-rJl,1 corJ 

p 'A 14. I 't°•0,1 f' fA- fl 
r.n;e d..Ar,='2. '!:l~t,A-· l,-14 =l,.t4-(N).f l,. (p) WIii il = I, 2, 3 
Ct,1-,lal ). 14 

3 



.lla.nee IIPe.1tno.naraeTc.a:, ~TO nOJIHWt l'aWIJII,TOHliaH .ltOJDJteH YJtOBJI8TBOPJlTI, 
0.II8.D;YJJ11m! YOJIOBWJM 0.lill0(8'1'plm: 

[ H ' Ii] = [ H t ~ ] = [ H' N~ 1 = 0 ' 
r.1te R, ( i::. X, !;I, Z) - ROMllOHeHTH nOJlHoro m.my.m;ca .a;IU)a. 

Bwmc.11em,:e no Mo.1teJIR IIBX~B+IIC~ BRJm'l!aeT B ce6s: ~ OTJte.m;HUX 
aTana: 

1) Ha nepBoM aTane pemaeTc.a: ypaBHem,:e X~E B 1tpemt:1mr-Mo,1teJIR; 
2) Ha BTOPOM 8Tane pemaeTc.a: 38,ItS'l!a Ha c96cTBe.lllllle SHS~eHHH no.11-

Horo r&mJII,TomtaHa MeTO,ltOM ITC~ (T.e. Ollp8Jt8.l!JlllTC.a: mr6pSitKomme COCTO.a:
mur: B6Jmsn npacT-JIHHJm) • 

§3 nOCB.f.llll8H BllBO.ztY YJ)aBHeHRi X~E. pemeHHH ROTOp!iX xapaRTepRSYJ)T 
COCTOHHR.S: Ji,Iij)a Ha RJ)SCT-JIHHJm. 

B §4 ~a llp0Il8.ztYl)a pasJIO.llteHRH RP8HRRHr-r&m.7II,TOHRSHa no 6oso
HSM. Ilpn pemeHRR Sa,Ita~ Ha C06CTBemme SHa~eHR.a: noJIHo~o rSMRJII,TOHRa
Ha ncno.m;syeTc.a: ITC~, T.e. B pas.110.11temr.a:x: o~o'IacT~ onepaTopoB 
OI'J)aHlrlmBaeuca JIHHelhnn.m ~eHru.m no 6osomw. Ilpn aToM xpeHRRHr-ra
MHJlI,ToHRaH P83Jt8M8TO.a: Ha ~8THpe ~SCTR, BSam.mo ROMMyTRJ)y:l)!ItHe M8Z
.ItY co6off, T. e. 

H'=<2IH'I.R> + HO'p=+1) + H(~p=-t-1.) +H(rp=-1> +H(rp=:-1) 
. (rx=+1) (rx=-1). (Yx=+1) (~=-1) ' 

r.1te ~OJia ~ P = ±1 c~eTHocT1,) 11. ~x = :tl (clll'Haorypa) - xapaRTep:11sYJ)T 
CJIMMeTpHll 0~0'IaCTll1mla: onepaTopoB B RaJr,Itol 'l!aCTll r~TOHllSHa H 
OTH0Cll'1'8Jll,HO onepa!tlll llpOOTP.{UIOTBeHHoro OTpallteBJIJI - f/J ll noBopoTa 
Ha yroJI fir BORpyr 0011 X - Rl( (~) coOTBeTOTBeHHo. IloRasSH :itoHitpeT
Hllfl Blr,lt 8'l'JIX 'IaCTeit rSMlJJil,TOHllSHa. 

)laJree nOJJY'leH mr.it RpeHRRHr-rSMRJII,ToHRSHa ~epes IIC~llfO.ltH, r.1te 
,ltJia: MOJt C 9H8PI'll81 Bos6Yl\I(emur: CJ~~ 0 BB8,lt8BH onepaTOPH qJOHOHOB: 

+ 4 t . 
£,, =w (.r,;;; :~ - .fcJv ~). 

3.1teo1, X» , ~ 11 w,, - 0606111eHHSJ1 xoop~Ta, 0606111eHHHI m.myno 11 
SH8PI'RII.Bl16pa!tlloHHoro COOTOHHJIH Ji,Iij)a COOTB8TCTB8HHO~ HanpJWep, ra
MWll,TOHllaBH O ll0JIODT8JII,HOI Clll'HaTY,Pofl Blipa.11tellll ~epes IIC~MO,ltll RaK 

HC+) 1 , (m2 2. 2) 12. N2. 
(+)==TL ~v +~11,V +~r xl2+~AL q:/2 , 

CJ11:#:0 . ~ '"L" 
V • 

H(-) ➔ s:::;- (u,+ II) ◄ ) 1 2. 
<+) =-r T (,.)11 d.,v d.,v + 2 + 2 '1-~ I? , 

cJ ~o 
r.1te ir" , 'tN-r, ~Px 

1 
- Maccome napaMeTpu. 06c~eTc.a: c:e.a:s1, a'l'JIX 

MOJt o pememrmm IlC~ypameimfl. 
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Pememm ypaBHeHRI X~E B 1tpeHRIDJr-Mo,1teJIR nocB.a:111eH §5 • .ILiiiI ~c
JieHHoro pemeHR.a: ypaBHemttt X~E C xpemamr-r&!Wll,TOHRSHOM llpHM8H.a:8TC.S: 
no.u;xo,D; .Ify,D;e1ta It BepHepa, B ROTOpOM B Ra~eCTBe cpe~ero noM Rcnon
syeTc.a: axcnam.HO-Jt8q,0PM!IPO:sammtt nOT8Imlf8.JI CSRCOHS-By,D;ca. 

B ltpllT~ecxol 06.JracTR cmmoB, r.D;e nc~esaeT SHepre~ecRSJI 111en, 
Halllma8TC.S: H8TO~OCTI, MO,ll;8Jlll IIBX~E. Hsremte 8~RT8 ROPROJIKCOBS 
aHTll:CllapimrumJI .n:,na: RCCJie.n:ye:zmx H,!tep 15 Dy H l Er noRaSHBSeT, ~o 
SHepre~ecRSJI llleJII, Ha~eT y6HBSTi. .11:JI.a: cmma I ~ 6 B 158ny 11 
I Z 8 B 168Er • IloaTOMY orpaHl!1ll'l,1IHCL pactreTmm cneRTpa STRX .a:.D;ep 
.n:o I ~ 6 11 I ~ 8 cooTBeTCTBeHHo. 

· B §6 IDITepnpeTRJ)YJ)'l'CJI no.ny,;ieHHHe pemeHRH IIC~ypaBHeHRtt. JJ.Jm 
Har.lfH,ltHOCTll .1taH cxem~eomnl PlICYJIOR, ROToputt YRaSHBSeT noCJI8,ltOB8-
T8J!DHOCTI, noJIOC H npmurrHtt H&m cnoco6 BWmCJI8HWi 8Hepl'lll O~OqJOHOH
IWX COCTO.a:Hltt C He~eTBmm CmmaMI! • 

Bo BTopott 11 TpeTLett·~JiaBSX .n:nccepTa~ pernsyeTc.a: paspa6oTSH
HSJI MO.D;eJID .11:JI.a: onncaHR.a: xoueRTHmrux cBoicTB ofoq,oHOHHIIX cocTommtt 
B6JIRSlil npacT--.mnnm Ha npm.sepe H,!tep 158ny 11 16 Er • 

BTopa.a: r.11aBa nocBm!!eHa 01mcamm xapaxTepHcTZR, Ta:rmx., RaR aHep
I'llJI, npnBe.n:eHHHe BepOJITHOOTH E2-nepexo.n:oB ,ltJia: COCTO.a:Hltt C noJIOJm
T8JII,HOI ~8THOCTLD. 

B §l no~eBH cexyJI.a:pHoe ypaBHeHHe B aH8.JIR~ecxou BB,Il;e .n:,na: 
SHepI'lltt G.ly . ( Q ) 0.11:HOqJOHO~ ~OCTOHHRff fl,;/ .Q > C nOJIODT8JII,HOI 
Clll'HaTYl)Ott (B rm.mJil,TOHRaH8 H{!)) H BHpaJK8:HH.a: .n:,na: CllJIOBWC ROHCTaHT 

Gc,r) , ~2.1 , a Ta:ae 11 .n:,na: llf8ccoBoro napaMeTpa 'rlx J 
B §2 BHBe.n;eBH 08ItyJI.a:pH08 ypaBHeHRe rSMRJil,TOHRSHa H[~) .ll:,1Ia: 8Hep

l"lm O~OqJOHOHIWX COCTO.llllllfl C OTPHmlT8JII,HOtt Clll'HSTY,POI ll BHpruteHll.S: 
.n:,na: ROHCTSHT ~21 ll ~ 22 • . 

B §3 paocMB.TpRBSDTc.a: npee.n:emme Bepo.llTHOCTR E2-nepexo,1toB. lT.aHll 
BlipalWHH.a: .n:,na: B(E2)-qaRTopa. 3.ltec1, 06CYJK,D;Sl)TC.S: TOJII,RO T8 nepeXO,ltll, 
ROTOPff8 CJI8,Ityl)T RS COCTO.mmit BP8111ST8JII,HUX noJIOC Ha COCTOmm.a: ltpaCT
.mmm, a TamEe B pwmax o~ol llOJIOCH (no npamtJiaM OT6opa) • .Ivm RSyqe
mr.a: Boex OC'l'aJII,HllX Bosuomna: E2-nepexo.n:oB ~o Bmlm sa paMIGI IIC<b, 
K0'1'0Pff8 He paoCMSTpltB81lTC.S: B .11:SHHOtt pa6oTe • 

B §4 o6c~To.a: no.nyqemme pesynTaTH pac~eToB B onRcamm 
SH~ Yl)OBHel H npBBe,D;emm:x Bepo.a:THOCTel E2-nepexo.n:oB B 158D;r 11 
16 Er ,JtJIJJ 000'1'0.a:HRI noJIODTenHol ~eTHOCTll. CJie.ztY8T OTM8TllTI,, ~o 
pac~eTH uomi:o 6es 0006.wc TPY.11:HOCTel llpOBO.n:RTI, H ,JtJIJJ .n:pyrnx .n:eq,opim
poBSHIWX .a:.D;ep. 

B Ta6.mm;e I npRBe.n:eim Cl!J!OBHe ROHC'l'SH'l'H ~ 2 I-'- ( !"l- = 0, l, 2) ll 
G ('t') ( 'C' = N, p ) , 11cnonsoBSHBHe npR pac~eTe. Hs yCJioBHJI cmmeTpim 

Ollp8.lt8JI.a:8TCJI TOJ!DRO ROBC'1'8HT8 re2.1. 0CT8Jll,llll8 ROHCT8HTH re20 R 'c:£22 
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6wm OllpS'Ae~eHH RS SRcnepRMeHTaJil,IDlX SHa'iemnl Hammsmmc SHepm B 
} - B 1-nOJJ.ocax B saqmtcnpoBaRH ,ItJIH Bcex cmmoB. B Ta6~e I cTo~6en 

,ItJIH ROHCTaHT Gcic-) , o6osHa'ieHH!ltt "X!l>B", co'Aepmrr sHa'ieHRI! · Gcic-J , no
JJYl!emme RS SRcnepBMeHTaJ.ll,HllX SHa'iemtil Heih'pomm:x: B IIpOTOHJmX napma: 
8B8prml:_~ H8BpautamzyrJnR BJJ;8P,KOTOpH8 'A8pzami[Oh nOOTOJmmlW[ lIJ!H. B08X 
U0'l'0'l' B,PSlll8l!U Q ,~ B08X Yl'JI0BHX MOMQT0B I ) .C'fOJtden, od0U8"i8H

HHtt "IlC!l>", - SHa'ieHRI! G Cit') , noJJYl!eHHHe BS qiopMYm 
1 Re-> Re-, 
--~ 1.11 \I< 

G -L ' 
C'C'l i.1< E -

(-) i.K . i\ + 
I''Ae piK - KBaSB'IaOTH'llllle MaTpl!1llllle 8~8M8HTH onepaTopa p'l:" • Oita-
smiaeTCSI, 'iTO ROHCTSHTU a!2.1 B ( G C'C') >ncqi npaRTR'iSCRB He SaBBc.srr 
OT cnm;:a (B paMRa.X 0,5%), B IlOSTOMY B Ta6~e I ~o Tom.RO O,rolO 
sHa'ieHlie, IIpB cmme I = 2, ,ItJIH RaZ,Itoro ~. 

Ta6.mma I. Cwro:aue ROHCTaHTH OCTaTO'iHWC BSaBMO'A8ICTBBtt B 
- raww,ToHliaHe H~l~ . 

(MsB/~.h .ro-3 (;.CN)• MsB G-cP). MsB 
Jw)o 

';£ 2.0 ~2.1=ia?1-1 ~2=~-2 MB nc~ X~B nc~ 
I68Er 0,8I6 0,774 I,5I4 O,I04 ·0,085 O,I34 O,II9 
I58Dy 0,808 0,833 I,602 O,III 0,093 O,I35 O,I23 

Bu"il!MeHHHe TeopeTR'ieCRBe SHepr.im OOCTOSIHB! BpalllSTSJII,H!ll no~oc 
C IlMOll!BT8.7lr,HO! 'i8THOCTI,JJ Ha IIpRMepe JtlU)8 IG8 Er CpaBHBBal)TOSI C 8RC
nepBMeHTaJ.ll,HUMJ:t SHa'iemtmvlB Ha PBC. I. 

IlPB paS'Ae~emm ROJIJI8RTBBHHX Bosdyz,neHB! no BpalllST8JIJ,HW4 no~OCaM 
BCilOJll,SOBaJIB YMOBBe M8,It.718HHOI'O BSMeHeHBSI no CnBHaM CTPYRTYPH qJOHOHOB, 
COCT8BJISD'.llllIDC 0111fY Bpa111ST8JII,IIYD no~ocy (yMOBB8 ~a6aTJl'mOOTB). Hs 
PlJC. I BJWIO, "iTO :aceM pemeBBSIM IlC~ypai!Hemd cooTBeToTBym axcnepB
M8BTaJII,Bo Ba6Jm,naewe ypomm. E.u;zHOTBeHH08 BClt1Ill"i8HB8 Ilp8'AC'l'aBM8T 
no~oca K: = 3t, HaCSJm,naeMaSI B sxcneJ)l!Meirre, y ROTopol BeT TeopeTH
'iecxoro IIapTHepa B ,ItaBHOI MO'ASJIB, B Il08TOMY OHS He BltllJl'i8H8 B PlJC. I. 

TeopeTR'i8CRBe SBa'i8HRI! IlpBB8'A8HHHX B8POSTHOCTel E2-nepeXO'AOB 
:a IG8 Er Ha npBMepe Hecxom,RRX cocToSIHB! cpaBHBBallTCSI c axcnepDeH
Ta,n,mn.m B Ta6Jmne 2. 

A6COJIMBUe SHa'ieHBSI B(E2)~Itcn IlOJIY'i81)TCSI B3 OTHOCBT8Jll,RllX o6-
pa60TRO! C BCilOJll,SOBaHli8M npa~ AJrarB ,ItJIH nepe.xO'AOB BBYTPB ,ItaJIHOI 
no~oc:H np11 npe'Allo~o.11teHBR, "iTO BHYTpeHHlil RBa'APYilOJII,HHI MoMeBT - Q0 
,ItJIH ,ItaBHOI IlMOCU C0Blm,Wi8T. C MOMSBTOM OCHOBHOI'O COCTO.!llDlS. B Tex 
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PRc. I. Teop8TR'i8CRB8 B SR~nepm.teHTam.HUe B~IIIST8JII,Hli8 
IlMOCH C no~Oll!BT8Jll,HOI 'i8TBOCThD B 68Er • 

To6mma 2. IlplIB8'A8HR!l8 BepOSITHOCTlJ E2-nepeXO'AOB B IG8 Er 

I Kx I KTL B(E2)~Rcn B(E2),.~RCil J B(E2)'.1'eop B(E2)#t:Op • 
2 4'f ' 2 4•f ' 

i. l f f e~ OTH.8'A• e~ OTH.e'A. 
22+ I O°t 259,2 54,I I63,8 34,3 

2°t 479,2 IOO,O 477,6 IOO,O 

4°! 32,6 6,8 I66,7 34,9 
42+ I 2q I08,4 I,6 II7,3 I,5 

40+ I 55I,4 8,I 427,4 5,6 
4 sq 75,9 I,I 140,4 I,8 

22+ I 6839,9 IOO,O 7633,9 . IOO,O 
20+ 2 oo+ I 2,7 28,I 3,2 39,5 

2°t 6,9 ?I,9 I,2 I4,8 

. 4°! 9,6 IOO,O 8,I IOO,O 
40+ 2 2<1 3,0 O,OI8 0,6 0,003 

40t 4,I 0,025 ·r,3 0,007 
so+ I 33,7 0,205 8,2 0,045 
20+ 2 I64I5,7 IOO,O I8320,2 IOO,O 
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CJlY'iruDC, xor~a cpe,m1 E2-nepexo~oB RS ;rtaHHoro cocTomnm He 6wlo nepe
xo~oB B paMKaX OJJ;HO:lt no~oCH, T.e. a6COJIIOTH8Jl HOpMaJm3filtWl He Y~a.718Ch, 
B Ta6.mme 2 n:pUBe~elili 'l'OJil,RO OTHOCRTeJil,Hlle 3Ha"lemm B(E2)

8
RCil • 

B TpeTheff rJiaBe 'R3Y'IJ810TCH xapaxTepRCT:HRR B036yz,ztemwx COCTO.mmil: 
Bpa~aTenma no~oc C OTpRnaTeJII,HOff 'IJeTHOCThD. 

B §I IlOJIY"leHH cexy.7mpHoe ypaBHeHRe rawJJil,'l'OHlISHa H[~1 ,lµUl SHep
nm OJJ;HOqlOHOIDWX COCTO.lllmit C IlO~OmtTeJil,HO:lt CRrHaTypo:lt R YMOBIDI ,lµUi 

ClJ~OBWC KOHCT8HT OCT8TO'IJHHX B3aiIMO~e:ltcTmtlt ~11 , 'c£ 31 , a TaIOJte 
B!:lpallteJme ,lµUl MaCCOBOro napaMeTpa 9,- P11 • 

B §2 BHBO.Itf{TCSI cexyJml)HOe ypaBHeHRe ,1µU1 SHeprnff OJ:O{OqlOHOHmlX 
COCT0.8Hllft C OTp:imaTenHo! ClII'H8TYPOit ll B!:lpaxeHll.fI ,lµUi ROHCT8HT B3aR-

MO~eitcTmni re!O , f5 0 • . 
§3 ~RlIOff rJiaB!:l IlOCBJlllleH npRBe~emn.w BepoJITHOCT.fIM EI-, E3-nepe-

XO~OB. IlOJIY"leJm BlipalitemIB ,lµUl B(EI)- H B(E3)--qiaKTopoB. 
B §4 MHll pesy~hT8Tl:l 'IJRMeHHl:lX pactJeTOB lI RX o6cyir.n;emre. 3HatJe

:tmH OR'fYIIOJil,IDIX: CWIOBHX KOHCTaH'l' 'c£3f 6JilI3RR lC paHee R3B8CTHHM 

3H8'1!8HRJJM. 
CraBHeHRe TeopeTINeCKOr0 H 8KCilepHMeHT8.Jil,HOl'O CileRTpOB H8 n:pH-

Mepe I 8 Er n:pRBe~eHO Ha plIC. 2. Hs pHCY}!Ka BH,ItHO, "!TO BCeM pemeHRJJM 
IlC~ypaBHeHl!it C0OTBeTCTBYJ:)T ypOBHll, na6Jm,l{aewe B excnepm.teHTe. 
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1 PRc. 2. TeopeT1rnecKRe B axcnepm&eHT8.Jil,lll:l8 BrsllXl3T8Jil,Jme 

IlO~OCH C OTpml8,Te.7Il,HOit 'IJeTHOCT:&ll B GBEr • 
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Rax npoBepRa CaMOCOrJiaCOBaHWI cpe~ero no.rut C OCT8'l'OllllliMH B38R
MO~e:ltcTB:wn.m R BOCCTaHOMeHRJi TpaHCJimlHOHRO:lt CllMMeTp:im no~oro ra
W'Llll,TOHH8Ha, BWIHMemI aqxlieKTm3HHe MaCCH muia. PesyJU,T8'l'H nORa3HBam, 

I 

'liTO 8qxp8RTlIBHHe MaCCH n:paRTR'l!eCKR He 38BRCHT OT cmma H 6~KR K 
pea.7Il,lWM MaCCaM JJ.Itep, OCTSBaJ!Ch Her.moro Mem,me 'l'aROBHX. 8TO CBH,I(e
Te~hC'l'BYeT O TOM, "l'l'O CaMOcor.nacoBaHRe R BOCCTaHOMemre CHMMeTpmt 
B!lno~eHH ~OC'l'STO'IJHO xopomo. TeopeTR'IJeCRRe sHatJeHRS n:pRBe~eHHllX Be
p0STHOCTeff EI-nepexo~oB o6cyx,ItaDTCSI B r~e 4. 

B "l8TBepTo:lt r~aBe CPaBHRBaDTCH R o6Cy,r,Ital)TCSI pe3yJil,'1'8TH ,lµUl OT
p:imaTeJII»Ho "l8'l'Hl:lX COCTOmm:lt, nOJIY'l!SeM!le B o6meM CJIY'l!Se (paCCMOTpeHHOM 
B rJiaBe 3) RB CJJY'lSe, ROrM OCTST0'IJH08 B38HMO~ettcTBHe ~H6paHO TOJll,
KO B OR'l'yilOJll,-ORTYJI0JU,HOM BH,I(e, a T8Kllt8,B n:pocTott !p8HOMeHO~OI'll:118CKOit 
MO~eJm. 

B §I nOJIY"l8HO C8KYJlB:PH08 ypaBHemre raMBJn,TOHllaHOB Hf;} ,lµUl 

asepr:e:it 0,ltHOqlOHOHHHX COCTOHHR:lt B CJJY'l88 C 'llrCTO OK'l'yilOJll,-ORTyilOJll,HH
MR B3al!MO~ettc'l'BlUJMH. YcJIOBWt ;ItJUI CUOBHX KOHCTaHT B!:l'l'8Ram' H3 06l!IBX 
YMOB:e:ff, IlOJIY"leHHHX B rJiaBe 3. 

B §2 cpaBHRBallTCH pesynTaTH 'IDIMemmx pactJeTOB ~Heprnff COCTOH
HB:ff C 8ltCil8pm48H'l'8Jll,HHW'I'. SHa"leimm.m. TaIOlte ~8HO cpaBHeHB:e CMOBWC 
ROHCTSHT 'ce3~B o6~eu R 'liaCTHOM CJJY'lWDC. Ilpll:Be~eHO conocTa~emre 
SHepreTJillieCXIDC cneRTP0B B 060:e::x CJJY'l8RX. 

B §3 paccMaTp:e:BaeTCH RpaTK08 on:e:ca:ime n:pOCTO:lt qJeHOMeHOJIOI'R"leC
RO:lt M0~8Jm ;ItJUI OltTYJIOJII,HWC COCTO.smdt. 

B §4 B pmmax jpeHOMeHMOI'R118CROff M0~8Jil'I R3Y'IJ8DTCH a~eRTpnecR:e:e 
EI-nepeX0'Abl :ms oRTynOJII,~ cocTo.smdt. §5.noc:smneH o6cy,r,nemm 'l!RCJI8H
ma: pesyn!raToB, IlOJiy'i8HHHX B ql8HOM8HMOI'R"!ec1to:lt M0~8JDI. IlplIBO~CH 
B!l'IJRM8HHl:l8 napayeTpH !p8HOMeHO~OI'H118CROff MO~eJIR, Rcnonsyeme B pac
"l8Te. KpoMe Toro, n:pe~c'l'aB.7IeHH cpa1meHlIJi axcnepRMeHTam,HHX :e: Teope
Tlt"lecma: asepr:e:it cocTo.smdt BpaDlSTenHHX no~oc. 

IlocRonRY axcnepm4eHTaJII,HHe ~e He nosBOJISD>T on:pe~eJIRTh a6co
JIDTJme 8Ha"l8HlIJi B(EI)-qm<Topa (OTCT,rCTByJ)T E2-nepexo,ltH BHYTPR ~off 
llOJI0CJ:l 0TP:imaTeJll.HO:lt "l8THOCTH, c IlOMOlltl>J) ROTOPHX MOJltH0 n:poB8CTR a6-
COJIJlTHYJ) HopimpoBJtY),.n:p:rme,IteHO cpaBHeHB:e 8KCnepRM8HTaJJl,HHX R Teope
'l'lJ"l8CltllX ssatJem OTHomeHl!H 

RxK = 8(E1,1Kx-I+19-izlt'B(E1,1Kli:~l-1'l'L). 
Kpo:ue paccimTammx ssa"leiml oTHome~ B(EI) no Mo~eJm IIBX~Bt-IlC~ cpaB
mmaJl'l'CH R OTHomemta: B(EI)-qaRTOpa, BH'IJRM8HHH8 no ql8HOMeHOJtOI'JJ'l8CltOff 
MO,IteJDI. 

B Ilpuoxemm A~ n:ponema n:peo6pasoBalmli n:poRsBOJII,Horo one~ 
paTopa ~ npe,ItCTSllJ[8HD 6osomna: ·onepaTopoB. 
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B IlpIIJioxemra E IIpe,ItCTSllJieHil BR,11;U 6oaOHHHX o6paaoB O~OlffiCTlltUWX. 
onepaTopoB, BXO,ItlilllIDC B rru.m.m.TOHl!!SH MO,IteJIR. 

B IlpHJIOJJtemm B ,lt8Hll BHpa,!t8Hru[ ]t]ISI CHJIOBHX ROHCT~ ll ce:ityJISipHO
ro ypaBH8HRII ,ItJl!I co6cTBeHJWX aHa~eHl!!tt I'8Mll!JII,TOHl!!8H8 He:]. 

B 88KJm~emm CY}.!MHpYJOTCH peayJII,TSTH ,ItHccepTru:i;im H C(!)O::;lJY.lllipOBS
Hll OCHOBHHe noJio:ixern, mmocmrue Ha 88111HT]': 

I. Ha. OCHOB8 0~ nOJIOJJteim:ll WlltpOCKO~ecxo:ll Teopmt BH6pa
~orumx Boa6YJr,Jteim:ll BO Bpatnal)llll!XCJI ~ax paamrTa Mo,1teJII,, npEMemmrut 
.IVIH OIIl!Camm H.ll:8PHllX COCTOJIHJ!!i! KBR BB6pa~oHHoro, TSK H POT~OHHOro 
THIIOB (MO,IteJII, IIBnE+IlCIJi). 

2. BnepBHe B paMitS.X noJzyMm<pocRo~ecxoro no.zoco.zta paaBHT q>opua
JIHau ]t]ISI OIIHCSHRJI KOJIJI8KTRBHIDC COCTOHHH:ll OTP~TeJII,HO:ll ~eTHOC'l'R C 
yuepewnn.m 8Ha~8Hl!!HMH yrJIOBOro MOMBHTa. B lffiCTHOC'l'R, no~eHH ceey
JISipHl:l8 ypaBHeHl!!H,]t]ISI anep:rmr R CTPYKTYPH cpoHOHOB C OTP~TeJII,HO:ll ~eT
HOCTl,D BO Bpam8Jl!ltBXCH smpa:x:. 

3. Ha YCJIO:Bl!ff poTa~OHHOil H TPBHCJIJmlrOHHO:ll BHB8plt8HTHOCTII noJI
Horo I'aMWII,TOHl!!aHa onpe,1teJieHil H pacci:mTBHil ClIJIOBHe KOHCTSHTH OCTaTO~
Hl:lX B8811M0,1te:llcTBd. Pacci:mTamme aHa~eHl!H CHJIOBHX ROHCTaHT HSXOM'!'CH 
B xopomeM corJiaClim C paHee ll8B8CTIIWm peayJII,TSTSMR R ,ltaJJT B08MOJtHOCTD 
TeopeT~eCKR OIIRCaTD cneKTp BpamaTeJII,HllX noJIOC H IIpJilBe,Itemme Bepom
HOCTH nepexo.ztoB. B OCHOBHOM napaMeTpH MO,lteJIR IIBXIJiE+IlCIJi 6HJIR onpe,1te
JI8Hll Ha BWll8YK888HHHX ycJIOBH:ll 6ea nO'ArOHKR no 8Kcnepm.teHT8JII,HliM .ItBH
HHM. 

4. BnepBHe iµIaJIR8HpOBaJI0CD :BJlltSllm8 ,ItllnOJII,-,ItHIIOJII,HOro H ,ItllnOJII,- · 
OKTYIIOJII,HOro B88RM0,1te:llcTBHtt Ha CBOttCTBS COCTOHHd BpamaTeJII,HllX IIOJIOC. 

5. IlpOSHaJIH8HPOB8Ha CBHSD rDJI,ItCTOYBOBCKHX .izyxoma: pememlil Bpama
~erocH JJ,ll;pa o pemelillJ,"MH ypaBHeHd ,ltBDemur: B paMRaX IlCIJi. 

6. BnepBHe HOOJI8,lt0B8Ha aaBHCHMOCTD CHJIOBHX ROHCTBH'l' OCTaT01DIHX 
B88llMO,Ite:llcTBllff H MOMeHTa :imep~ OT cIIHHa. 

?. Ilo~eHH ce:ityJISipHOe ypaBHeHHe H YOJIOBJ!H ]t]ISI CB'JIOBWC ROHCTSHT 
B ~e 'llICTO OKTYIIOJII,-ORTynOJII,HOro B881IY0,1teffCTBHJI. IlpoBe,IteHH pac
~eTH 8Ha~eHHH B(EI)-qaRTOPOB no npocTofl'q,eHOM8HOJIOI'B1i8CRO! MO,lteJilJ 
]t]ISI CpaBH8HHH c·peayJII,TaTru.m noJIYMHlq)OCRO~ecKott T80plm (MO,lt8JII, 
IIBXIJ)Et-lICIJi). a TaIOJte C axcnepHMeHTOM. 

8. O!mcaH cneRTP BP8lll8T8JII,HHX nOJIOC COCTOJIHJ!!i! C noJIODTeJII,HOfl H 

oTR~TeJII,Hott ~eTHOCT.m.m: B paMitaX paaBHTofl uo.zteJm B H.ztP8X 158:ny n 
IS Er • B 'ISCTHOC'l'R, B 168 Er BWmOJI8HH aHepI'm! COCTOHHl!!ff BpantaTeJII,
HO:lt noJiocu c K~ = O!, ne.ztaBHO o6HapyiteHHo:ll axcnepm.reH'l'SJII,Ho. 
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9. BwmOJieHH llpRBe.ztemme BepoHTHOCTH EI-, E2-nepeXO,ltOB, .zt~e 
HeIIJioxoe corJiaCHe C aKcnepm.reHTOM. IlpH BWmOJieHIDDC IIO,ltTBe!).1lr.IteH TOT 
8KcnepHMeHT8JII,HHfl !lnKT, 'tl'l'O B 168sr 8Ha~eHHH B(E2)-qaRTopa ll8 fl -
IIOJIOCH , K: = 02> Ha OCHOBHyt) OK88HBBmCJI HS O.ItHH-,It;Ba nop.lU{KS MBHD
me, ~eM aHa~eHHH B(E2) Ha 1-noJiocu ( K~ = 21) Ha ocHOBHYJO. 
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