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OBm;AH XAPAKTEPHCTHKA PAEOTbI. 

AKTYaJibHOCTb paoOTbl. 

K HacTo.aw;eMy MoMeHTY HaxmmeHa o6umpHas: HHq>opMan;1rn, 

Kacarow;aJIC.ll HtJOCKaJrnpHbIX arreKTpII~eCKHX penoHaHCOB MYIThTII

IIOIThHOCTH ,\ :5 4 11 m:JOBeKTOpHbIX - ,\ :5 3, MarHHTHbIX peno

HaHCOB c ,\ :5 · 2. Brraroµ;ap.a panBIITIIIO B rrocrreµ;m1e rop;bI aKc

rrepIIMeHTaJihHOII "<pn:OIIKII T.ll)I{eITbIX IIOHOB rrorry~eHbI HOBble pe

nyrr1>TaTbl KaK OTHOCHTeITbHO y)Ke IInBeCTHbIX, TaK II paHee He 

Ha6rrrop;aBlllIIXC.ll penoHaHCHhIX COCTO.lIHIIfI, B TOM ~II~e BbIClllIIX 
u 

MYIThTIIIIOIThHOCTeII. 

Ycrrex11 aKcrrepnMeHTaJihHoii: q>ImHKII B aToM HarrpaarreHIIII rro-
u 

crry)KHITII CTIIMyrroM TeopeTII~ecKoro 1my~eHII.ll KorrrreKTIIBHOII 

. .aµ;epHOII µ;nHaMIIKH. qeHHOCTh MaKpOCKOIIII~eCKIIX rroµ;xop;OB co

CTOIIT a ~aCTHOCTII a TOM, ~TO OHi!" IIOQBOIT.lIIOT BhI.lIBIITh o6w;ue 

·TeHp;eHIJ;IIII.B naBIICIIMOCTII IJ;eHTpOIIp;OB 0Heprm1: ruraHTCKIIX pe

tJOHaHCOB OT TaKIIX xapaKTepIICTIIK .aµ;pa, KaK Maccoaoe ~ucrro, 

nap.aµ;, rrapaMeTphI µ;e<f>opMaIJ;IIII. 

PanaIIThIM B rrocrreµ;m1e rop;hl rroµ;xoµ; K orrIIcaHIIIO aoo6y)Kµ;eH

HhIX cocTO.lIHIIM .Hp;pa; 11Merow;11x· KorrrreKTIIBHYIO rrp11poµ;y, - Me

Toµ; MOMeHTOB <f>YHKIJ;IIII BurHepa, IIOOBOIT.lleT µ;ocTaTO~HO CKpOM

HhIMII BhI~HCITHTeITbHhIMH cpep;CTBaMH BOCIIpOIIOBeCTII ycpeµ;HeH

Hhie .aµ;epiibie xapaKTepIICTIIKU - HaIITII IIOJIO)KeHIIe IJ;eHTpOIIp;OB 

rpyrrrr ypOBHeii: II cyMMapHyro BepO.lITHOCTh IIX Boo6y)i(µ;emrn. 

8TOT MeToµ; o6naµ;aeT TaK)Ke 6orrhlllHMII IIOTeHIJ;IIaJihHbIMII BOQ

MO)KHOCT.HMII B rrpeµ;c1rnnaHHII "II IICCJiep;oBaHIIII HOBbIX Mop; BOO-

6y)Kµ;eHII.H. 

Hay-<J:HaJI· HOBHOHa H rrpaKTH~eCKaJI neHHOCTb. 

• B µ;uccepTaIJ;IIII rrorry~1m µ;arr1>Heiimee panBIITIIe MeToµ; Mo

MeHTOB <f>yHKIJ;IIII BIIrHepa: MeToµ; pacrrpocTpaHeH Ha TeH

oopbI rr.HToro paHra; rrorry~eHhl BIIpHaJihHhie ypaBHeHII.H p;rr.H 

TeHOOpOB TpeTbero paHra B crry~ae peaJIIICTII~ec~oro HYK

ITOH-HYKJIOHJ,IQ.r,g_Ji.:3g,!l_~.fOµ;e,ii:cTBIUI SKM*; MeToµ; IIcnorr1>no-
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BaH µ;IDI 1my"<IeHIUI aTOMHblX Hµ;ep, IIMeIO~IIX CTaTII'-IeCKYIO 

µ;ecpopMau;uro. 
.-' 

• Orrpeµ;en:eHO IIOJIO)KeHri:e µ;Byx u;eHTpOIIµ;OB ( B BblCOKO- II HIIO

KO:mepreTI:I'9:eCKOll o6rracTHX crreKTpa) MarHIITHhlX 4- -coc

TOHHI:Ill ccpepII"<IeCKIIX Hµ;ep. 

• Orrpeµ;erreHhl µ;Be o6rracTII rr0Karr1ma~1:1 c1mhl KorrneKTIIBHhlX 

IIOOCKaJIHpHhlX E5-rrepexoµ;oB B ccpepII"<IeCKIIX Hµ;pax. 

• Bhl"<II:IcrreHo pac~errrreHI:Ie 1mrHI:ITHoro 2--peooHaiica Ha µ;Be 

aHepreTII"<IecKI:I 6mmKiie KOMIIOHeHTbI - 1mocKarrHpHy10 11 

I:IOOBeKTOpHyIO. Ilpoµ;eMOHCTpI:IpoBaHa cy~eCTBCHHaJI ponb 

op61:1TarrbHoro µ;BI:I)KeHtrn µ;rur Boo6y)Kµ;emrn M2-pe;oHaHca. 

• IloKaoaHo, "ITO oaBI:ICH~ruI OT CKOpOCTII '9:aCTb BOaIIMoµ;e:n:

CTBIIH IIpIIBOµ;IIT K BoopacTaHIIIO porru KBaHTOBbIX rrorrpa

BOK K ypaBHeHIIIO BrracoBa rrpu OIIIICaHIIII HI:IOKOJIC)Ka~IIX 

IIoocKarrHpHhlX 3- -cocToHHII:n:. 

PeoyrrhTaTbl, rrony"<IeHHhle B µ;IIccep'rau;1rn, crry)KaT CTIIMyrroM 

IIOIICKa peOOHaHCOB .BhlCIIIIIX MYllbTIIIIOllbHOCTe:n: II µ;arrbHe:n:IIIero 
' I 

lICCJieµ;oBaHIIH COCTO.HHIIll, OTHOCIITCllbHO KOTOpbIX cy~eCTByeT 

CKyp;HaJI 0KCIIepIIMCHTaJibHM 1rncpopMau;1rn. 

Anpo6aQHJI paooTbI. 
OcHOBHhle peoynhTaTbI pa6oThl µ;oKnap;hlBarrIIcb Ha Me)Kµ;yHa-:. 

poµ;Ho:n: KOH<pepeHD;IIII "lfo6paHHhle BOIIpOCbl CTpyKTypbl Hµ;pa" 

(,II:y6Ha, 1989), 40 II 41 CoBe~amrnx no Hµ;epHo:n: crreKTpocKorrirn 

II CTPYKType Hµ;pa (Jiemrnrpaµ;, 1990; M1rncK, 1991), Me)Kµ;yHapo

µ;Ho:n: KOH<pepeHu;IIII "MexaHIIOMhl Hµ;epHbIX peaKu;IIrr" (BapeHHa, 

1991 ). 0HII TaK)l(e Heoµ;HoKpaTHO µ;oKnaµ;hlBaJIIICb Ha CCMIIHapax 

JIT<I> Ol1Hl1. 
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IJyoJIHKaQHH H O O'beM pa60Tbl. 
0cHOBHhle peoyrrhTaTbl µ;uccepTaD;IIII orry6JIIIKOBaHhl B 6 rre

"<IaTHbIX pa6oTax. ,II:nccepTau;IIH COCTOIIT 1m BBeµ;emrn, '9:eTbipex 

. rnaB, Tpex rrp1IJIO)l(CHIIH 1I oaKJIIO"<IeHIIH. Co;a;ep)KIIT 107 cTpamiu; 

TCKCTa, BKJIIO"IaJI 11 pncyHKOB II 4 Ta6JIIID;blj B CIIIICOK JIIITepaTyphl 

BKJIIO"<ICHO 97 HaIIMeH0Bam1i'1. • 

OcHOBHhie peoyJihTaTbI, BbIH0CHMbie Ha oamHTY. 

1. MeToµ; MOMeHTOB pacrrpocTpa:aeH Ha TeHoopbI IIHToro paH

ra. B rrpn6JIII)KCHIIII HCC)KIIMaeMoro Hµ;pa c peoKIIM KpaeM 

BbIBeµ;eHbI ypaBHeHirn µ;Birn,;:emrn µ;nH COOTBeTCTBYIO~IIX KOJI

JieKTIIBHbIX rrepeMeHHbIX. Ilony"<IeHhl ypaBHeHirn MeToµ;a MO

MCHTOB µ;nH TCH30p0B TpeTbero paHra C CIIJiaMII CKIIpMa II 

C Y"<ICTOM µ;ucpcpy3HOCTII Hµ;epHOII IIOBepXHOCTII. 

2. IloKaoaHo, "ITO Y'-IeT ·1moc1nrnoBbIX cTerreHei'r cB06oµ;b1 II 3a

BIICH~rui: OT CKOpOCTII '9:aCTb BOaIIMO;D;CHCTBIIJI IIpIIBO;D;HT K 

pac~errnemrro MarmITHoro KBaµ;pyrronhHoro ·peooHaHca Ha 

µ;Be ·aHepreTIPICCKII 6mmKIIe KOMIIOHCHThl - IIOOCKarrHpHyIO 

11 II30BCKTOpHyIO. Ilpoµ;eMOHCTpupoBaHa cy~eCTBCHHM 

ponh op6uTarrbHoro µ;BIDKeHIIH µ;nH Boo6y)Kµ;emrn M2-peoo.: 

HaHca. 

3. Ilony..:.1eHo µ;Ba u;eHTponµ;a aHeprni'I IIOOCKarrHpHbIX E3-rrepe

xoµ;oB: 0µ;1rn - rnraHTCKIIII OKTyrronhHhlII penoHaHc, BTopoii 

- u;eHTpouµ; Bcex 3--COCTOHHllH, JIOKaJIIIOOBaHHhlX B o6na

CTII rrepBm':'r ocu;unnHTOpHoi'r o6ono"<IKII. Pac"<IeT µ;aeT TaK)Ke 

µ;Be. IIooBeKTopHbie 3- -,Moµ;h1: 1moBeKTOpHbIII rnraHTCKIIII 

OKTYTIOJihHhIII penoHaHc II u;eHTpo11µ; HIIOKoJie)Ka~nx 3- -coc

TOHHIIII. 

4. ,II:a.Ha TeopeTII'-IeCKaSI ou;emrn 0HepreTil"ICCKIIX 06nacTe1'i: KOH

D;CHTpau;mI CUJibI IIOOCKaJrnpHbIX .i\14-nepexoµ;oB B ccpepu"<Ie-: 

CKIIX Hµ;pax. 
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5. Pacc~TaHhl n;eHTpo11µ;hl aHeprIIiin BepoHTHOCTII Bon6y)Kµ;e

HIIH IIOOCKaJIHpHbIX KOJIJieKTIIBHbIX 5-:- -COCTOHH_IIll cq>epII"'Ie

. CKIIX Hp;ep. Haiiµ;eHbI µ;Be BO3MO)KHbie o6rraCTlI JIOKaJIIman;uu 

cooTBeTCTByro~en: MYJibTIIITOJibHon: cimhl II on;eHeH BKrraµ; 

Ka)Kµ;oro IIn ypoBHerr,B npaBIIrro. cyMM. 

6. IloKanaHo, "'ITO pewaro~rur porrb B BOOHIIKHOBeHIIII CTaTII

"9:eCKOII µ;eq>opMaIJ;IIII aTOMHbIX .nµ;ep npIIHaµ;Jie)KIIT onepa

Topy KIIHeTII"'IecKoii ~HeprIIII. BhlqIIcrreHbI 0HepreTH"'!ecKmI 

cneKTp II npIIBeµ;eHHble BepOHTHOCTII E2-nepexoµ;oB B na

BIICIIMOCTII OT nHaqeHIIH napaMeTpa µ;eq>opMan;1m Hµ;pa µ;rrH 
BbIT H_HYTbIX. II, CIIJIIOCHYTbIX 3JIJIIIIICOllp;OB. 

Co,a;ep:>KaHlle ,Jl;HCcepTaIJ;HH. 

Bo nne,a;eHHH KpaTKo IIOJIO)I(eHa nocTaHoBKa q>ImH"'!ecKo:ii na

µ;a"'III II o60CHOBaHa aKTYaJibHOCTb IICCJieµ;yeMbIX rrpo6rreM. 

B nepnou: rJiane, KOTOpaH HOCIIT BBOp;HbIH xapaKTep, 1mrra

raroTcH OCHOBHble IIOJIO)KeHII.ll MeToµ;a MOMCHTOB. 

B nepao.M. pa3oe11,e,.HaqnHM' c ypaBHeHirnXapTpu-<PoKa µ;rrH 

oµ;HoqacTII"'IHOll Ma TpHD;hl IIJIOTHOCTII p ( ri, ~, t) II ucrrorrhnyH rrpe

o 6panoBaHIIe BnrHepa, norryqeHo ypaBHeHIIe µ;rr.n KBaHTOBOH q>yH

KIJ;IIII pacrrpeµ;erreHII.ll B q>anoBOM rrpocTpaHCTBe { f, p} ( <PYHKI(IIII 

BIIrHepa f (r,p, t)): 

-, a r _ 2 . { ;,, ( ..:. If .... 1 :... If .... ') } '·. 
8t'- ,?m 2 v\ "\\ - VP 'vr Hwf' (1) 

rµ;e Hw - BIIrHep7o6pan raMIIJibTOHIIaHa. Ecrrn ocTaBIITb TOJibKO 

rrepBblH "'IJieH panJIO)I(eHII.ll sin. B p.nµ;, TO ypaBHeHlie ( 1) B TaKOM . 

npII6ITII)KeHIIII CBOµ;IITC.ll K KIIHeTI1qecKOMY ypaBHeHIIIO BrracoBa •. 

Ilocrreµ;yro~ue -qrreHbI panITO)KCHIIH - KBaHTOBble rrorrpaBKII K ypa

BHeHIIIO BrracoBa. 

liHTerpIIpOBaHIIeM KBaHTOBOrO KIIHeTII"'IeCKOrO ypaBHCHII.ll ( 1) 
B IIMIIYJibCHOM rrpocTpaHCTBe C panmI"'IHblMII BeCaMII nony-qaeTCH 
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6ecKOHeqHaJI CIICTeMa ypaBHeHIIH "rnµ;poµ;IIHaMII"'ICCKoro" TIIIIa 

p;mI IIJIOTHOCTII p (f, t), KOITJieKTIIBHOll CKOpOCTII it (r, t), KOMIIO

HeHT TeHnopa p;aBJICHIIH (BHyTpeHHIIX Harrp.s:)I{eHIIH) Pij (r, t) II 

TeHnopoB 6onee BblcoKoro paHra Pi; ... k (r, t). TaKIIM o6panoM ocy

~ecTBJIHeTCH nepexoµ; K MaKpOCKOIIIl"'ICCKOMY OilIICaHIIIO KOJirreK

TIIBHOlI Hp;epHoi-i: µ;1maMIIKII. Ilp:Ii aToM µ;1rnaMn"'!ecKne rrepeMeH

Hbie P, it, Pij II T.µ;. II ypaBHCHIIH IIX 3BOJIIOI(IIII orrpeµ;err.s:IOTC.SI 

B TepMIIHax IIMnyrrhCHbIX MOMeHTOB oµ;HoqacTIJqHOH KBaHTOBOH 

q>yHKIJ;IIH pacrrpeµ;erreHIIH. 

B pa3Uel£e 1.2, lIHTerpIIpOBaHIICM IIOJIY"'ICHHOli B 1.1 ClICTCMhl 

B KOopµ;IIHaTHOM rrpocTpaHCTBe C panmI"'IHbIMII BecaMII IIOJIY"'!a

eTCH 6ecKOHeqHaJI cuc-reMa BIIpIIanbHbIX ypaBHCHII:n: µ;rrH MOMeH

TOB <PYHKIJ;IIII BIIrHepa B q>anOBOM npocTpaHCTBC 

ik+~··•in = J drf dpf(r,p, t)Pi1Pi2 • • • PikXik+l Xik+2 • • • Xin • 
IJ ••·1k • 

(2) 

-BecKoHe"'IHM cIIcTeMa BIIpIIaJibHbIX ypaBHeHII:n: pacnaµ;aeTcH 

Ha KOHeqHhle noµ;cucTeMbI, OIIIICbIBaIO~IIe µ;IIHaMIIKY TeHnopoB 

Jf:.:J/n orrpeµ;erreHHoro paHra n (k MeHHCTCH OT O·µ;o n)), xapaK

Tepm3y10~11x pacrrpeµ;erreHIIe HYKJIOHOB He TOJibKO B Koopµ;IIHaT

HOM (MyJihTIIIIOJihHble MOMCHTbI), HO II B IIMilYIThCHOM npocTpaH

CTBe. IlpII TaKOM rroµ;xoµ;e CTaHOBIITCH HCHO, qTo µ;rrH KOppeKTHOro 

OilIICaHirn 3BO1IIOI(IIII MOMeHTa .nµ;pa MYJibTIIIIOITbHOCTII ,\ HY)KHO 

y"'leCTb µ;e·q>opMaD;IIIO IIOBepXHOCTII <PepMII (,IJ;II <P). BCex MYJibTII

IlOJibHOCTeii: BIIJIOTb µ;o >.. 
BnpIIaJibHble TeopeMbI OKa3bIBaIOTCH xopowe:ii: OCHOBOII µ;rrH 

1my"'IeHIIH MaJibIX BO:JMy~eHIIii paBHOBecHoro cocTOHHII.lI Hµ;pa. C 
3TOH I(CJibIO BIIpIIaJibHbIC ypaBHeHIIH BapbIIpyIOTCH II JIIIHeap1my:

IOTCH no aMnJIIITyµ;aM (pa3oe11, 1.9). B penyrrhTaTe rrorry-qaroTc.s: 

ypaBHeHIIH p;BII)KeHII.s:, OIIIIChlBaro~ne BH6pan;noHHhle BO36y)Kµ;e

HIIH .s:µ;pa panrrII"'!HO:n: MYJihTIIITOJihHOCTII ,\. ,il;IIHaMIJqecKIIMII ne

peMeHHbIMII B HIIX CJiy)KaT Bapnan;IIII TeHnopoB Jft:t·•in (n ~ >.). 
B noc11,eoue.M. pa3oe11,e rrpoµ;eMOHCTpIIpoBaH cnoco6 pac"'!eTa 

BCpOHTHOCTCli B paMKax MCTOµ;a MOMCHTOB C IICIIOJib:JOBaHIICM Te

opIIII rrIIHCHHoro OTKJIIIKa, B q>opMe, rrpeµ;rro)I{eHHOH JleHHOM. 
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· Bo BTopou: rnaBe c II0M0l.l.\bIO BupHarrbHbIX ypaBHeHHII p;JUI 

TeH30pOB TpeTbero paHra lICCJiep;yIOTCJI B036y)Kp;eHH.H OTpH:qa

. TeJibHOH "!eTHOCTII MYJibTHII0JibH0CTII ,\ ::; 3 B c<pepII"IeCKIIX .Hp;pax 

C pearrIICTII"IeCKIIM HYKJI0H-HYKJI0HHbIM B3aIIMop;encTBIIeM CKIIptm 

(:aapnaHT SKM*). · 
B nep60M pa3ae.11,e BbIBep;eHbl ypaBHeHII.H MeTop;a M0MeHT0.B 

B crry-qae pearr:iICTII"IeCKOro II0TeH:qIIarra C y-qeT0M p;11<pq>Y3HOCTII 

.np;epHoii IIOBepxHOCTII. ,I(JI.H paBH0BeCH0ro 3Ha'leHirn TeHoopa p;a

BJieHIIH IICII0JihoyeTc.H nprr6JIII)KeHIIe ToMaca-<l>epMu. IIorry"IeHHble 

ypaBHeHIIH MoryT CJIY)KIITb OCHOBOH }J;JI.H 1my"IeHIIH K0JIJieKTIIBHbIX 

3--, 2-- II 1--cocToHHHH. PearrIIcTII"IHOCTh BoaIIMop;eHCTBIIH rro-

3B0JIHeT· HapHp;y C II30CKaJIHpHbIMII BKJIIO"IHTb B paCCM0~peHHe II 

II00BeKT0pHbie MOp;bI. 

IloKa::3aHo, "ITO 0aBIICJll.l.\ruI OT CK0p0CTII .'laCTb BOaIIMOp;eii

CTBIIH IIpIIB0}J;IIT K II0HBJieHlIIO KBaHT0BbIX rronpaB0K BO BCex }J;II:

HaMII"IeCKIIX ypaBHeHII.HX ;o;rr~ IIMIIYJibCHbIX M01:IeHT0B <pyHK:qlm 

BIIrHepa, oa IICKJIIO"IeHHeM ypaBHemrn HerrpepbIBH0CTII ( ecrrn Boa

IIMop;eiicTBIIe H0CIIT JIOKaJibHblll xapaKTep, TO KBaHT0Bble rrorrpa

BKII BrrepBbie II0HBITHIOTCH JIIIIIIb B ypaBHeHirn p;rrH TeH::30pa TpeTb-

ero paHra Piik), , 
' B pa3ae.11,e 2.2 ITOJIJ"IeHO Bbipa)KeHJie }];JUI BapIIa:q1m ( b) OKTy

II0JibH0r0 M0MeHTa H;o;pa Q3,.,. B TepMIIHax KorrrreKTIIBHbIX rrepeMeH

HbIX oap;a"III. Haiip;eHbl rreplI0;ll;II"IeCKIIe ( ~ iwt) peIIIeHII.H CIICTeMbI 

ypaBHeHnii, orrncbrnaIOl.l.\eH ;o;1rnaM11Ky bQ3 ,.,. ( coBMeCTH0 c rrepe

MeHHbIMII, co;o;ep)Kal.l.\IIMII IIH<popMa:q1110 o ,I(II<I>). ~XapaKTepn

CTII"!ecKoe ypaBHeHne CIICTeMbl HBITHeTCH II0JIIIH0M0M "!eTBepToro 

II0pHp;Ka 0TH0CIITeJibH0 w2 II p;aeT "IeTbipe ceMIIKpaT~O Bbip<>

)K;ll;eHHbIX yp~BH.H. AHarrim BepoHTHOCTeII Boo6y)Kp;emrn: 11 BKJiap;oB 

B IIpaBIIJia CYMM IlOKatlbIBaeT, "ITO HaIIp;eHHhie peIIIeHirn X0p0III0 

pao;o;erreHbl 110 II00CillIHY - p;Ba 113 HIIX rrpaKTII"IeCKII II0JIH0CTbIO 

IIC"IeprrbIBaIOT IIO0CKarr.HpHoe, a p;Ba ;o;pyr,ux - II00BeKT0pHoe rrpa

BIIJia cyMM. ' 

Op;IIH II3 II0OCKaJIHpHbIX ypoBHe~ HBJIHeTCJI ruraHTCKIIM OKTy

II0ITbHbIM peooHaHcoM (GOR). IlpoBep;eHbI pac"!eTbI :meprnu aTo-
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•"I 

:ta 

ro C0CTO.HHIIH B · 0aBIICIIMOCTII OT MaccoBoro "IHCJia (pnc. 1 ). Pe

nyJibTaT corrracyeTC.H C aKcrrepIIMeHTOMj 0TJIII"IIIe Ha6mop;aeTCSI 

mIIIIb B p;e<popMIIpoBaHHbIX Hp;pax; IIorry-qeHa o:qeHKa BKJiap;a GOR 
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PHc. 1: lfoocKarrHpHbIH GOR (neHTp011µ; 

aHeprIIII). · 

B 1mocKa.JI.HpHoe (IS) aHepreTII"IeCKII B0BeIIIeHHOe .rrpaBimo cyMM 

(EWSR). OH rrpaKTII"IeCKII He oaBIICIIT OT A II cocTaBIT.HeT ~ 54%, 
"ITO corrracyeTC.H C aKcrrepIIMeHTOM ;o;m1 cpep;HIIX II TH)KeJiblX Hp;ep. 
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PHc. 2: IJ;eHTpou;a;bI aHeprmi: II30CKaJISip

HbIX 3--cocTOSIHIIII, rre)Kal.l.\llX HmKe GOR. 

IlyHKTHpHrui mrn1rn - pac~1eT 6e□ KBaHTOBoi'1 

nonpaBKH. 
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BTopoii II:JOCKaJUipHbIII ypoBeHb IIHTepnpeTupyeTc.n KaK u;eHT

ponµ; Bcex 3--cocTo.n:auii, ne)Ka~ux Hn;.Kc GOR (puc.2). ~o MHO

rnx .n;a;pax Ha6mo;a;aeTC.ll <f>parMeHTau;1rn Cil1IbI lliw E3-nepexoµ;a 

no HCCK01IbKlIM COCTOHHIIHM. 8KcnepIIMCHTMbHbie ou;eHKlI IlOKa

m,rnaroT, 'ITO B o6~ei'I C1IO)KHOCTII B o6naCTlI nepBOII OCD;II1I1I.llTOp

HOH o6ono'lKlI B T.ll)Ke1IbIX Hµ;pax noKan1moBaHo ~ 35% ISEWSR, 

'ITO Haxoµ;nTc.n B cornac1rn c penynhTaTaMII pac'leToB. 

. IlplI 1IOKMbHOM B:JaIIMOp;eHCTBIII-I KBaHTOBbie rronpaBKlI npaK

TlI'lCCKII He B1IIIH¥)T Ha 3Heprnn II BepOHTHOCTlI BO:J6y)Kµ;eHII.H 

lI:JOCKMHpHbIX 3- -COCTOHHlIII. IloKa:JaHo, 'ITO HC1IOKMbHOCTb B:Ja

lIMoµ;ei'1cTBIIH np1rnoµ;11T K yc1meHIIIO :JaBIICIIMOCTll aHepr1rn HII:JK0-

1Ie)Ka~eii II:JOCKMHpHOH MOp;bl OT KBaHTOBblX nonpaBOK: aHeprirn 

3Toro COCTOHHII~ npII y'leTe KBaHTOBbIX nonpaBOK yBemr<nrnaeTC.H 

IlO'lTlI Ha 50% B TH)KC1IbIX Hµ;pax II Ha TPCTb B nerKI'l:X. 

BhI'lIIcneHHoe nono)Kem1e 1moBeKTopHoro GOR corna.cyeTc.n 

40-,---------------
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A 

PHc. 3: IfooBeKTOpHbIII GOR ( u;eHTpon;a; 

aHeprIIii). 

t--

C 3KCIIepIIMCHTOM (pIIC. 3). Pac'leT µ;aeT TaK)KC u;eHTpOIIp; HI-I:J-

_K01Ie)Ka~IIX nnoBeKTOpHbIX 3--cocTOHHI-IH B paiioHe 11-14 MaB,. 

Ha· ;a;onro KOTOporo npIIXOµ;IITCH OKO1IO 13% I-I:JOBCKTOpHoro (IV) 

EWSR B nerKHX .n;a;pax ( 4°Ca), II 3Ta µ;onH yMeHbIIIaeTC.ll C po

CTOM A, µ;oxoµ;H µ;o 6% B 208Pb. 

06_a II:JOBCKTOpHbIX 3--COCTOHHIIH lIC'lepnbIBaIOT 105, 4% 

IVEWSR, a II:JocKanHpHbie 3- -Bon6y)Kµ;eHHH-94% ISEWSR. 8To 
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npoIIcxoµ;IIT Bcneµ;cTBHe Toro, "'ITO paccMaTpHBaeMbI~ --ieTbipe MO-
- . . 

p;bI He panµ;enHIOTCH CTporo Ha lIOOCKMHpHbie _lI lIOOBeKTOpHbie. 

B pa3ae.t£e 2~9 np1rnep;eHbI peoynhTaTbI pac'leTa aHeprm1 n 

·BepOSITHOCTII Boo6y)Kp;CHlIH MarHIIT~OrO KBap;pyn~ITbHOrO peoo

.HaHca,' 2-. _Y'leT lI:JOCIIlIHO~bIX cTeIIeHerr CB06o;a;1,1, a TaK)Ke OaBlI-

CH~aH OT CKOpOCTII -~IaCTb B:JaIIMO;IJ;CIICTBI-IH nplIBOp;HT K_ pac~e-
. ~ u 

nneHI-IIO a:roro penoHaHca Ha µ;Ba ypoBHH: lI:JOCKaJIHpHbIII II lIOO-

BCKTOpH~III. @aMeTIIM, "'ITO npI-I pac'leTax He Y~lITbIBaJilICb cmI-

. HOBbie cTeneHn cBo60AhI ( onnchIBaeMbie 2--Bon6y::iKp;eHHH nMe~T 

'llICTO opfoI_TMbHbill xapaKTep ). Bbiii:I-IcneHHbie aneKTpOMarHIIT

Hbie B(M2)-q>aKTOpbI B cpep;HeM COCTaB1IHIOT OKO1IO 20% OT_ 0KC

n~pIIMCHTMbHbIX OHa~eHHll, 'ITO cornacyeTCH C ou;eHKaMlI BKJiaµ;a 

op 61-ITaJibHoro µ;BmKeHm:r, rrony'leHHbIMH µ;pyrI-IMII aBTOpaMII :a 
paMKax RPA. 

. B pa3aeae 2.4 Ha OCHOBe ypaBHCHIIll p;BII)KCHIIH µ;JIH p;eKap

TOBbIX TeHoopoB 1-ro paHra BbI'lIIcrreHbI aHeprIIII lI BepoHTHOCTII 

Boo6y)Kµ;eHIIH r11raHTCKor_o µ;1monbHoro penoHaHca (GDR) ;IJ;JIH 
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PHc. 4: D;eHTpo11;a; GDR. Cnnournasr nnmrn 

- MeToµ; MOMeHTOBj nyHKTHpHaH - MOµ;enh )KU

p;KOH Kannn, E ~ 70A-1!3 MaB. 

.sr;a;ep C ;a;opO)KKII ,8-cTa6I11IbHOCTII •. IIcmy--ieHO aHMIITII'lCCKOe BbI

pa)KCHIIe .p;1I.H p;IIIl01IbHOro npaBIImi cyMM, KOTopoe OT1III"'laeTCH 
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OT KJiaCCII"'!eCKoro MHO)KIITeJieM ( TaK HruJbIBaeMblll qmKTOp )'CIIJie

Hirn: ), BO::JHIIKaIOll.\IIM Im-na HeJIOKaJibHOCTII B::JaIIMO;a;ei'1cTBllil. Pac

C"'IIITaIIHblll neHTpou;a; GDR 11c"<IeprrbIBaeT rrorrHOCTbIO rrpammo 

cyMM. <PaKTop ycurremrn MemieTcH OT 1,25 rrpu A = 20 ·;a;o 1,42 

rrpll A = 240 II ::JaMeTHO YJIY"<IlllaeT cornacue TeopIIII C aKCIIeprr

MeHTOM. 

B TpeTheH rJiaBe paccMaTpnBaIOTCH unocKarrHpHhie 4- - II 

5- -KOJIJieKTIIBHbie COCTOHHIIH ccpepII"'ICCKIIX H;a;ep. 

B nepaoM pa3de11,e BbIBe;a;eHbI BIIpIIarrhHble ypaBHCHIIH ;a;o rrH

Toro rropHp;Ka BKJIIO"'IIITeJibHO B rrpn6mrn<:eHIIII HeC)KHMaCMOl'O 

H;a;pa C peOKIIM KpaeM. IlpII aTOM HC Y"<IIITbIBaJIOCb OCTaTO"'IHOe 

HyKJIOH-HYKJIOHHOe B::JaI1Mo;a;ei'1cTBHe. PaBHOBeCHbie OHa"<IC_HIIH TCH

oopa ;a;aBneHni'1 II TeHoopa "<IeTBep-roro paHra 6bmII BhI"<IIICJICHbl B 

rrp116nmKeHHII cpepMn-raoa. IIonr1eHHbIC ypaBHCHIIH MoryT 6bITb 

IICIIOJib::JOBaHbl ;IJ;JIH ImrICHIIH KOJIITCKTIIBHbIX IIOOCKaJI5IpHbIX B0:3-

6y)K;IJ;eHHll 1 - , 2-, 3-, 4-, 5'.:... · 
B pa3de11,e 9.2 rrorry>'IeHa cncTeMa ypaimeHnii, om1cbIBaIOll.\ru.I 

BpeMeHHYIO aBOJIIOUIIIO Bapnanmr MarHIITHOro reKca;a;eKaIIOJibHOro 

MOMCHTa Hµ;pa. PeUICHIIC COOTBCTCTBYIOll.\CrO xapaKTCpllCTII"<Ie

CKOro ypaBHCHIIH ;a;aeT µ;Ba ;a;eBHTIIKpaTHO BbipmK;D;CHHbIX ypoBHll 
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A 

reKcaµ;eKaII01IbHbIC MarHIITHbIC 

Boo6y)K;a;eHirn. Jlumrn 1 - Toqnuii pacqeT, 2 -
yqTeHhl KBagpyponhHaiI H OKTynonhHaiI ,UIT<t>, 
3 - yqTena T01IhKO KsagpynonbHaiI ,UIT<t>. 
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c·~HeprIIHMII E(41) = 60A-1~3 MaB II E(42) = 185A-1l 3 MaB. 

OneHCHO BJIIIHHIIC BbICllIIIX MYJibTIIIIOITCll ,I(II<t> Ha paccMaTpIIBa

CMbIC COCTOHHIUI. Pnc. 5 ;a;eMOHCTp11pyeT paorr11'Ilie B oneHKax 

aHepr11i'1 4--Bon6y)K;a;eH11ii, nony"<IaeMblX c y"<IeTOM paoHbIX rropH;a;

KOB ,I(II<t>. B HacTOHll.\ee BpeMH a~crrepuMeHTaJihHruI IIH<popM~IIH 

OTHOCIITCITbHO KorrrreKTIIBHbIX cocTOHHIIii 4- OTCYTCTByeT. Pac

"<ICTbl rroKaobIBaIOT, "<ITO Hanp11Mep B 208Pb KOHUeHTp~IIIO CIIJihI 

M 4-rrepexo;a;oB MO)KHO O)KII;a;aTb B 06rracT11 aHepr11i'1 ~ 10 Mai:3. 

_ BbI"<IIIcrreHbl TaK)Ke B( 1\14 )-q>aKTOpbI rrpe;a;cKaoaHHbIX cocTOHHIIII. 

B pa3de11,e 9.9 BbIBeµ;eHbl ;IJ;llHaMII"'ICCKIIC ypaBHCHIIH ;a;n.a Ba

p11an1rn 2 5-rronbHoro a~eKTp11-qecKoro MoMeHTa. IIony"<IeHo cooT

BeTCTBYIOll.\ee xapaKTepllCTIPieCKOe ypaBHCHIIC. 0HO IIMeeT ;IJ;Ba 

pelllemrn: E(51) 136,5A-1/ 3 MaB II E(52) = 293A-1l3 MaB. 

KaK Bll;IJ;HO 110 p11c. 6, II B 0TOM crry-qae penyJibTaT KOJIII"'!eCTBeHHO 
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PHc. 6: SneKTpII"<IecKIIe 5--Boo6y)K;a;eHirn. 

JlnHnn 1 - TOqHhiii pacqeT, 2 - yqTeHhI ,UIT<t> 
MYJihTnnoJibHOCTII A =:= 4, 3, 2 ( B MaCIIITa6e 

0Toro pucynKa BTopaiI KpHBaiI cosnagaeT c sep~ 

XHeH CTTJIOIIIHOH ); JIHHIUI 3 - yqTeHhl ,un <I> c 

..X = 3, 2; nmnUJ 4 - yqTeua TonhKo KBagpy

nonhnaJI ,IJ,Il<t>. 

11 Ka"<IecTBeHHO naBIICIIT OT y"<IIITbIBaeMoro nop.rr;a;Ka ,I(II <t>. B "<Ia

CTHOCTII IlOKaoaHo, "'ITO CCJIII orpaHII"'IIITbCH TOJibKO. KBa;a;pynorrb

HOll ,I(II <t> ( KaK ;a;enaeTCH B 6onbllIIrncTBe pa6oT npu aHarr1me Korr-
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JieKTIIBHOro .sr;a;epHoro ;a;BmKeHIIH B JIOKaJihHhIX rrepeMeHHhIX), TO 
OCTaeTCH TOIThKO o;a;1rn ypoBeHh C aHeprHerr E(5-) = 192 . .A-1!3 

MaB. 
3KcrrepIIMeHTaJlhHaJI IIH<popMan;IIH O BOn6y)K;a;eHIIHX 0Toro TII

rra IIC"<IepIIbIBaeTCH e;a;IIHCTBeHHbIM yKanaHIIeM Ha JIOKaJIIman;ruo 

5--CIIJihI B 116Sn II 208Pb rrpII aHepnrnx cooTBeTCTBeHHO 20 $ 
Ex $ 30 MaB n 16 $ Ex $ 26 MaB. BhI"<IIIcrreHHoe rrorro)KeHIIe 

n;eHTpoII;a;a HIIOKorre:iKa~IIX 5- -COCTOHHIIli xoporno corrracyeTCH c 

IIMeIO~IIMIICSI aKcrrepnMeHTaJlhHhlMII ;a;aHHhIMH (pnc. 6) II c MII-:

KpOCKOIIII"<:IeCKIIMII on;eHKaMII, rrorry-qeHHhlMII ;a;pyrIIMII aBTOpaMII. 

B aTOM pao;a;erre TaK:iKe rrp1rne;a;eHhl penyrrhTaThI pac"<:IeTa Be~ 

pOHTHOCTen: BOo6y)K;a;eHirn rrorry"<IeHHhlX n;eHTpOIIp;OB. II IIX BKrra;a;hI 

B ISEWSR. IloKa:JaHo, "<ITO aTH ypoBHII uc-qeprrhrnaroT rrpaBirno 

CYMM, p;aBaJI B Hero BKrra;a; 57, 5% (BbICOKOITe)Ka~IIli) II 42, 5% 

( HIIOKOile)Ka~IIIl'.). 
Co;a;ep)KaHHe 'ieTaepTOH rJiaBhl cocTaBrrHroT penyrrhTaThI, 

rrorry"<IeHHhie C IIOMO~hIO BIIpIIaJihHhIX ypaBHeHIIIl'. ;a;rrH TeHnopoB 

BToporo paHra. 3;a;ech IIny-qaIOTCH paBHOB~CHaJI <popMa II KBa;a;py

IlOJihHhie KOJie6aHIIH Hp;ep, IIMeIO~IIX CTaTII"<:IeCKYIO ;a;e<popMaD;IIIO. 

Pac"<IeT TaK)Ke rrpoBe;a;eH B npII6JIII)KeHIIII HeC)KIIMaeMoro .sr;a;pa .c 

penKIIM KpaeM. PaBHOBeCHaJI <popMa .sr;a;ep arrrrpOKCIIMIIpyeTCH arr-
7 

1IIIIICOIIp;a.'1II. 

, B pa3a~.tr,e 4.J IICCrre;a;yroTCH BIIpIIaJihHhle ypaBHeHIIH B CTan;II

OHapHOM crry"<Iae. 0HII OIIIIChIBaIOT 6arraHc ;a;aBrreHIIH, KYJIOHOBCKIIX 

II .sr;a;epHhIX CIIIl. TeHnop .sr;a;epHhIX CIIIT pan;a;errHeTCH Ha ofrheMHyro II 

noBepxHOCTHYIO "<:IaCTII, IIpII"<IeM nocrre;a;H.HH rrapaMeTp1myeTC.H no

BepxHOCTHhIM HaTH:iKeHlieM. AiiarrIIn CTan;IIoHapHhIX ypaBHeHIIll 

IIOKa:JbIBaeT, "<ITO orrpe;a;emIIO~aJI porrh B BO:JHIIKHOBeHIIII CTaTII-~ 

"<:IeCKOil'. p;e<popMaD;IIII IIpIIHa;a;rre)KIIT TeH:JOpy ;a;aBJieHmI, IIpII"<IeM 

;a;eq>OpMan;nH BO:JMO)l{Ha TOIThKO IIpII ammoTpOIIHOM TeHnope ;a;a

BITeHIIli. 
B pa3ae.11,e 4.2 norry"<IeHhI ypaBHeHH.H ;a;BII)KeHIIH, OilIIChIBaIO

~IIe KBa;a;pyrrorrhHhie KOJie6aHIIH H;a;pa. ThraHTCKIIIl'. KBa;a;pynOJih

Hhlll penoHaHc (GQR) pac~enrr.HeTc.sr na c-qeT ;a;e<popMan;1rn Ha 

12 

TpII BeTBII, COOTBeTCTBJIO~IIe TpeM npoeKD;II.HM yrrroBoro MO
MeHTa Ha OCh CIIMMeTpIIII .Hp;pa •. BbI"<IIICITeHHaJI BeJIII"<IIIHa pac~e

nrreHirn corrracyeTc.H c aKcrrepIIMeHTaJihHO Ha6rrro;a;aeMhIM, ynmpe

HIIeM GQR B ;a;e<popMnpoBaHHhIX .sr;a;pax. Pacc"<:IIITaHa TaK)Ke na

BIICIIMOCTh crreKTpa GQR B 168Er OT ;a;e<popMan;mx .Hp;pa p;rr.H BhI

T.HHYThIX II CIIITIOCHYThIX c<pepou;a;oB. 

B pa3ae.11,e 4,9 BhIBep;eHbI aHaJIIITII"<:IeCKIIe q>OpMyJibI )J;JI.H Bepo

HTHOCTell Bon6y)Kp;eHIIH BCeX Tpex KBa;a;pynOJihHbIX MOp; II pacc~II

TaHa naBIICIIMOCTh B(E2)-cpaKTopoB oT ;a;e<popMan;1m. IloKaoano, 
"<ITO pacc"<:IIITaHHbln: penoHaHC IIC"<IeprrhrnaeT 100% EWSR 

B oaKJIIO'iCHHH nepe"<IIICITeHhl OCHOBHhie penyrrhTaThI pa60TbI. 

B npHJIO:>KCHHJI BhIHeceHhI HeKOTOpbie rp0Mon;a;K1Ie MaTeMa

TII"<:IeCKIIe COOTHOilleHirn II <popMyJihI crrpaBO"<:IHOro xapaKTepa. 
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