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OBIIJ;AJI XAPAKTEPMCTMKA PABOTbI 

ARTyaJILHOCTL pa60TLI. Pa3DIITHC :mcnepIIMeHTafilHOH TCXHlIRH llpIIBCJIO 

K OTKpJ,ITIIIO MYJILTIInomHmc rIIraHTCKIIX pe3oHaHCOB {MI'P), B CBJI3II c qeM He 

OCJia6enaeT HHTepec II I{ II3yqeHIIIO ,naB.H0 II3BCCTHoro rIIraHTCKoro ,llIIII0filHoro 

pcJouauca (I'.UP). 8TO CBJI3aHo B 6ofilme:ii: cTeneHII c TeM, qTQ II,llCHTII<pIIKa

n;IDI H0DJ,lX pe30HaHCOB B paJJIHqHJ,IX 3KCIICpHMCHTax 3aBIICIIT OT cnoco6HOCTH 

OT,llCJICHIDI BKJia,na r,n:P, qacTO C HIIMII nepeKphlBaromeroc11. 

YqeT CDJl3II ,llHIIOJil,HhlX KOJie6aHIIH IIJIOTHOCTII 11,nepHoro BCIUCCTBa C cpopMOH 

IIOBepXHOCTII 11,npa npIIBCJI K 061,JICHCHIIIO oco6eHHOCTeii: ,llIIIIOJil,HhlX II KBa,npy

II0JIJ,HJ,lX B036y)I{,lleHIIii:. 

I{ HaCTOJIIUCMY M0MCHTY HaKOIIJICHa 6ofilIIIaJI IIH<pOpMan;IDI, KaCalOIUaJICJI cy

mecTDODaHIDI JI,llep C OTJIIIqHOH OT HYJIJI CTaTIIqecKoii: reKca,neKaIIOJil,H0ii: ,ne

<pop:i.rnn;IIeii:. 

Ilpe,ncTaBJIJICTCJI CCTCCTBCHHhlM, ycJIOJRHIIB KOJie6aHIIJI IIOBepXH0CTll 11,npa, 

DKJIIOqaJI n pacCMOTpeHIIC KOJie6aHIDI reKca,neKaIIOfilHOro Tllna, on;eHIITL BJIII

JIHHe HX Ha rnraHTCKHe MYfilTHIIOJil,HhlC pe30HaHChl, qTo II JIBJIJICTCJI 0.n;HOH ll3 

n;eJieii ,llIICcepTan;nn. 

Pa3DIIThlll D IIOCJie,llHIIe ro,llJ,l llO,llXO,ll - MCTO,ll M0MCHTOB cpyHKn;HII BnrHepa 

(M<I>B), xopomo 3apeKOMCH,llOBaJI ce6JI np~ onncaHHH KOJIJICKTHBHJ,lX JI,llepHhlX 

no36y)I{,lleHn:ii: paJJIHqHoii: MYfilTIInofilHOCTH. M<I>B ncnofilJyeTcJI B ,llIIcceprn

n:nn ,llJIJI n3yqeHID1 B036y)I{,lleHH:ii: llOJIOJKIITCJil,HOH qeTHOCTII DIIJIOTL ,llO reKca

,neKaIIOJIJ,HOro TIIIIa BKJIIOqIITCfilH0. 8TOT MCT0,ll oco6eHHO IIpIIBJICKaTeJieH c 

npaKrnqecKoii: T0qKH 3pCHIDI - 3a,naqy HaXo)I{,lleHHJI m16pan;HOHHoro CIICKTpa 

lI,llpa y,naeTCJI CBCCTII K peIIICHHIO CllCTCMJ,l JIHHCHHLIX anre6paIITICCKIIX ypaBHC

HHH. AnropIITMH3yeMOCTL npIIMCHJieMoro MCTO,lla II03B0JIJICT llCII0Jil,30BaTI, Ha 

OT,llC~HLIX 3Tanax aHaJIHTll'ICCKOe nporpaMMIIpoBaHIIe. 8TOT MCTO,ll o6Jia,naeT 

H 6oJIJ,IIIHMII II0TeHn;IIafilHLIMH B03M0lRH0CTJIMll B npe,ncKa3aHHII H IICCJIC,llOBa

HIIII H0BLIX M0,ll B036y)I{,lleHIIJI. 

QeJIL pa60TLI - H3YTICHHe B paMKaX ,llIIHaMH'ICCKOH KOJIJICKTIIBHOH MO,lleJIH 

JI,llpa BJIHJIHIDI reKCa,lleKIIOJIJ,HOH ,ne<popMan;IIII Ha B036y)I{,lleHHe rnraHTCKoro ,llH

II0JIJ,H0ro H rIIraHTCKoro KBa,npyII0JIJ,H0rO pe30HaHC0B (I'RP) C YTICT0M B03MOJK

HOH HeaKCHaJIJ,H0CTH JI,npa; pa3BIITHC MCT0,lla M<I>B II IICCJIC,llOBaHIIC B ccpepII-

,-;:u I' ·:1 M-,J·.# • ~~~ i ~,IJ::.-C F.«th 11,i,bli, ,~ •. \.,,1)" ~ 
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qecirn:x JI.upax B036ym.n;eHHIJX COCTOJIHIIll IIOJIO)I{HTeJII,HOll '!eTHOCTII BIIJIOTb .no 

MJJII,TIInOJII,HOCTII A = 4. 

Hay"<JHaJI H0BH3Ha H npaRTH"<JeCRaJI ~eHH0CTh 

• B paMRaX Ranem,Hoii MO,neJIH IICCJie,noBaHO BJllIJIHIIe IIHTCpq>epenu:IIII RO

Jie6aHIIll I'om,,nxa6epa-TeJIJrepa II llheiiHBe,neJIJI-MeHceil:a Ha pacmerrJieHIIe 

I',[J;P B ,necpopMIIpOBaHHIJX aRCIIaJII,HO-CIIMMeTpliqnblX aTOMHblX 11.upax. 

• Ha OCHOBe rlI.upO,nHHaMHqecRoii MO,neJIH IIOJIY'leHbl q>OpMyJibl ,nJIJI pacmenJie

HIIJI :meprlIH r,n:p c yqeTOM reRca,neRanoJII,HblX ROJie6aHIIll nonepXHOCTII 

11,npa B ccy-qae HeaRc1Iam,HblX 11,nep, rrpone,neno RBanTonan1Ie :meprlIII II 

BrrepBble IIOJIY'leHbl ROHCTaHTbl, CBJI3b1Ba10m1Ie ,nHnOJII,HblC ROJie6aHHJI nJIOT

HOCTII c reRca,neRaIIOJII,HblMII II RBa.upynoJII,HblMII IIOBepXHOCTHblMII ROJie6a

HlIJIMII C y'leTOM IIX IIHTepcpepeHIJ;HlI. 

• Mo,nem, CBJI31I ,nHIIOJII,HblX II RBa.upynom,HblX ROJie6aHIIH o6o6meHa Ha reRCa

,neRanoJII,Hble RoJie6aHHJI. HccJie,noBaHo pacmenJieH1Ie 1I3oneRTopHoro I'RP 
B CIIJIY B3aHMo,neiiCTBHJI ero c RBa.upyrroJII,HblMII II reRca,neRanOJibHblMII RO

Jie6aHHJIMII nonepxHOCTII 11.upa C y'leTOM Il03M:O)I{HOH HeaRCII?JII,HOCTII. 

• IloRa3aHo, 'ITO cnoiicTna I'MP cymecrneHHo 3aBIICJIT oT n1I,na rpaHIIqHblx 

ycJion_liii. Ilocy'leHbl pac'!eTHble cpopMyJibl ,nJIJI pacmenJieHHJI rMP cJia6o 

,necpopMIIponaHHblX 11,nep. 

-• B ,nHCCepTaIJ;IIII nOJIY'llIJI ,nam,Heiirnee pa3BIITIIe MCTO,n MOMCHTOil cpyHRIJ;IIII 

BIIrnepa: Bblne,neHbl ypanHeHHJI ,nJIJI TeH3opon '!eTnepToro paHra . .Il:JIJI onlI

caHHJI r1IraHTCRoro reRca,neRarromHoro pe3oHaHca II r1IraHTCRoro Rna,npy

nom,Horo pe3onanca n paMRax e,nHHoro rro,nxo,na nnepnble IICCJie,nonaJiaci 

conMeCTHO ,nHHaMIIRa Ten3opon '!eTnepToro II BToporo paHra. 

• B np1I6Jlllli{eH1III pe3ROro RpaJI 11.upa C nonepxHOCTHblM HaTJDKeHIICM II C 

y'leToM HeC)I{HMaeMOCTII JI,nepnoro nemecTna pacc'!HTaH 3HepreTII'lecirn:ii 

cneRTp II nplIBe,neHHble nepoJITHOCTII B036ym.n;emffi 4+ II 2+ COCTOJIHIIH . 
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• II pe.ncRa3aHbl BblCOI{03HepreTII'!Hblll 4 + pe30HaHc, Ha ROTOpblii HMe~<;:JI 

3RCIIepHMeHTaJII,HOe y1m3aH1Ie, a TaRJKe TIOJIOJKeHIIe MarHIITHOro ORTYflOJII,

Horo pe3oHanca II BblCOROJieJKamero ,nHnomHoro II30CRaJIJIPHOro pe3onaHca. 

• Pacc'!1ITallh! 3HeprlIH II nepoJITHOCTH no36ym.n;eHHJI rRP II n;eHTPOl:1,1.U,I ncex 

2+ B036ym.n;eHIIii, JieJKamHX HHJKe rRP. IloRa3?JIO, qTQ OHH IICqepIIbIBalOT 

79% II 20% 8BIIC, cooTBcrcrneHHo. Ilpe,ncRa3aHbl ,nna RBa.upyrrom,HblX 

pe3oHaHca BHXpenoii np1IpO,nb1, JieJKamH BblIIIe rRP. 

• Ilpo,neM0Hcrp1IpoBaHa na)I{HOCTb yqcra reRca,neRanom,Hoii ,necpopMaIJ;HlI rro

nepxHoCTH <I>epMII (.IJ:II <I>) ,nJIJI npaBIIJII,HOro on1IcaHHJI BblIIIerrepe'IIICJI~H-

HblX pe30HaHCOB. 

Pa3BIITaJI B ,nHCcepTaIJ;HII MeT0,nHRa TI03BOJIJieT paCC'llITblBaTb 3Hepr1IH II Bepo

JITH0CTII no36ym.n;eHHJI RaR fliraHTCRHX pe30HaHC0B, TaR II HlI3ROJieJKamHX ROJI

JieRTIIBHblX COCTOJIHHll C peaJIHCTII'leCRHM B3alIMO,neiiCTBIIeM. 

Anpo6a~HJI pa60Thl. MaTep1IaJibl, IIOCJIY}I{HBIIIHe OCHOBOll .naHHoii ,nHC

cepTaIJ;HII, npe,ncranJIJIJIHCb Ha 32, 34, 3~, 38, 39 ConemaHHJIX no JI,nepHoii 

cneRTPOCR0nlIII II crpyRType aTOMHoro 11.upa (RHen, 1982; AJIMa-Ara, 1984; 

JleHIIHrpa,n, 1985; TarnReHT, 1989), Ha 6-oii Mem.n;ynapo,nnoii ROHcpepeHUIIII 

no MexaHII3MaM 11,nepHbIX peaRIJ;Hii (Varenna, 1991), Ha Bceco103HOM ceMHHape 

no R0JIJieRTHBHoii ,nHHaMHRe {CapaTOn, 1987), Ha CeccHJix AH PAR (MocRBa, 

1986-87). OHH TaRJKe Heo,nnoRpaTHO ,noRJia,nblBaJIHcb Ha ceMIIHapax Racpe.up 

TeopeTII'lCROH II 11,nepHoii q>II31Ilill, TeopeTIIqecROll II MaTeMaT1IqecRoii q>II31Ilill 

crY, OT,D;eJia 11,nepHoii q>II31Ilill II ycROpHTeJieii HHHM<I> CrY, JIT<I> OH.HM. 

Ily6JIHRa~HH. OcHonHble pe3ym,TaTbl ,nHccepTaIJ;IIII orry6JIHRonaHbl B 11 

pa6oTax. 

O6'beM pa60Thl • .IJ:1IccepTaJ:UU[ C0CTOIIT II3 BBe,neHHJI, '!eTblpex man, nplIJIO

JKeHHJI II 3aRJI10qeHHJI. Co,nep)I{HT 104 crpaHHIJ;bl TeRCTa, BRJilO'laJI 14 p1ICYHROB 

II 1 Ta6JIHeyj B cnlICOR JIHTepazypbI BRJilO'leHO 111 HaHMeHOBaHIIll. 
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OcHOBHLie pe3YJlbTaTLI, BLIH0CHMLie Ha samuTY 

1. On;eHeHo nmunm:e HHTep<pepeHn;Im ROJie6amm: rOJII,JtXa6epa-TCJIJiepa II 

IIIreii:Jme,n;eJUI- MeHceHa Ha pacmeIIJieHile r.n;P n .n;etpopMHponaHHLIX aKcn

aJII,Ho-cmn.i:eTJHilffiLIX aTOllHHX HJq>ax. IloRa3allo, qro c poCTOM A nponc

XO,ll;HT ycmieHHe BJIIDIHIDI 061,eMHOH MO,ll;I,I. 

2. B paMRaX r~o,n;HHIDm'IeCKoil MO,ll;eJIH HJq>a nonyqeHJ,I <pOpMYJIH ){JIJI pacme

IIJieIDUI 3Heprllll r,[(P C ytleTOM reRca,n;eRanQJII,HJ,IX ROJiefiaHHil nonepXHOCTil 

n ·cnyqae HeaKCilafilHJ,IX ,rp;ep. 

3. Mo,n;eJII, cnmn )tHIIOJII,HJ,IX II RBa,n;pynoJII,HJ,IX ROJie6amm: o6o6meHa Ha rcR

ca,n;exanoJII,HJ,Ie; c TO'IHOCTLIO .no BToporo nopHJ);Ka no nonepXHoCTHJ,IM nepe

MeHHJ,IM a2 II a4 nonyqeH nn,n )tHIIOJII,HOro onepaTopa n on;eHeHo BJIIDIHHe 

noCJie,nHero Ha BeJIIl'IllHY )tHIIQJII,HJ,IX CllJI. 

4. B MeTo,ne MOMeHTOn <pymunm: Bnrnepa n npn6.rrmReHHH pe:rnoro xpan: HJq>a 

II c yqeroM Hecmm.IaeMocrn ,rp;epHoro nemeCTBa BHBe,n:e}!H ypanHeIDUI .ztBII

JKeIDUI ){JIJI reH3opon t:JeTBeproro paHra. 

5. Pac~aHJ,I 3Heprllll II nepOJITHOCTll B036yJK.neIDUI ROJIJieKTHBHJ,IX 4+, 3+, 

2+, 1 + - coCT01IHilfi. IlonyqeHo xop~mee OIIHcaHHe rnraHTCRoro reRca.zte

RaIIQJII,Horo II rnraHTCxoro RBa,n;pynoJII,Horo pC3oHaHcon. Pact:JeTLI corJia

cyroTCJI c HeMHoro1IHCJieHHI,1MJi 3RcnepHMeHTafilHLThlll ,naHHJ,IMJl: no rnraHT

CKOM:Y rexca,n;exanoJII,HOyY pC30HaHcy. 

Co,nepmrurn:e ,nucceprau;uu 

BBe,neuue HOCIIT o63opmni: xapaRTcp, n HeM c<popyYJIHponaHa nocraHonxa 

<pll3ffqeCKOH 3a,zi;a1IH Il o6ocHOBaHa aRTyaJII,HOCTL HCCJie.zzyeMLIX npo6JieM • 

B nepBoii rnaBe IICCJie.zzyIOTCJI rnraHTCRHc )tHIIOJII,HJ,IH n RBa,n;pynQJII,mru: 

pC30HaHCLI B rexca.n;eKaIIOJII,HO ,ne<pop:M:HpOBaHHOM HJq>e. 

B pa3AeJie 1.1, ncCJie.zzyeTcJI nmunm:e HHTep<pepeHn;HH RoJie6amm: roJIL,n;Xa6e

pa-Tem1epa (rT) Il IIITeii:Jme,neJUI-MeHCeHa (IIIM) Ha pacmeIIJicHHe r.n;r B 

,n;e<pop:M:HpoBaHHLIX axcnaJII,HO-Cll:M:MeTpnqHJ,IX aToMHLIX HJq>ax. 

.[(JIH HamHX IICJICH IICnQJII,3YeTCJI RaIICJII,HruI MO,ll;eJIL r,[(P, pa3BllTruI B pafioTaX 

Mailepca n CnHTen;Koro. HecMOTpJI Ha npocrozy nµe.n;noJiomeHHil, 3aJiomeHHLIX 
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n cc ocHony, oHa npuno.n;nT K pc3yJILTaTa11, corJiacyrom1n1C"JI RaR c m,mo.n;alln. 

IIOJIY'ICHHLIMH Il MCTO,ll;C IIpannJI cy:iu-1, TaR II ( Ra'!CCTIJCHHO) C pC'3_\'.iThTaTairn 

MIIKpOCR0IIH'ICCRHX pact:JCTOB • 

HoJIJICKTHIJHaJI RoopmrnaTa, oIIncLinaromaJI I'llP, npe.n;cTanJIHC'TCJI n RaIICJIL

Ho:ii M0,ll;CJIH n ~Il,ll(' lJ:BYXR0MII0HCHTHO:ii IJCJIII'IIIHLI Cl = (01
). rapllOHil'ICCRII 

., . 02 

3clBIICJIIUC:ii OT npelICHII, I{OMII0HCHTLI ROTopo:ii 0IIpe,ncJIJIIOT ,ll;0JIIO IlRJian:a C00T-

IlCTCTBCHH0 0'1 {llO.lJ:LI rT) II 02 (110n:1,1 IIIM) Il lJ:IIIIOJILHLI:ii !IIO!IICHT d. 

On:Hopo,n;HaJI CIICTCMa ypanHC'HIIH n:mi Cil.lI3aHHLIX ROJIC6am1:ii IllH'eT IJil,ll; 

(w2B- C)(n') = 0, 
<12 

r.ne 3JICMCHTLI IIHC'pIIHHJILHOii: :mnpIIIILI fl II liaT})IIIILI ynp~T0("Tll C llOiKH0 II0-

JIY'IIITL COIIOCTaBJICHIICM raMIIJILT0HIIHHa 

H = T + V = 1/2B;/'l:;c'ii + 1/2C;p;ni 

c raMIIJILT0HilaH0M RaIICJILHO:ii M0,ll;CJIII :1\Iaii:rpca n CnJITC'IIROro. 11aTpI1'IHLIC' 

3JICMCHTLI B;i II C;j n n:ecpopMilponaHHOM ~n:pe IIpI106pC'TaroT noIIpanKII n;i II 

c;j, 3clIJIIC.IIIUIIC OT napal\WTpa JlC<l>OpMaIIIIII: 

B;i = (B;j)o(l + {-JB;i), C;i = (C;i )o(l + 3C;i) 

Pe3yJILTaTLI pacticTon pacmcIIJICHII.II I'llP noRa3aJIII, 'ITO Ro:➔q>qJHIIIIPHT parIUP

IlJICHH.II D .IIIJJIJICTCJI <l>YHKIIHC:ii aTm.rnoro H0M<'pa. a HP IIOCTO.IIHHO:ii IJ('JIU'IIIHOii:. 

cooTncTcTn_vromcii: Hccn.1r3aHHLIM Mo.ncJI.1I111 rT, niA. 
TiapaMcTpLI ,ll;P<l>opMaIIIIH, HJIJJI('I{cl('l\11,l(' IIJ paCIUC'IIJIC'HII.II r .l]J'> IIpII ~·q('T(' 

HHTCJ><pcpcHUHII I{OJICfo1HI1ii: mti Il rT, 6y.n_yT IIJ>01H'.iRYT0'!HLI1UI llC'lnJlY 3Hil'!C'

HH.IIMII, II0JIY'ICHHLIMH n rrpc,ll;II0JI0.iRCHIIII () HC'Cil.lIJaHHLIX :irn,nax .. 

TaKHM o6pa3oM, mnm m>KaJaHo, 'ITO J'l<'T HHTPp<lH'JWHIIIIII KOJI<'fornnii: IIIM 

n rT BJIH.IICT Ha pacmcrrJICHHP I'llP .n<'<l>opMnpomrnHLIX .1r,nep. Hc>JILJ.II IIpono

lJ:IITL aHaJIIlJ II cpanHCHIIC C :➔RCIICJ)Ill\lC'HTilJILHLIMII .n;aHHLilUI II0 Rna.np_vIIOJIL

HLIM MOMCHTaM, Y'lllTLIIlclJI JIIlillL 0,ll;IIH THII I{()JIC6aan:ii, 'ITO o6LI'!HO Jl<'Jlll('T('H 

rrpn o6pa6oTRC cl>OTOJI,n;CpHLIX 3RCIICJ>IIMCHT0IJ. TipII paJBIITHII 110,ll;C'JIU (DLH"illIIC' 

norrpanKH no IIapaMcTpy n:c<l>opMaIIIIII /3, cn.lIJL c ROJIPfiaHIIJI:\HI IIonc•pxaoc"Tn) 

Hco6xon:uMo o6pamaTL BHHMHHHC' Ha :no o6CTO.IITC'JIL('TIJO. 
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B pa3,aeJie 1.2 oueHeHo nmrnHIIe rcKca.n:eKarrom,Hoii .n:ccpopMaUIIII ,mpa Ha 

noJ6y,KlleH1Ie r11raHTCKoro .D:IIIIOJILHoro peJoHaHca. 

B 1.2.1 , pernaH n r1I.n:po.D:1IHa::1.1II'IecKoii 1',IO.n;cmr H.n:pa ypanHeHIIe rcm,Mrom,ua 

C rpaHII'IHLilI ycJIOBIICM OTCYTCTBIIH IIOTOKa H.ZJ:CpHoii lKII.n;KOCTII 'ICpe3 rronep

XHOCTI, .n:ecpoplrnponaHHOro H.n:pa C HeaKCIIaJILHOH .n:ccpopltaUIICH, IIOJIY'IBM .D:JIH 

3HeprlIII rrpo.n:om,m.IX Eo II rrorrepe'IHJ,IX E±i mmoJILHHX KoJie6aH1Iii CJICJl.YIOIIllI<' 

nupa;KeHIIH: 

Eo = 1 - 0.57670'20 + 0.1615a~0 - 0.748Oa~0 + 0.031la~ - O.277a20a40; 
Ed 

E±l = I + 0.28840'20 + 0.037la~0 - 0.2656a~0 + 0.16OOa~2 + 
Ed 

+0.1389a20a40 ± (0. 7O63a22 + 0.0567022040 + 0.3089020022), 

r.n:e Ed - 3Hepr1IH CUP n OTCYTCTBIIC .n:ecpopMaUIIII, nplI'IeM .D:JIH KBa.n:pyrrom,

Hoii .n:ecpopliaUIIII IIlICeM a20 = /32 cos 1 , 022 = 02-2 = fJ.i sin 1 / ./2, a .D:JIH 

reKca.n:eKarrom,Hoii: 0 40 = {34( 5 cos2 
, + 1) /6 . 

IlOJIY'ICHHLie HaMII peJym,TaTI,I IIOKaJHBaIOT, 'ITO BeJIII'IIIHa pacmenJieHIIH 

r ,UP, KpOMC o6H'IHOrO pOCTa C yneJIII'ICHIIeM KBa.n;pyrroJILHOii .n;ecpopMaUIIII {J.i 

JaBIICIIT II OT reKca.n:cKaIIOJILHOH .n:ecpopMaUIIII {34. _CymecrnyCT pa3JIII'IIIC B 

pacmenJICHIIII BLITHHYTOro (, = 0) II cnJIIOCHJTOro (, = 1r) H.n;Cp: C poCT0!\1 

{34 IIpOIICXO.ZJ:IIT cro yneJIII'ICHIIC .n:o 25% .D:JIH BHTHHyrOro II )'MeHI.IIICHIIe .n:o 15% 

.n;JIH cnJIIOCHyroro H.n:pa.RpoMc Toro, rcKca.n;cKaIIOJILHaH .n:ecpopMaUIIH OKaJHBaCT 

6oJiee CIIJILHOC BJIIIHHIIC Ha npo,n:oJILHHC, 'ICM Ha noncpe'IHLIC KOJIC6aHIIH r~. 

B 1.2.2 -1.2.3 n peJyJILTaTe KBaHTOBaHIIH IIOJIY'ICHO nupameHIIC l1.JlH raMIIJIL

TOHIIaHa C TO'IHOCTI.IO .n:o 2-ro nopH.n;Ka no 02,, II 04,, : 

H = -./3izw { [q[ll+ x ql1ljl01 - 1/2/3} + izwB1[q11l+ x q[IJ x al2ljl0I + 

+fiw L B>.,r { [q[I]+ x q[Il x [a[..\l][al][O] - 6
17

,0./3[0[..\] x o[..\l][OJ} + 

..\=2,4;a=0,2 
+izwB3[ql1l+ x q[IJ x [ol2l x 0 l41]!2ljl0J, 

r.n:e q[I]+ II ql11 - onepaTOpLI po}K,l{CHIIH II YHII'ITO}KCHIIH cpoHOHOB r11raHTCKoro 

.D:IIIIOJILHoro peJoHaHca. 

RoH<-TaHTLI B40 , B42 II B3 , cnHJHnaIOIIllIC .ZJ:IIIIOJILHLie IIJIOTHOCTII c rexca.n:e

KarroJII.HLIMII rroncpXHOCTHLIMII KOJic6aHIIHMII II 1IX IIHTepcpepCHUIICH c KBa.n:py-
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IIOJILHHl\III, IIOJIY'IeHLI HaMII nnepnue II panHH B40 = -2.110, B42 = -2.265, 

B3 = -1.423. 

Mo.n:em. cnHJII mmom,HJ,IX KOJie6aHIIii nJioTHOCTII H.n;epHoro nemecrna c Kna.n:py

IIOJILHHl\III KOJie6aHIDIMII nonepXHOCTII H.n:pa o6o6meHa Ha reKca.n;exarrom,HHe 

KOJie6aH1IH II reKca.n;eKaIIOJILHHe MOMeHTI,I. IlOJIY'ICHa CIICTCMa ypanHeHIIii l1.JlH 

paC'ICTa 3HepreTII'IeCKoro crreKTpa mmom,HJ,IX cocroJIBIIii II nHBe.n:eHH cpopMYJIH 

l1.JlH 1IHTeHC1IBHocreii mmom,m.IX rrepexo.n:on. lfa rrpone.n;eHHoro aaaJI1IJa peJ~

TaTon CJie.n:yCT, 'ITO reKca.n;eKaIIOJILHaH .n:ecpopMaUIIH, nocJie.n:onaTeJILHO y-qTeH

HaH KaK IIplI paC'JeTe 3Heprllii pacmenJieHIIH r,UP, TaK II HHTeHCIIBHOCTeH .ZJ:II

IIOJThm.IX rrepexo.n:on, BJIIIHCT Ha HH3K03HepreTII'Iecxyro "tJaCTI. crreKTpa r,UP. 

B pa3,aeJie 1.3 n paMKax r1I.n:pO.ZJ:1IHaMII'IeCKoii MO,l{CJIII 11ccJie.n:ye-.rcn pacmenJie

H1Ie IIJoneKTopHoro r11raHTCKoro Kna.n:pyrrom,Horo peJoHaaca. KBa.n:pyrrom,Ho 11 

rexca.n:exarrom,Ho .n:ecpopMHpOBaHHoro ,mpa. 

IloJIY'IeHo ypanHCHIIe, orrpe,n:eJIHIOmee 3HepreTII'Iecxoe pacmerrJieHIIe IIJOBeK

TOpHoro rRP, K03q>q>HUIICHTI,I KOTOporo JaBIICHT OT IpCX rrapaMCipOB /320, /340, 'Y • 

B rrepno111 nopH.n;Ke MaJIOCTII no fho 11 /340 m1~eHH perneHIIH xapaKTeplICTII'Ie

cxoro ypanHCHIIH. lfa aHaJIIIJa nOJIY'ICHHLIX perneHIIii CJie.n:yCT, 'ITO 3HCpreTII'Ie

CKHii crreKTp, xpoMe O'ICBlllI.Horo ynmpeHIIH c pocroM {320 , cymecrnCHHo Jan11c1IT 

OT fJ40, IIplf'ICM noHBJIHeTCH BOJMO}KHOCTI, orrpe,n:eJICHHH JHaKa reKca.n;eKaIIOJILHOii: 

.n:ecpopMaUIIII no OTHOIIIeHHIO K KBa.n:pyrroJILHOii y HCaKCllaJILHO .n:ecpopMHpOBaH

HOro H.n:pa IIJIII IIO HJBCCTHOMJ 3HaKy - BCJIII'IHHY rrapaMeipa HCaKc1IaJILHOCT1I, 

TaK J{aK KapTIIHa CHMMCipll'IHa OTHOCIITCJILHO IIJMeHCHIIH JHaKa {34/ {J.i C OlJ.HO

npeMCHHOii JaMeHoii I Ha {60° - 1 ). YRaJaHHaH CHMMCiplIH o6o6maCT npocryro 

CIIMMCipllIO JaBIICHMOCTII pacrrpe,n:eJICHIIH CIIJI 1130BCKTOpHOrO rRP OT I OTHO

CHTCJILHO 30° IIpll /34 = 0. 

Bo BTopoii rnaae 11ccJie.n:yCTCH Jan11c11Mocr1, r11raHTCJ{IIX MJJII>TIIIlOJILHJ,IX 

peJOHaHCOB (mmom,Horo II KBa.n:pyrrom,Horo) OT BH,n:8. rpaHII'JHJ,IX ycJIOBHH B 

H.n;epHoii: rll.n:pO.ZJ:IIHaMIII{e ,n:JIH ,mpa c peJKoii rpaHHUeii. BHBo.n;HTCH pac"tJCT

HHe cpopMyJILI l1.JlH 11ccJie.n:onaH1IH pacmenJieHHH 3HeprlIII MrP cJia6o .n:ecpop

MHpoBaHHJ,IX H.ZJ:Cp II IIpHBO,l{HTCH peJym,TaTI,I 'IHCJieHHoro paC'ICTa napaMeTpOB 

pacmerrJieHIIH l1.JlH mmom,m.IX noJ6ym.n:eHIIii. TaM me rrpe.n:cranJieHLI peJym.TaTH 

paC'IeTOB OCHOBHI,IX xapaKTepllCTHK ( 3Hepr1IH, OTHOCHTCJILHaH ,l{OJIJI nnxpenoii 
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KOMilOHeHTLI, napaMeTp pacmemremrn, IlHTeHCHDHOCTI,) ,n;JIH .n;nyx DCTBCil: Il30-

neKTOpHoro n naocKaJIHpnoro KBa.n:pynom.HLIX noa6ym.n:ennil:. Bee 3TH neJIIl

qmrn: npe,n;cranJieHLI n aanncnMocrn OT cymecTnennoro napaMeTpa Teopnn s2 = 
4/3 +I{/µ, r,n;e I{ -Mo,eym. ncecroponnero c.lKaTIDI n CJIY'Iae naocKaJIHpHLIX noa-

6ym.nermil, KOTopuil ,n;JIH naoneKTopHLIX noa6ym.nennil cn.11aaH c 3Heprneil: naoc

mmonoil cnMMeTplilI, µ - Mo,eym. c,zumra, onpe,n;eJIHIDIUnil ",n;eqiopMannm" 6ea 

Il3MeHeHii.Ji: · ofri.e:i.rn. 

OneHKa 3HaqeHIIJI napaMeTpa S B COOTDeTCTBlilI C paJJillqHI,IMil napnaHTaMil 

cnJI CKRp:r.rn npnno.n;nT K no3MO.lKHOMY RHTepnaey 2 ~ s ~ 3.2. llcnoJTuaona

Hne o.n:noro n3 rpaHRqnLIX ycJionnil: npnno.n;nT K BLino,zzy o cymecTDonaHlilI Hll3-

K03HepreTnqecKoil neTnn nJoDeKTopnoro .n;nnom.noro rnraHTCKoro peaonanca, 

IlHTepnpeTnpye:i.roil KaK ,n;nnOJibHM TOpOlI,n;Ha.11 MO,n;a. 

B TpCTLCH rnane Il3JiaralOTC.II OCHOBHLie noJIO.lKeHIIB MCTO,n;a MOMeHTOB q>yH

KIIlilI Bnrnepa. 

B pa3,aeJie 3.1 ypanneHRe aannc.11mero OT npeMeHn Mern,n;a_XapTpn-<I>oKa ,n;JIH 

o.n:noqacTnqnoil: MaTpllIILI nJIOTHOCTil p = {r'i, r':i, t) npeo6pa3yeTC.II B ypaDHCHilC 

,n:JIH KBaHTOl!Oll q>YHKilllll pacnpe,n;eJieHIIB - q>yHKIIlllI_ Bnrnepa J(r,p, t): 

aJ 2. {h(nHf;J_f;Hf;t)}Hwf-at = fiSIIl 2 V r p p r (1) 

r,n;e Hw - Bnrnep-o6pa3 raMnm.ToHnana. IIpn6JllI.lKeHne, n KOTopoM ocTanJieH 

Tom.Ko nepnLiil:- qJieH pa3JiomeHIIB sin n p.11,n;, nanecrHo KaK KBa3nKJiaccnqec~oe 

npn6JlliiKeHne XapTpn-<I>oKa. Ypannenne (1) n 3TOM cJiyqae conna,n;aeT c KJiac

cnqecKnM KlIHeTnqecKRM ypanHeHileM BJiacona. 

B pa3,aeJie 3.2 nHTerpnponaHReM ypanHeHIIB ( 1) no nMnym.cHoMy npocTpaHcT

ny C paJJillqHl,IMlI necaMn noeyqaeM 6ecKoHe~IO CllCTeMY CD.113aHHLIX ,n;RHaMil

qecKRX ypaBHeHnil: ,n;JIH nJIOTHOCTil n(r, t), KOJIJieKTilBHOH CKOpCTil iI(r, t), KOM

noHeHT TeH3opa ,n;anJieHnil P;;(r, t), n Tenaopon 6oJiee BLICoKoro panra P;; ... k(r, t). 
IIponcxo,n;nT nepexo,n; K MaKpocKonnqecKOMY OIIIlCaHillO KOJIJICKTilDHOH JI,n;epHOH 

,n;nnaMnKR. ,[(nnaMnqecKRe nepeMenm,ie n, it, P;; n T.,n;. onpe,n;eJIHIOTCJI npn 

3TOM B TepMnHax MOMeHTOB q>YHKIIlilI Bnrnepa no nMnym.caM. 

B pa3,aeJiax 3.3 - 3.4 CllCTeMa lIHTerpnpyeTCJI no KOOp,n;RHaTaM C pa3J!liqnLIMR 

necaMn, qTo ,n;aeT 6ecKoneqnym cncreMy nnpnam.m.rx ypanneHilil: ,n;JIH MOMeHTOD 
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tl>YHKIIlill IlnrHepa n <pa30BOlI npoCTpancrne. IIoeyqenHaH cncrelm pacna,n;a

cTCJI Ha xoneqm,IC' no,n;cnCTCMU, · orrncunammne ,n;nna11m,·v TCH3opon fi:;t+i_---in = 
... lH-'t 

I I f(r,p, t)p;,. - .p;tX;HI •. . x;,.dpdr, r,n;e k rrpo6eraeT nee 3Haqemrn OTO .llO n. 

3HaHHC DCCX .MOllCHTOil qiyimn:n~ J 3lillllDaJICHTHO 3HaHillO CIDIOR <py1rnmrn. . . 

ECTCCTDCHHO nomrraThCJI HalllIC"aTI, ypaDHCHIDI .lliln:iKCHIDI nenocpe,n;cTDCHHO ,n;JIH 

lfOl.lCHTOD. Ilo.ll)'"llaCl.lUC no,n;c-IlCTC.MU, oqcnn,n;no, Il CC.TI, IlC"RO.MUC ypannemrn 

,n;nll.lKemrn. Ilpn 3TOl.I no,n;xo,n;c nn,n;no, qrn ,n;JIH orrncaHilJI 3DOJIIOIIlilI lfO.MCHTa 

Jlllpa (n ROOp.n;RHaTHOl.l nponpam:rnc) 1iym.Tunom.HOCTil A H~,KHO yqpcn, ,n;e

q>0pManmo nonrpXH0CTJI <l>c>plrn IlC"CX 11y.m.TllllOJn.HOC"TC'll nnJIOTI, ,n;o ..\. 

B pa:1.ar,;rc 3.5 nupna.m.Huc• nmnnrmrn napi.upyroTC"JI n JIIlHrapn3yroTC"JI no 

allllJIIlT}']la.M C IlC'.JThlO ll3}-"1JC'HIIB MaJIUx Il03.MyIUrHnil paDHOilf'C"HOro C"OCTOJIHilJI 

H.n;pa. B pc>.3YJil,TI1TC noeyqam:rcJI ypanm'HllJI .llDil.lKC'HIDI, onnC"unaromuc nu6pa

unoHHUc noa6ym.ncmrn Jlllpa .My.m.nmom.uoc:rn ..\. 

B pa:J)!f'JIC 3.6 ,n;JIH pacqcra nepO.IITHO('TC'ii noj6y,Rll;f'HIDI ROJIJIC'h"TllDHLIX ("0-

CTOJimtii: 3JICKTpnqcCKoro Il llclrHilTHOro Tnrra nplIMC'HC'Ha Tf'OJ>IIB JIIlHrimoro 

OTRJIIlRa. 

B qeTnepToii rnane McTo,n; 1roMcHTon c}>yirnnuu Burm•pa npm.tcHJicn·.11 Jl.TJ.JI 

0IIIlcaHIIB K0JIJICKTHDHblX 1 + -, 2+ -, 3+ - u 4+ - noa6y,K,n;cHnii aTOllHUX JI,n;ep: npn

q('M pcmacTCJI MCTOJlH'ICCKliii norrpoc 06 ycTOiiqunoc'TII Mcro.zi:a. 

B pa3.l!CJIC 4.1 noeyqcHU ,n;nc cncTc.111u nnpnam.uux ypanneunii, orrm·una

IDIUHX noa6ym.ncHil.lI IIOJIO)KJIT('.JThHOii qcTH0CTil (" 11ym.rnnoJII,H0('TI,IO ,\ ~ 4 

TJ>CTilH n Il.lITUii nnpnaJII,I. B pcaym.TaTc nap1,nponamrn :-nnx ypanucunii no

eyqcna CllCTCMa )lllHal{Ilq('ClillX ypaDHCHilii, R0TO}>UC' lrnryT ("JI~'1KHTI, 0C"Honoii 

)UIJI ll3Y1ICHil.lI K0JIJICRTIIDHLIX }+-, 2+-, 3+_, Il 4+ ("OC"TOHHUii:. 

B J)a:J,l!CJIC 4.2 nponc,n:cH pac·qcT :iHcprllii noa6y,K,n;c'Hllii {"00TDC'TC'TBYIOIUUX 

KOJIJICKTilDHblX CO('TO.IIHilii. IloJIY1ICHa ("IlCT('lJa ypaDHl'HHii, 0IIIH"llmuoma.11 .au

HaMIIRy napnanllll rcxca,n;cxanom.noro M0MCHTa f.(J41, u, rnenonaTC'JibHo. n0JI

JICRTilDHUe-reKc,l,Z!cKaIIOJII,HUC noa6ym.n:rnn.11 4+. ,[(JIH ncpuo,n;uqprRnX ( ~ ci ... t) 

pcmeHHii 3TOH CIH'TC?.{U Haii)leno xapah"TCJ>U('Tnq('("l{()(' ypaBH<'IIU(', R0T0}>0C' .IID

JI.IICTC.11 RDa.zq>aTHinl ypaDHCHIICM 0TH0CIITCJn.H0 w2 II ,n;acT .llDa .Zl<'BHTUnpaTH0 

nupom.n:cHHUX yponH.11. PcmcHHc c 11cn1,meii :➔HcprnC'ii (E~I) ~ 70.-1-1/:I ).hil) 

lIHTCpnpcTIIpycn·JI RaK rnraHTC·rurii rcxc-a,ZlcKanom.m,Iii: pPaonaH<· (ulll'R>mnc<·JI 
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3Kcnepn:MeHTaJU,Hhle .naHHhle HeIIJIOXO C HHM corJiacyIOTCJI). EcJin: npeHc6pe•u, 

nocJie.nonaTCJThHO reKca.neKaIIOJThHOii II OKTynOJibHOii ,llTI<I>, TO perneHllJI orny

Tlll!O n1em:aIOTCJI, y.naJIJIJICb OT 3KCIIepm,IeHTa, OCTaCTCJI T0JILK0 0.l{HH 4+ yponeHL 

~ 150A-1l3 1faB. 

)lJIJI 0IIllCaHllJI OKTYIIOJII,HI,IX B036yiK.UCHIIH 3+ II0JiyqcHa CHCTeMa ypaDHCHllH 

JlJIJI napn:aum11mrHHTHoro oKTYIIOJThHoro Mm.IeHTa bM3µ- B pe3yJThTaTc pacqc

TOB rroeyqeH ce1rnKpaTHO BhlpOiK.UCHHhIH ypoBCHb C 3Hcprncii ~ ll6A-1l3 M3B. 

RyJIOHOBCKIIe II nonepXH0CTHhIC CllJihl He BJillJIIOT Ha cro II0JI0JKCHHC, KOT0poc 

II0JIH0CTLIO orrpeaeJIJieTCJI KBaJlpyrroJILHOH II OKTynoJThHOH ,llTI<I>. 

)lJIJI Kna.apyrrOJII,HNX no36yiK,UeHn:ii 2+ rroeyqeaa cncreMa ypanHenii JlJIJI napn:

aun:ii 3JieKTpn:qecKoro KBa.npyrroJILHoro 110MeHTa JIJlpa bQ2µ- XapaKTepn:crn:qec

Koc ypanHeHllC JIBJIJieTCJI II0JIHH0M0M 'ICTBCpToro rropJIJlKa 0THOCllTeJThH0 w2• 

Ero pcrneHllJI ]laIOT qeThlpC IIJITHKpaTH0 BhlpOiK,UeHhIX ypoBHJI 3Heprn:n:. O.nnH 

113 yponHeii (~ 65A-113) M3B llHTcpnpcTn:pyCTcJI KaK Il30CKaJIJipHhlii rHP ll 

n:cqeprrhlnaeT 78% 3HcpreTll'ICCKll B3BCIIIeHH0ro npann:Jia CYMM. OueHeHO BJill

JIHllC )lTI<I> BhIClllllX MYJILTllIIOJibHOCTCii. B pe3yJThTaTe npon:CXO.l{HT HC TOJThK0 

ll3MCHCHIIC 'IHCJICHHhIX 3Ha'!CHHH 3Hcprn:u, HO II npocro II0TepJI HCK0TOphIX M0Jl. 

Hn:3R03HcpreTH'!ecKaJI MOJla c E ~ 23. 7 A-1/ 3 M3B rrpeacranJIJICT co6oii ueH

Tpon:a ncex 2+ - cocToJIHHii Jlllpa, JieJKam:nx HHJKc rKP. 

Pacrnnpeane cxcMhl pacqeTa Jl0 TcHaopon qeTnepToro paHra rroanoJIHJI0 pe

IIIHTL 3a,n;aqy MeT0.l{H'!eCK0ro xapaKTCpa - 06 ycroiiqnnoCTH MCTo,n;a M<I>B rrpn 

pactieTax rHP. CJic,n;yeT oTMeTHTL, 'ITO KBaHT0BaJI rrorrpanKa, rroJIBJIJIIOm:aJicJI n 

3TOH CHCTCMC ypaBHCHHH, HC'!eaarorne MaJia. 

/JJIH )!HIIOJII,HI,IX B036yiK,UeHHii II0JIY'ICH 0.l{HH TpexKpaTH0 BhIPOJKJlCHHIJH ypo

BCHb c 3Heprneii ~ 132.6A-1l3 MaB, npcHc6peJKcHHC 0KTYIIOJILHoii ,llTI<I> Me

HJICT 3T0T pc3yJILTaT Ha 25%, 'ITO cm:c pa3 no,n;qepKHBaCT Heo6xo.l{HMOCTI, YtICTa 

,llTI<I> BhICIIIHX MYJILTHIIOJILHOCTCH. 

B pa3,aeJie 4.3, HCII0JIL3YJI rcopHIO JIHHCiiHoro 0TKJIHKa CHCTCMhl Ha B03MYID:e

HHC BHCIIIHHM II0JICM, II0Jiyqcahl q>opMyJihl JlJIJI pacqeTa nepoJITHOCTeii noa6yJK.n;e

HHJI 4 + - n 2+ - COCTOJIHHH. .ll:aaa HHTCpnpeTaUHJI paccqnTaHHhIX yponHeii 

aHcprnn. 

B 3aRJIJ01IeHHH ncpe'IHCJICHhl 0CH0BHhle pe3yJILTaThl pa60Thl. 

B npu:JioJKeHu:e BhIHCCeHhl HCK0T0phle q>opMyJihl cnpaB0'!Horo xapaKTepa ll 
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rpoM03JlKHe l\IaTelrnTH'ICCKHC C00TH0IIICHHJI. 
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