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OBIUAJI XAPAKTEPHCTHKA PABOThl 

ARTyaJII,HOCTL TCMhl. IlepBLie n;eJieHanpaDJieHHhle 3RCnepHMeHTaJILHhle 

HCCJie.l{0DaHHJI CTpyRTYPHLIX q>yHRIJ;HiI (C<I>) HYRJI0H0B B pea~ rJiy-

60&0 Heynpyroro pacceJIHHJI (rHP) aJieRTpoHoD HaqaJIHcL Ha JIHHeiIHoM 

ycRopnTeJie Crnmpop,nc&oii Han;noHaJILH0ii Jia6opaTopnn (SLAC). Pe3yJIL

TaTLI 3THX 3RCIIepHMeHT0B II0CJIY)KIIJIH 6JieCTJimlIM o60CHOBaHHeM 0CH0-

BHLIX npnHu;nrron RDaHTonoii xpoM0,D;HHa:MHRll (KX,ZJ;) H CTHMJJIHpona~ 

IIJiaHHp0DaHHe lI npone,neHHe H0DhlX IIIHpOROMaCDITa6HLIX 3RCIIepHMCHT0B 

n CERN, Ha cnHxpoTpoHe n repMaHHH (DESY), Ha yc&opnTeJie CEBAF, 

HeiiTpHHHLie 3RCJ:!'.epnMeHTLI (CDHS), n;eJII,JO R0T0pLIX JinJIJieTCJI ,naJILHeii

IIIaJI nponep1m H yTo'!HCHHe KX,ZJ;. B 6oJII,IIIHHCTBe co0THOIIICHHii H npa

BHJI cyMM KX,ZJ; yqacTBy19T RDapRonLie pacnpe,neJieHHJI ceo6oauozo ueu
mpoua, 3RCIICpHMCHTaJII,HOe HCCJie,nonaHHe R0TOporo 3aTpy.n;HeHO B CHJIY 

ll3BeCTHhlX Tpy.n;HOCTeii C coa,n;aHHeM: HeHTpOHHOH MHIIICHH, II03TOMY He

MHHyeMO HCIIOJI1,30BaHHe JI,n;epHLIX MH~eHeii. IlepnoHa'!aJILHO rrpe.n;noJia

raJIOCL, qTo RDapR0Dhle pacrrpe,n;eJieHHJ!: JI,n;epHLIX nyRJIOHOB n,n;eHTH'IHLI 

( aa HCRJIIoqeHHeM He6oJII,IIIlIX KRHCMaTnqecRHX rrorrpanoR, CBJI3aHHhlX . C 

HX cpepMHeBCKRM ,n;DIDRCHHeM) RDapROBhlM pacrrp,e,n;eJieHHJIM cno6o,n;HLIX 

HYRJIOHOB n ,nJIJI orrpe,n;eJieHHJI C<I>. HeiITpoHa .n;ocTaToqHH 0IILITLI Ha MH

IIIeHJIX na no.n;opo.n;a n JierKRx n.n;ep. IlepnaJI }KC Herrocpe,n;cTBCHHaJI npo

nep&a 3Toro rrpe,n;noJio}KeHHJI ROJIJia6opan;HeiI EMC ,n;aJia Heo)Kll,n;aHHI,m 

peayJII,TaT: JI,n;epHLIC C<I> oTJIHqaroTCJI OT C<I> cno6o.n;noro eyRJI0Ha no nceM 

ll3MepeHHOM HHTepnaJie ll3MCHCHHJI KRHeMan1qecKRx rrepeMCHllhlX, B II0-

CJIC,ll;CTDHH 3TOT rrepnhliI, HJIH RaR ero eme HaaLIBaIOT "crapLIH", EMC -

3q>cpeRT 6LIJI IIO,n;TBep}K,ll;eH lI B .n;pyrmc 3RCIIepHMCHTax (BCDMS, SLAC). 

OTMe~nM, '!To cymecTneHH0 paHLIIIe n JIB9 OH.R:H n pea~ RYMYJIJI~ 

TlIBH0ro MC30H006paaonaHHJI B a.n;poH-JI.n;CpHhlX CTOJIRHOBCmµIX 6LIJIO ycTa

HOBJICHO OTJIH'tllle RDapROBOii CTPYRTYPLI JI.n;pa OT RBapROBOH CTpy&TypLI 

cno6o.n;noro HYRJIOHa, ROT0poe orrpe,n;eJIJICTCJI He TOJII,RO RBapROBLIMH pac

rrpe,n;eJieHHJIMH CBJI3aHHLIX HYRJIOHOB, HO lI 6oJiee CJIO}KHLIMH ROHq>Hrypa

D;HJIMH: IIICCTH-, ,ll;CBJITH-, ..• RDapROBLIMH RJiaCTepaMJI. 9To ,n;aJio OCHOBa

HHe. A.M. BaJI,D;llHy BBCCTH IIOHJITHC CTpy&TypHoit cpyHRIJ;HH JI.n;pa JI o6pa

THTI, BHHMaHJie Ha Ba}KHOCTb HCCJie,n;onaHHit THP JICIITOHOB Ha JI.n;pax. 

BTOpoii EMC-acpcpeRT, HJIH "cIIJIHonoii RpH3Hc", cyTb ROToporo aa

RJiroqaeTCJI B TOM, lJTO Ha rrepBLIH B3rJIJI.n;, CIIHH RBapROB He yqacrnyeT 

B q>opMHpOBaHHH CIIHHa IIpOT0Ha, rrpHBCJI R HC06XO,n;HMOCTJI IIOCTaHOBRH 
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::merrep11MeHTOB Ha IIOJIJIJ>ll30BaH1lli[X JI.Zq>aX. EeTeeTBeHHO, 'tlTO rrpo6JieMa 

rroeJie,n;oBaTem,Horo )"tleTa 11,n;epm.nc rronpaBoR rrp11 orrpe,n;eJieH1111 errHHo

BLDC C<I> He:fi:TpOHa 11 3,n;eeI> eTaHOBl:ITeJI rr~pBoeTerreHHOH, rroeROJII,RY BeJI 

eoBoRynHOeTI, 3Rerrep11MeHTaJII,HI,IX .n;aHHMX eBll,IJ;eTeJII,eTByeT O TOM, 'tlTO 

aTOMHJ,Ie JI.Zq>a He MOryT 6MTI, paeeMOTpeHM RaR rrpoeTaJI eyMMa Z + N 
RBa311eB060,IJ;HI,IX IIpOT0HOB 11 He:fi:TpOHOB. .H,n;po JIBJIJieTeJI ropa3,IJ;O 6oJiee 

eJioiKHo:fi: e11eTeMo:fi:, B ero eTPYRTYpHI,Ie cpymrn:1111 IIOMHMO HyRJioHoB, MoryT 

,n;aBaTI, BRJia,n; ,n;pyr11e eTerreH11 eBo6o,IJ;I,I (MHOroRBapROBMe ROH<pllrypan:1111, 

Me30HJ,I, .6.- 11306ap1,1), a TaR>Re rrpoJIBllTI,eJI BJlllJIHlle pa3Jlll'tJ:HJ,IX eTpyR

TypHMX cpaRTopoB, TaRHe RaR eBJI3HOeTI>, MHOrOHYRJIOHHMe RoppeJIJID;l:111 

Ha MaJILDC paeeTOJIHllJIX 11 T.,n;. Bee 3Tll JI,n;epHMe acp<peRTJ,I Heo6xo,n;HMO 

Ha,n;eiKHO BM,IJ;eJillTI, 113 C<I>, e TeM 1:IT061,1 rrpOBO,IJ;JI° ROM611HllpOBaHHJ,IH aHa

JI113 ,n;aH1lli[X Ha Bo,n;opo,n;e 11 Ha JI.Lq>aX IIOJIY'tlllTI> ,n;oeTOBepHyIO 3Rerrep11-

MeHTameyro 11H!pOpMan;11ro () C<I> eBo6o,n;Horo He:fi:TpOHa. QqeBll,n;HO, qTo 

Bee acpcpeRTJ,I JI.n;epHOH eTPYRTYPM no eBoe:ii rrp11po,n;e xapaRTep113YIOTeJI 

6om,III11Mll paeeT0JIHllJIMll, r,n;e MeTO,IJ;I,I KX,LJ; HeIIpllMeHllMJ,I 11 llX 11eeJie,n;o

BaH11e eJie,n;yeT rrpoBeeT11 Ha ,oeHOBe eoBpeMeHHLDC 3!p<p_eRTllBHl,lX 11,n;epHMX 

Mo,n;eJie:fi:. · 

1-'.!TaR, rrpe,n;eTaBJIJieTeJI ~eeI>Ma BaiKHMM lI aRTyam,HJ,IM IIOeTp011TI, Teo

p11IO rHP Ha JI,n;pax, ROTOpM e e,n;HHLDC II0311D;llH ofrI,JieHHJia 61,1 pa3H006-

pa3HYIO 3Rerrep11MeHTaJII,HYIO 11HcpopMaD;llIO O RBapROBOM paenpe,n;eJieHl:111 

. B JI,n;pax 11 II03BOJillJia 61,1 Ha,n;eiKHO BM'tllleJillTI, JI.n;epHMe eTpyRTYPHMe IIO

rrpaBRH e TeM, 'tlT061,1 IIOJIY'tlllTI, ,n;oeTOBepeyro llH!pOpMaJWIO O C<I> eBo6o

,n;HOro He:iiTpoHa. 

O.n;Ha 113 rrpo6JieMHLDC 3a,IJ;a'tl peJIJITllBlleTeROH JI,n;epHOH !pll311Rll - 3TO 

11eeJie,IJ;OBaH11e peJIJITllBlleTeRHX acpcpeRTOB B peaRD;llJIX e 6om,mo:ii rrepe,n;a

'tleH mn:rym,ea B TOM 'tllleJie lI B peaRD;llJIX rHP. Ilp11 3TOM rrpe,n;no'tlTll

TeJII,HO 11eeJie,n;oBaTI, acpcpeRTJ,I peJIJIT11Bll3an;1111 Ha oeHOBe pemeHllJI TO'tl

HLDC peJIJITlIBlleTeRHX ypaBHeHHfi:, ,n;onyeRarom11e TO'tlHMe, llJill XOTJI 61,1 xo

pomo 06oeH0BaHH1,1e rrp116JIIDReHHMe, pemeHllJI. O.n;HHM 113 TaRHX ypa~He

Hll:fi: JIBJIJieTeJI IIIllpORO 113BeeTHOe errHHop - eIIllHOpHoe ypaBHeHHe BeTe _: 

CoJIII11Tepa, peIIIeHHe ROTOporo, e peaJilleTH'tleeRHM B3am.m,n;e:fi:eTBlleM IIO

TeHD;HaJia 0,n;H06030HHOro o6MeHa, II03BOJI11JIO 61,1 He. TOJII,RO BeeeTopoHHe 

lleeJie,IJ;OBaTI, peJIJITllBlleTeRHe 3!p<peRTM B rHP, HO TaR)Re eorroeTaB_JIJITI, 

pe3yJII,TaT1,1 ROBapllaHTHJ,IX paeqeTOB pa3Jlll'tlHJ,IX peaRD;llH e 6om,mo:fi: rre

pe,n;a'tle:ii llMIIym,ea e pe3yJII,TaTaMH HepeJIJITllBlleTeRHX BJ,I'tllleJieHllfi: e lie-
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IIOJII,30:BaHlleM BOJIHOilOll cpyHRD;IIII JI.n;ep Il TOM me, HO uepeJIJITllilllCTeROM, 

IIOTeHIJ:IIaJie O,n;H06030HHOrO o6MeHa. 

Uefil pa6oTM eoeTOIIT B pa3pa6oTRe 3cpcpeRTllBHOH Teop1111 peaRD;llH 

rny6oRo ueyrrpyroro paeeeJIHllJI Ha JI,n;pax .n;JIJI 061,JieHeHllJI e e,n;HHLDC rro311-

IJ:IIH 11MeromeiieJI pa3HOo6pa3HOll 3Rerrepm,leHTaJII,HOH llH!pOpMaIJ:llII 11 ,IJ;JIJI 

ua.n;eiKHoro BJ,IqIIeJieHllJI JI.n:epHMX rronpaBOR ll peJIJITllBHeTeRHX acpcpeRTOB 

rrpII 3Rerrepm.reHTaJII,HOM orrpe,n;eJieHIIII eTpyRTypHMX cpyHRD;llll HeiiTpOHa 

II rrpODepRe rrpaBIIJI eyMM KX.[(. 

HayqHaJI HOBII3Ha II rrpaRTIIqeeRaJI n:eHHOeTI, 

HoBMM JIBJIJieTeJI eo3.n;aune eaMoeorJiaeoBaHHOll Teopllll rny6oRO He

ynpyroro paeceJIHIIJI JieIITOHOil Ha JI,n;pax e yqeTOM JI.n;epHMX eTpyRTYPHMX 

3cpcpeRTOil B peaRIJ:IIJIX rHP. Ha ee oeHODe BIIepDMe e e,n;H~J,IX II03ll!J:llll 

rrpoaHaJI113IIpOBaHM IIMeIOmIIeeJI 3RerrepIIMeHTaJII,HMe .n;aHHMe RaR e IIO

JIJipll30BaHHMMII, TaR 11 e HeIIOJIJipII30DaHHMMII -qaeTIIIJ:aMII. 

BrrepBMe rrpoDe,n;eHO rroeJie,IJ;OBaTeJII,HOe neeJie.n;oDaHIIe BRJia.n;a Me30H

Hl,IX o6MeHHMX TOROB 11 3cpcpeRTOB eDJI3H9eTII HYRJIOHOB B C<I> JI.n;ep. B -qa

eTHOeTII, IIOJIY"t!eHM 3aMRHYTMe aHaJIHTIIqeeRIIe DJ,IpallieHIIJI ,IJ;JIJI eTpyRTyp

HMX cpyHRD;IIll e BM,n;eJieHIIeM OT.n;em,HO BRJia.n;a IIMIIYJII>eHoro rrpn6JIIDReHllJI 

II 3cpcpeRTOB JI.n;epHoro B3amm.n:eiieTBIIJI. IlonyqeHHMe cpopMyJll,l m.1eIOT 

rrpoeTyIO !pII3IIqeeRyro·HHTeprrpeTan:nro, a napa1IeTPM MO,IJ;eJill cpnRenpy

IOTeJI Il3 He3aDIIellMMX 3RerrepnMeHTOB. 

Ilpe,n;JiomeH MaTeMaTnqeeRHir MeTo,n; Il3DJieqeHIIJI C<I> ueirTpoHa, RaR 

.n;JIJI HeIIoJIJipn3aD;IlOHHJ,IX, TaR II rroJIJipII3aIJ:IlOHHl,lX Il3MepeHIIH, Il3 ROM-

6nHIIpOBaHHoro aHaJin3a ,n;aHHMX Ha Bo,n;opo.n:e n JierRHx JI,n;pax. BrrepBMe 

eTpyRTypHM cpyHRIJ:llJI HeHTpoHa Il3DJieqeHa ll3 3RerrepnMeHTaJII,HLlX ,n;aH

HJ,IX ROJIJia6opan:IIn BCDMS e y"tJeTOM 3cpcpeRTOD eDJI3HoeTn n 1Ie30HHMX 

o6MeHHMX TOROB II ,n;aHa ee rrpoeTaJI Il y.n:o6HaJI Il rrpaRTIIqeeROM IIpIIMeHe-

Hilll napaMeTpII3an;llJI. 
_IlpoBe,n;eHo eIIeTeMaTnqeeRoe neeJie,n;ODaHne IIODe.n;eHIIJI C<I> 11,n;ep Ha 

rpaHnn:e o;:urnHYRJIOHHoii RHHeMaTllRH n D RYMYJIJITilDHoii o6JiaeTII. Jiie

eJie,n;oBaHa poJII, MHOroRBapROBMX ROHcpnrypan;Hii II H3o6apHMX eTeIIeHeii 

eD060,IJ;I,I B 3TOll 06JiaeTII, a TaRllie IlIIepBI.Ie yeTaHODJieHO IIODe.n;eHHe_ MO

MeHTOB eTpyRTYPHMX cpyHRD;Illl rrpII 6oJII>IIIIlX n e yqeToM rroeJie,n;HHX 3Re

rrep11MeHTaJII,HMX ,n;aHHMX B RYMYJIJITIIIlHOll o6JiaeTil. 

BeeeTOpoHHe nceJie,n;oDaHa poJII, peJIJITIIDHeTCRilX 3cpcpeRTOB B C<I> ,n;efi-
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TpoHa. C 3TOii n;emro nnepm,re perneHo cmrnop-cmrnopHoe ypanReHIIe 

BeTe-CoJIIIIITepa (BC) JI.JUI aMII.TillTYJJ.H c pea.rmcTIIqecIUIM noTeHn;IIaJioM 

OJJ.H06030HHOrO ofo.IeHa /I.JUI DHeMaCCOBI>IX qacTIID;. B IIOJIHOCTl>IO I{OBa

pIIaHTHOM IIOJJ.XOJJ.e n1,1q1IcJieim CTPYRTypii1,1e cpyHRD;lilI /I,eilTpoHa F2(x), 
g1(x) II DI,IIIOJIHeHI,I MeTOl1,IIqeCIUie pacqeTfil <pyHKD;lill b1,2(x). 

Pa3BIITa TeopIDI cTpIIIIIIIIHra ,1J.eilTpoHa n cpopMa.rm3Me BeTe-CoJIIIIITepa. 

11ccJie/I,OBaH BKJia,lJ. 3<p<peKTOB peJUITlIBII3aD;lilI B TeH30pHyIO aHa.Tm3IIpyro

nzyro cnoco6HocT1> T20 II B nepe/I,aqy noJUipII3an;IIII t,,. 

B n;eJIOM pe3ymTaTI,I pa60TI,I pa3BIIBaIOT HODOe HanpaBJieHIIe D JI/I,ep

HOll <plI3IIKe - TeOpIIIO peaRD;IIll rny6oKO Heynpyroro pacceJIHIDI Ha aTOM

HfilX JI,1I.pax. IIonyqeHHfile TeopeTIIqecIUie pe3ymTaT1,1 cyru:ecrneHHO pac

llIIIpn.rm npe,1I.CTaDJieHIDI O po.rm JI,1I.epHOll CTpyKTyp1,1 lI HeHyKJIOHHfilX CTe

neHeil CB060JJ.I,I B TaIUIX peaRD;IDIX, 0 MexaHII3Me cpopMIIpOBaHIDI JI/I,epHOll 

C<I>, o npIIpoJJ.e Ha6JIIO/I,aeM1,1x 3cp<peKTOB B npon;eccax rHP. PaJBIITfile 

TeopeTnqecru1e IIOJJ.XOJJ.1,1 lI MeTOJJ.I,I IICIIOJII,3YIOTCJI KaK B TeopeTIIqecIUix 

pa3pa60TKaX JJ.pyrIIX aBTOpOB, TaK lI . Ilpli aHa.rm3e 3KCIIepmrnHTaJII,HI,IX 

,lJ.aHHfilX, a BfilIIOJIHeHHfile npel1,CKa3aTeJII,HI,Ie pacqeTI,I - B IIJiaHIIpoBaHIIlI 

3KCIICpIIMCHTOB. 

,[(JUI 3aru:IITfil BI,IJJ.BHraIOTCJI CJICJJ.YIOru:IIC OCHOBHI,Ie pe3ym,TaT1,1, 

rronyqeHHfile B /I,IlccepTan;nII 

I. IIocTpoeHa TeopIDI peaRD;IIil rny6oKo Heynpyroro pacceJIHIDI Jien

TOHOB JI,1I.paMn Ha OCHOBe MeTO,lJ.a onepaT0pHoro pa3JIO}I{eHIDI B 3<pcpeKTII

BHOit TeopeTIIRO-IIOJieBOll Me30H HyKJIOHHOli Teoplili. IIpe/I,JIO}I{eHHI,Ili IIOJJ.

XOJJ. II03DOJUieT TeopeTIIqecIUI IlCCJie,lJ.OBaTI> pom, JI,1I.epHLIX 3<p<peKTOB KaK B 

HepeJUITIIBIICTCKOM rrpe,1I.eJie, TaK lI B IIOJIHOCTl>IO KOBapIIaHTHOM IIO,lJ.XO/I,e. 

2. . B HepeJUITIIBIICTCKOM cnyqae rronyqeHfil 3aMRHYTfile aHa.TmTIIqe

CRile n1,1pameHIDI /I.JIJI MOMeHTon cTpyKTYPHfilX <pyHRD;IIit II caMIDC cpyH

RD;II:ii B Bll,lJ.e OT/I,eJII,HfilX CJiaraeMLIX, xapaKiepII3yIOru:IIX BKJiaJJ.I,I HMIIym

CHoro IIpII6Jlll}I{eHIIJI, 3cpcpeKTOB BHeMaCCOBOCTil ll Me30HHl,IX o6MeHHLIX TO

KOB. YcTaHODJieHo, qTO xoporno II3DeCTHaJI cpeHOMeHoJiornqecRaJI MOJJ.em, 

x-pec.Ke:ii.rrn:Hra JIDJIJieTcJI qacTHfilM cnyqaeM pa3DIInaeirn:ii MOJJ.e.Tm. 

3. BceCTOpOHHe IlCCJie,lJ.ODaHa pom, !.Ie30HHI,IX o6MeHHLIX TOKOB B peaK

D;IDIX rHP. YcTaHODJieHo, qTQ Me30HHI,Ie rrorrpaDIUI no IIOpJIJJ.RY IlCJIIIqIIIll,l 

HC rrpeBOCXOll.JIT 3KCIIepIIMeHTamHLIX OPm6oK ll D npaKTHqecIUIX BHmICJie

HllJIX llMlI MO}I{HO rrpeHe6peq1,, BHeCJI IIX n CllCTeMaTnqecIUie rrorpellIHOCTlI 

3KCIIepIIMeHTa. O,1J.HaKo, yqeT Me30HHI,IX o6MeHHLIX TOKOD II03BOJUieT B 
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TO~OCTlI DOCCTaHOBllTI, rrpaDIIJIO CYMM 3Heprllll-HMIIymca, HapyrnaeMOe 

n llMIIymcHOM npn6Jlll}I{eHlllI, qTo JIBJIJieTCJI IIplIHD;HIIIIaJII,HO DaiKIIIi[M /I,JIJI 

Teopllll. 
4. Pa3pa60TaHfil II rrpe,1J.JiomeHfil amopIITMfil onpe.n;eJieHIDI CTPYRTYP-

Ho:ii cpyHRD;lIII cno60,1J.Horo He:iiTpoHa II3 KOM6nHHponaHHoro aHa.rm3a lJ.aH

HfilX Ha BO/I.Opo.n;e lI JierIUIX JI,1I.pax. IIonyqem 3KCIIepHMeHTaJII,HJ,Ie C<I> 
He:iiTpoHa no nceM HHTepnaJie, H3Mepe!fHOM KOJIJia6opan;ne:ii BCDMS, x n 

Q2 lI Ha OCHODe rronyqeHHLIX .n;aHHLIX npoaHa.Tm3llpOBaHO rrpaBHJIO CYMM 

roTT<ppn.n;a n .n;aHHfile KOJIJia6opan;llll NMC Ha rrpoToHe n .n;eilTpoHe npn 

MaJII,IX X. 

YcTaHOBJieHo, qTO y:q:eT BJIIDIHIDI CBJI3HOCTll HYKJIOHOB B HJJ.Pe ll Me30H

HllX o6MeHHfilX TOKOB II03BOJIJieT C e/I,IlHLIX II03llD;llll IIOHJITI, pa3H006pa3HI,IH 

3KCIIepI1MeHTaJII,HI,Ill MaTeI?HaJI B peaRD;IIJIX rHP IIOJIJipI130BaHHfilX lI He

noJIJipI130BaHHI,IX JieIITOHOB JI,1I.paMlI lI /I,aeT OCHOBaHile nponepRH rrpaBlIJI 

cyMM B1,epKeHa, roTTcppn.n;a, .8JI.Tmca-.I(macpcpe. 

5. 11ccJie.n;onaH BKJia.n; HeHyRJioHHLIX cTerreHeit cno6oJJ.I,I, .6.-II3o6ap II 

MymTIIRDapKon1,1x KOH<pIIrypaD;IIit B C<I> .n;eitTpoHa. Haii/I,eHo, qTo Ha:H-

6omrnee BJilIJIHIIe L.l-II306ap cJieJJ.YeT o)IIBJJ.aT1> B cmmoBLIX C<I>, r.n;e rro

npanIUI /I,OXO/I.HT JJ.O 10% nplI MaJILIX x II JJ.O 4 % n HHTerpamHLIX xapaRTe:.. 

pIICTIIKax. 
YcTaHOBJieHo, qTO yqeT rneCTII-RDapKOBLIX ROH<pIIrypaD;IIH B .n;eii::i;poHe cy-

ru:ecTBeHHO MeHJIIOT rrone.n;eHIIe CTpyRTYPHfilX <l>YHRD;IIii B KYMYJIJITIIBHOii: 

o6JiaCTlI x > I. 
6. YcTaHOBJieHa 3aBIICHMOCTI> MOMeHTOB C<I> Mn OT n II OT CTPYRTYPHLIX 

JI.n;epHfilX xapaKTepnctlIR. IIoKa3aiio, qTQ B rrpOTlIBOIIOJIO)l{HOCTI> rrpe.n;rro

JIO}I{eHIDIM MO/I,e.Tm Q2-pecReii:.rmHra, 3aBIICllMOCTI> Mn OT n ,D;OJI)l{Ha 6llTI, 

He · JIHHeitHO y61,1naroru:eii:, a CTeIIeHHOH paCT~eit · 8TO'.t · BI,IBOJJ. IIOJJ.TBep

}I{JJ.eH rrocJie,lJ.HllMlI 3KcrrepHMeHTamHfilMll JJ.HHHfilMlI BCDMS Ha yrJiepo/I,e 

B RYMYJIJITIIBHOit o6JiaCTII. 

7. IIpe,n;JiomeHHI,IH TeopeT~ecRHH IIOJJ.XOJJ. 0606:rn:eH Ha peaRD;llll rHP 

c rroJIJipII30BaHHfilMII qactIIn;aMH. IIonyqeHI,I 3aMRflYTl>Ie aHa.rmT~ecRHe 

Bllpamemrn JJ.JIJI cmrnonLIX. C<I> c yqeToM llMIIYJII,CHOro rrpII6JIIDReHIDI II 3<p

cpeKTOB CIIIIH-op611TaJII,HOit CTpyKTypll JI/I,ep lI B3aHMOJJ.eiiCTBIDI eyRJIOHOB B 

,mpe. 11ccJieJJ.OBaHI,I HMeroru:necJI 3I{CIIepIIMeHTaJII,HI,Ie JJ.aHHI,Ie Ha IIO.JIJiplI..: . . . . . . 
3onaHHLIX JierRIIX HJJ.Pax II Ha npHMepe aHa.rmaa npon;eccon·Ha aepKaJII,HLIX 

JI,1I.pax reJIIDI lI TplITlIJI rrpo/I,eMOHCTpIIpOBaHa pom, JIJJ.epHLIX 3<p<peRTOB. B 
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npamme C)'MM B1,epReHa. 

8. Pa3BHT l{OBapnaHTHl>IB no.nxo.n: ,n;JIJI nccJie,n;oBaHIIJI peJIJITHBHCTCIOIX 

3cpcpeRTOB B pea~ rHP. C 3Toii J\efilro pa3pa6oTaH MeTo.n; peme

HIIJI cnHHop-cnnHopHoro ypanHemrn BeTe- CoJIIInTepa B JieCTHHtJHOM npn-

6JIIDKeHHH C peaJIHCTHlleCRHM B3am.rn.n;eiiCTBHeM n noeyqem,1 ero llHCJieH

HJ,Ie pemeHIIJI .n:JIJI napnnaJII,HHX aMnJIHTY)J:. IIoRa3aHo, llTO peJIJITHBHCT

cRHe nonpaBRH IIpHBO.n;IIT R 3aMeTHOM)' BMa.n:y B CTpyRTypHHe <l>YH~n 

Ff ( x), gf ( x) n b1 ( x) n me He6xo.n;HMO yqnTHBaT1>. 

9. l'.IccJie,n;oBaHI,I peJIJITHBHCTCRHe 3<p<peRTI,I B peaIUJ;IDIX pacrn;emieHJIJI 

noJIJipH30BaHHoro .n;eiiTpOHa nOJIJIPH30BaHHI,IMH npoToHaMn. IIoRa3aHo, 

llTO yqeT P-RoMnoHeHT B aMnJIHTy.n:e BeTe- CoJIIInTepa ,n;JIJI .n;eiiTpoHa, oT

cycTByrorn;He B HepeJIJITHBHCTCRHX ypaBHeHIDIX, npHBO.n;HT I{ YJIYllilleHHIO 

corJiaCIDI C 3RcnepHMeHTOM ,n;JIJI TeH30pHoii aHaJIH3npyrorn;eii cnoco6HOCTH 

pea~n T20 n nepe,n;aqn noJIJipn3a~ K. 

Anpo6a~ .n;HCcepTa~ n ny6JIHRan;nn. 

OcHOBHHe pe3yJII,TaTI,I .n;HCCepTannn HeO,n;HORpaTHO ,n;oMa,n;I,IBaJIHCI, Ha 

ceMHHapax Jia6opaTOpnn TeopeTnqecRoii cpn3HRH HM H.H. Boronro6ona 

OIUII1, 6HJIH npe,n;cTaBJieHJ,I n .n;oMa.n;HBaJIHc1> Ha Me}l(,lzyHapo,n;HI,IX ceMn

Hapax no npo6JieMe cpn3m BHCOIOIX 3Heprnii, ,lzy6Ha-1982, 1986, 1988, 

1990, 1992, 1994; Me}l(,lzyHapo,n;HHX pa6oqmc COBern;aHHii no ,n;eiiTpoey, 

,lleiiTpOH-91, 93, 95; Me}l(,lzyHapO,n;HI,IX ROH<pepeHD;IDIX no rrpo6JieMaX Ma

JIOllaCTHlJHJ,IX cncTeM, Xapl>ROB-1992, CIIIA -1994; Me}l(,lzyHapo.n;Hoii ROH

cpepeHn:nn no qacmn;aM n impaM; PANIC XXIII, l'.ITamrn 1993; Ha XI 

Me}l(,lzyHapO,n;HOM CHMn03HyMe no npo6JieM8.M q>H3HRH cnnHa rrpn BHCOIOIX 

3HeprIDIX, CIIIA, 1994; Ha Me}l(,lzyHapo.n;Hoii 3HMHeii IIIl{OJie no npo6JieMaM 

cpn3:mm qacTHD; n R0CMOJI0rHH, KaHa,n;a - 1994, Ha Me}l(,lzyHapo.n;Hoii JieT

Heii IllR0Jie "Pacce11Hne 3JieRTpoHon HYRJI0Ha¥11 n impaMn", Ilpara 1994. 

IIo TeMe .n;HCCepTannn ony6JIHl{OBaHO 38 pa6oT B 0TelleCTDeHHoii n 3apy-

6eJRHoii nellaTn. 

CTpyRTypa ,n;HccepTan:nn. 

,llnccepTa~ COCTOHT H3 DDe,n;eHIDI, CeMH rJiaB 0CH0BH0ro CO,n;epmamra, 

3al{JIJOqeHIDI n .n;nyx njmnomeHHii; co.n;ep)RHT 273 cTpaHHD; TeRcra, DRJIIOllaJI 

7 Ta6JIHn;, 57 pncyHR0D n 6n6JIHorpacpnqecRHii cnncoR H3 207 Ha3DaHHH. 
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CO,llEP}KAHME PABOTbI 

Bo nne,n;eHnn RpaTRo n3JIO>ReHa nocTaHOBRa cpn3nqecRoii 3a,n;aqn n .n;aHo 

o60CHOBaHnn aRTyafilHOCTH n naJRH0CTH nccJie.n:yeMI,IX npo6JieM. 

B nepnoii mane paccMaTpnnaeTcJI cpeHoMeHoJiorIDI peaIUJ;nii rHP. 3.n;ec1, 

onpe,n;eJIJieTcJI RilHeMaTnRa nponecca, ofo,JicHJieTcJI cpn3nqecRilft CMHCJI cTpyR

TypHHX <l>YHRD;Hii, o6cym,n;aIOTCJI 3RCnepnMeHTaJII,HI,Ie pe3yJII,TaTI,I n cy

mecTnyromne TeopeTnllecRile no,nxo,n;H. Ha npnMepe npnMeHeHIDI ROHB0-

JIIOUHOHH0ii cpopMyJIJ,l ncecTOpOHHe nccne.n:yIOTCJI BJIIDIHHe JI.n;epHOH CTpyR

TYPH Ha. C<I>, BHllHCJIJIIOTCJI Me3oHHHe nonpanRn, npnne.n;eHo cpanHemi:e 

c 3RcnepnMeHTOM. IIoRa3aHo, llT0 ocH0BHHe 3aR0H0MepHocTn EMC - 3<p

cpeRTa MO)RH0 ofo,JICHilTI, cpepMnencRilM .n;nnmeHneM BHeMaCCOBHX HYRJIO

HOB n Me30HHI,IMil o6MeH~I,IMH TOl{aMn. TnnnllHI,Ie pe3yJII,TaTI,I pacqeT0B 

npnne.n;eHH Ha pncyHRax 1 n 2. Ha Pnc. 1 npnno.n;HTCJI npnMep pacqeTa 

0THomeHIDI C<I> JI,n;ep R C<I> n3ocRaJIJipHoro HYRJioHa c npnMeHeHneM ROH

noJiron;noHHoii cpopMyJIH: 

MA/m 

F{/A(x) = J JNfA(y). Ff' (x/y)dy, (1) 

X 

r.n:e 

JNfA(y) = J (::)3 de S(k,€). (1 + :) o(y- [1 +: + :]) 
(2) 

eCTI, "pacnpe,n;eJieHne HYMOHa" Ra}{ cpyHIUJ;HJI ,n;oJIH npo,n;0JII,H0rO HMnyJII,ca 

MnmeHn, S(k, c) - 11.n;epHaJI cneRTpafilHaJI cpyHIUJ;IDI, k n € o6o3HallaIOT 

nMnyfilc n 3Heprnro cnJiaaHHoro HYRJIOHa. · Bee JI,n;epHHe 3cpcpeRTH n (1)

(2) co.n;epmaTCJI n onpe,n;eJieHnn y qepea 8-cpyHIUJ;nro, a TaRme B cneR

TpafilHOH cpyHIUJ;nn S(k, c). TaR, ecJIH .n;JIJI paclleTa cneRTpafilH0H cpyH

IUJ;HH IlCil0JII,30BaTI> npocTyIO O,n;HOllaCTilllHYIO MO,n;eJII, impa (ROTOpaJI He 

nocnpon3BO.n;HT, nanpnMep, noJIHyro 3Heprnro cnJI3H JI.n;ep), TO onncanne 

EMC-3cpcpeRTa noeyqaeTcJI Hey.n:onJieTBopnTefilHHM, CM. Pnc. 1 (nenHH 

pncyHOR, nyHRTilpHM JIHHIDI). 

Ha He.n;ocTaTRil TaRoro paclleTa 6HJIO cpa3y o6parn;eno BHHMaHne, · n 

,n;JIJI xopomero onncaHIDI ,n;aHHHX n rpynne r.M. Barpa.n;ona 6HJIO npe,n;Jio

meHo yqecT1> n cneRTpafilHOii cpyHIUJ;nn 6oJiee cJioJRHHe, rey6oRo-nemarn;He 

KBa3n-o,n;HoqacTnllHHe ypmrnn. C 3TOH nefilro npn paclleTe cneRTpafilnott 
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1.4 J 1.4 
1:l!c I •Fe 

l.l! l.JJ -· . 
1.0 1.0 -r: 

0.8 0.8 
o.o 0~ 0.4 0.8 0.6 0.:0 0.2 04 0.8 0.8 

X X 

Pnc. 1: Omuomeuue Ff- ( x) / F.f! ( x) a11,R, yMepoaa u ;»CMeJa. Cn11,o
mu'bte 11,uuuu u a11,uuu'bte nyunmup'bt - pe3y11,'bmam'bt pac"l,emoa no nou-
0011,10-quouuoil rfiop.My11,e B J.toaMu nozepeumuoil rfi11,ynmya-quu n11,omuo
cmu (MK<I>II) 6eJ y"l,ema u c y"l,emo.M nomonoaozo rfianmopa, coomaem
cmaeuuo; nyunmupuaR 11,uuuR ua 11,eao.M pucyune - pac"l,em B npu611,u
;»Ceuuu Xapmpu, ua npaao.M - omuomeuue C<I> ;»Ce11,e3a u aeumpoua a 

.Moae11,u MK<I>II. 

q>JHIUJ;lili JI,Z:q>a CJie.zzyeT HCII0Jll>30BaTI, peaJIHCT11qecrure M0,D;eJIH JI.n:pa, K0T0-

pLie xopomo 0IIHCLIBaIOT Bee xapaKTepHCTHIGI 0CH0BJIOro C0CT0JIHHJI, i'arure 

KaK, HanpHMep,· II0JIHaJI 3HeprHJI CBJI3H, n:eHTp0H,n:LI 3Heprmr li np. O,n:Hoii: 

H3 Tarurx Mo,n:eJieii: JIBJIJieTcJI Mo,n:eJII> KorepeHTHo:ii: q>JIYKTyan:nn JI,n:epHoii: 

IIJI0TH0CTH (MKcI>Il) H Ha Pnc. 1 noKaaaHLI npnMepLI pacqern 0THome~ 

HHJI Ff ( x) / Ff ( x) ,n:JIJI yrnepo.n:a H meJieaa co cneKTpam,Hoii: q>yHKD:Heii:, 

paccqnTaHHO:ii: B 3To:ii: Mo,n:eJIH. Ma pncyHKa BH.D:H0, qrn onncaHHe EMC-

3q>q>eK±a B 3T0M c~ae y,n:oBJieTB0pHTeJIJ,H0e. lfa cpaBHeHHJI peaym,Ta

T0B pacqeT0B C .n;BYMJI cneKTpaJll>HLIMH q>yHKD:HJIMH CJie.zzyeT BLIB0.D:, qrn 

0CH0BHLie oco6eHHOCTH peaKD:H:ii: rHP Ha JI,Z:q>aX 06'.bJICHJIIOTCJI pacceJIHHeM 

JieIIT0H0B Ha rJIY60KO-Jiema~x BHeMaCCOBLIX HJKJIOHax. . 

OTJIHqnTeJll>HaJI oco6eHHOCTI> ,n:aHH0ii: Mo.n:eJ!li cocTOHT n TOM, qTo cnJI

aaHHLie HJKJI0HLI nepeHOCJIT JIHIIIl> qacTl> II0JIH0ro HMIIym,ca JI.n:pa-MHIIIeHH. 

Ilo3TOMJ ecTeCT:BeHHo, qTo no,n:o6HaJI Mo,n:em, KOHBOJIIOD:HH ( c K0HCTHTJ3H-
. . 

TaMH TOJll>KO O,LUioro THIIa) q>opMaJIJ,HO npHB0,n:HT I{ HapymeHHIO aaK0Ha 

coxpaHeHHJI 3Heprmi: H 3Hepreni:qecKHX npamrn CJMM, KoTopoe Ha caMoM 

,n:eJie JIBJIJieTCJI CJie,D;CTBHeM HeIIOJIHOro 0IIHCaHHJI caMoro JI,Z:q>a. ,ll;eii:CTBH

TeJll>HO, B 3T0M _OIIHCaHHH cyru:ecTBeHHLiii: MOMeHT - CHJll>HaJI CBJI3HOCTl> Hy

KJIOHOB B JI.n:pe ( (c:) 8 ~ -40 M3B), 0,LUiaKo q>H3HqecKoe cyru:ecTBo 3Toro 

q>aKTa n cTaH,n:apTHLIX aHamrnax rHP Ha JI.n:pax .n:o cHX nop He yqnTLI-

8 
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BaJioc1>. B HaCTOJiru:ee BpeMJI o6ru:enpHHJITo, qrn NN-noTeHn:naJI, o6ycJio

BJieH o6MeHOM Me30HaMH. .H.n:po, TaKHM o6pa3oM, eCTl> ClICTeMa HYKJIOH0B 

II .n:pyrlIX BlipTyaJll>HLIX K0HCTIITJ3HT0B JI,Z:q>8. ( Me30HOB), KOT0pLie Tome He

o6XO,n:HMO yqlJTLIBaTI> B Cct> JI.n:pa. 

B napTOHHO:ii: Mo,n:eJIH nKJia.n: Me30HHLIX cTeneHe:ii: cno6o.n;LI B JI.ZJ;epHI,Ie 

Cct> MomeT 6LITI> aanRcaH n BH,n:e: 

Ymaz .. 

8Ff (x) = L j dyFf (x/y)JMfA(y), 
M 0 

(3) 

F2M- Cct> MeaoHa M; JM/A_ pacnpe,n:eJieHRe Me30HOB Mn JI,Z:q>e A no ,n:oJie 

npo,n:om,Horo lIMIIJJll>Caj CJMMlip0BaHlie B (3) lI,D;eT no BCeM copTaM Me-

30H0B. IlocKOJll>KJ Me30HLI, He HeCJT 6aplIOHHOrO 3apJI,n:a, TO IIplI yqeTe 

Me30H0B H0pMlipOBKa JI,n:epHo:ii: Cct> Ha noJIHLiii: aapJI,ZJ; OCTaeTCJI 6ea lI3Me

HeHlIH. B 3HepreTlJqecK0M npaBRJie CJMM n0JIBJIJieTCJI Me30HHaJI nonpaBKa 

(RMnym,c JI,Z:q>a nepeH0ClITCJI nceMH KOHCTlITJ3HTaMlI) II 3aKOH coxpaueHIDI 

·3HeprRR ,n:JIJI Cct> JI.n:pa nLirJIJI,n:HT cJie.n:yro~M o6paaoM: · 

Am 
MA · [(Y)N/A + (Y)M/A] = l, (4) 

Ymoz • 

r.n:e (Y)M/A = I: J dyyJMfA(y). KoHKpeTHLI:ii: yqeT BKJia.n;on omem,HLIX 
M O -

Me30H0B MO}I{H0 npoBeCTlI BLiqlJcJieHlieM MIDIMLIX qacTeii: C0OTBeTCTBJIO-

ru:Rx o6MeHHLIX ,n:HarpaMM. Hanpl!Mep, ,D;JIJI BKJia,n:a (J'- Me30H0B B ,n:e:ii:TpOHe 

noJIYqaeTcJI: 

!p,µ/D. 
2 2 

Ju(r,) 

1
MD/m 

- dr,Jµ(r,)Ff(xjr,), 
z ' 

2 J d3p1d3p2 i ~ M+c ) Mc ) 
- 29u. (211')6 30} ~ 'Wv Pl 'Wv P2 . 

•(ko + kz)8(r, - (ko + kz)/m)0(ko + kz) 

r.n:e 0 2 = (k5 - wi), µ = 11',w,u, 

(5) 

Ha PRc. 2 npHBe,n:eH peaym,TaT pacqeTa nKJia,n:a omeJII>HLIX Me30HOB B 

Cct> ,n:e:ii:TpoHa II yrnepo,n:a. 

8HepreTlJqeCKO IIpaBlIJI0 cyMM M0}I{eT npoaHaJIH31Ip0BaH0, lICX0,n:,I R3 

(5} C IIplIMeHeHHeM TeopeMLI BllpliaJia. B ,n:HCCepTan:mi: II0Ka3aHo, ~o IIplI 
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~(,c) • 0.003 I 
0.008 

0.002 
Fz''(x) 

.().006 
0.001 

0.004 
0.000 

0.002 
-0.001 

0.0 0.1 0.2 0.3 0.000 
X 0.00 0.05 0.10 0.15 X 

Pn:c. 2: A6co.1t1om1t'bte 61'.Aaa'bt M.eJO'H,'H,'btX mO't.06. JleB'btU pucyHO't. - aeu

mpoH. Kpua'bte: 1-3 -B't.Aaa'bt w- u- 1r- M.eJOHOB coomaemcmaeHHo; 

't.puaaa 4 -cyM.M.apU'btU 61'.Aaa acex M,eJO'H,06. IIpaB'btU pucyHO't. - yzAepoa. 

J(pUB'bte: 1 - paC"l,em c aaepHOU nAOmHOCm'b1o' Byaca-Ca't.CO'H,a u M.eJO

'H,aM,U nomeu-quaAa Mmmepa-rpIIBa (Mr), 2- c nAomHocmMo C't.upM-1 

U aayM,a, 1ta6opaM.U M,eJOUOB (Mr-cnAOW.'H,aa, 't.pUBaa, U U W-M,eJO'H,'bt 6oH

'H,C't.OZO nomeu-quaAa - nyu't.mup).· Kpua'bte 1, 2 pacc"lumau'bt c napa

M.empaM.u o6peJauua A coomaemcmay'/Ow,ux nomeu-quaAoB. Kpuaaa 3 -
pac"lem'bt c nAomuocm'b'/0 C't.upM-1 u M.eJoua.Ku Mr .npu A--+ oo. 

yg:eTe BRJla.z(OB o6MeHa Me~oHaMH 3aROH coxpaHCHIDI 3Heprn:n: ( 4) BLIIlOJI

HJICTCJI B TO'IHOCTH. 

TaRHM o6pa30M, B ROHD;e rrepBOH rJiaBLI ,n;eJiaeTCJI BLIBO,ll; 0 TOM, 'ITO 

3aROHOM;epHOCTH EMC-a<p<peRTa MoryT 6LITI, o6'I>JICHeHLI CBJI3HOCTI,IO ey

RJIOHOB B 11.n;pe ll ytieTOM MC30HHLIX o6MeHHLIX TOROB. 

BTopaJI rJiaBa IIOCBJIIIJ;eHa IIOCTpoeHHIO caMOCOrJiaCOBaHHoii 3<p<peRTH

BHOH MC30H-HyRJIOHHOH Teopn:n: peaRD;Hii rHP C HCIIOJIJIPH30BaHHLIMH 1Ja

CTHD;aM~. OcHOBa IIO,ll;XO,ll;a COCTaBJIJICT IIpHMCHCHHC orrepaTOpHoro pa3JIO

}KCHIDI B MC30H-HYRJIOHHOH Teopn:n:. 

B rrepBOM pa3,n;eJie .n;aroTCJI o6m;n:e Teoperntiecme cBe.n;eHIDI o MeTo,n;e 

orrepaTOpHoro pa3JIO}KeHIDI (OPE) B Teopn:n: rroJIJI, n: Ha rrpn:Mepe rrpn:

MeHeHIDI cBo6o,n;Hoii Teopn:n: KX.l( R rrpon;eccaM rHP rroRa3LIBaeTc11, 'ITO 

MeTo,n; OPE B TO'tJHOCTH Bocrrpon:3Bo,n;n:T pe3yJII,TaTLI RBapR rrapToHHo:tt Mo

,n;eJIH. IloRa3aHo, 'ITO ,ll;JIJI caMOCOrJiaCOBaHHoro T~opeTHtICCRoro OIIHCaHIDI 

JI,n;epHLIX C<I> Heo6xo.n;n:Mo, "IT06LI ll COOTBCTCTByrom;ne orrepaTOpLI, ll BeR

TOpa OCHOBHoro COCTOJIHIDI ll MaTplltIHLie 3JICMCHTLI 6LIJIH pacCtIHTaHLI B 

C,n;HHOM rro.n;xo.n;e, C HCIIOJII,30BaHHCM O,n;Horo ll Toro me raMHJII,TOHHaHa Cll

CTCMLI. .l(JIJI aToro B cJie.n;yrom;eM pa3,n;eJie MeTo,n; OPE rrpn:MeHJieTcJI B 
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) 

paMRax 3<p<peRTIIBHOil: Me3oH-HYRJIOHHOil: Teopn:n:. McrroJII,3y11 H3Bec_Teyro 

TCXHIIRY pe.n;yRD;HII CIIHHOpHLIX IIOJieii, orrpe,n;eJIJieTCJI JIBHLIH Bll,ll; orrepaTO

poB rHP B HepeJIJITHBHCTCROM rrpe,n;eJie, BCRTOpa OCHOBHOro COCTOJIHIDI a,n;

pOHHOH MHIIICHH ll BLI"IHCJIJIIOTCJI COOTBCTCTByrom;n:e !.IaTplltIHLie 3JICMCHTLI. 

OT)];CJII,HO HCCJie.n;yeTCJI CJIYtiaii HYRJIOHHOH MIIIIICHH; orrpe,n;eJICHLI BOJIHO

BLie <pyHRD;HII, Bhl"IHCJICHLI MOMCHTLI <pII3ll"ICCROro HYRJIOHa B TepMIIBax 

"roJILix" ROHCTHTY3HTOB, orrpe,n;eJieH~ COOTBCTCTBYIOIIJ;IIe ROHTptIJICHLI. B 

,n;aJII,HCil:IIIeM BLipameHIDI ,ll;JIJI MOMCHTOB <pll3Htieciwro HYRJIOHa HCIIOJII,3y

IOTCJI rrpn: BLI"IIICJICHIIH 11.n;epHLIX MaTpII"IHLIX 3JICMCHTOB. B pe3yJII,TaTe rro

JIY"ICHLI aHaJIHTHtiecme nLipameHIDI ,n;JIJI 11.nepHLIX cTpyRTYPHLIX <pyHRD;Hii 

ll HX MOMCHTOB B TepMHHaX xopOIIIO orrpe.n;eJieHHLIX BCJIII"IHH: CTPYRTyp

HLIX <pyHRD;IIH ll MOMCHTOB <pll3II"ICCRHX HYRJIOHOB ll MC30HOB, RHHCTH"Ie

CROH II IIOTCHD;IIaJII,HOil: 3Heprn:il: 11.nepHLIX HYRJIOHOB, XllMll{JCCRoro IIOTCH

n;naJia ll 11.n;epHLIX CIICRTpaJII,HLIX <pyHRD;Hil:. HarrpIIMep ,ll;JIJI ~eil:TpOHa: 

~(;:) n. Mn(Ff) = (6) 

= Mn(F{') f (~~3 1 '11v(p) 1
2 (1 + :r (1 +: + 2~ 2 ) n + (7) 

· f cP cPk 1 [( k )n ( k )n] + Mn(F{') (:,r)6 \Jljj{p)V(k)\Jlv(P + k) k, 1 + 2~ - 1 - 2~ -

(8) 

M (F.M)/cPpcPklJI+( )V(k)\JI ( +k)___!!!__,(l+(-lt+t).(k•)n+t 
n 2 (2,r)6 D P D P w2(k) 2 m , 

(9) 

r.n;e '11 D - o6LitIHaJI HepeJIJITHBIICTCRaJI BOJIHOBaJI <pyHRD;IDI .n;eiiTpOHa, w2(k) = 
(k2 + µ2); V(k) - N N- rroTeHn;IIaJI o,n;Ho6030HHoro o6MeHa. 

Bn.n;Ho, 'ITO IIOCROJII,RY B BLipameHIIII ,ll;JIJI MOMCHTOB 3aBIICIIMOCTI, OT 

n <paRTOpII3yeTCJI B nn:.n;e rrpon:3ne,n;eHID1 MOMCHTOB <pll3II"ICCRHX HYRJIO

HOB ll MC30HOB ll <pyHRD;HH, 3aBHCJIIIJ;IIX TOJII,RO OT CTpyRTypLI MHIIICHH, 

TO o6paTHOe rrpeo6paionaHIIe MeJIJIIIHa BOCCTaHOBIIT CTpyRTYPHLie <pyH

RD;llli n BII.n;e ROHBOJIIOD;IIH, rrpn:tieM TaRHx ROHBOJIIOD;IIOHHLIX "IJICHOB 6y;zyT 

Tpn: HMrry.irbcHoe rrpn:6JIII}KCHIIe (pacceJIHIIe Ha cno6o,n;HOM HYRJIOHe c IIM

IIYJII,COM p, pacrrpe.n;eJieHHOM corJiacHo noJIHonoii cpyHRD;IIII '11 D(P) ), BRJia,n; 

B3aHMO,n;eil:CTBIDI, YtIHTLIBaIOIIJ;IIil: CBJI3HOCTI, HYRJIOHa B 11.n;pe 11 BRJia,n; Me-

30HHLIX o6MeHHLIX TOROB. 

3aROH coxpam;!HIDI 3Heprn:II-IIMIIYJII,Ca n ,n;aHHOM rro.n;xo.n;e rrponep11eTc11 

Herrocpe.n;CTBCHHO ll3 (7)-(9) rrpII n = 2. C IIOMOIIJ;l,IO TeopeMLI nn:pn:aJia 
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,ll;OKa3aHo, 'CITO 3aKOH coxpaHeHIUI 3Hepnrn: - HMrrym,ca BLIIIOJIHHeTCJI TO'tIHO. 

_ IloKa3aHo, qTo npe,n;JiomeHHHil: no.n;xo.n; npn HeKoTopHx pa3yMHliCX .n;o

nymeHIUix B TO'tIHOCTH BOCilpOH3BO,ll;HT q>eHOMeHOJiornqecKHe q>OpMyJili( H3-

BeCTHOH Mo.n;eJIH x-pecKeil:JIHHra; TaKme npHBO,D;HTCJI rrpocTaJI n y.n;o6HaJI B 

npnMeHeHHH npH6JIH)KeHHaJI q>opMyJia MO,D;eJIH ,ll;JIJI BliCqncJieHHJI JI,n;epHliCX 

C<I>: 

!F.N/D = F.N/D(IA)+ (V) X· dF.f = F.N/D(IA)+ ED - (T) X• dF.f, (10) 
2 2 2 m dx 2 m dx 

r.n;e F{ 1 D (IA) - BKJia.n; HMnymcHoro rrpn6JIHmeHHJI, (T) -cpe,ll;HJIJI KHHeTn

qecKaJI 3HeprHJI HYKJIOHOB B .n;eil:TpoHe. B cnyqae TJI)KeJili(X JI,n;ep q>opMyJia 

(10) MO,D;Hq>m:i;npyeTCJI c yqeTOM Toro, qTo: 

(V)A = 2 (EA - (T)A), (11) 

r.n;e EA ~ -8 M3B -cpe,ll;HJIJI 3HeprHJI CBJI3H JI,n;ep Ha o,D;HH eyKJioH, (Th 
-cpe,ll;HJIJI KHHeTnqecKaJI 3HeprHJI HYKJIOHa B JI.n;pe. 

qHCJieHHliCe pacqeTliC IlOKa31iCBaIOT, qTo npn6JIHmeHHliCe q>OpMyJili( (10) 
n (11) .n;aroT pe3ym,Ta.TH oqeH1, 6JIH3KHe K ToqHHM. pacqeTaM F[ID, qTo 

.n;aeT BO3MO)KHOCTI, paccqnTaTI, C<I> JI,D;pa, He B,D;aBaJI~I, B no.n;po6HOCTH ero 

BeyTpeHHeil: CTpyKTYPliC - ,ll;OCTaToqHo JIHIIII, HMeTI, 3KcnepHMeHTaJII,HO H3-

MepeHHliCe eyKJIOHHHe C<I>, HMnymcHoe pacnpe,n;eJieHne n cpe,D;HIOIO no

Tem:i;namHyro H KHHeTnqecKyIO HYKJIOHOB B JI.n;pe. -

,l{eTaJII,HO aHaJIH3HpyeTCJI KaK BKJia,n; HYKJIOHHOH KOMIIOHeHTliC, TaK H 

Me3OHHliCX nonpaBoK B JI,n;epHHe C<I>, BHnoJIHeHH _qncJieHHHe pacqeTliC n 

.n;aHliC cpaBHeHHJI c 3KcnepnMeHTamHHMH .n;aHHliCMH. Ha Pnc. 3 npHBe

.n;eHliC THITH'tIHliCe pe3ym,TaTH npnMeHeHIUI rrpe,n;JiomeHHoro no.n;xo.n;a -K BH

'tIHCJieHHIO C<I>. 

B KOHD;e rJiaBI,I npnne,n;eHliC OCHOBHI,Ie pe3ym,TaTliC H BliCBO,ll;I,I. 

B TpeT1,e:il: rJiaBe HCCJie,D;yIOTCJI npon;eccliC rHP C IlOJIJipH3OBaHHI,IMH 

'tlaCTHD;aMH. B HaqaJie rJicl.BliC npHBO,D;JITCJI OCHO_BHI,Ie KHHeMaTnqecKHe co

OTHOIIIeHHJI ,ll;JIJI onpe,n;eJieHHJI CllHHOBliCX C<l>, o6cym,n;aeTCJI q>H3H'tleCKHH 

CMI,ICJI rrpaBnJI cyMM B1,epKeHa n 8JIJIHca-,l{maq>q>e, .n;aeTcJI KpaTiam aHa

JIH3 cyw;ecTByIOil(HX 3KcnepnMeHTaJlI>HliCX ,n;aHHliCX. IlpHBO,D;JITCJI pe3ym,

TaTH q>eHoMeHoJiornqecKoro aHaJIH3a cnHHOBliCX C<I> JI,n;ep, noKa3aHa B~

Hocr1, ytJeTa CITHH-op6HTaJlI>Hoil: CTPYKTyp1,1 npn trpoBepKe npaBHJia cyMM 

B1,epKeHa c ncrrom,3OBaHHeM 3epKaJlI>HliCX JI,D;ep. 
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'I \1 

iJ 

1.06 ~ ..,._ ,.,,. , 1 1.3 ~ 12c ,_ BCDIIS("N) 
•- sue 

1,2 ♦ - EMC 

1.0

3 t,~ i2 I ::: 
1.00 ' , 0.9 

0.8 
~ - u ~ u u ux 

o.o 0.2 0.4 0.6 0.8 X 

Pnc. 3: Omuomeuue C<I> a,aep u u3oc1w.11,a,puozo uy1C.11,oua. Jlea'btu pu

cyuo1C - aeumpou. Kpua'bte: 1- <fiep.MUC6C'ICOe aau:>1eeuue uy'JCJt,0'H,06 u,a 

.Maccoeou noaepxuocmu (u.Mny.11,'bcuoe npu6.11,u:>1eeuue); 2 - ·<fiep.Mueac1Coe 

aau:>1eeuue C y'IJ,emo.M CBR3'H,0CmU HY'JC.11,0'H,06 (cn.11,0W,'H,llR, 1CpU6aR)i 3 - pe-

3y.11,'bmam'b£ B'bt1J,uc.11,euuu no npu6.11,u:>1eeuuou <fiop.My.11,e (nyu1Cmup}; 4- pe-

3y.11,'bmam'bt .Moae.11,u X- pec1Ceu.11,uu,za; 5- cy.M.MapU'btU 6'/CJt,aa U.Mny.11,'bC'H,0ZO 

npu6.11,u:>1eeuua,, cea,311,ocmu u .MeJ0UU'btX mo1Coa. Ilpaa'btu pucyuo'IC - yMe

poa. KpuB'bte: 1- <fiep.MUCBC'ICOe aau:>1eeuue uy'/C.11,0'H,06 ua .M,llCCOBOU no

aepxuocmu (u.Mny.11,'bcuoe npu6.11,u:>1eeuue); 2- pe3y.11,'bmam'bt .MoaMu x- pe

c1Cei1.11,uu,za; 3 - <fiep.Mueec1Coe aau:>1eeuue c. y1J,emoM cea,311,ocmu uy1C.11,ouoe 

( B'b£'1J,UCJ1,C'H,U0e 6 pa.M'/CllX npea.11,o:>1eeUUOZO 6 auccepma-quu noaxoaa). 

Ilpe,n;JiaraeTcJI TeopeTnqecKHil: rro.n;xo.n;, aHaJiorH'tIHliCH o6cym.n;aeMoMy 

BO BTOpoii rJiaBe, ,ll;JIJI HCCJie,D;OBaHHJI JI,D;epHliCX 3q>q>eKTOB B npon;eccax 

C IlOJIJipH3OBaHHliCMH qaCTHD;aMH. B 3TOM cnyqae IlOJIY'tleHliC JIBHI,Ie BliC

pameHHJI ,D;JIJI aKCHaJII,HliCX onepaTopoB H BeKTOpOB OCHOBHOro COCTOJIHIUI 

Jier'tlaHIIIHX JI,D;ep C yqeTOM HX CIIHHOBOH CTpyKTyp1,1, BI,l'tlHCJieHI,I COOTBeT

CTByrow;ne MaTpl!'tIHHe 3JieMeHTliC. CITHHoBHe C<I> n nx MOMeHTLI nony

qeHI,I B JIBHOM aHaJIHTnqeCKOM BH,D;e, 'tITO IlOllBOJIJieT HCCJie,D;OBaTI, OT,ZJ;eJII,HO 

BKJia.n; HMnymcHoro npn6JIH)KeHHJI H 3q>q>eKTH B3aHMo,n;eiicTBIDI eyKJIOHOB 

B JI,D;pe. IlonyqeHHliCe q>OPMYJili( JierKo o6o6w;aroTCJI Ha . CJIY'tlaH TJI)Ke_JILIX 

JI,n;ep, a TaKme IlOKa3aHo, qTo HX MO)KHO CBeCTH K q>eHOMeHOJior:e:qecKHM 

q>OPMYJiaM · Mo,n;eJIH KOHBOJIIOD;HH. · IlpHBO,D;HTCJI 1:IPOCTaJI npn6JIH)KeHHaJI 

q>OpMyJia ,ll;JIJI BliC'tIHCJieHHJI CllHHOBOH C<I>, xopOIIIO BOC1:IPOH3BO,n;,1!1):aJI Toq~ 

HHe, HO rpOMO3,D;KHe TeopeTH'tlecKHe BHpameHIUI: 

1 D( ·) IA(-) d ( N( ).)· ({Sz, V}(k)) 
-291 x = 91 x - -d. X91 x • . - - ' 

X . mi{ 
(12) 

r.n;e ({Sz, V)} cpe,n;IIee 3HaqeHHe aHTHKOMJTaTOpa onepaTopa cITHHa :e: no-

Tem:i;:e:aJia B IlOJIJIPH3OBaHHOM .n;eiiTPOHe. BTOpott 'tIJieH B (12) 9TO nonpaBKH 
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R lIMIIJJThCHOMY rrpn6JIIDI(emno 3a C'IeT 3q>q>eRTOB CBH3HOCTil. Bn,nHo, "ITO 

3Tll rrorrpaBRil MaJThI ( ~ ( Vo BE } / m N) Il 3aBilCHT OT IIOBe,n;eHilH HJRJIOHHOH 

CC<I> gf' ( x) n ee rrepBofi rrpon3BO,nHo:ii:. • 

IIpoBe,n;em,1 t:IllCJieHHI,Ie pact:1en,1 C<I> ,n;e:ii:TpoHa n 3 He, IIOJIYt:IeHo xopo

uree corJiacne C 3RCrrepnMeHTOM (Ha Pnc. 4 IIpllBO,ll;HTCH TllIIIlt:IHLie pe3ym,

TaTLI BLit:IllCJieHilH CIIIlHOBOH C<I> ,n;e:ii:TpoHa Il cpaBHeHne C 3RcrrepnMeH

TaJThHLIMil ,n;aHHLIMH CIIIlHoBofi MrooHHofi RoJIJia6opaunn), on:eHeH BRJia,n; 

H,n;epHofi CTPYRTYPLI, rroRa3aHo, t:ITO B rrorrpaBRH OT B3anMo,n;eficTBilH nrparoT 

Ba>RHYIO pom, B 3Tl:IX rrpoueccax, O,nHaRO OCHOBHOH 3q>q>eRT B CIIIlHOBLIX 

C<I> o6ycJioBJieH crrHH-op6nrnm,Hofi cTpyRTypo:ii: H,n;pa. 

•"M~[••: ,I~ 

0.08 

0.06 

0.04 

0.02 

(b) 

l 
0 

·004 [ ' 

-0.02 

' ,0·• ..... 
10·' X ,.~ 101 Xm 

Pnc: 4: Cnuuoaaa, cmpy1,,mypuaa, if>yu1,,'ll,uR- aeumpoua xgf(x) (a) u ee 
nepa'btU M0M.eum M1(gf) =· rm~/mN gf (x)dx 1,,a1,, if>yu1,,'ll,uR- uu:>1Cueio npe-

Jxmm 
aMa uumezpupoaauua, Xmin, (b). Cn.11,owu'bte u 

1
nyu1,,mupu'bte 1,,pua'bte 

u.11,.11,10cmpupy10m 'l/,yacmaume.11,'buocm'b pe3y.11,'bmamoa 1,, B'bt6opy napaMe
mpuJa'll,uu uy1,,.11,ouuou Cw. 

B ROHUe npnBe,n;eHLI OCHOBHLie pe3ym,TaTLI Tpen,e:ii: rJiaBLI. 

B. t:IeTBepTOH rJiaBe IlCIIOJTh3JIOTCH pe3JJThTaTLI BTOpo:ii: Il Tpen,eii rJiaB 

,ll;JIH Il3BJiet:IeHl:IH CTpyRTypHI,IX <l>YHRUilll CB060,nHoro ~e:ii:TpOHa Il3 ROM6n

HllpOBaHHOro aHaJIIl3a ,n;aHHLIX Ha Bo,n;opo,n;e ~ JierRnx H,n;pax. ,lJ;JIH 3Toro 

npe,n;BapnTeJThHO IlCCJie,n;yeTCH BeJIIlt:IHHa nonpaBRil, o6ycJIOBJieHHOH BO3-

MO)RHI,IM Il3MeHeHneM q>yHRUHOHaJThHofi 3aBncHMOCTil C<I> H.n;epHoro · HY

MoHa 3a Ct:IeT 3<pq>eRTOB BHeMaCCOBOCTil. PacCMOTpeHHe IIpOBO,n;HTCH. B 

paMRax TOH me Me30H-HJRJIOHHOH Teopnn C pe3ym,TaToM, t:ITO_ TaRl:Ie IIO

npaBRil B npoueccax I'HP npeHe6peiRHMO MaJThI · no cpaBHeHnro c H,n;ep

HLIMil 3q>q>eRTaMH Il ,n;JIH IlX 3RCIIepnMeHTaJThHOro o6HapymeHl:IH npe,n;Jia

raeTCH IlCIIOJTh3OBaTI, IIOJIYilHRJII03IlBHLie peaRUilll, B ROTOpLIX rrpe,n;cRa3LI

BaeTCH nx c~eCTBeHHoe ycnJieHne. ,lJ;aJiee paccMaTpHBaIOTCH ,n;Ba pa3-

Jlllt:IHLIX MaTeMaTilt:IeCRilX MeTo,n;a Il3BJiet:IeHilH C<I> He:ii:TpOHa Il3 3RCIIepn-
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MeHTa. IIepBLIH MeTo,n;, Il3BeCTHLIH B JlllTepaType RaR MeTO.Ll "pa3Ma3Rll", 

npnMeHHeTcH .n;JIH aHaJIIl3a .n;aHHLIX ROJIJia6opaunn BCDMS Ha Bo,n;opo,n;e H 

,n;eiiTPOHe .n;JIH Il3BJiet:IeHHH C<I> HenoJIHpn3oBaHHoro HeiiTpoHa. IloJIYt:IeHLI 

3RCIIepIU,!eHTaJThHLie 3Hat:IeHHH C<I> HeiiTpOHa C yt:1eTOM 3q>q>eRTOB CBH3HO

CTil Il Me3OHHLIX o6MeHHLIX TOROB, ,n;aeTCH y,n;o6HLie napaMeTpll3aUHH C<I> 

npoToHa n HefiTPOHa, orrncLIBarornne .n;aHHLie BCDMS Bo BCeM HHTepBaJie 

Il3MepeHHLIX X Il Q2
' o6cyiR,ll;aIOTCH Heorrpe,n;eJieHHOCTH, CBH3aHHLie C MO

,n;eJIHMII, ncrrom3yeMLIMI1 B rrporre,n;ype H3BJiet:IeHHH HeilTpOHHO:ii: C<I> ( CM. 

Pnc. 5 II Pnc. 6). 

Ft/Fl 
d! 

0.8 ' • • • 

•- Ltght. oon• 

<l>- orr- ..... 

• 
0.6 

Ii 
i 

i 

0.4 iit 
0.2 

o.o 0,2 0.4 0.6 0.6 

X 

Pnc. 5: Omuoweuue Cw ueu
mpoua, uJa.11,e'l/,e11,11,aa, UJ 31,,cnepu
Meuma aayM.a, cnoco6aM.u, 1,, 31,,c
nepuM.euma.11,'buou CW npomoua. 
ff epm,te 1,,py:>1C'K,U - B'bt'l/,UC.11,€11,UR, 
a 1,,uueM.amu1,,e caemoaozo 1,,011,yca. 
Om1,,pt,tm'bte 1,,py:>1Co'l/,1,,u - y'l/,em Jif,
if>e1,,moa aueM.accoaocmu + M.eJou
U'bte o6M.euu'bte mo1,,u. 

1.4 

1.:, 

1.2 

1.1. 

1.0 

0.9 
.o.o 

F 
211 

Cott.) /F 
211 

(1.e.) 

0.2 o.• o.6 0.6 1,0 

X 

Pnc. 6: Jf.11,.11,10cmpa'll,UR
M.oaM'bU'btX 11,eonpeaeAeU-
11,ocmeu 8 npov.eaype UJ-
8.11,€1/,€11,UR, 11,eumpo11,11,01J, 
Cw. Cn.11,owuaa, 1.puaaa, 
- npocmou if,um no.11,y"leu
U'btX aaUU'btX. 

Ha ocmme IIOJIYt:IeHHLIX pe3ym,TaTOB HCCJie,n;yeTCH rrpaBIIJIO CJMM roTT

q>pn,n;a H rrocJie,nHne ,n;aHHLie NMC. IloRa3aHo, t:ITO B rrpoTHBorroJioiRHocTL 

BLIBO,ll;aM I{OJIJia6opaunn O HeHa6JI10,n;eHI1II RaRilX-Jlll6o H.n;epHLIX 3q>q>eRTOB 

B ,n;e:ii:Tpone rrpn MaJThix x, 3TH ,n;aHHLie cRopee Bcero Hao6opoT, CBH.n;eTem,

CTBJIOT O o6HapyiReHHII .n;Byx 3q>q>eRTOD - BJIIlHHHII Me3OHHLIX o6MeHHLIX 

TOROB H 3RpaHHpOBRil. IlpoBe,n;eHHaH oneHRa IIORa3aJia, t:ITO OHH 6Jlll3Rll 
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IIO Bemr•nrne, HO rrponm0IIOJIO}KHLI IIO 3HaRy, Tai{ 'ITO B cyMMe OHlI CORpa

m;aIOTCJI lI pe3ym,TaT BLirJIJI)UIT RaR OTCYTCTBHe 11.n;epHLIX 3q>q>eRTOB. 

MeTO,ZI; "pa3Ma3RH" He MO}I{eT 6LITJ, rrpnMeHeH ,Zl;JIJI lI3BJie'leHHJI CIIlIHO

BLIX C<I>, TaR RaR OH co.n;ep}I{lIT cnHryJIJipHocTH B TO'!Rax, r.n;e CIIHHOBLie C<I> 

lIMeIOT HyJIH • .LJ:JIJI aHaJIH3a IIOJIJipH3aUHOHHLIX 3RCIIepHMeHTOB rrpe.n;Jiara

eTCJI .n;pyro:ii MaTeMaTH'leCRHH M~TO,ZI; pemeHHJI lIHTerpam,HLIX ypaBHeHH:ii, 

ROTOpLI:ii CB06o.n;eH OT He.n;ocTaTROB rrepBoro lI II03BOJIJieT lI3BJieRaTJ, CIIlIHO-:

BLie C<I> BO BCeM lIHTepBaJie lI3MepeHHLIX X lI Q2• 8TO IIORa3LIBaeTCJI Ha 

rrpnMepe H3BJie'leHHJI C<I> g1(x, Q2) H3 .n;aHHLIX SMC. 

B ROHn:e rrpnBe,n;eHLI OCHOBHLie BLIBO.n;LI 'leTBepTO:ii rJiaBLI. 

B IIJITO:ii rJiaBe lICCJie.n;yeTCJI pom, .n;pyrnx, OTJilI'lHLIX OT Me30HHLIX, 

cTerreHe:ii cBo6o.n;LI B C<I> 11.n;ep, a m,rnHHO pom, b. - H3o6ap n Mym,TnRBap

ROBLIX ROHq>Hrypan:n:ii. Hcrrom,3yeTCJI Mo.n;em, ROHBOJIIOUHH, rrapaMeTpLI 

IIIeCTHRBapROBLIX pacrrpe.n;eJieHHH 6epyTCJI lI3 3RCIIepnMeHTa IIO RYMYJIJITlI

BHOMY Me30Hoo6pa30BaHHIO B a.n;poH-JI,D;epHLIX CTOJIRHOBeHHJIX. IIocROJII,l{y 

rrepe.n;a'la HMrrym,ca 3,n;ec1, cym;ecTBeHHO MeH1>me, tieM B rrpon:eccax rHP, 

TO .n;JIJI corJiacoBaHHJI pactieTOB pemaJioc1, ypaBHeHne AJITapeJIJIH - IIa

pH3H. B pe3ym,TaTe RBapROBLie pacrrpe.n;eJieHHJI rrpeTeprreBaJIH 3BOJIIOUHIO 

.n;o 3HatieHd rrepe.n;HHLIX nMrrym,ca Q2, xapaRTepHLix .n;JIJI peaRUH:ii rHP. 

Ilo:t<a3aHo, 'ITO rrpoJIBJieHne MHoroRBapROBLIX cTerreHe:ii cBo6o.n;LI MO}KHO 

o}I{H,Zl;aT1> B RYMYJIJITHBHO:ii o6JiaCTH rrpn x ~ 1.5. O.n;HaRo B 3TO:ii o6Jia

CTH 3RCIIepnMeHTaJII,HLie .n;aHHLie IIORa OTCYTCTBYIOT, eCTJ, TOJII,l{O .n;aHHLie 

BCDMS Ha yrnepo.n;e rrpn x < 1.5, r.n;e eyRJIOHHaJI ROMIIOHeHTa C<I> XOTI> 

n rro.n;aBJieHa, HO MomeT nrpaT1> 6om,myro pom,. C n:em,10 nccJie,n;oBaHHJI 

HYRJIOHHoro BRJia.n;a B6JllI3lI rrpe,n;eJia O.n;HOHYRJIOHHO:ii RHHeMaTHRlI B IIO

CJie.n;yrom;nx pa3.n;eJiaX IIJITOH rJiaBLI lICIIOJII,JyeTCJI rrpe.n;JIO}I{eHHLI:ii MeTO,ZI; 

.n;JIJI aHaJIH3a C<I> rrpn x -t 1, a TaRme MOMeHTOB Mn rrpn 6om,IIIHx n. IIo

Ra3LIBaeTCJI, 'ITO MeTo.n; .n;aeT xopomee corJiacne c 3RcrrepnMeHTam,HLIMH 

.n;a~LIMlI n B RYMYJIJITlIBHOH o6JiaCTlI. .LJ:JIJI cpaBHeHHJI TeopeTH'leCRHX 

pactieTOB MOMeHTOB Mn C 3RCIIepnMeHT0M Heo6XO,l(HMO rrpe,n;BapnTeJII,HO 

o6pa6oTaTJ, .n;aHHLie ITO C<I> ,Zl;JIJI IIOJIY'leHlIJI caMHX 3RCIIepHMeHTaJII,HLIX 

Mn, ORa3aJIOCI>, 'ITO 3Ta rrpon:e.n;ypa HeO.n;H03Ha'lHa, a HMeHHO, B 3aBHClI

MOCTlI OT ·rrpe.n;rroJiomeHHJI o rroBe,MHHH C<I> rrpn x -t 1 MO}I{HO IIOJIYlllITI> 

COBepIIIeHHO pa3HOe IIOBe.n;eHHe 3RCIIepnMeHTaJII,HLIX Mn RaR q>YHRUHlI n. 
TaR, ecJIH rrpe,n;rroJIO}I{lIT1>, 'ITO F.f ( x) lx-1 -t O ( TaRoe rroBe,n;eHHe tiacTo 

ncrrom,30BaJioc1, .n;o rroJinJieHHJI RYMYJIJITHBHLIX .n;aHHLIX B,CDMS) TO MO-
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MeHTLI MOHOTOHHO_ rra.n;aIOT C pocTOM n, (rrpepLIBHCTLie JilIHlilI lI RBa.n;pa

TlIRlI Ha Pnc. 7); HO ecJIH .n;orrycTHTJ, ('ITO COBepIIIeHHO ecTeCTBeHHo), 'ITO 

F.f ( x) OTJilI'lHa OT HYJIJI B RYMYJIJITlIBHOH o6JiaCTlI, TO IIOBe~eHHe MOMeH

TOB Ra'leCTBeHHO lI3MeHHTCJI lI CTaHOBlITCJI pacTym;e:ii CTeIIeHHO:ii cpymrn;ne:ii 

n. 11:MeHHO TaRoe IIOBe,D;eHHe rrpe.n;cRa3LIBaeTCJI B HaIIIeM rro.n;xo.n;e; 3RCIIe

pnMeHTLI RoJIJia6opan:nn BCDMS IIO.n;TBep}I{,Zl;aIOT TaRo:ii BLIBo.n; ( Pnc. 7, 
'lepHLie Rpymo'lRH lI CIIJIOIIIHLie RplIBLie). 

1.3 

Mn(F/)/Mn(F/) 

1.2 

1.1 

1.01 -=..::::= _________ I 

0,9.__.__,___.____..__.__,_L.......L-L--'--'--' 

0 5 10 n 

2.2 

2.0 

l.B 

1.6 

1.4 

1.2 

Mn(F/)/Mn(F/). 

1.0 I ~ n n - -• - I 

0.8 
0 5 10 n 

Pnc; 7: Om'H,OW,€'H,Ue M,0M,€'H,m06 M~(F.f )/M;[(Ff) a.,,,a, aeumpo'H,a (.11,e
eaa, na'H,€.11,'b) U a.11,a, yi.11,epoaa ( npaeaa, na'H,€.11,'b). Cn.11,0W,'H,'bte 1CpU6'bte • 
pe:1y.11,'bmam'bt npea.11,0:HCe'H,'H,OZO 6 auccepmav.uu noaxoaa, npep.'bt6UCm'bte • 
M,OaM'b Q2-peC?C€U.11,U'H,2a, ?Cpy:HC0'l/,'/CU (?CeaapamU?CU} • 3'/CCnepUMenmaA.'b• 

'H,'bte M,0M,eUm'bt C y'l/,emoM (6e3 y'l/,ema) aa'H,'H,'btX BCDMS 6 ?CYMYA.R-mu-
6'H,OU 06.11,acmu. 

B 3TOH me rJiaBe lICCJie.n;yeTCJI rrplI'!lIHa Toro, 'ITO lI3BeCTHaJI Mo.n;em, 

Q2-pecRe:iiJIIIHra He .n;aeT rrpaBlIJII,HOro IIOBe,n;eHHJI MOMeHTOB rrpn 6om,-
. . ' . . 

IIIHX 3Ha'leHHJIX n. ORa3aJioc1,, 'ITO rrapaMeTp ~A Mo.n;eJilI AOmKCll'-3al3J4C.eT:t. 

OT n. BoJiee Toro, B paMRax rrpe.n;JiomeHHoro rro.n;xo.n;a TaRaJI 3aBHCHMOCT1> 

ycTaHOBJieHa B TepMHHax xapaRTeplICTlIR JI.n;epHO:ii CTpYRTypLI - cpe,D;Hero 

rroTeHUHaJia n cpe.n;He:ii RHHeTlI'!ecRo:ii 3HeprHH, 'llICJieHHLie pactieTLI na

paMeTpa ~A IIO rrpe.n;JIO}I{eHHLIM . q>OPMYJiaM IIORa3aJIH, 'ITO .n;JIJI MaJIJ,IX n 
Ha:tt.n;eHHLie 3Ha'leHHJI COBIIa,D;aIOT C COOTBeTCTBYIOW:lIMlI 3Ha'leHIDIMB:, IIO:-
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,ZJ;orHamnnm B paMRax MO,ZJ;eJm Q2-pecRe:iimmra .ZJ:JIJI orrncamm ,ZJ;aHHhlX B 

o6JiacTn cpe,Zl;HllX x. C pocToM n rrapaMeTP ~A Me,ZJ;JieHHO y61,1BaeT n cTa

HOBilTCJI Memme e,Zl;IlHilnl,l ,Zl;JIJI n, COOTBeT{:TBYIO~M o6JiaCTil, r,ZJ;e JI,Zl;epHaJI 

C<I> cTaHOBilTCJI 6om.me HyRJIOHHO:ii. 

B RoHne rJiaBI,I rrpnBO,Zl;JITCJI OCHOBHI,Ie Bl,IBO.ZJ:1,1. 

llieCTaJI rJiaBa IIOCBJIID;eHa TeopeTJ{qecROMy IlCCJie,ZJ;oBaHilJI peJIJITilBilCT

CRilX 3<p<peRTOB B peaRnllJIX rHP Ha ,ZJ;e:iiTpOHe. C 3TOH nem.ro pemaeTCJI 

crrnHop-crrnHopHoe ypaBHeHne BeTe - CoJIIInTepa (BC) B JiecTHnqHoM 

rrpn6JIIDKeHnn c rroTeHnn:aJioM o,ZJ;Ho6030HHoro o6MeHa. ,l(JIJI Haxo)I{,Zl;eHnJI 

qncJieHHoro pemeHilJI aMIIJmTy.n:a BC pa3JiaraeTcJI no rroJIHoMy Ha6opy 

,Zl;IlpaROBCRilX r-MaTpnn Il BI,IIIIlCI,IBaeTCJI CilCTeMa IlHTerpam.HhlX ypaBHe-'. 
HilH Ha R03<p<pnnneHTI,I pa3JIO)KeHJUI, IlCCJie,ZJ;yIOTCJI IlX TpaHCq>OpMannoH-

HI,Ie CBOHCTBa' OTHOCilTem.Ho rrpeo6pa3oBaHnii CilMMeTpnn, ycTaHOBJieHa 

CBJI3b C R03<p<pnnneHTaMil pa3JIO)KeHilJI, ncrrom.3yeMhlMil ,ZJ;pyrllMil aBTO

paMil. IloRa3aHo, qTo rrocJie rroBopoTa BnRa rroJiyqeHHaJI cncTeMa ypa

BHeHnii Bem:ecTBeHHa Il He CO,ZJ;ep)KilT CilHryJIJipHOCTeii. Pa3pa6oTaH MeTO,Zl; 

qncJieHHoro pememlJl TaRoii cncTeMhl, rronyqeHH1,Ie pemeHilJI (rrapaMeTphl, 

o6ecrreqn:Barom:ne cxo,Zl;IlMOCTI> rrpone,ZJ;yphl qncJieHHoro pemeHilJI cncTeM1,1 

ypaBHeHn:ii rrpnBe,ZJ;eHI,I B Ta6Jmne 1) rrpOBepJIIOTCJI B1,1qncJieHneM n3Be

CTHhlX Ha6JIIO,ZJ;aeMI,IX B ,ZJ;e:iiTpOHe (RBa,ZJ;pyrrom.Horo n MarHilTHOro MOMeH

TOB, BepOJITHOCTil rrpnMecn D-BOJIH Il rrp.). 

Ta6Jmna 1: IlapaM.emp'bt.M,Oae.A,u. 

Me3OHI,I ROHCTaHThl. CBJI3Il Macca o6pe3aHne Il3OCIIIlH 

B g1/(41r); [gtf gv] µB, raB A, raB T 

(7 12.2 0.571 1.29 0 
8 1.6 0.961 1.29 1 
7r 14.5 0.139 1.29 1 

rJ 4.5 0.549 1.29 0 
w 27.0; [0] 0.783 1.29 0 
p 1.0; [6] 0.764. 1.29 1 

ffiN ·= 0.939 raB, Cd= -2.225 MaB 

3aTeM, ncrrom.3yJI orrepaTopHoe pa3JIO)KeHne n, MeTO.ZJ: MaH,ZJ;em.cTaMa, 

BI,IqncJIJIIOTCJI CTpyRTypHI,Ie <pyHRnn:Il ,ZJ;e:iiTpoHa Ff (x), gp (x) Il b1,2(x). 
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Haii,ZJ;eHo, qTQ JI,Z1;epH1,1e 3<p<peRThl B BhlmeyRa3aHHI,IX C<I> ,ZJ;e:il:TpoHa B pe

JIJITilBilCTCRoM cnyqae 6om.me, qeM B HepeJIJITilBilCTCROM, OCTaBaJICI, rrpn 

3TOM TeM He MeHee MaJll,lMil rrorrpaBRaMn. 

B ce.ZJ:I,Moii maBe rronyqeHHhle pemeHilJI ypaBHeHilJI BC ncrrom.3yroTcJI 

,Zl;JIJI IlCCJie,ZJ;oBaHilJI peJIJITilBilCTCRilX 3<p<peRTOB B peaRnllJIX pa3BaJia no

JIJipll3OBaHHoro ,ZJ;e:iiTpOHa BhlCORO 3HepreTnqeCRilMil IIpOTOHaMn. B TaRilX 

peaRnllJIX Il3MepJieTcJI TeH3op~aJI aHa.rrn3npyrom;aJI cnoco6HocTI> T20 n rre

pe~aqa IIOJIJipll3annn "-, COBMeCTHI,IH aHaJm3 ROTOpI,IX ,ZJ;aeT neHHyIO IlH

q>OpMannro O CIIIlHOBOH CTPYRType ,ZJ;e:il:TpOHa Il O ero BI,ICOROilMIIym.cHHX 

ROMIIOHCHT. ,l(o HaCTOJim;ero BpeMeHn TeopeTnqecROC IlCCJie,Zl;OBaHne T20 
Il K, OCHOBhlBaJIOCI, Ha n1,1qncJICHilll rro11paBOR R pe3ym.TaTaM IlMrrym.cHoro 

rrpn6JIIDKCHilJI n HepeJIJITilBilCTCROM (nJIIl B cxeMe MilHHMam.Hoii peJIJITilBil-

3annn) rrpn6JIIDKCHilll. Ilpo,Zl;eJiaHHI,IH IIOJIHOCTI,IO ROBapnaHTHhlii aHaJm3 

peaRnnii pa3naJia .ZJ:eiiTpoHa B qiopMaJIIl3Me BC rroRa3aJI, tJTO peJIJITHBHCT

CRile aqi<peRThl n T20 n K Ba)KHI,I ( CM. Pnc. 8), TeM He MeHee n o6JiacTn 

6om.mnx IlMIIYJII>COB ,ZJ;a)Ke peJIJITilBilCTCRoe nMrrym.cHoe rrpn6JIIDKeHne He 

OIIIlCI,IBaeT 3RCIIepnMeHTaJil,HI,Ie ,ZJ;aHHI,Ie. ·Ilo-nn,Zl;IlMOMY, 3,ZJ;eCb 6om.myro 

pom. nrparoT 3<p<peRTI,I B3aHMo,ZJ;e:il:CTBilJI D ROHeqHoM COCTOJIHHil Il IIpOJID

JieHilJI mecTnRBapROBI,IX ROH<pnrypannn B ,ZJ;e:il:TpoHe. 

0.8 -:i------=::-;;;-.:::..:~',--=_:,_-~:: t~~f-·•• I/ r ;~l2 , 
-0.4 

-0.8 

-J.2 

-1~ 1 I 
0.0 I I . 

0.2 0.4 
p'. CeV/c 

0.6 

IC 

... 

-0.7 

D ♦ p•p ♦ J: 

0.1-1 ~=-lf 
-.- ......... 

.---,~ . '\1 ···:--.. 
\i., "' 

'\ \ ' , .. 

-1.1-l----~..,...~-~-,---~..,J 
0.0 0.1 0.2 G..ll 8.& 

p'. Gn/c 

Pnc. 8: TeuJopuaa aua.11,uJupy'IOw,aa cnoco6uocm'b T20 u nepeaa"'-a no

.11,apuJa-qu'U: K, B'bL"lUC.11,e'H.'H.'bte 6 pa3'H.'bLX noaxoaax, U cpa011,e11,ue C UMe'/0-
111,UMUCR, :nccnepuMeuma.11,'b'H,'bLM,U aa'H.'H.'bLMU. 

B 3aRJIIoqeHilll 11O,ZJ;Be,ZJ;eHI,I IlTorn IlCCJie,ZJ;OBaHnii, rrpe,Zl;CTanJieHHI,IX D 

,Zl;IlccepTannn. 

B IIpllJIO)KeHilJIX rrpnDO,Zl;JITCJI Han6oJiee rpoMO3,Zl;Rlle q>OpMyJThl, ROTO

p1,1e 3aTpy.n:HilJlll 6bl qTeHne COOTBeTCTnyrom:nx rJian, HO HC06XO,Zl;IlMJ,I ,Zl;JIJI 

neJIOCTHOCTil Il3JIO)KeHilJI Il IIOHilMaHilJI OCHOBHoro MaTepnaJia. 
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