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Ilpe,n;naraeMhIM BHMMaHMIO q11TaTeJI.11 c6opHMK no,n;roTOBJieH B CBJI3M c 70-
JieTHMM 10611neeM M3BeCTHoro yqeHoro-q>M3MKa aKa,n;eMMKa AneKcaH,n;pa M11-

xaii~oa11q~ BaJI,!l;MHa, ,n;MpeKTopa Jla6opaTopMM BhICOKMX 3HeprMii 06'be,!l;MHeH

Horo MHCTMTyTa .11,n;epHhIX MCCJie,n;oBaHMM, naypeaTa JleHMHCKOM M rocy,n;ap

CT_BeHHOM npeMMM CCCP. 
Ilo MHMQMRTMBe M no,n; pyKoBo,n;cTBOM A. M. Ban,n;MHa B 00JIM nonyq11JI0 

pa3BMTMe HOBOe HayqHoe HanpaaJieHMe - peJIJITMBMCTCKaJI .11,n;epHaJI q>M3MKa. 

,n:n.11 pa3BMTMJI 3KcnepMMeHTRJlhHhIX MCCJie,n;oBaHMM B 3TOM o6JiaCTM ,n;y6HeH

CKMM CMHXpoq>a30TpOH 6hIJI npeo6pa30BaH B nepBhIM B MMpe ycKOpMTeJib pe

JIJITMBMCTCKMX .11,n;ep, a 3aTeM C03,!l;RH ycKOpMTeJib .11,n;ep Ha OCHOBe TeXHOJIOrMM 

caepxnpoao,n;MMOCTM - HYRJIOTPOH. 
B c6opHMK BOIIIJIM M36paHHhle CTRThM M MaTepMaJihl, CBJI3RHHhle C ero pa6o

TRMM B <l>M3MqecKOM MHCTMTyTe AKa,n;eMMM HayK CCCP B o6JiaCTJII ycKOpHTeJib

HOM TeXHMKH, .11,n;epHoii q>H3JIIKJII JII <pl1:3JIIKJII 3JieMeHTRpHhIX qacTHQ. 

© 06'he)lHHCHHblH HHCTHTyr ».!lCpHblX ·HcCJJC)lOBaHHH, .Uy6Ha, 1996 

- - - -·--
-~ ---------•--:--::- ~·-- ---



coqMHEHME HA 3A,I(AHHYIO TEMY 

A. M. BaJI,n:HH 

Mo11HOJIJier1111 ,u:pyaLJI, c HOTOpLIMI1 JI pa6oTaIO B Jla6opaTopHH BLICOKHX 3HeprHii OHJIM, 

aa,u:aJI11 MHe "coq11HeH11e Ha TeMy": HaH B03HI1H y MeHJI HHTepec K HayKe, qeM o6'LJICHJleTCJI 

MOIi np11Bepm:eHHOCTL H onpe,u:eJieHHOH o6JiaCTI1 <pl1311KH H noqeMy JI CTOJIL ,U:OJiroe BpeMJI 

pa6oTaJI B .U:BYX yqpem:,u:eHHJIX - B <I>11a11qecKOM HHCTHTyTe HM. II.H.Jle6e,u:eBa AHa,U:eM1111 

HayH CCCP 11 O61,e,u:11HeHHOM I1HCTI1TyTe JI,U:epHLIX HccJie,U:oBaHHH B .D:y6He. 

IlpoCMOTpeB CB011 HayqHLie pa60TLI, ny6JII1qHL1e BLICTYilJieHHJI, 11HTepBLIO H nonyJIHp

HLie CTaTLI1, JI 06Hapym:11JI, qTo MOH u;eHHOCTHLie op11eHTaU:I1H B HayKe MaJio MeHJIJIJ,fCI, 

Ha npoTJim:eH1111 noqT11 noJiyBeHa. B c6opHHI<e np11BOJJ:11TCJI MOH cTaTLJI B m:ypHaJie "Bo

□pocLI <pl1JIOCO<pl111" NlO aa 1974 ro.u:, IlOCBJIID;eHHaJI ,U:11CHyccHH O u;eHHOCTHLIX acneHTaX 

ecTeCTB03HaHI1JI, Ha 3TY TeMy eCTL 11 ,u:pyr11e MOH BLICTYilJieHHJI B neqaTH, Hanp11Mep,, 

rJ MHOroJieTHeii ,u:11cHycc1111-aHHeTe B "Jl11TepaTypHoii raaeTe". CTaB .U:HpeHTopoM JIBS, JI 

\1Horo pa3MLIIIIJIJIJI O CTpaTer1111 COBpeMeHHoro HayqHoro u;eHTpa, 0 "l.{eJieBOH <pyHHU:1111" 

'<PYilHLIX HayqHLIX HOJIJieHTI1BOB. TaH m:e, HaH 11 B MOHX HayqHLIX pa6oTax, B ynoMJIHYTLIX 

:TaTLJIX no,u:qepHI1BaeTcJI, qTo u;eJIL H CI1CTeMa u;eHHOCTeii <pyH,U:aMeHTaJILHLIX HCCJie,U:oBaHI1H 

>npe,u:eJieHLI HJiacc111mM11 ecTeCTB03HaH11J1: coa,u:aH11e TeopeT11qecHoH ocHOBLI, MIIHHMaJILHOH 

:ttCTeMLI IlOHJITHH H YTBepm:,u:eHHH, M:3 HOTOpLIX Jior11qecK11M nyTeM MOlliHO IlOJiyqHTL IlOHJl

:HJI H YTBepm:,u:eHliJI 31{cnep11MeHTaJILHLIX HayH (HapTHHy MHpa). OTCIO,U:a CJie,u:yeT HepapXIIJI 

1HaqJ1MOCTli noJiyqeHHLIX peayJILTaTOB - HaHoro ypoBHJI 3HaHIIJI HacaeTCJI peayJILTaT: 06m;11x 

IpliHU:liilOlJ ( CiiMMeTplili, liHBap11aHTHOCTli ), 3aHOHOB np11po,U:LI ( COOTHOllleHHJI Mem:.u:y 113Me

lliMLIMli, liHBapH:aHTHLIMli Ii 6eapaaMepHLIMII BeJI11qHHaM11) liJIII HaKOilJieHJIJI <paHTOB B TOH 

16JiaCTli q>Ii3H:qecHH:X BeJIH:qH:H, r.u:e 3aHOHLI em;e He c<popMyJI11poBaHLI HJIH HMeIOTCJI npOTli

:opeqliJI B '3HCilepH:MeHTaJILHLIX ,u:aHHLIX. EcTeCTBeHHO, qTo TaHaJI u;eJieycTpeMJieHHOCTL y 

1eHJ1 no11BH:Jiac1, ,u:aJieHo He cpaay. _ 

AHTliBHLIH liHTepec H <pli3H:He y MeHJI B03HliH noa,u:Ho - B BoapacTe 20 JieT, Hor,u:a JI nepe

IeJI C 3-ro Hypca CTpOH:TeJILHOro <paHyJILTeTa MocHOBCHoro HHCTIITyTa HHllieHepoB m:eJie3HO

opom:Horo TpaHcnopTa (MMMT) B MM<I>M (Tor,u:a MocH0BcH11ii MexaHHqecHH:H IIHCTIITYT). 

ITO 6LIJI 1946 ro.u: - ro.u: OT6opa Jiyq11111x CTy,u:eHTOB TeXH11qecHHX BY30B ,U:JIJI no,u:rOTOBHli 

a,u:poB aTOMHOH HayHli Ii, TeXHH:Hli. RoHHypeHTHaJI cpe,u:a 6oi:iHH:X H caMoyBepeHHLIX MOJio

LIX Jiro,u:eii BecLMa cnoco6cTBOBaJia liHTeHcliBHLIM aaHJITHJIM HayHoii. RpoMe Toro, cpe,u:H: 

pocj>eccopoB MM<I>M 6LIJio MHoro HpynHLIX Ii aHTIIBHO pa6oTaBIIIHX <pli3HHoB, JIIO,u:eii, rJiy

DHO IlOHH:MaBlllliX MeTO,U:OJIOrliIO Ii 3CTeTH:HY HayHli. Iloam:e JI yaHaJI, qTo TaHH:e reHlili 

~opeTH:qecHoii: <pli3liHH:, HaH IlyaHHape Ii .[(H:paH, cTaBIIJIII 3cTeT11qecHoe OTHomeHH:e H ypaB

eHH:JIM Ii peayJILTaTaM Ha ypoBeHL MeTO,U:OJIOrllli HayHII, 

Em;e B 7 HJiacce 114 cpe,u:Heii: lllHOJILI MocHBLI aaMeqaTeJILHLIH ne,u:aror - yqH:TeJIL MaTeMa-

1:Hli AHHa CepreeBHa AJIMaaoBa cyMeJia ,u:aTL HaM MaJI1,qH:mHaM-maJionaJ1M noqyBcTBOBaTL 
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KpacoTy eBKJHI,ZJ;OBOH reoMeTplUI. MMeHHO no'llyBCTBOBaTL (noHHTL, ecTeCTBeHHo, Mhl He Mor

JnI), "ITO a OCHOBe CTpoeHHH _ MHpa JielliHT rapMOHHH H CTporHii nopH,ZJ;OI{. OHa paa6y,nHJia 

B Hae 'lleCTOJII06He, npOBOI.J;HpyH HaXO,ZJ;HTL HaH60Jiee KpaCHBble H JiaKOHH'llHble pemeHHH, -H 

CTpeMJieHHe K 3HaHHIO. ::ho, no-MoeMy, Dam.Hee caMoro 3HaHHH. lliKOJILHble Kypchl lpH3HKH 

H XHMHH, K comaJieHHIO, HHTepeca He Bhl3LIBaJIH. 9TH Kypchl (.na H YHHBepCHTeTCKHe Tome) 

HOCHT q>parMeHTapHhlli xapaKTep, HaJiaraIOTCH KaK cyMMa OT,ZJ;eJILHhlX q>aKTOB H aaKOHOB 6ea 

pa3'LHCHeHHH HX HepapXHH, 3Ha'l!HMOCTH, 6ea MeTO,ZJ;OJIOrHH. HanpHMep, B YHHBepCHTeT

CKHX Kypcax MexaHHKH CK06KH IlyaccoHa BBO,ZJ;HTCH B KOHI.J;e KaK BeHen; TBOpeHHH. O6LI'l!HO 

He 06'LHCHHeTCH MOII(L 3TOro MeTo,na, n03BOJIHIOII(ero ccpopMyJIHpOBaTL (KaK 3TO c,neJiaJI ,ll;H

paK) TeOpHIO OTHOCHTeJILHOCTH H KBaHTOBYIO MeXaHHKy. AHaJiorH'llHO 3JieKTpoMarHeTJrnM 

· HaJiaraeTCH a BH,ZJ;e OT,ZJ;eJILHhlX aaKOHOB H HBJieHHH 6ea ,neMOHCTpan;HH Toro, "ITO OHH JIHmL 

cJie,ZJ;CTBHH ypaBHeHHii MaKcBeJIJia - o,nHoro Ha aeJIH'llaiimHX o6o6meHHH aaKOHOB npHpo.n;LI. 

M.E.TaMM JII06HJI paaBHBaTL TeaHc "cTy,neHT 3TO He cocy.n, KOTopLiii Ha.no HanoJIHHTL, a cpa

KeJI, KOTOpLiii Ha.no aame'llL". CeMH_Hap M.E.TaMMa B <I>MAH 6LIJI aaMe'l!aTeJILHoii mKoJioii 

,ZJ;JIH Moero noKOJieHHH q>H3HKOB. BepHee, 6LIJIO ,ZJ;Ba emeHe,neJILHhlX ceMHHapa TaMMa - O,ZJ;HH 

- oq>HI.J;HaJILHhlM no BTOpHHKaM, BTOpoii - no nHTHHI.J;aM, HOCHBillHM noJiyoq>HI.J;HaJILHOe Ha-

3BaHHe "Tpen". lliHpOTa npo6JieMaTHKH H ,neMOKpaTH'llHOCTL o6cym,neHHH B CO'lleTaHHH C 

aaMe'llaTeJILHoii cnoco6HocTLIO Mropn EareHLeBH'lla cxaaTLIBaTL cyTL JI106oii npo6JieMLI 6LIJIR 

oqeHL cymecTBeHHhl ,ZJ;JIH opHeHTHpOBKH B HayKe He TOJILKO Ha'llHHaIOII(lIX q>H3HKOB, . 

Ha nocJie,ZJ;HHX Kypcax HHCTRTyTa H no OKOH'llaHHH cy,nL6a no,napRJia MHe o61I(eHRe c 

KpynHeiimHMR q>lI3HKaMR, y KOTOphlX H H noJiy'llHJI npe,ncTaBJieHHH O MeTO,ZJ;OJIOrRR cpli-

3RKH, 0 rJiaBHhlX n;eHHOCTHX. MHe KpynHO noBe3JIO - H 6LIJI HanpaBJieH nocJie OKOH'IaHRH 

MM<I>M B <I>MAH. B 3TOM BeJIRKOM Hay'IHOM yqpem,neHHH MOmHo 6LIJIO BCTpeTHTL (u 

He TOJILKO BCTpeTHTL, HO H no6ece,noBaTL) TaKHX aaMe'l!aTeJILHhlX q>R3HKOB, KaK B.A.<I>oK, 

M.A.MapKoa, H.H.BoroJI106oa, M.A.JieoHTOBH'll, M.M.<I>paHK, II.A. qepeHKOB, JI.,ll;.JlaH~ 

,nay, ,Zl;.M.BJioXHHn;ea, M • .H.IloMepaH'llYK, E.JI.<I>eiiH6epr, C.H.BepHoB, IO.M.IIIupoKoB R 

MHOl'HX ,npyrHX, 

B q>H3HKe BLICOKHX aHeprHii JIH,nRpyromee nonomeHHe aaHRMaJia mKoJia ,ll;.B.CKo6em,

n;LIHa, KOTOphlii B ,ZJ;Ita,nn;aTLie l'O,ZJ;hl aaJIO}KJ,fJI 3KCnepHMeHTaJILHhle OCHOBhl KBaHTOBOH 3JieK

TpO,ZJ;HHaMRKH, OTKphlJI npHpo,ny KOCMR'IeCKHX Jiyqeii, BnepBLie aaperRCTpHpOBaB qacTHI.J;hl 

C 3HeprHeH, MHOl'O 6oJILmei:i 3HeprHH 'llaCTHI.J; pa,nuoaKTHBHhlX HCTO'IHRKOB, o6HapymRJI MHO

meCTBeHHOe pom,neHRe qacTRI.J;, MMeHHO ,ll;.B.CKo6eJILI.J;LIH opReHTHpoBaJI OTe'IeCTBeHHLIX 

q>H3HKOB Ha HCCJie,noBaHHe B3aHMO,ZJ;eHCTBRH qacTIII.J; nplI npe,neJILHO ,ZJ;OCTHllilIMhlX BLICOKIIX 

aHepr1IHX, Ero 'lleTKaH no,nnHcL "YTBepm,na10. ,Zl;.CKo6eJILI.J;LIH. 5 HHBapH 1951 ro.na" CT0RT 

Ha npoeKTe CIIHXpoq>aaoTpoHa. By,nyq1I HpKIIM npe,ncTaBHTeJieM ,nopeBOJIIOUIIOHHOH pyc

cKoii IIHTeJIJIHreHI.J;IIII, qeJioBeK BLicoKoii KYJILTYPLI ,Zl;M1ITp1Iii Bna,n1IM1Ip0B1I'll CKo6eJILQLIH 

cLirpan orpoMHYIO poJIL B q>opMHpoaaHIIII Tpa,nlIQIIH, B BLipa6oTKe HanpaaJieHIIH Hay'IHLIX 

IICCJie,noaaHHii. 

McTIIHHLIM coa,naTeJieM <I>MAH Bero coapeMeHH0M BII,ne, co6paam1IM BLI,na101I(1IXCH npe.n

CTaBIITeJiei:i OTe'l!eCTBeHHOH q>H31IKII II ccpopMIIpOBaBmlIM npo6JieMaTIIKY IIHCTIITyTa 6LIJI 

Cepreii MaanoBII'll BaBIIJIOB. M X0TH B TO Tpy,nnoe nocJieaoeHirne apeMn OH aaH1IMaJI BLICOKIIH 

nocT npeaH,neHTa AKa,neMIIH HayK CCCP, ero TBep,nan .n;HpeKTopcKan pyKa II HeliaMeHHan 

no.n.nepmKa omymaJIIICL BO Bcex Ha'll1IHaH1IJIX, II a oco6eHHOCTII, a coa,naHIIII ycKOplITeJILHLIX 

QeHTpoa <I>MAH. 

Y'lleHIIK ,ll;.B.CKo6eJILQLii-Ia BJia,ZJ;IIMIIp Moc1-1q>OBII'I BeKcJiep 6LIJI HecoMneHHLIM JIII,lle

poM MIIpoaoii HayKH B 3TOH 06nacT1I. Caoe anoxaJILHoe 0TKpLITIIe np1IHQ1Ina aBTocpaa1IpOBKII 

B.M.BeKcJiep c,neJiaJI B 1944 ro.ny, eme 6y,nyq1I coTpy,nHIIKOM Jia6opaTop1I1I ,ll;.B.CKo6eJIL

QLIHa. Yme B 1947 ro,ny no,n pyKoao.n;cTB0M B.M.BeKcnepa B <I>MAH 6LIJI aanymeH nepBLIH 

ycKop1ITeJIL - aJieKTpoHHLIH CIIHXpoTpoH na 3Hepr1I10 30 MaB, a B 1949 ro,ny y,naJIOCL aany- ; 

CTIITL aJieKTpoHHLIH CIIHxpoTpon Ha aHepr1I10 250 MaB, Ha K0TopoM 6LIJio OTKPLITO q>oTopo

m,neHHe Me30HOB l1 IlOJIO}l{eHo Ha'JaJIO q>II31IKe 3JieKTpOMal'HIITHhlX B3alIMO,ZJ;eHCTBIIH a.npoH0B. 
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B .nJiaHax Be«eJiepa, no.zv~epmaHHLIX BaBMJIOBLIM, Map«oBLIM M ~pyrMMH q>MaHoBe«HMH q>H-

3HHaMH, 6hIJIO eo3~aHMe 3JieHTpOHHhIX ye«opHTeJieii Ha Bee 6oJihmHe 3HeprHH. O~HaHO 3Ta 

H~eJI BeTpeTMJia pea«oe eonpOTMBJieHHe ~pyrMX q>H3HHOB, l{OTOpLie ronopHJIM, l'.ITO Hy.mHO 

H3yl'.laTh JI~epHyro q>M3MHY, a 3JieHTpOMarHeTM3M M3yl'.leH H HeHHTepeeeH. Ilo6e~HJia BTOpaJI 

TO'lJHa apeHMJI, M 6LIJIO npHHJITO pemeHHe O eoopymeHHH npoTOHHoro yeKopHTeJIJI. 

IlpoeHTMpoBaHMe eHHXpoq>a30TpoHa IlOTpe6oBaJIO 3Hal'.IMTeJihHOro o6'heMa 3Kenepn:MeH

TaJILHLIX P?-6oT H eo3~aHMJI MO~eJILHOro ye«opMTeJIJI, KOTOphlH BITOeJie~eTBMH 6LIJI peKOH

e'l'pyn:poBaH B 3Jie«TpoHHLIH eMHxpoTpoH M ~o HaeTonm;ero npeMeHH pa6oTaeT B <I>MAH. ,lJ;o 

1954 ro~a. 3TH pa60TbI 6LIJIM eHJihHO aaee«pel'.leHLI, l'.ITO npHBeJio K IlOTepRM npMOpHTeTOB 

OTeq:eeTBeHHLIX q>M3MHOB H MHmeHepoB. CMHXpoq>a30TpOH HOeHJI mn:q>poBaHHoe Ha3BaHHe 

"O6'heHT RM" (Ron&u;enoii MarH11:T), a ero Mo~eJih HaaLIBaJiaeh MRM. Ilpn: neeM 6oJih

moM ym;ep6e, HOTOphlH HaHeeJia eHeTeMa ee«peTHOeTM, HMeJieR n: IlOJIO}l{MTeJibHhlH ( e TO'l'.IKM 

. 3peHMJI TeMLI HaeTOJIIIJ;HX aaMeToK) MOMeHT! 6oJibWMHeTBO TPY~HBWHXeJI B aaeeKpeqeHHhlX 

o6JiaeTJIX HayKM u;eJih eBOMX 11:eeJie~oBaHMH BH~eJIO B peayJILTaTe, a He B eaMOYTBepm~eHHM 

B Mem~yHapo~HOM eoo6m;eeTBe, 3aKpenJieHMH aa eo6oii HHTeJIJieKTyaJihHOH eo6eTBeHHOeTM • 

. "IlpHBaTM3aIJ;HJI" 3TMX pe3yJI&TaTOB mJia npM paeeeKpel'.IHBaHMM M npoMeXo.n;MT ~o enx 

nop npH Han11eaHMM KHMr, MeTop11q:eeKMX M nonynnpM3aTopeKMX eTaTeH. Ha oeHOBe 3TMX 

onoa~aBmHX ny6JIMKau;n:ii Ot.J:eHh eJIO}l{HO ~OKa3hIBaTh np11opMTeTLI M o6m;eHayl'.IHYIO 3Ha'9:M

MOeTb npoBe~eHHLIX paHee :ueeJie~OBaHUH. MeKJIIO'l'.leHHe eoeTaBJIJIIOT pa3pa6oTKM KOHKpeT

HLIX npoeKTOB, no KOTOpLIM eoxpaHMJiaeb ocpMu;HaJibHaJl ~oKyMeHTaIJ;MJI. CoxpaHMJieJI npo

eKT u q:>M3Ht.J:eeKoe o6oeHoBaHMe ~y6HeHeKoro e11Hxpoq>a3oTpoHa ("O6&eKT RM"). Mon nep

BLIH Hayt.J:HLIH pyKoBo~MTeJI& MaTBeii CaMeoHoBM'l'.I Pa6MHOBM'l'.I ony6JIMKoBaJI MOHorpaq>MIO 

"OeHoBLI TeopMH eMHxpoq>a3oTpOHa". BJiaro~apn BhleoKoii nopn~ol'.IHOeTH M.C.Pa6HHOBM-

. ~rn MOU pe3yJI&TaThI HaIDJIM B 3TOH MOHOrpaq>MM M B ~pyr:ux ero ny6JIHKaIJ;HJIX enpaBe~JIM

Bble IJ;MTMpoBaHMJI II ou;eHKH. 8TO 6LIJI xopom:uii ypoK Hayl'.IHOH 3THKM, yMeHHe o6'heKTHB

H0 ou;eHMTb 3Ha'9:HMOeTb pe3yJILTaTOB KOJIJier, oeo6eHHO MOJIO~emM. IlepnLie KOHTaKTLI e 

M.C.Pa611HoBH'l'.leM oTHoenTeJI K 1947 ro~y, Kor~a oH npe~nomMJI ~BYM eTy~eHTaM MM<I>M. 

B.B.Mn:xaRJioBy H MHe paeeMoTpeTL B03MOmHoeTL eoa~aHHJI KOJihIJ;eBLIX yeKopMTeJieii e paa

pe3HLIMH MarHMTaMH. OH eKa3aJI HaM, '9:TO B OT~aJieHHOM 6y~ym;eM TaKMe yeKopMTeJIM MoryT 

n:rpaTL oeHonHyro poJib B q>M3MKe BLieoKHX 3Hepr11ii. MLI 3Heprnl'.IHO B3JIJIMeb aa Bhl'lJ:MeJie

Hirn, q:eeTHO roBopn, He Beer~a IlOHMMaR, KaKOBa u;eJib 3TMX eJIO}l{HhIX pael'.leTOB. MLI Ha

q:aJIH nponyeKaTL JieKIJ;MM M Bee eBo6o~Hoe npeMR npoe11.m11naJIH B eTapoM <I>MAH Ha 3-ii 

Mi1:yeeKoH, r~e B MaJie!1bKOM ~BYX3Tru«HOM Kopnyee paaMem;aJiae1, Jia6opaTopMR BeKeJiepa. 

O~Ham~hl no3~Ho Be'9:epoM B KOMHaTy, r~e MLI pa6oTaJIH BMeeTe e B.B.Mn:xatt:JIOBLIM, aameJI 

B.11.Be«eJiep. OH ~oJiro 6eee~oBaJI e HaMM, a B KOHIJ;e eKa3aJI HameMy pyKOBO~MTeJiro: "Bee, 

'ITO Hae'lJ:HTaJIM 3TH eTy~eHThI, Ha~o TIIJ;aTeJibHO npoBepMTb M oq>OpMHTh B BM~e OT'l'.leTOB. 8TO 

o<IeH1, eKopo noHa~o611TeJI". OH ~0611:JieJI Hamero 3aq:11eJieHHJI B <I>MAH napaJIJieJI&Ho e yq:e-

6oii, a Il03~Hee BbleTyITHJI Ha 3aIIJ;MTe 11am11:x ~MITJIOMHhIX pa6oT peu;eH3eHTOM, eneu;HaJibHO 

np11:exas ~JIR 3Toro B MM<I>M. Mhl, eeTeeTBeHHo, TaKoii qeeTM He om11~aJIH. A o6'bJieHRJIOeh 

Bee ~OBOJibHO npoeTO. BLIJIO npHHJITO npaBMTeJibeTBeHHOe pem~HHe O eoa~aHMH KpynHeii

mero B MHpe yeKopHTeJIJI npoToHoB •. Py«oBo~eTBO 6LIJIO nopyqeHo B.M.BeKeJiepy, H 11eo6-

xo~HM0 fibIJIO npe~eTaBHTb q>H3H'9:eeKoe o6oeHOBaHMe aa~aHHJI Ha TeXHM'l.JeeKMH npoeKT. 

MLI nonaJIH B 3IlHIJ;eHTP 6ypHoH ~eJITeJI&HoeTM B.M.BeKeJiepa. 3apa..meHHLie ero 3HTy-

3Ha3M0M, Mhl 3aHHMaJIHeb BCeM, '9:TO 6LI HaM HH nopyq:aJIM, 6y~h TO Ka'lJ:eeTBeHHhIH aHaJIM3 

~Hcpq>epeuu;11aJibHhIX ypaBHeHtttt, Mo~eJittpoBaHne, MarHHTHhle H3MepeHHJI HJil1 KOMaH~l1-

poBKa Ha 3aBo~. O~HaKo 11:MeHHO 3TO MHoroo6pa3Me ~eJITeJibHOeTM Il03BOJIMJIO BLipa6oTaTb 

OpHeHTaIJ;lflO Ha rJiaBHhle u;eJIM, yMeHHe OT6paeLIBaTb DTOpoeTeneHHhle npo6JieMhl M 3~al'.IM. 

3aHJITJ1e q>H3HHOH ye1wpMTeJiett B eypoBOH o6eTaHOBKe eopoKOBhIX ro~OB Tpe6oBaJio OTBeT

CTBeHHOCTM 3a KOJIMq:eeTBeHHLie pe3yJI&TaTLI. B TO me BpeMJI TBopq:eeKB.JI aTMOeq>epa <I>MAH 

H MOH Y'9:11TeJIJI noeTOJIHHO ~aBaJIM IlOHJITb: He KOJIM'lJ:eeTBeHHhle peayJibTaThl M q>opMyJihI JIB

JIJU0TeJI KOHe'9:HhIMl1 npo~yHTaM11, a eo3~aHHhle Ha 11:X oeHOBe o6pa3hlr KapTHHhl npou;eeeoB. 
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RaK Tor.n;a ronopliJilf: "3Tlf cpopMyJihl Ha.n;o em;e "ITonaJIJITL". BcKope Mhl c B.B.Mlixa:iinonhIM 

ITpttmJIJf K ITOHlfMaHlflO Toro, 'ITO ycKOplfTeJIJf JlnJIJIIOTCJI cpe,Zl;CTnaMJf ,ZJ;JIJI Hay'IHOH pa60Thl If 

nhlcmeii u;eJILIO ,ZJ;JIJI cpyH.n;aM.eHTaJILHhIX JfCCJie.n;onaHJftt 6hITL He MoryT. H a.n;ecL cy.n;L6a HaM 

ITo.n;apliJia ncTpeqy c M.A.MapKonhIM, He TOJILKo nhl.n;arom;JfMCJI <plf3lfKOM, HO If HacToJlm;lfM 

<plfJIOCO<pOM-MhICJIJfTeJieM. 

B 194 7 ro.n;y n "BoITpocax <plfJIOCOcplflf" ITOJlnlfJiacL ero aHaMeHJfTaJI cTaTLJI "0 ITplipo.n;e 

<plf3Jf'IeCKOro 3HaHlfJI". 0:MeHHO aa 3TY CTaTLIO OH 6hIJI 06'LJ1nJieH "JIJf,ZJ;epoM <plf3Jf'IecKoro 

lf.n;eaJIJf3Ma n Hamett CTpaHe" If ITo.n;neprHyT mecTOKoii KplfTJfKe. Co6cTneHHo ronopJ1, c 3TOH 

CTaTLlf, ITOCnJlm;eHHOH JfCTOJIKonaHJflO c}llf3Jf'IeeKoro If <plfJIOeocpeKoro eo.n;epmaHHJI KnaHTO

noii TeoplfH, If Ha'IaJiaeL ITOJIHTJf'IeeKaJI TpanJIJI yqeHhIX. O.n;HaKO 3Tlf ,ZJ;JfeKyCeJflf Hae MaJio 

HHTepeeonaJIH, K <pHJioeocpaM Mhl 0TH0eHJIHeL eKeITTH'IeeKH. M.A.MapKon noeITpHHHMaJieJI 

HaMH KaK ITepnhIM TeopeTHK, KOTOphlii JleHo oeoaHaJI, 'ITO ITporpeee KnaHTonoii Teop1111 IT0JIJI 

6y.n;eT o6yenonJieH 3KeITep11MeHTaMH Ha yeK0pHTeJIJIX. OH K 3TOMY npeMeHJf ITepemeJI 113 Te

opeTH'IeeKoro oT.n;ena <I>HAH n Jia6opaTop11ro BeKeJiepa II aaHJ1JieJ1 paapa6oTKoii IT0eTaHonoK 

ITepnhIX 3KeITepliMeHT0n. 8TO 6hIJIO °KaK paa TO, 'ITO Mhl IT0eT0JIHH0 o6eym.n;aJIH. R nee npeMJI 

ronopro "Mhl", HMeJI n n11.n;y Ba.n;JfMa MlfxaiiJiona If ee6J1. 

Ba.n;HMa M11xaiinona JI neTpeTHJI ITPH e.n;aqe 3KeTepH0M 3K3aMeHon Ha aTTeeTaT 0 epe.n;HeM 

o6paaonaHHH n 1943 ro.n;y. C Tex ITop Mhl 6hIJilf e HHM HepaaJiy'IHhIMH .n;pyaLJIMH. IloeTy

ITHJIH n MHHT, ITepemJIH n MH<I>H, 6hIJilf HaITpanJieHhl n <I>HAH, r.n;e nee Hay'IHhle pa6oThl 

nhIIT0JIHJIJIH nMeeTe, HaITJfeaJIH .n;ne ,Zl;HITJI0MHhle pa60Thl If 6poeHJIJf mpe611ii, K0MY KaKyIO 

aam;11m;aTL. TaK}Ke IT0eTyITHJIJf If e KaH,ZJ;H,ZJ;aTeKJfMH ,ZJ;JfeeepTaU:JfJIMH. O.n;HaKO enoro ,n;11eeep

Tau;11ro Ba.n;lfM He yeITeJI aam;lfTHTL. OH TparJfqeeKJf ITOrlf6 n ropax IlaMHpa n noapaeTe 25 

JieT. 

Ilepnhlii paa Mhl IToITaJIH n rophl 6onee lfJIH MeHee enyt.JattHO n 1945 ro.n;y. HenepoJITHaJI 

KpaeoTa rop, ynlf.n;eHHaJI IT0eJie Tpy.n;Hott If eKy.n;Hoii lKlf3Hlf MaJILt.JlfmeK no~HHhIX JieT, rrpolia

nena ITepenopoT n HameM Mlfpoom;ym;eHJflf. Mhl epaay pemlfJIH, 'ITO rophl - 3T0 Hama ey.n;L6a. 

MolKHO e ynepeHH0eTLIO eKa3aTL, 'ITO e aJILITHHH3M0M enJ13aH_hl caMhle JIPKlfe nITet.JaTJieHJfJI 

IOH0eTJf. RpoMe T0ro, n roJI0,Zl;Hhle eTy,neHt.JeeKHe ro.n;hl pa6oTa JfHeTpyKTOpoM, TpeHepoM B 

eITopTlinHhIX KOMaH11ax .n;anana HeK0Topoe ITo.n;eITopLe. BoeITOMJfHaHHH If BITet.JaTJieHJfH 06 

3TOM 20-JieTHeM ITep110.n;e ot.JeHL MHOro, oeo6eHHO OT ITepBhIX ITpOXO}K,Zl;eHHH MapmpyTOB If He 

ITOKOpeHHhIX HJfKeM paHee BepmHH, OT 3lfMHJfX noexom.n;eHHtt, Kor.n;a nee noerrpHHJfMaeTCll 

IT0-HOBOMY, OT o6m;eHJfJI e eHJILHhIMH If MymeeTBeHHhIMJf JIIO,Zl;LMlf, OT 11pKHX KpaeoK Bee HO

BhlX ropHhIX pattOHOB. Ho MHOro If rpycTHhIX, TJllKeJihIX BOeITOMHHaHJfll O Jiyt.JmHX .n;pyaL11x, 

KOTOphIX yme HeT B lKJfBhIX. rJf6eJIL Ba.n;HMa MliXattJIOBa, e KOTOphlM Mhl 6hlJIH HepaaJiyt.JHhl 

B HayKe If B ropax 0KOJIO 10 JieT, 6hIJia ,ZJ;JIJI MeH11 rrepnoi:i Tpare.n;lfett B lKH3HH. R rrpHHJf

MaJI yqaeTHe B eITaeaTeJILHhIX pa6oTax. rpyITITY B.B.Mlixaiinona HaM He y.n;anoeL eITaeT11. 

Rama eITaeaTeJILHaJI rpyITITa nonaJia B eJIOlKHhle yeJioBHJI, If lf3 ee eoeTana ITor116Jio eme .n;na 

aJILIIHHJfeTa. OKOJIO ro.n;a JI He Mor pa6oTaTL, B03HHKJIO no.n;aBJieHHOe eoeT011HJfe. Iloa.n;Hee 

11 nee me B0306HonlfJI 3aH11TJf11 aJILITJfHJf3MOM, o.n;HaK0 ITpelKHee. BOCTOplKeHHO-ITpliIIO,ZJ;HJITOe 

eoeT0JIHJfe B ropax KO MHe yme He nepHyJiocL. M.A.MapKon et.JJfTaJI B.B.Mnxaiinona o.n;HHM 

Jf3 eaMhIX eHJILHhIX eB0HX yt.JeHHKOB If TJllKeJIO ITepelKHBaJI e·ro r116eJIL. 

<l>Jf3HKa naaJfMo.n;etteTnlfH <pOTOHOB e HYKJIOHaMJf If H.n;paMH, <plf3JfKa 3JieKTpOMarHHTHhIX 

B3aJfMO.n;eii:eTBJfH a.n;poHOB ITOeT011HHO ITpHBJieKaJilf Moe BHHMaHJfe. By.n;yt.Jlf O,ZJ;HHM H3 op

raHH3aTopoB ConeTa ITO q>H3JfKe 3JieKTpoMarHHTHhIX naalfMo.n;eiieTBHH B AKa.n;eMJfH HayK 

CCCP, 11 If ITO eero.n;HJlmHHH .n;eHL JIBJIJIIOeL npe.n;ee.n;aTeJieM 3Toro ConeTa. MHe .n;oB~JioeL 

o6m;aTLeJI If pa6oTaTL e KpyITHettmlfMJf eneu;HaJIJfeTaMJf B 3TOH o6JiaeTH, yqaeTBOBaTL B 60JIL

illHX Mem.n;yHapo.n;HhIX KoH<pepeHu;n11x. EeJIJf ronopliTL B 3TOH CBJ13lf o u;eJIJIX If lf.n;eaJiax, 

KOTOphle y MeH11 B03HJfKJIJf B ITpou;eece pa60Thl, TO Heo6xo.n;lfMO OTMeTJfTL, '-ITO Ha MeH11 6oJIL

moe BITe'IaTJieHJfe ITp0li3BeJIJf pa60Thl If paaMhlmJieHJfJI M.A.MapKona o npoT11meHHoeTH If 

BHyTpeHHeH eTpyKType 3JieMeHTapHbIX qaeTJfU:, 0 TOM, '-ITO cpopMcpaKTOphl t.JaeTHU: He MO

ryT 6hlTL meeTKlfMH, a .n;ec}lopMlipyeMhltt <l>opMcpaKTop oaHat.JaeT JIOKaJILHOeTL, T0~e'IHOeTL 
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B3aHMo.z:r;ei:icTBHH. ToqeqHOCTL 3JleltTpOMarHHTHOro B3aHMo.z:r;ei:icTBHH H B03MOlHHOCTL HCnOJIL-

30BaTL MaJIOCTL 3JieKTpOMarHHTHOll KOHCTaHThl CBH3H n03BOJIHJIH HaM npHMeHHTL KBaHTOBYIO 

TeopHIO noJIH .llJIH npe.z:r;cKa3aHHH noBe,z:r;eHHH ceqeHHll q>OTOpom.z:r;eHHH nOJIOlHHTeJILHLIX, OT

pHQaTeJILHhIX H HeHTpaJILHhIX 7r-Me30HOB Ha BO,z:r;opo.z:r;e H .z:r;ei:iTepHH. 

HamH c M11:xai:iJ10BLIM pa6oTLI, HHHQHHponaHHLie M.A.MapKOBLIM, 6LIJIH nepBLIMH pa-

6oTaMH, opHeHTHpOBaBillHMH 3KCnepHMeHThl B o6JiaCTH q>OTopom.z:r;eHHH Me30HOB, C caMoro 

Hat.JaJia HamHX 3aHHTHll TeOpHell noJIH MLI npOHHKJIHCL q>H3HqecKHM CMhICJIOM HaillHX q>op

MYJI, noHHMaHHeM eoaMmKHOCTei:i 3Kc:iiepHMeHTaTopoB "aa.z:r;aBaTL Bonpoc Ilp11:po.z:r;e". 8To 

rrp1-1.z:r;aJ10 omymeHHe QeJIH npH npoee.z:r;eHHH pacqeTOB H OCBOeHHH CJIOlHHhIX nOHHTHll KBaH

TOBOll TeOpHH noJIH, C .z:r;pyroi:i CTOpOHLI, CTaJIH HCHhl npo6eJILI B o6pa30BaHHH H He.z:r;ocTa

TO'-IHOCTL MOHOrpaq>11:qeCKOll JIHTepaTypLI B o6JiaCTH TeOpHH noJIH. B 3TO BpeMH noHBHJIHCL 

rJiy60K11:e CTaTLH H KHHrH H.H.BoroJ1106ona H ero illKOJILI, 3.z:r;ecL npem.z:r;e Bcero Heo6xo.z:r;HMO 

OTMeTHTL pa6oThl A.A.JioryHo:ea, JI . .LJ;.CoJioBLeBa H A.H.TanxeJ111:.z:r;ae no .z:r;11:cnepc11:oHHhIM 

COOTHomeHHHM, HCnOJIL3YH KOTOphle MOlHHO 6LIJIO npH.z:r;aTL HaillHM peayJILTaTaM no OKOJIO

rroporoBOMY q>OTOpom.z:r;eHHIO CMhICJI BIIOJIHe CTpOrHX COOTHOilleHHll. EcTeCTBeHHhle KOHTaKThl 

KaK C 3KCIIepHMeHTaTopaMH B o6JiaCTH q>H3HKH 3JleMeHTap:tILIX qacTHQ H H,z:r;epHoii q>H3HKH, 

TaK H c KpyrrHeiimHMH crreQHaJIHCTaMH e o6JiaCTH KBaHTOBOll TeOpHH noJIH npHBeJIH MeHH e 

1958 ro.z:r;y B )];y6Hy B Jla6opaTop11:10 TeopeTHt.JecKoi:i q>H3HKH. R ycKop11:TeJILHOH npo6JieMa

T.HKe H eepHyJicH, CTaB B 1968 ro.z:r;y HeomH,z:r;aHHo .z:r;JIH ce6n H ,z:r;JIH .z:r;pyr11:x .z:,;11:peKTopoM JIBS, 
OTBeTCTBeHHhIM 3a cy.z:r;L6y CHHXpoq>a30TpOHa - Moei:i "nepBOll JII06BH". 

TaKHM o6paaoM, HHKaK HeJIL3H CKa3aTL, '-ITO H ace BpeMH QeJieycTpeMJieHHO BLI6HpaJI 

o6'LeKThl CDOHX HCCJie.z:r;oeaHHll, CKopee, CJie.z:r;yeT roBOpHTL O cy.z:r;L6e, o6cTOHTeJILCTBax H 

Be3eHHH, 

Eme B 1963 ro.z:r;y M.A.MapKOB BhlcKaaaJI 11:.z:r;ero o TOM, qTo cyMMa ceqeHHH ynpyroro H 

Heyrrpyroro pacceHHHH JienTOHOB .llOJl}l{Ha BeCTH ce6H KaK cet.JeHHe pacceHHHH Ha ToqeqHoM 

aapn.z:r;e. 8Ta tt.z:r;en Ha IIHTL JieT orrepe.z:r;ttJia KJiaccttt.JecKtte 3KcnepHMeHTLI no rJiy6oKoHeynpy

_roMy pacceHHHIO 3JieKTpOHOB Ha HyKJIOHaX. IIpttHHTO cq11:TaTL, qTo HMeHHO 3KcnepHMeHThl 

ITO rJiy6oKOHeyrrpyroMy pacceHHHIO 3JieKTpOHOB Ha HYKJIOHax H HX nocJie.z:r;yroman HHTep

rrpeTaQHH enepehle noKaaaJIH, qTo paccenHHe Ha npoToHe ne.z:r;eT ce6n KaK pacceHHHe Ha 

TOt.Je'-IHOM aapn.z:r;e, If IlOJIOlHHJIH Hat.JaJio IlOHHMaHHIO KBapKOB KaK peaJILHhIX ToqeqHhIX KOH

CTHTyeHTOB a.z:r;poHOB, CeoeepeMeHHO ony6m-1KoBaHHaH 11.z:r;en M.A.MapKoBa cnpane.z:r;JIHBO 

nttTHpyeTcH KaK 11:cxo.z:r;Han B H3BecTHhIX pa6oTax MaTBeena, Mypa.z:r;nHa H TanxeJI11:.z:r;ae no 

aBTOMo,z:r;eJILHOCTH, 8TH pa6oThl HBHJIHCL o,z:r;HHMH H3 rJiaBHhIX CTHMYJIOB ,z:r;JIH HaqaJia pa-

6oT B o6JiaCTH peJIHTHBHCTCKOH n.z:r;epHOll q>H3HKH H nJiaHa MO,z:r;epHH3aQHH CHHXpoq>aao

rpoHa. MHe CTaJio HCHO, '-ITO aBTOMo,z:r;eJILHOCTL, 3aKOHhl no.z:r;o6HH HBJIHIO'.l'C-'! _CJie.z:r;cTBHHMH 

cpyH.z:r;aMeHTaJILHhIX CHMMeTpHi:i, a napaMeTphl no.z:r;o6HH - 3TO HHBapttaHThl COOTBeTCTBYIO

lnHX rpynn. Ot.JeBH,z:r;HhIM CTaJio TaKme, '-ITO aBTOMO,z:r;eJILHOCTLIO .llOJllliHO o6Jia,z:r;aTL He TOJILKO 

cet.JeHHe B3aHMO,z:r;eiicTBHH JieITTOHOB C HyKJIOHaMH, '-ITO aBTOMo.z:r;eJILHOCTL - 3TO o6mee CBOll

CTBO H,z:r;epHoii MaTepttH If OHO .z:r;oJimHo npoHBJIHTLCH npH CTOJIKHOBeHHH peJIHTHBHCTCKHX 

FI,z:r;ep. 8Ta H,z:r;en 6LIJia Cq>OpMyJIHpOBaHa n MOHX pa6oTaX 1971 ro.z:r;a. TaM me no.z:r;qep

EtHyTo, '-ITO rJiaBHaH 6Jittmai:iman aa.z:r;aqa 3KcnepttMeHTOB - 3To, eo-nepBLIX, o6HapymeHtte 

3aKOHOB no.z:r;o6HH CTOJIKHOBeHHH peJIHTHBHCTCKHX H.z:r;ep H, BO-BTOpLix, H3yt.JeHHe rpaHHqHoll 

~Heprtttt, Hat.JHHaH C KOTOpoi:i ycTaHaBJIHBaeTCH acHMnTOTHqecKHll pemHM aBTOMo.z:r;eJILHOCTH 

:i:.z:r;epHhIX eaaHMo.z:r;ei:icTBHii. B acttMITTOTHt.JecKott o6JiaCTH n.z:r;epHaH MaTepHH ,z:r;oJl}l{Ha eecTH 

:e6n KaK cnJiomHan cpe.z:r;a. 8TH tt.z:r;ett paa.z:r;eJIHJia cttJILHaH rpynna 3KcnepHMeHTaTopoe eo 

:Jiaee c B.C.CTaBHHCKHM. M MeHLme t.JeM qepea ro.z:r; (n KOHQe 1971 r.) H HMeJI noaMom

-rncTL .llOKJia,z:r;hIBaTL Ha cecCHH AMepttKaHCKoro q>H3HqecKoro o6mecTBa peayJILTaThl o6Hapy

lteHHH MacmTa6HOH HHBapttaHTHOCTH n.z:r;epHhIX CTOJIKHOBeHHH H KYMYJIHTHBHoro 3q>q>eKTa 

_T.e. aa ro.z:r; .z:r;o Toro, KaK Ha B3BaTpoHe 6blJIH noJiy'-IeHLI nyqKH peJIHTHBHCTCKHX n.z:r;ep). 

:-IecKOJILKO noa.z:r;Hee TOH me rpynnoii CTaBHHCKoro 6blJia ycTaHOBJieHa 3HeprHH peJIHTHBHCT

:m1x H,z:r;ep, npH KOTopoii Ha'-IHHaIOT peaJIH30BhIBaTLCH yKa3aHHLie npe.z:r;eJILHLie pemHMhl, 8Ta 
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j 
3Hepr:uJI JI,n;ep 3,5-4 A·I'3B o«aaaJiach .n;ocT:nrHyToii TOJihRO Ha c:uHxpoq>aaoTpoHe, qTo noaeo- ! 
Jl:UJIO ,LI;y6He noqT:n 15 JieT aaH:UMaTb MOHOilOJibHOe IlOJIOiKeH:Ue a o6JiaCT:U peJIJIT:UB:UCTCROH j 
JI,n;epHoii <p:U3:UR:U. YcTaHOBJI~H:Ue 3TOH rpaH:UQhl Il03BOJI:UJIO OTRaaaThCJI OT nepeoHaqaJihHOrO 1 
eap:uaHTa npoe«Ta HYRJIOTpoHa, paccq:nTaHHoro Ha 3Hepr:uro JI,n;ep 12-15 A•I'3B, :u :ucnoJih- 1 
aoeaTb :uao6peTeHHLie a JIBS> 3ROHoM:uqHLie ceepxnpoeo,n;Jim;:ue MarH:UTLI c noJieM, <popM:u-: 

pyeMLIM meJieaoM. S>To pea«o y.n;emee:uJio npoe«T :u c.n;eJiaJio eoaMomHLIM ero peaJI:uaaQ:uro e 

ycJIOB:UJIX 3ROHOM:nqec«oro «p:ua:uca. 

B HYRJIOTpoHe :u nporpaMMe 3RCnep:uMeHTOB Ha HeM RaR:UM-TO M:UCT:U'lleCR:UM o6paaoM 

o6'be,n;:UH:UJI:UCb MO:U "aa,n;eJILI" B o6JiaCT:U yc«op:uTeJibHOH TeXH:UR:U, JI,n;epHoii <p:U3:UR:U, <p:U3:UR:U 

qaCT:UQ :u :UCCJie,n;oeaH:UJI a· o6JiaCT:U C:UMMeTp:UHHhlX no.n;xo.n;oe. 

I1onpo6yro OTBJieqhCJI OT M:UCT:UR:U :u cq>0pMyJI:upoBaTb, RaR me JI ,Zl;OJiiKeH OTeeqaTb Ha BO

npOChl O QeJIJIX :u QeHHOCTJIX HayqHoii pa6oThl (" q TO ,n;eJiaTb ?"). EcJI:U eepHyTbCJI I{ HaqaJiy 

MO:UX aaMeTOH, TO TaM co.n;epm:UTCJI o6m;:uii OTBeT RJiaCC:UROB ecTeCTB03HaH:UJI - pe.n;y«Q:UOH:UC- .• 

Toe: QeJih Hay«:u - coa,n;aH:ue «apT:U~hl M:upa :ucxo,n;JI :ua M:UH:uMa:JihHOH c:ucTeMLI noHJITHH :u I 
yTeepm.n;eH:uii. B :u.n;eaJie - nocTpoeH:ue MaTeMaT:nqec«oii Mo.n;eJI:u. <I>:ua:uqec«:ue npoQeccLI 1 

Oil:UCLIBaIOTCJI e- TepM:UHaX Ha6Jiro.n;aeMLIX eeJI:uq:nH, onepaQ:uii:, CBJI3LIBaIOm;:ux cp:ua:uqec«He I 
o6'beRThl. CJIOiKHOCTb no,n;JI:UHHhlX C:UTyaQ:uii Tpe6yeT ynpom;eHHhlX on:ucaH:Ulf Ha OCHOBe Rp:U

Tep:uee cnpaee,n;JI:ueocT:u Mo,n;eJieii:, oxeaTLIBarom;:ux RJiacc ( a6cTpaRTHLix, C:UMBOJI:nqec«:ux) 

MaTeMaT:nqec«:ux o6'beRTOB, Ta«:ux, Ra« q:ncJia :UJl:U eeRTOphl :u COOTHomeH:UJI Mem.n;y 3T:UM:U 1 

o6'be«TaM:u. 

CTaH,n;apTHaJI Mo.n;eJib B <p:U3:URe 3JieMeHTapHLIX qacT:UQ npeTeH,n;yeT Ha on:ucaHHe 3JieR

TpOCJia6Lix :u C:UJlbHhlX eaa:uMo.n;eiiCTBHH :u JIBJIJieTCJI BeJI:UR:UM ,Zl;OCT:UmeH:ueM 3RcnepHMeH

TaJihHOH :u TeopeT:uqec«oii <p:U3:UR:U BTOpoii IlOJIOB:UHhl xx CTOJieT:UJI. O.n;HaRO CTaH.n;ap- • 

THaJI MO,Zl;eJih co.n;epm:UT TOJlbl{O Te onpe,n;eJIJIIOIIJ;:Ue aRC:UOMhl, l{OTOphle «acaIOTCJI C:UMMeTpHH 1 

JiarpaHm:uaHoe, a 3Toro He,n;ocTaToqHo ,n;JIJI on:ucaH:UJI <p11a:uqec«:ux npoQec~oe. Heo6xo,n;11M~ ! 
.n;onoJIH:UTeJihHLie ycJioe:uJI (r:unoTeaLI): HaqaJihHLie :u «paeeLie ycJioe:uJI, npe.n;noJiomeH:UJI o I 
uoHCTaHTax, exo,n;Jim;:ux e JiarpaHm:naHLI .(Macchi, aapH,n;LI :u T:n.). Hanp:uMep, npe.n;nono- 1 
meH:ue o cym;ecTBOBaH:u:u peHopMrpynnLI (3TO C:UMMeTp:UJI pemeH:uii, a He JiarpaHmHaHa!) I 
noaeoJI:uJio eeecT:u 6,,.rym;yro ROHcTaHTY ceJia:u :u noHJIT:ne ac:uMnToT:uqec«oii ceo6o.n;LI, qTo I 
c,n;eJiaJio xpoMo,n;:uHaM:u«y «oJI:nqecTBeHHoii Teop:ueii B onpe,n;eJieHHOH o6JiacT:u napaMeTpoe l 
(mecT«:ue npoQeccLI). JI.n;epHyro <p:na:u«y, e TOM q:ncJie peJIJITHB:ncTc«yro JI.n;epHyro cp11a11«y, I 
BLIBecTH :ua «BaHToeoii xpoMo,n;HHaMHHH 6ea .n;onoJIHHTeJibHLIX r11n0Tea, Hym.n;a10m;11xcJI e 3RC- I 
nepHMeHTaJibHoii npoeep«e, HeeoaMomHo. Ilpoeep«a Ta«Hx r11n0Tea .n;ocTaToqHo o6m;ero xa- ,, 

pa«Tepa He MeHee eamHa, qeM npoeep«a RX,LI;. HanpHMep, ececTopoHHJIJI npoeep«a npHH- l 
QHilOB OCJia6JieHHJI «oppeJIJIQHH 11 aBTOMO,n;eJibHOCTH npe.n;cTaBJIJieT co6oii aa,n;aqy nepeocTe

neHHOH aHaqHMOCTH. 

O.n;Ha«o 11 CBOHCTBa JiarpaHmHaHoe, 11 aBTOMO,n;eJibHOCTb JIBJIJIIOTCJI CJie,Zl;CTBHeM CHMMe

TpHH. CHMMeTpHIO ( B ,Zl;OCJIOBHOM nepeeo.n;e - copaaMepHOCTb) .n;peBHerpeqec«He <pHJIOCOq>hI 

paccMaTp11eaJI11 ua« qacTHLiii cJiyqaii rapMOHHH - corJiacoeaHHJI qacTeii a paM«ax QeJioro. 

CoepeMeHHhle MeTO,Zl;hl CHCTeMHO-CTPYRTypHLIX HCCJie,n;oeaHHii, on11parom;11ecJI Ha IlOCTpoe

HHe Mo.n;eJieii 11 Teop1110 rpynn, np11MeHJIIOTCJI Tenepb 11 « aHaJIHay npo11aee,n;eH11ii JIHTe

paTypLI, 11c«yccTea, apx11Te«TYPLI 11 MY3LIRH. "B cnoco6HocTH om;ym;aTb cHMMeTpHIO TaM, 

r.n;e ee .n;pyr:ue He qyBCTBYIOT, H COCTOHT, no HameMy MHeHHIO, BC.II 3CTeTHRa HayqHoro H 

xy.n;omecTBeHHoro TBOpqecTea" (A. B. Illy6H11«oe). 
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Cpem1 0,!lH0KJJaccHHK0B. 
A.M.Eann11H so BTopoM pll.!IY Kpai1tt11i1 cnpaBa (7 KJJacc, nern I 941 r.) 

JleKTop Ha cj:,113cj:,aKe MIY 

BnoBeu (nern 1962 r.) 
rloCJJe cnacaTeJJbHbIX 
pa6oT (rlaM11p, 1953 r.) 



ctiH3HKa Bb!C0KHX 3Heprnti HatJHHanacb C cpoTOpOll<tleHHll 
Me30H0B. Criesa Hanpaso: XapHTOHOB (EpeBaH), 
A.C.Ee.rroycos (ctiHAH), B.naynb (IioHH), 
Po611ttcoH (ClllA), B .EHtJKe (raM6ypr), 
EennaMH (Ben11K06p11TaHHll), BoKep (ClllA), ... , 
_P.B11nbcoH (KopHenn), r.CanbBHHH (ctipacKarn), 
B .fom,uaHCKHH (ctiHAH), 3.AManb,uH (UEPH), 
A .M .Iian,u1rn (ctiHAH); CHMT: B.nattocpcKH (CT:;iHcpop,u}, 
IT.A. 4epeHKOB (ctiHAH) 

Ha YtJeHoM coseTe O115IH 



H.H.Eoromo6oa, JI .r .MaKapoa, A.M.Earin11tt 

Ha BCOblTaTeJ!bH0M CTeHne HYKJI0Tp0Ha. Cneaa Hanpaao: A .M .EaJl,l:IHH, 
A.A.BacHJJbeB, A.I-f.C11caKJ11-1, npe3H,l:leHT AKaneMHH HaYK CCCP 
r .11.MapYYK 

Bo apeMll Y•1ettoro coae-ra c A .H.C11caKJ1HOM 11 H.H.Eoromo6oab1M 

A .M.Earin11tt, AJ)..KoaariettKo, Jl.f.MaKapoa, 
B .A.HHKHTHH 

. Ha 3311.lHTe LIHCCepT8UHH 
c M.<l>.JI11xa1.JeBb1M 



C HaLJaJJbHHKOM rnaBKa MHHCpeJ:(Maw 
npocpeccopoM A.A. BacHJJbeBbIM 

Ha MelKJlyttapOJ:!HOM ceMHHape BMeCTe 
c lO.A.ITa1-1e6paTuesb1M, B.C.CTaBHHCKHM, 
A .B.EcppeMOBbIM (1984 r.) 

C BHUe-npe3HJ:leHTOM AH CCCP A .A .JloryHOBbIM 

C MHHHCTpOM HaYKH H TeXHH'-leCKOH nOJJHTHKH PcD E.r .CaJJTblKOBblM: 
«OI15H1 Bb!CTOHT! » 

8H3HT rettepaJJbHoro J:!HpeKTopa 1.1,EPH J],JK.AJ:!aMca H J],JK .<l>HJ:1eKapo 



BH3HT KHT3HCKOH )leJJeraUHH BO rnase C npocpeccopoM BaH faH 4aHOM (1989 r.) 

Cnpasa naneso: A.M.6anAHH, n .C .J.1caes, H .TT.3oToB, f .J.1.JlbrKacos, 

Jl.Jl.<DpaHKcpypT, n.C.6apa11os, Jl.H.Jlam1)lyc, H .Ty-ieK 

C 3.H.Ll,b1ra110BbIM C BHUe-AHpeKTopoM OJ.1511-1 M.fMHTpo 



A.M.EaJJ,!U1H, n.CnHJJaHTHHH H B .r.Ka,nbIJlleBCKHH 

C A.A.CMHpHOBbIM H 11.E.HccHHCKHM Ha nynbTe cwttxpocj:>aJoTpotta 

P.BHJJbcoH w A.A.KyJHeuos s rocTSIX y A.M.EaJJJ:1HHa 



C IO.M.W11poKOBbIM 11 1-1 .M.ct>paHKOM (Ha'-laJJO 80-xj 

C aKa,ueM11KaM11 JJ,.B.W11pK0BbIM 11 A.H.Tasxe1mme 

H.E.TI0p11H (l1ct>B3), A.M.Eann11H, H.H .EoronI06os, B.JI.AKcettos 

C Hel13MeHHbIM nepeB0,!l'-111K0M 
(1988 r.) 

Ha CHMn03H}'Me LHC (1110m 1995 r.) 





g_:I,i3f'ItlEC!{1'!M .mIC'l'L'ITYT mJeHH I1 .H. JIEB~ EBA 

~:TAJIOHHAfl JIAEOPA 'IOHtc! 

" ;/ T:~ BP: ,i.lAi:_;" 

ftr1peI-tTOP ,1-nm1qe C!tOI'O 
/~1HCTt1TyTa mt.II .H .Jle6e

,IT,CBa Al<a,Tiemm HayK CCCP 
a1(a~euuK 

~ ~ .• 7?,__/C .H .13aB!UIOB/ 

11 
_,-;; j,H fr-J I95 Ir. 

C!L.& __ Lf.. 12.J 

OB'hE KT "KM" 

T E X H t-1 q E C tC L1 ;/I 11 P O E ft T 

TOM Il 

:;,1131-rq_ocm}E OEOCHOBAHHE 

tIA CT .b IT Em Afl 

Ha~Hiiill pyKOBO,!tTITenb OU'L-OI<Ta 
tineH-Koppecnon,neHT AH ,CCCP 

/f ~~ /B.T::.3crrcrrcp/ 

-rop. M O C f{ B A 

I 9 5 0 t'O~ 
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PYKOBO,IDITEJil1 PAEOTbI 

"9J!eH-RoppecrroH.IJ;8HT AH CCCP 
. . 

neliCTBHT8~bHHli q~eH AH YCCP 

noRTOp ~H3HRO-MaTeMaT. HaYR 

noRTOp ~H3llRO-MaTeMaT.HayR 

KaH;ruir.n;aT ~ll3HR.O-MaTeM. HayR 

KaH.n;H.n;aT ~M3MRO-MaTeM. HayR 

r~aBHHli MH>KeHep ,Jia6opaTopm1 

MCII OJilil1TEJil1 

KaH.n;u.n;aT ~H3MRO-MaTeM. HayR 

KaH.n;M.n;aT ~M3MRO-MaTeM. HayR 

KaH.IJ;u.n;aT ~M3llRO-MaTeM. HayR 

HayqHHli COTpy.n;HHR 

HayqHHli COTpy.n;HllR 

10 

B.M.BEKCJIEP 

A.H.KOMAP 

M.A.MAPKOB 

B.A.IIETYXOB 

M. C .PAEI1HOBWI · 

A.A.KOJIOMEHCIDIB 

K.M.EJI1iIHOB 

M.C.PAE1'IHOBW! 

A.A.KOJIOMEHCKvlli 

JI. JI. CAEC OBWI -

A.M.EAJI.1Jl1H 

B.B.Mli1XAMJIOB 



T. 31. )Kyp11.a11 a,ccnepu.ueHmallbHOU u meopemu'iec,cou <f;usu,cu. Bbtn. 6(12) 

1956 

METO,l( orttEAIOll.{HX ,l(JUI HCCJIE,l(OBAH.H51 CB060,l(HblX I<OJIE6A
Hl18 B YCI<OPl1TEJI51X 1 

A. M. Ea;ziJuH., JB.B.Muxau11oef; M. C. Pa6uH.oeu'i 

flpllBO/],IITCH Bb!BO/l, ypanHeHHll cao6onHblX KOJieD8HHH B yCKOp!ITeJ!l!X /],Jill npoH3BOJibHOfO 
MJrHHrnoro IlOJlll, 06nana10mero IlJIOCKOCTblO Cl!MMeTplm • .u.~l! perneH!lll OCHOBHblX sanaq reopHH 
cso6onHbIX Kone6a1111il, BO3HHK8IOUJ.HX npu pacqere ycKopnreJieil, pa3pa6oraH Meron orn6a10UJ.HX, 
COCTOl!UJ.llH B TOM, '!TO BMeCTO 113yqeHHll orne.1bHbIX op611T paCCMaTpHaaeTCl! orn6a10mal! rpaeKTO· 
PHH '18CTHU 38 60JibWee 'IHCJIO 06opoTOB.flp11MeHeH11e 3TOro Merona IIJIJIIOCTPIIPYeTCll Ha npHMepe 
YCKOpHTeJiel! C pa3pe3Hb!M M3rHIITOM ll CHJibHocj,0Kyc11py10[UIIX ycKop11re.1eil. 

1. Bse.l(ettue 

Cso6o,AHhlMH KOJie6aHHHMH B U:HKJIHqecKHX ycKOpHTeJIHX Ha3bIBaIOT CMelll.e~ 
HHe qacTHU:bl OKOJIO HeKOToporo cpe,AHero nOJIO)KeHHH. 3To cpe,AHee noJIO)KeHHe 
LJaCTHU:bl 06biqHo npHHHTO Ha3hIBaTh MfHOBeHHOH op6HTO.H. TepMHH «CBOOO.l{Hhie>> 
03HaqaeT' qTO 3TH KOJie6aHHH He CBH3aHhI Henocpe,ACTBeHHO C npou:eccoM ycKo
peHHH. Mo:arno n03TOMY paccMaTpHBaTb CB060,AHhle KOJie6aHHH B noCTOHHHOM 
MarHI-ITHOM n"'oJie H npH nocTOHHHOH 3HeprHH qacTHU:b!. 

He3aBHCHMOCTb CBO0O.l{Hb!X KOJie6aHHii OT npou:ecca ycKopeHHH 0bIJia ,AO· 
Ka3aHa B nepBb!X )Ke pa6oTax no Teop_HH COBpeMeHHbIX U:HKJIHqeCKHX YCKOpH
TeJieH. bb!JIO noKa3aHo, qTQ npu pocTe HanpH)KeHHOCTH MarHHTHOro noJIH fl 
(6e3 H3MeHeHHH KOH¢Hrypau:uu) aMnJIHTy,Aa KOJie6aHHH 3aTyxaeT nponopU:HO· 
HaJibH0 H-'f•. 

Pa3,AeJieHHe J{BH:>KeHHH qacTHU:bl Ha J{BH)KeHHe no MrHOBeHHOH op6HTe H Ha 
. CBOOO,AHhie KOJie6aHHH B03MO)KH0 O,AH03Harrno npn OTCYTCTBHH TaK Ha3hIBaeMhlX 
pe30HaHCOB. flpn pe30HaHcax qacTOTa CBO0O.l{Hb!X KOJie6aHHH HaXO,AHTCH B u.e
JIOqHcJieHHOM COOTHOUieHHH C qacTOTOH o6paru:eHHH, n03TOMY op6HTa qacTHI.l,bl 
Bcer,Aa 3aMKHyTa. B 3TOM cJiyqae npu 0OJibUIOM quCJie o6opOTOB TpaeKT0pHH 
LJaCTHU:bl He 3aHHMaeT HeKOTOpOH nJioru:a,AH, KOTopaH B J{aJibHeHUieM 6yJ{eT 
npe,AMeTOM HCCJie,AoBaHUH, a 33HHMaeT TOJibKO JIHHHIO, fipaKTnqecKH H3·3a 
HaJiuquH BCHKOf0 po,Aa B03Myru:eHHil B MarHHTHOM noJie npou,ecc ycKopeHHH npH 
pl:!30HaHce He MO)KeT npOHCXO,AHTb, TaK KaK aMnJIHTY.Abl CBO0O.l{Hb!X KOJie6aHUH 
CHJihHo Bo3pacTaIOT. B ,AaJihHeHUieM pe3oHaHCHhIH cJiyqaH Mb! HCKJIIOqHM H3 
HaUiero paccMoTpeHHH. 

CBo60,AHble KOJie6aHHH B03HHKa!OT B npou:ecce HH)KeKU:HH qacTHIJ,, a TaK:>Ke 
npH pacceHHHH tiacrnu: Ha OCTaToqHoM ra3e B KaMepe ycKOpHTeJIH. O,l{HOH H3 
TPY.AHellllIHX 33,Aaq nprr . coopy)KeHUH COBpe.MeHHhIX KOJihU:eBh!X YCKOpHTeJieH 
(cHHxpoTpoHa, CHHXpo¢a3oTpOHa) HBJIHeTCH 3a,Aa•rn o6ecneqeHHH 3qxpeKTHBHOH 
HH)KeKU:HH qaCTHU:, T. e. snycK qacTHU: B KaMepy 6e3 coy,AapeHHH C HH.)KeKTOpOM 
(1rn¢JieKTOpHbIMH nJiaCTHH3MH) H CTeHKaMH BaKyyMHOH KaMepb!. 

flo cyTH J{eJia ycneUIHOCTb HH)KeKU:HH onpe,AeJIHeT HHTeHCHBHOCTb ycKopeH
HOfO nyqKa, TaK KaK noTepH qacrnu: B npou:ecce ycKopeHHH O0biqHo MaJibl. r eo
MeTpHqeCKHe pa3Mepbl 3a3opa MarHHTa ycKopHTeJIH onpe,AeJIHIOT Bee OCTaJibHble 
reoMeTpHL!eCKHe pa3Mepbl H CTOHMOCTb ycKopHTeJIH, Bhr6op yKa3aHHb!X pa3MepoB 
orrpe.AeJIHeTcH B 3HaqHTeJihHOH CTelleHH HeOOXO,AHMOCTb!O o6ecneqHTb YCJI0BHH 
,ItJIH 3qxpeKTHBHOH HH)KeKU:HH. 

B nocJie.AHHe ro,AhI pa3pa6oTaH PH.A npoeKT0B ycKopHTeJieH c CHJihHOH ¢0-
KycupoBKOH. fipe,ACTaBJIHeT HHTepec OU:eHKa 3qxpeKTHBHOCTH Tex HJIH J{pymx 

l HaCTOH[U3H CTaTbll HanucaHa Ha OCHOBaHIIII Pllna pa6or (1- 5],_ Bb!IlOJIHeHHblX B 1950-
1953 rr. 

6 ;K3T<I>. ;\", f:!-f%G r. 
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994 · A. M. 6aJI.D.HH, B. B. MHxaliJioB, M. C. Pa6HHOBHq 

BapHaHTOB CHJ!bHO<pOKYCHPY!OW.HX ycKOpHTe.n:eil:. O,1\HHM H3 KpliTepHeB cpaa

HeHHH MO)KHO cqHTaTb xapaKTep CB060,!\Hb!X KOJie6aHHH; KaK H3BeCTHO, APYrHM 

KpHTepHeM 5IBJI5IIOTC5I ,[\OilYCKII Ha ToqHOCTb H3fOTOBJieHH5I MarHHTa H Ha KOH

qmrypaU.H!O MarHHTHoro IlOJIH. 

Paspa6oTaHHaH HaMH TeopHH orn6aIOW.HX Il03BOJI5IeT C e,[\HHOH ToqKlf speHl:lff 

IlO,[\OHTH K OilHCaHH!O BJIHHHHH CBOOO,[\Hb!X KOJie6aHHH Ha npou.ecc HH)KeKU.HH 

H ycKopeHHH B U.HKJIHqecKHX ycKopHTeJIHX JII06oro Tl:lna. 

2. YpaaHeHHe cao60.t1HblX KOJie6aHHH 

Mb! paCCMOTpHM CB06.0,[\Hhle KOJie6aHH5I B npOH3B0JlbHOM MarHHTHOM Il0Jie H. 
o6Jia,[\a!OllI,eM IlJIOCKOCTb!O CHMMeTpHH. 

.lI.BH)KeHHe qaCTHU.bl B MarHHTH0M IlOJie 0ilHCbIBaeTCH peJIHTHBHCTCKHM ypaB

HeHHeM 

d ( mv ) e -dt V = - [vH]. (1) 
1-v2;c2 c 

EcJIH H He 3aBHCl:IT OT BpeMeHH (qTo MO)KHO Bcer,[\a cqHTaTb npH paccMOTpeH 

cB060.t1HhIX KoJie6aHHH), To jv I = const. B ,[\aJibHeihneM Mb! 6y.t1eM nHcaTb CK'& 

poCTb B BH,[\e v = vn, r,[\e n - e,!\HHlfqHb!H BeKT0p. 3aMeH5I5I ,nmpq>epeHU.HpO

BaHl:le no BpeMeHH t ,!\H<P¢epeHU.HpoBaHHeM no ,[\JIHHe rJ' OTCqHTbIBaeMOH B,[\OJI!:,. 

TpaeKTOpHH, noJiyqHM 
mv dn 

V·=== e 1-v2;c2 da = c [nH]. (2) 

B ,[\aJibHeHWeM npe,!\IlOJIO)KHM, qTo CHJIOBbie JIHHHH nepeceKalQT HeK0Topy10 

nJIOCKOCTb TIO,[\ IlOCTOHHHblM yrnoM. ECJIH HH)KHHH H BepXHHH noJIIOCbl MarHHTa 

5IBJl5IIOTC5I 3epKaJibHb!M OT06pa)l{eHHeM ,!\pyr ,!\pyra, TO TaKOH nJIOCKOCTb!O 51B· 

JIHeTCH cpe,!\H5I5I MarHHTHaH nJIOCKOCTb. l13 Bcex B03MO)KHbIX op6HT Mb! BbI,!\e

Jll:IM saMKHYTYIO (B ocTaJibHOM BeCbMa npOH3BOJihHYIO) op6HTY, Jie)Kaw.y10 B yKa-
3aHHOH IlJIOCKOCTH, H 6y,!\eM Ha3bIBaTh ee paBHOBeCHOH. Bo3MO)KHa, KOHeqHo, 

H 6onee o6w.aH IlOCTaHOBKa 3a,[\aqH O npOH3BOJibHOH npocTpaHCTBeHHOH paBHO:. 

BeCHOH. op6HTe, HO ,[\JIH U.eJieH ycKOpHTeJihHOH TeXHHKH YK?3aHH0e ynpow.eHHe 
BilOJIHe ,[\OCTaTOqHO. B 3TOM CJiyqae ypaimeHHe (2) COBCeM ynpow.aeTCH: 

RH=const, (3) 

r.t1e R - pa.t1HYC KpHBH3HbI TpaeKTopHH B .QaHHoil: ToqKe, a H - MarHHTH0e noJie 

B 3TOH ToqKe. Pa.t1HYC KpHBH3Hbl H MarHHTHOe IlOJie B Ka:>K,[\OH ToqKe paBHOBec

HOH op6HTbl Mb! 6y,!\eM o603HaqaTh HyJieBbIM HH,[\eKCOM. 

.lI.JIH paCCMOTpeHHH OTKJIOHeHHH qacTHU.bl OT paBHOBeCHOH op6HTbl BBe,11eHbl 

KpHBOJIHHeHHhie H, Boo6w.e fOBOpH, HeOpTOfOHaJibHble KOOp,!\HHaTbI: a - ,[\JIH

Ha OTCqHTbIBaeTCH B,[\OJ!b paBHOBeCHOHTpaeKTOpHH, p - paCCTOHHHe no HOpMaJIH 

K 3TOH TpaeKTOpm1. Pa.t1HYC KpHBH3Hbl B 3THX KOOp,!\HHaTax sanHCbIBaeTCH CJie

.t\YIOW.HM o6pasoM: 

_1 = [- p" ( I + ..£..) + 2p'2 _1 - p' R~ _g_ + 
R R0 Ro R~ 

+ ;o (1 + ;J2j[(1 + ;J2 + p'2r·1., (4) 

r,[\e lllTpl:IXH 03Ha~a!OT ,!\H<P¢epeHU.HpOB3HHe no rJ. 

DocKOJ!bKY OTKJIOHeHHH qacTHU. OT paBHOBeCHOH op6l:1Tbl M3Jll)I, Mb! MO)l{eM 

ypaBHeHHe (4), a TaK:>Ke 3aBHCHMOCTb HanpH)KeHHOCTH MafHHTHOfO TIOJIH 

H (a,. p) OT p 33IlHCaTb B JIHHe~HOM npH6JIH)KeHHH 

!. -!
0
-p"-J

0
;H(cr,p)=H(o,O)+~P- (5) 

DocJie nO,[\CTaHOBKH (5) ypaBHeHHe (3) npHMeT BH,[\ 

1 " P [ aH ] Ho -p --Ro =Const H(cr,0)+ opp • 
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MeTO;{ orn6a10mHx ;{JHI HCCJJe;{OB3HHl{ CBOOO;{HblX KOJJe6aHHH B YCKOpHTeJJlIX 995 

CorJiaCHO onpe.l(eJieHHIO .l(JIH paBHOBeCHOH op6HTbI cnpaBe.l(JIHBO paBeHCTBO 

I/ Ro (a)= const H (a, 0), nosToMy oKoHqaTeJihHO ypaBHeHHe cBo6o.l(HhlX Ko

Jie6aHHH npnM'eT cJie.l(yiow,nii: npocTOii: BH.l(: 

r"+q(:1)p=0, q(a)=Ro2 (o-)[l-n(a)J, (6) 

n ( o')- noKa3aTeJib MarHHTHOro IlOJIH 

n (a)= - (Ro (a)/ H (a, 0)) (aH (a, p) / op)p-o• (7) 

3. Pernettne ypaeHeHHH CB060.l(HbIX KOJie6aHHH 

<PyHKUHH q (a). 5IBJrneTC51 nepHOJ(HqecKOH cj:>yHKUHeii: OT a. B CJia6o¢oKy

CHpyIOW.HX ycKopHTeJIHX nepHO.l( cj:>yHKUHH paBeH nepHMeTpy IT opOHThf 

q ( a + IT) = q (a). 8 CHJibHOcj:>OKycnpyIOW,HX ycKOpHTe.1HX, a TaK)Ke B YCKO

pfneJJHX C pa3pe3Hb!M MarHHTOM, nepHOJ( cj:>yHKUHH q (a) paBeH IT/ N = L, 
rJ(e N - qncJJO 3JieMeHTOB nepHO./(HqHOCTH CHCTeMbI. K: ypaBHeHHIO (6) MO)KHO· 

npuMeHHTb 06w,y10 TeopH!O ypasHeHHH C nepHOJ(HqecKHMFf K03(p<j:lHUHeHTaMH .. 

Pernettne ypastteHHH (6) BHYTPH o6Jiacrn ycroii:qHBOCTH 3anrrmeM B cJJe

AYIOW.eM BH.l(e: 

(8), 

r./(e 9 (a) - nepHOJ(H'IeCKaH tj)yHKUHH OT o- c nepHOJ(OM L. 
K:osqxpHUHeHT µ. - xapaKTepHCTH'IeCKHH noKa3aTeJJb, (? ( a) - KOMnJieKCHaff 

rpyHKUHH <PJJoKe MoryT Ob!Tb HaHJ(eHbl J(Jl5J Ka)KJ(Oro KOHKpeTHoro CJiyqa51, 

aHaJIHTH'IeCKHM MeTOJ(OM HJIH qifcJJeHHblM HHTerpHpoBaHHeM no OJ(HOMY H3, 

y'IaCTKOB 2 J(JJHHOJ{ L, Mb! npHMeM .l(aJiee, 'ITO BpOHCKHaH KOMnJieKCHblX. 

perneHHf'r ypaBHeHHH (6): 
'¥ = eiµa/L? (a) H '¥" = e-iµa/L f (a) paBeH -2i. 

PerneHHe ypaBHeHHH (8) MOHrno TaKiKe 3anrrcaTb B .ApyroM 6oJJee. Y.AOOHOM" 
BHJ(e: 

p (Cl) = F ( O') cos r µa/ L + C( ( O' )J, 

F (a) = I D9 (a) I ; cc (a) = arg ( D9 (a)) . 

O'IeBHJ(HO, 'ITO F ( ::J) H C( (a) - nepHO.l(H'IeCKHe cj:>yHKUHH C nepHO.l(OM L. 

(9) 
( I 0) 

TaKHM o6pa30M CBOOOJ(Hb!e KOJJe6aHHH MO)I{HO BCerJ(a npe.l(CTaBHTb ·K8K 

cHHycoH.[laJJbHbie c nepeMeHttoi'1 aMnJJHTy.riou F (::i), cpa3of'r cc(o) H qacTOTOK 

µ. / L.. 0.l(HaKo TaKoe TOJlKOBaHHe HH'Iero HOBOro He J(aeT, TaK. KaK B 60Jib

~UHHCTBe cJJyqaes qacrora H3MeHeHHH F (a) H cc (a) 6oJJbllle HJJH Toro )Ke no

pH.[{Ka, 'ITO µ. / L. TTo3TOMY He HMeer CMbICJJa rOBOpHTb O CBOOO.l(Hb!X KOJie-

6aHH51X KaK O MOJ(y.1HpOB8HHbIX rapMOHH'IeCKHX, KaK ,[{eJiaJJH HeKOTOpbie 
aBTOpbl [ 6 j. 

B. TeopHH ycKop1neJ1ei'r nprr lfCCJie.l(OB8HHH CBOOO.l(HblX KOJJe6aHHH paccMaT

pHB8!0T .!(Be 3a.l(a'IH: a ) 0 coy.l(apeHHH 'IaCTHL( C HH)KeKTOpHblMH nJiaCTHHaMH H 

6) o coy.riapemm qacrnu co cTeHKaMH BaKyyMHof'r KaMepb1. 

Pacc~!OTpHM 'I8CTHUY, Bbmyw,eHHYIO 113 HH)KeKTopa TIO.I( yrnoM y K MrHOBeH

HOH op6HTe H Ha paCCTOHHHe flo OT Hee. EcJm Ha a3HMyTe HH)KeKTopa O'i 01KJIO

HeHHe fl· Ha IlOCJJe.[lYIOW.HX o6opOTaX 6y.l(eT OOJlbllle flo - u, TO qacrnqa coyJ(a

pHTCH C Il.l!aCTHH8MH HH)KeKTOpa. 3.l(eCb il - paccTOHHHe OT MeCTa BbIJleTa 48· 
CTHUbl :J(O nepe.l(HeH nJJaCTHHbl HH)KeKTopa (pHC, I). 

11.JJH pewemrn ccj:>opMYJJHpoBaHHblX 38.l(a'I HaM TIOJJe3HO 3H8Tb OTKJIOHeHHH 

lJ8CTHUbl TOJlbKO Ha BilOJJHe onpeJ(eJJeHHOM 83HMyTe O' ,B 'I8CTHOCTH Ha a3m,1yTe 

HHmeKTopa. OtJeBHJ(HO, lJTO KOOp,[lHH8Tbl :J H a + Ilk COOTBeTCTBYIOT OJ(HOMY H 

TOMY me a3HMYTY (II - nepuMeTp op6HTbI, k- qeJJoe 'IHCJJo). B 3TOM cJJytJae 
(9) MO)KIIO nepenHC8Tb 

p (o) = F (a) COS (µ.Nk + cc (a)). ( 11) 

2 Hnnp11Mep, ec.1u noJJO,t;HTb 'Y (0) = 1 + i ,0, ro cosµ= Re 'Y (L). 

6* 
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3,necb a·_:_ IlOCT05lHHOe tIHCJIO, a k MO:>KHO paccMaTpHBaTb KaK tIHCJIO o6opoTOB, 
coseprneHHbIX tiaCTHUeH, p(a} - IlOJIO:>KeHHe qacTHUbI Ha a3HMyTe a nocJie k-ro 
o6opoTa. EcJIH 6bI k 6bIJIO HenpepbIBHOH nepeMeHHOH, TO Mbl MOrJIH CKa3aTb, 
'ITO KOJie6aHH5l qaCTIIU Ha ,naHHOM a3HMYTe scer.na 5IBJIHIOTC5l rapMOHHlleCKHMH 
c .i;iocTOHHHOH aMnJIHTYJJ.OH, DpH nepexo.ne OT o,nHoro a3HMyrn K ApyroMy Me· 
H5leTC5l JIHillb aMilJIHTYAa H cpa3a KOJie6aHHH, 3,!leCb HanpawusaeTCH aHaJIOrHH 

1 
co CT05ltieii BOJIHOH, XOT5l B 

2 HallleM CJiyqae MeHHeTCH B 

~ 

f?o , 

------- . r ----J . l; ______ l ______ _ --6 

·----------- 7 

PHC. 1. CxeMa Bb!nycKa tJaCTHU a ycKOpHTeJib. 1- HH)l(eK-. 
Topm,1e '.ITJiaCTHHKli, 2 - CTeHKH KaMepb!, 3 - 0IlTliM8Jlb 
Hoe HanpaBJieHHe, 4 - HanpaBJieHlie KaCaTeJihHOH }( MrHO
BeHHOii op611Te, 5 - HanpaBJieHlie tJaCTliUb!, 6 - MrHOBeH
H8ll pasnosecHal! op6HTa, 7 -- cpe,!l.Hllll op611Ta B KaMepe 

npocTpaHCTBe He TOJibKO 
aMilJIHTy,!la, HO TaK:>Ke H 
cpa3a KOJie6aHHH. 

Ha caMoM ,Ilene k Mo:>KeT 
npHHHMaTb JIHillb UeJible 3Ha
tieHHH. EcJIH 6hr, HanpHMep, 
Nµ. paBHHJIOCb 2d/g, r,!le 
l, g-npocTbre UeJibie tIHCJia,. 
TO OTKJIOHeHHe p npHHHMaJit 
6bI Ha Ka:>K,!lOM a3HMyTe g 
3Ha11eHHii. DpaKTHtiecKH g 
JJ.OJI:>KHO 6b!Tb ,!lOCTaTOtIHO 
BeJIHKO, tIT06bI He BO3HHKJIH 
onaCHble pe3OHaHCbl, IlO3TO
MY Mb! MO:>KeM CtIHTaTb, tITO 
Ha JII060M a3HMyTe p npH
HHMaeT npaKTHtieCKH JIIO· 
6oe 3Ha11eHHe OT -f(a) 
AO +F(a). 

BbIIlle Mbl CllHTaJIH f(a) aMilJIHTYAOH 1rna3HrapMOHHtieCKHX KOJie6aHHH Ha 
a3HMyTe a. Mo:>KHO TaK:>Ke KpHBYIO p = +f(a) paccMaTpHBaTb. KaK orn6a10UJ.y10 
TpaeKTOpHH tiaCTHUbI • .UeiicTBHTeJibHO, ecJIH p(a) = F(a), TO cornaciw (9) 
dp/da = dF/da, T. e. KacaTeJibHble K TpaeKTOpHH qacTHUbl (9) u K KpHBOH 
p = F(a) cosna,!laIOT Ha a3HMyTa:X, r,!le p MaKCHMaJibHO. B ,naJibHeiirneM KpH
Bble p = + F(a) 6y,!leM Ha3bIBaTb orn6a10UJ.HMH. 

TpaeKTOpH5I qacTHU 3aKJIIOtieHa Me:>KAY KpHBbIMH p = --1-f(a) Ii B npaKTH· 
tieCKH HHTepeCHbIX CJiy11asi:x 3a 60JiblllOe tIHCJIO o6opoTOB saHHMaeT BCIO o6JiaCTb 
Me:>KAY orn6a10UJ.HMH. HaihH orn6a101.IJ,y10 sHatIHTeJibHO npoUJ.e, 11eM BbitIHCJIHTb 
TpaeKTOpHIO qacTHU.B TO :>Ke BpeMH see OCHOBHble BonpOCbl TeopHH YCKOpHTeJieH, 
CBH3aHHbie co CBOOO,!lHblMH KOJie6aHH5IMH, MoryT 6bITb perneHbl, eCJIH lf3BeCTiHa 
TOJibKO orn6a101.IJ,aH. 

4. Oru6aiow.aR 

Hait,!leM Bbipa:>KeHHe AJIH Irna,!lpaTa MOAYJIH cpyHKUHH F(a) B 3aBHCHMOCTH 
oT Ha11aJibHbIX yCJioBHil:: 

a= ai; p (ai) = p0 ; (dp / da)ai = ,; k = 0, 

r.ne C j - a3HMYT HH:>KeKTopa, Po - HatiaJibHOe OTKJIOHeHHe qaCTHUbl OT op6HTbl, 
"( - yroJI Me:>KJJ.Y HanpaBJieHHeM BbIJieTa qaCTHUbl H KaCaTeJibHOH K MrHOBeH· 
HOH op6HTe (cM. pHc. I). Do,ncTaBJIHH HatiaJibHble YCJIOBHH s (8), HaH,!leM 
KoHcTaHTY D 

D• = { [1'1' (ai) - p0'1'' (ai)]. (12) 

3,necb IllTpHX O3HatiaeT npOH3BO.l\HYIO no a, a 3Be3.IJ.OtIKa KOMilJieKCHG-conpH_· 
)KeHHYIO seJIHtIHHY: 

P (a)= DD•9 (a) 9• (a)= DD•<P (a), 

r.ne <D (a) - Ksa.n.paT MOJJ.YJ151 cpyHKUHH <l>JIOKe. 
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flo.QcTaBJUUI (12) B (13) H npOH3B0.QSI ynpoI.U.eHHSI, IlOJIY'IHM 

(l) (a) [ 2 2 ( p0(l)' (a,) )2] . 
F 2 (a)=(l)(ai) p0 +<l> (ai) r- Z<D(ai) . (14) 

B OOhltJHOM ycKOpHTeJie co CJiaoofi qx>KycupoBKOH <I> (a) paBHSieTCSI IlOCTO

SIHHOH BeJIHtJHHe Ro /VI - n, r.Qe Ro -pa,llHYC Kpyronofi opoHTbI, a n - FIO
Ka3aTeJib MarHiiTHOro IlOJISI. B 3TOM CJiytrne 

2 R;y2 
F2(a)=ro+ 1-n. (15) 

ECJIH Hae HHTepecyeT coy,llapeHHe C nJiaCTHHaMH HH2KeKTopa, .TO cyI.U.eCTBeHHO 
3HaTb, HaCKOJibKO F (a) npeBbIIIIaeT Po npH 3a,llaHHOM yrne OTKJIOHeHHSI 1; tJeM 
MeHbIIIe 3TO npeBb!lUeHHe, TeM MeHee BepoSITHO coy,llapeHHe 'IaCTHU. C HH2KeK
TOpOM. .TaKHM o6pa30M tJeM MeHbIIIe <I> (a,), TeM OOJ!bllle OTKJIOHeHHJ:I OT 
Oi1THMaJihHOrO yrJia (AJISI (15) OT 1 = 0) )lOilYCTHMbI; tJeM CHJibHee cpoKyCHpOBKa, 
TeM MeHbIIIe <I> (a). 

<l>yHKU.HSI <l> (a) HMeeT pa3MepHOCTb ,llJIHHbl, Il03TOMY MaKCHMYM <!> (a) 
'MO}l{HO Ha3BaTb 3tjxpeKTHBHbIM pa,lluycoM ycKOpHTeJISI 

max <I> (a)= R:3¢clJ• (16) 

KaK H3BeCTHO, pa3Mepbl 3a3opa onpe)leJISIIOT Bee MafHHTa, lJTO )lJISI ycKOpH
TeJiefi Ha CBepx60JibIIIYIO 3HeprHIO HMeeT cyI.U.eCTBeHHOe 3HatJeHHe. TTpH cpaB
HeHHH ycKopHTeJiefi pa3Horo THna OTHOIIIeHHe JIHHeHHbIX pa3MepoB 3a3opa 
MafHHTa K R 9qlql SIBJlf!eTCSI napaMeTpOM, xapaKTepH3YIOI.U.HM MaKCHMaJibHOe 
3HatJeHHe qioKycHpyIOI.U.HX CHJI H Tpe6yeMyIO TOtJHOCTb anycKa tJaCTHU. B KaMepy 
yCK·opHTem1, B TO :lKe BpeMSI OTHOIIIeHHe 3THX BeJIHlJHH K pa,llHycy KpHBH3Hbl 
R He HMeeT ¢tt3HtJecKoro CMbICJia. 

MHHHMaJibHOe 3HatJeHHe aMilJIHTY.1\bI KOJie6aHHH Ha a3HMyTe HH:>KeKTopa 
paBHO Po, Kor.11a tJaCTHU.a Bbr□YI.U.eHa IlO,[{ OilTHMaJibHbIM yrJIOM 

r = lonT = (ro/2) (d In <I> (a) /.da)a,• (17) 
HanpasJieHHe OilTHMaJibHOro BnycKa tJaCTHU. B KaMepy ycKOpHTeJISI cosna

AaeT c HanpasneHHeM KacaTeJibHOil: K orn6a10I.U.eiL CyI.U.ecTBeHHO, tJTO onTH
MaJibHhlfi yroJI snycKa 3aBHCHT OT Po• TTpu HH:lKeKU.HH B CHHXpo¢a30TpOHbI 
OObltJHO Po MeHSieTCSI OT HYJISI .1\0 M8KCHM8JlbHOro 3HatJeHHSI, Il03TOMY MeHHeTCSI 
H OilTHMaJibHbIH yroJI. EcJIH yr Jl0B3SI umpHHa BnycKaeMoro nytJKa MeHbIIIe 

lonT' TO lJHCJIO tJaCTHU., 3aXBaTbIBaeMbIX B pe11rnM ycKopeHHSI, pe3KO yMeHb

lllHTCH. TTpaa.11a, MO:lKHO HaHTH Ha op6Hre a3HMYT, Ha KOTOpOM <I>' (a,)~ 0, 
HO· He Bcer,[{a y.1106HO no KOHCTpyKTHBHbIM coo6pa:lKeHHSIM IlOMeI.U.aTb B 3TOM 
Mecre HH:lKeKTOpHbJe IlJiaCTHHbl. 

TTpH peIIIeHHH 3a,llatJ O coy.QapeHHH co CTeHK3MH KaMepbl H3M HeOOX0.1\HMO 
HCCJie.QOBaTb ¢YHKUHIO f (a) = <I> (a)/ <I> (a1), xapaKrepH3YIOI.U.YIO OTHOIIIeHHe 
aMilJIHTy,[{ KOJie6aHHH Ha npOH3B0JlbHOM a3HMyTe (a) H Ha a3HMyTe HH:lKeKTOpa. 
KaK 3TO npaKTHtJeCKH ,[{eJiaeTCSI, 6y,[{eT IlOKa3aHO B pa3,[{eJiax 5 H 6. . 

.Uo CHX nop MbI paCCMaTpHBaJIH .QJIH onpe.[{eJieHHOCTH pa,[{HaJibHbie KOJieoa
HH.H qacrnu.. BepTHKaJibHbie KOJie6aHHSI paccMaTpHBaIOTCJ:I aHaJIOrHtJHO. Heo6-
XO,[{HMO JIHillb ytJeCTb, lJTO BeJIHtJHHa q (a) ,[{Jl.!l HHX HMeeT .[{pyroe 3HatJeHHe 

~ q (a)= n (a) R-;2 (a). (18) 

5. YcKopnteJib C pa3pe3HblM MarttHTOM 

CHHxpo¢a3orpoHbI co cna6oii ¢oKycHpOBKOH 06b1tJHO crpomcH c tJeTbipbMH 
npHMO.'!HHeHHb!MH npoMe2KyTK3MH. HanpHMep, B CHHxpo¢a30TpOHe AKa.D.eMHH 
HayK CCCP Ha 10 000 MeV HMeeTcH 4 BOCbMHMerpos&1x npoMe:lKyTKa. Cpe,llHHH 
pa.Quyc tJeTb!pex ceKTOpOB paBeH 28 M. B nepBOM npH6JIH.tKeHirn MO:lKHO CtJH
TaTb )lJIH ypaBHeHH.!l (6) 

( ) { 
0 - a npHMOJIHHeHHbIX npoMemyTKax ,[{JIHHOH l, 

q a = 
x2 = ( - n) / R3- B MarHHTHblX ceKTopax JJ.JIHHOH ,,. 
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.Unsi Haxo:m,!{emrn orn6a10meil: .l{0CTaTOtrno sHaTh pemem1e Ha 0.l{H0M 
3JieMeHTe nepHO,!{HqHOCTH.~JIHH0ll L 

'f" (a) = { D (sin x:; + d cos xa) - B ceKTopax, 

. D (e1
1'- xa + s + dc1)- B_ npSIMOJIHHeil:HbIX npoMe:myTKax. 

3,nech npHHSITbI CJie,!{yIOIUHe C0KpameHHH: 

s=sinxi1; c=cosxv; d=(c-e 1P.)/s; 
cosµ= c-xls /2. ( 19) 

B COOTBeTCTBYIOIII.HX cpopMyJiaX OTcqeT ,!{JIHHbI a npOBO,!{HTCH OT HaqaJia ceK
Topa H OT HaqaJia npHMOJIHHeil:Horo npoMe:myTI<a. 

. KaK y:me ynoMHHaJI0Ch, KOHCTaHTY D HY)l{HO Bhr6paTb 3 TaKHM o6pasoM, 
qTo6br BpOHCKHaH cpyHKIJ.HH 'f" H 'f" * paBHHJICH -2i, nosToMy noTpe6yeM, 
GTO0bl . 

DD*= s /x sinµ. (20) 

OTCIO.l{a JierKo Hail:TH Bhrpa:meHHe ,nJIH om6a10meil: 

<I> (a) = {[s + xl cos xo • cos x (v- o)] / x sinµ - .l{J1H ceKTopoB, 

[s + xlc + sx2 ( a - l) a]/ x sinµ - ,!{JIH npoMe)l{yTKOB. 
(21) 

Orn6a10rn.a5i .l{JI.H .l{aHHhIX CHHXpocpasoTpoHa AKa,l{eMHH HayK CCCP Hso6pa
:meHa Ha pHC. 2. <l>yHKU.HH <l>(a) MaK
CHM8JlbHa B cepe.l{HHe CeKTOpOB H 
MHHH\1aJibHa B cepe.l{HHe npHMOJIH
HeHHblX npoMe)l{yTKOB. I-fa (21) JI er Ko 
H8HTH OilTHM8JlbHbIH yroJI BblJieTa 

~t/1(6) ------! -----1 

~ 7 ::::::,,in=0,8 

77=0,j JO 

l --<L=+-a,, 
20 

~ = 

0 10 20 JO ~o J/J 
6,H 

Puc. 2 Puc. 3 

Puc. 2. MoAyJJb cjJyHKUIIII <PJJOKe ypaBHeHHll CB060)1Hb!X (seprnKaJlbHblX II pa)lHaJlbHb!X) 
KoJJe6aHHH AJJll AaHHblX c11HxpocjJa3oTpoHa AH CCCP. 1- Kpyrosoii ceKTOp, 2- sepTH· 

KaJJbHble KOJJe6aHHll, 3 - pa,n11aJ1b\Jble KOJJe6aHHll, npllMOJIHHeHHblH npoMe:myTOK 
Puc. 3. OnTnMaJJbHbIH yroJJ YonT AJJll .naHHbIX c11HxpocjJa3oTpOHa AH CCCP. Po/ R = 1/56; 

( / R = 2/7; 1 - Kpyrosoii ceKTop, B - npl!Mo.rmHeiiHbiii npoMe:myTOK 

GaCTHIJ. H3 KaMepbI YCKOpHTeJIH. .UJIH napaMeTpOB COBeTCKoro CHHXpocpaso
·TpoHa YonT Hso6pa:meHO Ha puc. 3. 

ITpu He0OJihllIHX .l{JIHHax npHMOJIHHe»HhIX npoMe)l{yTKOB x<l> (o), 1<0HeqHo, 
He oqeHb CHJibH0 OTJIHqaeTCH OT 1, HO 3TO OTJIHque y:me CKa3blB8eTCH npH pac
qere HHTeHCHBHOCTH nyqKa [3] H pacceHHHH Ha 0CTaToqHOM rase. fopa3,!{0 0OJib
llIYIO poJih om6a10mue urpa10T npH pacqeTe CHJihHocpoKycupyromux ycKopu
TeJieif. 

6. YcKopHTeJIH c cHJibHOH (jloKycHpoBKOH 

B KatJ.ecrne npnMepa paccMoTpHM 06b1qHhIH rnn CHJihHocpoKycHpyromero 
YCKOpHTeJIH • .UJIH ynpomeHHH cpopMyJI paccMOTpHM YCKOpHTeJib 6e3 npHM0JIH
HeHHblX npoMe:myTKOB. KoHetJ.HO, pasBHTaH s.l{ecb o6masi TeopHH MO)l{eT 0hITh 
DpHMeHeHa K JIJO0OMy TJmy YCKOpHTeJieH C IlOCTOHHHhlM HJIH n~peMeHHblM 
MarHHTHbIM IlOJieM. 

3 Ec.~11 D = 1 / d, TO 'f' (0) = 1 11 Re 'f' (L) =cosµ (cM. np11MetJaH11e Ha CTp. 995 ). 
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ITyCTb ycKOpHTe.Tlb . COCTOHT H3 2N MarHHTOB C O.l{HHaKOBbIM pa3MepOM y 

no .1tyre pa.1tHyca Ro, rrpw1eM B tieTHbIX ceKTopax rroKa3aTeJib MElrl{HTHoro 
illOJIH n1 < 0, a B HetieTHbIX ceKTOpax n2 > o. Ha rpaHHI.(e ceKTOpOB n CKaq
:KOM H3MeH.HeTCH OT n1 .1{0 n2. ECJIH Mb! He pacCtIHTbIBaeM KOHKpeTHbIH YCKOpH
Te.Tlb, a HHTepecyeMC.H oco6eHHOCTblO .l{BH)KeHHH, TO 3TO .l{Orrym.eHHe He .HB• 
JI.HeTC.H cym.ecTBeHHbIM. He rrpe.l{CTaBJI.HeT Tpy.l{a ytzeCTb rrp.HMOJIHHeHHbJe rrpo• 
.Me)KyTKH, a TaK)Ke rrepexo.1tHYJO ooJiacTb Me)K.ltY n 1 H n2. B HameM cJiytzae 

q ( 
0

) = {xi = ( I - n 1) / R~ - ;{JI.ff tieTHblX ceKTopoB, 

-x; = (n2 -I)/ R~- ):{JI.ff HetieTHbIX ceKTopoB. 

PewaH ypaBHeHHe (I) ClllHBaHHeM, HaH.l{eM KOMIIJieKCHbie peweHHH Ha O.l:{HOM 
3JieMeHTe nepHOJ.lHtIHOCTH )];JIHHOH L = 2v: 

f sin X1 O' + f cos X10 - .l:{JIH tieTHbIX ceKTOpOB, 

·:(a)= 1 / x
1 
(I:_/*) p (c- fs) sh x2 (a -v) + (s + fc) ch x 2 (a - v)-

V l l{JIH HetzeTHbIX ceKTopoB. 

lfClleT l{JIHHbl Bel{eTCH OT HatzaJia qJOKYCHpy10m.ero ceKTOpa. 3.z:iecb rrpHHHTbl 

CJiel-{yIOUI.He 0003HatzeHHH: . . 

p = x1 / x2 ; s1 = sin x1 'I; c1· = cos x1 -1; c2 = ch x2v; s 2 = sh x2 v, 

.a cpyHKUHH f paBHa 

f = f 1 - f 2 eiµ., [1 = (s1s 2 + PC1C2) / (PS1C2 - C1S2); f 2 = P / (PS1C2 - C1Sz). 

Jierno yoel{HTbC51, tITO 'Y ( a) YAOBJieTBopHeT BCeM ccpopMyJIHpOBaHHblM Bb!We 

)'CJIOBHHM H ypaaHeHHIO (I), eCJIH 

COSµ.= C1C2 + (l - p2
) S1Sz/ 2p. 

BbrpameHHe l{JIH cpyHKI.(HH <I> (a) HaH.l:{eM CHatiaJia B <PoKycupy10m.eM 

·(lleTHOM) CeKTOpe 

<I>i(o) = <I> (0) + [(I + p 2) s2/ 2x1 p sinµ.] [cosx1 (v-2o) - C1], 
<I> (0) = (s1c2 + PC1S2) I x1 sinµ.. 

<PyHKUHH <1>1 (a) MaKCHMaJibHa B cepe.l:{HHe Q)OKYCHpy10m.ero ceKTopa 

(22) 
(23) 

<I>i(v /2) = <I> (0) + (I - c1) (1 + p 2) s 2 /2x1 p sinµ.. (24) 

()opaTHM BHHMaHHe Ha CHMMeTpH!O cpyHKUHH <I> (a) OTHOCHTeJibHO TOtIKH 

0='1/2. PacCMOTpHM <I>(o) B .z:iecpoKyCHpy10m.eM ceKTOpe 

<I> 2 (a) = <I> (0) - [si( 1 + p 2) / 2x1 sinµ.] [c2 - ch x2 (3'1...:_ 2a)]. (25) 

_ \aK BHl{HO H3 3TOH cpopMyJibl, <I>2 (a) MHHHMaJibHa B cepe.l{HHe .z:ie¢0KyCHpy10-

111.ero ceKTopa. 
fpacpHK oe3pa3MepHOH cpyHKUHH <I> (a) I 'I B 3aBHCHMOCTH OT XO' H300pa)KeH 

1ra pttc. 4, .l{JIH cJiytraH, KOrl{a n 1 + n2 = 0 H x'I = 1,5. ITpH .z:iaHHblX napa-

J 

Pttc. 4. 1'10.llYJib cjlyHKUHH <f>JIOKe ypaaHeHH!I 
-CBOOO,llHblX KOJieoaHHiL AJI!I CHJibHOcpOKyCHpy- 2 
IDUlHX ycKOpHTeJieii B ueHrpe OOJI8CTH ycroii'IH
BOCTH {xv= 1,5; n1 + 112 = 0). 1- cjloKycttpy!O- 1 
UlHii ceKrop, 2 - .necpoKycapyIOw.Hii ceKrop, 
xcr -- ,ll,111Ha B,llOJib opOHTbl B oe3p83MepHblX e.!IH-

·HHUax. xv=1,5; /-ll>(cr)/v; II-Y(a)© /v 
Q 

___ , _____ _ 
6,J 1,Q 1,5 2,0 2,5 J,O 

;r,:13 

MeTpax ycTOHl!HBOCTb l{BH)KeHHH MaKCHMaJibHa. no OCH aOCI.(HCC pHC. 4 
OT JIO)KeHa He l{JIHHa O', a Oe3pa3MepHaH BeJIHtIHHa XO'. BblOOp TaKOfO MaCWTaOa 
Il03BOJIHeT HCIIOJib30BaTb npHBel{eHHbie rpacpHKH ..'{JIH pa3Hb!X BeJIHtIHH x . 

.UJIH Toro l!TOObl IIOJiyl!HTb rrpe.l:{CTaBJiemrn O q>yHKUHH <I> ( a) . He. TOJibKO 
8 ueHTpe OOJiaCTH YCTOHl!HBOCTH, HOH rrpH .z:ipyrHX 3HatieHHHX xv, Ha pHc.5 

17 



1000 A. M. 6aJJ,D.IIH, B, B. MHxai!JJOB, M .. C. :Pa611HOBil'I 

H3<;lopa>KeHa ·3aBHCHMOCTb cpyHKUHH <I> (a)/ v OT BeJIHtJHHbI x2v2 ](JIH Tpex 

.asJIMYT0B; . B cepe.!{HHe cpoKyCHpy10r.u.ero ceKTopa - cpyHKUHH <I>1 (v / 2) / v, 
-B _cepe](rtHe J{e<p0Kycrrpy10rn.ero .ceKrnpa -cpyHKUHH <I>2 (3v / 2) / v II Ha CTbIKe 
-](Byx ceKTOp<;m -:-¢YHKUHH <I> (0) / v. KaK BH](HO .Ha prrc. 5, ycTOHtJHB0CTb B 

14 

10 

5 

0 1 2 

PHC. 5 

J J.5 

umpOKHX npe.!{eJiaX H3MepeHHH xv 0CTa-
. eTCH npaKTHtJecKH nocTOHHHOH. KaK 

H3BeCTHO, :>KeCTKHH ](OnycK Ha BeJ!HtJHHY 
xv onpe](eJIHeTcH He npo6JieMoii ycTofi
tJHBOCTH B 3a.!{aHHOM MarHHTHOM noJie, 

1 

0 [:" "-< I - - / - • . ~'n 

.... 
-f 

PHc. 6 

. PHc. 5. 3ttatJeHHH MO.!IYJJH cpyHKUHII <l>JJoKe B ueHTpax ¢0KyCHpy10W.HX H .n.ecpoKyCHpy10-
1UHX ceKTOpOB <D1 (v-; 2) H <D2 (3v / 2) H Me)l(.ny ceKTOpaMH <D (0) B 3aBHCHMOCTH OT 3Ha'leHllffl 
napaMeTpa CHJlhHO cpOKYCHpy10w.ero ycKOpHTeJJH x 2v2 (n1 + n2 = 0). no OCII op.nHHaT OTJJO-

)l(eHO: J - (1) (0) / v; JI - <I>/ (v / 2) / v; JI J-<D2 (3v / 2) / V. no OCH a6CUHCC x
2
v

2 

PHc. 6. 3aBIICHMOCTh OTITHMaJlbHOfO yrJia OT a3HMyTa B CHJlbHOcjJOKycHpy!OtUIIX YCKOpH• 
TeJJHX B ueHTpe 06J1acrn YCTOH'IHBOCTH (xv= 1,5; n1 + n2 = 0). 1 - <pOKYCHpy!OIUHll ceK
TOp, 2 - ,necpoKyCHPY!OIUHH ceKTOp, xcr - ,!lJJHHa B)lOJlh op6HThl B 6e3pa3MepHb1X e,D.HHl!Uax. 

CnJJonrnaH KpHBaH - (R / xv) d ln <D (cr) / dcr = (2R / xvp0) YonT 

a HaJIHtJHeM 60JiblllOf0 tJHCJia pesoHaHCOB C HCKa)l{eHHHMH MarHHTHOro IlOJIH. 
8hlllle Mb! BBeJIH 3cpcpeKTHBHblll pa](Hyc. OtieBH](H0, tJTO J{JIH Cl!JlbHOq>OKycw-

py10rn.ero ycKop,!TeJIH 

Raqxp = <I>1 (v / 2). 
HanpnMep,. ecJIH n 1 + n2 = 0, TO · 

,/'-( x2v2 x4 v4 
) v-R9<1><1>_ = v2 v 3 1 +4 - ·80 + ... /x2•i2 1 -x4v4 

/ 12 + ... (26} 

MHHHMaJibHOe 3HatJeHiie cpyHKUHtt <I>1 (v / 2) / V (B 3aBHCHMOCTH OT xv) MO)KHO 
Halim H3 pHC. 5 l!JIH no cpopMyJie (26). OHO paBHO 3,026 (npH xv;::::: 1,5). 

I . TaKl!M o6pa30M OilTHMaJibHOe 3HatJeHHe R~;~ 

f ~ 
R~;;::::: 3v = 3R0 o, (27)· 

0,5 ~ 
r.!{e o - yrnosoii pa3Mep OJ{Horo ceKTopa. 

'-· -~=--'-----'-----''-. --'' Jlsa pHCYHKa (6 H 7) nocTpOeHbl no 
0 t 2 J .:t5 aHaJiornH c pHC. 4 II 5 ](JIH JIOrapHq>MHtJe-

. CKOH npOH3B0](HOH cpyHKUHH <I> ( o ), KOTOpaH' 

PHC. 7 nponopUHOHaJibHa ionT - OnTHM3JlbHOMY yr JIY 

PHc. 7. 3aBHCHMOCTb onTHMaJJhHOfO BbIJieTa tJaCTHUbl 113 HH)l{eKTOpa. 
yrJJa npH TIOJJO)l(eHHH HH)l(eKTOp~ Ha p11c. 6. 11306pa)l{eH rpacpl!K cpyHKUlll-t 
Me)l(JIY CeKTopaMH OT 3Ha'leHHH na-
paMerpa ycKopHTeJJH x 2v2 (n1+n2=0). 
no ocH opJIHHaT oT JJO)l{eHo: ( R / xv) d In _<I> ( o) / do = 2R·; onT / xw_,0 

(2R I xvp0) YonT'no oc11 a6CUHCC x
2v2 

npH xv= 1,5 B 3aBHCHMOCTH OT XO. (3.!{eCb Po - pacCTOHHHe OT HH)l{eKTOpa 

.!{O MrHOBeHHOH op6HTbl.) 
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MeTOP. orn6a10mHx Ml! HCCJJe)J.oBaHHll t:BOOOP.HblX .KOJJe6aHHH a YCKOPHTe;illX 1001 

Ha pHC. 7 Ta )Ke cpyHKU.HH H300pa)KeHa B 3aBHCHMOCTH OT x2v2 npH cpHK
CHpOBaHHOM 3HaqeHHH xa (Ha CTbIKe cpoKycHpyrorn.Hx H .l{ecpoKyCHPYIOIIJ.HX 
ceKTOpOB, r,l{e ionT npHHHMaeT MaKCHMaJibHOe 3HaqeHHe). B u.eHTpe OOJJaCTH7 

ycTOH'IHBOCTH ionT:::::: 0,6p0 / R. l1aMeHem1e BO apeMeHH (BMecre c H3MeHeHHeM p0) 

OilTHMaJibHOro yrJia npHBO,l{HT K ,l{OilOJIHHTeJJbHbIM Tpy,n;HOCTHM npH ,l{JIHTeJib
HOH HH)KeKU.HH B CHJibHOCJ>OKYCHpyrorn.Hx ycKOpHTeJIHX. 

Pa3BHTaH BbIUie o6rn.aH TeOpHH H paccMOTpeHHble npHMepbI IlOKa3b!BaIOT' 
qTQ MeTO,I{ OrHOaIOIIJ.HX HaHOOJiee a,l{eKaaTeH aa,n;aqaM, B03HHKaIOUI.HM npH. 

pacqeTe 'H. npoeKTHpoBaHHH pa3HOro THna YCKOpHTeJieii. CTpH IlOMOIIJ.H 3TOf'O'\ 
MeTO,l{a MO)KHO JierKO cpaBHHTb qlOKYCHpOBKY B pa3JIHqHbIX THnax ycKopHTe- · 
Jieii: H pernHTb 3a,l{aqH, CBH3aHHbie C ooecneqeHHeM HaHOOJiee 3cpqieKTHBHOH 
HH)KeKUHH. 

<t>113w1ecKHH HHCTHTYT HM. TT. H. Jle6e.u.eaa 
AKaP.eMHH uayK CCCP 

JluTeparypa 

TTocTynH.'Ia B pe.u.aKUHIO 
18 HIOJ!ll 1946 r. 

[I) A. M. -6aJJP.HH, B. B. MuxailJIOB, M. C. Pa6HHOBHq, l1cCJJe.u.oea-· 
HHe P.BH>KeHHll qacTHU B CHHXpo4>a30TpOHe C npllMOJIHHeHHblMII npoMe>KyTKaMH. OTqeT, <t>HAH, 
1949 r.-[2] A. M. 6 a JIA H H, ~- B. M H x a ii JI o a, M. C. Pa 6 H Ho a H q. I< Teopm1-
cao60.u.u1,1x KOJieoaHHH, 0TqeT, <t>HAH, 1950 r.- [3) M. C. Pa 6 H Ho a H q, Ocuoabl Teopm1 
cHHxpoqia30Tpoua, ):luccepTaUHll, c;I>HAH, 1952.- [4) A. M. 6 a JI P. II H, B. B. M H x a ii
JI 0 B .. iloqTH nepH0P.HqecKoe P.BH>KeHHe 3apl!>KeHHblX qaCTHU B np0H380JlbH0M Il0CT0l!HH0M BO· 
epeMeHH 1,rnrHHTH0M none, QrqeT, <t>HAH, 1952.- [5] M. C. Pa 6 H Ho B H q. TeopernqecKoe· 
HCCJie)J.0BaHue ycK0pHTeJJl! c nepeMeHHb!M noKa3aTeJJeM n0JJll, QrqeT, <t>HAH, 1953 r. -
[6} D. M. Dennison, T. H. Ber I i n. Phys. Rev., 70, 764, 1946. 
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MEJR)J;YHAPO)J;HAJI ROH<I>EPEH~MR 
<I>M3MROB 

T. ,lI;eMH.UOB (rrceB.UOHHM A. M. Ba.rr.uHHa) 

ITPAB,ll;A, 14 HIOHJI 1956 r. 

}l{EHEBA. 13 HIOHH. (Cnei:pmpp. "IIpaB~LI"). 3~ecL OTKpLIJiacL Mem~yHapo~HaH 

KOH<pepeHI.J;HH q>H3HKOB, C03BaHHaH no HHHI.J;HaTHBe EaponeiicKoii opraHH3aI.J;HH no HCCJie

~OBaHHIO aT0MH0ro H~pa. B pa6oTe KOH<pepeHI.J;HH npHHHMaIOT Y'·laCTHe yt.JeHLie ABcTpHH, 

AHrJIHH, BeJILrHH, <I>e~epaTHBHOH Pecny6JIHKH I'epMaHHH, .l(aHHH, MH~HH, MTaJIMH, Mcna

HHH, RaHa~LI, H11~epJiaH~oa, Hopaer1111, CIDA, CoaeTcKoro Co103a, <I>paHu;1111, qexoc11oaa

KHH, lliaeu;1111, lliaeiiu;ap1111, IOroc11aa1111 11 RnoHMM, RoHcpepeHI.J;HH nocaHm;eHa npo6JieMaM 

t.JaCTHI.J; BhIC0KHX 3HeprHii. 

OTKpLIBaH KOH<pepeHI.J;HIO, npe3H~eHT CoBeTa EaponeiicKoii opraHH3aI.J;HM no MCCJie~oea

HHIO aTOMH0ro H~pa BeH JloKcneiicep a CBOeM BCTynHTeJILHOM CJI0Be no~qepKHYJI Heo6xo~H

M0CTL TeCHoro C0TPY~HHt.JeCTBa yt.JeHLIX acex CTpaH a pemeHHH CJIO.iKHhIX npo6JieM, CT0Hn:t;HX 

nepe~ q>H3HKoii BLIC0KHX 3Heprnii. 

IIepBaH He~eJIH 3ace~aHHH KOH<pepeHI.J;HH 6y~eT nocBHm;eHa MeTo~aM ycKopeHHH 3apH

meHHLIX t.JaCTHI.J;, OmHBJieHHO npoHCXO~HJI0 o6cym~eHHe eonpocoa, CBH38HHhIX C ~aJILHeii

,mHM ycoeepmeHCTBOBaHHeM I.J;HKJIMt.JeCKMX ycKopMTeJieii. PH~ ~0KJia~OB 6LIJI noCBHm;eH npM

MeHeHHIO n0CT0HHH0ro BO BpeMeHM MarHHTHOro noJIH B ycK0pHTeJIHX, npe~Ha3Hat.JeHHhIX ~JIH 

noJiyt.JeHHH t.JaCTHI.J; BhICOKOH 3HeprHH. HoBLie MarHHTHLie CHCTeMLI. ycKOpHTeJieii pe3KO no

BhICHT MHTeHCMBHOCTL nyt.JK0B t.JaCTHI.J;, '-ITO ot.JeHL Ba.iKHO ~JIH 3KCnepHMeHTaJILHOH q>H3HKM. 

RpoMe Toro, HX HCn0JIL30BaHHe MO.iKeT cym;eCTBeHH0 C0KpaTHTL 3aTpaTLI Ha coopymeHHe 

ycKOpHTeJieii. 

C HHTepeCHhIM coo6m;eHHeM O pa6oTax, Be~ym;HXCH B 3TOM HanpaBJieHHH B Xapy3JIJie, 

BhlcTynHJI T. r. IlHKaBaHc (AHrJIHH). C'6oJILmHM BHHMaHHeM 6LIJIH 3ac11ymaHLI TaKme co

o6m;eHHH aMepHKaHCKHX q>H3HKOB 0 pa3pa60TKe H0BhIX MarHHTHhIX CHCTeM. BLicTynHBlliHH 

B ~HcKyccHH A. A. Ro110MeHCKHH (CCCP) coo6m;1111, '-ITO aHaJiorHt.JHLie H~eH BLI~BHra1111cL 

B CoaeTCKOM Co103e B 1953 ro~y, H paccKa3aJI 06 MX ~aJILHeiimeM pa3BHTHH. PH~ coo6m;e

HHii 6LIJI noceHm;eH H3yt.JeHHIO B03MO.iKHOCTeii noJiyt.JHTL nyt.JKH t.JaCTHI.J;, ~BHmym;necH TaKMM 

o6pa3oM, '-IT06hl HX CTOJIKHOBeHHe CTaJIO BeCLMa Bep0HTHhIM. Cpe~H BhICTynHBillHX 6LIJIM 

r.K.O'HenJI u ,l(.KepcT (CIIIA). 
CttJILHOe Bnet.JaTJieHHe Ha yqaCTHHK0B KOH<pepeHI.J;HH npOH3BeJIH ~OKJia~LI C0BeTCKMX qm-

3HK0B A. A. HayMoaa, B. M. BeKcJiepa H R. B. <I>aiiH6epra. 8To 6LIJIO oco6o 0TMet.JeHo H 

Ha npecc-KoHcpepeHI.J;HH reHepaJILHoro_ ~HpeKTopa EaponeiicKoii opraHtt3aI.J;HH no HCCJie~o

BaHHIO aT0MHoro H~pa npocpeccopa R. BaKKepa. 

A. A. HayMoB paccKa3aJI o 6oJILmoii pa6oT~, npo~eJiaHHoii rpynnoii coeeTCKHX q>H3HKOB 

no~ pyKoeo~cTB0M r. M. By~Kepa no TeopeTttt.JecKoMy H 3KcnepnMeHTam,HoMy o6ocHoea

HHIO MeT0~a ycKopeHHH, HCnOJIL3YIOrrt:ero TaK Ha3LIBaeMLIH peJIHTHBHCTCKHH CTa6HJIH3Hpo

BaHHhlll 3JieKTpOHHLIH nyt.JoK. 

OKa3LIBaeTCH, '-ITO npH onpe~eJieHHhIX ycJIOBHHX B CHJILH0 pa3pemeHH0M npocTpaHCTBe 

~JIHTeJILHOe BpeMH M0.iKeT cym;eCTBOBaTL 3aMKHYT0e K0JILI.J;0, C0CTOHm;ee H3 ot.JeHL 6oJILmoro 
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"CJHCJia 6blCTp0.ll;BHlliYW:HXCJI 3JieKTp0H0B H HeK0Toporo K0JIH'lJeCTBa Il0JI0lli:UTeJILH0 aap.11meH

HhIX :U0H0B. BHyTp:U 3Toro .llpKo caepKarom;ero K0JILQa B03H:UKaIOT K0JIOCCaJILHhle 3JieKTpOMa

rH:UTHhle Il0JIJI, K0T0phle ,neJiaIOT ero ycTOH'lJ:UBhIM :u MoryT 6hITL :UCilOJIL30BaHLI .ll;Jl.11 ycKopeH:U.11 

aap.11meHHhIX qaCT:UQ. B 6y,nym;eM 3T0 Il03B0JI:UT 3Ha'lJ:UTeJILH0 COKpaT:UTL paaMepLI :u Bee ycKo

p:UTeJieii. IIpe,ncTO:UT ynopHa.11, KponoTJI:UBaJI pa6oTa no ocym;ecTBJieH:uro aToii :UHTepecHoii 

:u.ne:u. 

l.JneH-KoppecnoH,neHT AKa,neM:u:u HayK CCCP B. ll. BeKcnep c,neJiaJI coo6m;eH:ue o 

Tai{ Ha3blBaeMOM HorepeHTHOM MeTo,ne ycHopeH:U.11 "crycTHOB" qacT:UQ, 8Ta TeopeT:U'lJeCHaJI 

pa6oTa B H0pHe :U3MeHJieT CTaphle npe,ncTaBJieH:U.11 06 ycH<:>p:UTeJIJIX. TeopeT:U'lJeCH:Ue :UCCJie,no

Bau:un, BhlnoJIHeHnhle a <I>:ua:uqecHoM :uncT:uTyTe AHa,neM:u:u nayK CCCP no.n pyHoao,ncTB0M 

B. ll. BeHcnepa, a TaHme B <I>:ua:uHo-Texu:uqecHOM :UHCT:UTyTe AHa,neM:u:u HayH YHpa:uHcHoii 

CCP no.n pyHoao,ncTB0M A. ll. Ax:ueaepa, noHaaan:u aoaMomHoCTL ycHopeH:u.11 np:u onpe

,neJieHHhIX ycnoa:u.11x QeJihIX rpynn, "crycTHOB" qacT:UQ, TaHoe ycHopeH:ue npe,nnoJiaraeTCH 

.ll;0CTHrHyTL B peayJILTaTe B3a:UMO.ll;eHCTB:UJI :ux JI:u6o C ,npyr:uM:u "crycTKaM:u" 'lJaCT:UQ, JI:u6o 

c nnaaMoii :un:u aJieHTpoMarH:UTHOH aoJIHoii. Om:u.naeTc.11, 'lJTO B TaK:ux ycKop:uTeJI.11x M0mHo 

6y,neT coo6m;aTL qacT:UQaM 3Hepr:uro, npeBhlmarom;yro 1.000 M:UJIJI:uap,noa aneHTpoaoJILT, 

,l(oHJia,n no H0BhIM MeTo,naM ycHopeH:un, c,neJiaHHhIH coBeTCK:UM cf>:ua:UKOM JI. B. <I>aiiH-

6eproM, 6blJI noca.11m;eH aonpocaM K0peHHoro ycoaepmeHCTB0BaH:U.11 JI:UHeHHhIX ycKOp:UTeJieii. 

OcTpoyMHa11 :u,ne.11 np:uMeHeH:U11 B Ka"CJeCTBe ycKop1110m;:ux C:UCTeM oco6oro T:Una B0JIH0B0.ll;0B 

( Tai{ Ha3blBaeMhIX nJia3MeHHhIX BOJIHOBO.ll;OB) Il03B0Jl:UT 3Ha'lJ:UTeJILH0 YJIY'lJID:UTL K0HCTPYKQ:UIO 

JIHHeHHhIX ycHop:uTeJieii, yMeHLID:UTL :ux paaMephl, Il0BhIC:UTL acf>q>eHT:UBHOCTL :u npe,neJILHYIO 
aHepr:uro. 

B. ll. BeKcnep, JI. B. <I>aiiH6epr :u A. A. HayMoB OTBeT:UJI:U Ha MHomecTB0 aonpo

coa. BhlcTynanm:ue npn o6cym,neH:UH HX ,noHJia,noa 0TMeqaJI:u H0B:U3HY :u,neii, Bhl.ll;B:UHYThIX 

coaeTCK:UMH cf>:ua:uHaM:u. ,l(:ucKyccnn no 3T:UM .I{0KJia,naM npo.nonmanacL 6oJILme qaca. ,l(o

KJia,nhl, nocnnm;eHHhle oT,neJILHhIM aonpocaM Teop:u:u Q:UHJI:uqecH:ux ycKop:uTeJieii, c,neJiaJI:u 

r. rpHH (CIIIA), A. A. RoJIOMeHCK:UH (CCCP) :u .npyr:ue. Om:uBJieHHYIO ,n:ucKycc:uro. 

BLrnaano coo6m;eH:ue coaeTcKoro yqeHoro B. B. Bna,n:uM:upcKoro o npoeKTax ycKop:uTeJieii, 

paapa6aThIBaeMhIX B ConeTCHOM Coroae 6oJILmoii rpynnoi:i cf>:ua:uKoB :u :UHmeHepoa. 
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YCITEX COBETCRHX <I>H3HROB 

Jlen JlymrH, Bna.l(IIMIIp Opnon 

I13BECTI1R, 27 IIIOHJI 1956 r. 

Ilpo11cxo,zrirnm11ii B J-ReHeBe Mem.n;yHapo.n;HLiii ceM11Hap no cp11a11Ke BhIC0KIIX 3Hepr11ii aa

K0fftJIIJI CB0IO pa6oTy. Ha nocJie,IJ;HIIX aace.n;aHIIHX ceMIIHapa paa611paJIIICL, B qacTH0CTlf, 

Bonpochl q>OTOH,IJ;epHhIX peaKu;ttii, paaHoo6pa3HhIX npeBpam;eHIIH n.n;epHhIX qacTIIU: no.n; B03-

.n;eiiCTBlleM raMMa-ttaJiytJeHttii. 3.n;ecL ttccJie.n;oBaTeJitt np11 nocpe.n;cTBe xopomo ttaBeCTHhIX 

3JieKTpoMarHIIT_HhIX noJieii npoHttKaIOT B aara.n;Ktt noJieii n.n;epHLIX. O6cym.n;eH11e noKaaaJio, 

tJT0 6oJILmoe paaBIITtte 3TII pa6oTLI noJiyq11JI11, no-un,IlnMOMY, B CIIIA. 
BoJILmoii ttHTepec BhI3BaJI .n;oHJia.n; coBeTcKoro yqeHoro M. A.n;aMOBtttJa tt .n;pyrttx o po

m.n;eHttlf MeaoH0B nptt Boa.n;eiicTBlflf raMMa-ttaJiytJeH11ii Ha TnmeJILiii Bo.n;opo.n;, (.n;eihepttii). 

YqacTHHHlf ceMIIHapa roBopnT, tJT0 MacTep cnopTa A. BaJI,IJ;lfH coBepmttJI B illBeiiu;apttH 

CB0e H0B0e B0CXom.n;eHtte. IlpaB.n;a, u;eJIL ero 6LI.Jla Ha 3T0T paa He ropHan BepmttHa, a Te0-

peTtttJeCHaH BhIC0Ta. OH c.n;eJiaJI y.n;atJHYIO nonhITHY o6'LHCHeHHH o6paaoBaHlfH Me30H0B no.n; 

Boa.n;eiicTBtteM raMMa-11aJiytJeHttii. BLicTynaBm11ii B npeHIIHX BLI.n;arom;11iicn IITaJILHHCHttii 

yqeHLiii ,l(. BepHap.n;11H11 .n;aJI BLICoKyro ou;eHHY .n;oHJia.n;y MoJio.n;oro coBeTCKoro cp11a11Ha. 

B o.n;11H tta nocJie,IJ;HIIX BetJepoB TeopeTttHlf co6paJittCL aa qamHoii qan B .n;pymecHOM Hpyry • 

3.n;ecL np11cyTcTB0BaJI11, B qacTHOCTtt, ,l(. BJiox11Hu;eB, J.l. CMopo.n;HHCHttii II HpynHeii~ 

. mtte IIH0CTpaHHLie yqeiILie: lOHaBa (J.lnoHttn), BaTarttH (l•ITaJittn), Bonn ( <I>Pr), IlayJI11 

(illBeiiu;apttn) II .n;pyrtte. Ilpocpe~cop llaym1: paccHaaaJI 06 OTKphITOH He.n;aBHO HOBOH qa

CTHIJ;e aHTlfHeiiTpttHO, HBJIHIOm;eiicn aHTaroHHCTOM yme lf3BeCTHOH HpOXOTHOH qacTHU:hI Heii

TpllH0. 

- J.[ pa.n;, OTHphITlflO MaJieHLHOro "Bpara" HeiiTpllHO, - nomyTttJI ,l(.BJIOXlfHIJ;eB, noa.n;pa

BJIHH mBeiiu;apcKoro yqeHoro, - II He T0JILH0 KaH TeopeTHH, HO II n0T0MY' lJT0 caM HBJIHI0CL 

"JllllJHhIM BparoM" HeiiTpllHO. Be.n;L lf3BeCTHO, lJTO HeiiTpllHO BhI3hIBaeT 60JILm11e noTepn B 

peaHTOpax aTOMHhIX 3JieKTpOCTaHu;11ii. ' . 

Bee raaeTLI, OCBem;aBm11e pa60ThI ceMIIHapa, OTMetJaIOT yqacTlle COBeTCHIIX yqeHLIX, HaH 

6oJILmoii noJiomttTeJILHhlii cpaHT. B aaMeTHe "<I>ttattHII o6cym.n;aroT cBOII npo6JieMLI" aHrJI11ii

cHan raaeTa "TaiiMc" nttmeT: "BLIJIO JI106onLITHO CJILimaTL cpttattHa tta RaJittcpopHHtt, o6pa

m;arom;erocn H pyccHHM yqeHhIM C npocL6oii pa3'LHCHUTL HenOHHTH0e noBe,IJ;eH11e rttraHTCHoro 

aMepttHaHCKOro ycHopttTeJIH "B0BaTpoH"' lf OTMetJaeT, lJTO "oTBeThI pyccHHX 6hIJilf .n;eJI0BhIMH 

lf noJie3HhIMlf lf .n;aBaJilfCL C xopomttM IOMopoM". 

l1HOCTpaHHhle raaeThI CTpeMHTCH B ,IJ;OXO,Il;lJlfBOH cpopMe ,IJ;OBeCTII .n;o mttpOKlfX HpyroB 0CHO

BHhle tt.n;ett C0BpeMeHHhIX q>ll3lftJeCHlfX lfCCJie,IJ;OBaHttii, Ha HOT0phle Hapo.n;LI TpaTHT CT0JILHO 

cttJI tt cpe.n;cTB. BoT HaH raaeTa "TaiiM.c" B cTaTLe "M.n;ett coBeTCHHX cpttattHoB" nonyJinp11-

ayeT, B qacTHOCTtt, pa6oTy yHpaMHCHIIX yqeHLIX R. C11HeJILHIIHOBa, J.l. <I>aiiH6epra, TI. 
3eii.n;JI11u;a o HpHBOJIIIHeiiHoM ycHopttTeJie aapnmeHHhIX qacTttU:, .n;onomeHHyro Ha ceMttHape: 

"Mam11Hhl )];JIH ycHopeHIIH n.n;epHhIX qacTHU: .n;o BhICOHlfX 3Hepr11ii: HJiacc11cp11u;11py10TCH B mtt

poKOM nJiaHe, HaK cnopTIIBHhle TpeKtt. EcTL MamllHhI, B HOTOphIX qacTHU:hI npo6eraIOT MHoro 

paa no HpyroBOMY TpeKy' HO B npOTlfBOnOJIOlliHOCTL 6eryHy C Kalli,Il;hIM HpyroM np1106peTaIOT 

HOBYIO 3Heprttro. EcTL MamttHLI, ttMerom;tte npHMOJIIIHeiiHLiii TpeH, TaH HaaLIBaeMLie JittHeii

Hhle ycKop11TeJI11. Ha ceMttHape B }l{eHeBe 6LIJio aacnymaHo HoMnpoM11ccHoe npe.n;nome-
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HHe. IIpe.l(IIOJiaraeTCJI C.l(eJiaTb Qerrh ycKOpJIIOID:HX 3JieMeHTOB, TaKHX .me, KaK B JIHHeHHOM 

THITe ycKOpHTeJIJI, HO cpopMy TpeKa C.l(eJiaTh H30rHyToi:i: aepOJITHO, OH ITOXOH{ Ha pa3orHyToe 

KOJihQO. 8Ta H.l(eJI 6blJia Bhl.l(BHHyTa B PoccHH, Ilo.l(06HaJI MaWHHa 6y.l(eT 60Jihme no pa3Me

paM, qeM Kpyroaoi:i ycKopHTeJih o6hl1:J:HOro THrra, HO 6y.z:(eT HMeTb rrpeHMym;ecTBa Ha.l( .l(BYMJI 

.l(pyrHMH THIIaMH, qaCTHQhl 6y.l(eT Jierqe BIIphlCKHBaTh B ycKOpHTeJih H BhlBO.l(HTh H3 Hero, a 

Heo6XO.l(HMble MarHHTHble CHJihl OKa.H<YTCJI MeHhWHMH H HeH3MeHHhlMH 110 BpeMeHH". 

Mhl 6ece.l(OBaJIH a XO.l(e ceMHHapa co MHOrHMH HHOCTpaHHhlMH yqeHhlMH, H OHH OXOTHO 

,l(eJIHJIHCh c· HaMH CBOHMH arreqaTJieHHJIMH O COBeTCKHX pa6oTax. B HHTepBblO C KoppecrroH

.l(eHTaMH "v'faaecTHi:i" reHepaJihHhlH .l(HpeKTop QEPH rrpocpeccop R. BaKKep 3aJIBHJI: "B 

TOH o6JiaCTH HayKH, KoTopoi:i 3aHHMaeTCJI QEPH, Me.m.l(yHapo.l(HOe coTpy.l(HH"leCTBO yqeHhlX 

oco6eHHO Ba.H<HO. Mhl y.me COTPY.l(HHqaeM c HaWHMH aMepHKaHCKHMH KOJIJieraMH, H cei:iqac 

Mhl cqacTJIHBhl BCTpeTHThCJI C HaWHMH COBeTCKHMH KOJIJieraMH. Mhl 01:J:eHh .l(OBOJihHhl, 1:J:TO 

MO.H<eM BHeCTH CBOH BKJia.l( B pa3BHTHe cep.l(e"IHhlX OTHOWeHHH Me.m.l(y BeJIHKHMH Hay"IHhlMH 

.l(ep.maBaMH, H Mhl yaepeHhl, 1:J:TO Hama co6CT~eHHaJI pa6oTa ITOJIY"IHT B pe3yJihTaTe HOBhlH 

xopomHi:i HMIIYJihc. 

,[(oKJia.l(hl COBeTCKHX yqeHhlX H HX BhlCTYIIJieHHJI B .l(HCKYCCHJIX IIOKa3aJIH ( oco6eHHO 3TO 

OTHOCHTCJI H rrepnoi:i He.l(eJie ceMliHapa), 1:J:TO COBeTCKHe yqeHble HaXO.l(JITCJI B rrepBOM PJI.l(Y 

Me.m.l(yH~pO.l(H'oro rrporpecca B o6JiaCTH q>H3HKH H 1:J:TO .l(pyrHe Hay"IHO-HCCJie.l(oBaTeJihCKHe 

QeHTphl, BKJIIO"laJI Ham QeHTP, He MoryT OCTaBaTbCJI B CTOpoHe OT KOHTaKTOB H IIOCTOJIHHOro 

o6MeHa MHeHHJIMH 6e3 Toro, "IT06bl He o6e.l(HHTh B03MO}l{HOCTH co6CTBeHHOro pa3BHTHJI". 

Ilpocpeccop ,[(m. M. RacceJI H3 JlHneprryJIJI cHa3aJI, "ITO "orrhlT coBeTCKHX yqeHhlX, Ko

TOphle rrpoBO.l(JIT o6mHpHble HCCJie.l(oBaHHJI Ha rHraHTCKHX MaWHHax, oqeHh HHTepeceH H 

rroy"IHTeJieH .l(JIR QEPH". J1H.l(HHCHHH yqeHhlH Ilxa.l(Ke H3 BoM6eJI 3aJIBHJI, "ITO "pyccKHe 

yqeHble rrpOH3BeJIH Ha Hero BIIe"laTJieHHe JIIO.l(ei:i, o6Jia.l(aIOm;HX 01:J:eHL BhlCOKHM Hay"IHhlM 

TeopeTH"leCKHM noo6pa.meHHeM. IlpHMepoM JIBJIJIIOTCJI CMeJihle rrpe.l(JiomeHHJI B.BeKcJiepa. 

ConeTCHHH yqeHhlH cTaBHT mupoKHe 3HcrrepttMeHThl, CTpeMJICh rJiy6.me rrpoHHI<HYTh B aTOM

Hoe JI.l(po, IIOCTHrHyTh COKpoBeHHble TaHHhl q>H3H"leCHHX JIBJieHHH, Hecym;HX HeHC"IHCJIHMhle 

6Jiara .l(JIJI qeJioneqeCTBa". AMepHKaHCKOMY yqeHoMy 0. qeM6epJieHy oco6eHHO IIOHpaBH- . 

JIHCL .l(OHJia.l(hl M. Mem:epJIKona, B. ,[(.meJierrona H A. MyxHHa. Ilpocpeccop ,[(.m. BJII03T H3 

BpyKxaneHa (ClliA) cKa3aJI, 1:J:To "HoHcpepeHQHJI rrpomJia rrpeKpacHo H oco6eHHO rrpHJITHhl 

6blJIH BCTpeqH c pyccHHMH KOJIJieraMH, R Ha.l(eIOch, 1:J:TO a .l(aJihHei:imeM Mhl 6y.l(eM HMeTh 

6oJILWHe B03M01KHOCTH BCTpeqaThCJI KaH B MocKae, TaK H B Hhro-MopKe". 

8TH TeIIJihle IIpH3HaHHJI oco6eHHO rrpHJITHhl IIOTOMY' qTo He BCIO.l(Y H He rrpH acex 06-

CTOJITeJibCTBaX HHOCTpaHHhlH yqeHhlH MO}l{eT BhlCKa3aTb HX, He BCTpeqaJI o6cym.l(eHHJI co 

CTOpOHhl HOCHTeJieH peaKQHOHHhlX H.l(eH. Bhl.l(aIOm;HHCJI aHrJIHHCKHH yqeHhlH r. CKHHHep 

rrpeIIO.l(Hec. CBOHM COBeTCKHM HOJIJieraM HOMep ra3eThl "MaH"leCTep rap.l(HaH", r.l(e OH .l(aJI 

Bhlcouyro oQeHHY coaeTcKoi:i aTOMHOH q>H3HKe H cao6o.l(Hoi:i TBopqecKoi:i aTMoccpepe Ha KOH

cpepeHQHH B MocKne. "Ilpe.l(cTaBLTe, - cua3aJI CKHHHep, - qTo, rrpoqTJI 3TY CTaThIO, O.l(HH H3 

MOHX aHrJIHHCKHX l{OJIJier BO nceyCJihlWaHHe Ha3BaJI MeHJI KOMMYHHCTOM!". 8To aHeK.l(OTJ.fqe

CHOe rrpoHcmeCTBHe Bhl3BaJIO HpOHH"leCHHe YJihl6KH co CTOpOHhl .l(pyrHX aHrJIHHCKHX yqeHhlX, 

HOTOphlM IIOJIHTH"leCKHe y6em.l(eHHJI rrpocpeccopa CKHHHepa 6blJIH Jiy"lme H3BeCTHhl. 

Ha.l(o JIH ronopHTh O TOM, qTQ pacTym;He CHMIIaTHH HHOCTpaHHhlX yqeHblX IIOJIHOCTblO 

pa3.l(eJIJIIOTCJI COBeTCKHMH q>H3HKaMH. Mem.l(yHapO.l(Hhle KOHTaKThl B o6JiaCTH HayKH OHH 

paccMaTpHBaIOT HaH Ba.iKHhlH BHJia.l( n .l(eJIO MHpa. 8TH CHMIIaTHH 6blJIH Bhlpa.meHhl PYKOBO

.l(HTeJieM COBeTCHOH .l(eJieraQHH ,[(. BJIOXHHQeBhlM Ha 3aKJIIOqHTeJibHOM 3aCe.l(aHHH ceMHHapa. 

Ilo6Jiaro.l(apHB pyKono.l(HTeJiei:i QEPH 3a TeIIJihlH rrptteM, ,[(.BJIOXHHQeB cKa3aJI: "YqacTBYR 

B 3TOM ceMHHape, Mhl HMeJIH B03M01KHOCTb 03HaKOMHThCJI C 3aMe1:J:aTeJibHhlMH HCCJie.l(OBaHH

JIMH, BhlIIOJIHeHHhlMH B pa3JIHqHhlX CTpaHax. Em:e 6oJiee Ba.H<Ho, qTo Mhl MOrJIH o6cy.l(HTh 

BOJIHYIOID:He Hae norrpochl co MHOrHMH Bhl.l(aIOID:HMHCJI q>H3HKaMH. Mhl yHeceM caMble Jiyq

nrn:e BOCIIOMHHaHHJI 06 3THX BCTpeqax". ",[(o 6y.l(ym;Hx BCTpeq!" - ronopJIT COBeTCKHe q>H3HKH 

CBOHM HHOCTpaHHhlM HOJIJieraM. 
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cnerKa KacaeTcH 3T0H ,nHcKycc'iiu 5• 

B cBoeii craThe B. 11. BeKcnep 

B TO BpeMH (1947 r.) B <l>HAHe pa6oTa.rta ycra110BKa «TpoHKa»
UHKJJH'leCKHH ycKopuTeJII, 3JJeKTpoHoB, Ha 30 M3B. CTaBHJJHCh nep
Bbte 3KcnepHMellTbl no pO)f(llCIUll-0 7t-MC30110B 11a H.npax OT 'Y-KBaHTOB 
( 1949 r.) Ha JanycKaeMOM 3JJeKTpOHIIOM ycKop1ne11e e :meprneii .no 
250 M38. 80JHHKJJa H,llell CTpOIITeJJbeTBa 6oJJLUIOro ycKOpllTCJIH Ha 
IO r3B. B1,1cKaJb1Ba11Heh pa3Jllf'lllble T0'IKH 3pemrn Ha TO, KaKHe 
'laeTHLlbl .llOJl)KIILI 6b1Tb 061,eKTOM 3T0ro; ye1<op1freJJH: . 3JleKTpOHbl 
HJJII npOTOllhl. <1>11AH BbleKaJaJJeH Ja 3JJCKTpOHllhlH BapuaHT. 

B liOJJhJY 3TOro Bap11a11Ta 6hlJJ 00hlT. <1>11AHa B eTpOHTCJJheTBC 
JJJCKTpOllllhlX yexopHTCJJCH. rpynna q>IIJIIKOB, T3K HJIJI l!Ha'le eBHJaH
HaH e l111ennyTOM aTOMIIOH Jlleprnn. JalUHll{aJJa npOTOIIIH,IH BapH

aHT. O.nHHM 113 ,ll0B0,llOB 6hlJJO T3Kjl(C yeneWH0C CTpOHTCJJbCTB0 
B )ly6He nporn,moro yeKopnTensi M. H. MemepRKOBa 6• · 

B noJJhJY npoTOHHoro eapna,na 6L1JJa. H o6masi n.nesi · o Heo6-
xo.nnMOCTH HCCJIC,llOBaHIIH npnpO,llhl H,nepHblX CHJJ B Henocpe.nerneH

HblX BJaHMo.neHCTBHHX npOTOHOB (ye1CopeHHhlX npoTOHOB e H,npaMH 
MHWCHH). 3q>q>eKTbl JTHX BJaHMO,llCHCTBHH MOrJIH 6hl ,ZlaTb COOTBCTCT
BYIOll{YJO HHq>OpMaumo. CTOpOHHlfl(H npoTOHHOro yeKopHTCJIR Bble

lCaJblBaJIH B03pa)KCHHe npOTHB BapnaHTa :meICTpOIIHoro, YTBCp)K,ZlaH, 
'ITO JJJCKTpoMarHHTH0e BJaHMO,llCHCTBHe He ,naCT CTOJlh 6oraTOH HH

<popMaUHH O npnpo.ne si.nepHblX CHJI no cpaBHCHHIO C npOTOHHhlM 
Bap11a1rroM. Yrnep)K,Zla.rtOCh, 'ITO npH BlaHMO.llCHCTBHH <pOTOHOB 6oirh
WOH JHeprnn B 1Cyno11110M none si.npa 6y.nyr po)KJlaTbCH nap1,1 :meKT

poH-noJHTJ)OHHbte, xopowo H3YtJCHHblC IC TOMY BpeMe1rn, B tJaCTHOCTH 
B pa6oTax M. M. <l>paHKa, JI. B. rpowesa. Ho 3TH <palCThl He npn6nH
JRT Hae IC noHHMaHHIO H,llCpHblX CHJJ. B TO BpeMH B MHOrO'IHCJICHHblX 
6ece.nax c CepreeM 11B:lHOBH'ICM SI, B 'laCTHOCTH, HaCTaHBaJJ Ha JJICKT
pOHHOM eapnaHTe. 81,reKaJblBa.rt eoo6pa)l(CHHR O BOJMO)KHOCTH pO)KJlC-

. HHS! O,lllfHO'IHhlX MCJOHOB OT q>OTOHOB Ha H,npax n o TOM, 'ITO Jq>!peKT 
JTOT, ICaK no1CaJblBa.rtlf e.nenaHHble IC TOMY BpeMeHH pae'ICTbl 

(A. M. 63JJ.llllff, B. B. MnxaHJioB), Mor 6w ,naTb YKaJaHne o, npnpo.ne 
po)K,ZlalOll{IIXeR MeJOHOB ( elCa.rtHpHble, BeKTOpHblC, nceB,llOCKa.rtRpHblC) 

H, TaKHM o6pa30M, ,ll3Tb q>ytt;laMeHTa.JibHble eBe.neHHH O' npnpo.ne 
H,llepHblX ewt, KBaHT3MH KOTOpbIX HBJIHIOTCH MCJOHbl 

7
• BnoJIHe ecrecr-

5 Be~cMp B. H. C.H. BaBHJIOB B <l>HAHe//Tat.i xe. . 
6 0 npoTOHHOM YCKOpHTene M. r. Me111ep111toBa-CHHXpOUHK.:JOTpOHC Ha 650 MJB 

O6'be.!UfHCHHOro HHCTHTyTa llJlCpHblX Hccne.noBaHHii CM. e ynoMHHaBWCHCll CTaThe 
MHHUa A. JI. «Ho'!Ha11 6ece.na». 

7 Ha ycKopHTCJJe <l>HAHa. nony'IHBWCM Ha:JBaHHe C-25, oim.na.:rncL neps1,1e pe3ynL
Tan,1 )KcnepHMCHTa no B3aH.'>fO,neiiCTBHIO cp<>TOHOB c )Heprneii 250 MJB Ha llJlpax. 
Kai( pal B )TO BpeMll B HHOCll)aHIIOH mrrepatype llOllBHnOCL nepsoe coo6111eHHe 
0 J>O:IC.tl.CHHH l!·MeJOHOB OT cpoTOHOB. Cepreii HBaHOBH'I 6Lln O'ICHL 03a60'ICH H Ha
CTOH'IHBO MCHll .nonpaWHean: «O,nHHO'IHOC HJIH napHoe» )TO pOllC.llCHHe. Tax ICllX .llnll 
napHoro pollC.lleHHll B )TOH ycraHOBKe HC XBaTanO )HeprHH, TO J)C'IL lllJla, 6eJycnOBHO, 
o6 0.!UfH0'IHOM J)OllC.llCHHH 7t·MeJOHOB. floHllB CHTyaUHIO, Cepreii 11eaHOBH'I o6nef'!CH· 
HO rny6om 83,!l0XHyJI H WYTJJHIIO nepei:pecmncll. Be,nL OH Jammua.., B .ltHCXYCCHllX 
ll03~0J;,:l!CCTL OilllH0'!H0ro poJKJJ.eHHll MeJOIIOB OT cpoTOHOB. BHJIHMO, He acer.na )TO 
6LUJO npocro. no'ITH B TO llCC BpeMll Ha q>HaHOBCXOM YCKOpHTeJie (TaK Ha3blBaeMoii 
«J1Ba.nuann11nc») CTaJlll nOnY<faTLCll, TalC CICalaTL. OTC'lecTBCIIHLIC 7t·MC30HLI. , 
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BCIUIO, '!TO B TO Bpe:-.rn HMCJllfCb pa3JJll'lllble TO'IKII 3pemrn. Bee )KC 
noc.r1e 1lllCKycc11ii npHHHJIJI Bapua11t npoTOIIHOro ycKOpHTem1 Ha 
10 r3B. KOT0pblH ll 61,111 noeTpOCH B )ly611e. · 

3n1 BOC0OMlll!Ulll!H He MoryT CJIY:lKIITb 1111 o60CHOBaHHCM Toro, 
'ITO 6blJJO HecnpaBC,'VJHBO llpllllHTO pewem1e 0 CTpOHTCJJbeTBe npo
TOJIIIOro BapnaHTa. Hlf noinaep:lKJJ.CHHCM Toro, 'ITO TO'JKa 3pemu1 
CTOpOHIIIIKOB 3JJCKTp011HOr0 BapHaJJTa 6bl.'la anpHOpll npaBIIJlbHa. 
TaKOBa llCTopm1. TaK0Ba JIOfllKa pa3BIITIIH Ha)'KII. -

M11e IICO.LlHOKpaTHO npHXO,llllJJOCb C3.ll.l1Tb C CepreeM 11Bal!OBll'ICM 
II B. 11 .. BeKenepoM 11a MCeT0 CTpOHTCJJbCTBa ycKopl!TeJieii B )ly6ny. 
«MemepHK0BeK11ii». ycKop1nenh 11axo.n11nesi B ernmm nycKa. )l1rn 
CTpOlffe.11,eiea' yeK0pllTCJJH Ha JO r3B BeKcJJepa B TO BpeMR TOJJbKO 
BLi.nenHnacb nnomaJJ.Ka. Tpexqaeoeoif nyr1, OT MocKBhl .no )ly6tt1,1 

,1aBaJJ WllpOKHe B03MO)KHOCTH .nm1 pa3H006pa3HblX JJ.HeKyccnii. 

3a MH0ro JJCT o6mennsi c CepreeM liBaHOBH'ICM TOJlbKO o.nHaiKJJ.bl 
paJf0B0p OTJJH'laJJCH eBOCH Hed6bJtiHOCTbK>, OH,, CKopee, 6bIJ1 MOHO
JJOfOM. jI Hanncan CTaTblO,, KOTopylO Cepreii HBaHOBll'I npeJJ.eT.aBHJl 

B .UAH (1950 r.). Pe% µrna o BJaHMO,llCHCTBHH npoTOHa n HCHTpOHa 
C ncnycKaHneM MeJOHa, HO TaKOM BJaJIMO,llCHCTBHH, B peJyJibTaTC 
KOTOporo B KOHC'IHOM C'ICTe o6pa3yeTCH .neiiTOH. HeO)KHJJ.aHHO ,llJJH 

MCHH pac'ICT 0OKaJaJI, lJTO KOHC'IHOC BJallMO,lleHeTBHe HYKJIOHOB 
JHa'IHTCJJbHO ysemt'IIIJIO eeposirnocTb no.no6Horo Jq>q>eKrn. TaK KaK 
3TOT pe3yJJbTaT B TO BpCMH Ka3anesi cymecrseHHO HOBbIM, TO H HC
CKOJJbKO npeBbleHJI ycraHOBJICHHhlC pa3Mepb1 CTaTbH. Cepreii MBaHO
BH'I BBCJJ :lKCeTKHe npaBHJJa, orpaHH'IHBa~lUIIC pa3MCpb1 ny6JIHK3UHH 
B .UAH. Ha Moeii pyKonnen 61,1na ero pe3on10u11si: .«CoKparnTb .no 
npttHHTLrx paJMepoB». ·coKpaTnB craThK>, si npnwen K Cepre10 Maa
HOBH'IY CKaJaTb, 'ITO ero paenopR,KCIIHC Bb!O0JJHCHO •. B JTO BpCMH 113 
Ka6HHCTa CepreH liBaHOBH'Ja 6bIJJ CJJbUlICH, 'ITO:Ha3bJBaeTeR, «Kpyn

Hblii pa3ro'eop», a BeKope OTTy.na BblllJCJJ COTPY.ZlHHK HHeTHTyTa, 
.nep:lKa ·· B pyKax, KaK H H, KaKyJO-T0 pyKonncL. Co ernTLeii B pyKax 

· H BOIIJCJ] a Ka6HHCT CepreH:MBaHOBH'Ja u T0JJbKO ycnen npoHJHCCTII: 

«Cepreii HsanoBH'I, si ••• »-Cepreu MeaHOBH'I ry-r iKe peJKO nepe611n 

MC.HSI: «R 3Hal0, ceii'lae Bbl 6yJJ.eTe fOBOpHTb, 'ITO eokpaTHTb CTaTblO 
HCBOJMO:lKHO ••• »-«Cepreii 11BaHOBll'I, si COK ••• »-«)lBaiKJJ.bl HC 6y
,neM o6c)')K,IJ.aTb, eoKpaTHTC n Bee».--:--«Cepreii liBaH0BH'I, si )KC ••• »
«CnywaiiTe, JatJeM i!Ce· MLI 6y.neM npoJJ.OJJ:lKaTh 6eenoneJHbIH paJ

roBop? Ka:lK,llblH f!PHXO.!lHT KO MHe ( OH, BH,llHMO, HMCJJ B BH,ny TOJlbKO 
'ITO BblllIC,llWCro OT Hero COTpy,nHmm 'uHCTHTYTa) II fOBOpHT, 'ITO 
COKpaTHTb. CTaTblO HCBOJMO)KJIO •. Bbl JHaeTe, . CKOJJbKO HaM .na10T 

MHHYT Ha .noKna.n no Ba)KHCHillHM BonpocaM CoBMnna? BoT, co
KpanITe H Bee!» MHe oeTaBaJJOeb TOJJbKO YHTH H nepe.naTb eBOIO 

coKpamenHyJO pyKonne1, pe<pepeHTY Cepresi HaaHoBH'la-AHne 11n
.'IapnoHOBHe. 

HecMoTpH Ha cymecTBCHHYJO paJHHUY B so3paeTe, Cepreu 11ea
HOBH'I. HlfKOf.zta He KaJaJieH MHe crapbIM 'ICJJOBCKOM. 3TOMY, no
Blf.llHMOMY, .enoeo6crBoBana ero <flopMa o6meHHH n noee.nemrn. Te
nep1, Bee-TaKH BC0OMHHaeTeH, KaK MC,ll.,1CHHO OH no.nnnMaJJeH no 

.'1CCTHHUC HHCTJfTyTa B noeJie.llHHC ro,nhl, 

<._ 



B ITpesn,nHyM PoccnHcKoU AKa.n;eMMH HayK 

i3 CBR3H C Bhl,IJ;BHJKem,IeM. lUI.KJia pa6oT 8Ka.IJ;8MaKa A.M.Ea.rr.nnHa Ha 
COHCK8ID:18 npetvrn.H HM. B.M.BeKCJiepa C'tiHTaro H806XOMM.b!M IlO,D;,D;ep~aTh 
STO Bh!,JJ;BIDil'.8HHe. 

by,uyqn.KaK n A.M.Ea.JI.IU1H.coaBTopoM WH3H'tiecKoro o6ocHOBa.HIDI 
1t1 npoeKTa ,n;y6HeHCKOro CliHXp0~830TpOHa,R xopowo IlOMHIO, KaK OH B 
TO BpeMH COBCeM MOJIO,IJ;OM 'ti8JIOB8K /.KOH8U copOKOBblX, HaqaJIO IDITli -
,neCETblX ro,n;OB / COBM8CTHO C B.B.MHxaiiJIOBhlM H M.C.Pa6.t1HOBH"q6M Bhl
IlOHHJI OCHOBHO~ oo~eM pa60T no pac'tieTy MarHHTHO~ CHCTSMH YCKOPH -
T8.ID1 / K8R Tor,na roBOpM~ "ycRop1t1Te.ID1 C paspe3Hb1M MarHHTOM" / H 
no ,nMHaMMRe nyqRa. 3TH pa6oTbl nos,nHee 6HJIH pacceRpeqeaH,H npn 
STOM po~h A.M.Ean,n.0.Ha M B.B.MnxaidJIOBa B C03,IJ;aHMH TeopzR.yCROpli
T8M OTpa.JKeHa B MOH6rpa{f1Hli M.C.Pa6HHOBH'tia "OCHOBH TeopHH CHHxpo
q;asoTpOHa" I Tpy,n;hl ~}1AH I958 r. /, B r.iypHane "ATOMHM sHeprnR", 
TOM II, Ma.iii 1957 r.., CTp. 431, a R~aCCH'tieCRHe pa60T!i no 003,IJ;aH.mo 
M8TO,IJ;a :or.n6aIDLUMX ,IJ;M HCCJI8,IJ;OBaHHR CB060,IJ;Hb!X KO~e6aHilli B YCROpli -
T8MX ony6~KOB8Hbl OT,IJ;8JlhHOH pa60T011. A.M.Ean.n;MH, B.B.MnxatiJIOB, 
~i .C .Pa6HHOBH'Cl /fK8Tcl) 31, Bb!Il. 6/12/ 1956 r. ./. 

C CliHXpO~a30TPOHOM CBR3aHbl H pa60Tbl A.M.Ea~Ha, Ha'C!MHM C 
1968 ro,na no aacToEmee BpeMR, Kor.n;a OH yaac~e,noBa~ noc~e Roaqnabl 
BoMoB8KCJiepa ,IJ;OJllKHOCTb ,n.v1peRTOpa ~adopaTOpliH Bb!COKHX SHeprn~, 
6asMpyroruehcE Ha cnHxpoq;aaoTpoHe. K 1965 ro;rr:y c¥rnxpoJ,asoTpoa yTpa
THJI . KOHKypeHTOCIIOC06HOCTb B CBR3H C HHT8HCHBHb!Mli .0.CCJie,noBaHli.flMH 
no !p.0.3HKe s~eMeHTapHblX qacTHU Ha HOBblX JKeCTKOq)oRyc.0.pyIOmHX yc1<opn
T8MX, paCC'ti.0.T8HHl)lX Ha 6o~ee BblCORYIO SHeprHIO 'ti8CTHU. <!).0.3IU<H, pa-
60T8BI11.t,fe paaee Ha c.vrnxpoq:asoTpoHe, nepeI11JI.t1 Ha peKop,nHhlZ ceprryxoB
cRon ycKOpliT8~b H OCTpo BCTM BOnpoc O 38KP~TMH C.0.HXpoq.asoTpOHa. 
A.MoEaR,nHH npe,rr.JIOJKHJI /aTO 38KpenJI8HO COOTB8TCTByromMMH rryd~Ka -
UHEMH/ peKOHCTPYRU.010 YCKOPMTeM, OCHOBaHHYIO Ha C03~aHHli CHCTeM 
Me,n;JieHHOro BblBO~a,pa3BMTHR CRCTeM liH~e.KURH H C03,IJ;8HRH 60~bll10ro 
SKCnep.0:M8HTa.1IbHOro sa~a. Ilo~ PYROBO,IJ;CTBOM A.M.EaJI.IJ;HHa CHHxpoq;aso
TpOH o~~ npeo6pa3oBaH B nepB~t B w1pe ycKop.0:Te~b peMT.0:B.0.CTCK.0:X 
R,nep • 'tiTO IlOJIOJiWJIO aaqa~o HOBOH 06RaCT.0. g)M3.0.K.0: - peJIRT.0:BHCTCKOii 
g,rr.epHoH (f.0:3.0RH H ,nano HOBYIO iiU1.3Hh CHHXpoti)aaoTpOHY, KOTOpblli .0. no 
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HaCTOSI~ee BpeMSI npHBJie.KaeT BHMMafille 6om,moro 'tJHCJia HCCJI8.IJ;OBaTe
Jie.t1, Ta.K K8K HMeeT pe.Kop,nHhie. H KOHKypeHTOCIIOC06HI,Ie. ny-1:na .• 

PadOT.bl, BhI,nBMHYTHe Ha npeMMID HM. B.M.Be.KCJiepa, OTpaJKaIDT 
pesyJII>TaThI A •• 1·i • .EaJI,LI,.vIHa IlOCJI8.IJ;HHX JIST - cos,naHHe H sanyc.K HYKJIO
TPOHa - CBepxnpoBo.rurmero YCKOpHT8M R,nep B illHpOKOE 06JI8CTH sHep
rMZ. 3TH pesyJI!>TaT.bI roBOpSIT C8W1 3a ce6SI H no;ryqHJIB 60JI!>illOt 
Me.ili,nyHapo,nHbl~ peaoHaHc. Cos.n;aHMe ycKopHTeJieii Ta.Kero MacmTada 6oJI.:o
mrur pe,n;ROCT!> B MHpe. }1,neSI 003.IJ;BHM.fI CBepxnpOBO,um.uero YCKOpHTSJm -
HYKJIOTpOHa, ROTOpIDi .n;oJIJKeH 38.M8HHT:b CHHxpoq:asoTpOH, Ci.bIJia npe,n;JIO
JR8Ha A.:'loEaJI.lmHHM B I973 ro.n;y, paccMoTpeHa M no,zmepJKaHa Wene -
I(OMCTB8HHO~ ROM.vICCHeZ AKa.n,eMMM HaYK CCCP .vI ivllHI1CTepcTBa cpe.n;He
ro Maill.vIHOCTpoeHH.fI no.n; MOMM npe,nce,naT8JibCTBOM. EHJIB AaH~ nopy'tleHM.fI 
npOMhllllJISHHOCTM H Bh'..IJ;8JI8H.bl Heo6xo,n.t1Mb:8 cpe,nCTBa .IJ;JI.fl npoBe,neHMg 
OilHTHO-KOHCTpyRTOpCKMX pa6oT, ROTOpHe npo,nOJI.JKa.JllIC1, ,no IS83 ro,na, 
Kor,na 6:o:;ra cos,naHa Mo,neJI:& /nepB.blli cBepxnpoBo;mu.urv., ycRopMTem,/ 11 
paapadoTaH T8XHMtI8C.KR:ti npoeKT HYRJIO'l?poHa. . 

B CBSISM C M3JI0~8HH.bIM MHe npe,ncTaBMeTC.fI neJiecoo6pasH.blM np.t1-
cy.n;11T.:O A.11·,o.EaJI,n.MHY npeMMro :a .H .BeRCJiepa sa BCIO COBOKYilHOCTl> ero 
pa60T H padoT., BblilOJIH8HHh!X no.n; ero PYROBO,ILCTBOM no cos.n;aHHIO li 

pa3BMTMIO ;zy6HeHCROro YCROPMT8JI1>HOrO KOMilJieRca - rJiaBHOr.O .n;eTH~a 
B.1'1.BeKcJiepa. 

aKa,D;eMHK .i'vi .A .MapKOB 
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YCllEXH <PH3Hl/ECKHX HAYK 

06PA30BAHHE ME30HOB y-KBAHTAMH 

A. M. Ea.lliJUH u B. B. MuxaiiAOB 

ITocne.nnee spem1 B 1111TepaType y.nensiercsi 6011brnoe BHHMaHHe 

11onpocy o6pa30BaHH!I Me30ll0B "(-l<BaHTaMII. ITpwnrna 9TOro /:OCTOIIT 

B TOM, 'ITO np11 conpeMellHOM COCTOHHIIII Teop1111 II 91<cnep11MeHTaJlbHOA 

TeXHlll<II o6pa30BaHHe· Me30IIOB <pOTOl!aMH SIBJISieTCH OJJ.HIIM 113 npo

CTellUIHX JlOCTymn,1x 113yqeH1110 SIBJieHHA, CBH33HJll,IX C Me30H3MII. Cyute- · 

CTBYIOll(3SI 91<cnepm1eHTaJlbH3!1 TeXHHl<a .nal!T B03MO)l<HOCTb nony'leHll!I 

6onee TO'IHl,IX H pa3HOCTOpOHIJIIX cne.neHHfi O np11po.ne Me30HOB H, 

cne.noBaTeJibHO,· si.nepH1.>1X CIIJI np11 o6pa30BaHHII Me30HOB qJOTOHaMII, 

He)l{eJIH npn o6pa30B3HIIII Me30IIOB OT HYKJieOH-HYKJieOHHblX coy.na

peunfi ll_ TeopeTll'JeCKOe pacOIOTpeHHe pO)l{JleHHSI Me30HOB qJOTOHaMII 

Tal<)l{e HMeeT psi.n npe11My11\ecrn no cpanuemno co cnyqaeM pp)l{.nemrn 

Me30HOB OT 11y1<11eo11-Hy1<11eOHHblX coy.napemtil. .IlelkTBIIT,eJibllO, 

B cny'lae pO)l{JlellllSI Me30HOB qJOTOHaMH 1JaCTb 11p01tecca - nornOIJ.\e

Hlle <pOTOHa - on11Cb1DaeTCll xoporno 113Y'leHHblMII 9Jie1<TpOMarn11THhlMII 

B3311MOJleficrn1rnM11. 3rn B3am,o.neficTBllSI M0)l{H0 \:'IHTaTb CJia6blMII H, c.1e

JlOBaTeJibHO, yeepeHH0 nOJib30BaTbC!I 06bl'!HblMII MeTOJlaMH TeopHII B03My:.. 

ute1111fi. Hesicuo, npae.na, JWCl<OJlbl<O c11a61,1M M0)KHO C'IIIT3Tb B3311MOJlefi

CTBlle HYKJieOHOB C Me30HllblM noJieM, XOTSI H 311.eCb HMeercSI B03M0)l{ll0CTb 

n ncee.noc1<a11sipnoM nap11a1ne c ncen.noee1<rop11ol\ CBSI3bI0 no11y•111r1>-

g2 1 
COrJI3Clle C 9KCnepmteHTOM npn fi:::::::; --. i{a1< 6y.neT II0K333HO I!H)l{e, 

, C 6 
xapa1<rep111,1e •1epn,1 npmtecca o6pa3ona1111si Me3onon' <poro11aMH n a1ia

q11re11b11ol\ crenettn onpe.neJISIIOTCSI naa11Mo.neficnnrnM11 Meaonoe H ny-

1<11eouon C 9JieKTpOMarH11Tlll,iM noJieM. flocKOJlhKY pa3Jill1Illble Me30H

Hble reop1m np11eo.nsir K paa1111•1111,1M peay.%TaTaM .nnsi yrnonoro pac

npe.ne:1e111rn Me30H0B, 33BIICHM0CTII nonepe'!JlblX ce•1e1mfi OT 9Heprn!i 

"(-Knanroe II JlJISI .npyrnx cy11\ecrnem11,1x oco6e1111ocrefi 11po1tecca, no

CT0JihKY C0IIOCT3BJ1e1111e reopeTl!'leCKIIX peay.~hTaT0B C IIMeI0l.l\HMIICH 

B mtTeparype 9Kcnepm1e11raJihHhlM11 .na11111,1M11 npe.ncran1111ei: J11a
•111renh1tblfi mnepec. 

OBPA30BAHIIE ME30HOB "(-l<BAHTAMH 

I. 3KCnEPHMEHT 

201 

J1311araeM1,1e HH)l{e 9KcnepnMeHThl 6blJIH npoee.ne111,1 11a 6ep1<11ufi

-c1<0M CHHXpOTpOHe 1- 8• fly'IOI< "(-l<BaHTOB o6pa3yeTC!I B pe3yJibTaTe 

TOpM03HOro 113JIY'leHHSI 911e1<TpOHOB, yc1<opeHHblX .no 6onbUIOR 9Hep

·rHH (......., 330 Af.90) 1•2• 3roT ny•w1<, 11Me10utHfi eu.n y31<oro nyqa c yr

.JIOBblM pacrnopm1 Konyca MeHbme o.nnoro rpa.nyca, .nonon11HTenb110 

l<0JIJIHMHpyeTCSI JlBYM!I 1<onm1MaropaMH II nanpa BJISICTC!I Ha MHlllCHb, 

Ct.tUHmu11. C'l0in'IUl<U \\"' 
2_-·1~ /J/.;, 

ScMXScMXIO,-.u ~ ~ ---

6e-MUW8Hb 

P11c. 1. 

KonnuMamppbt 

f<0TOpa!I II cnyil<HT IICTO'IHHl<OM 11Je30JIOB. (Bropofi l<0IIJIHMaTop Heo6-

X0JlHM, 'lT06bl 3a.nep)l{aTh 9JieKTp0Hbl, 06pa3y1011~HeCS1 Ha Kpasix nep

•BOro.) (P11c. 1.) 

a) HefiTpanbHble Me30HN 

vlcTO'IHHl<OM Me30HOB B 60JJbllillHCTBe 9KcnepHMCHTOB 6hlJia 6ep1111-

.J1HeBaS1 MHilleHh 1 .nnaMCTp0M 5, 1 c.u H JlJIHHOfi 3,8 c.u. B 0CHOBY 

MeTo.n111<11 perncTpa1tHH 61,111 nonmKeH TOT <paKT (1<0Topblit eutl! pa3 

no.!lrnep,K.naerrn pa36npaeMofi 3.nech pa6oTofi), 'ITO HefiTpanhHNfi Me30H 

·pacna.naeTCH ua .nna 1-KBaHTa • .Ilere1<rnpy10uta11 cucreMa cocTosina 113 

.neyx Tenec1<onoe, 1<a)l{,!lbll\ 113 l<OTPPblX HMCJI TPH CUHHTHJIJl!l:.{H0HHblX 

.,S:'leT'll!Ka ( CM. p11c. 1 ). Me)l{.!lY KpHcTa:rnaMH 1 H 2 Ka)KJl0r0 Tene
CK0na noMeutancsi cn11Heu, o6bl'lHO TOnutu110R 0,63 c.u. Co6NTHe pern

-crp11pyerrn B. TOM cny'lae, ecnu IIMnynhCbl 3aqJHKC11pOBaHN OJlH0Bpe

MCHHO 'ICTblpbMSI BHCUIHHMH KpHCTannaMH: 2 3 2' u 3' (c'leT'IIIKH 1 , ' ' 
JI '} BKJII01leHbl Ha aHTIICOBna.nen11e co C'leT'lHKaMH 2 H 3 H COOTBCT-

CTBeHHO 2' H 3'. TaKHIII o6pq3PM; ,!lJl!I perncTpaitHH C06blTH!I Heouxo

JlllMO, 'IT06bl OJlllOBpeMeH!IO KpHCTaJIJlbl 1 II I' np\JHH3blBanHCb neR

TpaJibHblMII 'laCTHl(aMH (<pOTOHaM11), C03JJ.3l01.l\HMH B CBIIHl(e 3ap!l)l{eHHble 

'!aCTHl(bl; nocne.nm1e )l{C, npoxo.n.11 'lepe3 KpHCTaJIJlbl 2 II 3 ( COOTBeT

crne1mo 2' ti 3'), Bbl3b1B8IOT perHCTpupye1111,1fi HMnynhC. ITpu IIHTCH

CIIBIIOCTH ny'l1<a 1-1<B3HTOB '"'- 10 11 M.98 B MHHYTY Cl<0p0CTh C'll!Ta 

C0CTaB/lSIJia np11111epuo 10 mmynhCOB B MHHYTY. 
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202 A. M • .SAJI.lll!H If B. B. MlfXAflJIOB 

ITpttpo.lla na,llalOll(l!X Ha CBl!HCl( 'laCTl!l( Obi/la ycTaHOBJieHa CJie.llylo

ll(l!M o6pa30M 1• B OTCYTCTBl!e CBHHl(a Me>Kll.Y KPHCTalh'laMlf CKopocn, 

C'l!!Ta ITO'lTlf paBHSIJiaCb HYJIIO. ITo Mepe yeeJIH'leHHSI TOJlll(HHbl CBHHl(a 

ll.0 0,63 CM OHa OblCTpo B03pacTaJia, HO npH ll.aJibHettmeM yeeJIH'leHHlf 

TOJill(l!Hbl CBl!Hl(a .!IO 1,27 CM CKOpOCTb C'I!!Ta yeeJIH'll!BaJiaCb Jll!lllb

He3Ha'lHTeJibHO. 

. 3Ta 3aBHCHMOCTb CKOpOCTlf C'l!!Ta OT TOJIU~l!Hbl CBl!Hl(a Haxo

ll.lfTCSI B cornaCHH C TeM, 'ITO O>Klf.llaeTCSI no JIHBHeeofi Teop1111 

. ll.JISI !pOTOHOB C ,meprnett npu6nH3HTeJibll0 100 M38. EcJIH BMeCTO 

CBl!lll(a noMell(aTb Mell.Hhle nJiaCTHHKH, TO nOCJICll.Hlfe np11 TOJl

ll(Hlle 0,63 C.Jt ll.alOT TaKy10 me CKOpOCTb 'C'l!!Ta, KaK If 0,32 C.M 

CBl!Hl(a, 'lTO onSITh HaXOll.lfTCSI B cornaClflf C JllfBlleBott TeOpHett, TaK 

KaK 'll!CJIO JllfBHCBblX e.n:HHl!l( Oll.lfllaKOBO ll.JISI ,nux TOJlll(lfll. CKOpOCTb 

c•l!!Ta yMellblllaeTC!i npHOJIH3HTCJlbllO B 4 pa3a, eCJllf noMell(aTb nna
CTIIIIKH 113 CBl!Hl{a TOJl~lf11011 0 ,63 CM Me>Kll.Y MHllleHblO II Kpl!CTaJI

JJaMH. -~)To Tome coenall.aeT c om11.naeMblM ecnu nall.alOll(He Ha ceH11eu 

tJa!=THl(bl OTO>Kll.eCTBIITb C y-KBaHTaMlf. l1;MepS111aCb s11eprnS1 9JleKTpO-

HOB, BhlJICTalOll(IIX lf3 CBl!Hl(a. . 

,llJJSI 9TOrO MC>Kll.Y nocnell.lllfMH ll.BYMSI KPHCTaJIJlaMlf Oll.HOro lf3 

T-:JICCKOnOB (minpttMep, Me>Kll.Y 2' 11 3') noMell(aJIHCb aJJIOMIIHHeBble 

norJJOTHTCJIH. 3aBlfCIJMOCTh CKOpOCTH CtJ!!Ta OT s11eprl!H sneKTpOHOB, 

11eo6XOll.lfMOl1 .llJISI TOro, 'lTOOhl Olllf Mor JIH llpofiTH IIOrJJOTHTellb, yKa3hl

BaeT, 'ITO cpe,lll!SISI s11eprnS1 9JleKTp0110B paiiHa ........ 50 M38, T. e. Ha

XOD.HTCSI B cornacuu C TeM, 'lTO y-KB:JHThl IIMelOT s11eprHIO OKOJIO 

100 Af3s (sueprul! y-KBaHTOB 100 M3s cooTBeTcrnyeT pacnall.y Me3011a; 

ttMeJOll(ero s11eprn10 ,.._, 60 Af.90). • 

Cnel(H!plftJCCKlf S1ll.ep11oe (a He TOpM03HOe KYJIOHOBCKOe) npouc

XO>Kll.eHHe qJOTOHOB ll.eMOIICTpupoeaJJOCb CJlell.ylOll(IIM o6pa30M. BMeCTO 

6epHJJJllfCBOtt Mlflll(;HH o6ny'laJJaCh iimmeHh H3 CBHl!l{a. ITpH 9TOM CKO

poCTh C'l!!Ta yeeJJH'IHBaJJaCh TOJlbKO B 6 pa3, B TO epeMSI KaK OObl'lHOe 

JIHBIICBOe nonepe'lHOe ce'leHHe yeeJJU'lHBaeTCSI B ,..._, 400 pa3. TTpH 

yMCl!hlllCHHH MaI{Cl!MaJJhl!Off siieprnu j-KBaHTOB C 330 M38 ll.0 175 M3tr 
cKopoCTh CtJ!!Ta (npu yrnax 8 = p = 90°) yMeHhmaeicSI, no Kpal111ei1 

Mepe, B 50 pa3. TaKaSI 3aBl!CHMOCTh sgicpeKTHBHOro ce•1eHlfH OT s11ep: 

nm nall.alOll(lfX 1-KB8IITOB 11a6lJIOll.aeTCll If npH 06pa3oea11H11 3apl!>KeH

llblX MC30110B 1• 

l1HTepec11a 38 BlfClfMOCTh CKOpOCTH C'l!!Ta OT yr JIOB O H ~- PaCCMO

TpHM Cl!a'laJia 3aBHClfMOCTh'"OT yrna -~- npH' qJHKCHpoea11110M O (cKa>KeM, 

0 = 90°). Coenall.el!lfH npH ~ = 180° 0•1e11h pell.KH, 3aTeM npH yMellb

meHHH ~ ll.0 ~:::::: 90° CKOpOCTh C'l!!Ta B03pactaeT, a npH ll.8Jlhl!eAmeM 

yMel!blllellHH ~ pe3KO na,ll,aeT. Ecnlf C'llfTaTh, . 'lTO 9TH coena,neHHR 

o6yCJJOBIICllbl j-KBal!TaMII, o6pa3ylOll(lfMHCH npu pacnall.e ll.Blf>Krll(eroCR 

Me30Ha, TO HMCIIIIO TaKOro pacnpell.CJIClllfH If cne.n:oeano O>Kllll.aTh • .llett

CTBHTeJlhllO, B CIICTeMe KOOpll.HllaT, Tll.e Me30H ITOKOHTCH, 1-KBal!Thl 

,llQJl}l{Hhl lfMCTh pae111,1e If npoTHBOIIOJIO>KHO HanpaBJICHHhle HMITY JlhChl. 

J,fa 3aKOHOB coxpa11eHlfH s11eprn11 If HAIITYJibCa MO>KIIO nony'lHTh cne.-
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ll.YIOlltYIO C BSl3b: 

fl,Ci ~ 
sin a= -P · ctg 2• 

C I-'. 

r.ne a - yron e co6cTne1111ofi CHCTeMc KoOpll.1111ar Me3011a Mem.ny Ha

npa ene11tteM BhlJleTa j-KB811TOB If Hanpaene11HeM HIIIITYllhCa Me3oHa, 

p. - Macca Me30lla, pl-' - HMITYllhC Me3011a. .113 9TOro COOTIIOlllelllfSJ 

. Blf.llllO, 'ITO yrOJI ~ MO>KeT H3MeHHThCSI B npe,lleJJaX 2 a resin ( r: )-< 
-<~-<'It, r.ne El-' - ITOJillaH s11eprHH MC30Ha B na6opaTop11ott CHCTeMe 

KOOp.llHHaT ( B .lleffcTBHTeJlbllOCTH,. KOHC'IIIO, Me30Hhl HMCIOT pa3Hble 

s11eprn11 El-'). .llanee, 

CCJIH npell.nOJIO)l{HTh 

yrnoeoe pacnpc.neneHHe 

)'-KBaHTOB, o6pa3ylO-

lltlfXCH npu pacna,lle 

MC30HOB, H30TpOnllblM 

B CHCTCMC KOOp,llHHaT, 

CBSl38HHO~ C Me3bHOM, 

TO, HCnOJlh3YH CBSl3h 

- Me>Kll.Y yrJJaMH a If ~. 

MO)l{HO cpa3y nony'lHTh 

pacnpeD.eJie1111e no yr

ny ~- 0Ka3b1B3CTCH, 'lTO 

1 -KBaHThl, o6pa3oeae

mHecH np11 pacna.lle Me

aoHa c stteprnett El-', 
OY.!IYT B OCHOBIIOM HMeTh· 

yron . ~ -OKOJIO ~MHH= 

t:1 
.§ 
-~ 5 
t., 

f /~2 ~4 ~6 28 ~4 
1 

£.J!;. (M38) 

-0 

§ 4 
c:, 
§-
~ 3 
g; 
:i: 
-0 2 
~ 
§ 
t., 

f 
½ J ~ 

~ 
~ 0'--'-....._---'--.....L---i..--...._- 0 

90° .120° 150° 180° (l 60" 

Pnc. 2. 

1-1ca = 2 arcsin e· TaK, Hanpm1ep, ll.JISI Me30IIOB C 9HeprHelt El-' - p.c2= 
I-' = 70 M3s ~M""_:_84°, a cpe.llHHtt yron paee11 92°. TTosrnMy He 6yll.eT 

OOJlblllOlt Ollllf6Kott C'lHTaTb, 'lTO Ka>K,llOMY yrny ~ COOTBCTCTBYCT CBOH 

s11epnrn Me3011oe. Cne.noeaTeJJ&Ho, 113Mepe1me pacnpc.nencHHH 1 -KBaH

TPB no yrny ~ 6y,neT OD.f:IOBpeMen110 H3MCpe1meM pacnpc.neneHHH 11ett

Tpanh11blx Me30IIOB no s11eprHS1M. 0.llHO H3 Tal<lfX pacnpell.CJICHH.lt (.nm1 

0 = 90°) noKa3a110 11a pttc. 2 (Kpttea.11 nocTpoe11a e npe.nnonomemm, '!TO 

1- n j''lH .SIBJI.SIIOTCH npOll.YKTOM pacna,lla HeltTpaJibllblX MC30HOB, m:ny
CKaeMhlX C TaKHM pacnpell.eneHHCM no s11eprnm,1, Ka Koe HMCIOT 1t+ -Me-

3011hl, pom.uaeMhle B BO,llOpo.ne). TaKHM o6pa30M, eCJIH !pOTOllhl paccMa

TpHBaTb KaK npO.llYKT pacna.lla npoMemyTO'lHOtt 'laCTHl(bl, TO H3 yrnOBhlX 

pacnpe.nene11Hi1 MO>KHO HaltTH npH6JIH3HTeJibHYIO BCJIH'llfllY CKOpocrn 
. I 

( t,3)-2 
ll.BH}l{CIIHSI 9TOi1 'l3CTlll(bl (B caMOM .Ile/le ~MHH = 2 arcstn 1- c2 

r.ne 'lJ - CKOpOCTb npOMC>Kj'TO'lHOlt qacTHllhl). TTony'lCHHble yrnoe1,1e 
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{I . 

pacnpe.11.eneHHH nOK33hlR3IOT 'ITO - :::::::: 0 8. 0TCIOll.3 .11.enaeTCH Bbl-
' C , .. 

so.n. 1, 'ITO ttacrnua .11.om1ma m1eTb ~npoMemyTottHYIO• Macey (H6o tta
·CTHUbl C 6onbllIOlt Maccolt ne MoryT nony'lHTb T3KYIO CKOpOCTb npH 
.9HeprHH y-KB3HTOB 330 Man). KpoMe TOro, TOT cpaKT, 'ITO npH M3Rb1X 
yrnax ~ CKOpOCTb C'l!!Ta npaKTH'leCKH p3BH3 Hymo, YK33blBaeT, 'ITO 
pacna.n Meaona npOIICXO.IlllT TORbKO 113 11.B3 qlOTOHa *). 

Pacnpe11.ene1111e 11elhpanb111,1x MeaoHOB no yrny 6 noKaaaHo Ha 
~:rnc. 3 (nonyr1e110 0110 npH p0>K11.e111111 Meaonos Ha 6ep11nn1111 1). XapaK-

o ,t 1,5.----------------.. 
i'; 
,0 

~ 
<::> 
~/,0 
~ 
!§ 
~ 
~ ~5 

I 
~ 0 0'="0=----4-'5'-o=----9-'-0-:0~-l-''3'-5-:-0 --1..1..80-0-:--l<i- B 

Pnc. 3. 

· -rep yrnosoro pacnpe11.eneHHH neihpanbHblX MeaoHOB 6y11.eT o6cy

)l{ll.3TbCH B paa11.ene II. 
Ornowe1111e cetteHHll 06paaosa1111H HellTpanbllblX Meaonos Ha BO.l(o

aHtco 
pone aH"° H Ha yrnepo11.e ac,.• oKaaanocb paBHblM --=0,12-+-0,03 

ac"° 
{npu yrnax 6:::::::: ~:::::::: 90°). KaK yrnosoe pacnpe11.enem1e, TaK H. sem1-

ott,.• 
'IHll3 OTHOWeHIIH --- OTnll'l3IOTCH OT COOTBeTCTBYIOIJ.tl!X 11.aHHblX .11.nH 

ac .. • 

·.aapHiKeHHblX MeaoHOB ( np116n11a11Tenb11aH H30Tpon11H yrnosoro pac-

npe11.eneHHH II OTHowe1111e att,.+ = 0 55 ) . ManaH sen11tt11Ha OTHOW~-
a c,.+ ' 

aH,.o 
HHH --- yK33blBaeT Ha TO, •no 11el\TpanbHble Me30Hbl 06paay10TCH 

ac,.• 
KaK Ha npoToHax, TaK II Ha HellTpoHax (nonom1nenhn1,1e me MeaoHbl 
pom11.a10TCH TORbKO na npoTOHax). 8 cnyttae o6pa30B3Hll!I 1t+ -Me30Ha 
npoTon npespaIJ.taeTCH B nelhpoH II, cne11.osaTenh110, s6n11a11. Hero 

•1 nocJICJlHHfi pC3YJibT3T 61,1J1 110JIY'ICH T3KlKC B pa601e 10. 

OBPA30BAHHE ME30HOB j-KBAHTAMH 205 

<03.Il3!!TCH Il36blTO'lH3H HelhpoH113SI nnoTHOCTb, TT09TOMY orpaHH'leHue' 
H3KR3.Ilb1BaeMoe npIIHUilnOM TTaynII, CilnbHO yMeHbIIl3eT BepOHTHOCTb 
npouecca. TTpII pO)l{,lleHIIH Helhpan&HblX Me30HOB 9TO orpaHH'leHHe He 
-<:yIJ.teCT

0

BeHHO, TaK KUK 30pH.Il HyKneOHOB He MeHHeTCH, 
TTontthle nonepettHble cetteHHH .nm1 06paaosattI1ll ttelhpan&HblX Meao-

110B paBHbl no Benil'lHHe: 0Be = 7,5, 10-28 CM2 (Ha 6epHJinIIH), ac·= 
= 10-10-28 cM2 (Ha yrJiepoD.e) II Ott= 1,3-10-28 c..u2 (tta BOD.op·o11.e). 
A6conlOTH3ll HHTeHCIIBHOCTb nyrrna j-KB3HTOB onpe.l(enllnacb C TO'IHO
CTblO .no 10 % ' 9cpcpeKTHBHOCTb .neTeKTHPYIDIJ.tel\ CHCTeMbl 6blJia Il3Be
-CTHa TOnbKO C TO'lHOCTblO D.O cpaKTOpa 2, n09TOMy npH onpe.ileneHHH 
senH'lllH nonHblX nonepe'IHblX Ce'leHHl-l: MO)l{eT 6b1Tb_ .11onyIJ.teHa COOT
BeTCTBYlOIJ.t3!1 oum6Ka, TeM He Mettee, MO)l{HO CK333Tb, 'ITO BenH'lHHbl 
nonepettHblX Ce'leHHl-l: o6pa30BaHHll nonomHTenbHblX H Hel-l:TpanbHblX 
Me30HOB Ha BOD.OpOD,e npn6nH3HTenbHO OD.HHaKOBbl (.zvrn aap11>KeHH1,IX 
Me30HOB aHit+:::::::: 3. 1 o-28 CM2). . 

TTpHBeD,!!HHhle BblWe 9KCnepHMeHTanbHl,le ll.3HHble Mbl o6cy.l(HM HH>Ke 
(CM. paaD,en II). 

6) 3ap11>KeHHbl,e Me30Hbl 

PO>K.l(eHHe aapll>KeHHl,IX Me30HOB nccneD,OBa:nocb TaK>Ke H8 EepK
JIHlkKOM CHHXpOTpoHe 2- 8• 11CTO'IHHKOM Me30HOB cny»mna MHllleHb, 
MaTep11an KOTppol-l: 61,1n pa3nH'lHblM B. pa3HblX 9KcnepHMel_ITax. 06pa:-
30B3HHe Meaotta Ha BOD.OpoD.e nayttanoc& nyr!!M Bhl'IHTaHHll nonepeq
HhlX cetteHHll, nonytteHHhlX Ha napa<pttHe H yr nepoD.e; B nocneD,HHX >Ke 
9KcnepHMe1nax 6 npHMeH11nacb MHWeHb H3 >KHD.KOro BOD.OPOD.a. Pern
crpHpOBan11Cb Me30Hbl C IlOMOIJ.tblO cpoTOnnaCTHHOK HnH C IlOMOIJ.tblO 
C'l!!T'IHKOB. rloD,p06HOCTH MeTOD,a perncrpaUHH C nOMOIJ.tbIO cporonna
CTIIIIOK 'lIITaTenb MO>KeT ttal-l:TH B pecpepare 9 CTaTbH 3• Mero.I( pern
CTpaUHH noJIO>KHTenbHhlX Me30HOB C nOMOIJ.tblO C'l!!T'IHKOB 4 OCHOBaH 
Ha H3BeCTHOll B KOCMH'leCKHX HccneD,OBaHH!IX reXHHKe H 3aKn10qaerc11 
B cneD.y10IJ.teM. 

TTono>KHTenbHbll-l: 1t-Me30H, -OCT8H3BRIIB3!1Cb B BeuteCTBe, pacna
..11.aeTCH (HMe!I BpeMH )l{H3HH (1,65-+- 0,33) 10-8 CeK.) C HcnycKaHHeM 
tJ--Me30Ha, a nocneD.HHl\ B CBOIO ottepeD.b HcnycKaeT sneKrpoH (noaH
TpoH) C xopomo H3BeCTHblM cpeD.HHM BpeMeHeM >K113HH 2, 1-10-6 ceK, 
TTpo6er p.-MeaoHa TaKOB, 'ITO ecnH pacnaD, 1t - p. npoHCXOD.HT B Cl.(HH

-rnnnH'..{HOHHOM KpHCTaJinH'leCKOM C'l!!T'IHKe C nHHel-l:HhlMH pa3MepaMH 
B HeCKOnbKO caHTHMeTpOB, TO 66nbll13!1 .nom1 sneKTpOHOB pacna.l(a 
-6yD.eT no11Bnl1TbC!I TaK)l{e B 9TOM KpHcTanne. Pacna,l( p. .--+ e H npH
MeHHCTC!I JI.RH o6Hapy)l{eHH!I Me30Hos; npH 9TOM HCil0Rb3YlOTCll aana3-
_JJ.b1B3IOIJ.tHe COBilaD,eHHll Me)KJJ.Y p.-Me30HaMH H HX sneKrpoHaMH pacnaD,a. 
0TpHl.(arenbHble Me30llhl nornOU\3IOTCH B BeIJ.teCTBe H He D,alOT sneK
TpOHOB pacnaD.a, a nosroMy He MoryT 6ur& aaperntrpnposam,1 9THM 
MeTO~OM. Pacnono)l{eHHe MHWeHH, reneCKOilOB H3 CUHHTHJinlll.(HOHHhlX 
cq~r'IHKOB H nornornrenel\ noKaaaHo Ha pttc, 4. Meaom,1, 06paay10-
IJ.tHeCll B MHWe1m, npOXOD.llT ttepea anlOMJ!HHeBblll nornOTHTenb H 

J Y<l>H, T. XLIV, eYn. 2 
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.neTeKTHpyJOTCH B TeJieCKone H3 Tp!!x aHTpaJ.leHOBblX Cl.lHHTHJIJIH~HOHHhlX.
kpHCTaJI.nH'leCKHX C'l!!T'IHKOB. TeneCKOll MO>Kl!0 BpamaTb BOKpyr MH

ineHH B nnocKOCTH, npoxo.nHmett '1epe3 Hanpas.ne,me na.nemrn "(·KBa11-

TOB. Me30H perncTpnpyeTCH T0JlbKO B TOM CJiy'lae, I\Or,na OH OCTa··· 

HaBJIHBaeTCH B KpHCTaJIJie II, H Tai\{ >Ke Il0HBJIHeTCH SJieKTPOH p:ic-

na.na • .llpyrnMH CJIOBaMH, Heo6.xo.nnMo, 'IT06bl CHa'laJia 6blJIH 3aq>HKCH-

poaaHbl HMUJJibCbl B KpHCTaJIJiax I H II, HO He 6hlJIO 61,1 HMll}'JibCa 

B Kpttcranne III, a 3aTeM c 3ana3,nblBaHHeM nOHBHJICH 61,1 mmynhc-: 

B KpHCTanne II. 11MeeTCH 3aMernoe 'IHCJI0 {oKOJIO 10 +'20%) cny-

~ 

l<pucmaAAt,11 Oemexmupyio11Jue 
.Me30Hb/ 

'lafiHblX 3ana3.l{blBaI011tHX. 

coana.neHHfi, O.ztHaKo 11x. 

M0>KHO llO.ll.C'IHTaTb H Bbl·

'leCTb H3 o6mero 'IHCJJa •. 

Kor.na MHmenb y6ttpanacb,. 

TO 'IHCJIO COBna.nenH~, 

yMeHblll3JI0Cb B neCKOJibKO• 

COT pa3. ITpH yMeHbllleHlfH., 

sneprnn T·KBaHTOB HH>Ke 
nopora Me30Hbl ·ne pern-

cTpttpoBaJIHCb, ITocne Bbl•-

0r,oR r-Kea.'.0'8/'""'\ llo211omumeA6.Al □ . CKOp0CTH C'l!!Ta OT BpeMe-• 
\ --r-·,···.1~ 'IHTaHHH qJOHa 3aBHCHM0CTb·-

HuweHt, HH aana3.ztb1Bal!HH .na!!r 

~~ ~ B03MO>KHOCTb llOJIY'IHTb Be•-· ' ¼ .,__. ~.//,, JIH'IHHY BpeMeHH >KH3HI~. 0 5nuo cdoxy p.-Me3oHa (2,14, 10-6 ceK.). BuO ceepxy 

Pnc. 4. ITpH HHTeHCHBH0CTH nyq-

Ka "(·KBaHTOB 0K0JIO-• 

1010 Mao/ce,c H anroMnnue
BOM llOrJJOTH'renc TOJllltHHOfi B 2,5 CM CKOpOCTb C'l!!Ta coc·TaBJIHJJa 15 HM·· 

IlJJJbCOB B MHHYTY. 3TO .na!!T B03MO>KHOCTb .zteJJaTb 3KcnepHMeHThl' 

60.nee 6blCTpo, 'ICM C qJOTOrpaq>H'leCKHMH IlJJ3CfHHKaMH. O.nnaKo H3Me

penHH a6conIOTHhlX nonepe•m1,1x ce'leHHlt MoryT co.nep>KaTb : 6onb-·· 
myro OlllH6Ky H3·3a ne.nocTaTO'IHOro 3HaHHH SqJq>eKTHBIIOCTH .neTeKTu
poBaHHll, 

·YrJJOBble pacnpe.ne.nennH MeaoHoB, noJJy'leHHble Ha yrnepo.ne H so- -

.n.opo.ne, B JJa6opaTOpHofi CHCTeMe K0Op.ll.HHaT . npH6iJH3HTeJJbHO H30-

TPOllHbl (pnc. 5). HeKo'ropoe na.n.eHtte _.BeJJH'IHHbr ce'leHHH pom.neHna. 

MC30HOB Ha yrnepo,ne npH He60JJblllHX yrnax 6 MO>KHO, IlOBH.11.HMOMY, 

061>HCHHTb 6o·nee CHJlblH,lM orpaHH'leHHeM, HaKJJa.11.hlBaeMblM npHH~HilOM·. 

ITaym1 (TaK KaK c yMeHbllleHHeM yrna 6 oT.n.a'la HYKJJeoHoB yMenb

maeTcH). YrJJOBble pacripe.neJJeHHH llOJJJ'leHbl 5,6 ;,JJH Me30HOB, PO>Kll!!H-

HblX" j'·KBaHTaMH C SHeprnefi 250 Mao. 3TO y.na!!TCH c,neJJaTb 6 (He-

CMOTpH · Ha HenpephlBllhlfi xapaKTep cneKTpa ,-,rnaHTOB) 6JJaro.n.apsr~ 

TOMY, 'ITO 3HeprnH . na11a10mero "(·KBaHra 0.ll.H03Ha'IHO onpe,neJJHeTCH, 

C ll{)l.lOlltblO 3aKOHOB coxpaHCHHH snepnm H 1-JMllJJJbCa, sneprnefi 1-f ~'r--
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JIOM BblJJeTa Meaona, KOT0pble MOryT 6b1Tb 0.l{HOBpeMCHHO H3Mepenhl. 

3aKOHhl coxpauenHH sueprnH H mmynbca nerno npttMeHHMbl .nnH onpe

.nenenHH sneprnH j'·KBaHTOB B CJJJ'lae o6pa30BaHHH Me30HOB Ha Bo.no

po.ne H, KOHe'IHO, sq>q>eKTHBHO He MoryT 6b1Tb HCllOJlb30BaHbl npH o6-

pa30BaHHH Me30HOB B H.npax. BeJJH'IHHa UOJJHOro nonepe'IHOro ~e'leHHH 

paBHa npH6JJH3HTeJJbHO 3· 10-28 c.u2 Ha_ H.npo yrnepo.na. OrnornenHe 

'11-JCJJa OTpH~aTeJJbHblX K '11-JCJJY llOJIO>KHTeJJbHblX Me30HOB, Ha6JJJO,I(aeMblX 

ITO.I( JrJJOM ~ 90° K IlJ'IKJ j'·KBaHTOB H HMeIOlltHX 3HeprHIO B HHTep• 

aane 30 + 100 Mao cocTaBnHeT 1,7-+-0,2 3, 11 • 

1cr;0 2s ~ 2 
1Q. 2,0 2 § 

£ 

2 2 
1,01- § 2 £ 

~ 
~ -ye/lepo8Hafl MUW8Hb 

i -BoOopoanan .MUllJeHb 

00 45° goo 135° 180° 8 

Pnc. 5. 

8 6onee noa.nuefi aaMeTKe 8 coo6maeTCH, 'ITO 3TO me OTH01lleune, 

HO ycpe.nn!!HHOe no sueprHllM "(·KBaHTOB, OKa3blBaeTCH He 3aBHC.lllltHM 

OT yrna 6 H paBHblM 1,35(±0,15 .ll.JIH 6=90° H 6=135° H ±0,2 
.ll.JJll 6 = 45°). Pacnpe.neneHHe Me3oHoB, pom,naI011tHXCH no.n yrnoM 

--90° K llJ'IKY, no SHeprHllJ\UIOK33aHO Ha pttc. 6 (na.na!Oll.\Hfi llJ'IOK 

"(·KBaHTOB HMeJJ cneKTp TOp,M03HOro H3JJyqeHHH C MaKtHMaJJbH0fi SHep

mefi 330 Mao) 5, 

l13MepHJJaCb TaK>Ke 33BHCHJIIOCTb nonepe'IHOro Ce'ICHHH pom,neHHH 

tt+-Meao110B na Bo.nopo.ne no.n yrnoM 90° K nyqKy OT s11epruu na.na10-

mux "(·KBaHTOB 6 (pnc. 7). HnTepeCHO OTMeTHTb, 'ITO npu sneprHHX. 

"(·KBaHTOB OK0JJO 260-+- 280 Mao ~e'leHHe He HCIIblTblBaeT 6blCTporo 

pocTa. 

KaK Mbl IlOKa>KeM HH>Ke ( CJ\!, pa3.!(eJJ II), STO yKa3blBaeT na OTCJT

CTBHe cmma y Me3oJia, 

6blJJO npose.neHO HCCJJe.noBaHHe OTHOCHTeJJbHblX nonepe'IHblX 

ceqe11Hfi o6pa3oBaHHH 1t + -Me30HOB j'·KBaJ!TaMH Ha pa3JJH'IJ!blX 

sneMeHTax 7• 

Ha6JJIO.ll.eHHe Me30HOB BeJJOCb no.n yrnoM 90 ± 8° K nyqKy 

1•KBaHTOB, MaKCHM3JlbHall SHeprnH KOTOpblX 61,1JJa 317 Mao. Me30Hbl 

3* 
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pemcTpttpoea11Hch c snepmHMH 42 ::±:: 7 Mae n 75 ::±:: 6 Mae. Be11wmm,r 
OTHOCHTellhHblX nonepe'!HblX ce'leHHlt, paCC'!HTaHHblX Ha npOTOH B H.npe 
a+ 
~ ' .ztaHbl B Ta611H1.{e I (e npOH3BOllhHblX e.llHHHUax). 

Ta6JIHUa I 

CetJeHHe Crarncrn- CetJem1e Crarncrn-
3.11eMe11r I (npn ,rnep- tJecKall (npu ,mep- tJeCKall 

rHn MeJo- oum6Ka *) rnu Me3o- onrn6Ka *) 
noe42Mae) (B o/o) 1100 76Ma8) (e °lo) 

I 

H 6,6 17 8,07 11 
Li 3,32 10 2,80 11 
Be 2,82 11 2, 13 10 
B 3,02 11 2,28 15 
C 2,60 6 1,93 5 
Al 2,50 11 1,68 9 
Cu 1,92 19 1,17 15 
Sn 1,66 25 0,51 55 
Pb 0,51 91 0,80 65 

*) Moryr 6bITb .I(onyiuem,r .l(Ono.11Httrenb11b1e He· crarn
crntJecKne Ollltt6Ktt ~ 10¼ .l(Jlll BO.l(Opo.I(a, OJIOBa n CBHHUa 
H ~5% .l(Jlll ocraJihHblX 3JieMeHTOB. 

AHallOrH'rn~e H3MepeHHH npoeo.nHIIHCb TaK)l{e H .llllH HefhpallbHblX 
Me3iOHOB C 9Heprnett 75 Mao 7• 6blllH ~ony'!eHbl OTHOCHTellbHble none
pe'!Hble ce'!eHHH .llllH eo.nopo.na, _ IIHTHH, 6epttllllHH, yr nepo.na, anIOMH
HHH, Me.llH H CBHHUa. 0Kaaanocb, '!TO e~IIH B3HTb ce'!eHHH Ha HYKlleOH 

~ ~~ ~ 
e H.npe A " noTpe6oeaTb paeeHCTBa ce'!eHHA z H ""T .n11H 6e-

pttnl1Hll, TO C'e'IeHHH .llllH ecex OCTallbHblX sneMeHTOB, KpOMe BO.llO
po.na, 6y.nyT nptt6llH3HTellbHO o.z:umaKOBblf1H KaK JlllH .1ri- -Me3OHOB, 
TaK• H .llllH n°-Me30HOB. ITpnepe'IHOe 1=e'Ie11He o6paaoeaHHH _1t0-Me3OHOB 
Ha eo.nopo.ne npn61maHTenb110 TaKoeo )Ke, KaK nonepe'!noe c.e'IeHHe 
Ha HYKneon y IIHTHH. 

B 3aKJIIO'IeHHe nepe'IHCIIHM OCHOBHble peaynhTaTbl no o6paaoeaHHIO 
HeltTpallbHblX H aapH)l{eHHblX Me3OHOB 1-KBaHTaMH C SHeprHHMH .no 
330 Mao 1- 8• 

B peaynhTaTe ttccne.noeaHHH po)l{,neHHH HeftTpanhHhlx Me30HOB .no
Kaaa11O HX cy1)leCTBOBaHHe H nony'!eHbl c11e.nyIO[HHe .naHHble I, 7• 
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1. HeihpaJihHble Me30Hbl pacna.nalOTCSI T0JlbK0 Ha .nea y-KBaHTa 

2. TTonepe'IHOe Ce'leHHe o6pa30BaHHSI HeltTpaJihHblX . Me30H0B npH-

0JJH3HTeJlbHO paBH0 no BeJJH'IHHe ce'leHHI{) o6pa3oBaHHSI aapH>KeHHblX 
Me30HOB (att,,o:::::: 1,3. lQ-28 c,ul). . . 

3. Yrnoeoe pacnpe.neneH11e n°-Me3oHoB, nony'leHHoe Ha 6epHJIJIHH, 

HMeeT MaKCl1MYM B HanpaBJieHHH na.na1011-tHX 1-KBaHT0B. 

. 4. OrnorneHHe Ce'leHHfi po»<.n~ HHSI r.0-Me30H0B Ha BO.ll.0po.ne H yrne-

aH,.. 
po!le (no.a; yrnoM goo K ny'IKY) C0CTaBJISieT -- =O 12:±:0 03. 

ac,.o ' ' 
l13y'leH11e 06paaoaau11S1 aapH>KeHHblX J\le30HOB np11eeno K cne.ny10-

ll\HM peaynhTaTaM 2-8: . 

I. Yr noaoe pacnpe.neneHHe 06paay10mHxcsr Me30HOB npH61111aH

TenhH0 H30Tp0nHO. 

2. fpaqmK 3aBHCHM0CTll ce'leHHSI o6pa3oBaHH!I n+ -Me30HOB Ha B0-

.nopo.ne (no.11. yrnoM go° K ny'IKY) OT aHeprnH 1-KBaHTOll (ET) HMeeT 

MaKCHMYM B o6nacrn ET :::::: 260 -+- 280 Mao. · 
3. TTonepe'IHOe Ce'leHHe HMeeT ReJIH'IHHY OK0JIO 3. 1 o-28 Ha smpo 

yrnepo.na. 

4. OTHOlIIeHHe ce'leHHi-1 o6pa30BaHH!I OTPHl.{aTeJlhHblX H n0JIO>KH
a-

TeJlhHblX Me30HOB COCTa BJISieT a+ = 1,3 --1- 0' 15. 

5. OrnorneHHe ce'-ieHHlt po»<.n;eHH!I 'ITT"-Me30HOB (H3MepeHHOe ITO.II. 

yrnoM gQo K ITY'IKy· 1-KBaHTOB) Ha B0.11.0PO.IJ.e H yrne'pone paBH0 
a 

H1t+ =0 55. 
a C1tt ' 

TTpnse.11.eHHble 3KCnepHMeHTaJlhHble .n;aHHble (KaK .ll.JISI n+-, TaK 

H .ll.JISI 1t0-Me30HOB), KaK Mhl YBH.ll.HM HH>Ke, xoporno 001,SICHSIIOTCSI 

TeopeTH'le\:KH. 

II. TEOPl·UI 

JJ.o nony'leHHSI o6pa30BaHHblX «pOTOHGMH Me~OHOB B 11a6opaTop

HblX yrnos11S1x 3TOT eonpoc 06cy>K.na11csr (ttanpHMep, B pa6oTe A. Ca

xaposa 12) npHMeHHTeJlbHO K KOCMH'leCKHM Jiy'laM. TTocne coo611-teHHSI 

0 nepBblX 3KcnepHMeHTaX, BhlITOJIHeHHhlX tta 6epK11Hi.\CKOM CHHxpo

TpOHe 2, nOSIBHJIHCh 6011ee .neTaJlhHhle HCCJle.n;oeaHHSI yrnpBblX pacnpe

.n;eneHHfi po»<.n;a1011-tHXC!l Me30H0B, 3Heprern'le~KHX 3aBHCHMOtTefi ce

'leHHfi H T, .ll.. 11 • 13- 16• Cna'lana Mbl npnse.n;eM OCH0Bl{hle peaynhTaThl 

arnx pa6oT, a 3aTeM Ka'leCTBeHHble coo6pa>KeHH!I, 06cy>K.11.eHHe H ~paa

Hentte Teopern'leCKHX pe3y1lhTaTOB C 9Kcnep11MeHTa1JbHblMH. 

Ce'leHHSI pO>K.D;eHHSI Me30IIOB «pOTOflaMH Bhl'IHC11Sl11HCb Ha OCHOBe 

KOHKpeTHblX Me30HHblX TeopHlt. TTpH 9TOM Hcn01Jh30Ba1JaCh TeopH!! 

B03MYll\eHHfi H npe.nno11ara11och, 'ITO B3aHMO.IJ.eltcTBHSI Me30Ha H HYK

neoHa co cseToM, a TaK>Ke HyKneoHa c MegoHHhlM noneM, MO>KHO 

C'IHTaTb cna6b1MH, OTHOCHTe11hHO nepshlX .ll.BYX B3aJ-IMO.ll.eltcTBHfi T;J.KOe 
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::npe.nnono>KeHHe 3aKOHHO. 3TH B3aHMO.IJ.eltCTBHSI MO>KHO C'IHTaTb cna
·OhlMH ·If npeHe6peraTh 6011ee BhlC0KHMH {'leM nepeoe HeHC'le3alOU\ee) 

.npH01JH>KeHHSIMH, a TaK>Ke H npoueccaMH BblClIIHX nopsr.nKOB, o6sr3aH

HblX 9TOMY B3aHMO.l(eitCTBIJIO (HanpHMep, pO>K.l(eHHeM Me3oHa npH pac

ceHHJIH !pOTOHa). OrnocHTe1JhHO >Ke nocne.nnero B3aHMO.n;ettCTBHSI 33.
"KOHHOCTh TaKoro npe.nnono>KeHH!I COMHHTe1JbHa. Y'leT BblClIIHX npH61JH

·11<eH11tt no 9TOMY B3aHMO.n;eitCTBHIO. noKa3blBaeT, 'ITO nonpaBKH BblC

·lIIHX nop!!.l(K0B .n;aJOT 001JblIIOit BKna.n B Ce'leHHe 11• 3TO H3BeCTHblit 

-·0611-tHlt He.l(OCTaT0K cymecrnyJOll\HX MeT0.11.0B Bbl'IHC11eHHSI. OTMeTHM, 

·•no Bbl'IHCJieHHSI 6e3 npe.nnono>KeHHSI MaJIOCTH g 2/& (npoMe>KyTO'IHasr 

·H CHJlhHa!I CBSl3b) npHBO.l(SIT 25, 26 K TeM )Ke xapaKTepm,1M qepTaM npo

uecca o6pa30BaHH!I CKa11!1pHb1X H nceB.l(OCKansrpHblX 3ap!!>KeHHblX Me

::.30HOB «pOTOHaMH, 'ITO H pac'leTl,I no Teop1-m B03MY11-teH11lt. 

~ HettTpanhtthle Meaonhl 

TTOCK011bKY HeltTpaJibHhle Me30Hhl pacna.naJOTC!I T011bKO Ha .l(Ba 

·)'-KBaHTa, TO HX CnHH .l(01J)l{eH OhlTb paBeH HY11JO, ec1111 He paccMaT~ 

1meaTb 3Ha'leHHfi tnHHa 001lhlIIe e.nHHHllhl (qaCTHllbl co ,::nHHOM 1 /2 
tll 1 pacna.11.aThCSI Ha 2 1-KBaHTa He MoryT 18). ABTOpbl 3aMeTKH 17 

coo611-taJOT, 'ITO HMH Ob111H Bbl'IHC11eHbl ce'leHHSI p0)l{.D;eHHSI HeitTpanb

HblX MeaoHOB no cKansrpttott, nceB.nocKansrpHofi, BeKTopHott H nceB.no• 

BeKTOpHofi TeopHSIM B Hlf3lIIeM HeHC'le3aJ011-teM npH61JH>KeH1m TeopHH 

-B03MYll\eHHfi. TTpH STOM BO acex BapHaHTax nony'IHJIOCb, 'ITO Ce'le

·HHe PO>K.l(eHHSI HeltTpanhHblX Me30HOB 3Ha'IHTe11hHO MeHhllle ce'leHHtt 

p0)1{.l(eHHH aapsr)l{eHHhlX Me3pHOB (,_, B (M/p,)2 pa3, r.ne p. H M-MaCCbl 

·Me30Ha II HyKneoHa C0OTBeTCTBeHHO). Bpsr.n 1111 HMeJIH CMblCJI Bbl'IHC1Je

HHSI cetteHHfi pO>K.l(eHHSI HettTpanhHblX Me30HOB no aeKTOpHott H nceB.11.0-

:BeKTOpHott TeOpH!!M, TaK KaK OHH OITHCblBaIOT Me30Hbl co cnHHOM, 

,paBHhli[ e.nHHHtle. 3aMeTHM TGK)l{e, 'ITO Ha HeitTpOHe B STOM npH611H

)KeHHH HefiTpanhHhle Me30Hbl B00611-te He .l(01J)l{Hbl pO)l{.l(aThCSI. TaKHM 

,-06paaoM, peaynbTaTbl pacqerne s nepsoM HeHctteaaIOU\eM npn6JIH>Ke

.. HHH · TeopHH B03MYU\eHHit SIBH0 npornsope'IH11H 3KCnepnMeHTa1JbHblM 

. .n;aHHhlM. lfro6hl BblfiTH H3 STOro aaTpy.n;HeHH!I, 0bl1Ja npe.nnpHHSITa rro

nhlTKa, KaK coo6maeTcsr s Tott )Ke aaMeTKe, y'leCTh c11e.11.y10mee 

npH611H>KeHHe Teopmt soaMyll\eHHfi. Asrnp1,1 no11yqn11n, 'ITO n9npasKa 

.c11e.ny10mero npn611n>KeHH!I .naeT oonhmofi sKna.11. s ce'leHHe po>K.ne- · 

HH!I Hei.\TpallbflblX Me30HOB. H He H3MeH!leT nop!!.nKa Be1JH'IHHbl Ce'le-

HH!I PO>K.l(eHHSI aapsr>KeHHhlX Me30H0B, JJ.nsr Toro 'ITO0bl .ll.O0HThCSI 

.coena.neHHH se1JH'IHH ce'leHHil pO)l{J(eHHSI aapsr>KeHHhlX H HefiTpanbHblX . 

·Me30H0B HM npHlII110Cb Il0110)1{HTb KOHCTaHTY CB!13H f ,_, 10. XoTSI 
. ~c 
BOnpo,:: 0 napaMeTpe pa31JOilCeHHH npH Bbl'IHC1JeHHH no Teopttn' B03~ 

_.MYU\eHHfl ITOKa He srceH, Bee )Ke TaKoe 601JblIIOe 3Ha'leHHe KOHCTaH_

l"bl CBH3H Bbl3blBaeT COMHeHHSI OTHOCHTe11hHO 3aKOHH0CTH Bbl'IH.C11eHHfi. 
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TeM 60J1ee, 'ITO BKJlaJl, Jl(1Baem,1fi CJleJlylOl.l.\HM npH6JIH>KeHHeM, 3Ha•m-

Te/lbHO npeBhllllaeT BKJIOJl nepBoro HeHC'le3alOl.l.\ero np116J1H)KeHHH. 

TOT pe3yJlbTaT, 'ITO a"° B nepBOM npl!OJIH>KeHHH no BCeM TeopH-

( 
M )2 . 

HM B 7- pa3 Mellbllie a"+ (JlJIH HaH60J1ee HHTepeCHofi 06J1aCTH 

SHeprntt), 06yc110BJ1eH CJ1eny1omm1. TTp11 Bbl'IIICJleHHII B nepeoM npH6JIH-· 

>KeHHH TeppHH B03MJl.l.\eHHfi BeJlli'IIIHa Ce'leHHH onpeneJIHeTCll B OCHOB-· 

HOM B30IIMOJlefii:TBIIHMII SJleKTpOM0rHIITHOro nOJIH j: 30PHJl0MH Me3o

HOB H HJKJleOHOB (B3am1onefiCTBHHMII C TOKOM 'IaCTHU): npJI POiKJle-· 

HHII nefiTpaJlbHOrO Me30H0 - B3allMOJlefiqBHeM SJleKTPOMarHHTHoro 

nonH C TOKOM npOTOHa, a npH pomneHHII 3aplliKeHH~O Me30H8 -

C TOKOM Me30Ha. ToK iKe Me30HOB, rpy6o ronopH, B ,:;: pa3 60,lb-· 

me TOKa npoTOHOB. 0Tcrona, B '10CTHOCTH,• CJlenyeT, 'ITO (npH Tal(OM. 

paccMOTpemm) ua HefiTpoHe nefiTpaJ1bHhle Me30Hbl pOiKJlaThCH 11e 

JlOJl>KHbl (neT TOKOB). nonpo6nee STO 6yneT o6CJiKJl0TbCH HHiKe. 

3Kcnepm1e11T 1 JlOBOJlbHO pnpeneJl!!HHO JK03b1BaeT Ha npH6Jlll3H

TeJlbHOe paeeHCTBO BeJIH'IIIH te'leHHfi pOiKJleHHH HefiTpaJlbHblX H 3a-

pHiKeHHblX Me30HOB II Ha TO, 'ITO HefiTp0JlbHble Me30Hbl p0iKJl8IOTCH 

TaKiKe H Ha HefiTpt>He. 3TO H0B0JlHT Ha MblCJlb, 'ITO nOMHMO SJleKTpo

MarHHTHblX B3am1oneltcTBHfi C TOKOM 'laCTHl{ cymecTBellHblfi BKJl0Jl 

.ll0IOT npyrne !MeKTPOMarHHTHble B3aHMOJleltcTBIIH, CBH3aHHble (.:0 

CTpJKTypofi HJKJleOHOB (noCKOJlbKY nefiTpaJlbHblfi Me30H co CBeTOM 

He B3aHMOJleficrnyeT). 8 i:tOCJleJlOBaTenbHOfi Me30HHOfi TeopHH STII. 

B3aHMOJlefiCTBHH JlO]l)KHbl noJ1y'laTbCH 0BTOMaTH'leCKH, KaK pe3JJlbTaT 

HaJIH'IHH 3ap11iKeHuoro Me301111oro 06J1aKa OKOJIO HJKJ1eo11a. OnHaKo 

Bbl'IHJ:::JleHHH no cymecTBJIOI.I.\IIM Me30HHblM TeopHHM He naroT npaBIIJlb-· 

HOit BeJIH'llfHl,I B30HMO.DefiCTBIIH HJKJieOHa JlaiKe co CTaTH'leCKHM Mar-

HIITHblM noJleM, T. e. tTaTH'leCKOrO aHOMaJibHOrO MarHIITHoro MOMeHTa 

nyKneoua 19• 3To MOiKHO o6"bHCHl!Tb ;11160 necoeepmeHCTBOM MeTOJlOB

Bbl'IIIJ:::1IeH1tH, m160 TeM, 'ITO 30 9TH B3aHMOJ{eficTBflH OTBeTCTB!;Hllbl 

Me30ltbl HeCKOJlbKIIX copTOB. 

HcXOJlll 113 STIIX coo6paiKe1111fi, 6hlJJO npennoJIO)l{eHO 16 ' 'ITO STII 

SlleKTPOMar1111rn1,1e naam1onettcTRIIH . MOiKHO on11caTb nonon1111TellbHblM 1 . . 
•111euoM 2 !1oY+111 y .9F11., rne 1 11 11 1 • -MaTpHUhl Jl11paKa, F11• -

. Telt30p SlleKTpOMarHHTHOro TIOJIH, 9- HYKJleO~HaH BOJIHOB.aH cpy11K

l.\HH, !10 - pa3HOCTb Mewny nOJIHl,IM II ~OpM0JlbHl,IM M0rHIITHl,IMII MO-

MeHTaMII HJKlleOHa. B0061.1.\P. roeopH, Marn11rn1,1fi MOMeHT JlOJliKeH KaK-TO 

3aBHCeTb OT Jlllllllbl BOIIHbl 1JaJl810l.l.\ero CBeTa. MoiKHO BReCTII KaKylO- · 

11116yn1, 3aBHCHMOCTb !10 OT SHepn111 nanalOl.l.\llX 1•KB8HTOB; STO Hll

\:KOJlbKO He 113MeHHT pac'l~TOB. Ho MO:KHO TaKiKe C'lllTaTb, 'IT_O aHo

MaJibHl,lfi MarHHTHblfi MOMeHT paeen MarHIITHOMY MOMeHTY, SKCnep11-

MeHTaJlbllO ll3Mepe1111m1y B CTaT11•1eCKOM noJle. nocJ1e.DHee 03Ha'laeT, 

'ITO npHIIHMaeTCH TaKaH ~IOJleJlb HYKJJeona, B KOTopofi TOKH, Bl,131,1- · 

B0IOU.\III! Mar1111T1tblfi MO~leHT, cocpeJlOTO'leHJ,1 B o6JJaCTII 3Ha'lHTellbHO• 
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MeHbWe.A 'leM JlJIHHa BOJIHbl nana1011\ero 11a HJKJieOH SlleKTpOMarHHTHOro 

11a~y'leHHH ( JlJIH HHTepecyromefi nae 06nacT11 sneprnl-l 1 ~KBaHTOB 

1,_,..!L)·. 
j-lC 

8bl'IIICJleHHH 16 6hlJIH npoeeneHbl no 06bl'lHOfi Teop1111 B03MJl.l.\eHHfi 

JUJH c·KaJ1HpHorp II nceanocKanHpnoro eap11a11TOB Me30HHblX Teop11fi. 

(KnK OTMe•t-allOCb Bblllie, paCC'IHTblBaTb Ito npyrnM TeopHllM He HMeer 

CMblcna.) Ceqe1111e poiKne1111H nceenocKanHpHoro HefiTpa11b11oro Me3011a 

113 npOTOHe JlllH CJIJ'10H ncennoeeKTOp11ofi CBH3H noJ1y'leHo B BHJle -

da° = c~) (-g.:_) (__fi__ )2 _7:!!E11 - 12 £; ( 1 + l'-pE1 )2 -
P fie fie p.c Mc3 • £2 2Mc2 

- T 

( (P 1PN)) (1 £fl ) ( l'-pE1 ) 4 !,: I" (P 1P 11) c
3 ET - ~ + 2Mc3 1 + 2Afc3 l'-p 

( p2)( p2) + 
E~ ET- 21 Efl +2~ 

( 
E )2 · fl 2 2 1 + 2Afc3 c

2
P111'-p 

+( p2)(. p2)X 
ET-2~ Efl+ 2~ 

x[t+ cos
2 0+ ; 11

P
1

)

2 

P2 ])• (1) 
2 Af3 ( _l) ( _fl) ET- 2M E11+ 2M 

r.11e E 11 - sHeprnH Me3011a, 6 ...:_ yron Memny HMIIJJlbCOM Me3oHa H 

HanpanJleHHeM naneHHH Y~KBaHTOB, 11p- aHOMaJibHl,lfi MarHHTHblfi MO

MeHT npoToHa B 11nep11blx MarnernHax; PT, P11-, PN-HMny111,c1,1 

7-KBaHTa, Me30Ha II IIJKJJeona OTJla'IH COOTBeTCTBeHno; Er -SHeprmL 

nanaIOl.l.\llX j'-KBaHTOB. M1,1 · 3JleCb np11BeJ111 pe3JJibTaT Bl,l'IHCJleHHH,. 

nponen~HHoro B np116J111iKeHHH TTayn11 (o nptt61111)1{eHHH TTayJ1H c·M. 

HHiKe). PeiIHTHBIICT~Kllfi pat'li!T 61,1n HaMH TaK)l{e nponeJ1aH; pe3JJlbTaT 

OTJIH'laeTCH OT np11ee,n!!HHOfi q>OpMJllbl He 60J1ee 'leM Ha 10% JlJIH 

s11eprnfi 1-KBaHTOB no 2, 411c~ (.--.. 340 Mas). Ce'le1111e poiK,neHHH nefi

Tpan1,11hlx Me30)10B Ha 11ettTpo11e IIOllJ'laeTCH 113 q>OpMJJlbl (1 ), eCJIH 

TaM OCTaBHTb TOJlbKO 'IJiellbl C P! II 3aMeHHTb P.p 110 11N--: aHO

ll011bHblfi MarHHTHblfi MOMeHT HefirpoHa. 

JlnH coenaneHHH nopHnKa BeJIH'IIIHl,I ce'leHHH C SKcnep11MeHTaJ1bHO 

Ha6monaeMblM npn ET::::::: 330 Mas I .l(OCT0TO'IHO BMeCTO !-'-p ll 11N 
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ga. 110.llCTaBHTb 3HaqeHHH CTaTH'IeCKHX MarttttTHhlX MOMeHTOB a -:,:-- nano-
' nc 

iKHTb paem,11\f 1 /6. YrnoBhle pacnpe.neneHHH HethpaJJhHhlX Me30HOB, po-
m.naIOI.I.\HXCH Ha HetlTpotte H npOTOHe, .llll!I ET= 2, 4 flC 2 npttee.nem,1 Ha 
J)HC. 8, a 3aBJfCHMOCTb noJJHhlX ceqeHtttl OT3HeprttH j •KBaHTOB Ha pttc. 9 *). 

1,0---------~ . da;0 29 
dQ 

o,s 

I ~ 
do; 

I ~ 
I oo 45° 90° 135° 

Puc. 8. 

-:,".10-28 T,O 

f'-p=2,87 

/1-N = -!,91 

9 2 
I 

nc =6 I o·: 
Gp 

I I 
0,5 

0 - J 
I .'? Ey/p.r. 2 

Pnc. 9. 

t 
180° 

*) flOCJie)tHHe 3KcnepHMeHTbl 27, B cor JiaCHH C HalIIHMH pactJeTaMH, flOKa
.3aJIH, 'ITO ceqeune qJOTOpOlK)teHHII it0-Me30HOB pacrer C 3Heprneil: r·KBaHTOB 
ropa3.1tO 61,1crpee, tJeM cetJeHtte pO>K)teHHII 3ap11>KeHHblX Me30HOB (cp. pttc. 9 
H pHC. 15). . 
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CoeceM HHOil pe3JllbT8T nonyqHJICH npH BH'IHCJJeHHH no ~KaJJHp
HOil TeopHH 16 •. Bse.neHHe aHOMaJJ&Horo MOMeHTa He HCnpaBJJHeT CH

TJaUHH ( ceqe1me OCTa!!Tl:H B 102 pa3 MeH&llle ce'leHHH Ha6nIO.naeMO-

ro 3KCnepHMeHT3JlhHO, eCJJH B3HTb Te >Ke P.p, 11-N H :: , 'ITO H. ~ 
.nceaJI.oCKannpHOM aapttattre). 3ro nerno noHHT&, H He npo.nenhl

BaH IlOJI.p06HhlX BhlqHcJJeHHil. PaccMOTpHM pO>KJI.eHHe HetlrpallbHOfO 

CKallHpHoro Me30Ha Ha 6eCKOHe'lHO TH>KeJIOM HJKneoHe (6e3 yq!!Ta 

.or.na'ltt). ITycr& y-1rnaHr nornomaeTCH 6naro.napn HeKoropoMy aaaHMO

.neltcrnHIO SlleKTpOMarHHWOrO UOJIH C HJKJJeOHOM, OilhlChlBaeMOMY 

B raMHJlbTOHHaHe 'lJieHOM He. He 6y.neM ero KOHKpeTH3HpOBaT&,...:... 

-9TO MO>KeT 6h1Tb B3aHMO.netlcTBHe C MarHHTHhlM MOMeHTOM HJIH KaKoe

HH6JJI.h .npyroe sneKTpOMarHHTHOe B3aHMo.neltCTBHe. Po>K.neHHe >Ke 

ii nornomeHHe M030Ha npOHCXOJI.HT aa cqer B3aHMo.neilCTBHH Hg=grf, 
r.n:e q>-- MeaoH}laH qiyttKUHH. MarpH'lHhllt sneMeHT B HH3llleM HeHC'le-

3aIOmeM nptt6JJH>KeHHH TeopHH B03MJl.l.\eHHil 3aUHllleTCH: 

HkO= HekiHgiO + Hgk}He/0 = HekiHgiO + Hgk/He/0=0 (2) 
E0 -E; E0 -t1 -Ep. ET ' 

TaK KaK ·ET= Ep., a Hg KOMMyrupyeT c JII06hlM He. B cnyqae >Ke 

·po>KJJeHHH ncea.n:ocKanHpHoro MeaoHa B Hg axo.nttT MaTpuua a, no-

3TOMY Hg He KOMMJTHpyeT C He, H MaTpH'IHhllt sneMeHT Hko B HJJlb 

·He oopamaeTCH. PaccMorpeHtte po>K.neHHH Me3oHon 6ea yqera oT.na'lH 

HJKJJeOHOB,. KOHe'IHO, oqeHb rpy6o. 0.n:HaKO Bhlpa>KeHHe, KOTOpoe 

nonyqaeTCH npH TaKOM pacowrpe.HHH, BXO.D:HT B HeCKOJlbKO H3Me

HeHHOM BH.ne TaK>Ke H B ceqeHHe, Bhl'lHCJJeHHOe C yqerOM OT.naqn, 
H .n:a!!T TaM OCHOBHOlt BKJJa.n:. 

ITonyqeHHhle peaynhTaTbl 16 roaop!IT O TOM, 'ITO, IlOBH.IlHMOMY, 

TOJlbKO nces.n:ocKaJIHpHaH TeOpHH He npornaopeqHT SKCnepHMeHTaJib

HhlM .naH_HblM 1• HmKe Mhl no.n:po6Hee OCTaHOBHMCH Ha cpaBHeHHH Teo

pernqeCKHX peayn&raTOB c 3Kcrrepm1e1na11&Hb1MH. Ceflqac >Ke nepelt

'.11.eM K paccMOTpeHHIO pom.n:eHHH aapH>Kettt11,1x Me30HOB. 

6) 3 a p H }K e H H bl e M e 3 0 }I bl 

Hatt6onee · HHrepecnhlMH xapaKTepttCTHKaMH npouecca o6paaoaaHHH 

aapH>KeHHhlX Me30HOB HBJIHIOTCH pacnpe.n:e11e1rne Me30HOB no yrny 8 
.H 3aBHCHMOl::Tb ceqeHHH po>K.neHHH Me30HOB OT 9Heprm1 na.naIOn;tHX 

j'·KB3HTOB. KaK 6y.ner noKa3aHO HH>Ke, 9TH xapaKTepHCTHKH cyme

<:TBeHHO 3aBHCHT OT CBOltCTB Me30HOB H HX naam10.neilcTBHlt C HJKJie

OHaMH. 3TH pa3JIH'lHH, B03HHKaIOmHe npH o6pa30BaHHH Me30HOB qio

toHaMH, Hatt6onee OT'leTnirno npOHBJIHIOTCH npH .D:OCTHrHJTblX n na6o~ 

paTOpHblX: ycnOBHHX a sttepmnx 1 -KBaHTOB (E1 ......, 2 p.c2). ITosroMy, 

.HeCMOTpH Ha npeJI.BapHTellbHhlil xapaKrep 3KCnepHMeHTa, H3 npttne

.n!!HHblX Bblllle .naHHblX y>Ke MO>KHO c.n:enaTb .D:OBOllbHO onpe.zreneHHble 

BblBO.Ilbl O npttpo.n:e 'lt-Me30HOB. 
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8 nepBblX pa6oTax no pom.11.eHHIO Me30HOB 1-KBaHTaMII (c irnep

r11eA ,._, 2 p.c2) 13• 14, 113 KOTOpblX cne.11.yeT OTl\leTHTh 18 KaK Ha116pnee 

110.11.po6Hoe JltCJJe.11.0BaHHe, paC'l~T npOH3B0.11.HJICSI 6e3 Y'l~Ta OT,Da'lll 

HYKJieOlJOB. 3TO 0•1eHb rpy6oe paCCMOTpe1111e; 0.11.HaKO y»ce B STO~l 

np116n11>KeHHH BblllBJJllJOTCll Hau6onee xapaKTep111:,1e qepTbl npouecca 

.II.Jill pa3JJH'lllblX Me30HHhlX Teopui-1. Ha116011ee KOMnaKTHble H nerKO 

HHTepnpernpyeMble Bblpa>KeHl!ll .D,mI Ce'leHHlt YJJ.a~TCH nony'IHTb TOJib

KO np11 peJJllTIIBHCTCKOM paccMoTpeHHH. Bbl'IHCJJeHHll B np116JIH>KeHHH 

ITayn11 . .II.Jill HYKJieOHa .11.aIOT B HHTepecyJOl.l.\ef-1 Hae 06nan11 SHeprnfi 

1·KBaHTOB (,...._,2p.c2) peayJibTaTbl, OTJlll 1Ial01.1.\HeCll OT COOTBeTCTBYIOI.I.\HX 

pe3yJJhT0TOB pemnHBHCTCKHX pac'l~TOB MeHbllie 'leM Ha 10 % . Cefi'laC 

B JIHTepaType HMeIOTCll BblpameHHll .II.Jill ce'leJclllfi pom.11.eHHll 30pll>KeH

f£:
N+rc'++h-J~ 

He 
H 

P+h'II P+rr++n - 9 .. N+-1( 4 

e -P' ~ 
P11c. 10. 

~

P
1

HC+h~ Hil 
If I e 

P+hv P+rr.'-+h'II . e / P+rr.: 

N+rt ++rr. _/Hg . 

Puc. 11. 

HblX Me30HOB 1-KBaHTaMH, 

Bbl'IIICJieHHble peJJllTHBH

CTCKII no BCeM OCHOBHhlM 

Me30HffblM TeOpHllM H co 

BCeMII THllaMH B3aHMOJJ.ei-l

CTBHfi Me30HOB C HyKneo

HaMH (aa HCKJIJO'leHl!eM 

nceBJJ.OTeH30PHOro B3aHM0-

.11.efiCTBHll ncea.11.oaeKTop

Hofi Teop1111). ITosrnMy 

HH>Ke Mbl npHB0.11.HM pe-

3Y JibTaTbl peJIHTHBIICTCKHX 

pac•I~TOB. (Bee ce'lellllll 

OTHOCllTCll K na6opaTOpHOtl 

CHCTeMe IWOp.11.HHaT.) 

Ha puc. 10 H 11 uao-

6pameHhl cxeMbl npo-

[leccoa pom.11.eHHll .rl-
H 'lt'."""•Me30HOB .II.Jill CJJy'lall B3aHMOJJ.ef!cTBllfi Me30HOB C HYKJieOH3MH, 

He BKJIIO'IalOI.I.\IIX npOH3B0.11.HblX OT <pyHK[lHfi Me30HHOro IIOJill. 0KOJJO 

CTpenoK o6o3Ha'leHbl B33HMOJJ.eficTBHll, Bbl3b1Bal0ll\He COOTBeTCTBYJO-

~H=YK::~::::bl H! ~ 1:::::~e~~Bne 

8

::::;::c:r:::H:;:
0
:::rllo c

11
::: II , 

30HOM, H ~ - B3allMOJJ.effcTBHe SJieKTpOMarHHTHQrO llOJlll C HyKne-

OHOM. ITp11 paCCMOTpeHHH B3aHMOJJ.eltcrnufi, BKJIJO'lalOI.I.\HX npOH3B0.II.

Hble OT Me30HHoro IIOJlll, K Kam.11.ofi 113 STIIX CXeM .11.06aBHTCll 110 

0.11.Hofi [lenoqKe, 11ao6pa>Ka10men nepexo.11. 6e3 npmte)l{yTO'IHoro co
CTOllHHll. 

CK an ll pH all Teo p u H. I.JacTb narpam1maHa, 06ycnoane1111aH 
B3aHMOJJ.ellcTBHeM HyKneoHa C Me30IIHhlM noneM, HMeeT BH.11.: 

g1thp (cptpN+ cp*tNp) + g'I.. :c '?+l,1\1 ( ::, 'tpN + !!: 'tNp) • 
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r.11.e gl H g9 - KOHCTaHTbl CBll3H, 'ti H Cf - BOJIHOBble <pyHKl.{HH HYK

JieOHOB H Me30HOB COOTBeTCTBeHHO, "Np=(~ ~) H tpN= (~ ~) . 
8 pa6oTe ll1 6blJIO IIOKa3aHO, 'ITO B rrepBOM. rrp116JIH>KeHHH BTOpofi 

THII• CBll3H (aTopoe cnaraeMoe) HC'le3aeT. fI09TOMY paCCMaTpHBaeTCll 

B3aHMOJJ.efiCTBHe TOJibKO nepaoro THna II, 15• 

Ce'leHue pom.11.eHllll • IIOJIO)l{HTeJibHLIX Me30HOB MOiKHO aanucaTb 

B BH.11.e: 

+ ( g7 ) ( ea ) ( 1i, )
3 

143c4c3P!dQ 
d,cK= -fie -fie ""iic 4Mc3E1[cPl'-(E1+Mc2)-E1El'-cos6] X 

(

4 c3P! sJn3 o ( 2 Af3c.4 -+ 14ae4) 2 Afc3£1'- _ 142e4 l 
X [2 Afc3 ( e1 - El'-) + p.2c4)2 + 2 Mc3E1 ' (

3) 

r)le dQ - sneMenT -renecHoro yrna (dQ = sin 6 di dcp). .D:nll ceqe

HHll pOiK.11.eHHll oypHl{aTeJibHbiX Me30HOB IlOJIY'iaeTCll: 

[ 
2Afc3£ ]2 + 

da~= 2McZEI'- ~p.3c4 dacK• (4) 

.D:mpcpepeHunanbHLle ce'leHHll (3) H (4) 6LIJIH nponHTerpupoaam,1 B pa-

6oTe 30 *). 8 pe3y JibTaTe .11.n11 noJIHLIX norrepe'IHLIX ceqe1mlt nony'iaJOTC!I 

cne.11.yromHe Bblpa}KeHHll: 

0+ = (£..) (.!l.) (_!i:_) 3 
tt•µ

3
c4 ·{(i _ 4M

3
c
4

) X 
cK -fie -fie 14e 2 Af2c4£T p.2c4 

[ 

p.2e4(2Mc2E,.+143e4) I 2Afc2E
1

+1-12c4-2Afc3R 2 µ 3e4R] 
X 2E2Mea n2Mc31: +1-13c4+2Afc3R + E2 + 

T T _ y 

2 Mc3 (B,. + Mc3)-µ3c4 } 
+ (Mca+ 2£

1
)2 · R • 

a-=(~) (gr) (..!!__) 3 
_ _2t·1-1

2
e
4
_{(1-4M

2
c4)x 

rK fie fie µe 2 M3c4£T i-,3c4 

[ 
14ac4(2Afc3E,.-µ3c4) · 2Mc2E

1
-µ2c4-2Me2R 2 142c4Q 

X ------2E2Afe3 ln2-Afc3E-141c4+2Afe2R +~ 
T y 1' 

2 Mc2E - 142c4 + 2 Af2c4 + 2 Mc3R } + Mc
2 

In 2 Mc3E:- 142c4 + 2 AfJc4 - 2 Mc3R • 

(5) 

]+ 
(6) 

It) B pa6ore 30 COJleplKHTC!t HeOOJlbIIIast OIIIH6Ka. nonytJeHHble raM cetJeHH!t 
pOlK)leHH!t 3apstlKeHHblX MC30HOB CJICJlyer B JI.Ba pa3a YMCHbIIIHTb. 113-3a 
3TOH oum6KH aaropbl nony'IHJIH raKme HenpaBHJlbHJIO BeJIH'IHHY OTHOIIIeHH!t 

ce'leH11ii 
a". 
a 11:+ 
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r.ll.e 

-vc··- + 2 f,-2c4 ) (E Enopor) • R - Er p.c - 2 Mc2 T - T ' 

a.a.ecb s11eprttH 1-KBaHTOB 11a nopore Etpor =p.c2 (1 + 
2

~:a_). 
YrJJOBble pacnpe.nenemrn J\le30HOB H 3a BHCHJ\IOCTb IIOJJHblX none

pe'!HblX ce•1em1fi OT snepnm na.ll.alOll{HX 1-KBaHTOB npHBe.neHbl Ha 
pHC, 12 II 13. 

da+ 
dQ x 1029 

0,8 

0,6 §./_J_ 
nc- 6 

(l4 

co 45° goo 135° 180° 9 

Pttc. 12 . 

[, o,. j Lg n2ezg2 

-l-'2c4 
G 

10 f G~ " .. ~ nop:: Ey-:r 
pc 

- 1 . .5 
-1,0 -0.5 0 0.5 

P11c. 13. 

IlceB.ll,OCKaJJHpnaH TeOpHH. 8 9TOJ\I CJJY,Jae B3aHMO.Uefi

CTBHH HYKJJeoua C Me30IIHl,IJ\I ITOJJeM 3aITHU1YTCH B BH.ll.e: 

f 1+ h, + ( 0'¥ iJp* ) 19 'fo'H•p-cpN+ <p*rNp) + /2 ~ 'f 1•1r.'P ax. 'tpN + ax, -rNp , 

r.ne / 1 11 / 2 - KOHCTaHTIJ CBH3n; 15 = Yiiz1a1,, y. -MaTpttua .llttpaKa. 
• Bwmc11e1111e ce•1e1111it 61,1no npone.neno c 060mm BH.n.aim CBH3H 15• 20• 

OBPA30BAHHE ME30!10B 'f-l{BAHTAMII 219-

0,11.HaKo COrJJaCllo TeopeMe 06 9KBl!BaJJeHTIIOCTH 9THX CBH3efi 21 (llllll 

pacntaTpHBaeMoro npouecca) pe3yJJbTaTl,I OTJIH'JalOTCH JlHlllb ITOCTOHH

llblMH M!IO>KIITemmH • .ll11¢<pepeHl.{llaJJbllble Ce'leH!rn PO>K.ll.eHHH Me30HOB
m1e10T B11.ll.: 

+ ( ea ) ( /~) ( /-,, )
2 

,-i2c4e3P;dQ 
don-c,r.= lie 7:-; !U 4E

1
Mc2(eP

11
(E

1
+Me3)-E

1
E

11
cos6] X 

{ 
2 M e2E - ,-i2c4 2 ,-i2e4e2P2 sin 6 } 

X 2M~a£1 -[2Me~(E1-~
11
)+,-iae4)3' (?} 

( da;.,K) ( da~) [ 2 Me2£1 J 3 

l da;)--cK) = ( d,i:};J = 2 MeZE
11 

- ,-i2c4 ' (8} 

r.ll.e 

2M 
fa= f1 +-1-1-/2, 

CoorneTcrny1outne yrJJoBhle pacnpe.ll,eneHHH .11pttBe.n.eu1,1 Ha pnc. 14_ 
flonu1,1e nonepe'IHhle ce•1eHHH nonyqem,1 B BH.ll.e 30 : 

+ _ e3 . / 3 Ii, a 1t,-i2e4 ( ·2) 
a n-c.,_- Cite ) h-,: ( µc) :l Mze4£1 X 

[ 

,-i2c4(2Me2£1 +i-i'e4) 2Me2£
1 

+ ,-i2c'-2Me2R 2,-i2e4R 

X 2 u 2£2 In 2Me2c +i-iac•+2Me2R + £2 + ,r,e T l l 

2Mc2(£1 +Me3)- µ2e4 ] 
+ (Mc1 +2£

1
)2 R · (9) 

._ ( e
3 

) ( /~) ( fi )a 1t,-i2c4 0 
n-cK = f; he Tc 2M~e•E

1 
X 

X T I T +. 
[ 

,-i2e4(2Me2£ -,-i1c') 2Me2E -,-i2e4-2Afc3R 

2M ze2 n 2 Mc 1£ - 1-1•e4 -t- 2 Mc2R C 1 T 

2,-i2c4R 2Mc3£ -,-i2c4+2M2e4+2Mc2R] 
+ E~ +Mc

3
In2Mc2E:-i-iae•+2M2c4-2Mc3.R . (10) 

3aBHCHMOCTb. ITOJl!lhlX nonepe'!HblX ce•1e111dt pO>KJleHH.H ncen.nocKaJJHp

HblX Me30HOB OT sneprnH na.na10m11x 1-1rnaHTOB (E1) ITOKa3aHa Ha 
pHC, 15. 

Be KT op Ha .H Teo pH H. B3am10.neilcrn11e Me3onon c HyK11eoHa
~" 6ep~TCH n BH.n.e: 

gt1Ji+1,lj,(C{), 'tpN +cp:-rNp)+ 

f-,, I [(a'f'µ iJ'f', ) (iJrp * iJ'f': ) ] +u:--tJ.1+yj•1 ----cN+_-1'---'tNp. b2 UC 2 1 f1 v ' ax ax p ax ax 
... • f' • .I'- . 
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do+ 
d9. xfOzg 

3.0 

2,0P,:. 

1.0 

00 

f. 2 . 
z _ I 

he- 6 

f'( = 2,4 f1C 2 (6e3 yve"ma omiJaw) 

,4flc2 

45° 90° 135° 180° 6 

PHC, 14. 
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(; nepBblM THilOM CBS13H Bbl'IHCnemrn Ce'!eHHfi npoae.n.eHbl B pa6ore 11' 
.a co BTOphlM - B pa6ore 15• 8hlpa,Kemrn .n.nsi ce'leHufi, nony'leHHhle 
13 3TOM napHaHTe Me30H
uol1 Teopuu, o'leHb rpo
M03.U.KH H He HarJJSI.U.Hbl, 
'fl.03TOMY Mbl He 6y .n.eM HX 
.a.n.ecb npHBO.ll.HTb ('IHTa
,enb MO>KeT HX HafiTH B 
l{HTHpyeMblX pa6oTax). 

Ll.nsi neKTOpHofi Me
:30HHOfi TeOpHH xapaK
,epHhlM HBJJSieTCSI CHJJb
HaSI BblTHHYTOCTb yrno
BOfO pacnpe.n.eneHHH Me
:30HOB, o6pa3yeMhlX qio
TOHaMH, B HanpanneHHH 
irnnyn&ca 1-KBaHTa n 
-6blCTpbil1 pocT. aqiqieK-

31 da+_ 10_ 
- a 
d2 ~lMaB 

t,,c 

6 

4 

2 

oo 400 80° 120° 160°' a 

Puc. 16. 

'THBHOrO cetJe1msi c sueprnefi 1-KBaHTOB. Ha pnc. 16 noKa3aHo yrno
Boe pacnpe.n.eneHue 111e30HOB .n.nsi cnyqasi neKropHofi (g1) CBH3H, a Ha 

tJ.,l I d<i+ 
I I dQ 

00 

-~U 

1 ~ 
0

n-cK~ ·9 -rte2r/ 
2H2c4 cs-

0 

-0,5 L Ey-Eyopoe 
-lO g ___. ' -05 JLC• 

• 0 0,5 

Pac. 15. 

g2 1 
~~ \ nc=~ 

0,5 

a"' 4~0 90° 135° 180° 8 

Pttc. 17. 

puc. 17 - .n.nsi cnytJaH TeH30pHofi (g2) f:BH3H. H1nerpuponaHHH cetJe-
1ml\ po>K.n.ettust neKTOpHblX 111e30HOB no yrnaM O npone.ZleHo He 61,rno, 

-4 Y<l>H, T. XLIV, n,.m. 2 
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3a HCKJIIO'leHHeM 13, r11e npHBe.lleHl,I rpacpHKH 3aBHCHMOCTH OT 9Hepmm 

y-KBaHTOB nOJJHOro CetJeHHSI, nonytJeHHoro 6e3 Y'll!Ta OT.llatJH HYKJJe

OHa. JloBOJlbHO rpy6o poCT nomwro cetJeHHH C 9Heprnett ET MO)l{HO• 

Ol.{eHHTb KaK ,,..._, £ 2• Ornoruem1e a+;;;KT npH6JJH3HTeJJhHO T3KOe )Ke 
T . ' aeeKT 

KaK B cnytJae CKaJJHpHott II nceB.llOCKaJJHpHoli TeOpHH (pHc. 18). 

d<S-
d/$+ 

4,0 

.;O 

2,0 

C1rannp11 u 
nceeiJOCJ<OIIRpH 

meopuu 

BeKmopH. 
meopun _... ,~--
_....-". --

Ep.-=f20M3B 

't'=BOM~ 

~=40M3B 

mppH. 
r.1e . 'Ufl 

1,000 300 120° 150° ,so· a 

PHc: 18. 

Il Ce B .ll OB e I{ TO pH a H Te Op H H. flo nceB.D.OBeKTOp110!1 Teo

PHH BbllJHCJJeHHH 6hlJJH npO.lleJJallbl B paooTe 11 • PaccMaTpHBanoci,. 

B30HMO.lleikTBHC 11yKneo11a C MC30HllblM noneM BH.D.a: 

/1'-li + •• Yr;H<?• 'tpN+ <p:'tNp ). 

IlonytJeHHble yrnOBble pacnpe11eneHHH npHBC.llCllbl Ha pltc. 19, 33HM-. 

de,-+ 1031 

dQ ~IM3B --'------

6 

4 

2, -

CTBOB3HIIOM, TaK )KC KOK 

H pHC. 16, H3 pa6o

Thl 11 H H306pa)l{aIOll.{e~, 

yrnoe1,1e pacnpe.D.eneHHll-. 

MC30HOB aa.D.a1111ott s11ep

rHH Ep., pml(.IJ.aeMhlX 

nytJKOM y-KBaHTOB, HMe-. 
dE 

1011.{HX cneKTp 7/- . 

OD 40° 80° 

T 

0.D.HaKo x:ipaKTep :HHX 

yrnOBhlX pacnpe.D.ene

HHtt H xapaKTep yrno-
1200 1B0° e 81,rx pacnpe11enenHA 

PHC. 19. 

sneprnn .. E1, O.llHHaKOBhl. llnH 

paKTepeH TaK011 · )KC 6hlCTphltt poCT 

Me30HOB, pO>K.llaCMblX 

"(-KB0HTaMH 30.llaHHOfi , 

11,:eB.D.OBCKTOpHOfi TeOpHH xa- .. 

cetJeHHH C 9Heprnei-\ y-,rnaHTOB, . 
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KaK II .llJIH BCKTOpHOli Teop1111. 0THOlllCHIIC :feeKT OtJeHb 6JJll3KO K 

· n•eeKT 

e.D.IIHlll.{e II aaBHClfMOCTb ero OT yr.'la O COBeprneHHO .llpyraH, 'leM 

B cnytJae nepBhlX Tpex BapHaHTOB MC30HHblX TeopHH (cM. pHC. 18). 

~ IlonyKnacc11tJecKoe paccM0Tpett11e 

llnH cpaeHeHHH peaynhTaToB, nonytJeHHhlX no pa3Hb1M Teopumr, 

n .llJJH 6onee OT'll!TJJHBoro Q)H3HtJeCKoro noHHMaHHH npoI.tecca o6paao

BaHHH MC30HOB none3HO npO.llCJIOTb CJIC.llYIOll.{ee nonyKJJaCCH'leCKOe 

paCCMOTpeHHe. 

Bo BCex MC30HHbIX TeOpHHX HYKJJCOH npHHHTO paccMaTpHBaTh 

KaK lJOCTHUY, o6na.D.al011.{YIO HeKOTOpblM Me30HHhlM 3apH.llOM. 3TO 03-

HatJaeT, 'ITO HYKJJeOH nopO>K.D.aeT BOKpyr : ce6H MC30HHOe none. aHa

.TIOrH'IHO TOMY, KaK 3JJCKTPOH - noi1Je 3JICKTpOM(JrHHTHOe. 8 CJiytJae 

aapH>KCHHblX MC30HOB, MC30HHOe [l(JJie OKOJIO HJKJICOHa CBH3aHO C TaK 

Ha3blBaeMblM aapH>KCHHhlM MC30HHhlM o6naKOM, cyll.{eCTBOBaHHCM KOTO

poro Har JIHJJHO HHTepnpernpyeTCH HOIIHtJHe y HYKJieoHa aHoMaJibHoro 

MarHHTHOro MOMeHTa. C KopnycKJJIHpHOH TO'IKH 3pCHHH 9TO Me30HHOe 

none '10CTO paf:CM0TPHB3IOT KaK peayJJhTaT Toro, 'ITO HJKJieOHbl 

ncnycKaIOT H norJioll.{alOT Me30Hbl (T. e., HanpHMep, npOTOH npOBO

.llHT HCKOTopy10 tJaCTb BpeMeHH B COCTOHHHH HCHTpOH + nOJIP>KHTeJJb

Hhlfi MC30H). nytTh Ha TaKyIO tHCTeMy na.D.aeT nytJoK y-KBaHTOB. 

Or6pof:HM noKa B3aHMO.llCHCTBHe SJieKTpoMarHHTHOrO noJIH C aHOMaJib

llblM M3rHHTHblM MOMCHTOM HJKJICOHa H paCCMOTpHM (:JIJtJafi pO>K.D.e~ 

HHH HettTpaJibHOro MC30Ha. E(:JJH B Jia6opaTOpHOi1 CHCTCMe KOOP.llHHaT 

npOTOH nOKOHTCH, TO B3aHMOD.ei1CTBOB3Tb co CBCTOM OH 6y11.eT JIHlllb 

nocne Toro, KaK HcnJCTHT Me30H H TIOJIJ'IHT OT.lla'ly. 06oana'IHM Be~ 

pOHTHOf:Tb HCnycKaHHH MC30Ha ( OTHOCHTeJJhHOe npeMH npe6hlBaHHH 

npoTpna B COCTOHHHH H3 .llBYX tJaCTHI.t) tJepea w. Tor,na n.onnaH ee

POHTHOCTb pO)l{D.CHHH MC30Ha Q)OTOIIOM 6y.D.eT paBHa npOH3BC.llCHHIO w 
Ha eepOHTHOCTb nornoll.{eHHH ll.BH)l{Jll.{HMCH npoTOHOM 1-KBaHTa. Ilo

CJJC.D.HIOIO MO>KHO ClJHTaTb nponopUHOHaJibHOfi KBa.D.paTy 9Hepr1m SJieK~ 

TpoMarHHTHOrO B3aHMOJJ.ett.cTBHSI (j~)3 (3JJ.CCb j,,-ToK npOTOHa, 

A- eeKTop-noTeuuuan sneKTpoMarnurnoro nonn). llnH cnytJaH penH

THBHCTCKOfi lJaCTH[{l,I 9TO SJJeKTpOMarHHTHOe B3aHMO.D.CfiCTBHe 33IlHllleTCH 

B BH.D.e: 

e (vA) ET e (PA) c3 

--r=:-~cosO = E
1 

(E + cP cos 8) 
-- eET 

(PA) 

(/\ /\) ' 
PPT 

(11) 

rJJ,e v- CKOpOCTb tJ3CTHl.{l,I P-ee HMnJJJbC, ~ = .!!..__ 3.D.eCh H B , C . 

JJ,3JlhHei1llleM .llJIH KpaTKOCTH aanHCH Mbl 6y.D.eM HCnOJib30BaTb 4-Mep-

Hhle BCKTOphl. {A' .fJ) oattatJaeT cKaJIHpHoe npoH3Be.D.eHHe 4-MepHhlX 

eeKrnpoe: {~ ~) =A,B, + (AB). 11TaK, eepoHrnocTh pO)KJJ.CHHH 

4-:-:-
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H~ltTpanhHoro Me3oHa nponopqno11anbHa: 

W 2£2 (PpA)2 
it'. e T (/\ /\ )2 

PpP
1 

(12) 

r.ne PP-HMnynhc nporn11a. 
PaccMoTpHM TaK11M >Ke cnoco6oM pmK.ne1me nonom1-1Tenh11oro Me-

3011a. Tipn pom.ne11111-1 nonmK11TenbHoro MeJona aepoRTHOCTb norno
uiemrn !pOTOHa 6y.neT onpe.nenSITbCSI KBa.npaTOM B3aHMO.nel'l:cTBHSI ero 
C TOK OM Me3ona (jl'-A)3 (JI'- - TOK Me30H3 ). 3neKTpOMarHHTHOe none 
ne B33HMO.nencrnyeT B. 9TOM cnyr.iae J: 11yKneOHOM, TaK l<aK C no~ne.n
HIIM nc CBH3an ncpenoc 3apsi.na. nosTOMY nepOHTIIQCTb pom.nemrn 
1t+-MeJ011a 6y.rr.cT nponopq11011anbna aenH1rn11e: 

z 2 (Pl'-A)3 
W"+eE1 (/\ A )l. 

Pl'-PT 

(13) 

EcnH C'IIIT3Tb, '!TO np11po.rr.a B3:JIIMOJl,el'l:crn,rn 11yKneo11a C 3apsi>KeHHblM 
If neftTpanbHblM Me30Hlll,!MII nonHMlf OJl,HH3KOBa TO W1t0 MO)l(HO no
nO)l(lfTb pOBlll,!M W1t+. Tor.rr.a. OTIIOllletme nepOHTHOCTeft po>KJl,eHHH 
11eltTpanbHblX II nonom,ne.nbllblX MC30HOB 3anHrneTCS1 B mr.rr.e: 

/\ A /\ /\ 

(14) 
(PpA)2 (Pl'-P1)3 (Pl'-P1 )3 

(/\ A )2 • (Pl'-A)°a (/' A )2 , 
PpP1 PpP1 

TaK KaK B cttny 3aK011a coxpanemrn HMnynbca (PP= P1 -Pl'-) H no
nepe'lnocrn teerneol'I: BoJJHbl ((P1 A)= O): -(P pA) = (PILA). YIHTe
pecno on1eT11Tb, '!TO B T0'1110f:TH TOKOe }l(e OTHOllICHHe ce•1e111-11t no
nyr.rneTCSI B pe3ynhTaTe 11ocne.noeaTcnh11oro penHTHBHCTCKoro pac'leTa 
no CK3JJHpllol'I: II ncen.rr.oCKanHpHoft MC30lllll,IM TCOpHHM. .llnH sneprnlt 

)'·KB3HTOB B6nll3H nopora 113 (14) MO}l(HO nony•mTb, '!TO ~ ~ 
a"+ 

_,(tY- TipH pO}l(Jl,CIIH_II OTpHl.{aTenbHblX Me30HOB HeltTpOH npeapa~ 

maeTCH B npoTOH H TC--Me30H, Il09TOMY nepOHTHOpb 6y.rr.c.T 33B11CeTb 
K3K OT TOKa Me30HOB, TaK II OT TOKa nppTOHOB: 

W- e2E2 r~~- (Pl'-A) )3 (15) 
" • T ( /\ /\ ) (/\ /\ ) • 

Pp PT Pl'-PT 

Y'IHThlB:JH, '!TO (PpA)=-(PI'-~) (11 C'll!TaH W"+.= W"-), no
nytJ11M .rr.nH ornornemm cc•rem,n po}l(,11.emrn nonO}l(HTenbHblx 11 0Tp11-
llaTe11bllblX Me30HOB cne.ny1ou~ee Bhlpa}l(eHHe 1l; 

(da-) 
(da-t-) = 

[(;j)1) + (;j)\)J3 = M2e4£~ 

(
/\ I\ )3 (/\ /\ )2 
pppT ppp1 

(16) 

8blpa}l(e1111e ( 16) nocnc npocn,1x npeo6pa3oea1mlt B TO'IHOCTH coena-
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.n.aeT C Bblpa}l(el!HCM (8), nony'leHHblM np11 penHTHBHCTCKOM pactJeTe no 
CKanHpHOl'I: H IlCCB.ll.OCKanHpHolt TeopHHM. 

PacCl,\OTpHM Tenepb, nOJJb3YHCb 9TIIMH H3rJJHJl,HblMH npe.n.cTaBne
HHHMH, pe3ynbTaTbl pactJeTOB no TeOpHH B03MYl.l.\eHHl'I:: CetJeHHe po
}K.ll,eHHH Hel\TpanbHOro j:KanHpHoro Me30Ha (6e3 ytJeTa aHOManbHOro 
M3rHHTHOro MOMeHTa) MO>KHO nony'IHTb B BH.ne: 

(!:..)(~)(!!-__)3
tt•f'-

2
e

4d£1'-I [ 2Me~Cf'-2e4 2Mc2£1 -~]-
lie fie p.e 2 Me2E~ 2 Me2£1 + 2 Me2El'--1'2e4 

p.•e4e2P; s102 (l 

2 (~)\)2 
+ (2 M) 2 

f'-
2
e

4
e

1
P~ sfn3 O l 

f'- 2 (/\ /\ )2 . 
pppl 

(17) 

.llnH npaKrntJec,m HHTepecnol'I: o6nacrn sneprni\ 1-1rnaHTOB Tpernl'I: 
llJleH B cp11ryptlb1X CK06Kax 3113'1HTPnhHO 6onhrne BCCX OCTanbHblX. 
HcTpy.ll.110 Blf.ll.CTb, 'ITO OH 06JCJJOBneH B33HMO.ll.CfiCTBHCM TOKU HYK111C
OH3 OT.ll.3'1H C sneKTpoMarHHTHblM noneM, (jpA)3. ncpBbllt >Ke 'IJICH 
(B KBa.rr.pann,rx· CK06Kax) o6ycnoaneH B33HMOJJ.eHCTBHeM CBeTa C.HOp 
ManbHblJII MarHHTHhlM J\IOMCHTOJ\I HYKJJeo11a. YT06bl c.n.enaTb 9TO 6onee 
HCHbllll, npOH3BCABJII B cpopMyne (17) nepcxo.n p.-,.0, TOr.n.a nony'IHM: 

~~;. dEI'- {[!I'-+ !1 -2] + 2sin,'6}. (18) 
2 Me3£1 1 l'-

<l>opMyna (18) notJrn coena.aaeT c cpopMynoi\ Knel'l:Ha-HurnHHhl. 
MHO}l(HTeJib nepe.n. cp11ryp11ol'I: Cl{06Kol'I: H qneu B KBa~paTHblX CK06-
Kax y 9TlfX cpopMyn f:OBna.n.aIOT BTO'IHOCTlf (npH 3aMCHe g2 Ha ei). 
Ecnn B cpopMyne Kncl'l:Ha-HurnttHbl BTopol'I: 'lncn npe.n.cTaBnHeT Knac
cn•1ecKyIO cpopMyny ToMCOHa, TO 3.ll.CCb 9TOT 'lneH nonyqaeTCH H3 
npHBe.rr.eHHblX Bblllle noinyKnacc11'ICCKHX coo6pa>KeHHl'I:. 

4neH B KBa.npaTHblX CK06Kax, 061.1.\Hl'I: o6eHM cpopMynaM; o6yc
JJOBnen H3JIH'IHelll y '13CTH!.lbl crmna H nepexo.aaMH ee B COCTOHHHH 
c 0Tp1-1qaTenhHol'I: sHeprnel'I:. 3Ty ananornro cpopMyn H cne.n.oaano 
Q}l(H.Zl3Th, HCXO.ll.H H3 aHanorm, B3am,o.n.eiiCTBHiit MC30IIHOrO IlOJJH 
C nyKneOHOJ\I II sneKTPOM3rHHTHoro IlOJJH C sneKTpOHOJII ( KOHC'IHO, 
TOnbKO B CMblcne 3H3JJOrHH, O KOTOpol'I: yno~mnanOCb Bblllle). BTopol'I: 
'IJleH B cpopMyne ( 17), 11ctJe3aIOI.I.\Hft np11 nepexo.nc p.-+ 0 OTJJHtJaeTCH 

(2M)3 OT nocne.rr.Hero TOnhKO MHO>KHTeneM ~ • dTOT tJ;lleH J\IOi!{HO HC-

TOnKOB3Tb T3K }l(e, Kai{ 9TO .nenaCTCH B CT3Tbe 11 .nnH 3apmKeHHblX 
Me30HOB. CKanHpHOe J\IC30HHOe o6JJaKO OKOno HyKncoHa COCTOHT H3 .ll.BYX 

1 iacTel'I:. 0.n.na tJaCTh pacnpoCTpa1rncTCH Ha o6nacTb nopH.rr.Ka ( f'-~ ), 

.apyraH }l(e 113CTb o6naKa, TC.CHO CBll33HHaH C HyKnCOIIOM, ~ 11a 06-

naCTb nopH.aKa (,,t). TTo9TOMY BTOpaH '13CTb o6naKa .rr.aeT B CC'IC-
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HIie o6pa30BaHHSI Me30HOB BKJia.n, MeHblllllfi 8 ,_., (Xi) 2 
pa3. Ce'leHHSI 

po>K.neHHSI 33pH>KeHHblX MC30HOB OTJll!t.J3IOTCSI OT Ce'leHHSI po>K.nemrn 

HefiTpallbHblX Me30HOB lllflllb MHO>KHTeneM. TTo3TOMy K HHM B OCHOB

HOM npnMeHHMbl Te >Ke coo6pa>Ke11m,, 'ITO H .llllll HefiTpaJibHblX Meao

HOB. OcHOBHOfi BK.na.n 8 CC'leHHC .naeT OilSITh TpeTHfi 'llICH, HO Tencpb 

OH _npHHHMaeT HeCKOllbKO HHOfi BIil{. B ClIJ'lae po>K,nEHHH IlOJIO>KH

Te~bHblX Meaonoa on 6y.neT o6ycnoancH Ul'-A)2, a nptt po>K.nemm 

oTpHitnTeJihHhlx-[ -(jl'-A)+(JpA)]3. TaKHM o6pa3oM, nptt po>K.ne

HHH 33pH>KCHHOro CK3JIS!pHoro MC30Ha BC,1H'll!H3 Cet.JCHHSI onpe.ncnHeTCSI 

B3aHMo.nefiCTBl!eM 3JleKTpOM3rHHTHOro IIOJISI C .TOKOM MC30Ha (TOK npo
TOHa 111an): 

(P A)a 
(" A)l- l'-

JI'- E; ( I - ~I'- cos 0) 2 

0TcIO.na H BblTeKaeT .nunonhm,1!1 xapa,nep yrnoBoro pacnpe1tenettnH 

CKanHpmi1x 111e3oHoB (rnK KaK (P l'-A)3 ---+ sin2 0) ( CM. pnc. 12). 3tta111e

HaTenb (1 - ~I'- cos 0)2, o6yCJIOBJieHHblfi 3ana3,nblB3HHeM B33Hl\lOJlefi

CTBHSI 3JleKTPOMarmnttoro llOJISI C 6hlcTp0JlBH>KYutHMCSI 30pS1.D;OM, npH

B0.11.HT K HCKa>KeHHIO yrnonoro pacnpe.11.eneHHSI. TTpu 60JihlllHX 3Hep

rHSIX yrnoaoe pacnpe.11.eneHHC CTallOBHTCSI BblTHIIYThlM B HanpaBJieHHH 

HMIIYJihCa 1·KB3HTa. no,rnTeH TaK>KC H xapaKTCp 33BHCHMOCTH IIOJIHO

ro Ce'!CHHSI OT 3HeprHH J·KB3HTOB. 8 cnyqae CK3JIS!pHoro Me3oHa HeT 

TaKoro 3JieKTpo111arn11THOro 833HMO.!IC.fiCTBHSI CHCTeMbl, 3Heprnll KOTO

poro 6blcTpo B03pacrnna 6bl c 3Heprnefi na.naIOutero <poToHa. 

Ce'!eHtte po>K.11.eH11S1 HCfiTpanhHoro nceB.11.oCKanS1p11oro 111e3oua (6e3 

y'l!!Ta aHOMaJibHOro MarHHTHoro MOMeHTa) HMeeT BIi.ii.: 

(!::_)(/~ )(!!:_) 2
1t-v-2e4d£1'-{[2Afe2£1'--r&4 2Me2E

1 
-fie fie µe 2Me3ET 2Meae

1 
+2Mc2fil'-_µ2e4 

r.11.e 

2M 
fa= /1 +p:- /2, 

v-2c4c2P; s1n2 (l I 
(/\ /\ )2 , 

2 PPPr . 

2]-
(19) 

CpaBHHBaSI 3TO Bblpa>KeH11e C cpopMynofi (17), MO>KHO 3aKJIIO'lHTh, 

'!TO B cnyqae IICCB)l.OCKaJIS!pHofi TeopHH OCHOBHOfi BKJl3)1. B CC'leHHe 

.naeT 'llleH, o6yCJIOBJieHHhl.fi CIIHHOM HYKJieOHa II nepeXOl{OM ero 

B COCTOSIHHC C OTpm.taTeJibHOfi 3Heprnefi. 3To TaK>Ke yKa3blBaeT Ha 

CHJibHYIO CBSl3b Me30HHOro IlOJISI C HYKJieOHOM H Ha TO, '!TO npH 06-

paaoBaHHH MC30HOB cyll.{eCTBCIIHO B3aHMO)l.C.fiCTBHe C MarHHTHblM 1110-

MCHTOM HYKJICOHa. Ce'!eHHC pO>KJlCHHSI IIOJIO)l(HTCJlbHl,IX ncea.nocKa

llS!pHl,!X MC30HOB, T3K )KC KaK H B cnyqae Cl{aJIS!pHofi TeopHH, OTJIH-
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.·c.iaeTCSI OT ce•tCHIISI pO>K.ll:CHIISI HCfiTpallhHblX Me30HOB (19) TOJlbKO 

(/\ /\ )2 . 
PpPT 

· '.MHO>KIITCJieM -(/\ /\ )i. l1Ha•1e 3TO Ce'ICHIIC MO>KHO 3311HC3Tb B, BH.ll:C 

P1PI'- . 
--¢opMy Jlhl (7). 0CHOBHOfi BKJia,n a cetJCHHe .naeT nepablll •rneH cpop

.MY.'lbl (7), nonytJalOU.{llfiCSI 113 Bblpa>KeHHSI B KBa.npaTHblX CK06Kax 

·"¢op111ynbl (19). Ott o6ycnonnunaeT npu6JIH3HTeJihHYJO H30Tponu10 yr

. JIOBOro pacnpe.neneHHH. l1HTepeCHO OTMeTHTh, '!TO npu BbllJHCJICHHH 

-oe3 ytJeTa OT)l.3'!11 HYKJICOHa BTOpo.fi tJJieH B cpopMyne (7) OCTaeTCSI 

. HeH3MCHHblM, nepBbl.fi )Ke npeapamaeTCSI B e)l.HHHUY. B 3TOM rpy60111 

. np116Jilf)KeH1m oco6eHHO npoCTO BblHCHSICTCSI, lJTO BTOpo.fi IJJieH o6yc

_JIQBJieH B33HMO.nefiCTBHeM C TOKOM Me30Ha, a rrepBbl.fi - B33HMo.ne.ficT

'BlleM eg ( aA) qi, ll3l0ll.{IIM B03MO)KHOCTb npouecca pom.neHIISI 111e30HOB 

6e3 npo111emyTO'lHOro COCTOSIHHSI. dTO B33HMO.ll.e.fiCTBIIC IIOSIBJISICT~SI 

H3 B3311MO)l.elkTBHSI HYKJieoHa C MC30HHblM_ llOJieM np11 BBe.neHIIH 

-aneKTpo111armnnoro nonH: 

g(ov)cp-+g(a, v- tA)cp. 

KaK 811.ll:HO 113 cpopMyn1,1 (7), BXO.ll:Slll.{Ce B Hee BHpa>KCHHC B cpH

TYPHhlX c1<06Kax ne 1tcnblTHBaeT
1 

6blcTporo pocTa c stteprne.fi E1, 

a lllflO)KHTellh nepe.n CK06Kofi .na»<e y6b1B3CT. TaKHM 06pa30M, .ll:JISI 

MC30HOB co CIIHHOM HYJih xapaKTepHO y6b1B3HHC CC'!CHIISI B 33B11-

CIIMOCTH OT ET npH 6oJihlllllX 3HeprHSIX. 

. PacoroTpHM Tenepb pom.n:~HHC Me30HOB, o6na.n:aIOU.{HX C!JHHOM. 

Jlnll HelhpanhHblX MC30HOB, KaK yme OTMC'l3Jl0Ch, TaKOe paccMOTpe-

1me, IIOBH.D:HMOMY, He HMCCT CMblCJia. 3apnmeHHHe MC30HU, HMCIOU.{He 

cnm,, HMCIOT TaK)Ke n Marn1tTn1,1fi · MOMCHT, noaToMy B3aHMo.ne.ficTBHe 

Me3oHa C 3JICKTpOMarHHTHblM noneM cne.n:yeT 33IlHCaTb yme HHa'!e • 

.A m1eHHO: IIOMIIMO B3aHMO,llCHCTBHH (j l'-A), 6y.IIeT. Cll.{e B3aHMo,ne.fi

qaHe (P.m H), r ,Ile P.m - Marnunii:.llt MOMCHT MeaoHa . H H - MarHIITHOe 

none CBeTOBOfi BOJIHl,I. TaKHM o6pa30M, . eCJIH pai:cMaTpHB3Tb nony-

. KJiaCCll'leCKH, TO BepOS!THOCTb npouecca pom.n:eHHSI IlOJIO)KHTCJihHOro 

MC30Ha 33TIHlllCTCSI: 

le · ]2 · c (v11A) + (~m rot A) 

W"+ I ~ !l . . · -
11

cos . (20) 

-B BHpa»<eHHII ,11.llll aepOHTHOCTH pom.IICHHH . IIOJIO>KHTCJlbHOro IIIC30Ha 

·•C Hy JICBl,11\1 CIIHHOM npHCYTCTBOBaJI TOJlbKO IJJICH (v A) u npH 6 = o 
BepOHTHOCTh o6pamanacb B nynh, TaK KaK V II P1 , a A J_ _P1 • 

B paccMaTpHBaeMOM )KC cnytJae 'lHCJIIITCiib B HYJih ne o6pamaeTCSI, 

a 3Hal\leHaTellh ( (;CJIII l\lC39H - peJIHTHBIICTCKaH. qacrnua (~I-',_, 1 )) npH 

·6 = 0 CTpelllllTCSI K HJJIIO. flo3TOMY )I.Jill 33pH>KCHHl,IX MC3,0HOB, _o6na

. .Il31011.{HX CIIHHOM, Jl0Jl)KH0 Ha6JIIOJl3TbCSI yr JIOBOC pacnpe,lleilemie, 

,CHJlbHO BblTHHYTOe B nanpaBJICHIIII Pr (6 = 0). 0.IIH3KO STO 3aMetJa

.<HHe cnpaae.n:JJHBO JIHlllb B TOM cnytJae, KOr,lla MC30HHOe none He 
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CllllbH0 CBl!3aH0 C 11yK11eo110M H 0CH0BHhlM B3amI0.nettcT BiteM, onpe
.nensnomnM npo1.tecc, llBJIS!eTCSI q)OTOMe30HHOe B3311M0.llelkTBHe. YKa-
3aHHblfi xapaKTep yrJt:0Boro pacnpe.nenemrn no11y11aeTCll no BeKTop-

. (~ rot A)2 
110!1 TeopIm. Be1111q11Ha ceqemrn onpe.ne,rneTcll q11e110M (l :::_~ .. cos op 

(1-'m (AP ])3 

111111 (l - ~ .. c~s O)l. OTc10.na cne.nyeT, •ITo ecmI Me3on 0611a.naeT MO-· 

MeHT0M, TO ceqeHHe pom.neHl!ll .ll0Jl>KH0 6hlCTpO B03pacTaTb C snep
rnell 1-KBaHT0B B 0611acrn ET,__, 211c3 (.na11h11ellumn poCT ceqenHll· 
M0>KeT 61Hb CBll33H C .neq>eKT3MII Teopnn). YTO >Ke KacaeTCll yrJIO
B0ro pacnpe.ne11e111Il1 nceB.l{OBeKT0pH1,1x Me30II0B, TO 3.lleCb, ll0BH.lllf
M0MY, TaK me, KaK H .llllll ncee.nocKa1111p111,1x Me3onoe, 611aro.napa 
Ha1111qmo MaTpllltl,I 16 = 11 ·12•13•1, HMeeTCll CHJlbHal! CBll3b Me30H-

noro nonl! co cnnH0M HYKJJeoHa. Ornornem,e( (da:)) no BeKTopnoll Teo-
. da 

p,m n·o11y11aeTCll 6mt3KHM K nonyqemwMy 110 CKa11S1pnoll n nces.no
cKa11S1pHott Te0pllllM. 3TO TaK>Ke nerno II0Hl!Tb H3 no11yK11accw1eCKHX 
coo6pame1111ll. ITp11 Ma111,1x yrnax O mmynhcbl 0T.na•111 nyKneoHa 

. · · (da-) 
Mallbl II, cne.D0BaTellbH0, .!lOIOT (da+)"" 1. KaK BH.IIIIO H3 p11c. 18. 

[(J A)+(JA))2 
ornorneHHe " (J .. A)t 11p1mmiaeT na116011hrnee aHa 11eH11e np11. 

60JlblllHX yrnax 6. B3a1mo.nellcrn11e C MarHHTHblM M0MeHT0J\I .na!!T· 
6011bwoll BKna.n T0JJbK0 np11 He6om,,m11x yrnax 8. C11e.nosaTe11bno, 

OHO np1161111maeT 0TH0llleHlte ~=:~~ K e.nllHHl.{e B Toll p611acrn yrnoB 

6, r.ne STO 0TH0rue1111e II TaK 6Jlll3KO K 1, H Mano 113MeHl!eT 0THO-
rneHHll npll 60llblllllX yr JlaX 8, 

TaKHM oopa3oM, KaK BHJJ.H0 113 sToro no11yK11acc1111ecKoro ana-
11113a q>opMJJJ, xapa,nep yrnon1,1x pacnpe.neneHHfi, s11eprern11eCK11e 
aa BHCIIM0CJII, 0TII0CHTeJlbllble BeJJnqH}lbl ceqennll pom.neHHll 3apl!>KeH
HblX II HettTpallbllblX Me30H0B i::ymecrnenno 33B11Cl!T OT SlleKTp0Mar
HIITHblX B3am,o.neffcTBllfi. J.13 SToro paCCM0TpeHHll, B qacTH0cn,,. 
110HS1TH0, noqeMy B61111311 nopora ceqeIme pom.neH1111 nettTpanhHhlx 

Me30H0B no BCeM TeopHlll\l nonyqaeTCll B ,_, ( : )
2 

pa3 MeHbllle ce

•1eHHfi pom.nemrn aapn>KeHHl,IX Me30HOB, a T8K>Ke BHJJ,HO, qT0 ec'1111 He BB0-· 
1111Tb HHK3KHX .n:pyrnx SJleKTP0MarHHTHblX B3amw.neficTBHfi (noMHMO· 
eaamm.neficTBHtt C T0K0M 'JaCTIII.{), TO da0 6yJJ.eT 3Haq11TeJ1bHO MeHhllle 
dcr+. KaK Mbl 0TMeqanH Bhlrne, ec1111 cpenoMeno11ornqecK11 seecTH e~a11-
M0.llellcTBHe C aH0M8JlbllhlM MarHIITHhlM MOMeHTOM, TO ceqenne da0 M0)l{H0 
11011yq11Th 11p1161111a11Te11bno TaKott ,Ke se,rnq11u1,1, KaK II d-:.+. O.nnaKo 
11p11 ST0M BCTa!!T B0npoc, H8JJ,O JIii BB0JIHTb B38HM0JiellcTBHe C .nono11m1-
TeJ1bHblM MarHHTHblM M0MeHTOM nyKneona npn pacOIOTpeHHII pom.ne-
llllll 3apmKeHHblX Me30HOB. 
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rj BBe.nenne anoMallbll0r0 MarHIITHoro M0MeHTa 
rrpH pacq!!Te npo1.tecca po)l{.nen11H aapll>KeHHhlX 

J\le30HOB 

IT pH BBe11eHHII MOMeHTa B cny•iae pom.neHHll 1t0-Me30H0B 16 Mbl 
IICX0,11.111111 113 Toro, qTQ nepsoe 11p116J1H>KeH11e TeOpHH B03MYll{eH11tt 
yqHTblBaeT TOllbK0 B3a~M0.Delkrnne C aapll.lIBMII qacrnl.{, HO He y1111-
TblBaeT B38HM0.1IeiiCTBllll SlleKTpoMarHHTH0ro nonll C aH0M8JlbHblM 
M8rHIITHhlM M0MeHTOM HyIrneo11a HJIH, Toqnee, C 38pll>KeHHhlM Me3oH
HblM 0611aKOM oKono 11yK11eoHa. ITpo~ecc me pom.neHHll 3apS1menHoro 
Meaona .na>Ke e nepB0M np1161111me111111 Teop1111 B03Myme1111li 
yme cymecrnenno BKmoqaeT B3am10.nettcrn11e cpoTona c aapl!-
)l{eHHhlM Me30HHhlM 0611aKOM. IToaTOMY He l!CH0, K8KHe .nonommTellb
Hble sneKTp0MUrHHTHble B3UIIM0.nettcTBIIH Ha.no BBO.D:HTb. J.lnll , Toro 
qT06hl Bbll!CHIITb, H8CK0JlhK0 BBe.neH11e 3TIIX .nono111111TeJ1hllblX SlleK
Tp0MarHHTHblX B38HM0.llellcTBllii M0>KeT 113MeHIITb 06cym.namn11eCH Bhlllle 
peay11hTaThl, Mbl 11po.ne11anH Bbl'IH~11e111111 ceqe1111.fi pom.neHllll aapmKen
HhlX Me30H0B, BBe,11.ll 8H0M3JlhHhlfi MarHHTHbll-t M0MeHT 16• Pac'l!!Thl 
6hlllll npose.neHbl B np1161111me111m Tiay1111. PeaynbT3Thl CB0.l(l!TCH 

K c11e.n:y10meMy. 
Ceqe1111e pom.neH11ll cKanHpnoro no11om11Te11b11oro Meaoaa B ST0M 

CllY'lae 6y,neT: 

( 
e2 ) ( gf ) ( -/i, )2 
fi~ fie ~- /;'T ((ET 

Mc2c2P2d!i 

+ M ca) ct I' - ET El' cos 0) X 

X [2 Mc2 (E
1 
_;I')+ 1-12c•]3 + l 2 fJ,2c4c2P2 sinll a 

(
_µ )~[1-1N(£1-~)-1-1p(E~+~)I] 21 

+ 2M ( _ _!!_;_)a(e pi )2 · ( ) 1 2Mc3 ~ + 2M 
CooTBercTBy10m11tt rpaqmK yrnoeoro pacnpe.ne11eH11H noKa3aH Ha 
pH,C. 20. l-13 q>opMyllbl (21) cne.n.yeT, qTQ yq!!T aH0M3JlbH0ro MarHIIT
H0ro M0MeHTa B ~K811llpHpfi Teop1111 He 113!\lenHeT xapaKTepHblX oco-
6eHHOCTett yrnoeoro pacrrpe.neneHHll II 38BHCIIM0CTH ceqe1111H OT 
aneprnn y-KeanToB. ITpae.na, ne11Hq1111a nonHoro ceqen11H yse1111q11-
aaeTCH np1161111a11Tenhno s.nnoe (rrpn ET,_, 2 p-c2). Ornowenne ceqe-

HHfi ((da-)) ,11.Jlll yr 110B 8 60llbllle 90° CT8H0BHTCll npaKrnqeCKH paB-
da+ 

HblM e.n11n111.te, TaK KaK B38HMOllellcTBlle C aH0ManbHblM MarHIITHbll\l 
M0MeHT0M 11a!!T B ST0M Hl!Tepeane yrnoB 60JlblllOii II 11p1161111a11-
TeJ1bHO 01111HaKoe1,1fi BKna.n n e da-, 11 e do+. IToc11e.n11ee cne.n.yeT 
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113 Toro, lJTO npH ytJere B3a1rno.nclkTBHll C MarHHTllhlM MOMeJITOM 

K OCHOBHhlM l{enotJl<aM {cM. BhlWe, pHC. 10 ~ 11) .ll06aBHTCH .llBe, 

d<5;0 2s 
d!J. 

1,0 

qo 

q2 

oo 45° 90° 

Ptte. 20. 

f1-p=2,87 

i1H= -/,9/ 

135° 180~- 8 

KaK B cny•iae pO>i<JICHHll orpm.taTCJlbHOro, TaK H B cnyqae· pO}l(,llC

IIHll ITOJIO}l(HTCJlbHOro MC30Ha {pile. 21 H 22). Ha pHC. 21 H 22 OKOJIO 
CTpenoK noKa3al!bl B3am,o,nelkTBHll, 

Bbl3bl BalOU.{He COOTRCTCTBYIOU.{Hit 

nepexo.ll: H';' - B3a11Mo.neficrn11e 

9JICKTpOMarHIITHOro IIOJIH C ManmT

HblM MOMCHTOM HeATpo11a, H: -
B33HMO.llCfiCTBHC 9JICKTpOMar1mnroro 

nOJIH C MarHHTllblM MOMCHTOM npo-

1'0Ha, Hg - B3a11MO.lleficrn11e tty

Kneona c Me30HHhlM noneM. J,fa 
9THX ·l{eno•1eK HCHO, lJTO .ll06aBKa, 

06yc110BJ1eH11aH .llOITOJIIIHTCJlhHblM 

MarHHTHblM MOMeHTOM, np116J1H3H-

1'CJlbHO OJlHHaKOBa KaK .llllll OTPH

l{aTCJlbHblX TaK II .llllll lIOJIO}l{l!

TeJlbHblX ~e30HOB (.nellCTBHTCJlbllO, 

Bee CBOJlHTCll K 3aMeHe P.N-+!-'-p 

{:: H'2 ~h~ . P P+ff-
. V 

;? P'+rC-+h-J \\e 

Ptte. 21. 

~

P'~ ,9 

P+hv N+rr.+ 

le 
N'+rt++hv . 

PHe. 22. 

11 1-'-p-+P•N BO BTOpoM •111eue qiopMy111,1 (21)). 

Llm1 yrnoB O MCHbWe ~ 45° ((do-)) Mano H3MCllllCTCll OT BBCJlCIIHll 
da+ 

aHOMaJlbHOro MarHHTHOro MOMCHTa. 60JlbWO!l RKJla.ll B cetJCHHe .llJlll 

CKam1pHb1X Me30l!OB OT .llOllOJIIIHTeJlhHOfO MarHHTHOro MOMeHTa MO>KHO 
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061,11eHHTb C IIOMOU.{h!O TaKHX )l{e coo6pa)Kem1fi, KaK11e Mbl npHBCJIII 

.llJlll 061,11CHCHllll Mano.fl: BCJllllJIIHbl cetJeHHll pO)K,llClll!ll' HefiTpanbHblX 

cKan11ptt1,1x Me3oHoB ( CM. cpopMyny (2)). Lln11 aap11)KeHHhlx 11-1eaolioB 

Bee Te coo6pa)KCIIHH OCTalOTCll B CHJle, TOJlbKO Tenepb ( KaK BH.IJ,HO 

H3 l{CTIOlJeK, pHC. 21) ffeki 6y.llCT B3aHMO.llCl1CTBHCM C MarHHTHblM 

MOMCH!OM npoTOHa, a . Hei. - r. MarHHTHblM MOMCMTOM HellTpoHa. 3TH 

MOMCHTbl HMelOT pa3Hble 3HaKH. flo9TOMY, CCJIII npu o6pa30BaHHH 

HeitTpanhHblX MC30HOB 9TH l{CITOlJKH BbllJl!TaJIHCb O,llHa H3 .llpyro.1!:, TO 

,enepb OHII 6yJlyT CKJla.11:hlBaTbCll H .ll3BaTb 60JlhW0.1!: BKJl3.ll B CetJCHl!e • 

dt1rt7zs 
r/Q 

3.0 

II} 

oo 45° 

---~=2,1J11c2 

90° 
Pnc. 23. 

135° 100° e 

6hlJIII BbllJIICJICHbl T3K)Ke CClJCHl!ll pO>K,llCHHll TICCB.llOCKam1pHb1X 

-aapH)KeHHblX Me30HOB (paCCMOTpe11a nceB.llOBeKTOpHall CBll3b). 0,llHaKo 

113-33 rpOM03JlKOCTH cpopMy JI Mbl He 6y.n:eM HX . 3JlCCb. npHBOJlllTb 

n orpan11q111,1c11 TOJlhI<O rpa$111<0M. YrnoBoe pacnpe.llenemie 'lt+-Me3o

HOB, nonyqeHHOe C yqeTOM aHOMaJlbHOro MarHHTHOro MOMeHTa, lIOKa

-aa HO Ha pnc. 23. TaM )KC .llJIH cpaBHCHHH npHBe.lleno (nyHI<THpoM) 

yrnosoe pacnpe.llenenne, nonr1eHHoe no qiopMyne (7). 11a 9Toro 

p11cyHKa BH.llHO, lJTO BKJla,ll OT .llOITOJlllHTeJlhHOro MarHHTMOro MOMeHTa 

H cetJeHHll pO)KJlCHHll nceH.noc1<a1rnpHb1X 3apmKeHHhlX Me30IIOB Man 
(MeHhWe 10%) H no•nn He H3MCHlleT Kai< BCJIHlJHllbl nonHoro ceqe

HHH, TaK H .llpyrnx xapa1<TepHhlX oco6eHHOCTetl: npoLtecca. TaI<HM 

o6pa30M, np11 pO)K,lleHHH 3ap11>1{CHHhlX Me30IIOB .llJlll TICCB.llOCKamtpHoll 

,eop1m npaKTHlJeCKH 6eapa3JIHlJIIO JlJHThlBaTb aHOM3Jlh!Ibltl: MarHHTHhlA 

!IIOMCHT HJIII He JlJHTblBJTh. 

8bllJIICJICHHfi ceqeHHll pO>K.lleHHll aapmKeHHblX BeKTOpHblX MC30-

HOB C yqeTOM .llOITOJIH!!TeJlbHOro MarHHTHOro MOMCHTa HYKJICOHa. npo

BCJlCHO He 6b1JIO. 0.llH3KO JlJIH 9TOro BapnaHTa Teop1m TIOlJTH 

OlJeBHJlHO, lJTO MarHHTHblll IIIOMCIIT ,lla!!T 11e60J1hWOfi BKJl3.ll, Tai{ Ka·K 

nopH.llOK BCJll!lJHHbl cetJelll{H B 9TOM cnyqae onpe,lleJIHeTCH CHJlhHblM 

<poT0Meao11m,1M B3amm.n:ettcrnneM. 
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III. OECY)l{11EHl1E 3KCnEPHMEHTAJ1bHbIX 
H TEOPETl14ECKl1X PE3Y JlbT ATOB 

CpaBHHM Tenepb 113JI0>Kel1Hl,le Bhlllle 9KCnepm,eHTaJJhHhle JI Teope

rnqeCKJle .naHHhle no o6pa3oBaHJIJO Me30H0B ,-KB3HT3MJI, Ceqem,e 

p0>KJleimn IIOJI0)l{JITeJJhHhlX Me30II0B Ha B0Jl0pone, H3MepeHH0e 9KCne

pm1e11TaJJbH0 6. 61,1CTpo paCT!!T C 9HeprneJt ,-KB3HTOB .no Ej ~ 2 p.c2, 

a 3aTeM poCT ceqeHH!l npeKp3Ul3eTCH (CM. PJIC, 7). 3TO,- KaK HaM 

Ka>KeTCH, HBJJHeTCH Ha116onee y6e.n:11TeJJhHl,IM apryMeHTOM B 110Jlh3Y 

0TCJTCTBIIH cmma y 33pH>Kemwro n--Me3oHa. 1160, KaK cne.n:yeT 113 pac

ql!Ton no Teopun 803Mj'lllellllfl JI 113 Il0JIJKJl3CCH'leCKJIX coo6pa>Ke1111fl, 

BHe 33BHCIIM0CTH OT nma CBH311 Me30Ha C IIJKJJe0H0M, ce•1eIme PO>K,n:e

HHH Me30H0D, HMeJOlllHX cmm (a cne.n:onareJJbH0, H Marm!THblit MOMeHT), 

.n:on>KH0 6hlcrpo pacrn c sneprnefl 1-KBaHTOB (n o6nacrn ET,__, 211c2). 

3anHCIIMOCTh )Ke ce 1IeHHH po>K.n:eHHH 33pll>KeHHl,IX Me30H0D co 

CIIHH0M HYJJh OT ET xoporno coornercrnyeT 9KcnepHMeHTaJlhll0 ua-
6mo.n:aeMoJt ( CM. pnc. 7 n pttc. 15) 

Elli!! 6onee onpe.n:en1!nH1,1e 9KCnepmIemanhHble .n:oKa3aTeJJbCTBa 

HME:IOTC!l B IIOJlb3J panencTBa -nymo CllHHa y Hei1TpanbHOro Me30Ha. 

JloKa3alio 
1

, •no Hei1rpanbH1,1fl Me3oH pacna.n:aeTCH T0JJhKO Ha .n:na 

ct,oTOHa. Orc10.n:a cne.n.yer, qro OH JIOmKeH HMeTb cnmI nn6o 0, n1160 
2 H Bhlllle 

18
• floCKOJlhKY Bne.n:emIe BhlCIIIHX CIIHH0B !IBJJ!leTC!l Jl0-

JIOJJHHTeJJMlhlM, H B006llle He He06XOJlHMl,IM npennOJJO>KelmeM, TO ecre

CTBeHH0 0CTaH0BHTbC!l Ha 3HaqeJIHH CllHHa, paBHhlM HJJJIO. 

11CX0Jlll H3 npHBeJll!HilhlX coo6pa>KeHHfi, MO>KH0 CK333Tb, qro 

IIMelOlllllMCH 9Kcnepm,eHT3JlbHl,IM Jl3HHl,IM He COOTBeTCTBYIOT BeKT0p
HaH JI nceB.l(OBeKTOpHa!l Me30Hlll,le TeopIm. 

JlJJH yrnOBhlX pacnpeneneHHH 3apH>KeHHl,IX Me30HOB no TeOpHHM, 

Jl3IOlllHM npeo6na.n:am1e ct,oToMe30HHOrO B33HMo.neilcTBHH, C pOCTOM 

9Heprm1 r-KBaHTOB Jl0Jl>KHa Ha6JJIOJl3ThCH XapaKTepH3!1 TeH}leHl.{H!l yne

JJHqeHHH nepOHTH0CTH po>K,nemrn Me30HOB 110.n yrnaMH 0, 6JJH3KHMH 

K 6 = 0°. 3Ta acnMMeTpHn n yrnonoM pacnpe.nenemm, KaK onIeqa

nocb Bhlllle, o6ycnoBJJeHa 331133,lll,IBaHHeM BO B3aHMO.l(efiCTBIIH ct,oTo

Ha c Me30H0M. TaKofl xapaKTep yrnonoro pacnpe.neneHH!l coorner

crnyeT CK3JJHp110fi H BeKT0pH0fi TeopHHM. 8 cnyqae CHJlbHOro B3aH- . 

~t0.net!CTB1l!l Me3ona co cmmo1,1 HyKneoua (ncennocKannpH1,1fi ,napnaHT 

Teop1m) yrnonoe pacnpeJlenemIe npn6nnanrenhHO H30TponHo H He 

CHJlbHO H3MeHHeTC!l C 9Heprnetl j-KBaHTOB. KaK IIOK33h1B3IOT npeJl

napHTeJJbHl,le 9KcnepnMeHrnJJbHhle .naHHhle 5• 6, yrnonoe pacnpe.neneHne 
3apH>KeHHblX Me30II0D np116nH3HTeJJbHO 1130Tp0nHo. 

TaKHM o6pa30M, TOJJbKO nceBJlOCKaJJ!Iplrn!l napnaHT na!!T cor,1a

cy10ll1Hecn c sKcnepnMeHTOM pe3yJJhTaThl no_ p0>KJlemno aapn>Ke11H1,1x 
Me30H0B 1-KB3IIT3MH, 

3TOT >Ke napHaHT Me30Hli0ro II0Jl!l HBJJ!leTC!l e.l(IIHCTBe1mhl~I np11-

rOJlHl,IM JIJIH 0IIHC3HIIH CB0ilCTB HetlrpanhH0ro Me30Ha. OcTaJJbHl,le na

pH3HThl 0Tll3Jl3IOT, TaK KaK 0HH Jl3IOT n1160 31ia•1e11ne c11111Ia, OTJlll'III0e 
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or 11ynn, m1fio {cKannpHan Teopnn) nenuquny ceqeHHH da 0, anaqHrenbH0 

MeHblllJIO, tieM da +. flceBJlOCKaJJHpHaSI Te0pH!l npn DBe}leHHH aH0M3Jlh

HOro MarHHTH0ro J\I0Mef!Ta .nal!T B cornacIm C 9KCnepHMeHT0M OJlJIHa

KOBl,li\ II0PHJl0K BeJJHqHJfl,I 9THX ce'leHHll *). 
Y.To KacaeTCH OCTallhHblX 9KcnepHMeHTaJJbHhlX }laHHhlX, TO OHH 

OTHOCHTC!l K p0)1{Jle.HHIO Me30H0B B HJlpe. flo9TOMY, 1.JT06hl IIOJIJ'IJITh 

pe3JJJbTaTbl TeopernqeCKH, Heo6xom1MO paCCM0TpeTh po>K.n:eHJle 111e30H0B 

Ha CBSI3aHHhlX HJKneoHax. 3.n:ecb HMeeTCH H3BeCTHa!l TPYJlH0CTh, o6y

CJI0BJJeHHa!l np0H3B0JI0M M0}leJJbHhl_X npe.n:cTanneHHfi. flosTpMy OCTaJJbHble 

3KCnepHMeHTaJJhHble peay JlbTaTbl MOlKH0 o6o!ICHHTb JIHlllb KatJ:ecTBeHH0. 

3KcnepHMeHTaJlhHO Ha6n10.n:ae111oe npeBhlllleHHe BeJJJl'IHHhl ce'leHH!l 

p0lK,lleHH!l 1t--Me30HOB 11a.n Ce'leHHeM pmK.n:eHJl!l 'It +-Me30HOB corna

cyeTC!l C pe3JJJbTaTaMH, nony'leHHl,IMJI 110 rrceB}l0CKanHpHOfi TeopHJI 23• 

Bp ncex Me30HHblX Te0pJl!IX IIOJJO>KHTeJJbHble H OTPHl.laTellbHble Me-

30Hbl DXOJl!IT CHMMl.TpH'IHO, . KaK }lBe K0MJI0HeHThl o.nnoro aapSI>KeH

HOro K0MIIJJeKCH0ro JI0ll!l. EJlHIICTBeHHl,IM HCTO'IHHKOM 11ecm.1MeTpHH 

npH po>KJleHHH aapn>KeHHhlX Me30HOB HBn!leTCH B3aHMO.netlcTBHe sneK

Tp0MarHJITH0ro II0Jl!l C aapH.U.OM np0TOHa (H HOpMallbHhlM MarHHTHhlM 

J\IOMeHTOM). flpan.iI.a, HMeeTC!l ellle 0.!(HH HCTO'IHHK HeCHMMeTpHH - Ky
JIOH0BCK0e B3aJIM0JlefiCTBHe, ilo OH CJllleCTBeHHO CKa3hlBaeTCH JIHlllb 

C0BCeM n6JJH3H noppra o6pa30B3Hll!l Me30HOB. fl pH pom.neHHH 1t +-Me-

30H0B Ha np0T0Hax KJJJ0HOBCK0e B33HMO.nefiCTBHe B006llle 0TCJTCTByeT 

( B KOHe'IH0M C0CT0HHHH 1t +-Me30H H ttefiTpoH). flpJI po>K.neHHJI 1t- -Me-

301!0B Ha HefiTpottax (B KOl-le'IH0M COCTO!IHHH 'lt--M'!30H H npOTOH) OHO 

nal!T nonpanKy K ce'ICHHIO ,.._, 3 % JlJJ!l ET,.._, 2 p.c2 • KaK OTMeqano_c& 
(da-) . 

B pa6oTe 11, OTHOllleHHe (da +) 6blJJO 6bl paBHO e.nHHHl.le, eCJJH 6bl 

OCH0BHJIO p0JJh B npouecce o6pa30BaHH!l aapn>KeHHblX Me30H0B Hr

paJJH sneKTpoMarHHTHl,le B3am.wnefiCTBH!l THlla B33J1Mo.n:ettcrn11tt C ano

MaJJbHblM MarHHTHhlM III0MeHTOM HJKJJe0H0B. 

HecMOTp!l Ha TO, 'ITO n.n:po yrnepona co.nep>KHT llleCTb np0T0H0B, 

3KCnepHMeHTaJlhH0e 3H3'leIme ce'leHll!l p0)K}leHHH -n+-Me30HOB 11a yrne

po.zi:e ncero JJHlllh n.nnoe 6onhrne, qeM Ha no.n:opone. JlnH HefiTpanh-
. 0 

aH 
HhlX >Ke Me30H0B 9TO COOTH0llleHHe C0CTaBJJSieT -0- = o, 12 (H3Mepe-

ac 
HO JI0Jl yrnoM O ~ 90°). 3ro 0TH0llleHHe MO)l{HO JI0JJyqHTb H3 npH

ne.n:eHHl,IX Bblllle pacnpenene1111tl p0>KJleHH!l HeihpaJibHl,IX ll!e30HOB Ha 

nporoue u HettTpotte ( CM. pHc. 8), ecnu npennono)lmTb, qro ceqeune 

po>KJleHH!l 11a yrnepo.ne (non yrnoM 90° K nyqKy) panno cyMM~ ce

'leHHi1 polK.nenHn Ha rnecrn npoTonax 11 rnecm nellTpo11ax: 
0 

aH 1 1 
-0-~ 1 ~ 0, 12 (<Pa1nop 3 nonBHJJCH H3-3a rnro, 

ac 6+ 3 -6 

'ITO ceqe1111e p0}KJJ.eHIIH 1t0-Me3oH0B II0Jl yrnoM 6 = 90° Ha HefiTpoHe 

*) CM. TaKlKe CHOCKY Ha crp. 214. 
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np116J111311TeJJbHO B TPII pa3a JI_ICllblllC, 4NI IHI npOTOHe). B cny•iae 

)Ke pO)KJJ.eHIIH 33pH)l{CHllblX MC30ll0B Ha smpax TIOJIIIOC ceqem,e yme 

He HBJJHeTCH npoCTO C}'MMOfi ce4e1111fi pO)KJJ.eHHH 113 OTJJ.CJJbHblX Hy

K.JICOHax. 3TO MO)l{IIO Ka'ICCTBCHHO 061>HCHIITb TeM 1, 'ITO npH po

)KJJ.eHHII, Hanp11Mep, .noJJO)l{IITCJJbllOro MC30ll8 npOTOH nepeXOJJ.IIT B 11ei1-

Tpo11 II np11 ,HOM B03ll11K3CT 60JJhlll3H JJOK3JlbH3H TIJIOTIIOCTb 11eflTpo

llOB. flp11 H3JJll41111 )KC 60JJblUOfl TIJJOTHOCTII TOiKJJ.eCTBCHHblX 43CTlll{ 

HQ'tHJJaeT cyll(eCTBCHHYIO pOJJb 11rpaTb npHHllllTI ITayn11, orp3Hll4HB3H 

B03MO)l{HYIO nepeJJ.aqy IIMTIYJJbCa HYKJJCOHY 11, TCM C3Mb1M,, YMCHblll3H 

TIOJIHOe ce4CHIIC. fl pH pOiKJJ.CHIIII )KC HCfiTpOJJbHblX MC30HOB He npo

HCXOJJ.IIT nepexOJJ.OB HeliTpOHOB B npOTOHbl II npOTOHOB B HeflTpOHbl, 

T. e. npHHllHll ITayn11, eCJJII II 11rpaeT, TO HC3H3411TCJlbHYIO pOJJb. 

a0 a+ 
TaKIIM o6pa30M, pa3JJll411C OTHOlIJCHHli : H tH CJJellyeT, llOBH.l(IIMO-

ac a 

MY, noHHM3Tb KaK CJJC.l(CTBlle B OCHOBHOM JJ.BYX qiaKTOpos: 1) Hefl

Tp3JJbHble MC30Hbl p0iKJJ.310TCH KaK Ha npoTOHax, T3K II Ha HeflTpO

Hax, llOJJO>KIITCJlbHblC )Ke - TOJlbKO Ha npoTOHax, 2) np11 pO>K1teH11H 

3apHiKCHHhlX MC30HOB orpaHll'IeHHH, 113KJl3.l(hlB3CMhle npHHl{llllOM flaynn, 

6onee cym,eCTnemlbl, •1eM B CJJy4ae POiKllCHIIH HelhpaJJbHhlX MC30HOB. 

Yrnosoe pacnpe.nenem1e 11eflTpanhHhlX 111e3011os, nonyqeJrnoe Ha 

~ 6epHJJJJIIH, MO)l{HO TaK)l{e C'IIITaTb pe3yJJbTaTOM cynepn0311l{HII yrnoBhlX 

pacnpe,neJJeJmfl Me30HOB, pO>KJJ.alOll(IIXCH Ha llHTII JICHTpoHax II 
0

4CTblpi!x 

npOTOHax. ITp11 aTOM B YrJJOBOM pacnpeJJ.CJICHHH ITOJJY4.3CTCH, B co

rJJaCHH C aKcnepHMCHTOM, MaKCHMYJ\I B HanpaBJJCHIIH HMllYJJbC3 y-KB3HTa. 

8blllle o6C)')KJJ.3Jll!Cb aKcnepHMCHT3Jlhllble H TeopeTH'ICCKl!e JJ.aHHble, 

OTHOCHll(IICCH K o6JJaCTH s11epmfl '(-KB3HTOB Ey ---- 211c2• 3To, ITOBH

JJ.HMOMY, Ha~6onee HHTepecHaH 06JI3CTh SHepmA llJIH IICCJIC.l(0B3Hl!H 

po>K,nemrn 1t-J\IC30110B 1-KB3HT3lllll. Ce•1eH11e pmK.l(CHHH 33pH>KeHHhlX 

MC30HOB ll~eeT B STOH o6JJaCTH MaKCHM3JlhHOe 31!34CHHe; Ha116onee 

OT4i!TJIIIBO npOHBJIHCTCH TaK>Ke pa3JJH4He B o6pa30BaHHH MC30HOB, 

06na1taIOll(HX II He o6JJa.l(OIOll(IIX MarHHTHblM MOMCI.TOM, a CJIC.!(0B3-

reJJhHO, II CIIHHOM. XapaKTep111,1e oco6eHHOCTII )'rJJOBhlX pacnpeJJ.eJJe

HHfi, ITOJJY4CHHblX no pa3flbl~ MC3011flblM TeopHHM llpH STHX SHepm

HX y-KBaHTOB, C)'ll(CCTBCHHO pa3Jlll'IHbl. Mm1rno 61,1110 6hl TOK>Ke 06-

cy JJ.HTh po}l(JJ.e1me Me30HOB H s61rn311 nopora, E1 ,...._, 11c2, cP I'- « 11c2• 

8 STOJ\I CJJy4ae, K3K BHllHO 113 Bbllllenp11se.ni!Hfl!,JX cpopMyJJ, ce4eHHe 

p0}1(.l(CIIIIH CK3JIHpHb1X MC30HOB OT JIH'{3Jl0Cb 61,I OT CC4CHHH JJ.JIH nce

BJJ.OCKaJJHpHblX MC30HOB TOJlbl{O nOCTOHHHJ,IM MHO>KHTeJJeM. 3To BITOJIHe 

IIOHHTHO, T3K K3K np11 T3KIIX SHeprnHX OCHOBflYIO pOJib urpa!OT B3alf

MOJJ.eAcTBl!H He C TOl<OM '13CTl!l{, a C M3rHIITHblM MOMCHTOM. 3.nech 

CJJeJJ.yeT O>Kl!JJ.3Tb cyll(eCTBCHHOro.pa3JJll41fH B o6pa30BaflHII Me30HOB, IIMC

IOll(IIX MarHHTHblH J\IOMEHT, II MC30HOB ~ MOMCHTO~, paBHJ,IM HYJJIO. 0.nHa

KO B 3TOH o6JJaCTII aHeprnH "'(-KBaHTOB CJJllllIKOM M3JJa BCJ1114HHa ce4e

HIIH pO}l(.DCIIIIH MC30110B II BCJIIIKO l!X caMOIIOfJJOlllCHl!e B IICT04HIIKC. 
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ITOJJ.BOJI.H HTOr, M0}J{IIQ CKa3aTh, 4TO BCCM lfMCIOll(IIMCH 9KCnep11-

l\lCHT3JlbHblM JJ.3HHblM I - 8 no o6pa30BaHIIIO KaK 33pH{l{CHHJ,IX, TaK 

H 11eltTpaJJbllblX 1t-MC30HOB 1-KB3HT3MII 113 cyll(eCTBYIOll(HX MC30HHblX 

Teop11A COOTBCTCTBYCT TOJlbKO ncesnocKaJJllpHl,IH BapnaHT. 

8 3aKJIJ04e1111e MhI 6naronapuM M. A. MapKOBa 3a 6oJJblllYIO no

MOUJ.h II o6cy}l(JJ.CHIIC ll3JIO)l{ClmOro MaTepHaJJa. 

LI.0TTOJIHEH11E 
BMeCTO TO'tHOrO peJJHTHBIICTCKoro pac4eTa npH nonytJefllfll CC4CHHA: 

pO}l{JJ.CHHH MC30HOB 1-KBaHTaMH MO>KHO urpaHH'tllThCH B pH,ne cny
'l3CB np116JIH)KCHIICM flay JJH. .llJJH Ka4CCTBCHHOA Ol{CflKII pe3y JlhT3TOB 

MO)l{HO BOCllOJJb30B3TbCH II ell(e 6onee rpy6hl~ npH6JJH>KCHIICM, B KO

TOpOM Macca HYKJJCOHa C'tHTaCTCH 6ecKOHC4HOA (6e3 y4!!Ta OT.!(3'{11 

HYKJJCOH0 ). Me30Hl,I p3f:CM3Tpl!BaIOTC!I BO BCCX 3TIIX nptt6JIH}l{eHHHX 

KaK pCJJHTIIBIICTCKIIC tJaCTlll{bl. 
flp11 Bbl411CJJCHIIHX 6e3 y,1eTa OTJJ.a411 HJKJJCOHa

14 
6hlJJII noJiy'tCHbl 

npaBl!JlbHhle nopHJJ.KH BCJJll'IIIHbl CC4CHIIR pO}l(.l(CHIIH 3apH}l(CflHJ,IX Me-

30HOB 110 CK3JJHpHoR II IICCB.l(OCK3JIHpHoA TCOpllHM, xapaKTCpHblC 'lep

Tbl yrnoRhlX pacnpe.neJJCHlfli II 33BHCHMOCTH CC4CHIIR OT aHeprn11 E1. 
KaK Mhl OH!C43JIII BblIUe, B STOM npn6JJH>l(CHIIII M0}1(110 JJ.OBOJlbHO npo

CTO nOHHTb, He npo,neJlhlB3H pac•IeTOB, 'tTO, Hanpm1ep, ceqe11ue po

)1{,!lCHIIH CK3JIHpHhlX 1t0-Me30H0B Ha HeATpoHe 33 C4eT B31lHMOJJ.eAcrnm1 

aneKTpoMarHHTHOl'O IJOJIH C 3HOMaJlbEblM M3rHIITHblM MOMC,HTOM HYKJICO• 

Ha JI.QJl)l(HO 6h1Tb M3JJO. 0JJ.H3KO npH aTO~ OTKJIOHCHHH OT pe3yJJh

T3TOB peJIHTIIBHCTCKOro pac'l!!Ta OKa3hIB3IOTCH BCCbMa cyll(eCTBCHHl,I

i!H. Hanp11Mep, ceqeHHH pO>l{JJ.CHIIH TIOJJO}KIITCJJbHblX H OTpHl{aTeJJbflblX 

MC30IWB IJOJJY4'3IOTCH O.l(HHaKOBblMII, TOrJJ.a K3K Bbl41!CJICHHhle peJIHTII

BHCTCKII do- 11 do+ npH HeKOTOpblX yrnax O MoryT OTJJH'taTbCH no4-

TH BTpoe. CpaBHCHlfe yrJIOBblX pacnpe.neneimfi, nony4Cf!HblX B pa3HblX 

npu6mnKeIIIIHX, np11ne.l(CHO Ha p11c. 14. l{aK BllllHO 113 aToro p11cyriKa, 

npH Bb1411CJJCHl!II 6e3 y4ern OTJl.3'111 HYKJJCOHa pa3JJH411C .l(OXO.l(IIT 

JJ.0 ...__ 300 % . Pe3y JlbTaThl, ITOJJY'IClUll,IC B npu6J111}1(CHIII! flay Jill, OTJIH

'13IOTCll OT pe3y JlbTaTOB pemlTl!BHCTCKOrO pac'!eTa He 6onee qe~ Ha 

5 % (Ha pllr. 14 Kpl!BaH / IJOJJy4eHa B np116JIH}l{Cfll!H flay JIii C y4eTOM 

HOP~!3Jlbl!Oro M3rHl!THOro MO~CHTa HYKJJeoHa). 

l.JaCTO .nenalOT 33Me 113HHH13•1~ 0 TOM, 4TO Bblpa>Kemrn, IJOJJy4eHHble 

ce3 yqern OT.!(3'111, cnpaneJJ.JJHBbl B6JJH3H nopora po>KJJ.CHIIH Me30HOB. 

0JJ.H3KO TaKOC yrnep}l{JJ.Cf!He HCTO'IHO, TaK ICaK np11 Bbl'IIIClICf!l!HX 

6e3 y'leTa OT,na'IH HYKJJCOH3 ur11opupyeTCH B33HMOJJ.CiiCTBHe C HOpMaJJb

HblM 1\13rHJITHl,IM MOMeHTOM HJKJJCOHa, KOTopoe npl! aHeprHHX 

£
1 

- E~opor « f1C3 urpaeT OCHOBHYIO ponh. 8 aToM npoll(e scero 

y6e.ll.llTbCH HG npHMepe CKaJJHpHblX MC30HOB. Ee3 J4!!Ta OT.1(0411 HJK

.,1e0Ha B qiopMyJJe (3) OCTa!!TCH TOJlbKO nepBbltl '{JICH B qmrypm,,x 

CK06Kax u, KOTOphlR npu cpl'- « 11c2 CT3HOBl!TCH MHOrO MCHbIUC BTO

poro, o6ycJJOBJICHHOrO MarHHTHblM B3aHMOllCiiCTBHCM. TaKHM o6pa30M, 

pactJeThl 6e3 yqern OTJJ.a'l11 s6n11311 nopora po}l(,neHml Me3oHOB 
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<p0TOH8MH (Kor.11.a cpl'- « µc 2
) HecnpaBe.ll.JIHBbl, OttH ,lJ8lOT JIHlllb .ll.Jlll suep

CH!l j•KB3HTOB E1 - E?por ,_, µc2 peayn&TaTbl, KOTop1,1e 6onee mm 
Me Hee cor nacyIOTCH C Bbl'lHCJieHHHMH, npoBe.11.!!HHblMH peJIHTHBHCTCKH. 

Jln11 Toro 'lT06bl ITOJJJ'lHTb raMHJlbTOHHaH B 1IpH6JIH>KeHHH TiaynH, 

.11.ocTaTO'lHO npo.11.enaTb uaeecT111,1!1 nepexo.11. OT ypaB11e11tt11 JlttpaKa K 

_ypaBHeHHIO TiaynH. Tiocne STOro nepeXO.ll.3 HYKJieOHHOe none, B33HMO

JJellcTBJIOIJ..{ee C SJieKTpOM3rHIITHblM, 6y.11.eT OIIHCblBaTbCll 06bl'lllb1M ne

peJIHTHBHCTCKHM raMHJlbTOHH3HPM ( BKJIIO'lall H B33HMO.ll.elkTBHe SJieK

•POMar1111THOro DOJIH C HOp~3JlbHblM M3rHHTHblM MOMeHTOM). BaaHMO

.JlelkTBHH )Ke HYKJieOHHOro IIOJlll C Me3m1HhiM IIOJIJ'lalOTCll B CJle.ll.yIO
l.lleM m1.11.e: 

1) CKan11p11a11 Teo•p1111: 

Hg -:- cg 1 ('f'tpN + r.p * -cNp), 
Heg=O; 

2) TI C e B .ll. 0 C K a JI ll p H a H T e O p H ll: 

a) nceB.ll.OCK3JIHpHaH CBll3b: 

Hg =f1 2!c [(ov) r.pcpN+(av) r.p*-cNp], 

H _ fie . ( A) [ * ]· eg--2Mc2t a 'f'tpN-f 'tNp• 

6) ncee.11.oBeKTOpHall CBH3b: 

~ Hg=-fs+{[(av)·<p+ (ap)it;t;*(ap) ]-cpN+conp. }, 

Heg = ~~: (aA){i [:P +-{L 2 ~ca] tpN+conp. }. 

3) B e K T O p II a ll T e O p H H: 

a) BeKTOpHall CBH3b: 

H =g {[_i:_dlv-;*_ (ap)(i,p)+(a,)(ap) ]-c +conp.} 
g 1 ~ac 2 Mc pN ' 

_ {[ (aA) (aip) di * ] } 
Heg-eg1 2 Mca -~ (A1t) -cpN+conp. 

6) TeH30pHaH CBH3b: 

HK=- K2 ~: {[(a rot~)+ i (an:·•) (ap) ;-~ap) (att*)] -cpN+ conp.}, 

Heg = -::: {i [(a [A <pl)- 2t { a A) (a1t*) ]-cpN+ conp.}. 

3.11.ecb CJ - MaTpHua TiaynH,. tp - Me30HHOe IIOJie, 'It' - IIOJie, 

K8HOHH'leCKH conp11>Kl!H11oe C <p, A- BeKTOp·IIOTeHUHaJI SJieKTpO

MarHHTHOro IIOJill, OCTaJlbHble 0603Ha'lemrn CM. Bblllle. 

Ilp11 BblBO.ll.e STHX <!JopMyn He Y'lHTblB3JIOCb SJieKTpOM3rHHTHOe 

B33HM0.11.effcT1~He C aH0MaJibHblM M8rHHTflblM MOMeHTOM HJKJieoHa. 

ECJIH B pemITHBHCTCKll!l raMHJlbTOJ.maH .ll.06aBHTb STO B3amrn.11.ellCTBHe, 
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"'TO B peayn&TaTe nepexo.11.a K ypaBHeH}IIO · Ilayn11 IIOJIY,'l8TCH .ll.OIIOJI• 

HHTeJibHble Bl,lpa)l{effllll B cpopMy nax .II.Jill HeK· 
I1mepecHO OTMeTHTb, 'ITO B np116JIH)l{eHHH IlaynH oco6eHHO 

•OT'l!!TJIIIBO BH.ll.Ha SKBHBaJieHTHOCTb .11.eyx THIIOB CBll311 ncee.ll.OCKaJIHp

HOrO IIOJlll C HYKJIOHOM. TI pH 3TOM, KaK H CJie.ll.0BaJI;O. O>KH.ll.3Tb, 

-OT6porneHHble npH nepexo11,e 'lJieHbl, nponopl..lHOHaJI&Hble ff, He 

·06Hapy)l{HBaIOT SKBHBaJieHTH0CTH. 

TipH npoBe11,eHHH penHTHBHCTCKHX Bbl'lHCJieHHfi II0CJie,nuee epeMll 

~n0'lTll Hf:KJIIO'lHTeJibHO npttMeHHeTCH MeT011. <l>efiHM8Ha-Jlaficoua23, 24, 

,J<OTOpblfi 3Ha'lJ{TeJibHO ynpoutaeT pac'l!!Thl. 
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1963. TP¥.[t;hI <I>H31fqEcKoro HHCTHT¥TA HM. II. H. JIEBE.[t;EBA TOM XIX 

A. M. BA.TI I{ H H 

<l>OTOPOmJJ:EHIIE n-ME3OHOB BBJIII3II IlOPOI'A 

I. BBE,llEHHE 

lfccJieJJ;OBaHirn BaaIIMOJJ;0HCTBIIH :3JI0M0HTapHI,IX qaCTIID; MomeT npIIB0CT11 

. K CYID;0CTB0HHOMY nporpeccy B paapa60TK0 :a;eHTpam,HOH npo6JI0MI,J q>II3IIKH -
npo6JI0MLI nocTpOeHIIH KBaHTOBOii: TeopmI BaaHMOJJ;0HCTBYIOID;HX noJieii. 
CpeJJ;H BaaIIMOJJ;0HCTBIIH :3JI0M0HTapHLIX 1IaCTIID; q>OTOpOIBJJ;0HIIe M030HOB IIr

paeT oco6yro pom,, KaK OJJ;HO II3 npOCTeii:mIIx II Jl;OCTynHhlX :3KCnepHMeHTaJII,-
HOMY II3Y1I0HIIIO HBJI0HIIH. . 

8ToMy aqiq>eKTY yJJ;eJIHeTcH Bee 60JI1,mee BHIIManIIe B JIIITepaType n Ha 
Kompepen:a;1rnx no q>IIaIIKe BLICOKIIX aneprIIii. Bee CKOJII>KO-HII6yJJ;I> cepI>
eaHLie nonhlTKII nocTpoeHIIH npn6JIIIIB0HHOH TeopHII CIIJII,HI,JX BaaHMOJJ;0ll
CTBIIH C 1950 no 1960 r. npoBepHJIIICI, nyTeM conocTaBJI0HIIH C JJ;aHHI,IMH no 
q>OTOpOIBJJ;0HIIIO Jt-M030HOB. TeopIIH CIIJII,HJ,JX BaaHMOJJ;0HCTBIIH CJJ;eJiaJia aa 

:3TII rOJJ;LI OTHOCIIT0JII,HO CKpOMHLI0 ycnexII. TOJII,KO B nocJieJJ;HII0 rOJJ;hl IlOHBH
JIIICI, H0KOTOpLie HaJJ;em,ri;hl Ha B03MOIBHOCTI, nOCTp00HIIH TeopIIII B o6JiaCTH 
MaJILIX aneprnii:. · 

OKCnepIIM0HTaJII,HLI0 J);aHHhle no q>OTOpOiRJJ;0HIIIO TaKme OCTaBJIHIOT me
JiaTI, MHoro Jiy'IlIIero: JJ;aHHI,re o JJ;IIq>q>epeH:a;uaJII>HLIX ce11eHHHX BeCI>Ma HenoJI

HLI II TOlJHOCTI, IIX peJJ;KO BLIXOWJT aa npeJJ;0Jil,J 10%' npOB0Jl;0HII0 noJIHpn
aa:a;IIOHHLIX OnLITOB TOJII,KO Ha1IIIHaeTCH. TaKHM o6paaoM, H0CMOTpH Ha 60JII,

moii o6MM pa6oTLI, npo):{eJianno11 q>IIa:irnaMII paaHhlX CTpan, IIay11eHIIe 
aqiqieRTa HaXOJJ;IITCH BCe 0ID;0 B npeJJ;BapIIT0JII,HOU CTaJJ;IIH. 

<l>pOHT pa6oT no q>OTOpOiRJJ;0HIIIO aa nocJie):{HIIe rOJJ;hl cyID;eCTB0HHO pacmn

pIIJICH. B CTpoii BCTynIIJIII HOBhle :3JI0RTpOHHLie YCKOpIIT0JIII, OCHOBHLIM nyHK
TOM nporpaMMLI KOTOphlX HBJIH0TCH o6paaoBaHIIe M030HOB y-KBaHTaMII. qIICJIO 

q>II3IIKOB, aaHIIl\IaIOID;IIXCH II3Y'I0HII0M q>OTOpOIBJJ;0HIIH. M030HOB, nOCTOHHHO 

pacTeT. CocTOHHIIe npo6JI0Mhl II ee 3HatJeHne B q>lI3IIRe HaBOJl;HT Ha MLICJII,, 

'ITO na T0HJJ;0HD;IIH coxpaHHTCH B 6JIIImaii:mrre rOJ:{hl. 
<l>oTopomJ);eHII0 Jt-M030HOB 6LIJIO OJJ;HOH II3 OCHOBHLIX npo6JieM' npIIBJie

RaBmnx BHHManne aBTOpa B nepHOJJ; c 1950 no 1961 r. OTO 6LIJIO o6ycJIOBJI0HO 
He TOJII,KO BaiRHOCTI,IO npo6JieMLI, HO lI. T0M, 'ITO aBTOpy Jl;OBeJIOCI, pa6oTaTI. 

B T0CHOM KOHTaRTe C rpynnoi'I :3KCnepHM0HTaTopoB, IIay11aBmnx Baalll\IOJJ;eii

CTBIIe qJOTOHOB. c H)'KJIOHar.rn B o6JiaCTII anepruii Jl;O 250 Mae Ha CIIHXpOTpOHe 

<l>uantJecRoro IIHCTIITyTa AH CCCP. 
BBIIJJ;y npeJJ;BapIIT0JII,HOro xapaRTepa KaR Teopuu, TaK lI :3RCnepII11IeHTa 

peaJin~hle :a;em1, ROTOpLie Mor nocTaBIITb nepeJJ; co601i: TeopeTIIK, pa6oTa.ro

ID;HI1 B o6JiaCTII qJII3llRII CllJII,HLIX B3al1MOJJ;0IJCTBIIII' npeJJ;CTaBJIHJIIICI, \Ha:M: 

CJI 0JJ;YIOI:a;IIMII. 
1. IloJiyqemrn yKaaaHHll Ha OCHOBe cyi:a;ecTBOBaBilllIX MeTOJJ;OB KBaHTOBOll 

TeopIIH noJIH 06 oco6ennocTHX Toro uJin IIHoro npo:a;ecca. Tamre yKaaamrn: 

47 
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R3-,3a HeconepmeHCTBa u ?.{eTQ,li;OB, ROHelffio, He IIMeIOT CIIJILI _TeopIIII acpcpeRTa, 

HO o6JI8l{8IOT 60JibillOH 9BpHCTHTWCROH II,eHHOCTbIO, OpHeHTHPYH 9RCIIepH

M8HT. RaR OR838JIOCb ~IIOCJI8,l{CTBIIII, IIp8RTH'I8CRII nee OCHOBHLie oco6eH

Ho"CTH qJOTOpom,ri;eHHH 1C-Me30HOB B OROJIOIIOporono:ii o6JiaCTII, 06cym,ri;aBmH

ec11 · B 1950-1951 rr., 6LIJIH IIO,li;TBepm,ri;eHLI :mcnepIIMeHTaJII,HO, a aaTeM 

IIOJiylIJIJIH o6oCHOBaHHe B MeTo,ri;e ,ri;ncnepcIIOHHLIX COOTHomeHII:ii. 

2. IlocTpoeHne TeopIIH OTl];eJibHLIX aqicpeRTOB Ha OCHOBe cym;ecTnyrom;nx 

M0TOAOB TeopeTHlJ0CKOH <pII3HKH ll He6om,moro lJHCJia rnnoTe3, JierKO npoBe

pH0MLIX 8KCIIepHMeHTaJibHO (HMSIOTCH B BHlJ.Y npHMenemre ll.J!H paapa60TRII 
TeOpIIII q>OTOpom,ri;eHII1I Ha CB1I3aHHLIX HYRJIOHax 06:rn;e:ii TeOpIIII S-MaTpIID;LI, 

lIMilYJibCHOro npII6JIIIiReHII1I II T. II.). 

3. AiiaJIH3 COBORYilHOCTH. :rncnepIIMeHTaJibHLIX ,ri;aHHLIX, lJT06LI aaocTpHTb 

BHHMaHne :rncnepIIMeHTaTopOB Ha HaII60Jiee aRTyaJII>HLIX l];JI1I TeopIIH IIOJUI 
acp<peRTax. · 

8TIIM n;eJISIM II 6LIJIH I):OCBHm;eHLI pa60TLI, ROTOpLIM MLI XOTIIM no,ri;BeCTII 

IITOr. 8To OTHIO,li;I> He 03Ha1IaeT, 'ITO HaCTaJio Bp9M1I, ROr,ri;a MLI IIM99M ROJIIIlJe

CTBeHHYIO TeOpIIIO cpoTopom,ri;eHII1I 1C-Me30HOB. IlonLITRII IlOCTpoeHII1I TaROH 

TeOpIIII HaTaJIRHBaIOTC1I Ha <pyH,ri;aMeHTaJII>HLie TPYlJ:HOCTH RBaHTOBO:ii TeOpIIH 

IlOJIH. TeM He MeHee MOIBHO YTBepm,ri;aTI>, 'ITO B He60JII>mo:ii o6JiaCTII 8Heprn:ii 

B6JIII3H nopora <pOTOpom,ri;eHIIH M930HOB yme B HaCTOHm;ee BpeMH IIl\IeeTCH pH,ri; 
ix:opomo ycTaHOBJieHHLIX 3aROHOMepHOCTe:ii, Ji;JIH ROTOpLix cym;ecTByeT Ha

,ri;emHoe TeopeTIIlJeCROe o6'I>HCHemrn II ROTOpLie HeCOMH9HHO coxpaHHTCH 

B 6yl];Ym;e:ii Teop1m. MomHO p;ame CRaaaTI>, 'ITO ce1IeHIIH <pOTOpom,ri;eHIIH 1C

M930HOB B OROJionoporono:ii o6JiaCTII C orpaHII'IeHHO:ii TO'IHOCTI,10 ( ~20 % ) 
npep;cRa3LIBaIOTCH cym;ecTBYIOm;e:ii Teopneii:, Il B HaCTOHm;ee BpeMH CTOIIT BOIIpoc 

0 p;aJII>Heii:meM ROJIII'IeCTBeHHOM YTOlffieHHII TeopIIII II 8RCIIepIIMeHTaJibHLIX 

p;aHHLIX. Ilepnop; )J;eCHTI> JieT cym;ecTBeHHO npeBLimaeT (<Cpep;Hee BpeMH IBII3HII>) 

Hay,nmx pa6oT B TaROH 6LICTpo pa3BIIBarom;enc1I o6JiaCTII, RaR cpII3IIRa aJie

MeHTapHLIX 1IaCTIID;, II II3JIOiReHIIe aaHOBO Bcex HamIIX pa60T no <pOTOpom,n;e

HHIO, ecTeCTBeHHO, He BXO,ll;IlT B aa)J;a1Ill 3TO:ii CTaTI>Il. 

rJiaBHLie n;eJIH CTaTI>II: , 

a) IIO)J;1IepRnyTI> opraHII'IeCRYIO CB1I3I, rpynnLI HamIIX pa6oT' 061,ep;lI
HeBHLIX 06:m.eii TO'IROH apeHmI; 

6) BLI}J;eJIHTI, peayJII>TaTLI, ROTOpLie coxpaHHJIII aRTyaJII>HOCTI> II HrpaIOT 

onpe,n;eJieHHyIO pOJII, B M830HHOH q>II3HRe (HCilOJII>3YIOTC1I )J;JIH aHaJIII3a ::rnc
nepIIMeHTaJII>HLIX ,n;aHHLIX IIJIII )J;Jl1I paapa6oTRII nporpaMM IICCJie)J;OBaHIIH Ha 

aJieRTpOHHLIX YCROpIITeJIHX, o6cym,ri;aIOTC1I B JIIITepaType II Ha ROH<pepeH
D;IDIX II T. n.); 

B) o6paTIITI, BHIIMaHIIe 8RCrrepIIM9HTaTOpOB Ha Han6oJiee cym;ecTBeHHLie, 

no HameMy MHennro, acp<peRTLI. MLI He 6y,n;eM npo,n;po6Ho ocTaHaBmrnanc11 Ha 
pa6oTax, ony6JIIIROBaHHhlX B JierRO )J;OCTYilHhlX mypHaJiax. Ilo,n;po6Ho Il3-

JiaraIOTCH TOJII>RO Te peayJII>TaTLI, ROTOphle Jrn6o B006m;e He orry6JIHROBaHLI, 

JIH6o ony6JIHROBaHhl B IIHOCTpaHHhlX mypHaJiax n MaTepHaJiax ROH<pepeH

D;Ilii. CTaTI>H pacc1IHTaHa Ha 8RCnepIIMeHTaTOpOB, B CBH3II C 8TIIM Mhl He

CROJII,RO YTHJIIITapHO II ynpo'm;eHHO II3JIOIBlIJIH HeROTOphle BOilpOChl TeopIIII. 
Oco6eHHO aTo OTHOCHTCH R rJiaBe III. 

II. RA qECTBEHHblE OCOEEHHOCTII <DOTOPOiR.[{EHIUI 
n-ME30HOB HA HYRJIOHAX BEJIII3II IlOPOrA 

0RoJionoporonyro o6JiaCTI> . Mhl onpe,n;eJIHeM RaR o6JiacTI> aHeprnii <poTo

uon k, }J;JIH ROTopoii: IIMnyJII>C MeaoHa 1'J y,ri;oBJieTBOpHeT ycJionnro * 

1'] < 1 (2.1} 

* MLI BCIO,ll;Y ncnom,ayeM e,ll;nHHa;LI n. = µ '= c = 1, r,ll;e µ - Macca MeaoHa. 
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<I>OTOPOiR.D;EHHE 7'-ME30HOB BBJIH3H IlOPOrA 5 

(cIICTeMa n;eHTpa 1rnepn;nn). 8TO COOTB8TCTByeT o6JiaCTH ~meprnii: q>OTOHOB 
B Jia6opaTopHoii cncTeMe ROOpJJ.nHaT QT nopora .n;o ~ 230 Mae. 

'YcJioBne (2.1) .cnm,Ho ynporqaeT npo6:iieMy no cJie~yrorqnM npnimmw. 
1. B BTO:ii o6JiaCTll aMnJIIITYJJ.Lt c xopome:ii TOTIHOCTI,IO (5%-HaH omn6Ra 

B C81:JeHHII) MOIBHO C1:JIITaTI, ,n;eiiCTJ3HT8JII,HLIMH, II60 lI3 YCJIOBlIH YHIITapHOCTH 
S-MaTpII~Lt CJie]J.yeT lI3BeCTHOe BLtpameHne napn;naJII,HLIX aMIIJIIITyJJ; <pOTO
pom.n;eHIIH -qepea cpaaLI-pacceHHHH MeaoH - HYRJIOH 6m: 

N me i~m. (2.2) 

<I>aaLI pacceHHHH B o6JiacTn (2.1) CIIJII.HO y6hl:aaroT c YM8H1,meHneM ri, n JJ.ame 
peaoHaHcHaH qiaaa He rrpenLtmaeT 0,23. . 

. 2. ·B o6JiaCTH (2.1) MOIBHO acpqieKTHBHO noJIMOBaTI,CH pa3JIOffi8HlieM aM-

nJIHTYJJ. no CTerremi:M T) (cM. rJI. lll), 'ITO ynporqaeT aHaJIIIa aKcnepHMeHTam,-
HhlX JJ.aHHLIX, . 

3. Ilpn paCCMOTp8HlilI q>OTOpom.n;eHHH Ha .n;eii:Tepnn MOIBHO nOJIMOBaTI,CH 
HMnyJII,CHhlM np116;rrnmeHHeM, TaR KaK . acpcpeKT MHOrORpaTHOro pacceHHHH 
MaJI, 

0TMeTHM o6oaHa'l8HIIH, ROTOphle BCTpe'laIOTCH. B BTO:ii CTaTI.e: 0 -yroJI 
lteIBJJ.Y HMIIYJII.CaMH MeaoHa lI q>OTOHa B ClICTeMe n;eHTpa HHepn;nn M -
Macca HYRJIOl{a; ro = Y 1 + T)2 - :meprnH MeaoHa; / - ROHCTaHTa CBHaH 
Me30H - HYRJIOH, 8 - BeKTOp noJIHpnaan;mi q>OTOHa; C1 - .MaTplID;Lt IlayJin; 

k ,J, e u u u 

- aHeprmI 'i'OTOHa; µn = gn 2M - aHOMaJII,HLtll MarHHTHLtlI MOMeHT H8lI-

TpOHa; µp = gp 2~- - aHOMaJII,HLtli MarHlITHLI:ii MOMeHT npOTOHa. OcTaJII,Hl,18 

06oaHa1IeHHH 06'I>HCHHIOTCH no XOJJ.Y ll3JIOIBeHHH. 
B nepBLIX pa6oTaX no TeOplIII q>OTOpOIBi(8HlIH nO'lTII llCRJII01:JIIT8JII,HO 

ncrrom,aona;rrac1, Teopn.11 noaMyrqeHn:ii B npHMeHeHHH RaR R aJieRTpoMarHHT
HOMY, TaR ll K :r.reaoH-HYRJIOHHOMY B3aHMOJJ.eiicTBlIIO, OcHonaHn:ii JJ..1.IH TaKoro 
nO]J.XOJJ;a He 6LIJIO HllRaRHX, rrpHBO]J.IIJIHCI, JlllillI, Ra"tJ:eCTBeHHLte aprYM8HTLI 
n nom,ay Toro, :.i:To xapaRTepHLte 1:JepTLI npon;ecca qioTopom.n;eHnH B cyrqe
cTneHHoii CTeIIeHH onpe~eJIHIOTC.11 aJieRTpOMarHHTHLIMII BaaIIMOJJ.eiicTBHHMll 
11 nosToMy JJ.OJIIBHLI coxpaHIITI.CH n 6y]J.yrqe:ii Teop11II. 

C TO'lRII apeHIIH TeOpIIII JJ.IICIIepc110HHLtX COOTHOmeHHH B HaCTOHrqe_e 
npeMH BIIOJIHe IIOHHTeH ycrrex aToro IIOJJ.XO]J.a, TaR RaR HeOJJ;HOpOJJ.HLtll 1:JJieH n 
JJ.IICIIepcIIOHHLIX COOTHOmeHIIHX, COBrra.n;arorq11:ii C 6opHOBCRIIM np116JIHIB8-
HHeM TeOpIIII noaMyrqeHIIll (npII y1:JeTe aHOMaJII.HLIX MarHIITHLIX MOMeHTOB 
HYRJIOHOB), 11rpaeT OCHOBHYIO pOJII, B aMJIIITy]J.e q>OTOpOIBJJ.eHlrn B o6JiaCTII 
(2.1). 06aop uepBLIX pa6oT no q>OTOpOIBJJ.eHIIIO ,t-M830IIOB (11, BKJIIO'laIOrqH:ii Ha
mn paHHHe pa60TLI (2, 31, 6LIJI HaIIIICaH B 1950-1951 rr., HO B H8M COJJ.ep
iHHTC.11 OIIlICaHIIe npaRTII'leCRH Bcex OCHOBHLIX Ra'leCTBeHHLIX oco6eHHOCT8H 
q>OTOpOIBJJ.8HIIH nceBJJ.OCKaJIHpHLIX M830HOB. Bee nocJie.n;yrorqne TeopeTII1:J8CKH0 
IlOIILITKII BnJIOTI, JJ.O HaCTOHrqero npeMeHH He ]J.aJIII 6oJiee TOTIHOro OIIHCaHHH 
aqiq>eKTa q>OTOpOIB]J.eHHH ]J.JIH o6;rraCTII (2.1) no cpaBH0HlIIO c nepnhlM npn6;rrn
iH8HIIeM TeOplIII noaMyrqeHHH. 

PaccMOTpHM CJie]J.yIOrqne npon;eccLI q>OTOpOIBJJ.0HHH: 

r + p - n + ,i+ ( +); 
r + n --► p + n- ( - ) ; 
Y + p --► p + 31:0 (0); 
r + n--► n + n° (n0). 

AMIIJIHTY~LI npon;eccon q>OTOpOIBJJ.8HHH ( +) 11· (-); no;rry1:JeHHLie B nepno.M 
uencqeaarorqeM npII6JinmeHHH Teopn11 BOaMyrqeHnii, IIMeroT BIIJJ. [nepxmnl 
aHaK ]J.JIH m' HIIIBHIIH aHaK ]J.JIH ( +) l 
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M . " . 11k , (gp + gn) (I) ~ 
[

1 + (I) ] 
ef'VZ G=i(ae)[1- 2M(I) (gp-gn)cos6± Z.M 00(1- 2.M )+ 

_(gp+gn) 6 (1+ ~)+112 cos2 6] + (a11) (a [ke]) [- gp-gn+ + 2.M 'I'] cos 2.M - il,12 11k 'I'] 2.M . -

+ gp + gn + ( _ 6) ] + . (ak) (11e) [ 211k + 
- 2.M2 ro 'I'] COS 'I'] l k11 (k -11)2 + 1 

+ gp - gn + gp + gn (1- 1') COS 6)] + 
'I'] 2.M - 2M 'I'] .M 

+ i (a11) (11e) [- 211
2 

_ _!l:_. + i (1 +-1- _ cos 6 )] ·(2 3) 
. 112 (k -TJ)2+ 1 2.M(I) 2.M(I) 2.M(I) 'I'] .M ' ' 

AMnJIIITy;:i;a ;:J;JIH npon;ecca (0) 6y;:i;eT 

1 c" . ( ) ( · + 6) gp (1 (I)+ 2TJ cos 0 ) + e[ = i ae -ro 'I'] cos 111 - Z.M 

+ (<111) (a [ke]) . _!E.._ ( _ 6) _ i (ak) (11e) • !.E_ (1- (I)+ 211 cos 6 ) + 
1Jk 2.M2 'I'] ro 'I'] cos k1') M 2.M 'I'] 

+ i (011) '(rie) 2 _1_ ( 1 - ~ _ ---21:_ _ 1J cos 6) ('> 4) 
. TJ2 'I'] .Mw 2MgP 2.M(I) M ' ""'· 

AMrrJIHTy)];a )];JIJI npon;ecca (n0) rroJiyqaeTCH na (2.4) aaMeHoii gp -. gn 
ll OT6pacr,rnamrnM 'IJISHOB, He aaBHCJIITJ;lIX OT g. B 8TllX aMilJIHTy)];ax )];JIJI npo-

1 
CTOTI,I OT6pomem,1 'IJISHhl - J\13 • ~JIJI IIOJIY'ISHHJI ce'!eHHii ll3 aMJIJIHTY)]; 

(2.3) II (2.4) CJie;:i;yeT COilOCTaBHTI, IIX C qiopMyJioii (3.1) II BOCilOJib30BaTbCJI 

(3.2). 
OcHOBHhle CBOHCTBa ce'IJeHnii H0Tpy)];HO YC+\IOTpeTh ll3 qiopMyJI (2.3) II 

(2.4), a Ta1rnrn IIa npocThlX coo6pamennii, ocHOBaHHhlX Ha nponopn;noHaJI1,

HOCTII 1.IaTpII'IJHhlX aJieMSHTOB aJieKTpII'IJSCKIIM TOKaM paaJieTarom;nxcJI 

'IJaCTHD;. 
a- (. 1 )2 

CetJeHHJI npon;eccoB ( - ) n ( +) OTHOCJITCJI KaK a+:::::: 1 + M • BeJin-

'IJHHa aToro OTHomeHHJI ll3M0HJieTCJI B CBJI3II C TeM, 'IJTO B CJiytJae npo~ecca ( - ) 

TOK aapJIIB0HHhlX 'IJaCTHD; 60JI1,me, 'IJ0M B CJiytJae npon;ecca { +)' Ha BeJIH'IJHHY 
TOKa npoTOHa OT)];a'IJH, 0THOIDeHRe a-10+ npn aa)];aHHO:ii: aHeprnn qJOTOHa He

CKOJibKO B03pacTaeT K 60JII,IDHM yrJiaM0 na-aa BoapacTamrn HMilYJihCa OT)];a'IJH 

npoTOHa. BeJIII'IJIIHhl cetJeHnii ripon;eccoB (0) n (n0) npn 'I'] - 0 MHoro MeH1,me 

ceqenn:ii: npon;eccoB(+) II ( - ) (npnMepHo, B 50 paa). 0;:i;HaKo na-aa BJIHJIHHH aHo

MaJibHhlX MarHHTHhlX MOMeHTOB HYKJIOHOB * B npon;eccax (0) n (n0) Ce'IJeHHJI 

8THX npon;ecCOB pe3KO YBSJill'IJHBaIOTCJI C pOCTOM aHeprnII qJOTOHa II npn 

'I'] - 1 Ce'IJeHIIJI npon;ecCOB (0) n (n0) )];eJiaIOTCJI O)];HOro nopJI)];Ka B0Jill'IJHHhl 
c cetJeHHJIMII npon;ecCOB (-)II(+),' KOTOphle CJia6o aaBIICJIT. OT aHeprnII (a± 
± ocg). 'YrJIOBhle pacrrpe;:i;eJieHnJI npon;eccoB ( - ) n ( +) npII6JinanTeJI1,no nao

TponHhl, OTKJIOHeHIIJI OT II30TpOillIII CDJI3aHI,I C aanaa;:i;r,rnaHneM BO D3aHMO)];eii

CTBIIII qJOTOH - M030H, Kor;:i;a CKOpOCTb M030Ha npII6JIIIIBaeTCJI K CKOpOCTII 
112 sin2 6 

cneTa. B BhlpameHnII )];JIH CEl'IJeHIIJI nMeeTcJI cJiaraeMoe k4 ( 1 _ : cos 6 )2 ' xa

paRTepnoe )];JIJI JIBJI0HIIM TIIIIa qJOToaqiqieKTa II OTpamarom;ee 8TO OTKJIOHeHne OT 
H30TpOillIH (<<'IJJISH C aana3)];hlBaHHeM>>). . 

'YrJIOBI,Ie pacnpe;:i;eJieHil;JI He:iiTpaJibHhlX M030HOB npe)];CTaBJIJIIOT co6oii 

* . Pom, aHOMaJibHLIX MarHnTHLIX MOMeHTOB B q>OTOpomp;eHnn, IIOMIIMO pa6oT [ 1-3], 
11ayqaJiacb TaKme n pa6oTe [4). 
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cI>OTOPOlR,nEHHE tt•ME30HOB BBJIH3H IlOPOrA 7 

CJIIlillKOM TOHKHH aqiqieKT (cy~eCTB8HHLI 'IJJI8HLI IIOpHgKa .irz), H HaAeffiHLIX 

T80p8TH'IJ8CKHX_ npe,n;cKa3aHnii OTHOCHT8Jil>HO HIIX H0T II IIO HaCTO~ee npeMH. 

l13MepeHHe cetJeHIIii: q>OTOpOmA0HHH ,n;aJio rrepnyro on;eHKY ROHCTaHTLI 

B3aHMO,n;eiicTBIIH M030H - HYKJIOH. . 

IIepe"IIICJI0HHLie 38.ROHOMepHOCTH HHT0HCIIBHO H3ytJaJIHCI> 8RCIIepHMeH

TaJI1>HO, o,n;HaRO II ,n;o HaCTOH~ero npeMeHII HCCJie,n;onaHIIe JIX rrpe,n;cTaBJIH0T 

o,n;Hy ll3 HanooJiee aRTyaJil>HLIX 3a,n;a'IJ q>II3HRJI 8Jl0M0HTapHLIX 'IJaCT~, oco

_oeHHO B CBH3JI C rro,n;xo,n;oM R q>OTOpom,n;eHIIIO Ha OCHOBe ,n;ncnepCIIOHHLIX1 co

OTHOmeHIIH, ,n;anm11x Ha,n;emHLiii TeopeTII'IJ8CRIIii 6a3HC 8THM 3aROHOMepHOCTHM. 

0,n;Ha 113 HIIX - 3aBIICIIMOCTI> a-:-/a+ OT yrJia II SHeprHII - BOJIII3II IIOpora -
8KcnepnMeHTaJI1>HO COBC0M He 11aytJeHa. 

Bo ilpeMH HamICaHJIH 0030pa [ 1 J HanooJiee aRTyaJI1>Hoii: rrpooJieMoii OLIJIO 

onpe,n;eJieHIIe OCHOBHLIX RBaHTOBLIX. 'IJHC8JI l1-M030HOB ( CIIIIH, 'IJ0THOCTI>, nao

TOIIJI'IJ8CRHH c1inH). IIonoMy B o6aope co,n;epmIITCH on11caHne pactJeTOB no 

paaJIII'IJHLIM BapnaHTaM Me30HHLIX Teopnii. <DoTopom,n;eHne OLI;rIO rrepBLIM 

aqiqieRTOM, ,n;anmIIM ,yRa3aHIIH Ha HBHYIO BLI,n;eJieHHOCTI, rrcen,n;ocRaJIHpHoro 

BapnaHTa TeOpHH. BcRope 3TH apryM~HTLI OLIJIII 3aM0H8HLI CTpOrIIMn: apry

M0HTa1.IH, OCHOBaHHLIMII Ha npHMLIX onLITax no onpe,n;eneHIIIO cnn:Ha II 'IJ8T

HOCTII ll-MeaoHa. 

3a paCCMaTpHBaeMLiii: rrepn:o,n; nocJie HanucaHHH o6aopa [ 1] IIOHBHJIOCb 

MHoro paooT, B ROTOpLIX ,n;aHLI paaJIII'IJHLie TeopeTH'IJ0CRHe Il(;>,ll;XO,ll;LI K OIIll

caHHIO q>OTOpom,n;eHHH. Hn O,D;HH 113 HHX He OLI1.C ,n;ocTaTO'IJHO CTpor ll He Mor 

npeT8H,IJ;OBaT1> na TO, 'IJTOOLI C'IJHTaTl>CH OKOH'IJaTeJil>HOii: •Teopneii q>OTOpom

,n;eHIIH. BamHLIH mar n OOOCHOBaHHII cnpane,n;JIHBOCTII npHMeHeHIIH 6opHOBCKOrO 

npnoJiumenuH ,n;JIH onucaHHH qioTopom,n;eHIIH n6JIH3H .nopora 6LI1.C c,n;eJiaH 
RpoJIJieM II Py,n;epMaHOM [5]. · 

IIocJie OTKphITIIH peaoHaHCHoro BaaHMo,n;eii:CTBIIH M030H - HYKJIOH B co

CTOHHHH (3/2, 3/2) B03HHKJia aa,n;aqa OO'I:,HCHHTI> ero Ha OCHOBe.Teopn:lI noJIH, 

;flanoOJiee y,n;atJHaH nonLITRa.OO'I:,HCHIITI> ll YTJ0CTI> 3TO pe30HaHCHOe B3aHMO

,n;eii:CTBil0 OLIJia rrpe,n;npHHHTa tJy II Jloy [6] B T00pHII C IIpOTHIBeHHLIM IICTO'I
HIIKOM. 

0,n;HaKO B o6JiaCTH (2.1) Y1I0T peaoHaHCHOro naanMo,n;eiicTBJIH He ,n;aJI HO

BLIX Ka'IJ0CTB0HHLIX pe3yJI1>TaTOB. 8TO rrpem,n;e Bcero OO'I:,HCHHeTCH TeM, 'IJTO 

no,n;xo,n; tJy - Jloy OLIJI cy~eCTB0HHO HepeJIHTHBHCTCRIIM, TaK KaK OT,IJ;a"la 

HYKJiona He ytJHTLIBaJiac1>. IIorrpaBKII }15e na peaonancnoe B3aHMo,n;encTBHe 

B OOJiaCTH (2.1) lIM0IOT TOT me IIOpH,n;OK BeJIJI'IJHHLI, 'IJTO ll 'IJI0HLI, CBH3aHHLie 

C OT,ll;a'IJeH HyKJIOHa. ,Il;JIH q>OTOpom,n;eHIIH 3apHIB0HHLIX M030HOB 3TH rrorrpaB

KlI Jiemamr. 3a rrpe,n;eJiaMII TO'IJHOCTil KaR TeopnII, TaK ri 3RCrrepnMeHTa. B qio

Topom,n;eHHII H~iiTpaJil>HhIX M030HOB aqiqieRTLI OT,ll;a'IJll HYRJIOHOB nrpaIOT oc-

' HOBHYIO pOJib, II TeopHH tJy - Jloy He Morna rrpeTeH,n;onaTI> Ha OO'I:,HCHeII-IIe 

rrpou;eccon (0) II (n 0) n;.pn 11· < 1. 
Cy~eCTBenno HOBLIH 3Tan B Teopnn q>OTOpom,n;eHIIH HatJaJICH C paaBHTIIeM 

MeTO,n;a ,n;ncrrepCHOHHI,IX COOTHOmeHHH. IIpnMenenIIe 3TOro· MeTo,n;a ne TOJibKO 

,n;aJIO B03MOIBHOCTb rro,n;OHTII K om1caHHIO q>OTopom,n;eHHH Ha OCHOBe IIpIIOJIH

mennn; CJiaoon CBH3II, HO II rroanommo rro-HOBOMY paccMOTpeT1> BCIO rrpo6-, 

eMy CJI.ilbHLIX BaaIIMO,n;eiiCTBlIH TJaCTIID;. 

III. L(IICilEPCIIOHHhIE COOTHOIDEHIIH 
L(JIH <I>OTOPOiKL(EHIIH rc-ME30HOB 

1. .II:IIcnepcuoHHl>Ie COOTHOIIIeHHH · 

,D;ncrrepcuoHHLie COOTHOmeHHH B l1-M030HHO:il: q>H3IIKe, KaR Il3B0CTHO, BIIep

BLie OblJlII ycnemHo npm.rnHeHLI pH,n;OM aBTOpOB ,ll;JIH aHamrna 3RCIIepnMeHTaJib

IlbIX ~aHHhIX no nN-pacceHHIIIO. Paannrue MaTe11rnTHTJecKoro annapaTa Teo-
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8 A. M. BAJI;ll;IiH 

p1rn 'Ancnepcnom'u,rx cooTHomemr:ii: H. H. Boromo6QBhlM II ero .coTpy;a;HnRaMn 
AaJio BOaMoma:ocT1> nccJie;a;oBaTb HOBhlM Meto;a;OM n;eJihlii: pH;a; npon;eccoB. Bhl
BO;LJ;. ;u;ncnepcnoHHhlX COOTHOmemiii )];JI.It q>OTOpom;u;emrn. IIIlOHOB n MaTeMaTn-
1I0CRaJI 11acTi,:Teopnn: aTnx cooTHomeHnii 6LIJIIl ~aHLI B pa6oTax .A. A. Jiory
HOBa n ero coaBTOpOB [7]. 8TH COOTHOmeHilJI ;u;o Hamnx pa6oT [8-10] B oc
HOBHOM npnMeHJIJIIlCb )];JIJI IIOJIY'l0HJIJI npn6JIJiiR0HHhlX ypaBH0Hil:U: )];JIJI aM-
IIJIIlTY;D; npon;ecca.. · . • 

Cpe;u;n pa6oT aTor9 HanpaBJie_HnJI Heo6xo;a;HMo OTMeTnT1>' pa6oTy (11] ,. 
r;u;e 6LIJI IlCCJI0;LJ;OBaH TaRme PJI;D; CBO:U:CTB ;u;ncnepcnOHHLIX COOTHOmeHnii: ;D;JIJI 
q>OTOpom;a;eHnJI ·1t-M030HOB. BnepBLie aTy nporpaMMY BhlnOJIHJIJIII qy, rom,;u;-
6eprep, Jioy n HaM6y [12] *. · 0Hn noJiy11nJIH ypaBHeHnJI n HamJin ·npn6Jin
meHHLie pemeHnJI 8TilX ypaBHeHnii, ,B 3Ha'IHT0JibHOii: CTeneHn COBna;u;aroiqne 
C aMnJinTy;a;aMn qy - Jioy. AMnJIIlTY;D;LI q>OTOpom;a;eHHJI 1t·M030HOB, ROTOpLie 
·6LIJIJI Ha:ii;a;eHLI TaRilM o6pa30M, co;u;epmaT no cpaBHHilIO C aMnJinTy;a;aMil qy -
Jloy nonpaBRJI nopJI;a;Ra ,1/M, n a.BTOpLI BLICRaaLIBaJin Ha;a;em;u;y, 'ITO_ nx 
a1,mJIJITYALI~;a;oJiiRHLI onnCLIBaTb :rncnepnMeHT B 06.rracTJI OT nopora ;u;o nep
•Boro peaoHaHca C TO'IHOCTblO 5 :......10 % . CpaBH0HJI0 aMnJinTy,n; q. r. JI. H. 
C aRcnepUMeHTOM [11] no q>OTOpom,n;eHJIIO 1t-M030HOB o6HapymnJIO HeROTOpLie 
pacxom;a;eHnJI. 8TH pacxom;a;eHJIJI 'MOiRHO 6LIJIO o6'bJICHilTb BJIIlJIHil0M H0JI3B0-
CTHLIX MaJILIX qiaa pacceJIHJIJI. 

AMnJinTYALI q_ r. JI. H. ncnoJI1>aoBaJinc1, BO MHornx pa6oTax ;D;JIJI aHa
Jinaa aRcnepJIMeHTaJibHLIX ;a;aHHLIX n, B 'laCTHOCTil, ll,JIJI 8RCTpanO.IIJID;IIJI ce
·110:iinii:- R nopory. 

O;u;HaRo aHaJina HOBLIX ;u;aHHLIX Cf>I-IAH' a no q>OTopom,1J,eHn10 1t-MeaoHOB 
B6Jinan nopora, npoBe;a;eHHLiii: B. B. I'oBopROBhlM n aBTopoM [81, noRaaaJI, 
'ITO aMnJIIlTY,!l;LI q_ r'. JI. H. cyiqeCTB0HHO paCXOll,HTCJI C aRcnepnMeHTaJibHhlMil 
;a;aHHhlMil. qaCTH'IHO 8TO IIpOTilBOpe11ne y;a;aJIOCb 06'bJICHHTb H0,!l;OCTaT01IHLIM 
·yqeTOM peJIJITHBilCTCRHX aqiq>eRTOB B pa6oTe [12). 0,n;HaRO B0JIH'IHHa H0COB
na;u;emrn ocTaJiaCb ;u;aJieRo BLixo,n;Jiiqeii aa npe;u;eJILI aRcnep1IMeHTaJI1>HLIX. omn-
6oR. IIocROJibRY aBTOpLI ncnOJib30BaJIH npn BLIBOll,0 CBOilX aMilJIHTy,n; PJI;D; 
npe;u;noJIOiR0Hn:ii 'IaCTHOro nopJill,Ra,. 6LIJIO H0JICHO, RaRoe Il3 8TJIX npe,a;no
JIOiR0HIIii: HeBepHO. 

,Il;JIH COCTaBJI0HIIJI ypaBHeHnii:, onHChlBaIOm:IIx npon;ecc, y Hae eiqe CJIIIill
ROM MaJIO IIHq>OpMan;IIII. 3aMeHa 8TOii: JIHq>OpMan;IIII 6om,mIIM ROJIJI'I0CTBOM 
rIInOT03 o6ecn;eHnBaeT cpaBH0HJie TeopeTII'I0CRilX BLIBO;LJ;OB C aRcnepIIMeH

'TOM. IIoaTOMY B pa6oTax (8-10) 6LIJIO BLICRaaaHO n npoaHaJIH3HpOBaHO npe;u;
JIOiR0HJie O Heo6XOl1,IDIOCTil npJIMOro cpaBH0HHJI ll,IICIIepcnoHHbIX COOTHO

··meHJI:U: ll,JIJI q>OTopom,n;eHIIJI C aRcnepnM0HTaJibHhlMII ;u;aHHLIMil. TaRoe cpaBHe-
·HII0 II03BOJIJI0T COCTaBHTb ROJIH'I0CTB0HH00 npe;a;cTaBJieHne O BJIIlJIHHII pa3JIH'I
HLIX 8q>q>0RTOB, BbICRaaaTb pJI,n; npe;a;cRaaaHHii: 0 noBell,eHJIH aMilJIIlTYlJ. npo
n;eccoB q>OTOpOiR;D;0HIIJI n yRaaaTb o6JiaCTil Il3M0H0HHJI -napaMeTpOB (yrJihl, 
aHeprIIn, cnnHOBLie nepeMeHHhle), ;u;aroiqne Han6oJiee n;eHHYIO ;D;JIJI Teopnn nH
cpopMan;nro. 

. Ilpem;u;e '10M nepexo;a;nTb R H3JIOiR0HillO H0ROTOpLIX peayJI1>TaTOB TaRoro 
aHaJinaa, paccMOTplIM RpaTRO OCHOBHhle CBOii:CTBa aMilJIHTy,n; q>OTOpom;a;eHilJI 
1t-M030HOB Ha ·HYRJIOHax Il Oll,HOMepHLie ;u;ncnepcnOHHhle COOTHOill0HilJI ll,JIJI 
8TilX aMilJIHTY;LJ;. 

AMnJinTy,n;a JII06oro II3 npon;eccOB ( + ), (0), ( -- ) n (n0) IlM00T B CHCTe
Me n;eHTpa naepn;mr cJie,n;yromyro CTPYHTypy: 

G _ . ( ) G + (a11) (a [kF]), G + . (ak) (11e) G + . (at]} (11e) G 
- l ae 1 'l']k 2 l 'l']k 3 l 112 4' (3.1) 

* B AaJILHeii:meM ~HTHpyeTCH KaK t.J:. r. JI. H. 
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<l>OTOPOIB.D:EHIIE 1:-ME30HOB BBJIII3II· IIOPOrA - , 

r.n:e a ....:... MaTpnn;a Ilay,rn, e - BeRTOp IIOJI.1Ipn3an;IIII cpoToHa, '1J JI k - cooT
. B0TCTB0HHO IIMIIym,c M030Ha II r-RBaHTa. 

CRaJI.IIpm,re ll~Jinqnm,r Ci .IIBJI.IIIOTC.II ROMIIJieRCHhlMH 'cpyHRD;H.IIMII yrn:a & 
II ;meprIIII y 1 + T]2• 'BMeCTO TJ lI , a B -reopnII .n:ncnepcnOHHhlX COOTH0lli0HIIH 

IICIIOJil,3YIOTC.II nepeMeHHHe t = 1 - 2k (Y 1 + TJ2 - TJ cos 8), II s = W2 = 
= cV 1 + TJ2 + y M2 + TJ2)2. . . 

C IIOMOID;I,IO (3.1) JierRO HaiiTn BhlpameHHH .D:JI.II ceqeHH.II, IIOJI.1Ipll3aD;IIII: 
HyRn:oHa oT.n;a~, . paccMOTpeT1, cn:yqa:ii cpoTopom.n;eHHH · MeaoHOB non:.1IpHao
BaHHHMII y-RBaHTaMII, 

Hnme Mhl paCCMOTplIM ceqenHe cpoTOpom.n;eHH.II 

d~ = ~ {!G1!2 + iG2!2-2Re G~G2 cos8+ 

+; sin2 8[IGal2 +iG4[2 -t-2ReG;ca_+2Re G~G4+2Re,c;c4cos8J}. (3.2)-

)J;ucnepcnoHnHe cooTHomeHII.II npe.n;cTaBJI.IIIOT co6o:ii 1rnTerpan1,HHe co:... 
OTHOill0HII.II, ROTOphlM .n;on:IBHI,I YAOBJI0TB0p.1ITI, aMIIJilITYAhl, 8TJI COOTHOme
HlI.II BhITeRaIDT ll3 CaMI,IX o6i:n;:iix IIOCTyJiaTOB ICBaHTOBOii: Teopnn IIOJI.II, )];JI.II 
Toro 11T06hl aanncaT1, .n;11cnepcnoHHHe cooTHomeHII.II, Heo6xo.n;IIMo nccn:e.n;oBaTI,

CTpyRTYPY aMIIJIHTYA Gi no naoTonnqecRoMy cnnHy. OnepaTOp, on11cH
naroi:n;nii: nepexo.n: c norJioi:n;enneM (mrn ncnycRaHIIeM) q>OTOHa, '.0:MeeT Bn.n; (S + 
+ V3), r.n;e S · - naoTc:inuqecRII CRaJI.1IpHa.1I qacT1> onepaTopa, V3 - naoTOIIII
qecRH B0RTOpHa.lI qaCTI,, 

B cHn:y TeopeMH BHmepa - 8RRapTa Haxo.n;mr 

r.n:e T II T' - lI30TOIIH'I0CRII0 CIIlIHhl Haqan:1,Horo lI 'ROH0lJHOro COCTO.II

HH:ii, a t H t' - HX npoeKqlIH, (T't/10Tt) - ROaq>q>Hn;IIeHT Rn:e6ma -
I'op.n;aHa. 

IIcicRoJI1>Ky T = ~/2, a T' · - (cocTOJIHHe M030H + HYKJIOH) MomeT 
IIpHHIIM8TI, 3H8'I0HH.II 3/z II½, TO lJ0Thlpe npon;ecca ( +) ( - ), (0) ll (nO) OlllICI,I
BaIOTC.II Tp0M.II aMIIJIHTyp;aMll no II30TOIIH'I0CKOMY CIIHHY, IIpH'I0M oTO cnpa
B0.D:JIIIBO .n;n:.II Ram.n;o:ii aMIIJIRTY.D:hl Gi, TaRRM o6paaoM, qeThlpe npon;ecca 
q>OTopom.n;eHH.II OIIIIChIBaIOTC.II 12 H03aBIICRMhIMII aMIIJIHTy.n;aMn - ROMIIJI0KC
HhIMH q>YHKD;ll.lIMH W ll t. 

)J;HcnepCIIOHHhl0 COOTHOill0HlI.II 3aIIHChlBaIOTC.II .n:n:'.II 12 qiyHRn;n:ii F[; F}I;. 
FfII (pHMCKO:ii D;IIq>poii: o603H8'I0H II30TOIIlI'I0CRIIH HH.n;eRc), ROTOphle CB.II-· 
38Hhl C aMIIJIHTy.n;aMII 'I0T1,Ipex npon;eccoB q>OTOpom.n;eHII.II CJI0AYIOID;HM o6pa30M •. 

)];JI.II npon;eCCOB ( +) ll ( - ) 

c<±> = (W - M) (W.+ M)
2 

• 1 1]' (Fm+ FI)· ) 
1 4w2 r " 1 _ ,1 , 

c<±> _ (W - M) 1 1]" (Fm+ FI)· 
2 -:--- 2W q r " 2 _ 2 , (3.3), 

c<±> _ (W - M) (W + M)2 
1 /"f(FIII + FI), a - 4w2 q r a _ a , 

ci±> _ w - M q2 11"z (Fm+· FI) 
4 - 2w r 4 _ 4. 

I 

J 
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10 A. M. BAJI;D;HH 

,Il;Jrn rrpon;eccoB (0) II (nO) 

G(~o) = (W - M) (W + M)2 (Fu+ Fm). 
1 4w2 1 - 1 ' 

1 

G(~o) = w - M q· (Fu+ Fm)· 
2 

2
W 2 _ 2 , 

G(~o) = (W - M) (W + M)2 q (Fu+ Fm). 
a 4w2 a - a ' 

(~.4) 

G(~o) = (W - M) q2 (FII + FIII). 
4 

2
W 4 _ 4 

I II FIII ,Il;ncnepcnonm,re cooTn~mennH )];JI.fl Fi; Fi II i nMeIOT Bil)]; (Bepxnne 
2nam1 )];JI.fl III n II, mrnrnne - )];JI.fl I) 

00 

ReF1 (W, t) =Ff+~ ~ dW' X 
M+1 

1 W-M 
[ 

W'+W-~ ']· 
x {ImF1 (W', t) W'- w+w,2+w2-2M2+i-1 -

[ 
W'-W + ~. ] 

1 .W-M 
- Im F 2 (W'' t) W' + w + W'2 + w2 - 2M2 + t - 1 + 

+ (0) I [F3 (W', t) + F4 (W', t)] _!_::_!_}. 
1 m W'-M W'+M W-M ' (3.5) 

00 

ReF2 (W, t) = F: + ·! ~ dW' X 
M+1 

. [ W'+W-__!.::..:._ ] 1 . W+M 
X { Im F 2 (W'' t) W' - w + W'2 + w2_ - 2M2 + t - 1 -

[ 
, W' - W + 1 - t ] 

1 W+M 
-ImF1(W',t) W'+ M+w,2+w2-2M2+t-1 + 

+. (0) I [Fs'(W', t) + F, (W',t)] ~}. 
1 m W' - M W' + M W - M ' (3.6) 

00 

ReF3 (W, t) = F: + ~ ~ dW' X 
M+1 

1 -W'+W-2M +W'-M 1-t ] 

X {Im Fa (W', t) [W'-W + w 12+w2-2M2+t-1 + 

1 · W'-M -[ 
2M - W' - W + 1 

- t ] 

+ImF4(W',t) W'+W+ w 12+w2-2M2+t-i + 
+ 2Im [F1 (W', t) + ~2 (W', t)] · W'2 + w2_

1
2M2 + t _ 1}; (3-7) 
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<I>0T0P01R):(EHHE ff•ME30H0B BBJIH3H II0POrA 11 

00 

ReF4 (W, t) =Ff+: ~ dW' X 
M+1 

. I 1-t 

{ [ 
i -W +w+2M+ W'+M ] 

X ImF4 {W', t) W'- w+ W'2+ W2-2Af2+t-1 + 

[ 
- 2M - W' - W + :- 1 

] 

+ Im Fa (W', t) W' ~ w+ W'2+ w2~2M2:i::t + 

+2Im [ F 1 (W', t) + F 2 (W', t)] W'z+ w2 _\~2 + t- 1 }, (3.8) 

r,ne Ff - 6opHOBCI-rne qacnr aMIIJIHTY.D:- OHH HMeIOT BH,D; 

B ef [ 2M - 2M ] 
F1 = T w2-M2 +w2-M2+e-1 -

[ 

2M(W-M)- 2M(1-t)] 
µ/ 2M _ W - M • 3 9 

- 2 W + M + W2 - Af2 + t - 1 ' ( • ) 

B ef [ 2M - 2M ] 
F2 = - 2 W2-M2 +w2-M2+e-1 -

[ 

2M(W+M)-2M(1-t)] 
µ/ 2M _ W + M . (3 10 

- 2 W - M + w2 - M2 + t -1 ' . ) 

Ff= f · 1 
2 

t • [ w
2.:M +w;~~+:~1 ]+ 11.J. · w 2-~~+t.c...1; (3-11 ) 

. n ef 2 [ 2M _ 2M (W + M) J- µ/ 4M 12) 

. F 4 = -2. 1- t W-M+W2 -M2 +t-1 +2. W2-M2+t-1' (3. 

{
µ; - µn - ,D;JIH HH,D;e:KC0B I H I I; , e 

r,ne µ = , + III µP = 1, 78 ZM anoMam,HaH qacTI, µP µn - ,D;JIH nn,neKca ; · 

MarHIITH0ro M0MeHTa np0T0Ha; µn = -1,91 2~ - aHOMaJII,HhlH MarHHTHhIH 

M0MeHT ueiiTpoHa, / - R0HCTaHTa CBH3II Me30H - HYKJI0H, e - :meRTpH'IeCRHll 

3ap11,n. 

gJI.fl pa60Thl C qiopMyJiaMII, npnBe,D;eHHhll\UI Bhlme, II0Jie3HbI C00TH0memrn 

k = w22wM2 ; l 
,..,.--...,, w2-M2+1 (3.13) 

V 1 + T]2 = 2W • 

BbIIIHCaHHhle p;ucnepCH0HHLie C00TH0meHHH HBJIHIOTCH CTp0rHMII CJie)];CTBHH

MH cpynp;aMeHTaJII,HhlX II0CTyJiaT0B RBaHTOBOH TeopIIH II0JIH II e,o;HHCTBeHH0ro, HO 

)];0B0JILH0 ecTeCTBeHnoro qJll3Il'IeCROrO p;ony~eHHH, 'ITO aMIIJIIITY)];hl Fi(W, t) 
IIpII iv -+ 00 CTpeMHTCH I{ Hymo. Ecmr npe)];II0JI0iKIITL, 'ITO lim Fi/W-oo = 
=const.., TO, RaR HeTpy,D;H0 BII,D;eTL II3 np1rne,neHHhlX BLIIIIe cpopMyJI, cetieHIIe 

qJOTOpomp;eHIIH )];JIH yr JI a 0 = 0 CTpeMIIJIQCI, 6hl I{ 6eCKOHe'IHOCTII npII w - 00. 

2. Attamrn ::rncnepmuettTaJibHbIX p;rurnbIX 

na OCHOBe ]l.IlCIIepcnoHHI,IX COOTHOlliCHIIii 

MLI II0IIhlTaeMCH cpaBHIITL C00TH0memUI (3.5)-(3,8) C 3KCIIepHl\IeHT0M. 

TaKaa II0IIhlTKa ncTpeqaeT pHp; Tpyp;nocTeii. Bo-nepBhlX, naM Heo6xo,nuMo 

IIMeTL II0JIHYIO IIH<pOpMaunro 06 aMIIJIHTyp;e cpOTOpomp;eHHH: 0 ;:i;eiiCTBHTeJIL-
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12 A. M. BAJI,rvrn 

HLIX ll MHllMLIX 1IaCTHX BCex 12 aMIIJlllTYJ:r;, npn:11eM llHTepBaJI llHTerpnpoBaHnH 
B npaBoii 1IaCTll npOCTIIpaeT.CH ,l:r;O 6eCKOH01IBOCTII. Bo-BTOpLix, B paiioHe
HlliRHero npe,1:r;eJia y ,l:r;llCIIepCIIOHHOro lIHTerpaJia IIMeeTCH HecpII3ll1IeCKaH 06-
JiaC)'I,. ,D;eiiCTBllTeJII,HO, II0,1:r; aiiaK lIHTerpaJia BX0,1:r;HT aMIIJlllTYJ:r;LI npn: !pllKCll

poBaHHOM t H M + 1 < W' < 00. TaKOMY IIHTepBaJiy ~3MeHeHIIH nepeMeH-

o•pt"----------------

I/ 
gz 

!BO· - Pn:c. 1. 

HLIX COOTBeTCTByeT lI3MeHeHne cos 0' B npe,1:r;eJiax, npeBLimarom;n:x lIHTepBaJJ 

(-1, +1), 'ITO BH,l:r;HO II3 cpopMYJihl 

k (W') Vi+ 112 (W') + (t-1)..!. 
& 2 

cos V = k (W') 11 (W') (3.14} 

ll Jl3 !pOpMyJihl (3.13). 

Ilpn w-M + 1 B8JllI1IHHa T)
1 -+·o, eCJill Iipn: 8TOM t-=f=to = 1-2· 2~Z t ~)' TO 

cos 0' - 00 HJIII-oo. 011eBHJ:r;HO, 'ITO Mhl He MomeM IIOJIY1IHTI, ll3 8KCIIepIIMeH

TOB no cpoTopom,1:r;eHllIO aMIIJlllTYJ:r;Y npn: He<pll3ll1IeCKllX yrJiax. BKJiaJ:r;OM He
!pll3ll1I8CKOR o6JiaCTll 06hl1IHO npeHe6peraroT, 0,1:r;HaKo CTporn:x OCHOBaHilli J:r;JI.8 
TaKoro rrpeHe6pemeHllH H8T. Cym;ecTByeT cnoco6 BLIHCHeHllH. pOJill H8!pll8ll-
1IeCKOll o6JiaCTII. Ilpn: t = to Hecpn:an11ecKaH o6JiaCTI, CTHrn:BaeTCH B T01IKy. 
ConocTaBJI8Hlle cpopMyJI (3.5)~(3.8) C a·KcnepHMeHTaJibHLIMll ,1:r;aHHLIMll npn 
t = to II npn: t -=I= to MomeT IIOM01II, on;eHllTI, pOJII, HecpII8ll1IeCKOH o6JiaCTH. 
°Y CJIOBIIe t = to COOTB8TCTByeT onpe,1:r;eJieHHOMY COOTHOID8HllIO Mem,1:r;y yr JI OM 
n: aHeprneii. 

Ha pnc. 1 KpllBaH, COOTBeTCTBYIOm;aH 8TOMY 3Ha 1I8HllIO t, npoBe,1:r;eHa 
ampHoii JIHHneii. ToHKne JIIIHllll cooTBeTCTBYIOT ,1:r;pyrn:M aHa1IeHn:HM t. MaJiyIO 
OKpeCTHOCTI, JlllHllll t = 'to (aamTpnxoBaHa) HaaoBeM <<rOpHOM>). BHyTpll 
<<ropHa» MOiRHO Bhl'IllCJIHTI, ,1:r;eiiCTBHTeJibHYIO 1IaCT1> aMIIJIIlTYJ:r;, He aa60THCb 
o Hecpuan11ecKoii o6JiacTn. BeJIH'IllHa Hecpnan11ecKoii o6JiacTn J:r;JIH aa,1:r;aHHoro 
t onpe,1:r;eJIH8TCH ns pnc. 1 no paCCTOHHllIO OT T) = 0 ,l:r;O T), COOTBeTCTByrom;eMy 
T01IK8 nepece11eHH.R: JIIlHllll t -:-- to C JIIlHHeii 0 = 0 IlJIIl 180°. RaK Bll,l:r;HO II3 
rpacpn:Ka, paaMep Hecpnan11ecKoii o6JiaCTn, Boo6m;e roBop.a:, MaJI. 0,1:r;HaKo Ha 
rpaHnn;e 8TO:ii o6JiaCTll cos 0 -+ oo. I1ccJie,l:r;OBaHlle ,1:r;ncnepCIIOHIILIX COOTHO
meHIIR BHYTPll «ropHa>) 06Jia,1:r;aeT em;e 0,1:r;HIIM npeHMym;eCTBOM: BKJia,l:r; ·o6Jia
CTil W' ~ W B ,1:r;ncnepCHOHHLie llHTerpaJihl CBO,l:r;HTCH a,1:r;ec1, C xopomeii T01I
HOCTl>IO K KOHCTaHTaM (K 0,1:r;HOR KOHCTaHTe J:r;JI.R: Kam,1:r;oii aMIIJIHTYJ:r;LI). . 

I'JiaBHaH Tpy,1:r;HOCTI, npn COIIOCTaBJI6Hllll ,1:r;ncnepCllOHHLIX COOTHOIDeHHH 
C aKcnepHMeHTOM saKJII01IaeTCH B BLI'lllCJieHllll ,1:r;ncnepCllOHHhlX HHTerpaJIOB. 
MHJIMa.R: 1IaCT1> aMIIJIHTYJ:r;LI q>OTOpOiR,l:r;0HHH e,1:r;nHll1IHLIX Me30HOB B HaCTOHm;ee 
BpeMH IIJIOXO ll3BeCTHa. 0,1:r;HaKO aTa sa,1:r;a11a He TaK yme 6eaHa,1:r;emHa, KaK 8TO 
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<I>OTOPOiR.IJ;EHHE ·n•ME30,HOB BBJIH3H llOPOrA 13 

npeACTaBJIH0TCH Ha nepB~U BarJIHA, oco6eHHO 0CJIJ:I orpaHil'lllTl,CJI paCCMOTpe-

Hll0M:. oKOJionoporoBoii o6JiaCTH (ri ~ 1). . . 
Bo-nepBLIX, KaK yarn OTM0''laJIOCI, BLime, nepBoe H01:IC"l03aIOID;08 npH6JIH

iR0HJ:10 Teop1:1n BOaMyID;eHnii c cpeH0MeiioJior1:1tJ:ecKJ:1M ytJ:eToM aH0MaJI1>HblX 

MarHHTHLIX MOM0HTOB yme A3.8T xopomee onncaHne rJiaBHLIX oco.6~HHOC'.l'eii 

,q>OTOpOatA0HlIH 1C·M830HOB B o6JiaCTH (ri ~ 1). Ho IIOCKOJil>KY nepBoe npn6-

:JinmeHH0 B TO"IHOCTH COBIIaAaeT c 6opHOBCKOii tJ:aCTbIO aMIIJIHTYALI, ·_TO OTCIOAa 

MOIBHO aaKJIIO"IHTb, "ITO BKJiaA AIICnepCHOHHLIX HHTerpaJIOB B ce"leHne HeBe

irnK H ero MOffiHO BLI"IHCJIHTI, Aame C B0CI,Ma orpaHIItJ:e~oii TO"IHOCTbIO. 

Bo-BTOpfilX, H3-3a oco6oii pOJIH 3HaMeHaTeJieii W' 
1 w B IIOAHHTerpaJibHLIX 

,cpyHKD;HHX OCHOBHOH BKJiaA B AHCIIepcHOHHLie HHTerpaJibl AaeT o6JiaCTb W' ,_ 
.,_, w, II MOffiHO HaA0HTI,CH, "ITO MaJio H3Y"l0HHaH o6JiaCTI, BLICOKHX ::mepr11ii He 

p;aeT 60JI1>moro BimaAa, B o6JiaCTII me :rnepr11ii AO nopora napHoro cpoTopom

A0HHH M030HOB BLI"IIICJI8Hll8 MHIIMOH tJ:aCTH CYID;8CTB0HHO ynpOID;aeTCH 'i'pe6oBa

HH8M YHHTapHOCTII S-MaTpHn;LI: napn;IIaJibHLI8 aMIIJIIITYALI B 3TOii o6JiaCTII HMe

IOT BIIA Nei6, rAe N -AeiicTBIITeJI1>Hoe "IIICJIO, a fJ -cpasa n:N -pacceHHIIJI. 

B-Tp8TbIIX, B o6JiaCTII (ri ~ 1) MOffiHO BOCilOJib30BaTbCJI p·aaJiomeHIIeM 

aMilJIIITYALI IIO CT8II8HJIM Tl' npII 3TOM MLI 6YA8M IIM8TI, A8JIO C aMIIJIIITYAqii II ee 

npOII3BOAHLIMH npn Tl = 0, rAe H0q>II3II"l0CKaH o6JiaCTI, IIC"l83aeT. 

PaaJiomemrn IIO CT8Il8HHM Tl CIIJibHO o6JiertJ:aeT II aHaJill3 3KCII8pHMeH

TaJibHLIX AaHHLIX AJIH IIOJIY"l8HIIJI JI8BOH tJ:aCTII AIICIIepCIIOHHLIX COOTHOID8HIIH. 

Ecm1 npeACTaBHTb aKcnepnMeHTaJILHLie AaHHLie B BIIAe 

:~ = ~ bmn'Tlm (cos 8f, (3.15) 
m,n 

TO KOacpcpnn;HeHTLI npn pa3JIH"IHLIX CT8II0HHX Tj AaIOT AOIIOJIHIIT8JibHLie CIICTe

MLI ypaBH8HIIll, Ilpn 3TOM OKa3LIBaeTCH B03MOffiHLIM IIOJIY"IIITb AOBOJibHO 

IIOJIHYIO IIHq>OpMaD;IIIO 06 aMIIJIIlTYA8, He npn6eraH K AaHHblM II_OJIHpII3an;IIOH

HLIX OIILITOB. Hanp1rnep, B pa6oTe [8) Ha OCHOBe TaKoro IIOAXOAa 6LIJIO npo

B8A8HO ABa HeaaBIICIIMLIX onpeAeJieHIIJI S-BOJIHOBoii aMIIJIIITYALI npon;ecca 

y + p - p + n:0 • EcJin ytJ:eCTL, "ITO B HaCT011in;ee :speMH MLI He o6JiaAaeM 

.,u;ocTaTO"IHLIMII AaHHLIMII Aame AJIH aHaJIJI3a Ha OCHOBe (3.15), TO BpHA JIii MOmHO 

-OffiIIAaTb B 6m1maiimee Bp8MH IIOAp06HLIX AaHHLIX IIOJIHp113aD;IIOHHLIX OIILITOB. 

B o6JiaCTII HIIme nopora napHoro cpoTopomAeHHJI cyID;eCTBYIOID;aH TO"l

HOCTb 3KCII8pIIM8HTaJII,HLIX. AaHHLIX II03BOJIH8T YCTaHOBIITI, np11cyTCTBII8 

B aToii o6JiaCTII TOJII,KO S- II P- BOJIH. [Oco6oii oroBopKII Tpe6yeT <<tJ:JieH c aa

naaALIBaHIIeM>>, AaIOID;IIH BKJiaA BLICOKIIX op6IITaJibHLIX MOM0HTOB B q>OTO

J)OIBA0HII0 aapHm0HHLIX M030HOB, - OH n;emrnoM Aa0TCH 6opHOBCKOii "laCTbIO 

.aMilJIIIT~LI - CM. cpopMyJILI (3.11) 11 (3.12)]. 
B CBH3II C 3TIIM B8CI,Ma IIOJI03HO pa3JIOffi0HII0 aMIIJIIITYA no napn;IIaJibHIDI 

:llOJIHaM. TaKoe pa3JIOIB0HIIe IIMeeT BIIA [12). 

G1 = f {[l.M1+ + E1+l P;+1 (cos 0) + [(l + 1) Mz_ + Ez_J P;_1 (cos 8)}; ) 
l=O 

00 

-G2 = ~ [(l + 1) M1+ + l1vf1_] P; (cos O); 
1=1 
00 

Ga=~ {[Ez+ - 1W1+l P;+1 (cos 0) + [Ez_ + iv/z_J p;_1 (cos 0)}; 
l=l 

00 

-G4 =~[,Hz+ - E1+ - Mz_ - Ez_J P; (cos 8), 
l=l 
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14 A. M. BAJI,UlllI 

r.ri;e Mz± II Ez± - napn;HaJII,Hhle aMnJIIITY.ll:hl, onuchlBarom;ue cooTBeTCTBeHHO 

MarHHTHhle II :::JJieKTpH'Iec1me nepeXO)];hl, npII'IeM Me30H o6pasyeTCH B co-

CTOHHJIH noJIHOro MOMeHTa l + ½, l - op6nTaJII,HhllI MOMeHT, P1, P;, 
p; :_ IIOJIIIHOMhl JiemaH)];pa II HX IIpOII3BO)];Hhle. 

CcpopMyJinpyeM Tenepb BOilpOChl, Ha ROTOphle meJiaTeJibHO llOJIY'llITb OT

BeT B peayJibTaTe aHaJIII3a 3KCnepnMeHTaJibHhlX .ri;aHHhlX Ha OCHOBe .ri;ncnep

CHOHHhlX COOTHOIDeHilll. 

EcJin 6hl B HameM pacnop11meHIIH 6hlJia noJIHaH nmpop11rnn;n11 o MHHMhlX 

II )];ellCTBIITeJibHhlX 'IaCTHX aMTIJIIITY.I( cpoTopom.I(eHHH BIIJIOTb .ri;o BhlCORHX 

3HeprIIii: (W' >. W), TO cpaBHeHHe C 3KCrrepH11IeHT0M )];eii:CTBHTeJibHOII tJ:aCTII, 

IlOJiytJ:eHHOH Ha OCHOBe cpop111yJI (3.5) ~ (3.8) B)];OJib JIHHIIII t = to 6hIJIO 6hl 

. npoBepKOH caMHX .I(lICllepcnoHHhlX COOTHOllieHHll. 8Toii n;eJIH B HaCTOHm;ee 

BpeMH M0IBHO )];OCTIIrHyTb Jlllillb B BeCbMa Y3KOll o6JiaCTII 3HeprIIii: II C O'IeHb 

orpaHn'IeHHOH T0'IHOCTbIO. qT06hl npoBeCTII npoBepKy Ha yp0BHe TOH TO'IHOCTII, 

KOTopa11 6bIJia )];OCTiirHyTa npII anaJinse )];IICllepcnoHHhlX COOTHOmeHIIH )];JIH 

n N-pacce11mrn )];JIH yrJia 8 = 0, neo6xo)];1111rn cym;ecTBenno yBemrtJ:IITb 

3KCnepnMeHTaJibHl>Iii: Ma TepIIaJI. 

B nepByIO O'Iepe.ri;b, Heo6XO)];l1Mhl lIOJIHpnsan;nonnhle 0llhlThl B mnpoKOH 

o6JiaCTH aHeprn:rr. 

BoJiee orpann'IenHaH 3a)];atJ:a 3aKJIIOtJ:aeTCH B BhlHCHeHHH B03M0iRH0CTH 

orpy6JieHHH )];IICilepCIIOHHhlX COOTHOllieHHH n npeBpam;emrn IIX B IlHTerpaJib

Hhle ypaBHeHIIH )];JIH aMTIJIIITYA, ,lJ;JIH BhlHCHeHHH 3TOll B03MOIBH0CTII B p11.ri;e 

CJiytJ:aeB Mo»rno m160 orpaHII'IIITbCH cym;eCTBYIOm;IIM 3KCnepnMenTaJil>HhlllI 

MaTepIIaJIOM, JIII60 npe)];JIOIBHTb OTHOCIITeJil>H0 HeTpy)];Hble 3KCnepII11IeIIThl. 

EcTb II eme 0)];Ha sa)];a'Ia TaKoro aHaJinsa - BHecemrn HCHOCTII B sHatJ:emrn 

OCHOBHhlX napallteTpOB 1C-Me30HHOH cpII3IIKII MaJihlX 3Heprnii:. 8TOT Bonpoc 

06cym)];aeTc11 B mane III. 
,lJ;JIH Bcex 3TIIX n;eJieii: Heo6xO)];HMO on;eHIITb .. B03MOIBHYIO T0'IH0CTI> Bhl

'IIICJieHIIH )lIICIIepcnoHHl>IX IIHTerpaJIOB. Bo Bcex pa6oTaX Mhl on;emrnaJin 

)];IIcnepcIIoHHbie IIHTerpaJI1>1 Ha ocHoBe CJie)lyrom;ero ]];onym;enIIH: (3h, 3
/ 2)-pe

soHanc ]];aeT rJiaBHhlll BKJia)]; B )];IICilepcnoHHhlll IIHTerpaJI, BCe ocTaJil>Hl>Ie 

aMTIJIHTY)ll>I n o6JiaCTb Bl>ICOIUIX aneprnii )laIOT JIHilIL nonpaBKII. 8TOMY 

)];onym;en:::;ro cooTBeTCTBYIOT CJie)];yIOm;He . 3HatJ:eHIIH MHUMhIX tJ:aCTeii aMri.rm

TY)];bl [CM, q>OpMyJihl (3.3), (3.4), (3.14) Il (3.16)]: 

r-- 1 
II 4W2 k l 1 - TJ2 

- -;- (1 - t) ' 
ImF - ~--- I 3'1·o 2 t r I 

1 -(W-.M)(W+M)2 m li:1+ kTJ =-2ImF1: 

I F
II 2W 1 o 1 

m 2 =-- · -Irn2M1+=--ImF1
' W-M q 2 2' 

ImFn - 4w2 1 11 o i r 3 - (W-.M)(W+M)2. q2 m(-3M1+) = - 2 ImF3; 
(3.17), 

ImFfII = 0 (i = 1, 2, 3, 4) 

I FI I Fu I III m 4 = m 4 = m F4 = 0. 

,lJ;JIH HaXOIB)];emrn lm M1+ BOCIIOJil>3yeMCH 'Iel\I o6CTOHT6JibCTBOM, 'ITO ce

'I6HIIe npon;ecca 1 + p - p + :rt0 
xopomo 0lIIIChlBaeTCH O)];HOll pe3oHaHCHOll 

M 1+ a11mJIHTJ)];OH c ne60JI1>mon: )];06anKoii Ea+• OcTaJil>Hhle a11mJinTy)];1>I no1rn 

He y,n;aJioCb o6napyIBIITb )];ame no IIHTepcpepenn;rru c aMnJIIITy.ri;on: 1111+. B CBH3IJ 

C 3TIIM BeJIII'IIIHY aMTIJIHTY)];hl M1+ llfOIBHO C xopome:u: T0'IH0CTbIO Bhl'IIICJIIITI> 

ns HHTerpaJI1>Horo ce<reHnH npon;ecca y + p - p + :rt0
, na RoToporo Bhlrra-
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<l>OTOPOlR.D:EHHE "•ME30HOB BBJUI3ll. IIOPOrA 15 

p;aIOT HHT0pq>epeHIJ;HOHHLI011;06aBKH * H 11;ame BKJia1); aMIIJIHTYALI E O+ 0"10Hb MaJI 
(- 5% npH ri = 1 H-0,5% B paiione pe3onanca). B pa6oTax [8, 17) MHHMalI 

~aCTb Mi0+ 6paJiaCb B Bil)'.1;8 

I M(O) "I / 1 k • 
m i+ = V Sn ai 1Jsmcx33 , (3.18) 

rp;e a<r> IlOJIH00 C0"10Hil0 npo:a;ecca y + p _. p + n° H a 33 - p030HaHCHa.lI 

q,a3a nN-pacceHHHH 6paJIHCb na :mcnepnMeHTa [15, 16). 

fpaq,nK q>YHKD;IIH Im Mi~ npHBep;en Ha pnc. 2. MHTerpaJILI B (3.5) -
(3.8) 6epyTCH B CMLICJie rJiaBHOro 3HatJeHHH, Il03TOMY IIplI npOB0)'.1;0HlilI "llIC

Jl0HHOrO IlHTerpHpOBaHHH Heo6xop;HMO co6mop;aTb OCTOpOlRHO.CTb, T. e. BLI6pa

CLIBaTb He60Jibmoii: lIHTepBaJI llHTerpHpOBaHlIH B OKpeCTHOCTH W' = w. 

~~5 
1: .., 

!:ji::,. ~, ... 
$. 

o,,o 

12kt 

PaaMep 3TOro IIHTepBaJia aaBHCIIT OT TO"IHOCTH pac11eTa II OT B0JI.ll"llIHLl npo-
0 I (W') 

H3BO}];HOH 'IHCJilITeJIH y p;po6H W' - w . ::ha aap;atJa cym;ecTB0HHO ynpom;aeT-

CH, ecm1 .BLitJHCJIHTb He caMy aMIIJIHTYAY, a K03cpq>HD;H0HTLI ee pa3JIOIBeHHH 

no cTeneHHM '11 • 
Bonpoc O nonpaBimX K ]J;IlCIIepCHOHHLIM IlHTerpaJiaM ll3-3a MHilMLIX tJa

CTeii: MaJILIX aMIIJIIITYA ll o6JiaCTeii: BLICOKIIX aneprHii Tecno CBH3aH C TOtJHO

CTbIO, C KOTOpoii: Il3B0CTHLI JieBLie 11aCT1I ]J;IICIIepcIIOHHLIX COOTHOmeHHH. ITo

CKOJibKY AO caMoro IlOCJie]J;Hero BpeMean He 61,mo 3KCIIepnMeHTaJibHLIX ,n;an

HLIX, II3 KOTOpLIX MOIBHO 6LIJIO 6LI aap;eiimo onpep;eJIHTI, JieBLie tJaCTII p;ncnep

CllOHHLIX COOTHOmennii, TO BOnpoc O TO"IHOCTR pemaJICH ynpom;eaao; p;ncnep

CllOHHLie HHTerpaJILI onpep;eJIHJIHCI, C TO"IHOCTbIO, JiytJ:lleii: tJ:eM 7 -10%.' IlpII 

3.'!0M BLICKa3LIBaJiaCb nap;emp;a, 'ITO npm.IepHO C TOH me TO'IHOCTI,IO BLitJilC

JiHeTCH CetJ:eHue (TaK Ka~ Bemrn BKJia]]; 6opHOBCKIIX tJaCTeii: aMITJIIITyp;, BLI

'IIICJIHeMLIX C xopomeii: TOtJHOCTbIO). 

B TaKoM MeTop;e pememrn npu BhltJIICJienrrII ce11eHIIii MomeT npoII30HTII 

IlOTepH TO'IHOCTII. BoJiee p;eTaJII,Hhlll aaaJIIl3 IIpII'IIIH o6HapymeHHhlX pacxom

,n;enuii II IlJIOXHX TO'IHOCTeii Bhl'IIICJieHilH p;ncnepCIIOHHhlX lIHTerpaJIOB 6hlJI 

npone,n;ea B pa6oTe [ 17]. B aTo:rr pa6oTe ·IICCJiep;onam1c1, aMnJIIITYJ];LI }];JIH yrnoB 

8 = 0 II 180° 6ea pa3JIOIBeHIUI IIO CTeIIeHHM COS 8. PeayJII.TaTLI tJilCJieHHLIX pac

tJ:eTOB [9,- 10, 18] aMnmiTyp; G;, paaJiomeaa1,1x no cTeneaHM cos e, npuBep;eahl 
Ha pnc. (3-5). 

* HHTepq>epen~uoum,Ie 'IJiem.i Memgy. K0MII0HenTaMII aimmITyghl 1lf l+ C pa3Hh!Mll co
CT0Jil!ll.llMlI 110 ll30T0IIU'IeCK0MY cmmy, R0He'III0, 0CTaIOTCJI, lI noupaBKlI Ha HUX K q>OpMyJie 
(3.18) AJIJI HeK0T0phlx 3q>q>eKTOB 0Ka3hlBaIOTCJI 3aMeTilhlMll. . 
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tor- -
0,8 

_.__._J......,_.L-1......1_:i::._ 72 

·ZO 

(J: 
fJzo r;,, 

·f,0 

Pnr .. 3. 

GtJo 

dz, 

·o K'. I I 1::.14;/ 

(JJI 

(Dymm;1m ci+> · ,u;JIH npon;ecca r + p _,,. n + re+ 

B BII,!l;e ( B e,!l;IlHIID;aX :c • 10-3) 

npe,!l;CTaBJieHhI Ha· pIIC. 3 

;
2 

Gi+> == G10 + Gu cos 0; 

1 <+> G G ,r G2 = 20 + 21 cos 0; 
" 2 . 

. 1 c<+> G G v2 3 = .30 + 31 cos 0 + G3R . 

1- ~ cos e' 
1 . <+> ' G4R 

,r- G4 = G40 + 1-A- 6 · r 2 -~cos 

<l>yHKn;IIn G? ,!l;JIH npon;ecca r + p _,,. p + re0 npe.u;cTaBJiemr Ha pnc. 4 B BII

,n;e ( B e.u;IIHIID;aX :c 10-3 ) 

Gi0
) = Gio + Gil cos 0. 

AMIIJIIITJ,!J;hI npon;ecca r + n - p + re- IIOJiyqaIOTCfl Il3 aMIIJIUTY.!I:, ll300pa
:meHHhlX Ha puc. 3, 

_1_ci-> = - _1_ c!+> + 2cPr vz ' v2 ' ' . 
a ,u;JIH n;pon;ecca r + n _,,. n + re0 aMnJinTyUhI noJiyqa~TCH 113 G\0>, npe.u;cTaBJieH
HhIX Ha pHC. 4, 

G (n0) _ G(0) _ 2GIII 
1, - \ \ • 

III · ( · Ii _ ') <DyHRD;IIII Gi npe,!l;CTaBJieHhI Ha pnc. 5 B BH,!l;e B e,u;IIHIIn;ax - • 10 3 
. ~ 

cf II = Gio + ·cil cos 0. 

RoHCTaHTa CBH3H / 2 npnHHMaJiac1, paBHO:ii 0,08. Heo6xo,u;IIMO OTMCTHTh, 
'ITO 3TH aMIIJIHTY,!l;LI IIOJiyTJCHhl HC C IIOMOID;hlO 4JYHIUJ;IIH (3.18), Il30opameH
HOH Ha pIIC. 2, a Ha OCHOBC annpoKCHMan;nn sin a 33 pe30HaHCHOH qiopMyJio:ii. 
PeaonaHCHLie qiopMyJILI He yqIIThIBaIOT 6LICTporo cnaJJ;a sin a 33 B o6JiaCTII 6oJih-
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w 
0~====:::::::::.'.::::::~ 

-to 

Puc. 4. 

17 

IIIIIX ;rnepruii. 8TOT 3q>q>0KT MaJIO M0H1I0T B0JIIIqHHI,I AHCnepCHOHHLIX lIHTer

paJIOB, HO ORa3LIBaeTCH oqem, cym;eCTB0HHhlM ll,JIH B0JilI1IlIH ceqeHHII npH 0 = 0 

II 180° (CM. pa6oTy [17]). 

f,S 
G,, 

f,O 

65, 

O,I 
Gzo 

r;., 
0 0 

r; 

Pnc. 5. 

B C01I0Hll0 cpOTOp0iRA0HlIH aapHiR0HHLIX M030HOB UOAaBJIHIOm;e 60.n:1,rnciii 

BRJia;:( ;:(aeT 6opHOBCRaH 1IaCTb a:r.mmITY,ll;LI, Il03TOMY corJiacne C 3RCIIepII

MeHTO~l JJ;JIH npo.u;ecca y + p - n + re+ cJie.D;yeT omn.D;aTI> B. npeAeJiax 20 % 
,n:ame npn caMLIX rpy6Lix o.u;eHRax IIHTerpaJioB. B cJiy11ae me qioTopom.D;e

HIIH n°-M030HOB KapTIIIIa cym;ecTB0HHO CJIOiRH00, IIocROJibKY aMilJIHTY,ll;LI 

2 Tpyn1,1 <I>lIAH, 111 
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18 A. M. BAJI;zUIH 

rrpoqecca y + p- p + rc0 caMn cocTaBJIHIOT 1/ M OT a.llmJIIITYAhl npoqecca y + 
+ P- n + re+, nonpaBRa R ce11em110 Il8-8a peJIHTilBHCTCRilX acpcpeRTOB (-1/ M2) 
AOXOAIIT AO 30 -40 % . )];ncrrepcnoHHhle IlHTerpaJihl B 3TOM CJiy11ae AaIOT 6om,
IDOll · BRJiaA, Il TO'IHOCTJ, nx oqeHOR IIrpaeT cyrn;ecTBeHHYIO pOJIJ,, 

CpaBHSHIIe 'IIlCJieHHbIX pac11eTOB C 3RCrrepI1M0HTOM nprrneJIO R CJieJ.(yIO
rn;eMy OCHOBHOMY pe8JJibTaTy (9, 10].: ll:mpcpepem::i;naJII,HJ,Ie ce11eHHH' paCC'III-

( da) . 
TaHHI,Je ll:JIH OCII (<ropHa>> dQ l=lo , xopomo corJiacyIOTCH C 3RCnepIIMeHTOM 

(pnc. 6 II 7). 8RcnepnMeHTaJII.HI.Ie 8Ha11emrn ce11emrn (;~ ),=t, AJIH peaRqnu 

r + p - p + rc0 OhlJIII noJiy11eHhl cJieJ.(yIOrn;IIM o6pa8oM. PaccMoTpIIM ce11enne 

JJ:JIH yrna cos e = 1/¥3. 
dr:; I _ = A + B cos 8 + C cos2 8 I _ __!__ = (A + ; c) + B ,;- • 

dQ cos 8=1/V a . . cos 8 - vs r 3 

IlepBhlii: qJieH ( A + ~ C) = o-~:H·. IloJinoe ceqemrn OnoJrn. 6hlJlO TI~aTeJibHO 

' 1 
II8MepeHO fOBOpIWBblM II BaCIIJlbIWBhlM (19]. l!JieH B -ya llp0lJ:CTaBJIHeT CO• 

6oii MaJiyIO norrpam<y, n ero MOiRHO B3HTb H8 pa6oThl · (20]. JlIImrn 

cos 0 = ;3 Ha pnc. 1 JieiRIIT B0ChMa 6JIII8RO R OCII (<rOpHa>), II J.(JIH rrpn

M0HHeMOH TO'IHOCTII BllOJIHe lJ:OCTaTO'IHO IlOJIOiRllTh 

da I da I 
dQ cos 8- .2.. ~ dQ 1=1

0 
• --va 

0AHOBpeMeHHO C xopomII.llI corJiaCIIeM AJIH CJiy'laH t = to B pa60TaX [12, 
18] ohlJIO o6napymeno pe8ROe pacxomAenne c aRcnepnMeHTOM AJIH o6JiacTeii 

yrJIOB e = 0 II 180°. PacxomAeHne MOIB0T 
6hlTh OTneceno RaR 3a C'l0T H0q>II3Il'leCROU 
o6JiaCTII, TaR n 3a c11eT BRJiaAOB o6JiacTe:ii 

d6 Ill" 'fi 
{Jr d. t • tD 

'I 

J 

/'1 )2 -t S etJ.{j;c • 10 

t f 
BhlCORIIX 3Heprnii: B ·AHCnepcnoHHhl0 HH
TerpaJII,I, 

IlepBaH B03MOIBHOCTh 6hlJia npoana-
JIIl3IlpOBaHa B AORJiaAe [10], rAe OhlJIO 
llORa3aHO, 'ITO RaR AJIH,3apHiR0HHhlX, TaR 
Il AJIH ne:ii:TpaJihHhlX Me30HOB 0611apymn
BaeTCH CIIJlhHaH IWppeJIHqlIH MSiRAY Be
JIII'IHHOH .paCXOiRAemrn II BeJII1•m110:ii He-

? ::--~-:'--'---'---J'---l..-.l..___J q>II8IITiecR o :ii o oJia CTH. BTo paH B08MOm-
• o 0/ ~z 0,3 0,11 0,5 o,5 0,7 o,a noCTh npoa11aJIII8IIpoBa11a A. H. Jie6eAe-

Pnc. 6. 
qz Bhl.l\I II aBTOpOM [17], ROTOphle 0611apy

iRHJIII, 'ITO yrJihl 0 = 0 II 180° npeACTaB
JIHIOT oco61,1:ii: IIHTepec C TO'IRII 8pemrn 06-

• cymAaeMoro anamrna. 
naR BIIAHO n 3 q>OpMyJihl (3.2), CetJ:enne AJIH YrJIOB 0 = 0 II 180° Bhlpama

eTCH Tiepea RBaApaT cyMMhl IIJin paanocTn aMnJIIITYA G1 n G2 • 8To oana11aeT, 
'ITO AIICnepcnonuhle COOTHOmennH AJIH cy.l\1.l\II,I IIJIII pa3HOCTH G H G2 HBJIH 

IOTc: AHCnepcnouuhlMII COOTHOllieHIIHMII lJ:JIH Bceii: aMOJIIITYAhl ~pu e = O ~ 
180 . B~JIII3Il nopora (\< 1) aMIIJIIITYlJ:hl MOiRHO C xopomeft TO'IHOCTbIO C'IIl
TaTh A0IICTBHTeJihHhl.l\III • 0TCIOAa CJieAyeT' 'ITO Ropeuh RBaApaTHhlll Il3 

* MaJiyJO nonpaBKy Ha MHIU.IYJO 'laCTb 0'leHb Jierno BBeCTII, l!CII0Jib3YH Il3BeCTHYIO 

CBH3b npoIIeccoB q>OTopom):\emrn n pacceamrn ,r~ueao110B: Ref m ~llr,i/( 1- 6; ) , rAc om_ 
q>aaa pacceJIHHJI B C00TBeTCTByrom;eM C0CT0RHHII. 
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«l>OTOPOiRJJ;EHlIE T<-ME30HOB BBJilI3lI Il_OPOrA 19 

. ceqeHlIH )J.JIH yrJIOB 0 = 0 If 180° onpe;n;eJIH0T JI0BYIO qacTI, )l;lICII0pCHOHHOro 

co<>THomeHnH cooTB0TCTB0HHO )l;JIH pasHOCTH 11 )l;JIH cyMMLI G1 11 G2. 
TaKnM o6paaoM, ToqaocT1> 11sMepeHIIH BeJIJiqJIHLI ceqeHnii )l;JIH yrna 0 = 0° 

(mrn 180°) sa;n;aeT ToqaoCTI,, C KOTopoii: )l;OJiiR0H OLITI, BfilqJICJI0H O)l;IIH )l;lIC

nepCIIOHHLlll lIHTerpaJI. AHamrn aTIIX ;n;ncnepcnoHHLIX lIHT0rpaJIOB 003 paa

JIOffi0HlIH no cos 0 IIOKaaaJI, qTO aMIIJIIITY)l;LI q>OTOpom;n;eHHH n°-M030HOB )l;JIH 

yrJIOB 0 = 0 lI 180° qpe3BI,JqaHHO KpII- f,5 
TliqHJ,I K MaJILIM BKJia;n;aM lI nplIHHMaB-

me:ii:cH paHee TOqHOCTII BI,IqIICJI0HlIH ;n;rr- V . 
cnepcHOHHhlX lIHTerpaJIOB H0,!l;OCTaToqao. '1°· 

~ 
B qacTHOCTlI, oKaaaJIIICI, Qq0HI, cy~e~T- .. t,Z 
B0HHLIMlI OTKJIOH0HllH aKCIIepIIM0HTaJII,HO -~ 

ll3M0p0HHOH q>a3LI 0'.33 OT B0JIIIqJIH, ;n;a- ~ {O 
B3.0MLIX peaoHaHCHhlMII q>OpMyJiaMrr. ::r 

KpHTrrqaocT1> a11mJIHTy;n;LI npon;ecca I 0,8 
y + p _, p + n° )l;JIH yrJIOB 0 = 0 II ""' 
180° K MaJihlM BKJia;n;aM 061>HCHH8TCH Ma- ;,<:!0.6 
JIOH BeJIHqJIHOi.i aMIIJIIITy,u;. ,Il;JIH yrJia ij · ~ 
e = 0°, KaK noKaaaHo B paooTe [ 17 J, ;n;eii- ~I~ 0,'1 • 
CTBIIT0JII,HaH qaCTI, aMIIJIIITY,!l;bl npou.ecca 

y + p _. p + n° ;n;oJimHa ,u;ame npoxo;n;nT1> o,z ? 
qepea Hym, npII l'] 2 

:::::::: 0,15. YTOqaeHne 2) 
aTIIX )l;IICnepCIIOHHLIX lIHTerpaJIOB aa cqeT O 0,2 0,'I 0,6 0,8 
MaJihlX BKJia;n;oB npIIB0JIO K IIO~II IlOJI-

HOH JIHKBH;n;au.mx pacxom,u;eHIIH ,!l;JIH yr- Pnc. 7. 
JIOB 0 = 0 II 180° ,!l;JIH npon;ecca y + p--➔ 
_, p + n°, o;n;HaKo ·Ta me caMaH rrpou.e-

;n;ypa HHCKOJil,KO H0 yMea1,m1rna pacxom,u;eHIIH )l;JIH aTHX yrJIOB )l;JIH npo -

n;ecca y + p-> n + n+. 8TH pacxom;n;eHIIH OKaaaJilICI, CB113aHHLIMH C OIDIIO

KOH B aKcrrepHM0HTaJII,HLIX ;n;aHHLIX. IIocJie;n;Hne aKcnepHM0HTaJII.HLI0 ,u;aHHLI0 

(cM. Tpy,u;LI Mem;n;yHapo;n;Hoii KOHq>0p0H[(IIII 110 q>H3IIK0 B~COKHX aHepruii, 

iReaeBa 1962 r.) He o6HapymnBaIOT TaKoro 60JI1,moro pacxom,u;eHHH. 

BoJI1,moi.i IIHTepec rrpe,u;cTaBJIHIOT IIOIII,ITKII rrpnMeHeHHH ,!l;BOHHLIX ;n;rrcrrep

CHOHHLIX COOTHOill0HHII lf.JIH aHamraa rrpon;ecca q>OTOpom;n;eHHH [18, 21 ]. 

ITpIIM0H0HH0 ;n;,BOHHLIX lJ.IICIIepCHOHHLIX COOTHOID0HIIH COCTaBJIH0T 6om,moii 

II BUIBHI,Ill paa;n;eJI cpnamm CHJibHLIX B3aIIMOlJ.0IlCTBIIii, II3JIOIB0HH0 IIX He BXO)l;IIT 
I -

B aa;n;aqy HaCTOJI~en CTaTnH, l\Il,I TO.'IbIW yKaaLIBaeM Ha CBH3I, Ramero aHaJIHaa 

C 3THM no;n;xo,u;oM. ,Il;BOllHhle COOTHOID0HIIH (no 06em1 nepeMeHHhlM s = W2 Ht) 

co;n;epmaT KaK qacTHhlH cJiyqa1i orrncaHHLie Bhlme o;n;HoMepHLie coon-:omenm, 

II Il03BOJIHIOT npu IICIIOJJb30BaHIIll IIpOCTLIX q>lI3IIqeCKHX r11n0Tea c;n;eJiaTI, H0-

KOTOpLie npe;n;rroJIOIB0HUH O Bimalf.e OOJiaCTII BLICOIUIX aHeprnii B OlJ.HOM0pHLI0 

COOTHOIII0HHH. BKJia;n; o6JiaCTII J,V' ~ w B O)l;H01110pHhl0 COOTHOill0HilH aeaa-

(w) . 
BIICIIT OT W (c ToqnocTbIO ;n;o ......, W' ), HO 11IOIB0T )l;OBOJil,HO ClIJibHO 3UBIIC0Tb O!l' 

t, 1103TOMY, aarrucaB ;n;nci:repcnoHHLie COOTHOID0HIIH IIO t, MOiKHO c;n;eJiaTI, 

0[(0HKII BKJialf.a o6JiacTeii W' ~ w II aaBIICIIlllOCTII aToro BKJia;n;a OT t. Heo6-

xo;n;u11ro, O,!l;HaRO, IIM0T1, B BII,!l;Y, qTo IICIIOJiblOBaane ,!l;BOllHhlX COOTHOill0HHii: 

CBHaaHo C IIplIBJieqeHII0M p11,u;a HOBhlX napallieTpOB lI rllIIOT03, KOTOphle TaK

me aeo6xo;n;n1110 rrp0Bep.11T1,, IIoaTollly HanooJinmero BHII!lraHnH aacJiym1rna10T 

Tamrn BLIBO)l;LI H3 )l;BOllHLIX ;n;ncrrepcrroHHhlX COOTHOill0HlIH, KOTOpLie CBH3aHhl 

C MIIHHl'.Ia,'IbHbIII[ ROJIIrqeCTBOl\I rIIIIOTea. ,Il;o6aBRlI K aMIIJIHTy;n;aM, na-aa 06-

JiaCTei.i BbICORIIX :rneprnfr COCTaBJIHIOID;IIe OO'b0KT npII11IeH0HHH )l;BOHHLIX ;n;nc

rrepcnoHHbIX COOTHOIII0Hllil, aaBUCHT (rrpn6mrmeHHO) TOJil,KO OT t. IIoaTOMY 

OHH ,IIaIOT IIOCTOHHHI,I0 COCTaBJIHIO~ne R al'tIIlJIIITY,!l;al\I Ha OCH (<rOpHa>> (t = to) .. 

2* 
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.20 A. M. BAJI,I(IlH 

C DOMOIIl;bIO OTJeHb o6m;IIX coo6pamem1ii (coxpaHeHIIe G-11eTHOCTII) MOiRHO no
I RaaaTb, TJTO HaII6oJiee peaRo aanIIcnm;IIe OT t A06aBRII AOJiiRHhl AaBaTb BRJiaA 

TOJlbRO B II80TODII1J0CRII CRamipHyIO TJaCTb aMnJIIITYAhl (BRJiaA n - n-B8aIIMO

A0HCTBIIH). 
. 8TII BhlBOAhl 01I0Hb- IIHTepeCHhl, II IIX MOiRHO npoBepIITb, ROHRp0THhl0 me 
paC1I0Thl A06aBOR R aMnJIIITYAaM B HaCTOam;ee Bp0MH npeACTaBJIHIOTCH H0-
y6eAIIT0JlbHhlMII, H0 roBopa yme O cpaBH0HIIII TaRIIX pac11eTOB C :rncDepIIM0HTOM. 

lloABeAeM IITor aHaJIIIay AaHHhlX no cpoTopomAeHIIIO n-MeaoHOB · B o6Jia-

CTII ('11 < 1) Ha OCHOBe AIICDepCIIOHHhlX COOTHOill0Hllll. 
1. IIpeACRa8aHIIH, OCHOBaHHhl0 Ha AIICrrepCIIOHHhlX COOTHOIII0HIIHX, cor

n:acyro_TCH c :rncnepIIM0HTOM B o6JiaCTlI yrJioB II :meprIIii t :::::: to, a AJIH cpoTo

poiRA0HHH n°-M080HOB corJiacne IIM0~TCH npaRTH1J0CRH BO Bceii o6JiaCTII '11 < 1. 
Op;HaRO AaHHhle no !pOTOpomp;eii:IIIO n-M080HOB noRa H0AOCTaT01IHO TOTJHhl 
B 8TOii o6JiaCTII. 

2. IIpnpoAa He6oJiomnx: pacxomAeHIIii ocTaeTCH no~a HeBhlHCHeHHOii. He

o6xoAHMhl aRcnepIIM0HTaJibHhl0 AaHHhl0 RaR no OROJIOnoporOBOMY .<pOTOpom
A0HIIIO n-M080HOB, TaR ll DO onpep;eJI0HHIO MHIIl\UiIX 11acTeii aMDJIIITYA !pOTO-

pomp;eHlIH B mIIpoRoii o6JiaCTII aH~prnii. · . 
Han6on:1,myro pOJII, ChlrpaIOT II8MepeHIIH B o6JiaCTII '11 < 1, rAe ·C noMOIIl;bIO 

cpopMyJihl (3.15) MOiRHO rrpoBeCTH auaJIII8 AII<pcpepen;mrnJibHhlX ce11eunii: II Bhl
A0JIIITI, OTAeJibHhle aMIIJIHTYJJ;hl. B ~Jiy11ae aapameHHhlX MeaouoB PHA (3.15) 
CXOAHTCH nJIOXO II AJIH YJIY1IIII0HHH CXOAIIMOCTII Jiy1IIIIe BhlAeJIHTb B HBHOM BHA0 
((1JJI0H C aaDa8AhlBaHIIeM>), aHaJilI8IIpya AaHHhle DO yrJIOBhlM pacDp0A0JI0HIIHM 

N 

Ha ocHoBe <li?_Pll~YJihl :~ =~am xm + a~i + :~2
, rAe x = (1 - t). IIocJie 

m=o 
aToro MOIBHO aHaJIII8lipOBaTb AaHHhle DO aHepreTIITJeCROII aaBHCIIMOCTll ai, 

. paaJiaraa lIX B pnp; DO CTeDeHHM 'I'] (8a,IJ;a1Ia CBO,Il;IITCH R rrpe,IJ;hlAYm;eii). 
3. Oco6oro BHIDrnHHH aacJiyiRIIBaIOT yrn1,1 e = 0 n 180°. ,IJ;Jia RamAoro 

: II8 aTIIx yrJioB aMIIJIHTYAa BhlpamaeTcn _TOJibRO 11epea OAIIH AHcnepcnoHHhlii 
IIHTerpaJI, lI BeCI, aHaJIII8 cym;ecTB0HHO ynpom;aeTCH. RpoMe Toro, aMDJIHTYAa 

1

AJIH 8TIIX yrJIOB 01I0Hb RpIITIITJHa R MaJibIM BRJiaAaM B AHCD0pCHOHHhl0 IIHTer
_pa.Ji:hl, rrpeACTaBJIHIOm;IIM HaH60JibllIIii lIHTepec (B TOM 1IHCJl0 lI R BRJiaAY 
necplI8Il1ICCROii o6JiacTn). Pacxomp;eHIIH B 8TOU o6JiaCTII MaRCIIMaJII,Hhl. 

4. lf ccJieAOBaHne 3aBHCIIMOCTII . o6Ha pymeHHhlX paCXOiRA0HHii OT II80TO

IIII1I0CROro CIIHHa npeACTaBJIHeT co6oii: OAHY lI8 nepB0011epeAHhlX 8aAa1I, eCJIH, 
ROH01IHO, OHlI He HBJIHIOTCH CJieACTBHeM CIICTeMaTHTJeCRHX OIIIII60R. IIpemAe 

BCero CJieAyeT BhlHCHIITb, He o6aaaHhl Jill OHH TOJibRO ll80TOIIH1IeCRll CRaJIHp
HOH 11aCTII aMIIJIHTYAhl (B08l\lOiRH00 BJIIIHHHe peaoHaHCHOrO rt - n-B8allMO
p;eii:cTBHH). 

TairnH npoBepRa B08MOiRHa na OCHOBe OllhlTOB no !pOTOpOat]J;eHIIIO Ha 
JJ;eihepnn npn naMepeunn OTHomemrn ce11eunii: 

a (r + d - 2p + ,i-) a (r + d - d + n°) 
IIJIII 

a (r + d .... 2n + n+) a (r + p - p + n°) 

JJ;JIH yrJia 8 = 0°. 
5. CorJiacne (B o6m;IIX 11epTax) npeJJ;CRa8aHIIll Ha OCHOBe ,IJ;IICilepcnoHHhlX 

COOTHOilleHnii: C 8RCnepnMeHTOM p;eJiaeT MaJIOBepOHTHOll HecnpaBe,IJ;JI:1IBOCTb 
caMIIX p;:ucnepcnOHHhlX COOTHOmeHnii. 

6. l!pe3Bbl'IallHaH RplITIITJHOCTb aMilJIIITY,IJ; ,IJ;JIH yrJIOB 8 = 0 lI 180° 
R MaJihlM BRJia]J;aM B p;ncnepCIIOHHhle IIHTerpaJihl npep;cTaBIIT 8Ha'IIITeJibHhl0 
Tpyp;HOCTII )J;JIH IlOilbITOR IlOCTpOeHHH ypaBHeHnii, OllIIChlBaIOID;HX npon;ecc 
!pOTOpomp;eHHH Ha OCHOBe p;11cnepCIIOHHhlX COOTHOilleHnii. 
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IV. <I>OTOPOiK,O:EHIIE HA ,O:ERTEPIIH 

0,n;Ho:ii: II3 Baame:ii:mIIX crren;ncpII'I0CKIIX 'I0pT cpOTopom.n;emrn M030HOB Ha 

HyKJIOHax JIBJIJI0TCJI Ta, 'ITO IIOJIHYIO IIHcpOpMan;IIIO O rrpon;ecce H0B03MOlliHO 

noJiy'IIITo, IICCJie,n;y.11 TOJloKO cpOTopom,n;eHII0 Ha Bo,n;opo.n;e. J!oCKOJll>KY MIIme-. 
Hell II3 H0HTpOHOB H0 cym;ecTByeT, TO )l;JIJI IICCJl0)l;OBaHIIJI 3JI0M0HTapHoro npo

n;ecca !pOTOpom,n;eHIIJI Heo6xo,n;HMO IICCJI0)l;OBaTI, !pOTOpom,n;eHIIJI l'll030HOB Ha 

CBH3aHHl,IX H0HTpoHax, II B rrepByIO oqepe.n;o Ha .n;eiiTepHII *. 
<DoTopom,n;eHne MeaoHOB Ha .11.n;pax npe,n;cTaBJIJieT co6o:ii: CJIOiKHOe II MaJio 

II3Y'I0HH00 JIBJl0HIIe, IIHTepnpeTan;n.11 KOTOporo HaXO)l;IITCJI Ha cym;eCTB0HHO 

6onee Hll3KOM ypoBHe no cpaBH0HlIIO C !pOTOpom,n;eHHeM Ha Bo,n;opo.n;e II .n;eii

TepIIII. IIonytJeHIIe IIHq>OpMaD;IIlI 06 aMnJIIITy,n;e qJOTOpomp;eHIIJI Ha HeiiTpOH0 

(TO'IHee, oC II30CKaJIHpHOH 'IaCTII aMIIJIIITY)l;hl !pOTOpom,n;eHIIH) JIBJIH0TCH rJiaB

HOH n;eJII,IO IICCJie,n;oBaHHJI cpoTopom,n;eHHH M030HOB Ha .n;eiiTepIIII. 0,n;HaKO H8 

MeHee BalliHhlM JIBJIJ18TCJI II3Y'I0HH0 B03MOIBHOCT8ll OIIHCaHIIJI rrpon;ecca pom
,n;eHHJI l'll030Ha Ha rpyrrne HyKJIOHOB. 06e aa,n;a'III T0CHO CBJI3am,i: Mem.n;y co-

60:ii; 6ea pememrn o,n;Hou HeB03MOmHo pemnTn .n;pyryro. 

KaK IIOKa3oIBaeT aHaJIII3 !pOTopom,n;eHHJI M830HOB Ha .11.n;pax (cM., HanpIIMep, 

[231,) O)l;HOHYKJIOHHaH MO)l;0JII, cpoTopom.n;emrn (T. e. npe,n;noJIOlli0HHe O TOM, 

'ITO aMnmITy,n;a !pOTOpom,n;eHIIJI Ha HAPS MOlli8T 6hlTI, npep;cTaBJieHa B BHJJ:0 

cyMMI,I aM_nJIIITYA <pOTopom,:i:eHHH Ha OT)l;0JII,HhlX HyKJIOHax) corJiacyeTCJI co BCeii 

COBOKYIIHOCTI,IO 3KCnepHM0HTaJII,HhlX ,n;aHHhlX. IloCKOJII,Ky .11.n;po .n;eii:Tepn.11 

HBJIH8TCJI CJia6o CBJI3aHHOll CHCTeMOll, TO )l;JIJI Hero O)l;HOHYKJIOHHaJI MO)l;0JII, 

)l;OJllliHa 6hlTI, oco6eHHO xopomo npnMeHIIMO:ii:. 

M.n;e.11 npn6JI_nmeHHoii aaMeHhl aMnJinTy,n;hl pacce.11HIIH Ha CJIOIBHOH cn

CTeMe cyMMOH aMIIJIHTy,n; pacceHHHJI Ha IIO)l;CHCTeMax B !pII3HKe ,n;aBHO H3Be

CTHa. IIocJie,n;oBaT8JII,HaJI cpopMyJIIIpOBKa 3TOH n.n;en 6hlJia ,n;aHa B II3B8CTHOM 

MeTo,n;e IIMIIYJibCHoro npn6JIHlli8HHJI, TeOpII.11 KOTOporo 6hlJia paaBIITa B pa-

6oTax qy, BnKa n foJII,,n;6eprepa (cM., HanpIIMep [24-25]. B paHHIIx paoo

Tax no TeopIIn cpoTopom,n;eHnH n:-l'lte30HOB Ha .n;eihepuu [26-28] Teopn.11, oc

HOBaHHa.11 Ha m1myJioCHOM rrpn6JIIIiK8HIIH, 6hlJia ccpopMyJIIIponaHa JillillI, B 06-

m;nx qepTax. Oaa 11rnrna rrpeTeH,n;OBaTo Ha onncaane aKcnepIIMeHTa ;rrnmo no 

nop.11,n;Ky B8JIII'IHHhl lI TO He )l;JIJI Bcex o6JiaCTeii II3M0H8HIIH rrepeMeHHhlX. 

. Bo-nepBhlX, B 3TIIX pa6oTax JIII6o COBC8M He Y'IIIThlBaJIIICI, Baam.ro.n;eu

CTBIIH qaCTIID; B KOH8'IHOM COCTOHHIIII, JIII6o Y'IIIThlBaJIIICI, TOJII,KO .11,n:epHhl8 

B3aHMO)l;8llCTBIIJI. Bo-BTOphlx·, BOJIHOBhle cpyHKD;IIII HYKJIOHOB Bhl6IIpaJIIICI, Ha 

OCHOBe IIX acm,mTOTII'l8CKOrO noBe,n;emrn, TOr,n;a KaK noBe,n;eHII0 BOJIHOBbIX 

cpyHKn;uii: B o6JiaCTII ,n;eHCTBIIJI .11.n;epHhlX CIIJI cym;ecTB0HHO BJIIIJI8T Ba B8JIH• 

'llIHY MaTpU'IHhlX 3JI8M8HTOB. B-Tp8TI,IIX, COBepmeHHO H0JICHa 6hlJia poJII, 

BTOpII'IHhlX Baa1mo.n;eii:cTBIIll M830Ha C HYKJIOHal'IIII (MHOrOKpaTHOe pacce.11-

Hne, KYJIOHOBCRII0 B3aIIMO)l;8llCTBHH). . 

Teopn.11 cpoTopom.n;emrn MeaoaoB Ha ,n:eii:Tepm1, cno60,n:Ha.11 OT aTnx He~o

CTaTROB, paaBIIBaJiaCb aBTOpOM B ·pa6oTax [9, 29]. 8Ta Teopn.11 ncnOJib3Y8TCH 

,!l;JIH o6pa60TKII 3RCnepIIM0HTaJII,HhlX J);aHHhlX no qJOTopom,n;eHIIIO M030HOB Ha . 

l];eii:Tepnn RaR B CCCP, TaR n aa py6emoM. 

Hume Mhl ll3JIOIBIIM OCHOBHhle peayJioTaThl 3T0ll Teopnn, 'IaCTII'lHO paa-

6pocaHHhl8 no 0Tl];8JII,Hhll\I cTaTI,HM, a 'laCTII'lHO Heony6JIHROBaHHhl8. 

AMIIJIIITYl);a nepexo)l;a l];JIH Hl);pa npel);CTaBJIJl8TCH B Bn,n;e cyMMhl aMIIJIIITYA 

nepeXOl];OB l);JIH OTl];8JII,HhlX HYRJIOHOB 

M=~/<k-1J)r., [avK'+L"J, (4.1) 

* Hegaauo ITOHBIIJIOCh coo6m;eHHe [22] 0 TOM, qTQ IIOJiyqeHhl nepBhle llKcnepIIMCH· 
TaJihHhle ganuble no peam~IIII ;i;- + p -+ n + y . .D;eTaJihHOe IICCJiegoaaune COBOKYITHOCTil 
peaK~nii y + p _. n + n +; y + p --,. p + no; n- + p _. n + y, BKmoqa.fI IIOJI.Hpu3aIUIOH
Hble OITblTbl, MOrJio Obi gaTb IIOJIIIYIO I!Hq>Opll!a~HIO 06 aMIIJIHTygax q>OTOpOiRgemrn n -Meao
HOB. ogHaKo TaKa.H nporpaM~ta apag JIil ocym;ecTBl!l\Ia B 6m1IBaiimne roghl, 
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22 A. M. BAJI.JJ;IIH 

rAe Kv n Lv - qiy1rnn;nn m,mym,coB q>OTOHa, MeaoHa n HYRJIOHa, rv n av -
Roop,n;nHaTa n onepaTop c11nHa v-ro HyRJioHa. 8To BhlpameHne )];JIH onepaTopa 
nepexo,n;a JIBJIHeTCH o6i:n;nM. II01m Mhl ero He 6y,n;eM ROHHpeTnanpoBaTb. MaT
pn'IHhl:ii 8Jl8M8HT noro onepaTopa no BOJIHOBhlM q>YHRIJ;RHM CB06o,n;IiQro ,ll;Bff
iR8HlIH HyRJIOHOB ,ll;OJliR8H COBIIa,n;aTb C aMnJIHTy,n;aMII npon;eccoB, paCCMOTpeH
HhlX B npe,n;1,1,n;yi:n;nx naparpacpax. 

IloJIHhlli rali!:HJibTOHIIaH CIICT8Mhl aannrneTCJI B BII,n;e 

H =Ho+ H' + V + Ve, (4.2) 
r,n;e HO - cyMMa . raMIIJlbTOHIIaHOB CB060,ll;HhlX M830HHOro II 3Jl{)l{TpOMar
HRTHOro IlOJie:ii II raMIIJibTOHIIaHa, OllIIChlBaroin;ero )];Ba B3aRMo,n;e:iiCTBYIOID;RX 
HYRJIOHa; H' - raMIIJlbTOHRaH, OllIIChlBaroi:n;n:ii B3alIMO,ll;8HCTBHe M830HOB 
c HYH.'.roHaMn II aJieHTpoMarnnTHhlM noJieM; V n Ve - JI,n;epHhl:ii II RYJIOHOB
CHIIii IlOT8HD;HaJihl B3aIIMO,ll;8HCTBlIH M830Ha C HYRJIOHaMII. EcJIH paccMaTpH
BaTb Il0CJI8,ll;HII8 Tpll 1:J:JieHa B (4.2) no Teopnn B03MYID;8Hllii, TO onepaTop ne
pexo,n;a, onnc1,1Baroi:n;nii Ham npon;ecc, IIMeeT BR,ll; 

T = [ 1 + (V + Ve) E- Ho+ ie 1 ]H'. (4.3) 

CorJiacHo MeTo,n;y IIMIIYJibCHoro npn6JinmeHHJI noJiaraeM H' -~ M. BTopo:ii 
1:J:JI8H B RBa,n;paTHhlX CH061rnx OIIIIChlBaeT no11paBHII Ha Baa1rno,n;eiicTBlI8 06-
paaoBaBmerocJI Meaona c HYHJIOHal'tm. Mhl paccMoTpRM ero nec1<0JibHO noame. 
,Il;JIJI Bhl'IIICJI8HIIJI rJiaBHOro 1:J:JieHa Heo6xo,n;HMO Bhl'IlICJIJITI, MaTplI'IHhlli 3Jie
M8HT OT onepaTopa (4.1) IIO BOJIHOBhlM q>YHHD;HHM CRCTeMhl. 

1. <l>oTopoIB,n;enne ueiiTpaJibHbIX MeaouoB 

PaccMoTpHM peaHn;nn 

r + d - {d + no; 
, p+n+ ,iO 

MaTpntrHhlii: aJieMeHT nepexo,n;a nMeeT BII,ll; 

r,n;e 
('¥11 (ilfp + Mn) 'l'o), 

Mp= e2
~qrp [(aPKP.) + UJ;} 

Mn= e2tqrn [{~nKn) + Lnj. 

3,n;ecb n B ,n;aJibHei1rneM 
k-11 

q=-2-· 

BoJIHOBhle qiyHHD;Illl 6paJIIICb B BIIll,e * 

'l' o ~ 'Xm <Jld (r); l 
'l'j = (2~ )'1' 'Xm <p~) (r) eiPR; 

1 •;. 
'l'i = ( 2n ) oxo <p~ (r) eiPR . 

(4.4) 
(4.5) 

(4.6) 

(4.7) 

(4.8) 

* RaK BHAHO H8 .aanncn q>YHKIJ;Hll, TeH80pHJ,re H cmm-op6HTaJil,Hhle CHJILI B pa6oTe 
He yq:nTLIBaJIHCh. Y'leT 8THX aqHpeKTOB B HeKOTOphlX o6JiaCTSI:X: H3MeHeHHSI napaMeTpOB, 
RaK llOKaaaJin paC'leThl, OKa3LIBaCTCSI cyll\eCTBeHHLIM. 8TH pac'leTLI 6yAyT ony6JIHKOBaHLI 
01AeJII,HO, 
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<I>0TOP01R.D:EHHE n-ME30HOB BBJill3ll Il0P0rA 23 

·3,o;eCL 'Xm lI . OJ(;m - C00TDeTCTBeHH0 TplIIIJieTHa.SI lI CHHrJieTHa.SI CIIHHOBhle 
r +r · 

<pymo:~IIH, BMeCTO rp H rn nne,o;em,1 r = rp - rn H R = n 
2 

P cooTneTCT-

u Pn -Pp 
BeHH0, OTH0CHTeJILHhllI llMIIYJILC p = 

2 
, a HMIIYJILC n;eHTpa 1rnepn;1m 

,o;nyx HYRJI0H0B p = Pn + Pn· )J;eiiTOH B HatJaJILH0M C0CT0.SIHHH II0R0HTC.SI. 

B 011epaTopax K u l · HMeeT cMucn yqui'unaTL 11JieH@ ,_, v (v - cRopocTL 

HyRJIOHa). IIpe,o;cTaDIIM K H _f., n BII,o;e paanomeHIIii 

I{P ~ Kg + O ( : ) = Kg + aP ! +_ bP(kf p) ~ ; } 
b~~+W~~- . 

(4.9) 

Kn II ln UMeIOT aHanorII'!HbIH BII,ll;, 

3,o;ec1, p - 011epaTOp IIM11yn1,ca 11poT0Ha; a, b, k1 , L0 , K0 - cpyHRD;HII 
llMIIYJILC0B r-RBaHTa (k) lI MeaoHa Tl· 

IIo,o;cTaBJI.SI.SI (4,9), (4,8) II (4,6) lI B03BO,ll;.SI B KBa,o;paT II ycpe,o;H.SI.SI 110 
CIIIIH0BI,IM nepeMeHHhlM, Haihi;eM o6IIJ;ee nupamenIIe ,ll;JI.SI ,ll;IIcpcpepeHn;IIaJILHhlX 
ceqenII:ii 11pon;ecca r + d-. p + n + n:0 : 

i 

da = (2; r (M)2 dp d1JO ( co + (k ~ T1)
2 + ~ + e' - k) , 

r,o;e co = -V 1 + 1']2 • I1HTerpupy.SI 110 d ( ~) Haii,o;eM 

( 
1 )2 kw dw dQ 11 dQPM P 2 da = zit"" . 2 (lvl)1 •• 

llHTerpIIpy.SI 110 dri Haii,o;eM 
1 113dQ11dp da - - • -....,,....-.....;..... __ (M)2

10
·, 

- (2n)_2 (2!:_ TJ2 
- k11) 

w + 2M 

<M>,. = ; I Kg I~+ K; I~ /2 + ; I Kg I~ - K; 1~1 2+ 

+ JLg I~+ L~I~ 12 + ,~ 2Re {aPKg•[ ½ l~J'; + ; I~• If]+ 
+ aP Kn• [.3.. I1• I1 - .!_ Is• 1s] + (KP• bP) kv:[.3.. J1• 11 + 1 Js• 1s] + 

0 :;-+ 3-+ 0 13++ 3++ 

+ (~• bP) kf [; J~ I~:.._ ! J~• I~]-

- [an Kg•+ (Kg•bn) k;]. [ ! I'; 1!_ .:.- ! If• I~] -

- [an K;• + (K~•bn) k;] · [; I~ I:+ ! 1i• I~]+ 

-t- (Lg• I'; + L~ I~)· WI~ - 17i 1:)} . 
3,o;ec1, HCII0J!I,30BaHbl o6oaHatJeHH.SI 
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24 A •. M. BAJI)lllH 

C;::i;enaeM on;eHRY IlHTerpam,Horo no p ee11eHnH. I1HTerpnponaHne ee11eHnH 
no dQP He npe;::i;eTaBJIHeT Tpy;::i;HoeTeii:, n6o HensneeTHhle <pyHRn;m1 Ko, L0 ,. 

a, b, k1 He sanneHT OT yrnon, onpe;::i;eJIHIOIQHX HanpanneHne p. I1HTerpnpo
namrn me no a6eoJIIOTHoii: neJIII'lnHe p Tpe6yeT ROHRpeTnsan;nn He TOJII>RO 
BOJIHOBhlX cpyHRD;Hii: HYRJIOHOB, HO II ::JTHX <pyHRD;HH. O.n;HaRO eem1 npIIHHTI>,. 
'ITO cpyHRD;IlH Ko, Lo, a H T • .n;. HBJIHIOTeH Me;::i;JieHHO MeHRIOIQHMHeH cpyHR
D;IIHMH ro, TO, RaR BIUT,HO H3 3aROHa eoxpaHeHHH ::JHepnin, OHIJ 6y11:yT 
011eH1> ena6o sanIIeeT1> OT p. B enny aTnx eoo6pamemrii: IIHTerpan no d p 
ene;::i;eTeH R IIHTerpanaM Tnna 

~ <p:: 1 (r')* cpf 1 ('r) dp. (4.14) 

PaenpoeTpaHRH IIHTerpaJI Ha nee p-rrpoeTpaHeTBO (saBhlllillR TeM eaMbIM 
Ce'leHIIe), nony11nM, 'ITO IIHTerpaJI eBe)J,eTeH R yeJIOBIIIO HOpMHpOBRU 6 (r' - r). 

I1enoJI1>3onaane aToro npneMa )J,aeT 

~ I!· 1
• I!; I dp = 1; 

~ I~; 1
• I~; I dp = 1; ) 

~ /~: 
1
• If: 1 dp =~If: 1• /~: 

1 dp = I (2q). 

3;::i;ee1, II n ]l;aJI1>Heii:rneM 

I (2q) = ~ e-2iqr <p~ (r) dr; 

~ 1i<S; I) 1!: I dp = 0. 

(4.15) 

Bee IIHTerpaJihl Tima ~ I~s: 1>• If: 1 dp 6y]l;yT eno)J.HTI>eH R nnTerpaJiy nup;a 

~ <pd e2iqr p <pd dr. BhlnOJIHHH s11:ee1, · IIHTerpnponamie no 11aGTHM, naii:11:eM 

~ % (r) e2iqr~P% (r) dr = - qi (2q). (4.16) 

C noMOIQI>IO Han]l;eHHhlX 3Ha11ennii: IIHTerpanon no:;iyqnM nepxaroro on;eHnY 
;:(JUI cyMMapnoro ee11emrn 

d ( 1 )2 11san1) {(Ie 2 (Kn 2 LP)2 (Ln 2 -
a= 2:rt [ 112 112 _ (k11n o) + o) + ( o + o) + 

w + 2M j 
+ 2Re [ ! (Kg• K;) + Lg• L;_- ! ( aP K;• + (K;• bP) kf + (Kg• bn) k~ )ti + 

+ A~ (-Lg• ln-:c IP)]! (2q)}. (4.17) 

::hy <popMyJiy MOiRHO uenOJII,30BaTI> ]l;JIH on;eHOn BRJia]l;OB, sanueHIQIIX OT 
eROpOeTII HYRJIOHa. 

lfa BhlpameHIIH ]];JUI orrepaTopa nepexo)J.a (4.1) Jiemo Haihn RBa)J.pa-r 
MaTpH'lHOrO aJieMeHTa <pOTOp0iR)J.0HHH lt0-Me30HOB na eno60)J.HhlX, IIOROHIQUXeH 
Hy1rn;onax: 

I Kg• n J2 + I Lg•nj2. 

CpaBHiIBaH ::JTO Bhlpameaue e (4.17), BHJJ;HM, 'lTO. RBa;::i;paT MaTpll'UI0l'O 
aJieMeHTa <poTopom11:eHnH Ha ]l;eii:ToHe OTJin11aeTeH Ha neJIH'IHHY 2Re ( .... ] l(2q) 
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<I>OTOPOiR,l:(EHIIE 1'·ME30HOB BBJIII3II IlOPOrA 

OT cyMMhl 1rnal);paTOB MaTpII'IHhlX ::meMeHTOB !pOTOpOiRl];eHIIH Ha CB060l];HbIX 
HYI<JIOHax; <Dynmi;u.11 I (2q) xapa1<TepIIsyeT acpcpeI<T CBH3II Hy1<:rroHoB. Ona 
l];OBOJII,HO 6hlCTpO cnal);aeT C pOCTOM yrJia BI,JJieTa Me3oHa. ~JI.II 6oJibilIIIX 
yrJIOB cetJeHIIe l);OJiiRHO 6hlTl, 6mI3I<O I< cyMMe ceqenrr:ii <pOTOpOiI,l];0HII.II Ha. 
npOTOHe II HeHTpOHe. . 

Oco6hlH IIHTepec npeAcTaBJifleT npori;ecc ynpyroro cpoTopoml];eHIIH 11:-Meao
HOB na Af iiToHe r + d-+ d + n:0. B STOM npori;ecce yqacTByeT To;r:11,1<0 II30TO-· 
IIJI'lecmr BeI<TOpHa.lI qaCTb aMilJilITYAhl, II6o 8TOT npori;ecc lll];0T TOJibI<O· 
C HapymeHH0M aaROHa coxpaHeHIUI II30TOIIU'leCROrO CilUHa. 0TCIOl];a BbITeRaeT 
oco6oe aHa'leHIIe sToro rrpori;ecca ARR orrpe.n:eJiemrn naoTonutJeCI<II cRa1rnpHoii 
qacTII aMIIJIIITY)],hl qJOTopoml];eHIUI Ha OCHOB0 cpaBH0HIUI ceqeHIIH npori;eccoB 
r + d-+ d + 31:0 II r + p - p + n:0• H amu BbIBOAhl flBJiflIOTCfl o6rri;IIMII' Ol);HaRO• 
nmi: pea1rnaari;nn B03MOIBHOCT1I onpel];eJieHIUI ll30TOIIJI'l0CRII cRaJIHpHOH lJ:aCTII 
aMil.ilIITYAhl npnl];eTcH npII6erHyT1, R nMny.111,cHoMy npn6mrmeHnro. 

PacqeT ceqemrn peaRIJ;IIII r + d-- d + n:0_ coBepnreHHO aHa:rroru'leH npo
Be)],eHHOMY BbIIlle II npIIBOAIIT K CJieAyrorri;eMy peaym,TaTy: 

dcr 113
dQ11 { 2 p n 2 p. n. 

dQ = [ 112 112 -1Jk] 3 1 Ko + Ko / - 2Re (K0 + K0 ) · 
(2n)

2 w + 211·1 · · 

. 2~1 [q(aP +an)+ bP (kf q) + hn(k~q)] +!Lg+ L;l2 -

- 2Re (Lg•+ L;•) (IP+ 1~, q) 
2
~} [I (q)J 2

• (4.18)· 

IIponopri;uoHaJibHOCTb ce'lemrn Bemr'IIIHe [l (q)] 2 o6ycJioBJIIIBaeT peaRnir 
MaRCHMYM yrJioaoro pacnpeAeJiemrn:. IloJiymnpuHa pacnpeAeJiemrn: l);aeTCH 

ori;eHRoii J k - ; I ~ J/"J.l e ( e - sneprrrn: CBH3II AeHTOHa). Ilpu AOCTaTO'IHO 
60JI1,mux anepruHx u MaJILIX yrnax q~1 II l(q) :::::::d. EcJiu aMIIJIHTYALI 
!pOTOpom;i;emrn na HeiiTpOHe II npoTOHe MOIBHO C'IIITaTb paBHhlMll, TO B: 

cJiyqae I (q);::::::; 1 ceqemre peaRri;m1 r + d-+ d + n:0 B qeThlpe paaa npeBLrnraeT 
cetJeHue peami;uu r + p-+ p + n°. ::ho npocTei:iurnii cJiyqaii: JIBJieHHH Kore
peHTHoro ipoTopom;i;emrn MesoHoB, 1<or,n:a ceqenIIe qioTopom;i;emrn ,n;enaeTCH 
nponopri;IIOHaJibHbIM KBal];paTy 'lllCJia HYI<JIOHOB. IIpu6mrmeHHOe paBeHCTBO 
aMIIJIHTYA !pOTOpom,n:emrn Ha neiiTpOHax ll IIpOTOHaX COOTBeTCTByeT l];OBOJibHO
o6rri;eMy CBOUCTBY MaTpll'IHbIX SJieMeHTOB onepaTOpOB, CBH3aHIIhlX C rrorJIO-· 
meHIIeM II.'IH ucnycRaHIIeM !pOTOHa HYI<JIOHaMir: 

S~ f1 Va, 

r,n:e S. u Va - MaTpnqn1,re aJieMeHTI,r 1rnocHaJIHpHoii u uaoBeI\TOpHoi:i qacTu: 
onepaTopa. 

2. <l>oTOpmr,l];eHIIe aapmneHHbIX Me30HOB 

Pacc1110Tpenue qJOTOpOIBl];eHHfI sapameHHbIX M030HOB, aHaJIOrII'IHOe npo 
Bel];eHHOMY BLinre, np1rnoAIIT I< cJie;i;yrome:1.ry Bhlpamemrro l);JI.II ceqemrn: 

d:s = (2;)2 {I Ko l2 
[ ! (I a? + ½ (I s)2

] + I Lo 1
2 I I a J2 + 

+ 2Re [(~1 , ! 1:_1a+ ~!~ls)+,~ L~(l,I:Ia)]}dpd"fl·6(E0--:-E1), (4.19)., 

3!1.eCb 
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26 A. M. BAJI,lJJIH 

Ia= ~ cp; (r) eiqr (Jld dr; 

Is = ~ cp! (r) eiqr % dr; 

la; s = ~ (jl~• 8 (r) eiqr J?(Jld (r) dr; 

·(jl~ II (jl: - COOTB0TCTB0HHO aHTllCIIMMeTpIIqHaH II CllMM0TpnqHaH I<OOp)];IrnaT

Hhle BOJIHOBbie ,l;ymm;nII JJ:BYX HVRJIOHOB B ROHeqHoM COCTOHHllII. 'J:'., ot I 

HccJie)];OBaHIIe !pOTOpomp;emrn 3apHiR0HHbIX M030HOB 6hlJIO HaMll rrpoBei:i;eHO 

603 yqeTa qJieHOJI, 3aBllCHm;llX OT CROpOCTell HYRJIOHOB. PaccMOTpIIM CHaqaJia 

6oJiee npocTOii cJiyqaii peam:i;nn r + d-+ 2n + n:+. B3aIIMoi:i;eiicTBne HYRJIO

HOB yqTeM TOJibRO B c1rnrJieTHOM COCTOHHHII 

. 1 1 . · <pa=_ . __ [e'Pr _ e-'Pr), 
p ' 2 (2:n)'/, 

.,lJ;eiITOHHaH BOJIHOBaH cpym,n;IIH 6epeTCH n BII/l;e 

.. /7ci e-a.r _ e-7a.r 
(J)d=vrn r , 

_(4.20) 

(4.21) 

-ri:i;e CX = J/"]iie, e - :rneprIIH CBH31I )];0llTOHa. (jl! Il3B0CTHa TOJlbRO BHe 

o6JiaCTII. )];0llCTBHH CIIJI: 

1 1 [ . . 1 ..:... e-2i6 e-ipr] 
cpS = _. --,1- e'Pr + 0,pr + . . __ . 

P 2 (2:n) • ip r 
(4.22) 

.3i:i;er,l, 6 ..:,_ cpa3a s - pacceHHllH H0HTpOH - HeiiTpOH. 

Ilp-11 r-+ 0 cpyHRD;IIH (jl!-+ 00 II o6JiaCTb MaJihlX r Tpe6yeT oco6oro 

:paCCMOTpeHllH. 

I a JierRO HaXO;I.IIM. 

I = v7a. _1 [ 1 _ 1 ] . 
a 9:n -V it (l2 + <P _ q)2 (l2 + <P + q) 

(4.23) 

,,lJ;JIH Haxomi:i;emrn ]
8 

BOCIIOJlb3)'0MCH CJiei:i;ymm;IIM npneMOM [13]. 
HcTIIHHOe 3Haqeane 18 

MOiRHO npe)];CTaBIITb B BII)];e 

]
8 = ~ cp~• (r) eiqr (Jld (r) dr + ~ ,p~• 'Pd - cpg• %) eiqr dr. (4.24) 

3.ll;eCh (jl~ II % i:i;aIOTCH cpopMyJiaMn (4.21) n (4.22), a 'Ip~ II 'Pd - H0ll3BeCT

Hbie llCTIIHHbie cpym,n;nn. 

BTopoii: llHTerpaJI cpaRTIIqecRII 6epeTCH no o6JiaCTII ,ll;0HCTBllH CllJI, 

IIocROJlhRY Mhl HHTepecyeMCH OROJIOIIOpOrOBhlM !pOTOpom;:i;enneM, TO 

p ll q < 1. 8TO ll03BOJIHeT Bbipa3IITh BTOpoii llHTerpaJI B BII)];e: 

1 V"[-;: i 6
sin6 

00

~ 4n: -,-
1 

-
9

- --- q (Us U d - Vs V d) dr, 
(2:t) ' :n pq 

0 

(4.25) 

-ri:i;e us n u r IICTIIHHbie pa;a.IIaJlbHhle qacTII BOJIHOBhlX cpyHRn;Hii, a Vs H 
V d - M0)];0JlhHhl0 pa;:i;naJihHhie qacTII BOJIHOBhlX cpyHRD;Hii, p;aBaeMbie cpopMy

.JiaMII (4.21) n·(4.22), HO HOpMHpoBaHHhle ycJioBIIeM Vs(O) = 1; Vd(O) = 1. 
1 - -

IiJHTerpaJI B (4.25) COBna;a.aeT c - 2 p, ri:i;e p - (<CMemaHHhlll scpcpeI<TIIBHhlll 

:pai:i;nyc>>, onpe)J.eJieHHblll IlIBHHrepoM II <Dern6axoM [47]. ¥Ra3aHHhl0 aBTOphl 
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«l>OTOPQlli,D;EHIIE n-ME30HOB BBJIII3H IIOPOrA 27 

,aa 0CHOBaHHll pacCM0TpeHIIH MarHllTH0ro q>OTOpacm;emreHIIH p;eiiToHa Hamm1 

·p ='(2,18±0,3)·10-13 CM • 
. McIIOJIL3YH 8TH coo6pameHHH, IIoJiytJ:aeM AJIH 18 

BbipameHIIe: 

s 1 -. ;Tct{ 1 1 
I = ·y 2n V git a.2 + (p _ q)2 + a.2 + (p + q)2 + 

+ i5 sin & [ t 2qa. + i I a,2 + (p + q)2 - pq ctg & ] (4.26) 
pq arc g a.2 + p2 - q2 2 n a.2 + (p- q)2 - P · q - 2,1 . 

,r:t;IIq>q>epeH~IIam,Ho ceqemre (4.19) aaBIICIIT oT IHITII nepeMeHHhlX, IICCJie-
p;oBanIIe Ta1rnx aaBIICHMocTeii: otJ:eHL cJiomHo. Oco6hle TPYAHOCTII IIpep;cTaBIIT 
,cpaBHeHne C 8RCIIepIIMeHTOM, TaR RaR p;eTaJibHOe cpaBHeHIIe Tpe6yeT orpoM
noro ROJIH'leCTBa IIHq>OpMa~lIII. IlonoMy neo6xop;IIMO IICCJiep;oEaTb cetJ:eHIIH, 
IIpOHHTerpHpOBaHnhle no HeKOTOphlM II3 IIepeMeHHblX, 8TH . IIHTerpaJibHbI0 

,cetJ:eHIIH A0JiffiHhl COOTBeTCTBOBaTb namIIM aap;atJ:aM, T. e. 6hlTb AOCTaTO'lHO 
·RPIITII'lHhlMII R OIIIICaHIIIO ABIIiKeHIIH HYRJIOHOB II B TO me Bpel\rn HHTerpn
poBaHIIe He A0JiiKH0 3aTparIIBaTb nepeMeHHhlX, OT ROTOphlX 3aBIICHT aMIIJill

. TYAhl Ko R Lo. Han6oJiee y)]:.o6nhlMII AJIH n11x ~eJieii: o«aaaJIIICb nepeMeHHbie 
p R q. 3a«on coxpaHeHHH aneprIIII B aTIIX nepeMerurt,xx IIMeeT BHA 

(4.27) 

;£
1 

- BKJIIO'IaeT 8Heprnro CBH3ll ;o;eiiTona II pa3HOCTb Mace npOTOHa II Heii:TpOHa. 
Ma (4.27) BIIAHO, 'ITO ceqeHIIe Momno rrpoIIHTerpnpoBaTL no dQp II dQq, 

·CBeAH 'IIICJIO He3aBHCHMhlX rrepeJ.\,IeHHbl;X R ABYM p II q. <l>opMyJia rrpOHHTe
rpIIponanHoro ce'leHIIH IIMeeT BII)]; 

(4.28) 

_.!_(In a.2 + (p + q)2).2] + 
4 a.2+(p-q)2 (4.29) 

1 sin 2& ( 2qa. _ pq ctg &) a,2 + (p + q)2} + -3 -- arc tg • + 2 2 - pq - - 2 1 In 2 + ( . )2 ; pq :x· p - q \ ' a. . p - q . 

3:x ( p2 + q2) { 4pq . 
B (p, q) = n2 p 1 - ~ (a.2+P2+q2)2 _ 4p2q2 -

1 a,2 + (p + q)2} 
- a.2 + p2 + q2 In a.2 + (p2 _ q)2 • 

iBhlpameHIIe AJIH o6JiacTn ll3Menemrn nepel\~eHHhlX p u q, cJie)]:.yrom;ee H3 
3aROHOB coxpaneHIIH, IIMeeT BHA 

k 
,rne Qo = --k . 

2+M 
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28 A. M. BAJI~IIH 

A II B IIMeIOT MaRCIIMaJU,Hoe aHa11eHIIe B oRpecTHOCTII JIIrnIIn p = q. 8ToT 

l\IaRCIU,IYM o6ycJIOBJieH CJia6oii: CBH3I,IO HYRJIOHOB B 7I.eiiTOHe. '~JIH CB06op;m,rx 
HyRJIOHOB aaBIICIIMOCTI, aMIIJIIITYAhl OT p Il q cop;epmaJia 6LI. 6 (p .+ q). B 06-

JiaCTU p < 0,2 A(p, q) ~ B(p, q), TaR RaR A (p, q) I Ko 1
2 - 11acTn ce11emrn~ 

o6yCJIOBJieHHaH CIIJII,HhlM B3aIIMOp;e:ITCTBlleM HYRJIOHOB B 1So COCTOHHIIII, Ile

pexop; B 3TO COCTOHHlle CBH3aH C orrpoRllp;hlBaHllel\I cmrna HYRJIOHa. 

a 

Pnc. 8. 

Ilpn 06cymp;eH11n peam~nn y + d _, 2p + 1C Heo~xop;rrno y11ecT1, Ry
JIOHOBCRirn CIIJihl Memp;y TpeMH 11acTnr~aMII ROHe'IHoro COCTOHHIIH. Ilo nopHp;Ry 

e 
BeJIH'IIlHhl RyJIOHOBCRIIe norrpaBRH p;OJiiRHhl 6LITI, ~ n - (v - OTHOCHTeJII,

v 
HaH CROpOCTh B3aHMOp;eiicTBYIO~IlX 'IaCTII~}. IlpoTOHI,I, RaR 6oJiee THIBeJILie
'IaCTil~hl, n:MeIOT CROpOCTII MHOrO MeHnIDIIe CRopocTeii: MeaoHa II Ha IIX p;BIIIBe

. HIIe RYJIOHOBCRIIe CIIJihl p;OJiiRHhl oco6eHHO CIIJII,HO BJIIIHTI,. Op;HaRo HYRJIOHI,J 
e2 

lll\IeIOT ROpOTRIIe lf.JIHHhl BOJIH II o~emm n - MomeT npIIBOl];HTI, R 6oJinIDHM 
V 

omII6RaM p;ame B o6JiacTII MaJILIX v. B o6JiaCTII 11rnJILIX v 60JI1,myro pom, 

nrpaIOT Hp;epHLie B3aIIMOp;eiiCTBIIH npOTOHOB. Ma 3TIIX npoCThlX coo6pameHnii

HCHO, 'ITO lf.JIH o~eHRII pOJIH RyJIOHOBCROro OTTaJIRIIBaHIIH IIpOTOHOB HyiRHI,l 
7I.eTaJinHLie pac11eTLI. 

BMeCTO <pyHR~IIii (4.20) II (4.,22) 6epeM TO'IHI,Ie RY.'IOH0BCRIIe B0JIHOBI,Ie· 

qiyma~IIn 

1 . 1 - ..::.. "I' (1 . ) . F . 1 · --e1Pr_, ___ e 2 + zx e1Pr (zx 
(2n)'1• (2n)'I• ' ' 

- i (pr+ pr)], (4.31) 

r7I.e 
e2 

x = - , F - rurrepreoMeTpnqecRaH qiym,~m=r. 
V 

1 e-2i& e-ipr _ ~ " 
- . • ---2e-i0, (1 - e-2ilic) e 2 e-iprw1 (-ix+ 1, 2, 2ipr), 

ip. r 

r7I.e W - qiynR~IIH~IITTeRepa, 60 = arg I' (1 + ix), 6c- 1S0 -qiaaaB p-p-pac
ceHHIIII. 

MeTO)J; BI,l'IIICJiemrn lIHTerpaJI0B BII;J;a 

I 0 = ~ei(qr) e~a.r F[-ix, 1, i(pr+ pr)Jdr 

IIaJiomen B 1rnIIre [ 48]. ITpelJ.CTaBJIHH F IWHTYPHMM IIHTerpaJIOM 

1 ~ ( 1 -ix-1 d F (- ix 1 ~) = -. eif3 1 - -) _Jj_ eif3u 
' ' 2m . y y 

y 

(aaMRHYTLin R0HTYP r 1rno6pameH Ha puc. 8) II aa~teHHH nopHlJ.0r< o6hl'IHoro 
II R0HTypHoro IIHTerpIIpOBaHIIH·, HaX0lJ.IIM 

4 r 2 2 + 2 2 - Ii" Io= n ci - p . q - iCJ.p_ (4.32), 
[ci2 + p2 + q2 + 2pq]I+tx 
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<l>OTOPOlR,D;EHHE "-ME3OHOB BBJIH3H IIOPOrA 29 

MnTerpaJI 6 q>ymuuieii °YHTT0ltepa H0JII,3H Bhlpa3HTI, B 8JI0M0HTapHbIX cpyHK
~Il1I:X:. DpeACTaBJIHH W1 KOHTYPHLIM HHTerpaJIOM 

. 1 A, ( 1 \ -i><-1 eYZ dy 
W1 (ix+1;2,z)=zni'j 1-y} -z- · y2· 

y 

(KOHTYP rll. uao6pamea aa pHc. 9), nocJie npocTLIX npeo6pa3oBaHHii nonyqHM 

~ eiPrW1 (ix+ 1, 2, - 2ipr) eiqr dr = 

=-· pq 

C'A0 /1 ll /2 - A0llCTBIIT0JibHI,Ie q>yHm:J;l:Il:I, KOTOpbie MOlliHO 
JJ:JIH MaJihlX x, ecm1 BOCIIOJII,3OBaTbCH pa3JIOiK0Hl:IHMII 

I ~ /(0) + "'/(1). / _ /(0) + "'/(1) 
1~1 "'1• 2-2 "'2• 

HaiiT11 qHcJienno 

(4.34) 
Ji1) ll /~

2
) - MOlliHO oo;eHIIBaTb C BhlCOKOll ToqHOCTbIO. HaTerpaJI IIO 06JiaCTII 

JJ;eiiCTBllH HA0pHbIX CIIJI oo;eHHBaeTCH aHaJioruqao ll3JIOlli0HHOMY BbIIDe. 

Pnc. 9. 

DOACTaBJIHH Haii:;:i:eHHbie TamrM o6pa30M Bhlpamemrn AJifl llHTerpaJIOB 
8 

<f>opMyJiy (4.19), aaii:,:i;e~1 AH<p<pepeHo;Ha.111,Hoe ceqenHe. HHTerpHpoBaane 

no dQP n dQq BO3MOmHo, ecmr npoBecTH pa3.rromeane naTerpa.rra 10 no x. 

P;~YJil>TaT BI,Iql:IcJiemrn TaK me, KaK ll B c.rryqae peaKD;llII q>OTOpOlliA0HIIH, 
.rt -M03OHOB, npeACTaBJIHeM B BH;:i:e 

(4.35) 

(4.36) 

* Mhl 3AeCb ii:e paaJiarae~I C2, TaK KaK MOlRHO IlOKaaaTb, qTo q,op~~YJihl (4.35) n (4.36) 
.cnpaBeAJIIIBhl l:B 061IaCTII MaJIJ,IX p. 

Ilpu p ,:s;; 0,1 / 2 z - n n / 1 z 0. 
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30 A. M. BAJI)J;IIH 

Be (p, q) = ( 1 - 2x arc tg a
2 + ;;;; P2

) B (J, q) (4.37) 

, [- pc2 ctg 6c ] 
H / 2 = /2 + q P + 2,i • 

B o6JiacTn (p < 0,1) Ac< 3A n RYJIOHOBCRne norrpaBim otJeHI, cym;ecTBeam..i. 
Bom,moe paaJinqne Be n B Hecym;ecTBeHHO, TaR RaR · Be n B OtJeHI, MaJILI• 

B 3T011 o6JiacTH. B o6JiacTn (0,2 < p < 0,4) Ac H Be Mem,me Benwurn A n /J 

p 

0,2 
0,4 
0,6 
0,8 
1,0 

0,2 

0,18 
0,13 

A (p, q) 

I 0,4 

I 0,25 
0,30 
0,20 
0,09 
0,08 

Ta6nrrn;a 1 

q 

r- 0,6 I 0,8 

0,2 0,14 
0,26 0,16 
0,38 0,27 
0,30 0,49 
0,20 

rrpnMepHo Ha 10 % . IT pn p > 0, 4 paaJIHtJne Mem.ny Ac n A, Be n B - aa 

npe.neJiaMn TOtJHOCTH uamnx pactJeToB. <Dymu~nn A II ·Ac npep;cTaBJiem,1 
B Ta6JI. 1, 2. 

Ta6nrrn;a 2 
A'* (p, q) 

-
q 

p I 
0,2 I 0,4 I 0,6 I 0,8 

0,2 0,16 0,22 0,17 0,12 
0,4 0,12 0,28 0,23 0,14 
0,6 0,20 0,38 0,27. 
0,8 0,09 0,30 0,49 
1,0 0,05 0,15 0,37 

• Ac npnnenem,1 Oea nonpan1m (4,41). 8Ta rrorrpan1<a aaBHCllT, rroMB
MO p H q, OT k, II ee Y)l;OOHO BBO)l;llTb OT;teJibHO. 

3. On;emm pomr Baam,mp;eiicTBHH 111ea0Ha 
C HYRJIOHaMH B ROHe'lHOM COCTOHHHH 

IIorrpaBRH ua naanMop;ellcTB'ne MeaoH - HYRJIOH, p;aBaeMLie ipopeyno:ii 
(4.3), COCTOHT na .llBYX qacTeii. IIepBaH tJaCTb - rrorrpaBRll Ha ap;epHoe Baa
UMO,llellCTBHe - OtJeHb Mam,1e ,llJIH !pOTOpomp;emrn M080HOB B OROJionoporoBoii 
o6JiaCTH. KaR Bll,llHO na qiopMyJILI (4.3), OHH COCTaBJIHIOT BeJIH'IIIHY nopap;Ra 
a, r.ne °' - qiaaa pacce11mrn 1.rnaou - HyRJIOH. B o6JiacTII 11 < 1, 3Ta nonpaB
Ra 6yp;eT ~ 10 % . 

On;eHHM BTopyro tJaCTb nonpaBOR, Y'IIJTbi:Barom;nx RyJIOHOBCRne B3aIIMO
.neiicTBHH Meaoua C HYRJIOHaMH. ll,JJH IIOJiytJeHHH 3TOH nonpaBRII na,n;o YM
HOiRHTb aMnJinTy,n;y nepexo,rra Ha l,,faTpno;y 

( . I (Ve + 'V;) 1 I ' ' . , ., ') p, q, '12, Jm; . i 2 E- Ho+ ie p 'q , 1l' / m; • . (4.38) 
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<l>OTOPOl-RJ]:EHilE "·ME30HOB BBJIH3H IIOPOI'A 31 

c e2 c e2 

r,n;e Y.1 = I I ; V2 = I I ; r1, r 2, r 3 - pa,n;nycLI-BeKTOphl COOTBeT-n-~ ~-~ . 
CTB8HHO npoTOHOB JI M830Ha; jm; - CIIIIHOBhle nepeMeHHhle HYKJIOHOB. flpHMOe-
BhlqIICJl8Hll8 B (4.38) ,n;aeT * 

. , ' 4:rce2,2 \ • ( 'I] - '1]') . d 
<'>;r<'>mpn~6(- 2q+ 2q - 'tj + 11) (2:rt)3 [ I 'l]-'I]' 12 +~21 X j <Jlpj cos ,r, -2- '<Jlp'j r .. 

06oanaqa11 IIHTerpaJI Ilp,(1J -1j') II BBOAH HOBhle nepeMeHHLie,. naiip;eM< 
cJie,n;yroIIl,tle Bhlpamemrn ,n;JIH nonpaBirn: 

e2 \ i (r--t) dp'dt 1 n '/pp' -2- p2-p'2 r2-t2 .. lr-t\2+f32 X 
M +-2-+ie 

x(p', 4 + r-; 1
, 1J-(r-t)[T[i). (4.39} 

1 
1 = 'tj - 1 + 2M (1j- 24)'. 

Ilonpamm (4.39) rrpenhlmaeT 10% (ToqnocTb ncex namux pacqeTOB), 
TOJibKO AJIH IIMIIYJibCOB M030Ha, MeHbillllX qeM 0,3. Mam,re llMJIYJibChl Me30Ha 
COOTB8TCTBYI0T 6oJibillIIM p (corJiaCHO aaKOHY. coxpaHeHllH aHepnm) II KaK, 
6hlJIO noKa3aHo Bhlme, MaJIOMY BKJia,n;y S-BOJIHhl nyKJIOHa. EcJIII npene6peq1, 
S-noJinono:ii qacTbIO <Jlp; II <Jlp'i'' TO I PP' cBe,n;eTcH K KOM61rnan;m1 6-qiynmwiL 

BbIIIOJIHHH IIHTerpIIponaHIIe na OCHOBe npep;nOJIOIBeHHH, 'ITO IlOAhlHTer
paJibHOe BhlpamenHe ne HMeeT APYI'IlX oco6eHHOCTeii, .KpoMe HBHO BhlIIII-
1:allHhlX, Haiip;eM 

- ie2 
{[ ~[ In (1 + 2J•-(l) + 

11- M . 

1 ( 1
11-~I)} +

1 

p-qiln 1+2i f3 <p,q,-rilTJi). 
11+-xT 

,IJ;nH T] ~ 0,3 Momno npene6peq1, B3allMOAeiicTnueM nyKJIOHOB. oTo oanaqaeT, 
qTo <P, q, 1J i T I i) - ,n;eiicTBUTen1,na11 BeJ1I1q1rna n Mhl MomeM yquThlBaTI>
TOJibKO p;eiiCTBllT0JlbHYIO qacTb nonpaBKII. Tipu f3- 0 llM00M 

HeTpy;wo noRaaaTb, 'ITO 

(
. p/M )2 i 
[11-q/MI ~ (4.40)1 

noqTn no nceii o6nacTu nepeMeHHbIX, npep;cTaBJIJIIOm;eii lIHTepec. ITpeHe6pe
meH11e 8TOU B0JIIPIIIH0ll p;aeT OROHqaTeJibHOe BbrpameHlle ,ll;JIH MHOiKUTeJIH, 
Ha IWTOphlii Hano IIOMHOiI{IITb ceqeHne ( 4.35)' qT06I,J yqecTb nonpaBRY Ha 

* 3AeCb f3 - . peaJibHOe qmantJeCKOe 06peaam1e, Y'JllTblBaIO~ee (<BllyTpeHHee>► TOpMO
HOe naJiy-qew1e Meaona. 
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-32 A. M. BAJillIIH 

.1,y JI0H0BCI<0e B3aIIMO,Il;8IICTDIIe M830H - nyI<JI0H: 

( 1 + 111 ~~/M 1) ~ (1 + I 2~ I) = 
q-2M 

_ (1 + 0,046 ) 
- V k2 -1,09-0,32(k-1)q2 -0.32kp2 

(4.41) 

Harn OKOHlJaTeJibHhlll peayJihTaT npaI<TII1J8CI<II SKBIIBaJieHTeH YMH0IB8HIIIO 
-ce1JeHrrH Ha J tp (0) I 2, r.n;e tp - B0JIHoBaH q>yHKqIIH MeaoHa B KYJI0HOBCnOM 
IlOJie np0TOH0B, 3Ha'l8HIIe npoBe.n;eHHoro BhlIIIe pacCMOTpeHIIH aaKJIIO'laeTCH 
B TOM, 'ITO OHO Il03BOJIHeT y1rnaaTI, o6JiaCTb npIIMeHIIMOCTlI 3TOII nonpaBKII. 

B o6JiaCTII, coBceM 6mrn1wii: K nopory: 11 2 iS:; 0,09 11 p 6;; 0,2,- rrpene6pe
meHne B3aIIl\IO)l;8HCTBIIeM HyKJIOHOB rrpII Bhl'lIICJieHIIII rronpaBKII MomeT .n;aTb 

-6oJII>rnue ornrr6mr. • 
OrpaHH'leHIIe (4.40) iipaKTIIlJeCKII COBna.n;aeT C KPIITepHeM np1rneHIIMOCTII 

'TC0pIIII B03MyrqeHIIll, TaK KaK BO Bceii: IIHTepecyrorqeii: Hae o6JiaCTII p G:: 1. 

4. Oocym.n.enue ::mcnep11111enTaJihIIhIX .u.antthrx 

IloJiy'leHne SI,crrepIIMeHTaJihHhlX .n;aHHhlX O peaKqHHX q>OTOpom.n;emrn 111e-
30HOB na .n;errTepIIII - 01J8Hb CJIOiRHaH_ aa.n;a1Ja, OcHOBHhle Tpy.n;HOCTII COCTOHT 
'B TOM, 'ITO cneKTP na.n;arorqnx y-KBaHTOB nenpephlBHhlll, a B KOHelJHOM COCTOH

HIIII npnxo.n;IITCH IIMeTh .n;eJI0 C rrpo6JieM01i Tpex TeJI, IlOJIHaH perIICTpaqIIH 
"TaKIIX co6hlTIIH C1JeT1JIIKal\HI HBJIHeTCH rrpo6Jiel\IOll .n;ame B HaCTOHrqee BpeMH. 

B CBH3II c STIIM B 1951 r. B. B. MIIxaii:JioB II aBTop o6paTIIJIII BHmramrn Ha 

qeJiecoo6pa3HOCTb IICCJie.n;oBaHIIH peaKqIIII y + d - 2p + ;rC B KaMepe 
Bnm,coHa. IlpeuMyrqecTao TaKoro no.n;xo.n;a aa1wro1JaeTcH B TOM, 'ITO Bee 'la
CTIIqhl - npo.n;yHThl HBJIHIOTCJI IIOHII3IIpyrorqHMII II perncTpaq1rn Ta1mx co
·6hITIBI MOilieT .n;aTb IIOJIHyIO KapTIIHy )l;IIHaMIIKII npoqecca. BnocJie;:i;cTBIIII 

B. lI. BeKcJiep, M. II. A.n;aMoBII'l II .n;pyrne n0Kaaam1, 'ITO Han6oJiee qeJieco
-o6paaHoii: l\IeTO)l;IIKOII )l;JIJI perIICTpaqIIII STIIX co6hITIIH JIBJIJIIOTCJI q>OTOSMYJib
·CIIII, HaIIO.'IHeHHhle THIBeJIOll Bo.n;oii. A.n;aMOBIIlJ M. II., JiapIIOHOBa B. r., 
XapJiaMOB C. II. II HyahMII1JeBa r. B. nponemr orpor.rnyro pa6oTy [9, 30, 31) 
no HaKOilJieHIIIO II o6pa60TKe .n;aHHhlX no peaKqIIII y + d - 2p + ;rC. 3To 
Il03B0JIIIJIO npoBeCTII cpaBHeHIIe Harnefr Teopnn C IIX .n;aHHhIMII. CTaTIICTIIRa 

peaKqIIII y + d-. 2p + ;rC n B HaCTOHrqee BpeMJI He.n;ocTaT0lJIIa gJIJI o6cyil,-

..n;eHIIH .n;nqiqiepem:i;IIaJihHhlX ce'leHIIH :::q· B STOll CBH3II 6hlJIII paCCMOTpeHhl IIH

TerpaJibHhle xapaKTeplICTHHII, HO Taime, KOTOphle .n;ocTaTOlJHO KpIITH'lHhl 
K OIIIICaHIIIO )l;BIIIBeHIIH HYKJI0HOB. Harna aa.n;aqa COCTOIIT B nponepKe TeopHII 
II B II3BJie1JeHHII Ha STOH OCHOBe .n;aHHhlX 0 Ce'leHIIII npoqecca y + 1l _. p +n -. 
Xoporneu nponepKorr JIBJIHJIOCh .n;oKaaaTeJILCTBO 60.'lhrnoro BKJia;:i;a rre-

pexo.n;a E"o+ B pea1-qIIlI "{ + n _. p + ;rt-. ,Il;JIH 3Toro BOCIIOJih3yeMCJI llfa,'IO
-CTbIO B (p, q) B ooJiaCTII p < 0,3 II o6paayeM neJirr'lnHy: 

0,3 0,3 

~ dq ~ ~ dp ~ dq ~ A (p, q) dp 

C C dJ ~ \\ ii IL12 \(' 
J dq J dp dq dp J J A (p, q) dp dq + I K 12 J j B (p, q) dp dq 

(/2 .42) 

'.MaJIOCTh KOSq>q>nqneHTa B (p, q) npn Mam,rx p o6yCJIOBJieHa CIIJibHhIM aan
peT0M nepexo.n;oB 6ea yqeTa CllIIIIa (B KOHelJHOM COCTOHHIIII - .n;ne TO}K.n;e

.CTBeHHhle lJaCTilqbI). 3TOT peayJibTaT' O'leBII;:J;H0, rrpaKTII'leCKH He 3aBIICIIT OT 
Mo.n;eJIH n, cpaBHHBaJI (4.42) c SKCIIepnMeHTOM, Mhl JIHIIIb y6em.n;aeMCH, 'ITO 
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<%>0TOPO>R,D;EHIIE 11-MESOHOB BBJIII3II IIOPOrA 33 

. B IIHTepecyrom;eii nae o6JiaCTII aneprnii: 110,n:aBJIHrom;yro poJI:& nrpaeT o6paso
BaHHe Me30HOB B S-COCTOHHIIII. CpaBH0HII0 (4.42) C aKcrrep1IM0HTOM p;aeT 

I £[2 / I Kl 2 ~ 0,1. T. e. MLI MomeM B rrpe,n:eJiax TO"IHOCTII ncex nam1Ix paclJ:e
TOB (10%) 11peHe6pe"I:& IL 12 II cym;ecTBenno YIIPOCTIIT:& orrpe,n:eJ1eH1Ie aMIIJIII
.Ty,n:LI 11pon;ecca y + n - p + 1C. ,D;JIH rrponepKII Teop1I1I 6LIJIII 11poanaJIII31I
ponaHLI CJ1e,n:yrom;1Ie xapaKT0pIICTIIKII: 

1) ~ d::q dq = q>i(T), r,[(e T = ~ ; 

2) ~ d::
8 

dp = q>2 (e), r,[(e e = (p _ q). 

8KCII0pIIMeHTaJI:&HLI0 p;aHHLI0 ,n:JIH 8TlIX :X:apaKT0pIICTIIK IIpIIB0,IJ;0HLI Ha pIIC, 10 
II 11. CrrJiomnLie KpIIBLie - pesyJI:&TaT TeopeTn"IecKoro pac'leTa. ,D;JIH I Kn I 2 

6LIJIO B3HTO 3Ha"I0HII0, p;anaeM00 6opHOBCKoii: 'laCTI,IO p;ncrrepcIIOHHLIX COOT
HOID0HIIH IIPII / 2 = 0,08. CJiaoaH saBIIClIMOCTI, I Kn 1 2 OT aHeprIIII 11paKTll
lJ:0CKll He CKas1,rnaeTCH Ha qiyHKrt;IIHX ff!1 (T) II q>2(e). 

'f, (T} 

zo 

15 

12 

6 

4 

Pnc. 10. 

wz 0,ttJ 0,,6 r -O,'I -qz o 

Pnc. 11. 

0,2 op O.Q 
6 

BrroJIHe y.n;oBJieTBOpllT0JII,H00 corJiaCll0 C aKcrrepIIM0HTOM II03BOJIH0T 
orrpe,[(eJIIIT:& I Kn 12 • ,D;em1 na6Jiro.n;aeMyro BeJIII"IImy IIOJIHoro celJ:eHIIH peaKrt;HII 
y + d - 2p + ,C na H Ac(p, q) dpdq rrpII sa.n;anHoii: aneprIIII cpoToHa, Haxo
p;1n,r I Knl 2• PesyJI:&TaTLI TaKoro paclJ:eTa rrpIIBe,n:en1,1 na puc. 12. CrrJiomnaH 

Z7 l Z 
f0 /Hn/Cl'f 

i~b::::+• 0,8 ---..!~~-
06 I I L 
'150 155 !6U 155 170 175 180 f85 

£1, MJO 

Puc. 12. 

JIIIHIIH - 1rna,n:paT 6opHOBCKOll lJ:aCTll aMIIJIIlTY.D:hl rrpon;ecca '( + n - p + ,C 
(cM. rJI. Ill). 8KcrrepIIMenTaJibHhle p;aHnhle IIOKa He,n:ocTaTO"IHO TO"IHhl, 'IT0-

6LI o6napymnT:& pocT I Kn [2 IIpn yMeH1,mennn: aueprn1I. B paooTe [29) I Kn 1
2 

6hlJIO OIIpe,n:eJieuo KaK cpe,n:nee sHalJ:emre rro o6JiaCTII aueprIIii: _oT nopora 

AO 185 Mae 1( orom,n:ecTBJieHo c noporoBhlM 3Ha"IeHneM I Kn \~opor· 

3 TPYAI,( <I>HAH, 19 
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34 A. 1\L BAJILUIH 

'2 ' 
Haii;a;eHHaH BeJrnqHHa I Kn I nopor Haxo;a;mrncn B cym;ecTBeHHOM npoTirno-

pellffII C 3RCnepIIM0HTaJII,Hhll\flI p;aHHhll\fII no S-qia3al\f nN-pacceHHIIH II IIO 
OTHomerrnro IlaHoBcrwro. 8To - rrpoTirnope"me rro;a;po6Ho 06cymp;aJioc1, rra 
Emero;a;m,rx ROH<pepem:~1rnx no qi1rnmrn BnICORHX 3Heprmr B 1958 n 1959 rr. 
(cM. ;a;oKJiap;i,r: Ilymm (iReneBa) [41], BepHapp;IIHII (KneB) [32], IloHTeRopBo 
(KneB) [16]). , 

Oco6oe BHIIMamre R 3TOMY 61,mo rrpnBJieqeno B CBJI3II c Hameii rnrr0Te3oii 
o qeTBepTOM n-Me3oHe [29, 33] (n~-Me3oH). IloJIBIIJIOCI> MHoro 3KcnepmreHTaJII>
Hhlx pa6oT }{al{ ,no yTO'IHeHIIIO OTHOIDeHIIH IlaHOBCRoro, qia3 S-pacceHHIIH, 
ceqemnr qioTopom;a;eHIIH [34, 35], TaR 11 no npRMoiI npoBeprrn rnuoTe3hl *. 
8nr nccJie;a;oBamrn cp;eJiamr rnnoTe3Y MaJioBepoJITHoii: ** [16, 32]. I'1m0Teaa 
o ng qiaRTII'lecRII cop;epmaJioc1, B paHHHX pa6oTax B. B. MIIxai1:JI0Ba n aBTopa 
[14, 36] (1952-1953 rr.) B 3THX pa6oTaX 6hlJIO c;a;eJiaHO YTBepmp;emre, qTO 
rrpoBepRa rIIIIOTe3hl H30TOnJiqeCROII IIHBapIIaHTHOCTII )];OJIIBHa 6hlJia II)];TII He 
CTOJibRO no JIIIHIIlI npoBElpmr MHoroqIICJieHHhlX CJI0)];CTBHII II30TOJIIIqecROH 
IIHBapnaHTHOCTII, CROJII,RO no JIIIHIIII HCHJIIOqemrn ;a;pyrnx B03llfOiRHI,IX TIIIIOB 
CH~IM0TpIIII. OcHOBHOe BHIIMamre 6nIJIO o6pam;eHO Ha ;a;oKa3aT0JibCTBO Toro, 
'ITO BOJIHOBaH qiyHHIIHH H0HTpaJII,HOro M030Ha JIBJIJieTCH He II30CRaJIHpOM, 
a TpeTr,eii HOMnOH0HTOii H30B0ICTOpa, B TO me Bpe11rn OTMeqaJIOCb, 'ITO He IICiiJIIO
qeH Tamm:i BapnaHT' ICorp;a npucyTCTBYIOT o6e ROllIIIOHeHThl (T. e. cym;ecTBeHHO 
rrmoTe3a o n~-Me30He). 

OcHoBoii: ,n;orrn3aTeJir,cTBa cJiyiimJin: 
1) yTBepm,n;emrn, qTQ B peaHIIIIII 

r + d-. d + ;r0 (dn°) 

yqacTByeT TOJibHO qacTb l\IaTpIIIIhl nepexo,n;a, l\IeHHIO~aH -3HaR npn noBopoTe 
Ha 180° B II30TOIIH'l0CKOM npoCTpaHCTBe; 

2) npaBIIJIO, corJiaCHO ROTOpoMy l\IaTpII'IHhle 3Jiel\IeHThl lI30CHaJIHpHoii 
qacTII S-MaTpIIIInI, OIIIIChlBaroru,eii norJio~eHIIe q>OTOHOB ' B q>OTOH)];epHI,IX 
B3aH!IIO,ll;0llCTBIIHX, 11moro l\f0HI,ID0 ( ~ B 1 /M pa3) l\IaTpnqHhlX 3JI01110HTOB ee 
II30BeI,TOpirnrr' qacTII, 

B HaCTOH~ee Bpe11rn cym;ecTByIOT 6oJiee Becrrne apryMeHTnr, ucKJiroqaro
m;ne OTJlreqeHHhle TIIIIhl CIIMl\reTpnu. 0,n;HaIW B 1953-1954 rr. 3TH BI,IBO;!l;hl 
npnBeJin H nocTaHOBI,e cneI111aJihHhlX onhlTOB B <:J)I1AHe u B KopHeJIJie (CIIIA). 

CBoiicrna peaRIIHil: (dn°), 1rnyqeHHhle B pa6onx [3G], npuoopenroT _oco-
6e:irno OOJibIDOe 3Haqemrn B CBH3II C o6cym,n;eHil0111 B JIIITepaType pe30HaHC
Horo Jt-:t-B3aIIl\JO)];eiicTBIIJI, ROTopoe ;a;aeT BHJia;a; TO.J:lbKO *** B II30CiiaJIHPHYIO 
qacTb S-llrnTpI!Ilhl q>OTOpom;a;emrn Jt-llf030HOB (He l\IeHHIO~YIO 3Hairn npII no
BOpOTe ua 180° B II30TOnnqecROM npoCTpaHCTBe). 

IIocRoJir,Ky B peaRIIIIII (dn°), yqacTByeT TOJILIW qacTr, S-MaTpIIIIhl, 111eHHIO
m;aH 3HaI, npn nOBOpOTe Ha 180° B II30TOIIIIqecROlll npocTp .HCTBe, TO, cpaB
HJIBaJI ;a;aHHI,Ie no peaRIIIIII (dn°) C ;a;aHHhll\III no peaRIIIIll j + p _-,. p + .Tt°, 
l\IOi£HO 1rnyqIITI, pom, Jt -:- 1[-B3aIIllIO,D;eiicTBI1H B (JJOTOpo;.i;;a;emm ll!e30HOB Ha 
ny1rnouax. 

* Teopcn11rnc1rnc a11atJerme / Kn I \ 1opor Ha puc. 12, IJ3RT0M II3 pa6on,1 [34], xopomo 
cornacycTCn C YT0'!Helll!hlMII :mcncp11MeIITa.'lhllhlMJJ i'.(amII,lMII II0 <fia3aM S-paCCCHl!llR II OT• 
II0JUenmo Ilanonc1rnro. OAHaKO 31Ja'ICl1IIR rrapMcTp0B ~ -MC301IIIOii <fi113JIJ,II MaJihJX :rncpr1111 
11ya;;rn10Tcn n ,uaJihHciimeM yTo-•mcmm. 

* * Iila11cu ua ycnex noii fllII0TC3hl ll Il0C.'ll',UIICC BpCMR uecirnJIJ,K0 Il0BLICJIJIJICh D CDH• 
311 c npel(JI0iKe1111of1 A. M. EaJIAIIIILI!II II A. A. lfoirapoM ()],AI-I CCCP 146, 574 (1!!62)) rn
ncpnciiTpam:;nm'i c11111McTp11eii :meMc11Tapnux -•rncnm;. 

*** B ABYXMc3011110111 11p116:mmcmm. 
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<I>OTOPOIBiJ.E¥HE it-ME30HOB BBJIII3H IlOPOr A 35 

0CHOBHhl0 ,n;aHHhl0 IIO peaK~lIHM y + d -> . OTHOCHTCH K 06Jia-
. . {d + rt0 . 

p + n +rt0 

CTII :mepr11:ii Bhlill0 200 Mae, T. e. H0 K lIHT~pecy101n;eii: Hae o6JiaCTH T] < 1. 
B 06Jiacn1 :meprnii: Bhlme 200 Mae Ka pTHHa qioTOpom,n;eHHH M030HOB Ha ,n;e:iiTep1111 

CIIJII,HO ycJIOIBHH0TCH 3<p<p0KTal\,1lI MHOrOKpaTHOrO pacceHHIIH (37] H T00pHH, 

OCIIOBaIIHaH Ha HMIIYJibCHOM npH6JIHIB0HIIH, He MOIB0T ,n;aTb KOJIJiqecTB0HHOrO 

orrncamrn npo~ecca. Ifa11ecT:aeHHhle me pesyJI1>TaThl, o6cym,n;anmnecH 

e~e B paHHIIX pa60Tax [36], nammr xopomee no,n;Tnepm,n;enne B aKcnepHM0HT0. 

Mhl IIM00M B nn,n;y 3<p<p0RT KOrepeHTHOro <pOTOpom,n;eHHH II 60JI1,myro B0JIH-

1IIlHY C01I0HIIH ynpyroro <pOTOpom,n;emrn, BhlT0Karo~yIO H3 ll30TOIIll1I0CKOH 

cTpyKTYPhl S-MaTpn~hl. 
llcCJie,n;onamrn peaK~HH y + d - d + rt0 n6mrnII nopora H oco6enno )];JIH 

yrJia 0 = 0° npe,n;cTaBJIHIOTCH HaM Kpaiine meJiaT0Jll,HhlMII. OTO KacaeTCH He 

TOJII,KO 3KCII0pllM0HTa, HO II Teopmr. 
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T. 37 

)K.yp1wA aKcnepu.MeflmaAbflOU u meopemul{,eCKOU .¢usuKu 

1959 Bbln. 1(7) 

OTTTHlJECKA5I AHff30TPOTiff5I ATOMHbIX 51,lJ,EP 

A. M. EaA8Ufl 

IToHJITHSI MOJJeKyJllipHoii 0ITTHKH o6o6ruaJOTCJI Ha cporoJ1,nepHble peaK!lHH. O6cy»(,!J.aJOTCJI 
CJJe,!\CTBHJI cyruecrsoBaHHJI eme He o6HapylKeHHOH 3KCnepHMeHTaJJbH0 reH30pHOH IT0JJllpH3yeMo
CTH aT0MHblX Jl,nep. PaccMarpHBaJOTCJI pa3JJHt!Hble M0,!\eJJH TeH30pHoii IT0JJllPH3yeM0CTH H ,!\<1IOTCJI 
O!leHKH BeJJHl!HH 3cpcpeKTOB, Ha6mo,neHHe Koropb!X B03M0lKH0 npH cyruecTByJOIUeM C0CTOJIHHH 
sKcnepHMeHra. 

1. Bse)l.eHue 

B npe,!!.bI.D.YIUHX pa6orax (1,2] 6hIJIO yKasatto, t.IT0 cet.IeHHe B3aHMO.D.eiicTBHH 

')'·KBaHT0B C H,!!.paMH M0,KeT cyrn.ecTBeHH0 3aBHCeTb OT opHeHTaU.HH cnHHa .H,!!.pa 

no 0TH0llleHH!O K B0JIH0B0MY BeKTopy cpOTOHa H l.!T0 06Hapy,KeH11e TaKOH 3aBH· 

CHM0CTH ,!l.aJI0 6bl ,!I.0Ka3aTeJibCTB0 cyrn.ecTB0BaHHH TeH30pHOH t.IaCTH 3JieKTpH

qecKOH ,!I.HnOJibHOH noJIHpHsyeMocrn aT0MHhIX H,!!.ep. Ka°K y)Ke 0TMet.IaJiocb [ 2], 

B0?M0)KHaH M0,!1.eJib TaKOH nom1pHsyeM0CTH C0,!!.ep,KHTCH B y.D.a1rnoii HHTepnpe

TaU.HH lllHpHH rnraHTCKoro pesoHaHca, ,!l.aHHOH OKaMOTO [ 3] li .UaHOCOM [ 4]; Kpo

Me Toro, B03M0)KHbl li ,!!.pyrne M0,!l.eJIH TeH30pHOH n0JIHpHsyeM0CTH. 

J1syt.IeHHe 3T0r0 H0B0r0 CBOHCTBa aCHMMeTpHH 3JieKTp0MarHHTHb!X B3aHMO

)leiiCTBHH aT0MH0ro H,!!.pa npe,!!.CTaBJI.HeT HeCOMHeHHb!H HHTepec. I..I,eJib!O HaCT0H· 

[UeH pa60Tbl .HBJI.HeTCH nocJie,!I.0BaTeJibHaH cpopMyJIHpOBKa TeopHH 3JieKTpH; 

t.IeCKOH ,!I.HnOJibHOH n0JIHpHsyeM0CTH aT0MHblX H,!!.ep, o6cy)K,!l.eHHe 3KCnepHMeHT0B, 

C n0M0I.ll.b!O K0TOpb!X M0)KH0 6b!JIO 6bI noJiytIHTb CBe,!l.eHH.H 0 TeH30pHOH t.IaCTH 

3JieKTpHtieCKOH nom1pnsyeM0CTH, li ou.eHKa BeJIHl.!HH 3cpcpeKTOB C n0M0I.ll.b!O .D.BYX 

pa3JIHl.!HbIX MO,!l.eJieH .H,!!.ep - M0,!1.eJIH He3aBHCHMbIX t.IaCTHl.I. li KOJIJieKTHBHOH MO· 
,neJIH [3,4]. . . 

TeopH!O 3JieKTpHtieCKOH ,n0JI.HpH3yeM0CTH aT0MHb!X H,!!.ep M0)KH0 CTp0HTb 

no aHaJI0rHH C TeopHeii n0JI.HpHsyeM0CTH M0JieKyJI [ 6 ]. CJie,!l.yeT, B006I.I.I.e, 3aMe

THTb, l.!T0 MHorne H3 MeT0,!I.0B MOJieKyJIHpHOH 0TITHKH M0)KH0 nepeHeCTH Ha cpoTO

.H,!!.epHble peaKU.HH. TaK, HanpHMep, HeCOMHeHHblH HHTepec npe,!!.CTaBJIHJI0 6bl 

Ii3yt.IeHHe KOM6HHaU.HOHHOro pacceHHHH ')'·KBaHT0B Ha H,!!.pax HJIH 3cpcpeKTOB ,!l.eno

J!HpH3al.I.HH pacceHHH0ro li3JIYt.IeHHH C u.eJih!O noJiyt.IeHH.H PH.D.a Ba,KHbIX napaMeT

poB H,!!.ep. B 3a,!l.at.Iy 3TOH CTaTbli He BX0,!I.HT urnpoKoe o6o6I.I.I.eHHe TeopHH B3aHM0-

,!l.eHCTBHH cBeTa C M0JieKyJiaMH Ha B3aHMO}.J,eHCTBHH y-KBaHT0B C H}.J,paMH. Mb! pac

CM0TpHM TOJibK0 ynpyroe pacce.HHHe y-KBaHT0B Ha HJ.J.pax li cpOTOH}.J,epHbie peaK

U.HH (nOJIHOe cet.IeHHe nornorn.eHHH ,!I.Hn0JibHblX y-KBaHT0B C H,!!.pOM). 

2. O6rn.ee paccMoTpeHue 

KaK H3BeCTH0, 0CH0B HYIO p0Jib BO B3aHMO}.J,eHCTBHH y-KBaHT0B C .H,!!.paMH 

B o6Jiacrn 3Heprnii J.J.0 ~20 MeV HrpaeT 3JieKTpHtiecKoe J.J.Hn0JihHoe norno[UeHHe. 

Tio3TOMY Mb! orpaHHtIHMCH T0JibK0 3Toii t.IaCTbIO B3aHMOJ.J.eiicTBH.H. 

Bo3MO)KHOe cy[UeCTB0BaHI-Ie y H,n:ep TeH30pHOH n0JI.HpHsyeM0CTH 03Hat.IaeT, 

tJT0 aMTIJIHTYJ.J.a pacceHHHH M0)KeT 3aBHCeTh OT cmrna CHCTeMbl, T. e. HaBe,n:eH

Hb!H }.J,HTIOJibHb!H M0MeHT H}.J,pa M0)KeT 3aBHCeTb OT opHeHTal.I.Hli HJ.J.pa no 0TH0rne

HHIO K 3JieKTpHt.IecKoMy noJIIO. Han6oJiee o6IUHH BHJ.J. aMnJIHTY.D.hl pacceHHH.H, 

KaK cpyHKU.HH oneparnpa cnnHa HJI.pa j H noJIHpHsau.Hii naJ.J.aIOI.I.I.ero 1-. H pacceHH-
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ttoro l' q>OTOHOB, aanmneTCSI B BH,D.e . 

R = R(l)(J).) (Ji.')+ R<2> (il') (Jl) + R<3> (l'i.) + T (l'l), (I) 

r.n.e T = wZ2e2 / 2:tAM - aMnJIHTy.n.a TOMCOHOBCKoro pacceHHHSI, KOTopoe MO

)KeT .n.aTb cym.ecrnettHhii'I BKJia.D. (noJiaraeM aea.n.e n = c = 1 )1. AMrrJIHTy.n.w 
R(l), R(2), R<3>, HBJIHIOlll.HecSI cpyHKUHHMH tJaCT0TbI cpoTotta, rrporropuHoHaJibHbI 

TIOJI5IpH3yeM0CTH CHCTeMbl. TaK, B cJiytJae HaJIHtJHSI TOJibKO CKaJIHpHOlI I10JISI

pH3yeMOCTH CHCTeMbI (R(l) = R(2) = 0) HMeeM R<3l =-(w3 / 2:t) a (w), r.u.e a -
3JieKTPHtJecKaSI )l.HI10JlbHaSI nomrpH3yeMOCTb, qepe3 KOTopy10 Bb!pa)KaeTCSI ce

GeHHe peJieeBCKOro pacceHHHSI Ha MaJIOlI qaCTHIJ,e (H.n.pe) cornacHO 2 

d:1 I dQ = w4 / a (w) / 2 ().').). 

Bb1pa)Ke1IHe (I) MO,KHO yrrp0CTHTb. O6b!tJHO B MOJieKyJIHpHOlI 0I1THKe paccMaT

pHBaIOT CJiytJaH, KOr)l.a TeH30p I10JI5IpH3yeM0CTH- 3pMHT0B HJIH fr = R. ,UJISI 

R)l.ep. 3T0T cJiytJaH MaJI0 HHTepeceH, TaK KaK H3•3a CHJibH0ro B3aHMO)l.eHCTBHSI 
Me,K.n.y qacrnuaMH SI)l.pa ero yp0BHH 3HeprHH o6Jia)l.aIOT 60JibWHMH urnp11Ha

Mll. flo3TOMY R(l>, R< 2>, R<3> HMeIOT J(eiicTBHTeJibHYIO H MHHMYIO tJaCTH B 

WllpOKOH o6JiaCTll tJaCT0T. 

BocnOJib3yeMCH HHBapHaHTH0CTbIO S-MaTpHII,bl no OTH0WeHHIO K o6pam.e

HHIO BpeMeHH; 3T0 J(aeT R(l) = R< 2>. TaKHM o6pa3oM, (I) MO,KHo neperrHcaTh 

B BHJ(e 

R = RT J(2; 1) {+ [(Ji.') (Jl) + (JA) (Ji.')]-+ } 2 ().').)r + (RS+ T) (i.'i.). (2) 

il,eJieaoo6paaHocTh BBeJ(eHHH RT H Rs 6yJ(eT HcHa H3 J(aJibHefiwero. Comae

Ho [1·2J, HaaoBeM a5 =-(2rc / w3) Rs H aT =- (2rt / w3) RT CKaJistpHOH H TeHaopttoii 

IlOJIHpHayeM0:TSIMH. Omi 5IBJI5IIOTCH, 0tJeBH)I.HO, K0MnJieKCHblMH napaMeipaMH. 

MHHMh!e H )l,eHCTBHTeJihHbie tJaCTH. 3THX rrapaMeTpOB He HeaaBHCHMbl, a CBH3aHbl 

)l.HCnepCHOHHblMH CO0THOWeHHHMH. 

lfro6bl Bblpa3HTb MHHMYIO tJaCTb aMI1JIHTY)l.bl, BOCI10Jlb3YeMC5I YHHTapH0CTblO 

S-MaTpHUbI: 

i (k+ - k) = kk+. (3) 

Bo3bMeM MaTpH4HblH 3JieMeHT MaTpH4H0rO paBeHcTBa (3) no C0CT0HHHIO 

(amj) 2:t / w, r.u.e m - npoeKIJ,HH CTIHHa H,npa Ha OCb z, j - npoeKUHH B~KTO

pa I10JI5IpH3aUHH q>OTOHa, a xapaKTepHayeT Bee 0CTaJibHble KBaHT0Bble tJHC

Jia OCH0BH0ro C0CTOHHHH H)l.pa; HaHJ(eM: . 

i (2rt / w)2 [(m'j'a ! R+j amj)- (m'j'a /RI amj)] = 

= (2:t; w)2 ~ (m'j'a !RI N) (NI WI ajm). 
N 

(4) 

CyMMa 6epeTC5I rro BCeM COCTOHHHHM, .n.onycTHMblM C T0tJKH apeHHSI 38K0Ha 

coxpatteHHH 3HeprnH. Orrpe)l.eJIHM oneparop rrorrepetJttoro cetJeHHSI ; KaK one

paTOp, cpe,1!.Hee 3HatJeHHe KOTOporo rro C0CT0HHHIO I10JI5IpH3aUHH 5!,1!.ep MHWe

HH H rra)l,aFOlll.HX q>OTOHOB ,rr.aeT norrepetJH0e cetJeHHe 

a= Spp; 

1 Mb!, K0HeqHo, npette6peraeM ,neJib6p!OKOBCKHM paccellHHeM tt paccel!HHeM Ha MarttHT
H0M M0MeHTe. 

2 ITo.nqepKHeM, '!TO Mb! BC!O.llY HMeeM B BH.llY He J!0KaJibHYIO Il0Jil!pH3yeM0CTb, a IT0Jlll
pH3yeM0CTb acei'! qaCTHUbl. 
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( 3)1,eCb p - MaTpttua nJJOTHOCTlI). ITo.ncTaBJJH.H (2) B ( 4), Haii.n.eM: 

41t2 { 3 'I 1 A A A A 1 A2 0 RT . 
2 wi J(2J-1) (m T (JrJ1+ J1Jr)- 3J 11'1 m) Im + 

+ 01rlmRs} = (m' j' I; I mj). (5) 

T aKHM o6pa3oM, MHHMhre tracrn RT n RS npocTo CB.H3aHbI c cetreHHeM no

rJJOJUeHH.H. BMCCTe C TeM H3 cpopMYJJbl (5) CJJe.n.yeT HaH60JJee o6ma.H 3aBHCH
MOCTb nonepetrHOfO cetieHirn norJJOilleHH.H OT cnHHa .H)l.pa. I1yCTb, HanpHMep, 
nom:rpH3aUHH cj)OTOHa 3a,!l.aHa CTporo, T. e. MaTpHua nJJOTHOCTH, 3a)l.alOJUa.H 
COCTO.HHHe nom1ptt3aUHH cj)OTOHa, HMeeT BH)l. p = OjzOj'z (ocb Z HanpaBJJeHa 
B)J.OJ!b nomipH3aUHH cj)OTOHa). Tor.n.a cetreHHe norJJOlll.eHHH cj)OTOHOB 3anmueT

CH B BH)J.e 

· A A 41t2 {3(J + 1) [ J; 1 J T s} . 
cr=Sppcr=~2 (J-i) J(J+i)- 3 ImR +ImR , (6) 

,ll.JJH HenOJJHpH30BaHHOf0 nytIKa ¢0TOHOB HaH)J.eM 

- s1t
2 {3(J + 1 l [ 1 J! ] 1 T Rs} 

cr = w2 (2J-1) 6- 2J(J + 1) m R + Im · (7). 

3,n.ecb J;. - cpe,!l.HMH KBa,n.paT npoeKUHH CIIIlHa Ha BOJJHOBOH BeKTOp cpOTOHa. 

,lIJJ.H ~eoptteHTMp0BaHHb!X H,!l.ep (Pm'm = om'ml (2J + 1 )) tfJJeHbl c RT B cpop

MyJJaX (6) H (7) 06pa111a10TC.H B HYJJb. TaKHM o6pa30M, KaK Bll,ll.HO H3 (6) H 
(7), )J.JJ.H )I.OKa3aTe.1bCTBa cymetTBOBaHH.H T€H30pHOH tiaCTH nOJJHpirnyeMOCTH 
aTOMHb!X H,!l.ep CJJe.nyeT )J,OKa3aTb 3aBHCHM0CTb CetJeHH.H norJIOIUeHH.H qJOTOHOB 
OT optteHTaUHH .H)J,pa. 

113 ¢opMyJJbl (7) HeTpy.nHo. II0JJYtJHTb, tJTO 

Im RT= ~ (w I 2rr)2(cr.L- cr 1 ), 

r.n.e cr u n cr .L-nOJJHble cetreHH.H nor J!Olll€HHH 1·KBaHTOB, Kor.na .H)l.pa IIOJJHOCTblO· 
OpHeHTHpOBaHbl C0OTBeTCTBeHHO no HanpaBJJeHHIO BOJJHOBOfO B€KTOpa ¢oTo
H0B H nepneH)J,HKYJJHpHo .3TOMY BeKTopy. Onpe.n.eJJHB MHHMYIO tJaCTb RT, 
MO:>KHO HaHTH .ee )l.eHCTBHTeJJbHYIO tJaCTb, IIOJ!b3YHCb .nncnepCHOHHblMH COOT
HOWeHHHMH. 

KaK OTMetJaJJOCb paHee [1], .3cp¢eKT RT .n.oJDKeH oco6eHHO CHJibHO CKa3aTb
C.H Ha cetJeHHH pacce.HHH.H KaK Ha a6COJJIOTHOH BeJJHtJHHe cetJeHH.H Ha HeOpH
enrnpoBaHHblX .H,npax, TaK H Ha a3HMyTaJJbHOH aCHMMeTpHH pacce.HHH.H Ha 
opMeHrnpoBaHHbIX n.n.pax. 3.necb Mb! npHBe.neM 6oJJee no,n:po6Hbie pactJeThI. 

Haii.n.eM 3aBHCHMOCTb CetJeHHH ynpyroro pacce.HHH.H 'l'·KBaHTOB Ha .H)l.pax 
OT BBe.neHHoro HaMH napaMerpa RT HJJH nponopuHoHaJJbHOH eMy TeHsopuoii: 
nOJJHpH3yeMOCTH. O603HatfHM 

A 3 [ 1 (A A A A) 1 A ] 
Etk = J(2J--.i) "T J;Jk + JkJi - 3 J2o;k , 

Tor.na onepaTop cetieHirn pacceBHHH sanHweTc.H KaK 

; ikjq= ( 2rr / w) 2 [RT'E;k + R,.o,k] [RT Ejq + R'ojq], (8) 

3,n.ecb R' =Rs+ T. 
Haii.n.eM cetJeHHH pacceBHMH Ha Heop11eurnpoBaHHb!X .H,npax. ,lIJJ.H sroro 

ycpe)I.HMM (8) A no cccTOHHHIO Pm'm = Om•m/(2J + 1 ). Cpe,n.uee 3HatieHHe npo

H3Be,n.eHH.H E;k Ejq )l.OJl)KHO HMeTb BH)J, 
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Haxo,!(H CBepTKH TeH30pOB B JieBOH H npaBOH qaCTHX O,!(HH pa3 no HH,!(eKCaM 

i = k H j = q, ):(pyroii paa -no i = j H k = q H HCnOJib3YH COOTHOllleHHH 

KOMMyTaII.HH ,!(JIH KOMnOHeHT onepaTOpa cnHHa, HeTpy,!(HO HaHTH 

A1 = -2Ad3, A2 = 3 (J + 1) (2J + 3) / 20J (2J - I). 

Cpe,!(Hee 3HaqeHHe ;,k paBHO Hy;no. 0KoHqaTeJibHbIH peayJibTaT ,!(JIH none

peqHoro ceqeHHH, ycpe,!(HeHHoro no opHeHTau:m1 H,!(ep, HO ,!(JIH onpe,!(eJieHHOH 

opHeHTaII.HH nOJIHpH3aU:HH qJOTOHa B HaqaJibHOM H KOHeqHOM COCTOHHHH, 

HMeeT BH,!( 

<!:!... == 41t2 {1RT/23 (J+1) (2J + 3) [1 + _1 ().').)2] + IR'j2 ('-''-)2} (9) 
dil w2 20(2/-1) J 3 . 

Ycpe,!(HHfl no noJIHpH3aU:HHM <pOTOHOB B HaqaJibHOM COCTOHHHH H cyMMHpyH 

no KOHeqHblM COCTOHHHHM, ,HaH,!(eM yrJIOBOe pacnpe,!(eJieHHe pacceHHHbIX cpo

TOHOB 

- da - 21t2 {' RTJ2 (2J + 3) (J + 1) (13 + cos20) + IR'l2 (1 + cos20)}. 
dn - w2 I 201 ( 2J - 1) (I 0) 

TaKHM o6pa30M, KaK y,Ke OTMeqaJIOCb [ 1 ], HaJIHqHe TeH30pHOH nOJIHpHayeMOCTH 

MO:>KHO o6Hapy:>KHTb no BeJIHqHHe noJIHoro ceqeHHH ynpyroro pacceHHHH H no 

yrnoBOMY pacnpe,!(eJieHHIO pacceHHHH (HaJIHqHe 60JibWOH H30TpOilHOH qacTH B 

yrnoBoM pacnpe,n;eJieHHH). 
Ynpyroe pacceHHHe r-KBaHTOB Ha opHeHTHpOBaHHbIX 51,!(pax o6cy:>K,!(aJIOCb 

paHee (1 ]. KaK 6bIJIO IlOKa3aHO, HaJIHqHe TeH30pHOH noJIHpH3yeMOCTH npHBO,!(HT 

K a3HMyTaJibHOH acHMMeTpHH pacceHHHH. HaH60J1bWaH aCHMMeTpHH noJiyqaeT

CH, Kor,!(a H,!(pa opHeHrnpoBaHbI nepneH,!(HKYJIHpHo BOJIHOBOMY BeKTOPY na,n;a10-

III.ero <pOTOHa. YrnoBoe pacnpe,!(eJieHHe B nJIOCKOCTH, nepneH,!(HKYJIHpHOH na,!(aIO

III.eMy nyqKy, HMeeT BH,!( (B o603HaqeHHHX HaCTOHIII.eH CTaTbH): 

do I dQ = (2rc 2 
/ w2

) {[ ! I RT 12 + ! (Rr-R' + R'• RT)] sin2 e.p + 
+ ( ! I RT 12 - ½ (RT*R' + R'"RTl + R'2

]}. (11) 

<I>opMyJia (11) noJiyqeHa B peayJihTaTe KJiaccnqecKoro paccMoTpemrn H cnpa

ae,!(JIHBa TOJibKO npH J- oo. KsaHTOBbie nonpaBKH K Heii o'IeHb cyIII.ecTBeHHbI. 

TTpH J = 0 HJIH J = ¼ 33HMyTaJibHaH acHMMeTpHH Boo6w.e 11cqe3aeT. 

KpoMe OTMe'IeHHbIX sq:,cpeKTOB, HaJIH'IHe TeH30pHOH IlOJIHpHayeMOCTH MO,KHO 

o6Hapy:>KHTb no H3MepeHH5IM CTaTHqecKOH IlOJIHPH3yeMOCTH H KBa,!(paTH'IHOH 

<pJIYKTyaII.HH ,!(HnOJibHOro MOMeHTa B OCHOBHOM COCTOHHHH ,!(JIH opHeHTHpOBaH

HblX 51,!(ep Ha OCHOBe npHMeHeHHH npaBHJI CYMM. 3TH 3<pcpeKTbl o6cym:,n;aJIHCb 

ym:e paHee (21. 
TaKHM o6pa30M, CyIII.eCTByeT 60JibWOe KOJIH'IeCTBO scpcpeKTOB, Ha KOTOpbie 

TeH30pHaH nOJIHpHayeMOCTb MOfJia 6bI OKa3aTb BJIHHHHe H KOTOpbre BilOJIHe MO)K

HO Ha6JIIO,!(aTb cyw.ecTByIO~HMH 3KcnepHMeHTaJibHblMH cpe,!(CTBaMH. ,LIJIH ou:e

HOK H3MepHMOCTH o6cym:,!(aeMblX scpcpeKTOB Heo6xo,!(HMO Bbl'IHCJIHTb RT n R5 

Ha OCHOBe MO,!(eJiei'f. 

3. Mo~eJIH TeH30pHoi'f nonHpH3yeMOCTH 

4acTHqHo MO,!(eJIH TeH30pHOH nomrpn3yeMOCTH o6cym:,!(aJIHCb paHee [ 2 1. 
no aHaJIOrHH C MOJieKyJIHpHOH OilTHKOH BBe,!(eM IlOHHTHe «BHyTpeHHeH» TeH30p

HOH nOJIHpH3yeMOCTH, T. e. IlOJIHpHayeMOCTH B CHCTeMe KOOp,!(HHaT, Bpaw.a10w.ett

CH BMecTe C 51,!(pOM. TTycTb B CHCTeMe KOOp,!(HHaT, CBH3aHHOH C 51,!(pOM, TeH30p.HaH 

'IaCTb nOJIHpH3yeMOCTH HMeeT BH,!( 

OT 3 T ( 1 ~ ) 
(1.;k = 2 a0 n,nk - 3 o;k • ( 12) 
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Mb! rrpe,nrrOJJO)KHJIH aKCHaJ!bHYJO CHMMeTpH!O .9Toro TeHsopa; n,- KOMllOHeHTa 
e,nHHHlrnoro BeKTOpa B,Il.OJ!b OCH CHMMeTpHH. O606m.em1e Ha CJJytrnii: aKCHaJ!bHO 
HeCHMMeTpHtIHoro CJJytiaH He rrpe,ncTaBJJHeT oco6b1X saTpy,nHeHHii:. KpoMe Toro, 
6y,neM Cl!HTaTb, l!TO n COBrra,naeT c HarrpaBJJeHHeM OCH CHMMeTpHH cpopMbl llOBepx
HOCTH H,Il.pa, B)].OJ!b KOTOpoii: HarrpaBJJeH CllHH B OCHOBHOM COCTOHHHH H,npa. IlpH 
.9THX rrpe,nnoJJO:>KeHHHX HMeeTCH rrpHMaH aHaJ!OrHH Mem,ny a/ H a,T' C O,Il.HOH CTO
pOHbl, H «BHyTpeHHHM» H crreKTpOCKOllHlleCKHM KBa,npyrroJ!bHblMH MOMeHTaMH-
c ,npyroii:. 0Tc10,na HMeeM · 

ry.T .= ry.~J(2J- l)/(J + 1)(2J + 3). (13} 

TaKHM o6paSOM, aMllJJHTy,na RT pacceHiIHH cpOTOHOB Ha H,Il.pe B JJa6oparnp
HOH CHCTeMe KOOp,Il.HHaT Bb!pam:aeTCH qepes «BHyTpeHHJOJO» llOJJHpttsyeMOCTI> 
C llOMOlll.blO CJ1e,ny10111.eii cpopMyJJbI: 

T w3 J(2J-1) T T J(2J-1) 
R =-2it(J+1)(2J+3) r7vo= Ro (J+1) (2J+3)' (l 4) 

T. e. TeHSOpHaH llOJJHpirnyeMOCTb )].JIH H,Il.ep co CllHHOM O H ½ o6pam.aeTCH s. 
HY Jib. .. 

Mo,neJJb TeHSOpHOH llOJJHpHsyeMOCTH co,nepm:HTCH B o6o6m.eHHH rH,Il.1)0,Il.HHaMH
lleCKOli MO)].eJJH )].HllOJ!bHbIX KOJJe6aHHH B H,Il.pax Ha HeccpepHtieCKHe H,Il.pa (OKaMO
TO [ 3] H ,llaHOC [ 4]). 3TH aBTOpbl o6paTHJIH BHHMaHHe Ha TO, l!TO B ,necpopMHpo
BaHHOM H,Il.pe KOJJe6aHHH llJIOTHOCTH Heii:TpOHHOH H rrpOTOHHOH )KH,Il.KOCTeH 
,noJJ:>KHhl coBeprnaTbCH c ABYMH 6JJHSKHMH :xapaKTepHbIMH qacrnTaMH. IlpHtieM 
BeJ!Hl!HHa OTHOllleHHH .9THX qacTOT no nopH,Il.Ky BeJJHl!HHbl CJJe,nyeT HS pasMepHb!X 
coo6pameHHH w1/w2-Rz/ R1, r,ne R1 H R2-HaH60J1bllIHii H HaHMeHbllIHH pa,nHyChl 
rroBepXHOCTH H,Il.pa. ,lleTaJJbHOe rn,npo,Il.HHaMHlleCKOe pacCMOTpeHHe ,naeT )].JIH .9TO
ro ornorneHHR BeJJHl!HHy w1/w2= 0,91 R2IR1 B cJJyqae, Kor,na noBepxHOCThOnH
CbIBaeTCH ypaBHeHHeM .9JIJ!HllCOH,Il.a c MaJ!b!M .9KCIJ.eHTpHCHTeTOM. 3Ta H)].eH nos
BOJIHJ!a yKasaHHblM aBTopaM c,neJJaTb saKJJJOl!eHHe, l!TO sa Ha6JJJO)].aeMbIH Ha 
Ollb!Te rnraHTCKHH pesoHaHC B cpOTOH,Il.epHbIX peaKIJ.HHX OTBeTCTBeHHa He O,Il.Ha 
xapaKTepHaH tiaCTOTa, a )].Be. 0Tc10,na llOCJJe)].OBaJJO y,natIHOe 06bHCHeHHe «yrnH
peHHH JIHHHH» rnraHTCKoro pesoHaHca ,Il.JIH ,necpopMHpOBaHHblX H,Il.ep. 11s .9TOH 
MO)].eJJH TaK:>Ke CJJe,nyeT, l!TO BOJ!Ha KOJJe6aHHH paSHOCTH llJIOTHOCTeii Heii:TpOHHOH 
H rrpoTOHHOli )KH,Il.KOCTeii pacrrpocTpaHHeTCH no HarrpaBJJeHHJO . .9JleKTpHtieCKOrD· 
llOJIH cpOTOHa. IlocJJe,nHee OSHatiaeT, l!TO llaCTOTa W1 Bos6ym:,naeTCH B TOM cJJyqae. 
Kor,na .sJJeKTpHtiecKHii: BeKTop cpoToHa HarrpaBJJeH B,Il.OJ!h pa,nHyca R 1, a w2, Kor,na 
.sJJeKTpHtiecKHH BeKTop cpoToHa HanpaBJJeH B,Il.OJJh pa,nHyca R2. Mb! He 6y,neM ce6H 
CBHSbIBaTb C rn,n.po,Il.HHaMHl!eCKOH MO)].eJ!blO, a BOCllOJ!b3YeMCH pesyJJbTaTaMH 
MOJJeKyJJHpHOli OllTHKH H 6y,neM paccMaTpHBaTb H,Il.pO KaK COBOKYllHOCTb Tpex 

JIHHeHHb!X OCIJ.HJIJIHTOpOB, pacrrOJJO:>KeHHblX rreprreH,Il.HKYJJHpHO ,npyr ,npyry; 
qacTOTbl .9THX OCIJ.HJIJIHTOpOB i.o1 H w2= ws, H ,neKpeMeHTbl SaTyxaHHH "(1 H "(2= "(3 
paSJJHl!Hbl. B .9TOM CJJyqae aMllJIHTy,na pacceHHHH B CHCTeMe KOOp,Il.HHaT, CBH· 
saHHOH C H,Il.p0M, HMeeT BH)J. 

(15), 

BH,n aMllJIHTY,,Il.bl B JJa6opaTOpHoii CHCTeMe KOOp,Il.HHaT cJJe,nyeT HS cpopMyJJ (15), 
(14) H (2). MHHMaH ll8CTb aMnJJHTY,Il.bl corJJaCHO (6) H (7) onpe,neJJHeT cetieHHe 
llOrJJOUJ,eHHH y-KBaHTOB H,Il.p0M. 11s cpopMyJJ (15) BH,Il.HO, l!TO rrpH Wi- W2~11,2 
TeHSOpHaH llOJJHpHsyeMOCTb )].JIH tiaCTOT B o6JJaCTH rnraHTCKOfO pesoHaHca MO:>KeT 
B,Il.BOe rrpeBbllll8Tb CKaJJHPHYJO llOJJHpHsyeM0CTb, OTKy,na CJJe,nyeT, l!TO OTMetiaB
llIHeCH Bb!llle .scpcpeKTbl BllOJ!He B03MO:>KHO Ha6JJJO)].aTb. 
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B OTHOCHTeJibHO npoCTbIX Oilb!TaX no ynpyroMy pacce.HHHIO Ha HeopHeHTH

poBaHHblX .H,npax Rr, KaK BH,ll;HO H3 qJOpMyJI (10) H (14), TeH30pHa.H IlOJI.HpH3y

eMOCTb npo.HBHTC.H TOJibKO ,Zl;JI.H .H,nep C ,ZJ;OCTaTOtIHO Bb!COKHMH CIIHHaMH. TaK, 

HanpuMep, ,nmi; H,npa In115, CIIHH KOTOporo paBeH 9/2, MO)KHO O)KH,Zl;aTb, 'ITO 

oTHoweHHe BKJia,noB nepBoro H BTOporo cJiaraeMoro ,nocTHraeT 0,5. TipH 

9TOM, KaK BH,ll;HO H3 cpopMyJibl (10), CJie,nyeT O)KH,ZJ;aTb YrJIOBoro pacnpe

,ne.neHH.H B ynpyroM pacce.HHHH wna a+ cos2 0, r,ne a = 1,5, a He I (nocJie,n;

Hee coorneTcrnyeT RT= 0)3• 

,[]jrn Bcex oueHOK BeCbMa cyw.ecrneHHbl 3HatJeHH5J BeJIHtJHH '1'1, W1, '1'2, W2 

H CHJI OCUHJIJI.HTOpOB f 1 H f2, 
ITo:lKaJiyiI, HaH6oJiee ocHoBaTeJibHoii rn,npo,nnHaMHtJeCKOH oueHKOii w1, w, 

.HBJI.HeTC.H ou:eHKa JieBHH,ZJ;:lKepa [ 6
], HCIIOJib30BaBwero npaBHJIO cyMM THIIa 

H3BecTHoii cpopMyJibl KpaMepca-faiiaeH6epra, 

1 \ _;:_d(J} 
(X = 211:2 ) (!)2 

H ·ou:eHHBWero CTaTHtJeCKYIO nOJI.HpII3yeMOCTb .H,npa B CHCTeMe KOOp,Zl;HHaT, 

CB.SI3aHHOH c .H,Zl;pOM. PeayJibTaT COBIIaJI c pactJeTaMH 0KaMOTO--,-}laHOCa: 

w1~ l / R1 H w2 ~ 1 / R2, OrnocHTeJibHO "(1 H "(2 a HacTo.Hrn.ee BpeM.H HHtJero 

onpe,neJieHHOro CKaaaTh HeJib3.H. Onb!T KaK 6y,nTO yKa3hIBaeT, 'ITO '1'1 H "(2 cy
w.ecTBeHHO pa3JIHl!Hhl. 3m o6CTO.HTeJibCTBO HeB03MO)KH0 O(}b.HCHHTb B paMKaX 

npocTOH rn,npo,nnHaMHtJeCKHH Mo,neJIH. B CB.H3H C 9THM HMeeT CMhlCJI paCCMOT

peTh ,npyrHe MO,ZJ;eJIH. 
. B pa6oTe Cora H <Py:lKHTa [ 7] paCCtIHTbIBaJIHCb O,Zl;HOHYKJIOHHble 9JieKTpH-

tieCKHe ,ZJ;HilOJihHhie nepexo,ZJ;hl no MO,l{eJIH o60JIOtieK ,Zl;JI5J ,l{eqiopMHpoBaHHblX 

,5JJI.ep H 6b!JIO noKa3aHO, tITO nepexo,nbl rpynnHpy!OTC.H BOKpyr ,nayx tJaCTOT 

cu1 ~ l / R1 H w2 ~ 1 / R2 • TI pH TaKOM no,nxo,ne, ecTecrneHHO, HcnoJibayeTCH 

p5I.l{ ,n.eTaJibHhlX npe,l{nOJIO:lKeHHH O BH,IJ.e BOJIHOBblX qiyHKU:HH. OCHOBHblX H B03· 

6y:lK,n.eHHhlX COCT05IHHH H,nep. IToKa:lKeM' tITO BhIBO,II. 0 TOM, tITO B MO,IJ.eJIH 

HeaaBHCHMhIX qacrnu: w1 ~ 1 / R1 H w2 ~ 1 / R2 CJie,n.yeT H3 BeChMa o6rn.Hx 

npe,n.cTaBJieHHH O .H,npe 6e3 HCTI0.11h30BaHH51' yKa3aHHblX npe,II.IlOJIO:lKeHHH. 

PacCMOTpHM npaBHJIO cyMM 

Lt = ~ ; dw = 4rc2 (0 / d; I 0) (16) 

B CHCTeMe KOOp,n.1rnaT, CB51'3aHHOH C H,npoM; d = ~ e1r1 - onepaTop ,II.HTIOJibHOro 
i 

MOMeHTa .H,n.pa; I 0) - ocHOBHOe cocTOHHHe H,n.pa. ITpmiy10 tiaCTb MO:lKHO aa

nHcaTh B BH,Il.e 

(0 ld;i 0) = e2 (0 I~ (zf -4r;) I 0) + ~ (0 I d2 iO)-(OI~ z1z1- ~ r1r1 I 0). (17) 
i i~j. 

B 9TOM Bblpa)KeHHH, KaK HeTpy,n.HO BH,n.en,, nepBblH tIJieH nponopu:HoHa

JieH KBa,npynoJibHOMYMOMeHTY H,n.pa,BTopoiI-nepaoMy MOMeHTY CetieHHH o_l 

,Zl;JI.H HeOpHeHrnpoBaHHblX 51',Zl;ep, a IlOCJle)I.HHH tIJleH CB51'3aH C KoppeJI.HU:H5IMH B 

IlOJlO)KeHHH npoTOHOB B 5!,npe. KaK H3BeCTHO, OCHOBHblMH HCTO'IHHKaMH KOp-

3 He.naeHo E. <l>yJIJ1ep H E. Xaeap.n; (npenpHHT H qacrHoe coo61.11eHHe .Ll. JieeHH.n;mepa) 
C,:ieJiaJIH nonblrKy HHTcpnpeTHpoBaTh CB0H ,/laHHble no ynpyroMy pacce!IHHIO y-KBaHT0B Ha Ta 
C roqKH apeHHlI HaJIHqfflI TeH3opHOH noJilIPH3yeM0CTH Y aroro H,llpa (Ha 0CH0Be rH.llP0.llHHaMfflle
CKOH M0,/le.llH OKaMOTO - .LlaHoca). O.llHaKO 0HH" HCn0Jib30BaJIH KJiaccHqecKoe ycpe,llHeHHe no 
opneHTaUHH H.llep. Haum cjJopMyJihl (10) H (14) OTJ!HqalOTClI OT cjJopMyJI HX pa60Tbl MH0)KHTeJieM 
J(2J - l)/(2J + 3) (J + 1). Y'!eT aroro MH0)KHTe.lllI cy1.11ecreeHH0 H3MeHl!T pe3yJihTaT HX 
aHaJIH3a. Aerop IT0J!h3yerclI CJiyqaeM Bblpa3HTb 6Jiaro.n;apHOCTb .n: .. JieaHH,ll)Kepy H E. <l>y.1• 
Jiepy 3a HHrepeCHY!O HHcjJOpMaUH!O. 
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208 A. M. Ban~HK 

pemur.Hii: THna HHTepecy10r.u.Hx Hae .HBJHIIOTC.H cooTHorneHHe :Zh=O (r.ne rk
Koop,nHHaThI KaK npOTOHOB, TaK H Heii:TpOHOB) H npHHII.Hn TTayJrn. Y tJTeM 
3TH ::,qxpeKThI H OII.eHHM nocJie).lHHH tJJieH. 4T00bl ytJeCTb COOTHOllieHHe 

L} rk = 0, BBe,neM, KaK o6hrqHo, ::,cpcpeKTHBHh!e sap.H,nhr npoToHa ep = eN I A H 

-Heii:TpoHa en = - el/ A, H TaK KaK npHHII.Hn TTayJIH HaKJia).lbIBaeT oPpaHHqe-
-HHH TOJibKO Ha O,UHOHMeHHhle qacTHI.J.hl, TO OT0pOCHM tJJieHbI, CBH3aHHbie C 

KoppeJIHII.HHMH n,pOTOH-Heii:TpOH: 

e-2 < 0 Id; I 0) =(NI A) 2 <0 I ~p (z;- i r}) jo> + (Z!A) 2 <0 I ~n (z;- ~ rn I 0) + 
l l 

+ (0 I hp [z,z1-} r,r1] I 0) + (0 / Sn [z,z1-} r,r1] / 0) +} <0·) d2 I 0), (18) 
i'4=/ i=/ 

hp(n) - cyMMHpOB8HHe no aceM npoToHaM (Heii:TpOHaM) H,npa. 

liJIH OI.J.eHKH BeJIHqHHbI KOppeJIHII.HH, CBH3aHHbIX C npHHI.J.HilOM TTayJIH, BOC
llOJib3YeMCH MeTO,nOM, BnepBb!e npHMeHeHHhIM K aHaJiornqHOH sa,naqe XoxJio

BbIM 4 [ 8]. Bae,neM_ cpyHKI.J.H!O, OilHChIBaIOIIJ.YIO pacnpe).leJieHHe KOOp,UHHaT ,nayx 
npOTOHOB 

n (r', r) = z (}- i) :z] <0 Io (r- rp,) o (r' -·rp,) I 0) 
P1o/<P1 

(cyMMHpOBaHHe pacnpocTp8HHeTCH no BCeM npoTOHaM .H,npa). 
Onpe,neJIHM: '\ 

rµ< = ~ rµ<n (r', r) drdr', 

r!=~r~n(r)dr, n(r)= ~n(r',r)dr', (19) 

rµ, otJeBH,nHo, paBHO HyJIIO. TTocKOJihKY pasMep a o6JiaCTH, Ha KOTop,ofI cKa• 
3b!BaIOTCH KOppeJIHII.HH, ooycJIOBJieHHble npHHII.Hil0M TTayJIH, MHoro . MeHbllie 
pa3MepoB .H,npa, TO ,UJI.H n (r'r) MO)l{HO npHH.HTb Bb!pa)l{eHHe 

n (r', r) = n (r) n (r') - n [o (r' - r)n C ; r )- n (r) n (r')] (20) 

H cqHTaTb, 'ITO 3T8 cpyHKII.HH O,UHH8KOBa .l{JIH np0TOHOB H HeHTpOHOB. BeJIH
tIHHY Q - (a/ R)3 MO)KHO H8HTH, HCilOJib30B8B KOHKpeTHb!H BH).l BQJIHOBbIX 
cpyHKII.HH .H,Upa. O.u.HaKO, KaK 0y,!1.eT IlOKa38HO HH)l{e, .!1.JllJ Hall1HX II.eJleH 3Ha
qeHHe 3TOH BeJIHqHHbI BOO0IIJ.e Hecyw,ecTBeHHO. EcJIH HCilOJih30BaTb Bb!pa)l{e
HHe (20) H Hall1H onpe).leJieHH.H (19), TO, K8K JierKO noJiyqHTb, cpopMyJia {18) 
sanHrneTC.H B BH.U.e 

e-2 <0 I d;j 0) = [(N / A)2Z + (Z / A)2Nl(z2 - 1/ 3r2)- Q [(N / A)2l (Z- 1) + 
+ (Z I A)2N (N - l)] {z2 - 1/ 3r 2) + 1/ 3r2[(N / A)2Z + (Z I A)2N]-

- Q [(NI A)2Z (Z - 1) + (Z / A)2N (N -1)] r2 /3. (21) 
OTCIO,!l.8 H8H,!1.eM 38BHCHMOCTb "-1 OT yrJia Me)l{.u.y '.:lJieKTpHqeCKIIM BeKTOp0M 
cj)oTOHa H 0CblO CHM!\leTpHH H,!1.pa: 

4!2 °-1 = F (Z, A, Q) [2~ Qo (cos2~ - -½-) + ; r 2 
], (22) 

r,n.e F (Z, A, Q)- O0ll!JiH MHO)l{HTeJih, BH.l{ KOToporo cJie.u.ycT H3 (21); Q0 .....,.. 

«BHyTpeHHHH» KB8.l{pynoJibHb!H MOMeHT .H,llpa. 

4 AaTop 6naro,napeH 10. K. Xoxnoay 3a yKa3aHHe, 'ITO s:j:icpeKT KoppeJillUHii, CBH3aH
HblX C npllHUHTTOM nayJIH, MO>KHO nerKO oueHHTb 3THM MeT0,110M. 
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OnmqecKal! aHH30TponHll aT0MHblX ll.Zlep 209 

Jl.JIH opHeHTH:poBaHHhIX H,n;ep H3 (22) JierKO ITOJiyqaeTCH 

. ~2 . 
1 ~ = p (Z A .Q) [ 1 2(J + 1) (' J z 1 ) 1 2 ] 

4n:2 0
- 1 ' ' 2Z Q (2J -1) ,J(J + 1) - 3 + 3 r ' (23) 

r ,n;e Q - cneKTpocKonrrqecKHH KBa,n;pynoJihHhIH MoMeHT H,n;pa. KaK HaMH ym:e 

0TMeqaJIOCb [ 2], ,AJIH ,n;eihepHH cpopMyJia (23) HBJIHeTCH ToqHoH, nprrqeM 

F = 15
• 

· I-fa ¢opMyJihI (22) noJiyqrrM 

(o<.:i - a<:D/ a0_1 = 3QO / 2Zr2 z. 5QO I 2ZR2• (~4) 

3,n;ecb a<:~ - HaaooJihwee (npH ~ = 0), a a<:\ - HaHMeHhWee (nprr ~ = rt/2) 
3HaqeHHe a -1; _a~! - MOMeHT ceqeHHH ,.']:JIH He0pHeHTHpOBaHHb!X H,nep, R - pa-

.ll.HYC Hnpa. ' 
ECJIH, KaK O0biqHO, orrpe,n;eJIHTb «TI0JIOiH:e1me MaKCHMY~fa)) rHraHTCKOrO pe-

30HaHca C TIOMOll.lb!O cpopMyJihl 

~ = ~ adw / ~ : dw, 

TO H3 cpopMyJihl (24) c.r1enyeT BeJIHqHHa ywttpeHHH MaKCHMyMa rnraHTCK0ro 

pe30HaHca: 

(w(t)_ wM)/woz.5Q0 /22R2 • 

CpaBHHBaH 3TY cpopMyJiy C pe3yJibTaTaMH OKaMOTO H Jl.aHOCa, HaX0,L{HM, qTO 

pe3yJibTaTbl BbiqHcJieHHH Ha 0CHOBe MO,L{eJIH He3aBHCHMb!X qacTHI.I: COBrranaIOT 

C T0qH0CTb!O ,n;o qrrcJioBoro MH0iH:HTeJIH C pe3yJ1bTaTaMH, noJiyqeHHb!MH Ha 

0CHOBe KOJIJieKTHBHOH rn,n;pO,!lHHaMHqecKOH M0,[(eJIH. 

AHaJiornqHbie BblqHCJleHHH c IT0MOllI:h!O cpopMyJihl (23) ,[(aIOT Bbipam:eHHe 

,[(JIH «cnsrrra MaKCHMyM·a» [ 2 ] IT0JIHOCTb!O opHeHTHp0BaHHbIX_ H,Aep: 

(w 11 -w.1) / c,>o z. SQ I 4ZR2
• 

3,n;ecb Q -~ cneKTpOCKOrrHqecKHH KBa,n;pyrroJibHh!H MOMeHT. Heooxo,AHMO ITO,A

qepKHYTh, qTo 3,AeCb Mbl cyu.r:ecTBeHH0 HCIT0Jlh30BaJIH rrpe,n;rroJIOiH:eHHe 06 0TCYT· 

CTBHH B H,Ape ,n;pyrnx KoppeJIHU:HH, Kp0Me KOppeJIHU:HH C pa,n;HycoM, MH0ro MeHb

WHM pa3MepoB HJJ;pa6
• 

TaKHM o6pa30M, H3 BeChMa O0llI:HX npe,n;rrOJIOiH:eHHH npH HCITOJlb30BaHHH 

pa3JIHqHb!X MO,AeJieH noJiyqaeTCH O,!l;HH H TOT )Ke pe3yJibTaT W1-1/ R1 H W2- ll R2. 
BblqHcJieHHe ll!HpHH 'h H 12 Ha OCH0Be MO,n;eJIH He3aBHCHMblX qacTHU: TpeoyeT 

crreu:HaJibHOro HCCJie,noBaHHH. 

4. Oocy)K)J.eHHe 

KaK rroKa3bIBaeT paccMoTpeHHe pa3JIHqHhIX Mo,n;eJieif H,nep, B pH,n JIH Mom:Ho 

C0MHeBaTbCH B cymecTBoBaHHH TeH30pHOH IT9JIHpH3yeM0CTH y aTOMHb!X H,Aep. 

Bo BCHKOM CJiyqae M0}KH0 yTBep>K,AaTb, qTQ y H,npa ,n;eihepHH TeH30pHaH ITOJI.H-

0H3yeM0CTh cymecTByeT. 

TeopH.H IlOJI.HpH3yeMOCTH aTOMHb!X H,Aep BbITeKaeT KaK o6o6meHHe TeopHH 

IT0JIHpH3yeMOCTH MOJieKyJI [ 5 J. Cyu.r:ecTBeHHOH ocooeHHOCTb!O TeH3opa ITOJIHpH-

3yeMOCTH aTOMHbIX H,nep no cpaBHeHHio C TeH30p0M IT0JIHpH3yeMOCTH M0JieKyJI 

5 Bb1ql1cJJeHllll BeJJHqllffbl CTaTnqeCKOli TeH30pHoli nom1pnsyeMOCTH ,ueiiTpoHa 6b!,1H npo
ae,ueHbl IO. M. 5pera,use. OrnoweHHe TeH30pH0ii qacTll IT0JJHpnsyeM0CTH K CKaJJllpHOH no
JJyqHJJOCb paBHbIM ~ 1,5 % . 

6 3aMeTHM, qTo Hawn pesyJJbTaTbl He ll3MeHSIIOTCH, eCJill npe,llIT0,10}KllTb Ha.rnqne CllJJb• 
, Hb!X KoppeJJH!.(llH !ieHTPOH - npoT0H C MaJJblM pa,ll11ycoM. 

14 )1(3T<ll, N• 1 (7) 
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210 A. M. EaJJ,!l,HH 

.HBJI.HeTC.H He3pMHTOBOCTb nepBoro. )lpyra.H oco6eHHOCTb TeopHH nOJI.HpHsyeMOC

TH .H,!I.ep 3aKJII04aeTC.H B TOM, '-ITO paccMaTpHBa!OTC.H 3¢cpeKTbl, cooTBeTCTBY!Olll.He 

3KcnepHMeHTaJibHb!M MeTO)J.aM .H,!I.epHOH q>H3HKH. HanpHMep, 0)1.HH H3 OC_HOBHb!X 

MeTO)J.OB HCCJie)J.OBaHH1! IlOJI.HpHsyeMOCTH MOJieKyJI - H3ytieHHe ,!I.eilOJI.HpH3aUHH 

pacce.HHHOro H3JIY4eHH.H-Bp.H,!I. JIH 6y)].eT npHMeHeH )J.JI.H HCCJie)J.OBaHH.H nOJI.HpH

syeMOCTH .H,!I.ep B 6Jim1rniiweM 6y)].ylll.eM. 
HaM npe,!I.CTaBJI.HeTC.H, '-ITO OCHOBHb!M HCTO'-IHHKOM CBe)J.eHHH O TeH30pHOli 

noJI.HpHsyeMOCTH aTOMHb!X .H,!I.ep CJie)J.yeT C'-IHTaTb Onb!Tbl C opHeHTHpOBaHHb!MH 

.H,!I.paMH, XOT.H onb!Tbl no ynpyroMy pacce.HHH!O 1-KBaHTOB Ha .H,!I.pax MOrJIH 6hr 

KOHKypHpoBaTb C 3THM MeT0)J.OM. 
B TO )Ke BpeM.H He06XO)J.HMO paccMOTpeTb B03M0)1{HOCTH 3KCnepHMeHTaJibHO

ro H3ytieHH.H KOM6HHaUHOHHoro pacce.HHH.H y-KBaHTOB Ha .H,!I.pax. 9TOT MeTO)J. MO, 

6bI )J.aTb O'-leHb MHOro ueHHb!X CBe)J.eHHH O napaMeTpax .H,!I.ep. HatiaTOe He,!I.aBHO• 

[ 9 ] H3ytieHHe peaKUHH (y, y') (npe,!I.CTaBJI.HIOill.ee co6oii B TepMHHax MOJieKyJI.Hp

HOH OnTHKH «.H)J.epHyIO JI!OMHHecueHUH!O») TaK)l{e MO)l{eT )J.aTb p.H,!I. OtieHb ueHHb!X 

CBe)J.eHHH O TeH30pHOH IlOJI.HpHsyeMOCTH aTOMHb!X .H,!I.ep. 0.n.HaKO HHTepnpeTaUH.H 

3THX Oilb!TOB )J.OBOJlbHO HeO)J.H03HatIHa (He .HCHO, KaKoe KOJIH'-leCTBO H Ka

KHX nepeXO)J.OB npOH30lllJIO, npe)l{)J.e tieM . .H,!I.po )J.OCTHrJIO MeTacTa6HJibHOro 

ypOBH.H). 
KoJIHlJeCTBeHHble oueHKH nop.H,!I.KOB BeJIH'-IHH 3cpqieKTOB CJie,ny10i H3 cpopMyJI 

(2), (7), (10), (14), (15). KaK BH,!I.HO H3 cpopMyJibl (15), B o6JiaCTH tiaCTOT 
T S ' w -w1 npH 11_

2 
~ ~w Ro B)J.Boe npeBblIIIaeT R , B o6JiaCTH )Ke qacTOT w - w2 

npH 11.2 ~ ~w BeJIHtiHHa R~ paBHa R5
, HO npornBonoJIO)l{Ha no sHaKy. OTc10.na 

CJie)J.yeT BeCbMa CBOeo6pa3Ha.H saBHCHMOCTb pa3HOCTH ceqeHHM nor JIOU.:,eHH.H: 

1·KBaHTOB IlOJIHOCTb!O opHeHTHpOBaHHb!MH .H)J.paMH cr .L - cr 11 (CM. cpopMyJibl 

(7) H (8)). ,ilJI.H .H)J.ep co CDHHaMH > % 3Ta pa3HOCTb O,!I.HOro nop.H,!I.Ka BeJIH

'-IHHbl C caMHMH cetieHH.HMH. 3TOT 3cpq>eKT saBe)J.OMO H3MepHM )J.a)l{e npH HeBblCO

KOH H HeHa,!I.e)l{HO ycTaHOBJieHHOH CTeneHH OpHeHTHpOBKH H)J.ep, H6o OCHOBHOii 

HHTepec npe,!I.cTaBJI.HeT 3HeprerntiecKHH xo.n BeJIH4HHbI Rr. 
B OilbITax no ynpyroMy pacce.HHHIO 3cpcpeKTbl TO)l{e oqeHb 60JibUIHe (oueHKH 

CM. B TeKCTe). 3TH Bb!BO)J.bl n04TH He 3aBHC.HT OT MO)J.eJihHblX npe,ncTaBJieHHH. 

O)1.HH H Te )Ke 3Ha4eHH.H .lJ.BYX qacTOT OKaMoTo - .ilaHoca w1-I/R1 H w2-I/R2 

CJie)J.y!OT H3 BeCbMa pa3JIII4Hb!X MO,!I.eJieii. O6cy)l{)].eHHe OCTaJI.bHb!X napaMeTpOB 

cpopMyJibl (15) Ha OCHOBe MO)J.eJieH cefiqac 3aTpy,!I.HHTeJibHO H3·3a OTCYTCTBH.H 3KC

nepHMeHTaJibHb!X )J.aHHb!X. 

HcCJie)J.oBaHHe TeH30pHOH IlOJI.HpHsyeMOCTH, BO BC.HKOM CJiyqae, )J.ac1 

6oJiee TO'-!Hbre H noJIHbie cBe)J.emrn o cpopMe .H,!I.ep, tieM cymecTBYIOII.I.He ,!I.pyrne 

MeTO)J.bl. KpoMe Toro, 3KcnepHMeHTaJibHbie )J.aHHbie O BeJIH'-IHHax 11 H y2 

MoryT cymecTBeHHO IlOMO'-lb B IlOHHMaHHH MexaHH3Ma nornomeHH.H y-KBaHTOB: 

.H,!I.paMH. 

CJie)J.yeT IlO)J.4epKHYTb, 4TO o6cy)K)J.aBwHeC.H 3cpq>eKTbl B03MO)l{H0 Ha6JIIO)J.aTb 

TOJibKO Ha .H,!I.pax C Bb!COKHMH CilHHaMH. B CB.H3H C 3THM HaM eme pas XOTeJIOCb 

6hr OTMeTHTb Heo6xo,nHMOCTb H3b!CKaHH51 3KcnepHMeHTaJibHb!X B03MO)KHOCTeii 

)J.JI.H H3ytieHH.H KOM6HHaUHOHHoro pacce.HHH.H, )J.JI.H KOTOporo 3TO orpaHH4eHHe· 

CHHMaeTC.H. 
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OPTICAL ANISOTROPY OF ATOMIC NUCLEI 

A. M. Baldin 

Concepts of molecular optics are extended to photonuclear reactions. The consequences 
of the existence (of a hitherto experimentally unknown) tensor polarizabilily of atomic nuclei 
are discussed.. Various tensor polarizability models are considered and es Ii mates are made of 
the magnitude of the effects which one might hope to observe with account of the status of prE:• 
sent day experimental techniques. 
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Abstract: Estimates of dipole polarizabilities of nucleons and the values they involve are given 
on the basis of data on photo-production of :it-mesons and the Compton effect on nucleons. 
It is indicated that no upper estimate of neutron polarizability exists at present. The prelimi
nary experimental data now available may be interpreted as indicating that a neutroI) has an 
abnormally large polarizability. The effects leading to the inapplicability of the impulse 
approximation for describing the reaction y+d -+ p+n+y' are estimated. It is pointed out 
that the measurement of the cross section of the reaction y+d -+ d+y' would yield an 
answer for the value of neutron dipole polarizability t. 

1. Introduction 

As is well known from classical electrodynamics, the interactions of photons 
with a system of charges may be described by a fairly small number of real 
parameters provided the wavelength of the photon considerably exceeds the 
dimensions of the system and .the photon's frequency is essentially less than the 
resonance frequencies of the system. These constants fully determine the 
behaviour of the system in static or slowly changing fields and are expressed 
through the charge, the magnetic moment and electric and magnetic polariza-
bility tensors. , 

These characteristics may in particular be conside~ed for the nucleon 1). 

Of especial interest are the electric and magnetic polarizabilities of the nucleon 
since these are its "structural" characteristics. The aims of the present paper 
are: a) determination of the frequency region of photons for which the inter
action of a nucleon and electromagnetic field may be described by four constants 
(charge, magnetic moment, electric and magnetic polarizability) with satis
factory accuracy (say, 5 %) ; b) discussion of possible estimates of the magni
tude of the polarizability on the basis of the available experimental data and 
discussion of the experiments which might be worthwhile for specifying 
polarizability quantities. 

t The main part of this paper was reported at the Padua-Venice Conference, September 1957. 
It was not included into the Conference Proceedings because of technical difficulties. In view of the 
recent interest in these estimates (see refs. •-8)) we decided to publish them together with certain 
additional considerations about the Compton effect on deuterium and neutron polarizability. 
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2. Definition of Polarizability 

In ref. 1) it was shown that if the scattering matrix is written as 

S = -e'ngn1e1(4ww')t 

(here and in the following summation over dummy indices n, j = I, 2, 3 
is understood; en and e'1 are the components of the polarization vectors of 
the incident and scattered photons, while wand w' are their frequencies), the 
following theorem holds in virtue of gauge invariance: 

k'ngn1k1 = w' w f dxdy exp [-ik'x]exp [iky]P[§(x), §(y)]. 

Herek' x and ky are scalar products of 4-vectors, k and k' being the 4-vectors of 
the photon momentuni, §(x) is the charge density operator, and P Dyson's 
time ordering operator. For purposes of orientation we may note that for 
Thomson scattering gni has the form: 

e2 
g!, = on1(2.n) 4 io(L1k+L1p) M' 

where the o-function expresses the law of 4-.momentum conservation. 
We may now expand the mean value (flkngn1k1/0) into a sum over states, . . 

where I0) and /f) are the unexcited states of the nucleon: 

(f/k' ngn1k1IO) = w' w (
2
~)

4 

o(L1k+L1p) 
i 

{ 
(fl f §(x) exp [ -ik' · x]dxlN)(NI f §(y) exp [ik · y]dyl0) 

xI · 
N . EN-E0-w 

(fl f §(y) exp [ik · y]dy/N)(N/ f §(x) exp [ -ik' · x]dx/0)} 
+ E I • · EN- 0+w 

Hence it is easy to obtain the terms of zero and first orders in the expansion 
of the scattering amplitude with respect to the photon frequency (see ref. 1). 

The next term of the expansion (f/k'ngn1k1/0) involving excited intermediate 
states has the form 

k' k , (2.11:) 4 -'(L1k L1 ) ~ {(f/an/N)(N/a,/0)+(f/a,/N)(N/an/0)_} 
n 1W W . v + P £., E E 

i N N- O 

where the dn are the operators of the components of the dipole moment 
J§(x)xndx. 

In this eq. the states /0; and If) may differ only by the quantum number m of 
spin orientation. The quantity I{ ... } may be written as (jm'/&n1/jm), where 
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312 A. M. BALDIN 

&.n, = &.1n corresponds to the usual definition of the tensor of electric dipole 
polarizability of the system t (nucleon in our case). For spin ½, 

(½m'l&.n,l½m) = (½locl½)c5m'mc5ni' 

Now, we have the following expression for the average value of the electric 
polarizability of the nucleon: 

ci = (½loci½)= 2 I l(NldnlO)l
2

• 

N EN-Eo 

From eq. (I) it follows that all excited states of the system yield a positive 
contribution to the polarizability of the nucleon. The first state for which 
(N!dnlO) -=fa O is a meson+ nucleon state. The square of this matrix element 
may be expressed through the cross section for the electric dipole photoproduc
tion of mesons aEl. Hence a lower estimate of ci may be found as 

- I Jo-El ex >-2 -2 dco. 
2n w 

(2) 

Apart from that, eq. (I) may yield an estimate of the mean square ~uctuation 
of the dipole moment in the ground state. Using the completeness of the system 
of functions we find 

(3) 

where µ is the mass of the meson; in the following we put µ = n = c = I. 
If it turns out that the main contribution to nucleon polarizability comes from 
one-meson states the mean square fluctuation of the meson-nucleon distance 
may be estimated on the basis of eq. (3): 

I . I . I t - l / 3ci ~ (01 §(x)xidx · §(y)y,dy!O) = yf2 > y 
2
e

2
, (4) 

where e is the charge. It should be mentioned that this quantity differs from 
(OIJ §(x)x2dx!O), which is measured in electron-nucleon scattering experiments. 

The exact value of ci may in principle be obtained from the data concerning 
the Compton effect on nucleon in the region of low frequencies. For this purpose 
the cross section, obtained by adding 

-cico2e' • e-,B(k'xe') • (kxe) 

t If we define gn; = g;,e} +t;.7), where t;.1 describes the scattering of "electrical" photons only 

(E -+ E transitions) andg;,7) all other types of scattering (M -+ M, E -+ M; and M -+ E transitions) 

then k'ntnJkJ = knt;.1 k. The amplitude cinJ is responsible for the Rayleigh scattering part of the 
A(e) 
5nJ · 
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(ci being the electric and p the magnetic polarizability of the nucleon) to the 
amplitude of ref. 1), should be compared with experiment. 

It is not difficult to show, for example, that the cross section for scattering at 
an angle of 90° (in the centre of mass system) may serve as a measure of the 
electric dipole polarizability: 

(:L - (:r [½(1-2 ;) + "'(.K- (i))l (5) 

Here .,,/1 is the part of the cross section determined by the static magnetic 
moment. Even the experimental data available at present enable us to make an 
upper estimate of the values of the quantities (3) and (4) on the basis of eq. (5). 
The region of applicability of such description calls for an additional study; 
this is due to the fact that the experiments on Compton effect are conducted 
only in the region of relatively high frequencies (in the range of 50 to 100 Me V). 
The upper limit of frequencies w for which this description is correct within a 
given guaranteed accuracy (for example ~ 5 ¾) may be obtained through 
dispersion relations for the forward amplitude 2) 

e2 co2 Joo a(co')dw' 
Ref=--+-

M 2n2 .,0 w'2-co2 

e2 · co2 {Joo a(co')dw' Joo a(co')dco' } 
~ - M + -2 2 '2 + co2 ,4 + ... 

1t "'o CO "'o CO 

(6) 

e2 (co)2 = - M +co2(cx+.B)+co2(cx+.B) ~ . 

Here a(co') is the total cross section for meson photoproduction. If it turns out 
that the region of large co' contributes to the dispersion integrals the convergence 
of the series will be all the better. Even a rough estimate shows that the third 
term accounts for less than 2 ¾ of the first one, up to photon energies in the 
range of 100 MeV. A number ofestimates of the type of eq. (6) may be made 
using other disperision relati~ns obtained on the basis of ref. 3) and under the 
assumption that a(co') is determined only by low multipoles (but without using 
the experimental values of these). All estimates show that the contribution to 
the amplitude of the terms with powers of co higher than the second does not 
exceed 0.03 for photon energies up to 100 ¥e Vt. At the same time this result 
shows that the interaction ofa nucleon and electromagnetic field can be describ
ed by four constants in a wide frequency range. 

1 e f t The contribution from the difference a-a = 3 M (0/ p(x)x2dx!O> between IX (eq. (G)) and 

. a (eq. (1)) has the same small value. 
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It should be emphasized, however, that for the time being we have no test 
of this important proposition. The best test would be the measurement of the 
energy · dependence of the cross section for Compton effect below the meson 
photoproduction threshold; i.e. it should be investigated, whether the energy 
dependence is of the kind 

3. Electric Polarizability of Protons 

Substituting experimental values of the meson photoproduction cross
section into eqs. (2) and (6) we find 

&P > 0.4 x 10-42 cm3, ri.P+P P ~ 1.07 x I0-42 cm3 

(neglecting the region of w' higher than 1000 MeV in the dispersion integral). 
Experimental data on the Compton effect 4) show that the cross section 

(da/d.Q)90• is close to the Thomson cross section, whence the upper estimate for 
ri.P follows: 

ri.P :5 1.5 x 10-42 cm3• 

Thus for the proton we have 

o._4 x 10-42 :5 iiP :5 1.5 x 10-42 ems. (7) 

In connection with this value it should be mentioned that an estimate of ii was 
recently made by V. S. Barashenkov and B. M. Barbashov 5) on the basis of 
field theory with extended source; their result is ii = 1.8 x 10-42 cm3• In refs. 6• 7) 

estimates of ii, obtained only on the basis of photoproduction data, are seen to 
coincide with our eq. (7). Recently, V. I. Goldansky et al. 8 ) made an analysis of 
their new data on the Compton effect on protons at energies from 40 to 70 MeV. 
These authors have reduced our upper estimate to 0.9 x 10-42 ems. 

The mean square fluctuations -yf2 corresponding to the values of inequality 
(7) are 0.26 x 10-13 cm and 0.52 x 10-1s cm according to eq. (4). It is noteworthy 
that if we put (EN-Eo) ~ 2µ we obtain 0.7x10-1s cm on the basis of the 
upper estimate of ri.; this value is close to the "electric radius of a proton". 

4. Polarizability of Neutrons 

Only the lower limit for &0 can be estimated on the basis of photoproduction 
data. These estimates differ litt_le from those for &P according to eqs. (2) and (6). 
The quantity ri.0 should exceed ri.P by something like 20 %, for the cross sections 
for photoproduction of neutron and proton are close to each other. 

In ref. 9) the problem was raised of a possible influence of the electric dipole 
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polarizability of a-neutron on the scattering of neutrons on heavy nuclei at 
small angles. The measurements ·of this effect yielded an estimate Ctn-~ 8 X 10-41 

cm3 which strongly contradicts eq. (7). Recently this question was again raised 
.in ref. 6). This paper discussed anisotropy in the scattering of slow neutrons 
(energy of the order ofa few 100 keV) by nuclei. For a quantitative explanation 
of the anisotropy under study in this scattering it is necessary to assume 
°'n ~ 2 x I 0-41 cm3, i.e. still one order of magnitude higher than our upper limit 
of eq. (7). 

We might confine ourselves to mentioning this contradiction, regarding the 
interpretation of nuclear data as ambiguous. Yet we have no strict upper 
estimate of Ctn at present since there are no data on the Compton effect on neu
trons. If, on the other hand, we turn to the Compton effect on deuterium the 
new data of ref. 10 ) indicate an abnormally large cross section for this process, 
namely ad n' ~ 1.6 aHn'. The authors of ref. 10) were unable to account for 
thi.s value on the basis of the impulse approximation. In general the large value 
of the cross section ad thus observed might be accounted for by an abnormally 
large polarizability of the neutron, which follows from the data on the scattering 
of neutrons on nuclei. This conclusion seems to us premature, however, for both 
experiment and theory of the two effects need essentially greater accuracy. 

Let us consider the Compton effect on deuterium in impulse approximation; 
in contrast to ref. 11) we shall consistently take into account the effects of the 
interaction of the nucleons. In the transition amplitude we shall consider the 
contribution of intermediate states corresponding to the photodisintegration of 
the deuteron (a correction to the impulse approximation) 

'I' . £P+£n-in 1 l"VelN)(NfVel• 
.. N 

(8) 

Here, tP and tn are the scattering amplitudes of free nucleons having, as 1s 
well known, the shape 

(a. K+L)e'(k'-kJ •r; 

Ve is the operator of interaction of electromagnetic field and a system of two 
nucleons. An accurate estimate of the third term in the amplitude is at present 
greatly dependent on model conceptions. Therefore, we shall merely ma:ke a 
rough estimate of this contribution for the simplest case. Let the interaction of 
the electromagnetic field with a deuteron reduce to the interaction with a 
proton charge and let the photodisintegration of the deuteron be of the electric 
dipole type. Let us also take into account that the state IN) describes the rela
tive motion of two nucleons with small wavelengths. Under these assumptions 
we have 

. 'I'=e•e'~ 2.nei(k'-k)•rP-i;rr;adc5(r -rn) e'•e eli(k'-k)·(rp+rnl, (9) 
M w 2.n P [g,d (rp-rn)J2 

96 



316 A. M. BALDIN 

where ad is the cross section for the photodisintegration of the deuteron, <pd is 
its wave function and rp and rn are the radii-vectors of the proton and the 
neutron. Calculating the cross section with 'I' from eq. (9) and taking account of 
the neutron-proton interaction in the final state we find that the contribution of 
the interference term of the first and second parts of 'I' are of the same order of 
magnitude (up to 70 %) as the cross section obtained after neglecting the second 
term. If no account is taken of the interaction in the final state, the interference 
term is equal to zero. This result shows that the interpretation of data on 
Compton effect on deuterium on the basis of the impulse approximation is not 
tenable. It should be mentioned, however, that the attempt at explaining the 
large value of the cross section ad n' by the contribution of these interference 
terms is not successful. In integrating over the momentum (p of the relative 
motion of two nucleons the second term in eq. (9) yields a very low contribu
tion. Yet this result does not show that the contribution of the interference 
terms to the cross section integrated over p will always be small. 

In view of such uncertainty in the theory of the impulse approximation we 
think it rather desriable to measure the cross section of the reactions 
y+d-+ d+y'-or y+He4 -+ H6

4 +y' for which no such uncertainty with respect 
to interference terms exists and the contribution of the second part of amplitude 
(9) lies beyond the accuracy of all our calculations. It should also be noted that 
the contribution of the Low amplitude determined by the interaction of the 
pair of y-quanta with a nucleon through the virtual :n°-meson equals zero for 
these reactions. This fact also eliminates a number of uncertainties in the 
interpretation of the data. 

Let us represent the cross section of the reaction y+d-+ d+y' in a form 
which does not depend on the behaviour of the wave function in the region of 
nuclear forces: 

Here y = yMe where e is the binding energy of the deuteron and Pt is the triplet 
effective radius, q = y'k'2+k2-2(k' · k). Eq. (IO) is very critical with respect 
to the polarizability of the neutron, for the first term within brackets is small 
(Kp, K0 have opposite signs), while the signs of the amplitudes with polarizabil
ities in LP and L0 are opposite to the sign of the Thomson scattering amplitude. 

A large value of cx.0 seems improbable because of the smallness of the interval 
between the upper and lower estimates of eq. (7). Yet this probability should be 
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borne in mind, especially in connection with the data on electron-neutron 
scattering which have revealed an essential difference in the electromagnetic 
characteristics of the neutron and the proton. 
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OilTJiqECRA.fl AHII3OTPOITJUI II3OMEPOB 
B OEJIACTII TP AHCYP AHOBbIX 9JIEMEHTOB 

A. M. EAJI,D;liH, C. <I>. CEMEHRO, E. A. TYJIYIIOB 

tZ>Ir3IFJ:ECRHiJ: HHCTHTJTT rn,r. II. H . .lIEBE/I;EBA ARA/I;E.,rHH HAJTR COOP 

( II o c my nu .i a a p e il a n ~ u ,o 1 9 rfJ e a pa .i ,. 1 9 6 8 z,) 

CBOliCTBa CIIOHTamm ;n.eJIH~IIXCJI II3OM€pOB IIHTepIIpeTnpylOTCH Ha OCHOBe IIOHHTIIii 
MOJI0h"YJIHPHOll OIITIIKM. IIpe,D;JiaraeTCH 3KCIIepmrnHT IIO rrpHMOli IIOB0plle fl!IIOT03hl 06 H3O
ll!epIIII q>OpMhl. 

OTRphITHe II nccJie)];0BaHIIe [ 1] II30MepOB pH)];a TpaHcypaH0BhIX 3JieMeHT0S 
{Am2A0, Am242 II .np.) II0CTaBIIJI0 BOIIpoc O cy~eCTBOBaIDm HOBOfO TIIIIa H)];ep
HOH If30Mep1rn. 3Tir COCTOHHIIH oRa3hIBaIOTCH YAIIBIITeJihHO ycTofitUIBhIMII no 
OTHOIIIeHHIO K 3JieRTpo11rnrHIITHhIM rrepexop;aM. RaR IIORa3hIBaeT 0llhlT [1], 
CIIIIH 31IIX COCTOHHHII He ocoGeHI-IO BeJIIIK (HeCKOJihKO ep;rrnnu;). B TO me 
BpeMH 3TH II30MephI 06Jia.n;a10T otreHh 6oJihIIIOI1 Bep0HTHOCThIO CIIOHTaHHOfO 
)];eJiemrn (B 1023 pa3 rrpeBhIIIIaIO~eiI BepOHTIIOCTh .neJiemrn B 0CHOBH0M COCT0H
mm). ,ll;JIH o6'bHCHeHIIH Honoro HBJieHHH <DJiepOBhlM II ,ll;pyIIHhIM [2] ( CM. TaR
me [3]) 61,ma rrpep;JiomeHa IIHTepecHaH rnrroTe3a: paccMaTJ)IIBaeMhre n30-
Mep1,r )];C\pOpMIIpOBaHhl 3Ha'IETeJihHO CHJibHee OCIIOBHhIX COCTOHHIIii (IIJOMeprrn 
<popMhI). 31mpeT 3JieRTpOMafHIITHhIX rrepexo.n;OB IIHTeprrpeTnpyeTCH C IlOMO~hIO 
ecTeCTBCIIHOro o6o6~emrn Ha H)];po rrpmri.vrna <DpaHKa - RoH,TI;OHa r~]. Co
rJiaCHo JTOMy IIpmru;rrrry rrpII II3MeHemrn nuyTpenneii CTpyKTyp1,r, rrponcxo.nrr
~eM 61,rcTpo no cpanHeHnro c ;ri;nmuemieM nonepxnocnr, ,n;e<popMan;mr Hn:pa He 
MeH.!IeTC.lI {He ycrreBaeT Ii3MeHIIThCH). IlonoMy rrepeXO)];hl MeIB)];y COCTOJIIIIIIT
MII C pi'13JlII'IHOii panHOBec.aoii p;e<popMan;nei:X cy~ecTBeHH0 OCJia6JieHLr. B 06-
cymp;aeM0M cJiytrae 3arrper M0IBH0 oxapaRTepn3oBaTh KBa)];paToM mtrerpaJia 
rrepeRphITIIH ~-Brr6pau;noHHhlX q)yHKD;IIii OCH0BH0f0 II II30MepHoro cocrnmmfr. 
3arrnc1,rnaa 3TH <pyHKD;IIII n rnrn;e 

- [ 1 - ] cp(W)= w-•1,,r:...•1,exp -2(W/W)2 , 

r)];e 13'--: a11mmny.n;a cpe)];HeKna)];paTH'IHoro oTRJioHeHHH OT paBHosecHo.ii ,n:e

ipopMan;mr, II nonaraH )];JIH rrpocT0Thl j3°~1 = Bii' = B', II0JiyTJaeM 

00 

-oo 

r)];e ~o II ~m ,- paBH0BeCHhie 3HatreHHH ;n.e<popirnr.urn C00TBeTCTBeHH0 0CH0B

noro n u:;oMepnoro cocTOJIHmI. Cornacno pa6oTe CTpyTnHcKoro [5) ;::{JTJI ;cc
qiopMan;nu H30MepHhIX COCTOHHIIH MOIBH0 Oilm~aTh ~m f ~ 0,5-0,6. McrrOJih-

3YJI aRcrrepnMenTaJibH0e 3natremre ~o = 0,3 n f3' = O,J, II0JiytraeM 
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r. e. <paRTop aarrpeTa coc·taBJIJieT 10-:-2,..,.....10-4• ToT, me qJaKTop «aarrpoTa no 
<popMe>> qJIIrypnpyeT B OTHomemm c.et.J:eun:i-i peamv1ii paJI.Hari;aoJrnoro- aaxnaTa 
He:ihpoHa C o6paaoBaHIIeM 1130.Mepa II: JI.n;pa B OCHOBHOM COCTOJIHIIII, nanpnMep 
B peaKIJ;IIJIX Am241 (n, v)Am~~/ .. ll.Am241 (n, ·v)Am2~. B 8TOM CJiyt.J:ae ecTeCT-
13eHHO Ct.J:HTaTI,, 'ITO HCXOAHOO COC7'!)HHIIe. o6Jiap;aeT TOH me paBHOBeCHOll p;e
cpopMari;aeii:, t.J:To Am242 u Am241, T. e. 0,3. BeJIIIt.J:HHa rrpunep;eHHoro n1,mrn <paK
TOP.a aanpeTa rrpa yt.J:eTe rpy6ocn1 ori;emm corJiacyeTc.a: c Ha6mo.n;aeMhIM OTHO
memrnM 

a(Am241(n,'y) Am2;.2m1) ,.., 10-' 
a(Am241 (n, -y) Am212) 

.D;JIJI TeIIJIOBI,IX Heil:TpOHOB. 
HecMoTpJI Ha nee rrpanp;orrop;o6ue r11110TeaI,1 06 aH0MaJI1,Ho 60JI1,mou· p;eqiop-

1\IaIJ;IIII II30l\repoB, CKOJII,KO-HII6y.n;1, rrpJIMI,IX .n;o1-a8aTeJII,CTB ee He cyni;ecTByeT .. 
Hume MI,I 06cy.n;1m 8KCIIepIIMeHTaJII,HO na6mop;aellhl0 3<p<peKTI,I OIITIIt.J:eCKOii 

aHil30TpOilllII l:130MepHblX COCTOJIHIIll. Mayt.J:enue· aqicpeKTOB OIITIIt.J:eCKOii aHII· 
30TpOIIIIII CJIYIBIIT na.n;emHI,IM IICTOt.J:HHKOM IIHlpOpMaIJ;IIH O. <popMe Jip;epHOll 
IIOBOpXHOCTlI. EcJirr H30MepI,1 JIBJIHIOTCH COCTOHHIIHMII Jip;ep C n;ecpopMaqueir 
Pmt ,=::; 0,6, TO acpcpeKThI onn1t.J:ecKoii amrnoTpOIIIIH Ha HHX .n;oJimHI,I 61,1Th
ot.J:en1, OOJll,illIIMII ITO cpaBHeHIIIO c TeM, t.J:TO HaoJirop;aJIOCI, .n;o CIIX rrop. Mx o6Ha
pyi1>eHHe II IICCJie.n;onaHne He TOJibKO He .n;oKaa1,rnaeT crrpanep;mrnOCTII rIIIIOTe3bI 
06 II30Mepnn qiopMbI, HO rrpep;cTaBJIJieT 3Hat.J:IITeJII,Hl,lll IIHTepec C TOt.J:KII apeHII.a: 
q>II3IIKII <pOTOJip;epHI,IX peami;.n:i-i . 

. IIo;a; OITTIIt.J:eCKOH aHII30Tponueil: JI.n;ep, KaK 113BeCTHO, rromrnaroT cyrqeCTBO
BaHire TeuaopHoro xapaKTepa IIOJIJipuayel\IOCTH aT011,m1,1x .a:n;ep [6]. Han6omrn· 
HpRIIM npo.a:BJieHneM OIITIIt.J:eCKOll aHII30TpOIIIIII JIBJIHOTCJI pacIIJ;enJieHne rrr• 
raHTCKoro ,!l;lIIIOJlbHOro pe3oHaHca CIIJibHO p;ecpOpl\IllpOBaHHI,IX .a:.n;ep Ha ,!l;Ba 1\IaK
cnMyMa, COOTBeTCTByroIII:rIX ,D;ByM TIIllaM .n;1mOJII,Hl,IX KOJie6annii:: B,!l;OJII, H no
nepeK ocu Cil:MMeTJlIIII JI.n;pa. lfacTOThI rrpo.n;oJI1,uoro n ·norrepet.J:uoro noa6ym
.n;emrn o6paTHo rrporropo;nouam,H1,r ;a;mrna:11 rrpon;oJibHoii: II rrorrepet.J:uoii: rroJiy
oceI1: JI)lepuoro 3JIJIIIncoIIp;a: 

Wa = Wo ( 1 - 114! ~) ' Wb = Wo ( 1 + ~ -v 4: ~) ' 

r,n:e ~ OITIICbIBaenpopMy H;a;pa B ClICTOMe rnaBHI,IX ocei'I 

R (0) = Ro(1 + ~Y20(0)], 

a liwo - cpe.n;u.a:JI aHeprnR .n;nnom,Horo peaoHaHca: liwo = 80 A-'li[Ma0]. 

(1) 

Cet.J:emre <poTonornoIIJ;eHirn (T. e. cyMMa cet.J:eHI1ii ncex <poTopeaKIJ;niI) Ha 
.n;e<popMIIpOBaHHOM Jip;pe xopomo OIIIIChlBaOTCJI cy:r,uroii: .n;nyx JIOPOHD;OBI,IX 
KpIIBI,IX (na KOTOpbIX owra COOTBeTCTByeT rrpo.n;OJII,HOMY, .n;pyraJI - norrepet.J:
HOMY }];IIIIOJibHOMY Boa6ymp;eHIIIO) : 

<JA = ____ CJ'a + <Jb (?\ 

[ ( w2 - w2a) / ( wr a)? + '1 [ ( w2 
- w2b) / ( wl\) )2 + '1 

CooTHomeuue ( 1) HOCIIT ot.J:eur, o6IIJ;Hi'r xapa1nep. 0Ho rne;a;yeT ua ncex cy
IIJ;eCTBYIOIIJ;IIX Mo.n;eJieii rnraHTCKoro peaoHaHca ( Cl\!., HarrpIIMep, [7]), a Tam1rn· 

.finpo I nwa, Ma6 \ nra, Ma6 I nwb, M,61 nrb, Ma6 I wb/Wa I a/b I rb/Pa,. ~~'g~~e 
65 Tbl59 12,2±0,:? 2, 7±0,2 15,6±0,? 4,3±0,4 1,28 1,30 1,61 [1~] 
o1Ho1s; 12,10 2,65 15,75 4,4 1,30 1,30· 1,66 f 13) 
o8Er 12,2±0,2 2,33 16,0±0,5 4,5 1,31 1,31 1,94 [14] 
rnTa1s1 12, 75 · 3,00 15,5 5,0 1,22 1,22 1,67 [13] 
s2u2ss 10,85 2,45 14,10 4,00 1,30 1,25 1,63 f 15) 
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113 npaBnJI cyMM p;JIH pa3Jinqm,1x ycpe;u;ueHHhlX auepreTnqec1rnx xapaKTepnc
TnK npop;OJihHOro H nonepeqHoro -;u;nnoJihH0ro B036ymp;eHIIH. Ta6mm;a -IIJIJIIOCT
pnpyeT Hap;eiRHOCTh onpep;eJieHIIH ii;ecpopMa~IIII H)lpa Ha OCH0Be o6pa60TKU 
8KCnepHMeHTaJihHhIX ;u;aHHhIX ceqeHHll !pOTOnornoru;eHHH B o6JiaCTII rnraHT
CKOro pe30HaHca C noMOlll;hIO cpopMyJihI (2) •, B mecTOM n ce,n;hMOM CTOJI6~ax 
Ta6JIHJ.l,hI np1rne,n;eHhI c·ooTBeTCTBeHHO 0THomeHne qacT0T, Ha:fr,n;eHHoe · c no
MOlll;hIO !pOpMyJihI (2), II OTH0IDeHne ITOJiyoceii: Hp;epHOr0 3JIJIIIITC0II)la, onpe
,UeJieHHOe II3 RYJI0HOBCK0ro B036ym,n;eHH1I. RaK BHAH0 H3 Ta6JIII~hI, o6paTHaH 
nponop~noHaJihHOCTh peaoHaHCHhIX - qacT0T xapaKTepn:cTnqeCKllM paaMepaM 
a:ii;pa Bhln0JIHJJ:eTCJJ: c yp;IIBHTeJihHOli TQqHOCThIO. O6ru;e:u: aaK0HOMepHOCThIO, 
.KpoMe Toro, HBJIJJ:eTcH ynm:peHHe nonepeqHoro· MaKCHMyMa no cpaBHennro c 
.npo,D;OJihHhIM: rb I r a ~ 1,5 -;'-- 2. 8Ta aaKOHOMepH0CTh, a TaKme BJIHHHIIe pa3-
.m1qHhIX aqicpeKTOB Ha napaMeTpbI OIITH'leCKOli aHH30Tp0IIHII paccMoTpeHhI B 
pa6oTe [ 8j. 

IlpnMeHeHne paccMaTpHBaeiwro MeTO/l,a K naoMepaM HaTaJIKHBaeTca: Ha 
.OOJihIIIIIe 3KCIIepnMeHTaJihHhie TPY/J.HOCTI-I, CBJJ:3aHHhie C ll3MepeHIIHMII ce'leHHH 
nurJiom;eHIIJJ: !pOTOHOB pe,n;KHMII II KOpOTKOIBIIBYlll;IIMII l130Tonairn. Moarno, OA
HaKo, Ha,n;ea:Thca:, 'ITO pe11m.vrn pa7umu.uoHHoro aaxBaTa nei'1TpoHOB c o6paaoBa
HneM H:JoMepOB (T. e. peam~nii:, o6paTHhlX npHMhIM !pOTOHp;epHhIM pea1tu;nm.1 Ha 
naoMepax) MoryT BocnpouJBeCTII B 06:iacn1 rnranTcKoro peaoHaHca cpopMy 
:np1rnoii: c{10TOnor110ru;emrn mt II30Mepax. 

PaccMoTpIIM, nanpnMep, peaK~IIIO Am241 (n, '\') Am242mt. Ee aMnmITy,n;a MO
meT 6hITh npe/l,CTaBJieHa B BIIAe [9] 

Sn,·/= (¢MIHvlm,)+ ~ (¢Mlvlr) E 
1 

. (rllivlm1), (3) 
r E - , r - ilif r/2 

rii;e I 'PM) - Mo,n;eJibHan BOJIHoBaH cpyHmi;1rn cucTeMhI n n Am241 c aHeprn:ef1 E; 
Im,) - BOJIHoBaH cpyHK~HH naoMepa; v - pa3H0CTh Memp;y T0'IHhIM n Mo,n;eJih
HhlM raMIIJILTonnanaMn; Ir) - cTa~uonapm,re 11 KBa3IICTa~nonapHhie cocToH
mrn cncTeMhI [ 9]; Er, hfr - nx anepnrn n mIIpnm,r; H., - noTemi;naJI aJieKTpo-

. MarHIITHoro B3aHMO)];eMCTBHH. 
EcTeCTBeHHO npe;u;no_JI0iRHTh, qTQ OCHOBHOII BIUlap; B cyMMY (3) p;aIOT npo

MeIByToqHble COCTOHHIIH, onHChIBarom;ue nrra,HTCKUH peaoHaHC Ha II30Mepe. 
PoJih npoMemyTO'IHhIX cocToHHIIii Ir), cooTBeTCTByrorqHx rnraHTCKoMy._peao
Hancy, (<IlOCTpoeHHOMY» na OCHOBH0M IIJIII poTa~HOHHhIX COCT0HHirnx H)]:pa, 
M0iHHO ClfHTaTb necyru;ecTBeHHOll, eCJIII cp;eJiaTh, B corJiacun C 3KCnepnMeTaJih
HhIMII JI TeopeTJ1qecKIIMII ou.e1maMn, npe)],nOJIOIBeHirn O )];OCTaTO'IHO m,ICOK0M 
3Halfemrn Km, (npoeKii;nu IlOJIHOro MOMeHTa Ha OCh CIIHMeTpim) I!30Mepa. 

B ocuonH0M COCTOJJ:Hmr Ko = 0. IlonoMy, ecm1 Km 1 ~ 3, BRJiap; cocToa:unf1 

D;JIIlOJlbJl(1ro Boa6ymp;emrn Am242 o6yCJIOBJieH B3aIIMO,D;eiiCTBIIHMII EhICIIIei'1 
llly.llhTIIIlOJihHOCTU, COBepIIIeHHO Hecym;ecrneHHhIMU B paccMaTpirnaeMoii o6Jia
~Tll anepruii. 

11TaK, 6yp;eM YlfIIThIBaTb B (2) 'l'OJihKO COCT0JJ:HIIH, 0illlChIBaroni;ue D;IIIlOJih
Hhiii peaonaHc na naoMepe. ,llaJiee, aaMeHRH coBoKynHoCTh aueprnii: nnx ypoB
Heii: ycpe71;neHHhIMU xapaKTepncTJmaMn, COOTBeTCTByIOlll;IIMll Boa6ymp;eHnIO 
npoll;OJibHhIX 11 rronepeqJihIX )];IUJOJihHhIX KOJie6am1ii: Il30Mepa, nepenurneM (3) 
B BIUi;e cJie,'J,yroni;eii npn6mrmeunoii cpopMyJihr: 

[ 
!::.Ea/y3- Ii Eb 1'2/a l 

Sn, v• ~ ('PMIH,,lm;) 1 +-----.--- + . 
· E-fzwa-ilif a,/2 E-hwb-itzrb/2 

(4) 

me !::.E - cMeru;enne aueprmr rnranrcKoro peaoHaHca no cpaBHeHnro co aHa-
11enneM, p;aBaeMhIM rrpocToii. op;uoqacTIPIHo:fr Mop;eJihIO: .!::.Ea, b ~ hwa, b I 2. 

IlponaBep;eHHaH npori;ep;ypa ycpe.uHemrn BnOJIHe aHaJiornqna Toi'1, Kornpan 
c)],eJiaHa B pa6orn [ 10] ll;JIH cqiepnqecKoro a:)'.lpa. Cne~ncp1ma Hamero cJiy'laf! 
COCTOIIT B paaJinq1rn cpep;mrx lJaCTOT )lIIIIOJibIILIX KOJie6aHHll B pa3HhIX nanpan
J1emrnx ( T. e. B naJIIIlfIUI OllTIJlieCROII aHII30Tpomrn). 
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Ma (3) BHWJO, 'ITO cetJeHHe peaKI.:(IIII Am24I (n, i')Am2421111, ecmr C'IHTaTI> co
MHo_muTeJib ('¢ M I H v I m,) gocTa TO'IHO IIJiaBHOII qiyma1;ne:ii B o6JiacTH aHeprnii 
ruraHTCROro peaomrnca, gOJiiRHO npH6JIIImeHHO BOCIIpOII3BO,D;IITI, no qiopMe 
KpnByro q>oTorrorJiom;eHmr Ha Am2421111. 

IIpegCTaBJIHCTCH aaMaH'IHBI,IM C'IHTaTI, o6HapymeHHbIH n Jia6opaTOpnu <l>Jie
poBa [ 11

] MaKCHMYM cetJeHiur peam1;m1 I) Am 241 (n, y) Am2~m,. o6ycJIOBJieHHLIM 
pe30HaHCHbIMII ypOBHHMII, COOTBCTCTBYIOID;IIMII rrpo,rr;oJibHI,lM iQIIIOJibHblM KO

. Jie6aHIIHM H,rr;pa Am242m1 
MomHo omn,rr;aTI, (,rr;JIH npe.rt- c, io-29 c.412 

noJiaraeMo:ii )];eq>OpMaIJ;HH H3oMe- ' 
pa Pm 1 = 0,6) HaJIII'IHH B ce'Ie-

mm BTOporo mma .n;m1 aHeprni'1 
HeiiTpouoB ,._, 10 Mae. 

Ha pncyHKe rrp1rne,a;eHa, 
B cpaBHeHmr C aKcrrepHMCHTaJIJ,
HbIMII ,rr;aHHbIMII, YMHomemraH Ha 
ITOCTOHHHbIH MHO}KIITeJib Kp1rnaH 
aHepreTII'ICCKOH 3aBUCIIMOC:TH ce-. 
'I0HIIH q>OTOIIOrJiom;eHIIH, Bhl'IIIC
JieHiraH ,!l;JIH cJie,a;yrom;nx rrapaMeT• 
poB rnraHTCRoro pe3ouauca: 
liwa = 7,6 Mae, liwb = 14,8 Mae, 
/if a = 2 Mae, lifb = 4,3 Mae. 
3TII rrapaMeTp1,1 Bb16panhl Ha 
OCHOB0 rrpnBe.n;eHIIbIX BbIIIIe OIJ;e

I 
I 

I 
I 

I 
I 

I 
I 

'~// '~....L-

,f 

I 
I 

I 

En,M.it! 
/.; 

IIOK P II 60JI1,moro aKcnepuMeuTaJibHoro MaTepnaJia o cperomx 3HatJ:emurx napa-
11rnTpoB rnraHTCKoro Jl;HIIOJII,HOro pe30HaHca. RaK BII,!l;HO H3 pncyHKa, B 06Jia
CTH CBOero nepB,oro MaKCHMyMa HpHBaH IIMeeT 60JibIIIOe CXO,D;CTBO C aKcnepII
MeHTaJII,HbIMH ,rr;aHIIbIMII ,Il;JIH ce'IeHIIH pearu:i;mr Am24I ( n, y) Am242m, [11]. 

TalllM o6pasoM, cornacHo cKa3aHHOMY BhlIIIe, o6Hapy.meHIIe BToporo MaK
cuMyMa B cetJeHrrn pearu:i;mr Am24I ( n, i') Am242m, MomeT CJIY.lRIITh npHMbIM 
,!l;OKa3aTeJibCTBOM rnnOT03I,I 06 II30Mepuu q>opMbI. B CBH3II C aTIIM ll3MepeHIIe 
:mepreTH'IOCKOH aaBJICIIMOCTH 3TOII peaKIJ;IIII B . o6Jiacrn aHeprrur HeirTpOHOB 
9-15 Mae rrpeJJ;cTaBJIHeTcn: 'Ipe3Bl,ItJa:iiuo aKTyaJibHhlM. MaMepemwe noJio.me
HIIe BToporo MaKCIIMYMa noaBomrJio 61,1 C· n0Mom;1,10 qiopMSJI ( 1) orrpe,a;eJIIITb 
rrapaMeTp )];OqJOpMaIJ;IIII H30Mepa ~m, II Ha OCHOBe rrp1me.n;eHHblX Bblilie' qJOPMYJI 

OIJ;OHHTb ,,q;aKTOp aarrpeTa>> 2>. 3HatfIIT8JII,HbIH HHTepec npe,rr;cTaBJIHeT TaRme 
nccJie,rr;onaHne pearu:i;uu pawiaIJ;IIOHHoro aaxBaTa Ha Am24I c o6pa3oBaHIIeM 
Am242 B OCHOBHOM COCTOHHHII. 3neprernqecRaH aaBHClIMOCTh TaKoii: peaKIJ;HH 
,rr;ommra 06Jia,rr;aT1, )];BYMH MaKCIIMYMaMu, paa)];eJiemn.IMIIIIHTepBaJioM 3-4Mae, 
B OTJIHtfH0 OT pacm;errJieHHH 6-8 Mae B CJiyqae peaKIJ;IDI C o6pa30BaHHOM ll30-
Mepa. CorrOCTaBJieHHe aTHX ABYX aHeprern'IeCKIIX 3aBHCIIMOCTe:ii 61,mo 61,1 ·oco-
6eHHO HarJIHJl;HblM JJ;ORa3aTeJibCTBOM crrpaBe,rr;JIIIBOCTII rIIITOT83bI 06 II30Mepnn 
tpOpMbl. . 

M1,1 my6oRo 6Jiaro)];apabI C. M. IIommaaoBy II ero coTpy,rr;HHKaM, 03HaKo
MHBIIIIIM Hae C pe3yJinTaTaMH pa60TI,I no paiQiaIJ;IIOHHOMY 3aXBaTy HeiiTpOHOB 
Ha Am241 )];O ee rryoJIIIKaIJ;IDI. 

I) C~ecTByIOT OCHOBaHlIJI [is, 17] C'IIITaTb sry peaKI(HIO op;aocryrreHTiaTOii:. 
2> Moamo 6bIJio 6bI omnp;arb, 'ITO rrpn ,n;eq>opMaQnJix nop.R,n;Ka ~ ~ 0,6 nnneii:m,ie aa

P.HCH110cru (1) OKamyTC.R CJIUIIIKOM rpy6b!Mll. Pac1IeT B pa:1max nrp;pO,D;lIHaMJiqecKoii 
Mo~emr, op;HaKo, ,n;aer 

u.la = ulo (1 - 0,5803~ + 0,033~2 + ... ), 
u.lb = ulo (1 + 0,2902~ + 0,00 ... ~2 + ... ) , 

r. e. pOllb KBanpaTil'IHbIX IIO ~ 'IJieHOB p;ame IIplI 6oJibilrIIX p;eq>opMaI(IIJIX HII'ITOlKHO 
1,rana. rnnpo,n;1rna1,m1IecKaJI Mop;enb, 1wne1Ino, ,n;aer 01IeHb rpy6oe rrpn6JIHmenIJe, II Mr.1 
npHBeJilI 3TH peayJibTUTbl l'IHilrb p;JIJI OI(eHKlI omnp;aeMOii: o6JiaCTIJ IIplIMeHIIMOCTII JIIlHeil: .. 
HbIX <I>opM)'JI ( 1). 
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OPTICAL ANISOTROPY OF ISOMERS IN THE REGION OF TRANSURANIC 
ELEMENTS 

A. M. BALDIN, S •. F, SEMENKO, B. A. TULUPOV 

Properties of spontaneously fissile isomers are interpreted in terms of conception~ 
of the molecular optics. An experiment on direct check of the hypothesis of the form 
isomerism is proposed. 
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ME30HHOE nOJIE KBAPKOB 
H 3JIEKTPOMAfHHTHbIE B3AHMO,[(EHCTBH51 

A. M. 5 A JI ll YI H 

Bsell,eHHe 

B JieI<U,HHX A. H. TasxeJIH,D.3e .n.aH o63op pa3BHTHH l\lO,!J,eJIH KBapKOB, 

B KOTopott 3TH qacTHUbl npeTeH,D.YIOT Ha HCKJII04HTeJibHYIO p0Jib H pacCM3T· 

p11BaIOTCH KaK T04e4Hb!e. lJ,eJib HaCTOHIUett JieKllHH - paccKa3aTb O TIOflbIT· 

KaX paCCM0TpeHHH KBapKOB KaK peaJibHblX CHJibHOB3aHMOJ].eHCTBYIOIUHX 4aCTHU, 

o6Jia)J,aI01UHX co6CTBeHHblM Me30HHbIM noJieM H cooTBeTCTBeHHO cpopMcpaK

TopaMH. EcJIH paccMaTpHBaTb KBapKH Ha 0CHOBe TeX nOHHTHH O CHJibHO

B33HMO)J.eikTBYIOIUHX 43CTHU3X, KOT0pb!e ceffqac cymetTByIOT, TO BBe.D,eHHe 

HX co6cTBeHH0ro Me30HH0ro f!OJIH H C0OTBercTBeHH0 pa3MepoB ecTecTBeHHO. 

TTpH TaKOM no,nxo,ne, O,ll.H3KO, HeH36eR{HO B03HHKaeT BOflpOC O TOM, 4TO eCJIH 

ym: Mb! BBeJIH KBapKH KaK npaMaTepHIO, 113 KOTOpoii COCTOHT Bee 4aC}'l1Ubl, 

B TOM 4HCJie H Me30Hbl, TO JIOrH4HO JIH f0B0p11Tb 0 Me30HHOM noJie KBap

KOB? OTBeT Ha 3T0T B0npoc 3aBl1CHT OT ueJIH, K0Topy10 Mb! nocTaBl1M. TTo

CKOJibKY Bb!C0KaH ueJib - npOBe;:(eH11e Ha OCHOBe M0,D.eJIH KBapKOB nporpaMMbl 

THfla nporpaMMbl fett3eH6epra ,ll.JIH HeJI11Hel!HOH TeopHH f!OJIH npe,D.CTaBJIHeTCH 

ce11qac TPY.D.HO ocymecTBl1MOH, TO ecTeCTBeHH0 fIOCTaBHTb 6oJiee CKpoMHyIO 

ueJib - Of!HC3Tb HeKOTOpbill Kpyr 3KCnep11MeHT3JlbHO Ha6JIIO,D.3eMbIX HBJieHHH 

Ha OCHOBe cymecTBYIOIU11X MeTO,ll.OB Teopm1 f!OJIH. TTpH T3KOH fIOCT3H0BKe, 

KaK Hae Yll11T OflblT qlH311KH rnep.'loro TeJia 11 H,nepHoii cp113HKH, r.'IaBH3H 

npo6JieMa 3aKJIIOllaeTCH B Bb16ope a.n.eKB3THbIX 3a_naq KB3311llaCTHU (BBe,neHHe 

KOJIJ1eKT11BHbIX nepeMeUHb!X B H,nepHoii q>H311Ke, npeo6pa30Bam1e I3oroJII060Ba 

B CJiyqae TeOp11H CBepxnpOBOAHM0CTH H T. n.). Ba11.n.y HeK0T0pblX ycnexoB 

M0L(eJIH KBapK0B, ecTeCTBeHH0 f!0flbITaTbCH paccMaTpl1B3Tb Me30Hbl, 6ap110Hbl 

11 KBapKH K3K KB3311llaCT11Ubl eL(HHOro f!0JIH. 3Ta T0llK3 3peHHH M0IB:eT 

o6oHCHHTb ycnex f!0HHTHH «KBapK», ecJIH o_KaIB:eTCH, 'ITO KBapKH He cymecT

BYIOT B CB060,ll.HOM COCTOHHHl1 (Hanp11Mep. OHl1 MoryT OK333TbCH aHaJI0fOM 

KOJie6aHl1ll [JOBepxHOCTl1 H,D.pa). B TO ,Ke BpeMH OHa He npOTl1Bope411T H pac

CMOTpeHl1IO KBapKOB K3K npaMaTep11H, 1160, Hanp11Mep, B qlH311Ke TBep!].oro 

TeJia HapH,ny C KB33HllaCTl1U3MH - (pOHOH3Mli - B Teop1111 cp11ryp11py10T «Ha

CTOHIUHe» qaCTHUbl - 3JieKTpOHb[ (HJIH B TeOpHH Bopa-MoTTeJibCOHa HapH.D.Y 

c KoJie6aHHHMH noBepXHOCTH H,npa - 0T,ll.eJibHbie HYKJIOHbI). 

B nepBoii qacTH JieKu1111 Mb! paccMoTp11M 3JieKTpoMarHHTHy10 CTPYKTYPY 
HyK,10Ha II noKa,KeM, 'ITO npocTetturnH MO,neJib T04e4HbIX KBapKOB npHBO,ll.HT 

K npOTHBope4HHM C 3KCnepHMeHTOM. BBe,D.eHHe co6cTBeHHOH CTPYKTypbl KBap

K0B ycTpaHHeT 3TH TPY.D.HOCTl1. 

Bo BTOpoii 43CTH paccMaTp11B3eTCH MO,ll.eJib, TI03B0,15JIOIUaH ,!],eJiaTb oueHKl1 

ceqeHHH HeKOTOpbIX npouecCOB H BepOHTHOCTeii pacna,u.oB pe3oHaHC0B. Pe-

3YJibT3Tbl pacqeT0B cpaBHl1BaIOTCH C 3Kcnep11MeHT0M. 

B TpeTbeH qacTH o6cy,K.n.aeTCH pH.n. TPY.D.HbIX sonpocos, CBH3aHHbIX 

co ccpop~1y m1poBaHHOii M0,D.eJiblO. 
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KaK H3BeCTHO, Y.D.HBHTeJibHbie saKOHOMepHOCTH B IlOBe)J.eHHH cpopMcpaKTO

poB HyKJIOHOB, 06Hapy2KeHHb!e 3KCITepHMeHTaJibHO, HaJIIJIH xopornee 06b51C

HeHHe KaK B Teop1m Bb!CIIIHX CHMMeTpHH, TaK H B MO)J.eJIH KBapKOB. Optt

tieM o6a rro.n.xo.n.a .n.aIOT O)J.HHaK0Bbie pesyJibTaTbI. B CBH3H C 3THM rrpe.n.cTaBJIHer 

3HatIHTeJibHb!H HHTepec paCCMOTpem1e • .n.pyrnx xapaKTepHCTHK 3JleKTp0Mar

HHTHOH CTPYKTYPbI qacTHU. Oco6oe sHatieHHe rrpuo6peTaIOT pesyJihTaThI, 

K0T0pbie MoryT 6bITb rroJiytieHbl T0JlbK0 Ha 0CH0Be 
0

M0)J.eJIH KBapKOB, HO He 

IT0JiyqeHJible H3 CHMMeTpHH. B TeopHH B3aHMo,neHCTBHH 3JieKTpoMarHHTHOro 

H3JIYGeHH51 C aToMaMH, M0JieKyJiaMH H H)J.paMH IIIHpOKO HCIT0Jlb3YIOTCH rrpa

BHJJa cyMM. npaBHJia cyMM saMetiaTeJibHbl TeM, tITO CBH3b!Ba!OT HHTerpaJihI 

OT no.'!Hb!X cetieHHH IlOrJI0IUeHHH 3JieKTpoMarHHTHoro H3Jiyqemrn onpe,neJieH

HOH MYJibTHITOJ!bHOCTH co cpe)J.HHMH KBa,npaTHtIHbIMH (pJIYKTyaUHHMH COOT· 

BeTCTByIOIUHX MYJ!bTHTIOJ!bHbIX MOMeHT0B B 0CH0BHOM COCT0HHHH CHCTeMhl. 

TaKI!M o6pasoM, H3MepH51 ceGeHHH rrorJiomemrn (pOTOHOB KBaHT0Bb!MH CHCTe

Mar-m, MhI Mml(eM .n,eJiaTb 3aK.'IIOtieHHH 06 3Jie1npoMarHHTHOH CTPYKType oc

HOBHoro COCT051HH51 CHCTeMbl (pacnpeneJieHHe sapH,ll9B, MarHHTHbIX M0MeHTOB, 

,nOJI51pll3YeMOCTeH H T. rr.). ECTecTBeHHO TIOilb!TaTbCH npnMeHHTb npamrna 

cyMM ,UJIH HCc.TJe,noBaHlrn 3JieKTpOMarHHTHOl1 CTPYKTYPbl 3JieMeHTapHbIX 

tiaCTHU. 
no;i,po6Hoe HCCJie,noBaHHe o6JiaCTH npuMeHHMOCTH KJiaCCHtieCKHX npaBHJI 

cyMM (THna npaBHJI cyMM To111aca-Pai1xe-KyHa HJIH npaBHJia cyMM Kpa

Mepca-fe:"1sett6epra, llJIH J1eBHH,L()Kepa-13eTe) Ha OCHOBe ITOCJie,'].HHX ,UOCTH· 

)KeHI!H KBaHTOBOH Teop1rn n0.151 H HX. pe.TJHTIIBHCTCKOe o6o6IUeHHe 6b!JIH rrpo

BeJ].eHbl C. 13. fepaCHMOBblM [2]. OH )l(e rrp11MeHHJI HX I( 3.TJeMeHTapHbli\1 

qacTimaM n B oco6eHHOCTI! ){ KBapl<OBbIM MO,ne.TJHM. .:ha tiaCTb HaCTOHIUeH 

JieKUHII OC!-IOBaHa Ha pe3yJihTaTax pa6oT C. 13. fepaCHMOBa [2, 3]. 
At-mJIIITy,na pea1m1111 nOrJIOIUeHH51 (pOTOHa npOTOHOM HMeeT BH,U 

11\1 (' ----; _,.,: 
T;1 = l 2'"£i .\ d3xe'k <f I E j (x) Ip, A), (1.1) 

r.ne f - npoH3BO.TJb!lOe ){OHeGHOe COCTOHHHe (B OCHOBHOM pellb 6y,neT H,ll,TH 

o cporopo)lqemrn MesoHoB), p, k - 4-BeKropbI nporotta 11 cporoHa, E H ). -

BeKrop no.1rnp113aum1 cporoHa I! CTIHHOBbil"t HH_D.eKC rrpOTOHa B OCHOBHOM 
COCT051Hllll. 

CMblCJJ HCITO.TJb30BaHHblX HH)l{e npe.nno.TJO)KeHHH y.no6HO Il0HCHHTb, BOC· 

TI0Jlb30BaBlllHCb T0)l{,L(eCTB0M 

, • I • 

(JA) = (T V) {(E • x) .\ dse'-;-;, + i ([ j. ;] 
" 

YtIHTbIBaH 3aK0H coxpaHeHJrn T0Ka 

...... (j; • 
vj = - -/i = i [H, pJ, 

rrepBb!H tIJieH MO)l{HO Bbipa3HTb qepe3 oneparop n.TJ0TH0CTH 3ap51.ll.3 p (~). 
ECJIH ,na.'lee pa3JJO)lrnTb 3KCTI0HeHTY B pH,n H 0CTaBHTb B nepB0M C.TJaraeM0M 
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Me301moe noAe ,coap,coo u aAe,cmpo,11aeHumHtxe 13au1,1oaeucmsuJ1 471 

,ll.Ba qJieHa pa3JIO)KeHHH, a BO BTOpOM O,ll.HH, TO Mbl IlOJiyqHM 3MilJIHTY.Uhl E 1 
u £2 nepeXO,ll.OB H aMIIJIHTY.ll.Y M 1 rrepexo)].a B )J.JIHHHOBOJIHOBOM npH6JIH)KeHHH: 

VM ..... ~ 
TE1 (w) = iw 

200
£

1 
(fl ED IP, A), 

VM .... _... 
TM1 (w) = iw 

200
£

1 
<f I ~MI P, A), 

TE2 (w) = iw2 V 2~
1 

(fl Ean~Qa~ Ip, A), 

rne 
.... .... ....,. 
).. = [n · E], 

.... 1 
n=-;;;, 

a orrepaTOpbl HMeIOT BH)].: 

, Da = I Xap (-;) d3x, 

Is .... ....,. .... M, = 2 [x j (x)J, d3x, 

J s A --+-
Qa~ = 2 XaXiJP (x) d3x. 

Atta.'lOrH'-IHO MO)I{HO paCCMOTpeTb H BblCWHe MYJibTIIflOJlbHbie MOMeHTbl. 

(1.2) 

(1.3) 

(1.4) 

1lm1 ueJieH HaCTOHU~ett JieKUHH ,ll.OCTaTOqHo orpaHH'-IHTbCH BbinHCaHHhlMlf 

rrepexo.ua~m. 

TToJIHOe ce'-leHHe )].HllOJihHOro IlOrJIOW.eHHH B ClfCTei.1e ueHTpa Mace HMeeT Blf,ll. 

0£1 (w) = (27:) 4 s E1w;,,, I (f ! ED Ip, ),) 1
2 04 ( k + p - ~ P;) n 1:::3' ( 1.5) 

; f 

r)].e s, O3Ha'-laeT cyMMIIPOB3HHe H HHTerpHpOB3HHe no BCeM rrepeMe,HHbIM 

KOHe'-!HhIX COCTOHHHl!. 

TTpoHHTerpHpyeM npaByIO '-!aCTb (1.5) H nepeli)].eM OT xeBHCatt)].OBOH 

K rayccoBOH Cl!CTeMe e)].HHHU: 

0£1(w)=47:2 S v~ . l<f!Efilp,A)l2 o(w+-vw2 +M!-£,)n
1

-(~

3

pt.. 
w + w2 + Ml & -lt) 

f f 
( 1.6) 

Y cpe,UHH::VI no flOJIHpH33UHHM qJOTOHOB H rrpoHHTerpHpyeM rrpaByIO H JieByIO 

'-13CTb paBeHCTBa ( 1.6) no 3Hepnrn qJOTOHa, YMHO)KHB npe)].BapHTelibHO o6e 

'-13CTH Ha MHO)KlfTeJib, Il03BOJIHIOW.lfH B npaBOH '-13CTH nposecTH cyMMHposa

HHe no noJinoi-i cHcTeMe cpyHKUHH If>. B pe3yJihTaTe rrpocTbIX rrpeo6pa3osa
HHI'.i Haii)IeM 

a (£1)= r (w+Vw2+M2)2 a (w)dw=4;c2(fJ2) 
-1 J wM V w2 + M2 El 3 O• 

( 1. 7) 
00nopor 
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Jlesy10 llaCTb 3TOro paBeHCTBa y.no6Hee BblllHCJHITb B Jia6opaTOpHOH CHCTeMe 

KO0p.!J.HHaT: 

o_1 (El)= (1.8) 
wnopor 

r.ne U) - 3Heprm:I cpOTOHa B Jia6opaTOpHOH CHCTeMe K0Op}].HHaT; aHaJIOrHllH0 

noJiytiaIOTCH npaBHJia cyMM: 

0_3 (E2) = (1. 10) 

.Mb! coxpaHHJIH 3a noJJyqeHHblMH npaBHJJaMH cyMM HX otbll!Hble }].JJH H.D.epHOH 

cpH3HKH o6o3HcltieHHH [ 4], xorn BeCOBbie cpyHKUHH B HHTerpaJJax OTJ!Hlla!OTCH 
OT w-1 H w-3 H3•3a HCilOJ!b30BaHHH peJJHTHBHCTCKOH KHHeMaTHKH. 

KaK BH.!l.H0 H3 H3JJO,KeHH0ro, 0CHOBHblMH rnnoTe3aMH npH BbIB0.D.e npa

BHJJ cyMM HBJJHIOTCH }].JIHHHOBOJJH0BOe npH6JJH)KeHHe n .!J.OCTaTOllH0 6bICTpaH 

CXO.!J.HM0CTb HHTerpaJJ0B. )lJJHHHOBOJIHOBOe npH6JJH,KeHHe COCT0HT B TOM, l!T0 

npH BblllHCJJeHHH ceqeHHH npe.nnoJJaraeTCH cnpaBe}].JJHBb!M paBeHCTB0 

(2[ + I )I! J1 ( wr) _ l 
(wrl - ' 

r.11.e J1 (wr) - ccpepHtiecKaH cpyHKUHH 6ecceJJH . 

.3TO 03HaqaeT, llTO 0IIIH6KH H3·3a HCnOJJb30BaHHH .!l.JJHHH0B0JIH0B0f0 npH-

6JJH)KeHHH onpeJ].eJJHIOTCH pa3MepaMH 3cpcpeKTHBHOH o6JJaCTH B3aHMO.D.eHCTBirn 

H OTHOCHTeJJbHb!M BKJJa.D.0M B HHTerpaJJbl ( 1.8)-( 1.10) 06JJaCTH Bb!C0KHX 3Hep

rn iL OlleBH.ll.HO, l!T0 HaH60JJee 6JJaronpHHTHbl ycJJ0BHH .ll.JIH cpaBHeHHH C 3Kcne

pHMeHTOM npaBHJJa cyMM 0_3 (E2), B KOTOp0M secoBaH cpyHKUHH no.naBJJHeT 
BKJJa.n Bb!COKIIX 3Heprnii. 

)lJJH xapaKTepHCTHKH npHMeHHMOCTH npaBHJI cyMM yKa,KeM, l!TO Ha OCHOBe 

npHMeHeHHH npaBHJJa cyMM o_1 (El) K peaKUHH cpoTOpacmenJJeHHH H.npa He3, 

H3yl!eHHOH B ct> l1AHe, 6bIJJ onpe.neJieH c TOl!HOCTb!O nptt6JJH3HTeJJbHO 10 % 
cpe)J.HeKBa.11.paTHl!HbIH 3JJel{TpHl!eCKHH pa.nttyc 3Toro H.D.pa 1/ (r2

), KOTOpblll 6b!JI 

BllOCJJe.D.CTBHH HenocpeJ].CTBeHH0 H3MepeH B onbITaX no pacceHHHIO 3JJeKTp0HOB 

Ha npoToHax. B Kal!ecrne npm,1epa npHMeHeHHH npaBHJJa cyMM o_1 (Ml) 
yKa)l{eM Ha Bbll!HCJJeHHe C. 6. repacHMOBblM [2] MarHHTHOro MOMeHTa nepe

xo.na N*-+ N + 1. TT pH 3T0M noJJyl!eHo 

(1-'-NN•lsKcn _ l l 
(1-'-NN•) Hop - ' 
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Me30HHOe no11e KBapKO(J u 3/leKmpo,itazHUmHble 83QUMOOeucmBUJI 473 

a ycTpaHeHo rrponrnopetme (cM. HarrpHMep [8]) Me:IB:,11.y npe,ncKa3aHHbIM Ha 

ocH0Be M0,11.eJJH KBapK0B (HJIH SU (6)-CHMMeTpHH) H 3KCnepHMeHTaJJbH0 Ha6J110-

,uaeMblM P.NN·• lJ,eJJh HacTO.m.uero naparpacpa JieKUHH - npHMeHeHH_e _..,npaBHJI 

cyMM ,11.JIH Bb!B0,11.a CJie,11.CTBHH 0TH0CHTeJJbH0 pacnpe,11.eJieHHH 3apH)l.a p (x) HYK
JI0Ha B M0,11.eJIH KBapK0B. B CB513H C 3THM B ,11.aJibHeihIIeM Mb! 6y,11.eM HHTepe

coBaTbCH T0JlbK0 npaBHJiaMH cyMM "-L (El) H cr_3 (£2). Jieaa51 tJaCTb 3THX 
npaBHJI cyMM HaX0,11.HTCH tJHCJJeHHbIM HHTerpupoBaHHeM 3KcnepHMeHTaJibH0 

ll3MepeHHblX fI0JIHbIX cetJeHHH cpoTOp0:IB:,ll.eHH51 Me30H0B Ha HYKJI0HaX, a npaaa51 

qaCTb HaX0.!l,HTCH HCX0,11.51 H3 M0,11.eJibHblX npe,ll.nOJIO)KeHHH 06 onepaTOpe p ~) 
n BOJIHOBOH cpyHKUHH HyKJI0Ha B 0CH0BH0M C0CT0HHHH. 

OTHOCHTeJibHO BOJIHOBOH cpyHKUHH H)'KJIOHa a KOHqJHrypaUHOHHOM npo
crpaHCTBe Tpex 1rnapK0B npHHHMaeM, tJT0 0Ha HBJI51eTCH 110JIH0CTblO aHTHCHM

MeTpHtJHOll (tJT0 C00TBeTcTByeT rrpHH3,II.Jie)KH0CTH HYKJI0Ha K 56-nJieTy). 

OrnocineJibHO onepaT?pa p ~) )I.JIH HatJaJia np11MeM · 

,..-+ 3 - -
p (x) ~ e/o (x - x;), 

i=l 
(1.11) 

T. e. CtJHTaeM KBapKH T0tJetJHbIMH tJaCTHU3MH, JIHUieHHbIMH co6CTBeHHOH 3JieKTpo

MarHHTHOH crpyKTyphl. 

r.n:e 

TTpH T3KHX npe,11.IT0JI0)KeHHHX M0:IB:H0 fI0JiytJHTb [2, 3] 

(D) z - ei (r2\ o - ·'lB' 

3 3 

1\.1 - - .• - 1n 
(r2) 8 = e .i.J e; ((X; - x)-)o, X = J 2..J X1, 

i=l i=l 

r. e. (r 2
) 8 HBJIHeTCH cpe,11.HeKaa,11.parntJHhIM pa.n.uycoM pacnpe,11.eJieHHH 3apH.rr,a 

OTH0CHTeJibH0 ueHTpa ~rncc. 3Ty Be.'lHtJHHY M0}KH0 8351Tb H3 0fiblT0B 110 pac

Ce51HHIO 3JieKTp0H0B Ha HYKJIOH3X, tJT0 H36aBHT Hae OT Heorrpe,11.e.1eHHOCTeH, 

CB513aHHblX C He3HaHHeM pa,11.HaJibHOH tJaCTH BOJIHOBOH cpyHKUHH KBapK0B. 

TaKHM 06pa30M, .!1,JIH rrpaaoH tJacrn cr_1 (£ 1) noJiytJaeTC51 ae.1HtJHHa 
4rt2e2 
- 3- ( r2 >~h = 635 p.b. OueHKa Jieaoli qacrn .n.aeT aeJIHtJHHY 460 p.b. 3m pac-

X0)KJl.eHHe B npHHUHITe M0}KH0 0THeCTH 33 CtJeT cymecTBeHHOH p0JJH o6JiaCTH 

Bb!C0KHX 3Heprni-i. YMeHbUIHTb BJIHHHHe OUIH60K BCJie,ll.CTBHe HapyUieHHH 

)l.,1HHH0B0JIH0B0ro npH6JIH}KeHHH M0}KH0 C fI0M0lll.blO 110,11.XO,II.Hlll.eH BeCOB01I 

<pyHKUHH. B CBH3H c 3THM o6paTHMCH K npaBHJIY cyMM cr_3 (£2). TTpu Tex )Ke 

npe.n.noJI0)KeHHHX HeTpy,11.H0 fI0JIYtJHTb )I.JIH npaBOH tJaCTH 

1t2e• P 
cr-3 (£2) = 15 (r4)ch. 

Ec;rn HCfI0Jib30B aTb )I.JI51 HaX0}K)l,eHH51 (r4 )~h ,ll.3HHble no pacceHHHIO 3JieKTpo

H0B Ha npoT0HaX, TO BKJJa)J. E - 2-nepexo)l,a B cpoTOpO}K,i{eHHe Me30H0B 0Ka-. 

3bIBaeTCH 110 MeHbUiei-i Mepe B TPH pa3a 3aBbIUieHHb!M no cpaBHeHHIO C 3Kcne-
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474 A. M. Ea11ou1-t 

pIIMeHT0M. CTOJib 60JiblllOe paCX0)l{]l.eHne, oco6eHH0 B cJiyqae 6bICTpocrra.n;afO. 

w.ett BeCOBOH cpyHKUHH, HeJib351 OTHeCTH sa CtJeT ITJIOXOH npnMeHHM0CTH 
JI.JIHHH0B0JIH0B0ro rrpn6JIH:>Kemrn. . 

O0CKOJibKY OT BOJIHOBOH cpyHKUHH HaM Tpe6yIOTC51 T0JibKO Te CBOHCTBa 

CHMMe'fpHH, K0T0pbie xoporno rrpoBepeHbl, TO ecTeCTBeHH0 rrpe.n.rroJI0,KHTb, qTO 

Bb!pa:>KeHHe JI.JI51 ITJI0THOCTH sap51JI.a ( 1.11) He CO0TBeTcTByeT peaJibHOH Kap

THHe. HHatJe roB0pH, KBapKH HeJib351 paccMaTpHBaTb KaK T0tJetJHbie qacTHUhl. 

norrpo6yeM BBeCTH co6cTBeHHble pasMepbl KBapK0B aHaJI0rHtJH0 T0MY, KaK 

yqnTbIBalOTCfl co6cTBeHHble pasMepbl HYKJIOH0B B 5!,11.epHOH cpH3HKe. TTpnMeM 

)I.JIH orrepaTOpa ITJI0THOCTH sapH,na Bblpa)l{eHne 

3 

P ~. ;,) = -~ {P"f" (!-; - -;.,,.I)+ P'f' (\; - -;,. \)1. (1.12) 
1=1 

3,necb P" (v) - rrpoeKUH0HHble orrepaTOpbl )I..Tlfl .. H 'I 1rnapK0B, a cpyHKUHH 

f'" (v) - cpOpMcpaf-:TOpbl, H0pMHp0BaHHble ycJI0BHeM 

.\ {" (x) d 3x = 2/3, 

.\ [' (x) d 3x = -1/3. 

Terrepb CB513b Me)l<JI.Y KBa,npaTHl!HOi"i qwyKTyauneH )I.HIT0.ITbH0r0 H KBa,11.pyrr0Jib

H0ro M0MeHTOB, C O,UHOH CTOp0Hbl, H xapaKTepHCTHKarvm pacrrpe,neJieHH51 

sapH,11.a, C ,npyroii CT0p0Hbl, ycJI0)l{H5!eTC51 H npHHHMaeT BH,11. 

(KaK H paHbllle), 110 

( ?>'' ") , 4 .,,c. I ( ')' r- ch = ( r-. B , 3 (r· ich - 3 r· ch 

HJIH, rro.TJaraH 

( 1.13) 

AHa.TJorHqHo )I..'151 cp:ryKTyaUHH KBDJI.PYIT0.'lbH0ro M0MeHTa HMeeM 

e2 ( 4) - e2 {< 4)P ( 4,n JO (r2) ~\q} 
60 r B - 60 r ch - r /ch - 3 B (r ,ch . (1.14) 

KaK BHJI.H0 H3 3THX cpopMy.1, BBe,11.eHHe scpcpeKTHBHb!X pas111epoB KBapKOB cn.TibHO 

yMeHbWaeT Be.1HqHHY rrpanoii llaCTH rrpaBH.11 cyMM, qrn H Heo6xo,nm10 ,UJl5! 

JIHKBH,UaUHH 0TMel!eHH0ro pacX0)l{,!l,eHHfl, npnqeM cpe,11,HHe paCCTOSrn!rn Me)l{,!l:Y 

1rnap1<aMH ,'],0.'1,KHbl 6b1Tb 3HaqnTe.1bH0 ~leHbllle pa3MepoB Me30HHoro 06.11aKa 

1rnapK0B. 
,ll,rrn Toro l!T06bl 6oJiee T0l!HO oueHHT, C00TH0llleHne po.rm OTHOCHTeJlb· 

Horo )\BH)l{eHH51 KBapK0B Ii co6crneHHOro IT0JIH 1rnapK0B B cpopMiipOBaHHH 

CTPYKTYPbl H)'KJl0Ha, np0Be)I.e~1 cJie.J.y10w.ee paccym,11,eHne. Kai, usBeCTH0 [91, 
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ace H3yqeHHbie ,no ·cnx nop 6apHOHHbie pe3oHaHCbl MO.tKHO HCTOJIKOBaTb KaK 

TpeXKBapKOBbie COCTO.HHH.H, npnqeM ,nJI.H B036y}K)J.eHH.H op6HTaJibHOro .!l:BH· 

)l(eHH.H KBapKOB (T. e. fix OTHOCHTeJibHOro ABH)KeHH.H, onncaHHoro BbIIIle 

Koop,nnHaToii x) Tpe6yeTCH 9Hepm.H nopH,nKa 1 Fae. (Bo36y}K)J.eHne pe3oHaH

coB OTpHUaTeJibHOH qeTHOCTH.) C ,npyroii CTOpOHbl, H3BeCTHO, qTQ peaKUHH 

o6pa30BaHHH Me30HOB HAYT oqeHb HHTeHCHBHO npn cym.ecTBeHHO MeHblilHX 

,meprH.HX. ITocKOJibKY Me30Hbl TaK)Ke HBJIHIOTCH CBH3aHHblMH COCTOHHHHMH 

KBapK - aHTHKBapK, TO Mb! CTOHM nepe,n npo6JieMOH cpopMyJIHpOBKH MHOro

KBapKOBOH ,MO)J;eJIH. B CBH3H C 9THM He cJiyqafiHO Mb! noJiyqaJIH IlJIOXO corna

cy10m.necH C 9KcnepnMeHTOM pe3yJibTaTbI: B npaay10 qacTb npaBHJ1 cyMM Mb! 
no,ncTaBJIHJIH TpexKBapKOBbie BOJIHOBbie cpyHKUHH H onepaTOpbl, a B JieByIO 

qaCTb - ceqeHHH o6pa30BaHHH Me30HOB. TaKHl\l o6pa30M, B JieBOH qaCTH 6bI.TIH 

yqTeHbl B036y)K,neHHH He TOJibKO TpeXKBapKOBb!X CTeneHeii CB060,nbl, HO H 

;!HOfOKBapKOBbIX. yqHTbIBaH nocJie,nm1e, cpeHOMeHOJIOrHqecKHM BBe,UeHHeM 

pa3MepoB 1rnapKOB Mb! ,no6HJIHCb ·corJiaCH.H C 9KCnepnMeHTOM. ITonp_o6yeM 

Tenepb yqeCTb KaK B JieBOH, TaK H B npaaof1 qacTHX npaBHJI cyMM TOJibKO 

TpeXKBapKOBbie CTeneHH CB060,nb1; Tor,n;a no,n HHTerpaJibl B JieBblX qacTHX 

paBeHCTB (1.8) H (I.IO) CJie,nyeT IlO)J;CTaBHTb ceqeHHH o6pa30B3HHH pe3oHaH

COB C B036ym,n;eHHeM op6HTaJ1bHOrD)J;BHllieHHH KBapKOB. Ll,1H £1 - Il0rJIOIUeHH51 

pe30H3HCbl 112-, 312- H T. ,n., a B ceqeHHe £2 - norJJOIUemrn pe30H3HCb! 

3;2+, 512+ H T. }].. Tor,n;a npaBHJla cyMM Il03B0.15IT oueHHTb nopH,UOK BeJIH

qHHbl pa,n;1-1yca «KBapKOBOro KepHa» HYKJJOHa. 
flpn BblqHCJieHHll HHTerpaJIOB HCilOJ!b30Ba~1ach TeopeMa O cpe,n;HeM, a pe-

30H3HCbl onHCblB3JIHCb cpopMyJIOH 6pa11Ta-B1-1rnepa. 

B pe3y JibTaTe 6bIJIO Haii,n;eHo 

H3 npaim:ia cyMM cr_1 (£ 1) 
.(r2

)
8 
= 3,2 · 10-~ fm, 

H3 npaBHJla cyMM 0_3 (£2) 
(r4)

8 
= 3,9 · 10-4 fm. 

DOJiee Ha,n;eIB:HO onpe,neJieHHe «pa,n;1-1yca KepHa» Ha OCHOBe 0_3 (£2). TaKHM 

o6pa3oM, HMeeM )J;JIH «pa,n;nyca KepHa» nepXHIOIO ouem<y: 

R ':: V(r4 )8 ~ 0, 14 fm, 

T. e. OTHOC!ITeJibHOe )J;BH}l(eHHe KBapKOB CB5133HO C 06JiaCTblO M3CWTa6a HJl!i 

MeHbrne HYKJIOHHOH KOMilTOHOBCKoii ,n;nHHbI BO.'IHbI. ManocTb R - rapaHn1pyeT 

npHMeHW.IOCTb )J;JIHHHOBOJlHOBOro npH6Jlll}l(eHHH. A1ra.'1ornqHaH ll3,10llieHHOH 

Mo,n;eJIH 3JieKTpoMarn1-1rnaH CTPYKTypa HYKJIOHa npe,nJiara:racb TaK)l(e B ri1-1,n;e 
rnnOTe3bl .HilOHCKHMH cpH3HK3MH [12]. 

2. Mo.11.eJib Me3oHHblX B3aHMo.11.eikTBHH KBapKoB 

Kai< OTMeqaJIOCb Bb!Ille, ,Ua)l(e eCJIH paccMaTpHB3Tb npo6JieMy 06pa3ona

HH.H Me30HOB HCXO)J;H 1-13 rnnoTe3bl O TOM, qTo KBapKH 5IBJI51IOTCH npOl\laTe

pHeii, TO ace paBHO Mb! HMeeM ,n;eJIO C ABYMH pa3Jll-IqHblMH THil3MH )J;BH)l(eHHH: 
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OTHOCHTeJJbHbIM ABH)KeHHeM KBapKOB, KOTOpoe xapaKTepH3yeTC51 3HeprH51Mli 

B036y)K,neHH51 Macuna6a, li 6oJiee Jierno B036y,nHMbIM TliilOM JI.BH)KeHH51 - Hcny

CKaHHeM HJIH norJIOUieHHeM CB513aHHoro COCT051Hli51 KBapK-aHTliKBapK (HC

nycKaHHe H nornoUieHHe Me3otta). DpHtJeM xapaKrepHo, tJTO HcnyeKaHHe H norno

UieHHe .. -Me30HOB, HanpHMep B peaKUH51X N*-+- N + 'It HJJli p -+- 7t + .. , HAeT 

e HapymeHHeM SU (6)-eHMMeTpli li, TaK KaK B 3TliX peaKUli51X B03HHKaeT ABH)KeHHe 

KBapKOB c op6HTaJibHbIM MOMeHTOM, OTJIHtJHbIM OT HYJI51 (l = 1). KpoMe TOro, 

eCJIH 6b! B3aHMOJI.eHeTBHe, orneTeTBeHHOe 3a HenyeKaHHe li norJJoUieHHe 

Me30HOB, HrpaJio 6bl cyUieerneHHYJO pOJJb B cpopMHPOBaHHli Mace, TO MaceOBbie 

cpopMy Jib! BblTTOJIH51JIHeb 6bl OtJeHb nJJOXO. Bee 3TO Ha BOA HT Ha MbieJJb, lJTO 

Mb! MO)KeM onHCaTb Me30Hbl cpeHOMeH0,10rtttJeCKH KaK eaMOCT051TeJibHOe noJie, 

eyUiecrny10Uiee Hap HAY e noJJeM KBapKOB [ 1 ]. DpHtJeM MO)KHO tta.n.e51TbC51, tJTO 

B3aHMO.U,eHeTBHe Me30 HOB C KBapKaMH MO)KHO onHCaTb no TeopHli B03MyUieHHH, 

H6o TOJlbKO B 3TOM C.TJyqae BBe.u,eHHe KBa3HtJaCTHU OKa3bIBaeTCSl 3cpcpeKTHBHblM. 

DoCKOJlbKY Maeca KBapKa AOJl)KHa 6bITb OtJeHb 60JiblllOH, TO MOJI.eJ1b 

B3aHMOAeHCTBH51 neeB.U,OCKa.151pHb!H Me30H - KBapK 3a.n.aeTe51 ernn1tJee1rnM npe

.n.eJJOM nceBAOBeKTOp HOro BapHaHTa B3aHMOJ].eHCTBH51 

(2.1) 

KoHcTaHry CB513H g MomHo HaHTH, yepeJJ.H5151 raMHJibTOHHaH (2.1) no BOJIHO· 

BblM cpyHKUH51M 6apHOHOB H npHpaBHHBa51 pe3yJ1bTaTbl KOHeTaHTe Me30H-

6apHOHHoro B3aHMOJI.eHCTBH51. B tJaCTHOCTH, paCCMOTpHM BeplllHHHYJO tJaCTb 7: 

Me30H-HyK.TJOH; Tor,n:a KOHeTaHTY g MO)KHO 6y.n.eT Bblpa3!1Tb tJepe3 KOHCTaHTY 

.. N N-B3aHMo.n.eilcTBHSl. 

faMHJibTOHHaH B3aHMO)l.eHCTBHSl Me30H-HYKJJOH 3anHllleTC51 

(2.3) 

Y epe)l.HHM 3TOT ra~1li.%TOHHaH no BOJ!HOBblM cpyHKUHHM npOTOHa H Haii.n.eM 

g2 9 f2 
4:: = 25 4:: = o,o3. (2.3) 

r.n.e ; = 0,08-KoHcTaHTa .. N N -B3aHMoneiiern1rn. TaKHM 06pa20M, KOHCTaHTa 

CB513H OKa3aJiaCb J].eHCTBHTeJibHO MaJIOH. 

Dpu 3TOM BbltJHCJJeHHH Mb!, B cornacHH e pe3y JlbTaTaMH npeJI.bl)l.)'UierO 

pa3,n.e.TJa, npette6perJIH pa3JIH4HeM Me)K.n.y noJJomettHeM ueHTpa Mace 6apHotta X 
H IlOJIO)KeHHeM i-ro KBapKa X;, 

KpoMe Toro, Mb! npette6per,1H pa.rr.HaUHOHHb!MH nonpaBKaMH li o6MeHOM 

Me30HaMH Me)K.rr.y KBapKaMH B COOTBeTCTBliH C OCHOBHOH r11n0Te30H O B03· 

MO)KHOCTH IT0.1b30BaHHSl TeOpHeH B03MyUieHlrn. 

AttaJiorntJHO npe,.'I.blJl.:')'UieMy MO)KHO ttailrn mupHHY pacna.n.a 

N;3 -,..N + ... 
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B3llB MaTpHl!HblH 3JJeMeHT onepaTOpa H Me:>K,n.y cocTOHHHHMH IN*> H IN)*. 
B pe3y JlbTaTe ,ll.JISI lIIHpHHbl (3/2 3/2)-pe30HaHCa noJJyqaeTCSI 

16 g2 
( p ')

2 
MP r33 = 3 41t ;- p M*. (2.3) 

1-lucJJeHHOe 3Hal!eHHe r 33 npHMepHO Ha 20 % MeHbWe 3KCnepHMeHTaJlbHO 

Ha6J11onaeMoro. 3TO cJJe,n.yeT paccM,iTpHBaTh KaK xopowee cornacue, H6o 

IlOHSITHe WHpHHbl pe3oHaHca He SIBJJSieTCSI xopowo onpe,n.eJJeHHbIM B CJ1y1.1ae 

TaKHX WHpOKHX pe30HaHCOB, ,n.a H TeopHSI He MO:>KeT npeTeH,ll.OBaTh Ha JJYll· 
wee coana,n.eHue. 

01.1eHh Ba:>KeH cpaKT, llTO MaJJaSI KOHCTaHTa MO:>KeT ,n.aTb (3a Cl!eT CBSl3H 

C npoH3B0,ll.HOH) 60JJblllYIO WHpHHY. 3TO 03Hal!aeT, l!TO 3HeprnIO B3aHMO,n.efi
CTBHSI ~!O}KHO Cl!HTaTh MaJJOH JlHillb B o6JJaCTH MaJJbIX nepe,n.a1.1 3Hep!'HH. 

3Hal!HTeJJhHO 60JiblileH onpe,n.eJJeHHOCTH MO:lKHO ,ll.OCTHrHYTb, eCJJH paCCMOTpeTb 

«KaTaCTpoqrn1.1ecKoe» HJJH npHMOe Me30H·q>OTOHHOe B3aHMO,ll.eHCTBHe KBapKOB [ J]. 
SIBJJHIOW.eecSI npHMbIM CJJe,ll.CTBHeM (2.1) H rpa,n.HeHTHOH HHBapHaHTHOCTH. 

3aMeHHSI B (2.1) 'iJ-+ 'iJ - ieA, r,11,e e- onepaTOp 3JleKTpHl!eCKOfO 3apn,n.a 

Me30Ha, Haii,n.eM raMHJlbTOHHaH B3aHMO,ll.eHCTBHSI B BH,ll.e 

g - ·- ( B l B C) · A Heg = i ;- (aA) FA - 3 oAFc ePs. (2.4) 

KaK H B cJJy1.1ae TeopeMbI KpoJJH-Py,n.epMaHa, 3To B3aHMo,n.eikTBHe ,n.oJJ:>KHo 

HrpaTb OCHOBHYIO pOJJb B npoueccax C Me,n.JJeHHbIMH Me3oHaMH, T. e. npoueccax 

pa,n.HaUHOHHblX pacna,n.oB, q>OTOpO:>K,ll.eHHSI Me30HOB B OKOJ!OnoporOBOH 06J1acrn. 

flpHl!eM c IlOMOW.bIO (2.4) MO)l{HO IlOJJYl!HTb He TOJlbKO COOTHOlileHHSI Me>1<,n.y 

aepOHTHOCTSIMH npoueccoa, HO u a6COJJIOTHble BeJ!Hl!HHbl ce1.1eHHH u lIIHpHH. 

Ce1.1eHHe cpoTOpo>1<,n.eHHSI Me30HOB B CHCTeMe UeHTpa Mace (B Harnett MO,ll.eJ!H) 
HMeer BH,ll. 

3 

da = .!!.. E1E 2 I (N 1 "\' H' I N) 12 = a..!!.. • 
dQ k W2 .;...i e g A• k (2.5) 

i=I 

(a.::::::const) 

r,n.e q H k - TpexMepHbie HMilYJibCbi Me3oHa H cjJOTOHa COOTBeTCTBeHHO; £1 H 

£2 - noJJHb1e 3Heprnu 6apHoHa ,n.o H nocJie CTOJIKHoa0mrn; lf1 = k + E 1 -

noJIHaH 3HeprnH; (NI~ H:g IN> Haxo,n.HTCH c ·110MOW.hIO H3BeCTHhIX noJJHOCThIO 
I • 

CHMMeTpHl!H~IX cpyHKUHH ( 56)-nJJeTa. 

Pe3yJibT3Tbl pac1.1eTOB (J. BMecTe C 3KCnepHMeHTaJibHbIMH ,n.aHHb!MH caeneHbl 

B Ta6JIHUY [I]. 
TTpu pactJ:eTe a. ,ll.JJH k-Me30HOB B cpopMyJie (2.4) p. 6bIJJO noJiomeHo paa

HhIM Macce k-Me30Ha, a ,ll.JISI 7t-Me30HOB 6bIJIO B3SITO ·paBHb!M Macce .. -Me30Ha • 

• Mb! 3tteCb BCIOttY He OCTaHaBJJHBaeMCll Ha BOJJHOBblX ¢yHKUHllX 6apHOHOB H Me30HOB 
B MOt{eJJH KBapKOB, TaK KaK OHH no/lp06HO onl!CblBalOTCll B .1eKUHllX TaBXeJJH)l3e H UHTH· 
POBaHHOH B STHX JJeKUHllX JJHTepaType. 

Q 
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TToporoBhre ceqemrn q>oTopo}K.n.emrn 'lto H k0-Me3oHOB B HaUieir MOJJ.eJm 

paBHbl HYJIIO. E)l.HHCTBeHHOe H3MepeHHOe H3 3THX cetJeHHH a ('r + p - n + 7tO) 
np11MepHo B 50 pa3 MeHbI.IIe a (1 + p - n + r.+). 

PeaKUHH I 
K0He1rnoe I a -1030 c,112,a . 10311 c,112 
C0CT0.HHHe Teop 9KCD 

1+P 
I it+n 17 15,0 ± 0,5 

2 N* + ++lt 14 16 ± 1 

N*it+ _!_ 14 ,2 3 • 0 

" 9 lt- + p 

4 N*it0 
+' 0 

5 AK+ 0,5 0,5 ± 0,05 

6 >:o K+ 1 
~0,1 

;;...J 27 0,5 

7 )'* K+ 
;;...JO 0 

"t +h 
8 lt-p 17 20 ± I 
9 ~-K+ 0,3 

10 ~'.'.'._ /(+ 0,26 

KaK BH)l.HO H3 Ta6JII-!Ubl, corJiaCHe C 3KCnepHMeHT0M 3HatJHTeJibHO JIYtJUie, 

tJeM MO}KH0 6bIJIO 6b! 0}KH)],aTb. B tJaCTHOCTH, MO)],eJib o6MICHHeT Ha6JIIO)],aB

UilleCH B 3KCnepHMeHTe [6] pe3KHe pa3JIH'IJHH yrnOBbIX pacnpe)],eJieHHH B peaK-
\"O 

mrnx 1 + p - ..w + k+ 1-1 1 + p - A + k+ (6oJibUiaH S-BOJIHa B kA-cocToH-

mm) H B BeJIHtJHHax cetJeHHH 1 + p - N:+ + r.- 1-1 1 + p - N: + r.+. 3Ha
tJ11TeJibHbri1 HHTepec npe.n.cTaBJIHeT no.n.po6HaH 3Kcnep1-1MeHTaJibHaH npoBepKa 

COOTHOUieHirn Me.iKJI.Y KBa)l.paTaMH MaTpHtJHb!X 3JieMeHTOB peaKUHH q>OTOpO)K· 
)],eHHH k-Me30HOB. 

I <H > 12 • 1 (H ) 2 • I (H > 12 . I (H > 12 3 . I . I . 8 
cg • • cg 6 I • eg 9 • i e{!. 10 I = 2 · T8 · g • g • 

3TO OTHOUieH1-1e He 3aBl!CHT OT CB060.UHbIX napaMeTpOB TeopmI g H p.. no.TJy

qeHHbie BbIUie COOTHOllleHHH He BbITeI<a!OT 1-13 SU (6)-cmvIMeTpHH, 6oJiee Toro, 

ceqemrn qioTOpo}Knemrn k H .:-Me30HOB He yK.1a)l.bIBaIOTCH )l.a)Ke B SU (3)· 
cxeMy (cetJeHirn qJOTOpO,K!l,eHHH k-Me30HOB 3HaGHTeJibHO MeHbUie). O,!1.HaKO 

)J,OnOJIHHH SU (6)-CHl\l:\leTpH!O HeKOTOpb!MH ,!1.pyrHMH MO)],eJibHbIMH npe,11.noJIO· 

meH!IHMH, HeKOT0pb!C 1-13 HalllHX COOTHOUieHl!H noJiytJHTb MO}KHO. B 3TOll 

CBH3H n0.QtJep1rneM, 'IJT0 B Harneii M0,!l.e.TJH CBH3bIBaeTCH 3HatJHTeJibHO 6oJiee 

UI!IpOKHli Kpyr HBJieHl!li, tJeM B n0,!1.X0,!l.e, OCHOBaHHOM Ha Bb!CUIHX CHMMeTpHHX, 

B qac7HOCTH, tJepe3 0,!I.HH napaMeTp ( : ) Bb!pa:»<aIOTCH He TOJibK0 ceqeHJ-151 

qioropom.n.emrn, HO H Me30HHbie pacna)],bl 6apHOHHblX H Me30HHb!X pe3oHaHCOB, 

a TaKme pacna)l.bI rnna B* - B + M + 1 HJIH M* -M + M' + 1, r,u.e B, 
B* - 6ap1-10Hh1, a M*, M, M' - Me30HbI. 
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HHTepecHo oTMeTHTh, qTo (2.5) .n:aeT KaK pa3 TOT 6oJihUIOtt BKJia,n: B sJieK

TpHqec,we )I.HIIOJlbHOe nor JIOilleHHe HYKJIOHa £I, KOTOpblH He MO)KeT. 6h!Tb yqTeH 

npaBOH qaCThlO npaBHJia cyMM cr_1(£l), eCJIH ·ee paccqHTbIBaTb no MO)l.eJIH 
1pex ToqeqHblX KBapKOB. 

3. O6cy)l{)l.eHHe M0)l.eJIH 

BbIUie 6hl.'IO noKa3aHo, qTQ Mo)l.eJib ToqeqHblX KBapKOB rrpHBO.IJ.HT K rrpoTHBo

peqmo C rrpaBHJiaMH cyMM. 3TO npoTHBOpeqHe )I.OBOJ!bHO ecTeCTBeHHO pa3pe

waeTC5I BBe.IJ.eHHeM co6cTBeHHOro Me30HHoro IIOJl5I KBapKOB. TTpH 3TOM KBapKOBaH 

MO.IJ.eJlb npeTepneBaeT cyIUeCTBeHHble H3MeHeHH5I. 3JieKTpOMarHHTHble pa3Mepbl 

HYKJ!OHa B HOBOH MO.IJ.eJIH o6yCJIOBJieHbl, r JiaBHblM o6pa30M, Me30HHblM IIOJieM 

KBapKOB, a He OTHOCHTeJibHblM .Il.BH)KeHHeM KBapKOB. OTHOCHTeJibHOe )I.BH)KeHHe 

KBapKOB CB5I3aHo C MaCUITa6aMH nop5!.IJ.Ka HJIH MeHbllle HyKJIOHHOH KOMIITOHOB

CKOH .IJ.JIHHbl BOJ!Hbl. B3aHMO.IJ.ettCTBHe Me30HOB C KB3pi<aMH MO)KHO paccMaTpH

BaTb no TeOpHH B03MyIII,eHH~. B CB5I3H C 3THM B03HHKaeT Bonpoc, He H3MeH.HTC.H 

JIH Te OCHOBHbie rrpe.IJ.CKa3aHH5I MO.IJ.eJIH TOqeqHblX KBapKOB, H3-3a K0TOpbIX nOH5ITHe 

«KBapK» noJiyqnJIO HeKOTopoe rrpH3H3HHe ( B qaCTHOCTH, rrpe.n:cKa3aHHe ;:(JI5! 

P- ) 0THOUieHH5I MarHHTHblX MOMeHTOB npoTOHa u HefnpoHa -.£ = -3/2 . 
1-'-n 

Hau6oJiee y6e.IJ.HTeJibHbie apryMeHThI B rroJib3Y ToqeqHott KBapKoBoif Mo,n:eJin 

CB.H3aHbl C 3JieKTPOM3rHHTHblMH xapaKTepHCTHKaMH qaCTHU (MarHHTHbie MOMeHTbl, 

pacna)I.Hble WHpHHbl H T. n.). a B OCHOBe 3THX apryMeHTOB Jie)KHT npe.IJ.IIOJIO)Ke

HHe, qTQ MarHHTHblH MOMeHT KBapKa rrporropunoHaJieH ero 3ap51,n:y. B HaUiei'I 

M0.IJ.eJIH MarHHTHbIH MOMeHT KBapKa o6ycJIOBJieH co6cTBeHHblM Me30HHb!M noJieM 

KBapKa, T. e. 5!BJI5IeTC5I noqTH ueJIHKOM aH0MaJibHblM. O.IJ.HaKO ecJIH Mb! npHMeM 

o6bI'lHoe rrpe.n:noJio)KeHne, 'ITO orrepaTOp sJieKTpH'leCKoro ToKa o6Jia.n.aeT SU (3)-
TpaHccpopMaUHOHHhIMH CBOHCTBalVIH T~-KOMnOHeHTbl 6ecUinypoaoro TeH3opa, 
TO nponopunoHaJibH0CTb aH0MaJibH0ro MarHHTHOro M0MeHTa KBapKa era 3ap5I,n:y 

Jierno )I.0Ka3aTb. B CaMOM .IJ.eJie, )I.HaroHaJibHblH MarHHTHblH M0MeHT JII06oro 

MYJihTHnJieTa SU (3) .n.aeTC5I Bblpa)KeHHeM (CM., HanpHMep, [8]) 

p.=bQ+c[u(u+ 1)---{--Q2 +-½-c~31
]. (3.I) 

r.n:e U - o6hI'lHhltt U-cnuH, Q - 3ap5I.n., a C~31 
- Kaa.n:parn'lHhii'I Ka3HMnpon~KHH 

onepaTOp. 

TTo.IJ.CTaBJI5I5! cnpaae)I.JIHBble .IJ.JI5I KBapK0B C00TH0WeHH5! u = +- ~ . 
! ct3> = 4/9, noJiy'laeM HCK0MYIO nponopunoHaJibH0CTb M3rHHTHoro. M0MeHTa 

33p5!.IJ.y. TeM caMblM npe.IJ.CKa3aHH5I 9JieKTp0M3rHHTHbIX xapaKTepHCTHK qacTHU, 

IT0Jiy'leHHble B M0.IJ.eJIH T0'le'lHblX KBapK0B, coxpaHHIOT CB0IO CHJIY Ii B HOBOH 

M0.IJ.e.'IH. 5oJiee TOro, B M0)l.eJIH <pH3H'leCKHX KBapK0B HeT rrpOTHBope1m5I, CBS133H

H0ro C He06XO)I.HMOCTblO HMeTb KBapK C 60Jib[UHM H0pM3JlbHblM M3rHHTHblM 

M0MeHT0M npu orpoMHoif Macce. ,IlaJiee TPY.IJ.H0CTb, orMe'leHHa.H 6eroM, JIH 
H TTaikoM [8], o rrpornaope1mu pe3yJihTaTa p.p/fl-n = -3/2 JIOKaJibHOH TeopHH 
n0JI5I C MHHHM3JlbHb!M 9JieKTp0MarHHTHb!M B33HMO.IJ.eikTBHeM T0)Ke CHHMaeTC5I, 

n0CK0JlbKY HYKJI0H Terrepb paccMaTpHB3eTC5! KaI< C0CT3BHa5I 'l3CTHUa, a Kalli)J.351 
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113 COCTaBJUIIOW.HX ttaCTHU (KBapKOB) HMeeT aHOMaJibHblH MOMeHT, 3aBHCSHUHH 

OT; KOHCTaHTbl CBH3H. He3aBHCHMGCTb OTHOUieHHH f1p/f1n OT KOHCTaHTbl CBH3H 

o"6yc:noa:Jie;lta _OTMetteHHOH BbIUie nponopu110HaJibHOCTb!O aHoMaJibHOro MarHHT

HOro MoMeHTa KBapJ{a ero 3apH.ny. KaK OTMettaJiocb Bbnne, Mo.neJib npe.ncKa3bIBaeT 

11 o6bHCHHeT )J_OBOJlbHO llIHpOKHH Kpyr HBJieHHH. BMeCTe c TeM MO)J,eJib, KOHettHO, 

He HBJIHeTCH pa3pa6oTaHHOH B TOM CMbICJie, tITO B03HHKaeT MHOro BOnpocoB, 

Ha KOTOpble y Hae noKa HeT OTBeTa. Opem.ne Bcero He HCHO, notteMy KBapKH 

coxpaHHIOT CBOIO HH)J,HBHJJ.yaJibHOCTb B HYKJIOHe, Kor.na HX Me30HHble «Uiy6bI» 

TaK CHJibHO nepeKpb!Ba!OTCH. Bo3MO,KHO, tITO oTBeT Ha 3TOT BOnpoc Ha.no HCKaTb 

B MaJIOCTH KOHCTaHTbl CBH3H g, T. e. Me30HHOe noJie onpe.neJIHeT TOJibKO nepH

¢epmo HYKJIOHa, HO nottrn He BJIHHeT Ha ero cpyHJI.aMeHTaJibHYIO cTpyKTypy, 

HHatte roaopH, OHO HrpaeT pOJib, aHaJIOrHtIHYIO pOJIH KYJIOHOBa IlOJIH B JierKHX 

H.npax. XoTeJIOCb 6b! HMeTb KOJIHttecTBeHHOe ocpopMJieHHe 3THX coo6pa,KeHHH. 

LlaJiee, B MO)J,eJIH B03HHKa!OT 3HatIHTeJibHbJ<e Heonpe)l.eJieHHOCTH, Kor.na ttaCTHUa, 

11cnycKa!OW.aH Me30H, )I.BH,KeTCH peJIHTHBHCTCKH*. np11 3TOM B03HHKaeT npo6-

JieMa npeo6pa3oBaHHH HaUiero CTarntteCKOro raMHJlbTOHHaHa (2.1) B )J,BH)Ky

lllYIOCH CHCTeMy KOOp)I.HHaT, He roaopH y)Ke O 6oJiee cpyH.naMeHTaJlbHOH npo6JieMe 

onttcaHHH CBH3aHHOro COCTOHHHH. 

3TH TPY.11.HOCTH oco6eHHO Hal'JIH,!1.HO npOHBJIHIOTCH, eCJIH paCCMOTpHM pacna.n 

p-+ 'It + 'It. PactteT llIHpHHbl 3TOro pacna.na Ha OCHOBe MO)l.eJIH (2.1) .naeT pa3yMHblH 

nopH)J.OK BeJIHtIHHbl. O)1.HaKo MaTpHttHblH 3JieMeHT 3aBHCHT OT MaCCbl p-Me30Ha, 

H B03HHKaeT Bonpoc, )I.OJI)l{Hbl JIH Mb! IlO)J_CTaBJIHTb HCTHHHYIO Macey p-Me3oHa 

HJIH y.naoeHHYIO Macey 1t-Me3oHa. KpoMe Toro, B TaKOM pactteTe Mb! Hepaattonpaa

Ho paccMaTpHaaeM o6a -..-Me3oHa: OJI.HH paccMaTp11aaeTCH KaK BHewHee noJie, a 

JI.pyroii-KaK COCTaBHaH qacrnua. TaKoe paCCMOTpeHHe .nonyCTHMO, ecJIH HMeeTCH 

ycJIOBHe COBMeCTHOCTH (pe3yJibTaT paccMOTpemrn He )J,OJI)KeH 3aBHCeTb OT cnoco-

6a paCCMOTpeHHH). K CO)KaJieHHIO, TaKoro ycJIOBHH B HarueM pacnopH)KeHHH HeT. 

TaKHM o6pa30M, HeCMOTpH Ha onpe)l.eJieHHb!H ycnex M0,!1.eJib Hy)K)J,aeTCH 

B cepbe3HOH .naJibHefiweA paspa6oTKe. 

AaTOp 6Jiaro.napeH C. 5. repacnMoBy sa noMOlllh npH Han11caHHH nepaoro 

pa3)1.eJia H MHOf0tIHCJieHHbie o6cy)K.QeHHH saTpOHYTbIX B JieKUHH BOnpocoB. 

* PeJlllTHBHCTCKlle M0JJ.eJJll KBapK0B no.1y'IHJIH pa3BHTHe B pa60TaX H. H. 6oromo6osa, 
A. H. TasxeJrnnse H 11x coTpyJJ.HHK0B [5). 
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-f!::>011eo·c1,1 t:p_UA()lOcpUU. 1,/10, ff1'f1. 

0 npooneMe 3H011HMOCTM 

B cbH3HKe 

A. M. 6AMHH 

! 

IlpooJTeMbI 3Ha·tJHJMOCTH B. ec-recrBo3HaHHH, npo6.'leMbI cpaBHHre,lbHO
ro ueH•HOCTHOro 'aHaJIH3a B3.iK'HQCTH TeX HJIH HHb!X HaytIHblX HCCJieri:oBaHHH 
H Ha·npaBJieHHH ·.3.aHH·M3!0T B qrnJI·ococp,c,KOH JIHTepaType B IIOCJieri:Hee Bpe

MH o.nHo H-3 ueHTpaJihHblX MeCT. Ilo 3TO•MY IIOBO.LI.Y BbICK33bIBaeTCH .!10· 

BOJlbHO MHOro .IlHCKYCCHOH·HbIX,. ·nponiB01petIHBblX, a qacro H .!lOBOJ!bHO He
on1pe,u.eJ1eHHbIX, pacIIJibIBtiaTbIX C)':tKJJ.eHijH. Bee 3TO OO'bHCHHeTCH HOBH3HOH 

H aKryaJibHOCTb!O, yKa33.HHblX rrpo6JieM. AKryaJibHOCTb HCC,1e;tOB31HHH ueH

HOCTHbIX aoneKTOB ecTeC'PB03H3'HHH B 60JibllIOH CTeIIeHH o·6ycJIOBJieHa IIO· 
Tpe6Ho-CTHMH · npaKTHKH •IIJiaHHp-osaHHH, o,praHH3aUHH H nporH03HposaHHH 

HayKH,. nor,pe6HOCT.HMH, CBH3aHHblMH C 3KOJIOrHtieCKH'M KpH3HCOM H 6ypHbE\1 
pocroM · 061>eMa Hayirnoi! HHcpopMaUHH. CpaBHHTe-'.Jb•Ho-ueHHOCTHbIH aHaJIH3 

pa3JIHtIHbIX H aytIHblX Ha'llp 3BJieirniI H pa3.ne.110B HCCJie.noBaTeJibCKHX npor
paMM B HaCTOHlll,ee BpeMH HBJIHeTCH H·eOT'beMJieMbIM . 3JieMeHTOM H3Y4HOH 

ll,eHTeJibHOCTH. Ilpa·KTHtieCKOe peweHHe 3THX -npo6JieM IlOJIYtIHJIO HaCTOJlbKO 
cHJibHoe· pa3BHTJ:ie, qro 6oJiee no.n,po6Hoe ero H3ytiem1e, KaK HaM npencras

JIHercH, MO.iKeT. CHHTb 3H3tIHTeJJbHOe KOJJH'-leCTBO He;:i:opa3yMeHHH, BCTpet.JalO

lll.~XCH "B qJHJJOCOqJCKHX aHaJJH3aX ueHHOCTHblX acrieKTOB ecTeCTB031Hamrn. 

K qi-fcJiy raKHX He.u.opa3yMeHHH· MbI OTHO~HM, Han·pnMep, raK Ha3bIBaeMy!O 
n,po6JietMy «JIH.!lepa ·Hay,KH», «cpH3HKaJIH33UHH» H «6HOJIOrH3aUHH» ecTeC.TBO· 

3·HaHHH,' BbICKa3bIBaeMble )"TBep:tK,lleHHH THna «BoJiee o6lll,aH KareropHH ue
JIH, co.nep.iKalll,aH TpaKTOB'KY ueHHOCTH, OTBeprnyra cpH3HKaJiH3,MOM H ocra· 

eTC:51 BHe paMOK MaTeMaTHKH» 1, «.llJIH II0.1,,'IHH'HO eIIHHOH HayKH HeT HYiK.!lbl 

npH oueHKe JllOOblX CBOHX K0,1,'IH3HH n,p116eraTb K ap6Hrpa)!<y KaKOH·JIH6o 
HHCTaHUHH, Jle.iKalll,eH 3a ee npe!leJiaMH» 2, «3HaHHe, He ·HaXO.!lH!llee np11:-.1e

HeHHH, He 0-6Jianaer aKTyaJibHOH ueHHOCTb!O» 3, Bbl.!l•BHraeMbiil HeKOTOpbntH 

aBTOipaMH IipHHUHTI «CaMOUeH;HOCTH IMbllliJieHHH», 33KJl!OtieHH51 «O He.:I.ony
CT.HMOCTH oueHKH C IIOJIHTHtieCKOi! HJIH MopaJibHOH TOtieK 3peHHH HaytIHblX 
.reopHiI KaK H,MeHHO HaytIHbIX» 4 H r. II.. 

Onpe;ieJieHHe 3,HatIIL\10CTH HaytIHblX HanpaBJieHHH, HanpHMep, npH pa3-

pa6or'Ke nporpaMM · HccJ1e.nosa1HI;IH B KpynHe1iurnx u.eHrpax no HCCJie.nosa

HH!O B 06.1acrn qJH3HKH BbICOKHX 9HeprHH H cpH3HKH aroMHO•ro H!!Jpa, npe.n

c'I'aBJIHeT, C Hawei'I T04KH 3peHHH, HCKJll04HTeJJbHO 60JJbWOH lfHTepec. 4pe3-
BbltiaiiHaH aKryaJibH.OCTb cpaBHHTeJibHO•UeHHOC1'HOro aHaJIH3a HaytI•HblX Ha

npaBJieHHH 06yciros:1eHa pe3KO H3MeH11sw1n1cH 3a noc.1e1rnee n:ecHrnJieTHe 
xapaKTep01M H3}'tIHOH !IeHTe,'!b.HOCTH, B TOM 4HCJie H B qJH3HKe. lloJiytieHHe H 

o6o6meHHe 3Konepm,1eHTaJibHblX cpaKTOB, KOTOpble cymeCTBeHHO BbIBOIIHT 

38 paM-KH ycTaHOBJleHHb!X 33KOHOB np11,pO!lbl,- OCHOBHOH IIYTb pa3BHTHH 
cpyHll3MeHT3JlbHblX HayK. Ori:HaKO C pa3BHT1Ie~1 HayKH IIOJiyqem1e TaKHX 

I UeHHOCTHble acneKTbl cospeMel!Horo ecreCT303flaHIIH (reJl!Cbl l0KJlaA0B K reopern-
'!eCKOH KOH¢epeHUHH). O6HIIHCK, 1973, crp. 103. . 

2 Ta M lK e, CTp._29 . 
3 T a M l!( e, crp 30. 

. 4 Ta M iK e, crp. 68. 
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cpaKTOB cTaHOBHTCSI Bee 6oJiee H 6oJiee TiPY.ll.HOH Haytrno-TeXHHIIeCKOH 3a.n.a-
4eft. ,Il.a)l{e reHHaJJbHOH HHTYHUHH, He06blKHOBeHHOH H306peTaTeJihHOCTH H 

6eCKOHetIHOfO Tpy.noJJIOOHSI •He.noCTaTOl!HO .!IJISI IlOCTaHOBKH COBpeMeHHOfO 
3Kcne,p1iMeHTa B o6JJaCTH cpy,1rnaMeHTaJJbHOH cpH3HKH. Heo6XO.lH:-.!bl 3Hal!H· 

TeJJb.Hbie MaTepHaJibHbie cpe.n.cTBa, 00.'IbIIIaH IlOMOlllb ueJiblX KOJ1,1eKTH•BOB 

1-iH)l{eHepoB, TeXHHKOB, pa60l!HX BblCIIIeH KBaJIHq:JHKaUHH. Heo6XO,ll.HMbl HO· 

Beiiume cpe,ncTBa nepepa6oTJm HHcpOpMaUHH - 3BM H npocMOTpOBO-H3Me

pHTeJibHble aBTOMaTHl!eCKHe yCTpOHCTBa. Heo6XO,U.HMO ytiacrHe npOMblIIIJieH

HblX npe.n·npHHTHH. C03.!IaHHe KpynHbIX HCC,'le.ll.OBaTeJib•CKHX ueHTpOB 01Ka3a

J10Cb HenOCHJlbHbIM ,U.JISI psi.na rocy.napcTB,. H Il03TOMY BO~HHK.1a Heo6xo.zrn

MOCTb B opraHH3aUHH Me)l{,nyHapO.!IHb!X HCCJie,ll.OBaTeJibCKHX ueHTpOB. 3TO 
rpe6yeT yqacTHSI B C03.namm ycTaHOBOK ,ll.JISI q:JH3HKOB·3KCilepm,reHTaTopoB 

He TOJibKO HH)KeHepoB, pa60l!HX H 3KOHOMHCTOB, HO H cneuHa~'lHCTOB B o,6.'!a

CTH Me)K.ll.yHapo.!1.Hb!X OTHOWeHHH. He CJJyl!aHHO. COBpe:v1eHHbie H·CC.'!e.lOBa

TtJ!bOKHe ueHTpbl cpH3H"KOB ·-Y,C,KOpHTeJIH -•Ha3b!Ba!OT IlHpa:.rn.laMH Harnero 

BpeMeHH. 0HH TaK )Ke, KaK H ernneTC'KHe nHpaMH.lbl, orpa,Ka!OT ypoBeHb 

pa3BHTHSI He TOJlbKO HayKH H TeXHHKH, HO H 3KOHOMHKH, IlOJIHTH'KH, ·K)'JlbTY· 

pbl 3'IlOXH. 
Tett.neHUHSI K HH.!IYCTpHaJJH3aUHH HayKH, K KOHCOJIH.ll.aUHH ycHJJHH npe.n

CTaBHTeJJeii pa3Hb!X CTpaH, Hapo,noB H cneuHaJJbHOCTeH He SIBJJ5IeTC5I oco-oeH
HOCTb!O TOJlbKO cpH3HKH 3JieMeHTapHblX qacTHU. 3ra TeHneHUH5I npoc.rre)l{H

Baercsi H B pa3BHTHH .l!Jpyrnx HayK. 06oe.nH•HeHHe ycH,'lHH O.lHOBp€1MeHIHO 
03Haqaer OO'be.!IHHeHHe HHTepecoB. rr:p11 3TOM CTOHMOCTb HCCJielIOBaHHH cTa

HOBHTCSI .nocrynHOH H .!I,'!SI ytieHblX MaJJblX crpaH. TaK, CTpaHbl 3ana.lHOH 

EBpOilbl o6oe.!IHHHJIH CBOH YCHJIHSI .!IJJ5I C03.!la,HH5I caMoro COBpeMeHHOro yc

KOpHre,%Horo ue-Hrpa (UEPH), •Il,PHl!eM Ha 3TOT ueH11p 6a3HpyercH 6oJJee 

150 yHJrnep,CHTeTOB H Hayl!HO·HCCJie.!IOBaTeJJbCKHX HHCTHTYTO•B, B KOTO,PblX 

rpy.lHTCSI 6oJJee no.'!OBHHbI Bcex cpH3HKOB 3ana!I.HOH EB.ponbI. AHaJJOrHl!HYIO 

pOJJb ,ll.JISI COUHaJJHCTHl!eCKHX CTpaH Bb!IlOJJH5!eT 06oe.nmieH,HblH HHCTHTYT 

sinepHblX liCCJJe.lOBaHH1i (r. ,Il.y6tta). 

CoBpeMeHHbiH HCC,'le.!IOBaTeJ1bCKHH ueHTp Bee 00,1bWe CTaHOBHTC5I 
IlOX•O)l{HM Ha 3aB0,11, no npOH3B0.lCTBy «'IlOJiycpa6pH1l<aTOB HHcpOpMaUHH». 

Ha KpY,IlHbIX ycraHOBKaX noJJyl!a!Or MHJIJJHOHbl cpoTOrpacpHii, Ha- KO

TOpblX 3acpHKCH,POBatHbl C.'le.Ltbl B3aHMO.IT.eHCTBlll1 llaCTHU Bb!COKHX 3HeprHH, 

JJHOO 3anHCH pe3y.1bTaTOB Ha MarHHTHY!O .rreHT)'. 3m noJJy<pa6pHKaTbl HH· 
cpop1MaU1JH paCCbIJJalOTCSI B YHHBepCHTeTbl H Hl1I1 MHOrHx.crpaH .!l,J15I nocJJe

.ll.Y!Oll.leH o6pa6orKH 1-1 H3B.'lelleHHSI cpH3Hl!eCKHX :pe3yJibTaTOB. Bo3HHK Jia)Ke 
cneUliaJlbHblil rep,MHH «cpH3HKa Ha ipaCCTOSIHl!H» .Ll.,'!5I 0003Hal!eHlrn HCCJJe.!lO· 

B3HHH, Be.Ltyll.lHXCSI Ha OCHOBe «noJJycpa6pHKaTa HHcpopMaUHH». 

B IlOC.'Ie.!I,HJle fO,ll.bl Il,POHCXO,!lHT 06'be.!1.HHem1e YCHJJHH yqeHbIX H H,H)!<e

Hepo•B KanHTaJJHCTHl!eCKHX H COUHaJJHCTHl!eCKHX crpaH. Ceilqac HMeeTCSI 

OilbIT COB'MecTHoro C03,.U3-HIHI KpynHblX HCCJJe.!1.oBareJJbCKHX YCTaHOBOK cpH3H
KaMH H 1-IH)Ke,ttepaiMH CCCP H Coe.n11HeHHbIX illraroa AMepHKH, CCCP H 

<l>paHUHH, CCCP H UEPH. Co3.na,Bae~lble ycraHOBKH .noJI)KHbI 06ecneq11-rnaTb 

MaCCOBOe npOH3B0,:J;CTBO BblCOKOKa4eCTBeHHOro «no.,ycpa6pHKara HH<pOpMa
UHH», KOTOpbIH Mor Obi IlOJJHOCTb!O Y.ll.OBJJeTBopHTb HHTe.peCbl acex yqacTHH

KOB o6'be!I,HHeHHOfO Haytrnoro HCCJJeJIOBaHJrn. nocKOJlbKY 3aK.1l0l!eHHe CO· 

OTBeTCTB)"IOllllfX corJJallleHHH rpe6yeT co6.'!IO.neHH5I HHTe,pecoB ueJJb!X crpaH, 

TO o,p,raHH3aUHSI COBpe:-.teH·HblX 3K•CnepHMeHroB 5IBJJSieTCH KOMnereHuHeH yq

pe)K.neHHH, oTBel!aIOll.lHX 3a rocyll.apc'!'BeHHYl-0 noJJHTHKy. 

J.13 H3JJO)KeHHOro SICHO, HaCKOJJbKO MHOroMepHbl!\1 CTaHOBHTCSI KpHrepm':J 
BbI6opa HaH•OOJJee B3)KHOro Hayl!Horo HanpaB.'leHHSI, C03!l3HHSI HOBOH ycra

HOBKH )l.JISI npoBe)l.eHHH 11HCTO cpyH.na.MeHTa.'lbHbJX IICCJ1e)l.oBaHHH. TT;peiK.le 

lleM C03)1,aBaTb np116op, CTOHMOCTb KOTOporo cpaBHH,Ma C OIO!I,)l{eTOM 

He6oJibWOro rocynapcrna, <pH3HKH .uomKHbl )l.OfOBO,PHTbCSI MeiK.ny COOOH 0 
TOM, B KaKOM 1-1anpaB.'leHHH lfCCJJe)l.OBa·HHH HaH60JJee BepOSITHO Il05IBJJeHHe 

3KcnepHMeHTaJ!bHblX cpaKTOB, cymecTBeHHO MeHSI!OlllHX npencTaBJJeHHH 0 

KapTHHe MHpa, HaH60JJee 3H3l!HTe.'lbHblX C TOl!KH 3peHHH B.HyT:peHHeii J!OrH-
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'KH pa3BHTHH HayKH. 3aTeM OHH .nomKHbl .noKa3aTb o6u..r.eeTBy He06XO!tH· 
MOeTb noJiyl!eHijH TaKoro ,copTa HHq>OpMaUHH. nocJie IlOJiylleHHH Heo6xo.nH· 

MOH no.n.nepm:KH BeTaeT Macca oprn_HH3aUHOHHb!X Bonpocos, H 3aTeM -

npo6.WMbl pacnpe.n:eJieHHH «noJiycf>a6pHKaTa H'Hq>OpMaUHH», so,npOCbl. aBTOp· 
cTBa, npHopHTeTa H T. Jl. Ha B•cex ypoBHHX 3TOH .neHTeJibHOCTH cyu..r.ecTBeHHbl 
see THllbl H ypomm ueHIH-oeTHblX acneKT·OB, B'KJI!Ol!aH COUHaJibHblH, HpaBCT· 

seHHhIH, ncHxoJiornqeoKHH. Hau6oJiee aam:HoH 5fB,1HeTcH npo6JieMa KpHTepu

es 3Hal!li'MOCTH H MeTO.!lHKH Bb16opa Mem:.!ly B03MOiK'HblMH sapttaHTaMH, JJ:JIH 

pernemrn KOTO,pOH H•eIIOJib3YIOTeH MHOfOl!HCJieHHb!e TeopeTHKO·HrpOBbie H 

HHq>opMaUHOHHbie KOHUeilUHH ueHHoern, reopHH npHHHTHH perneHHH H T. Jl. 
B UEPH s KaqeeTBe sam:Hettrnero KpHTepHH 3Ha4HMoern (nocJie KpHTe

,pHH q>yH.naMeHTaJibHOCTH rpe3yJibTaTa) npii:Htt:,la!OT 4HCJIO q>H3HKOB, KOTO· 

pb!e 6y.nyT opHeHTHpOBaTbCH Ha TOT H.'IH l-f.HOH npH6op, Ha TO HJIH HIHOe Ha· 
Y4HOe Ha·npas.1eHHe. 06yeJIOBJieHO 3TO OCHOBHOH ue.'lblO, CTOHUJ.eH nepe.a: 

UEPH,- pa3s11rneM HayKH H KYJihTYPhI CTpaH-y'lacTHmi HccJie.nosaHHH, 

l!HeJIO me q>H3HKOB HMeeT npHMOe OTJ-I,OllieHHe K ypoBHIO npeno.nasaHHH H HB· 

.rIHeTCH Ol!eHb CTa6HJibHblM napaMeTpOM ,n.'IH .naHHOro YHIIBepCHTeTa HJI1H ,n:aH-
HOM eTpaHbl. . 

He.nocTaTOlJHOCTb 3TOrO KpHTepHH Ol!eBH,U<Ha, IlOCKOJibKY OH He .naeT 

B03MOm:Hoern Y'-IHTbIBaTb HHepUHIO MbllliJieHHH Hayl!HblX pa60THHKOB H, Kpo

Me Toro, Il03BOJIH<er npH.naaaTb O)LHHaKO.BblH Bee eym:.neHHHM acex yqaCTHH· 

KOB COTPY.Ii:'HHl!eeTBa, TOr.na Ka,K .nap npe.n:BH,neHHH H HHTYHUHH -3TO CBOH· 

eTBa, KOTOpb1e ·npHCYlll.H ,1IOLl:HM .a:aneKO He B paBHOH CTeneHH. 
JI106oii H3 B03M0}1(HbIX H o6cy)l(.!leHHbIX KpHTepHeB HBJ1HeTCH HeilOJI· 

HblM H He,noCTaTOl!HblM, H HeH36e)KH0 BeTaeT npo6JieMa o60CHOBaHHH KJiac

CHq>l!KaUHH Hayl!HbIX HanpaBJieHHH no eHCTeMe KipHTepues. MHoroMepHbie 
)l{e KJiaeeHq>HKaUHH He .a:aIOT HeHOH opHeHTHipOBKH, HeHoro npe.neTaBJieHHH, 

Heo6X01lHMOrO .rtJIH npHHHTHH perneHHH, .LJ:JIH Bbll6Qpa. HaH60JibllIYIO ,n.paKTH· 

qecKyIO IlOJib3Y, Ha Harn B3rJIH.n, HMeJIO 6h! TaKoe onpe.neneHHe 3Hal!HMOCTH 
Hayl!Hb!X •Ha1npas.1eHHH, KOTOpoe Il03BOJIHJIO 6hi. pacnOJ10)1(HTb HX B BHJJ.e 

IIOCJie,nosaTeJibHOern B nopH!lKe y6brna10u..r.ei"i 3·Hal!HMOCTH. B KOHel!1H0M )Ke 

cl!eTe onpoMHoe 3•Hal!em1e HIMeJio. 6b1 aae.neHHe l!HeJioBoH MepbI. Ka1< or-Me· 

qaJI a 1932 ro,ny C. r. CTpyMHJIHH, «HayKa, Hal!HHaIOUJ.aHCH TaM, r.ne Mb! 

H:\ieeM .neJIO e Me:poil, BeCOM H Cl!eTOM, He y.noey;1rnJiaeb eu..r.e pa3pell!HTb 3a· 
,n:aqy .H3Me:peHHH 061>eKTHBHOH ueHHOCTH ]la)Ke eBOHX co6eTBeHHblX .noeTH· 

)KeHHH» 5• Heo6xo.nHMOeTb onpeneneHHH KOJIH'-!ecTBeHHOH Mepbl 3Hal!HMOeTH 
.n:aBHO Ha3pe.'!a, H eeiiqac Hayl!Hble pa60THHKH Bee pe)l(e H pem:e npoHBJIHIOT 
CKJIOJiHOCTb Be)l{JIHBO• no.n.nep)l<HBaTb IlOJIO)KeHHe, eornaeHo KOTopo1My ace 

Hay4Hble HanpaBJieHHH paBHbl. 0rnH6KH, .nonyu..r.eHHbie npH pa3pa6oTKe 11a

YllHbIX nporpaMM, MOryT CTOHTb (H ra1<0e y)l(e CJiyqaeTeH) KOJ10eca.1bHblX 

IIOTepb MaTepHaJibHblX H .110.n:eKHX peeypeoB. 

Mb! rosopHM 3n:eeb lIJIH onpe.neneH1HoeTH O lJHeTO q>yH.naMeHTaJibHblX 
uecne,n:oBaHHHX, .!lJIH KOTO.pblX ueJ1b H eHCTeMa UeHHOeTeH onpe,n:eneHbl KJiac
CHKa~rn ecTee1'803HaHHH -- C03,n:aHHe reo,pen1qeeKOH OeHOBbl, MH!HHMaJibHOH 

eHeTeMbl IlOHHTHH H yrnepn<,neHHH, H3 KOTOpblX JIOrHl!eeKH'M nyreM MO}l(HO 

no.,y'-!HTb BCe IlOHHTHH H YTBepn<.neHHH 9KcnepHMeHTa.ribHbIX HayK (KapTHHY 

MHpa). 0Teio.na CJ1e.nyeT He,papxHH' 3Hal!HMOCTH no.riy'leHHblX cpyH,naMeH

raJibHblX pe3yJibTaTOB - Ka Kora ypOBHH 3HaHHH KacaercH HOBbIH pe3yJib· 
Tar: o6UJ.HX npHHUH'IlOB cpH3HKH (CHMMeTpHH, npHHUHilbl HHBapua,HTHOeTH), 

3aKOHOB npHp0.'1.bl, MOD:eJief1 - HJIH )Ke eBH3aH C COCTaBJieHHeM Ta6JIHUbl 3Ke

nep1HMeHTa.'lbHblX .naHHblX. BMecre e TeM, BBHD:Y 60Jibll10H eJIO)l{HOCTH, KOMil· 

.1eKCHOCiH cospeMeHHbIX Hec.,e;i.oaaHHH npH oueHKe _3Hal!HMOCTH OT!leJibHhlX 

Hayl!HblX Har.1paBJieHHH Heo6xo.n:HMO rrpHMeHHTb KO Mn JI e KC K pH Tep He B, 

a K;pHrepHH Hayl!HOH 3Hal!HMOeTH, q>yH.naMeHTa.'!1:,1HOCTH eJie.nyer paecMaT

pHBaTb HapH.n:y co BCeMH OCTaJibHbIMH.· B npoTHBHOM CJiyqae ~BbIHCHeHHe 

UCTHHbl» ( q>H,10COq>CKHH, Te3He «BeHKaH HeTHHa ecrb 6Jiaro») MO)l(eT HarHe

CTH Henon.paBHMblH yu..r.ep6 OKpyx<aiou..r.eii ope.ne, 3KO•HOMHKe, lJeJIOBel!eCKOH 

5 C. f. CT p y :.i 11 .1 H H. K Meroao.1orn11 y'lera Hay'lHoro rpyaa. M., AH CCCP, 1932. 
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78 A. M .. 6A11AHH. 

Jllll!'HOCT}i, Me)l{.nyHapOJIHbllM OTHOUieHHHM, 3aTOipM03HTb pa3BHTHe npy.rHx 
Hanpa.BJieHHii .60JlblllOH Hayl!HOH 3Ha1IHMOCTH. 

l1HTepeceJJ o·nbIT aMep11KaHC·KHX 5'lle.ttblX no BBe,!leHHIO Mepbl 3Hal!HM0° 
cm. OH OTpa)l{aeT 11.ne10, HCnOJJb30BaHHyl() B BOeHHOM npo·rpaMMHpoBa•HHH 6• 

B aMepHKaHCKOH JlHTepaType B Kal!eCTBe YHHBeipcaJibHOro cpe.ncTBa nJJaHH
po•BaHHH BCeH Hay1rnoii .neHTeJib.HOCTH ClllA peKoMeH.nyeTcH MeTo.nHKa 
TTATTEPH. MeTOJlHKa TTATTEPH ocHoBaHa Ha npHHUHne .neJJeHHH cJio>K
Hoii n1po6.iJeMb1 Ha 6oJJee MeJIKHe non:npo6neMbI no Tex nop, noKa Ka)K.naH 
no.nn1po6J1eMa He CMO)l{eT 6b!Tb BCeCTOpO·HHe (pa3Hble KipHTepHH) II Ha!l.e)l{
HO ,KOJlH'leCTBeHHO oueHeHa 3KCnepTaMH (MeTOll 3KcnepTHb!X oueHOK). Xa
paKTep1Hb!M l!HCJJOM HBJJHeTCH K03cpcpHUHeHT 01'HOCHTeJibHOH Ba)l{HOCTH. CyM
Ma KOs-cpcpHUHeHTOB OTHOCHTeJJbHOH Ba)l{•HOCTH )I.Jlfl Ka)l{.!J.Oro ypOBHH Hepap· 
XHH n!pHHHMaeTCH paBHOH enHHHue. MeTO!l.HKa B03HHKJia B ,peayJibTaTe aHa
JIH3a. HaH60JJee Tpy.nHoro Mecra a nJ1aH11poBaH1111-1paa,pbIBa Me)l{.ny cTpare
rHl!eCKHMH TIJiaHaMH H MexaHH3MOM HX MaTepHaJibHO-TeXHH1tecKoro o6ecne
lJeHHH, HJIH, HHal!e roBOpH, npOTHBOpel!HH Me)l{.ny pOCTOM HOBblX noTpe6HO
CTeH H .noTeHUH8Jlb-HblX TeXHHl!eCKHX B03MO)l{HOCTeii HX y.noBJJeTBopeHHH H 
6ciJiee Me)lJieHHblM yaeJIHl!eHHeM ~KOHOMHl!eCKHX B03·MO)l{HOCTeH. Dpo,6JJeMa 

. oipratHH3aUHH COTHH TblCH'I y11eHb!X H HCCJJe.noBaTeJieH, noCTaHOIJ.Ka .nm1 HHX 
3a,ual!H Ha 15-20 JJeT snepe.n .!J.JIH 06ecne11eHHH nocra,BJieHHbIX ueJieH c pac
n1peneneH11eM HecKOJibKHX MJ:IJIJIHap.noB .!lOJJJiapoa noTpe6oBaJIH 011eHb rma-
TeJJbHOH pa3pa60'f!KH KpHTepHeB 3Ha'l!H'MOCTH. . 

6JJH3-KaH no 11.nee MeTo.nHKa 6b!Jla n1pHMeHeHa aMepHKaHCKHMH qJH3HKa
MH npH pa31pa60TKe •HaUHOHaJJbHOH nporpaMMbl no qJH3HKe. OcHOBHOe BHH· 
M8HHe y.neJJHJIOCb paapaooTKe Cli'CTeMbl KPHTepHeB 3H811HMOCTH. 3aTe'M 
HaUHOH8JlbHaH nporpaMMa no qlH3HKe 6bJJia paa6HTa Ha 3JieMeHTbI, KO•TO
iPble MO)l{HO c·paBHHB8Tb B paMKax 3TOH CHCTeMbl KipHTepHeB. CHCTeMa KpH· 
TeipHeB COCTOHJJa 113 T,pex rpynn: BllY'rpeHHHH 3Hal!HMOCTb, B•HeUIHHH 31Ha11il
MOCTb H CTPYKTypHaH 3Ha1lHMOCTb. 8HyTpeHHH51 3H04HMOCTb onpe.nensteTCH 
aepOHTHOCTb!O o6Haipy)l{eHHH npHHUHnHaJlb!HO HOBb!X 3aKDHOMepHOCTeH 
(K,pHTepHli cpyttna,MeHTaJibHOCTH), noTeHUHaJlbHOH B03MO)l{·HOCTb!O .nJIH UlH
poKHX o6o6meHHH, roTOBHOCTb!O Hayl!HOro HanpaBJieHHH K ero neTaJib'HOH 
1pa3pa60TKe, a TaK>Ke conep)l{HT yl!eT cMeIUeHHR HHT~pecoB Be.nym11x y4e
HbIX B CTOpOHY TOro HJl,H HHOro 3JJeMeHTa nporpaMMbl. 

BHelllHHH 3Ha1lHMOCTb onp•e.neJH1•eTCH no TaKHM KpHTepHHM, KaK. BJIHR
HHe ·•Ha 1pa3BHTHe n,pyrnx HayK (BKJJI040R He TOJibKO BJIHHHHe caMHX peaynb-
1'8TOB, HO 3'KCnepHMeHTaJibHOH TeX.Hli'KH, MeTOllHKH), BJIHRHHe Ha TeXHHKY, 

· TexHonormo, HH>KeHep•Hoe neno, Me.nHUHHY, npeno.naaaHHe, a Ta.K>Ke no Ta
KHM. KaK B03MO)KHOCTH peUieHHH couHaJibHb!X npo6JieM, B03tMO>KHOCTH He
M~JlJieHHblX (3KOHOMH1lec11rn oueHJIBaelYlblX) npHJIO)l{eHliH, poCT HaUHOHaJlb
HOro npecrn:ma, pa3BHTHe Me)l{.!lyHapo.nttoro coTpy.nH1111ecTBa. 

CTpyKTypHaR 3HaqHMOCTb O•npe.neJIHe'I'CH no raKH·M KpHTepHHM, KaK scp
cpeKTHB'HOCTb HDTIOJib30BaHHH HMe!OUlHXCR B naHHOH 06JlaC'rH pecy,pcoB (Ma
Tep H8Jlb•Hb!X II JIIO.nCKHX), B Ka KOH CTeneHJI nm1 pa3pa60'rKH n.atrnorb 3Jie
MeHTa nporpaMMbl 1Heo•6xo.nH1Mbl TI:PHHUJITIJiaJibHO HOBb!e Me'l'O.nhl, rtpli60pbi H 
cneUH8JlbHOCTH, B K8KOH CTeneHH pa3BJITHe .naH•Horo 3JleMeHTa nporpaMMbl 
Heo6xonm,10 nnH no.n..ne.p)KaHH.fl rottyca onpe.neneHHoi'J o6naCTH· Ha)'KH. 

nptt np,rneHeHHH KpHTepneB oco6oe 3Hal!eHHe npHo6peTaer Bee Ka>K
.noro H3 HHX. DepBoit H BTO,poii rpynne 6bI.1 npHCBOeH o.n11HaK08blit aec, a 
TpeTbeH (cTpyKryp·HaH 3H84HMOCTb) -ontta TpeTb O'r nepBblX. TPe'rbH rpyn
na oueHJiBaeT HaH6onee 6blCTpo MeH.fllOlllYIOCSI BO B,peMeHH 118C'rb O'I'HOCH
TeJJbHOJi 3H84HMOCTH. Dpouenypa riO.!J.Cl!eTa 3H84HMOCTH CTOHJia B 6aJI.IJb
HOH oueHKe (oT 0 no 10 6annoa) Ka)Knoro 3JieMeHTa nporpaMMbI no 
Ka>K.!lOMY H3 ypaBHoBeUieHHbIX Kp11rep11eB. HaH6onee Ba)l{Hbrn 1pe3YJibTa· 
TOM, .neMOHCTiJ)Hpy!OIUHM np11e·MJieMOCTb nonxo.na, H•BJIHeTCH HCK.'IIOl!IITeJibHO 

. 
6 CM., HanpnMep, IO. B. Ka Taco H .o a. CWA: aoenHoe nporpaMMHpoea1rne. M., 

«HayKa», 1972; M. M. JI onyx II H. «nA'I'TEPH» - MeTOll. nJ1aH11posamrn n nporu0311po
BBHHH Hayqm,1x pa60T. M., H3J].•BO «CoBeTCKOe pa.a.Ho>; 1972. 
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o nPo6nEME · 3HA'-iHMol::nt B <l>H3HKE 79 

HeOOJJbllIOH ·,p·a36poc a oueHKax, HeCMOTJ)H ifa TO, IJ:TO a ro'JIOCOBaHHH ytiaCT· 
B0B8JIO OKOJIO .!lBYXCOT orreuHaJIHCTOB C8Mb!X pa3JIH'IIHb!X o6JiaCTeH <ptt,3H'KH • 

B pe3yJibTaTe y,n:aJIOCb rrpttHTH K cornaweHHIO o pacrroJiomemiH acex ocHOB· 
Hb!X '3JieMeHTOB (69 rryHKTOB) HaUHOHaJibHOH rrporpaMMbl CillA rio <pH3HKe 

B nopH.!l•Ke y6b1,Ba10r.uefI 3H8'11HMOCTH. 
PacrroJIO)KeHHe KpHreptteB 3H8'11HMO-CTH OT.!le,'lbHO no -nepBOH H BTOpOH 

rpyn,rre .!l·OBOJibHO pe:3'Ko .ne.1HT 3JJeMeHTbl nporpa.\!Mbl Ha. HMeIOr.uHe 60JJb· 
rnee H MeHbIIJee rrpaKTH'lleCKOe 'H COOTBeTCTBeH•Ho 'l'HCTO Hay1rnoe 3HatieHHe. 

B To 11<e apeMH ,pa3,n:eJ1eHtte Ha <t>Y•H,.!laMeHraJibHYIO H npttKJia.LtHYIO <pH3HKY 
HBJIHeTCfl HerrpaBOMepHbIM, H6o K8:>Kllb!H pa3,n:e.11 H'MeeT H ry H lliPY,ryIO 3,Ia· 
'IIHMO-CTH. no BTOpOH rpy,nrre K,pttTe,pttea· Ha. riepBbie Meer a Bb!XOJJ:HT TaKHe 

. 3JleMeHTbl, KaK .'!a3epb! H Ma3epb!, KBaHTOBaH OIITHKa, flJJ:epHaH orreKTpOCKO· 

IIHH, repMOH,n:epHb!e HCCJ1e.rwaa1HHH, a pa311e.11b1, OTHOCflI.UHeCH K <pH3HKe 3.'Je
MeHTapHblX '118CTHU, 3aHHMaIOT copOKOBbie •MeCTa. Terna KaK ITO nepBOH 
r.pyirrrre KPHTeptteB rrepsbre IIHTb MeCT 3a1HHM8IOT ,pa3,a:eJibl ·nporpaMMbl, OT· 

HOCHI.UHeCH K q)H3HKe 3JJeMeHrapHb!X -qacrnu; a rroc.11eny10r.utte tieTblpe pa3-
,ne.11a 38HH'MaeT aCTpO·q)H3HKa H, TOJlbKO H8'11HHaH C .necHTOro MeCTa, IIOHBJJH· 

IOTCH pa3.!leJibl, C·BH38HHb!e C J1a3'epaMH' H :\Ia3epa;;m, 

Haw6oJJbllIHH HHTepec rr:pe.n:craa.rrneT paorroJro11<eHtte rro o6be.lHHeHHOMY 
KpttrepHIO 3H8'11HrMOCTH. B 3TOM cimcKe nepaoe H rpeTbe MeCTa npHHa,n,'le

:>KaT .11a3epa'M H Ma3epaM H nHTb H3 BOCbMH rrepabIX MeCT - <pH3HKe 3JieMeH
TapHbIX '118CTHU. Xa·paKTep·HO, 'IITO ·HeKOTOpble pa3!(eJibl q)H3H,KH 3Jie;-.rnHrap~ 

Hb!X '113CTHU B 3TOM CIIHCKe OK838JIHCb B ce,pe.UHHe 11 .ua:>Ke B KOHUe, TO )!{e 
Ka:caeTCH H Jia3epHOH npo6JJeMaTHKH, q)H3H,KH KOH.!lelioCHpOBaHHb!X 'cpe.u, 

R.UepHofI £Ptt3HKH. 3ro HBJJHercH Hp Koff HJIJJI:OCTpauttefI Toro, tiro - rrpHHa!i.· 
.i!e:>KHOCTb HaytIHoro Ha•rr:paBJTeHHfl K TOH HJJH H'HOH 06.1acTH HayKH He onpe

::i:e.11HeT ero 3H8''11HMOCTH. H1-ratie roaopfl, rrptt 'IIO.!lXOlle K oueHKe pa3JIH'IIHb!X 

·H8YlfHb!X Ha•rrpaaJJeHHH C. TO'IIKH 3peHHH pacnmpeHHoro IIOHHTHH 3H8'11H,'\10CTH 

(a K8K Mb! BH.!leJ!ff; 3TOT IIOll.XOll y11<e BXO.UHT B rr,paKTHKY' cpyH11aMeHT8Jlb· 
Hb!X HCCJie.n:oaaHHH) He B03·HHKaer npHBHJierHpo,BaHHb!X . 06.11acTeH HayKir 

(caMH co6oii Hctie3aIOT rrpo6Jie~n,r «cptt3HKaJJtt3atittH» H «6HOJJOrH3aUHH», 

rr,po6.11e.\rn J!Hllepa ao-o6r.ue). PacII111peHHOe IIOHHTHe 3Ha 1IHMOCTH B HayKe 
HBJJHeTCH HeH36e)l{HbIM H OtieHb B8)1{Hb!M HH·CTpyMeHTO'M riipH Bb!pa6oTKe on

THM8JlbHOH CT:parerntt, 6e3 KOTOpOH HeMb1'CJIH'.\fbl coa·peMeH•Hb!e cpyH.!l8MeH
TaJJb!Hbie HCCJie.n:oaaHHfl, T,pe6y10r.utte ytiaCTHH 00,'lbllIHX KO,'!JieKTHBOB JJIO· 

;:teH, Me)l{..'.{yHapo11HoH KoonepaUHH, npHBM'lleHHH HH.n:ycrpHaJJbHb!X 1MeTO.!lOB • 
,Ua)!(e 'IIHCTO reopeTH'lleCKHe Hcc.11e110BaHHH B IIOCJieJJ:Hee B,pe.\IH ace OOJ!bWe 

H 00.llbllie oueHHBaIOTCH C TO'IIKH 3peHHH HX npe.lCK33aTeJibHOfI CHJ!bl H B03· 
MO)KHOCTefI' HHTepnpeTaUHH 3THX: CJJO)!<Hb!X 3KCnepH.\1€"HTOB, cJiy)!<al.UHX OC· 

. HOB-Hbl'.\f (a B ITOCJiell.Hee B,peMH 118)!(e e.:1:H•HCTBeHHbnt) HCTO'IIHHK0!\1 <paKTOB, 

KOTOpb!C BblBOJlHT 3a paMKH ycTaHOBJieHHblX 38KOHOB rrpttpo.n:bl. 
Ta,KHM o6pa30M, HayKa CTaJ18 H8CTOJ!bKO CJJO)K·Hb!~1 o,praiHH3MCIM ,H Ha

CTOJibKO TeCHO CBH3aHa C npaKTH'lleCKOH 11eHTeJibHOCTb!O JIIO.n:ei'I, 'IITO OCHOB· 
rHoH ee 1<;pttrepttf! 3HatIHMOCTH - KpttrepttfI·, CBH3a•H,HhlH c BHyTpeHHeH .1orn

KOH pa3'BHTHH H8Y,KH,- CT8HOBHTCH '118CTb!O MHOroMepHOro KPHTep,rn. Heo-6-

XO.ltH'.'.1 ,pa3yMHblH 6aJJaHC T,pe6oaaHHH KaK co CTOpOHbl BHyTpeHHeH JIOrHKH 

HayKH, TaK H co CTOpOHb! ee npaKTH'lleCKOH 3,H8'11H:\10CTH. Hapywemte 3Toro 

08J18HCa MO)KeT npttBeCTH JIHOO K 6e3,p83J1H'IIHIO o6r.uecTBa K 1HayKe, JIHOO K 
norepe nepcneKTl-fBbl B cpy•H.l8MeHT8J1bftblX HCCJ1e,lOBaHHHX. Pa3pa60TKa Me-. 

TOll:HKH cae11eHHfl ~HOtOMepHoro KpHTepHH K e.nttHOH KOJIH'lleCTBeHHOH Mepe 
3H8'11HMOCTH OT.!leJibHblX HaytfHblX Harr1paa.1eHttf1 - Hacyr.uHaH norpe6HOCTb 

npaKTHKH ITJiaHHpOBaHHH HayKli H oueHKH ee li.OCTH)KeHHH. nocTaBJieHHaH 

38.'la'lla .Lt0JJ)KH8 BKJIIO'll8Tb He TO,'TbKO ycraHOBJieHHe CHCTe.\tbl KO~q)q)HUtteH~ 

TOB 'OTHOCHTeJibHOH 3.HatIHMOCTH, HO H on,pe.:1:eneHHe ee ll.HHa~IHK!t. YtieT ,lH· 

HaMHKH 03HatiaeT; 'IITO CHCTe'.'.la ueJieH H 3Ha'IIH~l0CTeH MO)l{eT pe3KO !\leHHTb· 
Cf! KaK B CBH3H C pa3BHTHeM rex·HHKH H caMOH HayKH, Ta,K H non B03,leH

CTBHeM B!HelllHHX 06CTOHTeJJbC1'B ( 3K0.10rH'lleCKaH npo6JJeM a, 3HepreTH'lle

CKHH KpH3HC H T. rr.) H Hym,naeTCH B of!OCTOHHHOC\1 ·nepec.~IOTpe. 
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O6paaonaHHe MeaoHon y-KnaHTaMH. - Y«l>H, 1951, T.44, nLin.2, c.200-237. - BH6JIHorp.: 27. -

(ConMeCTHo c B.B.MHxaiiJionLIM). 
O6paaonaHHe HeiiTpaJILHLIX Me30HOn y-KnaHTaMH, - JKST«I>, 1951, T.21, nLin.4, c.562-563. -

BH6JIHrp.:5. - (ConMeCTHO c B.B.MHxaiiJionLIM), 
«l>H3H'tlecKoe o6ocHonaHHe CHHxpo4>aaoTpoHa Ha 10 raB. - M.: «l>MAH, 1951. - (ConMeCTHO c 

B.M.BeKcJiepoM, M.C.Pa6HHonH'lleM, B.B.MHxaiiJionLIM H .n;p.). 

1952 
06 yrJionLIM pacnpe,n;eJieHHJIX 4>0T0Mea0Hon, poJK,n;a10w;Hxcn Ha n.n;pax. - JKST«I>, 1952, T.23, 

nLin.4, c.481-482. - BH6JIHorp.: 2. - (ConMeCTHO c B.B.MHxaiiJionLIM). 
Ilo'tJTH nepHO,Zl;H'lJeCKOe .n;nHH<eHHe aapnJKeHHLIX qacTH:Q n npOH3nOJILHOM IlOCTOJIHHOM no npe

MeHH MarHHTHOM noJie. - M.: cI>MAH, 1952. - 20 c.- (ConMecTHO c B.B.MHxaiiJionLIM). 
cI>oTopom.n;eHHe 71" 0 :MeaoHon Ha .n;eii:TpoHax.- ,ZJ;AH CCCP, 1952, T,84, N 1, c. 47-49. - BH6JIH

orp.: 7. - (ConMeCTHO c B.B.MHxaiiJionLIM). -
To JKe: JK9T«I>, 1952, T.23, nLin.2, c. 140-146. 

1953 
0 .n;nyx THrrax aapn.n;onoii CHMMeTpHH. - ,ZJ;AH CCCP, 1953, T.91, N 3, c. 479-482. - BH6JIHorp.: 

3. - (ConMeCTHO c B.B.MHxaiiJionLIM). 
«l>oTopoJK,n;eHHe Me30HOn n TeopHH pa,n;Ha:QHOHHOro 3aTyXaHHJI. - JK9T<I>, 1953, T,24, nun. 5, 

c. 613-615. - BH6JIHorp.: 4. - (ConMeCTHo c B.B.MHxaiiJionLIM). 

1954 
MaoTOilH'tlecHan HHnapHaHTHOCTL 71"-MeaoHHoro noJIJI. - ,ZJ;AH CCCP, 1954, T. 96, N 5, c. 

949-952. - BH6JIHorp.: 11. 
cI>oTopom.n;eHHe Me30HOn Ha cno6o.n;HLIX HYHJIOHax ( O6aop ). - Ilpo6JieMLI conpeMeHHOH <l>H3HKH, 

1954, nun. 8, c. 8-19. - BH6JIHorp.: 15. 
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MaoTOIIH'tlecHan HHnapHaHTHOCTL 71"-MeaoHHoro noJIJI. - Man. AH CCCP, cep.4>Ha., 1955, T.19, 

N 5, c. 604-605. - BH6JIHorp.: 5. 

1956 
K TeopHH peaH:u;Hii C IIOJIJipH30naHHLIMH 'lJaCTH:QaMH. - B HH.: BceCOl-03,l{OH<l>, IIO <l>H3HI<e 

qacTH:Q nLICOHHX aHeprHii. MocHna, 1956.: TeaHcLI .n;oHJI. - M.: Ma.n;-no AH CCCP, 1956, c. 
72-73. - (ConMecTHO c M.M.IllHpoHonuM). -

To me: JKST«I>, 1956, T. 30, nun. c. 784-785. 
MeTo,n; orH6a10w;Hx ,n;Jin HccJie,n;onaHHJI cno6o,n;HLIX KoJie6aHHH n ycHopHTeJIJix, - JKST«I>, 1956, 

T.31, nun. 6, c. 993-1001. - BH6JIHorp.: 6. - (ConMeCTHO c B.B.MHxaiiJionuM, M.C.Pa6H
HonH'tleM). 

cI>oTopom,n;eHHe 71"-Me30HOn Ha rrpOTOHax H .n;eii:TpOHax. (O63op). - B HH.: BceCOI03.HOH4>. IIO 
<l>H3HI<e qacTH:Q nLICOHHX aHeprHii. MocHna, 1956: TeaHcLI ,n;oHJI. - M.: Ma.n;-no AH CCCP, 1956, 
c. 86-87. 

cI>o·ropom,n;eHHe 71"-MeaoHon Ha cnnaaHHLIX HYHJIOHax. - TaM me, c. 88-89. 
On a Rule for the Interaction of the Electromagnetic Field with Nucleonic and Mezonic Fields. 

- Suppl.Nuo- vo Ciin., 1956, v.36 No.l, p. 4-14. - Bibliogr.: 16. 
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On the Theory of Photoproduction of Mesons on Bound Nucleons. - In: CERN Symposium 
on High Energy Accelerators and Pion Physics. Geneva, 1956: Proceedings. - Geneve: CERN, 
1956, Vol.2, p.272-280. - Bibliogr.: 17. 

1957 
Baa:uMo'AeHcTn:ue Me'AJieHHLIX 1r-Mea0Hon c JI'ApaM:u. - )K3TcI>, 1957, T,33, n1,111. 5, c. 1221-1226. 

- B:u6JI:uorp.: 13. - ( ConMeCTHO c A.H.Jie6e'AeDLIM), 
0 paccenH:u:u q>OTOHOD Ha 11poT0Hax. )K3TcI>, 1957, T,32, nL111. 6, c. 1570-1572. - B:u6JI:uorp.: 

5. - {ConMecTHo c B.A.IleTpyHLIC:UHLIM). 
Peami;:u:u c 110JIJip:uaonaHHLIM:U qacTmi;aM:u. - ,l(y6Ha, 1957. - c. 33. - B:u6JI:uorp.: 15. - {OHRH. 
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Baa:UMO'AeHCTD:Ue -y-ICDaHTOD C op:ueHT:UponaHHLIM:U JI'ApaM:U, - D ICH.: R'AepHLie peaKQ:U:U 11p:u 

MaJILIX :u cpe'AH:UX 3Hepr:unx: Tpy'ALI Bcecoroa.HOHq>. MocHna, 1957. - M.: Ha'A-DO AH CCCP, 
1958, c. 4 79-481. - B:u6JI:uorp.: 2. · 

0 noaMOJRH0M cy~ecTnonaH:u:u nToporo HeiiTpaJILHoro 1r-Mea0Ha. - ,l(AH CCCP, 1958, T,122, n 
3, c.361-364. - ;B:u6JI:uorp.: 8. - (ConMeCTHO c 11.Ka6:upoM). · 

Electric Polarizability of Atomic Nuclei. - Nucl. Phys., 1958, v.9, No.2, p.237-241. - Bibliogr.: 
4. 

Photoproduction of 1r-Mesons Near Threshold and the Value of the Panofsky Ratio. - Nuovo 
Ciro., 1958, v.8, No.4, p.569-583.- Bibliogr.: 10. 

1959 
K:uHeMaT:uICa JI'AepHLIX peaICu;:uii. - M.: cI>:uaMaTr:ua, 1959. - 296 c. c qepT. - (ConMeCTHO c 

B.H.roJIL'AaHcIC:uM, H.JI.PoaeHTaJieM). - B:u6JI:uorp.: c. 295-296. - (To me :ua'A, Ha aHrJI:u:iicICoM, 
HeMeQIC0M, 110JILCIC0M, Jll10HCIC0M JI3,) 

O11T:uqec1Can aH:uaoTpo11:un aToMHLIX JI'Aep. - )K3TcI>, 1959, T. 37, DLil1, 1, c. 202-211. -
B:u6JI:uorp.: 9. 

IlponepHa 'A:UC11epc:uoHHLIX cooTHOWeH:uii 'AJIJI q>oTopom'AeH:un 1r-Mea0Hon. - ,l(AH CCCP, 1959, 
T,127, N 5, c.993-996. - {ConMeCTHO c B.B.ronopICODLIM), 

A Check of Dispersion Relations for Photoproduction of 1r-Me~ons. - Nucl.Phys., 1959, v.13, 
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- )K3TcI>, 1960, T.39, n1,111.4, c. 1151-1153. - B:u6JI:uorp.: 12. 
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18c. - B:u6JI:uorp.: c.17- 18. (cI>:ua.:uH-T :UM, 11.H.Jie6e'AeDa. AHa'A,HayIC CCCP). 
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06 O'AHOH D03M0JRH0CT:U 011pe'AeJieH:UJI MarH:UTHLIX M0MeHT0D neICT0pHLIX HecTa6:UJILHLIX qacT:Ull;, 
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c.1688-1689. - B:u6JI:uorp.: 5. - (ConMeCTHO c A.H.Jie6e'AenuM). 
Kinematics of Nuclear Reactions. - Oxford: Oxford University Press, 1961, - 290 p. - (In 

Collaboration with V.I.Goldanskij, I.L.Rozental). 
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BLipom'AeH:ue 110 :uaoT011:uqecIC0MY c11:uHy :u r:u11epaapn'A, - ,l(y6Ha, 1962 - 3 c. - ( OHRH· ,l(-976). 

B:u6JI:uorp.: c.5. - (ConMeCTHO c A.A.KoMapoM). 
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To me: ~AH CCCP, 1962, -r.146, N 3, c. 574-576. 
KHHeManma JI'AepHLIX peam.lHH (Kinematyka Reakcji Jadrowych. Tlum. z ros. Warsawa, 

Panstw.Wydawn.Nauk., 1962. - 359 s. (non1>cK.). - (ConMeCTHO c B.J1.roJI1>'AaHCKHM, 11.JI.PoaeH
-raJieM). 

Kne6ma - rop'AaHa Kos<f><f>11u11eHTL1. - B KH.: cI>uauqecKHii 3HUHKJione'AuqecKHH cnonap1>. -
M.: Con.3HUHKJione'AHJI, 1962, -r.2, c. 388-389. - B116n11orp.: 5. 

06 O'AHOH B03MO>RHOCTH onpe'AeJieHHJI MarHHTHLIX MOMeHTOB neKTOpHLIX Hec-ra6HJil>HLIX qac-ruu. 
- )K:3TcI>, 1962, -r.42, nLin.3, c. 905-906. - B116JIHorp.: 4. - {ConMec-rHo c HryeH BaH X1>ey). 

O6aop pa6o-r no -reopHH <f>o-ron'AepHLIX peaKUHH. - B KH.: Jl'AepHLie peaKUHH npu Manwx H 
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On a Possibility of Determination of the Magnetic Momenta of the Unstable Vector Particles. 
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Photoproduction of 1r-Mesons near Threshold. - In: Intern.Conf. on High Energy Physics 
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Symmetry of Strongly Interacting Systems with Zero Hypercharge. - In: Intern. Conf. 
on High Energy Physics at CERN. Geneva. 1962: Proceedings. - Geneva, 1962, p.657-660. -
Bibliogr.: 14. - (In Collaboration with A.A.Komar) To me: Phys.Lett., 1962, vol.2, No.1, p.47-49. 
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CERN. Geneva. 1962: Proceedings. - Geneva, 1962. p.214-216. - Bibliogr.: 3. - (In Collaboration 
with A.I.Lebedev). 
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Symmetry of Strongly Interacting Systems with Zero Hypercharge. - In: Intern. Conf. on 
High Energy Physics at CERN. Geneva. 1962: Proceedings. - Geneva. 1962, p. 657-660. -
Bibliogr.: 14. - (In Collaboration with A.A.Komar). To me: Phys.Lett., 1962, vol.2, No.1, 
p.47-49. 
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71"-MeaoHLI. - B KH.: cI>uauqecKHH 3HUHKJione'AHqecKHH cnonap1>. - M.; Con.3HUHKJion., 1963, 

-r.3, c. 616-624. - B116n11orp.: 19. - {ConMec-rHo c A.11.Jle6e'AeDLIM). 
cI>o-ropom'AeHHe 71"-MeaoHon n6JIH3H nopora. - B KH.: cI>uauqecKHH HH-T HM. Il.H.Jle6e'Aena. -

Tpy'ALI, -r. 19: YcKopHTeJIH H <f>o-roJI'AepHLie peaKUHH. - M.: 11a'A. AH CCCP, 1963, -r.3-36. -
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Kinematik der Kernreactionen. Ubers. aus dem Russ. - Berlin, Akademie-Verlag, 1963.: 260 
S. (ueM.). {Zusammen: W.I.Goldanskij, I.L.Rosental). {3arn.op11r11Hana: KHHeMaTHKa JI'AepHLIX 
peaKUHii). 

Study of the Photoproduction Process on th_e Basis of Dispersion Relations. - Nucl. Phys., 
1963, vol.40, No.1, p.44-53. - Bibliogr.: 17. - (In Collaboration with A.I.Lebedev}. 

1964 
'1>0-ropO>R'AeHHe IlHOHOD. - B KH.: BonpocLI <f>H3HKH 3JieMeH-rapHL1X qac-ruu. qe-rnep-ran ceCCHJI 

Beceuueii llIKOJILI -reope-r. H 3KcnepHMeHT. <flH3HKH. Hop-AM6ep'A. 1964. - EpenaH, 1964, c.423-
450. - l13'A-BO AH ApMCCP. - B116n11orp.: 15. 
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Sne.KTpoMarHHTHlile naa:n:Mo.n;eiicTBHJI. (Teop:n:.11). ,.Qo.KJia.n; Ha XII Mem.n; . .KOH<IJ. no <1>uau.Ke 
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1965 
OcHODHLie HanpanneHHJI :n:ccne.n;onaH:n:ii n ·<1>:n:a:n:.Ke 3JieMeHTapHLIX qacT:n:n;. (Ilo MaTep:n:anaM 
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cpe.n;H:n:x 3Hepr:n:nx. ,l(y6Ha. 1967. Tpy.n;LI. - M.: AH CCCP, 1967, T.1, c. 14-28 .. 
cl>H3HHa BLICOHHX 3Hepr:n:ii. - B HH,: ConeTcHaJI aTOMHaJI HayHa :n: TeXHHHa. - M.: ATo

MH3.n;aT, 1967, c.151 - 181. - (ConMecTHO c B.TI.,.QmenenonLIM, B.TI.3penonLIM, JI.11:.Jianu.n;ycoM, 
JI.B.OHyHeM, M.K.Ilon:n:naHoDi.IM, E.JI.cI>eiiH6eproM, H.B. 't.Jyn:n:no, B.M.IIIexTepoM). To me: B 
HH.- Paan:n:T:n:e <l>H3HHH B CCCP. - M.: HayHa, 1967, HH.2, c. 171-218. - B:n:6n:n:orp.: 154. 
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c. c :n:nn. - (ConMecTHO c B.H.ronL.n;aHcH:n:M, B.M.MaHCHMeHHo, 11:.JI.PoaeHTaJieM). - B:n:6nuorp.: 
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, H W --+ Tr 0
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nponeTa. - ,.Qy6Ha, 1968. - 44 JI. - (011:RH B2-1-4329). - (ConMecTHO c P.r.AcTBan;aTypoBLIM, 
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- (In Collaboration with R.G.Astvacaturov, M.A.Azimov, I.V.Chuvilo, J.Hladky, V.I.Ivanov et 
al.). 
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1969 
KnaHTODaJI 3JieKTPO'AHHaMHKa H 3JieKTpOMarHHTHaJI CTPYKTypa 3JieMeHTapHL1X qacTHQ. - B KH.: 

8neKTpoMarHHTHLie naaHMO'AeHCTDHJI H CTPYKTypa aneMeHTapHLIX qacTHQ: C6.cTaTe:n:. IlepeDO'A c 
aHrJI. IIO'A pe'A. A.M.BaJI'AHHa. -M.: MHp, 1969, c. 5-41. - BH6JIHorp.: 47. 

YcTaHonKa c 6oJILWOH cTpHMepHo:n: KaMepo:u: n MarHHTHOM none - CKM-200. - B KH.: Cone
~aHHe IIO 6ec<t>HJILMODLIM HCKpODLIM H CTpHMepHLIM KaMepaM. ,[J;y6Ha. AnpeJIL 1969: ,[J;oKJI8'ALI. 
- ,[J;y6Ha, 1969, c.11-16. - BH6JIHorp.: 3. (OM.HM 13-4527). - (ConMeCTHO c M.X.AHHKHHoii, 
r.JI.Bap'AeHro:u:, B.cl>.BHmHeBCKHM, B.,[J;.BoJIO'AHHLIM, H.C.rnaroJieBOH H 'AP·)-

Pe'A.: :3neKTpoMarHHTHLie naaHMO'AeHCTBHJI H cTpyKTypa aneMeHTapHLIX qacTHQ: c6.cTaTeii. 
Ilep. c aHrJI. - M.: MHp, 1969. - 327 c. c HJIJI. - BH6JIHorp. B KOHQe rnan. 

The 1r-p --+ 71n Cross Section in a Small Transfer Range at 4 GeV /c. - Dubna, 1969. -
Sp. - Bibliogr.: 8. - (JINR El-4841). - (In Collaboration with J.Hladky, M.N.Khachaturyan, 
M.S.Khvastunov, L.N.Shtarkov). 

1970 
Mem'AyHapO'AHLIH ceMHHap no DeKTOpHLIM Me30HaM H 3JieKTpOMarHHTHLIM B3aHMO'AeHCTBHJIM. 

(,[J;y6Ha, 23-26 ceHT., 1967 r.). YcI>H, 1970, T.101, nLin.3, c.557-560. - (ConMeCTHO c C.B.repacH-
MODLIM, A.B.ronopKODLIM, B.M.,[J;y6oDHKOM). . 

YcKopeHHe H DLIDO'A 'AeHTpOHOD H3 CHHXpo<t>aaoTpOHa OM.HM. - ,[J;y6Ha, 1970. Sc. - BH6JIHorp.: 
5. - (OM.HM P9-5442). - (ConMeCTHO c IO.,[J;.BeaHorHx, JI.Il.3HHODLeBLIM, M.B.MccHHCKHM, 
r.C.KaaaHCKHM, A.M.MHxa:U:JIODLIMH 'Ap.). 

The 1r-p --+ 71n Cross Section in a Small Transfer Range at 4 GeV /c. - Phys.Lett., 1970, 
v.31B, No.7, p.475-477. - Bibliogr.: 8. - (In Collaboration with J.Hladky, M.N. Khachaturyan, 
M.S.Khvastunov, L.N.Shtarkov). 

1971 
MacwTa6Han HHDapHaHTHOCTL a'ApOHHLIX CTOJIKHODeHHH H D03MOHCHOCTL noJiy'lleHHJI IIY'tlKOD 

qacTHQ DLICOKHX 3HeprHH IIpH peJIJITHDHCTCKOM ycKopeHHH MHOroaapJI'AHLIX HOHOB. - KpaTK.C0-
06~. no <l>HaHKe, 1971, N 1, c.35-39. - BH6JIHorp.: 6. 

Mem'AyHapO'AHLIH ceMHHap IIO 6HHapHLIM peaKQHJIM a'ApOHOD npH DLICOKHX 3HeprHJIX. (MIOHL 
1971 r., ,[J;yoHa). - AT.3HeprHn, 1971, T.31, nLirr.5, c.553-554. - (ConMeCTHO c A.JI.JI106HMODLIM, 
B.A.Me~epnKODLIM). 

HaoJIIO'AeHHe IIHOHOD DLICOKOH 3HeprHH npH CTOJIKHODeHHH peJIJITHDHCTCKHX 'AeHTpOHOD C Jl'A
paMH. - ,[J;yoHa, 1971, 16 c. - BHDJIHorp.: 6. - (OM.HM Pl-5819). - (ConMeCTHO c H.rHOP'A3HeCKY, 
B.H.3y6apenLIM, A.,[J;.KHpHJIJIODLIM, B.A.KyaHeQODLIM, H.C.Mopoa H 'Ap.). To me - In: Particles 
and Fields, 1971. (Proc. Rochester Meeting of APS/DPF, 30 Aug. - 2 Sept.,1971). - New York: 
Amer.Inst.Phys.1971, p.131-139. 

YcKopeHHe H DLIDO'A rry1:J:Ka 'Ae:HTpOHOD H3 CHHxpo<t>aaoTpoHa O11.HM. - IlT:3, 1971, N 3, 
c. 29-31. - BHDJIHorp.:4. - (ConMecTHO c IO.,[J;.BeaHorHx, JI.Il.3HHOBLeDLIM, M.B.MccHHCKHM, 
r.C.KaaaHCKHM, A.M.MHXa:HJIODLIM H 'Ap.). 

YcTaHODKa 'AJIJI HCCJie'AODaHHJI pa'AHaQHOHHLIX pacrra'AOD pe30HaHCOD. - ,[J;y6Ha, 1971. - 16 
c. - BH6JIHorp.: 12.- (OM.HM P13-6184}. - (ConMeCTHO c P.r.AcTDaQaTypoDLIM, c.r.BacHJI8'A3e, 
B.,D;.Bono'AHHLIM, B.M.MnaHODLIM, B.A.KpaMapeHKO H 'Ap.). 

cl>H3HKa MHOroaapJI'AHLIX HOHOD DLICOKHX 3HeprHH. - ,[J;yoHa, 1971, 16 c. - BH6JIHorp.: 8 -
(OM.HM P7-5808}. To me - B KH.: Mem'AyHap.KoH<t>. no <l>H3HKe TJimeJILIX HOHon. ,[J;y6Ha. 1971.: 
CoopHHK MaTepHanon. - ,[J;yoHa, 1971, c. 607-620. - (OM.Hl1 ,D;-5769). 

Acceleration and Ejection of Deuterons of the Dubna Synchrophasotron. - IEEE Trans 
Nucl.Sci., 1971, v.NS- 18, No.3, p.1024-1026. - Bibliogr.: 7. - (In Collaboration with Yu.D.Bez
nogikh, I.B.Issinsky, G.S.Kasansky, A.I.Mikhajlov, V.I.Moroz et al.). 

A Possible Method of Testing the Universality of Strong Interactions. - Phys.Lett., 1971, 
v.37B, No.3, p.305-307.- Bibliogr.: 8. - (In Collaboration with V.A.Suleymanov). 

1972 
KyMyJIJITHDHOe Me30H006pa30DaHHe. - B KH.: IIIKOJia MOJIO'ALIX yqeHLIX IIO <l>H3HKe DLICO

KHX 3Hepru::u:. CyxyMH, 1972. - ,[J;yoHa, 1972, c.374-388. - BHDJIHorp.: 12. - (ConMeCTHO c 
C.B.repaCHMODLIM, H.rHOP'A3HeCKY, B.H.3yoapeDLIM, JI.K.MnaHOBOH, A.,[J;.KHpHJIJIODLIM H 'AP·>· 

Mem'AyHapO'AHLIH CeMHHap IIO 0HHapHLIM peaKQHJIM a'ApOHOD rrpH DLICOKHX 3HeprHJIX. (,D;y6Ha, 
3-8 HIOHn, 1971 r.). · - YcI>H, 1972, T.106, mm.3, c.563-556. - (ConMeCTHO c A.JI.Jlro6HMODLIM, 
B.A.Me~epnKODLIM). 

OopaaonaHHe 17-Me30HOD D 7rp-CTOJIKHODeHHJIX npH P,r = 3,36 r3B/c C MaJILIMH rrepe'Aa'tJ:aMH 
HMIIYJILca. - KpaTKHe cooo~eHHn no <l>H3HKe, 1972, N 1, c. 48-53. - BHDJIHorp.: 1. - (ConMecTHO 
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C M.1'1.A.n;aMODH"leM, P.r.AcTnau;aTyponLIM, r.JI.MeJIHYMODLIM, C.TI.XapnaMODLIM, M.H.Xa1:1aTy-
pHHOM H ,n:p.), . 

O6pa3oDaHHe 7J•MC30HOD D 71'p-CTOJIHHODCHHHX npH P,,. = 7,2 raB/c C MaJILIMH nepe.n:a1:1a~H 
HMnyJILca. - KpaTHHe coo6~eHHn no ¢,H3HI<e, 1972, N 5, c. '9-13. - BH6JIHorp.: 4. - (ConMecTHo 
C M.1'1.A.n;aMODH"leM, P.r.AcTnau;aTyponLIM, R.H.rna,n:HHM, r.JI.MeJIRYMODLIM, C.TI.XapnaMODLIM 
H ,n:p.). 

IlepcneHTHDLI HCCJie,n:onaHHH D CDH3H C peJIHTHDHCTCHHM ycHopeHHeM n.n:ep Ha CHHXpo¢,a3o
TpOHe Jia6opaTOpHH DLICOHHX 3HeprHH O6'LC.D:HHCHHOro HHCTHTyTa n.n:epHLIX HCCJie.n;onaHHH. - B 
HH.: Mem.n:yHapo,n:.HoH¢,. no ¢,H3HI<e DLICOHHX aHeprHii H CTPYI<Type n.n:pa, 4-n. ,lt;y6Ha, 1971: 
Tpy,n:LI. - ,lt;y6Ha, 1972, c.632-640. - BH6JIHorp.: 10. - (01.fRl.f ,lt;l-6349). 

YcTaHODI<a .n:nn Hccne.n:onaHHn pa,n:Hau;HoHHLIX pacna.n:on pe3oHaHcon. - TIT8, 1972, N 5, c.21-
25. - BH6JIH- orp.: 12. - (ConMeCTHO C P.r.AcTnau;aTypoDLIM, c.r.BacHna,n:3e, B.,Lt;.Bono.n;HHLIM, 

B.11.1.fnaHODLIM, B.A.KpaMapeHHO H .n:p.). 
8HcnepHMCHTLI no ¢,H3HI<e 3JICHTpoMarHHTHLIX D3aHMO.D:CHCTDHH Ha >RH,n:Hono.n:opo.n;HOU: HaMepe 

"Jiro.n;MHJia". - ,lt;y6Ha. 1972. - 40 c. - BH6JIHorp.: 19. - (011.Hl.f Pl-6212). - (ConMecTHO 
c H.M.BHpHCODLIM, B.B.ronopHODLIM_, 11.M.rpaMeHHU:HHM, A.l.f.Jie6e.n:enLIM, .A.B.CaMOHJIODLIM, 
IO.M.CanyHonLIM, A.M.<l>pononLIM, B.A.IJ;apenLIM, M.,Lt;.Illa¢,paHonLIM), 

Cumulative -Meson Production in Interactions of Relativistic Deutrons with Nuclei. - In: 
Intern.Conf. on High Energy Physics, 16-th, Batavia, 1972: Proceed., - Batavia, 1972, vol.I, 
p.277-278. 

1973 
KyMyJIHTHDHOe Me30Hoo6pa3oDaHHe. - B l{H,: IIIHOJia MOJIO.D:LIX y1:1eHLIX no ¢,H3HI<e DLICO

HHX 3HeprHii. CyxyMH, 1972: JleHU:HH H .n;oHna.n;LI. - ,lt;y6Ha, 1973, c.374-388. - BH6JIHorp.: 
12. - (O11.HM P2-6867). - (ConMecTHo c C.B.repacHMODLIM, H.rHop,n:aHecHy, B.H.3y6apenLIM, 
JI.K.l.fnaHonoii, A.,lt;.KHpHJIJIODLIM H .n;p.). To me: R<I>, 1973, T.18, nLin.1, c. 79-85. 

MHomeCTDeHHLie npou;eccLI npH CTOJIHHODeHHH peJIHTHDHCTCHHX n.n:ep. - B HH,: Mem.o;yHa

po,o;HLIH ceMHHap no rny6oHoHeynpyrHM H MHO>RCCTDeHHLIM npou;eccaM npH DLICOHHX 3HeprHnx. 
,lt;y6Ha, 1973: O63opHLie .n;oHna.n;LI. - ,lt;y6Ha, 1973, c. 463-471. - B11:6JIHor·p.: 9. - (OMJ.111. 
,lt;l,2-7411). 

0 no3MO>RHOCTH H3MepeHHn aneHTpoMarHHTHLIX ¢,opM- ¢,aHTopon F,,.(m~) H F,V(m~) n peaHu;Hnx 

THna 71'- + p -+ e+ + e- + n. - ,lt;y6Ha, 1973. - 21c. - B11:6n11:orp.: 10. - (OHJil1 P2-7096). -
( ConMecTHo c B .A. CyneiiMaHODLIM). 

IlepcneHTHDLI Hccne.n:onaHHH no peJIHTHDHCTCHOH n.n:epHoii ¢,H3HI<e n JIB8 01.fJil.f. (Coo6-
pameHHn no pa3DHTHIO ycHopHTeJILHoro HOMnJieHca). - ,lt;y6Ha, 1973. - 57 c. - (011.HM 9-
7148). - (ConMeCTHO c B.TI.AneHceenLIM, IO.,n;. Be3Hor11:x, A.A.BacHJILeDLIM, M.A.Boeno.n;HHLIM, 
E.11.,lt;Ln"IHODLIM H .n:p.). 

1974 

0 npo6neMe 3Ha"IHMOCTH n ¢,H3HI<e. - Bonp.¢,HJioco¢,11:11:, 1974, N 10, c. 75-79. - B11:6n11:orp.: 
6. 

0 pa3DHTHH YCHOPHTeJILHoro HOMnJieHca D JIB8 O1.fJIM H HCCJie.n;onaHHHX no peJIHTHDHCTCHOU: 
n.n:epHoii ¢,H3HI<e, - B HH,: HyHnoTpoH H pennTHDHCTCHan n.n:epHan ¢,H3HI<a, Ilpo6JieMaTHKa 
HCCJie,n:onaHHU: H MeTO,!l;HHa 3HcnepHMeHTa. - ,lt;y6Ha, 1974, c. 7-16. - BH6JIHorp.: 1. - (011Jll1 
8309). 

06 ocy~eCTDJICHHH ycHopeHHH HOHOD Jia3epHOH nJia3MLI Ha ¢,opHH>ReHTOpe JIHHeiiHoro ycHo
pHTeJIH CHHxpo¢,a3oTpoHa 011.HM. )K8T<I>, IlHCLMa, 1974, T.19, nLin.1, c.19-23. - B11:6JIH• 

orp.: 13. - (ConMecTHO c O.B.AHaHLHHLIM, IO.,Lt;.Be3HOrHx, IO.A.BLIKODCHHM, JI.Il.3HHODLenLIM, 
IO.TI.Ko3LipenLIM, B.A.MoH1:1HHCHHM, 11.H.CeMeHIOIUHHHLIM). 

YcTaHODHa .n:nn HCCJie.n;onaHHH HYMYJIHTHDHOro Me30H006pa30DaHHH. - ,lt;y6Ha, 1974, 12c. C 
HJIJI. - B11:6JI11:orp.- 11. - (O11.HM 1-8028). - (ConMecTHO c HS11:op,n:aHecHy, B.H.3y6apenLIM, 
JI.K.l.fnaHonoii, A.,lt;.KHpHJIJIODLIM, B.11.KoTODLIM H .n;p.). 

8HcnepHMeHTaJILHLie HCCJie.n;onaHHH HYMYJIHTHDHOro Me30HOo6pa3onaHHH. - JI<I>, 1974, T,20, 
DLin.6, c.1201-1213. - B11:6nHorp.: 10. - (ConMecTHo c H.rHop.n;aHecKy, B.H.3y6apenLIM, JI.K.11na
Honoii, H.C.Mopo3, A.A.IlonTopeiiHo H .n:p.). 

8HcnepHMCHTaJILHLie HCCJie.n;onaHHH HYMYJIHTHDHOro MC30Hoo6pa3onaHHH npH D036ym.n;eHHH 
pa3JIH"IHLIX n.n:ep peJIHTHDHCTCHHMH .n:eiiTpoHaMH H npoTOHaMH. - ,lt;y6Ha, 1974. - 14 c. - B11:6JIH• 

orp.: 8. - (O11Jil11-8249). - (ConMeCTHO c B.K.BoH.n;apeDLIM, H.r11:op.n;aHecHy, B.H.3y6apenLIM, 
JI.K.l.fnaHonoii, H.C.Mopo3, IO.Il.JIHonnenLIM). 
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An Experimental Investigation of Cumulative Meson Production. - Dubna. 1974. - 27 p.with 
ill. - Bibliogr.: 10. - (JINR El-8054). - (In Collabo~ation with N.Ghiordanesku, L.K.Ivanova, 
N.S.Moroz, A.A.Povtorejko, V.B.Radomanov et al.). To me: R'1>, 1974, T.20, BJ,m. 6, c. 1201-
1213. 

1975 
3aKOHOMepHOCTH MacmTa6HO-HHBapHaHTHOro B3aHMO,n;eHCTBHJI peJUITHBHCTCKHX .a.n;ep. - ,D;y6Ha, 

1975. - 9. c. c mrn. - B116JIHorp.: 5. - (OMRM 1-8858). - (Co»MeCTHO c B.K.BoH.n;ape»LIM, 
_B.H.3y6apeBLIM, A.H.MaHJITODCKHM, H.C.Mopos, A.A.IlonTopeiiKo H .n;p.). To me - B KH.: Mem
,n;yHapo.n;.ceMHHap no npo6JieMaM <l>H3HKH DLICOKHX 3HeprHH, 6-ii. ,D;y6Ha, 1975.: O6sopHL1e .n;o
KJia,n;LI. - ,D;y6Ha, 1975, c.176-194. - B116JIHorp.: 9. -(OMRM ,D;l,2-9224). 

MccJie,n;onaHHJI c peJUITHDHCTCKHMH .a.n;paMH. (KoHcneKTLI JieK:UHH). - M.,1975. - 44 c. c qepT. 
- (M-no nLicm. H cpe.n;.cne:u. o6pasonaHHJI CCCP. MocK.HHm.-<1>11s. HH-T. Cep.: HeKoTopLie 
nonpocLI 3KCnepHMeHTaJILHLIX HCCJie,n;oBaHHH n o6JiaCTH <l>H3HKH BLICOKHX 3HeprHii). CnHCOK JIHT.: 
c.32-33. 

HeKoTopLie saKoHoMepH0CTH CTOJIKHoneHHH peJIJITHDHCTCKHX .a.n;ep. - ,D;AH CCCP, 1975, T.222, 
N 5, c.1064-1067. - B116JI11orp.: 8. 

HyKJioTpoH - ycKopHTeJILHLIH KOMnJieKc peJIJITHDHCTCKHX .a.n;ep B JIB8 OMRM. - B KH.: Bce
coros.conemaHHe no ycKopHTeJUIM sapnmeHHLIX qacTH:U, 4-y. MocKna. 1974.: Tpy,n;LI.M.: Ha
yKa,1975,T.2, c.4-8. - B116JI11orp.: 6. - (ConMeCTHO c B.B.BacHJIHWHHLIM, E.tf.,lJ;L.fl'llKOBLIM, 
A.r.3eJIL,ll;ODH'tieM, JI.Il.3HHODLeBLIM, M.B.MccHHCKHM, 11 .n;p.). 

O6Jiy'lleHHe ycTaHODKH CKM-200 n ny.,.me o:-qacTH:U c HMnyJILcoM 17 raB/c H pesyJILTaTLI 
npe.n;napHTeJILHoro aHaJIH3a 0 Li - 0 Ne-nsaHMo.n;eiicTnHH. - ,D;y6Ha, 1975. - 17 c. - B116JI11orp.: 10. 
- (OMRM 1-9280). 

8KcnepHMeHTaJILHLie HCCJie,n;onaHHJI KYMYJIJITHDHOro Me30H006pa30BaHHJI npH B036ym.n;eHHH 
pa3JIH'llHLIX .a.n;ep peJUITHDHCTCKHMH .n;eiiTpoHaMH II np0TOHaMH. - R'1>, 1975, T.21, BLln.5, c.1008-
1014. - B116JI11orp.: 8. - (Co»MeCTHO c H.r11op.n;sHecKy, B.H.3y6apeBLIM, JI.K.MnaHo»oii, H.C.Mo
po3, A.A.IlonTopeiiKo H .n;p.). 

Backward Meson Production in the p(d) - Nucleus Collision or the Experimental Investigation 
of Cumulative Meson Production on Nuclei by Protons and Deuterons. - In: Topical Meeting on 
High Energy Collisions Involving Nuclei. Trieste. 1974: Proceedings. - Bologna, 1975, p.171-182. 
- Bibliogr.: 10. - (In Collaboration with N.Ghiordanescu, V.S.Stavinsky). 

Heavy Ion Interactions at High Energies. - Dubna, 1975. - 32 p. - Bibliogr.: 20. - (JINR 
E2-9738). In: High Energy Physics and Nuclear Structure - 1975. Santa Fe - Los Alamos. 1975: 
Proceed. - New York: AIP, 1975, p.621-641. 

Research Programme with Relativistic Nuclei. - In: Proceed. of the 1975 JINR-CERN School 
of Physics. Alushta. 1975. - Dubna, 1975, p.356-376. - Bibliogr.: 20. - (JINR E2-9086). 

1976 
IloHCK HODLIX pe30HaHCOD Ha ycTaHODKe "'1>oTOH''. IlpoeKT 3KcnepHMeHTa Ha ycnopHTeJie B 

Cepnyxone. - ,D;y6Ha, 1976. - 20 c. - BH6JIHOrp.: 14. - (OMRM 1-9508). - (CoTpy,n;HH'lleCTBO: 
,D;y6Ha-MocKna-ByxapecT-Il para-Bapmana-Jio,n:31,). 

IlpoMemyTO'llHLIH KOJIL:Uenoii ycnop11TeJI1, HHmen:UHOHHoro KoMnJienca JIB8. (OcHODHLle 3a
,n;aq11 H nLioop cTpyKTYPLI). - ,D;y6Ha, 1976. - 18 c. c HJIJI. - B116JI11orp.: 8. - (OMRH pg. 
9702). - (ConMeCTHO c B.Il.BeJIODLIM, B.B.BacHJIHWHHLIM, r.M.,D;eprorHHLIM, JI.Il.3HHODLeBLIM, 
11:.B.HccHHCJtHM H .n;p.). 

CTeH.n; ,ll;JIJI HCCJie,n;onaHHJI HMilYJILCHLIX cnepxnpono,n;.amHx MarHHTOD. McnLITaHHJI Ha HeM .n;H
IlOJILHOro MarHHTa CTI,D;-2. B KH.: Bcecoro3.conemaHHe no ycKopHTeJIJIM 3ap.ameHHLIX qacTH:U, 5-e. 
,D;y6Ha, 1976: AnnoTa:u . .n;oKJI. - M.: HayKa, 1976, c. 64-65. - (ConMeCTHO c A.A.BacHJILeBLIM, 
E.,D;.,D;L.fl'lll{ODLIM, A.r.3eJIL,ll;ODH'lleM, 8.B.KoMoropODLIM, M.'1>.KoJinaKODLIM 11 .n;p.). 

'1>H3HKa peJIJITHDHCTCKHX 11.n;ep. Ilp11po.n;a, 1976, N 10, c. 46-58. - B116JI11orp.: 14. 

1977 
J,13yqeu11e MHomeCTBeHHOCTH DTOpH'llHLIX qaCTH:U no D38HMO,ll;eHCTDH.flX npOTOHOB H RJILcl>a

qacTH:U c noJILcl>paMoM (A=184) n HHTepnaJie HMilYJILCOB (2-5) rsB/nyKJI. - ,D;y6na, 1977. -
14 c. - B116JI11orp.: 4. - (O11:RH Pl-10779). 

KyMyJIJI:UH.fl JierKHX n.n;ep. - ,D;y6na, 1977. - 14 c. - B116JI11orp.:5. (OMRM Pl-11168). - (ConMe
CTHO c B.K.Bon.n;apenLIM, JI.B.roJionanonLIM, B.JI.Ma3apcKHM, A.H.Man.aToncKHM, H.C.Mopo3 H 
.n;p.). 
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· 06 ocy:r.u;ecTDJieHHH ycKopeHHJI JI,D;ep yrnepo,D;a, noJiyqeHHLIX n naaepHOM HH.>ReKTope, Ha CHH
xpo<t>aaoTpoHe Oo'Le,ZJ;HHeHHOrO HHCTHTyTa JI,D;epHLIX HCCJie,ZJ;ODaHHH. - KnaHTODaJI aneKTpOHHKa, 
1977, T.4, N 7, c.1547-1549 • .: Buonuorp.: 12. - (ConMeCTHO c O.B.AHaHLHHLIM, IO.B.BeaHorux, 
IO.A.BLIKODCKHM, A.l1.ronopODLIM, JI.Il.3HHOBLeDLIM u .D;p,). 

O.ZJ;HOqacTuqHLie pacnpe,D;eJieHHJI c 0OJILWHMH nepe,D;aqaMH HMnyJILCa n dp-CTOJIKHOBeHHJIX npH 
uMnynLce na,ZJ;aro:r.u;ux .ZJ;eiiTpoHoB 3,3 raB/c. - ,lt;y6Ha, 1977. - 15 c. -Buonuorp.: 18. (Ol1Jil1 Pl-
10719). - (CoBMeCTHO c B.C.AJia,ZJ;aWBHJIH, B.B.rnaroJieDLIM, A.H.ropoyHOBLIM, JI.l1.JKypaBJienoii, 
Il.3eJIHHCKH H .D;p,) • 

CuHxpo<l>aaoTpoH Ol1Jil1 H ero paaBHTHe. - <l>uauKa nnaaMLI, 1977, T,3, nLin. 3, c.439-441. -
Buonuorp.: 5. - (ConMeCTHo c 11.H.CeMeHIOWKHHLIM). 

CuHxpo<l>aaoTpoHy JIB8 O11Jll1 - 20 JieT. - AT.aHepruJI,1977, T.43, DLin.6, c.492-494. - Bu-
6nuorp.: 6 . .,. (ConMecTHO c l1.H.CeMeHIOWKHHLIM). 

CTeH,ZJ; .ZJ;JIJI HCCJie,ZJ;OBaHHJI HMnyJILCHLIX cnepxnpoDO.ZJ;JII.U;HX MarHHTOD. l1cnLITaHHJI Ha HeM .ZJ;H
noJILHOro Marm;na CTI,lt;-2. - B KH.: Bcecoroa.cone:r.u;aHue no ycKopHTeJIJIM 3apJimeHHLIX qacTHQ, 
5-e. ,lt;y6Ha, 1976: Tpy.D;LI, - M.: HayKa, 1977, T,2, c.63-66. - Buonuorp.: 3. - (ConMecTHO c 
A.A.BacuJILeDLIM, E.l1.,lt;LJiqKoBLIM, .A.r.3eJIL.ZJ;onuqeM, 8.B.KoMoropoDLIM, l1.<l>.KonnaKoBLIM H 
.D;p.). 

YcKopeHHe -nerKHX JI.D;ep Ha cHHXpo<l>aaoTpoHe JIB8 011Jil1. - B KH.: Mem.ZJ;yHapo.n;.KomI>, 
no ycKopHTeJIJIM 3apJimeHHLIX qacTHil nLicoKHx aHepruii, 10-JI. IlpoTDHHo, 1977: Tpy.D;LI, - Cep
nyxon, 1977, T.1, c.367-375. - Buonuorp.: 6. - (ConMeCTHO c IO.,lt;.Be3Horux, B.11.BoJIKOBLIM, 
E.,z:t;.,lt;oHQOM, B.A.MoHqHHCKHM, A.l1.IlHKHHLIM, 11.H.CeMeHIOWKHHLIM, E.A.CunaeDLIM). 

<l>H3HKa peJIHTHDHCTCKHX JI.D;ep. - ::)qAJI, 1977, T,8, DLin.3, C. 429-477. • BH0JIHorp.: 82. 
YcTaHODKa c .ZJ;»yxMeTponoii cTpHMepHoii KaMepoii n MarHHTHOM none - CKM-200. - ,lt;y6Ha, 

1977. - 18 c. - Buonuorp.: 26. - (Ol1JI11 13-10692). - (ConMccTHO c A.Y.A6.D;ypaxuMoBLIM, 
M.X.AHHKHHOH, c.r.BacuJia,ZJ;3e, r.JI.Bap,D;eHroii, B.,z:t;.BoJIO.ZJ;HHLIM H .D;p.). 

Angular and Energy Dependence of Cumulative Particle Production Cross Sections: - In: 
European Conference on Particle Physics. Budapest, 1977: Abstracts. - Budapest, 1977, 
p.37. - (In Collaboration with A.N.Khrenov, A.N.Manyatovsry, N.S.Moroz, Ya.A.Panebratsev, 
A.A.Povtorejko, S.V.Rikhvitsky). 

Experimental Indication of the Existence of a Narrow State in the A1r+1r System at 2082 
GeV /c 2

• - In: European Conference on Particle Physics. Budapest, 1977: Abstracts. - Bu
dapest, 1977, p.22 - ( In Collaboration with K.L.Albrecht, A.N.Aleev, V.A.Arefiev, V.P.Balandin, 
V.K.Birulev et al.). 

Relativistic Nuclear Physics. - In: Intern.Conference on High Energy Physics and Nuclear 
Structure, 7th. Zurich, 1977: Abstract. - Villigen, Switzerland, 1977, p.179. 

1978 
Bne,n;eHue. - B KH.: Mem.ZJ;yHapo,n;HLIH ceMHHap no npo6neMaM q>H3HKH DLICOKHX aHepruii, 5-ii. 

,lt;y6Ha, 1978: Tpy,n;LI. - ,lt;y6Ha, 1978, c. 7-12. - (Ol1Jil1 ,lt;l,2-12036). 
,lt;eDJIHOCTOKaHaJILHLIH qepeHKODCKHH Macc-cneKTpoMeTp aJieKTpOHOD H raMMa-KDaHTOD Bl,ICO• 

KHX aHepruii. (YcTaHonKa "<l>OTOH"). - ,lt;y6Ha, 1978. - 26 c. - Buonuorp.: 26. - (O11Jil1 
1-11482). - (ConMeCTHO c B.B.ApxunoDLIM, P.r.AcTDaQaTyponuM, B.B.BaKaeDLIM, c.r.BacuJia,ZJ;ae 
H .ZJ;p.). 

l,f3yqeHHe MHO.>ReCTDeHHOCTH DTOI)HqHLIX qacTHQ DO D3aHMO,n;eHCTDHJIX npoTOHOD H aJIL<l>a
qacTHQ c DOJIL<l>paMOM (A=184) n HHTepnaJie HMnyJILCOD 2-5 raB/HYKJIOH. - JI«l>, 1978, T.27, BUII. 
4, c. 1020-1026. - Bu6nuorp.: 4. - (CoTpy.D;HuqecTno: AnMa-ATa-By.ZJ;anemT-ByxapecT-BapHa
Bapmana-,lt;y6Ha-EpenaH-KpaKoB-Moc1ma- Ilpara-Coqrnn-TamKeHT-T6unucu-YnaH-BaTop ). 

MHo.>RCCTDCHHOCTL DTOpHqHLIX qacTHQ H qucJIO D3aHMO,ZJ;eHCTDYIOI.U;HX HYKJIOHOB D CTOJIKHOBe
HHJIX p,d, He u C c JI.D;paMH TaHTaJia IIpH HMIIYJILCe Po= 4,2 raB/HYKJIOH. - JI<I>, 1978, T,28, 
nun.5, c. 1304-1309. Buonuorp.: 11. - (CoTpy.D;HHqecTno: AnMa-ATa-By.ZJ;anewT-ByxapecT-BapHa
Bapmana-,lt;y6Ha- EpenaH-KpaKon-MocKna-Ilpara·- Co<pHn-TawKeHT-ToHJIHCH-YJiaH-BaTop ). 

HeKOTOpue xapaKTepHCTHKH HMIIYJILCHLIX cnepxnpoDO.ZJ;JIJ.U;HX MarHHTOD THIIa "oKOHHaJI paMa" 
.ZJ;JIJI coa.ZJ;aHHJI noneii ,ZJ;o 2,5 T. -,lt;y6Ha, 1978. - 15 c. - Buonuorp.:11. - (O11JII1 P8-ll 700). -
(ConMeCTHO c C.A.AnepuqenLIM, B.r.AKCCHODLIM, E.11.,lt;LnqKoDLIM, A.r.3eJIJ,.ZJ;ODHqeM, IO.B.Ky
JIHKODLIM H .D;p,). 

O,ZJ;HoqacT:nqHLie pacnpe,n;eJieHHJI c 0OJILWHMH nepe,D;aqaMH HMIIYJILCa n dp-CTOJIKHODCHHJIX IIpH 
HMIIYJILCe na,ZJ;aIOI.U;HX ,ZJ;eiiTpoHOD 3,3 raB/c. - JicI>, 1978, T.27, DLin.3, c.704-709. - BuoJIHorp.: 
18. - (ConMCCTHO c B.C.AJia,ZJ;aWDHJIH, B.B.rnaroJieDLIM, A.H.ropoyHODLIM, JI.11.JKypaDJICDOH, 
Il.3eJIHHCHH u ,n;p.). 
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Ilpe,u;eJILHaa <f>parMeHTa1.urn n,u;ep. (KyMyJI1ITHBHLiii :iq>q>eKT). • B KH.: Mem,u;yHapo,u;.ceMHHap 
no npo6JieMaM q>H3HKH BLICOKHX 3HeprHii, 5-ii. ,LJ;y6Ha, 1978: Tpy.u;LI. - ,LJ;y6Ha, 1978,c.261-213. -
B116JIHorp.: 15. - (Ol1JU1 ,D;l,2-12036}. - (ConMeCTHO c B.C.CTaBHHCKHM). 

Yc1topHTeJIL TnlKeJILIX HOHon Ha 3HeprHH coTHH M:iB/HyKJIOH. - B KH.: Bcecoroa.cone~aHHe 
no ycKopHTeJI1IM aapnmeHHLIX qacT11a;, 5-e. ,LJ;y6Ha, 1976.: Tpy,u;u. - M.: HayKa, 1978, T.1, 
c. 88-91. - BH0JIHOrp.: 2. - ( ConMeCTHO c H.11.BeHHKOBLIM, B.M.raJIHIJ;KHM, B.M.ryTHepoM, 
B.B.3aJIMaH30HOM, B.11.MaHLKo H ,u;p.). 

YcKopHTeJILHLiii KOMnJieKc TnmeJILIX HOHon. ,LJ;y6Ha, 1978. - 230 c. - B116n11orp.: n KOHIJ;e 
man. - (OM.Hlil 9-11796). - (ConMecTHO c IO.,D;.BeaHor11x, B.B.BacHJIHWHHLIM, IO.H.,D;eHHCOBLIM, 
JI.TI.311HonLenLIM, 11.B.lilccHHCKHM H ,u;p.). 

YcTaHonKa ,u;JI1I 11ccne,u;onaH11n KYMYJI1ITHBHoro pom,u;eHHn qacTHIJ; (,D;lilCK). ,LJ;y6Ha, 1978. -
20 c. - BHoJIHOrp.: 19. - ( O11.Hlil 1-11317). - ( ConMeCTHO c T.B.Anep11qenoii, c.r.BacHJia,u;ae, 
B.K.BoH,u;apenLIM, H.r11op,u;3HecKy, JI.B.rononaHonLIM H ,u;p.). 

YcTaHonKa c ,u;nyxMeTponoii cTpHMepHoii KaMepoii n MarHHTHOM none - CKM-200. -TIT:3, 
1978, N 5, c. 53-58. - B116n11orp.: 12. - (ConMeCTHO c A.Y.A6,u;ypaxHMOBLIM, M.X.AHHKHHoii, 
c.r.BacHJia,D;3e, r.JI.Bap,u;eHroii, B.,D;.BoJIO,IJ;HHLIM H ,u;p.). 

8HepreTHqecKHe cneKTpLI H A-3aBHCHMOCTH KYMYJI1ITHBHOro pom,u;eHHn 6apHOHHLIX CHCTeM. -
,LJ;y6Ha, 1978. - 19 c. - B116JIHorp.:lO. - (011.Hlil Pl-11302}. - (ConMeCTHO c B.K.BoH,u;apenLIM, 
A.H.MoHnToncKHM, H.C.Mopoa, IO.A.IlaHe6paTa;enuM, A;A.TionTopeiiKo H ,u;p.). 

Multibaryon Interactions at Relativistic Energies. - Dubna. 1978. - 28 p. - Bibliogr.: 61. -
(JINR El- 12031). 

Relativistic Nuclear Physics. - Dubna, 1978. - 29 p. - Bibliogr.: 27. - (JINR El-11368}. 
Secondary Particle Multiplicity and the Number of Interacting Nucleons in the Collisions ofp, 

d, He and C with Tantalum Nuclei at 4.2 GeV /c per Nucleon. - Dubna, 1978. - 12 p. - Bibliogr.: 
11. -(JINR El-11517). (Alma-Ata- Budapest-Bukharest-Cracow-Dubna-Moscow-Prague-Sofia
Tashkent-Tbilisi-Ulan-Bator-Varna-Warsaw-Yerevan Collaboration). 

Universalitu of Vector Interactions and the Cumulative Production of Vector Mesons. -
Dubna. 1978. - 12 p. - Bibliogr.: 13. - (JINR E2-11804}. - (In Collaboration with S.B.Gerasimov). 

1979 
,D;ennHOCTOKaHaJILHLIH qepeHKOBCKHii Macc-cneKTpOMeTp 3JieKTpOHOB H raMMa-KnaHTOB BLICO

KHX 3Hepr:u:ii. (YcTaHOBKa "<l>oToH"). - TITS, 1979, N 4, c. 57-67. - B116n11orp.: 26. - (ConMecTHO 
C C.A.Anep11qenL1M, B.B.ApxHnOBLIM, P.r.AcTnaa;aTyponLIM, B.B.BaKaenLIM, c.r.BacHJia,u;ae H 

;np.). 
,LJ;11qiqipeHa;HaJILHL1e ynpyrHe npoTOH-npoTOHHLie, HYKJIOH-,u;eiiTpOHHLle H ,u;eihpoH-.u;eiiTpOHHLle 

paccenHHn npH 6oJILWHX nepe,u;aHHLIX HMnynLcax. - ,LJ;y6Ha, 1979. - 11 c. - B116JI11orp.: 5. -
(O11.Hlil 1-12397). - (ConMeCTHo c B.K.BoH,u;apenuM, A.H.MaHnTOBCKHM, H.C.Mopoa, IO.A.Tia
He6paTa;enLIM, A.A.TionTopeiiKo H ,u;p.). 

MHo.meCTBeHHOCTL BTOpHqHLIX OTpHa;aTeJILHLIX qacTHIJ; D n,u;po-n,u;epHLIX CTOJIKHOBeHHHX npH 
HMnyJILCe 4,2 r3B/c Ha HYKJIOH. - ,D;y6Ha, 1979. - 17 c. - BHoJIHOrp.: 9. - (011.Hlil Pl-12281}. 
- ( CoTpy,u;i-mqecTno: AnMa-ATa-BaKy-By,u;anewT-ByxapecT-BapHa-BapIJ,Iana-,LJ;y6Ha-EpenaH-Kpa
Kon-MocKna- Ilpara-Coq>Hn-TawKeHT-ToHJIHCH-YiiaH-BaTop ). To me: .H<I>, 1979, T.30, nun.6, 
c.1590-1597. 

Ilpo6JieMLI onHcaHHn KYMYJIHTHBHoro :iq>q>eKTa n peJI1ITHBHCTCKOH n,u;epHoii q>H3HKe. - B KH.: 
<l>yH,D;aMeHTaJILHLie npo6JieMLI TeopeTHqecKoii H MaTeMaTHqecKoii q>H3Hl{H: Mem.u;yHapO,D;HLIH CHM
no3HYM, 23-27 anr. 1979, ,LJ;y6Ha. - ,D;y6Ha, 1979, c.215-227. - B116n11orp.: 18. - (011.Hlil ,D;-12831). 

YcKopHTeJILHLiii KOMnJieKc TnmeJILIX HOHOB. - B KH.: Bcecoro3.cone~aHHe no ycKopHTeJI1IM 
3apnmeHHLIX qacTHU, 6-e. - ,LJ;y6Ha, 1978: Tpy,u;u. - ,LJ;y6Ha, 1979, T.2, c. 347-351. - B116JIHorp.: 
5. - (ConMeCTHO c IO.,LJ;.Be3Hor11x, B.B.BacHJIHWHHLIM, IO.H.,LJ;eHHCOBLIM, JI.Il.3HHOBLenLIM, 
11.B.lilccHHCKHM H ,u;p.). 

8KcnepHMeHTaJILHLie HCCJie,u;onaHHn npe,u;eJILHOH q>parMeHTaIJ;HH n,u;ep npH 0OJILWHX nopn,u;KaX 
KYMYJI1ITHDHOCTH. - ,LJ;y6Ha, 1979. - 12 c. - B116n11orp.: 18. - (011.Hlil 1-12396). - (ConMecTHo 
c B.JI.BoH,u;apenLIM, A.H.MaHnToncKHM, H.C.Mopoa, IO.A.IlaHe6paTa;enLIM, A.A.TionTopeiiKo H 

,u;p.). 
Heavy Ion Accelerator Facility. - In: Particle Accelerator Conference Accelerator Engineering 

and Technology. San Francisco, 1979: Proceedings. - IEEE Trans.Nucl. Sci., 1979, v.NS-26, 
No.3, pt.2, p.4294-4295. - Bibliogr.: 8. - (In Collaboration with Yu.D.Beznogikh, V.I.Chernikov, 
E.V.Chernykh, Yu.N.Denicov, I.B.Issinsky et al.). 
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Interaction Cross Sections and Negative Pion Multiplicities in Nucleus-Nucleus Collisions at 
4.2 GeV /c per Nucleon. - Dubna, 1979; - 22 p. - Bibliogr.: 18. - (JINR El-12548). - (Alma-Ata
Baku-Belgrade-Bukharest-Budapest, Cracow-Dubna-Moscow-Prague-Sofia-Tashkent-Tbilisi
Ulan-Bator-Varna-Warsaw-Yerevan Collaboration). 

Multibaryon Interactions at Relativistic Energies. - In: Intern.Conf. on High Energy Physics, 
19th, Tokyo, 1978: Proceedings. - Tokyo, 1979, p.455-464. - Bibliogr.: 61. 

1980 
AHaJIH3 none.u;eHHn ceq:eHHH H MHOlReCTDeHHOCTH 7r- -Me30HOD npH D3aHMO,ll;eHCTDHH peJIJITH

DHCTCKHX n.u;ep p, d, He, C c n.u;paMH yrnepo.u;a H TaHTaJia. - ,LJ;y6Ha, 1980. - 17 c. - Bu6nuorp.: 34. 
- (OM.HM Pl-80-473). - (CoTpy.n;HH11:ecTno: AnMa-ATa-BaKy-Benrpa.u;-ByxapecT-BapHa-Bapniana
,LJ;y6Ha-EpenaH- KpaKon-MocKna-Ilpara-Coqmn-TawKeHT-T6mmcu-YnaH-BaTop). 

Ha6nro.n;eHHe KoppeJIJIQHH Mem.u;y MHOlReCTDeHHOCTHMH 7r- -Me30HOD H npoTOHOD D HeynpyrHX 
naauMo.u;eiicTDHnx p, d, He H C c n.u;paMH TaH,rana n HHTepnane HMnyJILCOD (2-10), I'aB/c Ha 
HYKJIOH. - ,LJ;y6Ha, 1980. - 12 c. - Bu6nuorp~: 12. - (OM.HM Pl-80-168). - (ConMecTHo c 
H.AHreJIODLIM, A.M.AHoWHHLIM, ,LJ;.ApMyTJIHHCKHM, H.Axa6a6nHoM, Q.BaaTapoM H .u;p.). To me: 
Jlcf>, 1980, T.32, DLrn.6, C. 1582-1588. 

8KcnepHMeHTaJILHLie .u;aHHLie no KYMYJIJITHDHOMY pom.u;eHHIO noJIOlRHTeJILHLIX H OTpHQaTeJIL
HLIX KaoHoD n p-Pb-naaHMo.u;eiicTnunx. - ,LJ;y6Ha, 1980. - 4 c. - Bu6nuorp.: 11. - (OM.HM 
1-80-488). - (ConMeCTHO c B.K.BoH.u;apeDLIM, H.I'uop.n;3HecKy, A.H.MaHnTODCKHM, H.C.Mopoa, 
IO.A.IlaHe6paTQeDLIM H .u;p.). 

The Description of Inclusive Characteristics in #Jp Interactions at 22.4 GeV /c in Terms of the 
Quark-Parton Model.- Z.Phys.C: Part. & Fields, 1980, v.5, No.1, p.17-26. - Bibliogr.: 37. - (In 
Collaboration with B.V.Batyunya, I.V.Boguslavsky, I.M.Gramenitsky, R.Lednicky, S.V.Levonian 
et al.). 

Interaction Cross Sections and Negative Pion Multiplicities in Nucleus-Nucleus Collisions at 
4.2 GeV /c per Nucleon. - Z.Phys.C. Part. & Fields, 1980, v.5, No.1, p.1-8. - Bibliogr.: 16. -
(Alma-Ata-Baku-Belgrade-Bucharest-Budapest-Cracow-Dubna-Moscow- Prague-Sofia-Tashkent
Tbilisi-Ulan-Bator-Varna-Warsaw-Yerevan Collaboration). 

Multibaryon Interactions at Relativistic Energies. - Progr. Part. & Nucl.Phys., vol.4. Heavy 
Ion Interactions at High Energies: Proceed. Intern.School Nucl. · Phys.Erice, 1979. - Oxford et 
al., 1980, p.95-132. - Bibliogr.: 59 .. 

The Quark-Partc;1 Structure, Functions of Nuclei. - Dubna, 1980. - 9 p ... Bibliogr.: 14. -
(JINR El-80-545). 

Relativistic Nuclear Physics. - Dubna, 1980. - 23 p. Bibliogr.: 34. - (JINR El-80-174). In: 
Intern. Conf. on Extreme States in Nucl.Systems. Dresden, 1980: Proceedings. -. Rossendorf, 
1980, vol.2, p.1-15. - (ZfK-430). . 

The Synchrophasotron: an Accelerator of Relativistic Nuclei. - In: Intern.Conf. on High 
Energy Accelerators, 11th. Geneva, 1980. - Basel et al., 1980,. p. 229-231.- Bibliogr.: 5. -
(In Collaboration with Yu.D.Beznogikh, K.V.Chokhlov, E.D.Donets, I.B.Issinsky, A.D.Kirillov 
et al.). 

1981 
AHaJIH3 none.u;eHHn ceq:eHHH H MHOffieCTDeHH0CTH 7r- -Me30H0D npH D3aHMO)];eHCTDHH peJIJITH

DHCTCKHX n.u;ep p, d, He, C c n.u;paMH yrnepo.u;a H TaHTaJia. - JI<I>, 1981, T.33, nLin.4, c.1046-1056. 
- Bu6nuorp.: 34. - ( CoTpy.u;Hu11:ecTno: AnMa-ATa- BaHy-Benrpa.u;-ByxapecT-BapHa-Bapwana
,lJ;y6Ha-EpenaH-KpaHon- MocHna-Ilpara-Coqmn-TawHeHT-T6HJIHCH-YJiaH-BaTop ) .. 

Bne.u;eHue. - B HH.: Meffi.n;yHap.ceMHHap no npo6JieMaM <pH3HHH DLICOHHX 3Hepruii, 6-ii. ,LJ;y6Ha, 
1981: Tpy.u;LI. - ,LJ;y6Ha, 1981, c. 6-10. - (OMJIM ,D;l,2-81-728). 

MHnapHaHTHLie HHHJII03HDHLie ce11:eHHn o6paaonaHHn HYMYJIJITHDHLIX 71'- -Me30HOD D 7r- ·~ C
D3aHMO.n;eiicTDHnx npH P,,- =40, I'aB/c D aaDHCHMOCTH OT HX HYMYJIJITHDHoro '1:HCJia H nonepeq:Horo 
HMnynLca. Ce11:eHHn o6pa:ionaHHn HYMYJIJITHDHLIX cTpyii. - ,LJ;y6Ha, 1981. - 7 c. - Bu6nuorp.: 7. 
- (OMJIM Pl-81-678). - (ConMeCTHO c A.11.AHoWHHLIM, B.B.Jlro6HMODLIM, M.M.CononLeDLIM, 
M. K. CyneiiMaHODLIM). · 

MMnyJILCHLie H yrJIODLie xapaHTepHCTHHH 71'- -Me30HOD, o6paayromuxcn npH D3aHMO,ll;eHCTDHH 
n.u;ep d, 4 He, 12 C c n.u;paMH TaHTaJia npH HMnym,ce 4,2 I'aB/c•HyHJioH. - ,LJ;y6Ha, 1981. - 9 c. 
- Bu6nuorp.: 15. - (OMJIM Pl-81-176). - CoTpy.n;HH11:ecTno: BaHy-Benrpa.u;-ByxapecT-BapHa
Bapwana-,LJ;y6Ha-MocHna- Ilpara-Co<tmn-YnaH-BaTop). 
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-- ---------------, 

Jia6opaTOpHJI BLIC0KHX 3HeprHii. - B KH.: O6'Le,D;HHeHHLl:U: HHCTHTYT JI,n;epHLIX HCCJle,n;onaHH:U:. 
,LJ;y6Ha: 1956-1981. - ,LJ;y6Ha: OMRM, 1981, c. 28-49. · 

PeJIJITHBHCTCKaJI n,n;epHan <pH3HKa. - BecTH. AH CCCP, 1981, N 8, c. 85-94. To me B KH.: 
Mem,zzyHapO,ll;HaJI IIIK0Jla M0JI0,ll;LIX yqeHLIX no <pH3HKe BLIC0KHX 3HeprHii, 14-JI. ,LJ;y6Ha, 1980. -
,LJ;y6Ha: OMRM, 1981, c. 296-318. - B1,16n1,1orp.: 20. - (OMRM ,LJ;2-81-158). 

CnoiicTna 7f'- 12 C-naaHMO,D;e:u:cTBH:U: D aanHCHM0CTH OT KYMYJIJITHBH0r0 q11cJ1a 7f'-Me30H0B, HC
nymeHHLIX D 3a,ll;HIOIO nonyc<pepy na6opaTOpHO:U: CHCTeMLI K00p,ll;HHaT. - ,LJ;y6Ha, 1981. - 9 c. 
- B1116m10rp.: 6. - (OMRM 1-81-214). - (ConMeCTHO c A.11.AHoIIIHHLIM, B.B.Jlro6HMOBLIM, 
M.11.CononLenLIM, M.K.CyneiiMaHOBLIM). 

CeqeHHJI B3aHMO)];e:U:CTBH:U: BT0pHqHLIX MHoroaapJI,D;HLIX <pparMeHT0B peJIJITHBHCTCK0ro JI,n;pa 
yrnepo,n;a c nponaHoM. - ,LJ;y6Ha, 1981. - 9 c. - B116n11orp.:6. - (OMRM Pl-81-79). - {ConMecTHO 
c r.P.AraK1111111enLIM, H.Axa6a6nHoM, I..J;.BaaTapoM, E.BapTKe, E.Bor,n;aHon1,1qeM 11 .zi;p.). 

Cl>H3HKa peJIJITIIIBIIICTCKHX n.zi;ep. - B KH.: Ilpo6neMLI <pH3HKH BLIC0KHX 3HeprHii H ynpanJIJleMoro 
TepMon.zi;epHoro CIIIHTeaa. - M.: HayKa, 1981, c. 110-124. 

3KcnepHMeHTaJILHLie MeT0,ll;LI III annapaTypa ,ll;JIJI Me,zi;HK0-6111onor111qecKHX HCCJle,ll;OBaHHH, paa
pa6oTaHHLie n JIB:3 OMRM. - ,LJ;y6Ha, 1981. - 10 c. - B1116n111orp.: 10.- (OMRM 18-81-48). -
(ConMecTHO c ID.B.3aHencKHM, B.,LJ;.Ile111exoHoBLIM, 11.H.CeMeHIOIIIKHHLIM). 

Experimental Check of Cumulative Effect Hypothesis and the Quark-Parton Structure Func
tions of Nuclei. - In: ICOHEPANS-9. Intern.Con£. on High Energy Physics & Nucl.Structure: 
Abstracts.Versailles. 1981.- Gif-sur-Yvette, 1981, p.526. - (In Collaboration with V.S.Stavin
sky). 

Inelastic Cross Sections and 1r- -Meson Production in Relativistic Nuclear Collisions Induced 
by p,d, 4He and 12 C on 12 C and 181 Ta Target-Nuclei. - Bucharest, 1981. - 17 p. - Bibliogr.: 
34. - (He-102-1981). - (Alma-Ata- Baku-Belgrade-Bucharest-Cracow-Dubna-Moscow-Prague
Sofia-Tashkent-Tbilisi-Ulan-Bator-Varna-Warsaw-Yerevan). 

Observation of 1r--Meson Correlated Emission in C-Ta Interactions at P0 = 4.2 GeV/c per 
Nucleon. ~ Dubna, 1981. - 8 p. - Bibliogr.: 14. - (JINR El-81-470). - (In Collaboration with 
N .Akhababian, N .Angelov, Ts.Baatar, J .Hartke, J .Bogdanovicz et al.). 

Present-Day Status of the Synchrophasotron as a Nuclear Accelerator. - IEEE Trans.Nucl.Sci., 
1981, v.NS-28, No.3, Pt.1, p.2043-2045. - Bibliogr.:9. - (In Collaboration with Yu.D.Beznogikh, 
E.D.Donets, I.B.Issinsky, L.G.Makarov, V.A.Monchinsky et al.). 

1982 
Bne,zi;eH111e. - B KH.: ConemaH111e no 111ccne.zi;onaH111JIM n o6nacTH peJ1JIT111n111cTcKoii n.zi;epHoii q,111-

31/IKIII, ,LJ;y6Ha, 1982: Tpy,zi;LI. - ,LJ;y6Ha: OMRM, 1982, c. 6-11. - (OMRM ,LJ;2-82-568). 
MayqeHHe KoppeJIJl:QH:U: D 7f'- 12 C-naaHMO,ll;eHCTBIIIJIX npH p,..- = 40 r3B/c D KYMYJIJITIIIBHOH 

o6JiaCTI/I, - Rel>, 1982, T.36, BLin.2, c.409-416. - B1116JI111orp.: 9. - ( ConMeCTHO c A.11.AHOIIIIIIHLIM, 
B.B.Jlro6111MOBLIM, M.M.Conon1,enLIM, M.K.CyneiiMaHOBLIM). 

Manap111aHTHLie HHKJII03IIIBHLie ceqeHHJI o6paaonaHHJI KYMYJIJITHBHLIX 1r- -Meao11on n 1r- 12 C
naa111Mo,zi;eiicTnHJIX np111 p,..- = 40 r3B/c n <pyHK:QIIIH 111x KYMYJ1JITI1InHoro q1,1cna III nonepeqHoro 
111Mnyn1,ca.· CeqeH11111 o6paaonaHHJI KYMYJIJITHBHLIX cTpyii. - Rel>, 1982, T,36, BLin.3, c.685-689. -
B1116n111orp.: 7. - (ConMeCTHO c A.11.AHOIIIIIIHLIM, B.B.Jlro6HMOBLIM, M.M.Conon1,enLIM, M.K.Cy
neiiMaHonLIM). 

11HKJII03IIIBHLie xapaKTep111cT111K111 MHoroHyKJI0HHLIX CC-naa111Mo.zi;eiicTn111ii np11111IMnyn1,ce 4,2 r3B / c 
Ha HYKJI0H. - ,LJ;y6Ha, 1982. - 12c. - B1116n1,1orp.: 7. - (OMRM Pl-82-536). - (ConMeCTHO c 
H.Axa6a6JIHOM, u;.BaaTapoM, E.BapTKe, E.Bor.zi;aHOBIIIqeM, A.n.racnapJIHOM 1,1 .zi;p.). 

Ha6nro.zi;eHHe 6ap1110HOB C 60JIJ,1111/IMIII nonepeqHLIMIII 1/IMilYJILCaMI/I BO B3al/IMO,ll;e:U:CTBIIIJIX n.zi;ep P, 
d, He H C c n.zi;paM111 TRHTaJia np111 HMnyn1,ce 
4,2 r3B/c Ha HYKJI0H. - ,LJ;y6Ha, 1982. - 8 c. - BH6JI111orp.: 14. - (OMRM Pl-82-535). - (ConMeCTHO 
c H.Axa6a6nHoM, I..J;.BaaTapoM, E.BapTKe, E.Bor,zi;aHon1,1qeM, A.TI.racnapnHOM 111 .zi;p.). 

IlepcneKTIIIBLI 1,1ccne.zi;onaH111ii naaHMo.zi;eiicTn111ii MIO0H0B c HYKJI0HRMH 111 11,n;paM111 D T3BHOH 06-
nacT111 3Hepr111ii. - ,LJ;y6Ha, 1982. - 12 c. - (OMRM 1-82-236). - (ConMeCTHO c ,LJ;.ID.Bap,n;HHLIM, 
C.M.BHJieHLKHM, A.r.BoJIO)];LKo, H.,n;.raryHaIIIBIIIJIH, 11.A.ronyTBHHLIM H .zi;p.). To me D KH,: cI>111-

31,1qecK111e HCCJie,zi;onaHHJI Ha ycKop111TeJILH0-HaK0ilHTeJILH0M K0MnJieKce McI>B:3. IlpOTBIIIHO, 1981: 
MaTep111an1,1 pa6oq,conem. - Cepnyxon, 1982, c.143. 

IlpHMeHeHHe H0BLIX 3J<CnepHMeHTRJILHLIX MeT0,D;0B H annapaTypLI ,D;JIJI HCCJie,zi;onaHHH D Me,D;H
:QI/IHe, 6HOJior111111, np0MLIIIIJieHH0CTH. - B KH.: ConemaHI/Ie no HCil0JIL30BaHI/IIO HOBLIX JI,D;epHo
q,1,131,1qecKI1IX MCT0,ll;0B ,ll;JIJI pe111eHHJI HayqHo-TeXH111qeCKI/IX H HapO,ll;HOX03JIHCTBeHHLIX aa.zi;aq, 4-e. 
,LJ;y6Ha, 1981: ,LJ;0Kna,z:i;1,1. - ,LJ;y6Ha, 1982, c. 78-90.- B1116n111orp.:30. - ( OMRM P18-82-117). -
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(ConMecTHO c IO.B.3aHencKHM, A.B.MnaHODLIM, JI.r.MaKapoDLIM, JI.Moy<JKoii, T.HeTymunoM H 
.n;p.). 

PeJJJITHDHCTCKaJI .11.n;epHruI <JjH3HKa, - B KH,: OqepKH no HCTOpHH pa3DHTHJI .11.n;epHOH <l>H3HKH D 
CCCP. - Kuen: HayK. ,llyMKa, 1982, c.152-167. - Bu6nuorp.: 19. 

Tpu npoTOTHnHLIX nepuo.n;a en MarHHTHOH CHCTeMLI. - ,[J;y6Ha, 1982. - 7 c. - (OM.HM pg_ 
82-383). - (ConMeCTHO c M.A.illenaenLIM, C.A.AnepuqenLIM, B.r.AKceHoDLIM, B.C.An4>eenLIM, 
3.B.BopHconoii H .n;p.). 

YcKopHTem, TJillieJILIX HOHOD Ha 3Hepruu coTHH MaB/HYKJI. - B KH.: MHCTHTYT aTOMHOH 3Hep
ruu HM.M.B.KypqaTona. HeKoTopLie TPY.O:LI coTpy,n;HHKOD MA8. (1947-1981 rr.); - M.: 8Heproa
TOMH3,l{aT, 1982, T.2, C. 343-346, 

YcTaJionKa H ocHODHLie pe3yJILTaTLI aKcnepuMeHTa HA-4: rny6oKoHeynpyroe pacceJIHHe MIOo
HOD H HCCJie,n;onaHHe MHOrOMIOOHHLIX COCTOJIHHH. - B KH.: Conem;aHHe no HCCJie,n;onaHHJIM D 
o6nacTH peJJJITHDHCTCKOH JI,llepHoii <l>H3HKH. ,[J;y6Ha, 1982: Tpy,n;LI. - ,[J;y6Ha: OM.HM,1982, c.47-
53. - Bu6nuorp.: 12. - (OM.HM ,[J;2-82-568). - CoTpy,llHHqecTno: BonoHLJI - QEPH - ,[J;y6Ha -
MroHXeH - CaKJie). 

XapaKTepHCTHKH -y-KDaHTOD, conpo,Do}l{,l{aIOIU;HX o6pa30DaHHe MHOr03apn,llHLIX <l>parMeHTOD JI,llpa 
yrnepo,lla npu HMnynLce 4,2 raB/c Ha HYKJIOH. - ,[J;y6Ha, 1982. - 12 c. - Bu6nuorp.: 24. - (OM.HM 
Pl-82-795). - (ConMecTHO c r.H.AraKHmHeDI..rM, E.Banea, O.Banea, B.Bon.n;ea, A.TI.racnap11HoM 
H ,llp.). 

VI Melli.n;yHapo.n;HLIH ceMHHap no npo6neMaM <l>H3HKH DLICOKHX 3Hepruii: MYJILTHKnapKODLie 
D3a:HMO,l{eHCTDHJI H KDaHTonan xpoMo,l{HHaMHKa. - Y<I>H, 1982, T.137, nLin.2, c. 361-364. - (Co
nMecTHo c A.B.E4>peMODLIM, H.TI.3oTODLIM). 

8KcnepHMeHTaJILHLie ,l{aHHLie no KYMYJJJITHDHOMY pOlli,l{eHHIO nHOHOD npH D3aHMO,l{eHCTDHH 
npoTOHOD c HMilYJILCOM 8,9 raB/c c JierKHMH JI,l{paMH. - ,[J;y6Ha, 1982. - 12 c. Bu6JIHorp.: 
13. - (OM.HM 1-82-28). - (ConMeCTHO C B.K.BoH,l{apeDLIM, H.ruop,ll3HeCKY, JI.B.rononaHODLIM, 
B.JI.Ma3apcKHM, A.H.MaHnTODCKHM H ,llp.). · 

Characteristics of 1r- Production in the Collisions of 4.2 GeV /c/Nucleon d, o: and 12 C Beams 
with Tantalum. - Z.Phys.C: Particle & Fields, 1982, v.12, No.4, p.283-288. -Bibliogr.: 9. -
(Dubna-Baku-Belgrade~Bucharest-Cracow- Moscow-Prague-Sofia-Ulan-Bator-Varna-Warsaw
Yerevan Collaboration). 

Correlation Effects in Multiple Particle ·Production on Nuclei-in the Cumulative Region. -
Dubna. 1982. - 10 p. - Bibliogr.: 9. - (JINR El-82-352). - (In Collaboration with A.I.Anoshin. 
V.B.Lyubimov, M.I.~oloviev, M.K.Suleimanov). 

Experimental Data on Inclusive Cross Section for Cumulative Production of Pions, Kaons, 
Antiprotons and the Quark-Parton Structure Function of Nuclei. - Dubna, 1982. - 28 p. -
Bibliogr.: 27. - (JINR El-82-472). - (In Collaboration with V.K.Bondarev, N.Ghiordanescu, 
A.N.Khrenov, A.G.Litvinenko, A.N.Manyatovsky et al.). 

Particle and Nuclear Scattering at Large Momentum Transfers. - In: CERN-JINR School of 
Physics. Hanko, Finland, 1981: Proceedings. - Geneva, 1982, p.1-30. - Bibliogr.: 45. - (CERN 
82-04) . 

Peripheral and Central Nucleus-Nucleus Collisions at 4.2 GeV /c per Nucleon. - Dubna, 
1982. - 18 p. - Bibliogr.: 42. - (JINR El-82-510). - (Alma-Ata-Baku-Belgrade- Bucharest
Dubna-Kishinev-Moscow-Prague-Samarkand-Sofia- Tashkent-Tbilisi- Ulan-Bator-Varna-Warsaw
Yerevan Collaboration). 

1983 
Bne,l{eHue. - B KH.: Pa6oqee conem;aHHe no nporpaMMe 3KcnepHMeHTOD Ha ncTpeqHLIX nyqKax. 

- ,[J;y6Ha, 1983, c. 3-5. - (OM.HM ,[J;l-83-541). 
BLiqHCJieHHe ceqeHHH KYMYJJJITHDHoro po}l{.l{eHHJI 'laCTHU: no 3KCnepHMeHTaJILHLIM ,l{aHHLIM 

ycTaHODKH ,[J;MCK-2. - ,[J;y6Ha, 1983. - 16 c. - Bu6nuorp.: 7. - (OM.HM. Pl-83-433). - (ConMe
CTHO c B.K.BoH.n;apenLIM, H.!'1rnp.n;aHecKy, A.r.JIHTDHHeHKo, H.C.Mopo3, IO.A.IlaHe6paTu;eBLIM 
H .z:i;p.). 

M3y<IeHHe o6pa30DaHHJI CTpyii a.n;poHOD D KYMYJJJITHDHLIX 7T'- C-B3aHMO,l{eHCTDHJIX npH HM
nyJILCe 40 raB/c. - ,[J;y6Ha, 1983. - 16 c. - Bu6nuorp.: 22. - (OM.HM Pl-83-483). - (ConMecTHo 
C B.r.rpumHHLIM, JI.A.,[J;u.n;emm, A.A.Ky3Heu;oBLIM, 3.B.MeTpenenu). 

MMnyJILCHLIH cnepxnpono.n;nm;uii .n;unoJILHLIH MarHHT ,n;JJJI HyKJioTpoHa. "'- ,[J;yoHa, 1983. - 6 
c. - B116nuorp.: 8. - (OM.HM 9-83-625). - (ConMecTHO c A.A.CMHpHODLIM, A.A.BacHJILeBLIM, 
M.A.Boeno,n;HHLIM, A.M.,[J;oHnrHHLIM, E.M.,[J;Ln'IKODLIM H .n;p.). 
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MHKJII03HBHLie xapaKTepHCTHKH MHoroHyKJIOHHlilX CC-naaHMo.n;e:u:cTBHH npH HMnyJILce 
4,2 rsB/c· Ha HYKJIOH, - R([), 1983, T,38, Bliln.1, c. 152-161. - BH6JIHOrp.:7. - (ConMeCTltO c 
r.H.AraKHWHenuM, H.Axa6a6nHoM, u;.BaaTapoM, E.Banea, H ,n;p.). 

KyMyJIJITHBHOe polK,ll;eHHe n,n;ep TPHTHJI, 3He H 4 He. - ,ll;y6Ha, 1983. - 20 c. - BH6JIHorp.: 
11. - (OMRM Pl-83-431). - (ConMeCTHO c B.K.BoH,n;apeBlilM, H.rHop,n;sHeCKY, A.r.JIHTBHHeHKO, 
H.C.Mopo3, IO.A.IlaHe6paTuenuM H ,n;p.). 

Mo,n;enHponaHHe sct>ct>eKTHBHOCTH cneKTp_oMeTpa ,ll;MCK-2 MeTo.n;oM MoHTe-Kapno. - ,ll;y6Ha, 
1983. - 20 c. - BH6JIHorp.: 10. - (OMRM Pl-83-434). - (ConMeCTHO c B.K.Bou,n;apenuM, 
H.rHop,n;siiecKy, A.r.JIHTBHHeHKO, H.C.Mopo3, IO.A.Tiaue6paTue»lilM H ,n;p.). 
. Ha6nro,n;eHHe 6apHOHOB C 60JILWHMH nonepeqHLIMH HMDYJILCaMH BO B3aHMO,n;eHCTBHJIX n,n;ep P, 
d, He H C c n,n;paMH Ta npH HMnyn1,ce 4,2 rsB/c Ha uyKJIOH, - R(D, 1983, T, 37, nun. 4, c. 
938-943. - BH6JIHorp.: 14. - (ConMeCTHO c r.H.AraKHWHenuM, H.Axa6a6nHoM, u;.BaaTapoM, 
E.Banea, O.Banea H ,n;p.). 

O6pa3o»aHHe "'Y-K»aHTOB H HeHTpanLHlilX CTpaHHLIX qacTHU B dTa- H CTa-n3aHMo.n;eiicTBHJIX 
npH HMDYJILCe 4.2 rsB/c Ha HYKJIOH, - R(D, 1983, T,37, BLin. 5, c. 1241-1247. - BH6JIHorp.: 
13. - ( CoTpy,n;HHqecTno: BaKy - Benrpa,n;-ByxapecT-BapHa-Bapwana-,ll;y6Ha- Epenau-KHWHHeB
MocKna-Tipara-Coct>Hn-T6HJIHCH-YJiaH-BaTop ). 

IlpoeKTHLie napaMeTplil Mo,n;eJILHoro cnepxnpono,n;n~ero CHHxpoTpoua OMRM. - ,ll;y6Ha, 1983. 
- 8 c. - BH6nHorp.:6. - (OMRM P9-83-582). - (ConMecTHO c M.A.IIIenaenuM, C.A.AnepHqenuM, 
B.r.AKceuonLIM, B.C.Anct>eenuM, B.A.BenywKHHLIM H ~p.). 

PeJIJITHBHCTCKaJI n,n;epuaJI cl>H3HKa, - B KH,: MelK,n;yHapo,n;Han WKOJia-ceMHHap no cl>HaHKe 
TJ1lKem,1x Houon. AnywTa, 1983: C6.auuoTau. - ,ll;y6Ha: OMRM, 1983, c.66. - (OMRM ,ll;7-83-
147). 

Cno:u:cTna pC- H pTa-»3aHMo,n;eiicTBHH npH Pp = 10 rsB/c, conponolK,n;aro~HXCJI HcnycKaHHeM 
KYMYJIJITHBHLIX npoTOHOB H 7r-Me3ouon. - ,ll;y6ua, 1983. - 11 c. - BH6JIHorp.: 23. - (OMRM Pl-83-
327). - (ConMeCTHO c ,n;.ApMyTJIHHCKH, H.Axa6a6nHoM, E.BapTKe, E.Bor,n;aHonHqeM, A.TI.racna
pnuoM H ,n;p.). 

XapaKTepHCTHKH "'Y-KBaHTOB, conpOBOlK,IJ;aIO~HXCJI o6pa30BaHHe MHOro3apJ1,1J;HlilX cl>parMeHTOB 
n,n;pa yrnepo,n;a npH HMnynLce 4,2 rsB/c ua uyKJIOH, - R(D, 1983, T,38, nun.4, c.999-1007. - BH-
6nHorp.: 24. - (ConMeCTHO c·r.H.AraKHWHe»LIM, E.Banea, O.Banea, B.Bon,n;ea, A.TI.racnapnHoM 
H ,n;p.). 

3KcnepHMeHTaJILHlile ,n;aHHlile no HHKJII03HBHlilM ceqeHHJIM KYMYJIJITHBHOro polK.n;eHHJI npoTO
HOB, ,n;e:u:Tpouon H TPHTHn, - ,ll;y6ua, 1983. - 24 c. - BH6JIHorp.: 14. - (OMRM Pl-83-432). 
- (ConMeCTHO C B.K.Bou,n;apenlilM, H.rHop.n;sHeCKY, A.r.JIHTBHHeHI<O, H.C.Mopo3, IO.A.IlaHe-
6paTuenuM H ,n;p.). 

Acceleration of Polarized Deuterons at the Synchrophasotron from the Sourse "Polaris", - In: 
High Energy Spin Physics - 1982. AIP Conf.Brookhaven, 1982: Proceedings. - New York: AIP, 
1983, p. 445-449. - Bibliogr.: 3. - (In Collaboration with N.G.Anishchenko, Yu.D.Beznogikh, 
V.P.Ershov, V.V.Fimushkin, V.A.Monchinsky et al.). 

Beams of Highly Charged Ions at the Dubna Synchrophasotron. - Phys.Scripta, 1983, v.T3, 
p.43-44. - Bibliogr.: 6. - (In Collaboration with E.D.Donets, I.B.Issinsky, A.D.Kirillov, I.N.Se
menyushkin). 

Design Features of a Model Superconducting Synchrotron of JINR. - In: Intern.Conf. on High 
Energy Accelerators, 12th. Batavia, 1983: Proceed. - Batavia, 1983, p.416-418. - Bibliogr.: 6. -
(In Collaboration with I.A.Shelaev, V.G.Aksenov, V.S.Alfeev, S.A.Averichev, V.A.Belushkin et 
al.). 

Nuclotron Status Report. - IEEE Trans.Nucl.Sci., 1983, v. NS-30, No.4, Pt.2, p.3247-
3249. - Bibliogr.:8. - (In Collaboration with S.A.Averichev, Yu.D.Beznogikh, A.M.Donyagin, 
E.I.Djachkov, I.B.Issbnsky et al.). 

Peripheral and Central Nucleus-Nucleus Collisions at 4.2 GeV /c per Nucleon. - Z.Phys.C: 
Part.& Fields, 1983, v.16, No.4, p.307-317. - Bibliogr.: 42. - (Alma-Ata- Baku- Belgrade
Bucharest-Dubna-Kishinev-Moscow-Prague- Samarkand-Sofia-Tashkent-Tbilisi-Ulan-Bator-Varna
Warsaw- Yerevan Collaboration). 

The Quark-Parton Structure Functions of Nuclei. - Dubna, 1983. - 8 p. - Bibliogr.: 13. - ( 
JINR E2-83-415). 

Relativistic Nuclear Physics. - In: Intern. Conference on Nuclear Physics. Florence, 1983: 
Contribut. Papers. - Bologna, 1983, v.1, p.686. - Bibliogr.: 2. 
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1984 

· MayqeHHe o6paaonaHHJI cTpyii a,u;poHon n KYMY,llJITHDHLIX 1r C-naaHMo,u;eiicTnHnx npH HMnynLce 
40 raB/c. - Rel>, 1984, T, . 39, DLin, 5, c. 1215-1227. - BH6JIHorp.: 22. - (ConMeCTHO c 
B.r.rpHWHHLIM, JI.A.,[J;H,u;eHI<o, A.A.KyaHeQODLIM, 3.B.MeTpenenH). 

MHomeCTDeHHOCTH, HMnyJILCHLie H yrJIODLie xapaKTepHCTHKH 7r-Me30HOD, o6paaonaBWHXCJI BO 
D3aHMO,D;eHCTDHJIX npOTOHOB, ,u;eiiTpOHOD, a-qacTHl.l H yrnepo,u;a C JI,D;paMH yrnepo,u;a npH HMnyJILCe 
4,2 raB/c Ha HYKJIOH,_ - ,LJ;y6Ha, 1984, - 18 c. - BH6JIHorp.: 25. - (OM.HM Pl-84-35). - (Co
Tpy.n;HHqecTno: AnMa-ATa- _BaKy-Benrpa,u;-ByxapecT-BapHa-Bapwana-,LJ;y6Ha-EpenaH-KHwHHeB
JieiinqHr-MocKna-Ilpara-CaMapKaH,u;-Coqmn-TawKeHT-T6HJIHCH-Y naH-BaTop ). To me: Rel>, 1984, 
T.40, DLin. 5, C. 1209-1221. 

0 reTeporeHHLIX COCTOJIHHJIX D n,u;epHOH MaTepHH, - B KH.: MyJILTHKDapKODLie D3aHMO,D;eHCTDHJI 
H KDaHTonan xpoMo,u;HHaMHKa: VII Mem.n;yHap.ceMHHap no npo6neMaM q>H3HKH DLICOKHX aHeprHii. 
,LJ;y6ua, HIOHL 1984: Tpy,u;LI, ,LJ;y6Ha, OM.HM, 1984, c. 531-543. - BH6JIHorp.: 28. (OM.HM ,lI;l,2-84-
599). (ConMeCTHO C P.r.Ha3MHT,IJ;HHODLIM, A.B,qmKODLIM, A.C.illyMODCKHM, B.M.IOKaJIOBLIM). 

Experimental Data on Limiting Fragmentation of Nuclei and the Quark Distribution in Nuclei.
In: Particles and Nuclei. Intern.Conf.,l0th. Heidelberg, 1984: Abstracts. - Heidelberg, 1984, 
vol.2, p.Jll-J12. - Bibliogr.: 3. - (In Collaboration with V.K.Bondarev, A.I.Khrenov, A.G.Lit
vinenko, N.S.Moroz, Yu.A.Panebratsev et al.). 

_Hadron Jets in Cumulative Processes for .. C Interactions at P = 40 GeV /c. - Dubna, 1984. 
- 16 p. - Bibliogr.:33. - (JINR El-84-317). - (IQ Collaboration with L.A.Didenko, V.G.Grishin, 
A .A .K uznet sov, Z. V .M etreveli). 
. OnHCaHHe MHOmeCTDeHHoro pom,u;eHHJI qacTHl.l D npocTpaHCTDe OTHOCHTeJILHLIX CKopocTeii. -

KpaTKHe coo6~.OMRM, 1984, N 3, c.5-16. - BH6JIHorp.:14. - (ConMeCTHO c JI.A.,[J;H.n;eHKo). 
_ 0 pacnpe,u;eneHHH KnapKon n n,u;pax. - ,[J;y6Ha, 1984. - 7 c, - BH6JIHorp.: 14. - (OM.HM 

1-84~185). - (ConMeCTHO c_ IO.A.IlaHe6paTQeDLIM, B.C.CTaDHHCKHM). 
To me n KH.: MynLTHKDapKODLie naaHMo.n;eiicTnHn H KDaHTODan xpoMo,u;HHaMHKa: VII Mem

,u;yHap.ceMHHap no npo6JieMaM q>H3HKH DLICOKHX 8HeprHH. ,LJ;y6Ha, 1984: Tpy.n;LI, - ,LJ;y6Ha, 
1984, c. 195-201. -BH6JIHorp.: 12. - (OMJIM ,[J;l,2-84-599). - (ConMeCTHO c B.K.BoH,u;apeBLIM, 
IO.A.IlaH

0

e6paTQeDLIM, M.IleHQJI, A.r.JIHTDHHeHKO, B.C.CTaDHHCKHM), To me: ,LJ;AH CCCP, 
1984, T,279, N 6, c. 1352-1356. 

0 cy~eCTDODaHHH a,u;pOHHOro H WeCTHKDapKODOrO q>a30DLIX COCTOJIHHH D JI,D;epHOH MaTepHH, -
,LJ;AH CCCP, 1984, T.279, N 3, C, 602-606. - BH6JIHOrp.:12. - (ConMeCTHO c P.r.Ha3MHT,IJ;HHOBLIM, 
A.B. qHmonLIM, A.C.lliyMoncKHM, B.M.IOKaJIODLIM), 

CTpyH a,u;poHon n KYMY,llJITHDHLIX npoqeccax n 1r C-naaHMo.n;eiicTDHJIX npH P=40 raB/c. - B KH,: 
MyJILTHKnapKODLie naaHMo.n;eiicTDHJI H KDaHTODan xpoMO,IJ;HHaMHKa: VII Mem.n;yHap.ceMHHap no 
npo6JieMaM q>H3HKH DLICOKHX aHeprHH, ,LJ;y6Ha, HIOHL 1984: Tpy.n;LI. - ,[J;y6Ha: OMJIM, 1984, c.233-
240. - BH6JIHOrp.:24. - (OM.HM ,D;l,2-84-.599). - (ConMeCTHO c n.r.rpHWHHLI~, JI.A.,[J;H.n;eHKO, 
A.A.KyaHeqoDLIM, 3.B.MeTpenenH), 

Investigation of Correlation Phenomena in Nucleus-Nucleus Interactions at 4.2 GeV /c per Nu
cleon. - Dubna. 1984. - 24 p. - Bibliogr.: 73. - (JINR El-84-448). - (Alma-Ata-Baku-Belgrade
Bucharest-Dubna~Kishinev-Leipzig-Moscow- Prague-Samarkand-Sofia-Tashkent-Tbilisi- Ulan-Ba-
tor-Varna-Warsaw-Yerevan Collaboration). · 

Multiplicity, Momentum and Angular Characteristics of 1r- Mesons for pC, dC, aC and CC 
Interactions at 4.2 GeV /c per Nucleon. - Dubna, 1984. - 17 p. - Bibliogr.: 26. - (JINR 
El-84-321). - (Alma-Ata-Baku-Belgrade-Bucharest- Dubna-Kishinev-Leipzig- Moscow-Prague
Samarkand-Sofia- Tashkent-Tbilisi- Ulan-Bator-Varna-Warsaw-Yerevan Collaboration). 

A Pulsed Superconducting Dipole Magnet for the Nuclotron. - In: Intern.Con£. on Magnet 
Technology, 8th Grenoble, 1983. - J.Phys., 1984, T.45, Col.Cl, Suppl.I, p.Cl-279-Cl-282 -
Bibliogr.: 8. - (In Collaboration with A.A.Smirnov, A.M.Donyagin, E.I.Dyachkov, I.A.Eliseeva, 
H.G.Khodzhibagiyan, I.S.Khukhareva, A.D.Kovalenko et al.). 

Quarks in Nuclei. - CERN Cour., 1984, v.24, No.1, p. 19-20. 

1985 
ATOMHLie n,u;pa KaK KDapK-rJIIO0HHLie CHCTeMLI. - B KH.: 8neKTpoMarHHTHLie D3aHMO,D;e.HCTDHJI 

n,u;ep npH MaJILIX H cpe.n;HHH aHeprHnx: Tpy,u;LI VI ceMHHapa. MocKna, 10-12 ,u;eK. 1984. - M., 
MJIM AH CCCP, 1985, c. 5-13. - BH6JIHorp.:9. To me: ,D;oKna,u; Ha nayqHOH ceccHH oT,u;eJieHHJI 
o6~eii q>HaHKH H acTpOH0MHH H oT.n;eneHHJI n,u;epnoii <l>H3HKH AH CCCP, 24-25 anp., 1985. To 
me: Yct>H, 1985, T.147, DLin.2, c. 424-426. · 

Mccne,u;onaHHe MHomecTneHHoro KYMYJIJITHDHoro pom.n;eHHJI qacTHQ n 411"-reoMeTpHH, Ilpo
eKT "Cq,epa". - ,LJ;y6Ha, 1985. - 15 c. - BH6JIHorp.: 9 - (OMJIM Pl-85-512). - (ConMecTHO 
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C C.A.AnepH•IeDLIM, r.C.AnepH'leDLIM, H.r.AHHW:eHKO, B.,ll;.BapTeHeDLIM, IO.T.BopayHOBLIM H 
.ztp.). . 

KnapKODaJI MaTepHJI KaK CTaTHCTH'leCKaJI CHCTeMa. - ,ll;y6Ha, 1985. - 13 c. - BH6JIHorp.: 70. -
(OH.RH P2-85-307). - (ConMeCTHO c A.C.IIIyMoncKHM, B.H.IOKaJIODLIM). 

KpHoreHHaJI cHcTeMa cnepxnponQWiw;ero CHHxpoTpoHa CTIHH. - ,ll;y6Ha, 1985. - 4 c. - BH6JIH- · 
orp.: 5 _ (OH.RH P9-85-593). - (ConMeCTHO c H.A.IIIenaenLIM, B.C.AmJ;>eeBLIM, H.H.AranoBLIM, 
B.A.BenynII<HHLIM, JI.r.E¢>HMOBLIM H .ztp.). 

IlpHHQHn ocna6neHHJI .HoppeJIJIQHH B .H»ap.Honoii 4>HaH.He. - B .HH.: TeopeTHqecRHe acneRTLI 
conMeCTHLix ,rncnepHMeHTaJILHLIX nporpaMM OH.RH c IJ;EPH H H<l>B:3: Hayq,.ztOKJI. 22-ii cecCHH 
ceKQHH Y'leHoro coneTa OH.RH no Teop.¢>H3HKe (30 Ma.II 1985 r.). - ,ll;y6Ha, 1985, c.52-67. -
BH6JIHorp.: 18. - (OH.RH P2-85-609). 

PeJIJITHDHCTCKH-HHDapHaHTHLIH aHaJIH3 KOppeJIJIQHOHHLIX JIDJieHHH D npoQeccax MHOlKeCTDeH
Horo pom.zteHHJI, - KpaTKHe coo6w;.OHRH, 1985, N 8, c. 5-17. - BH6JIHorp.: 13. - (ConMeCTHO c 
JI.A.,ll;H.zteHKO ). 

CTaTHCTH'leCKHe MeTO,ltLI onHcaHHJI KDapKODLIX CTeneHeH cno6o.ztLI, - ,ll;y6Ha, 1985. - 11 c. -
BH6nHorp.: 32. - (OHRJ1 P2-85-830). - (ConMeCTHO c A.C.IIIyMoDcKHM, B.H.IORaJioDLIM). 

l.leTLipexMepHLie CTpyH a.ztpOHOD - yHHDepcanLHLle xapaRTepHCTHRH MHOlKeCTDeHHoro polK,lte
HHJI qacTHQ. - ,ll;y6Ha, 1985. - 15 c. - BH6nHorp.: 15., - (OH.RH Pl-85-820). - (ConMe
CTHo C B.B.BaTIOHeii, H.M.rpaMeHHQKHM, B.r.rpHWHHLIM, JI.A.,ll;H.zteHRO, A.A.KyaHeQOBLIM, 
3.B .MeTpenenH). · 

A-Dependence of the Cross Sections for Cumulative Processes. - In: Nucleus-Nucleus Colli
sions II: Pro- ceed.Intern.Conf. Visby, Sweden, 1985: Contribut. Papers. - Lund, 1985, vol.1, 
p.73-74. - Bibliogr.:4. - (In Collaboration with V.K.Bondarev, A.N.Khrenov, A.G.Litvintnko, 
N.S.Moroz, A.A.Mozelev et al.). 

Experimental Studies of Quark Distribution in Nuclei. - Ibid - p. 75-76. - Bibliogr.:7. - (In Col
laboration with V.K.Bondarev, A.N.Khrenov, A.G.Litvinnenko, N.S.Moroz, Yu.A.Panebratsev 
et al.). 

Four-Dimensional Jets as Universal Characteristics of Multiple Particle Production. - Dubna, 
1985.- 8 p. - Bibliogr.:11. - (JINR El-85-675). - (In Collaboration with B.V.Batiunja, I.M.Gra
menitsky, V.G.Grishin, L.A.Didenko, A.A.Kuznetsov, Z.V.Metreveli). 

Multiplicity, Momentum and Angular Characteristics of 1r- Mesons for pC, dC, o:C and CC 
Interfctions at 4.2 GeV /c per Nucleon. - Z.Phys.C: Part. & Fields, 1985, v.27, No.2, p.177-
185. - Bibliogr.: 26. - (Alma-Ata - Baku-Belgrade-Bucharest-Dubna-Kishinev-Leipzig-Moscow
Prague-Samarkand-Sofia-Tashkent-Tbilisi-Ulan-Bator- Varna-Warsaw-Yerevan Collaboration). 

Nuclear Reactions with Large Momentum Transfers as a Source of Information about Mul
tiquark States in Nuclei. ~ In: Particles and Nuclei: Proceed.Tenth Intern.Conf. Particles and 
Nuclei. Heidelberg, :July 30 - August 3,1984. -North-Holland et al.: 1985, p.695 c-704c. -
Bibliogr.:12. - (Nucl.Phys.v.A434,1985). 

Study of the Nuclei as Quark-Gluon Systems in Relativistic Nuclear Collisions, - In: Nucleus
Nucleus Collisions II: Proceed. Second Intern.Conf.Nucleus-Nucleus Collisions.Visby, Sweden, 
June 10-14, 1985. - Amsterdam et al.: North-Holland, 1985, p.203c-214c. - Bibliogr.: 18. -
(Nucl.Phys.,1985, v. A447). 

Universality of Hadron Jets in Soft and Hard Particle Interactions at High Energies. -
Dubna, 1985. - 26 p. - (JINR El-85-415). - Bibliogr.: 43. - (Collaboration with L.A.Didenko, 
V.G.Grishin, A.A.Kuznetsov, Z.V.Metreveli). 

1986 
ATOMHLie n.npa KaK K»apK-rmooHHLie CHCTeMLI - BecTH. AH CCCP, 1986, N 9, c.3-13. -

BH6mrnrp.: 4. 
HayqeHHe pC-n:mHMO.zteiicTDHH npH Pp = 10 r3B/c c HcnycRaHHeM KYMYJIJITHDHLIX nHoHon, 

npoTOHOD H .neihpoHOD. - B KH.: MyJILTHKDapKODLle D3aHMO)teHCTDHJI H KDaHTOBaJI xpoMO,ltHHa
MHKa: Tpy.ztLI VIII Mem.ztyHap. ceMHHapa no npo6neMaM ¢lH3HRH DLICORHX 3HeprHii. ,ll;y6ua 
19-24 HIOHJI 1986. - ,ll;y6ua:OHRH, 1986, T.1: TeaHcLI ~oKJI., c.86. - (OH.RH ,ll;l,2-86-279). -
(ConMeCTHO C ,ll;.ApMyTnHHCKH, E.BapTHe, E.Bor.ztaHODH•rnM, A.n.racnapnHoM, B.r.rpHWHHLIM 
H .ztp,). . 

KnapKonan MaTepHn Kai{ CTaTHCTH'leCKan CHCTeMa. • 8 KH;: <l>H3HRa MHOroqacTH'IHLIH CHCTeM: 
Pecn.Memne.zt.c6. Hay'IH.Tp. - KHen: HayKona .ztYMRa, 1986, BLin.10, c.10-18. - BH6JIHorp.: 70. -
(ConMeCTHO c A.C.IIIyMoncKHM, B.H.IOKanon1,1M). 
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OnucaHHe MHOffieCTDeHHLIX npouecCOB Ha OCHOBe TpHaHryJIJIQHH D npocTpaHCTDe CRopocTeii. -
RpaTRHe coo6w;. OM.HM, 1986, N 17, c.19-26. - BH6JIHorp.: 7. - (Co»MeCTHo c A.A.Ban,nHHLIM), 

PeJIJITHDHCTCRaJI .a,nepHaJI .<pH3HICa. - B RH.: HayqHoe COTpy,nHH'IeCTDO COQHaJIHCTH'leCRl{X 
cTpaH D .a,nepHoii <pH3HRe.- M.: 3HeproaTOMH3.z:taT, 1986, c.138-157. - BH6JIHorp.:18. - (ConMeCTHO 
c B.C_.CTaBHHCRHM). 

_qeTLipexMepHLie CTpyH a,z:tpOHOB - YHHDepcaJILHLle xapaRTepHCTHRH MHOmeCTDeHHoro pom,ne
HH.fl qacTHU, - Rel>, 1986, T.44, DLin.5, c.1209-1218. - BH6JIHorp.:.l4. - (ConMecTHO c B.B.BaTIOHeii, 
M.M.rpaMeHHURHM, B.r.rpHIIIHHLIM, JI.A.,lJ;H,z:teHRo, A.A.Ry3HeQODLIM, 3.B.MeTpeDeJIH). 

Four-Dimensional Jets as Universal Characteri~tics of Multiple Particle Production. - JINR 
Rapid Commun., 1986, No.16, p.24~32. - Bibliogr.: 11. - (In Collaboration with B.V.Batiunja, 
I.M.Gramenitsky, V.G.Grishin, L.A.Didenko, A.A.Kuznetsov, Z.V.Metreveli). 

Introductory Talk. - Proc.of the Seminar of Cherenkov Detectors and their Applications in 
Science and Technology. Moscow,July 1984. - Nucl.Instr.& Meth.Phys.Res., 1986, v.A248, No.1, 
p.ix - xi. 

Universality of Hadron Jet Properties in the Relative Four-Velocity Space. - In: Proc. of 
the VIII Intern.Seminar on High Energy Physics Problems. Dubna, 19-24, June 1986. - Dubna, 
1986, Vol.1:. Contributions, p.45-47. Bibliogr.: 4. (JINR Dl,2-86 -279} - (In Collaboration with 
B.V.Batyunya,·L.A.Didenko, I.M.Gramenitsky, V.G.Grishin, A.A.Kuznetsov, Z.V.Metreveli). 

, 1987 
AcHMOTOTH'leCRHe CBOHCTDa a.z:tpOHHOH MaTepuH D npocTpaHCTDe 'leTLipexMepHLIX OTHOCHTeJIL

HLIX CROpOCTeii.: JleRQHH ,LtJIJI .MOJIO,nLIX y'leHLIX, BLin.43. - ,D;y6Ha, 1987, - Bu6JIHorp.: 51. -
(OM.HM Pl-87-912). - (ConMeCTHO c JI.A.,lJ;H.z:teHRo). 

ATOMHLie n.z:tpa HaK HDapR-rJIIOOHHLie CHCTeMLI, - B RH,: Mem,z:tyHapo,nHan IIIROJia-CeMHHap no 
<pH3HHe TnmeJILIX uoHon. ,D;y6Ha, 23-30 ceuT. 1986. - ,LJ;y6Ha: OM.HM, 1987, c.25-32. - BH6mrnrp.: 
4. - (OM.HM ,D;7-87-68). 

RnacTepH3aQH.fI D npocTpaHCTDe 'leTLipexMepHLIX OTHOCHTeJILHLIX CHOpOCTeH H HHDapHaHTHLie 
pacnpe.z:tenenHn a,npoHHLIX cTpyii. - ,LJ;y6Ha, 1987, - 19 c. - BH6JIHorp.:8. - (OM.HM Pl-87-552). -
(CoDMCCTHO C B.r.rpHIIIHHLIM, JI.A.,lJ;u,neHirn, A.A.Ry3HCQODLIM, 3.B.MeTpeneJIH), . 

YHHDepcaJILHOCTL CDOHCTD 'ICTLipexMepfl:LIX 6apHOHHLIX HJiacTepon n a,npoH-n,nepHLIX H n,z:tpo
n.z:tepHLIX ··n3aHMO.z:teiicTnHnx n HHTepnaJie aHeprHii 4:40 raB. - RpaTHHe coo6w;. OM.HM., 1987, 
No.4, c.5-21. - BH0JIHOrp.:21. - (ConMeCTHO c ,n;.,n;.ApMyTJIHHCKH,B.r.rpHIIIHHLIM, JI.A.,lJ;H,neHRO, 
A.A.Ry3HeuonLIM, 3 B;MeTpenenH). 

Four-Dimensional Jets as Universal Characteristics of Multiple Particle Production in Soft and 
Hard Interactions. - In: Proc. of the VIII Intern.Seminar on High Energy Physics Problems. 
Dubna, June 19-24, 1986'. - Dubna: JINR, 19_87, v.l, p.302-317. - Bibliogr.: 17. - (JINR Dl,2-
86-668). - (In Collaboration with B.V.Batyunya, L.A.Didenko, I.M.Gram·enitsky, V.G.Grishin, 
A.A.Kuznetsov et al.). 

Hadron JETS in Deep-Inelastic 1r - N Interactions and Universality of the Jet Properties . 
in Relative Four - Velocity Space. - JINR Rapid comm., 1987, p.17-25. - Bibliogr.: 6. - (In 
Collaboration with L.A.Didenko, V.G.Grishin, A.A.Kuznetsov, G.M.Maneva, Z.V.Metreveli). 

On the Existence of the First Intermediate Asymptotics in Relativistic Nuclear Collisions. -
JINR Rapid.Comm.,1987, No 2, p.4-11.- Bibliogr.:7.7 (In Collaboration with A.O.Kechechyan, 
B.A.Shahbazian). 

Quark Distributions in Nuclei. (Hadronic Interaction). - In: Intern.Europhysics Conference 
on High Energy Physics: Proceed.Uppsala, Sweden, June 25-July 1, 1987. - Uppsala, 1987, Vol.1, 
p. 463. - Bibliogr.:5. - (In Collaboration with Yu.A.Panebratsev, V.S.Stavinsky). 

Universal Four-Dimensional Hadron Jets and the Observability of Colour Charges - Dubna, 
1987,p.157 - Bibliogr.:17. - (JINR El-87-142). - (In Collaboration with L.A.Didenko, V.G.Grishin, 
A.A.Kuznetsov, Z.V.Metreveli et al.). 

Universality of Hadron Jets in Soft and Hard Particle Interactions at High Energies. - 1987. 
- Z.Phys.C., 1987,-v. 33, No 3, p.363-375. - Bibliogr.:42. - (In Collaboration with L.A.Didenko, 
V.G.Grishin, A.A.Kuznetsov, Z.V.Metreveli et al.) 

1988 
AnTOMo.z:teJILHLie. cnoii:cTna 6apHOHHLIX RJiacTepon no D3aHMO,neiicTDHnx p- d-, He-, C- H 71"• 

'laCTHU c n,npaMH yrnepo,z:ta n HHTepnaJie HMilYJILCOD 4:40 raB/c Ha HYHJIOH. - ,D;y611a, 1988. 
- 18 c. - BH6JIHorp.: 12.- (OM.HM Pl-88-331). - (ConMCCTHO c B.r.rpHIIIHHLIM, JI.A.,D;k,z:teHHO, 
A.A.Ry3HCUODLIM), 
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ATOMHLie Jl,D;pa KaK KDapK-rJIIOOHHLle CHCTeMLI. - Ha nepe,D;ODLIX py6elKax $H3HKH MHKpOMHpa. 
(Honoe n >RH3HH, Hay1<e, TeXHHKe. Cep. "cl>HaHKa". Nl0).- MocKna: 3HaHHe, 1988, c.18-29. · 

KnacTepH3aQHJI D npocTpaHCTDe q_eTLipexMepHLIX OTHOCHTeJILHLIX CKOpOCTeH H HHBapHaHTHLle 

pacnpe,D;eJieHHJI a,D;pOHHLIX cTpyii.- Rel>, 1988, T.48, BLin. 4, c.995-1004. - BH6JIHorp.: 9. -
(ConMeCTHO c B.r.rpHWHHLIM, JI.A.,ll;H,ZJ;eHI<O, A.A.KyaHeQODLIM, 3.B.MeTpeneJIH). 

Automodelity Properties of Multiple Particle Processes in Hadron-Hadron, Hadron-Nucleus 
and Nucleus-Nucleus Interactions within an Interval of 4-205 GeV /c. B KH.: Tpy,D;LI IX MelK
.ZJ;yHap.ceMHHapa no npo6JieMaM $HaHKH DLICOKHX aHeprHii. ,LJ;y6Ha, HIOHL 1988. - ,LJ;y6Ha: OMRM, 
T.1, p.286-299. - BH6JIHorp.:21- (OMRM ,D;l,2-88-652) - (In Collaboration with V.G.Grishin,L.A.Di
denko, A.A.Kuznetsov). 

To lKe: B KH.: Tpy.D;LI IX MelK,ZJ;yHap.ceMHHapa no npo6JieMaM $HaHKH BLICOKHX 3Hepruii. 
,LJ;y6Ha, HIOHL 1988. TeaHcLI ,ZJ;OKJI. - ,LJ;y6Ha: OMRM, 1988, T.1, c.28-30. - BH6JIHorp.: 5. -
(OMRM ,LJ; 1,2-88-2728). 

To lKe: - Intern.Con£. on Clustering Aspects in Nuclear and Subnuclear Systems, 5th, Kyoto, 
Japan, July 1988. Contributed Papers, p. 268-269. 

Same: Third Intern.Conf. on Nucleus Nucleus Collisions: Contributed Papers. Saint-Malo, 
France, June, 1988. - Caen: Ganil, 1988, p.209-210. 

1989 
ADTOMO,ZJ;eJILHLie CDOHCTDa 6apHOHHLIX KJiaCTepoB DO naaHMO,ZJ;eHCTDHJIX p, d, He, C H 7r.qacTHU 

c JI,D;paMH yrnepo,D;a n HHTepnane HMnynLcon 4-40 raB/c. Ha HYKJIOH.- Rel>, 1989, T.49, DLin.4, c. 
1034-1045. - BH6JIHorp.: 12. - (ConMeCTHO c B.r.rpHWHHLIM, JI.A.,ll;H,ZJ;eHKO, A.A.KyaHeQODLIM). 

flepcneKTHDLI paanHTHJI ycKopHTeJILHoro KoMnJieKca JIBS. - Ilpe,D;JIOlKeHHJI no nporpaMMe Jia-
6opaTopHH DLICOKHX 3Heprnii n 1991-1995 rr.: C6.aHHOTaUHH npoeKTOD. - ,LJ;y6Ha: OMRM, 1989, 
c.210-215. - Bn6nnorp.: 10. - (ConMeCTHO c A.,LJ;.KonaneHKo, JI.r.MaKaponLIM, M.A.IIIenaeDLIM). 

1990 
AHoMaJIHH, Ha6JIIO,ZJ;eHHLie ,n;.B.CKo6eJILULIHLIM n 6eTa-pacna,ZJ;e, 11 HODLle peaoHaHCLI n KBapKO

DOH aneKTpO,D;HHaMHKe. - KpaTKHe coo6w.no $H3HKe., 1990, N 6, c.42-44. - Bn6nnorp.: 11. 
BcTynHTeJILHOe CJIODO npe,D;ce,ZJ;aTeJIJI oprKOMHTeTa Ha BcecOI03HOM ceMHHape "qepeHKOBCKHe 

,ZJ;eTeKTOpLI n HX npHMeHeHHe n HayKe 11 TeXHHKe". 11:IOJIL 1984.- B°KH.: qepeHKODCKHe ,ZJ;eTeKTOpLI 
H HX npHMeHeHHe n HayKe 11 TeXHHKe. M.: HayKa, 1990, c.6-8. 

11:ccJie,ZJ;oDaHHe D03MOlKHOCTH o6paaonaHHJI KDa3HCTaQHOHapHLIX COCTOJIHHH npH CTOJIKHODeHHH 
pennTHDHCTCKHX n,D;ep. - ,LJ;y6Ha, 1990. - 15 c., - BH6JIHorp.: 17. - (OMRM Pl-90-263). -
(ConMeCTHO C n.r.rpHWHHLIM, JI.A.,ll;H,ZJ;eHKO, A.A.KyaHeQODLIM). 

To me: Rel>, 1990, T.52, nLin. 5, c.1427-1436. 
Pe,ZJ;.: qepeHKODCKHe ,ZJ;eTeKTOpLI H HX npHMeHeHHe n HayKe 11 TeXHHKe, - M:HayKa, 1990. 
Anomalies Observed by Skobeltsyn in the Beta Decay and New Resonances in Quantum 

Electrodynamics. - JINR Rapid Commun., 1990, No.3, p.4-10. - Bibliogr.:13. 
Asymptotic Properties of Hadron Matter in Relative Four - Velosity Space. - Fortschr.Phys., 

1990, v.38, No.4, p.261-332. - Bibliogr.: 51. (In Collaboration with L.A.Didenko). 
On New Resonances in Quantum Electrodynamics. - Proc. of the X Intern.Seminar on High 

Energy Physics Problems. Dubna, Sept., 1990: Abctract. - Dubna: JINR, 1990, p.10 - (JINR 
Dl,2-90-456). 

Study of Excited Nuclear Matter in Relativistic Nuclear Collisions. - Proc. of the X In
tern.Seminar on High Energy Physics Problems. Dubna, Sept., 1990: Abstract. - Dubna: 
.JINR, 1990, p.35-36. - (JINR D1,2-90-456). - (In Collaboration with V.G.Grishin, L.A.Didenko, 
A.A.Kuznetsov). 

1991 
Investigation of Excited Nuclear Matter in Relativistic Nuclear Collisions. - In: Relativistic 

Nuclear Physics & Quantum Chromodynamics.: Proc. of the Xth Intern. Seminar on High 
Energy Physics Problems. Dubna, USSR. Sept. 1990. - Singapore: World Scientific, 1991, p. 
110-116. - Bibliogr.: 9. - (In Collaboration with V.G.Grishin, L.A.Didenko, A.A.Kuznetsov). 

On New Resonances in Quantum Electrodynamics. - In: Relativistic Nuclear Physics & 
Quantum Chromodynamics.: Proc.of the Xth Intern.Seminar on High Energy Physics Prob
lems.Dubna, USSR. Sept. 1990. - Singapore: World Scientific, 1991, p.15-19. - Bibliogr.: 12. 

Pe,ZJ;.: Relativistic Nuclear Physics & Quantum Chromodynamics: Proc. of the Xth In
tern.Seminar on High Energy Physics Problems. Dubna, USSR. Sept.1990. - Singapore et 
al: World Scientific, 1991. - 651 p. - (In Collaboration with V.V.Burov, L.P.Kaptari). 
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1992 
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