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OBIIJ;A.H XAPAKTEPMCTJ/.IKA PABOTbl 

ARTyaJihHOCTh Te~rn. 

11cTOpil'IeCRil <pil3IlHa 6apilOHOB RaR oco6an o6JiaCTh IlCCJie.l(OBaHilii B03-

HilHJia B Ha~IaJie Hb!Henrnero Beua B xo.ne IIIl0HepCKHX OTRphlTilll npoTO

Ha Il Heii:TpOHa. l13yqeHile CBOllCTB 6apilOHOB npe.n;cTaBJIReT co6ofi O.l(HY 

Il3 auTyaJibHhlX npo6JieM <pil3IlHil 3JieM<:HTapHb!X qaCTill.l;. Cym.ecTByeT pR.l( 

OCHOBHhlX rrp:0:q:0:H, n CilJIY ROTOphlX 6apHOHaM y.n;eJIReTCJI IIOBhlIIIeHHoe BHH

MaHile. Bo-rrepBhlX, Ha:0:nerqafirn:0:e 6apilOHhl ( HYHJIOHhl) COCTaBJIRIOT OCHOBY 

R.n;epHofi MaTepHil. TToc>TOMY, rrpo6neMhl cTpoemm HYHJIOHOB n :0:x cBoficTB 

TeCHO CBJI3aHhl C 3a.n;aqaMil JI.l(epHoii: <pil3Ilim:. Bo-BTOphlx, C IlCCJie.l(OBaHHeM 

6apilOHHOll <pil3Ill{Il Hepa3pb!BHO CBJI3aHhl Taim:e <pyH.n;aMeHTaJihHhle OTHphlTilR 

rrocJie.l(HilX copoRa JieT, HaH V - A CTPYRTypa cna6h!x B3aHMo.n;eii:cTBilil:, 

YHilTapHan SUF(3) CilMMeTpHR, o6'bJICHHBIIIaJI cym.ecTBOBaHHe oHTeTa 6a

pHOHOB C JP = 1;2+' OTRphlTile IJ,BeTa B pe3yJihTaTe pa3'bJICHemIB rrapa

.l(ORCa co CIIIlHOBOii: CTaTilCTilHOii: Tpex 0.l(HHaHOBhlX RBapROB B .6. ++ -Il3o6ape 

Il, HaROHeIJ,, HOCBeHHOe IIO.l(TBepm.n;eHile RBapHOBOll I'IlIIOTe3hl B pe3yJihTaTe 

3RcrrepHMeHTOB B CTeHcpop.ne no rny6oHoHeyrrpyroMy pacceJIHHIO JieIITOHOB 

. Ha HYRJI0Hax. TpeThJI rrpHqilHa HHTepeca I{ 6ap:0:0HaM CBJI3aHa C B03MO}R

HOCThlO rrony'IeHHR He3aBilCilMoii: HHcpopMall,llH o rrpo6neMax RX.fl:, TaKHx 

RaR IJ,BeTOBOll ROH<pafiHMeHT Il rrepeHOC IJ,BeTa, a.npoHH3aD;HJI RBapR0B Il T . .l(. 

B HaCTOJill.J.ee BpeMJI O.l(HilM Il3 rrepcrreRTilBHhlX HanpaBJiemill: B 6apHOHHOll 

<pil3IlRe JIBJIJieTCJI IlCCJie.l(OBaHHe CJia6b!X pacrra.l(OB TJilKeJihlX 6apHOHOB, I{Q

Topoe JIBJIJieTCJI YHilRaJihHhlM IlHCTpyMeHTOM .l(JIJI orrpe.nenemm Heil3BeCTHhlX 

rrapaMeTpOB CTaH.n;apTHOll MO.l(eJIIl (MaTpWIHb!X 3JieMeHTOB MaTpilll,hl Ra6:0:6-

60-Ra6anm:0:-MarnaBa Vcb Il Vub) Il nccne.n;OBamm c>cpcpeRTOB C P Hapyrne

mm . 

C MOMeHTa o6HapylKemIB rrepBhlX 6apHOHOB BO rnaBy yrna BCTaJI ec

TeCTBeHHhlll Borrpoc 0 pa3pa60TRe peaJIIlCTWieCHOro II0.l(XO.l(a, II03BOJIRIOll.J.e

ro OIIIlCh!BaTh CTaT:0:qecim:e Il .l(IlHaMnqecim:e CBOllCTBa 6apilOHOB. B o6JiaCTil 

BhlC0Rilx c>Heprilil: c c>Tofi 3a.n;aqefi ycrrernno crrpaBJIReTCR RX.fl:. O.l(HaRo, B 

o6nacTH HH3HHX c>Hepr:0:ii: RX.fl: TepJieT CBOIO rrpe.n;cRa3aTeJihHYIO cnny Il3-

3a pacTym.eii: R0HCTaHThl CBJI3Il. 9To JIBilJIOCh CTilMYJIOM .l(JIR B03HilHHOBemm 

pa3JIIl~hlX TeopeTWieCim:X IIO.l(XO.l(0B, II03B0JIRIOll.J.IlX TeM IlJIIl IlHhlM o6pa30M 

Bh!qnCJIJITh Hil3H03HepreTWieCim:e 6apilOHHhle xapaHTepHCTilim:: rrpaBHJia 

cyMM RX.fl:, RX.fl: Ha perneTHe, pM~e BapnaHThl HBapHOBhIX Mo.n;enefi 

(Mo.l(eJIIl "MeIIIROB"' IIOTeHD;HaJihHhle HBapHOBhle MO.l(eJIIl, ROHCTHTyeHTHhle 

RBapHOBhle MO.l(eJIIl Ha CBeTOBOM HOHyce, HBapHOBhle MO.l(eJIIl, OCHOBaHHble Ha 

Hayquo-Texuu11ecxaa 
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3cpcpeRTMBHhlX narpaIDirn:aHax a~poH-IrnapR0Boro B3aMMO~eil:cTBMJI), C0JIH

TOHHhle M0~eJIH, 3cpq:>eRTHBHaJI TeopttJI TJUI{eJihlX RBapR0B, 1 / Ne pa3JI0IBeHtte 

B rrpe~eJie 6oJibllIMX Ne, RHpaJibHaJI nepTyp6aTHBHaJI Te0pMJI TJIIBeJihlX 6a

pttOH0B, rro~xo~, ocHoBaHHhle Ha RBapR-MRBapRoBoil: 6apMoHmau;ttM KX.LJ:

cpyHRu;I10Hana. 

OcHOBHOil: ycnex 60JibllIHHCTBa M3 nepeqMcJieHHhlX IT0~X0~0B CBJI3aH C 

. tt3yqeHHeM CBOMCTB 6apMOHOB, R0r~a BeJittqlfHhl nepe~aHHhlX MMITYJibC0B He 

3HaqttTeJibHhl If BO B3aMMO~eil:CTBUJIX 6apUOHOB npnHUMaIOT yqacTne JI0Ra

JibHhle IT0JIJI ( q:>OTOHhl, JieITT0Hhl MJIU roJI~CT0YH0BCRUe 6030Hhl). B 3T0M cny

qae B03HHRaeT B03M0IBH0CTb UCIT0Jib30BaTb pa3H0ro po~a npM6JiumeHttJI I{ 

OITlfCaHUIO CTpyRTYPhl 6apMOHOB, 0CH0BaHHhle Ha Tex MJIU MHblX ~UHaMnqec

RHX llpHHil;Hnax ( CMMMeTpUJix). choT ITYTb Il03B0JIJieT BhlqUCJIJITb CTaTnqec

Irne xapaRTepncTURM 6apnoHon ( cneinp Mace, runpMHbI pacna~on). OMaRo, 

npM OITlfCaHUU MHaMuqecRUX xapaRTepUCTUR ( cpopMcpaRTOpoB, rrapaMeT

poB HU3R03HepreTMqecRoro pacceJIHMJI) M, B oco6eHHOCTM, 3cpcpeRTOB, CBJI-

3aHHhlX C 60JibllIMMU 3Hepr0Bhl~eJieHUJIMU ( HYRJI0H-aHTUHYRJI0HHaJI aHHMrn

JIJiu;UJI, HeJieIIT0HHhle pacna~ TJIIBeJihlX 6apMOHOB u T.~. ), Heo6xo~UMO yqu

ThlBaTb BHyTpeHHIOIO CTpyRTYPY 6apMOHOB • .LJ:pyrMMU CJI0BaMM, ~JIJI IT0CTpo

eHUJI a~eRBaTHoro TeopeTuqecRoro no~xo~a, no3B0JIJIIO:W:ero CMCTeMan-1.qec

RHM o6pa30M BhlqlfcJIJITb CTaTnqecRMe M ~HHaMuqecRMe xapaRTepUCTMRM 6a

pMOHOB, Heo6xOMMO B rrepnyIO oqepe~b npaBUJibH0 3aJI0}RlfTb UHcpopMau;mo 

06 MX BHyTpeHHeil: CTpyRType. 

~aHHhlM HpMTepUJIM Y~0BJieTB0pJieT M0~eJib HOHcpail:HMMpoBaHHb!X HBa

pROB (MKK), npe~nomeHHaJI r.B.EcpnMoBb!M M M.A.l1lBaH0BhlM. MKK npe,ri

cTaBJIJieT co6oil: peJIJITUBUCTCRYIO RBapH0BYIO M0~eJib, 0CH0BaHHYIO Ha 3cp

cpeRTUBHhlX JI0RaJibHhlX JiarpaHmMaHax a~p0H-RBapR0Boro B3aMMO~eil:CTBHJI, 

IT03BOJIJIIO:w;ux MHaMuqecRHM o6pa30M 0ITMCb!BaTb RBapRonyIO cTpyRTYPY 

MC30HOB M 6apUOHOB B o6JiaCTM HM3HMX 3HeprMil:. Tione~eHHe JICrRUX HBap

ROB B o6nacTM 6oJibllIMX paccTOJIHHil: orrncbrnaeTcJI B MKK rrporraraTopaMM, 

YqttThlBaIO:W:MMU MX IWHcpafuIMCHT. .ll:MHaMURa TJI}RCJib!X RBapR0B 3a~aeT, 

CJI cno6oMhlMU cpepMUOHHhlMM rrponaraTopaMn. B cnoio oqepe~b, MKK 

TaI{}Re Hym~aeTCJI B Mo~epHM3all;lfn. B qacTH0CTU, MCIT0Jib30BaHtte n MKK 

JIORaJibHhlX HBapu-a~p0HHhlX nepmHH 0Ra3hlBaeTCJI He~ocTaT0qHbJM ~JIJI no

nyqemIJI HYIBHoro y6unaIDIJI a~pomn,rx cpopMcpaRTopoB. C q:>M3uqecuoi1 Toq

RM 3peIDIJI, a~poHhl (6apnoHhl) npe~CTaBJIJIIOT co6oil: ~ocTaToqHo npoTJIIBeH

Hble 061,eHThl u B03HUHaeT Heo6xo~UMOCTb n yqeTe (B uaqecTBe rrepnoro rua

ra cpeH0MeHonoruqecm1.M o6pa3oM) BHyTpem1eil: cTpyuTyphl nepmnH a~poH

unapRonoro B3aMMO~eil:CTBMJI. OMa M3 HaM6onee rrpoCThlX B03M0IBHOCTeil: 
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CBJI3aHa C BBe~eHMCM B 1rnapR-a~poHI1hle BepmHHhl peJIJITMBMCTCHMX cpopM

cpaRTopoB, 3cpcpeRTMBHO 0ITMChlBaIO:W:MX pacrrpe~eJieHHe HBapH0B B a~poHax. 

B rrpMHU:MITe, JIBHhlM BM~ ~aHHhlX cpopMcpaRTOpOB M0IBeT 6hlTb Haii~en M3 pe

lIICHMJI cooTBCTCTBYIO:W:ero ypaBneHHJI THIIa BeTe-CoJIITUTepa. OMaRo, ~JIJI 

3Toro neo6XOMMO 3HaTb II0TeHu;MaJI TpeXRBapR0Boro B3aMM0~eil:cTBUJI. KaR 

npaBMJI0, BM~ MCR0Moro IT0TeIIIl;HaJia M_0~CJIMpyeTCJI. BTopaJI B03M0IBH0CTb 

ycoBepmeHCTB0BaHMJI M0~CJIM ROHcpail:HMnpoBaHIIhlX HBapR0B 0CH0BaHa Ha 

M0~eJIMpoBamrn BM~a RBapRoBoro rrponaraTopa. Cne~onaTeJibHo, B03HHRa

eT ITOTpe6HOCTb B cpopMyJIMpOBHe RBaHTOBO-ITOJICBOH cxeMhl, IT03B0JIJIIO:W:ett, 

0ITMChlBaTb 6apMOHbl RaR CBJI3aHHble C0CT0JIIDIJI IWHCTMTYCHTHhlX RBapIWB, 

yqMThlBaTb CTPYRTYPY 6apMOH-RBapROBhlX BepmHH M MMeIO:w;e:il: B03M0IBH0CTb 

M0~eJIMpoBaTb IT0Be~enMe RBapR0B n o6JiaCTM 6oJibllIUX pacCTOJIHll.ll. BMeCTe 

c TeM, Heo6xo~MMb!M Tpe6onaHMeM R rrpe~onaraeMo:il: Mo~eJIH ~oJIIBHa 6hlTb 

· ee 0TH0CHTCJibHaJI rrpoCT0Ta M JICH0CTb q:>M3MqecRHX npHHil;l1IT0B. 

UeJib ~MccepTaU:MM cocT0UT B rrocTpoenlfl1 HBaHTono-rroneno:il: M0~eJIM ak 

ponoB, IT03B0JIJIIO:w;eil: 0ITMChlBaTb CTaT11:qecR11:e M ~aM11:qecRI1e xapaKTepHC

THRH 6apHOHOB, C0~epma:w;HX JierRHe M TJIIBeJible KBapKH, C Il;eJibIO BhlJICHeIDIJI 

3aKOHOMepHOCTeil: HH3R03HepreTuqecKo:il: cpeHOMeHOJIOrlfl1. OcHOBHOM auu;eHT 

~11:ccepTall;lfH ~eJiaeTCJI Ha 11:3yqeHHH q:>H3HRH TJI}ReJib!X 6apHOHOB - 0M0M 11:3 

nepcneKTHBHhlX HarrpaBJiemrn B COBpeMeHHo:il: q:>H3HKe 3JieMeHTapHhlX qac

THU:. 

HayqnaJI H0BH3Ha M npaKTHqecHaJI u:eHH0CTb. 

HoBhlM ~0CTHIBeHHeM JIBJIJieTCJI pa3pa6oTRa peJIJITHBHCTCROil: KBapKOBOil: 

Mo~eJIH (PKM), IT03BOJIJIIO:W:eil: nocne~oBaTeJibHhlM 11: caMocornaconaHIIhlM 

o6pa30M np6BOMTb BhlqttCJieIDIJI HH3K03HepreTuqecRHX xapaKTepHCTHK Jier

RHX 11: THmeJiblx 6ap11:onon. BapHOHhl paccMaTpHBaIOTCJI B PKM KaH CBJI3aH

Hhle C0CT0JIHHJI H0HCTHTyeHTHhlX KBapK0B. BHyTpeHIIJIJI CTPYKTypa 6apHOHOB 

YqM:ThlBaeTCH cpeHOMeHOJioruqecRHM o6pa30M npH nm.rn:w:11: BepmHHHhlX cpyHK

u:Mil:, BX0M:W:HX KaJI11:6poBO~O-HHBap11:aHTHhlM o6pa30M B 3cpcpeRTHBHhle Jia

rpaHmHaHhl 6apHOH-HBapKOBOro B3aHMO~eil:CTBHJI. JlarpaIDirn:aHhl 6apHOH

KBapH0Boro B3aHMO~eil:CTBUJI cJiylliaT OCHOBOM ~JIJI OITlfCaIDIJI 6apHOH-6apH-

0HHhlX B3aHMO~eil:CTBMM B o6JiaCTH HH3RHX 3HeprMil:. TiapaMeTpaMH M0~eJIH 

JIBJIJIIOTCJI BepmHHHhle cpyHHu;lfl1 11: nporraraTOphl RBapK0B. Bhi6op BepmHH

HhlX cpyHRil;Hil: 06ecneq11:BaeT YJibTpacpHOJieTOBYIO CX0MM0CTb MaTpifqllhlX 

3JieMeHT0B. Bnaro~apJI BHyTpeHHeil: caMocornacoBaHHocTM M naJIHqttIO He-

3Haq11:TeJibH0ro qMcJia cno6o~Hhlx rrapaMeTpon, PKM HMeeT ~ocTaTo~o Bhl

coKyIO rrpe~cKa3aTeJibHYIO c11:ny. 
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CcpopMymipoBaHHhIH rro.n:xo.n: 6w1 Ha,n:eHmo arrpo6npoBaH Ha cpyH,n:aMeH

TaJihHhIX HH3R03Heprenrqecrui:x xapaRTepncnrnax JierRnx 6apnoHoB. C e.n:n

HIJX II03MWlli 6bIJI HCCJie,n:oBaH mHpORHH crreRTp CTaTHqecrui:x H ,n:nHaMnqec

IUl:X xapaRTepHCTHR HYRJI0H0B H JierRHX rnrrepoH0B, BRJIIQqaJI MarHHTHhle M0-

MeHThl, 3apH,n:0Bhle pa.n:nychl, R0HCTaHThl rroJiyJieIIT0HHhlX pacrra,n:oB, CHJihHh!e 

Me30H-HYRJI0HHble R0HCTaHThl, lliHpHHhl ,n:ByxqaCTHqHhJX pacrra,n;oB .n:eRaIIJie

Ta 6apHOHOB, 3JieRTp0MarHHTHhle cpopM<paRTOphl iiyRJIOHa B eBRJIH.ZJ:OBOH 06-

JiaCTH. KpoMe Toro, 6h!JI c,n:eJiaH pacqeT rrapaMeTpoB HH3R03HepreTnqecRoro 

a.n:pon-a.n:poHHoro pacceHHHH: CHJlhHhlX Me30H-6apHOHHhlX cpopM<paRTOpOB, 

.n:mrn 7r NH cpa3 N N-pacceHHHH. BhlJIH c,n:eJiaHhl rrpe,n:CRa3aHHH ,n:JIH Ha6mo

.n:aeMhlX xapaRTepHCTHR (BpeMH }l{H3HH H C.ZJ:BHr 0CH0BHoro ypoBHH 3a cqeT 

CHJihHIJX B3aHMo,n:enCTBHH) a.n:poHHoro 1r-p aT0Ma. CJie,n:yeT rro,n:qepRHYTh, 

qTo BnepBhle B paMRax o,n:Horo rro.n:xo.n:a rrpn HaJinqnn MaJioro qncJia cBo-

60,n:Hhlx rrapaMeTpoB 6h!JIO .n:ocTnrHyTo xopomee R0JinqecTBeHH0e cornacne c 

3RcnepHMeHT0M 0,n:H0BpeMeHHo ,n:JIH CHJlhHhlX, CJia6h!X H 3JieRTp0MarHHTHh!X 

xapaRTepHCTHR JierRHX 6apHOHOB. 

HecOMHeHHo H0BhIM pe3yJihTaT0M HBJIHeTCH ,n:eTaJihHhlH aHaJIH3 II0JiyJien

T0HHb!X n HeJienT0HHb!X pacna,n:oB oqapoBaHHhlX n. rrpeJieCTHhlX 6apHOHOB, 

ROTOphlH c,n:eJiaH BrrepBhle. 8To Han6oJiee 3HaqnMaJI qacTh ,n:nccepTawrn, 

HMelOil]aJI 60JihllIYIO rrpaI{THqecRyIO u;eHH0CTh B CBH3H C IIJiannpyeMhlMH 3l{C-

. rrepHMeHTaMH. TioRa3aHa CBH3h pe3yJihTaT0B ~w,n:eJIH co CJie,n:CTBHHMH CHM

MeTpHH J.farypa-Batt3e B rrpe,n:eJie 6ecROHeqHo-6oJihllIHX 3HaqeHHH Mace TH

llieJlhIX RBapR0B. Tipo,n:eMOHCTpHpoBaHo BhlII0JIHeHHe M0.ZJ:eJihH0-He3aBHCHMhl?( 

cooTHomeHHH BhepReHa-BoJiomHHa-Xy, HaRJia,n:hlBaIOIIJHX orpannqeHHe na 

HMnyJihCHYID 3aBHCHM0CTh <popM<paRTOpOB rroJiyJienT0HHhlX pacrra,n:oB TH}I{e

JlhlX a,n:poH0B. BnepBhle BhlqHcJieH BRJia,n: "necpaRTOpH30BaHHhIX" .n:narpaMM 

B aMIIJIBTY.ZJ:hl HeJienT0HHhlX pacrra,n:oB TH}l{eJlhlX 6apll0HOB. TioHa3aHo, qTo 

cyMMapHIJH BRJia,n: "necpaRTOpH30BaHHhlX" ,n:narpaMM B aMIIJIUTY.ZJ:hl THllie

JI0-Jierrui:x rrepexo,n:oB .ZJ:0CTIITaeT 60 % OT BRJia,n:a "<paRTOpH30BaHHoii:" .n:na

rpaMMhl H 30 % B cJiyqae b ➔ c rrepexo,n:oB. TeM caMhlM rroJiyqenhl .n:o

Ra3aTeJihCTBa cyil]eCTBeHHOH poJIB "necpaRTOpH30BaHHhlX" ,n:narpaMM B cpe

H0MeH0JI0rilli HeJieIIT0HHIJX B3aHMO.ZJ:eHCTBHH TH}l{eJiblX 6apHOHOB. B CBH3U 

C nJiaHHpyeMbIMH 3RCIIepuMeHTaMH c,n:eJiaHIJ npe,n:cRa3aHHH .ZJ:JIH pacrra,n:HhlX 

xapaRTepHCTHR TH}l{eJihlX 6apHOHOB: <pyHRIJ;HH J.farypa-Batt3e H HX pa.n:n

ycoB, nmpHH pacrra.n:oB, yrJI0BhlX pacnpe.n:eJieHHH H JieIIT0HHhlX cneI{TpoB, 

napaMeTpoB napymemrn CH P-qeTHOCTH B cJia6hlx B3aHMo,n:eHCTBHHX. 
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Anpo6aunn pa6oThJ. l'vlaTepnaJih! .n:nccepTauuu neo,n:HoRpanw ,n:oHJia,n:b1-

BaJiuch Ha ceMHHapax Jla6opaTopuu TeopeTw1ecHott q>H3HHH HM.H.H.Bo

roJI1060Ba O11H11, a TaHme TeopeTuqecHOM ceMHHape 11HcTnTyTa Teope

Tw1ecHoH u 8HcnepnMeIITaJihHOtt <l>n3HHH (r.Moc1rna), ceirnHapax Teope

Tw1ecHux 0T,n:eJI0B 11IICTHTyTa <l>u3HHI1 BhlCOHI1X '.3Heprntt ( r. fl poTBHHO) I1 

I1ncTI1TyTa H.n:epHott <PI13I1HH (r.HoBoCH6I1pCR), ceMI1Hape H1111 <l>mmm 

CanHT-fleTep6yprcHoro rocy.11,apcTBeHHoro yHI1BepcI1TeTa, ceirnnapax no Te

open1qecHott (pl13l11W I1 HBaHTOBOtt TC0pHn 110JIH T011c1mro rocy.11,apcTBeH

noro yHI1BepcI1TCTa, TeopeTw1ec1mx ceMHHapax I1ncTI1TyTa I1M.I1.lllepe

pa (r.BI1JIJII1ren, illBenuapHH), Y1mBepcI1TeToB r.MattHU I1 r.BynneprnJib 

(I'epMaHuH), I1ncn1TyTa <PI13HHI1 CJioBaUHOH A1rn.11,eMI1I1 HayH (r.BpaTI1-

cJiaBa). Ta10He MaTepI1aJihl .ZJ:l1CcepTaUHI1 6h!JII1 npe,n:cTaBJit'Hhl I1 .ZJ:0HJl3.ll,h!Ba

JIUCh Ha Melli.11,yHapo.11,HOM ~0Ben~a1rnn 110 Te0pI1H MaJioqaCTI19HhlX I1 HBapH

a.n:poHHh!X cucTeM (,ll,y6na, 1987), IX I1 XIII Mem,n:yHapo.11,Hh!X ceMuHa

pax no npo6JieMaM cpu3mm Bh1c01mx 3Heprntt (,ll,y6Ha, 1988: 1996), III 
MeH{.ZJ:yHapo,n:HoM cuMno3uyMe "I1noH-HYHJIOHHaJI n HYHJI0H-H)'HJI0HHaH cpI1-

3I1Ha" (I'aTqmrn, 1989), IX Mem.n:yuapommtl HOHq>epeHIJ;HI1 110 npo6JieMaM 

HBaHTOBott Teopun noJIJI (,ll,y6ua, 1990), VI Mem.11,ynapo.11,uott HoncpepeuunH 

"KBapHn-90" (TeJiaBH, 1990), I Me}H)~yHapo.11,uott HOIIcpepem~HH no npo6Jie

MaM TeopeTw1ecHott lpl13I1!m (ToMcH, 1991 ), V Me}K.11,yuapo.11,noM cmmo:my

Me "Me30Hhl H Jienme 11.11,pa" (llexocnosa1mn, 1991), Mem.11,yHapom101i: H0H

cpcpeHu;nu "CTpyKTypa a.11,poHOB" (lJexocJioBaHun, 1991, 1993; CJiosa1mn, 

1996), McH{.11,ynapo.11,HoM coseruaHHI1 no n.11,epHott cpH3I1He (AscTpI1H, 1992), 

Mem.11,yHapo,n:HoM pa6olleM coBerua1rnI1 "CBn3aHHhle cI1cTeMw nenmx n TJI

menhlx 1rnap1mB H CHMMeTpuu" (,ll,y6na, 1993), Mem.11,yuapo;~HoM pa6o01f'M 

C0Ben~aHHH_ "Me30H-6apI10HHhlC B3al1MO,n:ettCTBI1JI B npo6JieMe MHOrl1X TCJI" 

(,ll.y6na, 1994)' Mem,n:yHap0.11,HOM CCMI1Hape "<l>u3I1l{a TJl}l{{'JlhlX HBa ))!{OB., 

(I'epMaHHJI, 1994), Me}K.11,yHapo.11,HOM pa6oqeM coseruanHI1 O11H11-Tai'.isam, 

"<l>I13I1Ha Ilj)OMemyToqHJ,IX J1 BhlCOHJ1X 3Heprnii:" (,ll.y6Ha, 1995), Me}K.11,yHa

po,n:HOH ROHcpepeHuuu no c11eHTJ)0CH0I1J1H a.11,poHoB "A.n:poH-95" ( A11rnnH, 

1995), VII Mem.n:yHapo.11,HoH JloMoHocoBcHott HoHcpepeHUHH no npo6J1eMaM 

cpyH.11,aMeHTaJihHOH lpl13I1lm (Moc1rna, 1995), VII Mem.11,yHapo;umii: HOHq)e

peHUHH no CTJ)YHType 6apI10HoB "BapuoHhl '95" (ClllA, 1995), III lfrMeu

Ro-Poccuil:c1mM pa6oqeM coseruaHHH "I1porpecc B lpl13J1He TJ1me;11,1x HBap

RoB" (.LJ:y6Ha, 1996), IV Mem,n:yHapo.11,HoM pa6otJeM cose11~a11nn ''Ilporpccc 

B qrn3I1HC TJIH{CJ!hlX HBap!mB" (I'cpMaHHH, 1997), Mem.11,ynapO)IIIOM pa6()ll('~I 
"TI u " ( n•=--311 I' COBeI1JaHI1H porpecc B HBaHTOB0I1 xpoM0.11,HHaMlfl{(' ,L~\.7 , C'pMamrn. 

1997). 
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Ha 3aru;1ny BhI,n:BttraIOTCR CJie,n:ymru;tte Il0JIO}Kemrn. 

OcHOBHhJe pe3yJihTaThI, noJiy"-IeHHh!e B .n:ttccepTal.JJ1tt ycJI0BH0 M0H{H0 pa3-

.n:eJIHTh ua Tptt rpynm1. 

I. ITocTpoeHtte peJIRTttBHCTCKOll KBapKOBOll M0,n:eJitt 6apttOHOB: 

1. CqiopMyJittpOBaua peJIRTttBttCTCKaR 1rnapK0BaR M0,n:eJih 6apttOHOB, co

.n:epmaru;wx JierKtte tt TRfileJihie KBapKtt, Il03B0JIRIOlll;aR np0B0JJ:HTh Bhl

"-IttCJieHHR RX CTaTH"-IeCKttX tt .UttHaMtt"-IeCKttX xapaKTepttcTttK B o6JiaCTtt 

HH3KHX 3Heprtttt. 

2. Pa3pa6oraua TexnttKa Bhl"-IttcJieHttR JJ:ByxneTJieBh!X tt rpexnerJieBh!X .n:w

arpaMM, onttch!BaIOru;ttx 6apwou-6apwonnhie B3am,w.n:ettcTBHR. 

3. IT pe.n:JioJKeH nptt6JittmeHHhlll MeTo,n: Bhl"-IHCJieHHR JJ:ByxneTJieBh!X .n:wa

rpaMM, 0IIHCh!BaJOru;ttx 6apttOIIHh!e B3attMo.n:ettcTBttR (KBapH-.ll:HHBapHo

BM annpOKCttMal.JJ1R), 0CHOBaHHhlll Ha YHttTapuo:fi CttMMeTptttt Tpex

KBapH0Bh!X TOH0B JierKttX 6apttOHOB . 

4. Ha npttMepe Htt3K03HepreTtt"-IeCHttX IItt0HHhlX, xapaHTepttCTttH (HoH

cTaHThl pacna.n:oB, pa,n:wychl, q>OpMq>aHTOphl) ttCCJie.n:OBaua "-IYBCTBtt

TeJihH0CTh Ha6n10.n:aeMhlX a.n:poHHhlX xapaKTepttCTttH 1{ Bh!6opy Mo.n:e

JlhHhlX napaMeTp0B. 

IL AuaJitt3 q>tt3ttHtt HYHJI0H0B tt nerHttx rwnepoHoB: 

1. Onwcau nrnpoHtttt crreKTp cTaTtt"-IeCHHX xapaHTepttcTttH nyKnonoB tt 

JierKttX rttnepoH0B: MarnttTHhle M0MeHThl, 3apRJJ:0Bhle pa,n:wychl, K0H

CTaHThl nonynenT0HHhlX pacna.n:oB, Me30H-HYHJI0HHhle K0HCTaHThl tt nrn

pttHhl pacna.n:oB. 

2. BhI"-IttCJieHhl 3JieKTpOMarHttTHhle qiopMq>aKTOphl HYKJI0Ha B npocTpau

CTBeuuo-no.n:o6uo:fi o6nacTtt 3Ha"-IeHtttt HBa.n:paTa rrepe.n:anHoro ttMTIYJih-· 

ca q>ornua. 

3. Pacc"-IttTaHhl CttJlhHh!e Me30H-HYHJI0HHhle qiopMq>aHTOphl, onpe.n:eJIRIO

ru;tte TI0TeHI..1J1aJI HYKJI0H-HYHJI0HHoro B3attMo.n:ettCTBHR. Ha 0CH0Be Teo

peTttl{0-TI0JieBoro ypaBHeHttR BnaHKeHfoHnepa-Illyrapa onttcaHhI q>a3hl 

nyKJI0H-HYKJI0HHoro paccenttR B o6nacTtt Ena6 ::; 500 M3B. 

4. Bhl"-IttCJieHhI S-BOJIHOBhle JJ:JittHhl 7f N pacceRHHR H xapaHTepttCTHHtt 

a.n:poHHoro 1r-p aToMa. 
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III. 11ccne,n:oBaHne cna6hlx pacna.n:OB rnmeJ!hlx 6apnoHOB. 8To uan6onee 

3Ha"-IttMM qacTb .n:nccepTal.JJ1H B CBR3H C rrnaHHpyeMh!MH 3RCTiep:ttMeHTa1rn H 

TeM o6cTORTeJihCTBOM, "-ITO TeopeT:tt"-IeCKHe MeT0JJ:hl, TI03B0JIR!Olll;He np0B0JJ:HTh 

Bhl"-IHCJieHHR pa3JIH"-IHhlX xapaRTepttCTHR TRH{eJ!hlx 6ap:ttOHOB, eru;e .n:o Kou:u:a 

He pa3pa6oTaHh!. B ceKT0pe TRJKeJ!hlX 6apHOHOB noJiyqeHo: 

1. BrrepBhie c.n:enau nocne.n:oBaTeJihHhltt H ,n;eTaJihHhltt aua.im:3 nonynen

T0HHhlX tt HeJieTIT0HHhlX pacna,n:oB 6apHOHOB, co.n:epmaru;nx c tt b RBapHtt. 

2. IToRa3aHa CBR3h pe3yJihTaT0B M0,n:eJIH co CJie,D;CTBttRMH CHMMeTpHH 113-

rypa-Baibe B npe.n:ene 6ecR0He1:.JHo-60JihIIIHX 3Ha'IeHirn: Mace TRJKeJ!hlx 

RBapR0B. ITpo.n;eMOHCTp:ttpoBaHO BhlTI0JIHeHHe M0,D;eJibHO-He3aBHCHMhlX 

cooTHonreH:tttt BbepRena-Bononr:ttHa-Xy, naKJiaJJ:hlBaIOru;:ttx orpaHH'Ie

HHe Ha HMIIYJihCHYIO 3aBHCHM0CTh q>opMq>aKTOpOB TI0JiyJieTITOHHhlX pac

rra,n;oB TRfileJlhlX a,n;p0H0B. 

3. BnepBhle Bhl"-IHCJieH BKJia,n; "Heq>aKTOpH30BaHHhlX" .n::ttarpaMM B aM

TIJIHTYJJ:hl HeJieIIT0HHhlX pacrra,n;oB TR~eJlhlX 6apHOHOB. IToRa3aHO, 'ITO 

cyMMapHhlll BRJia,n; "ueqiaRTOpH30BaHHhlX" ,n:warpaMM B aMTIJIHTYJJ:hl 

TRmeJio-nerHttx nepexo,n;oB .n:ocT:ttraeT 60 % OT BRJia,n;a "qiaRTop:tt3o

BaHHott" .n;:ttarpaMMhl H 30 % B cnyqae b ➔ c nepexo,n:oB. TeM caMhlM 

TI0Jiy"-IeHhl ,n:oHa3aTeJibCTBa cyru;ecTBeHHOll poJIH "ueqiainop:tt30BaHHhlX" 

,n:warpaMM B q>eHoMeHOJIOrHH HeJieTIT0HHhlX B3aHMO,n;eikTBHM TRJKeJlhlX 

6ap:tt0HOB. 

4. B CBR3H C TIJiaH:ttpyeMhlMH ,mcnep:ttMeHTaMH c,n;eJiaHhl npe,n;cRa3aHttR 

,ll;JIR ua6JIIO,n;aeMhlX xapaRTepHCTHR 3RCRJ1I03HBHhlX pacna,n;oB TRfileJ!hlX 

6ap:ttoHoB: cpyuR1(11H J13rypa-Ba:fi3e H MX pa.n::ttycoB, IIIHpHH pacna,n:oB, 

yrnoBhlX pacnpe,n;eJieHirn: H nenToHHhlx cneKTpoB, napaMeTpoB uapynre

HHR CM P-'IeTnocTH B cna6hlx B3aHMo,n;ettcTBHRX. 

ITy6JIHR_al.JJ1H. ITo MaTep:ttanaM ,n:wccepTal.JJ1H ony6JIHROBaHO 36 pa6oT. 

CTpyKTypa H ofrbeM .n::ttccepTal.JJ1H. .L(:ttccepTaII,HR COCT0HT H3 BBe,n;eHHR, 

5 rnaB, 3aRJIIO"-IeHHR H cTIHcRa JIHTepaTyphl. Oua co.n:epfilHT 230 cTpamru; 

MallIHH0TIHCH0ro TeRCTa, 46 Ta6.rr:im :tt 47 pHCYHR0B. CTIHCOR JIHTepaTyphl 

BRJIIO'IaeT 288 HaHMeHOBaHirn:. 
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CO,LJ;EP}l{AHME PABOTbl 
Bo BBe.n:emrn CTamJ:TCJI aa,n:aqa IT0CTpoemIJI peJIRTllBllCTCKOll KBapKOBOll 

J\,IO,n:e;rn:, noano;m101u;eu nocne,n:oBaTeJihHb!M H caMocornaconaHHb!M o6paaoM 

llCCJie,n:oBaTb CTaTHqecHHe ll ,n:HHaMuqecKHe CBOllCTBa JierKHX ll TJUKeJib!X 

6apHOHOB (§0.1 ). Bne,n:eHHe HaqHHaeTCJI C llCT0pllll B03HllHH0BeHHJI 6apHOH

HOH q>ll3llHH KaK caM0CT0JITeJibH0ro HanpaBJieHHJI B q>ll3llKe 3JieMeHTapHb!X 

qacTm~ ll o6cylli,n:eHHJI aRTyamH0CTll ,n:aHHOH npo6JieMbl (§0.2) . .lJ:anee B §0.3 
cneeyeT ofoop 0CH0BHb!X TeopeTH'-IeCRllX no.n:xo.n:on, IT03B0JIJIIOIIJ,llX 0ITllCb!BaTh 

CBOHCTBa 6apll0HOB B o6JiaCTll Hll3KllX 3Hepruii:. Ofoop JIHTepaTypb! aanep

rnaeTCJI KpHTHqecHHM paa6opoM npo6neM, K0T0pb!e Heo6xo,n:HMO pernaTh npu 

ormcamrn: ,n:HHaMtt'-IeCHHX xapaRTepHCTllK 6aptt0HOB (§0.4). <l>aKTllqecRll 06-

- cylli,iJ;aIOTCJI Tpe6oBaHHJI, K0T0pb!e Heo6xo,n:HMO npe,n:nJIBJIRTh R Hll3R03Hep

reTWieCKllM Te0pllJIM u Mo,n:eJIRM 6apllOHOB, npeTeH,n:yIOIIJ,llM Ha onncairne 

Han6onee T0HKllX a,n:p0HHb!X xapaKTepttCTllK ( q>opMq>aKTopoB, napaMeTp0B 

HH3K03HepreTll'-ICCK0ro pacceJIHllJI ll T .,n:.). .lJ:enaeTCJI o,n:noaHa'-IHblll Bb!B0,n: 

0 TOM, qTO KJIIO'-IeByIO poJib B 3T0M cnyqae ,n:oJI}l{eH nrpaTh yqeT RBapK0-

BOH CTpyKTYPb! a,n:p0H0B. 3aTeM q>opMynupyeTCJI ueJib .n:uccepTa~ll (§0.5), 
nanaraIOTCJI 0CH0BHble n,n:en npe.n:naraeMoro no,n:xo.n:a K onncaHHIO cnoii:cTB 

JierKllX ll TJI}l{eJiblx 6apllOHOB. B 3aRJIIO'-IllTeJibHOH qacTll BBe.n;eHllJI ll3Jiara

eTCJI cTpyKTypa .n:uccepTa~n (§0.6) n o6cylli,n:aeTcJI ee anpo6auHJI (§0.7). 
B nepBOH rnane q>OpMynnpyIOTCJI 0CH0BHble II0JI0lliCHllJI peJIRTllBllCTCROH 

KBapKOBOH Mo,n:enn, IT03BOJIRIOIIJ,eii: 0IIllCb!BaTb cTaTn'-IeCKlle ll .n:nttaMnqecime 

CBOHCTBa Me30H0B lI 6aplIOHOB (§1.1 ). B §1.2 o6cylli,n:aeTCJI RBapnoBaJI CTpJR

Typa a,n:pOH<)B - 0,n:HH ll3 q>yH,n:aMeHTaJihHb!X rrpnH~II0B Mo,n:eJIH. CTpOJITCJI 

3q>q>eKTUBHble narpaHmllaHbl B3allMo,n:eii:cTBHJI a,n:poH0B C KBapKaMll, II03B0-

JIJIIOIIJ,lle 0IIllCb!BaTb ,Zl,UHaMlIKY CBJI3aHHb!X a,n:poHHb!X COCTOJIHllH B o6JiaCTll 

Hll3HHX 3Heprllll. JiarpaHllillaHbl a,n:poH-KBapK0Boro B3aIIMo,n:ettcTBllJI co.n:ep

lliaT KBapK0Bb!C T0Hll, 06na.n:a10IIJ,lle C00TBCTCTBYIOill,llMll HBaHT0Bb!Mll qnc

JiaMn a,n:poHa. Crnrn-qimii:BOpHaJI CTpy1nypa KBapH0Bb!X a,n:p0HHb!X T0K?B 

_ nMeeT TOT llie caMb!H nn.n:, '-ITO n B MeTo,n:e npaBttJI cyMM KX.l.l:. KottcTaHThI 

CBJl3ll a,n:p0H0B C HBapKaMn Bbl'-IHCJIJIIOTCJI ll3 YG.ll08Wl C05l31-WCmU z H = 0 
(ycnoBHJI paBeHCTBa HYJIIO K0HCTaHTbl rrepeHopMttp0BHH a,n:poHHoro ITOJIJI), 

nrpaIOIIJ,ero Kmoqenym p0Jih B II0JICBb!X M0,n:eJIJIX, 0ITHCb!BaIOIIJ,llX ,n:HHaMHKY 

CBJl3aHHb!X COCTOJIHllll B TepMHHaX 3JICMCHTapHb!X (1rnapHOBb!X) IIOJieii:. Ha

Jittqne npoTJilliCHHOtt CTPYKTYPb! a,n:poH0B y'-IttTb!BaeTcJI q>enoMenonoruqec

HHM o6pa30M - nyTeM BBe,n:emm B HBapH0Bb!C T0Hll neprnHHHb!X qiopMq>aKTO

pon, 0IIllCb!BaIOIIJ,llX pacrrpe,n:eJieHUe rrnapH0B n a,n:ponax. B §1.3 CTp0RTCJI 

narpaHllillaHbI B3aHMO,n:ettCTBHJI a.n:pouoB ll RBapK0B C q>OTOHaMlI ll JICITT0Ha-
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Mll. O6cyH{,n:aeTCR nonpoc rpa.n:neHTHOH llHBapttaHTH0CTll. B §1.4 o6cylli,n:a

CTCR Bbl6op napaMeTp0B M0,n:eJitt: BeprnttHHblX q>OpMq>aRTOpOB tt nponaraT0-

poB KBapK0B. BeprnttHHble cpopMq>aHTOpbl BhI6npaIOTCR ll3 Tpe6oaaHHR YJib

Tpaq>ttOJieTOBOll cxo,n:HM0CTll MaTpllqflb]X 3JICMCHT0B (plI3ttqecKllX npoueccoa. 

flptt Bbl6ope nponaraTopoB IrnapK0B paccMaTpttBaIOTCJI .n:ne B03M0}l{H0CTH: 

B ntt,n:e cno6o,n:uoro qiepMttOHHoro nponaraTopa tt B Btt,n:e uenou cpymu1_tttt. 

COOTBCTCTBYIOIIJ,Cll ycJI0BllIO IWHcpai1m.1eHTa HBapH0B. B §1.5 paCC11aTpttBa

eTCR TCXHHI{a BhJqlICJICHllll MaTpllqHhIX 3JICl\1eHT0B cpnanqecRllX npoueccoB. 

B §1.6 n KaqecTBC H0pMttp0BRlI no.n:xo.n:a paccMaTpHBaIOTCJI cpyn,n:aMeHTaJib

HblC xapaRTepttCTlIKll 7r-MeaoHa. BhJl!llCJIRIOTCR H0HCTaHThl f rr tt 9rr,,, 3JieH

TpoMarHHTHhle pa;:i:ttycbl ( r rr, r rr,) n cpopMqJaKTOpb! nnona, onpe,n:eJIRIOIIJ,tte 

nepexo,n:bl 7r± ➔ 7r±, lI ,*71'0 ➔ ,. Ha 0CH0Be BblTI0JIHCHHh!X BbJl!llCJICHllH 

,n:eJiaeTCR Bb!B0,ll; 0 TOM, qTQ na6JI10,n:aeMble xapaHTepttCTllHll CJia6o lJYBCTBll

TCJihHbl I{ Bbl6opy BepillllHHOH cpyHHUllll a,n:poH-HBapH0Boro B3alII\IO,ll;CHCTBllJI. 

B §1.7 .n:aeTcJI aaKJiroqeutte R nepaou mane. 

B nocne,n:ymIIJ,HX rnanax paccMaTpttBaIOTCR npnJiollieHHJI Mo,n:eJilI H <Pn-

anHe JICrKHX n TJUKCJib!X 6apttOHOB. . 

Bo BTopott rnaae uccJie,n:yeTCR Hll3H03HepreTttqecHaJI qJll3ttHa HYHJIOHa. 

HyRJIOH paccMaTpttBaeTCJI KaH CBR3aHH0e C0CT0JIHlle Tpex 1rnapHoB. B §2.2 
CTp0RTCJI C00TBCTCTBYIOIIJ,lle Tpex1rnapH0BblC HYHJI0HHble T0Rll. CTpyKTypa 

BeprnttH B3allMO,ll;CHCTBllR uy1wo110B C 1rnapHaMll 1\10,ll;CJIHpyeTCJI rayccoBCJ{ll

Mll BeprnttHHb!Mll q>yHRUHJIMll, co,n:ep}l{aIIJ,HMll cno6o,n:Hb!H paaMepHhlll napa

MeTp AN- fl ponaraTOpbl HBapH0B Bbl6ttpaIOTCJI B Btt.n:e cno6o,n:nhlX cpepMH-

0HHb!X nponaraTopoB. C ncnoJih30BanneM ncero ,n:nyx cno60,n:11wx napaMeT

poB (KoHcTttTyenTnaJI Macca HBapRa mq =420 M3B tt paaMepnwu napaMeTp 

AN=l.25 f3B) .n:aeTCJI onttcantte 3HcnepnMeHTaJihHhlX ,n:annhlx ,n:JIR cTaTtt

qec1rnx ll ,n:ttHaMWieCKllX xapainepttCTllH nyHJI0H0B: MarnllTHb!X l\!0MCHT0B ll 

aap11,n:0Bb!X pa.n:uycoB ( CM. Ta6Jiney 1 ), a TaRllie 3JieHTpoMarHHTHhlX cpopM

cpaKTOpOB B npocTpancTnenno-no,n:o6Hoi1 o6nacTH anaqennu 1rna,n:paTa nepe

.n:annoro llMITYJibCa (§2.3). B §2.4 Bbl'-IllCJIJIIOTCR CllJihHble Me30H-HYHJI0HHb!C 

cpopMq>aKTOpb!. PeayJihTaTbl pacqeT0B cpaBHllBaIOTCR C 3HCTiepttMCHTaJih

HblMll ,n:aHHb!Mll ll npe,n:cHaaaHllJIMll ,n:pyrnx TeopeTll'-ICCHlIX no,n:xo,n:oB. Ha 

ocnoBe xopornero cornacttJI nonyqennblx peayJihTaToB c 3HcnepttMeHT0I\I JW

JiaeTCR Bb!B0,n: 0 TOM, '-ITO cqiopMynnpoBaHHhlH no.n:xo.n: npaBHJ!hH0 nepeJ]aeT 

none,n:enne HYKJI0Ha B o6JiaCTlI Hll3HllX 3Heprttii: (§2.5). 
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Ta6Jn1:u;a 1. CTaTw1ecm1e xapaHTepucTUHU HYHJI0H0B 

,L 

µp µn 1!21 rP < r2 >'};; rP rn 
µn E M M 

( q_JM) ( q_JM2) ( q_JM) ( cl.JM) 

PKM 2.79 -1.86 1.50 0.92 -0.132 0.84 0.84 

8HcnepuMeHT 2.79 -1.91 1.46 0.86± -0.119± 0.86± 0.88± 

0.01 0.004 0.06 0.07 

B TpeTbett rnaBe uccJie.n;yJOTCH CBOHCTBa HYHJI0H0B u JierHUX runep0H0B 

(E, 3, ~, ... ) B paMHax HBapH-MHBapHOBOtt annpoHCllMar.um .D:ByxneTJie

Bh!X TpexHBapH0Bh!X .n:uarpaMM. M.n;eJI HBapH-MHBapH0Boro rrpu6JIUH{eHUH 

0CH0BaHa Ha YHUTapHOtt CllMMeTpllll TpeXHBapH0BhIX T0H0B JierHMX 6apuOHOB 

(§3.2). B cuJiy .n:aHHOtt CMMMeTpllll B .n;ByxrreTJieBhIX MarpaMMax, 0ITUCh!Ba

lOII.(UX 6apuoH-6apuoHHh!e B3allMO.n;ettCTBUH Bh!.D:eJIHeTCH rro.n:.n:ttarpaMMa, co-

0TBeTCTBYJOIUaH HBapHOBOtt rreTJie, H0Topy10 M0H{H0 3aMeHllTh HaJrn:6poBoqHO

UHBapttaHTHh!M o6pa30M Ha rrporraraTop MHBapHa. B pe3yJihTaTe TaHoro 

aH3aI.]a aMITJIUTY.D:hl q_JU3uqecHUX rrpoI.]eCC0B C yqacTueM 6apuoHOB 0ITUCh!Ba- . 

IOTCH 0.n;H0ITeTJieBh!Mll HBapH-MHBapH0Bh!Mll .D:MarpaMMaMll. fi pe.n;JI0llieHHaH 

cxeMa rro3B0JIHeT caMocorJiacoBaHHhIM u rrocJie.n;oBaTeJihHhIM o6pa3oM BhJquc- • 
. ' 

JIHTh pa3JlllqHh!e HU3H03HepreTuqecHue xapaHTepllCTUHU OI{TeTa U .n;eHaTIJie-

Ta JierHUX 6apllOHOB. MMeJOlll,lleCR CB060.n;Hh!e rrapaMeTphl q_JllHCUpyJOTCR C 

yqeT0M 6oJihIIIOro Ha6opa 3HCrrepttMeHTaJibHh!X .n;aHHhIX ll3 HU3H03HepreTU-

. qecHOtt Me30HHOH u 6apUOHHOtt q_Jll3UHU. TToJiyqeHHh!e pe3yJihTaThl cpaBHll

BaIOTCH c pe3yJihTaTaMu .n:pyrux TeopeTuqecHux rro.n:xo.n;oB u 3HcrrepuMeHTa

JihHhIMU .n;aHHhIMU (§3.3 u §3.4). B §3.3 BhlqllCJIHIOTCR 3JieHTP0MHaMuqec

HUe xapaHTepUCTllHll JierHUX 6apuoHoB: MarHllTHh!e MOMeHThl 6apttoHOB, 3a- ' 

pH.lJ:0Bh!e paMYChl HYHJI0H0B, H0HCTaHThl CJia6h!X noJiyJieITT0HHhIX pacrra.n;oB 

0HTeTa 6apllOHOB ll 3JieHTpoMarHllTHh!e q.iopMq_JaHTOphl B rrpocTpaHCTBeHHo

rro.n:o6HOtt o6JiaCTU. Pe3yJihTaThl .D:JIH MarHUTHhIX M0MeHT0B 0HTeTa 6apUOHOB 

µB U H03q_Jq_Jlll.]MeHTOB CnB, xapaHTepll3YJOIUllX MarHUTHhle M0MeHThl nepe

X0.lJ:0B D -+ B-y, rrpttBe.n;eHhl B Ta6JIUI.Je 2. Btt.D:Ho, qTo rroJiyqeHHh!e pe3yJih

TaTIJ HaX0MTCR B xopoIIIeM H0JiuqecTBeHH0M corJiaCllll C 3HCrrepuMeHT0M. 
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Ta6m-1:u;a 2. MarHUTHh!e M0MeHThl JierHMx 6apttoHoB 

TTpoI.Jecc Ha6JI10.n;aeMaH 8HcrrepttMeHT su6 PKM 

BeJiuqnHa 

p-+ P"f µp 2.793 2.79 2.798 

n-+ n-y µn -1.913 -1.86 -1.864 

E+ ➔ E+-y µE+ 2.42±0.05 2.79 2.465 

E- -+ E--y µE- -1.157±0.025 -0.93 -0.820 

Ao-+ Ao-y µ1,,0 -0.613±0.004 -0.93 -0.846 

Eo-+ Ao-y µEo 1,,0 1.61±0.08 1.61 1.494 

3--+ 3-'Y µ3- -0.679±0.031 -0.93 -0.790 

30-+ 30"/ µ=o -1.250±0.014 -1.86 -1.582 

~+-+ P"f c~+p 1.25±0.2 1 1.23 

~o-+ n-y c~op 1.25±0.2 1 1.23 

E*+-+ E+-y CE•+E+ -( 1.25±0.2) -1 -0.97 

E*o-+ Eo-y CE•0E0 0.63±0.l 0.5 0.48 

E*o-+ Ao-y CE•O A,0 -(1.08±0.17) -0.87 -0.91 

3*0-+ 30"/ C 2 .o2 o -(1.25±0.2) -1 -0.92 

B §3.4 llCCJie.n:yJOTCR 3q_Jq_JeHThl CUJihHh!X B3aIIMO.D:ettCTBlltt JierHMx 6apllOHOB. 

B HaqecTBe rrepBoro IIIara npoB0MTCH Bh!qucJieHlle Me3oH-6apttoHHh!x q.iopM

q_iaHTopoB u IIIUpllH .n;ByxqacTuqHhJX CllJihHh!X pacna.n;oB .n;eHanJieTa 6apu-

0HOB. B Ta6JittIJ,e 3 npttBe.n;eHh! 3HaqeHJ1H BhlqJ1CJieHHh!x Me3oH-6apttoHHh!x 

q.iopMq_JaHTOpOB B TQqHe HyJieBott nepe.n;aqu . .Ll:JIH cpaBHeHllR .n;aHhl pe3yJihTa

Thl .D:JIR q.ieHOMeHOJIOruqecHMX q.iopMq_JaHTOpoB, H0T0ph!e llCTI0Jih30BaJillCh .D:JIH 

orrucaHUH N N - pacceRHUR (Machleidt R. et al., Phys. Rep. 149 (1987) 

l; Dumbrajs 0. et al., Nucl. Phys. B216 (1983) 277) . .Ll:aJiee Ha ocHo

Be paccquTaHHh!X Me30H-6apuoHHh!X q.iopMq_JaHTOpOB CTp0UTCR TI0TeHI.]MaJI 

N N-B3auMo.n;ettcTBUH B nptt6JIUH{eHllll O.n;H0Me3oHHoro o6MeHa, HoToph!tt ttc

noJih3YeTcR B ypaBHeHllll BJiaHHeHfoHJ1epa-illyrapa c u.eJihJO Bh!qJ1CJieHUR 

q_ia3 HYHJioH-HYHJioHHoro pacceHMR. B q.iMHaJihHOtt qacTtt §3.4 npoB0MTCR 

pacqeT .ll:JlllH Illl0H-HYHJI0HHoro pacceHHllR ll xap,aHTepttCTUH ( 7r-p )-aTOMa. 

. TToJiyqeHHh!e npe.n;cHa3aHUR .n;JIH BpeMeHM H{ll3Hll a.n:poHHoro (1r-p)-aT0Ma u 

c.n;Bura 0CH0BHoro 3HepreTuqecHoro ypoBHR ~Els 3a cqeT CUJihHh!X B3aUM0-

.n:ettCTBlltt xopoIIIo corJiacyJOTCR C pe3yJihTaTaMU He.n;aBHllX :mcnepttMeHT0B B 

PSI. 11TOrtt uccJie.n;oBaHlltt no.n;B0MTCH B §3.5. OcHoBHO:M; Bh!B0.D: cocTottT B 

TOM, qTo HBapH-MHBapH0B0e nptt6JIUH{eHlle rrpaBllJihHO rrepe.n:aeT TpeXHBap

H0BYJO cTpyHTYPY JierHMx 6apuoHoB B o6JiacTu Hll3HllX 3Heprlltt. 
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Ta6JIHQa 3. CttJihHhle Me3oH-6apIIoHHh!e RoHcTaHThl 

G1INN/til(0)/( 41r) 
BepTeRc PKM ,ll,pyrIIe IIOJJ:XO,lU,I 

1rNN 13.85 14.08; 14.28 ± 0.018 
ryNN 3.96 3.67; 5.0 
ry'NN 3.07 3.77; 4.23 
aoNN 0.28 1.62; 1.16 
c:NN 3.95 4.56; 8.85 
foNN 2.06 4.56; 8.85 
pNN 0.42 0.41; 0.55 ± 0.06 

(F/G=3.66) (F /G=6.l) (F /G=6.l ±0.6) 
wNN 3.78 10.6; 5.7 ± 2.0 

(F / G=-0.07) (F/G=0) (F/G=0) 
7r N t::. 0.35 0.36 

l.JeTBepTa.R H IIRTaR rJiaBbl IIOCBRIIJ;eHbl O,L(HOMY H3 HaII6oJiee rrepcrreR

THBHh!X HarrpaBJiemrn 6apHOHHOll. q>II3IIRII - cJia6h!M pacrra,n;aM 6apIIOHOB, 

co,n;eplliaru;IIX OJJ:HH TRllieJihltt IrnapR b HJIH C. cho Han6oJiee 3Ha'IHMaR qacTb 

,n;nccepTarzym B CBH3H C IIJiaHIIpyeMh!MH 3RCIIepnMeHTaMII. 

B 'IeTBepTOll. rJiaBe paCCMaTpIIBaIOTCR rroJiyJieIITOHHble pacrra,lU,I oqapo

BaHHhlX n rrpeJiecTHh!X 6apttoHoB (Pnc. l). 

f. Vt, 

V 
b :w C 

Ab { ~ }Ac 

Puc. 1. TToJiyJieIITOHHhltt pacrra,n; TRllieJioro 6apnoHa 

B §4.2 CTpOHTCH JiarpaHlliHaHhl B3aHMO,L(ettCTBHH TH}I{eJih!X 6apHOHOB C co

CTaBJIRIOIIJ;HMH RBapRaMH. TTpn 3TOM ,[(JI.ff TH}I{eJih!X RBapROB paccMaTpHBaeTCH 

rrpe,n;eJI 6ecROHe'IHO 6oJibllIHX 3Ha'Iemrn Mace TH}I{eJih!X RBapROB (rrpe,n;eJI lfa
rypa-Batt3e). B §4.3 paccMaTpnBaIOTCH MaTpH'IHh!e c>JieMeHThl rroJiyJieIITOH

HhlX pacrra,n;oB TRllieJihlx 6apnoHOB. B §4.4 aHaJIH3IIPYIOTCH Ha6JI10,n;aeMh!e xa

paRTepncTHRII IIOJiyJieIITOHHhIX pacrra,n;oB TR}I{eJih!X 6apIIOHOB. ,ll,JIR IIOJIHOThl 
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RapTIIHhl rrpIIBOJJ:HTCH pe3yJihTaTbl ,L(JIH JICIITOHHh!X II IIOJIYJICIITOHh!X pacrra,n;oB 

TH}I{CJihlX MC3OHOB. A IIMeHHO, Bhl'IIICJIHIOTCH q>yH,n;aMeHTaJibHhle xapa1ue

pHCTHRII q>H3HHII THffieJihlX HBap1wB - q>YHHJ.Um Jtbrypa-Batt3e 0 rrapaMeTphl 

HX HaHJIOHa. 11ccJie,n;yeTCH IIX COOOTBCTCTBHC MO,L(CJihHO-He3aBHCHMhlM nepa

BCHCTBaM BhepHeHa-Bonomnna-Xy, cne,n;yIOm0x H3 rrpaBHJI cyMM BbepHena, 

HOTOpble CBH3hlBaIOT nmpuny HHRJIJO~IIBHOro pacrra,n;a b-RBapHa b -+ ceve C 

IIOJIHOH a,n;poHHOH nrnpHHOH IIOJiyJieIITOHHhIX pacrra.n;oB nb 6ap0ona (B-Me-

30Ha) B OCHOBHOe II HH3JIC}l{alll:He B036ylliJJ:CHHhle COCTOHHHH B rrpe,n;eJie l13-

rypa-Batt3e. TToRa3aHO, 'ITO ,n;aHHhIC nepaBeHCTBa BhlIIOJIHHIOTCH rrpH pa3yM

HOM BhI6ope CBo6o,n;HhlX rrapaMeTpOB, 'ITO l\fO}l{CT CJIYlliHTh JJ:OIIOJIHHTCJihHhll\! 

II He3aBHCIIMh!M JJ:OI<a3aTCJihCTBOM o6ocHOBaHHOCTH pa3BHBae~mro rro,uxo,ua. 

C 0crroJih3OBaI-10eM BhI'IHCJieHHhIX q>YHRUIIH J13rypa-Batt3e ,n;eJiaIOTCH rrpe,u

cRa3aHHH ,L(JIH pacrra,UHhIX· xapaI{TepIICTHI{ TH}I{CJihlX a,n;pOHOB C 031\fCHCHHel\! 

apm.rnTa b -+ c. Bhl'IIICJIHIOTCH mIIpHHhI pacrra,n;oB, yrJIOBh!e pacrrpe,ueJie

HIIH, JICIITOHHbie CIICHTpbl II rrapaMeTphl acIIMMeTpHH, xapaHTepH3)'IOII.(He l\!C

py napymeHHH C II P HHBapttaHTHOCTH B cna6h!X pacrra,uax. B RaqenBe 

HJIJIIOCTpaUHH B Ta6JIIIUe 4 rrpHBe,n;eHhl pe3y JibTaThl ,UJIH llIIIpIIH pacrra,n;oB 

rrpeJICCTHhlX 6apIIOHOB, ,ll,JIH cpaBHCHHH rrpe,n;cTaBJieHhl pe3yJihTaThl ,n;pyr0x 

TeopeTII'ICCRHX IIOJJ:XOJJ:OB. 

Ta6mn,la 4. lllIIpIIHhl b -+ c pacrra,n;oB THffiCJihlX 6ap0ouoB 

(B e,n;. 1010 ceR-
1

) rrpH IVicl=0.04 

TTpouecc I [1] [2] [3] I PKM I 
A~-+ Ate-De 5.9 5.1 5.14 5.39 
-o -+ --
=.b -+ =.c e Ve 7.2 5.3 5.21 5.27 

1;+ -+ 1;++ e-v b c e 4.3 2.23 
1;+ -+ I;*++ e-v b c e 4.56 

nb -+ n~e-ve I 5.4 2.3 1.52 1.87 
n- D*0 -b -+ c e-Ve 3.41 4.01 

[1] Singleton R., Jr., Phys. Rev. D43 (1991) 2939 
[2] Cheng H.-Y., Tseng B., Phys. Rev. D53 (1996) 1457 
[3] Korner J.G. et al., Prog. Part. Nucl. Phys. 33 (1994) 787 

B 3aRJIJO'lHTCJihHOH qacTH §4.4 o6cy}l{,UaIOTCH pe3yJihTaThl JVIH TmHCJIO-JJeJ'liHX 

MOJJ: IIOJiyJieIITOHHhlX pacna,noB TH}l{eJII,IX 6apHOHOB. Ha060J1ee JJ:<'TaJIJ,11O par-
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cMaTp1rnaeTCR npouecc At -+ AO+ e+ + Ve, ROTopwi1 He,11.aBHO 6wJI ttccJie,11.0-

BaH ROJIJia6opaUHett CLEO. Bhl'-IHCJIRIOTCR cJia6we a,11.poHHwe qiopMq>aRTO

pw (!1 H h), xapaRTeptt3yIOmtte cTpyRTYPY MaTptttrnoro :meMeHTa nepexo,11.a 

At -+ AO+ e+ + Ve B npe,11.eJie vbrypa-Batt3e. IloRa3bIBaeTCR, '-ITO BeJIH'-IHHa 

HX OTHOllleHHR R = !2/ !1 xopolllO corJiacyeTCR C pe3yJibTaTaMH :mcnepH

MeHTa CLEO . .ll,aJiee qiopMq>aRTopw f1 H h HCTTOJih3YIOTCR nptt BhI'-IHCJieHHH 

lllHpHHhl pacna,11.a At 6apttoHa tt BeJIH'-IHHbl napaMeTpa aCHMMeTpHH. 

B TTRTOH rnaBe ,11.eTaJibHhlM o6pa30M H3y'-IaIOTCR HeJieTTTOHHhie pacna)].hl 

TR.lReJIIJX 6apHOHOB B paMRaX cneRTaTopHoro nptt6Jitt.lReHHR )].JIR JierRHX RBap

I{OB. AHamf3 HeJieTTTOHHhlX pacna,11.0B TR}I{eJibIX 6apHOHOB ycJIO.lRHReTCR He

o6XO)].HMOCTblO yqeTa HapR,11.y C <fianmopu3oBa'H'I-Wil ,11.HarpaMMOll (Pttc.2a) 

TaR Ha3bJBaeMb!X He<fianmopU308a'H'HblX )].HarpaMM (Pttc.26)' o6ycJIOBJieHHhlX 

BHyTpeHHett 3MHCCHett W-603oHa. 

7r --------dv 
b :w C 

Ab{ }Ac u d 
Pttc.2a. <l>aRTOpH30BaHHaR ,11.HarpaMMa 

7r ,......,,...__ 7r ,......,,...__ 

~~ 
A { b 

1W C }A 
~ ~ 

Ab{ ~ wi : }Ac 
b d d C 

7r ,......,,...__ 

~~ 
Ab{ u d }A 

b :w <:_ C 

Pttc.26. HeqiaRTOptt3oBaHHWe ,11.HarpaMMhl 
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11MeIOTCR y6e)].HTeJibHble apryMeHThl B TTOJib3Y Heo6xo)].HMOro yqeTa Heq>aH

T0pH30BaHHhlX )].HarpaMM B aMnJIHTy,11.ax q>H3WieCKHX rrpouecCOB, CJie,11.yIO

mtte H3 3RcrrepttMeHTaJibHoro aHaJIH3a pacrra,11.oB oqapoBaHHhlx 6apHOHOB. 

B ,11.aHHOll ,11.HCCepTaUHH BllepBble c,11.eJiaHhl oueHKH BKJia)].OB Heq>aKTOpM30-

BaHHbIX ,11.HarpaMM. B §5.2 paccMaTpHBaeTCR qiop:r.rnJIH3M crreKTaTOpHoro 

rrpH6JIH.lReHHR. CTpyKTypa MaTpH'-IHblX 3JieMeHT0B HeJieIITOHHblX pacrra,11.0B 

TR}I{eJihlX 6apHOHOB 06cym,11.aeTCR B §5.3. Pe3yJibTaTbl )].JIR Ha6JIIO)].aeMhlX 

xapaKTepHCTHK CJia6blx pacrra,11.0B rrpHBO)].RTCR B §5.4. BrrepBble ,11.eJiaeTCR 

oueHKa BKJia,11.a Heq>aKTOpH30BaHifblX )].HarpaMM B aMITJIHTy.n;w HeJieITTOHHblX 

rrpoueccoB. IloKa3b1BaeTCR, '-ITO BI{Jla,11. Heq>aKTOpH30BaHHblX ,11.HarpaMM He 

RBJIReTCR no,11.aBJieHHhlM no cpaBHeHHIO C BKJia)].OM q>aKTOpH30BaHHOll ,11.Ha

rpaMMhl. IlpH 3TOM OH COCTaBJIReT ~ 60% )].JIR TR}I{eJio--JierKHX rrepexo.n;oB 

n ~ 30% )].JIR TRllieJIO-TR}I{eJlbIX nepexo.n;oB. BbI'-IHCJIRIOTCR qiopMq>aKTOphl, 

lllHpHHhl pacrra,11.oB l1 rrapaMeTphl aCHMMeTpHH )].JIR pa3JIH'-IHblX MO)]. )].Byxqac

TH'-IHblX HeJieITTOHHhlX pacrra,11.0B TRllieJibIX 6apHOHOB C rrceB)].0CKaJIRpHbIMH 

Me3oHaMH ( 7r' I<, 17,171
) B I{OHe'-IH0M COCTORHHH . .ll,oCTHraeTCR xopornee co

rnac11e C l13BeCTHhlMI1 3KCrrepttMeHTaJibHhlMf! ,11.aHHblMH )].JIR pacna,11.oB O'-Iapo

BaHHblX 6apHOHOB (Ta6JIHua 5) l1 ,11.eJiaIOTCR rrpe,11.cKa3aHHR )].JIR pacrra)].HI,IX 

xapaKTepHCTHK rrpeJieCTHbIX 6apHOHOB (Ta6JIHUa 6). 

Ta6mu~a 5. Bp3H'-IHHrH (B %) HeJienToHHwx pacrra.n;oB 

O'-IapOBaHHblx 6apHOHOB. 

Ilpouecc [1] [2] [3] PKM 8KcrrepHMeHT 

At-+ A1r+ 0.76 1.67 0.91 0.79 0.79± 0.18 

A+-+ E0 1r+ 
C 

0.33 0.35 0.74 0.88 0.88± 0.20 

A+-+ E+1r0 
C 

0.33 0.35 0.74 0.88 0.88± 0.22 

At-+ pJ<O 2.16 1.24 1.30 2.06 2.2± 0.4 

At-+ 30J<+ 0.27 0.10 0.31 0.34± 0.09 

[1] Korner J.G., Kramer M., Z. Phys. C55 (1992) 659 

[2] Xu Q.P., Kamal A.N., Phys. Rev .. D46 (1992) 270 

[3] Cheng H.-Y., Tsen B., Phys. Rev. D48 (1993) 4188 
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Ta6Jn1Qa 6. llhi:pMHbI pacrra,ll,0B r (B e.n.. 1010 s- 1
) 

If rrapaMeTphl acHMMeTpHH o: .D.JIJI b ➔ c rrepexo.n.oB. 

TTpou:ecc r ~ TTpou:ecc r a 

Ag ➔ Atrr- 0.382 -0.99 :::;g ➔ :::;~01ro 0.014 0.94 

Ao ➔ E+rr-b C 0.039 0.65 ::::g ➔ :::;~077 0.015 -0.98 

Ao ➔ Eorro 
b C 0.039 0.65 ::::g ➔ :::;~077, 0.021 0.97 

Ao ➔ I:077 b C 0.023 0.79 ::::g ➔ AtK- 0.010 -0.73 
Ao ➔ Eo77, b C 0.029 0.99 ::::g ➔ EtK- 0.030 -0.74 

Ag ➔ 3~K0 0.021 -0.81 ::::g ➔ E~J(O 0.021 0 

Ai ➔ :::;~ol(o 0.032 0.98 ::::i ➔ n~Ko 0.023 0.65 

::::g ➔ :::::1r- 0.479 -1.00 -- -o -
=.,b --+ =-err 0.645 -0.97 

::::g ➔ :::;~+7r- 0.018 0.61 ::-- --+ :;107T-
~b ~c 0.007 -1.00 

:;O--+ :;07r0 
~b ~c 0.002 -0.99 ::::;; ➔ E~K- 0.016 -0.98 

::::g ➔ ::::~77 0.012 -0.86 n;; ➔ n~rr- 0.352 0~60 
:;O--+ ::-077, ~b ~c 0.003 0.71 

r 

B 3aRJIIff'IBTeJihH0ll qacTH §5.4 .n.aIOTCJI rrpe.n.cRa3aHHJI ,ll,JIJI 6p3H'IlfHrOB If 

rrapaMeTpoB aCHMMeTpHH pacrra.n.oB Ag ➔ J/'ljJA If At ➔ pep. TTpH 3T0M 
Bhl'IHCJiennoe anaqenHe 6p3H'IMHra Br(Ag ➔ J/'ljJA) = 0.027 % xopoIIIo 
cornacyeTcJI c peaymTaToM Br(A~ ➔ J'ljJA) = (0.037±0.017±0.004) % H~
.n.aBHHX naMepeHHii: ROJIJia6opall;HH CDF. B §5.5 rro.n.Bo,ll,JITCJI HTorn rrpOBe
.n.eHHhlX lfCCJie,ll,OBamril: If HaMe'!aIOTCJI rrepcrreRTlfBhl ,ll,aJibHellIIIlfX lfCCJie.n.o
BaHlfll. 

B 3aRJIIO'IeHlflf rrepe'IHCJIJIIOTCJI 0CH0BHhie peayJihTciThl, Bhl,ll,Imrae~rne ,ll,JIJI 
3aIIIHThl. 
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