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OEIIWI XAP AKTEPUCTHKA P ABOTl:l 

AKTiaJII>HOCTI, TeMbl 

K Ba.XHeibnl'IM xapaRTepl'ICTl!Ka.M an:pOHOB OTHOC.IITC.II 
:meKTpoMarHaTirue l'I cJiaOHe <}iopM(fa.KTOPfl. UeJIHtt pl11I Ho-
mx l'IJJ;efi cpr.3mtl'I Bl,JCORllX SHeprl'Iil O:'.>.II38H CBOl'IM B03HllKHOBeHl'IeM yrJiyO
JieHmo l'ICCJieJJ;OBaHl'IH CTpYJtTYp!,! a,n:pOHHOil.MaTepl'In n CB.l!Sa.HHHX C Hett 
cpopMipa.KTOpOB, B STIIX l'ICCJie,n:OBaHMX neHTpaJII>HOe MeCTO 3aHl'IM8.!0T 
cpopMipa.KTOp!,! HYJtJIOHOB l'I IIl'IOHOB, C TO'iKl'I speHM SKCIIepl'IMeHTaJII>IruX 
cpertCTB HaOJIJO.n;eHM II BOSMOlltHOCTett lrnTeprrpeT8Ill'Il'I ,n:aHHHX orrnTa peSKO 
pa3JI!r'ialOTC.II OOJiaCTII rrpocTpaHCTBeHHOIIOll;OOiruX l'I BpeMeHmo.n:o6Hllx rre
pen;aq l'IHBapl'IaHTiruX IDirriyJII>COB. 3JieKTpow.arrrl'ITirue cpopMipa.KTOp!,! HYJtnO
HOB l'I Til10HOB B rrpocTpaHCTBeHHOIIOll;OOHoil oOJI8CTl'I l'ISMep.lllOTC.II II:p!IM!lM 
MeTortoM B rrponeccax yrrpyroro pacceRHM sJieKTpoHoB Ha HYJtJIOHax l'I 
IIl'IOHOB Ha aTOMHHX SJieKTpOHax. Bee SHa'ieHM npocTpaHCTBeHHOIIOll;OOiruX 
nepenaq B STIIX rrpoueccax B rrpt1'Hill'IITe Ha6.11Ji),n:aeMbl, l'I l'IHTeprrpeTOllM 
rtamrux r:.o.rteJII>HO-Hesam1crur.a. CoBepmeHHO ,rtpyroe rroJI021teH11e BO BpeMe
Hl'IITorto::lnoii o6JiaCTl'I. B orrnTax r-ra BCTpeqirux rryqKax ~•e-➔ !1'• !f" , 
e•e· ➔ N N , npen;CT8BJl.lllOOllIX Ilp.lIMOii l'ICTO'IHl'IK l'IHipopMar(l'Il'I O cpopr.-•

qia.KTOpax, IIpHHUllIIHaJII,HO He Ha6JIJQitaer,ia IIO,ItlIOporoBaR o6JI8CTI, 3Ha'ie
Hll..1i BpeMeHl'IIlOJJ;OOH!:lX nepeJ.J;atJ l'IMIIJJII,COB. C ,rtpyroii CTOpOiru., l'ISytJemie 
cpopMipa.KTOpOB B STOH o::lJiaCTl'I HeOOXOI(l'IMO n;JI.II IlOHID.mHl'l.ll SJieKTpoMar
Hl'ITHOfi CTpYJtTYp!,! HJMOHOB l'I Il.!OHOB. PemeHl'Ie npo::lJieMH CB.IISaHO C 
l!CCJie,n:OBa.Hl'IeM npouecca :trN -e•e·N , B KOTOpOM OTCYTCTByeT orpam1-
tJeHl'Ie Ha nepen;atJl'I l'IUIIYJII>COB. Ilpn sToM pe~aiomee sHatJeHl'le l'IMeeT 
BH.IICHeHl'Ie TaKH'X CBOiiCTB rrpouecca, KOTOp!,!e IIOSBOJI.IIIOT, 0,JJ;H03H8'iHO 
l'IHTeprrpeTl'IpOBaTI> SKCIIepl'l!!:eHTaJII,HI,Je JJ;aHHble Ii , CJien;oBaTeJII,HO. on-
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pe.neMTl, aJieRTpoM.armITHU e qioprilipaRTOIJH MOiteJI!,HO-He3a.Bl'IC l'IMl:llt. crro
co6oM. KoJil'l'!eCTBeHHoe xe orracaHne rrponecca o6paTHoro aJieKTpopoJJUte
HM, IIO CYllleCTBY, OCHOBHBaeTCH Ha TeOpl'll'l rrpoueccoB qlOTOpoxneHM 
JoryHOBa-Ta.BXeJIWl;3e-COJIOBl>eBa. 

Ha CJia6ax cpopMCfa.KTOpOB aJtPOHOB B HacTo.mnee BpeMH .ItOBOJll,IlO 
xopomo onpe.neJieH TOJll,KO aRCliaJII,HHil BeRTOpHHil qiopMCfa.KTop HJKJIOHa. 
XoTH IIplIMOil: CilOC06 K3Mepemm aToro qiopMpa.RTOpa CBll3aH C Ha6J1D.IteHn
eM nponecca RBaSnynpyroro pacceHHM HeffTpllHo Ha eyRJioHe, npaRTK
qecxn OH onpe.neMeTca c xopomeil ToqHocTl,JIJ as rrponecca aJ1eKTpopox-
1teHM IIl'IOHa Ha HYRJIOHe npFI aHaJIH3e axcnepKMeHTaJil>HHX .ItaHHHX Ha no
pore peaxuaK B cxeMe aJire6pH TOKOB. HMeHHo nepcrreKTHBa IICcJie.noBa
HM aRCHaJll>Horo cpopMqa.KTOpa HYRJIOHa B TeqeHKe MHOrlDC JieT CT1IMYJ1HpO
BaJJ.a axcnepl'IMeHTaJil>HHe pa6oTa no aJieKTpopoJJUteHmo IIKOHOB Ha HyKJIO
Hax oRoJio rropora peaxuKa. ~To KacaeTca 1tpyroro cJia6oro cpopMCfa.KTopa 
HYRJlOHa - HHitYIIHpOBaHHOro nceBitOCRaJIHpHoro, IIOJIOXeHne OKaBHBaeTCH 
ropas.no cJiolltHee.Cnoco6a IIplIMoro ero KsMepeHim He CYllleCTBye~ B np1m
uime, nocRoJII,Ky nponecc RBaseynpyroro pacceHHWI HeftTpllHo Ha HYRJIO
He He qyBCTBHTeJieH R HeMJ. HeB03MOlltHO Ta.Kllte orrpeiteJil'JTl, FIH!tyUHpO
BaHHHtt nceBnocKaMpHHil qiopNipaKTop HyKJioHa as nponecca aJieRTpopox
.nemm B cxeMe aJire6pl:l TOKOB H3-3a TPYitHOCTH BH,IteJieHWI IIPOitOJll>HOil 
qacTH ceqeHim Ha nopore. BoJiee Toro, He TOJ11>Ro Ba.BKCKMocTl> cpopM
qrutTopa OT nepeitaq l'IMIIYJil>COB, HOH KOHCTaHTY CJia6oro nceB1tOCKaMp
HOro BBaHMo.neilCTBM He YitaeTCH 1'13Mepl'ITl> IIpiIMHM CIIOCOOOM • .AHaJJ.1'13 
nponeccoB no }'- -sBXBaTy .naeT 1tM Hero TOJil>KO rpy6ae onemm. Peme
Hl'!e rrpo6JieMH HHitYUHpOBaHHOro nceBitOCRaJ!lipHoro cpopMqa.KTopa HyKJIOH~ 
Ba.lmO RaR ,ItJlil qil'!Bmtl'l BHCOKIIX, TaR II ltJlil (pl:'13RKH HH3KHX aHeprrui. 

UeJ11> pa6oTH cocTolIT B paspa6oTKe MeTo.na nccJ1e1toBaHlm aJieKT
poMarmrrHHx cpopM<paRTOpOB nnoHa II HJKJIOHOB B OOJiaCTll' BpeMeHimono6-
HUX nepe.naq HMIIYJil>COB, He,ItOCTymrux B OIIHT8X Ha BCTpetJHHX IIJ<max, II 
orrpe.neJieHIIII cJia6oro nceB.nocKaMpHoro cpopMCfaKTopa HyKJIOHa as aHa
Jill'Ba a1tcnepKMeHTaJI1>Irnx ,naHHHX no nponeccy. 1rN ➔ e•e· N B cxeMe aJI
re6pa TOROB. 

HaytJHa.fl IIOBlrnHa l'l npaKTw:JeCRa.fl µeHHOCTl, 

B ,ItllccepTauHlI BnepBHe IlORa3aH MO.IteJll,HO-He3a.BHClll&IH cnoco6 
onpe,IteJieHWI OJISRTp0?.'!8.rmrrHHX cpopMqaRTOpOB nl'IOHa H HYRJIOHOB B o6Jiac
TH BpeMeHlrn0It06HHX nepenaq lllf.IIJJU,COB, He.nocTynHHX B orruTax Ha 
BCTpeqHHx nyqKa.X. B cep1rn: aKcnepro.ieHTOB, BHnOJIHeHHHX B ~6opaTOplill: 
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H,ItepHHX npo6JieM 06'I,e,Itl'!HeHHoro HHCTHTyTa H,ItepHHX IICCJie,noBaHnil, Ha 
ocHoBe MeTona, HBJioxeHHoro B .nnccepTaunn, Bnepwe noJiyqeHH sHatJe
HM aJieKTpOMO.rHl'lTHHX ipopMqJaitTOpOB Ill'lOHa n IlpOTOHa npn MaJIHX Bpe
MeHl'lIIO.ItOOHHX nepe.naqax llMIIYJil>COB. 

YCTaHOBJleHH HOBl:le CBOilCTBa npoueccoB Tlma qlOTOpOJQtenM nno
HOB Ha HYRJIOHax - KBas1rnoporoBoe IIOBe,IteHHe l'l CYllleCTBOBaHIIe Kpmrux 
xoMIIeHcaunn:. 

Brrepme noxasaHo, tJTo nponecc 'JiN-. e•e·N Ha KBasimopore 
Cl'rJII,HO 38.Bl'lOIIT OT CJia6oro nceB.ItOCKB.JUipHoro ipopMqa.KTOpa IJYKJIOHa. 
IIoJiytJeHH rrepwe aKcnepHMeHTaJII,HHe .namrue .ItJUI aToro cpopMiflaRTopa. 

.ILpi 38Illl/1TH BB,JtBIIra!l'I'CH CJ1elty!llll1'!8 OCHOBHHe pesyJ11>TaTH, 
IIOJlVtJeHHHe B nHccepTBlll'III 

I. BBe.neHo IIOHSITHe "RBaaHIIopora" . .ItJlfl nponecca trtJ➔ e•e·N • 
IIoxaaaHo, tJTO Ha KBasnnopore BKJia,It B nponecc .ItaJDT TOJU,Ro aJieKTpH
qecxne MYJil>TlffiOJIH Eo+, !:2- • B mHpOKOM HHTepBaJ.Ie aHeprd, BKJIJOtJaJD
t11eM 06JiacT1> nepBoro IIIIOH-HyKJIOHHoro pesoHrurca, nponecc onpe.neJUieT
CH 6opHOBCRliMH .naarpaMMaMH. ::JTo .naeT M0It8Jll>HO-H83a.BHCHl111:lil cnoco6 
onpe.neJieHM aJieKTpoMarHHTHHX qiopr,$ltTopoB Ill'IOHa n HyKJIOHa BO Bpe
MeHmro.no6Hofi oe5JiaCTH rrepe.1tatJ lll/IIIYJil>CoB. 

2. 0C5HapyxeHo CBOfiCTBO ROI/IIIelicauHH npoueccoB qJOTOpoiuteHrur, 
SJleKTpOpoJJUteHM H o6paTHoro aJieKTpopo~eHM IIHOHa Ha'HYRJIOHe. Ha 
OCHOBe TeopeMl:l O CYllleCTBOBaHHH HeHBHUX ~YHKIIl'lil .ItOKa3aHO, tJTO IIPH 
~raKCRpOBaHHHX "Maccax" BHpTyaJII,Horo qJOTOHa Ha IIJIOCKOCTR ( s • i:) 
CYtlleCTBYJOT Kpln3He, nztOJII, ROTOpHX aqqieKTH BBalIMO.ItettcTBlm B KOHetJHOM 
COCTOHHIIH B TOtJHOCTH KOI/IIIeHCHpyJOTCH nx HHTepc'f)epeHUHeft c,6opHOB
CRQtt aMIIJIHTY.ItOtt. 

3. · Pa.spa6oTaHa e.n:HHaJI 1tHcnepcnoHH8.fl Mo,neJ11> .ItM nponeccoB 
qioTopoJQtemm, aJieKTpopoiutemm H o6paTHoro aJieKTpopo~eHM nl'loHa 
Ha HJKJIOHe npn HB3KHX aHeprMX. Mo.neJII, xopowo OIIl'ICHBaeT 8KCIIepn
MeHTaJil>Hl:le .naHHHe no BceM TpeM rrponeccarA. 

4. Bl:lqHcJieHHe B paM!tax .ItHCIIepcnoHHofi TeopHl'l H cpaBHeHHe c 
axcnepHMeHTaJil>HHMl'l ,ItaHHHMH IlOitTBe~ItaDT npe.nnoJIOJteHRe O TOM, tJTO 
RpHBl:le ROI/IIIeHCauRH IIpaKTHtJeCKB He MelilIDl'CH npe nepexo.ne OT peaJII,
Horo <pOTopo~eHim K BRpTy8Jll>HOMy. 

5. Paspae5oTB.H MeTo.n onpe1teJ1eHrui: cJiae5oro nceB,noc1taJJJipHoro 
qiopM/paKTopa HYRJIOHa, OCHOBaHHHfi Ha B03MOlltHOCTR aHaJIH3a rrpouecca . 
trN-e♦e· N B cxeMe a.11re6pl:l TOKOB Ha KBa31mOpore. IIoRa3aHO, tJTO 
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KOM6IDiauW! MyJII>TITTioJiett l:o .. -2Ea- Ha 1rnasm10pore npoJlllJl.lleT ooco
Kyro qyBCTBHTeJll>HOCTl> R STOMY ipopMqa.KTOPY· 

6. B pesym,TaTe aHamrna aKcnepw.eHTa.Jil>HHX ,n;aHlllx no npoueccy 
1r·p .. e•e·n noJiyqeHH sHaqemm cJia6oro rrceB,n;ocKaJl.flpHoro ipop11$llt
Topa B imTepBa.Jie 2m; ~ 1-1:1 s sm; . 

7. XopomaJI ToqHoCTl> onpen;eJJemm nceB.n;ocKaJl.flpHoro ipopN'ipaxTopa 
HYJtJIOHa nOSBOJl.fleT onpe,n;eJillTJ, ROHCTaHTY nnoH-HYKJIOHHOro BSaJi!Mo.n;ett
CTBWI n;Jl.fl HyJieBoil N'.acCll nHoHa. IloJIYqemme SHaqem1e KOHCTaHTll 9rr,,,(o) 
yn;oBJieTBOpHeT COOTHOIIleHHID roJil>,n;6eprepa-Tpefu4a.Ha. 

8. Ha ocHoBe noJiyqemrux n;aHHllX n;Jl.fl cm6oro nceB.n;ocKaMpHoro 
ifiopMqa.KTOpa HYKJIOHa noKaSaHO, qTO cpen;HeKBa,n;paTmHHil nliOHHllll pa
_n;eyc HyKJioHa 6oJil>IIle aKCllaJll>Horo pa.n;eyca. 

Anpo6aium nuccepT8Ulill 

OCHOBHlle pesyJil>TaTll .n;nccepTaullH n;OKJial(HBaJIHCl> Ha ceMimapax 
Jia6opaTOpHll TeopeTuqecKoil ~llSHKH 06~e,n;nHeHHOro l!lICTHTyTa gn;epHHX 
llCCJie,n;OBaHnit, Ha M~n;yHapO.n;HllX KOH~epeHUl1lIX no ~nsmte Bl:ICOKHX 
aHeprHH (KaeB-1970, Tdnmmn-1976), MelJUtYHapo.n;HoM ceMIDiape no 
rJiy6oKOHeynpyrHM ll MHOllteCTBelillllM nponecca.M (CyxyMH-1975), Mellt
.n;yHapo,n;HOM COBemamrn no BSaHMo.n;eilCTBMM an;pOHOB npll HllSKHX SHep
rWIX (HOBOCH6HpCK-1976). 

1Iy6JIHKagHH 

rro pesyJil>TaTaM .n;nccepTauniony6JIHKOBaHO .n;eBilTl> cTaTett. 

06M_M £860Tll 

nnccepTauM COCTOHT HS BBe.n;eHllll, ,n;Byx qacTett OCHOBHoro TeK-
CTa n saKJIIDqemm, con;eplltHT 127 CTpaH~ MaIIlllHOill'ICHOro TeKCTa, 
19 pllCYHKOB ll 6HOJIHOrpa~mecKllll CilllCOK JIHTepaTypll as 189 ·HaSBaHHtt. 

conEPlKAHl1E PABOTil 

Bo BBe8emm RpaTKO nsJiaraeTcJI MaTepHa.JI .n:nccepTaunn n .n;aeT
cJI o6ocHOBaHHe BaxHOCTll paccMoTpemrux npo6JieM .n;JUI pememm sa.n;aq, 
CBRSaHHllX C nccJie.n;oBaHlleM CTpyKTYpll sJieMeHTapHHX qacT~. 

B nepBott qacTa .n;nccepTaunn HSJIOJKeH MeTo.n; onpe,n;eJieHM sJieKT-
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poMarHHTIIllX ipopM(p8KTOpoB TipOTOHa ll IlliOHa BO BpeMeH1mon;o6HOH o:S
JiaCTli nepenaq HMIIYJil>COB. 3Ta qacTJ, COCT00.T HS BOCl>Mll naparpaifioB. 

B nepBow. naparpa!'{le en;lffillM o6pasoM ,n;aeTCR o6mee paccMoTpe-
HHe npoueccoB npRMoro n o6paTHoro sJieKTpopoli\ll;eHllll nnoHa Ha HyKJio
He. CTpOHTCJI OpTOHOpMllpOBaHHllii 6a3HC 4-MepHoro npocTpaHCTBa, Y.rto:S
Hllii ,T(Jl.fl IlOJiyqeHHJI KOBapH8HTHOro pa3JI0'1teHWI an;pOHHoro TeH30pa, npen;
CTaBJl.llIOll\ero B O,n;HOqJOTOHHOM npHOJilllKeHlili an;pOHHYID qaCTb KBa.n;paTa M.0-

D;YJl.fl MaTpHqHoro aJieMeHTa. iDopMyJlll .n;JUI Ha6JIID.n;a.eMHx BeJinqHH samma
Hll B mui;e, Han6oJiee y,n;o6HOM n;JlJI llHTepnpeT3llllll l:lRCIIepmt.eHTaJil>IillX 
.n:amrux. II01msrum, qTo,ecJin .ruraJI11snpoBaTl> n;aHHHe no rrpoueccy 
1r1-1-.. e•e· N B CllCTeMe o;eHTpa MaCC JieIITOHHOH IIapEl. JIBrRO ooneJillTJ, 
qacTli ceqeHHH, COOTBeTCTBYRll\0.e pasJimHoft IIOJlJipll38Ullll BllpTJ8Jll>HOro 
ipoTOHa. 

Bo BTopoM naparpa~e ycTaHaBJJHBaeTcJI, qTo npoueccll ipoTopoJKn;e
HllR, sJieRTpOpOllU(eHHJl H o6paTHOro aJieRTpOpOlltn;OHlm o6Jia.n;aIDT CBOHCT
BOM ROMITeHcann11:, as ROTOporo CJie,n;yeT, qTo B onpen;eJieHHOft o6JiaCTll 
nepeMeHHllX ceqeHWI npoueccoB OIIllCllBaJOTCJI 6opHOBCRllMll 8MITJlllTYIJ;8Mll. 
CeqeHHe npouecca C BHpTyaJil>HllM ipoTOHOM MOllteT OllTl> npe.n;cTaBJieHO B 
BH.n;e CYMMl,I .n;Byx qJieHOB : 

jf =( ;;)dopu + q,(S,i,kl), (I) 

r,n;e nepBllit qJieH npen;cTaBJlJieT 6opH0Bc1toe ceqenne, a BTopoit yqnTu
BaeT BSaHMon;eitcTBlle 13 ROHeqHQM COCTMHIUI ll ero lffiTe~peHUaID C 
6opHOBCROtt qacTl>ID aMITJlllTY.Itll• .lvlfr Toro, qTo6ll BllJICHHTJ, ycJIOBroI, 
npa ROTOpllX 

q>(S;i., K-2):: 0 (2) 

11:CllOJIJ,SJeTCJl Teopev.a O cymecTBOBaHl!:ll HeJIBHllX ~yHRD;Htt. CorJiaCHO 
8TOit TeopeMe, ecJIH Mll Ha6;m,n;aeM XOTJI 6a O.n:HJ TOqRy So, t-o, K:' 
B ROTopott ajxpeRTll nepepaCCeRHWI ll HX mrre~peHUIDI c 6opHOBCRliMH • 
aMIIJillTY,D;a.Mll ROMITeHCHpym .n;pyr ,ztpyra, TO, llOCROJll>RY ceqeHae Herrpe
pUBHO B ~li3HqecRoit o6JiacTH rrepeMeHHHX, cymecTByoT noBepXHOCTJ, ROM
rreHcauHn: '-/; = f(S,l(l), (3) 

Ha KOTOpoit ceqem:Ie onHCllBaeTCJI TOJIJ,RQ 6opHOBCROtt 8MIIJIHTyn;oit. Ilepe
ceqeHroI STOit llOBepXHOCTll C Kruitn;oft ITJIOCROCTI,D K~=COnSt onpe~eJ]JIJ)T 
KpllBl:le ROMileHcaunn 13 llJIOCROOTll s. t • 3TH RpllBlle JierRO HaXO,wiTCJI 
B cJIYqae peam,Horo ipoTopo~eHWI (Kr? =O} cpaBHeHaeM 6opHOBCKoro 
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ce<IeHlfil C 8KCIIepRMeHTaJll,HblMl.f ll;a.HHtlr.m. KaK IIOil'.83!:IBaJOT BH'UICJieHlm, 

Kplffil:le KOMIIeHcarurn ,ll;Jlfl npouecCOB c Bil'PTYBJll,Hl,JM !pOTOliOM ( K:i :t. 0) 

MaJIO OTJIH'IBIOTCH OT KpllBl:IX KOl\f.IleHC9Ullll qx>Topollt:n;eHl'lil. TBitil'?/. o6pa30M, 

CBOllCTBO KOMIIeHCBU0'0' YKB3HBaeT HB OilTllM8JlI,Hble ycJIOBM orruTa ,n;Jlfl 

HCCJie:n;oBaHM 3JleKTpoMarnHTHtlX qiopMqaRTOpOB IlllOHa ll HyKJIOHa, OT Ko-' 

TOpHX 3aBllCllT 6opHOBCKall qacu BMIIJlllTY,n;H• CJia6aa 3aB0'CliMOCTb IIOJIO

lKeHM KPHBl:IX KOMIIeHCBUllil' OT 3Haqemtll K2 IIO,n;TBePJK:n;eHa Ha 3Kcne

J™MeHTe. YKa31llillaJI BHme B03MOl!tHOCTb IlpaKU!'leCKoro HCIIOJlb30BaHH.fl 

CBOMCTBa KOMJieHCaUllll npe,I\CTaBJIJieT 0,1\HY H3 COCTaBHUX qaCTett MO

,l\8JlbHO-He3aBHCllt!OrO cnoco<la onpe,l\eJieHHJI 3JleKTpOMarJIHTHUX qiopM

qBRTOpOB. 

B TpeTI,eM naparpacpe paccMaTpimaeTcn noporoBoe n KBa3lllloporo

Boe noBe:n;eHHe nponecca o6paTHoro aJieKTpopo~eHM nHoHa Ha HyKJIOHe 

'JrN➔ee-r,J • KBa3llIIoporoM H83Ba.Ha KIDl8M8Tll'I8CKall CllTYBUM, Ilpll KO

TOPOR aqxpeKTHBHall rmcca JienTOHHOH napH MaKCnMaJlbHB .n;Jlfl .n:aHHofi ::mep

rmi peaKUtm. Ilpll 3TOM B CRCTeMe neHTpa Ma.CC peaKUHR HMIIyJII,C BHp

TyBJII,HOro !p()TOHB ~= 0 • Ha OCHOBe npHHUlllla MBKCliM8.JII,HOH aHBJlll

Tli'IHOCTll IlO}ly'leHO KBa31moporoaoe IIOB8,l\8Hlle napUl!aJibHtlX BMIIJIHTy,:n;. 

B qeTBepToM naparprupe paccMaTpHBaeTcn ceqeHlle nponecca 

'JrN - N ¥. B OKpecTHOCTll KB83IDiopora. IlOKa38HO, qTo KB83IDIOporo

B08 IIOBe.n:eHlle nponecca CllJlbHO ynpomaeT ero OilllC8HRe. H3 KB83RIIopo-

• roBl:IX CBOJ:lCTB napullBJllJilllX BMIIJIHTy:n; I! rpa:n;ReHTHOJ:1 mrnapllaHTHOCTR 

CJien;yeT, 'ITO npR MaJIHX RMIIYJibcax BRpTyBJlI,HOro !pOTOHa BKJia:n; B ce

qeHRe :n;am TOJlbKO aJieKTplNeCKRe MyJibTRIIOJIR E'o+ ' E:r • B illRpO

KOM HHTepBBJle aHepra:a, BIUl!Oqruane~,· o6JIBCTI, nepBoro IlROH-HYKJIOHHoro' 

pe30H8HCa, 8TH MYJlbTllIIOJlll T(M nponeccoB C 38pruKeHHttM0' IlllOHaM0' cy

mecTBeHJIO 6opHOBCK0'P.. BKJia:n; BHCIDHX pe3oHaHC!Il:IX COCTOHHllff B 3Tll 

?WJlI,TllllOJlll COCT8BJlfleT HeCKOJlbKO nponeHTOB. 

B OKpeCTHOCTH KB83lmopora T(l'J(fipepeHUIIBJlI,HOe ceqeHlle nponecca 

:Jr N - N ~ (BRpTYaJII,Irui! )p831.laraeTCH B pHJJ; no HMIIYJlbCY BRpTYaJib

HOro !pOTOHa 

q.1r/K · 6'"(S,t., K2) == 6"0 + K 6"1 + • • · , 

r.n:e 6"., onpe.n:eJl.!l.i)TCH H3BeCTHHM KOHeqHblM Ha6opOM MYJibTllllOJlLilllX 

aMIIJIKTY.n:. 6'o-KBa3WIOporoBOe 3Ha'leHl!e ceqeHllH - 38IlllCUBaeTCH 

B Ba:n;e 

bo ;:i ~aj-2(1Eo+f+21E<-l2
). 
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B1,1q0cJieH1'fe 60 MO:n;eJihHO-He3aBIICllMO, IlOCKOJlbity 6opHOBCKall qaCTI, aMII

Jlil'Ty,n;u ero IIOJIHOCTblO onpe.n:eMeT. E.n:HHCTBSHHHMll napaMeTpa!All HBM

IOTCH aJieKTpOMarHllTillrn cpopMqaRTOpH IlllOHB ll HYKJIOHa. IIoaTOMY 8H8.Jlll3 

8KCIIepllMeHTaJibHHX ll;BHHHX Ha KB83lillOpore Il03BOJIH0T onpe:n;eJI0'TI, 8T0' 

qiopMqaRTOpH Mo:n;eJibHO-He3BBHC ll?.'llM o6pa3oM. 

B IIHTOM ll meCTOM naparpaqax paccMaTpllBaeTCH :n;llcnepcil'OHHaH 

MO.D:P.Jlb _:n;JIH nponecca 'JfN-e•e·N npll Hll3KHX aHeprliHX. Ilo cymecTBY, 

3TB MO.D:SJII, npe:n;cTaBJlfleT C060J:1 o6o6meHlle Ha BpeMeHllIIO.IJ:061:!lle K2 

ll3BeCTHHX .n:llcnepcllOHHHX MO,ll;eJieii ll;Jlfl nponeccoB aJieKTpOpOllt:n;eHllH IlllO

Ha Ha HYKJIOHe. 0:n;HaKO B .n;aHHOM CJiyqae :n;Jlfl HSKOTOpHX MYJibTIDIOJiefi 

yqHT11BaeTCH pesyJlbTaT MYJlbTlillOJII,Horo aHaJill3a nponeccon cpoTopollt:n;e

HM ll pemaeTCH san;aqa 06 BHaJiil'TllqecKoM npoiroJIJKemrn non;uHTerpa.Jib

HHX BHpaJKeHIIit B HecpH3llqecKyIO o6JiaCTb (H+mn)2. ~S ~ (M+\fi<2)2. Ilpll 

::JTOM IIOKa3aHa Heo6xo.n:HMOCTI, yqeTa KB83llIIOporoBoro IIOBer(eHM MYJibTll

IlOJlbHl:IX IDviIIJlllTy.n:. 

B pa.MKax MOJJ;eJill HCCJien;y.eTcH 3aBllCllMOCTI, KpllBb1X KOMIISHCBUllll 

OT K2 • IloKa3aHO, qTo B npocTpaHCTBeHHono.:n;o6HOft o6JiaCTll KplIDble 

MeHillOTCH cJia6o, a BO BpeMeHnrro:n;o6Hofi 06.nacTll OHll cprutTHqecKH He Me

HHmcn. CTa6llJlbHOCTI, KpHRHX KOMIIeHCBUllll BO BpeMeH1mo,:n;o6HOit o6Jiac

Tll 06-bHcHHeTCH KB83lillOporomiM IIOBe,:n;eHlleM ceqeHM o6paTHoro 3JleKT-

popollt:n;emm nHOHOB. . ·,:, 

B ce~I,MOM Ii BOCbMOM naparpacpax BHIIOJIHHeTCH cpaBHeHlle Teope

TllqecKllX BlltJHCJieHllfi C aKcnepllMeHTaJibHl:IMll ll;BHHHMll. CHaqa.Jia IIOKB3a

HO, qTO n0cnepcllOHHa.q MO:n;eJib xopomo onHCHBaeT aKcnepll!.JieHT8JlbHHe 

.n:aHHHS no !pOTOpo~:n;eHll!O ll aJieKTpopo~eHlll!l 3apHllteHHllX IIHOHOB Ha HyK

JlOHaX, a 38TeM ~eTaJibHO a.HaJIH3llpyIOTCH _:n;aHHUe :n;JIH npouecca 

Ti"P -e+e- n , IIOJiyqemrue B cepllll aKcnepllMSHTOB B Jia6opaTOpllll 

n.n:epHHX npo6Jie~n OHHH Ilpll KHH8TllqecKoit :mepnrn IlllOH013 EJf =275 MaB. 

Ilpll pa3Jilf'IHllX (pllKCllpOBa.HHblX K2 IJ;BHH!le 8H8Jlll3llPYIOTCH no yrJl.y Hc

IIYCK8HM BHPTYaJibHoro !pOTOHa, no yrJiy MeJKJJ;Y HMilYJlbCaMll o,:n;Horo ll3 

JieIITOHOB ll HeHTpOHa B CllCTeMe neHTpa Mace (e+e-)-napu, no yrJiy 

MeJKJJ;Y IIJIOCKOCTHMll peaKUllii r,-p ➔n~ .. ll o"➔ e.♦e- • Onpe.n:eJIHeTCH yroJI 

KOMIIeHCBUHll. IlplIBO,IVITCH 3HaqeHIUI 8Jle~TpOMarHHTHl:IX cpopMqaRTOpOB 

IlllOHa ll IIpOTOHa, IlOJIY'ISHHUe B pesyJII,TaTe 8HaJill3a aKcnepllMeHT8Jlb

HllX ll;aHHllX. CooTBeTCTBYIOOllle 3apnnoBl:le pa:n;llYCH paBHll ;. =(0,60± 

±II) F ll '2p=(O, 73±□,II) F • 

BTOPM qacTI, .D:llCCSpTBUHll IIOCBHllleHa MeTOJJ;Y OIIpe,:n;eJieHM CJI8.-

6oro nceB~OCKaJIHpHoro cpopM'pa.RTopa HYKJIOHa. STa qacTb COCTOllT ll.3 

,n;BeHaT(IlaTil' naparpacpoB. 
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B rrepBUx Tpex naparpaipax paccMaTplIBaeTcH KBasimoporonaa: 
KIDieMaTmta nponecca trN ➔e•e-N 0 KBasimoporoBaJI HRSKOaHepreTR
qecKaJI Teopeira. IlocKOJII,Ky Ha KBasnnopore Bcero o,n;RH Hesannc~~tt 

0Mnym,c' B KaqecTBe O,ItlffiCTBeHHoit He3aBHCRMOfi rrepeMeHHOH BU6HpaeT
CH "Macca" BRpTYMi>HOro BpeMeHroron:o6Horo qJOTOHa. Ha .ItBOfuiOM rropo
re, T.e. Korn:a IDmyJli>Cll BllpTYaJThHoro qJOTOHa 0 IIllOHa paBHH HYJIJO, 
rro~qaeTCH H03K03HepreTII'JeCKaJI TeopeMa C KOHeqHott w.accofi IIllOHa, 
rrepeXO.ItffillaJI B TeopeMy KpoMa-Py.ztepwaHa rrpn: m11➔ o • } 

B cJie.JJ:YIOO!IIX Tpex rraparpaipax paccMoTpeHH rrpoueccu aJieKTpopoK
.I(emm ilHOHa Ha HJKROHe B cxeMe Mre6pu TOKOB. IlplI 3TOM HCIIOJli>3yeT
cH npoue.!(Jpa IIpHMOro Hacumemm COOTBeTCTBY1WlllX 0.I(HOBpeMeHHllX KOM
MYTaTopoB, B3HTllX M8llr,I(y O,I(HOHJMOHHllMH COCTOHHliffM0. OCHOBOfi !(JUI 
no~qem1ll: CBH30 MeX!(J rrpoueccoM aJieKTpopollr,I(eHlfH 0 cJia6@M1ipopM
ipaltTopaM11 HYKJIOHOB C~XHT KOMMYTaQ00HHOe TOllr,JJ;eCTBO 

(N2j [Qo1. ,jl'(o)J IN1) =i. Col3'tr <N2 / A; JN1 '), 

r~e J.r - 3JlOKTpm.rarHIITHllfi TOK an;pOHOB, Ar - 8KCllMi>HHH TOK an;po
HOB, a Q,1, - aKCllaRLHHfi 3aplI,I(, 

Qo1. =fdlA:(x.). 
PaccMOTpeH norrpoc oo orrpe,n;eJieH110 muzyn0p011aHHoro nceB.I(OCKa

J11IpHoro ipopMipaltTopa HJKJIOHa 03 aHMH3a 3KCnepHMeHTa.Jli>HHX I(aHH!lX 
no npoueccy aJieKTpopo1UteH1m nHoHa Ha HJKROHe BOJIH3H nopora. IloKa
saHo, qTo c noMOl!ll,!) onpe.zteJieHHofi napaMeTpll3aQ0H OTHomeHHH npon;om,-
HOfi 0 norrepeqHo:ir qacTefi ceqeHim ~ 

s,. /6T == K2 / Lo+ I Eo+/ 
MOXHO II~'10Ti> 3Ha'1eHlm ,ItJllI IIpO,ItOJll,HOfi qacTH, 38BllCHl!leff OT nceBn;o

CKaJlllpHoro ipopMpaKTOpa. 0,ItHaKO II0~'18l0lll08CH IIpll 3TOM 60JII,illlle 
om06KH He ,ItaJOT B03MOXHOCTll orrpe,ItMeHWI ipopMpaKTopa. IloaTOMJ 
,n;eJiaeTCH BUBO,n; 0 6ecrrepcneKTllBHOCTH nyn. HCIIOJII,30BaHlm rrpoueccoB 
aJieKTpopOl!UteHHH KaK llCT0'1HllKa HHipopMaQHll O IIC8B1(0CKaJlllpHOM i{JopM
cpaltTOpe HJKROHa. 

B cJie.n;yromllX qeTllpex naparpaipax ll3JIOJ!teHa rrpoue!(Jpa orrpe.n;e
JieHim IIC8B,ItOCK8.JlflPHOro ipopM:paKTOpa 113 rrpouecca o6paTHOro 3Jl8KTpQ-: 
pollr,Il;eHM '!fN ➔ e•e.-N_ • Ilorut3aHO 1 '1TO IIpllMOH8Hlfe a.Jirec5pu TOKOB K 
OIIHCaHl'ID npouecca C ,ItBW!tYl!lllMHCH IIHOHaMH He BU3HBaeT TPY.ItHOCT0, 
IIOCKORI,Ky Ha KBa3HIIOpore B illHpOKOM wrrepBMe 3Heprd BKJia.zt peso
HaHCHllX COCTOHHd H83Ha'111TeJieH. CJiaOue ipopMqaKTOpll HJKROHa GA(t) 
11 Gp(-4:) CBH3aHl:l C KOM6HHaQHet! 3Jl8KTplfCJeCKllX MJJil,TlmOJieil 60♦ -2 E;i
Ha KBaSHIIopore : 

8 

= @ {.D(l)-(l- ~):D(tn;-K~)+ 
V2:rn2 f 2M sr r, 

+ rn;/2M[GA(rn;-K2)-t/2M Gp(m;-K
2
)]} , 

Eo. -2E2 -

(4) 

r.n:e GA (I:) - aKCHaJU,HHH qiopMqm<Top, Gp(i:) -rrceBn;ocKaMplillfi ipopM{fxm
Top, fn - KOHCTaIITa pacrran;a 1r-+J<,V • IloCKOJii,Ky GA(t) orrpe,n;eJieH H3 

· OIILITOB ITO .3Jl8KTpopo.xtneHlno ntlOHOB Ha rropore 1 8,ItllHCTBOHHOii HOH:JBOCT
HOii B8Jlll'11IHOtt B ¢opMyJie (4) .fIBJIJI8TCH 0Hil;yUHpOBaJIHHii rrceB.n;OCKaJlllp
Hl:IH <toPMlfBKTop Gr(l) • Hs cpanHeHM i{JopMyJI!l (4) c 3KCrrep»MeHTaJib
HHM0 n;aIIH!lMll n;M K0Mdmrau0.0. MYJibTlmoJiell Eo♦ - 2 E2- Ha KBa80IIopore 
onpe,n;eMeTCH Gp(t:) • 3Kcrrep0.M8HTMbHHe f{aIIHI,J8 IIOJiyqeHll B Jiaoopa
TOpllll Hn;eplillX npoOJieM OHffiI ll rrpe,n;cTaBJIOHhl Ha pile. I. <ropMCfaKTOp 
Gp (l:) sarr0c1rnaeTC.fl B. Bnn;e cyMMhl n;Byx q}teHoB : 

G (t) = G)T (l) + ;: r G"'C-i:!)df.' (5) 
P P 1m2 t.'-t 

~ - IT 

r,n;e Gr (-l:) npe,n;cTaBJllleT BMa.It rrnoHHor_o noJI10ca 

Gr.(-\:) = 2 fn J:rw (6) 
p m;-t 

EbJI0.: B ¢opMyJie (4) orpaHlfCJIITI,CH BitJian;oM II0.:0HHOro IIOJIIOCa D;Jlll 

Gpt/:.) , rro~qaeTCH RpllBaJI (a) Ha pnc.I. :3To yRasuBaeT Ha ooc0Ky10 
qyBCTBllT8Jli,HOCTI, qJOPMYJlll (4) K qiopMipaltTopy Gp(t:) • OKOH'IaTeJIJ,lfiltt 
pesyJibTaT .ItJIH rrceB.n:ocKaJ11IpHoro qiopMipaltTopa npe.n;cTaBJieH Ha p1m.2. 

CIIJIOillHall Kp0Ball COOTBOTCTByeT rrapaMeTp0.:3aQllll 

..L r s(t.')olt.' A 
:Jr I -l'-i == 1- t/m~ (7) 

co 3HaqeH0JIMll rrapaMeTpOB -1 
A = I,I l'Yl:r • 
ffio= 0,5 raB. 

BllcoRaJl ToqHOCTI, orrpen;eJieHliH llHn;YUHpOB8HHOro rrceBI(OCRaJlllpHO
ro qiopMipaltTopa B llHTepBaJie 2m; ~ !ti ~ srn; rrosBoJ11IoT aKcTparroJI11po
BaTI, ,ItaJflill e K T0'1R8 t:: 0 • Tor,n;a B rrpe,n;IIOJIOJB:emrn, qTO rrpll MaJ!llX 

t Gporrpe,n;eMeTCH IIllOHHllM IIOJIIOCOM 0.: 3aB0CHMOCTl,!) OT t IIll:OH

HYKJIOHHOff CBH3ll, T.e. 

G,,,(-1:) = 2 f11~1TN(t) 
l'Yl i! -1:. 

lT -

(8) 
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Pac.I. 3Kcrrep11MeHTa.JU,H11e .n;amrue .IVIII Eo.-2 Ea· rrpouecca 
j'l"·p-+e+e· n 11 cpa.BHeHHe c pactJeTaMit B rron;xon;e 
aJiree!pu TOKOD. ITp3 pactJeTe KpllBOit (a) BKJia.n: llHIJY
Ul1POBaHHOro rrceBn;ocKaJillpHOro ipopMqJ9XTopa HYKJIOHa 
orpaHlltJHBaeTCR IIllOHiruM IIOJIK)COM. 
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P11c.2. 3HatJeHM 11Hn;yullpOBa.HIIOrO rrcenn:ocKaJillpHOro ipopt+
cpaKTOpa HYKJlOHa Gp (t) • ,JlM yn;oe!cTBa rrpen;cTa.BJie-
HO OTHomeHlle Gp(t) K IIl10HHOMY IIOJIIDC-
HOMY BKJla.n:J. IToKaSaH TaEXe pesyJlbTaT 3HaJil13a 
TIO .f- -sa.XBaTy. 
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rro.JiytJaer.: ~JrN(o) ==- O, 9 4 ~JT,, (m;). :3To sHatJeHne 3.nN (o) ynoBJieTBo-

pHeT cooTHomeHrn:i ro.JIDn6eprepa-TpefiMa.Ha. 

B onmrna;maToM rraparpadie paccr!.oTpeHa po.JID rrorrpaBoR R .JJOp:.w

.Jie (4). IToitasaHo, tJTo rrorrpaBotJHHe tJ.JieHH no.JIX.tru 6HTb r.Jia.n;Rmt.n 

q:ymmIDII.:rr t , ::IOCKO.JIDRJ omI He 3aBITCRT OT G,. (t) , YtJeT rrorrpaBotJ

HBX tJ'.JieHoB SKBl1Ba.JieHTeH yBe.Jirrqemno omrr6oK B rrsMepemrn Eo. - 2 E'2-, 
ll STO He BJIIIReT 381:.eTHO Ha TOtJHOCTb orrpene.JieHll:R G~(l:), 

B neHrumaToM rraparpmpe sP...atJemm rrccmnocRaMpHoro qiopMpaK -

Topa rrcrro.JIDsymcR ;rJIB orrpene.JieHrui: rrnommro paneyca Hyit.JioHa. IToKa

saHo, tJ'TO OH 60.JIDme 8KCIT8.JibHOro pa~eyca HYK.JIOHa. 
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PyKOIIITCb rrocTyJIIDia B rrsnaTe.JibCKliH oTne.JI 
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