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C n11cceprn11JieH M0)KH0 03HaK0MIITbCll B 6n6nJIOTeKe O6be,!lHHeHirnro HHCTJITyra 

l!IlepHbIX Jiccne.nonauJIH. 
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I0.A.EaTycos 

r 
06"-aH xapa1crepHCTHKa pa60Thl 

A«myllJlbHocmb me.Mbl 

flpo6neMa q>OpMJipOBaHmI JIHTeHCJIBHbIX H0HHbIX nyqK0B HB.llleTCll .l0CTaTOl!H0 

o6meii MH conpeMeHHbIX HaKOTTJITenett. EonbIIIOH HHTepec npe.lCTaB.llllOT nyl!Kll 

non»pJI30BaHHblX qacn111 ll H0H0B pa,!lJI0aKTHBHblX ll30T0TT0B. 11cTOl!HIIKH TaKHX 

l!aCTJil.l, KaK npanuno, HMelOT HeBbIC0KYJO llHTeHCHBH0CTb, ll nonyqem1e BbICOKOH 

cBeTHM0CTH 3KCnepnMeHTa CBH3aH0 C npe.nnapnTenbHhIM HaKonneHHeM II0H0B. OnHHM 

II3 Han6onee 3<pq>eKTJIBHbIX MeTO.ll0B IIH)KeKl.lIIll, npIIMeH»eMbIX amI HaKonneHHll 

JI0HHbIX nyqK0B, HBmieTCJl nepe3ap»,nHa» llH)KeKl.lJIH. flpu Hll3KOH HHTeHCIIBH0CTH 

H0HH0r0 nyqKa II3 HCTO'IHIIKa npIIMeHJleTCJl MHOroo6opOTHaJl nepe3apH,!lHall 

IIH)KeKIIIIH. Ilpu MHOroo6opoTHOH llH)KeKIIIIJI nyqoK ~0H0B 3anonHJleT Beeb aKcenTaHC 

HaK0TTJITen», ll ero 3<pq>eKTHBHOe IICnonb30BaHIIe 3aTpy,nHeHo 6e3 npuMeHeHHll 

oxna)K.lleHIIJl. 

Col!eTaHHe MHOroo6opOTHOH (O.llHOKpaTHOH HnH MH0roKparno IlOBTOp»eMOH) 

nepe3apll,nHOH llH)KeKIIIIII JI 3neKTp0HH0ro oxn~eHHll ucnonb3yeTCll ,!lnll HaKonneHHll 

ll q>OpMJipOBaHHH IIHTeHCHBHbIX nyqKOB npoT0H0B ll .nettTpOHOB (He noAApII30BaHHblX 

JI non»pII3oBaHHbIX) Ha HaKonnTene COSY (uccne.nonaTenhcKHH IJeHTp IOnux, 

repMaHu»). 3neKTpOHHoe oxn~eHue nyqKa nepe.n ycKopeHueM, HanpIIMep, B 

3KcnepuMeHTe BIG KARL npuB0.llIIT K ysennl!eHIIIO 3q><peKTHBHOCTJI ero 

Jicnonh3oBaHH» npnMepHo B 60 pm 6naro,!lap» MeHbIIIeMy pa1Mepy nyl!Ka II, l!T0 6onee 

Ba)l(H0, cymecTBeHH0MY CHJI)KeHHIO HHTeHCIIBH0CTII rano. 11cnonb30BaHIIe CHCTeM 

'.lnCKTp0HH0ro oxna)K.lleHHH nnaHnpyeTCJl B HeCK0nbKHX coop~aeMbIX HnII 

pa3pa6aTbIBaeMbIX H0BbIX ycTaH0BKaX. HanpHMep, peanu3yeMbIH B HaCT0llll{ee BpeMH B 

I1T3<l> (MocKna) npoeKT TBH (TeppaBaTTHbitt HaKonurenb) noTpe6yeT uaKonneHu» 

nyl!K0B TH)KCnbIX II0H0B C nn0TH0CTbIO, npe.nenbHOH no npocTpaHcTBeHH0MY 3ap».llY

Lln» perneumI 3TOH 3a,!la'IH nnaHnpyeTc» ucnonbJ0Bauue MH0roKpaTH0 noBTop»eMoti 

o,nHoo6opoTHOll nepe3apH,!lHOll llH)KeKIIJIH, a qiopMIIpOBaHIIe !pa30BOro o6beMa 

HaKonneHH0ro nyl!Ka, 0TTTIIManbH0ro C T0'IKII 3peHIIH 6bICTpOf0 BbIB0,!la, M0)KeT 6b1Tb 

ocymecrnneH0 C TT0M0!l{b!O c1IqTe¥.WH;;IgP.OlIH,Q!Jl.: Q:i<:J,HUl~,!leHHH. IlpoeKTbI H0Bb!X 

rnlt?/lir.lt w:cztA;;~\:; ,,f 
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HaKonmeJibHbIX KoMnJieKCOB pa,nIIoaKTIIBHbIX IIOHOB MUSES (RIKEN, .5lnoHII») II GSI 

()].apMUITa,!lT, fepMaHII») TaK)Ke npe.nnonaraIOT IICTIOJib3OBaHIIe 3JieKTpOHHOro 

OXJia)K,!leHII»: ,!lJI»: cpopMIIpoBaHII» TI)"IKOB IIOHOB II TIOMep)KaHII»: CBeTIIMOCTII B 

3KCnepIIMeHTax C BHyrpeHHeii MIIllieHbIO II IIOH-3JieKTpOHbIMII CTOJIKHOBeHII»:MII. 

0,!lHIIM 113 BO3MO)KHbIX HanpaBJieHIIH pa3BIITII»: ycKOpIITeJibHOfO KOMIJJieKca 

HyKJIOTpOH (OIUU1, )].y6Ha) »BJI»eTc» co3,!laHIIe 6ycTepa c aKcenrnHcoM, cymecrneHHO 

npeBbIUiaIOID;IIM aKcenTaHC HyKJIOTpOHa, OCHOBHOe Ha3HaqeHIIe KOToporo 

TIOBbIU1e1rne CBeTIIMOCTII 3KCnepIIMeHTOB C ITyqKaMII ITOJI»pII3OBaHHblX .neiiTpOHOB II 

T»:)KeJib!X IIOHOB. I1cITOJib30BaHIIe CIICTeMbl 3JieKTpOHHOro OXJia)K,!leHII»: Ha 6ycTepe 

MO)KeT cymeCTBeHHO ITOBblCIITb ero TeXHIIqecKIIe BO3MO)KHOCTII. 

0.nHaKO, ,!lJI»: MHOroo6opoTHOH IIH)KeKU:1111 xapaKTepna 60JibllIM BeJIIIqIIna 

UieCTIIMepHoro !pa30BOro ofo,eMa IIH)KeKTIIpoBaHHOro ITyqKa, qTO MO)KeT ITPIIBO,!lIITb K 

CITeU:IIcpIIqecKIIM orpanIIqeHII»M ero IIHTeHCIIBHOCTII ITPII ITPIIMeHeHIIII 3JieKTpOHHoro 

OXJia)K,!leHII»:, B OCHOBHOM CB»:3aHHbIM C .IlBYM» »BJie1rn»MII. IlepBoe II3 HIIX - 3TO 

yMeHbUieHIIe BpeMeHII )KII3HII IIH)KeKTIIpoBaHHbIX qacTIIU: B ITpIICyrCTBIIII 

1JieKTpOHHOro ITyqKa. I1 BTOpoe - pa3BIITIIe neycToiiqIIBOCTII ITyqKa IIOHOB ITPII ero 

rny6oKOM OXJia)K,!leHIIII, ITPIIBO,!l»ID;eii K 6bICTpbIM ITOTep»M qacTIIU:, qTO ne ITO3BOJI»eT 

)lOBeCnf ITJIOTHOCTb IIOHHOro IT)"IKa .no ITpe.neJia ITO ITpOCTpancTBeHHOMY 3ap».ny. 

HeycTOH4IIBOCTII npou:ecca 3JieKTpOHHOro OXJia)K,!leHII»: IIHTeHCIIBHOro IIOHHOro IT)"IKa 

Ha6mo;laJIIICh Ha p».ne HaKon11Tenei1. HaITpIIMep, Ha HaKonIITeJie COSY II CHII)KeHIIe 

BpeMe!IH )KII1HII IIOHOB B npIIcyrCTBIIII 3JieKTpOHHOfO ITyqKa, II pa3BIITIIe 

11eycTOH4IIBOCTII OXJia)K,!leHHOfO ITyqKa na6JIIO.IlaJIIICb C MOMeHTa Haqana 

1Kcnnyarnu1rn CHCTCMbl 1neKTpOHHoro OXJia)K.neHII». 3n1 3cpcpeKTbl orpannqnBaIOT 

n11TeHCIIBHOCTb 11y4Ka npoTOHOB, IICITOJih3yeMoro B 3KcITep11MeHTax na COSY, na 

ypoBHe 1.5 + 2 . 1010 
unpKynIIpy10mnx qacTIIU ITPII IlHTeHCilBHOCTil IlH)KeKUillI .no 1011 

qacTilU 3a IlMilYJibC. B HaCTm1mee BpeM»: ITpe.IlJIO)KeHO necKOJibKO o6b»CHeHIIH 

na6mo.naeMblX »:Bnennii, HO qllI3IlqecKa» ITpttpo.na IlX .no KOHUa He Bbi»:CHeHa. TI03TOMy 

3KCITepIIMeHTaJibHOe IICCJie.IlOBanile ITpouecca HaKOITJieHil»: »:BJI»:eTC»: aKTYaJibHOH 

3a,na4ei1, a yqeT BO3MO)KHblX OTpHU:aTeJibHblX ITOCJie.IlCTBilll IlCITOJib3OBaHil»: 

OXJia)K,!leHII»: II pa3pa60TKa Mep ITO IlX ITpe.nOTBpamenlIIO He06XO,!lIIMbl ITPII 

ITpOeKTIIpOBaHIIIl HOBbIX CIICTeM 3JieKTpOHHoro OXJIIDK.IleHil»:. 

i OcHoBHbte t(enu pa6ombt 

)].anna» pa6orn IlMeJia cne.nyIOmne uentt: 

- 3KCITepIIMeHTaJibHOe IICCJie.noBaHile ITpilqIIH, ITpIIBO,!l»IIl;IIX K orpanttqeHIIIO 

IIHTeHCilBHOCTII IIOHHoro ITyqKa B HaKOITilTeJI»:X C MHoroo6opoTHOH ITepc3ap».nnoi1 

IIH)KeKUIIeH ITPII ero cpopMIIpoBaHIIIl C ITOMOID;bIO ClICTCMbl 3JieKTpOHHOro OXJia)K,!leHII»:, 

- Bblpa60TKY OCHOBHblX Tpe6oBaHIIH K ITapaMCTpaM ClICTeMbl OXJia)K,!leHII»: II 

HaKOITHTeJI», ITO3BOJI»IOID;IlX ocymeCTBilTb HaKOITJieHIIe IIOHHOro ITyqKa .no ITpe.nena ITO 

ITpOCTpaHCTBeHHOMY 3ap».ny, 

- pa3pa60TKY qlII3IlqecKOro ITpoeKTa CIICTeMbl 3JieKTpOHHOro OXJia)K,!leHII» ,!lJI»: 6ycTepa 

ClIHXpOTpona HyKJIOTpOH. 

Hay•maa H06U31la 

BITepBbie 3KCITepttMeHTaJibHO IlCCJie.IlOBaH ITpouecc pa3BlITil» 11eycToi1qlIBOCTII 

IIHTeHCIIBHoro IIOHHoro ITyqKa B HaKOITIITene COSY. BITepBLie ITpoaHaJIII3IlpoBan 

MeXaHII3M ITOTepb IIOHOB HeITocpe.ncTBeHHO ITOCJie IIH)KeKUillI, CB»:3aHHblll C IiaJIIlqIIeM 

,!lIICITepCIIII B ceKUIIII OXJia)K.neHil»:, 6oJibllIOH BeJIIlqlIHOH xpoMaTilqnocn1 B 

ropII30HTaJibHOH TIJIOCKOCTil II HeJIIlHellHOCTbIO co6CTBeHHOro non» 3JieKTpOHHOro 

ITyqKa. IlpoBe.neH pacqcr .IllIHaMIIKil 3JieKTpOHHOro OXJia)K,!leHII»: HOHHOro nyqKa B 

6ycTepe ClIHXpOTpOHa HyKJIOTpOH, ccpopMyJIIIpOBaHbl OCHOBHbJe Tpe6oBaHil»: K 

CIICTeMe 3JieKTpOHHOfO OXJia)K,!leHmI, ITpe.IlJIO)KeHbl Mepbl ITO 06ecITeqen1110 

ycToi1q11BOCTII nyqKa B ITpouecce oxna)K,!len11»:. 

llpa1<.mu11ec«aa t(ellHocmb pa6ombt 

IlonyqeHHbie pe3yJihTaTbl I1O3BOJI»:IOT OITTIIMil311pOBaTb pa6oTy CIICTeM 

1neKTpOHHoro OXJia)K,!leHH»: B HaKOITIITeJI»:X C MHoroo6opoTHOll nepe3ap».nnoii 

IIH)KeKUIIeii. I1cnoJib30BaHilC pa3pa60TaHHOll ClICTCMbl 3JICKTpOHHOro OXJia)K,!lCHil»: Ha 

6ycTepe CIIHXpOTpoHa HyKJIOTpOH ITO3BOJIIlT ITO.IlH»:Tb IlHTCHCHBHOCTb IT)"IKa 

non»pn3OBaHHblX .IlCHTpOHOB B HyKJIOTpOHC .no ITpe.neJia ITO npocTpaHCTBeHHOMY 

1ap».ny ITJ)II cymecTByIOID;Cll CIICTCMe IlH)KeKUilH. 
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Ha 3U11{umy Bbmocumca: 

PeJyJibTaTbI 3KCIIepIIMeHTanbHbIX IICCJie,noBaHIIH ,nIIHaMIIKH OXJiail(,LleHIISI 

IIHTeHCIIBHOro npoToHHoro nyqKa Ha HaKOIIIITene COSY, q>II3H'IeCKIIH npoeKT 

CHCTeMbl 3JieKTpOHHOro oxna)l(,LleHirn 6ycrepa CIIHXpoTpotta HyKnOTPOH, 

noJBonsi10meii ocymecTBHTb HaKonneHne ny'!Ka IIOHOB .no npe.nena no 

rrpOCTPaHCTBeHHOMY 3apsi,ny. 

I. Hccne,noBaHbl npH'IIIHbl orpaHII'IeHIISI IIHTeHCIIBHOCTII nyqKa IIOHOB B HaKOilIITene 

COSY. floKaJaHo, 'ITO npe.nenbHM IIHTeHCHBHOCTb 9rpatttt'IIIBaeTcsi .nBYMH 

OCHOBHblMll rrpoueccaMII: COKpall(eHHeM BpeMeHH )KII3HII IIH,KeKTIIpOBaHHbIX HOHOB B 

npucyTCTBllll ::ineKTpOHHOfO ny'IKa II noTepHMll IIOHOB B OXJlail(,LICHHOM ny'IKe. 

2. ITpe,nJIO)KeH MexaHH3M pa3BIITIISI HeycTOH'IHBOCTll, npHBOMll(eH K COKpall(eHIIIO 

BpeMeHH )Kll3Hll llH)KeKTIIpOBaHHOfO rryqKa, cornaCYIOll(IIHCSI C 3KcnepHMeHTanbHbIMll 

pe3yJibTaTaMll II CBSI3airnblii. C HanII'IIIeM .n11cnepc1111 B ceKIJIIII OXJia)K_nemrn, 6oJiblIIOH 

BeJIH'IllHOH xpo~rnTH'IHOCTII B rop1130HTanbHOH IInOCKOCTll II HeJIHHeHHOCTblO 

co6crneHHoro nonsi 3JieKTpOHHOro nyqKa. 

3. 3KcnepttMeHTanbHO ,o6Hapy,KeHO, 'ITO IIOTepII 'IaCTHU B oxna,K,neHHOM IIOHHOM 

ny'IKe B HaKOnHTeJie COSY Bbl3BaHbl pa3BllTIIeM KorepeHTHblX 6ernTpOHHblX 

Kone6aH11ii nyqKa. 

4. Hccne,noBaaa ,nHHaMIIKa pa3BIITIIH HeyCTOH'IIIBOCTII OXJia,K,neHHOro rryqKa 11 ,naHa ee 

HHTeprrperauusi c noMOll(blO q11cneHHoro Mo,nen11poBaHHH rrpouecca oxna,K_ne,msi. 

5. Pa3pa6oTaH (pll3II'IeCKIIH rrpoeKT CIICTeMbl 3JieKTPOHHOro OXJia)l(,LleHIISI 6ycrepa 

HaKonttTeJIH HyKnOTPOH, Il03BOJUl!Oll(eii ocymecTBIITb HaKOTIJieHtte nyqKa HOHOB .no 

rrpe.nena no npoCTpaHcrneHHOMy 3apsi,ny. 

Anpo6al(UR pa6ombt 

MarepIIanbl .n11ccepTaUHII ,noKna,nbIBanIICb Ha EBponeiicKOH KOH<pepeHIJllll no 

ycKopuTeJI»M EPACC'2002 (<l>paau11si, 2002 r.), XVIII Bcepoccuii:cKoii: KOH<pepeHUIIH 

no ycKop11reJisiM 3apsi,KeHHblX 1IaCTIIIJ PYITAK'2002 (O6HIIHCK, 2002 r.), Ha 

Me)l(,LlyHapo,nHbIX COBell(aHIISIX no 3JieKTPOHHOMY oxna)l(,LleHIIIO (Ynncana 1998 r., .63.n 

XoHHeq>, 2000 r.), Heo,nHoKparno 06cy)l(,Llan11cb Ha HayqHux ceMHHapax B 
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IICCJie,noBaTeJibCKOM IJeHTpe lOJIIIX u O6be,nttHeHHO~l l1HCT11TyTe 5I.1epHb[\ 

l1ccne,noBaHttii. 

lly6J1u«au_uu 

Pe3yJibTaTbI uccne.noBattuii, 

ony6nHKOBaHbl B 7 ne'IaTHblX pa6oTax. 

Cmpy«mypa u om,e.M t)uccepmal(UU 

COCTaBHBIIIllX • OCHOBY .zmcceprnurm. 

,[{ttccepraum1 COCTOHT 113 BBe,neHIISI, 'IeTbipex rJiaB, 3aKJIIO'IeHHSI II cnHCKa 

JIIITepaTypbl 113 50 HaHMeHOBaHHll. O6ll(llll o6beM: 109 CTPaHHU-

Co/1,ep~auue )],UccepTaQnouuoii pa6oThI 

Co.nep,KaHIIe pa60Tbl ll3JIO)KeHO B 1IeTbrpex rnaBaX. 

B rnase 1 ,naHO OIIHCaHHe cxeM o,nHOKpaTHOH II MHOrOKpaTHO nOBTOpSieMOll 

MHoroo6opoTHOH nepe3apsi,naoii IIH)KeKUIIII Ha npttMepe HaKonttTeJIH COSY. 

TTpttBO,nSITCSI pe3yJibTaTbl 3KcnepttMeHTanbHblX HCCJie,nOBaHllll npouecca HaKonneHHSI 

IIHTeHCHBHOro nporoHHOro ny'!Ka Ha HaKon11rene COSY. 

ITporoHHbIH HaKon11TeJib-c11HxpoTPOH COSY (COoler SYnchrotron), 

o6opy,noBaHHblll CHCTeMaMII 3JieKTPOHHOro ll CTOXaCTII'IeCKOrO OXJia)l(,LleHIIH. 

npe.nHa3Ha'IeH .nnsi IIIHpOKOfO Kpyra uccne,noBaHHH B o6naCTII (pll3llKll '!aCTHU ll 

si.nepHOll (pll3IIKII. OCHOBHOH ero oco6eHHOCTblO SIBJIHeTCSI B03MO)KHOCTb 

qiopMttpoBaHIISI llHTeHCllBHbIX nyqKOB rrpoTOHOB ll ,neiiTpOHOB (rronsipH30BaHHbIX ll 

uerronsipll30BaHHbIX) C BbICOKOH IIJIOTHOCTblO B IIIeCTHMepHOM q>a30B0M npOCTPaHCTBe 

- T.e. C ManbIM 3MHTiaHCOM ll pa36poCOM 'IaCTIIIJ no HMnynbcy. TTocne ycKopeHHSI 

B03MO)KH0 KaK HCnOJib30BaHIIe nyqKa IIOHOB B 3KC11ep11MeHTaX C BHyrpeHHeH 

MHIIIeHblO, TaK ll Me,nJieHHblll IIJill 6bICTPblll BbIBO,n ero 113 HaKOIIIITeJIH. n pIIMeHeHIIe 

nepe3apsi,nHOH HH)KeKUllll II 3JieKTPOHHOf0 OXJia,K,neHHSI MS! qiopMttpoBaHIIll llOHHOfO 

nyqKa, KaK II cxo,nCTBO Hay'IHOH nporpaMMbl, .nenaeT 3TOT HaKOnHTeJib 6JIII)KaHIIIllM 

aHanoroM KOMnneKca HyKJIOTPOH. 
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HaKomneJib COSY HMeeT qiopMy peiicTpeKa. B nsyx J.lJIHHHbIX 

npllMOJIHHeHHb!X npoMe)l(YTKaX pacnoJIO)l(eHbl YCTPOHCTBa llH)l(eKIIHH, 3JieKTpOHHOf0 

OXJia)l(neHHll ll ycKopeHHll (Bq - CTaHIImI). OcHOBHbie napaMeTpbi HaKOTIHTeJill ll 

cnCTeMhI 311eKTpo1111oro ox11a)l(J.le11m1 c11enyio111ne: 

ITepnMeTp HaKOTIHTCJill, M 183.473 

y CKOp»eMblC qaCTllllbl npoTOHhl, neiiTpOHbl 

3Heprn» HH)l(CKllllll, M3B 45-npOTOHhl, 75-neiiTpOHbl 

MaKCHMaJibHM 3Heprn», f3B 2. 7 

Tttn nH)l(eK11nn H-,o-, nepe3ap»).J.Ha» HH)l(CKIIH» 

Panttyc TpaeKrnpnn B apKax, M 17 .331 

,[(JIHHa np»MOJinHeHHb!X npoMe)l(yTKOB, M 40 

oeTaTpOHHblC qnCJia Qx, Qy 3.62, 3.66 

XpoMarnqHOCTb ~ ~Y -10.28, 1.31 

KpttrnqecKa» 3Heprn», Mc2 
2.2 

AKcenrn11c Ax, Ay, 7t·MM·Mpan 60, 24 

6ernTp0HHble QJYHKIIllH B ceKQHll 7, 17 

OXJia)l(neHH» 13x, l3y, M 

L(ttcnepcttll B ceKQHll OXJia)l(J.leHH», M 

CpenHnii saKyyM B 11aKonHTe11e, Topp 

-6.3 

5.10-9 

IlapaMeTpbl CHCTCMbl 3JICKTpOHHOrO OXJia)l()leHH» 

311eprtt» 3JICKTpOHOB, K3B 

ToK 311eKTPOHOB, A 

Panttyc nyqKa, CM 

CTeneHh ecTeCTBeHHOH HettTpaJitt3aQHH, % 

,[(JittHa yqacTKa 3JieKTPOHHOfO oXJia)l(J.leHn», M 

Hanp»)l(t:HHOCTh MarHHTHOfO noJI», re 

OTHOCHTCJihHhlll TOK noTeph 

24.5 

0,05-0,6 

1.27 

37 

2.0 

800 

<5-10-4 

B Ka'leCTBe HH)l(CKTOpa CJIY)l(llT IIHKJIOTPOH, B KOTOpOM ycKop»lOTC» OTpHIIaTeJihHO 

1ap»)l(eHHb1e noHbl H- tt o-. B HaKonttTeJie COSY ncno11h1yeTc» TexHnKa 

nepe1ap»nHOH HH)l(eKQllll C noJIHOH o6nttpKOH HOHOB B MllIIIeHH. IlyqoK HOHOB H- HJIH 
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ff ll3 IIllKJIOTpOHa o6nnpaeTC» yrneponHoii nJieHKOH TOJIIIIHHOH 20 - 25 MKrlcM
2 

H 

aKKYMYJittpyeTC» B Te'leHHll HeCKOJibKHX TbIC»'I o6opOTOB no no1111oro 3aIIOJIHeHirn 

aKcenTaHCa HaKOIIIITeJI». B rrpo11ecce llH)l(eKl.{llll IIHPKYJIHpyIOIIIHH ny'IOK 

MHOfOKpaTHO nepeceKaeT MllIIICHh, tt aMnJittTyna 6eTaTPOHHh!X KOJie6aHHH qaCTHII 

so3pacTaeT no se11ttqnHbI, orrpene11»eMoii aKcenTaf!COM HaKonnTeJI». Ilptt 

3QlqJCKTHBHOCTH HH)l(eKQllll nop»).J.Ka 20%, TOKe IIllKJIOTpoHa 6 MKA H )lJIHTeJibHOCTH 

HMIIYJibCa HH)l(eKQllll 15 MCeK TllIIHqHM ll}ITeHCHBHOCTh ny11Ka IIOCJie on110KpaTHOH 

HH)l(CKQHH COCTaBJI»eT 10
1 
I IIpOTOHOB. 

TnnH'IHhlH rrpttMep ll3MeHeHH» llHTeHCllBHOCTH rrpoTOHHoro nyqKa B rrpo11ecce 

OXJia)l(J.leHH» nocJie HH)l(eKQHll npencTaBJieH Ha Pttc. 1, Ha KOTOpOM npttBe).J,eHbl 

OCIIHJIJIOrpaMMhl CllrHaJI0B naTqHKa TOKa l(HpKyJittpy10111ero rryqKa H naTqnKa 

llHTeHCHBHOCTll II0TOKa aTOMOB B0).1.0pona, o6pa3ylOIIIHXC» B ceKQHH OXJia)l(neHH» nptt 

peKOM6nHaIIHH HOHOB C 3JieKTP0HaMll OXJia)l(naI0111ero rryqKa. B TeqeHtte nepBb!X 

npttMep110 nec»TH ceKyHn nocJie HMIIYJibCa llH)l(CKIIHH llHTeHCHBH0CTb 

IIHPKYJIHpy10111ero ny11Ka (HH)l(H»» KpHBM) 6bJCTP~ y6brnaeT. Ilptt 3TOM CKOpOCTb 

cqfaa HCHTpaJibHbIX aTOMOB (BepxH»» KpHBM) B03paCTaeT. 3rn o6b»CH»eTc» TeM, qrn 

IIOCJie HH)l(eKQHH HOHHblll nyqoK 3aHHMaeT nOJIHblH aKcenTattC HaKOTIHTeJI» ll ero 

panttyc B CCKIIHH OXJia)l(J.leHH» 60JibIIIe panttyca 3JICKTpOHHOro rry_qKa. BKJia)l B 

peKOM6HHaIIHlO na10T TOJibK0 llOHbl, rrepeceKalOIIIHe ceKl.{lllO OXJia)l(J.leHH» ,BHYTPH 

3JICKTpOHHOro,nyqKa. 

Cpa3y IIOCJie lfH)l(eKQllll nponcxo.wiT noTeptt qacTH HOHOB C 60JibIIIHMH 

aMnJIHTynaMH 6eTaTPOHHb!X KOJie6aHHH, y npyroii qacTH HOHOB aMIIJIHTyna 

6ernTpOHHb!X KOJie6aHHH YMeHbIIIaeTC» 3a C'ICT OXJia)l(J.leHH» - rryqoK rrpOT0HOB 

C)l(HMaeTC», HHTeHCHBHOCTh ero B 11eHTpaJibHOH qacn1 pacTeT. B rrepnon IO - 20 

ceKyHn HHTeHCHBH0CTh, H CK0poCTb C'leTa II0~H II0CT0»HHhl - Bee rrpoTOHbl H8X0).J,»TC» 

BHYTPH 3JICKTP0HH0fO rryqKa, H).J,eT rrpol(ecc 0XJia)l(J.leHH». qepe3 25 - 30 ceKyH).J. II0CJie, 

HMIIYJibCa llH)l(eKl(HH BH0Bh HaqnHaeTc» 6bICTPM rn6eJib rrp0T0H0B. K 3TOMY BpeMeHH 

rrpoTOHHblll nyqoK xopoIII0 OXJia)l(neH H IIJIOTH0CTh ero nocTnraeT HeK0Toporo 

noporosoro 3HaqeHn», nocTaToqHoro )lJI» pa3BllTH» HeycTOH'IHBOCTH. 
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111111 
22 NOY 200.l 
13:lS:52 

Puc. 1. lhMeHeHlie BO BpeMeHli TOKa IIpOTOHHOfO nyqKa (Hli)l(HIDI KpttmUI) tt CKOpOCTli 

cqern HeHTpaJibHblX aTOMOB (Bepxmur KpttmUI) IIpli O):\HOKpaTHOH liH)l(eKIIlili. Macuna6 

IIO OCH BpeMeHli - 5 c/,neneHlie, TOK IIpOTOHOB 100 MB/,neneHtte,., l.25·10
10 

npoTOHOB, 

TeMII cqern H0 I B/,neneHue = 3000 ru •• 

Ee3 npttMeHeHliH oxna)K):leHliH BpeMH )l(li3Hli npoTOHHOfO nyqKa 

Henocpe,ncTBeHHO IIOCJie liMTIYJibCa liH)l(eKQIUI cymecTBeHHO BbIIIIe li OHO CHli)l(aeTCH 

IIpli yBenuqemrn TOKa :meKTPOHHOfO nyqKa. CoKpameHHe BpeMeHli )l(R3Hli HOHOB, 

HMeIOmux 6oJihIIIHe aMIIJIHTY):lbl 6eTaTPOHHbIX KOJie6aHHH, B IIpHCYTCTBHH 

:meKTpoHHOro nyqKa BIIepBbie Ha6mo,na11och Ha HaKoIIHTene CELSIUS (Ynca11a, 

lIIBeIIHH) H IIOJiyqHJIO Ha3BaHHe (<3JieKTpOHHblli HarpeB». Cne,nyeT OTMeTliTb, qTo 6e3 

npHMeHeHHH OXJia)K):leHHH IIpH rpynIIHpOBKe H ycKopeHHH HH)l(eKTHpOBaHHOfO nyqKa 

TepHeTCH ,no 90% qacTHQ, H3-3a 60JibIIIOfO HaqaJII,HOfO pa36poca IIO HMIIYJibCaM. 

rpynnttpOBKa H ycKopeHHe npe,nBapnTeJibHO oxna)K):leHHOfO nyqKa, eCJIH OHH 

IIpOli3B0):IHTCH .no Toro, KaK B nyqKe pa3BliBaeTCH HeycToil.qHBOCTb, npaKTliqecKH He 

COIIpOBO)K):la!OTCH IIOTepHMli qaCTHII. OIITHMH3aQHH napaMeTPOB liMIIYJibCa HH)l(eKQliH 

li CHCTeMbl ::meKTPOHHOro oxna)l(,neHliH TI03B0AAeT IIOCJie O):\HOKpaTHOH HH)l(eKIIHli 

ycKOpliTb nyqoK c HHTeHCHBHOCTblO 1.5 - 2· I 010 
qaCTHQ. 

TaKHM o6pa30M, orpaHuqeHHe liHTeHCliBHOCTll HOHHOfO nyqKa IIpH 

liCTIOJib30BaHliH :meKTpOHHOfO OXJia)K):leHliH CBH3aHO B OCHOBHOM C ):IBYMH npoQeCCaMli. 
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TTepBblH rrpouecc - CHH)l(eHRe BpeMeHH )l(H3HH HOHOB, HMeIOmHx 6oJibIIIHe aMIIJIHTY):lbl 

6ernTpOHHblX Kone6aHRH, B IIpHCYTCTBHli 3JieKTPOHHOfO rryqKa. 11 BTOpOH rrpouecc -

pa3BHTHe HeycTOH'-IHBOCTli B xopOIIIO OXJia)K):leHHOM IIY'-IKe. 

rJiaBa 2 IIOCBHIIIeHa, B OCHOBHOM, liCCJie):IOBaHlilO npHpO,nbl yMeHbIIIeHRH BpeMeHH 

)l(H3HH IIY'-IKa HOHOB C 60JiblIIHM 3MHTTaHCOM B rrpHCYTCTBHli 3JieKTpOHHOro rryqKa. 

B '-IHCTOM BR,ne 3TOT 3q>q>eKT 6nm HCCJie,noBaH. rrpli OTCTpOHKe 3Heprnn 

3JieKTpOHOB OT BennqliHbl Heo6xo,nHMOH MH OXJia)l():leHHH. B 3TOM cnyqae 

3JieKTpOHHOe oxna)K):leHlie He HMeeT MeCTa, H MO)l(eT 6bITb HCCJie,noBaHO BJlliHHHe 

IIIYMOB H HeJIRHeHHOCTeH, BHOCHMblX B CHCTeMy 3JieKTpOHHbIM. IIY'-IKOM, H 

,nByxrryqKOBble 3q>q>eKTbl, KOTOpbie TaK)l(e MOrYT BJIIIHTb na BpeMH )l(IJ3HII H0HOB. 

CymecTBeHHbIMll oco6eHHOCTHMH rrpouecca HBJIHeTCH yMeHbIIIeHHe BpeMeHH 

)l(IJ3HH rrpoTOHHOfO nyqKa IIpH ysen11qeHHII TOKa :meKTPOHHOfO rryqKa HJlli 

HHTeHCIIBHOCTII IIOHHOfO nyqKa. l13MepeHIJH IIpll BKJIIOqeHHOM Bll pe3onarnpe 

noKa3aJIH, '-ITO speMH )l(H3HH crpynn11posannoro nyqKa coKpamaeTcH npnMepno B 

KO'.lqlqllIIIHeHT rpyrrrr11poBKIJ pa3. 3TO CBH):leTeJibCTByeT O TOM, qTQ OHO o6paTHO 

rrporropIIHOHaJlbHO qla30BOH TIJIOTHOCTll ny'-IKa rrpOTOHOB. KpoMe . TOro, 6brno 

3KCIIepHMeHTaJibHO ycTaHOBJieHO, qTo COKpamenne BpeMeHH )l(R3HII ne M0lKeT 6hITb 

o6bHCHeHO B03):leHCTBIJeM IIIYMOB, BHOCIIMbIX B CllCTeMy caMHM 3JieKTPOHHbIM IIY'-IKOM. 

Ha HaCTOHmee BpeMH rrpe,nno)l(eHbl ):\Ba aJlbTepnaTHBHbIX 06bHCHeHHH 3q>q>eKTa 

COKpamennH· BpeMeHli )l(ll3HII HOHHOro IIY'-IKa B rrpHCYTCTBIIH 3JieKTp0HHOro. Ilepsoe 

113 HIIX - BJIIIHHHe HeJIHHeHHOCTeH co6CTBeHHOro IIOJIH 3JieKTponnoro IIY'-IKa Ha 

):\IJHaMHKY ):\BIJ)l(eHHH IIOH0B, aMIIJIIITY):lbl rrorrepe'-IHbIX KOJie6an11il. y KOTOpbIX 60JihIIIe 

pa,n11yca 3JieKTpOHHOfO nyqKa. O,nHaKo, OTIIJCaHHblH 3q>q>eKT IJMeeT 0):IHO'-laCTIJqHyIO 

rrp11po,ny II CBH3aH C COKpameHHeM ):\IJHaMH'-leCKOH arrepTypbI naKOIIIJTeJIH, '-ITO 

rrpOTHBopeqnT ll3MepeHHHM BpeMeHIJ )l(H3HII xopowo OXJia)K):leHHOfO rryqKa IIOHOB. 

)];pyroe 06bHCHeH11e, OCHOBaHO Ha TOM, qTo B ceKIIIIli OXJia)l()leHliH 3JieKTp0Hbl 

n HOHbl cosepmaIOT IIJla3MeHHbie KOJie6aHIJH s co6cTBeHHbIX IIOAAX. IlpH rrpeBbIIIIeHHH 

HeKOTOporo noporoBoro 3HaqenHH np0113Be,neHHH IIJIOTHOCTeH rryqKoB, 3TH KOJie6aHIJH 

MoryT rrpHBO):IIITb K B03pacTaHH!O qlJIYKTYaIIHH TIJIOTHOCTH B IIOHHOM rryqKe H pacKa'-IKe 

KorepeHTHblX nonepeqHbIX KOJie6aHIJH OXJia)K):leHHOfO H,npa HOHHOfO Il)''-IKa. lllyMbl, 
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Bbl3BaHHbie KOJie6aHIUIMl1 B UCHTpaJibHOll qaCTl1 ITyqKa, 11 ITp11B0,wlT K COKpameHl1IO 

BpeMCHl1 )Kl13Hl1 110HOB C 6oJibIIll1Ml1 aMITJ111TY.LlaMl1 ITOITepeqHbIX KOJ1e6att11ii. Tip11 

Hl13KOll IIJIOTHOCTl1 OXJia)K.L{eHHOro 110HHoro ITyqKa KOJie6aHl1H OTCYTCTBYIOT, 11 BpeMH 

)Kl13Hl1 OITpe.neJIHeTCH pacceHHl1CM Ha IIOJIHYIO arrepTypy. 

8 .n11ccepTau1111 aHaJil1311pyeTCH B03MO)KHblll MeXaHl13M IIOTepb 110HOB ITOCJie 

11H)KeKU1111, CBH3aHHblll C oco6eHHOCTHMl1 ITOJIO)KeHl1H pa6oqefi TOqK11 HaKOITl1TeJIH 

COSY, Ben11q11H xpoMaT11qHOCTl1 B rnaBHblX IIJIOCKOCTHX 11 HaJI11q11eM .u11crrepc1111 B 

CCKU1111 oxna)K.L{eHl1H. Ha P11c. 2 ITp11Be.L{eH ITPl1Mep ll3MepeHl1H CIIeKTpOB qacTOT 

6ernTpOHHbIX KOJ1e6att11ii ITPOTOHHOro ITyqKa ITp11 HaCTpOiiKe HaKOITl1TeJIH-,!lJ1H pa60Tbl C 

JJieKTpOHHblM oxna)K.L{eH11eM. lllllpoK11H CITeKTp qaCTOT 6eTaTpOHHbIX KOJ1e6aH11ii 

Bbl3BaH C O,!lHOH CTOpOHbl 6oJibIIll1M HaqanbHbIM pa36poCOM 110HOB ITO 11MITYJibCY, 

HeJ111HCllHOCTblO ITOIIepeqHoro ,!lBl1)KeHl1H 11 ITp11CYTCTBl1eM qacT11U C 60JibIIll1Ml1 

aMITJ111TY.UaMl1 KOJ1e6att11ii - c .upyroil. 

00 ~ ~ 

1;0

•; I lel4·1~1"T11-I I I l~M~ llll I I I I I A I. ITl 
li■I Hl[JJ lllff lUJ l .. [I] MIi 
tTAllr ;n.•s 1<11• ATGI' -.,, .... n1111r ?A,n ~-- ■ TIii' ... ,, l<Na ITIIIIT ,:a.as kllZ -~ .. ·"·:'" ..... 

P11c. 2. Tip11Mep 113MepeHl1H CITeKTPOB rop1130HTaJibHbIX (Qx) 11 BepmKaJibHbIX (Qy) 

6ernTp011HblX KOJie6aHl1H. (a) HaqaJibllaH HaCTpoiiKa ITp11 BbIKJIIOqe1111bIX COJ1eH011.uax 

ceKU1111 OXJia)K,!leHl1H, (b) coneHOl1,!lbl ceKU1111 OXJia)K.L{eHl1H BKJIIOqeltbl 11 op611rn 

ITpOTOIIHOro rryqKa HaCTpOeHa .L{JIH OXJia)K.L{eHl1H. CITeKTP OXJia)K.L{eHHOro ITyqKa ( C) 

cymecTBeHHO y)Ke 113°3a MeHbIIIero pa36poca ITO 11MITYJibCy. TioJIHblll pa3Max rpaqrnKa 

no OCl1 qacTOT OT 3.500 .uo 3. 700, 6eTaTPOHHbie qacTOTbl oxna)K.L{eHHOro ITyqKa 

Qx = 3.615 11 Qy = 3.648. 

KaK B11,!l!IO 113 P11c. 2 (b) HeITocpe.ucrneHHO ITOCJie 11H)KeKU1111 CITeKTpbI qacTOT 

6ernTp0!1HbIX KOJ1e6a1111ii B rop1130HTaJibHOll 11 BepT11KaJibHOll IT.!IOCKOCTHX 

ITepeKpbIBalOTCH. 3To MO)KeT ITp11B0,!ll1Tb K ITepeKaqKe KOJ1e6a1111il 113 0,!lHOll ITJ10CKOCTl1 
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B .upyrylO, a B crryqae rrp11cyTCTBl1H HCJil1HCHHOCTl1 qlOKyc11py10IUl1X norreii 11 K 

napaMeTp11qecKOH pacKaqKe Korre6airnii. U.ettTp 30HbI ITapaMeTP11qecKoro pe3oHaHca 

COOTBeTCTByeT OTHOCl1TeJibHOMY OTKJIOHeHl1IO 110HOB no 11MITYJibCy. orrpe,nen.aeMOMY 

crre.uyIOIU11M Bb!pa)KeHl1eM: 

t'lp Qy-Q, 

p-~,-~y, 

qrn .urr.a ITapaMeTPOB COSY cocrnBn.aeT ITp11Meptto -3.4·10-3
, 11 Haxo.n11Tc.a BHYTPH 

o6rraCTl1 3aXBaTa no rrpO.L{OJlbHOMY .UB11)KCHHIO. Pa3Mep 30Hbl pe3oHanca If 11HKpeMeHT B 

ee uettTpe orrpe.uerr.aeTcH cTeITeHblO tterr1111eilttocT11 qioKycupyIOIUHX norreil II, ecm, 

. 11eJ11IHeHHOCTb Bbl3Bana HaJI11q11eM JJieKTpOHHOro ITyqKa, ITponOpUIIOHaJibHbI TOKY 

nocrre.u11ero. Harr11q1Ie ,!llICITepc1I11 B ceKu1111 oxna)K.L{eH11H ITPIIBO.Lll1T K ToMy. qTo .ua)l,e 

1IaCTHUbl C MaJiblMII aMITJil1TY.UaMl1 ITOITepeqHb!X KOJ1e6aH11ii, HO C 6oJibIIIIIM 11aqarrbHblM 

OTKJIOHeHIIeM ITO HMITYJibCY, HaX0,!lHTCH Ha KpalO 3JieKTpOHHOrO ITyqKa II HX KOJie6aHIIH 
' . 

cymecTBeHHO HeJIIIHeiiHbI. KpoMe Toro, ITPII Harr1Iq1In .UIICnepc1I1I, qacTb 

H!l)KeKTHpoBaHHblX qacT11U, HMelOIUHX 6orrbIIIOe OTKJIOHeHne no HMnyrrbCY OT 

paattoaecttoro, He nepeceKaeT JJieK:rpoHHbiii . nyqoK B ITpouecce nonepeqJiux 

KOJie6a1111ii 11, crre.uoBaTeJibHO, .naeT .uonoJIHl1TeJibHblH B~rra.u B n0Tep11 np11 

OXJia)K,!lCHIIll: 

PacqeT, npoae.ueHHblH .UJIH pacKaqK11 MaJiblX BepTHKaJibHblX KOJie6a11nii np11 

napaMeTp11qecKOM B03,!leHCTBI-111 ropH30HTaJibHblX KOJie6aHnii, nOKa3aJI, qTo o6naCTb 

pe3011a11ca ttaxo.unTCH B ITpe.uerrax ITOITepeqJioro aKceITTaHca HaKon1ITerr.a, 11 HHKpeMeHT_ 

6 - . 104 -1 1rnpaCTaHIIH aMITJil1TY.!lbl Kone aHIIII B ee ueHTpe COCTaBJIHeT np1IMepHO C . 

Crre.uoBaTeJibHO, BCe qaCTIIUbI, ITOnaBIIIHe B 30HY pe30Ha11ca, nor116a10T 

Herrocpe,!lCTBCHHO ITOCJie llJI)KeKU1111. ,n:rr.a qacTHU, Haxo,wim11xc.a B6Jil1311 30Hbl 

pe30Ha11ca, aMITJIIITY.Ua BepTHKaJI~HbIX KOrre6aHl1H OCU11JIJI11pyeT B IIIHpOKHX npe.uerrax 

c qacTOTOH neCKOJibKO Kfu. 3TO HBJIHeTCH HCTOqHHKOM Hll3KoqacTOTHOro IIIyMa n 

nplIBO.UHT K CHII)KeJil1IO BpeMeHl1 )Kl13HH qaCTHU C 60JibIIIHMl1 aMnJIHTy.UaMH 

KOJie6aHIIH. MoIUHOCTb IIIyMa ITPOITOPUIIOHaJibHa ITJIOTHOCTH qacnm B6mn11 30Hbl 

pe30HaHca II np11 OXJ1a)K,!leH1111 ITO ITpO,!lOJlbHOMY 11Mnyrrhcy, T.e. ITPH yMeHbIIIeHHl1 

pa36poca ITO llMITYJibCY II CTpeMJieHl111 OTKJIOHeHIIH ITO 11MITYJibCY OT HOMIIHaJibHOro K 

HYJIIO, MOIUHOCTb ruyMa y6brnaeT, COOTBeTCTBeHHO, BpeMH )KII3Hll paCTeT. 8 XOpOll.10 
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oxna)K,neHHOM ny<1Ke np11 pacce.HHIIII Ha IIOHax OCTaTOqHoro nna npo,nOITbHa.H 

KOMnOHeHTa HMnynhca qacTHUbI rrpaKT11qecK11 He 113MeH.HeTC.H, II BpeM.H )KH3HII 

orrpe.nen.HeTC.H TOITbKO pacce.HHIIeM Ha nonepeqHbIH aKcenTaHC. TaKHM o6pa30M, 

Han11q11e 30Hbl napaMeTp11qecKoro pe30HaHCa M.H qacTHU c .nocTaToqHo 6onbIIIHM 

OTKITOHeHHeM IIMIIYITbCa OT paBHOBeCHOfO xopOIIIO onHCbIBaeT BCe Ha6mo,naeMbie 

oco6eHHOCTH rroTepb IIOHOB Ha HaKon11Tene COSY Herrocpe.ncrneHHO nocne 

HmKeKUIIII . 

K IIOTep.HM qacTHU npHBO.!{IIT coqeTaHHe cne.nYIOIUHX oco6eHHOCTeii 

HaKOIIHTen.H II CIICTeMbl oxnmK.r(eHH.H: 

- pa,n11yc IIOHHOro nyqKa rrocne IIH)KeKUHH 6onbIIIe pa,n11yca 3ITeKTpOHHOro, 

- pa6oqa.H TOqKa miKon11TeAA HaxO.!{IITC.H B6ITH311 30Hbl pe30HaHCa CB.H311, 

- B ceKUIIII oxna)K.!{eHH.H npHCYTCTByeT ,n11cnepc11.H, 

- xpoMaT11qHOCTb HaKOIIHTeAA B ropH30HTaITbHOH IIITOCKOCTH HMeeT TaKyIO Ben11q11Hy, 

qTQ 30Ha pe3oHaHca CB.H311 HaxO,nHTC.H BHYTPH o6naCTH 3axBaTa no npo,nonbHOMY 

.!{BH)KeHHIO. 

ITonHOCTbIO 11cKITIO~Tu no,no6HbIH 3q>q>eKT MO)KHO B TOM cny<1ae, Kor,na 

,n11cnepc11.H B ceKUlill ' oxna)K_neHH.H paBHa HYITIO, a pa,n11yc 3ITeKTpO_HHOro nyqKa 

rrpeBbIIIIaeT pa,n11yc HOHHoro.- ,[{JI.H napaMeTpOB COSY ocna6HTb 3TOT 3q>q>eKT MO)KHO 

3a cqeT KoppeKu1111 xpoMar11qnocT11 11 cMemeHH.H ueHTPa 30HbI pe3oHaHca 3a npe,nenu 

06J1aCTII 3axBaTa no npo.nonbHOMY .!{Bli)KeHHIO. ITpe,nBapnTeITLHbie 3KCrrep11MeHTbl 

noKa3aITII, qTO BpeM.H )KH3Hli qyBCTBHTeITbHO K TOKY BOJ6y)K.!{eHH.H CCKCTynonbHblX 

ITIIH3 . 

B TPCTbCH rJiaBe npHBOMTC.H pe3yITbTaTbl 3KCrrepnMeHTaITbHblX nccne,noBaHHH 

.!{HHaMHKII pa3B11Tli.H. KOrepeHTHOH HeycTonq11BOCTII, B03HHKaIOIUeii np11 rny60KOM 

oxnmK,neHHII IIOHHOfO nyqKa. ,!(aHa liHTepnpeTaUH.H pe3yITbTaTOB C nOMOIUbIO 

q11cnenHoro Mo,nen11poBaHH.H npouecca oxnmK,nen11.H. O6cy)K.!{aIOTC.H MepbI no 

o6ecneqeHHIO YCTOH~BOCTH IIHTeHCIIBHOro IIOHHOfO Ily<IKa B rrpHCYTCTBlill 

oxna)K.!{eHH.H. 

Ecn11 IIHTepBaJI BpeMeHH Me)K.!{y .l(BYM.H nocne,noBaTeITbHbIMII HMnynbCaMII 

IIH)KeKUIIII 6onbIIIe 20 CeKyH,n, 06b1qHo Ha6nIO,naIOTC.H 6bICTPbie IlOTepn qacTHU, qTO 
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orpaH11q11BaeT .!{OCTll)KIIMYIO IIHTeHCIIBHOCTb HaKonneHHOrO ny<1Ka. Ha p11cyHKe 3 

np11Be,neH np11Mep 113MCHCHII.H IIHTeHCIIBHOCTII nyqKa np11 nep110.ne noBTOpCHII.H 

IIMITYITbCOB IIH)KeKUIIII 30 C. HH)KH.H.H KpHBa.H rrpe,nCTaBIT.lleT 3aBHCIIMOCTb c11rnana 

,naTq11Ka TOKa OT BpeMCHII, BepxHAA - noKa3aHH.H ,naTq11Ka TCl\ma reHepau1111 

HCHTPaITbHbIX aTOMOB (H0 
MOHIITOp ), KOTOpb!H xapaKTep113).:'eT npouecc oxna)K,neHH.H. 

Tel( mmB 1 o. o S/s 
I -'-~f'I_•_ . ----l 

1A'. 89cmY 
'@: 12omv 

r,,,r'••'~V\.-'vJ"-,,,, .,fal~Jo.r~~•A!..: 

/' \ ;- _,,,.,, l 
r I \ , 1 
~ ""--:-~~-) ; 

'JC ... ::L=}·-=·:I 
' .. -..... , . -' j 

m --. - . . _ i • . · . 
cH2 1.00,;, \I ·s.oo s Aux 7 7:'s'o v 21 iut 2001 
llli:J 5O.0mV 14:J0:5~ 

P11c. 3. ToK npOTOHHOro ny<1Ka (Hll)KH.H.H KpHBa.H) II IIHTCHCIIBHOCTb ITOTOKa H
0 

(HH)KHAA 

KpHBa.H) KaK q>yHKUIIII BpeMeHH B npouecce nOBTOp.HIOIUHXC.H HMnynbCOB liH)KeKUIIII. 

ITOKa3aHbl .!{Ba nocne,noBaTeITbHbIX HMnynbca IIH)KeKUIIII. MacIIITa6 no OCH BpeMCHII 

5 c/.neneHHe, TOK npoTOHOB 50 MB/,neneHHe = 0.5 MA"" 6·109 
np0TOHOB, TeMn cqern H

0 

1 B/,neneHHe = 3000 ru. ITyHKTHpHa.H ITIIHII.H COOTBeTcrnyeT HyneBOH IIHTCHCIIBHOCTII 

npOTOHHOro ny<1Ka. 

Mo)KHO BbI,neITHTb qeTbipe xapaKTepHbIX CTa.!{lill npouecca OXITmK,neHH.H 

liH)KCKTHp0BaHH0ro Ily<IKa. B rrepBbie 10 ceKyH,n oxnmK,neHH.H Ha6nio.naeTC.H 6bICTPOC 

yMeHbIIICHHe IIHTeHCHBH0CTII Ily<IKa ( C xapaKTepHbIM BpeMeHeM )KH3HII 't ::= 3 CeK), np11 

3T0M Kon11qecTB0 OXITa)K.!{CHHbIX H0H0B yBen11q11BaeTC.H CllrHan ,naTq11Ka 

HeHTPaITbHbIX aT0MOB B03pacTaeT. 3TOT nep110.n COOTBCTCTByeT oxna)K.!{CHIIIO 0.!{HOH 

qacTH II II0Tepe .npyrou qacTH IIH)KCKTHp0BaHH0ro rryqKa C aMnn11ry,naM11 

6eTaTPOHHblX Kone6aHHH 60ITbIIIHMH, qeM pa,nnyc 3ITeKTP0HH0ro Ily<IKa. ITocne 3T0ro B 

Teqen11e np11MepH0 7 ceKyH,n TOK Ily<IKa II TeMn reHepau1111 aTOMOB B0,nopo.na OCTaIOTC.H 
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nocTOHHHhIMH, 1no yKaJhrnaeT Ha JaBepwemre npouecca OXJ!a)l()].emrn qacTHU c 

60J1bWHMH aMITJlHTy)].aMH KOJ1e6aHllll. qepe3 17 ceKyH)]. ITOCJle HMnynhCa HH)l(eKI.(HH 

CJle)].yeT 6bICTpoe (t "".2 ceK) yMeHbWeHtte llHTeHCllBHOCTll ITyqKa npttMepHO Ha 50%. 

flocne :noro ITpO!].OJJ)l(aeTCH OTH0CHTeJihH0 Me)],JleHHhlll pacITa)]. ITyqKa C 

xai;aKTepHblM BpeMeHeM )l(HJHll IT0pH!].Ka 10 ceKyH)].. 

flo)].o6ttoe IT0Be)].ettue ITapaMeTpoB ITyqKa Ha6JIIO)].anoch ycToil:qttBo, H 

)].JIHTeJihH0CTh Bcex CTa)].llll ITpouecca BOCITp0H3B0)].HJiaCb C ToqnoCTh )].0 HeCK0J!hKHX 

C0Tell MHJ1J1HCeKyH)].. EcJIH IT0Teptt qaCTlll( neITocpe!].CTBeHH0 IIOCJie HH)l(eKI.(llH 

CBH3aHhl C 60JihllillM PMHYC0M llH)l(eKTllp0BaHHOro nyqKa, TO ITOBTOpHhle IT0TepH 

qacTH[J. oqeBH)].H0, CBH3aHbl. C yBeJittqeHHeM <paJOBOll ITJI0TH0CTH 0XJla)l()],aeMoro 

nyqKa. Mo)l(HO npe!].n0JIO_)l(HTh, qTo npoTOHHhlll ITyqoK CTaHOBHTCH HeycToil:qHBhIM. 

qTo ll npHB0)].llT K IIOTepHM. 

flepBOll 3KCITepttMeHTa.HhH0 o6Hap~eHHOll oco6eHHOCThIO II0Be)],eHHH 

0XJ!a)l()],eHH0fO ITyqKa 6bIJill xapaKTepHbie ll3MeHeHHH CTPYKTYPhl cneKTpa wyM0BOro 

rnrnana lliOTTKH MH ITpO!].O.rihHOH CTeneHH CB060)].hl. CHaqana, ITpll OXJia)l()].eHHH 

nyqKa. cpopMttpyeTCH CTPYKTypa cneKTPa C !l.BYMH ITHKaMH, COOTBeTCTBYIOII.(HMH 

H3BeCTH0MY 3cpcpeKTy B03HHKH0BeHHH B ITyqKe !l.BYX BCTPeqHh!X B0JIH I!JlaJMeHHh!X 

Kone6aHtti1.. TaKM CTpyKrypa xapaKTepna )].JJH rny6oKO oxna)l()],eHHoro ITyqKa. 3aTeM. 

qeJ:e3 8 ceKyH)]. IIOCJie IIMIIYJihca HH)l(eKI.(llll,' BHOBh IT0HBJ1HeT1;H IIHK, B T0qH0CTH 

coorneTCTBYIOII.(Hll qacT0Te o6pameHHH. Ero II0HBJieHtte Bbl3BaH0, II0-BH)].llM0My. 

cal\wrpyITITHpoBKOH nyqKa. 

O)].HOBpeMeHHO c Ha6JIIO)],eH1IeM cneKTpa IIIYM0B ITpO)].OJibHOH CTeneHH 

CB060)].hl Ha6JIIO)].MIICb TaK)l(e II TI0ITepeqHI,Ie IIIYMbl ITyqKa C Il0M0II.(blO BeKT0pHoro 
- .. . . 

aHaJIH3aTopa. floHBJI»IOII.(IIHCH Henocpe)].CTBeHH0 nocne HMITYJ!hCa llH)l(eKIJHH cna61,1j:j 

CttrHan. COOTBeTCTBYIOII.(IIH qacT0Te roptt30HTa.HbHblX Kone6anni1., qepe3 8 ceKyHll 

pe3K0 yBeJIHqnBaeTCH ITO aMilJIHTY)].e. 3-ro Ilp0HCX0)].llT B 1oqH0CTH B MOMeHT 

II0HBJleHHH IlHKa B cneKTPe np0)].0JibHbIX IIIYM0B, C00TBeTCTBYIOII.(ero qacT0Te 

o6paweHHH. 3aTeM qepe3 17 ceKyH)]. Il0CJie HH)l(eKU,llH cnrnan ropH30HTa.HbHbIX 

Kone6aHttH, B TeqeHne npnMepHo 0.5 c, 3aryxaeT, a cnrnan, coorneTcrny10m11ti 

qacT0Te BepTHKa.HbHb!X Kone6aHHH, Il0HBMeTCH B TO )Ke CaMoe Bp<:!MH H pe3K0 
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B03pacTaeT ITO aMI!JlllTY)].e. '.:ho C00TBeTCTByeT M0MeHTY BpeMeHH, K0r)].a HaqnHaIOTCH 

6bICTpb!e IT0Tepu qacrnu (CM. Puc. 3). 

QqeBII)].HO, 9TO Hanuque B cneKTPe nonepeqHI,JX IIIYM0B lliOTTKll qaCTOT, 

C00TBeTCTByIOII.(llX 6eTUTPOHHbIM KOJie6aHHJIM qaCTlll(, Bbl3BaH0 K0repeHTHbIMll 

KOJie6aHHHMH ITpOT0HH0ro nyqKa. PaJBHTlle 3TllX _KOJie6aHHH BO BpeMeHH 

Ha6JIIO,L\anOCb TaK )Ke II no aHanoroBoMy CIIfHany c TPeX ,L\UT91IK0B II0JI0)KeHHJI nyqKa, 

0)].llH H3 KOT0pb!X HCil0J!h30BanCJI .L\JIJI ll3MepeHllj! cyMM0B0fO CHrHana, )].Ba .L\pyrHX -

pa3H0CTHhlX CHrHa.H0B B ropH30HTa.HbHOH H BepTHKa.HhHOH IlJI0CKocrnx. floJ1BJieH1Ie 

KorepeHTHblX CHfHa.H0B C ,L\aTqHK0B B TOqH0CTH C00TBeTCTB0BanO BCeM CTa)].HHM 

npouecca, Ha6JIIO)].aeMb!M Ha aHantt3aTope cneKTpa. 

3KcnepHMeHTa.HbHO Ha6JIIO,L\aeMM KapTHHa pa3BllTllH HeycTOHqHBOCTH IT0Ka He 

HMeeT 0)].H03HaqHoro o6bJICHeHH~. MoMeHT Il0JIBJieHHH IlHKa Ha qaCT0Te o6pameHHH B 

cneKTpe ITpO!].0J!bHbIX KOJie6aHHH ll B036y)l()].eHHJI KorepeHTHblX KOJie6aHllll npttMepH0 

C00TBeTCTBYeT xapaKTepH0MY BpeMeHH 0XJia)l()],eHHH np0TOHH0ro nyqKa nptt 

HaqanhHbIX napaM~ax, OITpe,L\eJIJleMhIX rionepeqHI,IM ll np0.L\0J!hHhlM aKcenTaHCaMH 

HaK0ITHTeJJH. O,n.HaKO, KaKlle HMeHH0 KOrepeHTHblt: KOJie6aHHH B03HHKaIOT H3Haqan1,H0 

- ropH30HTa.HhHbie llJIH np0,D.0JibHbie, 3KCnepttMeHTMbHO ycTaHOBIITb. He y,n.anocb. 

floTepH ITY9Ka npH nepeKaqKe nonepeqH1,1x Kone6aHHH II3 ropu30HTanhHOii B 

BepTHKanbHyIO ITJIOCKOCTI, 061,JICHJIIOTCH cymecTBeHHO MeHbllleH BeJIHqJ1HOH 

BepTHKanbHOf0 aKCenTaHCa HaKOITHTeJIJI. 

flpe,n.eJibHblll TOK llOH0B, C00TBeTCTByIOII.(HH pa3Bl1Tlll0 ,ll.HITOJ!bHOH 

Heycrnttq11BocT11, nponopuuoHaneH pa36pocy qacTOT 6eTaTPOHHhIX Kone6aHnii. 

):t:BII)l(eHne nyqKa HOH0B OCTaeTCH ycTOHqHBbIM, IlOKa HeKorepeHTHblll C,ll.Bllf 

6eTaTPOHHOH qacTOTbl MeHbllle onpe,n.eJieHHoro KpllTlfqecKoro 3HaqeHmi (3aBIICJIII.(ero 

OT IlOJI0)l(ellttH pa6oqeii TOqKH HaKOITJITeJIH). YMeHbIIIeHHe pa36poca qaCTOT Ha 

HeKOTOpott MO,D.e CBJI,D.eTeJibCTBYeT O TOM, qTo B nyqKe IIOHOB M0)l(eT pa3BHBaTbCH Ta 

llJIH HHUH ,ll.HHaMHqecKUH HeycToiiqHBOCTb. PaJ6poc qacTOT onpe,n.en»eTCJI, B OCHOBHOM, 

CJie,n.yIOII.(IIMH cpaKTOpaMH: 

- pa36pocoM qacToT o6pameHttH, 

- xpoMaTH'III0CTbIO HaK0iiIITeJIH, 
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- HeKorepeHTHbIM CABHrOM 6eTaTPOHHbIX qacTOT, Bbl3BaHHblM co6CTBeHHblM IlOJieM 

HOHHOro nyqKa, 

- CMemeuHeM HMilYJibCa HOHOB c 6oJibUIHMH aMilJIHTYAaMH 6eTaTpOHHbIX KOJie6aimii 

OT paBHOBeCHoro 311aqeum1, Bb13BaHHbIM npOBHCaHHeM IlOTeuuna.'la co6CTBeHHoro 

nom1 BHYTPH ::meKTpOHHOro nyqKa, 

- ueJIHHeHHOCTblO q>OKYCHPYIOIIIHX noneii, KOToprui B cnyqae npHMeueum1 

3JieKTpOHHOro OXJiaJK,neHHH npn MHOroo6opoTHOH HHJKeKUHH, B OCHOBHOM, 

onpe,neJI»eTCH HeJIHHeHHOCTblO co6cTBeHHbIX IlOJieii :)JieKTpOHHOro nyqKa. 

,[(JIH pacqeTa 3BOJilOUHH BO BpeMeHH OCHOBHbIX napaM~OB, orrpe.neJIHlOIIIHX 

ycToiiqHBOCTb ABHJKeHHH HOHOB, 6bma IICIIOJib30BaHa ( C ueo6xo,nI1MbIMII 

MOAilq>HKaUHHMH) nporpaMMa BET A COOL, npe,nHa3uaqeuua» AJIH peIIIeHn» 

ypaBHeHHH JlaHJKeBeHa OTHOCIITeJibHO cpe,nHeKBa,npaTil'IHbIX napaMeTpOB q>yHKUIIII 

pacnpe.neneHIIH qacTHU B npOCTPaHCTBe HHBapnaHTOB ABHJKeHHH npH yqeTe pa3JIIl'IHb!X 

qiaKTopon, BJIHHJOIIIHX ua napaM~bI nyqKa. ITporpaMMa BET A COOL 6hma 

pa3pa6omua AJIH pacqeTa 3q>q>eKTIIBHOCTll npI1MeHeHI1H 3JieKTPOHHOro OXJiaJK,neHIIH B 

3KcnepHMeHTax c BHyrpeuueii MIIIIIeHbJO Ha COSY II ucnoJib30BaJiaob TaKJKe AJIH 

pacqeTa ,nI111aMHKH npouecca oxnaJKAeHHH ua p».ne ,npyrnx HaKonnTeneii. B cnyqae 

oxnaJKAeun» np0To1111oro nyqKa B COSY oc110BHYIO ponh I1rpamT ,nna npouecca -

3JieKTPOHHOe OXJiaJK,neUile II BHyrpHnY'fKOBOe pacce»Hile. 

qHCJieHHblll pacqeT AIIHaMIIKII H3MeHeHIIH pa36poca 'laCTOT nonepe':!Hb!X 

KOJie6aHHH HaxO,[{IITCH B xopoIIIeM COOTBeTCTBIIII C 11a6nm,naeMOH B :)KCnepnMeHTe 

KapTIIHOH pa3BIITHH HeycToiiqHBOCTll, H ,naeT 6JIH3KI1e, K 3KCnepI1MeHTaJibHO 

Il3MepeHHbIM, 3HaqeuHH AJIH xapaKTepHbIX BpeMeH Bcex CTa.[{IIH rrpouecca: 

,[(JI» Toro, '1T06b1 Il36eJKaTb IIOTepb qacTHU Heo6xo,nHMO o6ecneqHTb 

ycTOH'IIIBOCTb BepTHKaJibHblX KOJie6aHIIH IIOHOB. BpeMeHHfill 3aBHCIIMOCTb pa36poca 

qacTOT BepTIIKaJibHblX KOJie6aHIIH onpe,neJIHeTCH TPeMH npoueccaMH: yMeHbUieHHeM 

pa36poca qacTOT, Bbl3BaHUOro HeJIHHeHHOCTblO IlOJIH 3JieKTPOHHOrO nyqKa, 

yMeHbUieHI1eM pa36poca no HMnyJibCY npn OXJiaJK,neHHII H yBeJII1qeHI1eM 

HeKorepeHTHOro CABilra qacTOTbl npII yMeHbUieHHH 3MHTTaHCOB nY'fKa. ,[(Ba nepBbIX 

npouecca npIIBOAHT K yMeHbIIIeHIIIO pa36poca, TPeTHH npouecc K ero ·ynenI1qeHHJO. 

CoorneTCTBeHHO, xapaKTep ycToiiqHBOCTII nyqKa B BepTHKaJibHOH nJIOCKOCTII 
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onpe.nen»eTCH COOTHOIIIeHI1eM xapaKTepHbIX BpeMeH oxJiaJK,neHIIH no pa3JIHqHblM 

CTeneHHM CB060,nbl. y CTOiiqHBOCTb BepTIIKaJibHbIX KOJie6aHilll MOJKeT cymecTBeHHO 

3aBIICeTb OT HaqaJibHOro pa36poca no IIMnyJibCY II xpoMaTilqHOCTII HaKonIITeJIH B 

BepTIIKaJibHOH nJIOCKOCTH. ITpe,nBapuTeJibHbie 3KcnepI1MeHTbl no HCCJie,noBaHillO 

BJIIIHHHH xpoMaTilqHOCTH Ha xapaKTep ycToiiqIIBOCTII ABII_JKeHHH nOKa3aJIII, qTo ,naJKe 

npII MaJIOM TOKe B036yJK,neHHH ceKCTynoJibHbIX JIHH3 MOJKHO npIIATII K CIITyauIIH. 

Kor,na Henocpe,nCTBeHHO nocJie llHJKeKUIIH pa3BIIBaeTCH BepTIIKaJibHaH KOrepeHTHfill 

HeyCTOiiqIIBOCTb, 'ITO npIIBOAIIT K 6blCTpoii rI16eJIH qaCTIIU. Cne.noBaTeJibHO. 

KoppeKUIIH xpoMaTnqHOCTH, ueo6XOAHMIDI AJIH yBeJIHqeHHH BpeMeHII JKil3HII nyqKa 

Henocpe,ncrneuHO IlOCJie llHJKeKUllll (KaK 6bmo nOKa3aHO B fJiaBe 2), AOJIJKHa 

npOH3BOAIITbCH C yqeTOM Tpe6oBaHIIH ycToiiqIIBOCTH KorepeHTHbIX BepTIIKaJibHbIX 

Kone6aHI1ii. · · 

qeTBepTaH rJiaBa co,nepJKIIT q>Il3IlqecKoe o6ocHOBaHHe OCHOBHbIX napaMeTpOB 

CIICTeMbl 3JieKTPOHHOro OXJiaJK,neHHH 6ycTepa crtHxpoTpoHa HyKJIOTpOH. ITpIIBOAIITCSI 

oueuKa 3q>q>eKTHBHOCTII npIIMeHeHHH 3JieKTPoirnoro OXJiaJK,neHIIH H pe3yJibTaTbl 

pacqeTOB ,[{IIHaMIIKII nY'fKa IIOHOB B npouecce OXJiaJK,neHHH. 

B COOTBeTCTBIIII C nepBOHaqaJibHblM npoeKTOM HHJKeKUHOHHblll KOMIIJieKC 

HyKJioTpOHa . AOJIJKeH BKJIIOqaTb B ce6» 6ycTepHblll CIIHXpOTpOH, JIIIHeHHbIH 

ycKOpIITeJib IIOHOB H HeCKOJibKO THIIOB HOHHbIX IICTOqHIIKOB. B HaCTOHI11ee BpeMH 

rrpHMeH»eTCH OAHOo6opoTHfill IIHJKeKD;IIH B HyKJIOTpOH ny<1Ka, ycKopeHHOro B 

JII1Heii110M ycKopI1Tene. MaKCHMaJibHIDI 3Heprn» npn A/Z = 2 cocTaBJisie1: 5 MJB/HyKJI. 

3MHTTaHc nY'fKa ua Bb!XO,[{e JIHHeiiuoro ycKopIITeM COCTaBJIHeT, npHMepHO, 

50 7t·MM·Mpa,n B ropll30HTaJibHOll IlJIOCKOCTH II 30 7t·MM·Mpa,n B BepTIIKaJibHOll (qTO 

npI1MepHO COOTBeTCTBYeT aKcenTaHcy CIIHXPOTPOHa), OTHOCHTeJibHb!H pa36poc no 

IIMilYJihCaM - IlpIIMepuo, ±2· 10"3
• MaKCHMaJibHfill 'laCTOTa IlOBTOpeHIIH IIMilYJibCOB 

IIHJKeKUHH COCTaBmleT I ru. 

Han6onee aKryaJibHa npo6JieMa IlOBbIUieHHSI HHTeHCIIBHOCTH IlY'fKa IIOHOB AJIS! 

3KCnepnMeHTOB C IlOJIHpH3oBaHHbIMII ,neiiTPOHaMII, B BIIAY MaJIOll IIHTeHCIIBHOCTII 

IICTOqHHKa. IToBblCIITb llHTeHCIIBHOCTb IlY'fKa ,neiiTPOHOB MOJKHO 3a cqeT 

HCilOJlb30BaHHH 6ycTepa C 60JibUIHM aKCeilTaHCOM. 3TO Il03BOJIIIT OilTIIMI13HpOBaTb 

19 



rrpouecc HHJKeKUHH. yBe.1HqHTh ;umTeJibH0CTh HMITYJJhCa HHJKeKUHH H. 

C00TBeTCTBeHH0. rrpH TOH JKe HHTeHCHBH0CTH HCTQqHHKa rrom1pH30BaHHhIX 

0TpHUaTe.lhH0 3ap.HlKeHHh!X H0H0B neil.TepH.H cymecTBeHH0 II0BhICHTh HHTeHCHBH0CTh 

rryqKa. HHJKeKTHpyeMoro B HyKJJOTpott 3a 0,llHH HMITYJihC. IlpH HCIT0Jih30BaHHH 

6yCiepa tteo6xonm,t0 pernHTh rrpo6neMy rrepeBo,na rryqKa B Hy1a10Tpott. 

IlepBhIH BapttattT pernettH.H 1rnil. rrpo6neMhI rrpe.nrronaraeT ycKopettHe rryqKa B 

6ycrepe .ao tteKornpoil. rrpoMelKYJ0qttoil. 3tteprnH (200 - 400 M1B/ttyKn), rrpH Kornpoil. 

3MHTTaHC rryqKa CTaH0BHTC.H MeHhllie aKcerrrnttca HyKJIOipOHa. IlpH )TOM Tpe6yeTc.H 

pa3pa6oTKa ttoBoil. cttcTeMhI . HttJKeKUHH B HyKnoipott. Ilptt 6onhrneil. 1tteprntt 

HHJKeKTHpyeMoro rryqKa ipe6yJOTC.H 6onee MOIUHbie KHKepbl. IlpHMetteHHe 

3JieKTpOCTaTHqeCKHX _KHKepoB Tpe6yeT Bh!COKOH ttarrp.HlKeHHOCTll II0JI.H,. a pa1pa60TKa 

MarHHTHhIX KHKepoB, pa60Ta10IUHX B ycJIOBll.HX CBepxrrpOB0.1lllMOCTll. .HBJJ.HeTC.H 

HePpocrnil. TexttnqecKoil. rrpo6neMoil.. 

BTopoil. BapHaHT 3aKJIJOqaeTC.H B llCIIOJih30BaHHll 3JJeKTpOHHoro OXJJaJK,neHH.H 

rryqKa B 6ycTepe. IlpH 3TOM, 3a BpeM.H MeJK,ny llMIIYJJbCaMH HHlKeKUllll, 3MllTTaHC 

HOHHOro rryqKa )lOJJlKeH 0h!Th yMeHhlIIeH no BeJIHqllHhl, II03B0Jl.HIOIUeil. ocymecTBHTh 

ero 1cficfieKTHBHhlll rrepeBO,U ll3 6ycTepa B HyKJJoTpOH rrptt IIOMOIUH cymecrnyJOmeil. 

CHCTeMbl llHJKeKUHH .. 

B .aaHHOH rnaBe paccMaTpHBaeTC.H pelKHM pa6oThl 6ycTepa 6e3 ycKopettll.H, IIpH 

KOTOpOM .um1 rrepeBO,Ua ttaKOIIJieHHOro rryqKa B HyKJJOTpOH Tpe6yeTC.H 

rrpe,uBapttTeJihHOe yMeHbllieHHC ero 3MHTTattca. OcttOBHhle rrapaMeTpbl rrpoeKTa 

6yCiepa HyKJIOTpotta rrpttBe,UeHhl B Ta6nm1e I. ,[(JJHHa rrpxMOJIHHeil.ttoil. ceKUllll, B 

KOTopoil. MOJKeT 0h!TI, pa3Memetta CHCTeMa 3JJeKip0HHOfO OXJJaJK,UeHH.H, COCTaBJJ.HeT 

6.5 M. ,[(ttcrrepCH.H B 3TOH ceKUllll OTCYJCTByeT, a 6eTaipOHHhle cfiyttKUllll COCTaBJl.HIOT 

rrpHMeptto 6 M, HO. MoryT 0hITh ttaCTp0eHhl B COOTBeTCTBHll C Tpe6oBaHH.llMH 

OITTHMaJihHOrO OXJialK,lleHH.H. 

Tpe6yeMoe BpeM.H OXJJalK,lleHH.H orrpe,uemieTC.H MaKCHMaJihHOH qaCTOTOH 

ITOLT0pettH.H llMIIYJihCOB HHJKeKUHH H COCTaB_JI.HeT rropx,uKa tteCKOJlhKHX ceKyn.u. BBH.UY 

0OJlhUJHX ttaqaJihHhIX 3HaqeHHH 3MHTTanca rryqKa ll orpaHHqeunoro BpeMentt 

OXJialK,UeHH.H MOIUHOCTh CllCTeMhl 3JieKipOHHOro OXJJalK,lleHH.H ,UOJilKHa Oh!Th 

MaKCHMaJihHO B03MOJKHOH B paMKax reOMCipHqecKHX orpattnqeHHH, HaJiaraeMhIX 
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pacrrOJJOJKeHtteM 3JieMeHTOB MarHHTHOH CHCTeMbl 6ycTepa. B rrp.HMOJIHHeil.ttoil. ceKUHH 

KpOMe CllCTeMhl OXJJalK,lleHH.H tteo6xo,UHMO pa3MeCTHTh TaK lKe H ycTpoil.CTBa ,UJI.H 

KOMIIencauHH CB.H3ll MelK,lly CTCIICH.l!Mll . CBOOO,llhl, BHOCHMOH COJJeH0ll.1lOM CCKUHH 

OXJiaJK,lleHH.H ( COJieHOll.ll C IIpOTHBOIIOJJOlKHhIM. narrpaBJieHHCM 110ml llJill IIOBepHYJhlll 

KBa,upyrroJJb), n KoppeKTOphl ,llJI.H KOMIICHCaUHH HCKaJKeimx op6HThl llOHHOro rryqKa 

rrorrepeqHI,IMll KOMIIOHeHTaMH MarHHTHoro IIOJJ.H na BXO,Ue ll Bh!XO)le COJieHOH,Ua 

CeKUHH OXJJalK,lleHH.H. COOTBCTCTBeHHO, MaKCllMaJihHO B03MOlKHa.H re0MeTpttqecKa.H 

,llJJHHa coneuonna MOlKCT Oh!Th Bb!6pana 11pm,1eptto 4.5 - 5 MCTp0B. 3cficfieKTHBHa.H 

,unnna ceKUHH oxJialK,llCHH.H (.unnna yqacTKa conenonna c Tpe6yeMoil. onnoponnocThJO 

MarHHTHOro IIOJJ.H) rrpn 3TOM COCTaBJJXCT OKOJIO 4 M. 

Ta6JJHUa I. OcnOBHble rrpoeKTHh!C rrapaMeTpbl 6ycTepa CHHXpOTpona HyKJJOTpOH. 

3ueprn.H HHJKeKUHH,-M1B/nyKJ10H 5 

,[(nmia 0KPYlKHOCTH, M 84 

beTaTpOHHhie qHcJJa Qx.z -2.75 

AKcerrTattc, 1t·MM·Mpan 

roptt30HTaJihHhlll 400 

, BepTHKaJihHhlll 225 

4acTOTa IIOBTOpeHHX HMIIYJihCOB HHJKeKUHll, ru 1 

IlepHO.U o6pameHH.H, MKCCK .2.7 

MaKCHMaJihHhlll TOK 3JJeKTpOHHoro rryqKa orpanHqeu 3cficfieKTaMH 

rrpocTpaHCTBCHHOro 3ap.Hna rrpH ero cfiopMHpOBaHHll ll ipancrropTHp0BKe ll MOlKeT 

cocTaBJI.HTh no 0.4 A, rrpH 3TOM rrepBeanc rryqKa rrpttMepno paBeu 3 MKA/B
312

. TaKyJO 

BeJIHqHHY rrepBeanca rryqKa MOlKHO IIOJJyqHTh B rryrnKe C IIOJIOlKHTeJibHh!M 

IIOTeHUHaJIOM Ha yrrpaBAAIOIUCM 3JleKTpo.ue: Pa,uttyc 3JJeKip0HHOro rryqKa B CCKUHH 

OXJJalK,lleHH.H, paBHhlH pa.unycy HOHH0ro rryqKa, 3aIIOJJH.HIOIUeMy Beeb aKCCIITaHC 

6ycTepa, paBeH 4 CM. ,[(JJ.H OIITHMaJihHOro llCIIOJlh30BaHH.H 3JJCKTpOHHOro rryqKa rrpH 

peaJibHh!X uacTpoil:Kax CTPYKTYPhl neo6xo,UHMO HMeTh B03MOlKHOCTh IIJiaBHOH 

perynHpOBKH pa3Mepa 3JieKipOHHOro rryqKa B CeKUllll OXJialK,llCHH.H. YBem1qem1e 
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pa,nttyca ::rneKTpouuoro nyqKa B03MO,KHO Ja cqeT a,ntta6aTttqecKoro yMeHbIIIeHm1 

BenHqHHbl npo.uonbHOro MarHHTHOrO nong Ha yqaCTKe TPaucnopTttpOBKH nyqKa OT 

KaTo.ua .uo ceKll,HH oxna)K,!leHHH. Ilapa.M~bl CHCTeMbl :meKTPOHHOro oxna)K,!leHHH, 

onpe.uenHeMbie H3 reoMeTPHqecKHX H TeXHHqeCKHX orpauttqeuttii, npHBe,UeHbl B 

Ta6nm1e 2. B KaqecTBe Oll,eHKH TeMneparypbI :meKTPOHHOro nyqKa B3Hbl 3HaqeHHH, 

nonyqeHHhie Ha nyIIIKe c auanomqHhIMH napaMeTpaMH, pa1pa60TaHHoii rpynnoii 1151<1> 

CO PAH - 0115111 MH cttcTeMhI oxna)K,!leHHH HaKonttTeng LEAR (CERN, 

lllBeiiIIapttH). 

Ta6nttll,a 2. OcHOBHbie napaMeTpbl CHCTeMbl 3neKTPOHUOro oxna)K,!leHHH 

3qiqieKTHBHaH ,UnHHa ceKll,HH oxna)K,!leHHH, M 4 

Eern q>yHKll,HH B ceKll,HH oxna)K,!leHHH, M 

roptt30HTanbHaH 4 

BepTHKanbHaH 8 

Pa.uttyc KaTo.ua 3neKTPOHHoii nyIIIKH, CM 2 

Panttyc nyqKa B ceKll,HH oxna)K,!leHHH, CM 2-4 

TOK 3neKTPOHHOro nyqKa, A 0.2-0.4 

BennqttHa MarHHTHoro nong Ha KaTo.ue, Tn 0.2-0.8 

BenttqttHa MarHHTHoro nong B ceKIIHH oxna)K,!leHHH, Tn 0.1-0.2 

T eMnepaTypa 3neKTPOHOB, M3B 

nonepequag cTeneHh cBo6o.uhl 200 

npo.11onbHaH CTeneHb CB060)lbl 0.5 

ITpe.uenhHO ,UOCTH)KHMYID 3q>q>eKTHBHOCTb CHCTeMbl 3neKTpOHUOro oxna)K,!leHm1 

MO)KHO Oll,eHHTb B npeue6pe)KeHHH BCeMH 3q>q>eKTaMH, npHBO,!lHIIIHMH K uarpeBy 

nyqKa. ITptt 3TOM .!lHHaMHKY .UBH)KeUHH MO,KHO ttccne.uoBaTb B O,UHoqacTHquoM 

nptt6ntt)KeHHH: npH 3a,!(aHHhlX HaqanbHbIX 3HaqeHHHX HHBapttaHTOB .UBH)KeHHH 

qacTHll,bl Heo6XO)IHMO paccqHTaTb HX KOHeqHhle 3HaqeHHH qepe3 3a,!(aHHh!H 

npoMe,KyTOK BpeMeHH. PacqeT BhIIIOnuHnCH nptt noMOIIIH nporpaMMhI BETACOOL. 

Ha Pttc. 4 npHBe,!leHbl KpHBbie, COOTBeTCTBYIOIIIHe HaqanbHblM 3HaqeHHHM 

HHBapttaHTOB Kypaurn-CHall)lepa .ung .ueiiTPOHa, nptt KornphIX, nocne 
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q>HKCHpOBauHoro BpeMeHH oxna)K,!leHHH, KoueqHhie 3HaqeHHH He npeBb!IllaIOT 50 

7t·MM·Mpa,n B roptt30HTanbHOH IlllOCKOCTH H 30 7t·MM·Mpa,U B BepTHKMbHOH. HaqanbHOe 

3HaqeHHe npo.uonhHoro HHBapttaHTa .!lBH)KeHHH 'Bhi6ttpanocb C00TBeTCTBYIOIIIHM 

OTHOCHTellbHOMY pa36pocy no HMnynhCaM paBH0MY 0.005, pa,nttyc 3lleKTpOHH0ro 

nyqKa 2 CM, MarHHTHOe none B ceKIIHH oxna)K,!leHHH 0.2 T. 
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Pttc. 4. HaqanhHhie JHaqeHHH HHBapttaHTOB KypaHTa-CHaii.11epa .ueiiTPOHa B 

1t·mm-mrad, KOTOpb1e oxna)K,!laroTcH .uo aKcenrnHca HyKnOTPOHa B Te'IeHtte 

q>HKCHpoBaHuoro npoMe)KYTKa BpeMeHH. 

B npe.11nono,KeHHH paBHOMepHoro pacnpe.ueneHHH qacTHU B rrpocTpaHCTBe 

HHBapttaHTOB .!lBH)KeHHH nocne HH)KeKIIHH, npttMeHeHHe 3neKTPOHHOro oxna)K,!leHHH B 

Teqeutte 1 CeKyH)lbl n03BOllHeT nepeBeCTH H3 6ycTepa B HyKnOTPOH npttMepuo 20% 

Hm,(eKTHpOBaUHbIX B 6ycTep .11eiiTPOHOB. IlnOTHOCTb qacTHII B q>a30BOM o6oeMe B 

npe.uenax .uo 50 7t·MM·Mpa,n B roptt30HTanbHOH Illl0CKOCTH H .uo 30 7t·MM·Mpa,n B 

BepTHKanbHOH yBenttqHBaeTcg nptt 3TOM npttMepHo B I 5 pa3. Ily'IOK H0H0B, 

nonuOCTblO JanonHHlOIIIHH aKcenTaHc 6ycTepa, MO)KeT 6bITb OXna)K,!leH .uo TPe6yeMoii 

BenttqHHbl 3MHTTailca npttMeptto 3a 4 - 5 CeKyH)I. ~JUI Tg)KellblX H0HOB BpeMeHa 

OXna)K,!leHHH cy111ecTBeHHO MeHbIIIe, T.K. nptt O)IHHaK0B0M OTH0IIIeHHH MaCCbI K 3apg.uy 

(AIZ) Bentt'IHHa cttnh1 TPeHHH B03pacrneT nponop11ttoHanhHo (Z2/A). 
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Bsttny 6o;1blllOH BeJIHqHHbl aKcenTaHCa 6ycTepa, cepbe3HOH npo6neMOH 

llBJllleTC.ll MHHHMH3aUH.ll lllYMOB, BHOCHMblX B HaKomneJib :meKTpOHHblM nyqKOM. TipH 

MaJIOH :rneprnH :meKTpOHHOro nyqKa 6oJiblll)'IO BeJiuqHHY TOKa :meKTpOHOB MO)KHO 

nonyqttTb JIHlllb B cxeMe C noJIO)KHTeJibHbJM noTeHUHaJIOM Ha ynpasmnomeM 

3JieKTpone 3JieKTpOHHOH nylllKll. TipH 3TOM B o6JiaCTll ynpaBAAJOIUero 3JieICTpona 

cylllecrnyeT JIOBylllequa.lJ KOHqmrypaUH.ll noJieH nn.ll 3JieKTpOHOB, o6pa3yJOIUHXC.ll npH 

llOHH33UHH OCTaToqHoro raJa. HaKonJieHHe 3THX 3JieKTpOHOB npHBOnHT K CHH)KeHHJO 

nepseaHca nylllKll ll K ll3MeHeHHJO BO BpeMeHH TOKa 3JieKTPOHHOro nyqKa. Tiono6HblH 

3cpcpeKT ua6JIJOllaJIC.ll Ha CHCTeMe 3JieKTpOHHOro OXJia)KJleHH.ll HaKonuTeAA LEAR. '.:ha 

npo6JieMa MO)KeT 6bITb pellleHa nyTeM ucnoJib30BaHH.ll 3JieKTpOHHOH nylllKll C 

pa3pe3Hb!M ynpaBJI.lllOIUHM 3JieKTponoM, B KOTOpOH B o6JiaCTH ycKOp.ll!OIIJero 3a30pa 

C03naeTC.ll reoMeTpH.ll nOJI.ll, npen.llTCTBYIOJUa.ll HaKonJieHHIO BTOpuqJlblX 3JieKTpOHOB. 

bOJibllla.ll BeJiuqHHa TOKa 3JieKTpOHHOrO ny'IKa ll HH3Ka.ll 3HeprH.ll HOHOB 

HaKJia;lbJBaJOT ,D.OnOJIHHTeJibHbie orpaHHqeHH.ll Ha BbI6op pa6o'leH TO'IKH 11 npyrne 

napaMeTpbl 6ycTepa. TipoBHCaHHe noTeHUHaJia co6CTBeHHOro nOJI.ll 3JieKTpOHHoro 

nyqKa npHBOnHT K TOMY, qTo HOHHbIH ny'IOK, 3anOJIH.llJOJUHH Beeb nonepeqHblH 

aKcenTaHC HaKOnHTeJI.ll, HMeeT pa36poc no nponOJibHOMY HMn)'JibCY OT O no npHMepHO 

+2%, BBHllY Toro, qTo HOHbl OXJia)KJlaJOTC.ll no :meprHH 3JieKipOHOB ycpenHeHHOH no 

panHaJibHbJM KOJie6aHH.llM HOHOB. CoOTBeTCTBeHHO, xpoMaTHqHOCTb HaKOnHTeJI.ll 

noJI)KHa onpeneJI.lleTbC.ll YCJIOBHeM noJIO)KeHH.ll pa6oqeH TOqKH B 30He ycToHqHBOCTH 

nJI.ll scex aMnJIHT)')]. 6ernTpOHHblX KOJie6aHHll. CMeJUeHHe qaCTOT 6eTaTPOHHbJX 

KOJie6aHHll npH MaKCHMaJibHOM TOKe 3JieKTpOHHOfO ny'IKa 3a C'leT ero co6cTBeHHOro 

nOJI.ll COCTaBJI.lleT npHMepHO 0.4 B BepTHKaJibHOH nJIOCKOCTll H 0.2 B ropll30HTaJibHOH. 

CooTBeTCTBeHHO, MarHHTHa.ll CHCTeMa 6ycTepa noJI)KHa o6ecneqHBaTb B03M0)KH0CTb 

)].HliaMHqecKoil: nepeCTPOllKH noJIO)KeHH.ll pa6oqefi TOqKH B TaKOM nuanaJOHe 

H3MeHeHH.ll qacTOT. 1ho6bl ll36e)KaTb pa3BHTH.ll KOrepeHTHOll HeyCTofiqH~OCTH 

oxJia)KneHHOro .llnpa HOHHOrO nyqKa noJI)KHbl 6hJTb npenycMOTPeHbl Mepbl no ee 

nonasJieHHJO. Ha1160Jiee 3q>q>eKTHBHbIMH H3 HHX .l!BAAIOTC.ll CHCTeMa o6paTHbIX CB.ll3eH 

H nepttonH'leCKa.ll MO)].)'JI.l!UH.ll 3HeprnH 3JieK1pOHHOro nyqKa, KOTOpa.ll He npHBO)].HT K 

CHH)KeHHJO 3q>q>eKTHBHOCTH OXJia)KJleHH.ll HOHOB C 60JiblllHMH aMnJIHTynaMH 
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KOJie6aHHH, HO Il03BOAAeT H36e)KaTb rJiy6oKoro OXJia)K.!leHH.ll qacTHU C MaJibJMH 

aMilJIHTynaMH KOJie6aHHll •. 

B JaKJIIO'ICHUU H3JIO)KeHbl OCHOBHbie pe1yJihTaTbl nttccepTaUHOHHOil: pa60Tbl. 

BblBOJJ,bl 

B xone Bb!IlOJIHeHH.ll pa6oTbl 6bmH 3KCrrepHMeHTaJibHO uccnenosaHbl rrpH'IHHbl 

orpa1mqeHH.ll HHTem:1rnuocTu nyqKa IIOHOB B HaKonttTene COSY. IloKa3aHo, 'ITO 

npe,D.eJibHa.ll llHTeHCIIBHOCTb orpaHH'IIIBaeTC.ll )].B)'M.ll OCHOBHblMH rrpoueccaMII: 

COKpa111eHIIeM BpeMeHu )KH3Hll IIH)KeKTIIpOBaHHblX IIOHOB B npHC)'TCTBIIH 

3JieKTpOHHOro rryqKa II noTep.l!Mll HOHOB B OXJia)KJleHHOM rryqKe. 

TioKa3aHO, qTo ycTofiqHBOCTb pa6oTbl CIICTeMbl 3JieKTpOHHOro OXJia)KJleHH.ll 

onpe)].eJI.lleTC.ll He TOJibKO napaMeTPaMll 3JieICTpOHHOr◊ nyqKa, HO cy111ecTBeHHO JaBIICHT 

TaK)Ke 11 OT BbJ6opa pa6oqeH TO'IKH II Kaqecrna · HacTpOHKH CaMoro HaKOilHTeJI.ll. B 

qacTHOCTH, pa6oqa.ll ToqKa Hru<OnHTeJI.ll COSY pacnoJio)Ketta B6JIII3H 30HbI pe3ottattca 

CB.ll3H, qTo npu 60JibJJIOH ·BeJIH'IHHe xpoMaTHqHOCTll B ropH30HTaJibHOil: IlJIOCKOCTII H 

HaJIH'IHH )].HCIIepcHH B CeKUIIH OXJia)KJleHH.ll MO)KeT rrpHBO)].llTb K napaMeTpHqecKOH 

pacKa'!Ke BepTHKaJibHbJX KOJie6aHHil: 'laCTH llH)KeKTupoBaHHbIX HOHOB ll, KaK 

CJiencTBlle, K COKpameHHJO BpeMeHu )KII3Hll llH)KeKTHpOBaHHoro · nyqKa. 

TiapaMeTPHqecKa.ll pacKa'IKa KOJie6aHHil: Bbl3BaHa HeJIHHellHOCTblO q>oKyCHp)'IOIIJHX 

IlOJieil: H, B rrepByJO oqepenb, HeJIHHeil:HOCTbJO co6crneHHOro nOJI.ll 3JieKTPOHHOro 

nyqKa, KOTOpa.ll cymecTBeHHO BJlll.lleT Ha )].HHaMHKY )].BH)KeHII.ll HOHOB ll3-3a Toro, 'ITO 

uenocpe)].CTBeHHO nocJie IIH)KeKUIIH pa3Mepbl IIOHHOro rryqKa B ceKUIIII OXJia)KJleHH.ll B 

uecKOJihKO pa3 rrpeBhilllaJOT panIIyc 3JieKTpouuoro rryqKa. ,[vi.ll HaKonuTeJI.ll COSY 

npenJIO)KeHbl n)'TII IIOBbIJJieHII.ll BpeMeHII )KHJHH HH)KeKTHpOBaHHbIX IIOH0B. 

3KcnepIIMeHTaJibHO o6napy)KeHo, 'ITO noTepH qacTHU B 0XJia)K)].eHHOM H0HH0M 

nyqKe B HaKorrttTeJie COSY BhI3Banu pa3BHTHeM KorepenTHbIX 6eTaTPOHHbIX 

KOJie6aimtt nyqKa, 'ITO He n03BOJI.lleT ycTofiqHBO HaKammBaTb HOHbl )].0 npeneJia no 

npocTpaHCTBeHHOMy 3ap.ll)].)'. J:(eTaJibHO IICCJienoBaHa )].HHaMHKa pa3BHTH.ll 3TOil: 

ueycTofiqIIBOCTH II nana ee mnepnpeTaUH.ll C IlOMOJUbJO qHcJieHH0ro M0)].eJIHpOBaHH.ll 
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ITpouecca oXJialK.1.teHm1. . .QM IT0.1.trumemu1 ITOTepb qacTm.t ITptt pa.JBHTtttt 

HeycrniiqttBOCTH 6bmO ITpe;:mmKeHO HCITOJib30BaTb CHCTeMy o6paTHOH CBH3H ITO 
·'· BepTHKaJibHOii: CTeITeHH CB060.z.tbl. (B ITOCJie,l.{Heii: ceptttt 3KCITepttMeHTOB B HIOHe 2003 

ro.n:a TaKaH CHCTeMa 6bma BBe.z.teHa B .n:eii:CTBHe, tt B pe)l(ttMe MHOfOKpaTHOro 

ITOBTopeHHH HMITYJibCOB HH)l(eKUHH HHTeHCHBHOCTb HaKOITJieHHOro ITyqKa 6bma 

LIOBe.z.teHa ITpttMepHO .n:o 10
1 
I ITPOTOHOB ITPH ycrnii:qttBOM ITpouecce HaKOITJieHHH.) 

TaKHM o6pa.J0M, ITp0eKTttp0BaHHe CHCTeMbl 3JieKTPOHHOro OXJia,K.z.teHHH )UIH 

qiopMttpOBaHHH ITyqKa HOHOB B HaKOITHTeJIHX C MHOroo6opornoii ITepe3apH.l.{HOH 

HH)KeKUtteii: HBJIHeTCH He TOJlbKO TeXHuqecKoii:, HO H ycKOpHTeJibHOii: 3a,l.{aqeii:. Bb16op 

ITapaMeTpOB HaKOITHTeJIH H CHCTeMbl OXJia,K.z.teHHH .l.{OJI)l(Hbl ocymecTBJIHTbCH 

cornacosaHHO. 

Ha OCHOBe aHaJIH3a 3KCITepttMeHTaJibHbIX pe3yJibTaTOB cqiopMynnpoBaHbl 

OCHOBHbte rpe6oBaHHH Ha ITapaMerpb! 6ycTepa CHHxporpoHa HyKJIOTpOH tt ero 

cucTeMM 3JieKTPOHHoro oxna,K.z.teHttH, IT03BOJIHIOmue tt36e)l(aTb orpuuaTeJibHbIX 

ITOCJle,l.{CTBHH ITPH ITpttMeHeHHH OXJia,K.z.teHHH H ycToii:quso HaKarrJittBaTb HOHbl LIO 

ITpe.n:ena ITO ITpOCTpaHCTBeHHOMY 3apH.l.{y. IlOKa.JaHO, qro ITPHMeHeHtte 3JieKTpOHHOro 

OXJia,K.z.teHHH IT03BOJIHeT ocymecTBHTb 3qJqJeKTHBHblll ITepeso.n: ITyqKa B HyKJIOrpon 6eJ 

ero ycKopeHHH B 6ycTepe. 3rn yITpomaeT H y.n:erneBJIHeT KOHCrpyKUHIO 6ycTepa 11 

CHCTeMbl 1-lH)l(eKUHH ITyqKa B HyKJIOTPOH. 
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