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OEIJWI XAPAKTEPHCTHKA PAiiOTbI 

ARTVMI,HOCTh rrpo6JreM1,. lIL,'!porurn B03MomtocTII IICIIOJtb30BaHII.R: IIH
TeHCl'IB!lliX IIY'ffiOB II crycTKOB sap.miteHH!iX tracTHU B H,ll;epHoit qJlf3lfKe l'I. 
cuexHux c HeD oelnacTax, a TaKxe ARf pemeHl'IR npoelnew ynpaBnneuoro 
T6pM0SiA0PHOro ClfHTesa onpeAeRRDT l'IHTepec Hccne.itOBaTenea K HOBW 
M6TOAaM ycttopeHHR,OAHHM H3 HaHClonee nepcneKTHBHHX cpe~H KOTOpHX 
.RJ3JIII8TCH MeTO,ll ROJ11!6KTllBHOrO ycxopemm B peJIJ!TllBHCTCKll s~eKT -
pomrux rrytmruc (P3Il). PasBHTIIe sTorc, HarrpaMemm crurnaHo c rromi
~eHReM B KOHile 60-x ro;n;oB HOBOro Tmra.s~eKTPOHBHX YCKOpHTeJiefi -
rrpsIMOro ,ne:liCTBltll:, paelOTa.KlltIDC B HaHOC6KYfi,llHOM ,nHarrasoHe Ha ypOB
IUDC MOIIU!OCTH ,llO I013BT. 0,mraxo, H6CMOTp.R: Ha 60~0:li 3KCII6pHMeH
TaJU,Hl:m MaTepnan, HaxowteHHlrlt no ycxopeHH10 B P3IT , o6maa Teop:.m 
3TOro ~e!mli ;no CHX nop OTCYTCTByeT, a npe;mozeHHH'e MO,lleJIH He 
oXBaTHBam Bcex acneKTOB Ha6~IQD;aeM!ll xapaxTepncTmt npouecca.Ilpa~ 
BHJtbHOe IIOIDIMaHl'le M6XaHH3MOB KOJL1!6KTlmHoro · ycxopeHl'IH HO HOB B P3IT 
'Ip63BH'Im1HO BazHo ,l1.1lll IIOCTpoemm o6mefi TeOpHl'I B3~onettcTBHJi P3IT 
c cosnaHHO:li HM IIJiasr,m:ll II aRTl'!BHoro yrrpaMeHR!l npoueccoM ycxope -
mm HOHOB C U6Jtbl0 IIOBRIIIeHl'IH ero s@)eKTl'IBHOCTH. 

UeJtb pa6oTH. UeJtbro ,nHccepTauHOHHo:li pa6orn JraJI.geTcH HCCJie.no
BaHl'le KOJL1IeKTm3HOro ycxopeHlm HOHOB B P3IT B ITJiaHe n~emm HO
BHX .rtaHHllX O xapaxTepHCTrocax STOro npouecca H BWlcHeHHH MexaHl'l3-
MOB, IlprumMa.llllWX B HeM ytracTHe, IlpOBepIGI cymecTBY]lllme MO,ll8JtbHHX 
npe,ncTaMeHl'lit H ROHilerm:mt, B traCTHOCTR - KOHil6IIIlHl'I npe,nem,Horo 
TOKa H my6oKofi IIOT6Hlllla.1ll,HOH .fIMl:l' ~PMH!)YKII!eik:s.r B Ilpl'laHO.Ill!Oit 
o6JraCTl'I .zrpe~ npn RHl!t6KUHl'I P3IT c TOKOM, npeBl:llllaICl!lllM npe,lleJil,HyJO 
Be.mrnmy ,l1.1lll naHHO:li reoMeTpHH .zrpeiiqia. · ·· 

Hamas: HOBHSHa. B OCHOBY 1,llllccepTauHH 'IIMOJKeHH pa6on/1- 71, 
BllIIOJIHemme aBTOPOM B I974-I976 ro.nax. B ma: ll3~0Z8HH HOBUe pe
sym,TaTU TeopeTnecRHX H SRcnepHMeHTaJll,HH'X HCCJI6,llOBali:d KOJL1!6R
Tl'IBHOro ycxopeHlm llOHOB H CM3aHHllX C HmJI npoueccoB sapH,ll;OBO:li 
Heii:TpaJIH3aul'IH H ~pMllpOBa.Hrul IIOT6flUHa.1ll,HOtl CTPY'l{Typll .zrpe~e
ro P3II, ci:'Tait:i:e npeAnoxeHa HOBaa MO~en1, ycKopeHHa HOHOB B P3II B· 
penMe HH3Koro AWIR6HHSi rasa B APeR~OBOM npocTpaHCTBe.IIOApOdHO 
STH pesyn1,TaTunpHBe.1teHH B.pas,1tene "C0Aepxaa11e paeloTu". 

IlpaRTl'I'IeCKaH ueHHOCTh. I. Pesym,Ta~H npoBe,neHimX HCCJI6,llOBa
mni MOryT 6HTI, IlpHMEfaeHH IlpH paspa6oTKe TeOp:tm: KOJL1!6KTlmHOro yc
KOpeHM HOHOB B P3IT H YCTpOfiCTB, HCITOJll,3ynltlDC STO ~eHHe. Ha 
OCHOBe cxeMH YCKOpHTeJIJ! HOHOB, rrpe;mozeHHOfi B ,llHCCepTamm,B 
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mm fl~ npllI TITH pa3pa6aTimaeTCR ycTpOHCTBO .wm KOJIJI0KT:irl3HOro yc
KOpemm HOHOB Ha qipOHTe P8Il B H0HTpa.7II,HQM rase. 

2. Paspa6oTaHHl:le H npHMeHeHHl:le B paccw.aTPRBaeMOH pa6_oTe Mero
mtr\'.li H peI'liCTPRPyKil!a.ll amrapaTYPa 11cno11L3YIJTCa npn :mcrrepIDl!eH'raJII,
ma: HCCJie,l!OBamm:x:, npOBO.ImMIDC C Cl!JIJ,HOTO"llill'MI'I IIY'IKar,m B HJm H<l? 
npn TIDI,r.ToMcK. 

Anpodanna padOTH. Pa6om, noJIOXeHHlle B OCHOBY .mrccepTau;mr, 
,l!OKJiaJJl,IBaJllICI, Ha ;J3cecomHQH.KOH~pemnm IIO paspa60TKe H npaxTH
'!eCKOMY npnMeHemno 3JieKTPOHHl:lr YCKOpHTeJie:li B r. TOMCKe B I975 r., 
IT Me:r.ityHapO,ItHOM Cl1Mn0311yite no KOJIJieKTRBHID4 MeTO.ltaM ycKope-
Hrul B r .,llydne B I976 r. , YII MeiuYHaPO.ItHOM ti11M11oa11yue no aJieKT
pli'IeCKlIM pa3pJUtaM H H30Jll!Itlm B BaxyyMe B r.HOBOCH6npcKe B I976 r. 

]Jy6JIRKa.mm. Ilo peayJII,TaTaM BHIIOJIHeHHUX liCCJie.ltOBaHliH orry6.mr
KOBaHO ceMI> CTaTeit B lKYl)HaJiax "IlHCI>Ma B ]IT\i/","ITT8", TPY.ltax C11M
II03eyMOB H KOH~pemnm:. 

06~eM pa60TH • .ILHccepTauROHHaJI pa60Ta H3JIOXeHa Ha 108 CTPaHH
nax MallllIHOimCHOro TeKcTa li lt7L1IlOCTPHpYeTCR PHCYHKa.Mli Ha 30 CTPa
Htma.x • .ILHccepTailRJi COCTOHT li3 BBe,l!eHR/i, '!eTHpex rJiaB, 3aKJilO'Ielilffl 
H CIIRCKa ncnOJu,30:BaHHO:li JWTepaTY.PH H3 I04 HallMeHoBaHR:li. 

CocTomme Bop:poca H aa,na'IR HcCJie80BaHR/i. Brrepmze KOMeKTmi
Hoe ycKopemi:e HORJmX CI'YCTKOB B .l!HO.ltax npn qJOJJMHPOBa.HHR HHTeH_
CHB!IWC.3JieKTPORJmX IIY'!KOB 6wro OTKpUTO H HCCJie,l!OBaHO rpynrroft 
IlmoTTO B I960 r. 181. KOJIJieKTRBHOe ycKopemre HOHOB B ,rr,pefi4lYlCIUIDC 
P8Il ,owro o6Happ;eHo B I968 r. rpynrro:lt I'peitOMJia/9/ Bene.It aa 
IIOJmJieHHeM HaHOCeKYH,llllllX CWII,HOTO:t!HHX ycxopHTeJie:li li cpaay npn -
BJieltJ:lO K ce6e BJmMaHHe MHOI'l!IX HCCJie.noBaTeJII,CIOIX KOJIJieKTIDlOB,IlO
CJie nepBHX 3KCnepm.teHT8.7II,Hlll pa60T Ba.JltHllM 3TanOM_B H3Y'!eHHH 3TO
ro RBJ.IelmJI 6wrQ 003.ItaHHe TeopeTR'IeCKOft Mo.ne.mr YCKOpeHWI liOHOB B 
P8Il PocToKepoM/IO/. K HaCTOJmteMY BpeMeHII B peayJII,TaTe ycltJJltli nc
CJie,noBaTeJII,CKRX KOJIJieKTHBOB ;Ka.K·B,Hameff CTPafie, TaK n aa py6eXOM 
HaKOMeR OOJII,1110:li 3KcnepllMeRTaJII,mrll MaTepHaJI H _llH,lillHHyT PJUt Mo,ne
Jie! KOJIJieKTHBROI'O ycKopemm ROROB B. psn/IO-:D/. O.mtaxo .no CHX 
nop o6me:li Teop:im aToro JmJieHWI He coa,naHo, a onpe,neJiemrae acneK
TH ero HCCJie,l!OBaHll Re.nocTaTO'IHO ( 3aBRC:IWOCTI, 3RepI'RH' YCKOpemwx , 
JIIOROB OT BMH'IHRH·TO:Ka HHXeKUJIIR, BJmf!Irae MaI'HlITHOI'O IIOJIJIHa yc
KOpHTeJil,lllle H_.3apH,ItOHeUTpaJil13aUHOHHl,!e . nponeccu B P8Il, 3~HCJII -
MOCTI>,ycxopsn:nna: nOJieit OT qJpOHTOB Hanpm!telmJI H TOKa P3Il). B CBe~ 
Te 3TOro 3a,l!a'IJII HCCJie,l!OBaHWl, IIOCTaBJieHHHe B ,l!HCcepTauRH, paa6n
Tl\l Ha .llBe rpynnu. K nepBO:li OTHOCRTCSI 3KCnepRMeHTHIIOcHCCJie.noBa-
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HBD 3aBRCEMOCTH ycxopRTeJII,ffHX H 3apR,JtOHeUrpanH3aUl10HHI\IX npouec
COB OT paSJnI'IIHWC napa.MeTPOB Pari H BHeIIIRRX YOJIOBd, a TaKXe no 
npoBepite npe,ncxasaHd CYJ]teCTBYJI!llDCMO.lteJII,RHX npe,ncTSBJiemtll: ( B 
qacTHocm - xoane~ npeieJII,Horo Toxa H rJIYOOKo!.rioTemnmm,Roa 
mm Ha qipoHTe Psn/13/). Ko BTopo! rpynrre OTHOcaTca '!HCJiemrue nc
CJie.noBaHB.11 HRXeKinm P31I B aKBmroTemnmm,Hoe npocTPaRCTBo .npett
(lia pasmrnmx reoMeTpd, HOBaJI .Mo,neJII, qiopi,mpoBaHHSI rJJy6oKoa no -
TeRitffl3JII,HOI m,m Ha qipoHTe P3Il H CM3aHRoro·c Hett ycKopeHWI HOHCB 
B pemme HRsKoro ,ItaBJiemm ra3a B .npeffqioilciM npocTpaHcTBe, BH.IlBH.;.. 
HyTM: Ra ocHoBe coBOKYIIHOCTH nOJiyqeRJmX pesyJibTaTOB. EMee no -
.npo6.tio 8TH Bonpocu HSJIOllteim B paa,neJie "Co.neJ)lE!Ume pa6oTu". 

I~ ;::e np~-7;~;;~~:;~H~H~e,nmmdt TOK/IZI) 
JIBJIJleTCSl Heo6XO,l!RMWII, HO ne.nocTaTO'IRW4 .wm BOSRRKHOBeHRJI ycRO -
pHTeJII,JnlX npo~eCCOB B P3Il. 

2. HaJIOZeHBe npo,llOJII,HOI'O Mal'RRTHOI'O nOJUl B ~ 400 re . Ra npo
CTPafiCTBO .npelq)a IlO,ItaBJIJleT .no ypoBHJI qJOHa Bl:C[O,l! ROHOB,YCKopeHHWC 
B pa,IOmJIJ,HO.M HanpaBJiemm B npHaRO.ltROft o6JiacTH .npelq,a • 

3. HaJIOlteHBe· IIpo,l!OJII,ROI'O Mal'RRTHOro IIOJIJI B > Bxp (Bxp - xpn
THtleCKoe Mal'HBTHoe noJie, o6ecne'!HBatJitee SEIMaI'Hl!'ieRRocTI> aJieKT -
poRHoro ny,ma) na npocTPaHCTBO .npelq)a sa11e.wuieT npoTeKB.HHe 3apn
~oaelrpaJIH3aUHOHHHX npoueccoB B P3Il. 

4. IlpH HaJiozemm: np0,l!OJII,HOro Wll'JmTRoro _IICJIJ! B> ~p Ha npo
CTpaHCTBO .npefllpa HHZ81tUHR P3Il He conpoBOllr,ItaeTCSl qJOJ>MHPOBaHI'IeM 
B npHaHO.mtOft o6JiacTR I'JIY60KOff noTemnm.m,nol m,m (Yg=(2+3)·Ee/e). 

5. 3Jle1trpocran11ec1tHI wexaHHSM ropMo~eHHR ronossol qacrH P3IT 
c 1toae11awm ~JIHren1.aocrRMH ippoara sanpgzeHHR H roxa ae ~ocraro11eH 
.lt,7IJI qJOJ>MHPOBaH:WI rJJy6oKol noi-emomm,Ho! mm IIpH :mmexrnm ny,ma 
B IIOJIOCTI, .npelq,a. 

.6. <bopMHpOBaHBe rJJy6oxol mm na qipoHTe P3Il H ycxopeRRe B 
nel HOBOB .no OOOTBSTCTBYJ]ltHX BRepI'lll BOSMOltHO sa oqe~npeo6paso
BaHHII s~aceHHol B npHaRo,IUio! o6JiacTH Mal'HBTHoff eHepnm P3Il B 
enepI'JID'SJieKTpOOTaTHt1ecxoro IIOJUI npH OTpal[eHBH OT BHpTYaJII,ll:Oro 
RaTO,lta 0 HS6HTOirao! Ha,It npe,neJII,JmM sHa'!eHBeM B8.J.llAlmll A I TOKB. 
mmexrnm. 
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COJ.lEPJ[AillIB PAEOTH 

.ImarHOCTH'!eCKaJl arrrrapaTypa ,ItJilI HCCRe,ItOBaHl!Jl BpeMeH!lliX 
l1 8HepreTH'!8CKHX xapaKTepHCTmt P3Il H HOHHllX cryCTKOB 

,Il;.rJI HCCRe,ItOBaHl!Jl rrapaMeTpOB P8Il H YCKOpemrux HOHHl,IX crycT
KOB HaMll 6uRU paspa60TaHll H BHe~eHll B 8RCllep:imeHT 
crreRTpOMeTpH, OffiICaHHHe B nepBon rRaBe ~ccepTaum/I, 21.ocHOBOn 
cneKTPOMeTPOB HBJIJleTCJl CTOITa CIIrHaJII,HllX MeT~ecKIIX g)OJil,r pac
tJ:eTHOii TOJllllllHll, pas,neReH!lliX 8KpaHllpYJ(lllID,m g)OJil,raMll, RHKB~~ 

mru,m e.MKOCTHy'IO CBJlSL M8JKJJ.Y HllMll, 'ITO cymecTBeHHO IlOBHmaeT TO'! -
HOCTL HSMepeHM. CrreKTP P8Il BOCCTaH~CJl CT~apTHl,IMH Me
TO~ peryRJipnsruum npH pemeHHII CHCTeMH aRre6pali'!eCKHX Bllprulte
HHH THITa 

.1Ui. = [. J(Ei<.)ift(E .. ), 
"' r.ne: (EK) - HCKOMHn 8HepreTH'!8CKHH crreKTP, 60,- sa~. rrorRO -

meHH!l8 L-8 ¢onLroa cneKTpOMerpa, 'Pi(EK) - HOPMllpOBaHHaH npOHH-. 
rerpupoBaHHaa no ronmHHe ¢onLrH BepOHTHOCTL nornomeHHH aneKrpoHa 
C 3Hepruea EK B l -« ¢onLre. ToqHOCTL BOCCTaHOBneHHH cnexrpoB 
neXHT B rrpeAenax 20%. CneKTpOMeTp MHorosapHAHllX HOHOB n03BOnan 
OAHOBpeMeHHO onpeAenfiTL K8.K cpeAHee sapHAOBOe COCTOHHHe crycTKa 
HOHOB (no aenHqHHe npodera), TaK H cpeAHDD (Hnll MaKCII
ManLHYJl) aaepn!D uoaoa no BpeMeHH nponera dasu onpeAeneHHo« 
.Jl.)IllHU. IlpII 8TOM OllllI6Ka B onpe,neReHHII 8HeprHH COCTaBJIJleT: 

bE/r:. = ,6oDt/L)-V2E/M;.
1 

r,ne E - cpe~ KHH8Tli'I8CKaJl :meprM HOHOB B MsB, Ot - OIIIll6Ita 
B onpe,IteRemrn: BpeMeHHOrO HHTepBMa IIpH OCW!JL)IOrpaoooBamrn: B HC, 
L - ~a npoReTHOfi 6asu B CM, Mi.- mcca uoHa B MsB. K npHMe

PY, IIpH pa6oTe Ha pasBepTKe OCD;HJIJIOrp* 6 JIOP-2M I2 He/ CM, bt = 
2 He, L = 30 cM u E = 2 MaB 6 ~f = 20%. KpoMe xapaKrepHcTHK 
onHCaHHllX BUille cneKTpOMeTpOB, B I-08 rnaae AHccepraUHII npllBO~HTCH 
KpaTKHe xapaKTepHCTIIKII ycicopnrenea "ToHyc" 11 "HCY-600"/1 , 2, 51 H 
reHepupyeM!lX HMH P3II, KOHCTPYKUHH 11 padoqHe xapaKTepllCTIIKll HcnonL-
30BaHH!lX B 11ccneAOBaHIIHX Ape8~0BllX Aenurenea (AnH 113MepeHIIH npo
BIICaHHH IlOT8HUHana P3Il), He8TpOHHO-aKTIIBaUIIOHHllX cqerqHKOB (AnH 
H3MepeHIIH He«rpOHHl:lX nOTOKOB) II l1HOrO 3Kcrrep11M8HTMLHOro odopyAo
BaHHH. 
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. 3xcrrepl!IMeHTaRLHUe pesyRLTaTH RCMe,ItOBaHHJI 
KOJtJieKTHBHOro ycxopeIDtl! HOHOB B P3Il H me CpaBHe.Hne c 

MO,It8JIJ,HU.MH npe,ItCKa~8.JIRl!MH _ 

3xcrrepl!IMeHTaRLHUe HCCJie,noBaHHH nponeccoB KOJtJieKTHBHoro yc
xopeHHH HOHOB B P8Il IIpOBo.n:wmcL B.Hmf JN1 npH TOMCKOM llOJIHTeXHH
tJ:eCROM RHCTHTYTS-Ha YCKOPHTeJIHX "Tonye" H HCY-600 c Bap~upye
MllMH napaMSTPaMH P3Il: ,ItJIJI "ToHyca" - 20 KA ~ IlIHJ!teK < 60 KA , 
0,5 MB·,5. V ~ I,6 MB, ,ItJIJI HCY-600' - 5 KA~ IHHJ[eK~ I5 KA, 
0 ,3 MB ~ V ~ 0, 7 MB. CxeMB. HCIIMLSOBaHHOff BKcrrepl!IMeHTaRLHOii 
YCTaHOBKH rrpe,ncTaBReHa Ha PHC. I. llllipoKHe ,ItHallaSOHll IISMeHeHHJI 
rrapaMeTpOB P8II IIOSBOJIRJIH BHIIOJIHHTL M8.nyKlllH~-8KCIIepHMeHTU: 

I. 3xcnepHMeHm c pasJIHtIHID.m rrapaMeTpaMH rrpocTpaHcTBa ~eilqla • 
(po.n rasa, ero .ItaMeHHe; reoMeTpM npOCTPaHCTBa ~eiiqia) H rro -
CTOJIHHIIMH napaMeTpaMll P8II •. 

2. 3xcrrepHMeHTH c IIOCTOJIHHUMR napaMeTpaMH IIpOCTpaHCTBa ~eii
qia, HO c rrepeMeHHHMH napaMeTpaMH P3II sa CtJ:eT BapLllpOBamm aHO,It
KaTo,ItHoro sasopa. 

OcHOBHUe pesym,TaTU BT:WC BKCII8Pl!IM8HTOB°CBO,ItHTCJl K M8.IJYKill8My: 
a) B :ii:cMe,noBaHHHX, ··BimORHemmx Ha "Toiiyce", ycKopeHHUe 

HOHll HatI:HHMH perHCTPHpOBaTLCJl IIpH IRH.l[eK ~ I ,3 • Irrpe,n, 'ITO Ha
XO~TCJl B corRaCHH c KOHD;eitUHett rrpe,nem,Horo TOKa/13/(cM.pllc: 2). 
OTcyTcTBHe Ha6R:iru:taeMUX ycKopeHHHX HOHOB rrpx IHIDJte1t'I,3·Irrpe,n,, 
OtJ:eBH,ItHo,,o6yMOMeHO KOHeiumM rroporoM perHcTpaD;HH CHCTSM ,IteTeK
TllpOBa.HWI; 

6) B neROM Ha6Jm.ItaeM!le xapaxTepHCTHKH HOHHHX crycTKOB co -
rRa~yDTCJl C a~eKTpocTaTHtJ:ecKO:l!: npnpo,noft Mexrum:sMa HX YCKOP.SHWI 
/I0/(He8a.BHCHMOCTL Y';MI,HOff cpe,ItHe:l!: BHeprHH'HOHOB OT MaCCU, ee 
IIpHMepHoe llOCTOJlHCTBO IIpH Hll8KOM .ItaMeHHH rasa H.Hel18M8HHHX na
paMeTpax P8Il, YM8HLmeHHeaqxpeKTHBHOCTH ycxopeHHH HOHOB IIpll. 
YMSHLilleHHH .WIHHH .npettqia .no Be.ID!'mHil (2i3) RTp H T.,It.); 

B) .IIOJIY'leHHl:le pesym,TaTu rro. pa.n:y rryHKTOB yKJia,ItUBamciJI B Mo
,nem,ID/ (peDM!l . rasOBUX ·.ItaMeHH:11 -· H o6RacTH YCKOpeHHJI llOHOB ,IJ!OP
Mli HoHirux'' ccycTKOB H BHepreTHtJ:eCKmi pas6poc, IlO,ItaMeHHe YCKOpe-

• t ,_ , . 

HHH HOHOB B .aKCllaJII,HOM HarrpaMeHHH MarHHTHHM rro~eM B >- 400 re 
(pnc.-3),·rrpIDl!epHoe IIOCTOJ!HCTBO BKBHBMSHTHOro SapJI,Ita ii ~OH.HUX 
cryc!xax HSSaBll:CHMo,.oT po,na rasa l! ~-.It-}; 

14 r) B TO xe BpeMH Ramu pesym,TaTu B corRac:im_c pa6oTo:l!:1 1 
YKaSHBaDT Ha cynieCTBOBaHHe IIpBMOit 8aBHCHMOCTH M8JKJJ.Y ~THOmeHHeM 
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IruilKeR / Inpe.n: H OTHOllieJmeM En/ Ee ,lt7IJI ycRopeHHllX HOHOB B pe
~e Jm3Koro . .Il8BJiemm (puc. 4). 3To He corJiacyeTCJJ c npe,n:cKasa
HHHMH Mo,n:eJIHIIJ/, H ,lt7IJI coxpaHemm KOHUe:rmmr qiopMHpoBamm Ha 
qipOHTe P3II r.ny60KO:fi IIOTeHD;MaJII,HOii SiM11 (Y JI =(2+3) Ee/ e ) He -
o6XO;rtllMO BBe.n:emrn MexaHH3Ma .n:oycKopeHHJI HOHOB /!4/, Jm6o B npo -
TllBHOM CJiyllae - HOBUro npe.n:cTaBJieHHJI O q>OPMHJlOBaHHH IIOTeHIUWJII,
HOf1 ru,ru c r.ny6HHOii, 3a.BHCJllllefi OT a6cOJIIOTHOii,BeJIHl!HHH npeBlillleHHJI 
TOKa HHXeKUHH Ha.n; npe.n;en1,1ruu;. 

.n:) IIO.Il8BJieHHe BUXOM HOHOB, YCKOpeHJIHX B pa,nllaJil,HOM HanpaB
JieHHH npH HaJIOJlteHHH MarHHTHoro IIOJIJI B>-; 400 rc,TaKJite He corJia
cyeTCJI C MO,neJII,JO/IJ/' B paMKax ROTOpoii .HaJIO~emrn .n:ocTaTO'lHO . 
CHJII,HOro MarHHTHoro IIOJIJI ,ltOJI.lltHO npllBO,nHTI, K YBeJIHl!eHHJO BUXOM 
HOHOB,YCROpeHHblX B pa,nnam,JIOM HanpaBJieHHH; 

e) OTCYTCTBHe Ha6JIJ(\ItaeMb!X ycxopeHHllX HOHOB npH pa6oTe Ha 
ycROpHTeJie HCY-600 , HeCMOTpJI'.. Ha 3aBe,ItOMOe BllIIOJIHeHHe Tpe60Ba
HM IumteR ~ Inpe.n: ( InH'1teR = IO KA, Inpe.n: = 3 KA) H BllIIOJIHe
Hl!e YOJIOBM -t ..... o~'t.~+ l//C /I4{r.n:e t_ ... n - ,ItJIUTeJII,HOCTI, IIY"'I
Ka, 't' i,e - Bperm HeiiTpaJIH3aIUIH m.m B6Jm3H aHo.n:a (,It7IJ1 P = ro-I 
MM pT.CT. H2 ,·t·,,e =· IO He )" L - ,ItJOOia .npefiqia, . .f!C. - CROpOCTI, 
qipOHTa, yJta311BaeT Ha He,ItOCTQTO~HOCTI, BllIIOJIHeHHJI 8Tl!X YCJIOBHii ,lt7IJI 

B08HIDtHOBeHUJI ycROpHTeJll,HllX npouecCOB B P3II, a B paMKaX ROHUen
UHH r.ny60KOii IIOTCHIUiaJII,HOii m.m - Ha ee OTCYTCTBl!e B STOM CJiyllae, 
HeCMOTpJI Ha .BllIIOJIHeHHe yRasammx YCJIOBHii. 

MarHHTHOe IIOJie H 3apll,ll;OHelltpaml3aUHOHHble · 
npouecc11 B P3Il 

Bo BTOpofi rJia.Be OIIHCaHll Taltllte SRCIIepHMeHTll IIO l!COJie,n:oBaHHJO 
3apll,ll;OHelltpanH3aUHOHH!iX npoueccoB B P3II, lIX pesyJII,TaTll l! aHa
JilI3. EllJIU BllllOJIHeHll H:lMepemm: 

I. CKOpOCTH qipoHTa P3Il B 3aBHCl!MOCTH OT ,n:a.BJiemm H po.n:a rasa 
B Tpy6e .npefiqia rrpn B = 0. 

2. CKOpOCTl! 3apll,ll;OHellTpanH3aUHOHHUX npoueccoB B P3Il npn Ha
JIHl!l!H MarHHTHOro IlOJIJI B > BxpnT l! des Hero. ,UJm HCIIQJll,8yeMWC 
rrapaMeTpoB P3Il K llpOCTpaHCTBa .npeiiqla BitpnT ~ 2800 re. 

3. 3q$lRTHBHOCTH llpOXOlli,IteHHJI P3Il B 3aBHCHMOCTH OT .Il8BJieHHJI H 
po,n:a rasa npn HaJIHl!l!H BHemHero MarHHTHoro rroJIJI B ~ BxpnT· 

4. BpeMeHHllX u 8MllJil!TY,ItHllX xapaKTepHCTHR IIpOBHCaHl!Jl IIOTeHD;Ma
Jia P3Il B pa3JIHl!HllX ~acTKaX Tpy6u .npeiiqla. 

HsMepeHM np0Bo,riwmc1, C IIOMOl!II,JO eMROCTHHX ,n:eJIUTeJieft, ycTa-

6 
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HOBJieHHllX B Tpy6e .npeiiqla, UHJIHH.npa <l>apa,neJI H lliyHTa o6paTHoro TO-
Ka. 

BHemHee HMITynLcHoe MarHHTnoe none cos.n;aBanoc1,·coneHoH.n;oM npw 
pa3pll,n;e qepe3 Hero datapeH KOH,ll;eHCaTOpOB C 3HeproeMKOCTLD 50 Knx. 

.lJ,lmTeJII,HOCTI, l!MIIYJibCa MarHHTI:Oro IIOJIJI ( T = 60 MC) 61ma .n:o
CTaTO'!HOii ,lt7IJI npOHHRHOlleHM IlO.Jm ~epes CTeHRH Tpy611 .npefiqla. 

OcIIOBHlle pesym,TaTll STJIX SKcnepHMeHTOB CBO,ItllTCJI R CJie,n:yKI11eMy: 
I. IlpH YBeJil!I<IeHHH ,n:a.BJieHHJI rasa pe3KIIfi CRa~OR CROpOCTU cj'JpOHTa 

P3II, oxH,n;aeMI.Ill cornacao Mo,n;enH/IJ/, He uadnll,l4aetcH. · 
2. Ilpn HaJIOlKeJmH npo,n:0JI1,Hor·o MarHHTHoro nOJIJI B > BRp B 06 -

JI8CTH ,Ita.BJieJmfi .n:peilqioBoro rasa, COOTBeTCTBYKI11eii peJKHMy ycROpemm 
HOHOB,Ha6JIJ(\ItaeTCJI 3aMe,ItJieJme 3apll,ll;OHelltpanH3aUHOHHHX npouecCOB. 

3. IlpIL HHJKeRUUH P3II B Ba.RYYMHYJO Tpy6y ,n:pefiq>a ( P ~ rn-i1M pT. CT) 
H H~HH BHellIHero npo,n:OJII,HOro MarHHTHoro IIOJIJI B > IlKp B npH
auo.n:uoii 06JiaCTH r.ny6oRaJI IIOTeHURaJII,HaJI JIMa ( Y.51 =(2+3)·Ee/e) He 
q>OpMHpyeTCJl. 

PesyJibTaTH npoBe.n:eHHHX H3Mepe!mi1 COOTBeTCTByJOT RapTRHe o6pa-
30BaHHJl B6JIU3H aHOM BHpTyaJII,Horo RaTo,n:a C rJiy6HHOfi npOBRcamm 
V!i;; (11-1) m C 1/e , B TO EpeMR: KaR npOBHcamrn IlOTeHUHaJIU Ha OCR 
P3II B cepe,nnHe Tpy611 ,npeiiqia B MecTe pacrroJioJKeHRJI ,n:eJIUTeJIJI w 2 
xopomo corJiacymcJI c Be~Holl ( )( - 11 'Ll)m c 1/e. 

Krut BTOpofi, TB.RR TpeTHii IIyHKT Ta.KlKe He cornacyDTCll C npe.n:
CTaBJieHWIMli Mo.n:e.mr/131, B ROTOpon IIO,Ita.BJieHHe YCROPHTe.JrbHllX npo -
ueccOB BHemHHM MarHHTHHM IIOJieM Ka~ecTBeHHO 06MCRJleTCJI B03MOJltHblM 
ycRopeHReM sapH.n;oaelltpannsauHonH!iX npoueccoB B P3Il, a o6paso
BaHHe rnydOKOll JIM!l - He CBJl38HO C MarHHTHHM noneM H 3aBHCHT nHWI, 
OT BblTIOnHeHHll ycnoBHll IHHXeK"l,Inpe.n;. 

TaKHM o6pa30M, 3RCIIepRMeHTaJII,Hlle pesyJII,TaTbl, H3JIOlKeHHlle BO 
BTOpofi rJiaBe .nnccepTarnrn, yJta3HBaJOT Ha TO, ~To qiopMHpoBaHne no
TeHIUWJII,Hmc YCROpJIKil1HX"HOHll CTpyRTyp Ha qipOHTe P3II CYllleCTBeH
HO 3aBH?}1T .He TOJII,RO OT BllllOJIHeHHJI Tpe6oBaHM IuHJKeR?; I~e,n:, 
HO H OT ··raKHX. xapaKTepHCTHK, KaK Ham1qne MarHHTHOro nonH, )VIH
TenLHOCTL ¢poHTOB HanpaxeHHll H TOKa P3Il, aMTinHTY,ll;HOe 3HaqeHHe 
TOKa HHXeKUHH H T.,ll;. 
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3JieKTpOcTaTH;IeCKHtt Mexa.HH3M, H qiopMllpOBaJrne 
r.ny6oKott rroTeHUllB,JII,HOtt .RMl:l Ha qipoHTe P3IT 

B CBSISH C ll3JIOX8HHHM'BHill8 Hru.m 6UJill BUITOJIHeHH 'IBCJieHHHS pac
qeTU ruviteKUllll P3IT :s ITOJIOCTb .upe:ficpa :s KBaSHCTaTWieCKOM rrpH6J!llXe -
Hllll Wili BWICHemm POJill aJieKTpocTaTHqecKoro MexaHHSMa (rrOJIOXeHHO
ro B OCHOBY Mo,ne;renlID,II,l2/)rrpH ~pMRpO:samm ITOT8HI(lraJII,HllX . 
CTpyitTyp Ha q>pOHTe P3IT. OilllcaHHe 8TllX pacqeTOB, llX pesyJThTaTU 
cocTaBJIReT co,nepxrurne TpeTMtt r;ra:su, .nHccepTanmr. · · 

PaccMOTpeHH 6UJill TpH CJiyqBJI: 
I. l1ruKe:icuM P3IT :s rro;ryrrpocTpaHcT:so qepes ,l)llS.ne.rurRJey10·saseMJieH-

. , ,,, . . """,;•, 

HY!O ITJIOCKOCTb • 
2. HHxeroum P3IT :s c~pHqecRYJO ·sKBm:roTefIUHam,HYJO rro;rocTb. 
3. HH~eKUM P3IT B ITJIOCKd 8KBHIIOTeHUHaJibmnt .nHo.n. 

BuqHCJiemm rrpo:so.nwm:cb)t)IJI paSJ!HqHUX 3Haqelid TOROB HHXeronm H 
,nJIHH q>pOHTOB HarrplllKeHM H TOKa P3IT. 

B pacqeTax HCITOJ!b30BaJICH M8TO,n 60J!blilHX qacT:im/151.co:sMeCTHO 
qHCJI8HHO HHT8rpHP0BaJIHCb ypa:sHemm ,n:sHJKeHHH 60JI:&IIIHX qacT:im H 
ypa:sHeHM IIyaccoHa Wili aJieRTpHqecKHX ITOJie:A C HCITOJ!bSOBaHHeM T.H. 
cxeMU "rrepemarlI:BaimSI", B.RoTopott BllqHCJiemm cKopocTH:H Koop,nHHa.:. 
TU traCTHU IlpOH3BO,nliJIHC1, ·:s MOMeHTbl Bpel.lem1, C.nBHHYTU8,.0THOCHTeJ!bHO 
.npyr .upyra Ha O ,5 6t , r.ne b.~ - :speMeHHOfi mar HiITe:rpHPOBrurnH.B. 
rrpouecce OTJia.nKH a;rropHTMOB 6wm HcCJie.no:sruiu pasJIHqHlie ·crroco6u 
KOppeKUHH C UeJib!O y:seJIHqeHHH ToqaocTH MeTo.na (YMeHbil8HHe :speMeH
Horo·mara HHTerpHpOBaHHH, :s:se,neHHe rayccoBa.pacrrpe,ne;reru·6oJ!b -
filllX qacTHU rro :rneprHH· H ·T. ,n;) • B ne;roM, :sumerrepe'll!CJieHHU·e KOp -· 
peJCUHH rrpH .nocTaToqHo MMOM mare HHTerpHPo:saHHH ( ro-3Hc) CJia6o 
BJIMJIH mi. KoHeqHUe pesyJ!bTarn. · BuqHCJieHM :surrOJIHHJillcb Bl{ -0.wik ' 
(r.)Jy6Ha) H Bl{ 11HCTHTyTa onTHKH aTMOcqiepu CO AH CCCP (r. ToMcit). 

0CHOBHH8 pesyJ!bTaTU ])uqllCJI8HH:A CBO,nHTCH R CJie.nymteMy-:. 
I. lfircJieHHoe HcCJie,no:saHHe B.K:sasHcTaTHqecKOM rrpn6J!llXeHllll sa,na

qz weKUHH P3IT·:s SKBimoTeHUHam,Hoe rrpocTpaHCTBO .upeiiqla noKasano, 
qTo Hesa:sHcHMo OT reoMeTpHH .upe:ficpa rrpn qx>pMllJlOBaHHH rroTeiriJ;Ham, -
Hott CTPYKTypll mrxeRTHpyeMoro P3II CYI!l8CTB8HHYJO POJ!b HI'J)aeT ,nJIH' _: . . 
TeJibHOCTb q>pOHTa HarrpHXeHHH P3IT (rrpeHMYI!leCTB8HHYJO rro·cpa:sHeHHJO·C· 
BJIHHHHeM ,nJIHTeJibHOCTH q>pOHTa TORa HH.lKeronm) •. 

2. <I>opMllpOBaHHe rJiy60ROtt .RMl:l V9 =(2+3) Ee/e Ha6.mo,naeTCH rrpH 
HYJieBUX HJIH oqeHb MaJIUX (no cpa:sHeHHJO co :speMeHeM rrpoxoJK,Itemm 
P3II xapaKTepHUX pasMepoB ITOJIOCTH) ,nJIHT8J!bHOCTHX q>pOHTa HarrplllKe-

8, 

f .• 
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HM ( 'tot<< L/jlc) t r.ne L - xapaKTepHHe pasMep!l nOJIOCTU, j',C 

CKOpOCTb P3Il). B IlpOTUBHOM c;ryqae r.ny6oKaH .llMa He o6pasyeTCH 
(pnc.5 ). 

3. H~e ippOHTa TOKa 'tm KOHeqHoti ,nJIHT8JibHOCTU He IJJH!HeT Ha 

CaM q>aKT ITO.IIBJie.HHH rJiy60KOH noTeH~aJibHOH HMll ( Vs. = ( 2+..'3) Ee/ e) , 
a JIHllib saTHrHBaeT MOM8HT ee no.lIBJieHUH, ecJrn sa :spe1MI,3Ha<UITeJib
HO M8HbIIJee, qeM BpeMH rrepeKpUTIDi P3IT xapaKTepH!lX pasMepOB !IOJIOC
'l'II, HHXeKTUpyeMUtt TOK ycne:saeT :supaCTH ,no B8.7Ilf4J1Hll I,uIJK '?J, Irrp• lJ 
IlpOTHBHOM c;ryqae V g -<. 2 Ee/ e ( PHC. G ) • 
Ilo;ryqeHHUe pesyJibTaTU yKa3UBa!OT Ha HerrpaBOMO'IHOC,!b nepeHoca Kap
Tlmll 4>0PMHPOBaHl!H rJiy60KOll !IOTeHUHaJibHOH HMll rrpII IIYJI8IlllX ,nJlli!TCJilr
HOCTHX q>pOHTOB HarrpSDKeHJUI /II/ Ha CJiyqati HH.lKeKUHH P8IT C KOIIC'IIIOM 
,nJIHTeJibHOCTbIO !ppOHTOB HanpruKeHIIH li TOKa, qTo ITOJIOXeHO. B OCHOBy 
Mo.neJIH /IJ/ • TrumM o6pa30M, ITOKaSaHO, qTo KOHUeITUHJI r;ry60ROH no -
T8HUllaJibHOtt HMll, qx>pMllpyKII1eti B ITpliaHO,lUIOll o6JiaCTll rrpll llI!Xe!,'.UmI 
P3II C peaJibHUMU ,nJIHT8JibHOCT.llMH q>pOHTOB TOKa u HarrpruitelllIR,MOX8T 
611Tb coxpaHeHa Jillillb IIPH YCJIOBim CYIIl0CTBOBaHUH MexaHlI3Ma llHOH, He 
sJieKTpocTaTnqecKoti rrpHPo.ro,r, crroco6Horo cq>Op.MUpo:saTb TaKyro r;ry6o
KYJO mry. 

Mo,neJib qx>pMHpOBaHM r;ry60ROii .llMU lI 
KOJIJieKTHBHOro ycKopeHIIH HOHOB 

B IIRTOH r;ra:se ll3JIOX8H B03MOXH!1fi MexaHH3M, o6ecrreqmiaramrfi 
4JOPMHPOBaHll8 rJiy60KOtt HMll U COOTB8TCTBYl/llllI6 rrapaMeTpU rrpouecca 
ycKopeHM HOHOB, CBSI3aHHOro C 118!0. PaccMOTpeH BOITpOC ipopr,mpona
HM BHpTYaJibHoro KaTo.na B rrpliaHO.IUIOtt 06JiaCTlI. ITOKasaHO, qTo B 
c;ryqae paccurralll(erocH rryqKa rrepeMeHHoti reoMeTpnH TOK mmem~mt 
MOXeT cymecTB6HHO npeBUiliaTb Inpe,n, orrpe,neJUieM!1li BllpallWHUeM 
Irrpe,zt = mc"l- ( ~ z,'3 - 1) 5J'e (1. 2Ln RTf/r.) , TO ecTI,, 'ITO qiopMHPOBaHlle 
EHPrYMbHOI'O KaTO,na B 8TOM CJiyqae Ha6JIIQitaeTCH Jilllllb rrplI cymecT
BeHHO 60JibilIIIX 3HaqeHHHX TOKa HIDKeKUHH, qeM Irrpe~· 

PaccMOTpeHa Mo,neJib q>OPMHPOBaHIIH rJiy60KOtt ITOT0HIIHMbHOH RMB, 

OCHOBaHHaJI Ha npeo6pa30BaHHH MarHHTHOll 8Hepr1m, HaKOITJI8HHOii B 
P3II Ha.~aCTKe KaTO,n - BllpTyam,HUtt KaTO,n, n 8Heprnro 8JI8KTpocTa -
TmecROI'O IIOJIH. CyTb ee CBO,nllTCH-K CJie,Ity1(Il.leMy. Ilpli HIDK8KUHII P3IT 
B IlpOCTpaHCTBO .npeficpa C pocTOM TORa UIDKeKUHH pacc11rraHlI8 P3II B 
rrpllaHO,lUIOtt o6JiaCTH rrpo.nOJIXaeTCH 6es q>OpMllpOBaHHH BllpTyaJibHoro 
KaTo~a ,no ~ocTue11wi·-0rrpe,neJieHHoro sHaqemm 1e ~ (2+3)/~2, co
OTBeTcT:symiero KBa3HITOCTOHHHOii reoMeTpim P3Ilt Heo6XO,nHMOCTb ~0-
CTlleJiruI -te = (2+3)/~2. WI1i rrepexo,na K KBaSlIITOCTOHHHOii reo-
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MeTp:im ron o6yCJIOBJI8Ha KOHetIHo:11 TBMIIBpaTYl)Oti P3Il (HaJIWUie IIOIIe -
pe•moti 3Hepr:im) , "'ITO B CJIYliae fe =Ih 2 nplmO.lUIT K 6eccIIJIOBOMY 
pacumpemno P3Il aa C'IBT HaJililrnJI pa)UlaJII,H0:11 KOMIIOHBHTH CKOpOCTli. 

2 . -
ITpH ~OCTHXeHHH f• ~(2+J)/ )/ paccHnaHHe P3Il npeipa~aerca, npo-
HCXO~HT cj'JOpMHpOBaHHe BHpryaJII,HOro KaTO~a U H36HT0t1Haa qacu. 
TOKa I = I118x( t,) - IrrpC t• ) orpa:merca Has~, K _ aHo~y. • 
YMBHl>lllemrn IIOJIHOro TORa Ha y-qacTK8 KaTO,It - BlipTyam,HH:11 Ka.TO.It 
(a.HO,It• paccMaTpliBa0TCII ,ItOCTaTO'IHO npospa'!HHM) Ha BeJiltlmHY !::,. I 
IlplmO,ItliT K reHeparum mtXpeBOii 3.,It.c., BH3HBanlleii :ycKopeJme RH
XeKTI!pyeMHX 3ReKTPOHOB li yr~6Reime IlpOBliCaJm.ll IIOTe.HnHMa Ha 
BI!pTYaJII,HOM KaTo,Ite Ha BeJiltlmHY 6 V51-= (ti.I/ c) (

1
., .. 2 ln '2Tp/ rJ , r,ne 

(1+ 2 Ln Q. ... p/r~)-reoMeTpli'Iecrurlt qia.KTOp. lfoHH, HaxO,IUnllHeCJI .B 8T01i 
06RaCTli, MOryT 6HT1, ycKopeHH ,Ito MaKCliMaJII,HOtl: _aHeprnli £•(\/e+t:>V~)ii., 
a 3aTeM,IIOCRe HeiiTpaR:li3BnHli IIOTe.HnHaJII,HOtl: SIM!l,Oim Ra'Iruiam ,ItBHllte
Hlie BMecTe c wpoHTOM P3Il. r~6HHa rrpoBncaJIIDI rroTeHin!aRa Ha .ItBH -
xymeMCR: WPOHTe cooTBeTCTByeT BI!pTJMl>HOMY KaTO,Ity 'l!A "'('t-1)mc2 • 
EJiaro,napJI rrpouecca.M npe,ItlllecTBYDiteii noimsanmr/II{ aTa rRy6Ima 
YMeH1>11Iae'1'C1I C TetieHReM BpeMeRR. .· . 

PaccMOTpeHHHtl: rrpouecc OTpazeRRJI 6 I SIBJI!ieTCJI, KaK Ilp8.BR1IO,· 
O,ItHOKpaTHHM, H IIOBTOpeRRe qJOPMI!pOBaHllJI r~60KOtl: JIMH B TetieHRe 
O,ItHoro RMIIYR1>ca MOXeT HMeTI, MeCTO JIIDll1, Ilpli BHe3aIIHOM R3MeHemm 
reoMeTp:im P3Il. B Pa.MKax paccMOTpeRH0:11 MO,IteJm qJOPMI!pOBaRRe r~6o
K0:11 JIMH ecTeCTBeHHHM o6pasoM CBJl3HBaeTCJI C He06XO.ItllMOCT1,D npeBH
lllemui ImDJt( ti) Be~ Inp( ti) ' TaK KaK B IlpOTRBHOM CJiy'Iae 
He 6y,neT RMeTl, M8CTa OTpaxeime 6 I li qJOpMI!pOBaHRe BHJ>TYMl>Horo 
KaTO~a. B TO :a:e Bpewa B OTJIHllHe or npe~CKa3aHHR MO)!eJieR/D/ aro 
YCJIOBHe RBJiaerca Heo6xo~HMl:,IW, HO He ~ocraTOllHHW. lonoJIHHT8JILHHW 
ycJIOBHeM ~OCTaTO't!HOCTH o6pa30BaHHa rny60KOR RMl:,I RBJIHerca BHIIOJI-
H8HHe rpe60BaH11a _ 

1 I-IH:>l<. (ti) ~ K.1 npe.9 ( t.;), 

r,ne K - KOa~eRT 6om,me e.ItmlllIUI, i, - MOM8RT,COOT~8TCT -
Bj'11llllitl: qJ()pMI!pOBamm BHJ)TYaJII,ROro •• KaTO,Ita. B par.max paccMaTpmiae
M0:11 MO,IteJm IIO,ItaBJieime YCROPHT8Rl>HHX rrpoueccoB MarHRTHWI IIO~eM 

o6yCJIOBJI8HO CaMm! qiaRTOM OTCYTCTBRJI CTa,ltlm rRy6oxoft IIOTeRinJMI,
HOft mm, TaK RaK B 8TOM ~ae qJ()pMHJ)OBaHHe Bl!pTYBJIJ,RQI'O JmTO,Ita 
IIpOHCXO,lUIT cpasy xe rrpn ,ItOCTHXemm TOKOM BeJmlDllllll Inp~,It R' 
TrumM o6pa30M, Ra y-qacTKe KaTO,It - BHpTYMl>m4 RaTO,It TOR Ra npo
TJIXemm Boero mmy~ca CY111eCTB8HRO He rrpeBHlllaeT Inpe,It• B MO,IteJm 
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CYllleCTByeT CBJl31, Mellr,Ity IIapaMeTpa.MH :uy,nca - ~TMl>HOCTl,ID P3Il, 
~JIHTeJILHOCTLD rrepe~Hero <PPOHTa HMnYJILca Harrpa:a:eHHa H TOKa, a TaK
:a:e rrapru.cerpawi npocrpaHCTBa ~peRcpa - ero reoMerpHeR, ~aBJieHHeM H 
coprou sarrOJIHRD~ero rasa.IlpH s~aHHHX napaMerpax P3Il nerKo onpeie
JIJie_TCJI Bepxmrii li HRXImtl: npe,ne~ ras~>Boro ,ItaBJie!illJI, npn KOTopmc 
MOXeT IlpOllCXO,ItliTl, o6pa3oBaHne IIpliaHO,ItH0:11 r~60K0:11 m.m. HlllK!rn::11 
npe,ne~ onpe,IteJIJieTCR: TaKllM ,ItaBJieHlleM, Ilpll KOTOpOM B TetieHRe Bceti 
~T~HOCTli mmy~ca P3Il cTerrett1, npocTpaHcTBeHHoii HettTpaRllsarum 
Re ,ItOCTnraeT BeJm'IRHH (2-t3)/ t2 H,_ TaKllM o6pa30M, BHJ>TYMl>HHtl:, 
KaTO,It Re B03.lmKaeT, a COOTBeTCTBeHHO OTpaxeHllJI ll36HTO'!Horo TOKa_ 
oI. reRepaum; BllXpeB0:11 3nc H o6pa30BaHllJI r~60KOtl: .fIMl1 TaKXe He 

Ha6mo.naeTCR:. B &TOM c~ae r~6RHa SIMll Ha WPOHTe P3Il npH ,nocTa
TO'IHO 60Jil,JlllIX TOKax lllil!te~ MOXeT ,ItOCTllraTl, Be~ Ee/e. Bepx
Hmi npe,nen ,ItaBJieHllJI npn 3aMHRHX rrapaMeTpax P3Il 6y,neT onpe,neJIJIT1>-, 
CR HeBHnoJIHeHHeM YMOBM IuH>K (tl) ';?; le. I r,pc:., (-l.) • B BTOM ~
tiae OTpaxeHHe H36HTOtIHOro TOKa ~l_ . Talle He 6y,neT HaMIQitaTl>CII, 
.7Il1160 OHO 6y,IteT HeCY111eCTBeRHHM. Ilo,no6HaJI CllTYanllJI liMeeT MeCTO Ilpli 
pa6oTe c ~HHMll WPOHTaMll P3Il n ,nocTaiotIHO BHCORliM ,ItaBJieHReM ra
sa. TaKHM o6pa30M, paCCMa.TpllBaeMirlt MexrumaM a@ieKTlmHO "pa6oTaeT" 
B pexRMe Rll:3KOI'O_,ItaBJieRRJI·nrrepecTaeT 6HT1, CYllleCTBeHHHM B pelmMe 
BHCOKOI'O ,Ita.BJI8RRJI :wm "y6eraJmJI", KOr,Ita CKOpOCTll ReitTpaRllSarum, 
orrepelltaDT CROpOCTl> Ra~CTa.HHJI TORa. XapaKTep YCKOpJml!HX llOHH IIO-

·JieR B wo~eJIH - RBHO 8JieKTpOCTaTH'tlecKHa, H8CMOrpa Ha HH~YKUHOHHYD 
Ilpl'IJ)O,Ity B03HlOOIOBeHHJI rJiy60K0:11 CTB.UlIORapROft_mm._B.cBJl3n C 8TllM 
Bee 8RCIIepmleHT8J.ll,HO ycTaROBJieHHHe 3aKOROMepHOCTli.ycKopeHHJI liOR<m 
cor~acyJIIIReCII B aneKTp0CTaTll'!eCK0:11 IIpl'IpO,ItOft ROMeKTlmHOro Mexa -
Rll:SMa ycxopeRRJI, COOTBeTCTBym' ll npeWJOJreHROtl: MO,ItMli. PaccMoTpeR
RaJ'l Mo.nw c:essHBaeT MaKCm«aJil,HYD r~6llHY qJOpMI!pyeMoii noTe.HnH~
ROit .IDlll C BMR'!RHOit A I - npeBHIIIeHHJI TOKa me~ Ra.It npe,IteJIJ,Hl:lM 
K MOMeRTY ,ItOCTRJlefmB 'j E. = ( 2i3) / 'g 2. • B ee pm.max B03MOl[HO 
qJ()pJmpoBaRR8 JIMll rRy6EHOft, npeBlllllaDl!eft (2i3) Ee/e, 'ITO comacyeT
CJI C Rammm ,narunum H 8RCIIepRMeRT8J.ll>RHMit pesy~TaTru.m/I4/ R He 
~8!fCH·B IIpllBJie11emm rllIIOTe3H 3axBaTa H ,ItOYCROpeHRJI Ra Wp0HTe 
P3Il RO.HOB B TeX pema.mx ,ItaBJieHRJI' r.ne, ·no BC8ft BepOJITHOCTJI, 8TO Re 
,ItOJmHO Ra6.nlll(aT1,CJI. . 

CpaaHeHHe rrpe~cKasaHHR woAeJIH.c BKcrrepuweHTaJILHHWH pesyJILra
ra)(H JiaCloparopHI AIHO ~H3HltC' ~H3HKC HHrepHeRmeH.iI (pHC. 7)' .~RAH, 
CBJl,IlilA , SaP ~pc , ' ·mm fl~ (pHc. 8 ) rroKasHBaeT xopomee corna

c:e:e. Mo,IteJIJ,,RaK R 8RCIIepm.i:eHT, yxasHBaeT Ra OTCYTCTBHe YCROpR -
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TeJII,Hl,IJC rrpoueccOB Ilpli pa6oTe Ha HCY-600 ( p:.rc. 8) ( OTCYTCTBlle 
li36!1TO'IHOro TOKa o I) lI HaJili'Ille lIOHOB C 3H8pl'1Iefi, rrpeBUDTaKIItefi 
aHepr:.i:ro P3IT B 5-7 paa B CJiy'Iae aKcnepHMeHTOB rpynnu 3aP <liopc .B 
pru.max Mo.neJIB C yMOHI,Ill8HlleM 3HeprHH 3JI8KTpOHOB P3II i - Bemf'Ill
Ha TOKa llHJKeKUHlf, Ilpll KOTOpofi B03MOlltHO KOJLlieKTllBHOe YCKOpeHlle 
llOHOB ,- CMemaeTCJI B 06JiaCTI, 60JII,rnrur 3Ha<rnHHii. 3ro o6yCJIOBJieHo po
CTOM BeJIII'IliHl:l (2+3}/i1 ll COOTBeTCTBeHHO Irrpe,n( t;_ ) • 

PaccMOTpeHHmi Mille MexaHHsM <pOpMHpoBaHM r.7IY60KOH RMil MOJKeT 
6UTI, 3!WJ8KTllBHO lICTIOJII,30BUH B rrpe,nJIOllt8HHOM HaMH ycrpoilcTBe,r.ne 
reHep:rrpyer.rutt HCY P3II lIHJKeKr:rrpyercJI B rrepnyro ceKUMro, co.neplKallzy10 
ras no.n BIICOK11M .naBJieHlleM, TaK 'ITO BUIIOJIHJieTCJI YCJIOBlle xopomefi 
TpaHcnopT:rrpOBKll, a pa.neyc ceKUHJI paBeH pa,imycy P311 •. Ilepnrur ceK
UM oT.neJieHa OT BTopofi ceKUJIJI ropas.no 6oJII,mero .nHa.MeTpa c Hll3KHM 
,naBJieHIIeM rasa P,. ,< P1 npoapa-qnoii MR P3II qioJI1,rofi. <liopMHpoBa
mrn BlfPTYaJII,HOro HaTo.na B C8KUlflI Ji 2 B 3TOM CJiy'Iae IlpllBO.nJfT K OT
pruiteHllID TIO'ITII Boero TOKa IIIDKeI{Ulill lI COOTB8TCTBYlllI1ell reHeparum 
Rmixp. 6oJII,mofl a.MIIJIHTY.nll, ll)OPMlfPYKIIteit r.7ry60KJID noTefmllaJII,Hyro 

m:ry aa qJOJII,rOii n ceI{Ulill Ji 2 • B KOTopoii l'IOHl:l MOryT 6UTI, YCKOpeHU 
.no :mepr.m, sHa'IHTeJII,HO rrpeBUillaKIIteii :meprmo P3II. 

OCHOBHb!E PE3YJI1TATLI PAEOTLI , 

I. Paspa6oTaHU, CitoHCTpynponaHU lI BHe.npeHU B 3KCTiepuMeHT 
CTI8KTpOM8TpU MR CHJITUJI 3HeUr\')TlI'IecKHX U BpeMeHHUX xapaKTepHCTUK 
P3II II ymrnpemmx UOHOB I I, 2/. 

2. :BmIOJIHeHU 3KCTI8pliMeHTaJII,HUe l!CCJie.noBaHM KOJIJIOKTllBHOro yc
KopeHM lIOHOB B P8II B saBllCliMOCTl! OT pa3JIB'IHUX rrapaMeTpOB P3II lI 

npocTpaHcTBa .npettqia/3,4,7/. B ueJioM TIOJIY'IeHHUe pesyJII,TaTu corJia
cyrorcJI C 3JieKTPOCTaTll'IeCKOii rrp:rrpo.noii M8xa.ID!3Ma YCKOpeHJIJI llOHOB.B 
corJiamm c / l 4/ TIOJIY'IeHa ITPJ!tllll[ 3aBlICHMOCTI, MeJK.nJ I11HJK /Irrpe.n JI 

E /Ee , 'ITO HaxO.nHTCJI B COOTB8TCTBlill C KapTl1HOii TIOTeHUHaJII,HOii 
HMU, rJiy6HHa KOTopofi 3aBl!CHT OT IuHJK - Irrpe.n• 

3. B 3KCTiepliMeHTax, BhlTIOJIHeHHUX Ha HCY-600,:ycTaHOMeHO,'ITO 
YCJIOBUe Il1HlK > Irrpe.n/lJ/ He .llllJIJieTCJI .nocTaTO'IHUM MR B03HUKHO
BeHUJI KOJIJieKTllBHOro YCKOpeHM lIOHOB n P3II. 

4. IlOJIY'IeHU .naHHUe O TOM, 'ITO HaJIOllteHHe MarHHTHoro TIOJIJI 
B >- 400 re no.naBJIJieT .no yponHJI qioaa nuxo.n JIOHOB, ycI<:opemmx B 
P8.nlla.JILHOM HarrpaBJiemm. 

4. B TIPJIMUX HSMepemmx TIOJIY'I8Hll HOBHe 3KCTiepHMeHTaJII,HUe .naa
HHe 06 OTCJTCTBHH era.mm r.7ry60Koii TIOT8ffiU1aJII,HOit JIMil Y,-:::(2+3) 'E~ 

12 

B IlpllaHO.nHOfi o6JiaCTll Ilpl!· HaJIOllteHJill Ha rrpocrpaHCTBO .npeliq)a aK -
CHaJII,HOro MarHllTHOro IIOJIJ:I B> Bitp. Hamn ,naHHUe COrJiaCyIOTCJI C Kap
Tl1HOii qiopMHpOBaHM B 3T0ll o6JiaCTlI Bl'lpTJa.lII,HOro :ita.To.na/5/. 

5. BrrepBUe BUIIOJIHeHU IIpJIMUe H3MepeHRII cKopocTefi rrporeKaHHJI 
aapH,D;OHellrpanH3aUHOHHl:lX rrpoueccoB B P3Il B YCJIOBruDC IIOJIHOH sa -

MarHlI'!eHHOCTlI psn/51. . . " 

6. IlOJIY'Ie.HH Honue pesyJII,TaTH o saMe,nJieHllll sapn.n;oH,ellrpa.1rnaa-
nnoHHHX rrpoueccon IIplI HaJIOJKeHHU aKCllaJII,HOro MarHlITHOro ITOJIJI 

B ::> Bitp • 
7. BllIIOJIHeHU 'IllCJieRHHe lICCJie,nOBaHM llHlK8KUJill P3Il c KOH8'IHOH 

,nJillT9JII,HOCTI,ID qipOHTa HarrpmiteHM B 3KBHIIOTeHUllaJII,HJID IIOJIOCTI, 
.npettrpa/7 I. · 

8. IlOJIY'IeHU HOBl:le ,naHHl:le O CYIIl9CTBOBaHllll 3aBlICllMOCTll rJiy6llHU 
<pOpMHpyeMOH SIMH OT .nJIUTe.in;HOCTlI q>pOHTOB HarrpmlteHHJI H TOKa P8II. 

9. BrrepBUe 'lHC~eHHl:l.MlI pac'!eTaMlI IIOKa3aHO, 'ITO 3JieKTpOCTaTlI'!e
CKlIH MeXaHlI3M He,nocTaTO'IeH .nJIJI <papMHpOBaHM rJiy60KOH JlMll V~ = 
(2+3) ,Ee/e Ilpll lIHJ!t8KUllll P8Il C qipOHTaMlI TOKa u HarrproKeHHJI KOHe'I-
HOH .nJIHTMpHOCTlI. i . .;, . 

IO~. _Ilp!),IJ;JIOlKeHa _HOBM MO,neJII, <pap.MllpOBaHM IIOT8HUllaJII,HOH m.ru B 
IlpRaHO.nHOH o6JiaCTH H CBJI3aHHOro C Hett ycKopeHM llOHOB, OCHOBaHHall 
Ha rrpeo6pa30BaHllll sarraceHHOH MarHllTHOft 3Hepr.m B 3JI8KTPOCTaTJI -
-qecKyro BHeprnro IIOT8HnUaJII,HOR JIMl:l IIpll OTpallteHllll ll36h!TO'IHOro TOKa 
OT BllPTYaJII,HOro KaTo.na/7/. . 

II. Ilpe,nJiolKeHa cxeMa YCKOpllT8.JIJI lIOHOB,llCIIOJII,3YKIItaJI YCKOPHT8JII,~ 
Hllii MeXaHll3M, JI8JKamllH B OCHOBe Bil,nBJIHYTOll Mo.neJilI. . 
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CxeMa 3KCnepnMeHTMnHOfi YCTaHOBRH ,n,JIJl HCCJie,UoBamm 
ycKopeHRR llOHOB B P3IT: I-RaTO,U ycRopnTeJIJI,2-aHO,U 
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Pnc. 2. 3a.BncHMOCTn BUXOM }!8 
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~c. 4. a - 3aBHCHMOCTn auepI'lIB HOHOB BO,Uopom OT OTl!OlleHWI 
IRHxew'Inpe,n; 6 - 3aBllCliMOCTn En/EaJI OT OTHOllleHRR 
IIDIJ!tew'Inpe.u• ras - H2, P = 8 ro-2 MM pT. CT. , n = 
90 MM, L .. = 30 CM. 
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