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OEIUAH XAPAKTEPHCTl1KA PAEOW 

AKTy:a.lIJ,HOCTb npod~SMH. 3Kcnepm~enw C lIOJiiij)II30BaHHliMU qac
THUru,m, 3a.HIIMalOillR8 ocodoe MSCTO B smepHOR qJU3HKe II qJII3HKe a~eMeH
TapHWC qacTnn, nosBOJIIDOT Hando~ee npiIMHM crrocodoM IIsy,:i:aTb cn:imo
BYJO 38.BUCHMOCTb B3am.-m~eftcTBUH. IIyt1KH non11pH30BaHHWC qaCTHI~ MOlltHO 
nonyqaTb Ha yCKOPHTenruc BaH-~e-rparupa;ranieuax,nHHeRHHXYCKOPHTen11x, 
UHMOTpOHax,MMHX tpa.30TPOHax,CHHXp0¢a.30TpOH8 AprOHHCKOtt HaUHOHMb
HOtt na6oparopIIII H Ha"M830HHWC ~adPHKax".O~HaKO ~o HaCTO/l~ero Bpeue
Hl'! He y,n;Moc;, no~Tb nepBII'IHO -non11pH30BaHHUX tiaCTHU - Ha 60~;,
nmx qiasoTporrax. 

Ue~i padow. ~CCSPTaIJ;HJI ITOCB.fill18Ha lIPO~eMe COS~a.HRR: HCTOtl
HlfRa ITOJI.fipU30BaHHWC IIOHOB ~ YCKOpllTe~eft npOMSJKYTOqH!,IX :meprltii:, 
B qacTHOCTII,~ qiasoTpOHa C rrpocTpaHCTBSHHOH BapnaIJ;HeR MarHIITHoro 
noJI.fI, paspadaTHBaei-mro B JlfilI Ollill1 (ycTaHOBKa "ili") • .TIM paspeme
HID.r 3TOH npod~eMbl C03~aHa YCTaHOBKa, COCTO~M II3 IICTOt!HHKa lIOJI.fI
PH30BaHHWC rrpoTOHOB II lIOJiiij)UMSTpa Me~emrux npoTOHOB, HcCJie~oBa
IDIJI, npoBe~eHHUe Ha 3TOH YCTaHOBKe, ll03BOJ!lt1Ilt HaHTH rrpmru;mraa.m,
HYJO cxeMy IICTO'llnrna ITOJiilPII30BaHHHX lIPOTOHOB ~- YCTB.HOBKH "ili" , 
ero KOHCTpyKUHIO H OITTHMa.JIJ,HUe pel!tIIMli padOTH _OT~enbHWC ya~OB. 

Harnrur HOBII3Ha. BnepBi.e no~eHH CJie~e pesynTaTi.: 
1) cos~an ;a;nccoIJ;HaTop Bo~opo~a. IIMelOlllHtt aBTOMaTHtrecKoe cor~a

coBaIDie BHYTPeHHero conpo~emm BHCOKot1acToTHoro aBToreHepaTopa 
c m.me~a.HCOM pasJ)Jl,I(a; . 

2) pa.spadOTaH MSTO~HaKOMemm: lIOJiiij)II30BaHHWC HOHOB B Ma.I'HKTO
ccpoeycHpOBaHHOM 3~8KTPOHHOM ny,:i:Ke; 

3) COS~a.H lIOJiiij)IIMSTP Me~eHHWC npoTOHOB, HCCJie~OBaHH ero xa
paKTSpUCTHKK, Ha.lneHa OITTHMaJibHM KOHCTJ)YKU;IIB p~oqacTOTHOro no
Jiiij)H3aTopa, a Ta!OKS rrQJIY'ieHa ITOJiiij)HSaIJ;HJI npoTOHOB B aTOMHOM Ily,:J:Ke, 
6Jm3KM K 1; 

4) rrpe~oxeH MSTO~ HaKOMSHIIR ll~H30Ba.HHWC IIOHOB B 3~8KT
poHHOM KOJIJ,Ue KOJIJISKTHBHoro YCKOpHTSJI.fI H orrpe~e~eHH yCJiomm cox
panemm lIOJiilPHSaIJ;HH; 

5) rrpOaHaJIH3HPOBa!W 3KCnepIIMeHT8JibHile ~aHHHe H o6HapylteHO 
xopomee cor~acRe Me~ Teop:Kett II aKcnepm!eHTOM; 

6) rrpoBe~eHH -im:CJieHHHe pact1ew·~erroJI.fIPHSau;HH npoTOHOB rrpR 
YOKOpemm: II YCTaHOMSHil ~OI!yCTHMHe OTMOHemm: rrapaMeTpOB MaI'HllT
HOro ITOJI.fI ycTaHOBKH "ili" OT npoeKTHWC • 

.!,I ml'M _,.,_ "---.r;- ':VJT!ii£:?'\t#Ms\,; • 

co,~.;J~;ij;;:~ ·:.;;_;:·~ ~~7'f!tarrayr 

nc-~~i .:'.Ll:S: r?f~-..n;,~;"1;.,1r!tlHDt 
GVi'5J.HuTEKA 
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IlprutTII'l'.eCEtrui SHa'lm~OCTb 
r) Paspa60TaHIIllli MeTO~ HSMepemm rro.rurpnsarum IIPOTOHOB .>,!aJIUX. 

SHeprd II03BOJIR:8T KOHTpOJlllpOBaTb IIOJI/l'.pnsarnno ~o mmeronm HOHOB 
D ycKopnTMI, lI TeM CaMHM OIITllMHSll:pOBaTb pa60Ty pasJmllllllX ycTpoilCTB, 
rrpe~asHaqemmx ;rr.;m coitpamemm ~erro.rurpnsarum rrpn ycKopeHHH. Kpo
ue Toro, OH uoxer 6HTb HCIIOJlb3OBaH H B ~pyrnx HCCJie~OBaHllJlX IIO 

aTOllHOil !plI3HKe. 
.-- 2) IIpe.ii.rroxemnm M8TO~ HaKOIIJieIOOI IIOJlfIPllSOBamrnx HOHOB ~aeT 

mICOitYlD ID.fiIYJII,CHYIO HHT8HCHBHOCTb B TeqeHHe BpeMeHH saXBaTa yc
KOPHTe.im, oco6emi:o cymecTBeHHYIO .1t1IH CHHXpoqiMOTPOHOB. 

3) Cos~a.HHSJI 8KcrrepHMeHTaJll,H8.JI YCTaHOBKa MOEeT 6HTb ~CIIOJII,
sonima ua yciauoBKe "<1:i" ;rr.;m ncCJie~oBaulI.fI rrmpoKoro Kpyra perum,i:il 
C IIOJmplISOBaHJWMH rrpoTOHaJm. 

4) PesyJII,TaTiil SRcnepmreIITaJibiillX :it TeopeTWieCKHX HCCJie~OBaHd 
yi:tB.SllllaJOT IIyTll yneJIHtieHIDt HHT8HCHBHOCTH IIy"IKa no.rurpnsonamrnx no
HOB. 

5) 06ocuonrura suaqemm ~onycKOB Ha ToquocTb l!IBMMllpOBaHH.fI 
Wl.I'HlITHoro IIOJIR: ycTaHOBKn "~". ITIID KOTopott ~eno.rurpHsan;ruI He npe
BHCRT s~rumoil nemrcnnru. 

06~eM na60TH. JJ:ncoepTan;ruI RSJIOXeHa Ha r02 CTpamm,ax MamnHO
IIlIOHOro T8KOTa, OOCTOHT HS BBe~emm:, qeTlipeX rJiaB ll saKJIDqemm:, 
co~ep:m_T 35 PHCY"HKOB, 4 Ta6.7ImJ;H n 76 CCWIOK Ha JilITepaTypy. 

COJIEPJKAHHE PABOTH 

B nepnoff r;rane, HOCHll!eil o6sopHW!: xaprutTep, xpaTKO onncaHH 
R3B8CTmie M8TO.I(!I II~emm ITOJmpHSOBa.HllllX HOHOB. ~npe'AeJieHH 06-
111Re ITOHJIT:ruI, OTHOOHll!ll80Jl: K nOJmpRSatnm IIpoTOHOB H ~e.ffTpOHOB H 
IIOB8'Aemm aTOMOB B Ma.I'IDITHOM ll 3JI8KTp:irqecKOM IIOJIRX • .If)m paspa6oT
KH noro1ll!HKa rro.rurp:asoBammx npoTOHOB (HIIII) BH6paH MeTo~ aToMHoro 
nytma ("KJiaoo:irqeomnl"), 'AaJOl!tlIH MaKORMa.!ILHYJ) l!HT8HOHBHOCT1, IIOJIO
lmT8.1II,ImX HOHOB O B03MOltROOT1,D ee yne;r:irqeHWI B m.myJII,OHOM pelltl!Me. 

Bo nropott r;rane o6o6~emt pesyJII,TaTH'. TeopeTJiqeOKo~o aHamrsa 
rrpo~eOCOB B :mm, qiymm;1mtmpyD1IteM IIO M8TO~ aTOMHoro nytma. 

Ha OOHOBe I'l!,Iij)O.I(lIHaM:irq80KitX OOOTHomeHd rro~po6HO ·paOCMOTPe
Ha s~a"l:a/rJTe11emm MOJieity.rurpHoro n aTOMaPHoro BO'Aopo~a RS ~o
co~aropa: r • IIpe~eJII,HOe 'IRCJIO Maxa M m , 'AO KOTOporo yoxopsieT
M ITOTOR, orrpe'AeJIR:eTOH ns YCJIOBruI, 'ITO rrpH 'AOOTaTOqI{O 6QJII,mmc 
paoOTOmntliX OT COIIJia r~p0.I(lIHaMlJq80KOe Te'IeHJie nepexo~T B CB~ 
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60~ IIOTOK. 3HaqeHHe M T8M 60Jibme, '18M MeHbme 'illCJIO Kliy'Ace-
Ha K 110 = 'Xol do , orrpe~eJIR:eMoe OTHomem!eM ope.IUieil 'AJIHHH oBo-
60.IUioro rrpo6era 11a0Tim B ~coo~aTope K ~aMeTpy coIIJia. Ilprr sa
'Aa.HHOM paOXO'Ae rasa 1<110 YMeHI>maeTO.fl O ~aMeTpOM COIIJia H TeM
rrepaTypott rasa. 

Ha HeKOTOpOM paooTommn OT COIIJia-06HqHO YCTaHaBJIImaeTC.fl ce
napaTop - Koeyooo6pasHrur ~aqJparMa. HMeeToJI OMLHoe orpam111eHne 
Ha MaKOHMaJII,Hoe sHa11eHHe nOJIHoro yr;ra BHemHero Koeyca cJ.. Ma.KC , 
KOTopoe orrpe~eJIJieTOH rrponeoooM oTpruiteHHJI npHcoe~HeHHott y~apuoff 
BOJIHH. (Jirur.n;ay JI • .n •• .lmq>lllml E.M. MeXaHHKa CIIJIOIDHUX ope~. M •• 
TIITI'JI, r954, c.5II) • .If)m O.IUI~aTOMHoro rasa npH Mr< 2 no;ryqeHo 
COOTHOID8HR8 

d.._MaKC z 400 (Mr nI/2. (r) 
r~e Mr- 'IHCJIO Maxa B noToKe Henocpe~OTBeHHO.Y oenapaTopa • 

.llJm npooTp8HCTB8HHOro pas~eJieHHJI aTOMOB BO~Opo~a no OOCTO.fl
Hll.f!M OBepxTOHKO!i CTPYKTypl:l qa!I1e noero·HonoJibSYJOT oeKCTYIIOJibrmff 
MaI'HHT. B ~ooepT~R paooMOTpeHl:l ero qioeyoHpymiRe CBOilOTBa H 
nOJiyqeHH Bl:lPruiteHM ,ll;]IJ{ MaTp:e:nu nepe~a'IR; Heo6xo~e ;rr.;m coBMe
~eHHJI nylJRa noJIJiplISOBamna: aTOMOB O 3JieKTPOHHHM IIy'IKOM llOHHSa
TOpa. Ha OOHOBe Jiarpruate:ea q>opMaJIR3Ma pasBiT MeTO'A TO'IHOro pac
'IeTa aKcenTElHCa pas~eJmTeJihHOro MaI'HRTa 12 • C nOMO~ID 3BM ;rr.;m 
TJIIIlI'IHHX OJIY'IBeB BH'IROJI8H aKOenTaHC OeltO'l'JlIOJJl.t[OrO MaI'HHTa fi C 
Jnrnefuio y»8JI:irqRB8JOlll8iiO.fl ~OJ!b OOlI anepTypott (pnc. I). 3'AeOb f.◄ -
paoOTOJIHHe OT ROTOtnmKa aTOMOB 'AO BXO'Aa B MaI'HllT, 2 't1n. - HaqaJII,
HB.JI anepTyPa MaI'HHTa, anepTypa ynemr~aeTcJI B~oJib oon no aaRoey 
--C.."'=c:Li! , S:td.o/o-i· no-!=2.f18 8..,/m-i,.2

, 

r'Ae .)Ii e, - MarHe TOH Eopa, B 111 - MarHIITHoe noJie . y noJIIOcHUX 
HaKOHelJHlIKOB, rn JI 1r - Ma.Cea R OKOPOOTb aTOMOB. H:wiuimI KPH-
Ba.fl 'ABeT 38.BROIDIIOOTb 1i ( e-f / "t.>n ) ]I.JUI 08KOTyIIOM C nOOTO.flH
HOit anepTYJ)Oii. 

B paspa60TaHHOM HIIlI 'AM nepe~a'IR noMpRsarnm OT 9JI8KTp0HOB 
It llp0TOHaM IIp:aMeHJieTOH OROTElMa p~oqaoTOTHl:lX nepexo~OB B CJia-
6oM Mal'HRTHOM ITOJie ( OKOJIO rq,..rc) • B 3TOM OJIY'IBe h1 F - xopo
mee KBaHTOBoe 'IROJIO n ypoBmi: aHeprmr r,2 R 3 (puc.2) npn6JIIDKeH
HO 9~CTB.HTHH. II03TOMy pq_ IIOJie BHSHBaeT nepeXO.Itl:l Melli,Dy He
OltQJII,JmMH ypoBHJIMR c o.IUIRM lI TeM ze F , HO c pasHl:lMII n, F • 
IlOOKOJil,ity B aTOMHOM nytme Ha ma:o~e pas~eJll!:T8.7II,HOrO ?.raI'H,l!:Ta sa
ceJieHl:l TQJII,KO 000.TO.f!HllJI r JI 2, nOOJie ~a6aTH'IeOKOro nepeXO'AB 
J)allHOSaceJieHHl:lMH OTBHOBJITO.fl COOTOmmsI 2 n 3. Ilpn: liOHHsarum TaRO-
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P:IIc. I. 3a.BHCID,!OCT:Z:. a.KCeIITaHTa C6RCTyltOJll,HOrO Mal'HHTa 
OT paccTo.mnm: MellU(y llCTO"llil'IROM ll MaI'HHTOM. 
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Pnc. 2. ,UnarpaMMa ypoBnen aneprim aTOMa Bo,nopo.na B 
MaI'HHTHOM IIOJI8. 
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' ro rrytIIta. B CMl>HOM Mal'HHTHOM IIOJI8 CTerreHI, IIOJUipll88.Uillf IIPOTOHOB 
paBHa P = -1. I!OJUipirnB.UIDI P = +1 IIOJIY'Ia8TCJI rrpll ll8Menenmr narrpaB
JieHHJI MaI'HllTHoro IIOJIJI HOHll8aTopa.. 

Homrnaruno 8.TOMOB IIPOll8BO,ItJIT :weKTPOHlillM y,napoM B CJIJII,HOM 
Mal'HHTHOM IIOJie ( B :> 1 Itl'c). I!ytIOK 8JI8KTPOHOB OOH.'IlIO HHl!t8KTH
pylOT BHYTP:Z:. UHJ[ID{.lWli'I8CKOro ruio.n:a, H8XO.JWJ1erocJI IIO.It IIOT8HUH8JIOI\I 

Ua. ~ 500 B. Ee~ IIOT8JIUH8JI 8.HO.I(HOro 3JI8RTpo.n:a rrpeBI1IJJ8.6T I+2 
KB, TO rrpn .n:ocTaTO'IlIO OOJII,mott B8JII[lll!He MaI'HllTHoro IIOJIJI B08HITKaeT 
BH.CORO~ pa8PlJ,I{ IIenmmra, OCHOBHOil xapa.KTepIICTIIKOfi KOTOpo
ro JillJIII6TCJI TO, ~TO ~CJIO oc~. COBepmaeM"a Ka.lK,I(ID.I 3JI6KTpo
HOM, Bec:z:.Ma Be~KO,ll )t}UI IIO.IJ:,I(6J)llta.HM pa8Jl,lJ.Ita Tpe6yeTCJI H800JII,mon 
TOR 8:MHCCilll. 

E~ YCKOpllT6Jll, pa6oTaeT B ITMIIYJII,CHOM pel!Uille. TO IIOJIJiplI80-
Ba.HHHe llOHll MOlltHO IIH.TaTI,~g Ha.KaIIJII[BaTI, B Teqenlle BpeMeHH M8J!UIY 
IlMIIYJll,08.MlI ll BllTJirRBaTI, 8a BP8MJI 88XBaTa IlOHOB B rrpouecc YCROpe-
HHJI. IIpmunm 0,I(HOro 1[8 HOHH8aTOpOB C Ha.KOIIJI8Hll8M HOHOB ornr-
CaH B pa6oTe ( Cott,-et P. C. R. Ac. Sci_I970, B270, p.343). 

C ytl8.CTH8M aBTOp' 6wr pa3pa60T8H HOBllH crroco6 Ha.KOIIJI8HM 
IIOJIJIPll80Ba.mmx HOHOB 3/ IIPK IIOMOillR 8JI8KTPOHHOro IIytIKa, ccpopMH
poBaHHoro B CilJll,HOM ITPO.IJ:OJI1,HOM MaI'HllTHOM ITOJie BHYTPll ceKUHOHHpo
BaHHOit .n:peitqxrnott Tpy6KU. IIpHHUHIIH8.Jll,HM cxeMa HOHH8aTopa c Ha.KOIT

,JieHHeM KOHOB .n;aHa Ha puc. 3. I!ytIOK 8JI8RTPOHOB, BllTJirHBaeM11X 3JI6KT
pnqecRHM ITOJI8M HS ROJI1,U8BOro KaTO,Ita I, CJltl!l(a8TCJI ITO.It .n:eficTmI6M 
napaCT8.IOlltero B.n;OJII, OCH MaI'HHTHOro ITOJIJI B CIIJiomnon Ilyt!OR. ATOMll, 
.IJ:BmtylltlI8CJI COOCHO C 8JI8RTPOH8.Mll,HOHH8HJ>YlOTCJI BeyTpll .n;peilcpoBott 
TPY6RH. 3JI8RTPOHll IIOII~aDT na ROJIJieRTOP 4, a HOHll HaRa.IIJIHBaIOTCJI 
BHYTPH .n:pettqxrno:lt Tpy6RH 3' OROHe~e 8JI8KTp0.IJ:ll KOTOpott ItaxO,ItJITCJI 
ITO.It IIOT8HUHMOM 6oJiee B!lCOJmM, qeM y OCT8.Jll,HH.X 8JI8KTPO.D:OB. B pa
.IJ:U8..1ll,HOM HarrpaBJieHHH HOHll y.n;ep,mB810TCJI 8JI8KTPJA8CKIIM IT_OJief,f, 008-
.ItaBaeMHM o6~eMHH.M 58.Jl.lJ.D:OM nyqKa 8JI8RTPOHOB. Ha pnc. 3a IIORa8aHO 
pacnpe.n;eJieHHe ITOTenn:e:Ma na MeRTpo.n:ax B ITpouecce HaKOIIJieHHJI no
HOB. BHcTpoe BHTJirlIB8.HH8 HOHOB ITp0llBBOMT ITPll ITOMOlllll RpaTROBpe
M8HHO ,neitCTByx>~ero rp~eHTa IIOT8HUH8Jia B.IJ:OJII, .n:pettcpoBott Tpy6:iw 
(p:e:c. 36). 

Pacqern rroRa8HBruoT, qTo BpeMJJ Ha.KoIIJiemm ·.D:JIJI LL"= 3 KB 
R IIJIOTHOCTI! aTOMOB roIIaT/ c~ COCTaBJIJI8T OROJIO I MC. IIpH B8Jili'IIIHe 
8JI8KTPOHHOro TOKa OROJIO 2 A (OBCJIHitllROB B.II. o:wrn:, 13-9584, .1]y6-
Ha, 1976) lI ,iµnme lIOHU3aTOpa 1 M q,ICJIO Ha.KOIIJieHHH.X IIpOTOHOB ,ItO
CTlII'8.8T sltaqeHHJI 2,5·IOII. B08MOJtHOCT:Z:. 8KCTP~ l!OHOB sa Bpe-
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MlI lIBCROJll,KO .rteCJITROB MRC .rt0Ra3aHa 8KCIIepmaeHTaJII,HO (Ba,neeB B.II. 
n .np. OHHH, P7-I0823, .Il.y6Ha, 1976}. 

B nponecce HaitoIIJiemm IIOJil3:Pll30BaHHI:le lIOHI:l llCIIHT.Erna.TOT 60JII,moe 
'IIICJIO CTOJIRHOBemrli C 8JI8KTpOJia.Mll, O.IJ;.Eiairo IIOTepn llOJIJipR3a.rum He 
oxn.rcaeTCH, Ta.It RaR ;ItJIJI HepeJIHTmmCTCKIDC aJieRTJ)OHOB KYJIOHOBCKHe 
CTOJIKHOBBHIDI Ha Hee He BnHHDT. \ 

Y ~asoTpoHa·c rrpocTpaHcTBeHHofi napnannett Ma.I'HllTHoro IIOJm 
Tffi.CTOTa n;mtJIOB yc1mpeHRH COCTaBlIT 600 ru, a BpeuH saxaaTa - 20 MKC. 
EcJIII B TeqeHRe 3Toro BpeMeHR BHTmryTI, ll3 HOHil3aTopa BCe HaROIIJieH
HI:le noHI:l (I,5-IOII rrp11 .rt.mrne noHRsaTopa 60 CM), TO :mvmyJ!hcHllli 
TOR mmeKitim .COCTal!lIT I,2 MA. IlplI ROajlp~eHTe ~30Boro srurnaTa, 
paBHOM I/3, lI ajxpeKTllBHOCTR TpaHCIIOpTlipOBKll OT l'IOHR3aTOpa .rtO 
neHTpa ycitopHTeJIH, paBHOit O, I, llHTeHCilBHOCTI, BHBe.rteHHoro llOJIJiplI-
30BaHHOro nyqlta COCTaBHT 0,3 1.mA. 3TO B 250 pas BHme npoeKTHOro 
suaqeHRH llOTOKa nOJIHpn30Ba.HHHX npoTOHOB, eCJIII IIOJIY"4aTI, llX pac
ceHHll9M Ha MmlleHR. 

AHanoI'l'ItIIlllM o6pasoM ll,It9T npouecc HaROIIJieHruI ROHOB B 8JI8RT
poHHOM KOJ!brte KOJIJI9RTRBHOro YCKOPRTeJIH. 3.1reKTPOHHOe KOJ!b!tO H.MeeT 
CHJII,HOe C06CTB9HHOe 1-iarHl'ITHOe IIOJJ;e, lI npR ,103lll!i.eHHH npoTOHOB BHYT
PlI IIOTe~am,uoli JThfil 3JI9KTPOHHOro KOJ!brta Ha CIIRH npoToHa .rtefiCTBY
eT nepeMeHHoe BO BpeMeI!lJ 'a.rtm:THoe noJie, cnoco6noe .rtenOJIJipRS0BaT1, 
noIIH. /ma.mm noKasIIBaeT" 4 , qTo yCJiomi:e MaJiofi .rtenOJmp:irnru~rn: ROHOB 
ycTaHaBJ.llIBaeT rrpe.rteJI Ha lIOJIIIOe 'IIICJIO 3JieKTp0HOB B KOJII,ne. .1{JIH 

KOJ!brteTpoHa OHHH yCJiolllie cox¥reHruI noJI!ijl:irna.rum P ~ 0, 9 npno
.rtRT K orpaIDI1Iemno Ne f 3 • IO 3 • 0lK11.rt8.81,UUI l'IHTeHCHBHOCT!, nyqKa 

ycKopeHHmt llOJIHpn30BaHH!llt ROHOB paBHa 3•IOII IIpoTOHOB/m.m. 
Ilpll l'Imte:imim IIOJI!ijllISOBaHH!llt IIPOTOHOB B CWII,HOTO'Illllfi ~asoTpoH 

8Hepr:im npoTOHOB COCTaBJIH8T IO K3B • .1{JIH H3MepeHRH lIOJI!ijllI3annH 
npoTOHOB IIpl'I CTOJ!b Hl'I3KllX aHep:rmoc 6WIO npe,It1IOJit8HO lICIIOJll,80BaTI, 
rrepexo.rt IIpoTOHOB B MeTaCTa6RJII,HOe COCTOmm:e 2 Sita , ;ItJIJI KOTO
poro saceJieHHOCTH ypOBHefi CBepxTOHKOfi CTPYKTYPH 3aBHCHT OT IIOJIH
pnsa.rum npoTOHOB RCXO.IJ;Horo nyqKa ( Cta."s"ttu~ G., Ftck "b. NIM, 
I967, 47, p.I7I). 

B JtaqecTBe MlIIIleHlI HaH60Jiee ajxpeKTRBHO RCIIOJII,30BaTI, napu ne-
3HH, .rtJIH KOToporo ceqeHRe rrepexo.rta B MeTacTa6wn,Hoe cocTomrae 
.rtOCTaTOqHO BeJIRKO. IloCJie HefiTpanRSa.rum nyt!OK Hanpa:BJIJmT B 06-
JiaCTI, C IIpO.IJ;OJ!bHID.! MarHlITHllM IIOJieM 8~ 574 Ye H IIOIIepe'l!lmM SJieKT
pnqecKRM IIOJieM E ~ IO B/CM. B 8TOii o6JiaCTH MeTacTa6HJII,mte aTOM!i 
B COCTOHHHHX } (pnc.4) nepeXO.rtHT B OCHOBHOe COCTOmme c BHCBe-

6 

., I 

.-=:::::---------=--- 6 

cfCJ-w£ 

T @:r17 · .. '\ 
\ T' . ®:~ 

l._ -

Pn:c. 3, Cxer11a HOHH3aTopa C lfaKOIIJI0HH0M IIOJIHpH30BaHIIUX IIOHOB j 

.1'>,J 

a) pacnpe,n;eJieHIIe n0Te1rwrana B,IJ;OJII, ocn npu· HaKOIIJicIInrr 
li 6) npn Bl:lTfil'llBamm UOHOB, 

,· 
'i, 

Mrt.1 

~ 

100 200 

m1 m; ... _ 

500 600 a.re 

Pnc. 4. CBepxTOHitaJI CTPYKTYPa ypomrnfI aT0111a Bo,n;opo,n;a 
2 S41 2 n 2 P-112 B Mar'HHTHOM IIOJie. 

Yi• 
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'IlIBaIUieM <J)<>TOHOB c ,ll;JIImo:ii BOJIIm I2I6 i . }fHTeHCilBHOCT!, II8JIY'{emm 

rrporropuuonaJII,Ha aaceJie1mocTJI 

N(J)-= Nl~)+Nt4):: ~[1-·~ <.1-J,i::r.~)] 
(2) 

r.ne :x: = B / B c , B - rroJie B o6JiacTII ue:iiTpaJUiaanrm, Be = 
= 63,4 re. MeTaCTaOIIJII>HIIe aT01ru B COCTOmmRX d... IIOIIa.l{aIOT ,naJiee 

B o6JiaCTI, CJia6oro Mfil'ID'ITHOro lI CU.Jll,HOro aJieRTPJNeCKOrO IIOJie:ii, 

r.ne rrpol!CXO,nIIT rrepexo.n me B OCHOBHOe COCTO.lIHlie. JfHTeHCHBHOCT!, Il8-

JIY'I0HHlI rrporropun:oHa.JII>Ha 

N ~d..): N l-1) + N l2.) = ½ [ 1 + ~ U - J 1: :x)] 
(3) 

TaRIIM o6paaoM, IrnMepmI llHTeHCiffiHOCT!, Jia:iiMa.HOBCKoro II8JIY'{eHHlI .ItBY

M/I C"leT'!IIRaMil g}OTOHOB, IIOJIY'{aeM llH!pOpMaumo O aaceJieHHOCTI! d..- I! 

~ - ypomrell COCTOJIHII/I 2 S-112 • l\Ba cearrna Il8MepeHID1 C BRJIJOtJ:emrnM 

I! BHKJIIOtJ:eHHHM pq-IIOJIJipll8aTOpOM ( crwpocTII CtJ:eTa n: , vi; R 

n; , h~ COO/BeTCTBeHHO) .UaIDT ,nBa HeaaBllCHMHX 8HatJ:eHlIJI rro-

JI1Ipuaauirn IIPOTOHOB 5/: 
2 n +) p = - ( 1 - -➔ 1 _ C . n; ' (4) 

P, = 1 '~; - 1) 
- C \ - ' hl.. 

r.ne c -: 1 - ·x /~ :x,: 
B CIIJIY B03MOlKHblX H8MeHeHmi aqxlieKTUBHOCTe:!J: CtJ:eTtJ:IIKOB 8TH peayJII,

TaTU ycpe,nHJIIOT B cooTBeTCTBIIli co cTaTIICTHtiecRUMII omu6Kru,m: uaMepe-· 

1m:!J:. ECJIJI IDITeHCHBHOCT!, rrytIKa MeTaCTa6wrr,uJlX .aTOMOB ll8MeIIJieTCJI 

aa B_per.ur ;uzyx cerurcoB naMepeumi, TO rroJIJipuaaumo uaxo.IJ;lIT rro qiopMY-

Jie -- + + p = £ n-1/n2. - h.lna • (5) 
c n; In;+ \'l:1n; · 

IIT06H orrpe.n;eJII!T!, a/MleKTUBHOCT!, paOOTH pq_ IlOJIJipI!aaTopa, BH

tJ:IWJIJIIOT IlOJIJipil8a.U:mo P aT. TOH •mcTH npoTOHIIOro. TOKa, ROTOPa/I o6pa.-
80BaJiacr, IIPil IlOHil8auu:JI aTOMHOro nytIRa.. C 8TO:ii ueJII,JO .n;orro.mm:TeJII,IJQ 

Il8I,mpiIIOT qJOHOBHe CitopOCTil CtreTa. n,7 Il n 2,'f' B OTCYTCTBlie aTOM

HOro rry-qra. Tor.ua 
p -= P, n; =- p ~ 

aT -1 n- - "' 'P :l. .,.- h 'i' ( ) 
. • '

11 ":t. - a • 6 
Ilyq:OK IIOJIJipll80Ba.HIIHX IIPOTOHOB Ha BHXo.n;e nomrsa.Topa 1n~eeT 

npo,nOJII,HYJ(l IlOJIJipll3aumo. BeKTOP mfilYJII,Ca npoTOHOB OTRJIOIIJieTCJI B 

aHMil8IIJlYIO!lleM Mfil'HIITe Ha 90°. BCJie.n;cTBIIe aHOMaJThHoro MarHIITuoro 

8' 

!IpOTOHa ero cmm IlOBOpatrrrna.eTCJI rrpll 8TOU Im YJ.'OJI 90° ( 9 /J, - I)= 
= I6I0 II Il8MePJI0MaJI npo.I[OJII,HaJI Ito!.llIOH0HTa cmma pa.mm p 11 = 
= P cos rnr0 = - o,947 P. v-: 

)laIIHIIii MeTO,n IIOSDOJIJieT TaIO:l:C II3M0PJITI, OT.1J:0JI!,HO D0KTOPflY10 ll 

'l'0II30p!JY!O IIOJIJipU83WTIO rry"!Ka M0,IJ,7I0lllillX .n;efiTpOHOB. 

B TpeTne:ii rJiane omrca.Ha ycTaJIOBKa, co:matmM D Jr5ITI OI1HH,u 
peayJII,TaTH :mcrrepIII/10llTOB, rrpoBe,Ue!IHUX Ha 8TOii YCTaIIOBKe. 

MoJieeyJIH BOJJ;Opo.n;a ,I(lrcconmrpy!OT Ha a.TOMU D BUCOitotJ:aCTOTHOM 

pa3PJI.nC, KOTOptrn D030y7.maeTcn: D U -o6pa:moii pasp.ll,nl!Oii: Tpy6ite , 

uaroTOBJieHHofi 1rn cTeRJia rrrrpe1tc. ABTOreHepaTop BHIIOJineu rro cxeue 

C saser,17IeH1111M KaTO.l{OM Ha ,nByx TeTpo.n;ax Y.f-80. tiacTOTa ,KOJie6un:rni 

= 35 MI'u, ano.nttoe Hanpm:cemre = 2 KB n atto.n;mn1 Tor, ::: 0, 7 A. l:loni

uocTr, nepe.n;aeTCJI B paaPJI,n tiepos tJ:eTBepTI>BOJIHOByro JI1I1mro~ oopasye

riryro -Tpy6tiaTHMII aJier,Tpo,nar.m, oxBaTUBa.JO!I1III.m rrJietJ:Ir U -o6pasnoii: 

paaPJI,nHoii ROJI6H. 3JICKTPOJ(!l BXO.IJ;lIT.B Hfil'pysotJ:HHii KOIITYP aBTOroue

paTOJ)a, 'ITO o6ecrretnrnaeT aBTOMaTntJ:eCio/"ru nepecTpoiiey -qacTOTU re

HepaTopa rrpn n~r.,reuemm pelltima pasPJI,na 16/. 
ATOMl:l BO,IJ;Opo.n;a BblXO.IJ;lIT Il8 pa3p.imlIO:ii Tpy6KU tJ:epes OTDepcTrre, 

nMe10mee qiopMy corrJia. des pacnmpmonieroca ·pa.cTpy6a. rcoMeTprur mmTc

MH cpopr,mpoBaium aTovIHoro -IIYtJ:Ka xapru,Tep.nsyeTCJI cJie,nyr□111HMH paar,m

pmm: ,I(]IaMeTp COIIJia I,I MM, ,nna.MeTp KOJIJilIMaTopa 2,-S MM, pacCTOJI

IUIJI OT COI!Jia .no ROJIJilIM8.TOpa I! pas.n;emIT0JII,HOro Mfil'HIITa paBIIH 37 
JI 50 MM, COOTBeTCTBemro. YCTl1ll013Ra ceuapaTopa He )];Ma CYlllBCTBBH

IIHX npelIMYillCCTD, 

CeKCTYIIOJII,IJhl:ii paa,neJIIITCJI!,lllffi Mfil'HHT lIMeeT crrpoy)H.IDipoBarUryJO 

BJJ;OJII, OCH anepTYPY. Ha rrepBOM YtJ:aCTKe .nJIIIHO:!J: 287 1,1M arrepTYPa. D08-

pacTaeT JIIlHBiiHO OT 3 .n;o I2 },1M, Ha BTOPOM - .IT,IDIHO:ii 25? .MM, arrepTY

pa IlOCTO.IIHHa Ii: COCTaBJIJieT 12: MM. 11::mepemra/I BBJITI"llma Ma.I'JUITHOrO 

rroJIJI cocTaBJIJIBT rrpu 2. 't. m = I2 CM, · B.,, = 6 KI'c. Rro.iepa cmma 

ll RaMepa pas.n:'eJin:TeJI!,HOro Mfil'HHTa OTKa'lll!BaJIIIC!, COOTB0TCTBeilliO BaRy

YMiillMH arperaTaun BA-5-4 ll BA-8-4 c aaoTHIIMH JioBymita:r.m. 

klliT0HCHBIIOCTliI rry"IKOB 8.TOMOB liI MOJieeyJI Ha. mao.n:e celtbTJIIOJII,HOro 

MaI'IDITa orrpe.n;eJiffJillcr, ITO lIPHPOCrjr ,IJ;aBJiemur na.n i[JOHOM B CTCRJI/IHHOll 

JIOBymRe, coe,Il;IlHeHHOH c. Itru.mpeccllOHIIOil Tpy6Koii, ROTC.PM saxBaTH

BaeT rry"IOR "lacTIIU, rrpn IlOMO!IIII HOHII88.UIIOHIIOro ~.imTpa BMT-3. 
Jio:iiymKa oXJiruir.n;aJiacr, ;m.n;RIIM asoToM. IlonepetIHHe pasr.mpu nytI.Ka aTOMOB 

BO,IJ;opo;n;a Ha paa.mrnrux paccTOJIHilJIX 
0

0T ceitcTYIIOJII,HDrO Mfil'IDITa mrnya

JII!3llPOBaJII!C!, npn: lIOMO!IIII !Jo03, HaHeceHHoro Ha CTeRJIJIHHYIO ITJia.CTIIHicy-. 

B paapa60Ta.HHOM IDil1 RCITQJII,3yeTCJI'ClICTeMa. PtI-rrepexo;n;oB B CJia-
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60M MaI'HlITHOM IIOJie / 7 /. ATOMHilll rrytIOit IIPOXO,IU!T IlHYTPU KBapueBofi 

Tpy6KR, Ha KOTopoii YKPeIIJieHa KaTYJIIKa IDUJ.YKTIIDHOCTU, C03.I.\8.IOIIlaJI,_ 

pa.n;no<raCTOTHOe MaI'IDITHOe IIOJie. IIocTomrnoe MaI'HIITHOe IIOJie cos.naeT

c.a: MaI'HlITOM C ll3MerunontllMC.II B.I(OJII, nyTlI nytIKa M8J[[l0JIJOCHHM sasopoM. 

Pacce.lIHHOe IIOJie aJieRTPOMarHltTa lIOIDl3aTOpa D J\leCTe paCIIOJIOJKeIDUI 

P1I-nOJI.a:pJt3aTopa COCTaBJUieT COTHil re. Il08TOMY noCTO.IIHHllli MaI'HllT 

BMecTe C KaTYJIIKOii IUUJ.YRTlIBHOCTll 6wr 3aKJIJO'IeH B .I(BO:lhtolt Ma.I'HJITHIDI 

aRpau ns llteJiesa apr.mo. 

Ha prrc. 6 ~µnme.neua · cxm,ia ummsaTOpa rrytIIta noJI.a:prrsonammx aTo

MOB :so.nopo.na/ 8 • AHo.mnrn 8JieKTPO.rt 3 ~moil 20 CM 1rnroTODJieII 1I3 . 

TOHKOCT8HHOll Tpy6ror ll3 IIepJKa.BeIOU!eii CTa.mI C -BIJYTpeIIHllM .I(liaMeTpoM 

2 CM. IIpo.n;OJII>HOe MaI'HUTHOe· IlOJie C03.rtaeTCJI COJI8H0Jt.I(OU 5 wootoii 

26 CM, B036YlK.rtaeMIIM TOROM .no 200 A OT MOTOpa-reHepaTopa. IIpn TOKe 

Bos6YJ!otemm IOOA MarHRTuoe noJie B ueuTpe coJieuoit,na paBHO I,6 Itl'c 

ll B MecTe pacnoJIOlK8Hl!JI HllTlI HaRaJia - I,I Itl'c. 06'.beM llOim3aTopa 

OTRa~maeTCJI reTT0P01IOHIIID.l HaCOCOM I'MH-0, 5. CymCCTD0HHUM 8JieMeH

.TOM llOHII3aTopa JIBJIJI8TC.ff JIODYJIIKa 4, 3aIIOJIH.ff8MM lKvI.nrutM a30TOM. Jio

nynma IIaxO,IUITC,a; ITO)\ IIOTCHnfIMOM 88MJrn: II m.meT T8IIJIODOii ItoHTaRT C 

aHO].\IIIDA 8JICKTpO,nOM 'tlepes CTeRJ.llIHHyIO Tpy6ey T~HOii I MM. I1ommii 

TOR l!3M8p.lIJIC.ff H8CKOJI!,RIIMH ,ItaT'IUitaMII: 

I 'P" - .n;aTtIHROM II, pacrroJioJKeHIIHM Ha paccTomum: 40 CM OT aIIO.I(a, 

1'1',. - .rtaT'IllROM, HaxO.I(,fIJJtITMCJI Ha I30 CM OT aIIO,na, 

1 '\'l - rrocJie MarHIITHoro auamrnaTopa, 

I 1 , I 4 , T '!> - aJieRTpo.n;ru.'11 /mHIIsaTopa 6, 7 n 8. . 
KoucTl)YimITJI IIOJI.fIPHMeTpa 5 .· cxeMaTI!'IecKH rroRasana ua puc. 6. 

IlpoTOHU' DillCO.IUt!I!H8 ll3 Homma To pa 3' OTMOII.IIIOTCJI Ha yrOJI 90°. qx)Ry

C!IPYJOTCJI JIHU30li 5 ll IIPOXO.I{JIT tiepes rrapoiiyro uesuenyro MIIllleI!I, 6. Ily
'IOR MeTaCTa6UJII,HllX · aTOMOB nona.rcaeT :s o6JiaCTI, MaI'HllTIIOro IIOJI.ff 400+ 
600 re, coa.n;aBaeMoro RaTynIR81AJI rem,r.ll'om,ua I3 , Ix aJiertTpntiecRoro · 

IIOJISI ~ IO B/cM, cos.rtaBaeuoro .Kou,nencaTopoM I5. D1rcBetIHBae1,111e D 

8TOit 06JiaCTU qJOTOHU peI'ltCTPllPYJOTC.ff rrepBlilM qJOTOHIIUM C'I8TtillROM I6. 
BTOPM napa racJillllIX aJieKTpo.noB I7, cos.n;aIOlllllX rroJie Ill IOO B/cM, rro

MemeHa mme no rrytiey B o6JiacTII cJia6oro MaI'HIITHoro noJISI. BTopoii •· 

qx:>TOHHirn CtI0TtIIIK I8 "Dll,IUIT" 8'l'Y 06JiacTI, ramemm. 

B 8KCnepnMeHTax C aTOMHUM rrytIKOM lI8Mep.lIJllICI, CJie.n;yromue. BeJIIItIIt

HU: lffiT8HCHBHOCTI, rrytIRa aTOMOB llJm MOJiertyJI Ha Blixo.ne ceRCTYJIOJII,HO

ro MaI'IDITa, CTeneHI, . .I(liCCOUJianruI MOJieeyJr B ITOTO.Ke, DillCO.rtJimeM ll3 .t(Hc

co.u;naTopa, a TaIOKe paspm:.rerme B pasJilil!HUX OTCeKax. ycTanOBRll B sa.:. 

DIICHMOCTTI OT. noTOKa . no.nopo.na <re pea- COIIJIO. IfuTeRCllBHOCTI, ny'IKa no-
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PMc. 5. 06mM cxeMa nomrnaTopa: I - HIITI> RaRaJia (KaTo.n); 

L 

2 - ceTKa; 3 - aIIO.wmii 8JI8KTpo.rt, 4 - a30THM JIO

BymKa, 5 - 8JI8RTpOMarIDITHilli COJI8HOH,n, 6 - nepBID1 

8JI0RTpO,n, 7 ~ BTOpOH 8JI8RTpo.n, 8 - TpeTllil 8JI0RTpO.n;, 

9 - BUCOKOBOJ.II,Tmrli: DBO,n, IQ - O.n;IIHOtIIIM 8JI8RTpOCTa

Tll'I0CRM mmaa, II - ,naTtim, TOKa I q>-t , T2 - ana

JIU3HPYJOlllHii aJieRTPOMaI'HllT. 
--, 
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PIIc. 6. Cxer1ra ·a1tcriepHM8HTaJII,UOii ycTail:ODIGI .n;JISI H3Mepemrn 

rrOJIJipnaaumx; I - HCTOtIImit rroJI.a:pnaona.nHIIX npo-

TOHOB (hoRa3aH tiaCTlI'!HO), TI. :.:. IIMJipHMeTp. 
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JIJiplI30B8.HHUX aTOMOB orrpe,n;eJIHJiac:r, rrpn BILJID'WI!HOH ,Il;IICCOIUiaTOpe ITO 

pasHOCTI! ,n;aMemiit B JIOBYJilRC B ,lU3yx U3Mepemmx ( C BRJIIO'!Clfl!H!.! II BU

RJIIO'!CHH!lM ceI(CTyIIOJll,HllM MaI'HJITOM): 

FH: C.lH-1)6pA0 r_ll-f 1}:: C(.l-4 1)[APAotlH 1 .;.H2.>-o.p"°-c,lH:i.l], (?) 
I 

, ) 

r,n;e Ct H1) - RaIDI6poBo"Illl:ti1 rms@lnurreuT. 

CTerreur:, .inrccon;rrarum no,n;opo,n;a \ B rroTORe r,asa ua nuxo,n;e Ha 

coITJia, paBHruI rro orrpe,n;eJiemno , : F .. " / ( i= Hi + 2. i= Ha) , CBiI3aHa c 

Herrocpe,n;cTBCHHO lI3MepSieMOii BCJIH'!lIIIOii 

COOTHOIU8HMCM 

';e : ApAO~ l H-1\ 
Ap"°~ (. H1 + H2,) 

·n1 '= £..n.-("\ 2. -~, 1 

{8) 

(9) 

r,n;e .n.1 - rem,teTpll'I8CRIIH TCJICCHI,Iii yrOJI, rro,n; IWTOpm1 DJf,UHa ROMIT-

peccnomrM Tpy6Ra, .n.2, - aRC8ITTaHC pa3,UCJIIITCJII:,HOro MarHJITa ,n;JIJI 

H8ITOJIRPlI30DaHHOro rry'!Ka. 

Ha PHO. ? ,n;rura 3Ha'!eHIIJI lll{TCHCJ!BIIDCTCH rry'!ROB aTOMOD n MOJie

KyJI Ha paccTOSIHIIII 20 CM OT paa,n;eJIJITCJIJ:,HOro MarIDrTa, a TaroKe BeJIII-

'Il{Hll >R. B g)yrn~m ,n;aBJiemm p0 B mrncoruraTope. MaRCllMMI,HIDi 

ITOTOR ITOJIRplI30Bamrux aTOMOB, pamraii 3,2-ro15 aT/c, ,ll;OCTHraeTCJI 

rrpliI ,n;aBJiemm p., = 0,5 Top, ua paccTomnm 5 CM OT MarHIITa noTOK, 

38.XBUT!:lBaeMlrn KOllfilpCCClIOHHOll Tpy6~oil:,paneH 4•I0IS aT/C. CTCII8HI> 

,IJ;IICCOUf[at(liIU lIJ\18eT 1\18.ItCHMYM rrpu ,n:aBJICHIIII Bo,n;opo,n:a -0, 2 Top, a rrpu 

p,. = D,5 Top, , = 0,5 , MaRc:• ,. -

OlKH,n:aeMruI lIHT8HClIBHOCTI, IIClllllij)l!30BaIIlil:lX aTOMOB .n:JIR \ = I, 
Po= 0,5 Top, T0 = 400 K H aRcerrTanca ..n.1 = I,5•Io-3 panrureTcs 

I, 5 • IOIS aTOMOB/ C. ]13 plIC. ? JI COOTI!Oill8HHJI { 9) 'MaRC.::::: 0, 6, CJie-

,UOBaTeJU,HO , ~ (0,5 Top);:: 0,3. C y-qeTOM 3TOro <pa,RTOpa reopeTU-

'!eCiwe aaa'!eHHe xopomo corJiacyeTcR c ·naMepeHHoi1 BeJIIl'!lIHoii rroToRa. 

MaKCJiIMaJII>H?JI JIHTeHCHBHOCTI> MOJie~JIRpHoro rry'!Ka ,n;ocTHraeTCJI rrpu 

Pe% 2 Top H cocTaBJIJieT I,3•I01 MoJI/c. 

OCHODHllMit rrapaMeTpaMH, xapaRTepH3YJOml™H pa60TY lIOIDI3aTopa 

lieHHitHra, JIBJIJIIOTCJI: TOK 3MllCClllI KaTo,n;a, BCJIH'!lIHa Ma.I'IDITHOro IIOJIJI, 

~aBJieHHe OOTaTO'!HOro rasa II IIOT8HIUiaJI a.HO,JtHOro s~eRTpo,n;a. B 6om;
llIIIHCTBe OII1!TOB IIOTeHD;lIM Ka.'rO,n;a UK= 0, IIOT8HD;!Ia.JI OeTRH Uc: = 
= 300 B, ITOTCilt(1IaJI!:l I-ro, 2-ro II 3-ro '3~eKTPO.ll:OB, COOTBCTCTBemro, 

U 1 = - 600 B, .U2. = - 400 B II U'!. = 0. ll3MCHCHRe TOM 3MIICCIDI 

OJia6o BJIIIJieT ua BCJIIl'!lIHY HOHHoro TOKa n aueprmo noHOB B ,n;uanaaoHe 
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0,1+2 MA. l3 Tlfllif'Il!OM pe:i:un,ie pacioT11 uomrnaTopa I :: 0, 7 MA, a TOK 
- K B nemr rum,n;a 10. '= 0,2 MA. Ha p::rc. 8 ,n;ruw ImTeHCITBIIOCTU lIOHOB, Ell-

XO;nmI\IlX ns pasPJI.D;a, 1rnrnepemrae pa3mr•nIID.m ,n;aT'IllKaMn ( I 'I'• , I cp.i, 
I" , I :i. , I?. ) , n saBncm.1ocTn OT MarmrTHoro noM. Mm,iepemm 

:meprmr uonoB clwm npoBe.n;eH11 rrpu .n;Byx 3Ha'Iemmx 1.1armrTHoro rroJUI 

n neHTpe COJieHOir,n;a: 1,3 n 2,8 rtl'c. COOTBeTCTBymmne UM IIPOBiiCamIB 

rroTeHJ.trraJia Ha ocn auo,n;a panH11 0,6 u 1 ,5 KB. TrumM ocipasoM, a@)eRT 

OCWIJI.7IJIUllli 3JI8RTpOHOB BHYTPlI 81!0.n;IIOro ni:r..mm,n;pa ycllJITrnaeTC.fI C poc

TOM f/lfil'HirTHOro IIOJI.f!. OcTaTotrnoe ,n;aruremm B BTI!X 3ItcrrepUM8HT8X PaB
HffJIOC!, =:. I0-6Top, CTOHT eMy IIOBllClITl>C.fI ,n;O ~ 4 • I0-6Top, RaK I!OH

Hllli TOK yMeHI>maeTC.fI B HeCROJII,ICO pas, a 3Heprn.rr IIOHOB B03pacTaeT 

,n;o B8JIH'IHHbl, 6mrnrmfi R IIOT8HntI8J!y aHO.n;IIOro :3JI8RTpo,n;a. 

ToR rroJIJipusonru1H11X rrpoToHoB rrpn B = 2 rtl'c pruieH 2. MRA rrp:vr 

Lla.= 2,5 KB II 2,4 MI,A rrpu UQ= 3 KB. ToR rrpoTOHOB pacrrpe,n;e-

JiffeTCSI rrpnMepHO rropoBiry M8.ll'JIY 'I8TlilpI,M.fI .n;aT'IHRrum, II3Mepmomm.m TO

RH I 1 , 1 2 , I'!> II Iq,1 • Ilpu nsr,mpemm IIHTeHCIIBIIOCTU IIy'II<a 

HOHOB ()h!JI Y'I'reH :3{l)fleRT BTop;rtrnoii 3JI8RTP01!H0il m.mccnn. UHTSHCIIB

HOCT!, aT01,moro IIy'IKa, rrpoxo,n;mJlero '!epes nomrnaTop, cocTaBJIJieT 

4.1015 
aT/c, .n;IIaMeTp CS'!CHl!JI - 1,6 CM, cpe.IUIIDI CROPOCTL aTOMOB 

b- = 2,4•105 01,1/c, a 'll!CJIO aTOMOB B I CM3 naT= 8"109 aT/cM
3 • 

3TO COOTB0TC'l'BYCT rrap~8JILHOMy ,n;aruremrro aTOMOB B IIY'IRe 3•10-7Top. 

HsuepemrM aqtj)eRTlIBHOCTL IIOHI!3atnrn .n;Jiff Ua = 3 KB, '2 SI<CII= 4.10"1 
'ITO corJiacyeTC.fI C TeOpeTII'I8CICOll onemcoil: '2 Teop = 3. ro-3. IIOJIY'I8H 

HOU .n;Jiff 3JI6RTPOHHOro TORa 5,3 A. 
Ha PHO. 9 IIOim38.HH CROpoCTU C'!eTa rrepnoro n BTOporo qJOTOHHIDC 

C'l8T'IUIWB IIOJiffpnMeTpa B 3aBJICIDv!OCTR OT l\laI'HUTHOro IIOJlff B neHTpe 

RaTJllI6K reJILMrOJII>Ua (.n;Jlff HeIIOJI.fI_PII30B8IIHOro ny,IBB.)15/. ::J@leRTUBHOe 

rarnemre J, -ypoBHefi MeTacTaOUJII,HOro COCTOSIIDUI 2 511~ HatnrnaeTCJI 

rrpH Mfil'HIITHOM noJie OROJIO 400 re. Ilpu MarHUTHOM IIOJie BHTIIe .. 540 re 

a{@eRTIIBHblii o6'beM ramemm rrepe.nmrraeTcSI Bnepx rro IIY'IKY", 'rrepnmi 

qi<)TOHII!lli C'l8T'Il1K nepecTaeT nn,n;eTI, 8TY o6JiaCTl>, II II0:3TOMY CROPOCTI, 

C'leTa ero yMeHL!llaeTC.!I. BTopofi q>OTOHH!lli C'IeT'lIIR pearnpyeT Ha BIIC

Be'IIIBaIITie 6- - Yl)OBHeii, ICOTOJl!IC Tyma TC.II ClIJil>Hl11\l 3JI8RTpM'I8CRIIM 

IIOJieM. Krut BH,Il;HO II3 puc. 9, CROpOCTL C'ISTa BTOporo qJOTOHHOro CtJ:eT

'IIIRa rrpl'I MaI'IUITHOM IIOJie 500 re pa.BHa IIOJIOBIIHe CI,OpoCTll C'ICTa npn 

D = o. lIMeHHO TaKOe COOTHOmeii:ne ,Il;OJ!l!UIO llMeTI, MeCTO .n;Jiff HCIIOJI.fl_PJI

SOBarmoro rry<rRa npOTOHOB.: 

Pa,n;rro'!aCTOTlillll IIOJI.!Ipll3aTOP 6wr llCIIl1TaH B, pasJIIMHHX pemrrvmx 

/?/. 3q~JeRTIIBHOCTL ero pacioru orrpe.n;eJISIJiacb cTerrerffiro nOJIR_Pusawm 
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IIPOTOHOB B aTOMHOM rrytIRe, p QT , ll3Mepri:eMOi1 IIOJIJ'ijl:l!MeTpOM. Ha p.re. 
10a rrpnne~emr 3HaqeHirJI CTerreHH IIOJIJ'ijlll3ruum IIPOTOHOB B aTOMHOM 
nytIRe, naMepewrne rrpn paaJm'llmX qaeTOTax reHepaTopa n o~Hoii n Toil 
JKe aMIIJIIITY~e 8 1 = 1·,2 re. MaReHMaJll>Hoe aHaqemrn no;mpnaau,m, 
panrroe PaT = - (0,90 ,±0,07), c~eTem,cTnyeT 06 3<lxiieRTHBHoi1 pa-
6oTe P~-IIOJIJipIDJeTpa n cor~acyeTCH c oueHROi1 (}!()Ha HeIIOJIIIPB'.SO~amm:t 
aTOMOB rrytIRa, paBHOH::: 0, 05. 

Ha pnc. 106 ~a:irn peay~i,TaTH naMepeHni1, BHrro~emrux c 'Apyroi1 
RaTYJIIKOll llH~KTllBHOeTH. KplIBrui: 1 COOTB8TCTBY8T B1= 0,5 re, a 
KPPIBaJJ: 2 - ~ .. 0, 2 re. B~o, qTo Hapymemxe YMOBllH a,nna6aTH'!HOCTH 
IIPliBO~T K YM8HI,illCHUlO CTeIIeHll IIOJIJiplrn~I rrpoTOHOB. 

~eTnepTrui: r~aBa co~eplltllT aH8JIH3 rrpoueceon 'AerroJIJipnaau,1n qac
TllU rrpn ycKopeHlill IDC B un~qecrurx: ycKOPllT8JIHX npoMeJKYTO'llillX 
:meprnil, a TaIOKe q:ire~eHHHe pactJeTH 'Aerro;mp.raruum rrpoTOHOB ,1µIJ1 

CllJII,HOTO'IHOro cpa30TpOHa ]a6opaTOPHH ~epHUX rrpo6~eM_..OIDilf. ➔ 

.TierroJIJip:irnau:im rrytIKa c Haqam,Hoi1 rro;mpnaau:ixett P (. t 0 ) = P0 

rro orrpe~e~eHlllO P.aBHa ➔ 

1) - l~t - lP<.-l>I (IO) 
· - l~I 
3TO COOTHOmeHne yqHTHBaeT, 'ITO H3M8H8HHe O~Horo TO~I,KO Harrp~e
HllH BeitTopa IIOJIJipll3ruum el!lB He 'AaeT 'A8IIOJIJipH3au,IH rrytIKa. .Uei1CTBH
TMI,HO, rrpn IIOMOIIIH MarHllTHOro IIOJIJI ncer'Aa MOlltHO BOCCTaHOBHTI, rrepno
Ha'IaJII,HOe Harrp~eHne B8RTOpa IIOJIJipnaruum • .UeIIOJIJ'ij)H3au,IH HaCTy-IIa
eT TOJil,RO TOr'Aa, ROr'Aa H3M8H.a:8TCH a6COJIJOTHOe 3HaqeHHe B8RTOpa 
IIOJIJ'ijlll3au,IlI • 

PacCMOTpeHHe B8'A8TCH Ha OCHOBe KJiaCCHlieCROro peJIJITHBHCTCROro 
ypami:e:mm ,JtB:uemm cmma (Ba'<-~rnal"lhV.e.C1. P.R.L.,i95'9,2., p.4?.S): 

cl..,. e ➔ [...,. ..,. ~ J 
~ = - S )( 8 + G- <. Bu + 1,. 8.L) (II) 
d t ~r O , . 

r'Ae G- : i; 2., WIS! rrpoTOHOB G- = 1,793, CKOpoCTI, CB 8Ta IIPHHHTa 
paBHOii 1, f' - peJIJITHBHCTeRHii qlaRTOp i BJIIDIHHeM a~eRTpll'I8CKOro 
rroJIJI rrpeHe6peraeTCH. 

GYll!eCTBeHHaJJ: 'AeIIOJIJipll8aUHH MOJKeT B03HHRHYTI,, e~ 'IaCTHUH 
rrpn ycKopeH:im rrepeceR8DT 06~acT1, peaoHaHca, r'Ae ~acTOTa rrpeuece:im 
CIIHHa PaBHH8TCH 'IaCTOT8 Bpantemm ropll30HTaJII,HHX KOMIIOH8HT MaI'HHT
HOrO IIOJIJI. Han6o~ee o6mee yc~OBH8 B08HHKHOBeHirJI pe30HaHCOB WIS! 

rrpOTOHOB 8aIIHCHBaeTCH B ~e 

- 1, 1-9 3 f' ± m v. ± h V"' ± e : O, (12) 
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m , h. , e. = O,I,2, ••• , 'V~ II V't. - '1l!Ma nepTnKam,HllX n 
ropnsoHTaJII,HllX Ro~e6rumft Ha o6opoT. IloMe npoxolK,ll;emm pesoHaHea 
nepT~I,HaH COCT~aJJ: ClllIHa panHa 

IAl2.)\4 

S~= 2 e.xp(- - 4- ) - 1, (13) 

r'Ae A rrporropunoHam,Ha pesoHaHeHoii KOMIIOHeHTe ropHSOHTam,Horo 
MaI'HllTHOrO IIOJIJI; ). - mnp:ima pesOHaHca, o6paTHO rrponopIUIOHaJibHasI 
ROPHJO RBa.nPaTHOMY ns neJill'1l!HH na6opa aneprmI sa o6opoT, wm: ycTa
HOBRH "~" A = 7 ,2•102• 

,lJ,1m BWil!M8HWI pa,nnam,HUX li a8llMYTaJII,HHX COCT8BJIHIOL'jIDC Marl~T

HOrO IIOJI.11 ycTaHOBilli "\II" 6~ll liCIIOJII,80BaHH npoeKTHHe xaJ)aRTepHCTlI
RH M8.I'HHTHOro IIOJIJI B Me'A:lraHHoii II~OCKOCTll: 

Ba-l't., e) = Bt't)[1 + ~<."t.) s:)\ l l - '-I e)] (14) 

Gl!m,HIJ:e pe30HaHCH CM8a.HH C HCKa.llteHIDIMII Me~amroii rronepxHOCTI! Ha 
1-n, 2-ii n 3-i1 rapMOHIIKax / 9/_ Ha {I2) HaxO~M 'ABa peSOHaHCHHX 
ycnOBHH: 

I 

1,793 t 
1,793 t 

= 2 
= 3 

T (I) = I,II6 
t{2),= 1,6?3 

(I5) 

ITepnini pesoHaHc nponcxo~'l' rrpn R = 120,6 CM, IIIlipmm no Pa.ItIIY
cy AR = 4,5 CM. B Ta6Jnxue I npnne'Aena .rceIIo;mpnsau,IH D JJ.JIH 

pasJilll!HHX 3Haqemrli B"t& n 8 82 
Ta6.mm;a I 

S""2. • re B92 , re ]) 

0,4 0,2 O,D07 
0,7 0,45 0,06 
I.,4 0,9 O,I 
2,2 1,3 0,2 
2,9 I,8 0,4 
5,I 3,I I,O 

,lJ,1m BTOporo' p030HaHCa BalltHH 8Ha'I8HliJJ I-ii ~ 3-:ll ra!)MOHIIK S"'- li 
Be Ha pa.nnyce 259,6 CM, AR = 1,9 CM. Pesym.TaTu pacqeTa 

,IC8IIOJIJ'ijllIBaunI! Ilplllle)XeHI:l E Ta6.nm:te 2. 
Bwm yqTeHH TaIOlte peaOHaHCli CM3li Me:llr,1.iy 6eTaTI)OHHHMII nep

TlIRaJil,Hmm lI rop:it30HTMI,JruMll RM868HllJlMII, MeJK.ICY 6eTaTpoHHIDm 
pa,nnam,mlMlI n BIJ:Hyllr,Itemnn.m nepTnKaJII,HHMH Ko~e68.HlllIMJ!. Ill: o6uµrlt 
BKJia,IC B 'A8IIOJlfiplI3aUHIO COCTaBJIJieT 1) ~ 0,06. JJ:eIIOJIJ'ijlll3au,IH B 
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CIICTeMe BllBO,n:a II3 pereHepaTopa 1I B036y,n:nTeJI.II ]) ~ O,OI3. 
l'a6.mma 2. 

B-c.-1 B-o Be3 J) 

0,3 0,3 0,06 0,006 
0,7 0,7 O,I 0,025 

· I,3 I,3 0,25 O,I 
2 2 0,4 0,2 

·3 3 0,5 0,4 
4 4 0,75 0,9 

OCHOBHlle pesy~l>TaTH, IlOJIY'I8HHHe B .n:nccepTa.qmr, MOJKHO Cll)OPMY
~POBaTI, c~e,n:yIOlljHM o6pa30M: 

I. Paspa60TaH lI IlOCTpOeH lICTO'IHlIR.llOJIJIPlI30BaHHHX IlPOTOHOB, 
npe,n:Ha3Ha~eHIIIDi J:t]UI CMI,HOTO~oro Wa30TPOHa ]a6opaTOPlilI smepHHX 
npo6~eM OIDIM. 

2. TeXHHRo-wnsITT:ecRHe xapaRTeplICTlIRlI lICTO'IHlIRa llOJl.lIPH30BaH
HHX rrpoTOHOB onpe,n:eJl.lIIOTCR C~8.n:yIOl!ll™lI rrafaMeTpru.rn:: lIHT8HClIBHOCTI, 
~a rrOJl.lIPlI30BaHHHX rrpoTOHOB - I,5•IO 3 rr/c ~ TOR - 2,4 MKA; 
CTerrem, IlOJl.lIPlI3~IlI P = 0,90 ± 0,07. 

3. TeopeTl~ecimii aHMlI3 nponeccoB, npollCXO,n:mIIHX B mrn:, ll03BO-
~ pacctmTHBaTI, npe,n:e~Hoe 'IHCJIO Maxa, .n:o KOTOporo YCROP.ll8TCR 
llOTOR lI3 .n:nccourraTopa. 060CHOBaIIH rrpeuMymeCTBa pas.n:emTe~I,HOro 

• . I 
MarHHTa C npowwm:poBaHHO~ aIT8PTY:POf lI C IlOMOIIU,IO 3BM BH'IllC~eH aR-
C8llTa.RC ceRC'cylIOJil,HarO Mal'HUTa C · ~Hefuro YB8~~aIDlll8HCR B,n:O~I, 
OCH aIT8PTYPOH. 

4. 3Rcnepm.i:eHTa.Jil,HH6 lICCJie,n:OBm!lIR, BHITOJlHeHHHe Ha ,n:aHHott yc
TaHOBKe, rroRasa.JilI, ~To Ha6Jm,n:aeTCR xopomee cor~acne c Teopnett 
CBepxseyKOBOro lICT8~8HlIR lI3 COIIJia ]aBMSI. MaRCRMMI,HHil IlOTOR rro
Jl.lIPlI30BaHHUX aTOMOB .n:ocTHraeTCR rrplI .ll:aB1I8HlilI H2 B .n:nccou;naTope 
0,5 Top II paBeH 4•IoI5 aTOMOB/c Ha BHXo.n:e C8RCTYITO~I,HOro MaI'HlITa. 
BWIBJieH!l q>aRTOPH, orpaHlI'IlIB8lOllllI8 HHT8HCHBHOCTb,rnaBHHMH' lI3 ROTO
PHX RBJl.lIIOTCJI paeeeamie aTOMHoro ~Ra Ha ocTaTotnroM rase B nepBOtt 
ce~ ClICT8Mil ll)OPMlIPOBaHIIR aTOMHOro ~ H rrommeime CTeneHH 
,n:neeou;u~n rrpn ,n:ruJJieHlilI Bo,n:opo.n:a B ,n:noeotiiraTope BHI11e 0,5 Top. 

5. 3Rerrep:imeHTam,Hoe lICCJie,n:oBrume rrponecooB B noHHsaTope no-
3BOJIJieT e.n:e~TI, CJie.n:yJO!Ijlie B!IBO,n:H: 8~8RTPOHHWi TOR, oc~ 
B paspsme IleHHlIHra, coeTaBJIJieT ORO~O 5 AR 6D30K R rrpe,n:eJ.tI,HOMj' 

18 , 

sHa~eHHIO .itmI rroTeHnIIa.Jia aHo,n:Horo_a~eKTpo,n:a, paBHoro 3 RB; Ha6;m
,n:aeTca MOHOTOHHIDi POCT stMJeRTIIBHOCTII IIOmt3ainll! e YBS~emreM Mar
HIITHOro ITOJIJI B lIOIUI3aTope j II3MepeHHrur ajlpeRTHBHOeTI, liIOim3an;mI 

B paspsme IleHHIDira eoeTaBJIJieT i:: 4 • ro-3 II 6~3Ra It HruIB!IellJilM IlORa-
3aTe.7llIM, omreaHHHM B mTepaType. 

6. BrrepBHe B Ml!pe paspa60TaH lI lI3rOTOM8H lI3MCPlIT6JII, IIOJl.lIPU-
3aIJ;llli M8;It1!6HHHX IIOHOB e IIe!lOJil,30Ba.Hl!8M ~8M60BCROro C.ll:BIII'a, KOTO
pmi: rrosBoJIJieT orrepaTIIBIIO irnMeP.IITl> cTerreHl> IIOJl.lIPIIs~m rrpoToHOB 
Herroepe,n:eTB8HHO ua BHXO,n:e IIOHII3aTopa lICTO'IHlIRa IIOJIJiplI30BaHHHX_ 
IIPOTOHOB. Ilpu IlOMOllllI TaROro IlOJl.lIPIIM8Tpa 6umr ncc~e.n:oBaHH xapaRTe
plICTilKII pa,mrotiaeTOTHOro IIOJl.lIPU3aTopa U .D:ORa3aHa BHeORM ajlqleRTlIB
HOeTb ero paOOTH. Ilonapnuerp MOX8T OHTb IlPID48H8H jna 
pas,n:eJJI,l'l:Oro II3MepeHIIR B6RTOPH0ll lI T6H30pHOll IIOJIJIPII3anHll .n:euT-
pOHOB. 

7. Bwomteu TeopeTll'l:ecrotit aua.JIHs nponeccoB .n:enoJIJip1rnrunm ~ae
Tnn rrpu ycxopemm B u;u~eeRIDC yc1topnTe,1ISDC. Pac~eru noRasa.JIH, 
~TO J:t]UI COXPaH~HHJI IIOJl.lIPll3aIJ;llli rrpoTOHOB Ha yp0BH8 0,6 + 0,7 B 
eMI,HOTO~OM (pa30TPOHe ]a6opaTOPIIlI smepHWC npo6~eM OIBilI .n:ocTaTO~
HO OCJia6IITI, nep:eyro, BTOPYIO lI TP8TI,!O a3HMyT8.7I!,Im6 rapMomum pa
,n:nam,HHX KOMITOH8HT l\rarIDITHoro IlOJIJI B IIJIOeKOCTU ycRopeHIDI .n:o CJie
.n:yIOIIIIIX 3Ha~eH:.m: 

B-c.1 ~ I,5 re Ha pimeyce (260 ± I) CM, 
B"'t2. ~ 2 re Ha pimeyce (I2I ± 2,5) cM, 
B-..?, f I,5 re Ha pimeyee (260 :t. I) CM. 

8. J{aH aHamI3 M8TO.D:OB HaROIIJiemm IlOJl.lIPH30BaHHHX HOHOB B .mmen
HOM a~eRTpOHHOM ~e H a~eRTPOHHOM Kom.ne ROJIJieRTHBHOro ycRopH
T8JIJI (Rom.neTpoHa) • 

,lL)m YCTaHOBRH "c.l?" rrpia: HCil0~30BaHlIII lIOHH3aTopa-HaROIDIT6JIJI 
OD,ll;a8TCR mmy~cmni TOR IlOJl.lIPII30BammJC npOTOHOB .n:o I,2 MA ( B 
Te~eHHe 20 MRC), qTo .n:acT cpe,n:HEH Bu:ee.n:emm:ll TOK .itmI ycKopeHHoro 
~ .n:o 0,3 MKA. PaccMOTpeHa npo6~eMa eoxPaHeHIIR IIOJl.lIPll3aIJ;llli 
rrprr HaROIIJiemm. 

OcHOBH!le pesy~Taru, ns~oxemme B .n:nceepTrunm, 6wm: .n:o~oxemI 
Ha IY Mel!t.I(yHapo,n:Hoil: KOHW8P6HnlIII no yCKOPlIT6JIJIM ()Jy6Ha, I963), Ha 
ill pernOHa.JII,HOii: ROHW8P6imm'I IIO wmmxe Il T8XHIIRe HlI3RIDC TeMITepaTY:P 
(IIpara, I963), Ha IX Mel!t.I(yHapo,n:Hofi KOHq)Elpe

0

H.U!IlI ITO SIBJI8HIDIM B 
lIOHU3IlpOBaiiHHX_rasax (ByxapecT, I969) H ony6DKOBaHH B pa6oTax 
/I-9/. 
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PyKOllHCL llOCTynHna B HS~aTenLCKHR OT~en 
6 anpena 1978 ro~a. 
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