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IlliPCiillKTMBLI 11 TIPOEJillMH ITO.JIY'iEHvH YCKOPEHHLIX IIYlffi:OB 

ITO.JIHP1130BAHHbiX IIPOTOHOB IIPOIAE10 TOT.fiibiX 3HEPrHti , 

;-
IO.A.llinrc 

-.0Che.JJ;HHeHHHM MHCTMTYT H)J;epHHX YCCJie.IJ;OBaHM:t1, .ITy-6Ha 

AHHOTaL;HH 

Coo6maeTcH o pe3y.JThTaTax pa3pa6oTI\M HCTO"tiHMKa noJinpn3oBaHHHX 

ITpOTOHOB .IJ;JIH clJa30TpOHa C ITpOCTJlaHCTBeHHOM BapnaUMeil MarHHTHOrO ITO 

JIH. M MCTO"tiHHK8 ITOJIHpH30BaHHHX J;eilTpOHOB ( "iloJIHpHC 11
) ,UJIH CHHXp0-

<I;a30TpOH8 OHHH. 06cyJK,II;aiOTCH neiJCITeKTHBH YBeJIH"tieHMH MHTeHCHBHOCTII 

ITOJIHpH30B8HH1IX rryqKOB. 

I. BBe,IJ;eHne 

06II(HM .IJ;JIH BCeX MCTO"tiHHROB IIOJIHpM30BaHHHX IIOHOB (HITI1) HBJI.HeT

CH . ITOJIY'IeHHe TIY"tiROB Hei1Tp8.JThHID: a TOMOB, IIOJIHPM3 OBaHHbiX ITO CIII,IHY 

SJieRTpOH8. ilOJIHpli38UliH MOJKeT 6HT:O rrepe.n;aHa OT 8JieKTpOHOB R Y.t,ILpmA 

(npOTOHaM IIJIII .n;eilTpOHaM) p83JTIP::HHMIJI CIIOC068MII. 3TO - IIH.IJ;yUMpOBa

HI:Ie Btr (CBti)....:.nepexo.rr,oB MeiK.ny ypoBHHMII cBepxTOHKOM cTpyRTypnr MJIH 

Hea.n;na68TII'IeCK08 IIpOXOJI\,ILeH?Ie 6HCTp1IMM aTOMaMII 06JiaCTli peBepca Mar 

HIITHoro IIOJIH (MeTo,n; Cona). 3aTE:M, oT6HpaH HJIH .n;o6aBJIHH 8Jiei\TpoH 

R aTOMy BO.IJ:OpO.TI;&, Cf'lpMHpymT IIy1<KM IIOJIOiKMTe.JILHLIX MJIM OTpliiJ;aTeJI:OHLIX 

ITOJIHpH30B8HHbiX IIOHOB. 0TpMI.J,a T6J[:0Hble HOHbi npe.IJ;CTBBJI.ffiQT OC06biJJ HH-
: 

Tepee .IJ;JIH CHHXpOTpOHOB, TIOCKOJIJ,RY TI03BOJIHIOT ocymeoTBHT:O MHOroo6o-! 

pOTHyro liHiKeKUMIO C cymecTB8HH1IT'J! yBeJIH"tieHHeM HHTeHCliBHOCTH YCKOpeH

HOrO ITY'IKB. IJo,n;po6Hbl~ 0630p ITO HCT01IHHI\8M OTpHI.J,aTeJI:OHLIX TIOv'IHpH30-. 

BaHHbiX HOHOB 6HJI C,ILeJiaH X808PJH: /I/. B .n;aHHOi:i paOOTe p8CCM8Tpi-IBa-: 

orr,, o ' 
. . ?!) ' ' ' . ·- . ::J 
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IOTCH M8TOJJ:LI IIOJIY1:18HHH IIOJIOJ!lliT8JffiHbiX IIOJIHpH30B8HH1IX HOHOB C Y1I8TOl;1 

.n:ocTnJKeHni1 rrocJie,n;Hnx JieT. YcrnTIIBaH HaJincrne pH,n;a o6sopoB, Hanpn

Mep / 1- 4/, OITJm8HO ,I(8T8JI1:JH08 p~!CCM0Tp8HH8 OCHOBH1IX IIpl'IHUVIIIOB pa

OOTbi J1Ill1. 

2. MeTOA aTOMHoro rryqRa 

IlOJIY1:18HH8 IIOJIHpH~OB8HHbiX r:pOTOHOB HJIH ,I(8MTpOHOB B 8TOM CJiij-; 

'!88 BKJIIO'I88T CJI8,Il;yi<Jmli8 OCHOBHbiE 8T8IILI: ,I(HCCOII,H8Il,HH M0.}18KYJI BO,Il;OpO· 

,n;a B Bl! ( CBl!) pa 3pH,TI;e, ~OpMHp01>8HH8 C IIOMO~l:JIO CHCT8Mbi ,I(Ma~parM 

aTOMHOrO rrycrRa, IIpOCTp8HCTB8HHC 8 p83,I(8JI8HH8 8TOMOB B H80,Il;HOpO,Il;HOlV1 

MarHHTHOM IIOJI8, IIH,11yl.U1pOB8HII8 Ill! (CBl!)-rrepeXO,I(OB li HOHH38UHH. 

llinKe paccMOTpeHh! rrpnMepLI .n;Byx 'lHIIOB 11IIH - HerrpepHBHoro n HIVIrryJI:oc

Horo HCT01IHHROB. 

2.1. I1Ill1 Jia6opaTopnn H,n;epFLIX rrpo6JieM OM.ffi1 

B ]HIT OHHM B TecreHne pR.n;a JieT rrpoBO.IJ;HJIHCl:J nccJie,IJ;oBaHnH Ha 

CT8H,Il;8 IICT01IHHRa IIOJIHpU30B8HHbiX IIpOTOHOB /
5/, IIp8,Il;H83H81:18HHOrO 

,JJ,JIH tfa30TpOH8 C IIpOCTp8HCTB8HHC M B8pH8Il,H8M MarHHTHOrO ITOJIH. 11IJ}I 

xapaRTepnsyeTcH cJie.IJ;yro~m.m rrapcMeTpaiVIn. 

Pa6ocraH ~acToTa aBToreHepcTopa .nnccounaTopa cocTaBJIHeT 150 

Mru. Mo~HOCTl:J B paspH,TI; rrocTyrraeT crepes crrnpaJI~Hui1 pesoHaTo; /G,?/ 

PaspH,TI;HaH ROJr6a oxJia;:QJ;aeTCH CiKBTLIM Bos,n;yxoM, a yqacTOit rrepe.TI; ac1'-

cpysopoM - BO,Il;OM C IIOMO~l:JIO repME TU3IIpOE8HHOH B8HHbi. CoiTJIO H3 rmpeK

ca MOrJIO OXJI8./iQJ;8Tl:JCH J!UI,Il)\.HIVI 83CTOM IIOCp8,Il;CTBOM CITIIp8JI:oHOM M8;IJ;HOfi 

IIpY/IU'IHbi, OXB8TbiB8IO!lX8M OROH81IHyK 1I8CT1:J p83pH,n;HOM Tpyc5IUI, ,Il;O T8I\1II8-

- paTypu oRoJio 200 K. B 8KcrrepnMeHTax c5nr.mr ncrrnrTanu _,n;na Tnrra ac1'1Jy

sopoB: O,IUIH - B BM,IJ;8 I\.OpOTIWrO COITJI8 C ,I(H8M8TpOM ropJIOBHHbi 2, 5 M?:!, 

,n;pyroi1 - B BII,l~e I\8H8JI8 ,JJ;JIHHOH 'I l'vTII-1 H ,IJ;I18M8TpOM 2, 5 MM. ITpH paDHHX 
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pa CXO,U8X BO,UOpO,U8 ,UOCTHr8IOTC.H O,UI1H8KOBbi8 IIOTOK11 IIOJI.HpH30B8HHbiX 

8TOMOB C K81K,UbiM 113 8~Y30pOB. CKIDJIM8p ,Ul18M8TpOM 3 MIVJ p8CIIOJI8~88T 

CH H8 p8CCTOffiiH11 I0+20 MM OT COIIJI8 ,~ 38T8M CJI8,Il:J8T IWJIJiillJI8TOp ',U!18 
' 

M8TpOM 3,5 MM, y,n:aJieHHbiM OT CIUIMMepa H8 20+75 M!vl. 

CeKcTyrroJI:OHbiM pa3;n;eJIIITeJI:OHbiM MarH11T, MaKcillJ!aJI:oHo rrp116JI:vrJKeH

HHi1 K KOJIJII1M8TOpy (8-;-28 MM), ,I(JIMHOM 544 MM HM88T BXO,UHyro 8II8pTyp 

5 MM, KOTOpa.H JIIIH8MHO YB8JIWIHE88TC.H B,UOJI:O OC11 H H8 IIOJIOBI1H8 ,IJ;JIW.ti 

MarHnTa ;uocT:vrraeT IO MM, ocTaEa.Hc:o ;n;aJiee rrocTOHHHOM. IIomocHbie Ha 

KOH81IHHKH 113rOTOBJI8Hbi 113 rrepM8H,U10p8. 

MOH1138Ulf.H ocymecTBJI.HeTCH B pa3pH,Ue IIeHHHHra. CoJieHon;u, cos

,naromui1 MarHHTHOe ITOJie .no I500 rc, paciTOJIOiK8H B B8KYY£118. PaccTOH

HHe M8JIUCV KOHIJ;OM C8KCTYITOJI.H H H81I8JIOM 8HO,U8 HOHH38TOp8 COCT8BJLFI-

8T 390 MJVJ. B aTOM oOJiacT:vr pacnoJroJKeHa meliKa Bli-nepexo.noB B cJia

CioM M8rHHTHOM ITOJI8 /
9/. 

C U8JI:OIO HCFAI01I8HI1H IIOIT8,U8HI1H rrapOB M8CJI8 B pa3pH,Il;HyiO KOJIOy 

06JI8CT:O COITJI8 OTK8'li'IB88TC.H ,UByXpOTOpHbiM M8X8HH1I8CKviM H8COCOM 

.IUlli-500. KaMepa CIGIIVJMepa OTKB'lMBaeTcH rrapoMaCJIHHbiM arperaToM 

BA-5-4, a KaMepa ceKcTyrroJI.H - BA-8-4. MoH:vr3aTop cHaOJKeH MarH:vrTo

pa3pH.I\HHM H8.COCOM HMJl0-025-I. 

HaHOOJiee OIITHM8JI:OHbiM HBJLF.l8TC.H pacxo,n BO,Il;Opo,na B ,Il;IICCOIJ;I18TOp 

OKOJIO I JI.Top/c, TOK IIOJIHpii30E8HHbiX ITpOTOHOB np:vr 8TOM ,Il;OCTHr88T 

I5 MKA. ITOJIHPH38Ulf.H OHJia II3Me:r:eHa B paHHI1X sKcrrepMMeHTax c rro

Mom:oro JI8MOOBCKOro ITOJI.HpliM8Tpa /IO/ II COCT8BJIH8T OKOJIO 0,9. 

2.2. KpiioreHHLIM HCTO"llmm ITOJI.HpU30B8HHbiX HOHOB "llOJTJipuc" 

B nocJie,nHHe ro,nH B pH,IJ;e JJa6opaTopnt1 OHJIH rrpe,nrrpHHHTDI pa3pa

CioTm1: 11Jfrl, 11CITOJI:03yiOI.I.j:H8 KpnoreHHYIO OTK81IKY 11 CBepxnpOBO,U.f.!li.\II8 M8r

HI1'I'bl. 3,nec:o l'v11I paCCMOTpiTh1 IIMITY JI:OCHbill IICTO'IHHK IIOJIHpH30D8HHLIX ,ne}j-

TpOHOB, C03,U8HHLIM B Jia Ciopa 'l'Op:rnr BIJCOKHX 8Heprni1 0I1.HH /II/ ,n.n:n: 
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CMHXp0~830TpOHa Ha IO rsB. 
XapmtTepHLINJM oco6eHHOCTHMY 8Toro MCTOLJ:HMIW .rrMHioTc.rr: 

8) MCIIOJIL30B8HM8 KpM01'6HHC H OTK8LJ:Illi 60JILlllMZ E0.;1Y.P-IGCTB r838; 

6) .nnccoiJ;HaiJ;IIH .nei1TepMH rrr~n HM3Koi1 TervmepaType; 

B) l1pMl\118H8HM8 CB8pXIIpOBO,JJ)Jl(MX M8I'HliTOB ,UJIH C03.JJ:8HHH M8rliHT

HbiX IIOJI8ll. 

CX8M8TliLJ:8CKHll p83p83 11ffi'I IpliB8,U8H H8 pnc.I. 1\arviepa COIIJI8 2, 

. K8M8p8 CKI1MM8p8 3 H C8KCTYIIOJILf.HM QB8pXIIpOBO,Umi.faM M8rHMT 4 pacno

JI0jf{8Hbi BHJTPII KpllOCT8T8 I c iKH,TIKIIM reJrn:eM Ha 51 J1. CTeHEII K8~.1ep 

COIIJI8, CKIIMM8p8 II K8H8JI8 C8KCTYIIOJIH CJIYiK8T KpHOII8H8JIHMH ,TI;JIH OT

K8LJ:KM ra38, BbiXO,UHil.(ero M3 COIIJI8. 

Pnc. I CxeMaTnLJ:ecrur:M pa3pe 3 "lloJIHpMca". 

I - reJineBLii1 KpnocT 3T, 2 - KBMepa corr.n:a, 3 - KaMep8 

CKlliVJM8p8, 4 - CB8pXIpOBO,U.RlifHll C8KCTYIIOJILHLIM MarHIIT, 

5 - a30THLiti 8KPDH, 3 - BaitYYMHLifJ B8HTMJIL, 7 - .nne co- 1 

IJ;il8TOp, 8 - 8JI8KTpOJ,18rHHTHLIM KJI8II8H IIO,U8LJ:.H ,U8MT8pH5I, 

9 - rromocHHe HaKoHe IHHilli ceiWTYIIOJILHoro IvJarEnTa, IO -

Tpy6K~ Itp:vrocTaTa, II - reJineBHM Itp:vroc·raT, I2 - cBepx

npono.n.FJ:mn11 COJI8HOH,U, I3 - 830THLIH 8Itp8H, 14 - Marmrr

HLI8 8Kp8I-IH '· 15 - ce:U.l/IH B1I-rrepeXO,IJ;OB, 16 - HIITL IIaiW

JI8' I7 - 8HO,IJ;, IS - llOHH8H OIITIIIW' 19 - KO.JI.i18ItTOp 

MOHOB, 20 - TOKOBBO,XLI· 
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)J)m c oKpamemrJI IIcnapemrJI D,IJ;Koro re.JIIDI I<piiocTaThi IIM8IOT sKpmru, 

OXJiruK,II;aeMhle .iKH.IU\IIM asoToM. AsoTHblt.i SKpa.H I3 IIMeeT OTBepCTIIJI ,IJ;.IDI 

KpiiOOTKa~KII rasa B IIOilli3aTope. 

~ccouiiaTop 7 IIMeeT lJ -c6pa3HYIO WOPMY II IIsroTOBneH II3 TIII

peRca ( Tpy~a ,Il;JIIIHOll 220 MM II ,Il;IIcM8TpOM I3 MM) • 0XJia.iK,IJ;8illi8 ocyme

CTBJ!fi8TC.ff ~epe3 T8IIJIOnpOBO,IJ;HOCT:O T.e(p.JIOHOBOrO Koprryca, HaxO,IJ;Jimero

C.ff B KOHTaKT8 C a30THhiM 3KpaHOM. neilTepiit.i TIOCTynaeT B pa3pH,IJ; IIM

IzyJI:OCHO ~epe3 3JI8KTpOMarHHTHhlll KJ:anaH 8. Pa,IJ;IIO~aCTOTHaJI MOinHOCT:O . . . 
Ha ~acToTe IOO MrD; Ta.KJKe no,IJ;aeTc.F.: IDJirryJI:oclio. ATOMHhlil ~oK ~opMII-

pyeTcJI COITJIOM ,Il;IIaM8TpOM 2,2 MM, C:KHMMepoM ,Il;IIaM8TpOM 3,5 MM II KOJI

JIIIMaTOpOM ,IJ;IIaM8TpOM 7 MM. PaCCTO.f:HHe M81K,Izy COITJIOM H CKIIMM8pOM -

!2 MlVI, M8JIOJ;Y CKHMMepoM II Ha'IaJIOM C8KCTYTIO.IDI - 6I MM. 

CeKCTYTIOJI:OHhiH MarHIIT ,IJ;JIIIHOll 280 MM C,IJ;8JiaH TaK, 'ITO JipMO, 

nOJIIOCa H o6MOTKII Haxo~TCJI BHYTPH KpiiOCTaTa c .iK~ reJIIIeM, a 

llOJIIOCHhi8 HaKOH8~HHRII B BaKJYM8. 1\.TI8pTypa MarHHTa yBeJI~HBa8TC.ff OT 

7 ,Il;O I2 MM Ha TIOJIOBIIH8 ,Il;JIIIHhi, 3a~:eM OCTaeTC.ff TIOCTO.f!HHOH. 06MOTKII 

B:blllOJIH8Hhi II3 illi06Hll-TIITaHOBOrO CBepxnpoBo~mero Ka6e.IDI ,IJ;IIaM8TpOM 

0,5 MM, Ha Ka..iiQJ;OM TIOJIIOCe 67 BIITKI)B. MarmrT pa6oTa8T B KOpOTK0-

3aMKHJTOM pe.iKIIMe. MaKCHMaJIDH08 3Ha'I8HH8 MarmiTHOrO TIOJ!fi Ha KpaiO 

nOJIIOCHhiX HaKOHe'IHHKOB, :vrsroToBJie:IHhiX II3 nepMeH,IJ;ropa, npii TOKe 50 A 

COCTaBJI.ffeT npiiMepHO IO Krc. 

IJ!Omi3aTOp TIITia TieHHHHra COC'rOIIT H3 KpiiOCTaTa II C .iKH,Il;KIIM re

Jm8M Ha 46 JI II cBepxnpoBo~mero <~ OJieHOII,IJ;a I2 ,IJ;JIIIHOil 300 MM. MaK

CIDIIaJI:OHoe MariDITHOe TIOJie B U8HTp3 npii TOKe I30 A COCTaBJ!fi8T 68 Krc 

O;n;HaKO, OTITIIMaJI:OHhlll TOK paBHJIJIC.ff 43 A. Ha 3JI8KTpO,Il;H IIOHII3aTopa TIII

TaHH8 TIO,IJ;a8TC.ff IIMITYJI:OCHO, CHHxpOH:HO C ,Il;IICCOUIIaTOpOM. Ha CT8H,Il;8 

6~M ,Il;OCTIITHYThi 3Ha'!8HII.ff TOKa ,IJ;eliTpOHOB B HMTI.YJI:OCe IOO MC OKOJIO 

200 MKA. 



6 

Mc:rruTaHHJI ycTaHOBKH npoBo,n;ru:nc:o no 2-3 He,n;eJIH 6es cy6JIHMarurn: 

,n;efiTepHJI. ~ o6ecne~eHHH pa6oT~ Tpe6QBaJioc:o 200 JI ~,n;Koro reJIMJI 

B H8,IJ;MIO. liOCKOJILKy llCTO'tiHHK yCTE.HaBJIHBaeTCJI Ha KOJIOHKe C noTeH

J.UiaJIOM 750 KB BmKH1IM 00CTOJIT8JILC'lBOM JIBJIJI8TCJI HH3KM nOTp80JIJI8MaJI 

MGiitHOCTL H KOMITa.KTHOCTL HCTO'tiHHKc .• 

IloJIJipH30BaHHH8 ,n;efiTpO~ OHJm: ycKopeHH Ha CHHXp~a30TpOH8 ,n;o 

MaKCHMaJILHOM 3HeprnH. liOJiy-qeHa HFT8HCHBHOCTL ;:: lOB ,n;efiTpOHOB B 

IDJIIIyJI:OCe npH B8KTOpHOM noJIJipll3aiJ;r.:H P l ( 3KCn.) = 0 ,5±0,2 

(P ~ (Teop.) = 2/3). 

2. 3. XOJio,n;HHe aTOMH Bo,n;opo,n;E. 

B noc.Jie,n;HHe ro.n;H OOJI:omne ,n;oc TliDKeHHJI B TeXHHKe 11Illi 6~ cMsa

HH C ITOHH~8HH8M CKOpOCTH aTOMOB, nOCKOIT:OKY 3TO YBMH'tiHBaeT aKcen

TaHC pa3,IJ;MHTM:OHOrO MarHHTa ll IJJ:OTHOCTL noJIJipll30BaHHhiX aTOMOB B 

HOHH3aTope. Xorro,n;HHe aTOMH Bo,n;opc,,n;a ITOITy-qa.IOTCJI JIHOO npH OXJIWK,n;8-

HHH CT8HOK pa3pR,IJ;HOM KOJIOH, JIHOO nyTeM BBe,n;eHHJI ITOTOKa rOPff\{HX aT 

MOB H3 pa3pR,IJ;HOM KOJIOH B OO~eM CC· CT8HRaMH, ITO,IJ;,IJ;8p7.tHBae~MH npH 

HH3KOM TeMITepaType /I2/. 

B pa6oTe /I3/ cooomaeTcJI o I~aspa6oTKe HCTO~HHKa aToMoB Bo,n;o

po,n;a, B KOTOpOM OXJia.1K,!1;8HH8 aTOMO:E. OCyii{8CTBJIJI8TCJI Henocpe,n;CTB8HHO 

B pa3pg,IJ;HOM Tp~OKe, ITOM8II{8HHOM B ,n;:oroap C ~HM a30TOM. KBapU8BaH 

pa3Pff,n;HaJI TpyOKa ITpOXO,IJ;HT BHyTpH KOaKCHaJI:OHOrO p830HaTopa, CBJI3aH

HOrO co CBli-reHepaTopoM "Jiy-q-I" (-qacToTa 2,4 ~' MOII{HOCT:o I50 

BT). ,1J,Jm HCCJI8,IJ;OBaHIDI CIT8KTpa CKC·pOCTH aTOMOB WOPMHpyeMOrO ny'tffia 

HCnOJI:030BaJICJI Bp8Mff-ITpOJI8TH1IM Me~o,n;.0Ka3aJIOC:O, ~TO MaKCB8~0BCKHH 

3aKOH He OITHCHBaeT noJIHOCT:OIO pacr:pe,n;eJieHHe aTOMOB no CKOpOCTJIM. 

IT03TOMY TeMnepaTypa rasa B TpyOKE OU8HHBaJiaC:o nyTeM CpaBH8illiff 
.... 

HaHOOJiee BepOJITHhiX_ CKOpOCTefi 1r ~ ny-qKOB H H H~ rrpH pa3-
N 

JIH'tiHhiX TeMIIepaTypax C BKJII0~8HH1IM pa3pg,IJ;OM H 083 Hero. .IJlm T8ITJIOI'O 

J.lYl!Ka OHa OKa3aJiaC:O paBHOM 460 K ( '1;. = 3, 3• I05 CM/C), TOr,n;a I\a.K 
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)J.Jifi OXJIWK.n;eHHoro pa3pJI.IJ;a - 90 K ( '0- I,7·Io5 eM/c). 

3TO 3Ha~eHMe T8MIT8paTypH R~R8TCR rrpaKTH~8CRHM rrpe.n;e~OM 
# 

.IJ;~ .IJ;aHHOrO CITOCOda IT0~8Hllfl H8DpepHBHOrO rryqKa XO~O.IJ;HHX aTOMOB, 

TIOCRO~:OKY HCITM:030BaHII8 .n;pyr:rrx (RpOMe JKll.IJ;KOrO a30Ta) XJiaJJ;OareHTOB 

6y~eT HeiTp:rre~eMo ITO coodpaJKeHHRN. pacxo.n;a XJiaJJ;oareHTa. ~ HMrry~:oc 

HHX HCTO~HHROB aTOMOB 3Ta rrpod~ewa MOJKeT OHT:O ~aCTH~HO rrpeo.n;o~eHa 

nyTeM oXJI~eHHR conna. HaiTpHMep, B Apronne /I4/ du~o ocym~cT~e
~o oXJI~eH:rre illlpeKcoBoro co~a npu ~oMom:rr re~eBoro pewpMJKepaTopa 

c 3a.MRHyTHM u~oM. B pesy~:oTaTe, Ha Me.n;noM Ko~:oue, oRpyRaBmeM 

co~o, d~a .n;ocT:rrrHyTa TeMITepaTyra 30 K. O.n;naRo usMepennarr na:rr6o

~ee ·B8pORTHaff CKOpOCT:O ( ~ = I,7•I05 CM/C) ITORa3HBaeT, ~TO OXJiaR 

.n;enue d~o ne.n;ocTaTo~HHM. 

flpod~eMa OXJiaJK,I1;8IDI.ff aTOMOB B CO~e .IJ;Jiff HeiTpepHBHOrO HCTO~HllRa 

6~a HCC~e.n;oBaHa B EOHHe /IS/. )J,JIFI ,n:Byx pa3.7IH'IHHX ,IT)ll1H CO~a 
(6 H I4 MM) ITORa3aHO, 'ITO 6Mee .n;mumoe COIIJIO .n;aeT dO.JThlllliH HOHHU0: 

TOR ITpH M8H:Olll8M TOKe C8RCTyiTO.JThHOrO MariDITa, ~TO dH~O ITpllrrn:CaHO 

~eMY ox.rra.tK,IJ;emno aToMHoro rryqKa. C uciTo~soBamreM Me.n;noro co~a, 

TIORphlTOro H3P04, OXJiaJK.n;aeMoro ~KllM a30TOM, dH~a H3MepeHa Hill1do

Jiee BepORTHa.FI ~KOpOCT:O -,;.. = (I' 55±0 'I) • I05 CM/ c. IIpu OXJiaJK,IJ;8Hl:lll: 

co~a ~RHM re~eM c B~eH~ pas~oM pacxo.n; cocTaB~~ 2 ~/~ac. 

Tipll 3TOM HaHdMee BepORTHaFI CROpO~T:O M0~8RYJI .n;efl:TepllR YJVI8H:Oill~aC:O 

OT 842 M/c (T = 77 K) .n;o 65I M/c. )J,Jm aTOMOB BO.n;opo.n;a 01UI,IJ;aeMaFI 

'b-(T = 4 K) ~ I200 M/c. B Ta6~HUe I rrpHBe.n;eHH pesy.JIDTaThi :rr3Mepe

HHH CKOpOCT8H aTOMOB. ~e.n;yeT OTV18THT:O, 'ITO ,ItJI.FI OXJia.iK,II;8H11FI COIIJia 

:~e,IJ;H8BHO TpedOB~OC:O ORO~O 200 ~ JK:rr.n;ROrO a30Ta. 

B padoTe HOBOCHOHpcROH rpynrr~ /I6/ HCCJI8.IJ;OBaHO HCTe~eHH8 H3 
.... 

Me.n;noro coiiJia-KaH~a, OXJia.iK.I(aeMorJ JKH.n;RHM asoToM. Haudo~ee BepoRT-

HaFI CROpOCT:O aTOMOB ~O.D;Opo.n;a, H3M9p8HHaFI ITO 0TR~OH8HliiD ~a B 

MarHHTe PadM, cocTaB~a I,6·Io5 cv/c, 'ITO corJiacyeTcR c pesy~:oTa
TaMM padoT /I3,IS/. 
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Ta6JIIIIJ;a I. 

ras H .ll 

T COIIJia, K 77 77 77 77 295 295 4 

...... 
1T , M/c I549+f04 I087+79 II~3.:J:75 842+56 I738+I40 I325+86 65I-t-42 

Xopomo nsBeCTHO, liTO ,nJJJI .n;oc:TnJKeHM.FI BhiCOKO:tf cTeneHn ,I(IICcouiia

~, Heo6xo,IUIMa npiiMec~ K Bo.n;opony napoB :Bo,I(hl IIJrn KIIcJiopo.n;a /IS/ •. 

B aTOM CB.FI3II HHTepeceH pesyJI:OTa~~ B coo6rqeHHH /I3/, liTO npii OXJirurt

,n;eHHH pa3pH~OH Tpy6KII CTeneH:O ~[CCOUHauiiii YMeH:omaeTC.FI. ~ XOJIO~

HOrO HCTOliHIIKa MaKCIIMaJI:OHM CTeTIOH:b ,I(IICCOUJiiai.Ulli (d., MaKC. = 50%) 

.n;ocTHraJiac:o npii ,n;aBJieHHH 0,5 Top H pacxo.n;e rasa 6·Ioi8c-I (B CJIY

·"tJae TeiiJioro HCTOliHHKa /I
8

/ cJ.. MU.KC • = 96%). B pa6oTe 60HHCKOH 

rpyiiiill /IS/, r,n;e OXJiaJK,IJ;aJIOC:O TOJIJ>KO COIIJIO, CTeTieH:O ,n;IICCOUJiia.IJ;ilH 

COCTaBHJia (80+I,8)%. 

2 • 4. <»oKyCIIpOBKa H l10HH3aiJ,RH aTOMHOrO rry't!Ka. 

nmr pa3,n;eJieHRff aTOMOB TIO COOTO.FIHRffM TIOJI.Fipl13auiil1 MeKTpOHa 

'tJaiite BCero IICTIOJI:03YIOTC.FI CeKCTyTIO~I:OHhie 8JI8KTpOMarHIIThi, KOTOphie 06-

Jia.TI;aiOT WOKyCUpyiOI.qiiMII CBOMCTBaMII. <»oKaJI:OHa.FI ,1tJIIIHa onpe,n;eJI.FieTC.fi rpa

,I(HeHTOM Mai'HHTHOrO TIOJiff H CROpOC~~:OIO aTOMOB. ).I)rg ,I(aHHOM anepTypbi 

rpa,n;IIeHT orpaHH't!HBaeTC.fi noJieM B VI, Ha TIOJIIOCHOM HaKOHeliHHKe, TaK Kai 

npoiiCXO.n;IIT HacHrqeHHe MarHIITHoro uaTepnaJia. 06mHo y ceKcTynOJIJI B..,= 

7-:-9 KH~. 3Ha1IeHIW I2 Kfc, TIOBH,I(HIIIOMY, .FIBJI.FieTC.FI BepXIUll\! npe,n;eJIOM• 

)J)m ny1IKOB C HH3KOH CKOpOCT:OIO M0:7yT OKa3aT:OC.fi TIO,I(XO,IIIIIIUIMII TIOCTO.fiH

Hhie MYJI:OTUTIOJI:OHhie MarHUThi ¥I3 c~~uif-Ko6aJI:oToBoro CIIJiaBa /I9/. 

C ~ I 
OKpameHUe cpe~en CKOpOCTII aTOMOB Tipii OXJiaJIOJ;emm: ,I(IICCOUIIaTO-

-
pa l1JIII corura Tpe6yeT noJIHoli nepe;~eJIKn o61I't!Horo MarHHTa ,n;JI.F.r Toro, 

'tJT06hi TIOJIHOCT:OIO llCTIOJI:030BaT:O npe:mymeCTBa OXJiaJIOJ;8Hll.fi. Ilpii COBpe-
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M8HHOM T8XHHK8 MO~eT 6HTb n~eH TIO~OBHHHHM yro~ aKCenTaHCa 

~ r0°, 'ITO COOTB8TCTBY8T T8JI8CHO~r yrxy ~ ro-r CTepa,n;. 3TO ,n;aeT 

BHHrpHrn 20 no CpaBH8HlliD C T8~8CHI~ yr~OM ,I1;8MCTByromHX llCTO'IHllROB. 

Han60Jiee ~eRTHBHHM noHnsaTopoM B HacTomrtee npelVI.fi .rrBJIR:eTc.rr, 

TIOBH,n;llMOMy, ROHCTpyRll;Iiff, paspa60T~W:HM B li,Iopnxe / 20/. E~ llCMio

'18HH orpaHH'IHBaromne WaRTopu npe~~crmero noHnsaTopa: RopoTRa.rr o6-

JiaCTb llOHll3aiJ;llll, OTCYTCTBlle H83aBliCHMOrO ROHTpOM nOT8HI.J;11aJia 

ROHll3au;HOHHOrO CTOJI6a ll Hey,n;o6H08 paCTIOJI0~8Hll8 CllCT8MH BHT.ffrHBa

Hll.ff HOHOB B RpaeBOM TIOJI8 COJI8HOH,IJ;a. 3TO npHB8~0 K 3Ha'IHT8~HOMY 

yneJIH'IeHHro pasMepoB cncTeMH HOHH31~, KOTOpa.rr Tenepb pacno~araeT

csr BHyTpll COJI8HOH,IJ;a ,IJ;J!HHOH 45 CM l! BHyTpeHHIIM ,II;lla.MeTpOM r6 CM. 

CQJI8H0ll,II; HaxO,IJ;llTCSI CHapYJKll BaKyyMHOrO K~a, KOTOPDIM, T~e KaR 

KaTyrnKH,HM88T TIOT8H~~ 38MJIH. 

B HenpepbiBHOM pe.!Kl1Me HOHH3aTop ,n;aeT IJ.Y'IOK C XOpOllii'IM 3MllTTaH

COM n TOKOM 60Jiee rOO MKA. MO~HO :-rpe,n;no~araTb, 'ITO ynMH'IeHHe 

nHOTHOCTll aTOMOB ,IJ;O ,IJ;OCTHrHYTOM B EOHHe /r5/ (5,7+0,6)•rorrCM-3) 

TI03BOJIHT YB6nll'IHTb HOHHHM TOR ,IJ;O :~00 MKA B HenpepHBHOM pe~e ll 

400 MKA B ~miTy~bCe /I/ • 

. He,n;aBHo 6HJI npe,n;~OJl\eH MeTo,n; noHHsa.:o;nn noMpHsoBaHHHX aToMoB 

C TIOMO~biD nepeKOMn8HCfiPOBaHHOrO ~~OTOHHOrO Rnll ,I1;8MTpOHHOrO ny'IKa 

/ 2I/. ITepeKOMTI8HCaqil.ff ,IJ;OCTHraeTCSI B ycTpOMCTBe, TIOJIJ'1llBill8M Ha3Ba

HR8 ~asMeHHOM JIHH3H 1221. B HOHH3aTope, pa6oTaro~eM no STOMy rrpnH

nHTIY, TIOJIR:pll30BaHHH8 rrpDTOHH B03liiKaiDT B pesyJibTaTe_ peaKUMH nepe-

3apSI.IJ;Kll 

D+ + H t 

aixl>eKTMBHOCTb llOHll3a.!Uill OTip8,II;8M8'rG.ff ~OTHOCTbiD TOKa ,I1;8HTpOHHOrO 

ny'IKa, KOTOpa.SI B KOMTI8HCllpOBaHHHX }DWIT,Y~bCHilX ny'II\ax C 3Heprnefi 

OKOJIO IO KSB Mo~eT ,n;ocTHraTb I A/1)M2 1231. ,1J.J.r.H: .n;JIHHH o6~acTn 
ROHH3au;HH r0 CM ll CKOpOCTll aTOMOB 3• r05 cM/c paC'18THa.ff 8<fx]ei\TllB-
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HOCTn HOHH3auHH paBHH8TCR 0,2. 

3a TIOCJI8.1UIH8 ro,WJI 6hLJI C,I(eJiaH ~~~eCTB8HHhiM nporpecc B yBe.mr-
IO.K U U.M.\t,y/\loC..i-{bl')( l <.~o '2CJ~MKA) 

't!8HHH Ra.R H8rrpephiBHhiX (.I(O 'tOO MRA) ("TOI{OB TIOJiffpll30BaHHhiX !IpOTOHOB 
) 

H .I(8MTpOHOB. WCRa3aHhi H,IJ;8H, KOTOpLie MOryT !Ipll HX p8a.IDI3a.:IUIH 

C.I(eJiaTn HHT8HCHBHOCTH yDEOp8HHhiX ilt)Jiffpll30BaHHhiX traCTH:U Ha CHHXpO

TpOHax TOrO iKe TIOp.ff,Il;Ka B8Jill't!HHhi, 't!'.:?O II H8TIOMpll30BaHHhiX 't!aCTHIJ;. 

Han6oJiee HHTepeCHEm~ npe.n:cTaa~eTCR pasBHTHe KpnoreHHhiX HCTOtrHH-

KOB /II/, B03M01KHO, C Ha.ROTIJI8Hll8M JIOMp!130BaHHhiX HOHOB B 3JI8KTpOHHO

Jiy't!8BOM JIOByniKe / 24/. He RCHhi TIOKa, XOTR 3aMaHlJ:HBhi nepcneKTHBhi Me

TO.I(a ~asepHOM Ha.Ra't!Kll llanHpH3~H 1125 ,26/. YcKopeHHe TIOJiffpH30BaHHhiX 

.I(8MTpOHOB Ha CHHXpotJ?a30TpOH8 0I1ffi1 OTKphiBaeT IIHipOKHe nepcneKTHBb! 

sKcnepnMeHTaJinHhiX nccJie.I(oBaHH.li B wnsnKe Bb!COKIDC sHeprnli • .llJm paOOTb! 

C ycKOpHT~ Ha SHepr:mo "'-' I rsB H806XO.I(llMhi illii1 HenpepbiBHOro 

.n:eiicTmm. IIepcneKTHBHhiM Hanpa.BJieHHoM s.n:ecn RBMeTCR KJiaccll't!ecKM 

cxeMa no MeTo.n:y aTOl\moro nyqKa, co1.:eTaromM Kp:rroreHHHe n TeiJJihie 

Y3Jib!, . 't!TO II03BO.IDIT ,IJ;OCTJii't!n HenpepHHE-illM TOK TIOJiffpll30BaHHhiX !IpOTO-

HOB .I(O 200 MKA. 
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