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BBe)leHHe 

3KCITepHM8HTbl C IT01IS!pH30B8HHbllv!H "'8CTHU8MH COCT8B1ISIIOT H80T'b8M-

lleMyiO "'8CTb 05llleH nporpaMMbl HCCJI8J]OB8HHSI B38HMOJ(8HCTBHSI HYKJIOHOB 

c HyKnoHaMH H Mp8MH. YcHJIHSI MHorux tPH3H"'8CKHX nt5opaTopHH HanpaBne

Hhi H8 pa3pa50TKy 9tPtP8KTHBHbiX MeTOJ]OB IT01IY"'8HHSI n;'"'KOB IT01ISipH30B8H

HbiX "'8CTHU C BbiCOKOH CT8IT8Hb!O IT01ISlpH38UHH If 50JiblUOH HHTeHCHBHOCTbiO. 

BnepBhie HJJeSI o B03MO)KHOCTH nony"'eHHR ny"'Ka JiepBH"'Ho-nonSipH3o

BaHHhiX "'8CTHU C ITOMOlllb!O HCTO"'HHK8 IT01ISipH30B8HHhiX HOHOB (Y!TIY!) Ha 

/1/ 
ycKOPHTene 5hma BhiCKa3aHa B 1956 roay • 3a npoJUeaume c Toro Bpe-

MeHH 13 neT MHOrHe HCCJI8J]OB8T81IbCKHe rpynnhi ITpOBEJIH HHTepeCHb!e ITOHC

KH H JJOCTHrnH cymecTBeHHhiX ycnexoB. B 1960 roay HC:TO"'HHK nonSipH30BaH-

/2/ /2~8/ 
HbiX HOHOB CT81I pea1IbHOCTb!O • 8 o53opax H MOHOI P8tPHSIX OITHC8-

Hbl ocHOBHhie aTanhi pa3BHTHSI TeXHHKH YITIYI. 

Tiocne 1960 roaa, Koraa B MHHHecoTe BnepBbie { hiJIH nony"'eHhi nonSI

/2/ 
pH30BaHHbie npoTOHhi , napaMeTpbi YITIH HenpepbiBH<) yny"'IUanHCh. 3<P-

tPeKTHBHOCTh Y!TIY!, pa50T8!0lll8rO COBM8CTHO C YCKOpHT81I8M, xapaKTepH3yeT-

CSI ITpHB8Jl8HHOH HHT8HCHBHOCTb!O 

W a<P. = I • p 2 • 

(1) 
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rae I - HHTeHCHS.IOCTb rrepsH'l:Ho-rronHpnsosaHHoro ycKopeHHoro ny'IKa, 

p - CTeiieHb IIOnH)JHS8UHH '18CTHU. 3Ha'leHHe IIpHSe):leHHOil: HHT9HCHSHOCTH 

W sci> 11011 S03pac rano IIpHMepHO aKCIIOHeHUHanbHO: qepes K8)1{t:lb19 TpH I'O

t:l8 OH8 ysenH'IHSan.lCb S 10 pas (pHC. 1 ), 3TOT pOCT o6ycnosneH S OCHOS

HOM IIOSbiiii9HH9M scl>cl>eKTHSHOCTH HOHHS8UHH H CTeiieHH IIOnHpHS8UHH HOHOS 

S 11011. 

CT8t:IHH HH)K9J:UHH S nHHeMHOM ycKOpHTene COIIp51)1{9H8 C M8nbiMH IIOTe

pHMH, eCnH TOnbKC 11011 p8SM9CTHTb IIOt:l SbiCOKHM IIOTeHUHanOM HH)I{9KTOpa 

(750 KS) • 3H8'19Hlle IIpHS9t:19HHOH HHTeHCHSHOCTH IIOn51pHSOS8HHOI'O IIY'IK8 

UHKnOTpOH8 SH8'18n::! 6binO S9CbM8 HHSKHM. Oocne COSt:18HH51 acl>cl>eKTHSHOil: 

CHCT9Mbl SH9IIIH9M 1H)I{eKUHH HHT9HCHSHOCTb IIY'IK8 peSKO SOSpocna. Ha rpa

ci>HKe pHC, 1 aTO IIOK8S8HO S SHt:19 HSnOM8, 

OepSbie 11011 Ha T8Ht:19M-I'eHepaTOpe 6hWH IIOCTpOeHbl IIO CXeMe rrepe

sapHt:IKH Ha cl>onhi'e HnH I'8SOSOJ1: MHIII9HH IIOnO)I{HTenbHblX HOHOS S OTpHU8-

T9nbHble, 3aeCb S03HHKnH 6onbiiiH9 IIOTepH HHT9HCHSHOCTH IIY'IK8, Het:18SHO 

II051SHnCH HOSbiH M<!TOt:l rrony'leHH51 IIOn51pHSOS8HHbiX 8TOMOS C HCIIOnbSOS8HH-

eM aTOM OS SOt:IOPOila S M9T8CT86HnbHOM COCTOHHHH 8° ( 2S) • 3TOT M9T0t:l 

IIOSSOn51eT rrony'IHTb Cpasy OTpHU8TenbHbl9 HOHbi, 

PasMeiiieHHe 11011 Ha aneKTpocTaTH'IeCKOM reHepaTope (3Cf) SbiSbisa

eT 6onbiiiHe Tpyt:IHC•CTH, ,Uo CHX IIOp Yt:I8'1HO IIpOIIIna nHIIIb Ot:IH8 IIOIIbiTKa. 

/2/ 
11011 CMOHTHposaH Ha scr Ha 3,5 Mas s BaiiiHHI'TOHe • 11MeHHO Ha aTOM 

::Cf HMeeTC51 6om III8Sl IInOIII8t:IK8 ang p8SM9III9HH51 11011 SHyTpH KOniiaKa 

/9/ 
Sb!COKOI'O AasneH!l 51, H 9t:I8SHO II051SHnOCb C006IIIeHHe 0 TOM 1 'ITO pas-

pa60T8H8 HOS8H KCHCTpyKUHH HCTO'IHHK8 rrongpHSOS8HrihlX HOHOS 1 KOTOp8H IIOT-

pe6nHeT He6onbiiiYD MOIIIHOCTb 11 IIOaTOMy 0'19Hb Yt:I06Ha anH paSM9II19HHH 

Ha scr. 
MaKCHManbHa H aHeprH51, ao KOTopo:H yaanocb ycKopHTb rrepsH'IHo-rronH· 

/3/ 
pHSOS8HHhie HOHbl, COCTasnHeT IIOK8 50 Mas , CyiiieCTSYJOT rrpoeKTbl IIO 

YCKOpeHH!O IIOnHpH:IOS8HHbiX '18CTHU t:IO 6onee Bb!COKHX aHepi'HM 1 S '18CTHOC-
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u /10/ 
TH, Ha ycTaHOBKaX THIIa Me30HHOH (jla6pHKH B floc-AnaMoCe Ha 88-

/11,12/ I 
JlJOiiMOBOM UHKJIOTpoHe B BepKnH, Ha ycKopHTene "DpHHCTOH-DeH-

/13/ /64/ 
CHilbB8HHH" 0 Ha CHHXpOTpOHe "CaTypH" B CaK 'le ( <!>paHUHH) o 

18/ 
H acTOHlllaH pa6oTa JlOIIOJI,-IHeT o6aop H COJlepMH'~ CBeJleHHH o no-

cneJlHHX ycnexaX B pa3pa60TKe H C03Jl8HHH HCTO'IHHKOB 'IOJIHpH30B8HHbiX HQ-

HOB, a T8KMe 0 HOBbiX CXeMaX IIOJiy'IeHHH H yCKOpeHHH I:epBH'IHO-IIOJIHpH30-

B8HHhiX 'I8CTHUo TeXHHKa HCIIOJib30B8HHH IIOJIHpH30B8HI!l•l;: H HeiiOJIHpH30BaH-

HhiX MHllleHeil JlJIH IIOJiy'!eHHH BTOpH'!HO-II01IHpH30BaHHhiX '!aCTHU 3/leCb He 

paCCMaTpHBaeTC H. 

1. !10HH38UHH IIpOCTpaHCTBeHHO paageneHHhD. CIIHHOBhiX 

KOMIIOHeHT aTOMa BOgopOJla 

§ 1,1, l10HH38UJIH aTOMHOI'O IIy'I<a 

B 11011 0 pa60T810llleM ITO MeTOJly pa3)leneHHH KOMII )HeHT CBepXTOHKOI'O 
• 

pacmerrneHHH OCHOBHOI'O COCTOHHHH 8TOMa B0Jl0p0Jl8 B HaOJlHOpOJlHOM Mai'HHT-

HOM none, a TOMb! cenapHpOB8HHOI'O ny'!Ka HOHH3yJOTCH :: neKTpOHHbiM yJlapOMo 

3(jl!jleKTHB.IlOCTh HOHH38UHH paBHa OTHOlll8HHIO IIOTOKa IIOl OMHTeJihHhiX HOHOB 

I+ K noToKy aToMOB I 0 Ha BXOJle HOHH3aTopa: 

I+ a (U) o e 71=-=....::.... ___ _ 
I o ( 1.1 ) eo v 

f'Jle - IIJIOTHOCTh aneKTpOHHOI'O TOKa [~J 
CM~ 

, a (U) - a(jl(jleKTHBJIOe 

Ce'IeHHe HOllH 38UHH aTOMa B0Jl0p0Jl8 aneKTpOHOM C 3He]li'Hei1 U ( 3B ] 0 v 

cpeJlHHH CKOpOCTh 8TOMOB 0 f - cpeJlHHH JlJIHHa 0Tpe3K.l 0 BMelllaJOlllei'OCH B 

06lllyl0 'IBCTh 3JieKTpOHHOI'O H 8TOMHOI'O IIY'!Ka ( "Jl1IHH8 B3t:lHMO.:teil:CTBHH") o 

3!jl(jleKTHBHOe Ce'!eHHe HOHH38UHH aTOMOB B0Jl0p0Jl8 HJIH Jleil:TepHH 31IeKTpOHEt-

··17 2 
7o10 CM IIpH 3HeprHH MH JlOCTHI'aeT M8KCHMt:lJlpHOI'O 3Ha'!eHHH a 

max 

5 



/14/ 
SJieKTpOHOB U = 60 SB B o6nacTH sHeprHH sneKTpoHoB 50~100 as 

ycpeaHeHHOe Ce~eHHe HOHH3aUHH COCTasngeT OKOJIO 90% MaKCHMaJibHOrO 3Ha-

, a HPH sHeprHrut U > 100 SB s4>4JeKTHBHOe ce~eHHe arrrrpoK

/2/ 
CHMHpyeTcg COOTHOIIIOHHeM 

1,37-10- ' 5 u 
a(U) =-----En(---). 

u 0,325 ( 1.2) 

C llOBhillieHHeM SHeprHH sneKTpOHOB MaKCHMaJibHag IIJIOTHOCTb SJieK

TpOHHOrO TOKa, orpa.IH'JeHHag IlpOCTpaHCTBeHHbiM aapgaoM, paCTeT K8K U a/_2 

TiosTOMY s4J4JeKTHBHO•:Tb HOHH3aUHH C y~eTOM ( 1,2) OIIHChiBaeTCg COOTHOJlle-

HHeM 

U~ En U . 
( 1,3) 

npyroH Ba~HOH XapaKTepHCTHKOH HOHH3aTopa, IIpogsngrorueHCg IlpH 

CO~Jle~HHH l1TII1 C YCKOpHTeneM, gsngeTcg 9MHTT8HC rry~Ka, c4JopMHpOBaH

HOrO HOHHO-OIITH~eCKOH CHCTeMOH HOHH3aTopa, 8MHTTaHC rry~Ka aon~eH 

6hiTb MeHbllie aKcerrTaHca ycKopHTeng, 

§ 1,2, l1 C H H 3 a U H g B C Jl a 6 0 M Mar H H T H 0 M IT 0 Jl e 

MarHHTHoe non~ Harrpg~eHHOCTbiD B HeCKOJibKO spcTea aaaaeT Harrpas

neHHe BeKTopa rron£q:HaauHH rry~Ka, BoaMo~Hhi paanH~Hhie co~eTaHHg Harr

pasneHHH aTOMHoro Hy~Ka, sneKTpOHHoro rry~Ka H BeKTopa MarHHTHoro nong, 

EcnH rry~KH HarrpasnuHhi rrapanne1lhHO apyr apyry, To cpeaHgg anHHa saa

HMoaeHCTBHg B03paC"aeT H llOBhiJllaeTCg s4J4JeKTHBHOCTb HOHH3aUHH, 0aHaKO 

IlpH STOM llpOHCXOaW' paCIDHpeHHe ny~Ka SJieKTpOHOB H3-3a SJIGKTpOCTaTH

~eCKOrO paCTaJIKHBaF.Hg aapgaoB, H IIJIOTHOCTb TOKa 6hiCTpO crraaaeT BaOJib 
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fiY'IKa, B OTCYTCTBHe MarHHTHoro nonsr npeLlOTBpaTHTb JlBCIIIHpeHHe ny'IKa 

MO>KHO TOnbKO C DOMOillbiO HOHOB, KOTOpb!e HeA:TpanH3yiC T aneKTpOHHbiA: 38-

-6 
psra, ITpH aasneHHH B 8TOMHOM ny'IKe OKOnO 10 TOp Ha6niOaaeTCSI '18C-

TH'IH8Sl HeA:TpanH38UHSI, 

ITo TaKoA: CXeMe pa6oTaeT HOHH38TOp, CKOHCTpyHposaHHbiA: B XapbK0-

/15/ 
se (pRe. 2). AsTopaM yaanocb coaaaTb aneKTJIOHHbiA: ny'IOK 

He60nhliiOA: 9HeprHH 

6bin8 HCITOnh30BaHa 

npH BbiCOKOA: nnOTHOCTH TOKa, 

TpexaneKTpoaaasr aneKTpOHHasr 

D.nsr aToA: uenH 

/16/ 
nyiiiKa 

B KOTOpoA: aneKTpOHbl CHa'lana BbiTSirRBanHCb R3 K8TOLl8 Hanpsr>KeHReM 

3000 s, a aaTeM TOpM03HnRCb ao aaeprHH 600 s. Ebim aocTHrHyTa nnoT

a 
HOCTb TOKa = 0,5 -;;;;z-- , B HOHH38TOpe HCITOnh30BaH KOnhUesoA: OKCHLl-

HbiA: KaTOLl Hapy>KHbiM LlR8MeTpOM 9,6 MM H BHyTpeHHHM 5,5 MM, D,nsr no-

ny'leHRSI KOHH'IeCKH CXOLlSllllerOCSI ny'IKa 9MHTTRpyiOl!8Sl nosepXHOCTb Ka-

0 
Toaa pacnonaranacb noa yrnoM 65 K ocR CHCTeMbi,. D.nHHa HOHRaauHH pasasr-

nacb 6 CM, IToTeHuHan KonneKTopa aneKTpoaos cocTasn~n 500 s, R noaTo-

MY HOHbl BbiTSirRBanRCb 'lepe3 OTBepCTHe B KOnneKTOpe CO BCeii: anRHbl Ho-

HH38URHo ITOTOK aTOMOB 

= 10
11 

CM -
3

, l10HHbiii: TOK Ha 

"' -3 T/ 1 ,6·10 • HOHH38URR 

15 -1 
I 0 = 6.10 ceK • ITnoTHOCTb p ~ 

BbiXOLle 6bin paseH 1 ,5 MJ:a, a¢l¢leKTHBHOCTb 

EcnH ny'IKH HanpasneHbi nepneHLlHKynsrpao apyr LlJ=yry, TO ysenH'IeHRe 

nnoTHOCTR aneKTpoHHoro TOKa conposo>KaaeTcsr noHH>KeHHeM noTeHuRana s 

06~eMe HOHH38UHH. EcnH noTeHUHan Ha OCR fiY'IKa npH ~nOCKOii: reoMeTpHH 

aocTHraeT senH'IHHbi 1 I 4 ycKopsrromero HanpSI>KeHHsr, ro nocne aT oro oH pea

KO naaaeT ao aynsr H o6paayeTcsr BHpTyanbHbiA: KaToa. 06~eM o6nacTH Ro

HH3aUHH yMeHbiiiaeTCSI0 H ee a¢l¢leKTHBHOCTb naaaeT B HeCKOnbKO pa3, 3TO 

srsneHHe HaKnaabisaeT orpaHH'IeHHe aa senR'IHHy aneKTpOHHoro TOKa s o6~e-

Me ROHH38UHHo 

/17/ 
B HOHH3aTope «PHAHa 8TOMbl BOLlOpoaa npOXOLlSIT BLlOnh OCH CeT-

'18TOrO URnHHLlpa (aHOLla) H HOHH3YIOTCSI aneKTpOH8MH 0 KOTOpbie HH>KeKTH-
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pyiOTCH H3 KOaKCUaHbHOI'O KaTOJla (puc. 3) • 3neKTpOHbl COBepwaiOT KOne-

6arenbHbl9 JlBH>KSHU H, rrpe>KJl9 'ISM rrorraJlyT Ha aHOJl. 0 OSTOMy JlnH JlOCTH>KS

HHH npeJlenbHOI'O T<•Ka, orpaHU'IeHHOI'O 06'beMHblM 3apHJlOM, Tpe6yeTCH cpaB

HUTenhHO He6onbWO:f TOK BO BH9WH9~ uenu • .QnH H&Kana KaTOJla HCIT0nh3y-

9TCH Terrno OT snet TpOHHO~ 6oM6apJlHpOBKU. 3To IT03BOnHeT CHH3UTb ITOT-

pe6nHeMyiO MOWHOC'rb JlO 120 BT npH aHOJlHOM TOKe I ... = 0,4 a • .Unu·aa 

HOHU3aTopa paBHa ~ 4 MM, JlHaMeTp KaTOJla - 10 MM, JlHaMeTp aHOJla -

6,4 MM. 3!jl!jleKTHBH)CTb HOHH3aUHU COCTaBnHeT: "1 ;g 2·10-
3 • 11011 rrpeJl-

/9/ 
Ha3Ha'leH JlnH pa3M3IUeHHH Ha 3Cf-5 MsB • 11a-aa orpaHH'IeHHH Ha rrOJl-

BOJlHMYIO MOIUHOCTb rrii:TaHHH UHTeHCHBHOCTb rry'IKa aTOMOB paBHHeTCH 

10 14 -1 + 
= 2•10 CeK , a TOK nonHpH30BaHHbiX UOHOB I = 0,06 MKa. 

3!jl!jleKT ITOHH~eHHH rrOTeHUHana ny'IKa ITOJl Jle~CTBHeM aapHJla sneKTpo

HOB HCITOnbayeTCH ITf H BbiTHI'HBaHHH UOHOB H3 06'beMa HOHH3aUHH. B 3pnaHre-

/18/ 
He CKOHCTpyHp::>BaH UOHU3aTOp (puc. 4) C JlBYMH KaTOJlaMU U JlBYMH 

CeTKaMH. MUHHMaiD.Hbl~ rrOTeHUHan B TaKOM UOHU3aTope pacnonaraeTCH B 

Cpe)lHe~ rrnOCKOCTU, 3Ha'leHUe ITOTeHUHana H3MeHHeTCH BJlOnb OCU UOHH38TO

pa BMeCTe C yaenuqeHHeM paCCTOHHHH Me>KJlY CeTKaMH. 3To rrpUBOJlHT K 

ITOHBneHHIO rpa)lHeHTa rrOTeHUHana, KOTOpbi~ BbiTanKHBaeT HOHbl K BbiXOJlY 

HOHU3aTopa. Pe>KUI'v pa60Tbl BbJ6UpaeTCH TaKHM, 'IT06bi Ha BbiXOJle UOHU3aTo

pa He CMOI' ITOHBHTbCH BHpTyanbHbl~ KaTOJl. Pa3M9pbi HOHU3aTopa: 0 I =7MM, 

D2 = 9 MM, WUpUl:a KaTOJlOB 7 MM, JlnUHa HOHH3aTopa 90 MM, d =(1,5t8)MM. 

MaKCUManbHO JlOITY•~Tii:Mbl~ TOK B uerrH CeTOK COCTaBnHeT B )laHHO~ KOHCT

pyKUHH 700 Ma, aa:IpH>Keaue 200 a. Oueaxa s!jl!jlexruaaocru uoauaauuu JlaeT 

"' -3 
.,., "' 2•10 • 

Pa3nH'IHbie KOHCTpyKUHU UOHU3aropOB C Mai'HHTHbiM noneM cna6o~ Harr-

-3 
pH>KeHHOCTU o6naJlBIOT npHMepao OJlUHaxoao~ s!jl!jleKTHBHOCTbiO, oxono 2·10 , 

rrorpe6nHIOT He6onhWyiO MOlUHOCTb, U UX MO>KHO UCrrOnb30BaTb B HCTO'IHHKaX 

rrOnHpU30BaHHbiX HCHOB snexrpOCTaTU'IeCKUX reaeparopoa. 0CHOBHO~ H9Jl0-

CTaTOK 3aKniO'IaeTCH B TOM, 'ITO OHH )laiOT HU3KyiO CTerreHb nonHpU3aUHH,H9 

6onee p~ 0,5 , H ::>rpaHU'IUBaiOT Bhi60p COCTOHHH~ rrongpuaaUHU Jle~TpOHOB. 
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/HJ/ 
OueHKH nOKa3biBaJOT1 'ITO C nOBbiW9HH9M IanpH)!{eHHOCTH Mar-

HHTHOI'O nonH ao 1000 9 9~¢eKTHBHOCTb HOhH3aUHH B KOHCTpyKUHRX THna 

XapbKOBCKOI'O HOHH3aTopa ao~Ha BOOpacTaTb B HeCI:OnbKO pa3, a IIpHBeaeH-

HaH HHTeHCHBHOCTb ny'IKa - Ha nopS~aOK senH'IHHbi. 

§ 1.3. 11 0 H H 3 aT 0 p B C H n b H 0 M M a I' i H T H 0 M n 0 n e 

11cnonb30BaHHe HOHH3aTopa C CHnbHbiM Mai'HHT}[biM noneM CBH3aHO C 

H3MeHeHHeM npHHUHna pa6oTbi 11TII1. A HMeHHo: ansr nony'leHHH nong:pH3a-

UHH Haep aTOMOB ny'IKa BBOaHTCH y3en, B KOTOpOM I:poHCXOaHT aaHa6aTH-

'leCKHe nepexoahl Me)!{ay KOMnOHeHTaMH caepXTOHKOI') pacwenneHHH OCHOB

HOI'O COCTOHHHH S:TOMa. 3TO yanHHH9T nyTb aTOMOB )T CenapHpyiOwero Mai'

HHTa ao HOHH3aTOpa. flpH yrnosoA paCXOaHMOCTH aTOMHOI'O ny'IKa OKOnO 

10-2 
paaHaH pa3Mep nonepe'IHOI'O Ce'leHHH aTOMHOI'O ny'IKa B MeCTe HOHH-

3aUHH BOOpaCTaeT llO ( 1 .. 2) CM H nnoTHOCTb 91'0 C raHOBHTCH M9HbW91 

'19M B cxeMe co cna6biM MarHHTHbiM noneM. 

TinoTHOCTb sneKTpOHHOI'O TOKa BHyTpH HOHH3aTopa B CHnbHOM Mai'HHT

HOM none MO)!{HO ysenH'IHBaTb ao TeX nop, noxa He 303HHKH9T BHpTyanbHbiA 

KaTOilo 01lHaKO pa3M9p nonepe'IHOI'O Ce'leHHH sneKTpOHHOI'O ny'IKa BllOnb 

Mai'HHTHOI'O nonH COXpaHHeTCH H9H3M9HHbiM 1 H 9TO D03BOnHeT nony'IHTb 5o

nee Bb!COKYJO 9~eKTHBHOCTb HOHH3aUHH nyTeM ysenH'IeHHH 9~eKTHBHOA anH

Hbi HOHH3aUHH. MaKCHManbHbiA TOK '1epe3 UHnHHilp, t=aBHbiA 

I 
max 

-6 
29,4 -10 

a/• r v -, 
t 

( 1.4) 

aOCTHI'aeTCH TOI'Ila, KOI'Ila 9neKTpOHHbiA ny'IOK HMee" KOnbUeBOO Ce'leHHe. 

31leCb V - noTeHUHan UHnHHilpa, r - pallHYC UHnHH~pa, - WHpHHa ny'l-

Ka no pallHycy • 
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MaKCHManbHbii!: "OK IIpH KpyrOBOM Ce"'eHHH IIy"'K8 COCTaBnSieT 

-6 a/2 
I max = 32,4 .10 V . ( 1.5) 

Oa&aKo rnHpHHY aneKT~OHHoro rry"'Ka Henb3SI yMeHbrnaTb 6ecrrpeaenbHo. Bo3-

~r 

v 

mE 
min=~, 

v 
E .. -t-. 

/20/ 

400 B H B 1000 9 

MM • 

, H B rrpeaene 

( 1.6) 

(1.7) 

T aKHM o6pa3oM, lliHpt Hy Henb3SI caenaTb M9Hbllie 1 MM. nocTH)!{eHHIO 

IIpeaenbHb!X aneKTpOH,IbiX TOKOB IIpeiiSITCTBYIOT TennOBbl9 ae<flopMaUHH H He-

oaHopoaHoe MarHHTHO•~ none. 

/20/ 
l1oHH3aTop, pa3I·a6oTaHHbii!: a OKneHae , pa6oTaeT rro aToMy rrpHH-

UHrry (pHC. 5). flpH r = 0,5 CM 3H8"1eHHe r/t paBHO (2,5t-5). 06-

naCTb HOHH38UHH HMe·~T anHHy 15 CM. 3neKTp0Hbl HCIIb!TbiB810T MHOrOKpaT

Hbie rrpoxo)!{aeHHH. IloaToMy rrpH TOKe a uerrH KaToaa 20 • 40 Ma rrpocTpaH-

CTBeHHhiii TOK COCTaB.ISieT 200 Mao EcnH B3S!Tb _r_ = 4 0 TO cornaCHO 
t 

( 1.4) I max = 940 !\Ia. CpaBHeHHe pe3ynhT8TOB 9KCIIepHMeHTa c TeOpHeii: 

yKa3biBaeT Ha erne HE· HCIIOnb30BaHHhie B03MO)!{HOCTH. 

-3 
l13MepeHH8SI a<fl4eKTHBHOCTb HOHH3aUHH 1J .. 3,3•10 • fly"'OK STQ-

16 -1 
MOB Ha BbiXoae MarHJITa-cenapaTopa HMeeT HHTeHCHBHOCTb "' 10 CeK 0 

10 -3 
a IInOTHOCTb aTOMOB ia paCCTOSIHHH 35 CM OT HOHH3aTopa pasHa 2•10 CM 

ToK HOHOB 0 YCKOpeHHJ,IX ao 9HeprHH 5 K9B 0 COCTaBnSieT 1,5 MKa. 0KOno 60% 
1/2 

HOHOB rronaaaeT a <fla30BYJO rrnornaab pa3MepoM 5,6 cM.paa. (as) • AsTo-

/20/ 
pbi OTMe"'aiOT 0 'lT00 ecnH aoCTH"'b nnOTHOCTH 8TOMHOrO ny"'K8 B 
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11 3 /21/ 
3·10 eM- , TaKoft )l(e, KaKyiO yaanocb rrony"'HTh B CaKnE , To aaHHaSI 

KOHCTpyKllH51 HOHH3aTopa CMO)I(eT .(l8Tb HOHHbiJ:l: TOK B 15 MKa, J10HH38TOp 

C aneKTpOHHbiM IIY"'KOM Kpyroaoro Ce"!eHH51, IIOCTpOeHHhli. B H8CT0511Ilee Bpe

/22/ 
M51 B CaKne , aaeT HOHHblft TOK ,. 5 MKa, 

/23/ 
8 rrepaoft KOHCTPYKllHH HOHH38TOpa B 0KneH.cte TaK)I(e HCIIOnb30-

BanC51 IIY"'OK Kpyroaoro Ce"!eHH51, Ebin rrony"'eH HOHHbiH TOK 0,5 MKa, J10HH

/24/ u 
3aTOpbl CXO.c!Hb!X KOHCTpyKllHit 6hinH H3rOTOBneHhl B MHHI:eCOTe H 10-

/25/ 
pHXe 

/26/ 
B PeaeptjlopaoacKoii: na6oparopHH H B J1a6opa,·opHii SI.ctepHbiX 

/28/ 
rrpo6neM B Dy6He accneaoaanach KOHCTpyKllHH HOHH3aTopoB c paapSI-

.ctOM neHHHHra. DnliHHblit aHO.ct, ao 20 CM, H8XO.ctlinC51 IIOJ] IIOTeHllHanoM 

4~5 KB, BHyTpb ero HH)I(eKTHpOBanHCb aneKTpOHhi, KOTO!=bie, o6pa3y51 BbiCO

KOB8KYYMHblft pa3pM, COBepmanH B03BpaTHO-IIOCTyiiaTem':HOe .c!BH)I(eHHe B.c!Onb 

ocH H apamaTenhHoe .ctBH)I(eHHe no a3HMYTY. DnSI rroaaepJKaHHSI ycroii:"!HBoro 

pa3p51.cta BHyTpb 8HO.cta BBO.ctHnaCb ij:HTb HaKana. HaKaneHJia51 IIOBepXHOCTb 

HH)I(eKTHpOBana aneKTpOHbl B pa3p51.ct IIpH TOKe 300~ 600 li!Ka, 3neKTpOHbl 

IIOHH)I(8nH IIOTeHllHan Ha OCH B cepE).ctHHe 8HO.cta .c!O 1 ~ l,e KB, 803HHKaiOIIlHH 

IlpH 9TOM rpa.ctHeHT IIOn51 B.ctOnb OCH BbiTanKHBan HOHbl B o6e CTOpOHbi, no-

nOBiiHa H3 HHX mna B Hy)I(HOM HarrpaaneHHH. 

11oHH3aTop PeaeptjlopAOBCKoii: na6opaTOpHH (pHc. 6) HMeeT aHo.ct anHHoft 

20 CM H AHaMeTpOM 2,5 CM, noTeHllHan aHo.cta paBeH 5 KB, ToK Ha Bb!XO

.cte HOHH38TOpa "' 0,4 MKa, Cpe.ctH5151 9HeprH51 HOHOB COCTaBnSieT "' 0,85 K9B, 

paa6poc :!:,0,2K9B,i1HTeHCHBHOCTb IIy"'Ka aTOMOB p8BHa:J O ='7 ·10 15 
ceK -l, 3tjl-

-4 ' 
tjleKTHBHOCTb HOHH3allHH "'1 = 3,4•10 , 3MHTTaHC HOJlHOrO IIy"!Ka COCTaB-

1/2 
nSieT .. 4 eM. paa. (as) • B aKcerrTaHc HH)I(eKropa ;IHaeftHoro ycKopHTe-

nSI Ha 500 K9B IIOIIa.ctaeT OKOnO IIOnOBHHbl HOHHOrO IIY"!Ka, nonSipH30B8HHhie 

rrpoToHhi, ycKopeHHhie ao 50 Maa, HMeiOT cTerreHh rronSip1!:3allHH p =0, 56. 

0cna6neHHe IIOn51pH381lHH Bbi3B8HO B OCHOBHOM (0,36) a~ltjleKTOM OCT8TO"'HO-

ro raaa B HOHH3aTope. 
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0IIHC8HHbie B >lllie HOHH38TOpbl C CHllbHbiM M8I'HHTHbiM rroneM ellie He 

o6nana10T OIITHMan,HbiMH rrapaMeTp8MH, YfMe!OTCSI B03MO}KHOCTH nanbHe:ll:Ille

I'O ysenHqeHHSI a¢qeKTHBHOCTH. HepeilleHHOH rrpo6neMo:tl SIBnSieTCSI OTKaqKa 

I'838 H3 o6naCTH HOHH38UHH BHYTPH aaona. I10HH~8UHSI OCT8TOqHoro I'838 

rrpHsonHT K yMeHbJIIeHHJO cTerreHH rronSipH38UHH. MoneKyngpHbiH sonopon, Ko

TOpbiH MO)KeT IIOIIS CTb B HOHH38 TOp H3 o6naCTH 1 rne p8CIIOnO)KeH M8I'HHT-

HbiH cerrapaTOp, TSK)Ke yMeHbi118eT CTeiieHb IIOnSipH38UHH 1 T8K K8K MOneKy-

nbl sonopona, llOC'IHI'HYB HHTH HaKana, llHCCOUHHPYIOT Ha 8TOMbi. 

II . AJ OM BOJJOpOga B MeTaCTa6HnbHOM COCTOSIHHH 

§ 2.1. MeTon nsM6a 

naM6 
1211 II~ennO)KHn HCIIOnb30B8Tb MeT8CT86HnbHOe COCTOSIHHe 8TO

M8 sonopona Ha OHHOH H3 CT8llHH rronyqeHHSI IIOnSipH30B8HHbiX HOHOB BOll0-

/:;:9/ 
pona. noHHennH ll0K83an, qTO HCTOqHHK OTpHU8TenbHbiX HOHOB C IIOnSI-

pH30B8HHbiMH IIpOTOH8MH HnH ne:ll:TpOH8MH TeXHHqecKH peanH3yeM. 

3anaqa COCTC HT B TOM, qT06bi H3 HerrongpH30B8HHbiX IIpOTOHOB H + 

rronyqHTb oTpHU8T<lnbHhie HOHhi H - c rrongpHaosaHHhiM SinpoM. 0Ha pac-

rranaeTCSI Ha cnen) JOII(He aTaiibi, 

a) Ilonyqe IHe aToMoB sonopona s MeTacTa6HnbHOM 

C 0 C T 0 SI H H H. flyqoK IIpOTOHOB C 9HeprHe:t\ 500 9B HnH ne:t\TpOHOB C 9HeprH

e:t\ 1000 9B IIpOIIyCKaeTCSI qepe3 I'830BYIO Ue3HeByiO MHilleHb 1 B KOTOpOH IIpO

HCXOllHT KB83Hpe3C•H8HCHb!H IIpouecc HeHTpanH38UHH 

(2.1) 

6) flonSipH.38UHSI 8TOMOB BOllOpona B MeTaCT86HnbHOM 

' 0 
coCTOSIHHH. Hei1TpanbHbi:tl rryqoK H (2S) rrponycKaeTCSI qepea rrpononb-
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aoe MarHHTHoe none c aanps~eHHOCTbiD 575 s H nor,epeqaoe sneKTpHqecKoe 

none aanp~eHHOCTbiD oKono 10 s/cM. BnaroJlaps 6cnbwoMy paanHqHID spe

MeH ~H3HH BepXHHX H HH~HHX llOilYPOBHeR MeTaCTa6JinbHOrO COCTOSIHHSI 2S, 

Ha BbiXOJle nonyqaiDTCSI a TOMb! H 
0

( 2 S) 0 B KOTOpllX CnHHbl sneKTpOHOB 

HM9IDT 100%-HyiD nonspH3aUHID. 

a) non 5I pH a au H s c n H H a s ll p a. MarHHTHoe none yMeHbwaeTcs 

a]lHa6aTHqeCKH BllOnb nyqKa, llOJl JleHCTBHeM CBepXT,>HKOrO B3aHMOJleHCTBHSI 

CllHHa sneKTpoHa H CllHHa npOTOHa nOJl@H3aUHSI np01'0HOB JlOCTHraeT 50%, 

/30/ 
HcnonbaoaaaHe MeTOJla peaepcHpoBaHHSI MarHH'~Horo nons 

JlaeT nonspHaauHID B 100%. 

B noc-AnaMoce 
/31 I 

6 
,. ~ 

6 
" 

bin H3rOTOBneH CnHHOBOn 't'HnbTp, OT HpaiDWHn 

TOnbKO OllHO CnHHOBOe COCTOSIHHe npOTOHa HnH ]leftTI•OHa, 

r) nonyqeaHe HOHOB H3 nyqKa nonslpHaoaaHHbiX Me

T aCT a 6 H n b H bl X aT 0 M 0 B, llOCKOnbKY HeftTpanbHllft nyqoK COCTOHT H3 

aTOMOB B OCHOBHOM COCTOSIHHH H He6onbWOft npHMeC:I STOMOB B MeTaCTa-

6HnbHOM COCTOSIHHH, TO npouecc HOHH3aUHH JlOn~eH o6na]l8Tb Bb!COKOA 

H36HpaTenbHOCTbiD K BTOMBM B MeTaCTa6HnbHOM COCTOSIHHHo 3TOMy cnoco6-

CTByeT Bb!COKBSI 9HeprHSI B036y~JleHHSI 8TOMOB 0 HBXCilSIWHXCSI B MeTBCTa-

6HnbHOM COCTOSIHHH, 

Jlng KOHBepCHH HeATpanbHbiX BTOMOB B OTpHUa,·enbHbie HOHbl nyqoK 

aeATpanbHbiX qacTHU nponycKaeTCSI qepea aproaoayiC raaoayiD MHWeHb, 

OllHH H3 Kaaanos HlleT no cxeMe 

/32/, 
llono~HTenbHbie HOHbl o6paayiDTCSI B cnellyiDIUH { peaKUJHIX 

H 
0 

( 2 S ) + He0 
-+ H + + He - , 

H0 (2S)+IJ~ 

H 0 (2S)+H 0 

2 

... u++o;. 

... ~++u2-. I 
18 

(2.2) 

(2.3) 



§ 2.2, flonyqeHife OTplfUaTellbHhiX lfOHOB 

B /33/ " " 
IIepBb!X KOHCtpyKUifSIX C HCIIOIIb30BaHHeM aprOHOBOH ra30BOH 

MlfilleHif IIOIIe3Hblll 3<fJCleKT COCTaBIISIII 2%, AprOHOBaSI .• ra30BaSI MHWeHb pac

IIOIIarallaCb Ha paCCTOSIHiflf OKOIIO 1 M OT Ue3HeBOll !'a30BOll MHWeHH. l1a-aa 

MaiiOll 3HeprHH IIy'IKa IIpOTOHOB 1 OKOIIO 0,5 K3B 1 If 60ilbill0ll paCXOAHMOCTH 

I - - 4•10-9 a, Il~''IKa TOK OTpHU8Telll>HbiX HOHOB paBHSIIICSI BCero -

l1HTeHCifBHbie paapa60TKH HCTO'IHHKa T8KOI'O THIIa rrpeAIIpHHSil'bl B noc
/34/ 

AnaMoce , Hcrror.baoaaH ayorrnaaMaTpoH c ycKopHTenbHO-TOpMoasrweil 

31leKTpOAHOll CHCTeMO:i, .fly'IOK IIpOTOHOB C HHTeHCifBHOCTb!O OKOIIO 10 Ma 

<fJoKyCHpyeTCSI M8f'HHT 'lOll IIHH30ll If HellTp81IH3yeTCSI 31IeKTpOH8MH 1 Bbi6HBae

Mb!Mif 113 CeTKif C Ha lbllleHHblM Ha Hee ue3HeM, 3<fl<fleKTHBHOCTb HellTpa1IH-

38Uiflf COCTaBIIsreT 96'1,, Ue3HeBaSI MHilleHb AIIHHOll 10 CM HMeeT Bb!XOAHOe 

OTBepCTHe AHaMeTpON 1 CM, AprOHOBaSI MHilleHb AIIHHOH 30 CM HMeeT BXOA

HOe OTBepCTHe AHa Me rpOM 5 CM 1 a BbiXOAHOe - AlfaMeTpOM 8,35 CM, Ceqe

Hife IIY'IKa 'laCTHU B JlleTaCT86HilbHOM COCTOSIHHH AOCTaTO'IHO 60ilblUOe, 3TO 

Tpe6yeT MOlUHb!X HaC,>COB AilS! OTK8'1Kif ra3a 113 MHilleHH, 

8 noc-AnaMOCe pa3pa6oTaH CIIIfHOBOll <fJH1IbTp 1 OCHOBaHHblll Ha HAee 

/35/ /31/ 
n3M6a , KoHCTp)KUifSI 3TOI'O <fJHIIbTpa OIIHCaHa B , 0H COCTOHT 113 

pa3pe3HOI'O 4-ceKTOpiOI'O pe30HaTopa, B KOTOpOM B036y*aaeTCSI rrpOAOIIbHOe 

BbiCOKO'IaCTOTHOe 31IE KTpH'IeCKOe IIOIIe Ha '18CTOTe V "' 1805 Mf'U If K KO

TOpOMY IIplfKII8AhiBae1'CSI IIOCTOSIHHOe rrorrepe'IHOe 31IeKTpH'IeCKOe IIOIIe, Harr

psr*eHHOCTb IIpOAOIIbHOI'O M8f'HHTHOI'O IIOIISI paBHa (580t-85Q) 3, norryCKaeT

CSI HeOAHOpOAHOCTb II )IISI He 6onee ~ 0,2 3 Ha AIIHHe 25 CM (0,05 %) • 

AprOHOBaSI MHWeHb TaK*e IIOMeruaeTCSI B Maf'HHTHOe IIOIIe, KOTOpOe 

/38/ 
coxpaHsreT rronsrpH3au 110 srapa. 3To none Hellb3SI 6paTb 6onbWHM , TaK 

KaK 3MHTTaHC IIY'IKa IIOCIIe rrepe3apSIAKif IIpOIIOpUHOHalleH HaiipSI*eHHOCTH 

M8f'HHTHOI'O IIOIISI If KB8ApaTy paAHyCa Ce'leHHSI IIy'IKa, nnsr COCTOSIHifll m I = l 

IIY'IKa o- If 

COCTOSIHHSI m 1 =0 

B Ta6n. 1, 

m =1/2 rry'IKa H
I 

AOCTaTO'IHO none B = 5 3, nnsr 

rry rKa 0- B = 20 3, H aHny'lwHe rrapaMeTphi rrpHBeAeHbi 
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Ta6nHua 1 

CopT 'laCTHU 
CrrHHOBOe CTerreHh nonSipHsaJIHH Y!HTeHCHB-

COCTOSIHHe S!Jlpa p3 p33 
HOCTb 

D m :I 
I 

0,78 0,73 -7 
6•10 a 

D mi: 0 0 -1,4) -7 
4,5·10 a 

u- m :l/2 0,9 -7 
I • 3·10 a 

3MHTTaHC rry'IKa, yCKOpeHHOrO JlO SHeprHH 100 KSB, He rrpeBhiiUaeT 

112 
0,2 paJJ,CM, (sB) , 'ITO ropa3JJO MeHbme aKcerrTaaca TaHJJeM-reaepaTopa. 

BonhruHe saTpyJJHeHHSI B03HHKaiOT rrpH pa6oTe c UE•3HeM, Ero rraphr 

IIpOHHKaiOT B BaKyyMHyiO KaMepy, OCeJJaiOT Ha H30nSITop.lX. Tpe6yroTCSI CIIe

UHanhHhie OXna)l{}laeMhie noByiUKH JJnSI ynaBnHBaHHSI IIapCB Ue3HSI. nHcpcpy3H

OHHh!e BaKyyMHhie HaCOChi HaXOJlSITCSI IIOJl Bb!COKHM Haiif·SI)I{eHHeM ( 100 KB), 

0JJHaKO CneJJyeT OTMeTHTh, 'ITO IIpOCa'IHBaHHe IIapOB U83HSI B o6naCTb HOH

HOrO HCTO'IHHKa CIIOC06CTByeT npOCTpaHCTBeHHOii HeiiTpltnH3aUHH IIY'IKa 

llpOTOHOB, 

3aMeHa Ue3HeBOii IIe'IKH Ha CBepX3BYKOBOH IIY'IOK yMeHbiUaeT rrpoca-

137 I 137 I 
'IHBaHHe ue3HSI • YcTaHOBKa XHpHoro HMeeT cneJJyroruHe rrapaMeT-

pbr: }lHaMeTp BXOJlHOrO OTBepCTHSI JlnSI IIy'IKa - 4 MM, Bh!XOJJHOrO - 3 MM,YIHTeHCHB-

H- -9 p 
HOCTb IIy'IKa paBHa 3·10 a, CTerreHh IIOnSipH3aUHff IIpOTOHOB :0,43, 

1331 
npeHK 06Hapy)I{Hn, 'ITO ra30BaSI Ue3HeBaSI M~IlleHh TOniUHHOH 

OKono 1,8·10-
2 

Top ,eM. SIBnSieTcSI scpcpeKTHBHhiM KOHBef: TopoM rronO)I{HTenh

HhiX HOHOB B OTpHUaTenbHh!e, IlpH SHeprHH Jl8HTpOHOB 1 KSB H3MepeHHaSI 

1221 1331 
scpcpeKTHBHOCTh cocTaBnSina oT 10% JJO 25% • BhiCOKaSI scjlcpeKTHB-

HOCTh KOHBepCHH Ha6nro}lanaCh H }lnSI IIapOB JJpyrHX IUelO'IHh!X MeTannOB, 

.'381 
TaK, JJnSI napoB KanHSI H JJeHTpOHOB c saeprHeH 5 KSB scjlcpeKTHBHOCTh 

KOHBepCHH paBHa 3,3%, C llOMOIUhiO ra30BOH KanHeBOH :,mrueHH 6hrn nony'leH 

-9 
ny'loK oTpHUaTenbHhiX HOHOB JJeHTepHSI HHTeHCHBHOCThiO 5·10 a rrpH saep-
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I"HH 60 KSB1 KOI"ll8 Ha BXOll IIOCTyrran IIy'l:OK IIOnO)KHTenbHblX .[leitTpOHOB C 

HHTeHCHBHOCTblO B l,1•10-6 
a, nua<jlparMa pa3MepOM 8 MM1 <jlopMHpylOUl8SI 

IIY'l:OK yCKOpeHHblX '18CTHU1 pacrronaranacb Ha paCCTOSIHHH 5 M OT HOHH38-

TOp a. 

§ 2.3. Tionyqeuue rronO)KHTenbHbiX uouos 

• 
nnSI rrony'l:eHH il IIOnO)KHTenbHblX HOHOB H3 IIy'l:Ka 8TOMOB 1 H8XOllSIDlHX

CSI B MeTaCTa6HnbH:>M COCTOSIHHH, HCIIOnb3YlOT 38pSillOBo-06MeHHblit npouecc, 

KOTOpb!ft o6naaaeT Elb!COKOA H36HpaTenbHOCTblO nepeXOllOB H3 M9T8CTa6Hnb

Horo COCTOSIHHSI 2S 
/32/ 

J13 paCCMOTpeHHSI noTeuuuanbHbiX KPHBbiX cue-

TeM n+ +X- t I"Jle X - MoneKyna H9KOToporo raaa, H D(2S)+X 

(puc, 7) B11llH01 'ITO IIOTeHUHanbH8SI KpHB8SI CHCTeMbl X -+D + HMeeT TO'I-

KY rrepece'I9HHSI c :rposHeM D(2S) +X TOnbKO B TOM cny'l:a91 9CnH 

sueprHSI CBSI3H aon,>nHHTenbHoro sneKTpoua K MoneKyne X 

nopOI"OB8SI SHepi"HSI HOHH38UHH COCTOSIHHSI 0 ( 2 S). 

MeHbwe, '19M 

CTeneub H36HpaTenbHOCTH peaKuHA 

- + X+D(lS)-+ X +D , 

{2.4) 

orrpeaenSIJODlaSICSI O'ruoweuueM KBaapaToB MaTpH'l:HbiX sn9M9HTOB, unu 

2 
( r 2 .. I r Is ) , T9 vt BbiW9, '19M 6onbW9 suepi"HSI CBSI3H sneKTpoua B HOHe 

X npu6nH)K8eT<:SI CHH3Y K nopory HOHH38UHH E a MeTaCTa6HnbHOI"O 

aTOMa D(2S ). 
/~19/ 

B pa6oTax 6btnu uay'leHbi peaKUHH D ( 2 S) + H 
2 

, D (2 S ) + D 
2 

H D(2S) + He , neATpOHbl C SHeprueA 1 KSB npOXO.[lHnH 'l:epe3 1"830-

sy10 ueauesy10 MHilieHb. ATOMbi uouuaosanucb ua MoneKynax X 
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06Hapy>KeHa SIBHSSI CeneKTHBHOCTb MeTaCTa6HnbHbiX COC:TOSIHHfi. YIHTeHCHB

HOCTb .UefiTpOHOB paBHSinSCb 
1391 

0,2 MK8 1 CTeneHb U1>nSipH38UHH P
88 

"'- 0,4. 

flpH HCUOnb30BSHHH api'OHOBOfi MHilleHH Ha TOfi >Ke yc1 SHOBKe 6bJna nony'le-

Ha HHTeHCHBHOCTb HOHOB 0 -

=-0,695 + 0,009. 3MHTTSHC ny'!Ka 

0,15 MKa, CTeneHb Ul)nSipH38UHH p 38 

1/2 
D - cocTaanSieT 0, 7 cM.pa.u. (a a) • 

B onhiTax c raaaMH He D 2 H Ar B .UH811830He 9Hepi'HH HOHOB 

0,5 t- 1 ,5 K9B 6hin 06Hapy>KeH cna,n CeneKTHBHOCTH C Ui)BblllleHHeM 9Hepi'HH 

HOHOB. Pe30HSHC C IllHpHHOfi 0,45 K9B B api'OHe, 0 KO'ropOM C006Illan .Qoil

/29/ 
HennH 1 npH 9Hepi'HH 1 K9B He 06Hapy>KeH. 

III • HoBbie cxeMhi nony'leHHSI nonSipH30Baf.HhiX HOHOB 

YnoMSIHeM HeKOTOphie HaH6onee peanbHhie cxeMh : 

1) J10HH38UHSI HnH KOHBepCHSI paa.ueneHHhiX CUHHOBhiX 

COCTOSIHHfi STOMHOI'O ny'!Ka C UOMOillbiO 6hiCTpbiX aTOMOB 

/40/ 
H n H H o H o a • HanpHMep, no cxeMe 

H 
0 + Cs -. H - + Cs + 

(3.1) 

MSKCHManbHOe Ce'!eHHe O>KH.UaeTCSI npH OTHOCHTenbHOH CKOpOCTH v 
OTH. 

7 
2·10 CM/CeK, 'ITO COOTBeTCTByeT 9Hepi'HH STOMOB Ue3HSI E ( Cs) =28 KaB. 

flpe.nnonaraeTCSI nony'IHTb ny'IOK OTpHUSTenbHhiX HOH03 BO.UOpO.Ua C HHTeH

CHBHOCTbiO B 1 MKa. 

2) J1cnonb30BSHHe OTpHUaTenbHhiX HCHOB BOJlOpOJla 

/40/ 
HnH )lefiTepHSI B Ka'!eCTBe JlOHOpOB aneKTpOHOB, Ha-

npHMep, 

(3.2) 

17 



-15 2 
Ceqeaue npouecca (3,2) npu aaepruu 2 KSB paaao 2,2·10 eM , 0>KHJla-

eTCH ny'IOK OTpHUaTP.lbHhiX HOHOB BOllOpOJla C HHTeHCHBHOCTbiO 5 .MKa, 

3) KoHBepCHll 5bJCTpbiMH np OTOHaMH, KOTOpbie npoxo-

1411 
Jl Sl T 'I e p e 3 aT 0 M H hi H n y 'I 0 K Bo3MO>KHO yaenH'IeHHe HHTeHCHB-

HOCTH 5onee 'leM Ha lOpSIJlOK BenH'IIIHbl, 

4) llepe3apHttKa HOHOB B HaMai'HH'IeHHOil: MOHOKpHCTan-

1421 
nH'I9CKOil: <iJonbi'O 

5) llony'leHH ~ nonHpH30BaHHbiX HOHOB 
1441 

nHTHSI 

6) llony'!eHHO nonHpH30BaHHbiX 0JlH03apSIJlHhiX HOHOB 

r e n H H -3 I 45 .. 47 I 

§ 3,1, ll e p e 3 a p Sl Jl K a H 0 H 0 B B HaM a I' H H 'I e H H 0 il: 

MOH•)KpHCTannH'I9CKOil: ·<tJonbre 

1431 
Y>Ke JlaBHO 3aa<•ii:CKHil: npeJlnO>KHn cxeMy nony'leHHH nonHpH30BaH-

HhiX 'laCTHU C HCITOnh30BaHHeM 4JeppOM8I'HHTHOH <iJonbi'H, HaMai'HH'IQHHOil: ):10 

HaCbJIUeHHSI, B Ka'leCTBe llOHOpa nonHpH30BaHHbiX aneKTpOHOB, 0JlHaKO nH!Ub 

coaceM aeaaaao 5hinll ocymecTaneHhi nepabie ycnewHhie aKcnepHMeHTbi no 

CXeMe, HeCKOnbKO OTilH'IaJOIUeii:CSI OT CHCTeMbl 3aaoii:CKOI'O, 

llonHpH30BaHHhiO HOHbl nponyCKanHCb qepe3 MOHOKpHCTannH'I9CKHe Ha-

1421 
MarHH'IeHHhie <iJonbrH • nocne Heii:TpanH3aUHH a <iJoncre aTOMbi npoxo-

aunu 'lepe3 cna5oe "'arHHTHoe none. BpeMH npoXO>KileHHH 5hmo aocTa TO'IHhiM 

llnH nony'leHHSI SlllpOiv, 5naroaapSI CBepXTOHKOMy B38HMOileii:CTBHIO,nongpH3a

UHH, paaaoil: nonoBHH•~ nonHpH3aUHH aneKTpoaa. nocneayJOmaH nepe3apSIIlKa 

no3aonHna nony'IHTb nono>KHTenbHhie unu OTpuuaTenbHhie HOHhi c nonHpH3o

aaHHhiM HllpOM. B onhiTax 5hmo o5aapy>KeHo HaneHHe KaHanupoaaHHH 'laCTHU. 

3KcnepHMeHThl noKaSanH, 'ITO 3aMeTHaSI nongpH3aUHSI nony'laeTCSI nHWb B 

TOM cny'lae, Koraa HaHanupoaaaue uoaoa aeaeTCH aaonb oaHoil: H3 rnaBHhiX 

oceil: MOHOKpHCTanna. llpH KaHanHpOBaHHH SHepreTH'I9CKH9 noTepH OKa3hiB8-

18 



lOTC.sl cymeCTBeHHO MeHblliHMH 1 H STO MQ}I{HQ HCnOllb30Bt Tb Jln.s! OTJJ.eneHH.sl 

non.s~pH30BaHHOA KOMnOHeHTbl OT Henon.s~pH30BaHHOA, 

0nbiTbl npOBOJlHnKCb Ha JJ.eATpOHaX, KOTOpble nponycKanHCb 'lepea HHKe

neeylO clJonbry TOnlliHHOA 1,24 MKM nH60 2,21 MKM, KonlHMaUH.sl COCTaBn.slna 

0 
0,02 • TO'IHOCTb COBMellleHH.s! OCH ny'IKa C KpHCTannH'Ie ~KOA OCblO [llO] 

0 
JlOCTHrana 0,1 • B none 30 s HacTynano HaCbiilleHHe. 

TipH BblXOJle H3 clJonbrH aTOMbl non8JlanH B OJlHOPOlHOe MarHHTHOe no

-7 
ne "'10 :3 1 B KOTOpOM OHH npe6biBanH B Te'leHHe (1+-2 1•10 CeK, Henepe-

aap.s!JlHBIIIHeC.s! HOHbl OTKnOHSUlHCb sneKTpH'IeCKHM noneM, 

CneKTP aTOMOB cocTo.s~n H3 JlByx sHepreTH'IeCKHX KOMnoHeHT. Ynpyroe 

npOXO}I{JleHHe B03HHKano npH KaHamrpOBaHHH, a Heynpyr,)e, C SHepreTH'IeCKH

MH noTep.s!MH, npH 60nblliHX yrnax K rnaBHOA OCH. TipH SHeprHH 100+-130KSB 

ynpyra.s1 KOMnOHeHTa COCTaBn.slna 93%. 3HeprH.sl Heynpyl'O pacceHHHbiX 

aToMOB JlOCTHrana HeCKOnbKHX KSB. TeHaopHaH non.s~pH~aUHH JJ.eATpOHOB, H3-

MepeHHa.sl c noMOillblO peaKUHH T ( d n ) a , paBHHna::b P =-0,32+0,01. 
zz -

B KOHTpOnbHblX onbiTaX C HCnOnb30BaHHeM nonHKt: HCTannH'IeCKOA clJonb-

rH nonHpHaauH.s~ HC'Ieaana: 

p =-0,002+_0,01 JJ.n.si clJonbrH TOnlliHHOA 1,14 HKM1 zz 

p zz = 0,003:0,01 JJ.n.si cPOllbrH TOnlliHHOA 1,87 !I.:KM. 

KpHcTannH'IeCKa.si pellleTKa He noepe*JJ.anacb B Te'leHHe 25 'lacoe npH HH-

2 /42/ 
TeHCHBHOCTH KaHanHpOBaHHbiX aTOMOB JJ.eATepH.si 0,5 MKliCM • AeTop 

2 
npeJJ.nonaraeT nony'IHTb 10 fo 25 Ha/ CM nonHpH30BaH~bi:; OTpHUaTenbHblX HO-

HOB nyTeM nponyCKaHHH ny'l:Ka 'lepea BTOpylO MOHOKpHCTannH'IeCKylO cPOllbry. 

nallbaeAillee pa3BHTHe STOro MeTOJla MO}I{eT npHBeCTH K C03JlaHHlO HTIH 

npOCTblX KOHCTpyKUHH, 
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§ 3.2 • TI ::> n y 'I e H He II 0 n Sl pH 3 0 BaH H bl X H 0 H 0 B n H T H Sl 

1441 
lllepByll pa3pa6oTan KOHCTpyKUHIO MTIM nHTHSI JlnSI scr. Mcnonb-

30BaH IIpHHUHII rrpoc:TpaHCTBeHHOI'O pa3JleneHHSI CIIi!HOBbiX KOMIIOHeHT OCHOB

HOI'O COCTOSIHHSI aTt>Ma. Tiapbl nHTHSI IIO'ITH IIOnHOCTbiO OllHOaTOMHbi 1 'ITO 

ynpomaeT CHCTeMy OTKa'IKH B y3nax $opMHpOBaHHSI aTOMHOI'O IIy'IKa. Bo3-

M01KHa IIOBepXHOCTfaSI HOHH3aUHSI aTOMOB nHTHSI. TipH HCIIOnb30BaHHH aJlHa-

6aTH'IeCKHX rrepeXOilOB B BbiCOKO'IaCTOTHOM none M01KHO IIony'IHTb Slllpa nH-

THH-7 C m I = -:1/2 H Slllpa nHTHSI-6 C m =-1 • 
I 

§ 3.3. TI 0 l y 'I e H He II 0 n Sl pH 3 0 BaH H bl X 0 ll H 0 3 a p S1 LlH bl X 

HOHOB renusr-3 

TionsrpH30BaHHbie HOHbl renusr-3 M01KHO IIOny'IHTb KaK C IIOMOmbiO OII-

145,46/ 
TH'IeCKOH HaKa'IKH 1 TaK H IIyTeM IIpOCTpaHCTBeHHOI'O pa3JleneHHSI 

/47/ 
CIIHHOBbiX COCTOSIHHH aTOMOB, o6naJlaiOmHX TOnbKO SlllepHbiM MarHeTH3MOM • 

B CHCTeMe B OIITH'IeCKOH HaKa'IKOH HCIIOnb30Bancsr BbiCOKO'IaCTOTHbiH 

3 
HOHHbiA HCTO'IHHK. =>acxoll renHsr-3 cocTaansrn oxono 9 eM /'lac. HaH6onb-

ma.sr TPYilHOCTb 6biJ!a corrp.sr1KeHa c O'IHCTKoA ra3a renusr-3 OT rrpHMecefi. 

TIOKa 'ITO rrony'leHb! cneJlyiOmHe pe3ynbTaTbi: IIY'IOK OllH03ap.HilHbiX HOHOB re

nH.sr-3, ycxopeHHbiH llO aaeprHH 300 xaa, HMen cTerreHb rron.srpu3aUHH 

P 1/2 
= 0,05 t HHTeH<:HBHOCTb IIy'IKa - 4 MKa 1 9MHTTaHC "' 1 CM.paJl(aa) • 

Llnsr pa3Jlene!JHSI CIIHHOBbiX COCTO.SIHHH aTOMOB renu.sr-3 Tpe6yiOTC.SI rrpe• 

JlenbHO Manbie CKOJlOCTH aTOMOB, T.e. oxna1KileHHe ra3a llO rrpeJlenbHO HH3-

0 
KoA TeMnepaTypbi "4 K. 
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IV • YcxopeHHe nonmm3v:3aHHbiX HOHC~ 

§ 4.1. MexaHH3M }lenonS1pH3allHH B ycxopHTenSIX 

Bb!COKHX 3Hepi'HA 

B nponecce ycxopeHHSI HOHbi no}lsepralOTCSI · B03l:eAcTBHlO nepeMeHHbiX 

aneKTpH'IeCKHX H Mai'HHTHbiX noneA, H, KaK 6bmO nOK83aHO B •pSIJle pa-

/48 50.58 60/ 
60T ' ' , ycxopeHHble 'laCTHilbl HCnbiTbiBaDT }lenonSipH3allHlO. 

Pac'leTbi H axcnepHMeHTanbbiHe JlaHHbie noxa3bnalOT, 'ITO B anexTpo

CTaTH'IeCKHX I'eHepaTopaX H nHHeAHblX yCKOpHTenSIX Jl~nOnSipH3allHSI npeHe6-

pe>KHMO Mana. Tipo6neMbl }lenonS1pH38IlHH Ba>KHbl JlnSI lHKnH'IeCKHX YCKOpHTe

neA, B KOTOpblX nonS1pH30BaHHble HOHbl ycKOpSilOTCSI /lO BbiCOKHX 3Hepl:'HA. 

YcxopeHHe nonS1pH30BaHHbiX 'laCTHil JlO penSITHBHCTCKHX aHeprHA B IlHK-

nH'IeCKHX YCKOpHTenSIX conpOBO>K}laeTCSI pe30HaHCHbiM nepesopa'IHBaHHeM 

cnHHa 'laCTHilbi, H B cany pa36poca yrna nosopoTa HltCTynaeT JlenonSipH3a

IlHSI. Pe30HaHCHbiA nosopoT cnHHa o6ycnosneH TeM, 'l'ro napMoposcxaSI 'lac-

TOTS 3aBHCHT OT nonHOA 3Hepi'HH HOHa, H npH H€KOTOpbiX 3Ha'leHHSIX 

3Hepi'HH HaCTynaeT COBna}leHHe napMOpOBCKOA 'laC TOT >I C 'laCTOTOA Bparue

HHSI nonepe'IHOA KOMnOH8HTbl Mai'HHTHOI'O nonSI B CHC~'eMe noKOSI HOHa. 

AHanH3 pe3oHaHCHbiX nepesopa'IHBaHHA cnHHa seoeTCSI no ypasHeHHlO 

/49/ 
JlBH>K8HHSI CnHHa OTJlenbHOA 'laCTHilbl B nepeMeHHOM n )ne 

ds+ e ...... ;t... ... 
- =--sx[B+G(H +yB )]+ .J:.sx (Exv)[G +_.J._l. 
dt my fl J... m y +l ( 4.1) 

I'lle G =~ G P = 1, 793 }lnSI npOTOHa H Cd =-0,143 Jlmi IleA-

... 
H B .L - KOMnoHeHTbi Mai'HHTHOI'O nonH B , HanpasneHHbie 

napannenbHO H nepneHJlHKynSipHO CKOpOCTH 'laCTHilbl ~ COOTBeTCTBeHHOi 

... -~ 
S - • B8KTOp CnHHa; m - Mace a nOKOSI 'laCTHilbl; y = ( 1- v o/ c 2) ; c = 

1; anexTpH'Iecxoe none. YpasHOHHe ( 4.1) BKnlO'IaeT 

3~~eKT KaK Mai'HHTHOI'~ nonSI, TaK H aneKTpH'IeCKOI'O, 0}lHaKO OlleHKH noxa-
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3b!B8IOT, 'ITO s<fJ<fleKT 3.IeKTpH'l:9CKOI'O nonsr '1pe3Bb!'l:8HHO Man H HM MO)!(HO 

npeue6pe'l:b. 

B npouecce ycKopeunsr qacTnua cneJlyeT no TpaeKTOPHH ;A ( t) , 

napaMeTpb! KOTOpOH OTM9'19Hhl HHil9KCOM A • ITo nssecTHOMY npocTpaH-
-> 

CTBeHHOMY pacnpeJlene,IHIO MarHHTHOI'O nonsr B( r1 MO)!(HO H8HTH JlnSI K8)!(-

llOI'O A CBOIO 38BHCHMOCTb BA (t) • nanee, pewasr ypaBHeHHe (4.1 ), 

HaXOilSIT ;A (t ) r PH 3TOM a6coniOTHOe 3H8'19HHe I ;A (t) I BC9I'Il8 oc-

TaeTCSI nOCTOSIHHhiM. 

B Ka'l:eCTBe BeKT )pa nonsrpuaaunn ny'l:Ka 'l:aCTHU, llBH)!(YlUHXCsr B npocT

/50/ 
paHCTBe no pa3nH'l:Hb!M TpaeKTOpHSIM, ecTeCTBeHHO npHHSITb BenH'l:HHy 

-> -> 
P (t ) = I a s (t ), 

A A A (4.2) 

I'lle a A ~ 0 - secosi.Ie Koa<fJ<flnuneHThi, nponopunoHanbHhie 'l:Hcny 'l:BCTHU 

• llenonsrpH38UHeH ny'l:K8 'l:8CTHU, HMeBWHX 

Ha'l:anhHYIO nonsrpuaaun o P ( t 0 ) = P0 , Ha3hiBaiOT senH'l:HHy 

I Po 1-1 P < t > I 
I Po I 

(4.3) 

CooTHOWeHHe ( 4.3) yq i~ThiBaeT TOT <flaKT, '1'1'0 H3MeHeHHe HanpasneHHSI BeK-

Topa nonsrpnaaunn P(t 1 (4.2) npn ycKopeunn, ecnn aTo uanpasneane 

OCTaeTCSI )!(eCTKHM B rpOCTp8HCTBe He38BHCHMO OT UHKna yCKOpeHHSI, He 

srsnsreTcsr cymeCTBeHHh M Jlnsr sKcnepnMeHTaTopa. 

B UHKnn'l:ecKoif y:KopnTenb o6hi'l:HO HH)!(eKTnpyeTcsr ny'l:OK qacTHU c 

BepTHKanbHOH nonsrpH311UHeif, nepneHJlHKynsrpHOH BeKTOpy CKOpOCTH '18CTHUhlo 

B 3TOM cnyqae nosrBnEHHe y 'l:8CTHU I'OpH30HTanbHOH COCTaBnSIIOIUeif CnHH8 

o6hi'l:HO oaaaqaeT, 'ITO ny'l:OK ncnbiTan JlenonsrpuaauniO. ITpaBJla, 3/leCb npell

nonaraeTcsr, 'ITO "cyll~ 6a .. pa3HhiX 'l:aCTHil cosepweHHO paannqua, H ny'l:OK 

s aToM CMhicne srsnsre·rcsr HeKorepeHTHoif cMeCbiO. OllHaKo, ecnn see 'l:aCTH-
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Ubi lfMeiOT 0JllfH8KOBYIO 'cyJlb6y", B "i8CTHOCTH, COBeplll810T 0JllfH8KOBOe 

'IHCnO o6opOTOB nplf ycKopeHlfH H lfCITbiTbiB810T 6hiCTpblil BhiBOJl H3 yCKOpH

Teng, TO JlenonS1pH38UHSI (4,3) T8K)I{e OTCYTCTsyeT, 3TC 03Ha'laeT, 'ITO B 

T8KOH YCKOpHTenb MO)I{HO HH)I{9KTHpOB8Tb ny"iOK C I'OpH:IOHT8nbHO:i!: ITOnSipH-

/50/ . 
3auue:il:. AaanH3 noKa3hiBaeT, "iTO s<jJ¢eKT pe3oHaacao:i!: JlenonS1pH38UHH 

B STHX ycnOBlfSIX cymeCTBeHHO YM9Hblll89TCH. 

PaccMoTpHM npouecc pe3oaaacao:i!: JlenonHpH38UHH. B nepsoM npu6nu

)1{9HHH pe30H8HCbl MO)I{HO p83Jl9nHTb Ha JlBe rpyiTIThi: CO 5CTB9HHhle H Bbi3-

B8HHbl9 aecosepllleHCTBOM MarHHTHoro nong, Co6cTseHHhie pe3oHaHChi B03-

6y)I(Jl8IOTCSI BepTHKanbHbiMH 6eTaTpOHHbiMH KOne6aHHSIMH H HX nonO)I{9HHe 

onpeJlenSieTCSI ypasaeaueM 

Gy=-t_ Q :t kP, 
z (4.4) 

I'Jl9 p - "ilfCnO nepHOJllf"i9CKlfX sneMeHTOB CTpyKTypbl M8I'HHTHOI'O nonH, 

k - nonO)I{HTenbaoe uenoe "iHCno unu aynb, Q z - 'If cno cso6oJlHhiX KO

ne6aau:il: Ha OJlHH 060pOT, 0TKnOHeHHH MeJlH8HHO:i!: nosep:tHOCTH OT nnOCKOC-

TH Bbl3biB810T pe30H8HChl, nonq)l{eHHe KOTOpblX onpeJlenSieTCH ypaBHeHHeM 

Gy=+ f-:_kP, ( 4.5) 

I'Jle f - HOMep rapMOHHKH <j>yHKUHlf, OTIHCbiB8IOllle:i!: H9C•>BTI8JleHHe M9JlH8HHO:il: 

nosepXHOCTH C nnOCKOCTbiO Ha Jl8HHOM paJlHyCe, 

Y'leT a3HMyTanhao:il: HeOJlHOpOJlHOCTH Mai'HHTHoro ronH n -o:il: rapMo-

HHKH npHBOJlHT K cne)lyiOIIlHM ypaBH9HHSIM, KOTOpble onpnJlenSIIOT nonO)I{9HHe 

pe30H8HCOB: 

Gy =:!: f :!: n • 

BKnaJl STHX pe30H8HCOB OK83biB8eTCH npeae6pe)I{HMO Ma llbiM. 

23 

(4.6a) 

(4.66) 



llpH y'leTe .IenHHeAHbiX 'l:neHOB B pa3nO)I(eHHH MarHHTHOI'O nons1 no 

r H no z J: ooaansnoTCSI cneayiOIIlHe peaoHaHCbi! 

Gy =+ Q --Q +kP, 
z - r - ( 4.7 a) 

Gy =~ f +'} +kP, 
- r (4.76) 

(4.7a) 

Gy = + f + Q + n. 
- r- ( 4. 7r) 

3TH pe30HaHCbl of bl'IHO OKa3biBaiOTCSI CnaobiMH. 
/54/ 

CaHxpoTpOHH >Ie KoneoaHHSI npHaoaSIT K ywapeHHIO peaoHaHca , a 

He K ero pacmenn,~HHIO H, KaK npaaano, He y'IHTbiBaiOTCSI. 

HaHoonee o6Juee ypaaHeHHe anSI onpeaeneHHSI aHeprHA 'laCTHU, npa Ko-

TOpb!X B03HHKaiOT peaoHaHCbl aenonS1pH38UHH 1 HMeeT BHa 

Gy =.±P.±qQ,±.rQ., (4.8) 

rae p , q , r 

EcnH HH)I(eKTI!pyeMbie 'laCTHUbi HMeiOT aepTHKanbHYIO nonSipH3aU RIO, 

/51/ 
TO nocne npoxo*aeHHSI peaoHaHca BepTHKanbHaSI KOMnOHeHTa paBHa 

2 

s =2exp(-!!..~)-l, 
z 2 r (4.9) 

rae 

( 4.10) 
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T.e. rrpOIIOpUHOHanbHa CKOpOCTH Ha6opa 9HeprHH 3a o6opoT, a 

b pe3 
w = ( I + G y ) w c' 

pe3 B o 
( 4.11) 

b - pe30HaHCHasr KOMIIOHeHTa BpalllaiOIIlerocsr Mar .HHTHOrO rronsr, W 
0 pe3. 

(UHKnOTpOHHasr ~aCTOTa) paBHa: 

=~· 
c my 

0pH aTOM KOMIIOHeHTa b Bbi3BaHa OTKnOHeHHeM ~ lCTHUbl OT MeaHaHHOll: 
pe3 

IIOBepXHOCTHo 

B MHI'Ko<iJoKycHpyiOUleM CHHXpo<lJa30TpoHe C 4 KBa lpaHTaMH H CBo6oa-

HhiMH rrpoMe:lKyTKaMH ansr rrpoaonbHoro rronsr aenH~HHa w orrpeaensreTcsr 

HHa~e 
/51 I. 

( 4.12) 

rae z m - aMrrnHTyaa aepTHKanbHbiX Kone6aHHll:, L ·· anHHa rrpsrMonuHell:-

Horo y~aCTKa, R - paaHyc paaHoaecHoit op6HThi. 

/53/ 
EcnH pe3oHaHc Bbi3BaH 6eTaTpoHHbiMH Kone6aHHH>1H , To 

rae 
pe3 

Z m - SMIInHTyaa pe30H8HCHOll: COCTaBnHJOUleH BepTHK8nbHbiX KOne6a-

HHll:. 0oaCTaBnsreM (4.12) H (4.13) B (4.9) H 3aTeM ycpeaHsreM IIO aMIInH-

TyaaM 6eTaTpOHHbiX KOne6aHHll:. EcnH pe30HaHC HBnsre'ICH CHnbHbiM, TO BeK-

,. 180° H p li OHe'IH. = -1. 3HaK TOp CIIHH8 COBepmaeT IIOnHbln IIOBOpOT Ha z 

IIOnsrpH3aUHH H3MeHsreTCfl Ha o6paTHbill:. 
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rJle 

TipH cu
2 /r « l 

~· 
Is I =CU v'--· r 

Is 12 

--. 
2 ( 4.14) 

( 4.15) 

pasHo ropuaoHTanbHoA: npoeKUHH seKTopa cnuHa. CaMbiM He6naronpH.IITHbiM 

.IIBn.lleTC.II npoMeN<yTC'IHbiA cnyqaft:, KOI"Jla I s I= l. 

TipH peaoHaHCalt, BbJaBaHHbiX HeCOBepmeHCTBOM M8I"HHTHOI"O non.11, BCe 

'18CTHUbl HCnbiTbiB8})T COBepmeHHO 0JlHH8KOBbJe Bb!HyN<JleHHbie KOne6aHH.II0 

nn.11 UHKnOTpOHa H CHHXpo~aOTpOHa C M.III"KOA $0KYCHpOBKOft: ycnOBHe (4.5) 

Jln.ll k = 0 seJleT K 

2 
1 f n z .,f 

cu=-(l+Gy )-- ---cu , 
2 pea n- f 2 R a ( 4.16) 

I"Jle Z0 f f -Ta.ll rapMOHHK8 OTCTynneHH.II MeJlH8HHOft: nosepXHOCTH OT 

nnocKOCTH. B pea of aHce HMeeM: f= G y • 
pea. /54/ 

Cnyqaft: k ~ 0 paccMoTpeH s pa6oTe • .Un.11 CHHXpo<!>aaoTpoHa c 

N<eCTKOft: ~OKYCHpOB{Oft: 
/55/ 

(4.17) 

I"Jle a - aMnnHTyJla peaoHaHCHOft: rapMOHHKH Bb!HyN<JleHHbiX KOne6aHHll:, 
pea 

6nuN<aA:meA: K Q . 
z 

no CHX nop Hbl paCCMaTpHsanH '18CTHUbl CO CnHHOM 1/2. nn.11 Jleft:Tpo-

HOB ypaBHeHHe ( 4.1 ) np.IIMO ucnollbaosaTb Hellba.ll. Heo6XOJlHMO nollbao

/56/ 
B8TbC.II <!>opMynoft: Maft:opaHbl , KOTOp8.11 CB.IIabJBaeT BepO.IITHOCTH nepe-
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XOllOB p(l,1 ), p( 1,0) H P(1,-1) c Be~OHTHOCTHMH nepexoaa 

P (1 12, -1/2). A HMeHao: 

2 
p (1,1) = [ 1-p (1 /2 ' -1/2 ) ] ' 

p (I' 0) = 2 [ 1- p (I /2 ,-l/2)] p 0/2 '-l/2)' 

P(l,-1) = [ P 0/2,-l/2)]2
• 

CneayeT OTMeTHTb one'laTKY anH Bbipa)KeHHH 

BepoHTHOCTb nepexoaa 

1-sz 
p (l/2' -1/2) = -~ 

2 

P(l/2, -1/2) paBHa: 

( 4.18) 

P (1,0) B pa6oTe 
1561 

( 4.19) 

BenH'IHHa G anH aeATpoHoB paBHa : G = -0,143 
152

•561• B OT'IeTe 
d 

/53/ 
KypaHTa pac'leThi BhmonaeHhi anSI OWH60'IHO npHHHTOPO 3H8'19HHH 

G dHeBepao = 0,85 • 

§ 4.2. llenonHpH38UHH npH yCKOpeHHH 1i MeTOnbi 

e~ ycTpaHeHHH 

A, U H K n 0 T P 0 Ho Y CKOpeHHe HOHOB B UHKnOTpOH8X npOHCXOnHT no 

ae6onbwoA aaepPHH H y =I • PeaoaaHChi B03HHKaiOT •>T H3MeHeHHH 'lac-

. /48 56/ 
TOTbl BepTHKanbHbiX HnH POpH30HTanbHbiX KOne6aHHA. Pa•;'IeTbl 

1 
ne-

nonHpH3aUHH npOTOHOB naiOT O'leHb ManyiO BenH'IHHy, lle:IOngpH3aUHH aeii:

TpOHOB B TpexceKTopHoM UHKnoTpoae EHpMHHPaMCKOPO yHHBepcHTeTa, ycKo-

/3/ 
pSieMhiX no aaepPHH 12 MaB, TSK)Ke oKaaanacb BeCbMa Hanoi!: • Ha oT-

cyTCTBHe 3aMeTHOft nenonHpH38UHH YK83biBaiOT TaKlKe 9KCnepHMeHTanbHbie 

/41/ 
llaHHhie 
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B. C H H x P o u H K n o T p o a, H aH6onee CHJibHbiMH peaoaaacaMH HBJISIIOT

csr peaoHaHCbl 1 BbiaBHHHbie HCK8)!(eHH9M M9JlH8HHOi!: noBepXHOCTH C f = 2 

, Ha COOTHOWeHHSI 

1,793 y f (4,20) 

H8XOJlSITCSI peaOH8HCI- ble 9HeprHH 

Y 1 (pea,) " 1,116, Y 2 (pea. ) = 1,673, ( 4.21) 

/57/ 
llnsr po'IeCTepc wro CHHXpOUHKJIOTpOHa aMnJIHTYJla BTOpOi!: rap-

MOHHKH paBHa 1,2 Cl1 1 H 9TO npHBOJlHT K CHJlbHOi!: Jl9nOJISipHaaUHH, 8 CHH-
. /52/ 

XpOUHKJIOTpoae fl.flll aMnJIHTyJla BTOpOi!: rapMOHHKH B 1 CM )l8eT Jle-

nonsrpHaSUHIO npOTOH )B B 10%, TpeTbSI rapMOHHK8 BHOCHT M8Jlbiil: BKJ18Jl, 

YcKopeHHe )lei!:TpOH03 Ha CHHXpOUHKJIOTpOHe n.Hn conpOBO)!(JlaeTCSI )lenonsr

pHaauHei!: OT C06CTBOHHOrO peaOH8HCa C BepTHK8JlbHbiMH KOJie6aHHSIMH 

0,143 y = Q =' n 
z ( 4,22) 

llpH Z m = 2 CM Jl~'nOJISipHaaUHSI )lei!:TpOHOB COCT8BJ1SI9T 30o/o, 

8, <t>aaoTpoH c npocTpaHCTBeHaot!: BapHauHei!: MarHHT-

H oro non sr. Tpe6oBaHHSI Ha )lonycTHMbie aHa'leHHSI rapMOHHK OTKJIOH9HHSI 

/58/ 
MeJlHaHaot!: noBepxacCTH OT nnocKOCTH BeCbMa )!(eCTKHe , HanpHMep, 

/54/ 
JlJISI npoeKTHpyeMorc <!JaaoTpoHa n.Hn "<P' YCJIOBH9 peaoaaaca T8KOBO: 

1,793 y + f .:!: 4 k. ( 4.23) 

llnsr nepBoro reaoaaaca ( Y1 = 1,116; R = 113 eM) cymecTBeH-

aa rapMOHHKa c f = 2 , a JlJISI BTOporo peaoaaaca ( y 2 = 1 ,673, 
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R = 259 eM) - rapMOHHKH e f = 1;2 H 3. tiTo6hi JlenonspHaauHH 

eHHaHnaCb JlO 10%, yxaaaHHble rapMOHHKH He JlOn>KHbl 6b!'rb 60nbW9 1 MMo 

BbmonHHTb TaKHe ]lonycxH O'leHb TPYilHo, xoTH aeo6XOJlHMO nOJl'lepxHyTb, 

'ITO 9TO Tpe60B8HH9 OTHOeHTeH K epaBHHTenbHO yaxoA o6naeTH MarHHTHO-

ro nons. 

r. CHHXpotltaaoTpOHbi. YcnosHe eo6CTBeHHOr·) peaoHaHea HMeeT 

BHJl ( 4.4). B Ta6n. 2 JlSHbi cseJleHHH o nono>KeHHH p eaoaaacos B paanH'i-
/51/ 

HbiX ycxopHTensx. Pae'ieTbi JlnH 'CaTypHa• JlaJOT CHnbHYJO peaoaaHc-

HyJO JlenonspHaauHJO. Eonee 6naronpHHTHbi ycnosHH B y ~xopHTene •npHH

eToH- lleHeHnbB8HHH•, r]le peaoHaHe H8XOJlHTeH llO'iTH n:>H MaKeHManbHOA 
/13/ 

sHeprHH 'ISCTHU. B pa6oTe npHBeJleH npoexT 6yeTepa aa 75 Mss K 

9TOMY yeKOpHTenJO, KOTOpbiA ll03BOnHT nony'iaTb HHTeHC:HBHbie ny'iKH nonspH

aosaHHbiX HOHOB. 0JlH8KO B paC'ieTaX JlenongpHaSUHH ll);:H 2,8 f9B JlOnyweHa 

OWH6Ka. 

B ycxopHTenSIX c >KeCTxoA tltoxyeHposxoA peaoaaac: ]lenongpHaauHH 

oxaabiBaeTCSI JlOeTaTO'IHO eHnbHb!M. 8TO MO>KeT OKaaaThCSI 6naronpHS!THbiM 

tltaKTOpOM, T8K KaK see 'laeTHUbl 6yJlyT HCllb!TbiB8Tb nonHOe nepeBOp8'iHB8-

HHe cnHHa. HanpuMep, B CHHXpotltaaoTpoHe HT8<1l 
1591 

r 
z m (eM), ( 4.24) 

E 5, 75 r sa, 'ITo 
pea 

eOOTBeTeTByeT nonHOMy nepeBOp8'iHB8HHIO enHHa. 

PeaoaaHCbi, BbiasaHHbie aecosepweH~TBOM MarHH1 a oro nonS!, onpe!le-

nHIOTCSI Ha yenOBHH 

G Y pea f • ( 4.25) 
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YcKopnTenb 

C HHXpo<lJa30TpOH 

"'CaTypH' 

CnHx po<tJaaoTpoH 

"'ITpHHCTOH-ITeHCHnbBBHKH"' 

CuHxpocjJaaoTpoH 

aproHHCKHH ZGS 

CuHxpocjJaaoTpoH 

6pyKXSBeHCKHH 30 fs3 

CnHxpocjJaaoTpoH 

Ol1.Hl1 10 rss 

/59/ 
C HHXpo<lJa30TpOH 

!1T3<1> 7 fss 

CuHxpo<iJaaoTpoH 

vi<I>B3 70 rss 
1551 

Ta6nuua 2 

G·y 

4-Qz =3,1 

4+Qz =4,9 

8- Q = 7,1 
z 

8 + Q = 8,9 
z 

12-Qz = 3,25 

Qz = 8,75 

4 -Q z =3,15 

4+ Q., =4,85 

Q z = 12,75 

12- Qz= 2,25 

Q = 9,75 
z 

12 +Q =21,75 
z 

E (rss) 
KHH 

0,68 

1,62 

2,8 

2,8 

3,7 

0,76 

3,65 

0,71 

1,6 

5,75 

0,24 

4,17 

10,5 

/55/ 
KaK IIOK838HO 3eHKeBII"IeM 1 STH pe30HaHCbl ABIOT IIO'ITH IIOnHylO AeiiOnH-

pH38UHlO KaK B yCKOpHTene !1T3<J> Ha 7 fss, TaK H B yCKOpHTene !1<1>83 H8 

70 fss. nnH Toro, 'IT06bi A8Tb OKOH'IaTenbHOe 38KniD'IeHHe, Heo6XOAHMO Bbl

rronHHTb 6onee TO'IHbiE paC'IeTbl C y'leTOM pa60'IHX XapaKTepHCTHK yCKOpHTe-

neA. 
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B CHHXpOij}a30TpoHe C MSH'KOi!: ~OKyCHpOBKOH HCK8)1{e.IHe MeJlH8HHOi!: 

113/ 
nnoCKOCTH npeJlCT8BnSieT Cyll.leCTBeHHO MeHblllYIO Oll8CHOCTb 

/50/ n. OpneHT8UHSI CllHH8 npu HH)I{eKUHH. P8C'IeTbl no-

K83b!B810T, 'ITO npH HH)I{eKUHH ny'IK8 C ropH30HT8nbHOH n<•nSipH38UHeH aiP

~eKT JlenonS1pH38UHH C03Jl810T nHII.lb C06CTBeHHhie pe30Ha iCbl H npH ::ITOM 

oH OK83biB8eTCSI MeHblllHM, '!:eM npu sepTHK8nbHOi!: nonS1pH38UHH. T8K, H8-

npuMep, B cuHxpoTpoHe UEPH H8 30 ras nocne ycKopeHHSI O)KHJl8eTCSI 

50%-H8SI nonSipH38UHSI. 3To, 0JlH8K01 Tpe6yeT Bb!B0Jl8 ny'lK8 o6SI38TenbHO 

38 OJlHH o6opoT, P8C'IeTbl Henb3SI C'IHT8Tb OKOH'I8TenbHbiHH, T8K KaK B HHX 

He Y'ITeHbl CHHXpOTpOHHb!e KOne6aHHSI, KOTOpble MoryT cy UeCTBeHHO H3Me-

HHTb peaynbT8Tbi. 

E. Cnoco6bi yMeHbmeHHSI JlenonSipH38UHH. YMeHblllHTb 

JleiTOnSipH38UHIO MO)I{HO nyTeM H3MeHeHHSI '18CTOTbl BepTHK lnbHb!X KOne68-

HHi!: BO BpeMSI npOXO)KJleHHSI pe30H8HCHOH aHeprHH, H8llpH~!ep, nyTeM BKn!0-

/60/ 
'leHHSI cneuu8nbHhiX KB8JlpynonbHhiX M8rHHTOB • P8C'I3Thi noK83hiB810T, 

'ITO T8KHM CllOC060M MO)I{HO yMeHblllHTb JlenongpH38UHIO .I8 co6CTBeHHbiX 

peaoH8HC8X. T8K npeJlnOn8raiOT ycTp8HHTb JlB8 pe30H8HCt H8 ycKopnTene 

/64/ 
"C8TypH" • 

)!(. Y c K ope H He Jl e i!: T Po HoB. B nocneJlHee speiV g so36yJlnncg 

6onblllOH HHTepec K yCKOpeHHIO )lei!:TpOHOB H8 CHHXpOij}a30'rpOH8X JlO Bb!CO

KHX SHeprHH. lleHTpOHHbie llpOeKTbl HMe!OTCSI H8 yCKOpHTE,ne "flpHHCTOH-

/13/ /64/ /61/ 
f1eHcHnbB8HHSI" , "C8TypH" H Ha cnHxpo~830Tp<•He OYI.HYI • 

YIHTepecHo p8CCMOTpeTb B03MO)I{HOCTb ycKopeHHSI nongpn.:::oB8HHhiX Jlei!:Tpo-

HOB, !13-38 M8nOH BenH'IHHbl G 

npH 6onee Bb!COKHX SHeprHSIX, 'leM B cny'l8e npOTOHOBo f- 8llpHMep, H8 CHH

Xp0~830TpOHe OH.HYI ycnosue JlenonS1pH38UHH JleHTpoHoB JIMeeT BHJl 

0,143 y = Q 
z ( 4.26) 
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0TCIOJla 0,143 )' "" 0,85, 
pea 

y == 5,95, E pea. == 9,35 ras. 3To aHa~e-
pea KHH. 

HHe O~eHb 6nHaKo ~ )'max == 5,93, KOTOpOe COOTSeTCTsyeT MaKCHManbHO 

JlOCTH)KHMOMY HMD) m,cy JleaTpOHOS 11 rasl c. PeaoHaHCbi, SbiasaHHbie He

cosepmeHCTSOM MarHHTHOI"O non.s~, pacnonai"aiOTCH. npH erne 6onee sbiCOKHX 

aHepi"H.IIX, 

§ 4,3, l1Hl'eHCHSHOCTb ny~Ka nonHpHaosaHHbiX 

HOHOS 

K KoHuy 196!1 I'. non.s~pHaosaHHbia ny"'OK HaH6onbmea aHepi"HH (50 Mas) 

6bin nony"!eH Ha nJIHeaHoM ycKopHTene Peaepi~JopJloscKoa na6opaTopHH. ITpH 

HH)KeKUHH Dy"!Ka HJITeHCHSHOCTbiO 

-2 
10 Ha SbiXOJle a.ipei"HCTpHposaH 

-4 
npoXO)KJleHHH pase.1 1,6·10 • 

13 
1,0•10 plceK (1,6 MKa) CO CKSa)KHOCTbiO 

ny"'oK 
1261 

1,60·10
9 

plceK. Koai~JiiJHuHeHT 

H a UHKnoTpo .1e s EHpMHHI"aMe, ycKopHIOllieM JleaTpOHbi JlO aHepi"HH 

11 
12 Mas, HHTeHCHSiiOCTb HH)KeKTHpyeMOI"O ny"!Ka pasHa 10 d leeK, 8 HH-

TeHCHSHOCTb Ha SI>IXO)le UHKnOTpOH8 - 6•10
9 

d leeK 
1621

, 
1221 

Ha UHKnoTpoHe s CaKne HH)KeKUHH npoToHos seJleTCH SJlOllb pa-

JlHyca • .neacTSHe :lneKTpH"'eCKOI"O nonH KOMDeHCHpyeT nopeHUeSCKYIO CHny 

OT Mai"HHTHOI"O non.11, l1HTeHCHSHOCTb ny"'K8 rrpH HH)KeKUHH COCT8SnHeT 

3,1·10
13 

p/CeK (5 MKa), HHTeHCHSHOCTb ny"'K8 H8 SbiXO)le- 1,9•10
11

plceK. 

-3 
Koai~JiiJHilHeHT npol!O)KJleHHH paseH 6·10 • 

OueHKH HHTEHCHSHOCTH ny"'K8 H8 CHHXpOTpOHaX cneJlyeT C"'HT8Tb JlO 

HeKOTOpoa CTeneH ~ cneKynHTHSHbiMH, S "'aCTHOCTH OHH He Y"'IITbiSaiOT pe

allbHbla npOI"pecc, KOTOpbia 6yJleT JlOCTHI"HYT S TeXHHKe l1fli1 S 6yJlyllieM. 

/E3/ 
fpy6hie OUeHKII JlnH 6pyKxaseHCKOI"O CHHXpOTpOHa, OTHeCeHHbie K HH-

8 
)KeKTHpyeMOMy ny'IKY l1fll1 S 5 MK8, JlaiOT TOK H8 SbiXO)le 6•10 piHMnynbC 

"'"' o,8·1o-
5

• npH KOa~HUHeHTe npOXO)KJleHH.II 
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V • 3aKniO"leHlie 

TaKHM o5paaoM, H3 BhiiileH3JIO:>KeHHoro BHilHO, "'T J TeXHHKa rrony"leHIHI 

H ycKopeHHSI IIOJISipH30B8HHbiX HOHOB SIBJISieTCSI ObiCTpO pa3BHB810lU9HCSI 00-

JIBCTblO ycKopHTenbHOH !f>H3HKH, EnaroAapSI IIOBbiiileHHIO s¢!fleKTHBHOCTH HOHH

aauHH IIOJISipH30B8HHbiX 8TOMOB 0 HHT9HCHBHOCTb IIy"lKOB IIOJIO:>KlfT9JibHbiX IIOJISI

pH30B8HHbiX HOHOB BOJ10p0il8 H il9HT9pl!S! ilOCTHI'J18 5 MK8, .QnSI IIOJiy"leHHSI OTpH

U8T9JibHbiX IIOJIS!pH30B8HHhiX HOHOB BOilOpOila H il9HTepHS! paapa6oTaHa T9XH!f-

Ka IIepeaapSiilKH HOHOB "lepe3 M9T8CT86HJibH09 COCTOSI il!e 8TOMOB, .QoCTHI'

HyTble HHTeHCHBHOCTH paBHhi 0,6 MKa JJ.JISI D H 0,3 1\IKa JJ.JISI H- • IT ony

"leHbi OJJ.H038pSiilHbi9 IIOJIO:>KHT9JibHbl9 HOHbl I'eliHSI-3 C HOJIS!pH30B8HHbiMH SIJJ.

paMH, Enai'OJJ.BpSI HCIIOJib30B8HHIO KBBHTOBbiX rrepeXOJJ.OB, B9KTOpH8SI H T9H30p

H8SI IIOJIS!pH38UHSI HOHOB B8pbHpyiOTCSI B IllHpOKHX rrpeJJ.EJ18X, f1onSipH30B8HHhie 

HOHbl ycrrelllHO ycKopeHbl H8 JIHH9HHbiX ycKOpHT9J1SIX, TllHil9M-I'eHepa Top ax 

H Ha UHKJ10TpOH8X, 

f1epe"'HCJIHM OCHOBHhie rrpo6neMhi, CTOSilUH9 B 3TCH OOJ18CTH: }, f10Bbi

Ill9HHe HHTeHCHBHOCTH H IIOJ1SipH38UHH IIy"lKOB IIOJISipH30B8HHbiX HOHOB, 

2, PaCIIlHpeHHe Ha6opa HOHOB, KOTOpbie MOI'yT ObiTb II )JISipH30B8Hbi, B "l8CT

HOCTH IIOJiy"leHHe IIOJIS!pH30B8HHhlX HOHOB JIHTHSI-6 H nHrHSI-7, 3, Paapa6oT

K8 MeTOil8 IIOJ1y"leHHSI IIOJISipH30B8HHbiX HOHOB IIyTeM KaHanHpOBBHHSI HeiiOJ1SI

pH30B8HHbiX "!epe3 H8M8I'HH"l9HHbiH MOHOKpHCT8J1JI, 4, ~-CT8HOBK8 J.1f1J.1 Ha 

sneKTpOCTaTH"leCKHX reHepaTopax. 5, F aspa6oTKa CHC'I eMhi s!fl!fleKTHBHOii 

HH:>K9KUHH IIOJISipH30B8HHbiX HOHOB B UHKJIOTpOHbi H CHH:•poUHKJ10TpOHbi, 

6, ITpeoJJ.oneHHe s~eKTOB .oerronSipH3aUHH rrpn ycKopeHJIH rronSipH3oBaHHhiX 

HOHOB ilO BbiCOKHX 3H9pi'HH, 

ABTOpbi Bbipa:>KaiOT 6naro.oapHoCTb J1.11. JlarrH.oyc) sa MHOI'O"lHCneHHbie 

OOCY:>Kil9HHSI, 

33 



n H T e p a T y p a 

1. G. Clausnitzer et a .• z. Phys., 144, 336 (1956). 

2. nonSipH3aUHSI HyKnOHOII. M., 1962. 

3. Proceedings of the 2-nd International Symposium on Polarization 

Phenomena of Nucl?ons, Basel, 1966. 

4. J,M, Dickson, Progress in Nuclear 'Techniques and Instrumentation, 

V. 1, p. 103, North--Holland, 1965, 

5. J.M. Daniels. Orient.~d Nuclei, p. 165. Academic Press, 1965. 

6. W. Haeberli. Annual Rev. of Nucl.Sci., .1L 373 (1967). 

1. A. Cesati et al. Prog. Nucl.Phys., 1Q.. 117 (1969). 

8. H.H. Dy'lepoa H ap. 1cTo'IHHKH nonSipH30BaHHbiX 'laCTHU. Kuea, 1968. 

9, I.J. Barit et al. Nuc .• Instr. and Meth., g 160 (1967). 

10. L, Rosen. Proc. of the 6-th Int.Conf. on High Energy Accelera-

tors, 1967, CEAL-~:ooo, p. 237. 

11. A. Luccio et ai. Bt.ill.Am.Phys,Soc., !1J 206 (1969). 

12. D. Clark et al. BullAm.Phys.Soc., ~ 218 (1969). 

13, Proposed High Cw-rent Booster Synchrotron for Princeton-

Pennsylvania Accelerator, PPAD 646 D (1968), 

14. M.L. Fite and R.'l'. Brackman. Phys.Rev., 112, 1241 (1958). 

15. P.n. Cna6ocnHUKHA H ap. )I(Tcp, 36, 2145 (1966). 

16. H.C. 3uH'IeHKo, )I(Tcp, ~. 184 (1968). 

17. G.A. Vasil'ev and E:.A. Glaso ... ucl.Instr. and Meth., 58, 303(1968). 

18, F. Haring and D. Fick. Nucl.Instr, and Meth., .§.!, 285 (1968), 

19. P .n. Cna6ocnuUKHil:, H.M. KapHayxoa, Y Kp. <j>H3, :lK,, N.! 11, 1252 ( 1966). 

20. H.F. Glavish et al. Nucl.Instr. and Meth., ~ 1 (1968). 

21. R. Beurtey. Saclay Prog. Report CEA-N 621 (1966), p.B1. 

34 



22, R. Beurtey. Polarized Targets and Ion Sources, Proc. Intern. 

Conf. Saclay, 1966, p. 177 and Saclay Prog. Report CEA-N 

844, 1967, p.77. 

23, Proc. of the 2-nd Int. Symposium on Polarizaticn Phenomena 

of Nucleons. Basel, 1966, p.85. 

24, R.N. Boyd et al. Nucl.Instr. and Meth., g_ 210 )968). 

25. w. GrUbler et al. Helv.Phys.Acta., '!2z_ 793 (196' 7). 

26. PLA Progress Reports, 1965-1968, 

27. W.E. Lamb et al. Phys.Rev., 72, 549 (1950). 

28. IO.A. DnHc, II.M. CopoKo, )!(Tel>, ®.. 1622 (1969); DpenpHHT OIHU1, 

P9-4653, ny6Ha 1 1969. 

29. B.L. Donnally et al, Phys.Rev.Lett., g 502 (19f,4); ~439(1965); 

Proc. of the 2-nd Int. Symposium on Po1arizaticn Phenomena of 

Nucleons, Basel, 1966, p.71. 

30.P.G. Sana. Ener, Nucleara, _!!, 295 (1967), 

31. J.L. McKibben. Phys.Rev.Lett., ~ 1180 (1968). 

32, H. BrUckmann et al. Phys.Lett., 29B, 223 (1969), 

33. c.w. Drake and R. Krotkov. Phys.Rev.Lett., !£a 848 (1966) and 

IEEE Trans. NS-13, 142 (1966). 

34. G.P. Lawrence et al. Phys.Lett., 28B, 594 (19c 9). 

35. W,E. · Lamb et al. Phys, Rev., §!. 222 (1951). 

36. G.G. Ohlsen. Nucl.Instr. and Meth., 73, 45 (196!1), 

37. lO,M. XHpHbiA, Il.H. Ko'leMacoBa, DT3, N96, 37 (196~:). 

38. W. GrUbler et al. Nucl,Instr. and M~th., g 1l5 (1968). 

39. V. Bechtold et al. KFK 962 (1969); 

H. BrUckmann et al. z. Phys., 224, 486 (1969); 

V. Bechtold et al. KFK 1024 (1969). 

40, W. Haeberli et al. Nucl.Instr. and Meth., g 3~ 5 (1968). 

35 



41. Compte rendu d'activite. CEA-N 1032 (1968), p.67. 

42. M. Carninsky. Phys.Rev.Lett., ~ 819 (1969). 

48. E.K. 3aaoil:cxd. >K3T<I>, ~ 408 (1957). 

44. J.E. Sherwooc!. Bull. Am. Phys.Soc., g .1204 (1968). 

45. S.D. Baker e1 al. Phys.Rev.Lett., ~· 738 , 1020 (E) (1968). 

46. D.o. Findley ~t ai. Nucllnstr. and Meth., £b 125 (1969). 

47. D. Axen et al. Proc. of the 2-nd Int. Symposium on Polarization 

Phenomena cf Nucleons, Basel, 1966, p.94. 

48. r.M. EyJl.HacxHa H Jlp. AS,..§., 806 (1959). 

49. V. Bargmann et al. Phys.Rev.Lett., ~ 435 (1959). 

50. V. Ernst. Nucl.Instr. and Meth., 2Q. 52 (1968). 

51. M. Froissart et R. Stora. Nucl.lnstr. and Meth., z. 297 (1960). 

52. IO.A. nnHC, n.!1. Copoxo. npenpHHT mum, P-1449, Lly6Ha, 1968. 

53. E.D. Courant. BNL-EDC-45, 1962. 

54. IO.A. nnHC, n.l"- Copoxo. npenpHHT 011.HI1, 9-4672, Lly6Ha, 1969. 

55. n.P. 3eHK9BH'I. TpyJlbl 4-oa Me)I(JlyHapOJlHOA KOH!lJepeHUHH no yCKOpHTe

li.SIM. M., 1964, CTp. 919. 

56. H.G. Kim and W.~. Burcham. Nucl.lnstr. and Meth., gz. 211 

(1964). 

57. F. Lobkowitz and E.H. Thorndike. Rev.Sci.Instr., g 454 (1962). 

58. IO.A. nnHc, n. M. Copoxo. TpyJlbl 4-oa Me)I{JlyHapOJlHOil: KOH!lJepeHUHH 

no ycxopHTeli.HM. M., 1964, cTp. 912. 

59. B. BnaJlHMHPCKI'! a H Jlp. nT3, N4, 10 ( 1962). 

60. D. Cohen. Rev.sci. Instr., g 161 (1962). 

61. IO.Ll. oe3HOI'HX H Jlp, nT3, N9 4, 202 (1969). 

62. W.B. Powell. [EEE Trans. NS-13, 147 (1966). 

36 



63. v.w. Hughes. Proc. of the 5-th Int. Conf, on High Energy 

Accelerators. Roma, 1966, p,537, 

64. TeaHChi JlOKnaJlOB 7-oft Me>KJlyHapoJlHoft KoH.PepeHUF. H no ycKopHTensrM. 

EpeBaH, 1969, 

PyKonHcb nocTynHna B H3Jl8TE,nbCKHft OTJlen 

10 anpensr 1969 roQa. 

37 



to11 

m' 

-~ 
to' 

() 3Cr Baw.uHamoH J,S M91 

• DUN. IJCK. RH£L SOMJI 
0 HUH. IJCK. MUHHICOma 40 Hal 
A U.uKnomp. CaKne 28 Hal 
e TaH'8eM BucKOHCUH 12 fr1j6 
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m6~--------------------------~------------~--~---
f9BOz 1965 1968 l0061 

PHc. 1. fpa~HK pocTa rrpHseaeaaoa HHTeHCHBHOCTH rronRpHaosaaaoro rryqKa 
I P 2 aa rrepHoA c 1060 ao 1968 r. llnR nHHefiHbiX ycKopHTenea senHqH-

aa I P 2 
paaaeneaa Ba Koa~HUHeHT CKB8)1{HOCTH. 
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PHc, 2, CxeMa HOHH3aTopa, paapa6oTaaaoro B XapbKOBe (Y4>TI1), K - Ka
Toa, A 1 - rrepBhill aaoa, A2 - BTopoll aaoa, K,9, - KonneKTOp aneKTpoaoa, 
u,£1>, - UHnHHAP ¢apaaeH, 

~ 

Aa K.3, 

H.irll ~¢ ------· ---~ 

IIWI II I 
I I 

l1 I 1 

Ul 
I I I I 
I I I I 
I I I I 
II I I 
II I I I 
I . I 

PHc. 3. CxeMa HllHH3aTopa, paapa-

6oTaHHoro B MocJ~Be ( <t>~JAH). 

K - KaToa, a - .tHOA, 

Q - OTpalKaTenb !OHOB, 

B,9, - BbiTHI'HBaK IUHll aneKTpO,I:I, 

....... 
a (U=3CD08) I K {U=21DD8) 

,.zzzzzzl4 

H+ 

u, (~ ---
0 

(U=JoooG) 
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PRe. 4. CxeMa HOH~3aTopa, pa3pa6oTaHHoro B 3pnaHreHe (<PPf). K - Ka

TOA, c - ceTKa, T - TerrnoBoif aKpaH, Jl - aeplKaTenb ceTKlf. 
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HUm6 
HaKana 

_:______ 8 = /SOD 3 

lb ~========= __ jl~--: u 

~ ===:::!JIF ====:I 
Es £, E, 

===0 H• 
; \----
\ HUm£ 
E, HaJ<ana 

PHc. 5, CxeMa HOHH3aTopa, paapa6oTaHHOl'O B 0KneaAe (JiosaH 3enaHAHH). 
DoTeHUH8J1hi 9J16KTPOAOB OTHOCHT6J1bHO HHTH HaKana: UE = 300 fo 500 B1 

• I ) UE = 550 B, llE = 100 B, u = 0, UE = (-1 .. -3 KB, u E6 =-5KB. 
2 3 E4 5 
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