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I , B B e Jl e H H·e 

0CHOBHbiMH OObeKTSMH HCCne)lOBSHHA B ru:tepHOA cPH3HKe SIBnSIIOTCSI CTa-

oHnbHbie H HeCTaoHnbHbie H30T0fibl, Ha nepsoM 9Tane pemaiOmHA BKna)l B Ha-

WH 3HSHH Sl BHeCnH CT~oHnbHbie H30TOfibl j nan&HeAmHA nporpecc B ru:tepHOA <jJH-

3HKe CBSI3BH, rnaBHbiM oop830M, C HeCTSOHnhHbiMH H30TOfiBMH, annOTb JlO 

caMbiX KopoTKO>KHBYIIlHX. EcTeCTBeHHO npoaaanHSHposaT&, CKon&KO HSOTonos 

y>Ke CHHT93Hp0BSHO H 'ITO npe)lCTOHT C)lenaTb B 9TOM OTHOWeHHH OYJlYIIlHM 

SKcnepHMeHTaTopaM? PH c. 1 naeT oTaeT aa sToT sonpoc /1,2 I, HasecTHble 

CTSOHnhHbie H30T0fibl ( Meaee 300) nOKS3SHbl "''epHbiMH KBSJlpSTHKaMH, 06naCTb 

Me>KJlY JlBYMSI cnnOWHbiMH nHHHSIMH COOTBeTCTByeT paJlHOBKTHBHbiM H30TOnaM 

( npHMepHO 1500), KOTOpbie ObinH CHHTe3HpOB8Hbl paanH"'!HblMH MeTO)laMH CO 

speMeHH OTKpbiTHSI )KonHo-KIOpH, nyHKTHpHaSI nHHHSI yKa3biBaeT rpaHHUbl oonaCTH 

CTBOHnhHOCTH, onpeneneHHbie Ha OCHOBBHHH pac"'!eTOB CaSITeUKOI'O, nerKO BH-

JleTb, 'ITO H3BeCTHSSI OonaCTb O"'!eHb Mana no CpaBHeHHIO C TOft, KOTOpaSI JlO~-

aa 6biTb HCcnenosaaa. OueaKa "'!Hcna H30Tonos B aeft naeT aaa"'!eHHe 3000-4000, 

'ITO aHa"''HTen&HO oonbme scero H3BeCTHoro no CHX nop. 

11ccne)lOBBHHe H30TOnOB, )laneKO OTCTOSIIIlHX OT CTSOHnhHbiX oonaCTei, -

BeCbMS BS>KHSSI H TpyJlHaSI 3S)la"''a, TBK KSK B 9TOM Cny"'!ae Mbl 6yJleM HMeT& 

)leno C ru:tepHbiM BemeCTBOM, HBXOJlSIIIlHMCSI B HeOObi"'!HblX COCTOSIHHSIX, HanpH-

81 
Mep, MO>KHO paCC"''HTbiBBTb nony"''HTb H30T0fibl KBnhUHSI OT IIO Ca c 20p 

H 11 n 
TO 

JlO 20 Ca c 20 p H 50 n 
176 

, HnH 
50 

Sn c 50p H 126n 

HnH H30TOn sneMeHTB C STOMHblM HOMepOM 126 C 126 P H 184o (A=310). 
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8 STOA o6naCTH COOTHOWeHHe Me*~Y KynOHOBCKHMH H ~epH~M 
~eT COBepweaao ~pyrHM, Henb3H HCKniDqHTb B03MO*HOCTb c~ 

H HOBbiX OCTpOBOB CTB6HnbHOCTH /3,4/. 

KaKHM o6pa30M MO*HO CHHTe3HpOBBTb HOBbie H30TOR~, ~BI 
6HnbHbiX? O~Ha H3 B03MO*HOCTeA npoHHKHOBeHHH B o6nacTH He 

IUeHHblX H HeATpOHO~eljlHUHTHbiX ~ep 3BKniDqaeTCH B HCROIJb30B 

nepe~aqH, 

8 HBCTOHWee BpeMH ~OCTaToqao XOpOWO H3yqeHbl peaKUHH 

HbiX nepe~aq c paanHqHbiMH qacTHUBMH, a B .Uy6He Hccne~oBam 

HyKnOHHbie nepe~aqH c TH*en~MH HoHaMH. OaHaKo peaynbTaTb 

BeCbMa HeyTewHTellbH~. nonepeqaoe ceqeHHe peaKUHH nepe~aqu 

HOB B cny'lae {Tb + Ne l oqeab Mano {lo-5 6apaa) 151, TaK q 

TO~ MBnO nepcneKTHBeH ~nH CHHTeaa nerKHX H TH*enbiX H30TO 

KOM ~Hanaaoae Z, 

8 ~pyroM MeTo~e HCROIJb3YIOTCH HCTO'IHHKH HeATpOHOB BbiCOl 

TH KaK. HMnynbCHoA, TBK H CTBUHOHBpHOA ,DpHpO~bl ~nH nocne~• 

aaxBaTa HeATpoHoB. Baaqane Kaa~nocb, qTo STOT MeTo~ 6y~eT 

HbiM, oco6eHHO B cny'lae CHHTeaa TpaacypaHOBbiX sneMeHTOBo Q 

ODbiTOB, npoBe~eH.HbiX B CWA, noKaaanH, 'ITO nocne~oBaTellbHbiA ' 

WOrO qHcna HeATpOHOB ManosljlljleKTHBeH. llocne~HHM H30TODOM, 

9THM MeTO~OM1 6bin ~~~:of'm /6/• 

C UellbiO DpOHHKHOBeHHH B o6naCTb HeATpOHO~eljlHUHTH~X 
Te'l,eHHe nocne~HHX 10 neT H B CllJA, H B CCCP 6bmo npe~np11 

nonbiTOK Hcnonb30BaTb p~aKUHH Me*~Y TH*enbiMH ~paMH, B~nu 

p0B8Hbl CDeUHBnbHbie YCKOpHTenH TH*enbiX HOHOB T8KHX, KBK C 

Ar 1 H, ~eACTBHTellbHO, npo6neMa 6binB qa9TH'IHO peWeHa. 0TK 

• TOHHOA pa~HOBKTHBHOCTH I 1 ,BI, a TaK*e HOBbiX a -HanyqaTene~ 
poKoA o6naCTH Z H A ~ano KaqecTBeHHo HOB~e CBe~eHHH o ' 

TH H HHAHBHAyanbHbiX CBOftCTBaX ~ep C HeAOCTBTKOM HeATpOHOB• 

O~HaKo H a~ecb cymeCTBYIDT onpe~eneaHbie Tpy~HOCTH, 1 

noaBonH~T npoHHKaTb ~aneio B HeHaBe~aHHYID o6nacTb H no~xo~ 
K rpaHHUaM CTa6HilbHOCTH. 3To YTBep*~eHHe XOpOWO HnniDCTp 

10' RpHMepe HCRbiTbiB8IDIUero DpOTOHH~A pacna~ HOBOrO H30TOna 
5

, 

Top~A 6bm nonyqea B peaKUPH 
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8 3Toa oonaCTH COOTHOWeHHe Me)l{.cty KynOHOBCKHMR R SIJlepHbiMR CHnSMH oy

.cteT cosepweaao .ctpyrHM. Henbag RCKnro~RTb soSMO)I{HOCTb cymecTsosaHHg 

H HOBbiX OCTpOBOB CTSOHnbHOCTH /3,4/ • 

KaKRM 00p830M MO)I{HO CHHTe3RpOB8Tb HOBble H30TOfibl
1 

.ctaneKHe OT CTa

OHnbHbiX? O.ctHa H3 B03MO)I{H0CTea npoHHKHOBeHHg B oonaCTR He:i!:Tpoaoooora

weHHbiX R HeaTpOHO.ctetjlHUHTHbiX SIJlep 38KniD~aeTcg B HCDOnb30B8HRH peaKu&a 

nepe.cta~H. 

8 HSCTogmee BpeMg .ctOCTSTO~HO xopowo R3y"'eHbl peaKURR O.ctHOayKnOH

HbiX nepe.cta~ C paanH~HbiMH "'8CTHU8MH 1 8 B lJ.y6He RCCne.ctosanRCb R MHOro

HyKnOHHble nepe.cta~H C Tg)l{enb!MH HOHSMH, 0llH8KO peaynbT8Tbl STRX p800T 

BeCbM8 HeyTeWHTenbHbl, nonepe'IJHOe Ce~eHHe peaKURR nepe.ctS"'R 6-8 He:i!:Tpo-

HOB B cnyqae (Tb +Ne) o~eHb Mano (JQ-5 oapaa) /5/, TaK ~TO STOT Me

TO.ct Mano nepcneKTHBeH .ctng CHHTe3a nerKRX R Tg)l{enbiX H30TODOB B WHpo

KOM .ctHanaaoae z, 

8 .ctpyrOM MeTO.cte HCDOnb3YIOTCg RCTO"'HRKH HeaTpOHOB BbiCOKoa nnOTHOC

TR KaK. HMDynbCHO:i!:, T8K H CT8UHOH8pHoa ,DpHpO.ctbl .ctng nocne.ctOB8T9nbHOrO 

aaxsaTa ae:i!:Tpoaos. BHa'lane Kaaanocb, 'ITo STOT MeTo.ct 6y.cteT nepcneKTHs

HbJM, OCOOeHHO B cny~ae CHHTe3a TpaacypaHOBbiX aneMeHTOB, 0.ctH8KO CepRR 

ODbiTOB, npose.cteHHbJX B ClllA, noKaaanH, 'ITO nocne.ctosaTeni>Hbla aaxsaT 6onb

woro ~Hcna HeaTpOHOB M8n09tPtPeKTHBeH, nocne.ctHRM H30TODOM
1 
nony~eHHbiM 

3TRM MeTO.ctOM, Obin ~5:ofm /6/ 

C UenbiO npOHHKHOBeH&g B oonaCTb aeaTpOHO.ctetPHUHTHbiX R30TODOB B 

Te'leH&e nocne.ctHHX 10 neT H a CllJA, H a CCCP ObinO npe.ctnpRHgTO Maoro 

fiOfibiTOK HCnonb30B8Tb peaKUHH Me)l{.cty TH)I{erlbJMR SUlPSMR, SbJnR CKOHCTpyH-

p0B8Hbl cneuuanbHble YCKOpHTenR Tg)l{enbJX HOHOB TSKHX, K8K C 0 1 Ne, 

Ar , u, .cteacTBHTenbao, npo6neMa Obma ~apTH~Ho peweaa. 0TKpbJTHe npo-

• TOHHoa pa.ctHOSKTHBHOCTR /
7 ,8/, a T8K)I{e HOBbiX a -Rany"'aTenea /S/ B WR-

pOKoa oonaCTH z H A .ctano Ka~eCTBeHHO HOBble CBe.cteHRH 0 CT80RnbHOC-

TH H HH.ctHBH.ctyanbHbiX CBO:i!:CTBSX SIJlep C He.ctOCTSTKOM He:i!:TpOHOB, 

0.ctH8KO H 3.cteCb cyweCTBYIDT Onpe.ctenEIHHble Tpy.ctHOCTH 1 KOTOpble He 

D03BOng~T npOHHK8Tb .ctanexo B HeH3Be.ctaHHYIO oonaCTb H DO.ctXO.ctRTb 6nR3KO 

K rpaHHUSM CTSOHnbHOCTH, 3To YTBep)l{.cteHHe XOpOWO HnnrocTpHpyeTcg Ha 

np&Mepe HCDbiTbiBaromero npoTOHHbl:i!: pacna.ct aosoro H30Tona 

Topbl:i!: Ohm non;~ea a peaKUI'H 

" .. 

' ' ;!, 
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HaAaeao, ~To nonepe~aoe ce~eaue aToA peaKUHH cocTasnaeT scero 10-
6 

6ap

aa. Llna nony~eHHH 6onee nerKHX H30TondB Tennypa cnenyeT pacc~HTbiBaTb 

H8 HCnapeHHe, CKS)I{eM, 10-15 HeATpOHOB 1 OAHSKO BepOHTHOCTb TSKHX C06bi

THA K8T8CTpo<iJH~eCKH yMeHbWSeTca. noao6HaH CHTyaUHH B03HHKaeT H B o6-

Jl8CTH Ta)KeJlbiX HAep. 

nony~eHHble B na6opaTOpHH HAepHbiX peaKUHA HeCKOJlbKO CllOHTSHHq ae

JISIWHXCSI H30MepOB HMe!OT He06bi~Hy!O npHpOAY 1 ~TO CBH38H01 no-BHAHMOMY 1 

C 60JlbWIIM pa3JlH~HeM <iJopMbl gapa B OCHOBHOM H H30MepHOM COCTOSIHHSIX/
10/, 

obmo 6bi o~eHb Ba)I{,IIO aaATH nono6Hbie .s~apa c npyrHMH THnaMH pacnanos 

('a -pacnan, y -uany~eaue u np.). 0AHSKO aTa pa6oTa Tpe6yeT nnaaoMep

HbiX HCCJ19AOB8HHA HASp WllpOKOA o6naCTH Z II A 1 A8JleKHX OT JlHHHH CTa-

6HJlbHOCTH. 

Bo3MO)I{HOCTH CHHT938 HOBblX aneMeHTOB C Z> 100 T8K)I{e B9CbM8 or-

paHH~eHbi (eM, puc. 2). DbiCTpoe naneaue ce~eHHH c poeT OM Z HSPJIM-

HO ASMOHCTpHpyeT, KSK CHJlbHO B03p8CT810T TpyAHOCTH npH nonbiTKSX nony

~eHHSI HOBbiX aneMeHTOB /l1 I. 
TaKHM o6pa30M

1 
HCflOJlb30B8HHe TSI)K9JlbiX HOHOB C A$_40 n03BOJlHJ10 HeC-

KOJlbKO pacwupHTb rpaHHUbl uccneAOBSHIISI p8AH08KTIIBHbiX gaep, H01 B OCHOB

HOM, aa c~eT npoABH*eHHH B o6nacTb aeATpoaaoro ne<tJuuuTa. BMecTe c TeM 

pa3nH~Hbl9 KaHanbi peaKJlHH npHBOAHT K o6pa30B8HHIO 3JleMeHTOB C OTHOCH-

TenbHO ManoA AHCnepcueA no Macce, H 3TO CHnbHO orpaHH~HBaeT 
I 

cneAOB8HHA CBOACTB gaep, 

Kpyr HC-

0AH8KO CHTY8IlHSI cymeCTB9HHO M9HSI9TCH1 eCnH B Ka~eCTBe 6oM6apAH

py!OWHX ~8CTHU HCnOnb3YIOTCSI gapa C M8CCOA A > 100 • 

B 3TOM cny~ae OTKpblB810TCH HOBble nyTH CHHT938 H30TOflOB H aneMeH

TOB, naneKHX OT o6naCTH CT86HnbHOCTH, npeACTaBnHeTCH1 ~TO B9CbM8 nep

cneKTHBHhlMH nns aToA uenH SIBnaJOTCH peaKUHH neneaHa. B Te~eaue nocnen

HHX neT B na6opaTOpHH anepHbiX peaKUHA H3y~anHCb M8CC0Bbl9 pacnpenene

HHSI OCKOnKOB neneHHSI npH o6ny~eHHH gnep OT 30nOT8 AO ypaHa HOH8MH OT 

t:lc A040Ar /121. 
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STOA peaKUHH COCT8BJ1H9T BCero 10-
6 

6ap

g 6onee nerKHX H3oTonos Tennypa cnenyeT pacc"'HTbiB8Tb 

, 10-15 HeATpOHOB, OJJ.H8KO BepoS!THOCTb T8KHX C06bi

yMeHbW8eTCH, llono6H8SI CHTyaUHH B03HHK89T H B 06-

B fla6opaTOpHH Hll9pHbiX peaKUHfi HeCKOJlbKO CITOHT8HHq ne

HM9IOT He06bi"'HYIO npupo.o.y, 'ITO CBSI38H0 0 no-BHJJ.HMOMY 0 

H30MepHOM COCTOHHHHX/10/, 

ao uaii:TH no.o.o6nbie gnpa c npyrHMH THnaMH pacna.o.os 

aTa pa6oTa Tpe6yeT nnaaoMep-

Hnep WHpOKOA 06JlaCTH Z H A , naneKHX OT JlHHHH CTa-

CHHT938 HOBblX aneMeHTOB C Z> 100 T8K:lKe B9CbM8 or-

• 2), EbiCTpoe naneaue ceqeHHH c poeT oM Z aarnH.o.-

B03pacTaiOT TpyllHOCTH npH ITOITbiTK8X nony-

1 
HCITOJ1b30B8HH9 TH:lK9JlbiX HOHOB C A:S,40 IT03BOJ1HJ10 HeC

HCCJ19llOB8HHH pallH08KTHBHblX gnep, H0 0 B OCHOB

B o6nacTb aeil:Tpoaaoro ne<iJuuuTa, BMecTe c TeM 

K o6pa30B8HHIO sneMeHTOB C OTHOCH

ITO Macce, H STO CHJlbHO orpaHH"'HB89T Kpyr HC-
1 

H cyweCTB9HHO M9HH9TCSI0 9CJ1H B K8"19CTB9 6oM6ap.O.H

g gnpa c Maccoil: A > 100 , 

OTKpb!B810TCSI HOBble nyTH CHHT938 H30TOITOB H aneMeH

o6naCTH CTa6HJlbHOCTH, llpe.O.CT8BJ1H9TCH, 'ITO B9CbM8 nep-

9TOfi uenu HBJlHIOTCH peaKUHH .o.eneHHH. B Te"'eaue nocne.o.

Topuu SlllepHbiX peaKUHfi H3Y"'8JlHCb M8CCOBbl9 pacnpenene

npH o6nyqeHHH gnep OT 30JlOT8 .0.0 ypaHa HOH8MH OT 
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KpHB8Si pacnpeJleneHHSI: OCKOnKOB no M8CC8M ( CM. pH Co 8) HMeeT CHM

MeTpH'IHYIO <j>opMy H XOpOWO OnHCbiBaeTCS! <j>opMynoA: 

(A - ~)2 
1 f 2 

P (A f ) = exp [ - ] 
(17~2)1!. ~2 

( At o A 0 - M8CCbl OcKOnKa H KOMnayHJl-S!Jlp8) • .LlHcnepCHS! pacnpe)leneHHS! 

2 
l'J. CHlibHO soapacTaeT c ysenH'IeHHeM Z I A KOMnayHJl-S!Jlpa 1 H B cny-

238 40 
11ae U ( Ar , f ) Ha6nJOJlaeTCS! 60JibiiiOft BbiXOJl a - BKTHBHb!X S!Jl9p 

Po H At /1 8 / ( u. ... 5 -to-28 c~). 
EcTb BC9 OCHOBBHHS! C'IHT8Tb 1 'ITO JlnH nOJl06HbiX peaKUHft1 Bbl3b!B89Mb!X 

6onee TS!)I{9nbiMH '18CTHUBMH 1 MBKCHMYM pacnpeJleneHHS! CM9CTHTCS! K 601Ib

IIIHM Z 1 a JlHCnepCHS! ~ ysenH'IHTCS!e l13 STOI'O cneJlyeT 1 'IT01 ecnH HC

nonb30B8Tb ny'IOK HOHOB KC9HOH8 1 TO OK8)1{9TCS! B03MO)I{Hb!M CHHT93HpOB8Tb 

BCIO H3B9CTHyiO o6naCTb TpaacypaHOBbiX S!Jlep BnnOTb JlO paanH'IHbiX H30To

nOB 105-106-ro aneMeHToe. 

B cny'lae 6onee nerKHX HJlep yeenu'leHHe JlHcnepcHH no Macce noaeo

nHT npOJlBHHyTbCS! C pBBHhlM ycneXOM B HeftTpOHOJl9<j>HUHTHYIO H HeftTpOHOH3-

6biTO'IHyiO o6naCTHo 

0TMeTHM1 'ITO H ce'leHue peaKuuft MHOI'oHyKnOHHbiX nepeJla'l 6yJleT cy

mecTeeaao eoapacTaTb c yeenR'IeHHeM MaCCbi uoaa. 

l13 JlBHHbiX 1 nony'leHHbiX paaee 
114

/ 1 MO)I{HO 0)KHJl8Tb OTHOCHT91IbHO 

6onbmoro ce'leHHS! nepeJla'IH uenbiX KOMnneKCOB HyKnoaoe 80-40. CooTHome

HHe 'IHCna npOTOHOB H HeftTpOHOB B nepeJlaBaeMOM KOMnneKCe M0)1{9T CH1Ib-

HO M9HS!TbCS!1 H STO Jl89T JlOnOnHHTenbHYIO B03M0)1{HOCTb CHHTe3a H30TOnOB 1 

JlaneKHX OT o6naCTH CTa6H1IbHOCTHo 
\ 

290-298 
OcTaHOBHMCH OTJleJibHo Ha CHHTeae S!Jlep 114 H 300-SfOI26 • B 

COOTB9TCTBHH C TeOpeTH'I9CKHMH npeJlCTaBneHHS!MH /8,4 ,15/, MO)I{HO 0)KHJl8Tb 

3HB'IHTenbHOI'O ysenH'IeHHS! CTa6H1IbHOCTH B STOft o6naCTH H3-38 nOS!BneHHg 

38MKHyTbiX npOTOHHbiX H HeftTpOHHbiX o6onO'IeK ( Z= 126 1 n = 184 - JlBB)I{Jlbl 

MBI'H'Iecxoe S!Jlpo). PaanH'IHbie pa6oTbi npeJlCKB3biBBIOT cymecTeoeaaue HaH-

298 810 
6onee cTa6Hnbaoro S!Jlpa - nH6o 114 , nu6o 126 • CTa6HnbHOCTb 

H30Tonoe 114 aneMeHTa, nony'leHHaSI H3 pac'leTos CeSITeUKoro, npeJlCTaene-

Ha HB pH C. 4. l1 OHbl KpHnTOHa JlBIOT B03MO)I{H0CTb nony'IHTb S!JlpO 

HanpHMep, B peaKUHH: 
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Ar, f 

OCKOnKOB no MBCCBM (eM. pHC. 8) HM99T CHM-

onHCbiBaeTCSI <tJopMynolt: 

(A - ~)2 
r 2 ] 

• exp [-
~2 

H KOMnayHa-Siapa). nHcnepCHSI pacnpeaeneHHSI 

2 
c ysenH"'eHHeM Z I A xoMnayHa-Hapa, H s cny-

Ha6moaaeTCSI 6oJlbwolt Bbixoa a - aKTHBHbiX gaep 

( u. .. 5 .lQ-28 c~). 
OCHOBaHHSI C"'HTaTh, "'TO anSI noao6HbiX peaKUHit1 Bbl3b1BaeMblX 

"'aCTHUBMH 1 MBKCHMYM pacnpeaeneHHSI CMeCTHTCSI K 60Jlb-

aHcnep~,;HSI ~ ysenH"'HTCSI. Ha aToro cneayeT, "'TO, ecnH HC-

HOHOB KCeHOHa, TO OKB)K9TCSI B03MO.lKHbiM CHHT93HpOBBTh 

o6nacTh TpaacypaHOBbiX Haep snnoTb ao paanH"'HbiX H30To-

aneMeHTOBo 

Slaep ysenH"'eHHe aHcnepcHH no Macce noaso

SI C paBHblM ycneXOM B Hel!:TpOHoae<lJHUHTHYID H HeitTpOHOH3-

'ITO H ceqeHHe peaKUHA MHoroHyKnOHHblX nepeaa'l 6yaeT cy

TaTh C ysenH'I9HH9M MaCChi HOHa. 

nony"'eHHhlX paHee 
1141

1 MO.lKHO O>KHaaTh OTHOCHTenhHO 

Sl nepeaa'IH uenbiX KOMnnexcos Hyxnoaos S0-40. CooTHowe

H HeitTpOHOB B nepeaasaeMOM KOMnneKC9 M0)K9T CHnh

aaeT aononHHTenhHYID B03M0)KHOCTh CHHT93a H30TOnOB1 

CTa6HnhHOCTH. 
290-298 

OTaeJlbHO Ha CHHTe3e gaep 114 H 300-810J.26 , B 

TeopeTH'IeCKHMH npeacTasneHHSIMH /8,4 ,15/ 1 MO)KHO Q)KHaBTb 

ysenH'I9HHSI CTa6HnhHOCTH B aTOll: o6naCTH H3-3a nOSIBneHHg 

OHHblX H HeitTpOHHbiX o6ono'leK ( Z== 126 1 n = 184 - asa>Kabi 

PaanH'IHbie pa6oTbi npeacxaabiBaiDT cymecTsosaHHe HaH-

298 810 
11 4 , nH6o 126 • CTa6HnhHOCTb 

CBS!Teuxoro, npeacTasne-

810 
aaiDT B03MO)KHOCTh nony'IHTh Slapo 12C), 
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HX nonypacna.a:a OTHOCHT9nbHO CnOHT8HHOrO .a:eneHHS!. 
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294 - 298 
4TO KacaeTCSI H30TOITOB 114 , TO HX CHHTe3 ll 

peaKUHH nonaoro cnHHHHH, H nyTH ero ocymecTsneHHH cneayeT 

uecce aeneHHH HnH peaKUHHX nepeaaqu c ucnonbaosaHHeM T~ 

C MaccoA A > 150 • Tg>Kenbie HOHbl QaQyT WHpOKHe B03MO:H< 

HHSI MeXaHH3Ma B38HMOQaftCTBHSI CnO>KHbiX S!Qep ·npH HCCneQOB8HI 

ueccos, KaK:. 

1) o6paaoaaHHe H pacnaa cocTaBHbiX gaep /16/; 

' aeneHue Raep, KynoHoscKoe aeneHHe 1~11; 

8) ITpS!Mbla peaKUHH, B '18CTHOCTH, peaKUHH MHOrOHyKnOHHbJJ 

4) KynqHOBCKOe soa6y>KQeHHe /18/• 

0TMeTHM, 'ITO TSI>Kenbie '18CTHUbl MOryT HaftTH WHpOKOe 

npHMeHeHue. B qacTHOCTH, asuay 6onbwHx yaenbHhiX noTepb a 

nbla HOHbl MO>KHO ycneWHO npHMeHSITb QnH HCITblT8HHSI MaTepHall 

UHOHHYIO CTOAKOCTb, 0QHOA H3 B8>KHblX npo6neM S!BnSieTCSI, Hanp 

QOB8HHe yCToftqHBOCTH MaTepuanos, pa6oTaiOmHX B 8KTHBHOii 301 

llnOTHOCTH ny'IKOB YCKOpeHHbiX HOHOB C MaCCOii A ~ 100 MOryT 

nopgaKa 6onbwe, qeM s aKTHBHoA aoHe MomHoro peaKTopa. 3 

qTo ::IKCITepHMeHT Ha paQHaUHOHHYIO CTOiiKOCT& o6pa3Ua, KOTOpl 

pe 38HHM8eT MHOrO MaCS!UeB, MO>KeT 6biTb BbinOnHeH Ha yCKOpH 

KOnbKO qacos. 

TH>Kanbie 'laCTHUbi ManoA aHeprHH HBnHIOTCH TaK>Ke npeKpe.< 

/19 ~ 
MaHTOM ang aneMeHTHOFO H H30TOnHoro aHanH38 o6pa3UOB ' 

II • Tpe6oaaHHSI, rrpe.n'bHBnSieMbie K rry'IKaM TSI>Ke, 

HOHOB 

IiCXOQSI H3 paCCMOTpeHHbiX lflH3H'IeCKHX aaaaq, MO>KHO clflc 

OCHOBHbie ycnOBHSI, KOTOpb!M QOn>KHbl yaosneTBOpS!Tb yCKopeHHI 

>KenbiX HOHOB, 

1 • .llHaiTa30H MaCC yCKOpS19MbiX '18CTHU >KenaTenbHO HMeTI: 

HO WHpOKHM. HaH60nbW8SI MaCCa HOHa Bbi6HpaeTCSI H3 cneayiOml 

11 
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294 - 298 
qTO KacaeTCa H30TOnOB 114 , TO HX CHHTe3 HeB03MO)KeH B 

peaKuH~ nonHoro cnaaHHa, H nyTH ero ocymecTBneHHa cneayeT HCKaTb a npo

uecce aeneHHa HnH peaKUHSIX nepeaa'IH C HCnOnb30B8HHeM TSI)KenbiX HOHOB 

C Maccoft A > 150 • Ta)Kenbie HOHbl aaayT WHpOKHe B03M0)1{~0CTH H3y'le

HHa MeXSHH3M8 B38HMOaeftCTBHa CnO)KHbiX sraep "npH HCCneaOBSHHH TSKHX npo-

ueCCOB 0 KaK: . 

1) 06pa30B8HHe H pacnaa COCT8BHbiX SIAep /16/ i 

' aeneHHe sraep, KynoHoBCKoe lleneHHe /1•7 I; 

3) npaMbie peaKUHH, B '18CTHOCTH, peaKUHH MHOI"OHyKnOHHhiX nepeaa'l /151; 

4) KynQHOBCKOe B036y)KaeHH8 /18/. 

0TMeTHM, 'ITO TSI)Kenbie '18CTHllbl MOI"YT HaftTH WHpOKOe TeXHH'IeCKoe 

npHMeHeHHe. B 'laCTHOCTH, BBHay 6onbwax yaenhHhiX noTepb aHeprHH Ta)Ke

nhie HOHbl MOlKHO ycneWHO npHMeHSITb ana HCnbiT8HHSI M8TepaanOB H8 paaaa

UHOHHYlO CTOftKOCTb. 0aHoft H3 B8)KHbiX npo6neM SIBnaeTCR, HanpHMep, HCCne

aoB8HHe yCTOft'IHBOCTH M8TepaanoB, pa60T8lOWHX B SKTHBHOft 30He peaKTOpOBe 

0nOTHOCTH ny'IKOB yCKOpeHHbiX HOHOB C M8CCOft A ~ 100 MOryT 6b!Tb H8 2-3 

nopSIAK8 6onbwe, 'leM B aKTHBHOft 30He MOWHOI"O peaKTOpa. 3TO 03Ha'laeT, 

'ITO 9KCnepHMeHT H8 paaHaUHOHHYlO CTOftKOC'l'b o6paaua, KOTOpblft B peaKTD

pe 38HHM8eT MHOI"O MeCaUeB, MO)KeT 6biTb BbinOnHeH H8 yCKOpHTene 38 HeC

KOnbKO '18COB. 

TSl)Kenbie '18CTHUbl ManoA 9HeprHH .HBnSilOTCa T8KlKe npeKp8CHbiM HHCTpy

/19 20/ 
MeHTOM ana aneMeHTHOI"O H H30TOnHOI"O 8HanH38 o6pa3UOB ' • 

II • Tpe6oBaHHH, npell'bHBnHeMbie K ny'IKaM TSI.>KenhiX 

HOHOB 

l1cxoasr H3 paCCMOTpeHHbiX cjJH3H'IeCKHX aaaa'l, MOlKHO ccjlopMynHpOB8Tb 

OCHOBHbie ycnOBHSI, KOTOpb!M aon)I{Hbl yaoBneTBOp.HTb ycKopeHHhie ny'IKH TSI-

)KenhiX HOHOB. 

1. naanaaoH M8CC yCKOp.HeMbiX '18CTHU )KenaTenbHO HMeTb M8KCHM8nb

HO WHpOKHM. HaH60nbWaa M8CC8 HOH8 Bhi6HpaeTCa H3 cneay10wHX coo6pa)Ke-

i 
11 
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HHA. CaMoe Tst)l{enoe - cna6oaKTHBHoe stapo 

) 382 
yMeHbLleHHst Mace - DOTh H 3aTeM - 200 Bi 

88 

usu 
93 , aanee 

206 - 2 o 8 Ph 
82 

(B CTOpOHy 

H T.Jl. Paa-

pb!B M13)KJly Th H Bi BKniO'I:aeT 6 CHnbHO paJlHOaKTHBHbiX aneMeHTOB, KO-

~,, 

" ~i 

TOpbie He MoryT 6biTb ycKopeHbi. DoaToMy npeJlCTaBnsteTCH paayMHbiM Bbi6- .,., 

paTb MaKCHManbHYIO Macey A= 200-210. 0TMeTHM, 'ITO BCe paCCMaTpHBae-

Mbie BbiWe HanpaaneHHst HCCne)lOBaHHA Tpe6yiOT TIO B03MO)I{H0CTH 6onee Tst

)l{enoro Mpa a Ka'lecTae 6oM6apJlHpyroweA 'l:aCTHUbi, H, cneJlOBaTenbHO, yc

TaHOBKa aon*Ha o6ecne'I:HTb ycKopeHHe acex 'l:aCTHU a aHanaaoae Mace 

20_5 A$ 200. 

2. MHHHManbHast :3Hepi'Hst HOHOB JlOn)I{Ha npeBbiWaTb KynOHOBCKHA 6apbep 

B cny'l:ae o6ny'l:eHHst ypaHOBOA MHWeHH H Jlnst BCeA o6naCTH YCKOpsteMbiX 'laC

THU COCTaBnsteT ""5 Maa/HyKnOH. 0JlHaKO H3-3a Jle4JopMaUHH Tst)l{enbiX Mep 

B npouecce HX c6nH)I{eHHst yKa3aHHoe 3Ha'leHHe :3Hepi'HH MO)I{eT CHnbHO Me

HSITbCst. HanpHMep, HMeroTcst TeopeTH'IeCKHe JlaHHbie 1211 , KOTOpbie yKa3bi

aaroT, 'ITO 6apbep peaKUHH Me)KJlY 'laCTHUaMH C MaCCOA A "" 200 MO)I{eT yae

nH'IHBaTbCst Ha aenH'IHHY"" 40%. MaKCHManbHoe aaa'l:eHHe aaeprHH paayMHO 

Bbi6paTb ... 10 Maa/HyKnoa Jlnst 'laCTHUbi c HaH6onbi.IIeA MaccoA. ~ho o6'bstCHst

e1'cst TeM, 'ITO npH aaeprHH 8-10 Maa/HyKnoH ce'l:eHHe aaaHMOJleAcTBHst Y*e 

6nH3KO K reoMeTpH'IeCKOMy, H JlanbHeAwee yaenH'I:eHHe 9Hepi'HH )laeT OTHo

CHTenbHO Manbiit BKnaJl. 

l1TaK, aaeprHst 'laCTHU c MaccoA A .. 200 JlOn)I{Ha HaXOQHTbCst B npe-

Jlenax 5::::; f::::; 10 Maa/ayKnoa. 

3. PaccMaTpHBast cPH3H'IecKHe H TeXHH'IeCKHe HanpaaneHHst Hccne)loaa-

HHA C Tst)l{enbiMH HOHaMH, MO)I{HO npHMepHO yKa3aTb rpaHHUbl Ce'l:eHHA paa

nH'IHOI'O THna peaKUHA. 

3KCTpanonHpyst OT H3BeCTHbiX JlaHHbiX, nOny'leHHbiX Ha HOHaX C MaCCOit 

A,::;; 40 , MO)I{HO TIOKa3aTb 0 'ITO Ce'leHHSI o6pa30BaHHst H30TOTIOB B peaKUHstX 

JleneHHst, nepeJla'IH H 'lepea cocTaaaoe MPO 6yJlyT He 6onee 1o-26 eMf /221. 

B CBSI3H C TeM, 'ITO HCTIOnb30BaHH9 TSJ)KenoA 'laCTHUbl Cyi.IIeCTBeHHO yaenH

'IHBaeT 'I:Hcno Kaaanoa peaKUHA, a B o6nacTH Tst)l{enbiX Mep acer)la a npo

uecce "OCTbiBBHHst' Mpa cyi.IIeCTByeT KOHKypeHUHst CO CTOpOHbl )leneHHst, ce

'leHH~ o6pa30BaHHst H3y'laeMOI'O H30TOna MO)I{eT JlOCTHI'BTb 3Ha'leHHA 10-32 -

- 10-33 CM2. 0TM9THM TaK)I{e, 'ITO BBHJlY 60nbWHX HOHH38UHOHRbiX TIOTepb 

Tst)l{enoA 'l:aCTHUbl (pH C. 5) yMeHbWaeTCst a«P«PeKTHBHBst TOni.IIHHa MHWeHH /23/ • 
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H*enoe - cna6oaxTusaoe HAPO 

232Th 
90 H 3BTeM - 209 Bi 

83 

238 u 
92 

, Aanee 

206 - 2 0 8 Ph 
82 

(a CTopoay 

u T,.ll, Paa-

H Bi BKnJO'IaeT 6 CHJibHO pB,llHOBKTHBHbiX aneMeHTOB 1 KO-

ObiTb ycxopeHbi, noaToMy npe,llCTaBnHeTCH pa3yMHbiM BbiO

A = 200-210. 0TMeTHM, 'ITO see paccMaTpusae

uccne,llosaau:l!: TpeoyiOT no B03MO*HOCTH 6onee TH-

6oM6ap.llupyrome:l!: 'IBCTHUhi, u, cneAosaTenr:.ao, yc

ooecne'IHTb ycxopeHHe BCeX 'IBCTHU B AHana30He Mace 

HBH 9HeprHH HOHOB ,llOn*HB npeBbllliBTb KynOHOBCKH:i!: 6apbep 

H ypaaoso:l!: Mumeau u .llnH sce:l!: o6nacTu ycxopSieMbiX qac

T .. 5 Mas/ayxnoa, 0.l1Haxo ua-aa .lle!flopMaUHH TH*eJibiX Sl.llep 

COJIH*eHHSI YKB38HHOe 3Ha'ieHHe 9HeprHH MO*eT CHJibHO Me

Map, HMeiOTCSI TeopeTH'ieCKHe .llaHHbie 121 /, KOTOpbie YKB3bi

peaKUHH Me*.llY 'iBCTHUBMH C Macco:l!: A ., 200 MO*eT yse

senH'iHHY"' 40%, MaKCHManr:.aoe aaaqeaue aaepruu paayMHo 

as/ ayxnoa .llJISI qacTHUhi c HaH6oJ1bmeil: Macco:l!:, 3To oo'bSICHH

npH aaeprHH 8-10 Mas/ayxnoa ceqeaue saauMo.lle:i!:cTsHSI Y*e 

H .llanr:.ae:l!:mee ysenuqeaue aaepruu ABeT OTHo-

c Macco:l!: A .. 200 ,llOJI*HB HBXO.llHTbCSI B npe-

TpHBBSI !fJH3H'IeCKHe H TeXHH'IeCKHe HanpasneHHSI HCCJie,llOBa

MO*HO npuMepHO yxaaaTb rpaHHUhl Ce'leHH:i!: paa-

OT H3BeCTHbiX .llaHHbiX, ITOJiy'leHHbiX Ha HOHaX C MBCCO:i!: 

0 ITOK838Tb 0 'iTO Ce'leHHSI 00p830BBHHSI H30TOITOB B peaKUHHX 

H 'iepe3 COCTBBHOe Sl,llpO 6y,llyT He 6onee 10-26 C~ /22/, 

HCITOJib30BaHHe TH*eJIO:i!: 'iBCTHUbi CyllleCTBeHHO ysenu

peaKUH:i!:, a B OOJIBCTH TH*eJibiX SIAep BCer,lla B npo

HApa cymeCTByeT KOHKypeHUHH CO CTOpOHbl .lleJieHHH, ce-

SI uayqaeMoro uaoTona MO*eT .llOCTHraTr:. aaa'ieHH:i!: to-32 -

eTHM TB,K*e, 'ITO BBH.lly OOJ1bWHX HOHH3BUHOHHbiX ITOTepb 

(puc, 5) yMeHbWaeTC.SI S~KTHBHB.SI TOJIIUHHB MHllieHH /23/, 
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C yqeTOM 8THX ~KTOpOB HHTeHCHBHOCTb ITY'IKOB 'ISCTHU aonmHa COC

TSBnHTb: 

.an.H MSCCbl A =s20 1014 cex-1, 

anSI MSCCbl A'" 200 1013 - 1014 ceK -1. 

4. MoHoaaepreTB'IHOCTb rryqxa .HBn.HeTC.H ero samHeAwHM xaqeCTBOM. 

06bi'IHO B gaepHbiX peaKUH.HX C T.HmenbiMH HOHSMH pa36pOC 8Hepi'HH '18CTHU 

aonmeH 6biTb Ha yposHe 2%. CospeMeHHbie pe3oHaHCHbie ycxopnTenu (He ro

sopg yme o6 ycxopHTen.Hx rrp.HMoro aeACTBH.H) arronae o6ecrrequsaroT yxa3aH

ayro MOH08HepreTH'IHOCTb yCKopeHHbiX ITY'IKOB, TSK 'ITO B aTOM OTHOWeHHH HH

KSKHX aorronHHTE!nbHbiX rrpo6neM He B03HHKaeT. 

III • KacKallHbie cxeMbi ycKopeHHSI TIDKenbiX HOHOB 

llpemae 'leM paCCM8TpHB8Tb KOHKpeTHbie MeTO.Ilbl yCKOpeHH.H, OUeHHM 

B03MOmHOCTH rrony'leHHSI BbiCOK038p.HaHbiX HOHOB T.HmenbiX aneMeHTOBo 

BorrpocaM rrony'leHH.H BbiCOK03ap.HaHbiX T.HmenbiX 'laCTHU rrocBHIUeH pga 

pa60T /24-26/ • l13y'leHHe MHOI'O'IHCneHHbiX KQHCTpyKUHA HOHHbiX HCTO'IHHKOB 

IT03BOn.HeT 3aKniD'IHTb, 'ITO HaHny'IWHe pe3ynbT8Tbl ObinH aoCTHI'HYTbl Ha MOW

Hbl;K ayrOBbiX HCTO'IHHKSX 3aKpbiTOI'O THITa; HSHOOnee Y.I18'1H8.H KOHCTpyKUHSI 

TSKOI'O HCTO'IHHKa HCIIOnb3yeTC.H B HSCTO.HIUee BpeM.H H8 300-CaHTHMeTpOBOM 

UHKnOTpOHe n.HP Ol1.Hl1. 

Ha puc. 6 rrpeacTasneHbi aaHHbie rro pacnpeaeneHHID 3ap.HaoB HOHOB pa3-

nH'IHbiX aneMeHTOB, rrony'ISHHbiX H3 .llYI'OBbiX HCTO'IHHKOB C OCUHnnupyroiUHMH 

anexTpOH8MH, KOTOpbie ycTaHOBnSHbi Ha nHHeftHOM ycxopHTene (HILAC ) B 

Bepxnu ( CIIJA) H Ha 300-caaTHMeTposoM uuxnoTpoHe ( .lly6Ha). 

Ha pHCyHKe BB.IlHO CBnbHOe rra.aeHHe BbiX0.118 HOHOB C POCTOM 3apgaa. 

+ 10 
O.aaaxo 3aMeTHM, 'ITO cpeaH.H.H HHTeHCHBHOCTb W +llw 

COCTaBnSieT 

5 •1013 - 1014 CeK -1. 
B rrna3Me .llYI'OBOI'O HCTO'IHHK8 Bbiaen.HeTCSI MOIUHOCTb ,. 30 KBT 38 Bpe-

M.H '" 2 •10-3 CeK, Toeo 8Hepr03aTpaTbl Ha O.llHY '18CTHUbl rrna3Mbl BSCbMa 

BenHKH ( •2-3 Mas/'laCTo)o YsenH'ISHHe 3ap.HaHOCTH HOHOB Tpe6yeT ITOBbiWe

HH.H T,eMrrepaTypbl aneKTpOHOB B rrna3M8o BMeCTe C TSM .118nbH8i!:WHA poeT 

IIO.IlBO.IlHMOA K BCTO'IHHKY 8Hepi'HH Manoa~KTHBSH, TSK KSK aaepi'HSI B oc-
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~aKTOpOB HHTeHCHBHOCTb ny~KOB ~aCTHU ~on~Ha COC-

A .. 20 1014 ceK-1, 

1013 - 1014 
ceK -

1• 
•uonro~uuun~Tb ny~Ka HBnHeTCH ero aa~HeftWRM Ka~eCTBOM. 

peaKUHHX C T~enbiMH HOHBMH paa6pOC 9HeprRR ~aCTHU 

ypoaHe 2%. CoapeMeHHbie peaoaaHCHbie ycKopBTenH (He ro

o6ecne~&BaroT yKaaaH

HOCTb yCKOpeHHbiX ny~KOB1 TBK 'ITO B 9TOM OTHOW9HHH HH

rPrn.lthiX npo6neM He B03HHKSeT • 

• KacKa.AHbie cxeMbi ycKopeHHSI TIDKe.llbiX HOHOB 

paCCM8TpHB8Tb KOHKpeTHbie MeTO~bl YCK0p9HRH1 OU9HHM 

H BbiCOK038pH~HbiX HOHOB T~enbiX aneMeHTOB. 

PM 

Yfay'leHHe MHOrO~HcneHHbiX KQHCTpyKURft HOHHbiX HCTO~HHKOB 

\uu~~-.- uTn •u•unvunruo peaynbT8Tbl 6bJnH ~OCTHrHyTbl Ha MOIIl-

38KpblTOrO THna; H8H6onee y~a~HBH KOHCTpyKUHH 

B HSCTOHJilee BpeMH HS 300-caHTHMeTpOBOM 

~aHHbJe no pacnpe~eneaBro aapMOB HOHOB paa

nony~eHHbiX H3 ~yrOBbiX RCTO~HHKOB C OCUHnnBpyrowHMH 

hie ycTaHOBneHbl Ha nBHeftHOM YCKOpRTene (HILAC ) B 
I 

H Ha 300-CaHTRMeTpOBOM UHKnOTpOHe ( .lly6Ha) • 

BH~HO CHnbHOe na~eHHe BbJXO~a HOHOB C pOCTOM 38pMa. 

HHTeHCHBHOCTb 
+10 w +II W 

COCTSBnHeT 

HCTO~HHKS Bbl~ensreTCH MOWHOCTb .. 30 KBT 38 Bpe-

T.e. 9HeproaaTp8Tbl Ha O~HY ~aCTHUbl nnaSMbl B9CbM8 

Maa/~acT.). YaenB~eHHe aapMHOCTH HOHOB Tpe6yeT noa&rwe

aneKTpOHOB a nnaaMe. BMeCTe c TeM ~anDHeftw&ft poeT 

9HeprRH Manoa¢$9KTHB9H1 T8K KBK 9HeprHSI B oc-
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HOBHOM paCC8HB88TCR B BHAB HSJiy'IeHHR, Tennonepeaaqu Ha CTeHKH ~CTO'IHHKa 

H T,n, noaTOMY YBBJIH'IBHH.sl TeMnepaTypbl MO)!{HO AOCTH~, B OCHOBHOM1 ny-. 

TBM CTa6HJIH3aUHH nJia3M8HHOr 0 WHypa, 'ITO, KaK H3B8CTH01 CB.H3aHO C 6oJib

WHMH rpyAHOCT.siMH, 

llpyrHe THnbi HOHHb!X HCTO'IHHKOB Aa!OT HHTeHCHBHOCTb B lQQ-lQQQ paS 

MeHbWyiO, 

0AHHM H3 nepcneKTHBHb!X HanpaBJIBHHII: nony'IeHHR Bb!COK03apRaHblX HOHOB 

T,SI)!{BJiblX aJieMeHTOB RBJIBeTCR HCnOJib30BaHHe MOIUHOrO Jiasepa, 8 p.s~ae 9K-

cnepHMeHTOB 127•
2
8/ a nnasMe, o6pasoaaHHOA a ¢oKyce MOIUHoro nasepa, 

Ha6JIIOA8JIHCb HOHhl O'IeHb BhiCOKHX sapgaHOCTell:, TaKHe KaK Fe+ t 0 7 + t 4 
' 

+ 16' + 17 
Ni XOTR KOJIH'IeCTBO HX HBBBJIHKOo 8 OTJIH'IHe OT apyrHX THITOB HC-

TO'IHHKOB nasepHbiR HCTO'IHHK B MaJIOM speMeHHOM ITpOMe)!{yTKe 10-8 CBK M0-

)!{9T o6pasoaaTb lQlQ - 10ll HOHOB C Bb!COKHM sapgaOM, 0AH8KO peaJibHO 

JIHWb He60JibWaR AOJI.sl 9THX HOHOB M0)!{9T 6b1Tb HCnOJib30BaHa, a 'IaCTOTa ITOB

TOpeHHR HMnyJibCOB MOIUHOrO nasepa ( p "' 400 MBT) orpaHH'IeHa. t:J:To Kaca

eTCR HHTeHCHBHOCTH 10-12 sapRaHbJX .qacTHU, TO nasepHhle HCTO'IHHKH Ha ce

rOAH.si!UHHII: A9Hb ycTynaiOT ayrOBhiM, HO B 6yayiUeM OHH 1 B03MO)!{H01 Hall:ayT 

WHpOKOe npHMeHeHHe. 

TaKHM o6pa30M 1 yaeJibHbiA sapga ( OTHOWBHHB sapgaa HOHa Z K MaC

COBOMy 'IHCJIY A ) T.H)!{9JlbiX 'IaCTHU, reHepupyeMblX COBpeMeHHh!MH HCTO'I

z 
HHKaMH, MHoro MeH~:>we eauHHUhi (A "' 0,05). 8To o6cToRTeJibCTBO a aHa-

'IHTeJibHoA CTeneHH onpeaenReT cneuu¢uqecKoe noseaeRue T.H)!{eJihiX HOHOB a 

npouecce ycKopeHHB no cpasaeHHIO c nerKHMH (an.s~ caMoro nerKoro uoHa -

z I 
npoToHa A • I ). B qacTHOCTH, ra6apuThi ycTaHOBKH pacTyT nponopuuo... 

HaJibHO A/ Z B cnyqae yCKopeHHR TR)!{9JlhiX 'IaCTHU AO OAHHaKOBOII: C npo

TOH8MH aHeprHH ( B Mas/ HYKJIOH). 

B cs.s~su c aTHMH H HeKOTOpbiMH apyrHMH coo6pa)!{eHHRMH 6bma paccMoT

peHa B03MO)!{H0CTb nony'IeHH.sl MHOrosapBAHhiX HOHOB T51)!{9Jlh1X aneMeHTOB 

nyTeM 06AHPKH B TOHKOII: MHWBHH npeasapHT9JibHO ycKopeHHhiX MSJI03apgaHbiX 

HOHOB, 

npu ABH)!{9HHH TR)K9JIOI!: 'IaCTHUbl qepes BeWeCTBO ee aapRA ¢nyKTyHpyeT 

OKOJIO CpeaRero 3Ha'IBHH511 KOTOpoe OnpeaenReTCR ABYMR npOTHBOnOJIO)!{HbiMH 

npoueccaMH - oTpbiBOM H saxsaTOM aneKTDOHOB. CeqeHHB aTHX nooueccos 

BeCbM8 BeJIHKH (lQ-17 - 10-!
6 

CM2 ), noaTOMy nOCJie npOXO)!{AeHHR CJIOR 

iS 

~ 

I" .. •,.;,.,;,:,;,. >u••. ,,.,., .,,;c_.,.;,_,,,_,"'''"'~•·•-·-~·-~~'"·"'""'-=•-··--- ' 

,I· 

aemecTaa TOJIIUHHoA "' 5 • 10
17 

aT.cM-2 cpeaHHII: sap.s~a qac~ 
aReprueA cTaHOBHTCB nocTORHHhlM, T,e, aocTuraeTc.s~ CTaTuc 

BBCHOe pacnpeaeneHHe HOHOB no sapgaoBbiM COCTORHHRM, np1 

ucxoauT cymecTaeHHoro usMeHeHHR aHepruu qacTuu. BenH'IHH 

alfllfleKTHBHOrO 3apRAOB pa3Hb1X 'IaCTHU BITJIOTb AO ypaHa noKaSaHa 

Kpusag 1 cooTBeTcTsyeT alfl!fleKTHBHOMy sap.s~ay qacTHU nocn 

KOHA9HCHpOBaHHOH MHWBHH ( !flonbra), KpHBaR 2 - pa3p8)!{8HHOII: 

J1cnOJib3YR 06JlHPKY '!aCTHU, MO)!{HO OCYIUeCTBHTb yCKO) 

HOHOB B JlBa HJIH 6onee 9Tanos: M9)!{AY ABYMR nocneAOBaTeJib 

MH YCKOpHTeJIR ITOMBIUaeTCR o6aupaiOIUee YCTpOII:CTBO, nOBhiWaiOJ 

THU, YCKOPRBMbiX BTOpOii CTyneHbJO, 

11s puc. 7 cneayeT, 'ITO onTHMan~:>Ha.s~ aaepru.s~ neJIBOro 

HHSI COCTaBJIReT 0,5 - 1,0 Maa/HyKJIOH, ECT8CTB9HH01 'ITO Jll 

9TOH 9HeprHH MO)!{HO HCITOJib30BaTb HOHbl C MaJihJM sapRJlOM 1 

KoTophiX cpasHHTeJibHO aenuKa. no cymecTsy, nepaasr CTyneJ 

(BMBCTe C nepesapg)!{aJOIUHM yCTpOiiCTBOM) CJIY)!{HT HCTO'IHHKOI 

HblX HOHOB JlJIR BTOpOA CTyneHH, J3 9TOM cny'Iae npeJlnOnarae 

BaTb ABa OTHOCHT9JibHO He60JibWHX yCKOpHTeJI~, 8THM onpeaen 

pasRoo6pasue TaKHX cxeM, 

HH)!{e Mbl paCCMOTpHM HeCKOJibKO KOHCTpyKUHfi H npoeKTO 

Tg)!{eJib!.X HOHOB1 HCnOJib3yiOIUHX npHHUHn KaCK8JlHOrO YCKO}: 

1. nuaeHHbi:ll: yCKOPHTeJib HILAC /34 I (puc, 8) • 

KanulflopRHII:CKH:ll: YHHsepcuTeT, BepKJIH (CIIJA); 

11enbcKHit yRuaepCHTeT, HbiO-Xell:aea (CIIJA); 

Maa'leCTepcKB:ll: YHHBepcuTeT, MaHqecTep (BenBKo6pH' 

YcTaHOBKa nosson.s~eT ycKopRTb HOHhi c Maccoll: 4 S. A~ 

10 Mas/HyKnoH. YcKopuTenb coCTOHT us asyx qacTell: - npeayc 

z to +2 16 +3 40 +6 
THU c A >_ 0,15 ( B • 0 , Ar J H aaeprH 

1 Mas/HyKJioH u ocHoaRoro ycKopuTenR qacTuu c z I A ~0,30. 

TH ny'IKOB pa3JIH'IHblX HOHOB HaXOJlRTCR B npeaenax 1013 
(He)-5, 

2, nHHe:li:Hbill: npeAyCKOpHTeJibB CO'IeTaHHH C 200-caHTHMI 

JIOTPOHOM 1351 (puc ,9). 
i1HCTHTYT paJlHR, Ope a ( $paHUHR). 
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B BHA9 H3ny'I9HHR, TennonepeAB'IH Ha CTeHKH ~CTO'IHHKB 

yaenH'I9HHH TeMnepaTypbl MO*HO AOCTH~, B OCHOBHOM1 ny-. 

lliHypa, 'ITO, KBK H3B9CTH01 CBR38HO C 5onb-

HCTO'IHHKOB AB~T HHTeHCHBHOCTb B 100-1000 paa 

HanpaBneHHti nony'leHHH BbiCOK038pRaHbiX HOHOB 

HCnOnb30B8HHe MOIIlHOrO naaepa. B PHAe SK-

7,28/ a nnaaMe, o6paaoaaaaoA B !jloKyce MOIIlHoro naaepa, 

0'19Hb BbiCOKHX 3BpRAHOCTeA, TBKHe KBK Fe+ t 0 7 + I 4 

KOnH'IeCTBO HX HeBenHKOo B OTnH'IHe OT apyrHX THnOB HC

HCTO'IHHK B ManOM BpeMeHHOM rrpOM9*YTKe 10-8 CeK MO

tQlQ - toll uoaoa c BbiCOKHM aapHAOM. OaaaKo peanbHO 

.QOnH 9THX HOHOB M0*9T 6b!Tb HCnOnb30B8H81 a '18CTOT8 nOB

MOIIlHOrO naaepa ( P "' 400 MaT) orpaHH'IeHa. lfTo Kaca

aapRaHbiX ,qacTHU1 TO naaepHbie HCTO'IHHKH Ha ce

ayrOBbiM1 HO B 6yaymeM OHH 1 B03MO*H01 Hail:ayT 

OM 1 yaenbHbiA 3apga ( OTHOllieHHe aapgaa HOHa Z K MaC

) TH*enbiX 'laCTHU1 reHepHpyeMbiX COBpeMeHHbiMH HCTO'I-

0,05), 3TO OOCTOHT9nhCTBO B 3Ha-

onpeaenHeT cneuu!jJH'IecKoe noseaeaue TR*enhlx HOHOB a 

g no cpaaaeHH~ c nerKHMH (anH caMoro nerKoro uoaa -

) • B 'laCTHOCTH, raoapHTbl ycTaHOBKH pacTyT npOIIOPUH~ 

B cnyqae YCKOpeHHR TH*enbiX 'laCTHU AO O.QHH8KOBOA C npo

(B Mas/ayKnoa). 

apyrHMH coo6pa*eHHRMH obtna paccMoT

nony'leHHH MHOroaapHAHbiX HOHOB TH*enbiX sneMeHTOB 

B TOHKOA MHlli9HH npe.QBapHTenbHO yCKOpeHHbiX ManoaapR.QHbiX 

HHH TH*enoii 'laCTHUbl qepea BellleCTBO ee 38pH.Q !jlnyKTyHpyeT 

KOTOpOe onpeaenHeTCH ABYMH npoTHBOnonO*HbiMH 

BOM H 3aXB8TOM sneKTDOHOB, CeqeHHH STHX nDOUeCCOB 

(tQ-17 - 10-l
6 

CM2 ), nOSTOMY nocne rrpOXO*A9HHH CnOH 

iS 

... 

·'· 

B91Il9CTBa TOnlllHHOA "' 5 • 10
17 

aT,CM-2 cpeaHHA aapRA 'laCTHU C 3BABHHOA 

9HeprHeA CT8HOBHTCH noCTOHHHhlM1 T,e. AOCTHraeTCg CTBTHCTH'I9CKH PBBHO

B9CHOe pacnpeaeneHHe HOHOB no 3apH.QOBbiM COCTOHHHHM, npu STOM He npo

HCXOAHT cymeCTB9HHOrO H3M9H9HHH SHeprHH '18CTHU, BenH'IHHa cpeaaero HnH 

a!jl!jleKTHBHOrO 3apR.QOB pa3HbiX 'IBCTHU BnnOTb AO ypaHa nOK838H8 Ha pHC, 7/29-33~ 
Kpusag 1 cooTBeTCTByeT s!jl!jleKTHBHoMy aapgay 'laCTHU nocne npoxo*aeHHH 

KOHA9HCHpOBBHHOii MHllieHH ( !jlonhra), KpHBBH 2 - paape*eHHOA MHlli9HH ( raa) • 

l1cnonbayg o6aupKy 'IBCTHU, MO:lKHO ocymecTBHTb ycKopeaue TH*enbiX 

HOHOB B ABB HnH oonee STanos: M9*AY ABYMH nocneaoBaTenbHbiMH CTyneHH

MH YCKOpHTenR noMelllaeTCH OO.QHpa~mee ycTpOACTBO, nOBblllia~mee aapga 'lac

THU, YCKOpH9MbiX BTOpoil: CTyneHb~. 

l13 puc, 7 cneayeT, 'ITO OnTHManbHBH SHeprHH ne~Boro UHKna YCKOpe

HHH cocTasnHeT 0,5 - 1,0 Mss/ayKnoa. EcTeCTseaao, 'ITO ang aocTH*eHHH 

STOH 9HeprHH MO*HO HCnonb30BaTb HOHbl C ManbiM 38pR.QOM
1 

HHTeHCHBHOCTb 

KOTOpbiX CpaBHHTenbHO BenHKa, no CyllleCTBy 1 nepBaH CTyneHb yCKOpHTeng 

(BM9CTe C nepeaapH*B~IllHM YCTpOiiCTBOM) Cny*HT HCTO'IHHKOM MHOr038pHA

HbiX HOHOB anR BTOpoil: CTyneHH, a 9TOM cnyqae npeanonaraeTCH HCnOnh3o

B8Tb ABB OTHOCHTenbHO HeoonblliHX yCK<lpHTens_~, 3THM OnpeaenReTCR 5onbWOe 

paaaooopaaue TBKHX cxeM, 

HH*e Mbl paCCMOTpHM HeCKOnbKO KOHCTpyKUHA H npoeKTOB YCKOpHTeneA 

TR*enbiX HOHOB1 HCnOnb3Y~IllHX npHHUHD KaCKBAHOrO yCKOpeHHH 'laCTHU, 

1. fluaeAHbiA yCKOPHTenb HILAC /34/ (puc. 8) , 

Kanu!jlopauAcKHA yHHBepcHTeT, BepKnH (ClllA); 

l1enbCKHA' yausepcuTeT, Hb~-XeAsea (ClllA); 

Maa'lecTepCKHil: yausepcuTeT, Maa'leeTep (BenuKoopHTaHHH}. 

YcTaHOBKa noasonReT ycKopRTb HOHbi c MaccoA 4 S A .$40 ao saeprHH 

10 Mas/ayKnoa• YcKopuTenb COCTOHT H3 ABYX 'laCTeil: - npe.QyCKOpHTenH 'laC-
z 10 +2 

THU c A >_ 0,15 ( B • 16 o+3
1

40Ar+6 
H saeprueil: aa Bbtxoae 

1 Mss/ayKnoa H ocaosaoro ycKopuTeng 'laCTHU c Z I A~ 0,30. l1HTeHCHBHoc

TH ny'IKOB paanH'IHbiX HOHOB HaXOAHTCH B npeaenax 1013 (He)-5.1QlQ(Ar)CeK--t, 

2, flHHBAHbiA npeayCKOpHTenbB CO'IeTaHHH C 200-CaHTHMeTpOBbiM UHK

noTpOHOM /35/ (puc,9}, 

l1HCTHTyT paaHR, Opes ( <PpaHUHH). 

~ 
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DpeJlyCKOpHTellb pacc"'HTaH aa aaeprHIO 1 Maa/HyKnoa J 

Z/ A= 0,10 - 0,15. t.{acTHUbl BBOJlSITCSI B UeHTp K8M9pbl UHKll 

MOII!biO nepeaapS!JlKH H ycKopSIIOTCSI JlO ::meprHH 5-10 Maa/HyKnoH 

80 
HO TSI}!{ell8SI "18CTHU8 86 Kr • 0}!{HJl89M8S! HHTeHCHBHOCTb l 

O
J) 1' l'l_j'l. \0 n , 

0,05-0,20 MKa. .;~-:_"!_. ~ ~.'b iii . ~.WvVUt-:A.l. L'lv 

3. JlHHeiiHbiil: ycKOpHTellb TSI}!{9llb!X HOHOB ( UNILAC) /3~ 
11 HCTHTYT npHKll8JlHOH !\JH3HKH1 feilnenb6epr ( ci>Pr) • 

DpoeKT npeJlycMaTpHaaeT ycKopeaae HOHOB acex aneMeH1 

ypaHa. l13Bll9K8eMbl9 H3 HCTO"'HHK8 "18CTHUbl H86Hp810T 3HeprH 

JlBYX npeJlyCKOpHTeneft: THna BHJlepoe (Jlo 0,185 Maa/ayKnoH) 

aapeua (oT 0,185 JlO 1,85 Maa/HyKliOH). nocne o6JlHPKH B paap 

HllH KOHil9HCHpOB8HHOH ( 1\Jonbra) MHII!9HH HOHbl yCKOpS!IOTCSI pea< 

aapeua no aaeprHH 3,9 Maa/HyKnoH (nepeaapS!JlKa a raae) HllH 

noa (nepeaapSIJlKa aa !jlonbre) H )lanee c noMOII!biO 20 OTJlellbl 

pOB C He38BHCHMb!M aoa6y)KJl9HHeM - JlO 3HeprHA 7,1 HllH 11 

COOTB9TCTBeHHO. 

ABTOpbl H8JlelOTCSI nony"'HTb ny"'OK HOHOB ypaHa C HH' 

1013 ceK- 1 • 
HVEC 137/ (pH c. 11). 

, BapnHHrToH ( Clll A) • 

4. OpoeKT lla6opaTopHH 

lla6opaTopH Sl HVEC 

DpoeKT npeJlyCMaTpHaaeT aoaMO}!{HOCTb ycKopeHHSI acex 

pbie cnoco6Hhi o6paaOBhiBSTb oTpHUaTellbHbJe HOHhi. DpeJlnonax 

30B8Tb 2 TSHJleM-reaepaTopa C peKOpJlHO BbiCOKHMH nOTeHUHS 

H V =-20 MV • MaoroKpaTHaSI o61lHpKa HOHOB nocne npoxc 

yCKOpHTenhHOH Tpy6KK ocyll!eCTBllSieTCSI B KOHJleHCHpOBSHHOA 

MHweHb aaxollHTCSI npH noTenuHane V =-20 MV 

0}!{HJl89Mbl9 HHT9HCHBHOCTH HOHOB ypaHa tQll ceK-

€ "' 6 Maa/ HYKllOH. 

5. DpoeKT JIHD OYIHYI /38 / (pHC. 12). 

·Jia6opaTopHSI srllepHbiX npo6neM, Ll.y6Ha Ol1Hl1. 

DpeJlnaraeTCSI JlBYXKacKaJlHOe ycKopeHHe TSI>KellbiX HOH< 

Ha 6aae KOllbUeaorO UHKllOTpOHS C }!{eCTKOft ~OKyCHpOBKOft H 

MeTpOM 4,3 M no CXeMe: ~CTO"'HHK-+ 
HH}!{9KTOp _,. BBOJl 

21 



~ 
::::v 
~ 
"f} 
II 

·--.1 

to'-' -:./IY 
~~ ...._ 

II 
~ 

20 

...-: 
..... ~ ...... ----.. ~ .. .,, .. ___ , __ ,.,_._,_,.,"·-····· 

J,~_;,.;l Q 
)J lt~7 
~. 
-1_.,1V-s''9 

~ 

0: 
= 
&! 
C!l 
a. 
& 

(I) 
0 a. 
0 
IQ 

0: 
1:: 

~ = g. 
:.:: 
0 » 

"' t 
Gl 
0 
§' 
C!l 
l 
~ 

(.) 

aj 
c) 
= a. .{,,. ., . 

·:.,: 
. ·-?· 

,r 
;!; 

,, 

' 

Tipe~yCKOpHTeJlb pacC~HTBH Ha SHepruro 1 ~9B/HyKJ10H ~JlH ~BCTHU C 

Zj A= 0,10 - 0,15, lfaCTHUbl BBO~HTCH B UeHTp KBMepb! UHKJ10TpOH8 C no

MO!Ub!O nep~aapSIJlKH H ycKopHIOTCH AO aaeprHH 5-10 Mas/ayKnoa, MaKCHManh
so 

HO TH*eJlaH qaCTHUa 86 Kr , 0*H~BeMBH HHTeHCHBHOCTb n~~~OB HOHOB 
('.J) t' l.l' t_il. 10 ...., '~' 

0,05-0,20 MKa, ~-:._'! .. ·~ ~ ll) j(i , \f'O"-'cVVt.:."- L ·\v 
I LG ' ' 

3. JlHHeiiHbift YCKOPHTenb TH*eJlbiX HOHOB ( UNILAC) /36/ ( PHC, 10), 

J1 HCTHTYT rrpHKnBAHOfi ¢IH3HKH 1 feii:Aenh6epr ( lfJPf), 

TipoeKT rrpe~yCMBTpHBaeT yCKOpeHHe HOHOB BCeX SJleMeHTOB BnJlOTh ~0 
ypaaa. 11asneKaeMhie ua HCToqauKa qacTHUhi aa6uparoT aaeprHro c noMOIUhro 

~Byx npe~ycKopHTeneA: Tuna BHAepoe (~o 0,185 Mas/ayKnoa) H Tuna Anh

sapeua (oT 0,185 AO 1,85 MaBIHyKJlOH). nocne OOAHPKH B pa3pH*eHHOA (raa) 

HJlH KOHAeHCHpOBBHHOft (¢lonhra) MHIUeHH HOHbl YCKOpHIOTCH pe30H8TOpOM Anh

Bapeua Ao aaeprue 3,9 Mas/ayKnoa (nepeaapSIJlKa B raae) unu 5,7 Mas/ayK

noa (nepeaapHAKa Ha <Ponhre) H Aanee c noMOIUbiO 20 OTAeJihHhiX peaoaaTo

pos C He38BHCHMbiM B030Y*~eHHeM - AO 9HeprHA 7,1 HJlH 10 ~SB/HyKJlOH 
COOTBeTCTBeHHO, 

ABTOpb! HBAeiDTCH nony~HTb ny~OK HOHOB ypaaa C HHTe~CHBHOCTblO 
1013 CeK-l, 

4, npoeKT Jla6opaTOpHH 

Jla6opaTOPHH HVEC 

HVEC 137 I ( pHc, 11 ) • 

, BapnnHrToH ( Clll A). 

TipoeKT npeAyCM8TpHBaeT B03MO*HOCTb YCKOpeHHH BCeX qaCTH U
1 

KOTO

pbie cnocoOHbl 00p830BbJB8Tb OTpHUBTeJlbHbie HOHbl, TipeAnonaraeTCSI HCnOJlb~ 

30B8Th 2 TBHlleM-reaepaTopa C peKOPllHO BbiCOKHMH noTeHUH8J18MH V=+ 16MV 

H V =-20 M v • ~aoroKpaTHaH o6aHpKa ~oaos nocne npoxo*~eHHH nepsoa 

YCKOpHTeJlhHOft TpyOKH OCyiUeCTBJlSieTCH B KOHAeHCHpOBBHHOft cpeAe (nhlJlb), 

~HWeHb HBXOAHTCH npH noTeUUHaJle V =-20 MV 

O*HAaeMbie HHTeHCHBHOCTH HOHOB ypaaa toll ceK-1 c saeprue:C!: 
i "" 6 ~as/ HYKJlOH. 

5, TipoeKT Jlf[TI 0Hfll1 1381 (puc. 12). 

·naoopaTopHH HllepHbiX npo6neM, D,y5aa 011Hl1. 

Tipe~naraeTCH llBYXK8CK8~HOe YCKOpeHHe TSI)KeJlbiX HOHOB OCyiUeCTBHTh 

Ha 6aae KOJlhUeBOf'O UHKJlOTpoaa C *eCTKOA ¢loKyCHpOBKOA H HBPY*HhlM llHB- ' 

MeTpOM 4,3 M no CXeMe! HCTO~HHK-+ HH*eKTOp - BBOA - YCKOpeHHe 

,, 
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PHc,lO, CxeMa npoeKTa UNILAC , feAJleru.6epr (CliP f). 

UCrrtJ'IHLJt 
O/T'IPI..II.¥Jme/lbHbtX 

LJOHOo 

\ (/ 
Cmpunne/Jbl 

(-) 

/'10aep6 .X TU 

PHc,ll. CxeMa npoeKTa HVEC, BapnHHI'TOH (CiliA). 



.-------"'----, CrPunnep .-------~ 

Puc.IO. CxeMa npoeKTa UNILAC , feltaenb6epr ( «JJPf). 

, 

UCrrtJ'IHLJk 
0/'f'IPt./f.QmeflbHbiX 

. IJOHoO 

. (+) (-) 

\ I 
CmpunneiJbl 

Nooe176 NP f'tXJefl6 .X TU 

Pac.ll. CxeMa npoeKTa HVEC, EapnaHrToH (CiliA). 
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Puc,]2, CxeMa LIBYXKBCKBLIHOI'O yCKOpeHHSI TSilKenbiX HOHOB B KOllbUeBOM 
uuKnoTpoae (n~n OH~H. Lly6aa), 
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HS 'ISCTOTe 3 n CU 0 -+ BbiBOll - BBOll C nepeaapSillKOA 'ISCTHil 

peHH6 HS '18CTOTe ncu (cu = eH z 
o o ""M'"T -;: L 

HHT6HCHBHOCTb ny'IKS HOHOB ypaHa, COI'naCHO OlleHKSM SB' 

"'101 2 cex-1, aaepi'HSI E = 6,5 Mae/ayxnoa. 

6, DpoeKT OMNITRON /39/ , puc, 13. 

Pa.nnaUHOHHaSI na6opaTopHS1 HM. noypeaca, BepKnH (c 

CuaxpoTpOH c ll<ecTxoA ~oxycupoexoA B CO'IeTaHHH c Hf 

KOnbUOM HCnonb3yeTCSI llnSI J:\BYXCTyneH'ISTOI'O ycxopeHHSI HOH 

ypaaa. 3aepi'HSI '18CTHU c MaccoA A ~40 .no 500 Mae/Hyxno 

uoaoe ( A > 40 ) - .no 10 Mae/ayxnoa. HaTeHCHBHOCTb ny'lxa 

1 
11 -1 

coA A > 40 nopSIJ:\Ka 0 cex • 

Bo ecex ::ITHX npoexTax npHHUHn oo.nupxu ny'lxa ucnonh< 

nH'IHblX KOMOHHSUHSIX J:\BYX yCKOpHTenbHblX yCTSHOBOKo 

DonhiT86MCSI OUeHHTb B03MOli<HOCTH ::ITOI'O npHHUHna C 

nony'leHHSI HeOOXO):lHMOfi HHT6HCHBHOCTH ny'IKOB 1 npHHHM8SI BO 

ycTaHoexa .nonli<Ha ycxopSITb HOHhi ennoTb .no MaCChi 200-21 ( 

Ecnu ucnonb3yeTCSI pe3oHaHCHbiA npe.nycxopuTenb, TO e I 

HHSI 3axeaThiBaeTcst oxono 0,1 HHlKeKTHpyeMbiX 'ISCTHU, Koa~H 

.oeHHSI 'lepes ycxopuTenb MOli<HO npuHstTb paBHbiM 0,5, B cny'lae 

npe.oycxopHTensr HeOOXOJlHMO y'leCTb KO::I~~HUHeHT BbiBOJl8 ny'IK8 ~ 

pS1JlK8 0, 7) H noTe pH H8 BBO.Il C nepe3apSIJlKOfi BO BTOpyiO CTynei 

BeposrTHOCTb o6pasoeaHHSI noaa c sapsr.ooM, 6nH3KHM x a~~eKTII 

TaensreT B cny'lae o6.oHpKH 'IBCTHU c MaccoA A ,;, 200 ee; 

lllYIO 0,2, KpoMe TOI'O, cne.oyeT npHHSITb BO BHHM8HHe KO::I~~H 

.oeausr ny'lxa eo eTopoM UHKne ycxopeHHSI ( .. 0,5), B uenoM 111 

'ITO noTepu .oo nepesapsr.oxu He MeHbllle, 'leM 102, a noTepu 

TenbHOI'O Tp8KT8 npeBbllll8IOT 103, 

0TCIO.Il8 cne.oyeT, 'ITO npH cpe.oaefi HHTeHCHBHOCTH '18CTHU 

HOfi aHeprHefi 1013 - 101 4 cex-1 H8'18nbH8SI HHTeHCHBHOCTb 

1016 - 1 o17 cex-1. 3TH 31la'leHHst ae.oocTHli<HMhi .onsr coepeMe 

KOB MHOI'038pS1JlHblX HOHOB ( pHC, 6), Y CKOpeHHe HOHOB C Mel 

HbiM 38pS1JlOM npHBOJlHT K yeenu'leHHIO pa3Mepa npe.oyCKOpHT€ 

'leHHIO cTyneaeA nepesapst.llKH ny'lxa, 'ITO caoea ee.oeT x noTepsr~ 

0TMeTHM erne O.llHY B6CbM8 cymecTBeHHYIO TeXHH'IeCKYIO T 

3aHHYIO c nepe3apSI.IlKOA ny~xa. Kax BH.IlHO us puc, 7, .onSI nc 
25 
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aeyXKSCKaaHoro YCKOpeHHB TB~enhlX HOHOB B KOnbU9BOM 
(nHn OI1H11, .Uy6aa), 
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HB 'IBCTOTe 3 n lU 
0 

peHHe Ha 'IBCTOTe 

-.. BhiBO.Il - BBO.Il c nepeaapB.flxoA 'IBCTH11 z ... az ..... ycxo

ncu (cu = ~ ~). 
o o M c A 

HHT9HCHB~OCTb fiY'IKB HOHOB ypaHa, cornaCHO OlleHKBM BBTOpOB, 

"" 10
12 

cex-1, saeprHSI £ "' 6,5 Mse/Hyxnoa. 

6, ITpoexT OMNITRON /39/ , pnc. 13, 

p 8JlH811HOHHaSI naoopaTOpHSI HM. JioypeHca, BepxnH (CiliA). 

CuaxpoTpoa c *9CTKoA ~oxycnpoaxoA B coqeTaann c aaxonnTen&HhlM 

KOnbllOM HCnOnbayeTCSI ,llnSI JlBYXCTyneH'IBTOrO ycxopeHHSI HOHOB BfinOTb JlO 

ypaaa. 3aeprng 'IBCTHll c MaccoA A ~40 no 500 Mse/ayxnoa, a TSI*enhiX 

HOHOB ( A > 40 ) - JlO 10 Mse/HyxnoH, HHTeHCHBHOCTb fiY'IKa HOHOB C Mac-

all -1 colt A > 40 nopSIJlKa 1 cex • 

Bo acex STHX npoexTax npHHUHn OOJlHPKH ny'lxa Hcnon&ayeTcSI a paa

nH'IHhiX KOMOHHBllHSIX JlBYX YCKOpHTenbHhlX yCTBHOBOK, 

ITonhiTaeMCSI oueHHTb B03MO*HOCTH SToro npHHUHna c TO'IKH apeHHSI 

nony'leHHSI H900XOJlHMOfi HHT9HCHBHOCTH fiY'IKOB, npHHHMBSI BO BHHMBHHe, 'ITO 

YCTaHOBKa JlOn*Ha YCKOpSITb HOHhl BnnOTb JlO MaCChi 200-210, 

Ecnu ucnonbayeTcSI peaoHaHCHhiA npeaycxopHTenb, To e pe*HM ycxope

HHSI aaxeaThmaeTcSI oxono 0,1 HH*eKTHpyeMhiX 'IBCTHU. Kos~HUHeHT npoxo*

LleHHSI 'lepea ycxopHTenb MO*HO npHHSITb paeHhiM 0,5. B cny'lae llHKnH'Iecxoro 

npeayCKOpHTeng H900XOJlHMO y'leCTb K03~~HllH9HT BhiBOJlB ny'IKB H3 KBM9pbl (no .. 

PSIJlKa 0, 7) H fiOTepH HB BBOJl C nepeaapSILlKOfi BO BTOpyiO CTyneHb YCKOpHTeng, 

BepOSITHOCTb o6paaoeaHHSI HOHa c aapSILlOM, 6nuaxHM x s~~eKTHBHOMy, coc

TaenSieT e cny'lae o6aHpKH 'IBCTHU c Maccoft A "'200 eenH'IHHy MeHb

ruyro 0,2. KpoMe Toro, cnenyeT npHHSITb eo BHRMBHHe xos~~HllHeHT npoxo*

JleHHSI ny'IKB BO BTOpOM llHKne ycxopeHHSI ("' 0,5), 8 UenoM MO*HO C'IHT8Tb
1 

'ITo noTepH no nepeaapSIJlKH He MeHbiiie, 'leM 102, a noTepH acero ycxopH

TenbHoro TpaKTa npeBhiiiiBIOT 103, 

0TCIOLl8 cneayeT, 'ITO npu CpeJlHeft HHT9HCHBHOCTH 'IBCTHll C MBKCHMBnb

HOft 3HeprHefi 10
13 

- 10
14 

cex-1 Ha'lanbHBSI HHT9HCHBHOCTb JlOn*Ha OhlTb 

1016 - 1017 cex-1, 3TH 3H8'19HHSI H9JlOCTH*HMhl )lng COBpeMeHHhiX HCTO'IHH

KOB MHOr038pSIJlHhlX HOHOB ( PHC, 6), Y CKOpeHHe HOHOB C M9Hb1IIHM HB'Ian&

HhlM 38pS1JlOM llpHBOJlHT K yaenH'I9HHIO pa3Mepa npeayCKOpHTeng HnH yeenH

'19HHIO CTyneHefi nepeaapSIJlKH llY'IKa, 'ITO CHOBa B9Ll9T K noTepSIM, 

0TM9THM eme OJlHy B9CbM8 CyiUeCTB9HHyiO TeXHH'I9CKyro TPYLlHOCTb, CBSI-

3BHHyiO c nepeaap\axoA nyqxa. Kax BHLlHo H3 pHc, 7, anSI nony'leHHSI 6on&-

25 
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ruero aapSI,Ila He06XOJlHMO HCfiOIIb30BaTb TB9pJlbl9 MHW9HH, fiOCKOIIb 

3 apM s onyqae raaosoft o6JlHPKH, a TaK*e o6AHPKH Ha csepxasy~· 

. ( /34/) naPOB L1 , Mg HnH Hg CM., HanpHMep, CYlll9CTB9HHO Ml 

H!i38UHOHHbl9 noTepH TSDKenhiX 'laCTHU 6hiCTpO B03pacTaiOT H B cny 

c Maccoft A=200 cocTaBnSIIOT 100-200 Maa/Mr/ c~ s AI (pH 

B 100-200 pa3 6onbWe, '19M Jlnfl HOHOB 
16 

0 HnH 
20 

Ne • PaaJJ 

TepHanhi, HCfiOnb3YIOlllH9CSI B Ka'leCTB9 TOHKHX KOHJl9HCHpOBaHHbl 

(yrnepOJl, HHK9nb, OKHCb 6epHnnHSI1 OKHCb aniOMHHHSI H Jlp,), HMeK 

HO '3KCnepHM9HTallbHblM JlaHHbiM1 npeJlen fiO nnoTHOCTH 06JlHpaeM 

16 
0 , 

20 Ne c aHeprHeft f .. 1 Maa/HyKnOH nopMKa 1o14 ceK-1 

nonb30BaHHe TBepJlblX TOHKHX MHWeHeft B cnyqae HOHOB C MaCCC 

orpaHH'IHBaeT nnoTHOCTb nepaoHa'lanbHoro ny'IKa aenH'IHHoft '"1012 

nony'leHHe HHTeHCHBHOCTH Ha ypOBHe 1014 CeK-1 Tpe6yeT, q• 

qacTHU ~a o6JlHpaiOlllYIO MHWeHb 6bm 6onee to15 ceK-
1

• EcnH•e 

10 MKr/c~ 1 TO fiOTepH aHeprHH OJlHOli 'laCTHUeft C MaCCOft A"' 

Maa/HyKnOH 6y11yT'" 2 Mas, T.e. BhiJlenSieMaSI B MHmeHH cpeJlHSISI 

COCTaBHT =30 BT, B '3TH;)t_ ycnOBHSIX pa3orpeB 06JlHpaiOUleJ:I: MHlll 

npOXOJlHTb 38 apeMSI .. 10-5 CeK, 'ITO MHOrO MeHbllle JlnHTellbHOC'I 

ca ("' 2 •10-3 CeK), 3aJlaBaeMOJ:I: pe*HMOM pa60Tbl HCTO'IHHKa MJ 

HbiX HOHOB, noaTOMY npoUeCC HarpeBaHHSI !\JOnbrH !\JaKTH'IeCKH OfiJ 

MOlllHOCTbiO aHepreT!i'leCKHX noTepb 'laCTHU a HMnynbce. EcnH y· 

CKBa)KHOCTb fiOCbinOK paBHa 3-44 (Y-300, .[ly6Ha) HnH Jl8)Ke 31 

EepKnH) 1 TO Bbi.QenSieMaSI B MHWeHH HMfiyllbCH8SI MOUlHOCTb C9CT8Bi 

a xapaKTepHaSI TeMnepaTypa o6aH:pa10mero ycTpoJ:I:cTaa c nosepxH~ 

( OTBOJl Tenna ocymeCTBnSieTCSI H3ny'leHHeM) T • (2, 1 3,7) ·103 

npHBOJlHTb K 6hrcTpoMy !iCnapeHHIO MHWeHH. KpoMe Toro, MliWeHb 

fibtnSITbCSI HHTeHCHBHblM ny'IKOM TSDKenbiX HOHOB, 

B '3TOM OTHOWeHHH fibineBbie MHW9HH, KOTOpble npHMeHSIIOTCSI 

Hee BpeMSI Ha TaHJleM-reHepaTopaX /37/, fiOKa 'ITO CyUleCTB9HHO 

nono*eHHSI. 

TaKHM o6paaoM, aTo HanpasneHHe HMeeT secbMa orpaHH'I~ 

MO*HOCT~. He60nbW8SI BenH'IHHa TOK8 Ha BXOJle B npeJlyCKOpHTenb 

neHH8SI HOHHbiM HCTO'IHHKOM ( BbiCOK038PMHaSI '18CTHUa), nH60 Tpy. 

peaapMKH (60JlbWOJ:i: TOK ManoaapSI,IlHblX 'laCTHU) nHMHTHpyiOT HHTI 
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wero aapSI.lla He06XO.llHMO HCIIOJib30BaTb TB9p,llb19 MHlll9HH
1 

IIOCKOnbKy cpe,llHHll: 

3 apSI.ll a ony~ae raaoaoll: o6aHpKH, a TaK*e o6.llHPKH Ha caepxaay~oaoa cTpye 

napoa Li , Mg HJIH Hg ( CM., HaiiPHMep, 134/) CYIUeCTB9HHO MeHbllle. Ho

HH3aUHOHHhie IIOTepH TIDK9JlbiX ~aCTHU 6hiCTpO B03paCTaiOT H B cny~ae ~aCTHU 

c Maccoll: ·A=200 cocTaansriOT 100-200 Msa/Mr/ c~ a AI (pHc. 5), ~To 
16 

B 100-200 pa3 60JibWe1 ~eM ,llJISI HOHOB 0 HJIH 
20 

Ne • P a3l!H~Hb19 Ma-

Tepnallh1 1 HCIIOJib3YIOIUH9CSI B K8~9CTBe TOHKHX KOH.lleHCHpOBaHHbiX MHW9Hell: 

( yrnepo.ll, HHK9llb, OKHCb 6epHllliHS11 OKHCb al!IOMHHHSI H .llp.), HMeiOT, COI"llac

HO 9KCTiepHM9HTanbHbiM .llaHHbiM1 npeaen IIO Ill!OTHOCTH 06.llHpaeMbiX ny~KOB 

16 
0 , 

20 
Ne c aaeprHell: t "'I Maa/HyKnoa nopSI.llKa to14 ceK-1 CM-2 • Hc

nonbaoaaHHe TBep,llbiX TOHKHX MHweaea a cny~ae HOHOB c Maccoll: A =200 

OI"paHH~HBaeT IlliOTHOCTb nepBOHa~allbHOI"O ny~Ka BeJIH~HHOll: "'1012CeK-1CM-2. 

Oony~eHHe HHT9HCHBHOCTH Ha ypOBHe 1014 CeK-1 Tpe6yeT, ~T06bi IIOTOK 

~aCTHU ~a o6anpaiOIUYIO MHWeHb 6bm 6onee 1o15 ceK- 1 • EcnH•ee TOJIIUHHa 

10 MKI"/C~, TO IIOTepH 9Hepl"HH O.llHOll: ~aCTHUefi C MaCCOH A"' 200 H E"' 1 

Maa/HyKliOH 6y.llyT"' 2 Msa, T.e. Bbi.lleJISieMaSI B MHW9HH Cpen;HSISI MOIUHOCTb 

COCT8BHT "'30 BT, B 9TH:l(_ YCJIOBHSIX paaorpeB 06.llHp8IOlllell: MHlli6HH 6yn;eT 

npOXO.llHTb 3a Bp6MSI "'10-5 CeK, ~TO MHOI"O M6HbWe .llJIHT6nbHOCTH HMIIYnb

ca ("' 2 •10-
3 

CeK), 38.llaBaeMOil: P6*HMOM pa60Tbl HCTO~HHK8 MHOI"038p.st}l

Hb!X HOHOB, OoaTOMY npouecc HarpeBaHHSI ¢ollbi"H ¢aKTH~6CKH onpe,llel!S19TCSI 

MOIUHOCTbiO 9HepreTH~eCKHX IIOTepb ~8CTHU B HMIIYllbCe, EcnH y~eCTb, ~TO 

CKBa*HOCTb IIOCbiliOK paBHa 3-4'1 (Y-300, .Uy6Ha) HJIH .ll8)Ke 30 (HILAC , 

EepKliH), TO Bbl,ll9l!SI9M8SI B MHW9HH HMIIYnbCH8SI MOWHOCTb C9CT8BHT 1-10KaT, 

a xapaKTepaag TeMnepaTypa o6aHpaiOIUero ycTpoll:cTaa c. noaepxaocTbiO 10c~ 

( oTaoa Tenna ocymecTanSieTCSI nany~eaneM) T "'' (2,1 - 3, 7) •103 ° K 6yaeT 

IlpHBOllHTb K 6biCTpOMy HCnapeHHIO MHW9HH. KpoMe TOI"O, MHWeHb 6yaeT pac

IIblliSITbCSI HHT9HCHBHbiM ny~KOM TSDK6JlbiX HOHOB, 

B 9TOM OTHOW6HHH IlbilleBbie MHW6HH, KOTOpbi9 IlpHM9HSIIOTCSI B nocnea

Hee apeMsr Ha TaHaeM-reaepaTopax /37 I, noKa ~To cymecTaeaao He MeHSIIOT 

nono*eHHSI, 

TaKHM o6paaoM, ·sTo aanpaaneaHe HMeeT aecbMa orpaan~eHHbie aoa

MO*HOCT~. He60JibW8SI BeJIH~HH8 TOK8 H8 BXO.lle B npeayCKOpHT9nb
0 

o6yCliOB

lleHH8.5J HOHHbiM HCTO~HHKOM ( BbiCOK038pSillH8SI ~8CTHUa), JIH60 TPYllHOCTH ne

peaapSI.llKH ( 60nbWOll: TOK M8Jl038PSI.llHbiX ~aCTHU) JIHMHTHpyiOT HHTeHCHBHQCTb 

~ 
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pa60'I91"'0 ny'IXa. 11Cfi0llb3Y.R XSCXSJlHbl.A: yCKOpHTe.llJ,, MO>KHO O>KHJlSTb, 'ITO 

HHTeH:CHBHOCTb fiY'IKa 'ISCTHU C MSCCOA: A "' 200 BP.Ril nH 6yJleT 6ollbwe 

5 • 1011 cex-1. 

IV • HeKOTOpbie HOBble HlleH ycKopeHHH TH)I(enbiX 'i:aCTHll 

1. YcKopeJIHe 'ltiCTH.ll c nepeMeHHbiM aapH.aoM a noTeHUHBIIbHOM sneK

TPHYeCKOM none. 

J13BeCTH0 0 'ITO H3M9H9HHe ~Hepl"'HH 'ISCTHUbl C fiOCTO.RHHblM 3Sp.RJlOM
1 

JlBH>KymeAC.R B fiOT9HUHanbHOM ~neKTpH'I9CXOM none no 38MKHyTOMy KOHTypy 

( HnH Ha Y'ISCTKe TpaeKTOpHH M9>KJlY TO'IK8MH C paBHblM noTeHUHanoM), pas

HO HyniD, 0JlH8KO ecnH aap.Ril He .RBn.ReTC.R KOHCT8HTOA JlBH>KeHH.R
1 

TO B ~TOM 
cny'lae 'laCTHUa MO>KeT H3MeHHTb CBOID ~Hepl"'HID. 8 'laCTHOCTH

1 
B pa6oTe 1401 

npe]lnO>K9HO~CnOnb30B8Tb pa3HOCTb cpe]lHHX 38p.RilOB '18CTHU npH HX JlBH>Ke

HHH B KOHJl9HCHpOB8HHOR H paape>KeHHOA: cpellaX (pHC. 7) lln.R yCKOpeHH.R 

T.R>KenbiX HOHOB no CXeMe, fiOKa3aHHOA: Ha pHC. 14, 

l..J:aCTHUbl C ~Hepl"'HeA: W nocne npoXO>Kil9HH.R KOHil9HCHpOB8HHOA: MHIUe-

HH L o6na:naiDT Cpet.IHHM 3ap.RilOM Z f ( W) • Y CKOp.R.RCb nOT9HUHanOM V 

JlO 9Hepl"'HH W 1 = W + V Z e,_ ( W) 1 HOHbl npOXOilHT 'lepea paape>KeHHYID MH

IU9Hb C 1 I"'lle llpHo6peTaiDT Cpe]lHHH 38p.RJl Z 
0 

(WI ) H TOpM03SITC.R 

noTeHUHanoM V • CpellHee npRpameHRe ~~epl"'HH 'laCTHU B ~TOM cnyqae 

paBHo: 

ilW(V,W)=VIZf(W)-Z
0
[W+Zf(W)]} 

I 
TipHpOCT 9Hepl"'HH HOHOB ypaHa B OllHOM YCKOpHTenbHOM sneMeHTe (noTeHUH-

an V = -5,4 M V ) snnoTb llO W "' 3 fas ( l =12,5 MsslsyKnoH) coc

TaBn.ReT He MeHee 30 Mas. Y CT8HOBKa, B KOTOpOH sneMeHTOM nepHOJlH'IHOCTH 

cny>KHT OnHC8HHa.R YCKOpHTenbHaH CHCT9Ma, noasonli:T ocymeCTBHTb MHOI"'O

KpaTHOe ycKopeHHe 'laCTHU, npH'IeM lln.R Jl0CTH>K9HH.R HOHaMH ypaHa 9H9pl"'HH 

l "' 10 MsBIHyxnoH noTpe6yeTC.R oKono 50 npoXO>KileHHA: 'lepea ycKopHTenb

HbiA ~neMeHT. 

TipellenbHaH ~Hepl"'H.R HOHOB B YCKOpHTene paCCMaTpHBaeMOI"'O THna COC

TaBnSieT 141 1: 
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t,(w) n 'i.c(W+Vi., ) e 

lf=-0 \.f• -v 

4 W• V{ 1, (W)-lc[ W+ V'/.1 (W)] J 

PHc.14. CxeMa sneMeHTapaoro ycKopHTen&aoro sneMeHTa. 
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'" ··-•,1" llU<-AliMHbi.H yell:opHTen&, MO:IKHO O:IKH.QBT&, "::TO 

ny"::xa "::aCTHJ.t c Macco:A A ... 200 ap.sm nH 5yaeT 5on&we 

HeKoTopbie HOBble HLleH ycxopeHHSI TSI)I{enbiX "'BCTHll 

'faCTHa c nepeMeHHbiM aapa.aoM B noreHaHaJlbHOM sneK-

"::TO H3MeHeHHe SHepf'HH "::BCTHJ.tbl C fiOCTO.SIHHbiM 3BP.Sil:lOM, 

fiOTeHUH8/IbHOM :3/IeKTpH"::eCKOM none no 38MKHYTOMy KOHTypy 

TpaeKTOpHH Me)K.Qy TO"::K8MH C paBHbiM noTeHJ.tH8/IOM) 
1 

paa-

38pH.Q He HB/IHeTCH KOHCT8HTOA LlBH)KeHH.H, TO B STOM 

H3M9HHTb CBOIO SHepl"'HJO. 8 '18CTHOCTH
1 

B pa5oTe /40/ 

paaaocT& cpe.QHHX aap.SILloa "::aCTHU npH Hx LlBH)Ke

H paape:~Keaao:A cpe.t:tax (pHc. 7) .t:tn.H ycxopeHH.H 

CXeMe, UOK838HHOA Ha PHCo 14. 

c aaeprHe:A W nocne npoxo)K.QeHH.H KOH.QeHCHposaaao:A MHrue

JOT cpetiHHM aapHLlOM Z f ( W) • Y cxopH.HC& noTeHuHanoM V 

= W + V z e. ( W) , HOH&I npoxo.t:tHT "::epea paape)KeHHYJO MH-

f'Lle npHo5peTaJOT cpe.QHHA aap.sm Z n ( W 
1 

) H TOpMoa .HTC.H 

V • Cpe.QHee npHpaweHHe S~epf'HH ":18CTHU B STOM cny"::ae 

< v, W) =VI zf <w>- Z
0

( w +Ze<w>] 1. 

HOHOB ypaaa B OLlHOM YCKOpHTe/IbHOM :3/IeMeHTe (n~eHUH
BU/IOTb .t:to W "' 3 faa ( c =12,5 Mss/ayKnoa) coc

Mas. YcTaaosKa, B KOTopo:H sneMeHTOM nepHOLlH"::HOcTH 

H YCKOpHTen&HaH CHCTeMa, ll03BOnlfT OCyweCTBHTb MHOI"'0-

":18CTHU, npH"::eM Ll/IH LlOCTH)KeHIJH HOHBMH ypaaa SHepf'HH 

noTpe5yeTCH OK0/10 50 UpOXO)K.QeHHA "::epea YCKOpHTen&-

SHepf'HH HOHOB B YCKOpHTene paccMaTpHB8eMOI"'O THna COC-

28 
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w w W+-tJ w 
I, (w) n k{W+V~t) 

lf~o 'f·-V Uf·O 

4 W• V{ 1, (W)- 'i.c[W+ Vl
1 

( WJ)) 

PHc.14. CxeMa aneMeHTapao:ro ycxopHTen&ao:ro aneMeHTa. 
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4/a f, ... 0,125 Z0 Mae/ayxJJoH 

w .. 0,125 A0Z't8 M·aa f 

( Z 0 A 0 - aapSJLl SUlpa H Macco~oe 
'IHcno) 

HecMoTpg aa 3HB'IHTenbayro aucnepcHro pacnpeaeneHHg Hoaoe no aapg

aaM, 6ollbwoA npupocT aaepruH noaeongeT o6ecne'IHTb BbiCOKHA (0,7-0,9) 

KOScMIHilH9HT 38XBaTa 'taCTHil B pe>KHM MHOI'0Kp8THOI'O YCKOpeHHg 1421, a no

TepH Ha-aa paccesraHg aa nepeaapsr>KarowHx MHweagx caenaTb aecbMa MallbJ
MH /41,43/, 

flHHeAHbiA YCKOpHT9nb 1 COCTOgliiHA H3 50 aneMeHTOB
1 

noasonHT YCKOPHTb 

HOHbi ypaaa, xax yxaaaao BbiWe, ao aaeprHH 10 Mas/ayxnoa c HHTeHCHB-

HOCTbro 
01

1Ql2 cex-
1 

( STa BenH'IHHa OnpeaengeTCH H8Q9>KHOCTbiD KOHQ6HCHpo

B8HHOA MHW9HH) H CpeQH9KBaQpaTH'IHOA QHCnepCHeA 'IBCTHil no SHeprHH"' 5%, 

llocxonbKY OCHOBOA KB>KQOI'O YCKOpHTenbHOI'O aneMeHTa cny>KHT TBHQeM-reae

paTop, CTOHMOCTb TBKOA YCTBHOBKH B6CbM8 aenHKa, H ee Oocy>KQeHHe B Hac

TOHIUee BpeMH MO>KeT npeQCTBBngTb nHWb 8KBQ6MH'I6CKHA HHTepec, 

Oaaaxo HMeeTcg npHHilHnHanbaasr B03MO>KHOCTb ocyrueCTBHTb MHoroxpaT-

Hoe ycxopeaHe 'IBCTHil c noMOIUbro oaaoro aneMeaTa 1321. UHKnH'Iecxaa yc

KOPHTenb paccMaTpHaaeMoro THna aon>~<ea ObiTb ycxopHTe.lleM c conpHKacaro

IUHMHcg OpOHTBMH /44-46/, npH'IeM YCKOpHT91IbHblA aneMeHT pacnonaraeTcg 

Ha Y'laCTKe conpHKOCHOBeHHsr op6aT. ~oxycHposxy 'IBCTHil MO>KHO o6ecne

'IHTb aseaeaaeM paapeaos a. Mai'HHTax (xpaeaag ~oxycHpoaxa) H ~oxycapyro
IUHX nHH3 Me>Kay YCKOpHTenbHbiM aneMeHTOM H MBI'HHTBMH, MaKCHMBIIbHOA 

>KeCTKOCTH (H p =34 KSpCT XM) 'IBCTHI( B yCKOpHTene (HOHhl ypaaa C 
\ npeaen&aoA aaepraeAf .. 50 Mas/ayxnoa H MHHHMBnbHhiM aapgaoM z.,, -4£\, 

6 -napaMeTp rayccoea pacnpeaeneaHg no aapSJLlaM) npa ypoeae nonsr 

H = 17-20 KSpCT OTBe'laeT pa.llayc MBI'HHTHOA CHCTeM&I p"' 1, 7 - 2,0 M, 

BI>Isoa nyq;xa MO>KHo ocymecTBHTb, HapyliJHB CHMMeTpHro s6nH3H xpag 
M8I'HHT8, 

llpoeKT naoopaTOpHH HVEC 

KeM6pHQ>K (CliiA) 
/47-49/ (pRe. 15) 

YcxopaTenbHbiA aneMeHT noMemea Me>Kay asyMg Mai'HHTHbiMH aepxana

MK HB 061IJeM Y'IBCTKe TpaeKTOpHH '18CTHil1 TaX 'ITO OHH YCKOPHIDTCH nocne 

30 

~ 

~ 
B 

H 1 ~ I-IJ HanP~t/ieHHocmLJ NQeHumHax hQileu 
ci, fi; ~ 1?. ~C/161 c.oe.3o MQeHumo6 
f 1 + e3 Pdou!::ICbt KPL1ou..3H6t 
A .-At::oH'aeHCi.Jpo&JHH6tu · cmpunnep 
8- e0.30007J f\IUWeH6 

PHc.l5, CxeMa npoexTa HVEC ycxopHTeng 'IBCTHU c nepeMeHHbiM 3BPS!tl· 
KeM6PHIUK (ClllA). 
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4/8 
.. 0,125 Z0 Maa/HyKiiOH 

.. 0,125 A0 Z
4t8 

M·aa 

( Z 
0 

A 0 - aapsm smpa H Macco~oe 

'IHCilo) 

MOTp£ HB 3H81fHT91lbHYID aucnepCHID pacnpeaeneHH£ HOHOB no 38pH

WOft npHpOCT SHepi'HH IT03BOII£9'I' o6ecne'IHTb BbiCOKHit (0,7-0,9) 

38XB8T8 'l8CTHU B pe>KHM MHOI'0Kp8THOI'O yCKOpeHHH 
142

/ 1 a no

Ha nepeaapH>KaiDWHX MHwes£X caenaTb seCbMa Mallbl-

itHblft yCKOpHTellb, COCTOHIUHit H3 50 9119M9HTOB1 IT03BOIIHT yCKOpHTb 

, KaK yKaaaHo BbiWe, ao 9HeprHH 10 Mas/syKIIOH c HHTeHcus-

1012 CeK-1 (aTa B911H'IHH8 onpeaellH9TC£ Haae>KHOCTbiD KOHaeHCHpo

H) H cpeaHeKsaapaTH'IHOit aHcnepCHeft '18CTHU no 9Hepi'HH "' 5%. 

OCHOBOit Ka>KaOI'O YCKOPHT91lbHOI'O 9119M9HTa cny>KHT TaHaeM-I'eHe

OCTb TaKOft ycTaHOBKH B9CbM8 B911HK8 1 H ee 06Cy>KaeHHe B H8C

aKaaeMH'I9CKHft HHTepec, 

HMeeTC£ npHHUHITH81lbH8H B03MO>KHOCTb OCyiiieCTBHTb MHOI'OKpaT-

'18CTHU c noMOillbiD oasoro aneMeHTa /32 I. UHKIIH'IeC::KHtf yc

paccMaTpHsaeMoro THna aon>KeH obiTb ycKopuTeJ1eM c conpuKacaiD

Innf>u"'"'MH /44-46/, npH'IeM ycKopHTellbHbiA aneMeHT pacnonaraeTC£ 

COnpHKOCHOB9HHH OpOHT, ~OKyCHpOBKY '18CTHU MO>KHO o6ecne

laeHH9M paape30B B- MBI'HHTaX (KpaeBaH ~OKYCHpOBKa) H ~OKYCHpyiD-

9119M9HTOM H MarHHTaMH. MaKCHMallbHOA 

'18CTHU B yCKOpHTelle ( HOHbl ypaHa C 

Mas/HyKIIOH H MHHHM81lbHbiM 38p£apM Zeff -4L\, 

rayccosa pacnpeaeneHHH no aapsutaM) npH ypoase nollH 

K9pCT OTBe'laeT pa.tiHyC Mai'HHTHOit CHC'I'9Mbl p"' 1, 7 - 2,0 Mo 

OCyiUeCTBHTb 1 HapyWHB CHMMeTpHID B611H3H Kp8H 

na6opaTOpHH HVEC 

(CiliA) 
/47-49/ (pHc, 15) 

Hblft 9119M9HT ITOMeiUeH Me>Kay aayM£ MBI'HHTHbiMH 39pKalla

Y'I8CTKe TpaeKTOpHH '18CTHU1 TaK 'ITO OHH yCKOpHIDTCH ITOCile 

30 
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H 1 + I-IJ Hanp~t/leHHOcmu HQeHumHbtX hQ17eu 
d.., ft, ~ fz ~C,!Tbt c~a MaeHumo& 
f 1 + e3 pclou~b' KPLI01..1.3H6t 
A ..-AtoH'aeHCi..JPOOOHH6tU Cmpunnep 
8- e0.30009 f'{UWeHb 

Puc,l5, CxeMa npoeKTa HVEC ycKopnTenH 'IBCTHU c nepeMeHHbiM 3apH.QoM, 
KeM6pnt:tlK (CiliA). 
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Ka:maoro oTpa:meHHSI, Mai'HHTHhie sepKana o6ecne•maa10T asofiHyJO «PoKycHpoa

KY (aK•:::HanbHYIO H paaHanbHyJO) aToporo nopSI!lKa, .llononHHTenhHBSI· <lK>KYCH

pOBKa OCyiUeCTBnSieTC$1 C noMO!Ub!O KOppeKTHPYIOIUHX nHH3, fa6apHThl Mai'HHT

HhiX sepKan LlOCTaTO'iHO aenHKH 4p "'8 M, 

3Hepi'HSI HOHOa ypaHa COCTaaHT W "' 10-12 faa, OLlH8KO HHTeHCHaHOCTb 

ny'iKa fd a STOM cny'iae nHMHTHpyeTCSI Ha!{e:H<HOCTb!O COBpeMeHHhiX KOHLleHCH

poaaHHhiX nepesapH:H<aJOIUHX ycTpoficTa. 

CosaaaHe ycTaHoaKH noTpe6yeT pemeHHH pMa npo6neM, cassaHHhiX KaK 

C yCKOpHTenhHhiM aneMeHTOM B uenoM ( CyiUeCTayJOIUHe TaH!leM-I'eHepaTOphl 

paCC'iHT8Hbl Ha Manhie TOKOabJe Harpy3KH) 1 T8K H C pa3pa60TKOfi HOHHo-on

TH'ieCKOfi CHCTeMhl1 o6ecne'iHaaJOIUeA YCTOA'iHaoe L{aH:H<eHHe 'i8CTHU a ycno

aHSIX, KOI'Ll8 a Ka:mao:li TO'iKe M8I'HHTHOfi CHCTeMhl MOI'YT OLlHOapeMeHHO aa

XOLlHTbCS! HOHhi C LlOaOnbHO 6onbWHM paa6poCOM no aapsmy H CKOpOCTH, 

ITpeacTaanseTCH, 'iTO ycxopHTenh, peanHsyJOIUHfi STOT npHHUHn, o6ec-

ne'iHT HHTeHCHaHOCTb ny'iKa 'i8CTHU C M8CCOA A"' 200 Ha ypOBHe "'10llceK-1, 

2. flnaaMeHHbiil ycKOpHTenb - peaKTOp TH:JK8Jlb1X HOHOB, 

ITooeKT HIPAC 

3aepeT (ClllA) 

ITpoeKT HIPAC 

3aepeT (ClllA) 

/50/ ( ouc. 16) 

/50/ (puc. 16) 

B pa6oTe 1501 npeano:meao ycKopsTh Ta:menhie HOHhi B none, o6pasoaaa

HOM aneKTpOHHhiM o6naKOM, 3apSI:H<eHH8SI aneKTpOHHBSI nna3Ma yaep:mHaaeTCSI 

a CKpeiUeHHhiX aneKTpH'ieCKOM E H M8I'HHTHOM B nOnHX, 3neKTpH'i9CKOe 

none cosaaeTCSI caMHM crycTKOM aneKTpoaoa, A nepneHLlHKynspaoe eMY Mar

HHTHoe none - aHeWHHMH HCTO'iHHKBMH, 8onpOCbi1 CaSI38HHbie C paaHoaeCHhiM 

COCTOSIHHeM nna3Mb11 cnoco6aMH ero OCyiUeCTaneHHS11 yCTOA'iHaOCTbl0 1 H He

KOTOphie LlPYI'He noapo6Ho pacCMOTpeHbl a UHTHpyeMoA pa60Te 1 H Mhl Ha HHX 

OCTSHaanHaaTb~SI He 6yaeM, 

B aepenSITHaHcTCKOM cny'iae B cxpemeHHhiX non.11x ace sapg:meHHhie qac-

THUhi .!lpeA4JyJOT CO CKOpOCTh!O "'c \ • CTpOI'O roaopg, STO HMeeT MeCTO 

nHWb ans nna3Mh1 1 pa3Mepb! KOTOpoA aenHKH no cpaaaeHHIO C napMopoaCKHM 

pa.!lHYCOM 'iaCTHU, .Un.11 Ll8nbHeAwero aa:H<H0 1 'iTO MSI'HHTHOe none, YLl ep:mH

aaJOIUee a~eKTpOHbi 1 npaKTH'ieCKH He anHSJeT Ha LlBH:H<eHHe HOHOa 1 noCKOJlb

KY napaMeTpb! ycTaaoaKH ahi6HpaJOTC.!I TaKHM o6paaoM, 'iT06hi napMoposcKHA 
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oTpaMeHHSI. MarHHTHhie sepKana o6ecrre'IHBBIOT JlBOi!:Hyro ¢!oKycHpos

H pBJlHBnbHYIO) BTOporo IIOpSIJlKa. .UorronHHTenbHBSI · tPoKYCH

I.~""'"'"TBnsreTC.S C IIOMOII!b!O KOppeKTHPYIOII!HX nHH3. fa6apHTb! MBI"'HHT

JlOCTBTO'IHO BenHKH 4p ""8 Mo 

SI HOHOB ypaHa COCTBBHT W "" 10-12 faa, OJlHBKO HHTeHCHBHOCTb 

HB)leMHOCTb!O COBpeMeHHb!X KOHJleHCH-

rrepe3apSIMBIOII!HX yCTpOi!:CTBo 

yCTBHOBKH IIOTpe6yeT perneHHSI PSiilB IIpo6neM1 CBSI3BHHbiX KBK 

uenoM ( cymecTsyromHe TBHJleM-reHepaTophi 

HB MBnbie TOKOBb!e Hal"'py3KH) 1 TaK H C pa3pa60TKOH HOHHO-OII

CHCTeMb!1 o6eciie'IHBB!OII!ei!: YCTOH'IHBOe JlBHMeHHe 'IBCTHU B ycno-

B KBMJlOH TO'IKe Mal"'HHTHOH CHCTeMbl MOI"'yT OJlHOBpeMeHHO Ha

JlOBOnbHO 6onbii!HM pa36pOCOM no aapSIJlY H CKOpOCTH. 

'ITO YCKOpHTenb, peanH3Y!OII!Hi!: 9TOT IIpHHUHn1 o6ec-

ny'!Ka '18CTHU C Maccoi!: A"" 200 Ha ypOBHe ""1QllceK-1o 

IIJIB.SMeHHbiil yCKOpHTeJib - peBKTOp THlKeJibiX HOHOBo 

TiooeKT HIPAC 

3aepeT (ClllA) 

TipoeKT HIPAC 

3aepeT (ClllA) 

/50/ ( PHC. 16) 

/50/ ( pHc. 16) 

6oTe 
1501 

npeJlnoMeHo ycKopsrTb Ta:>Kenhie HOHhi s none, o6pasosaH

OHHhiM 06naKOM. 3apsrMeHHaSI aneKTpOHHasr nna3Ma YJlepMHBaeTCSI 

b!X aneKTpH'IeCKOM E H Mal"'HHTHOM B nonsrx. 3neKTpH'IeCKOe 

aneKTpoHos, a rrepneHJlHKynsrpHoe eMY Mar

- BHelliHHMH HCTO'IHHKaMHo BorrpOCbi1 CBSI3aHHhie C paBHOBeCHb!M 

rrnasMhi, cnoco6aMH ero ocymecTsneHHsr, ycTo:II:'!HBOCTb!O, H Re

s UHTHpyeMOi!: pa6oTe1 H Mbl Ha HHX 

s CKpemeHHhiX nonsrx see sapsrMeHHbie qac-

CKOpOCTb!O "" c Jt • CTporo rosopsr, aTo HMeeT MecTo 

nna3Mbl1 pa3Mepb! KOTOpO:II: BenHKH IIO cpaBHeHH!O C napMOpOBCKHM 

'IBCTHU • .Unsr JlBnbHe:ll:mero BaMHO, 'ITO Mal"'HHTHOe none, Yil epMH

aneKTPOH:bi, IIpaKTH'IeCKH He BnHsreT Ha JlBH:>KeHHe HOHOB
1 

nOCKOnb

Tpb! YCTaHOBKH Bhi6Hpa!OTCSI TBKHM o6pa30M1 'IT06b! napMOpOBCKH:II: 
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pa.QHyC TSDKeJibiX 'laCTHU ObiJI MHOI'O OOJibiiie XapaKTepHbiX reoMeTpH'IeCKHX 

paaMepoB CHCTeMbi, llocne·.QHee 03Ha'l:aeT, 'ITO HOHbl He y'laCTBYIOT B llpeii:

q,e, a llBHlKYTCSI B o5pa30B8HHOil: 9.1IeKTpOHaMH SIMe, KOTOpyro MO:W.:HO OllHCaTb 

llOTeHUHaJIOM, 

Ecnu HOHbi c aap.s~.QOM Z aaxaaTbiBaiOTCSI B noTeHUHaJI&Hyro SIMy rny-

OHHoil: V 1 TO OHH Ha'IHYT B Heft OCUH.11.11HpOBaTb 1 a HX KHHeTH'IeCKaSI 9Hep

I'HSI aonuau AHa SIMbi 5y.QeT llOCTHraT& MaKCHMaJI&Horo 3Ha'leHHSI Z V • B 

npouecce 9THX KOJieOaHHft B CTOJIKHOBeHHSIX C 9.1IeKTpoHaMH HOHbi yBeJIH'IHBa

IOT CBOil: aapSill, llOCKOJibKy, npH llpO'IHX paBHbiX YCJIOBHSIX
1 

BepOSITHOCTb OT

pbiBa 9.1IeKTpOHa B KalK.QOil: TO'IKe 51Mb! llpOilOpUHOHaJibHa BpeMeHH rrpeObiBa

HHSI HOHa B aaHHOii: TO'IKe, TO aan&Heii:IIIaR HOHH3aUHSI 'laCTHU oyaeT llpOHCXo

aHTb, B OCHOBHOM, BOJIH3H Kpag SIMbl 0 rae CKOpOCTb HOHOB 0.1IH3Ka K HYJIIO, 

3To npHBeaeT K aOCTaTO'IHO s<P!PeKTHBHOMy pocTy KHH9TH'IeCKOft 9HeprHH Ho-

HOB /50,51/ (a CHCTeMe KOOpaHHBT, CBSI3aHHO"II: C SIMO:il:), llpH STOM HOHbl 

aBHlKyTCSI K aHy 51Mb! CO BCeX HanpaBJieHHft, noCKOJibKy B aaHHOM cny'lae 

naoopaTOpHag CHCTeMa KOOpaHHaT COBna.QaeT C CHCTeMOil: UeHTpa Mace, TO 

CTaHOBSITCSI B03MOlKHblMH SlllepHbl9 peaKUHH MeJK.Qy TSilKeJibiMH 'laCTHUaMH C 

saepruea E ~ 1,5 Mas, 

B yxaaaaaoii: pa5oTe /50/ rrpearronaraeTc.s~ CTaounuaupoaaT& snexTpoaayro 

ll.1Ia3My C llJIOTHOCTbiO n e .. toll CM-3 B Tope, OOJihiiiOil: pallHYC KOTOporo 

R =100 CM, a MaJibiA r = 20 CM, CooTBeTcTayroma.s~ paaaoCTh llOTeHUHa-

noa Me:w.:ay CTeHKOil: Topa H ero OCbiO oyaeT aOCTHI'aTb V =20 M V, llnoT-

HOCTb HOHHOil: COCTaBJISIIOII[eil: ll.1Ia3Mbl 
1010 z -t cM-3 ooecne'luaaeT, no 

OUeHKe aBTOpOB 1 llpHMepHO TBKOe JKe KOJIH'I9CTBO Slll9pHb!X peaKU!ift B eaHHH

IlY BpeMeHH 1 KaK H B CJiy'lae HCil0.1Ib30BaHHS1 nytlxa COBpeMeHHbiX IlHKJIOTpo

HOB, 

Cne.QyeT yxaaaT&, 'ITO paccMaTpHaaeMa.s~ ycTaaoaxa cxopee peaxTop, 

a He YCKOpHTen&; B CBSI3H C OTCyTCTBHeM llY'IKa ycxopeHHb!X HOHOB Ha Hefi 

HeJib3SI llpOBOaHTb UeJiblfi psra 9KCilepHM9HTOB 0 B 'IBCTHOCTH, H3y'leHHe MeXa

HH3MOB .s~aepHbiX peaxuHil:, t{To KacaeTCSI HCCJieaoaaHHSI npoayKTOB .s~aepHb!X 
peaKUHi!:, TO B03MOlKHOCTH 9TOfi YCTBHOBKH T,BKlKe orpaHH'IeHb!, 8 'laCTHOCTH

1 

MeTOaHKa C HCilOJib30BaHHeM Macc-cenapaTopa Ha llY'IKe ll03BOJISieT HCCJie

aOBaTb .s~apa C aOCTaTO'IHO MBJibiM BpeMeHeM lKH3HH, 3<P<PeKTHBHOe HCilOJib-

30BaHHe CKOpOCTHbiX M9TO.UHK B CJiy'lae, KOI',[la npoayKTbl peaKUHH 'pa3Ma-

34 

~ 

~--·-----r~~~';.~~ ... ~~.~~..;.:.:;...: .. ;,.~A~~-.._..._~ ........ 
,; ''clfi. 

t ·• 

aaHbl' no OOJibiiiOMy o&beMy ( .. 8 . 1 o5 cM3). BPM JIH B03MOlKHOo 

XOTSI paCCMaTpHBaeMhlil: peaKTOp MOlKeT OKa3aTbCSI llpHI'O.!lHbiM aJISI 

Kpyra paaHOXHMH'IeCKHX HCCJie.UOBaHHi!:, ero H9B03MOJKHO HJIH B9C&M 

HCil0.1lb30B8Tb .UJISI H3y'leHHSI KOpOTKOlKHByii[HX 'rrpoayKTOB (TpaHcypaHO 

M9HTOB, llpOTOHHQ-8KTHBHbiX Slllep H ap,) o 

3. MeTo,a KonneKTHBHoro ycxopeHHH ':laCTHll ·--· 

llpe.QJIOlK9HHblft B pa6oTe 
1521 

M9TO.U KOJIJieKTHBHOI'O ycxopea 

B aaCTOSIII[99 Bp9MSI IIIHpOKO 06CyJKaaeTCSI B JIHTepaType H HHT9HCH 

paoaTbiBaeTc.s~ 153- 551• 

8 OCHOBe MeToaa .119:W.:HT B03MOlKHOCTb llOJIY'I9HHSI OTHOCHT9.1Ibll 

'THBbiX cryCTKOB 3apSilK9HHbiX 'IBCTHU, B KOTOpb!X 3ap.s~a HOHHOil: KO!I. 

COCTBBJIS19T B9.1IH'IHHY "'1% OT 3apS~Aa 9.119KTpOHOBo llpH Ollp9ll9.119HHl 

BHSIX Bp9MSI lKH3HH CryCTKa OK83biBaeTCSI aOCTaTO'IHblM anSI 91'0 rpopM 

H s<P!PeKTHBHOI'O YCKOpeHHSI KBK 119.1101'0, Tax KaK B STOM CJiy'lae "'yc1 

'laCTHUefi" SIBJISI9TCSI CaMa 9.119KTpOHHaR SIMa BM9CTe C yaepJKHBa9Mbll 

HOHaMH 1 TO CKOpOCTb llOCTynaTeJibHOI"O aBHlKeHHSI 9.119KTpOHOB H HOI 

HBKOBa, a, CJI9,[lOBaTeJI&H01 SHepi"HSI HOHa 6o.1Ibiii9 9H9pi"HH 9.119KTpOHa 

pa3 1 rae m H M - MaCChi llOKOSI 9.119KT);>OHa H HYKJIOHa COOTB9T 

2 ~ 
A - MBCCOB06 'IHCJIO 'lBCTHllbl • y 1 = ( 1- 8.! ) - perurt'IUIRCTC: 

Top snexTposa B noxoSIII[eMc.s~ crycTxe. TaKHM o6pa3oM, ycxopeHRe 

peJISITHBHCTCKHX 9.1IeKTPOHOB C SHeprHefi m y J. .UO 9H9PI"HH my J. r
11 

JIHeT llOJiyttaT& HOHbi1 9H9pi"HSI KOTOpbiX H3 paC'Ie'I'a Ha OllHii HyKJIC 

M Y II • B 'laCTHOC'I'H, ecnH y II • 2 ('ITO nerxo nony'IH'I'b llJISI snex~ 

TO KHH9TH'I9CKaSI 9H9pi'HSI HOHOB COCTaBHT E•· 1 rsa/HyKJIOH
0 

Y cxopeHHe 'laCTHII ocymec'I'an.s~eTCSI no cxeMe, noxa3aHHOfi sa 

PenHTHBHCTCKHe snex'I'pOHhi c SHepruefi, cooTBe'I'CTByromea y
0 

• 

lKeKTHpyiOTCSI H3 JIHH9fiHOI"O YCKOpHT9.1ISI B BaKyyMHyro KaMepy nepn 

.11SipHO Mai'HHTHOMy ll0.1II01 TaK 'ITO o6pa3yeTCSI 9.119KTpOHH09 KOJibUO, 

'iHBOCTb KO'I'OpOI"O o6ecne'IHBae'I'CSI BH9IIIHHM Mai"HHTHbiM ll0.119Mo llc 

JKexuuu MarHHTHoe none Ha'IHHae'I' a.uua6a'I'H'IeCKH so3pacTaT&. B pe~ 
PB3Mepbi KOJI&Ua yMeHbiiiaiOTCSI .UO B9.1IH'IHHbl R ..,5 CM

1 
r,.. 0,1 -

a saepru.s~ snexTpOHOB ysenH'IHBaeTcSI - y .l. .. so. KoJIH'IeCTBO sneKT 

KOJI&Ue N 8 "' 1013, 8 KOHI19 llpOUeCCa ClKBTHSI KOJibUa B KaMepy HH)I( 

35 



'I8CTHU 5biii MHOI'O 50ilbllle XapaKTepHbiX I'eOMeTpH'!eCKHX 

CHCTeMbi, flocneaaee 03H8'1:8eT, 'ITO HOHbl He yqacTBYlOT B apeft

SI B o5pa30B8HHOA 91IeKTpOH8MH SIMe, KOTOpylO MO)KHO OnHC8Tb 

C aapSIJ:tOM Z 38XB8TbiBalOTCSI B nOTeHUHall&HylO HMY rny-

1 TO OHH Ha'IHYT B Heft OCUHIIIIHpOB8Tb1 a HX KHHeTH'IeCKaSI SHep-

J:tH8 srMbi 5yaeT aocTHI'aT& MaKCHMan&Horo aHa'IeHHSI Z V • B 

CTOIIKHOBeHHSIX C 91IeKTpOH8MH HOHbi yBeiiH'IHBa

npH npo'IHX paBHbiX YCIIOBHSIX1 BepOSITHOCTb OT

K8)KJ:l0ii TO'!Ke SIMbl nponopUHOH8nhH8 BpeMeHH npe5bJBa

TO'IKe, TO ll81IbHeftlllaH HOHH38UHSI 'IaCTHU 5yJ:teT npOHCXO

B51IH3H Kpasr HMb! 1 rae CKOpOCTb HOHOB 5nH3Ka K HYIIIO, 

K l!OCT8TO'IHO s~eKTHBHOMy pOCTY KHHeTH'IeCKOft SHepi'HH Ho-

CHCTeMe KOOpltHHaT, CBSI3aHHOl!: C HMOii), flpH STOM HOHbl 

.QHY SIMbl CO BCeX HanpaBIIeHHif, DoCKOnhKY B .QaHHOM cny'Iae 

KOOp.QHHaT COBna.QaeT C CHCTeMOif UeHTpa MaCC1 TO 

H.QepHbie peaKUHH Me)K.QY TroKellblMH 'IaCTHUaMH C 

pa5oTe /50/ rrpe.QnonaraeTcH CTa5HnH3HpoeaT& anexTpOHHyro 

n 9 ~ 10ll CM-
3 

B Tope, 60ilblllOA pa.QHYC KOTOpOI'O 

= 20 CM, CooTBeTCTBYIOIIlasr pa3HOCT& rroTeHuHa

.QOCTHI'aT& v =20 M v. nnoT-

COCT8BIISI!Ollleif nlla3Mbl tolD z -l cM-3 o6ecne'meaeT, no 

, ITpHMepHO TaKoe )Ke KOIIH'IeCTBO SI.QepHhiX peaKUifit B e.QHHH

KaK H B cnyqae HCnOnb30BaHHH ny'!Ka COBpeMeHHh!X.UHKIIOTpo-

YKa3aTb, 'ITO paCCMaTpHBaeMaH ycTaHOBKa CKOpee peaKTOp, 

B CBSI3H C OTCYTCTBHeM ny'IK8 YCKOpeHHhiX HOHOB H8 Heit 

Uellhlit psr.Q 9KCITepHMeliTOB1 B 'I8CTHOCTH 1 H3y'!eHHe MeXa

peaKUHif, l{To KacaeTCH HCCIIe.QOB8HHSI npo.QyKTOB SI.QepHh!X 

B03MO)KHOCTH SToll ycTaHOBKH T8K*e orpaHH'IeH:bi, B qacTaocTH
1 

Hcnon&aoeaa:HeM Macc-cenapaTopa aa nyqxe HoaaonsreT Hccne-

c .QOCT8TO'IHO M81IhiM BpeMeHeM )KH3HH, 3tfltfleKTHBliOe HCnOnb

OCTHbiX MeTO.QHK B cnyqae, KOI'.Qa UpO.QYKThl peaKUHH 'p83M8-
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aaHbl.. no 6onblllOMY 06'beMy ( "' 8 • 1 05 cM3) 1 Bp.H.Q IIH B03MOJKli00 D OSTOMy 1 

xoTSI paCCMaTpHBaeMblii peaKTOp MOJKeT OKa38TbCH npHI'O.QHb!M .QIIH IllHpOKOI'O 

Kpyra pa.QHOXHMH'IeCKHX HCCIIe.QOBaHHii1 ero aee03MOJKHO HIIH B9CbM8, Tpy.QHO 

HCIT01Ib30B8Tb ,QIIH H3Y'I9HHSI KOpOTKO>KHBYillHX 'npO.QYKTOB (TpaHCypaHOBh!X ane

MeHTOB1 npOTOHHD-8KTHBHh!X SI.Qep H .Qp,), 

8. MeTo.a xonneKTHBHoro ycxopeHHH ':lSCTHLl._ .. , 

Dpe.QIIOJKeHlihdl: B pa6oTe /B2/ M9TO,Q KOIIII9KTHBHOI'O yCKopeHH.H HOHOB 

B H8CTOSIIll99 epeMH IllHpOKO 06Cy>K.Q8eTCH B IIHTepaType H HHT9HCHBHO paa

pa6aTh!B8eTC.H 153- 55 / • 

6 OCliOBe MeTO.Qa lle)KHT B03MOJKHOCTb nonyqeHHSI OTHOCHT9nbli0 yCTOA

'IHBblX CI'YCTKOB aapHJKeHHb!X 'IaCTHU, B KOTOpb!X aap.H.Q HOHHOA: KOMnoaeHTbl 

cocTaensreT eenH'!Hay .. 1% oT aap.H.Qa aneKTpoHoB, DpH onpeaeneHHbiX ycno

BHHX epeMSI JKH3liH CI'yCTKa OKa3biBaeTC.H .QOCTaTO'IHb!M ,QIIH 91'0 tflopMHPOBaHHSI 

H a~eKTHBHoro ycxopeHHSI xax uenoro. Tax xax B aTOM cny'lae "'ycxopsreMoA 

'I8CTHUeA:' SIBIIH9TCSI CaMa SlleKTpOHHa.H SIMa BMeCTe C y.Qep>KHBaeMb!MH B aeA: 

HOHaMH1 TO CKOpOCTb ITOCTynaTenhliOrO ,QBHJKeliHH SII9KTpOHOB H HOliOB O,QH

. MA 
aaxoea, a, cneaoaaTen&ao, aaeprHH HOHa 6onome aHeprHH anexTpoaa a ----

my.L. 
pa3 1 rae m H M - MaCCbl noKOSI aneKTpORa H Hyxnoaa COOTBeTCTB9HH01 

- -
2 ~ 

A - MaCCOBOe 'UI.CIIO 't8CTHUbl • y 1 = ( 1- 8 .i ) - p6lU!Tfl6JlCTCJUdt 1\la.K-
TOp anexTpoaa B noxo.HilleMCH crycTxe. TaKHM o6paaoM, ycxopeaue 

peiiHTHBHCTCKHX alleKTpOHOB C aaeprHeA: m y J. ao aHepi'HH my J. y II noaeo-

IIHeT nony'laT& H0Hb!1 aHeprHH KOTOpb!X H3 paC'IeTa aa O.QHH HYKIIOH paeaa 

M y II • B 'laCTHOCTH. eCIIH y II - 2 ('ITO nerxo nony'IHTb ,QII$1 aneKTpOHOB) • 

TO KHHeTH'IeCKaSI aaepi'HH HOHOB COCTaBHT £•· 1 rae/HyKIIOlio 

YcxopeHHe '18CTHU ocymeCTBIISieTCH no cxeMe, noxaaaaaoA: aa p~~:c,17. 

PenSITHBHCTCKHe aneKTPOlibi c aaeprHeA, cooTBeTCTBYIOilleA: y0 .. s , Ha

*eKTHPYIOTCH H3 IIHHeA:aoro YCKOpHTeiiH B B8KYYMHYIO KaMepy nepneH.QHKy

IISipHO MarHHTHOMy nOIIl01 TaK 'ITO o6paayeTCH aneKTpOHHOe KOnhU01 ycToA

'IHBOCTb KOTOpOrO o6ecne'IHBaeTCH BH9IIlliHM MarHHTlib!M nolleM, Doone HH

)KeKUHH Mai'HHTHoe none Ha'!HaaeT aaHa6aTH'IeCKH eoapacTaT&, B peaynhTaTe 

P83Mepb! KOIIbUa yMeHblll810TCH .QO BeiiH'IHHbl R "'5 CM1 r "' 0,1 - 0,2 CM1 

a aHeprHH anexTpoaoe yeenH'IHBaeTcH - y .l. .. ao. KonH'IeCTBO aneKTpoaoa a 

KOIIbUe N 
8 

"' 1013, 8 KOliUe npouecca CJKaTHSI KOIIbU8 B KaMepy HHJKeKTHpy-

~ 
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JQTCSI MoneKynbi HnH STOMbl aneMeHTa, KOTOpbiA Hy)I{HO YCKOpHTI 

H 2 , Kr , Xe HnH UF 6 H ToA~) • 05paaylOIIlH9CSI B KOllblle np& CTC 

9 neKTpOHSMH HOHbl yaep)I{HBSlOTCSI npOCTpaHCTB9HHbiM 38PSIAOM 

Ha aToM aaxaa~unaeTCB npouecc ~opM&ponaHHB crycTxa B no 

SIM9, o6pa30BSHHOA BHeWHHM MSrHBTHbiM noneMo flocne 9TOro .ii 

MOIIlblO noaxoaHmero HMnynbcaoro aeoaaopoaaoro MarHHTHoro nc 

CSI B HanpaBneHHH0 napannenbHOM CTa6HnB3HpylOIIleMY MarHHTHC 

JJ.a.nhwe ycxopBeTcB, aanpuMep, cucTeMoA peaoHaTopon. Cneaye 

~TO KOllbUy MO)I{HO COOOIIlHTb CKOpOCTb fJJI = 0,145, y II "' 1,01 

BY!OillSB 9HeprHB HOHOB f "' 10 Man/HyKJXoH) Y*e npH BbiBoae 

anhHO:i!: SIMblo ( CxopOCTb BbiBeAeHHOro KOnbUa M0)1{9T AOCTHraTb"' 

KonH~eCTBO HOHOB B OJJ.HOM cryCTKe COCTaBnBeT }Qllj Z 

nOBTOpeHHSI MO)I{eT .UOCTHraTb BenH~HHbl "' 100 ru, ~TO COOTBeTC1 

1018 1 
CHBHOCTH ~ CeK- • EcnH y'leCTh, ~TO 38pSIA TB)I{enoro HO 

C 6onbWOJ.t nnoTHOCTblO anexTpOHOB M0)1{9T B03paCTH .UO Z .. 10 

CHBHOCTb ny~Ka HOHOB COCT8BHT ~ }012 CeK-1
0 

MeTo.u xonneKTHBHoro ycxopeHHH ~acTHU npe.ucTaBnSieTCH f 

cneKTHBHhiM H aacny*HBaeT cepbeaaoro BHHMaHHB. BeaymHecsr f 

BpeMSI TeopeTH~eCKHe H 9KCnepHMeHTanbHb19 HCCne,UOB8HHSI fi03BC 

JJ.HMOMY 0 B 6nH)I{8:i!:WeM 6y.uymeM OTBeTHTh Ha BOnpoc, B03MO)I{H0 

HHe H ycxopeHHe xoneu c ~HcnoM anexTpoaon tol4 - tol5, ~T< 

POCT HHT9HCHBHOCTH ny~Ka TSI)I{9nhiX ~aCTHU .UO 3Ha~eHH:i!: 1013 -

V • ilHKliOTpOHHbiti MeTO.Il YCKOpeHHSI TSI)Kellb!X HI 

HHTeHCHBHOCTb ny~KOB TSI)I{9nLIX ~aCTHU B HaCTOSIIIlee BpeM~ 

9TCB, I"naBHblM o6pa30M0 B03MO)I{H0CTSIMH HCTO~HHKOB MHOroaapg 

B CBSI3H C 9THM ecTeCTBeHHO B03HHK89T BOnpoc 00 OfiTHM8llbHOI 

BSHHH BbiCOK038pSl.UHbiX ~aCTHU, reaepHpyeMblX HCTO~HHKOMo 8 91 

HHH HaH6onee fiO.UXO.USllllHMH'npe.UCTaBnBlOTCB M9TO.Ubl HenocpeACT 

KopeHHB HOHOB OT HCTO~HHKS .UO KOHe~HO:i!: 9HeprHHo HCHO, ~TO 

npSIMoro .ue:i!:CTBHB (THna reaepaTopa Baa .ue fpaa~a), a TSK*e 

YCKOpHTenH C MO.UynSIUHe:i!: ~aCTOTbl (~30Tp0Hbi) H MarHHTHOro nc 
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JOTCSI MOfieKyfibi HfiH aTOMbl aneMeHTa, KOTOpbiA Hy)I{HO yCKOpHTb ( HailpHMep, 

H 
2 

, Kr , Xe HfiH UF 6 H Toll~) • 0!5pa3yiOIIlHeCSI B KOnblle IlpH CTOfiKHOBeHHH C , 

9 nexTpoHaMH HOHbi YJleP*HBaiOTCSl npocTpaHCTBeHHbiM aapSIJlOM aneKTpoaoa. 

Ha aTOM aaKaH~HaaeTcst npouecc ~opMupoaaHHSl crycTxa B noTeHUHanbHOA 

gMe, o6pa30BaHHOA BHeWHHM Mai"HHTHbiM noneMo nocne aTOI"O KOfibUO C no

MOIIlb!O IlOJlXOJlS!IIlei"O HMnynbCHOI"O HeO)lHOpOJlHOI"O Mai"HHTHOI"O IlOfiSI BbiBOJlHT

CSI B HanpaaneHHH, napannenbHOM CTa!5HfiH3HpyiOIIleMY Mai"HHTHOMY IlOfil0 0 H 

Jl!lfibWe ycxopsteTcst, aanpuMep, CHCTeMoA peaoaaTopoa. CneJlyeT saMeTHTb, 

'ITO KOnbUY MO)I{HO C006IIlHTb CKOpOCTb flJi= 0,145, YJJ "" 1,01 (coOTBeTCT

BYIOWaSI aaepi"HSI HOHOB € "" 10 Maa/ayxnoa) Y*9 npH Bb!BO)le H3 noTeHUH-

anbHOA SIMhio ( CxopOCTb BhiBeJleHHOro xonbua MO)I{eT JlOCTHraTb .. 0,2 c 
1521). 

KonH~eCTBO HOHOB B OJlHOM CI"yCTKe COCTaBnSleT toll; Z , a ~aCTOTB 
IlOBTOpeHHSI MO)I{eT JlOCTHI"aTb BenH~HHbl "' 100 ru, ~TO COOTBeTCTByeT HHTeH-

1Q18 1 
CHBHOCTH -r- CeK- o EcnH y'leCTb, ~TO 3apSI)l TSl)l{enoro HOHa B KOnbUe 

C 60nbWOH nnOTHOCTbiO aneKTpOHOB MO)I{eT B03paCTH JlO Z .. 10 , TO HHTeH-

CHBHOCTb rry~Ka HOHOB COCTaBHT = 101
2 

ceK-lo 

MeTOJl KonneKTHBHoro ycKopeHHSI ~acTHU rrpeJlCTaanSleTcSI aecbMa nep-

crreKTHBHhiM H aacny)I{HBaeT Cepbe3HOI"O BHHMaHHSlo BeJlylllHeCSI B · HaCTOSllllee 

BpeMSI TeopeTH~eCKHe H 9KCilepHM$HTanbHbie HCCfi9JlOBaHHSI Il03BOfiSIT 0 IlQ-BH

JlHMOMYo B 6nH)I{aftweM 6ynyllleM OTBeTHTb Ha BOilpOC, B03MO)I{H0 nH rrony~e

HHe H yCKopeHHe Koneu C 'IHCnOM aneKTpOHOB 1014 - tQ15, ~TO o6ecne~HT 

poeT HHTeHCHBHOCTH ny~Ka TSI)I{efihiX ~aCTHU JlO 3Ha~eHHA 1013 - tQ14 CeK-1. 

V o ilHKnOTpOHHbiil: MeTO.U yCKOpeHHH TH>KenhiX HOHOB 

J1HTeHCHBHOCTb IIY~KOB Tst)l{efiLIX ~aCTHU B HaCTOSllllee BpeMSI fiHMHTHpy-

9TCSI, rnaBHbiM o!5pa30M, B03MO)I{HOCTSIMH HCTO~HHKOB MHOI"03apSIJlHbiX HOHOBo 

B CBS13H C aTHM ecTeCTBeHHO B03HHKaeT BOilpOC 06 OilTHManbHOM HCilOfib3o

BaHHH BbiCOK03apS!JlHbiX ~aCTHU, reHepHpyeMhiX HCTO~HHKOM, B aTOM OTHOille

HHH HaH6onee IlOJlXOJlSllllHMH.IIpellCTaBnSIIOTCSI MeTOJlbl HerrocpeJlCTBeHHOI"O yc

KOpeHHSl HOHOB OT HCTO~HHKa JlO KOHe~HOft aaepi"HHo HCHO, ~TO yCKOpHTenH 

IlpSIMOI"O )leftCTBHSI (THila reHepaTopa BaH Jle fpaa~a), a TaK)I{e UHKfiH~eCKHe 

YCKOpHTenH C MOJlYfiSIUHeA ~aCTOTbl (~30Tp0Hbi) H Mai"HHTHOI"O nonS! (CHHXpO-

,, 
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Tpoabl) ana Toro H npyroro ( caaxpo$aaoTpoHhi) ae smn.srJOTC.sr onTHMam:.Hbi

MH: nepBbie Tpe6y!OT 4J.gaTaCTH'IeCKHX YCKOpH!Oill!iX ITOTeHUHa1lOB - 1Q0-150MB, 

y BTOpbiX - C11HlllKOM Ma1la.H 'laCTOTa ITOBTOpeHH.SI HMfiyni:.COB (CKBa:lKHOCTb 

"'1000) o nosTOMY nn.sr aenocpenCTBeHHOI'O ycxopeHH.SI HHTeHCHBHbiX ny'IKOB 

MHOI'OOap.HAHblX HOHOB paayMHO HCIT01lb30&aTb 11HHeliHbie YCKOpHTe11H H UHK110-

Tp0Hblo Onaaxo B 11HHeliaoM sapHaHTe aeo6xonHM HH:lKeKTop c noTeH:llJfanoM 

1-3 Ms, Tax xax aesoaMO:lKHO ycxopeaHe 'laCTHU c ayneaoft na'lan&noA saep

rHeA (cymeCTByeT MHHHMallbHa.H Ha'la1lblia.H CKOpOCTb1 KOTOpa.sr Onpenen.sreT

C.SI nnaaoA nepaoA Tpy6xH npeA$a). KpoMe Toro, noTe pH BbiCOKO'laCTOTHOA 

MOI1lHOCTH B pe30Haropax npHBOn.IIT K yMelibllleHHIO 'laCTOTbl ITOBTopeHH.Il HM

nynbCOB (CKBa:lKHOCTb "'20-40). B 3TOM OTHOllleHHH UHK110TpOH HMeeT cymecT

BeHHbJe npeHMYI1leCTBa1 TaK KaK 'laCTOTa ITOBTOpeHH.Il HMUY11bCOB B 3TOM 

cny'lae onpenen.11eTC.11 pe:lKHMOM pa6oTbi HCTO'IHHKa (ao 300 ru), 'ITO nooao

nReT yMeHbUIHTb CKBa:lKHOCTb 11.0 3Ha'leHHft "' 2-4. 

Eme B 1955 rony B CoaeTCKOM Co10ae npH Bbi6ope THna ycxopHTe11.11 

T.ll:lKe1lblX HOHOB 6bl110 yxaaaao Ha 601lbUIHe B03MO:lKHOCTH UHK110TpOHHOI"O Me

TOAa ycxopeHH.Il 1561• nocneayJOmHe pa6oTbi, caa'l:ana B 11l:ICTHTyTe aTOMHOA 

saeprHH HM. 11.B. Kyp'laToaa, a aaTeM B !HIP OI1·.HI1 npHBellH x ooaaaHHIO 

B Jly6ae UHK110Tpoaa M3H C AHaMeTpOM IT01l!OCOB 310 CM /57,58/ • 3To Knac

CH'IeCKHi!: UHK110TpOH1 KOTOpbii!: fi03B01l.lleT YCKOp.IITb 'laCTHUbl C OTHOCHTeni:.

HbiM aap.srnoM 0,143.::; Z/ A.::; 0,286 11.0 saepi"HH e... 10 Mss/ayxnoa. 3aepl"H.Il 

HOHOB llY6HeHCKOI"O YCKOpHTe11.11 npHMepHO TaKa.H :lKe,KaK H Ha 11HHei!:HbJX 

yc~opHTenRx B CllJA, onaaxo no HHTeHCHBHOCTH Y-300 ana'IHTen&Ho npeaoo

xonHT nocnennHe. Paa6poc aaeprHH BHyTpeHHero ny'l:Ka B UHK1lOTpoae •3%, 

a a cnyqae BbiBeneaHbiX ny'IKOB sTa BeJIH'lHH_. eme Mea& we ( oxono 1 %) • 

3neKTpOOTaTH'leCKHA ne$neKTOp C Mal'HHTHbiM KaHa1lOM fi03B01l.HeT BbiBOnHTb 

c KOHe'l:Horo panHyca 11.0 50% BHyTpeaaero ny'l:Ka /59,601. 

TaKHM o6paaoM, nepaona'la1lbHhle npennonomeHH.Il o nepcneKTHBHOCTH 

UHK110TpOHHOI'O MeTona YCKOpeHH.Il MHOI'03ap.ll/lHbJX HOHOB fi011HOCTb!O onpaa

nanHCb1 a coonaHHhiA a .lly6ae ycxopHTena - UHxnoTpoa M311 Y -300 no aac

To.llmero BPeMeHH .IIB1l.lleTC.SI 11Y'IIUHM YCKOPHTeneM T.ll:lKe1lbiX HOHOB /58/ • 

Onb!T pa60Tbi Ha 300-caHTHMeTpOBOM UHK110TpOHe n.HP noxa3hlBaeT, 

'ITO paaMep STOi!: MalllHHbi .IIB11ReTc.ll, sepo.IITHo, 6nH3KHM x npenenaao!lzy cnn.11 

xnaccH'l:ecxoro UHxnoTpoaa, H aanaaei!:IUee ysenH'IeHHe nHaMeTpa ycxopHTen.sr 
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npuaenO 6bl K MHOI"HM UpHHUHUHallbHbiM TeXHH'IeCKHM npo6neMaM, 

TH, -qT06bi ocTaBHTb $a30Bbie noTepH B aonycTHMbiX npenenax, 

noJlHH'l'b aMU11HTYJlY Bb!COKO'laCTOTHOI"O non.ll, KOTOpa.ll y:lKe B HaC 

MR noCTHI'aeT = 150 KB H 11HMHTHpyeTC.SI 311eKTpH'leCKOi!: npo'IHOC 

HblX npoMe:lKyTKOB. 
nosToMY, aoospawaRCb x sonpocy o6 ycxopeHHH 'laCTHU c ~ 

no saepi'HH l .. 10 Mas/ayxnoa, cnenyeT yxaaaT&, 'ITO xnaccH'lE 

TpOH C 6011blllHM JlHSMeTpOM no1110CHbiX HaKOH9'lHHKOBt, no-BHnHM< 

)!{eT 6biTb HCU01lb30BaH nn.sr STHX uenei!:. 

UaxnoTpOH c aaaMyTan&Hoi!: aapeaueei!: Mal'HHTHOI'O ·· non.sr 

noaaon.sreT ycxopRTb caepxT.SI:lK91lhle HOHhl l:lo aeo6xonHMbiX sHeJ 

TOl'O, 'ITO B HaCTO.IIJUee BpeMH HMeeTCSI MHOI"O ycxopHTenei!: none 

TaKOi!: ycTaHOBKH. Y CKOpeHHe 'laCTJ 

e = 8-10 Msa/uyxno 
aeTpynao oueaeTb napaMeTpbl 

A=200 H aap.srnoM z=l0-12 no saeprHH 

He Mal'HHTHOI'O n011.11 B UeHTpe H 0 = 14-15 K3 fiOTpe6yeT Mal'HHTI 

poM nonJOCHbiX aaxoae'IHHKOB '" 12 M. Ero sec npH cpenHeM ao:: 

30pe ., 700 MM 6yneT ,llOCTHI"aTb 80000 T, a MOJUHOOTb UHTaHHSI 

He. paccMaTpHBaSI 6onee ,lleTa1lbH0 KOHCTpyKUHIO UHKJ10TP' 

3aK1110'1HTb, 'ITO coopymeaee 3TOi!: MaiUHHbl CBH3aHO C 60ilblllHMH ' 

MH TPYJlHOCTSIMHo iloaTOMY 1 H9CM0Tp.H Ha BCe npeHMYIUeCTBa UH!i 

MeTOJla ycxopeHHSI, CTpOHT911bCTB0 TaKOI'O yCKOpHT911Sl Bprul 111! 

pa3H0o 

(Ha 

1. Y CKOpHTellb 'J'fl}l(ellblX HOHOB - IIHKI10TpOH Y -200 ,. 
nocne/lHHe /lBS !"OilS B n.HP 011.HI1 npOBOnH11HCb pa60'i'bl n• 

6aae cTaHnapTHoro ycxopHTenR Y-150) panaan&so-cexTopHOI'< 

D ""200 CM H H30XpOHH! 
Ha C nHaMeTpOM n01110CHbiX HaKOHe'IHHKOB 

l 
HbiM noneM H • H 

0 
( 1 + - ) c rny6eaoA sapeauee 0,25 

lo 

YPOBHe H 
0 

= 20 KSPCT /61-62/ • 
npH KOHCTpyapoBaHHH Y -200 6blnH HCU01lb30B8Hbl BCe aneM4 

napTHoro UHxnoTpoHa Y-150 taa HCK11JO'IeHHeM xaMepbl H nyaHTOB). 

peKOHCTpyKUHH COCTSBH1la 120 TbiC. py6nei!:. 

Ha OCHOBe paC'l9THbiX naHHbiX H MOJl911bHbiX OfibiTOB yJla1104 

ycxopuTenb, xoTopbiA HMeeT cnenyiOWHe napaMeTpbl: 
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Toro H npyroro ( CHHXpolj>aaoTpOHbl) He smmnoTcsr onTHMan:&Hbi

Tpe6yiOT 4JaHTaCTH'IeCKHX YCKOpSliOIII!iX noTeHUHanos - 100-150Ms, 

oph!X - C.JIHIIIKOM Manag 'laCTOTa nOSTOpeHHSl HMnyn:&COS ( CKSa)KHOCTb 

) , noaTOMy llllSl HenocpellCTseHHOI'O YCKOpeHHSl HHTeHCHSHbiX ny'IKOS 

aDSlllHbiX HOHOS paayMHO HCnOllb30BaTb llHHeftHbie YCKOpHTG.JlH H UHK.JIO

S llHHeAHOM sapHaHTe HeOOXOilHM HH)KeKTOp C nOTeHUH8llOM 

TaK KaK HeS03MO)KH0 YCKOpeRHe 'laCTHU C Hynesoft Ha'lan:&HOft :3Rep-

(cyiiieCTsyeT MHHHMallbRag Ra'lallbHasr CKOpOCTb, KOTOpag Onpelle.JISleT-

HOA nepsoA Tpy6KH llpeftlj>a), KpoMe Toro, noTepH SbiCOKO'IaCTOTHOft 

B peaoaaropax npHBOilSlT K yMeR:&IIIeRHIO 'laCTOTbi nOSTOpeHH.Sl HM

( CKBa)KHOCTb '"20-40) o 8 :3TOM OTHOWeHHH UHK.JlOTpOH HMeeT CyiiieCT

npeHMYIIIeCTBa, TaK KaK 'laCTOTa nOSTOpeRH.Sl HMnyn:&COB B :3TOM 

onpenensreTcsr pe*HMOM pa6oTbi HCTO'IHHKa (llo 300 ru), 'ITO noaso

yMeHbWHTb CKBa)KHOCTb llO 3Ha'leRHft '" 2-4, 

Eme s 1955 rolly s CoBeTCKOM Co10ae npH Bhi6ope THna ycxopHTensr 

HOHOB ObinO yxaaaao Ra 6onbWHe S03MO)KHOCTH UHK.JlOTpOHHOI'O Me

g /
5
B/, nocnenyiOIIIHe paOOTbi, CHa'lana B i1HCTHTyTe aTOMROft 

HM, 11.8. Kyp'laTosa, a 3aTeM B n.RP 011'.RI1 npHsenH K 0031laHHIO 

M3JII c llHaMeTpoM non10cos 310 CM /57,58/, 3To xnac

UHKnoTpoa, KOTOpbift noasonsreT YCKOpSlTb 'laCTHilbl C OTROCHTen:&-

SlllOM 0,143 .$ Z/ A.$ 0,286 llO aaeprHH E"' 10 Mas/ayxnoa, 3aeprHsr 

llYOHeRCKOI'O YCKOpHTensr npHMepao TaKag )Ke, KaK H Ra llHReARbiX 

.IIX B ern A, OllRaKo no HHTeHCHSHOCTH y -300 3Ha'IHTen:&ao npesoc

nocnellRHe, Paa6poc aaeprHH sayTpeaaero ny'IKa B UHKnoTpoae -3%, 

BbiBelleHHbiX IIY'IKOB STa Be.JIH'IHHa GlUe MeH:&~e ( OKOnO 1 %) o 

OCTaTH'IeCKHft llelj>neKTOp C Mai'HHTHbiM KaRa.JIOM noasonsreT BbiBOilHTb 

HOI'O PallHYCa llO 50% SRyTpeaaero ny'IKa /59,60/, 

8KHM 06pa30M, nepBOHa'lan:&Hbie npellnO.JIO)KeHHSl 0 nepcneKTHBHOCTH 

YCKopeRH.II MHOroaapsrllHbiX HOHOB nO.JlHOCTbiO onpaa

.[ly6ae ycxopHTen:& - UHKnoTpoa M311 Y -300 llO aac-

BPeMeRH .IIB.Jl.SleTCSl llY'IWHM YCKOPHTe.JieM TSl)Ke.JlbiX HOHOB /58/, 

pa60Tbl Ha 300-caRTHMeTpOBOM UHK.JlOTpoae n.RP ttOK83biB89T
0 

Mep aToA MaWHRhi srBnsreTcsr, BeposrTao, 6nH3KHM K npellen:&aoi\.cy ;;:{nsr 

01"0 UHK.JlOTpoaa, H llan:&aeftwee yBe.JIH'IeRHe llHaMeTpa YCKOPHTeng 
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npHBeno Obi K MHOI'HM npHHUHnHan:&RbiM TeXRH"ieCKHM npo6neMaM. B 'laCTHOC

Tifo -qTOObl OCTaBHTb lj>a30Bble noTepH B llOnyCTHMbiX npellenax, noTpeoyeTCSI 

noJl!ISlTb ?MnllHTYilY SbiCOKO'IaCTOTHOI'O nonsr, KOTOpaSI y)Ke B HaCTOSIIIIeG spe

MH JlOCTHraeT ! 150 KS H llHMHTHpyeTCSI :3.Jl9KTpH'IeCKOA npO"'HOCTbiO SaKyyM-

J{b!X npoMe)KyTKOB, 

noaTOMY
1 

S03BpaiiiaSICb K sonpocy 00 ycxopeHHH "iaCTHU C MaccoA A-~ 

no aaeprHH £ .. 10 Mas/ayxnoa, cnellyeT yxaaaTb, 'ITO xnaccH'IGCKHA UHxno-

TpoH c 6on:&wHM llHBMeTpoM noniOCHbiX HaKoHe"'HHKOB,, no-sHilHMOMY, He MC>-

)KeT OblTb HCIIOn:&30SaH llllSI STHX ueneA, 

UHK.JIOTpOH c a3HMyTan:&HoA sapHaUHeA 

no3SO.JISieT ycKOpSITb CSepXTSI)K9.Jlbie HOHbl J:to 

MBI'HHTHOI'O nang S npHHUHIIG 

ReOOXOilHMbiX aaeprHAo .BSHilY 

TOI'O, 'ITO S HaCTOSIIIIee speMSI HMeeTCSI MHOI'O yCKOpHTe.Jieft IIOilOOHOI'O THna, 

11eTPYilHO oueaHTb napaMeTpbl TaKoA ycTaHOSKH. YcKopeaHe "iaCTHU c MaccoA 

A=200 H aapSIIlOM z=10-12 llO aaeprHH E = 8-10 Mas/ayKnoa npH ypos

ae Mal"HHTHOI'O IIO.JlSI S UeHTpe H 0 "" 14-15 KS noTpeoyeT MBI'HHTa C llB8M9T

poM noniOCHbiX HaKOHe"'HHKOS '"12 M, Ero sec npH cpellHeM S031lYWHOM aa

aope "' 700 MM OYilGT llOCTHI'aTb 30000 T, a MOIIIHOCTb nHT8HHSI "' 4000 KST, 

He. paCCM8TpHB8H 6onee lleTan:&HO KOHCTpyKUHIO UHK.JlOTpOHa, MO)KHO 

3aK.JliO"'HTb, 'ITO COOpy)KGHHG :3TOA MaWHHbl CBSl3aHO C oOllbiiiHMH TeXHH"'GCKH-

MH TPYilHOCTSIMH, llOSTOMY, HeCMOTpH Ha see npeHMYIUGCTBa UHK.JlOTpOHHOI'O 

MeTOil8 yCKOpeHHH, CTpOHTGn:&CTBO T8KOI'O yCKOpHT9.JlH BpSIIl .JIH ueneCOOO-

paaao • 

1. YcKopHTe/Ib THJKeiibiX HOHOB - IIHKnorpoH Y-200 

llocnellHHe llBa I'Oil8 B n.RP QJ1.R~ npOBOilH.JlHCb paooTbl no C031l8HHIO 

(Ha 6aae CTaHilapTaoro ycxopHTenH Y-150) pallHan:&Ho-ceKTOpHoro uHKnoTpo

lla C llHaMeTpOM noniOCHbiX H8KOHG'IHHKOB D ""200 CM H H30XpOHllbiM M8I'HHT

£ 
HblM noneM H • H 0 ( 1 + -- ) C rny6HHOA aapH8UHH 0,25 - 0,30 H8 

fo 
YPOBHe H 0 == 20 KSPCT /61-62/, 

npH KOHCTpyHpOBaHHH Y-200 obinH HCIIO.Jlb30B8Hbl ace aneMeHTbl CTaR-

IlapTIIOI'O UHKllOTpOHa Y-150 taa HCK.JliO"'eRHeM KaMepbl H llyaHTOB), CTOHMOCTb 

peKOIICTpyKUHH COCTaBH.Jl8 120 TbiC, py6neA, 

Ha OCHOBe paC"'eTHbiX ll8HHbiX H MOilen:&HbiX OnbiTOB YllBllOCb C031l8Tb 

YCKOpHTen:&, KOTOpbiA HMeeT C.JlellyiOIUHe napaMeTpbl: 
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.llHaMeTp nomocos 

3HaqeHHe Ma~HHTHoro nong B UeHTpe 

qacno cexTopos ' 

200 CM 

19,8 xapcT 

4 

MHHHManhHhiA BepTHKBJlhHhiA 3a3op ( M9)KJ:IY XOnMaMH) SQ MM 

CpeJ:tHHA B03J:tYWHhiA aaaop 

MaKCHMaJlhHoe 3HaqeHHe MarHHTHoro nong 

MHHHMc!IJlhHOe 3HaqeHHe MarHHTHoro nong 

fny6HH8 BapHc!IUHH Mc!lrHHTHoro DOng 

KonHqecTso J:tYaHTos 

YrnosaH npoTH)I{eHHOCTh J:tyaHTa 

AMnnHTYJ:ta s,q, noTeHuHana Ha nyaHTe 

.llHanaaoH JlnHH sonn s,q, renepaTopa 

.llHanaao~ Z/ A YCKOpHeMblX qaCTHU 

MaKCHManhHc!IH SHeprHH HOHOB 

KonHqecTso o6opoTos 

1QQ MM 

26,5 xapcT 

14,5 xapcT 

:!: SO% 

2 

45° 

75 kV 

14-21 M 

0,24-0,S6 

{)-20 ~ 
HyKn 

120-180 

B HacToruuee apeMSI Ha Y -200 ycKopRIOTCSI "'BCTHUbi He c Z A=0,33 a +t I 

H HHTeHCHBHOCTh ny"'KB a6nH3H KOH9"1HOro panHyca MO)I{eT J:IOCTHrBTb 1Q14CeK-1, 

0TM9THM, 'ITO no HHT9HCHBHOCTH H 3HeprHH HOHOB 200-CaHTHMeTpOBbiiJ: 

UHKnOTpOH npeBOCXOJ:IHT YCTBHOBKH C J:IHBMeTpOM ItO 2,5 M (225-CaHTHMeTpo

BbiA UHKnOTpOH Ho6eneBCKoro HHCTHTyTa B illBeUHH, 88-JJIOIJ:MOBb!ll: UHKnoTpOH 

a BepKnH, Y -240 H T.n.). 

Ycneumoe aaeneaHe UHKnoTpoaa Y-200 a aKcnnyaTaUHJO H HaKonneHHbiil: 

B na6oj:>aTOpHH OITbiT J:IBIOT B03MO)I{HOCTb B9CbMB .QOCTOBepao OU9HHTb napa

MeTpbi H30XpOHHoro UHKnOTpoaa CO 3HB"'9HHeM MBrHHTHoro nong B UeHTpe 

H 0 
.. 20 K8pCT H .QHBMeTpOM nonJOCHbiX HBKOH9"1H.KOB 840 CM, IT03BOnSIJOIUe

ro ycKopRTb HOHbi c Maccoa A .. 200 ao aaeprHH E • 5-10 Maa/ayKnoa. 

2. YCKOpHTenb THJ:KenbiX HOHOB - UHKnoTpOH Y-840 

Tipe.QnonaraeTCSI1 'ITO npHHUHIT 1 aano:>KeHHbiiJ: B OCHOBHbie KOHCTpyKTHB

Hbie aneMeHTbi Y-200, 6y.QeT nonaoCTbJO nepeaecea a KOHCTPYKUHIO 6om,wo

ro UHKnoTpoaa. TaKHM o6paaoM, YCKOPHTenb Y -200 no .QHaMeTpy MO:>KHO pac

CMaTpHBBTb KBK .Qell:CTBYIOIUyiO MO.Qenb ( ITO"'TH B 1 /4 HaTypanbHOIJ: BenH"'HHbl), 

TaK )1{9 KBK H B 200-caHTHMeTpOBOM UHKnOTpOHe .QyBHTbl pacnonaraiOT

CSI B,.QonHaax, a aaaop a xonMe HcnonhayeTcR nHwb .QnR npoxo:>K.QeHHR nyq-

40 

_. 
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KB· thrcno ceKTopoa MO:>KeT 6biTb 4 HnH 6, "':Hcno .QyaHTOB 2, 4 Hl 

MaTHqeCKHft BH.Q oy.QyiUeft MBWHHbl 

llnR .Qanbaell:wero o6cy:>K.QeHHR 

6yaymero UHKnoTpoaa H Y-300: 

.l]HaMeTp nonJOCOB, CM 

3aaqeHHe MarHHTHOr9 nonH B 

ueHTpe H o , KapCT 

qHCnO CeKTOpOB 

MHHHMSnhHhiA BepTHKanhHb!lt 

aaaop ( Me*JlY xonMaMH), CM 

CpeJJHHA soaJ:tywHbiA aaaop, CM 

MaKCHMSJlhHoe aHaqeHHe 

MSrHHTHOrO UOnH, KSpCT 

MHHHManhHoe aaaqeHHe 

MarHHTHoro nonH, KapcT 

fny6HH8 B8pH8UHH MarHHTHOrO 

nonH, % 

KonHqecTBO nyaHTOB 

YrnosaH npoTH)I{eHHOCTh J:tyaaTa 

nnowaJ:th nyaaTa, ~ 

AMnnHTyJJa s,q, noTeHuHana 

Ha JlYSHTe, KB 

.llHanaaoH nnHH sonH s,q, 

reHepaTopa, M 

JlnHHc!l pe30H8HCHOA nHHHH, M 

BaKyyM B KaMepe ycKopHTenB, 

MM pT, CTo 

.llHanaaoH Z I A ycxopSieMhiX 

qaCTHU 

MaKCHManh~aH aHeprHSI qacTHU 

(Mas/ HyxnoH) 

CpeJ:tHHA npHpocT aaeprHH aa 

o6opoT (Mas/HyKnoa) 

qHcno o6opoTOB 

npe.QcTaaneH Ha pac. 18. 

y.Qo6ao npHBeCTH O.QHoapeMeH 

41 

840 

20 

6 

10 

so 

26,5 

15,0 

25-SO 

6 

rr/6 

4,6 

100 

27-41 

4 

5. 10-7 

0,04-0,06 

5,1-11,5 

0,04-0,06 

1S0-190 

S10 

16,8 

2 

rr/2 

6,4 

150 

50-101 

12 

6 •10-

0,·14S-

5-10 



e MarHHTHoro nong a ueHTpe 

CeKTOpOB 

200 CM 

19,8 KapcT 

4 

ManbHbiA BepTHK8nbHbiA 3830p ( M9>KJlY XOnMaMH) SO MM 

nong 

Hoe 3Ha~eHHe MarHHTHoro nonH 

B8pH8UHH MBrHHTHOro nong 

H npOTH>K9HHOCTb JlYBHTa 

TyJla B.~. nOTeHUHana Ha JlYBHTe 

JlnHH Bona B.~. reHepaTopa 

Z/ A YCKOpH9MbiX ~aCTHU 

HOHOB 

100 MM 

26,5 KapcT 

14,5 KapcT 

:!:: SO% 

2 

45° 

75 kV 

14-21 M 

0,24-0,S6 

9-20~ 
HYKn 

120-180 

a +1 I Y-200 ycKopsnoTCSI 'laCTHUbi He c Z A=0,33 

ny~Ka B6nH3H KOHe'IHOI'O P8JlHyca MO)KeT JlOCTHI'8Tb IQ14CeK-1, 

HHTeHCHBHOCTH H 9Hepi'HH HOHOB 200-caHTHMeTpOBbiil: 

YCT8HOBKH C JlHaMeTpOM JlO 2,5 M (225-CaHTHMeTpo

Ho6eneBCKOI'O HHCTHTyTa B llJaeUHH1 88-JlJOii:MOBbiil: UHKnO'rpOH 

BB9Jl9HHe UHKnOTpOHa Y -200 B 9KCITllyaTaUHIO H H8KOIT119HHblil: 

OITbiT Jl810T B03MO)KHOCTb B9CbMa JlOCTOB9pHO OU9HHTb rrapa

OHHOI'O UHKnoTpoHa CO 3H8'19HH9M M8I'HHTHOI'O ITOllSI B U9HTpe 

T H JlHaMeTpOM ITOlliOCHbiX H8KOH9'1HHKOB 840 CM, IT03J!!OllS!JOIUe

HOHbl c Maccoil: A= 200 JlO aHepruu c .. 5-10 Maa/HyKllOH, 

TH)I(enbiX HOBos - IIHKnoTpon Y-840 

SI, 'ITO ITpHHUHrr, 38110)K9HHbiil: B OCHOBHble KOHCTPYKTHB-

6y)leT Ji!OllHOCTbiO nepeHeCeH B KOHCTPYKUHIO 60nbWO

o6pa30M, YCKOpHTenb Y -200 ITO JlHaMeTpy MO)KHO pac

JletiCTBYJOlllyJO MOJlenb ( ITO'ITH B 1 /4 HaTypallbHOil: B911H'<iHHbl), 

KaK H B 200-caHTHMeTpOBOM UHKllOTpOHe JlyaHTbl pacrronaraJOT-

a 3830p B XOllMe HCITOllb3Y9TCSI llHWb JlllS! ITpOXO>KJl9HHS! rryq-

40 

KB• Y:ucno ceKTopoa MO>KeT 6biTb 4 HllH 6, 'IHCllO JlY8HTOB 2, 4 HllH 6. Cxe

MaTH'19CKHil: BHJl 6yJlyiUeil: M8WHHbl rrpeJlCT8Bll9H Ha pHCo 18, 

llnSI Jl81lqHeil:wero o6cy>KJleHH.II yJlo6Ho rrpHBeCTH OJlHOBpeMeHHo Jl8HHbie 

6yAywero UHKlloTpoHa H Y-300: 

.llHaMeTp nonJOCOB1 CM 

3Ha~eHHe MarHHTHOr9 nonS! B 

ueHTpe H o , KapcT 

4Hcno CeKTOpOB 

MHHHManbHb!A BepTHK8nhHbiA 

3830p (Me >KAY XOllMaMH), CM 

CpeAHHA B03JlYWHbiA aaaop, eM 

MaKCHManbHoe aHa~eHHe 

MarHHTHoro nonSI, KepcT 

MHHHManbHoe 3H8'1eHHe 

MarHHTHoro nonH, KapcT 

fny6HH8 BapHaUHH MarHHTHOrO 

nons, % 

KonuqecTao JlYaHTOB 

Yrnoaas npoTH>KeHHOCTb JlyaHTa 

nnowaJlb JlYBHTa, r.l-
AMnnHTyJla B,'l, noTeauuana 

Ha JlyaHTe, KB 

.lluanaaoa JlnHH aona a.~. 

reaepaTopa, M 

.llnHHa pe30H8HCHOA nHHHH, M 

BaKyyM a KaMepe ycKopHTens, 

MM pT, CT, 

.lluanaaoH Z/A ycKopseMbiX 

'laCTHU 

MaKCHManbHaH aaeprus 'laCTHU 

(MaBIHyKnoa) 

CpeAHHA npupocT aaeprHH aa 

o6opOT (Maa/HyKnoH) 

T.{ucno o6opoToB 

, 
41 

840 

20 

6 

10 

so 

26,5 

15,0 

25-30 

6 

rr/6 

4,6 

100 

27-41 

4 

5 .J0-7 

0,04-0,00 

5,1-11,5 

0,04-0,06 

130-100 

S10 

16,8 

2 

rr/2 

6,4 

150 

50-100 

12 

6. 10-6 

0,·14S-0,286 

5-10 
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EcnH cpaBHHTb ycxopHTenH Y-300 H Y-840, TO BHAHo, 'ITo, a~ 

qeHHeM MarHHT8 H B8KYYM8 B ycxopHTenbHOft: KBMepe, KOHCTpyKTHBI 

MeHThl 6onbWOft: MaWHHbl OK83b!B810TCSI 6onee npOCTblMH, '19M y Cyll 

merO UHKnOTpOHa. 

n onbiTaeMCSI oueHHTb napaMeTpbi MarHHTa. MacwTa6Hoe ysE 

aeca MarHHTB 200-caHTHMeTpOBOrO UHKnOTpOHa A8eT BenH'IHHy 16.1 

)lnlil MarHHT8 60nbWOft: M8WHHble 0AH8KO KOHCTpyKUHSI M8rllHTa Y-15( 

goae xoToporo coaAasancSI Y-200, SIBnSieTCSI He onTHManhHOft:, xax 

HBMBrHH'IHB8HHSI, TaK H no secy )l{eneaa AnSI TaKOrO THDa YCKOJ 

0TMeTHM, 'ITO AnSI 6onbWOrO UHKnOTpOH8 DpHeMneMblM OKaS 

MarHHT THD8 6pOHHpOB8HHOrO ( C pacnpeAeneHHblM Sip MOM, CM. pH C. 

paC'I9TOB cneAyeT, 'ITO sec T8KOrO MarHHT8 C AH8M9TpOM DOnlOCf 

COCT8BHT ' 10.000 TOHHo npH B03AyWHOM 3830pe 300 MM MOWHOC' 

HHSI 06MOTKH 2000 KBT o6ecne'IHT none B U9HTpe 20 KSpCT9Ae 

npo6neM8 B8KyyMa B K8Mepe UHKnoTpG>HB SIBnSieTCSI B9CbMB 

HOi!:, TaK KBK H3-38 nepeaapSIAKH HOHOB Ha OCTBTO'IHOM raae B xa: 

KOpHTenSI 6yAeT YM9HbW8TbCSI HHTeHCHBHOCTb DY'IK8. 0TM9THM, 

nocne nepsoro o6opoTa 'laCTHUa 6yAeT HMeTb paAHYC xpHBH3Hbl •7, 

T.e. CM9CTHTCSI OTHOCHTenbHO menH HCTO'IHHKB Ha 25-30 CM. 3TO I 

'ITO npH pac'leTe saxyyMa llasneHHe B KaMepe ycxopHTenSI MO)I{HO 

DOCTOSIHHbiM, T8K K8K '18CTHU8 6biCTpO BblXOllHT H3 o6naCTH DOBI: 

AaaneHHSI s6nH3H HCTO'IHHKa. nonaraSI ce'leHHe nepeaapSillKH paBHI 

KHH9TH'IeCKOMY ("" 5 • 1 o-17 cr.?-) H orpaHH'IHB8SI noTe pH 40% ( T.e. 

Ka llOCTHraeT KOH9'1HOft: SHeprHH), H8XOAHM, 'ITO A8Bn9HH9 B KBME 

pHTenSI AOn)I{HO 6biTb nOpSillKB • 5 • 10-7 MM pT. CT. (eM. pHCe 19 

AasneHHSI B H8CTOS1lll99 Bp9MSI AOCTHr810TCSI 06bi'IHbiMH cpeAcJirBI 

Tpe6yiOT npHsne'leHHSI cneuHant.HbiX ycTpOft:CTB T9XHHKH CsepXBblCC 

KYYM8e 

KpoMe TOrO, OTMe'leHHOe BbiWe 6onbWOe CMellleHHe '18CTHUb: 

BOM o6opoTe OCTaBnSieT AOCT8TO'IHO MHOrO MeCTa AnSI paaMellleHI 

ro HCTO'IHHKB. 3To, B CBOlO O'lepellb, D03BOnHT C03A8B8Tb H HCDC 

HCTO'IHHKH paanH'IHbiX KOHCTpyKUHft:, KOTOpbie DO reoMeTpH'19CKHM 

He MOry'J' 6biTb HCnOnb30B8Hbl B M8nbiX M8WHH8Xe 

43 
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EcnH cpaBHHTb ycKopsTenu Y-300 H Y-840, TO BHllHO, 'ITO, 3a HCKmo

qe!IH~M M8I'HHT8 H BaKyyMa B YCKOpHT9nbHOil: KaMepe, KOHCTpyKTHBHbl9 ane

Me!ITbl 6onbWOi M8WHHbl OK83blB810TCH 6onee npOCTbiMH, '19M y CyW9CTBYIO-

illei'O UUKnOTpOHa, 

non&ITaeMCH oueHHTb napaMeTpbi Mai'HHTa, MacwTa6Hoe yaenu'leHHe 

aeca M8I'HHT8 20Q-caHTHM9TpOBOI'O UHKnOTpOH8 ll89T aenH'IHHy 16,000 TOHH 

JlnSI MarHHTa 6onbwoil: MawHHbi, OllHaKo KOHCTpyKUHH MariiHTa Y-150, Ha oc-

11oae KOTOpOI'O C03ll8B8nCH Y-200, HBnHeTCH H9 onTHM8nbHOil:, K8K no TOKy 

HSM8I'HU'IHB8HHH
1 

T8K H no aecy *eneaa llnH T8KOI'O THna yCKOpHTeneft, 

0TM9TUM
1 

'ITO llnH 6onbWOI'O UHKnOTpOH8 npHeMneMblM OK83biBaeTCH 

M8I'HHT Tuna 6pOHHPOB8HHOI'O (c pacnpe)leneHHblM HpMOM1 CM, puc, 18), l-13 

pac'leTOB Cn9llY9T1 'ITO B9C T8KOI'O M8I'HHT8 C llH8MeTpOM noniOC8 840 CM 

COCT8BUT ' 10,000 TOHHo npH B03llyWHOM 3830p9 300 MM MOIIIHOCTb fiHTa

HUH o6MOTKU 2000 KBT o6ecne'IHT none B U9HTpe 20 K9pCT9llo 

npo6neMa BaKyyMa B KaMepe UHKnOTpQH8 HBnHeTCH BeCbM8 8KTyanb

HO~, T8K K8K H3-38 nepeaapHllKH UOHOB H8 OCT8TO'IHOM !'839 B K8Mepe yc

KOpUTenH 6ylleT yMeHbW8TbCH HHTeHCHBHOCTb ny'IKa. 0TM9THM, 'ITO Y*e 

nocne nepBOI'O o6opoTa '18CTHU8 6ylleT UM9Tb pallHYC KpHBH3Hbl ,..7 ,2yA/Z CM 0 

T,e, CM9CTHTCH OTHOCHTenbHO mens HCTO'IHHKa Ha 25-30 CM, 3TO 03H8'189T 0 

'ITO npH paC'IeTe BaKyyMa ll8Bn9HHe B KaMepe yCKOpHT9nH MO*HO C'IHT8Tb 

nOCTOHHHbiM, T8K K8K '18CTHU8 6biCTpO BbiXOllHT H3 o6naCTH fi0Bbiiii9HHOI'O 

ll8Bn9HHH s6nH3H HCTO'IHHK8, nonaraH C9'19HH9 nep938pHJlKH paBHblM I'830-

KUH9TU'IeCKOMY (., 5 ' 10-17 C~) H orpaHH'IUB8H noTe pH 40% ( T,e, 60% nyq

Ka llOCTUI'89T KOH9'1HOil: aHepruu), H8XOllUM 0 'ITO ll8BneHH9 B K8Mepe yCKO-

pUTenH llOn*Ho 6&ITb nopHJlKa .. 5 • lo-7 MM pT. cT. (eM, puc. 19), TaKHe 

llBBneHHH B H8CTOHIII99 BpeMH llOCTHI'8IOTCH 06bi'IHbiMH Cp9lldTB8MH H He 

Tpe6yiOT npHsne'leHHH cneuHanbHbiX ycTpOil:CTB T9XHHKH CBepXBbiCOKOI'O Ba

KyyMa, 

KpoMe TOI'O, OTMe'I9HHOe BbiW9 6onbWOe CM91119HH9 '18CTHUbi Ha nep

BOM o6opoTe OCTaBnHeT llOCT8TO'IHO MHOI'O M9CT8 llnH pa3M91119HHH HOHHO

I'O HCTO'IHHK8, 3T01 B CBOIO O'lep9llb 1 n03BOnHT C03ll8B8Tb H HCnOnb30B8Tb 

HCTO'IHHKH pa3nH'IHbiX KOHCTpyKUHil: 1 KOT0pb19 no I'90MeTpH'IeCKHM paaMepaM 

He MOI'YT 6biTb HCnOnb30B8Hbl B M8nbiX M8WHH8X, 

' 
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POM IIO'I'&pB BHT&HCBBHOCTB BCnenCTBBe IIepe3apsnKB COCT&Bn~T 

40%, SHeprBS f B nnHHa IIyTB '18CTBilbl L B 38BBCHMOCTB 0'1' ee 
OTHOCHTellhHOrO 3apgna Z/ A • 
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B HSCTOSUUee BpeMSI ewe HeT rOTOBbiX peKOMeHJl8JlHil: OTH04 

np!IHUHnOB pa60Tbl MOIIlHbiX HCTO'IHHKOB .HOBOrO THna. TeM .He MaBeE 

aile JlOCTHll<e.HHSl B o6naCTH QJH311KH nna3Mbl H naaep&OA TeXHHKB Jll 

a!IJl!IMOMY1 HOBbiA nOJlXOJl K peweHHIO 9TOil: 38Jl8'1H. 0JlH8KO H H8 ~ 

;>eMeHHblX HC~O'IHHKOB UHKnOTpOH B COCTOSIHHH o6ecne'IHTb HHTeH 

1013 - 1014 ceK-1• 
PaccMoTpHM napaMeTpbi ny'IKOB 'IBCTHU, KOTOpble MoryT 6biTI: 

Hbl Ha UHKnOTpOHe Y -840. 

Ha pHC. 20 npeJlCTaeneHa 3aBHCHMOCTb 9HeprHH HOHOB OT H 

nnH 'laCTHU oT 
40 Ar no 

288 U • KpHBbie orpaHII'IeHbi 3Ha'leHHeM. 
288 

cooTeeTCTByiOmeA KynoaoacKOMY 6aphepy Ha MHweHH U • UH<P 

KpHBblX 03H8'1810T HHTeHCHBHOCTb COOTBeTCTBYIOIIlHX HOHOB H8 KOHe 

nHyce. OueaKa HHTeHCHBHOCTH npoaonanacb cneny10mHM o6paaoM. ! 

rag )la.HHbiMH O. Bb!XOJle MHOroaapSIJlHb!X HOHOB H3 COBpeMe.HHbiX HC 

(pHC, 6) H npHHHM8SI K09Ql<PHUHeHT 38XBaTa B peli<HM ycKope.HHSI paBJ 

a K09Ql<PHUHeHT npOXOli<JleHHSl 'lepe3 yCKOpHTenb• 0,5, nony'IHM1 ( 

noTeph aa nepeaapHJlKY ( .. 40%), 'ITO KOHe'IHoro panayca JlOCTHr.HyT 1 

THU 1 reaepHpyeMbiX HCTO'IHHKOM (CKBali<HOCTb HMnynbCOB BCTO'IHI 

BMeCTe C TeM, MHOronyaHTH85l pe30H8HCH8Sl CHCTeMa yCKOpHTeng I 

HCnOnh30BaTb OJlHOBpeMeHHO HeCKOnbKO. HCTO'IHHKOB x) • TipeJl 

Hbie H8 pHc. 20 HHTeHCHBHOCTH 'laCTHU Ha KOHe'IHOM p8JlHyCe OTBe 

6oTe UHKnOTpOH8 C TpeMSI HCTO'IHHK8MH B cny'lae yCKOpeHHSI CaMblX 
xx) 

'18CTHU Hg I u. 
TipHBelleHHble OUeHKH He npeTeHJly!OT Ha nonHOTY1 T8K K8K He ':1 

MHOrHX <\JaKTOpOB. CKOnbKO'-HH6Yllb nonHbiA paC'IeT HHTeHCHBHOCTI 

onpeneneHHSI 6onbworo Kona'leCTBa napaMeTpoe (pacnpeneneHHe 

B K8Mepe UHKnOTpOH8 1 JleTanhHY!O KapTy 9neKTPH'IeCKHX H MarHHTH 

pacnpeneneHHe aapsrna B nnaaMe s6nHaH menH H T.Jl,), 'ITO csgaa.H 

WHMH TPYllHOCTSIMH. 

TiosTOMY Ha UHKnoTpoae Y-300 6binH rrpennpH.HSITbi nonbiTKH 

HOHOB 
+G Kr Ha 3-A rapMOHHKe B. 'I, nonSl. 

x) 
CoOTBeTCTBeHHO HHTeHCHBHOCTb nyqKa B03p8CTaeT B HeCKOnbKO p83 (npo-

nopUHOH8nbHO KOnuqeCTBY HCTqqHHKOB1 qacno KOTOpblX MOlKeT JlOCTHraTb 6) ~ 
XX) 40 +2 

06'beMHblll 38pSIJl HOHOB Ar CT8HOBHTCSI CyiUeCTBeHHbiM, ecnH HHTeH-

CHBHOCTb nyqKa COCT8BnSieT >, 1 • 1015 CeK-1 1 8 B cnyqae TSI>KenbiX qaCTHU-
200

Hg+10, 288 tf 12 ero HYlKfiO yqHTbiB8Tb, ecnn I ~ (2-3).1014 
ceK-

1 

(ljlnaTTep MarHHTHoro nonSI B 6onbiUOM ycKopnTene 6yJleT ue MeHbwe, qeM 

B UHKnOTpOHe Y -200 /61 /), 
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B HSCTOSUUee speMSI ewe ReT rOTOBbiX peKOMeH.Qo!lllHi!: OTHOCHTenbHO 

opliHUHnOB p,!l60Tbl MOIUHbiX HCTO'IHHKOB HOBOrO Tuna, TeM He MeHee nocne.Q

Hlle llOCTH)!(eHHSI·· B o6naCTH <iJH3HKH nna3Mbl H naaepHOi!: T9XHHKH ll&llYT1 no

anllHMOMYi HOBbii!: nOllXOll K pellleHHIO 9TOi!: 38ll8'1H, 0llH8KO H Ha 6&39 COB

;>eMeHHblX HC~O'IHHKOB UHKnOTpOH B COCTOSIHHH o6ecne'IHTb BHTeHCHBHOCTb 

1013 - 1014 CeK- 1 , 

p 8CCMOTpHM napaMeTpbl ny'IKOB '18CTHU, KOTOpble MoryT 6biTb YCKOpe

Hbl H8 UHKnOTpOHe Y -840, 

Ha pHC, 20 npellCTasneHa 38BHCHMOC'fb 9HeprHH HOHOB OT HX 3&pS1ll8 

JlRSI 'lsCTHU OT 
40 

Ar ·llO 
288 U • KpuBbie orpaHH'IeHbi 3Ha'leHHeM. 9HeprHH, 

288 
COOTBeTCTBYIOIUelt KynOHOBCKOMY 6apbepy Ha MUilleHH U o UH<lJpbi OKOnO 

KpHBblX 03H8'1810T HRTeHCHBHOCTb COOTBeTCTBYIOIUHX HOHOB H8 KOHe'IHOM pa

llHYCe, OueHKa HHTeHCHBHOCTH nposoaunacb cneayiOIUHM o6paaoM, Pacnona

raSI llBHHbiMH 0 Bb!XOile MHOr038pSillHblX HOHOB H3 COBpeMeHHblX HCTO'IHHKOB 

(puc, 6) H npHHHMBSI K09<lJ<lJHuHeHT 38XB8T8 B pe)!(HM ycKopeHHSI paBHbiM • 0,1, 

a K09<P<lJHUHeHT npOXO)!(lleHHSI 'lepe3 YCKOpHTenb• 0,5, nony'IHM1 C y'leTOM 

ITOTepb H8 nepeaapSillKY ( ""40%), 'ITO KOHe'IHOrO pallHyCa llOCTHI'HyT'" 3% '18C

THU1 reaepHpyeMbiX HCTO'IHHKOM ( CKBS)!(HOCTb BMnynbCOB HCTO'IHHKo!l 3-4) o 

BMeCTe C TeM1 MHOI'OilyaHTHBSI pe30H8HCH8SI CHCTeMa yCKOpHTenSI n03BOnSieT 

HCnonb30B8Tb OllHOBpeMeHHO HeCKOnbKO. HCTO'IHHKOB x), flpellCTaBneH

Hbie H8 pHC, 20 HHTeHCHBHOCTH '18CTHU Ha KOHe'IHOM pallHyCe OTBe'laiOT pa-

5oTe UHKnOTpOH8 C TpeMSI HCTO'IHHKBMH B cny'lae ycKopeHHSI C8Mb1X TSI)!(enbiX 
xx) 

'l8CTHU Hg. u. 

flpnBelleHHble OUeHKH He npeTeH.IlYIOT H8 ITO~HOTY, T8K KBK He Y'lHTblBBIOT 

MHOrHX <lJaKTOpOB, CKOnbKO-HH6y.llb nonHbli!: paC'IeT HHTeHCHBHOCTH Tpe6yeT 

onpe.ueneHBSI 6onbmoro KonH'IeCTBa napaMeTpoe (pacnpe.ueneaHe .uasneHBSI 

B K8Mepe UHKnOTpOHa, )leTanbHYIO KapTy sneKTp!f'leCKHX H MarHHTHbiX nonei!:, 

pacnpe.ueneHHe aapSI.Ila B nnaaMe s6nH3H wena H T,Jl,), 'ITO CBSI38HO c 6onb

lliHMH TPY.IlHOCTSIMH. 

nosTOMY Ha UHimoTpoHe Y-300 6bmu npe.unpuHSITbi nonbiTKH ycKopeHHSI 

+6 
HOHOB Kr HS 3-lt rapMOHHKe B. '1, nonS!, 

x) 
CoOTBeTCTBeHHO HHTeHCHBHOCTb nyqKa B03paCTaeT B HeCKOnbKO pa3 (npo--

nopUHOHSnbHO KOnHqecTBy HCT~qHHKOB, qHCnO KOTOpblX MOlKeT JlOCTHraTb 6) •· 
XX) 40 +2 

06'beMHblll 38pSIA HOHOB Ar CTSHOBHTCSI CyiUeCTBeHHbiM 1 ecnH HHTeH-

CHBHOCTb nyqKa COCTaBnSieT >, 1 • 1015 
CeK-1, a B cnyqae TSilKenbiX qacTHU-

200
Hg +10

, 
288 \t 12 

e.ro HYlKHO yqHTbiBSTb, ecnH I ~ (2-3).1014 ceK-1 

(ljlnSTTep MSrHHTHO~O nonSI B 6onb1UOM YCKOpHTene 6yJleT He MeHbiUe, qeM 

B UHKnoTpoae Y-200 1611 ), 45 
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npH Jl8Bn9HHH B KaMepe 10-5 MM pT, CTe 6blll nony'leH ny 

uHT9HCHBHOCTbl0 "' 100 MKa (1,2 • 1014 CeK-1) Ha paJlHyCe 60 CM. 

flbie xopomo cornacyiOTCR c npHBelleHHbiMH Bblme oueaKaMH H 1 

paCC'IHTbiB8Tb Ha nony'leHHe ny'IKOB '18CTHU C MaCCOA A •200 H 

HOCTbiO JlO 101 4 CeK-1. 

VI.3aKliiO'IeHHe 

PeweaHe c4JopMYnHposaHHbiX tPH3H'IeCKHX npo6neM Tpe6yeT y 

ny'IKOB HOHOB CO cneJlyiOinHMH napaMeTpaMH! 

1 • .Quana30H 'ISCTHU no MSCCOBOMY 'IHCny A: 20_5A ~200, 210, 

2, Koae'IHaH aaeprHH qacTHU aa OllHH'HyKnoa E~as/HyKnoa5~ES 

14 
3, J1HT9HCHBHOCTb ny'IKOB 'ISCTHU JlnH MSCCbl 20 5;A 5; 150 10 CeE 

JlnH M~CCbl 15Q<A _5. 210 1013 - 10
14 

CeK-1, 

fly'IIIIH9 BapH8HTbl KaCK81lHbiX MeTOilOB YCKOpeaH"sr ( npoeK 

npoeKT fl.Hn 011.Hi1) n03BOnHIOT nony'IHTb HHTeHCHBHOCTb 'l8CTHU 

A "'200 ae 6onee 5 • 1011 ceK-1. 

YcKopeaHe 'laCTHU c nepeMeHHbiM aapHilOM B noTeHuHanbHOIII 

'leCKOM none (npoeKT HVEC , KeM6pHil>K) o6ecne'IHT HHTE 

Hoaos THna ypaaa aa yposae toll ceK-
1

• 

nnaaMeHHbiA peaKTOp TR>KenbiX HOHOB (npoeKT HIPAC ) OJ: 

HenpHI'OileH ]lnH H3y'leHHH MeXaHH3MOB HllepHbiX peaKUHA H HX KOp 

. InHX npOil YKTOB 1 T8K KaK nocnellHHe pacnpeneneHbl BO BC9M pa6ooq 

peaKTOpa { .. 1,0 ~). 
MeTOil KOnneKTHBHOI'O yCKOpeHHH 1 B npHHUHne, MO>KHO HCD 

llnH nony'leHHH BbiCOKHX HHTeHCHBHOCTeA TSI>KenbiX HOHOB, npH yCl 

'Iucno aneKTpoaos s Konbue 6yJleT ~·to14. Pa6oTbl B aToM aanpasn< 

Ma nepcneKTHBHbl 1631, 

TaKKM o6pa30M, B H8CTOHrnee speMSI HH OllHH H3 pacCMOTpE 

9KTOB no HHT9HCHBHOCTH noKa He B COCTOHHHH KOHKypHpOB8Tb C npHMl 

POHHbiM MeTOilOM yCKOpeHHSI TSI>KenbiX HOHOB, UHKnOTpOH C 83Hl 

BapuaUHeA M8I'HHTHOI'O nonH, 3Ha'leHH9M nOnH B UeHTpe Ho-20 K9] 
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,.;: 

0pH aaaneHHH B KaMepe 10-5 MM pT, CT, 6&In nony'leH ny'IOK HOHOB 

HHT9HCHBHOCTbl0 .. 100 MK8 (1,2 • 1014 CeK-
1

) H8 pa,!lHyCe 60 CM, 3TH ,!l8H

J-!bl9 XOpOWO cornacyJOTCSI C npHBe,!leHHbiMH BbJWe OUeHK8MH H Il03BOnSIJOT 

paCC'IHTbiB8Tb H8 nony'leHH9 ny'IKOB '18CTHil C MaCCOil: A .. 200 

nocT&JO ao 1014 ceK-1, 

VI.3aKniO"ieHHe 

H HHTeHCHB-

PeweHHe c4JopMYnHpoaaHHbiX 4JH3H'IeCKHX npo6neM Tpe6yeT ycKopeHHblX 

ny'IKOB HOHOB CO cneJlYIOIIlHMH rrapaMeTpaMH: 

1, .llHanaaoH qacTHil no MaccoaoMy 'lacny A: 20,SA ~200, 210. 

2. KoHe'IHSSI aaepi"HSI 'laCTHU Ha OllHH 'HyKnoH E Maa/HyKnoHS.S: E~ 10. 

3, HHTeHCHBHOCTb ny'IKOB 'ISC'l'Hll MSI Macchi 20 ,SA ,S 150 10
14 

ceK-1 ! 

,nnSJ M!lCCbl 150<A .$ 210 }013 - 1014 
ceK-1, 

llyqwae aapHaHTbi KacKallHbiX MeTOllOB ycKopeHH~ ( npoeKT UNILAC , 

rrpoeKT ll.Hn Ol1Hl1) noasonSIIOT nony'IHTb HHTeHCHBHOCTb 'laCTHil c Maccoil: 

A .. 200 He 6onee 5•1011 
ceK-1. 

YcKopeHHe qacTHU c nepeMeHHbiM aapSI.!lOM a noTeHUHan&HOM aneKTPH-

'IeCKOM none (npoeKT HVEC , KeM6pHll*) o6ecne'IHT HHTeHCHSHOCTb 

HOHOB THil8 ypaHa H8 yposHe }Qll ceK-l, 

0na3MeHHbiil: peaKTOP TSI*enbiX HOHOB (npoeKT HIPAC ) npaKTH'IeCKH 

HenpHI"O,!leH ,!lnSI H3Y'I9HHSI M9X8HH3MOB SI,!lepHbiX peaKUHil: H HX KOpOTKO*HSy

·mHX npoa yKTos, TaK KaK nocnellHife pacnpeJle.neH&I so seeM pa6o'leM o6'beMe 

peaKTopa ( .. 1,0 ~) , 
MeTOll KOnneKTHBHOI"O ycKopeHHSI, B npHHUHile 1 MO*HO HCilOllb30B8Tb 

llnSJ nony'leHHSI Bb!COKHX HHTeHCHBHOCTeil: TSI*enbJX HOHOB 1 npH ycnOBHH, 'ITO 

'IHCnO aneKTpOHOS B KOn&Ue 6y,!leT ~·1014 ·• Pa60Tbl B 9TOM HanpaaneHHH B9Cb-

Ma nepcneKTHSHbi /63/, 

TaKHM o6paaoM, s HaCTOSIJilee apeMSI HH OllHH H3 paccMoTpeHHbiX npo

eKTOB no HHT9HCHBHOCTH Il0K8 He S COCTOSIHHH KOHKypHpOB8Tb C npSIMbiM UHKnOT

POHHbiM M9TOllOM yCKOpeHHSI TSI*9nbiX HOHOB. llHKnOTpOH C 83HMyTallbHOil:: 

BapaaUHeil: M8I"HHTHOI"O nonSI, 3H8'19HH9M nOnSI B U9HTpe H o-20 KapCT H llHB-

t, . 
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MeTpOM DOniOCHhJX H8KOH9'1HHKOB D • 840 CM o6ec~e'IHT nony'leHHe DY'IKOB 

TSIJKenhiX aoaoa c aeo6xollHMhlMH napaMeTpaMa. CoopyJKeaae TaKoro ycKopa

Teng anonae ocymeCTBHMO Ha cospeMeHHOM TeXHH'IeCKOM yposae. 
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