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1. B B e n e H H e 

3a IIOCne.l{HHe rO.l{bl BO MHOrHX HHCTHTyTaX MHpa BenaCb .l{HCKYCCHSI 

0 rrepcrreKTHB8X Sl,ll9pHOH ~H3HKH B006me H KnBCCH'l9CKOH CIIeKTpOCKOIIHH pac

II8.l{8 H.llep, KaK o6 O.llHOM H3 ee rnaBHhiX MeTo.lloB, B qacTHOCTH. KaK 6bino 

IIOK838HO B XO.l{e 3TOH .l{HCKyCCHH1 He06XO.l{HMO Ha IIyTH OT MO.l{enbHbiX rrpe.l{

CTBBneHHH K 9.l{HHOH TeOpHH Sl.l{pa paCillHpHTb Kpyr HCCn9.l{OB8HHhiX H.l{ep. Ooa

TOMY B 6y.llyrueM HCCne.l{OB8HHSI 6y.l{yT BeCTHCb B .llBYX H8IIpaBneHHSIX1 3T0 1 

Bo-rrepBb1X1 .l{anbH9Hillee HCCn9.l{OB8HH9 H3B9CTHbiX B H8CTOHillee BpeMH HyKnH

.l{OB1 T.e. HyKnH.llOB1 H8XO.l{HillHXCSI B6nH3H nHHHH CTa6HnhHbiX Sl.l{ep, C uenb!O 

rronyqeHHSI 6onbruero o6~eMa H 6onee TO'lHOH HH~OpM8UHH 1 rryTeM IIpHMeHeHHSI 

6onee ycoBeprueHCTBOB8HHOH H3MepHT9nhHOH T9XHHKH H HOBbiX MeTOllOB HC

cnenoBaHHHo B Ka'leCTBe IIpHMepa MO*HO H83B8Tb HCcnenoBaHHSI ManOHHTeH

CHBHhiX Sl.l{epHbiX rrepeXO.l{OB1 B036Y*ll9HHe BbiCOK03HepreTH'l9CKHX COCTOSIHHft 

CT86HnhHbiX H OKOnOCTa6HnhHbiX Hnep, CIIeKTpOCKOIIHJO k- X -H3ny<JeHHSI 

MJO-M9308TOMOB H llPo H 1 BO-BTOpbiX1 IIOnyqeHHe, H.l{9HTH~HUHpOB8HHe H HC

cne.l{OB8HHe H9H3B9CTHbiX B H8CTOSiill99 BpeMSI HyKnH.l{OB1 pacrrono*eHHhiX na

neKO OT IIOnOCbl CTa6HnhHOCTH Hnep. 0pH 3TOM TBK*e He06XO.l{HMO rrpHM9HHTb 

rrpeUH3HOHHbie H HOBbie MeTOllbl HCcnenoB8HHHo HccnenoBaHHSI KOpOTKO*HBY-

illHX HyKnHllOB Il03BOnSIT H3y'lHTb H3B9CTHbl9 ~H3H'l9CKHe SIBne-

HHSI H MeKThi Ha 6onee ru~rpoKOM cTaTRCTR'leCKOM MaTep~rane .llnH 

6onee yBepeHHOrO BbiSIBneHHSI TOnhKO H8M9'l810illHXCSI B H8CTOSiill99 BpeMH 38KOHO

MepHOCT9Ho C .llpyroft CTOpOHb11 CT8HYT B03MO*HbiMM HCCnenOB8HHH1 OXB8Tbi

B810illH9 rrpo6neMblt eme H9H3Y'I9HHbl9 B H8CTOHIUee BpeMH. B 9TOit CBSI3H 

HCCnenoBaHHe KOpOTKO*HBYillHX HyKnHllOB HBnHeTCSI O.l{HHM H3 rrepcrreKTHBHbiX 
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HSITpaBneHHA HnepHOA CITeKTpOCKOITHH, qHCnO HeHneHTH~HUHpOBSHHblX no CHX 

ITOp HyKnHnos, nony'leHHe KOTOpblX npHHUHITHSnbHO B03MO)I(HO, 3H8'1HTenbHO 

rrpeBbiiiiaeT 'IHCnO H3BeCTHbiX, OoaTOMy, Y'IHTb!B8H oonbiiiOA HHTepec K HC

cnenoBaHHIO aTHX HyKnHnOB, BO MHOrHX HHCTHTyTaX MHpa CTpOS!TCH HnH rrpo

eKTHpyJOTCH yCT8HOBKH nnH ITOny'leHHH H HCCnenosaHHH HyKnHnos, HaxonS!lllHX-

CH naneKO OT rronOCbl ~ - CTaoHnbHOCTH, 

nnH nony'leHHH KOpOTKO)I(HByiiiHX HyKnHnOB MO)I(HO HCITOnb30B8Tb peaK

UHH c pasnH'IHbiMH rryqKaMH rrepBH'IHbiX qacTHU, B onH)I(all:ume ronbi aan5onee 

rrepcrreKTHBHblMH nnH aToll: UenH rrpencTaBnHJOTCH llY'IKH peaKTOpHhlX aeJl:TpOH0'3, 

BbiCOKOaHepreTH'IeCKHX ITpOTOHOB H MHOr038pHJlHbiX TH)I(e.i'IbiX HOHOB, 8TH TpH 

BHJl8 'ISCTHU ll03BOnHJOT rrony'ISTb -B peSKUHH neneHHH TH)I(enbiX aneMeHTOB 

CHnbHO Hell:TpOHOH30biTO'IHbie H)lpa; nocnenHHe nsa BHna 'ISCTHU IT03BOnHJOT 

nonyqaTb aell:Tpoaone~HUHTHbie HyKnHJlbi. 

OpoTOHHbill: nyqoK CHHXpouHKnoTpoaa OH.HH c aaeprHell: 680 Mas HB.i'IH

eTCH MOIIIHbr.M cpencTBOM nnH nony'leHHH KOpOTKQ)I(HBYIIIHX HyKnnnos, Ha npo

TH)I(eHHH nocnenHHX 10 neT ObinO OTKpb!TO oonee 80 HYKniHlOB H H30MepoB 

c nepHonoM rronypacnana 5onbiiiHM nsyx MHHyT, OueHKH O)I(HnaeMbiX aKTHBHo ... 

CTeJl: ITOK83b!B810T, 'ITO ITpHMeHeHHe aTOrO ITY'IK~ ITpOTOHOB IT03BOnS!eT rrony~aTb 

noCTSTO'IHOe KOnH'IeCTBO HyKnHnOB, OTCTOHIIIHX HS 10-15 MSCCOBblX enHHHU 

OT nHHHH ~ - CTSOHnbHOCTH, OoaToMy rrpencTaBnHnOCb uenecooopa3HbiM C03-

naHHe yCTSHOBKH )lnH ClleKTpOCKOUH'IeCKHX HCCnenOBSHHJl: paCIT8Jl8 KOpOTKO

)I(HBYIIIHX ayKnHnos aenocpencTseaao aa rry~Ke npoToHoB. YcTaHoBKa rrony'IHna 

H83B8HHe .HCHA00 (HnepHaH crreKTpOCKOIIHH HS ITy'IKe npOTOHOB), 

2. YcTaHoBKa HCHAnn 

rnaBHbiM Tpe5oB8HHeM K ycTaHOBKe HBnHeTCH ObiCTpoe H aerrpepb!BHOe 

nocTyrrneaHe aToMoB, HJlpa KOTOpbiX nonne)l(aT HccnenosaHHJO, B H3MepHTenb

HYJO annapaTypy, B ycnoBHHX pa5oTbi Ha rryqKe rrpoTOHOB CHHXPOUHKnoTpoaa, 

T,e. npH HcnonbsosaHHH peaKUHll: rny5oKoro pacmerrneHHH HnH neneHHH, ae

o6xonHMO TBK*e pasneneaHe rrpoayKTOB peaKUHll: KaK no z , TaK H .no A, 

T,e, Tpe5yeTCH rrpHM9HeHH9 XHMH'IeCKHX MeTOJlOB H Macc-cerrapaTOpa, 
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05mHll: BHn YCT8HOBKH .HCHA00 B OKOH'IaTenbHOM B8pH8HTe (.HCH, 

Hso5pa)l(eH aa pHc, 1, OpoTOHHbill: nyqoK c HHTeHCHBHOCTbJO 50 MKa 

nHTCS! H3 CHHXpOUHKnOTpOH8 B HarrpasneHHH nesoll: CTeHhl SJlSHHH H 

waeTCS! B cneuHanbHOM nornOTHTene ( nf), nOBOJlHIIIeM IIOTOK ObiCTpb!:X 

poaos no norrycTHMoro (s sanax 4 H 9 H BHe snaHHH) aHa'leHHH, M 

XHMH~eCK8H arrrrapaTypa H HOHHbJll: HCTO'IHHK aneKTpOMSrHHTHOrO Mace 

paTopa (MXH) o5pasyJOT enHaoe uenoe, YcKopeHHbJe npoayKTbJ HJ: 

peaKUHH IIOCTyrraJOT qepes CHCTeMy aneKTpOCT8TH'IeCKHX nHH3 ( 110-1, 

H HOHOIIpOBOn, H8XOnHIIIHJl:CH B 381IIHTHOJl: CTeHe, B aaanH3HPYJOIIIHA 1 

Macc-cerrapaTopa. PasaeneHHbie no A rry'IKH npoayKTOB peaKuHll: no• 

JOT nHOO H8 KOnneKTOp, HM910IIIHJl: BHn H3008pH'IeCKOrO cerrapaTopa, 

BBOnHTCH B pasnH'IHbi9 cPH3H'I9CKHe H3MepHTenbHbi9 npHOOpbi, Haxons 

s sane 9 ( pHc, 1) aa nepeJlBH)I(HbiX nnaTctJopMax, 

B cooTBeTCTBHH c npoeKTHbJM saaaaHeM obmo peiiieHo cosna, 

ycT8HOBKY B nsa aTana/1/, OepBbill: aTarr (.HCHA00-1) 38KnJOqaeTCH I 

PY*eHHH aneKTpoMarHHTHoro Macc-cenapaTopa H ycTaHOBKH ero aa r 

9Ta)l(e snaHHH CHHXpOUHKnOTpOH8 ( pHC, 2), 00JlKnJOt{9HH9 M8CC-cerra] 

K BHeiiiHeMy ny'IKY IIpOTOHOB OCYIII9CTBnHeTCH C ITOMOIIIblO IIH9BMaTH'Ij 

npooHHKa H rraesMaTH'IeCKOA IIO'ITbi, TeM caMbiM o5ecne'IHBaeTCH ne1 

~ecKoe ITOCTynneHHe IIpOJlYKTOB p98KUHA Ha perHCTpHpylOIIIH9 ITpHOOpb!, 

CHCTeMa II03BOnHeT HCCnenoBaTb HyKnHnbi, pacrra,!laJOIIIHeCH C rrepHO,!lOM 

pacrrana ., 1 MHH H OOnbiii9, OepBbJA 9T8II npeJlyCM8TpHB8eT T8K)I(E 

paooTKY MeTOnOB ObiCTpoll: XHMHH H C03JlaHH9 H3MepHTenbHOJl: TeXHHKJ 

KOTOpb19 Jl9ll:CTBYIOIIIH9 y)l(e B' H8CTOHIII99 BpeMH sneM9HTbl STOll:: TE 

H CHCTeMa IIH9BM8TH'I9CKOll:: JlOCT8BKH MHIIIeHell: OIIHG8Hhl B p800T8X 

OcymecTsneaHe BToporo aTana,cosaaaHe ycTaHoBKH aenocpeac1 

Ha ITY'IKe npoTOHOB CHHXpOUHKnoTpOHa ( .HCHA00-2), SIBnHeTCH 'laCTblO 

no peKOHCTPYKUHH aToro ycKopHTenH, B oKOH'IaTenbHOM sapHaHTe aTa 

HOBKa II03BOnHT HCcnenOB8Tb p8CIT8Jl HyKnHJlOB, npOHCXOnHIIIHll:: C nep 

nonypacnaaa no 1 ceK H soaMO)I(HO MeHbiiie, 

3. 0)KHJ:t89Mbi9 8KTHBHOCTH KOpOTKO)KHBYIUHX HyKnH.LtOB 

nnH OU9HKH O)I(HnaeMbiX 8KTHBHOCTell: Ha KOnneKTOpe Macc-cena_~: 

paccMoTpHM nsa cny'laS! - rrepuonuqecKoe H aerrpepbiBHoe nocTynneaue a 
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pHOA cneKTpOCKOIIHHo qHCJIO HeHneHTH~HUHpOB8HHbiX no CHX 

qeHHe KOTOpbiX npHHUHIIH8JibHO B03MO:>KH0 1 3H8'1HTeJibHO 

H3BeCTHbiX. 009TOMY1 Y'IHTbiB8SI 50JiblUOA HHTepeC K HC

MHpa CTpOSITCSI HJIH npo-

nnSI rrony'leHHSI H HCcnenosaHHSI ayKnHnos, HaxonHruux

~ - CT85HJibHOCTH 0 

HHSI KOpOTKO:>KHBYillHX HYKJIHnOB MO:>KHO HCIIOJib30B8Tb peaK

rryqKaMH rrepBH'IHbiX qacTHU. B 5nH:>KaAruHe ronbi aan5onee 

nJISI 9TOA UeJIH npenCT8BJISIIOTCSI ITY'IKH peaKTOpllhiX H9HTpOHO~-l 1 

eCKHX npOTOHOB H MHOr038pS!nHblX TSI:>K9JiblX HOHOBo 3TH TpH 

IIOJIY'I8Tb -B peaKUHH neneHHSI TSI:>KeJiblX 9JieMeHTOB 

Hnpa; nocnenHHe nsa BHna '18CTHU II03BOJISIIOT 

IJOHOneqJHlU1 THbie HyKJIHnbio 

ny'IOK CHHXPOUHKJIOTpoHa OYIHYI c saeprHeA 680 Mas SIBJISI-

TBOM nnH nonyqeHHSI KOpOTKO:>KHBYillHX HyKJIHnOBo Ha npo-

10 neT 5bin0 OTKpbiTO 5onee 80 HYKJIHnOB H H30MepoB 

nsyx MHHyT. OueHKH o:>KHnaeMbiX aKTHBHo~ 

8TOrO ITY'IK~ npOTOHOB II03BOJISieT nonyqaTb 

'leCTBO HyKnHnOB1 OTCTOSiillHX H8 10-15 M8CCOBblX enHHHU 

CTa5HJibHOCTHo 009TOMY rrpencTaBJISIJIOCb uenecoo5pa3HbiM C03-

H nJISI CITeKTpOCKOIIH'IeCKHX HCCJienOB8HHA pacnana KOpOTKO

HenocpenCTBeHHO Ha nyqKe rrpoTOHOB. YcTaHOBKa rronyqnna 

00 (HnepHaSI cneKTpOCKOIIHSI Ha nyqKe npOTOHOB). 

2. YcTaHoBKa HCHAnn 

Tpe50B8HHeM K ycTaHOBKe SIBJISieTCSI 5hlCTpOe H HenpephlBHOe 

B
1 

Hnpa KOTOpbiX nonne:>KaT HCCJienosaHHI0 1 B H3M9pHTenb

B ycnoBHSIX pa5oTbi Ha ny'l:Ke npoToHoB CHHxpouHKJIOTpoHa, 

b30BaHHH peaKUHii rny5oKoro pacmerrneHHSI HJIH neneHHSI1 He-

pa3neneHHe nponyKTOB peaKuHA KaK no Z , TaK H .no A, 

rrpHMeHeHHe XHMH'IeCKHX MeTonos H Macc-cenapaTopa. 
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05ruHlt sHn ycTaaosKH HCHAnn s oKoH'IaTenbHOM sapHaaTe (.RCHADD-2) 

H3 o5pa:>KeH Ha pHCo 1. flpoTOHHblll ny'IOK C HHTeHCHBHOCTbiO 50 MKa BbiBO

nHTCSI H3 CHHXpOUHKJIOTpoHa B HanpasneHHH JieBolt CTeHhl 3n8HHSI H norno

maeTCSI B cneuHaJibHOM nornOTHTene ( nr) 1 nosonHineM nOTOK 5biCTpbiX HeltT

pOHOB no norrycTHMoro ( s 3anax 4 H 9 H sHe 3naHHSI) 3Ha'leHHH. MHmeH&, 

XHMH'IeCKaSI anrrapaTypa H HOHHblll HCTOHHHK 9JieKTpoMarHHTHOrO Macc-cena

paTopa (MXYI) o5pa3yiOT enHHoe uenoe. YcKopeHHbie rrponyKTbi HnepHbiX 

peaKUHA nocTynaiOT qepe3 CHCTeMy sneKTpocTaTH'IeCKHX JIHH3 ( YI0-1, YI0-2) 

H HOHOnpOBOLl 1 HaXO.IlSiillHltCSI B 3ainHTHOA CTeHe, B aH8JIH3HpYIOlUHll MarHHT 

Macc-cerrapaTopa. Pa3neneHHhle no A ny'IKH nponyKTOB peaKUHlt nocTyna

IOT JIH50 Ha KOJIJieKTOp1 HMeiOinHlt BHLl H3o5apH'IeCKOrO cenapaTOpa, JIH50 

BBOnSITCSI B pa3JIH'IHbie ~H3H'IeCKHe H3MepHTeJI&Hbie rrpH50pbi 1 HaXOLlS!InHeCSI 

s 3ane 9 ( pHc. 1) aa nepeLlBH:>KHbiX nnaT~opMax. 

B COOTBeTCTBHH C rrpoeKTHbiM 3aLl8HHeM 5biJIO peweHO C03LlaTb STy 

ycTaHOBKy B LlBa 9Tanall/. DepBbiA STarr ( .RCHA nn-1) 3aKJIIO'IaeTCSI B coo

py:>KeHHH sneKTpoMarHHTHoro Macc-cenapaTopa H ycTaHOBKH ero Ha nepsoM 

9T8:>Ke 3Ll8HHSI CHHXpOUHKJIOTpOHa (pHCo 2). DOLlKJIIO'IeHHe Macc-cerrapaT?pa 

K BHeruHeMy rry'IKY rrpOTOHOB ocymeCTBJISieTCSI C IIOMOillbiO rrHeBMaTH'IeCKoro 

npo5HHKa H naesMaTH'IecKolt rro'ITbi. TeM caMbiM o5ecrre'IHBaeTCSI nepHOLlH

qecKoe nocTynneHHe npoayKTOB peaKuHA aa perHcTpHpyiOmHe npH50pbi. TaKasr 

CHCTeMa II03BOJISieT HCCJieLloBaTb HyKJIHnbi1 pacnanaiOmHeCSI C nepHonoM nony

pacnaaa "' 1 MHH H 5on&We. DepBbllt STan npeaycMaTpHBaeT TaK:>Ke pa3-

pa50TKy MeTOLlOB 5biCTpolt XHMHH H C03LlaHHe H3MepHTeJI&HOlt TeXHHKHo He

KOTOpbie aeltCTBYIOillHe y:>Ke B HaCTOSiruee BpeMSI ~JieMeHTbl STOlt TeXHHKH 

H CHCTeMa nHeBMaTH'IeCKOlt LlOCTaBKH MHWeHelt OIIHCaHbl B pa5oTaxf2,8/• 

OcymecTsneHHe BToporo sTana, C03LlaHHe ycTaHOBKH HenocpeacTBeHHo' 

Ha ny'l:Ke npOTOHOB CHHXPOUHKJIOTpOHa ( .RCHA DD-2) 1 SIBJISieTCSI '18CTbiO pa5oT 

no peKoHCTPYKUHH sToro ycKopHTenSI. B oKOH'IaTen&HOM sapHaHTe STa ycTa

HoBKa II03BOJIHT HCCnenoBaTb pacnan HYKJIHLlOB1 npOHCXOLlSiillHll C rrepHOLlOM 

nonypacnaaa ao 1 ceK H so3MO:>KHo MeH&rue. 

3, 0:>KHJ::taeMbie 8KTHBHOCTH KOpOTKO:>KHBymHX HyKnHJ::tOB 

nnSI oueHKH O:>KHLlaeMblX 8KTHBHOCTelt Ha KOJIJieKTOpe Macc-cenapaTopa 

pacCMOTpHM nsa CJiy'laSI - nepHOLlH'IeCKOe H HenpepblBHoe nocTynneHHe 8TOMOB 

i 5 



\ 

...... __ 

""'· 

.... 
·.• 

.... 
• • 

• 
• • 
• • 

... • • 
• • • 
• • • 

PHc. 1. npenrronaraeMoe paaMemeHHe ycTaHoBKH .RCHAnn-2 rrocne peKoucTpyK
UHH CHHXpoUHKnoTpoaa OM.RH • 
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PRe. I. ITpenrronaraeMoe pa3MemeHHe ycTaHoBKH HCHAITIT-2 rrocne peKOHCTpyK
UMH CMHxpoiiMKnoTpoaa OMHM. 

PHc. 2. Pa3MemeaHe ycTaHOBKH HCHAITIT-1 B 3.ctaHHH CHHxpouHKnoTpoaa OHHH 
( 06IIlHA BH.Q) • 



H3yqaeMbiX HyKnHAOB - B COOTBeTCTBHH C ABYMH 8TaiTaMH ocymeCTBneHHH 

ycTaHOBKH HCHAf1f1. YlcxonHofi BenHqHHofi nnH aTHX oueHoK HBmieTCH CKo-

pOCTh o6pa30B8HHR B MHilleHR HyKnHAOB TRITa i 

pacmerrneHHH 

B 
o I 

G 
N 0 -- <I> a "' N <I> a . 

A 0 Tl T 0 T I 
T 

B peaKURR r~y6oKoro 

(1) 

3nech G - Bee MHmeHH ( r); AT - aTOMHhifi Bee MHmeHH; N 0 - qHcno 

A Boranpo ( MOnh -1) j <I> 
0 

- ITOTOK rrpOTOHOB ( CeK -1); a - ceqeHRe 
T,l 

2 o6pa30B8HRH HyKnnna ( CM2); NT - qncno aTOMOB B MRilleHR Ha 1 CM , 

B KaqecTBe qHcneHHoro rrpHMepa Ha pHc, 3 naroTCH cKopocTH o6pa-

30BaHRH H30TOITOB OCMRH 0 rronyqaeMbiX ITpH 6oM6apnRpOBKe OKHCH pTyTR 

rrpOTOHaMH C SHeprHefi 670 MaB, Bee MHmeHH COCTaBnHeT 10 r, qTo COOT

BeTCTByeT 0,05 MOnh, BenHqHHa TOKa BHemHero rryqKa rrpOTOHOB paBHa l MKa, 

qTo COOTBeTCTByeT 3HaqeHHID, D*HAaeMOMy rrocne qacTHqHofi peKOHCTpyKUHH 

CHHXpOUHKnOTpOHa, CeqeHHH o6pa30B8HHSI H30TOITOB OCMHSI B MHilleHR pTyTH 

6panRCh H3 pa60Tbl/4/, f1onyqeHH8SI KpHBaSI ITOK83biBaeT, qTo O*HnaeMbie 

CKOpOCTH o6pa30B8HHSI AOCT8TQqHbl AITSI rrpoBeneHHSI H3MepeHHfi pacrrana H30-

TOITOB OCMHH 0 HMeiDillHX 15 RnH MeHbme neqJHUHTHbiX HefiTpOHOB, f1 acne 

ITOnHOfi peKOHCTpyKUHH CHHXpOUHKITOTpOHa O*HnaeTCSI ITOTOK ITpOTOHOB "' 50 MKa, 

B aTOM cnyqae Heo6xonHMO yBenHqHTb Bee aHaqeHRSI KpRBofi Ha pHc, 3 B 

50 paa, 

3,1, ITepHoaHqecKoe nocTynneHHe npoayKTOB peaKUHR 

CyMMapHoe qHcno panHoaKTRBHhiX HyKnHnoB No , o6pa30B8BillHXCH 

HerrocpeACTBeHHO B S!AepHblX peaKUHSIX H HaXOAS!lliHXCSI ITOCne KOHU8 o6nyqe-

HHSI B MHll!eHH, COCTaBnSieT 

No ,.I, B T (1 -T,./TI 
01 1 - e 

( 2) 

8 

.,. 
~ ~· 

109 

108 

/ L o;;-.,o7l 
·~ 
~ 
~ 106~ 
.8 

/ ~1.1 
0 
!"'? 

i1oS~ I ~10~ .. 
E 
8_1o' ~ I ~ut 
~ 
0 

103 

102 10' 

101 10' 170 172 17, 1'16 1"-
A 

PHc, 3, CxopOCTH o6pa30B8HHSI H30TOO:OB OCMHSI H3 OKHCH pTyTH, 
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}:lOB - B eOOTBeTeTBHH e ABYMli 8T8II8MH oeymeeTBneHHli 

DD. ~eXOJ:IHOW BenH~HHOW Anli 8THX OUeHOK liBnHeTeH eKo-

HHli B MHllieHH HyKnHAOB THIIa j B peaKUHH rpy6oxoro 

G 
N -- <fJ a 

0 A 0 T I NT<fJOaTt" 
(1) 

o I 
T 

MHrneHH (r); AT - aTOMHbiM Bee MHrneHH; N 0 -~Reno 

-1) 0 <fJ 
0 

- IIOTOK IIpOTOHOB ( eeK -1) 0 a - ee"'eHHe 
T,l 

2 ( eM2); NT - "'Heno aToMoB B MHllieH:n Ha 1 eM • 

}:18ffiTeH eKOpOeTH o6pa

rrony~aeMbiX IIpH 6oM6apanpOBKe OKHeH pTyTH 

M 8Bo Bee MHllieHH eoeTaBnHeT 10 r, ~TO eooT

b, BenH~HHa TOKa BHelliHero IIY"'Ka !IpOTOHOB paBH8 1 MKa, 

3Ha~eHHffi 0 o•nnaeMOMy rroene ~aeTH~HOM peKOHeTpyKUHH 

Ce"'eHHH o6pa30B8HHli H30TOIIOB OeMHH B Mlllli9HH pTyTH 

/4/. Dony~eHHaH xpHBaH rroxaabrBaeT, "'TO o•:nnaeMbre 

anH rrposeneHHH H3MepeH:nfi paerrana Hao-

15 HnH M9Hbllie ae<fJ:nUHTHbiX H9MTpOHOBo D ocne 

H eHHXpOUI'IKnOTpOHa o•HnaeTeH IIOTOK IIpOTOHOB '" 50 MKa. 

Heo6XOJ:IHMO yseni'I~HTb Bee 3Ha~eHHli KpHBOM H8 pHe. 3 B 

onH~ecKoe rrocTyrrneHHe rrponyKTOB peaKUH~ 

~He no panHoaKTHBHbiX Hyxn:nnos No , o6pa30B8BlliHXeH 

B liJ:lepHblX peaKUHHX H H8XOJ:IH!I(HXeH rroene KOHUa o6ny~e-

No=IB T(l -Ta/TI 
0 I 1 - e 

( 2) 

8 

109 

108 

~107 

~ 
3 ~ 106 
.8 
g 

i1oS 
... 
g 
s_1o' 
~ 
0 

103 

10, 

107 

1rP 

105 

uf 

102 

101 I I I e e I I I I I I I I I 1101 
170 172 17' 1~ 178 180 182 1U 

A 

PHc. 3. CxopoCTH o6pa30BSHHH H30TOfiOB OCMHH H3 OKHCH pTyTH. 
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rJle T 1 - speMSI )!{H3HH HyKnHJlOB THrra i B ceKyHJl8X H T a - speMSI 

o6ny'leHHSI B ceKyHJl8Xo Docne Tp8HCI10pTHpOBKH MHIIIeHH '38 BpeMSI T T 

xHMH'IecKoro paaJleneHHSI aneMeHTOB To , HSXO)I<JleHHSI npoJlyKTOB peaKuHA 

B HOHHOM HCTO'IHHKe T I H rrponeTa HX 'lepea M8Cc-cenap8TOp T e CyMM8p-

HOe 'IHCnO p8CII8Jl8~WHXCSI HyKnHJlOB THII8 Ha KonneKTope aa speMSI 

TR p8BHO: 

Nl = 1J E,vBot 

-Ta /TI 

T1(1-e ) ( e 

l: Tv 

Tl ) (1 -e 
-TR/TI 

) ' 
(3) 

rJle fl lv • l l -· I!pOH3BeJleHHe a4JifleKTHBHOCTeA XHMH'IeCKOrO paaJlene-
v C B 

HHSI H Macc-cenapaTopa, I Tv- cyMMa yKa3aHHbiX BbJUie speMeH: TT +To+ 

+ T
1 

+ T ". DpH BbiBOJle lflopMynbi ( 3) npeJlnonaranoch, 'ITO see npOJlYKTbi 

peaKUHA IIOKHJl8~T HOHHbiA HCTO'IHHK OJlHOBpeMeHH0 1 'ITO SIBnSieTCSI JlOIIYCTH

Mb!M I!pH 9TOA OUeHKe, 

nnSI rrnaHHpOB8HHH OI!b!TOB Heo6XOJlHMO T8K)!{e oueHHTb BpeMSI aarpy3KH 

ycKopHTenSI, EcnH N lo - 'IHCno pacnaJla~WHXCSI aa BpeMSI Ta ""T a • T 1 

HyKnHJlOB THII8 i H8 KOnneKTope, He06XOJlHMOe JlnH o6ecrre'leHHSI JlOCT8TO'I

HOft CT8THCTH'IeCKOA TO'IHOCTH 1 n - 'IHCnO He06XOJlHMb!X o6ny'leHHA, TOrJla 

CyMM8pHOe BpeMSI o6ny'leHHSI T 

T .. n Ta 

COCT8BnHeT 

I Tv 

+ 
N 1oe 

Tl 

o,4 n l B o v V I 

3.2. HerrpephlBHoe rrocTyrrneaHe rrponyKTOB peaKUHH 

(4) 

qHCnO I!pOJlYKTOB peaKUHA THII8 , nocTyrraJOWHX B BHJle HenpepbiB-

HOrO IIOTOK8 HOHOB H8 KOnneKTOp M8CC-cenapaTOpa 38 BpeMSI H3MepeHHA TR, 

- .L..!u. 
cocTaBnSieT B 0 I T R n l v e T I ; 'IHCno pacnaJl8JOWHXCH 38 9TO 

v 
BpeMH HyKnHJlOB p8BHO 

10 

,. 
·,...:.· 

qneH e 

Nt=BotTRll 
v 

- T a/T I 

E v e 

I Tv - TR/T I --- ) 
Tt (1- e 

npeHe6pe)!{HMO Man B cny'lae T R >>T 
1 

• 0TCIOJl 

J::WH BpeMeHH H3MepeHHSI HnH BpeMeHH pa60Tbl C ny'IKOM yCKOpHTenSI 

Uiee Bbipa)!{eHHe: 

T 

I Tv 

+ ~ 
N to e 

Bot ll fv 
v 

rJle N to- 'IHCno pacrraJloB, Heo6xoJlHMbiX JlnSI peUieHHH nocTaBneHH 

'IH, ITv =Tn +T0 +T 1 +T., H U Ev=En £ 0 £,., Tn 

-BpeMH H a.P.PeKTHBHOCTb I!pOUeCCOB JlH.P.PyaHH H OTJl8'1H I!pOJlYKTOB 

H3 MHUieHH 1 COOTBeTCTBeHH0/5, 6/, 

4. Pa3MemeaHe Macc-cerrapaTopa H ocHOBHbie TexHH'leCKH 

XapaKTepHCTHKH 

K Macc-cerrapaTopy B CHCTeMe HCHA nn rrpeJl'bHBmreTCSI pS!Jl 

HHH/7,8/. 

1) TaK KaK Macc-cerrapaTopbi Ha nHHHH c rrepBH'IHbiM rry'IKOM 

HbiX 'IBCTHU JlOn)!{Hbi ycTaHaBnHBaTbcSI JlOCTaTO'IHO 6nHaKo K o61 

MHIIIeHH, HX KOHCTpyKUHSI Jl0n)!{H8 y'IHTb!B8Tb ycnoBHSI pa6oTbl I!pH 

IIOBbJUieHHbiX p8JlH8UHOHHb!X I!Onel!:, 

2) Masne'leHHe rrpoJlyKTOB peaKUHH H3 MHUieHH, rrepeHoc HX J 

HCTO'IHHK H rrony'leHHe HOHHOrO IIY'IK8 JlOn)!{HO IIpOHCXOJlHTb Jl0CT8TO'I 

po. 

3) DpH pa3JleneHHH H30Torros c ManbiMH ce'leHHHMH o6pa3oBaH~ 

THBHOCTh Macc-cenapaTopa Jl0n)!{H8 6b!Tb JlOCT8TO'IHO Bb!COKOA, 

4) Do 9TOA )!{e IIpH'IHHe M8CC-cerrapaTop JlOn)!{eH o6n8Jl8Tb 

paapewaJOIIIei1 cnoco6HoCTbiO, 

11 



T, - speMSI )I{H3HH HyKnH.UOB THIIB I B CeKyH.UBX H T a - BpeMSI 

Sl B ceKyH.UBX, Docne Tp8HCI10pTHpOBKH MHW9HH 38 Bp9MSI ·T T 

pa3.ueneHHSI aneMeHTOB To , HBXO)I{.ll9HHSI npo.uyKTOB peaKUHA 

T
1 

H nponeTa HX qepe3 Macc-cenapaTop TecyMMap-

paCII8.ll810IUHXCSI HyKnH.UOB THIIB Ha KonneKTope 3a speMH 

paBHO: 

N, fl E,v 80 I v 

-T,. /T1 
T1(1- e 

I. Tv 

) ( e 
Tl 

-TR /T1 
) ( 1 -e ) ' 

(3) 

f v • f c f 
8 

-· IlpOH3Be.UeHHe a<jl<jleKTHBHOCTeH XHMH'IeCKOI'O pa3.uene-

MaCc-cerrapaTopa1 I. Tv- cyMMa yKa3aHHbiX BbiWe speMeH: T T + T 0 + 

+ T s. Dpu BbiBO.Ue <jlopMynbi ( 8) npe.unonaranocb, 'ITO see npo.uyKTbi 

IIOKH.UBJOT HOHHbiH HCTO'IHHK O.llHOBpeMeHH0 1 'ITO SIBnSI9TCSI .UOIIyCTH-

rrnaHHpOB8HHSI Ollb!TOB He06XO.llHMO T8K)I{9 OU9HHTb BpeMSJ 38rpy3KH 

, EcnH N lo - 'IHcno paCII8.U8JOIUHXCSJ 38 speMSI Ta • T,. • T 1 

H8 KonneKTope, aeo6xo.UHMoe .anSI o6ecne'leHHSJ .uocT8TO'I

n - 'IHCnO Heo6XO.UHMbiX o6ny'I9HHH1 TOI'.ll8 

pHoe BpeMSI o6nyqeHHSI T COCT8BnSI9T 

I. Tv 
+---

N toe 
Tl 

( 4) 

0,4 ~ Ev B o I 
T = n T,. 

3.2. HerrpepbiBHoe rrocTyrrneHHe rrpoAyKTOB peaKuHii 

t.Jucno IIpO.UYKTOB peaKUHH THIIa I , IIOCTyiiaJOIUHX B BH.Ue H9IIp9pb!B-

IIOTOK8 HOHOB H8 KOnneKTOp M8CC-C9118p8TOpa 38 BpeMSI H3M9p9HHH TR, 

-~ 
BnSieT B 0 I T R n ( v e T I ; 'IHcno p8CII8.U8JOIUHXCSI 38 9TO 

v 
HyKnH.UOB paBHO 

10 

~ 

YneH e 

N 1 =B 01 TRll 
ll 

- T a/T I 

£ v e 

I, TV - TR/T I - -- ) 
Tt (1- e ( 5) 

npeae6p9)1{HMO Man B cny'l89 T R >>T I • 0TCJO.ll8 HMeeM 

.anSI BpeM9HH H3MepeHHSI HnH Bp9M9HH p860Tbl C IIy'IKOM yCKOpHT9nSJ cne.QyJO-

wee BbiP8)1{9HHe: 

T ... 

I. Tv 
+ ~ 

N to e 

Bo In ( v 
v 

( 6) 

r.ue N to- qucno p8CII8.UOB 1 aeo6xo.uHMbiX JJ.nSI peweHHSI nocT8BneaaoA 38.Ua

'IH, I. Tv .. To +Tc +TI + T s H u Ev =Eo ( c ( e ' To H ( 0-

-BpeMSI H a<jl<jleKTHBHOCTb 1IpOU9CCOB .QH<jl<jly3HH H OT.ll8'1H IlpO.UYKTOB pe8KUHH 

H3 MHW9HH1 COOTBeTCTB9HH0/5,6/, 

4. PaaMemeHHe Macc-cerrapaTopa H ocHOBHbie TexHHtiecKHe 

X8p8KTepHCTHKH 

K M8CC-Ceii8p8TOpy B CHCTeMe .HCHA nn npe.Q'bSJBnSieTCSI pSI.U Tpe6osa

HHH/7,8/. 

1) T8K K8K M8Cc-cen8p8TOphi H8 nMHHH c rrepBH'IHhiM IIY'IKOM ycKopeH

HbiX '18CTHU .QOn)I{Hbl YCT8H8BnHB8TbCSI .UOCT8TO'IHO 6nH3KO K o6ny'I89MOti 

MHW9HH 1 HX KOHCTpyKUHSI .UOn)I{H8 Y'IHT,b!B8Tb ycnoBHSI pa60Tbl IlpH H8nH'IHH 

IIOBbiWeHHb!X pa.UH8UHOHHb!X rroneA, 

2) J.ii3Bne'I9HH9 IIpO.UYKTOB p98KUHH H3 MHW9HH, rrepeHOC HX B HOHHb!H 

HCTO'IHHK H IIOny'leHHe HOHHOI'O IIY'IK8 .UOn)I{HO llpOHCXO.UHTb .UOCT8TO'IHO 6hlCT-

po, 

3) npH p83.QeneHHH H30TOIIOB C M8nhiMH C9'19HHSIMH o6p830B8HHSI a<jl<jleK

THBHOCTb M8CC-C9118p8TOpa .U0n)I{H8 6b!Tb .UOCT8TO'IHO Bb!COKOH, 

4) Do 9TOtl: )1{9 IIpH'IHHe MBCc-cerrapaTop .UOn)I{9H o6na.uaTb Bb!COKOH 

p83pelll8JOIUeA crroco6aocTbJO, 

i 
11 

z ' 



qTO KaCaeTCH nepBOI'O Tpe5oeaHHH 0 TOtKaK H3B9CTH0 0 npH o5nyqeHHH 

MHlli9HH B03HHKaeT 50llbll!Oe KOnHqecTBO BTOpHqHblX Heil:TpOHOB 0 noTOK KOTO

pblX so MHoro pas npeBbill!aeT noToK nepsHqHbiX npoTOHOB, Bonpocbi paLma

UHOHHoro <fJoHa CTaHOBHTCH TeM C9pb93Hee, qeM Aallblll9 OT nonOCbl CTa5Hllb

HOCTH HaXOAHTCH H3yqaeMbl9 HYKllHJlbl, floaToMy He05XOJlHMa 3all!HTHaH CTeHa 

M9)1(JlY MHlli9HbiO H KOllll9KTOpOM Macc-cenapaTopa, Ha pHC, 1 MHlli9Hb H HOH

Hbiil:· HCTQqHHK HaXOJlHTC51 Ha paCCTOHHHH 10 MeTpOB OT aHanH3HpylOIU9I'O 

MarHHTa Macc-cenapaTopa. TaKoil: sapHaHT yao5eH TeM, qTo Ha KonneKTope 

Macc-cenapaTopa MO)f{HO oaHoepeMeHHO nonyqaTb 5onbllloil: aHanaaoH Mace 

pa3Jl9llH9MblX HYKllHAOBo 3To n03BOllH6T OAHOBp6M6HHO. C H3MepeHHHMH KOHTpo

nHpOBaTb npoUeCC pa3A6116HHH H CTa5HllbHOCTb nOllO)f{6HHH nyqKa C noMOllibiO 

nyqKa-MapKepa. HeaocTaTKOM aToro eapHaHTa HBnHeTcH cno)f{HOCTb <fJopMH

poBaHHH JlllHHHOI'O HOHHOI'O nyqKa MallOI'O ceqeHHH CO cpaBHHT6llbHO 50llbll!Oil: 

BenHqHHOil: HQHHOI'O TOKa B HeM, 

YcTaHOBKa aHanHaHpy!Omero MarHHTa nepea aaruHTHoil: cTeHoil: oKono 

ycKopHTenH no3somma 5bi HMeTb KopoTKoe exoaHoe nneqo H ammHoe Bbi

xoaHoe. OrpaHHqeHHH Ha eenHqHHY exoaHmero HOHHoro TOKa B aToM cnyqae 

He HaKnaJlbiBaiOTCH 0 HO OTBepCTHe B 3aiUHTHOil: CTeHe AOll)f{HO 5biTb Torna 

AHaMeTpoM 5onee oaaoro MeTpa nnH AHana3oHa aHanH3HpyeMbiX Mace - ~10% 

oT cpeaHell: A = 100. EcnH nponycKaTb aa aamHTY noToK ayKnHaoe TonbKo 

OAHOll: MaCChio TO AHaMeTp OTBepCTHSI yMeHbll!aeTCH AO 5 CM 0 HO, pa3yMeeTCH
0 

npH aTOM TepHeTCH B03MO)f{HOCTb 0AH0Bp6M6HHOI'O HCCll9JlOBaHHH HeCKOllbKHX 

H30TonoB H TpyJlHO KOHTpOllHpOBaTb npouecc paaneneHHH no nyqKy-MapKepy, 

Macc-cenapaTop, oTeeqaiOIUHil: Tpe5oeaHHHM pa5oTbi Ha nyqKe CHHXpo

UHKllOTpoHa, pa3pa5oTaH anH ycTaHoBKH H30nbllA .e UEPHe H onHcaH e pa-

5oTax19,10/, 3TOT THn Macc-cenapaTopa, H3I'OTOBlleHHbiil: <fJHpMoil: "PocT<fJpH 

cTanhMOHTa*" ( KoneHrareH) non pyKoeoncTBOM K.O.HHnbceHa, npennonaraeTCH 

Hcnonh30BaTb Ha nepsoM H BTopoM aTanax ycTaHOBKH HCHAilil. HaH5onee 

cymecTBeHHbie TeXHHqecKHe napaMeTpbi ero npHseaeHbi B Ta5nHue 1, o5mHl!: 

BHn Macc-cenapaTopa H3o5pa*eH Ha pHc, 4, 

KaK Y*e yKa3biBanocb, Ha nepeoM aTane coanaHHSI ycTaHoBKH 

HCHAilil Macc-cenapaTop paaMemaeTCH Ha nepeoM aTa*e anaHHH CHHXpo

UHKnoTpoHa OHHH.· PaaMemeHHe noKaaaHo Ha pHc, 5 H 6, 

12 

.. 
·,-.;. '~ .... 

'1"'' 

It t; 
~ "' Ta6.n:Hna 1 

TexHHqecKHe aaHHMe Macc-cenapaTopa 

1. llHanaaoH aaanH3HpyeMbiX Mace 

2. HanpH)f{6HHOCTb MarHHTHoro nonH B aaaope 50 MM 

3, PanHyc cpeaHell: TpaeKTOPHH 

4, Yron OTKllOHeHHH cpeaaeil:' TpaeKTOpHH 

5. Yron HaKllOHa BXOJlHOI'O KpaH MarHHTa 

6, Yron HaKnoaa Bb!XOAHOI'O KpaH MarHHTa 

Bbi5opoM aToro aaaqeaHH £ 

nsoil:aa~ <PoKycHpoBKa nyqKa 

7. llnHaa sxonaoro nneqa 

8, llnHHa Bb!XOAHOI'O nneqa 

o5ecne•meaeTcH 

9, llHcnepCHH npH 1% OTHOCHTellbHOil: pa3HOCTH Mace, 

H3MepeHHaH nepneHAHKYllHpHO K nyqKy 

10. llnHHa nyTH HOHOB B HCHAilil-1 

HCHAilil-2 

11,Yron HaKllOHa <fJoKanbHOil: nnOCKOCTH 

12, llHana30H OAHOBpeMeHHO aaanH3HpyeMbiX Mace 

Ha KonneKTope 

13. Bee MaraHTa 

14, ToK nHTaHHH MarHHTa 

15,CTa5HllH3aUHH TOKa Mai'HHTa 

16, MaKCHManbHaH MOlliHOCTb 1\.iarHHTa 

'-..,. 

13 

llO 250 

llO 4751 

R • 1,6 

¢ - 55° 

£' = 00 

( "= 35° 

f"- 0(1 

f" - 2,1 

D = 15 

4,8 

14 M 

w 2 30° 

~M • ;!.15' 

OK OliO 

llO 1 5( 

5,10-5
1 

HHe 8 q 

6 KB 



acaeTCH rrepBOI'O Tpe6oBaHHH, T01 KSK H3B9CTH01 rrpH o6ny'leHHH 

6onblll09 KOnH'I9CTBO BTOpM'IHb!X H9tl:Tp0HOB1 ITOTOK KOTO

pa3 rrpeBbJlllaeT rroTOK rrepBH'IHbiX rrpoToHoB. BorrpoChi pazma

cTaHOBHTCH T9M cepb93H99 1 '19M ll8nblll9 OT ITOnOCbl CTa6Hnb

H H3Y'I89Mb!9 HyKnMilblo nosTOMy He06XOilHM8 3a!I{IiTHaH CT9H8 

Hb!O H KOnneKTOpOM Macc-cerrapaTopa. Ha pHC. 1 MHlli9Hb H HOH

K H8XOilHTCSI HS paCCTOHHHH 10 MeTpOB OT 8HanH3HpyiOmero 

c-cerrapaTopa. TaKoH BapHaHT yao6eH TeM, 'ITO Ha KonneKTope 

Topa MO~HO OllHOBpeM9HHO rrony'laTb 6onblliOtl: llMSITa30H MaCC 

HyKnHilOB. 3TO IT03BOnHeT OllHOBpeMeHHO C H3MepeHHHMH KOHTpo

H CTa6HnbHOCTb rrono~eHHH ITY'IKa C ITOMOII{b!O 

STOI'O B8pMaHT8 HBnHeTCH CnO~HOCTb ~OpMH

Manoro ceqeHHH co cpaBHHTenbHO 6onblllotl: 

MarHHTa rrepell 381IlHTHOtl: CT9HOH OKOno 

IT03BOnHna 6b! HM9Tb KOpOTK09 BXOilH09 rrne'IO H llnHHH09 Bbi

'19HHH Ha BenH'IHHY BXOilHIIlero HOHHOI'O TOKa B STOM cnyqae 

B 3a!I{HT.fi:Otl: CT9H9 llOn~HO 6b!Tb TOI'Il8 

6onee OllHOI'O MeTpa llnH llH8ITa30Ha aHanH3MpyeMb!X MaCC - ~10% 

A = 100. EcnH rrporrycKaTb sa salliHTY rroTOK HyKnHilOB TonbKO 

b!
1 

TO llHaMeTp OTBepCTHH yMeHblllaeTCH llO 5 CM 0 HO, pa3yMeeTCR 0 

B03MO~HOCTb OllHOBpeMeHHOI'O HCCn91lOBaHHH H9CKOnbKHX 

KOHTponHpoBaTb rrpouecc pasaeneHHR rro rry'IKy-MapKepy. 

errapaTop, OTBe'!aJOII{Htl: Tpe60B8HHRM pa60Tbl Ha rryqKe CHHXpO

paspa6oTaH anH ycTaHoBKH J.130nbnA B UEPHe H orlHcaH B pa-

• 3TOT THIT Macc-cerrapaTopa 1 H3I'OTOBneHHb!tl: ~HpMotl: "POCT~pH 

" ( KorreHrareH) rroa pyKOBOilCTBOM K.O.HHnbceHa, rrpearronaraeTCR 

Ha rrepBoM H BTopoM sTarrax ycTaHOBKH HCHAnn. HaH6onee 

e TeXHH'IeCKHe rrapaMeTpbi ero rrpHBelleHbJ B Ta6nHue 1, o6mHtl: 

rrapaTopa Hso6pa~eH Ha pHc. 4. 
y~e yKa3bJBanocb, Ha rrepBOM aTane C031laHH51 ycTaHOBKH 

Macc-cerrapaTop pasMemaeTCH Ha rrepBOM sTa~e 31laHHH CHHXpo-

OJ.1HJ.1; PasMemeHHe rroKasaHo Ha pMc. 5 H 6. 

12 

.--: 

Taotmua 1 
TexHHrrecKHe .aaHHbie Macc-ceiiapaTopa 

1. llHarrasoH aHanH3HpyeMbiX Mace 

2. HarrpH~eHHOCTb MarHHTHoro rronH B sasope 50 MM 

3. PallHYC cpeAHetl: TpaeKTOpHH 

4. Yron OTKnoHeHHR cpeAHe1t TpaeKTOpHH 

5. Yron HaKnoHa BXOilHOro KpaR MarHHTa 

6. Yron HaKnoHa BbiXOilHoro KpaH MarHHTa 

Bbi60pOM STOI'O 3Ha'I9HHR ( 

llBOHHa~ ~OKyCHpOBKa rryqKa 

o6ecne'IHBaeTCH 

7, llnHHS BXOilHOI'O nneqa 

8. llnHHa BhiXOilHOro rrneqa 

9. llHcrrepCHH rrpH 1% OTHOCHTenbHOtl: pa3HOCTH Mace, 

H3M9p9HHaH neprr9HilHKynRpHO K ny'IKY 

10. llnHHa rryTH HOHOB B HCHAnn-1 

HCHAnn-2 

11,Yron HSKnoHa ~OKanbHOtl: rrnOCKOCTH 

12. llHarra30H OllHOBpeMeHHO aHanH3HpyeMblX Mace 

Ha KonneKTope 

13. Bee MarHHTa 

14. ToK rrHTaHHR MarHHTa 

15.CTa6HnH3aUHR TOKa MarHHTa 

16. MaKCHManbHaH MOIIlHOCTb MarHHTa 

" 13 

llO 250 

llO 4750 9pCT. 

R- 1,5 M 

</> - 55° 

E' • 0° 

£, = 35° 

f'- 00 

f" • 2, 1 M 

D - 15 MM 

4,8 M 

14 M 

w = 30° 

~M • :!:.15% 

OKOnO 1000 KI' 

ao 150 a 

5.10-5 
B Te'le

HHe 8 '18COB 
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5. CHcTeMa ycKopeHHH H ~opMHpoeaHHH HOHHoro nyqKa 

3neKTpHqeCK8H CXeMa ITHT8HHH H paCITOITO*eHHe UHITHHApHqeCKHX aneKTpO

AOB HOHHO-OITTHqeCKOfi CHCTeMbl HCToqHHKa ITOK838Hbl Ha pHC, 7, YcKOpH~

wee H8ITPH*eHHe MO*HO perynHpOB8Th M8KCHM8IThHO AO 50 K8B, 0TKITOHeHHe 

HOHHOrO rryqKa C orrpeneneHHOfi IT03HUHH 

orrpenenHeTCH no ~opMyne/11/: 

Ha KonneKTope B HameM cnyqae 

K !!V !!H 
!!x ' (-.-+ --) 

ro~~cu 2V H 

!!V I !!VI 2 

, --,A-->+( v v 
!! v 2 

v 
.), 

rne K ,. 20 ( M I !! M ) - Koa~~HUHeHT nHcrrepcHH 1 cu - yron HaKnoHa 

¢oKanbHOfi rrnGcKocTH 1 !!H I H = 1o-4 - OTHOCHTenbHaH HecTaoHnhHOCTb 

MarHHTHoro rronH 1 !! V1 IV H !! V 2 IV - oTHOCHTenbHbie HecTaoHnhHOCTH 

aHeprHH yCKOpeHHhlX HOHOB BCnenCTBHe HeCT80HITbHOCTH ycKOpH~wero Harrpg

*eHHH ( 5 • }Q-4) H rrpoueCCOB, rrpOHCXOAHWHX B ITIT83Me HOHHOrO HCTOqHH

Ka ( 5 • }0-4) 1 COOTB9TCTB9HHO, Y CKOpH~wee HaiTpH*9HHe CT80HITHaHpyeTCH 

C ITOMOWb~ CXeMbi1 OITHC8HHOfi B paooTe/12/, f1pH M1/M = 1/250 

qTo COCT8BITHeT "' 20% OT B9ITHqHHbl AHCITepCHH, 

!!x =l 1 2MM1 

f1epen BXOAHbiM OTBepCTH9M HCTOqHHK8 ycTaHOBneH ITOABH*Hblfi Bb!THrH-

B8~WHH aneKTpOA 3}, f1oTeHUH8IT ero OTHOCHTenbHO 3eMnH MO*eT M9HHTbCH 

OT 30 AO 50 KB, 3TO naeT B03MO*HOCTb 0 OCT8BITHH yCKOpH~mee H8ITpH*eHHe 

HeH3MeHHbiM1 MeHHTb ~OpMy rpaHHUbl ITIT83Mbl B Bb!XOAHOM OTBepCTHH HCTOq

HHKa, ITOAOHp8H TeM C8Mb!M OITTHM8ITbHy~ yrnoBy~ paCXOAHMOCTh HOHHOrO 

rryqKa. BoaneficTBOBaTb Ha rpaHHUY rrnaaMbi MO*HO TaK*e HaMeHeHHeM pac

CTOHHHH Me*AY aneKTpOAOM 31 H IliTOCKOCTh~ BbiXOAHOrO OTBepCTHH HOHHOrO 

HcToqHHKa/13/, 3neKTpon 33 H naa aaaeMneHHbiX aneKTpona oopaay~T onH

Hoqgy~ ITHH3y 1 ~OKyCH09 paCCTOHHHe KOTOpOfi 38BHCHT OT BenHqHHbl H81lpH

*eHHH U ~ . 3Ta CHCTeMa aneKTpOAOB IT03BOITH9T ~OpMHpOB8Tb napannenhHblfi 

HOHHbifi rryqoK B IIIHpOKOM AH8IT830He H3M9H9HHti: BenHqHHbl yrnoBoti: paCXOAH

MOCTH M9:lK.IlY HCTOqHHKOM H aneKTPOAOM 31, 
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ITepen BXOnOM B aHanH3HPYIDIUH~ MarHHT ycTaHOBneHa CHCTeMa aneKTpo

noB AnR OTKnOHeHHR HOHHOrO nyqKa B BepTHKanbHOM HanpaBneHHHo ITpHKna

AbiB8R K nnaCTHHaM HanpR)I(eHHe U k 1 MO)I(HO TaK)I(e npHnaBaTb HOHHOMy 

ny'~KY annHnTH'IeCKyro <jlopMy BMecTo 'l:pyrno~ c uenbiD yMeHbiUeHHR pacnnhi

BaHHR nyqKa cHnaMH ero co6cTBeHHoro o6~eMHoro 3apHna. 

6. BaKyyMHaH CHcTeMa 

BaKyyMHaR cHcTeMa H3o6pa)l(eHa Ha pHc. 8, BenH'IHHa naBneHHR ocTa

TO'IHOro ra3a B KaMepax Macc-cenapaTopa He BhiiU~ 1o-5 MM pT, cT. 0TKaq-

Ka OCylUeCTBnReTCR TpeMR Bb!COKOBaKyyMHb!MH napOMaCnRHb!MH nH<jl<jly3HOHHb!MH 

HaCOCaMH, B pa~OHe Bb!XOnHoro OTBepCTHR HOHHOrO HCTO'IHHKa HCilOnb3yeTCR 

nH<jl<jlepeHUHa:nbHaR OTK8'1Ka, floByiUKH BbiCOKOBaKyyMHb!X arperaTOB OXna)l(na

IDTCR napaMH )I(HnKoro a30Ta, A30THbie nOBYIUKH noMemeHbl TaK)I(e Han Bb!CO-

KOBaKyyMHbiMH arperaTaMH. 

7. HoHHhl~ HCToqHMK 

B KaqecTBe HOHHOrO HCTO'IHHKa npennonaraeTCR HCnonb30BaTb ycoBep

WeHCTBOBaHHbl~ BapHaHT HCTO'IHHKa THna HHnbCeHa/14/, Ero OCHOBHbie xapaK

TepHCTHKH: 

1) BenH'IHHa pa6oqero ToKa no 100 MKa; 

2) pacxon BemecTBa HoCHTenR ( A> 100) = 1 Mr/qac; 

3) Koa<jl<jJHuHeHT none3Horo ne~cTBHR (KITll) - (5 .. 15)%; 

4) MaKCHManbHaR HaqanbHaR 3HeprHR HOHOB < 50 3B, 

CxeMa HCTO'IHHKa H3o6pa)l(eHa Ha pHc, 9, Pa3nenReMaR npo6a, HaxonR

maRcR B KBapueBO~ Tpy6Ke 1 BBOllHTCR B HCTO'IHHK qepe3 IUniD3 H HarpeBaeTCH 

AnR HCnapeHHH 3a C'i~T TennoBoro H3nyqeHHR C KaTona HCTO'IHHKa. TeMnepa

Typa np06bi 3aBHCHT OT ee pacnonO)I(eHHH OTHOCHTenbHO KaTona, ITpo6bi MO)I(

HO xnopHpOBaTb HenocpenCTBeHHO B HCTO'IHHKe 1 nonaBaR B Tpy6Ky (22) qeTbl

pexxnopHCTbl~ yrneponl 15/, HMeeTcR TaK)I(e nononHHTenbHbi~ BBon nnR nona'IH 

ra3a, nonnep)I(HBaromero pa3pRn. B cnyqae pa3neneHHR H30TonoB H3 rpaMMOBhiX 

• 19 
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Pac. 8. EnoK-cxeMa saKyyMHoil: cacTeMbl ycTaHoBKH s:ICHA-nn-1. 1 - HOHJJbll 
HCTO'£HHKi 2 - BaKyyMHbll WH6ep; 3 - BbiCOKOBaKyyMHbll arperaT 
( 650 nl ceK); 4 - saKyyMHaSI KaMepa BbiTS!rHBaiOIIlero aneKTpo.Qa; 
5 - nOBYWK8 C lKH.QKHM 830TOMi 6 - BbiCOKOBSKyyMHblil: . arperaT 
( 1500 n/ceK)i 7 - BaKyyMHSSI KaMepa B MSrHHTei 8 - .QHCnepcHOBHSSI 
BaXyyMHSSI KaMepa; 9 - HOHH38UHOHHbiil: MSHOMeTp nn-2; 10 - KOnneKTOp
HSSI B8KyyMH8SI KaMepa; 11 - ~OpBaKyyMHbll BeHTHn&; 12 - TepMonap-
HSSI naMna nT -12; 13 - 'IHCTOBaSI $opBaKyyMH8SI nHHHSI; 14 - $opBall:yyM
Hbll aacoc BH-40 (25 n/ceK); 15 - $opsall:yyMHbiA ucoc BH-1 
(18 n/cex); 16- 'lepHOBSSI $opBaKyyMH8SI nHHHSio 

Pac. 9. 06mHil: BH.Q HOHHOrO HCTO'IHHKa THfia HHn&CeBa .QnSI yCTSHOBKH 
HCHAnn-1; 1 - KoJKyx HcTo'IHHKa; 2 - nepeaHBSI KP&IwKa acTo'IBHKa; 
3 - TeMOBOll: SKpaH; 4 - Kpb!WK8 C BbiXO.QHbiM OTBepCTHeM; 
5 - H30nSIT0Pi 6 - pa~pSI.QHSSI KaMepa; 7,8,9 - TennOBble SKp8Hbli 
10 - 38.QHSISI Kpb!WK8 HCTO'IHHKat 11 - H~OnSII{HOHHbii ~nSIHel{j 
12,13-16,19- TOKOBO.Qbl KSTO.Qa; 17- ~nSIHen HCTO'IHHK8i 18- KS
TO.Qi 20 - KBapueBaSI HcnapHTen&HSSI Tpy6Ka; 21 - ynnoTHHTen&HaSI 
MY~T8i 22 - CHCTeMa BBOlla r-fl, ' 2~ - ncn""''"'"""- v~~~·~- -~---
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PRe. 8. Enox-cxeMa BaKyyMHOlt CRCTeMbl ycTBHOBKR .flCHAnn-1. 1 - ROH!fbllt 
RCTO'£HHKi 2 - BBKYYMHbllt WR6ep; 3 - Bb!COKOBaKyyMHbll arperaT 
( 650 nl ceK); 4 - saxyyMHSH KaMepa B,biTHrRB810Wel'10 aneKTpo.na; 
5 - nOBYWK8 C )KR.QKRM 830T0Mi 6 - BbiCOKOBSKyyMHbllt arperaT 
( 1500 n/ceK) i 7 - B8KyyMH8ll KaMepa B MBrHRTe; 8 - .QRCnepcROJIH8ll 
B8XyyMH8.ll K8Mepa; 9 - ROHR38UROHHbllt M8HOMeTp nn-2; 10 - KOnneKTOp

HB.ll BUyyMH8.ll KaMepa; 11 - cjlopBaKyyMHbllt BeHTRnh; 12 - TepMonap-
HBll naMna nT -12; 13 - 'IRCTOBall cjlopB8KyyMH8ll IIHHRlli 14 - cjlopBaltyyM
Hbllt aacoc BH-40 ( 25 n/cex); 15 - cjlopsaxyyMHhiA aacoc BH-1 
(18 n/celt)i 16- 'lepHOB8ll cjlopB8KyyMH8.ll IIHHR.llo 

PHc. 9. 06WRA BRA ROHHOro HCTO'IHRKa TRna HRnhCeHa Anll yCT8HOBKR 
.HCHAnn-1; 1 - K9)KYX RCTO'IHRK8i 2 - nepeAHllll Kpb!WKa RCTO'IHRKa; 
3 - TennOBOlt 9Kpaa; 4 - Kpb!WK8 C BbiXOAHblM OTBepCTReM; 
5 - HaonHTop; 6 - pa~pliAHBH xaMepa; 7,8,9 - TennoBble axpaHbli 
10 - 38AHllll Kpb!WKa RCTO'IHRKat 11 - R3JOnllllROHHbllt cjlnHHellj 
12,13-16,19- TOKOBO.Qbl K8TOA8i 17- cjlnHHell RCTO'IHKK8i 18- Ka-
TOAi 20 - KB8pUeB8ll RCnapRTenhH8ll Tpy6K80 21 - ynnoTHRTenhHB.ll 
MycjJTa; 22 - CRCTeMa BBOAB Ca 4 i 23 - Aep)K8Tenh KOpnyca RCTO'I
HRKa;\24 - TOKOBBOAbli 25 ... saxyyMHbllt wnl03 BBo.na npo6bl; 26 - OTKB'IKB. 
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KOnH'IeCTB HCXO.llHOI'O BemeCTB8 KB8pUeB8SI Tpy6Ka H CHCTeMa ITO.ll8'IH C Cl 4 

38MeHSI~TCSI sneKTpH'IeCKHM HarpeBaTeneM C M8KCHM8nbHO~ pa6o'Ie~ TeMITe-

0 
paTypo~ 1000 C. 

Ha pHC. 10 H306pa~eHa 6nOK-CXeMa sneKTpOITHT8HHSI HOHHOI'O HCTO'IHHKa 

H .opy!'HX sneKTpH'IeCKHX UeiTeH, He06XO.llHMbiX );l.nSI ITpOBe.lleHHSI XHMH'IeCKHX 

OIT9p8UH~ B nHHHH C HCTO'IHHKOM, Pa3.oenHTenbHbl9 TpaHC$opM8TOpbl H Bbi

ITpS!MHTenH paciTono~eHhi Ha BTopoM aTa~e IToMemeHHSI Macc-ceiTapaTopa 

(eM. pHc. 6). YITpaBneHHe HCTO'IHHK8MH aneKTpoiTHTaHHSI ocymecTBnS!eTCSI 

c ITynbTa Macc-ceiTapaTopa. 

Ka'IeCTBo ljloKycHpOBKH MaccoBbiX nHHHii Ha ljloKanbHO~ nnocKoCTH KOHTpo

nHpyeTCSI CK8HHPY~Il.IHM ycTpO~CTBOM ITO ITy'IKy-MapKepy/18/, 

B. BbrcTpo.neitcTBHe ycTaHoBKH 5ICHAnn 

DpH Hccne.ooBaHHH KopoTKO~HBYlliHX HyKnH.llOB 'IHcno perHcTpHpyeMbiX 

C06b!TH~ H8 KOnneKTOpe M8CC-C9IT8p8TOpa CHnbHO 38BHCHT OT CKOpOCTH ITpo

B9.ll9HHSI oT.oenbHbiX oiTepauH~, T.e. cyMMapHoe BpeMSI ~ Tv (eM. pa3.oen 3) 

.llOn~HO 6b!Tb ITO B03MO~HOCTH M9Hbll.le, BpeMSI Tp8HCIIOpTHpOBKH MH11.19HH OT 

ycKOpHTenSI .llO HCTO'IHHK8 M8CC-CeiT8p8Topa ITO ITHeBMOITO'ITe B H8CTOS!Il.lee Bpe

MSI COCT8BnS!eT "' 5 ceKI/3/ o 3TO BpeMSI MO~HO eme COKp8THTb ITyTeM yBe

nH'I9HHSI pa6o'Ie!'O .ll8BneHHSI B ITH9BM8TH'IeCKO~ nHHHH, 

llanee o6ny'IeHH8SI MHlli9Hb .llOn~Ha ITpO~TH XHMH'I9CKY~ o6pa60TKY .llnSI 

paa.oeneHHSI ITpO.llYKTOB peaKUHH ITO aneMeHTaM, T,e, ITO Z , 3aTeM BbiileneH

H8SI ITpo6a ( ,. 10-10 rp) .llOn~Ha 6b!Tb aarpy~eHa B HOHHbl~ HCTO'IHHK, CMe
~ 

mHB8HHe ee c BemecTBoM-HOCHTeneM Heuenecoo6paaHo, TaK KaK paalleneHHe 

HaoToiToB, HaiTpHMep, 1 Mr BemecTBa c A = 100 H Kn.ij HCTO'IHHKa 10% 

ITpH BenH'IHHe HOHHOI'O TOK8 50 MK8 .llOn~HO ITpOilOn~aTbCSI ITpHMepHO 1 'I8C, 

DoaTOMy ITpo6a .ll0n)KH8 BBO.llHTbCSI B HCTO'IHHK ITO B03MO)KHOCTH B 'IHCTOM 

BH.lle, B aTOM cny'Iae pe~HM pa60Tbl HCTO'IHHK8 yCT8H8BnHB89TCSI 38p8Hee 

c ITOMOlllb~ 6annacTHoro BemecTBa HnH HHepTHoro raaa/16/, B pa6oTe/17/ 

fi0K838H0 0 'ITO pe)KHM HOHHOI'O HCTO"iHHK8 0 OTB9"i810Il.IH~ M8KCHM8nbHOMY 

Knn no 6annacTHOMy BemecTBY, o6eciTe'IHBaeT MaKcHManbHbi~ BhiXO.ll H llnSI 
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ManbiX paAHOaKTHBHbiX rrpo6. Ehlno TaKlKe rroKaaaHo, 'ITO paaperneHHe Macco

BbiX nHHHtf Ha KOnneKTOpe AnSI 6annaCTHOf'O BelUeCTBa C TOKOM ,., 1 MKa H 

AnSI IIpOObl IIpaKTH'IeCKH OAHO H TO lKeo 3To AaeT B03MOlKHOCTb IIOAOHpaTb 

OIITHManhHblti: pelKHM HCTO'IHHKa no 6annaCTHOMy B9lU9CTBY t m160 no Be

rueCTBy-MapKepy/18/. 

nnSI BBOAa IIpOObl MOlKHO BOCIIOnb30BaTbCSI MeTOAOM TepMOXHMH'IeCKOro 

paaAeneHHSI/ 19,20/. B aToM cnyqae BbiAenSieTCSI lflpaKUHSI B BHAe rrapoB neTy

'IHX OKHCetf, lfJTOpHAOB HnH xenaTOBo IlpoAyKTbl peaKUHtf AH!fllf>YHAHPYIOT H3 

MHili9HH B Tpy6Ky, HMe!OlUYIO rpaAH9HT TeMrrepaTypbl IIO AnHH8o TeMIIepaTypa 

TpyOKH IIOA06paHa TaK, 'ITO B Hetf KOHA9HCHpy!OTCSI TOnbKO napbl COC9AHHX 

aneMeHTOB rrpHMeceil, a rrapbi HccneAyeMoro aneMeHTa 6ecnpenSITCTBeHHO 

IIOCTyiiaiOT B paapSIAHVIO KaMepy HOHHOrO HCTO'IHHKa. 
/21/ 

B pa6oTe OIIHCaHa CKa'IKOo6pa3HaSI AH!fJ!flyaHSio IlpH o6ny'I8HHH IIpo-

ToHaMH HapyruaeTCSI HopManbHaSI KpHCTannH'I8CKaSI CTpyKTypa PSIAa OKHC8H 0 

HaiipHMep, Ca Co , AI 
2 

0 , Fe 0 , Cr 0 .J Si 0 , Ti 0 
2 

• IlpH orrpe-
3 3 23 23 2 

AeneHHOH TeMrrepaType aMoplf>HaSI 'laCTb MHlU8HH 'lepea OAHY HnH H8CKonbKO 

CTYII8H8H rrepeXOAHT OIISITb B KpHCTannH'IeCKYIO !flopMy, a BKn10'18HHb19 neTy

'IH8 KOMIIOH8HTbl IIOKHAaiOT MHili8Hbo CymeCTByeT TaKlK8 Apyr_oft CIIOCOO Ob!CT

poro BbiAeneHHSI IIpoAYKToB peaKUHtf H3 MHilieHH, HaiipHMep, AnSI OTAeneHHSI 

OCMHSI oT peHHSI 0 o6pa3y!OlllHXCSI B MHili9HH H3 oKHCfl pTyTHo 3TH npoAyKTbl 

0 
ObiCTpo BbiXoASIT H3 MHilieHH npH HarpesaHHH ee Ao .. 800 ( Hg 0 ... 

-+Hg+l-'202 ) B BHA8 neTy'IHX OKHcetf Os 0 4 H Re 2 0 7 • nanee 9TH oKHCH 

MoryT ObiTb paaAeneHbi B HarpeToil Tpy6Ke, oiiHCaHHoft Bbiilie. BbiXOA oKHceil 

OCMHSI IIpH 9TOH M9TOAHK8 AOCTHraeT 100%/19/ • EcnH Tpe6yeMbiH aneMeHT 

He HarrpasnSieTCSI cpaay B HoHHbiH HCTo'IHHK, a co~HpaeTCSI H aarpylKaeTCSI 

B HOHHbltf HCTO'IHHK '18pe3 BaKyyMHbiti: Ilin103 0 To Bp8MSI C KOHUa o6ny'I8HHSI 

MHilieHH Ao Ha'lana H3MepeHHSI (I Tv ) He 6yAeT rrpeBbiiliaTb Tpex MHHyT. 

flpH coeAHH8HHH XHMH'I8CKotf arrrrapaTypbi HeiiOCp8ACTB8HHo C HOHHbiM HCTO'I

HHKOM H C00TB8TCTBY!Olll9tf aBToMaT~3aUHH IIpoB9A8HHSI BC8X IIpoU8CCOB 9TO 

speM Sl MolKeT 6biTb AoBeAeHo Ao 0,3 MHH. K obiCTpoAeilcTBHIO ycTaHoBKH 

OTHOCHTCSI TaKlK8 CKOpoCTb BbiBOAa IIpOAYKTOB peaKUHtf C KonneKTopa B H3-

MepHTenbHbl9 rrpH6opbi. B HaCToSIIIlee speMSI paapa6aTbiBaeTCSI HecKonbKo 

cnocoooB BbiBoAa aKTHBHOCTH H3 KaMepbi IIpHeMHoro ycTpoti:CTBa, BKnl0'18SI 

H3o6apH'I8CKHH cerrapaTop/ 22,23/. nnSI ObiCTpoA TpaHcnopTHpoBl{H aKTHB-

24 

" ..-- ,. ·i: it t 

!IOCT8ll HMeeTCSI T8KlK8 pSIA ApyrHX TeXIIH'IeCKHX perneHHH 0 !IaiipHMep 1 

TopHbie lflonbrH, Ha KoTOpbie rroo'lepeAHo co6Hpa!OTCSI paaAeneHHbie 

peaKUHll H KoTopbl9 6e3 Hapyili8HHSI BaKyyMa B CHCTeMe H3BneKai 

H3MepeHHHo 

9. 3<P<PeKTHBHOCTb pa3ae.neHHSI Macc-cerrapaTopa 

qHcno HOHOB IlpOAYKTOB peaKUHH IIpOIIOpUHoHanbHo alfl!fleKTHBHOC' 

cerrapaTopa -l ( CMo Bb!palKeHHSI 3 H 5) • 3¢¢eKTHBHOCTb Macc-ce 
8 

HMeeT 6onbili08 3Ha'I8HH8 IlpH HCCneAoBaHHH HyKnHAoB, HaXoASIIIlHX< 

aaneKO OT IIOnoCbl ~ -CTa6HnbHOCTH, TO 8CTb HyKnHAOB, C8'18HHe 

B8HHSI KOTOpbiX 0'18Hb Mano. 3¢¢eKTHBHOCTb M8Cc-cerrapaTopa OIIpe 

B OCHOBHOM Tp9MSI !flaKTOpaMH: a<}J<}JeKTHBHOCTblO HOHHOf'O HCTO'II 

K09<}J<}JHUH9HTOM TpaHcnopTHpOBKH HOHOB 'lepe3 cenapaTop f T H 

THBHOCTblO npHe.Ma pa3JleneHHbiX H30TOIIOB f k nnSI HOHHOf'O HC 

B 3aBHCHMOCTH OT p83AenSieMoro B8lli8CTBa MOlKHO OlKHA8Tb 3Ha'leHH 

Aenax 1 < t: 1 < 15%. Koa¢¢HUHeHT TpaHcrropTHpoBKH HOHOB y'l 

IIpOU8CCbl B38HMOA8HCTBHSI ObiCTpbiX HOHOB C aTOMaMH OCT8TO'IHC 

B BaKyyMHOH KaMepe cerrapaTopa. 3TOT K09tPtPHUH8HT MOlKHO rpyoo 

HCIIOnb3YSI BbipalKeHHe H3 pa6oTb/ 24/, 

rae 

lT 
-3,5 P L a 

e 

p - .QaBneHHe OCTaTO'lHOro r.aaa B MM pT. CT., L - AnHHa rry~ 

B CM H a - C8"!8HHe IIpoUeCCOB CTOnKHOBeHHSI H rrepeaapSIAKH ( "' 10 

B Ta6nHue 2 npHBoASITCSI 3Ha'leHHSI t: T .onH ycTaHoBKH HCH A 

fiCHAflil-2, B nocnenHeM cny'lae AnSI ABYX 3H8'19HHH nasneHHS: 

YcTaHOBKa 

ffCHAnn-1 
ffCHAnn-2 
ffCHAnn-2 

Ta6nHua 2 

p (MM pT. CTo) 

10-5 

I0-5 
w-6 

25 

L (eM) 

500 
1400 
1400 

(T 

0,8 
0,05 
0,6 



npo6. EbinO TaK)f(e noKaaaao, 'ITO paapeweaHe Macco

KonneKTope AJ1SI 6annaCTHOI"O BeiUeCTBa C TOKOM ,., 1 MK8 H 

TH'IeCKH OAHO H TO )!(e. 8To .naeT B03M0)f(HOCTb no.n6HpaTb 

HCTO'IHHKa no 6annacTHOMy BeiUeCTBY 1 JlHOO no Be-

npOObl MO)f(HO BOCnOJ1b30BaTbCSI MeTOAOM TepMOXHMH'IeCKOI"O 

20/. B aTOM cnyqae Bhi.nemreTCSI <jlpaKuHsr B BHile napoB neTy

xenaToB. Dpo.nyKTbi peaKUHti nH<jJ<jlyH.nHpyiOT H3 

rpaJlHeHT TeMnepaTypbi no llJ1HHe. TeMnepaTypa 

B Heft KOHaeHCHpy!OTCSI TOJlbKO napbl COCeaHHX 

I>HMeceH:, a rrapbi Hccne.nyeMoro aneMeHTa 6ecrrperrSITCTBeHHO 

pSillHVIO KaMepy HOHHOI"O HCTO'IHHKa. 

21/ 
orrHcaaa cKa'IKoo6paaaaSI llHifJ<jlyaHSI. DpH o6ny'leHHH npo-

TCSI HOpM anbHaSI KpHCTaJ1J1H'I9CKaSI CTpyKTypa pSina OKHCeii:, 

, AI 0 , Fe 0 , Cr 0 _, Si 0 , Ti 0 2 • DpH onpe-
23 23 2~ 2 

paType aMopifJHaSI 'laCTb MHIUeHH 'lepe3 OllHY HJ1H HeCKOJ1bKO 

XOilHT OIISITb B KpHCTaJ1J1H'IeCKYIO iflopMy, a BKJ1IO'IeHHbie neTy

nOKHJlaiOT MHrneHb. CyruecTByeT TaK)f(e Jlpyrp!l: crroco6 obiCT

npoayKTOB peaKUH!I: H3 MHIUeHH 1 HallpHMep, anSI OTaeneHHSI 

o6paay!OIUHXCSI B MHIUeHH H3 OKHC~ pTyTH. 8TH rrponyKTbl 
0 

H3 MHIUeHH llpH HarpeBaHHH ee no "" 800 ( Hg Q -+ 

B BHJle neTy'IHX OKHCeH 0s 0 4 H Re 2 0 7 • ilanee 3TH OKHCH 

neHbl B HarpeTOH Tpy6Ke, OIIHCaHHOti Bbillie. Bb!XOil OKHCe!l: 

MeTOilHKe .nocTHraeT 100%/ 19/. EcnH Tpe6yeMbi!I: aneMeHT 

SI cpaay B HOHHbiH HCTO'IHHK, a co6HpaeTCSI H aarp\Y')j(aeTCSI 

'lepea B8KyyMHbi!l: lUJ1103 1 TO Bp9MSI C KOHU8 OOJ1y'leHHSI 

H3MepeHHSI ( ~ Tv ) He 6yneT rrpeBbllU8Tb Tpex MHHyT. 

XHMH'IeCKOH annapaTypbi HenocpeaCTBeHHO C HOHHbiM HCTO'I

BYIOIUe!l: aBTOM8T~3aUHH rrpoBeJleHHSI BCeX rrpoueccoB :3TO 

ObiTb .noBe.neao no 0,3 MHH. K ObiCTponeftcTBHIO ycTaHOBKH 

CKOpOCTb BbiBOaa npo.nyKTOB peaKUHti C KOJ1J1eKTOpa B H3-

1IpH60pbi. B aacToSiruee BpeMSI paapaoaTbiBaeTcsr HecKonbKO 

8KTHBHOCTH H3 KaMepbi !IpHe MHOI"O ycTpOtiCTBa, BKJ110'18SI 

!!: cerrapaTop/22,23/. nnSI ObiCTpoft TpaHCIIOpTHpOBl{H 8KTHB-

24 

.,.. 
·~': .. 

aocTeH HMeeTCSI TaK)f(e psrn llPYI"HX TeXHH'IeCKHX pellieHHH 1 HanpHMep, KOJ1J1eK

TOpHbie iflonhrH, Ha KOTOpbie nooqepeJlHO COOHpa!OTCSI paa}leneHHbie nponyKTbl 

peaKUHH H KOTOpbi9 6e3 HapyrueHHSI BaKyyMa B CHCTeMe H3BJ19K810TCSI ansr 

lf3MepeHHH. 

9. 3<P<PeKTHBHOCTh pa3.1le.neHHSI Macc-cerrapaTopa 

4HCJ10 lfOHOB nponyKTOB peaKUHH nponopUlfOH8J1bHO aifJifleKTlfBHOCTH Macc-

cenapaTopa -£ (eM. Bbipa)f(eHHSI 3 H 5). 8¢ifleKTHBHOCTb Macc-cenapaTopa 
s 

HMeeT 6onhwoe 3Ha'leHHe rrpH HccnenoBaHHH HyKnHnoB, aaxonsrruHxcsr o'leHb 

aaneKO OT IIOJ10Cbl ~ -CTaOHJ1bHOCTH 1 TO eCTb HyKJ1HllOB1 Ce'leHHe oopa30-

B8HHSI KOTOpb!X 0'19Hb Mano. 8<jlifleKTHBHOCTb Macc-cerrapaTOpa onpeaensreTCSI 

B OCHOBHOM.TpeMSI iflaKTOp8MH: aiflifleKTHBHOCTbiO HOHHOI"O HCTO'IHHKa £ 1 , 

KOaifJ<jJHUH9HTOM TpaHCIIOpTHpOBKH HOHOB qepe3 cerrapaTOp 
fT H a¢<jleK-

THBHOCTbiO llpHe,Ma paaneneHHbiX H30TOIIOB t' k • nnsr HOHHOI"O HCTO'IHHKa 

B 3aBHCHMOCTH OT pa3nensreMOI"O BeiUeCTBa MO)f(HO Q)f(Hll8Tb 3Ha'leHHSI B npe

aenaX 1 < £ 1 < 15%. Koa¢ifJHUHeHT TpaacrropTHpoBKH HOHOB y'rHThiBaeT 

npoUeCChl B38HMO):leHCTBHSI OhlCTphlX HOHOB C 8TOM8MH OCT8TO'IHOI"O 1"838 

B BaKyyMHOH KaMepe cenapaTopa. 8TOT KoaifJ<jJHUH8HT MO)f(HO rpy6o OU8HHTb
1 

llCnOJ1h3YSI Bbipa)f(eHHe H3 pa60Tb/ 24/ 1 

fT 
-3,5 P L a 

e ( 8) 

rne p - naBneHHe ocTaTO'IHoro r.a3a B MM pT. cT., L - nnHHa nyTH noHoB 

B CM H a - Ce'leHHe llpOUeCCOB CTOJ1KHOBeHHSI ll nepe3apSillKll ( "' lQ-l5CM2) • 

B Ta6nHue 2 rrpHBo.nsrTcsr 3Ha'leHHsr £ T .nnsr ycTaHOBKH .HCH ATITI-1 H 

$ICHADTI-2, B rrocnenaeM cnyqae ansr ABYX 3H8'19HHH .naBneHHSI 

YcTaHOBKa 

fiCHAnn-1 
fiCHAnn-2 
fiCHAnn-2 

• 

Ta6nHua 2 

p (MM pT, CT.) 

10-5 

to-5 
w-6 

25 

L (eM) 

500 
1400 
1400 

'T 

0,8 
0,05 
0,6 



I 

OCT8TO'iHOrO raaa. Yla Ta6nHUhl BHJ1H0 1 'ITO 9P~eKTHBHOCTh cenapaTopa B yc

T8HOBK9 HCHA n n-1 onpeaenSieTCSI, rnaBHbiM o6paaoM, g~~eKTHBHOCThiO HCTO'i

HHKa. B cHcTeMe HCHAnn-2 BoaHHKaeT TpyaaocTh nonyqeHHSI aocTaTo'IHO 

xopowero saKyyMa B anHHHoA H yaKoft'Tpy6e Hoaonposoaa. CneayeT aaMe

THTh, 'ITO OT BeJIH'IHHhl J18BJieHHSI B HOHOnpOBOJ1e 38BHCHT T8K)I(e KOMneH

C8UHSI o6~eMHoro aapSiaa HoHaoro ny'I:Ka; cornacao /25/, BenH'IHHa aaBne

HHSI He J10JI)I(H8 6b!Tb HH)I(e to-6 MM pT. CTo 

10. 06orameaHe paaneneHHhlX HaoTorroB 

BenH'IHHY o6oraweHHSI paaaeneHHbiX HaoTonoB npHHSITO xapaKTepHaoeaTh 

KOg¢~HUHeHTOM o6oraweHHSI1 KDTOpb!M HMeeT BHJ1: 

E 
(a' I b ') 

(a I b ) 
.... ( 9) 

• rae (a'lb} - oTHoweHHe KOJIH'ieCTBa o6oraweaHoro HaoTona K KOJIH'I:eCTBY 

conyTcTBYIOWHX eMy HaoTonos nocne paaaeneHHSI, ( a I b ) OTHOWeHHe 

KOJIH'ieCTB8 BbiJlenSieMoro H30TOIT8 K OCT8JlhHbiM B HCXOJlHOM BeWeCTBe JlO 

pasaeneHHSI. BenH'IHHa E -I Ha3biBaeTCSI aarpSiaHeHHeM H saBHCHT oT pSIJla 

S~~eKTOB/26/: 

1) pa3JIH'IHOro BHJla HeyCTOM'IHBOCTH 1 B03HHKaiOiliHe B nnasMe raaoBoro 

pa3p.S1Jla HOHHOrO HCTO'IHHK8 H B HOHHOM ny'IKe 1 KOTOpbie MO)I(HO CBeCTH 

K MHHHMyMy, noa6HpaH onTHManhHbie napaMeTpbi
1 
raaoBoro paapHJla H pelKHM 

H3BJie'leHHSI HOHHOrO ny'IKa H3 HCTO'IHHKa/27/; 

2) ITJIOX8SI IOCTHpOBK8 CHCTeMbl ~OKyCHpOBKH HOHHOrO HCTO'IHHK81 Ha

JIH'IH9 npo6oeB Bb!COKOrO HanpHlK9HHSI 1 H9CT86HnhHOCTH yCKOpSIIOIII9rO H ~OKYCH

pyiOmero HanpSilKeHHM H MarHHTHOrO ITOJISI 1 a6epp8UHH sneKTpHqeCKHX H Mar

HHTHblX JIHH3. 3TH a~~eKTbl. T8K)I(e MO)I(HO cymecTBeHHO yMeHhWHTb nyTeM 

COOTBeTCTBYIOiliHX KOppeKUHMi 

3) npHMecH HaoTonoB, .HMeiOmHx TaKHe )l(e oTHoweHHSI e I m 

H BbiJlenSieMbl9 H30TOnb/ 28/ i 
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4) npOU9CCbl paCC9SIHHSI H nepesapSIJlKH HOHOB TIY'IK8 TipH CTOJII 

c aTOM8MH OCTaTO'IHOro rasa B BaKyyMHOH KaMepe cenapaTopa! 3TI 

Tbl BHOCSIT CBOH BKJiaJl B "XBOCTbi" pacnpeaeneHHtl: TIJIOTHOCTH TOKa E 

BbiX nHHHSIX aa ~oKanhHOfi nnocKocTH. YcTpaHHTb HX npaKTH'I:eCKH ae 

no/ 29,30/. 

BenH'IHHotl:, onpeaenHIOmeil: B KaKofi-Tc Mepe Koa~~HUHeHT o6or 

HBnHeTCH oTHoweaHe K = D1 I L , rae D 1 - AHcnepcH H npH oTaoc~ 

pn3HOCTH Mace M I~ M = 1, L - anHHa nyTH rry'IKa B cerraR&Tc 

Qua yqHTbiBaeT CBOHCTBa OTITH'IeCKOH CHCT9Mbl H BTOpH'IHbl9 ITpOI 

BaKyyMHOH: KaMepe. llnH oueRKH Koa~~HUHeaTa o6orameaHH E rro 1 

K B T86JIHU9 3 ITpHBOASITCSI H9KOT0pbi9 rrapaMeTpbl OITHC8HHblX B JIH' 

Macc-cerrapaTopoB. 

Ta6nHua 3 

R 
(rtaa) 

MarHHTHOE' rrone D K E (eM) 
OAHOpOAo HeoaHopoa • I JhrTepaTyJ 

102,5 191 X 220 0,48 10
4 /35/ 

70 90 X 118 0,35 10
3 /311 

180 90 X 180 0,38 103 /34/ 

150 55 X 150 0,31 103 .HCHAnn. 

11nH Macc-cenapaTopa ycTaRoBKH HCHAnn-1 HMeeM K = 0,31. Cr 

3TO SH8'18HH8 CO SHa'I:9HHSIMH 0 ITOJiy'I9HHbiMH JlJISI ApyrHX M8CC-C9IT8] 

MOlKHO OlKHJlaTb B aallleM cnyqae K03~~HUH9HT o6orameaHH E = 1' 

YlaTepeCHO OU8HHTb 0 KaK aaneKO OTCTOSIIUHe OT ITOJIOCbl f3 -CTE 

CTJI HYKJIHJlbl MOlKHO HSyqaTb AaHHOH M9TOJlHKOH, llnH 8TOH U9JIH p. 

pHM TIOJiy'leRHe HSOTOITOB OCMHSI liS OKHCH pTyTH ( CM, paSA9Jlbl 3 II i 

qeaHH rrepHoaa rrony pacrraaa ObiJIH BSHTbi HS paooT/3 2,33/, ~opMa M 

JIIfHHH Ha rlJOKaJibHOH ITJIOCKOCTH Macc-cerrapaTopa - HS paOOTbl/34/ • 

HHe OCTaTO'IHOrO rasa rrpHM8M p8BHblM "' 1Q-5 MM pT,CT, CyMM8pH< 

pacnaAOB rrpOJlYKTOB peaKUHH Ha KOJlli8KTOpe sa Bp9MSI T R COOTB€ 

3Ha'l:eHHIO, Bbi'IHCneaaoMy no ~opMyne ( 3). PesynbTaTbi pac'I~TOB nr 
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, J13 Ta6nHUbl BHJ]H01 'ITO S!jlt!JeKTHBHOCTb cerrapaTopa B yc-

1 orrpeJ]enHeTCH1 rnaBHhlM o6pa30M1 st!JI!JeKTHBHOCTbiD HCTO'I

rJ:CHADD-2 B03HHK89T TpyJlHOCTb rrony'l:eHHH JlOCTaTO'IHO 

s JJnHHHOA H yaKoA'Tpy6e HOHorrposoJJa. CneJJyeT aaMe

Hbi J]8Bn9HHH B HOHOilpOBOJ]9 38BHCHT T8K)K9 KOMI19H-

38pHJl8 HOHHOI'O IIY'l:Ka; cornaCHO /25/ 1 BenH'IHHa J]aBne

b!Tb HH)K9 1Q-6 MM pT, CT, 

• 06orameaHe paaaeneHHhlX HaoTonoB 

pa3J]eneHHhlX H30TOIIOB IIpHHHTO X8p8KT9pH30~8Tb 

KDTOpbtA HMeeT BHJl! 

E 
(a'lb'} .... ( 9) 

(a I b ) 

H0lli9HH9 KOnH'I9CTB8 o6orameHHOI'O H30TOI18 K KOnH'I9CTBy 

H3oTorros rrocne paaJJeneHHH 1 (a I b) OTHOlli9HHe 

eMOI'O H30TOIIa K OCTan&Hb!M B HCXOJ]HOM B9lli9CTB9 JlO 

a E-I H83b!B89TCH aarpH3H9HH9M H 38BHCHT OT pHJl8 

BHJJa aeycToA'l:HBOCTH 1 B03HHKaromHe B rrnaaMe raaosoro 

HCTO'iHHKa H B HOHHOM IIY'iK91 KOTOpb!e MO)KHO CB9CTH 

oiiTHManbHbte rrapaMeTpbt raaoBoro pa3pHJJa H p~)KHM 

IIY'IK8 H3 HCTO'iHHKa/27/; 

HOHHOI'O HCTO'IHHK81 Ha

oro H8IlpH)K9HHH1 H9CTa6HnbHOCTH yCKOpHIDlli9I'O H t!JoKyCH

H M8I'HHTHOI'O IIOnH 1 a6eppaUHH 9neKTpHqeCKHX H Mar

MO)KHO cymeCTB9HHO yMeHbiiiHTb IIyTeM 

KOppeKUHA; 

HaoTorroB1 .HMeromHx TaKHe )Ke OTHoiiieHHB e I m 

OTOilb/ 28/; 
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4) IIpOU9CCb! paCCeHHHH H rrepeaapHJlKH HOHOB rry'l:Ka rrpH CTO.riKHOB9HHH 

c aTOM8MH OCTaTO'IHOI'O raaa B BaKyyMHOH KaMepe cerrapaTopa. 3TH 9~4JeK

Tbl BHOCHT CBOH BKnaJ] B "XBOCTbt" pacrrpeJJeneHHA IT.riOTHOCTH TOKa B MaCCO

BbiX nHHHHX aa I!JoKanbHOH rrnoCKOCTH. YcTpaHHTb HX rrpaKTH'I9CKH H9B03MQ)K

H0/29130/, 

BenH'IHHOti1 orrpeJJenHrometi B KaKoti-Tc Mepe KostiJ!IJHuHeHT o6orameHHH 
1 

smnHeTcH oTHorneane K = D1 I L 

p113HOCTH Mace M I~ M = 1 1 

1 I'Jl9 D t - JlHCITepcH H IlpH OTHOCHTenbHOH 

L - JJnHHa rryTH rryqKa B cerraQ&Tope/31/, 

Qua y'iHTbiBaeT CBOHCTBa OITTH'i9CKOH CHCT9Mbl H BTOpH'iHbl9 ITpOU9CCb! B 

BaKyyMHOti KaMepe, llnH oueHKH Kos<P<Pn:uneaTa o6orameHHH E rro senn'IHHe 

K B Ta6nHU9 3 !IpHBOJ]HTCH H9KOTOpb!9 rrapaMeTpbl OITHCaHHbiX B .riHTepaType 

Macc-cerrapaTopoB, 

Ta6nHua 3 

R 
(rtaa) 

MarHHTHOE' rrone 
DI K E (eM) 

oaHopoa. HeOAHOpoa. lTHTepaTypa 

102,5 191 X 220 0,48 104 /35/ 

70 90 X 116 0,35 10
3 /31/ 

160 90 X 160 0,38 103 /34/ 

150 55 X 150 0,31 103 f!CHAnn-1 

I1m1 Macc-cerrapaTopa ycTaHoBKH HCHADD-1 HMeeM K = 0,31, CpaBHHBaH 

9TO 3H8'19HH8 CO 3H8'!9HHHMH 1 rrony'l9HHbiMH J].rl51 LJ.pyrn:x Macc-cerrapaTopoB 1 

MO)K!W O)KHLJ.aTb B aarneM cny'!ae Kos<P!IJHun:eaT o6orameHHH E = 103, 

11aTepecao oueHHTb, KaK n.aneKo oTcToHmne oT rronochi f3 -CTa6HnbHO-

CTH HYK.riHJlhl MO)KHO H3y'iaTb Jl8HHOH M9TOLJ.HKOH, llnH 9TOH uenn: paCCMOT

pHM rrony'i9HHB H30TOITOB OCMHH H3 OKHCH pTyTH (eM, pa3LJ.9.rlhl 3 H 8), 3aa

'l8H1H! rrepHOLJ.a rronypacrran.a 6binH B351Tbl H3 pa6oT/32,33/, <iJopMa M8CCOBOH 

nHHHH aa ¢oKanbHOH rrnocKoCTH Macc-cerrapaTopa - H3 pa6oThi/34/, llasne

RHe ocTaTO'IHoro raGa rrpnMeM paBHhiM "' to-5 MM pT,cT. CyMMapaoe '!Hcno 

pacrraLJ.OB ITpOLJ.YKTOB peaKUHH Ha KO.ri.ri9KTOpe 38 Bp9M51 T R COOTB9TCTByeT 

3Ha'!eHnro, Bhi'!HcneaaoMy rro ¢opMyne ( 3). PeGynbTaThi pacq~ToB rrpn:BoLJ.HT-
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I 

CH aa pHc, 11 .llnH cny'laH I T 11 = 3 MHH, Ha pHc, 12 - anH I T 
11 

.. 0,3 MHH. 

npH -9TOM npeanonaraeTCSI1 'ITO Ha KOnneKTOp H30TOfibl OCMHSI fiOCTynaiOT 

+ 
B BH.Ile HOHOB Os 0 4 • Ha pHcyHKOB BH.IlHo, 'ITO c noMOIItbiO ycTaHoBKH 

RCHAnn-1 npH aaaqeaHH I T 11 = 3 MHH MOJKHo eme Hay'laTb pacna.ll 

H30TOfia I H 0s 1 OTCTOHIItero Ha 10 MaCCOBbiX e,llHHHU OT onHJKaftrnero 

CTSOHnbHOI"O H30TOna OCMHSI C MaCCOBbiM 'IHCnOM A 184. YMeH~:>rneaHe 
aHa'leHHSI I T 

11 B 10 paa, T,e, .llO 0,3 MHH fi03BOnSieT H3Y'I8Tb pacna,llbl 

asyx cneayiOIItHX HaoTonoa c A = 172 H 173, TaKHM o6paaoM, npeaenoM 

iJ.nSI HCCne)lOB8HHSI SIBnSIIOTCSI H30TOITbl OCMHSI1 OTCTOSIIItHe Ha 12 MSCCOBbiX 

e)lHHHU OT onHJKaftrnero CTaoHnbHOI"O H30TOna OCMHSI, 

nHTepaTypa 

1. r.MyaHom: •• npenpHHT OHRH P-36991 ayona 1968. 

2. P.ApnbTI C.Ka.abiKOBEJI A.KanHHHHI B.MoHceeaal r.My3HOI1bl M.OMenb

HHeHKOI IO.npoKorjJbeB1 B.CeMenoB1 A.CHHEJeB1 H.lfHcToB1 X.llTTpjrcHbril, 

r.onbCHep. npenpHHT- OHRH P6-37731 ayoHa 1968. 

3. P.ApnbTI B.BbiCTpOBI r.My3HOI1bl n.naaTepol X.IliTpyCHbiii. npenpHHT 

OHRH 13-39221 ,ayona 1968. 

4. M,Barbier1 A.Cooper. Preprint CERN 65-341 Geneva (1.965). 

5. G,Rudstam. Nucl. Instr. a. Meth. 38, 282 (1.965), 

6. a.B.BepnOBH1ll B.K. TapacoB. npenpHHT OHRH 6-3699, ayoHEJ 1965, 

7, !,Bergstrom. Nucl, Inst. a, Meth. 43, 1.281 (1.966). 

8, G.Andersson. Ark. f. F'ys, 36, ( 1966). 1 

9, G.Andersson1 B,Hedin1 G,Rudstam. Nucl, Instr. a.Meth,1 ~ 245 

(1. 964). 

10, G.Rudstam, S,Sundell1 G.Andersson. Nucl. lnstr, a,Meth. .£.§,255(1964). 

11,H,Ewald1 H,Hintenberger, 'Methoden und Anwendung der Massen-

spektroskopie" Weinheim1 Verlag Chemie (1.953), 

12. C.M.HarjJTynHH, npe11pHHT l1A3 HM, Kyp'l8TOBEJ l1A3-9261 ;VI OCKBEJ 1965, 

13. B.H.PaiiKo, ){{TtiJ I !EL 244 ( 1963). B.H.PaitKo, B.E.raBpHnoB. nTal ~ 

215 ( 1968), 
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14. K.O.Nielsen. Nucl,Ins.tr, a.Meth. .b 289 (1.957), 

JS. O.Skilbreid1 G,Sidenius, Electromagnetic separation of Radic 

Isotopes (ed, M,J,Higatsberger a. F',P,Viehbock Springer, 

Wien). 

16. J.L.Sarroy et al, Nucl,Instr, a,Meth. 38, 49, (1.965). 

17. A.B.aeMbHHOB H .ap. npenpHHT OHRH P13-39531 .Uyona 19t 

18. X. Tbrppotjx/J, npenpHHT 011RJ1 P 18-3867, .Uyona 1967, 

19. IO.B.Hopceea. aoKna.a HEJ pa6o'leM COBeUI8HHH 110 6biCTpbiM pa,aH(. 

qeCKHM MeTO,[(BM HCCJ1e,[(OBBHHH HB YCKOpHTene, .Qyf5Ha1 196f. 

20. J.Merinis. Thesse (1.961.). 

21. H.J.Matzke. Canad,Journ.Phys, 49, 621., (1.968). 

22. S,Borg et al, Nucl, Instr, a,Meth. .38, 296 (1.965). 

23. G,Sidenius et. Nucl.Instr, a,Meth. 38, 299 (1.965), 

24, I.Chavet-Choueka, Theses (1. 965). 

25. S.Sundell, CERN NP Internal Report 64-1.3 (1.964), 

26, J,H,F'reema.n. Nucl, Instr. a.Meth, 38, 49 (1.965). 

27. V,I.Raiko, Kernenergie1 1.0, 85,. (1.967), 

28, G.Ander.sson, G.Rudstam. NucLinstr, a,Meth, ~ 279, (. 

29, M.Menat. Canad,Journ.Phys, 42, 1.64, (1.964). 

30. W,L,Rautenbach, K.Lubbinge, NucLinstr,a,Meth. 38, 60 ( 

31. H,H. TapaHTHHI A.B.JieMbHHOB, npe11pHHT OHRH P-19481 1ly6Ha 

32. P.ApnbTI 3,ManeKI r.My3HOI1bl X.IliTpyCHbiil, npe11pHHT OHRH P6 

ayona 1968. 

33, P.ApnbTI H.r.3aitaeBal nH lfyn XHI r.MyaHOnbl X.llJTpyCHbiii. npor, 

H Te3HCb1 .aoKna.aoB XIX eJKero.anoro coaemaHHH 110 H.aepnoit em 

CK011HH H CTpyKType BTOMHOI"O H,apa, EpeBBH1 27 HHBBpH - 4 r/JE 
1969 r, lfacTb I 1 cTp, 184, 

34. J,Unler, Ark.F'ys. 24, 329, (1.963), 

35, H,Fabricius et aL NucL Instr.a.Meth. 38, 64, (1.965), 

PyxonBC& DOCTfDBD8 B B3D8T8D&CKBI otnen 

16 MAll 1969 rona. 
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I Tv = 3 MHH, H8 pHC, 12-JlmiiTv = 0,3MHH. 

'ITO H8 KOJIJieKTOp H30TOllbi OCMHSI llOCTynaiOT 

Hs pHcyHKOB BHJlHO, 'ITO c noMOWbiO ycTaHoBKH 

I Tv = 3 MHH MO>KHO ewe HSy'laTb pacnan 

e)lHHHU OT 6JIH>Kaftmero 

A = 184. YMeHbilleHHe 

T,e. JlO 0,3 MHH ll03BOJISieT H3Y'l8Tb p8Cll8Jlbl 

A = 172 H 173. T aKHM o6pasoM, npeJlenoM 
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