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TapaHTHH H.YI., LleMhHHOB A.B., Yla a aoa H.C., K a 6a'leHKO A.n. P 13-4061 

fasopa3pru:tHbii! HOHHbiH HCTO'IHHK lWH aneKTpOMB!'HHTHO!'Q MBCc

cerrapaTopa B nHHJIH C UHKnOTpOHOM TH>KenbiX HOHOB 

.llaeTCH OIIHC8HHe l'830pa3pHUHOl'O HOHHO!'O HCTO'IHHK8, HCIIOnh3yeMO!'O B 

ane KTpOMB!'HHTHOM MBCC-cenapaTope B nHHHH C UHKnOTpOHOM TH>KenbiX HOHOB. 

3TO HCTO'IHHK HHBepC O-M8!'He TpOHHO!'O THII B , OUHB H3 OC06eHHOCTei! KOTOpOI' O 

COCTOHT B TOM, 'ITO MHIIIeHh, o6ny'laeMaH yCKOpeHHbiMH TH>KenbiMH HOH8MH 0 

p acrrono>KeHa B OKHe pa3pHUHOil: K8M e pb! IICTO'IHHK8 T B K, 'ITO rrpOAyKTbl ru:tepHbiX 

peaKUH H , Bbi6HB8eMbie H3 MHIII e HH , IIOCTYII810T Herrocpe nCTBeHHO B HOHHb!il: HC

TO'IHH K a e npe pbiBHO nei!cTayromero Macc-cenapaTopa. 

OpHBOJlHTCH TaK>Ke OCHOBHbie a aKOHOMepaocTa pas pru:ta B liOHHOM HCT O'lHll

K e 3 TO!'O THII8. 3<jJ<!JeKTHBHOCTh CerrapaUHH, o6e cne 'IHB8eM8H 3 T KM HCTO'IHJIKOM 

a p e>KHMe •a naHHa•, cocTaBnHeT nnH H 3 0Torroa panoHa 40- 60%. 

OpenpKHT 06"be.[IKHeHHOrO KHCTKT)'Ta H.[lepHblX KCCJie.[IOBaHKM. 

,ay6Ha, 1968 . 

T a ra ntin V.I., Demianov A.V., Ivanov N .S., K a bachenko A .P. 

P 1 3- 406 1 

Gas Disch a rg ing Ion S o urce fo r the Electromagnetic Mass
S e p a ra tor On- Line w ith the Heavy Ion Syclotron 

The gas dis cha r g ing io n sou rce is d escribed whi'ch is u s ed in 
the e lectro magne tic mass- sep a ra to r o n-line w itYJ the heavy ion s y c 
lotron. This sour ce is o f the inver se- magn e tron type, one o f the pe
c ulia rities o f w hic h is , tha t the targe t, b o mba rde d by the a cce le rated 
heavy io n s , is licate d in the wintlow o f the d ischarg ing c h a mbe r s o 
tha t the nuclea r reactio n products reach directly the ion s ource of 
the continuou s mass- sep a r a to c. The basic r egula rities of the cha r g e 
in the io n source o f this type a r e g iven. The e fficie ncy of the s epa
ra tio n, p r ovide d b y this s ource o n-line , is o f 40- 60o/o fo r the Rn is o
topes. 

P rep rin t. J oint In stitute for Nuclear Research. 
Dubna, 1968 
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1. B HAepaoa cpaas:Jte AlUI paaAene.llHSI CMeca paAHoaxTHBHbiX 1130TOIIOB 

0'19Bb '18CTO IICJI01lb3y~TCSI 91l91tTPOM8rHHTR~e Macc-cenapaTOp~. 3TO II03-

B011HeT OAR03J18'1RO OIIP9A91lSITb MSCCOBbie 'IHC118 HCC119AY9M~X SIAep H cy

mecTB9JIRO ynpomaeT aayqeaae ax paAHOaKTHBS:oro pacnaAa. 0Aaaxo soa

MO)I{HOCTH lipHMeS:eRHSI 06bi"'S:biX MACc-<:enapaTOpOB A11SI HA9S:THcpHltlUIHH H 

H3Y"'9HHSI KOpOTKO)I{HBymax SIAep orpAHH"'9Hbl JIOTOMy, "'TO A11SI npoBeAeHHSI 

9119KTpOM8rHHTHOA cenapaUHH, lt8K llp8BH110, Tpe6yeTCSI Cp8BHHT91lbHO 601lb

moe speMSI, aaMepSieMoe MHHYTAMK, a Hlioraa H AeCSITKSMH MKHyT. IlosTo

MY He cnyqal!:HO, 'ITO B JIOC119AHee Bp9MSI H8'1811H npHM9HSITb 9li9KTpOM8r

RHTHbie Macc-cenapaTophi, nony"'HBmHe aassaHae cenapaTopos 's 11HHRH', 

o6naAa~ms:e MSllhiM speMes:eM cenapanaa. 0TnH'IHTe1lbHaSI oco6e.llHOCTb ce

napaTop os 9TOrO THJia 3SK11~'189TCSI B TOM, 'ITO OHH HeliOCp9ACTB9S:HO coe

AKIHI~TCSI C ycKOpHTeneM 3apR)I{eHHblX 'i8CTHil HllH SIA9pHbiM peaKTOpOM T8-

KHM o6pa30M, 'iTO aTOMbi, o6pasy~mH9CSI B SIA9pHbiX peaKilHSIX, 6biCTpO 

BBOASITCSI B HOHHbiH HCTO'IS:JIK aenpepb!BHO A~ftCTBy~mero cenapaTOpa • .na

llee, K8K H B 06bl'IHOM cenapaTope, 8'1'0Mbl HOHH3Hpy~TCSI, 8 06p830B8BWH9-

CSI HOHbi yCKOpS!~TCSI, cpOpMHpy~TCSI B Jiy'lOK H COpTHpy~TCSI JIO M8CC8M 

MArHHTHbiM li0119M. Yf3MepeHH9 H peracTp81lHSl H3ny'leHHft, COlipOB0)1{.0:8~WHX 

p8Cli8.0: C9li8pHpOB8HHbiX pSAHOaKTII3HbiX 8TOMOB, npOH3BOJJ:HTCR Cp83y liO 

Mepe HX CenapallHH A9T9KT0p8MH, p8CJI0110)1{eS:HhiMH B lipKeMROD KSMepe 

cenapaTopa. 
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/1/ 
ITepsas ycTaaosKa TaKoro Tana nossanacb a 1951 roay • Oaa 

npeaCT8Bnlil.lJ8 COOOID M8CC-CII9KTpOMeTp, HOHHMA HCTO~HHK KOTOporo OMJJ 

coeaaaea MeTanna~ecKofi: Tpy6KoA c KOHTeAaepoM, coaep*amHM CMeCb ypaaa 

a Kap6oaaTn AWMOHHS. 11aepTHMe rasM, o6paayromaecs npa neneHHH ypaaa 

HeATpOHSMH, ObiCTpO AH4KjJyHAHpOB8.lJH H3 TOJJIUHH aemeCTaa H nepeHOCHJJHCb 

no Tpy6Ke B HCTO~HHK. CenapapoaaHHhle HOHM npHHHMS.lJHCb H8 TOHKYID 

8JJIDMHHH9BYID <j>Onbry, cny*HBIUyiD BXOaHhlM OKHOM C~9T'IHK8 f3 -'ISCTHII. C 

IIO~OIUbiD STOA M9TOAHKH H3 npoayKTOB aeneHHR ypaHa OM.lJH BMaeneHM H 

HCCJJeAOB8Hhl KOpOTKO*Haymae H30TOilhl KpHIITOH8 H ero npOAYKTM p8Cil8A8 

co BpeMeHeM *H3HH 10 ceK a 6onee. 

XoTR nocne STHX nepBbiX OIIMTOB 110 npHM9H9HHID M8CC-Cil9KTpOM9Tpa 

'a .lJHHHH' npomno oonee IIRTH8Ail8TH neT, IUHpOKHA HHTepec K yCTSHOaKSM 

TSKOrO THII8 llORaHJJCR a CSMOe llOCJJ9AHee BpeMR. He OCTSH&BJJHaag:Cb H8 

OIIHC8HHH STOrO HOBOrO M9TOAH'ieCKOrO HaiipaaneHHR (no 9TOMY BOIIpocy, CM., 

/ 2/ /3,4/ 
HanpHMep, o6aop H M8T9pHaJJM ABYX M9*AYH8pOaHbiX KOH<i>epeHIIHA } , 

OTM9THM, 'ITO aneKTpOMarHHTHhle cenapaTOphl H MllCC-CII9KTpOM9Tpbi 'a JJH

HHH' C03AlliDTClil a HSCTORIIIee apeMR BO MHOrHX <j>H3H~9CKHX .llllOOpllTOpHRX 

a HeKoTophie as aax Y*e pa6oTaroT. K 'iHcny ycTaHOBOK, pery.rrg:pao &c

nOJJbayeMhlX B <j>H3H~eCKHX HCC.lle.[l()l'ISHHRX, cnenyeT" OTH9CTH, B rrepByiD 0'19-

peAb, Macc-cneKTpoMeTp ' B naaaa', paspa6oTaHHbiH: B na6opaTopHH npo<j>. 

/5/ 
P .Eepaaca • 3 TOT Macc-cneKTpoMeTp o6opyaosaa cnenaa.llbHhlM TepMo-

HOHHbiM HCTO'IHHKOM, 1103BOJJRIDIUHM OCyiUeCTBnRTb M8CC-CII9KTpOMeTpH~9CKYID 

HA9HTH<j>HK8UHID menO~HhlX npOAyKTOB H.llepHhlX peaKUHft, Bhl3biB89MhlX npo

TOHllMH BhlCOKHX SHeprHA, C nepaOASMH nonypaCIIllAll CBbiUJe HeCKO.llbKHX ue-

CHTbiX CeKyHabi. 

B HllCTORIUee BpeMR B nRP 011HI1 aneKTpOMarHHTHhlA Macc-cerra-

/ 8/ 
paTOp pa6oTaeT B JJHHHH C UHKJJOTpOHOM T~9.llb!X HOHOB Y -300. 3TOT 

cenapaTOp HCIIO.llb3yeTCR AJJH HAeHTH<j>HKllllHH H HCC.lleLlOBllHHH CBOACTB pa

AH 08KTKBHbiX H.llep, o6paayiDIUHXCR B peaKIIHRX IIOA aeACTBHeM ycKopeHHhlX 

T~enbiX aoaos - aoaoa yrnepona, aaoTa, Kacnopona , aeoaa. 
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Paspa6oTKe a cc 

HHH' IIpenUJeCTBOBB.lJI! C 

aapaaHTOB ObiCTpouefi:c 

cneua<j>H'ieCKHX ocoe 

*!!Me, 6ni!3KOM K pc)l 

B HSCTOSIIUei!. pal 

TepacTHKH rasopaapgn 

TOpa B JJHHRH C IIHKJJO 

2. Bb16op Tana I! 

Topa 'a nauaa' onpen 

BBMH: 

Bo-nepBhlX, nnSI 

rax sneMeHTos,ueo6xo 

KOTOphli!., KSK H3BeCTH 

CHMOCTH OT HOHH3anHC 

HOH113llllHOHHOro RCTO'i 

KllUBB 9JJOM9HTOB Hll C 

6b!Tb BOCCTSHOBJJeHa D 

Bo-BTOpbiX, AJJR 

neACTBH9M TK*e.llb!X H 

HCTO~HHK ne.rrecoo6pa: 

nepaMeHTax c TR*eJ 

HHR. 8 c.rryqae HOHOB 

Hll HYKJJOH, npo6erl! n 

6oM6ap.c:apyiOmeA ~acT 

BeiUeCTB8 H8 KBaapaTB 

MO*eT CyiUeCTBeHHO II 

pOHhi, B cany 6o.llbmax 

OTHOCHTe.llbHO Manoro 



/1/ 
ro11y • 0Ha 

HHK KOTOpOrO 5blll 

plK81IlHM CM9Cb ypaH8 

npH ll9ll9HHH ypaH8 

rsa H nepeHOCHllHCb 

lnHCb H8 TOHKYIO 

' 'IHK8 f3 -"18CTHU. C 

OblllH Bblll9ll9Hbl H 

• npOilYKTbl paCIT81l8 

M8CC-Cil9KTpOMeTp8 

repec K yCT8HOBK8M 

OCT8H8BllHB8SICb H8 

0 9TOMY BOnpocy, CM., 

/3,4/ 
ib!X KOHcpepeHIIHH } , 

•Cil9KTpOM9Tpb1 's llH

!"19CKHX ll800p8TOpHgx 

BOX, peryngpHO HC-

TH9CTH, B nepBy iO 0"19-

B n a6opaT opH H npo~. 

:::neUH8nbHbiM TepM O-

, Bbl3b!B89Mb!X npo-

:BbiUJe H9CKOllbKHX 119-

'HHTHbl il: Macc-cena-

X HOH OB Y -300. 3TOT 

OB8HHSI CBOHCTB pa-

~CTBH9M y cKopeHHblX 

H9 0 H8. 

Paapa6oTKe H C03ABHHIO a Toro aneKTpoMarHHTHoro cenapaTopa ' s nH

HHH"' rrpeAUJ9CTBOB8 llH Oilb!Tbl ITO H3y"'eHH IO ~H3H'19CKHX OC H OB B03MOlKHbiX 

17 ,8 / 
B8pH8HTOB 6biCTpOA9HCTBYIOIIIero HOHHOrO HCTO"'HHK8 H H9KOT0pb!X 

CII9UH~H'I9CKHX OC06eHHOCT9H pa60Tbl r a 3opa3p S!AHOrO HCTO'IHHK8 B p e -

6 6 
H H /9 / 

lKHM9 1 llH3KOM K pC lKHMY pa OTbl B nH HHH • 

B H8CTORITI9H pa6oTe ll89TCSI OIIHC8 HH9 H IIpHBOASITCSI HeKOTOpbl9 XapaK-

TepHCTHKH raaopa3p£AHOrO HCTO'IHHK8 llllSI 9ll9KTpOM8rHHTHOrO M8CC-cenapa -

TOpa B llHHHH C UHKllOTpOHOM TSilK9llblX HOHOB. 

2. Bb!OOp THITQ H KOHCTpyKUHH HOHHOrO HCTO"'HHK8 AllSI M8CC-cenapa

Topa 's llHHHH' onpell9llSillCSI B H8III9M cnyqae Cll91lYIOIIIHMH OOCTOSIT9nbCT-

B8MII: 

Bo-nepBb1X1 · llllSI TOrO 'ITOObl IIM9Tb B03MOlKHOCTb IIOlly'IBTb HOHbl MHo

rHX 9ll9M9HTOB 1 H906XOiliiMO IICIT0llb30B8Tb raaopa3p.RilHbiH HOHHbiH IICTO"'HIIK, 

KOTOpblit, K8K H3B9CTHO, He HMeeT Y3KOH C9ll9KTHBHOCTH IIOHH38IIHII B 38BII-

CHMOCTII OT IIOHH38IIIIOH.HOrO IlOT9HIIII8ll8 B OTnH'IHe, H8IlpHM9p, OT TepMo

HOHH38UHOHH~rO HCTO'IHHK8. YTp8T8 B 3TOM c ny'lae B03MOlKIIOCTH Hll9HTH~H-

K8UHH 3 llOM9HTOB .!18 OCHOBe p83llH'IIISI HX ITOT9HilH8ll8 HOHH38UHH M Orna 

6 b!Tb BOCCT8H0Bll9H8 nyTeM HCITOnb30B8HHSI pa3llH"'HSI B HX ll9Ty"'eCTH . 

Bo-sTopbiX, llllSI OTilene.HIHI n pOilYKTOB peaKUHH , o6paayiOIIIHXC H n o ll 

ll9"li:CTBH9M TSilK9llbiX H OHOB , OT B9U19CTB8 MHIII9H.II H BB91l9HHSI HX B HOHHbi li. 

HCTO'IHHK U9ll9C006p83HO HCilOllb30B8Tb IDHpOKO llpHM9HSI9MY IO B 3 KC-

nep.IIM9HT8X C TSllK9llbiMH HOH8MH OOnbmOil: 9.HeprHH M9TOilHKY B b1 6 HB8-

liHSI. B cnyqae HOHOB yrnepolla-aproBa, ycxopeHHbiX 110 aHepr HH 8-9 M a s 

H8 HyKnOli, IIpOOe rH npOAYKTOB p98KUHH, 38BHCSlliiH9 OT I19p91l8B8 9MOrO 

60M68pllHpyiOme·il: '18CTHJleli · HMIIYllbC8, llOCTHralOT H9CKOnbKHX MHllllHrpaM 

B9U19CTB8 H8 KB81lP8THbiH C8HTHM9Tp, H Il09TOMY MHID9Hb T8KO.lt TOllUJH Hbl He 

MOlK9T CyiiieCTB9HHO IIOrllOII18Tb Bbi6HB8 9 Mbl9 8 T0Mbl • C npyroli c To-

pOHbl, B CHny 60nbiDHX HOHH38IIIIOHHbiX IIOT9pb 3.HeprHH TSilK9llblMH HOH8MH H 

OTHOCHT9 llbHO M8llOrO HX npo6era MHIDeHb TOllUJHHOIO B H9CKOllbKO MHnllH-

5 



I'p4WM B81ll~TB8 H8 XB8llp8THhll C41lTHMeTp HBJIKeTCK llOCT8TO'IHO TOnCTOI, 

'IT06bi C03ll8B8Tb B03MOlKHOCTb HCUonb30B8Tb cnoco6HOCTb ycxopeHHbiX 

TSilKenbiX HOHOB Bbl3b!B8Tb SlllepHhle peaKilHH. 

B-TpeTbHX, llnK OCT8HOBXB Bhi6HTbiX ATOMOB 6hlnO pemeRO HCI10nb3Q

B8Tb Harpe~ llO BhiCOXOI TeMUepaTyphl nnaCTHHXy-CTOilOp H3 MonH6lleHa, 

17 8/ 
TallTana HJIB s~ljlpaMa, o6ecne'IHBaiOmHx, cornacxo peaynbTaTaM pa6oT ' , 

6hiCTpyiO llH!jlcjlr3HJO H HCnapeHHe B6BThiX B IlllaCTHHKy 8TOMOB. 

B '18TBepT.b!X, H3 coo6palKeHHI ynpomeHHSI KOJlCll'p71DXJIH HOHROrO BC

TO'IHBXB npellCT8BnKnOCb nenecoo6pa3HhiM BCilonb30B8Tb HarpeThll llO Bhi

COXOI T&MnepaTyphl MeTannH'I&CXBI CTOilOp H X8X X8TO~SMBTTep anexTpo

HOB B raaopa3pBQHOM HCTO~Xe. B STOM cny'lae B peaynbT8T8 HORHOI 6oM-

6apllJI:pOBXH nosepXHOCTb X8T0ll8-CTOI10pa 0'1Bill88TCSI OT OKKCHhiX C08llHHe-

/8/ 
RHI, KOTOphle npHBOllBT X CHHlK8HHIO CXOpOCTH HCnapeHHK B6HThiX aTo-

MOB B3-38 6onee Bb!C.OXOI . B8nJI1UIHhl SHeprBB COp6IlBH. 

YcTpOICTBO BOHHOrO BCTO'IHHX8 DpellCTaBn&HO H8 CXeM8TH'I8CXBX '18p

T8lK8X (pHC.} H 2). 

PaapBl!Has xaMepa BhlnonH&Jia za WonB6ll&Jia. Ka'l'Oll nonyilBnBHnpH'Iec>-

xoA ljlopMhl C pamlyCOM JtpUH3Hhl r t •11 MM H3rOTOBn8H B3 JIBCTOBOrO 

TllllTana TOlilllBHQm 0,2 MW, Xp&IlBTCK JUIBHOBIIJIJo.IMB IlpBlKBM8MB lt MonB6-

2 
ll8HOBhiM llepllt8T1NUIN. B BM88'l' 9MBCCBOJI.IIy10 l11enb paaMepON. S0 X 1 MM , 

cosnall8lOJllYIO co menBMB 'l'oro JKe paaMepa B 113onBTope • paapSIJlHOI JtaMe

pe. AHOll zaro'!'osneH H3 BOnbljlpaMOBol IIpOBonOKK uaMeTpoM 1 MM. Haons:~

TOphl X8T0ll8 H 8JIOll8 - H3 IDlTPBllll Oopa. .ll.eplK8T8nb MHill8HH 8hlllOnHeH H3 

Mel!B • oxnaJKAaeTCK BOllOI. Tennolthle sJtpllHhl nep&JI lleplKaTeneM - :Ba 

nxcToBoro MonB6lleJia. BaJtYYMHSK xaMepa sneJtTpoMarnTHoro cenapaTopa 

C08llJ(H8H8 B8110Cp8JICTB8HHO C OJIDM H3 BhiBOJIOB ny'lltll yCltOpeHHhiX BOROS. 

IlBJtnOTpoaa Y-SOO. 

npHHilHD ll&ICTBBK BOHHOrO BCTO'IHBX8 B p&lKHMe 's nBHBH' CBOllBTCK 

lt Cn8llY101ll8MY. MelKJiy X8TO.IlOM, HarpeThiM BhiDpm.meHHhiM TOXOM JIO TeM -
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l0CT8TO~HO TOnCTOI, 

::>CTb ycKopeHHblX 

, pemeao acnoJib3o

•onop as MonH6Ae&a, 

6 
17,8/ 

t3ynbT8T8M pa OT , 

ITOMOB, 

yxnHH HOHHOrO BC-

~ HarpeTh!il AO Bhl-

.11'-SMHTTep s neltTpo-

3ynbT8T8 HOHHOA 60M-

• OKJICHhiX C08ABHe

/8/ 
~H B6HThiX 8To-

'Blle.ll B3 JlJICTOBOrO 

)KlKBM8MH It MOIIK()-

2 
t.tepOM 30 X 1 MM , 

pe B pa3pHAHOI lt8Me-

14eTpOW 1 MM. J1sonH-

Mllmeu ~hlnonses B3 

lep>KaTeneM - Jl3 

DIT&oro cenapaTopa 

a yc~~:opeRHhlx JlOH~ 

IBhiM TOitOM AO TeM -
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0 
nepaTypbi .. 2500 C, H 

sa aproae. YcKopeaa1 

aarrpasneaHro CTpenKH 

Bbi6HTb!e &TOMb! npon 

Tbl~ KSTO.Q-CTOIIOp 88 

.OH~~YH.OHPYIDT K IlOBeJ 

B o6bi'lHOM raaopaapsr.; 

8TOMb! HOHH3HpyiDTCR; 

syro mel!h H ycxopsrroT 

npeuHaHoHHyro cenapau 

cenapaTopa. 

3. J1pe.QCT8BlieH.IIJ 

B8Tb KSK o6pameHHbl~ 

THIIa. JlnH liCTO'lHHKa ~ 

O.QHH B .Opyro~ UHIIHH.Q~ 

3Y0TCH KSK K8TO.Q, H 0. 

U.HII.IIH.Qpoa. OTII.H'l.He on 

sapHaaTa raaoaanoli.HeH 

IDeM Clly'lae BMeCTO BH 

(aayTpeHHH~ U.IIIIH.II.Qp.II'l 

.OOM (a aameM cny'lae 

B8pbHpOB8liOCb OT 3-x J 

J1y61IHK8UH~ IIO Te 

.IIHBepCo-MarHeTpOHOB B 

Il03TOMy IIpe.QCT8BliHIIOC: 

pHCT.IIKH HOHHoro .IICTO'IE 

Oco6eaaocT& HHBeJ 

'lecxoe none B61I.H3.H KaT 

)KyTxe OTHOCHT91lhHO Ma. 
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j]UHUUC 
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<3 B-6 H Olfll A 

0 
nepaTypbi,. 2500 C, H 8HOJlOM 38)1{HraeTCSI sneKTpH"i9CKH:lt ra30Bbi:lt pa3pSIJl 

Ha aproae. Y CKOpeHHbie TIDKenbi9 HOHbi 6oM6apJlHpyJOT TOHKYJO MHIIl9Hb no 

aanpasneaaJO cTpenxa A, Bbi6asaR H3 MHmeHH npoJlyKTbi Slllepabix peaxuaA. 

Bbi6HTbie aTOMbi nponeTaJOT "l:epe3 nna3MY pa3pSI]la H BHeJlpRJOTCSI B Harpe

TbiA KSTOJl-CTonop H8 rny6HHY JlO H9CKOnbKHX MHKpOH. BHeJlp9HHbi9 8T0Mbl 

JlH~~YHllHPYJOT K nosepXHOCTH KBTOJl8-CTOnopa H HCnapSI!OTCSI. llanee, KSK H 

B 06bi"iHOM ra30p83pSIJlHOM HCTO"iHHK9, nOCTynHBIIlH9 B pa3pHJlHyiO KaMepy 

8TOMbi HO.IIH3HpylOTCSI; o6pa30B8BIIlH9CSI HOHbi H3BneKaJOTCfl "iepe3 SMHCCHOH

Hy!O mellb H ycxopRroTCH JlO cTporo onpeJleneaaoa saeprHH, o6ecrre"l:HBaJOmell: 

npeiiH3HOHHYJO CeiiapaiiHJO HOHOB IIO M8CC8M B MarHHTHOM aaanH38TOpe MSCC

cenapaTopa. 

3. flpeJlCTasneHHbi:lt Ha pac.l H 2 HOHHbiH HCTO"iHHK MO)I{HO paCCMaTpH

BBTb KBK o6pameHJibi:lt BapH8HT ra30pa3pSIJlHOrO HCTO"iHHK8 MarHeTpOHHOrO 

THna. llnH HCTO"i.IIHK8 STOrO THna xapaxTepHO HBnH"iHe ABYX Bn0)1{9HHbiX 

OJlHH B Jlpyro:lt IIHnHHApH"ieCKHX sneKTpOJlOB, H3 KOTOpbiX BH91IlHHA HCnollb-

3yeTCH KSK KSTOA, H OAHOPOAHOrO MarHHTHOro nonH, napannenbHOrO OCH 

UHnHHJlpOB. 0TnH"iHe OIIHCbiB89MOrO HOHHOrO HCTO"i.IIHKa OT xnaCCH"ieCKOro 

sapaaHTa ra3oaanonaeaaoro HHBepco-MaraeTpoaa cocToHT s TOM, "iTO s Ha-

meM cny"iae BMeCTO BH91IlHero UHnHHJlpa HCn01lb3yeTCH IIonynHnHHJlp, a aHOA 

(sayTpeHHH:lt nanaHJlPH"iecxaH. snexTpoJl) pacnono)l{eH HexoaxcaallbHo c xaTo

AOM (s HameM cny"iae KpaT"ia:ltmee paCCTOHHHe M9)KJlY aHOJlOM H K8TOAOM 

sapbaposanocb oT 3-x AO 10 MM). 

fly6nHK8UHJ!: IIO T90pHH H npaKTHKe HCn01lb30B8HHH ra30HanonHeHHbiX 

HHBepCo-MarHeTpOHOB B K8"i9CTBe HOHHbiX HCTO"iHHKOft B nHTepaType HaT, 

nosToMy npeJlCTasnHnocb nenecoo6pa3HbiM accnenosaTh ocaosHbie xapaxTe

pacTHKB HOHHOro HCTO"iHHKa OIIHCSHHOH Bbiiil9 KOHCTpyKUHH. 

0co6eHHOCTb HHBepCo-MarHeTpOHa 38KnJO"i89TCH B TOM, "iTO sneKTpH

"i9CKOe none s6nH3H K8TOJl8 IIpH OTCyTCTBHH nna3Mbi B pa3pS1JlHOM npoMe

)l{yTK9 OTHOCHT91lbHO Mano. f!OSTOMY ycnOBHSI AnSI OT6opa OT K8T0Jl8 SneK-
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TpOHOB B HHBepC<rMarHeTpOHe Xy)Ke, 'laM B C1IY'<J:Se, H8IlpHMep, ll1IOCK<rna

pa11nalibHhiX aneKTpo.QoB, H eme xy*e• 'laM B CliY'<J:ae npSIMoro sapaaaTa Mar-

/10/ . 
HeTpoaa. Cornacao pa6oTe , aneKTpOHHhiA TOK MS*.IlY .llBYMSI KOaKCHalih-

HhiMH IlH1IHH.Ilp8MH, orpaHH'ISHHbiA npocTpaHCTBSHRhiM 38pSI.IlOM, onpell91ISieTCSI 

Bblp8)KeHHeM: 

_2_ v .J.!:_ 
9 m 

v3/2 
{32 

(1) 

rlle j -nnOTHOCTb TOKa, OTHeCeHH8SI K e)lHHHile 8hlCOThl IlHnBHllPOB ; e 
1 

m 

-aapSill H Macca aneKTpoHa; v -p83HOCTb llOT9RllH81IOB 911eKTp OllOB; ra 

-pallBYC 8H0ll8 1 {3 -'IHClleHHbll!: KOa!I>!I>HllHSHT, 38BHC!UllHA OT OTHOIDeHHSI 

r /rk a • f1pH r 
a I r k , paBIIOM 1/20 H 20, KOa!I>!I>HllHaHT (32 pa-

BaH COOTBeTCTBeHRO 115,64 H 1,07, a 9TO 3H8'1HT, 'ITO npH !I>HKCHpOB8HHOA 

reoMeTpHH H pa3HOCTH ITOTeHilH8110B SlleKTPOllOB TOK OT6HpaeMbiX alleKTp<r 

HOB 6y)leT npH61IH3HTelihHO B 6 pa3 Mefibme B nepBOM cny'lae, T.e. TOr)la, 

KOr)la K8TOllOM CliY*HT BRemHHl!: 911eKTpOll. 

AHanorH'IHO KpHTH'IeCKoe aaa'leHHe pa3HOCTH noTeHilHalloB V ' npa 
KP 

KOTOpO:li: 911SKTp0Hbl, HCily!lleHHhie K8TOllOM, )lOCTHra!OT 8H0ll8 rrpH H81IH'IHH 

OCSBOrO MarHHTHOrO UOliSI OK83hlB8eTCSI npa6nB3HTSlihHO B ( r ) 2 pa3 
r 

lt 
shrme llliSI HHsepc<rMarHeTpo!Ia: 

e r• 
v "'-- {32 llliSl HHBepC<rM8r!IeTpOII8 
kp 8m r 2 

a 

(2) 

V = [-e- r2 r 2 2 
l 82 (1---) ll1ISI Maraerpo!Ia, 

kp 8m k r2 
k 

rlle 8 -HHllYKilHH MarHHTROrO II01ISI, 

3TH oco6eHHOCTH BBKYYMHOrO HHBepCo-MarHeTpOH8 He Morna paCCMBT-

pHB8TbCSl KBK II01IO)KRTe1IbHhle ITpH UOITblTKS ero BCII011b30B8HHSI B K8'19CTBe 

lO 

HOIIHOro HCTO'IliHKa, 0l 

P8311H'IHSI llBYX B8PH8H1 

4>eKT8 p8CCSSIHHSI 91IeK1 

IlHana Me)I{Jly aneKTPOll 

3TO ll8B81IO OCROI 

H YCliOBHA llliSI HRTSHCB 

BCTO'IIIBK8 llO YPOBHSI Y 

TO'IHHKa MarHeTpOHHorc 

paKTepHCTHK o6pameaac 

rrpe.QITOliO)KeHHH ITO.QTBe~ 

4. Ha pac.3 rrpell< 

ROCTB ITOT9RllH81IOB BHO, 

( CMeCb Ar + Xe ) , xapaK· 

Yfa PHCyHK8 BHllHO, 'ITO 

V t"' V , H 9TO a- 38)1{, 

HHSI raaa. C pOCTOM V a 

BHCHMOCTH I a _ k o· 

ST C XOllOM B ITPSIMOM E 

COOTBeTCTByeT 6olihmHl!: 

'IHe B XO)le KpHBbiX M0;>!1 

meA OT 'npe,llbiC'roplla' J 

npellmecTBYIO!IlHM 6onee 

K8TOllHOe Il8ll9HHe, H, Cl 

3TOT 94>4>eKT 'npe)lb!CTOJ 

6olihmea Mepe rrpa 6onet 

0TpanaTe1IhHhiA Hal 

'ITO H8'18lihH8SI BHTSHCR!I>. 

HH!O 91IeKTpH'ISCKoro COD 

TBKOMy, 'ITO ,.d ~- k 

a -k 



anpaMep, n.nocKo-na

IpSIMoro B8pH8HT8 MSr

llKAY ABYMII K08KCH8Jlb-

3apSIAOM, onpene.nneTCSI 

(1) 

ITbl UHnHHAPOB i e , m 

~nos a.neKTponoa; ra 

SIIIIHH OT OTHOIII9HHSI 

pa-

·o npB ~HKCHpOB8HHOH 

OT6Hp89MbiX :3.1leKTpo-

A c.nyqae, T.e. Torna, 

•T9HIIH8.110B V , npH 
KP 

r 
lt 

sepco-MarHeTpona 

(2) 

traeTpoHa, 

)OHS He MOr.llH paCCM8T-

HOHHOro HCTOqHHK8, 0AH8KO OlKHA8.110Cb, qTO B c.nyqae ra30BOrO H8I10.11H9KHSI 

p83.11HqHSI ABYX B8pH8HTOB M8rHeTpOH8 AO.IllKHbl 6bl.llll crnanHTbCSI H3-38 a<j>

¢eKT8 paCCQSIHHSI :3.119KTpOHOB H8 8TOM8X r838 H nepepacnpeneneHHH IIOT9H

UH8.118 M9)KAY :3.119KTpOA8MH B pe3yJlbT8Te o6pa30B8HHH Il.ll83Mbl, 

3To nasano ocaosaHHSI npennonaraTb ynyqweHHe cTapTOBbiX ycnosHA 

H yc.llOBHA A.llSI HHT9HCH~HK8UHH pa3pHA8 B HHB9pCo-MarHeTpOHHOM B8pH8HT9 

HCTOqHHK8 AO ypOBHH yc.llOBHli IIIHpOKO HCIIO.Ilb3Y9MOrO ra3opa3pHAHOrO HC

TOqHHK8 MSrHeTpOHHOrO THI18, KaK IIOK838.11H HCC.Il9AOB8HHSI OCHOBHblX Xa-

p8KT9pHCTHK 06pameHHOrO B8pH8HT8 BCTOqHHK8 M8rHeTpOHHOrO THila, 3TH 

npeAIIO.IlOlK9HHSI IIOATBepAH.IlHCb. 

4. Ha pHc.3 npeACTasneHa 38BHCHMOCTh TOKa pa3pSIAa I a-k OT pa3-

HOCTH IIOT9HUH8.110B 8HOA8 H K8TOA8 IlpH pa3nHqHOM IlOCTynneHHH K ra3a 

( CMeCh Ar + Xe ) , xapaKTepH3YIOIIleM nasneHBe BHYTPH paapSIAHoli KaMepbi, 

H3 pHCYHKa BHAHO, qTo pa3pSIA B03HHKaeT npa onpeneneaaoM 3aaqeaHH 

Va -k"" V 1 H :3 TO 3HaqeHHe TeM HH)K9, qeM Bbllii9 CKOpOCTb IIOCTyn.ne-
38)1{, 

HHH raaa. C pOCTOM V a-k p83pSIA HHT9HCH~HUHpyeTCSI. 06p8THbiH XOA 38-

BHCHMOCTH I 
a- k 

OT ( npH YM9Hblii9 HHH V ) He cosnana-
a- k 

eT C XOAOM B IlpSIMOM H8Ilp8B.Il9HHHi OAROMY H TOMY )1{9 3HaqeRHIO V a -1:. 

COOTB9TCTByeT 60JlbliiHli pa3pSIAHbiH TOK IlpH CHHlK9KHH V a_ 1:. • 3To pa3nH~ 

qHe B XOAe KpHBbiX MO)KHO o6'bSICKHTb p83ROli Il.llOTHOCTbiO Il.ll83Mbl 1 38BHCH-

1Ileit OT 'npeAbiC10pl!H' pa3pRAa. Bonee nnoTHSSI rr.na3Ma, o6ycnosneHR8H 

Ilp9AIII9CTByiOIUHM 6onee HHTeHCHBHbiM pe)KHMOM p83pS(Aa, Bbl3biB89T 60Jlbliiee 

K8TOAHOe II8A9HHe, H, C.ll9AOB8T9.1lbH01 60.1lbliiHli TOK OT6Hp89MbiX :3.119KTpOHOB, 

3TOT a¢¢eKT 'rrpeAbiCTOpHH', 38BHC«<UHli OT A8B.Il9HHH ra38, npOSIB.IlSIQTCSI B 

6o.llhweA Mepe npH 6onee BbiCOKOM K 
3 

=0~4 CM /MHH CBSI38H C TeM, 

qTo .Haqa.llbH8SI HHT9HCH~HK8UHSI pa3pSIA8 B :3TOM cnyqae BeAeT K yMeHbliie

HHIO aneKTpaqecKoro conpoTasneHHSI paapRAHoro rrpoMe)KyTKa( 11 Ra -k < 0 ) 

T8KOMy, qTO 1-. l!l_Ra...;;.._-.;;;;..k -1 '> 
Ra-t 

( 0TM9THM, 'ITO UOC.Il9AQ-

11 
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Va-K(6) 
P ac,S, ToK pa3pRJUl 1

0 
_ lo) H TOK ROHOB KC9 BOIUI !

0 
( 0 ) npa p a 6 oTe H8 

CMeCH 5% Xe + 95% Ar B 38BBCBMOCTB OT p83HOCTB DOTBHUBa noa 

v a - k BHOti.B B K 8 T0Jl8. a k. a240a, B- G rc; KPHB8SI 1 - K -
•0,4 cM3 /MnH, 2 - K -o,B CMSI MBH) . CTpemtaMB y~~:aaaao aanp&B-

n e alle B3MeBeHBSI V a _ k ) • 
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-

' ~ 

' l 

B8T9libHO C HOIIHb!M HC 

neHHe R • 40 o~ 
orp. 

Ha pac.4 noxaaa1 

MeHsreMoro uapaMeTpa 

cyHKa BHAHO, ~TO UO ~ 

naan aa*araHHH paapsr 

pa3pHA8 38BHCHT OT B4 

pHCyHK8X 4 H 5 He n~ 

CTeneHHbiMH B Jl8HHbl> 

BnusrHHe ToKa H 

UOT9HnH8Jl 38*llr 8HH H 

06'bSICHHTb Y M9Hbm&HHE 

peaynhTaTe p acWBpeHll 

JlO*HOO BnHSIHHa Marru 

n p OSIBJISieTCSl, n o-BHJlH! 

n onyiiHJIHH.Upa, o 6ycno1 

n HHJlpa. XapaKTep npo 

pa3pMa I a_ t T8KO 

118K8JlHB89MhUM K8TOAO 

H a pHc.3-5 u peA 

TOqHHK8 HOIIOB KCeHOH 

KaK BHJliiO H3 pHcyHK 

38BHCHT npSIM O llpOUO~ 

110, llOCKOlibKY TOK H OJ 

onpeJleJISieTCSl noKalibH 

A8 B6J1H3H aMHCCHOHHC 

*BMa pa3pMa. IToa T o : 

M8KCHM8JlbHbln HOHHhl i 

Heo6XOAHMO HCX~AHTb 
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Va-K{6) 
npH pa6oTe ua 
oTeHUBanos 
1 - K 

.B34BO Hanpas-

l 

' 

t 
I 

BSTenbHO C HOHH~M HCTO~HKKOM BKniD~BHO orpaHK~KB8~W88 TOK COUpOTKB-

neaae 40 OM). R • 
orp. 

Ha pac.4 noxaaaao ananaae aa pe~aM paapaoa apyroro npoaaaon&Ho 

MeHSleMoro napaMeTpa - .ael1K'll!IH~ aaemHero MaraaTaoro nonn B. l1a pa-

cyHKa aaaao, ~TO no Mepe yaena~eHKSI MaraaTaoro nong pacTeT a noTea

ItHan aa~araHHR paapaoa, oaHaxo, He cTporo nponopitHoHallbao B 2 
; TOK 

paapaoa 38BKCHT OT B8liH~HH~ MarHKTHOrO IIOliR. 06paTa~il: XOA KpHB~X Ha 

pacyHxax 4 H 5 He npeac'l'aaneH, 'IT06hi He aarpoMo~aaTb pacyHKH aTopo-

CTeneHHb!MH B aaHHb!X cny'laSIX aeTaliSIMH. 

BliHRHKe Toxa .aaxana KaTona It noxaaaHo aa pac.5. C pocTOM It 

IIOT8HIUI8ll 38~llraHKSI paapaoa CHK~aeTCSI. 3TOJ IIQ-BHllHMOMy, MO~HO 

o6~SICHKTb YMBHbWBHHeM paCCTORHKSI npo6oR Me~AY aHOllOM H K8TO!(OM B 

peayn&TaTe pacmapeHHH snexTpoaaoro o6naxa a6liH3H xaToaa. ITpoTaaono-

no~Hoe BliHRHHe MarKHTHoro nonn Toxa aaxana KaTona a 9TO~ cny~ae He 

IIpOsrBliSleTCSl, no-BH!IHMOMY, H3-38 MSliOH BeliH~HH~ 9TOrO IIOliSl BHyTpH 

rronynanauapa, o6ycnoaneaaoil: B38HMHOil: KOMIIeacanaeil: no o6paayiDWHM na-

naaapa. Xapaxrep nposmneHHH BliHSIHHH Toxa aaxana KaToaa Ik Ha TOK 

paapaoa I a_ t TaKOil: ~e, KaK H B nro6oM apyrOM HOHHOM HCTO'IHHKe C 

aaxanaaaeMhUM xaToaoM. 

Ha pac.3-5 rrpeacTaanea Tax~e TOK I u peracTpapyeMhlX aa ac-

TO'IHHKa HOHOB KCeaoaa, IIpH IIHT8HKH HCTO'IHKK8 CMBCbiD Xe (5%) + Ar (95%). 

KaK BHllliO H3 pHCyHKOB, TOK H3BlleKaeM~ H3 HCTO~HHK8. HOHOB I u He 

38.BHCHT npRMO nponopJXHOHallbHO OT TOKa paapaoa I a _ k • 3TO H IIOHRT-

HO, IIOCKOllbKY TOK HOHHOrO ny~Ka npH nOCTOSIHHhlX ycliOB.HSIX 9KCTpaKIIHH 

OIIpeaenReTCR liOKallbHOil: IIliOTHOCTbiD H CKOpOCTbiD HOHOB B IIlla3Me pa3pR

ll8 B6liH3H 9MHCCHOHHOrO OTBepCTHR, 38BHCRIIJ.HX CI!O~H~M o6pa30M OT pe

~HMa paapaoa. IToaToMy npa Bhi6ope pe)I{HMa paapaoa, o6ecne~aaaromero 

M8KCHM81lbHhlH HOHHhlil: TOK HIIH M8KCHM8nbHYID s$$eKTHBHOCTb HOliH3allHH , 

aeo6xoaaMo acx~aaTb aenocpeacTaeaao aa Toxa aoaaoro n~xa. ITpa pa6o-
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Te B pe~HMe 'B nBHHH' onTHMaJlbHaH HaCTpOAKa HCTO~HHKa no HHTeHCHB

IOCTH ny~Ka HOHOB nponyKTOB Hn9PHhlX peaKnHA 3aTpynHHT9JlbHa. B STOM 

/9/ 
cny~ae, KaK noKa3aHO B pa6oTe , OUTHMH3anHH pe~HMa paapaaa H BCe-

ro cenapaTopa B nenoM Mo~eT 6brTb nposeneaa no cpasnTenbHO ae6onb

moMy TOKY ManoA npHMecH, no6aBJI9HHOA B raa, IlHTaiOmBlt HCTO~HHK. 8Ta 

He6onbmag npHM9Cb B nocTaTO~HOA Mepe OTpa~aeT ycnOBHH onTBMB3anHH 

HCTO~HHK8 B npaBBnbHOro ~OpMHpOBBHHH ny~Ka BOHOB ynbTp8M8JlhlX KOJIH

~eCTB nponyKTOB peaKnHA. 

Kax BHAHO H3 pac.3-5, c pocTOM V a_ t npa ~HKCBposaHHbiX aaa~e

HHHX Tpex ocTanhHbiX npoaasonbHo MeHHeMbrX napaMeTpos paapaaa(K, B, It) 

TOK aos:os caa~ana · pacTeT, a aaTeM nanaeT. AaanorH~Hbre KpBBbie c MaK

CHMYMOM Ha6monaiOTCH H npa H3MeHeHHH B H I . 3aBHCHMOCTb I oT 
k k 8 

K ae HMeeT MaKCHMyMa s nHanaaoae H3MeHeHHH K oT 0,1 no 1,0 CM IMHH. 

Bbr6op onTH~anbHbiX (nns nony~eHHH MaKCHManbHOi!: a~eKTHBHOCTH 

aoHHaanHH) asa~eaai!: napaMeTpos paapsna V t , B I 
a- a k 

npOH3BOAHJICH 

no MSKCHMYMY TOK8 HOHOB KCeHOH8. f1pa Bb!60pe K HCXOAHnH Henocpen-

cTsesso aa sena~HHbi a~eKTHBHOCTH, onpeneneaaoi!: OTHomeHHeM I I K , 
a 

38BHCHMOCTb KOTOporo OT K HHaH, ~eM nns I 
a 

Koae~Hhli!: peaynbTaT aToro Bhr6opa npencTasnea Ha pac.6, rne naeT-

CH 38BHCHMOCTb S~KTHBHOCTH cenapani!H KC9HOHa OT K npH OUTHM8nb-

lihlX 3Ha~eHHHX V a _ t , B a H I t • TaM ~e npHBOAHTCH 38BHCH-

MOCTb nns I a • KaK BHAHO as pacyaKa, Ma~CHManbHaH a~eKTHBHOCTb ce-

napanHH, OnpeneJIH9M8H, rnaBHhlM o6p830M, 3~9KTHBHOC'I'bl0 HOHH38UHH B 

HCTO~HHKe, COCT8BJlH9T .. 24%. 3Ta Ben.H~HHa HBJIHeTCH CpaBHHTenbHO 6onb

moA H OHa, no-B.HAHMOMY, o6ycnosneaa BhlCOKOA nnOTHOCTblO TOKa aneKTpo

HOB, COBepmaiOWHX 6onbmOe ~HCJIO OCUHJIJIHUHH np.H CB09M ns.H~eHli.H OT Ka

TOAa K aHOAY. 3THM ocnHnJIHUHHM cnoco6CTBYIOT 8KCHanbHoe MarHHTHOe 

none I! OTpa~aTeJIH aneKTpOHOB H8 nyTH HX nBH~eHHH, pOnb KOTOpb!X Bbl

UOJIHHIOT TOPIIhi nonyunnHHAPH~ecKoro KaTona. Tlpe~nespeMeHHhlA yxon aneK-
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Pac.6. Toz: aoaoB 
11 ( L\) npa ; 
CKOpOCTH ll• 



rO"!HHKa no HHTeHCHB-

PYAHHTenbHa. B STOM 

e)!(HMa pa3pHJ:la H BCe

:paBHHTenbHO ae6onb

aJOmait HCTO"!HHK. 3Ta 

rcnOBHSl OnTHMH3Elll.HH 

~ ynbTpaManblx Kona-

4JHKCHpOBSHHbiX 3HS"'e-

~Tpos paapH.!la(K B I ) 
I 1 k 

H"!Hb!e KpHBbie C MSK-

3aBHCHMOCTb I OT 

k 3 
IT 0,1 AO 1,0 CM IMHH. 

~aoA s¢¢eKTHBHOCTH 

npOH3BOAHnC Sl 

HCXOAHnH Henocpe.zt

>THOilleHHeM I 1 K 
a I 

1 Ha pac.6, r.zte JlaeT-

OT K npH OllTHManb-

PHBOJlHTCH 38BHCH-

II8Sl s¢¢eKTHBHOCTb ce-

IOCTbK> HOHH38UHH B 

Cp8BHHTenbHO 6onb-

fOCTbK> TOKa sneKTpo

OeM JlBH)!(eHHH OT Ka

anbHoe MarHHTHOe 

POnb KOTOpbiX Bbl

apeMeHHb!A yxo)l sneK-

7(%) 
J6 
34 
32 
30 
28 
26 

2Lf 
22 
20 
18 
f6 

14 
12 

10 
8 
6 

4 
2 
0 

Q1 Q3 Q5 

lu(t1Ka) 
350 

300 

250 

200 

150 

100 

so 

0 
Q? Q9 

K{cM~uH) 

Pac.6. ToK HOHOB JtCeHOHa I ( 0 ) a a4xjleJtTHBHOCTb cenapaUHH Jtceaoaa 
fJ ( t..) npa pa6oTe aa 

11
cMeca 5% Xe +95% Ar a aaaHCIIMOCTH oT 

CKOpOCTH nocTynneHHH raaa K npa onTHManhHbiX napaMeTpax paapHP.a. 
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TpOHOB no CHnOBbiM nHHHHM Mai'HHTHOI'O nons:, rrepeCeKalOillHM 8HO.Il, B 9TOM 

HCTO'tHHKe y MeHbmeH H3-38 Manoii: nnoma.UH 81l.O.Il8 H CHH)KeHIHI 60'tK006-

p a3HOCTH nons: B peayn&TaTe YM9Hblll9HHH M9)KllOnlOCHOI'O 3a3opa aneKTpO-

Mai'HHTa HCTO'IHHKa H npHMeHeHHSI npOM9)KyTO'IHblX HaKOHe'tHHKOB. 

5. .llpyi'HMH aa.iKHbiMH XapaKTepHCTBKaMH HOHHOI'O HCTO'IHHKa S!BnSJlOT

CH CT9ll9Hb MOHOSHepreTB'llWCTH o6pa3ylOillHXCSI B HCTO'IHHKe HOHOB, OTCyT

CTBHe KOne6aaaii: nna3Mbl pa3pS!.Ua, ycnOBHSI tjlopMHpOB8HHSI HOHHOI'O ny'I:Ka, 

onp~)lensnomHX B 3Ha'IHTen&HOH Mepe Ka'leCTBO tjloKyCHpOBKH llY'IKOB H, cne

.llOBaTenhHO, 'IBCTOTy cerrapaiiHH. Ka'leCTBO !l>oKy capoBKH HOHHbJX ny'IKOB, 

o6ecrre'laaaeMoe orrucaHHbJM Bblllle HCTO'IHHKOM, onpeaensnocb no pacnpeae

neaaro HHTeHCHBHOCTH TOK8 HOHOB B TO'I:Ke I'n8BHOI'O tjloxyca • .llnH 9TOI'O H8 

s epTaKanhayro paaaepTKY nyqa ocnannorpatjla rro.uasancg caraan c TOBKoro 

(lllHpHHOlO 0,2 MM) H3Mepli'T9nhHOI'O 30H.t\8, yxpenneHHOI'O Ha npH9MHHKe 

cerrapaTopa, a ropaaoaTan&HaR paaaepTKa ny'la ynpaanRnacb rrxnoo6pa3HblM 

H8llpH)K9HHeM, OAHOBpeMeBHO MO.ClynHpyromBM Ha rny6HHY • 10% yCKOpsnomee 

aanpS!)KeHae. Ocnxnnorpatjlxqecxag KpHBaH pacrrpeaeneHHH TOKa aoaoa rrpH

Meca KC9HOH8 ( I H =150 MK8), rrony'leHHBSI TBKHM o6pa30M, .[l8eTCSI H8 

pHC. 7. nonylllBpHHa llBKOB COCTaBnHeT., 0,25 e.[lHHHUbl 8TOMHOii: MaCChi, 'ITO 

OTBe'l:aeT paapemaromea crroco6aocTB .. 500 aa nonyBhiCOTe. 3To paapellle-

HHe He xy)Ke, 'IBM rrony'laeMoe Ha HameM cerrapaTope c l!OHHbiM HCTO'IHH

/0/ 
KOM 06bi'IHOI'O THna • 

6. npxBe.[leHHble Bblllie peayn&T8Tbl llOK838nH, 'ITO I'830p83pSI.IlHblH HC-

TO'IHHK HOHOB HHBepCQ-M8I'HeTpOHHOI'O THll8 no CBOHM OCHOBHbiM Ka'l9CTB8M 

- C Ta6Hn&HOCTH H Ha.[l9)KHQCTH pa60Tbl, atjltjleKTHBHOCTB HOHH3aUBH, ycnOBH

RM tjlopMBpOBaHHH HOHHOI'O Uy'IKa, BUOnHe Y.ClOBneTBOpHeT o6mBM Tpe6osa

HHSIM, npe.[lbHBnH9MbiM K HOHHbiM HCTO'IHHKBM. 0CTaBanOCb BbJSICHHTb B03-

MO)KHOCTH ero l!Cll0nb30B8HH51 B nBHHH C UHKnOTpOHOM TIDKenbiX HOHOB. 

Ha nepsoM aTane accneaosaal!ii:, B axcnepBMeHTax no rrposepKe atjltjleK

THBBOCTl! a paapemaromeii: crroco6BOCTH HCTO'IHHKa l! Macc-cenapaTopa B pe-
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Pxc. 7. OcWUinorpaMMB 

uoxe"; U1Xe~I32Xe 

JKHMe 'B llHHHH' Mbl orpf 

JKHBYIIUIMH npo.uyltT&MH P ' 

pa.uoaa - JQIMH'IecJtoro a . 

na.ua 6onee nsrrx MHayT: 

nKCb nyTew o6ny'leHHH ~ 

ll9P)I(8BH9M H30TOllOB HOB 

pea~tnHSlM : 

Pt + 18 0 

Pt + 18 0 



~C9K8101I!HM 8H0.0.1 B STOM 

1cuoro aaaopa aneKTpo-

H8KOH9'1HHKOB, 

!OrO HCTO'IHHK8 KBRSIJOT-

lCTO'IHHKe HOHOB, OTCyT-

·OB8HHH HOHHOrO ITY'IK8 1 

TCHpOBKH llY'lKOB H, cne-

OBKH HOHHhiX Uy'IKOB 1 

e.o.enqnocb no pacrrpe.o.e

o ¢oxyca. ~nH aToro HB 

ancg cHruan c TOHKoro 

lHHOrO H8 IIpHeMHHKe 

asnHnacb nHnoo 6pa3BhlM 

y6HHY .. }Q% yCKOPSIIO!Ilee 

~eRHH TOK8 HOHOB UpH

o6p830M1 .O.BeTCH HB 

Ubi 8TOMHOA M8CChi1 'ITO 

ohiCOTe, 3TO paapeme-

l9 C HOHHhlM HCTO'lBH-

'lTO raaopaapsmHhil!: ac-

IM OCHOBHhlM K8'l9CTB8M 

;TH HOHH38UHH 1 yCROBH-

>pHeT o6mHM Tpe6osa-

IBBnOCb BbiHCHHTb BOG-

OM TIDKenhlX HOHOB. 

HTax rro npo sepKe a¢¢eK-

Macc-cenapaTo pa B pe-

PBc. 7. 0cJUIJIJIOrpaMMA TOJUl BOBOB B30TODOB JtC&HOIUl 

lSOXe"; lUXe~IS2XetU1Cet lSfke+( IH • 160 MXa). 

128 Xe +, 12exe +, 

lKBMe 'B JIBBBH' Mhl orpa.Hli'IHJIHCb OIThiTBMB TOnbKO CO Cp&BHHT&nbJIO .O.Onre>

lKHBYUIHMll npoAyxTaMB peaJtllBI. HcrronbaoaaJIBcb pa.llHO&XTHBBbte H30TOUhl 

pBAOBa - XHMH'lecJtoro aaanora aprosa H xcesoaa, c nepHO.IlaMB nonypac-

na.o.a 6onee nsrrx MBayT: 208 - 212 Rn • 3TH aaoTOIThl pa.11osa nonyqa-

RHCb DyTeM o6ny'l&HHH 5-MHKpOBHOA rrnaTHBOBOI ¢onbrK C rrpBpO.O.BhiM CC>-

.ll&p>K8HH9M B30TOUOB BOB8MB II 0 c aueprBeA 80-90 Mas n o 

Pt + ae 0 ,. .. 2oe ... 210 Rn + :rn 

.. 201 ... 212 Rn + :rn :r = 4 .,:. 5 
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Herrocpet:IC'l'BeHHO rrepet:I SKCIIepaMeHTOM 'B naHaH' aOHHbiH aCTO'IHaK 

H8CTp8HBancg H8 M8KCaMyM a~¢eKTaBHOCTa ITO npaMeca KC9HOH8; 38TeM 

MarRHTaoe none cenapaTopa nepecTpaaBanocb aa HOHhl c MaccaMH 195-225; 

BKn~'lancg naKnOTpOH H Ot:IHOBpeMeHHO C o6ny'leHHeM npOBOt:IHnBCb aneKTpo-

MarHaTHag cenapanag. Pat:IaoaKTHBH&Ie H30TOIIhl pat:Ioaa npaaaManacb. aa 

aJJ~MHHaeBy~ ana M9t:IHY~ ~OJibry, yKpenneHey~ HB npaeMHaKe KSMephl, a 

a -aKTaBHOCTb co6paHHhlX H30TOIIOB pat:IOH8 H HX IIpOt:IyKTOB pacrrat:Ia a3-

MepM8Cb CIIHHTHnngnaOHHb!M ( Zn S ) C'19T'll!KOM. 3<jxpeKTHBHOCTb cenapa

IIHa onpet:IenMaCb nyTeM COIIOCTaBneaag 8KTHBHOCTa, co6paHHOH HB npaeM

RHKe, C a -aKTaBHOCTb~ IIpO.UYKTOB peaKnafi ( B OCHOBHOM a30TOUOB pat:Io

H8 H HX rrpOt:IYKTOB pacna.na), Bbi6HTb!X H3 MHllleHa B aOHHhlH aCTO'IHaK. 

nnH STOrO B .llOIIOJJRHTenbHhlX Ollb!TSX aerrocpe.UCTBeHHO 38 .ll9p}K8TeneM 

MameRH, nepe.n TennoBbiMH aKpaaaM.a pacnonaranacb an~MHHaeBaH ~onhra, 

38t:Iep}KaBa~mag Bbi6HB89Mbie H3 MHllleHa npot:IyKTbl peaKIIaii:. J1 OHHhlH HCTO'I

RHK B STHX 3KC1IepaMeHT8X He BKn~qancg. ITocne 06JJy'I9HaH ~Onbra BbiHH-

ManaCb t:InR a3MepeHaR a -8KTaBHOCTH. 

B •KcnepaMeHTax no conocTaBneaa~ aKTaBHOCTeii: npot:IyKTOB peamaii:, 

C06paHHbiX H8 npaeMHliKe H ~Onbre 38 Mall!eHb~, UpO.UOn}KaTenbHOCTb o6ny

'IeHaH a aHTepBan Me}Kt:IY OKOH'ISHHeM o6ny'leHaSI H H8'I8JJOM C'I9T8 6binH 

Ot:IaHSKOBbiMa B TOM a t:IpyrOM Ollb!TSX, 'IT06bi H36e}K8Tb UOrpemHOCTe:li:, 

o6ycnOBJJeHHbiX pa3na'IHOH CTeneHb~ H8Cb!lll9HaH B HSKOnneHaH IIpO.UYKTOB 

peaKnaH: c pa3HbiMH nepaot:IaMH nonypacnat:Ia. ITonpaBKa Ha pa3.na'll!e B To

Kax 6oM68pt:Iapy!OlllaX '18CTHU BBOt:IaJJSCb. 

KaK noKa3ana ax:cnepaMeHTbi, a~~eKTaBHOCTb cenapanaH a30TOIIOB pa

t:IOHa B SKcnepaMeaTax 'B naRHH' OKa3anacb paBaoii 40-60%. Bonae BbiCo

KaH a<jxpeKTHBHOCTb, Ha6n~t:I89M8H t:IJJH pat:IOH8 ITO Cp8BHeHH~ C KC9HOHOM, 

MO}KeT 6b!Tb o6yCJJOBneaa 6onee Ha3KaM IIOTeHUHanOM aoaa3aUaH PlUtOHa. 

Cne.uyeT 3aMeTRTb, 'ITO npa6nasaTe1IbHo 20% B&I6RBaeM&IX a3 Mame-

HH 8TOMOB OCet:Iana H8 60KOBbiX CTeHKSX OTBepCTHll B t:Iep}I<STene MHllleHH 
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_.., ..........._ 

as-sa aenapannenhBOCTH 

MeCTO BCert:I8 npH HCUO!n 

t:IeneHHa a<jxpeKTHBHOCTH ~ 

9KCUepHM9HTOB, OHH He y 

nnH onpe.neneRHSI Pl 

ra pa3pesanac& aa nonoc 

nonocKH H3MepM8Cb. Ha 

a -aKTHBHOCTH a30TOIIC 

cenapaTopa, pacnono}KeHa 

Pa3KbiMH caMBonaMa npe 

Thl BpeMeHH nocne OKOH'I 

13+ 
18 0 

=0,5 MK8. 

3a H8'18JJO OTC'IeTa 

ny'IKa aoaoB Ta o: ( M "' · 

.llY C aoaaMH Ta+ H T1 

a t:Insr Kana6poKa Bepxaea 

HO npH6n!fqH.T9JJbHO 500 I 

l13Mepeaae BpeMe!IE 

HHH H HOHa381IHH BHet:Ipei 

t:IBHaR cneUHSJibHOH a3Me] 

C pe3ynbT8T8MH H3MepeB 

B 3aKn~<teHae a BTC 

BY .a E.n.Bopo6beBy, n o! 

pa6oTa, a TSK}Ke 5.f.3op 



HH H "' HOH!Ib!H HCT O'IliHK 

ecx K c e aoaa; 3 aTeM 

IHbl C M8CC8MH 195-225; 

~ n pOBOAHnBCb 3Jl9KTpo

.AOH8 llpHHHM8JlHCb. H8 

llp HeMHH Ke K8M9Pblt H 

npo.nyKTOB pacna,qa H3-

3 ¢¢eKTHBHOCTb Cerrapa

:, COOpaHHOii 118 rrpHeM-

HOBHOM H30TOUOB pa,qo

B H OHHb!ii HCTO'IHHK. 

aao 38 ,qep* aTeneM 

• 8niOMHHH9B8l'I <j>onbra, 

peamail: . I1 OHHblii HCTO'I-

5nyq9HH R <j>onbra BbiHH-

T eii ITPOAYKTOB peaKUHii, 

'OAOJl*HT enh.aocTb o6ny

Haqano M cqeTa ObiJTH 

-K8Tb norpeiiiHOCTeH:, 

f8KOITJleHHH ITp OAYKTOB 

BK8 118 pa3.JlH'Uie B To-

:ena p8UHH H30TOITOB pa

r 40-60%, Bonee BbiCo-

18BH9HHIO C KC9HOHOM, 

1M H OHH38UHH PBAOHa. 

3b!OHB89 Mb!X H3 M HIIIe-

B A9p)!( 8Te ne MHIII9 HH 

H3-38 aenapallJI9nbHOCTH rry'!Xa BbiOHB89MhiX 8TOMOB. 3TH ITOTepH HM9IOT 

MeCTO BCer,qa rrpH KCUOJlb30B8HHH M9TOAHKH Bb!OHBBHHR, UOSTOMy npH onpe

,qeJTeHBiil s¢¢eKTHBHOCTH MBCC-cerrapaTOpa, K8K MO*HO ITOHH'no !il3 CX9Mbl 

9KCUepHM9HTOB, OHH He Y'IHTb!B8JlHCb. 

.UnR onpe,qeneHHR pa3peiiieHHR npa pa6oTe "'s JlHHHH"' npaeMH8R <j>onh-

r a p83pe38Jl8Cb Ha ITOJlOCIUI IIIBpHHOlO 3 MM ; H a -8KTHBHOCTb KB*AOii 

nonocltll H3MepWiacb. Ha p.uc. 8 ,qaeTCR OAHH H3 npHMepos pacnpe.neneH!ilR 

a -aKTHBHOCTH H30TOITOB pa,qoaa Iil IilX rrpOAYKTOB pacna,qa H8 npaeMHHKe 

0 
cenapaTopa, pacnono*eHHOM no,q yrnoM 45 K aanpasneaHIO rnasaoro nyqa. 

Pa3 Hb!MH CHMBOJ18MH npeACT8BJl9Hbl KpHBble, ITOJly'leHHbl9 B pa3Hble MOM9H

Tbl BpeM9HH UOCJle OKOH'I8JIHSI OAHO'I8COBOii cenapaUHH - OOJTy'I9HHl'I :Pt +180, 

I s+ 
18 0 

=0 ,5 M K8. 

3B H8'18Jl0 OTC'IeTa paCCTOl'IHH l'I 118 rrpH9MHOii <j>Onbre B3l'ITO ITOJl0* 9HHe 

+ 
ny'IKa HOHOB T a 0 

2 
( M "' 213 

AY c aoaaM.H Ta+ a Tao+ 

, oopasyiOIIIHXCl'I B HOHHOM HCTO'IHHXe Hapy

IJOJlO.lK9HHe MaCChi M • 2 13 HCITOJlb3 0B8HO 

H A JTR Kanx6 poKH sepx aeii IIIK anbl. Pa3pemeHHe npx pa6 oTe "' s naax a"' pas

ao npHOJlH~HT9JlbHO 500 H8 nonyBbiCOTe ITHKOB. 

l13Mepeaae speM e HH, r peoyiOmer ocg A JT R o 6 p araoii AB<I><I>Y3HH xcnape

HHR H H OHH38UBH BHe,qpeHRbiX B KaTOA- CTOITOp 8TOM OB, IT OTpe6osano C03-

ABHBl'I CIT9UB8nb.HOH B3MepB T 9 JlbH Oii MeTOAHXH, OlllilC 8 HHe K OT OpOH BMeCTe 

C pe3 y nh.T 8 T8MB H3Me peHHH 6y,qeT orry6JTHKOB8H O OTA9JlbHO. 

B 3aKJIJOqeaxe asTopbi BbiJ;JB*BIOT 6naro.napaOCTb rrp o !jl. r.H.ct>nepo

sy H E • .U.B o pOObesy, ITOA pyKOBOACTBOM KOTOpb!X BbiiTOJlHl'!JlaCb H8CTORIII811 

pa6oTa, a TaK*e E.f.3opxay 3a rroMOIIIb s rrpose.neaaa aKcnepHMearos. 

21 



n B T e p a T y p a 

1. O.Kofoed-Hansen, K.O.Nielsen. Mat. Fys. Medd. Dan. Vld. Selsk. 
26, No.7, 1951. 

2. r.H.cllnepoB, H.H.TapaaTaa. Abhand!Ungen der Deutschen Akade

mien der Wissenschaften zuBerlin. (Math., Phys., 'I'echn.) 1,49,1967. 

3. Proceed. of 'I'he Conference on Isotope Separators Aarhus, 1965. 

Nucl. Instr. Meth. 38, 1965. 

4. Proceed. of the Llsekil Symposium 1966. Arkiv fur Fysik, 36,1967. 

5. R.I:<lapisch, R.Bornas. Nucl. Instr. Meth. 38, 291, 1965. 

6. N.I.'I'arantin, A.V.Demyanov, Yu.A.Dyachichin, A.P.Kabachenko. 

Nukl. Instr. Meth. 38, 103, 1965. 

7. H.H.TapaaTaa, A.B • .lleMhsmoB. ITT8, .L 41, 1966. A.B • .lleMhsmoB, 

H.H.TaapaHTHH, IO.A • .llMr'UIXHH, A.II.Ka6a'l:eaKo. ITT8tb_28, 1966. 

7. H.H.TapaHTaa, B .B.ropAeeB, A.B • .lleMbRHoB. A8, 22 , 280, 1967. 

8. A.AMoB, B.II.IlepMRKOB, H.H.TapaHTHH. IlpenpaHT OHHH P13-3019, 
.lly6aa, 1966 . 

9.A.B . .lleMbRHOB, A.IT.Ka6a'l:eHKO, o.rr.noi'HHOB, H.H. TapaHTHH, X. Tbippo!jl¢. 

Ilpenp.HHT OHHH P13-3953, .lly6aa, 1968. 

lOI.Langmuir, K.B.Blodgett. Phys.Rev. 22, 347, 1923. 

ll.A.W.Hull. Phys. Rev. 28, 31,1921. 

PyKorracb rrocTyrr.ana B HaJ:taTenbCKH~ OTJ:ten 

5 ceaTR6pg: 1968 I'OJ:ta. 

22 

A(a::"') 

t 

2!Jit 20; 
fO" 

(()3 

102 

101 

10 
-72-6 

Pac.S . . P acnpe.a.t 
paCD8D.8 

npomecTJ 

COB(¢ 
- o6nr u 



dd. Dan. Vid. Selsk. 

Deutschen Akade

tys.,Techn.) 1,49,1967. 

arators Aarhus, 1965. 

<iv fur Fysik, 36, 1967. 

H, 1965. 

A.P.Kabache nko. 

•• A.B.neMbHHoa , 

ITT36_28, 1966. 

~ 280, 1967. 

011H11 P18-8019, 

Tapa.B:TH.B:, X. Tb!ppo¢¢. 

_923. 

BTeJ'IbCKHA OTlteJ'I 

}68 roJXa. 

A~a;::"') 
10" 

2D't 205 206 207 208 2{)g 2/0 2ff 2f2 213 M 

-72 -66 -60 -57 -'t/3-42-36 -30 -24 -f8- 12 -6 0 +6 +f2 

PBc.8. Pacnpe.aeneaae a -a~tTBBHOCTB aaoTonoe pllllOHa a ax npollYKTOB 
pacna.aa .aa npaeMeatte 3neKTpoMaroTnoro Nacc-cenapaTopa no 
npomeC'raau . 0 MBH (0) , 4 •utcoa ( D ) , 8 ~tacos ( 6 ) , 12 "18-

coe ( 0 ) B 35 ttacoe ( V ) nocne OKOH'I8HB5l qacoaoA cenapenan -

- o6ny'leHHA ( Pt +II() ) • 
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