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'; floTpe6HOCTH 6hlCTpoll: HaeHTH$HK8UHH H HCCneaOB8HHH CBOll:CTB KOpOTKO

)KHBYillHX paaHOaKTHBHbiX Haep IIpHBenH B IIOCneaHee BpeMSI K Heo6xoaHMOCTH 

coaaaHHH crreuHanbHbiX 6biCTpoaeiiCTBYIOillHX M8CC·-ciieKTpOMeTpOB H aneKTpO

MarHHTHbiX cerrapaTOpOB H30TOIIOB, pa60T8IOII1HX B nHHHH C YCKOpHTenSIMH 

38pH)KeHHbiX 'I8CTHU HnH HaepHbiMH peaKTopaMH ( 0 6biCTpoaeiiCTBYIOillHX MaCC

CIIeKTpoMeTpax H cerrapaTopax H30TOIIOB eM., aarrpHMep, o6aopbr/ 1, 2/). OT

nH'IHTenbHaH oco6eHHOCTb YCT8HOBOK STOI'O THIIa COCTOHT B TOM1 'ITO o6pa-

3YIOilllleCSI B sraepHbiX peaKUHSIX paaH08KTHBHbie aTOMbl 6biCTpO BBOaSITCSI 

B HOHHbill: HCTO'IHHK HeiipepbiBHO aell:CTBYIOillero Macc-CIIeKTpOMeTpa HnH ce

rrapaTopa1 a perHCTpauHsr paaHoaKTHBHoro pacrraaa cerrapHpoBaHHbiX aToMOB 

H H3MepeHHH XapaKTepHCTHK HX H3ny'IeHHii II~OH3BOaHTCH cpaay IIOCne paa

aeneHHH C IIOMOillbiO C"'eTHO- H3MepHTenhHOll: arrrrapaTypbl 1 ycTaHOBneHHOll: 

BHyTpH llpHeMHOll: KaMepbio B T8KHX yCT8HOBKaX ycnOBHSI pa60Tbi HOHHOI'O 

HCTO'IHHKa cymeCTBeHHO HHbre, 'IeM B cny'Iae 06bi"'HbiX "'BHe nHHHfi' CIIeKT

poMeTpOB HnH cerrapaTOpOB H30TOIIOB. floaTOMy B CBH3H C C03aaHH9M B JHIP 

OHHH 6brcTpoaeil:cTByiOrrrero aneKTpoMarHHTHoro cerrapaTopa H30TOIIOB B nH

HHH C UHKnOTpOHOM TH)KenbiX HOHOB HaMH 6binH IIpearrpHHSITbl HeKOTOpbie HC

cneaoBaHHH oaaoro H3 THIIOB raaopaapSiaHoro HCTO'IHHKa c uen&IO yTO'IHeHHH 

CIIeUH$HKH ero pa60Tbl B pe)KHMe, 6nH3KOM K pe)KHMY pa60Tbl 'B nHHHH"' • 

2. Pa6oTa rrpoBoaanach c HCTO'IHHKOM MaraeTpOHHoro THrra, aaano

rH'IHbiM 110 KOHCTpyKUHH HCTO'IHHKy/3/ • H a pH C. 1 IIpHBeaeH CXeMaTH'Ie{O:

KHH '!epTe)K HOHHOI'O HCTO'IHHKa: 1) pa3pSiaHaSI KaMepa (rpa$HT) 1 oaHOBpe

MeHHO cny)KalllaH aHoaoM; 2) IIyCTOTenbiH UHnHHapH'!eCKHH KaToa ( TBHTan); 

3) H30nSITOpbl ( HHTpHa 6opa); 4) TOKOIIOaBoabr; 5) THrenb IIe"'H ( rpa$HT); 

6) aarpeBaTen& rre'IH (TaHTan); 7) aarpyao'!HaH nO)KKa (rpa$HT); 8) BbiXoa 
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PHc. I. CxeMaTH'!ecKHli qepTeJK HOHHoro HCTO'IHHKa. 
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Tpy6KH rro.o.a~H raaa; 9) WTOK .o.nH BBo.o.a aarpyao~aofi no~KHi 

aKpaHbi; 11) rrpoMe)KyTo~Hbie rronJOeHbie HaKoae~HHKH. PaaMep 

wenH 30 X 1,5 MM
2• nHaMeTp K8TOA8 H BHyTpeHHJ:Ifi AHaMe 

H 15 MM eoOTBeTeTBeHHO. 

Paerrono~eHHe HOHHOrO HeTO~HHKa H HeKOTOpb!X .o.pyrH: 

KBMepe aneKTpOMarHHTHOro eerrapaTopa/4/ ITOK838HO Ha pHe. 

HeTO~HHK ;13) Wnl03 AnH BBOA8 B HOHHblfi HeTO~HHK aarpyac 

BeweeTBOM; 14) OKHO AnH Ha6nJO.D.eHHH 38 BBOAOM; 15) aneK1 

yeKopeHHH H aneKTpOeTaTH~eeKOH cfJOKYS:HPOBKH HOHHoro rry~K8i 

MarHHT e pa3'heMHb!M MarHHTOITpOBOAOM; 17) e'heMHbll!: cfJnaHeJ 

3. O.o.aa H3 oeo6eaaoeTefi pa6oTbi aneKTpoMarHHTHoro eel 

HHH e yeKOpHTeneM 38pH~eHHb!X ~aeTHU eoeTOHT B TOM, ~TO K 

AH08KTHBHbiX 8TOMOB, o6pa3yJOwHXeH B SI.D.epHbiX peSKUHSIX 1! 

aneKTpoMarHHTHofi eerrapauHH, o~eHb Mano. Tiose.o.eHHe B HOH. 

TSKHX ManbiX KOnH~eeTB BeweeTBa, H3MepHeMbiX MHnnHOHHbiMH 

rpaMMa, MO~eT eymeeTBeHHO OTnH~8TbCSI OT ITOBe.D.eHHSI 6onee I 

~eeTB. 3T0 0 B ~aeTHOeTH, eBH38HO e TeM, ~TO pa3p03HeHHbie 8TOIIA 

e.D.HHOl!: TBep.o.ofi HnH ~.D.KOfi cfla3bl H, H8UpHMep, HX HerrapeHHe 

ayeTeH eOOTBeTeTBY!OlliHMH M8KpocfJH3HKO-XHMH'IeeKHMH KOHeTa 

semeeTsa: TeMrrepaTypofi H TerrnoTofi rrapoo6paaoBaHHH. B 9T• 

pe.o.enHJOlliHMH HBnHJOTeSI He rrpoueeebi HerrapeHHSI H KOH.D.eHCSUH 

weeTBa, a rrpoueeebi .o.eeop6UHH H eop6UHH .0.8HHbiX 8TOMOB J 

BeweeTBSX, BXO.D.SilliHX B KOHeTpyKUHIO HOHHOrO HeTO~HHKS. Tio 

paTypHb!l!: H .o.pyrHe pe~HMbl pa6oTbl HOHHoro HeTO~HHKa, OITTHMI 

Mep, D.nH o6eerre~eHHH MaKeHManbHOH acflcfleKTHBHOeTH, MoryT 6bi 

rrpH pa6oTe e M8KpO- HnH e ynbTp8MHKpOKOnH'IeeTB8MH O.D.HC 

semeeTsa. BbiSIBneHHJO aToro B03MO~Horo paanH~HSI H 6bma m 

BaSI ~aeTb HSeTOSiwefl: pa6oTbi. 

4. 3neKTpH~eeKHfl: pa3pSI.D. B HOHHOM HeTO~HHKe ropen Ha 

TOpOMY B He6onbWOfi .D.One .D.06aBnHneSI KeeHOH HnH pa.D.HOaKTI 

B aToM eny~ae, KaK H rrpH pa6oTe B nHHHH e yeKopHTeneM, n 

aosoro paapSI.o.a onpeD.enSinHCb noeTynneHHeM rnasaol!: KOMrroJ 

mero raaa (aproaa) H npaKTH~eeKH ae aaBHeenH OT npHMeeE 

Hbie KpHBbie B38HMHOfi eBSI3H napaMeTpOB pa3pH.D.8 .D.nSI Herron 
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I. CxeMaTu'!eCKHM qepTe* uoHHoro HCTO'IHUKa. 
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Tpy6KH IIOAa'IH ra3a; 9) IUTOK LIJIH BBOLia 3arpy30'IHOfi JIO)KKH; 10) TeiTJIOBbie 

aKpaHbx; 11) rrpoMe)KyTO'IHbie rronJOCHhie HaKoHe'IHHKH. Pa3Mep 9MHCCHOHHofi 

IUeJIH 30 X 1,5M;-'
2

• nHaMeTp KaTOLia H BHyTpeHHJ:Ifi LIHaMeTp KaMepbl 6 

H 15 MM COOTBeTCTBeHHO. 

PaCITOJIO)KeHHe HOHHOI'O HCTO'IHHKa H HeKOTOpblX LlpyrHX 9JieMeHTOB B 

KaMepe 9JieKTpOMarHHTHOI'O cerrapaTopa/4/ ITOKa3aHO Ha pHC. 2: 12) HOHH~H 

HCTO'IHHK ;13) IUJ1103 LIJISI BBOLia B HOHHblfi HCTO'IHHK 3arpy30'iHOti JIC)KKH C 

Bell!eCTBOM; 14) OKHO LIJIH Ha6JIJOLieHHSI 3a BBOLIOM; 15) 9JieKTpOLibl CHCTeMbl 

ycKopeHHH H 9JieKTpOCTaTH'IeCKOfi $OKY~HpOBKH HOHHOI'O rryqKa; 16) 9JieKTpo

MarHHT C pa3'heMHblM Mai'HHTOITpOBOLIOM; 17) C'beMHblfi $naHeu. 

3. Oaaa H3 oco6eHHocTetl: pa6oTbi aneKTpoMarHHTHoro cerrapaTopa B JIH

HHH C yCKOpHTeneM 3apH)KeHHblX 'laCTHU COCTOHT B TOM, 'ITO KOJIH'IeCTBO pa

LIHOaKTHBHblX aTOMOB, o6pa3y!Oll!HXCH B SlllepHbiX peaKUHSIX H ITOllJie)K8ll!HX 

9JieKTpOMai'HHTHOfi cerrapauHH1 O'ieHb MaJio. fioseaeHHe B HOHHOM HCTO'iHHKe 

TaKHX MaJiblX KOJlH'!eCTB Bell!eCTBa, H3M9pSieMbiX MHJIJIHOHHbiMH LIOJISIMH MHKpo

rpaMMa1 MO)KeT cynrecTBeHHO OTJlH'iaTbCSI OT ITOBeaeHHSI 6onee BeCOMbiX KOJIH

'IeCTB. 3T01 B 'iaCTHOCTH1 CBSI3aHO C TeM1 'ITO pa3p03HeHHbie a TOMb! He 06pa3yJOT 

eaHHOfi TBepaofi HJIH )KHJ:IKOfi $a3bl H, HarrpHMep, HX HCrrapeHHe He xapaKTepH-

3yeTCH COOTBeTCTBYIOlliHMH MaKpO$H3HKO-XHMH'I9CKHMH KOHCTaHTaMH aaHHOI'O 

senrecTsa: TeMrrepaTypoA H TerrnoTotl: rrapoo6pa3oBaHHSI. B aToM cnyqae orr

peaenSIJOll!HMH SIBJISIIOTCSI He rrpoueCCbl HCrrapeHHSI H KOHLieHCaUHH LlaHHOI'O Be

nreCTBa, a rrpoueCCbl aecop6UHH H cop6UHH aaHHbiX aTOMOB H8 p83JIH'iHbiX 

Bell!eCTBaX, BXOLISIII(HX B KOHCTPYKUHIO HOHHOI'O HCTO'iHHKa. fi09TOMY TeMrre

paTypHbifi H apyrHe p9)KHMbl pa6oTbl HOHHOI'O HCTO'IHHKa, OITTHMaJibHbie, HaiTpH

Mep, LIJISI o6ecrre'leHHSI MaKCHMaJibHOH a$$eKTHBHOCitH, MOI'YT 6biTb pa3JIH'IHbiMH 

!!pH pa6oTe C MaKpO- HJIH C YJibTp8MHKpOKOJIH'ieCTB8MH OLIHOI'O H TOI'O )1{9 

senrecTsa. BbiSIBneHHJO aToro B03MO)I{Horo pasnH'iHSI H 6bma rrocsSimeaa rrep

BaSI 'laCTb HaCTOSimetl: pa6oTbi. 

4. 3neKTpH'IeCKHfi pa3pSill B HOHHOM HCTO'IHHKe ropen Ha aproHe, K KO

TOpOMy B He60JibiUOfi llOJie ao6aBJISIJICSI KCeHOH HJIH paaHoaKTHBHhlfi CBHHeu. 

B aToM cny'lae, KaK H rrpH pa6oTe s JIHHHH c ycKopHTeneM, rrapaMeTpbi ra-

30Boro pa3pSiaa orrpeaenHJIHCb ITOCTyrrneHHeM I'J18BHOfi KOMITOH9HTbl ITHTBIO

mero rasa (aproaa) H rrpaKTH'ieCKH ae sasncenn oT rrpHMecetl:. XapaKTep

Hhre KpHBbie B3aHMHOfi CBH3H rrapaMeTpOB pa3pSill8 llJISI HCITOJlb3YJOineroCSI B 
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OilbiTaX HCTO'IHHKa IIpHBeneHbl Ha pHCo 3, Ka)!{nasr H3 KpHI 

IIO naHHbiM 0 rrpencTaBneHHb!M Kpy)I(KaMH, naeT 3aBHCHMOCTI 

I a- k OT onHoro H3 'leTbipex .BapbHpyeMbiX HerrocpenCT! 

paapsrna IIpH lPHKCHpoBaHHOM 3Ha'leHHH Tpex OCTanbHbiX, 

pa3HOCT:b IIOTeHUHanoB Me)Kny aHonoM H KaTonoM V a-t' 

I k , HHnyKUHSI BHei!lHero MarHHTHoro rronsr 8 H CKOpOCT:b 

B paapsrnHy~ KaMepy K o 

3aBHCHMOCT:b I a-t OT va-t• I t" B H K OT] 

aaKOHOMepHOCTH paapsrna B rrnaaMeHHbiX HOHHbiX HCTO'IHHK 

MarHHTHhiM noneM, HaH6onee neTanbHO HccnenoBaHHbre B pae 

psrna I a:..t , rrpencTaBnSI~I!lHi!: C060~ B OCHOBHOM TOK HCII~ 

aneKTpOHOB 0 OIIpenensreTCSI aneKTpOHHOi!: 3MHCCHei!: KaTona E 

aneKTpH'IecKoro rronsr, oTcacbrBa~ruero aMHTHpyeMbre aneR 

aneKTpOHHOfi aMHCCHH, B CBO~ O'lepenb, onpenenSieTCSI pc 

H ero TeMrrepaTy:poi!:, aaBHcsrruei!: oT It , a Harrpsr)KeHHOCTJ 

non~ - BenH'IHHoi!: H pacrrpeneneHHeM B paapsrnHoM rrpoMe)!{~ 

p83HOCTH IIOT8HUHanoB Va-t o KaTOAHoe rraneHHe, xapaK 

rrpeaeneHHe rroTeHuHana, aaBHCHT, KaK HaBeCTHo, oT aarron1 

rrpoMe)KyTKa rrna3MOi!:, KOTOpoe, B KOH9'1HOM HTOre, 3aBHCH' 

HeliTpanbHbiX 8TOMOB B paapsrn ( K ) , IIOTOKa ( I a-t ) , a. 

anHHbl TpaeKTOpHi!: ( 8 ) HOHH3Hpy~IllHX aneKTpOHOB, 

KpHBbie H3MeHeHH~ I a -t oTpa)Ka!QT HHTeHCHlPHKauH~ 

va-t, I t B H K BIInOTb no orpaHH'IeHHli, o6ycnosneHH 

IInOTHOCTb~ Hei!:TpanbHhlX aTOMOB B pa3psrnHoi!: K8Mepe (pH Co 

" HOi!: aneKTpOHHOli 8MHCCHeli: K8TOA8 (pHCo 3r), HnH YXYAII18HHE 

pa aneKTpOHOB B CHnbHOM M8rHHTHOM none ( pHCo 3B) o 

Ha Tex )Ke pHco 3 KpHBbiMH, IIOCTpoeHHbiMH ITO aaHHI 

Hh!M TpeyronbHHK8MH, naeTCSI rronHb!il: TOK HOHOB I u , SKC 

HOHHOrO HCTO'IHHKa, ToK HOHOB H3Mepsrncsr KOnneKTOpOM, 

rrepen MarHHTHhiM aHanHaaTopoM cerrapaTopao rJyqoK aKCTpl 

6hrn napanneneH B BepTHKanbHoi!: rrnocKoCTH H HMen yrnoB~ 

He 6onee ±_5° B ropH30HTanbHOlio PacrrpeaeneHHe noTe HUH< 

A8X aneKTpOCT8TH'IeCKOi!: OIITHKH npH 3TOM 6binO Cneay~I!lHM 

nyca HOHHOrO HCTO'IHHKa +40 KB0 CTa6HnH3HpOBaHHb!il: no B 
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OIIb!T8X HCTO'IHHKa IIpHBe.QeHbi Ha pHC, 3, Ka)!{.Q8SI H3 KpHBbiX, IIOCTpoeHHb!X 

IIO .Q8HHbiM, rrpe.QCT8BlieHHb!M Kpy)!{K8MH, .QaeT 38BHCHMOCTb paapH.QHOI'O TOKa 

I a- k OT' onaoro Ha 'leTbipex BapbnpyeMbiX aenocpencTaeaao rrapaMeTpoa 

paapSI.Qa IIpH QJHKCHpOB8HHOM 3H8'1eHHH Tpex OCT8libHb!X, 3TH napaMeTpb! -

pa3HOCTb IIOTeHUH8liOB Me)!{.Qy 8HO.QOM H K8TO.QOM Va-t' TOK HaKana K8TO.Qa 

I k , HH.QYKUHSI BHemaero M8I'HHTHOI'O IIOliSI 8 H CKOpOCTb IIOCTyrrneHHSI raaa 

B paapSI.QHYIO KaMepy K • 

3aBHCHMOCTb I a-t OT va-k' I t" B H 1< OTpa)!{aeT OCHOBHbie 

38KOHOMepHOCTH paapH.Qa B IInaaMeHHb!X HOHHbiX HCTO'IHHK8X C IIOIIepe'IHb!M 

MarHHTHhiM rroneM, aan6onee neTanbHo nccnenoaaHHbie B pa6oTe/5/, ToK paa

pHna Ia:._t , IIpe.QCT8BliSI!OllHi!: C06010 B OCHOBHOM TOK HCIIyCKaeMb!X K8TO.QOM 

8lieKTpOHOB, OIIpe.nenHeTCSI 8lieKTpOHHOi!: 8MHCCHei!: K8TO.Q8 H HaiipH)!{eHHOCTb!O 

aneKTpH'IeCKOI'O IIOliH, OTC8Cb!B810llero SMHTHpyeMb!e SlieKTpOHblo BenH'IHHa 

sneKTpOHHOi!: SMHCCHH, B CBOIO O'lepeLlb, OIIpe.Q9liHeTCSI paaMepaMH K8TOJl8 

H ero TeMrrepaTy:poi!:, 38BHCHI!lei!: OT It , a HaiipSI)!{eHHOCTb OTC8Cb!B810I!l9I'O 

rronH - aenH'IHHoi!: H pacrrpeneneaneM B paapHnHoM rrpoMe)!{yTKe rrpnno)!{eHaol!: 

pa3HOCTH IIOTeHUH8liOB Va-t , KaTo.z:tHoe rraneane, xapaKT~pna.yJOmee pac-

IIpe.neneane IIOTeHunana, 38BHCHT, K8K H3BeCTHO, OT 38IIOliHeHHSI pa3pSI.QHOI'O 

IIpOMe)!{yTKa IIli83MOi!:, KOTOpoe, B KOHe'IHOM HTOre, 38BHCHT OT IIOCTYIIli9HHSI 

aei!:TpanbHb!X aTOMOB B paapH.Q (K). IIOTOKa ( Ia-t). saeprHH ( v .. _t) H 

.QliHHbl TpaeKTOpHi!: ( 8 ) HOHH3Hpy!OI!lHX SlieKTpOHOB, 

KpHBhie H3MeHeHHH I a-t OTpa*aiOT HHTeacnlj:JnKaUHIO paapHaa c pocToM 

va-t, I t B H K BilliOTb LlO orpaHH'I9HHi!:, o6yCliOBli9HHb!X HliH 38Ll8HHOti 

IlliOTHOCTb!O Hei!:TpanbHblX 8TOMOB B pa3pSILlf{Pfi K8Mepe ( pHC, 36), HliH 38Ll8H

HOi!: aneKTpOHHOi!: 8MHCCHei!: K8TOLl8 ( pHC, 3r), HliH YXY.Qlll9HH9M YCliOBHi!: OT6o

pa aneKTpOHOB B CHlibHOM M8I'HHTHOM IIOlie ( pHC, 3a), 

Ha Tex *e pnc, 3 KpHBb!MH, IIOCTpOeHHb!MH IIO Ll8HHbiM, IIp9LlCT8BneH-

Hb!M TpeyronbHHK8MH, Ll89TCSI IIOliHblti TOK HOHOB I u , SKCTparnpyeMb!X H3 

HOHHOI'O HCTO'IHHKa, ToK HOHOB H3M9pSiliCSI KOnlieKTOpOM, p8CIIOli0)!{9HHb!M 

IIepea M8I'HHTHb!M 8H8liH38TOpOM cerrapaTopa, ny'IOK SKCTparnpyeMb!X HOHOB 

6bili IIapannenea B BepTHK8libHOi!: IlliOCKOCTH H HMen yrnoBy!O paCXOLlHMOCTb 

He 6onee ±_5° B ropnaoaTanbaoti. Pacnpeneneane noTeaunanoa aa aneKTpo

aax 8lieKTpOCT8TH'IeCKOi!: OIITHKH IIpH a:roM 6binO CliellY!OlllHM: IIOTeHUHan KOp

~yca HOHHOI'O HCTO'IHHK8 +40 KB, CTa6HliH3HpOB8HHblif AO BeliH'IHHb! :!:_0,039'~ 
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2. 

ToK pa3pHAa 1
0 
-t (- o - ) H TOK aKcTparHpyeMbiX H3 HCTO'IHHKa 

HOHOB lu ( -/'! - ) B 38BHCHMOCTH OT pa3HOCTH noTeHI!HSnOB 8HOA8 H 

K8TOA8, I = 140 a, B = 250 rc, 1< = 0, 7 cM3!MHH, 
k 

8 

.'t 

Ia-~e{a) /0 

9 

8 

7 

6 

5 

4 

.3 

2. 

•· 

-----------~~~ 

120 fJ() f/{0 ~~ f60 

8 

6 

4 

2 

no 
IK(a) 

PHc, 36, ToK paapHaa 1
0
-k(-o -) H TOK aKCTparHpyeMbiX Ha 

HOHOB lu ( -/'! - ) B 38BHCHMOCTH OT TOK8 HSKana K. 

V L = 90 a, B = 250 rc, K = 0, 7 cM3 IMHH. a-• 
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0 eo /{() 60 lXJ KXJ 

Va-rc ( 6) 

OK pa3p51!18 la-k (- 0 -) II TOK 3KCTparnpyeMblX 113 HCTO'IHIIK8 

OHOB lu ( - /),. - ) B 38BIICIIMOCTH OT pa3HOCTII IIOTeHUIIanOB 8HOJl8 II 

aToaa. I = 140 a,B = 250 rc, K = 0,7 CM3/MHH, 
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P11c, 36, ToK pa3p51!18 la-1:(-0 -) II TOK 3KCTparllpyeMbiX 113 HCTO'IHIIKa 

IIOHOB lu (- fl - ) B 38BIICIIMOCTII OT TOKa HaKana K8T0):18, 

V , = 90 B, B = 250 rc, 1< = 0, 7 CM3 IMHH, a-• 
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Io.c{a) , Iu(Ha) 
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4.. ~ 

{lJ() t:JO 21JD BSO 400 

1 B(ec) 

Pac. 3s. ToK paapRAa 1..-t ( - o - ) H TOK &KCTparapyeMbiX H3 RCTO'IHHKa 

HOHOB J ( -l!t. - ) B 38BRCHMOCTH OT MarHHTHOro non!lo 

v 11
• 90 B, I = 140 a, 11. = 0, 7 cJ/MHH • 
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II. ( HVH 

Pac. Sr. ToK paapHAa Ia-t< -o- ) H TOK sKcTparapyeMbiX a: 

HOHOB 1
11 

( - l!t. -) B 38BRCHMOCTH OT CKOpOCTH DOC 

V a_ t = 90 B, It = 140 a, B = 250 rc. 
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IH{a) f(J Iu(Ha) 
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fDO fSO 200 esJ 400 

B(ec) 

ToK pa3p!llla ~-t ( - 0 - ) H TOK 9KCTparHpyeMbiX H3 . HCTO'IHHKa 

HOHOB I ( -fl - ) B 3aBHCHMOCTH OT MarHHTHOro non11. 

v "= 90 s, I = 140 a, " = 0,7 c..iiMHH • 
a-t t 
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(!e 0,~ 
D.6 , as "( ~} 

Puc. Sr. ToK paapHila Ia -t< - o - ) H TOK sKCTparupyeMbiX ua HCTO'IHHKa 

HOHOB 1, (- fl -) B 3aBHCHMOCTH OT CKOpOCTH UOCTYIIlleHHII raaa. 

V a_ t = 00 B, It • 140 a, B "' 250 rc. 
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noT~HuUan bnn~aftwero K HcTo~HHKy $oKycnpy~mero aneKTpoaa - 500s-

2000 s: apvroti: aneKTpoa aaaeMnea, 

KaK BHaHo H3 pHC, 3, TOK SKCTparnpyeMbiX H3 HCTO~HHKa HOHOB I u 

He H8XOaHTCSI B IIpSIMOti: 38BHCHMOCTH OT TOKa pa3pS!aa la-Jt 3To OCOOeHHO 

38MeTHO Ha pHC, 36, rae C pOCTOM TOK8 pa3pS!aa TOK HOHOB rraaaeT, 

Doao6Hbie 38KOHOMepHOCTH IIOHSITHbi0 IIOCKOnl:oKy TOK HOHOB, H3BneKa

eMbiX H3 HCTO~HHK8 0 B cny~ae IIOCTOSIHCTBa BHeiUHHX ycnoB:Hti: SKCTp8KU:H:H 

OIIpeaenSieTCSI HeiiOCpeaCTBeHHO IInOTHOCTb~ H TeMrrepaTypoti: HOHOB B IIn83Me paa

pSiaa B6nH3H SMHCCHOHHOrO OTBepCTHSI, H3MeHeHHe IIapaMeTpOB p83pSiaa IIpH-

BOaHT K H3MeHeHH~ IInOTHOCTH IIn83Mbi 0 IIpH~eM B HaWeM cny~ae HeK08KCH

anbHOro pacnono~eHHSI KaToaa B paaps:~aaoti: KaMepe pacrn:HpeHHe ceKTopa 

30Hbl pa3pHaa LIOn~HO IlpHBOaHTb K CHH~eHH~ IInOTHOCTH IIna3Mbi B o6naCTH 

BbiXoaaoti: menH. 

3aKOHOMepHOCTH BbiXOaa OTaenbHbiX KOMIIOHeHT HOHHoro IIY'IKa HCcneao-

BBnHCb IIyTeM perHCTp8UHH HOHHoro TOK8 IIOCne MarHHTHOro 8H8nH3aTopa, 

C IIOMOIUb~ TOKOBOro KonneKTOpa, yCT8HOBneHHOro Ha IIpHeMHHKe Cerra-

paTopa, H3MepSinCSI TOK oaaopa3pS!aH~X HOHOB H30TOIIOB aproHa H KCeHoHa, 

ao6asneHHOrO B KOnH~eCTBe 1,0% K aproay, H rryTeM COIIOCTaBneHHSI BenH~H

Hbl TOK8 H CKOpOCTH IIOcTyrrneHHSI raaa B HOHHblft HCTO~HHK OIIpeaenSinCSI 

K03$$HUHeHT HCIIOnb30B8HHSI serueCTBa, 0IITHM8nbHbie 3Ha~eHHSI IIapaMeTpOB 

paapSiaa V..-t, Ik H B BbiOHpanHCb HeiiOCpe.QCTBeHHO IIO M8KCHM8nbHOMy 

HnH H8HOOnbllieMy B03MO~HOMy TOKY oaH038pS!aHhiX HOHOB Ha KonneKTOp IIpH 

$HKCHpOB8HHOM 3Ha~eHHH I< • 

3aBHCHMOCTb K03$$HUHeHTa HCIIOJib30B8HHSI BeiUeCTBa OT CKOpOCTH IIOCTyii

neHHSI raaa aaeTCSI aa pRe. 4. Ha pncyaKe Kpy~KBMH rrpeacTasneHbi aaHHbie 

anSI OCHOBHOH KOMIIOHeHTbl - aproaa; KBaapaTHK8MH - anSI IIpHMeCH KCeHoHa, 

0IITHManbHbie 3H8~eHHSI Va-t• I k H B, rrpiH6nH3HTenbao oaaH H Te ~e 
anSI aproaa H Kceaoaa: V a-k = 60-80 s; lk= 140-150 a, 8=200-300 rc. 

0IITHMYM 1<, K8K BHaHo H3 pHCYHKa, T8K~e IIpH6nH3HTenbHO oaHH H TOT ~e H 

pasea 0,8 cM
3 

IMHH, PaaaHua B a6con~THhiX aaa~eH:HSIX KOa#HuHeHTa 

HCIIOnb30B8HHSI BeiUeCTBa anSI aproHa H KCeHOHa MO~eT Ob!Tb CBSI38Ha C pa3-

nH~HeM rroTeHuHanos HOHHaauHH aToMoB sTHx LIByx sneMeHToB (anSI Ar - 15,7 s, 

anSI Xe - 12,1 s) H xyarnHMH ycnoBHSIMH npoxo~aeHHSI ~epea KaMepy cena

paTopa HOHHOro IIY'IK8 aproaa 1!:3-38 cyrueCTBeHHO OOnbllieti: BenH~:HH~ HOH-

Horo TOKa ( I u 
Ar = 5 Ma, Ju Xe = 50 MKa), 

12 

~ 

2 {/o} 

35 

.50 

2,5 

20 

15 

10 

5 

0,2. 
• 

Pnc. 4, Ko3tfl!PnuneHT 
rrocTyrrneHHll 

Mecb ( 1,0%) 

0,4 0,6 as 

HCIIOflb30B8HHll BemeCTB8 B 38BHCHMOCTH C 

raaa B HOHHbiH HCTO~HHK: (.,. 0-) - aproJ 

KCeHOHa, ( -V-) CBHHeu-212, 
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6Jnl)!{8t\lllero K I!CTO'IHIIKy QJOKyCIIpy!OlUero 9Jl8KTpOJ:t8 - 500 B -

.. rot! gneKTPOA 3a3eMnea. 

113 p11Co 3, TOK 9KCTparllpyeMb!X 113 IICTO'IHIIKa HOHOB I a 

Ilp5IMOfi 38BIICIIMOCTII OT TOK8 pa3p5IA8 Iu-~ 3TO OC06eHHO 

a p11c. 36, rae C pOCTOM TOK8 pa3p5IJ:t8 TOK IIOHOB Il8}:t8eT. 

Hbie 38KOHOMepHOCTII IlOH5ITHbl0 IlOCKOJlbKy TOK HOHOB, H3BJleKa

CTO'IHIIK80 B cnyqae IlOCT05IHCTB8 BHelUHHX ycnOBHA 9KCTpBKUHH 

H HerrocpeJ:tCTBeHHO IlJlOTHOCTbiO II TeMrrepaTypot! IIOHOB B IlJl83Me pa3-

9MIICCIIOHHOrO OTBepcTII5I. H3MeHeHIIe rrapaMeTpoB pa3p5IJ:ta rrp11-

MeHeHHIO IlJlOTHOCTll IlJl83Mb!0 Ilpll'leM B HallleM cnyqae HeKOBKCli-

8Cll0JlO)!{eHH5I KaToJ:ta B pa3p5IAHot! KaMepe pacrnHpeHHe ceKTopa 

IlpliBOJ:tliTb K CHll)!{eHHIO IlJlOTHOCTH IlJl83Mbl B 06Jl8CTH 

en H. 

OMepHOCTll Bb!XOJ:ta OTJ:tenbHb!X KOMilOHeHT IIOHHOrO IlY'IKB IICCneao

eM perHcTpauHH HOHHoro TOKa rrocne MarHHTHoro aaanHaaTopa. 

TOKoaoro KonneKTopa, ycTaaoaneaaoro Ha rrpHeMHHKe cerra-

Mep5IJlC5I TOK 0AHOp83p5IAHhiX liOHOB li30TOilOB aproHa ll KCeHOHa, 

ro B KOJlll'leCTBe 1,0% K aproHy, ll IlyTeM COilOCT8BJleHH5I BeJlll'lli

CKOpOCTH IlOCTyrrneHH5I ra3a B liOHHhiti liCTO'IHHK Ollpeaen5IJlC5I 

T l1Cll0Jlb30B8Hli5I BellleCTBa. 0ITTliM8JlbHbie 3Ha'leHH5I rrapaM9TpOB 

-I<' I k ll B Bbi6HpanHCb HerrocpeJ:tCTB8HHO ITO M8KCliM8JlbHOMy 

bllleMy B03MO)!{HOMy TOKy OAH038p5IAHhlX IIOHOB Ha KOJlneKTOp Ilpll 

HOM 3H8'1eHllll I< • 

iliMOCTb KO gQJQJliUIIeHTa 11Cll0Jlb30B8H115I BelUeCTBa OT CKOpOCTII IIOCTyii

J:taeTC5I aa p11c. 4. Ha pllcyHKe Kpy)!{KBMII rrpeacTaBn9Hhi ABHHbi9 

Ofi KOMilOHeHTbl - aproHa; KB8J:tp8THK8Mll - J:tn5I IIpHMeCH KCeHOHBo 
~ 

hie 3Ha 'leHH5I V .. _ k, I It 11 B, rrpH6nH3HT9nbHO OAHH H T9 )1{9 

a H KCeHOHa: V u-k = 60-80 a; It= 140-150a, B=200-300rc. 

KaK BliAHO ll3 pliCYHKa, T8K)!{e IIpH6Jlli311TenbHO OJ:tliH H TOT )1{9 ll 

8 CM 
3 

IMHH. Pa3HHua B a6comoTHhiX 3HB'I9HH5IX KO~HUH9HTa 
HliH BelUeCTBa }:tJlH aproHa II KCeHOHB MO)!{eT 6b!Tb CB.H38H8 C paa

eHUIIBJlOB liOHli38Ullll BTOMOB 9TH X ABYX 9JleMeHTOB ( AJl.H At - 15,7 B, 

12,1 B) ll XYAllliiMll ycnOBli5IMll IlpOXO)!{}:t9Hli5I '19p93 K8M9py cena

HOro ny'IKa aproHa Ha-aa cymecTBeHHO 6onblll9t! BenH'IHHbi HOH-

I 
u Ar = 5 Ma, I X = 50 MKa) • 

u .. 

12 

~ 

- ' 

2 (0/o) 

35 

.50 

2.5 

20 

15 

10 

5 

v 

0.2 

P11c. 4. Kosljl<j>HuHeHT 

ITOCTynneHJHI 

MeCb ( 1,0%} 

• 

0.8 0,4 0,6 ., 

I( (~c~) 
I!CTI0Jlb30B8HIIH BerneCTBB B 38BIICIIMOCTII OT CKOpOCTII 

raaa B IIOHHblfi IICTO'IHIIK: (.,. 0-) - aproH, ( -[J..)npH

KCeHOHB, ( -v-) CBHHeu-212. 
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B OllbiTax c ynbTpaManbiMH npHMecSIMH Hcnonb3oBancSI panHoaKTHBHbi:it 

CBHHen 
2

12 Pb - npoayKT pacnana 
232 

Th • 3arpy30'IHaSI l!O)I{Ka noMeiuanacb 

B 8M8H8TOP. 38llOl!HeHHblli: rHllPOOKHCbiO TOPHSit H 38 20-30 '18COB Ha llOBepx

HOCTH l!O)KKH H8K8lll!HB8l!OCb"' 108 8TOMOB ("" 3.1s-i3r) p8llH08KTHBHO'l"O 

CBHHna. KonM'IeCTBO 
21 2 Pb onpenenSJnocb c noMOII.lbiO Cl.lHHTMllliSIUMOHHoro 

C'I~T'IHKa no HHTeHCHBHOCTH a -H3lly'leHHSI npoayKTOB ero pacnaaa. flO)KK8 C 

p8llH08KTHBHblM CBMHI.lOM BBOllH118Cb B ne'lb HOIIHOro HCTO'IHMKa 6e3 HapyllleHHSI 

BBKyyMa B 06'beMe, 38)KHrancSI pa3pS!ll 1 HOHHbili: HCTO'IHHK HarpeBBIICSI llO TeM

nepaTypb! J000-13000C H 38TeM B Te'leHHe 10-15 MMHyT llpOHCXOllHIIO 

aneKTpoMarHMTHoe BbilleneHHe 212 Pb • 

OnpeaenSil!CSI KO~HUMeHT HCITOllb30B8HHSI Bell.leCTBa B 38BHCHMOCTH OT 

cKopoCTH nocTyrrneHMSI ra3a. 3Ha'leHMSI napaMeTpoB pa3pSilla V u-t , I t 

H B npeaBapMTel!bHO 0ITTHMH3HpOB8l!HCb ITO TOKy HOHOB KCeHOHa. 

3KcnepHM9HT8llbHble pe3yllbT8Tbi 1 rrony'leHHble lll!SI CBHHUa, npe):lCT8Bl!eHbl 

Ha pHC. 4 TpeyronbHHK8MH. KaK BMllHO H3 pHCYHKa, KpMBaSI H3MeHeHMSI Bel!M

'IHHbl Koa<f><jJMuHeHTa HCITOllb30BaHMSI BellleCTBa lll!SI CBHHUa aHanorM'IH8 KpHBbiM 

anSI aproHa H KCeHoHa. MeHblllaSI senH'IHila Koa#HuHeHTa, no-BHllMMoMy, o6yc

noaneHa xyalllel!: neTy'leCTbiO 'cBHHua H ero B03MO)KHOli: 'IBCTH'IHoli: ancop6uHeit 

BHyTpH HOHHOro HCTO'IHHKa. UonHOti: 8llCOp6uHH T8KHX YllbTpaMallblX KOIIH

"19CT'B CBHHua He Ha6nJOnanocb. 

C uenbiO 
0TMeTHM, "'TO BBelleHHe B pa3pSill rrapotl CCJ

4 Hl!H Pb Cl2 

o6pa3oBaHHSI 6onee neTy"'HX xnopHCTbiX coeaHHeHHti: panHoaKTHBHoro CBHHUa 

He IIpHBeno K YB9l!H"'9HHIO BbiXOlla HOHOB 212 Pb 
• BbiXOll 21 2Pb He ysenH'IH-

BanCSI H TOrlla 1 KOrlla BM9CTO aprOHa B K8"leCTBe OCHOBHOti: KOMITOH9HThl IIHT8101l19-

ro ra3a HCITOllb30B8liCSI Hl!H BOllOPOll, HIIH I'9(1Rli:, Hl!H H90Ho 

UonyqeHHh!e pe3yllbT8Thl ITOK83hJB8IOT, "'TO B9l!H"'HHa KOa<jJ<f>HUH9HTa HC

IT0llb30B8HHSI B911.leCTBa, onpeaenSIIOII.l8SI a<fJ<!>eKTHBHOCTb aneKTpOMBI'HHTHOit 

cenapaUHH1 38BHCHT IIpH6l!H3HT8llbHO OllHH8KOBhiM o6pa30M OT OCHOBHhiX napa

MeTpOB pa3pS1ll8 KaK lll!SI OCHOBHOli: KOMITOIICHThl fiHT81011.18I'O !'838 (Ar , H
2 

, 

He, Ne), TaK H anSI ManhiX (X e ) 
HJIH qpesMepno ManhiX ( Pb ) ITpHMeCHblX 

KOMllOHCHT. UoaTOMy ITpH pa6oTe CerrapaTopa B pC)KHMe wB liHHHHw H8CTpOli:

Ky HOHHOrO HCTO"'HHKa, HaiTpHMep, Ha M8KCHM8llbHYJO 8cp<jleKTHBHOCTb HOIIH38UHH 

MO)KHO npOH3BOllHTb ( H 3TO npaKTH"'9CKH Yll06!1ee) 
1 

HCITOllb3YSI I'83006pa3Hh19 

npHM9CH 1 CIT91.1H8llbHO ll068Bli9HHhi9 B ra3
1 

ITHT81011.1Hil: HOHilhiti: HCTO'IHHK. 

14 
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5. llpyroit B8)KH0it xapaKTepHCTHKOit 8119KTpOM8I'HHT 

SIBIISI9TCSI K8"19CTBO <jloKyCHpOBKH HOHHhlX ITY"'KOB1 069CIT9"1HB8 

ayJO cTeneHb cenapal.lHH. Pa3Mepbi <jloKBllhHbiX nSITeH cenap:u 

ny"'KOB 38BHCSIT KBK OT HOHO-OITTH"'eCKHX xapaK~pHCTHK Mar 

Topa H CHCT9Mbl 8119KTpOCT8TH"'9CKOit $OKYCHpOBKH 1 T8K H 

ITOCTOSIHCTB8 TOK8 HOHHOI'O llY'IK81 Ollp9ll9l!SI1011.1HX B9l!H"'HH~ 

HOI'O 38pSill8 ny"'K81 Bbl3b!B81011.19I'O ae<jJOKYCHpOBKy. UoaToM: 

HOrO HCTO"'HHK8 Ha M8KCHMYM pa3p91l19HHSI 6yaeT, HanpHMe 

ny"'K8 HOHOB OCHOBHOit KOMITOH9HTbl CHIIOIO B HeCK< 

nHaMnep H nyqKa HOHH30B8HHbiX npOllYKTOB peaKUHH KpaitHe 

HOC THo 

MaCH 

)KHM 

HaMH npoH3BOllHIIOCb cpa~HeHHe Ka"!eCTBa ~oKyCHpoBKH 

( .. 1%) KCeHona H paaHoaKTHBHoro CBHHna 212 Pb ( ... 

HOHHOrO HCTO"'HHK8 1 llOTeHUH8ll lPOKYCHpyiOII.l9I'O 8119K' 

npHeMHoit nnocKoCTH cenapaTopa llOll6Hp8liHCb T8K 1 'IT06b! 

M8llbHYIO ll!HpHHY <jJOK8llbHblX llSITeH ny'IKOB HOHOB H30TOllOB K 

HOB H30TOITOB KCeHOHa COCT8Bl!Sill npH aTOM 10-50 MK8o 

Ha6l!IOlleHHe 38 pacnpeaeneHH9M HOHHOI'O TOKa B <f>oKa 

H3BOllHIIOCb C llOMOII.lhiO OCUHllliOI'pa<Pa. Ha BepTHKSllbHYIO 

OCUHlll!Orpa<f>a ITOll8B8liCSI CHI'H8ll C TOHKOI'O (0,2 MM) H3Me 

yKpenneHnoro Ha npHeMHHKe cenapaTopa,a ropH30HTanbHa 

ynpaBl!Sil!8Cb llHII006pa3HhlM H8llpSI)K9HH9M1 KOTOpOe OllHOB 

posano ycKOpSIIOll!ee nanpSI)K9HHe cenapaTopa Ha rny6HHY • 

60T81011.1Hti: HOHHhlit lf,CTO'IHHK npH Bh1Kli10'19HHOM yCKOpS11011.19M 

llKblacb aarpy30'IH8SI li0)KK8 C p8llH08KTHBHbiM CBHHUOM-;-21 ~ 

nepecTpaHsanocb Ha Macey 212, BKIII0'18110Cb ycKOpSIIOII.lee I 

H3BOllHli8Cb cenapaUHSI CBHHU8o llnSI onpeaeneHHSI K8'19CTB8 

MOHO. 212 Pb HB npHeMHHK9 cenapaTOpa yKpenl!Sili8Ch TOf 

<jlonbra; 

Holt 2,5 

aTa <Ponbra nocne OKOH'IBHHSI cenapanHH paapeaanac~ 

MM H C1 -aKTHBHOCTb K8)Kll0it llOl!OCKM H3M9pSIIIE 

PeaynhTBTbl aTHX aKcnepHMeHTOB npeacTaBl!ef 

Ha pRe. 5 naeTCSI ocuMnnorpa<PH'IecKaSI KpHBBSI pacnpenen4 

H30TOllOB KCeHOH8o UonylliHpHH8 llHKOB COCT8Bl!SieT 0,25 8TO~ 
Cblo 'ITO OTBeqaeT paapelllaiOll!eit cnoco6HOCTH 500 HB ypo 
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X C YllhTp8M8llbiMH IIpHMeCSIMH HCIIOllb30B8llCSI p8llH08KTHBHbi11: 

- rrponyKT pacrrana 
2 s2 Th , 3arpy30'iHaSI llO)KKa rroMeiuanacb 

38IIOllHeHHblll rH.[lPOOKHCb!O TOPHSI 0 H 38 20-30 'i8COB Ha IIOBepx-

H8K8llllHB8JIOCb .. 108 aToMoB ( .. 3, 18- i3r) panHoaKTHBHoro 

212 Pb orrpe.[leJISIJIOCh C IIOMOmbJO CUHHTHJlllSIUHOHHOrO 

a -H3lly'ieHHSI 1IpOllYKTOB ero p8CII8.[18 0 no)KK8 C 

CBHHUOM BBOllHJl8Cb B lle'ib HOI!HOro HCTO'iHHK8 6e3 HapyllleHHH 

Me, 38)KHranCSI pa3pSIJ:l 1 HOHHblll HCTO'iHHK HarpeBallCH JlO TeM

-13000C H 3aTeM B Te'ieHHe 10-15 MHHyT IIpOHCXOJ:lHllO 

Bhi.[leneHHe 212 Pb • 

KO~HUHeHT HCII0llb30B8HHSI BemeCTB8 B 38BHCHMOCTH OT 

TyrrneHHH raaa. 3Ha'ieHHH rrapaMeTpoB paapHna v .. _t 

OIITHMH3HpOB8llHCb ITO TOKY HOHOB KCeHOHa, 

I It 

MeHTanbHbie peaynbTaTbi, rrony'ieHRbie nnSI CBHHua, rrpencTaBneHbi 

onbHHKBMH, KaK BHJ:lHO H3 pHCYHK8 1 KpHB8H H3MeHeHHH BenH

eRTa HCIIOnb30B8HHSI BeWeCTBa J:lnH CBHHU8 aRanorH'iH8 KpHBbiM 

KCOHO!Ia, MeHbiii8SI BeJIH'iHHa K09<f>qmuHeRTa 1 IIO-BH.[lHMOMy, o6yc

ll: neTy'ieCTb!O 'cBHIIUa H ero B03MO)KH0ll 'i8CTH'iHOll 8J:lCOp6uHe11: 

HCTO'iHHKa, flonHOH 8JlCOp6UHH T8KHX ynbTpaManbiX KOllH

Re Ha6nJ0.[(8JlOCb, 

ssenemre B paapSI.u rrapoB CCI
4 

HnH Pb Cl
2 

C uenb!O 

neTy'iHX XllOpHCTbiX COe.[(HHeHHH p8JlH08KTHBHOrO CBHHU8 

• B biXOJl 21 2 Pb K yBenu-qeRHJO Bhixona HOROB 212 Ph He yBenH'iH

aproRa B KB'ieCTBe OCHOBHOll KOMIIOHeHTbi IIHTBJOme-
.1 

llCSI HliH BOJlOpOJl 1 HliH reJIHH 1 HnH HeOH, 

peaynbT8Tbl IIOK83biB810T1 qTO BenH'iHHa KOa<f><f>HUHeHT8 HC

BemecTBa, OIIpe.uenHIOmaH ~eKTHBHOCTb aneKTpoMarHHTHOA 

BHCHT 1IpH6nH3HTOnb!IO Ol1HH8KOBhlM o6p830M OT OCHOBHbiX rrapa

,[(8 KaK JlJISI OCHOBHOH KOMIIOHOHTb! IIHT8JOJllero raaa (Ar H2' 
H nnH ManhiX (X e ) 

floaToMy rrpu pa6oTe 

HJIII 'ipe3MOpHO ManbiX (Pb) IIpHMeCHbiX 

CerrapaTOpa B pO)KHMe 'B JlHHHH' H8CTpo11:

TO'iHHKa, H81IpHMep, Ha M8KCHM8JlbHYIO 9<f><f>eKTHBHOCTb HOHH38UHH 

BOllHTb (H 8TO IIp8KTH'iOCKH yao6Hee), HCIIOnb3YH raaoo6pa3Hb!e 

8Jlb!IO ll06aBJIOHHbJe B ra3, IIHTBIOmHfi HOHHblfi HCTO'iHHK, 

14 .... 

5, llpyroA B8)KH011: xapaKT9pHCTHK011: aneKTpoMarHHTHOrO cerrapaTopa 

S!BliSieTCSI KB'J;eCTBO <f>oKyCHpOBKH HOHHbiX rryqKOB1 o6ecrreqHB8IOmee Ollp9.[1eneH

HYIO c,;erreHb cerrapaUHHo PaaMepbl <f>oKanbHhiX IIHTeH cerrapRpOB8HHbiX HOHHhlX 

rry'iKOB 38BHCSIT K8K OT HOHO-OIITHqecKHX xapaKTepHCTHK MBrHRTHOrO aHanH3a

TOp8 H CHCTeMhl aneKTpOCT8TH'ieCK011: <f>oKyCHpDBKH 1 T8K H OT BenH'iHHbl H 

IIOCTOSIHCTBa TOKa ROHHOrO rryqKa1 orrpenenHJOillHX BenH'iHHY rrpocTp8HCTBeH

HOrO 38p51l18 rry'iK8
1 

Bbl3biB810mero .ue$oKyCRpOBKy, fl03TOMY H8CTpOi!:Ka HOH

HOrO HCTOqHHK8 Ha MaKCHMYM paapeweHHSI 6y.UeT 1 H8IIpHM9p, paanH'iHOi!: JlnSI 

MHn-
HOHOB OCHOBHOit KOMIIOHeHTbl CHnOJO B HeCKOnbKO 

rry'iK8 

nHaMrrep H rryqKa HOHH30B8HHbiX rrpOJlYKTOB peaKUHH KpaitHe ManoA HHTeHCHB-

HOCTH, 

HaMH rrpOH3BOllHliOCb cpa~HeHHe KaqeCTBa $0KYCHpOBKH nyqKa ROHOB IIpH-

MeCH ( .. 1%) KCeHOHa H panuoaKTHBHoro CBHHU8 212 Pb ( .. wB aTOMOB). Pe-

)KHM HOHHOrO HCTO'iHHK8
1 

IIQTeHUH8n $OKYCHpyiOJllero aneKTpOJl81 rrono)KeHHS 

rrpHeMH011: rrnOCKOCTH cerrapaTopa II0.[(6HpanHCb T8K 1 'iT06bi rrony'iHTb MHHH

M8l!bHYIO U!HpHHY $oKanbHbiX IISITeH IIY'iKOB HOHOB H30TOIIOB KCeHOHa. ToK HO

HOB H30TOIIOB KCeHoHa COCTaBnHn rrpH 3TOM 10-60 MKa, 

Ha6n!OJ:leHHe sa pacrrpeneneHHeM HOHHOrO TOK8 B $OK8nbHOM IISITHe rrpo

H3B0.[1HnOCb c rroMomb!O ocuHnnorpa$a. Ha sepTHKanbHYIO paasepTKY nyqa 

OCURnnorpa$a IIOA8B8nCSI CHrHan C TOHKOrO (0,2 MM) H3MepHTenbHOrO 30B.[(a, 

yKpenneHHoro aa rrpHeMHHKe cerrapaTopa,a ropHaoHTanbHBSI paasepTKa nyqa 

yrrpaBnSinaCb IIHnoo6pa3HMM HaiipSI)K9HH9M1 KOTOpOe OAHOBp9M9HHO MOJlynH

posano ycKopSI!Omee HarrpSI)KeHHe cenapaTopa aa rny6HHY • 10%. 3aTeM B pa-

6oTa!OmHA HOHHbiit HCTOqHHK rrpH BblKl!IO'iefJfiOM yCKOpSI!OmeM HarrpSI)KeHHH BBO

.[lH~aCb aarpyaoqHaSI nO)KKa C paJlHOaKTHBHMM CBHHUOM~212, MarHHTHOS none 

rrepecTpaHsanOCb H8 Macey 212, BKn!O'l:anOCb yCKOpH!Omee HaiipSI)KeHHe H rrpo

R3BOAHn8Cb cenapaUHSI CBHHUao llnSI orrpeneneHHSI KaqeCTBa $OKYCHpOBKH rry'l:Ka 

HOHOa Ullpb Ha rrpHeMHHKe cerrapaTopa yKperrnSinacb TOHK8SI an!OMHHH9B8SI 

$onbra; aTa $onbra rrocne oKoHqaHHSI cenapauHH paapeaanach Ha rronocKH wapu

HoA 2,5 MM H a -aKTHBHOCTb K8)1(Jl011: IIOl!OCKH H3MepHnacb, 

PeaynbTaTbi aTHX aKcrrepHMeHTOB npencTasneHbi Ha pHc. 5 H 6. 

Ha pRC, 5 .uaeTCSI OCUHl!l!Orpa$H'i9CK8SI KpHBaSI pacrrpe.ueneHHSI HOHHOrO TOK8 

H30TOIIOB KCeHOH8o nonyiiiHpHH8 IIHKOB COCTaBnSieT 0,25 aTOMHOi!: eAHHHUM MaC

Chio 'iTO OTBeqaeT paapellla!Omeit CIIOC06HOCTH 500 Ha ypOBHS '0,5 OT MaKCH-

~ 
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PHc. 5. PacnpeaeneHHe TOKa HOHOB H30TOIIOB KCeHOHa ( -fXel211 
1 

+xe 1211 
1 

+ xeno,+xen 
1 ,+ Xel3~ +xe

134 :xe13~ aa npHeMHolt nnocKoCTH aneKTpoMaraHTHoro 
cenapaTopa. 

MyMa. Ha pHc. 6 JlaeTcSI OTHOCHTenbHoe pacnpelleneaHe 212 Pb BllOnb nnoc-

KOCTH npHeMHHKa cenapaTopa, oopaay!Omelt yron 45 c rnaBHbiM ny'loM. flpeJl-o 

CTaaneHHbie Ha pHCYHKe OlllHOKH - CTaTHCTH'leCKHe OlllHOKH C'I~Ta a -'ISCTHU. 

3a Ha'lano OTC'l~Ta pacCTOSIHHSI B3SITO nono*eBHe OCH ~OKanbHOro llSITHa HOH-
+ 

aoro ny'l:Ka Ta 0 2 ( M = 213). Ha pHCYHKe JlaeTcH TaK*e lliKana paspe-
1 

lliSIOlllefi CllOCOOHOCTH Ha pasnH'lHOM YPOBHe OT MSKCHMyMa, llOCTpOeHHSSI no 

llSHHbiM nony'leHaoro pacnpeJleneHHSI. 

PesynbTSTbi 3THX Ollb!TOB llOKSSbiBaiOT, 'ITO llpH HSCTpOfiKe pe*HMa HC

TO'lHHKa H cenapaTopa B uenoM Ha XOpOlliYIO ~OKYCHpOBKy llY'IKa HOHOB KCe-

HOHa, JlOoaBneHHoro B KOnH'leCTBe 
1% B llHTSIOlllHfi ras - aproa, OllHOBpe-

MeHHO ooecne'IHBaeTCSI ~OKyCHpOBKa UpHonHSHTenbHO Toro *e KS'IeCTBa H 

llY'IKa HOHOB CBHHUa HH'ITO*HO Manofi HHTeHCHBHOCTHo 

6. 0TMe'leHHb!e Bbillie OCOoeHHOCTH paoOTbi HOHHOro HCTO'lHHKa B pe*H

Me •a nHHHH., (CMo llYHKT 3) IIpeJl'bSIBnSIIOT HOBbie TpeoOBSHHSI K CSMOfi KOH-

16 

_. 

to•...E!!- 214 H 

680 

KJ-1 3(() 

(0-2 180 

Pa3p cnocobH 

10-j l 
-1~ ·12,5 -«> -15 -s -2_, o 25 5 10 12 

L(HH) 

PHc. 6. Pacnpeneneane noHoB + Pb212 aa npneMHolt nnocKOCTH an, 
HHTHoro cenapaTopa. 
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TOKa HOHOB H30TOfiOB KCeHOHa ( "'Xeln, +xe 1211 , 

1 ,+ x81S~ +x81S
4 ,+xen~ Ha npHeMHoA nnocKocTH sneKTpoMarHHTHoro 

6 aaeTCH OTHOCHTenbROe pacnpeaeneRHe 212 Pb BaOnb rrnoc

cenapaTopa, o6paayiOIIIeti yron 45° c niaBRbiM ny'loM. Ilpea

PHCYRKe OIIIH6KH - CT8THCTH'IeCKHe OIIIH6KH C'I~Ta a -'18CTHU. 

pacCTDHHHH B3HTO nono~egHe OCH ~OKanbROro nHTRa HOH

( M = 213). Ha pHcyRKe aaeTcH TaK~e IIIKana \paape

Ra paanH'IHOM YPOBRe OT M8KCHMyMa
1 

nocTpoe.HR8H no 

pacnpeaeneRHH. 

STHX OfibiTOB nOK83biB8IOT1 'ITO npH H8CTpOtfKe pe~HMa HC

XOpoiiiyiO ~OKYCHpOBKy ny'IKa HOHOB Kee

l% B nHT810l!IHA raa - aproR, oaROBpe-

BaeTCH ~OKyCHpOBKa npH6nH3HT9nbHO Toro ~e K8'19CTBa H 

a HH'ITO~HO Manotf HHTeHCHBHOCTHo 

Bbiiiie OC06e.H.IIOCTH pa60Tbl HOHHOro HCTO'IHHKa B pe~H
CM. ny.HKT 3) npea'bHBnHIOT HOBbie Tpe6oB8HH.H K C/iiMOtf KOH-

16 

.,.: 
-. 

10" 211 214 H 

680 

c·f 3{0 

i0-2 {{JO 

Pa.3p crccobH. 

10"3 I 
-1s ·12~ ·c -15 -s -2, o ~ s {() 12 

L(HH) 

PHc. 6. PacnpeaeneaHe HOHOB + Pb212 aa npHeMaol!: nnocKOCTH sneKTpoMar

HHTHoro cenapaTopa. 
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CTpyKUHH HOHHoro HCTO'IHHKa. 8 'ISCTHOCTH, TOT lj>aKT, 'ITO IlpOLtyKTbi BLtepHbiX 

peaKUHft IIOCTYIISIOT B HOHHblft HCTO'IHHK B BHLte pa3p03H8HHbiX STOMOB, 

B BHLte Cil8UHSnbHbiX nerKoneTy'IHX XHMH'I8CKHX COE:oLtHH8HHft, KSK 9TO IIpaKTH

KyeTCB IIpH OObi'IHOft, 'BHe nHHHH' sneKTpoMarHHTHOft cerrapaUHH
1 

Bbi3biBaeT 

He06XOLlHMOCTb HarpeBa paapSILtHOft KaMepbi HCTO'IHHKa LlO BbiCOKOft TeMrrepaTy

pbi LtnB Toro, 'ITOObi rrpeaoTapaTHTb aacop6uHIO. 3aaa'la IIOBbiUieHHB TeMrre

paTypbi HCTO'IHHKa yrrpomaeTCB1 ecnH HCTO'IHHK HMeeT Manble paaMepbio K 

TOMy JKe 6onbUIHe pa3Mepbi HCTO'IHHKa IlpH pa6oTe 'B nHRHH' B OTnH'IHe, Ha

IlpHMep, OT sneKTpoMarHHTHOft CeiiepauHH rpaMMOBbiX KOnH'IeCTB BeUieCTBa, 

He Bbi3biBSIOTCB HeOOXOLtHMOCTbiO. nosTOMy B HSCTOBUieft pa6oTe Oblna IIpea

IIpHHBTa IlOIIb!TKa H3Y'IHTb BnHBHHe paaMepoB pa3pSILtHOII: KaMepbi H KaTOLl8 

H8 peJKHM pa60Tb! MarHeTpOHHoro HOHHOro HCTO'IHHKa LtnSl TOro, 'ITOOb! rrony

'IHTb IIpeL{CTaBneHHe 0 B03MOJKHOCTBX H3MeHeHHSI 9THX pa3Mepoa. 

MaMepsrnaCb ~eKTHBHOCTb HOHHoro HCTO'IHHK8 B 38BHCHMOCTH OT LlH

aMeTpa KaToaa H BHyTpeHHero LtHaMeTpa paapSILtHoA, KaMepbi. MccneaoaanHCb 

paanH'IHb!e B03MOJKHb!e KOMOKH8UHH KBTOLtOB C LtHaMeTp8MH 6,4 K 2 MM H 

a He 

paapSILtHbiX KaMep c BHyTpeHHHMH LtHSMeTpSMH 20, 15 H 10 MM. KaTOJl 

pacrronarancSI a paapSILtHoll: KaMepe Tax, 'ITO OCb KaToaa a n106oM cny'lae 

H8XOLlHnaCb Ha paCCTOSIHHH 5 MM OT CTeHKH paapSIL{HOft K8Mepb! B MeCTe 

pacrronoJKeHHSI 9MHCCHOHHOft UienH. 

3tl>tl>eKTHBHOCTb HOHHOrO HCTO'IHHKa OIIpeaenSinacb IIO TOKy HOHOB IIpH

MeCH xceHoHa (- 1%), H3MepS1eMoro Ha rrpHeMHHKe sneKTpoMarHHTHoro cerra

paTopa. nony'leHHb!e B 9THX 0Ilb!T8X peaynbT8Tb! Ll8IOTCSI B Ta6nHue 1, B KO

Topoft IIpeL{CTaBneHbl M8KCHM8nbHbie 3Ha'leHHSI KOs4KPHUHeHTa HCIIOnb30B8HHSI 

BeUieCTBa ( B IIpoueHTax) t IIOny'leHHb!e LtnSI paanH'IHb!X KOMOHHaUHft K8TOLl8 

H paapSI LtHoA KaMepbi - aHoaa rrpu aapuauu~ acex 'leTbipex rrapaMeTpoa paa.;. 

PSILta. 

Ta6nuua 1 

_j_ .:'\ f5 It 2 MM 4 MM 6 MM 

10 MM 10-14 8-12 5-8 

15 MM 7-9 11-15 30-35 

20 MM 2-4 9-13 12-16 

18 
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KaK BHLlHO H3 Ta6nHUhl, K8JKAOMY pa3Mepy K8TOA8 OTBe'll 

Hblft pa3Mep pa3pSIAHOft KaMepb11 IIpH KOTOpOM ooecrre•maaeTl 

M8KCHM8nbH8SI slj>lj>eKTHBHOCTb HOHH38UHH. nnSI KaTOA8 C AH8M 

9TO pa3pSIAH8SI K8Mepa C AHaMeTpOM 10 MM, AnSI K8TOA8 C 

HnH 6 MM - pa3pSIAHaSI KaMepa C LtHaMeTpOM 15 MM. C yBe 
~ 

MeTpa K8TOA8 1 T.e. C yaenH'IeHHeM TOK8 9MMHCCHH, a, cneAOBS 

pa3pSIA8 1 M8KCHM8nbH8SI s!j>lj>eKTHBHOCTb HOHHOro HCTO'IHHK8 ~ 

14% AnSI K8TOA8 C AHSMeTpOM 2 MM AO 30-35% AnSI K8TOA8 

6 MMo Bo3MOJKH0 1 stl>tl>eKTHBHOCTb HOHHOrO HCTO'IHHK8 C oonh 

K8'rOA8 oyAeT BbiUie. 

PeaynbTaTbi 9THX OIIbiTOB IIOK83biB8IOT, 'ITO yMeHbUieHHe 

PSIAHOft KaMepbl HOHHOrO HCTO'IHHKa MarHeTpOHHOrO THII8 H CBl 

yMeHbUieHHe p83MepOB K8TOA8 IIpHBOAHT K CHH)!(9HHIO stl>tl>eKTH 

UHHe C 9THM Henb3SI He C'IHT8TbCSI IlpH BbiOOpe KOHKpeTMb!X 

CTpyKUHH BhlCOKOT9MIIepaTypHOrO HOHHOrO HCTO'IHHK8o 

7. 3KCIIepHM9HTbl C HOHHbiM HCTO'IHHKOM MSrHeTpOHHOrl 

BHSIX
1 

llpHonH)!(9HHb!X K ycnOBHSIM paOOTbl B nHHHH1 Il03BOnHnH 

Tbl H8 HeKOTOpb!e CII9UH!j>H'19CKH9 AnSI p9JKHM8 B nHHHH BOilpO< 

'IHnO Bb!OOp KOHCTpyKUHH H fiO!ICK838nO MeTO!IHKy Hana!IKH H pt 

Aeii:CTBYIOUIHM HOHHbiM HCTO'IHHKOM AnSI sneKTpOMarHHTHOrO 

nHHHH C UHKnOTpOHOM TSI)!(9nbiX HOHOBe 

AsTophi BbipaJKaiOT 6naroAapHoCTb E.n.Bopoobesy aa o 

ny'leHHbiX peaynbTaToa, a TSK)!(e H.C. Maaaoay H E.r.3opH 

B IlpOBeAeHHH 9KCII9pHMeHTOBe 

flHTepaTypa 

1. G..Anderson. Arkiv for F'ysik ,;!£, 61., 1.967. 

2. r.H.tiJnepoB, H.11. TapaHTHH. Abhandlungen der Deutscher 

der Wissenschaften zu Berlin ( 1\lk'lthem.,Phys., Techn.), 

s. J.H.Freeman. Nucl.Instrum. & Meth. 22, 306, 1.963. 

4. N.J. Tarantin, A. V.Demyanov, Yu.A.Dyachikhin, 

Nucl.Instrum. & Meth. ;}!}, 1.03, 1.965. 
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HCTO'IHHK8o B '18CTHOCTH, TOT <flaKT, 'ITO IIpoayKTbi sraepHbiX 

HCTO'IHHK B BH!le pa3p03H8HHbiX 8TOMOB
1 a ae 

biX nerKoneTy'IHX XHMH'IeCKHX COeQHHeHHit, K8K 9TO IIp8KTH-

06bi'IHOit, 'BHe JIHHHH' 9JieKTi)OM8f'HHTHOit cenapauHH
1 

Bbi3biB8eT 

Tb aarpeBa paspHt:tHOit KBMepbi HCTO'IHHKa !10 BbiCOKOit TeMIIepaTy

"iT06bi npeaoTapaTHTb aacop6uHIO. 3aaa'Ia IIOBbrUieHHSI TeMne

ynpomaeTcsr, ecnH HCTO"'HHK HMeeT MBJible p83Mephio K 

IUHe p83Mepbl HCTO"'HHKS IIpH pa6oTe 'B nHRHH' B OTJIH'IHe
1 

H8-

9JieKTpOM8f'HHTHOI{ CenepauHH rpaMMOBbiX KOJIH'IeCTB BeiiieCTBa
1 

Heo6xot:tHMOCTbiOo fl09TOMy B HSCTOHIIIeA pa6oTe 6biJI8 npea

TKS H3Y"iHTb BJIHSIHHe pa3MepoB pa3pHt:t.HOit KSMepbi H KSTOt:ta 

6oTbi MaraeTpoaaoro Hoaaoro HCTO'I.HHKa anSI Toro, 'IT06br nony

aneaHe 0 B03MO)I(HOCTSIX H3MeHeHHSI 9THX p83Mepoa. 

IBCb ~eKTHBHOCTb HOHHOI'O HCTO'IHHKS B 38BHCHMOCTH OT t:IH

H BHyTpeaaero t:tHaMeTpa pa3psraaolt, KaMepbr. HccneaoaanHcb 

bie KOM6HH8UHH KBTO!IOB C t:IHBMeTpBMH 6,4 H 2 MM H 

c aayTpeaaHMH t:tHBMeTpBMH 20, 15 H 10 MM. KaTOa 

a paspsraaott KaMepe Tax, 'ITO OCb KaToaa a n106oM cny'Iae 

5 MM OT CTeHKH PB3pSit:tHOit KBMepbi B MeCTe 

Tb HOHHOI'O HCTO'IHHKB OIIpeaenSIJIBCb 110 TOKY HOHOB IIpH-

J%) 1 H3Me pHeMoro Ha IIpHeMHHKe 9JieKTpOMBI'HHTHOI'O cena-

3THX OIIbiTSX pesynbTSTbi !lBIOTCSI B T86JIHUe 1, B KO

BJieHb! MBKCHMSJibHbie 3HB'IeHHSI KO~HUHeHTa HCIIOJib30B8HHSI 

B IIpoueaTax), IIOnyqeHHhie !lJISI p83JIH"iHhiX KOM6H.HBUHit KBTOQB 

KaMephr - aaoaa npH aapHaUHH acex 'leTbrpex napaMetpoa pa3-

Ta6nuua 1 

--
-- ~--

10-14 8-12 5-8 

7-0 11-15 30-35 

2-4 9-13 12-16 
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KaK BH.llHO H3 T86JIHUbi 1 K8)1(.ll0MY pasMepy K8TO.ll8 OTBeqaeT OIIpeaeneH

p83Mep pa3pHAJIOti KaMepb!1 IIpH KOTOpOM o6ecne"lHBaeTCSI HaH60JibUiaSI 

MaKCHMaJibHaH a<fl<fleKTHBHOCTb HOHH3aUHH. llnH KaTOLia C AHaMeTpOM 2 MM -

9TO pa3pHLIHaSI KaMepa C LIHaMeTpOM 10 MM 1 LIJISI KaTOAa C LIHaMeTpOM 4 

HJIH 6 MM - pa3pSIAH8SI KaMepa C AH8MeTpOM 15 MMo C yBeJIH"ieHHeM LIHa-
~ 

MeTpa K8TOA81 T.e. C yBeJIH"ieHHeM TOKa 9MMHCCHH, a, CJieAOB8TeJibHO• H TOKa 

paspsraa 1 M8KCHM8JlbH8H 9<fl<fleKTHBHOCTb HOJIJIOI'O HCTO"ilfHKa paCTeT OT 10 -

14% AJISI K8TOAa C AHaMeTpOM 2 MM LIO 30-35% LIJISI KaTOAa C LIHaMeTpOM 

6 MMo B03M0)1(H0 1 a<fl<fleKTHBJIOCTb HOHHOI'O HCTO"iHHKa C 60JibUieit IIJIOIIIaLib.IO 

KaTOAa 6yAeT BhiUieo 

Pe3yJibTaTbi 9THX oiibiTOB noxasbrBaroT, 'ITO yMeHb!UeHHe pasMepoa pa3-

PSIAHOA KaMepbl HOHHOI'O HCTO'IHHKa MaraeTp011HOI'O THIIa H CBSI3alfHOe C 9THM 

yMeHb!UeHHe pa3MepoB KaTOAa IIpHBOAHT K CHH)I(eHHIO a<fl<fleKTHBHOCTH HOHH3a

UHHo C 9THM HeJib3SI ae C"iHTaTbCSI IIpH Bhi6ope KOHKpeT!4biX pa3MepoB KOJf

CTpyKUHH BbiC01COTeMnepaTyplfOI'O HOHJIOI'O HCTO"iHHKao 

7. 3KCIIepHMeHTbl C HOHJfbiM HCTO"'HHKOM MaraeTpOHHOI'O THIIa B ycno

BHSIX1 !lpH6JIH)I(eHHb!X K YCJIOBHSIM pa60Thl B JIHHHH1 1103BOJIHJIH IIOJIY"iHTb OTBe

Thi Ha HeKOTOpb!e crreuHljJH'l:eCKHe AJIS! pe)I(HMa B JIHHHH BOIIpOCbi. 3TO o6ner

"'HJIO Bh!60p KOHCTpyKUHH H IIOLICKa38JIO MeTOLIHKy HaJI8LIKH H pa60Thl C 6biCTpO

LteACTBYIOIIIHM HOHJfhlM HCTO'IJIHKOM LIJISI 9JieKTpOMarlfHTHOrO cerrapaTopa B 

JIHHHH C UHKJIOTpOHOM TSI)I(eJibiX HOHOBo 

AaTophr Bhrpa)l(aiOT 6narouapaocTb E.ll.Bopo6beay sa o6cy)I(LieHHe rro

ny"leHHbiX pesyJibTaToB, a TBK)I(e H.C. Haaaoay H B.r.3opuay sa rroMoiUb 

B IIpOBeLtelfHH 9KCIIepHMeJITOBo 

1. 

2. 

s. 
4. 

~ 

nHTepaTypB 

G.Anderson. Arkiv for F'ysik :]..£, 61., 1.967. 

r.H. <PnepoB, H.11. TapBHTHH. Abhandlungen der Deutschen Akademie 

der Wissenschaften zu Berlin ( 1\IIathem.,Phys., Techn.), 1., 49, 1.967. 

J.H.F'reeman. Nucl.Instrum. & Meth. 22, 306, 1.963. 

N.I. Tarantin, A. V.Demyanov, Yu.A.Dyachikhin, A.P.Kabachenko. 

Nucl.Instrum. & Meth. ;1§, 1.03, 1.965. 
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H.H. TapaBTHH1 A.B.P.eMioBBOI!Jo 11TS, .L 41, 1966. A.B.P.eMioRHOI!J, H.H. Ta

PBBTHB, IO.A.P.~osl'lHXBH1 A.n.KatJaqesxo. 11TS .3, 28, 1966. 

5. I.Chavet. R.Bernas. Nucl.Instrum. & Meth., §.1:, 77, ~967. 
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PyKonHCb nocTynuna B H3ASTen&CKHA OTAen 

27 HIDHH 1968 rOASo· 
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