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UenbJO .. HacToHmea, pa6oTu HBJIHeTCH :,H3y'ieHHe npoHcxox.neHHH 

HeKOTOpbiX .. _·:'- · pa3HOBH,nHOCTeR: ; .. qJOHa," 

'iYBCTBHTeJibHOCTb 

npe.nHa3Ha'ieHHoro 

.Macc-cneKTpoMeTpa 

.orpaHH'iHBaJOUlHX 

Jll1.lli1A'';:•. ··, · /1/, 

.nnH. , . H,neHTHqJHKaUHH H onpe.neneHHH 

KOHUeHTpaUHH .THlKemix :;fneMeHTOB B MaTpHUaX, OCHOBY 

COCTaBJIHIOT nerKHe 3JI8M8HTI:l. : .. , Macc-cneKTpOMeTp . Jli1Jli1A 

KOTOpbiX 

(pHc.1) 

npe.ncTaBnHeT co6oa TpexKacKa.nHI:lR:rMarHHTHI:lR:, cneKTpoMeTp, .nBa 

KaCKa.na: KOTOpor6 · qJOpMHpyiOT; axpoMaTH'ieCKOe H306palKeHHe .,nJIH 
'., . .·· '' '-

TpeTbero:- . .nHcneprilpyJOuiero MarHHTa ,_ /2/ .. : B Macc.,-cne-KTpoMeTpe · 
. ; - ': .. _z._- .---~ •• .,_·:;·~- : :. ' • ,· ::"··~ _! ·,' ~ .• \ ': • ' 

Jll1.lli1A HCUOJib3yeTCH ·HMUYJibCHI:lR: '::..na3epHI:lR:; , HCTO'iHHK HOHOB·; 
. . . I ~ . ; ~ ' t . • •• -~ \ , h. - ~ • , 

KOTOpl:lR: U03BOJIHeTi noJiy'iaTb ny'iKH O,nHO-_, ,nByX-: H TpeX3apH,nHI:lX 

HOHOB C 

3HeprHH 

UOMOUlbiO, 

,nJIHTeJibHOCTbiO, ~. 5 MKC. ily'iOK HOHOB'' YCKOpHeTCH .no 

u :q = 4o ·q '•k3B :~· ·<tJo~ycHp~eTcH Ha npe.nMeTHYJO menb c 
0 ' -. ' 

3JI8KTpOCTaTH'i8CKOR: · JIHH3bl.. KOJIH'i8CTBO .. , HOHOB, 

,nOCTaBJIHeMI:lX B . npe.nMeTHYIO · Ul8Jib, · COCTaBJIHeT. UpH6JIH3HTeJibHO 

3·108 , 2·108 H ,3·107 3a o.nim HMnynhciil.nnH•HOHOB'' c. 3apH.noM q 
. . ' ' '- ' . '' . . 

+1, ,,.+2 H +3 cooTBeTCTBeHHO. 
1 

BaKyyM B· HCTO'iHHKec.HOHOB 

C03,naeTCH'·.:;~ ... C UOMOUlbiO Typ6oMOJieKy JIStpHOrO _,:,;~Hacoca . -~"H 

no.n.neplKHBaeTCH Ha ·ypOBHe> 3·10;5 · ~Topp.· B~yTpeHHHR: .· o6'beM 

MaCC-COeKTpOMeTpa· c OTKa'iHBaeiTCH .:''MarHHTOpa3pH,nHI:lMH HaC0CaMH 

THUa HOP.ll'-250". ·.Mex.ny'~ . HCTO'iHHKOM ·" H' ;MaCC-'CU'eKTpOMeTpOM 

npe.nycMoTpeHa ,nH<PqJepeHUHaJibHaH OTKa'l:Ka, 'iTO ;:; no3Ii'6'nHeT 

no.n.nepiHBaTb .naBJieHHe B Macc-cneKTpoMeTpe 'Ha ypoBHe 

-7. ' 2•10 ·.•Topp •. : 
;,t-:.·r~· .. ~:n!.:r :~.c:~~::; :~· 

· ~~>:-" C 'UeJibJO yMeHbWeHHH' . MOiieKyJIHpHoro'- ;•qJOHa'1 .ztJJ'R .a·JiaJIH3a 

MoryT:- Hcnonb3os,aTbcH' Mlioro3apHiiHLie · ·Holfl:l·;.: Ko1-oplie '·. ·rioc.rie 

ycKopeHHH' HCllhiTaJIH''i CTOJIKHOBeHHe •· C< :, aToMaMH .. · nepe3ap'H.nH'oa 

M:HweHH:: :B pe3 y nb'TaTe ·qero ~ ilpoHcxo.nHi:;:~onaJiiiJ.I:Y.eJibiii.ia >'pa3B'an . ' 

r-;;;--- ·-: :-:;::::::::. ~ i ~:•~'\:;~: .. ;/~ r:.r: ~....::~ '"~;-"' .. ,bl ;r.*• :a 
z ·o~;;~;;.i! !~l~'ji\~~~ll.ttnu ;fv 
ti . Si'!E,JH,!OTEHA l· 
·.!es......_~,,.· ~. . ~~~·--



MOJieKy Jl. PerHCTpHpyeMJ:.IM C06biTHeM, CBH,UeTeJib CTB YJOUlHM 0 TOM, 

qTQ ,UJIH ,UaHHoro HOHa HMeJlO MeCTO ~TOJlKHOBeHHe C aToMaMH 

MHWeHH, CJIYXHT era nepe3apH,UKa, T.e. 3aXBaT O,UHOrO HJlH 

HeCKOJlbKHX 3JleKTpO~OB, nocne qero 3JieKTpHqecKaH· XeCTKOCTb 

HOHa MeHHeTCH. nnH C03,UaHHH Ha nyTH nyqxa nepe3apH.UHOR 

MHWeHH B •Macc-cneKTpOMeTpe n"nHA HCnOJib3yeTCH •Jia3epHOe 

nepe3apH.UHOe ycTpORCTBO /3/, KOTOpoe ycTaHOBJleHO 

Henocpe,ncTBeHHO nocJie ycKOpHIOuteR 'H ~OpMHpyiOuteR onTHKH. OT6op 
~ ' 

nepe3apHXeHHbiX HOHOB ocyuteCTBJlHeTCH B 3JieKTpHtieCKOM noJie 

OTKJlOHHJOutero 

pacnonoxeHHoro 

~ ~nJiocxonapanJieJlbHOro KoH.neHcaTopa, 

Ha •paCCTOHHHH' 80·:.cM· OT 'npe,UMeTHOR. uteJIH 

Macc-cneKTpoMeTpa. ~ ~ :,.~: > 
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;-PHC. 1 .. ~.CXeMa r;Macc;:-cneKTpOMeTpa n"n"A:, 1 - •MHIIIeHI:i, · ,.2 

c Jia3epHoe.•·:nepe~apH.UH?e;,, ycTpORCTBO, · · 3 ; ·,- 3JieKTpOCTa THtieCKaH 

JlHH3a ,. ,4 -; ; OTKJlO,HHIOUlHR· 1KOH,UeHCaTop, •5 :-; ,npe,nMeTHaH. uteJlb, 6 

· ; HCTOtiHH,K; HOHOB,. ·.7 H 8 •-:: : _Jia3epbl, 9 '.-:-:. HOHHbiR. nyqoK, 10 

.ne:reKTOp HOHOB .. n,: 

.:_;ci '.1 . . .. .J.' 

3l!atiHTeJlbHaH ,UJIHHa Macc-cneKTpOMeTpa n"n"A ~(12M) . .naeT 

B03MOXHOCTb B · .U()HOJlHe~H~ K_. pa3,UeJieHHIO. HOHO~ no .. MarHHTHOR H 

3JieKTPHtieCKOll J!(eCTKOCTll HCnOJib30BaTb· OT60p HOHO'B no, BpeMeHH . ~ . . ~ - . . . . . . ' . ~ . 

npOJleTa. XapaKTepHoe BpeMH .npoJieTa .COCTaBJIHeT· _!ii! .SO:c.MKC\.UJIH 
· · · · · · · · · is1 · · · · · · · · · · · · · • 
())tH03apH,UHbiX .. HOHOB-. T~_. . . n~H ,_perHCTpaUHH , HOHOB. ,B .~oKaJibHOR 

:2 
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! 
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' ,,~ 

,· ~ 

nJIOCKOCTH HCnOJlb3yeTcH' B9Y Ha"OCHOBe MHKpOKaHaJlbHbiX nJiaCTHH, 

',KOTOp~a -~03~0Jl~~T ·p~rHCTpHp~Ba~b ~~\H'bl. K~K. ~· TOKO~OM. pe~~~~ 
( ;~H-~~Hqec~HR. .n~ana;oH per~cTpauH'n 1 ~ 5 l •· :·ni:: H -i' peir~'l;;e 
cqeTa oT.nenbHJ:.IX Hi;~os >~·,5/. '·. ,·.· '".;!: . .. . ·.; .. · ._,;; .. ·. 

. ;, ·, A~To,~a;H3HpoBa~H~H .' CH~TeMa' ynpaBJleHHH Macc-cneKTpOMeTpa 

n"n"~-'./6/:. -~'ea~~30Ba~~~H ·Ha .,o~HO~~ _;Jl-eK;p~H~biX 6~b-KoB, 
~ ( • 1 • • - • • • • • • • : • • ' : •• { • • ' ' 

sin'lomieHHJ:.IX B cTaH.napTe K~MAI(~ H: c::nK · IBM-:-2·8·6·. n?3BOJIH~T 
aBTOMaTHtieCKH .. ynpaBJlHTb . Jla3epOM :. C qacTO_TOR 1-25 fU, 

~~ ~) .. ~- -,;.:.-. '.' ih' .. ~ .. ~.,~ - -~ 

cornacosaHHO H3MeHHTb ·MarHHTHOe none B 3a.naHHOM .nHana3oHe H 
·;:; • ' ' ,. .. •• '" ;: < • 

c 3a.na,HHJ:.IM mar<~ni, a TaKXe perHCTpHpOB~Tb ~OHbl BO.BpeMeHHOM 
~ ·~ci 

OKHe, 3a.nepxxa BbiCTpena Jl~3epa 
', - 1;; . --~ ~ ' '. 

KOTOporo ·. 
''f 

OTHOCHTeJibHO 
~ j· ': 

COOTBE!T~T,ByeT ;, '. s,peMe
1
1;i,H,_ npoJI:T~ ~~~JlH~~pyeMJ:.IX HOH,~:Bl!':\•H 

H3MeHHeTCH B ·• COOTBeTCTBHH C H3MeHeHHeM MarHHTHOro . llOJIH. 
''i. -. " . . . •. ·~ :~~i..,..,'' -~.: 

nJIHTeJlbHOCT' OKHa perHCT~aUHH~ a TaKXe 3aKOH H3MeH~HHH 
. . :JQ ···:·. ; 

BeJlHtiHHbl 3a,nepXKH OKHa OTHOCHTeJibHO BbiCTpena Jla3epa B 

3aBHCHMOCTH OT BeJlHtiHHbl ~{a'rHJiTHOro noJlH Mary~ MeHHTbCH. B 
) c·:J-· . '''·! .· ·•-

3aBHCHMOCTH OT BeJIHtiHHbl HOHHOro TOKa B ~OKaJibHOa nJIOCKOCTH 

3a' O.UHH'' HMny.ri~c JI'a3epa 'clirHaJI d ·~e!TeKTopa no.naeTCH JlHflO Ha 

aHanoro-UH~pos~B npeo6pa3oBaTem1;: 'nu6o -H~ cqeTtiHK HMnynbcoB . 

·Pacnpe,neJleHHe HOHOB no noJlHOMY BpeMeHH npoJieTa . . .> . .· ; ~ ~_:· ' ): . . 

B pa6oTe· /7/ noKa3aHO,., q~~-~(HepreTHtieCKHR cneKTp HOHOB 

na3epHoR nna3Mbl co~T~HT H3· ,si>Ic~xci- ·~; 'liH3K03HeprHtiH'oil qacTeR . 

nepsa~ ;, .·.c, 3HeprHeR. ~~pH.nia~:·~:foo ~ .3B, ,o6pa'~osaHa. ; HoHaMH,' 
• ._. -·. • • . .. ~' ., •.•• . J. ' .• ' • . ' - . ••• ! " - . . • 

ycxopeHHbiMH B . Jla3epHo-nJla3MeHIIOM .~aKeJle •. B . HH3 K03HeprHtiHYJO 

qacTb (,E, . :s .. 10 aB,).' 'sxo.n~~ .aToMaj)~J:.Ie. H Mo~exYnHpHJ:.Ie, HoHu, 
._._; ,'_ion· ···. ;r·.· .. · -~··. _·· ·". ;~.;-/·'~ •.· '· :,···· 

.. o6pa3oBaHHJ:.Ie. so; BTopwmi.Ix., .. ripoueccax , . B .. , .pe3yJibTaTe 

·s3aHMo.neai:~sH~. pa~~e~aJOute~oc{~a:~·eJia ,'d\os~~~H~cTH·M~ r.ilimeHH . ' . . . ·. ---. . . . . '. •'- ' ,... ,_.' . . . -· . ' ... '~ . . ., . _, '. ' -·· 
H 3K~naH.n~~~. a Taxiec MOJleK~JlaMH'ocTaTOtiH~ro.ra3a. 

- .-~- -- . • _·' ' • .. ·, • :- ~ •. - :· : • .! ' ' ' .\£ .,_ •' ' '''J; 

nnH,, TOI:O , tiT06bl Bbi,UeJlHTb HOHbl Jla3epHOR .,,nJla3Mbl, "·B HOHHOM 

HcToq~~~~ . ~pe~y~~~Tpe~ .zipea~os~lf . ·, n~oM~xyToit·. :.;, ( 3 ~~ria~.nep l 
• ..'' '. ' • '·· ' ' ' • '. -~ • • • J ~ •• , •• __: • • ' • • -. • 

,UJlHHOR 7 . CM, B KOTOpOM npOHCXO,UHT,: pa3,neJleHHe , .Bbi.COKO- H 

iiH3~~3HeprHti.HJ:.Ix Ho~~s ~b · speMe~~ .npea~a o1-, M~~i~'.~'66pa3os-aHHH 
:·. -: .. ._· . -. .· .. ··. ~~- .·'. ·. . '-~- :~ :" -~:_-.· •. ::·. . -~ . 

_,.no ,, o6nacTHT ycxopeHHH., T~KHM o6pa~oM, _ ,nonHoe ,, ,B peMH ;: nponeTa 

H~Hos npe.ncTasnHeT co6oa cyMMY :~sp~~em'H , npOneTa ycxopeHHJ:.IX 

HOH_os '~~a: H sp~Me~H .npeR~a -~~Ho~ : ~ ·;·xcnaH.n~p~' ,-rd. :)Ion~MY 

,3. 



HoiiHua cHrHan a '¢~Kanhiioa rrnocKocTH "liac6..:·cn'ei<'ipoMeTpa il"R~ 
HOHOB C 3apk.nriMH q. ·;;;_'" +1, +2 .· .,::· .. HMe.eT 

1 
KaK ~paBHJI0 1 

·""· '· ·,- ···-~-~--·· .... I ~:: -~-· ,_ ·:;")C ', .: ._,. r~;.:.·;--:r; ~:- / 
,nsyxnHKOBYD BpeMeHHYD CTpyKTypy. llepBbiA nHK~ 0603HaqeHHhiA Ha 

pHC. 2 UH!ppoA I, o6pa30BaH Bb1CoK63Hep~~qH~A 'rpyn~·oA' Jio'HoB 

JI~3'"e;pHoA. nna3ku H oTpa~aeT peaiih~biA '~· 3JI-~Me1nilua': · · cocTaB 

aHaJIH3HpyeMoro MaTepHaJia:' Bn)poA' nHK •.. o6o3"HiqeHH~A UH!ppoA 

II, c :UnHT~Ji~llocThD. ~o 250 Mic, H'MeeT speMH 3a.nepJKK·~ 's 

MaKCHMyMe HiiTeHCHBHOCTJI 10' + 50'' MKC. ·a~HOCHTeJibHa'. nHKa ~I'~ 
o6pa;o~aH MOJieKyJI;{pHbiMH ~O,HaMH C '6oJibiiiH~ BpeMeHeM '.npeA!pa 't" 

- •• • --~-' ?. "···· •• • ~-,~ ~4 . • d 

BHYTPH 3KcnaH.nepa. nepe.nHHA !ppoHT HMnynhca II,'· nona.naDIUHA so 

spi;~eHHoe OKHO perHcTpauHH, · o6pa~y~T . ''~ciH, KOTopuA 

orpaHH.qH.BaeT ~yac~;HTeJibHOCTh '' Macc-cneKTpoMeTpHqecKoro 
~:L•_;:·; ·:l-r.c·~- , ~.:-, ··--~· ;·. ·r.·~-: . :·~") ., ~ -:-.~ .. --

aHaJIH3a npH pa6oTe C HOHaMH, HMeiDIUHMH 3apH.ll q = +1, +2 ,+3, 
. ·t lc-::t" .: ... _,,,.- ',' 

Ha ypoBHe Ef 1 ppm. 
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BpeMS!: rrp'orreTa '( OTH;;re;ii..) :) • .i ~'f. ;;r.r: 
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PHc.2.BpeMeHHoe'pacnpe.ne~eHHe-~oHHllX llMnyJihCOB 

B !poKaJibHOH'i'nnocKo.cTH .:·:- '" 

AHaJIH-3 nepe3'apHJKeHHoro'' KOMUOHeHTa nyqKa no3BOJI'~~T CHHTh 

3To ·:o'rpaHHqeHHe. 3To cs.H3a:Ho''''c"., TeM, qTo speii.11'· nponeTa 

nepe3apHJKeHHoro K'o'MITClHeHTa -~riyqKa; ·cymecTBeHHO 'Meilbnie; ftieM 

s peMH npone1-a Henep'e3apHJKeHHo~o ioMrroHefita. ·. HM'e'!Ol!lero · ·:raKyiD 

·JKe MarHHTHYD ; JKeCTK'ocTb.. ;·OT6op·:.: nepe3apHiKeHHUXn HOHOB no 

IipeMeHii nponeTa.: npHso.nwr · K '·pe3KoMy ·na.neHim·: ypo·aHH ¢c>Ha. 

·Kpoiie Toro, .nonOJIHUTeJibHaH oqn:cTKa npoHCXO,llHT 3a cqeT OT6~pa 
no 3i:IeKTpifqe'c~oJi ·':ie~TKOCTU·.' <B 'pe3ynhTaT~'· q'yscT.BHTeJibHOCTh 

Macc-cne'inpoMeTpHqedK~~o· ·aHaJIH3a· rip if pri6oTe·. c· · riepe'3apHlKeHHllM 
. ' . ' .· " . .. . .. . . . . . -2 -3. . .. ; . . . 
KOMnoHeHTOM nyqKa MOJKeT'·,llOCTHraTb 10 · .:.10 ··ppb.· ··. ;: : ·· 

·BMecTe c :.'3THM BHe speMeiiiioro '6Kim· · perHcTpauliH, 

4 

1 

-~ 

·.,, 

. ; 

COOTBeTCTBYDIUero TeKyiUeMy 3HaqeHHID 'MarHiiTHOro ' nOJIH . ( CM·.' 

pHc.'2), rlOMHMO·· nHKa II B 3KcriepHMeHTe ila6Jiio,naDTCH !pOHOBYe 

HMnyJihCbl C HHT8.HCHBHOCTbD; COOTBeTCTByiome.A 0; 1.:.1- ppm; 'H 

aHOMaJibHOA 3aBHCHMOCThD ~peMeHH npoJieT~ OT ~eJIH~HHY' 

MarHHTHOro nOJIH •. · Ha pHC. 2 TaKOA. nHK o603HaqeH UH!ppoA III. 

HarrpHMep·, 'npH pa3BepTKe Maccosoro cneKTpa B .nHana3oHe 

MarHHTHOro. noJIH . B( A+1
) -B( A~Z-t+l): ·npHCYTCTByeT 'C.HrH'an .. ·C 

npoMeJKyToqHbiM 1 ~p~~eHeM npoJieTa, KOTOpOe MeHHeTCH B ~Topo~i 

yMeHhineHHH COOTBeTCTBeHHO OT 't"(A+1 ) .. ,llO ;· '-r(A+Z-t+l), 

MHTeHCHBHOCTh 3TOrO ·CHrHaJia npaKTHqecKH He 3aBHCH~' OT 

BeJIHqHfibl MarHHTHOrO noJIH. C; yqeTOM TOro, .~TO ,llJIH KOMnOHeHTO.B 

H r A
+l,+2,+3... .·A+4-t+3 A•3-t+2 ., !_A+2-t+l A+3-t+l 

HOH 0 0 nyqKa · . , · ; . , : · , ' H 

T. ,ll. BpeMH nponeTa· JIHHeAHO pacTeT .C yBeJIHqeHHeM MarHHTHOro 

nOJIH, yMeHblllaiDIUeeCH B peMH nponeTa nHKa III HBJIHeTCH 

aHOMaJibHllM H CBH,lleTeJibCTByeT 0 HeCTaH,napTHOM MeXaHH3Me ero 

o6pa30BaHHH. 

;-,.-

M3MepeHHe pacnpe.neneHHAcHoHos·no 3JieKTpHqecKoa JKeCTKOCTH 

'~ ' ~ ·,. ·~ '· 

.llJIH ··c .. .TOrO · .. qTo6ll · BllHCHHTh•, · npOHCXOJK,lleHHe HOHOB, 

OTBeTCTBeHHbiX .. ,3a', nOHBJieHHe< nHKOB'' c.:·npoMeJKyToqHbiM'• BpeMeHeM 

nponeTa, Ha o6pa3Ue MeTannHqecKoro ·: MOHOH3oTonHoro 
181

Ta 6biJIH 

c.nenaHbl ::. cne.nyiDIUHe .H3MepeHHH:· :: M3MepHJlacb 

CHrHa_Jia: · HOHOB .. C'>'. npoMeJKy.ToqHbiM ·BpeMeHeld 

HHTeHCHBHOCTb. 

nponeTa;c:· npH' 

HeCKOJihKHX ·!pHKCHposaHHhiX 3HaqenHHX-·' MarHHTHoro -rcnonH' c. ·a· 

3aBHCHMOCTH 

KoH.neHcaTope. 

OT 3HaqeHHH ·.·: HanpHJKeHHH •·Ha. 'fcOTKJIOHHDIUeM 

· 3HaqeHHH ·. MarHHTHOrO ··.•nOJIH, .i npH'-Gr· KOTOpbiX' 

npOBO.llHJIHCb.,: H3MepeHHH; ·ycTaHaBJIHBaJIHCb--·, · B •i ,llHana3oHe 

B ( Ta •I ).7 B (.Ta ~~:+"1 l . .. no • MaKcHMyr.ly. · 'HHTeHCHBHOCTH; onpe.nenHnack 

3JieKTpHqecKaH,, ·· JKeCTKOCTh Bb16paHHOrO •. KOMnOHeHTa ;·:; nyqKa·; •. 

Pe3yJihTaTbi H3MepeHHA ; ·CBH,lleTeJibCTBYIDT':':. :0 ·;•::•.TOM;· .. ! . qTo .. ; 3a 

o6pa30BaHHe~··CHI;HaJIOB.; C!;• npoMeJKyToqHbiMH: BpeMeHa.MH npoJieTa 

OTBe.TCTBeHHbl ·HOHhl·, C:.o npoMel!CyTO~HbiMH ·•3HaqeHHHMH 3JieKTpHqecKoa·: 

JKeC'f.KOCTH,; ·T. e.• .· C . 3JieKTpHqecKoa .. JKeCTKOSThD.-• · 6oJibllleA_, · qeM: 

3JieKTpHqecKaH· •JKeCTKOCTb · KOMnOHeHTOB.;;;, nyqKa ··:C:; > 3apH,llOM 

q=+l 1 +2 1 +3 ,. H :•.• MeHbllleA •. . . qeM :• • 3JieKTpHqecKaH. , •. l!CecTKOCTh•,·. 
. +2-t+l 

nepe3apH,llHBIIIerocH .. KOMnOHeHTa nyqKa Ta · . :,3TO; 0_3Hal-faeT, 

s: 



'ITO B nyt~Ke npHCYTCTBYIOT ,HOHI:l C 3HeprHef!, OTJJH'IH,ofl. OT ,nU0,, 

r.ne n ·- uenoe 'IHCJJO, U
0

. - •. ycKopHIOntee. HanpfilKeHHe ... ,f!oHBJJeHHe 

TaKHX · HOHOB 06'bHCHH~TCH npouecCOM .'!aXBaTa 3JJeK.TPO,H,OB, 

MHorq3apSI.!lHI:lMH HoHaMH . ( nepe3apH.nKa · Ha _,ocTaTO'IHOM r;a3e l ·,a 

ycKOpHIOlllHX ·H ,3aMe,!lJJHIOlllHX; 3JJeKTpH'Ie,CKHX. HOJJHX ;,. B YCKOpHIOllleM 

3a3ope, B 3JieKTpOCTaTH'IeCKHX JJHH3aX. ,, ,Ha.~· pHC, 3 llOKa3aHa; 

3aBHCHMOCTb OTHOCHTeJJbH!Jfl HHTeHCHBHOCTH i, KOMHOHeHTa·-; nyt~Ka C 

npoMeJKyTO'IHI:lMH '3HeprHHMH ·. B ·. "!aKCHMyMe HHTeHCHBHOCTH ·O.T 

3Ha'leHHSI MarHHTHOro: llOJJH. OCHOBllOf! BKJJaJi B KOMllOHeHT .. nyqKa C 

~; t 
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'!•''' Mal'HHTHaSI :liCeCTKOCTL' (KaHanLI) _.l 

PHC.3.3aBHCHMOCTb OTHOCHTeJJbHOfl HHTeHCHBHOCTH KOMllOHeHTa 

nyt~Ka C npoMeJKyTO'IHI:lMMH 3HeprHHMH B;MaKCHMYMMe~ 

~: ·HHTeHCHBHOCTH~OT •3Ha'leHHH. MarHHTHOro: llOJJH : 

'~)·' .;.· ' ·; c::..i, '· 

npoMeJKyTOt{HI:lMH 3HeprHHMH .. .naeT <cnepe3apH,!lKaf! B ,- .yCKOpHIOllleM 

npoMeJKyTKe., Ta•2~'c, paBHOMepHO • · :p,acnpe,!leJJeHHaH B · HHTepBaJJe 

3HeprHfl • OT u .no 2u·, 'ITO<COOTBeTCTByeT HHTepaaJJy Mar.HHTHoro 
0 0 

llOJISI; OT ::2200 ".!l0 3080•.;-KaHaJJOB .; Ha,: pHC. 3 •.. Pe3KHfl;,.cKa'IOK 

HHTeHCHBHOCTH B :o6JJaCTH J2900 ~3000 KaHaJJOB :o6'bHCHHeTCSI 

BKJJa,!lOM .,; B HHTeHCHBHOCTb · .cKOMllOHeHTal C i~llpOMeJKyTO'IHI:lMH 
• .,,· '' •. • ' ·, +2~1 

3HeprHHMH:>,;::nepe3apSI.!lKH ~"'-Ta •. · 

JJHH3I:l, -! ciali.napTHoe HanpHiKeHHe 

'BHYTPH c:'·3JJeK1-po~TaTHt~e.cKofl 
Ha JJHH3e · coci"aBJJHeT·-• 201 KB. · 

3TOT t CKa'IOK HC'Ie3aeT -. npH': 'BbiKJIIOtleHHH ;• JJHH3U·.: Heo6XO,!lHMO 

OTMeTHTb, :,ho· BO "BCeM paccMaTpHB'aeMOM ,!lHana·30He '2200 - 03080 

KaHaJIOB'· '\: >' ·H I BbiWe llPHCYTCTBYIOT' ·' . TaKJKe3~'1 :: HOHUL •:.' Ta +J7:'-1; 

nepe3apSI,!lHBWH.eCH · B · ycKOpHIOllleM
1
:' npoMe;tcYTKe KpTOp!:le · ~Mbl He 

paccMaTpHBaeM .: 1! .. ·HaCTOHntefl · cTaTbe·: · •·xoTsr· HX BKJJa.ii·· • · B 

H~TeHcHBHO~Tb · KoMnoHeiiTa c npoMeJKyTo>mof! 3HeprHefl r.ioxe'-i- 6ui-~ 
.!lOCTaTO'IHO a·eJJHK. ::. "!. ~ !'7 ~, ~ :·;ri·· 

6.~. 

') 
) 

·:} 
1· 
I 

06cyJK.!leHHe pe3y :'lbTaTOB; ;; 

\ .~ 

OUeHHM KOJJH'IeCTBO HOHOB, HCllbiTaBWHX nepe3apH.!lKY B 

ycKops!IOnteM npoMeJKyTKe H BHYTPH ... 3JJeKTpocTaTHt~ecKofl JJHH311. 

KOJJH'IeCTBO nepe3apH,!lHBWHXCH HOHOB Nx paBHO 

, N,c=,'N
0 

·IT,·T. 1 

.. ~ : ·•:'' ... 
r ,!le N

0 
- KOJJH'Ie~TBO HOHOB_ nepBOHaqaJJbH[)f! 3apH,!lHOCTH, ,B,, nyt~Ke i 

IT,_::- ,cet~eHHe nepe3apH.!lKH, ·,;,I ::: .-TOJJlllH~a. MHWeHH ,,. Ha_ . KOTc:JP.IJ.fl 

npoHcxo.nH~ nepe3apH.nKa. oue~Ka BeJJH'IHHU~cet~eHHsr,nepe3apsrhK~ 
-16 2 . . ' • 

IT 5! 7:.10 CM.• 6_UJJa .c.neJJaHa HCXO,!l~- H3 H3BeCT~O_r:O;KOJJH'IeCTBa 

HOHOB, nepe3apSI,!lHBWHXCH Ha.• OCTaTOt{HOM ra~e •. · Ha-- ·llYTH:;; OT 

o6nacTH . ycKOPE!HHSI .-, -.no oTKJJOHHIOntero. :KOH.!leHcaT,opa~ ..;. npn 

ll.biKJJIO'IeHHOfl nepe3apH.!lHOfl MHweHH. Koniit~eCTBO HOHOB c 3apsr.noM 

6 
+2 · 8 . · -· 

q=;'+2 npH JIH3HTeJJbHO paBHO: N
0 

·i· 5!. 2 ·10 ,. TOJllllHHa • MHWeHH npH 
-5 . 

,!laBJieHHH B• HCTO'IHHKe ,,P !:'3•10(1 Topp,~:. ',!lJIH,,nepe3apSI,!lKH 

Ta·2~1 B ycKopsriOnteM . npoMeJKyTKe ·. • • ..<.nnima. ycKo.[miOmero 
' . 11 -2 

0.7 ..• eM) T':u~"'· 7-·10. --·CM ,··.nnsr•:nepe3apH.!lKH·.~B ' npoMeJKyTKa 

3JieKTpOCTaTH'IeCKOfl JIHH3e (,!lJIHHa.3JieKTpOCTaTH'IeCKOR~JI~H311~10 
13 -z · 6 +2~1 

CM) T 5! 10 CM • TaKHM 0 pa30M, ,!lJIH HOHOB Ta , 

nepe3apHJKeHHUX B ycKopsriOnteM:npoMeJKyTKe,nonyqaeM: 

. ;i'l ,_' lHf·t.l -.1 •. _.,: ,.,, :; .t:Nac~:= ·9 .:a·,:1ot,,,. • 
X ' 

,!lJISI HOHOB 

JIHH311: 

·-' ;~ ;'i ~- ~- f· 

Ta•2~t 

~ I \ ~f. ":_ 

. ne'pe3ap.HJKeHH11X,: BHYTPH 

'--~ 

; ; ~ . -~~h-~-·.),_ . ·;f'_:c 

Nlens= 1:4·106 
X 

• • .{ ; 1 ~ < '!, I < <.-

· ... ·. 
~. ~ n t.. :·i ~'" ~~ 

3JleKTpOCTaTH'IeCKOfl 

.t1Vt:·· 

i ~ t "~" r• 

"i-.. • ..r;:~ "0J~::H''" ~ ·' 

HopMHpysrcb Ha. :nOJJHoe·:· KOJJH'IeCTBO :,;HOHOB -::-B · .nyt~Ke·, nonyqaeM 

OTHOCHTeJibH~e HHTE!IICHBHOCTH: :~ Iacf:'~- 2·10'0
4 iili:'i'.~ n.•=:h. 8 •10~3 

• . . " ' .. +2~1 : X - . • . X •· . . . . . 

,!lJISI;>HOHOBH:Ta , . · ;: · · nepe3apSilleHH11X·• B !' YCKOpSIIOllleM;·, npoMeJKyTKe ·, H 

BHYTP~· · 3JieKTpocTaTHt~ecKofl :. · JJHH311 : cooTBeTcT~'eHiw·; .':::. cne.nyeT 
. ·:' • . ( - • . • ~ t' • 

yqecTI:> i'; -'ITO ::3TH:· HOHU· 'paBHOMepHO .: pacnpe.neJieHbl Iio · 3HeprHH B 
• ;'' 4 • • • ' • 

,!lHana30Ha~_3Hep~HH 40 + 80 K3B ~JISI HOHOB, nepesapSilKeHHbiX~B 
. I .. , 

y_CKOpSIIOllleM~' npoMeJKyTKe, H ·75::.> + '80 ,_. K3B ·,!lJIH HOHOB, 

_7 



nepe3ap~xeHHUX BHYTPH 

nonpaao<mua K03!p!pHUHeHT 

k 

3neKTpOCTaTH'IeCKOfi 

X·<B> 1 
100·D"t.B 

r.ne X ~ lliHpHHa OKHa perHCTpaUHH )leTeKTOpa (X 

nHH3bl. BBO.ll~ 

8 MM), 

<B> - cpe.nHee 3Ha'!eHHe MarHHTHoro non~ .nn~ .nHana3oHa, B 

KOTOpOM pacnpe.neneH )laHHblfi nepe3ap~XeHHblfi KOMnoHeHT (<B> ~ 

2650 · · KaHanoa .nn~ Hi:>HoB ...J Ta•2
4+

1, nepe3ap~xeHHbiX B 

ycKop~IOweM: npoi.rexyTKe, H <B>~ 3ooo: 'Kimanoa .nn~ HOHOB 

Ta·2~1 • nepe3ap~xeHHbiX 'aiiyTpH ·3neKTpOCTaTH'IeCKOfi' 'nHH3bl), J 

o·" - .nHcnepcHH · MarHHTa · · ·B !poKanbHofi nnocKOCTH 

MaCC~CneKTpOMeTpa (0 = 40 MM/1%Bp), 

t.B'- .nHana3oH~MarHHTHoro non~. 

nepe3apHxeHHblfi KoMnoHeHT (t.B 

B KOTOpOM pacnpe.neneH )laHHblfi 

=· 900· Kailanoa .nn~ ·HoHoB 

Ta•2
4+

1;· nepe3ap~xeHHbiX B ·ycKop~iomeM• npoMexyTKe, H 't.B = 200 

KaHanOB' · . ·.nn~ HOHOB '. ·.'J'a:•Z-ffl, nepe3apmKeHHbiX ' BHYTPH 

3neKTpOCTaTH'IeCKOfi nHH3U)\ 

nonyqaeM: •· ··3Ha'!eHH~ pacnpeileneHHoa· · HHTeHCHBHOCTH .nn~ 

nepe3ap~.nH·oro -KoMnoHeHTa ··ny'!Ka::.' 

i~ <i 

. . lace= k'Iacc~. 1.2;10-:~ . 
X 

)lnH HOHOB Ta+Z-ffl, nepe3apHXeHHbiX B YCKOpHIOllieM 11llOMeXyTKe. 

:;,-; ~ <I· :·rl•n~=k·Ilens~ 8 _4 . 10-s,,, 
. X. 

.nn~ .HOHOB Ta•2
4+

1
, nepe3apHxeHHbiX BHYTPH 3neKTpocTaTH'!ecKofi 

nHH3U. 

_nony'leHHble aenH'IHHbl c xopomea cTeneHbiO TO'IHOCTH cornacyiOTC~ 

C 3KCnepHMeHTanbHbiMH · •<)laHHbiMH, . npe)lCTaBneHHbiMH Ha-• . pHC; 3:· 

n·{lHae.neHHa51' a :Ha'!ane-. cTaTbH · aenH'IHHa'- !poHoaoro cHrHana' 0':1.,.1 

ppm _npe.ncTaan~eT- co6oa xaocT. yrnoaoro. pacnpe:iteneHH~:: HoHoa; 

nepe3ap~xeHHbiX c noTepea · 3HeprHH; -nona.naiOwHR! B npe.nMeTHYIO 

wenb Macc-cneKTpOMeTpa nocne OTKnOHeHH~.B 3neKTpOCTaTH'IeCKOM 

KOH)leHCaTope •. • . ; ; ·; · 

, HaH6onee HarnH.nHo .noae.neHHe HOHOB: c ·-,_npoMexyTO'IHbiM~ 

8 

3Hephisii.m', o6pa3yiol!lH:.xck 3a · c'leT ·iiepe3apk.nHux' 'coy.riapeHHR a 
.~\'(<,... ,~-. ' !.'' ·.-··t .•. -._! _,.~.,(. • ·:.~·~· i .. ,,. ) • 

YCKOpHIOUlHX ' '-H~ ··3aMe)ln~IOlllHX . " 3neKTpH'IeCKHX' ., ' non~X 

-~iacc-'cneKTpoMeTpa!: i.!oxeT' 61uh · 'ripe.ncTaaneHo c noMomhiO · 

3aaHcHMocTH 'a pet.ieim ~:'nponeia · HoHoa oT · a'enH'IHHu··, MarHJiTHoro 

no'.iisi1:-'(B), nox'a3aimoi{Ha pHc. 4;'-'Ha 3TOM pHCYHKe npHMble nHHHH 

COO.TBeTCTBYIOT HOHaM A+l,+Z,+J.-, a TaKXe HOHaM; 

nepe3apHXeHHbiM Ha nepe~apH.llHOfi -MHllieHH- BHe 3neKTpH'IeCKHX 

nonefi, T: e. 6e3 H3MeHeHHH 3HeprHH A+J-ffZ ,. A•2 7,+1
, A+J-ffl H 

T.)l., )lnH KOTOpbiX 

-r "' qr. B . qi . 

,. 

r.ne ·~ H qr- cciOTBeTCTBeHHO Ha'!anbHbl~ H.KOHe'!Hblfi'japH.llbl HOHa. 

HaKJiOH npHi.uu' o6paTHO npOIIOpUHOHaJJeH 3neKTpHqecKOfi XeCTKOCTH .... ,.,., · .. ·' .. . .., 

)laHHOro KOMllOHeHTa,: .. ny'!Ka.- llonepe~IHble / KpHBble Ha pHC. 4 

COOTBeTCTBYIOT pa3nH'IHbiM KOM6HHaUHHM nepe3apH.llOK . C llOTepefi 

3HeprHH1, :· .nii"H KoToimX · 3aiJHcHMa·cTh a peMe.HH 'ripone1-a aT': 3HaqeHHH 

MarHHT.Horo nonH Bblpaxae-fc'w) !pop My nofii':'c ;: .;·;::: 

+ 

:q·r·~ ··:../) 

r:Ue. M. :.:. ·· Macca 'Ho'ila'.T; 

-r . .;..)!!...! '· . 
::: qr B ' . ;~ 

''' \.': ·~.' r.- ~ ... ..., . '{ . ~ ' \. ~) (} 

~E~·: 

,,,.. .,., 

.!!' -~:.~": 0') 

113 .:, pHc .4 BH.llHO, ·:<no nilH' pa3aepTKe· Maccoiloro ,. cneKTpa .'. 

cTo·poHy ya·enH'Ieii'Ii~ <'MarHHTHoro no.riH·,--sp'eMH npiinel-a· HoHa·s 

iiepe3apHxeHHbiX c~ noT-e pea 3Hepriili, · yMeHbmaeTcH. ·• · .:,_· ~' q; .. ;l 

c r: '1 TaKHM. o6p'a3oM, noilyqeiJiihie:·pe3 Y:nbTa-fu cilHileTenb e-Ta yKiT'' o 
TOM, :~''ITO ,:·a'' Macc-cneKTpoMeTpax>l::B' KOTOpb!X' HCllOJI1;,•3yioTCH; rry<u(H 

MHoro3apH.nliux HOHOB ;: ycKopeHHue•::;a .:.::3nek'rpH'!ecicoM c::none .: :. 1-i 

C!poKyc~poBaHHble' ; c: ··noMOlll~;o~ '' '3neKTpOCTa TH'IeCKHX :, .. iiHH3; 

npa.KTH'IeCKH BO : . . 'seeM: )lHana30He ·;Mace 'npHCYTCTByeT -!pOH, 

Bbi3BaHHblil nepe3apH.nKofi HOHOa·· c:'Ha ocTaTo'IHOM ·; ra3e · ~·---;B 

3JieKTpH'IeCKHXlCnonHX; llnH "MHOrHX: ;THDOB; Macc-cneKTpoMeTpOB,. 

OC06eHHO a:·: · TeX cny'laHX,- : KOr.na perHCTpaUHH .: ;';'HOHOB 

ocyweCTBnHeTCH C llOMOUlbiO !pOTonnaCTHH, -HMeHHo·· 3TOT '!pOH;iMOXeT 

cymecTBeHHO ~' 'OrpaHH'IHBaTb; .. ·:npe.neilbHY!d . 'IYBCTBHTeJibHOCTb 

aHanH3a. HHTeHCHBHOCTb" 3TOro !po~a onpe.nenHeTCH~ BenH'I~HOfi 

.naaneHHH B HCTO'IHHKe H reoMeTpHefi MaCC-ClleKTpOMeTpa. O.llHHM 

:9 



H3 , nyTeR yMeHb.WeHHH . !pOHa· . nepe3apHJKeHH~ro KOMnOHeHTa . C 

H3MeHeHHOR 3HeprHeR MOJKeT 61llTb y~yqwer:~~ !pOKYCHpOBKH,ny~~a, 
.-. • ~ ~. •• ~-, • • < • • • - • ' ' 

a ,TaKXe yBeJIH'IeHHe . yrna .OTKJIOHe!"IHH ny'!Ka, OTKJIOHH!Of!l~M 

KOH~eHCaTOpOM. O~HaKO HaH60Jiee. _.3q>!peKTHBHillM .cpe~CTBOM 
- : .. " ' .. _ ~ ' . ; ' . ~ . . ~ 

no~aBJieHHH 3TOro .. !pOHa HBJIHeTCH_ O"f60p HOHOB no BpeM~HH 

nponeTa. 

. ~ i'" 

10 
f< 

~ . 601 o ........ 
P<o 
t::;:.: 

::it 
~-40 
ll.l 
0. 
Ill 

,·'-

MarHHTHa5l :licecTKOCTb (KaHanbi) 

'1 

PHC. 4 ~ 3aBHCHt.fOCTb_, B peMeHH, npoJI~}'a pa3J,JH'1Hill_~_, !<OMnOHeHTOB 

ny'!Ka OT HX MarHHTHOR JKeCTKO,CTH;, 

TaK, HanpHMep, npH pa6o~e C riepe3apHJKeHHillM KOMnoHeHTOM +2 ~ 

+1 B OTCYTCTBHe OT6opa no BpeMeHH npQJieTa Macc-cneKTpOMeTp 

JIH.ZUIA o6ecne'IHBaeT npe~eJI o6HapyxeHHH npHMeeeR B TaHTaJie ~JIH 

3JieMeHTOB B .~Hana3o}{e Mace 90 ~ 181 a. e.M. ,nopH.nKa 0 • .1 ,ppm; 

~'!'liw BeJIH'IHHa onpe.neJIH.eTCH _,,,[JpHCYTCTBHeM ·;a cneKTpe 
+2~1 

MaTpHUill . Ta r C, ;; npoMeJKy_}'OtJHOR nepe3apHJKeHHillX -~OHOB . 

3H~prHeR. ,O.nHaKO BpeMH npo~eTa 3,THX HOHOB cymecTBeHHO 

DTJI~'Ia~TCH .• oT •; ;B peMeHH . nponeTa HOHOB, nepe3apHJKeHHillX. ., Ha 

nepe3apHitHoR. MHWeHH. HanpHMep, . .UJIH ... Ma(!Cill.:;A. E!';130 pa3HOCTb 

B peMeH npoJieTa .UJIH HOI:IOB Ta +2~1 
.' C · _npoMeJKyTO'IHOR 3HeprHeR H 

. '130 +2-1 . . • . : .. ' . 
HOHOB ·A .·' · COCTaBJIHeT, npH6JIH3HTeJibHO -;20 MKC · (CM_; 

pHc. 4) , . 'ITO·· no3BOJIHeT nony'IHTb npe.nen :· ot?HapyxeHHH He xyxe 

0. 1 · - .1 ppb,. eCJIH perHCTpaUHH ·HOHOB npoHCXOJtHT: .TOJibKO · BO 

BpeMeHHOM; OKHe, COOTBeTCTBYKJllleM 

nepe3apHXeHHillX HOHOB C A E! 130 •... 

·ABTOplll 6Jiar~~apHT ·.11 • .11: 5or.naHOB·~ 
none3Hiie ·3aMe'laHHH.·.::. ., : 

10 

speMeHH nponeTa 

·., 

3a HHTepec K pa6oTe H 

.-.· 
,: ::.:I. 
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