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PaccMoTpeH MeTo[, MO3BONSIIONIMI COKPATHTH BPEMsI OLICHUBAHHS TAPAMETPOB M30TOMHBIX MAacC- MUKOB ITyTEM HCIIOIb30BAHUS LIS
aNMpPOKCUMAIMH [THKOB PA3IMYHbIX MOJEIEH, YIUTHIBAIONMINX MIMPHHY BBIXOAHOM LIEIH MAcc- CIIEKTPOMETPA M JUHAMHUYECCKHE XapaKTEPUCTHKH
M3MEPUTENbHBIX M YIPABISIOMKX MHoJAcHcTeM mpubopa. IlpexcraBieHbl mpuMepbl paboThl MeTola [Uis MOJAENEH IHKa pa3HOW CIIOKHOCTH.
[poBeneHa OIeHKa TOYHOCTH MPEIAraeMOro METO/IA.

BBenenne

[lpu mnpoBencHUM W3MEPEHUII B H30TONHBIX M XUMHYCCKHX MACC- CHCKTPOMETPHYCCKHX MPUOOPOB
HEOOXOUMO C MHHHMAIILHOW TOTPEIIHOCThIO OLCHHBATH ITAPAMETPHl OJAMHOYHBIX U CIOXHBIX (HAIOXKUBIIAXCS)
CHEKTpallbHBIX MUKOB. OICHKE MapaMETPOB CIOXHBIX CIEKTPaJbHBIX MHUKOB ObUTa TOCBsNieHa paborta [1]. B
HacTosIel pabore 0OCY)KHaroTCs MPOOJIEMBI COKpAIICHHUS BPEMCHH IOYYCHHS OICHOK MapaMEeTPOB OJUHOYHBIX
IMUKOB B M30TOITHOM MAacC-CIIEKTpEe, C YYETOM TUHAMHUYECKHX CBOHCTB CHCTEMBI, MPOHM3BOIAIICH pPETHCTPALNIO
cuextpoB. Kpome ymeHbpIIeHns: BpeMeHH paboThl mporpammM, B paboTe CTaBHIACh 3afadya JOCTIKEHHS MUHUMAIBHO
BO3MOKHOH TOTpeIrHOCTH. be3 mpuMeHeHHs NpeanaraeMpIX HIDKE alTOPUTMOB BpeMs TIONYYCHHS OILICHKH
TIOJIOKCHUSI CEPEAMHBI TIHKA, TIPY MOCTOSHHONW BpeMEHH H3MEpHUTENbHOUW cuctembl paBHOW 0.2 ¢, mocturaer 80 c
(pe3sucTop B LEMH OOGPATHON CBSI3H DIEKTPOMETPHYECKOTO YCHIMTedss mMeeT compormBieame 102 Om). B
MPUMEHICMBIX JI0 CHUX IOp AITOPUTMAaX HEOO0XOIUMO MPOBOIUTH u3MepeHue 50-60 3HAUECHUII MOHHOTO TOKa B
00JTaCTH TPEAIONIAaracMOro TOJ0KEHU IICHTPA MUKa MPH PAa3HBIX BEJIMYHHAX HANPSDKCHHOCTH MAarHUTHOTO Mo [2].
Bpewms, B TeueHHE KOTOPOTO YAAETCS MPOAETIaTh HEOOXOANMOE KOTUYCCTBO M3MEPCHHI CTOJb BEJIHMKO €I U MO TOH
MPUYHHE, YTO JUI CHIDKCHHUS BIUSHHS JUHAMHYCCKUX OIIMOOK, Tepel H3MEPEHHEM KaXKIOr0 HOBOTO 3HAYCHUS
HOHHOTO TOKa HEOOXOIMMO NOXKAATHCS 3aBEPIICHUS MEPEXOJHBIX MPOIECCOB B cucTeMax mpubopa. Heobxomumoe
JUISL OLICHKY TTOJIOKCHHUS IICHTPA MHKA KOJIWYECTBO MCXOMHBIX JAHHBIX, U, CICIOBATEIBLHO, O0IIee BpeMsl HACTPOUKH,
MOJKHO CYIIECTBEHHO COKPAaTHTBh, €CIIM HAWTH MOJENh NHKa, YAA4HO (C TOYKH 3pEHHS MHHUMYMa CpeaHeil
KBaJIpaTHYHOW OIIMOKHM), OMHCHIBAIOmell MUK. B 3TOM ciydae MOXHO OLCHHWTH IIOJIOKEHHWE IIGHTpa W JApyTHe
rmapaMeTphl MHKa JUIIb 10 HECKOJBKMM 3HAYCHHSM HOHHOTO TOKA, IPUMEPHO PaBHOMEPHO PACHpPEACICHHBIX II0
oOmacTy, r7ie¢ HaXOOUTCA MUK. A €CcIM NPH BBYHUCICHUSAX YYUTHIBATH AWHAMHYECKHE CBOMCTBA HM3MEPUTEIHHOI
CHCTEMBI, TO CTAaHOBHUTCS BO3MOXHBIM CHMMAaTh 3HAUEHHs (MOHHOTO TOKa), HE IOKUIASCh OKOHYAHHUS MEPEXOIHBIX
MIPOIIECCOB, YTO €Ie HECKOJIBKO CHH3HT OOIee BpeMs OICHKU IOJIOKEHHS IEHTpa MUKAa. YMEHBIICHHE BPEMEHU
PpaboTHI MPOrPaMMBI TTO3BOJISICT CHU3UTH BIUSHHE HECTAOIIBHBIX MIPOICCCOB B UCTOYHUKE UOHOB, HOHHO-OTITHYCCKOM
CUCTEME U B CHCTEME yIPABICHHUS MAaTHUTHBIM TIOJIEM.

Mogaean nuKa A U30TOMHBIX MACC-CIIEKTPOMETPOB € LIMPOKOIl HIe/IbI0

KauectBeHHO (hopMy IMHKa MOKHO BEIBECTH JIO OIBITA U3 TEOPETUICCKUX cooOpaxeHuil. [IocKOIbKY OOBIYHO
(hopMa OJJMTHOYHOTO MTUKA MacC-CIIEKTPOMETpPa KAueCTBEHHO OJIM3Ka K TayCCOBOM KPUBOW, MOXHO B KA4€CTBE MOICIH
OMHOYHOTO CIIEKTPAIBEHOTO MTHKA MCIOIh30BaTh KOMITO3UINIO GyHKIwH ["aycca
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KOTOpasi ONHCBHIBAET BIMSHHE IMUPOKOW mienw. Takxas KOMIO3HIHMS NPENCTaBIseT COOOW NMPUMEpPHO PaBHOMEPHYIO
IIOJIOCY B CBOEH cpeHeil yacTh, OBICTPO CIIafaeT Mo KpasiM U BRIPAXKAETCS CIICAYIOIINM 00pa3oM:

i(t)=Alo| 2L |+ @ =0
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rae:? — ¢pynknus Jlamnaca,
A — MacmTaOHBII MHOXKHUTEIb.

Ipadux ¢ynxuun () (mpu ,=60.9, t,=108.5, A=256.3, 6=7.5) u muka u3otona crponus 88 (Sr **)
MIPUBEICHBI HA pUC. 1.

Hcnonp3yst yKa3aHHYIO MOJEJIb IPOU3BE/IEM OLICHKY MOJIOKEHHS IIEHTpa MuKa. Tak Kak Macc-CleKTPOMETp
OTHOCHUTCS K KJIACCY TaK Ha3bIBAEMBIX JIMHEHHBIX MPUOOPOB [3], TO BHIXOJHOW CHTHAJI MOXET OBITh MpEACTaBIEH B
BUJIe CBEpTKH (MPHU OTCYTCTBUH IIyMa W NPU MPEHEOPE)KEHUU AUCKPETHBIM XapaKTEpOM H3MEPEHHH HAa KOHEYHOM
HWHTEPBAJIE):
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I(t)= jh(t—r)i(r)dr, 2)
30ech t U ? — mapaMeTpbl BPEMEHH IMPH YIPABICHUH HANPSOUKCHHOCTBIO MarHUTHOTO mouisi. Takoil mepexon

OKa3bIBAa€TCs IOMYCTHMBIM, T.K. HAaNpsDKEHHOCTb MAarHUTHOTO MOMsS B Ipejenax OJHOTO NMUKAa MOXHO CUYHMTaTh
nuHeliHOM (QyHKIHMeH oT BpeMeHH. ECTeCTBEHHO BCTAaeT BOMPOC O BOCCTAHOBJICHHH HCTHHHOM 3aBucuMoctH (1) 1o

u3mepenHeiM 3HadeHuaMm 1 (f) pemenuem ypasmenus (2). Tpymuocts coctout B ciexytomem. Janmbie 1(f)

pEANbHO PETUCTPHUPYIOTCS C HEKOTOPOW MOTPENTHOCTHIO, a 3a/1a4a (2) OTHOCHUTCS K KIaccy 0OpaTHBIX, HEKOPPEKTHBIX
B KJIACCHYECKOM CMBICNIC 3aaad [4],103TOMYy BO3MOXKHO TOJYYEHHE HEYCTOWYHBOTO, OCIHWJLTUPYIOIIETO PEIICHUS.
HeiicTBuTenbpHO, eciid GpopMaibHO 3amady (2) pemars METOOM TaK Ha3bIBAEMOI JCKOHBOJIOIHMU C HCIIOIb30BAaHUEM
npeodpasoBanus Oypbe, TO B pe3yibTaTe MPU MPAKTHICCKUX BBIYMCICHUAX MMOMYYaeTCsl OCHUILTHPYIOIIAs KPUBasi, HE
SIBIISTIOIIASCS. MCKOMBIM perieHueM [4]. Jns HaXoKAEeHWS YCTOWYMBBHIX PEIICHHN OOpaTHBIX 3aJad, KOTOpBIC, Kak
U3BECTHO, SBJIIOTCS HEKOPPEKTHBIMH B KIIACCHICCKOM CMBICIIE, [5, ¢.445], B BBIYMCIUTEIEHON MaTeMaTHKEe Hanboee
MOIIIHBIM METOIOM SIBJISIETCSl PeryJsipu3anvd no TUXOHOBY W onTHUMaibHas (uibTpanus Bunepa [6]. [Tockonbky B

PETUCTPUPYEMBIX OT MACC-CIIEKTPOMETpPA JaHHBIX I(I) HEHU30€:KHO NPUCYTCTBYCT 1IYyM, TO Tpe6013aﬂne BBIITOJIHCHU S

TOYHOTO paBeHCTBA (2) HE MMEET CMBICIA W IeJecCO00pa3sHO MCKATh NMPHOIMKEHHOE pEIIeHHe, YIOBIETBOPSIONIEE
ypaBHEHHIO (2) ¢ JOIMyCTUMOM TOYHOCTHIO. KpoMe Toro, nHoraa mHTEerpan (2) ymaercs B3ATh B o0meM Buae. Toraa
Hambosiee TPOCTHIM M JIOTHYHBIM METOJIOM pEUICHHS JaHHOM 3aJadd SBISIETCS MOA00p MapaMeTpoB IUis
AQHAJIMTHYECKOTO PeIIeHNs MHTerpaia (2) MeTosoM HanMeHbInux kBagparoB (MHK).

Hcnone3yeM B KadecTBE MEPBOrO MPHONIMDKCHUS aNNapaTHOW (YHKIMH, OIUCHIBAIOIICH IMHAMUYECKHE
MIPOLIECCHl B U3MEPHUTEIHLHOM TPAKTE MACC-CIIEKTPOMETPa, allePHOIMUYECKYIO0 (DYHKIIMIO:

h(t)=e%n(t), 3)
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I'padux pysxumn (4) (mpu A=37,7; 0=0,09; t;=41; ,=88; 6=7,5) n muk Sr*® u306paskeHs! Ha puc. 2.

CreneHb OIM30CTH MOAENH K 3KCHEPUMEHTAIBHBIM JTAHHBIM ONpENelsulach MO 3HAYCHUSIM HEBSI30K U I10
kpurepuio  [Tupcona [7].

OueHka cpeHero 3HaueHHs1 HeBsI30K Juist Mojenu (1) u Monenu (4) He mpesbiaeT 1,5% ot miomany nuka.
TIpoBepka cooteTcTBUs Mojeneil (1) u (4) FKCHEepHUMEHTANbHBIX JAHHBIX 110 KpuTepHio ¥y~ IIMpcoHa, mokasana, ee
npaBaononooHocTs ¢ BepositTHocThio 0.95. Jlnst mpoBepkm mogneneid (1) u (4) sKCnepUMEHTalIbHBIE JlaHHBIC
PEruCTPpUPOBAINCH COOTBETCTBEHHO ¢ MHTEpBaioM BpeMenu 1.0 u 0.2 cexyHIpI.

HeBsi3ky, BBIYMCICHHBIE U1 MOJENH (4) HOCAT NMEPHOAMUYECKHI XapakTep, 4YTO YKa3blBaeT HAa HAINYUC
KoJieOaTeNbHON cOoCTaBIIsAONMEH B anmmapatHoi ¢yHkiuH. Crenyromas MOJeNb anmapaTHOW (QYHKIWH, Oojiee TOYHO
OIMCHIBAIOIIAS JUHAMUYECKHE MIPOLECCHl BHYTPH H3MEPHUTENBHON CHCTEMBI, — ypaBHEHHE CBOOOIHBIX 3aTYyXarOIIHX
KosieOaHumi:

h(t)=e ™ sinotn(t), (5)
rae (0 — KpyroBas 9acToTa 3aTyXammuX Kojaebanuit (paauan/c).
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Ananutudeckoe BblpakeHHe cBepTkH ¢yHkuumit (1) u (5) momywaercs n0BoJIbHO TpomosixuM. [TosTomy
MOJIETIbHBIA MUK TPOIIE BBIYMCIATH HerocpencTBeHHO 1o Qopmyne (2). Iockonbky ¢ynkums cseprku (1) u (5)
TIOJTy4aeTcsl TOCTaTOYHO TIIaAKoi 1 6e3 0ocoOeHHOCTEH, HET HeOOXOMMOCTH B UCIIOJIB30BAHUHU CIIOXKHBIX aallTHBHBIX
AITOPUTMOB HMHTETPUpOBaHMA. [yl BBIYMCIEHHH MOKHO BOCIIOJB30BATHCS OJMHOM M3 MHOTOTOUEYHBIX IPSIMBIX
¢dopmyn nHTErpupoBanus, Harnpumep Yt [8]. I'padux dynkum (2) (mpu A=780, t,=30, ,=78 , u=7, 0=0,22,
=0,050) 0 muk Sr**, CHATHI ¢ HHTEPBAIOM MEXITy n3MepernsMu B 0.2ceK, MpeaCcTaBieHsl Ha prucyHke 3. Ha sToM ke
PHCYHKE TIOKa3aH MWK, BOCCTAHOBIICHHBIM paccMaTpuBaeMbIM MeTonoM. Ha pucynke 4 m300pa)XeHBI MOJIENH MHKa
mpu (A=90, t,=40, t,=86 , u=7, 0=0,22, ® = 0,048) 0 nuk Sr84, cHATHIA c uHTEpBaIOM MExay orcuertamu B 0,275 c.
MOoO>HO BHIETh, KAKOE CHIIBHOE BIMSHME HA CHUMAaeMBbIE TaHHBIC OKa3bIBACT MHEPIMOHHOCTh CHCTEMBI PETUCTPAIIHH.
CpaBHEHHE JTOH MOJAEIH C SKCICPUMEHTAIBFHBIMH JaHHBIMH IIOKAa3al0, YTO CpeJHee 3HAueHHe HEBSI30K He
mpeBbmaer 4.8% or miomamu nuka. Tak Kak MOJENM NHKa NpPEACTaBIIeT co00d (yHKIWHM, HETWHEHHBIC
OTHOCHUTEILHO CBOMX MAapaMeTPOB, TO JUISI MX OIEHUBAHHS MCITOJIb30BAJICS UTEpAIlMOHHBIH MeTol HeioToHa [9, 10].

Pesynerarer paboThl METOZIOB

- I[IpoBepka pabOTHI aNTOPUTMOB IMTOKa3aa:

- IIpakTHdeckylo HE3aBUCHMOCTh TOYHOCTH OLICHKH ITapaMeTPOB IHUKOB C HUCIIOIb30BAHUEM MOJIEIH (OPMBI
OT IIYMOB B JHana3oHe CUrHail IryM oT 50 ¥ BbIIIIe.

- Bo3MOXHOCTH BOCCTQHOBIEHMS  IAapaMETPOB CEPEAMHBI NHKAa C MOTPENIHOCTBIO, JOIMYCTHMOW I
9KCIIEPUMEHTA NPU KOJIMYECTBE MPOBEJICHHBIX U3MEPEHUH 5-06.

- IlorpemHOCTs BOCCTAHOBJICHHUS IIEHTPA MHKA HE MPEBBIIIACT MHHUMAIBHOTO Iara CHCTEMBI YIPABICHUS
pa3BepTKOH.
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The paper offers a time — saving method of isotopic mass spectral peak parameter estimation using various peak fitting models which
take into account the mass spectrometer slit width and dynamic characteristics of the instrument’s data acquisition and control systems. Some
examples demonstrating the method performance for models of various complexity are given.

Introduction

Mass spectral measurements in either chemical or isotope mass spectrometers require high accuracy of
parameter estimation of single and overlapped spectral peaks. Estimation of overlapped spectral peak parameters was
discussed in [1]. The present work offers a time — saving procedure of parameter estimation for single peaks in
isotopic mass spectra taking into account dynamic properties of the mass spectral data acquisition system. Apart from
saving the program execution time, the goal of reaching the minimum possible error was also pursued. Without using
the algorithms described below the estimate of the peak center position can be obtained in 80 s (for the 0.2s response
time of the data acquisition system and 10'> ohm resistor in the charge amplifier feedback loop. The so far existing
algorithms assume measurement of 50- 60 ion current values in the vicinity of the expected peak midpoint position at
different magnetic field intensities. The ion current measurement time is so long also because of transient times that
should be waited to avoid large dynamic errors. The initial data needed for peak center position estimation and, hence,
the total adjustment time will be substantially reduced, if we find a peak model adequately describing the peak (in
terms of the minimum standard deviation). In that case the peak center position and peak parameters can be estimated
just by a few ion current points almost evenly distributed over the peak region. Moreover, if the dynamic properties of
the measurement system are taken into account, it is possible to take measurements (of ion current) without allowing
for transient times, so the total time of peak center position estimation will be further reduced. Saving the program
execution time will minimize the influence of unstable processes in the ion source, ion-optical system and magnetic
field control system.

Peak models for wide-slit isotope mass spectrometers

The peak shape can be a priori qualitatively defined from theoretical considerations. Since usually the shape
of a single mass spectral peak is qualitatively close to a Gaussian, a single spectral peak can be modeled as a
composition of the Gauss function and a rectangular one which represents the influence of the wide slit. Such a
composition consists of a nearly uniform middle band rapidly descending at its ends and is described by

t,—t r—t
i(H)=A|D| 2= [+D| —2~ ||, (1)

G2 G2
where @ is the Laplace function, A is the scale factor. The plot of the function i(f) (at t1=60.89, t2=108.54,
A=256.34, 6=7.4) and the strontium isotope 88 (Sr*®) peak are shown in Fig.1. Using the above model, we will
calculate an estimate of the peak center position. Since the mass spectrometer belongs to the class of so called linear

instruments [2], the output signal can be expressed as a convolution (in the absence of noise and ignoring the discrete
character of measurements in the finite interval):

I(t)= Th(t —D)i(r)dr, o))

here t and T are the time parameters of the magnetic field control. The most straightforward way of solving this
problem is to fit parameters for the analytical solution to Eq.(2) by the least-squares method (LSM). As a first
approximation of the apparatus function describing dynamic processes in the measurement channel of a mass
spectrometer, we use an aperiodic function:

h(1) = e n(0). (3)
where 1](¢) is the Heaviside unit function, o is the parameter characterizing inertia and having dimension s'. For the
apparatus function of the form (3) and peak model (1) the solution to integral Eq.(2) will be

1 e” t—t t,—t
I(t)=A| — - o 1o 2 || 4)

o « o2 o2
The plot of the function (4) and the peak of Sr*® are shown in Fig.2. The model’s goodness of fit to
experimental data was defined by the residual value and Pierson’s ” criterion [2]. The estimated value of the mean
residuals for models (1) and (4) does not exceed 1.5%of the peak area. The goodness of fit tests for the models (1) and

(4) based on Pierson’s %2 criterion have shown their likelihood with 0.95 probability. To test the models (1) and (4),
experimental data were sampled at intervals of 1.0 and 0.2 s. The residual calculated for the model (4) exhibits

-4 -
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periodic behavior, which suggests the presence of an oscillatory component in the apparatus function. Another model
of the apparatus function describing dynamic processes inside the measurement system is the equation of free damped
oscillations:

h(t)=e"sinwtn(z), &)
where o is the angular frequency of damped oscillations (rad/s). Fig.4 shows peak models (A=90) and the Sr* peak
with sampling intervals of 0.275s. One can see the strong effect produced by the data acquisition system’s inertia on
the measured data. The comparison of this model with experimental data has shown that the mean residuals do not

exceed 4.8%of the peak area. Since the peak models are non-linear with respect to their parameters, the estimation
procedure involved Newton’s iteration technique [3, 4].

Results

The algorithm performance tests have shown:

- Actual independence of the peak model - based parameter estimation accuracy from noise at signal-to-noise
ratios of 50 and over.

- The possibility of peak center parameter recovery with an error admissible for experiments based on 5-6
data points.

- The peak center position recovery error does not exceed the minimum step of the scan control system.
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