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MOIEJUPOBAHUE PABOTBI BECCETOYHOI'O UOHHOI'O
3ATBOPA 151 UOH-JIPEH®OBOI0 CIIEKTPOMETPA

B paboTte mpencraBieHsl pe3ynbTaThl MOAETHPOBAHUS (DOPMHUPOBAHMSA MOHHOTO MAKeTa MpH aTMOc(epHOM aaBie-
HHUHM C ITOMOIIBI0 OECCETOYHOTO ABYXAJIEKTPOJHOTO HOHHOTO 3aTBOPA, KOTOPBII OTIMYAETCsl IPOCTOTOH M3TOTOBIIE-
HUSI ¥ JIETKO MOJXKET OBITh MCIOJIBb30BaH B HOH-ApeiipoBom cnekrpomerpe. [lokazaHo, yro Hanbomnee 3 PeKTHBHO
0ecceTOUHBIN IBYX3JIEKTPOAHBIN MOHHBII 3aTBOP MOXET OBITh HCIIOJIB30BAH B PEXHMME JIBOWHOTO IOCIEIOBATENb-
HOTO pa3JielieHns] HOHOB, KOTJja YCTaHOBKa BTOPOTO 3aTBOpa B Kamepe Jpeida npH NpaBUIbHO OA00paHHOM Bpe-
MEHH OTKPBITHUS €ro OTHOCHTEIBHO IMEPBOIO 3aTBOpa YIYUIIAeT pasfesieHHe YaCTUYHO HaararolluXxcs ITHKOB

B CIIEKTpE.

Kniouesvie cnosa: nOHHBIN 3aTBOP, HOABUIKHOCTb HOHOB, pa3pClICHUC HOH-Hpeﬁ(bOBOFO CIICKTPpOMETpA

BBEJEHUE

HonHBI 3aTBOp, pacmojaraeMblii MEXAy HCTOY-
HUKOM HEMPEPHIBHOTO IIOTOKA 3apsDKEHHBIX YacTHI]
U BXOJIOM B JpeiioBYyI0 TpYOKy, SIBISETCSI Ba)KHBIM
3JIEMEHTOM B CHEKTPOMETPE MOHHOW IOJBM)KHOCTH,
MOCKOJNBKY (OPMHPYET HOHHBIM MakeT B 00JacTH
npetidha. XapakTepUCTUKH MOHHOTO MMITYJIbCa, TAKHe
Kak (hopmMa MOHHOTrO MaKeTa U ero aMIUIMTYyJa, OIpe-
JEISIOT pa3pelamylo CcrnocoOHOCTh M YyBCTBH-
TEJBHOCTh CIIEKTPOMETpa HOABMKHOCTH. B Hacros-
miee BpeMst A1t GOPMHUPOBAHMS U WHKEKLIIUH HOHHOTO
MakeTa MPUMEHSIOTCS CETOYHbIE HOHHBIE 3aTBODBI,
HaTpuMep, Takue Kak 3aTBopbl bpendepun—HumnbceHa,
Tunpans—Ilaysmna [1]. OmHuM ©3 CYIIECTBEHHBIX
HEIOCTATKOB CETOYHBIX MOHHBIX 3aTBOPOB SIBJIAETCS
WX Mayiasg reoMeTpudeckas Mpo3pavyHoCThb JUIsl HOHHO-
ro myuka, nopsaka 60%, 4To BHOCHT CBOM BKIJIaj
B Ma/ICHNE YyBCTBUTENBHOCTH. Tarke K HelocTaTKaM
CETOYHBIX MOHHBIX 3aTBOPOB MOKHO OTHECTH TEXHO-
JIOTHYECKYIO CJIOKHOCTh WX H3TOTOBICHHS, OOPHIB
HUTEN M 3aMBIKaHHE COCEIHUX HUTEH C MPOTHBOIIO-
JIOKHBIMH HOTEHLMAJIAMH, YTO MPUBOAMT K €ro Hepa-
6otocniocoonoctu. [Ipu nuamerpe amepTypsl mpuMe-
HSIEMBIX MOHHBIX 3aTBOPOB, KOTOPBIH, KakK IPaBUIIO,
cocTaBisieT 2-2.5 cM, MapaijelbHble NPOBOASIIINE
HUTH Majoro guamerpa (~50 MKM) pacrojararoTcs
Ha pacctosHuu (.2—1 MM Apyr OT Jipyra, 4To MO3BO-
nsieT GOPMHUPOBATh BBIXOJHON HMOHHBIN MaKeT ¢ MU-
HUMAJIBHBIMH UCKaXCHHUSIMHU (pEe3KUMH (DpOHTaAMHU).

B [2] B kadecTBe MOHHOTO 3aTBOpa sl POPMUPO-
BaHUsI KOPOTKOTO HOHHOTO HMMITyJbCa B HOH-IpEH-
¢doBoM crnekTpoMeTpe ObLTa TpeasokeHa OecceTod-
Hasi JByxauvadparMeHHas KOHCTpykuus. beccerou-
HBI MOHHBIM 3aTBOp MpeAHa3Ha4YeH ajs mpeobpaso-
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BaHUA HCIIPECPBIBHOI'O MOHHOI'O ITy4YKa B IOCJICAOBA-
TEJBHOCTh MAKETOB 3apsDKEHHBIX YAaCTHULI, MTOCTYIA0-
IIMX B aHAJIU3aTOp C 3aJaHHOM 4acCTOTOW W JUIMTEINb-
HOCTBIO, M TpEACTaBisieT co0oi mapy M30JIMPOBaH-
HBIX MPOBOISIIMX MapauIeNbHBIX JuadparMm ¢ cooc-
HbIMH OTBepcTUsiMH. OnHa u3 auadparM HaXOIAUTCS
MOJl PeryJIupyeMbIMH HaNpsDKEHHSIMH OT HE3aBHCHU-
MOI'0 UCTOYHHUKA NUTAHUS, a pyras Juadparma 3jiek-
TPUYECKH COCIMHEHA C HE3aBUCHMBIM HMITYJILCHBIM
HACTOYHHUKOM IHUTAHUS C PETYIUPYEMOU JJIUTEIbHO-
CTBIO, YACTOTOM M aMIUIUTYIOH HamnpskeHus. B ciy-
Yyae 3aKphITOrO 3aTBOpA MOHBI TEPSIOTCS HA INEPBOI
nradparme, T.K. TOTEHIUAI BTOPOW nuadparMbl BbI-
e NoTeHluana Ha nepBoil. Ilpy moHMXKeHUU NOTEH-
1yaia BTOpor nuadparMbl OTHOCUTEIIEHO TIEPBOI HO-
Hbl TIPOXOISAT B ApeidoByl0 00NacTh HMOH-IpE-
¢doBoro criektpomerpa. MImynbCHOE TOHMKEHHE 3TO-
ro MoTeHnHaia (GOPMHUPYET BBIXOAHONW HMOHHBIA HM-
mynsc. Takol GecceTOYHbI MOHHBIN 3aTBOpP OTINYA-
€TCSl TMPOCTOTON KOHCTPYKIIUM M JIETKO MOXET OBITh
WCTIONBb30BaH B HAIIeM MOH-IPEH(OBOM CIIEKTPOMET-
pe [3] (puc. 1). [IpenBapuTenbHble KCIIEPUMEHTANb-
HBIE XapaKTEPUCTUKU OECCETOYHOrO IBYXAJIEKTPOI-
HOTO MOHHOTO 3aTBOpa MpHUBeNeHBI B padorax [4, 5].
Beccerounslii amekTpudeckuil 3aTBOp, (HOPMHUPYIO-
UK MOHHBIA MMIYJIbC, TPEACTABIST co00H COOpKY
U3 IByX TOHKOCTEHHBIX nuadparm tommuHon 0.2 MM
C LEHTPAJbHBIMU OTBEPCTHAMHU AWAMETPOM 2 MM,
W HaXOJAAIIMMHUCS Ha PACCTOSHUU 2 MM JAPYT OT ApY-
ra. PaccrosHne Mmexny nmadparmMamu SIBISETCS OJ-
HUM M3 peHIalonux (akTopoB, KOTOPHIH OMpeaeseT
XapaKTepUCTUKU (POPMUPYEMOTO BEIXOTHOT'O HOHHOTO
HUMITYJIbCA, MTOCKOJIBKY OT 3TOr'0 3aBUCUT BpPEMA IMPO-
XO0XKIEHUS HOHAMH JaHHOI'O IIPOMEKYTKA IIPU OTKPEI-
TUU 3aTBOpa, 4TO, B CBOIO OuY€peab, HAKJIAIbIBAET
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Puc. 1. O6umit Bug wuoH-ApeiidoBoro crekrpomerpa
C IBYMs 3aTBOpaMu

3aTBop 2

Konnektop

YCJI0BHUA HA JJIMTCJIBHOCTh OTKPBIBAIOLICTO0 UMITYJIbCA.
Bonpmiold mpoCTPaHCTBEHHBIM NPOMEXYTOK MEXKAY
quadparmMamMu TPUBOJIUT K 3HAYUTENBHOMY YIIUpeE-
HHUIO C()OPMUPOBAHHBIX MOHHBIX MMIIYJIbCOB OTHOCH-
TCJIBHO JJIUTCIIbHOCTH OTKPLITUA 3aTBOPA.

B manHO# pabore mcciemyercss ONTUMAIIbHOE CO-
OTHOLICHHE MPOCTPAHCTBEHHBIX MapameTpoB Oecce-
TOYHOTO 3aTBOPA M PEKUMOB €r0 paboThl A GOpMH-
POBaHMsSI KOPOTKUX BBIXOAHBIX HOHHBIX HMITYJIbCOB
MakCHMalbHON amIuuTyael. Onpenensercs paspe-
[IafoIasl CIOCOOHOCTh HMOH-IIPEeH(POBOTO CIIEKTPO-
MeTpa B 3TOM ciydae. C mpUMeHEHUEM OSCCeTOUHBIX
IByxauaparMeHHBIX 3aTBOPOB PACCMOTPEH PEKUM
JIBOMHOTO IOCIEA0BAaTEIbHOTO pAa3/IelIeHHs HOHOB,
KOTJ]a YCTaHOBKa BTOPOT'O 3aTBOpa B Kamepe apeida
0Py OPaBWIBHO IOJOOPaHHOM BPEMEHH OTKPBITHS
€ro OTHOCHUTEJIFHO MEePBOro 3aTBOpa yIydIllaeT pasje-
JIeHWE YacTMYHO HaJlararolluxcs IMHUKOB B CIIEKTpE.
JIBOIiHOE  MOCIIEOBATENILHOE PA3JECICHHE HOHOB
B HOH-IPEH(OBOM CIEPKTPOMETPE YIy4IlAeT paspe-
MEHUC U YYBCTBUTCJIBHOCTH aHain3a, YTO IMO3BOJIACT
JETEKTUPOBATh Ja)Ke Majble KOHIICHTPAL[MH BEIIEeCTBa
U TEM CaMbIM [ENaeT €ro OCOOEHHO aKTyaJbHbIM
B 00JIACTH aHATUTUYECKON XMMHUU, OMOMEIUIIMHCKIX
UCCIIEIOBAHUI U KPUMUHAIICTHUKE.

XAPAKTEPUCTHUKHN MOHHBIX UMITYJIBCOB
OOPMUPYEMBIX IBYX/IMAOPAT'MEHHBIM
BECCETOYHBIM 3ATBOPOM

MopgenupoBaHne 0ecCEeTOUHOrO JIBYX3JIEKTPOIHO-
T'0 3aTBOpA C LEJIbI0 OMPEIETICHUs er0 XapaKTePUCTHK
U PEeXKUMOB DPa0OTHI, 00ECHEUMBAIOIINX HA BBIXOZC
KOPOTKHH MOHHBIN UMIYJbC (TTAKET) ¢ MaKCHMaIbHO
BO3MOXHOUW aMIUTMTYAOU, MPOBOIMWIOCH B makeTe Sl-
MION [6]. B nanHOM ciydae Al MOIETHPOBAHHS
Ipeiida MOHOB B rasze Npu aTMOC(EepHOM JaBICHUU
UCIIOJIB30BAJIaCh TaK Ha3blBaeéMasl CTaTUCTHYECKas
muddysnonnas  moaenb  (Statistical — Diffusion
Simulation (SDS) [7]), B oTIn4me OT ciaydast MOJIENH-
poBaHHA pabOTHI CETOYHOTO 3aTBopa bpemdepn—
Hunbscena, ¢ moMOIIBI0 TPOrPaMMBI, KOTOpasi Takke
MO3BOJIIET MOJENUPOBATh AMHAMHKY HOHOB B Tase
npu armocepHom namnenuu [8—10]. SDS-moxens
yauTheiBaeT Ou¢Qy3u0 WOHA B IIOTHOM raze W IIo-
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CPeIACTBOM KO3(PUIIMEHTA MMOJABIKHOCTU €0 JIBUKE-
HHUE B 3JIeKTpUuecKoM nosie. Pacuer Gonblioro umncna
peanbHbIX CTOJIKHOBEHUH 3aMeHsSeTCsl JNaHHBIMH CTa-
TUCTHUYCCKHUX pacnpeneHeHHﬁ, CBA3bIBAONIUMU TI€PEC-
MEIEHHEe HOHAa 3a EOUHUIy BPEMEHH C YHUCIIOM
CTOJIKHOBEHHH. 3Ha4eHHEe KOAPPHUINEHTA TOABUKHO-
CTH TIpH HOpPMalbHBIX ycinoBusx Ky, B SDS-momenn
ONpeJenseTcsl 3aaBaeMOi MAacCOd HMOHA COIVIACHO
morysMnupudeckoin  ¢opmyne. s Tpou3BOIBHBIX
Temneparypsl 7 W naBiieHHs ra3za P 3HaueHue Kod(d-
¢unHMeHTa MOIBMKHOCTH TIepecUUThIBaeTCS 1O (Gop-

MyJie
K:K( T j(%o) 0
273.15

MopenupoBaHue MPOBOIUIOCH MPU aTMOCHEPHOM
nasnenuu 760 Topp u temnepatype 298 K. beut pac-
CMOTpEH 3aTBOp C AuadparMeHHBIMH IUIACTHHAMH
tonuHOM 0.2 MM M pacCTOSHHEM MEXAy HHUMHU
0.2 MM, gmameTp oTBepcTHH 00emx auadparm co-
ctayan 0.8 mm. C 1enpio omnpesenieHus: mapaMeTpoB
BBIXOJJHOI'O MOHHOT'O HMIIYJIbCA IPU MOJEITUPOBAHUHI
BapbUPOBANACh JUIMTENLHOCTh OTKPBITUS 3aTBOpa df.
Ha sToT npoMexyToKk BpeMEHH IOTEHUHUal BTOPOU
nradparMeHHOH TIACTHHBI 3aTBOpa NoHMkascs Ha 50 B
OTHOCUTEIBHO MEpBOil. BennunmHa HaNpsHKEHHOCTH
ANEKTPOCTATHIECKOTO MO npeiida ¢ 00enx CTOPOH
3aTBOpa 3a/1aBach OJNM3KOH K OKCIEPHUMEHTAILHOM
[11] 1 coctamsana 80 B/cm. Ha puc. 2, a, mpuBeneHsl
BpEMEHHBIE PO HOHHBIX UMITYJIbCOB, PETUCTPH-
pyeMmble Ha DPACCTOSIHMM, PAaBHOM [JBYM JHAaMETpam
nuadparM 3aTBOpa, MPH JUIUTEIBHOCTSX OTKPBITHS
3atBopa dt = 40, 50 u 60 MKC, KO3 (UITUEHT TTO/I-
BIDKHOCTH HOHOB K = 1.99 cm /(B ¢). Buano, uro ais
MOJICJINPYEMbIX YCJIIOBHUH  ONTHMAJIbHAsl JUINTEIb-
HOCTb OTKpPBITHS 3aTBOpPA, KOTOPOW OTBEYaeT Y3KUM
BBIXOJHOM HMOHHBIM NHUK JIOCTaTOYHON aMIUIATYIBI,
coctasnsier 50 Mkc. BpemeHHbIe TpoduiIM MOHHBIX
MMITyJIbCOB B 3aBUCHMOCTH OT 3HAYEHUS Koaqz)(bnun—
€HTa TIOJIBIKHOCTH HOHOB, K =1.99 1 1.95 cm™/(B-c¢),
MoKa3aHbl Ha puc. 2, b. C YMEHBIUICHUEM BEJIMUUHBI
Kod(hUIMeHTa MOIBMKHOCTH YMEHBIIIAETCS CKO-
POCTh MPOXOXKACHUSI TAKUMH MOHAMH OOJIaCTH 3aTBO-
pa 3a BpeMsl ero OTKPBITHS M, COOTBETCTBEHHO, MEHb-
IIee YKMCJI0 MOHOB TOMAJeT B JpeiidoByr0 00sacTb.
[ToaTomy, Kak BUAHO Ha pHC. 2, b, BEICOTa MTUKa BTO-
poro (Koa(b(pnuneHT MOABMXHOCTH HOHOB K =
=1.95 cM*/(B*C)) HOHHOTO HMITyJIbCA HUKE, H OH He-
MHOTO  3alla3](bIBACT OTHOCHTENLHO TNEPBOTO K =
=1.99 cm’/(B-c)). IIpu yBenMueHHH IPOMEXKYTKA Me-
Ky JIEKTPOAAaMH 3aTBOpa MOHAM NPHUXOIUTCS Ipe-
0J10JICBaTh OOJIBIIIEE PACCTOSTHUE BHYTpU 00JIacTH 3a-
TBOpA, U MIPH (PUKCUPOBAHHOM BPEMEHHOM WHTEpBaje
OTKPBITUA 3aTBOpa K MOMCHTY €TI0 3aKpbLITHUA JIMIIb
HeOoubIIast 107 MOHOB MPOXOIUT jAajibine. B pe-
3yJbTaTe, BHICOTA IMKA BEIXOIHOTO HOHHOTO MMITYJIbCA
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Puc. 2. BpemenHsle MpouiIn HOHHBIX HMITYJIECOB, (POPMHUPYEMBIX OECCETOUHBIM JBYXIIEKTPOIHBIM 3aTBOPOM.

a — TIpo(HIN B 3aBUCHUMOCTH OT JJTUTEIHHOCTH OTKPHITHS 3aTBopa df = 40, 50 u 60 MKc, MOHBI ¢ K03 duimeH-
TOM MOABHKHOCTH K = 1.99 CMZ/(B'C) msm =100 a.e.m.;

b— HpO(i%I/IHI/I MMITyJIHCOB HOHOB ¢ Kod(durmentamu moasmwkHoctd K = 1.99 em?/(B-c) st m = 100 a.e.m. u K =
=1.95 em”/(B-c) anst m = 105 a.e.M., popMHupyeMbIX OECCETOYHBIM JABYXAJIEKTPOAHBIM 3aTBOPOM IIPH JUTUTEIBHO-
CTH ero OTKphITUs df = 50 MKC;

¢ — IPO(HIN UMITYTIHCOB HOHOB ¢ Kod(duiuentamu moasmkHoctd K = 1.99 cm?/(B-¢) ams m = 100 a.e.m., hop-
MHUPYEMBIX 0ECCEeTOYHBIMU JBYXDJEKTPOAHBIMU 3aTBOpaMU C PACCTOSHHEM MEXIy dyekTpojamu dL = 0.2
u 0.4 MM, [UIHTETFHOCTH OTKPHITHS 3aTBOpa df = 50 MKC

Majia: Ha puC. 2, C, IPUBEICHO CpaBHEHUE Mpoduieit PA3PEIIEHUE UOH-JPEU®OBOTO
BBIXOJIHBIX HMOHHBIX HMITYJILCOB TIPH PACCTOSHHUSX CIIEKTPOMETPA C OJTHUM

Mexay anektpofamu dL = 0.2 u 0.4 mm. Ilostomy ABYXJTMA®PAI'MEHHBIM BECCETOYHBIM
Uit 3PEeKTUBHON PabOTHI AIEKTPOJIBI 3aTBOPA JIOJIK- 3ATBOPOM

HBI pacIoaraThCs Kak MOJKHO OJIIKe. .
Pa3zpemraromasi  crmocoOHOCTh  MOH-/APEiPOBOTO

CIIEKTPOMETPA OMPEJENISICTCS OTHOIIEHUEM BPEMEHU

HAVYYHOE ITPUBOPOCTPOEHUE, 2025, Tom 35, Ne 3
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npetida fp OJMHOYHOTO MOHHOIO UMIYJIbca, CHOPMHU-
POBaHHOT'O 3aTBOPOM, K €r0 NIMPHHE Ha MOJIYBBICOTE
dtp Ha 3TOT MOMEHT BpEMEHH:

tp
Ry=—. (2
b dtp

[llupriHa MOHHOTO MMITYJIbCA OIPEICIIACTCS M-
TEIILHOCTBIO OTKPBITHUS 3aTBOpA f,, AU y3uei, 00b-
E€MHBIM 3apsJIoM U B OOIIIEM BHUJIC MOXKET OBITh 3allu-
caHa, kak [12]:

T
dt%)=7+ﬂt§+a;t2o, (3)

rae y, f, o — anmpoMaKIMOHHBIE KOX(P(HUINESHTHI,
OTBEYAIOIMEe HAWIy4IIeMy COOTBETCTBHUIO SKCIEpH-
MEHTAIbHBIM JaHHBIM, 1 — TeMIepaTypa rasa,
V' — pa3HOCTh TIOTEHINAJIOB Ha Apei(OBOM TpoMe-
KYTKE.

Ha puc. 3 npencraBiieHbl perucTpupyemMble B II0C-
KOCTH KOJUIEKTOpa NMHKH HMOHOB ¢ Koddduimentamu
noasmkHocTd K = 1.99, 1.97, 1.95, 1.91 CM2/(B'C)
(4ro, COrJIaCHO TOJMYIMIUPUYECKON (opmyre, wuc-
none3yemMoit B SDS Monenn, cOOTBETCTByeT maccam
100, 102, 105 u 110 a.e.M.) IpA OTKPHITOM BTOPOM
3aTBOpe. J[MHUTENbHOCTh OTKPBITHS MEPBOTO 3aTBOpa
cocrapimsuia 50 mkc. Paccrogane mo 30 MM 3amaercs
MCKAY ICPBBIM U BTOPBIM 3aTBOpAMH, a TAKIKE MEKIY
BTOPBIM 3aTBOPOM M KOJUIEKTOpOM. B 3ToM ciydae
WMOHHBIE WMIYJbCH, CHOPMHUPOBAaHHBIC TEPBHIM 3a-
TBOPOM, TPOXOJIAT BCIO APeioByI0 007acTh IINHON
60.6 MM 0e3 Kakoro-nmubo BO3JACHCTBUS HA HHUX CO
CTOPOHBI BTOpOTO 3arBopa. M3 puc. 3 ciemyer, 4To
paspelieHre MepBOrO0 HOHHOTO IHKa OTBEYArOILETo
HOHaM ¢ KO3(p(UIMEHTOM TOJBWXKHOCTH K =
=1.99 cM*/(B-c) paBHO 69, a OC/IELYIONMX COOTBET-

/, np. eq.

~ =

== S T
4050 4100 4150

0 T T T T -
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Puc. 3. BpemeHHBIe TPOQUIN HOHHBIX HMITYJIHCOB,

pETHCTpUpYEMbIE HA KOJJIEKTOPE TPH OTKPBITOM

BTOPOM 3aTBOpE.

Honsi ¢ K =1.99, 1.97, 1.95, 1.91 cm*/(B-c)
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ctBerno — 70 (K = 1.97 cm/(B-c)), 68 (K =
=1.95 em*/(B-c)), 70 (K = 1.91 cm*/(B-c)). CpaBHuBas
9THU 3HAYEHHS C XapaKTePHBIMH SKCIEPUMEHTAJIbHBI-
MU [11], mOMy4eHHBIMH B MPUMEPHO TAKHX K€ yCIIO-
BHAX 1O JutrHE fpeiida 30 MM, HATPSDKEHHOCTH DIIEK-
Tpuyeckoro monst apeida 80 B/mMM u anmurenbHOCTH
oTKpbITHA 3aTBOpa bpendepn—Hunscena 10-100 Mkc,
MOKHO BUIETH, UTO PACUCTHBIC paspCIICHUA MOHHBIX
UMIIyJIbCOB, C(HOPMHUPOBAHHBIX JBYX3JIEKTPOIHBIM
3aTBOPOM, MPEBOCXOJAT MpuUMepHO B 1.5-2 pasa. Pe-
3yJIbTaTbl 3KCHCPUMECHTOB, IMPOBCIACHHBIX C OaHHBIM
TUIIOM 3aTBOPA MPU HEONTHMAJIBHBIX IapaMeTpax [4,
5], moKa3bIBalOT, YTO OHHU COIJIACYIOTCA C PEe3yibTa-
TaMH PacyeToB NPU MAaCIITaOUPOBAaHUK OTHOCHTEINb-
HO yCHOBI/Iﬁ HX IpOBCACHMHA.

Hapsiny ¢ paspelienneM OIMHOYHOTO IHKA, TAKXKe
3¢ (HEeKTUBHOCTh Pa3/ICIICHUS HA TPAKTUKE OIpPEes-
eTcs pa3pelieHHEM Mapbl ONM3JIeKAIUX TayCCOBBIX
nukoB. Paspemenue R,, mapel IMKOB B PE3yJbTaTe
nperiha gaercs CIeAyONUM BhipaxeHueM [13]:

1.18-(¢,, —¢
Rp= <D2 Dl)v 4
dt, +dt

TZe fpy U Ipy — BpeMs jpeiida mepBOoro u BTOPOTO
WUMITYJIbCOB, df| ¥ dt, — WX NIMPHUHBI Ha TOJIYBBICOTE.
PacueTHbIil ciekTp, NpUBENCHHBIN HA pUC. 3, MOKA3bI-
BAET, UTO Pa3pEIIEHUE N1ap HOHHBIX ITUKOB COOTBETCT-
BEHHO OyAyT paBHBI R, = 0.36, Ry; = 0.55, R;3=0.9,
R34 = 0.77. Cornacuo npuBeaeHHBIM B [13] maHHBIM,
XapaKTEepHBIE JKCIIEPUMEHTAIBHBIE 3HAYCHUS pa3pe-
LIeHUs Mapbl MOHHBIX MHKOB MMEIOT 3HaueHus 0.7—
1.7. Takum 00Opa30M, pacyeTHbIC 3HAYCHUS BEIUYUH
pa3peleHus MOKa3bIBaloT, YTO, HECMOTPS Ha TIPOCTO-
Ty YCTpPOWCTBA JABYXAJIEKTPOAHOTO OECCeTOYHOro
MOHHOTO 3aTBOPA, TEOPETHUYECKH C €ro IOMOIIBI0
MOXKHO TIOCTPOUTH HWOH-IPEH(OBBIH CIEKTPOMETP
C XapaKTepUCTHUKaMM, OJIN3KMMH CHEKTPOMETpam,
HCIIONIBb3YIOLIUM IPYTU€, CETOYHBIE, TUIIbI 3aTBOPOB.

WOH-JIPEH®OBBIN CIIEKTPOMETP C JIBYMS
ABYXOJIEKTPOAHBIMHA BECCETOYHBIMU
3ATBOPAMU B PEXXMME JBOHWHOI'O ITOCJIEJO-
BATEJIBHOI'O PA3AEJIEHUA

[pencrarnsiercs, uro Haubomee 3pdekTrBHO Oec-
CETOYHBIN JBYX3IEKTPOIHBIM MOHHBINA 3aTBOP MOXET
OBITH MCIIOJIB30BaH B PEXHME JIBOMHOIO IOCIIEI0BA-
TENBLHOTO pazaeneHus uoHoB [11]. Pexxum nBoitHOTO
MOCIIEOBATENILHOTO Pa3/IENIEHNus] MOHOB IOJApa3yMe-
BaeT YCTaHOBKY B Kamepe Jpeida MexIy BXOIHBIM
3aTBOPOM M KOJIIEKTOPOM BTOpPOro 3aTBopa. B pe-
3ynbTare jApeiia HMOHHBIX HMITYJIBCOB, CHOPMHUPO-
BaHHBIX IEPBBIM 3aTBOPOM, B MPOCTPAHCTBE MEKIY
3aTBOPAMH MPOMCXOIUT UX MPEIBAPUTEIBHOE pasfie-
JIeHWe MO MOABMXXHOCTH. lIpu moaxone MOHHBIX HM-
MyJIbCOB KO BTOPOMY 3aTBOPY HPABHJIBHO IIOJ00paH-
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HBII MOMEHT BPEMEHHU €ro OTKPBITHS YIydIlaeT pas-
JeJICHNE YaCTUYHO HaJararolluxcs MUKOB B CHEKTpE.
Hanpumep, Ha puc. 4, a, npencraBieHbl BpeMEHHBIE
mpoduia HWOHHBIX uUMHOynbcoB ¢ K = 1.99
u 1.95 eM’/(B-c) (m = 100 u 105 a.e.Mm.), perucrpu-
pyeMble Ha KOJUIEKTOPE NpH OTKPBITUM BTOPOTO 3a-
TBOpa Ha 40 MKC B MOMeHTH BpemeHH 1960 nmbo
2000 MKc — WOHHBIE Apeii]oBbIe CIIEKTPHI pacCYUTa-
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Puc. 4. Bpemennsie npodunu HOHHBIX HMIIYJTECOB, PETHCTPUPYEMbIE HA KOJLIEKTOPE NPH OTKPBITHH BTOPOTO 3aTBOPA.
a — uMmybest ¢ K = 1.99 1 1.95 em?/(B-c) (m = 100 u 105 a.e.M.), OTKpbITHE BTOPOTrO 3aTBOpPA Ha 40 MKC B MOMEHTHI

BpeMenu ¢ = 1960 n1m60o 2000 Mkc;

b — ummynscel ¢ K =1.99 u 1.95 CMZ/(B ¢) (m =100 u 105 a.e.M.) Ipu OTKPEITOM BTOPOM 3aTBOpPE, HaYalbHAas TJIOT-
HOCTh HOHHOTO UMITyJhca ¢ K = 1.99 oM ’/(B-c)B 5 pa3 IpeBBIIaeT IIOTHOCTh HOHOB ¢ K =1.95 cm™/(B-c¢);

¢ — nvmyasest ¢ K = 1.99 1 1.95 em™/(B-c) (m = 100 u 105 a.e.M.), OTKpEITHE BTOPOTO 3aTBOpA HA 40 MKC B MOMEHT
BpemeHnu ¢ = 2000 MKC, Ha4a/IbHAA [IOTHOCTb HOHHOTO HMITYJIbCa ¢ K=1.99 cM*/(B-c)B 5 pa3 MpEBBILIAET INIOTHOCTh

noHoB ¢ K =1.95 cm /(B c)
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PaccMmoTrpuMm cityuali, korna oAvH W3 MMIYJIBCOB
NPEBOCXOJUT IO WHTEHCHMBHOCTH BTOPOH, pacroia-
ratommiics psgom. Ha puc. 4, b, mpeacraBneHs! Bpe-
MEHHBIE HZpOQMHH WOHHBIX UMIYIbcoB ¢ K = 1.99
u 1.95 em/(B-c) (m = 100 u 105 a.e.M.), peructpu-
pyeMBble Ha KOJJIEKTOpE MPHU OTKPHITOM BTOPOM 3a-
TBOpe. HauanpHas NJIOTHOCTH HMOHHOIO HMITyJIbCA
¢ K =1.99 cM*/(B-c) B 5 pa3 NpeBHIIAET IIIOTHOCT
noHoB ¢ K = 1.95 cm*/(B-c). Onenka no dopmyie (4)
BEJIMYMHBI PA3PELICHUsI JAHHOW Mapbl PErucTpupye-
MBIX IIMKOB JaeT R, = 0.52. Ecim BTOpo#i 3aTBOp H3-
Ha4YaJIbHO 3aKpBIT MW OTKPBIBACTCA Ha BPEMCHHOU
npomexxyTok 40 Mxc B MmoMmeHT BpeMeHu 2000 Mxc,
OTCUHTBHIBAEMBIH OT MOMEHTAa OTKPBITHS NEPBOro 3a-
TBOpa, KOTOPBI (POPMHUPYET MOHHBIE MMITYJIBCHI, TO
B 3TOM CJIy4ya€ MEpBbI NPUIIEAIINIA HOHHBIA HM-
MyJILC OYJET NMOJIABISTHCS TaK, YTO B PE3yJIbTaTe pas-
penieHye npoueamneid BTOpord 3aTBOP Hapbl UMITYJIb-
coB yBenuuutcs. Ha puc. 4, ¢, mpeacTaBieHsl Bpe-
MEHHBIE Hzpocpunn WOHHBIX UMIyIbcoB ¢ K = 1.99
u 1.95 em/(B-c) (m = 100 u 105 a.e.M.), perucTpu-
pyeMble Ha KOJJIEKTOPE HPU OTKPBITHH BTOPOIO 3a-
TBOpa Ha 40 Mkxc B MomeHT BpemeHnu 2000 mxc. Ha-
HJajibHagd TIIJIOTHOCTL HMOHHOI'0 UMIIyJbCa C K =
=1.99 cM*/(B-c) B 5 pa3 mpeBbIlIAET MIOTHOCTH HO-
HoB ¢ K = 1.95 cM*/(B-c). B 3TOM cilydae OIeHKa 110
tdhopmyrnie (4) BeTUUMHBI pa3pelieHus TaHHON Mapbl
pErucTpupyeMbIX IUKOB 1aeT R, = 0.65, a paspeiue-
HUE NIPU OTKPBITOM BTOPOM 3aTBOpe cocTaBisiio 0.52.
Takum 00pazoM, BapbUpPyss MOMEHT U JUIMTEIHHOCTD
OTKPBITHSI OECCETOYHOr0 IABYX3JIEKTPOAHOTO 3aTBOPA,
MOJKHO JTOOWUTHCS 3((EKTUBHOTO BBIIEIICHUS HYKHO-
IO MOHHOT'O HMITYJIbCa.

3AKJIIOYEHUE

B pabote mpencraBneHbl pe3yiabTaThl MOAEIHPO-
BaHUs (OPMHPOBaHUsI HOHHOTO MaKeTa NpH aTMO-
c(hepHOM NIaBJICHHUU C ITOMOIIBI0 OECCETOYHOTO JIBYX-
9NIEKTPOAHOTO MOHHOTO 3aTBOPA, KOTOPBIN OTIMYAeT-
Csl NMPOCTOTON M3TOTOBJIEHUSI U JIETKO MOXET ObITH
UCIIOJIb30BaH B HOH-pelidoBoM criekTpometpe. Ilo-
Ka3aHo, 4ro HambOonee d(hdexTnBHO OecceToOUHBIN
JIBYX3JIEKTPOJHbBII MOHHBIA 3aTBOP MOXKET OBITH HC-
MOJIb30BaH B PEKUME JBOWHOTO IOCIEIOBATEIHHOTO
paszeeHusl MOHOB, KOT/la yCTaHOBKA BTOPOIO 3aTBO-
pa B kaMmepe Jpeiida mpu npaBUIBHO MOJ00PaHHOM
BPEMEHH OTKPBITHSI €r0 OTHOCHTEJIFHO IEpPBOIO 3a-
TBOpa YJIydllaeT pa3/ielieHHe YaCTUIHO Halararoumx-
Cs1 IMKOB B CIIEKTPE.
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20 3a0anus Munucmepcmea Hayku u 8blcuie2o 00pasosa-
nus  Poccuiickoti @edepayuu Ne 075-00444-25-00 (om
26.12.2024), mema HUP FFZM-2025-0006.
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SIMULATION OF OPERATION OF A GRIDLESS ION GATE
FOR AN ION MOBILITY SPECTROMETER

I. V. Kurnin

Institute for Analytical Instrumentation of RAS, Saint Petersburg, Russia

The results of simulating the creation of an ion packet at atmospheric pressure using a gridless two-electrode
ion gate — which is simple to fabricate and readily adaptable to an ion drift spectrometer — are presented in
this study. If a second gate is installed in the drift chamber at the proper opening time in relation to the first gate,
it improves the separation of partially overlapping peaks in the spectrum, demonstrating that a gridless two-
electrode ion gate can be used most effectively in the mode of double sequential ion separation.

Keywords: ion gate, ion mobility, resolution of ion mobility spectrometer
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INTRODUCTION

The ion gate, located between the source of conti-
nuous flow of charged particles and the entrance to
the drift tube, is an important element in the ion mo-
bility spectrometer, since it forms the ion packet in the
drift region. The characteristics of the ion pulse, such
as the shape of the ion packet and its amplitude, de-
termine the resolving power and sensitivity of the mo-
bility spectrometer. At present, grid ion gates are used
to form and inject the ion packet, such as Bradbury—
Nielsen, Tyndall-Powell [1] gates. One of the signifi-
cant disadvantages of grid ion gates is their low geo-
metric transparency for the ion beam, about 60%,
which contributes to a decrease in sensitivity. Also,
the disadvantages of grid ion gates include the tech-
nological complexity of their manufacture, breakage
of wires, and short-circuiting of adjacent wires with
opposite potentials, which leads to their inoperability.
The ion gates used have an aperture diameter of typi-
cally 2-2.5 cm, and parallel conductive wires of small
diameter (~50 pum) located at a distance of 0.2—1 mm
from each other, which allows the formation of an
output ion packet with minimal distortions (sharp
fronts).

In [2], a gridless double-diaphragm design was
proposed as an ion gate for forming a short ion pulse
in an ion-drift spectrometer. The gridless ion gate is
designed to convert a continuous ion beam into a se-
quence of packets of charged particles entering the
analyzer with a given frequency and duration and is
a pair of isolated conducting parallel diaphragms with
coaxial holes. One of the diaphragms is under adjust-
able voltage from an independent power source, and
the other diaphragm is electrically connected to an
independent pulsed power source with adjustable du-
ration, frequency, and voltage amplitude. In the case
of a closed gate, ions are lost on the first diaphragm,
since the potential of the second diaphragm is bigger
than the potential of the first. When the potential of
the second diaphragm decreases relative to the first,
ions pass into the drift region of the ion-drift spectro-
meter. A pulsed decrease in this potential forms an
output ion pulse. Such a gridless ion gate is distin-
guished by its simple design and can easily be used in
our ion-drift spectrometer [3] (Fig. 1). Preliminary
experimental characteristics of the gridless two-
electrode ion gate are given in [4, 5]. The gridless
electric gate that forms the ion pulse was an assembly
of two thin-walled diaphragms 0.2 mm thick with cen-
tral holes 2 mm in diameter, located at a distance of
2 mm from each other. The distance between the di-
aphragms is one of the decisive factors that deter-
mines the characteristics of the formed output ion
pulse, since it determines the time it takes for ions to
pass through this gap when the gate is opened, which,
in turn, imposes conditions on the duration of the

opening pulse. A large spatial gap between the diaph-
ragms leads to a significant broadening of the formed
ion pulses relative to the duration of the gate opening.

Fig. 1. General view of a two-gate ion drift spectro-
meter.

In this paper, we study the optimal ratio of the spa-
tial parameters of a gridless gate and its operating
modes for generating short output ion pulses of max-
imum amplitude. The resolution of the ion-drift spec-
trometer is determined. We consider the mode of
double sequential separation of ions using a gridless
double-diaphragm gate, when installing a second gate
in the drift chamber with a correctly selected opening
time relative to the first gate improves the separation
of partially overlapping peaks in the spectrum. Double
sequential separation of ions in an ion-drift spectro-
meter improves the resolution and sensitivity of the
analysis, which allows detecting even small concen-
trations of a substance and thus makes it especially
relevant in the fields of analytical chemistry, biomedi-
cal research, and forensics.

CHARACTERISTICS OF ION PULSES
FORMED BY A DOUBLE -DIAPHRAGM
GRIDLESS GATE

Modeling of a gridless two-electrode gate in order
to determine its characteristics and operating modes
that provide a short ion pulse (packet) with the maxi-
mum possible amplitude at the output was carried out
using the SIMION package [6]. The so-called statis-
tical diffusion simulation (SDS) [7] was used to simu-
late the drift of ions in a gas at atmospheric pressure,
in contrast to the case of modeling the operation of
a Bradbury—Nielsen grid shutter and applying a pro-
gram that also allows modeling the dynamics of ions
in a gas at atmospheric pressure [8—10]. The SDS
model takes into account the ion diffusion in a dense
gas and its motion in an electric field by means of the
mobility coefficient. The calculation of a large num-
ber of real collisions is replaced by data statistical dis-
tribution relating the ion displacement per unit of time
to the number of collisions. The value of the mobility
coefficient under normal conditions K, in the SDS
model is determined by the specified ion mass accord-
ing to a semiempirical formula. For arbitrary tempera-
tures 7 and gas pressures P, the mobility coefficient is
recalculated using the formula

sonlot (#) o
273.15 P

The simulation was carried out at an atmospheric
pressure of 760 Torr and a temperature of 298 K.




A gate with 0.2 mm thick diaphragm plates, a distance
between them of 0.2 mm, and the diameter of the
holes in both diaphragms of 0.8 mm was considered.
In order to determine the parameters of the output ion
pulse, the gate opening duration dt was varied during
the simulation. During this time interval, the potential
of the second gate diaphragm plate was reduced by
50 V relative to the first. The magnitude of the drift
electrostatic field strength on both sides of the gate
was set close to the experimental value [11] and was
80 V/cm. Figure 2, a shows the time profiles of ion
pulses recorded at a distance equal to two gate diaph-
ragm diameters for gate opening durations df = 40, 50,
and 60 s the ion mobility coefficient K =
=1.99 cm™/(V s). It is evident that for the simulated
conditions, the optimal gate opening duration, which
corresponds to a narrow output ion peak of sufficient
amplitude, is 50 ps. The time profiles of the ion pulses
as a function of the ion mobility coefficient, K =
=1.99 and 1.95 cm*/(V s), are shown in Fig. 2, b. As
the mobility coefficient decreases, the velocity of such
ions passing through the gate region during its open-
ing decreases and, accordingly, fewer ions enter the
drift region. Therefore, as can be seen in Fig. 2, b, the
peak height of the second (ion mobility coefficient
K =1.95 cm*/(V s)) ion pulse is lower, and it lags
slightly relative to the first (K = 1.99 cm*/(V s)). As
the gap between the gate electrodes increases, the ions
have to cover a greater distance inside the gate region.
and, for a fixed time interval of gate opening, only
a small fraction of ions pass further by the time of its
closing. As a result, the peak height of the output ion
pulse is small: Fig. 2, c, shows a comparison of the
profiles of the output ion pulses at distances between
the electrodes dL = 0.2 and 0.4 mm. Therefore, for
efficient operation, the gate electrodes should be lo-
cated as close as possible.

Fig. 2. Time profiles of ion pulses generated by
a gridless two-electrode gate.

a — profiles depending on the gate opening duration
dt = 40, 50 and 60 ps, ions with the mobility coeffi-
cient K =1.99 cm*/(V s) for m = 100 u;

b — pulse profiles of ions with the mobility coeffi-
cients K = 1.99 cm2/(V s) for m = 100u and K =
=1.95 cm*/(V s) for m = 105 u, generated by a grid-
less two-electrode gate with its opening duration df =
=50 ps;

¢ — ion pulse profiles with mobility coefficients K =
=1.99 cm*/(V s) for m = 100 u, formed by gridless
two-electrode gates with the distance between the
electrodes dL = 0.2 and 0.4 mm, the gate opening
duration dt = 50 pus

RESOLUTION OF ION-DRIFT SPECTROMETER
WITH ONE DOUBLE-DIAPHRAGM GRIDLESS GATE

The resolution of the ion-drift spectrometer is de-
termined by the ratio of drift time #, of a single ion
pulse formed by the gate to its width at half-maximum
dtp at this moment in time:

Ip
Ry=—. (2)
’ dtp

The width of the ion pulse is determined by the
gate opening time f,,, diffusion, space charge and in
general can be written as [12]:

T
dt%=7+ﬂt§+a7t%, (3)

where y, f, a are approximation coefficients corres-
ponding to the best agreement with experimental data,
T is the gas temperature, V' is the potential difference
across the drift gap.

Figure 3 shows the peaks of ions with mobility
coefficients K = 1.99, 1.97, 1.95, 1.91 cm*(V s)
(which, according to the semiempirical formula used
in the SDS model, corresponds to masses of 100, 102,
105, and 110 u) recorded by the collector plane when
the second gate is opened. The opening duration of the
first gate was 50 ps. A distance of 30 mm is specified
between the first and second gates, as well as between
the second gate and the collector. In this case, the ion
pulses formed by the first gate pass the entire drift
region of 60.6 mm in length without any effect on
them from the second gate. From Fig. 3 it follows that
the resolution of the first ion peak corresponding to
ions with the mobility coefficient K = 1.99 cm*/(V s)
is 69, and the following ones, respectively, are 70
(K=1.97 cm*/(V s)), 68 (K =1.95 cm*/(V s)), 70 (K =
=1.91 ecm*(V s)). Comparing these values with the
characteristic experimental ones [11], obtained under
approximately the same conditions for a drift length of
30 mm, a drift electric field strength of 80 V/mm and
an opening duration of the Bradbury—Nielsen shutter
of 10-100 ps, it can be seen that the calculated resolu-
tions of the ion pulses formed by a two-electrode gate
are approximately 1.5-2 times higher. The results of
experiments carried out with this type of gate at non-
optimal parameters [4, 5] show that they agree with
the results of calculations when scaling relative to the
conditions of their implementation.

Fig. 3. Time profiles of ion pulses recorded by the
collector when the second gate is opened.
Tons with K =1.99, 1.97, 1.95, 1.91 cm*(V s)




Along with the resolution of a single peak, the se-
paration efficiency in practice is also defined by the
resolution of a pair of adjacent Gaussian peaks. The
resolution R,, of a pair of peaks as a result of drift is
given by the following expression [13]:

_ LIS (rp, — 1))
dt>+dt

where fp, and #p, are the drift times of the first and
second pulses, df; and dt, are their widths at half-
maximum. The calculated spectrum in Fig. 3 shows
that the resolution of pairs of ion peaks are equal to
R12 = 036, R23 = 055, R13 = 09, R34 = 077, respec-
tively. According to the data presented in [13], the
characteristic experimental values of the resolution of
a pair of ion peaks have values of 0.7-1.7. Thus, the
calculated values of the resolution values show that,
despite the simplicity of the design of a two-electrode
gridless ion gate, it can theoretically be used to con-
struct an ion-drift spectrometer with characteristics
close to spectrometers using other, grid-types of gates.
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ION-DRIFT SPECTROMETER WITH
TWO TWO-ELECTRODE GRIDLESS GATES IN
THE DOUBLE SUCCESSIVE SEPARATION MODE

It seems that the gridless two-electrode ion gate
can be used most effectively in the double sequential
ion separation mode [11]. The double sequential ion
separation mode involves installing a drift chamber
between the input gate and the collector of the second
gate. As a result of the drift of ion pulses formed by
the first gate, their preliminary separation by mobility
occurs in the space between the gates. When ion
pulses approach the second gate, a correctly selected
moment of its opening time improves the separation
of partially overlapping peaks in the spectrum. For
example, Figure 4, a, shows the tlrne profiles of ion
pulses with K =1. 99 and 1.95 cm*(V s) (m = 100 and
105 u), recorded by the collector when the second gate
is opened for 40 ps at 1960 or 2000 pus — the ion drift
spectra were calculated under the conditions described
above. It is evident that by varying the opening time
of the second gate from 1960 to 2000 ps relative to the
first, it is possible to change the ratio of the peak
heights of the transmitted pulses to their widths. An
estimate of the resolution of this pair of recorded
peaks using formula (4) yields R, = 0.65 for an open-
ing time of 1960 us and R,, = 0.33 for an opening
time of 2000 ps.

Let us consider the case when one of the pulses ex-
ceeds the intensity of the second one located nearby.
Flgure 4, b, shows the time profiles of ion pulses with

=1. 99 and 1.95 cm*/(V s) (m = 100 and 105 u), rec-
orded by the collector when the second gate is opened.
The initial density of the ion pulse with K =

=1.99 cm*/(V s) is 5 tlmes higher than the density of
ions with K = 1.95 cm*/(V s).

Fig. 4. Time profiles of ion pulses recorded by the
collector when the second gate is opened.
a— pulses with K =1.99 and 1.95 cm*/(V s) (m = 100
and 105 u), the second gate is opened for 40 ps at ¢ =
=1960 or 2000 ps;
b — pulses with K = 1.99 and 1.95 cmz/(V s) (m =
=100 and 105 u) when the second gate is opened the
initial density of the ion pulse with K = 1.99 cm*/(V s)
is 5 tlmes higher than the density of ions with K =
=1.95 cm*/(V s);
¢ — pulses with K= 1.99 and 1.95 cm*/(V s) (m = 100
and 105 u), opening of the second gate for 40 ps at /=
=2000 HS, the initial density of the ion pulse with K =
=1.99 cm’/(V s) is 5 tlmes higher than the density of
jons with K = 1.95 cm*/(V s)

Estimation of the resolution of this pair of recorded
peaks using formula (4) yields R,, = 0.52. If the
second gate is initially closed and opens for a time
interval of 40 ps at 2000 us, counted from the moment
of opening of the first gate that forms ion pulses, then
the first incoming ion pulse is suppressed so that the
resolution of the pair of pulses that passed the second
gate increases. Figure 4, ¢, shows the time profiles of
ion pulses with K = 1. 99 and 1.95 cm */(V s) (m = 100
and 105 u), recorded by the collector when the second
gate is opened for 40 ps at 2000 ps. The initial density
of the ion pulse with K = 1.99 ecm’/(V s) is 5 times
higher than the density of ions with K = 1.95 cm’/(V s).
In this case, the estimate according to formula (4) of
the resolution of this pair of recorded peaks gives
R,, =0.65, and the resolution when the second gate is
opened is 0.52. Thus, it is possible to achieve effective
isolation of the desired ion pulse by varying the mo-
ment and duration of opening of the gridless two-
electrode gate.

CONCLUSION

The paper presents the results of modeling the
formation of an ion packet at atmospheric pressure
using a gridless two-electrode ion gate, which is easy
to manufacture and can be easily used in an ion-drift
spectrometer. It is shown that the gridless two-
electrode ion gate can be used most effectively in the
double sequential ion separation mode, when the in-
stallation of the second gate in the drift chamber with
a correctly selected opening time relative to the first
gate improves the separation of partially overlapping
peaks in the spectrum.





