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MNepcnekTuBbLI pa3BUTUA BPeMANPONETHbIX Macc-
CNEeKTPOMETPOB AJisl aHanu3a rasoBbiX U NbINeBbIX YacTuUL

H. . CemkuH, U. B. lNusikos, K. E. BopoHos, P. A. lNomernbHUK0O8
Camapckuin rocygapCTBEHHbIM aapoKoCcMUYeCKUA yHBepeuteT M. akag. C. I. Koponesa, r. Camapa, Poccus

OnucaHbl KOHCMPYKYUU 8PeMsINPOosIeMHbIX Macc-criekmpomMempoe O uccriedosaHusi
3/1IeMeHMHOo20 cocmaea 2a308bIX MMOMOKO08, MNblieebiX Yacmuy, U Mukpomemeopoudos. Pacyem
napamempoe macc-crieKmpomMmempa OCHoO8aH Ha ornpedesieHuUU 3akoHa pacrpedesieHust
nomeHyuanoe Ha hopMupyroWUX 3IeKmpu4veckoe nosie asekmpodax. llpueedeHo onucaHue
Memodoe pacyema KOHCMPYKMUBHbIX napamMempos.

Bpemsa nponeTtHble Macc-CNeKTPOMETPbl HAXOAAT LUMPOKOE NPUMEHEHNE HE TOSTbKO B
3€MHbIX, HO N B KOCMUYecKkux ycnosusix. K nocnegHMm oTHOCUTCH N3yYeHUE KOCMUYECKOro
NPOCTPAHCTBA, XMMUYECKOTO COCTaBa KOCMUYECKOM MblNn, COBCTBEHHOW aTMOCepbl
KOCMMYeCKMX annapaToB 1 T. 4.

[ocTonHcTBaMM BpeMsnponeTHbIX Macc-CNeKTPOMETPOB MO CPaBHEHMUIO ¢ Npubopamm
APYruX NPUHUMNOB OENCTBUA ABNAKOTCA: Marsble rabapuTbl, BbiCOKasi YyBCTBUTENbHOCTb U
CrNocoBHOCTb onNpeaensiTb COCTaB KOCMUYECKNX NbINEBbLIX YaCTUL, MMEIOLLNX CNyYanHbIn
XapakTep B3anmMoaencTeuns ¢ npnbopom, YTo 0COBEHHO BaXKHO B 06NMacT KOCMUYECKNX
nccnegoBaHUn.

Macc-cnekTpomeTpbl C MarHUTHbIM pa3fefnieHneM NOHOB JOBOSIbHO IPOMO3KN N3-3a
MarHuUTHbIX CUCTEM UM HecnocobHbl paboTaTh B AnanasoHe 605bLLMX Macc Npu MarbiX
MarHuTax. B macc-crnektpomMmeTpax Takon KOHCTpyKuuu [1] pasgeneHne nponcxoauT B
NPOCTPaHCTBE, T. €. YaCTULbI Pa3HbIX MacC PEMMCTPUPYIOTCA Pa3HbIMU NMPUEMHUKaMK (UK B
pexume cenapaumm o0gHUM NpUeMHUKOM, NnepeasuraemMblM No ocun). Ho He BO BCex crnyyasx
MOXXHO MPUMEHSATb TakMe CUCTEMbI, TaK Kak gake HebonbLline npnbopbl MMeT 60bLLYIO
maccy [1]. B nocnegHee BpeMsi Macc-CneKTpoOMeTpUS LLIMPOKO UCnonb3yeTcs B obnactu
KOCMWYECKMX UCCreaoBaHunn, rae Mmacca n rabaputbl UMEKT BaXXHoe 3HayveHne. Hanbonee
yaobBHbIMW ANga nccnenoBaHus B No40OHbBIX SKCNEPUMEHTaX ABMAKTCS BPEMSANPONETHbIE
Macc-cnekTpomMmeTpuyeckme npeobpasosatenu. Mpunbopbl Takoro Tmna 6binn yCTaHOBEHDI
Ha POCCUNCKMX KOCMUYECKMX annapaTax “Bera 1” v “Bera 2” B uensix uccrnegoBaHusi KOMeTbl
[Mannes [2]. DKcnepuMeHTbI MO N3YYEHUD KOCMUYECKUX YacTuL, MPOBOOATCS B YCINOBUSX
BO3OENCTBMS HA KOCMUYECKMIA annapaTt COBCTBEHHOM BHELLHEN aTMocdepbl, BINAIOLLEN Ha
pe3ynbTatbl UIAMEPEHUIN, MOITOMY OOHUM M3 HanpaBfeHnn pa3paboTkn sBnaeTcs
NOBbILLEHNE YNCTOTbI AKCNepuMeHTa. [1ns peweHns npobnemMbl O6HaPY>XEHUS MECT YTEUKU
BO34yXa M3 KOCMMYECKOro annaparta HeobxoanmMmo 3amMepuTb KOHLIEHTpaLMo aTOMOB
OCHOBHbIX COCTaBJIAOLLNX BO3ayXa (a30Ta M KMcnopoaa) ¢ ero BHELLUHEN CTOPOHbI.

AHanus cxemM BpeMANpPOsieTHbIX MacCc-CNeKTPOMEeTPOB ANA perucrpauum
ra3oBbIX MNOTOKOB

[nsi pelueHns nepeyncneHHbIX Bbllle 3a4a4y YCNeLHO UCMNOoMb3YeTCsl MacCc-CreKTPOMETP
[3] cTpykTypHas cxema KOTOporo npeactaBrieHa Ha puc. 1, a.
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Puc. 1. CmpykmypHasi cxema epeMsirnposiemHo20 Macc-criekmpomMempa:
a — npocmasi KOHCMPYKUUsi:

1 — uoHu3amop 2a3a; 2 — ebimasnikusarouwjasi cemka; 3, 4 — 3azemMsiIeHHasi cemka; 5 — 2eHepamop
ebimankuearowux umnyJsibcoe; 6 — cuHxpoHuszamop; 7 — npueMHUK UOHo8; 8 — 610K
obpabomku ciekmpoe; 9 — NomMoK 3/IeKMpPOHO8;

6 — KOHCMPYKUUSI C UOHHLIM 3€PKasioM

MpuHUMn paboTsl 3aknoyaeTcs B crieqytoweM. [MoTok rasa nonagaeT B NPUEMHYIO
kamepy (Mexay cetkamm 2 1 3) n bombapanpyeTcs aneKkTpoHamu, YTO NPUBOAUT K
MOHU3aUNN nccnegyemoro rasa. B HeKoTopblIi MOMEHT BPEMEHW Ha BblTanKMBaloLLYO CeTKY
nogaeTcs HanpshkeHne, KOTOpoe YCKOPSIET MOHbI U BbiTankneaet ux B 6ecnonesoe
npocTpaHCcTBO. [lanbLie MOoHbI ABMXKYTCS paBHOMEPHO, a NoJlydeHHas MM cKkopocTb V
3aBUCUT OT UX Maccsbl

V =¥y +wh, ()
roe:
V(y — HayvanbHasa cKkopocTb MoHa (no pacnpeneneHunto Makcseenna);
W — YCKOPEHME B NPUEMHOWN KaMepe;

ty — BpeMsi BblneTa oHa B GecrnoneBoe NpoCTPaHCTBO.

YcKkopeHne MOHOB MOXHO onpeaennuTs criegyowmm obpasom [3]:

W= i.E-',
m (2)

roe:

g — 3apsg noHa (06bIYHO +e);

m — macca UOoHa;

E — anekTpuyeckoe none B NpUeMHoON kKamepe.

Kak BugHo un3 (1) 1 (2), ckopocTb BbifieTa MOHOB B BecnoneBoe NpocTpaHCTBO
onpegensieTcs

= ] w(t)dt.
I

[ns obecneveHns gocTaTouMHOW paspeLuaroLen cnocobHOCTU HeobxoanMo, YTObLI
CKOPOCTb MOHOB B 6ecrnofieBOM NpOCTPaHCTBE CUITbHO 3aBuCena OT UX Macchbl. OTO
TpeboBaHMe BbIMOHAETCS, K COXaneHuto, TONbKo Ansg nerkux yactmy, (ao 500 a. e. m). Ins



paboTbl ¢ TAXEeNbIMU Monekynamu (6onee 500 a. e. M) HeoBxoaMMbI ABa YCNoBUs: bonbLloe
BbITarkMBarLlee HanpshkeHne ¢ pe3kum PpoHToM 1 bonbluas anvmHa 6ecnoneBoro
npocTtpaHcTBa. KOHCTPYKUMS NOny4YaeTca rpOMO3AKON U CTaLMOHAPHOMN.

B paboTax [2, 4, 5] npobnema rabapuToB peluaeTcs NyTeMm ABYKPATHONO OTpaXKeHUs
MOHHbIX MYyYKOB Ha NYTU OT UCTOYHMKA K NPUEMHUKY. Takum 0b6pas3om, Kaxabli MOH NPOXOaUT
no annHe GecnoneBoro NPoCTpaHCTBa TpU pasa, a, 3Ha4uT, ANIMHY Macc-CrnekTpomeTpa
MO>XHO YMEHbLUNTb.

B npuHumne oTpaxaTb MOHbI MOXHO M BonbLLEee KONNMYECTBO pas, HO Npu 3TOM creayeT
y4yeCTb NOTEPU MOHOB NPU OTpakeHUN. Takom MeTo XOPOLL MPu BbICOKOW KOHLIEHTpaLmm
nccnegyemblx YacTul, rasa, Ho He NPUroAdeH At KOCMUYECKNX UccrnegoBaHnm BBMOY Marnomn
4YyBCTBUTENBHOCTM Npubopa.

Kpome Toro, npu nccnefoBaHnm TSXKenNbIX MOSekyn HeobxoamMmo co3naTh
BbICOKOBOJIbTHbIN BblTankMBatoLWMin MMNYIbC C pe3kMMmu dopoHTOoM 1 cnagom. Camo no cebe
9TO ABNSETCA 3aTpyaHUTENbHBbIM. ELLle 04HMM HeJOCTaTKOM SIBASIETCA HECMOCOBHOCTD
aHanmMsaTopa B NOSIHOM Mepe CKOMMNEHCMPOBaTb HavarbHbIN 3HEPreTUYECKNin pasbpoc
NOHOB.

Hanbonee pagvkanebHbIM NyTEM Yry4dlleHUss TEXHUYECKNX XapaKTepPUCTUK
BPEMSANPOSIETHLIX MAaCC-CNEKTPOMETPOB CTasio UCNOSb30BaHNE NOHHbIX 3epKan,
obecneunBaloLNX BPEMEHHYIO (DOKYCUPOBKY MOHOB MO 3Heprusm [6—~8]. MpuHumn
BPEMEHHON (POKYCMPOBKM 3aKknoyaeTcs B obecrnevyeHmnm Takmx yCrioBuim ABMXKEHUS MOHHbIX
nakeToB BO BPEMSANPONETHOM Macc-CreKkTpoMeTpe, NPU KOTOPbIX YMEHbLUEHNE BPEMEHHN
nporneta B 6ecnonesomM NpoCTpaHCTBE A5l MOHOB € 6onbLlen aHepruen KomneHcupyeTcs
yBenmyeHnemM BpeMeHU nposneTa B MOHHOM 3epkarne. CyLecTByOT ABa NPUHUUNMANBHO
pasHbIX TUNA NOHHbIX 3epKarn: C OTPaXXeHNeM 1 C OTKITIOHEHEM MOHOB. B nepsom cnyvae
NOHbI 3aMeaNATCA 40 HYNEBbIX CKOPOCTEN U TPAaeKTOpUs ABMKEHNA pa3BopadmBaeTcs [6],
a BO BTOPOM — 3HEPrnsa MOHOB U3MEHSIETCA He3HauMTenbHO [9].

Cnepyowmm Lwarom B passuTUN MOHHbIX 3epKan CTano UCNoSfb30BaHNE HENMMHENHOMO No
npoAaonbHON KoopAnHaTe MoHHoro 3epkana [10—13]. Cxema Takoro macc-crnekrpomMmeTpa
nokasaHa Ha puc. 1, 6.

Bpemsi nponeTa MOHOB MOXXHO NpeAcTaBuTb B crieaytowem suae [12]:
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roe:
®y — ycKopsoLwnn noTeHumarn,

g — 3apsg MOHOB;

m — mMacca MOHOB;

DFT — Ha4anbHbINn pa3dpoc No aHepruu;

DFX — npupallieHne HayanbHON SHepruu, 3aBucaLlee oT HadvanbHOW KoopauHaTbl MOHAa



B 061acTn noHmn3auuu;
a — koadppuumenT, *=T1/ Ty,
&, — noTeHumarn ceTku B MOHHOM 3epKarie;
torp — BpPEMSA apenda MOHOB B 30HE OTPaXXeHUs;
|4 — AnvHa 6ecnonesoro NpocTpaHcTea.

3HakK “t” yunTblBaeT HavanbHoOe HanpasfeHne NOHOB, BbI3BaHHOE TEMNOBbIMA
CBONCTBaMM ra3oB 1 NpoOLECCaMn NOHN3ALUMN.

B paboTte [13] aBTOpamu npeanoxeH MeToq pacdeTa Macc-CrnekTpoMeTpa ¢ HENIMHENHbIM
3epKarniom, NO3BONAOLLMIA NOCTPOUTL 3aBUCUMOCTL Z(j) B BUAe
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L4 — AnvHa nytv B 0O4HOPOAHOM rone;

Jq4 — noTeHUMan ebliTallikKnparoLero nonsd.

Brnarogapsa noHHomy 3epkany (cM. puc. 1, 6) MoHbI ABaXabl NpoxoaaT becnonesoe
NPOCTPaAHCTBO, YTO AaeT BO3MOXXHOCTb YMEHbLINTL rabaputbl Macc-cnektpomeTpa. K Tomy
Xe HennHernHoe NOHHOEe 3epKarno CnocobCcTBYEeT POKYCUPOBKE MOHHbIX MAaKeTOB, YTO B
3HaAYNTENBbHOM Mepe UCKIKYaET BMSHNE HavanbHOro aHepreTnyeckoro pasbpoca. Mpu
OTpaKeHMM B MOHHOM 3epKarie MOHbI C BoMbLUEen aHepren MetoT 6oNbLUIYI0 ASIMHY NYTU B
HeM, COOTBETCTBEHHO 1 BonbLuee BpeM4d nposieTta. YBenmyeHme BpeMeHun nporneTa B
MOHHOM 3epKarne AOSMKHO KOMMEHCUMPOBATh pPasHULY BPEMEH NposieTa MOHOB C MEHbLLEN U
bonbLuen ckopocTbto. Cneagyet OTMETUTb, YTO HESIMHENHOCTb MOXXHO 0becneynTb nyTemM
nogayn Ha CeTKM 3epKara pasfMyHbliX NO BENMYNHE HanNpsXXeHU IO CeTKM pacnosioXnTb B
NPOCTPaHCTBE Ha pa3HOM paccToAHuM apyr ot Apyra. CornacHo pacyeTtam [12] onpeaeneHa
3aBUCUMOCTb OTKIIOHEHUI BPEMEHU NposieTa OT HayarbHOW 3HEPTN MOHOB (pUC. 2).
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Puc. 2. 3asucumocmb OMKJIOHEHUU epeMeHU npoJjiema om HavaslbHOU 3Hepauu UOHOo8:

1—qD®1r=0; 2, 3— 10,13B; 4, 5— 11 3B

ATOpamu paboT [14—16] npeanoXeHo Ucnonb3oBaTb MOHHOE 3epKarno, cocTosiLee n3
Tpex CeTok, KoTopble 0bpasytoT ABa nocnefoBaTerbHbIX NIIOCKMX KOHAeHcaTopa C
OAHOPOAHLIM nonem. NepBas ceTka 3a3emneHa U ABNseTca rpaHMYHON Mexay 6ecnosneBbiM
NMPOCTPaHCTBOM N MOHHbLIM 3epkanom. BTopas ceTka pacnorioxeHa Ha pacctosiHum d4 oT



nepsou 1 noA HanpsxXxeHnem V4. TpeTbs ceTka pacrnosioxXeHa Ha paccTosiHun do OT BTOPOW U
Ha Hee nofaHo HanpsxkeHue V.

[nsi hoKyCUPOBKN 3NEKTPOHOB MO 3HEPrMsIM Heobxoanmo cobnoaeHne creayowmx

ycnosuu [14]:
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roe:

t— nonHoe BpeM4d nposieta MOHOB.

lMepBoe ypaBHeEHMNE cncTeMbl (4) onmcbiBaeT ycnosme ooKyCMPOBKM NEPBOro Nopsiaka, a
BCS cuctema (4) COOTBETCTBYET YCrOBMIO (POKYCMPOBKM BTOPOro nopsaaka.

MpeanonoXum, 4To BCe MOHbI OTpaXkatoTcsa B NpoMexyTke d4, Toraa ycriosue
dokycunposku (3) npumet Bug [10]

roe:
L — nonHbIn NyTb NponeTa MOHOB B ApendOBOM MPOCTPaHCTBE.

Kak BngHo n3 ypaBHeHus (5), npuMeHeHne 0gHOro 3aMeansoLero NpomMexyTka
OKa3sblBaeTCs KpanHe HEBbLIFOAHbLIM 13-3a BONbLLOW ANNHBI MpoMexyTKa d4. Npu

ncnosfb3oBaHMn OByX 3aMealAaoWnX NPpoOMeEXYTKOB NOHbI TEPAIOT S3HAYNUTESIbHYHO YaCTb
QHEpPIrnm B NepBoM U3 HMUX, N TOrda BpeMsA nposieta Ha y4acCTKke d2 OKa3blBaeTCAa oCTaToO4YHO

BonbLwnM, 4TOBLI 06EecnevnTb KOMMEHCaALMI0 HavYanbHOro aHepreTu4eckoro pasbpoca. [1sa
3amMeansaoLwmnx NpoMexyTka cnoCcobHbl KOMMEHCUPOBAaTbL HaYarbHbI HEPreTUYECKUI
pa3bpoc noHoB o 10 %.

MpuMeHeHne GonbLLEro KoNM4YyecTBa 3aMeanArLNX NPOMEXYTKOB NPUBOAUT K
yny4dLLEHNI0 KOMMNEHcaUnn aHepreTnyeckoro pasdpoca noHos 1o 100 %.

TeopeTuyeckue pacyeTbl 06HapYyXMBaKT OAHO MHTEPECHOE CBOWCTBO: NpMU
onpefeneHHbIX KOHCTPYKTUBHbLIX NapameTpax (NfiaBHOe HapacTaHue noTeHumana B MOHHOM
3epkare) okasblBaeTCs, YTO MCMNOSb30BaHNE HENTMHEMHOIO OTpaXarLero 3epkana
No3BONAET UCKMIOYMTL BecnoneBoe NpoCcTpPaHCTBO [14], 3TO HeNocpeaCTBEHHO OOMKHO
YMeHbLNTb rabapuTbl npubopa.

Lpyrnm nepcnekTMBHbIM HanpasreHMEM Pa3BUTUSA BPEMANPONETHLIX Macc-
CMEKTPOMETPOB ABNAETCH NPUMEHEHNE N3MEHSAIOLLLErOCS BO BPEMEHM ANEKTPUYECKOro Noss
ANS BblTankMBaHUs MOHOB B Becnonesoe nNpocTpaHcTeo. [pu pewwleHnn psga 3agad
anekTpuyeckoe none nogbupaetcs Ans OKyCUPOBKN OOHOM MACChl, @ OCTanbHble
oTceuBatoTcs. B Takom crniydae macc-cnekTpoMeTp paboTaeT B pexnme cenapauum [3].

Mone moxeT 6bITb ONMCaHO 3aBUCUMOCTLIO [3]
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Mg — Macca 4acTu, (aToM, MorieKkyna) BblAensaemMon KOMMOHEHThI rasa;
g — 3apsig MOHOB;

L34 — AnnHa GecnoneBoro NPoCTpaHCTBa;

T- BpeM4 npuneta Bbl6paHHOIZ KOMMOHEHTbI ra3a B NPUEMHUK;

to — Bpewmsi, B Te4eHne KOTOpOoro yckopsioLlee nosie noctoaHHo (06biyHo ty = T/10).

[Mpn 0AHUX M TEX XKE reoOMEeTPUYECKUX NapamMeTpax BbiTankmatoLwee HanpsikeHme ans
bonee TAXenbIX YacTuy uMeeT BornblLee MakCcuManbHOe 3Ha4yeHne, C MOMOLLbIO KOTOPOro
cosfaeTcs BbiTankmeatowee none. Popma xe KpMBOW HE UBMEHSETCS, @ MOTOMY CKOPOCTb
HapacTtaHna dU/dt gna Taxenbix YacTuy, 3HaunTenbHO 6onblle. 3ayacTyo obecneynTb Takyto
CKOPOCTb HapacTaHUsi HanpsXXeHns HEBO3MOXHO AaXe Ha COBPEMEHHOM 3aNieMeHTHON ba3se.

Takasa popma BbITankusatrLLero umnyrnsca Hambonee uenecoobpasHa ans
nccnegoBaHus nerkmx noHos (go 500 a. e. m).

dopmurpoBaTenb BbliTankneaLWmMxX UMNYNLCOB Ha BbIXOAE CO3aeT He MNIlaBHYHo
3aBUCUMOCTb, @ COCTOSILLYIO U3 CTYMEHeK, N03TOMY yA0OHO Nosib3oBaTbCs NoLarosbim
MeTOOO0M BbIYMCIEHUA YCKOpeHns Yactul [17]

&, +ﬂ,£ =10
fIl::f,:l: mf_ﬂ ,
a; +%@— (e— 1A, £ e[(k—Dhs, kii)

roe Dt — war auckpeTtnsauuu;

ayg — HEM3BECTHbIE BENMYMHBI, KOTOPbIE HAXOAATCS, C OAHOW CTOPOHbI, U3 YCIOBUS, YTO B
MOMeHT BpemeHu t1 = kt ckopocTb BeineTa V4 (11) MoHa 13 npomexxyTka fosmkHa bbiTb paBHa

& Bef
Vo = 2| T—ke+ [(T-khe)* =22 |,
4 @)
C PYrov CTOPOHbI — BENUYUHbBI 8k AOIMKHbI BbITb TaKMMK, YTOOLI MOH, CTapTOBaBLUNNA B

MOMEHT BpeMeHU t (HEU3BECTHbIN paHee), 4OCTUT rpaHULbl MPOMEXYTKa B MOMEHT BpEMEHU
t = kDt. CnepoBaTtenbHo, yckopeHue a(t) HaxoamTcs n3 cucTeMbl YpaBHEHUMN:

] ko
v, = j a(T)dt = j.:; (£)d
:; r ! Katr :

== || az)dzdt = [ [ atz)dza

Macc-cnektpomeTp [18] (puc. 3) nocTpoeH Taknm obpas3om, 4TO BCe ynpaBnsawoume
MOHHbIM MYYKOM MMMNYNbCbl UMEIOT NPAMOYrosbHY dopmy. OH paboTaeT crieayowmm
obpasomM. B TeyeHne BpemeHun t nponcxoanT MoHM3aums rasa aneKTpoOHHbIM NYy4YKOM B



Becnonesom npocTpaHcTee. NoHbI, BbirieTeBLUNE 3@ BPEMS NOHWU3aLMKN, YCKOPAIOTCS
HanpsxeHuamu UYCK, U g4, U| 12 1 He BNus0T Ha hopMrnpoBaHNE MaccoBbIX NIMHUN.

"eHepaTopbl 9—12 popmupytoT HanpskeHusa Ug, Uy, U gq 1 U 12, COOTBETCTBEHHO.

["padhmkn HanpskeHnin (puc. 4) NOsICHAOT NpuHumMn paboTel [18]. MNepuog namepeHns
3ajaeTcs reHepaTopoM LIMKITOBbIX UMMYSbCOB.

Ewe oanH meTon pasgeneHust MOHOB B NpocTpaHcTBe onuncaH B [9, 15, 19, 20]. MoHbl
ABWXKYTCS B MPOCTPaAHCTBE Mexay ABYMS anekTpogamun, obpasyroLmnmMm nosioBUHY KorbLa
(pnc. 5). DNEeKTPOHHO-ONTUYECKNE CBOMCTBA TAaKOM CUCTEMbI BMEpPBbIE Oblf PACCMOTPEHbI
KO30M 1 PoxaHcknum. AHanmsaTtop nony4un HassaHue “koHgeHcatop KO3a-PoxaHckoro” [15].

MpuHUMN OEACTBUSA 3aKMNoYaeTcs B TOM, YTO MOHbI C BOnbLLIEN SHEepPrue OTKNOHSATCS B
aneKTpMYeckoM rnone criabee 1 ABUXKYTCSA Mo Goree ANMHHbIM TpaekTopusiM. B pesynbTate
BPEMS ABUXKEHUS Y HUX BOnblLE, YEM Y MOHOB C MEHbLLIVMU SHEPTUSMM.
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Puc. 3. Cxema epemsinposiemHO20 Macc-criekmpomMempa ¢ ebimasikuearo Wum rnosiem:

1—3 — cemku uoHHo-onmu4eckol cucmemsbi; 4, 5 — cemku pegpriekmopa; 6 — 2eHepamop
YUKNoBbIX UMNYbCO8; 7 — UOHHLILU UCMOYHUK; 8 — nuHuUs1 3adep)xku; 9—12 — 2eHepamopsbl
Pa3HoMoJISIPHbIX UMMYJILCHbIX HanpskeHul; 13 — npueMHUK UOHO8

Vs

Uggforronnnas . a = e “'r'-’l_,-',-f '..-"r
.;*”/_//%ff’/.

Y 2

-
=
-

L —

Uy d ) J :

L
rl.,r, .,,.Pr:'r
T

= =

-

= o

SR e——

-
=

ik

r
i ?“"{@4%;,.-}'? f"/,g/‘ﬁ;’
L

P
Fas

Puc. 4. QuacpamMmbl HanpsixeHuUll 2eHepamopos:

A — YCKOpeHue UOHO08,



O — mopMoxeHue UOHO8
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Puc. 5. Macc-cnekmpomemp ¢ aKkcuasibHO-CUMMEMPUYHbIMU MOJISIMU:
1 — UCMOYHUK UOHO8; 2 — NMPUeMHUK UOHO8

n

y 0= —F/
Ewe ogHMM JOCTOMHCTBOM 3TOW KOHCTPYKLUMU ABMNSETCA TO, YTO B TOYKE 42 nyJok
dokycupyeTcs B dhokanbHyo NnHUI. [pr noBopoTe Ha yron 2j; NpoucxoanT oKycupoBKa

BTOPOro nopsiaka, Ho NpPu 3TOM YacTuLbl OKYCUPYHOTCS U MO SHEPTUMN.

TeopeTnyeckoe onmcaHne paboTbl 3TOro TUMNa Macc-CneKTPoOMETPOB NOAPOBHO
paccMmoTpeHo B paboTe [20—23].

Mpun HebBonbLION MOAEepPHMU3ALMM TAaKO NPUOOP CTAaHOBUTCS Macc-aHanM3aTopoMm,
paboTaloLwmumM B pexnme cenapaumm macc. [lone mexay anektpogaMmu B 3TOM criyvyae
BblbnpaeTca Taknm o6pasom, 4TO B MPUEMHUK JONETAT TONbKO MOHbI BbIOpaHHOM Macchl, a
OCTarnbHbl€ OCTAaHYTCS Ha CTeHKax. HeagoctaTkom ABRSieTCs TPYAHOCTb B KOSIMYECTBEHHOM
onpeneneHnm MonekynsapHoro coctasa obpasuos. [lonyctum, 4to npubop nposepsieT
Hanuumne monekyn ¢ maccamm 1000, 1001, 1002... a. e. m. Ecnn B o6pasue npucyTtcteyeT
mMornekyna, Hanpumep, 1001,5 a. e. M., TO YacTb ny4yka ByaeT oceaaTtb Ha CTEHKAX, a
OCTaBLUasiCA YacTb MOHOB ByaeT 3apernctpmpoBaHa npu nposepke Hannuma macc 1000 wm
1001 a. e. m. Takon npubop uenecoobpasHee NPUMEHNATb NPU UCCNeA0BaHNN aTOMapPHOro
cocTaBa B npegenax Tabnuubl MeHgeneea.

Bo Bcex onucaHHbIX BbilLe Macc-CrekTpoMeTpax UccreayeMbiM BELLECTBOM SABMNSETCS
ras. Hanbonee BaxHbIM AN UCCMNEeAOBaHUS 3NEMEHTHOrO CocTaBa SIBMSIeTCs NpoLecc
noHusauun. Bo MHormnx cnyyasx anst nony4YeHmst MOHOB UCMONb30BanMCb MCTOYHUKN C
3NEeKTPOHHbIM yaapoM. [Npu nccnegoBaHUM aTOMapHOro cocTaBa ra3oB 3T0 GbiNno yao6Ho,
TaK KaK 3reKTPOHbI, MOMUMO MOHM3aLUMK pa3breatoT 6onbLUNEe MOMEKY bl Ha aTOMbI.
Pa3BuTre BpemMsAnponeTHbIX Macc-CreKTPOMETPOB MPUBENO K NMOBbILLEHUIO pa3peLlatoLLel
CNocoBbHOCTH, YTO caenano BO3MOXHbIM UCCIeaoBaTbh MONEKYNAPHbI cOcTaB ras3os. [Ans
TaKMX OMNbITOB Ba)KHbIM SIBMSIETCSA HE pa3pyLUUTb MOSEKYMbl MPY MOHU3aUUK, TaK Kak
BOCCTaHOBMWTb MO aTOMapHOMY COCTaBYy MOMNEKYNSAPHbIA COCTaB 3aTpyAHUTENBHO BBUAY
pa3sHbIX kK03 PULMEHTOB NOTEPL MOHOB Pa3HbIX MacCC, a Takke Npu UCCrneaoBaHUm
MHOrOKOMMOHEHTHbIX ra3oB. B 3ToM crnyyae ctanu npuMeHATbCA NnasepHble U UCKPOBbIe



MCTOYHUKM MOHOB [24—26].

AHanus BpeMAnpoJieTHbIX MacC-CNMeKTpomMeTpoB AnA permcrtpaumm 4actmuy
KOCMMYECKOro mycopa

[na nccnegoBaHna aneMeHTHOro coctaBa KOCMUYECKOM Nblfiv, MUKPOMETEOPOUAOB U
TEXHOMEHHbIX YacTUL, LULMPOKO MPUMEHSIOTCA BPEMANPOSIETHBIE Macc-CcnekTpomMeTpbl [14].
[Mpumepom Takoro npubopa ABASETCA Macc-CnekTpomMeTpuyeckun npeobpasoBartenb 45
nccnegoBaHMs KOCMUYECKOW Nbinu (puc. 6, a). YCTponcTBo paboTaeT cnefyowmm obpasom.
[MbineBas YacTuua coygapsieTcsl ¢ MULLEHbBIO. 3a CYET BbICOKOW CKOpOoCTu coyaapeHua (>10
KM/C) BELLLECTBO YacTuLbl M YaCTU MULLEHM NpeBpaLLatoTcs B CrlaboOMOHN30BaHHbIN ras.
NOHbI YCKOPAIOTCS CETKOW U Yepes IKpaHUPYIOLWNK LMNMHAP nonagatT B ApendoBbIN
NPOMEXYTOK, re OTPaXatoTCH ANEeKTPOCTaTUYECKNM 3epKasioM, a 3aTeM 3epKarsiom,
obpa3oBaHHbIM CETKOM M NEKTPOAOM, MOCHE Yero nonagaroT B NpUeMHUKN. Takasa cxema
npeanoyTUTENbHA NPU UCCNEAOBAHNUN KOCMUYECKMX YacTuL, UMEIOLLIMX Marnyk CKOPOCTb
OTHOCUTENBHO KOCMUYECKOro annapara. Paspewatowasa cnocobHocTb 6nm3ska k 100 npu
obwwen anmHe npubopa 370 mm [14].

[pyron neinerasoygapHbii Macc-cnektpomeTp [17] nokasaH Ha puc. 6, 6. YCTponcTBO
paboTtaeT crneaytowmm obpasom. MNpu ygape yactnubl 0 MULLEHb BELWECTBO YacTULbl U YacTu
MULLEHM NpeBpaLLaoTCcsa B CNaboMoHN30BaHHbIM ra3 u Ha Bbixoae npuemHuka (BAY-7)
obpasyeTcsa noHHbIN cnekTp. Co3gaHme Takoro npubopa ¢ 6onbLLon Nnowaabio
YyBCTBUTESbHOM MOBEPXHOCTUN ABMSETCS CIMOXHOMW 3ada4ven. MMnynbCbl MIOHOB YCUMBAKOTCH
YCUNUTENEM U C MOMOLLbIO KItoYa N0 NCTEYEHNN HEKOTOPOro BpeMeHN, He06XoaMMoro ans
NOHM3aUUKN, CHAMAETCS HanpsiXXeHne C MULLIEHWN, cO3a4aBaeMoe UCTOYHUKOM U3MEHSIEMOIO
BO BPEMEHW MMMNYNbCHOMO HaNPsXXeHUS. YCKOPEHHbIE NOHbI BbINIETAIOT B BEPXHEE
BecnoneBoe NPOCTPaHCTBO, OTPaXakTCs UMMEPCUOHHOW NIMH30M TakuMm 06pasom, 4YTo
GPOKYCUPYIOTCA B LIEHTP OTpaXaloLen CeTKN, KoTopasi HanpasnseT Nx B NPUEMHNK MOHOB.
MoHbI pa3gensatoTcs no maccam BO BPEMEHU, MPOXOAs HENNHENHbIN oTpaxaTtenb. CurHan ¢
NPUEMHMKOB MOHOB NocTynaeT B 6510k 06paboTKM MOHHBIX CNEKTPOB. ICTOUYHUK Hanpsi)KeHns
dopmupyeT 3afaHHble NOTEeHUUarnbl Ha HENMMHEMHOM OoTpaXarTerse, oTpaXkatoLen ceTke n
MMMEPCUOHHOM OTpaxaTerne.
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Puc. 6. lNbuiezazoydapHbIli Macc-ciekmpomemp:

a — npocmasi KOHcmpykuusi: 1 — MuweHb; 2 — ycKkopsirouwasi cemka; 3 — aKpaHuUpyrowul YuiauHop;
4 — anekmpocmamu4ecKoe 3epKaso; 5 — omkJIoHsirowull ar1iekmpod; 6 — emopu4yHo-
351IeKMPOHHbIU YMHOXUMESIb;

6 — KOHCMpyKU usi ¢ 802HymMbIM ompaxamesnem: 1 — MuuweHb; 2 — 3sIeKmpocmamu4ecKoe
¢hokycupyroujee 3epkaso; 3 — napabosiuyeckuli ompaxamersb; 4 — NPUEeMHUK UOHO8; 5 —
UCMOYHUK UOHO8; 6 — 3apsidoyyecmeumeribHbill ycunumesb; 7 — 2eHepamop UmMny/1bCHO20
HanpsixeHusi;

8 — KOHCMPYKUUS C NepeMeHHbIM 80 8PEeMEeHU YCKOPSIFOUWUM roJIeM 6 NMPOMEeXymKe MulleHb—
cemka:

1 — MuweHb; 2 — NNIOCKUl 3/1IeKMpocmamuYeckKuli ompaxamesib; 3 — NPUEeMHUK UOHO8; 4 —
@HEeUWIHSIsT cemKa YUJIUHOPUYEeCKO20 3JIeKmpocmamu4yecKko20 ompaxamensi; 5 — eHYmMpPeHHsIs1
cemka UyusluHOpPU-4eCKO20 3JIeKmpocmamu4ecko20 ompaxamerisi; 6 — ¢ghokycupyroujue
anekmpoOdbi nosiycghepuyeckoli popmbi; 7 — 6510k 06pabomku UOHHO20 criekmpa; 8 —
UCMOYHUK UOHO8; 9 — ynpaensrouwasi cemka; 10 — yckopsirowasi cemka; 11 — ebixoOHas1 cemka;
12 — Haepesamenb; 13 — ompaxamersnb; 14 — UCMOYHUK MOKa Hazpesamerisi; 15 — ucmo4yHuk
MOKa U HanpsixxeHust ompaxameJsisi; 16 — ucCmoYHUK HanpsikeHUs1 ynpasnsirowel cemku; 17 —
UCMOYHUK U3MEHSIEMO20 80 8peMeHU UMMYJIbCHO20 HanpsikeHusi; 18 — ebimankuearowjast
cemka; 19 — UuCMOYHUK Hanpsi>KeHust

Oco6eHHOCTLIO OTpaXaloLe CeTKU SIBMISIETCS TO, YTO OHA BOTHYTa B CTOPOHY MULLIEHN C

paguycoMm R » 2...—3 M. OTo cnocobCcTByeT AONONTHUTENBHON NPOCTPaHCTBEHHOM
dPOKYCUPOBKE MOHHbIX MYYKOB B NPUEMHUKN MOHOB. Takum 06pas3om, yMeHbLIaTCs NoTepu
MOHOB, YTO CNOCOBCTBYET YBENTMYEHNIO YYBCTBUTENBHOCTU yCTpOUCcTBa. POKYCMPOBKA MOHOB
Mo 3HEPrNsM NPOU3BOAUTCHA C MOMOLLbIO UMMEPCUOHHOW NNH3bI N AOMOSTHUTENBLHO B
HernMHenHOM oTpaxartene. icnonb3oBaHue HENMHENHOro oTpaXkaTtensa nosbiwaeT
paspeLuatoLLyo cnocobHOCTb YCTPONCTBA.

OCHOBHble COOTHOLLEHMSA NapaMeTpPoB Macc-crnekTpomeTpa [17]:
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Mp — Macca NpoToHa;
Uy — HavanbHoe HanpskeHue;

d — paccTosiHMe OT NpMeMHUKa A0 POKYCUpPYoLLEN CUCTEMDI;

V4 — CKOpOCTb YacTuLbl B MOMEHT BpeMEHMU ty;
Tp — Bpemsa nponeta noHa maccon Mp.

Co3spgaHHbIN No Takon cxeme npubop nmeet maccy 1,2 Kr u MOLWHOCTb NoTpebneHunsa ~ 7
BT [17].

Takoe BpeMsinporieTHoe YCTPONCTBO NO3BOMSET ONPeAennTb SNIEMEHTHbIN COCTaB
MUKPOMETEOPUTOB W MbINEBbIX YACTUL, Manoln KOHLUEHTPaLMmM C BbICOKOWN pa3peLuatoLLen
CNOCOBHOCTbLIO N IBNSIETCS €AUHCTBEHHbIM MHCTPYMEHTOM Ans pelleHns nogobHblx 3aaau.

Ewe oauH nbineygapHbIi Macc-cnekTpomeTp (CM. puc. 6, B) onucaH B [27].
YcTponcTBo paboTaeT B TpeEX pexmmax.

lMepebil pexnm xapaktepusyeTcs permctpaumen n obpaboTkon cnekTpa NoHOB,
MHULMNPYEMbIX B pe3yribTaTe BbICOKOCKOPOCTHOIO COyapeHus uccrnegyemMom 4actuubl ¢
NOBEPXHOCTbLIO MULLIEHN. B MOMEHT coyaapeHunst YacTuubl C MULLIEHBIO B6riokom 17
BblpabaTtbiBaeTCca MMMysibC N3MEHAEMOrO BO BPEMEHWN MMMNYSIbCHOMO HaNpPsiXXeHus,
YMEHbLUALWero BennimnHy yckopeHus noHos a(t). ObpasoBaHHbI€ MOHbI BblTankneatTCcsa U3
npomMexyTKa "MULeHb—BbITankmMBatrLasa cetka" nog AencTBUEM HaNpPsXKEHUs,
BblpabaTtbiBaemoro 6rokom 17, n nonagatoT B TOPMO3SILLEE NMOSEe NPOMEXYTKa
"BblTankmpatLlasa cetka—oTpaxaTtenb". MOoHbl, paccesiHHble nog 6onbwnmMmn yrinamm
pasrneTta OTHOCUTENbHO HopMaru, NonagatoT B NPOMEXYTOK CETOK LUIMHOPUYECKOTO
oTpaxatensa 4—5 n, oTpaxasicb B HEM, BTOPUYHO nonagatoT B TOPMo3siLLiee nosne
NnpoMeXxyTKa ceTok 2—18, COOTBETCTBYHOLLIAA YaCcTb MOHOB MposeTaeT Yepes vYeTblipe
OTBEPCTUSA B MULLEHN (anameTp ux — dy = 2,5 cm), nonagaeT B 06nacTb aMeKTpuyecKoro

nonsi NpoMeXxyTKa "(poKyCUpyoLmnIi NeKTPOa4—YCKOpAoLas cetTka BTOPUYHO-IMNEKTPOHHOIO
YMHOXUTENA", 1 ganee, yCKopsisiCb B 3TOM Norie, nonagaeT B OKHO YMHoxuTens (BAOY-6).
CdhokycmpoBaHHble NakeTbl MOHOB C Bbixoga BAY-6 obpabaTtbiBatotca B 651oke 06paboTku
MOHHOIO CrekTpa.

Bmopou pexum peanuayeTcsi Nocre oKoH4YaHna npuema n obpaboTkm cnekTpa MOHOB B
6roke 7, NHUUMNPYEMOro CoyaapeHNEM HacTULbl C MULLEHBIO, U BKITIOYAET N3MEPEHNS
91eMEHTHOro CoCTaBa ra3oB B OKPECTHOCTU MULLIEHU, MPU 3TOM B Ka4eCTBE UCTOYHMKA
MOHOB (NblNeBble YacTULbl) NCMONb3YEeTCHA MCTOYHUK MOHOB 8.

M CTOYHMK MOHOB COBMECTHO C TOPMO3sLLMM ydacTkom D, 6ecnoneBbim yyactkom d,
NPUEMHMKOM MOHOB 3 00pasytoT BPEMSNPOSIETHbIN ra30Bbl MacCc-CNEKTPOMETP,
OTNIMYAIOLLMNCS OT N3BECTHbIX KOHCTPYKLMEN NCTOYHUKA MOHOB, a TaKKe 3aKOHOM



dopMMpPOBaHMA BbITankMBawLLEero nMnyrbsca B npomexyTtke cetok 10—11, reHepupyemoro
6rnokom 17. CnekTp MOHOB, NOSTYYEHHbIM B NPOLIECCE peanu3aunmn BTOPOro pexmnva,
XapakTepuayeT 3fieMEeHTHbIN cOCTaB COOCTBEHHON BHELLHEeN aTMOCdepbl KOCMUYECKOro
annaparta, ABnseTcs LeHHOW MHgopmaumnen, ogHako Npyu aHanuae cnekTpa NOHOB,
NOJSTy4eHHOro B pesyrnbTaTe CoyAapeHus YacTuupl, SBNAETCA NOMEXOMN, KOTOPYHO
HeobXoanMO yunTbIBaTb Npu npoBeaeHmum obpaboTku.

Tpemu pexxvum npegHasHa4vyeH ang peructpaumm 3afieMeHTHOro CocTaBa MULLIEHN K
HeobXxoauM TakkKe 4N NOBbILLEHNSA KaYyecTBa SKCNEPUMEHTA NPy aHann3e afieMEHTHOrO
cocTaBa MblNeBbIX YacTuL, (HaNpUMep MUKPOMETEOPOMAOB), MOCKOSbKY 3HAHME O CTENEHN
3arpsi3HEHMs1 MULLEHWN JaeT NOoSe3Hy MHOopMaL Mo O NpoLeccax ra3oBblaeneHns
aneMeHToB KOHCTPYKumn KA B npouecce HaTypHbIX 3KCNEPUMEHTOB. TpeTui pexmm
peanuayeTcda No BpeMeHu nocre BToporo pexunma. OT UICTOYHMKA TOKa HarpeBaeTcs
oTpaxkaTenb 9NEKTPOHOB A0 TeMnepaTypbl UcCnapeHnsa BewecTsa, 0bpasoBaHHOro Ha
NOBEPXHOCTU €ro (a Takke 1 MULLIEHN) B BUOE TOHKOW NieHKn. B pesynbtaTte B o6nactu
MCTOYHMKA MOHOB 0BpasyeTcsi MOTOK aTOMOB, UCMAPEHHbIX C OTpaXkaTens, KoTopble
NOHM3NPYIOTCS ANEKTPOHAMM aHaNorM4yHo BTOPOMY pexnmy. MNonyyeHHbIn CNeKTP MOHOB C
BbIXO4a NpMeMHMKa MOHOB y4MTbIBaeTCAa Npn obpaboTke yaapHbIX CNEKTPOB (CNEKTPOB,
NOMyYeHHbIX OT YacTuy,). Takum 06pa3om NoBbILLIAETCS Ka4YeCTBO 3KCNepMMeHTa 3a cHeT
COBMeELLEHMS NblfieygapHOro Macc-CnekTpomMeTpa C ra3oBbiM MpY COXPaHEHUM BbICOKNX
nokasartenemn kaxaoro u3 Hux. lNoBbleHNE YyBCTBUTENBHOCTM Macc-CNeKTpoMeTpa
AOCTUraeTcs 3a CHeT UCMOoMb30BaHNA LMnMHapuyeckoro otpaxartens 4—>5. NoHbl, nonagas
B HEro, oTpaxkaroTcst 06paTHO B TOPMO3sLLUMI NpomexyTok D. [NoBbileHne paspeLuatoLlen
CrMocoBHOCTU MblNerasoyaapHoOro Macc-cnekTpoMeTpa 4oCTUraeTcs 3a CHeT UCMNOoSb30BaHNA
NepeMeHHOro BO BPEMEHN YCKOPSIIOLLIETO MOSIA B MPOMEXYTKE MULLEHb—CETKA.

Ha puc. 7 npeactaBneHbl CNEKTPbl C Macc-CNekTpoMeTpa Ha OCHOBE BOTHYTOroO
oTpaxaTtens. OHM NonyyYeHbl NpU NccnegoBaHMM NPOAYKTOB COyaapeHUst YCKOPEHHbIX
vyactuy Al, Fe n SO,0 HMoBneByto MULLIEHD.

PesynbtaTthl akcrnepumeHTos [2, 17, 28, 29] B uenom NnoAaTBep>XaatoT NpaBuIibHOCTb
pac4eToB, NpuBeAeHHbIX B paboTtax [10, 13, 27]. OgHako n3-3a HETOYHOCTEN Npu
N3roTOBSIEHUM U psiga APYTrUX NOrpPELLUHOCTEN KCNEPUMEHTANBbHO NOMYyYEeHHbIE 3HAaYEHUS
paspeLuaroLlen cnocobHOCTUN 3HAYNTENBHO HXKe TeopeTnyecknx n coctasnaT 100—150
[30].

M3BeCTHO, YTO CKOPOCTb MUKPOMETEOPONOB OTHOCUTENIBHO KOCMUYECKOro annapaTta
coctaBnseT npnénmantensHo 10 km/c. cxoas n3 atoro aBtopamm paboT [28, 31] 6bin
npeasioxeH eTEKTOP MUKPOMETEOPOUHbBIX N TEXHOrEHHbIX YacTuy,. B ocHoBe paboTbl
npudopa (puc. 8) NeXxXnT NpMHLUMN NCNOSb30BaHUA ABNeHNs obpa3oBaHUs NOHOB U
9MNEKTPOHOB, MHULIMMPYEMbIX BbICOKOCKOPOCTHBIM COyaapeHnem n npoboem nnm
N3MEeHEeHNEM 3NEeKTPONPOBOAHOCTU YOAPHO-CXATOM NAEHOYHOM CTPYKTYpbI “MeTani—
ananekTpuk—metann” (MOM). atumk npeactaBnseT cobon pasBepTbiBaeMyto
cheprYecKyto KOHCTPYKLUMIO [32], BbIMONHEHHYIO N3 OUANEKTPUYECKOM NMNeHKn TonwmHom 10
—20 MKM C BYCTOPOHHUM MeTannmyeckum nokpbitmem. Takux cpep ase. OHun
YyCTaHOBJIEHbI OHA B APYryto C LEHTPOM B 0gHOM Touke. HapyxHasa cdepa 1 (cm. puc. 8)
COCTOUT U3 CeKUMI, NpeacTaBnaoLwmnx cobon koHaeHcaTopbl. BHyTpeHHss o6onoyka
SABMSieTCA NPUEMHUKOM BTOPUYHbIX 3apSXKEHHbIX YacTuL, (MOHOB), 0OpasyoLwmnxcs B
pesynbrate Npobosa BHelHen 060104kn. BHelwHAA meTannmyeckas obkrazka nieHOYHOro
NPUeMHMKa MOHOB 2 coeiMHEHa C ycunutenem 3, UMNysnbC Toka C KOTOPOro MHTErpupyeTcs
NMHTErpaTopoM (n3mepsieTca obLLMn CyMMapHbIn 3apsig MOHOB, MPOMNOPLMOHAnbHbIA Macce U
CKOPOCTW YacTuLbl), OAHOBPEMEHHO CUrHan nogaeTcsa Ha ABa cymmaTopa 5 n 6, Ha gpyrue



BXOAbl KOTOPbIX MOCTYNaKT C MHTErpaTopoB 4 1 7 NPOVHTErpupoBaHHble curHansl. Beixog
cymmartopa 6 coeguHeH ¢ nHterpatopom 8. Takum obpasom, Ha nHTerpatopax 4,7, 8
opMUPYOTCHA HaNPsXKeHNS, PYHKUMOHANbHO CBA3aHHbIE C pa3sMepoOM, CKOPOCTBIO U
NIOTHOCTbLIO YacTuLbl. BbIXoaHblIe CUrHarbl C NNEeHOYHbIX KOHOEHCATOPHbIX CTPYKTYP
BHelHen cdepbl geTtektopa C1—Cn nogatotca Ha kommyTtatop 9 u ganee Ha yeunutens 10.
3aTtem curHan o npoboe kakoro-nmbo n3 KoHAeHCaTOPOB UM N3MEHEHUN E€T0
SNEKTPONPOBOLAHOCTU (ECNU OH 3aMKHYT) MOCTyrNaeT COOTBETCTBEHHO Ha YCUIUTESTb-
dopmuposaTtenb 11, reHepatop 12 n amnnuTyaHO-BpeMeHHon npeobpasoBaTtens 13.
CwurHanbl ¢ nHTerpaTtopos, reHepaTopa, ALIIN coeanHeHbl ¢ 6nokom ob6padoTtkm 14.
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Puc. 7. Cnekmpbi ¢ Macc-cnekmpomMempa Ha OCHO8e 802HYMO20 ompaxkameJisi 8 duarna3oHe
ckopocmeli Yacmuy, 0,2—20 km/c

YacTtuua npobusaet ogHy unu ase MIOM-CTpyKTypbl, npy aToM Mexay asyma MOM-
CTPYKTYpamMu perucTpupyeTca MOHHbIN UMMYIbC, 06pa3oBaHHbIv B pesynbTaTe
BbICOKOCKOPOCTHOIO CoyAapeHust.

Mpun HanpsxxeHun mexay cpepamum nopagka 500—800 B npoucxoaut pasgeneHue
yOapHO-CXKaTon Nfia3Mbl Ha OTAESNbHbIE MAcChl MOHOB, 0BpasytoLLmMe NOHHbIN cnekTp. [MNpn
6GonbLLIOM pacCToAHUN Mexay cchepamm (MCTOYHMKOM MOHOB 1 MPUEMHUKOM) paspeLuatouas



CrnocoBHOCTb Npubopa MoxeT HaxoanTbcs Ha ypoBHe 80—100. Bpema npuxoaa MOHOB OT
TOYKM coyLapeHust 40 NPUEMHMKA paccynTbiBaeTcs no popmynam, npuBeaeHHbIM B [28].

Takum obpasom, B JaHHOM npeobpasoBartene peanuayroTcs ABa pexuma paboTbl: onMcaHne
PU3NYeCKNX NnapameTpoB MNbINIEBOM YACTULbI U €€ ANIEMEHTHOrO CoCcTaBa.
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Puc. 8. CmpykmypHasi cxema demeKkmopa MUKPOMemeopPOoUOHbIX U MEeXHO2eHHbIX Yacmuu:

1 — HapyxHasi chepa; 2 — eHewHsIS MemaJsuludyeckasi o6pabomka npueMHuka uoHoe; 3, 10 —
ycunumenu; 4, 7, 8 — uHmezpamopsi; 5, 6 — cymmamopsbl; 9 — kommymamop; 11 —

¢ghopmupoeamerns; 12 — 2eHepamop; 13 — amnaumyOHo-epemeHHoU npeobpaszoeamesib; 14 —

6nok o6pabomku; C+—C,-0emeKkmopsbl

Hexkomopsbie xapakmepucmuku macc-ciekmpomempos [33—41] npueedeHbl 6 mabn. 1.

Tabnuua 1

n apamMeTpbl MacC-CneKTpomMmeTpoB

Wcecnepgyemoe
BELLLECTBO

OcobeHHoCTb
npubopa

Paspeliatouias
CMNocobHOCTb

Pa3wmepbl, MM

Macca, kr

Cxema (cm. puc.)

a3

MN3meHsatoLLeeca BO
BPEMEHU
BbITankueatoLLee
none

/40 “ 120

Puc. 1[3]

a3

HenuHenHbI 1
3MeKTpocTaTU4ECKNiA
oTpaxarenb

3490—5570*

1180

Puc. 2 [10—14]

a3

OneKkTpocTaTtndeckum
oTpaxarerb,
COCTOSLLNA N3 Tpex
CETOK

100—300

AE40 “ 250

Puc. 2 [14—16]

a3

YnpaBneHne NoHHbIMU
nakeTamu ¢ NMoMOLLIbHO
NPSIMOY FOSbHbIX

500—1000*

AE80 “ 270

0,7

Puc. 4 [18]




NUMNynbCoB
MbineBble [BoviHas
yacTuubl n 50—200 500 — Puc. 7 [14]
drokycupoBka
MUKPOMETEOPOMAbI
Mbinesble LUunuHapuyeckun
YacTuubl 1 3NeKTpoCcCTaTUYECKUIA 520—530 AE80 “ 270 1,2 Puc. 10 [27]
MUKpOMEeTeopomabl oTpaxarenb
MbineBble BorHyTbin
4yacTuLbl 1 anekTpocTaTtuyeckuin | 1000—5000% | A225 * 280 1,2 Puc. 8 [17]
MUKPOMETEOPOUAbI oTpaxarenb
Mbinesble
vactme n | CPePEcKkan MOM-1 g, 4, — — Puc. 11 [28]
CTpyKTypa
MUKpOMETEeopomabl

* TeopeTnyeckme aaHHbIe.

AHanuanpys npeasioXXeHHble KOHCTPYKLUMKM, OTMETUM Hanbonee nepcrekTnBHbIE NYTU
pa3BUTUS BPEMSINPONETHbIX MACC-CNEKTPOMETPOB:

* NMPpUMEeHeHne BblTallIkKnBakoLLNX NMMNYJribCOB CITOXXHOWN (*)OprI;

* MUCnonb3oBaHue nonen, obecrneynBaloNX 3a0aHHYI0 TPAEKTOPUIO ABUKEHUS
NOHHbIX MaKeToB;

* BBegeHune B becnoneBoe NPOCTPaHCTBO HOBbIX KOHCTPYKTUBHbIX 3N1IEMEHTOB, TAKNX

KakK TOpMO3‘/'-IIJJ,I/II7I Y4acCTOK, MarHUTHble CUCTEMbI 3aKpy4nBakoLLINX TPAEKTOPUIO
OBNXeHNA NMOHHbIX NakeToB 1 Op.,

* MCMNONb30BaHMe oTpaxaTenen, obnagaroLwmx poKyCMpyoLWNMM U CENEKTUBHbBIMU
CBOWCTBaMU;

* KOMOWHaUUK BblLLIENPUBEAEHHbIX METOOB.

Cnep,yeT OTMETUTb, YTO HEKOTOPbLIE N3 METOAOB YXE NPUMEHAKTCA Ha NpakTuke, ogHaKko
3TO HE UCKIIHOYaeT BO3MOXKHOCTUN UX yCOBEPLUEHCTBOBAHUA.

MeToabl pacyeTa napamMeTPOB BPEeMANPOSIeTHbIX MacCc-CNeKTPoOMeTpoB

[ins pacyeTa reoMeTpUYECKNX NapaMeTpPoB Macc-CnekTPOMETPOB M TpaekTopui
[ABUXEHUS MOHOB Hanbornee BaXXHO NONy4YnTb KapTUHY pacnpeneneHnst aNeKTpuYeckmx
nornen Ha aneMeHTax aaTymka.

AHanMTUYeckne MeToapbl YacTo CTAHOBSATCA HECOCTOATENBbHBIMU ANsl MHOTOYrOMNbHbIX
rpaHuL, MMeKLWNX MHOFO BepLLMH, 0COBEHHO B TEX Cry4dasiX, korga He yaaeTcs BblAeNnTb
3aMKHYyTble obnactu. [1ns Takux 3agad MoryT 6blTb MCNOMNb30BaHbl YNCTIEHHbIE METOBI,
NO3BONALLME 3HAYMTENBHO paclUMPUTL 06NacTb 3aaa4, NOAAAILLIMXCS PELLEHMIO.

OOHUM M3 YNCTNEHHBIX METOOB SABNAETCS METOA KOHEYHbIX Pa3HOCTEN, KOTOPbIA MOXET
ObITb MCNONBb30BaH Ar1s NOMYYEHUS! YACTIEHHbIX peLLeHnii ¢ Ntobon Tpebyemol cTeneHbto
TOYHOCTU BCEX 3a[ay, BO3HMKAIOLLUMX B X04€e NPOEKTUPOBaHUS KOHCTPYKLMI Macc-
CNEKTPOMETPOB PasnnyHbIX TUMOB. XOTsi HEKOTOPblE TeopeTUYeckne 060CHOBaHNS 3TUX
METOO0B OYEHb CIOXHbI, UX MPaKTUYeCKoe NpMMeHeHNe Ype3Bbi4aiHO MPOCTO U haKTUYECKM
CBOAUT K MPOCTbIM apndMeTUYeCKUm onepaumsam. [MaBHbIN HeJOCTaTOK MeToaa KOHEYHbIX
pasHOCTEeN 3aKnYaeTcs B TOM, YTO (KaK M AJ1si BCEX YACIIEHHbIX METOAO0B) PeLLEHME JOMMKHO
NOBTOPATLCH ANS KaXao COBOKYNHOCTM NapameTpoB, 3aaBaeMblX B 3a4a4e.

PeweHuns, nony4yeHHble METOOOM KOHEYHbIX Pa3HOCTEN, NpeacTaBnsatoT cobomn
COBOKYMHOCTb 3HA4YeHWI onNucbiBatoLen none oyHKLMN B ANCKPETHbIX TOYKaX, paBHOMEPHO
pacrnpegerneHHbIxX No Bcer obnactn nons. 3T 3Ha4eHNa HaxoasaTCa NyTeM 3aMeHbl OOHOIo
onucbiBaroLLero nosie anddepeHunansHOro ypasHeHUs ¢ YaCTHbIMWU MPOU3BOAHbLIMU



CMCTEMOW NPOCTbIX YPABHEHNI B KOHEYHbIX PA3HOCTAX, KOTOPbIE NMEIOT BUA JIMHENHbIX
ypaBHEHWI, CBA3bIBAIOLLMX 3HAYEHME NOTEeHUMarna B KaXkaon TOYKe CO 3Ha4YeHUSIMN
noTeHuuana B Apyrnx Toukax, okpyxarwmx ee. Takum obpasom, onpegeneHune nons
CBOAMTCS K PELLEHUIO CUCTEMbI COBMECTHbIX YpaBHEHMI. B cBA3N ¢ TeM, 4YTO Npu peLueHnn
3agau4n NpUxoamTca onepupoBaTtb 60NbLUMM YACIIOM TakUX yPaBHEHUN, MPUMEHEHNE
METOOB MCKMNIOYEHNSI NepeMEHHbIX onpeaenuTenen n obpalleHns MaTpuL CTaHOBUTCS
HeuenecoobpasHbiM (N0 Noka3aTeNnsaM BPEMEHHbIX 3aTpaT U NOTPEBNEHNS BbIYNCIUTENBHBIX
pecypcoB). BMecTo 3Toro AomkHbl MICNONb3oBaTbCs crieumarnbHble MeToabl. [1Ba Hanbonee
Nones3HbIX MeToaa — penakCauMoHHbIN U UTEPALMOHHbBIN — TECHO CBSA3aHHbIE Mexay
cobon, onnucaHbl HUXe.

PenakcaunoHHbI MeToa nNpeaHasHayeH AN pacyeToB C NPMMEHEeHUeM NPOCTEeNLLINX
BbIYUCIIUTENbHbIX YCTPONCTB M SIBNSIETCA YHUBEPCArbHbIM, XOTS BECbMa CINOXHO
noaaalLmMmMcs anropuTMmnsaummn. B npoTMBononoXXHoCTb 3TOMy APYron MeToA,
UTEepaLNOHHbIA, OCHOBAaH Ha NONMHOCTLI0 MOBTOPSAOLWEMCS LMKNe onepauuin 1 naeansHo
NoAxoauT Onsi BbIMOMNHEHMS pacyeToB C UCMONb30BaHMEM ObICTPOAENCTBYHOLLMX
BbIYNCIIUTENbHbBIX MALLIH.

[Mpu 3ameHe ypaBHEHUS MNONA CUCTEMOWN YPaBHEHUN B KOHEYHbIX Pa3HOCTAX,
CBSA3bIBAIOLLMNX 3HAYEHNS NOTEHUMANbHOM (OYHKUNN B AUCKPETHBIX TOYKax, MOXHO BblibpaTthb
NPOW3BOSIbHOE NPOCTPaHCTBEHHOE pacnpeaeneHne Toyek. OgHako 0MeBUAHO, YTO NPU
BblGOpe NOMHOCTLI0O paBHOMEPHOIO pacnpenenieHns ToNeK A1 KaxXaon U3 HUX cnpaBeanvmBo
ypaBHEHUE B KOHEYHbIX Pa3HOCTAX OOQHOrO M TOro Xe Buaa, n opMynvpoBKa 3agayu
3HauMTenbHO ynpowaetca. Tpebyemoe pacnpegeneHne obecnevmBaeTcs pacrnofnoXXeHnem
Toyek B “y3nax” nodon paBHOMEPHOW CETKN.

MpeanonoXum, 4To CTOPOHa KBaZpaTa CeTKU, Ha3biBaeMas pasMepoM SA4ENKN CETKM,
Mana no CpaBHEHWIO C pa3mepamMm rpaHunl, U NpUMEM OAMHAKOBYIO HYMepauuto y3noB ans
obenx 3Be3A, Kak NokasaHo Ha puc. 8. B cnyyae acummeTpuyHOM 3B€34bl 4OMYCTUM, YTO
y3rbl 1 1 2 pacnonoXxeHbl Ha PacCTOSAHUAX Py U g OT y3na O, rae:

p nqg—uuncna, MmeHbine egnHnLbl. npaKTW—IeCKM 9TO O3HA4aEeT, 4YTO Y3Jibl Tn2 6yﬂ,yT
JleXXaTb Ha rpaHumuge.

YpaBHeHme B KOHEYHbIX Pa3HOCTAX NOJy4YaeTCA B pe3yribTaTe pa3fioXXeHUA noTeHunana

(ﬁ’tq} {ﬁﬂ}
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A y3na B psg Tennopa n HaxoXaeHUs BblpaXXeHUn ons o 0 & o KOTOpble
BBOOATCA B ypaBHeHue [lyaccoHa.

3HaveHune noTeHumana A B noboK TOUKe X, Nexatlluen Ha NMMHUK, NpoBeaeHHON Yepes
y3en 0 napannenbHO OCU x, MOXeT BbITb BblpaXXeHOo Yepes 3HayYeHue noteHumana ysna 0,
paBHoe ‘4, c nomoLbio psga Tennopa:

# #
ﬂ:ﬂﬂ+(ﬂ] [I_Iuj“‘l(t—fi} I:I—Iujz-l-l{ - ﬂJ [I—Iu:l3+....
), 2] . .

72 3l #

PenakcaunoHHbI MeTo peLLleHNs COBMECTHbIX YPaBHEHUN B KOHEYHbIX Pa3HOCTAX Obin
BNepBble NpMMeHeH ["ayccoMm, 0QHaKo ero YpesBblyanHas yHUBepcanbHOCTb U
AENCTBEHHOCTb HE ObINK OLUEeHeHbI MHXXeHepamun n dpusunkamm o 30—40-x rogos XIX
cToneTus, Korga oH 66151 NOBTOPHO OTKPbLIT U ycoBepLueHcTBoBaH CaycBensom n ero
coTpyaHukamu [42]. B OCHOBHOM OH CBOAUTCS K HEMPEPbIBHOMY U3MEHEHUIO 3HAYEHUS
noTeHunana, NpoAomkKarLeroca 4o Tex nop, noka BCe COBMECTHbIE YpaBHEHUSA He ByayT
yOOBIeTBOPEHbI C AOCTAaTOYHOM CTEMEHBIO TOYHOCTU. DTOT METOA NpeaHasHaYveH Ans



pacyeToB BPY4YHYHO, 1 3PEKTUBHOCTb NMPUMEHEHNS €70 3aBUCUT OT ONbiTa pacyeTyunka. B
nocrnegHemM OTHOLLIEHUM OH CYLLIECTBEHHO OTNMYaeTcs OT APYrMX MeTod0B, MOCKOSIbKY
HEBO3MOXXHO chOopMynMpoBaTh 0bLLMe NpaBua BbINOMHEHNS onepauni U Npu peLLeHnn
Kakon-nnbo KOHKPETHOW 3aauM ABa pacyeTymka He ByayT TOYHO crneaoBaTh Mo OAHOMY U
TOMY Xe NyTu.

Mpw pelLeHnn ypaBHEHWI B KOHEYHbIX Pa3HOCTSAX UTEPALIMOHHBIM METOA0M
NPON3BOAUTCS HENPEPbIBHOE U3MEHEHNE 3HAYEHUIN NOTeHUuarna o Tex nop, noka Bce
ypaBHeHUs He ByayT YAOBNETBOPEHbI C AOCTAaTOYHOM CTEMNEHbIO TOYHOCTU. Hannyywmm ¢
TOYKM 3peHUs 06LLIEro NPUMEHEHMUS AN peLleHns NpakTUYecknx 3aaay B HacTosLlee BpeMs
AIBNSAETCS Tak Ha3blBaeMbll 3KCTPaMNoNsAUMOHHbIN MeToA JlInbmana, codeTatomin 6biCTpyto
CXOAMMOCTb U MPOCTOTY.

Mpu Mcnonb3oBaHUM NMBOro MTePaLMOHHOIrO MeToaa Kax bl y3er CeTku
paccmaTpuBaeTcsi o ouepeamn B YCTaHOBMEHHOM NoBTopstoLemcs Lukne. ns 6onee
yOoBHOro onpeaeneHns yanos Npu pacyeTe 1 aHanmnae Kaxablil U3 HUX 0603HaYaeTcs CBOUM
HOMEpPOM Unu ABymMs Homepamu. B oBbl4HOM NpsiMoyronbHoun ceTke u3 (p+1)(q+1) y3nos,
OXBaTblBaeMbIX rpaHuLeit (puc. 9), Kaxxablit y3en (M CBA3aHHbIE C HUM BEIMUMHBI) MOXET
6bITb onpeaeneH AByMs Homepamu (i k) rpe 1=k2=(p+1) yp 128 =@ +1) wnm ogHum
Homepom 2—1){g+1)+k rne 1 onpenensieT ysen B NeBOM HUXHEM yriy, a cToN6LbI y3rios
NPOXOAAT B KaXJOM LMKIe crneBa Hanpaso (Bo3pacTaHue h) n cHusy BBepx (Bo3pactaHue K).

B npocreniwem (1 npeanoXeHHbIM NepBbIM) UTEpaALMOHHOM METOAE, pa3paboTaHHOM
PuyapacoHoMm, Kaxkgoe HOBOE 3Ha4YeHne noTeHuuana B LeHTpansHOM y3ne 38e3apl
onpegenseTcs U3 ycnosusi, 4Tobbl OHO TOYHO YAOBNETBOPSIO OCHOBHOMY YPaBHEHMIO B
KOHEYHbIX pa3HOCTAX AN NPelWeCcTBYOLWMX 3Ha4YEHMI NOTeHUMana B Apyrux yanax. Takmm
obpasom, ecnn 0603HauMTL Yepe3 An 3Ha4YeHWe NoTeHunana nocne N-ro uTepaLmMoHHOro
LMKna, To ypaBHeHue lNyaccoHa B KOHEYHbIX Pa3HOCTSAX AS11 CAMMETPUYHON 3BE3abl B
dopme PuyapacoHa s3anuveTcs cregyowmm obpasom:

A= &(ﬂ{‘ + A+ A A R,

g+l hg+1

I+ 1
1 3 btk | bk | henk | prak
k|2 k-1
{
h—

Puc. 9. O6o3Ha4eHus1 y3/108 cemku Onsi paciema memodom JlubmaHa

MeTog PnyapacoHa xapaktepusyeTcs NoXom CXOAMMOCTBIO (CpaBHUTENbHbIE LNpPbI
npuseaeHbl B Tabn. 2), n ero HegoOCTaToOK COCTOUT B TOM, YTO B namaTn OBM JOMmKHbI
XPaHUTBLCA ABe MNOJSIHbIE COBOKYMHOCTU 3HAaYeHUN noTeHumana [ana n-n v (n + 1)-n
ntepauuu]. B cBA3KN C ykaszaHHbIMU HegoCTaTKaMy 3TOT MeTO/, MPaKTUYECKN He
NPUMEHSIETCS.



lMpocTas mogudukauma metoga PnyapacoHa npuBoguT K MeToay HernpepbiBHON
NOACTaHOBKM, NpeanoXxeHHoMy JInbmaHoM, B KOTOPOM Ha KaXXQoM 3Tane pacyeTa
MCNONb3YKTCH TOMBKO YTO HAWAEHHbIE 3HAa4YeHNa noTeHunana. lNpu NpoxoXxaeHnn y3nos
ceTKu cTonbeL, 3a CTONOLOM crneBa HanpaBo, Ha4YMHasA C HWXKHEro yana Kaxgoro ctonbua (k =
1), ypaBHeHuMe [MyaccoHa B KOHEYHbIX Ppa3HOCTAX ANd CUMMETPUYHON 3Be34bl MOXET BbITb
npeacTaBfeHo B crieaytolem obwem Bmae:

n+l _ 1 n n n+l n+l
Agr = E[An+l,.i: tA e A et T + R ]

OTOT MeTop paLmoHaneH, NoCKosbKy TpebyeT CoXxpaHeHUs B NaMsTU BblYUCIUTENbHOM
MaLLMHbI TONbKO OQHOWM MOSTHOM COBOKYMHOCTU 3HAYEHU NOoTEHLMana (a He ABYX, KaK B
meToae PunyapacoHa). Kpome Toro, ero cxogmMmocTb BABOE Bhille, YeM MeToda PnyapacoHa
(9TO HETPYAHO NpeacTaBnUTbL CeBE MHTYUTUBHO, MOCKOSbKY KaXkabl pacyeT UCXOAUT U3 OABYX
CTapbIX 1 ABYX HOBbIX 3HA4YEHUI NOoTeHUmana; 6onee getanbHO AaHHbIN BOMPOC U3MOXEH B
[43]), xoTs1 no cpaBHEHMIO ¢ 6onee ycoBepLIEHCTBOBAHHBIMU METO4AMM OH BCE-TaKM
MeOSIMTeneH.

OKCTpanonAunoHHbIN MeTo JInbmana, npeanoxeHHbin PpaHkenom [43] n AHrom [42],
ABNsieTca Hanbonee yHMBepcasbHbIM U NOSIE3HbIM U3 BCEX BbICTPO CXOOALLMXCSA
nTepaunoHHbIX METOAOB. OTOT METO, 3KBUBAarNeEHTEH rnocreaoBaTesisHoM y3rnoBown
penakcaumm ¢ nepebopom (oTcroaa HasBaHWe aKCTPanonsaunoHHbI). OH npeacTasnseT
cobon passutne metoga JllnbmaHa, ocHoBaHHOEe Ha BBEAEHMN KO3IDULMEHTA a:

n+l

n 2| n n n n n
A = gt [A'n+],.i: A gt Ay At W - Ak )
34ecb a aBnaeTcs KoadPULUNEHTOM CXOANMOCTU, NN KOIHULMEHTOM penakcauum,
onpenenarLlmm cteneHb nepedopa.

Ha npaktuke, HanpumMmep, 3TOT MeTo Ucnosb3oBancs B padote [44] ans mogenMpoBaHus
nblrieygapHoOro Macc-crnekrpomeTpa.

B Tabn. 2 npnBeaeHo cpaBHEHME CKOPOCTEN CXOANMOCTU HECKONBbKNX UTEPALMOHHbIX
METOAOB Ans pacdeTa nons B cnyvae kBagparta c (p + 1)2 y3namu.

Tabnuua 2
CpaBHUTENbHbIE XapPaKTEPUCTUKUN UTEPaALMOHHbIX METO40B
OnutenbHocTb | TeopeTnyeckoe Uncro uTepaumii (p
MeTog UTepaLMoOHHOro 4ymncrno - 190. e = 10 _4)
LuKna utTepaumn ’
PuiapacoHa k4p? K2p/p? 1680
Nu6mara k4p? Kp?/p? 840
OKCTPanonsUMOHHbIN 2
JlInbmana K7p Kp/2p 115

MeToabl KOHEYHbIX Pa3HOCTEN MOryT ObiTb MCNOML30BaHbI AN1S peLleHuns nobon 3agaym
no onpeaeneHnto CTaTM4eCcKoro AByXmMepHoro nongd (gaxe tpexmepHoro). Cneayet
OTMETUTb, YTO HECMOTPS Ha CPaBHUTESNBHYIO MPOCTOTY HEKOTOPLIX 3a4a4, OHN He NoaaakTCs
peLLEeHMIO C NOMOLLbIO aHanNMTUYECKUX MeTOAoB. PelleHns, HangeHHble MeTO40M KOHEYHbIX
pasHocTen, ABNAKTCH NPUBNMKEHHBIMU, OOHAKO MOXHO NOy4nTb NHoBYI0 Xenaemyto
cTeneHb TOYHOCTM NpPU YCNOBUU, ECNN pacyeT NPOAO0IPKAeTCa AOCTAaTOUYHOE BpeMS. TeM He
MeHee, Ans MHOTUX NpakTU4ecknx 3agad TpedyemMyto TOYHOCTb yaaeTCsl NOMNyYUTb OYEHb
BbICTpO. HeobxoamMmo cumtaTbCs C TEM, YTO BCE YNCTIEHHbIE METOAbI TPEDBYIOT OTAENBbHOMO
peLLeHns 4N Kaaon COBOKYNHOCTU NapamMeTpoB 3a4aum (XOTs B HEKOTOPbIX Cry4vasx



MOXXHO 3HAYMTENbHO COKPaTUTb BPEMSI PacyeToB, NMPUHSB KOHEYHOE peLleHne OAHOM 3a4a4m
B KQYeCTBE UCXOAHbIX AAaHHbIX AN APYron aHanorn4yHon 3agayn). Ecnmn sagava moxet 6biTb
peLleHa Kak aHanMTU4eCKMMK, Tak 1 YUCNEHHbIMM MeToaamMu, TO BbIGOp 4acTo
onpeaenseTcs NPOAOCIPKUTENBHOCTLIO pacyeToB. KOHEYHO, aHanuTu4eckne meTtoasl 00bIYHO
ABNAOTCA NPeanoYTUTENbHLIMW, OAHAKO B HEKOTOPLIX MPUITOXKEHUAX OHU MOTYT
notpeboBaTb HACTONBbKO ANUTENbHON 06pPaboTKN, a MHOrAa 1 pacyeToB, YTO YNCTIEHHbIE
MeToAbl CTaHYT 6onee 3KOHOMUYHLIMU. TO 0COBEHHO BEPOSATHO B TOM Crny4ae, ecnu ans
nTepaunoHHOro MeToaa noarotToeneHa oblias nporpaMmma pacyeTa Ha BbIYUCIIUTENBHOM
MalUnHe 1 TpebyeTcsa NULLb BBECTU AaHHbIe, onpeaenstoLlme KOHMrypauuio rpaHml m
rPaHnYHbIE YCNoBUS.

3aknoyeHue

BpemsinponeTHbie Macc-CnekTpoMeTpbl UCMONb3YTCA AN UCCNeaoBaHus
OblcTponpoTekatoLLmx npoueccoB. OHM LWMPOKO NPUMEHSIOTCS AN UCCneaoBaHus B
KOCMUYECKMX YCIOBUSX: ONpeaeneHune anemMeHTHOro coctasa cobCcTBeHHOM atMocdepsbl
KOCMWUYECKMX annapaToB, MblNEeBbIX N TEXHOTEHHbIX YacTuL, MUKPOMETEOPOMAO0B 1 Ap.

Ha nyTn ycoBepLleHCTBOBaAHUSA MacC-CNEKTPOMETPOB OblNo NPeanoXeHo MHOXECTBO
Pa3MUYHbIX KOHCTPYKLNIA: 9TO NPUMEHEHNE MOHHbIX 3epkarn, BbiTankuBatoLmMx UMMYNbCoB
cneumnansbHom opMbl, MPSMOYTONbHbIX YNPaBASOLWMX UMMYNBCOB B Macc-CnekTpoMeTpax.
HaunGonee paankanbHbiM cocoboM ObINo NPUMEHEHUE HENMMHENHbBIX MOHHbIX 3epKar.

B nblyieygapHblX MaCcC-CnekTpomMeTpax NpuMeHATCA pa3findHble CpOprI OoTpaxakLnx
ANEKTPOOOB: NNOCKad, unnmHapmn4eckas n BOrHyrtas.

Pacu.lmpeHme n ycopepLieHCTBOBaHue anemMeHTHon 6a3bl No3BonsaeT YCIOXHUTb
ANEKTPOHHbIE MOOYIN ynpaBJieHNA MaCC-CNEKTPOMETPOM, YTO AaeT BO3MOXHOCTb
pa3BuBaTb aJlilrOPUTMbI pa3gerieHnNA MOHHbIX NMakeToB BO BPEMEHMN.
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Prospects for the development time-of-flight of mass analysers
for the analysis of gas and dust fragments

N. D. Semkin, I. V. Pijakov, K. E. Voronov, R. A. Pomelnikov
The Samara State Aerospace University by Name the Academician S. P. Korolev, Samara, Russia

The time-of-flight mass analysers find broad application not only in earth, but also in space
conditions. The designs of time-of-flight mass analysers for research of an element structure of
gas streams, dust fragments and micrometeorites are described. The calculation of parameters of
a mass analyzer is based on definition of a distribution law of potentials. The description of
methods of calculation of design data is adduced.



