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-L.BseaeHrre 

Ha npoTmK'emm pSI.ll~··~eT B na6opaT~PHH sr.oepHbiX npo6neM ae.oyTCSI 

HCC'ne.QOB8HHSI CBOll: CTB SI,llep M9TO.ll8MH SI.OepHOll: · cneKTpOCKOnHH, .llnSI 8THX 

Hccnenoaaaull: ucnonb3YIOTCSI pa.ouoaKTHBHhie sr.opa, nonyqaJOII!HeCSI npu o6ny-

qe!IHH pasnuqHbiX MHllleHell: npOTOHaMH Bb!COKHX 9Heprull: Ha CHHXpOUHKnOTpOHe 

nHn OI-1Hl-1 • .ll~lKe npH oqeHh xopOIIIHX XHMHqeqKHX MeTo~ax pas.oeneHHSI pa

llHOaKTHBHbiX aneMeHTOB 'npOB9.09HH9 crreKTpOCKOnHqecKHX HCCne.OOB8HHll: H HH

TepnpeTaUHSI nonyqeHHb!X pesynhT8TOB 3HaquTenhHO 38Tpy.OH9Hhl H3-3a npH

cyTCTBHSI 6onhlliOI'O qucna H30TOnOB B K8lK.llOM Bhi.QeneHHOM aneMeHTe. Qqe

BH.OH01 qTO Heo6XO,llHMbiM .oononHeHHeM K XHMHqeCKOMY pas_.oeneHHIO no ane

M9HT8M SIBnSieTCSI nocne.OyiOII!ee pas.oeneHHe pa.OH08KTHBHhiX npo.OyKTOB no . 

MaccaM c noMOII!hiO Macc-cenapaTopa •. 

8neKTpoMai'HHTHbill: Macc-cenapaTop na6opaTopHoro THna nocTpoea a OT

.oene· sr.oepaoll: cneKTpocKonHH rr pa.orroxrrMHH B 1968 ro.oy. B HaCT?Simefi 

CT8Tbe npHBOilHTCSI onHC8HH9 KOHCTpyKUHH 1 HOHHO-OnTHqeCKHe XapaKTepHCTHKH 
' . '• . 

H pesynhT8Tbl. nepBbiX onhiTOB no pas.oeneHHIO CTa6HnbHhiX H30T()nOB KCeHOHa 

H HeO.QHMa, 

II. MarHrrTHhiH aHanrr3aT()P 

, B OnHCbiBaeMOM MaCc-cenapaTOpe HOHHblll: nyqoK aHanH3HpyeTCSI H <iJo

KYCHpyeT,CSI B ·Mai'HHTe.ceKTopaoro Trrna c nnocKonapannenbHhiM sasopoM. 

MarHHTHb!ll: aHanusaTop Bb!ITOnHeH Ha OCHOBe aneKTpOM8I'HHT8' cn-57 A-1 

npOMbllllneHHOI'O npOH3BO,llCTBa11 I H no CBOHM XapaKTepHCTHK8M SIBnSieTCSI 
(. 

KOnHell: aaanH38 TOp a Macc-cenapa TOp a nf!P 12 ,3 I. 
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PaccTOSIHIIe Memlly rromocaMII Mai'HIITa ' h '= 79 MM. PalliiYC K~IIBII3Hbi 

R 0 = 700 MM, yron rrosopoTa <I> rnasaoro ny'la = ,90°. Pacc·TOSIHIIe OT 

scp<jleKTIIBHo:li rpaHIIUbi Mai'HIITHoro rronSI llO IIOHHoro IICTO'lHIIKa £ t =1 ,86• R 0 =130 eM, 

a oT s<J.l<jleKTIIBHo:li rpaHH;Ubi ~q cpoKanbHOfi rrnocKoCTH r 2 = 1,16 • R0'= 81 CM, '-

Yron sxona ny'la B MarHIITHbifi aaanHsaTop . £ 1 ,.; '0°,. a yr.on 
0 ', 

. Bbrxona ny'la H3 aaanHSaTopa £ 2 = 45 • Dpii 9TOM Kos<jJ<jJIIUIIeHT _ yse-: 

n11iteH11SI B ropiiSOHTanhHOH rrnocKOCTII G II lliiCIIepciiSI D , cornacH? pac

'I~Ty/2/, llOnmHbi 6biTb G = -1,1; D = 11,6 MM aa 1% IISMeHeHIISI MaCChi • 

.[lng TOI'O 'IT06bi IICKn!O'IIITb yrnOBbie a6eppaUIIII BTOpOI'O IIOpSIIlKa B TO'!Ke 

<jloKyca
1 

B aa.anll3aTope Mace IICrronb3YJOTCSI Kpyro~bie rpaHIIUbi Mai'HIITa/4,5/,. 

n11HeHHbiH CIIaJl pacceslHHOI'O rvtai"HIITHOI"O IIOJISI o6ecrre<iiiB8~TCSI 9~paHaMH 
(7) II (8) y BXOilHOH II BbiX()IlHOft rpaHIIU IIOnJOCH~IX HaKOHS'lHIIKOB (9) (piiC. 1),. 

Pac~pelleneHIIe sepTIIKanbHO:li c~cTaBnSIJOme:li aarrpSimeHHOCTII pacceSIHHO-
- . - ' 

ro nonSI B MellHaHHo:li rrnocKOCTII rrpii6opa II3MepSinocb no s<jJ<jleKTY Xonna Mar-

HIITOMeTpoM l1Ml1-3 •• Dony'leH~Oe pacrrpegeneHII9 HailpSilli9HHOCTII Mai'HIITHOI'O 

IIOnSI BllOnb palliiYCOB KpiiBII3Hbl IIOn!OCHbiX H8KOH9'1HIIKOB rrp1IB91l9HO Ha piiC, 2. 

l13 PIICYHKa BIIJlH0 1 'ITO CrraJl HarrpSimeHHOCTII M8I'HIITHOI'O rrOnSI B 3a3ope M9llilly· 

nonJOCHbiM HaKoHe'IHIIKOM II 9KpaHOM rrpaKTII'IeCKII niiHe:liHbii!:. DpoTSimeHHOCTb 

~rrai:J.a IIOnSI COCT8BnSJeT 89, MM1 paCCTOSIHHe OT IIOn!OCHOI"O HaKOH9'1HII.Ka JlO 

s<jlcpeKTIIBHOH rpaHIIUbl "'-' 27 MM. 

l13MepeHIISI TOIIOI'pa<jJIIH OJlHOpOJlHOI'O MarHllTHOI'O IIOnSI M9llillY IIOn!OCHbi

MII HaKOH9'1HIIKaMII rrpOBOJliiniiCb C IlOMOmbJO SIIlepHOI'O M8I'HIITOM~Tpa/6/. Dpii 

113MepeHIISIX aarrpSimeHHOCTII' Mai'HIITHOI'O ~ong B M91liiaHHOH !InOCKOCTII Mai'HIITa 

IICriO.ribsoeancSI naHTOrpa<jJ OT, '!epTelliHOI'O MexaHII3Ma KynbMaHa c IIPIIKperr

neH!IblM K HeMy Ha· JlnJIHHOM gepmaTene JlaT'IIIKOM Mai'HIITHOH IIHilYKUIIIIe Dono-. ' . 
lli9HII9 )laT'IIIKa BHYTPII · pasgeniiT9n!':>HOi!: KaMepbi 1 H8XOilSJme:licSI B Mai'HIITHOM .. 

none Macc-cenapa Top a, onpegenSJnOCb MeTOJlOM KOilHP0~8HHSI c IIOMOmbiO 

KOOpJliiHaTHOH ceTK11 1 pa3MemeHHOH Ha I'Opii30HTanbHOH JlOCK~BMeCTe C naHTO-. 

rpa<jloM, KoopJliiHaTbi ceTKII ·c:o·oTBeTCTBosanll nonomeHIIJO llaT'IIIKa BHYTPII Ka

Mepbi, ·KOTOpoe OrrpellenSJnOCb C TO'IHOCTb!O :!:..2 MM. ~hKnOH9HII9 HarrpSimeHHOCTII 

Mai'HIITHOI'O IIOnSI OT cpeJlHei'O 3Ha'!eHIISI B H8IIpaBneHIIII XOila rnaBHOI'O ny'la 

IIOKa3aHO Ha piiC. 3. 
,·,;·;:.. 
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PHC, 1, CxeMaTH''IeCKHA 'lepTelK Macc-cenapaTOpa, 1 - KaMepa HOHHOI'O HC

TO'IHHK8j 2 - SipMO Mai'HHTa HOHHOI'O HCTO'IHHK8j 3 - H30nSITOpj 

4 - ~pHeMHaSI KaMepa; 5 - WHoep; 6 -: paanenHTenbHaSI KaMepa; 

7 - ::!Kpan .. y BXOll8 _B M8I'HHTj 8 -aKpaH, Bb!XOlla·; 9 - nonJOCHOA 

H8KOHe'IHHK, 
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PHC, 2, PacnpcneneHHO BGpTHK8l1bHOH COCT8Bl1S!IOI!lOH nanpmKeHHOCTH MarHHT

HOro .fl0l1H B MGJllHIHHOfl fll10CKOCTH B o6naCTII rpai!HU M8CC-cena

paTopa, B 
0 

= 6000 rc; 2C = 89 MM, CpeJlHHH nyHKTIIpHaH li!IIIHH 

YK83J,JUaeT 3cpcfJGKTHBHYIO rpaHHUY Mlll'IIHTHOrO llOliH, 
... ·: 
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PHC, 3, 0TKnOHeHHe HanpSilK9H!IOCTH MBI'HHTHOI'O nong OT cpeaHero 3Ha'le
HHli 6000rc B HanpaaneHHH rnaaaoro ny'la. 

Ill. BaKyyMHaH CHCTeMa 

BaKyyMHaSI CHCTE!Ma CXE!MaTH'IE!CKU H306pallieHa Ha puc, 4, 0TKa'IKe 

no.nne)l(aT paa.nenuTenhHaSI KaMepa ( 1), KaMepa npueMHoro YC:TpoilcTBa (2), 

KaMepbl HOHHOI'O HCTO'IHHKa (3) H na Tpy60K ( 4) 0 COE!JlHHSI!Olii.Hll HOHHblll HC

TO'IHHK C pa3,nenHTenbHO:ll: KaMepoll:, 0TKa'IHBaE!Mblll 06'beM npu6nH3HTElnhHO 

· paBeH' 0,25 M3, naBneHHe B pa60'IE!M 06'beMe JlO Ha'Iana pas,neneHHSI JlOn)I(HO 

6b!Th He Bb!IIIE! 5,10-6 MM pT,CT, ,nnSI o6ecnetiE!HHSI HOpManbHb!X ycnOBHH npo

XO)I(JlE!HHSI HOHHOI'O nytiKa, .8To JlOCTHf'aeTCSI nyTeM OTKa'IKH/ CHCTE!Mhl JlBYMSI 

.nutjJtjJyauoHHhiMI:I napoMacnSIHhiMH_JiacocaMu Tuna H-5T 'u H-2T. 06a· uacoca 

OT BaKyyMl!Of'~ 06beMa OT,nenmoTC~. IIIU6epaMU (7 H 8) H CHa6lliE!Hbl noBylli

KaMH ( 9 H 10), oxna2K,naeMhiMH )I{HJlKHM aaoToM. B Kat!ecTBe tjJopBaKyyMHhiX 

.. uacocoB ucnonoayiOTCSI .na
1
a MexaauqecKux BaKyyMHhiX uacoca ( 11 u 12) 1-una. 

BH-lMr. O.nuu us. STHX aacocoB (12) cny)I(HT tjJopBaKyyMHhiM .nnSI .nutjJtjJysuo

HhiX aacocoB (5 u 6). BTopoii (11) OTKa'IuBaeT cucTeMy uaquuast c aT

MoctjJepuoro . .naBneHHSI, BoaMO)I(HOCTh BeCTH. OTKa'IKY cpaay .llBYMSI uacocaMH 

3Ha'IHTenhHO· yMeHbiiiaeT BpeMSI1 ueo6xo.nuMoe .nnH nonyqeimH pa6oqero .naBne

HHSI B CHCTE!ME!~ cf>aKTH'IElCKH 38Tpa'IHB89TCSI TOnbKO BpE!MSI JlO Ha'Iana. pa60Tbl 

JllitPtPY3HOHHOf'O Hacoca,lDpeuMyiiieCTBa napannenhHOH CHCTE!Mhl tjJOpBaKyyMHOii 
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OTKa'IKH 8JII8 6onee 0'18BHilHbi npn H8H36emHb!X cny'laHX HanyCKa .BOSJlyXa 

B OTKa'IHBaeMhiii o6'beM. Ha ¢opaaKyyMHOM Hacoce ( 12) ycTaHoaneH sneKTpo

Mar'HHTHhiii KJianaH ( 13), npenHTCTByiOIIIHH nonanaHHIO BOSilyXa B pa60T8IOIUH8 

llH¢<!Jy3HOHHbie H8COCbi npH aaapHHHOM OTKJIIO'I8HHH 9JI8KTpOnH'1'8HHH ¢opBaKyyM-
. ' 

HOJ:'O Hacoca .. KoHTpOJib Sa OTKa'IKOH CHCT,8Mbl B81l8TCH C noMOIUhiO TepMonap-

. Hb!X ( nT -2) H M8HOMeTpH'IeCKHX . ( nM) naMn. ITo~aSaHHH naMn, pacnonomeH

Hb!X OKOJIO HOHHOJ:'O HCTO'IHHKa, y H8COCOB. H Ha. npHSMHOH KaMepe, BbiBOilHTCH 

Ha.nynhT ynpaaneH~H cenapaTopa, 'ITO nosaonHeT ao apeMH pasneneHnH Ha-

6niOnaTh ·sa naa neH'HeM B pa6o'!eM o6'beMe, 

·.IV. HoHHhlA HCToqHHK 

8bi6op Tuna H KOHCTpyKUilH HOHHOJ:'O HCTO'IHHKa Cll8JI8H C y'leTOM TOJ:'O, 

'ITO OCHOBHb!M H83H~'ISHHSM MaCc-cenapaTOpa HBJIHSTCH nony'leHne panuoaK

T!lBHbiX' npenapaTOB llJIH cneKTpOCKOn!l'ISCK!lX !lCCJISilOBaHHH, 

flpOTOTHnOM JlaHHOJ:'O HOHHOJ:'O HCTO'IHHKa nocnymnn HOHHbiH HCTO'IHHK 
171 

HCnOJih3Y8Mb!H B Opce JlJIH. p831l8JISHH5I p81lH08KTHBHblX H30TOnOB 1 KOTOpbiH 

no.SBOJI5IST 6biCTpO H3MSHHTb yCJIOBHH pa60Tbl 1 'ITO •H806XO/lHMO llJIH pasnene

HH5I pannoaKTHBHbiX. nsoronoB c pasnn'IHhiMR cBoilcTBaMH, ITo rnny 

llaHHblll HOHHblll l!C:rO'IHHK OTHOCHTC5I K nnasMe!IllblM pa3pHilHb!M HCTO'IHHK8M 

C 60KOBOH 9KCTp8KU!l8ll HOHOB. CX8M8Tl!'ISCK!lll' 'Ieprem !lOHHOJ:'O HCTO'IHHK8 

.npencTaanen na pnc. 5. 

l1CTO'IHIIK CHa6meH ll~YMH B38liM03aMSIIH8MblMH pa3pHilHb!Mil KaMepaMH:. 

Oll!I8 CO C'beMHOH Bb!XOilHOH IU8Jlbi0 1 npyra5I - 6onee repMeTH'III8H - C IIOCTO

S!II!IOH BbiXOilHOH IUeJibiO, PaspSIIlH8H KaMepa ( 1), l!3J:'OTOBJI8HHaH H3 rpa¢nTa, 

HBJIHSTCSI 8110/lOM, KpoMe IUSJISBOJ:'O OTBepCTHSI (2) B Heii HMSSTCH )lBa OTBep

CTHSI llHaMeTpOM 10 MM B Sall!ISH CTSHKe, 'lepes KOTOpbie' napbl ncnapHeMOJ:'O 

BemecTBa nonanaiOT B paspHilHYIO KaMepy. CBepxy 'lepea nsonnTop. ns oKncn 

aJIIOMHHIISI (3) BCTaBJISISTC5I KaTOil ( 4), l!SJ:'OTOBJISH!Iblll ·ns BOJib<!JpaMOBOl! npo

BOJIOKlf o·2,5 ,MM B Bl!llS lllnHJibKII, 3aKpyi'JI8H!Ib!j1 KOHSU KaTO/la c<!JpesepOj3bl-

2 
B88TCH TaKlfM o6paSOM1 'IT06bi CS'ISHIIS STOll 'laCTlf KaTO)la 6hJJIO paBHO 1 MM , 

l1SOJI5ITOp KaTO)la CHHSY 3aiUl!IU88TCH OT Hanb!JISHII5I T81IT8JIOBbiM 9KpaHOM, 

PaspSIIlHaH, KaMepa no BH8IUH8H CTOpOHe 60KOBbiX CTSHOK lfMSeT HarpeBaTeJib 

(5);. BbmomteHHbiii ns aonb£l>paMoBoii ~poaorioKn 1!1 0,6 MM, rrpoxonnmeil B Ka-
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mWnSipHbiX Tpy60~KaX H3 OKHCH amOMHHHSI, CBepxy Ha KaMepy HaJJ.eBaeTCSI . 
TPH TennoBbiX sipaHa (6) 1 H3I'OTOBneHHbiX H3 MonH6JJ.eHoBoil: mecTH, BMecTe 

C Tell~~BbiMH 9Kp8H8MH pa3pSIJJ.H8SI KaMepa BCT8BnSieTCSI B Komyx (7) 1 KOTOpbiH. 

!!MeeT treTbipe 60KOBbiX CTeHKH 1 H3I'OTOBneHHbie H3 HepmaBeiOilleH CTann TOnllli!

HOH 1 · MMj aaJJ.HSISI cTeHKa npencTaBnSieT. co6oil: MeJJ.HYIO nnacTHHKy1 oxnamnae

MYIO llpOTOtiHOH JJ.HCTHnnnpOB8HHOH BOJJ.OH, K 38JJ.Heil: CTeHKe Komyxa llpHKpen

nSieTCSI ljlpe3epOB8HHbiH UHnHHJJ.p 1 C llOMOillhiO. KOTOpox:o pa3pSIJJ.H8SI K8Mepa yc

T8HaBnHB8e'rCSI Ha BXOIJ.HOM ·lj:Jnauue (8), Bo lj:JnaHue HMeeTCSI JJ.Ba CKB03Hb!X ,_. . 

OTBepCTH.H1 trepe3 KOTOpbie B HOHI!blll HCTO'IHHK .BBOIJ.SITCSI BellleCTB8 1 llO]J.nema-.. -
mne paaneneunro. Hann'I!le.JJ.Byx cncTeM BBOJJ.a o6ecne'IHBaeT B03MomuocTh 

p83)leneHHSI Cp8BHHTenhHO KOpOTKO)KHBYillHX p8JJ.H08KTHBHbiX H30TOI10B1 6nai'OJJ.8-

pS! TOMY 1 'ITO KOpOTKO)KHBYillHH H30TOI1 MQ)KeT 6b!Th BBeJleH B HOHHblil: HCTO'IHHK1 

yme pa60T810IllllH Ha MapKHpy~IlleM BellleCTBe, CucTeMa BBOJJ.a COCTOlfT ll3 

)leplKaTenSI o6pa3UOB ( 9) 1 BaKyyMHOI'O llinl038 ( 10) If KB8pU9BOH Tpy6KH (11) 1 ~ .,.. 
no KOTopoli o6paaeu npoJlBHraeTC.H B ne'Ih ( 12) _En .H. j!Cnapeu_~.H., De'Ih Bbmon-

nena 11a rpaljluToBoro UHmfHJJ.pa H JJ.Byx Monn6neHOBbiX sKpaHoB. HarpeBaTenh 

lle'IH H3I'OTOBneH H3 BOnbljlpaMOBOH llpOBOnOKH 6 0 16 MM 1 nppXOJlSIIlleJi B K811Hn

nSipHbiX Tpy6KaX H3 OKHCH aniOMI-IHH.H., 

.UepmaTenh o6paauon npencTaBnSieT co6oil: Tpy6Ky 1!3 uepmaJ?eromefi CTflnH 

C BHyTpeHHHM 6 4 MM, Ha OJlHOM KOHUe Tpy6KH llpHBapeHa npymHHS!Ill8;SI U8HI'8 

H3. MOnH6JJ.eHa (13) 1 B KOTOpyiO BCTaBn.H.eTCSI 8Milyna (14) H3_ KBapua IWH 

npyroro MaTepHana c nemecTBOM, nonnemalllHM paaneneHHIO, ,Upyroil: KOHen 

Tpy6KH ( 15) llpHCOeJJ.HHSieTC.H. pe3HHOBbiM llin8HI'OM K ClfCTeMe HanycKa !'838, 

!13 STOll CHCTeMbl B HOHHbiH HCTO'Il!HK MOmeT 6biTh llO]J.aH n1:160 HHepTHblll 

I'83 KCeHOH 1 nu60 ~apb! C 0 
4 

JJ.n~ XnOp!ipOB8HII.H. TBepJJ.b!X o6pa3UOB BO BpeM.H. 

pa3]J.en9Hl!.H., KonH'I9CTBO !'838 HnH napa, llOCTyll~IOillei'O B HOH!lblll HCTO'IHHK 1 

perynupyeTC.H. HI'Onh'I8Tb!M BeHTIWeM, !1ronb'I8Tblll BeHTHnh CHa6meH sneKTpO

IlpHBOIJ.OMl 'ITO noaBonSieT perynuponaTh KonH'IeCTBO raaa c nynhTa ynpanne

HH.H. Macc-cenapaTopa, 

Co6paHHbiH Ha lj:Jnauue (8) HOHHblll I!CTO'IHHK BCTaBnSieTC.H. B BaKyyMHbiH 

KOX<yX ( 16), CuapymH BllnOTHYIO ,K CTeHK8M Komyxa ycTaHOBneuo .H.pMO M8I'

HHT8 HOHHOI'O, HCTO'IHHK8, .Un.H. yMellhW~HH.H. 3a3opa MemJJ.y 110niOC8MH BHYTPH 

. KOx<yxa yKpenneHbi cTanhHbie 6pycKH ( 17 n 18), cnymaiUHe npononmenneM 
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- MarHHTOilpOBO,lla, Ko)!(yX HOHHOrO. HCTO"'HHKa1 ·KOTOphlll HaXO,llHTCSI ilO.ll· Ha-• . 

npsr)!(eHHeM .llO 50 KB 1 ilpHCOe,llHHSieTCSI K OTCeKy sneKTpOHHOfi OilTHKH "'epe3 

. H30nSITOp ( 19) 1 H3rOTOBneHHhlfi H3 CHTana, . ) 

3KCTp8KUHSI l!OHHOrO ny"'Ka OCyiUeCTBnSieTC51 HOHHO-OilTH"'eCKOll Cl!CTeMOll1 

cocTosrmefi H3 .llBYX sneKTpO.llOB. H a sneKTpO.ll (20) 1 pacnono)!(eHHhifi nepe.ll 

~enbro l!OHHOrO l!CTO"'HHKa1 ilO,llaeTCSI Haqpsr)!(eHHe 1 BenH"'l!Ha KOTOporo MO)!(eT 

H3MeHSIThCSI oT 0 ao - 20 KB, BTopofi sneKTpO.ll (21) 3a3eMii~H. 06a sneKT

poaa yKpenneHhi ua nnacTHHKe1 KOTopasr MO)!(eT rrepeMeiUaThCH B Tpex uarrpa!3-

neunsrx OTHOCHTenbHO men!! HOHHOrO l!CTO"'HHKa, f1epeMeiUeUHe HOHHO-OilTH

"'eCKOll nHH3hl OCyiUeCTBnsreTCSI CHapy)!(l! 1 6e3 HapyiUeHHSI B8KyyMa 1 ilpl! ilOMO~ 

IUH MeXaHH3Ma (22). 

V.DpueMHoe ycrpoilcTBO 

C6op pa3,lleneHHhiX H30TonoB npoH3BO.llHTCSI Ha KonneKTOp npneMHOfi Ka

Mephi1 H3rOTOBneHHOll H3 Hep)!(aBeiomefi CTanH, 0T pa3,llenHTenh-!IOfi KaMepbl 

OH8 OT,lleneHa IUH6epOM 1 "'TO il03BOnSieT npOH3BO,llHTh CMeHy KoniieKTOpa 1 Ue 

Hapymasr BaKyyMa B OCUOBHOli CHCTeMe, Ha BepXHefi .H .llBYX 60KOBhiX CTOpO

HaX npHeMHOfi KaMephl l!MeiDTC51 OKHa H3 opraHH"'eCKOrO CTeKna1 "'epe3 KOTO

pb!e MO)!(HO BH3yanhHO Ha6niD.ll8Th cneKTp MaCC, 3a.llHSISI CTeHKa ilpHeMHOfi 

KaMephi c'heMHasr1 MO)!(eT nepeMeiUaThCSI no uanpaBnsrroiUHM, Ha uefi yKperrneH 

ilO,llBH)!(Hhlll CTOnHK 1 Ha KOTOpOM MOHTHpyeTCSI KOnneKTOp1 UHnHH.llph! 4>apa,lleSII 

nronh"'a Thie ::meKTpO.llhi cTa6HnH3Hpyromei:1o ycTpofiCTBa 1 cKauep, KonneKTop 

npeJicTaBnsreT co6ofi nnacTHHY II3 uep)!(aBeromefi CTanH 1 K KOTopofi paMKOfi 

npH)!(!IMaeTcsr !jlonhra. KonneKTop MO)!(HO nepeMeiUaTh B.llOnh ueuTpanhuoll: 

TpaeKTOpHII Ha :!:.40 MM OT cpeaJiero nonO)!(eHIISI~"r:iOBOpa"'l!B8Th OTHOCl!Tenh

Hci BepTHKanbHOll OCH B npe,llenaX 70° II OIIYCK8Th·· BHH3 38 38IUIITHhlll 9KpaH, 

Bee 9TH nepeMeiUeU!ISI MO)!(HO npO!IffiO,lll!Th KBK Bpy"'HY~ 1 TBK ll njJH ilOMOIUH 

sneKTpO.llBIIraTenefi 6e3 uapyweHIIH BaKyyMa ri npiieMHofi KaMepe. 

',.,- ,_"!· 
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VI . ·CHcTeMa aneKTpOIIHTaHHSI 

CncTeMa sneKTponnTaHHH Macc-cenapaTopa npe~cTaBnena B BH~e 6noK

cxeMhi. na puc. 6. 

nuTanne sneKTpuqecKnx uenefi Macc-cenapaTopa ocymecTBnHeTCH oT ~Byx 

MOTOp-reuepaTOpOB, 0~HH H3 HHX IJHTaeT CTa6nnH3HpOBaHHbiM TOKOM MarHHT 

anannaaTopa. CTa6nnnaaTop Tnna BT-4M no~~eplKHBaeT TOK B uenn narpy3KH 

C TOqHOCTh!O ~Q 0,03%, CTa6nnnaaunH IJHT8HHSI HOHHOrO HCToqHJIKa H HOHHO

OIJTnqecKofi cncTeM_hi ocymecTBnSieTCH no nepBnquofi uenH, ~ng qero npJI·Me-
• ;f;'~' 

HHeTcSI BTopofi MOTop-re~epaTop co cTa6nnnaa·ropoM, co6paHHhiM ua 6aae 

CTOfiKH. ET-4M, o6ecnettnBaJOlUHM cTa6nnnaaui-no HanpSIJKeHHSI c TOttHOCThlO 

~0 0,5%, B CHCTeMe nnTaHHSI HOHHOro HCTO'IHJIKa H HOHHO-OnTH'IeCKOfi CHCTe

Mbl npHMeHSIIOTCSI tteTbipe BbinpSIMUTenSI, c;:o6paHHbie no MOCTOBOfi CXeMe H8 

nonynpoao~HHKOBhiX aeHTHnSix Tnna BK-2, He'!H I H II narpeBaJOTCH nepeMeH

HhiM TOKOM, TaK KaK BeCh HOHHhdi HCTO'IHHK HaXO]lliTCSI non yCKO:(JSilOlUHM 

HanpSilKeHHeM (~o 50 KB) 1 TO HH3KOBOnhTHOe nJIT8HHe OCylUeCTBnSieTCSI C no

MOlUh!O pa3~enJITenhHbiX Tpauc¢opMaTOpOB, TI 0 STOll JKe npH'IHHe npH60pb!1 

BKnJO'I8HHbie BO BTOpnqHyiO Uef,lh 1 CMOHTHpOB8Hbl Ha OT~~nhHOM lUUTe, yKpen

neHHOM Ha naonSITopax na~ nynhTOM Macc-cenapaTopa, B nepBuquyro o6MOTKY 

paa~enHTenhHbiX TpaHC¢0pMa TOpOB BKniO'!eHbl Bapna TOJ?hl H~npSilKeHHSI THna 

PH0-50, pacnonoJKeHHbie B nynhTe Macc-cenapaTopa. C nx noMofuhJO npona

BO~HTCH perynHpOBK8 napaMeTpOB nnTaHHSI BCeX yanoB HOHHOrO HCToqHHK8 

. H lWHJ40-0iJTH'!eCKOfi CHCTeMbl, l1CTO'IHHKOM Bb!COKOrO uanpSilKeHHSI cnylKUT 

BhmpHMHTenh BC-50-50 UranpSilKeHne 50 KB npn TOKe 50 Ma), TiocnenyiOmaSI 

CTa6nnnaaunH c To~HOCT?IO 10-4 ocymecTBnSieTCSI c noMOlUhiO cTa6nnnaaTopa 

KOMIJeHCaUHOHHOrO Tnna C OTpHU8TenbHOfi o6paTHOfi CB5I3h!O, 0TpHU8TenhHOe 
, I ' ' • 

HanpSilKeHne Ha nepBblll sneKTpOJl .HOH!!O-OIJTH'!eCKOfi CHCTeMhl nonaeTCSI C Bbi-

npSIMHTenSI BC-20-10. ( nanpSilKeHne 20 KB ·npn. TOKe 10 Ma). Bennqnna nanpSI

_lKeHHSI TaKJKe perynupyeTCSI C nynhTa ynpaBneHHSI MaCc-cenapaTOpa, nng KOHT

pong c!JopMbi n nonoJKeHIIH nnnnfi Mace na KonneKTope ncnonhayeTcSI reuepaTop . . 
nunoo6paanoro HanpSilKeHHSI1 OCylUeCTBnHJOuiHfi MO~ynSIUHJO yCKOpSIIOIDero HanpH-

lKeHHSI, B peaynhTaTe MOJlynSIUHH HOHHblll nyttoK CK8HHpyeTC5I C '18CTOTOil 

"' 50 rU OTHOCHTenhHO menn lUHPIIHOll 1 MM B UHnHHJlpe cPapaJleSI, CneKTp 

Mace na6nro~aeTCSI ua sKpane ocuHnnorpac!Ja, BMOHTnpoaannoro B nynhT yn-
! 
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pasneHH.H Macc-cenapaTopa. ITpeJlyCMOTpeH KOHTpom, aa nono)KelineM ny'!Ka 

Ha KOnneKTOpe C IIOMOIUbiO' KOMIIeHC8UHOHHOii: CXeMbl, nnHH.H peiiepHOii M8CCbl 

OI'p8HH'IHBaeTC.H C JlBYX CTOpOH HI'()nb'I8Tb!MH aneKTpOJl8MH, B COOTBeTCTBHH 

c Bhi6paHHhiM cooTHOllleHneM noHHhiX ToKos, IIpiiXOJlsrmnxcsr Ha aneKTpOJlhi, 

aneKTpOHHa.H CXeMa aBTOMa TH'IeCKII H3MeH.HeT YCKOp.HIOIUee Haiip.H)KeHIIe, IIOJl-. 

nep)KHBa~ HeU3MeHHbiM IIOnO)KeHIIe IIOHHOI'O IIy'IKa, 

<YII. DpegBapHTenbHhie · pesynbTaTbi 

nnsr nccneJlOBSHH.H XapaKT.epHCTHK Macc-ceiiapaTopa B Ka'leCTBe pa60'Iei'O 

aemecTBa 6hin HCIIOnbacisaH· KCeHoH; Ha pnc.: 7 npeJlcTaaneHa ocunnnorpaMMa 

CIIeKTpa MSCC KCeHOHa, IIOny'IeHHOI'O Ha OIIIICbi~aeMoii ycTaHOBKe,. PaapeiUa

:IOUB.H .CIIOCo6~0CTb, K8K BHJlHO ·II~ piiCYHKa, He MeHee 900: o!jlljleKTIIBHOC.Tq 

p83JleneHH.H KCeHOHa "' 5%. ::l!jl!jleKTHBHOCTb pa3JleneHH.H HeOJlHMa KOne6neTC.H OT 

0,6 JlO 2% •. 

C IIOMOIUblO 30HJlOB, paCIIOnO)KeHHb!X IIepeJl BXOJlOM. B M8I'HIITHb!H aHa

nH38TOp, IIpOH3BOJlHnOCb II3MepeHHe paCXOJlHMOCTII IIOHHOI'O IIy'IKa B BepTII

KanbHOii: II I'OpH30HTanbHOii: nnoCKOCT.HX, ITpii II3MepeHII.HX cneunanb.!IbiX Mep 

IIO IIOJla.BneHHIO BTOpH'IHbiX aneKTpOHOB He IIpiiHIIManOCb, THIIII'!Hb!e KpiiBbl9 

ropH30HTanbHoii: pacXOJlHMOCTH IIpiiBeJleHbi Ha piic, 8. KaK BHJlHO II3 piicyHKa, 

I'_OpH30HTanbHa.H paCXOJliiMOCTb HOHHOI'O IIY'!Ka Cyll!eCTBeHHO MeH.HeTC.H C H3-

ME\H9HHeM paCCTO.H~Ii.H • d M9)KJly IUenbiO .HOHHOI'O HCTO'IHIIKa H nHH30:ij, fiOJl06-

HOe )Ke H3MeHeHHe ropH30HTanbHoii: pacx6JliiMOCTII Ha6niOJlaeTcsr H IIPII H3Me-
; . 

HeHIIII aenii'IIIHhi ToKa HOHOB I+ , BhiTSil"IIBaeMhiX II3 IIOHHoro IICTO'IHHKa, 

· pH:c, 9. l13MeH.HSI napaMeTpbi d II I+·, MO~Ho MeH.HTb yrnoByiO pacxOJlH-

MOCTb IIY'IKa B I'OpH~OHTanbHOii IInOCKOCTH B lliHPOKHX IIpeJlenax H IIOAJlep)KHB8Tb 

'ee Mel!bllle. 6°, <iTo1 corna~ird pac'!eTy, Heo6xoJlHMo Jln.H xopoll!eii <iJoKycnpoBKH. 

KpoMe ·Toro, aTH KPHBbie noaaonstiOT Bhi6paTb ycnoBHSI BhiBOJla IIY'IKa H pe)KIIM 

p~6oTbC-HOHHol'o IICTO'IHIIKa. · HeaHa'IIITenbHoe Bnii.HHIIe Ha ropii30HTanbHYIO 

pacXOJlHMOCTb IIy'IKa OK83b!B89T <iJoKyCIIpyiOll!ee Ha1Ip.H)K9HIIe, 'KaK BIIJlHO J:13 

pnc. 10, c yae~n'leHIIeM U.p pacXOJliiMOC::Tb · yMeHblllaeTC.H, Heo6XOJlHMoe pac

npeJleneHHe IIOI!HOI'O IIy'IKa B BepTIIKanbHOii: IInOCKOCTII 6binO nony'IeHO IIOCne 

ycTaHOBKH nsyx ropH30HTanbHbiX nnacTIIH Bbiille 11 HHlKe BbiXOJll!oii ll!enn. KpnBa.H, 

XapaKT9pH3yiOIU8Sl paCIIpe)leneHne IIOHHOI'O IIy'IKa B BepTHKanbHOii IInOCKOCTII, 

npnBeJleHa Ha pnc. 11. ! 
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Puc. 7. CrreKTp Mace KCeHoHa. 

Ha'laTo paaneneHHe pannoaKTHBHbiX naoTorros, Bbmn BbiAeneHbi MOHo

li30TOIIbi · Tep61i511 Ilpa3eOAHMa, All:CIIp031i511 H90AliMa 1i naHTaHa, Tio ll:HTeHCHB

HbiM nHHii.IIM y -crreKTpOB HSOTOIIOB ycTaHOBneH0 1 'ITO IlpliM9Cb COC9AHe:ii: 

M:ICCbi He rrpeBbiiiiaeT 3%. Ha pnc. 12 rrpaBeneHbi y'laCTKH crreKTpos I'aMMa-

nyqeli paaneneHIIbiX naoTorros 151Th, n 152Th 

B 38Kn!O'Ieiine Mbl IIOnbayeMC.II cnyqaeM Bblp831l:Tb 1Ip!i3Ha TenbHOCTb qneny

KOppeCIIOHA9HTY. AH CCCP B.TI • .n>Kenerrosy,. npo¢eccopy K.8.AneKcannepy 

· li AOKTopy lPll31iKO-MaTeMaTHtleCKHX HayK K • .H.fpOMOBY aa IIOCTO.IIHHbiH HHTepec 

H rronnep>KKy rrpH coanaiiHH Macc-cerrapaTopa. 

Mbl 6nar-onapHbl COTpyAHHKaM na6opaTOpllll .SIAepHblX peaKUHH, B03I'naB

nSieMoil: aKaneMHKOM f.H .cl>nepOBbiM, ,H ;11. TapaHTHIIy, B.A. '-lyr-peesy, IO.A.,llb.SI-. 
. ' . . 

'IHXHIIy, A.B • .neMb.SIIIosy, A.TI. Ka6a'le.ll:Ko, B.B.Kopa6nnHosy, H.C.I1saHosy n 
. I 

O.TI,noi'HHOBy. ·38 KOHCynbTSUllli li' norie3Hbl9 COB9Tbl, 
/ 
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Puc, 8, 3aB!1CHMOCTb pacxonHMOCTH HOHHOJ:'O rry'IK8 B J:'O

pll30HTanbHOfi·rrnoCKOCTH OT paCCTOHHHH Me~ny 
rrnocKOCTbJO BbiXonHofi menu u nuHaofi(.1 - rrpn 
d = 25· 2 - rrpu d = 30· 3 - rrpn a = 35· 
4 - rrpa
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1 
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PHC. 9. 3aBHCHMOCTI>. paCXOAHMOCTH HOHHOI'O ny'IKB B I'O

pH30HTani>HOll ITnOCKOCTH OT CHnbi TOK8 HOHOB 1 Bbi

TSII'HBaeMbiX H3 HOHHOI'O. HCTO'IHHKa. 1 - ~pH. 
I+= 0,3; 2 - npn I+= 1,6; 3 - npn I+= 3,0 MKa. 

) 

18 
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'28 ·t 

Pnc. 10. 3aBHCHMOCTI> paCXOAHMOCTH HOHHOI'O ny'IKB B I'O

pH30HT8nbHOll nnOCKOCTH OT BeiTH'IIIHbl ljloKyCHpyiO

lUei'O aanpSIJKeHnSI. 1 - npn l.J.4J= 2,5 KBj 2 - npn 

Uljl = 7,5 KBj 3 - npn U.ljl = 10 KBo 

19 



J 
12 

10 

8 

6 

4 

2 

0 
7 

- e 8 9 10 11 12 13 14 

P11c. 1.1. Pacxo.nHMocTb IIOHHoro 'ny'IKa B: aepTHKanbHoi!: 
nnOCKOCTHo 

) 

20 

1,,_ 

10 

103 

102 

200 

tb152 

rn· 
0 

Tbtst 

300 

-d ao 

N 
Q) 

co 
co" 
0 
N 

400 

. 
"!. 
Ui 
N 

N 

c::: 
N 

.N 

" ao 
N 

Ln 
&.n" -M 

soo 

..., 

...,..., 
M 

N ..., 
M-

co 
co 
M 

N 
&.n" 
Q) 
M 

~, 

I n 

. 1511b 152 1b Psc. 12. Y'laCTKH cneKTpOB raMMa-ny'leA H • 

21 

N -::::; 

M ..., 
Ln ..., • 
N 

I ~~ 
I 

600 



ABTOpbi 6naro.rtapHb1 B,f,l.JyMHHy, H,A,fle6e.rteBy, X,T&Ippo!l>$y,B.M.Uyn-., 
Ko..;CHTHHKOBy,. n,lllomeBy, H.l1.cPponoBy H B.KopHeeBy sa COB9Tbl H noMO!Ub . ,. 
B pa6oTe, 

M&I 6naro.rtapH&I BCeM coTpy.rtHHKaM SMM, pyKOBO.rtHMbiM K.A.Baitqe

poM, npHHHM8BiliHM y'laCTHe B H3I'OTOBneHHH M9X8HH'I9CKHX ysnoB M8CC-cena

paTopa, Oco6eHHO npusHaTenbHhi M&I B.TI.ToKapcKoMy, B.BnacoB~ H H.l1.Ce

MeHoBy, 

ABTOp&I npHHOCSIT 6narc;>.rtapHOCTb Ha'lanhHHKy STO A.l1.CMHPHOBY H coT

p~.rtHHKaM aToro oT.rtena B,l1,CMupHoBy, B.B,AxMaHoBy, <P,E.fyrHHHy, B,B.Ller

·TsrpeBy, H.B.LlerTsrpeBy, H.IT,l.JucTSIKOBY H B.cP.MHUHHY sa paapa60TKY1 MOHTalK 
' 

H Hana.rtKY CHCT9Mbl aneKTp0llHT8HHSl MaCC-CenapaTopa, 

Mbl' 6naro,t:tapHbl B.Ll.ITnylKHHKOBy, B.A.BhiCTpOBy, r.l1nHeBy H B.C.fop-

6a'leBy 38 Bb!llOnHeHHe M9X8HH'I9CKHX pa60T llpH COOpylKeHHH M8CC-cenapaTopa, 
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