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BB 12.D.EH Yl E 

CTpeM.1eHHe HMeTb MOLUHble nOTOKH pem!THBHCTCKHX aneKTpOHOB .lln!l HCcne,llo

B8HHll B pa3nH"'HbJX o6naCTSIX Sl,llepHOJI cPH3HKII np11aeno K C03.ll8HIIIO B LUeCTII.lleCSI-

/ 1 2 3/ 
TbiX rOll8X ni!Hel!HbiX HHllYKUIIOHHbiX ycKOpi!Tenell ' ' , CTOHMOCTb COOpy>KeHHSI 

II 9KCnny8T8UIIH nHHel!HOrO I!HllyKUHOHHOrO yCKOpi!Teng B 3H8"111TenbHOJI CTeneHH 38-

BHCIIT OT p8,lli!SnbHbiX p83MepOB IIH.llYKTOpOB. 8 CBSI311 C 9THM uenecoo6p83HO Or

K838TbCSI OT B8KyyMHOJI Tpy6KH II BblnOnHI!Tb HH.llyKTOpbl B BH,lle BSKyyMHO-nnOTHbiX 

aneMeHTOB, KOTOpble ynnoTHSIIOTCSI Me>KllY C060JI C UOMOLUbiO pe3HHOBblX npoKn8.llOK, 

6narOll8pS1 qeMy C03ll8eTCSI repMeTH"'HSSI nonOCTb, B KOTOpOJI MO>KeT 6b1Tb ocy-

/3/ 
LUeCTBneHO He06XOllHMOe ,llnSI CyLUeCTBOBSHIISI ny"'K8 pa3pe>KeHHe , nplf C03,llS-

HHH IIHllYKTOpOB B BH.lle BSKyyMHo- ·nnOTHbiX aneMeHTOB B yCTSHOBKe nYJY-3000 HC

nonb3yeTCSI 9nOKCH.llHblll KOMUSyH.ll, 

On&ITS C03ll8HHSI H aKcnnyaTSUHH cacTeMbl, HMeiOLUell pa3aeTaneHHble noaepx

HOCTH H3 9UOKCIIllliOI'O KOMnayH.llS, He 6&lnO, H n09TOMY npoeKTHpOB8HHIO yCKOpH

TenH nYJY-3000 conyTCTBOBSno 9KcnepHMeHT8nbHoe H3y"'eHHe TSKOll CHCTeMbl K8K 

C uenbiO 0Tp860TKIJ TeXHOnorHH H3rOTOBneHHSI HHllYKTOpOB, TSK H C uenbiO onpe,lle

neHH!I HCXOllHblX llSHHbiX llnSI p8C"'QT8 B8KyyMHOJI CHCTeMbl H Bbi!ICHeHH!I eQ 9KCUny-

8T8UHOHHblX X8p8KTepHCTHK, 

Yl3y"'eHHIO nonne>Kana cnenyiOLUIJe aonpocbl: 

1. Hane>KHOCTb O.llHoapeMeHHoro ynnoTHeHHSI MHorax CTbiKOB no noaepxHo-

CTH anOKCH.llHOrO KOMnayH.llS, o6pa60TBHHOll B ycnOBH!IX MSCCOBOrO H3rOTOBneHH!I 

HH.llyKTOpOB, 

2, BenH"'HHB necop6UHH C noaepxHOCTH HH.llYKTOp8, o6ycnoaneHH8SI KSK CSMHMH 

MSTepl!anaMH, H3 KOTOpbiX BblnOnHeH HH.llyKTOp, .TSK H TeXHOnoraqeCKHM UpOUeCCOM 

o6pa60TKIJ noaepXHOCTell HHllYKTOpa, npH KOTOpOM OHII MOrn!! nO.llBepraTbCSI B03-

,llel!CTBIIIO MBCna, 9MynbCIIII, anarH H T,,ll, 
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J. 3KCIIJJy8T8U~OHHbi9 xapaKT9p11CT~K~ YCKOp!HOlllell CeKUHH ( BpeMll OTKB'!KH, 

npe,ll9JibHOe ll8BJ19HHe' H CI19KTp8!1bHblll COCTBB 0CT8TO'IHblX raaos), 

4. 8JIHliHHe YCKOpll10lll9ll CHCT9Mbl H8 3MHCCHOHHyiO CIIOC06HOCTb GJieKTpoHHOl! 

rrywKH ycKOp~T9Jill, 

5. nose.neH~e C~CT9Mbl IIp~ IIpOXO)K,lleH~H '!epea Hee CHJibHOTO'IHOI"O ny'IKB 

aJieKTpOHOB ( p83JIQ)K9HH9 KOMI18YH.ll8 II Oil ,llel!CTBH9M H3JlY'I9HHll H paCCel!HHOI"O 

ny'IK8 ~ H3M9HeHHe B CBli3H C 3THM 11p91l9JibHOI"O ll8BJ19HHll H COCT8B8 OCTBTO'IHblX 

raaos). 

Bee nepe'!HcneHHbie sorrpocbi MO)KHO paa6HTb na .nse rpyrrrr&J, K nepsolt OTHo

CliTCll BOIIpOCbl, KOTOpbi9 Heo6XOAHMO H3Y'IHTb npH OTp860TKe KOHCTPYKllHH H Tax"" 

HOJIOI"HH H31"0TOBJ19HHR HHilyKTOpOB C U9Jibl0 ll0CTH)K9HHR B03M0)KH0 JIY'IWHX BSKy

Y!'!HbiX xapaKTepHCTHK, Ko BTOpOit rpynne OTHOCSITCR BOnpOCbl 1 CBSI38HHb16 C B38HMo

.nel!CTBH9M ny'!KS 3J19KTpOHOB C yCKOpRIOlllelt CHCT9MOft, 

Ha OCHOBSHHH 3TOI"O nep88R rpynna BOnpOCOB (HS,ll9)KH0CTb ynJIOTH9HHit 1 Ha

T9K8HKe H COCTBB OCTSTO'IHbiX 1"8308 1 npe,ll9JibH09 ll8BJ19HH9 1 Bp9MR OTKS'I KK) H3y'

'18JI8Cb Ha cneUH8JibHbiX CT9HA8X B npouecce 0Tpa60TKH KOHCTpyKUHK H T9XHOJIOI"KH 

~3f'OTOBJ19HKR KHilYKTOpOB, BTopaR )K9 rpynna sonpOCOB (BJIKSIHHe ycKOpRIOWelt CHc

T9Mbl Ha 3MKCCHOHHYIO CIIOC06HOCTb nyWKH 1 nOB91l9HH6 CKCT9Mbl npK npOXO)K,ll9HKK 

qepea Hee ny'!Ka 3J19KTpOHOB 1 3KCnnyaT8UKOHHb16 xapaKTepHCTKKK) H3Y'I8J18Cb B npo

uecce H8J18,llKK nepBbiX C6KUKit YCKOpKT9JISI, 

2.METO,lU1KA 11CnbiTAHI1.H 

11ay'leHKe .necop6UHK C onbiTHOf'O KHilyKTOpa K 06p83UOB OCylll9CTBJIRJIOCb 

nyTeM K3MepeHKR CT8TH'I9CKOf'O H8TeK8HHR K Macc-cneKTpOM6TpH'I9CKOI"O f"83o-

8H8JIK38 B ,llHH8MH'I6CKOM pe)KHMe B o6'beMe1 C09AHH9HHOM C KCCJ191lY6MbiMH 

06'beKT8MK ( HHilyKTOp HJIH o6p83Ubl), BaKyyMH8R CKCTeMa 3KCnepKM9HT8JibHOf'O 

CT9H,ll8 nOK838H8 H8 pKC, 1. HaJIH'!He WK6epa (2) H B6HTHJ!elt (5) H ( 14) n03BO

JIHJIO 6biCTpO nepeXOilHTb OT O,llHOI"O K .npyi"OMY K3 yK838HHblX BbiW9 pe)KHMOBo 

KoHcTpyKUHll onbiTHoro HHAYKTopa npHse.neHa Ha pHc, 2. B KHAYKTOpe npHMeHeH 

3110KCH,llHbllt KOMII&yHil H8 OCHOBe CMOJ!bl 3Ll-6 C T8JibKOM H THOKOJIOM B 

K8'19CTBe HanonHKTeJielt H M8J19KHOBbiM 8HI"HilpKAOM B K8'19CTBe OTB9pllHT9Jill, 3TOT 

KOMnayH.n Bbi6paH IIOCJ19 npe.nsapHT9JibHOI"O HCIIbiTSHHR H8 f'8300Til9J19HH9 pR.ll8 KOMnayH-
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.aos no HaHMSHbwelt senH'IHHe raaooT.aeneHHR• ManeHHOBbllt aHru.npH.a HMeeT 

CTPYKTypHyiO ttJopMyny 

CH 3 -CO 

> 0 

CH 3 -CO 

06J18,/l89T MHHKMaJibHOll 3HeprHell CBR3H MOJ19KYJI!IpHb1X rpynn K p8JlKKaJIOB H cny

)KKT OCHOBHbiM nOT9HUK8Jibl!biM KCTO'IHHKOM aarpR3H9HHit BSKYYMHOII CIICT9Mbl, no

CKOJibKY BepORTHblMH npK'IHHSMH 06HJibHOf'O ra30Bbl.ll9J19HH!1 HH.IlYKTOpa MOf'YT 6b1Tb 

cop6HpOBaHHb19 nOBSpXHOCTbiO napbl BO.Ilbl H Macen,conpHKOCHOBSHKe C KOTOpbiMK 

HeHa6e)KH0 B npouecce H3f'OTOBJ19HH!I H TpaHcnopTHpOBKH HHJlYKTOp81 TO npe.llCTBBJIR

JIOCb uenecoo6paaHbiM Haps.ay c Hay'!eHHeM .aecop6UHH c caMoro HH.ayKTopa Hccne

.aosaTb B aHaJIUf'H'tHbiX YCJIOI:lHRX f'a30BL:ueneHHe C KOHTpO!IbHOf'O 06paaua, H3f'OTOB-

J19HH0f'O H3 TOf'O )K6 KOMnayHJl8, 

TaKHM nyTeM MO)KHO Bbi!IBHTb CI19UH¢HKY .aecop6UHH C HHJlYKTOpa, onpe.aeJIHTb 

,llOI10JIHHT9JibHb19 HCTO'IHHKH 38f'pR3H9HHit H npHHKTb HS06XOJlHMb19 M9pbl JlJIR MaKCH

M8JibHOf'O COBepweHCTBOBaHHK KOHCTpyKUHH H TE!OIOJ!Of'HH H3f'OTOBJ16HHK HH.IlYKTOpa, 

Llns CHH)K9HHK .aecop6UHOHH0f'O ttJoHa C lt089pXHOCTell B8KyyMHOf'O TpBKTa CTeH• 

.aa BCK CKCTeMa OTKS'IKH KOHTpOJibHOf'O 06'beMa' (15), no CX9Me pHC,1 OT 86HTHJIK 

( 5) snpaso, 6blna sblnonHeHa Ha MeTa nnH'!eCKHX ynnoTHeHHRX H Morna nporpesaTb

cs AO 450°C C nOMOWbiO npOBOJIO'IHOf'O 3J19KTpOHarpesaTSJill, i13M9pHT9.llbHblll 6JIOK 

(6) nporpesancs aT.aenbHbiM HarpesaTeneM, 

Onpe.aeneHHe Macc-cneKTpa npoHaso.aHnocb raaoaHanHTH'!ecKH~ npB6opoM THna 

MCX -3 ( 'XpoHOTpoH' ). raaoaHanHaaTop aToro THna ssnseTCK .aHHBMH'IeCKHM spe

MsnponeTHbiM M8CC-CI19KTpOM9TpOM 1B KOTOpOM paa.aeneHHe crycTK8 MOH03H9pi"H'IHbiX 

STOMOB 110 MaccaM npOHCXOJlHT BCJ19JlCTBHe pa3JIH'IHK HX CKOpOCTelt B J!Hlll9HHOM 

3J19KTpH'I9CKKX H MBrHHTHbiX IIOJ!elt 11pOCTpaHCTB9 .apeltttJa Jl8T'IHK8 '7) • i1HJlHKa

TOpHOe ycTpOIICTBO 11pH6apa Bb1110JIH9HO H8 3J19KTpOHHO -ny'!eBOll Tpy6Ke. 

0CHOBHb19 xapaKTSpHCTHKK 11pH6opa: JlK811830H 

paapewaiOwaR cnoco6HocTb - 20; pa6o11ee .aasneHHe B 

-9 
1x10 TOp 

Mace - 1-200 a.e.M;, 

-4 
Jl8T'IHK9 - 1 X 10 -

rpa.ayHpOBK8 lllKaJibl Macc-crreKTpOM9Tpa 11pOBOJlHJ18Cb C IIOMOWbiO npo6Hb1X 

ra30B ( BO.Ilopo.aa, f'9JIHK 1 830T8 1 apraHa) H HOHH38UHOHHOf'O BaKyyMM9Tp8 811T-1. 

npo6Hbllt raa H811YCK8J!Cll '19p93 H8T9KaT9Jib ( 12) - IIpH OTKpbiTOM B9HTHJ19 ( 14) -

B 1tOHTp0JibHbllt 06'beM JlO Jl8BJ19HKR H8 IIOpKJlOK Bb1W9 HCXOJlHOf'0 1 'ITO n03B,OJIKJIO 
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npeHe6pe'lb raaOBbiM cpoHOM B Jl8T"'HKe, BepTHK811bHbll MSCWTS6 WK8/Ibl 1 T.e. Mac

WT86 Jl8B/19HHI, yC~8H8B/IHB8/ICH llO BbiCOTe TOK8 npo6Horo raaa HS SKp8H9 3/IeK~ 

pOHHo-nyqeaoll Tpy6KH H Jl8B/19HHIO B 06'baMe, onpe.aenH9MOMy no MSHOM9TpH'19C

KOI naMne fiM-2. 

BceM H3MepeHHHM npe.aweCTBOBS/18 B8KyyMH8H TpeHHpOBKa HCnbiTbiB89MblX 

aneMeHTOB H KOHTpOIIbHOrO 06'beM8 CO CHHTHeM CneKTp8 0CT8T0'1Hb1X r830B OTTpe

HHpOB8HHOrO KOHTpOIIbHOro 06'beMa, KpoMe TOrO, nepe.a HCC/19JlOB8HHeM M8cc

cneKTp8 KOHTponbHoro o5paaua Jl/IH onpe.aeneHHH raaoa, nona.aa10wax 8 KOHTponb

Hblll o6'beM H3 STMoccpepbl aMecTe c o6paauoM npa ero aarpyaKe, 6blna npoae.aeaa 

C'b~MK8 cneKTp8 B KOHTpOIIbHOM 06'b~Me nocne Kp8TKOBpeM9HHOr'O OTXpblTHH H8TeKa

T9/Ia ( 12), HMHTUpyiOWero BDO.Il otipaaua. 

HaMepeHHe H8T9K8HHH H nepena.aa Jl8B/19HHH H8 C9KUHH, COCT8B/19HHOI H3 9 

onbiTHblX HHnyKTOpOB, npoaonHIIOCb H8 CTeHne, llOK838HHOM H8 pHC, 3, 

B STOM cnyqae nocne npoaepKH ceKUHH Ha repMeTH'IHOCTb renaeabiM Teqe

HCKaTeneM nTH-6 M9TOnOM o6nyaa H ycTp8H9HHH o6HapymeHHblX HennoTHOCTel 

ocymecTB/Ili/Iacb aaKyyMHall TpeHHpoaKa ceKuHH aaKyyMHbiM arperaToM BA-05-1, 

B npouecce KOTOpoll peracTpHpoaanocb npenenbBoe paapemeHHe, HaTeKSHHe H ne

penan naaneHHll no ceKuHH, nepe.a noncoe.aaaeaaeM ceKuHH K arperaTy BA-05-1 

HaMepllnocb npenenbHoe paapemeHHe aacoca H HaTeKSHHe a KonnaK H a npacoe

nHHHTenbHbll naTpy60K B 38BHCHMOCTH OT npononmHT9/IbHOCTH BSKyyMHOl! TpeHH

pOBKH1 8 TSKme 6biCTpOT8 OTKS'IKH H8 BXOnHOM cpii8HU9 H8COC8 B pa60'I9M naana-

aoae naaneHHI, 

no no.ao6HOl! me cxeMe H3MepHIIHCb YK838HHb19 napaMeTpbl C9KUHI OCHOBHbiX 

HHnyKTOpOB, B KOTOpble 6bi/IH BH9C9Hbl KOHCTpyKTHBHble H3M9H9HHll H8 OCHOB9 naH;.. 

HblX HCnbiTSHHll OnbiTHbiX HHnyKTOpOa, 

KaK yme yKaablaanocb Bbiwe, aayqeaae aTopol rpynnbl aonpocoa npoaaao

nanocb H8 yCKOpHTene B nepaon aanycKa nepabiX C9KUHI, BaKyyMH8ll CHCT9M8 

ycTSHOBKH noKaaaaa aa pac, 4. B KaqecTae Macc-cneKTpoMeTpH'IecKoro aaana

aaTopa a aToM cnyqae acnonb3oaancll npa6op Hn.llo-1 c oMeraTpOHHbiM na~ 

'IHKOM PM0-4C, 3TOT npa6op a OT/IH'IHe OT 'XpoHoTpoaa' o6nanaeT 6onbwel 

CT86H/IbHOCTbiO 'IYBCTBHT9/IbHOCTH H, KpOMe TOro, no3BU/Iii9T ts9CTH aanHCb cneK

Tpa OCTSTO'IHblX raaoa c noMOll.lbiO caMonacua. Paa.aeneaae no MaccaM npoacxo-

nHT 38 C'I~T BblneneHHll H perHCTp8UHH TeX HOHOB OCT8TO'IHOrO raaa, UHK/IO-

TpOHH8ll '18CTOT8 KOTOpbiX COOTB9TCTByeT '18CTOT9 HanpllmeHHll, npHK/18nbiB89MOrO 
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K 9/19KTponaM naT'IHK8, npa6op HM99T cnenyiOll.lHe OCHOBHble xapaKTepHCTHKH: 

naanaaoH peracTpupyeMbiX Mace 

paapewa!Oll.l8ll cnoco6HOCTb 

pa5oqee naaneHHe a naT'IHKe 

2 - 100 a.e.M., 

2o, 
-5 -10 

1x10 ~ 3x10 TOp 

B npouecce pa6oTbl Ha ycTaHoaKe npoaonanacb perHCTpauHll HaTeKaHHll, npe

nenbHoro naaneHHll a HHmeKTope H a ycKopliiOll.lel cHcTeMe c npoaeneaaeM cneKT

panbHoro aHanaaa ocTaTO'IHoro raaa. HaMepeHHll npoaonanHcb npa aaKpbiTOM a oT

KpbiTOM WU5epe ( 7), npH BK/IIO'IeHHOM U Bb1K/110'19HHOM HaKane 9/IeKTpOHHOi! nyWKH, 

npH H8/IH'IHH H OTCYTCTBUH yCKOpll10ll.l9rO nO/Ill B CHCTeMe, npH npoxomneHHH qepea 

CHCTeMy YCKOpeHH·orO H HeyCKOpeHHOrO nyqKa 9/IeKTpOHOB, npH acex H3MepeHHliX 

c noMoll.lbiO Macc-cneKTpoMeTpoa MCX-3 H Hn.ll0-1 He Y'IUTbiBanacb aaaHCHMOCTb 

HX 'IYBCTBHTe/IbHOCTH OT pona raaa, T,K, C9/19KTHBHOCTb MaHoMeTpH'IeCKOI /18Mnbl 

fiM-2, HCfl0/Ib3yeMOI JlJill HaMepeHHll Jl8B/IeHHll B aaKyyMHbiX CHCTeMax, HMeeT npH

MepHO '!"IIKOI me JC<tpaKTep, KpoMe TOrO, OTHOW9HUe 'IYBCTBHTe/IbHOCTH nnll 6onb

WHHCTB8 KOMllOHeHT raaOBOI CM9CH K 'IYBCTBUTe/IbHOCTH nnll 830T8 MallO OT/IH'IS

eTCll OT enHHHUbl H y'I~T qyacTBHTenbHOCTH npuaonHT K HeaHa'IHT9/IbHbiM nnll aa-

KYYMHOl! TeXHHKH nonpaaKSM. 

3. PE3YflbTATbl 3KCnEPHMEHTAflbHbiX HCCfiE.llOBAHHH 

OnbiTHbiX HH.llYKTOPOB 

BaKYYMH8ll TpeHHpOBK8 HHnyKTOpa H8 CTeHne npoaonanaCb B xononHoM COCTO

liHUH H npH nporpeae no TeMnepaTypbl 80°C ropll'lel aonol, nonaaaeMol a cHcTe

MY oxnamneHHll HHnyKTOpa, npH aaKpbiTOM aeHTHne {5). TpeHHpoaKa npH KOMHa~ 

Hoi! TeMnepaType npononmanacb qeTblpe nHll no wecTb qacoa emenHeBHO. .llHHSMji

Ka oTKS'IKH noKaaaHa a a puc. 5 {a H 6). · nocnenyiOlllHA nporpea aHnyKTopa a Te-
-6 

qeHHe nayx nHeA no mecTb qacoa npaaen K pocTy naaneHHll a HeM c 8 •10 TOP 

-4 no 2 10 TOp , nocne oxnamneHHll H TpeHHpOBKH B Te'leHH9 nHTH 'JaCOB npH KOM-
-5 

HSTHOl! TeMnepaType naaneHHe B HHnyKTOpe llOHH3H/IOCb no 1 ,2• 10 TOP • .llHHSMH_, 

K8 nocnenyiOll.leA TpeHHpOBKH HHnyKTOpa npH KOMHaTHOA TeMnepaType B Te'leHHe 

llliTH nHeA TaKme noK83aH8 Ha puc. 5 (a H 6). 8aKyyMH8ll TpeHHpOBK8 KOHTpOIIb-

Horo o5'beMa npoaonHnacb npH nporpeae no 450°C C OTK8'1K011 napopTJTHbiM Ha-

cocoM PH-31 npH aaKpbiTOM aeHTKne(5) H oxna>KneHHH noaywKH. nocne TpeHupoa-
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KH aaeneaHe B KOHTponbHOM o6~eMe CTano 2•10- Top • ~acc-cneKTP oTTpeHHpo-

eaaaoro KOHTponbHOJ'O o6~eMa npaeeaea B Ta6n, 1. 

8 Ta6n. 2 H 3 aaHbl cneKTpbl M8CC 8 KOHTpOnbHOM o6~eMe npH OTKpb!TOM BeH

THne (5), COOTB6TCTByiOIUHe rasoaaanHsy aecop6UHOHHblX noTOKOB c HHayKTOpa. 

npu'!eM B Ta6n. 2 aaa cneKTp, nonyqeHHblA npa saKpblTOM wa6epe napoMacnllaoro 

arperaTa, B Ta6naue 3 - npH OTKPblTOM wa6epe. 

Ta6naua I 

KOMIIOHeHTa MacOQ., II aprtHaJI:&Hoe O'l'HOCHTeJI:oaoe 
ra3oBoA cuecH a.e. u. ~aBJJeHHe P ~ .. COltep&aHHe,% 

op x ro7 

H2 2 0, 2I !0,5 

OH I7 O,I4 7,0 

H20 I8 0,45 22,5 

~+CO 28 0,45 2!,5 

- 42 0,23 II,O 

C02 44 0,!9 9,5 

- 54 0,!8 9,0 

- 64 0,09 4,5 

- 72 0,09 4, 5 

Cyuuapaoe ltaBneaue P = 2.ro-7 Top 
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Ta6naua 2 

KowoaeaTa Macca., II apuHaJI:&B oe 0THOCHTeJI:&HOe 
ra3oBoA cuecH a.e.M. ll,aBJieHHe P;;.. C Oltep2KaHHe, Ok 

Topp X I07 

OH !7 2y62 ·r7 ,5 
H~ I8 7,70 5!,5 

.#2 +CO 28 2,60 I7 ,0 

02 32 0,45 3,0 

- 42 0,45 3,0 

C02 44 I,I7 8,0 

Cyuuapaoe ltaBJieHHe P e: I, 5. IO" Top 

Ta6naua 3 

KOMIIOHeHTa Mace , IIapuuaJI:&aoe 0THOCHTeJI:&HOe 
ra3oBoA ouecH a.e.u. ltaBJJeHHe pi, . COltepaaaue,% 

Top x ro7 

OH !7 !,95 !9,5 

H20 !8 5,75 57,5 

~+CO 28 !,26 !2,6 

- 42 0,46 4,6 

C02 44 0,58 5,8 
---

Cyuuapaoe ltaBJieHHe p c::' I. ro-6 TOP 

C uenb~ onpeaencHHll BnHliHHll KOHCTpyKUHH H T9XHOnOrHH H3rOTOBneHH~ HH

ayKTOpa H8 H8T9K8HH9 C ero noeepxHOCTeA 6bln8 H3y'leH8 aecop6UHll C KOHTpOnb

HblX o6p43UOB
1 

BbJnOnHeHHblX H3 TOrO )1{9 KOMnayaaa, KOTOpb!ll 6bin HCnOnb30B8H 

npH H3rOTOBn9HHH HHayKTOpOB, C uenb~ npoeepHTb B03MO)KHOCTb Bb!COKOT9Mne

paTypaoll eaKyyMHoll TpeaupoBKH 6blnH uccneaoeaH&I aea oaaaaKOBblX o6pasua 
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II 

3 
( pa3M9p 74 X 53 X 9 MM ), O.llHH H3 KOTOPbiX llO.llB9prancsr 2-qaCOBOII TpeHHpOBK9 

B B8KyyMe DpH TeMilepaType 200°C, nepe.o H3MepeHHSIMH KOHTpOilbHblll o6'beM aa

HOBO OTTpeHHpOBbiB811CSI llpH DpOrpese .00 450°C •. npe.oellbHOe .ll8BileHHe COCT8BH110 

-7 
1,6 •1 0 TOp , H a pHC, 6a BOC11poH3Be.OeHa KpHB8SI OTK8'1KH HllH HMHT811HH BBO.ll8 

-7 -8 
o6paaua. npe.oenbHOe . .oasneHHe 2,8 ·10 TOp • H8TeK8HHe 1 ·10 llTOp • CneKTP 

ocTaTO'!Horo raaa .OilS! SToro cnyqasr .oaa B Ta6n. 4. 

KoMIIOHe&Ta 
ra30BOit ClleCH 

OH 

E20 

~+CO 

C02 

Ta6Jl~{U8 4 

Macca) 
a.e.u. 

I7 

I8 

28 

44 

54 

Ilapt{HaJI:&HOe 
~aBJe&He Pt. 
ToP x ro7 • 

O,I5 

0,68 

0,79 

0,98 

0,20 

Cywapaoe .naB.ne&He P::::: 2,8.I0-7 Top 

ceK 

O'l'HOCH'l'e.II:&Hoe 
co~epaa&He,% 

6 

24 

28 

35 

7 

Ha pHC, 66 .ll8H8 KpHB8SI OTK8'1KH CHCTeMbl C aarpy>KeHHbiM o6p83110M, HaTe

-6 11T«2.e. 
K8HHe B CHCTeMe COCT8BH110 2,4 •1 0 . --- , Macc-clleKTp .ll8H B Ta6n, 5. 

!<OMIIOHeH'l'S 
ra30BOii cuecH 

OH 

H20 

~+CO 
C02 

I 

I 

Ta6nHua 5 

Macca, 
a.e.u. 

I7 

!8 

28 

44 

I 

I 

ceK 

IlapuHa.n:&aoe 
~aB.neaHe P &, , 
ToP x ro7 

4,4 

!6 

3,7 

0,4 

I 

I 

0THOCHTe.II:&BOe 
C02J.epaa&He,% 

!8 

67 

IS,S 

I,7 

Cyuuapaoe ll,aB.IleHHe p = 2, 4. ro-6 TOP 

10 

·~~>~·.~. 
~. ( '. 

}<·' ., 
.::::•:-"· .t' 

-·-·--··-· ··~---------

nepe.o llpOB9.ll9HH9M H3MepeHHSI .oecop6UHH C 11porpeToro o6paaua BbiCOKOBaKy

yMHblll TpaKT 6bln erue paa OTTpeHHposaH npH nporpese .oo 450°C. ;llaaneHHe a KoH

-7 
TpOilbHOM 06'beMe K KOHUY TpeHHpOBKH COCT8Bil>:llO 1,4 •10 TOp , nocne HMHT8UHH 

-7 -8 TOE 
aarpyaKH o6paaua npe.oenbHOe .oasneHHe cocT&BHno 2·10 Top ,HaTeKaHHe- 6 10 - • 

CeK 
Macc-cneKTP ocTaTO'IHOro raaa .oaa B Ta6n. 6. 

Ta6nHua 6 

------- -- -
KoMIIoHeHTa Macca, l1apQ!itaJI.bHoe 0THOCHTeJI.bHOe 
rasoao~ cMecH a.e.M. ~aBJieHli1e f , co.n.epataHHe,% 

0 X 10 ---- ----------
H2 2 0,10 5 

p 

OH 17 o, 18 g 

H20 18 o, 75 3?,5 

+CO 28 0,60 30 

42 0,20 10 

C02 I 44 o, 15 ?,5 

54 0,02 1 '0 
CyMMapHoe-iaaJieH~~-2,1Cf7-;op 

- ---- ---~--------
--------
i' 

Ha pHc. 6(s) noxaaaHa KpHBBSI OTKB'IKH npe.osapHT911bHO nporpeToro o6paaua. 

KOMilOHeHTbl M8CC-CI19KTp8 llpHBe.OeHbl B T8611, 7, VfaMepeHHOe H8T9K8HH9 B KOHr 

-6 llTOf! 
pOilbHblll 06'b9M COCT8BHI10 8,4•10 ----

C9K 

nocne OKOH'i8HHSI HCilbiT8HHSI o6pa39U B Te'!eHHe 24 '18COB H8XO.lllii1CSI B ar 
-7 . 

MOCcpepe, a .ll8B119HH9 B KOHTpOilbHOM 06'b9M9 .llOCTHrllO 1,6 •10 TOp , 

;llanee o6paaeu CHOB8 llOM9lU811CSI B 06'beM 13 H 11pOBO.llHI18Cb 8-'18COB8SI Tp&-
• -7 

HHpOBKS CIICT9Mbl, K KOHUY TpeHHpOBKK .llAB11€'HliC .llOCTI!rllo 5 •10 TOp , H8T9K8HK9 -

-6 
2,4 •10 JlTOp /ceK, 
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Te~6nHua 1 

KoMnoaeHTa 
I 

Mace a,, 1 llaprutaJI&aoe OTHOCHTeJI&Hoe 
ra30BO£i CMeCH a.e.M. aaBJieHHe P;,, conepaaa&e, % 

Top X 107 

;Yz_ +CO 28 !8,4 92 

02 32 0,5 2,7 

co2 44 I, I 5,3 

CyMMapaoe aaBJieHHep= 2.Io-6 TOP 

Pe3yn&T8Tbi, nony'leHHble npR HCITbiT8HHH nporpeToro o6pa3ua, IT03BOIISIIOT oueHHTb 

npoayKTbl pa31IO)K6HHSI KOMllayHJla If aecop6UHIO aacop6RpOBaHHblX napOB H ra30B 1 

T,K, aacop6HpOBaHHbl6 31I6M6HTbl MO!'"IIH 6biTb yaaneHbl BO Bp6MSI npeaeapHT61IbHOA 

oTKa'IKH o6'beMa 13 c o6pa3UOM npH nporpeee ao 200°C, 6blno R3Mepeao TaK)Ke 

HaTeKaHRe 3a C'I~T aecop6UHOHHbiX ITOTOKOB CO CT6HOK BaKyyMHOA CHCT6Mbl 3KCITe

pHM6HTallbHOrO CT6HAa (e OeHOBHOM-H3M6pHT61IbHO!'"O KOllflaKa napoMaCllSIHO!'"O arpe-

) -5 llTO_p 
raTa npR eHSITOM HHAyKTOpe. npeaenbHoe HaTeKaHHe COCTaBHllO Q0 • 4,2•10 --- , 

ceK 

T.e, 3Ha'IHT6llbHO M6HbW6 1 '16M HaTeKaHRe C ITOAC06AHH6HHblM HHAYKTOpOM, Heo6-

XOAHMO OTM6THTb1 qTO HaTeKaHHe H3M6pSillOCb fl0CII6 11pOB6A6HHSI H3MepeHIIA e IIH

AyTOpOM If eTeHKII CHCT6Mbl MO!'"IIII HaCbiTIITbCSI npOAYKTaMII aecop6UIIII C IIHAyK

TOpa. 

TaKIIM o6pa30M, HaTeKaHIIe C IIHAYKTOpa nocne TpHAUaTII'IaeoeoA eaKyyMHOA 

-4 
TpeHRpOBKH eoeT3BIIIIO 1,84•10 IITOp leeK, 

np11 OTKa'IKe 9 IIHAYKT.OpOB Ha CTeHae ITO CXeMe piiC, 3 nocne TpRAUaTII 

-5 
'laeoe BaKyyMHOA TpeHIIpOBKII flOIIy'leHO aaeneHIIe 1,3•10 TOp II HaTeKaHIIe1 ne-

-4 -4 
pee'IRTaHHOe Ha OAIIH IIHAYKTOp

1 
1,3•10 llTOp leeK. 8enii'111Ha 1,3•10 IITOp leeK 

l!BllS16TCH yepeaHeHHOA II MO)K6T 6biTb npiiHHTa 3a OCHOBy, 

npoaHaiiii311pyeM flOIIy'leHHble pe3yllbTaT&I: CyMMapHaSI fl086pXHOCTb 3flOKell)lH0-

2 = 1690 CM 1 flOB9pXHOCTb !'"0 KOMITayHaa, o6paweHHaSI B BaKyyM, COeTaBIISI9T F 
2 3,11. 

F = 4900 CM , npiiHHMaeM, 'ITO ra30BbiA91I9HIIe C flOBepXHOCTII M6AH 
M,ll, -8 141 

eOeTaBIIT} X 10 IITOp leeK 1 a aecop6UIISI 

-8 
3TOM eny'iae q • 4,8•10 IITOp 

3,11. 

M8Aif 

-4 IITOn 
e IIHAyKTOpa - 1 3•10 ----~ 

2 
' ceK 

leeK, eM • O'leBIIAHo, 'ITO TaKoA MeToa 

B 

IIOAe'i~Ta yaenbHO!'"O ra30BbiA9ll9HIISI C noeepxHOCTII 3flOKCIIAHO!'"O KOMnayHaa B IIH-

12 

AYKTOpe He SIBIIS19TCSI CTpO!'"IIM, HO BCe )Ke aaeT B03MO)KH0CTb CpaBHIITb aaHHbie, 

ITOIIY'I9HHbl9 np11 HCflbiTaHHH KOHTpOIIbHbiX 06pa3UOB, 0TM9THM 1 'ITO npH TaKOM noa

C'IATe npeHe6peraeTCSI eenii'IIIHOA ra30BblaeneHIISI c noeepxHOCTII 3arnyweK, Bbl

nonaeHHbiX 113 Hep)KaBeiOWeA CTaiiH 1 KOTOpoe, 0'19BIIAHO, 3H8'1HTeiibHO M6HbW9, '16M 

ra30BbiA91I9HHe e noeepXHOCTII M8AH, 

ConocTaeneHIIe Macc-cneKTpa e KOHTpOIIbHOM o6'beM&· ao ( Ta6n11ua 1) 11 noCjle 

(Ta6n11Ua2 ) OTKpbiTHSI B8HTHIISI (5) (pHC, 1) aaeT B03MO)KH0CTb OITpeaenHTb Mae

COBbiA COCTaB napo-ra30BbiX flOTOKOB, aecop6!!pyiOWHXCSI <': flOBI?pXHO':TH HHAyKTOpa. 

-6 
.llnB npeaenbHO!'"O A8J:III8HHB 7X10 TOp , AOc.;TH!'"HyTO!'"O J:l HHAYKTOpe, Macc-cneKTp 

OTBe'laeT aaHHbiM Ta6n. 8. 
Ta6naua 8 

Kounoaea'l'a Mace a, llapUH8JI&HOe 0THOCH'l'eJI&HOe 
raSOBOft CMeCII a.e.u. aaBJieBHe Pl.. , conepzaa&e,% 

Top x 107 

OH !7 !2,8 !8,0 

H2o !8 37,4 53,0 

~+CO 28 II,2 !6,0 

02 32 2,3 3,0 

- 42 I, I 2,0 

co2 44 5,2 18,0 

Cyuuapaoe aaBJieaHe P = 7.!0-6 TOP 
.llanee npoaHaiiii3HpyeM pe3yllbT8Tbl HCflbiTaHHB KOHTpOIIbHbiX o6pa3UOB, Yaen&

HOe ra30BblaeneHIIe anSI npeaeapiiTenbHo nporpeToro o6pa3ua npR 200°C cocTaJ:IHT: 

a) Cpaay noene nporpeea npR aocTH)KeHHH o6pa3UOM Kl'MHaTHOA TeMnepa-

TYPbi 
-8 nTon q* = 8,4•10 ___ ._. 2 

3,0, ceK CM 

6) nocne 24-'lacoeoro npe6&JeaHRSI o6pa3ua J:l aTMoc¢ep9 11 nocneayiOweA 

6-'laCOBOA J:laKyyMHOA TpeHRpOBKII 

-8 nTon q*" - 2,4•10 ___ ._. 2 
3,0, C9K•eM 
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llns aenporpeToro o6pAaua nocn~ 6-qacoaoA aaKyyMHoA TpeaupoBKH 

q*** = 2,4· 10-8 _!!!2E 2 
9,0, ceK CM 

~accoBhlA cocTaB cneKTpa nporpeToro o6paaua noKaaaH B Ta6n. 7. OcHoa

HaH KoMnoaeHTa ( 92% no napunanbHoMy naaneHHJO) HMeeT Maccoaoe qucno 28. 

8 cneKTpe HMeiOTCH TaK)!{e MaCChl 32 (2,7%) H 44 (5,3%), 

B Ta6n. 9 npnaeneH Macc-cneKTP nns HenporpeToro o6paaua, onpenenseMbiA 

pa3HOCTb!P nHKOB no Ta6n, 5 (.t>BOll o6paaua) H no Ta6n, 4 (HMHTaUHH BBOlla o6-

paaua nns oueHKH conyTCTByJOmero BnHHHHH aTMoccjlepHoro aoanyxa). 

KaK BHllHO H3 Ta6nHU 7 H 9, nporpeB o6paaua CHnbHO BnHSieT Ha MaCCOBhllt 

cneKTp OCTaTOqHbiX ra30B, 8 Macc-cneKTpe nporpeToro o6paaua OTCYTCTByiOT, KaK 

H- cnenoaano O)!{HnaTb, napbl BOllbl, Torna KSK conep:>KaHue KoMnoaeHTbl c Macco

BbiM qHcnOM 28 aenHKO, 3TO 06'bSICHSieTCSI 1 no-BHllHMOMy, p83BHB810lUHMCSI npH 

nporpeae paano:>KeHneM KoMnayHna c BbilleneHneM OKHCH yrnepona. nono6HaH 

TpaKTOBKa p83BHTHSI necop6UHH nOllTBep~naeTCSI T8K)!{e Ha6niO.IlaeMbiM nOBblllieHH

eM HaTeKaHHH c o6paaua npu nporpeae, 
1 a6nHua 9 

Kounoaea'l'a 
I'a30BOft ClleCH 

OH 

H2o 

~+CO 

C02 

I 

I 

Macca, 
a.e.u. 

I7 

!8 

28 

44 

Cyuuapaoe ,naB.neHHe 

I 

I 

I 

n apQBa.n:&a oe 
,na:s.neaHe P;, 
Top x ro7 , 

4,3 

!5, 3 " 

2, 9 

0,2 

P = 2, 2.!0-6 TOp 

I 

I 

O'l'HOCHTe.n:&Ho~ 
co,nepllumHe, 10 

!9,0 

68,0 

!2,2 

0,8 

VfcnbiTaHHe OnblTHhlX HHllYKTOpOB noKaaano, qTO B CeKUHH MO:>KeT 6b1Tb nony-
-5 

qeao aeo6xonnMoe naanenHe < 1•10 TOp • OnHaKo raaoahlneneHne, npHaeneHHoe 

K noaepxHOCTH 9nOKCHllHOrO KOMnayuna HHllyKTOpa, OKaaanOCb B llB8 paaa Bbi

We, qeM raaoBbillenenHe c KOHTponbHoro o6paaua. YqHThlBaH To, qTo B npouecce 

14 

~ 

H3rOTOBneHHSI HHllYKTOpa J(vMnayHll He llOn)!{eH 6bln npeTepneBaTb CTpyKTypHblX 

npespaW~HHA, pe3KO MeHSIIOLUIIX xapaKTep H HHTeHCHBHOCTb necop6UHH 1 cnenyeT 

npennonO)!{HTb, qTo ua6n10naeMoe ysenHqeuue raaOBhllleneHHH o6'bHCHHeTcH Tex

nonornqecKHMH npuqnnaMH, npoHBHBWHMHCH B aaauqnH B BaKyyMHolt nonocTH menelt 

ManoA npOBOllHMOC'TH H HapyweHHSIMH B8KyyMHOA rurneHbl B npOH3BOllCTBeHHbiX ycno-

BHSIXo 

6nH30CTb y lll?nbHhlX BP.m~q;;H rli30BbllleneHHSI C UOBepXHOCTeA nporpeTbiX H 

uenporpeTbiX o6pa3UOB H HHllYKTOpa UpH O.llHHaKOBbiX YCIIOBHHX HX nocnenyJOWelt 

TpeHHpOBKH noKa3biBaeT ManyJO scjlcjleKTHBHOCTb nporpeBa llnSI o6eara:>KHBaHHSI KOM

nayH.Ila, Eonee Toro, nonbiTKa TeMnepaTypHoro o6eara)!{HBaHHH KoMnayHna Mo:>KeT 

npHBeCTH K yxy.nweHHIO BaKyyMHhlX xapaKTepHCTHK MaTepuana, VfHhlMH CnOB8MH, npo

rpeB, Bbl3blsag npeHMywecTBeHHO TepMnqecKoe paano:>Kenue nonnMepa, nHWb B HeaHa

qnTenbnoA cTeneHH ycKopSieT npouecc ynaneHHH cop6npoaaHHblX MaTepuanoM n<1pos 

u raaoa. Heo6xonnMo OTMeTHTb TaK:>Ke, qTo necop6UHH npn nporpeae nonnMepa 

o6nanaeT 3H8qHTenbHOA HHepUHOHHOCTbiO. 

AHanua Maccoaoro cocTasa cneKTpa nenocpencTBeHHo nocne nporpesa noKa-

3biBaeT pOCT OTHOCHTenbHOro conep:>KaHHSI KOMnOHeHTbl C MaCCOBhlM qycnOM 28, 3TO 

HBneuue Mo:>KeT 6b1Tb o6'bHCHeHo nuccounaunelt MoneKyn ManenHosoro aurnnpn.na, 

axonSiwero B cocTaB nonnMepa, npn ero nporpese c BhlneneHneM cso6onnolt OKHCH 

yrnepona, naKonneuneM nocne.nHelt B o6'beMe KOMnaynna n nocnenyJOWHM MenneH

HblM BbllleneuneM e~ CKB03b Tonwy MaTepuana B BaKyyMHhlA 06'beM, npu TSKOM Me

xaHH3Me HBneHHSI cnenyeT O:>KHllaTb1 qTO apeMH BOCCTaHoaneHHSI HCXO.IlHOrO, T,e, 

cywecTBosaswero no aaqana nporpeaa ;raaoBbllleneHHH KOMnayuna B 'npouecce oKon

qaHHH nporpeaa 6yneT nponopunonanbHO TeMnepaType H nnnTenbHOCTH paaorpesa 

u Tonwnne nonnMepnolt KoMnoneHTbl unnyKTopa. 

nocKOnbKY OCHOBHblM B03MO:>KHbiM MeCTOM cocpellOTOqeHHSI rpS13H B npouecce 

H3rOTOBneHHSI HHllYKTOpa 6blnH wenH Me:>KllY cjloKycnpyiOWeA KaTyWKOlt H MarHHTHhlM 

9KpaHOM
1 

TO 6bWa npennpHHSITa nOUbiTKa OTKa3aTbCSI OT MarHHTHOrO 9KpaHa, 

VfaMepeHHH noKaaanu, qTo na:>Ke npu anaqeaun MarnnTnoro nonH na ocH nH

llYKTopa B 1000 rayCC He UpOHCXOllHT aaMeTHOrO H3MeHeHHSI MarHHTHhlX xapaKTepn

CTHK HHllYKTOpa, 8 CBS13H C 9THM oKaaanOCb B03MO:>KHhlM ycTpaHHTb MarHHTHbllt 

9KpaH H H36aBHTbCSI OT weneJt, 

8 Ta6n. 10 H Ha pHC, 7 a H 6 naua llHHaMHKa OTKaqKH CeKUifH) COCTaBneHHOA 

us 12 ycoaepweHCTBOBaHHhlX unnyKTopoB. nepen noncoennneHHeM ceKUHH K arpe-
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raTy BA-05-1 H3MepeH&I npeaenbHoe aaaneHae Hacoca P 
8 

H HaTexaHae a xonnax 

If B DOJ:IC08J:tlfHHT\!n¥fhllt D8Tpy60K Q H, B 3aBHCHMOCTK OT DpOJ:tOn>KHTenbHOCTH 

saKyyMHOit TpeHHpOBKH, H 6&ICTp0Thl O'J'Ka'IXH Ha BXOJ:tHOM !j:lnaHue Hacoca B 

pa6o'leM aaana3oHe aasneHalt. npeaenbH&Ie napaMeTp&I arperaTa: 
-3 

-7 
P.., = 4·10 Tqp, 

Q .., • 0,025•10 nTop /cex, 

nocne TpHJ:tUaTH'laCOBOit saxyyMHOI TpeHHpOBXH HaTeKaHHe C OJ:IHOrO KHJ:IYKTOpa 

COCTaBnHeT 

Q 10·10-4 
H = --~2----

-4 
• 0,83 •10 nTop /cex, 

Ta6naua 10 

ITp0,110JtiH- ,,· .llaBJieHHe, 'l'Op Ha'l'e:tt,HBe llpBKe-
'l'eJI:&HOC'l':& JI'l'Op ce:a: '118HBe 
B8KYYifHOR JIT-2JU JIM2-J&I JIM-2112 
'l'P~~·~~BKB qac 

I r, 5.ro-I 

I,3.Io-I 
Onaqxa 

2 aacocow 
3 I,2.IO-I BH-2 
4 I,I.Io-1 

I !",4.!0-4 2, 7 .ro-4 25.!0-3 

2 6,5.!0-5 I.ro-+ 

5 3,5.ro-5 5,s.ro-5 

6 2,6.Io-5 3,a.Io-5 -3 Onaqxa 4,7.!0 
a.Io-6 I,r.Io-5 I,67.ro-3 arpera'l'o 

IO BA-05-I 
26 7,5.ro-6 I.ro-5 I, rr. ro -3 

30 7,3.!0-6 9,5.!0 -6 r.ro-3 

36 7.Io-6 9,4.IO -6 0,9.!0 -3 

60 3,4.!0 -6 6,5.!0 -6 0,6!.!0 -3 

--

'I TO 3Ha'!HT8nbHO M8HbWe, '18M HaTeKSHH8 , nony'l8liHOe J:tnH OD&ITHOrO HHJ:tyKTOpa, 
-4 

paBHOe, KaK yxa3&IBanOCb B&IWe, 1,84•10 nTop /cex, H COOTB8TCTByeT rS30BbiJ:te-

neHHID c KOHTpon&Horo o6pa3ua. 
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4. PE3YnbTATbl HCCnELlOBAHHH CEKUHH B YCKOPHTEnE 

B :9TOM cny11ae, xax :9TO yxa3&Isanoc& B&Iwe, H3MepeHHH saxyyMH&IX napa

MeTpos B 06oeMaX HH>K8KTOpa H yCKOpHIDWelt CHCT8M&I DpOBOJ:tKnOCb C llOMOWbiD 

MSHOM8TpH'18CKHX npeo6pa30B8Tenelt (4) H (12) H J:taT'IHXOB •QMeraTpOHa• (6) 

H ( 14) ( pHC, 4) , 

B npouecce TpeHHpe>BKH nosywxa saxyyMH&IX arperaToB oxna>Kaanac& >KHJ:t-

KHM 830TOM, 

nposepxa repM8TH'IHOCTH BaKyyMH&IX ynnOTHeHHit HHJ:tYXTOpOB DpOH3BOJ:tHnSCb 

C nOMOWbiD T8'18HCKSTenH nTH-6, 0n&IT H80J:tHOKpaTHOI c6opxH J:IQCRTXa C8XUHI 

noxa3&IBSeT, 'ITO repMeTH'IHOCTb ynnoTH8HHit ,l:IOCTHraeTCR nerxo H HanH'IH8 6on&

woro KOnH'I8CTBa ynnOTH8HHit no DOBepXHOCTH :9DOKCHJ:IHOrO KOMnayHaa He B&I3&IBa

eT KSXHX-nH60 OCnO>KH8HHit npH :9KCDnyaTSUHH YCKOpHT8nH, LlHHaMHKa Tp8HHpOBXR 

ycxopHTenR B npouecce 3anycxa noxa3aHa Ha pHC, 8. 

BHJ:tHO, 'ITO Heo6xoaHMoe anR pa60T&I ycxopKTenR pa3pe>KeHHe MO>KeT 6&ITI> 

nony'leHo s npaeMneM&Ie cpoxa. npeaenbHoe pa3pe>KeHHe B o6'heMe HH>KexTopa 
-7 -6 

M8HbW8 7 •10 TOp , a B 06'beMe ycxopRIDWelt CHCT8Mhl '" 3 •10 TOp 

CneayeT OTM8TKTb, 'ITO B OTTpeHHpOBaHHOit CHCT8Me npeaenbJtC)e pa3p8>K8HH8 

J:tOCTHrSeTCH 3a 1-2 'ISCS nocne BXniD'IeHHR B&ICOKOBaxyyMH&IX SrperaTOB, 'ITO, oqe

BHJ:tHO, BDOnHe J:tOCTSTO'IHO J:tnR HOpMSnbHOI :9KCDnyaTSUHK YCKOpHT8nR, 

Pe3yn&TaT&I Macc-cnexTpoMeTpK'Iecxoro aaana3a ocTaTo'IH&IX ra3oB anR yao6-

cTsa SHana3a 06'beJ:tHH8H&I B '18T&Ipex CBOllH&IX Ta6nauax, B Ta6n, 11 If 12 npHse

J:l8H&I pe3yn&TaT&I aHanH3a OCTSTO'IH&IX ra30B B KH>K8KTOpe K ycxopsilOWelt CKCTeMe 

6e3 :9nexTpOHHoro nyqxa; B Ta6n. 13 - c HeycxopeHHbiM :9nexTpOHH&IM ny'IKOM; a 

s Ta6n, 14 - c ycxopeHH&IM, npa :9TOM npHHRT&I coeayrowae o6o3Haqeaas: 

- TOK ny'lxa; U a - B&ITsrasarowee HanpR>KeHHe aa aaoae HH>KexTopa, 

U - cyMMSpaoe ycxopRrowee aanps>KeHHe aa HHllyxTopax, 
y 

B Ta6nauy 11 sxnroqeH&I pe3yn&TaT&I cneayrowax :9KcnepHMeHTos. 

1. Macc-cnexTp B o61oeMe aepa6oTarowero HH>KexTopa c B&Ixnro'leHH&IM Ha

xanoM xaToaa :9nexTpoHHOit nywxa; w116ep 7 3aKpbiT, Llasneaae B o61oeMe HH>Kex-
-7 -6 

Topa 4,4 ·10 Top, B o61oeMe ycxopsroweA cacTeMbi - 4,2-10 Top. 

17 



H 
H 

~ 
~ 

~ 1'1 

0 

ro 

I a> '* 11:0 I • 
o IC P.Cil 
0>4Cilll: 

i:~~m 
0~01111 

~I I I ';.t--o 
,.Q ... H 
l:ili'IP.. 
Cd Cd >< 
II: I<(Q) 
::r II: 
P.G> IC p. 
CdOG> 0 
t=:ct:;: ro 

I a> '* IC 0 I • 
OICIIIIG> 
0>4G>IC 
ICI:ili<(IC 
roG>OCd 
0 .. 0 ... 

ICI I t--
CI) I "0 

G> .4 I o.lH 
l:ili'IP.. 

:::1 CdCd >< 
II: I<(G> 

II: ::r II: 

p. 

--" ----------------------· 

C\J \0 ~ CI)C\J \0 \0 

ru . . . .. . . 
H H ~H 0 11"1 Cl) 

H ~ Cl) 

0 ~ ~ 11"1 ~~ t-- C\J 
~ H Cl) \0 1:::"-.. . • .. . . .. . 
0 0 0 OH ~ 0 Cl) 

0 
Cl). C\J co C\J \0 ~ 11"1 .. .. .. . .. . .. 

C\J H H ~0 C\J 11"1 C\J 
H ~ Cl) 

~ @ \0 ~CI) ~ ~ H 0 \0 .. .. . . • .. .. .. 
0 0 0 OH 11"1 0 Cl) 

--"·~-···-.~·~·- ...... _: +w ''H!w·, 

l"i 
0 
H . 
H 

I • H 

l'i 
0 
H . 
0 
C\J . 

I H 

p, G> IC p. 
CIS 0 G> 0 
t==~ ro 

Q)l I I Q) '* I I I •o 1 .. t:: 

0 

Ill$ 

1:1) 

o IC P.G> 
Oo4G>. 
ICI:ili<(IC 
roG>O"' 
0 roOM 

t--

C\JI "" I ..,S g 
~I'IP.. 
~~: IQ) >< 
::1' IC 
P.G> IC p. 
CIS 0 !Q o 
t=ICII; .. 

J:8 I~ 
OICP,G> 
0>4G>IC 
IC ~!=tiC 

~~g= 
__fll,;_ .. 

HI I P..t--0 

' . as:::. 
0 • 
OG> 
as • 
::Sed 

Cd 
rollS: 
:COlli 
G>I'IO 
ICOG> 
01.'):::1 

sr!o 
0 :.:: 

,.Q Q) 1-1 
l:;l Ill 
Cd G> 1C ><
IIIOG> •=-c. 
~ ~ g. 
t= I<( ro 

~ co co 
• .. .. 

Cl) \0 \0 Cl) 
co 

Cl) \0 \0 11"1 
H C\J C\J H .. .. .. .. 
0 0 0 Cl) 

C\J C\J t-- 0\ .. .. .. .. 
~ t-- t-- 0 co 

'tt 

I 

0 
H . 
~ 
Cl) 

t'j 
0 
H . 
C\J 

COOC\J Ol~ 
'":"! Cl).. Cl). '"';. 
0 0 0 Cl) 

IC\J 

.. 
Q) 

~ 11"1 \0 ~~ i\l $ .::1" II: 
H H H .;to IC 

1\ ij§' 
:zl ~ .. 
Ft 
0 

Ft 

~ ~p. Q) 

N rgo~N ~ 0 
IC 

:X: C\J Cl) ~ C\J 0 0 Q) 0 i ES €3 €3 :x: + o 11111'1 8 iila ~ ~ ~ 

~ 
...._ 0 

18 

------------------

2, T8 )1{8 ycnoBHll, HO WH68p 7 OTKpbiT, ,llasn8HH8 B 06'b8M8 HH)K8KTopa 

-7 -6 
4 •1 0 TOp , B 06'b8M8 YCKOp!UOWeA CHCT8Mbl 4,5 •1 0 TOp • 

Ta6naua 12 

KoMIIOHeHTa Macca, IIapr.tHaJII>Hoe 0THOCHTeJII>HOe :ra30BOft a.e.M. .-aBJie HHe, P f, co;n:eplltaHHe,% CMeCH Top x ro7 

H2 2 I, 2 2,9 

CH2 !4 0,5 I, 2 

CH3 !5 0,4 0,9 

CH4 !6 0, 2 0, 5 
OH I7 4,3 IO 

H20 !8 !5,6 37,2 

A2+CO+CtJ4 28 IO,I 24 

C02 44 2,6 6,3 
TSillteJWe 

y:rJieBo;n:opo;n:u >44 7,! !7 
~ 

CyMMapHoe ;n:aBJieHHe P = 4,2.!0-6 TOp 
) 

3, Macc-cneKTp B 06'b8Me HH)K8KTOpa npH BKni0'18HHOM HBKane KBTOAB sneK

-6 
TpOHHOA nyWKH; WH6ep 7 38Kpb1T, ,llasneaae B 06'beMe HH)K8KTOpa 1,2 •10 TOp , 

-6 
B B 06'beMe YCKOpli!Oll.leA CHCTeMbl 3,8 •10 TOp , 

4, Te )1{8 ycnoBHll, 'ITO H B n, 3, HO WH6ep 7 OTKpbiT, ,llasneHHe B 06'beMe 

-6 -6 
HH)K8KTopa 1,1• 10 TOp , B 06'b8M~ ycKOpli!OW8A CHCT8Mbl 3,8 •10 TOp , 

8 TB6n, 12 npHB8AeH Macc-cneKTp OCTBTO'IHbiX rB30B B 06'beMe CH.CT8Mbl yc

KopeHHll npH BbiKniO'!eHHOM HBKBn8 KBTOAB sneKTpOHHOA nyWKH, 

B Ta6n. 13 BKniO'IeHbl cneayiOll.lHe 3KcnepHMeHTbl: 

1. Macc-cneKTp OCT6TO'IHbiX ra30B B 06'beM8 HH)K8KTOpB npH npOX0)K,l:l8HHH 

'18pe3 YCKOpHT8nb HeyCKOp8HHOro ny'IKB sneKTpOHOB 

-6 
TeMbl 4,8 '10 TOp , napaM8Tpb1 ny'IKB: 
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B o6'b8M8 ycKopli!Olll8A cac-



T a6mrua 13 

KoA.moHeHTa Macca, Houepa SKCnepHMeHTOB 
rasoBot:t a.e.u. I 2 cuecH 3 

ITapnHaJILHoe 0THOCH- ITapnHaJILHOe 0THOCH- IlapnHaJI:&H<?E! 0THOCH-
;naBJieH He, P l TeJillHOe ;naBJieHHe, P t, TeJI:&HOe ;naBJieHHe, ~~ TeJILHOe 
Top x ro7 · co;nep- Top x Io7 • oo;nep- Top x I07 , co;nep-

zaHHe ,% :saHHe,% aaHHe,% 

H2 2 I,4 7,6 

CH2 I4 0,5 2, 7 

CH3 I5 0,44 2,~4 

CH4 I6 0,35 I,9 

OH I7 0,23 2 0,2I I,8 0,99 5,3 

·H2o I8 0,62 5,2 0,56 4,7 2, 9 I5,6 

N2+C0+Ci!·4 28 4,4 36,6 3,2 Z7,5 3, 59 I9,4 

co2 44 0,92 7,6 0,94 8,0 I,4 7,6 

TflllteJWe 
yrJieBO;nopO;nl:i >44 5,84 48,6 6,"88 58,0 6, 93 37,5 

CyuvapHoe ;naBJieHHe,Top I,2.IO -6 I, 2.IO -6 I,-8.Io-6 

Ta6nHua 14 

KounoHeHTa Macca, Houepa 3 KCn e P H M e H T 0 B 
ra3oBoit a.e.u. I 2 3 

ouecH 
IIapnHaJI:&Hoe 1 0THOCH- IT apnHaJI:&H<?E 0THOCH-napnHaJILHOe 0THOCH-
;naBJieHHe Pi.~ TeJILHOe ;naBJieHHe P { TeJILHOe ;naBJieHHe P& TeJILHOe 

TOP t!07 co;nep- Top· xro7 COJiep- TOP ;c.ro7 co;nep-
ESHHe,% ]I[SHHe,% ltSHHe,% 

H2 2 0,86 4,4 I,CJ7 2, 5 

(}!2 I4 o.~ I,8 0,54 I,2 

(}!3 !5 0,!9 0,9 0,37 0,9 

CH4 !6 O',I2 0,5 0,!3 0,3 

OH I7 !,3! 6,4 2, 28 5,3 

to.:) -

H20 !8 0,2 2,3 4,37 21,2 !5,7 37 

~+CO+Ci!4 28 !,8 2!,5 5, 25 25,3 II, 2 24,3 

C02 44 0,46 5,4 !,37 6,6 2,68 6,3 

y 
THJKeJII:ie 9,37 rJieBo:nopo;nH >44 6,0 70,8 6,84 33,! 22,2 

CyMMapaoe -7 -6 -6 
;naBJIP-HHe, Top 8,4.!0 2,0.!0 4,2.!0 



I a 40 a ) U • 200 K8, 
a -6 

2, Te >Ke ycrl081ll1 1 HO .oaaneHKe B o6'beMe YCKOpl110!Uell CHCTSMbl 6,5 • 10 TOp , 

z 49 a. 

3. Macc-cnexTp ocTaTO'IHbiX raaoa a o6'beMe CHCTSMbi ycxopeHKH npH npo-

XO>K.z:teHHH HeyCKOpeHHOrO nyqxa Sl!eKTpOHOB, napaMeTpbi nyqxa: 1 =38 a, 

U = 240 KB, 3TH llCUbiTaHHH npOBO.llHIIHCb npH OTC09.llHHeHHOM napoMacn'RHOM ar-
a 

peraTe 13, pHC, 4, B Ta6n. 14 BKIIIO'IeHbl pe3yl!bT8Tbl cne.z:tyiO!UilX 9KCUepHMeHTOB, 

1. Macc-cnexTp ocTaTO'IHbiX raaoa a o6'beMe HH>KeKTopa npH npoxo>K.z:teHHK 

-7 
ycxopeHHoro nyqxa • .Ua8neHHe a o6'beMe HH>KSKTopa 8,6•10 Top , a o6'beMe ycxopH-

-6 
IO!USJI CHCT8Mbl 7,5• 10 TOp • napaMeTpbl ny'IK8 !, I = 75 a, U a • 150 KB, 

U s 750 KB, 
y 
2. Macc-cneKTp OCT8TO'IHbiX ra30B B 06'beMe yCKOpl110!Uell CHCTeMbl npH npo-

XO>K.ll9HHH ycKopeHHOrO Uy'IK8, napaMeTpbl nyqxa: 1 -40 a, U = 240 KB, 
a 

U = 910 KB, 
y 
3. Te >Ke ycnoBHH, Ho napaMeTpbi nyqxa: 1 • 57 a, U a • 225 KB, 

U = 820 KB, 
y 

npH 9THX 9KCnepHMeHT8X T8K>K8 6blll OTKIIIO'IeH arperaT 13, pHC, 4. 

CpaaHeHHe Macc-cnexTpoa, npHae.oeHHbiX 8 Ta6nHue 11, noxaabl8aeT, 'ITO raao

Bbl.z:teneHHe B 06'beMe yCKOpHIO!Uell CHCTeMbl He BIIHHeT Ha .z:taaneHHe B 06'beMe HH

>KSKTOpa, UpH'IeM OTHOCHTSIIbHOe CO.z:tep>KaHHe KOMnoHeHT raaOBOII CM8CH 1 Bbl.z:tei!H-

IO!UHXCH H3 9UOKCH.llHOrO KOMnayH.z:ta ( CM, §3) 1 B 06'beMe HH>KeKTOpa He yaenH-

'IHB8eTC!!1 a yMeHbmaeTcH. Cne.ooaaTel!bHO, raaoabl.oeneHHe H3 KH.z:tyKTopoa He .oon

>KHO BI!Hl1Tb Ha 9MHCCOOHHyiO CUOC06HOCTb K8TO.ll8 91!8KTpOHHOII UY!UKK, 

Eon&moe OTHOCKTenbHoe co.oep>KaHtfe TH>Ken&IX yrneao.oopo.ooa a o6'beMe HH

>KeKTOpa B .ll8HHOM H UOCIIS.llYIO!UHX 9KCUepHM8HT8X MO>KeT 6b!Tb 06'bl1CHeHO 38rpl13-

H8HH8M aaxyyMHbiX o6'beMoa, H a qacTHOCTH .oaT'IHKa PM0-4C, napaMH Macna, no

na.oaiO!UHMH I!H60 H3 aaKyyMHb!X arperaTOB B pe3yl!bT8Te HeKa'leCTBeHHOII KOHCTpyK -

UHH IIOBy!UeK H H8.llOCT8TO'IHOrO OXI!a>K.z:teHHl1 HX >KH.OKHM a30TOM 1 I!K60 UO K8KOII

TO .opyroA npH'IHHe, AHanH3 acex Macc-cnexTpoa a Ta6nHue 11 noxaa&~aaeT, 'ITO 

OCHOBHb!M HCTO'IHHKOM Tl1>K91Ib!X yrneBO.llOpO.llOB l1BIIl18TCl1 06'beM HH>KSKTOpa, Macc

CU9KTp, UpHBe.z:teHHbill B Ta61!HUe 12, nOK83biB8eT, 'ITO .z:taBI!8HH8 B ycKOpHIO!UeJI 

CHCTeMe onpe.oenHeTCl1 B OCHOBHOM KOMUOHeHT8MH ra30BOII CMSCH C M8CC8MM 18 

M 28, 06bi'IHO Bbl.ll91Il110!UHMMCl1 B H8.00CT8TO'IHO OTTp8HKpOB81JHbiX BaKyyMHblX CHC

TeMaX, HeKOTOpoe KOIIH'ISCTBO yJta3aHHbiX KOMUOHeHT .llOII>KHO Bbi.ll81Il1TbCl1 H H3 
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snoKcH.z:tHoro KOMnayH.oa, npHMeHeHHoro a HH.z:tYKTopax. CpaaHeHKe Macc-cnexTpoa 

1 K 2 B Ta6n, 13 ."O.llTBSp>K.z:taeT Bb!BO.llb1 1 c.oenaHHblfil npK paCCMOTpeHHH Ta6n~ 11. 

Vfa cpaBHfilHKl1 Macc-cneKTPOB ·Ta6n, 12 K 3 Ta6n. 13 MO>KHO C.z:tenaTb BbiBO.ll, 'ITO 

Hai!H'IHe B CHCTeMe HeycxopeHHOrO Sl!eKTpOHHOro nyqxa He UpHBO.llHT K V891IK'Ie

HHIO OTHOCHTellbHOrO CO.z:tep>KaHHl1 KOMnOHeHT ra30BOI CMQCH, Bbl.z:tei!HIO!UHXCII H3 

snoKCH.llHOrO KOMnayH.z:ta, Cne.ooaaTel!bHO, npH HMK'IKK HeycxopeHHoro 9119KTpOH1IOJ'O 

nyqKa ra30Bbl.llfill!filHKe K3 9UOKCK.llHOrO KOMnayH.z:ta He YB81IH'IKBaeTCl1 CKOI!b-nH60 

aaMeTHO, 

CpaaHeHHe Macc-cneKTpOB 1 H 3 Ta6n, 14 TaK>Ke no.z:tT8epm.oaeT 8b!BO.llbl; 

c.oenaHHbie npH paCCMOTpeHHH Ta6n, 11, AHai!K3 Macc-cneKTpOB 3 Ta6nKUbl 13 H 2 

H 3 Ta6n, 14 noita3b!BaeT, 'ITO yaei!R'I9HKe 9HeprKR (MO!UHOCTH) ny'IKa Bbl3b!BaeT 

H93Ha'IHT91IbHOe nOBbi!U9HKe OTHOCHT91IbHOrO CO.z:tep>KaHIIH KOMnOHeHT ra30BOI CIICecR 

c MaccaMH 17, 18 K 28. BepoHTHee acero, STO o6ycnoaneHo yaenH'IeHHeM raaoabi

.oeneHHH H3 rpa<t>HTHOrO KOIIII9KTOpa UpH ero Harpeae ny'IKOM, He KCKIIIO'IeH0 1 'ITO 

yBei!H'I9HKe OTHOCHT91IbHOrO CO.z:tep>KaHHl1 ra30BOII KOMnoHeHTbl C MaCCOI 28 MOlKeT 

6b!Tb Bbi388HO paano>KeHKeM no.z:t 81!Hl1HHeM o6nyqeHKl1 Tl1>K91Ib!X yrneao;aopO.llOB 

c Bbl.z:teneHHeM KOMnoHeHTbl C 2H 
4

, 

Cne;ayeT OTM9THTb1 'ITO Ha-aa 60IIb!UOrO OTHOcHTel!bHOrO co;aep>KaHHl1 Tl1-

>Kel!b!X yrneao.oopo;a08 H;QeHTH<t>KKaUKl1 H TO'IHOe KOIIK'IeCT89HHOe onpe;aeneHK8 

KOMUOH9HT ra30BOII CMeCH 6bii!K 3aTpy;aHeHbl, KpoMe TOrO, npH o6pa60TKfil !'daCe-

cnexTpoa, aa<t>HKCHpOBaHHbiX Cal'dOUHCUeM, napuHMbHble ;aa81!eHIIl1 KOMnOHeHT 

raaoaoll CM9CK onpe;a&IIHIIKCb no aMni!KTYllal'd COCTaBIIHIO!UKX nKK08 6e3 y'IAT8 KX 

UIIO!U8.llll 1 'ITO npxaeno K nonyqeHKIO 3aH!l>KeHHbiX .z:taHHbiX no 0THOCIITel!b110My co-

.oep>KaHKIO yrneao.oopo.ooa, 

5. 3AKniOliEHVfE 

B peaynbTaTe npoae.oeHHbiX Kccne.ooaaHKI noxaaaHo cne.oyiOmee: 

1 • .Qecop6UKl1 C noaepxHOCTil IIHllyKTOpOB KM99T B81IK'IKHY 1 npK KOTOpol 803-
-6 

MO:lKHO OCy!UeCTBKTb OTKa'IKy K no.o.oep>KaHKS ;Qa81!eHKl1 8 o6naCTK nyqxa < 5•10 TOp 

He60I!b!UilM KOIIK'19CTBOM BbiCOKOBaKyyMHbiX arperaTOB, 

2. YcxopHIO!UaH cKcTeMa .oocTaTO'iHO 6b!CTPO OTTpeHKpOBbl8aeTCl1, K 8 Heft 

-a 
6ea Tpy.oa UO.ll.lllilp>KKBaeTCH .oaaneHKe < 5 •10 TOp , B OTTpeHKpoaaHHOft CKCT9Me 
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Tpe6y~Moe paape)KeHKe .aocTIIraeTcll npKMepHo 'iepea .aaa 'iaca nocne BKnJO'ieHKll 

BbiCOKOBaKyyMHblX arperaTOB, 

3, CneKTpanbHblll COCTaB OCTaTO'iHbiX raaoB Dpll Kccne.aoaaHKII .aecop6QIIII 

c noaepXHOCTII ODbiTHbiX IIH.llyKTOpOB II KOHTpOnbHbiX o6pa3UOB Mano OTnll'iaeTCll OT 

aTMOCCpepHOI'O, 8 cneKTpe )Ke OCTaTO'iHOI'O raaa B YCKOpiiTene co.aep)KaTcll Tll-

*en&Ie yrneao.aopo.llbl, Hanll'ille KOTOPbiX 
1
no-BII.lliiMOMY 

1 
o6ycnoaneHo M11rpau11eA Ma-

cna 11a napoMacmiHbiX arperaToB acne.acTalle He.aocTaTo'iHO xopoweA aawiiTbl 

a30THbiMII nOBYWK8MII, 

4, OcywecTBnlleTCll H8.£l9)KHOe ynnOTHeHIIe M9)!(.£ly noaepXHOCTliMII IIH.llYKTOp08o 

5. Paape)KeHIIe 8 o6nacTII IIH)KeKTopa ny'iwe, 'ieM 8 o6nacTII ycxopiiTenbHoll 
-6 . 

CIICTeMbl 1 II IIMeeT 3Ha'i9HIIe < 1• 10 TOp , no.acoe.lliiHeHIIe yCKOpliiOWeA CIICTeMbl 

He yxe.awaeT 8aKyyMa 8 o6nacTII KaTo.aa sneKTpOHHOA nywKII, BnllliHII!I ycKOpliiOWeA 

CIICTeMbl Ha 9MIICCHOHHy10 CDOC06HOCTb nyWKH He 06Hapy)KeHo. 

6 • .Lla8neHIIe 8 o6nacTII ycKopHTenbHoll CIICTeMbl He 113MeHli9TCll np11 npoxo)K

.aeHIIII 'iepe3 CIICTeMy yCKOpeHHOI'O Hnll HeycKopeHHOI'O CllnbHOTO'iHOI'O ny'iKa sneKTpo-

HOB, 

HTaK, npo8e.aeHH&Ie llccne.aoaaHII!I noKa3bl8aJOT 803MO)KHOCTb ocywecT8neHIIll 

yCKOp!!IOWel CHCTeMbl 6ea cneullanbHOI 8aKyyMHOI Tpy6KH, Cne.ayeT 0TM9TIITb1 'iTO 

np11 npo8e.aeHIIII 11ccne.ao8aH11A Ha ycKopiiTene 6blno OTMe'ieHo 113MeHeHIIe aaaopa Me)K

.ay IIH.llyKTOpaMII 1 'iTO Dpll80.llllnO K 803MO)KH0CTII B03HIIKHOBeHII!I npo60ll M9)!(.£ly CO

ce.aHIIMII IIH.llyKTopaMII, Y8enll'ieHHe aaaopa Ha 3 MM npH8eno K nonHoMy npeKpawe

HIIIO npo60e8, 8 CBll311 C 9THM Dpll 113I'OT08n9HIIH HH.llYKTOpOB .llOn)KHO 6b!Tb o6pa

Werlo BHHMaHIIe Ha npO'iHOCTb!9 M8.0HOI'O KO)Kyxa (nepBII'iHOA 06MOTKH ), 

n 11 T e p a T y p a 

1. N · Christofilos 11 .ap. 8 KH, 'Tpy .llbl Me)K.llyHapO.llHOI KOHcpepeHUIIH no 

ycKopiiTenliM 8b!COKHX 9HepreA' (.Lly6Ha, 1963), M.,AToMHa.aaT, 1964, cTp. 1073. 

2. H.C.ne.aeHKo 11 .ap. C6opHHK 'BaaHMo.aellcTsHe ny'iKOB aapg)KeHHbiX 'iaCTHU c 

nnaaMoll', KHeB, 1965, CTp, 229, 

3. A.H.AHaUKHII, O.C.Eor.aaHOB, n.B.EyKae8, lO.n.BaxpyWHH H .ap. ATOMHa!l 9Hep

I'H!I, ~ CTp, 439 ( 1966), 

4. H.H.Eacanae8a, )f( T <P , ~ cTp. 1102 ( 1958), 
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PyKoniiCb nocTyn11na 8 Ha.aaTenbCKHI oT.aen 

19 anpenH 1967 ro.aa. 

-------~··''lllllllllllllllllllllllllt~------· .. - ··-······--

PRe, 1. BaKyyMHall CIICTeMa 9KCDepHMeHTanbHOI'O CTeH.aa , 

1 - 8aKyyMHbll arperaT BA -05-1; 
2 - Wll6ep; 3- HH.llyKTOp; 
4 - HaMepHTenbHbii 6noK; 5- aeHTHnb BM-40; 6 - H3MepHTenbHblll 
6noK; 7 - .aaT'iHK 'XpoHoTpoHa' MCX-3; 8 - aeHTHnb BM-40; 
9- aaoTH8ll no5ywxa; 10 - napopTyTHblll Hacoc PH-31; 11 - cpop-
88KYYMHaH nHHIIll; 12 - HaTeKaTenb; 13 - aeHTHnb BM-40; 
14 - o6'beM .anll paaMeweHHll KOHTponbHoro o6paaua; 15 - KOHTponb
Hbii o6'beM ( V ~ 4,25 n). 
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CxeMa HHJ:lYKTOpa. 

1 - SDOKCHJ:lHbiA KOMDSyHJ:li 2 - ynnoTHSIIOll.l8SI npoKn8):lK8i 

3 -BSKYYMHo-nnoTHbiA MeJ:lHbiA KO)KYX (nepBH'fH8SI 06MOTK8); 

4 - C9pJ:l9'fHHKt 5 - M8I"HHTHblA SKpaH; 6 - H30nSIUHSI ¢oKyCHpy10-

ll.leA K8TyWKH H3 SDOKCHJ:lHOI"O KOMD8YHJ:l8, 
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BaKyyMH8SI CHCTeMa CT9HJ:l8, 

1 - arperaT BA-05-1; 2 - aaoTHSSI nosywKa; 3 - wH6ep; 

4 - M8HOM9TpH'19CKHA npeo6p830118Tenb nT-2; 5,7 - M8HOM9TpH

'f9CKKA npeo6paaosaTenb nM-2; 6 - HHJ:lYKTOPi 8 - BeHTHnb. 
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Pac. 4. CxeMa saxyyMHOit CHCTeMbl ycxopurenH. 
1,5,10,13,18,~0 - saxyyMHbllt arperaT BA-05-4; 

18 ----

2,4,9,12,19,21 - H3MepHTenbHbii 6nOK H3 M&HOMeTpH'IeCKRX npe
o6p&30B&TeneA nM-2 H nT-2; 3 - RH)I(eKTOp; 6,14 - .Q.&T'IHK 
PM0-4C; 7,16 - wu6ep; 8,11 - cexuua ycxopHTenbHble c Tpy6ItoA; 
15 - ceKUHSI yCKOpHTenbH&SI 6ea Tpy6KH; 17 - KOnneKTOp; 12 - ~p
B&KyyMH&SI nHHHH; 23 - BeHTHn&. 
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Pac. 5. ,llHH8MHK8 saxyyMHOI TpeHHpOBKH HHAYKTOpa. 

1 - AO nporpesa; 2 - nocne nporpesa. 
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PHc, 6, 
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llHHaMHKa TpeHHpOBKH KOH'q:lnJ:biV•T'O o6paaua, 
a - HMHTaUHSI aaoaa o6pa3!!-"' 6 - HenporpeTbiA o6paaeu; 
B - npeasapHTenbHO nporpe·rbl}l o6paaeu. 
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PHc. 7. llaHaMHit8 TpeHHpOBitH CeKUHH, 
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PHc, 8. )lHH8MHK8 TpeHHpOBXH yCKOpHTeng, 

I - B Ol5'b&M8 HH)I(eKTOpa; 2 - B Ol5'b&Me YCKOpKIOWel CJICTeM&Io 
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