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BBEAEHHE 

BamH~M npo~eccoM, np~BOA~~~M K noTep~M T~*en~x ~OHOB np~ 
YCKOpeH~~, ~Bn~eTC~ nepe3ap~AKa ~X Ha OCTaT04HOM ra3e. 

B P~Ae TeopeT~4ecK~x ~ 3Kcnep~MeHTanbH~x pa6oT ~ccneAyeTc~ 
npo~ecc nepe3ap~AK~ B~COK03aP~AH~X ~OHOB cpeAH~X ~ pen~T~B~CT

CK~X 3HeprH~ / 1 ~/. B pa6oTax/ 8-10/ ~ccneAOBaHa HOHH3a~~~ ra30B 
T~men~MH ~o~aMH. P~A pa6oT noca~~eH nepe3aP~AKe ~OHOB Ha TBep-
A~X M~WeH~x 111 1 · · 

B ~~noTpoHax ~ n~He~H~x ycKopHTen~x T~men~x ~OHOB 4a~e 
acero Hcnonb3yeTc~ ~CT04H~K T~na PIG / 12/, reHeP~PYIOUI~i1 HOH~ c oT
HoweHHeM Mace~ K 3ap~AY OT 4 AO 20, T.e. AaneKHe OT COCTO~HH~ 
c nonHo~ ~OH~3a~~e~. 

B HacTo~~e~ pa6oTe npoBeAeH aHan~3 3Kcnep~MeHTanbH~x AaHH~x 
no noTep~M ~OHOB np~ nepe3aP~AKe, nony4eHH~x a on~Tax Ha ~HKno

TpoHax n~P OH~H - Y-200, Y-300, Y-400 . npoaeAeHo ~ccneAOBaH~e 
pacnpeAeneH~~ AaaneH~~ ~ cocTaea ocTaT04Horo ra3a npH pa3H~x 
pemHMax pa6oT~ ~~KnoTpoHa Y-400. 

BaKyyMHa~ c~cTeMa H3oxpoHHoro ~~KnoTpoHa T~men~x HOHOB Y-400 
on~caHa e pa6oTe I 13/.0cTaT04Hoe AaeneHHe AO 10-7 Top ycTaHaBnH
eaeTc~ B BaKyyMHO~ KaMepe o6DeMOM 25 M3 ~ nn~aAb~ noeepXHOCTe~ 
300 M2 4epe3 24 4 nocne Ha4ana oTKa4K~. ra3oe~~ noToK 3a c4eT 
ra300TAeneH~~ cocTaen~eT 2· 10-3 Top. n. c-Y] · l 0 -IO Top.n·c - 1 cM- 2/. 

CpeAH~~ een~4~Ha sHewHero HaTeKaHH~ 4epe3 HennoTHOCTH KaMep~ pas
Ha 1·10-3 Top.n.c-i. TexHonorH4ecKoe HaTeKaH~e pa6o4ero ra3a 
B ~OHH~~ HCT04H~K COCTaBn~eT OT 2,5·10-3 AO 0,8.10-2 /Top.n.c-1/ 

Xe ~ Ne cooTBeTcTBeHHO. Ben~4HHa ra3oeoro noToKa, B~3BaHHa~ 

CTHMynHpoeaHHO~ Aecop6~~ei1, np~ nonaAaHH~ Ha eaKyyMH~e noeepx
HOCT~ HOHHOrO ny4Ka, COCTaen~eT eenH4HHY AO 2,5.10-2 Top.n.c-1 

np~ ~HTeHC~BHOCT~ ycKopeHHoro ny4Ka AO 5·10 13 1/c. Pa604~~ 
eaKyyM, ~3Mep~eM~i1 pacnonomeHHoi1 Ha nep~~ep~~ e naTpy6Ke A~~
~Y3~0HHoro Hacoca ~OH~3a~~OHHO~ naMnO~ nMH-2, COCTaBn~eT 

4+8 · 10-7 Top. 
Ha pHc.1 npeACTaeneH~ xapaKTepH~e cneKTp~ ocTaT04Horo ra3a 

e KaMepe ~~KnoTpoHa Y-400 e cny4a~x: 
a/ 6e3 ~OHHOro HCT04H~Ka, B OTCYTCTBHe YCKOp~~~ero Hanp~meH~~ 

~ ~OHHoro ny4Ka; 
6/ np~ pa6oTaiOUieM HOHHOM HCT04HHKe, HO B OTCyTCTB~e YCKOp~~

~ero Hanp~meHH~ /nOTOK Xe B ~OHH~~ HCT04H~K COCTaen~n 
3.10-3 Top•n.c-1 ; 
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PHc. I. CrreKTpb! ocTaTO'-!Horo ra3a B KaMepe JJ;HKJ10TpoHa 
Y-400 B CJ1Y'-!aHx: a/ 6e3 HOHHOI'O HCTO'-IHHKa, B OTCYTCTBHe 
YCKOPHID~ero HanpH~eHHH H HOHHOI'O ITY'-!Ka; 6/ rrpH pa6oTaiD
~eM HOHHOM HCTO'-!HHKe, HO B OTCYTCTBHe yCKOpHID~ero Ha
npH•eHHH; B/ npH HaJ1H'-!HH YCKOpeHHOI'O ITY'-!Ka HOHOB 
48Ti+6 C HHTeHCHBHOCTbiD 2·10 12 J/c. 

.. 
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PHc.2. PagHaJ1bHOe pacnpegeneHHe 
gaBJ18HHH B KaMepe JJ;HKJ10TpOHa 

Y-400 npH noga'-!e a3oTa B u;eHTp. 

s/ np~ Han~4~~ ycKopeHHoro 
ny4Ka ~OHOB 48 Ti +6 ~HTeHc~sHoc
Tb~ 2.10 12 1/c. CneKTP~ 6~n~ 
cH~T~ np~6opoM HnA0-2' 131 c AaT-
4~KoM, pacnono*eHH~M B saKyyM
HO~ KaMepe ~ pa6oTa~~~M s Mar-
H~THOM none 4~KnOTpOHa. 

KaK cneAyeT ~3 np~BeAeHH~X cneKTpos, ycKopeHH~~ ny40K ~OHOB 
Bbl3biBaeT pOCT n~Ka MaCCbl 28 (CO,Nz). np~ ~HTeHC~BHOCT~ ~OHOB 
5·10 13 -1·10 14 1/c n~K Mace~ 28 ~sn~eTc~ npesan~py~~~M s cneKT-
pe ocTaT04H~x ra3os. 

H3-3a ~HTeHc~sHoro ra3osoro noToKa ~ orpaH~4eHHO~ nposoA~

MOCT~ ycKop~TenbHoro 3a3opa 4~KnoTpoHa K nep~$ep~~Ho pacnono
*8HH~M HacocaM, An~ aHan~3a noTepb ~oHos Heo6xoA~Mo 3HaH~e pa
A~anbHoro pacnpeAeneH~~ AasneH~~. 

Ha p~c.2 npeACTasneH~ ~3MepeHH~e 3aB~C~MocT~ paA~anbHoro 

pacnpeAeneH~~ AasneH~~ B KaMepe 4~KnoTpoHa Y-400 np~ noAa4e 
a3oTa s 4eHTP KaMepbi. B~AHO, 4TO s 3TOM cny4ae AasneH~e s 48HT
pe 4~KnoTpoHa pacTeT 6~cTpee, 4e~ Ha nep~~ep~~. Y*e np~ noToKe 
ra3a 0,36-10- 2 Top·h·t- 1 AasneH~e s ycKop~TenbHOM 3a3ope s 2-3 
pa3a npes~waeT AasneH~e Ha nep~$ep~~. 

U- -··- ~ ---------- - -• ,..,... t-"•''- • J ,,...,..._.,...,,_ o UU.III.,..IlOI OrlGI.IIVI r1"'1n01c;. •">001"1\...YIMV'- I V1 II~Vl IIUI--\d'-'tt::: 

a30Ta Ha nep~$ep~~ BaKYYMHO~ KaMep~ ~n~ yMeHbWeh~~ CKOPOCT~ 

OTKa4K~ nep~~ep~~H~x Hacocos. B 3TOM cny4ae ~3MeHeH~e Aasne
H~~ Ha nep~Qep~~ pasHa ~3MeHeH~~ gasneH~~ Ha scex paA~ycax. 

TaKa~ XOA 3as~c~MocTe~ ~ npeAnonaranc~ ~3 o6~~x 3aKoHos Te4e
H~~ ra3a. 
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PHc.3. PagHanbHoe pacnpegeneHHe 
gaBJ18HHH B KaMepe JJ;HKJ10TPOHa 

Y-400 npH noga'-!e a3oTa Ha nepH
¢epHID I q- KOJ1H'-!eCTBO nogaBae
Moro raga, Q - CKOpOCTb OTKaq

KH/. 

06nacTb soKpyr ~OHHoro ~CT04H~Ka, ~sn~~eroc~ noKan~3o
saHHbiM ~cT04H~KOM 6onbworo Kon~4eCTBa ra3a lAo 2-1o-2Top.n.c -I;, 
BbiT8Ka~ero 4epe3 3M~CCHOHHy~ ~enb ~ HennOTHOCT~, MO~eT OKa-
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3aTbC~ samHoA An~ npo~ecca nepe3aP~AKH Ha neps~x o6opoTax 
ycKop~eMoro ny4Ka. AasneHHe s pa3P~AHOA KaMepe HCT04HHKa noA
AepmHsaeTc~ Ha yposHe 10-3 Top. HccneAOBaHH~, nposeAeHH~e 
Ha ~HKnoTpoHe Y-300 1141 H saKyyMHoA MOAenH ~eHTpanbHOA o6nac
TH ~HKnoTpoHa Y-300 115/, noKa3anH, 4TO AasneHHe s o6nacTH 
3MHCCHOHHOA lJ.IenH HCT04HHKa HOHOB COCTaBn~eT 10-3 +10-4 Top, 
6~cTpo cnaAaR c ysenH4eHHeM paccTo~HH~ oT lJ.IenH AO AasneHH~, 
onpeAen~eMoro CKOpOCTb~ OTKa4KH nepH~epHAH~X HaCOCOB, nposo
AHMOCTb~ 3a30p0B H KOnH4eCTBOM nOAasaeMoro ra3a. 

HcTe4eHHe ra3a H3 ll.lenH HCT04HHKa HOCHT HanpasneHH~A xapaK
Tep, 3aBHC~ll.IHA, B OCHOBHOM, OT reoMeTpHH 3MHCCHOHHOA lJ.IenH 
HCT04HHKa H nynepa. Ha pHc.4a noKa3aH~ 3aBHCHMOCTH AaBneHH~ 
OT paAHYCa H yrna C HOpManb~ K tL~enH HCT04HHKa HOHOB. Ha pHc.46 
npeACTaBneH~ 3aBHCHMOCTH AaBneHH~ OT paAHYCa H CMelJ.IeHH~ 

OT MeAHaHHOA nnOCKOCTH. 

p (Top) 
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PHc.4. 3aBHCHMOCTH AaBneHHR: a/ oT PaAHyca R H yrna 8 
C HOpManbiD K ~enH HCTOqHHKa HOHOB; 6/ OT paAHYCa R 
H CMe~eHHR ~X OT MeAHaHHOl~i 11flOCKOCTH, 

HCCnEAOBAHHE nPOUECCA nEPE3AP~AKH 

BBHAY BbJCoKoA H36HpaTenbHOCTH npo~ecca ycKopeHH~ s ~HKnoTpo

Hax K 3ap~AY HOHa, npo~ecc nepe3ap~AKH npHBOAHT K yMeHbWeHH~ 
HHTeHCHBHOCTH yCKOp~eM~X ny4KOB. 0THOCHTenbH~e noTepH HOC~T 
3KCnOHeH~HanbHbJA xapaKTep H nOA4HH~~TC~ 3aBHCHMOCTH 

/1/ 

rAe aE - ce4eHHe nepeaapRAKH npH 3HeprHH E /Ha paAHyce ycKope
HH.A R I, ( n2 - n1) R - H3MeHeHHe nnoTHOCTH aTOMOB ocTaT04Horo ra
aa Ha paAHyce, L - AflHHa nyTH, I 1 H 12 - HHTeHCHBHOCTH ny4Ka 
HOHOB, 

B on~Tax H3MepHTenbH~e saKyyMH~e naMn~ pacnonaranHcb Ha ne
PH$epHH BaKyyMHOA KaMepbl. no3TOMY An~ HCKn~4eHH~ BnH~HH~ Ha HC
cneAOBaHHe ce4eHH~ nepe3aP~AKH paAHanbHoro pacnpeAeneHH~ Aas
neHH~, s on~Tax Hcnonb3osanacb nepH$epHAHaR noAa4a ra3a HnH 
yMeHbWeHHe CKOpOCTH OTKa4KH nepH$epHAHbiX HaCOCOB /eM. pHC.3/. 

An~ o~eHoK noTepb HOHOB BBOAHnc~ napaMeTp HHTerpanbHOro ce-

JadL 
<a>=--= /2/ 

L 

rAe ~P- H3MeHeHHe AasneHH~ /Top/, L- AnHHa nyTH, /eM./, 
<a>- HHTerpanbHoe ce4eHHe /cM 2/. 

AnHHa nyTH L onpeAen~eTc~ paAHYCOM ycKopeHH~, MarHHTHbJM 
noneM H TeMnOM yCKOpeHHR 

4 H
2 

R
3 

L [ M] = :f" RN "'-----
k u~.~ sin-f. q 

z 
A' 

/3/ 

rAe u~.~- aMnnHTYAa HanpAmeHH~ Ha AYaHTax /MB/, a- yron AYaHTa, 
k- KOnH4eCTBO AYaHTOB, q- HOMep rapMOHHKH ycKopeHH~, H
MarHHTHoe none s /K3/, R- paAHYC ycKopeHHR /M/, Z H A-

An~ ~HKnOTPOHa Y-400 npH u~.~=so KB, k=2, q= 2, H=21 K3 

3 z 
L = 3900 R A . I 4 I 

BBHAY onpeAen~~lJ.Iero 3Ha4eHH~ nHKa Mace~ 28 s cneKTpe ra3os 
on~T~ npoBOAHnHCb c noAa4eA a3oTa. 

Ha pHc.5 npeACTaBneH~ xapaKTepH~e 3aBHCHMOCTH TOKa ny4Ka 
HOHOB 53 Cr +5 oT saKyyMa s KaMepe ~HKnoTpQHa Y-400 AHA pa3nH4HbJX 
paAHYCOB ycKopeHHR, HOpMHPOBaHH~e Ha MHTeHCHBHOCTb npM Hc
XOAHOM AasneHHM. B~4HcneHH~e M3 peaynbTaToB H3MepeHHA no ~op
Myne /2/ HHTerpaflbH~e Ce4eHHR nepe3apRAKH HOHOB ~MKflOTpOHOB 

Y-200, Y-300 H Y-400 npeAcTasneH~ Ha pMc.6. 0wH6Ka pac4eToB 
HHTerpanbHbiX Ce4eHHA O~eHeHa aHanorH4HO TOMy, KaK 3TO CAenaHO 
s pa6oTe 171: 

/5/ 
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PHc.5. 3aBHCHMOCTH TOKa ny~Ka 
HOHOB 53 Cr +S OT ,o;aBJieHHH B 

KaMepe ~HKJIOTpoHa Y-400 ,o;nH 

pa3JIH~HhlX pa,o;HycoB YCKOpeHHH. 

BenH4HH~ owH60K npeACTasne
Hbl s Ta6m11..1e 1 . 

3 4 5 10 15 20 25 •10
7 

H3 nony4eHH~x 3aBHCHMOcTe~ 
noTepb HOHOB OT BaKyyMa MOryT 
6b1Tb pacc4HTaHbl AH<)l<)lepeHI..IHanb
H~e ce4eHH~ nepe3aP~AKH, cooT
BeTcTBy~~He ce4eHH~ npH AaHHO~ 
3HeprHH. Hcnonb3yeM o4eBHAH~e 

-14 
10 

O.ABflEHME (Top) 

'V 2oNeJ• (':i-1.00) ~ ISN2• ('i-1.00) 
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PHc. 6. HHTerpanbHhJe ce~eHHR nepe3 apH,o;KH <a> pa3JIH'!HbiX 
HOHOB B 3aBHCHMOCTH OT 3HeprHH. 

Ta6JIH~a I 

1 (~+~) B(p2-P1) au 8 (sin..!E)_ MR ~ 
IR1 II I2 (p2- pl) u sin¢ 

Ir <a> 
ln--

I R2 

5% 10% 5% 5% 5% 30% 

Ta6m1~a 2 

1 BIR1 8IR2 8(p 1- P2) 8U B(sin¢1._ 3t!R 1 MR2 oa 
(-- +--) --+--

IR1 IRl IR2 (pl- p 2) u sin¢ Rl R2 a 
ln--

I R2 

5% 10% 5% 5% 10% 35% 

COOTHOWeHH~ An~ cny4a~ nepH(jlepH~HO~ nOAa4H ra3a H HOpMHPOBK~ 
Ha HCXOAHY~ ~HTeHCHBHOCTb 

In! 
fn-- = l'!nf <a'>. T. _ <n'- f I 

1 II 2 r, I r, 2 --2 • 

rAe 1\L = L 2-Lc An~Ha nyTH npH ycKopeH~H oT paAHyca R 1 AO R2 , 
a a- AH<)l(jlepeHI..I~anbHOe Ce4eHHe nepe3ap~AK~, KOTOpoe npH AOCTa
T04HO Mana~ pa3HOCTH R1 ~ R2 cooTBeTCTByeT ce4eHH~ np~ 3Hep
rH~ HOHa Ha 3T~X paA~ycax. AHanor~4HO /2/, 

fn~-10- 16 
a = _ _,I:..JRo~o.<2,__ __ _ 

3,22-~p -~L 
/6/ 

Ha pHc. 7 npeACTasneHbl 3Ha4eH~~ A1-1¢><)lepeHI..II-1anbHbiX ce4eHI-1~ B 
3aBI-1CI-1MOCTI-1 oT 3HeprHI-1 An~ paaH~x I-10HOB. Pe3ynbTaT~ Ol.leHoK 
OWI-16KI-1 cBeAeH~ B Ta6nl-1l.IY 2. 

H3-3a B~COKI-1X 3Ha4eHI-1~ AasneHI-1~ B o6nacTI-1 I-1CT04HI-1Ka npeA
cTasn~~T I-1HTepec AaHH~e no ce4eHH~M nepe3aP~AKI-1 npH 3Hepri-1~X, 

COOTBeTCTBy~~I-1X nepB~M o6opoTaM B 1..11-1KnOTpOHe, T.e. np~-1 3Hepri-1~X, 
MeHbWI-1X 30-40 K38/HyKn. 

7 



6 c,....( 

X 

. 
• 0 

101~ 0 0 

0 

0,1 1,0 

••• + 
.6 
0 

xo 

0 

0 

X 

• •ar; s .. 

o ssMn s• 

26._ J• 
.6 ,.,g 
+ •sr; 6• 

• 5JCr s• 

o "0Ar ~· 

+ 
E 

PHc.7. ~H¢¢epeH~HanbHNe ceqeHHR a rrepe3aPRAKH pa3nHQHNX 

HOHOB B 3aBHCHMOCTH OT 3HeprHH, 

OnpeAeneHH~e 3Kcnep~MeHTanbHO s pa6oTe/IG/ ce4eH~R nepe-
3aPRAK~ np~ 3Hepr~Rx, MeHbW~X 25 K3B/HyKnoH AflR ~oHOB Ne, Kr 

10 -14 2 ~ Xe B pa3n~4H~X ra3ax, COCTaBflRDT Befl~4~H~ AO CM . 

BbiBOAbl 

HccneAOBaH~R, npoBeAeHH~e Ha 4~KflOTpoHaX nRP, n03BOn~n~ 

onpeAen~Tb ~HTerpanbH~e ~ A~¢¢epeH4~anbH~e ce4eH~R nepe3apRA
K~ ~OHOB Ha ocTaT04HOM ra3e. KaK noKa3an~ ~3MepeH~R, pac4eT 
noTepb ~OHOB cneAyeT npoBOA~Tb c y4eTOM peaJlbHoro pacnpeAene
H~R AaBneH~R B 3a3ope 4~KflOTpOHa. 

Oco6oe BH~MaH~e AOn~Ho 6~Tb o6pa~eHo Ha 4eHTpanbHYD o6nacTb 
4~KnoTpOHa BOKpyr ~OHHOrO ~CT04H~Ka, rAe ~3-3a BWCOK~X 3Ha4e
H~~ AasneH~R lAo 10-3 Top/ ~ ce4eH~~ nepe3apHAK~ AO l0- 1 ~cM 2 

noTep~ MoryT AOCT~raTb 30~-70~. 3Ha4~TenbHaR 4dCTb ra3osoro 
noToKa s 4~KnoTpoH Y-400 BW3BaHa Aecop64~e~, CT~Myn~poBaHHOA 
~OHaM~, npeTepneBW~M~ nepe3aPRAKY, a TaK~e WHPOKHM cneKTpOM 
~OHOB pa3n~4HWX 3aPRAHOCTe~ ~ Mace, BWTRr~saeMWM ~3 ~OHHOrO 

~CT04H~Ka. 

8 

KaK cneAyeT ~3 paA~anbHWX pacnpeAeneH~~ AasneH~R s ycKop~Tenb
HOM 3a3ope, ysen~4eH~e cKopocT~ OTKa4K~ nep~¢ep~~Ho pacnono
~eHHWX Hacocos 4~KnoTpoHa Y-400 He CKa~eTCR 3¢¢eKT~BHo Ha yny4-
weH~~ AaBneH~R B YCKOP~TenbHOM 3a3ope, T.e. He BW30BeT yMeHb
weH~R noTepb ~OHOB. 

Yny4WeH~e BaKyyMa B ycKop~TenbHOM 3a3ope 4~KnoTpoHa Mo~eT 
6WTb AOCT~rHyTo cneAYD~~M o6pa30M: 

- yMeHbWeH~eM ra3osoro noToKa ~3 ~CT04H~Ka T~na PIG c np~Me
HeH~eM ~MnynbcHo~ noAa4~ ra3a ' 17 I; 

- C03AaH~eM B 4eHTpanbHO~ o6naCT~ AOnOflH~TeflbHWX CpeACTB 
OTKa4K~ /Kp~oreHHWe naHen~, T~TaHOBWe MarH~TOpa3pRAHWe HaCOCW 
~ Ap./; 

- yMeHbWeH~eM Aecop6~pyD~ero Ae~CTB~R nonyTHWX ~OHOB nyTeM 
ycTaHOBK~ B 4eHTpanbHO~ o6nacT~ 4~KnoTpoHa Ha nepswx o6opoTax 
onpeAenRD~~x ~ene~; 

PaA~KanbHWM cpeACTBOM yny4weH~R AasneH~R RBnReTCR ~H~eK4~R 
~OHOB B 4~Kfl0TpOH ~3 BHeWHero ~CT04H~Ka. 

AsTopw 6naroAapHw ~.U.OraHeCRHY, H.B.Konecosy, cT~Myn~posas
w~M npoBeAeHHy~ pa6oTy, P.U.OraHeCRHY ~ B.&.KyTHepy 3a 4eHHWe 
3aMe4aH~R, C.H.Ko3nosy 3a none3Hwe A~cKycc~~. COTPYAH~KaM ycKo
P~TenbHwx ycTaHOBOK na6opaTop~~ 3a noMo~b s npoBeAeH~~ onwTos. 

... , .................. ~, .... .. 
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