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6anaHAHK08 H.H. 

CHCTeMa KpHOreHHOH OTKa4KH BaKyyMHOH KaMepw 
CHHX~a30TpoHa nB3 OHRH 

PaccNOTpeHa CHCTeMa KPHOreHHoH OTKa4KH BaKyyMHOH 
CHHXpQ¢a30TpoHa. 3Ta CHCTeMa o5ecne4HT nony4eHHe 8 KaMepe 
CHHX~a30TPOHa npeAenbHOrO A8BneHH~ PKAM.• 2 •10-7Top, 4TO 
003BOnHT yCKOPftTb ftAPa AO aprOHa 8Kn~4HTenbHO. 3Ty 3aA84Y 
npeAnaraeTCft pewHTb YCTaHOBKOH 8 aaKyyMHOH KaMepe CHHXp~a-
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I. CYmECTBYOW.~E OrPAH~4EH~R HA MACCY YCKOPRE~X 
B C~HXPO~A30TPOHE RAEP 

H3BeCTHO, 4TO np~ YCKOpeH~~ RAep TR*en~x 3neMeHTOB OCHOs
H~M KaHanOM nOTepb RBnReTCR ~X B~XOA ~3 pe30HaHCH~X ycnOB~~ 
YCKOpeHHR scneACTBHe nOAXBaTa 3neKTpOHOB Ha aTOMHY~ o6ono4KY 
RAPa npH CTOnKHOBeH~RX C MOneKynaM~ OCTaT04HOrO ra3a. Ben~4H
Ha noTepb RAep, B 4aCTHOCT~ AflR CHHXPOTpOHa, onpeAenReTCR ea
KYYMOM B KaMepe OCHOBHOrO KOnb~a, 3HeprHe~ HH*eK~~~ ~ TeMnOM 
Ha6opa 3Hepr~H B KOnb~e. AnR C~HXp~a30TPOHa nB3 B pe*~Me yCKO-

peHHR RAep C ~ = ~ COOTBeTCTBYIOUIHe napaMeTp~ COCTaBnR~T: 

Pt<aM. = 2 , 5 ·10-6 Top , E»Hll<.= 5 M3BIHYKnOH, E = 1,25 K3BIHyKn.o6. 
B 3THX ycnoBHRX pac4eTHaR eenH4HHa K03~H~HeHTa ocna6neHHR 
HHTeHC~BHOCTH, OnpeAenReMOrO KaK OTHOWeHHe KOHe4HO~ HHTeHCHB-

' I 11 HOCTH ny4Ka K Ha4anbHOH , paSHa: 

K = 1:L = e -a P 
No 

L 
a ~ n0 f u (x) dx . 

0 

111 

10 3 rAe o 0 = 7, 1 . 1 0 aToM/eM , P - cpeAHee AaeneHHe s KaMepe 
e eA~H~~ax 10 -s Top, u- ce4eH~e nepe3aPRAKH ycKOPReMoro ~oHa, 
CM 2 . 

np~ ycKopeHH~ RAeP HeOHa I z =101, KOrAa Pl<aM=2 ·Jo-6 Top, 
K03~H~HeHT OCna6neH~R ~HTeHC~BHOCTH COCTaBnReT / 2 / 

-4 
K = 3.10 . 

TaKOH ypoeeHb noTepb RBnReTCR HeAonycTHM~M, H nocneAHHM 3ne
MeHTOM, KOTOP~H np~ cy~eCTBy~~X ycnOBHRX MO*eT 6~T~ yCKOpeH 
Ha CHHXPO~a30TPOHe nB3, RBnReTCR K~CnOpoA I z =81 13

. 

2. B03MO~HOCTH CHH~EHHR nOTEPb ~AEP 

B HaCTOR~ee speMR ony6n~KOBaHO ABa npeAnO*eHHR no cH~*eHH~ 
noTepb RAeP np~ ycKopeH~~ Ha c~Hxp~a30TPOHe: yeen~4eHHe TeMna 
Ha6opa 3Hepr~~ RAPaM~ Ha Ha4anbHOM 3Tane YCKOpeHHR B KOnb~e 
npH ~pc~poeKe MarH~THoro nonR 141 H yeenH4eH~e 3HeprHH HH*eK-

Mxa~.!:1w:; tttCTRTyT 
tl11tpil...U f!( ~ J!'eiOII!lr.:.. • 

iHI»Jtr ;.._; TEKA 
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UHH, P,OCTHraeMOe ycTaH08KO~ nHHe~HO~? , YCKOpHTen~ Ha 6a3e pe-
30 HaTo pa nY-9M 3a YCKOPHT eneM nY-20 2 

nep8oe npeAnomeHHe na380n~er CHH3HTb nore pH ~p,ep 3a c4eT 
yMeHbWeHH~ 3~eKTH8HO~ TOn~HH~ MHWeHH, COCTO~~e~ H3 OCTaT04-
HOrO ra3a, 8 HHTep8ane 3HeprH~, rp,e ce4eHHe nop,x8ara 3neKrpo
H08 ~p,paMH 8enHKO, CyTb 3$~KTa 8TOpOrO npeAnOmeHH~ COCTOHT 
8 TOM, 4TO 8 KaMepy HHmeKTHPY~TC~ ~p,pa C 3HeprHe~ 10 M3BIHyK
nOH, Ce4eHHe nOP,X8aTa 3neKTPOH08 KOTOPWMH MeHbwe, 4eM y ~p,ep 

c 3HeprHeH 5 M3BIHyKnoH. 
113 8~>~pa>KeHH~ I 1 I p,n~ K cneAYeT, 4TO 8eCbMa 3$<!>eKTH8HbiM Me

rop,oM yMeHbWeHH~ norepb ~p,ep ~8n~erc~ CHHmeHHe p,a8neHH~ ocra
T04HOro rasa 8 8aKyyMHO~ KaMepe ycKOPHTen~. B Hacro~~e~ pa6ore 
paCCMaTpH8aeTC~ CHCTeMa KpHOreHHO~ OTKa4KH, KOTOpa~ nOS80nHT 

-7 cHH3HTb p,a8neHHe ocraT04Haro rasa p,o 8enH4HH~P~o.ru-i:' 2·10 Top. 
B 4aCTHOCTH, KaK noKaS~8a~r npo8ep,eHH~e oueHKH, npH yc
KopeHHH Ha CHHXPO$a30TpOHe ~p,ep HeOHa 3$<PeKT yny4WeHH~ 8aKyyMa 
c PKaM .= 2·10-6 Top p,o PKa M. = 2·10- 7Top 6yp,er saKn~4arbc~ 
8 CHH>KeHHH norepb ~p,epHaro ny4Ka c K = 3 ·10-4 p,o K = 0,44. 
YKaaaHHOe yny4WeHHe 8aKyyMa cp,enaer 80SMO>KH~>~M ycKopeHHe Ha 
CHHXPO<PasorpoHe ~p,ep 8nnaTb p,o aproHa I Z =181 p,a>Ke npH HeH3-
MeHH~>~X 3HeprHH HH>KeKUHH H TeMne paCTa MarHHTHOrO non~. 

TaKa~ Merop, CHH>KeHH~ norepb 6~n ~cnewHo peanH308aH Ha 
63earpoHe ILBL, CUJAI 81972 rop,y 1 1 

3. nAPAMETP~ BAKYYMHO~ CI1CTE~ C11HXPO<!>A30TPOHA 

BaKyyMHaR CHCTeMa CHHXpO$a30TpOHa nocne OTKa4KH 8 Te4eHHe 
Mec~ua HMeer cnep,y~He OCH08H~>~e napaMeTp~>~: 

- npep,enbHbiH 8aKyyM: 
- cpep,Hee HareKaHHe ra3oe: 
- CyMMapHa~ CKOPOCTb OTKa4KH 

8cex 8aKyyMHbiX arperaroe: 

PKaM. 
Q 

s 

-6 2 , 5 ·10 Top, 
0,15 Top.nlc, 

4 
6,5·10 n/c. 

B OCTaT04HOM ra3e 8aKyYMHO~ KaMepbl CHHXPO$a3aTpOHa a30T 
cocra8n~er 75%, ocranbH~e KOMnoHeHr~ - 80p,a, yrneeop,opop,~ . KHc
nopop, H 04eHb He3Ha4HTenbHble KOnH4eCT8a eop,opop,a, renH~, HeaHa. 

4. ¢113114ECKI1E OCHOB~ CI1CTE~ KPI10rEHHO~ OTKA4KI1 

TaKOH cocrae ocraT04Haro rasa nos8onRer HcnonbS08aTb p,n~ 
Cy~eCTBeHHOrO yny4WeHHR BaKyyMa 3¢¢eKT KOHP,eHCauHH MOneKyn OC
TaT04HOrO ra3a Ha noeepXHOCT~X KPHOnaHeneH C TeMneparypOH 
- 20 K, coor8eTcT8y~e~ T0 4Ke KHneHH~ >KHP,Koro eop,o po p,a. 3ra 

2 

reMneparypa KpHonaH~nH o6ecne4H8aer 8enH4HHY K03<!><!>HUHeHra npH
nHnaHH~ MOneKyn aaora npH KOH P,eHCaUHH Cl\=0 , 84 6 . nn~ ocranb
HbiX ra3oe, KPOMe eop,opop,a, renH~ H HeoHa, C" =1. 

Tpe6yeMoe p,a8neHHe P"3 , 1 . = 2 ·10-i Top MOmHo nony4HTb, ecnH 
06ecne4HTb CKOpOCTb OTKa4KH a30 Ta 

O, l fi Top· .l . r ·~~~ _ 5,6 . 10 5 :1, r·. s . ~ ------7 -
!\2 2 . 10 - Top 

113 MOneKyn~pHO-K~HeTH4eCKO~ TeOpHH cnep,yeT, 4TO eCnH K03~H
UHeH T npHnHnaHH~ MOneKyn~>~ Ha noeepxHacTb KpHonaHenH C~o.=1 , ee 
yp,enbHa~ CKOpOCTb 0TKa4KH no a30Ty COCTa8n~eT S\~. =11 , 6 niC'CM ~ 
npH KOMHaTHOH r e Mneparype ra 3a . Ho noc KOnbKY H3.3Hepre TH4ec
KHx C006pa>KeHHH KPHOnaHen b P,On~Ha 6b1 Tb 3KpaHHPOBaHa OT Tenno-
80 ro H3ny4eHHR noeepXHOCTRMH C TeMneparypOH mHP,KOrO a30Ta 
I - 78 Kl , yp,enbHaR CKOPOCTb OTKa4KH 6 yp,er MeH bwe . 

0nTHMH3 a UHR ~OpMbl pa p,H a UHOHHOro 3KpaHa P,OnmHa npOH3BOP,HTb C ~ 
no CKOpOCTH 0 TKa4KH H Tenno npHTOKaM K KpHOnaHenH H 3KpaHy C 
Y4e TOM peanbHOrO pa3Me~eHH~ CH CTeMbl KPHOre HHOH OTKa4KH B 8a 
KYYMH OH KaMepe CHHXPO¢a30TpOHa . TaKa~ aHanH3 nOKa3b18ae T, 4TO 
8 p,aHHOM cny4ae Ha Hnonee nop,xop,R~HM 3KpaHOM RBn~erc~ onT H4 eCKH 
nnor HaR CHCTeMa napannenbHblx we8POHOB c yrnoM pacr8opa 120 c 
H K03¢<!lHUHeHTOM aanonHeHHR 3Kpa Ha we 8POHa MH, pa8HbiM I I PHC. 11 . 

PHc . 1. CxeMa 3KpaHHPOBaHHR 
KpHonaHenH. 1 - KPHOnaHenb 120 Kl, 
2 - we 8POHHWH 3Kpa H I 78 Kl, 
3 - cnnOWHOH 3Kpa H I 78 K/ . 

L 
I ... , ... 

~ > >» >)))) » ))))) ~ 
..f._; ..L 

TaK KaK 8e PORTHOCTb 
r ypauHH CK =0 , 36 6 , 

KpHOnaHen b COCTa BHT 

npone ra MoneKynbl 4e pea 3 KpaH raKOH KOH~

yp,e nbHaR CKOPOCTb OTKa 4KH CHCTeMbl 3KPaH-

S)~.= 4,1 8 n/C· CM2 . 

TaKHM o6pa30M, nno~ap,b noeepxHOCTH KPH OnaH enH, KOTOpaR a6ec 
ne4H8aeT Tpe6yeMy~ 8e nH4HHY CKOPOCTH OTK a 4KH a30Ta, 6yp,eT 
pasHa: 

F' naH · 13 ,4 
2 

M • 
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04eBHAHO, 4TO An~ 3~eKTHBHOrO 3KPaHHPOBaHH~ KPHOnaHenH 
OT TennOBOrO H3ny4eHH~ weepOHW HeOOXOAHMO 4epHHTb, A06Hea~Cb 
K03~H4HeHTa 4epHoTw £ , 6nH3Koro K I . CnnowHOH ~e 3KpaH, He
npo3pa4HWH An~ MoneKyn, AOn~eH HMeTb MHHHManbHO B03MO~HWH K0-
3~H4HeHT 4epHOTw. 3~eKTHBHOCTb 3KpaHa E3Kp . , onpeAen~eMa~ 
KaK OTHOWeHHe YAenbHO~ CKOPOCTH OTKa4KH Sy,n. K YAenbHOMy Ten
nonpHTOKy H3ny4eHHeM Ha 3KPaH Qya., npH K03~H4HeHTe 4epHOTW 
£ =0,9 COCTaBHT: 

s y.n 
E = ~ = 100 JJ / c. 13T • :lKp. Q 

Yfl . 

TaK KaK paAHa4HOHH~H 3KpaH 3a c4eT KOHAeHca4HH MoneKyn 6yAeT 
C BWCOKO~ CKOPOCTbD 0TKa4H BaTb BOAY, ABYOKHCb yrnepOAa H yrne
BOAOPOAW, npH 06~eM CHH~eHHH AaBneHH~ AOn~ 3THX KOMnOHeHTOB 
8 cneKTpe OCTaT04HOrO ra3a yMeHbWHTC~ . 

An~ 0TKa4KH HeKOHAeHCHPYD~HXC~ KOMnOHeHTOB OCTaT04HOrO ra3a 
/BOAOPOAa, renH~ H HeOHa/ HeOOXOAHMW AOnOnHHTenbH~e HaCOCW -
AH~Y3HOHHwe HnH MarHHTopaap~AHwe. BcneACTBHe Toro , 4TO nap-
4HanbHwe AaBneHH~ 3THX ra30B 04eHb Manw, CKOPOCTb 0TKa4KH AO
nonHHTenbHWX Hacocoa Tpe6yeTc~ He6onbwa~ /Srt - /2~5/ ·103 n/c/ . 

.... ou. 

4. 06~ CXEHA CHCTEM~ KPHOrEHHOA OTKA4KH 

TaK KaK HaTeKaHHe B BaKyyMHyD KaMepy CHHXpo~a30TPOHa pacnpe
AeneHO paBHOMepHO, CeK4HH KpHoreHHO~ 0TKa4KH C O~e~ nn~aAbD 
KpHonaHene~ 13,4 M2 4enecoo6pa3Ho pa3MeCTHTb a KaMepe TaK*e 
paaHOMepHO. 4To6W He BHOCHTb H3MeHeHHH B cy~eCTBY~D CHCTeMy 
AHarHOCTHKH HOHHOrO ny4Ka H He YMeHbWaTb CKOPOCTH OTKa4KH ea
KYYMHWX HaCOCOB, CeK4HH MO*HO pa3MeCTHTb Ha BHYTPeHHeM nepH
MeTpe KaMepw B npOMe*YTKaX Me~AY OKHaMH /pHc.2/. HCKa*eHHe 
MarHHTHOrO non~ OT HHAY4HPOBaHHOro 8 3neMeHTaX CHCTeMW KOnb-
4eBOrO TOKa MO*HO HCKnD4HTb, ecnH BCD CHCTeMy ~nOnHHTb 8 9HAe 
pa30MKHYTOrO KOnb4a, a CeK4HH H nepeXOAKWe Tpy6onpOBOAW H30nH
poaaTb OT Kopnyca KaMepw. 

0onepe4HOe Ce4eHHe CeK4HH KPHOreHHOH 0TKa4KH npeACTaBneHO 
Ha pHc.). KpHOnaHenb /1/, oxna*AaeMa~ ~HAKHM BOAOPOAOM HnH 

xonQAH;M renHeM, 4HPKynHpy~HM no Tpy6aM /2/, 3aKn~4eHa BHYTPH 
paAHa4HOHHOro 3KPaHa /3/ c TeMnepaTypo~ 78 K. 3KpaH oxna*AaeTc~ 
~HAKHM a30TOM, 4HpKynHpyD~HM no Tpy6aM /4/. 0TKa4Ka KaMepw 
aeAeTc~ 4epea onTH4eCKH nnOTHyD CHCTeMy weepoHoe /5/. Cno~ cy
nepH3on~4HH /6/ CHH*aeT TennonpHTOK H3ny4eHHeM K *HAKOMy a30Ty. 

4 

·~ 

!~ 

PHc.2. CxeMa pa3Me~e
HH~ CeK4H~ KpHOreHHOH 
OTKa4KH 8 BaKyyMHO~ 
KaMepe CHHXPO~a30TpOHa. 
I - ~PMO Ma rHHTa CHH
xpo~a30TPOHa, 2 - ea
KYYMHa~ KaMepa, 3 -
- CeK4HH KPHOreHHO~ 
0TKa4KH, 4 - nepeXOA
HWe Tpy60npOBOAW. 

U.U.."~ 

5. OOTPE6nEHHE XnAAArEHTOB 

PHc.3 . nonepe4HOe Ce4eHHe 
ceK4HH KpHOreHHO~ OTKa4KH . 
I - KPHOnaHenb, 2 - Tpy6o-

~ npOBOA An~ *HAKOrO BOAOPOAa 
, HnH xonOAHOro ra3oo6pa3HOro 

renH~, 3 - KOpnyc paAHa4HOH
HOrO 3KpaHa, 4 - Tpy6onpOBOA 
An~ *HAKOro a3oTa , 5 - weapoH, 
6 - cynepH30n~4H~ . 

5. I. Te~nepaTyPHWH ypoaeHb 20 K 

0CH08HWM KaHanOM TennonpHTOKa K KpHOnaHenRM ~en~eTC~ Ten
noeoe H3ny4eHHe. Pewa~ee 3Ha4eHHe AnR pac4eTa MO~HOCTH Tenno
aoro H3ny4eHH~ HMeeT K03~H4HeHT 4epHOTw £ xonOAHO~ noeepxHoc
TH. EcnH HCXOAHTb H3 npeAenbHO~ 9enH4HHW € AnR He3a4epHeHHO~ 
noeepXHOCTH € =0,8 , KOTOpa~ peanH3yeTC~ nocne AnHTenbHO~ 3K
cnnyaTa4HH a ycnoeH~x HanH4HR napoe Macna, nwnH H enarH, no
ny4HM MO~HOCTb H3ny4eHH~ Ha KPHOnaHenb: 

Q "' 70 BT. 
1!3JJ y4. naH. 
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Tennonp~TOK 3a C4eT Tennoa~X MOCTO B ~ nepeHOCa Tenna OCTa TOY
H~M ra30M 3HaY~TenbHO MeHbWe 3TO~ een~Y~Hbl. 06ma~ een~Y~Ha 

rennonp~ToKa K 3neMeHTaM c~creMbl, ~Me~m~M reMneparypy 20 K, 
oueH~eaerc~ een~Y~HO~ 

Q 20K "' 100 BT. 

Ecn~ B KaYeCTBe xnaAareHTd HCnOnb30BaTb ~~AK~~ BOAOPOA, 
TaKO~ MOmHOCTH COOTBeTCTByeT norpe6neH~e 1~ n~TPOB ~~AKOrO eo
AOPOAa B '-lac. 

5.2. TeMneparypH~~ ypoeeHb 78 K 

an~ TepMOCTaT~POBaH~~ a30TH~X paAHaU~OHH~X 3KpaHOB uene
C006pa3HO ~cnonbaoeaTb ronbKO rennory ~ cnapeH~ ~ ~~AKOro a3ora. 
TaK KaK 3$$eKT~BHOe 3KpaH~poeaH~e Kp~onaHen~ weapoHaMH npeAno
naraer B~COK~~ K03$¢~u~eHT YepHOT~ WeBPOHOB /l ~ 0,9/, OCHOB
HO~ noroK ~3nyYeH~R 6yAeT aocnpHH~MaTb C~ weapoHaM~ . Tennonp~
TOK K ~HAKOMy a30TY, no OUeHKaM, COCTaBHT: 

Q78- 7,:1 tdh . 

4TO COOTBeTCTByeT nOTpe6neH~IO •· 4 M :l ~11AKO rO a30Ta B Cy TK~. 

6. PElKI1Mbl PA60Tbl CHCTEMbl KPHOrEHH011 OTKA~KH 

Oxna~AeH~e c~cTeM~ KP~OreHHO~ OTKaYK~ MO~HO HaY~HaTb nocne 
npeAeap~re~bHO~ OTKaYK~ aaKyyMHO~ KaMep~ AO AaaneH~R P~1~. = 
=/1-2/·10- ~ Top c no~~biO cymecrayiOm~x aaKyyMH~x arpe r ar oa. 
npeABap~renbHaR OTKaYKa He06XOA~Ma An~ yMeHbWeH~~ Aecop6u~~ 
3a eYer nepeKOHAeHcauH~. 

BpeM~ BSOAa C~CTeM~ Kp~oreHHO~ OTKal.lKH B pa604~~ pe~~M C 
HaYana oxna~AeH~~ oueHH BaercR a /87 10 / ya coa. noAAep~aH~e He
o6xoA~MO~ reMneparyp~ pa6oYHX noaepxHocre~ a crau~oHapHOM pe
~~Me AOn~Ho npo~3BOA~TbCR c nOMQmbiO ycrpo~cra aerOMaT~K~. 

¢opCI1POSaHHOe OTenneH~e ~~CTeM~ npOAYB~O~ HarpeT~X ra30B 
yepe3 rpy6~ Kp~onaHene~ ~ 3KpaHOB no3aon~r Harperb see 3neMeH
T~ C~CTeM~ Kp~oreHHO~ OTKa4K~ AO KOMHaTHO~ TeMneparyp~ 3a Hec
KOnbKO yacos. 

3AKfliO~EHI-1E 

Ynyl.lWeH~e aaKyyMa a KaMepe c~Hxpo¢a3orpoHa ecTb npRMO~ nyTb 
CH11~eH~R norepb RAeP np~ ycKopeH~~. EA11HCTSeHHO~ peanbHO~ aoa
MO~HOCTbiO AeCRT~KpaTHOrO ynyYWeH~~ BaKyyMa B C~HXPO¢a30TPOHe 

6 

RBnReTCR KPI10reHHaR OTKal.lKa. PaCCMOTpeHHaR CI1CTeMa KpHoreHHO~ 
OTKa4K~ OOMHMO peweH~R OCHOSHO~ 3aAa4H - nonyYeHI1R B~COKOrO 
SaKyyMa - n03BOnReT 3Ha4~TenbHO nOB~CI1Tb M0611nbHOCTb eaKyyMHO~ 

C~CTeM~. 

B 3aKniOYeHI1e aerop~ np~HOCRT ~cKpeHHIOIO 6naroAaPHOCTb 
I-1.H.CeMeHOWKI1HY 3a nOAAeP~KY pa6oT~, IO .K.n~n~neHKO 3a none3H~e 
3aMe'-laH~R ~ C.C.HarAaceay aa npeAOcraeneHHe AaHH~X o saKYYMHO~ 
C~CTeMe C~HXPO$a30TpOHa. 
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