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npHMeHeHHe 3TieKTpOHHO-nyqeBOf'O HOHHOf'O HCTOqHHKa 

"KP110H-1" lin!'! ycKopeHHSI srnep C.~. 0 H Ne Ha 

CHHxpo¢a3oTpoHe OH 5H1 

3neKTpoHHo-nyqeBoil HOHHbiil HcToqHHK "KP~1 OH-1 • BnepBbie HCnonb-

30Bancsr nnsr ycKopeHHSI ru:tep C.N. 0 H Ne no penSITHBHCTCKHX 3HeprHil 

Ha CHHXpo¢a30TpOHe 0!1~11, TipHqeM nyqKH S!llep YK838HHhlX 3neMeHTOB 

nonyqanHCb Henocpel!CTBeHHO H3 HOHHOf'O HCTOqHHKa. 3TO TI03BOnHnO 

TipHMeHHTb l!nS! YCKOpeHHS! S!llep pe*HMhl pa60Thl BCeX CHCTeM HH*eKTOpa 

H yCKOpHTenSI, HCTIOnb3yeMbie 06biqHO anSI YCKOpeHHS! neilTOHOB H a -qaCTHU. 

B pa6oTe naHo onHcaHHe oco6eHHOcTeil pa6oThl HCTOqHHKa, CHCTeM ero 

TIHT8HHS!, ynpaBneHHS! H KOHTpOnSI, CBS!38HHblX C o6ecneqeHHeM MHOf'Ol!HeB-

HOM 3KCTinyaT8UHH B ycnOBHS!X ycTaHOBKH HCTOqHHKa Ha BbiCOKOBOnhTHOM 

TepMHHane npenycKOpHTenSI. C HCnonb30B8HHeM HCTOqHHKa "KP110H-f" 

6binH YCKOpeHbl l!O 3HeprHH 5 f38 /HyKn, S!Llpa C C HHTeHCHBHOCTbiO 

2,8·10
4 

srnep B HMnynhce, 0- c HHTeHCHBHOCThio $<10 3 srdep s HMnynhce, 

N e - HHllHKaTOpHoe KonHqecTBO. YKa3aHbi OCHOBHbie HanpasneHHH 

COBepWeHCTBOB8HHH HCTOqHHKa. 

Pa6oTa BbiTIOnHeHa B na6opaTOpHH BbiCOKHX 3HeprHil 011 ~11. 

Coo6UJeaae 061.e.llBaeaaoro !IBCTBTYT.a •.llepawx. accne.llo&aaal. ;!b!)aa 1977 

Vadeev V.P. et al. P7 - 10823 
The Use of Electron Eeam Ion Source "KRION-1" 
to Accelerat~ C ,N, 0 and Ne Nuclei at' the 
JINR Synchrophasotron 

The electron beam ion source "KRION-1" was first used 
to accelerate C .N. 0 and Ne nuclei up to relativistic 
energy at the Dubna synchrophasotron in March of 1977. 
Beams of the indicated nuclei were obtained directly from 
the ion source. This permitted the operating conditions 
of all injector and accelerator systems, usually used to 
accelerate deuterons and a -particles, to be applied for 
the nuclei acceleration. 

In this paper we describe the peculiarities of opera
tion of the source "KRION-1" and its power supply and 
control systems due to their operation of many days when 
the setup is placed on the preinjector high-voltage termi
nal. Principal results of the first nuclei acceleration 
run are presented, and basic trends of further improvement 
of the ion source systems are indicated. 
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l.BBE,l/.EHHE 

KpuoreHHhle HOHH3aTopw 3neKTpoHHo-nyqeaoro Tuna 

"KPHOH -1" H "KPHOH- 2" /I-3/pa3pa6oTaHbi a Jia6opaTopHH 

abiCOKHX 3Hepru:H OH.HH a TeqeHHe 1971-1976 ro,11,oa. HoHH-

3aTOphl Dpe,!J,Ha3HaqeH~ ,!l,BH HCITOBb30aaHHH a KaqecTae 

HCTQqHHKOa abiCOK03apH,!l,HblX HOHOa /a rrpe,11,ene - H,!l,ep/ ,!J,BH 

CHHXpo4Ja30TpOHa, a TaK)Ke ,!l,BH HJyqeHHH CaMHX rrpou;eccoa 

HOHH3ai.J;HH llOBO)KHTeBbHhlX HOHOa a ITBOTHOM 3BeKTpOHHOM 

nyqKe. 

B 3BeKTpOHHo-nyqeaoM HOHHOM HCTOqHHKe o6pa3oaaHHe 

abiCOK03apH,!J,HbiX HOHOa rrpOHCXO,!l,HT a pe3yBbTaTe ,!l,BHTenb

HOrO /a TeqeHHe ,!l,eCHTKOa HBH )J,a)Ke COTeH MHBBHCeKyH,!l,/ 

a3aHMO,!l,eHCTaHH llOBO)KHTeBhHbiX HOHOa C llBOTHbiM 3BeKT

poHHhiM rryqKoM ,!l,OCTaToqHo abiCOKoii 3HeprHH. TaKHe ape

MeHa a3aHMO,!l,eHCTaHH o6ecrrequaaiOTCH 3a cqey y,!l,ep)KaHHH 

HOHOa a llOTeHu;HaBbHOH HMe, o6pa3oaaHHOH a pa,!l,HaBbHOM 

HarrpaaneHHH rroneMnpocTpaHcTaeHHoro 3apH,!l,a 3neKTpOHHo

ro rryqKa, Dp0XO,!l,JIIJ.1ero BHYTPH CHCTeMbl CeKI.J;HH ,11,pe:H4Joao:H 

TpyfiKH, a B aKCHaBbHOM - ITO,!l,'beMOM llOTeHu;Hana Ha KpaiiHHX 

CeKI.J;HJIX ,11,peii4JoBOH Tpy6KH. YrrpaaneHHe BaO,!l,OM HOHOB pa6o

qero Bell.1eCTBa B 3BeKTpOHHbiH nyqoK H BbiBO,!l,OM HOHOB H3· 

HCTQqHHKa, a TaK)Ke perynHpOBKa ,!J,BHTeBbHOCTH BpeMeHH 

HOHH3ai.J;HH llpOH3BO,!l,HTCJI nyTeM H3MeHeHHH aKCHaBbHhlX 

pacrrpe,11,eneHHH rroTeHu;Hanoa Ha ceKu;HJIX Tpy6KH ,11,pe:H4Ja c 

ITOMOIJ.1bl0 BHemHero ycTpOHCTBa. "KPHOH" npe,!l,CTaBnHeT 

co6o:H KpuoreHHhlH aapuaHT 3neKTpoHHo-nyqeaoro HCToq

HHKa, a KOTOpOM MarHHTHOe none, 4JoKyCHpyiOII.J;ee .:JBeKT

pOHHbiH nyqoK, C03,1l,aeTCH CBepxrrpoaO)J,SII.J;HM coneHOH,!l,OM, 

pa6oraiOII.J;HM a pe)KHMe "JaMopo)KeHHoro" TOKa I 4, 5/ a Heo6-

xo,nHMhlH ,!l,BH pafiOThl CBepXBhlCOKHH BaKyyM /Ji.o 10-l2z'op/ 

,!J,OCTHraeTCH MeTO,!l,aMit 1CpHorellHOH OTKa'lKH. 
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B 1974 ro,ny a na6opaTopHblX ycnoauJix H3 HCToquuKa 
"KPHOH-1" 6blnH nonyqeubl nyqKH JIAep yrnepo,na H a3o
Ta /1/ C HHTeHCHaHOCTJIMH, AOCTaTOqHblMH AJIJI TOrO, qT06bl 
HaqaTb pa60Tbl no HCnOJib30aaHHID ero a KaqeCTBe HCTOq· 
HHKa s,nep AJIJI CHHXp~a30Tpoua. Buaqane HCTOqHHK "KPH • 
OH -1" 6bln ycTauoaneu ua HH:lKeKTope JIY -9M, a JaTeM 
nepeueceH Ha BH:lKeKTOp JIY • 20, C nOMOmbiO KOTOporo JI,npa 
C, N , 0 u Ne 6blJIH aae.neubl a KaMepy cuuxpo~JoTpoua B 
3aTeM YCKopeHbl a KOJibl.(e AO KOHequoii: 3HeprHB 5 T3B/HYKA. 

2. A,ll,AllTAl(H.R HCTQqHHKA "KPHOH-1" 
K YCJIOBH.RM PAEOTbl HA CHHXPOti>A30TPOHE 

Ocuoauble OTJIBqug ycnoauii: pa6oTbl llCToquuKa "KPH
OH-1" Ha YCKOpHTene OT na6opaTOpHbiX ycnoauii: COCTOJIT 
a TOM, qTo 

1/ a na6opaTOpHH HCTOqHHK H ace ero CHCTeMbl nHTaHHJI, 
ynpaaneHHJI H KOHTpOJIJI HaXOAHJIHCb no,n nOTeHI.(HaJIOM 3eM· 
nu, a ua ycKopuTene ouu pa3MemawTcJI ua nnaTI}IopMe, 
ua KOTopyw HMnynbcHo no,naeTCJI noTeuuuan - +700 KB; 

2/ a Jia6opaTOpHH aaKYYMHblB 06beM HCToqHHKa aBTO" 
HOMeR, a Ha YCKOpHTeJie OH no Heo6xo,nHMOCTH coqneueH 
C aaKyyMHblM 06beMOM ~OpHH)I(eKTOpa H JIY. 

3TH, a TaK:lKe ueKoTopwe ,npyrue, Meuee 3uaquTenbuwe 
OTJIHqHJI onpe,neJIHJIH He06XOAHMOCTb BHeCeHHJI pJI,na H3Me· 
HeHHB H AOROJIHeHHB KaK a KOHCTPYKUHIO CaMoro HCToquu
Ka H pe:lKBM ero pa60Tbl, TaK H a CHCTeMbl nBTaHHJI, ynpaa
JieHHJI H KOHTponJI. Bee 3TO c.nenano npouecc a.nanTauuu 
HCTOqHHKa K ycnoaHJIM pa60Tbl Ha YCKOpHTene aeCbMa 
CJIO:lKHblM H flPOAOJI:lKHTeJibHblM. 

1. "KPHOH-1" Ha UHJICenwpe JIY- 9M 

1/ Pa3.Mel/leHue UCJIO~HUKa U CUCIIeM 
ezo nu11aHUJt 

HcToquuK "KPHOH-1" 6wn pa3Memeu c no:Mom~aiO cne
l.(HaJibHoro ~THposoquoro ycTpoicTBa ua nnaTI}IopMe, yK-
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penneuuoB: ua onopHblX H3om1Topax H pacnono:lKeuuoB: a ue
nocpe,ncTaeHHOB 6JIH30CTH OT YCKOpHTeJibHOB Tpy6KH ~op
BH:lKeKTOpa. IDcTupoaoquoe ycTpoii:cTao HMeno 6 cTeneueB: 
cao6o,nbl: 3 nepeMemeHHJI u 3 apameuHJI. 3To o6ecnequaano 
a03MO:lKHOCTb yCTaHOaKH HCTOqHHKa a CTporo ropH30HTaJib· 
HOe noJIO:lKeHHe /a COOTaeTCTaHH C Tpe6oaaHHJIMH KOHCTpyK· 
l.(HH HCTOqHHKa/ H coqJieHeHHJI ero aaKyyMHOrO KO:lKyxa C 
~JiaHI.(eM YCKOpHTeJibHOB Tpy6KH 6e3 HCnOJib30aaHHJI no,n
aH:lKHblX COeAHHHTeJibHblX 3JieMeHTOa. )J,JIJI TOrO qT06bl npaK· 
TuqecKH HcKmoqHTb aJaHMo,neii:cTaHe nepe,nuero ~nauua 
ycKOpHTeJibHOB Tpy6KH, ablnOJIHeHHOrO H3 ~eppoMarHHTHOrO 
MaTepHana, c MarHHTHblM noneM caepxnpoao.nsmero co
neuoH,na HCToqHHKa, Me:lKAY HCTOqHHKOM H YCKOpHTeJibHOB 
Tpy6Koii: 6blna ycTauoaneua nepexo,nuaJI o6eqaii:Ka c aKcu
aJibHblM pa3MepoM 250 MM, aHyTpH KOTOpOB 6biJI CMOHTHpo· 
aaH Tpex3JieKTpOAHblB HOHHO·onTHqecKHB cornacoaaTeJib. 
IlpH TaKOM coqneHeHHH aaKyyMllble CHCTeMbl HCTOqHHKa 
H ~OPHH:lKeKTopa npe,ncTaaJIJIJIH e,nHHYID aaKyyMHYID CHCTe· 
MY, nOCKOJibKY npoaOAHMOCTb HX coqneHeHHJI COCTaBJIJIJia 
-1000 A/c. 

)J.nJI TpaucnopTHpoaKH noTOKa ucnapsswerocs H3 Kpuo
cTaTa renus K ycTpoii:cTaaM, uaxo.nsmHMCJI no.nnoTeuuuanoM 
3eMJIH, HCnOJib30aaJiaCb AH3JieKTpHqecKaJI Tpy6Ka npH6JIH" 
3HTeJibHO .naa.nnaTHMeTposoB: AJIHHW. 

BecbMa rpoM03AKHe 6noKH cucTeM 3JieKTpuqecKoro nu
TaHHJI H ynpaaneHHJI /MOAYJIJITOp 3JieKTpOHHOB nyWKH 
M3Il-2 /B I, reuepaTop 3anupa10mux uMnynhcoa r3H 19 it 
,np./ 6blJIH pa3Memeubl Ha ,npyroii:, BblCOKOaOJibTHOB nnaT
~OpMe, YCTaHOaJieHHOB Henocpe,ncTaeHHO a noMemeHHH HM • 
nynhcuoro Tpauc~opMaTopa HT-800. 

2/ A em o H oM H .., il p e JIC u M p a 6 om bl 

u c m o ~ H u K a "K PH 0 H- 1" 

OnbiT pa6oTbl HCToquHKa a na6opaTopHblX ycnoBHJIX 
noKa3aJI, qTo nocne BWXOAa Ha HeKOTOpbiB pe:lKHM pa60Tbl 
ace napaMeTpbl CBCTeM ero llHTaHHJI, a TaK:lKe 3JieKTpOH· 
uoro H HOHHoro nyqKoa coxpaHJIIOTCJI ,nocTaToquo ycToii:quso 
a TeqeuHe AJIHTeJibHOrO apeMeHH 6e3 AOllOJIHHTeJibHOro 
perynuposaHHJI. B caMOM nponecce abiBOAa Ha 3aAaHBwii 
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pe:>KHM Hau6onee TPY.IJ.OeMKHM u npo,IJ,on:>KHTenLHbiM 6blno 

nony'leHHe HOMHHanbHOH MO~HOCTH 3BeKTpOHHOrO ny'IKa 

/--1 A, 3 KB, 40 Mc/. BKniO'IeHue ny'IKa TaKoii MO~HOCTH 
nocne ,IJ,llHTenbHOH OCTaHOBKH BbiBO,IJ,HnO HJ CTpOB 3BeKT

pOHHo-onTH'IeCKYIO CHCTeMy HCTO'IHHKa HJ- Ja CHllbHOrO 

raJOOT,IJ,eneHHB 3BeKTpOHHOrO KOnneKTOpa H conpOBO:>K,IJ,aiO

II.UIX ero npo6oea BHYTPH HCTO'IHHKa. B CBBJH c 3THM 6blno 

paJpa6oTaHo ycTpoiicTBO aBTOMaTH'IecKoro BLIBO,IJ,a MO,IJ,y

nBTopa M3ll- 2 Ha Ja,IJ,aHHYIO MO~HOCTL, noJaonBro~ee 
Y'IHTbiBaTL BaKyyMHble ycnoBHB B o6nacTH 3neKTpOHHoro 

KonneKTopa I 6 (Bao,IJ, B cTpoii yKaJaHHoro ycTpoiicTaa ynpo

CTHn pa6oTy, T .K. nocne BKBIO'IeHHB nHTaiO~eH MO~HOCTH 
BCe OCTallbHble napaMeTpbl 3BeKTpOHHOH annapaTypbl YCTa

HaBBHBanHCb CpaJy B paC'IeTe Ha HOMHHanbHbiH pe:>KHM 

pa60Tbl HCTO'IHHKa. 

YnpaaneHue npoueccoM nony'leHHB HOHOB ocy~ecTBnB
llOCb no,IJ,a'leH no CBeTOBOMY KaHany CBBJH Tpex KOMaH,IJ,, 

nocTynaawux qepeJ pacnpe,IJ,enuTenL Tpex HMnynLcoa Ha 

BXO,IJ,bl r3H H M3ll-2. Heo6xO,IJ,HMOe paJMHO:>KeHHe 'IHCna 

KOMaH,IJ, ocy~eCTBBBBOCb C nOMOIUbiO 6nOKOB Ja,IJ,ep:>KeK. 

3/ 3 K c n e p u Me H 111 a A b H bl e p e 3 yA b 111 a 111 bl 

0CHOBHbiM 3KCnepHMeHTallbHbiM peJynbTaTOM, nony

'leHHbiM npu pa6oTe HCTO'IHHKa "KPHOH-1" Ha JIY-9M, 

6blno o6Hapy:>KeHue JHa'IHTenLHoro 4JoHa Hepa6o'IHX raJOB 

B 06'beMe HOHHJaUHH. 34J4JeKTHBHOe ,IJ,aBneHHe 4JoHOBbiX raJOB 

6blnO HaCTOllbKO BbiCOKHM, 'ITO HOHbl 3THX raJOB HanonHBBH 

BOBYWKY B 06'beMe 3llCKTpOHHOrO ny'IKa B TC'ICHHe 5-10 MC, 
BbiTCCHBB OTTy,IJ,a HOHbl pa6oqero raJa, B 'laCTHOCTH aJOTa, 

Ja,IJ,onro ,IJ,O ,IJ,OCTH:>KeHHB HMH B,IJ,epHOrO COCTOBHHB. 

)J;nB H,IJ,eHTH4JHKaUHH COpT a 4JoHOBbiX raJOB 6blna paJpa6o

TaHa H BBe,IJ,eHa B CTpOH CHCTeMa aHanHJa JapB,IJ,OBOrO cneKT

pa HOHOB no BpeMeHH nponeTa C HCnOnbJOBaHHeM YCKOpH

TellbHOH Tpy6KH 4JopHH:>KeKTOpa B Ka'leCTBe nponeTHOH 6a:Sbl. 

llpH 3TOM 6blnO 06Hapy:>KeHO, 'ITO: 1/ OCHOBHbiM KOMnOHeH

TOM 4JOHOBbiX raJOB BBnBeTCB BO,II,Opo,IJ,; 2/ 3<WleKTHBHOe 

,IJ,aBneHHe BO,II,OpO,IJ,a B o6naCTH 3llCKTpOHHOrO ny'IKa Hapac

TaeT B TC'ICHHe 10-15 'I C MOMeHTa oxna:>K,IJ,eHHB renHeBoro 

KpuocTaTa HCTO'IHHKa .IJ.O TeMnepaTypbl 4,2 K, nocne 'lero 

6 

YCTaHaBBHBaeTCB HeKOTOpoe COCTOBHHe paBHOBeCHB, npH 

KOTOpOM BpeMB KOMneHCaUHH npOCTpaHCTBeHHOrO JapB,IJ,a 

3neKTpOHHOrO ny'IKa HOHaMH BO,IJ,Opo,II,a COCTaBnBeT -5-10 MC. 
B raKHX ycnoBHBX nony'leHHe pa6o'lero pe:>KHMa HCTO'IHHKa 

Morno 6LITL H 6Lmo nuwL 3nHJO.IJ.H'IeCKHM BBneHHeM. TeM 

He MeHee y,IJ,anocL: a/ noKaJaTL, 'ITO 3MHTTaHc ny'IKa HJ 

3BeKTpOHHO-ny'ICBOrO HOHHOrO HCTO'IHHKa ,IJ,OCTaTO'IHO Man, 

H BeCb ny'IOK ycBaHBaeTCB BHHeHHbiM YCKOpHTeneM; 6/ O,IJ,HO

KpaTHO peanHJOBaTb B Te'ICHHC HCCKOllbKHX 'laCOB pe:>KHM 

ycKofeHHB B,IJ,ep aJoTa N + 7 
/.IJ.o 10 

7 
Jlo/uMn./ H renHB 

He+ /.IJ.O 10
8 JIO/UMn./ Ha HH:>KCKTope JIY-9M. 

llpH'IHHOH HanH'IHB BO,II,OpO,II,a B o6naCTH 3BeKTpOHHOrO 

ny'IKa HCTO'IHHKa "KPHOH-1" 6blna 6onblliaB npOBO,IJ,HMOCTb 

CO'IneHeHHB BaKyyMHbiX 06'beMOB HCTO'IHHKa H yCKOpHTenb

Hoii Tpy6KH. 3To 6blno onpe,IJ,eneHHO ycTaHoaneHo nocne 

TOrO, KaK 6blna ocymeCTBneHa J,IJ,eCb :>Ke B noMeiUeHHH 

4JopHH:>KeKTOpa JIY- 9M c6opKa HCTO'IHHKa C aBTOHOMHOH 

BaKyyMHOH CHCTeMOH H Macc-cneKTpOMeTpOM no BpeMeHH 

nponeTa. libln nony'leH pe:>KHM, npH KOTOpOM cneKTp HOHOB 

pa6oqero raJa - aJoTa /eM. puc. 1/ npaKTH'IeCKH He oT

nuqa~cB oT cneKTpa, nony'leHHoro B na6opaTopHbiX ycno

BHBx11( 

N+S 

H~1 

Puc. I. CneK111P uoHoe a3o-
111a, noAyt~eHJibiX U3 UC1IIO'l
HUKa "KpuoH-1 '' c ae111o
HOMHOU eaKyyMHOU CUC111e
MOU. 

3KcnepHMCHTLI Ha JIY -9M noKaJanu, 'ITO ,IJ,nB ycnewHoro 

npHMeHeHHB HCTO'IHHKa "KPHOH -1" Ha CHHXpo4JaJOTpOHe 

He06XO,IJ,HMO, Bo-nepBbiX, B MaKCHMallbHO BOJMO:>KHOH CTe

neHH paJBB3aTb BaKyyMHble CHCTeMbl HCTO'IHHKa H yCKOpH

TenbHOH Tpy6KH, BO-BTOpbiX, CHHJHTb MOII.UIOCTb 3neKTpOH

HOrO ny'IKa, yBeBH'IHB npH 3TOM ero nnoTHOCTb, ,IJ,BB 

COKpameHHB He06XO,IJ,HMOrO BpeMeHH HOHHJaUHH H YMCHb

WCHHB B03MO:>KHOH ,IJ,ecop6UHH BO,IJ,OpO,IJ,a CO CTCHOK ,II,peii

cPOBOH Tpy6KH npH 6oM6ap,IJ,HpOBKe HX 3llCKTpOHaMH H, 
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B-TpeThHX, MHHHaTIOpH30BaTh CHCTeMhl IIHTaHHH H pacrrono
)I(HTh HX Ha O)J.HOH rrna T$OpMe C HCTO'IHHKOM. 

Bee 3TH ycoaeprneucTaoaauux 6hlnH Bhmonueuhl rrpu 
IIO)J.rOTOBKe K pa6oTe HCTO'IHHKa "KPHOH -1" Ha JIY- 20. 

2. "KPHOH-1" Ha UHJICeKmope JIY- 20 

1/BaKyyMHaJI cuc•eMa 

llpu pa6oTe Ha JIY- 20 HCTO'IHHK "KPHOH -1" 
6Lin CHa6)1(eH aBTOHOMHOH BaKyyMHOH CBCTeMOH, 
co.LJ.ep)l(all{eH napo:wacnHHhiH uacoc c a30THOH 
noayrnKou .D.nx npe.LJ.aapuTenLuoro pa3pe)l(eHBJI, rnu6ep 

c PY'IHhiM rrpuBO.D.OM .LJ.llJI OT.LJ.eneuux aaKyyMuoro o6'heMa 
HCTO'IHHKa OT yCKOpHTenhHOH Tpy6KH $opHH)I(eKTOpa H HM
nynhCHLIH Knarrau / 7 I, coe.D.HHJIIOIUHH o6a o6'heMa ua apeMH 
-13 M C B Ka)I()J.OM l{HKne )J.llH IlpOXO)J.a HOHHOrO IIY'IKa. 

llpHMeHeHHe IllH6epa II03BOJIHllO nony'IBTh pa60'IBH pe)I(HM 
BCTO'IHHKa B aBTOHOMHOH CHCTeMe IIpH IIO)J.rOTOBKe K yCKO
peHHIO, a HMrrynLcuoro Knarraua - o6ecrre'IHTh cna6y10 aa
KYYMHYIO CBJI3h aaKYYMHhiX o6'heMoB u a .LJ.eCHTKH ThiCJI'I pa3 
yMeHhillHTh rrocTynneuue napoa Macna u .LJ.pyrux ra30B H3 
06'heMa YCKOpHTenhHOH Tpy6KH B 06'heM HCTO'IHHKa. 

2/3AeKmpoHHo-onmu'lecKaJI cucmeMa. 

3neKTpOHHo-onTB'IeCKaJI CBCTe:wa BCTO'IHBKa "KPH
OH -1" 6Lina 3a:weueua ua TaKyiO )l(e ,KaK B BCTO'IHBKe 
"KPHOH-2"/ 2/,T.e. CO)J.ep)l(ana KaTO.LJ. B cna6o:w:warHBTHOM 
none.MarHBTHaJI Ko:wnpeccuJI 3neKTpouuoro nyqKa no nno
IUa.D.B npB 3TOM paBHJillaCL -6. 3TO n03BOJ111il0 nony'IBTb 
3neKTpOHHLie ny'IKB nnoTHOCTLIO -50-100 A/eM npu TOKe 
50-100 MA,T .e. B pe)I(BMe BeCLMa MaJIOH MOII{IIOCTB,B o6ec
ne'IBTL BLICOKYfO Ha)J.e)I(HOCTL pa60TLI BCTO'IHBKa,oco6eHHO 
ueo6XO.LJ.BMYID s Te'leHue nepsoro ceauca ycKopeHBJI JI.LJ.ep ua 
CBHXp04la30TpOHe.Kpo:we TOrO,B 3KCnepBMeHTaX Ha BCTO'I
HBKe "KPHOH- 2" 6blnO noKa3aHO, 'ITO TOKOOCe)J.aHBe Ha aBO .D. 
3lleKTpOHHOH nymKB )J.OCTBraeT BCero JIJIIllh HeCKOllhKBX MBK
poa:wnep npu TOKe ny'IKa -100 MAI2jl TaKBX ycnoBBJIX oKa-
3aJIOCL uenecoo6pa3HLIM BBeCTB CBCTeMy MO)J.ynJII{BB TOKa 

8 

3lleKTpOHHOrO ny'IKa no noTeHI{Hany aHO)J.a 3lleKTpOHHOH 
nymKH,T.e. B :wanOMOll{HOH uenH.C03)J.aHHLIH )J.llJI 3TOH UeJIJI 
MO.LJ.ymnop M3ll -3 no3aonun TaK)I(e aapLupoaaTh TOK 3neKT
pouuoro rry'IKa 6e3 H3MeHeHHH ero 3Hepruu B Teqeuue u:w
nynhca. 

3/HanycK pa6o11ux za3oe 8 o6Aacmb 3Ae~<m
POHH020 ny'IKQ. 

CHCTeMa BBO)J.a pa6oqero Bell{eCTBa COCTOHna H3 Tpex 
rrapannenLHO COe)J.BHeHHLIX HaTeKaTeneH: H KaiiHllllJIPHOH 
Tpy6KB, oxna)I()J.aeMoH no TpaKTY .D.O TeMrrepaTyphl 78 K 
H IIO)J.aiOll{eH pa60'IBH ra3 B paHOH 3-8 CeKI{HH Tpy6KH )J.peu
$a. CHCTeMa II03BOnHna BBO)J.HTh B 3lleKTpOHHhiH rrx'IOK CTa-
6HllhHhiH, perynupyeMhiH rroTOK ra3oa/I0-

1 -"-HY Top·A/c I 
u onepaTuauo rrepexo)J.HTh oT O.D.Horo pa6oqero ra3a K .LJ.py
roMy. Bo apeMJI ceauca pa6oThl ua cuuxpo$a3oTpoue 6hlnH 
HCIIOllh30BaHhl cne)J.yiOll{He ra3hl: 3THneH (C2lJ1), a30T, KHCno
pO.LJ. H HeOH. liMIIYllhCHOCTh BBO)J.a pa60'IHX HOHOB B 3neKT
POHHhiH nyq H TO'IHaJI )J.03HpOBKa o6ecrre'IHBanach, KaK H 
pauee,

1 
npuMeueuueM MeTo.D.a "3neKTpouuoro perynupoall{H

Ka". I,. 

4/ Y n p a 8 A e Hue u c m o 'I H u K oM "K PH 0 H- 1" 
8 a8mOHOMHOM peJICUMe 

Ha puc. 2 npe.LJ.CTaaneua 6noK- cxeMa cucTeMLI ynpaa
neuux HCTO'IHHKOM. llpH pa6oTe ero B aBTOHOMHOM pe)I(HMe 
yrrpaaneuue ocyll{eCTBnJleTcJI c rrynLTa HH)I(eKTopa JIY-20 
IIO llHHHH MYllhTHIIneKCOp /MIT/ - CBeTOBOH Kauan CBJI3B -
.D.eMynLTHrrneKcop /pacrrpe.LJ.enuTenL HMrrynLcoa PH/. 

Yrrpaaneuue 3neKTPOHHhiM ny'loM ocyll{eCTBnHnocL c 
IIOMOII{biO MO.LJ.YllJITOpa M3ll-3 IIO)J.a'leH HMIIYllhCa HarrpJI)I(e
HHJI Ha aHO)J. 3neKTpOHHOH IIYillKH B onpe)J.eneHHhiH MOMeHT 
BpeMeHB. 

M3ll-3 BKniD'IaeT B ce6JI 6noK nuTaHBJI Iilli, o6ecne
'IBBaiOII{IIH HanpJI)I(eHBe +5 KB B nepe:weHHLIH TOK )J.llJI HaKana 
KaTO)J.a 3lleKTpQHHOH nymKB; HaKOnBTenb C =100 MK4>, MO
.D.YllJITOpHyiO naMny JI1 u MO.D.Yllh ynpasneHHJI MY, 6aTape10 
llMU,r, o6ecnequsaiOIUYID 3anupauue 3neKTpouuoro nyqa. 
M3ll-3 BMeeT perynupOBKY "rpy6o-TO'IHO" OCHOBHLIX na
paMeTpOB - aMnnBTY.LJ.LI BhiXO)J.HOrO BMnynLCa OT HynJI )J.O 
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(U a-U JJl), r .IJ,e U Jll - OCT a TOl.JHOe Hanp1DKeHHe Ha n 1, paBHOe 

3007400 B, .IJ,JIHTeJibHOCTH s npe.IJ,enax 1-:-200 Me, HaKnoHa 

nJIOCKOH qaCTH HMnyJibCa B npe.IJ,eJiaX ±20% OT aMnJIHTY.IJ.bl 

BblXO.IJ,HOrO Hanp1DKeHHJI. 

Onepau,uu, CBJI3aHHble c HanycKoM pa6oqero seiiJ,eCTBa, 

C06CTBeHHO HOHH3aU,HeH H 3KCTpaKU,HeH HOHOB, BblnOJIHJIJIHCb 

nyTeM topMHpOBaHHJI B onpe.IJ,eJieHHble MOMeHTbl BpeMeHH 

noTeHu,HaJibHblX pacnpe.IJ,eneHHH Ha ceKU.HJIX Tpy6KH .IJ,peB:ta 

C nOMOIIJ,biO 3JleKTpOHHOrO KOMMyTaTopa 3K -1. 

JiJIOK nHTaHHJI lill2 npe.IJ,Ha3Hal.JeH .IJ,JIJI 3K -1 H HOHHO

OnTHl.JeCKOH CHCTeMbl. 

B Kal.JeCTBe CBeTOBOrO KaHana CBJI3H /CKC/ HCnOJib3y

eTCJI BHHHnJiaCTOBaJI Tpy6Ka C C =2 M, Ha KOHU,aX KOTOpOH 

pa3MellJ,eHbl CBeTOHCTOl.JHHK /Cl1/ H toTOnpHeMHHK-HOpMa

JlH3aTop /«<>ll- H/. B CKC ucnoJibJyeTCJI napa An102B -

«f>3Y- 35, pa6oTaiOIIJ,aJI B 3Hal.JHTeJibHO o6nerl.JeHHOM pe>KHMe. 

CKC Mo>KeT pa6oTaTb B HenpepbiBHOM pe>KHMe c qacToToB: 

cseTOBblX HMnynbcoB 50 KT!l, nepe.IJ,asaTb cepHH HMnynbcoB 

.IJ,O 10 3 C l.JaCTOTOH 100 KTij H CKBa>KHOCTbiO He MeHee 50. 

BpeMeHHaJI .IJ,HarpaMMa curHanos ynpasneHHJI c BblXO.IJ.a 

Pl1, .IJ,eB:cTBYJ:OIIJ,HX Ha sxo.IJ,ax M3ll-3, 3K-1 H 3M3, noKa

JaHa Ha puc. 3. 
llpH HaJIHl.JHH U,HKJia yCKOpHTeJIJI KOMaH.IJ,bl t l, t S , t 6 no

.IJ,ai:OTCJI C nyJibTa nY- 20, o6ecnel.JHBa.Jl CHHXpOHHOCTb B 

pa6oTe HCTOl.JHHKa 7t l,cKopuTeJIJI. KoMaH.IJ.bl tTt 4 nocTynaJOT 

c TaB:Mepa /T- PI 8 .npu KpaTKOBpeMeHHOH ocTaHOBKe yc

KopuTeJIJI, KOr.IJ,a U,HKJI CHJIT, KOMaH.IJ,bl t l, t S, t 6 OTCYTCTBy

I:OT. B 3TO BpeMJI HCTOl.JHHK pa6oTaeT OT reHepa TOpa U,HKJia 

ru., KOMaH.IJ,bl t 
7 

, t 
8 

nepeXO.IJ,JIT Ha BblXO.IJ,bl 5, 6 Pl1, H pe>KHM 

HCTOl.JHHKa OCTaeTCJI npaKTHl.JeCKH HeH3MeHHblM. 

l1H>KeKU,HJI HOHOB B nY- 20 npOHCXO.IJ,HT Ha nJIOCKOH l.JaCTH 

HMnyJibCa BblCOKOrO HanpJI>KeHHJI C l1T- 800. ,[I.JIJI ycTpaHeHHJI 

JlO>KHblX KOMaH.IJ,, CBJI3aHHbiX C B03MO>KHblM B03HHKHOBeHHeM 

KopouupyJOIIJ,ero pa3pJI.IJ,a B CKC, HH>KeKU.HIO HOHOB npoHJBo

.IJ.JIT no KOMaH.IJ,e t 6 /Hal.JaJIO pa60Tbl l1T- 800/ C 3a.IJ,ep>KKOH 

T p = 500 MKC, HeCKOJlbKO 60JibiiieH BpeMeHH nepe.IJ,Hero 

tpoHTa HMnyJibCa HanpJI>KeHHJI C l1T- 800. C 3TOH >Ke u,eJibiO 

nocne npuxo.IJ,a t 8 sxo.IJ. Pl1 6noKupyeTCJI /M l' M 2/ ua speMJI 

oKono 2 c, nocne qero npoucxo.IJ.HT c6poc, H Pl1 roTOB 

.IJ,JIJI npHeMa CJie.IJ,yiOIIJ,eH cepHH KOMaH.IJ,. 
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lf3MepeHHe H KOHTpOnh ny'IKa HOHOB llpOBO~HflHCh C no

MO~hlO Tpex I.(HnHH~poB cl>apa~eB l.J.cl>1, U.«<>2, U.c1>3, pacnono

)KeHHhiX COOTBeTCTBeHHO Ha BXO~e JIY-20, Ha ero BhiXO~e 

H nocne nepaoro noaopoTHoro MarHHTa Mll1, H Tpex u~eH

TH'IHhlx JapB~oqyacTBHTenLHhiX ycunHTeneil Y 1 -'- Y/npuH

I.(HnHanLHaB cxeMa npe~cTaBneHa Ha puc. 4/. OcHOBHhle 

xapaKTepHCTHKH YCHflHTenB cne~ylO~He: 

ypoBeHh WYMOB, llPHBe~eHHhlH 
KO BXO~y, 

K03~HI.(HeHT ycHneHHB 

MaKCHManhHaB aMllflHTy~a 

BhiXO~Horo curHana 

HHTerpanhHaB HenHHeHHOCTh 

nonoca ycHneHHB 

TeMllepaTypHaB HeCTa6HnhHOCTh 

B npe~enax +18-:-45" C 
BhiXO~HOe conpOTHBneHHe 

12 MKB, 

2-10 :l' 

6 B, 
:S 0,8o/o, 

20 rij-:--1 Mrij, 

0,02o/o Ha" C, 
10OM. 

5/ Y c K ope H u e .11 o e p H a u H x e K mope JJ Y- 20. 

j Pa6oTa HCTO'IHHKa "KPHOH -1" Ha JIY- 20 xapaKTepHJo

, Banach BhiCOKOH CTa6HnhHOCThlO. Pe)KHM HOHH3ai.(HH llpH 

~nHTenhHOCTH - 100 MC, nony'leHHhiH C aBTOHOMHOH Ba

KyyMHOH CHCTeMOH, yCTOH'IHBO COXpaHBnCB B Te'leHHe co

TeH qacoB H llpH CO'IneHeHHH BaKYYMHhiX CHCTeM HCTO'IHHKa 

H yCKOpHTenhHOH Tpy6KH HMnynhCHhiM KnanaHOM. llpH 3TOM 

$OH0Bhle ra3hl npaKTH'IeCKH OTCyTCTBOBanH B 06beMe HO

HH3ai.(HH. 0CHOBHhle napaMeTphl HCTO'IHHKa 6hlnH cne~yro

IQHe: 

3nei<TPOHHhiH TOK nyqKa 

llflOTHOCTh 3fleKTpOHHOrO TOKa 

nyqi<a 

3HeprHB 3neKTpOHOB 

BpeMB HOHH3ai.(HH 

HOHHhiH Jap.H~ Ha BhiXO~e 

MHTenhHOCTh HOHHOrO HMDYflhCa 

/Ha nonyBhiCOTe/ 

'laCTOTa cne~OBaHHB I.(HKflOB 

/3a~aeTCJI pe)KHMOM pa60Thl 

CHHXpO$a30TpOHa/ 

50 MA, 

60 A/eM 2, 

5,5 K3B, 
~0 150 MC, 

2.109 3Ae.M.3ap., 

35 MKC, 

0,12 rij. 
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Yxa3aHHLie napaMeTpLI 3JieKTpouuoro nyqxa H npo,IJ;oJI

)KHTeJILHoe BpeMB HOHH3a:UHH D03BOJIBJIH DOJiy'laTL B CDeKTpe 

3apB,IJ;HOCTeH HOHOB 3Ha'IHTeJILHLie )];OJIH B,IJ;ep, OT HeCKOJILKHX 

,IJ;eCBTKOB npo:ueHTOB )];JIB C ,IJ;O uecKOJILKHX npo:ueHTOB )];JIB Ne-
,l.J;JIB O:UeHKH pa,IJ;HaJILHOrO pa3Mepa HOHHOrO DY'IKa Ha 

BXO,IJ;e B JIHHeHHLIH YCKOpHTeJIL C anepTypoif ,IJ;peiiclloBOH Tpy6-

J<H 18 MM, ycTaHaBJIHBaJICB UHJIHH,IJ;p ~apa,IJ;eB /l.l.~1/ C ,IJ;Ha

cllparMOH ,IJ;HaMeTpOM 10 MM. 0Ka3aJIOCL, 'ITO npH COOTBeTCT

BYIOI.QeH HaCTpOHKe HOHHO- ODTH'IeCKOH CHCTeMLI YCKOpH

TeJILHOH Tpy6KH Ha l.J.<I>1 npOXO,IJ;HJIO 6oJiee 80lfo HOHHOro 

ny'lxa . 

Y CKopeHHe B,IJ;ep Ha JIY- 20 OCyi.QeCTBJIBJIOCL B pe)KHMe 

BTOpoii KpaTHOCTH BLICOKO'IaCTOTHOrO HanpB)KeHHB H DpH 

OTCYTCTBHH rpynnupoBaTeJIB. llpH 3TOM ,IJ;OCTHraJiaCL 3Hep

rHB B,IJ;ep 5 M3B/HYKA., a noTepu B npo:uecce ycxopeHHB 

O:QeHHBaJIHCL B 88-90lfo. 

11HTeHCHBHOCTL ycxopeHHLIX B,IJ;ep Ha BLIXO,IJ;e JIY- 20 . 

/l.J.~2/ COCTaBJIBJia: C - 2 ·10 
7 .110/UMn., N - 1 ·10 7 .110/UMn., 

0 - 5 ·10 6 RO/uMn., Ne - 10 6 RO/uMn. 

3. YCKOPEHHE J/,4EP HA CHHXP04JA30TPOHE 

113- 3a OTHOCHTeJILHO HH3J<OH HHTeHCHBHOCTH DY'IKa B,IJ;ep 

Ha BLIXO,IJ;e H3 HH)KeJ<TOpa YCJ<OpeHHe B,IJ;ep B KOJIL:Ue CHHXpo

clla30TpOHa npe,IJ;CTaBJIBJIO C060H BeCLMa CJIO)KHYID 3a,IJ;a'ly. 

CJie)KeHue 3a ny'IJ<OM ua Tpacce HH)KeK:UHH ocymecTBJIBJIOCL 

DpH nOMOI.l{H Henocpe,IJ;CTBeHHLIX H3MepeHHH HHTeHCHBHOCTH 

Ha l.J.~2 H l.J.~3 H Ha6JIIO,IJ;eHHH pa3MepoB DY'IKa Ha pa3JIH'IHLIX 

y'laCTKaX TpaCCLI no CBe'leHHID MHWeHeH, DOKpLITLIX JIIDMHHO

cllopoM. 

HacTpoiixa 6eTaTpouuoro pe)KHMa npoH3BO,IJ;HJiaCL c 

DOMOI.l{LID MHWeHH C HaCa,IJ;KOH H3 nJiaCTH'IeCJ<OrO C:UHHTHJI

JIBTOpa H clloTonpueMHHKa, co,IJ;ep)Kamero ~3Y. 3To )Ke 

YCTpOHCTBO npHMeHBJIOCL )];JIB HaCTPOHKH pe)KHMa yCJ<OpeHHB. 

KpoMe Toro, )];JIB xaqecTaeuuoii o:ueuxu HHTeHCHBHOCTH H 

pa,IJ;HaJILHLIX pa3Mepoa, a TaK)Ke noJio)KeHHB nyqxa a npo:uec

ce YCJ<OpeHHB HCnOJIL30BaJiaCL CHCTeMa HOHH3a:UHOHHLIX 

,IJ;aT'IHKOB. CocTaa nyqxa ycxopeHHLIX B,IJ;ep aHaJIH3HpoaaJicB 

Ha BLIXO,IJ;e KaHaJia Me,IJ;JieHHOrO BLIBO,IJ;a CHHXpocl>a30TpOHa. 

,l.J;JIB 3TOH :QeJIH DpHMeHBJiaCL CDeKTpOMeTpH'IeCKaB anna-
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paTypa, CO.U,ep)l{al.l.\aH nnaCTH'ieCKHe CIJ,HHTHnnHTOpbi B Ka
qeCTBe .u,aT'iHKOB y.u,enbHbiX noTepb 3HeprHH qaCTHIJ, B Be-
1.1.\eCTBe /9/, 

0KOH'iaTenbHaH uacTpOHKa BCeX CHCTeM YCKOpHTeng 
npoH3Bo.u,unacL no cqeTy qacTHU. B KaHane Me.u.neuuoro Bbi
ao.u,a, r.u,e 6binH 3aperHCTpHpOBaHbi cne.U,ylOI.I.\He KOnH'ieCTBa 
YCKOpeHHbiX H.U,ep: C - 2,8 10 4 JIO/UMn., 0 - 5 10 3 JIO/UMn., 
Nc - HH.U.HKaTopuoe KonuqecTBO. Ha puc. 5 npe.u,cTaaneubi 
cneKTpanbHbie COCTaBbl ny'iKOB yCKOpCHHbiX qaCTHIJ, npH 
ycKopeuuu C , 0 u NecooTBeTcTaeuuo . .H.u,pa a3oTa ycKopg
nucb nHlllb KaK npHMCCb K .u,pyrHM qaCTHIJ,aM. 

113 pHCYHKOB cne.u,yeT, 'iTO ny'iKH YCKOpHeMbiX H.U,ep 
co.u,ep)l{anu npuMecu .npyrux 3neMeHTOB, B qacTHOCTH He, C , 
N , 0, a TaK)I{e Be, B ,Li u .np. llpuMecu HBnHnHCb pe3ynL
TaTOM uecoaepllleHcTaa cucTeMLI no.u,aqu pa6oqux ra3oB 
B HCTO'iHHK, a TaK:lKe pa3pyllleHHH H.U,ep npH B3aHMO.U,eHCTBHH 
nepBH'iHoro ny'iKa c ael.l.\eCTBOM a KaHane Me.nneuuoro BLI
ao.na. EcTecTaeuuo, 'iTO uau6onblllee 3Haqeuue HMeiOT npu
Mecu ra30B 6onee nerKHX 3neMCHTOB B 6onee TH)I{enbiX, 
T.K. B 3TOM cnyqae npOHCXO.U,HT o6ora~eHHe npHMeCbW B 
npou.ecce ycKopeHHH .no BbiCOKHx 3Hepruii. 

ll3BCCTHO, 'iTO npH yCKOpeHHH H.U,ep B CHHXpOTpOHaX 
cepbe 3Hyro Tpy.nuocTb npe.ncTaBnHroT noTepu qacTHU. H3- 3a 
nO.U,XBaTa 3nCKTpOHOB npH CTOnKHOBeHHH C aTOMaMH OCTa
TO'iHOrO ra3a/lO/.lloTepH cy~CCTBeHHbiM o6pa30M CBH3aHbi 
C BCnH'iHHOH 3HeprHH HH)I{eKIJ,HH, .u,aaneHHCM B KaMepe H 
aenH'iHHoii npupocTa 3Hepruu qacTHU.bi 3a 1 o6opoT. B uallleM 
cnyqae 3TH BenH'iHHbi 6binH COOTBeTCTBCHHO: 5 M:JB/HYK/1., 
2· 10 -G Top, 1,25 K:JB/HYK/1. 

qT06bi OIJ,CHHTb noTepH H3- 3a OCTaTO'iHOrO ra3a, 6binH 
npou3ae.neubi 3KcnepuMeHTbi no ycKopeuuro H,nep yrnepo.na 
npu .naaneHHHX 1,6 ·10-6 H 3,2 ·10 -6 Top a KaMepe cuuxpo-
4Ja3oTpoua. llHTCHCHBHOCTb npH 3TOM ynana npHMepHO B 
.naa pa3a. TaKoe )l{e na.neuue HHTeucuauocTH npoucxo.nuno 
npu nepexo.ne oT ycKopeHHH yrnepo.na K ycKopeuuro KHcno
po.na npH O.U,HHaKOBbiX KOnH'iCCTBaX H.U,ep, HH)I{CKTHpyeMbiX 
a KaMepy npu P = 1 ,6 ·1 0-6 Top. B TO )I{C apeMH nepexo.u. 
K ycKopeuuro ueoua .naaan 3Ha'iHTenLuoe 6onee pe3KOe 
na.u,eHHC HHTCHCHBHOCTH. 

KaqecTaeuubiii auanu3 pe3ynLTaToB 3THX 3KcnepuMeu
TOB noKa3biBaeT, 'iTO a cnyqae yrnepo.u,a H KHcnopo.u.a ycKo-
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peHHe npOHCXO,IJ;HT npH OTHOCHTenhHO ManLIX noTepRX H Me,IJ;

neHHOH 3aBHCHMOCTH noTepb OT ycnOBHH, a B cnyqae HeOHa 

CHTyaQHR pe3KO yxy,IJ;WaeTCR. fi03TOMY ny'IOK R,D;ep HeOHa 

y,IJ;oBneTBOPHTenLHoro KaqecTBa nony'IHTh He y,IJ;anoch. 

4. 3AKJIIOIJEHHE 

llony'leHHLie C nOMOIQhJO HCTO'IHHKa "KPlfOH -1" H YCKO

peHHLie Ha CHHxpo!lla3oTpoHe ,IJ;o 3HeprHH - 5 F:JB/HYKA. 
ny'IKH R,D;ep yrnepo,D;a H KHCnOpO,D;a no CBOeMy COCTaBy H HH

TeHCHBHOCTH OKa3anHCh ,IJ;OCTaTO'IHLIMH, 'IT06LI BhlllOflHHTh 

BCJO 3annaHHpoBaHHYJO Ha 1- il ceaHc nporpaMMY !llH3H'IecKHx 

3KCnepHMeHTOB no o6ny'leHHIO TpeKOBLIX ,IJ;eTeKTOpOB. llpH 

3TOM HCTO'IHHK noKa3an BeCbMa BhiCOKHe 3KCnnyaTaiJ;HOHHbie 

Ka'leCTBa, npopa6oTaB Ha ycKopHTene 540 'i. 3a 3TO BpeMR 

OH HH pa3y He BCKphiBanCR H 6Lin ,IJ;eMOHTHpOBaH, He HC'Iep

naB pecypCOB pa60Thl HH O,IJ;HOH H3 CBOHX CHCTeM. 

· AHanH3 pa60Thl HCTO'IHHKa "KPI10H -1" noKa3hiBaeT, 

'ITO B HaCTOR~ee BpeMR HMeJOTCR B03MO~HOCTH Ha'laTb 

ocy~ecTBneHHe nporpaMMLI nocTeneHHoro yBenH'IeHHR HH

TeHCHBHOCTH ny'IKOB R,D;ep H3 HCTO'IHHKa )];0 -10 10 JIO/UMn. 
npH coxpaHeHHH ,IJ;OCTHrHyToro ypoBHR Ha,IJ;e~HOCTH B ycno
BHRX pa60TLI Ha YCKOpHTene. 

B 3aKnJO'IeHHe aBTOphl C'IHTaJOT CBOHM npHRTHhiM )];On
rOM no6naro,D;apHTh A.M.6an,IJ;HHa 3a nocTORHHLIH HHTepec 

K pa6oTe H 11.H.CeMeHJOIIIKHHa 3a opraHH3aQHOHHoe pyKo

BO,IJ;CTBO pa60TOH H MHOrO'IHCneHHbie none3HLie o6cy~,IJ;eHHR. 
ABTOPLI 6naro,D;apHbl TaK~e IO.,ll;.6e3HOrHx, E.r .ropcKoil, 

11.11.KapnoBy, B.A.MoH'IHHCKOMy, B.ll.OBCRHHHKOBy, 

C.A.Xop030BY H BCeM ,D;pyrHM COTpy,D;HHKaM na6opaTOpHH 

BhiCOKHX 3HeprHH, BHeCIIIHM CBOH BKna,IJ; B BhinOnHeHHe 

,IJ;aHHOH pa60Thl. 
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