
82- 30i 

C006Ul8HMR 
06b8AMH8HHOfO 

MHCTMTYT8 
RABPHbiX 

MCCJ18AOB8HMM 

AY6Ha 

P9-82-301 

A.r .BeJios,n.r .BoH,o;apeHKo, lJ.UIHMaHe, M.BorHap 

MHKPOTPOH MT-22 

1982 



AnR peweHHR MHOrHx aaAa4 KaK Hay4Horo, TaK H npHKnaAHoro 
xapaKTepa He06XOAHM~ B~COKOHHTeHCHBH~e HCT04HHKH raMMa- H 
HeHTpOHHOrO H3fly4eHHR. 0AHHM H3 nyTeH, n03BOflR~~HX nony4HTb 
o6a BHAa H3fly4eHHR, RBflReTCR HCnOflb30BaHHe 3fleKTpOHH~X yCKO
pHTeneH, B 4aCTHOCTH MHKpOTpOHa. 

B Te4eHHe MHOrHX neT B na6opaTOpHH RAePH~X peaK~HH ycnew
HO 3KcnnyaTHpoeancR MHKpoTpoH MT-17 Ha 3HeprH~ 16 M3B /Mo~
HOCTb B ny4Ke 0,5 KBT/, pa3pa6oTaHH~H B HHCTHTyTe ~H3H4eCKHX 
npo6neM AH CCCP H aany~eHH~H e 1973 roAY· 3a 3TH roA~ MHKpo
TPOH aapeKOMeHAOBan ce6R KaK YA06H~H, HaAemH~H H AOCTaT04HO 
npOCTOH HHCTpyMeHT AflR npoBeAeHHR Hay4H~X HCCfleAOBaHHH/l-3/, 
a TaKme AflR peweHHR onpeAeneHH~x aHanHTH4eCKHX 3aAa4. nony-
4aeM~e Ha YCKOpHTene HHTeHCHBH~e raMMa- H HeHTpOHHOe H3fly4e
HHR n03BOflHflH paapa6oTaTb PRA B~COK04yBCTBHTeflbH~X MeTOAHK 
raMMa-aKTHBa~HOHHOro H HeHTpOHHO-aKTHBa~HOHHOrO aHaflH3a co
AepmaHHR 3fleMeHTOB e ee~ecTee14-91 . 

Tpe6oeaHHR K 4YBCTBHTenbHOCTH aHanHaoe H AHanaaoHy aHanH-
3HpyeM~x 3neMeHTOB Henpep~BHO B03pacTaOT. 0AHaKO noe~CHTb 
AOCTHrHyT~H Ha MT-17 npeAen 4YBCTBHTenbHOCTH aHanH30B npH Tex 
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n03BOflReT npOBOAHTb aHaflH3 TaKHX 3fleMeHTOB, KaK KHCflOPOA, 
yrnepOA, KaflHH H AP•t H3-3a B~COKOro nopora ~TORAepH~X peaK
~HH AflR 3THX 3fleMeH.TOB.EAHHCTBeHH~M nyTeM,n03BOflRIO!qHM nonomH
TeflbHO pewaTb o6e 3TH 3aAB4H, RBflReTCR noB~WeHHe 3HeprHH yc
KOpeHH~X 3fleKTpOHOB, 4TO, C OAHOH CTOpOH~, noB~CHT MO~HOCTb 
TOpM03HOrO H3fly4eHHR H B~XOA HeHTpOHOB H3 HMe~HXCR KOHBep
TOpOB, a C APYrOH - AaCT B03MOmHOCTb aKTHBHpOBaTb PRA HOB~X 
3fleMeHTOB, 

B CBR3H co eceM e~ecKa3aHH~M a 1976 rOAY 6~no npHHRTO pe
weHHe 0 CTpOHTeflbCTBe MHKpOTpOHa Ha 6onee B~COKyO no cpaBHe
HHO C 3HeprHeH HMe~D~qerOCR yCKOpHTeflR 3HeprHO YCKOpeHH~X 3fleKT
pOHOB.npH B~6ope aapHaHTa MHKpQTpOHa,ero napaMeTpoB npHHHMa
flHCb BO BHHMaHHe ~enH,no6yAHBWHe K nocTpOHKe HOBoro YCKOPHTenR, 
HanH4He roToaoro noMe~eHHR,o6ecne4H&a~D~qero Heo6xoAHMyo paAHa
~HOHHyo 6eaonaCHOCTb, B03MOmHOCTb KOMnneKTOBaHHR MHKpOTpoHa 
rOTOB~M HflH cepHHHWM 060PYAOBaHHeM, 6eaonacHOCTb npH npoBeAe
HHH peMOHTH~X pa6oT. 

AHanHa 3THX Ha4anbH~x ycnoBHH npHaen K aaKno4eHHO, 4TO HaH-
6onee nOAXOAR~HM yCKOpHTeneM 6yAeT MHKpOTpQH Ha 3HeprHO ycKO
peHHWX 3fleKTpQHOB 22-24 M3B, CTpOHTeflbCTBO KOTOporo He nOTpe-
6yeT 60flbWHX KanHTaflbH~X H ~H3H4eCKHX 3aTpaT. 
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KOHCTPYHPOBaHHe H H3rOTOBneHHe Y3flOB npHHHTOrO BapHaHTa 
MHKpOTpoHa OCy~eCTBflHflOCb OAHOBpeMeHHO B na6opaTOPHH HAepH~X 
peaK4HH OHflH H nonHTeXHH4eCKOM HHCTHTyTe /r.npara/. PyKOBOA
CTBOM npH npo&eAeHHH Heo6XOAHM~X HH*eHepH~X paC4eTOB OTAenb
H~X Y3fl0B YCKOpHTenR CnY*Hna WHPOKO H3BeCTHaR pa6oTa/lO~ 6~H 
H3rOTOBneH~ ABa MHKPOTpOHa, OAHH H3 KOTOp~X yCTaHOBneH B na-
6opaTOpHH RAepHwx peaK4HH H aany~eH neTOM 1980 roAa. ApyroH 
MHKpoTpoH HaXOAHTCH B nonHTeXHH4eCKOM HHCTHTyTe /r.npara/. 
06a YCKOpHTenR HMe~T OAHHaKOB~e napaMeTpW, KOMnneKTHOCTb ~ 
0TflH4a~TCR TOflbKO KOMnOHOBKOH. B 3TOM COO~eHHH paccKa3~BaeT
CR 0 peaynbTaTaX COBMeCTHOH pa60TW H 0 KOHCTPYK4HH MHKPOTPOHa, 
YCTaHoeneHHOro B fla6opaTopHH RAepH~X peaK4HH. 

1. CB4 CHCTEHA, PE30HATOP 

0CHOBY CB4 CHCTeM~ MHKpOTpOHa COCTaBnReT WHpQKO pacnpOCT
paHeHH~H Ha YCKOPHTenRX 3neKTpoHOB HaAe*H~H B pa6oTe H npoc
TOH B 3KCnnyaTa4HH reHepaTOp MarHeTpoHHOrO THna C MO~HOCTb~ 
B HMnynbCe 2 HBT, AflHTeflbHOCTb~ HMnynbCa 3 MKC H pa6o4eH 4ac
TOTOH OKOno 3 rr4. Hcnonb3yeM~H a 3TOM reHepaTope MarHeTpOH 
C nepecTpaHaaeMO~ 4aCTOTOH ynp~aeT KOHCTPYK4H~ HeKOTOP~X ya
noa MHKpoTpoHa H, a HTore, ero 3KcnnyaTa4H~. 

reHepaTop /1/, pHc.1, H MOAYflHTOp /5/ K HeMy, pHc.2, pace 
nonara~TCH a sane yCKOPHTenH. noAa4a BWCOK04aCTOTHOH MO~HOCTH 
!! ~e~0!-!:!,.0~ fHJ/, ~·Ar _ 1. nr!'"!PrTanAPTrA no annHOaopy n!JRMOV
ronbHoro ce4eHHR /~ MM/. BonHOBOAHWH Tpa~T, pacnono•eHH~H 
ropH30HTanbHo, HaXOAHTCH a OAHOH nnocKOCTH c MarHeTpoHOM H 
peaoHaTOpOM H COCTOHT H3 MHHHMaflbHOro KOflH4eCTBa 3fleMeHTOa, 
Heo6XOAHM~X AflR YCTOH4HaOH pa6oTW MHKpoTpoHa: 

a/ TpaHc~pMaTopa THna aonH /2/ AflH nepexoAa c Kpyrnoro 
Ce4eHHH MarHeTpoHa Ha npHMOyronbHOe Ce4eHH8 BOflHOBOAa; 

6/ ~aaoapa~aTenH /3/ AflH perynHpoBKH ~3W BWCOK04aCTOTH~X 
Kone6aHHH; 

a/ ~ppHTOaoro aeHTHflH /5/ AflH pa3BH3KH reHepaTopa H Ha
rpy3KH /peaoHaTopa/; 

r/ Tpex aOnHOaOAH~X BCTaBOK: AflH nOAKn04eHHH MarHHTOpa3pHA
HOrO Hacoca /6/; AflH noaopoTa Ha 90° CB4 ~HOCTH - H3rH6 no 
WHPOKOH CTeHKe /8/; AflH KpenneHHH peaoHaTopa /9/. O~aR AnH
Ha aonHOBOAa-oKono 2 M. npHMepHo nocepeAHHe - M8*AY ~aoapa
~aTeneM H ~ppHTOaWM aeHTHneM - ycTaHoaneHO Kaap4eaoe CTeKno 
/4/ AflH OTAeneHHH BaKyyMHOH 4aCTH YCKOPHTenH OT OCTanbHOH 4aC
TH aonHoaoAa. AnH o6ecne4eHHH HaAe*HOH H AflHTenbHOH pa6oT~ 
Kaap4eaoe CTeKno 06AYaaeTCR a03AYXOM. 

Ha MHKpoTpOHe HCnonb3y~TCH pe30HaTOp~ nepaoro H aToporo 
pemHMa ycKopeHHR, paapa6oTaHH~e a H~n AH CCCP 110~PeaoHaTop~ 
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H3roTaBnHBa~TCR H3 ~enoro KyCKa 6eCKHCnopOAHOH MeAH H HMe~T 
OAHY coeMHY~ Kp~wKy. Kopnyc pe3oHaTopa H Kp~wKa oxnamAa~TCR 
BOAOH. B Ka4ecTBe 3MHTTepa 3neKTPOHOB Hcnonb3YeTCR TepMoKaTOA 
npRMoro HaKana H3 reKca6opHAa naHTaHa. CpoK cnym6~ KaTOAa co
CTaenReT e cpeAHeM OKono 150 4acoe H paeeH cpoKy cnym6bl caMo
ro pe30HaTopa, nocne 4ero pe3oHaTop Tpe6yeT 4HCTKH BHyTpeHHeA 
noeepXHOCTH. 

3a BCe BpeMR 3KCnnyaTa~HH MHKpOTpOHa CO AHR ero nycKa He 
6~no 3aMe4eHo B pa6oTe CB4 CHcTeM~ npo6oee, HCKpeHHH HnH APY
rHx OTKnOHeHHH OT HOpM~. 

2. 3nEKTPOMArHHT, KAMEPA, BAKYYMHA~ CHCTEMA 

YcnewH~A 3anycK MHKPOTpoHa H nocneAY~~aR ero pa6oTa eo MHo
roM onpeAenR~TCR Ka4eCTBOM H3rOTOBneHHR MarHHTa /OT CTaAHH 
KOHCTPYHPOBaHWR AO c60pKH/, TaK KaK 3TO, B KOHe4HOM HTOre, 
BnHReT Ha OAHH H3 OCHOBH~X napaMeTpOB BeAy~ero MarHHTHOrO no
nR - ero OAHOpOAHOCTb. no3TOMy W3rOTOBneHH~ MarHwTa, ero Me
XaHH4eCKOH o6pa60TKe fi~no YAeneHO OC06oe BHHMaHHe. 

Ha OCHOBe HMe~~HXCR TeopeTW4eCKHX B~BOAOB H npaKTW4eCKHX 
peKOMeHAa~HA 1101 6~n npoBeAeH pac4eT MarHHTHOH CWCTeM~, a no 
npHH~Hny nOAOfiHR C H3BeCTH~MH MarHHTaMW B~fipaH npO~Hnb non~
COB. MarHHT II MHKpOTpOHa 6poHeBOrO THna nOnHOCTb~ H3rOTOBneH 
H3 mene3a MapKH ApMKo. non~ca MarHHTa nnocKwe, HMe~T Konb~e
RhiP IIIIAMMhl lA Knnhii.PRniA nr~::~. nnc:nf' noeneam.1TenbHOH o6oa6oTKH 
ece AeTanH MarHHTa npownH oTmwr. MaTepwan non~coe 6~n nOABepr
HyT Ae~eKTOCKOnH4eCKOMY aHanH3y. 

KaK nOKa3anH MarHHTH~e W3MepeHHR, HeOAHOpOAHOCTb nonR B Kpy
rOBOH o6naCTH paAHYCOM 42 CM He npee~waeT 0,15%, 4TO COOTBeTcT
eyeT pac4eTy AnR 3TOH o6nacTH ycKopeHwR 3neKTPOHOB. He6onbwaR 
HeOAHOPOAHOCTb B paHOHe B~BOAHOrO naTpy6Ka /19/ HaXOAHTCR 3a 
npeAenaMH pa6o4eH o6naCTH w He enHReT Ha npoxomAeHHe 3neKTpo
HOB no KpaAHWM opfiHTaM. 

CneAyeT OTMeTHTb, 4TO Ce4eHHe RpMa H ofipaTHOrO MarHHTonpo
BOAa, a TaKme HapymH~A AHaMeTp MarHHTa 6~nw yeenH4eH~ Ha 20% 
OTHOCHTenbHO pac4eTH~X Ha cny4aH nepeXOAa Ha pafiOTY C reHepa
TOpOM, HMe~~HM AnHHY BOnHbl KOp04e 10 CM /4TO enonHe B03MOmHO 
B fiYAY~eM/. 0KOH4aTenbH~e pa3Mep~ MarHHTa npWBOARTCR HHme: 
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AHaMeTp MarHHTa HapymH~H 
AHaMeTp non~coe 
paCCTORHHe Me*AY non~caMH 
BeC MarHHTa /c OfiMOTKaMH/ 
KOnH4eCTBO BHTKOB B OfiMOTKaX 
TOK B 06MOTKe MarHHTa 
MO~HOCTb nHTaHHR MarHHTa 
/eo BTOpOM pemHMe/ 

- 1440 MM 
900 MM 
100 MM 

- 2000 Kr 
- 56 /2x28/ 
- 250 A 

- 3 KBT 

06MOTKH /17/ MarHHTa B~nonHeH~ H3 MeAHOH TpyfiKH Ce4eHHeM 
11 ,5x11 ,5 MM C BHyTpeHHHM OTBepCTHeM AnR oxnamAeHHR 98 MM. 
Tpy6Ka H30nHpOBaHa CTeKnoneHTOH, o6pa6oTaHa 3nOKCHAH~M KOMna
YHAOM c ropR4HM 3aTeepAeBaHHeM. 06MOTKa, H3roToeneHHaR no Ta
KOA TeXHonorHH, npeACTaBnReT C060H MOHOnHTH~H AHCK, 04eHb 
YA06Ha H HaAemHa e 3KcnnyaTa~HH, pa6oTaeT e HeHanpRmeHHOM pe
mHMe, npH HeOfiXOAHMOCTH MOmeT HCnOnb30BaTbCR AnR nporpeea no
n~COB npH nony4eHHH BaKyyMa. 

KaMepa /12/ MHKpoTpoHa H3roToeneHa H3 cTam1 MapKH X18H9T 
H HMeeT ~OpMy KOnb~a C rnaAKOH BHyTpeHHeH CTeHKOH. 3TO KOnb
~0 6~no ceapeHo H3 ABYX nonyKone~, nocne 4ero npowno oTmHr. 
KaMepa KpenHTCR K HHmHeMy non~cy c noMo~b~ nnaHoK H ynnoTHReT
CR WHypOM H3 BaKYYMHOH pe3HH~ Ce4eHHeM 5x5 MM. KaMepa HMeeT 
4eT~pe npRMoyronbH~x naTpy6Ka H 4eT~pe OKHa noA eaKyyMH~e 
pa3oeMbl. 

BaKyyMH~H ofioeM MHKpOTpOHa BMeCTe C y4aCTKOM BOnHOBOAa H 
3neKTpOHOBOAaMH COCTaBnReT 0,1 M3.AflR nony4eHHR B~COKOrO 
/10-6 Top/ eaKyyMa e KaMepe Hcnonb3Y~TcR ABa MarHHTopa3PRAH~x 
Hacoca: OAHH H3 HHX /14/, HMA0-0,25, noAKn~4eH HenocpeACTBeH
HO K KaMepe, APYroA /7/, HMA0-0,1, cnymHT AnR OTKa4KH eaKyyM
HOA 4aCTH eonHOBOAa. npeABapHTenbHbiH eaKyyM /10-2 Top/ C03Aa
eTCR ~opeaKyyMH~M HaCOCOM 4epe3 noeywKy, oxnamAaeMy~ *HAKHM 
a30TOM. 06a B~COKOBi'IKyyMH~X Hacoca HaBeCH~e, nOACOeAHHR~TCR 
K ofioeMy C nOMO~b~ naTpyfiKOB, HMe~~HX BeHTHnH. noAOfiHaR cxe
Ma nOACOeAHHeHHR MarHHTOpa3pRAH~X HaCOCOB YAOfiHa B 3KcnnyaTa-
~VIVI, IIUl.or\.UJibr..y MO\...U\...bl DI...CI.a--\0 n01\0.4nfC/1 i'i0~ iiUn:J"j"i·~Vi·~,~, ~ .. -;c,,:.~ 

BaTenbHO, B pa6o4eM COCTORHWH. 3TO n03BOnReT nony4aTb HeOfiXO
AHMbiH BaKyyM B KaMepe 6e3 6onbWHX 3aTpaT BpeMeHW. 

3. B~BOA H TPAHCnOPTHPOBKA nY4KA YCKOPEHH~X 3nEKTPOHOB 

YcKopeHH~e 3neKTPOH~ c nocneAHeA op6HT~ B~BOARTCR 3a npeAe
nbl yCKOpWTenR C nOMO~biO MarHHTHOrO KaHana /18/ KOHW4eCKOH ~op
M~. AnR wcKn~4eHHR B03MYI!la~~ero AeAcTBWR KaHana Ha npeAbiAY~We 

opfiHT~ ycTaHOBneH~ ABe WWMM~ 1111 AnHHOH no 180 MM H no ~OpMe 
aHanorH4Hble Ha4anbHOMy y4aCTKy MarHHTHoro KaHana. WwMMbl pac
nonomeH~ e OAHOH nnocKOCTH /nepneHAHKynRpHO non~cy/ c KaHanoM 
H KpenRTCR K HeMy C noMO~b~ KpOHWTeAHa. 3~~eKTHBHOCTb BbiBOAa 
3neKTpOHOB npee~waeT 90%. BepTwKanbH~H pa3Mep ny4Ka 3neKTpoHoe 
Ha e~xoAe H3 KaMep~ - oKono 5 MM, ropH30HTanbH~A - 25 MM. AnR 
nOACTpOHKH B~BOAHOrO KaHana Ha opfiHTY HCnOnb3yeTCR 30HA /16/. 
H3MepeHHe ToKa 3neKTPOHOB Ha op6Hrax ocy~ecTenReTCR nOABHmH~M 
30HAOM /15/. KaK BHAHO H3 pHc.1, naTpy6oK /19/ AnR B~BOAa yc
KopeHH~x 3neKTPOHOB WHPOKHA. Ha nepBOM 3Tane B~BOA ocy~ecTeneH 
C OAHOH op6HT~. 0AHaKO B fiYAY~eM B 3TOM naTpyfiKe fiyAeT CMOHTH
poeaHO ycTpOHCTBO AnR B~BOAa 3neKTpOHOB C HeCKOnbKHX opfiWT. 
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nocKOnbKy 3KCnep~MeHT~ Ha M~
KpOTpOHe npOBOA~TC~ Ha 3neKTpOH
HOM, HeHTPOHHOM ~ raMMa-ny4KaX, 
TO 3TO 06CTO~TenbCTBO nOBn~~no 
Ha KOHCTPYK~~~ C~CTeM~ TpaHcnop
T~pOBK~ 3neKTpOHOB /p~c.2/. 3neKT
pOH~ nocne B~BOAa ~3 YCKOp~Ten~ 
$0Kyc~py~TC~ ABYM~ KBaApynonbH~M~ 

n~H3aM~ /6/ ~ Hanpaan~~Tc~ B Ka
Mepy noaopoTHoro MarH~Ta /12/, 

PHc.3. Y3en TOpMo3HOH ~Me~~ero Kpyrn~e non~ca A~aMeT-
MHmeHH. paM 220 MM C 3a30pOM 40 MM. B 3a-

B~C~MOCT~ OT Tpe6oBaH~H 3KCnep~
MeHTa nOBOpOTH~M MarH~TOM ny40K 3neKTpOHOB MOmeT 6b1Tb HanpaB
neH no OAHOMy ~3 Tpex 3neKTPOHOBOAOB /7,11 ,13/, Ha KamAOM ~3 
H~x ycTaHoaneHo e~e no nape KBaApynonbH~x n~H3. AnepTypa acex 
n~H3 - 50 MM, Afl~Ha - 120 MM. C¢oKyc~poaaHH~H ny4oK 3neKTpo
HOB 4epe3 B~nycKHOe OKHO /1/, p~c.3, ~3 an~M~H~~ /$Qnbra TOn
~~HOH 100 MKM, A~aMeTpOM 40 MM/ HanpaBn~eTC~ Ha TOPM03HY~ M~
WeHb /3/. nepeA TOpM03H~M~ M~WeH~M~ Ha 3fleKTPOHOBOAaX ycTaHOB
neH~ KOppeKT~py~~e MarH~T~ /8/, p~c.2, An~ CMe~eH~~ ny4Ka B 
eepT~KanbHOH nnocKocT~. Bee pa3DeMH~e coeA~HeH~~ 3neKTpoHoao
AOB, a TaKme B~nyCKH~e OKHa ynnOTH~~TC~ CBHH~OB~MH npoKnaAKa
MH. Ca~He~ a Ka4eCTBe aaKyyMHoro ynnoTHeH~~ B AaHHOM cny4ae 
o4eHb YA06eH, nocKonbKY oH nnacT~4eH, cna6o aKT~BHpyeTc~ a 
raMMa- ~ HeHTPOHH~x non~x, no3aon~eT H3roTaBnHBaTb npoKnaAKH 
n~60H KOH~~rypa~~~. 

4. YnPABflEHHE YCKOPHTEflEM. 
nHTAHHE ErO Y3flOB 

np~ pa3pa60TKe CXeM ynpaBneH~~, 6nOKHpOBK~ H CHrHanH3a~HH 
CTaBHflOCb ~enb~ MaKCHManbHOe ynpo~eHHe KaK 3neKTp~4eCKOH, TaK 
~ MOHTamHOH CXeM np~ coxpaHeHH~ BCeX ~YHK~HH, He06XOA~M~X An~ 
HaAemHOH ~ 6e3onacHOH 3KCnnyaTa~~H MHKpOTpOHa. CBeAeHO K M~HH
MyMy KOflH4eCTBO KOMMYT~py~~HX 3neMeHTOB H ~X THnOB. Bee ~YHK~HH 
no ynpaaneHH~ MHKpoTpOHOM, noArOTOBKe era K pa6oTe, a TaKme 
KOHTpOnb 3a COCTO~HHeM OTAenbH~X CHCTeM yCKOp~TenR H pem~MOM 
ycKopeH~R ocy~eCTBn~~Tc~ c nynbTa ynpaaneH~~ /1/, pHc.2. Be~ 

KOMMyTa~~OHHa~ annapaTypa CMOHTHpOBaHa B OTAenbHOM WKa~y /3/, 
4TO o6ecne4~BaeT nerKHH AOCTyn npH peMOHTH~X H npO~HnaKTH4e
CK~X pa6oTax. 

06~ee nHTaHHe MHKpOTpOHa OCy~eCTBn~eTC~ OT na6opaTOPHOH CeT~ 
Hanp~meH~eM 380 B. 0TAenbH~e me CHCTeM~ /CB4, HCT04HHKH nocTO~H
HOrO TaKa An~ n~TaH~~ OTAenbH~x y3noa/ nHTa~Tc~ aT npeo6pa3oaa-
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TenR ann-so c B~XOAH~M Hanp~meHHeM 220 B, 4aCTOTOH 388 r~. 
noBbiWeHHaR 4aCTOTa nHTa~~eH CeTH n03BOnHna B~nOflHHTb BCe HC
T04HHKH nOCTORHHOrO TOKa KOMnaKTH~MH H BMeCTe CO CXeMaM~ CTa-
6HnH3a~HH pa3MeCTHTb B HeCKOflbKHX 6noKaX CTaHAapTHOH paA~O

TeXHH4eCKOH CTOHKH /2/. HcKn~4eHHe COCTaBnReT TOnbKO B~npRM~
Tenb AflR nHTaH~R 06MOTOK MarHHTa: H3-3a CBO~X pa3MepOB, a 
TaKme een~4~H~ nocTO~HHOro TaKa /250 A/ OH pa3Me~eH B 3ane 
yCKOp~TenR nOA MarHHTOM. 

n~TaHHe BCeX y3nOB no nOCTO~HHOMY TOKy CTa6HnH3HpOBaHo: 
OCHOBHOrO MarHHTa- C T04HOCTb~ 2•10-4 %, OCTanbH~X y3nOB 
MHKpOTpOHa - C T04HOCTb~ 5•10-4 %. 

5. KOMnOHOBKA YCKOPHTEflR 

npH KOHCTpyHpOBaHHH MHKpOTpOHa np~WnOCb Y4HT~BaTb ycnOBHR 
era pa3Me~eHH~ B roTOBOM noMe~eH~~. nocTpoeHHOM AnR APYr~x 
~eneH. KaK B~AHO ~3 pHc.2, AnHHa 3ana ycKop~TenR a ABa pa3a 
6onbwe era W~PHH~. no3TOMY BeCb KOMnneKC o6opyAOBaH~R M~Kpo
TpOHa pacnonomeH BAOnb 6onbWeH OCH 3TOro noMe~eHHR. np~ TaKOM 
pacnonomeH~H HeCKOnbKO yMeHbwaeTCR none3HaR nno~aAb AnR pa3-
Me~eHHR ~H3H4eCKOH annapaTyp~, HO 3TOT HeAOCTaTOK KOMneHC~py
eTCR TeM, 4TO K n~60MY y3ny M~KpOTpOHa H pa60Ta~~eH Ha HeM yc
TaHOBKe HMeeTCR CB060AH~H AOCTyn. 

np~ pacnonomeH~H OTAenbH~X C~CTeM M~KpOTpOHa /CB4, n~Ta
HHR, oxnamAeH~R/ HaWeH ~enb~ 6~n0 AOCT~meHHe YA06CTBa npH MOH
Tame H 3KcnnyaTa~~~. be3onacHoH paooT~ npH npoBeAeH~~ peMOHT
H~x onepa~HH, paAHa~~OHHOH 6e3onacHOCTH np~ pa6oTa~~eM ycKop~
Tene. M~ He n~TanHCb A06HTbCR KOMnaKTHOCTH Bcero YCKOpHTenR. 
3Toro AOCTHrHyTb TPYAHO, nOCKOnbKy M~KpOTpOH ~MeeT pa3BeTBneH
HY~ CHCTeMy TpaHcnopTHpOBK~ ny4Ka 3neKTpOHOB, TRmenoe 060PYAO
BaHHe B BHAe rpa~HTOBOrO 3aMeAn~Ten~ /9/ HeHTpOHHOrO KaHana 
H noKanbHOH 3a~~T~ /10/ raMMa-KaHana. 

H3BeCTHO, 4TO TOpM03HOe ~3ny4eH~e HMeeT HanpaeneHH~H xapaK
Tep. no3TOMY raMMa- H HeHTPOHH~H KaHan~ HanpaaneH~ B CTOpOHY 
6onee MO~HOH 6eTOHHOH 3a~~T~ H B TO me BpeMR B CTOPOHy, npo
THBononomHy~ nynbTY ynpaeneH~R, 4TO 3Ha4~TenbHO CHHmaeT ypo
BeHb raMMa-~OHa B nynbTOBOH KOMHaTe, HaXOA~~eHCR Ha OAHOM 
YPOBHe C MHKpOTpOHOM. CHHmeH~~ raMMa-$QHa OT pe30HaTopa ~ B~

XOAHOrO KaHana cnoc06CTByeT CBHH~OBaR 3a~~Ta /13/, pHC. 1, pac
nonomeHHaR B aaaope MemAY KaTywKaMH 3neKTPOMarHHTa. 

6. HCnOnb30BAHHE nY4KA YCKOPEHHMX 3flEKTPOHOB 

nporpaMMa pa60T Ha MHKpOTpOHe B OCHOBHOM paCC4HTaHa Ha HC
nOnb30BaHHe MO~Horo TOpM03HOrO ~ HeHTpOHHOro ~3ny4eH~H. 
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Puc.4. Yrnoaoe pacrrpeAeneHue 
TOpM03HOrO H3ny4eHHH. 
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Puc. 5. PacrrpeAeneHue TerrnoBbiX 
HeHTpOHOB /KOHBepTOp- CBHHe~/. 

Puc.6. PacrrpeAeneHue pe3oHaHc
~eHTPOHOB /KOHBepTOp - CBH-

' nc~t • 

MaKeHManbH~A B~XOA TOpM03Ho
ro H3ny4eHHR AOeTHraeTeR npH 
6oM6apAHPOBKe 3neKTpOHaMH MHwe
HeA onpeAeneHHOA TOnlliHHbl /- 0, 3 
paAHa4HOHHoA AnHHbl/ e HaH6onb
WHMH Z /aonb$paM, TaHTan, ao
noTo H AP. I. 06bi4HO He non b3YIOT
eR MHWeHH enomHoA KOHeTpYK4HH 
THna ''e3HABH4 11

, noaaonRIOlliHe 
nony4HTb .HaH60nbWHA BbiXOA raM
Ma-Hany4eHHR H OT$HnbTpOBaTb 
3neKTPOHbl112 ~ Ha pHe. 3 npHBeAeHa 
KOHCTPYKLIHR yana TOPM03HOA MHwe-
HH, yKpenneHHOrO Ha KOH4e 

3neKTpOHOBOAa /11/, pHe.2. ny40K 3I1eKTpOHOB nonaAaeT Ha BOilb$
paMoByiO MHWeHb /3/ TOI1lliHHOA 2 MM, npOXOAR CKB03b AHa$parMy /2/ 
e OTBepeTHeM AHaMeTpOM 12 MM H TOillliHHOA 18 MM. MHWeHb KpenHTeR 
K $naH4Y aniOMHHHeBbiM 4HI1HHAPOM /4/, BblnOnHRIOlliHM ponb $HnbTpa 
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3neKTpoHoa, npoweAWHX 4epea TOpM03HYIO MHWeHb. Bee AeTanH ya
na oxnamAaiOTeR BOAOA. AHa$parMa H MHWeHb nOAKn104eH~ K OTAenb
H~M npH60paM AnR H3MepeHHR TOKa 3neKTpOHOB. TaKaR exeMa BKni0-
4eHHR noaaonReT KOHTponHpoaaTb npoxomAeHHe H paaMep ny4Ka Ha 
MHWeHH H eTa6HnH3HpOBaTb none o6ny4eHHR 06pa34a 8 npoeTpaHeT
Be. AHaMeTp ny4Ka Ha TopM03HoA MHWeHH - oKono 5 MM, OAHaKo 
8 3aBHeHMOeTH OT Tpe6oaaHHA 3KenepHMeHTa OH MOmeT H3MeHRTbeR. 
Yrnoaoe paenpeAeneHHe TOpM03Horo H3ny4eHHR, H3MepeHHOe a onH
eaHHOA reOMeTpHH nyTeM aKTHBal.IHH MeAH~X $Onbr, npHBeAeHO Ha 
pHe.4. 
---n0ny4eHHe HeATpOHOB Ha MHKpOTpOHe e nOMOlllbiO ypaH-6epHnnHe
aoro KOHBepTOpa H rpa$HTOBOrO 3aMeAnHTenR 6~no nOAp06HO OnH~ 
eaHo15 •91 AnR ycKOpHTenR c 3HeprHeA 3neKTpOHOB 16 M3B. AHano
rH4HaR KOHCTPYK4HR npHMeHeHa H Ha AaHHOM MHKPOTpOHe. npH H3-
rOTOBneHHH rpa$HTOBOA c6opKH /3aMeAnHTenR/ fiblnO H3MepeHO pae
npeAeneHHe TennoB~X /pHe.5/ H pe30HaHCH~X /pHe.6/ HeATpOHOB 
8 3aBHCHMOeTH OT pa3Mepo;-3aMeAnHTenR. KaK BHAHO H3 pHCYHKOB, 
npH Henonb30BaHHH 8 Ka4eCTBe aaMeAnHTenR rpa$HTa MOmHO npHHRTb 
KaK 6nH3KyiO K OnTHManbHOA c6opKy 8 $QpMe Ky6a CO CTOpOHOA 
110 CM. 

npoBeAeHH~e H3MepeHHR raMMa- H HeATpOHHOrO H3ny4eHHA,a TaK
me nocneAYIOlliHe pa6oTbl no onpeAeneHHIO 3neMeHTHoro cocTaaa paa
nH4H~x o6pa340B nOATBepAHnH nonHoe coanaAeHHe pa6o4HX napaMeT
poa MHKpOTpOHa, KOTOp~e npHBOARTCR HHme, C pac4eTH~MH. 

MaKCHManbHoe 4HCno op6HT - 24 
MdKCHMdilbHd.fl ~Ht:pl 11.fl Yl..K.Upt::HHbl.l<. <OJit::K.I IJUHUIO "" - LL ;-i~U 

cpeAHHA TOK -,- - 20 MKA 
HMnynbCHbiA TOK -"- - 20 MA 
AnHTenbHOCTb HMnynbca TOKa - 2,3 MKC 
B~XOA $OTOHeATpOHOB - 6•1011 1/e 
nnOTHOeTb nOTOKa TennoB~X HeATpOHOB - 6•10 8 H/eM 2c 
noTpe6nReMaR MOlliHOCTb - OKOno 20 KBT. 
6onbwe rOAa 3KCnnyaTHpyeTCR MHKpOTpOH MT-22 8 na6opaTOPHH 

RAePHbiX peaKLIHA. YenewHo BbiAepmanH npoaepKy Ha pa6oTocnoeo6-
HOCTb H HaAemHOCTb BCe CHeTeM~ H yan~ YCKOpHTenR. 3anyCK 
MHKpoTpoHa H nony4eHHe pa6o4HX napaMeTpoa npownH 6ea ocnomHe
HHA, 4TO aBTOpbl o6"'bRCHRIOT npemAe aeero co6niOAeHHeM Heo6XOAHMoA 
TeXHH4eCKOA KynbTYP~ npH H3rOTOBneHHH H c6opKe MHKpOTpOHa. 

HcnonbaoaaHHe MHKPOTpoHa MT-22 a co4eTaHHH c paHee paapa6o
TaHHbiMH H paapa6aT~BaeM~MH MeTOAHKaMH no aKTHBal.IHOHHOMY 
aHanH3Y nOATBepAHI10 ero B~COKYIO 3$$eKTHBHOeTb 8 peweHHH MHO
rHX HapOAHO-X03RACTBeHH~X 3aAa4 /aHanH3 Ha COAepmaHHe a30Ta 
a aepHe, MHoro3neMeHTH~A aHanH3 reonorH4eCKHX nopoA, 
aHanH3~, eBR3aHH~e C nOHCKOM eaepXTRmen~X 3neMeHTOB 8 

npHPOAe, nony4eHHe paAHOaKTHBH~x H30Tonoa AnR MeAHLIHH~ HAP·/· 
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3. 3KcnepHMeHT&n~H8A He~TpoHH8A ~3MK8 

4. TeopeTH~cKaA ~3HKa HHIKHx 3HeprH~ 

~. HaTeMIITMKa 

6. ~A8PH8A cneKTpoCKOnHA H pa~OXMMHA 

7. tMIHK8 TA*enMX HOH08 
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9. YcKopHTetiH 
~ 

10. AaTOMIITM3a~HA o6pa6oTKH 3KcnepHMeHT~n~HWx 
AaHHWX 

11. hti4McnMTeti~HaA MIITeMIITMKa M TeXHMKa 

12. XMMH" 

13. TexHHKa tMaH~cKoro 3KcnePHMeHTa 

1 ~ . Mccn8,AOaaHMA Taep,..x Ten M *HAKOcT-" 
AAePHWMH MeTOAaMH 

15. 3KcnepMHeHT&n~Ha" tMIMK8 "AepHWX pea~H~ 
nPH HMIKHX 3HeprH"X 

16. AoiHMeTPMA H $H3HKa 3~TW 

17. TeopM" KOHAeHCHpoaaHHOrO COCTOAHHA 

18. Mcnon~aoaaHHe peayn~TaToa H MeTOAO• 
tyHA8MeHTM~HWX $H3H'feCKMX HCcneAQHHM~ 
8 CNe*HWX o6naCT"X H8YKH M TeXHMKH 

19. 6H041M3HKa 

6e110B A.r. H AP· 
HHKpoTpoH HT-22 

P9-82-301 

npeACTaBneHW pe3ynbTaTW COBMeCTHOH pa6oTw, npoBOAHMOH B na6opaTOpHH 
RAepHWX peaK~HH H nonHTeXHH4eCKOM HHCTHTyTe /r.npara/ no KOHCTpyHpoBaHH~ 
11 H3roroaneHH~ YCKOPHTenR 3neKTpoHOB - MHKpoTpoHa. AaeTCR KpaTKoe onHcaHHe 
KOHCTpyK~HH OTAenbHWX Y3110B H CHCTeM yCKOpHTenR, ero KOMnOHOBKH, npHBOARTCR 
pa6o4He napaMeTpW. HHKpoTpoH n03BOnReT YCKOpRTb 3neKTpOHW AO 3HeprHH 
22 H3B /MaKCHManbHOe 4HCJ10 op6HT - 24/ c HHTeHCHBHOCTb~ 20 MKA. 3neKTpoHHWH 
ny40K HCnOnb3yeTCR AnR nony4eHHR TOPM03HOrO H3ny4eHHR H TennOBWX HeHTpoHOB, 
nnoTHOCTb noToKa renooawx HeHTpoHOa a ~eHrpe rpa~roaoro 3aMeAflHTenR c U-Be 
KOHBepTOpoM COCTaBnReT 6•108 H/C CM 2,HHTerpanbHWH BWXOA 6WCTpWX HeHTpoHOB-
6•10 11 H/C. 

Pa6ora awnonHeHa a na6oparopHH RAepHwx peaK~HH OHRH. 

Be1ov A. G. et al. 
HT-22 Hicrotron P9-82-301 

The results of the joint work on design and construction of a micro
tron carried out at the Laboratory of Nuclear Reactions and the Polytechnl
cal Institute (Prague) are presented. The design of several accelerator 
parts and systems, its setup, operating parameters are briefly described. 
The microtron is capable of accelerating electrons upto 22 HeV (maximum 
number of orbit - 24) with beam Intensity of 20 ~A. The electrons accele
rated are used to produce bremsstrahlung and neutron beams. The thermal 
neutron density at the centre of graphite moderator with U-Be convertor 
is 6·10S n/s sm2. Total yield of fast neutrons is 6•10 11 n/s. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1982 


