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1. BBEAEH~E 

~ /1/ MvtKpdTbOHW B nocneAHee speMR HaXOART see 6onee WHpOKOe 
npvtMeHeHHe ~ HayKe H TeXHHKe. B fla6opaTopHH RAepHwx peaK~H~ 
0~~~ MHKPOTpOH Ha 3HeprH~ 3neKTPOHOB 16 M3B HCnonb3yeTCR B Ka-
4eCTBe ~~3oso~ ycTaHOBKH AnR He~TpOHHo- 'H raMMa-aKTvtsa~HOHHo
ro aHanvt3a reonorvt4eCKHX o6pa3~os/2!. OcHOBHwe napaMeTpw MHKpo
TpoHa. KaK HCT04HHKa H3ny4eHH~ npvtBeAeHW B Ta6n.1. 
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'3Hepnm YCKOpeHHb!X 3JieKTpOIIOD, 
E0 , M3B 
Cpep;Hrri1 TOK ycKopeHHbiX 3JleKTpOHOD, MKA 
qaCTOTa llODTOpeHHH HMllYJlbCOD 
H3Jiy\.leHHH, f11, 
L\JIH'reJibHOC Tb' HMllYJlhCa H3JIY\.lel!HH, MKC 
3cpcpeKTHBHOCTb Bb!BO,D;a llY\.lKCl 3J!el\TpOHOD, % 
TopM03HaH MHweHb 
MO!l\HOCTb nyl.!Ka Ha MHllieHb, KBT 
KoHDepTOP HeATpoHoD 
HHTerpaJibHhlH BhlXO,L\ HeHTpOHOD, 
3aMe,D;J1!1TeJlb HeATpOHOB 3 
06~eM nOMell\eHHH ycTaHODKH, M 

HeliTp./c 

CKopoCTb neHTHJIHll,HH, M3fq 
3 

Pacxop; DO,[\bl, OXJlaJKp;a!Oll\eH NHKpOTpoH, M /.'-I 

Ta6nm.i~, 

16 
AO 30 

50!-800 
2,5 
>90 
Tai!TaJI, 2 NM 
p;o 0,48 
ypaH+6epHJ1ITI1H 
3. I 011 
rpariJHT, lxlxl 
140 
1400 
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3an MHKPOTpoHa HaXOAVITCR Ha yposHe s'tb'poro'3TalKa na6opaTop
Horo Kopnyca. txeMa pa3Mell\eWHR MHKpoTpoHa, rpa$vtTosoro Ky6a, 
6vtonorvt4eCKO~ 3all\HTW npvtBeAeHa Ha pvtc.1. Tonll\HHw noTono4Horo 
nepeKpWTHR vt nona cocTasnR~T no 1 ,6 M o6w4Horo 6eToHa. 

YcKopeHHw~ AO 3HeprHH 16 M3B ny40K 3neKTpoHoe c noMO!l\b~ 
MarHHTHOrO KaHana BhlBOAHTCR H3 ycKOpHTenR H nosopOTHWM MarHH
TOM HanpasnReTcR nvt6o s ~eHTP rpa$vtTosoro Ky6a, rAe pacnona
raeTCR TOpM03HaR M~WeHb ~3 TaHTana H snnoTHY~ K He~ - ypaHo
Bbl~ I ecTeCTBeHHbiH ypaHI KOH~epTop He~TPOHOB, oKpylKeHHbt~ 6epvtn
nvteM, nvt60 B KaHan, Ha KOH~e KOTOpQI,O CTOHT TOJlbKO TOpM03HaR 
MHWe~b. rpa$HTOBW~ Ky6 cnylKHT AJlR TepManvt3a~HH $OTOHe~rpOHOB; 
B Hero no~:~.ew.aJ9TCR HCCneAyeMbte He~TpOHHO-,aKTHBa~HOHHbiM MeTOAOM 
o6pa3~bl. ·· 
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PHc. I . IInaH· pacnoJIOJKeHHH MHKpo
TpoHa MT-1 7 • Uwppbi y TO'-IeK -
HONepa TO'-IeK, B KOTOpbiX 11POBO
,L\HJIOCb HCCJie,O.OBaHHe pap;Hall,HOHHOH 
o6cTaHOBK~; a - Bq reHepaTop; 
6 - MHKj)OTpOH; B - BbiDOp;HOe 
YCTpOHCTBO C 3all\HTOH; r - KOM
MYTHPYIO!l\HH MarHHT; p; - rpacpHTO
BbiH Ky6; e - raMMci-KaHaJI; JK -
CBHHll,OBaH JIOBYlliKa raMMa-KaHaJia 
TOJI!l\HHOH 20 CM; 3 - OTKaTHaH '-Iy
ryHHaH p;nepb. 

Ilpvt pa6oTe YCTaHOBKH B03HHKaeT CMeWaHHOe raMMa-He~TpOHHOe 
none H3ny4eHH~. ~CT04HHKaMH TOpM03HOrO raMMa-H3JlY4eHHR,RBnR~T
CR KOHCTpyK~HOHHble y3nbl MHKpOTPOHa, Ha KOTOpbiX rTpO~CXOART no
TepH 3neKTpOHOB B npo~ecce HX YCKOpeHHR H BhlBOAa H3 MHKpOTpO
.Ha, a TaKlKe caMa TOpM03HaR MHWeHb. ~CT04HHKaMH He~TPOHOB RBnR
~TCR KOHBepTop He~TpOHOB H ~eTanvt MHKPOTpOHa H ycTaHOBKH, KO
Topwe nOABepra~TCR o6ny4eHHR raMMa-KBaHTaMH C 3HeprHRMH, npe
BbtWa~ll\HMH nopor $OTORAePHbiX peaK~H~ I AnR MeAH E110~. = 1 0, 8 M3BI. 
Ha OTAeJlbHhlX y3nax H AeTanRX MMKpOTpOHa, TOPM03HOH MHWeHH H 
KOHBepTope HaBOAHTCR .OCTaT04HaR paAHOaKTHBHOCTb. B Te4eHHe 
nepBbiX HeCKOnbKHX MHHYT nocne BbtKn~4eHHR MHKPOTPOHa B sane npvt
CyTCTBY~T 3ana3AWBa~ll\He He~TpO~W AeneHMR ypaHa. 

Yrnosoe pacnpeAeneHvte TOpM03Horo H3ny4eHHR oT TRlKeno~ Mvtwe
HM npH 3HeprvtH 3JleKTpOHOB 16 M38 pe3KO BwpalKeHO B TeneCHOM yr
ne ~15° s HanpasneHHH ABHlKeHHR 3neKTPOHos/3/, Yrnosoe pacnpe
AeneHvte $OTOHe~TpOHOB OT ypaHOBOrO KOHBepTopa MOlKHO C4HTaTb 
vt30TponHbiM/4,5/, a 3HepreTH4ecKoe pacnpeAeneHHe 6nvt3KO K cneKT· 
py Ae~eHHR co cpeAHe~ 3Heprvte~ -1 ,2 M3B/6/. 

06ll\HM sonpocaM $opMvtposaHHR sTopvt4Horo vtany4eHHR, ero pac
npeAeneHvtR H npOXOlKAeHHR 4epe3 3all\HTW Ha YCKOpvtTeJlRX 3neKTpo
HOB nOA06Horo Avtana30Ha 3HeprMvt nOCBR!l\eH PRA MCCneAOBaHH~ IHa
npHMep,/3-9/, Uenb~ HaCTOR!l\e~ pa6bTw RBnRnocb nony4eHMe 3MnMpM-
4eCKo~ MH$0pMa~MH 0 $aKTOpax paAMa~MOHHOH onaCHOCTM M HX MCT04-
HHKaX ~a KOHKpeTHOR Ae~cTBY~ll\e~ YCTaHOBKe M BhlRCHeHMe 803MOlKHO
CTM npvtMeHeHMR Ha HeR npoMwwneHHWX npvt60pOB AnR OCY!l\eCTBJleHMR 
perynRpHOrO paAMa~HOHHOrO KOHTPOJlR. 

2. IIP~oOPbl ~ METOAbl PAA~AU~OHHOrO KOHTPOfl~ 

BwcoKaR cKBamHOCTb H3ny4eHMR 11000+80001 M 3Ha4MTenbHaR se
~M4HHa rpaHH4HO~ 3HeprMM cneKTpa raMMa-KBaHTOB KaK AO, TaK M 
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PHc.2. CpaBHeHHe rroKa3aHHH 
raMMa-A03HMeTpOB B none H3-

ny~eHHH MHKPOTpoHa MT-17 c 
AaHHbiMH T.ll,[l: + - Ami rrpH6o
poa ~Pr-3-01, ~Pr-3-03, 
~Pr-3-04; o - AnH rrpH6opa 
PYIT-1 c raMMa-AaT~HKOM. 
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nocne 3a~I1T~ C03AaDT YCfl0811R 113MepeHI1R, AflR KOTOp~X He npeA
Ha3Ha4eH~ 60flbWI1~CT80 CTaHAapTH~X np1160p08 paA11a4110HHOIO KOHT
ponR. no3TOMY HaMI1 6~n11 npo8eAeH~ 11CCfleA08aHI1R A0311MeTpi14BCK11X 
np1160p08 Ha aAeK8aTHOCTb 11X noKa3aHI1R 8 ycn0811RX 113ny4eHI1R 

MI1KpOTpOHa 11 onpeAeneH~ npeAen~ 11X 11CnOflb308aHI1R. 
B Ka4eCT8e A0311MeTpa AflR raMMa-11any4eHI1R, AaD~ero Ha116onee 

AOCT08epHyD 11H$OpMa411D 1 6~n11 11CnOnb30BaH~ TepMOflDMI1HeC4BHTH~e 

AeTeKTopbl LiF, TnA-700 $11pMbl HARSHAW I 11, I 0/, Ha KOTOPble 
He OKa3biBaeT 8fl11RHI1e ,11MnynbCHOCTb 113flY4BHI1R 1 a 11 XOA C >KecT
KOCTbD11 He npes~waeT 20% AflR TOpM03HOIO 113JlY4BH11R C 3$$eKTI1B
HOR 3Heprl1eR 8nnOTb AO 10 M3B/12/. npl1 113MepeHI1RX c 11Cnonb30-
BaHI1eM TnA~700 C411Tanocb, 4To aa aa~11ToR 11 He 8 npRMOM ny4Ke 
TOpM03HOIO 113Jly4eHI1R pa8H08BCI1e Me>KAY 3apR>KeHH~M 11 HeRTpanb
H~M KO~nOHeHTaMI1 11MeeT MBCTO. Ha pi1C.2 npi1BeAeH~ pe3ynbTaT~ 

cpa8HBHI1R AaHHbiX c ThA-700 c noKa~MI1 T11ni14Hb1X A0311MeTpH4e
CK11X np1160p0B raMMa-113fly4eHI1R: Ha OCH08B raaopa3PRAHOIO C4eT-
411Ka - PYn-1/13/; Ha ocHose C411HTI1nnR4110HHoro AeTeKTopa 

APr-3-01, APr-3-03, APr-3-04/14/. ~3 p11CYHKa B11AHO, 4TO npl1-
6op~ T11na APr-3-01, APr-3-03, APr-3-04 AOcTaTo4Ho YADBneT8opi1-

TenbHo 113MBPRDT MO~HOCTb A03~ TOpM03HOiO 113JlY4eHI1R BnnOTb AO 
-500 M~P.c-1. Heo>K11A~HHO oKaaanocb, 4TO 11 np116op.PYn-1 craM
Ma-AaT411KOM, 11MBJ9~11M MepTBOe speMR, cpa8H11M.Oe C raMMa, .. I1Mnynb
COM, AaeT npas11nbH~e noKa3aHI1R 8npoTb AD -40 MKP.c-1, 4To,, 
no-811A11MOMy, CBR3aHO C era H113KOR 3$$BKT118HOCJbD per11CTpa41111 
raMMa-KBaHT08, a 3aTeM OH CI1JlbHO 3aHI1>KaeT 113MepRBMYD MO~HOCTb 

A03W. /14/ 
npoM~WneHH~~ HeRTROHH~~ AO,I1MBTP AHA-1 11 paA110MeTp 

PYn-1 c He~TPOHH~M11 AaT411KaMI1 o6Hapy>KI1nl1 aaMeTHYD 4Y8CT811Tenb
HOCTb K TOpM03HOMY raMMa-113fly4eHI1D MI1KpOTpOHa np11 MO~HOCTI1 AO-, 
3~ 3TOro 113flY4BHI1R B~We 0,5 MKP.c-1: B MBCT~X 113MepeHI1R 3a 
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3a~I1TOR MI1KpOTpOHa, lAB, no AaHH~M $OT03MYflbCI10HHOIO MeTo

Aa/15/ 11 peKoM611Ha4110HHoro AD311MeTpa RE}I-2/16/, He~TPOHOB 
npaKT114eCK11 HeT /113MepeHHWR K03¢¢11411eHT Ka4eCTBa 113ny4eHI1R Aan 
3Ha4eHI1e KK-1/, np116op PYn-1 KaK c AaT411KOM 6~cTp~x He~TpdHos, 
TaK M C AaT4MKOM MeAneHH~X HB~TpOH08 peri1CTpl1posan AD 
40000 HeRTp.cM-2.c-1, a npM6op AHA-1 Aasan noKaaaHMR OKano 

200 M63p.4-], He3a8MCI1MO OT T04KM M3MepeHMR. TaKOe no8eABHMe 
He~TpOHHWX npM60pOB, AaT4MKM KOTOpWX 11MeDT C4MHTMnnRTOp, 8M
A11MO, 06bRCHReTCR TeM, 4TO Cl-liHanbl, C03AaBaeMble BbiCOK03Hepre
TI14H~MI1 raMMa-K8aHTaMM C 8~COKO~ MO~HOCTbD A03~ 8 MMnynbce, 
npe8~WaDT nopor AMCKPI1MHHa4MM M He pa3ABnRDTCR 3neKTpOHHO~ 
CXBMO~ 3TI1X np1160p0B. 

KopoHH~e C4eT4MKM MeAneHH~X HeRTpOH08 TMna CHM-14 He4y8-
CTBMTenbH~ K HeMMnynbCH~M nonRM raMMa-M3JlY4BHMR MO~HOCTbD AD 
1500 P.4~1/17,18/. 6wna nposeAeHa nposepKa BnMRHMR 11MnynbcHo

ro TOpM03HOIO 113ny4eHMR MI1KPOTPOHa Ha pa6oTy TaKara C4BT411Ka, 

noMe~eHHOIO 8 4eHTpe napa¢MH080i0 411nMHAPa C TOn~MHOR CTBHKI1 
120 MM. 3TOT AeTeKTOp C4MTaeTCR A0311MeTpoM/J9,20/. 

~Mnynbc~ c He~TpOHHoro AaT411Ka per11cTp11posan11cb nepec4eT
H~M np1160p0M 11 OAH08peMBHHO Ha6nDAanMCb Ha 3KpaHe OC411nnorpa
¢a, CMHXpOHI13Mp08aHHOIO C 4aCTOTO~ aanycKa MMKpOTpOHa. nocKOJlb
KY 8 napa<!>I1H080M L111fli1HAPe 11 8peMR >K113HI1 11 He~TpOHOB AO peri1CTpa-
411M 3Ha411TenbHO 6onbWe AnMTenbHOCTI1 MMnynbCa TOpM03HOIO 113ny-
4eHMR, Ha 3KpaHe OCLII1nnorpa<t>a 11MnynbCW OT HeRTpOH08 CTaTI1CTI1-
4eCKM pacnpeAeneH~, 8 TO 8peMR KaK MMnynbCW OT raMMa-113ny4e
HMR CI1HXPOHM3MP08aHw c 4acToToA pa6oT~ MMKpoTpOHa. AaT411K He~T
POH08 noMe~aeTcR 8 sane MI1KpoTpoHa np11 pa6oTe nocneAHero 8 pe
>KMMe 8W80Aa ny4Ka 3neKTpOH08 Ha TOpM03HYD MI1WeHb, OKpy>KeHHyD • 
n08YWKOR M3 C8MH4a. ~3MBHRR TOn~MHY CTBHOK n08YWKI1, M3MBHRnl1 
COOTHOWeHMe nOTOK08 raMMa-KBaHT08 M HeRTpOHOB. CpeAHRR MO~
HOCTb A03W raMMa-113flY4BHI1R 113MepRnacb npi160pOM APr-3-04. ni1-
HeAHOCTb nOKa3aHI1R AaT411Ka HeRTpOHOB B 3aBI1CMMOCTI1 OT TOKa 

3neKTpOH08 Ha6nDAanacb AO cpeAHeA CKOpOCTI1 C4eTa AaT4MKa 
104c-1. npl1 MO~HOCTM A03W TOPM03HOIO 113ny4eHI1R 500 MKP.c-1 

Ha 3KpaHe OC411nnorpa<t>a y>Ke 6~n CI1HXPOHI1311PYD~MRCR 11MnynbC OT 
MMnynbC08 TOpM03HOIO 113ny4eHI1R, HO ero BBni1411Ha nMWb 8 A8a pa-
3a npe8~Wana ypo8eHb WYMOB KOpOH~, M OH e~e A11CKpMMI1HMp08ancR 
perMCTpl1pyD~eA CXeMoA, 11MBD~eA nopor 4YBCTBI1TenbHOCTI1 1 peKo
MeHAYeMWA 8 nacnopTe Ha C4eT411K CHM-14. AnR p~>KI1Ma pa6oTw 
MI1KpOTpOHa Ha KOHBepTOp He~TpOHOB C rpa<!>I1TOB~M Ky6oM Heni1HeA
HOCTb Ma-aa npoc4eT08 Ha6nDAanacb npM aarpyaKe CHM-14 8wwe 

2,5.104 11MnyJlbC08 8 CeKYHAY· 
B Ka4eCT8e aKTM8Horo A0311MeTpa HeRTpOH0.8 Mcnonb3o8ancR TaK

>Ke c4eT411K CHM-14 c KOM611H11P08aHHWM nonM3TI1neHo8~M aaMeAnMTe
neM C TOn~MHOA CTBHKM 124 MM 11 CO cnOeM KaAMI1R 0,6 MM Ha rny-
6MHe aaMeAnRD~ero cnoR 55 MM/21 ,22/. B Ka4ecTse nacci1BHWX AD-
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3HM8TPOB He~TpOHOB, He HMe~~HX npOC48TOB, npHM8HRJ1HCb: aKTHBa· 
4HOHH~~ AeTeKTop Ins napa$HHOBOM wape AHaMeTpoM280 MM/23/; 
In B nOJ1H3THJleHOBOM wape AHaMeTpOM 254 MM/17/ H TepMOJl~MHHec-
4eHTH~A AeTeKTOp 6LiF B nape c 7LiF /Tn~ 600/700/ B nonH3THne· 
HOBOM wape AHaMeTpOM 254 MM/24-26/. 

nposepKa aAeKBaTHOCTH noKa3aHM~ MCnOnb30BaHH~X A03HMeTpoa 
He~TpOHOB 3KBHBaJleHTHOA A03e B nOJlRX H3ny4eHH~ MHKPOTpOHa 
6~na nposeAeHa s cpasHeHHM c 3KBHsaneHTHo~ A03o~, onpeAeneH
Ho~ no 3HepreTH4eCKOMY cneKTPY He~TPOHOB. CneKTp He~TPOHOB 
onpeAenReTCR c noMO~b~ aKTHBa4HH HHAHR nH6o nap~ Tn~ 600/700 
B wapOB~X nOJ1H3TMJleHOB~X 3aMeAJ1HTeJ1RX pa3HOrO AHaMeTpa/27/ 
c nocneAY~~eA o6pa6oTKO~ AaHH~X no nporpaMMe, Hcnonb3y~~e~ 

MeTOA CTaTHCTH4ecKo~ perynRpH3a4HH/28/. CpasHeHHR nposeAeHbl 
KaK AflR pemHMa pa6oT~ MHKpOTpOHa Ha TOpM03HY~ MMWeHb C KOH
BepTopoM He~TpOHOB H rpa$HTOB~M Ky60M /pemMM 1/, TaK M AflR pe· 
mHMa pa60Tbl Ha TOpM03HY~ MHWeHb 6e3 KOHBepTopa HeATpOHOB H 
rpa$HTosoro Ky6a /pemHM 2/. B pemHMe 1 cneKTP He~TPOHOB 3Ha-
4HTeJlbHO o6ora~eH /-90%/ He~TPOHaMM C 3HeprHe~ AO 1 K3B, B TO 
Bpe~R KaK B pemHMe 2 cneKTp o6ora~eH 6~cTp~MH HeATpOHaMM /eM. 
pHc.5/. CpasHeHMR nbKaaaHH~ s~nonHeH~ AflR scex npMMeHRBWHXCR 
He~TpOHHbiX AeTeKTOpOB B T04KaX 7,9 H 10 /pHC. 1/; B T04KaX 3,4, 
5 H 6 cpasHeHHR nposeAeHbl AflR AeTeKTopos B nonH3THneHOBOM wape 
AHaMeTpOM 254 MM. 

0Kaaanocb, 4TO c4eT4HK He~TPOHOB CHM-14 s napa$HHOBOM aa
MeAJlHTene C TOJl~MHOA CTeHKH 120 MM saB~WaeT HaM6onee aepORTHYK 
A03Y s 10 paa s pemHMe 1 H AO 3 paa s pemHMe 2. C4eT4HK CHM-1~ 
B nOJ1M3THJleHOBOM KOM6MHMpOBaHHbM 3aMeAJ1MTene 3aB~WaeT HaM6o
nee sepORTHY~ A03Y AO 3 pas B pemHMe 1 H B T04Ke 3a 4yryHHO~ 
OTKaTHOi1 AB8pb~ - B pemHMe 2, B OCTaJlbH~X M8CTaX B pemMMe 2 
noKaaaHHR 3Toro AaT4MKa cosnaAa~T B npeAenax owH6oK c HaM6onee 
sepoRTHOA A030i1. 

HHAH~ s napa$HHOBOM wape AHaMeTpoM 280 MM nH6o s nonH3THne
HOBOM wape AMaMeTpOM 254 MM AaeT B 060HX pemMMaX 3aB~WeHHe B 
2+2,5 pasa. TaKaR me eenH4HHa sas~weHHR Ha6n~AaeTcR AflR nap~ 
Tn~ 600/700 s nonH3TMneHosoM wape,AMaMeTpoM 254 MM. 

AHOManbHO 6onbwoe aas~weHMe noKasaHMA A03MMeTpa, a~nonHeH
Horo Ha 6ase c4eT4MKa CHM-14, noMe~eHHoro a 4MI1MHAPM4eCKMA na
pa$MHOBbiA 3aMeAJ1MTeJlb, B 11 MRrKOM11 cneKTpe Hei1TpOHOB, nO-BMAM
MOMy, CBR3aHO C KOHCTPYK4MeA 3aMeAJ1HT8JlR, HMe~~ero CKB03HOi1 
KaHan no 4eHTPY Ail~ C4eT4HKa CHM-14, 4TO cosAaeT B03MOmHOCTb 
"nOACBeTKH 11 C4eT4HKa C ero TOP40B MeAJ18HHbiMM He~TpOHaMM, He 
npOXOAHBWHMM 3aMeAJ1MT8Jlb. 
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3. PA~HAUHOHHAH 05CTAHOBKA 

3. 1. BHewHee H3ny4eHMe 

0CHOBH~M KOMnoHeHTOM A030BOro nonR M3Jly4eHM~ YCKOPMTen~A 
3JleKTPOHOB RBJ1R8TCR TOpM03HOe M3Jly4eHMe. 3TO MJlJl~CTpMpyeT pHc.3, 
Ha KOTOpOM npMBeAeH~ Ka4eCTBeHH~e xapaKTepMCTMKM THnM4H~X COOT
HOWeHHi1 MO~HOCTei1 3KBMBaJleHTHOA A03bl Ha eAMHH4HY~ MO~HOCTb nep
BM4HOrO ny4Ka 3J18KTpOHOB AflR pa3J1M4H~X TMnOB BTOPM4HOro M3ny-
4eHMR, C03AaBaeMOrO Ha paCCTORHMM 1 M OT MMWeHM, 6oM6apAMpye
MO~ 3J18KTPOHaMM C 3HeprHeA Eo B OTCYTCTBMe sa~MT~ MMWeHM/29/, 
3aWTpMXOBaHHble o6naCTM OTpama~T BapMa4MM CMTYa4MA, 3aBMCR~MX 
OT TaKMX $aKTOPOB, KaK MaTepMan MMWeHM M ee TOJl~MHa. 
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PHC. 3. THIIHtiHbl8 COOTH01118HHH MO!II
HOCTH 3KBl\BaJieHTHOH ,IJ;03bl ,D;JIH pas
JIHtiHblX BH,D;OB B TOpHtiHOrO H3JIYti8HHH 
p;o 3al!IHTbl 3JI8KTpOHHbiX YCKOpHTe
JieH ua aueprHID E0 : I - TopMosuoe 
H3JIYti8HHe IIOA yrJIOM QO K Haiipas
JieHHID IIYtiKa 3JI8KTpOHOB; 2 - TOp
M03HOe H3JIYti8HHe IIO,D; yrJIOM 9QO 
K uarrpaBJI8HHID IIYtiKa 3JI8KTpOHOB; 
3 - H8HTPOHH08 H3JIYti8HHe; 4 - ua
Bep;eHHaH pap;HOaKTHBHOCTb; 5 -
MIDOHHOe H3JIYtieHHe TOJibKO rrop; yr
JIOM 0°. 
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Pn:c. 4. 3na<IeHHH AJIHHbi p;ecHTH- ~ 

KpaTHOrO OCJia6JieHHH B 3aBHCH- , 
MOCTH OT 3HeprHH <IaCTH~! I -
6eToH / Q6bi'!HbiH/; 2 - CTaJib; OL_~~~WW~--~~~LLU 

I 10 .w E0 ,M3B 3 - CBHHe~. 

Ha. PMC. 4 npMBeAeHbl 3Ha4eHMR AflMHbl AeCRTMKpaTHOro ocna6neHMR 
3KBMBaneHTHOi1 A03~ B WMPOKOM ny4Ke TOpM03HOro M3J1Y48HMR Ail~ 

6eTOHa, CTanM W CBMH4a nOA yrnoM 00 K HanpaBJ18HM~ naAeHHR ny4-
Ka 3J18KTpOHOB C 3HeprMeA Eo Ha TRmeny~ MMWeHb KaK $YHK4MH 3Hep
rMM naAa~~MX 3neKTpoHoa/29/. 3AeCb me npMBeAeH~ 3Ha4eHMR AilMH~ 
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AeCRTMKpaTHOrO ocna6neHMR 3KBMBaneHTHOR AOS~ HeRTpOHOB B s~
BMCMMOCTM OT 3HeprMM HeRTpOHOBEH/30/. KaK BMAHO MS pMc.4, 
AnR 6eToHa AnMHa AeCRTMKpaTHoro ocna6neHMR 3KBMBaneHTHoR AD
s~ TOPMOSHOro MSny4eHMR OT 3neKTPOHOB C E0 =16 M38 COCTaBnReT 
OKano 100 r.cM-2, B TO speMR KaK AnR HeRTpOHOB En= 1 M38/cpeA
HRR 3HeprMR cneKTpa ~OTOHeRTpOHOB/ COCTaBnReT BenM4MHY nOPRAKa 
50 r.cM-2, TO eCTb sa 6eTOHHOR sa~MTOR 3KBMBaneHTHaR AOSa 
TaK me /KaK M AO sa~MT~/ 6yAeT B OCHOBHOM o6ycnosneHa TOpMos
H~M Msny4eHMeM. AnR menesa me /cTanb, 4yryH/ Ha6n~AaeTcR o6-
paTHaR CMTYa4MR: ecnM AnR TOPMOSHOrO MSny4eHMR CnOM AeCRTM
KpaTHOrO ocna6neHMR 3KBMBaneHTHOR AOSbl COCTaBnR~T -85 r.CM-2, 
TO AnR 1 M38 HeRTpOHOB - OKano 150 r.cM-2; sa TaKoR ~a~MTOR 
MOmeT OKaSaTbCR, 4TO paAMa4MOHHY~ o6cTaHOBKy 6YAYT onpeAenRTb 
HeRTpOH~, a He TOpMOSHOe raMMa-Msny4eHMe. 

nocKOnbKY MCT04HMK BTOPM4HOro MSny4eHMR 3neKTpOHOB noKanM
SOBaH /TOPMOSHaR MMWeHb- KOHBepTOp/, TO 4enecooqpaSHO npM
MeHRTb AnR Hero noKanbHY~ Sa~MTY, HanpMMep MS CBMH4a, AnR CHM
meHMR YPOBHR TOpMOSHoro MSny4eHMR B sane, TeM caM~M ~HMmaR 
Tpe6oBaHMR K rno6anbHOR /6eTOHHOH/ sa~MTe. 

8 Ha4ane pa6oT~ MMKpOTpOHa KaK MCT04HMKa MSny4eHMH ~pasy 
me npORBMn~Cb sa sa~MTOH noKanbH~e BCnneCKM ypOBHeH TOpMOSHO
ro MSny4eHMR, KOTOp~e RBHO MMenM CBOMM MCT04HMKOM He TOpMOS
HY~ MMWeHb-KOHBepTop. B noMe~eHMM nynbTOBOH npM o6~eM yposHe 
raMMa-~OHa nopRAKa 0,1 MKP.c-1 Ha6n~AancR ny40K B T04Ke 10 
/eM. pMc.1/, MO~HOCTb AOS~ B KOTOpOM AOCTMrana 15 MKP.c-1. 
reoMeTpM4eCKM T04Ka 10 HaXOAMTCR HanpOTMB peSOHaTopa M!-iKpOTpo
Ha. npM nnOXOH HaCTpOHKe KaTyWKM, KOppeKTMP~~~eH op6MT~ 3neKT
pOHOB M HaXOAR~eHCR y peSOHaTOpa, MO~HOCTb AOS~ B ny4Ke B T04-
Ke 10 ysenM4MBanacb AO 30 pas. PacnpeAeneHMe MO~HOCTM AOSbl 
raMMa-Msny4eHMR sa sa~MTOH BAOnb CTeHbl 1 nepneHAMKynRpHOH Ha
npasneHMIO BbiBeAeHHOrO ny4Ka 3JleKTpOHOB Ha rpa¢MTOB~H Ky6, •MMe
nO AByrop6~H BMA 1 4TO yKaS~Bano Ha HanM4Me e~e OAHOrO noKanb
HOrO MCT04HMKa TOpMOSHOrO MSny4eHMR /KpOMe TOpMOSHOH MMWeHM/. 
AnR B~RBneHMR TaKMX MeeT s sane MMKpoTpoHa 6~nM 3KcnoHMposaH~ 
TepMon~MMHeC4eHTH~e AeTeKTOP~ /35 T04eK/. AnR 3KpaHMPOBKM yme 
MSBeCTHOrO IlOKanbHOrO MCT04HMKa TOpMOSHOrO MSI1Y4eHMR TOPMOSHaR 
MMWeHb oKpymanacb nosywKoA MS CBMH4a. AaHH~e no o6ny4eHM~ TflA 
noKasanM, 4TO KpOMe yme MSBeCTHOH I10KanMSa4MM noTepb 3J1eKTpO
HOB Ha peSOHaTOpe npORBMnCR MCT04HMK B MeCTe nepeXOAa MarHMT
HOrO KaHana B 3neKTpOHOBOA, KYAa B~BOAMTCR ny40K C KOHB4HOH 
3HeprMeH YCKOpeHMR. 8 MeCTe BXOAa ny4Ka B MarHMTH~H KaHan no
Tepb npaKTM4eCKM HeT. 06HapymeHH~e MCT04HMKM TOpMOSHOrO M~ny-
4eHMR sa~M~anMCb noKanbHO. BHyTpb 6poHesoro cepAe4HMKa MarHMTa 
MMKPOTpoHa HanpOTMB peSOHaTopa noMe~eH CBMH40B~H 3KpaH /10 CM/; 
MecTo nepexo'Aa MarHMTHbiH KaHan - 3neKTpoHOBOA sa~M~eHo TaKme 
10 CM CBMH4a. BHyTpb rpa~MTosoro Ky6a sa TOPMOSHOH MMweHbiO-KOH-
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BepTOpOM YCTaHOBneH CBMH40B~R 3KpaH TOn~MHOR 10 CM /no XOAY 
ny4Ka 3neKTPOHOB/, 4T~ He noBnMRno Ha pacnpeAeneHMe Tennoa~x 
M peSOHaHCH~X HeHTpOHOB BHyTpM Ky6a. HapymHaR CTBHK~ Ky6a B 
nnocKOCTM, nepneHAMKYnRpHOH ocM ny4Ka, BblflO>KeHa TaK me CBM.H40-
soA sa~MTQH TOn~MHOH 5 CM, 4aCTb CTeH~, nepneHAMKynRpHoR Ha
npaBilBHM~ B~BBABHHOrO ny4Ka 3neKTpOHOB, 6~na YCMI1eHa ~6~4H~M 
6eTOHOM TOI1~MHOH 40 CM /s~nomeHa 6noKaMM/. 

If> TO'liKH 
H3M9p9HHH 
(cM.p~o~c.I) 

I 
2 
3 

4 
5 
6 
? 

8 
9 

IO 

II 

<I 

"" ~ 
~ 0.8 
"' "' ~ 06 
~ 
~ 0.~ 
~ ... 
~ 
~ 

PelltKN }l.osa no HeniPo-
HaM, 6sp. -q-

I 20±10 
I 20±IO 
I 6,I±3,4 

I 5,3±3,0 
I 2,6±I,6 
2 I?,?±I,2 
I 0,?±0,4 
2 3,<J±0,4 
I -
I 2,5.10-3 

2 (13, 3+2, 9) 210-3 

I O,II.ro-
3 2 (0,58+0,2>. 10-

I r.o~ro-3 
2 (5~3±Q.)~2.Io-3 

, KJ• to·• ro·• ro• to', 
3Heplu P Hcti.mpo1106 Ilk J~ 

Ta6JIHL\a 2 

}l.osa rro raMMa- ilpHN9'llaHH9 
ll~eHillO, 
P.r 

1000 Ha Mal'HHTB 
360 Ha xy6e 

24x X BJIHRHJte CBHHI.l• 

380 
3KpaHa 

?? 

2I 
6 

I8 
II. 10-3 Ha ypoBHe 2 3TaEa 
2.10-3 

2,8.IO=~ 
0,4.10 3 
0,?.10-3 
r,a. 10-

1.4.10-3 

PHc.S.OTHdcHTBJlhHwA BKJiaA B Ao-
3Y OT HBHTpOHOB C 3HBprHBH BbllllB 
3aAaHHOi1 Ha MHKpoTpOHe MT-17: 
'I- B TO'-!KB 3 H 4 /pHc.l/, pe
>KHM 1; 2- TO'-!Ka 10, pe>KHM 2; 
J - T04Ka 9, pe>KHM 2; 4 - TO'-!
Ka 6, pB>KHM 2. 
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nocne nposeAeH~R TaK~x Meponp~RT~~ no AOnonH~TenbHO~ sa
~~Te pacnpeAeneH~e MO~HOCT~ AOS~ TOpM03HOro ~3ny4eH~R sa sa
~~THO~ cTeHo~, nepneHA~KYnRpHo~ oc~ s~seaeHHoro Ha Ky6 ny4Ka 
3neKTPOHOB, He ~Meno MaKC~MYMOB, a MO~HOCTb AOS~ no OTHOWeH~~ 
K MaKC~ManbHWM SHa4eH~RM yMeHbWHnaCb npHMepHO B 50 paS. npH 
pa6oTe B pemHMe 1 TOPMOSHaR MHWeHb sa~H~eHa CBHH~OBWM 3Kpa
HOM TOn~MHO~ 20 CM /no XOAY ny4Ka, C 60KOB 15 CM/. 

B Ta6n.2 npHBeAeHW SHa4eHHR ypOBHe~ HSny4eHHR B KOHTpOnb
HWX T04KaX AnR HOMMHanbHOA pa6oT~ MHKPOTpOHa npH HanH4HH BCeX 
AOnonHHTenbH~x sa~HT. Aosa, o6ycnoeneHHaR HeRTpOHH~M o6ny4e
HHeM, npHBeAeHa Ha OCHOBaHHH AaHH~X B cneKTpe HeATpOHOB, no
ny4aeMWX c noMO~b~ MynbTHc¢epHo~ MeTOAHKM/27,28/. ~sMepeHHR 
AOS raMMa-Msny4eHMR s sane MHKPOTpoHa swnonHeHw c noMO~b~ 

TepMon~MHHec~eHTHwx AeTeKTopos TnA-700. 
Ha PHC.5 npMBeAeHW HHTerpanbHWe AOSOBWe cneKTPW HeRTpOHOB 

B HeKOTOpbiX THnM4HbiX T04KaX MMKPOTpOHa. KpMBble OTpama~T OTHO
CHTenbHWR BKnaA B HeATpOHHY~ AOSY He~TpOHOB C 3Hepr~eR BwWe 
saAaHHoA. PHc.5 Hnn~cTpHpyeT wHpOKMA Ha6op TMnos cneKTpos. 
Ha1-16onee "~M" cneKTp HeRTpoHos RBnReTCFI s pemMMe 1 ,s Ta6n.2 
AaHHWe no AOSe HeATpOHOB AnFI T04eK 9,10,11 npHBeAeHW no MSMepe
HMFIM C 10-A~RMOBWM SaMeAflMTeneM M KoppeK~HeR, HaAAeHHOA B cny-
4ae ''MRrKoro'' MSny4eHMR Aflfl nony4eHHfl HaM6onee sepofiTHo~ AOSbl. 

HaH6onee ''mecTKMM 1
' cneKTp He~TPOHOB fiBJJFieTCFI s pelKMMe 2 

B Sane MMKpOTPOHa. 3a SalJlMTO~ OH 11 C14Fir4aeTCfl 11
, HO 6onee 11mec

TOK11 B HanpasneH~~. 6nHSKOM K HanpnaneHH~ nepB~4Horo ny4Ka 
aneKTpoHos. Aosw oT He~TPOHOB ~ oT raMMa-~sny4eHM~ Ha MeCTHo
CTM B6nHSM SAaHMFI, rAe pa3Me~eH MHKpOTpOH, COCTaBJlFI~T 

0,1+0,2 M63p.4-J• 
KaK MOlKHO B~AeTb HS Ta6n.2, 3a 4yryHHOR OTKaTHOR ABepb~ 

/T04Ka 9, pMC. 1/ ,Q03a He~TpOHHoro Hsny4eHHFI npeBblwaeT AOSY 
TOPM03Horo~aKHX cny4aFix ~enecoo6pasHo nepeA BXO,QOM ycTa
HaanHBaTb Sa~MTY 3KpaHHOrO HflH na6Hp~HTHOrO THna TOfl~HHOR OKQ
no 0, 5 M HS o6bi4Horo 6eToHa. 

3.2. HaaeAeHHaFI paAHOaKTMBHOCTb 

HaBe,QeHHafl paAHOaKTHBHOCTb MHKpOTpOHa H MHWeHeR ~MeeT Mec
TO, HO He COSAaeT npo6JleM B acneKTe paAHa~MOHHOR 6esonaCHOCT~. 
~SMepeHHFI MO~HOCTH A03W OT HaBeAeHHOR pa,Q~OaKTHBHOCTH npose
AeHW B paAoHe TeX YSJlOB, rge npo~CXOAFIT OCHOBHWe noTepH aneKT
poHOB: peSOHaTopa /Ha paCCTOFIH~~ 30 CM/, BWBOAHWX YCTpORCTB, 
H B paRoHe MHWeHeA: TaHTanosoR TOPMOSHOA MHWeH~ /25 CM/, ypaH-
6epHJlflHeBoro KOHBepTopa He~TpOHOB /50 CM/, a TaKlKe e6nHSH rpa
$~TOBOro Ky6a B TOM MeCTe, r,Qe HaXOA~TCFI COTPYAHMK npH ~SBJle-

4eH~H ~3 Ky6a o6ny4eHHwx o6pas~oe. PesynbTaTw 3THX M3MepeHM~ 
npMBeAeHw B Ta6n.3 /MKP.c-1/. 
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Ta6mm;a 3 

BpeMR B6JIH3H TopMeaHan y flpM8 YpaHOB!i11 PeaoHaTop 
nocJie rpa4JHTO- MHWBHb 113 M8I'HHT8 KOHBBpTOp 
OCT8HOBKH BOI'O T8HTaJI8 llO,II. pe-
MHKpoTpO-· Ky6a 30H8TO-
Ha poM 

IOwm. 50 2,2 1,2 120 1,2 
30MHH. 36 0,9 1,0 - 0,6 

1,5 qaca 15 0,6 I,O• - 0,25 
IO qacoa 2,2 0,4 <O,I 20 0,1 
16 qacoa 1,4 0,3 <0,1 - < 0,1 
53 qaca 0,8 0,2 <0,1 1,6 <0,1 
23 CYTOK <O,I <O,I (Q,I 1,6 <0,1 

3Ha4HMaFI aKTMBHOCTb o6yCJ10BJleHa HeAonrolKMBY~MMH MSOTOnaMM. 
npH paso6paHHOM MMKpOTpOHe ~ CHFITOM peSOHaTope MOlJlHOCTb A03bl 
BHyTpM naTyHHOR KaMepw s6n~S~ CTeHOK COCTaBJlFina 6+8 MKP.c-1 
4epe3 10+15 M~H nocne BWKJ1~4eH~FI MHKpOTpOHa, a CnyCTFI 17 4a
COB- OKOnO 0,3 MKP.c-1. np~ ~3MepeH~~ ~3ny4eH~~ HaBeAeHHOR 
pa,Q~OaKT~BHOCTM OT peSOHaTopa C nOMO~b~ Ge(Li)-AeTeKTOpa Ha-
6n~AaJl~Cb TOJlbKO ABa paA~OaKT~BHWX HSOTona: 62cu /TI/2 
= 9,8 M~H/ ~ 64cu ;r 1; 2 = 12,8 4/. AonromHay~aFI aKT~BHOCTb 
npOFIBJlFieTCFI B OCHOBHOM B TO~ 4aCTH ypaHOBOrO KOHBepTOpa, B 
~OTopy~ BXOA~T ny40K TOpMOSHWX KBaHTOB /B Ta6n.3 yKaSaHa Mo~
HOCTb AOSbl OT 3Toro Top~a ypaHosoro KOHBepTopa/, npoT~Bononom
HaFI 4aCTb KOHBepTopa HMeeT aKTHBHOCTb, Ha HeCKOflbKO nOPFIAKOB 
MeHbWy~. TopM03HaFI M~WeHb saMeHFieTCFI pas e nonroAa, np~BeAeH
Hwe B Ta6n~~e sen~4HHW OTHOCFITCFI K KOH~Y CpOKa ee Cnym6w. 

Aosa s6nHs~ rpa$HTOBoro Ky6a oT sanaSAWBa~~~x HeRTpOHOB 
ypaHOBOrO KOHBepTopa 4epe3 1 MMH nocne Bb1Kfl~4eHHFI MHKpOTpOHa 
COCTaBnFieT OKOflO 3 M63p.4-l, a cnyCTFI e~e 3 MHHYTW-
0,2 M63p.4-l. 

3.3. PaA~OaKTHBHOCTb B03AYXa V1 BOAW 

AKT~sa~~FI eos,Qyxa ~ BOA~ HMeeT MeCTO npH npeewweH~~ nopora 
¢oTOFIAepHwx peaK~H~: 10,55 M3B Ha asoTe e BOSAYXe ~ 15,67 MaB 
Ha K~CilOPOAe B BOAe. noTeH~~anbHOe BPBAHOe BOSAeACTBHe BHyT
peHHero o6ny4eHMFI OT aKT~B~poaaHHWX BOSAYXa V1 BOAW npeHe6pe
lKHMO no CpaBHeH~~ C BHeWH~M o6ny4eH~eM OT aKTHBHpOBaHHOrO BOS
AYXa ~ Tpy6 C BOAOR H COCYAOB, KOTOpoe, B CBO~ 04epeAb, SHa4H
TenbHO MeHbWe ,QOSbl OT HaBeAeHHOR paAHOaKT~BHOCTH AeTaneR ~ M~
weHeR M~KpoTpoHa. 
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B 3ane MHKpoTpoHa npoBOAHnacb npoKa4Ka B03AYXa 4epe3 a3po-
301lbH~e ¢H1lbTp~ KaK 80 BpeMA pa6oT~, TaK M npH B~K11~4eHHOM 

MHKPOTPOHe. Bo BCeX cny4aAX paAHOaKTHBHOCTb a3p030ne~ He npe
B~wana 3,5·10-16KH·n-1 no 6eTa-aKTHBHOCTH M 1 ,7.J0-16KH·~-1 
no anb¢a-aKTHBHOCTH /¢oH annapaTyp~/. Mo~HOCTb A03~ raMMa
H311y4eHHA B03AYXB BHYTPH BeHTMilA~HOHHO~ Tpy6~ cpa3y me notne 
BbiKn~4eHHA MMKPOTpoHa He npesbrwana 50 MKP. 4-l . Pac4eTHaA o~eH
Ka 06pa30BBHMA 41Ar npH y4eTe, 4TO B 3ane HeT 06MeHHO~ BeHTH
IlA~HH H nnOTHOCTb nOTOKa TennoB~X He~TPOHOB nopAAKa 105cM-2.c-1, 
AaeT senH4MHbl KOH~eHTpa~MM 41 Ar nopAAKa 4. 1 o-1 OKM. n-1 ' 4TO Ha 
ABa nopAAKa HHme AOnyCTHMO~ KOH~eHTpa~MH COAepmaHHA 3TOrO M30-
Tona B B03AYXe pa6o4HX noMe~eHM~/31/. 

H3MepeHHA MO~HOCTH A03~ rqMMa-H3ny4eHHA OT Tpy6~, no KOTo
po~ npOXOAHT BOAa nocne oxnamAeHHA MMKPOTpOHa, AB~T senH4MHY 
MeHbWe 50 MKP.4-J. ~11R •OnpeAelleHMR paAMOaKTMBH~X M30TOnOB M 
MX KOH~eHTpa~MM B BOAe, npoweAUJe~ 4epe3 CMCTeMy oxnamAeHMA 
MMK~TPOHa, 6bl1la B3ATa Ha BbiXOAe 3TO~ CMCTeMbl npo6a BOAbl 5 11 
nyTeM Henpep~sHoro oT6opa s Te4eHMe 6 4acos pa6oT~ MMKpoTpoHa. 
3aTeM B npo6y A06aB11A110Cb 2 r rMAPOOKMCH mene3a H npOH3BOAM-
110Cb ocamAeHHe npM pH = 8. rHAPOOKMCb mene3a ocaAHna see 3ne
MeHT~, npMCYTCTBy~~He B BOAe, KPOMe KanHR H HaTpMA. B~cyweHH~~ 

¢H1lbTpaT M3MepA11CA Ha Ge(Li)-AeTeKTOpe 06beMOM 40 CMJ B Te-
4eHHe 12 4BCOB cnyCTA ABOe CYTOK nocne OT6opa npo6bl. HHKaKMX 
PBAMOBKTMBHbiX 31leMeHTOB 06Hapy>KHTb B 3TO~ npo6e He YAallOCb. 
Pac4eT, CAenaHHbl~ c noMO~b~ MeTOAHKH, npHBeAeHHO~ e pa6oTe/32/, 
nOK·3~BaeT, 4TO cpeAHerOAOBaA KOH~eHTpa~HA PBAMOBKTHBH~X H30-
TOnos s BOAe, oxnamAa~~e~ MMKpOTpoH, a npeAnonomeHMM ero Henpe
P~BHO~ pa60T~ HHme AOnyCTMMOR KOH~eHTpa4HH A11A OTKp~T~X BOAOe
MOB. 

4. 3AKJ1104EHHE 

CneAOBaTellbHO, MOmHO CAenaTb B~BOA, 4TO OCHOBH~M ¢aKTOpOM 
paAHa~HOHHOR onacHOCTM npH Ae~CTBHH MHKpOTPOHa C 3HeprMeR 
16 M3B ABnAeTCA TOPM03HOe M3ny4eHMe. XoTA c noMO~b~ noKanbH~x 
3a~MT M MOmHO 3Ha4MTe1lbHO CHM3MTb MO~HOCTb A03~ 3a 3a~MTOR 
3ana MMKpOTPOHa, HO menaTellbHO, 4T06bl ero CTeHbl MMellM TOil~MHY 
He MeHee 1,5 M. npM Ha11M4MM OTKaTHOR mene3HO~ ABepM /cTallb, 
4yryH/ ~e1leC006pa3HO HMeTb nepeA He~ CO CTOpOH~ 3ana 6eTOHH~R 
/MilM n011M3TM1leHOBbl~/ na6HpMHT. 

HaseAeHHaA paAMOaKTMBHOCTb A11A AaHHO~ 3HeprHM M MO~HOCTM 
ny4Ka 31leKTPOHOB He npeAcTaanAeT cepbe3H~x npo6neM npM opra
HM3a~MM 06cnymMeaHMA, npO¢H11aKTMKM M peMOHTa MHKpOTpoHa; OAHa
KO HaBeAeHHaA paAMOaKTMBHOCTb ypaHOBOrO KOHBepTopa AOBOilbHO 
3Ha4MTe1lbHa. 
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CMCTeMa llOAnHoro OXJla)I(AeHMA MHI<pOTPOHa He Tpe6yeT K8KMX-
11M60 cne~MallbH~X yCTPO~CTB A11A o6ecne4eHMR PBAMB~MOHHO~ 6e3o
naCHOCTM. CMcTeMa seHTHilA~MM Tome He Tpe6yeT cne~ManbH~X 
ycTpO~CTD, HO He06XOAMM 3Ha4MTe1lbHbl~ B03AYX006MeH M3-3a o6pa-
30BBHMA 601lbWOrO K011M4eCTBa 030HB. 

npaMbrwneHHbl~ npM6apbr raMMa-M311Y4eHMA PYn-1, .arr-3-01, 
,llPr-3-03, APr-3-04 npMrOAHW AnA M3MepeHM~ s nonAx BHewHero 
M311Y4eHMA MMKpOTpOHa B YKB3aHHWX npeAenax. 

npoMWUJneHH~e npM6op~ A11A He~TPOHHOrO M31ly4eHHR: A03MMeTp 
AHA-1 M paAMOMeTp PYn-1, He npMrOAHbl. B Ka4ecTae aKTMeHoro 
A03MMeTpa He~TpOHOB peKOMeHAYeTCA He~TpOHHW~ C4eT4MK TMna 
CHM-14 s KOM6MHMposaHHOM nonM3TMneHOBOM 3aMeAnMTene. 

1. 
2. 
3. 

4. 
5. 

6. 

7. 
8. 

9. 

I 0. 
11. 

12. 

13. 

14. 

15. 
16. 

17. 
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6enou A.r. ~ AP· 
PaA11DI.I~UHIIIII1 oOcTottootcll Ha ycKOPI1Tene onet<rpoHoe 
Hll OHQprH~ 16 HoD - MHKPOTPOHO 

16-82-170 

11CC!10J10CIIlllll 11~\0KOilTHOCTb /10Ka3aH11H 11 onpegeneHbl npegenbl 11CJ10Ilb30BaHI1fl 
Pil3!1H411~1X f10:111MOTp~!liQCKHX npH6opoo 0 pagHalji10HHbiX nOilflX MI1KPOTPOHa. noKa-
3aHO, 4TO rnMMII•AOOHMOTPbl H/l OCHO!le ra3opa3pflgHoro geTeKTOpa 11Me10T CyUjecr
BeHHO M0HbW11A ~OPXHH~ np0/10!1 113MCpeH11H A03W, 4eM B cnyyae HenpepWBHOro 113Ily-
4eHHn1 ll lin OCHOIIO Cl.jHHTH/1/1nll110HHOrO pa60TBIOT ygosneTBOpHTeilbHO, B TO lKe 
speMR liDHTPOIIIIbiO nn:II11<~0TPbl liD OCHOBe Clji1HT11Ililfli1HOHHOro geTeKTOpa: ,QHA-1 A 
"' PYn-1 , 110 npHMOHI1Mht Ann H3McpeHI1i1 a ycnoaHRx. H3ny4eHvtfl MvtKpoTpoHa. PeKoMeH 
gyeTCn ICOPOtlllhit'\ IIDfil pOHti~lll C40T4HI{ El KOM6HHHpOBBHHOM nonH3THileHOBOM 3aMeg
IlHTei1C. YctDIIOII!1DtiO, 'ITO PlliV11lL1HOHHaR onacHOCTb npH pa6oTe MHKporpoHa a oc
HOBHOM Onp0/10!1nDTCn TOPM03HWM H3J1y4eHHeM. HaaegeHHafl pagHOBKTHBHOCTb npH 
gaHHO~ 3110pr~~ HO ni)Oi<CHIIlJlnCT cepbe3Hb1X npo6neM npH opraHH3aljHH o6cnylKHBa
HV!fl. CHCTOMII lllli\MIIUrO OXJ1Cit<AeHHn MHI<POTpOHa H CHCTeMa BeHTHJlflljHH He Tpe6yiOT 
cne411anbH~X ycTpO~CTO Ann o5ecne4eHHfl pagvtaljHOHHoi1 6e3onacHOCTH. 

Pa5ora Clotnonllo~tn ll IllliSoparopHH ngepHbiX peaK4Hi1 OfUH1. 

npenp~HIT Q(h.~~I!!!CIHHOI"O HHCTHTyTa flACPHbiX HCCJleAOBaHH~. Ay6Ha 1982 

Belov A.G. at 111, 16-82-170 
Radiation Sltulltlon o~ the 16 MeV Electron Accelerator- Microtron 

Adequacy or roaponso llnd 1 imits of the use of different dosymetric in
struments In radl~llon Fields of the microtron were investigated. It is 
shown that g<~mmtJ·do•lmotors based on a scinti'llation detector are more ap
propriate, whoroao ror GM counter dosimeters the upper 1 imit of measuring 
doses is much lowor than for continuous radiation. Commercial neutron dosi
meters based on eclntll lation detectors, OHA-1 and RUP-1 cannot be applied 
for measurements under radiation conditions of the microtron. A corona 
neutron counter In n polyethylene moderator is recommended for purposes 
of neutron dosyrnalry. It Is established that it is the radiation danger 
during microtron operation that determines mainly the bremsstrahlung. The 
induced radioactivity at a given electron energy does not present serious 
problems for sorvlco. Mlcrotron water cooling system and air venti !at ion 
system do not roqulro any special devices for providing radiation security. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 
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