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1. BBE.llEHHE 

B nocneAHHe rOA~ aHa4HTenbHO Boapoc HHTepec K HccneAOBaHH~ 
npo~eccoB. npOHCXQAA~HX nOA Ae~cTBHeM nY4KOB B~COK03HepreTW
4eCKHX 4acTwlI W AAep B paam"'4H~IX cpeAax'1-21 • 3TO CBAaa.HO 
npe~Ae Bcero C 06cY~AeHHeM nepcneKTHB HcnonbaOBaHHA yCKopwTe
nei1 Ann coaAaHWA reHepaTopoB IiIrlTeHCHBHblX Hei:1TpoHHblX nOTOKOB 
-10 14 _10 18 HeHTpOMOB/C, KOTopble MO~HO wcnonbaoBaTb AnA peweHHA 
MHorHX B,a~Hblx AAepHO-$1iI3W4eCKHX, MaTeplilanoBeA4eCKWx BonpocoB, 
np06neM $YlaWKH KOHAeHcwpoBaHHblx cpeA H pAAa APyrwx aaAa4 13.61 • 

HHTepec K.HccneAoBaHw~ BonpocoB npoxo~AeHwA BblcOKQ3HepreTH4ec
KHX 4aCTHlI H AAep 4epea MHweHIiI pa3nlil4Horo 3neMeHTHoro cocTaBa, 
$OpM H pa3MepoB CBA3aH C AanbHeHWYlM pa3BwTweM YCKopwTenbHoH 
TexHHKH, nOB~weHlileM wHTeHcIiIBHoCTIiI,3HeprHYI iii pacwwpeHHeM Macco
Boro Awana30Ha YCKopAeMblx AAep, a TaK~e coaAaHHeM HHTeHCHBHblX 
YlCT04HYlKOB BTOPYl4HblX 4aCn-111 nma "MeaoHHblx $a6pYlK" 15·81 • OTnH
41i1TenbHOH 4epToi1 npo~eCCOB BaaHMOAeHCTBIiIA 4aCTwlI W RAep C AApa
Mlil npw BblCOKHX 3HeprwAX ABnAeTCR IiIX MHo~eCTBeHHbli:1 xapaKTep, 
npw4eM B COCTaB npOAYKTOB peaKIIHH BXOAYlT npaKTw4ecKH BeCb 
cneKTp waBeCTHblX 3neMeHTapHblx 4aCTIiI~ /9/. 3TIiI 4aCTWlIbI, 06naAaA 
AOCTaT04HOH 3Heprwei:1, B CBO~ 04epeAb BaaIilMOAeHCTBY~T C AApaMW 
cpeAbI, reHepliI~YA HOBbie nOKoneHWA aAPOHOB, nenTOHOB, $parMeHTOB. 
B peaynbTaTe B cpeAe 06paayeTcA naBWHa nOCTORHHO aaMeAnA~Hx
CA YI aaXBaTbIBa~YlXCA AApaMw 4aCTYlII: npoToHoB, HeHTpoHoB, Y
KBaHTOB iii paanw4Hblx TlilnOB MeaOHOB. BoaHHKaeT TaK HaablBaeM~H 
Me~AAepHblH KaCKaA. B KacKaAHy~ naBIiIHY Aa~T BKnaA TaK~e 4aCTW
~b1, KOTopble 06pa3Y~TCA B npolleccax IiIcnapeHIiIA H AeneHYlA Boa-
6Y~AeHHblx AAep, oCTa~liIxcA nocne peaKlIwH pac~enneHIiIA • .llnA non
Horo onwcaHWA KacKaAa He06xoAIiIMbi cneKTpanbHble, yrnoBble xapaK
TeplilcTIiIKIiI BTOPYl4HblX 4aCTYI~ W IiIX KoppenAIIYlA B WHPOKOM AHanaao
He 3HeprYli1. 

B HaCTOA~ee BpeMA 3KcnepIiIMeHTanbHble AaHHble no nOTOKaM BTO
Plil4HblX 4acTHlI, BoaHIiIKa~Hx B npoTA~eHHblx MHWeHRX nOA AeHCTBYleM 
penATIiIBHCTCKHX 4acTIiI~ iii AAep, 04eHb orpaHH4eHbI YI npeIilM~ecTBeH

HO CBOARTCA K xapaKTeplilcTHKaM noneH BTopH4Horo liIanY4eHHA aa 
IiIX npeAenaMYI ICM. Ta6n./. 

CneAoBaTenbHo, peweHlile aaAa4 onTHMlilaal..lHIiI MHweHW, paapa60TKa 
H HccneAoBaHHe paAHa~HoHHoH aa~HTbl YCKopHTenei1, aTaK~e MOAe
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Ta6mul.a 

MMweHb PaSMepbJ nepBM4H~A 3HeprMR ~ccIleAyeMbie IlMTe
nY40K nY4Ka XapaKTepMCTMK¥1 paTY

r3B/HY pa 
DxL KIlOH 

YrIlOB~e pacnpeAeIle
HHR nOTOKOB SapR~eH-

Cu 10x13 P,He,C 3,65 HbiX 4aCTH4 10 

Pb 
iO.2x61 
20.4x61 

HeATpOHH~A B~XOA 

B paC4eTe Ha nepBH4

238 U 10,2x61 
P 

0,96 
H~A npOTOH 

UecTecra. 20. 4x61 1 ,47 11 

D H L - AHaMeTp H AIlHHa MHweHH COOTBeTCTBeHHO B CM. 

IlHpOBaHHe $MSH4eCKHX np04eCCOB pacnpOCTpaHeHHR nOTOKOB BTOPH4
HbiX 4aCTH4 H peweHHe PRAa APyrHx saAa4 BOSMO~H~ IlMWb npH HaIlH
4HH HH$OpMa4HM 0 B3aMMOAeAcTBHRX 4acTH4 H RAep C Be~eCTBOM B 
WMPOKOM AHanasoHe 3HeprHH OT COTeH M3B AO COTeH r3B. 

CTPYKTYPHA~ CXEMA YCTAHOBK~ 

AnR npoBeAeHHR 3KcnepHMeHToB C 4eIlb~ HccIleAOBaHMR npoxo~Ae
HHR BbicoKo3HepreTH4ecKHx 4acTM4 H RAep 4epes npoTR~eHHble MH~e
HH cosAaHa yCTaHoBKa C MHoroKaHaIlbHoA cHcTeMoA perHcTpa4HH 
BTOPH4HblX 4acTM4, 06pa3Y~HxcR B MHweHH nOA AeAcTBHeM nepBH4
Horo ny4Ka. Ha pHc.l npMBeAeHa 6IloK-cxeMa YCTaHOBKH. MOHHTOPH
pOBaHHe nepBH4Horo nY4Ka Ha BXOAe B MHweHb ocy~ecTBIlReTCR Te
IleCKonOM C4HHTHIlIlR4HOHHblX C4eT4MKOB (SI-S4) H reIlHeBoA HOHH
sa4HoHHoA KaMepoA /HK/. C 4eIlb~ TpaCCHpOBKH nY4Ka npeAYCMOTpe
Ha BOSMO~HOCTb paSMe~eHHR MOHHTOPHOA CHCTeM~ Ha npoIleTHoA 6a
se -10 M npM CMe~eHHH MHweHH OT OCH ny4Ka. AnR perHCTpa4HH 
npOCTpaHCTBeHHoro pacnpeAeIleHHR nOTOKOB BTOPH4HblX 4aCTM4 no 
o6beMY MHweHH McnoIlbsyeTcR rOAOCKon, COCTOA~HA HS 50 HOHHsa
4HOHHbJX KaMep KHT-8 /121 , perHCTpHpY~~HX HeATpoHHY~ KOMnOHeHTY 
C 3HeprHeA E ~ 1,2 M3B, H aKTMBa4HOHHblX AeTeKToPoB /13/ , HaBe
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PHC. 1. Bno.K-cxeMa YCTaHOB1<H. S I-S4 - MOHHTOpHl:,le C'leT"'lH-
1<H, 11K - HOHH9au.HOHHaH 1<aMepa, 3llY - 9apHAoBo--4YBCTBH
TenbHbIe YCHIlHTenH, nKK - 1<OHTponnep THna L, nocneAOBa
TenbHbIH ApaHBep MarHCTpanH, K 106 - YjHTepcPeHc CM-3 TH
na 106A, BBn - 6n01<H B~C01<OBOnbTHoro nHTaHHH, nBP 
napannenbHbIH BXOAHOH perHCTp, BC - 6no1< CHHxpOHH9aIJ.HH. 

AeHHaR aKTHBHOCTb KOTOPblX HSMepReTCR B AaIlbHeAweM nOIlynpOBoA
HMKOBblMH AeTeKTopaMH. nOIlo*eHHe HOHHsa4HOHHblX KaMep ~ aKTHBa
4HOHH blX AeTeKTopoB Mo~eT MeHRTbCR B saBHCHMOCTM OT saAa4 3Kcne
pHMeHTa. CHrHaIlbi C KHT-8 nocTyna~T B 50-KaHaIlbHblA 6IlOK sapRAO
BO-4yBcTBHTeIlbHblx YCHIlHTeIleA /34Y/, Ha BblXOAe KOTOPblX $OPMH
py~TCR HMnYIlbCbI AIlHTeIlbHOCTb~ 5 MKC H aMnIlHTYAoA 0,1 - 1,0 B. 

5 x 10 12K03$$H4HeHT nepeAa4H K = BOIlbT/KYIlOH. ~aIlee 3TH CHrHa

Ilbl nocTynalOT B KpeHT 1 Ha $OpMHpOElaTeIlH 1141. B 3TOM ~e 

KpeATe HaXOARTCR 6IlOKH BbiCOKOBOIlbTHoro nHTaHHR, He06xoAHMble 

AIlR pa60Tbi HOHHsa4HOHHblX KaMep. C 4eIlb~ HCKIl~4eHHR perHCTpa 4HH 

WYMOB YCHIlHTeIleA H co6cTBeHHorqa-$oHa KaMep KHT-8 nopor cpa6a

TblBaHHR $OpMHpoBaTeIleA BbiCTaBIleH Ha YPOBHe 50 MS. Ha pHc.2 

npMBeAeH aMnIlHTYAHblA cneKTp CHrHaIlOB Ha BblxoAe sapRAOBO-4YBCT

BHTeIlbHoro YCHIlHTeIlR. B KpeATe 2 pacnOIlo*eHbI C4eTBepeH

Hble ABOH4Hble c4eT4HKH /15/ , perHcTpHpY~He CHrHaIlbl, nocTyna~


~He OT $OpMHPOBaTeIleA. 

KpeATbi 1 H 2 HaxOARTCR B 3KcnepHMeHTaIlbHoM AOMHKe, npH4eM 

KpeAT 2 4epes nocIleAoBaTeIlbHY~ CHCTeMY KAMAK CBRsaH C 3BM 
MERA-60/4S, pacnoIlo*eHHoA Ha paCCTORHHH 300 M. B Ka4eCTBe HH
TepQeAca B KpeATax 2 H 3 HCnOIlbsyeTcR nocIleAoBaTeIlbHblA KOHT
pOIlIlep KpeATa /nKK/ THna L/18/. KpeATbi 3 M 4 HaxoARTCR PRAOM 
C 3BM. B KpeATe 3 pacnOIlara~TCR 3IleKTpOHHble 6IlOKH, HcnoIlbsye
Mble AIlR aBTOHOMHOA OTIlaAKM annapaTYPbl H nporpaMMHoro 06ecne4e
HMR/1'71 • 

KpeAT 4 KAMAK 4epes KOHTpOIlIlep Kpe~Ta THna 106 A /K 106/ 

nOAKIl104eH K 3BM. B HeM pacnOIlo~eH nporpaMMHo-ynpaaIU'leMbIH no
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.., PHc.2. AMIIJIHTygHhlH CneKTp CHrHa~ 
JIOB Ha Bblxoge saprigoBO-qYBCTBH

ZTeJIbHOrO YCHJIHTeJIri. I - OOJIaCTb 
mYMOB gqy H coocTBeHHoro ~oHa RO 
KaMep KHT-8, II - paooqarl 00- 204 
JIaCTb. 136 

fOO 
68 
60 
20 
0 

20 
Jlt 
60 

100 
102. o 0.1 O:i~; 0\ <is O.b &) 
no 

cneAOBaTenbH~~ ApaABep Mar~cTpan~ /nA/IIS/, ABO~4Ho-AecRTH4H~e 238 

C4eT4~KH C ~HAHKa~He", 119.201. cxeMbl COBnaAeH~~ /211, 6nOK~ HaHO

ceKYHAH~X 3aAep~eK/21/, aHanorO-~H$POBO~ npe06pa30B8Tenb 

/Aun/122/, napannenbHwA BXOAHO~ per~CTp/231 H 6nOK CHHXpOHH3a


rEOMETPIIIR 61\OKA 

14 g~4 182..8 267.2. 351,6 436.0 520,4 SQ4,e 6&9.2. 77"3,6 

0 0 0 0 0 0 0 0 0 0 
Rmax 
322,7 

0 

0 

0 

0 

0 

0 

0 
1 0 

0 
2 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.64,6 
2.69,3
259, I 
257,1 

3 0 
0 
40 

0 
So 

'0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

25018 
2f~O 
2.50,8
252,3 
257,1 

0 0 0 
6 0 

0 0 0 0 0 0 0 
269,3 
2.7Q,O 

0 0 0 0 0 0 0 0 0 0 302.,3 

0 0 0 0 0 0 0 0 0 0 345,2 

305,4 

PHc.3. PacrrOJIO~eHHe KaHaJIOB ITO oo~eMY MHmeHH. Ro - pa
~~~ C ~HKnOM YCKopHTenR. Aun ~cnonb3yeTcR AnR H3MepeHHR c~rHa gHaJIbHble SHaqeHHl'I rrOJIO~eHHl'I KaHaJIOB OTHOCHTeJIbHO u,eHTpa
nOB, nocTynam~~x OT HOH~38~HOHHO~ KaMepw. MHWeHH; Rmax - MaKCHMaJIbHble pagHaJIbHble SHaqeHHl'I, KOTopble

HaKonneHHe A8HHbiX C MOH~TOPHO~ C~CTeMbl ~ ~OH~3a~HOHHbIX Ka gocTHralOTCl'I llpH nepeMe~eHHH geTeKTopOB BgOJIb KruKgoro HS 
Mep KHT-8 ocy~ecTBnReTCR BO BpeMR BblBOAa nY4Ka ~3 YCKop~TenR, KaHaJIOB; Z - rrpogOJIbHble SHaqeHHl'I ITOJIO~eHHl'I KaHaJIOB. 
B OCTanbHoe BpeMR BXOAbI C4eT4~KOB 3aKpbtTbl. 3aKpblTlile BXOAOB 
npo~CXOA~T nYTeM nOAa4~ CHrHana "3anpeT11 

• B 3TOT MOMeHT AaH
Hble co C4eT4HKOB no nocneAOBaTenbHO~ nHHHI1 nepeAamTCR B 3BM. M~weHH 4epe3 BXOAHoA KaHan pa3MepaMH lOx lOx 20 CM. Ton~I1Ha 

Ynp8BneHHe pa60TO~ Bce~ CHCTeMbl ocy~ecTBnReTCR C TepMHHana MHweHH no ny4KY paBHa 907 r/cM /6e3 Y4eTa BXOAHoro KaHana/.no
3BM. 06beMY MHweHH HMeeTCR BepT~KanbHaR CIilCTeMa 80 CKB03HblX KaHanOB 

AHaMeTpoM 10 MM AnR pa3Me~eHHR HOHH3a~110HHblX KaMep KHT-8 11 aK
MHWEHb 

TI1Ba~HOHHblX AeTeKTopOB /Pl1c.3/. H3MeHeHHe Anl1HbI BXOAHoro KaHa
na n03BonReT I1ccneAOBaTb oc06eHHOCTlil pa3BHTI1R IlnpRMoro" H "06AnR ~ccneAOBaH~R npOXO~AeH~R BbiCOK03HepreTH4eCKHX 4aCT~LI 
paTHoro" KaCKaAOB B npOAonbHblX H paAHanbHblX HanpaBneHI1RX, B 3a

H RAep 4epe3 npOTR~eHH~e M~weH~ Hcnonb3yeTcR MaCCHBHaR CBHH~O
BHCHMOCTH OT nono~eHHR T04KH B3aHMoAeHcTBHR nepBI14HOrO nY4Ka.

BaR MHweHb pa3MepaMH 50 x 50 x 80 CM. nOA npOTR~eHHO~ MHweHbm 
KaHanbl 1-6 cny~aT KaK AnR H3MepeHHA, TaK H AnR OAHOBpeMeHHoro

nOApa3YMeBaeTCR M~weHb. B $OpM~pOBaH~~ nonR BTopH4Horo H3nY4e
KOHTponR CHMMeTpH4HOCTH BBOAa nY4Ka OTHOCHTenbHO ~eHTpa MIilWeHI1. 

HHR B KOTOPO~ cy~ecTBeHHym ponb ~rpaeT Me~bRAepHbI~ KaCKaA. 

B Ka4eCTBe MHweHH Mo~eT cny~~Tb n~oe Be~eCTBO, ~Mem~ee onpe

AeneHH~A RAepHblA COCTaB. Bbl60p M8Tep~ana MHweHH 06bRCHReTCR 


nporPAMMHOE 06EcnE4EHHE
ycnoBHRM~ 3$$eKT~BHoro raweHHR nY4Ka /cpeAHH~ np06er npo- 1 
10HOB AO Heynpyroro CTonKHOBeHI1R B CBHH~e C 3~epr~eA AnR C4HTbIBaH~R H npeABapHTenbHo~ 06pa6oTKH I1H$opMaLlHI1,
E = 1,5 - 20 r3B, paBeH 200 r/cM2/241/ ,a T8K~e TeM, 1 a TaKme OTnaAKH nocneAoBaTenbHoA CI1CTeMbl KAMAK C03AaHO nporpaMM
4TO CBHHe~ npeAcTaBnReT Ha~60nbwH~ ~HTepec C T04KH 3peHHR pa Hoe 06ecne4eH~e, peanH30BaHHoe B onepa~HOHHoA CHCTeMe RT-II. 
AHa~~oHHo~ 3a~~TbI. nepB~LfHbiA nY40K BBOA~TCR B ~eHTpanbHym 4aCTb 
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nporpaMMa C4~T~BaH~R ~ npeABap~TenbHO~ 06pa60TK~ ~H¢OpMau~~, 
3aH~Ma~aR 2 K cnos onepaT~BHoH naMRT~, 06cnY~~BaeT 2 ¢aHna, 
KOTop~e xpaHRTCR Ha r~6K~x AHCKax: TeKCTOB~H ¢a~n C KOH¢Hrypa
l\~eH 3KcnepHMeHTanbHbiX KaHanOB, AaHH~M~ 0 T~ne nepB~4Horo ny4
Ka, ero 3Hepr~~ ~ HHTeHcHsHoCTH, H ¢aHn AaHH~x, rAe npeAcTaB
neH~ nOKa3aH~R HOH~3aUHoHH~X KaMep KHT-8, MOHHTOpH~X C4eT4~KOB 
~ HOHH3al\~OHHoH KaMep~. 

nocne 3anycKa nporpaMMbl onepaTop 3aHOCHT ~H¢opMaUHIO B TeK
CTOB~H ¢aHn, pyKOBOACTBYRCb BonpocaM~, KOTop~e B~AaIOTcR Ha 
3KpaHe TepMHHana, nocne 4ero C~CTe~a rOTOBa AnR np~eMa AaHH~x 
~ nepexoAHT B pe~~M o~HAaHHR ynpaBnR~ero c~rHana, CHHXPOH~30
BaHHoro C l\HKnOM yCKopHTenR H B~pa6aT~BaeMoro B 6noKe CHHXpO
HH3al\~~ /6C/. YnpaBnRIO~HH CHrHan cMe~eH BO BpeMeH~ OTHOCHTenb
HO OKOH4aH~R B~BoAa nY4Ka Ha 400 MC. no nony4eHH~ 3Toro c~rHa
na AaHH~e 4epe3 nocneAOBaTenbHYIO MarHCTpanb C4~T~BaIOTCR CHCTe
MeH B npoMe~YT04H~H 6y¢ep, nocne 3anonHeHHR KOToporo OHH 3aHO
CRTCR Ha AHCK. napannenbHo Bce AaHH~e nepeAalOTCR Ha 3KpaH Tep
MHHana, 'ITO n03BonReT BeCT~ KOHTponb 3a XOAOM 3KcnepHMeHTa. 
OKOH4HB l\~Kn 4TeHHR, CHCTeMa BHOBb nepeXOA~T B COCTORH~e O~H
AaH~R ynpaBnR~ero c~rHana Hn~ KOMaHA~ npep~BaH~R pa60T~. AnR 
OTnaAK~ annapaTYp~ yCTaHoBKH Hcnonb3YlOTCR nporpaMM~ TeCTOBoro 
onpoca C4eT4~KOB KC014, 2AC423~ 4C4416, YCTaHaBnHBaeM~X B C~
cTeMHOM Kpe~Te 4 Hn~ Kpe~Tax 2,3 C B03MO~HOCTblO ~M~Tau~H 4epea 
nocneAOBaTenbHYIO MarHCTpa,nb OTAenbHoro l\HKna 06pa~eHHR K ~c
nonb3yeM~M 6noKaM KAMAK. HanaAKa nocneAoBaTenbHoH MarHCTpanH 
npOH3BOAHTCR C Hcnonb30saHHeM 6noKa Ha60pa KOHCTaHT 6HK 512/221 
B Ka4eCTBe HCT04HHKa ~CXOAHOH l\~¢POBO~ HH¢OpMal\~H. 

3AKII04EHHE 

YCTaHOBKa AnR ~ccneAOBaH~R npoxo~eH~R B~COK03HepreTH4eCK~X 
4aCT~l\ H RAep 4epe3 npOTR~eHH~e M~weH~ n03BonReT npOBOA~Tb 
HccneAOBaHHR KaK Ha y*e HMe~~XCR YCKop~TenRX, TaK ~ Ha npoeK
THpyeMWx B W~pOKOM AHana30He 3HeprHH H ~HTeHCHBHOCTeH nepBH4
HWX nY4KOB, a TaK~e Ha BTOPH4H~X nY4Kax c paCWHpeH~eM THna 
HCCneAYeMWX B3aHMOAeHCTB~H. 

np~MeHeHHe nocneAoBaTenbHoH CHCTeM~ KAMAK n03Bon~no opraH~
30BaTb ABYCTOPOHHIOIO nepeAa4Y AaHH~X OT 3KcnepHMeHTanbHo~ yCTa
HOBK~, YAaneHHoH OT 3BM, np~4eM opraHH3al\HR nocneAoBaTenbHo~ 
C~CTeMW AonYCKaeT BKn104eH~e B MarHCTpanb AO 60 Kpe~ToB KAMAK/25 
AnR pacw~peHHR nporpaMM~ 3KcnepHMeHTanbH~X HccneAosaHHH nna
HHpyeTcR nOAKn104eH~e AononHHTenbHOH annapaTYp~ AnR 60nee Ae
TanbH~X HccneAoBaHHH aaHHoro nma aaaHMOAe;:';CTBHH. np06HblV! 
ceaHC nOKa3an HaAe~HylO pa60TY YCTaHOBK~. B aanbHeAweM ~nd~Y 

pyeTcR npOBeAeH~e pa604~x ceaHCOB Ha C~Hxpo¢a30TpoHe OHRH C l\e
nblO BbIRCHeH~R MeXaH~3Ma B3a~MoAeHcTBHH, cpaBHeHHR C MOAenbHblMH 
paC4eTaMH H nonY4eHHR 3KcnepHMeHTanbHbix AaHHblX no yrnoB~M pac
npeAeneH~RM KacKaAHwx 4acT~l\. 
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