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8 nocneAHee BpeMA 60nbWOe BHI1MaHI1e YAenAeTCA 11CnOnb30BaHI1~ 
ny4KOB BbiCOK03HepreTI14HbiX TA>KenbiX aapA>KeHHbiX 4aCTI11..1 AnA pewe
HHA paani14H~x np11KnaAH~x aaAa4. Oco6eHHO 11HTeHCI1BHO pa3BI1BaeT
CR MeA11K0-6110nOrl14eCKOe HanpaeneHHe npi1MeHeHI1A 3TI1X ny4KOB/l-3/ 
npoBeAeHMe MeA11K0-6110nOrl14eCKHX pa60T Ha ny4KaX aapR>KeHH~X 
4aCTHl~ B03MO>KHO ni1Wb np11 Hanl141111 HaAne>Ka~I1M o6pa30M C~OpMI1pO
BaHH~X M 11CcneAOBaHH~X noneA paA11ai..II10HHOrO B03AeACTBI1R, a TaK
>Ke np11 OTna>KeHHOA CI1CTeMe A0311MeTpl111 11 MOHI1TOPI1POB.aHI1A npOI..Iec
ca o6ny4eHI1R /4,5/. 

H11>Ke KpaTKO OnHCaH~ cy~eCTBy~~l1e Ha CHHXpo~a30TPOHe KaHan~ 
ny4KOB RAeP AnA MeA11Ko-611onorl14eCK11X 11ccneAoBaH11A 11 coo6~aeT
CR 0 pa6oTaX no AanbHeAweMy pa3BI1TI1~ 3TOrO KOMnneKCa. npHee
AeH~ peaynbTaT~ 11CCneAOBaHI1R A030B~X 11 cneKTpanbH~X xapaKTepi1-
CTMK noneA paAMai..II10HHOrO B03AeACTBI1A, C~OPMI1pOBaHH~X AnA B~

nonHeHI1A paA1106110nOrl14eCKI1X 3KCnepi1MeHTOB Ha 3TOM YCKOPI1Tene. . 
-'. 

1. KAHAnY nY4KOB ~AEP CPEAHHX H BWCOKHX 3HEPrH~ 
AnR MEAHK0-6HOnOrH4ECKHX HCCnEAOBAHHM 

Ha CI1HXPO~a30TpOHe KPOMe npoTOHOB YCKOPA~TCR nerK11e RApa 
c 3HeprMeA B A11ana3oHe OT 200 M38/HyKn. AO 4 r38/HyKn. AocTMr
HyTaR HtiTeHC11BHOCTb YCKOpeHH~X 4aCTI1ll B 11Mnynbce COCTaBnAeT /6/: 
AnR npoToHoB- 4 ·10 12 ,AeATpoHoe- 4·10 11 ,AAeP ren11R- 5·10 10 , 
yrnepOAa- 4·10~ npM 6onee H113KI1X 11HTeHCI1BHOCTRX HMeeTCR 803-
MOlKHOCTb YCKOPATb RAPa a3oTa, KI1CnopOAa, HeOHa. YcKopeHH~e 
B CHHXPO~a30TPOHe AAPa B~BOARTCR B ABYX HanpaeneHHAX C B03MO>K
HOCTb~ nnaBHOrO 113MeHeHHA HX 3HeprHM /pHC. 1/. 

nepe~~ KaHan MeAneHHOro ·B~BOAa /MB/-c-B;coKO~ HHTeHCI1BHo
CTb~ ny4KOB 11MeeT HanpaeneHHe B HOB~A 3KCnepi1MeHTanbH~A KOpnyc, 
rAe COcpeAOT04eHa OCHOBHaR 4aCTb ~113114eCKI1X ycTaHOBOK, pa6oTa~

~11X C 11CnOnb30BaHI1eM 3neKTpOHHOA MeTOA11KI1. 8TOpOA KaHan 
6biCTporo BbiBOAa /68/ np11 npoeKTI1POBaH~1~1 fibln npeAHa3Ha4eH AHA 
11CCneAOBaHI1A C ny3biPbKOB~M~l KaMepaMI1 B npAMOM ny4Ke 11 n03TOMY 
B pe>KI1Me MeAneHHOrO B~BOAa B HaCTOA~ee BpeMR 11MeeT H113KI1e 11H
TeHCI1BHOCTI1 ny4Kos. BMeCTe c TeM OH no3eonReT npoBOA11Tb 1..1en~A 

PRA TaKI1X 3Kcnepi1MeHTOB, B KOTOP~X Tpe6yeTCR 11HTeHCI1BHOCTb 
4aCTI11..1 e ny4Ke, He npee~wa~~aR 107 -10 8 4acT./11Mn. 

B Ka>KAOM H3 3TI1X KaHanoe MOll<eT 6b1Tb ycTaHoeneHa annapaTypa 
AnR npoBeAeHI1A MeA11K0-6HonorH4eCKHX 11CCneAOBaHMA. 
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"" PHc.l • 06~H BHA CHHXPO~a30TpOHa. I - HH~eKTOp, 2-

~o, 3 - KaHan MB, 4 - KaHan BB, 5 - Kopnyc IB, 
6 - H3MepHTenb~ TiaBHnbOH, 7 - HOBbill 3KCTiepHMeHTanb

Hbill 3an. 

Ha KaHane MB ~Me~TCR ABe nno~aAK~ AnR ycTaHoeK~ TaKOH an
napaTyp~. 0AHa ~3 H~X, pa3MepOM OKOnO 10 M 2 ,HaXOA~TCR Ha pac
CTORH~~ 30 MOT YCKOp~TenR B T.H. CTapOM ~3Mep~TenbHOM nae~nb
OHe /T04Ka F3, p~c.2/. C noMO~b~ AY6neTa KBaApynonbH~x n~H3 
ny40K B 3TOH T04~meT 6~Tb C~OpM~pOBaH pa3MepOM OT 30x30 MM 
AO 60x40 MM 2.nepeA AY6neToM n~H3 ycTaHoeneHa KaMepa /YK-4, paa
MepoM 300x400x400 MM2/, B KOTOpOH TaKme MOryT np0~3BOA~TbCR 
o6ny4eH~R 6~onor~4eCK~x o6oeKToe /4~npocTpaHcTeeHHaR HepaeHo
MepHocTb nnOTHOCT~ paCW~peHHOrO ny4Ka He npee~waeT +10%. np~ 
B~COK~X 3Hepr~RX ~HTeHC~BHOCTb ny4Ka 3AeCb COCTaBnReT 90% OT 
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~HTeHC~BHOCH1 yCKOpeHHbiX 4aCT~ll· tln~TenbHOCTb ~MnynbCa MOmeT 
perynHpOBaTbCR B npeAenax OT 1 AO 450 MC /npOAOnm~TenbHOCTb 
I..I~Kna pa6oT~ C~Hxpo~a30TPOHa - OKOno 9 C/. np~ CpeAH~X 3Hep
rHRX /200-400 M38/HyKn./ cy~ecTeyeT npHHI..IHnHanbHaR eoaMomHoCTb 
yeenH4eHHR npOAOnmHTenbHOCTH MeAneHHOrO B~BOAa AO 5 C, OAHaKO 
C yMeHbWeHHeM 3HeprHH K03~~H1..1HeHT BbiBOAa naAaeT, CHHmaRCb B 
yKa3aHHOM AHana30He AO 20-30%. 

BTopaR nno~aAKa /-40 M2/ Ha 3TOM KaHane pacnonaraeTcR e 
HOBOM 3KCnep~MeHTanbHOM 3ane /KOpnyc 205/, rAe HMeeTCR B03MOm
HOCTb ~OPMHpoeaHHR ny4Ka C napaMeTpaMH, nOAOfiH~MH np~BeAeHH~M 

e~we. Pa6oT~, npoBOAHM~e no coopymeHH~ 3a~HT~ e cTapoM H Ho
BOM aanax, n03BOnReT noa·~CHTb AOnyCTHMbiH ypoBeHb HHTeHCHBHO
CT~ B~BOAHMOro ny4Ka AO 10 12 4aCTH1..1/~Mn. 

Ha KaHane oB /Kopnyc 16, pHc.3/ ~OPMHpyeTCR ny40K RAeP cpeA
HHX 3Hepr~H lAo 500 M38/HyKn~HTeHCHBHOCTb ny4Ka - AO 
10 8 4aCT./HMn., pa3Mepbl- OT 10x10 MM 2 AO 100x100 MM2 /c He
paBHOMepHOCTb~ .:!: 10%/. tlnHTenbHOCTb BbiBOAa - AO 200 MC. nno
~aAb, npeAHaaHa4eHHaR AnR paaMe~eHHR annapaTypbl, cocTaenReT 
OKOnO 120 M 2. 

0Tpa6oTaH pemHM B~BOAa B OAHOM I..IHKne ny4KOB ABYX 3HeprHA, 
B 4aCTHOCTH, 200-300 M3B/HyKn. H 3-4 r3B/HyKn. 

2. XAPAKTEPHCH1KH A03HbiX nOllE~ 
All~ O&llY4EHH~ oHOllOrH4ECKHX OobEKTOB 
••n •rn11nnr urnnruunrn cuonnn riAI.-.IVDflth/\~r\TDr\l-U\ 
llrl ,,,. ... ,,,.,,, .... ...... ,..,.J .............. .., --·--,....·· -·······- .. ·--. 

Ha4HHaR c 1976 roAa Ha KaHane MB npoBOARTCR pa6oT~ no onpe
AeneHH~ OTHOCHTenbHOH 6~onorH4eCKOH 3~~eKTHBHOCTH TRmenbiX aa
pRmeHH~X 4aCTHLI e~coKHX 3HeprHHh.s~ HaKonneH onpeAeneHH~A 
on~T no HCnOnb30BaHH~ CHHXpo$a30TPOHa AnR peweH~R 3TOH 3aAa4H. 

KoHTponb pa6oT~ MB npeAYCMaTpHeaeT onpeAeneHHe npocTpaHcT
eeHHoro nonomeHHR B~BOAHMOrO ny4Ka 4aCTHI..I C nOMO~b~ CHCTeM~ 
npOBOn04H~X HOHH3ai..IHOHHbiX KaMep, n03BOnR~~HX TaKme npOBOAHTb 
H3MepeHHR npo~HnR ny4Ka B ABYX B3aHMHO nepneHAHKynRpH~X Ha
npaeneHHRX. CHrHan~ C KaMep nOAa~TCR Ha 38M, KOTOpaR AaeT H30-
6pameHHe ny4Ka Ha AHcnnee ~~~ KpoMe Toro, onpeAeneH~e paeHoMep
HOCTH nonR o6ny4eHHR B MeCTe npoBeAeHHR paA~OnOrH4eCKHX 3KCne
P~MeHTOB /KaMepa YK-4 HnH noa~I..IHR e6nH3~ F3 Ha KaHane MeA
neHHoro B~BOAa/ npOH3BOAHTCR C nOMO~b~ cnet.~~anbHO pa3pa60TaH
HOro AHCTaHI..I~OHHOro YCTPO~CTBa, AeTeKTOP~ KOTOporo no c~rHany 
C nynbTa ynpaeneHHR Bpa~a~TCR BOKpyr t.~eHTpanbHOH OCH B nnocKo
CTH, nepneHA~KYnRpHOH OC~ ny4Ka, C OCTaHOBKaM~ B BOCbMH A~CK
peTH~X nonomeHHRX. 8 KamAOM nonomeHHH per~CTp~pyeTCR OTHOWeH~e 

noKa3aHHA AeTeKTopoe, pacnonomeHH~x no paA~YCY, K noKa3aH~RM 
AeTeKTopa, HaXoAR~erocR e t.~eHTpe. 
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8 Ka4ecTse AeTeKTopos s 3TOM ycTpoHcTse np~MeHRn~cb ~~n~HA
P~4ecK~e ~OH~3a~~OHH~e KaMep~ C 4YSCTS~TenbH~M OfibeMOM 4,8 CM3, 
CKOHCTpy~posaHH~e AnR 3TOH ~en~. KaMepa ~MeeT np~ A~aMeTpe 
4YSCTS~TenbHOrO 06beMa 20 MM A~aMeTp SHyTpeHHero 3neKTPOAa 
1 MM, 4TO o6ecne4~SaeT np~ MaKC~ManbHO S03MOmH~X ~HTeHC~SHO
CTRX 3~eKT~SHOCTb C06~paH~R, pasHy~ 1 yme np~ HanpRmeH~RX 

nOPRAKa 500 B. np~ H~3K~X ~HTeHC~SHOCTRX /-10 5 4aCT./~~Kn/ 
~cnonb3osan~cb nonynpoSOAH~Kos~e AeTeKTOP~ nno~aAb~ 0,5 cM2. 
Ton~~Ha 4yscTs~TenbH~x cnoes AeTeKTopos Sbl6~panacb ~CXOAR ~3 
Tpe6osaH~R CH~meH~R CKOPOCT~ C4eTa ~3-3a CTparrn~Hra ~OH~3a
~~OHH~X noTepb Ha TOn~~He 4YSCTS~TenbHoro cnoR AeTeKTOpa Me
Hee 4eM Ha 1% np~ yposHe A~CKP~M~Ha~~~ no aMnn~TYAe, paSHOM 
10% OT cpeAHeH aMnn~TYA~ pacnpeAeneH~R no YAenbH~M noTepRM 
3Hepr~~. Ha ocHose 3Toro Tpe6osaH~R c y4eTOM cneKTpa 3Hepro
S~AeneH~H /6n~3Koro K pacnpeAeneH~~ flaHAay/ ~ xapaKTep~cT~K 
np~MeHReM~X yc~n~TenbH~X TpaKTOS 6~no nony4eHO, 4TO TOn~~Ha 
4YSCTS~TenbHOrO cnoR AeTeKTOPOS AOnmHa 6~Tb He MeHee 400 MKM. 

AnR ~ccneAosaH~R rny6~HHoro pacnpeAeneH~R norno~eHHOH A03~ 
6~n~ pa3pa6oTaH~ ~ ~3rOTOSneH~ ~aHTOM~ MenK~X na6opaTOpHbiX 
m~SOTH~X /Kp~C~, KpOn~Ka/. 8 Ka4eCTSe MaTep~ana ~aHTOMOS ~c
nonb30SanaCb TKaHe3Ks~saneHTHaR nnacTMacca. ~aHTOM~ ~Me~T 
~opMy ~~n~HAPOS pa3n~4H~X pa3Mepos, sec KOTOp~X 6n~30K K cpeA
HeMy secy o6ny4aeM~x m~SOTH~x. 

W3MepeH~e A03 s ~aHTOMax nposoA~nocb c noMO~b~ KOHAeHcaTop
H~x ~OH~3a~~OHH~X KaMep, KOHCTpyK~~R KOTOp~x npeACTasneHa Ha 

' 
p~c.~. 

~pnyc KaMep~ s~nonHeH ~3 TKaHe3Ks~saneHTHOH nnacTMacc~. 
Pa6o4~H o6beM KaMep~ c$ep~4eCKOH ~opM~ /0,1 cM 3/ o6ecne4~saeT 
~30TpOnHy~ 4YSCTS~TenbHOCTb K ~3ny4eH~~. EMKOCTb KOHAeHcaTopa 
pasHa 20 n~, pa6o4~H A~ana30H HanpRmeH~H cocTasnReT 116-40 B, 
~3MepR~TCR 3T~ HanpRmeH~R 3neKTpOCTaT~4eCK~M SOnbTMeTpOM np~ 
noMe~eH~~ KOHAeHcaTOpH~x KaMep s cne~~anbH~e rHe3Aa ~3 ~Topo
nnacTa, eMKOCTb~ KOTop~x MomHo npeHe6pe4b no cpasHeH~~ c eM
KOCTb~ KaMep ~ ~3Mep~TenbHOrO np~6opa. 3~~eKT~BHOCTb C06~pa

H~R ~OHOS S pa3pa6oTaHHOH KaMepe np~ M~H~ManbHOM HanpRmeH~~ 
50 8 COCTaSnReT 95% np~ MaKC~ManbH~X MO~HOCTRX A03 Ha MeA~K0-
6~onor~4eCKOM KaHane. YTe4Ka 3aPRAa He npes~waeT 5% s cyTK~. 

3HaH~e npocTpaHcTseH~oro pacnpeAeneH~R norn~eHHOH A03~ 

s 6~onor~4eCK~x o6beKTax Heo6XOA~Mo AnR npas~nbHO~ ~HTepnpeTa
~~~ pe3ynbTaTOS paA~06~onorH4eCKHX ~ccneAOBaHHH. 

rny6HHH~e A03os~e KpHs~e, nony4eHH~e Ha ny4Kax npoToHos, 
AeHTPOHos, anb~a-4aCTH~, a TaKme RAeP yrnepoAa, HanpasneHH~X 
SAOnb ~eHTpanbHO~ OCH ~aHTOMa KpOnHKa, np~BeAeH~ Ha p~c.5.06-

pa~aeT Ha ce6R SHHMaH~e YMeHbWeHHe A03~ C rny6~HOH yme Ha4~HaR 
c neps~x cnoes ~aHTOMa npH o6ny4eHHH RAPaMH yrnepoAa. 3To o6-
CTORTenbcTso CSR3aHO C S~6~SaHHeM nepBH4H~X 4aCT~~ ~3-3a RAep-
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PHc.4. KOHCTPYK~H HOHH3al.\HOHHOil: 
KaMep~. 1 - Kp~a, 2 - ynnoTne- I 
HHe, 3 - KOHTaKT, 4 - MeM6paHa, ·) l; .-6 

5 - KOnb~O /BHeUIHHil: KOHTaKT/, 6 - i :W 
KOHAeHCaTop, 7 - Te~OHOBhlH H30-
nHTOp, 8,9 - Kopnyc KaMep~, 10 -
BHeWHHil: sneKTPOA /coeAHHeH C BHem
HHM KOHTaKTOM/, 11 - C06Hp~il: 
sneKTPOA. 

PHc.5. fny6HH~e A030B~e KpH
B~e Ha nyqKaX AeHTPOHOB /I/, 

npOTOHOB /2/, an~a-qacTH~ ~ 
/3/ H HAeP yrnepoAa /4/, HS- ' 
MepeH~e BAOnb ~eHTpanbHOil: 
OCH ~aHTOMa KpOnuKa. 

= ~ 

-? 
.u 

t, I ~ I I I 
:. 10 15 

r .. JdUa , r· c11-:. 

HWX S3aHMOAeHCTSHH, Ce4eHHe KOTOpwX pacTeT C y8enH4eHHeM MaC
CW 4aCTH~ OT 0,01 CM-1 S TKaHH 8 cny4ae o6ny4eHHR npOTOHaMH 
AO 0,042 CM-l npH o6ny4eHHH RApaMH yrnepOAa. 

Ha pHc.6 AaHw rny6HHHWe pacnpeAeneHHR OTHOWeHHR A03 s ~aH
TOMax KpOnHKa H KpYCW Ha pa3nH4HWX paCCTORHHRX r OT ~eHTpa 
~aHTOM08 K A03aM Ha COO~SeTCTSY~HX rny6HHaX, H3MepeHHWM 8 
6apbepHoH reoMeTpHH aa cnoRMH TKaHe3KBHsaneHTHoro 8e~ecTsa, 

nepeKpw8a~HMH scm nn~aAb HOHonpo80Aa IAaHHwe nony4eHW Ha yc
KopeHHWX AO 3HeprHH 4 r3B/HyKn. Ae~TpoHax/.3TO OTHQWeHHe yMeHb
waeTCR C Y8enH4eHHeM r, 4TO o6DRCHReTCR 11 Kpae8WM 3C()CI)eKTOM11 

-

8WXOAOM 8TOpH4HOrO H3ny4eHHR 4epe3 6oK08YO noaepXHOCTb ~aHTQ
M08. 0o~y4eHHWe AaHHWe C8HAeTenbCTBYOT 0 TOM, 4TO 3TO npocT
paHCT8eHHOe pacnpeAeneHHe 3aMeTHO oTnH4aeTcR aT pacnpeAeneHHR 
8 nnocKOM cnoe. 
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PHC. 6. rny6HHHbie pacrrpep;eneHHfl 
OTHomeHHH ,IJ;03 B ¢aHTOMaX Kpo
JlHKa I crrnomHbie JIHHHH/ H Kpb!Cbi 
/rryHKTHpHbie JIHHHH/ Ha pa3JIH'l
Hb!X paCCTOHHHHX OT OCH ¢aHTOMa 
K ,Il;03aM, H3MepeHHb~ B 6apbep
HOH reoMeTpHH Ha IIY'!Ke p;efiTpo
HOB C 3HeprHeH 4 fgB/HyKJI. 

i 
J 
:l 

i.u 

J- u.9 

u.s 
5 lU rs 

r J1161U18 , r CM""' 

XapaKTep~CT~K~ A03HbiX noneill BKJliOLiaiOT B ce6fl CBeAeH~fl 0 co
CTaBe ~ 3HepreT~4eCKOM pacnpeAeJleH~~ BTOp~LIHbiX 3apRmeHHbiX l.lac
T~l.l, KOTOpble He06XOA~Mbl AJlfl Ol.leHK~ BKJlaAa nocJleAH~X B nor no
UieHHYIO A03y. 

nnR 3Kcnep~MeHTaJlbHOH Ol.leHK~ 3Toro BKJlaAa 6b!Jl~ pa3pa6oTaHbl 
cneKTpoMeTp C ~AeHT~$~Kal.l~ei1 3apRmeHHbiX l.laCT~Ll no 3apfiAY ~ 

cneKTpoMeTp Jl~Hei1Hoi1 nepeAal.l~ 3Hepr~~ ;nn3/ Ailfl ~3MepeH~fl pac
npeAeneH~ill nn~ B nOJlfiX C W~pOK~M yrJlOBbiM pacnpeAeJleH~eM l.lac
T~l.l· 

B nepaoM cneKTpoMeTpe 3apRmeHHble l.lacT~l.lbl per~CTP~PYIOTCfl 

TeJleCKOnOM, COCTOfiUI~M ~3 ABYX nonynpOBOAH~KOBbiX AeTeKTOpOB, 
n1 ~ n2 /p~c.]/, MemAY KOTOpbiM~ pacnonaraeTCfl nornOT~TeJlb ne
peMeHHOH TO'iiliV1Hbl t. HaAnema111~~~~ Bbl6op ypoaHeill A~CKp~M~Hal.l~~ 
o6ecne4~BaeT ~AeHT~$~Kal.l~IO 3aper~cTp~poaaHHbiX TenecKonoM 3apR
meHHbiX l.laCT~l.l C 3aPRAaM~ OT 1 AO 6 B 3HepreT~4eCKOM A~ana3o
He, 3aB~CfiUieM OT TOJlUI~Hbl norJlOT~TeJlfl t MemAY AeTeKTOpaM~. 

nn3-cneKTPOMeTp - 3TO TOme TeJleCKOn ~3 ABYX nonynpOBOAH~
KOBbiX AeTeKTOPOB, nepBb!H ~3 KOTOPbiX $~KC~poaaH, a BTOPOH Me
meT nepeMelllaTbCfl. Yc~neHHble ~MnyJlbCbl c AeTeKTopoa nocTynaiOT 
Ha Jl~HeiiiHyiO cxeMy nponycKaH~fl: c nepaoro - Ha Jl~Hei1Hbli1, a co 
aToporo - Ha ynpaBJlfiiOUI~~~~ BXOA cxeMbl nponycKaH~fl, a 3aTeM Ha 
aMnJl~TYAHbiH aHaJl~3. nocKOJlbKY np~ ~3MeHeH~~ paCCTOfiH~H MemAY 
AeTeKTOpaM~ ~3MeHfleTCfl A~ana30H yrnoa, nOA KOTOpb!M~ per~CTp~

PYIOTC.fl l.laCT~l.lbl, TO pa3HOCTb annapaTHbiX cneKTPOB np~ ABYX pa3-
Jl~4Hb!X paccTOfiH~flx MemAY AeTeKTOpaM~ AaeT ~H$OpMal.l~IO o cneKT
pe nn3 B COOTBeTCTBYIOUieM yrJlOBOM A~ana30He. 

nnR ~3MepeH~fl 3HepreT~4eCK~X cneKTpOB BTOp~LIHbiX npOTOHOB, 
pOmAaiOUI~XCfl B $aHTOMaX 6~o06beKTOB, ~CnOJlb30BaJlCfl cneKTpOMeTp
TeJleCKOn, AeTeKT~PYIOUiafl l.laCTb KOTOporo COCTO~T ~3 AeTeKTOpa 
l.l~Jl~HAP~LieCKOH $OpMbl CO C$ep~4eCK~M yrny6JleH~eM, B KOTOpoe 
BJlOmeH BTOpoA AeTeKTOp - wapOBOH $OPMbl. 06a AeTeKTOpa BblnOJl
HeHbl ~3 nJlaCT~LieCKOrO Cl.l~HT~JlJlfiTOpa Ha OCHOBe nOJl~CT~pOJla. 
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Co3AaHHbiA cneKTpoMeTp c ~AeHT~$~Kal.l~eA LlacT~l.l no 3aPRAY 
n03BOJl~Jl ~CCJleAOBaTb 3HepreT~4eCK~H cneKTP. BTOp~4HbiX aapRmeH
HbiX l.laCT~l.l C 3Hepr~eA AO 100 M38/HyKJl. ~ C 3aPRAaM~ OT 1 AO 6. 
B Ta6n.1 npeAcTaaneHbl BbiLI~CJleHHble no pe3yJlbTaTaM ~3MepeH~A 
A030Bble BKJlaAbl OT BTOP~LIHbiX l.laCT~l.l, nOJlyl.leHHble np~ 06Jly4eH~~ 
$aHTOMa KPOJl~Ka aJlb$a-4aCT~l.laM~ C 3Hepr~eA 4 r38/HyKn. 

Ta6rrm.\a 

BKnap; BTOPH'lHbiX 3apHJKeHHbiX '!aCTHu; c 3HepFHHMH 
p;o 100 M3B/HyKJI, a rrorno•eHHYID p;ogy /a %/ 

Ton- 3apHp; 
I 2 

~Ha, 
3 4 5 6 

r/cM 2 

-
0 2,2~0,3 I ,0~0,2 I, 1~0,2 1,0~0,3 0,5~0,2 0,2i0,1 

3 3,2~0,4 2,0~0,3 1,9~0,4 1,3~0,4 0,9~0,4 0,4~0,3 

6 3,3~0,4 1,9~0,3 1,8~0,4 1,4~0,4 0,9~0,4 0,4~0,3 

18 4,2~0,5 2,5~0,4 2,6~0,6 2,0~0,7 1,0~0,4 0,6~0,4 

3T~ A030Bble BKJlaAbl o6yCJlOBJleHbl nOTOKaM~ BTOp~LIHbiX 3a~fi~~H-
HbiX l.laCT~l.l, COCTaBJlfiiOUI~M~ B 3aB~C~MOCT~ OT $aHTOMa Bcero OT 
n 1. ",... 10/ -~ ·~··~,...,_ ..... '"' ..... ,,,..,,_ ................ .__, ... _____ , .. , ...... ··---···· 
-., · M'"" • v ._.., .,,,,_., .......... ,_,,...,,..., ,,...,, ..... ,,. .... ,,._...,....,,,._.,"""'" -.u .... tr'l'-\• 

lii3MepeHHafl KOMnOHeHTa BTOP~LIHbiX 3apflmeHHbiX LlaCT~ll CyUieCT
BeHHa a nnaHe ~HTepnpeTal.l~~ pe3yJlbTaToa paA~06~onor~4eCK~x 
3Kcnep~MeHTOB. TaK, cpeAHee 3Ha4eH~e K03$$~l.l~eHTa Kal.leCTBa AJlfl 
~3MepeHHOH KOMnOHeHTbl BTOP~LIHOrO ~3Jlyl.leH~fl COCTaBJlfleT 6,3,4TO 
np~BOA~T K B03pacTaH~IO 3TOrO K03$$~l.l~eHTa B $aHTOMe KpOJl~Ka 

AO 1, 7. 

Ha p~c. 8 ~ .2_ np~BeAeHbl 3HepreT~4eCK~e cneKTpbl BTop~4HbiX 
npOTOHOB, nonyl.leHHble C nOMOUibiO COOTBeTCTBeHHO cneKTpOMeTpa 
C ~AeHT~$~Kal.l~eA l.laCT~l.l no 3aPRAY ~ cneKTPOMeTpa-TeJleCKona 
c ~30TponHbiM AeTeKTopoM. 3T~ cneKTpbl xopowo cornacyiOTCfl Mem
AY co6oA. 

CneKTPbl, ~3MepeHHble nn3-cneKTPOMeTpOM Ha nyl.IKax AeHTPOHOB 
B $aHTOMe KpOJl~Ka B A~ana3oHe nn3 15~50 M3B·r-l CM 2 He MeHR
Jl~ caoero xapaKTepa Ha pa3n~4HbiX TOJlUI~Hax $aHToMa; ~x MomHo 
on~caTb 3aa~c~MOCTbiO dN /dL=a/(L 2 +b). Ha p~c.10 npeACTaane
HO pacnpeAeJleH~e A03bl OT BTOp~LIHbiX l.laCT~l.l no nn3, noJlyl.leHHOe 
Ha OCHOBe pe3yJlbTaTOB ~3MepeH~fl C nOMOUibiO nn3-cneKTpOMeTpa. 
3To pacnpeAeneH~e ~MeeT MaKc~MYM a o6nacT~ 30 M3B·r-l cM 2,4TO 
COOTBeTCTByeT 3Hepr~~ npOTOHOB, 3aper~CTp~poaaHHbiX cneKTpO
MeTpoM-TeJleCKOnOM c ~3oTponHbiM AeTeKTopoM, a TaKme cneKTpo-
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PHc.7. Bnox-cxeMa cnexTpo
MeTpa C H,D;eHTH~HKaQHeH 

qacTHQ no sapHp;y a 3Hep
reT~ecxoM HHTepsane p;o 

100 M3B/Hyxn. 
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PHc.B. 3HepreTHqecxHe cneKTP~ 
BTOpHq~ npOTOHOB, nonyqeH~e 
c noMompro cneKTpoMeTpa c Hp;eH
TH~HKaQHeH qaCTHQ no 3apHp;y 
Ha nyqxe anb~a-qacTHQ c 3Hep
rHeH 4 f3B/HyKn. AnH pa3nHq~ 
TOn~H ~aHTOMa KponHKa. 

PHc.9. 3HepreTHqecxHe cneKTp~ 
BTOpHq~ npOTOHOB, nonyqeH~e 
c noMompro cneKTpoMeTpa-Tene
cxona c H30Tpon~ p;eTeKTopoM 
Ha nyqxe anb~a-qacTHQ c 3Hep
rHeH 4 f3B/HyKn. AnH pagn~
~ TO~H ~aHTOMa KpOnHKa. 

MeTpoM C HAeHTH~HKa~HeH 4aCTH~ no 3apRAY, 4TO CBHAeTenbCTBy
eT 0 TOM, 4TO BTOPH4HWe npOTOHW AaroT OCHOBHOH BKnaA B A03Y 
OT BTOPH4HO 3apR*eHHWX 4aCTH~. 

OcHOBHWM AeTeKTopoM AnR H3MepeHHR norn~eHHOH A03W npH 
npo&eAeHHH paAH06HonorH4eCKHX 3KCnepHMeHTOB Ha ny4KaX CHHXpO-

10 

i 
l 

iw f------~ ·--+----

ou 

'" IlJO 
.ana , ... l:i r-J. ai 

PHc. I 0. Pacnpep;eneHHe A03bl oT 
BTOp~HbiX 3apHJKeH~ qaCTHQ 
B ~aHTOMe KpOnHKa no llil3 Ha 
rny6HHe 14,1 r CM ,D;nH p;eHT
POHOB C 3HeprHeH 4 f3B/HyKn, 

'PHc.ll. MoHHTopHaH npoxop;HaH 
nnocxonapanrrerrbHaH HOHH3aQHoH
HaH KaMepa. I - Kopnyc KaMep~ 
c oxpaHHbiMH KOnbQaMH, 2 - p;ep
JKaTenH 3neKTpop;oa, 3 - B~COKO

BOITbTH~e 3neKTp0~,4- co6HpaiD~H 

3neKTpop;,5 - KpenH~e mnHnbKH. 

$a30TpOHa RBnRnacb HOHH3a~HOHHaR KaMepa KOHAeHcaTOpHOrO THna. 
KoHAeHcaTopHwe KaMepw nepHOAH4ecKH rpaAyHpoaanHCb Ha HCT04HH
Kax y -H3ny4eHHR Cs-137 ycTaHoaoK Ynr,n-1 H 11CTapT 11 

/
5 / np~-1 

pa3nH4HWX 3Ha4eHHRX MO~HOCTH A03W. 
B Ka4eCTBe MOHHTopa Hcnonb3oaanacb npoxOAHaR nnocKonapan-

- __ _ _ 1nn _ -·· ···-- .. - .... 
JICJIDnan 1'1UMYI~OI.4nVnMO.n "-OMII;;;I-IO I4YIOM1;0I t-~VM I JU MM \,.. '-'.JI..,lMQtJnVil'"l 

Ton~HHOH MaTepHana no ny4KY 0, 32 r· eM - 2 /p1-1c. 11 I. KaMepa aw
nonHeHa TpexceK~HOHHOH C C06Hpa~~HM 3neKTPOAOM B cepeAI-1He. 
PaccTORHHe Me*AY 3neKTPOAaMH pasHa 10 MM, 4TO o6ecne4HaaeT 
npaKTH4eCKH nonHoe C06HpaHHe HOHOB npH pa6o4eM HanpR*eHHH Ha 
KaMepe 1500 B. KoHCTPYKTHBHOH oco6eHHOCTb~ KaMepw RBnReTCR 
HCnOnb30BaHHe 3neMeHTOB KOpnyca 8 Ka4eCTBe OXpaHHWX 3neKTpO
AOB, 4TO o6ner4aeT ee c6opKy H o6ecne4HBaeT HaAe*HOCTb a 3K
cnnyaTa~HI-1. 

ToK C MOHHTOPHPYID~eH KaMepw perHCTpHpyeTCR HHTerpaTopaMH 
TOKa. 0AHH THn 1-iHTerpaTopa HMeeT KPYTH3HY xapaKT:8HC~K7 
3.10 9 f~.A-1 H oxaaTwaaeT AHana30H TOKa 10-5 + 10 A 11 -npH 
Manwx HHTeHCHBHOCTRX HCnOnb30BancR HHTerpaTOp TOKa, HMe~~HH 

KpyTH3HY 4.10 11 f~.A-l H OXBaTWBaiD~HH AHana30H TOKOB 
10'-9 + 5.1 o-12 A. 

~HTerpaTopw awpa6aTwaa~T HMnynbCW c 4aCTOT~, nponop~Ho
HanbHOH TOKY MOHHTOPHPY~~eH KaMepw, HMnynbCW perHCTPHPY~TCR 
nepec4eTHOH cxeMOH C KOMMYTHPY~~HM YCTPOHCTBOM, KOTOpoe npH 
Ha6ope 3aAaHHOrO 4HCna HMnynbCOB OTKniD4aeT BWBOAHOH MarH~T 
CHHXpo~a30TPOHa, pa3pWBaR ~enb 6nOKHpOBKH ABepeH 3KCnepHMeH
TanbHOrO naBHnbOHa, H CHrHanH3HpyeT 0 npeKpa~eHHH o6ny4eHHR. 
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PHc • I 2 • CrreKTphi :;meprOBhi,o;eneHHH 
l6UU0 

~ I4WO -~~ 

B ITOJ1YITpOBO,IJ;HHKOBOM ,o;eTeKTOpe Ha 
rry~Ke n,o;ep yrnepo,o;a c 3HeprHeil 

~ 

§' 
~ 
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l2UUO 

10000 

BUOO 

2000 

ruuo 
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4 f3B/HyKJ1., a/ rry~OK He KacaeT
CH CTeHOK HOHOITpOBO,IJ;a, 5/ rry~OK 
rrpOXO,D;HT CTeHKH HOHOIIPOBO,o;a. 

!uO 2UO 

PHc.l3. BnoK-cxeMa pa3Me~eHHH 
3J1eKTPOlPH3H~ecKoil arrrrapa TYPhi, 
HCITOJ1b3yeMOH rrpH rrpoBe,o;eHHH 
pa,o;H05HOJ10rH~eCKHX 3KCITepHMeH
TOB Ha CHHXpo<iJa30TPOHe. 

H .. eJ IUIII&II ~ 

,--------------, 
I , 
I 
I 
I 
I 
I 
I 
I 

llCJ!1Dpo.iiAUIIOiilil 
AOTOKTOp I DPOA-
7CUJI'f0Jietl 

I iliCTOIIIUlOBJIU ...... 
I ...... A.IUI BIIIOpOHBft 
I JliiOHCliiOPHO&ft I 
I I 

I

I aaooepRIIOKTUJolllll ao- 1

1 IIIJI•aa cuxpOijlllaup-
L_ _____________ j 

M .--- ------------------~ 
0 ~ 

u ' 0 

c -,- --
~ J u 

T." 4-.:.:_ 

' J 

I 
CBC'f- O'I'IIJII)OIKU I 
BtdJO.n.Horo ~~arsa'ftl 1 

llHTerpaTOp• fOliO 

CneKT.f.iOMeTIJHqectml 
Tp8KT 

hJioK JlnpaWieHIU! 
lUICTaRIUIOKHOI 
CliCTeMOI 

jllepecqe'fBoe JCTpolcTB• l : 
I I ::::ii~· I : 

hnOD DBT8JWI 
UOit'fpOijiiU.OUOl 
ODD8Jlll'f7JIII 

I 
I 
I 
I 
I 
I • 

I . I I ll......... O&ODOpaiiU'I'LUIIOI I 
• I O.IOK'fpOijlla&'IOOKOI 811118Jlll'f7JIII I 

f\, 
. 0 

L _____________________ J 

0 

KpoMe Toro, MeAHKo-6HonorH4eCKH~ KaHan CHHxpo~a3oTpoHa oc
HallleH npoCTbiM cneKTPOMeTpoM c nnocKHM nonynpo80AHHK08biM AeTeK
TopoM, KOTOpbl~ HMeeT AOCTaT04HO 6onbWYIO TOnliiHHy 4Y8CT8HTenbHO
ro cno~ /AO 1 MM/. C nOMOlllbiO 3Toro CneKTPOMeTpa H3Mep~IOTC~ 
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cneKTPbl 3Hepro8b1AeneHH~ 8 4Y8CT8HTenbHOM cnoe AeTeKTopa, AaJO
liiHe Harn~AHYIO HH~OpMa~HIO o 4HCTOTe ny4Ka. PacnpeAeneHHe, npH-
8eAeHHoe Ha PHC. 12 /a/, OTHOCHTC~ K cny4al0 npaKTH4eCKOrO OT
cyTCT8H~ KaCaHH~ ny4KOM CTeHOK HOHOnp080Aa, a pacnpeAeneHHe 
/6/ COOT8eTCT8yeT 8bi80AY ny4Ka CnHWKOM 6onbWHX pa3Mepo8, Kor
Aa npOXOmAeHHe yCKOpeHHbiX 3apRmeHHbiX 4aCTH~ 4epe3 CTeHKH HOHO
np080Aa 8b13b18aeT pomAeHHe 8TOPH4Hb1X 4aCTH~. Ha 3TOM pHCYHKe 
npeAcTa8neHbl cneKTPbl 3Hepr08b1AeneHH~ 8 nonynpo80AHHK080M Ae
TeKTope C TOnliiHHOH 4y8CT8HTenbHOrO cno~ 900 MKM Ha ny4Ke YCKO
peHHbiX AO 3HeprHH 4 r38/HyKn. ~AeP yrnePOAa. ~0308ble o~eHKH, 
nony4eHHble Ha OCH08aHHH 3THX CneKTp08, AaiOT 8KnaA 8TOpH4HOrO 
H3ny4eHH~ B nep80M cny4ae OKOnO 5%, a 80 8TOpOM - n04TH 100% 
8 A03y OT nep8H4Horo ny4Ka 8 none o6ny4eHHH. 

Ha pHc. 13 npH8eAeHa 6noK-cxeMa pa3MellleHH~ 3neKTPOHHO~ an
napaTypbl, Hcnonb3yeMo~ npH npo8eAeHHH paAH06HonorH4eCKHX 
3KcnepHMeHT08 Ha ny4Ke KaHana MB. 

8 HaCTO~lllee 8peMH Ha CHHXPO~a30TpOHe 8eAYTC~ pa60Tbl no cy
llleCT8eHHOMY nOBbiWeHHIO HHTeHCH8HOCTH ny4Ka, 8b180AHMOro no Ka
Hany 68, 4TO n0380nHT paCWHpHTb Kpyr 3KCnepHMeHT08, np080AH
MbiX 8 Kopnyce 16. Ha nno111aAKe 8 3TOM Kopnyce npeAnonaraeTc~ 
TaKme C03AaTb ABe 8eT8H KaHana /pHc.3/ An~ MeAHK0-6HOnOrH4e
CKHX HCCneA08aHH~, KOTOpble 6YAYT pa6oTaTb OAH08peMeHHO. 

nepcneKTH8HbiM nnaHOM pa38HTH~ OHRH Ha TeppHTOPHH na6opaTo-

~~~A8~~~:~:v~~e~:~~"~~e~~=:~~~7~ =~~~~~~=~~o~~~~r~ .. :~~~~~:~~b-
~ .--- -- ······-••-··• ··-··-- ,- ,..._._..,,,.,.,..,.,_ -o-1- .......... -.riiVooiii.IIIV 

paCWHPHTC~ 803MOmHOCTb npoBeAeHH~ MeAHK0-6HonorH4eCKHX HCCne
A08aHH~. 8 3TOT KOMnneKC 8XOA~T 8H08b C03Aa8aeMble HHmeKTOp, 
meCTKO~OKYCI1PYIOlllf.11':1 CJ.1HXpOTPOH T~menbiX J.10H08 Ha npOMeM<yT04Hble 
3Heprf.1f.1 /THC/ J.1 CYllleCT8YIOlllf.1~ CJ.1HXpo~a3oTpOH. 

KoMnneKC n0380nf.1T YCKOp~Tb HOHbl 8CeX Mace, 8Knl04a~ ypaH. 
Cf.1HxpoTpOH T~menblx f.10H08 AaCT 803MOmHOCTb nony4f.1Tb f.10Hbl 8 

Wf.1POKOM Af.1ana3oHe 3Heprf.1~ oT HecKonbKJ.1X AeC~TK08 M3B/HyKn. AO 
MaKCJ.1ManbHbiX 3Ha4eHJ.1~, npf.18eAeHHbiX 8 Ta6n.2. 

Ta5~a 2 

--
lfOHbl nerKHe H,D;P.a 40A 18+ 132 X 52+ 23su 70+ 

ZfA= 1/2 
rls e 554 92 

MaKcHManbHaH: 
3HeprHH, 810 690 560 340 
~hB I HYKJ1. 

KynoHo8CKJ.1~ npeAen no f.1HTeHCJ.18HOCTJ.1 ycKop~eMbiX f.10H08 e KOnb
~e COCTa8n~eT -10 11 J.10H08/f.1Mn. 4aCTOTa no8TOpeHJ.1~ ~f.1Kn08 pe
rynf.1pyeTCH OT 1 AO 3 ~f.1Kn./c. npoeKTOM npeAYCMOTpeH 6b1CTP~~ 
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BbiBOA C AiliHeilbHOCTbiO HMnyilbCa 10-7 C 1-1 MeAileHHbl~ - C AilHTeJlb
HOCTbiO ...{), 1 C. 

Bb1BOA ny4Ka 1-13 THCa c nocneAYIO~e~ ero HHmeK~He~ 1-1 ycKope-
HHeM B CHHXpo¢a30TpOHe n03BOI1HT nOI1Y4HTb yCKOpeHHble HOHbl TH
meJlbiX 3JleMeHTOB C 3HeprHe~ 3,6 r3B/HYKI1. /KCeHOH/ 1-1 3,4 r3B/HYKI1. 
/ypaH/. 
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,ll;aHo on...caHote KaHanos ny-L~Kos, ·~ ;e ~.p.OMe .rJIIIBjll 

AflR rtpOB.eAeHMR ~KO-&ionorW-Iec«Jo(K :;H(Cf.le~H:r:Q!I 1'IP"' .3He:pf'MM OT 1),2 
AO 4 raB/Hyi<Il. npKBeAeHW pesynbTaTW .KC.Cfle!AQBaHMR ll I"!Y- i<at!lima fote;qnei'I

HOrO BbiBOAa A030Bb1X H cneKTpaJ'TbHbiJI< xapaKT-epKX:T.I>fK l'lllllleM .JIIii'AIIIa~lo!QIIfltlQI"O 

B03Aei'fCTBMR Ha 6HOnOrH4eCKI>te 06'bei<Tbl. 

Pa6oTa BblnonHeHa B Jla6opaTOPHH BbiCOKMX 3HepT~ OMHIIt. 

npenpHHT 06"W!AMHeHHOrO KKCTMTyTa ftAep- IIIC~HMM1 }.bi6K;I 1'9Bl 

z:ncviev L.P. et al. 
Possibilities of JINR Synchrophasotron Application 
for Medical and Biological Purposes 

18-82-6-5 

The beam transport 1 ines existing on the JlfiR synx:hrophasetrofl for 
medical and biological experiments at 0.2 upto 4 GeV/nucleon energy are 
described. The research results of dose and s·pectrum characte·ri·s'ti.cs ob
tained on the main slow extraction 1 ine for radia'ti.on fi.eld are presen·ted. 

The investigation has been performed at the laboratory of High 
Energies, JINR. 
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