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):· 1. BBE4EHv1E 

vlccneAOBaH~R CBO~CTB RAeP, YAaneHH~X OT nonoc~ p-cTa6~nb
HOCrn' 6b1n~ HaYaTbl B na6opaTop~~ RAepHblX npo6neM 06beA~HeHHO
ro ~HCT~TyTa RAepH~X ~ccneAOBaH~~ e~e B 1958 r. B 1958-1967 rr. 
6bln BblnOnHeH 4~Kn ~ccrieAOBaH~~ He~TPOHOAe~~4~THblX HyKn~AOB, 
npe~My~eCTBeHHO peAK03eMenbH~X aneMeHTOB 111 . He~TPOHOAe~~4~T
H~e HYKn~A~ nonyYan~ B peaK4~~ rny6oKoro pac~enneH~R np~ o6ny
YeH~~ pa3H~X M~WeHe~ Ha BHyTpeHHeM nyYKe npoTOHOB (Ep=660 MaB, 
Ip AO 3 MKA) C~Hxpo4~KnOTpOHa Ov1Hv1. npOAYKT~ peaK4~~ X~M~YeCK~ 
B~AenRn~Cb ~ pa3AenRn~Cb no aneMeHTaM ("MOKpaR X~M~R"). CneKT~ 
pbl RAepHblX ~3nyYeH~~ ~3yYan~Cb B ocfxl)-na~H pe>K~Me. OcHOBHble 
pe3ynbTaTbl 6b1n~ nonyYeHbl Ha MarH~THblX p- ~ a-cneKTpOMeTpax. 6b1-
no noKa3aHO, YTO 3Ta MeTOA~Ka RBnReTCR acfxl)eKT~BHblM ~ YH~Bep
canbH~M cnoco6oM nonyYeH~R HyKn~AOB c 6onbW~M HeAOCTaTKOM He~T
POHOB. Mbl nonaraeM' YTO yKa3aHHble pa60Tbl CT~Myn~poBan~ ~cnonb-
30BaH~e peaK4~~ rny6oKoro pac~enneH~R AnR nonyYeH~R ~ ~ccneAo
BaH~R YAaneHH~X OT p-cTa6~nbHOCT~ RAep, B YaCTHOCT~Ha C03AaH
HO~ B ~EPHe ycTaHOBKe ISOLDE. B pa6oTax 1958-1967 rr. ~AeHT~
~~4~poBaHo 6onee 100 HOB~X ~30TOnOB C T1,2 ~ 20 M~H, nonyYeHO 
MHoro HOBO~ ~H~OpMa4~~ o CTPYKType B036Y>KAeHHblX COCTORH~~ He~T
POHOAe~~4~TH~X RAep. 

OcHOBHble 3Tanbl nocneAYIO~ero pa3B~T~R cneKTPOCKOn~~ YAaneH
H~X OT nonoc~ CTa6~nbHOCT~ RAep B nHn Ov1Hv1 MO>KHO onpeAen~Tb 
TaK: 

- Co3AaH~e ocfxl)-na~H Macc-cenapaTopa (1969 r.) AnR pa3Aene
H~R 6onbW~X Kon~YeCTB paA~OaKT~BH~X HyKn~AOB 121 . Pa3pa6oTKa 
Tpy6YaToro ~OH~oro ~CTOYH~Ka C noBepXHOCTHO~ ~OH~3a4~e~, B~co
K03cfxl)eKT~BHOro AflR peAK03eMenbHblX, ~enOYHblX ~ HeKOTOpblX Apyrnx 
aneMeHTOB 131 . 

- npoAOn>KeH~e cneKTPOCKOn~YeCK~X ~ccneAOBaH~~ HyKn~AOB Rn, 
At, Tl, peAK03eMenbH~X ~ APYr~x aneMeHTOB (1969-1975 rr.) 
B ocfxl)-na~H pe>K~Me. 

- C03AaH~e (1970 r.) semi-on-line ycTaHOBK~ c cenapaTopoM 
~3oTonoB - HCHAnn-1 141*, cocToR~e~ ~3 M~weH~, o6nyYaeMo~ B~Be
AeHH~M nyYKOM npoTOHOB c Ep = 660 MaB, nHeBMOnOYT~ AflR AOCTaB
K~ oonyYeHHo~ M~weH~ K cenapaTopy ~ Macc-cenapaTopa. HyKn~Abl 
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C T1,2 ~ 1 M~H ~3yYan~cb Ha 3TO~ ycTaHOBKe B 1970-1979 rr. 151
• 

B HaYane 70-x rOAOB M~ np~cTyn~n~ K pa3pa60TKe ~CT~HHO~ oH-na~H 
ISOL-c~cTeMbl - SlCHAnn-2, KOTOPYIO nnaH~posan~ YCTaHOB~Tb Ha Bbl
BeAeHHOM nyYKe npOTOHOB nocne peKOHCTpyK4~~ C~HXpo4~KnOTpoHa 
O~Sl~. B XOAe peKOHCTPYK4~~ ~HTeHC~BHOCTb BblBeAeHHoro npOTOHHO
ro nyYKa (-0,1 MKA) nnaH~posanocb ysen~Y~Tb MHoroKpaTHO. Pe
KOHCTPYK4~R AOn>KHa 6b1na 6b1Tb npoBeAeHa B nepso~ nonoB~He 70-x 
rOAOB. 

YYacT~e B pa3pa60TKe ~ ~ccneAOBaH~Rx Ha ISOL-KoMnneKce 
~P~C B n~Sl~ (raTY~Ha) (1975-1985 rr.) 161 • 

B CBSl3~ C TeM, YTO pa60Tbl no peKOHCTPYK4~~ C~Hxpo4~KnOTpo
Ha O~Sl~ 6~n~ HaYaT~ TOnbKO B 1979 r. ~ 3aBepweH~ B 1984-
1985 rr., C03AaH~e aKcnep~MeHTanbHoro KOMnneKca SlCHAnn-2 6~no 
ocy~eCTBneHO TOnbKO B 1987-1988 rr. 

HacTosi~ee coo6~eH~e nocssi~eHo on~caH~IO aKcnep~MeHTanbHoro 
KOMnneKca AnR ~ccneAOBaH~SI RAep, YAaneHHblX OT nonOCbl f3-cTa6~nb
HOCT~, - sicHAnn-2. 

Heo6XOA~MO OTMeT~Tb, YTO B pa6oTax no C03AaH~IO 3KCnep~MeH
TanbHoro KOMnneKca SlCHAnn-2 ~ nporpaMMbl ~ccneAoBaH~~ Ha HeM 
yYaCTBOBan~ yYeH~e ~ cne4~an~CT~ ~3 PRAa ~HCT~TYTOB CTpaH-yYa
CTH~4 O~Sl~ (CMOTp~Te cn~COK Ha BTOPO~ CTpaH~4e o6nomK~). 

2.'ISOL-KOMnnEKC SlCHAnn-2 

~nsi aKcnep~MeHTanbHoro KOMnneKca SlCHAnn-2 nocTpoeHo cne-
4~anbHoe TpexaTamHoe 3AaH~e. rnaBHbl~ Jan, rAe pa3Me~eHo ocHos
Hoe o60PYAOBaH~e, ~MeeT o6eyto nno~aAb ~ 500 M2 • B M~WeHHYIO KoM
HaTy 3AaH~SI noABOA~TCSI B~BeAeHH~~ nyYOK npoTOHOB OT ¢a30TPOHa 
0~51~ 171 • 3Hepr~si·npoTOHOB 660 MaB, ~HTeHC~BHOCTb 2,0 MKA, 
B nepcneKT~Be om~AaeTCSI HeKOTOpo~ ysen~YeH~e ~HTeHC~BHOCT~ 
B~BeAeHHoro nyYKa npoTOHOB. 

2.1. Tpacc~pOBKa nyYKa npoTOHOB 

nyYOK npOTOHOB ~3 YCKOP~Tensi HanpasnsieTCSI B 3AaH~e SlCHAnn 
~ nonaAaeT Ha M~WeHb Macc-cenapaTopa, KoTopasi pacnonomeHa 
B cne4~anbHOM noMe~eH~~. OTAeneHHOM OT 3KCnep~MeHTanbHOro Ja
na 3a~~TH0~ cTeHo~ ~3 Tsimenoro 6eToHa (p~c.1). nyYoK Tpacc~
pyeTcsi B BaKYYMHOM TpaKTe Ha pacCTOSIH~e 55 MeTpOB c noMO~blO 
27 ¢oKyc~py~~x ~ OTKnOHR~~x aneKTPOMarH~THblX aneMeHTOB 
(p~c.2),. KOTOp~e o6ecneY~BalOT npoBeAeH~e nyYKa c ~HTeHC~BHOCTblO 
AO 2,0 MKA. np~ 3TOM K03cjxj)~4~eHT npOBOAK~ nyYKa tOCTasnsieT se
n~Y~HY 0,87. CeYeH~e npoTOHHoro nyYKa B MecTe pacnonomeH~si M~
H~ 0, 5+ 1 ~M2 ' 8 '. nocne npoxomAeH~R M~WeH~ npoToHbl norno~a!OTCR 

2 

l1 
I ., 
' 

I 

\' 
J 
\' 

\I 
1, 

~ 
0 

lb 
b 
~ 
~ 
~ 
~ 

~ 
~ 
w 
~ 
~ 

~ 
(q) 

~ 

· .. I I d3EYLf 

--·1□ D .. □ □ 

::::J II C] 

r-, 
L-J 

,, , , 
•J 

i ~I 

J: 
w ... C:., 
u :c 
iH 
c;" 
~ 

CIJI 

3 

. 
~ 

.. 

~ 

~I I 
~ 

B a~ 
; ~~ ~~; ~ ~~~ :z!-
:: ~;:1 lt 

£_c i.:: 

I 111111111111'111111' ,□ 

. 
N 
I 
§ 
< 
::i:: u 
ti::: 

co 
u 
:.:: 
(1) 

§ 
::;: 
0 
:.:: 
Ill 
0 
r:: 
(!') 
>, 

~-
:i:: 
Ill 
0 
:i:: 
u 
0 

ti:: 
:i:: 
:i:: 
(1) 

a 
(1) 
::;: 
(!') 

co 
P. 

co 
::;: 
(1) 

><: u 

. 
u 
:i:: 

P-< 



-:....~ 

4 

:i3 
E-, 

= :i: 
~ 
ctl 
::;: 
Q) 

:i3 
:i: 
E-, 
0 
0, 
0 
Pl 
0 
t:: 

(Y) 
Q) 
0, 
Q) 
:,' 

I=:: 
~ 

~ 
:i: • 
ctlN 
:,,: I os 
t:: < 

::::: 
ctl CJ 
:,,: t>::: 
:,' 
>, Q) 
t:: (.) 

>, 
0 t:: 
~ 0, 
0 0 
:i: :,,: 
:i: 
0 Pl 
E-, 
0--t 
O.N 
t::O 

I = i::; 
:,,: CJ 
Pl 
0 = 
0, 
:s: r-
(J 11") 

CJ I 
ctl i::: 
0, CJ 
E-, 

~ 

ctlO 
::;:
Q) I 
~ i::: 

CJ CJ 

N r--
• C"'l 

CJ I 
:;:i::; 
p.. CJ 

l 

l 
l' 
( 

\ 

r 

e cTanbHo~ noeywKe, oKpymeHHO~ 3am~To~ ~3 TRmenoro 6eTotta. Ka
ttan B 3am~Te; Bell,Ym~~ K noeywKe, 3aKpb1BaeTCR B nep~OAbl MemAY 
3KCnep~MeHTaM~ CB~H40BO~ WTOPKO~ Tonm~HO~ 10 CM. C 4enb~ yMeHb
weH~R ~3nyYeH~R OT HaBeAeHHO~ aKT~BHOCT~ cTeHbl ~ non M~WeHHO~ 
KOMHaTbl 06n~4oeaHbl MpaMOPHblM~ nn~TaM~ Tonm~HO~ 30 CM. M~weHHaR 
KOMHaTa OTAenReTCR OT KOnneKTOPHO~ KOMHaT~ ABYXMeTpOBO~ 6eTbH
HO~ cTeHO~, B OKHe KOTOpO~ CMOHT~poeaH MarH~T Macc-cenapaTopa, 
OKpymeHHbl~ 3am~TO~ ~3 yyryHHblX nn~TOK. '-lepe3 OKHO BO BTOPO~ 
3am~THO~ CTeHe npoXOART ~OHOnpoBOAbl. BXOA ~3 3Kcnep~MeHTanb
HOro 3ana B M~WeHHY~ ~ KonneKTOPHY~ KOMHaTbl 803MomeH nocne OT
KaTa cne4~anbHO~ cTanbHO~ ABep~. 3am~Ta ~3 TRmenoro 6eToHa 
CH~maeT B rnaBHOM 3ane $OHOBOe He~TPOHHOe ~3nyYeH~e AO ypoBHR 
Mettee 0,2 M63p/Y np~ ~HTeHC~BHOCT~ npoTOHHOro nyYKa Ha M~WeH~ 
1 MKA. 

2.2. Macc-cenapaTop 
B KOMnneKce ~CHAnn-2 ~cnonb3yeTCR sneKTPOMarH~THbl~ Macc-ce

napaTOP, ~3rOTOBneHHbl~ $~pMO~ 11 PocT$p~cTanbMOHTam11 (Konettra
reH}, pattee 3KcnnyaT~poeaew~~cR Ha ycTattoeKe ~CHAnn-1 191

• Ha~-
6onee cymecTBeHHble TeXHW•leCK~e xapaKTep~CT~K~ ero np~BeAeHbl 
e Ta6n.1. B 3TOM pa3Aene AaeTcR KpaTKoe on~catt~e Macc-cena
paTOpa ~ M~WeHHblX ycTpO~CTB, KOTOpble no3BOnRIOT nonyYaTb KOPOT
KOm~eym~e HyKn~Abl w~poKoro Kpyra X~M~YeCK~X sneMeHTOB. 

Ta6.1Zu11a 1 
TexHHtJecKHe ,n;aHHbie Macc-cenapa:Topa 

I • ,[(HanasoH aHa.nHsHpyeMbIX Mace 
2. HanpH~eHHOCTb MarHHTHoro nonH 

B sasope 50 MM 
3. Pa,n;HyC cpep;HeH TpaeKTOpHH 
4. Yron OTKnOHeHHH cpep;HeH TpaeKTOPHH 
5. ,[(HcnepCHH npH 1% OTHOCHTenbHOH pasHOCTH 

Mace, HSMepeHHaH nepneH,D;HKYnHpHO K IlYtJKY 
6. ,[(HanasoH O,D;HOBpeMeHHO aHa.JIH3HpyeMb!X 

Mace Ha KonneKTope 
7. Bee MarHHTa 
8. ToK nHTaHHH MarHHTa 
9. MaKCHMa.JibHaH MO~HOCTb MarHHTa 

5 

p;o 250 

,n;o 4750 3 
R = 1,5 M 

55° 

D. = 15 MM 

t.M = ±15% 
1000 Kr 
,n;o 150 A 
6 KBT 



a} Y3en MVIWeHb-VIOHH~~ VICT04HVIK 

C 4enb~ nony4eHVIR MaKCVIManbH0ro 6~CTPOAe~CTBVIR Macc-cenapa
T0pa 6~na B~6paHa K0HCTPYK4VIR, B K0TOPO~ MVIWeH~ VI VIOHH~~ VICT04-
HVIK C0BMe~eH~ B 0AH0M 06beMe 131 • B Ka4eCTBe MVIWeHVI B nepa~x 
3KcnepVIMeHTax VICnonb30BancR Kopnyc caMoro VI0HVl3aTopa, Vl3roToB
neHHbl~ Vl3 BOnb~paMa (pVlc.3}. ~0HVl3aTop npeACTaBnReT co6o~ no
ny~ aMnyny ( Hapy>KHbl~ AVlaMeTP 5 MM, CTeHKVI T0n~VIHO~ ::: 1 MM, Mac
ca ~6 r}, HarpeB K0TOP0~ np0VICX0AVIT B pe3ynbTaTe 3neKTPOHH0~ 
60M6apAV1POBKV1 ee noaepxHocrn. 6naroAapR Manb1M pa3MepaM aMnynb1 
TeMnepaTypa ee A0CTV1raeT 6onee 3000 K. AMnyna o6ny4aeTCR npo
T0HHblM ny4K0M' C~0KYCVIPOBaHHblM 0K0He4HblM AY6neTOM nVIH3 15K50. 
O6pa3oaaawV1eCR B pe3ynbTaTe peaK4V1V1 rny6oKoro pac~enneHVIR npo
AYKTbl AVl~YHAVIPY~T B nonoCTb aMnynbl VI npVI C0YAapeHVIVI C BHyTpeH
He~ ee CTeHK0~ VI0HV13VIPY~TCR. ~0Hbl BblTR rnaa~TCR 4epe3 0TBepCTVle 
(' 0,3+0,4 MM} B K0H4e aMnynbl. nnaHVlpyeTCR VICnonb30BaHVle VI0H· 
H~X VICT04HVIK0B VI APYrVIX TVlnoa: VICT04HVIKa TVlna 11 ropR4aR no
nocTb1111 °I' npeACTaBnR~ero co6o~ 6noK Vl3 4eTblpex 0AVIHaK0BblX 
VI0HVl3aTopoB-MVIWeHe~, nna3MeHHoro VICT04HVIKa C nonblM KaT0A0M 1111 

VI Apyrnx. 
llnR 3aMeHbl VI0HHblX VICT04HVIK0B. C03AaHa 3neKTpoMexaHV14eCKaR 

CVICTeMa 11 Po60T 11 (pVlc.4}, K0T0paR VIMeeT AVICTaH4VI0HH0e ynpaane.;. 
HVle B .nynbTOBO~ K0MHaTe. 11 Po60T 11 np0V13B0AVIT 3aXBaT VICT04HVIKa 
VI0H0B VI nepeMe~aeT ero Ha paCCT0RHVle 12 MB cne4V1anbH~~ 60KC 
AnR xpaHeHVIR. ll,nR BVl3yanbH0ro K0HTponR 3a 3TVIMVI onepa4V1RMVI 
B MVIWeHHO~ K0MHaTe noMe~eHa AVICTaH4VI0HH0 ynpaBnReMaR TeneKa
Mepa. 

~ 
2 3 4 5 6 

1CM 

PHc.3. HoHHwft HcToqHHK Macc-cenapaTopa: I - aHoA; 2 -
WTOK; 3 - H3onaTop; 4 - Aep~aTenb aMIJYnhI; 5 - aMIIYna; 
6 - KaTOA, 
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6) ~opM~posaH~e ~OHHoro ny4Ka 

~OHbl, BblXOAflut~e ~3 aMnynb1-~oH~3aTopa 4epe3 BblXOAHOe OTBep
crne, cjJopM~PYIOTCSl noneM BblTSlrnBafOlltero 3neKTPOAa B ny40K C pac
XOA~MOCTblO 2-10- 2 paA. npoXOASl 4epe3 cjJoKyC~PYfOlltYIO n~H3Y, co
CTOSlutYIO ~3 Tpex 4~n~HAP~4eCK~X 3neKTPOAOB A~aMeTpOM 100 MM, 
ny4oK ~oHoB npeo6pa3yeTcs:i s napannenbHb1"1 c 3Hepr~e"1 40 K3B. 
nepeA BXOAOM B aHan~3~PYIOllt~Lr1 MarH~T ycTaHoBneHa C~CTeMa 3neKT
POAOB Anfl OTKnoHeH~Sl ~OHHoro ny4Ka B sepT~KanbHOM HanpasneH~~
np~H4~n~anbHaSl cxeMa c~cTeMbl cjJopM~posaH~s:i ~OHHoro ny4Ka noKa3a
Ha Ha p~c.5. B Ta6n.2 np~BOASlTCSl xapaKTep~CT~K~ ee 6nOKOB n~
TaH~Sl. 

Uy 
60kB 

5 

-uo 

Puc.5. CxeMa HOHHOH OilTHKH Macc-cenapaTOpa: I - HOHH3a
Top; 2 - BaKyyMHaH KaMepa HOHHoro HCTOqHHKa; 3 - IlOABIDK
Hb!H BblTHrHBa~H 3neKTpoA; 4 - H30nHTOpb1; 5 - Typ60Mone
KYnHpHb!e HaCOCbl. 

s) MarH~THb1Lr1 aHan~3aTop ~ KonneKTopHas:i KaMepa 

napannenbHb1"1 MOH03HepreT~4ecK~"1 ny4oK ~oHos nonaAaeT s aHa
n~3~PYIOut~"1 MarH~T C yrnoM OTKnOHeH~Sl cpeAHe"1 TpaeKTOp~~ 55°, 
rAe npo~cxoA~T cenapa4~s:i ny4Ka no MaccaM, a TaK~e ero cjJoKyc~-
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Tao.tIU?ja 2 
CBeAeHHH O 6noKax IlHTaHHH CHCTeMbl ~OpMHpOBaHHH 
HoHHoro nyqKa 

~~ HaHMeHOBaHHe 6noKa, ~Hana30H Bb!XOA- MaKCHManb- CTa5HJIH-
nn THn Horo HanpIDKe- Hb!H TOK 3~H, % 

HHH Harpy3KH 

I. BnoK ycKOPH~ero .Ha- 0..-60 KB 5 MA ±0,01 
npH~eHHH, HEINZINGER 
HNC 60000-5 

2. BnoK ~OKYCHpy~ero 0¾30 KB 5 MA: ±0,01 
HanpH~eHHH, HEINZINGER 
HNC 30000-5 

3. BnOK Bb!THrHBaJO[qero 0¾20 KB IO MA ±) 
Hanps~eHHH, BC-20-10 

4. BnoK OTKnOHHW~ero 0..-2,5 KB 1,5 MA ±0, I 
HanpH~eHHH POLON 1904 

pOBKa B eepT~KanbHOLr1 ~ rop~30HTanbHOLr1 nnocKOCT~. Pa3Mepbl none
pe4Horo C949H~Sl ny4Ka ~OHOB B cjJoKanbHO~ nnocKOCT~ KonneKTOPHO~ 
KaMepbl - 1 MM no eeprnKan~ ~ 2 MM no rop~30HTan~. PaA~yc Kp~
B~3Hbl 4eHTpanbHO~ TpaeKTOP~~ B MarH~THOM none (R = 1500 MM) 
06ecne4~eaeT pacCTOSlH~e Me}l{AY COC9AH~M~ MaccaM~ B nnocKOCT~, 
nepneHA~Kyns:ipHO~ ny4KY, paBHOe D = R/A (MM). tlnfl MaCCbl A = 100 
A~cnepc~Sl D "' i5 MM. ~HTe·pean Mace, OAHOBpeMeHHO BblBOA~MblX 
Ha cjJoKanbHYIO nnocKOCTb, COCTaens:ieT ±15% OT 3Ha4eH~Sl MaCCbl, Bbl
BOA~MO~ B 4eHTp. 

n~TaH~e MarH~Ta OCYut9CTBns:ieTCSl 6nOKOM T~na PSG (r = 150 A, 
u = 50 B) co 'CTa6~nbHOCTblO ny4we 10- 4 3a HeCKOnbKO A9CSlTKOB 
4acoB pa6OTbl. MarH~THOe none KOHTpon~pyeTCSl TepMOCTaT~poeaH
HblM AaTY~KoM Xonna, pacnonomeHHblM e nonocrn MarH~Ta cenapaTOpa; 
~HcjJOpMa4~Sl C AaT4~Ka BblBOA~TCSl Ha 3KpaH MOH~Topa. 

B KonneKTOpHo"1 KaMepe pacnonomeHa nnaTcjJopMa, ynpaens:ieMas:i 
A~CTaH4~OHHO, Ha KOTOPO~ YCTaHoeneHbl 4~n~HAP $apaAefl, ~3Mep~
T0nbHaSl ~rna 1,1 3neKTpoMexaH~49CK09 CKaH~pYKX4ee ycTpOLr1CTBO, no-
3BOnSlfOllt99 KOHTpon~poeaTb npocjJ~nb ~OHHOro ny4Ka. nnaTcjJOpMa oc
HauteHa 3neKTP~49CK~M AaT4~KOM, KOTOpb1Lr1 cjJ~Kc~pyeT ee nonomeH~e. 
tlns:i nony4eH~Sl OTne4aTKOB CTa6~nbHblX ~30TOnoe ~ onpeAeneH~Sl 
A~cnepc~~ B cjJoKanbHOLr1 nnoCKOCT~ KaMepbl pacnonaraeTCSl nOAB~}l{HO~ 
KonneKTop. 
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r} Pa3BOAKa VIOHH~X nyYKOB 

Pa3A0fl0HH~e no MaccaM ny4KVI VIOHOB Vl3 KonneKTOpHO~ KaMep~ 
nonaAa~T B KaMepy VIOHHO~ pa3BOAKVI, rAe OTKnOHH~TCH VI HanpaBnH
~TCH B 3KCnepVIM0HTanbH~~ 3an no VIOHOnpOBOAaM (pVlc.6}. 8 KaMe
pe HaXOAHTCH 40T~pe 3fl0KTpOCTaTVl40CKVIX KOHA0HCaTopa, OTKflOHH~
~VIX ny4KVI Ha 13°, 26°, 36° VI 56° COOTB0TCT~0HHO. npVI ¢V1KCV1po
BaHHOM YCKOpH~eM HanpH~0HVIVI noA6V1paeTCH TaKoe ~Ha40HVl0 pa3-
HOCTVI noTeH4V1anoB Ha nnacTVIHaX Ae¢neKTOpa' 4T06bl VIOHHbl~ nyYOK 
npowen 4epe3 KOHA0HCaTop. nepeABVl~0HVl0M OTKflOHH~VIX nnacTVIH, 
VIM0~VIX AVICTaH4VIOHHY~ CVICTeMy ynpasneHVIH VI KOHTl)OflH, VI Vl3M0He
HVl0M 80flVl4VIH~ MarHVITHOro nonH MO~HO noA6V1paTb 3Ha40HVIH Macco
soro 4V1Cna A VIOHOB, BblBOAVIMblX B 3an K 3KcnepVIM0HTaflbHblM ycTa
HOBKaM. 

nocne KaMepbl pa3BOAKVI VIOHHble nyYKVI TpaCCVIPY~TCH B VIOHonpo
BOAax, s HaYane KOTOp~x CTOHT y6V1paeM~e 4VlflVIHAP~ $apaAeH 
VI 3fl0KTPOCTaTVl40CKVle KOHA0HCaTOpbl AflH sepTVIKanbHO~ perynV1pos
KVI VIOHHblX ny4KOB. .llnH ¢oKyCVIPOBKVI VICnOflb3Y~TCH TpVlnneTbl 3fl0KT
poiTaTVl40CKVI~ KBaApynonbH~X flVIH3. nV1TaHV1e Ka~AO~ TaKO~ flVIH3~ 
ocy~eCTBnHeTCH 40TblpbMH CTa6VlflVl3VlpOBaHHblMVI VICT04HVIKaMVI TV1na 
POLON 1904. B·pHA0 3KCnepVIM0HTOB He06XOAVIMO npep~BaTb VIOHH~~ 
nyYOK • .llnH 3TO~ 4enV1 Ha Ka~AOM VIOHonpoBOAe ycTaHoBneH OTKflOHH~
~VI~ KOHA0HCaTOP C 3arnyWKO~' nVITaeMbl~ cne4V1aflbHblM 6nOKOM. 
KOHTponb 3a B~BOAVIMO~ Macco~ A VI npo¢V1neM VIOHHoro nyYKa nposo
AVITCH cne4V1aflbHblM ycTpO~CTBOM 1121 • Ko3¢¢V14V1eHT npoxo~AeHVIH VIOH
H~X ny4KOB 4epe3 BC~ CVICTeMy 3aBVICVIT OT TV1na VIOHHOro VICT04HVIKa, 
KaYeCTBa ¢oKyCVlpOBKVI nyYKa VI npVI BaKyyMe, paBHOM 
3+6•10" 6 MM pT.CT., Kone6neTCH B npeAenax OT 20 AO 90%. 

A} BaKyyMHaH CVICTeMa 

.llnH 3¢¢eKTVIBHO~ TpaHcnopTVIPOBKVI VIOHOB Ha paCCTOHHVle nopHAKa 
10 MB VIOHonpOBOAHO~ CVICTeMe Macc-cenapaTopa AOn~eH 6b1Tb BaKyyM 
He xy~e 10-s MM pT.CT. npVI BH03anHOM YXYAWeHVIVI BaKyyMa B Ka
Ko~-nVl60 YaCTVI ycTaHOBKVI 3TOT 0Tpe30K AOn~eH 6~Tb TYT ~e Vl30-
flVIPOBaH OT ocTanbHO~ CVICT0Mbl. no3TOMY Ha BXOAaX VI BblXOAaX VIOHO
npOBOAOB VI B pi~ciHe VIOHHoro VICT04HV1Ka ycTaHosneH~ aBTOMaTV1Yec
KV1e WV16epbl c 6onbWVIM npoXOAHblM OKHOM. Bee WV16epbl CHa6~eHbl pe
sepCVIBHblMVI 3fl0KTPVl4eCKVIMVI ABVlraTenHMVI VI KOH4eBblMVI BblKfl~YaTenH
MVI, 3neKTponV1TaHV1e Ha HVIX, KaK VI Ha see BblCOKOBaKyyMHble HaCOCbl 
( TVlna BMH-500} , noAaeTCH Vl3 nynbTOBO~ KOMHaTbl. KoHTPOflb 3a co
CTOHHVleM WV16epos VI HaCOCOB, a TaK~e see ynpasneHVle BaKyyMHO~ 
CVICT0Mbl ocy~eiCTBnHeTCH co cne4V1aflbHO~ naHenVI. npVI YXYAW0HVIVI 
BaKyyMa AO HeKOToporo noporosoro 3Ha4eHVIH norVl40CKOe YCTpO~CTBO 
noAaeT KOMaHAY Ha 3aKpblTVle COOTBeTCTBY~VIX WV16epos. 

11 



12 

. 
<II 
0, 
0 
E-< 
<II 
§' 
i::: 
QJ 

~ 
u 
u 
<II 
,.; 

<II 

t 
~ 
0 
:,: 

ti: 
<II 
IQ 
0 
E-< 
,Cl 

~ 
fd 
. ..... . 
u 
:s: 
p.. 

I 
i 

1 
\ 

~ 

l 
1 
I 

eJ YnpasneH~e ~ KOHJponb 3a pa6oTo~ c~cTeM 
Macc-cenapaTopa 

YnpaBDeH~e BCeM~ C~CTeMaM~, a TaKme ~3MepeH~e napaMeTpOB 
npoTOHHoro ny4Ka ~ y3nos Macc-cenapaTopa, oc~ecTBnReTCR 
~3 nynbTOBO~ KOMHaTbl (p~c. 7), rAe pacnonomeHbl Bee Heo6XOA~Mble 
6noK~ n~TaH~R, ~3MepeH~R ~ 6noK~POBOK OTAenbH~X TO4eK KOMnneKCa. 

KOHTponb 3a pa60TO~ OCHOBH~X napaMeTpOB Macc-cenapaTopa 
OCYIJ.leCTBnReTCR C noMOIJ.lblO nK "npase4-l6", CBR3aHHOro 4epe3 KOHT
ponnep KKOO9 c Kpe~TOM KAMAK. YnpaBnRIOIJ.laR npo~paMMa, Han~caH
H.aR Ha R3b1Ke Turbo-Pascal , nO3BOnReT ~3MepRTb YCKOPRIOIJ.lee HanpR
meH~e, MarH~THoe none, nonomeH~R Ye,:b1pex AeclJneKTopos, a 3aTeM 
Ha ocHoBaH~~ nonyYeHH~x 3Ha4eH~~ onpeAenRTb Maccosoe 4~cno 
~3O6ap, B~BOA~M~X B KamA~A ~oHonpOBOA. KpoMe Toro, nporpaMMa 
nO3BOnReT OCYIJ.leCTBnRTb nonHyio (n~6o 4acT~4HYIO) Kan~6pOBKY Macc
MeTpa, 3an~Cb ee Ha A~CK, COCTaBneH~e ~ 3an~Cb npOTOKOna 3KC
nep~MeHTa, pacneYaTKY paHee 3an~caHH~x npoTokonos, ~3MepeH~e 
nonomeH~R ~ npoclJ~m npoToHHoro nyYKa, ~3MepeH~e 64 HanpRmeH~A, 
n~TalOIJ.l~X QJOKYC~PYIOIJ.l~e n~H3bl, KOHTponb pa3n~4HblX 6noK~POB04HblX 
c~rHanos. 

3. cnEKTPOMETP~4ECK~E YCTAHOBK~ 

4nR ~ccneAOBaH~R cneKTPOB ~3ny4eH~A, conpOBOmAalOIJ.l~X paA~o
aKT~BHblA pacnaA KOPOTKom~BYIJ.l~X HyKn~AOB, npeAHa3Ha4eHO HeCKOnb
KO cneKTpoMeTp~4ecK~X ycTaHOBOK, HeKOTOpble ~3 KOTOpblX yme ~c
nonb3YIOTCR AnR npoBeAeH~R 3KCnep~MeHTOB. 

3.1. YcTaHOBKa 3nrA 1131 

YcTaHOBKa npeAHa3Ha4eHa AnR ~3MepeH~R cneKTPOB y- ~ peHTre
HOBCKoro ~3ny4eH~~, sneKTPOHOB BHyTpeHHe~ KOHBepc~~, no3~Tpo
HOB, a-YacT~4, a TaKme cneKTpos yy- ~ ey-cosnaAeH~~- ~3Mep~
TenbHaR KaMepa ycTaHOBK~ pa3MelJ.leHa HenocpeACTBeHHO Ha ~OHonpo
BOAe. 8 3TO~ KaMepe MOmHo pa3MeCT~Tb AO Tpex pa3n~4HblX AeTeK
TopoB, B TOM 4~cne AeTeKTOp AnR per~cTpa4~~ 6eTa-~3nyYeH~R 
~ sneKTpOHOB BHYTPeHHe~ KOHBepc~~ C ~cnonb3OBaH~eM MarH~THoro 
QJ~nbTpa (M~H~-"anenbC~H 11

} 1141 • 

~OHbl ~ccneAyeMoro paA~OHYKn~Aa HaKann~BalOTCR Ha anJOM~H~3~
poBaHHO~ non~3QJ~PHO~ neHTe-HOC~Tene HenocpeACTBeHHO B ~3Mep~
TenbHO~ KaMepe. 4o ~3Mep~TenbHO~ KaMep~ pacnonomeH Kon
n~MaTop, KOTop~A o6ecneY~saeT TO4Hoe nonaAaH~e ~OHHoro 
nyYKa Ha neHTy-HOC~Tenb ~ npeAOTBOaiuaeT 3arpR3HeH~e ~3Me
P~TenbHO~ KaMep~ ~ AeTeKTOpOB. YcTpo~CTBO OTKnoHeH~R 
~OHHoro ny4Ka no3sonReT npep~saTb ny4OK. neHTonpo-
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TSUKHbl'1 MexaHlr13M o6ecneYlr1BaeT yAaneH1r1e aKTlr1BHOCTlr1 1,13 1,13-
Mep1r1renbH0'1 KaMep~ lr1 ee TpattcnopT1r1pOBKY KO BTOpOMY lr13Me

p1r1TenbHOMY nopTy. Ha MecTe BTOporo nopTa MOmHO pa3MeCTlr1Tb no
nynpoBOAHlr1KOBble AeTeKTOPbl Ami 6onee .TOYHblX BpeMeHHblX 1r1ccneAO
BaH1r1'1. 3TOT nopT 06ecneY1r1BaeT. noYTlr1 2u-reoMeTplr1~ AnR KamAoro 
1,13 AeTeKTOpOB. 

YnpaeneHlr1e SKcnep1r1MeHTOM oc~eCTBnReTCR C noMO~b~ n3BM Tlr1na 
IBM PC/XT ~o Mar1r1cTpan1r1 KAMAK Yepe3 KOHTponnep KK009 1r1 lr1HTep
$e'1c 6K-3nrA. no 3aAaHHo'1 nporpaMMe npo1r13BOA1r1TCR npep~BaH1r1e 
npoTOHHoro lr1 lr10HHOrO nyYKOB 1r1 ynpaBneH1r1e pa60T0'1 cneKTPOMeTp1r1-
YeCK0'1 ycTaHOBKlr1. r 

KOHCTPYK41r1R lr13Mep1r1TenbH0'1 KaMep~ no3B6nReT peanlr130BaTb Tpe-
6yeMbl'1 anroplr1TM SKCnep1r1MeHTa' KOT0pb1'1 npeACTaBnReT co6o'1 41r1K
n1r1YeCKY~ nocneAOBaTenbHOCTb cneAYIO!ltlr1X onepa41r1'1: HaKonneH1r1e aK
Tlr1BHOCTlr1, npepblBaHlr1e nyYKa,, BblAepmKa AnR pacnaAa OYeHb KOPOT
KOmlr1BY~lr1X 1r130TOnOB, lr13MepeH1r1e, YAaneHlr1e aKTlr1BHOCTlr1 1,13 lr13Mep1r1-
TenbH0'1 KaMepbl 1r1n1r1 ee TpaHcnoprnpOBKY KO BTOPOMY nopTy. 3Kcne
p1r1MeHT no TaKOMY anroplr1TMY no3BOnReT 1r1ccneAOBaTb HyKnlr1Abl C ne
p1r10AaM1r1 nonypacnaAa BnnoTb AO 0,1 c. 

3.2. CneKTpoMeTp e-y-coBnaAett1r1'1 Ha 6a3e MflC 1151 

4aHHaR ycTaHOBKa C03AaHa Ha OCHOBe CBeTOClr1nbHOro MarHlr1THO
nlr1H30BOro 6eTa-cneKTpoMeTpa c TpeyronbH0'1 $opMo'1 MarH1r1THoro 
nonR 116 / • TaKoe none 06ecneY1r1BaeT BblCOKY~ lr130XpOHHOCTb TpaeK
TOplr1'1 sneKTPOHOB, YTO n03BOnReT 1r1cnonb30BaTb cneKTpOMeTp B 1,13-

MepeHlr1RX ~peMeH mlr13Hlr1 RAePHblX ypoBHe'1 B HaHOCeKYHAHOM Alr1ana30-
He.4nR n1r1TaHlr1R MarHlr1THO-nlr1H30BOro cneKTpOMeTpa 1r1cnonb3yeTCR yn
paBn~eMb1'1 cTa61r1n1r13aTOP TOKa 1171 , AOnroBpeMeHHaR CTa61r1nbHOCTb 
KOToporo He xyme 0,01% 3a 24 Yaca. 

B 6eTa-cneKTpoMeTpe 1,13nyYeH1r1e per1r1eTp1r1pyeTcR nnacT1r1YeCKlr1M 
c41r1HT1r1nnRTOPOM NE 104. 4nR noAaBneHlr1R no31r1TPOHHOro $Otta 1r1c
nonb3Y~TCR Blr1HTOBble Alr1a$parMbl. B 3aBlr1Clr1MOCTlr1 OT aKcenTaHca 
BXOAHblX Alr1a$parM B cneKTpOMeTpe pean1r13y~TCR pa3Hble pemlr1Mbl CBe

TOClr1nbl 1r1 pa3peweHlr1R (R = 1,0+2,5%, T = 3,0+5,0%). B raMMa
cneKrpoMeTpe np1r1MeHR~TCR K,aK nnaCTlr1YeCKlr1'1 c41r1HrnnnRTOP' TaK 
1r1 Kp1r1cTannb1 NaJ (Tl) 1r1 BaF 2 c $0TOYMHom1r1TeneM XP2020Q. lll3Mepe
Hlr1R ey-coBnaAeHlr1'1 npOBOARTCR B pem1r1Me 6blCTpblX coBnaAeHlr1'1. np1r1 
sToM 1r1cnonb3yeTcR sneKTpoH1r1Ka $1r1pMbl ORTEC, BKn~YalO!ltaR 6b1cTpble 
yc1r1n1r1ren1r1 FFA 579, 6blCTpble Alr1CKplr1Mlr1HaTOpbl CFO 584 1r1 BpeMR-aM
nn1r1TYAHb1'1 npeo6pj30BaTenb TPHC467. 

YcTaHOBKa pa3Me~eHa Ha nepBOM lr10HOnpoBOAe (p1r1c.l) lr1 BKn~
YaeT B ce6R cneKTpOMeTp COBnaAeHlr1'1 MflC, aBTOHOMHY~ BaKYYMH~ 
c1r1cTeMy, 6noK n1r1TaH1r1R 6eTa-cneKTPOMeTpa, 6noK1r1 aHanoroBo'1 
1r1 41r1$poB0'1 sneKrpoH1r1K1r1, neHTonpoTRmHb1'1 MexaHlr13M nnM w 6noK yn-
paBneH1.1R nnM. 
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np1r1 1r1cnonb30BaH1r11r1 B y-cneKTpoMeTpe nnacT1r1YecKoro c41r1HT1r1nnR
Topa Ha ycTaHOBKe MflC nonyYeHo BpeMeHHoe pa3peweH1r1e 2,=410 nc 
np1r1 KPYT1r13He CKnoHa KPlr1B0'1 MrHOBeHHblX COBnaAeH1r1'1 T1,2=50 nc 
(Ey = 900 KsB, Es= 250 KsB - 6°Co). 1/13yYeHbl BpeMeH-
Hble CBOCiCTBa nn4 lr1 C41r1HTlr1nnR4lr10HHblX AeTeKTOpOB, B YaCTHOCTlr1, 
1r1ccneA0BaHo Bnlr1RH1r1e BpeMeH1r1 c6opa 3apRAa Ha BpeMeHHoe pa3pewe
Hlr1e nn411 s 1 ~ noKa3aHo, YTO nyTeM CTpo61r1poBaHlr1R $POHTOB lr1Mnynb-

\ COB OT KOaKClr1anbHblX nn4 MOmHO B 2-3 pa3a ynyYWlr1Tb BpeMeHHOe 
pa3peweH1r1e cneKTpoMeTpa. 

3.3. MHoroAeTeKTOpHaR KoppenR4lr10HHaR ycTaHOBKa 
MYK'191 . 

YcTaHOBKa MYK npeAHa3HaYeHa AnR lr13yYeHlr1R npocTpaHCTBeHHblX 
1r1 BpeMeHHblX KOppenR41r1'1 y-1r13nyYeHlr1R KOPOTKOmlr1BY~lr1X HyKnlr1AOB. 
YBen1r1YeH1r1e y1,1cna AeTeKTopoB no3Bon1r1no cy~ecTBeHHO yBen1r1Ylr1Tb 
s$$eKTlr1BHOCTb per1r1cTpa41r11r1 ~-1,13nyYeHlr1R lr1 Ha 3T0'1 OCHOBe C03AaTb 
BblCOKOS$$eKTlr1BHbl'1 ·cneKTPOMeTp COBnaAef11r1'1. 

YcTaHOBKa COCT01r1T 1,13 ceMlr1 Ge(Li}-AeTe~TOPOB, pacnonomeHHblX 
B OAH0'1 nnocKOCTl,1 no OKpymHOCTlr1, B 4eHTP KOTOpo'1 C lr10HOnpoBo
Aa AOCTaBnReTCR paA1r10aKTlr1BHb1'1 lr1CTOYH1r1K. noMlr1MO Toro B COCTaB 
ycTaHOBKlr1 BXOART 6noK CB1r1H40B0'1 3a~lr1Tbl C Konn1r1MaTopaM1r1, ycT
po'1CTBO AnR TpaHcnopTlr1POBKlr1 paAlr10aKTlr1BHOCTlr1, 6nOKlr1 sneKTPOHHOCi 
annapaTypbl, 06ecneY1r1Ba10Ut1r1e o6pa6oTKY aHanoroBblX 1r1 41r1$poBblX c1r1r
HanoB, a TaKme 3an1r1cb 41r1$p0Bo'11r1H$OpMa41r11r1 Ha MarHlr1THY~ neHTy. 

np1r1MeHReMble B ycTaHOBKe Ge (Li )-AeTeKTOPbl - lr1CTlr1HHO KOaKc1r1anb· 
Hble, o6beMOM 40-49 cM 3 • 3HepreT1r1YecKoe pa3peweH1r1e KamAoro 
1,13 AeTeKTOPOB COCTaBnReT 2,2+3,0 KSB, a a6con~THaR s$$eKTlr1B
HOCTb - 4-10- 4 no OTHOWeHlr1~ K y-KBaHTaM 1333 KSB 6°Co. KoaK
c1r1anbHaR KOH$1r1rypa41r1R AeTeKTopoB o6ycnaBnlr1BaeT 1r1x xopow1r1e Bpe
MeHHble CBOCiCTBa. KamAb1'1 AeTeKTOP noMe~eH B YAnlr1HeHHb1'1 r-06pa3-
Hb1'1 KPlr10CTaT C 4enb~ o6ecneYeHlr1R onTlr1ManbHblX reoMeTplr1YeCKlr1X 
ycnoB1r1'1. 

Pem1r1M HaKonneHlr1R SKcnep1r1MeHTanbH0'1 lr1H$OpMa41r11r1 Ha MarHlr1TO$OHe 
1/130T-5003 ocy~eCTBnReTCR nplr1 noMO~lr1 Mlr1Kpo-3BM KM086. ~opMa 
3an1r1c1r1 CTaHAaPTHaR, no3BOnReT npoBOAlr1Tb AanbHe'1wy~ o6pa60TKY 
lr1H$OpMa41r11r1 Ha 6onbWlr1X 3BM. HaKonneHlr1e lr1AeT nooYepeAHO B ABa 6y
$epHblX HaKon1r1TenR Anlr1HOC1 1024 16-pa3pRAHblX cnoB KamAb1'1, 3aTeM 
Yepe3 onepaTlr1BHY~ naMRTb Mlr1Kpo-3BM npOlr13BOAlr1TCR c6poc COAep
m1r1Moro Ha MarHlr1THY~ neHTy. np1r1 STOM BO BpeMR 3anonHeHlr1R OAHOro 
6y$epHoro HaKon1r1TenR oc~ecTBnReTcR YTeH1r1e 1r1 3an1r1cb 1r1H$opMa41r11r1 
c Apyroro HaKon1r1TenR Ha MarHlr1THY~ neHTy. nporpaMMa Ha6opa no-
3BOnReT npoBOAlr1Tb 0Ylr1CTKY nocTyna10Utlr1X AaHHblX OT c6oeB lr1 ocy
~eCTBnRTb $opM1r1poBaH1r1e n~6oro 1,13 21 lr1HTerpanbHoro cneKTpa coB
naAeH1r1'1 (no y1,1cny aHan1r131r1pyeMblX nap). 
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3.4. MarH~TH~~ aHan~3aTOP THmen~x YaCT~4 
(MATlf) 1211 

llnH aHam13a umenblX yacrn4 ( p, a. ~ AP. ) , ~cnycKaeMblX np~ 
paA~OaKT~BHOM pacnaAe KOpOTKOm~BY~~x HAep, npeAHa3HaYeH np~-
6op, C03AasaeM~~ Ha 6a3e 6onbworo npe4~3~0HHoro anb¢a-cneKTpo
rpa¢a. MarH~THoe none np~6opa o6naAaeT cso~cTBaM~ ABO~Ho~ ¢0-
Kyc~posK~ nyYKa YaCT~4 Ha yron Til2. PaA~YC paBHOBeCHO~ op6~Tbl 
1,5 M. HanpHmeHHOCTb nonH AO 3000 3. 

3neKTPOMarH~T np~6opa c BaKyyMHO~ KaMepo~ (06~~~ sec 85 T) 
ycTaHOBneH Ha cne4~anbHOM ¢YHAaMeHTe. anH n~TaH~R sneKTPOMar- r 

H~Ta ~cnonb3yeTCH CTa6~n~3~posaHHbl~ ~CTOYH~K TOKa (Ko3¢¢~4~eHT 
CTa6~n~3a4~~ 10- 4 ). CKOHCTPY~POBaHO cne4~anbHOe ycTpO~CTBO, 
KOTopoe.np~H~MaeT ~OHH~~ nyYOK TpaKTa IV np~ BKn~YeHHOM sneKT
poMarH~Te. 

B ¢oKanbHO~ nnocKOCT~ np~6opa ycTaHOBneH AeTeKTOP 3apRmeHH~X 
YaCT~4, KOTOP~~ npeACTaBnHeT co6o~ ABe KOOPA~HaTHO-YYBCTB~Tenb-
H~e nponop4~0HanbH~e KaMep~. pa3Me~eHH~e B OAHOM 06beMe APYr 
3a APYrOM. Pa3Mep BXOAHOro OKHa KaMepbl 500x10 MM. CbeM ~H¢0pMa-
4~~ no OAHO~ KOOPA~HaTe npo~3BOA~TCH c pacnpeAeneHHO~ n~H~~ 
3aAepmK~ (-1,1 MKC}. B~TK~ n~H~~ 3aAepmK~ OAHOBpeMeHHO B~non
HH~T ponb OAHO~ ~3 KaTOAHblX nosepXHOCTe~. anR anb¢a-yacrn4 no
nyYeHO pa3peweH~e ::: 6 MM. nponop4~0HanbHbl~ pem~M KaMep AaeT 
B03MOmHOCTb ~AeHT~¢~4~posaTb copT YaCT~4- BKn~YeH~e KaMep 
Ha cosnaAeH~R no3sonReT cH~3~Tb per~cTpa4~~ ¢oHoB~X co6~T~~-

3.5 YcTaHOBKa Cn~H-3 1221 

YcTaHOBKa npeAHa3HaYeHa AflR ~ccneAOBaH~H cn~HOBblX s¢¢eKTOB 
np~ pacnaAe op~eHT~posaHH~X HAep, YAaneHH~X OT nonoc~ cTa6~nb
HOCT~. Ha 3TO~ ycTaHOBKe nnaH~pyeTCH npoBOA~Tb 3KCnep~MeHTbl 
KaK B oH-na~H, TaK ~ s 0¢¢-na~H pem~Me no ~3yYeH~~ yrnosoro 
pacnpeAeneH~H ~3nyYeH~~ ~ HAepHoro MarH~THoro pe3oHaHca op~eH
T~posaHH~X paA~OaKT~BH~X HAep. anH op~eHTa4~~ HAep B OH-na~H 
pem~Me ~OHH~~ nyYOK nocTynaeT HenocpeACTBeHHO B pe¢p~mepaTOP 
paCTBOpeH~H 3 He- 4 He. Pe¢p~mepaTop BMeCTe C B~COKOBaKyyMH~M~ 
HacocaM~ pa3Me~eH B cne4~anbHOM noMe~eH~~. KyAa AOBOA~TCH ~oH
H~~ TpaKT II (p~c.1}. 

anH H~3KOTeMnepaTYPHO~ op~eHTa4~~ 6YAYT AOCTynH~ HApa 
c J > 1/2 c nep~OAOM nonypacnaAa 6onbwe, YeM speMR cn~wpewe
TOYHO~ penaKca4~~ s ¢eppoMarH~THblX MaTp~4ax ( 10+100 c np~ TeM
nepaType 10 MK}. Kp~oreHHY~ c~cTeMy npeAnonaraeTCH AOnonH~Tb 
CTyneHb~ aA~a6aT~YeCKOro pa3MarH~Y~BaH~R, no3B0flHIOlJ.1e~ nonyYaTb 
TeMnepaTyp~ AO 1 MK. 

YcTaHOBKa cn~H-3 ocHa~aeTCH cospeMeHHO~ annapaTypo~ AnH pe
r~cTpa4~~ ~ aHan~3a HAepHoro ~3nyYeH~H, ~3MepeH~H nonRp~3a4~~ 
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y-~3nyYeH~R, HAepHoro MarH~THoro pe3oHaHca op~eHT~posaHHblX 
HAep, MHoroMepH~X KoppenH4~0HH~X ~3MepeH~~-

3.6. CneKTPOMeTp cosnaAeH~~ YMKC 

YcTaHOBKa ~3 YH~Bepc~TeTa ~M.M.K~p~-CKnOAOBCKO~ (fl~6n~H} 
npeAHa3HaYeHa AflH ~3MepeH~~ BpeMeH m~3H~ COCTOHH~~ ~ KoppenR-

14~~ HanpasneH~~ y-~3nyYeH~H. B cneKTpoMeTpe HapHAY C Ge(Li}
AeTeKTOpaM~ ~cnonb3Y~TCR 6~cTp~e c4~HT~nnH4~0HH~e AeTeKTOP~ 
Ha OCHOBe BaF2 ~ nnacT~YeCK~e c4~HT~nnRTOPbl. c~cTeMa per~cTpa-
4~~ cosnaAeH~~. ynpaBnHeMaH n3BM T~na IBM XT, o6ecneY~saeT ~3-
MepeH~e yy-yrnoBblX KOppenH4~~ c np~MeHeH~eM nHT~ AeTeKTOPOB 
B pe~~Me cosnaAeH~~ "KamA~~ C KamA~M". Ha nepBOM 3Tane 6YAYT 
~cnonb30BaH~ TP~ c4~HT~nnR4~0HH~X ~ ABa Ge(Li}-AeTeKTOpa. anH 
~3MepeH~~ speMeH m~3H~ HAepH~X COCTOHH~~ C ABYMR AeTeKTopaM~ 
B pem~Me TpexMepHblX cosnaAeH~~ npeAHa3HaYeHa cne4~anbHaH KaMe
pa, o6ecneY~BalOlJ.1aR per~cTpa4~~ KaK yy-, TaK ~ ey-cosnaAeH~~ 
B reoMeTp~~. 6n~3KO~ K 2TI, AflH KamAoro ~3 AeTeKTOPOB. BpeMeH
HOe pa3peweH~e ycTaHOBK~ np~ ~cnonb30BaH~~ BaF2-AeTeKTOpOB, 
pa3MepoM ~ 38x25 MM, cocTasnHeT 175 nc np~ per~cTpa4~~ y-ny
Ye~ 6 °Co. 

CneKTpoMeTp pa3Me~aeTCR Ha ~OHHOM TpaKTe II (p~c.1}. ~3-3a 
np~MeHeH~R ~oHonp~eMHoro ycTpO~CTBa T~na "MoHeTonp~eMH~K 11 ~c
cneAOBaH~H HyKn~AOB Ha cneKTPOMeTpe YMKC 6YAYT orpaH~YeHbl ne
p~OAaM~ nonypacnaAa T1, 2 ~ 1 M~H. 

3.7. fla3epHo-cneKTPOMeTp~YecKaR ycTaHOBKa 

YcTaHOBKa pa3Me~eHa B cne4~anbHOM noMe~eH~~ Ha B~6pa4~0HHO
YCTO~Y~BO~ yyryHHO~ nn~Te secoM 4 T ~ nno~aAb~ 3xl,5 M. Hann~
Te ycTaHosneHbl Tp~ KOMnneKTa ~MnynbCHblX nepecTpa~BaeMblX na3e
pos, BKn~YalOlJ.1~X na3ep HaKaYK~ ~nr~-101 ~ na3ep Ha Kpac~Tene 
nm~-504. Mo~HOCTb ~3nyYeH~H na3epa Ha Kpac~Tene - 600 MBT, 
A~ana30H nepecTpO~K~ An~Hbl BOnHbl 530+ 710 HM. 

Ha ycTaHOBKe nnaH~pyeTCH ~3yYeH~e KoppenH4~0HH~X xapaKTe
P~CT~K YaCT~4 ~ ~3nyYeH~~. B03H~KalOlJ.1~X np~ ~-pacnaAe KOpOTKOm~
BY~~x HAep, a TaKme ~3MepeH~e csepXTOHKO~ CTPYKTYPbl ~ ~30TOn~
YeCK~X CAB~roB onT~YeCK~X n~H~~ AflH OTAenbH~X paA~OHyKn~AOB. 
anR 3T~X 4ene~ C03AaeTCH cneKTPOMeTp c 4TI-reoMeTp~e~ Ha OCHO
Be BOflOKOHHO~ onT~K~. Per~cTpa4~H pe30HaHcHo-pacceHHHblX ¢oTo
HOB 6yAeT npo~3BOA~TbCH C noMO~b~ ~3Y, a HAepHoro ~3nyYeH~H -
nonynpoBOAH~KOBblM~ AeTeKTopaM~. 

Ponb na3epHoro ~3nyYeH~H B nnaH~pyeM~x ~ccneAoBaH~Hx 3aKn~
YaeTcH B op~eHrnpoBaH~~ cn~HOB ~ccneAyeMblX RAep ~ B036ymAeH~~ 
onT~YeCK~X nepeXOAOB csepxTOHKO~ CTPYKTYPbl COOTBeTCTBYIOlJ.1~X 
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aTOMOB, a TaK~e B 1,1cnapeHl,1i,1 aTOMOB C TBepA~X noeepXHOCTe~ 
1,1 B nepcneKTl,1Be B ceneKTl,1BHOM oxna~AeHl,11,1 aTOMH~X ny4KOB KOpoT
KO~l,1BYJ.111,1X HYKfl1,1AOB 1231 • 

8 HaCTOR~ee BpeMR BeAeTCR 3anycK na3epHoro cneKTPOMeTpa AflR 
3KCnep1,1MeHTOB no l,13MepeHl,1~ CBepXTOHKO~ CTpyKTYP~ 23 Na, nonRp1,1-
3a41,11,1 2 lfmNa B 6y~epHoM ra3e Ar 1,1 ac1,1MMeTp1,11,1 1,1cnycKaH1,1R a-4a
cT1,14 OTHOC1,1TenbHO cn1,1Ha 3Toro 1,130Mepa 1241 • 

4. 3AKJ1l0LtEH~E 

Ha sKcnep1,1MeHTanbHOM KoMnneKce ~CHAnn-2 npoBeAeH~ nepe~e 
3KCnep1,1MeHT~. 

155Yb 

A=155 6f9fk•Y 

1000· 
~ 

1200 

I 155Tm l!ll&Ho 

8001- 8 U6llloeV 46f71oeV 

155Er 7 F;Ho 40fJZbV 061oeV 

4001- ~l. 
,---

4067 V 

oµL__ 
CbanJlel 

1000 1100 1200 1300 1400" 1700 1800 
Q. 

4Js 41,4keV 
t/1/,T) 561S Q,Q 

~ 

47(6)s 41(6)keV t/2.+ .ll 25(5)s o.01tev tt/:r 

- ~-

166Tm
86 69 

161H 
67 °a4 ~ c,'Y 

~-... .6keV tf/2-

'Q' 147Tb . 
· t 65 82 

5 
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TaK, Ha ycTaHOBKe 
3nrA 1,13y4an1,1cb a-cneKT
Pbl Maccoeo~ 11 4eno4K1,1 11 

A = 155 1,1 A04epH1,1X 
RAep 1251 • OA1,1H 1,13 nony-
4eHH~X cneKTpOB npeA
CTaBneH Ha p1,1c.8. B1,1AHO, 
4TO yeepeHHO Ha6n~AaeT
CR a-nl,1Hl,1R 5191 K3B 
155 Yb (1,7 c). B srnx 1,1c
cneA0BaH1,1Rx noKa3aHo, 
4TO Ha6n~AaBWaRCR paHee 
a-n~Hl,1R 4462 K38 155Tm 
ABO~HaR. Ee KOMnoHeHT~ 
CBR3aH~ C pacnaAOM 1,130-
MepHoro COCTORHl,1R 1/2+ 
155Tm(47±6) C 1,1 OCHOB
Horo COCTORHl,1R 1112· 
155Tm(23±3) c. Pa3HOCTb 
3Hepr1,1~ KOMnoHeHT He 60-
nee 5 KsB; sHepr1,1R 1,130-
MepHoro COCTORHl,1R 1/2+ 
B 155Tm(41±6) K38. 

PHc,8. a-crreKTP Hso6ap 
A= 155 H AOqepHHX H30-
TOITOB (a) H cxeMa a-pac
rraAa "n;erroqKH 11 155Tm-+ 
-+ 1s1Ho-+ 147Tb (6). 

N ~-

~~~LO II!!! ~ --I . UJ MN 0 :r LI)..... -

..... u I ~ 

..... 
LI) 32lllj ' /-

,24 
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I I I II 

200 
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~ 

400 
HOMEP 

I 

~ 0, 
0 ..,...: 
~ N 
(0 r-,.. 

600 KAHAAA aoo 

PHc,9. CrreKTp coBrraAeHml: y-nyqeft rrpH pacrraAe Hso6aphl 
A= 157 C y-nyqaMH 121,5 K3B, H3MepeHHblli B OH-naHH pe
:lKHMe Ha YCTaHoBKe MYK. UHKn HaKorrneHHH aKTHBHOCTH 
Ha neHTe paBeH 15 MHHYTaM, BpeMH HSMepeHHH - 15 MHHYT, 
CrreKTP rrpeACTaBnHeT CYMMY 40 rrocneAOBaTenbHblX H3Mepe
HHH, rrpoBeAeHHblX B TeqeHHe 20 qacoB. 3HaKOM YKasaHbl 
qJOTOITHKH, OTHeceHHb!e K pacrraAY 157Er -+ 157Ho (a), 
CrreKTP COBrraAeHml: C 110l<HOM11 Ha KOMITTOHOBCKOM pacrrpeAe
neHHH 11 crrpaBa11 OT (j;)OTOITHKa 121 ,5 K3B . (6). CrreKTP cny
qaftHhlX COBrraAeHHH (B). 

O') 
(1) 
~ 
~ 

1000 

CpaBHeH1,1e nony4eHHblX a-cneKTPOB 4eno4Kl,1 A = 155 C pe3ynbTa
TaM1,1 Haw1,1x 1,1ccneA0BaH1,1~ Ha KoMnneKce ~P~C B n~~~ AH CCCP 161 

no3BOnReT YTBep~AaTb,4TO np1,1Mec1,1 COCeAHl,1X Mace B 1,1ccneAOBaH
H~X l,1CT04Hl,1Kax MeHee 1%. no HaWl,1M 04eHKaM B 3TOM 3Kcnep1,1MeHTe 
Mbl 1,1Men1,1 Ha c6opH1,1Ke AO 100-150 aToMoB 155 Yb B ceKYHAY- Mbl e1,1-
A1,1M B03MO~HOCTl,1 cy~eCTBeHHOro yeen1,14eHl,1R 3Toro napaMeTpa. 
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Ha MHOrOAeTeKTOpHO~ Koppensi4~0HHO~ ycTaHOBKe MYK npoBeAeHbl 
~ccneAOBaH~SI yy-cosnaAeH~~ np~ pacnaAe S!Aep Maccciso~ "4enoYK~" 
A= 157. OA~H ~3 cneKTpos cosnaAeH~~ npeAcTasneH Ha p~c.9. Pe-
3ynbTaTbl 3KCnep~MeHTOB o6pa6aTblBalOTCSI. 

Ha ycTaHOBKe MflC B OH-na~H pe>K~Me npoBeAeHbl MeTOA~YeCK~e 
~ccneAOBaH~SI. B CKOpOM BpeMeH~ 6YAYT HaYaTbl ~ccneAOBaH~SI 
Ha ycTaHOBKe MATY ~ cneKTPOMeTpe YH~Bepc~TeTa ~M.M.Ktop~-CKno
AOBCKO~. ' 

B 6n~>Ka~wee speMsi Mbl nnaH~pyeM npoBOA~Tb Ha sKcnep~MeHTanb
HOM ISOL-KoMnneKCe HCHAnn-2 ~ccneAOBaH~SI B o6nacT~ He~TPOHo
Ae4>~4~THblX HyKn~AOB peAK03eMenbHblX sneMeHTOB. Pa3pa6aTblBatoTCSI 
nporpaMMbl ~ccneAOBaH~~ ~ B APYrnX o6naCTSIX KapTbl ~30TOnOB. 

ABTOPbl rny60KO 6naroAapHbl BCeM yyacTH~KaM Konna6opa4~~ 
HCHAnn-2 3a noMO~b Ha pa3HblX 3Tanax pa6oT no C03AaH~IO 3KCnep~
MeHTanbHOro KOMnneKca HCHAnn-2 ~ no noArOTOBKe HacTosi~ero coo6-
~eH~si. 3HaY~TenbHbl~ BKnaA B C03AaH~e KOMnneKca BHecn~ KonneK
T~Bbl nHn: KOHCTPYKTOPCK~~ OTAen, 4ex onblTHO-SKcnep~MeHTanbHOro 
npo~3BOACTBa, sneKTPOTeXHOnor~YeCK~~ OTAen, 4ex TennoBOAOCHa6-
>KeH~SI. 

ABTOPbl np~3HaTenbHbl n.M.OH~~eHKO ~ nepcoHany it>aJOTPOHa O~H~ 
Ja o6ecne4eH~e pa6oTbl ycKop~Tensi, O.B.Cas4eHKO ~ ero KonneraM 
Ja pa6oTbl no npoBOAKe npoTOHHoro nyYKa. 

Mb1 6naroAap~M B. n. ,ll>Kenenosa ~ U. ll. BblllOBa Ja noAAep>KKY pa-
6oT no C03AaH~IO KOMnneKca HCHAnn-2. 
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