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1 . BBEAEHHE 

Pa6oTa~ ' nonO*Hna Ha4ano CMCTeMaTH4eCKOMY H3y4eHH~ aAeK
BaTH OC TH noKa3aHHA AeTeKTOPOB A03e H3fly4eHHA B nonRX paAHa4HH 
RAepHo-¢H3H4 eC KH X ycTaHOBOK Ov1Av1, OCHOBHWe xapaKTepHCTHKH 
KOT Opwx npHBeAeHW B pa 6oTe ~ ~ OrpaHH4eHHWA Ha6op T04eK H3Me
peHH R H OTCyTCTBH e HaAe *HW X AaHHWX O KOMnOHe HTHOM H 3Hepre
TH4 eC KOM COCTaaax H3fly4 eHHA 3aTPYAHRflH OAH03Ha4HY~ HHTepnre 
Ta4H~ pe3ynbTaToa A 1 H B0 3MO*HOCTb nOABeAeHHR KaKHX-nH60 HTo
roa. B 3ToA CBR3H a n e pHOA c 1975 r. no 1979 r. 6wn awnonHeH 
PRA pa6oT 12- 28 / , HanpaaneHHblX Ha H3y4eHHe A03HMeTpH4eCKHX x a
paKT e pHCTHK nonR H3ny4eHHR, 3He pre TH4eCKHX pacnpeAene HHA HyK
flOH OB H aAe KBaTHOCTH noKa3aHHA AeTeKTOPOB A03e paAHa4HH B no
nR X H3fly4eHHR RAe PHO-$H3H4eCKHX ycTaHOBOK Ov1Av1. HacTOR~aR 
pa6oTa cyMMHpyeT pe 3ynbTaTbl HC c neAOBaHHA 12 - 28 1 H nOABOAHT HX 
KpaTKH e HT OrH. 

2 . YcnOBv1A, 061EM v1 METOAbl v1CCnEAOBAHv1A 

npH HCCneAOBaHHH xapaKTepHCTHK noneA H3ny4eHHR OCHOBHOe 
BHHMa HH e 6wno YAe n e HO H3Mep e HH~ A03, 3HepreTH4eCKHX H yrno
BWX pac npe Ae n e HHA ¢n~eHCOB HYKflOHOB - KOMnOHeHTa nonR H3ny-
4e HHR, onpeAenR~~ero paAHa4HOHHY~ o6cTaHOBKy 3a 3a~HTOA yc
KOpHTeneA TR*enwx 4aCTH4 H HMnynbCHWX 6wcTpwx peaKTOPOB. 3TH 
H3Me peH HR 6 wnH awnonH eH w C 4enb~ nony4eHHR AaHHWX, Heo6XOAH
MWX AflR o np e Ae n eH HA aAeKBaTHOCTH noKa3aHHA npH6opoa A03aM 
B nonRX H3ny4eH HA y CKOp HTene A TR*enwx 3apR*eHHblX 4aCTH4 H HM
nynb CHWX 6wcT pw x pea KTOPOB, y c TaHOBne HHR 3aKOHOMepHOCTeA a 
¢opMHPOBa HHH none A HYKflOHOB 3a 3a~HTOA YCKOPHTeneA npoTOHOB 
Ha aw coK He 3HeprHH H npoaepKH cnoco6oa pac4eTa 3a~HTW OT H3-
n y4eHHA TaKHX y CKOPHTen eA . 

v13Me peHHA A03HMeTpH 4 eCKHX xa p aK TepHCTHK noneA H3ny4 e HHR 
H cne KTPOB HYKflOHOB awnonHRnHCb Ha ny4Kax HMnynb CHWX 6wcTpwx 
pe aKT OPOB /v16P-30 13 -f> 

1
, v16P -2 '5 / / H CHHXP04HKflOTPOHa 18 1, 

a TaK* e B pacce AHHWX nonAX H6P-30 ~ 1• CHHXP04HKflOTPOHa~ 0 - 12 ' 
H LIHKfl OTpOHOB Y-200 ' !:, H Y-300 'H, 1

• npH Bb16o pe MeC T H3MepeHHA 
MW ClpCMHflH Cb nony4HT b PC3YflbTaTw : 

- B HaH6on ce THnH4HW X nonAX H3fly4 e HHA, 
- B y c n oBH AX c Ma KLH Ma n b HOA anpH OpH o A HH¢OpMa4HeA o napa-

MClpax nonR H3fl Y4CH HA, 
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• I I 1a3 ·-P1-1c. I • CneKTPbl HeHTPOHOB E, cp (E) B nyqKax HAepHo
¢1-1s1-1qecKHX YCTaHOBOK. X - CHHXpO~HKnOTPOH*, • -

MBP-30
1261

, i'l - MBP-2
161 

/ * - H3MepeH COBMeCTHo c 
B.Il.BaM6neBCKHM n B.B.fpeqKo/. 

·:,~~ 
'·,J.,~-:~--- ,. 

.a 

Pnc. 2. 0THOCHTenbHblH BKnaA TJ HeHTpOHOB 

~PI'HeH 6onbme EH B CYMMapHylO 3K
BHBaneHTHYIO A03y /2/. I - sa CIInOJUHOH 

3anµfTOH CHHXpO~HKnoTpotta; 2 - sa 

3anµfTOH CHHXpO~HKnOTpOHa C npoeMaMH; 
3 - paHOH JIHHeHHOI'O IIPOMe~yTKa 
CHHxpo¢asoTpoHa; 4 - B sane H ¢1-1s
Ka6nHeTax ~HKnOTpoHa Y-300 /pe~M 
BblBeAeHHOI'O nyqKa HOHOB/; 5 - sa 

3anµfTOH ~HKnOTPOHa Y-200 /na6HpHHT/; 
6 - B none pacce.HHHoro nsnyqeHHH sa 
3anµfTOH peaKTopa MBP-30. 

,7 

., 
F"'.s 

., 

., 
,2 

., 

5 

Atta111,13 pe3YilbTaTOB 113MepeHl1H 11 pac4eTOB 3HepreTl14eCKHX pac
npeAeSleHHH nOTOKOB HeHTPOHOB 3a 3au.i11TOH YCKOPHTeileH npoTOHOB 
noKa3aI1, 4TO ct>opMa 3HepreTl14eCKl1X cneKTPOB HeHTPOHOB <l>(E), 
B OCHOBHOM, 3aBl1CHT OT KOMn03111..11111 3au.i11Tbl 11 reoMeTpHH 1~CT04-
HHK-aau.iHTa11. <l>YHKLIHR E,<l>(E) 3a cnSlOWHOH 3au.i11TOH HMeeT MaKc11-

MYM B 06SlaCTH HeHTPOHOB BblCOKOH 3Hepr1111. y Ha1160S1ee 11>KeCTKHX1 I 

cneKTPOB MaKCHMYM pacno11o>KeH B61111311 100 M3B. noSlo>KeHHe 3Toro 
MaKC11MYMa c11a60 3aBl1C11T OT 3Hepr1111 YCKopeHHblX npOTOHOB B Hc
CSleAOBaHHOM A11ana30He 3HeprHH 3THX 4aCTHLI H B OCHOBHOM onpe
AeI1ReTCR reoMeTpHeH 11HCT04HHK-3au.iHTa 11 • npoeMbl B 3au.iHTe np11so
ART K 3Ha411TeSlbHOMY YBeS1114eHHIO B cneKTpe HeHTPOHOB Hl13KHX 
3Hepr11H 3a C4eT pacceRHHoro H3Sly4eHl1R, BblXOARu.iero 4epe3 3TH 
npoeMbl. 

4 

Q 

~ 

AnR HeH3MeHHOH reoMeTpl1H1 1111CT04HHK-3au.iHTa11 np11 yBeS1114eHl111 
3Hepr111,1 YCKOpeHHblX npOTOHOB OT 360 AO 660 M38 tta6S1JOAaeTCR 
B03pacTaHHe 11>KeCTKOCTl111 h 3HepreTH4eCKl1X pacnpeAeSleHl1H noTo

KOB /A03/ HeHTPOHOB 3a 3au.iHTOH c11Hxpo1..111K110Tpotta. B AaHHOM c11y-
4ae 11>KeCTKOCTbl011 h Mbl Ha3b1BaeM OTHOWeH11e (!lSlJOeHca / A03bl/ HeHT
pOHOB c 3HeprneH E > 20 M38 K cJ)SlJOeHcy /Ao3e/ HeHTPOHOB c 3Hep
rHeH E < 20 M3B. YKa3aHHoe swwe B03pacTaHHe h 06ycS10BS1eHo, 

no-B11AHMOMY, TeM, 4TO 

rAe 
HblX 

BHl1 

h -
II C diic diie 

--> --
dE dE' ne 

llc 11 ii e - cpeAH11e MHOiKeCTBeHHOCTl1 COOTBeTCTBeHHO KaCK_aA-
11 11cnap11TeI1b HblX HeHTPOHOB' o6pa30BaHHblX. np11 B

0

3aHMOAeikT
HYKI10HOB c RAPaM11 seu_iecTBa 3au.iHTbl /38/. 

3.1.2.CneKTpaS1bHo-yr11osble pacnpeAeneH~R 

<!>S110eHCOB npoTottos 

nepBble 113MepeHHR 127/ cneKTpa npoTOHOB, BblXOARu.iHx 113 3au.iHTbl 

CHHXPOL.111KI10TPOHa, 6blSlH CAeSlaHbl 3a 3au.i11TOH, pa3AeSlRJOu.ieH 3aSl yc
Kop11TeS1R H 3KCnepHMeHTaSlbHblH 3aI1. Ha 3au.i11Ty naAailO H3SlY4eHHe, 
o6pa3oBaHHOe B KaMepe yCKOPHTeilR. B 1978-79 rr. 6blI1H BblnOSlHe
Hbt HCCSleAOBaHH_R cneKTpaSlbHo-yrSlOBblX xapaKTep_HCTHK npoTOHHOro 

KOMnOHeHTa nOSlR H3SlY4eHHR 3a ABYXMeTpOBOH 6eTOHHOH 3au_iHTOH 
Cl1HXPOL1HKSlOTPOHa Ha 3Hepr1110 660 M3B B ABYX THnH4HblX ASlR ycKo
PHTeI1eH reoMeTpHH 11HCT04HHK-3au.iHTa 11 • reoMeTpHR H3MepeHHH noKa-
3aHa Ha PHC. 3. B reoMeTpHH 1 KO.SlSlHMHPOBaHHblH ny40K npOTOHOB 

c 3Hepr11eH 630 M3B naAaSl Ha 3a~~TY noA yr110M 30~ B reoMeTpHH 
2 ny401< npoToHOB no11HocT&KJ TopM03HSlCR B MeAHOH M11weH11 AHaMeT
~oM 12 CM 11 TOSlu_iHHOH 30 CM, ycTaHOBSleHHOH Hi'paCCTORHl1H 4,8 M 

OT aau.i'11Tbl no HanpaBSleHHJO ny4Ka. HHct>opMaL1HR o no11y4eHfioM Ha6o
pe 3Kcnep11MeHTaS1bHb1x· AaHHblX np11BeAeHa B Ta611. 2 •. · · 

Ha p11c. 4 npi,1BeAeHb1 Ha1160S1ee 11>KeCTKHH 11 11 OAHH H3 Ha1160S1ee 
MRrKHX cneKTpOB npo~OHOB '. H3MepeHHblX 1121 B nepBOH 'reoMeTp~H. 
no oc11·o~Al1Hai OTSlO~eH~ ~114>4>epeHL1H~SlbHaR no yr11y H 3Hepr~H- E 
3aBl1CHMOCTb nOTOKa npoTOHOB F ( r, !) , E) C eA11HH4HOH nS1ou.iaAl1 

Ha nosepXHOCTH aau.iHTbl B T04Ke r .- YMHO>KeHHaR Ha cosw 11 Hop
MHPOBaHHaR Ha nepBH4HblH npOTOH. 3AeCb w - yroSl Me>KAY OCblO 

➔ 

TeSleCKOna AaT4HKOB cneKTpoMeTpa H HOpMaSlblO K 3au.iHTe B T04Ke r; 
0 - HanpasS1eHHe ABH>KeHHR perHCTpHpyeMblX cneKTPOMeTpOM npOTO
HOB. YrSlOBble pacnpeAeSleHHR <1>(0,cp) nOTOKOB npoTOHOB B T04Ke 2 
C eAHHH4HOH nS1ou.iaAH nosepXHOCTH 3au_iHTbl::np11BeAeHbl Ha PHC. 5 1281• 

· t\Slfl ycTaHos11eHHR 3aKoHoi-lepi-locTeH 4>opM11posaHHR cneinpa11bHo
yrS10Bb1x pacnpeAeSleH~H noTOKOB npoTOHOB 3a 3au.iHTOH ycKop11Te11eH 

Heo6XOAHMO AaSlbHeHwee HaKOnSleHHe 3KcnepHMeHTaSlbHblX AaHHblX B 

5 
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Pttc.5. Yrnoswe pacnpegeneHttH npoToHoa 

$(0.~)~8
( ---- rrepsan reoMeT~HH, 
- BTopaH reoMeTpHH. 

pa3Hb1X reoMeTpl!IRX 111!1CT04Hl!IK-3a1Jl1!1Ta 11 , 

B 4aCTHOCTIII, np1,1 6onee BWCOKIIIX 3Hep
rl!IRX YCKopeHHWX npOTOHOB, OAHaKo no
J1Y4eHHWe 3Kcnep111MeHTaJ1bHWe AaHHWe 
MoryT cnyml!ITb OCHOBOH AnR npoaepKH 
MeTOAOB pac4eTa A111$(flepeH4111anbHblX xa
paKTep111cT111K noneH 111any4eH111R aa 3a1Jl111-
TOH YCKOPIIITeneH npOTOHOB Iii IIIHTepnpe
Ta4111111 noKa3aHl!IH AO31!1MeTpoa B TaKl!IX 
nonRx. 

3.2. A,qeKBaTHOCTb noKa3aHl,1H AeTeKTOpoa AO3e H3Jly4eHl!IH 

HccneAOBaHl!IR aAeKBaTHOCTIII noKa3aHl!IH AeTeKTOpoa AO3e 111any4e
HHH npoBOAl!lnlilCb B ny4Kax Iii aa 3a1Jll!ITOH RAePHO-$"131!14eCKIIIX YCTa
HOBOK. 

6 

~ 

Ta6nm~a 2 

Cne1<TpaJ1bHo-yrJ10BbJe xapaKTepHCTHKH npoTOHHOro KOMilOHeHTa 

IlOJlH H3Jlyt{eHHH 3a 3allµiTOH CHHXPOQHKJlOTpOHa .IDIIl, 
HCCJleAOBaHHbJe s TetieHtte 1978-79 rr. 

reoMeTpHH ). 

I 
3 

feoMeTpHH 2 

1 2 3 

TotIKa 
I 

al· Yrnosb1e pacnpegeneHttH noTo

KoB npoTOHOB B roptt30HTaJib
HOH IlJlOCKOCTtt; 

61 CneKTP npOTOHOB npH ~. =30 ° 

2 al YrnoBbJe pai::npegeneHHH n~·To-

3 

TotIKa 

2 

KOB IlPOTOHOB; 
6 I CneKTPbl npOTOHOB nptt ~ = 17 °; 

0°; -30°; ·-50°; 

sl cI>moeHCbl HYKJlOHOB H npOTOHOB 

al YrJIOBble pacnpegeJieHHH IlOTQ
KOB npOTOHOB B roptt30HTaJib

HOH IlJlOCKOCTtt; 

6/ CneKTP npOTOHOB npH ~= 0° 

a/ YrJIOBble pacnpegeJieHHH IlOTQ
KOB IlpOTOHOB; 

6/ CneKTpbl npoTOHOB nptt ~ =0°; 
-30°; 

a/ cI>moeHCbl HYKJlOHOB H npOTOHOB 

3 al Yrnoab1e pacnpegeneHtt.H noTo-
KOB npOTOHOB B roptt30HTaJib-, 

HOH IlJlOCKOCTH. 

a/, 6/, a/ - tt3MepeHHH, npoaegemri,1e a pa3J1HtIHb1x reoMeTpttHx 
H TOl!Kax. 

3.2;1:HccneAOBa~111R a ny4Kax 

HaMepeHl!IR peaK4111111 AeTeKTopoa a ny4Kax 4acT1114 npecneAoaan111 
ABe ',4en111: YTO4HeH111e 4>YHK4111H 4YBCTBHTenbHOCTeH AeTeKT,opoa K 
4acT1114aM c, onpeAeneHH011 3Hepr111eH III cpaaHeH111e noKaaaH11111, paaHwx 
MeTOAOB Iii np1116opoa AO31!1MeTplill!I 8, no11e 111_any4eH1-tR ,c, "13BeCTl"fbll,\lil 
AO3"1MeTp~4eCKIIIMIII xapaK:epl!ICTHKaMH., 

OnpeAeneHl!le, 4YBCTBHTeJ1bHC>CTIII AO3J,'!MeTpa 11<1>KH 6btno BblnOnHe.-:,' 
Ho1211 B. onbtTax C TennOBblMIII HeHTfOHaMl!I Iii. He11TpoHaM111 'C 3Hepr111e11 
-30 K38. BwnonHeHHbte a pa6oTe 121 pac4eTbt 111 3Kcnep111Mel"fTbt. noaao-

·1 



nnnn YT04HHTb 3Ha4eHHR 4YBCTBnTeflbHOCTH AeTeKTOPOB HOKH KaK 
HHAHBHAYaflbHWX anb6eAO-A03HMeTpOB B ~nana3oHe 3HeprnH HeHT
pOHOB OT_ 0,025 38 AO 0,4 tfa8. nony4eHHble senH4HHb1. 4YBCTBHTenb
HOCTH OKa3anncb npn6nH3HTenbHO B 2 paaa HH>Ke paHee npnHRTWX 
s HHTepsane 3HeprnH o·,025 38 - 10 K38. 

8 ny4Ke· HeHTpOHOB C 3HeprneH - 30 K38 Bbln0/1HeHo123 : H3MepeHne 
4YBCTBHTenbHOCTl-1 A03HMeTpa aH-A-1~9 / H C4HHTHflflRL1HOHHoro·ae~ 
TeKTopa 6 Lil(Eu) B wapos1,1x nonn3rnn'et-ioswx 3aMeAnnTenRx c 
AHaMeTpaMH 5,1; 7,6; 3,9; 12,7; 17,8; 20,3; 25,4; 30,5 CM. 
nony4eHHoe 3Ha4eHne A030BOH 4YBCTBHTenbHOCTn AH-A-1 cornacyeT
CR co 3Ha4eHneM 4YBCTBHTenbHOCTH 3Toro npn6opa K HeHTPOHaM 
nnyToHnH-6epnnnnesoro ~cT04HHKa. 

CpaBHeHne· pa3nH4HW~ MeTOAOB 1-1 cpeACTB onpeAeneHHR norno~eH
HOH A03bl BbmonHeHOn / B ny4Kax npOTOHOB C 3HeprHRMH B .. AHana-
30He OT 82 AO 660 M38. CpaBHHBi:lflHCb AaHHble' nony4eHHble TepMo
fllOMl-1Hec4eHTHblM·, aKTl-1Ba41-10HHblM n HOHH3a4HOHHblM MeTOAaMH. Peaynb
Ta~w naMepSHHH noKaaann, 4TO pa36poc 3Ha4eHnH norno~eHHWX A03 
He· npesb1waeT 9-11 % · AllR 3HeprnH npoToHoB. OT 82 AO 120 M38 n 
18-24% npn 3HeprnRx npoToHoB 6onee 150 M38. 

CpaBHeHne peaynbTaTOB H3MepeHHR A03 HeHTPO,HOB H raMMa-1,13-
ny4eHHR ncnonbayeMblMH B 0:1flv1 n CTPaHax-y4aCTHn4ax MeTOAaMH n 
npn6opaMH 6bln0 Bbln0.11HeHd4•31 B ny4Ke HMnynbCHOro 6blCTporo 
peaKTopa M6P-30.· Ha nony4eHHW~ AaHHWX cneAyeT, 4To pa36poc 
3Ha4eHHH A03 HeHTPOHOB H raMMa-nany4eHHR npeswwaeT 30%, T.e. 
senH4HHY, KOTo~ylO MKPE peKoMeHAYeT1401AnR 04eHKH AOCTaTo4H6H 
T04HOC.Tl-1 np1-1 H3MepeHHRX A03, conocTaBHMblX C npeAenbHO AOny
CTHMblMH Befll-14HHaMH •. 8 4aCTHOCTH, WHpOKO ncnonb 3yeMblH A031-1MeTp 
v1¢KH npn rpaAYHPOBKe C noMO~blO Pu-Be l-1CT04HHKa B 1 ,7 paaa. 
3aHHJKaeT 3KBHBaneHTHYIO A03Y B nonRX, aH_anorH4HblX nonlO HeHTpo
HOB B ny4Ke H6P-30, a peKoM61-1Ha4noHHb111 A03HMeTp REM-2133 ,34; a 
1 '76 paaa aaBblWaeT 3KBHBaneHTHYIO A03Y B TaKHX nonRX. 3aBb1We
HHe A03 He11TPOHOB npn l-13MepeHHRX A031-1MeTpOM REM-2, BepORTHO, 
CBR3aHO C noswweHHWM /OTHOCHTenbHO TKaHe3KBHBaneHTHOro COCTa
aa/ COAepJKaHneM BOAOPOAa B ra3e, HanonHRIO~eM KaMepy REM-214( 
AHann3 np1-141-1H aaHH>KeHHR 3KB1-1saneHTH011 A03bl He11TpOHOB A03HMeTpoM 
H¢KH C HCnOflb30BaHHeM HH¢OpMa41-11-1 O cneKTpe HeHTpOHOB B ny41<e 
H6P-30 j,f ¢YHKL1l-1H 4YBCTBHTenbHOCTl-1 A03HMeTpa noKa3an 141• 4TO 
TOflbKO' 65% nonHOH A03bl He11Tp0HOB 6yAeT 3aper1-1cTp1-1poBaHO' ecnl-1 
1-1cnonb30BaTb rpaAYHPOBKY C noMO~blO Pu-Be HCT04HHKa. anR 
AOCTHJKeHHR ny4we11 T04HOCTH onpeAeneHHR A03 Hel1TpOHOB B none, 
peaKTopa c noMO~blO A03HMeTpoB H¢KH rpaAYHPOBKY peKoMeHAOBaHd41 

npoBOAHTb Ha HCT04HHKaX' cneKTp HeHTpOHOB KOTOPblX 6onee 6nH30K 
K cneKTPY peaKTopa. 
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3.2~2.HccneAOBaHHR~B pa~ceRHHWX nonRX H3ny4eHHR 
3a 3a~HTOl1 YCTaHOBOK 

3K~ne~nMeHTaflbHWe ~ccneA6Ba~nRh1 aieKBaT~OCTH noKa3aHHl1 
npn6opos 3a 3a~nT011 ycKopnTehe11 np~toHOB Ha swcoKne 3Heprn1-1 
OHflH noKa3anH,4TO H3MepeHHR 3KBHBaneHTHOl1 A03bl np1-16opaMn,w1-1-
pOKO ncnonb3YeMblMH B npaKTHKe A03l-1MeTpn4ecKoro KOHTPOflR B 
nonRx l-13fly4eHHH YCKOPHTeiie11' BblnOJ'l~RIOTCR C norpeWHOCTRMH ~noKa 
e~e npeswwa10~1-1Mn senn4nHw, peKoMeHAOBaHHWe MKP£ 1401 AnR A03, 
conocTaBHMWX C npeAeflbHO AOnyCTHMWMH. 8 4aCTHOCTH, 3KBHBaneHT
HaR A03a 6wcTpwx He11TpoHoB, onpeAeneHHaR no noKa3aHHRM A03n
MeTpoa C AeTeKTOpaMH, perncTpnpylO~HMH He11Tp0Hbl no npOTOHaM OT
Aa4n, OKaaanacb 3Ha4nTeiii.Ho :3aBblWeHa no cpaBHeHHIO c ·Han6onee 
sepoRTHO~ ~03011. ' . 

HCcneAOBaHHR ~AeKBaTHOCTH not<a3aHH11 v1¢KH_3KBHBaneHTHOl1 
A03e 6blnH. TaKme Bb1nonHe

0

Hbl, B noiiRx pacceRHHOro H3Jly4eHHR , . 
H6P-'30-'9/ vi· s6nH3H YCKOpnTeneA TRJKeJ]blX HOH0~131. 3m nccneAo
aaHn~ noKa3ann, 4TO 1-1 B rionRx H3Jly4eHHR 3~ 3a~HT;~ H6~-30, 
H B6JlH3H YCKOp1-1Tene11 TR>KeJlblX HOHOB Ha6J110AaeT.CR 3aHnJKeHHe . 
HHAHBHAYaJJbHblX AO~ o6ny4eHHR · B ·cpeAHeM B 1, 7 paaa n B 2 ,5 pa-
3a, COOTBeTCTBeH~O. npn4HHc3MH Ta Karo 3aHHJKeHHR RBflRIOTCRAl'.131: 
ornn41-1e ¢YHKLIHH 4yscrn1-1reJlbHOCTH A03HMeTpa H¢K 1~ or HAe~/lbHCJH, 
rpaAyHpOBKa era B OTHOCHTeJlbHO 11>KeCTKOM11 CneKTpe Pu-Be, HC_; 

. T04HHt<a n noiepn HH¢opMa4ni-;i_n_pn npocMoTpe 3MYJJbCHH Ha MHKpo-
cKone. . . . . . , .. . .. 

8 Ta6Ji. 3 npnBeAeHbl cpeAHHe AJlR RAepHo-¢11311i.ieCKl1X YCTaHOBOK 
3Ha4eHHR OTHOWeHHR noKa3aHHl1 WHpOKO HCnOJlb3yeMblX B npaKT11Ke 
A03l-1MeTpn4ecKoro KOHTPOJJR A03HMeTpOB K HaH6onee aepoRTHOH 
3KBHBaJJeHTHOl1 A03e. 

Ta6mn~a 3 

0THOmeliHe H3MepeHHblX BeJIH'IHH 3KBHBaJieHTHOH g03bl K HaH60Jiee 
BepOHTHOH BeJIH'IHHe 

YcTaHOBKa YcKOPHTeJIH MBP-30 
THJKeJiblX 
HOHOB 

,[I03HMeTp a nyt1Ke sa sa~-
TOH 

McI>KH 0,4 0,6 0,6 
EspMeTpa/ I, 8 ·. 1,2 I ,6 

CHHxpo-
I.J;HKJIOTpOH 

11JKeCTKHti11 11M~rK~H 11 

cneKTP cneKTP 

2 0 G/ o,a 6/ , 
I 18 / 2, 2· , 

CHHXpo
qiaso
TpOH 

0,96/ 
I ,5 a/ 

a/ ,[leTeKTOP MegneHHWX HeHTpOHOB B DOJIH3THJieHOBOM saMe~Te
Jie gHaMeTpOM 25,4; 6/' npirnegeHbl gaHHWe, CKOppeKTHpOBaHHWe no 
MeTogHKe141(a/ OTHOmeHHe noKasaHHH g03HMSTpa K 3KBHBaJieHTHOH 
gose HeiiTpOHOB C E <20 MsB. 
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C1-1cTeMaTH4eCKOe aaBblWeHHe 63pMeTpOM 3KBHBaneHTHOH A03bl 
HeHTpOHOB CBR3aHO C OTHOCHTeflbHO BblCOKOH 4YBCTBHTenbHOCTb~ 
np1,16opa K npoMe>KyT04HblM HeHTPOHaM 1,1 per1,1cTpa1.11-1eH AeTeKTOpOM 
HeHTpoHOB c 3HeprneH 6onee 20 M38. · · · 

3.3. 3a_!J!_HTa OT 1-1any4eHi-1H ~cKop1,1TeneH 

3.3.1,3Kcnep1,1MeHTanbHaR npoeepKa MeTOAOB pac4eTa 
xapaKT.ep1-1c.THK noneH · 1,1any4eH1-1.A aa aa1111-1ToH 

yCKOPHTeneH 

nepBble CJ,1CTeMaTH4eCKHe 1,1ccne~oeaHHR~21 T04HOCTH pac4eTOB 
HHTerpanbHblX xapat<TepHCTHK' non.A 1,13ny4eHHR aa aa111HTOH CHHxpo
LIHKflOTPOHa n0Kaaan1-1, 4TO B paCCMOTpeHHOM AHanaaoHe yrnoe 1,1 
TOfllllHH aa1111,1ib1 3i<e1,1eanei-lTHble A03bl, · pacc41-1TaHHbIe nony3MnHp1-1-
4ecKHMH MeTOAaMH, KaK npaBHflO, OTflH4a~TCR OT 1,13MepeHHblX ee
flJ,141,1H He 6onee, 4eM B) paaa; MeTOAbl peweHHR KHHeTH4eCKoro 
ypaBHeHHR B nnoCKOH reoMeTpl,11,1 C TaKOH >Ke T04HOCTb~ no3B0flR~T 
pacC4HTblBaTb noTOKl,1 penRTHBHCTCKHX HeHTPOHOB. MeTOA MoHTe
Kapno JiaeT B03MO>KHOCTb Bbl4HCflJ,1Tb noTOKH 3THX 4aCTH'-I C T04-
HOCTb~ He xy>Ke +50%. CneAY~IIIHM 3TanoM npoeepKH MeTOAOB pac4e
Ta aa1111-1Tbl }'.CKOPHTeneH npoTOHOB R~1-1nocb cpaeHeHHe pacc4HTaHHblX 
H 1,13MepeHHblX AH¢¢epeH1.11-1anbHblX xapaKTepHCTHK nonR J,13fly4eHHR 
aa aa1111-1ToH 1101• 3To cpaeHeHHe noKaaano /CM. p1,1c. 6/, 4TO cneKTP 
HeHTPOHOB, paCC4HTaHHblH MeTOAOM MoHTe-Kapno/43/, xopowo on1,1Cb1-
ea'eT' ¢0PMY 3HepreTH4eCKOro pacnpeAefleHHR HeHTpOHOB, a 3Ha4eHHR 
noTOKOB p~3HblX 3HepreTH4eCKHX rpynn He OTflJ,14a~TtR OT 1,13MepeH

HblX 6onee 4eM B 2 paaa. 

,.,, 

~~. 

i .,. 
,:i 
' 
~ 

.~.-]., 

.,. .,. 
J..,p•u•, M,0 

PHC.6. CneKTP HeHTPOHOB 3a AByx
MeTpOBOH 6eTOHHOH 3alllHTOH OT 
11 TOJIC.TO°H'1 MeAHOH MHmeHH, 6oM6ap
AHpyeMOH npoTOHaMH C 3HeprHeii 
630 M3B /IOI. I - H3MepeHHbIH cneKTP; 
2 - pactieT MeTOAOM MoHTe-Kapno. 

,3.3.2.HccneAOBaHHR aKTHBa1.11,11,1 CTpOHTeflbHblX 
.MaTep1-1anoe 

•'3i(ci,'ep1-1~~HTa11bHble 1,1c,cneAOB,aH1-1R 118~aKrnB~I.IHH cTpo1,1TeJ1bHblX 
Ma~efa.1-1:ano:a: ~blflH '01,rn:onHeHbl 'Ha' CHf:l~PPLIHKflOTPOHe mm OHRH. Hc
cneAOBanacb aKTHBaLIHR KaK MaTep1,1anoe ,. WHPOKO 1,1cnonbayeMblX . . ' . 
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B, aa1111-1Tax YCKOpHTeneH /rpyHT 1,1 6eTOHbl/,, TaK 1,1 MaTep1,1anoB, · Ko
ropble npeACTaBnR~TCR nepcneKTHBHblMJ,1 C T04KJ,1 apeHHR HX HH3KOH 
aKTHBa1.11,11,1 /~paMOp, .pop1-1posaHHble 6eTOHb1(. 3nt 1,1ccneAOBaHHR "nO-:
Kaaan1,1, 4TO HaBeAeHHaR aKTHBHOCTb MaTep1,1anos yMeHbWae!CR C 
yMeHb'U1er-i1,1eM COAep>KaHHR Na ' Mri ' Fe • 'Ar •. Si ' B COCTaBe MaTe
p1,1ana. flo CTeneHH. aKTl1Bal.lHH i-lCCneAOBaHHble MaTep11aflbl pacnona.:. 
ra~_TCR 8 cneAY~llleM 'nopRAKe soapacTaHHR 'HaBe~eHHOH. 'paA110aK..: 

· THBHOcT·11: MpaMop, 06b14,HblH 6eToH, rpy'HT, reMaT11TOBblH 6eT.oH. 

4. BblB0.QbJ 11 PEKOMEH.QAUHM 

AHan1,13 peaynbTaTOB 1,1ccneAOBaHHR A0311MeTpl14eCK11X xapaKTe
pMCT~~ noneH 1,1~ny4eHMR RAe~Ho-•1-1a11~ecK~x Y~TaHoa6K OHRH 11 
aAeKBaTHOCTH noK·aaaH1111 AeTeKTopoa A03e paA11a1.1'1111 8 TaKHX no
nRX noaaon1-1n CAenaTb cneilY~IIIMe SblBOAbl_ 11 peK0MeHAa1.11111: 

1. 3HepreTl14eCKl1e pacnpeAeneH11R noTOKOB 1,1 3KBHBaneHTHblX 
A03 'HeHTpoHOB B no.ili:lx iia:riy4'eHH.A. il,qepHo-4>1131,14ecKHX ycTaHOBOK 
CYllleCTBeHHO aaa11CRT He TOflbKO OT- B11Aa H MaKC,11MaflbHOl1 3Hepn111· 
nepBH4HblX 4aCTHLI, HO TaK>Ke OT reoMeTp1,11,1 •~cT04HJ,1K-aa1111-1Ta 11 

1,1 KOMno3H1.1HH aa111HTbl. fl11AHPY~111e11 rpynno11 Hei1TpOHOB, onpeAe-
flR~llleH paaMepbl aa1111-1Tbl 1,1 paAHal.lHOHHY~ o6cTaHOBKY aa cnnOWHOH 
aa1111-1TOH ycKopHTenei1 npOTOHOB Ha BblCOKHe, 3Hepr111,1, RBflR~TCR. 4ac
THL1bl C, 3Hepr1,1e11 6onee 20 M38, ITpoeMbl a aa1111-1Te npHBOART K yae
flH4eHH~ BKflaAa 4acTHL1 HH3Kl1X 3Hepr1111 B noTOK ·1,1_ ,qoay ,}13JlY4eHHR 
aa aa1111-1To11. 

2. 3asb1weHHe 3Ka1-1·aaneHTHOH A03bl aa a'a1111-1To11 ycKop1-1Te11e11 
npOTOHOB Ha BblCOKHe 3Hepr1,11,1 A03HMerpaMH, perHCTPl1PY~IIIHMl,1 Hei1T
POHbl no npOTOHaM OTAa4H 'B ae111ecT~e. ,qeTeKTOpa' o6ycnoaneHO ' 
BKna,qOM S noKaaaHHR A0311MeTp0B npOTOHOB, BblXOAR~HX 1,13 3alllHTbl 
1,1 C BblCOKOH - 3¢¢eKTHBHOCTb~ perncyp1,1pyeMblX AeTe!(TOpOM. 

3. To4HOCTb H3MepeHHR 3KBHBaneHTHOl1 A03bl 113J1Y4eHHR WHPOKO 
1,1cnonbayeMblMH a HaCTORlllee apeMil MeTOAaMH noKa e111e HH>Ke aen1,1-
4HH, peKOMeH,qOBaHHblX MKPE, B nonRX H3ny4eHHl1, rAe 3KBHBaneHT
HaR ,qoaa conocTaBHM_cl C npe,qenbHO ,qonycTHMblMH Befll,141,1HaMH. 

4. Onpe,qeneHHe HHAHBH,qyanhH~X A03 o6ny4eHHR HeHTpottaMH 
COTPYAHHKOB, pa60Ta~11111x B nonRX H3ny4eHHR YCKOpHTenei::i TR>KeflblX 
HOHOB Y-200, Y-300 11 HMnynbCHoro 6blCTporo peaKTopa, Heo6XOAH
MO BblnOJlHRTb C HCnOJlb30BaHHeM AJlR rpaAYHPOBKH A03HMeTpoa M<l>KH 
HCT04HHKa 252 Cf. IT pH KoppeKLIHH noKaaaHHH ii<l>K H cneAyeT 1,1cnonb -
30BaTb nOJly4eHHbJe 8 pa6oTaX t.3,4,9,13 ' 20,24/ ,qaHHble. 

5 • .Qrui H3MepeHHH 3KBHBaneHTHOH A03bl H cneKTPOB Hei::iTpOHOB 
B nonRX R,qepHo-4>1,131,14ecKHX ycTaHOBOK OHRH cne,qyeT peKOMett,qoeaab 
,qeTeKTOpbl MeAneHHblX Hei1Tp0HOB C aaMeAnHTenRMH H yrnepo,qco,qep-
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mal!lH11 AeTeKTOP, T.e. Ha6op AeTeKTOpos; n03B0JlfllOl!lHl1 perHCTp1,1-
poBaTb HeITTpOHbl ~ AHana30He 3Hepr1,111 OT Ten110BblX AO HeHTPOHOB, 
HMelOlllHX .MaKCHMaJlbHhie All.fl YCTaHOBOK 0115H1 3Hepnut.•? 

6. Op1,1 pac4eTe 3al!lHTbl YC,KOpHTeJl~IA npoTOHOB Ha 3HeprnH M-e:.._ 
Hee 1 f3B pac4eTHble MeTOAbl. OCHOBaHHbte Ha peweHHl,1 K"1HeTH4eCKo
FO ypaBHeHHR, H nOJ1Y3Mn11PH4eCKHe MeTOAbl _n03B0JlfllOT 04eHHTb no
TOK~1 HYKJlOHOB 1,1 3KBHBa.neHTHble A03bl 3a 3al!lHTOl1 TOJll!lHHOH..: 500r / CM-2 

C T04HOCTblO. K03(f>(f>1,141,1ettTa ·2+3. :ho 3KBHBaneHTHO norpeWHOCTH 
B onpeAeneHHH TOJllllHHbl sal!lHTbl 10-20%. AnR AOCTH>KeHHR 11y4wei:i 
T04HOCTH paC4eTa 3al!lHTbl cne,qyeT HCnOJlb30BaTb MeTOA MoHTe-Kap-
110. 

7. 0~H npoeKi~pOBaH~~ 3al!lHTbl yCKOPHTeJleH npOTOHOB Ha BblCO
KHe 3Hepr1,11,1 CJleAyeT Y4HTbtBaTb, 4TO. yMeHbWeHHe, HaBeAeHHOH aK_; 
THBHOCTl,1 OYAeT Ha6J110AaTbCR a MaTep1,1anax, HMelOl!lHX B CBOeM co
CTaBe MeHbwee COAep>KaHHe 3JleMeHTOB Na , Mn, F'e , Al , Si. 

B 3a~Jll04eHHe: aBTOpbt Bbtpa>KalOT npH3HaTeJ1bHOCTb M. 11. Ca11a4KOl1 
3a none3ttble 3a.Me4aHHR np1,1 nOArOTOBKe pyKonHCH, pa6oTbt. 
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