
OEbEDVIHEHHbli/1 
J..1HCTJ..1TYT 
HDEPHb!X 

J..1CCJ1EDOBAHJ..1H 

Dy6Ha 

: .... 

M.M. KoMO'IKOB 

) 

P-2008 

OUEHKA .ll03bl TIP11 CJ1YtiAMHblX OEJ1YtiEHHHX 
tiACT11UAMI1 BblCOKHX 3HEPf11M 

B 3HAtii1TEJ1bHblX KOJ111tiECTBAX 

v 



P-2008 

M.M. KoMO'lKOB 

OUEHKA n03bl ITPH cnY"'AAHbiX OBnY"'EHH.fiX . 
"'ACTHUAMH BbiCOKHX 3HEPrHA 

B 3HA"'HTEnbHbiX KOnH'iECTBAX 

~
?:,:--=--=·--=~~-,-

t_:,(}~·;_,._'.H!::~~i~~~~;;Jlr.~"! !"·~-.(-.~r'~"'", ..... ~ .. l . .. ~,.... ,., .. ..,J ..,,. : ~ 

r K'.,:\,: ·.>~~j{ n~c~ClliJ1 G-!:i~ti~ I 
l L.~ 1bJ1i'lOTEKA r 



Opa pa6oTe coapeMeHHbiX ycKopaTenel! npoToaoa aa BbiCOKHe aaepraa B03BHKaeT 

B3JIY'J9HH9, COCTOSilll99 B OCHOBHOM H3 npOTOHOB H aeii:TpOHOB, MO!llHOCTb nornO!ll911HOii: 

A03bl KOTOporo AOXOAHT AO H9CK01IbKHX COT9H pau/ceK B6JIH3H YCKOpHTenel\, Cy!lleCTBYIOlllH9 

CBCT9Mbl 38!llHTbl OT o6ny'JeHHfl H KOHTp01Ifl 38 o6ec!I9'19HH9M 6eaonaCHblX YCJIOBHI! CBOAflT 

E MHHHMYMY B03MOJKHOCTb cnyqal\aoro o6nyqeaaf! nepcoaana 6oJiblllBMH noaaMa, onaaKo ae 

BCKJIIO'JSIOT ee nonaoCTbiO, Opa aTax o6cTof!T9JibCTBax aaJKao, qTo6bi cnyJKObi uoaaMeTpa

qecEoro EOHTpOnfl pacnonarana M9TOAOM onpeneneaag 6on~lllHX uoa npa cnyqal\HbiX o6nyqe

HHstx: aa ycKopnTenstx:, OpaMeaeaae cy!lleCTBYIOlllHX MeTonos KOHTponf! aaapailabiX A03 aa 

peaKTOp8X MOlK9T TOJibKO 'J8CTB'JHO p9WHTb HOCT8BJI9HHYIO 38A8'1Yo T8K K8K CH9KTp H9i!Tp0-

HOB ll npOTOHOB OT ycKOpHT9JI9l! Cylll9CTB9HHO OTJIH'J89TCfl OT Cll9KTpa HefiTpOHOB A9119HHfl 

B8JIH'JH9M 'JBCTHU Bb!COKHX 9Heprul!, 

B naaaol! pa6oTe npeunaraeTCfl aKcnepnMeaTanbHbil\ MeTOA oneaKa A03bi npa cnyqafi

Hb!X o6Jiy'JeHUSlX Hel\TpOHaMH H Hp0TOH8MH Bb!COKHX aaepral\, MeTOA OCHOBBH Ha U3MepeHHU 

H8B9A9HHOl! paABOBKTBBHOCTB T9118 'J9110B9K8 0 HOABeprwerOCf! OOJiyqeaUIO 'J8CTHH8MH Bb!Co

KHX aaepran. KaK uasecTao, TaKol\ cnoco6 onpeneneHHf! cTeneau soanel\cTBHfl panaanua ae 

f!BJifl9TCfl HOBbiM, B uaHHOM cnyqae npennaraeTCfl nHlllb ynpoiueaabill sapaauT o6!lleuasecT

aoro MeTana, KOTOpbill MoJKeT ObiTb nerKo ocymecTanea AJifl nepcoaana ycKopHTenen npo

TOHOB H8 Bb!COKH9 aaepruH, 

1. KonuqecTaeaaag xapaKTeJ?BCTHKa MeTona 

Opn o6nyqeaan TKaaa qenoaeKa Hel\TpoaaMH a npoToaaMa o6paayiOTCSI pauaoaKTBB-

Hbl9 H30TOHbl 0 YA91lbH8SI panH08ETHBBOCTb OnHoro H3 KOTOpbiX q I OnpeneJISI9TCSI C HOMO-

lllb!O CJI9AYIOW9rO H3B9CTHOro COOTBOlll9HHSI: 

q = J " n [ 1 - /'"1 
1 l,j j (1) 

- nnoTBOCTb noToKa qacTnn, aanpaMep, npoToHoB, "i, 
1 

- ceqenue o6paaoaaHHH 

, i "-10 ' H30TOfi8 npH B381IMO.nefiCTBHH llpOTOHOB C SJ.Up8MH , j "-ro aneM9HT8 1 nJ -qucno 

g,nep , j "-ro aneM9HT8 B e,nUHHU9 o6ceM8 1 X1 - ll0CT051HH8H pacna.na , i "-ro H30TOna, 

-speMSI o6nyqeanH, - apeMSI nocne o6nyqeaaSI, 
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llpn onpeneneHHH aKTHSHOCTH • i •-ro HSOTOUa C UOMOIIlbiD KaKoro-nn6o qysCTSHT9!Ib

HOrO pannoMeTpa MOlKeT 6h1Tb HCUOnhSOSaHO C!Ienyromee COOTHOliieHne; 

Nl 
q = --. 

I <I 

rne N1 - noKasanne pannoMeTpa, a <1 - Ko:acp<jluuneHT, yqnTbiBaromul! reoMeTpnro nsMepe-

nun, :acp<jleKTUSHOCTb perucTpauuu usnyqenun n T.n. Qqesunno cnpasennuso n cnenyromee 

Bbip8:tKeHHe: 

Nl = J < u n [ 1 - --\ ' _,\1 r 
1 I,J l · e I.e , 

(2) 

lloKaSaHne npn6opa, o6ycnosnenuoe pa.uuoaKTHSHOCTbiD scex n3oTonos, o6paayromuxcst b TK8HH, 

6yneT onpenennThCSI cnenyromnM cooTnollleHneM: 

'<' '<' [ -~'I .,\I r N = J "' "'- 'i u1 l nl 1 - e 1 e • 
I l ' 

(3) 

11s 6onbliiOro KonuqecTsa panuoaKTHBHbiX nsoTonoa, o6pasyromuxcst a Teue qeuoaeKa 

upn o6nyqennn qacTnUaMH Bb!COKUX :aneprnii, upaKTnqecKoe snaqenue HMeroT UHmb nsoTOUbl, 

o6pasyromnecg a saMeTHOM KounqecTae upu pasyMHOM apeMeHn cnyqaiinoro o6uyqenug 
15 13 

0 , N 
11 

ll c 

o6pasyromneC>I B OCHOBHOM HS >IUep 
15 13 

0 , N 

t < 1 qac ), K TaKHM HSOTOUaM OTHOCnTC>I pannoaKTHBllb!9 HSOTOUbl 
16 12 

0 u C , Ceqenn>I o6pasoaaHHn usoTonoa 
11 

ll c nsaeCTHhl nu>I IIIHpoKoro nuauasona :aHeprnu upoTonoa
111

• no:aToMy nu>I oupeneue-

HHn SBBHCHMOCTH UOKaSaHHn pannoMeTpa OT UUOTHOCTH UOTOKa HUH OT nOSbl UpOTOHOB nocTa

TQqHQ oupeneuHTb K03<jl¢HUH9HTbl f I 

2, rpapynpOSK8 pannoMeTpa 

B KaqecTse upu6opa nun perucTpaunu HaseneHHOii pannoaKTHSHOCTH s TKaHn 6blu sbl-

6paH CTaHnapTHblii p8AHOMeTp nug HSMepeHHn ypOSHeii raMMa-6eTa-anb<jla-nsuyqeHHii THUS 

•Tucc•, mnpoKo pacnpocTpaHeHHbiii s CCCP. 11sMepeHnn nposounnncb c naTqnKoM raMMa-

6eTa-HsuyqeHnii, npenCTasnniDIIlHM co6oro Ha6op refirepOSCKHX cqeTqHKOS CO CTanbllbiMH CTeH~ 

KaMn ToumnHoii 0,5 - 0,55 KriM
2

• Onpeneueline Ko:a<jl<jlnunenTos <1• .,-rpanynposKa pannoMeTpa 

- ocymeCTS!ISinOCb S HSMepeHHHX pannoaKTHSHOCTH SOnbi, o6nyqeHHOH USSeCTHb!M UOTOKOM 

UpOTOHOS C 3HeprnnMH 660 ~3S OT CHHXpOUHKnOTpOHa, 3Ta SaMella TKaHH sonoii KalKeTC>! 

UpasOMepHOii, TaK KaK !IpH o6nyqeHHH sOnbi o6pasyroTCn S OCHOSHOM Te lKe pannOaKTHSHb!e 

IJ;30TOllbi 1 'iTO H IIpH o6Jiy'leHHll TKBHH 1 H BOllS smnSJ9TCSI B ,ll.OCTBTO'tJHOfi CT9II9HH TK8He-

3KSHSaneHTHOii cpenoii, llpn rpanyuposKe panuoMeTpa n nocnenyromnx nsMepenngx nocTonn

CTso :a<jl<jleKTnsnocTn perncTpannn 6eTa-raMMa-nsnyqeHnii KOHTpounposauocb :aTanoHHhiM npe

napaTOM HS Tyunnst-204, 3¢<jleKTHSHOCTb peri!CTpaUHH 6eTa-qaCTHU TyUUH>I COCTaSU>!Ua 10% 

npn pasencTse nuolllaneii (0,015M
2

) naTqnKa pannoMeTpa n noaepxHocTn, na KOTopyro HaHe-

cen Tyuunii-204. OnpeneueHHbre npn :aTHX ycuosn>Ix Ko:a<jl<jlHuHeHTbi f I nn.H pBllH_OBKTHBHbiX 
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HSOTO!IOS KHCUOpOna -

HO 5•10-
6

; 0,9 •10-
6

; 

15, 830Ta -14 H yruepona -11, fibinll HailneHbl paSHb!MH COOTSeTCTSeH-

1,9 •10-
6 

HM!I,MS , 3TH naHHble UOSSOUnroT oupeneUHTb qysCTSHT9Ub
UpOTOH 

HOCTb MeTana nun ncnoUbsyeMoro pannoMeTpa, KOTopan npn 6uaronpn>ITHhiX ycuosnnx (nsMe

peunn nposonuTCSI qepes necKOnhKO MHnyT uocue o6uyqennn npn naunqnn TOUbKO npnponnoro 

cpOHa) COCTasuneT H9CKOUbKO COTeq MHUUHapn. 

3, Ouen&a JJ03hl no uoKasannnM pannoMeTpa 

PaccqnTaHHbre c noMOliibiD <jlopMyUhl (3) sasHCHMOCTH noKasannl! npn6opa oT noruo

mennoll s TKann nosbr ( J t k ) npencTasuenhl na pnc. 1. P acqeT nposenen nun npoTonoa 

c :aneprneii 660 ~:as, nnn KOTOpbrX noruomeuHan nasa Ha onnn npoTon "K" pasHa 

5,3•10-a _lli!.!L 
12•31• npu yMeHbllleHHH :aneprnn npoTOHOS yseuuqenue K034J¢nuneHTa "K" 

!IpOTOH 
KOMneucnpyeTcn s suaquTeUbHOII Mepe yseuuqeuueM ceqeuuii o6pasosaunn panuoaKTUSUbiX 

/1 3/ 
H30TOIIOB1 KBK aTO IIOK83hiB8lOT p8C'tJ9TbiJ OCHOB8HHbl8 H8 9KCIT9pHM9HT81IhHbiX llBHHbiX 

1 
• 

C npyroli CTOpOHbi, npu ysenuqeunn :aHepruu npoTouos CSbillle 660 ~:as yMeHbllleuue norno-

meuuoii nosbr ua onuu npoTOH KOM!IeHcnpyeTcn yMeHbllleHUeM seuuqun ceqeuull 

3TO !IOSSOUneT C TOqHOCTbiD no KO:a<jl¢UUHeHTa 1,5 HC!IOUbSOSaTb naHHb!e puC, 

u· , Bee 
l,i 

nun onpe-

neueunn noruomeuuoii nosbr s TKauu s IIIHPOKOM nuanasoue :anepruii npoTouos OT 100 ~:as 

no necnTKos r:as, 11cnoubsosauue nanHbiX puc. 1 nun oueuKu nosbl, cosnasaeMofr neiiTponaMu 

shrcoKnx :aneprnll s TKanu, npnsonuT K ISOUblllel! neonpeneuennocTu, qeM s cuyqae c npOTo

HaMu lm-sa oTcyTcTsnn nocTosepHbiX cseneuuli o seunqnnax u
1 

l n "K" , Oueu&n noruo-
/2/ • 12 11 /3/ 

mennoll nOSh!, cneuaHHbre B pa6oTe , u naHHbie o ceqenuu peaKuuu C (n,2n) C 

nossouuroT numb npn6uusnTeUbHO ycTaHOSUTb oTnomenne noruomeunoll nosbl npu o6uyqeunn 

TKaHH !IpOTOHaMH Sb!COKHX 3Heprnl! K noruomeHHOH nose OT HefiTpOHOS !IpH OnHOH II TOM JKe 

HaaeneHHOil HMH aKTHSHOCTH S TKaHH ( T,e, npu OnHHaKOSb!X UOKaSaHHHX panHOMeTpa), 3TO 

OTHOliieHHe COCTasnneT sennquuy 2-3 nn>I 3Heprnfi qaCTHU S HeCKOllbKO COT ~3S ll Sblllle, 

Cne,nyeT OTM9TMTb 1 qTQ Heonpe.neneHHOCTb B OU8HK8 .ll03hl llBHHbiM MSTO,llOM cymeCTBeH-

HO SaSHCUT TaKJKe OT nOCTOSepHOCTH senuqnH Bp9M9HH CuyqafiHOrO o6nyqeHH>I H OTpesKa 

speMeHH oT Konua o6nyqeunn no MOMenTa nsMepeunil • Ecun OTpesoK speMenu MD-

>KeT 6biTh, KBK rrpaauno, onpenenea, TO apeMSI He BC8f'Ll8 MO:>KHO DOCCTaHOBHTb. 1\· C1.!8-

CTbiO, .nnSI ManbiX HHTepaanoa speMeHn 

6onbman ueonpeneneHHOCTb so speMeHn 

HOCTb
1 

pasnyro 15% no uornomenuol! nose, 

1 KOTOpbiS Han6onee B8pOSITHhl HB rrpaKTHK81 

( nanpnMep, B 10 paa) SbiSbiBaeT Heonpenenen-

4, llposepKa MeTana ua o6nyqeHHbiX co6aKax 

llnH npoaepKH npaKTnqeCKOfi rrpHI'O.IlHOCTH M8TO.Cl8 6binU ITpOB8.!l8Hbl KOHTponbHLI8 

H3Mepennn rrornoiiieHHOH noahi 1 nonyqeHuoii .uayMfl co6axaMn a nyqxe rrpoTOHOB c 3HepruSIMli 
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/3/ 
120 Msa. MeTonaxa o6n)"I9BB>I B xapaxT9pBCTBKa non>! aany'l9HB>I onacanbl B pa60T9 • 

KalK.llyiO co6axy o6ny'lana naa paaa: neBblil B npaabiil 6ox oTn9nbno, c H960nhiiiBM BHTepaa

noM Bp9M9HB M9>Kny SKCn03BllB>IMB, llOTOX npOTOHOB, a, Cn9nOBaT9nbHO, B nornOIU9HHa>l 

noaa KOHTpOnBpOBanBCb C noMOIUblO yrneponHbiX n9T9XTOpOB B niOMBH9CU9HTHbiX BHnBKaTo

pOB/3/, noaa, nony'l9HHa>l co6axoil B Ka>Knoil SKCn03BllBB, COCTaBn>~na 125 pan. PacC'lBTaH

Hbl9 c noMOIUbiO <jlopMynbi (3} nn>1 sToro cn)"la>l aaBBCBMOCTB noxaaanuil PIUIBOM9Tpa oT 

Bp9M9BB nocn9 o6ny'l9HB>I np9ncTaBn9Hbl cnnomHbiMB xpBBbiMB na pac. 2. 89pXH>I>I 

xpuaa>1 cooTB9TCTayeT ;~oa9 250 pan, a HBlKH>I>I xpuBa>l - noa9 125 pan. TaxuM o6paaoM, 

xpBBble o6paay10T xopunop neonp9nen9HHOCTB, KOTOpa>l o6ycnoBn9na nayM>I sxcnoaBilB>IMB 

o6ny'l9HB>I n cpaBHHT9nbHO H960nbmoil sn9pra9il npOTOHOB. Ha pac. 2 np9nCTaBn9Hbl TaK>Ke 

sxcn9pHM9HTa1IhHbi9 TO'IKH, nony'l9HHbl9 nn>1 onnoil ua co6ax. BLixon sxcn9pHM9HTa1IhHbiX 

TO'l9K H3 KOpBnopa H90np9neHHOCTH nn>l ManbiX B9nB'lHH o6'b>!CH>19TC>I 0 no-BHnBMOMy1 

3aBbiW9HHbiM 3Ha'l9HH9M KOS<jl¢H!lB9HTa nn>l panBOaKTHBHOrO H30TOna KHCnopona-15, onpe

n9n9HHOrO npH rpanyHpOBO'lHbiX H3M9p9HH>IX·C panH08KTHBHOil Bonoil, 

llp9nCT8Bn9HHbl9 peaynbT8Tbl HSM9P9HBil H p8C'l9Ta nOK83biB810T1 'ITO npennaraeMblil 

M9TOn OlleHKB noabl MOlK9T • 6b1Tb peKOM9HJlOB8H JS.IUI Dp8KTH'l9CKHX nenei!, 
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Pnc. 1. HoMorpaMMbl nn>1 onpeueneHHH nornomennolt uoabi npoTonoa no naaenennol! 
BMH pB.JlBOaKTHBHOCTB B finonorn'leCKOi! TK8HB: 
t - BpGM>I o6ny'IGHH>I1 T - BpeMH OT KOHUa ofiny'l9HB>I no MOM9HTa 
II3Mep9HHR. 
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Pnc, 2. Haaeneuaag pannoaKTHBHocn. n Tene co6aJtH n paannquble MOMOHTbi npeMeHiil 

uocne o6nyqeHHli npoTOHBMH, no3a o6ny'IOUHli 250 paJ1: 

? - 3KCnepHMElHTBilbllbiEl TO'IKH, --- - pBC'IElTHbiEl KpHBble, 

' ..... 


