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• 

y COBepweJICTBOBBJIHe CHJIXPOUHKIIOTpolla ( ~ p =680 M 9B) na6opaTOpHH 

snepllbiX npo6neM OlUI11 C: uem,JO yaenH'IeHHB HJITeHcHBHOCTH ny'IKa npoTolloB 

H BTOpH'IllhlX '18CTHU B JI9CKOilbKO l19CSITKOB pa3 npHB9110 K H906XOl1HMOCTH 

6onee TO'IHOrO YCT8JIOBII9HHSI CTeneJIH panHaUHOHHOft Ofi8CHOCTH, o6yCIIOB

Il9HHOft aonoA, OXIla:lK.IlaJOweA neTanH H ysnbi ycKopHTens. KpoMe Toro, BB*HO 

3H&Tb npH 9TOM 38KOJIOMepliOCTH H8KOfill9HHSI H H3M9H9HHSI panHOBKTHBHOCTH 

BOllble C ll91lbl0 fiOily'leHHSI TBKOft HH<IJOpM8UHH HBMH 6blll0 H3Y'I9JIO conep)l{a-...._, 

JIH9 raMMa-panHOBKTHBJiblX H30TOfiOB C BpeMeHeM )I{H3JIH 6011ee 20 MHHe B BO

ne, OXIJ8)1(Jl810Weft Y31lbl CHJIXpOUHKIIOTpOJIB1 KOTOpbl9 noneepraJOTCSI UaH60il99 

HHT9HCHBHOMY 061ly'leJIHJO, a T8K)I{9 H3MepeHO fi0119 raMM8-H31lY'19JIHSI H oue

H9HO ero 9HepreTH'I9CKOe pacnpeneneJIHe B61JB3H Tpy6 CHCTeMbl OXII8)1(Jl9HHSie 

J1CCII9l10B8HHSI1 H8H60ilee 61JH3KH9 K HBWHM, 6blllH BblfiOIIH9Hbi H8 IIHHeftHOM 

Ill 
ycKOpHTelle 9119KTpOJIOB 

1. CHcTeMa OXllBl!(lleHHSI 

CHCTeMa OXII8:lK.Il9HHSI CHHXpOUHKIIOTpoJia npenCTBBIIHeT C06oft 38MKHYThll 

s 
KOJITyp 06'&eMOM - 36 M t B KOTOpOM HMeeTCH coo6weHHe C 8TMocc1Jepol. 
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, 
Y cKopHTenb H cncTeMa Bonoo6ecne"'eHHH oxna}K}laromero KOHTypa paaMemeHhi 

B paaHhiX anaansx. HarpeTaH Bona Ha Kopnyca, rae paaMemea ycKopHTenh, 

HJle'l' B KOpnyc, f'Jle HaXOJlH'I'CH Tennoo6MeHHHK H peUHpKynHUHOHHhlA Hacoc1 

no 6 Tpy6aM JlHaMe'l'pOM 130 MM, KO'I'Opb!e cny)!{a'l' OJlHOBpeMeHHO peaepBHbiM 

Oo'heMOM. 

MaTepnanor.. nns Tpy6 cncTeMbi oxna)KJleHHH cny)!{H'I' Mellb, a peuHpKyns

UHOHHhiA HaCOC1 KOMneHCa'I'Opbl JlnHHhl Tpy6 H HeKO'I'Opb!e BeHTHnH C)lenaHhl 

H3 Hep)!{aBeiOmeil: CTanH. BHyTpeHHHH noBepxHOC'I'b MeJlHhiX Tpy6 COC'I'aBnHe'l' 

- 700 M
2

, noBepxHOC'I'b CTanbHhiX "'aCTeii: - 3M
2

• 

CHcTeMa aanonaHeTCH llHCTHnnHposaaaoA BonoA.BcnencTBHe HcnapeHHH 

BOJlhl H He3Ha"'H'I'enbHOH y'l'e"'KH pa3 B MeCHU Tpyohl !IpHXOJlH'I'CH liO!IOnHH'I'b 
3 

JlHC'I'HnnHpOBaHHOH BOJlOH Oo'heMOM 12 M • llHC'I'HnnHpoBaHHYIO BOllY rrony"'aiOT 

nyTeM KOHJleHCaUHH napa H3 KO'I'enbHOHo MHHHManbHOe ynenbHOe CO!IpO'I'HBne-
3 

HHe oxna)KJlaiOmetl: BOll hi - 25 KOMI CM • 

2. CrreKTpanbHhitl: cocTaB H MO!IIHOCTb goa 

BonH3H CHC'I'eMhl oxna)!{/l9HUH 

...... C noMomhro cneKTpoMeTpa c KpHcTannoM Na J ( Tl ) ohm HaMepeH aHep-

reTH"'eCKHA crreKTp y -KBaH'I'OB 0'1' Tpy6 oxna)!{)laiOmero KOHTypa !IpH pa6oTaiO

meM H aepa6oTaromeM ycKopnTene. CrreKTp y -KBaHToB HaMepsncH aa pac

C'I'OHHHH 200 Me'I'pOB O'I''3JlaHHH YCKOpHTenH C uenbiO H3oe)!{8'1'b BnHHHHH ¢oHa 

Mf'HOBeHHhlX y -KBBH'I'OB H3 liOMeUieHHH CHHXpOUHKnO'I'pOH8 H rrpoc"'e'I'OB C!IeK

TpOMe'l'pa. PacC'I'OHHHe 0'1' MeCTa o6ny"'eHHH JlO MeCTa HaMepeHHH BOlla npOXO

JlH'I' 38 30 MHHo ITpH pa6oTaiOmeM YCKOpHTene B H3MepeHHOM C!IeKTpe BHJleH 

TonbKO nHK 511 KaB. ITpn aepa6oTaromeM ycKopHTene qepea 3,5 qaca nocne 

ero BbiKniO"'eHHH "19'1'KO ynanoCb OOHapy)!{H'I'b 'I'OnbKO !IHK 480 K9B 1 KO'I'Opb!H 

COO'I'B9'1'C'I'ByeT 
7 

Be • 

C noMomhiO cTaanapTHbiX noaHMeTpoB obmo HaMepeHo pacnp,eneneHHe 

MOmHOC'I'H Jl03bl raMM8-H3nyqeHHH BJlOnb Tpyo KOH'I'ypa OXn8)!{Jl9HHH !IpH paoo

'l'aiOUI9M H HepaooTaiOUI9M YCKOpHTene. ITorreiiii!OCTb H3MepeHHH rrpHoOpOB-20%. 
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Bo BpeMSI H3MepeHHlf IIOnSI Y -H3ny'I€HHSI OT Haae·lleHHOit B CHCTe:-.1e 

oxna*JleHHSI pallH08KTHBHOCTH IlpH pa6oTa~IIleM yCKOpHTene, BnHSinHe ¢oaa 

MrHOBeHHblX y - KB8HTOB 1 COIIyTCTBY~IIlHX B38HMOilelicTBHSIM H.)"KnOHOB 

C Sillp8MH 1 6binO IIOnHOCTb~ HCKn~'leHO, 

PeaynbT8Tbl H3MepeHHlf MOIIlHOCTH ll03bl BllOnb Tpy6 CHCTeMbl oxnall\

lleHHSI rrpellCTaBneHbl Ha pHC, 1. 

IIAIIPAIJAIIIIK AIIIJI(l,_ IQIIlll 

r-- -r---1 .. E£ ! I LJ · ...... ~ .. ~· 
----------------+- ----- --+ 

' i 
f------
t . 

fl. ~ •. _ t -!-:.~-- :-:- ~ 

J .... i~ ::~1:~·~·:±~~ f+ + + +f+ ++ + ft t+ + j 
0 • • • - • • • 0 

+iJ+ 

PACCTOQI.II!f( OT SXOAA 8 T~/11 HJ 1 KOPfliJCA C~XPQ.M<IIOTPGIA,M 

PHC, 1, PacrrpelleneHHe MOIIlHOCTH ll03bl BllOnb Tpy6 KOHTypa oxna>KileHHSI 

.6 - BIInOTHy~ K Tpy6e 1 • - H8 p8CCTOSIHHH 90 CM OT rrepBOli Tpy6bi, 

1 - rrpH pa6oTa~meM ycKopHTene 2 - rrpH aepa6oTa~meM ycKopHTene (ape

MSI rrocne OCT8HOBKH - 3,5 'laca), 
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3, OnpegeneHHe raMMa-aKTHBHbiX H30Tonoa B aoge 

oxnamnapmero KOHTypa 

DnH onpeaeneaHR HaoTorraoro cocTaaa rrpoayKToB aaaeaeauoft aKTHB

HOGT If B BOlle OXn8>Kl18101Uei"O KOHTypa Obi nO B3RTO HeCKOnbKO ITpOO BOJlbl 

K OCf~llK& CO CTeHOK Tpyo CHCTeMblo 

npo6hr TIQnJ,l llJ,lfiapHBanHCb B CTeKnRHHOM CTaKaHe C {1008BneHHeM 

HeCKOnbKKX KfJfiOnb r.onRHoft KHCnOTbi; cyxoft OCT8TOK H8HOCHnCH Ha ITOJl

no>KKy, CneuHanbHI.lM oiTbiToM ObinO ycTaaoaneao, 'ITO H3oTOITHbift cocTaB 

npOObl rrpK l18HIIOM CfiOCOOe ITpHI"OTOBneHHSI He MeHHeTCH; ITpH 9TOM ITQTepH 

aKTHBHOCTH He npeBhiUIBIOT 20%, 

PerHCTpaUHR I"8MM8-KB8HTOB OT ITpOO BOJlbl H OC8JlK8 C uenblO HJleH-

TH!flHK8UHH y - paaH08KTHBHbiX H30TO-ITOB H onpeJleneHHSI HX 8KTHBHOCTeft 

ITpOH3B0{1Hn8Cb H8 CITeKTpoMeTpax, OJlHH H3 KOTOpbiX HMen lleTeKTOp 

Ha J (TI). apyroft - Ge ( Li ) • PaapeUJeHHe crreKTpoMeTpa c KpHcTannoM 

HaJ(TI) cocTaBnReT 16%, a cneKTpoMeTpa c KpHcTannoM Ge (Li) -0,5% 

llnR 9HeprHH y - KB8HTOB 511 K9B, C ITOMOWb!O ll8HHblX1 rrony'leHHbiX Ha 

Ge ( Li) - lleTeKTope, HlleHTH!flHuHposaHbi 
121 

see H3oToiTbi, KonHqecTBo 

y - KB8HTOB KOTOpbiX COCTSBn.lleT He MeHee 1/50 OT KOnH'IeCTB8 y -

KB8HTOB H8H6onee aKTHBHOI"O H30TOIT8 1 rrpHCYTCTBYIOUlei"O B rrpooe, 8Ta 

xapaKTepHCTHKa lleTeKTOpa ooycnoBneHa HSnH'IHeM KOMfiTOHOBCKOI"O 9!fl!fleKTa 1 

ObiCTpolleftcTBHeM aaanHaaTopa H paayMHbiM speMeaeM HaMepeHH.II, TaKHM 

o6p830M 1 Mbl OOHapy>KHnH BCe Y - 8KTHBHble H30TOITbl B BOlle H OC81lKe 1 

KOTOpb!e MoryT {18B8Tb cymeCTBeHHblft BKnaa B ll03Y H3ny'leHHSI, PeaynbT8-

Tbl H3MepeHHft crreKTpa, nony'leHHbie c rroMombJO Ge( Li ) - lleTeKTopa, npH-

aeaeHbi aa pHc, 2. 

CoCT8B H 8KTHBHOCTb H30TOITOB B Boae H ocaaKe KOHTypa oxna)KJleHH.II 

CHHXpOUHKnOTpOH8 npeacTaBneHbl B TaonHue 1, AKTHBHOCTb H30TOITOB B BOlle, 

npHBelleHH8SI B KOnOHKe 2, l18H8 K8K CpellHee apH!flMeTH'IeCKOe H3 H3MepeHHhlX 

aecKonbKo paa senH'IHH. 
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Ta6nBna I 

MaoTonu,o6sapyseHHYe B KoHType oxnaz~eHHft cxHXpo
UHKBOTpoHa OMRM, H HX aKTMBHOCT» (HaMepeHHaft B 
paccqHTaHHaH) 

WaoToni !KTBBHOCT~ HSOTODOB 
• ·~ BO~e KOHTypa,pacna~oB/ceK.n : B oca~Ke, 
: : pacnaAoSa 
:· Bauepesaas :paccqHTaHHaH: ceK.npo-

60co I7(7) • 73 - <2 

58 co 150(60) 218 <2 

57c~ I00(40) I33 <2 

56 co 35(I4) 50 <I 

56__un <4 I <2 

54JJn 32(!2) 42 <3 

5~JJn 3!(12) 33 <I 

5t,. <30 - 50 

4av ~4 - 9 

~g 300(120) - 1454 

rr0 a . 5 
(3,5;t0,3).10 

W)B CK06K8X yK888HO OTKJIOH8HB8 OT cpe~Bero (no BC8U 
npo6aM) 8HaqeBBft 8KTHBHOCTH B BO~e KOHTypa 

HW)~KTHBHOCT» yrnepo~a H8 BYXO~e H3 80HY o6nyqeHHH. 
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~He. 2. faMM8-CII9KTp cyxoro OCT8TK8 BO)lbl H3 KOHTypa OXn8>KJl9HHR CHH

XpOUHKnoTpOH8 OIUH1, H3MepeHHbiii Ha Ge ( Li) - aeTeKTope. 

HanH'IHe B rrpooax BOJlbi HaoTorros, oTnH'IHbiX oT 7 Be H 1 1 C , KoTo-

pbie, 9CT9CTB9HHO JlOIIyCTHTh, o6pa3yJOTCR H3 KHCnOp0Ll8 B0Jlbl1 IIOOY>KJl89T 

Bb!RCHHTh B03MO>KHbl9 IIYTH 38rpR3H9HHR BO)lb! H30TOII8MH KOoanbTa, MapraH-

ua, XpOM8 H T.Jl. C STOH uenbJO Obln yCT8HOBneH COCT8B sneMeHTOB B npo-

6ax 8KTHB8UHOHHbiM MeTOJlOM ( Ta6n. 2) • 
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Ta 
Co~epaaaue xuuuqecKHX aneueHToB B np 

BSRTYX B KOHType oxnaE~6HHfl CHHXpO~H 

. 
• 

9nevenT :Bo~a HS : Oca~oK co cTeHoK: 
:KOHTypa, · KOHTypa, r/npo6a:p 

: :B 
: r/n • :n • 

:B . • • • • • 

ue;zu, 2,4.10-3 7,6.10-3 

~HHK 2,4.10 -3 1,9.10-3 

aeneso <5 .• 10-5 14,8.10-3 

H8TpHU 3,8.1o-3 ·<1.10-5 

4. Q5cy>Kij9HHe peaynbT8TOB H3MepeHHI 

HanH'IHe B KOHType CHCT9Mbl OXJ!8>KJl9HHR H30TOIIOB I 

ua, XpOM8 1 B8H8JlHR 1 8 T8K>K9 COOTHOIII9HHR M9>KJlY 8KTHBH 

K068nbT8 Jl810T OCHOB8HHe 1Ip9JliiOnO>KHTb1 'ITO 3TH H30TOIII 

B peaynbT8Te 8KTHB8UHH M9JlH 1 H3 KOTOpOit H3rOTosneHbl ' 

oxna>KJieHHR. 

06pa30B8HHe yK838HHhlX H30TOIIOB B YCT8HOBneHHOM 

UHHK8 HCKnJO'I89TCR B CBR3H C OTCyTCTBHeM B npo6ax 

UHHKa-65 c nepHDJlDM nonypacrraaa 245 aHelt. BepxHHlt UJ 

UHHKa-65, yCT8HOBn9HHhiJ:i B H3MepeHHRX 1 - 30 paCII8JlOB/ ( 

Bp9MR K8K H3 COOTHOIII9HHR C9'19HHit o6p830B8HHR paanH'IH 

9 
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Ta6nuna 2 

Co~epaaHH8 XHMH~8CKHX a~eMeHTOB B npo6ax, 

BSRTYX B KOHType OX~a~~eHHR CHHXpOUHKHOTpOH8 

• 
3He.UeHT :Bo~a HS : Oca~OK co CT8HOK: nucTB~~H~ 

:KOHTypa, • KOHTypa, r/npo6a:pOB8HH8ft : 
: :Bo~a, sa-: 

: r/~ • :~HB88JIBJI : . 
:B KO.HTyp,: 

• . : r/~ : • • 

.U8,1tll 2,4.10-3 7,6.10-3 <1.10-5 

UHHK 2,4.10-3 I,9.I0-3 3,1.10-4 

ae~eao <5 .10-5 14,8.10-3 <5.ro-5 

H8TpHit 3,8.10-3 <r.ro-5 I,4.Io-3 

4. 06cy~neHHe peaynbT8TOB H3MepeHH8 

HanHqHe B KOHType CHCTeMbl OX~a~HeHHSI H30TOITOB Ko6anbTa, MapraH

ua, xpOM8 1 BaHa}lHSI 1 a T8K~e COOTHOllleHHSI Me~JlY 8KTHBHOCTSIMH H30TOITOB 

Ko6anbT8 }l810T OCHOB8HHe npeJliTODO~HTb 1 qTQ 3TH H30TOITbl o6pa30B8DHCb 

B peaynbT8Te aKTHB8UHH Me}lH 1 H3 KOTOpOB H3rOTOBDeHbl Tpy6bi CHCTeMbl 

oxna lKJleHHH. 

Q6pa30B8HHe yKa3aHHbiX H30TOITOB B yCT8HOBneHHOM KODHqecTBe H3 

UHHK8 HCKDIOqaeTCSI B CBS13H C OTCyTCTBHeM B npo6ax paJlHOaKTHBHoro 

uHHKa-65 c nepHOilOM nonypacnaaa 245 aHeB. BepxHHB upeaen aKTHBHOCTH 

UHHKa-65, ycTaHOBneHHbiJ% B H3MepeHHSIX, - 30 pacna}lOB/ ( CeK.n) 1 B TO 

BpeMSI K8K H3 COOTHOUieHHSI ceqeHHfi o6pa30B8HHSI paanHqHbiX H30TOnOB H3 

9 
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/3/ 
UHHKa Mbl llOJVKHbl 5binH 5b! Ha5mollaTb UHHK-65 C aKTHBHOCTbiO 

300 paCIIallOB/ { CeK.II) o 3TOT !flaKT C yqeTOM Toro, 'iTO MellH B BOlle KOH

Typa CTOIIbKO ~e, CKOIIbKO H UHHKa {Ta5n. 2), a ceqeHHH o5pa30BaHHH 

Ha5n!OllaeMbiX H30TOn::>B H3 MellH H UHHKa COH3MepHMbi, yKa3biBaeT TaK~e 

H Ha TO, 'iTO pallHOaKTHBHbie H30TOnbi o5pa3oBanHCb He H3 MellH, HaXOilH

llleifCH B Bolle cncTeMbi oxna~eHHH, a ns MellH, cny~alllefi MaTepnanoM 

TOH qacTH Tpy5 CHCTeMbi, IWTopaH HaXOllHTCH noll o5nyqeHHeM. Ha5n10Ll8e

Mble pallnoaKTHBHbie H30Tonhi Ko5anbTa, MapraHua, xpoMa, BaHallHH n llpyrne 

p8llH08KTHBHbie H CT85HIIbHbie H30TOnbi, He H85IIIOil89Mbie B OnbiTe, nepexo

llHT B BOllY B pesynbTaTe Kopp03HH BHyTpeflHefi noBepXHOCTH 8KTHBHpOB8H

HbiX MellHbiX Tpy5oK. npouecc KOppo3HH MellH 5onee HHTeHCHBHO npoxOLlHT 

141 
noll lleifCTBHeM H3IIy'ieHHH H nollp05Ho onHC8H B pa5oTe 

MsMepeHHaH 3aBHCHMOCTb BeiiH'iHH OTHOllieHHH 8KTHBHOCTeif H30TonoB 

Mapraaua n Ko5anbTa oT BpeMeHH o5nyqeHHR noKa3ana, qTo HaKonneaue 

aKTHBHOCTH nocne CMeHbl BOllbl B KOHType npaKTH'ieCKH npeKpalllaeTCR qepea 

aecKonhKO llHeit H ae saBHCHT OT nepHOlla nonypacnalla lliiH OllHoro H Toro 

~e aneMeHTa. 3To CBHileTenbCTByeT o aanH'iHH ae TOIIbKo npouecca nepe-

"'"'Kolla pallHOaKTHBHbiX H30TOnOB B BOlly, HO H o5 o5paTHOM npouecce, npo

uecce Cop5UHH pallHOaKTHBHbiX H30TOUOB Ha CTeHK8X Tpy5 H eMKOCTeif CHC

TeMbl oxna~lleHHH. TaKHM o5pa3oM, npn CMeHe BOilbl B CHCTeMe BOllS Mo~eT 

3arpH3HHTbCH pallHOaKTifBHbiMH H30TonaMH He TOIIbKO 3a C'ieT HaBelleHHOH 

B qaCTH Tpy5 pallHOaKTHBHOCTH, HO TaK~e H 3a C'ieT npouecca lleCop5UHH. 

Ba~HbiM apryMeHToM B nonhsy yKasaaaoro nyTH sarpH3HeHHH BOilbi 

pallHOaKTHBHbiMH H30TOnaMH, o5pa3y!OlllHMHCH H3 Melllf, HBIIReTCH TOT !flaKT, 

'iTO aKTHBHOCTb BOilbl cnyCTH 47 llHeit nocne nonHOH ee CMeHbl npH Hepa-

5oTa!OllleM yCKopHTene OKasanacb COH3MepHMa C aKTHBHOCTb10 npo5, B3HTbiX 

rrocne npollon~HTenbHofi pa5oThi ycKopnTenH. Ha ocHoBaHHH pe3ynbTaToB 

H3MepeHHH MO~HO OnHCaTb HaKonneHHe pallHOaKTHBHbiX H30TOIIOB B BOlle 

KOHTypa oxna~lleHHH B aHaiiHTH'ieCKOH !flopMe. 

10 

l 
~~ 

t 

:t 
r 
f 
} 
~~ 
I !i 
I 
I' 

I 
( 

··\' 

! ! 
:~ ! 

4.1. Q5pa30BaHHe pallHoaKTHBHbiX H30TOnOB H3 KHCDC 

Mo~Ho noKa3aTb, 'iTo yLlenbHaH aKTHBHOCTb i -ro H301 

9IIeMeHTa A l,l B BOlle KOHTypa OXllll~LleHHR Ha BbiXOile H3 ~ 

qepe3 V nepHOLlOB o5pauteHHH BOLlbl B KOHType 5yLleT: 

A,,1 = la 1 H A I 

A ,+a/ 

[1-e-rA,+all'o ][1-e-rA, +a;l 

( l- e -fA, +a I) T ] 

rLle: I CpellHHH llliOTHOCTb IIOTOKa qaCTHU B 30He aKTHE 

ceqeaue o5pasoBaHHH i -ro naoTona; H - qucno HLlep 9J1 

n8101Jl9rO B Hll9pHy10 peaKUHIO, B 1 IIHTpe { B pacqeT npHHHM 

OllHH H30TOn KHCIIOpOLla - 16Q ); to BpeMH rrpoxo~LleH 

o5nyqeanH; A1 - nbcTOHHHaH pacnaLla -ro H3oTona; a. 
I 

BbiBelleHHR o5pasoBaBmerocH ; -ro aneMeHTa, sa cqeT cor: 

HCnapeHHH H TaK Llanee, H3 BOLlbli T - BpeMH nepHOLla ol 

{ B aameM cnyqae T = 90 MHH). 

<l>opMyna { 1) cnpaBeLliiHBa npu ycnoBHH ( A1 + a 
1 

) t 0 

ro~nBylllHX H3oTonoB, LliiH KoTopbiX A
1 

< a1 n (A
1 

+a,
1

) T 

!flopMyna { 1) rrpno5peTaeT cneLlY!OlllHH BHLl: 

A, 
A = I 'o a, H (' +a ) T 

I,[ " 1 I 

3aaqeane BenH'iHHbi Ito onpeLlenHM, sHaH aKTHBHoCTb 

nonarasr Koacp!fluuneHT a ManbiM no cpaBHeHHIO c nocTOHHH 

H HMeH B BHLly, 'iTO BpeMH o5nyqeHHSI t 0 , no oueHKaM, ~ 

HeHHIO c rrepHOLlOM nonypacnaLla, rrony'iHM Bhlpa~eHne LliiR ~ 

AKTHBHOCTH yrnepoLla JJ: 

Ao 
to Ac ac N 

0,95 

rlle 0,95 [l-e-(,\ctac) T ] 

II 



4.1. 06pa30B8HHe p8ijH08KTHBHblX H30TOnOB H3 KHCnopoga BOijbl 

Mo>KHO noKaaaTb, 'ITO ynenbHBSI aKTHBHOCTb i -ro HSOTona i - ro 

aneMeHTa A /,j B BOLle KOHTypa OXn8>KLleHHSI H8 BbiXOLie H3 30Hbl o6ny•!eHHSI 

qepe3 V nepHOLIOB o6pauieHHSI BOLlbl B KOHType 6yLieT: 

A,,;= la1 H 
,\ I 

[1-e-(A,+a;lto ][1-e-(A,+a;l H] 

[ 1-e-(A1 +a;IT] 
(1) 

,\,+a I 

rue: r - cpeLIHSISI nnOTHOCTb noTOK8 '18CTHU B 30He 8KTHB8UHHi a 1 

ce'leHHe o6paaoBaHHSI i -ro H30Tona; H - 'IHcno SILiep aneMeHTa, BCTy-

naJOII(ero B SILlepHYJO pe8KUHJ0 0 B 1 nHTpe (a, p8C'IeT npHHHMaeTCSI TOabKO 

OLIHH H30TOn KHCnOpOL18 - I6Q ) i tO - BpeMSI npOXO>KJleHHSI BOll Oil: 30Hbl 

o6ny'leHHSii A
1 

- nocTOSIHH8SI pacn8Jl8 i -ro H30Tona; aj - noCTOSIHH8SI 

BbiBeLieHHSI o6pa30B8BillerOCSI i -rO aneMeHT8 0 38 C'leT COp6UHH 0 OC8>KJleHHSI 0 

HcnapeHHSI H TaK uanee, H3 BOLlhii T - BpeMSI nepHOL18 o6pameHHSI BOilbl 

( B aallleM cnyqae T = 90 MHH). 

<t>opMyna ( 1) cnpaBeLinHB8 npH ycnOBHH (AI + a I ) t 0 < 1 • naSI non-

ro>KHBYIIlHX H30TonoB, JlnSI KOTOpbiX A1 < a 1 H (A 1 +a 1 ) T << 1 

tjlopMyna ( 1) npHo6peTaeT cneJlyJOIIIHfi BHJl: 

A 1, 1 = lt0 a 1 H 
A ( 2) -

(A 1 +a 1 J,T 

3Ha'leHHe BenH'IHHhl Ito onpeJlenHM, 3H8SI 8KTHBHOCTb yrnepOJl8 nc. 

non11raS1 Koa<MmuHeHT a ManhiM no cpaBHeHHJO c nocToHHHoA pacnana 

H HMeSI B BHLIYo 'ITO BpeMSI o6ny'leHHSI tO , no oueHKaM, Mano no cpaB-

HeHHJO C nepHOLIOM nonypacnaua, nony'IHM Bb!pa>KeHHe LlnSI paBHOBeCHOil: 

8KTHFIHOCTH yrnepOJl8 11: 

Ao = 
to Ac a c H 

0,95 
, (3) 

rne 0,95=[1-e-(Actac)T] 

1 I 



I 

-. 

HsMepeHHe aKTHBHOCTH yrnepona 11 B HarneM cnyqae nano BenHqHay, 

5 9 2 
paBHYJO 3,48. 10 pacnanoB/ceK.n, OTKyna I t 0 = 1,8. 10 npoTOHicM 

3HaH aKTHBHOCTh 
7 

Be B Bone KOHTypa, nerKo HaltTH no !jlopMyne ( 2) 

KOa$$HUHeHT Bb!BeneHHH 6epHnnHH a 0 KOTOpb!lt OKasanCH paBHblM 

-5 -1 
3,4. 10 ceK , a nepHon nonyBhJBeneHHH T l/2 == 6 qacoB. TaKHM o6pa-

30M, MeHbWe qeM 3a CYTKH, B Bone KOHTypa ycTaHaBnHBaeTCSI paBHOBec-

7 
HaH KOHUeHTpauHH Be • 

C ITOMOIUhJO QJOpMynhi ( 2) MO)I(HO onpenenHTb aKTHBHOCTb TpHTHSI B BO

ne KOHTypa, Koa#HUHeHT BbiBeneHHSI TpHTHSI a paccqHTanH, HCXOnH H3 

Toro, qTo Kawnhifi MeCHU H3 CHCTeMbl 0,!5'heMOM 36 M3 HCnapHeTCH 12 M 3 

BOnhi, BMecTe c Bonolt yneTyqHBaeTcSI H TpHTHli B cocTaBe H2 0 HnH H
2 

-7 -1 
Hs pacqeTa HMeeM a == 0,9. 10 ceK , HnH nepHon nonyBhiBeneHHSI 

T~T 63 naH. PaBHoBecHaSI BenHqHaa aKTHBHOCTH TpHTHSI nonyqHnacb paB

-7 
HOlt 1,8, J0 KJOpH/ nHTp, 

C ITOMOIUhJO !jlopMynhi ( 2) MO)I(HO paccqHTaTb HaBeneHHyJO aKTHBHOCTh, 

o6ycnoBneHHyJO BeiUeCTBaMH, KOTOpbie conep)l(aTCSI B Bone H npencTaBneHbl 

B Ta6nHue 2. OueHKH noKa3biBaJOT, qTo ecnH na*e npeae6peqh cop6uHelt 

o6pasyeMhlX H30TOITOB1 TO paccqHTaHHaH BenHqHHa aKTHBHOCTH 6yneT B 

500 pas MeHhrne Ha6nJOnaeMolt, 

4, 2, 3arpS13ffeHHe BOLl hi panHoaKTHBHblMH H30TOITaMH 

BCneLICTBHe KOpp03HH 

flpH KOpp03HH BMecTe C MenhJO B Bony nepexonHT H30TOITbl
0 

o6pa3yJO

IUHeCSI B HnepHblX peaKUHSIX, B OCHOBHOM Bbi3BaHHblX npOTOHaMH, nH!fl!jlepeH-

UHanhHOe ypaBHeHHe, OITHCbiBaJOIUee HaKonneHHe panHOaKTHBHbiX Rnep B Bone, 

B 9TOM cnyqae MO)I(HO sanHCaTb B cneLiyJOIUeM BHne: 

~ 
clt 

c f3 + c' f3 ' - (A +a 
I I j I I 

n 
1,1 

(4) 

12 

rne: n 1, 1 - "I{Hcno Hnep i -ro H30Tona, -ro aneMeHTa, aa 

Bone KOHTypa; t - BpeMSI C MOMeHTa 3anonHeHHSI CHCTeMbl 

KOHUeHTpaUHSI i -ro H30TOna B 06'beMe BeiUeCTBa Tpy6oK, KO 

BepraJOTCSI KOpp03HH; f3 - cKopocTh nepexona B Bony Beme 

Tpy6oK, HaxonSIIUHXCSI ITOn o6nyqeHHeM, BCneLICTBHe KOpp03HH 

ueHTpai!HSI i -ro H30TOIT8 B BeiUeCTBe, cop6HpOBaHHOM Ha ITO 

Tpy6 CHCTeMbi; f3 f - CKOpOCTb ITepexona BeiUeCTB9 j -ro ~ 

fiOBepXHOCTH Tpy6 CHCTeMbl B pesynhTaTe necop6UHH, 

PerneHHe ypaBHeHHH (4) saiTHrneTcH B BHne: 

-(A . +a . It [ f ( f3 , f3 , } (A 1 +a 1 ) t ' cl , B ] n = e ' r c +c e t + 
i,j I I I 

flpH pa6oTaJOIUeM yCKOpHTene 

c = c e -A/ tl + ~ ( J - ~ -AI t l } 
I Oi 

AI 

ITpH Hepa60TaJOIUeM c 1 = c01 e 
-AI t2 

, rne I - CpenHSISI IT 

TOHOB; a1 MHKpOCKOITHqeCKOe ceqeHHe o6pa30BaHHSI i 

H3 MenH; co1 - HaqanbHaSI KOHUeHTpaUHSI -ro H30Tona 1 

BpeMR C MOMeHTa BKnJOqeHHR yCKOpHTenR; t 2 - BpeMR C MO 

qeHHR yCKOpHTenSI, 3aaqeHHe K09tP$HuHeHTa {3 MO)I(HO nony 

/4/ 
MOIUhJO naHHhiX pa6oTbl • B aToli pa6oTe 9KCITepHMeHTanhl 

nOCb H3MeHeHHe KOHUeHTpaUHH HOHOB MenH B MaKeTe KOHTypl 

ero ITpOTOHaMH, HsMeHeHHe KOHUeHTp8UHH HOHOB MenH B BOnE 

MO*HO paccMaTpHBaTh KaK cnencTBHe nByx npoueccoB: Koppo 

PoeT KOHUeHTpaUHH MenH q B nepBbiH MOMeHT, ITOcne sanHBI 

KeT, o6ycnoBneH TOnhKO ITpoueccoM KopposHH, IT09TOMY 

13 
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rne: n ;,; - lojHcno SJaep i -ro H30Torra, -ro aneMeHTa, aaxoaSJmerocSJ B 

BOLle KOHTypa; t - BpeMSI C MOMeHT8 38ITOnHeHHSI CHCTeMbl BOJlOlij C I 

KOHUeHTp8UHSI i -ro H30TOIT8 B 06'heMe BetUeCTBa Tpy60K, KOTOpbie fiOll-

BepraiDTCSI KOpp03HHj ~ - CKOpOCTb rrepeXOJl8 B BOllY BemecTB8 CTeHOK 

Tpy6oK, H8XOLIS!lUHXCSI fiOll o6nyqeHHeM, BCne):ICTBHe KOpp03HHj c; - KOH

ueHTp81!HSI i -ro H30TOfl8 B BetUeCTBe, COp6HpOB8HHOM H8 fiOBepXHOCTH 

Tpy6 cncTeMhij ~ j - cKopoCTh nepexona aemecTBa i -ro aneMeHTa c 

noBepXHOCTH Tpy6 CHCTeMbl B pe3ynhT8Te aecop6UHH. 

PeweaHe ypaBHeHHSJ (4) 3arrHweTCSJ B anae: 

-I A . +a . I, [ f ( f3 ' f3 ' J I A,·~ a I I t ' cl ' 8 ] n = e ' 1- c +c e t + • 
;,; ; t i 

Opn pa6oTaiDmeM ycKopnTene 

c 
I 

c e-AI 11 
01 

+ ~ ( 1 - e -A, 1 
I ) 

A . 
I 

( 5) 

npn Hepa6oTaiDmeM 
c.= c -A, 'z 

' o; e , rae - CpeltHSISI rrnOTHOCTb rrpo-

TOHOBj a 1 
- MHKpOCKOfiHqeCKOe ceqeHHe o6pa30B8HHSI / -1'0 H30TOfl8 

H3 Menn; c
01 

- HaqanbH8SI KOHUeHTp8UHSI -ro H30Tona B Me.!ln; t 1 

BpeMSJ C MOMeHT8 BKniDqeHHSI yCKOpHTenSJj tz - BpeMSI C MOMeHT8 BhiKniD-

qeHHSI ycKopnTenSJ. 3HaqeHne KoatjllflnuneaTa f3 MO>KHO nonyqnTh c no-

/4/ 
MOtUhiD aaHHhiX pa6oThi • B ::non pa6oTe aKcnepnMeHTanbHo orrpenenSJ-

noch H3MeHeHHe KOHUeHTp8UHH HOHOB Me):IH B MaKeTe KOHTypa rrpH o6nyqeHHH 

ero npoTOH8MH. H3MeHeHHe KOHUeHTp8UHH HOHOB MeltH B BOlte CO BpeMeHeM 

MO>KHO p8CCM8TpHB8Tb K8K cneJlCTBHe LIBYX npoueccoB: KOpp03HH H cop6uHH. 

PoeT KOHUeHTp8UHH Me):lH q B nepBbiH MOMeHT, nocne 38nHBKH BOllbl B Ma-

KeT, o6ycnoBneH TonbKO npoueccoM Koppo3HH, noaTOMY 
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I. 

141 
nnH MaKeTa, orrHcaHHoro B pa6oTe • PaayMHo rrpenrrono~HTb, qTo nnH 

KOHTypoB oxna~neHHH ycKopHTeneA H3 onHoro MaTepuana crrpaBennuBo cne-

nyJOUiee COOTHO!UeHHe! 

{3 = /3, _s_ __!!__ 
s, v ( 6) 

rne S1 H V1 - COOTBeTCTBeHHO ITOBepxHOCTb MaKeTa B 30He o6nyqeHHH
0 

141 
OMhiBaeMaH Bonoti, H ero o6'heM., yKaaaHHhie B pa6oTe ; S H V 

- ITOBepxHOCTb Tpy6oK B 30He 06nyqeHHH, OMbiBlleMaH Bonoti, H 06'heM 

Bcero KOHTypa oxna~aeHHH, cooTBeTCTBeHao. 3aaqeaue Koa¢¢uuueaTa {3 

141 
K8K BHnHo H3 naHHhiX fJFJOOTJ,J , MO~eT OTnHqaTbCH rrpHMepHO B 3 paaa 

B 38BHCHMOCTH OT TOI'O, llllXOnHTCH KoppoaHpyJOUI8H ITQBepXHOCTb rron o6ny

qeaHeM HnH HeT. no:tTOMy IJCOOXOnHMO nenaTb pa3nHqHe Me~y {3 
2

- H {33 

- CKOpOCTHMH nepexontJ fl BOny BeUieCTBa CTeHOK Tpy60K rrpH pa6oT8JOIIleM 

H Hepa6oT8JOUieM YCKOfJiiTl!llf~, COOTBeTCTBeHHO. 

0THOCHTenbHO .necopfillHH MLI He HMeeM nOCT8TOqHhiX naHHhiX, qTo6bi 

38ITHC8Tb rrpOH3BeneHHe c; {l; B 8H8nHTHqeCKOM BHne B 38BHCHMOCTH OT 

BpeMeHH. KpoMe Toro, Y HaC lleT IIHK8KHX KOnHqeCTBeHHhiX CBeneHHH nnH 

-....Qpouecca necop6uHH B HallleM KoHType oxna~neHHH. noaToMy B naHHoA pa-

6oTe Mbl orpaHHqHMCH TOnbKO paCCMOT)JeHHeM rrpouecca KOpp03HH K8K 

HCTOqHHKa ll8l"'pH3HeHHH BOnLr. 

HaMeHeHHe aKTHBHOCTH nonro~HBymux uaoTorroB Bo BpeMeHH nocne 

BKnJOqeHHH HnH BbiKnJOqeHHH YCKOpHTenH, K8K cnenyeT H3 «fJopMynhi 5, o6yc

noBneHo TOnbKO BhiBeneHHeM panH08KTHBHhiX H30TOITOB H3 BOn hi ( T.K. 

..\,«a/ ) • Koa<jl«f>HuHeHThJ BhrBeneHHH a 1 6binH aKcrrepHMeHTanbHo oueae-

Hbl ITO CKOpOCTH HllKOITneHHH 8KTHBHOCTH H30TOITOB B BOne ITOCne BKnJOqeHHH 

-6 -1 ycKopHTensr. Koa«P«f>HuHeHT BhiBeneHHH nnsr Co = 4. 10 ceK , nnsr 

-5 -1 
Mn = 1,2. 10 ceK • nepHon rronyBbiBeneHHH T1; 2 nnH Co=2na, nnsr 

Mn = 17 qac. 

14 

• 

noTOK ITpOTOHOB B MeCT8X pa3MeUieHHH Tpy60K H OMb 

BepXHOCTb S OrrpenensreM KOCBeHHO ITO 8KTHBHOCTH 

H3 30Hhi o6nyqeausr. Cor nacHo ( 3), Mo~Ho aarrucaTb: 

"c B B 

I Vo6~ H (1 

Q c c 
Ac= _;.......:......_~ c 

rs r Ac (lc HT 

0,95 v 2. 0,95 

rne V a6n 
Sr 

T 06'beM BOnhi BO BCex MenHhiX Tpy6K8X1 1 

nHT o6nyqeaue; Q v . 
= T - pacxon Bonhi B cHcTeMe; s - BJ 

rroBepxHoCTb MenHhiX Tpy6oK, rne rrpoucxonHT o6nyqeaHe; r 

Tpy6oK. 

Ha «f>opMynbi ( 7) ne·rKo onpenenHTb 
IS 
v 

TaKHM o6paaoM, rrapaMeTphi Bhipa~eHHSI (5) orrpeneneHhi, H M 

BHne 38ITHC8Tb «f>opMyny nnH paBHOBeCHOti 8KTHBHOCTH B Bone 

BKnJOqeHHOM YCKOpHTene: 

J 
A

1 1
= 1,9 A --

• c ,\ T 
c 

~ 
(1 

c 

{3, v, 
H ( ,\

1 
+a

1
) r S 1 

3aaqeHHH paBHoBeCHhiX aKTHBHOCTeA nnH H3oTorroB Co H Mn, 

rro «f>opMyne (8), rrpHBeneHhi B Ta6n. 1. B o6meM cnyqae t 1 

He SIBnSIJOTCSI He. 38B·IfCSIIIIIIMH npyr OT npyra BenHqHH8MH, C001 

ny KOTOpbiMH B 3HaqHTenbHOii CTerreHH cnyqafiHO. B aToti CBH' 

eT B03MO~HOCTb 38ITHC8Tb pellleHHe (5) B HBHOM BHne B 05UIE 

Cr ToT «f>aKT, qTo Mhi ae Ha6nJOnaeM B Bone HaoTorros 

KOTOpbie HMeJOT 5onblUOe ceqeHHe o5p830B8HHSI H3 MenH, MO~ 

TeM, qTO aTH aneMeHThl HMeJOT 5onblUOti Koa«fJ«fJHuHeHT BbiBene 
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noTOK npOTOHOB B MeCT8X pa3MemeHHH Tpy60K 
H OMbJBaeMyJO no-

s onpeaenHeM KOCBeHHO no 8KTHBHOCTH "c B aoae aa B&Ixoae 
BepxHOCTb 

H3 30Hbl o6ny'leHHH. Cor nacHo ( 3) 1 MOlKHO aanHcaT&: 

I Yo6~ H u 
Q c c IS r Ac u c H T ( 7) 

Ac= -......::..-~ 
0,95 v 2. 0,95 

rae 
V _ Sr 

u6n- T 
- o6'beM aoabi ao acex MeaHbiX Tpy6Kax, rae npoHcxo-

aHT o6ny'leHHej Q = ~ - pacxoa BOilbi B CHCTeMej S - BHyTpeHHHH 

noaepxaocTb MeaHhlX Tpy6oK 1 rae npoHcxoaHT o6ny'leHHe; r - paaHyc sTHX 

Tpy6oK. 

Jila $opMynbi ( 7) ne·rKo onpeaenHTb 
IS 
v 

TaKHM o6pa30M
1 

napaMeTpbl Bbip8lKeHHSI ( 5) onpeaeneHbl1 H MOlKHO B SIBHOM 

BHae 38nHC8Tb !jlopMyny anH paBHOBeCHOA 8KTHBHOCTH B Boae KDHTypa npH 

BKnJO'IeHHOM yCKOpHTene: 

J u 
A,

1
= J,9 A -- --L. 

' c A T u 
c c 

&__ VI 

H ( A
1 

+a
1
) r S 1 

(8) 

3aaqeHHH paBHoaecHbiX aKTHBHOCTeA anH H3oTonoa Co H Mn 1 Bbi'IHCneHHbie 

no !jlopMyne (8)1 npHBeaeHbi B Ta6n. 1. B o6meM cnyqae t 1 1 t 2 1 

He HBnSIJOTCH He. 38B·HCSIIDHMH apyr OT apyra BenH'IHH8MH 1 COOTHOJJJeHHe MelK

ay KOTOpbiMH B 3H8'1HTenbHOA cTeneHH cnyqaAHO. B 9TOA CBH3H OTCyTCTBy

eT B03MOlKHOCTb 38nHC8Tb peJJJeHHe (5) B HBHOM BHae B o6meM cnyqae. 

ToT $aKT, 'ITO Mbi He Ha6nJOaaeM B Boae H30TonoB Cr H V 

KOTOpbie HMeJOT 6onbJJJOe Ce'leHHe o6pa30B8HHH H3 MeaH, MOlKHO o6'bHCHHTb 

TeM
1 

'ITO 9TH sneMeHTbl HMeJOT 60nbJJJOi1 KOs$$HuHeHT BbJBeaeHHH. 3Ha'leHHe 
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~· 

8KTHBHOCTH,· COOTBeTCTBYIOIIlee npo6e, B3SITOA 'lepe3 47 JlHeR nocne 38DOn

HeHHS1 KOHTyp8 BOLlOA1 B TeqeaHe KOTOpbiX YCKOpHTenb· He p860T8n, LlOn>KHO 

onpeaenHTbCH 3H8'feaHeM KOa¢qlHuHeaT8 f3 
3 

• XoTH {3
3 

B :3 p838 MeHbiUe 

f3 2 
, BKTHBHOCTb nepBoA npo6bi 'OTnH'f8eTcH He 6onee 'feM B' 2 P838 

OT H8JfOOnbiUeti 8KTHBHOCTH BOJlbl B KOHType, 3To MO:HCHO 06'bSICHHTb 

BKn8LlOM Jlecop6uHH P8JlH08KTHBHblX H30TODOB CO CTeHOK OXn8:H(Jl8-

IOIIlero KOHTyp8, KonH'feCTBeHHOe COOTBeTCTBHe P8C'feTHblX H 3KCDepHMeHT8nb-

HbiX pe3ynbT8TOB YK83biB8eT H8 Dp8BHnbHOe ODHC8HHe npoueCC8 H8KOnneHHS1 

8KTHBHOCTH B BOlle CHCTeMbi OXn8:HCJleHHS1, 

38KniO'feHHe 

B pe3ynbT8Te HccneaoB8HHH P8llH08KTHBHoCTH BOllbi, oxn8:Hell8IOIIletl 

y3nbi CHHXpOUHKnOTpOH8 OJHHf, YCT8HOBneao, 'ITO B H8CTOHIIlee BpeMH 

ynenbH8H P8llH08KTHBHOCTb ae npeBbiiU8eT npenenbHo nonycT'!MbiX KoaueHT

P8UHA B Bone, nonne:HC81Ileti c6pocy B npeH8:HCHYIO CHcTeMy 6e3 npellB8pH

TenbHoro OTCTOSI HnH O'IHCTKH, AKTHBHOCTb r8MM8-p8JlH08KTHBHblX H30TODOB 

LlOCTHr8eT p8BHoBecaoA BenH'IHHbi He 6onee 'feM 38 6 JlHeA. MomHOCTb ll03bi 

r8MM8-H3ny'feHHS1 OT Tpy6 CHCT9Mbl Oxn8:Hell9HHS1 COH3MepHM8 C npenenbHO 

l't&DyCTHMbiMH BenH'IHH8MH HnH 
npeBbllU8eT HX H8 p8CCTOSIHHSIX~200 M OT 

CHHXpOUHKnoTpOH8, npa yBenH'feHHH HHTeHCHBHOCTH BHyTpeaaero Dy'IK8 YCHnH

TenH B 25-30 p83 noTpe6yeTcH coopy:HeeHHe cneuH8nbHoA CHcTeMbi oxn8:HC

lleHHH, p860T8IOIIleti 6e3 C6pOC8 P8llH08KTHBHOli BOllbl B OTKpb!Tbiti BOJlOeM, 

/5/ K8K aTo npenycMoTpeao npoeKToM 

nonb3yeMcH cny'f8eM Bbip83HTb npH3H8TenbHOCTb 38 none3Hbie coBeTbi 

npocjleccopy B.n. Ll:HeenenoBy H 38 OK838HHYIO noMOIIlb B p86oTe P. ApnbTy, 

T.H. K8nnHHcKoA H E.n. )Kyp8BneBoA, 
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