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AHHOTAD;IIJI 

CornacHo rrpoeKTY HHTeHCHBHOCTb ycKopeHJ-IOro rryqKa .n;eiiTpOHOB HYKJIOTpoHa Ill 
.ll:OJI)I<Ha 6biTb ~10 1 

qaCTHIJ/l{HKJI. B HaCT05III{ee BpeM!I OHa COCTaBJUieT ~10 10 
qaCTHI{/l{HKJI. IJpH 

HOpMaJibHOH HaCTpOHKe H HCIIOJib30BaHHH pe)KHMa a.z:r;Ha6aTHqeCKOrO 3aXBaTa qaCTHI{ B 

ycKopeHHe HHTeHCHBHOCTb B KOHI{e l{HKJia .z:r;OJI)l(Ha 61:1Tb CBbiiiie 90% OT HH)KeKTHpOBaHHOrO H3 

JIY rryqKa, cocraBmuomero B HacTo.s~mee BpeM.si 6oJie(: 10
11 

qacni:u;/:u;HKJI. 

CymecTBYIOII{ee HeCOOTBeTCTBHe 3aCTaBHJIO B Teq ~HHe p.s~.z:r;a JieT BeCTH IIOHCK IIpHqHH CTOJib 

60JibiiiHX IIOTepb HHTeHCHBHOCTH. BapHal{HH OCHOBfbiX rrapaMeTpOB yCKOpHTeJUI II03BOJIHJIH 

OIIpe.z:r;eJIHTb BKJia.ll: Ka)K.ll:OrO H3 HHX B HMeiOII{ee Mt CTO CHH)KeHHe HHTeHCHBHOCTH. Pa6oqHe 

pe)l{HMbl YCKOpHTeJUI MeH.siJIHCb B He60JibiiiHX IIp•~.z:r;eJiaX, H, eCJIH IIpH 3TOM OCTaBaJIHCb 

«JIIO<l>Tbi», B rrpe.z:r;enax KOTOpbiX HHTeHCHBHOCTb He f a.z:r;ana, cqHTaJIOCb, qTO 3TOT rrapaMeTp He 

BJIH.sieT Ha IIOTepH qaCTHI{. 

IJoCKOJibKY Ha6JIIO.z:r;aeMbie IIOTepH rryqKa M.ll:YT Cpa3y IIOCJie HH)KeKI{HH, HCCJie.z:r;oBaHH.si 

IIpOBO.ll:HJIHCb B HaqaJibHOH qacTH l{HKJia, rJiaBHbiM c~6pa30M, C rryqKOM, l{HpKyJIHpyroll{HM Ha 

CTOJie MarHHTHOrO IIOJI.si 0,03TJI, COOTBeTCTBYIOIIJero 3HeprHH HH)KeKI{HH (5M3B/HyKJI). 

IJpeHMyll{eCTBO TaKOrO pe)KHMa COCTOHT TaK)Ke B «pa3.z:r;eJieHHH HeH3BeCTHbiX», T.e. 

HCKJIIOqeHHH <t>aKTOpOB, CB.si3aHHbiX C pOCTOM MarHIITHOrO IIOJI.si H 3HeprHH IIyqKa, a TaK)l{e 

6onee qeTKOH HHTeprrpeTal{HH IIOJiyqeHHbiX pe3yJibTa1 OB. 

3KCIIepHMeHTbl, rrpo.z:r;eJiaHHbie Ha rryqKe .z:r;eiiTpOHOB, IIOKa3aJIH, qTO 3HaqHTeJibHbiH (a 

B03MO)l{H0 H OCHOBHOH) BKJia.ll: B IIOTepH BHOCHT pacCe.siHHe qaCTHI{ Ha OCTaTOqHOM ra3e. 

l13MepeHH.si IIOKa3aJIH, qTO peaJibHOe .z:r;aBJieHHe I KaMepe COCTaBJUieT B rrepecqeTe Ha 

KOMHaTHYIO TeMrrepaTypy ~ 10"5 
Pa (~ 10"7 

Topp). PaHee cqHTaJIOCb /2,3,4/, qTQ .n;aBJieHHe B 

rryqKOBOH KaMepe, HH)Ke, qeM 10-7-10"
8 

Pa, H 3TOT rrapaMeTp He MO)l{eT BJIH.siTb Ha IIOTepH 

qaCTHI{. 

Ha6Jli00eHUe nyiiKQ, I10CJie O.ll:H0060pOTHOH HH)Kel:l{HH B KOJibl{O Ha CTOJI MarHHTHOrO IIOJUI 

:UHpKyJI.sii{H.si rryqKa Ha6JIIO.z:r;aJiaCb C IIOMOII{biO IIHKaii-3JieKTpO.ll:OB. B TeqeHHe HeCKOJibKHX 

o6opOTOB («MHKpOCHrHaJI») HMeiOTC.si He3HaqHTeJibHb[e IIOTepH. IJpH .ll:JlHTeJibHOH l{HpKyJI.sii{HH 

( «MaKpOCHrHaJI») H.z:r;eT MOHOTOHHbiH CIIa.ll: HHTeHCHBHOCTH .ll:O HYJI.si 3a BpeM.si 0,5-1 CeK. IJpH 

3TOM xapaKTep crra.n;a o.n;HHaKOB .n;n.si pe)l{HMa BKJIIOqeHHoii H BbiKJIIOqeHHoii Bq. BMecTe c TeM, 

qF[CJieHHbie pacqeTbl ( CM. HH)l{e, 3.1) H 3KCIIepHMeHTI.I, rrpo.z:r;eJiaHHbie Ha HX OCHOBe, rOBOp.siT 0 

TOM, qTO B KaMepe yCKOpHTeJI.si HMeeTC.si B COOTBeTCTBHH C IIpOeKTHbiMH .z:r;aHHbiMH CB060.z:r;Hoe 

rrpocTpaHCTBO, .n;ocTaToqHoe .n;JUI ero :UHPKYJI»:UHH rrocne HH)KeK:UHH H rrocne.n;yiDmero 

HOpMaJibHOrO ycKopeHH.si 6e3 IIOTepb. 

Ha OCHOBe BbiiiOJIHeHHbiX HCCJie.z:r;oBaHHH H, B q::.cTHOCTH, TOrO <t>aKTa, qTo IIpH 3HeprHH 

HH)l{eKI{HH l{HpKyJIMPYIOII{HH rryqoK BO BpeM.si :UHPKYJI!Il{HH 6biCTpO IIOJIHOCTbiO Tep.sieTC.si, a IIpH 

YCKOpeHHH qaCTb ero Bbi)KHBaeT, MO)KHO c.z:r;eJiaTb BbiBO.ll:, qTo B OCHOBe rrpo:u;ecca Jie)l{HT 

3HepreTHqecKa.si 3aBHCHMOCTb. PeanbHO, 3TO MO)]ceT 6biTb pacce.siHHe Ha ocTaToqHoM 

aTMoc<t>epHOM ra3e, IIpHCYTCTBHe KOTOporo BIIOJIHe EepO.siTHO Ha HH)KeKI{HOHHOM, BbiBO.ll:HOM, 

TeiiJIOM HJIH yCKOp.siiOII{HX yqaCTKaX. IJpHqHHOH MoryT TaK)Ke .siBJI.siTbC.si 60JibiiiHe HaTeKaHH.si B 

KaMepy reJIH.si HJIH IIpHCYTCTBH.si TaM BO.z:r;opo.z:r;a. Cym;eCTBOBaBmee MHeHHe, qTO B KaMepe 

HyKJIOTpOHa BaKyyM Jiyqme 10"7 
- 10"8 

Pa, Bbi3BaiO, B KOHI{e KOHI{OB, COMHeHH.si, qTo H 

IIpHBeJIO K HCCJie.z:r;oBaHHIO BJIH.siHH.si 3TOrO Ba)l{HOrO rrapaMeTpa YCKOpHTeJI.si IIOCJie BCeX .z:r;pyrHX. 
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1. BoJMOJJCHocmu pac11ema nomepb unmencuanocmu. ITocne HH)I(eKnJur Ha cToJI MIT npH 

pacceHHHH nHpKyJIHpyroru:ero nyqKc Ha OCTaToqHOM rroe na.z:r:eHHe HHTeHCHBHOCTH HOCHT 

IIpH6JIH3HTeJibHO 3KCIIOHeHnHaJibHbiH xapaKTep: 

N = Nin exp(- th). (1) 

ITOCT05IHHM BpeMeHH 't cna.z:r:a HHTeHCHBHOCTH nyqKa, nHpKyJIHpyroru:ero B KOJiblleBOM 

ycKopHTene,onpe.n:eJI5IeTcH KaK 

c = Kc In= Kp I p, (2) 
me Kc H Kp- Ko3<PqmnHeHThi, 3aBHC:Iru:He oT napaMeTpos nyqKa (3HeprHH, aTOMHoro HOMepa) 

H ycKOpHTeJIH, (B qaCTHOCTH, ero aKC~:IITaHCa, «pacnpe.z:r:eneHHOH» 6eTa-<PyHKnHH H .z:r:p.), qTQ He 

scer.n:a B .n:ocTaToqHoii Mepe 6bmaeT H mecTHO. 

n - KOHneHTPanHH B KaMepe rroa, Ha KOTOpOM H.ZJ:eT pacceHHHe. 0Ha MO)I(eT 6biTb B351Ta H3 

H3MepeHHOfO OCTaToqHOrO .z:r:aBJieHH51 p, nponopnHOHaJibHOfO KOHneHTpanHH, n = p/kbotT (kbol 

=1 ,38x1 o-23 /(:JIC!zpao). 3HaHHe 3TO ~0 napaMeTPa c HY)I(HOH CTeneHblO .ZJ:OCTOBepHOCTH B 

60JibiiiHHCTBe CJiyqaeB npe.ZJ:CTaBJIR:eTC51 BeCbMa COMHHTeJibHbiM, IIOCKOJibKY BaKyyM 

H3MepHeTC51, KaK IIpaBHJIO, C 60Jibiii:IMH IIOrpeiiiHOCT51MH, H TO JIHIIIb B OT.ZJ:eJibHbiX TOqKaX 

o6oeMa. 

0TCIO.ZJ:a CJie.z:r:yeT, qTO pacqeTbl IIOTepb Ha OCTaToqHOM ra3e anpHOpH CB513aHbl C 60JibiiiHMH 

Heonpe.z:r:eJieHHOCTHMH H3-3a HX CTene HHOH 3aBHCHMOCTH, B nepsy10 oqepe.z:r:b, OT oqeHb rpy6o 

H3MepHeMbiX BeJIJiqJiH n (HJIH p). 0rrm6KH MOryT COCTaBJI51Tb IIOp51.ZJ:KH, H II03TOMY B 3THX 

YCJIOBHHX HHTepeca K TaKHM pacqeTaM Mbl He IIp05IBJI51JIH. 

2. /IocmanoaKa Jaoallu u MemotluKa :JKcnepUMenma. 151 ITpe.n:noqTeHHe 6biJIO OT.ZJ:aHo 

3KCIIepHMeHTy, H IIpH aHaJIH3e ITOJI~eHHbiX pe3yJibTaTOB BMeCTO pacqeTHbiX K03<l><l>HIIHeHTOB 

Kc HJIH Kp 6biJIH B351Tbi 3HaqHTeJihH o 6onee .n:ocTosepHbie, HX H3MepeHHbie 3HaqeHHH, qTo 

HCKJIIOqaJIO npH 3TOM H p51.ZJ: .z:r:pyrHX m:onpe.z:r:eJieHHOCTeH. 

KaK H B npe.ZJ:bi.ZJ:YID:HX CJiyqMX I OHCKOB IIpHqJiH ITOTepb, 3.ZJ:eCb Tpe6yiOTC51 H3MeHeHH51 

HCCJie.z:r:yeMOH BeJIJiqHHbl n (HJIH p). B .ZJ:aHHOM CJiyqae 310 MO)I(eT 6biTb C.ZJ:eJiaHO TOJibKO B 

CTOpOHY yBeJIJiqeHH51 KOHneHTpanHH ( a;aBJieHHH), ITOCKOJibKY B HaCTOHru;ee BpeMH, KaK H3BeCTHO, 

ynyqiiiHTb BaKyyM HeB03MO)I(H0. 

,z::t:nH 3Toro B pe)I(HMe nHpKynHnHH nyqKa .n:eiiTPOHOB Ha cTone MIT HH)I(eKnHH .ZJ:OJI)I(eH 6biTb 

H3MepeH TeMII ITOTepb HHTeHCHBHOCTH BHaqane B pa6oqeM pe)I(HMe BaKyyMHOH CHCTeMbl, a 

3aTeM npH yBeJIJiqeHHOM .z:r:aBJieHHH. :<:cJIH npH 3TOM npH MaJibiX .ZJ:06aBKaX .z:r:aBJieHH51 IIOTepH 

HHTeHCHBHOCTH 3aMeTHO yBeJIHqaTCH, 3TO 6y.z:r:eT 03HaqaTb OTCYTCTBHe 3anaca IIO BaKyyMy, H 

IIpHqJiHOH ITOTepb MO)I(HO 6y.z:r:eT cqiTaTb BbiCOKOe .z:r:aBJieHHe OCTaTOqHoro rroa. ,z::t:Ba TaKHX 

3KCIIepHMeHTa H 6biJIH BbiiiOJIHeHbl - O.ZJ:HH C HanyCKOM reJIHH, .z:r:pyroif - a30Ta, KOTOpbie 

IIOKa3aJIH 60JibiiiYI0 qyBCTBHTeJibHOC1 b K MaJIOMY yBeJIHqeHHIO .z:r:aBJieHH51. 3mo noomaepOUJlO 
npeonoJZoJJCenue, 11mo oonoii uJ n,ouliUH cyU(ecmaeHHbtx nomepb ny11Ka RBJZRemcn ezo 
pacceRnue na ocmamoliHOM zaJe. 

KpoMe 3Toro oqeHb Ba)I(Horo, Ho KaqecTBeHHoro pe3yJibTaTa, 6hma TaK)I(e HCIIOJib30BaHa 

B03MO)I(H0CTb 3KCITepHMeHTaJibHO on~HHTb .ZJ:aBJieHHe (KOHneHTpanHID), OCTaToqHOIO Ia3a B 

KaMepe. 

ITocJie .z:r:o6aBKH K HeH3BeCTHOH KOHneHTpanHH flo H3BeCTHOH BeJIJiqHHbl ~n (nonyqeHHOH 

qepe3 H3MepeHHYIO .z:r:o6aBKY ~p npH f anycKe rroa B KaMepy ) ITOCT051HHM BpeMeHH 't:~ 6y.z:r:eT B 

COOTBeTCTBHH C (2) HMeTb BH.ZJ:: 

r3 = Kc I (no +~n). (3) 

(CnpaBe.ZJ:JIHBO .ZJ:JI51 .z:r:o6aBKH TOfO )l(e rroa, qTQ H OCTaTOqHbiH.) CM. TaK>Ke (6). 

B (2) H (3) .n:sa HeH3BeCTHbiX no H K,. OTKy.n:a H3MepHeMM BeJIJiqHHa 

no= ~nl(-r0 1'T3 -1) (4), 
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a3HaqeHHe 

Kc = 't3Lln/(1- 't3 I 'to) (5) 

3. 3KcnepUMenmbt no BJIURIIUIO ocmamormozo t)aBlleHUR na nomepu unmencuBnocmu. B 
nepBOM 3KCnepHMeHTe HCnOJib30BaJIC51 reJIH:if, B·) BTOpOM - a30T. 06a 3KCnepHMeHTa .[(aJIH 

KaqeCTBeHHO O.[(HHaKOBblif pe3yJibTaT, O.[(HaKO npt:.[(noqTeHHe 6biJIO OT.[(aHO a30Ty, nOCKOJibKY 

npOT51)1(eHHOCTb ero pacnpe.IJ:eJieHH51 OT MecTa HaTe <aHH51 B.IJ:OJib KaMepbi 6onee onpe.IJ:eJieHHa: Ha 

XOJIO.[(HbiX yqaCTKax KaMepbi a30T BbiMOpa)I(HBaeTC >I. ,lJ;aBJieHHe yBeJIHqlfBaJIOCb nyTeM HanycKa 

ra3a qepe3 HaTeKaTeJib Ha O.IJ:HOM H3 np51MOJIHHeiiHbiX yqacTKOB KOJiblla (TenJibiH, NQ 7). B 
pe3yJibTaTe, .[(JI51 npOH3BOJibHO 3a.[(aBaeMbiX Llll C biJIO nonyqeHO 3HaqeHHe fio - OCTaTOqHM 

KOH1IeHTPa1IH51, HJIH COOTBeTCTByiDIIIee eMy pa6oqee .[(aBJieHHe B KaMepe. Y)l(e npH He60JibiiiOM 

yBeJIHqeHHH .[(aBJieHH51 (~30~ OT 06IIIefO cpe.[(Hero .[(aBJieHH51 B KaMepe) XapaKTep noTepb 

OCTaBaJIC51, a HX TeMn 3aMeTHO yBeJIHqlfBaJIC51. 

4. O~enKa ocmamormozo t)aBJleHUR no pe3yllbmamaM :JKcnepUMenmoB. ITocT051HHbie 

BpeMeHH 3KCnOHeHT npH 1IHPKYJI511IHH qyqKa OnJe~eJI5IJIHCb H3 nOKa3aHHH HHTeHCHBHOCTH, 

nonyqaeMOH C nHKaii-3JieKTPO.IJ:OB, 3anHCaHHbiX B q>aHJibi. l-13 3KCnOHeHT (rpaqmKOB nOTepb) no 

.IJ:BYM ToqKaM Nt(tt) H N2(t2) HaxO.IJ:HJIHCb 't3: 

N 1=Ni exp(- t1h3), N2=Ni exp(- hh3), N 1/N2 = exp[(t2 - ti)h3], OTKy.IJ:a 't3 = (h - tt)lln(N tl N2). 

CqHTaJIOCb, qTo rJiaBHoii cocTaBJI51IOIIIeii ra3c. B KaMepe 51BJI51eTC51 renm:t. I1o3TOMY npH 

3KCnepHMeHTaX C HanyCKOM a30Ta 6biJIO yqTeHO ~TJIIfqlfe ceqeHH51 pacce51HH51 .[(eHTpOHOB Ha 

reJIHH H a30Te qepe3 K03<)J<)JH1IHeHT (ZNIZHe)
2 

(npOH3Be.[(eHHe (ZNIZHe)
2 
LlllN MO)I(HO Ha3BaTb 

3<)J<)JeKTHBHOH KOH1IeHTPa1IHeH .[(06aBJieHHOfO a30TL), T.e. 

lloHe = (ZNIZHe)
2 
LlnN 1 ( 'to I 't3 - 1 ). ( 6) 

f1pOT51)1(eHHOCTb nOBbiiiieHHOfO .[(aBJieHH51 Ha ~ ·enJIOM npoMe)I(YTKe ( ero .[(JIHHa f = 3, 7 M, a 

carHTTa CB060.[(HO npoJieTaiOIIIeH B KOJiblleBOH qa<:TH MOJieKyJibi .[(0 ee nona.[(aHHIO Ha CTeHKY 

KaMepbi paBHa OKOJIO 0,75M) 6biJia npHH.HTa, KaK L=3,7M+2x0,75M = 5,2M, H ycpe.[(HeHa Ha 

Becb nepHMeTp IT=251M, T.e. LII1=5,21251 =0,02. 

Pe3yJihTaTbi .IJ:Byx 3KcnepHMeHTOB c HanycKoM a30Ta B TennoM (NQ7) npoMe)l(yTKe, r.[(e 

nOBbiiiiaJIOCb .[(aBJieHHe Ha L1p=2,1·l04 fla (LlnN=1xl0
15

1M
3
) H Ha L1p=ll·l0-4fla 

(LlnN=5,2·l0 151M3
) .[(aJIH, COrJiaCHO (6), ycpe.[(HeHme no KOJibliY 3HaqeHHe KOHlleHTpaiiHH 

OCTaTOqHOfO reJIH51 n=4·10161M3 (p=2,4·l0-6fla) H n==4,31·0
16

1M
3 (p=2,6·l0-6fla), COOTBeTCTBeHHO 

( CM. HH)I(e, Ta6JlU1,Ja 2). l13MepeHH51 HOC51T ou;eHOqf hiM xapaKTep, O.[(HaKO, BbiiiOJIHeHHbie TaKHM 

CnOC060M H C nOMOlllbiO MaHOMeTPHqecKHX .[(aTqm:OB, 06biqHbie nOKa3aHH51 KOTOpbiX p~1, 1·10-

6 lla, Y.IJ:OBJieTBOpHTeJibHO coBna.[(aiOT. 

,lJ;JI5I HafJI51.[(HOCTH H3MepeHHOe .[(aBJieHHe MO)I(HO npHBeCTH K .[(aBJieHHIO npH KOMHaTHOH 

TeMnepaType ( TKMHITHe ~ 29014,2 = 69 ), qTO .[(at'T PKoMH= (2,4+2,6+1,1)10-
6

·691(3) = 1,4·10-

4lla= 1,I·10-6 Topp. 

B Ta6Jlu~e npe.IJ:cTaBJieHbi pe3yJibTaTbi H3MepeHHii .[(aBJieHH51 ocTaToqHoro ra3a B KaMepe 

HyKJioTpOHa I2.03.2005. 

B CTOJI61Ie I .[(aHO HaqaJibHOe .[(aBJieHHe fa3a Jl B TenJIOM np51MOJIHHeHHOM npoMe)l(yTKe, 

H3MepeHHoe c noMOIIIbiO HaXOMIIIeroc51 TaM .[(aTqm:a ITMM-2 .IJ:O Haqana 3KcnepHMeHTa). 

B CTOJI61Ie 2 nOKa3aHO .[(06aBoqHoe ycTaHOBHBIIIeeC51 .[(aBJieHHe nocne HarrycKa B 3TOT 

npoMe)l(yTOK a30Ta. ,lJ;JI5I nepBOfO HarrycKa L1p=2 I ·I 0
4

f1a ( CYMMapHOe nOKa3aHHe npH6opa 

2,4·1 0
4

f1a), a nOBbiiiieHHe .[(aBJieHH51, ycpe.[(HeHHOe no KOJib:Uy, COCTaBJI51eT +L'lp = 2, I ·I 04 
x 

xL/I1(=0,02)=4,2·10-
6
ITa. ( 4-51 CTPOKa nOKa3biBaeT CJITya:UHIO .[(JI51 nepBoro HanycKa a30Ta. HH)I(e 

.[(aHbi qHcJieHHbie pacqeTbi .[(JI51 noro cnyqM, 5-51 CTpoKa- aHanorHqHo, .[(JI51 BToporo HanycKa.) 

B CTOJI61Ie 3 npHBe.[(eHO 3HaqeHHe nOBbiiiieHm£ pacnpe.[(eJieHHOH KOH1IeHTPa1IHH a30Ta B 

KOJihlle +L'lnN= +L1p/kbotTKMH=4,2·10-
6
1(1,38I·0-

23 
·21l0)= I·l0151Ky6.M. 
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B cTorr6ue 4 ,n:aHo rroBbrmeHmi KOHUeHTpal~HH a30Ta B rrepecqeTe Ha He, T.e. c yqeTOM 

(ZN/ZHei, 3KBHBaJieHTHOe IIOBbiilleHHe KOI-[UeHTpaUHH He. 3Ta BeJIHqHHa COCTaBmieT 

+LillHe=12,25·1·1015 =1,2·10
16/7<:y6. .M. 

CTorr6eu 5- BpeM» H3MepeHH» t 1 Ha 3KcrroHeHTe HHTeHCHBHOCTH. 

CTOJI6eu 6 - BeJIHqHHa HHTeHCHBHOCTH B 3TOT MOMeHT B OTHOCHTeJibHbiX e,n:HHHIJ:ax. 

CTorr6ubl 7 H 8 - aHarrorHqHo rrpe,n:bl,n:ymHM .nrr» BTopo:fl ToqKH 3KcrroHeHTbi t2. 

CTOrr6eu 9- HaqarrbHa» aMIIJIHTy,n:a (MaKCHM)M) 3KCIIOHeHTbi. 

CTOJI6eu 10- IIOCT05IHHbie BpeMeHH crra,n:a HETeHCHBHOCTH .ll:Jl5I pa3HbiX ,n:aBJieHHH. 

CTOrr6eu 11 -KOHUeHTPaUH5I B KaMepe 4·10
16f.<:y6 . .M, rrorryqeHHa», corrraCHO (6), H3 OIIbiTa. 

CTOrr6eu 12- TO )l(e .n:rr» ,n:aBrreHH» ocTaToqHoro ra3a (rerrH»). 

113 rrpe,n:cTaBrreHHbiX B Ta6rrHue pe3yJibTaTOB crre,n:yeT, qTo H3MeHeHHe HMerome:flc» 

KOHUeHTpaiJ:HH ra3a B KaMepe Ha +L'mHefllo = 30% (a COOTBeTCTBeHHO, H IIpHBe,n:eHHOfO 

,n:aBJieHH5I) yMeHbmaeT IIOCT05IHHYffi BpeMeHH U)Tepb CO 102.Mc .ll:O 78.Mc (aHaJIOrHqHo, .ll:Jl5I 13% 

3TO 40MC). 

5. 3KcnepUMeHmaJlbHO noRylleHHbte JHalleHUR Konqenmpaquu u oaaReHUR a Ka.Mepe 
HyKJtompona 

Ta6Jlul{a 
1 2 3 4 5 6 7 8 9 10 11 12 

Haqarr, ,[(o6aBrr Ycpe,n:H. Ycpe,n:H. t~, N1, h, N2, No 't, no Po 
p Terr. L1p Terr. ITO IT ITO IT .MC 'JmH. .MC om H. omH. .MC rrorryq. JJa 

lla lla +L1nN/M
3 

+i1llHefM
3 eo. eo. eo. 11M

3 T=lOli 

2,6 
0 0 0 28 38 108 17,3 50 

'to 
x10-5 102 

2,6 2,1x lx10
15 

1 2x1016 
28 47 108 17,0 67 't3i 4x1016 5,7x 

' x10-5 xl0-4 30% no 78 xl0-6 

2,6 llxl0-4 
5,2x10

15 
6,2x10

16 
28 32 108 4,3 64 't32 4,3x 6,2x 

x10-5 140%no 40 x1016 xlO" 
- -----

HcxOM H3 3KcrrepHMeHTa, 3aBHCHMOCTeH <5) H (6), TerrepL rrerKo orrpe.n:errHTb Kc .n:rr» 

31}?1}?eKTHBHOH KOHUeHTpaiJ:HH a30Ta : 

K' c = 'tlZN/ZHei L\llN /(1- 't3 I 'to), (7) 
' 19 

cpe,n:Hee qlfcJieHHOe 3HaqeHHe KOTOpOrO COCTaB. I5IeT Kc = 4,9 .1 0 c/Ky6.M. 

ITorryqeHHbie pe3yrrbTaTbi rrOKa3biBaiOT, qro Ja6oqH:fl "BaKyyM B HyKrroTpoHe 6orree qeM Ha 

,n:Ba rrop».n:Ka xy)l(e Toro, qTO 3a,n:aBarrocb rrpH pa3pa6oTKe rrpoeKTa HyKrroTpoHa. /6/. (Crre.n:yeT 

OTMeTHTb, qTO B KaMepe CHHXpOI}?a30TpOEa o6neMOM 200 Ky6. M IIOCJie ycTaHOBKH 

KpHorraHerre:fl ,n:aBrreHHe B Hen 6biJIO Toro )l(e rrop»,n:Ka. ,[(aBrreHHe B Terrrro:fl KaMepe 

CHHXPOTPOHa HT3<l> COCTaBJI5leT 8* 1 o-9Topp.) 

6. OqenKa nozpemnocmeu. Crre.n:yeT eme {:8.3 rro,n:qepKHYTb, qTO rrorryqeHHbie pe3yJibTaTbi 

5IBJI5IIOTC5I CKOpee KaqeCTBeHHbiMH H He rrpeTeH;~yiOT Ha BbiCOKYIO TOqHOCTb H3MepeHHH. BMeCTe 

C TeM, IIpH paCCMOTpeHHH IIOJiyqeHHbiX pe3yJibTaTOB CJie,n:yeT OUeHHTb CTerreHb HX 
,n:OCTOBepHOCTH qepe3 ,n:orrymeHH5I H IIOrpemH OCTH, KOTOpbie HMeJIH MeCTO IIpH IIpOBe,n:eHHH 

3KCIIepHMeHTOB. 

1) B IIpHBe,n:eHHbiX Bblille paccy)l(.ll:eHH5IX IIJ>HHHMaJIOCb, qTO OCTaToqHbiM fa30M B KaMepe 

HyKrrOTpoHa »Brr»eTc» rerrH:fl, H 6parrocb 01 HomeHHe 3KBHBarreHTHOH rerrHIO .n:o6aBoqHoH 

KOHUeHTPaUHH ra3a (qTo 6biJIO c,n:erraHO BIIOJIEie KOppeKTHO) K o6me:fl KOHUeHTPaUHH ra3a B 

KaMepe. Borrpoc COCTOHT B TOM, HaCKOJibKO rrpaBOMepHO rrpe,n:rrorraraTb, qTO 3TO reJIHH. 
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B 3TIIX II3MepeHII5IX cqiiTaJIOCh, qTo IIMeeTC51 6oJ nmiDI aepo5ITHOCTh npiiCYTCTBII51 ao.nopo.na, a 
TaK)l{e Ha OT.IJ:eJihHhiX yqaCTKaX a30Ta. 0.IJ:HaKO IIIC .IJ:OJI5I, nO-BII.IJ:IIMOMy, OTHOCIITeJihHO MaJia. 
KpoMe TOfO, ycpe.IJ:H5151 aTOMHhiH HOMep BO.IJ:OpO,ll a II a30Ta, noJiyqiiM HeKoe «3tPtPeKTIIBHOe» 
3HaqeHIIe Z=4, qTo acero JIIImh B .naa prua 6onn llle, qeM .IJ:AA reJIII51, KOToporo B KaMepe, no 
MHeHIIIO crreniiaJIIICTOB, npiiCYTCTByeT 3HaqiiTeJihBO 60JibilliDI .IJ:OJI51. 

B 3TOM CJiyqae .IJ:aHHIDI norpeiDHOCTb He 6y.neT C. IIIillKOM 60JihillOH IIJIII, no KpaifHeH Mepe, He 
6y.neT IIMeTh npiiHniiniiaJibHOrO 3HaqeHII51. 

2) TeMnepaTypa cTeHoK aaKYYMHOii KaMepni, JIJIII rruoo6pruHoro renli51, 6paJiacn paaHoii 
4,2K. Ha caMoM .nene oHa MO)l{eT .nocTIIraTn .nec~ITKa K II Bnime. l1 OII51Th-TaKII, nonpaaKa B 
oneHKax .IJ:aBJieHII51 Ha 3TOT tPaKTOp, paBHhill 2 - 3, He CTOJib y)l{ BeJIIIKa, T.K. 3aBIICIIMOCTb 
.naaJieHII51 OT TeMnepaTypni JIIIHeHHIDI. 

TaKIIM o6pruoM, cyMMapHIDI norpemHOCTh B 3I<:cnepiiMeHTe, oqeBII.IJ:HO, Jie)KIIT B npe.nenax 
nonnop5I.IJ:Ka, qTo .IJ:JI51 .naHHOH npo6neMni, Bp5I.IJ: JIII, MO)l{eT npen5ITCTBOBaTh ee pemeHIIID. KpoMe 
TOrO, II3MepeHII51 BaKyyMa nyqKOM BCero JIIIillh E 2,5 OTJIIIqaeTC51 OT II3MepeHIIH .IJ:aTqiiKaMII 
.naaneHII51. 

3) 3HaqeHII51 Ke' no .IJ:BYM 3KcnepiiMeHTaM c Han''CKOM a30Ta cocTaBJI5IIOT: Ke '(I)= 4,879.1019 

c!Ky6.M II Ke'(2) = 4,997.10 19 c!Ky6.M, q'yo .naeT ~)pe.nHee 3HaqeHIIe Ke. = 4,94.1019 c!Ky6.M. 
0THOCIITeJihHIDI norpemHOCTb B 3TOM CJiyqae COCTaBJI5IeT OKOJIO 1%. 

7. Tpe6yeMbtil aa«yyM. l1TaK, cornacHo (1) 

N = Nin exp( -n 1 IKe) (8) 

IIJIII, (qTO TO )l{e, HO .IJ:JI51 y.no6CTBa) qepe3 .IJ:eKpeMc~HT noTepn De= 1/Ke, 

Ninexp(-Dent) (9) 

Tor.na Tpe6yeMIDI KoHneHTpanii51 
n =- ln(N/Nin)/ Det. (1 0) 

Ha OCHOBaHIIII nonyqeHHoro II3 3KcnepiiMeHTa maqeHII51 De = 2,86xl o-15 c-1 II Bni6paHHOro 
N/Nin II3 (9) MO)l{HO .IJ:OCTaTOqHO .IJ:OCTOBepHO oneHIITh, KaKOH BaKYYM Tpe6yeTC51 .IJ:JI51 
.IJ:OnyCTIIMhiX noTepn IIH)l{eKTIIpOBaHHOrO nyqKa. 

TaK, HanpiiMe~, .IJ:JI51 .neiiTPOHOB, pacceiiaaeMbiX na reniiii, .IJ:JI51 noTepn 10% 3a apeM51 1 c, 3To 
.naeT ll = 3,5x10 5/Ky6.M., IIJIII .IJ:aBJieHIIe reJIII51, npE KOTOpOM npOII3BOMTC51 II3MepeHII51 ( OKOJIO 
4,2R), .IJ:OJI)KHO 6h1Th p=2x10-7J1a (1,5x10-9 Topp). lJ;JI5I 1% II t = 10c 3TO COCTaBJI5IeT p = 2x10-9 

lla (1,5x10-11 Topp). 

Aampni Bnipa)KaJOT 6naro.napHOCTh seeM c OTPY.IJ:HIIKaM HayqH0-3KcnepiiMeHTaJihHhiX 
no.npru.neneHIIH, OKa3aBilliiM nOMOinn npii o6cy)K.IJ:e fliii II BhillOJIHeHIIII 3TIIX pa6oT. 
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