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B HaCTOR:~ee BpeMR MeTOn H,ZJ;eHTMcPMKaUHH 3apR)f(~HHhIX qaCTHU,
~. 

OCHOBaHHhlH na M3MepeHMH MX MOHM3MpYlOmeH cnoco6HOCTH B o6naCTH
 

J1orapHcPMHQeC'Koro pOCTa HOHH3auHH, aI<THBHO npHMeHReTCH B axcnepa
I MeHTaJIhHOH cPH3HKe BblCOKHX 3HeprHH. Oco6eHHO uiapoxoe pacnpocrpa

HeHMe nonyQHnH HOHH3auHoHHhie nerexropsr, B KOTOpblX H.n.eHTHcPHKauHH
 

ocyutecrnnaerca nyresr MHOTOKpaTHoro H3MepeHHR: nonasrx noreps saep

nm: B TOHKHX cnORX raaa (CM., aanpasrep, 11.2/). ,[leTeKTophl sroro rana
 
ofinanaior MHorHMH .u.OCTOHHCTsaMH, onaaxo 60nbllIHe cl>nYKTYaIlHH non
r HblX rroreps 3HeprHM He n03BonRlOT C03naBaTb KOMnaKTHble H.n.eHTH<lmKa


TOphI. Heo6xonHMOCTh acnonsaoaars B peansaora nerexrope MHOrHe Tbl
{ 
I CHtIH aMllnHTy,nHbIX KaHaJIOB 3neKTpoHHKH TaIOKe C03naeT, no KpaiiHeH
I
 
~. Mepe B HaCTOR~ee BpeMR, 3HallHTenhHbie TpynHoCTII.
 

. , H3MepeHHe nepBH1IHOH HOHH3auHH B rase MeTonOM csera KnRCTepoB 
I

B xasrepe C MenneHHbIM npononsasrr-r .n.peH«pOM 3neKTpoHOB SI n03BonReT, 

B npanuane, M36aBHTbCR OT ynosomyrsrx asnne HenOCTaTKOB. 
14+71 .K HaCToRmCMy BpeMeHH ony6nHKOBaH pan pa6OT , nOCBRIUeH-

HblX HGyqeHMIO MeTona csera KJIaCTepOB. BOJIblllHHCTBO accnenoaaaaa 
BbInOnHeHO aa tJaCTHUax C Q>HKCHpoBaHHOH HOHH3HpYlOmeH cnocofiaocrsro. 
3TO nH60 anexrponsr OT p8.nHOaKTHBHOrO HCTOllHHKa 

90 Sr, JIH60 sapa
)f(eHHble qaCTHUbI OT ycxoparens. PeJIRTHBHCTCKHH POCT nepBHlIHoi\ HO

/ 4 71 
\ 

III, HH3auHH H3MepeH TOJIhKO B pa60Tax • . 90. 
3neCb cnenyer OTMeTHTh oaao 83 nOCTOHHCTB p/a-HCTOllHHKa Sr 

WIH nonofiaor-o pona HCCnCnOBaHHH, a HMeHHO: HOHH3HPYlOIUarx crrocofi
.- I HOCTh 3neKTpoHOB OT aroro HCTOllHHKa nO'lTH TO'IHO COOTBeTC-"TByeT .MHHH

MyMy HOHH3auHOHHOH KpHBOH (OTnHtJHe He npeasnuaer 0,5%). Hapany 
C 3THM npocrora pa60TbI C p/a-HcTOllHHKaMH, B ornaxae OT pa60TbI aa nyq

xax 3apR>KeHHhIX qaCmUOT ycxoparenea, nenaer 9CSr Oqe,Hb y.u.06HhIM. 

TaKHM 06Pa30M, nonHhIM UHK1I Heo6xo,nHMbIX H3MepeHHH npoao
nRTCR He BO acex pafiorax. 13 3TUX YCJIOBHRX cnocofiaocrs zterexropa anen
rncl>HUHpOBaTb sacransr aBTOPhI oueHHBaJOT ronsxo aa OCHOBaHHH pacnpe
neneaas tmCJIa 3aperHCTpHpoBaHHhIX HMnynbcoB AJIH qaCTHU C OAHOR 

HOHH3Hpymrn;eH cnOC06HOCTbJO, B cnysae p/a-HCTOtlHHKa 90Sr - B MR
:~U' 

HHMyMe HOHH3auHOHHO~ xpasoa. Ilpa 3TOM nonarasor, lIBHO WIH HeRBHO, 
----~~ tITO nerexrop 6yneT H,D,eHTHQ>HQHpoaaTb qaCTHUbl B COOTBe'tCTBHH C. TeopeI 

I~ THtlecKoft KPHlBOH penHTHBHCTCKOro poera,© 06De,IlHHetIHbIH HHCTHTyT 1\AepHblX RCCJIenOBaHmf Jty6Ha, 1988 
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OAHaKO CYI..QeCTByeT, KaK HaM Ka:IKeTCH, npOCTOM MeTOA, KOTOpbIH n03

aorraer AOBonbHO TOqHO axcnepar-rearansao CMOAenHpOBaTb H3MepeHHe HO

HH3al.UfOHHOM KpHBOM H npa HcnOnb30BaHHH HCTOtIHHKa qaCTHIJ; C cPHKCHPO

BaRHOM HOIUI3HpYIOI..QeM cnoc06HOCTblO, B qaCTHocTH, p/a-HCTOqHHKa 90 Sr . 

HmICe H3nO:IKeHO 060CHOBaHHe sroro MeTO,lJ,a H anrnocrpanaa ero 
npaKTHqeCKOrO npHMeHeHHH. 

OBOCHOBAHHEMETOnA 

Cxer-ra xaxrepsr C Me,[(JIeHHbIM ApeMcPOM AnH csera xnacrepoa (Mll
xasrepa) TpCU(HIJ;HOHHOM KOHCTpyKIJ;HH npaaenena aa pHC. 1 (YKa3aHHbIe 

na pacynxe paaxrepsr OTHOCHTCH K xar-tepe, KOTOpaH acrronsaoaanacs 
B HaCTOHIIJ;HX accrrenoaaaaax) , 

'0 

4~ 

, r=: ~ 

1 
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,-- Puc. 1. Cxeua MJJ-KQ.Mepbl O/lR CI/eTa 

xnactepoe. 1 - 06/laCTb MeO/leHli020 

opeucjja; 2 - peeucrpupytoiuas npo

nOpl{UOHQIlbHQJl xauepa. 

HanOMHHM npHHIJ;Hn pera

CTP~HH nepBHqHOM HOHH3aIJ;HH 

B Mll-rcasrepe. Ilpa npoxozcneaaa 
qepe3 ofinacrs (1) '3apH:lKeHHaH 

qaCTHIJ;a 06pa3yeT BAonb CBOerO 
rperca aercoropoe KOnHqeCTBO 3neKTpOHHbIX crycrrcoa - KnaCTepOB nep

BHqflOH HOHH3aIJ;HH. DOA AeMCTBHeM cnafioro 3neKTpHqeCKOrO nona xnac

repsi MeAneHHO ApeMcPYIOT H3 06nacTH (1) B ofinacrs (2), npeACTaBJIHIO

nryro C060M 06bIqHYlO rrporropuaoaansayio xaraepy, C nOMOl.I.(blO KOTOpOM 

OHH peracrpapyiorca. TaKHM 06pa30M, B npHHIJ;Hne, ecna Ka)J()];bIM KJIaC

Tep naer ronsrco OAHH carnan B npOnOpIJ;HOHanbHoM rcavrepe, TO KOnHqeCT

BO 3aperHCTpHpOBaHHbIX CHrHanOB COOTBeTcTByeT aenaxaae ,nepBHqHOM 

HOHH3aIJ;HH, C03AaHHOM qaCTHIJ;eM. 

PaCCMOTpHM cnyqaM npOXO)l()J;eHHH nepea rcavrepy ABYX THnOB qaCTHIJ;, 

xcropsre C03A31OT B r-aae xasrepsr rcnacrepsr nepBHqHOM HOHH3aQHH C nnor

HOCT~IO n 1 H n 2 COOTBeTCTBeHHO., DPH <pHKCHpOBaHHOM CKOpOCTH ApeMcPa 

B 06nacTH (1) qaCTOTa npaxona KnaCTepOB B peracrpapytonnravAP 
3neMeHT (2) ecrs 

J = n
1 

, v H = n2 ,vAP • 1 AP J2 (1) 

BenHtIHHa nepBHtIHOM aoaaaanaa ,IVIH. 3TH~ ,D;ByX THnOB sacran, H~MepRe
MaR B xar-repe, orrpenenaerca xax tIHCno Hivm'ynbCOB Ni' aaperacrpapo
BaHHpIX B reueaae npoxreacyrxa BpeMeHH lt1 ,t 2] .' T .e. 

N 1 = J .(t -- t ) H N2 = J 2 ', ( t - t 1)' · (2)1 2 1 2 

113 rpopr-ryn (1) H (2), OqeBHAHO, cnenyer, qTO ace paarrasae B HOHH

3HpYIOm:eM cnoc06HOCTH xacrtm; C TOqlGI 3peHHH ee H3MepeHHfl B xasrepe, 
npoaanserca rorrsrco xarc paananae B qaCTOTe: npaxona KnaCTepOB B pe

rHcTpHpylOI.I.(HH' 3neMeHT xaxrepst, Cnezronarensao, HMeeTCH B03MO:IKHOCTb 

CMOAenHpOBaTb ycnoaaa peracrpauaa nepBHqHOM HOHH3~HH C WIOTHOCTblO 

n2 uepes nepaaxayro HOHH3aIJ;HIO c nnOTHOCTblO n 1 ,a HMe~Ho 

n2
 
J2 n1 n AP, n i: v~p
= n2 ,vAP -I-- ,v ] (3) 

1 

TaKHM 06pa30M, He06xoAHMO npOCTO H3MeHHTb CKOpOCTb ApeM<pa 

~ n2 
v na v = --, Vnp H npOBoAHTh perHCTPaQHIO KJIaCTepoB B reue-

AP. .cP n 1 M 

HHe roro :IKe aarepaana BpeMeHH [ t 1, t 2 ] 

Ilo CHX nop Hallie paCCMOTpeHHe HOCHJIO ynpomeaasni xapaxrep, 

nOCKonhKY MbI COBceM He xacarracs aonpocon, CBfl3a.HHbIX C npoueccosi 
nepenoca KJIaCTepoB a Mll-xaseepe. A HMeHHO, cynrecrsyior paanasas 
Me:lK.nY cnyxaesr, xorna Tpe6yeMaH BenHtIHHa J 2 C03naeTCH xacrauea 
C HOHH3HPYWI.I.(eM cnOC06HOCTblO n2 npa CKOpOCTH ApeH$a vAP' H cnyxa
evr, xorna TaKaH »ce SenHtfifHa J 2 C03AaeTcH qaCTHIJ;eH C HOHH3HpYlOmeH 

cnOCOOHOCTblO D 1 rrpa v~p . 
PaCCMOTpHM 3TH paamrsaa. 

1. Bnu.RHUe OWjJfjJY3UU. / TIPH H3MeHeHHH CKOPOCTH ):(peHcPa H3MeHHeT

ca BenH'IHHa K03<pqmIJ;HeHTa AH<p'!JY3MH anexrpoaon B rase. lJ,HQ>Q>Y3HH,
181

J<aK H3BeCTHO ,oKa3bIBaeT cYI.UecTB~HHoe BnHHHHe aa rrpouecc H3Me

peHHH nepBHqHOH HoHH3aIJ;HH MeToAoM csera xnacrepoa. HMeHHo non 

BnHHHHeM AH<P4>Y3HH KJIaCTepHaR crpyxrypa, C03AaHHaR nponereaurea 

qaCTHIJ;eH, C TeqeHHeM BpeMeH" paspyuraerca. PacCMOTpHM 3'PO HBneHHe 

npasreaarensao K aacromneray cnysaro. 
~i3BeCTHo, 'ITO .lUfcP<pY3HIO nnons aanpaaneaaa ApeHcPa X MO)KHO OnH

cars rayccoasne pacnpeneneaaest CO cpenaexaanparasasne OTKJIOHeUHeM 

f-2D~-'-X 
..j2D L , t ' ax AP (4)

V.qp 

2 3 



rne D L - K03cPQm:QMeHT npO,n;OJIbI-IOM .nMcP<pY3:k:m; tAP - BpeMH ,n;peMcPa. 

llOCKOJIbKy M3MepeHMe qMCJIa KJIaCTepOB npOBO,n;MTCH B reseaae O,n;HO

ro Ii roro )l(e MHTepBaJIa BpeMeHM [ t l' t 2] , TO He06xo,IJ;MMO npOaHaJIM3M

poaars TOJIbKO BeJIM'lMHY DL . . 

'uMcPcPY3MH 3JIeKTpOHOB B rasax nonpofiao paCCMOTpeHa B KHMre /91 . 

HaM60JIee npocro npononarca aHaJIM3 K03cPQmQMeHTa nonepesaon ,n;McPcPY, 

3MM, KOTOphIM asrpascaerca <POPMYJIOH: 

1DT -<f (v ) ·v> ~	 (5)3 a 

rne fa - cpenana ,lJ;JIHHa caotiozmoro npofiera 3JIeKTppHOB Me)l(,lJ;y CTOJIK

HOBeHMHMM C MOJIeKyJIaMM rasa; V - CKOpOCTb 3JIeKTpOHOB, KOTOpaH 

CKJIa.nbIBaeTCH .M3 TeIIJIOBOH M ,n;peMcPoBOH cxopocrea, 

Ycpe,n;HeHMe B <popMyJIe (5) npononarca no CKOpOCTHM 3JIeKTpoHoB. 

CKOPOCTb	 rennoaoro ,n;BM)I(eHMH 3JI-eKTpOHoB npa resmeparype t = 

is-c panna v = 11,5 CM· MKc-1 • TMnMtIHaH BeJIMtIMHa CKOpOCTMTenn. 1 
,n;peH<pa B ,n;aHHOM MeTo,n;MKe YAP 'S. 1 CM'MKC- • nOCKOJIbKY ornoure-

HMe IIJIOTHOCTM MOHM3aQMM B MMHMMyMe MOHM3aQMOHHOH KpMBOM n min M 

na nnaro <1>epMM ·n}.-, ,n;JIH M3BeCTHhIX ra30B :s 1,5, TO MaKCMn F /n mi n 
MaJIbHOe M3MeHeHMe VAP B IIpe,lJ;JIaraeMOM MeTo,n;e 6.VAP .:5: 0,5 CM·MKC - ~ 
TaK KaK 

-1 -1
 
( 6.VAP ~ 0,5 OM· MKC i « (V renn = 11,5 OM· MKo ),
 

TO MO)I(HO cxarars, xro K03<PcPMQMeHT ,n;M<PcPY3MM DT (CM. (5)} MeHHeTCH 

He3HatlMTeJIbHO. 

K CO)l(aJIeHMIO, K03cPcPMQMeHT npo,n;OJIbHOM ,n;M<P<PY3MM D L MMeeT 

60JIee CJIO:>KHhIH no CpaBHeHIUO C cPOPMYJIOH (5) BMn M He nonnaerca 

B 06meM aane crons npocrovry aHaJIM3Y. Ozmarco BhIBO,n; 0 CJIa60M M3Me

HeHMM ,n;McPcPY3MM oCTaeTCH cnpaaennaasn-r M ,lJ;JIH BeJIM'lMHhI DL .' .!leHcT

BMTeJIbHO, pacxer a X no 3KcnepMMeHTaJIbHblM ,n;aHHhlM (CM. 110,1 L') 

noKa3hIBaeT, tITO M3MeHeHMe ax rrpa Tpe6yeMoM M3MeHeHMM CKOpOCTM 

npearpa He npensnuaer 10% ,lJ;JIH 60JIblllMHCTBa ra30B. 

2. Ha npouecc M3MepeHMH nepBW'lHOH MOHM3aQMH fiorrstuoe BJIMHHHe 

orcassraaer npOCTpaHCTBeHHoe paapeureaae p B,n;OJIb HanpaBJIeHHH ztpea

cPa B ,n;peHcPoBoM npor-reacyrrce ,M,U-KaMephI. npOCTpaHCTBeHHoe paspeuie

HMe p onpenenaerca BeJIMtlMHOH MepTBoro BpeMeHM rM.f3. B KaHaJIe 

perMcTPaQMM KJIaCTepOB 

p = VAp· t M.B•• (6) 

4 

B pa60Te/ 81 6hillO nOKa3aHO, tITO rrpa npaBMJIbHOM Bhl60pe BeJIM

trnHbI p BJIMHHMe .n;YI<P<PY3MH na M3MepHeMyIO .nepBHtlHYIO 110HM3aU;lUO 

yCTpaHHeTcH. 

Flyers nepaaxaaa MOHM3alJ;l-fH C03,n;aeTCH qaCTMQaMM C pa3JIHtIHOH HOHM

3MpyroIIJ;eH cnocofiaocrsro. B 3TOM cnyxae IIpM qmKcMpOBaHHOH CKOpOCTM 

.n;peH¢a BeJIMtlIDIhl P M ax He MeHHlOTCH, a cpenaee paCCTOHHMe Me)l(,lJ;y 

KJIaCTepaMH 6.X HBJIHeTCH BeJIWIMHOH IIepeMeHHoH. COOTBeTCTBeHHO 

coornourenae Me:>I<,ll;y p 11 aX COXpaHHeTCH, a COOTHOllleHMe Men(")l;y P J1. 

~ M3MeHHeTCH B 3aBMCMMOCTM 01' H3MeHeHHH MOHH3MpylOmeH: crrocofi-

HOCTM tlaCTMQ. 

B cnyxae Mo.n;eJIMpOBaHMH CI1TyalJ;lfH OKa3hIBaeTCH coaepureaao HHOH, 

'ITO CBH3aHO C HeM3MeHHhlM COOTHOllleHMeM Me)l(,L(y aX M !.1 X . B CBH311 

C 3TMM K Bbl60py BeJIMtIMHhl t M.a. npa Mo.n;eJIMpOBaHMl1 npe,n;'bHBJIHIOT

CH nporaaopenaasre Tpe60BaHMH. 

,UeHCTBHTeJIbHO, C O,n;HOH CTOpOHhl, ,lJ;JIH COXpaHeHMH 

Me)l()l;y p M aX MepTBOe BpeMH He06xo,n;MMO M3MeHHTb B 

C <t>OpMyJIOH 

r' '-:::8L... r 
M.B.	 V' M.S.
 

AP
 

COOTHOllleimH
 

COOTBeTCTBHM
 

(7) 

C gpyroH CTOpOHhl, npa TaKOM H3MeHeHl1M r M. 13 • OCTaeTCH HeM3

MeHHhlM COOTHOllleHl1e Me)l(,lJ;y p M !.1 X , qerO HeT B cnyxae 06JIytIeHMH 

rcasrepsr tlaCTMQaMM C pa3JIWIHOH MOHM3HpYIOIIJ;eH cnoc06HOCTblO. 

,L:LnH ror-o, tlT06hl paspeurars 3TY nporasopexaayro caryanato, He 

nonnarouryroca npocror-ry aHaJIH3Y, Mhl BOCnOJIb30BaJIMCb pe3YJIbTaTaMM 

pafiorsr 181 , B KOTOpOH 6hlJI0 nponeneao MaTeMaTMQeCKOe Mo,n;eJIMpOBaHl1e 

npouecca M3MepeHMH nepBMtIHOM MOHM3aI.J;MM B Mll-xasrepe. 
Ha pMC. 2 npaaeneasr 3aBMCMMOCTM tIMCJIa saperacrpapoaaaasrx KJIaC

repoa (N), C03,D;aHHhIX B 10 MM aproaa qaCTMu;aMl1 C Y-rparcropora, 

paBHbIM 4 (KpMBaH 1) M 1000 (KpHBaH 2), T.e. B MMHMMyMe HOHM3aUMOH

HOH I-epMBOH M aa llJIaTO <I>epMM, OT B€JIHtlMHhl o . 
B rrpeztnaraeraowr MeTo,n;e MOneJIllpOBaHMFI M3MepeHHe qHCJIa KJIaCTe

pOB npOM3Bo,n;MTCH aa YQaCTKe rpexa, .n;JIMHa xoroporo M3MeHHeTCH nporrop

QMOHaJIbHO H3MeHeHMIO MOHH3MpYlOm;eii: CIIoc06HOCTM qaGTH:QhL T .K. B apro

He OTHOllleHHe D ::: 100o'n = 4 = 1,36, TO Mhl .n;OJI:>KHbI nOCTpOHTb 3aBMCMy y 
MOCTb 1,36· Ny = 4 OT P . 3Ta 3aBMCHMQCTb npencraaneaa na pMC. 2 
KpMBOH 3. 

nOCKOJIbKY B .n;aHHOM cnysae npa Mo,n;eJIMpOBaHMM H3MepeHMH cnenyerc 
nponoznrrs npa YAP = 1,36. Vnp , To aeotixonasro cnerrars MaClIITa6HOe 

npeofipasoaaaae KpMBOH 3 no OCM :P B 'COOTBeTCTBMH C <pOpMyJIOH (6) 
H CpaBHMTb npeofipasoaaaayro TaI<HM cnocofosi KpHBYlO C KpMBOH 2. 

'> 
5 



100 ---------~---ri Puc. 2. 3a6ucUMocTb 'IUCIIa sapezuctpu

poeaunux xnacrepoe N o r 6 enuuuuu 
npOCTpaHCT6 eHHOlO paspeiueuus p 11I' 

'80 
M,O-KaMepe, HanOIlHeHHOU apZoHOM. Kpu I 
,BaR 1 - OIU! '1aCTUl.I C Y = 4 (Ny= 4 ),. 

KpU,UlfI 2 - Ollfl 'IaCTU/,{ cy = 1000 

( N y= 10001,. KpUBaR 3 - 3aBUCUMOCTb 

';"5 
,~ 

1,36' Ny = 4 ,. KpU6aR 4 -r- 3a6UCUMOCTb , 
: nonyueunan MacLUTa6HblM npeotipasoea

uues« no p KpU60U 3.\~ -- - - - - - - n, .tIXJ() Ii}' 
\ , 

2~5 

~ 

'" '.:: -----n,.• -
- 

-
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KPHBaH 4 aa pHC. 2 I1peAcTaBJIHeT 
pe3YJIbTaT TaKoro rrpe06pa30BaHHH 
KpHBOH 3 C MaclllTa6HbIM K03<pqm:

.,- - ------'--. - ,- ,- -- ,.. d. o f{J{) 2(J(J u,HeHTOM 1,36, 'lTO COOTBeTcTByeT 
j./'ff(/'f 

HeH3MeHHOH BeJIH'lHHe MepTBoro 
BpeMeHH B nponecce MOAeJIHpOBa


UHH. Ha pHc,yHKe BH,lJ,HO .n;OCTaTO'lHO xopouree coanaaeafie KpHBbIX 2 H 4
 
npa P > 50 MKM. XOTR: npa MeUblllHX BeJIH'lHUaX p paCXO)J()];eHHe CTa

HOBHTCH 3aMeTUbIM, ara 06JIaCTb P rrpaxrasecxa He peanaayerca
 

~a npaxraxe. 
TaKHM 06pa30M, 'H3 npoaeneanoro asnne aHaJ1H3a cnenyer BbIBO.n;, 

• 'ITO MepTBoe BpeMH,	 onpenenmoutee rrpOCTpaHCTBeHHoe paspeureaae M)l

xasrepsr, npa H3MeHeHHH vAP B npouecce Mo.n;eJIHpOBaHHH .n;OJ,DKHO 6bITb 
HeH3MeUHbIM. 

rIPH <pHKCHpoBaHHOM r M. B. fiyner eCTeCTBeHHO H3MeHHTbCH COOT
nourenne Me)l(.l(y p H Ox . Ozinaxo OKa3bmaeTCH, 'ITO B HHrepecyIOll1,eM
 
Hac naanasone 3Ha'leHHH p, Ox H ~X 3TO H3MeHeHHe aecyutecraeaao.
 
Jl;IH npenensaoro cnyxaa OTcyTCTBHH .n;H<p<pY3HH BbI60p <pHKCHpoBaHHO


ro 3Ha'leHHH r M. •• oxeaanen.
 
3aKOH'lHB o60cHoBaHHe BbI60pa ¢HKCHpOBaHHOrO MepTBOro BpeMeHH,
 

cnenaesr aefiorrsuioe 3aMe'laHHe. KaK MO)KHO 3aMeTHTb, B pafiore 181 ana

~H3 rrponenea B npennonoacenaa, 'lTO MepTBoe BpeMH r M. B• HMeeT
 
¢HKCHpoBaHHyIO BeJIH'lHHy. OTCIO.n;a cnenyer, 'lTO M)l-KaMepa BMeCTe {

C peracrpapyiourea :meKTpoHHKOH .n;OJI)KHa 6bITb npafiopore C aenponne

BaIOll1,HMCH MepTBbIM BpeMeHeM. IIOCKOJIbKY c06cTBeHHo M,U-KaMepa "MeeT
 
npoztneaarouteeca MepTBoe BpeMH, TO MepTBoe BpeMH .n;OJI)KHO ortpene
 J 

3. B npaanane HMeeTCH aexoropoe paanasae B pacnpeneneaaa KJIac
repoa rro KOJIHtleCTBY 3JIeKTpOHoB B HHX B 3aBHCHMOCTH OT Y-rpax r o pa 

HOHH3HpyIOll1,eH sacrausr. Hanpavrep, ztaaaste .n;JIH aprona npa y = 4 H Y = 

= 1000 npaaezieasr B 181 . O.n;HaKO 3TO paarraxae, rro aaurer-ry MHeHHIo, 

CTOJIh He3HatlHTeJIhHO, srro HM MO)KHO npeaefipess. 

4. 3<p<peKTHBuoCTb csera KJIaCTepoB 3aBHCHT OT BpeMeuH )f(H3UH 

3JIeKTpOHOB B rase, xoropoe onpenenaerca B OCHOBHOM HX npanarranaera 
JIH60 K MOJIeKyJIaM OCHOBHoro r-aaa, JIH60 K 3JIeKTpOOTpHllaTeJIhHbIM 
rrpHMecHM. Ho rrOCKOJIhKY H3MepeHHH npononarca B rexeaae oanoro 
H Toro me HHTepBaJ1a BpeMeHH [t l' t 2 J, TO 3TOT 3<P¢eKT raxsce He CKa3bI
BaeTCH aa npHMeHHMOCTH npennaraeraoro MeTo.n;a. 

5 . TaK KaK KJIaCTepbI nonanaior H3 06JIaCTH Me,WleHHOrO .n;peH<pa 

B peracrpapyrouryro rrpon:OPllHOHaJ1bHYIO xasrepy sepea npoBOJIOlfHbIH 
KaTO.n;, TO 3¢¢eKTHBHOCTb HX perncrpanaa 3aBHCHT OT ero npoapaxaoc
TH 1121 . Ilpospavaocrs 3aBHCHT OT COOTHOllleHHH Hanp1'lmeHHOCTeH nOJIH 

zio xarona H rrOCJIe Hero. B npannane, .npa 'HeH3MeHHOM HanpHmeHHH na 
nporropunoaansaoa rcasrepe, H3MeHeHHe aanpasceaaa aa .n;p~H<POBOM npo
MemyTKe C uerrsro H3MeHeHHH CKOpOCTH .n;peH¢a MomeT npaaoznrrs K H3' 
MeHeHHIO np03pa'lHOCTH. Ouemca npoapasaocrn xarona noxassraaer, xro 
KaK B aaurera KOHKpeTHOM cnyxae, TaK H B 60JIhillHHCTBe npyrnx H3MeHeHHe 
.n;peH<pOBoro HanpH>KeHHH B Tpe6~eMbIX npenenax HHKaK ae CKa3bIBaeTCH 
aa perncrpauaa KJIaCTepoB. Ho .n;ame eCJIH B HeKOTopOM cnyxae OKameTCH, 
'ITO npoapaxaocrs xarozra MeHHeTCH, TO 3TO H3MeHeHHC acerna MomeT 
'6blTb y'ITeHO.	 , 

TaKHM 06pa30M, npoaeneaasra asnue aHaJIH3 nOKa3bIBaeT, xro npen
JIaraeMblH MeTO.n; C .n;OBOJIhHO BbICOKOH CTeneHbIO TO'lHOCTH Mo.n;eJIHpyeT 
06JIy'leHHe M'u-KaMepbI, pa60TaIOll1,eH B pe)I{HMe u.n;eHTH<pHKaTopa, 'laCTH
u,aMH C Pa3JIH'lHOH HOHH3yIOll1,eH cnoc06HOCTblO . 

3KCIIEPI1MEHTAJIbHAH I1JIJIIOCTPAIJ,I1H METO,UA 

I1CCJIe.n;OBaHHe pa60ThI M,U-KaMepbI rrpOBo.n;HJIOCL aa crenae, KOTOpbIH 
BKJIIO'laJI B cefia KpOMe KaMepLI TeJIeCKOn H3 nayx Cll,HHTHJIJIHll,HOHHLIX 
C'leT'lHKOB. B xaxecrae HOHH3YIOIllHX lfaCTHll, HCnOJIh30BaJIHCb 3JIeKTpOHbI 
OT p/a-HCTO'lHHKa 

90
Sr. TeJIeCKOn naaan BpeMeHHyIO oTMeTKy ( to = 0) 

JIHTbCH perncrpapyroutea 3JIeKTpoHHKoH. IIpH'leM anexrpoaaoe MepTBoe 
, BpeMH zrorrsoro 6bITh 3aMeTHO fionstue MepTBoro BpeMeHH co6cTBeHHO 

M'u-KaMepbI, tlTo6bI rrOCJIeJJ,Hee He HBJIHJIOCh onpenenmourare. B rrpOTHBHOM 
cnysae pe3YJIbTaTbI pa60Tb/ 81 HCrrOJIb30BaTh HeKoppeKTHO. 

o npoxoacneaaa tlaCTHUbI 'lepe3 KaMepy. CHrHaJIbI C xavtepsr YCHJIHBaJ1HCh 

TOKOBbIM yCHJIHTeJIeM (Inopor = 0,5 MKA; norroca = 100 Mf'n) , <pop
MHpOBaJIHCh no .n;JIHTeJIhHOCTH H nonaaanacs na BXO.n; CtleT'lHKa KC-021 / 131 , 

6 7 



y 
,I 

KOTOphlH OTKpbIBaJICH aa BpeMH H3MepeHHM l t I. t 2] . M'u-KaMepa B HaCTO

HIUHX H3MepeiIHHx rrponyaarracs ' H306yTaHOM C .n:06aBKOH 8% ~eTOHa 

npa arxrocrpepaora .naBJIeHHH. Hanpaaceane nHTaHHR peracrpapyrouiea 
npOnOPQHOHaJ1liHOH KaMepbl U l< :::: 4 I<B. Bsma asrfipaaa .CI<:OpOCTb ,npeHQJa 

vAP = 0,25 cr-t- MKC-1 . Mepraoe BpeMH $OpMHpOBaTeJIH, Cp0PM!ipYIOI.IJ;e

ro CHrHaJIbl C xavtepsr, 6blJI0 Bbl6paHO r M.B. = 25 HC. 3TOMy coornercr
syer npOCTpaHCTBeHHoe paspemeaae P = YAP • t M.S. :::: 62,5 MKM. M3Me

peHHH npononanacs B rexeaae mrrepaana [t 1 = 2 MKC., t 2 6 MKC] , T .e.ce 

C onaoro caarasterpa B.n;OJIb rperca, 
Msr snecs He 6y.n:.eM KOMMeHTHpOBaTb Bbl60p KOHKpeTHhlX BeJIHlIHH 

npaaenenasrx asnue napasrerpoa, IIOCKOJIbKy 31'0 HBJIHeTCH npensrerowr 
cneQHaJIbHOrO 06cy~eHHH. 

30 
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Puc. 3. 3a6!!.cUMocTb cpeoneeo IfUCJla 

xnactepoe Nt, sapeeuctpupoeaunux 

6 U1lTep6aJZe epeueuu [2, 6J MKC 01' 

CKOpOCTU opeutjja. 

Ha pHC. 3 npaaeneaa 3aEH

CHMOCT~ cpenaero lIHCJIa KJIaCTe

pOB Nt, aaperacrpaponaansrx 
B TelleHHe HHTepBarra BpeMeHH 

.[2 MKC, 6 MKC], 01' CKOpOCTH 

.n;peHQJa. 3Kcn~pHMeHTarIbHbleTOll

KH XOpOIllO OIlliChIBaIDTC.R: npHMoH 

JIHHHeH. Cnenyer, onaaxo, sar-re

THTb, xro npa 3KCTpanOJIHQHH 

K v AP :::: °ne,HMaH He npoxoznrr 

lIepea TOllKY Nt = 0, KaK .n;OJI)K

HO 6blJI0 6bl 6blTb. Ilo-BHi:uiMOMY, 

31'0 CBH3aHO C HaJIHlIHeM nOCTO

pOHHHX HMnyJIbCOB, npaxaaa no

RBJIeHHH KOTOpblX HaM He HCHa. 3KcnepHMeHTaJIbHble TOllKH, ofioanaxeaasre 

mm 

aa pacymce CHMBOJIaMH p, K, 11 , e H COOTBeTcTBylOI.IJ;He HOHH3YlOIUeH 

cnoc06HOCTH npOTOHOB, KaOHOB, IlHOHOB H 3JIeI<TpOHOB C HMnYJIbCOM 

p = r3Bjc, aaaecensr B npennonoaceaaa, liTO n Fin . :::: 1,4. 3KcnepH

MeHTaJIbHble naaasre 0 3aBHCHMOCTH nepaanaoa HOHH3aQHH 01' y «paxropa 

MH aaurea ra30BOH CMeCH OTCyTCTByIOT. 

Ha pHC. 4 npaaeneasr pesynsrarsr 3KcnepHMeUTaJIbHOrO Mo.n;eJIHpOBa

HHH H3MepeHHH nepaasaon HOHH3aQHH nna KaOHOB H IlliOHOB C HMnyJIbCOM 

5 r3Bjc B H.n;eHTHQJHKaTope MMHOH 64 CM. Kasoroe C06bITHe B racror-paxoae 

6blJI0 06pa30BaHO npocrsn-i cyMMHpOBaHHeM HMnyJIbCOa ):VIH 64 He3aBHCH
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Puc. 4. Pesynsrat »xcnepuuenransuoeo uooeaupoeanus usuepeuus nep

6Ulf1l0U UOIlU3a14UU imn KaOH06 (K) U nuouoe (11) C uunynscou 5 T3B/c 

6 uaenrtufiutcarope OflU1l0U 64 CM. lly1lKTUp1l0U CTpeflKOU noueseuo teope

tuuectcoe nonosceuue nU01l1l0Z0 nuxa. 

MblX npoxoacnenaa 3JIeKTpoHOB 01' A!a-HCTOQHHKa 90Sr . Ilpa 3TOM CKO

pOCTH .n;peHQJa BbI6HpaJIHCb B cooTBeTCTBHH C pHC. 3. M3MepeHHH, pe3YJIb

rarsr KOTOpbIX npaneneasr aa puc. 4, 3aHHJIH BpeMH 60JIee CyTOK. OKa

3aJIOCb, liTO cyrouasie KOJIe6aHHH rewmeparypsr 3aMeTHO BJIHHIOT aa npo

QeHTHOe conepzcaaae ~eTOHa B ra30BOH: CMeCH. 31'0, B CBOID oxepens, cy

mecraeaao CKa3bIBaeTCH aa cTa6HJIbHOCTH pe3YJIbTaTOB H3MepeHHH. Ilpa
HHTbIe Mepbl n03BOJIHJIH B 3HaIlHTeJIbHOH: Mepe CHH3HTb BJIHHHHe rer-mepa

rypasrx KOJIe6aHHH:, ormarco He yCTpaHHJIH ero nOJIHOCTblO. B peaynsrare 

racror-pararasr aa pHC. 4 OKa3aJIHCb IIpHMepHo na 10% mape, lIeM .n;OJI)KHbl 

6bDIH 6hl 6blTh. 

ABTOpbl 6JIaro.n;apHbl B.B.KapnyxHHY sa nOMOIJJ;b ~ KOHcynbTaQHH 

npa C03)J;aHHH 3JIeKTpOHHOH: annaparypsr 3KcnepHMeHTaJIbHOrO oreana; 
Jl.I' .A¢aHacheBY H C.B.TpYCOBY sa nOMOIUb B paapafiorrce npor-pararaaoroIt ofiecneseaaa; ,U.M.Xa3HHcy ~ B.CHTapy sa nonesnsre 06cy)K,lJ;eHHH: 
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