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nOCTAHoBKA 3A,D,A4ltl 

B cOBpeM~HHoM RAepHo-$H3H4ecKoM HnH paAHOXHMH4eCKOM 3Kcne
pHMeHTe HepeAKO BCTpe4aeTCR 3aAa4a KonH4eCTBeHHoro aHanH3a 
KPHB~X pacnaAa reHeTH4eCKH CBR3aHH~X aKTHBHocTeR, npH4eM B CH
ny Man~x nepHOAOB nonypacnaAa T H/HnH Man~x B~XOAOB HHTepBan~ 

H3MepeHHR no He06xoAHMOCTH He.BnR~TCR Man~MH no cpaBHeHH~ C T. 
06pa60TKa pe3ynbTaToB H3MepeHHR B 3TOM cny4ae cnomHa H KponOT
nHBa, H ronY4HTb HC4epnbIBa~~y~ H 06beKTHBHY~ HHTepnpeTa4H~ AaH
H~X MomHO nHWb C nOMO~b~ 3BM. OTMeTHM ABe THnH4H~e 3aAa4H: 

1. ltlccneAY~TcR XHMH4eCKoe nOBeAeHHe 3neMeHTa C nOMO~b~ era 
KopoTKomHBY~Hx H30TOhpB. npRMoe H3MepeHHe KOH4eHTpa4HR 3aTpYA
HeHo, 4a~e aHa ocy~ecTBnReTCR KOCBeHHO - 4epe3 AeTeKTHpOBaHHe 
A04epHHX HyKnHAOB. BpeMR, He06xOAHMoe AnR XHMH4eCKHX onepa4HR,
 
cpaBHHMO HnH, npeBOCXOAHT nepHOA~ nonypacna~a 3THX HyknHAOB. TaK,
 
HanpHMep, H~H60nee AocTynH~R B HaCTOR~ee BpeMR H30Ton _256Md ,
 
T = 1,3 4 C nOMO~b~ 3neKTpOHHoro 3aXBaTa OH nepeXOAHT
 
B 258Frn , T = 2,63 4 ) I cnOHTaHHoe AeneHHe KOToporo MomHO nerKO
 
3aperHCTpHpOBaTb. npenapaTbl 256Md npaKTH4eCKH BcerAa cOAepmaT
 

,H 256F rn, 4TO 'AonmHO 6~Tb Y4TeHO npH onpeAeneHHH KOH4eHTpa4H~ 
256Md no A04epHeMy HyKnHAY /1/. 

2. ~3MepReTcR BpeMeHHoR XO~ aKTHBHOCTH'A04epHero HyKnHAa 
H Tpe6yeTcR ~o HeMy onpeAenHTb nepHoA nonypacnaAa MaTepHHCKO~O 

HyKnHAa HnH HX 060HX. 
HH~e 6YAeT onHcaHa nporpaMM DECAN , n03BonR~~aR OTHOCHTenbHO 

npOCTO ocyutec r aar e auanaa AaHHblX B ynoMflHYTblX aanavax , 

MATE~1ATltl4ECI(ltl~ AIlAnltl3 L\AHHbIX BPEMEHHblX ltl3MEPEHltl~1 AKTltlBHOCTEti , 
PaAHoaKTHBH~R pacnaA onHC~BaeTCR 3KcnoHeH4HanbHoR MOAenb~ 

_1l!!...L 
N(t) = Noe T , /1/ ., 
rAe N(t) - KonH4eCTBO paAHoaKTHBHblX RAep B MOMeHT BpeMeHH 
No - B MOMeHT BpeMeHH t = 0, T - nepaon nonypacnana r 

npH perHCTpa4HH TaKHX pacnaAOB AaHHble npeACTaBnR~T c060R ~o
nH4ecTB~ 3THX pacnaAOB, npHxoAR~HeCR Ha BpeMeHH~e HHTepBan~, 

B Te4eHHe KOTOpblX BeAeTCfI per uc Tpa4HR. 3TH AaHHble MomHO r axxe- HH
r epnpe'rupoaar s KaK y6b1nb BenH4HHbi N(t) Ei nepuon HH",:epBana (tl't 2 ) ; 
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11 B ¢YHKl\I1~ npaBAonoA0611fl /9/ cIleAyeT nOACTaBI1Tb ee. OueHKaN ",,-(N(t 2)-N(t1))·	 /2/12	 ~> napaaer pa T 3aTeM HaXOAI1TCfl 113 YCIlOBl1fl' M~KCI1My'Ma BblpameHl1fl 
ECIlI1 BpeMfl pe rwcrpauuu 6blIlO pa3611TO" ua n BpeMeHHbl~ I1HTepBaIl~B' L (T,) no BceB03MomHbiM 3Ha4eHI1flM T. • . 
(t t 2' ) , i = 1 •....• n • B Kall<AOM 113 KOTOpblX CYMMl1pOBaIlI1Cb aa 50Ilee CIlomHafl cxeMa pacnaAa I1MeeT MeCTO, KorAa B pe3YIlbTate 

.~ 1"1 1 ,
petl1CTpl1pOBaHH~e pacnaA~, TO AaHH~e npeACTaBIlfl~T c060~ rI1CTO pacriana OAHoroHy"KIlI1Aa / MaTepl1HCKOrO / ofipaaye'rca APyro~ pa

't rpaMMy, KamAafl 0PAI1HaTa KOTOPO~ paBHa AI10aKTI1BHbll1 HyKIlI1A /A04epHI1~/, KOTOPbl~, B CBO~ ovepens , Tome 
npeTepneBaeT pacnaA, xapaKTepI13yeM~i1 c06cTBeHH~M BpeMeH~M no

N{ "'- (N(t 21) -N(t~1 )).	 /3/ 
IlypacnaAa. AIlfl Onl1CaHl1fl 3Toro npol\ecca COCTaBIlfleTCfl CI1CTeMa 

npl1 MaIlO~ AIlI1He I1HTepBaIlOB /3/ 6YAeT npl16Ill1meHHO paBHO ypaBHeHI1~ 

dN M (t) 1n2 (t ),N.... _ dN(t) M. --- N/4/ =- T Mdt M1 dt 1 ' 

Apyrl1Ml1, CIlOBaMI1, MOAeIlb~ 113MepeHH~x AaHH~XrAe ~tl = t'lit 21  ,\	 -MomeT 6~Tb B3flTa BeIll1411Ha dNA,(t) =102 NM(t)_~2NAf(t),
 
t In2
 dt T M A	 /11/I 

kNoe--T- /5/ 
rAe N M(t) - r exyuree KOIll14eC T80 paAI10aKTI1BHbiX aTOMoB MaTepI1HCKO, M 
ro HyKmtAa ; N A( t ). - A04epHe ro HYKIlI1Aa; T M' T A - nepnonu no

B 3TOM CIlY4ae ee ueIleco06pa3Ho 3aMeHI1Tb cIleAy~~e~: 

rAe k - K03¢¢I1Ul1eHT, ECIlI1 ~ BeIlI1KO, $opMYIla /4/ 6YAeT HeBep~a. 
IlypacnaAOB MaTepl1HCKOrO 11 A04epHero HY~IlI1AOB COOTBeTCTBeHHO. 

t2' t , 1n2 to In 2 CM~CIl nepBoro ypaBHeHl1fl B 111/ 04eBI1AeH, CM~CIl ~Toporo COCTOI1T 
1 dN (t ) -""'---, --"'- 

B TO~, 4TO 113MeHeHI1e KOnl14eCTBa aTOMOB A04epHero HyKIlI1Aa CKIla
tli dt 

N1=-.r . ,dt= No(e T -e T ). " 
/6/ 

~~BaeJCfl 113: a/ nocTynIleHl1fl aTOMOB '3a C4eT pacnaAa MaTepl1H
BblPaM<eHl1e /6/ B 3TOM CIlY4ae 6YAet MOAeIlb~ rI1CTOrpaMMbL, ~ eCIlI1 ~ CKoro HYKIlI1A~; 6/ y6~IlI1 aTOMOB 3a C4eT pacnaAa A04epHero. 

, j PeWeHl1eM CI1CTeM~ /1~/ flBIlfl~TCfl l/lYHKl\1111
 
WI1X KBaApaTOB. I-1H'orAa 3aperl1C~pl1POBaHHble pacnana He CYMMl1py~tCfl,
 
BeIlI14I1H~ No 11 T HeI13BeCTH~, TO I1X MomHo Ol\eHI1Tb Me~oAOM Hal1MeHg

tin 2
 
11 AaHHbie npenc r asnacr c060~ nocnenoaarensuocre. MOMeHTOB BpeMe
 N (t) = N e -~ 

M MO 
HI1 It j J, j = 1 •...• m • B xoropue 6blIll1 3aperl1CTPl1POBaHbl' pacnana',
 
B 3TOM cIly4ae l\eIleco06pa3He~ I1cnohb30BaTb MeTOA MaKCI1MaIlbHOro
 't In 2 tin 2 NT':' ilJI..LnpaBAonoA06l1fl. C4l1TaeTcfl, 4TO ¢YHKl\l1fl pacnpeAeIleHl1fl MOMeHTOB 

N 't)=N e T A + MO A (e T M -e 
TA i.

A \ AO	 /12/BpeMJ~HI1, B KOTOPbl~ npoa cxonn r pacnanu , I1Mee,T BI1A TM-TAtin 2
 
P (()< t) =1-e --T- /7/
 rne NMp - KOIll14eCTBO aTOMOB MaTepl1HCKOrO HyKIlI1Aa npu t ",0. 

A04epHerO npu t = O. B03HI1KaeT sonpoc : 4TO I1cnOIlb30BaTbNAo 
.rAe t - npouaaonsuoe aCTpOHOMI14eCKOe BpeMfl O.s: t <+00 , () - et>aK
 B Ka4eCTse MOAeIl~ AaHH~X, ecnl1 perl1CTpl1pY~TCfl TonbKO pacnaA~ 

TI14eCKOe BpeMfl pacnana , PCO<t)- BepOflTHOCTb r oro , 4TO (}<:,t.	 A04epHero HyKIlI1Aa? ~e~CTBI1TenbHO, B pTOM cnY4ae AnflN A yme 
He m3Il'R~TCfl Onl1CaHl1eM HI1 l/lopMyna /?/, Hf1 l/lopMyna /4;/, TaH KaK -,nIlOTHOCTb BepOflTHOCTI1 P I1MeeT BI1A 
np0l13BOAHafl ~~,11 xapaxrepa aye r AI1HaMI1KY 113Mepe~il1fl 4I1CIl~ aTOMOBdP((}<t) 1n2 - tln2 

--'-d-t--:-=-T-e T . /8/ A04epHero HyKIlI1Aa B pe3YIlbTaTe nonOnHeHl1fl ero 3a C4eT MaTepl1H
CKoro 11 y6~IlI1 113 Hero )cM.Pl1c.I-3/. Perl1cTpl1pY~TCfl me IlI1Wb 

!TaKI1~\ 06pa30M, l/lyHK.Ul1fl npaBAonOA0611fl 6YAeT oaaua pacnenaouiae cs aTOMbl A04epHero HyKIlI1Aa; .n03TOMY MOll<HO npeAnOIlO-" 
ml1Tb, 4TO 411CIlO 3TI1X p~cnaAoB npOnOpl\110HanbHO He 06~e~ np0l13- * 

L(T) = n 1n2 e- T In L(T) = ~ (c- t l 1n ). /9/ 80AHO~ OT KOIll14eCTBa aTOMOB A04epHero HyKIlI1Aa, a caMoMy 3TOMy 
,1=1 T 1=1 T \ 

m t j ln 2 m 2 

KOIlI14eCTBY:
 

rAe, c = In ~2. ECIlI1 I1HTepBaIl 113MepeHI1fl OrpaHI14eH orpeakox (To'
 N I - C .Np:(t).	 /13/
T MX>, np~14eM To f. 0, TO nIlOTHOCTb BepOflTHOCTl-1 6YAeT paaaa
 

, .llD.2. _.l..o.~ __TMX In 2 rAe C - KQ3¢$I1l.\lo1eHT.
 
dP«(}<tL=~e- T /(e T -.e' T) , /10/ TorAa 8 cny4ae Man~x npoMemyTKoB perl1CTpal\1111 6YAeT cnpaBeAIlI1Ba
~ T	 . 

"T04e4Hafl" MOAenb rl1CTOrpaMMbl AaHHblX
{i' 
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Puc. I . 'THIIHqHbIH r-padnnc KPUBOH Puc.2. TUilUqHaH rUCTorpaMMa AaH
N A(t), HBlX, rronyqeHHbl4 ·113 3KCrrepUMeHTa 

U COOTBe'I;CTBYIO~UX MOp,enW N A(t). 

NI 

'rt 

Puc.3. fpa<lJuK npOU3BOAHOH 11,
'I, dN (t), , 

d A • 113 pucymca Cpa3Y DHP;HO, I " ,1 
t	 . 0 \: ~.r; 

'ITO 3Ta s naxonepexeanaa KpUBaH
 
He MOlKeT, 6,hITh MOAenhfO AaHHbIX,
 
rrpna eAeHHbIX na puc. 2.,
 

j 

tj In 2 tj In2 -~ 
--T-- ON T -~ TA+ M,O A ( M'Nj=CNoe A , _ e -e ) . /1'4/, A M - 'I'A 

'3AeCb t j - apena , npl.1m1CbISaeMoei-MY l.1HTCpsany, N[ - 3HalleHl.1e 
j -~ OPAl.1HaT~ rl.1CTOrp~MMW. Ecnl.1 l.1HTe~sanw·perl.1CTpa~l.1l.1. He Manw, 
TO cneAyeT nepe~Tl.1 K l.1HTerp9nbHO~ $opMyne 

t 1 ·11Y 2 t In2	 ~n2J.:.:.:...:-. _ 21 r: ~ 
T M ™ I T { TA 

T A,~(TMle -e ,- A e -e 1)+~j TM-T
A 

t l' In 2'- .......~ ~	 /15/
T A'\	 + N (e TA -e .)
AO 

npl.1' ycnoaaa , -rro C=ln2JTA·• OopMynbl /141, /1'5/ Moryr6blTb I1C
nonsaoaauu a KalleCTse MOAenel1 Anfl onpeaeneuaa napane'rpoav open
cTaSnfl~~I1X I1HTepeC, MeTdAoM HaI1Me~bWl.1X KsaApaTOS. ' 
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B~BOA ¢YHKU~~ PACnPEAEnEH~R ,BPEMEH~ PACnAAoB
 
AP4EPHErO HYKn~AA •
 

Ecnl1 AaHHbie perl.1CTpa~l.1l.1 pacnanoa nc-repue r o AYK.nI1Aa npenc r e a
naor co6oi:1 nocnenoaarensuocr e 'MoMeHToB SpeMeHl.1 [ t j l. i =' ••••• 11. 
s ~OTopwe 3Tl1 pacnaAw np0l130Wnl1, ~enecoo6pa3Ho npl.1MeHl.1Tb MeTOA 
MaKCl.1M2lnbHOrO npaanononofiaa 0 Anfl ar oro Heo6xoAI1I-10 npelKAe au
SeCTl.1 ~YHK~l.11O pacnpeAeneHl.1f1 BpeMeHH pacnaAa AOllepHero HyKnl.1Aa. 
nYCTb PM(t) l.1 PACt) - aticoruqr uue (jJYHK~l.1l.1 pacnpene.neuua BpeMeHIr1 
pacnaAa npl.1 YCnOB~l.1, llTO pacnaAW 060l.1X HyKnl.1AoB paCCMaTpl.1BaIOTCfI 
He3aSl.1CI1MO APyr OT APyra. 0603Halll.1M CI1MBOnaMl.1 OM l.1 0A - MOMeHTW 
$~KTl.1lleCKOro pacnaAa MaTepl.1HCKOrO, H AQ4epHero HyKnl.1AOBCOOTBeT
CTBeHHO. TorAa BepOflTHOCTl.1 Taro, llTO Anfl np0l13BOnbHoro t , 
o c r <+""1 Benl.14l1Hbl 0;" 11 0A 6YAYT MeHbwe, lleM t " AalOTCfI BbIP.a

, iKeHI1f1I-111 

PM (0' < t) -~ M = [-e T M 

-~~ 
TAPA(OA<t~=l-e 

BTopoe I1MeeT MeCTO,npl.1 ycnOBI1l.1, 4TO oTClleT BpeMeHI1 Halll1HaeTCfI
 
C Hynfl. Ecnl.1 Tenepb paCCMaTpl1BaeTCfI npo~ecc pacna8a MaTepI1HCKO

r o HyKnl.1Aa B cnYllai:1Hbli:1 MOMeHT BpeMeHl.1, nocne xo roporo cnenye r
 
pacnaA o6pa30saswerocfI AOllepHero HyKnl.1Aa, TO C06blTl1e /"pacnaA
 
AOllepHero HyKnl1Aa 3aperl.1CTP~pOBaH S I1HTepSane SpeMeHI1 (O,t),


J • f _ 

rAe t - np0l13BOJlbHbll1 MOMeHT BpeMeHl.1"/ MOlKeT 6blTb ocyetec t aneuo 
TaKl.1M ofipaao-i: MaTepI1HCKI1~ HyKnl1A pacnaAae~CfI a HeKoTopbli:1 OlleHb 
Manbli:1 npoaexyrox SpeMeHI1 (r- ./)"r. r}, a AOllepHI1i:1' pacnanaer ca aa 
octaSlUl-1i1cR np'oMelKYToK speMeHl;'1 OT r AO t ; anec s r - np0l.13BOJlb
HwR MOMeHT BpeMeHl.1 MelKAY 0 l.1 t. BepofiTHoCTb TaKoro C06WTI1f1, 
04eSI1AHO, pasHa , 
~PM(r)PA(t-r).	 /16/ 

r ae ~pM (r)~P (r ) -PM(r-~r) .. Pa3Aenl-1M /16/Ha M 111M - , YCTpeMI1M!lr 
K HynlO. nonY4l1M 

dP (r ) 
M P. (t-r). /17/

d r A 

TaK KaK r - np0I13BOnbH~A MOMeHT BpeMeHl.1 MelKAY 0 VI t , TO Anfl 
nonYlleHI1R nonHoR BepOFITHOCTl-1 C06~Tl.1f1 O~ 0A <t cneuyer nPO~i- ~, 

Tenpl.1poaaTb/17/ no r aT 0 AO t: 
(t-r) In2 Tin 2 

P(OA,<t) = rP (t-r) dPM(r) ·dr = r (l-e- T A ) (.!.~) e .T M dr= 
o	 A dr 0 T M
 

t In2
t In2'
TM --'- T=l _..,_ .e TM +--=.ll TA 

'I'M-'fA TM-TA 
e 

/18/ 

" 

/ 

:( 

5 4 

http:MeCTO,npl.1
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, 6' 6 IECIlI-1 S l~oMeHl t = 0 I-1MeIlOC;1> N MO aTOMOB' 'l-iaTepI-1HCKOrO 1-1 N 0 aTO-, [I~\r n03TOMY no,Q npaB,Qono,Qo.H~MI1 M~ y,QeM nOHI1MaTb MOMeHTW BpeMeHI-1, 
"	 b A IMOB A04epHerO HYKIlI-1Aa, TO BepORTHOCTb T ro, 4TO B npOI-1SBOIlbHOM 

I-1H'TepB~Ile (t1 • t ~ 6Y,QeT SapervlCTpl-1pOBaHO C06blTl-1e' - pacnan aTOMa 

,Q04ep He r e HyKIlI1,Qa - Mbl MO}j(~M onperierurr s , I-1CnOJlbSYR /18/, 

, _ ~ _ ~t 1'ln2 t21112 
c	 {1M -~ ---r;:;-), T A TA 1'A )!

P(t = q l --(e -e - (e, -e +,
1.:>8A::;t 2

) 
T M -T TM-T A

A
 

tl 1n 2
 _ -~ 

+(1- q l ) l e TA --e T A I, ~19/ 

rne q1 =NMOi(N + N nIlOTHOCTb pacnperieneuaa /19/ paaua
MO AO)'
 

ilprt\) 1ln.&.. t1n2 ' t1n2
 
~=q I~e-T -J!1~e-·T-I+(1- )ln2'--T /20/dt 1 T _ T M T -T A q 1 TeA
 

M A M A A
 

B' <;:pe,QHeM B I-1HTepBaIle (t I' t'2) 6Y,QeT per ncr pupoear s ca 

(N MO + N AO ) • P ( t 1 oS () A :::; t 2 ) 

pacnaaoe ,QOqepHerO liYKIl~,Qa /Henocpe,QCTBeHHO VfIlI-1 4epes npouecc ;
 

MaTepl-1HCKI-1M HyKIlI-1A _.,Q04epHI-1f1 HYKIlI-1,Q/. Bupaxeuae /20/ MOlKBT
 

6blTb I-1CnOIlbSOBaHO ,QIlA O~eHKI-1 Hel-13SeCTHbiX BeIll-141-1H T M 1-1 q1 '
 

(q1.=NMo/(NMotNAO»,T.e. eCIlI-1 Itt I "i=!, . .-, n - MHOll\eCTBO sa-


perI-1CTpl-1pOBaHH~X MOMeHTOB BpeMeHI-1 pacna,Qa ,Q04epHero HYKIlI-1,Qd,
,	 , 
TO	 I-1CKOMblMI-1 o~eHKaMI-1 6Y,QYT r axue 3Ha4eHI-1R T 1-1 ql ,KOTOPble q6

M
 
pa~aDT B Ma~CI1MYM B~pa}j(eHMe
 

n dP(t.' in L (T .u.): = ~ in dP (t j .)L(TM,,<l ) = II ~)	 /21'/
f 1 1 = 1 dt,	 M 1 i= 1 dt ' 

dP (tl )
r,Qe"'~ ,QIlR KalK,Qoro tj -BbI4I-1CIlReTCR no <jlopMyIle. /20/. 

ECIlI-1 perl1CTpa~I-1R pacna,QoB'Be,QeTcR He Ha BceM BReMeHHOM 1-1~

n:pBaIle" (0, + 00) , a IlI-1Wb B npoMelKyT xe (t 0' t max ). TO BblpalKeHl-1e
 

/20/ cnenyer HOpMl-1pOBaTb Ha BeIll-141-1Hy P( to ~ ()A s: t max)' BbI4I1C

IlReMY~ no <jlopMYIle /19/: '
 

dP(t) = ~ / p(toseA~ t max ). /22/ 
dt dt 

dP(t) 
- nIlOTHOCTb pacnpeAeIleH~R C Y4eTOM ~HTepBaJla3,Qecb ~ 

(to,t ) ' B 3TOM CIlY4ae B L CIle,QyeT nO,QcTaBIlrT~ YlKe He /20/,.
ma x 

a! /22/ . 
ECIlI-1 perac rpwpyor c a OT,QenbHble pacnanu kaKorO-Vl-160 HyKIlI-1,Qa. 

nepl-1o,Q nOIlypacna,Qa KOToporo C4~TaeTCR I-1SBeCTH~M 1-1111-1 npe,QnOIla

raeTCR I1SBeCTH~M, TO 4aCTO BOSHI1KaeT sa,Qa4a: KaKHe perl1CTpl-1

pyeMble apexeua It 1 I C4I-1Ta~TCR npaB,QonOA06Hbl~1-1 ',QIlR ,QaHHo'ro ne-
p~o~a' nOIlypacnaAa? nYCTb ¢YHK~I-1R P9cnRe,QeIleHl-1fl paFna,Qa ,QaH

uor-e HyKIlI1,Qa 6Y,QeT paaua 1_e-tln2/T, r,Qe T - nepuon nOIlY

pacna,Qa ,QaHHoro HyKIlI1,Qa. Bo06~e fOB06R, C HeHyneBo~ Be
'PORTHOCTb~ MOlKeT Ha6n~,QaTbcR Il~60e BpeMR p acnana -e , t .;; ( 0, +001 , 
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B kor opue pacnaa npoi:tcloAI1T' C eeporrr aocr s o , He MeHbWef1 HeKOTO

para YPOBHR. Tcrria , 4T06bl H§lf1TI-1 I1HTepBaIl npaanononoouux BpeMeH, 

,QOCTaT04HO bewl1ib ~paBHeHl1e
_l.nl.!l.L 
,	 T 

1-e =1 r P . 

r,Qe 1- P - BepORTHOCTb \npaB,QonO,Q06I1R, ,QIlR P = 0,05· I-1MeeM t '" 4 T,
- n 

T.e. ~IlR P = 0,05'npaB,Qono,Q06H~e BpeMeHa pacna,Qa saKIl~4eH~ 

B'l1HTePBaIle (0,4 T). 

nOCTPOEHI1E MHK-OUEHQK I1Cl<OMblX nAPAtlETfOB 

~ 

B nocnenuee BpeMfl B nareparype nORBI-1IlOCb MI-Ioro pa60T, 110CBR

~eHHbIX nOIlY4.eHI-1~ .0~eHOK I1CKOMblX napa-re'rpoe npOCTblMI-1 MeTO,QaMI-1, 

,3TI1 npocrue MeTO,Qbl OCHOBaHbl Ha' l'aKI1X <PYHKI~l1oHanbHblx CBOf1CTlilaX 

3KcnOHeHT, KaK I1HBapl1aHTHOCTb ~OPMbl npH npe06paSOBaHI-1RX ,Q1-1~~e

peH~l-1pOBaHl1ft, I-1HTerp~~OBaHl1fl, C,QBl-1ra 11 T.,Q. /c~.06sop/21/. • 

MeTo,Qbl i3TI1 npocru , ner xo pe anaayes-u Ha- MaIleHbKI-1X KapMaHHblX 

~aIlbKYIlRTopax, HO B ~eIlOM I1X npI1BIleKaTe~bHOCTb CI-1Il~HO CHl1maeT~ 

CR ,QBYI1R, 06cToRTeIlbcTBaMI1: 1/ HeBbl€OKOf1. I1Hor,Qa uenonycr ano 

HI.1S KOf1 ,TolmocT b~ o~eHOK; 2/ ya KI1M KIlaCCOM ,QonYCHiMbIX MO,QeIleiL 

B 4aCTHQCTI1. OTCyTcTByeT npocTaR' np6~e,Qypa,nOcTPoeHI-1R o~eHOK 
& CIlY4ae CIlOlKHoro pacna,Qa Tl1na /12¥. B 06~eM CIlY4ae YHI-1BeQcaIlb

HblMI-1 MeTOAaMI1 RBIlR~TCR. pasy~eeTcR, 'MeTO,Q Hal1MeHbWI-1X KBa,QpaTOB 

/MHK/ l1]m MeTOA MaKCI1MaIlbHOro noasnononocaa . 
Bonpoc~, ~ KOTOP~MI1 HaM npl1WIlOCb CTOIlKHYTbCR npl.1 I.1CnOIlbSO

BaHl111 MHK-npoue,,QYPbl, 6blIllll cneAYIOWl1e: 

a/ n9CTpoeHI1e BeCOBj 

6/ qOPb6a C MaIlOf1 CTaTI1CTI1KOf1; 

BY cTPa~er~fl HeIlI1Hef1HO~ MI1HI1MI1Sa~l-1l-1.
 
06bl4HO C4!<1TaeTCR, 4TO ,QaHHble I Yj I - CyMMbl pac nanoa B 1 -x I.1H


TepBaIlax BpeMeHI-1 - nO,Q4I1HeH~ nyaccoHOBOf1 CTaTI1CTHKe, B~BO,QI1MOf1
 

I1S 411CTO IlOrl1~eCKI1X npe,QnOIlOmeHI1~ a CBOf1CTBaX npo~ecca pacna,Qa:
. 
1/	 HeSaBI1CI1MOCTl1, C06blTI-1A aT npe,Q~CTOpI-1H 11 ,Qpyr aT ,Qpyra; • 

2/	 pe,QKOCTI-1 C06blTl1f1, T. e. MaIlOCTI1 BepoR'THOCTI1 60Ilee' 4eM onuor-o 

C06blTI1R' J3 e,QI-1HI1~y BpeMeHI1 no cpaBHeHI.1~ C BepORTHOCTb~ O,QHQ-' 

r o C06bITI1R. 

np~ 60hbW0f1 CKOpOCTI1 C4eTa arocoe npe,Qno'IlON<elil1e He npOXO,QI1T, , 

11 S,QeCb fionee uenecoofipaauo I1cnOIlbSOBaTb MO,QeIlb COCTaBH,oro 

nyaccouoaa pacnpeneneuaa , KOTOpoe Ka4eCTBeHHO MOlKHO otmcaTb. 

TaK: 3TO pacnpenene-u-e nyaccoaoaux CyMM cnareeaux , KalK,QOe'!:1s 

KOT0J,bIX eCTb, B CBOIO ovepens , CIlY4af1HaR cyMMa nyaC;:COHOBbIX BeIlI1

41-1H 4/, 11 Ha06bpOT, npl-1 I1CKIl~4I1TeIlbHO MaIlOf1 CKOPOCTI1.C4eTa ~ 
BepORTHoCTb perl-1CTpa~1.11.1 O,QHoro C06blTI1R CTaHOBI1TCR MaIlOf1 no cpaB

HeHI1~ C BepOftTHOCTb~ OTCyTCTBI1R C06blTl1~. 3,QeCb MOlKHO BocnOIlbSO.. 
7 

t',l' 

-4 
1 
t 

+J:; 

l 

t. 
~Jr 

.,1': 

ti

t 

I 

~",'1 .\ 
~ 

'. 

1lI 

.; 

'I 
\t~ 

·i~ 



T-.f "" r¥ ~.,.; 1l' ., ~ 

it~~ 

" .~ . 
1'1\' '"	 ~~ 

BaTbCH TeM, 4TO np~ ~eAHO~ CTaT~CT~Ke AaHH~e 

cTa4~OHapH~M CTaT~CT~4eCK~M PRAOM ~ M~ ~OMeM 
MOMeHTaM~ pacnpeAeneH~H B~60p04H~e MOMeHTbl-. 

TaK~M OOpa30M, Mbl MOMeM CTPO~Tb aeca AnH 
AYIOU1~M OOpa'30M. 

np~ CpeAHe~ CTaT~CT~Ke 04eHKO~ A~cnepc~~ 

Y, CnYM~T ee i -e 3Ha4eHHe Y, Mn~ Y, +1, np~ 

TMCT~Ke B Ka4eCTBe 04eHK~ AMcnepc~~ 6epeTcR 

D y, = Y, + r (y1 )
2 

, 

CTaHOBHTCH KBa3~

C4MTaTb nOKanbH~M~ 

" 
MHK-np04eAYPbl cna

CnY4aKHOA Ben~4~H~ 

04~Hb 60nbwo~ CTa
B~paMeH~e 

/231 

rne Ben~4MHa r ~n~ onpenenaer cn BbiOOP04HbiM MeToAoM, Mn~ nOA6M
paerca 143 ycno aua xopoureji nOArOHK~ AaHHblX KPMBO~ 115/., 

B cnY4ae.MCKn104MTenbHO Mano~ CTa~~CTMKM B Ka4eCTBe 04eHKM 

AMcnepC~M Y, MOMHO fipa r s sY" rAe 0 < S < 1, MnM CTpOMTb ee Bbl

60P04HO C nOMoU1blO coceAHMX 3Ha4eHM~o HanpMMep. no TpeM 3Ha4eH~-' 

HM Y. ,Y. ,Y, 04eHKa CTpOMTCH TaK:
1-111+1 

Dy = mill(Y" 
1 

Aanee cne~yeT 

. weH~H T.04HOCTH 

11	 coKpaU1eHMe 

i+l 
I (Y. -m )2/3),rAe m=(y ,Y. ,Y. )/3,

k=i-l 1 1-1 1 I+ 1 

Bonpoc 0 ManoA CTaTMCTMKe o 3Aecb cpeACTBaMM nOB~
nonyvaeaax oueuox napaaer poa HBnHIO!CH: '" 

4Mcna BapbMpyeM~x napaMeTpOB; 

21	 MCKyccTBeHHoe YBen~4eHM~ WMPMH~ H4~AKM rMCTorpaMM~, Toe.
 

nepexoa K HHTerpanb HoA (\jopMe npencr aaneuua AaHHblX Y ,

1
 

H, HaKOHe4, sonpoc 0 MMHMMH3a4MH HenMHeKHoro no napaMeTpaM
 
,	 ' 

BblpaMeHMH 

- 12 
I w(t i ) I A(tt,p) -yeti} ,	 1241 

rne w(t,)- Be.:: i -ro MHTepBana, A(t"p) - MOAen\b 115/, 3aBMCHU1aH, 
OT napaMeTpOB P IMcKoM~x/, y~i) - M3MepeHH~e AaHH~e B MHTepBa

ne t i ! t i = ) . MHHHMH3a4HR BblpaMeHMH 1241 MOMeT OKa(t li,t 2i

3aTbCH HeKoppeKTHo~, Toe o HeycToA4HBOK 3aAa4eA, TaK KaK MHK


MaTpM4a B~pameHMH MOMeT 6WTb 6nM3KB K Bwpo*Ae~Ho~o 

B 3TOM cny4ae MoryT 6~Tb npegnpHHHTW cnegYIOU1Me Ae~cTBMH: 

al Hcnonb30BaHMe Manoro wara 8 MTepallHHX MMH~MM3a4MM M YCM

neHHoe AeMn~MpOBaHMe - MCKyccTBeHHoe nOBwweHHe 06ycnosneHHocTM 

MHK-MaTpM4bl. TeopeTM4eCKMe--"peKa'MeHgallMM OTHOCMTeJlb HO 3Ha4eHIIIA 

,wara M geMn(\jMpYIOU1ero ~aKTopa gaTb ~pygHO. Hx ny4we nOA06paTb 
• onblTHblM nyrex, npaKTMKa noxaauaaer, 4TO 4aCTO AOOMTbCfl N~IHI~MW; 

3a4MH IZ~I MOMHO nMWb npM MCKnlO4MTeJlbHO MBJlOM ware nopflAKa
 

0,01 - 0,001 M 6oJlbwOM geMn$HpYIOU1eM QaKTope nopflgKa 1. OgHaKo
 

nOCTORHHQ nOJlb30B2TbCfl TaKMM uiaroa M gel~n~~pYIOU1~lM MHOMMTeJlei"
 

Henb'3R: B cnyuae XOpOWO 06ycnoBneHHoA 11HK-MaTp'M4bl OHM pe3KO
 

M HeonpaBA~HHO 3aMeAnflIOT CXOAMMOCTb MMHMM~3allMOHHoro np04~cca. 

61 nepexoA I( CTpaTerMM 4aCTM4Horo nepeoopa. nepe6MpalOTci· 
$MKCMpOBBHH~e '3HB4eHMR HenMHeAHoro napaMeTpa C gMcKpeTH~M warOM 

8 

"	 I ". 1 v , , ,• t,~ ~? 06.ryacTM ero 'B03MbM~~>$ .13I-1a4I;::HM~ M, npoM~BOgMT;R MMHMMM3aI..\M~
 

" ~ B~paMeHMH 124~ no:nMHeMH~M napaMeTpaM; B~6MpaeTcR 3Ha4eHMB He" ~. r I ,JlMH~i1 Hq'ro nap~MeTpa, 'cooeercr BYIOU1ee i'\~ HMMYMy cpenu JlMHe~Hblx 

'.: I" . . AMHMMM3a4M~ ~ M. n~oM3'BOAMTCH YT04HeHMe B ero MaJlO~ ,oKpeCTHOCTM 
0, ". M~HMMM3all~eM 00 BceM napaMeTpalo'..'i'" Pe3YJlbTaTaMMl pC\60Tbl nporpaMMbl flBJlRIOTCfl: 

:1 : I.J f 1I· OlleHKM'McKOMbIX napaae'r poa M MX cTaTM<;:l"I-14eCKMe norpeWHOCTM 0 ~ 
f.	 ' Cnenye r oTMeTMTb, 4TO He MCKJl104aeTCfl nORBJleH~1e no r peuraocr eci " 

.l".' I{ ...., CMCTeMaTM4eCKoro xapax'repa M3-3a HeaAeKBaTHOC~M MogeJlM nau
·~.l ') 1. ", HbIM, B 4aCTHOCTM. Henpa sOMepHoA (PM I<C211MM Ka KMX- JlM60 napa
,I~ . I MeTpOB; HeBepHO 3agaHH~x seCOB M ~e AO KOHlla AOBegeHHo~ MMI 

\ .• 
:~J'	 ~~ 
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II I < 
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II rl'" 
1~ " ~'.llIl .,

:r ',,:f 
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If.
;1';; 

,	 "'\10'# 

"'I	 . ' 

HMMM3allMM. 
~.

2/	 3Ha4eHMe $YHKllMOHaJla 124/. HOpMMpOBaHHoe Ha 4MCJlO cTeneHeA 
cB060Abl. OHO n03BOJlReT npoaep-rr s KpMTepMeM x2 'ageKBaTHpoTb 

-. 
no,qorHaHHoi1 KPMBO~ MCXOAHblM gaHHbiM. 

31 CpaBHHTen~HaH TaonMlla McxoAH~X M nOAorHaHH~x AaHH~x. npM 
3TOM nonoruauaue ~\aHHble BblBOARTCR B gByX BMA,ax - MHTerpaJlb

HOM- ~ "T04e4HOM" .• H,,,,eR ;aenl-14MHY Yet). HBJlRIO~YIOCR MHlerpaJlOM 
OT '~YHK4MM f(t) B MHT~pBaJle (t _ ), 'Mbr...ecerga MOMeM no

1,t
CTPO~Tb "T04e4Hoe" npeActaBneHMe23TO~ BeJl~4i-1Hbl Ha OCHOBe. 

i ,.	 11•..., vt o 0 l'
"\.,,'i.•' 1 

~\llltl'rge to -.t;teKolopa.fl T04Ka MHTepBaJla (t 1 .t 2 )" 
II I " naHHblX npegCTaBnReT MHTepec AJlR nOC!pOeHMRIf.'',.. ~'", rr 
.. ~,,'\ I' 
;JI 

.~ .;~ J 
~. 'i, 

*,,' 
•./ I onHCAHHE $OPTPAHHO~, npOrPAMMbl
 

~)/
 

t t 
2 

TeopeMbl 0 cpegHeM lsi. a MMeHHO 

J f(t)dt = f( t )(t -t ) 

.' 

~ , J. 

w 

,.
r1T04e4HaR" <jlopMa ~~, 1(" 

rpa$MKOB o .'
1i"~ ''II

I ., 

li~~tI, 

.,. 
06paU1eHMe K H~~ MMeeT BMg: CALL ~ECAN (~P, P, F) 

1~:~[ 

Bxo,QHble gaHHble npencraanrnor c060!1 nOCJleAOBaTeJlbHOCTb~npMKa" 
'.30B, a a KOTOpblMM c<,neJ;lYIOT cooTBeTcTBYlOlI4Me 4MCJlOBbie gaHHbie.

Ie 
...1. 

1.	 MODE DATA
 
RMODE PRINT RERR RTIM RPAR RB'OU COVA SMAS
,>
 

\.
 
RMODE 2(3) 

" , 
PR~NT = 1(0) 

, RERR = 0 (1) 
i'l-'{':j'w	 1 

i',I' 
i"~ 

it RTIM = O( 1') 

J' RPAR = O( 1) 

't '~,Ill 

~. 

pewaeTCH 3aAa4a aHaJlM3~ gaHH~x CJlOMHOrO pacnaga 

InpocToro pacnaAa ogHoro HYKJlMAai. 

BBogMM~e AaHH~e IHel pacne4aT~BaIOTCR. • 
f

ow~6KM 3KcnepMMeHTaJlbHbiX AaHHblX BBOgflTCR IC4M
TalOTCR nyaccoHoB~MM M <jlOPMMPYIOTCR caMoA npo

rpaMMoi1/. I ,I 
't

rpaHMll~ BpeMeHHwx ~HTepBaJlOB BBOgRTCR /$OpM~PYIO~-' 

CR caMoA nporpaMMoA no npaBi.'1JlY t 1, =2i-1, t 21 = 2i1. 
Ha4aJlbHbie 3Ha4eHMfl napanerpoa BBOA'RTCR I$OpMMPYIOT-
CR caMoA nporpaMMoA I. . 

9 

~f 
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RBOU 0(1) - rpaHH~~ napaMeTpOB BBOAATCn /$OpMHPY~TCA caMoIII	 9. ExEcUTE .npOrpaMMOC1/, KOMaHAa Ha4aTb Bbmpn'HeHHe MHHHMH3a~HH.'\'COVA - BenH4HHa r B COCTaBHOM nyaccoHoBOM pacnpeAene
I"'ji' rHHH /23/.	 I'

10. LOOP 
~, '~ l /' SMAS - YPOBeHb Mano~ CTaTHCTHKHi OPAHHaT~ rHCTorpaMM~,~ f'~ 

ill

I. .,I/" KOMaHAa Ha4aTb MI-1HHMI-1Sa~l-1~ B pelKI-1Me 4aCTI-14HOrO nepefiopa60nbWHe 4eM SMAS, Manoil! CTa7tHCTHK'OIII He C4HTa~TCA, kl . SHa4eHI-1A ~enHHelllHoro napaMeTpa, 3Ty KOMaHAY ~enecoo6pasHo HC
no YMon4aHHIO MODE DAT~ paBHbl: 2, 0, 1, 0, 0, 1, ,01, 20, 

{ I. nODbSOBaTb, ecnl-1 He YAaeTCA ocy~eCTBI-1Tb MI-1HI-1MI-1Sa~l-1~ C nOMO~b~", 
'; KOMaHAbl ,EXECUTE. Ecnu ucnoru.aye r ca KOMaHAa LOOP, BBOA KOMaHAbli~ .1

2. CONTROL DATA .,. '" I' CONTROL DATA He Tpe6yeTcA.	 ' 
NI ,\ a 1~'% ~J' i 

~t I' ~ 
v 11. PRINT OUTBXOAHble 'AaHH~e AnA ynpaBneHHA npo~eccoM MHHHMHsa~HH: 

\ ~ -,NI - MaKCHManbHoe 4Hcno HTepa~HiI!, ,\ - BenH4HHa wara B HTepa~HAX, KoMaHAa oacne-rarar e I-1CXOAHY~ H nOA0(;.HaHHYIO KPI-1BY~ 1-1 X 2 
a - BenH4HHa AeMn$Hpy~~ero MHomHTenA B HTepa~HAX. I B 'KamAoA T04Ke.
 

no YMon4aHH~ 3TH AaHH~e paBH~: 80, .03, 1E-2.
 , ~I :t 

3. TEXT 

BXOAH~e AaHH~e npeACTaBnA~T co6o~ TeKCTOB~~ KOMMeHTapHIII 
AnA B~Aa4H. CaM TeKCT pacnonaraeTCA Ha nep$OKapTe, cneAy~~eil! 

sa KOMaHAo~. 

4. PARAMETERS 

.. 
12. HALFLIFE 

~'!I; ~~ 

TD 
KOMaHAa BBeCTH nepHoA nopypacnaAa A04epHero HSOTona. 

. 
" 

13. STOP 

KOMaHAa'OCTaHOBI-1Tb aH~nl-1s. 

N MJ T M N	 \ Bce AaHH~e ynpaBnA~~ero xapaKTepa HMe~T HeKOTop~e SHa4eHI-1A
AO	 ~' 

~. no y~on4pHI-1~. TaK 4TO B npoCTeAweM pemHMe Tpe5ye~cA nHwb SSOA J' 

KOMaHAa BBeCTH Ha4anbH~e SHa4eHHR napaMeTpOB N~o ,TM,N AO
 'I-1CXOAHblX AaHHblx 1-1. ~oMaHA Ha I-1CnOnHeHHe.
B /15/. [
5. BOUNDS	 \. ~ npHMep naKeTa BXOAH~X AaHH~X 

,N MO H T MH N 
AOH 

N
MO B 

T
MB 

N
AOB	 

'; 
~-'l~~ .. ·j."'t HOMep	 COA~t>maHl-1eKOMaHAa BBeCTH HHmHHe H sepXHHe rpaHH~~ napaMeTpos N o'~ N .• M "",' A(J


EcnH KaKaA-nH6o HHmHAA H sepXHRR rpaHH~~ COBnaAa~T, CooTBeTCT- II n/K
 
..r.t 

\BY~~HA napaMeTp $HKcHpyeTcA H He MeHAeTCA, 1,1 ,.r	 I TEXT
 
2
 EXPERIMENT No.7. MD 256 + FM 256 
3 DATA6. DATA	 " 

/ 
n L 4 7
 
Y1 Y2 ... ·Yn 5 163 145 239 113 72 54 42
 tKOMaHAa BseCTH n 3KcnepHMeHTanbH~X AaHH~X. 6 TIMES .i 0917 2,0 2.083 3.083 5.583 7.583 7.583 9.583I 7 

~ 7. ERRORS 
( 8 1 e2··· e n 

KOMaHAa BBeCTH n 9WH6o'K 'BenH4HH Y
j 

/ecnH RERR=O / 

8. Turns \ 
t 22 .. • tin t 2n -t1 1t 2 1 t 12 

KOMaHAa BBeCTH 2n 3Ha4eHHA speMeHH - rpaHH~ HHTepSanOB, 
B KOTOPblX 6blnH 1.13MepeHbi senH4HHbi Yj • 

10 

, 

,'1 

8 
9 

W 
I I 
12 
13 
14 
15 

9~583 11.58:t 11.583 'f4.583 
PARAMETERS 
300 1.3 300 
HALFLIFE 
2~fjJ" 

EXECUTE 
PRINT OUT 
STOP, 

" 

'l. 

"11 

;g. 
. ~~ 
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nORcHeHMe: aHanM3MpY~TCH AaHH~e CnOmHOrO pacnaAa, OWM6KM ~4M
Ta~TCR nyaccoHoB~MM /pemMM YMOn4aHMH/, Ha4anbHWe 
3Ha4eHMR napa~eTpOB paBH~ 300, 1.3,300. 
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EpXXePT3atic1iep ,X... '3JlOKa3.o~, B I,E. '", 
D~CAN - 'nporpaMMa AfiHOn~~~eHHH n~a~e~poB 

",. ~ 

PIO-SS-J33 
~ ~-

TaKMX rpynn Morno 6~Tb HeCKonbKO, B 3TOM cny4ae I 3Kcn~~e~~HanbHwx pacgpeAeng~H B 3Kcn~~HMeHTax 
KOMaHAa STOP AonNH3 CTqHTb nocne nocneAHeA rpynn~. 

I, "no H3Y4eHHID 
1"'I.t 

reHeTH~eckH.CBH3aHHblx 
\t:"! 

pap;nOHYKnHAoB 
r 

«. r: 
m1TEPATYPA I: I 1I3nolKeHbI MeTOA H'~roPKTM peweHHH 3aAa4H onpenerrenaa 

1~ Bruchertseifer H. et al. Radiochem Radional. Letters. ~ r napaxerpoa cnolKHb.I}~' 3Kcp:qHeH~HanbHWx p acnpenenenaa , onacuaaionurx 
":'reHeTHtleCKH cB'H3aHHble p acnaasr' paAHoHYKnHAoB', n ycnoaaax ManaH 

e 

1982, 54, 1, p , 1 . . • cTa:r.~~'I;HKH ,It~'"'J;!tPoP"Ma~HoHHoH xerrormo-rst ;JJ.aHHblX. 'Onacaua npo-> 
2. Kalantar A.H. Nucl.lnst. and Meth., 1983, 215, p.437. rpa"'Mfl·D~C~., peanH3YID~aH gaHHbIH anr-opa-rx , 
3. BblrOACKMA M.5L CnpaBo4HMK no 

c. 451 • 
4. Eady W.T. et al. Statistical 
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