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[l:;.ci16ep 3., Eeprxonu r. PI! 

A uann3 speMemr npe6btBaHHH 3aHBDK B 3BM, pa6oTaiOmen 
B fJI?BllUIIOM M8ClliTa6e Dp8M8HII 

Il8l3 

.JaHO OITIIC[lHlfe MDll8llll Bp8M8Hl1 ITpe6biB8HHH 38HBOK B 38/v\ B KOMITlll'K

ce rq ,Of'p8!\.1M 9KCIT8pHM8HT8llbHOif YCT8HOBKH "cpQTQH "• OonyqeHbl 3<tKOHbl 

paCnf"-'ll0ll0HIIH Bp8M8HH ITp86b!B8HHSJ JlllH pa3mP-lHbiX BllllOB CD8llUH8Hlh! M81KT)" 

6nor..ct \III o6CllYIKHBBHHH. C ITOMDWhlO IIpeo6p830BBHJHI flarrnaca-CTHllTLeca llllH 

3BKOJ!il pacnpeneneHIIH cflyHKUHH HBI\UeH o6umti: 38KOH pacrrpeneneHHSI Bp8M8HH 

npr.-··· saHIHI B naHHoH Monenu. Pa3pa6oTaHM MeTo.D.bi onpeneneHHH o6mero spe 

1\leH!t jJeBKlllfll HLlCTyriBIOlHIIX 3851BOK B Monem! 06Cny.IKHBBHHH II
1 

KBK C'He.llCTBH 

3Torr_~, rronyl.!eua IIH¢opMarUHI o JldGoTe uccne.ayeMbiX anropHTMOB B pt>anhHD!'-.1 
MBCL:Ta6e BpeMeHII. 

Paf5oTa BLlriOnHeHa B na6opaTOpHH Bbi'·Ui:Cni-iTenbHOtl: TeXHHKH 

11 aBToMaTn3aUHJI OJ.1HJ.1. 

Coo6ll!eHHe 06hellHHeHHOf'O HHCTHTyTa snepHbiX uccnenosaHHii, .Uy6Ha 1978 

© /978 06LeP.BHeHHbli/ HHCTHTyT HP.epHbiX HCCP.eP.OBBHHil ay6H8 

I. BBe.Z!eime 

9tiJif!eKTl1BHOCT:b paClOTbl SBM xapaKTepuayeTca pli.z\OM Beml'!llH. 
Ha11Clonee BalltHbiMli JA3 HJAX flBJifliOTCfl: rrponycitHaa cnocoClaocT:& /if, 
Bpeya rrpeClbiBaHMa aaaBoK B 8BM Iii o6mee BpeMa peaK~l1l1. Ilp11 aToM 
BpeL!eHeY npe6biBaH!ilfl cql1Ta6TCfl BpeMfl C MOM6HTa ITOCTYITJI6Hl1fl 3aflB
Kl1 B Cl1CTeMy npepb1B8.Hl1fl ,1\0 MOM6HTa OKOH'!aHl1fl ee 06CllYlKI1B8.H/d / 2/. 
06mee Bp6Mfl peaK~lillil - STO CYMMa BpeMeHII npe6hiBaHV!fl VI BpeYei:VI aa
rra3,1\biB8.HV!fl (rrepHO,l\ C MOM6HTa ITOCTYITJJ61111fl ClilrHana ,1\0 MOM6HTa ero 
IlOflBJieHl1H B perHCTpe rrpepbiBaHV!fl). 

vlCCJI6,1\0BaHHe l1 0~6HKa 8Tli!X B6JIVIqi1H HBJli!DTCi! ITP6.1\M6TOM J;aH
HO~ pa60Tbl. BpeMfl rrpe6biB8.HVIH onp6,1\6Jlfl6TCH C ITOMOIII:b!O rpaif!VIqecKott 
CX8Mbl 3aflBOK1 KOTOpaH Olll1Cb1BaeT CVICT6MY nporpaMM YCT8.HOBKH 
"<I>OTOH". 

IT. 06see Bpe»H peaKqHVI 

SBM, KaK rrpaBl1Jio, pa6oTaeT B pean:&HOY ~o~acruTa6e BpeMeHI1, 
KOr,l\a YCJIOBHe T ~ T BblllOJIH8HO / 3/, r,l\e r rz 

Tr - o6mee, a Trz - ,1\0ITYCTVIMOe Bp6Mfl peaK~H. ilpH 3TOY aa-
Ka3bl, Bblll0JIHH8MH6 B peaJI:bHOM YaCIUTa6e BpeUeHH 1 rrpe,l\CTaBnlilOT CQ-
60~ aaaBKH ;nna SBM Ha o6pa6oTKY l1X nporpauuau11 11 o6uea cooTBeTcT
BY~meK HHwopua~r~e~ c OCHOBHOK cr~cTeuou. Ilocne,l\oBaTeJIJ>HOCTb Ta
KVIX 3aHBOK YH Ha30BeY IlOTOKOY 3aKa30B. Y K~OrO 3aKaaa 8CT:b 
cBoe o6mee Bpeua peaKUVIl1 Tr (pr~c.I), KOTOpoe orrpe,l\enHeTcH 
WOPYYJIOK 
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T = T +T r v a (2) 

r,11e Tv- :BpeMa npe6iliBaHI1R 11 Ta - BpeMn aanaa,llhiBaHI1li 

PHc,I. 
tE 

tA 

t{ 

T 

~ 
T T 
~~ 

tE t A te 

- BPBMH UOCTynneHI1H Cl1rHana , 

- BpBMH C MOMCHTa 06HapyXCHHH ~CHTpanDHUM 
rrpo~eccopou, 

- :BpBMfl OKOHqaHHH npo~ecca 06pa60TKI1 3aHB
Kl1, 

B 3a:Bl1C11MOCTU OT l1CTQqnJilKa 3Tl1X 3aKaSOB rOBOpHT Hlll60 06 ycnoB
HOM, JH160 0 BpBMBHHOM paS,ZI;BHBHJ/llll saHBOK. B nep:BOM cnyqae Ta=O • 

,llorrycn11.1, 00!1188 DpBMil P811K~>H1 IIOTOKa 3aKa30B llBJIIIBTCil CJJyqai!HOI! 
D8JJHql1HOtl. Orcn.na, corJJaCHO cpopuyJJe (I), BHTBKa8T, qro 3BM pa6o
TU8T D flBaRbiiOM MaCUlTad8 Bp8MBHl1, 

ilpH 3TOM BepOHTHOCTb Pe MOlKHO OllpB,liBnl1TD CHB,liYIOWI4M 06pa-
30M: 

~ = R(Trz) • (3) 

npi1MBHIIM rrpeo6paaOBaHI18 J!arrnaca-CTI1nneca FJf (a) K saKOHy pac
rrpe,neneHI1fl WYHK~l111 F(t) odmero Bp8MBHI1 peaK~HR Tr 

Rlf(a) =je-stdR(t). 

0 
( 4) 

3,lleCD R ( t ) - aaKOH pacnpe.z~eneHI1H KaK WYHK~H BpeMBHH 11 
RJf ( s) - ero o6pas. AHM0r11qao, vJf (a) ecr:o o6pas aaKoHa pac-

npe,lleJieHI1fl BpeueH!il npe6blBaHI1H 11 SJr(s) - o6pas saKoHa pacrrpe.z~e
neHI1H BpeMeHI1 aanaa,niliBaHI1fl, ~JIH yKa3aHHiliX o6pa30B BblllOHHfl8TCH 
COOTHOW6HI18 

Rlf(a) = VJf(a).SJf(s) (5) 

B cnyqae, Kor~a Ta=O , li!Meeu SJf(a): 1 Iii R•(a) = VJf(a} (6). 
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ill. AHanl13 BpBMBHH npe6!JIBaHHH B CTOXSCTMqecKOn CBTH 

UenD~ aaan11aa HBHHBTCH onpe,11eneH11e pacnpe,11enea11H BpeueHM 
npe6iliBaHMH paaHiliX UOTOKOB aaKaaoB. AnR npoBC.liBHMR raxoro aHanM3a 

paCCMOTpMM rpa$MqeCKYD CXCMy 3aRBOK, HaH60nhmHM MHTepec 

llpC,liCTaBJJIIDT TaKllC dJJOKIII, B KOTOpUX 3aRBKR npeduBaKJT Ollp8)\8JIBII
HOB BpBMR, B KaqCCTBC llpRMBpa YKSXBM dJJOKH: 

06CJIYlKl1BaHI1e 

Olil1.llaHl1e 

3a,neplltKa 

C BpBMBHBM o6cnyXHBaHI1H Tb 

C BPBMBHBM OiKIIl,llaHI1H T w 

C BPBMBHBM aa,liBPlKKIIl T z 

9Tl1 6HOKH Mill HaSOBBM dHOKaMI4 BpCMBH rrpedb1BaHI41l VBi (i=1,?,3, •• N) • 

l1M COOTBCTCTBYIOT BpBMBHa rrpe6b1BaHJMI T . ( i=1,?, ••• N) ( N -lJJ1CJJO OJJO-
v~ 

KOB BpBMBHH llpediiBaHHil B rpacpnqeCKOii CXBMB 3ai!BOK),Ka.K CJJ8,l\CTBI18
1 

KSX,liOMY dJJOKy MOiKHO IIOCTaBI1Tb B COOTBBTCTBI18 3aKOH pac
IIPB,liBHBHl1H !f!YHK~l1l1 BPBMBHii npe6HBaHI1H Vi(t) (i=l,",3 ••• !\l 11 ero 

o6pas vf<al (i=1,?, ... N). OcraJI:r:.Hble 6JIOKI1: l1Hl1~11l1ponaHl1e, pa3-
BCTBJICHI1e, pa3,liBJIBHl1B, sa,nepiKKa, IIPO.liOJ!lKBHHB 11 YHI1qTQiKBHV!B HBJIH
IOTCH 6JIOKaMIII COB,lii1HBHIIIH, 

~HH reHepa~l111 aaRBOK cymeCTBYIOT BHYTPCHH~~ M BH6WHI1~ 11CTQq
Hl1KM. Bo BH6WHBM 11CT0qfll1K6 3aHBKH reHepHpy~TCH C HBKOTOpiliM Bpe

M6HHilllol 11HTCpBanOY, 9HBMBHT pa3BBTBHBHI1H nepe,llaBT saHBKY Ha O~HH 
113 HYBDWI1XCH BiliXO,liOB C B6pOHTHOCTflMH 1-P 11 P • 9neYBHTOM sa
,liCpXKI1 CJiy~aT BOpOT8 ,liHH ITOCTyllaiO!l1111X aaHBOK, 3,116Cb 3aHBKa 38,116p
lKI1BaBTCH ,110 rrocTynneHI1H c11raana, paapewa10mero .liSHDHenwee rrpO,liBI1-
xeHI1e saHBKI1, ilocne o6pa60TKI1 aHa yJmqroxaerca. 

IY. 06mee onHcaa~e uo~en~ Bpeueal1 npe6hlBaHI1H 

PaCCYaTpMBaeMaH CI1CTBMa COCTOI1T 113 6HOKOB Bp8M8HH llpB6il!BaHI1H, 
CBH38HH!JIX C08~11HI1TCHbHiliMI4 6nOKaMI1, MO,liBH:D ,llaHHOI CI1CT8Mill 11 HBnHBT
CH MO,liBHD~ BpBMBH!il rrpe6!JIBaHJ4H, llBHD HCCHC)IOBBH!ilfl 3TOI MO,liBH!il CO

CTOI1T B orrpe,lleJieHI111 saKoHa pacrrpe,11eneHHH BpeueHI1 npe6il!BaHI1H no
TOKOB 3aKa30B, ilplll 3TOM HaWa MO~BJJh llBJJilBTCil MO,li8]JhD 

ll0BB~BH111l no OT!IOWBHIII!O K 3aKOHy pacrrpe~eJJBHHil BpBMBHH npeCibiBaHI'IIl, 
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CyUleCTByeT MHOJIC8CTBO rpynrr 3JI8M8HTapH!iX C08,1\IU111T8JibllliX 
dJ!OKoB, KOTopue cocTaBJIRDT CTPYKTYPY MO.I\8JII1. Bo3MOJICHH ,1\Ba 
BH~a coe~HHeHHH - nocne~oBarenhHOe H napannenbHoe. PaccuorpHu 
aaxoH pacrrpe~eneHHH BpeueHH rrpe6HBaHHH ~JIH rrocne~oBarenhHO~ o6-
paCloTKH. 

I. ilOCJ!eAOB8T8J!hHOe COeAHHeHHe 

~ V"(s) = V~(s) · V~(s) 
( 7) 

I v~ (s) I 

2. VU08»nvnna IJa.u.og;,a.·,g.,.~,u,u&v 

V*(s) = ·P·V~(s) + (1-P)·V;(s) (8) 

3. UHKnHqecKoe coe~HHeHMe 

V*(s) =~ P{l-P)i [ V~(s)] i. [v:lf(s)] i-1 
I=~ 2 

(9) 

6 

3aKoH pacrrpe~eneHHH BpeueHH rrpe6HBaHHH ~JIH rrapannenhaoa o6pa6or
KH. 

I. ITapannenhaoe coe~HHeHHe 

3aKOH pacrrpe~eJIBHHH ~YHK~H BpeueHH npe6UBaHHH BO BpeueHHO~ 06-
JI8CTH. 

V(t 1 = V
1

{t).V
2
{t) (IO) 

B cnyqae rrapannenhHoro coe~HHeHHH, Buecro o6paaoB ~annaca-CTHn
Theca (5) y~o6HO HCllOJih30B8Tb nepBOHaqaJibHYID ~opuyny 381\0Ha pac
npe~eneHHH (4). 

2. CHHXpOHI13~H 

r
- _j 

v*(s) = V~(s )·V~4 (s) ·V~(s) 
GO 

v~4 (s) = J e-stdv
24

(t) 

0 

V
24

(t) = V
2

{t).V
4
(t) 
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(11) 

(12) 

{13) 



IY. Mo.uen:o BpeueHH npeCibiBaHHH CHCteu nporpaLtu yctaHOBKH 11 1l0TOH" 

3Ta MO,IL8Jib XapaKT8pM!3yetCil rpa<j,JM!'I8CKOii CX8MOH 3aii-

BOK (p>!C, 4), KOTOpai! COCTOM!T >!3 MHOJK8CTBa 3JI8M8HTOB, 

WH~opua~aa noctynaet B 3BM a BH~e nop~>~lii (coeiut>~n, peractpHpyeuux 
yctaHOBKO~ "<POTOH"). Cne,ILCTB>~eM at oro JIBJJHilTCH onpe,ILeneuuue peaK

~aa B npo~ecce oCipaCioTKH ~aHHHX. 
rnaaaaa qact:o cHcteuu nporpauu - ato peanHa~HH nepe.ua~ 

,UaHHHX c paaab!X >~Hif.Jopual\HOHHWC KaHaiiOB IAK. llpn aTOY nepe~aaaeuue 
KBaHTU ,UaHHWC aanOMHHaDTCH B onepaTHBHOil llaJIHTH H Ha ,UHCKe, llocne 
nepBOHaqan:&HO~ oCipaCiOTKH OHH 3allHCUBaDTCH Ha LtarHHTHYD il8HTY 
~na .uan:oHeliimeA o6pa60TKH B penue "of'f'-line" • Mu Hueeu B HameA 
CHCTeLte LIHOX8CTBO aneueHTapHb!X BH,UOB COe,UHH8HHH, Ka~ulii THn C08,UH
!!8HHH xapaHTepHayeTCH 3aKOHOY pacnpe.ueneHHH BpeYeHH npeCibiBaHH!i 
,UJiff pa3Hb!X llOTOKOB 3aHBOK, HanpHuep, B nporpauue AP BESM5 TQq
Ka Bwco~a oCipaayeT cne.uyro~D cxeuy aaaBOK (pac.2). B aTOM cnyqae 
MU Hueeu npOCTYID CHHXpOHH3~Hro, npHqey cy~eCTByeT B3aHMO~eliiCTBHe 
M8JK,UY nporpaMYOH AP BESM5 H ~BYU!i HH~Opua~OHHULIH KaHailaYH, 
Kpoue roro,a.uec:o JB:e peanHayetca H ~HKnHqecKoe coe.uHHeHae. CooT
BeTCTBYIOll\aH MO,ll8il:& BpeueHl1 npeCibiBaHIMI npe~CTaBneHa Ha pHC ,3, Mu 
HaCinD.uaeu ary uo.uen:o B paaHwc ToqKax( A,B,c,n,E ) • Mo.uen:o npe.u
CTaBJIHeT llOCJI8,UOBaTeil:&HOe COe,UHHeHHe YeJK,Uy CiiiOKaYH AB H BE, 
np>~qeu o·rpeaoit BE co~epli!:HT eme ~Be npocTue CMHxpoHHaa~HII ( BC, 
CD ) • 

s § 
--, 

L-~..-~ L __ 

j -< '..., ' \I 1 - p I 

PHC. 2. 

8 

! 

I 
r 

Bee 0Tpe3KM COOTBeTCTBYIDT pa3HUW llOTOKaJI aaHBOK, Kaa~ulii 113 KOTO
pwc HueeT caolii aaKOH pacnpe.ueneHHff BpeueHH npeCiuaaHHa. 

PHC. 3. 

~iiH OT,U8il:&HUX llOTOKOB aaaBOK H8o6XO~HYO l1CllOil:&30BaT:& Cile
~YIDI!lH8 3aKOHU pacnpe~eneHHH: 

I. !lOTOKH 3SHBOK H3 B B C , H3 C B D • 
B cnyqae, Kor~a ue~y CinoKauH "Paa,ILeneaHe" a "3a,ILepxKa" HeT 

CiiiOKa "00CJIY:KHBaHH8 11
, rOBOpRT 0 npOCTOil CHHXpOHH3a~H. Ilp14 3TOY 

,Uilfl o6pa30B lannaca-CTHiiT:&eca nonyqaroTCR COOTHOW8HHH: 
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.-. 
P~c. 4. llpe~CTaBneH~e 9BM B KOYllH9KC9 C SKCnepHY9HTanhHO~ 

yCTaHOBKO~ KaK YO~en~ Bp9Y9HH npe6aBaHHH np~ ~CllOHh- ~ 
30BaH~~ COOTB9TCTBYD~KX BH~OB C09~HH9HHH 
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v:c<al = v;<a) 

2, l10TOK 38.flllK11 H3 B B D 

V~D(a) = v;(a) (14) 

B 3TOY cnyqae HY66T Y8CTO ITOCH6~0B8T6HbH8H CHHXpOHH38UHH,H 
CITpaBe~HHBO COOTHOID6Hl16 

v:D(a) = v~c(a) · v~D(a) = v~ (a)· v; (a) ( 15) 

3, !lOT OK 3aHBKH 113 A B E 
3~8Cb M~ HM66M UHKHHqecKOe coe~HH8HH6 11 COOTHOmeHHe 

~ i i 
V:l4!(a) = V~(a)•LP(l-P) [v~(a)• v;(a}) (16) 

u.f 

3aKoH pacnpe~eneHHH BpeweHH npe6~aHHH HBnHeTCH npe,n,noc~Kofi 
,n,nH onpe;neneHHfi aaKoHa pacnpe~eneHHH odmero npeMeHIII peaKUI!!H. 
ll cny<Jae, Kor,ll.a speMll aanaa,n.usaHllil Ts I 0, cnpase.n.nnna cpopMyJia 

aT a 
S:l4!(a) = ~ ( 17) 

B peayHbT8Te HCITOHb30BaH11H ~OPYYHU (5) nonyqaeM ,ll,HH 3aKOHa pac
npe;neneHHfi BpeMeHH peaKUHH B~pa~eHne 

;t -aT 
R (S) = ~ s 

s 

= i 
V~(a) ~ P(l-P)i [v;(a}· v;<a>] 

L=1 

(IS) 

BaXHo~ BenillqnHo~. xapaKTepnay~me~ Bpewa npe6~aHHl1, fiBnaeTcH ~aK
TOp BpeYeHH npe6~aHHJ1 

rM 

F = E(Tv)/E(Tb) , 

E(Tv) 

E(Tb) 

)lonyCTHM 1 

- cpe;nHee Bpewn rrpe6~aHHH, 

- cpe;nHee Bpewn o6cny~HBaHHH. 
l 

qTQ F -l-f 

T .e • ~aKTOp F :3 cnyqae O'fKPI:l'l'Oit CHC'l'6Yl:.l o6cny&HBaHilll 
onpe,n,enaeTcn aarpyaKo~ ~ nporpaYY~. 

B cnyqae npe;nemaoro nepexo;na _9- 1 , il>aKTOP F ~ oo 

qaeT 6eCKOH6qHO 60llbill06 JIP6WH npe6~8.1Hlll. 
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( 19) 

(20) 
U6JIHKOM 

, qTo mma-

F 

6 

5 

'+ 

3 

2 

/f 

0.2 O.lf- 0.6 

Pnc. 5. 

E(T ) 
F = __ v_ = _l_ 

E(Tb) 1 - g 

al ~o 9 
BJIHHHHe 3HaqeHHH aarpyaHH Ha B6JIHqHHy 

il>aKTOpa Bp8M8HH rrpe6~aH~IH 

B 3aKJI~qeHHe 8BTOpl:l CqHT~T CBOIIIM TIPlliiTHUM ;~oJirOM BUpa3llTb 
dJiaro,llapuocn K. XauaHy, A. E. CeuHepy a a noneaHue odcyliC,lleHnJI, 
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