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XapaKTepHCTitKH rrpoMe)l{yTo'!HOII rraMSJTH c rpyrrrroBbiM o6crry)I{H

aaHHeM IlpH pa6oTe C UHtlJpOBOII Bbl'IHCIIHTellbHOII M8WHHOlt 

B pa6oTe o6cy)l{,a8IOTCSJ aonpocbl npHMeHeHHH ycTpollcTB 

HOI! II8MS!TH ( ynJl) H8 BXO.ae UHtlJpOBOII Bbl'IHCIIHTellbHOlt M 8WHHbl 

rrpH acpctJeKTHBHOM HCII01lb3088HHH onepaTHBHOrO 38IIOMHH810W6rO ycTpOIIC 

UBM .anSI H8KOIIIleHHSl 3KCII6pHMeHT81lbHOII HHtlJOpM8UHH. npHBO.aHTCSl pac

q{!T H CTpOS!TCSl KpHBbie IIOT6pb C'!{!Ta yn n npH rpynnOBOM o6crry)I{H88HHH 

co CTOpOHbl UBM. 
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npu HC!l0Jlb30B8HHH UllcppOElbiX BbiqHCJIHTenbHbiX MBIUHH ( UBM) v on line , 

B cpH31fqeCKOM 9KcnepHMeHTe ll!HpOKO llpHMeHS!IOTCS! ycTpOfiCTBB npoMelKyToqaofi na

MS!TH ( YDD) llnSI cornaCOB8Hll51 CTBTHCTHqeCKH pacnpeaeneHHOil BO apeMeHH 9KC

nepHM8HT811bHOfi HHcpOpM8Ullll C nepHOJllfqeCKilM pe)!mMOM p800Tb! MBIIIHHb!, DpH 9TOM 

/1/ u ~ 
qaCTO Jli1H HBKOnneHHS! HeOTCOpTHpOBBHHOif lfH~OpMaUHH OTBOJlHTCSI qacTb one-

paTHBHoro 3anoMHHaiomero ycTpotlcTsa ( 03Y) UBM B KaqecTae 6y¢epHotl 30Hbi c 

I10C11e.llyiOlllefi (no 38nOJIHeHHIO 30Hbi) COpTHpOBKOfi HJIH !lepe38llHCbiO BO BHeiUHHe 

CJanoMHHaromHe ycTpotlcTBa ( B3Y). TaK KaK eMKOCTb gqeeK 03Y, HCI10I1b3yeMbiX a 

cospeMeHHbiX UBM, cpaBHHTeJibHO senHKa (37-45 naoHqHbiX pa3pHnos), a Jl11HHa Ka

na, xapaKTepH3yromero cpH3HqecKoe coobiTHe, oobrqHo He rrpeBbrlllaeT 10 7 20 nsoHqHbiX 

pa3pHJlOB, TO uel1eCOOOp83HO B uenHX 0011ee acpcpeKTHBHOrO HCI10Jlb30B8HilH OO'beMa 

03Y 38HOCHTb rrpH CqlfTbiBBHHH 113 YDD B O.llHY Hqet\Ky 03Y HeCKOI1bKO KOJlOB, 

fpymmposKy 9TH X KO.IlOB MO>KHO rrpoH3BOJlHTb 11H6o rrporpaMMHbiM rryTeM a li BM 

( IlpHqeM BpeMH, HeOOXOJlllMOe JlJIS! 38HeCeHHH llHcpOpM8Ullll B 03Y, COOTBeTCTBeH

HO ysenHqHsaeTcSI), 11Hoo rryTeM cxeMHbiX pellleHHfi B Ynn ( 6e3 ysei1MLJeHMH speMe-

HH perHcTpauHH B UBM). B rrocneaHeM cnyqae 11a KBlKJlhifi onpoc H3 MalllHHbi Ynn 

Dhi.IlaeT k KO.IlOB, rne k -KOJIHqeCTBO KOJlOB, KOTOpOe MOlKHO 3anMC8Tb B 0./lHY 

gqefiKy 03Y. nonooaoe Ynn c TOqKM 3peHHH Teopllll Maccoaoro o6cnylKMB8HllS! rrpen-

CTBBJIS!eT OJlHOKBHBJ!bHYIO CllCTeMy C nyaCCOHOBCKMM BXOJlSIIUHM nOTOKOM ll nOCTO

HHHbiM apeMeHeM oocnylKMBBHHS!, B KOTOpot\ TpeoOB8HllS! ( KOJlbl) OOCJIY>KHB8IOTCS! 

rpyrrnaMH no k Tpe6oaaHHll. To ecTh, Korna a CHcTeMy rronaeTcSJ H3 UBM HM-

nynbc onpoca, Ha o6cnylKHBaHHe nocTyrraeT k 

HHl!, HBXOJlS!lllllXCS! B aqeperrH, He MeHbiUe k 

Tpe6oaaHHll, ecnH qlfcno Tpe6oaa

B rrpoTHBHOM cnyqae o6cnylKHBa-

HHe He npOH3BOJlllTCS!, Llng pacqeTa 9TOll CllCTeMbl paCCMOTpHM HHTepBan BpeMeHH, 

paBHbiH r , rne r - nepHon on poe a Ynn ( apeMS! o6cnylKHBaHHH). Hal!neM aepoSIT-

HOCTH COCTOHHHS! CHCTeMbl B MOMeHTbl BpeMeHH, HenocpenCTBeHHO npenmeCTByiO-

mHe Haqany H KOHUY aToro HHTepaana t 1 H It+ r ) • Bepos:rTHOCTh Taro, qTo 
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K KOHUy Bp8M8HHOrO HHT8pBana ( MOM8HT BpeMeHH t 1 + r ) B CHCTeMe 6yLI8T H8-

XOLIHTbCSI onpeneneHaoe qHcno Tpe60B8HHI1, MO*HO Bhlp83HTb qepe3 BepOS!THOCTH 

Tore HnH HHOrO •mcna Tpe60B8HHII, HM8101IlHXCSI B MOM8HT BpeMeHH t I (KOTOphlA 

aenocpeLICTB8HHO npenmeCTByeT Haqany HHTepBana), yMH0*8HHbl8 Ha BepOBTHOCTR 

nocTynneHHSI B STOM HHTepBane COOTB9TCTBYIOIIlero 'IHCna Tpe6oBaHHI!:, Tax KaK STO 

C06biTHe MOlK8T fiOSIBHTbCSI npH pa3nHqHbiX KOM6HH8UHSIX, TO BepOS!THOCTH CKnallhlBa-

IOTCSI, 0603H8'1HM qepe3 p n ( t I ) B8pOBTHOCTb Toro, 'ITO B MOM8HT Bp8M8HH t 1 

B CHCTeMe HaXOLIHTCSI n Tpe6oBaaul!:, Torna MO*HO 6yneT aanucaTb: 

P0 (t 1 +rl• P 0 (t 1 l •q 0 (r) +Pk(t 1 lq 0 (rl .[P 0 (t 1 l+Pk(t 1 l1q 0 (r), 

pI ( t I +f ) = ( p 0 ( t I ) + p k ( t I) 1 q I ( r) + ( pI ( t I ) + pk +I ( t I ) 1 q 0 ( r ) • 

p ~ ( t I +f) • ( p 0 ( t I) + p k ( t I ) 1• q 2 ( r) + (pI ( t I ) + p k+ l(t I ) 1 q I ( r) + 

+ [P2(tll+ Pk+2(tll1·qo(r), 
(1) 

k-1 m-k 

Pn (tl +') •l: PI (tl )•q I (r) + l: pk+l (tl )•q -l(r). 
teO n- 1•0 n 

rne m - eMKOCTh Ynn, 

~.(r) - BepOS!THOCTb nOCTynneHHSI B CHCT8My 

Bp8M8HH r, 

n Tpe6oBaHHII 3a HHTepBan 

TaK KaK HMeeM Ha BXOLie nyaccOHOBCKHII noTOK, TO 

q n (r) • 
(N r)n -Nor _o __ e • 

nl 
(2) 

A
0 

-A 
--e 

nl 

rne N0 -cpellHS!SI HHTeHCHBHOCTb nocTynneHHSI Tpe6oBaHHI!, 

a A•N0 r. 

BcneLICTBHe Toro, 'ITO paC'I8T npoBOLIHTCSI LinB CTaUHOH8pHOro COCTOSIHHSI CHCT8Mhl1 

TO P 0 (t 1) He BBnSieTCSI cjJyHKURel! BpeMeHR, T,e, 
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P
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(t 1 ) • P 0 (t 1 +r) • P
0 

(t 1 tirl•P
0 

, (3) 

rne J "' 1,2,3,4 • 

Y'IHTbiBaB BbtpaJKeHHB ( 2) H ( 3), MOlKHo nepenucaTb ypaBHSHHSI (I) B cnenyJOIIl&M 

BHLie: 

rne 

0 -A 
P0 (P0 +Pk)e 

-A 
P1 .. (p0 +Pk )Ae +(PI +P ) ...,\ k+l e 

n-1 
A 

n-1 A -A m-k 
pn = l: Fj -- • e + l: ~+I 

1•0 (n-il! 1•0 (n-il! 

n "' 0, 1,2,3 , , , m- I. 

(4) 

...,\ 
e 

Mbi nony'IHnH cucTeMy R3 m ypaBHSHHil c m + I HeuaeecTHbiM .• B Ka'leCTBe 

LIOnOnHHTenbHOro ypaBHSHHSI MOlKHO npHHS!Tb ycnOBHe HOpMHpOBKH 

l: P 1 • I . 
1•0 

(5) 

Y'IHTbiB8SI ycnOBHSI pa60Tbl CHCTSMbi, OfiHCaHHbiS Bb!lUe, Bblp83HM CKOpOCTb 

perucTpauuH KOLIOB e UBM ( NP l K8K OTHOWSHHe 

HnH 

NP ., 

m 

k l: P
1 I• k 

k-1 
k (I - l: P1 ) 

N • 1•0 
p 

noTepH C'I8T8 npH STOM B SLIHHHUy BpeMeHH 6yLiyT paBHbl 

k ~ p 
R • N0 - NP • N0 - l•k 

a HHTSpecyJOIIlHS H8C OTHOCHTSnbHblS fiOTepH cqeTa CHCT8Mbl 
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k ~ p 
1- l=k I 

A 
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BxonSIIUII9 B 9TO paBeHCTBO B9p05!THOCTII P1 H8X0Jl£!TC£! pelli9Hll9M CIICT9Mbl ypaB

!ieHHll (4) n (5), TaK KBK peweHne 9TOH cncTeMbi B o6meM anne HaTanKnaaeTC£! 

na 3Ha'!nTenbHbie TPYJlHOCTH, 6binll npoaeneHbi pac'!eTbi nng HecKonhKHX KOHKpeT

HbiX cnyqaea, Pe3ynhT8Tbi pac'!eToB npencTaaneHbi Ha pnc. I B anne ceMei1cTBa 

KpiiBb!X, xapaKT9pll3YIOiliiiX OTHOCIIT9nbHbl9 110T9p1I C'I9T8 K8K tPYHKUIIIO f(A,m,k). 

llng Cp8BH9HII£! H8 9TOM )1{9 pncyHK9 nyHKTllpOM 110K838Hbl 38BIICHMOCTH 
/2/ 

r = r (A, m ). nnH cncTeM 6e3 rpyrrnnpoBKH Konoa , AHanH3 pe3ynhT8TOB pac'!eTa 

rroKa3biBaeT, 'ITO rrpn OJlHOM H TOM )1{9 rrepnone onpoca r rpynnnpOBK8 KOnOB 

a Ynn npenrro'ITHTenbHa ao acex cnyqagx, KpoMe k - m , Korna nnH rrepenaqn 

B UBM Heo6xonnMo 3anonHeHne acelf eMKocTn Ynn. B rrocnenaeM cnyqae aeo6xo

nnMa cpaBHHTenhHBH oueHKa o6onx cnoco6oB rpynnnpoBKH, 

B 3aKnro'lenne aBTOpbi nonh3YIOTCH B03MO)I{HOCTbiO Bbipa3HTb 6narouapaocTh 

E.E. )!<ypaBneBy 38 U9HHbl9 COB9Tbl npH Bb!I10nH9HHH ll8HHOi1 pa60Tbl, 
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