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I. _§~~8HHEl 

0,JJ,I!l1M 118 a.RTJMbH!.iK B011pOCOB o6pa60TKH :;menep11M6HT8.JlbHOtl HH­

tlJopMaqtm, noJiyqaeMotl npt-~ !1CllOJih30BaHHl1 c·rpliMepHh!X I<aMep B cjli1311Ke · 

flr.IGOIUIX :JHepr!Ail, HBJI.ff8TCR rrpo6JieMa Onpe,n,eJI8HI1f! rrepBI'It-!HOtl HOH!13aql!li 

TpeltOB co6MTV!tl no OJ..IHifJpoaaHHHM ;¥aHHblM HSMepeimH. 

l{ar{ 6wm nmtaaaHo B pa6oTe I/, CHCTeMa MaccoBO!"O o6cJiyJtmsarmn 

c 6ecrwHetiHI>IM tifr!CJJOM KaHa.1JOB o6CJIYJKl1BaHHR aH,n,a/2/ 

<E,1,GI/"",1> (I. I) 

lliJJlrJ6'rCR y).l,06HOtl MO)J,6Jib!O )!,JIR O!lY.CaHl'lR 11300p8.lK6HMtl eTp11MepHbiX TpeKOlJ. 

jJ.JOOiy CryCTKa MOJKHO l'!C'l'O.JIKOBaT.O Ka.K ITe:pliO,l.l; 3a.IDITOCTH C:UCTe-

MI~ ( 1. I) , npoMelKyTKH MelK,ll;y cr•ycTimMif - KaK nepHo.n; rrpocTOR, ,JJ,JIImy Mem­

;.zy )~BJM!l COC6)J,HI'!Ml1 JI6BHMI1 Kpaf!MJ.l Cf'yCTlWB - KaK l\lil{.Jl '!HCT6Mbl. 

JIOCIWJibKy llpl!l JJ!060M aB'l'OMaTH311pOOOHHOM 113M6p6Hl1H p8aJibHbiX CTpH­

Mepmnc TpeKOB 11p011CXO,ll.HT ,TJ.liCKp6TY!3ai~.R l1X li306palK6HHil, TO 6CT6C'l'B6H­

!l0 oo:JHMKaeT npo6JieMa TOtiHoro MaTeMaT>~tiCCRoro orrHCaHHR c~!CT8Mbl (1. I) 

np~ ee ,Ll.HCKpeTH31l.J..Il1M 110 BpeMeHH. 

3a,n.aqa H8.X0ll\ll,8HHR 31l.KOHil. pacnpe,JJ,6JI8H'f! l18pHO,[\a 3ffii111'0C1'H TBKOt\ 

)J.l1CKpeTMsoBaHHo11 cl-!cTeMbl li!CCJie,TJ.OBanacb B I' 31 rrp11 Herto•Joph!X yrrpo­

me.HIDIX tncpHb!x, Harrp., ,n;Jm rrocTORH.Iloro n:peMel-m o6CJiyJiUU.JalrnR). J3 pa6o­
re141 6blJia pemeHa 3'l'a 3a.,n;atm Cies KaKHx-;m6o orpaHM'llCHJI!11. Bwu1 noJiy­

tleHbl peKyppeHTHhiC ifJapMyJll~, II03BOJI.f}!Oil18 Bbi1..!HCJIRTb liCKOMbiC B6p0f!'fHOCTM. 

CJIO"l\Hbll! B11,I~ <flopMyJI VJa pa6oT!I
4 

He noaaomm orrpe,n;eJJMTL> ,n.pyme 

OCHODHUe X!l.paK':repHCT.IlliH, TaKUe, Ka.K cpe,I.UIAA ,J.I.JrnHa, npeo6pa30Ba-
HHR JlanJJaca nep1110,!~a saHRTOCTH M qMKJJa. B HaC'!'OIItlletl paCiO'l'C :JTI-1 sa,ll,a•m 
pemeHbl Me·ro,n;oM peKyppeHTH!.iX cc6mHI1, om1CaHHbiX B /

5/. KpoMe Taro, 

HCCJIC.JJ.YlO'ren '1'8 me xa.paKT8pl1C'l'HKl1 ,ll,JIR CY!CTCMU MaCCOIJOI'O 06GJ1YJKI1Il!ll\HFJ 

Bl1,ll,ll. <E,GI,GI/oo ,GI ) , !',l\8 BXO,IJ, H.M88T )~HCKpC'l'HOe PCOMC'I'pW!eCIWC 

pacnpe,r<eJieHHC. 

., 

~ ' 



2. CMCT8Mhi<E,GI,GI/oo,GI> c .gMcRpeTHblM BX..QJ!.QM 
I 

By~\eM npe.n.noJraraTb, tlTO >tMeeM CMCTeMy Macconoro o6CJIYJKl1BaHMH 

BJii,n;a 

<.E,GI,GI(oo ,GI > /2/ (2.I) 

C 6eCKOH8tlHh!M tll1CJ!OM KaWl.J!OB OOCJ!J}KI1Ba'iMfl, B Cl1C'reMy B MOM8HTbl 

0 < 'C1 < 'l:"2 < , , , < oo ITOCTynaeT ITO TO I< Tpe60BaHl'lti nap<n!RMI1 C OO'LeMal.1R 

~ 1 , Y,t,... . Ha oocJiyJKMBaHHe KaJK,IJ.oro Tpe6onaHJAR B napTMH noTpe6yeTCH 

Bp8MB: ._X • ( 1 ~ i ~ V ,n,1, 2,,,,), 
nt 1. n { co 

llpe.u.noJiaraeTCH, tlTO cJiyqal:l:Hh!e BeJIHtli'IHhl '{; •M '[; 

1 
} 

2 
, 

00 oo n n- n= 
I~ } 1 fX i l~i ~ v } _1 .HBJI.fliOTCJJ: B3a:ID.!!HO HesamwHMh!MR 11 'l n n.. , n, , n n-

F(t) .. p( l'i;n- rr;n_ 1 < t), n .. 2,3, ••• , 

pk =P( Vn=k),k .. 1,2, ... ,n .. 1,2, ••• , 

H(t)=PCXn,i< t),1.$i.$ vn,n=1,2, ••• 

06osHaci8Hl18 (E, 1, GI/oo, i > rOBOIJMT 0 TOM, 'ITO TpedOBB.HIDI ITIJTI:XO,ll.R'l' 

B CMCT8My ITO O,IJ.HOMY. )J.nH Ha!llMX l.\8JI811 ,IJ.OCTa'roqHQ l1CITOJib30BaTb STy 

CHCTeMy, Tai{ RaR (2.1) JJ8I'KO R Hetl CBO,ll';HTCR (CM. HIDKe). 
B ,IJ.aRbHetlrneM 6y.n.eM npe.u.noJiaraTb, qTo cucTeMa 

< E, 1, GI/oo , 1 > (2.2) 

HM88T reOM8t'IJH'I8CK08 paCITIJ8.U.eJI8llli8 BXO.U.IWro ITOTOKa, T, e. 

P(flin_ 'L:n_,=kh)=(1-p)pk-1, k ~1,n~2 , (2.3) 

,IVIH H8ROTOpOI'O h.,. 0 I! 0 < p < 1 • 

06osHatll1M ti8p83 V tlMCJIO TpeOOBaHMM, o6CJiyJK8HHb!X sa nepi!O,IJ; 

3aHHTOCTI1 C~T8Mbl (2.2),"" lj> (z)- ero IIp0113BO~ffiliY10 tPJHKI..\11!0, T.e. 

t.f(z),. L',P( ~ =n)zn= 'L.P zn, 1z1 ~ 1 , 
n-f n:l n 

Ms pesy.iibTa'I'OB padoTd5/ MMeeM CJJ8,DYJOlJl88 YTBe:pl!UI;eHHe: 
n-~ 

Pn = P(An)- "f.P(Ai)Pn-i , n .. 1,2, ••• , (2.4) 
i..=t 

rAe 

11 

00 

P(An) .. ( ( 1-p)/p)n+1 L Pk 
1<=1'1+! 

n .. 0,1,2, ••• , 

lf(z) = 1-1/f(z) I z I :::1 , 

s.u.ec:r:, 

f(z) 
<><> 

= ~ P(An)zn • 
n:oo 

n n H{hk ) 
j =1 j 

(2.5) 

(2.6) 

2 

J I' ! . 
• I 

i : 

~~ 
c 

' 

I 
I 
i 

' l 

( n ~ r.- l • 
CodblTMH A =1Cl (Jt.< 'l:n- L.i') / , n=1, 2,... , 113 (2. 5) HBJI.HlOTCf! pe-

n lt-11\1 l. Yl 
KyppeHTHblMH no • ~eJLJiepy 6 • MollniO ,n;oKasaTb, t<To cpe,IJ,Hee sHatre-

HMe M( v ) IiOHetlHO TOT',ll,a H 'l'O.l!blto Tor.u.a, IWI',ll,~/5 • 7 I 
a= T t dH(t)<oo • (2.7) 

0 

B ::noM CJryt<ae 

w 
M( \l ) = 1/lim I'(An) 

.,.., 
lim P(An) ., "';'""' (-1)nB , 

n ~ n 
n=O 

r,n;e B
0 

.. 1, 

Bn .. 

~ 11 

(1-p)n L n (1-H(hkj)), 
1~k.< .. ·< k~ j ::1 

(2.8) 

(2.9) 

n ?-1 • (2.10) 

Ka!( Bbl'l'6!(a8T 113 paOOTb/B/. 

McxoM :us o6mei1 Teopi'II/
5/ Hafi.n;eM rrpeoopasoBrume JlaMaca ¢'1' < s) 

IJ;I'llt.Jia T-paccToJIHirn MeJK,Jzy JieBHMI'! Kpa.a..MH .U.BYJC coce,n:mrx nepno.n.oB srum­

TOCTH. Tor,n:a "f'=B+l .. , r,n:e B - neprw,n: 3a.HHTOCTH H r, - nepno,n: npocTOR. 

fiyCTb ..., 

a(a) =J e-std:F'(t) .. (1-p)e-ah/(1-e-ahp), s~O, 
0 

-t: 

F*(t,a) .. a- 1(a)J e-sxdF(x) , t~O , 
0 

TOI',IJ.a F* ecTb reoMeTpnqecfwe pacnpe.n.eJJeHJ<te c napaMeTpoM 

p* .. pe-sh 

¢ (a) "' M(e-aT) = tf*(e.(a)) • 
H 

3,n;ecb dBes,n;oqRa * o6osHaqaeT npoHsno,n;~ro tPYHKI..\11!0 (2.6) ,n;JJH napa-

MS'rpa p* , il03TOMy 

Oft .,., 

¢T(a) ,. 1-pe-ah [ ( 1-e-ah) '2: (tl)n '2: pkc-shk X 

n=o p k:n•t (2.Il) 

~----- n 

x. ".,<-:-~<1< r:T H(hkj)J _, • , 
M(T) .. M(~ )/(1-p), (2. 12) 

r,n;e M( '> ) onpe.n.enReTCH no ifJopMy.l!e (2.8). 
llpe,n;noJJOlKMM, qTo pacrrpe,IJ.eJJeH~!e speMeHH o6CJJYJKI1BaHI1H ecTb ,n;nc­

KpeTHoe c TeM lite ruaroM ,JJ,HCHpeTH3al.\11H h > o • Tor,n,a nep11o,n; npocToR 

L HMeeT reoMeTpHqeciwe pacnpe,IIeJJeHiie c napaMeTpoM p • YqMTbiBaH He­

saBHCHMOCTb nepl10,ll,OB npOCTOJI 11 3aHHTOCTH,MOlf.HO ,IJ;ORasaTb, qTO ,IJ.JJH 

rrpeo6pasosaHI1H JlanJJaca HMeeT MecTo ¢B(s) = ¢,r(s)a- 1(a) 

Hs (2.11) BhiTeKaeT 

3 



¢B(s) = esh(1-pe-ah)/(1-p) -
<><> 1 ""' n 

{ 
""' 1-n n+ <:;;-~ k -skh ~~ n 

- ~ (--~) ~p·e ~---
n=o P l<:l'lt-~ 1~k,~<k j~1 

H(hkj) J -1 
(2.13) 

li! 

M(B) "" (M( v )-1)/( 1-p) • (2.14) 

flycTb Tenepb < E, GI, GI/oo , GI > - CHCT8Ma C rpynilOBblM npv!6b1Tl18M 

Tpe60BaHHH H C ~YHRL~eH pacnpeAe~eHMR BpeMeHH o6cn~~HBaHMR H • fio~o-
l!U1M H(t) = 1h; pkflk(t). Tor,!l.a H - tPYHRJ..IH.fi pacnpe,!!.e~eHMR speMeHH 

06CJJYJ!(HBaHHR Cl1CT8Mb! < E, 1, G!/DO , 1 > C rrepBOHatJa.JibHblM BXOAOM. 

B STHX ,!l.Byx CHCTeMax nepHO,!l.bl saH.fiTOCTH, npocroR M qMKJJbl O,!l.HHaKOBbl. 

fi03TOMy COOTB8TCTBJID~Me rrpeo6pa30BaHMfl ]Bn~aca MO~HO ITO~YtJHTb H3 

(2. 13) 11 (2. II), saMeH.fiR H Ha H . 

3. J\Hcl~peTH30BaHHaf! CHCTeMa 06CJIYJKHUatmR 

Uenb STO~ tJacTH - orrpe,!!.eneHHe OCHOBHbiX xapaRTepHCTHR nepHOAa aa-
HRTOCTH Cl1CT8Mbl <.E,GI,G!/<>o,GI > / 4/. 3Ta CHCTeMa riOJIYtJHJiaCb ,!l.l'lCRpe-

TM3aQH8H HatJaJibHOH CHCT8Mbl <. E, 1, Gl/00 , 1 > , B ROTOpoti BXO,f\ MM88T 

s~~:cnoHeHL\HaJibHoe pacrrpe,!!.eJJeHMe c napaMeTpOM g >0 : 

F(t) = 1-e-gt , t ~ 0 , (3.1) 

li! tPyHKUKID pacrrpeA8~8Hl1R Bp8M8HH 06C~HBafl1R 
,f\HCl!peT113ail'J MOlltHO HaHTH B pa6oTaX ,3,4 . 

Ms I 4 BbiTeKaeT, T.l:TO a s1·o~ cv. cTeMe 

P(:Cn- lfn_ 1=kh) .. (1-p)pk- 1 , k ~ 1 , n~ 2 , 

r,!l.e 

p .. e-gh ' 

" k , P( v =k) = p(-lnp) /({1-p)k.), k~1, n~1 

H • fiO,f\p06Hoe OITHCaHMe 

" 

(3.2) 

n (1-S.>f.. 

P(X =kh) = 1/h J { H(h(k+S )-u) - H(h(k-1+S
0
)-u} du 

n -~h o (3.3) 

k~1,n~1. 

/4/ "'" "" ~ 
3,!.i8Cb S - CaPl'JTTa !I! t'(; Y , .X - COOTB8'l'C1'BJIDI:ql18 CJIYtJal-t~ 

0 ' 
Hb18 B8~l11.l:HHbl ,!l.l1CKp8Tl'l30BaHHOi-t CHCT8Mbl. 

4 

' I~ 

')~ 
'II 

fiyCTb H 1 ( t) - ~yHKL\MR pacnpe)\eJieHl'Jfl BpeMeHH o6C~YJKI-1BaHHfl CHC­

T8Mbl nocne ,!l.l1CKpe1'li3ai..\l.fH. M3 ( 3. 3) HMeeM 
(1-S,.)h 

H1 ( t) ,. 1/h J { H(h( [ t/h] +S )·-u)-H(h(S -1 )-u}" du , 
-s.h. o o 

P,!l.9 [X) - ~eJiaR tJaCTb X , 

H(t) '"boo p!Hk(t) ,. P.1_ (e-ln p·H,(t')-1) 
- ! -p 
•1 

3aMeH.fiR H B (2.5) HaH , no~yqaeM 

<X> " 

P(A) .. (l::.E.)Lpk~ n(e-lnpH,(hkJ.)-1) 
n P k'--' L..~ . • 

= 11'1 -~~ k,<. ... <l·.< k J" i 
(3.4) 

n .. 0,1,2, •••• 

ilpeo6pasoaam1n JlaiTJiaca nepMo.u,a saHJ!TOCTJA B H L\l'IKJ!a T orrpe-

,JJ,eJimoTCR Bblpal!l:8!-ll'IHM'.i! 

~ (a) = 1-pe-sh - p(1-pe-sh) x 
B ( 1-p)e-sh ( 1-p)2e-sh 

x t~ { {1-p) e-ah } n+1 ~ k -shk 
L_. (1 -ah) L_ P e 
n~o P -pe k=n•; 

"' x >=~. [} (e-lnp•H1(hkj) _ 1)} -1 

1:S k1.; ... d,"<k' 

~T(s) = ¢B(s) L1-p)e~sh 
( 1-e -ah)p 

X 

~ cp~Hero 3Ha~eHHH nepHo.r~a 3aH!!TOCTH HMeeM 

(3.5) 

(3.6) 

M(B) • (1/lim P(An)-1)/(1-p) • (3.7) 
n .~ 

Ma BHIUeCicasaHHoro CJie.nyeT, ~To eCJml I tdH 
1 

( t) < eo , TO 
M(B) < oo • }1etlcTBHTe~bHO, YtJHTb!Bali yc~oalie (2. 7), rro~yqaeM, 

T.l:TO 
00 OC> 

0 ~ S tdH(t) "' =L lnp J te-ln H1(t)dH (t) <. 
1-p 1 -

0 0 

~ _ ~ r tdH,(t) < 00 

0 
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B saa~c~MOCT~ OT wara ~McKpeTHsa~HH 
nepiiiO,iia 3a.Jif!TOCTM 8CT~ iflyHK~H.fi OT h:¢B(a) 

h npeo6pasosaHHe ]annaca 
¢B (s) • B npe~enbHOM 

h 
nepexo.rr.e rrpM h -+0 

lim ¢B (s) = 1 + ~ - 1 
h+O h g g 

HM88M 

t { J e-ate-g I ( 1-H(x) )d.x dt J -1 

0 

aHanorHt:IHO ~n.fl M(B) = M(Bh) 

(3.8) 

lim M(Bh) = 1/g(ega_1) , (3.9) 
h--0 
r~e a onpegeneHo B (2.7). 

Ha CaMOM ~ene a/4/ ~OKa3aHa CJia6aR CXO,[\HMOCTb pacnpe)J;8Jl8HHi1 
~11Ciq)eTH30BaHHbiX nepMO~OB saH.fiTOCTH K pacnpe)J;eJI8HHIO H8)J;HCKpeTl130BaH-
HOrO nepv.o~a saHR.TOCTH CI1CT8Mbl < E,1,GI/ 00 ,1 > • il03TOMY COOT-
B8TCTByiD~Me npeo6pasoBaHM.fi ]arrJiaca CXO)J,HTC.fi R rrpeo6pa30BaHMIO ]anJia­
ca He~cKpeTHsoaaHHoro nepMo)J;a saHHTOCTH. AHanor.rr~oe CBOHCTBO 
cnpaae.n;mmo .IJ;JIH cpe.n;illiX sHa'!eiDJ:fi, 

B 3aKnlOt:18HH8 3aM8THM, t:I~O ~OpMyJihl (3.5), (3,7)-(3,9) OITHCHBaiDT 
npeo6pa30BaHHH ]anJiaca H Cp8,ll,HH8 3Hat:I8HMH .IJ;~ Cr,yCTKOB KaK llOCJie 

.IJ;MCKpeTll3ai.Um, TaK 1:! .IJ;O Hee. 
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11 HapoAHOX03AHCTBeHHbiX 3aAa-.. Ay6Ha, 1981. 
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3aKa3bl Ha YTIOMliHYTble KHiiiH MOIYT 6b1Tb Hanpasnellbl no a,npecy; 
101000 MocKaa, rnasnoqTaMT, n/H 79 

M3,UaTeJ1bCKHA OT,Uen 06~e,UHHeHHOrO HHCTHTYTa HACPHNX HCCJle,UOBaHHn 



'IEMATH'IECKHE KATErOPHH I1YBJIHKAUMA 
OB'hE,nHHEHHOrO HHCI'HTYTA H,QEPHYX 

HCCJIE,QOBAHHA 

MHJI•c TeM8'1'111ta 

1. 3KcnepHMeHT8nltHall I!IH3HKa MICOKHX 3Hepndl 

2. TeopeTH~cKall IIIH3HKa MICOKHX 3HeprMA 

3. 3KcnepHMeHTan~tHall HeATpoHHall I!IH3HKa 

4. TeopeTH~CKall I!IH3HKa HH3KHX 3HeprMA 

5. HaTeMBTHKa 

6. RAepHall cneKTpoCKOnHII H paAHOXHMMII 

7. ti43HKa Tll*ellWX HOHOB 

8. KPHoreHHKa 

9. YcKopHTenH 

10. AaTOMaTH3aqHII o5pa60TKH 3KcnepHMeHTan~o~x 
AaHHWX . 

11. llw'4HcnHTenltHall MaTeMaTHKa H TeXHHKa 

12. XHMMII 

13. TexHHKa I!IH3H~cKoro 3KcnepHtteHTa 

14. MccneAOBaHHII Taep~X Ten H *HAKOCTeA 
IIAePHWMM MeTOAaMM 

15. 3KcnepHtteHTanltHa" I!IH3HKa IIAePHWX peaKqHA 
npH HH3KHX 3HePfHIIX 

16. AoaHtteTPHII H I!IH3HKa 3~Tw 

17. TeopHII KOHAeHCHpoaaHHOfO COCTOIIHHII 

18. Mcnon~o3oaaHHe pe3ynltT8Toa H MeTOAOB 
tyHA8MeHTBnltHWX I!IH3H~CKHX HccneAOaaHHA 
8 CMe*HWX o6naCTIIX H8yKH H TeXHHKH 

19. liH*3HKa 

... YJM'18HCICMA A. PS-82-662 
0 nepMQAe aaHIITOCTH AHCKpeTHOA CHCTeMW o6cnY*HBaHHII 

MeTQAOM peKyppeHTHWX Co6wTHA HCcneAYmTCII npoH880~11 .YHKqHII, cpeAHee 
~cno H pacn~eneHHe ~Hcna Tpe5oaaHHA, o6cnY*eHHWX aa nepHOA aaHIITOCTH 
CMCT ..... MIICCOBOrO o6cnY*HaaHHII 011011011• C AHCKpeTHioiM BXOAOM H 6eCKOHe~­
HMM ~cnoM KaHanoa. B cny~e npocTe~ro BXOAHOrO noTOKa H AHCKpeTHWX ape­
MBH ~HHII onpeAenllmTCII npeo6paaoaaHHII nannaca nepHOAa aaHIITOCTH, 
~MKna " HX c~HHe aHa~eHHII. KaK ~aCTHWA peayn~oTaT nony~eHW c~HHe aHa~e­
""" " npeo6paaoaaHH" nannaca AHCKpeTHOA AnHHW CTpHMepHOro crycTKa. 

Pa5oTa BWnonHeHa 8 na6opaTOPHM BW~McnHTenbHOA TeXHMKM M aBTOMaTM3aqMM 
OMAM. 

Coo&leHHe !MhoeAMtteHHOrO HHCTHTYTll AAePHWX HCCIIeAOBaHHA. .Qy6Ma 1982 

Dvurecensklj A. PS-82-662 
On the Busy Period of Discretization Queuing System 

By the method of recurrent events the reproducing function, the mean 
value, and the distribution of the number of customers, served during the 
busy period of a queueing system CQ/011011• with a dlscretlzed Input and 
Infinitely many servers are Investigated. In the case of the simplest flow 
and the discrete service tl~, the Laplace transforms and the mean values 
of the busy period and their cycle are determined. As a particular result 
the mean value and the Laplace transform of the dlscretized streamer blob 
length are obtained. 

The Investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR, 

Communication of the Joint Institute for Nuclear Research. Dubna 1982 

nepeBOA O.C.IMHOrP~~ACBOA. 


