
A .~sype'leHcKHA 

COOfilllBHMR 
Ofi'bBAMHBHHOfO 

MHCTMTYT8 
RABPHbiX 

MCCIBADB8HMI 

AYfiH8 

P5-82-663 

0 qHCRE HABRm~AEMMX TPEBOBAHHH, 
OBCRY~EHHYX 3A llEPHO~ 3AHHTOCTH 
CHCTEMY GIJGIJ oo 

J--P3 

1982 



. ·~ ~·--------------~~·------~ -------

I. B!,Je,n,mme 

O,iJ.HHM Yl3 BmKHeflmllx aorrpocoa rrp1 onpe.D,eJieHvJI.I rrapaMeTpa g nep­

BWJHOl1 HOH113Dl\lll1 CTpv.MepHb!X Tpe!WB B <lJ!13lme BbWOKHX 3Heprnl1 RBJl.RCT­

C.fl IliJOOJICMa onpene.JTCHllH 'lliCJia CTpHMCIJHbiX pa3pSU\OB B' TIJCKOBbiX Kai~epax • 

U/LOJIJ, TpD.eRl'OIJIDI .IJ;BIDKeHim '!aCTli!IUl B MarHHTHOM IIOJIC KaM8pl1 liO.liB­

Jliie'fCil. l(OJ!O'I.lta CTplt!"MepHbiX ~a3P,JmOB, H300IJc'llrt8IillC KOTOpb!X MOJKHO rrpe,n:­

CTUDJ!'l'J> CJIC,I\YIOU]CM MO.ll:6Jl1>I/ '
27: Tpeit ( CJie,n:) '!aCTH:Qbl COCTOMT M3 

ITOCJIC.I\UB::tTOJll>IIOCTYJ OKpyiKHOCTCH CO CJIY'!aiDUlMH .n;MaM81'IJ8.MH II I.(CHTpa.MH, 

oopasyiOII(IDirn npol\ecc ITyaccoHa c napa.MeTpoM g • 

JlpH OTOM o•r,f(8Jlbllbl8 C'l'p~!Mephl ( OKp}"nrnOCTH) CJII1BUIOTCR B Cl'YCTI\11, 

11 np11 BH:JYil.TlbHOM HU6JIIO)l.8!UUf CTpyKTypa TpeKa OmiCblBUCTCR KUK IIOCJl8,1l,O­

BilT8JlbHOCTh Cl'YCTKOB M !IpOMClKJTKOB MCJK,f(y H11MI1. 

](a!( 6b!JlO !IOKU3UHO B pa6oTe/
3/, CI1CT8MU MUCCOBOI'O 06CJJYJKMBUH11R 

( CMO) n11,IJ,a E/GI/oe> I 41 JIBJIB:eTCH y,n:o6Holi MO,n:eJJJ,lO AJIR on11caHHR !1so-

6panreHVI~ CTp11M8pHh1X TpeKOB. I1p11 3TOM .n;MaM8Tph! OKpYJ!'JiOCT8M MOJKHO RC-

TOJIJWBUTb JWlr apeMR o6CJ:tyJ!lliBruiHH, JI8Bl:ole KpaR oKpyJKHOCTe£:1 •• KaK 

MOMeH'l'hl np116b!TI11'1 s CMO, crycToK - KaK nepi10,ll, saHRTOC~ 11. MoMeHTll npe­

MeHn, COOTB8TCTJ3Y10U(I18 JI0BllM 1\~i OKpYJKHOCTeit, 06pa3YJOT IIpOI.(CCC 

Ilyaccoua c TeM .11<e rrapaMeTpOM g- I/, IIoaTOMY tmCJIO cTpHMepoB n crycT­

Ke panno 'lliCJIY Tpe6onam1it, OOCJIYJKe.mrh!X sa nepno.n: 3aiDITOCTH CMCTeMI~ 

E.fGrJao • 3a,n.a'!a orq)8,l.I,8JieiillR STOrO 'li'ICJia Ciw:ra IIOYJIOCTLlO peweHa J/ 5/ 
M8TO,l.I,OM peity-ppeH'rHllX COOblT:IIR .IJ;JIR oomei!. CMO T:lma Gl /G /~/ • McnoJll>-

30Il8JIHU11 M8TO.ll: IIpOCT B OTJrn'ill8 OT M8TO,n:a, IIpMMeHCHHOrO B' 6/. 
IJpH npaKTH1-!8CKOM 0!1p8,f(8Jl8HI1H ltllCJJ.a OKpYJKHOC1'8H B cryCTKe B03-

lii1KUIOT TPYJ\HOCTI1 113-3U 31jl¢eKTU !IOJIHO!'O 110J'J!Oi~€Hlolf! H8KOTOphlX OI<pYJK­

HOCTell JlPYI'11MI1. 

B HacTomljeil pado·re ncc.,re.n:yeTCH :pc'lcnpP..,l.l,eJiefrn:e 'l.HG.Jia Ha6JIJQ,l(aeMHX 

OI<pYJIUIOCTCLi B CI'JC'riCe, ·r. e. "lliCJIO TeX OKpyJKHOCTe.!i B Cl'YC'rKe, '!aCTJ> 

KO'rOp!IX Ill} norJIOJ48Ha ,I4pyroif .H.Jlli .n;pyrmviH OKpYJKHOCTiTh'll!. ECJlli TpaKTO­

BaTL npeMCml odc.Jry1lrMBaHIDI Tpe6oil81!1rll: KaK CJry<Iail.HNe J4l'!BM81'PH oKpYJK­

HOCTei1, p::tCITOJIOJK8HEHJC Ha lBpeMeHHOJi) IIpHI.\OM, 'rO 3a,IJ;a~ra RBAA8TC..'I 

"<J:aC'rHLIM CJJY'IUCM orrpe,n:Memm 'TI!CJia na6Jr.o,n:aeMUX 'l'peoona.IDdi, oClc.IryJKeR..'ill.X 

sa nepltlo.n; :J3.!IJJTOC'rH c>rcTeMh! GI /GI I tiO. 

! \ ... 
' ' 



2. CHCTeMa GI/GI/oo 

Ilpe,n,rroJIOlKHM, t!TO B CMO c 6ecKOHeqHbiM t!HCJIOM rcaHaJIOB o6CJIYJKHEa­

HH.F! rrpHXOiJ..H~' B MOMeHThl o < '(;'~ < 1; :z < · .. <oo e,n,li!Hilt!Hble Tpe6osaHIHI. By,D,eM 

Ct!HTaTb, t!TO Tpe6oBaHMR o6cJIJ)!(HBaroTCR no O,D,HOMy u oClCJIJlKHBaHue n-ro 

TpeClOBallliJI ,n:Jl]!TCJ'I B T81IeHHe D ,n=1, 2,.. • • liOCJI6,D,OBa.T6Jil>HOCTl! . n 
{ 'Tn = 'Tn.·-'(;,_s': ('l;'o= 0) H {D }':_, paCCMaTpHBaiOTC!I ImK H63ai3H-

n-1 , n ,._"" 
CV!Mble l10CJI8,IJ,OBaTeJibHOCTl1 B3aVIMHO He3aBliCHMh!X O)l;liHaKOBO pacrrpe,D,eJieH-

HblX riOJ!01K!IIT8JibHblX CJiyu.a~HblX B6JII.It!HH C if>YHKL\MR.MH pacnpe,D,9JI8Hl1H 

l<'( t) = F ( T 1 < t), t ;;:. 0 , 

H(t) = F(D1 < t), t~O 

COOTB6TCTB6HHO. 

PaCCMOTpllM ITOCJie)l;OBaTaiTEHOCTE OKpYEROCT8ll C ~eH~paMH, paCTIOJIO­

JK8HHhiMII Ha BpeMeHHOJi llp!1MOH, )l;I1aM6TpaMH, paBHhiMII BpeMeHaM 06CJiymma­

HI1JI /l)h., I1 JI8B1IM>I Kpam.m, COOTB8TCTBYIOll!MMli1 llpiDCO,Izy Tpecio:samtil: B 

CHCT8MY. Ey,D,eM HaSHBaTb Tpe60B8.lllie Ha~aeMHM, 8CJIM B yKaSaHHOH 

TIOCJI8,D,0Ba.TMbHOCTH liST RaKOH-TO O,D,HOH HJII1 H6CKOJ!bllliX OKpJIIKHOCTeH, 

KOTOph!e Clhl ee ~MlirKOM TIOrJIOIJlaJII1. 

OoosHat!MM qepe3 ~ tiHcJio Ha6;rro,n,aeMh!X TpeoosaHHti, o6cJIJ!KeH-

HhiX 3a rrep11o,n, 3aH.HTOCTH CMO. 

Hs pa6oT / 5 , 6/ Bh!TeKaeT, t!TO ycJioBMR 

a .. [tdH(t)<oo (2.!) 
0 

l1 00 

P(T2>D1) "'I H(t)dF(t)>O (2.2) 

rapaHTVIPJIOT KOf!et!HOCTh t!l1CJia scex •rpe6osam1~, o6cJIJ)!(eHHbiX sa rrepHo,n, 

3aHRTOCTH,H KOH8t!HOCTb Cpe,D,Hero t!HCJia. 

fiycTb q(t) - t!MCJIO 3aHf!Th!X KaHaJIOB B MOM6HT t,Pk(t),. 

= P(q(t)=k) , kc0,1,2_, ••• , I'! rryCTb P
0

(0) = 1 • 

TeopeMa. llp11 Bhll10JIHeHiiH ycnoBH!I (2.2) t!MCJio Ha6nro.n;aeMblX Tpe-

6osaHHH, OOCJI~eHHbiX 3a rrepMO~ 3aHRTOCTM CMCTeM~ GI/GI/oo , HMe-

8T reoMeTpwleCKoe pacrrpe,D,eJieHMe 

Pn=p(1-p)n- 1 , n=1,2, ••• (2.3) 
r.n;e 00 

p = S P
0

(t+O)dH(t) 
0 

Cpe,JJ,Hero t!HCJia MM98M 

(2.4) 
MR 

M( ~ ) = 1/p • (2.5) 

~O!ta3aT8JibCTBO. 0603HaquM t!epe3 qn ,n=1,2, ••• , ~MCRO Tpe6osa­

HHH, OOCJI~HBaeMh!X B MOM8HT nocTyrrJieHHf! n-ro Tpe60BaHMfl. llyCTb 

2 

.~. If· 

l kn r:=1 -CRyqatiHafl IIO,D,riOCJI8,ll;OBaTeJibHOCTb BC0X HaOJliO,ll;aeMbiX 

Tpe6osaHH~. 

Ecm1 o6o3HatU1Th 

A = {q1 .. oJ , n=1,2, ••• , 
n 'n+1 

TO 

PO =1) = P(A1) ' 

P( ~ =n) .. P(X1 ••. In- 1 ,An) , n=2,), ••• 

( co6btTHe A. o603HaqaeT ,n,orroJIHiiTeJihHOe co6h!TMe K co6h!TH10 A ) • Hcuo, 

t!TO P(An) a P(Tk _ 1 + ••• +Tk > Dk ) • 
11 n n-1 

!13 KOHCTpJ!tll,HH COClbiTHH {An r:_
1 

BbiTeKaeT, qTQ OHM per<yppeHTHhle 

no ~MJiepy/7/, T.e. -

P(Ai /A1 ..• A1 ) = P(Ai -i ) 
n 1 n-1 n n-1 

,n,JIR JI106oro Ha6opa v.H,D,erwos: 

1 1 < 1 2 < •.• <in H n ,. 2, J, .•. 

KpoMe Toro,>~MeeT MeCTO 

P(An/In_ 1) = P(An) , n=2,J, .... 

~TO MOJKeT ClhlTb ,ll;OKa3ill10 M6TO,D,OM TIOJIHOH 

.MaTeMaT~BCI<OH liH,IJYI<Il,IDl:. 

lloaTOMY peRyppeHTHb!e. C06h!Tl1fl {An} :.,1 o6pa3YIOT IIOCJIB,D,OBaTME-

HOCTb HCITHTaHHll EepHy~. BBe,D,fl OCl03HaqeHHe P =P(A1 ) , ITO~aeM 

ifJOPMYJIY (2.3). 

OcTaeTCR ,ll,OKa3aTb (2.4). ~criOJib3YR ljJopMyny noJIHotl sepoRTHOCTH, 

MMeeM 

p = P(A1 ) a P(T
2

+ ••• Tk >D1) = P(q(D1+0) .. 0) = 
2 

00 <X> 

j P(q(t+O)cO)dH(t)= J P
0

(t+O)dH(t) • 
0 0 

TeopeMa ,n;ortasaHa. 

)I,Jm TIOJry'leiDIR BepoRTHOCTR Po <-t) B (2. 4) llpHMeHnM CJie,D,YIOillYIO 

JI6MM:f. 

JleMMa. BepoHTHOCTb P
0
(t) y,n;OBJI8TBOpHeT VIHTerpanbHOMY ypas-

H6HI110 :t 
l' (t) .. (1-F(t))+ J P (t-x)H(t-x)dF(x) • 

0 0 0 \ 
(2.6) 

EcJI.I1 o6o311at!MM t~epe3 

3 
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00 

Br(t) = :.2:(~ Pk(t), r .. o,1,2, ••• , 
k= r 

6RHOMMannHll8 MOM8HTH, TO OHH MOr,yT 6UTn IT~eHU C ITOMOmPID peKyp­
peHTHlJX ~PMYJI: 

B0 (t) !!! 1,t 

Br(t) = l Br- 1(t-x)(1-H(t-x}}dm(x) , , (2.7) 

r,qe m(x) ., ~ Fn(:x:) li Fn - n-KpaTHM CBepTKa 
11~1. 

pacnpe,[\eJieffiia F • 
PemeHHe ypanHeHwa (2.6) HMeeT BH.r\ 

""' 
P0 (t) = 2. (-1 )rBr(t) • (2.8) 

r,o 

J(QKasaTeJJbCTBo. l1wrerpaJJbHoe ypasHeHwe (2.6) n ero pemeHRe (2.8) 
llOJJy<IaiOTCJ! KaK tlaC'I'Hbl~ CJJy<Ia~ 11HT8I'paJJbHOI'O ypaBH8HHf! ,[\Jif! llp0113BO-
.r\lllll8l-i rpyHKLIHH G(t,z) = ~ Pk(t)zk , !z\ ~ 1 , KaK 3TO CJJe-
,Jzy8T H3 pa6oTJ81. k:o 

l13 CBO~CTB HCITb!TaHH~ BepHyJJJJH Bb!TaKaeT CJJ8,[\y!O~ee npOCT08 rrpe-
.I{_eJr&H06 Y;TBepll\1iemre, Kaca.KllJ.leeCJI HopMRpoBa.HHoil: CJiytiail:Hoil: Be.Jmtl'MH.hl Py 

YTBePl!U\emte. Ilpw BlffiOJIH6HI!H ycJIOBHa (2.I) cnpaBe,[\JJHBO 
lfm P(pv > x) .. e-x, x;:. o . 
p?O . 

3. IlpHMepu llPHJJ0*8HH~ 

Ilp:HMep I. IlocTORHHoe npeMa o6CJ!Y,J!tjBa.HHR ( CHCTeMa GI/D/oo ) • 
OTa MOA8JJb 11CllOJib30Bfu1aCb B pa60Tet9 H ,[\Jlf! nysb!pbKOB~ KaMep!IO/ 
IlyCTb D> 0 - ITOCTOf!HHOe .BpeMa OClCJIYJKHBaHHf! 11 l!'(D-0) lo 1 , 

Tor,D;a 

p = 1-F(D-O), (3.I) 

11 tlHCJIO Hac5JIIDAaSM~ TpeelOBaillitf 11 tli1CJJO BCSX Tpe6oa/umtf, OClCJIYJK8HHb!X 
sa nep110~ saHHTOCTH, OAHHaKOBbl, 

Hsyqaf! npeASJibHble CBOACTBa, ITOJiyqaeM CJJ8,D;yiD~He YTB8P*A8HI1Jl. 

YTB..§PlK.Jie.mre .I.: IlyCTb F(D oo )..,1 AJlR H8KOTOporo D ITJh ( D np. 
MOJKeT '6UTn R 6eCKOH8'tfHOCTniO) .ECJJR .n;JI.i! KaJK,IJ;Oro 0 < D < ~np. F(D-0)" 1, 
TO 

lim P(phx) 
D--Doo 

-X ,. e , x~O. 

YTB8pli9Ie.mJ:6 2. IlyCTb Fn(t) ,. F(nt) H F(nD-0) " 
npH BC8X n=1, 2, •.•• ECJIH ~n - tli1CJIO HaelJJI!lAaeMb!X TpeelOBaH11tf B CI1C­
T8M8 GI/D/oo c rpJHKq11eA pacnpeAeJieHI1J! BXOAa Fn(t) 11 Pn•1-F(nD-O), 

TO 
lim P(p \) > x) .. e-x , x~ 0 • 
n-D<> n n 
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ilpiD!!ep 2. llpOCT8~llll1~ BXO,ll;HOA ITOTOK ( CI1CTeMa E/GI/eo ) • 
flyCTb 

F~t) .. 1-e-gt, t~O.­
TorAa 113 (2.7) Bb!TeKaeT, ttTO 

- t 

H 

p .. J exp(-g j (1-H(x))dx)dH(t) 
0 0 

M( ~ ) "' 1/p . 
CJJeAJID~11e yTaep~eHI1H AaDT npe~e~bH~e pacnpe~e~eHHR tt11c~a 

Ha6~IDAa8Mb!X Tpe60BaHHH (ycJIOBHR ClO~blliOH sarpyaKH). 

illepllU!eHRe 3. 
lim P(pv > x) .. e-x,x~ 0 • 
g-+-oo 

(3.-2) 

(3.3) 

Y'l'll8pl!W6!lJl6 4. 06osHattHM Hn ( t) .. H( t/n) • llycTh \) n - tti1CJIO 
Hael~l!l~aeMHX Tpe6oBaHI1H B CHCT8M8 E/GI/00 C rpyHK~He~ pacnpe,D;eJJe-
HI1R Bp9M6HH o6C~J*11BaHHR Hn ~ Pn - COOTB8TCTBJID~11H napaMeTp H3 
(3.2). Tor,[\a 

lim P(p~ \) n > x) = e-x, x <;. 0 • 
n-oo 

B 3aKRI!ltl8HHe 3aM8THM, qTo tlHC~O Hael~IDAaSMb!X CTp11MepOB B CTpHMep­
HOM cryCTKe l1M68T P80M8Tp11qecKoe pacnpeA8JI8HM6 C napaMeTpOM p R3 BR­
p~8H11R (3.2). 
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Aaype4eHCKHi1 A. PS-82-663 
0 4HCne Ha6n~AaeM~X TpeGoaaHHH, 
o6cny*eHH~X aa nepHOA 3aHRTOCTI1 CHCTeM~ 01/01/~ 

AoKaawaaeTc~, 4TO 4Hcno Ha6n~AaeMwx Tpe6oaaHHH, o6cny*eHHwx aa nepHOA 
3aHATOCTH CHCTeM~ MaCCOBOrO 06CnY*HBaHHA 01/01./~ C 6eCKOHe4H~M 4HCnOM 
KaHanOB, HMeeT reOMeTpH4eCKOe pacnpeAeneHHe. napaMeTp 3TOrO pacnpeAeneHHR 
onpeAeneH. KpOMe TOre, AOKaaaHo, 4TO HOPMHPOBaHHWe pacnpeAeneHHR CXOARTCR 
K noKaaaTenbHOMy. 8 4aCTHOM cny4ae HMeeM, 4TO pacnpeAeneHHe 4Hcna Henorno­
~eHHWX CTpHMepOB B CTpHMepHOM cryCTKe ABnReTCR reoMeTpH4eCKHM. 

Pa6oTa awnonHeHa a na6opaTopHH BW4HCflHTenbHoH TeXHHKH H aaToMaTH3a~HH 
OH~H. 

C~eHHB 06~eAHHBHHOro HHCTHTyTa AABPH~X HccneAOBaHHH. AY6Ha 1982 

Ovurecensk i j A. 
On the Number of Observable Customers, 
Served During the Busy Period of 01/GI/~ 

PS-82-663 

Queue 

It is proved that the number of observable customers, served during the 
busy period of the 01/01/~ queue with infinitely many servers has a geo­
met r ic distribution. The parameter of this distribution is determined, too. 
It is shown that the normalized distributions converge to the exponential 
distribution. As a particular result is obtained that the distribution of 
the number of nonabsorbing streamers in a streamer blob has a geometric 
distribution. 

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

Communication of the Joint Institute for Nuclear Research. Oubna 1982 

nepeBOA O.C.BHHOrpaAOBOH. 


