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I'.III. HuuuamBuim

HECTAIIMOHAPHAS ITYACCOHOBCKASA MO/JIEJIb
HEIPEPBIBHO ®YHKIIMOHUPYIOIIEN CUCTEMbBI OBCJYKUBAHUSA

IMocTpoeHa MaTemaTHyecKasi MOJIENb CHCTEMBI MacCOBOTO OOCITY)KMBAHHMS C ITyaCCOHOBCKAM BXOJHBIM IIOTOKOM Me-
HSIOIIEHCS MHTEHCUBHOCTH, JIETePMUHUPOBAHHBIM BpEeMEHEM OOCITyKHBaHHA U Oe3 OXuaaHus B ouepenu. [lokasaHo,
YTO B 000N MOMEHT BPEMEHH CIIydaiHOE YHCIIO 3asBOK B CHCTEME UMEET IIyaCCOHOBCKOE PacIpeie]IeHNe, BbIYUC-
JIeHa 3aBHCHMOCTh ITapaMeTpa 3TOTO paclpeneneHust oT BpeMeHu. [locTpoeHne MoJeny 1 BHIYUCICHHE €€ XapaKTe-
PHCTHK OCHOBaHBI Ha HaOMIOAEHMSX 3a paboroil OacceiiHa B cropTKoMIuiekce. PaccMoTpeHsl 0000IIeHUs 3TOH
MOJIENN Ha CUCTEMBI 00CITyKMBaHNSI KOHBEHEPHOTO THIA HENPEPHIBHOTO ACHCTBHS: MHOTO(A3HBIE CUCTEMBI, APEBO-
BUJIHBIE CHCTEMBI U AIUKIMIECKHE CUCTEMbI 0OCTYKHBAHHS.

KioueBble cjioBa: cucteMa MacCoBOTO OOCIY)KUBAaHUs HENPEPHIBHOTO JIEUCTBUS; ITyaCCOHOBCKHH BXOJHOW IOTOK
C MEHSIOIIEHCS] HHTEHCHBHOCTBIO; MHOTO(a3HbIE, IPEBOBUIHBIC 1 AlIMKINIECKUE CHCTEMBI OOCITyKHBaHUS.

HccnenoBanne HecTalMOHAPHBIX CHCTEM MAacCOBOTO OOCTY)KMBAaHHs CBS3aHO C HUX NPUMEHEHHUSIMHU
B BBIYMCIIUTENBHBIX CUCTEMaX (CM., Hamp.: [1]), pa3BUTHEM MOJETUPOBAHUS IPOU3BOACTBEHHBIX IIPOLIECCOB
U CBSI3H, TPOIIECCOB TOPTOBIH M OBITOBOTO 00CTy:KHUBaHUS (CM., Hamp.: [2—4]). B 310t cBsI3M cieayer ymo-
MSIHYTh aKTHBHO pa3BUBAIOIIMECS ceivac ToCcyapcTBEHHbBIE IPOrpaMMBl «YMHEIN ropoy, «L{udposusanus
9KOHOMHKH» (CM., Hamp.. [5—7]). AITOPUTMEI pacueTa HECTAIMOHAPHBIX CUCTEM OOCITY)KHBAHUS SBIISIOTCS
JIOCTATOYHO CJIOKHBIMU (CM., Hanp.: [8, 9]). [loaToMy TpeOyeTcsi CTPOUTh HECTAIIMOHAPHBIC MOJIEIH 00CITY-
JKHUBaHUA Tak, 4TOOBI HX pacyueT ObLIT 6BI A0CTAaTOYHO MMPOCTBIM U YI[O6HBIM JJIsL BBIYHCIICHHUH.

B Hacrosmeit pabore mocTpoeHsl MozieH 00CITy>)KWBaHHsI, OCHOBAaHHBIE Ha MPEINOJI0KECHUSIX JAeTep-
MUHHPOBaHHOCTH BPEMEHU TNpeOBbIBaHUS 3asiBOK B CHUCTEME, MyaCCOHOBOCTH BXOJHOTO HECTAI[HOHAPHOTO
II0TOKAa U HaJIM4YUs 66CKOHG‘IHOFO qHucia HpI/I60pOB, HUCKIIOYaroIinx HpeGBIBaHI/Ie 3aj4BKU B OUCPEOAU. Cucre-
MBI OOCITY)KMBaHUS, YAOBJICTBOPSIOIINE ITUM YCIOBHUSM, MOKHO Ha3BaTh CUCTEMaMH HENPEPBIBHOTO JEii-
CTBHA, U B HHUX MOJH30BaTENIb B TCUCHHE (PUKCHPOBAHHOTO BPEMEHH IONydaeT TPeOyeMylo YCIyry cpasy
nocye cBoero npuxoja. [loo0HbIH crmocod obcyXuBaHKs OYeHb YJ00CH MOTPEOUTENI0, TAK KaK HE MPHBS-
3bIBacT €ro K rpaduky paboThl CUCTEMBI OOCITY)KWBaHHSA, HE TPEOYeT 3aJep>KKU MOJb30BATEINs B O4epeIH
U II0O3TOMY BIIMCBIBAETCSI, HAIIPUMED, B POTpaMMy «Y MHBII TOPOI.

Hapsiny ¢ paccMoTpeHHbIME 0HO(A3HBIMU CHCTEMaMH 00CITY)KMUBaHHUs B pa0OTE MOCTPOCHBI Pa3iny-
HbIe KOHBEHEpHBIE CUCTEMBI 00CTYKHUBAHHS HENMPEPHIBHOTO NEHCTBHS: MHOTO(Aa3HbIE CHCTEMBI, IPEBOBHI-
HBIC CUCTEMBI U AlIMKIINYECKHE CHUCTEMBbI O6CJ'Iy>KI/IBaHI/I${ HEIIPEPBIBHOI'O )IeflCTBPIfI. Takne cucTeMbl MOJ€-
JUPYIOT paboTy HENPEPHIBHBIX TPAHCTIOPTHBIX JIMHHUN (KOHBEHEPOB), BKIFOUSHHBIX B MPOIECC MAPKUPOBKH,
YIIaKOBKH, COPTUPOBKU U MEPEMCUICHHUA MPOAYKIHNU B MMPONU3BOACTBCHHBIX JIOTUCTHYCCKUX CUCTEMAX. 21_]'[5[
WCCIIE/IOBAaHUSI CHCTEM OOCITYy)KUBAHUSI HETPEPBIBHOTO JICHCTBHS pa3paboTaHa crenuaibHas MaTeMaTHue-
CKas TEXHUKA, OCHOBAHHAA Ha BEPOATHOCTHBIX pacu€Tax U JIEMCHTAX TCOPUHN I‘pa(i)OB.

1. MaremaTudeckast MOAe/Ib CUCTEMbI OﬁcﬂymHBaHHﬂ HENMPEPLIBHOIO }IeﬁCTBHH

PaCCMOTpI/IM CUCTEMY MacCOBOI'0 06CJ'Iy)KI/IBaHI/I$I C HECTAlIlMOHAPHBIM ITYaCCOHOBCKUM BXOAHBLIM I10-

TOKOM UHTEHCUBHOCTH 7»('[), t >0, nerepMHHHPOBAHHBIM BpeMEHEM & MpeObIBaHMsI M0JIB30BATEIISI B CUCTEME.

O0603HaYNM n(t) KOJIMYECTBO TOJIb30BaTelicid B cucteMe B MoMeHT t>0. Ilomaraem, 4T0 MHTEHCHUBHOCTh
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ITyacCCOHOBCKOTO TOTOKa k(t), 0<t<T, sBusercs HenpepbiBHON (yHkumed Bpemenu t. [{ns ymoOctBa
BBIYHCICHHH ClIeLyeT IPeanonoxuts, uto A(t)=0 npu t<0 u t>T. B ToM ciryyae 9ucIO MONB30BATE-

neit N(t) uMeeT MyacCOHOBCKOE PAaCIpe/IeNeHIe ¢ apaMeTpoM

T
A =] Mx)dx. (1)
IIycte B He3aBUCHMBIE Cily4yaliHble MOMEHTHI BpeMeHH T, K=1...,n, ¢ HenpepbIBHBIMH

INIOTHOCTAMH pacnpenenenus Py (t), k=1...,n, Hapsaxy ¢ 3THMH 3asBKAMU B CHCTEMY NPUXOIAT TPYIIIBI

I0JIb30BaTeNIel, KOTMYECTBA KOTOPBIX HE3aBUCHMBI JPYT OT JApyra, UMEIOT IIyaCCOHOBCKOE paclpe/ieleHne
C IapaMeTpaMu A, W HE 3aBUCAT OT IIyaCCOHOBCKOTO NMOTOKa MHTeHCHBHOCTH A(t). IIpeObiBanme Kaxmoi

TaKOM TPYMIIBI CTPOrO PErJIaMEHTHUPYETCSs MOMEHTaMu T, Hayaja ¥ T, +8 OKOHYaHHA OOCITy)KMBaHMI.
Torma B MOMEHT BpeMeHHM t 4uCIIO TOJB30BaTeNieil B cHCTeME HMMEEeT IYaCCOHOBCKOE pacIipejieieHre

¢ napamerpoM A (t), yIOBICTBOPSIOLINM PaBEHCTBY

At)= j:_ai(r)dr, ) :mpéxk D (0). )

Tak kak dynkumu A(t), p(t), k=1...,n, HenpepsiBHbL, T0 GyHKums A(t) HenpepsBHO auddepeHumpyema.
Takum 06pa3zoM, MOCTPOEHa MOJIEIIb MaCCOBOTO 00CITY)KMBaHHSI HEPEPBIBHOTO JICHCTBHSI.
3ameuanme 1. [ cpaBHEHHS 3aMETUM, YTO IpPU JOMYCKE MOJIL30BaTeNC B (DHUKCHPOBAHHBIC
MOMEHTb BpeMeHH (yHKimst A(t) KycOuHO IOCTOSIHHA M BpeMsl OKHZAHMS IOCETHTENCH B OdYepean
MOJIOKUTENBHO. [Ipr 3TOM B CHCTEME HEIPEPHIBHOTO ACHCTBHUS BPEMS 03KHIAHUS PABHO HYITIO.
[TpearnoaoKuM Terepb, YTO UMEETCsl I HE3aBUCHMBIX ITyaCCOHOBCKHX TMOTOKOB C MHTEHCHBHOCTSMH
M), A (1), a neTepMUHHpOBaHHOE BpeMsi OOCIyXKMBaHHMS 3asBKM |-ro motoka pasHo [B;, j=1,..,r.

Toraa 9ucio mob30BaTelel B CHCTEME B MOMEHT t IMEET IyaCCOHOBCKOE pacrpeelicHHE C MapaMeTpoM
r
T
At)= I A (T)dT. 3
=2, 10 ®

3ameuanue 2. Hpe,I[J'IO)KeHHaH B OTOM pasacyic MaTeMaTH4deCKass MOJCIIbL CHCTCMbI OGCJ’IY)KI/IBaHI/IH
HCIIPEPBIBHOI'O HeﬁCTBHﬂ OCHOBaHa Ha Ha6IOI[€HI/IHX 3a pC€aJibHO (l)yHKLII/IOHI/IpyIOI]_II/IM CITOPTKOMILJICKCOM.
Hepexon B 3TOM KOMIIJIICKCE K CHUCTEMC O6CJ'Iy>KI/IBaHI/I$I HCIIPEPBIBHOI'O HeﬁCTBHH CYHIICCTBCHHO YJIYyHUIINJI
Ka4e€CTBO O6CJ'Iy>KI/IBaHI/I$I, Crirainil Harpys3Ky Ha CUCTEMY B p€aJIbHOM BPEMCEHHU U MO3BOJIHII MMOJIB30BATCIAM
HC 3aBUCCTH OT HepeMeH‘lI/IBOﬁ TpaHCHOpTHOﬁ CUTyallun B TOpoOJC.

2. MaTemMaTu4ecKas MOaeJIb aumc.nnqecxoifl CETH OGCJ'ly)KI/IBaHI/Iﬂ HENMPEPLIBHOTO HeﬁCTBHH

B Hacrosmem pasaene paccMaTpHBalOTCSl pa3IMUHbIe CETH 0OCITY>KUBAaHHS HETIPEPBIBHOTO JIEHCTBUS:
MHOro(asHasi CUCTEMa, CeThb C JPEBOBHIHON CTPYKTYPOH, CETh C AllMKJIMYECKOW CTpyKTypoil. Takue cetu
MOTYT BO3HUKHYTH HE TOJBKO NHpU OOCITY)KMBaHUM MOJb30BaTeNiell, HO W B KOHBEHEPHBIX CHCTEMAax
00pabOTKH pa3INyYHBIX JIeTallCH.

MmHoroda3ubie cucTeMbl 00CTY:KMBAHUSI HeNpepbIBHOro aeiicrBusi. Paccmorpum mM-dasHyro
cucTeMy OOCITy)KHMBaHHs C JCTCPMUHHPOBAHHBIMH BpEMEHaMH @; OOCIyKMBaHUs Ha I-i ¢ase, i=1,...,m.

IlycTb MyaccOHOBCKMiI BXOJHOH MOTOK MMEET HENpEPBIBHYIO HMHTeHCHBHOCTH A(t), 0<t<T, npuuem
A(t)=0 mpu t<0 u t>T. Torma umcno momp3osareneil N, (t) Ha i-if pase B MOMeHT Bpemenn t umeer

ITyaCCOHOBCKO€ pacHpe€acICHUC C nmapaMETpoM

A= L MOdT 1<i<m, Ay (t)= j;alx(r)dr. )

t-8 84—
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CeTHn 00caTy’)KMBaHHS HENPEPBHIBHOIO e CTBUSA ¢ APEBOBHIHON CTPYKTYpOii. [Ipennonoxum, 4to

B KOpeHb 0 OPHEHTHPOBAHHOTO AepeBa D moctynaer BXOAHOM IyacCOHOBCKHH MOTOK HHTEHCUBHOCTH A (t).
MmuosxkectBo BepiinH K gepeBa D coctout u3 Henepecekaroumxcs: nmoamuoxkects K, 1=0,...,L, Ky = {O}
3asBKa, OKOHYMB OOCITyxHBaThCcid B y3le K e K, nerepMUHHpOBaHHOE BpeMs @, C IIOJOXXUTEIbHON

BEPOATHOCTBIO Py, TEPEMEMIAETCS B OauH U3 y31moB MHOkectBa K. O6osmaunm K, ., <K,
COBOKYITHOCTb y3JI0B MHOecTBa K|,;, Ky/a MOTYT HEepeXOJuTh 3asBKU U3 y31a K € K, ¢ monoxurenbHoi

BEPOATHOCTBIO Py ¢, te Ky 1,q, Z Pt =1 mpuaem Ky, MKy =9, Kk*e K, k=k*, cnenosa-
teKy 11

TENBHO, B y3en t € Ky |, MOryT nepexoauTh TOIbKO 3asBKH U3 y31a K € K.

OG603Ha4UM P, BEPOATHOCTH MOCTYIUICHUS 3as8BKH BXOIHOTO MOTOKA B BepIIUHY K € K| ¥ momoxum
T, — cyMMapHOe BpeMs IIpeObIBaHMs 3asBKH B CETH JJO MOMEHTA €€ BBIX0/1a U3 BepIuuHbI K. 13 onpeneneHus
CeTH C JAPEBOBUIHOM CTPYKTypoil ciemyeT, uro u3 BepmmHel 0 B BepmmHy K e K, cymectByer
€IUHCTBEHHBIN MyTh
Yk ={0, s(2), s(2),...,s(1-1), s(l) = k}, s eK,...s(1-)eK 4, keK,,
Y 3HAYHT BHITIOJHAIOTCS PAaBEHCTBA
Pc = Pos) " Psqys(2) - Psa-n ks Tk =8 + sy +a5(2) + -+ 851 + 8- (5)
Hcnonb3ys dopmyiy (4), momydaem, 9T0 B MOMEHT BpeMeHH t ciIydaifHOe YHCITo 3assBOK B BepiinHe K umeer
ITyacCOHOBCKOE pacIpeesieHHe C apaMeTpoM
T,
A(t)= L_T:M pA(T)dT. (6)
3amMeTHM, 4TO ITyaCCOHOBCKHE CIydalHble MOTOKHM, MOCTYyHAmomue B BepmmHbl K € K|, u, 3Ha4uT,
ITyaCCOHOBCKH pacmpefielieHHble CIIyd9ailHble BEIUYHHBI, XapaKTePH3YIOIIUE YHCIO 3asBOK B BEPIIMHAX
k € K, B Moment t >0, takke HezaBucumsbl. CiieoBaTesbHO, ecit S < K, TO YMCIIO 3aBOK, HAXOSIHXCS
B MOMEHT BpeMEHH t B MHOXKECTBE BEPIIIMH S UMEET ITyaCCOHOBCKOE pacmpeziesieHHe ¢ mapaMeTpoM
Ag(t)=D A (t): @)
keS
Anukiauyeckue ceTu OO0CITYy:KHBAHMSI HeNpepbIBHOro neiicrBus. llpenmonoxum teneps, 4TO
CTPYKTypa CeTH OOCIY>KWBaHHUS HETPEPHIBHOTO JEHCTBHS OIpenesieTcs anukiandeckuM oprpadgom F
¢ BxoaHou BepmuHoi 0. [Tojaraem, urto Ha MHOXecTBe K BepiiuH anukindeckoro oprpada F onpenensercs
OTHOIIIEHUE YaCTHYHOTO TOPSAKA MEXIY BEpIIMHAMHU | > |, €CIIH U TOJBKO eciu B F cymecTByeT myTh U3
BepiuHbl | B BepmuHy j. Ilycts B mHOXecTBe K BeprumHa O sBIseTCS €JMHCTBEHHOW MaKCHMAIbHOMN
B CMBICJIC MOPSJIKA > BEPIIMHOW, M 3HAYUT U3 HEE MOYKHO MIPOBECTH MYTh B JHOOYIO APYTYIO BEPIIHUHY.
B [10] mocTpoeH anropuT™ BBIYHCICHHS MaKCHMalbHOH (1o uncity pebep) mmunbl L(i) myTtn u3 Bep-
bl 0 B m00YH0 pyryto BepuiuHy i. MHOXecTBO K pa30ouBaeTcsi Ha HelepeceKaroIInuecs MOIMHOKECTBA

Ko, Ky, K, mo mpaBuny K :{i : L(i):l}, 1=0,1,...,L. Tlpuuem moGoe pebpo oprpada F umer us Bep-
IIMHBI MHOXECTBA | B BepinuHy J, Toabko ecnu L(i) < L(j). Ecmu L(j)—L(i)=r >1, To B pedpo (i,j) MOxKHO

BBECTH (DUKTHBHBIE BepMHBI Iy € K (j),1,-irg € K| ),y 4. B pesynbTare JOMOMHEHHBIH (UKTHBHBIMHU

BepIIMHaMu oprpad, odo3naunm ero F, xak u oprpad F, Taxke sBIseTCS aMKINIECKIM.

JleficTBUTENBHO, TIPH Takoil 3ameHe pedpo (i, j) mpeoOpasyeTcs B MOCIIEI0BATEIBHOCTL pedep, Hy-
LIMX OJHO 3a ApyruM. CienoBaTenbHO, B KaKIyI0 BHOBb BBEJICHHYIO BEPIIMHY BXOJUT POBHO OIHO pedpo U
W3 KaXIOH BHOBb BBEACHHOW BEPIUIMHBI BBIXOJUT POBHO OxHO pebpo. [losToMy moka3aTenbCcTBO
alMKIMYHOCTH oprpada F; MOXXHO IPOBOIUTH OT OOPATHOTO.

[Ipenmnonoxum, 4YTO MEpexo] M3 BEPIIMHBI | B CIEAYIONIYI0 32 Hel (UKTUBHYIO BEpIIMHY |
OCYIIECTBISIETCSI C €AWHUYHOW BEPOSTHOCTBIO, a BpeMsi NpeObIBaHHs 3asiBKH B (DUKTHBHOW BEpLIMHE |
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yzoBueTBopsiet papenctBy a; =0. Munykuueit no L npeobpasyem oprpad F; B npeBoBuambiii oprpad F,.
Ecmu B BepmmHy j oprpada F, BXOIUT HECKOJIBKO pedep, TO 3Ty BEpIIMHY JEIUM Ha HECKOJIBKO BEPIIHH
Jis- Jg TaK, 4yTOOBl B KaXIyl0 U3 HUX BXOAMWJIO TONbBKO OAHO pebpo. Takoe npeoOpa3oBaHue
anukiandeckoro oprpada F, B oprpad F, HHMKak He MEHSET IpolecC 0OCITyKUBAaHHS 3asBOK, TOCKOIBKY

B CETH HET 3a/IepKeK 3asBOK B ouepensx mneper oOcmyxkuBanueM. CremnoBaTenbHO, A JPEBOBUIHON CETH
F, MoxxHO npuMeHnTh opmyiy (6). IIpuyem B MomeHT t >0 ciydaiinble KOIMYeCTBa 3asBOK B (PMKTHBHBIX

BEpIINHAX J;,..., ] IMEIOT IIyaCCOHOBCKHE PACIpeIeICHUs U SIBIISIOTCS HE3aBUCUMBIMHU, I03TOMY ITapaMeTp
3TOrO pacmpeneneHus, 3aaromero B MomeHT t>0 uymcno Todek B BepuMHe j e F, BbIUHCIIETCS IO

dhopmyne (7).
IIpumep. [lycts anuknudeckast cetb o0cmyxuBanus F cocrout u3 BepmuH 0, 1, 3. 3asBka BXOAHOTO
HoTOKa oOcmyxuBaercst B BepmmHax 0, 1, 3 neTepMHHUpOBaHHOE BpeMs @, &, &; COOTBETCTBEHHO M C

BEPOATHOCTAMH P, Po3, Pr3, mpudeM Py + Po3 =1 Py3 =1, nepexoaut mocne oOCIyKUBaHHA W3 OIHOM
BepIINHBI B Apyryto. IIpeodpasyem cets F B ceTb F;, 100aBisis GUKTUBHYIO BEPHIMHY 2 MEXy BEPIIUHAMH

1 1 3, Ipy 3TOM NEPEXOJHBIE BEPOATHOCTH Pg, = Po3s Pp3 =1, a Bpems obciyKuBaHHE B 3TOH BEPIIMHE

a, =0. [lanee npeoOpasyem cetb F; B cets F,, pa3nenus BepumHy 3 Ha aBe BepumuHsl: 3.1, 3.2.

® o
Q)

Puc 1. Cers F (cneBa), cets Fy (mmo\ cepenune), cers F, (cnpasa)
Fig. 1. Network F (left), Network F1 (in the middle), Network F2 (right)

|
I
|
I
J

Torna napaMeTpbl IIyaCCOHOBCKOT'O paCHpCACIICHUA YHCJIa 3asBOK B BEPHIMHAX CCTHU F2 pacunThIBa-

10TCs 110 popMyiam

Ag(t)= j:_aox(r)dr, Ag(t)= jtt::f‘al Do (T)dT, Ay (t)= Itt—ao Do ()T,

t-ay-a t-ag-a,
A3,1(t):I o p()'l)\a(f)d’[, A3'2 (t):.[t %4

t7a07a17a3’1 89233 pO’ZK(T)dT, A3 (t) = A3'1 (t) + A3’2 (t)

3akiaoyenue

B mHacrosimeit paboTe mocTpoeHa MaTeMaTHYecKash MOJENb CHCTEMBI MAacCOBOI'O OOCIYXHBaHUS
HEIPEPBIBHOIO JEHCTBUA. B 3TON MOzenn npeanosiaraercs, 4To BXOJHOM IOTOK 3asiBOK SIBIISIETCS IIyacco-
HOBCKHM C MEHSIOIIEHCS MHTEHCHBHOCTBIO. 3asBKH Cpa3y MOCJE CBOETO MOCTYIJICHUS HAYMHAIOT OOCITYKH-
BaThCsl. Bpems oOcCITy>KuBaHUsI SIBISIETCSI JETEPMHHUPOBAHHBIM. JlaHHAs MOJeNb BIIOJIHE COTJIACyeTCs
¢ HabOoeHUSIMH 3a paboToif OacceiHa B CIIOPTKOMILIEKCE. MeTOIbI pacueTa TaKoW CHCTEMBI CYIIECTBEHHO
MIpOoIIe M3BECTHBIX METOAOB aHAIN3a CHCTEM MAacCOBOTO OOCITYXMBAHHS C MEHSIOMIEWCS WHTEHCHBHOCTHIO
BXOJIHOTO ITOTOKA. DTO MO3BOJISIET 0000LIUTh JaHHYI0 MOJIEIb Ha MHOTO(a3HbIC, IPEBOBUHBIC U AlIMKIINYE-
CKHE CHUCTEMBI OOCIYXKMBAaHUSI KOHBEHEPHOTO TUIA, BCTpEeUarolnecs: B KOHBEHEPHBIX cUcTeMax 00paboTku
pasnuuHbIxX Aetaneid. Ilpu Takom 0000IIEHHH HCHONB3YIOTCS KaK BEPOSITHOCTHBIE METOABI, TaK U METObI
MPUKIIAHON TEOpUH rpadoB.
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The study of non-stationary queuing systems is relating to their important applications in computing systems. Algorithms for
calculating non-stationary queuing service systems are quite complex. Nevertheless, the development of modeling of production
processes and communications, trade processes and consumer services requires the development of methods for calculating such
queuing systems. In this regard, we should mention the currently actively developing state programs "Smart city" and "Digitalization
of the economy", requiring the development and specification of methods for calculating non-stationary queuing systems. Therefore,
it is necessary to build non-stationary service models in such a way that their calculation would be quite simple and convenient for
calculations.

In this paper, the construction of such service models is basing on the assumptions of deterministic service time, Poisson nature
of the input non-stationary flow of customers, and the presence of an infinite number of servers, which excludes the presence of cus-
tomers in the queue. Queuing systems that meet these conditions may be called continuous systems, and in them, the user receives
the required service immediately after his arrival for a fixed time. This method of service is very convenient for the consumer,
because it does not link it to the schedule of the service system. This is why such service systems fit perfectly, for example, in the
"Smart city" program.

In addition to the single-phase continuous queuing systems described above, various continuous conveyor service systems are
available. These include continuous transport lines that are included in the process of marking and packaging products; sorting lines
designed to move goods during sorting in logistics systems; secondary packaging lines that provide storage, protection, marking and
transportation to storage locations; production logistics systems combining equipment and continuous vehicles (conveyors) to participate
in the process of production, sorting and labeling of industrial products.

In this paper, a special mathematical technique based on graph theory along with probabilistic calculations is developing for the
study of continuous service systems.

A mathematical model of a continuous queuing system can serve as a non-stationary Poisson flow of intensity A(t), t>0, the
moments of arrival of customers, the deterministic time a of user's stay in the system, as well as the number of users n(t) in the
system at the time t >0. At the first stage, we assume that the intensity of the Poisson flow A(t), 0<t<T, is a continuous function

of time t. However, for the convenience of calculations, we should assume that for t <0 and for t >T , the function x(t) =0.1In

this case, the number of users n(t) has a Poisson distribution with the parameter A(t) = J'T a7»(r)dr.
.

However, there is many different generalizations of such a model: when, along with free swimming, groups of users come to the
pool at some fixed moments, multi-phase system, and system with tree like structure or acyclic structure and so on. All these systems
are considering in this paper also.
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