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B pabore nccnenosana RQ-cucreMa ¢ BBITECHEHHEM 3asBOK, MPOCTEHIINM BXOASIINM IIOTOKOM, THIIEPIKCIIOHCHIIU-
aJIBHBIM pacrpeeleHHeM BpeMeHH 00CITy)KUBaHUs U coXpaHeHHeM (a30BOH peanusanuu odciykuBaHus. Mccneno-
BaHHE CUCTEMBI IIPOBOJIIIOCH METOJJOM aCHMIITOTHYECKOTO aHAJIM3a B IPEIEIFHOM YCIOBHH OOJIBIION 3aePIKKH 3a-
sIBOK Ha opbure. [IokazaHo, 4To npeienbHast XapaKTepucTHIECKast (yHKIHS YHCIIa 3asIBOK Ha OPOHTE SIBISIETCS aCHMII-
TOTHYECKHU TayccoBCKOM. HailiieHsl mapaMeTpbl 3TOro pacrpeieieHus.

KuaroueBbie ciioBa: RQ-crctema; BoITeCHEHHE 3as1BOK; (ha30Bast peann3alusi; 30HbI OpOUTHI; GObIIast 3a1ePKKa.

B nurepartype mokasaHo, 4TO ageKBaTHBIMH MAaTEMaTHYE€CKUMHU MOJEISIMHU TEICKOMMYHHKALMOHHBIX
ceteil cs3n ABIsIIOTCST RQ-cucremsr (Retrial queueing system, wim cucTeMBI C MMOBTOPHBIMH BEI30BAMH).
UccnemoBarnem RQ-crctem B HacTosiee BpeMs 3aHATO OOJBIIOE KOTUIECTBO 3aPYOEIKHBIX M POCCHICKIX
yUYCHBIX. 3HAYMTENBHBIN BKJIAA B pa3BuTHe Teopuu BHecnu .M. ®amun, J.R. Artalejo [1], A.H. dymun [2],
I'.Il. bamapwun, K.E. CamyitnoB. OmHako 3TUMH y4EHBIMU OBUIH MOJYYCHBI aHATUTHYECKHE (HOPMYIIBI IS
CHCTEM C OTHOCUTENILHO NMPOCTOI KOH(UTYpaLueid, B TO BpeMs KaK peaibHbIe CUCTEMBI SIBIISFOTCS CII0KHBIMU.
RQ-cucremam ¢ mpropuTEeTaMU NOCBAIIEHO HEMAJIOE KOJIMYECTBO UCCIEOBAHUM, K KOTOPBIM MOYKHO OTHECTH
pa6otsr K. Avrachenkov [3, 4], G. Ayyappan, A. Muthu Ganapathi [5], I1.I1. Bouaposa, O.U. ITaBnoBoii [6],
B. Krishna Kumar, A. Vijayakumar, D. Arivudainambi [7], C. Kim [8]. Kpome Toro, ciemayer OTMETUTD pa-
00ThI, Kacaronuecs: uzydenust RQ-cucrem ¢ quckpeTHeIM BpeMeneM. B padore [.LM. Atencia [9] paccmatpu-
Bac€TCA CUCTEMA C TOBTOPHBIMU BbI3OBAMHU C NIUCKPETHBIM BPEMEHEM, B KOTOpOfI HpI/I6BIBIHa$I 3asBKa, 06Hapy-
JKuBlIada HpI/I60p 3aHATBIM, MOXKET PCIINTh, HA4YaTh JIN O6CJ'Iy)KI/IBaHI/Ie WJIN IPUCOCANHUTHCA K Op6I/ITe u 1o-
BTOPHUTH NOMBITKY Mo3xe cornacHo auctumiuae FCFS (First Come First Served — nepBeiM nipuiesn, iepBsiM
oOciyxen). CoBpeMeHHas jureparypa mo RQ-cucremMaM odeHb OOIIMpHA W Oorara, mocieaHue 0030pbI
MOXHO Haiit B padote J.R. Artalejo. OnHako B pacCMOTPEHHBIX BBIIIE MOJICIISIX IPUOPUTETHBIX RQ-cuctem
HE YUUTBIBaeTCsS dQQEKT BEITECHEHUSI TpeOOBaHUH, YTO CYIIECTBEHHO BIMSET HA XapaKTEPUCTHKH UCCIIeTye-
MBIX cucTeM. [lanHas pabota OyaeT MoCBsIeHa UCCIIEJOBAHUIO CUCTEM C BEITECHEHUEM TPEOOBaHHIA.

1. MaremaTuueckasi MOA€CJ/Ib M1 IMMOCTAHOBKA 3a1a4YM

Paccmorpum RQ-cuctemy ¢ BeITeCHEHHEM 3asBOK (puc. 1).

Opbuma

O.\ Q- Q Q..

|o,\o, 0,0,

A B |

Puc. 1. RQ-cucrema M|E2|1 ¢ BbITeCHEHHEM 3a5BOK
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Ha Bxoj cucTeMbl mocTymaeT MpoCTEHINNI MOTOK 3asBOK C HHTEHCHBHOCTBIO A. TpeboBaHme, 3acTaBIiee
prOOp CBOOOIHBIM, 3aHUMACT €T0 I 00CITYKHBAHUS B TCUCHUE BPEMECHH, MOYUHSIIONICTOCS TUICPIKCIIO-
HEHIMAJIbHOMY pactpenenenuio B(X) ¢ mapamerpamu Q, pi, po. C BEpOSTHOCTBIO (] 3asiBKa 00CTYKUBAETCS
AKCIIOHCHIIMAIBHO pacIpelieiecHHoe BpeMs ¢ mapameTpoM L (1 ¢asa), ¢ BepostHOCTBIO 1 — ( 3asBKa 00CITy-
JKUBAETCSI DKCIIOHEHIMAIFHO pacIipe/ielIeHHOe BpeMs ¢ mapamerpoMm e (2 ¢daza). Ecim mpubop 3aHsT, TO
MOCTYNUBINAS 3as8BKa BHITECHSAET OOCITYKUBACMYIO U caMa 3aHMMAaeT MPUOOP AJIs 00CITYyKUBaHUs, a 3asBKa,
KOTopasi 00CITy )KHBaJIach, IEPEXOANT Ha opOouTy. OpOuTa pasmensercs Ha qBe 30HbI. Eciu 3asgBka o0CIyXH-
Bajach Ha MEPBOil (asze, TO yXOJIUT B MEPBYIO 30Hy OpOUTHI, €Clii Ha BTOpoH (hase, TO Ha BTopylo. B 3oHax
OpOUTEHI 3aIBKH OCYIIECTBISIIOT CIIY9IaiHYIO 33JePKKY, IPOIOIKUTEIHFHOCTh KOTOPOH NMEEeT AKCIIOHEHIHAITb-
HOE pacrpeesieHre ¢ MapaMeTpoM G1 JUIS MIEPBOM 30HBI U G2 JUis BTopoid. M3 opOuTsl mocie ciayvaiiHOH 3a-
TEPIKKH 3asiBKa BHOBb OOpaIaercs K mpuOopy ¢ MOBTOPHOM MOIBITKON ero 3axBara. [lucuuriimaa ooparieHnit
3asIBOK C OPOUTHI MPUHIMITHAIEHO OTIMYAETCS OT AUCIUILTHHEI OOpAIiCHUsI 3asIBOK, KOTOPBIC BIIEPBhIC MPHOBLIH
B CHCTEMY, TaK KaK JUIsi IEPBUYHBIX 3aIBOK HOMED (ha3bl OTPEAETSAETCS CIIyIalHIM 00pa30M C BEPOSTHOCTHIO
g, a IpH MMOBTOPHOM OOpaInieHud HoMep (ha3bl BRIOMpACTCs OJHO3HAYHO [0 HOMEPY 30HBI. Tak Kak opOuTa
paszzernsercs Ha ABe 30HBI, TO 3aBKH, HAXOIAIINECS Ha OpOUTE B IEPBOil 30HE, Oy IyT OCYIIIECTBISATE 3aEPKKY
C KCTIOHEHIMAILHO PacIpeIeTICHHBIM BPEeMEHEM C TIapaMeTpoM G1 = Y16, Ha opOuTe BO BTOPOil 30HE — C Ma-
pameTpoMm G2 = Y20.

O6o03HaunM i1(t) — 9ucio 3as1BOK Ha OpOUTE B MEPBOIA 30HE, i2(t) — YnCIIO 3asBOK Ha OPOUTE BO BTOPOIA
soHe. ITycth K(t) ompenenser coctosHue mprboOpa CeayIOIUM 00pa3oM:

0, ecnu pubop cBOOOICH,
k(t) =41, ecau mpuboOp 3aHST 3asIBKOM, HAXOISIIEHCS Ha TIepBOii (paze 0OCTyKMBaHMS,

2, eciy puOOP 3aHAT 3asBKOH, HAXOISIICHCS Ha BTOPOI (haze 0O0CITyKHUBaHHS.

CraBuTCs 3a71a49a HAXOXKICHUS COBMECTHOTO TPEXMEPHOTO Pacpe/Ie/ICHHsI BEPOSATHOCTEH YKCElT 3aBOK
B 30HaX Ha OPOUTE M COCTOSHMIA TprOOpa.

2. Cucrema ypaBuenuii Koimoroposa
JJIS1 YACTUYHBIX XapaAKTePUCTHYECKUX (PyHKIMIT

Paccmorpum TpexmepHsiii mporece {K(t),i (t),i, (1)} .
O6osznaunm P {K(t) =k, iy (t) =i, i, (t) =i, } = B (iy,i,), K=0,1,2 craunonapuyio sepostrocts Toro,

4TO MPUOOP B MOMEHT BpeMeHH t HaxomuTces B cocTossHuU K, Ha opOuTe B MepBOi 30HE HAXOIUTCS i1 3asBOK,
Ha OpOHTE BO BTOPOIi 30HE HAXOMUTCS i2 3a5BOK.
BBenem yactuuHble XapakTepucTHUeCcKre (PYHKIMU CIETYIONIETO BUA:

He(u,Up) = 3 3 eldhel¥sp (iyiy), k=012,
ii=0i,=0
rae j=+/—1 — MHUMas eMHHUIIA.
3anuiieM CUCTEMY TS YACTHYHBIX XaPAKTEPUCTHUCCKUX (DYHKITHIA:
aHo(lJlaUz)+ io, OH (ug,uy)
ou, ou,
—AHy (Ug, Up) — kg Hy (Ug, Up ) + AdH o (U, Up) +20e 2 H (ug, Up ) + Ade M Hy (ug, Uy ) +
i, OH e
) oH(u;,uy) _ chle—ju1 0 0(u1yu2) _ chleJuz—Ju1 oH, (ug,u,) -0
ou, ou, ouy
—AH, (U, Up) —ppH, (U, up) + A (L= q)Hg (U, up) + A2 - q)er1H1(ul’ up) +A(1— Q)ejquz(UyUz) +

tjo OH, (U, up) jo,e it OHo(u,up) jo,elt it oH, (ug,uy) =0.
T 2 ou, 2 ou,

—AHq (U, uy) + jou

+ 1 Hq(Ug,uy) +poH, (ug,up) =0,

+jo
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AHaINTHYECKH JaHHYIO CUCTEMY PEIIUTD 3aTPYAHUTEIILHO. Byz[eM peuiath €€ METOAOM ACUMIITOTHYC-

ckoro ananmsa [10] B ycnoBun GONBIION 3aepKKH, KOT/Ia CpefHee BpeMss — —> 0, a ¢ — 0, monarast 4to
c

61 = OY1, G2 = OY2.
3. ACHMIITOTHKA NEPBOro NopsiaKa

0O003HaUUM Xn, N = 1, 2, — aCUMOTOTHYECKOE CPEIIHEE 3HAUCHUE YKCIIa 3asBOK Ha N-if 30HE OpOUTHI, a Ry,
k=0, 1, 2, — pacripeaenecHue BepOATHOCTEH cocTosiHuil mprbopa. ChopMyIupyeM Clieayrolee yTBEPKACHHUE.
Teopema 1. ITycts i1(t) — yrci0 3aBOK Ha OpOHUTE B MEPBOit 30HE, ix(t) — YKCI0 3a1BOK Ha OPOUTE BO
BTOpOi1 30He RQ-crcTeMBbI ¢ BBITECHEHHEM 3asBOK U COXpaHeHUEeM (a30Boii peaynm3anuu. Torma uist mocie-
JIOBATEILHOCTH XapaKTEPUCTHUCCKUX (PYHKITHIA BBITOTHICTCS PABECHCTRO:
(L'_VQ) M exp{ juiovis (t) + Jupov4ip (1)} =exp{ jupx + jUrX, |,
TJIC X1, X2 SBJSIFOTCS PEIICHUEM CHCTEMBI YPaBHCHHH
—Y1% Ry + (A +72%)Ry —11%R; =0,
~Y2XRy =12XRy + (A +71)R, =0,
a BeposATHOCTH Ry, K = 0, 1, 2, HaXOAATCSA U3 CHCTEMBI
—(A 4y +72%)Rg + Ry +1,R, =0,
(M +7v1%)Ry — (AL =) + 1y +72% )R+ (Aa+7,%)R, =0,
(A@—) +72% )Ry + (AL =) +7v2% )Ry —(Aq + 1y + 7% )R, =0, 2
Ry+R +R, =1
U3 cuctem ypaBrenuii (1), (2) HaXoaATCs CpeTHAE YMCa X1, X2 3asIBOK B 30HaX Ha OpOUTE U pacrmpene-

nenue BepositHocTeit Ry, K =0, 1, 2, coctosiHuii mpudopa.
Jlns Gonee NeTanbHOTO UCCICIOBAHUS PACCMOTPHM aCHMIITOTHKY BTOPOTO MOPSIIKA.

)

4. ACHMIITOTHKA BTOPOro0 NMOpsiAKa

[TocTporM rayCCcOBCKYIO allIPOKCHMALIHIO YMCIIa 3asIBOK Ha OpOHTe.

Chopmynupyem cieayroliee yTBepkIeHHUE.

Teopema 2. TTycts i1(t) — uncio 3asBok Ha opOUTE B MEPBOIA 30HE, i2(t)— uyKCIIO 3asIBOK HA OpOHTE BO
BTOpOIi 30He RQ-CHCTEMBI ¢ BRITECHEHHEM 3asiBOK U COXpaHeHHeM (a3oBoii peannsanuu. Torma uMeeT MecTo
[pe/IebHOE PABEHCTBO:

. R . 2 .
- Loonh(t)-x . Wz'z(t)_xz} (Ju) (Ju
lim M exp4 ju +ju =ex +
550 p{] 1 \/g Ju; \/g p 2 Qll

1€ X1, X2 ABJISIOTCS pelieHreM cucteM ypaBHenutd (1), (2), Benmuunnbl Q11, Q12, Q22 HAXOAATCS U3 HEOAHOPOI-

2

22) Qp + JupJuyQy, ¢,

HOM CHCTEMBI JINHEHHBIX aNre0panvdecKnx ypaBHeHUN

Q11(Y1Ro +711Ry = 11RoZ0 +11RyZy + 1Ry 7y —‘/1R222)+
1 1 1
+Qp, (_Yle —7Y2RoZ0 +72R0Z, —v2R1Zg +Y2R122) = Ek(l— DR + ElelRo +§7th1 +
1 1
+§ Rovi % + 5 RiyoXo +11%Roz = AR Z) + 11 Rozy = A1 Q)R1Z, =7, %,R 25,
Q2 (YzRo +72R = 712RoYo +72Ro Y2 +12R1 Y —Y2R1Y1)+
1 1 1
+Qp (‘Yle —11RoYo + 1R Y1 —11R2 Y2 +y1R2y1) = Equz + §Y2X2Ro + 5 Rovix + 3)

1 1
+§7¥(1— DR, +E Riv2Xs = AR, Y1 +72XRo Yo =AML= )Ry Y, +v2XR Yo — 11X Ro Vi,
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Qu (=71Rs = ¥1Ro Po +¥1Ro Py +71Ro P1 = 1Rp2 ) + Qu2 (¥1Ro +¥1R2 +72Ro + ¥Ry — 7R Po +
+Y2Ro P2 = 72R1 Py +V2R1 P2 = 11RoSo + ¥1RoS1 — 71RpS, +11R81) +
+Qy (—¥2Ry = Y2RoS0 +72R0S2 +72RiS —¥2Ri81) = —RoviX — Ryy2Xp +711%Ro Py — AGR py +
+Y1XRo P =AML= Q)R P, =2 %R P, —AAR,S; + 7, XRo8, — AL —)RyS, + 7, RS, — 11X RyS;.
Benuuunsl 2o, 21, Z2; Yo, Y1, Y2; Po, P1, P2; So, S1, S2 OIIPEAEIAIOTCS U3 cUcTeM ypaBHeHuiH (4)—(7) COOTBETCTBEHHO.
s zo, 21, 22:

—(7L V1% + V2%, ) I+ (kq + Y1X1) Z; + (Ml— q)+ szz)zz =—Y1X,
WiZg — (X(l— ) + 1y + 7% ) 7 + (Ml— q)+ szz)zz =A+7YX%g, 4)
UpZg + (kq + Y1X1) 2 - (?»q +Hy + Y1X1) Zy =—Y1%X.

Host Yo, Y, Yo
(A + 11X+ 7% ) Yo + (A +1X) Vo + (ML= Q) +72% ) Yo = ~¥2Xs,
U1 Yo _(X(l— q)+hy + szz)Y1 + (Ml— q)+ szz)Y2 =—Y2X2, (5)
HaYo +(AA+v4) Y — (A + 1o +71%) Yo = A+ 71
Jst Po, P, P2
~(A Y0 +72%) Po + (A + 7% ) P+ (ML= 0) + 2% ) P2 =~V 2%,
HaPo = (A=) + 1y +72%) P+ (AML=0) + 72X ) P2 ==Y2%s, (6)
Ho Po + (A + 712 ) Pr = (AG+ 1y +71%) P = A+ Y1
s So, S1, S2:

~(A+ 12X +72% ) So + (MG + 11X ) 8y + (ML= Q) +72% ) S = ~V1%,
H1So — (AL =) + 1y +72% ) S + (ML= Q) +72X)Sp = A +7,%, (7
S0 + (A +71X) s — (A0 + 1y + 71X ) Sy ==V %
3aMeTuM, YTO J0Ka3aTh ACHMIITOTHYECKYIO FAYCCOBOCTh PACIIPEICICHHS YKCIIA 3aBOK MOKHO, 3aIIUCaB
XapaKTEPUCTHIECKYIO (DYHKIIUIO B BUJIE TIPOU3BEICHHUS:

ju,)? ju,)? ju ju u u
H(U11U2)=9Xp{(121) Q11+(J 2) szJr—J 2 2Qp eXp{l—l)(1+1—2 Xz}-
c c c o

2c

OTKy/1a, BHITOJHUB HECJIOKHBIC IPe0Opa3oBaHus, OIydacM

. 2 . 2 L
. u . u u u U, JuU
H (uy,U,) = exp J_1X1+J 2X2+(J 1) Q11+(J 2) Q22+J 1) 2Q12 _
c c 2c 2c c

HOCJ’IGI{HCG BBIPA’KCHUEC NOKA3bIBACT, YTO ABYMCPHOC paCHpCACIICHUC BepOHTHOCTCﬁ qucCiia 3as1BOK Ha
0p6I/ITe SABJIACTCA aCUMIITOTUYCCKU I'ayCCOBCKUM.

5. Uncaennas peaausanus

Bru paccMoTpeHBI IpUMeEpHI YHCTIeHHOTO perteHus cucteM (1)—(7) it pa3nuvHbIX 3HaYSHUH MmapameT-
POB L1 ¥ [z GYHKIIMK pacrpeesieHns: BpeMenu oocmyxuBanus B(X) ¢ mpeodpazoBanuem Jlamtaca—Cruntheca
B' (0 =a+ )+ - q)@+—)"
Ny Ho
U TIapaMeTPOB A U G1, G2.
Paccmotpum npumep amns cimydast
A=2,0=0,6,71=2,y2=3.
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Ha puc. 2 npexncrasied rpaduk miotHocTH P(X, Y)

1 1 (x=x)° (X=X)(Y=%,) | (Y =%)?
exp{— _2Q N
21mQy1Qy; x/l -Q,° 2 (1 -Qp? ) Q’ ? QuQz Qy°

JBYMEPHOTO pacrpeielIeHUs] BEpOSTHOCTEH YnCIia 3as1BOK Ha OpOuTe.

P(x,y) =

Puc. 2. I'paduk ruiotHocty P(X, y) npu 3HaueHusX u =4 u p2 =5

B pa6ote [11] Obu1a paccmorpena RQ-cucteMa ¢ BRITECHEHHEM 3aIBOK, B KOTOPOH 00CITy)KMBaHHUE T10-

CJIe TIpephIBaHUs HauWHACTCs 3aHOBO. LlenecooOpa3Ho BBIMOIHUTH CPAaBHEHUE 3HAYCHUM aCUMITOTHUYCCKUX

CPEIHUX MEXKIY CpeTHUM X, MOJIyUEHHBIM C IIOMOIIBI0 METO/A, IPEIOKEHHOrO B [11], 1 aCHMOTOTHYECKUM

CPEeIHUM X = X1 + X2, TOTy4EHHBIM C ITOMOIIBIO METO/Ia ACHMIITOTHYECKOT0 aHann3a RQ-cucremsl ¢ BRITECHE-
HUEM 3a5BOK M COXpaHeHHEeM (Ha30BOH pean3aIiii.

Ta6nuna 1

3HavyeHUus1 AaCHMIITOTHYECKUX CpeaHuX 4Yucjia 3asiBOK Ha Opﬁl/ITe AJIs pas/iMYHbIX RQ-CI/ICTQM npu 'Yl = 'YZ

pa 2 3 4
H2 X X X X X X
20 0,341 0,913 0,194 0,707 0,141 0,582
30 0,314 0,794 0,177 0,612 0,126 0,500
40 0,302 0,738 0,169 0,566 0,119 0,460

B Tabn. 1 npuBeneHbl 3HAYCHHUS aCUMIITOTHYECKUX CpeaHuX st RQ-cucTeMbl ¢ BHITECHEHHUEM M CO-
XpaHeHueM (Ga30Boi peanuzaiuu X 1 1 RQ-cucreMbl, B KOTOPO#t MOCIIe MPephIBaHUs 00CTYKUBAHUS Y 3a-
SIBKW 00CITy>KMBaHHE HAYMHAETCS 3aHOBO, X MPH Pa3IHYHBIX 3HAYCHHUSX TApaMETPOB BPEMEHU 00CTYKUBAHUSL.
Kak M0xHO BUieTh U3 TaOJIHMIIbI, CPEAHEE 3HAUCHUE X CYyMMAapHOI'0 YKCIia 3asBOK Ha opoute RQ-cuctemsl ¢
BBITECHCHHEM 3asBOK M COXpaHECHUEM (ha30BOU peanm3alvu B 3—4 pa3a MEHbIIE CPEIHEro 4Kcia 3asiBOK X
RQ-cucTeMbl ¢ BBITECHEHHEM 3asSBOK, B KOTOPO# 00CIyKUBAHHUE ITOCIIE IPEPhIBAHUS HAYMHAETCS 3aHORBO.

3akiIouyenue

B nanHoit pabote Obuta uccinenoBana RQ-crucTeMa ¢ BEITECHEHHEM 3asiBOK M ¢ COXpaHeHHEeM (pa3oBoit
peanu3any METOAOM aCHMITOTHYECKOTO aHalM3a B MPEICIFHOM YCIOBUH OOJBIION 3a/ICPKKH 3asBOK Ha
opOwure. Jl71st Hee MoTy4eHb! ypaBHEHHMS JUIsl HAXOXK/ICHHS CPEHEro Ynciia 3asBok Ha opoute i(t) = i1(t) + iz(t),
a TaKke ypaBHEHUS U HAXOXK/CHHUS CTAllMOHAPHOTO PACHPENSNICHUSI BEPOSTHOCTEH COCTOSIHUI mpuodopa.
MoanduuupoBaH MeTO]] aCHMIITOTHYECKOTO aHalu3a Juisd ucciienoBanus RQ-cuctem ¢ coxpaneHueM ¢aso-
BOW peajM3alliy U BEITECHEHHEM 3asBOK. BBIJIO MOKa3aHo, 4TO aCUMIITOTHYECKAst XapaKTepUCTHIeCKas (PyHK-
IUsL YMCJIA 3assBOK HA OpOMTE SBJISETCS ACHMITOTUYECKH T'ayCCOBCKOM. BBII MpOBEIECH YMCICHHBIN aHaIH3
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cUCTeMBI. J{7151 KOHKPETHBIX 3HAYEHHI ITapaMeTPOB OBLIH ITOTY9IEeHbI ACHMITTOTHYECKUE CPETHIE YHCIIa 3asBOK
Ha OpOUTe, a TAKXKE BTOPHIE IEHTPaIHHBIE MOMEHTHI B KO (WHUIINEHT KOPPETISAIINH MEXKTy 3asIBKaMy Ha OpOuTe
B MIEPBOI ¥ BTOPOI 30HAX.

Pe3ynpTaTsl BEIOJHEHHBIX UCCIEAOBAHNN MOTYT TIO3BOJIMTD PEIUTH 33/1a4l B 00JIaCTH MTPOEKTHPOBA-
HUS THPOKOMMYHHUKAIIMOHHBIX CHCTEM, TEIEKOMMYHHUKAIIMOHHBIX CUCTEM, YITPABISIEMBIX IPOTOKOIAMH CITY-
YaifHOTO MHOXECTBEHHOTO JJOCTYTIA.

Cunraem 1iesecoobpa3HbIM UcceoBath RQ-cucteMy ¢ 1000CTy)KUBaHHEM 3asBOK U BHITECHCHHEM.
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The paper considers an RQ-system which could be used as a mathematical model of a 5G new generation telecommunication
network. The input of the system is a simplest request flow with intensity A.

Request that found server free is then serviced for a duration of time that has hyper exponential distribution with parameters g, pu, pe.
With probability g request that came from the flow is then serviced for an exponential time with parameter uz (1% phase), and with
probability 1 — g the request is serviced for an exponential time with parameter p2 (2™ phase).

If the server is busy then the incoming request pushes the previous request out of service and takes its place, while the pushed out
request goes to the orbit. Orbit is divided in 2 zones. If a request was being serviced at the 1% phase of hyper exponential distribution —
it goes to the 1%t zone of the orbit, and it was being serviced at the 2" phase — it goes to the 2™ zone.

At the orbit zones requests are randomly delayed and duration of delay has an exponential distribution with parameter o1 for the
1%t zone and o2 for the 2", From there, after a random delay, request again returns to the server.

The appeal discipline of requests from the orbit is fundamentally different from the appeal discipline of requests that are new to
the system, as for the new requests the phase number is determined randomly by the probability g, when the returning requests already
have a zone number that determines the number of a phase.

The research is conducted using the asymptotic analysis method in the limit condition of a large delay of requests on the orbit,
characterized by a condition o — 0, assuming that c1 = oy1, 62 = oy2.
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In order to use this method we’ve obtained the Kolmogorov equation system for probability distribution of a 3-dimensional process
of number of requests at the zones on an orbit and statuses of the server, we’ve also made transition from the equation system for
probabilities to the Kolmogorov equation system for partial characteristic functions.

The first order asymptote was reviewed. We’ve obtained equations for finding the distribution of probabilities of statuses of the
server Ry, k=0, 1, 2, and for finding asymptotic mean xn, n = 1, 2, of number of requests at the zones of the orbit. We’ve reviewed the
second order asymptote. We’ve obtained equations for finding second asymptotic moments: variance and correlation coefficient be-
tween number of requests in the 1%t and the 2™ zones.

We’ve found limit characteristic function (at o—0) of a normalized number of requests at the orbit that has the form

LUy

- 2 - 2 - -
H (ug,u,) = exp{lxl + ju—zx2 + (ng) Qu+ “;2) Qq + 14 )4 le}, i.e. the form of a characteristic function of the 2-dimen-
(o) () (o) (o) o

sional Gauss distribution.

Numerical experiments were conducted for different parameter values of time of servicing and intensity of incoming flow.
The obtained results of asymptotic mean of number of requests at the orbit of an RQ-system with request displacement and conservation
of phase realization were compared to the asymptotic mean number of requests at the orbit of an RQ-system with request displacement
and servicing returning requests as the new ones.

It is established that by conserving phase realization the mean number of requests at the orbit is 3-4 times smaller than the mean
number of requests at the orbit with servicing them as new each time. Obtained results could be useful in designing informational-
communicational systems controlled by random multiple access protocols.

We’ve concluded it to be expedient to research the RQ-system with requests displacement and after service, because such a model
would be very important in designing communication networks, since this problem wasn’t solved in science literature.
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