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Bcemyn. Cyuacni memnu iHoycmpianizayii cycninecmea ma inmezpayis 3HaHb 3 pIsHUX cghep
THOOCHKOT QisIbHOCTE npuU38enu 00 NOCMITIHO 3POCIAIONUX 00CA2I8 KOIEKIMUBHO GUKOPUCHIOBYBAHOT
ma mepumopianbHo posnooinenoi  ingopmayii. Lli obcmasumu npuseru 00 CMBOPEHHs
iHopmayitinux Mepexc [ cucmem pi3HO20 NPUSHAYEHHS, SIKI HUHI CMAIU OCHOBHUM 3AC0O0M
3A0080/IeHHS. NONUNTY HA THOOPMAYi0 MAa CNPUYUHUIY NOMpedy 2100aIbHOT Yugposizayii maiiice
6cix cghep HayKo8oi ma npuKIaOHOT OISLILHOCE IIOOUHMU, ante U 3YMOGUIU NOMPEOY PO3YMIHHS Camol
npobremu iHPOPMAYItHUX 83aEMOOILL HA HOBULL, MACUIMAOHULL DIBEHD.

Cmoxacmuunuii xapaxmep npoyecis, wjo 6i00y8ar0mbCs 6 MepeHcax, 3HAYHO YCKIAOHUS ix
pobonty, nepemeopusuiy 8y3U 6 OCHOBHI 1 HAUOLIbUL YUCTIEHHI MICYsi «30CEPe0NCeHHs»
nepesanmanicelb, 3ampuUMOK ma THUUX HeOaxscanux aeuwy. Icmomuo 3HU3UGUIU eqheKmUEHICHb
NPOCPAMHO-ANAPAMHUX 3AC00I8, WO 6X00Mb 00 CKIAOY 8Y31i6, Yi Npoyecu Cmau 30amHi He
MINbKU NOGHICMIO DJOKY8amu pobomy camux 6y3iie, aie i Mepedxci 6 Yinomy.

Ilepexio Ha HO6I NOKONIHHA MePedNcedUX NPOMOKOIE, 36UHALIHO, BUPIULYE Y0 NPoOIemy,
ane e Haoos20. B ymosax excnonenyianviozo 3pocmanis 00¢s2i6 ingopmayii, wo yupkymoe
6 Mepedcax, makuil nioXi0 HAGPAO HU cmane YHIBEpCalbHOW NAHAYecl, 30amHOI0
0CMamoyHo i NOGHICMIO eupiwiumu npoobemy.

Heobxionicms  onepamuenozo 006edeHHss 00 Cnojcudaya ingopmayii, saKka He
empamuia ceoei yinnocmi (uepes ii cmapinmis 3 4acom), 3 AKOMO2ad MEHWUMU GUMPAMAMU HA
ye pecypcie npusepmaroms 6ce Oinbue yéacu 00 NIOSUWEHHs ehekmusHocmi pobomu
OKpeMUx KOMnoHenmie inghopmayitinoco oominy. Icnye yina nuzka nioxooie 00 eupiuileHHs
Yb020 NUMAHHA [ OCHOB0I0 00HO20 3 HUX Oyau 3aknadewi ¢ pobomax JI. Takaua,
A.H. Konmozoposa, A.M. Xinuuna, B.B. I'nedenxa, I.M. Kosanenxa, pady ixuix yumie ma
QO0CHIOHUKIE 3 THWUX HANPAMIE HAYK080I OisibHocmi. OCHOBHUMU NPUHYUNAMU YbO2O
nioxody € nobydosa 8iON0GIOHO20 MUNY A0EK8AMHUX MOOelel, iX aHANi3, OMPUMAHHS
Habopy HeOOXIOHUX XapaKmepucmux i napamempis i nooaibula Moou@ikayis, po3poonens i
6NPOBAOIICEHHSI  HOBUX NOKONIHb  NPOSPAMHO20 — 3abe3nevenus AK CMPYKMYPHUX 1
(ynkyionanbhux eremenmie camux 6ysnig. Y Oinbuiocmi 6unaokie 6 yeul JAHYIONCOK
BKIIOYUAEMBCS e 00HA CKIA008a — ONMUMI3AYIA (3a NPUHYUNOM cumyayiinoi adanmayii 0o
ICHYIOUUX YMO8) 3 BUKOPUCTAHHAM AOUMUGHUX KPUMEPII8 AKOCMI.

V naseoeniii pobomi yeii nioxio euxopucmano 05 ananizy 0OHO20 3 MUNI8 NPOMOKOI6
MHOJNICUHHO20 ~ OOCMYNY 3  Memol  GUPIWeHHs — NUMAaHHA — onmumiszayii  npoyecy
YHKYIOHYBAHHA OKpeMUX 837116 IHEOPMAYITIHUX Mepedc | cucmem.
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Mema cmammi. Po3pobnenns modeni H08020 8UdY NPOMOKOILY 8URAOK0B020 OOCMYNY V
8y371aX IHQOPMAYIiHUX Mepedc | cucmem, poOomy AKUX MOd#ce OYmu ORUCAHO | OOCTIOHCEHO
Memooamu i 3acobamu meopii timosipHocmetl i cmoxacmuyHux npoyecie. Ompumanns paoy
BACTUBUX Y NPAKMUYHOMY GIOHOUIEHHI CIAYIOHAPHUX | He CIMAYIOHAPHUX XAPAKMEPUCTIUK
015l GupieHHst 3a0ay NiOBUWEHHST epheKmUHOCmi pobomu 8y31i6 3A60AKU 3MEHULEHHIO

Pi3HO20  pOoOy empam [ OMPUMAHHA MOXNCIUBOCMI OnNMUMIzayii npoyecy iIXHbO2O
dyuryionysanna memooamu OUHAMIYHO20 NPOSPAMYBAHHSI.
Memoou. J{na aunanizy euxopucmogysaiu Mmemonu i 3acobu anapamy meopii

timosipHocmeti i CMOXacmuyHux npoyecie.

Pesynbmamu. Po3pobreno ma O00CHiONCEHO CMOXACMUYHY MOOelb  NPOMOKOLY
6UNAOK06020 0OCMYNny OfA  GV31i8  IHQOpMayiiHux Mepedc ma cucmem, npoyec
@yuxyionysans aKux 00380J4€ ONUC OOHOKAHANLHOIO CUCTEMOIO MACOBO20 0OCIY208Y8ANH S
(CMO) suoy E; / E;/ 1 /R 3 060ma 6XiOHUMU NOMOKAMU 3d560K , empamamu, Oypepom
CKiHueHo20 06cazy, NIMIMoBaHUM 4ACOM OYIKY8AHHSA 3AAGKAMU NOYAMKY 00CIY208Y6aHHA i
abconiomuumu npiopumemamu. Hasedeno cnisgionouients 0 po3paxynxy psaoy 6alciudux
Y npAKMUYHOMY GIOHOWIEHHT XapaKMepUCcmux.

Bucnogku. Po3pobneno Mmoodenb HpomoKoxy Gundok0o8020 O0oCmyny y - 6y31dax
ingpopmayitinux mepesic i cucmem, poboma AKOi ONUCAHO MA NPOAHANIZ08AHO 3ACOOAMU A
Memooamu meopii tMogipHOCmel ma CmoxacmuyHux npoyecie. Ompumano upasu 0is psoy
BANCTUBUX Y NPAKIMUYHOMY BIOHOWEHH] CIAYIOHAPHUX | HEeCMAYIOHAPHUX XAPAKMEPUCUK,
5K € OCHOB010 8 pa3i GUPIUWEHHs 3a60AHb NIOBUWEHHS ehekmusHoCmi pobomu 8y3/ie 3a
PAxyHOK 3HUDICEHMSL GMPAm 3as60K A GUMpPam Ha IXHE MuMuacose nepedy8amHs y
oygepnomy nyai obmesicenozo 00csa2y, a Makoxc Oonmumizayii npoyecy @QYHKYIOHY8aHHS
CMO memodamu OUHAMIYHO20 NPOSPAMYBAHHSL.

Kniouoei cnosa: Ingopmayiiini mepeosici ma cucmemu, Gy3iu, NPOMOKOAU BUNAOKOBO2O
docmyny, cmoxacmudti npoyecu.

BCTYN

CydacHi TeMIn iHIycTpianizamii CycIibCTBa Ta IHTETpallis 3HaHb pi3HUX chep
JIIONICHKOT JISUTPHOCTI TIPHUBEH 10 MOCTIMHO 3pOCTAOUMX OO0CATIB iHbopMaIii,
sIKa KOJIEKTUBHO BHUKOPUCTOBYETbCS 1 € TEpUTOpianbHO posmoaiieHoro. Lli
OOCTaBUHM CTald MOPUYMHOK CTBOPEHHS PI3HUX 33 [PHU3HAYCHHIM
iHopMaIitHIX MEepeX 1 CHUCTeM, SIKi He TUIBKH CTalld TOJOBHUM 3ac000M
3aJI0BOJICHHS 3alIMTy Ha iH(pOpMAIIi0 | BUKIMKAIM HEOOXiAHICTh mudpoBizariii
MPaKTUYHO ycixX cep HayKOBO-NPHUKIAAHOI JisUTBHOCTI JIIOAWHH, ajle i BUBEIU
camy mpobnemy iH(popMaIliitHoi B3aeMo1ii Ha HOBUH piBeHb PO3yMiHHSL.

CroxacThdHa TIpHpOAA TIPOIECiB, SKi BiAOYBalOTECA Y  MeEpekax,
0araTopa3oBo yCKJIaIHWIA pOOOTY OCTaHHIX, IEPETBOPUBIIH BY3JIM Ha TOJIOBHI i
HaHOUTBII YUCENBHI MICIS «KOHIIGHTPALID» MepeBaHTAXKEHb, 3aTPUMOK 1 IHIIIHX
HeOakaHuX sABHII. [IpHHIUITOBO 3HMKYIOUH €(DEKTHUBHICTH POOOTH MPOTPAMHO-
TEXHIYHUX 3aCO0IB, SKi BXOJATh J0 CKJIAAy BY3IIiB, 1€ HE TUIBKH MIPUBOIAUTH JI0
OJOKyBaHHIO POOOTH CaMUX BY3IiB, ajie i MEpexKi y LiIoMy.

. . A
3acTocyBaHHS HOBUX IOKOJIIHb MEPEKHUX MPOTOKOIIB {g’ }i:l , besnepevHo

BHpINIyE 3a3HadYeHy mpobOieMy, ajge He Ha TpuBaaumii dac. llpum
EKCTIOHEHIIAJILHOMY 3pOCTaHHI 00CATIB iH(pOpMALlii, KA MUPKYIIOE Y MepekKax,
TAaKMH TiOXiJA HaBpsA 3MOXE CTaTH YHIBEPCAJIbHOKIO IAHAIEEI0, 3IaTHOIO
Ha3aBXJIH 1 y TIOBHIH Mipi BUPIITUTH IpOOIIeMy .

HeoOxiaHicTh oOmepaTHBHOT AOCTaBKM KOPHUCTyBady iH(popmalii, sika He
BTpaTHJIa CBOEI LIHHOCTI (3 MPUYMHHM ii CTapiHHA 3 YacoMm), 1 3HAYHO MEHIIi
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BUTpATH PECYpPCiB MpPHU peaiizaiii BiAMOBiTHUX 3ac00iB TOCTIHHO MPUBEPTAIOTH
Bce Oinblly yBary Iie 10 OJHOTO BapiaHTa MiAXOAy MiJBUILEHHA €QEeKTHBHOCTI
pobotu KommoHeHTiB iH(popMariiiHoro oOmiHy. OCHOBHI NPUHIMIIA TaKOTO
miaxony — OyIyBaHHS BiATIOBITHOTO BUIY aleKBaTHHUX MOJENCH, IXHIN aHai3,
OTPHMaHHSA CYKYITHOCTI IOTPIOHMX XapakTEPUCTHK 1 MapaMeTpiB i mopaiblia
Monau(ikamisi, po3poOJeHHS Ta BHKOPHCTAHHS HOBHX MOKOJIHb MPOTPAMHHUX
3aco0iB, SIK CTPYKTypHO-QYHKIIIHUX €JIEMEHTIB CaMHX BY3MiB. Y OIIBIIOCTI
BHUIIAJKIB JI0 LILOT'0O JIAHIFOra BKJIIOYAIOTh 1€ OJAUH KOMIIOHEHT — OIITHMI3aLiio
(ma ©Oa3i TWpUHUMINY CHUTyalidHOI ajanTamii 10 YMOB, IO CKIalIHCA) 3
BUKOPUCTAaHHIM aAUTUBHO-BAPTICHUX KPUTEPIiB SKOCTI.

OcHOBHM Taxkoro BapiaHTy MmiAxoay Oyiu 3akianeHi B poborax JI. Takaua,
AM. Konmoroposa, A.. Xinuuna, b.B. 'nenenka, .M. KoBanenka, Toro, 1iioro
psmy iXHIX YYHIB i TOCHIIHUKIB 3 IHIINX c(hep HAyKOBOI MisuThHOCTI [ 1-6].

Meta po6oru. Po3polOiieHHS Mozemeld HOBHX BHAIB IIPOTOKOIIIB
BUIIaIKOBOTO JIOCTYIY y By3/axX iH(popMaliiHUX MEpex i cucteM, poboTy SKUX
MoOke OyTH ONHCaHO 1 TpoaHAi30BaHO MeETOAaMH 1 3acobaMu Teopil
WMOBIPHOCTEH 1 CTOXaCTHYHHX IIporeciB. JloCTimKeHHsS MOeNel 1 OTpUMaHHs
Py BOXKIMBHX Y NMPAKTUYHOMY BiJHOIIEHHI CTAI[lOHAPHHX 1 HECTaI[ilOHAPHUX
XapakTePUCTUK JUIA BUPILICHHS 3aJad IMiIBUILEHHS eQEeKTHBHOCTI poOOTH
BY3JIiB 3aBASKH 3MEHIICHHIO Pi3HOTO POIY BTPAT 3asBOK, BUTPAT HA TUMYACOBE
repebyBaHHs B Oydepl i OTpIMaHHSI MOXJIMBOCTI ONITHMI3AIlil MPOTIeCy IXHBOTO
(YHKLIOHYBaHHS METOJaMH i 3aC00aMU TUHAMIYHOTO MPOTPaMyBaHHSI.

BukopucroByBaHi meroqu anamizy. Mertonn i 3aco0u amapary Teopii
WMOBIpPHOCTEH 1 CTOXaCTUYHUX MPOTIECIB.

Onuc 06’ekTy n0CaiIKeHDb | 0TpUMAaHi pe3yJbTaTu. Po3risHeMo Mozenb
MPOTOKOJY BHUIAAKOBOTO JAOCTYIY y By3Jax iH(QOpMamiiHUX MEpexX i CHUCTEM,
nporec (GYHKIIOHYBaHHS sIKOi (OpPMani30BaHO OJHOKAHAJIBHOIO CHCTEMOIO
MacoBoro oOcnyrosyBanus (CMO). Ha BXig cuCTeMH HaAXOIATh JBa
HE3aJIe)KHUX BUIMAIKOBUX MOTOKH BHMOT (3asBOK, TIOBiIOMIIEHb, iHAEKCH 1 1 2),
SKi MalTh €pJaHTiBCbKI 3aKOHM po3moniny 3 mnapamerpamu (4;, ki) 1
(A2, kp). apametpu 4; 1 A, o3Ha4alOTh IHTEHCHUBHOCTI, a k; 1 k; BimmoBimHO
KUTBKOCTI (ha3 HAAXOIKCHHS TMOBIAOMJICHb 1-r0 1 2-r0 TOTOKIB. 3aKOHU
PO3MOILTY MTPOMIXKKIB 4acy 0OCIyrOBYBaHHS 3asiBOK TaKOX € €PIIaHTiBCHKUMH 3
napamerpamu (u;, 1)) i (4o, 1), ne mapu mapametpiB (u;, o) 1 ({1, 1) BU3Ha9aIOTH
THTEHCHBHOCTI 1 KUTBKOCTi (ha3 oOCIIyroByBaHHs 3asiBOK 1-ro i 2-TO HOTOKIB
BiAMOBiAHO. 3asBKM 1-r0 MOTOKY € TEpPMIHOBHMH 1 MawTh aOCOJTIOTHUHN
MpiOpUTET BiTHOCHO 3asfBOK 2-TO TMOTOKY, SKi BiJHECEHO 1O Kareropii
«mpoctuxy». [HIIMMU clI0BaMH, 3a HasBHOCTI B Oydepi abo Haaxo/pKeHHI 1-To
MOTOKY, BCi 3aBKH 2-TO MOTOKY, MPHUCYTHI B Oydepi, MaloTh 4eKaTH AOKU HE
Oyne 3aKkiHUeHe 0OCIYroBYBaHHS BCiX TEpMIiHOBHX. SIK IJIs TEPMIHOBUX 3aBOK
TakK 1 JJIs MPOCTHX Yac OUYiKYBAaHHS MOYATKy OOCITyTOBYBaHHS B Uep3i 0OMEKEHO
HOCTIfHUMH BEJIMYMHAMM T| U T BITIOBIZHO, ITPU LbOMY T, < T,

3aranbpHa KUTBKICTh MICIIh JJIi THMYAacOBOTO MepeOyBaHHS 3asBOK y uep3i
(obcsar HasBHOTO OydepHOro myiny) € OOMEXKEHHM CKiHYEHOK BEITUYUHOIO
R (R < ). 3asgBKkH, sAKIi HAAXOAATh Y MOMEHT BiACYTHOCTI B Oydepi BIIbHUX
MiCIIb, TYONATBCS. SIKIIO Yac O4iKyBaHHS [MOYATKy OOCIYTOBYBaHHS 3asBKH *-TO
MOTOKY, fIKa HAaIXOAWUTh A0 CHCTEMHM, NEPEBHUILY€E JIMITOBaHE 3HAUYEHHs 7%,
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3asBKa 3aJIMIIa€ CHCTEMy HE OO0CIyroBaHow 1 il BBaKalOTh 3aryOJICeHOIO.
[Mopsimok 0OCITyroByBaHHS 3asBOK, SIKi CTOSITH Y 4ep3i, BiAMOBIAAa€ MUCIMILIIHI
FIFO (first in, first out), Bona >x FCFS (first come, first served).

[To3Hauumo 77,(f) 3a IPOMIXKOK 4acy 3 MOMEHTY / 0 MOMEHTY 3aKiHYCHHs

00CITyroByBaHHsI BCiX MPIOPUTETHUX 3asABOK, SIKI HAAIMIUIA O CHUCTEMH JI0
MOMeHTYy ¢. L{10 BenMYMHY TaKOXX MOXKHA BH3HAUUTH SIK 4Yac MPUCYTHOCTI B
CHUCTeMi TEpMiHOBOI 3asBKM, SKOM BOHA HaJifmula y MOMEHT f.

1,(t) — mpOMIXOK 4acy 3 MOMEHTY / 10 MOMEHTY, KOJI OyIyTh 0OCIyroBaHi

BCI IIPOCTI 3asBKU, SAKi HAIIMIUIM 1 3aIuIidincs B Oydepi 10 MOMEHTY f, 3a
YMOBH, 1[0 Y CUCTEMI MPUCYTHI came MPOCTi 3asBKK. [HOi BUNIAIKOBI BETHYNHU

77.(f) Ha3MBaIOTH BIPTYaIbHUM YaCOM OYiKYBaHHSI.

TepmiHOBY 3asiBKy, SiIKa B MOMEHT 4Yacy ! HaJXOIWTh JO CHCTeMH, Oyie
3ary0iIeHo, KO Ui Hel BUKOHYBaTHMETbcsi yMoBa 77,(¢) > 7,. YMoOBa BTpatu
HPOCTOI 3asIBKH, sIKa HAIXOMHUTh, Mae Burisig 77, (¢) +1,(¢) > 7,.

OynknionyBanHs CMO, sKy pO3TIIIaEMO, MOXKHA OIUCATH OAHOPIIHUM
MapkiBchkiM  mpomecoM By {6,(2), 6, (1),v,(£),v, (1), 1, (8),1,(2), (1)}
V HaBeneHux mosHaueHHsx 6, (t),6,(t) — BiANOBIAHO KiNBKICTh TEPMIHOBHX i
HPOCTUX 3asABOK, SIKi HNpUCYTHI y Oydepi y MomeHt uacy f, V,(1),v,(f) —
HOMepu (a3 HAAXOMKEHHS aHAJOTIYHMX 3asBOK Yy MOMEHT dacy f.
n,(t),n,(t) — uacouikyBaHHs OOCIyroByBaHHS TEPMIHOBHMH 1 MPOCTHMH

3asBKaMH BIAIMOBIMHO, SKOW BOHW HAMIWIIIN IO CHCTEMH y MOMEHT dYacy f.
7(t) — 4acu Biji MOMEHTY 7 JI0 MOMEHTY 3aKiHUEHHS 00CITyTOBYBAHHSL.

Posrasiremo ¢yHKLi0
Fy xyt,2) = P00 =i, 0,(0) = 1,.v,(0) = v, () =

= ot () < x.1,(0) < y.y (1) < 21,
e 0<i <RO<i,<RO<i+i,<ROL <k-1,0</,<k -1t<z.
Jlist  BU3HAYEHHA  BCIiX F}gif}iZ)(x, y,t,z), chopMyeMO  CHUCTEMY
iHTerpomudepeHiianx piBHsIHb. OCKIIbKH 0a30BUM  3acO00OM  HAIIOTO
JOCNI/DKEHHST € amapaT MapKiBCbKUX TMpPOIECiB, SKHH BHKOPUCTOBYE

HECKIHYEHHO MaJi MPOMiKKY Yacy Af s aHami3zy noBeainku onucanoi CMO,
PO3IIISTHEMO TaKy BUITQJAKOBY IOJIO:

(e +A2)< x,m,(t+A2)< v, 0,(t+ A1) =1, 6,(¢t + At) =1,

1
v(t+At)=j,v,(t+At)= j,,y(t+ At)< z,}. E =mqH + %sz @

3a3HadueHy MOMII0 MOXe OyTH pealli3oBaHO B OJHOMY 3 HECYMICHHX OJUH 3
OJTHUM BHIIAJIKIB:
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1. 3a nmpomikok uacy At x0omHOI 3asBKM y cucTeMy He Haxihge. Lle
MOJKJIMBO y TaKiil mapi CUTyamii:
a) 0 < 6,(t) <R imomis (1) 3aificHUTECH, SIKIIO Oy/Ie BUKOHAHO TaKi YMOBH

(O <x+Atn, <y,At < y(t)<z+At,v,(t) =
=Ji.va(0) = 1,,6,(1) =10, 0,(1) = iz} v
{771(0 Sx+Atn, < y,7(t)< At v (1) = jy,v, (1) =
=j,,0()=i,+1.6,(t) =i, +1.
Toni imoBipHicTh HacTaHHs moaii (1) HaOye BUTIAY:
(1= (4 + A )AL F 2 (e, x4 Aty y, 2+ At) = F U2 (8, x4+ At y, At) +
+ FUe (g, x4+ At, y, At)]+ o(Ar)
6) 0,(t) =0,0 < ,(t) < R inonuis (1) Hacrane, KO Oy/1e BAKOHAHO YMOBH:
) <y +ALAL<y() < 2+ ALy (1) =
=Ji.vVa () = /5, 6,(t) =1i;,0,(1) = 0} v
{772(0 < y+At,7/(t)< At v, () = J,,v, (1) =
j2’91(t) =1 +1-92(t) = O}'
Tomy iMOBIpHICTB peatizaiii i€l MoAil BUTIISIATUME TaK:
1= (4 + LA F e,y + Atz + At) = FO 1,y + At, At) +
+ FU Oz, y + At, At)]+o(At).

2 3a mpomikok wacy Atr y CMO 0Oyzme pearnizoBaHo ueproBy ¢asy
HAJXO/KCHHSI TEPMIHOBOI 3asBKU. IMOBipHICTH 1Ii€el TOAii  JOpIBHIOE
Z,lAt + O(At) 1 TIpH IIbOMY MOJKJIMBI TaKi BUTIAIKH:

a) Gl(t) <RO0< Hz(t) < R,Vl(t) =k —1,0<v, <k, -1 inoxis (1) nacrane
B pasi:

m@)<z.mO)+yO<xn, ()< yAr<y(t)<z+

At (t)=k =1, (t)=k,,0,() =i, -1,0,(t) =i, -1
v S0 Sx+ AL () + () S xm, () -y () <y,
At <y(t)<z+ Aty (t)=k -1,
vo(0)= 1,.61) = ii.60,(c) =1, - 13;
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BBoasun s 3py4HOCTI  CTymiHYacTy — (QyHKLiRO O (x -1, ), sIKa
saposonbusie ymosam O(x—7,)=0(x<7,) i S(x—7,)=1(x >7,), Moxua
BHITMCATH IMOBIPHICTh HacTaHHs MOJI1 (1) TaKUM YHHOM:

AA=0(x—7,)[ B, (x=v)d [ (v, v, 2+ Ar)-

— plitia- )(t,v,y,At)]+ S(x -1, )IOT] E, (x—v)d, [Fk’l 1’2 )(t,v,y,z+At)—

ki—1,j,

—Fk(’lllj’2 )(t,v,y,At)]+5(x—z'l)
[I y+u )d [Fk’” (t X,u,z+At) F( i)z(t,x,y,At)].

6) O()<RO<O,(t)<Rv(t)#k -1,0<v,<k,—1 i mnomia (1)

HACTAHE, AKLIO:
()< x+ A6, () <y, At <y (1) < z+ At (£) =
=i —Lv,(t)= /,,6,(t)=1,,0,(t)=1,}.
Tomy iMoBipHiCTS 3ificHeHs moxii (1), MOKHA 3aTHCATH AK:
ANFEE) (6,3 + Aty y, 2+ A) = FO3) (6,5 + At y, At) |+ o(At).
B) 0, = Rv, (1) =k, —1,0 <v,(t) <k, —1 i nomiz (1) BiGyaeTHCA, AKILIO:
()< x+ A6y, (E)<y+ALA < y(t) <z +
+ AL () =k —1,v,(t)=k,,6,(t)= R}.
Toni iMOBipHiCTL wacTaums noxii (1) MaTHMe BHIISL:

ﬂth[  (t.x+ At y,z+ A1) - FMT) (t.x+ AL, y,At)).

LJjs

3. 3a mpomikok uwacy At y CMO Oyme peani3zoBaHO 4YeproBy ¢asy
Ha/IXOJKCHHS IPOCTO] 3asBKH 3 iMOBipHicTIO A,Af + O(At) 1 IpH LbOMY:

a) 0 (t) <R,0, (t) <R,0<vy, (t) <k -lv, (t) =k,—1, Tomi momiz (1)
BiIOyeThCA, SKIIO:

{ﬂl(t)-f‘ nz(t)s Tz,nl(t)é x+At,n, <y,At < ;/(t)s z+
+ AL, (t)= ji v, (t) =k, —1,6,(t) =i, - 1,6,(t) =1, };

6) 6, (t) <R,0<y, (t)S k,—1,v, =k, -1, abo x momist (1) craHerscs,

SAKIIO:

() +m,(6)> 0,m, () < x + A,y (1) < p, At < p(£) < 2+ Atyv () = i,

Vz() ky 19()_i1_1’92(t):i2}-

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2024. Ne3 (217) 43



Teanewxin O.1.

[Ipu meoMy iMOBipHiCTE HacTaHHS MOii (1) MOXKHA 3amuCaTH SIK:

5(x+y—rz)[F(l‘ lZ)I(t X+ At y,z+ At)— F("klz)l(t X+ At,y,At)—

T y+At
F (6,00, 2+ AOT+ [ [dIF2 (6,0, 2+ A = FOG™ (6u,v, A)] +
07,-0

T Ty—U

+0(x+y=1)| [E, (=dIFS D (v, 2+ A= F S (tu,v, A0
0 0

B) ‘91(t): RO< Vl(t): k, _lv‘/z(t): k, _19771(t)"'772(t)S T2
nl(t)S x+At,n, (t)+ y(t) <y,
At <p(t)<z+ AL, (t)= j.v,(t)=k, —1,6,() =i, —1,6,(¢) = 4,

Jnis BunazikiB a) i B), iMOBipHiCTh HacTaHHS NoAil (1) MaTUMe BUTIISA;
[1-S(x+y+1,) jE (v =), [F 2t 3,0, 2+ A = F O (83,9, AD)].

CupsimyBaHHS t — 00 1 BUKOPUCTaHHS (HOPMYIIH TOBHOI IMOBIPHOCTI Ha€
3MOTY BUIHCAaTH CHCTEMY IHTErpoau(epeHIiiHNX pIiBHIHD, SKi ONHUCYIOTh
MOBEIHKY CHCTEMH y CTalliOHAPHOMY BHIAAKY, a came:

mist  BUmagKy x=t7, x+y<t,, mpu <R, 0<i, <R,

J,=0,0<j,<k,—-1,maemo:

dF(lllz} X, )V, (i.i f il —
A2) L )= B, oML i)
0

dF( +1 12+1)( ,y,O)
dz h

(2).

+A [FO’l o) x y,z)—E)(f'j‘.;l’ffl)(x,y,z)]
SAxmo iy S R,0<i, <R, j #0,j, =0, maemo:

(iy,iy)
dF"”d—(x’y’Z):A[Eff:;"”(x,y,z)—Eﬁ"rff8<x,y52>]+
X

. dF(il-H’iZH) X, y,O
+12|:F(11 12)(x Y,z ) J.Ez ( )duF;l(llkllll2 )(X,M,Z):|_ L dZ( )El1 (Z)

0
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Hmst iy =R,0<i, <R, j, =0,0<j, <k, —1, orpumaemo

dF(® lZ)(x,y,z) . x
0.2 e =7»1[F0(52’12)(x,y,z)—.([E1 (x v)a’VFk(lRlljlz2 1)(v,y,z)—
~[[E, c=v)E, (v +u)dF " v, 2))+
00
dF i +1 12+1) X, ’0
A fF 5.2 Rl - S 20 g
Sxkmo: i, =R, j,=0,0<j, <k, -1, 10
dFy " h
R T D L e e
0

—E, (D) £, (v +ud £ (e, 2 )1+ LR (v v,2) = B (v, 2)].
0

Kom i, = R, j, =0, j, # 0, maemo:

R (x,2)
0’j2—=7»1[F(R.’R)( 2)-F(RR) ,z)}+X2[F0(§2’R)(x,z)—F(R.’R

0,72 Ji—Lj2 0,j2—

——

@4}

VY Bunaaky x <7,,7, <x+y,kom i, <R,0<i,<R,j =0,j,#0,

X

_ﬂ{ Fli (x y,z)—IE (x V)d F}c(lllljlz )(v,y,z)}r

0

dFy"2(x,y,2)
dx

+ 2| (e pz) = B ()|

Bpasi i, <R,0<i, <R, j, #0,j, =0, maemo:
dF™ (x, v, L o
P2 [ ) 2

+FG 5 0,2)- [ [, (= vFL ) v 2) -

0 0

2y
_F;gii1212}1(X9y9 )+ F(ll llzk)2 (z’l,y,Z)— J. '[dF}(lif/;iz—)l(Vbuoz)] )

07y)~u
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Bunagok i; < R,0<i, <R, j, #0,0< j, <k, —1 nae Taxnii Bupas:

J15J2

dx

(11 ir)
AEL0R2) ) [ y,2)= ) (e,

i i dFllllzz X, »,0
+AZ[FI'(lj}zz)(xayaz)_F/'(li.}zz)(x’y’z)] %

Sxmo i, =R,0<i, <R,j =0,j, #0, 6ynemo MaTu:
1 2 Ji J2 Yy

(i15i) p
D) ][ e )|
X 0
[ [E = V)E, (b + b5 Vv )+
0 Ou

dF:)l} lzl(x y,O)

4 2| (. 2) = B, 3,2)) - dz

3 (Z)

Huns Bunanky i, = R, j, =0,0< j, <k, —1, moxna 3anucaru:

(R R) X
dd—(xyz) = AES e, y.2) = [ E, (= vl EE L v 2) -
X 0

-k, (x)J‘E,2 (y+u)d, F,((R]R/1 (x,u,2)]+ A, £y (RR) (x y,z)—FO(ﬁ;R)(x,y,z)].
0
Sxmo x> 7, x+y>71,,ii <R0<i,<R,j=0,j,#0,

dF{" ) (x, z
% = AL 2) = BT, (el + ALE (o 2)- 0, (2))
Js 3navens i, < R,0<i, <R,j, #0,j,=0,

dF " (x,,z)

o = AR .2) = B ey, )]+

y y dr'"(x,y.0
+ j’2 [F/(lljélZ)(x’y’Z)_ F}(lll’;fo)(x,yaz)]_ % .
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Hms iy <R0<i, <R, j,#0,0<j,<k, -1,
dF‘(il"iz) x’.y’ iy, iy,i
$_A[F o) x y’Z)_F/'(llf’lii)z(x’y’Z)]—"

dF"?(x,y,0
+ﬂq[ (i), y,z)- F,‘Z(x .z )] —’I“d(z »0)

Bpasi i, <R, j, =0,j, # 0, Bupa3 iMoBipHOCTI MaTUME BUIJISL

R (x, 2)
R AR )~ F (v )
dF %P (x,
+ LIF (6, 2) = By (e, )= 0];1—()62)
X

Sxmo i, = R,0<i, <R, j, =0,0< j, <k, -1, maemo:

dF(R-’iz) X, , X i
% - ’11[F0R X (x y,Z)— .[Ell (x - V)dvF;iIil,l}l; 1)("»3’»2)_
0
.”Eh y+u)dFlelzj (v, z)]+
00
| dFy")(x, .0
+22[F0(,1;2”2)(x, y,z)— +F0(1j ) (x,y,z)]—%~

Veunaaky x <7,,x+y <7, npu 0<i, <R,i, =0,/ =0,0<j,<k, -1,

) ;
dx

0
+ B (x,p,2) = RO (x, p,2)|
Skmo i <R,i,=0,j,#0,7,=0,

dF " -
M:A[E%IO)(%Z) Ft) (v o)l LIPS (7,2)-

dy
y . dF(il-+l’0) y,O

B, -k - 0 g )
0
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a1 i <R,i,=0,j, =0, j, #0, MmaTumemo:
| 2 Ji J2

dF"(y, '
M - /11[]:/111/2 ( ; Z)_ Fjgli’l?zz (y’ Z)] +

dy
dF i +1,0 yO
F LF0 (v,2) = Fi (v, 2)] - "”d—z()

Komn iy =R,i, =0,/ =0,0<j,<k, -1, 710

dF(R,’R) X
% = ALF)(x, ,2) - IE11 (e =), F50(0, y,2) -

0

X 0

—“.E,1 (x—v)El2 (y+u)dFk(11ffJ).2 (v,u,z)]+
00
dF(Rlz) .V,
AR ) 2 )
7z

VBunaaky x <7,,x+y>7, npu i, <R,i, =0,i;, =0,7,=0,7, #0,

dF(il~°0) X, 0,2 A X i—
%%mﬁ’;ﬁ(x,y,z)— JE, =yl F0 (02 )1+
0
| dF" ) (x,,0
A LF ey 2) = )] - = dz( !

Jst 3navens i, < R,i, =0, 7, #0,7, #0,

dF/Siléo) (y »Z )

= ALEG" (02) = Fa (v 2+ ALF () -
Z

- IEIZ (y_u)dqu(]l,lk_zl;Ol)(y’Z) Fj(] kz) (y’ )+F/(lllk2) (TZ’Z)]'
0

Sxmo i< R,i, =0,/, #0,0< j, <k, -1, 10

dF"0(x, y, A :
L0 T 12)- 1) (.2
x
+/12[F0(3. )(x v,z ) Fjsij}i)ll(x,y,z)].
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Komu i, = R,i, =0,7,=0,/, #0,

dF "0 (x, y, r -
%) ALF o s (x y.z ) IEII (x - V)dvEc(IIil,l}(z))(v’y’Z)_
0

_ J.J.E,l (x - V)E,2 (y + u)dFk(lli’f}z (v, u, Z)] + 4, [FO(fZO)(x, v, z)— FO(,’;;O_)I (x, v, Z)].
00
VY Bunagky x> 7,x+y>7, npu i, <R,i, =0,/ =0,7, #0,
d O(lj]z())(xa ya )

Az _ﬂ'l[Fll (x,y,z) Fk(1 13 (x Y.z )"'Fk(lllj (Tvy)_

- _rEll (x_V)dka(lil—I,l}S)(WysZ)]"' lz[Fo(,l};O)(xoyaz)_Fo(,l};()—)l (x, y,Z)] .
0

s i, < R,i, =0,7,#0,j,=0,

dF}""(y.z)
dx

Skwo i, = R,i, =0, j, =0,0< j, <k, -1, orpumaemo:

= AFEO(0.2) - F) (3.2)+ 2, [F 0 (v, 2) - F) (3. 2).

dF"(x, y, f
%—W@ w.yn2)= [ E, (=) B v, 2) -
0

X 0

_J.J.Ezl (X_V)EI2 (y"'”)dFk(lli’lO)' (V’uaz)]"'lz[Fo(,I;;O)(an’oZ) Fo(lj 0)1()6 .z )]

»J2
00

V sunaaxy i < R,i, =0,/ #0,/,#0,

dF% 0)( .z

J1:J2

dy

BupinmBum HaBeseHy cuCTeMY PiBHSHB, SIKY LIOWHO OyJ10 copMOBaHO, MOKHA
BU3HAUUTH IUTHHA PSIT BKIMBUAX Y TPAKTUIHOMY 3HAYCHHI XapaKTEPUCTHUK MOIEI
PO3MIITHYTOTO MPOTOKOJY BHIIAKOBOTO AOCTyIy. Ilepen HaBeJeHHSM BUpa3iB IS
PO3paxyHKy JESKHX 3 HUX, BBEIEMO TaKi JOMOMDKHI TIO3HAYEHHSI:

_ﬂ’l[ 1]2 F:( y’ ]+2'[Fll (y’ ) F(ll,l;(z))—l(y’z)

ky—lky -1 o o
(;(zl zz)(x y) Z ZFjllljlzz (x,y);G("’lz)(x) — G(u,zz)(x,oo) ,
J1=0/,=0
HI 2 () = —I {52 ey )l = B (2))dz
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i ,l 1 iy,
H2 0= j F'2(3,2)[1- E, (2))dz,
20

R o
H20 (n,p) + F200 32 (0) = F'2 () s F(0) = 3 0 B ()

i1=0 i,=0

F(x,y)=Y. > F"(x,y).

i;=0i,=0
Taxum ynHOM:
— IMOBIPHICTh TOTO, IO B CHCTEMi BIACYTHI OyIb-sKi 3agBKH MaTHME

R g
BHIJIS P{i1 =0,i, = 0} = Z Z:F[1 2(0,0);

i;=0i,=0
— IMOBIpHICTh BTpaTu TEPMIHOBHX 3asBOK
1 R,R )
P/on_l_F(Tl)"'P{el:R}_F (z‘z,oo),
— IMOBIpHICTB BTpaTI/I MPOCTHX 3aBOK
(R,iy)
B, = [[ar(ey)s Pli=R)-Y [[dF*0oy)
xX+y>1, ip=0x+ y>7,

Cepennili yac odiKyBaHHS IOYaTKy OOCIIyrOBYBaHHS TEPMIHOBHUX 3asBOK,
SKi HAAXOMATh 10 CHCTeMH, Oyae BU3HAYaTHCS K 1 = J.xdF (x). Cepenniii uac

OYiKyBaHHS IIPOCTHUX 3as1BOK 00YNCITIOBATUMETHCS 3a BHPa30OM
00 00

T, = [ [(x+ »)dF(x,y).
00

ITo3HaunBImM Fi) 0,0) =P 6’ =i,0, =1 i ’2 OTPHUMAEMO
1’ 2
MO)KJ]I/IBiCTB 3arnmucaTru

R—i,

P{6 =i} = Zq’“z —zz} Zq’”ddP&‘ R qu"z.

d=0

BBoasiun BapTicHI MOKa3HUKH, 3MiHIOIOYH 3Ha4eHHs napamerpiB CMO (4,
ki; 22, ko, 1, I W2, b R), BUKOPHCTOBYIOUM aAMTHUBHHUN (YHKLIOHAN SKOCTI Ta
amapar AWHAMIYHOTO TPOTpaMyBaHHS, MOXHA BHPITITUTH MHATAHHSA ONTHUMI3amil
nporiecy (QYHKI[IOHYBaHHS IIi€i CUCTEeMHM 3 METOK MiHiMi3alii 1HTErpaibHUX
MMUTOMUX MPUOYTKIB Ta 30uTKiB [7-9].

BHCHOBKH

Po3pobneno Monens HOBOTO BHIY NMPOTOKONY BHIAJKOBOTO JOCTYITy y BYy3Jax
iHpOpMaLiiHUX Mepexx 1 cucteM, poOOTa SIKMX ONKMCcaHa Ta MpoaHali30BaHa
3acobaMy Ta MeToJaMH Teopii IMOBIpHOCTEH Ta CTOXAaCTUYHUX IIPOLECIB.
OTpumaHO psiil BHUpa3iB s BAXIWBUX Yy MNPAaKTUYHOMY BiJHOIICHHI
CTalliOHAPHUX 1 HECTAI[lOHAPHUX XaPaKTEPUCTHK, SKi MOYKHA BUKOPUCTATH LIS
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BHPIMIEHHS 3aBIaHb IMABHUINCHHS €(EKTHBHOCTI POOOTH BY3JIiB 3a paxyHOK
3HWKEHHS PI3HOTO POAY BTpPAT 3asgBOK Ta BUTPaT 3a IXHE TUMYACOBE
nepeOyBaHHA y OydepHOMYy Iy OOMEKEHOro o0CsTy, a TaKOX ONTHMi3allil
nporecy dhyakmionyBanHss CMO MeTomamMu THHAMIYHOTO TIPOTpaMyBaHHS.
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ANALYSIS OF A QUEUEING SYSTEM OF THE TYPEE,/E;/1/R
WITH A PAIR OF INCOMING FLOWS OF REQUESTS, ABSOLUTE PRIORITY,
LIMITED BUFER AND WAITING TIME

Introduction. The modern pace of industrialization of society and the integration of
knowledge from various spheres of human activity have led to constantly growing volumes of
collectively used and geographically distributed information. These circumstances were the
reason for the creation of information networks and systems of various purposes, which not
only became the main means of satisfying the demand for information and caused the need
for global digitalization of almost all spheres of scientific and applied human activity, but
also transferred to a new, larger-scale level understanding of the very problem of
information interactions.

The stochastic nature of the processes occurring in networks has greatly complicated
their work, turning nodes into the main and most numerous places of “concentration” of
overloads, delays and other undesirable moments. Significantly reducing the efficiency of the
software and hardware included in the nodes, they became capable of not only completely
blocking the operation of the nodes themselves, but also of networks as a whole. Transitions
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to new generations of network protocols, of course, solve this problem, but not for a long
period of time. With the exponential growth in the volume of information circulating in
networks, such an approach is unlikely to become an universal panacea that can
permanently and completely solve the problem.

The need for prompt delivery to the consumer of information that has not lost its value
(due to its aging over time) and significantly lower resource costs during implementation are
constantly attracting more and more attention to another approach to improving the
efficiency of information exchange components. The main principles of this approach are the
construction of the appropriate type of adequate models, their analysis, obtaining a set of
required characteristics and parameters and subsequent modification, development and
implementation of new generations of software as structural and functional elements of the
nodes themselves. In most cases, another component is included in this chain - optimization
(based on the principle of situational adaptation to existing conditions) using additive cost
quality criteria.

The foundations of this version of the campaign were laid in the works of L. Takach,
A.N. Kolmogorov, A.Y. Khinchin, B.V.Gnedenko, 1. M. Kovalenko, a number of their students
and researchers in other areas of scientific activity [1 — 6].

The purpose of the paper is to develop of models of new types of random access
protocols in nodes of information networks and systems, the operation of which can be
described and analyzed by means and methods of the theory of probability and stochastic
processes. Studying models and obtaining a number of stationary and non-stationary
characteristics that are important in practical terms, to solve problems of increasing the
efficiency of nodes by reducing various types of losses of applications, the cost of temporary
stay in the buffer and obtaining the ability to optimize the process of their functioning using
dynamic programming methods.

Methods. Methods and means of the apparatus of the theory of probability and
stochastic processes.

Result. A model of a new type of random access protocol in nodes of information
networks and systems has been developed, the operation of which is described and analyzed
by means and methods of the theory of probability and stochastic processes. A number of
practically important stationary and non-stationary characteristics have been obtained to
solve the problems of increasing the efficiency of nodes by reducing various types of losses of
applications and the costs of their temporary stay in a buffer pool of a finite volume, as well
as optimizing the process of their functioning using dynamic programming methods.

Conclusions. A model of a random access protocol in nodes of information networks
and systems has been developed, the operation of which has been described and analyzed by
methods and techniques of probability theory and stochastic processes. Expressions have
been obtained for a number of practically important chr.c.t.s.s that serve as a basis for
solving the problem of increasing the efficiency of node operation by reducing the loss of
requests and the costs of their temporary stay in a finite-volume buffer, as well as optimizing
the process of functioning of the QS by dynamic programming methods.

Keywords: information networks and systems, nodes, random access protocols, stochastic processes.
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