
BIAfYK

oQiqifinoro onoHeHra
AoKTopa rexniquux HayK, npoQecopa €peureHrco OnerccaHAprr Cepriinrur

Ha Arrcepraqifiny po6ory Bopouqa Biraniq MurconafioBrrqa
<<MoAeri i nrero4u ra6esneqeHHr QoS rrrJrflxoM o6cnyronyBalrHfl qepr

B yMoBax uirconlrx HaBaHTa)r(eHb)>,

rrpeAcraBJreHy ua r4o6yrrfl HayKoBoro cryrleufl AoKTopa QilocoQii
ra cneqianruicrro 151 - Anrouaruraqiq ra KoMrt'rorepuo-inrerponaui
TexuoJrorii, rarysr 3HaHb 15 - Anrovraruraqis ra rrpr{Jra4o6ygynaHHfl

Arcryarrnicrr reMrr po6oru
Iu$oxouynir<arlifiHi rvrepexi 6yAyrorrcr rK 6araropinneni Mynbrucepriuri

nnarSoprrarl, ocHoBHr,rM 3aBAaHHflM .rrKr4x e sa6esneqeHHt 3aAaHoro pinnr sr<ocri

o6cnyronyBannn (Quality of Service, QoS) ropucryeavin. 3i 3pocraHH.flM

repuropianrnoi porno4inenocri ra rinrrocri rraepexHr4x npzcrpoin (xouyraropie,
Mapupyrr4saropin, xonrponepin Mepex{ rotqo), gi s6iruueHnsl\d o6'euy
HaBaHrax{eHHr Ha Mepexy, a raKox pisnopignocri rpaSira, rr1o flepeAaerbct,
npo6nervra sa6esne.reHH.a QoS rinrrz 3arocrproerbc.fl. Koxen nodx narerin, Iqo
reHepyerbcr rr4M rrLr inuruu 3acrocyHKoM, BzMarae 4z$epenqifioeaHoro
o6cnyronyraHtfl ra no-pisHoMy tyrnuvuit Ao rt4x vu isutzx QoS-norasHuKie.
Bo4nouac MexanisMra ga6egneqeHnq QoS MaK)Tb :eaqaBarv Synrqii qoAo
yuparninnx uepeBaHraxeHH-flM ra upiopraresaqii rpaQircy. 3a ei4cyrnocri
lapaHToBaHoro pinnx QoS ropncryna.ri rvrepexi Mox(yrb ni4uyearu 3arpI,IMKI4,

BTparr{ narerir, noripureHns .f, rocri o6cnyronyBaHHr. llourupeHHs 3acrocyHrin, Iqo
Br4KOHyrOTbCf, y pexr,rrr,ri pearrbHoro rracy (ni4eoxonQepenqii, TeneMeAl4qrana),

Br4Marae naAifinux Mepex( 3 HLr3bKoro 3arplrMKorc. Otxe, IraexaniguH QoS Marorb
ga6egneqr,rrr4 Kpt4Tr4rrHo Bax{Jrr4Bt4M 3acrocyHKaM Heo6xiruri rvrepexHi pecypcr nasirr
nia .rac uirosux HaBaHTa)KeHb.

Icnyro.ri saco6u sa6egue.reHnx 4zSepenqifionanoi .f,xocti o6cnyroByBaHHt,
rK-or FIFO, PQ, CQ, FQ/WFQ, CBQ, LLQ ra ix qvrcenrni vroarzQirallii ra
rcorvr6inauii, MaK)Tb cnoi nepeBarl4, HeAoriru ra peKoMeHAoBaHy o6lacrr
3acrocyBaHHfl Ha pisnorzuuux inrept[eficax xouyraropin i laapurpyrusaropin
Mepex(. y se'xsry 3 rlraM cyvacHi vrepexi norpe6yrorr nnpiruenux 3aBAaHb

niAezrrleHn-a eQexnusHocri icuyrouux i crropenHt HoBt4x rexHoJloriqHrx piurenr,
uoAelefi i rr,reroAie ynparninHr rrepraMkr 3 Meroro niAelaqeHHs srocri
o6cnyronynaHHt.

BrxoAs.ru. s rlboro, e aKryutrrbHoro npo6reuarvra Arcepralrifiuoi po6orz
Boponqr Biraniq MurorafioBr4qa, rKa [pkrcBrqeHa po:n'.4:auurc HayKoBo-

upurna4nol sa4aui uloAo pospo6xn ra yAocKoHaJreHHr trro4enefi i rvreroAis

ynpanninnr qepraMr,r trpv niKosrax HaBaHTalKeHH-rrx p.nff uiAnzluenn-f, -f,xocri
o6cnyronyBaHHr KoMn'rorepHr{x Mepe)K.

Pesynrraru poborz orpr4MaHo B xoAi AocniAxeur, qo rpoBoArrnl4cb Ha

xaQe4pi <<Cucrerun .iurpopnraqii irvr. B.O. Kpanqr> HaqioHanbHoro rexHi.rHoro
yninepcurery <Xapriscrrvft norirexui'laruir iucrzryr>.



Ouinrca ruicry Arrceprallii, if ranepurenocri n uinoruy fi oQopuleHHq

.{ucepraqis cxnaAaerbcs 3 qorr4pbox pos4irin, B qKrIX BrrKJIaAeHo orpuMaHl

Hayxoei pe3ynbrarrl. Crpyxrypa [vcepraqifiHoi po6orn noriqHa ta nocliAoBHa.

Axryamnicrr 4zcepraqii o6qpynronana ra noeHicrrc eiAuoeiAae upo6neuaruqi
c) {acHoro craHy AocniAxeHr B o6nacri sa6egneqeHH.f, qrocri o6cnyroeyBaHHt

rrrJurxoM yupanninns qepraMl4 B KoM['torepHI,IX Mepe)Kax.
y ecmyni noAaHo 3araJrbHy xapaKreprrcrl4Ky Al4ceprallifinoi po6ortl,

o6lpyHronano nci nporleAypui noroxeHHr, aKTyanrnicrr reMu Arlceprallii, norasaua

if nayrona i nparru.rHa rliHHicrr, cQopMynboBaHi lrera i saAa.Ii AocliAxeuux, .ari

neo6xiAno nzpiruuru lns if AocsrHeHrur, oflrrcaHo 3B'q3oK Azceprallii : nayroBvrMvr

rJraHaMz ra reMaMr4, nplrBeAena aupo6aqir 4uceprauifinoi po6orl4 i ny6niraqii.
B nepwouy posdini rpoBeAeHo aHarig ynpaeninnt vepraMu e apxirer<rypi

ga6egne.reHHs srocri o6cnyronyBaHHr Mepe)K HacrynHoro noroninHfl. Ta orn.rlA

icHyrouux [paKTr4qHvx i reoperrrrrHr4x piurenr. O6pauo Harrp-aM TeoperplvHr4x ra
eKc[epr4MeHTa-rrbHr,rx AocniAxeur, a raKoxc sAificHeHo [ocraHoBKy HayKoBo-

rexuiqnoi npo6nervru ra 3ap.a.r AocriAxenn-fl.
y dpyzotty posdini po6orr4 AocniAxeHo ruaproncrri rvro4eni nysnin

Korrau'rorepHr4x Mepex( g UDP ra TCP rpa$irorvr. 3anpouoHoBaHo uareuarzqni
vroAeli nysnin roun'rorepnoi rvrepexi 3 HeoAHopi4nuu nxi4ulau noroKoM 6eg

npioprarerin, 6araroKaHarrbHoro By3na rr,repexi 3 HeoAHopiAnurrl nxi4uutvt [oroKoM 3

a6comornurr,r npiopr4TeroM, 6araroraniurbHlrM noroKoM s ni4nocHzna upiopzreroM,
By3na lrepexi 3 uoBTopHoro nepeAarlero narerie. Kpitvt roro, npeAcraBneHo

na6nuxeny rexHoJroriro ouinru qrcocri o6cnyroeyBaHHt 6araroxanaJlbHllx nyslin
rvrepexi s siANaosaNaz ra ueo4uopi4unu sxiAHrN{ rpaSixorr,r 3 ypaxyBaHH-flM

npiopnrerie noroxis, rqo repeAarcTbct.
B mpemboMy posdini 3a[po[oHoBaHo KoMnneKcHy MareMarl{qHy MoAenb

yuparniuna roroKaMn uar<erie Ha eysni rr.repexi. BoAno.rac pospo6neno cqeuapifi
ynpanniHn.rr By3noM 3 rrorkrpMa r{epraMz o6cnyroByBaHHt uoroxie uanerir, qo
ei4pisnxrorrcq csoirvrr4 xapaKTepr.rcrrrKaMu. Texnorori.{He 3aBAaHHt [peAcraBneHo y
szrr.sAi onrnMisarlifi noi saAa.ri s napduroro qimoeoro SyHxqiero. llpallegAarnicrr
rvroAeni AoBeAeHa ruJr;rxoM rrporpaMHoi cuvryn.aqii QparnaeHTa Mepexi s nysnoM, Ha

sKoMy peanisoeauo uexanigu ynpanniuHx rrepraMu s upioprareraMlt Ta

eilnosiAHrrMr{ noroKaMz naxeris.
y Hemlepmowy posdini 3anporroHoBaHo uo4aruurufi po3BI4ToK MeroAy

ynpandHnr o6cnyroByBaHHrM q6pr ua nysni rraepexi, Iqo rapaHrye IroKa3HI4Krr

sxocri o6cnyronyraHH-fl s peanisaqiero paqioHanrHoro posno4iny pecypcin.

Pospo6neno siAnoei4Hy iuirarlifiHy MoAenb 3a AorloMororc cl{Mynqropa OMNeT++
Anr recryBa;eHfr po3BlrHyrrrx MeroAin ynpaeniuua uepraMu Ha By3nax ua upurcna4i

rvro4eni rraepexi KaMrrycy.
Bzcrosru Ar4cepraqifinoi po6o:na ui4rpecmororr HayKoBy HoBI43Hy ra

rpaKTnrrHy uiunicrb rrpoBeAeHnx AocniAxenr. Anarie ny6nixaryiir, aupo6aqifi ra
arrie BrpoBaA)KeHHr'cei4vurr rpo noBHory BI4KJIaAy B Al4ceprallifinift po6ori
orpr,rMaHnx HayKoBI4x. pesynrrarin.



Cryninu
percouen4aqifi

o6rpynroeauocri HavKoBt{x rIoJroll(eHb, BI4CH0BKIB

O6rpyHronanictr i 4ocronipHicrr HayKoBrrx noJroxeHb, nr,rcHonrin i
peKoMeHAaIIifi, ctpopvrynroBaHux y Ar,rceprarlii,r:nlit po6ori Boponqr B.M.,
BI4[JIt'IBatorb 3 Aocronipnocri orpr4Manrrx AprcepraHToM pe3ynBTarin, sacri4qeHvx
ni4noni4HtrMr aRTaMLI BnpoBaAxceHHr, o6ronopeHHf,M Marepianin Araceprarlii Ha 6
uixnapo4nzx i nceyrpaincmzx HayKoBo-Texni.rHz . xoHQepenqixx, a raKoxr
HayKoBI4x cevrinapax, Ae orpr4MaJru cxBanbHy oqiHry. AAexnarHicrr orpuMaHr4x
piureHr ra oqiura ixuroi eQexrunuocri ni4rnep.uNeni pe3ynbraraMlr MoAeJrroBaHH.fl

ra AocliAx{eHHf, 3arlponoHoBaHux lao4erefi i ruero4 u ynpaeniuHx qepraMrr ra
sricrrc o6cnyronyBaHHt. Orxe, pospo6neni ananirzqni ra irrairaqifini rrao4eni
ynpanninnr rpa$ixoM y Mepex(i 6yno Br4Kopr4crano uig vac:

ananirzqnoro MoAenIoBaHHf, ra 4ocri4x(eHHr 3arrex(Hocri 4onxvHlr qeprr4

oAHoro noroKy ni4 inrenczsHocri ismoro rpr4 rrereAa.ri UDP ra TCP rpa$iry
n vrepexi;

4ocni4xeHHt KoMrrrercnoi vro4eni 5mpanninnr [oroKaMrr naKerin na nysni
ruepexi 3a AonoMorolo rporpaMHoi cvuyrrqii QparrraeHra Mepexi : nysnou,
Ha {KoMy peanisonaHo MexaHisl,r ynpanninns qepraMpr s npiopzreraMpr ra
noroKaMr't uar<erin;

AocniAxeHn.s po3Bl4Hyroro MeroAy yupanninHrr qepraMu Ha By3nax Ha
npuxna4i IraoAeni uepexi KaMlycy ruJurxoM iu raUifinoro MoAeJrroBaHHr B

clrMyn-sropi OMNeT++.

{ocronipnicrr
peronren4aqifi

HOBU3Ha HayKOBr{X ttoJrox(eHb. eucHosrcin

Y 4wcepraqifisiiapo6ori Boponqx B.M. orplrMaHo rari uayroni perymrarv:
- ydocrcoHareHo uaproncrri rraoAeni o6cnyronyraHnfl. MepexHoro rpa$iry

rIrJIflxoM ypaxyBaHus oco6ilaeocrefi nporoKony ynpanniHHr nepeAaqero TCP g
rapaHToBaHoro AocraBKoro cerMeHris ra ix nosropnoi uepe4aui y pa3i BTparLr;

snepu.te 3qnponoHonaHo napricHo-BaroBy MoAenb yupanniHHx
o6cnyronyeaHuf,M notoris naKeris 3a paxyHox ix posuo4iny qepraMra By3na
ir,repexi 3 ypaxyBaHH.f,M cylepro3rlllii noxagHzr<is .flrocri o6cnyronyeaHHfl.,
nnyrpinnix' uaparraerpin .,3aronoBKy uareris i 4o4arxoBt4x 3BDKeHr.rx
norasHzrin;
ompur\railu no d anawuil p os eumorc MeroArr ynpanninnr o6cnyroByBaHH-f, M qepr
s posno4inoM pecypcis sa raKI4MI4 rpzrepixrvrrL flK cepeArur AoBxr.rHa rrepr 3
ypaxyBaHH.rrM upiopzrerin, cepeAH.fl rpznanicrn o.rixyna]H:Flfl. IloqarKy
o6clyronyeanns,, cepeAHr ximxicrr irepr, AoB)rckrHa frKvtx He MeHrrre
xpurzvnoi.
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IIp anru.rH a 3Haqlrvricrr p e3yJrbrarin p o6oru
OrprarnraHi B Ar{ceprarlifiHifi po6ori Boponqx B.M. nayxoei pe3ynbrarrr Marorb

,rpu*r"o"y qinnicr" y r"'"sKy 3 TI4M, IrIo Mox(yrb 6yru BIzKopI4craHi niA 'rac

crBopeHHflx HoBr,rx i sAocrcoHaJreHHfl icHyrovux uoA lefi i rvreroAis ynpanninnx

".p.up 
y pa3i nirosux HaBaHTax(eHb Ant niAel,Iqe H{ tKocri o6cnyroByBaHH-[

xorun'rotepHprx Mepex. Bnpona4xeHHt 3anponoHoBaHrrx vroAenefi i vreroAie

Ao3Bonre ni4nzrqurra pieenr.f,xocri oc6nyronyeaHHt 3a Hacry[HrrMvr rIoKa3HI4KaMLI:

Br4KoprzcraHHf, napricno-sarosoi ruoAeli ynpanniunr o6cnyronyraHHtM

noror<is uarerin 3a MHoxr{Horo rroKasHuris Ao3Bonl4no 3l:vr3krtu rlaKerHy

3arpr,tMKy rua 75,7o/o npu nironoMy HaBaHraxeuni vrepexi 90% i 6inrure;
: 34 paxyHoK 3acrocyBaHHr yAocKoHaneHVX MapKoBcbKHX IvrOAenefi

o6cnyronyeaHHt MepexHolo rpaQiry noKpaIIIeHo roqnicrb po3paxyHKy Brpar

naxetis Ha 3,83yo Ta 3arpuMKll nareris a 4,630 npr nironovry

HaBaHra)I{euni uepexi 90oh i 6inrure.
Baxnzeicrb An-r [paKTI4KI4 pesynrrarin

aKTaMu ixnroro BnpoBaAx{eHHt, a caMe:

AlrceprallifiHoi po6oru ui4rnep4xeHa

y TOB <<Mar<qrer> (vr. Xaprin) - npo$inrnifi opranisauii, lqo e npoeafi4epou

Ta o[eparopoM 3n' f 3xy, sxvtit rrapLae KoM[JIeKc reneKoMyniraqifiszx nocnyr;

e HauioHuLrrbHoMy rexHi.{Horuy yHinepczreri <Xaprincrxnfi nolirexni'rHzfi
iucruryr>> (rur. Xaprin) npra BlrKopr.rcranHi e HaBviuIbHoMy [poqeci raSe4pra

<<Cucreuu insopvraUii iu. B.O. Kparqa>, a caMe y HaBqanbHkIX Kypcax

<TexnOlOrii TpaHcnOpTHIIX Mepex)), <3a6egne'IeHHs sxOcri lHaI.aIi.Hs'

TeJreKoMynirarlifiHzx rrocJryf)), <Texnonorii nzuipronannr B

reneKoMyHiKauisx>.

Ilonnora BI{KJIaAy ocHoBHIIx perynrrarin glrcepraqii y Qaxonux
BIINAHHflX

flpoue4euuir anatiz rroKa3aB, ilIo sao6yBarl Mae seo6xiAnufi o6csr HayKoBI'Ix

ny6nirauiia ra anpo6aqifi. Pesylrrarv 1ncepraqifinoI po6oru nucnirneno y 13

HayKoBrrx rrparl.f,x, cepeA :nptx 4 crarri y HayKoBlrx Saxoeux BI'IAaHHtx Vrpaiuz ta I
crartfl. y BrAaHHi rareropii A, uto iu4ercyerbct HayKoMerpl4qHoro 6a:oro Scopus.

lucepranr AouoeiAaBcr Ha 6-rn vrixHapoAHrrx i nceyrpaiHcbKl4x ronQepenqixx.

34o6yeaueM orpl4Mauo 1 aBropcbKe csiAollreo Ha roMn'IorepHy rlpolpaMy.

Ouy6nirosaHi Ivrarepialz eiAnoeiAalorr BI4MoraM nyHKry 8 llopr4xy
rpr4cyAx{eHHr cryreHf, AoKropa $iroco$ii ra cKacyBaHHt pinennr pasonoi

cneUianisoeaHoi e.IeHoi Papiu 3aKJIaAy elaqoi oceitn, uayronoi ycTaHoBt4 rlpo

rprrcyAxeHHs cryreHfl AoKropa SinocoSii, sarnepA)KeHoro flocraHoeoro KMY sia

12.0r.2022 p. Jt44.

AKalerui.rH a 4o 6p o'recHicrr
flopyrueHr , araAel4i.IHoi 4o6po'recuocri B 4ucepraqii Ta HayKoBLIX

uy6nircaqixx, y fl;gi],1 ix euceirreHi oclroeHi uayroni pesylrrarz 4ucepraqii, He

B14.'IBJIEHO.

Yci pesynlrurv, sri suHeceHo aBTopoM Ha 3axfic't, orpzvani carraocrifino i
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Nricrsrrcs n ony6niroBaHr4x rpar1f,x. Y po6orax, ony6niKoBaHr4x y cninanropcrni,
nnr<opzcraHi rinrrz ri i4ei, froJro)KeHHr ra po3paxyHKt4, .sni e pe3ynbraroM
oco6ucrux HayKoBr4x uouryxie.

3aynaxenHfl Ta ue4orinu

l. y reprroMy po3Aur HeAocrarHbo yBarkr npra4ileHo rrporoKoJraM
TpaHcflopruoro pinH.a UDP ra TCP, a raKo)K oco6il4eocrflM ix Qynrqionyeannx i
poni n rpoqecax ynpaeniHHx rpa$ir<ovr.

2. y ApyroMy pos4ini 3alrpo[oHoBaHo ananirzqni posn'xsxn MapKoBcbKr4x

rraoggneft, mi uoxyrt 6ytu cKJIaAHI4MV rrrfl, npaKTr4qHoro BrrpoBaAxeHHr y erarnx4i
MoAyJI-a 3acrocyHKa ra norpe6yearu 3HaqHrrx o6.rrcrrosaJrbHkrx pecypcin,
BpaxoByroura posrvripnicrr ra cKJraAHicm rononorifi c) racHVX Mepex. Poss'sgaHH-f,
cvcreM pinurHr p.nfl BeJrr4Kr4x Mepex{ Mox(e erarur pecypcoeMHlrM. Heo6xilHo
BpaxoByBartr, I{o posvripHicrr sa4avi 3pocrae eKcrroHeHqifiuo 3illrexHo siA rcimxocri
niAnororiB ra po3Mipy uepr. Kpivr rofo, He HaAaHo KoHKperHr4x peroueH4aqifi
IIIoAo npaKrl4tlHoi iunnervrenraqii i :acrocyna:aHfl rvro4elefi An{ yfipaBninn-s Mepexc.

3. Y rperboMy pos4ini rpil po3rJrrAanni icryrovux uexanisuin o6cnyroByBaHHt
qepr He npragineno yBarr4 raKr{M ruexanisNaaM, rK Deficit Round Robin (DRR),
Weighted Round-Robin (WRR) ra Low Latency Queuing (LLQ).

4. Ta6nwli 3.2 3.5 norpe6yrorr AoAarKoBoro roscHeHH.fl ra ananisy
orpuMaHr4x pesynrrarir.

5. He HaBeAeHo o6lpyuryBaHHs ua6opy ra nepeBarr4 BlrKoprzcraHHr caMe
3acrocynKy OMNeT** xr< nporpaMHoro gaco6y cilMynflIlii. He HaAaHo uopienxnnx
pealisauii 3a[porloHoBaHvx reop err4rrHnx piureur e pisHlzx gaco6ax MoAeJrroBaHHr.

6. y ilerBeproMy pos4ini Arrceprarlifinoi po6oru He HaBeAeHo 6lox-cxeura
3arlporroHoBaHoro MeroAy, rqo ycKJraAnroe fi oro posyrrainna.

7. Byno 6 4oqinuro npl4Becrv B po6ori erranipzvne o6lpyHryeaHHfl,
3anporroHoBaHr4x rvrero4in, ix [paKTr4qHy peanisaqiro, TecryBaHHr B peiurbHr4x
yMoBax ra BpaxyBaHHr cnequQivHrrx Bt4Mor pisnnx MepexHrrx cepeAoBltru, B roMy
.II,Icri nporpaMHo-xonSirypoBaHlrx apxirexryp. ErcuepzMeHTa-rrbHi locniaxeHHr Ha

Siszuuouy o6ra4Hanni AorroMornr4 6 3MeHrrrr4Trt uoreuqifiui He4onixu ra
n iAszrqzrr4 np aKTr4r{uy ui HHicrr Ao cniA)KeH Hr.

llpore, era3aHi seAoriru He BnJlr4Barorb Ha 3ariurbHy [o3r4TkrBry oqinry
BI4KoHaHoi po6oru. .{ncepraqifiHi locni4xennx e aKryanbnvrMn, Marorb HayKoBy
qinnicrr ra rrp aKTr,rqHy 3Haqyuicrr.

3aranrnufi elrcHoeorc

,{r.rcepraqifina po6ora Boponqr Biraniq Mnxorafioenqa <Mo4eni i vero4ra
sa6egne.rennx QoS rursxoM o6cnyronyeaHH-fi qepr B yMoBax niKoeux HaBaHTaxeHb))
e 3aBepueHorc HayKoBo-Aocni4noro po6ororo, xxa posn'r3ye BaxnvBy HayKoBo-
flpaKrurrHy 3aAaqy qbAo pospo6xu HoBr4x ra yAocKoHaJreHHr icHyrovnx rvroAenefi i
rueto4in, [oB't3aHI,IX 3 yrrpaBniHH-rla rrepraMra npv uiroszx HaBaHTa)KeHHrx

KoM['rorepHlrx Mepex 3 Meroro noKparrleHHr [oKa3Hurcie srocri o6cnyroByBaHH-rr.

v1. po3Alnr
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