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SABJAHHA
HA KBAJII®IKAIIMHY MATICTEPCBKY POBOTY

crtyaeHTy rp._ KI — 112M, criemianpHOCT 123 «KoMmn’roTepHa iHKEeHEepish

Antonenky Amutpy BikTopoBuuy

1. Tema: Anani3 MCTOI[iB 6aHaHCVBaHHH HAaBaHTAXCHH B KOMH’IOTCDHI/IX MECPCKax

3aTBEp/KEHa Hakazom 1o iHetutyty N - Bim_ . .2023 p.

2. TepMiH 37124l CTy/IGHTOM 3aKiHYEHOI pOOOTH: . .2024 p.
3. Iepenik nutans mo (ea.donntu.edu.ua) mmisraroTs 10 PO3TISAY:

1. IIpoBecTH oI MpeaAMeTHOI 00J1aCTi, O3HAUOMUTHCS 3 JITEPATYPOO TA

IHTEPHET-IHKEPEIAMH, IO MPUCBAYEHI TEMATHII POOOTH.

2. BU3HAUUTH MTOHATTSA TAa OCHOBHI METOJIM OAJTaHCYBAHHSI HABAHTAXKECHHS B
KOMI IOTEPHUX MEPEKAX.

3. Bu3zHauntu 0OCHOBHI IPOOJIEMHU ICHVIOUUX METO/IIB OaJIaHCYBAHHS
HABAHTAXKECHHS.

4, 33HDOHOHVBaTI/I MOJICJb, AKa HOJ'IiHIHVG ITOKAa3HHUKH D060TI/I CHUCTCMH 3a
PaxXyYHOK 63.J'IaHCVBaHH$[ HABAaHTAKCHHSI.

5. I[IpoBecTH eKCIIEpUMEHTAIIbHE JOCHIDKEHHS OPOIYKTUBHOCTI
IIPOIIOHOBAHOI MOEII.
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6. [IpoaHanizyBaT pe3yJabTATH EKCIIEPUMEHTY 1 IIOPIBHATHA MIPOAYKTUBHICTH

DiBHI/IX DiHIeHL, Y DiBHI/IX CEPCAOBHUIIIAX TAd YMOBAX 3aCTOCYBAHHS.

(library.econom.zp.ua)

7. 3p0OUTH BUCHOBKH.

8. OdbopMuTH 3BIT 32 pe3yIbTATAMUA POOOTH.

4. Kanengapuuii rpadik (77.93.36.128) maricTrepchbKux TUIIIOMHUX POOIT
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KepiBHuk MarictepchbKoi AUIMIOMHOI poO0TH H. P. ITomyektoBa

3aBnaHHs OTpuMaB J10 BukoHaHHs (77.93.36.128) J. B.
AHTOHEHKO



http://77.93.36.128:85/bitstream/handle/123456789/67/2023_Kreshtal_IPZ-111M.pdf?sequence=1&amp;isAllowed=y

PE®EPAT

Marictepcbka poboTa mMictuTh: 85 ctopinok, 18 pucynkie, 11 Tabmuup, 60
nepIIopKepen Ta 3 JOIaTKH.

OG6’exTOM AOCIHIKEHHS € PO3MOJIICHI BUCOKOHABAaHTAXEHI KOMIT IOTEpPHI
MEpEexKi.

[Tpenverom jocmipkenas € (77.93.36.128) wmeromm OanaHCyBaHHS
HaBaHTa)XCHHS B PO3MOiIICHUX KOMIT FOTEPHUX MEPEKax.

Metorw poOOTH € aHali3 ICHYIOUMX METO/IB OallaHCyBaHHS HABAHTAKEHHS
(ela.kpi.ua) Ta po3podOka epekTHBHOI METOIUKH OallaHCYBaHHS 3a Pe3yJbTaTaMH
aHai3y npooJieM ICHYIOUUX MiIXO/IB.

JU1st TOCSATHEHHSI METH poOOTH OYJIO MOCTABIEHO TaKl 3aBAaHHS:

1). BUBHAYUTH MOHATTS Ta OCHOBHI METO/IM OaJlaHCYBAHHS HABAHTAKCHHSI B
KOMIT' FOTEPHUX MEpexkax;

2). BU3HAYUTH OCHOBHI ITPOOJIEMU ICHYIOUUX METO/IIB OajaHCyBaHHs
naBanTakeHus; (ela.kpi.ua)

3) DOCIIIUTH TPUHIIMITH POTPAMHO-KOH(MITYpPOBaHUX MEPEK;

4) mocNiIMTA METOIM OajJaHCYyBaHHS HABAaHTAXKEHHS, 5Kl 0a3yIOThCS Ha
anroputmi ACS;

5) 3anpomnoHyBaTu Ta JOCIITUTH €hEeKTUBHICTH MOAU(IKAIII] AITOPUTMY
ACS 5715 TOKpaIlieHHs TTOKa3HUKIB SKOCTI 0OpOOKHU 3aBaHb.

JIns BUKOHAHHSI TIOCTaBJIEHUX 3aBJaHb OyJ0 3aCTOCOBAHO TaKli METOIU
JOCITIJIKEHHS: EKCIIEPUMEHT, BUMIPIOBAHHS Ta MOPIBHSAHHS.
OTpumaHi pe3yiabTaTH MOXYTh OyTH TIpU PO3POOIN  aAPXITEKTYypH

BHUCOKOHAaBAaHTAKCHUX pOSHOI[iJ'IeHI/IX KOMH,IOTepHI/IX MCPCIK.

SDN, TE, ACS, EDAFT, BAJAHCYBAHHA HABAHTAXEHH,
KOMIT'YTOTEPHA MEPEXA, EGEKTUBHICTD, ITPOAYKTUBHICTD


http://77.93.36.128:85/bitstream/handle/123456789/67/2023_Kreshtal_IPZ-111M.pdf?sequence=1&amp;isAllowed=y
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I[TEPEJIIK YMOBHUX ITO3HAYEHb, CUMBOJIIB, OAMHNIb, CKOPOYEHb
(library.econom.zp.ua) I TEPMIHIB

C1noBo / CII0BOCTIONYYEHHS CxopoueHHs
aNropuT™ OajaHCyBaHHS HaBaHTAXKEHHS ABH
CTaTUYH1 AJITOPUTMH OaTaHCyBaHHS HaBaHTAKECHHS CBH
ITOPUTMH TUHAMIYHOTO OaJlaHCyBaHHS HABAHTAXKCHHS JABbH
eJeMeHTa 00poOKU EO
OanmaHcyBaHHs HaBaHTaxxeHHs (anrii. Load Balancing) LB
nporpamMHo-KoH(piryposana mepexka (anri. Software-defined SDN
network)

KoHCTpyroBaHHs Tpadika (anri. Traffic Engineering) TE
1eHTp 00pookm nanux (anri. Data Center Network) DCN
1€papXiYHUI AJITOpUTM OalaHCYBaHHS HABAaHTAXEHHS (aHTJI. HLBA

Hierarchical Load Balancing Algorithm)

ONTHUMI30BAHNI AITOPUTM KOJIOHIT Mypamiok (anra. Ant ACO

Colony Optimization)

YIAOCKOHAJICHA JUHAMIYHA BIIMOBOCTIMKICTh Ha ocHOBI ACS EDAFT

(arrn. Enhanced Dynamic ACS-based Fault Tolerance)

ONTHUMI30BaHUI aJTOPUTM KOJIOHII MypaIokK 3 ACOWFT

BigmoBocrTitikicTo (anrii. ACO with Fault Tolerance

algorithm) (ela.kpi.ua)



http://library.econom.zp.ua:85/bitstream/handle/123456789/84/%D0%A1%D1%82%D0%B5%D0%BB%D1%8C%D0%BC%D0%B0%D1%88%D0%B5%D0%BD%D0%BA%D0%BE%20%D0%9A_%20%D0%B4%D0%B8%D0%BF%D0%BB%D0%BE%D0%BC.pdf?sequence=1&amp;isAllowed=y
http://library.econom.zp.ua:85/bitstream/handle/123456789/84/%D0%A1%D1%82%D0%B5%D0%BB%D1%8C%D0%BC%D0%B0%D1%88%D0%B5%D0%BD%D0%BA%D0%BE%20%D0%9A_%20%D0%B4%D0%B8%D0%BF%D0%BB%D0%BE%D0%BC.pdf?sequence=1&amp;isAllowed=y
https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx

BCTVII

CydacHi mporpamMu MOBUHHI OOpOOJSATH 3alUTH MUTBHOHIB KOPHCTYBadiB
OJIHOYACHO, a TaKOX IIBUJAKO 1 HaAIMHO TMOBEPTATH KOXHOMY KOPHCTYBaueBi
MPaBUJIbHUHN TEKCT, BiJI€0, 300pa>keHHs Ta 1HII1 AaHi. [|j1s1 00poOKHu TaKuX 3HATYIITIX
o0csriB Tpadiky B OLIBLIIOCTI MPOTrpaM BUKOPUCTOBYETHCS 037114 cepBEPiB pecypciB
3 yOJIIOBaHHSAM JaHUX MDK HUMH. banaHcyBaHHs HaBaHTaKCHHS HaNpaBiisie 1
KOHTPOJIIOE 1HTepHET-Tpadik MK cepBepaMu TOJATKIB 1 iX BiABiAyBadamu abo
KJIIEHTaMU. Y Pe3yJbTaTi MiJIBUIYETHCS AOCTYIMHICTh, MAaCIITaOHICTh, Oe3MeKa Ta
MPOYKTUBHICTh TOJATKIB.

Tox MeTa UbOro JOCHIIKEHHS: PO3TJIIHYTH OCHOBHI METO/IU OajaHCyBaHHS
HABAHTAXKEHHA B PO3MOJIUICHI KOMIT IOTEPHINA MEPEXi Ta BUSHAUUTH PEKOMEHAAITIT
70 3aCTOCYBaHHI ONTHUMAJIbHUX METOAIB OallaHCyBaHHS HaBaHTAXKEHHS IS
KOHKPETHHX yYMOB.

BianoBigHo 10 MocTaBIeHOI METH HEOOX1THO BUPIIIMTH TaKi 3aBJIaHHS:

PO3MVIIHYTH  OCHOBHI ~ TEOPETHUYHI1 3acaJd  TMOHATTS  PO3MOJILIEHUX
KOMII FOTEpPHUX CHUCTEM;

chopMyBaTH OCHOBHI IPOOJIEMH PO3MNOAIICHUX KOMIT FOTEPHUX CUCTEM;

MPOBECTHU OTJIsA METO/IIB OaylaHCyBaHHSI HABAHTAXKECHHS
(openarchive.nure.ua) B po3noaiIcCHUX CHCTEMAX;

MpoaHa izyBaTu cTpaTerii OajaHCyBaHHS HAaBAaHTAXXEHHS B PO3MOJLICHHUX
KOMIT' FOTEPHUX MEpEexKax;

BU3HAYUTH OCHOBHI BJIACTUBOCTI OCHOBHUX aJTOPUTMIB OallaHCyBaHHS
HaBaHTA)KCHHS;

3pOOWTH BHUCHOBKHM 10 aHaji3y MpoOiieMH OallaHCYBaHHS HABAHTAKCHHS
KOMIT’ FOTEPHUX MEPEXK.

OG’exT mocCHiKeHHs 11€1 poOOTH po3risgaBcs B myoOuikaiisx aBTopiB K.
Park, W. Willinger, P. Abry, M. Taqqu, I. Norros, [lotamoB A.A., [{ubGakos
(openarchive.nure.ua) 5.C., [llenyxin A.l., )Kypascbka [.B. He3Baxkaroun Ha 3Ha4UHYy

KUIBKICTh PO3POOJICHUX Ta BIPOBAKEHUX TEXHIYHUX PIIIEHb, HEBUPIIIEHUMU J0CI


https://openarchive.nure.ua/bitstream/document/4180/3/Ivanisenko_avtoref.pdf
https://openarchive.nure.ua/bitstream/document/4180/3/Ivanisenko_avtoref.pdf
https://openarchive.nure.ua/bitstream/document/4180/3/Ivanisenko_avtoref.pdf
https://openarchive.nure.ua/bitstream/document/4180/3/Ivanisenko_avtoref.pdf

sanumaThes  (dut.edu.ua) meski nuTaHHSA OaNaHCyBaHHS HABaHTAXXCHHS B
PO3MOIITIEHI KOMIT IOTEPHIN MEpexi.

[TpeameToM MOCIIKEHHS € CydacHI METOAM OajJaHCyBaHHS HAaBAaHTA)KCHHS B
KOMIT FOT€PHIM MEepexi.

B mpoueci gociimkenHs: OyAyTh BUKOPUCTaH1 HACTYITHI METOIH:

- CHCTEMHHUU aHaNi3 1 CHMHTE3 (aHaji3 J03BOJISIE PO3WICHYBATH OO0’ €KT, IO
BHUBYAETHCS, HA €JIEMEHTH 1 CTOCYHKU MK HUMU, IIPOBECTH PO3/1JICHHS €JIEMEHTIB
Ha PiBHI 1 JOCIIKYyBaTH MEXaHI3MHU iX B3aEMO/II{; CHHTE3, Y CBOIO Uepry, 00’ eaHye
B enune 1ije (8ref.com) okpemi eJIeMEHTH i JJ03BOJISIE OTPUMATH 3arajibHy KapTUHY
MPOTIKAHHS JOCIIKYBAaHOTO TIPOIIECY, a caMe — BUJIJICHHS B TEKCTaX 0a30BHX
CKJIQJOBUX 3 00’ €EKTUBHUMH XapPaKTEPUCTHUKAMH );

MEeTOJl alCTparyBaHHS, IO TPYHTYE€TbCS Ha YSIBHOMY BIJIBEPHEHHI BIJ
HECYTTEBUX BJIACTUBOCTEH JOCIIHKYBAHOTO 00 €KTY 1 BUBUEHHS HaJayll HaHOUIbII
BOKJIMBUX MOTO CTOPIH HA MOJENI (1110 3aMilly€e peaJbHU 00’ €KT JOCTIIKCHHS);
(8ref.com)

METO/] MOJICJIFOBAaHHS BUKOPUCTOBYE MPU JOCTIIKEHH] 00’ €KTY OT0 MOJIEb,
0 BIJIOMBAa€ CTPYKTYPY, 3B S3KU, CTOCYHKH, TOTIM PE3YIbTaTH JOCIHIIKEHHS
MOJIEN1 THTEPIPETYIOTHCS HA peaIbHUN 00’ €KT;

METO/1 MOPIBHSAHHS;

MeTtoa dopmarizarliii, 0 TPYHTYETHCS Ha BUBYEHHI 3MICTY 1 €TaliB MPOIECy
NIEPETBOPEHHS TEKCTY.

[IpakTiyHa MIHHICTE PoOOOTHM  Oyne  OOTpyHTOBaHa  OTPUMAHUMH
pe3yJibTaTamMu 1 moJisraTuMe B 3a0e31eUeHH] MOXKIMBOCTI CTBOPEHHSI MAaKCHMAaJIbHO
e(EeKTUBHUX JTOAATKIB, IO MPAIIOIOTh B PaMKax JaHOI TEMaTHKH.

Anpobartis. OCHOBHI TIOJIOYKEHHS TOCTIIKEHb poOOTH OyJIM BHKJIAJEHI Ha
HIOPIYHINA  3arajJbHOIHCTUTYTCBKIM HaykoBl KOH(epeHili B 3arnopi3bKoMy
IHCTUTYT1 EKOHOMIKH 1 1H(DOpMAIIHHKX TEXHOJIOT1H Y paMKax cekli «[Hhopmarriiini

TEXHOJIOTIi», 3 IMOAJIBIION0 ITyOIiKaIie y 30ipiii Te3 KOH(PEPEeHIii.


https://dut.edu.ua/uploads/p_1525_41843598.pdf
http://8ref.com/12/referat_122162.html
http://8ref.com/12/referat_122162.html
http://8ref.com/12/referat_122162.html

PO3/ILI 1 (77.93.36.128)
AHAJII3 TIPEJMETHOI OBJIACTI

1.1 [ToHATTS pO3NOALIEHUX KOMIT IOTEPHUX CHUCTEM Ta OCHOBHI MPOOJIeMH X

BUKOPHUCTAHHA

Posnoninena cucrema — 1e HaOlp KOMIT'IOTEPHMX Mporpam, IO
BUKOPHUCTOBYIOTh OOYHCIIOBAJIbHI PECYPCH KUIBKOX OKPEMHUX OOUYMCIIOBAIBHHUX
BY3IiB [/ JOcsATHEHHs 3aranbHoi MeTu[]. Ii Takok Ha3MBaIOTH PO3MOJIIEHUMU
OOYHUCJICHHSIMU 4YHM pO3MOJUICHOIO 0Oa3or0 jgaHux. PosmojineHa cucrema
IPYHTYETBCS HAa OKPEMHUX BY3JlaX, sIKI OOMIHIOIOTBCA JaHHUMH Ta BUKOHYIOTb
CUHXPOHI3AII0 Yy 3arayibHiil Mepexi. 3a3BU4ail BYy3JId € OKpeMUMHU (I3UUHUMHU
anapaTHUMU MPUCTPOSMH, ajle 1€ MOXKYTh OyTH 1 OKpeMi IporpamHi npouecu ado
1HIIl PEKypCHBHI 1HKAaICyJIbOBaHI CHUCTEMH. PO3MOALIEHI CUCTEMHU CIPSAMOBAHI
YCYHEHHSI By3bKHX MICIIb UM €JJUHUX TOYOK BIJIMOBH Y CUCTEMI.

Po3nopineni cucremu — 1e CKjiagHa KOHUENIIs, 3aCHOBAHA Ha MPOTrpaMHUX
apxiTektypax (0cobimBo MikpocepBicax). DI3MYHO PO3MOJLIEHA CUCTEMA SIBIISIE
co00I0 CYKYMHICTh (DI3MUHHUX MAIlMH, SKI OOMIHIOIOTHCS JTaHUMHU MEPEKEBUMU
KaHajmamu. [HIIMMU clioBaMu, pO3MOJIJICHA CUCTEMA CKIAJAEThCS 3 MPOTPAMHUX
mpoleciB, sKI B3aeMOAIIOTH uepe3 MexaHismu [PC Ta posmimrytoTbes Ha
Komi roTepax|].

Takox MOXHa CcKazaTH, IO «PO3MOJIIIEHAa cHCTeMa — I1e¢ Halip ciaabKo
MOB’SI3aHUX KOMITOHEHTIB, SIKI MOYXHA PO3rOpTaTd 1 MacmTabyBaTh HE3aJICKHO
OJIVH B1J OJTHOTO, SIK1 HA3UBAIOTHCSI CEPBICAMM).

Posnopinena cucrtema mpu3HaueHa BUKOHATH Pi3HI, YHIKAIbHI Ta KOPCTOKI
3aBJaHHS: KOMYHIKaIIis; KOOPAUHAITIS; MacIITa0OBaHICTE; CTIMKICTB;
00CITyrOByBaHHS.

By3znu, mamuau abo cimy>k0M MOBUHHI B3a€EMOAISITH MIXK COOOI0 110 MEPExI.

Konnentyansna ocHoBa (¢paktuuno mojenb OSI), mo 103Bojsi€ Kpaiie

3pO3yMITH CKJIQJIHI B3a€MOJii, IO BiAOyBarOThCA. MepexeBi MPOTOKOIU


http://77.93.36.128:85/bitstream/handle/123456789/1/2023_Zinchenko_KI-111M.pdf?sequence=1&amp;isAllowed=y

OpraHi3oBaHl SK CTEKH, J€ KOXXEH piBeHb OyayeThCs Ha aOCTpakiii, 110

3a0€3MeuyeThCs HIKYUM PiBHEM, a HIDKHI PiBHI OJIMKY€E 10 yCTaTKyBaHHS.

The 7 Layers of OSI

Transmit ;& Receive
Data lisar Data

|’ Application (Layer 7) ’

[ Presentation (Layer 6) ]

]' Session (Layer 5) |

|' Transport (Layer 4) ]

\' Network (Layer 3) ‘

|' Data Link (Layer 2) ]

[ Physical (Layer 1) I

- Physical Link sl

Puc. 1.1 — Mogens OSI

MepesxeBi TPOTOKOJIM OPraHi30BaHi sIK CTEK, /e KOXKEH PIBeHb OyAy€eThCs Ha
abcTpakilii, 1Mo 3a0e3MeuyeTbcsi HIKYUM PIBHEM, a HUKHI DPIBHI OJIMXKYE [0
yCTaTKyBaHHS.

ko moTpidHO MOOYyMyBaTH PO3MOMAUIEHY CUCTEMY, HEOOXIZTHO CTBOPHUTH
HaJlliHy Ta Oe3nedHy Mojenb 3B’ s3Ky. KpiM Toro, HeoOXigJHO BpaxoOBYBaTHU CBIU
CTWJIb CIUJIKYBaHHS MK KJI€HTaMH Ta mociyramMu. HeoOXigHO BHPIMIMTH CBOIO
CTpaTeriio, po3risiaoun CBil BracHUM Oi3Hec. MOXHA BHKOPUCTOBYBATU MPSAMY

gy HenpsiMy (200 00M1B1) KOMYHIKAIIHHY MOJIENb(1).



HeoOxigno perensHo obupatu Texnosorii IPC. Ilocmyru HamaroTh CBOi
oreparlii CBOiM CHOXKHBadaM uepe3 Hallp 1HTepQeHCiB, 0 peami3yroThCs HOro
0i3Hec-norikoto. KiieHTH He MOXYTh OTpUMATH JOCTYN [0 IUX OIeparlii
oe3nocepenabo. HeoOx11HO rnepeTBOpUTH MOBIIOMIICHHS, OTPUMaHI1 Bl MEXaH13MiB
IPC, na inTepdeiicHI BUKIHKY.

HeoOxigHO TOYHO BH3HAYUTH, IMI0 MOXE 1 HE MOXE BigOyBatuca y
PO3MOALIEHUX cUcTeMax. 3 1HIIOTo 00Ky, Tpeba moOyayBaTh MOJENb CUCTEMHU, SIKA
KOJIy€ OUYiKyBaHHS 1100 TTOBEIAIHKH MPOIIECiB, KAaHATIB 3B 3Ky Ta 4acy. € TUIBKU
JIeB’ATh MojieNiel Ji7isl MoOyI0BU pO3MNoiieHoi cucteMu. HeoOXiAHO 3HATH KOXKHY
MOJI€JIb, II00 BUPIIIUTH CBOIO BJIACHY.

PosrissHeMo mMojeni kaHauiB 3B’ 13Ky []:

- MOJEJIb 3B’ SA3KY 13 CIIPaBEAJIMBUMU BTpAaTaMU: KaHAIM JIOCTABIISIOTH Oy Ib-SIKe
MOBIJIOMJICHHSI, BIJIMPABJICHE 3 HEHYJIbOBOI WMOBIPHICTIO (0€3 MepeKeBUX
PO3MLIIB).

- MOJENIb HAMIAHOTO 3B’A3KYy: KaHAlM, SKI JOCTaBJSAIOTH OyJb-Ke
MOB1JIOMJICHHS, BIJIIPaBJiICHE PIBHO OJUH pa3

- MOJIeJIb HaAIWHOTO 3B’SI3Ky 3 aBTEHTH(IKAII€0: T€ caMme, IO 1 MOJelb
HaJIAHOTO 3B’s3Ky, aJie JOJAaTKOBO Iependayae, 10 OJEpKyBad MOXKeE
ayTeHTU(IKyBaTH BiANPABHUKA.

[Topaxyemo Buu mpoiieciB Moeneil]:

- MOJCTb JOBUILHOI NOMMJIKH: TaKOXX BlJoMa SK BI3aHTIMChbKAa MOJIEIb,
nepeadayae, MO MPOIEC MOXKE JOBIIBHO BIIXWJISTHCS BiJl CBOTO aJTOPUTMY, IO
MIPU3BOIMUTH J10 30010 a00 HECIOiBaHOI IMOBEIIHKH Yepe3 MOMIIIKH a00 3JI0BMUCHY
aKTUBHICTb.

- MOJIeJb BITHOBJICHHS Ticis 30010: mependayvae, 1o mpoiec He BIIXIISIEThCS
BiJl CBOTO QJIFOPUTMY, aje MOXke OyAb-sKOi MUTI 3aBUCHYTH 1 MEPE3aryCTUTHUCH,
BTPATUBIIY CBIM CTaH y MMaM ATi.

- MOJEJIb aBapiitHOI 3yMUHKU: Tepe0adacThCsl, M0 MPOIEeC HE BIIXMIAETHCS

BiJl CBOTO aJITOPUTMY, aje y pa3i 30010 BiH HIKOJIM HE MIOBEPTAETHCS A0 Jaay.



- CHHXpPOHHA MOJIeJb (HE € pealbHO0): MepeadayaeThesl, 10 HAICUIAHHS
MOB1IOMJICHHSI 400 BUKOHAHHSI OTlepallii HIKOJIM He 3aiiMae NeBHUH Yac.

- aCHMHXpOHHa Mojelb (Mae Oararo mpoOseM): mnependayaeTbes, 110
HAJICWJIAHHS TOB1IOMJICHHS! 200 BUKOHAHHS Omepallii Haj MpoIecoM MOKe TPUBATU
HEOOMEKEeHY KIJTbKICTh Yacy.

- YacTKOBO CHHXPOHHA MOJEJNb (MpakTU4YHA): Mepen0dadyaeThes, Mo OUIBIIICTh
yacy cUcTeMa Bejie cebe CHHXPOHHO, ajle 1HO1 MOXE MOBEPHYTHCS 10 ACHHXPOHHOT
MoJiei.

MacmraboBana ciayx0a abo mporpama MOXYTh 30UIbIIYBAaTH CBOIO
NPOAYKTUBHICTh y Mipy 30UIbIIEHHS HaBaHTaXeHHs. Hadnpocrimmuii crnocio
3pOoOUTH 11€ — MaclITa0yBaTH 1 3alyCKaTH CIIy»0y a00 104aTOK Ha OUIbII JOPOTOMY
yCTaTKyBaHHI, ajie 11e TUIbKU MPU3BOAMUTH JO TOTO, IO MporpaMa B KIHIIEBOMY
MIJCYMKY JOCSATAE MPOAYKTHBHOCTI. CTEJIA.

AnpTEepHaTHBOI MaclITa0yBaHHSA € MaclITa0yBaHHS MUIIXOM pPO3MOILITY
HABAHTAKEHHA Ha KUIbKa BY31iB. Bu Mo)keTe BUKOPHUCTOBYBAaTH MacIITaOyBaHHS
Juiie Tpboma crnocodamu: (PyHKI[IOHATbHA JEKOMIIO3MIIIs, MO Ta JyOJIFOBaHHS.

[IpoIyKTUBHICTh PO3MOIIICHOI CUCTEMHU TMOKa3y€, HACKIIbKA €(HEeKTUBHO
BOHA CIPABISETHCA 3 HABAHTAXKCHHSIM, 1 3a3BHYAll BHMIPIOETHCS TPOIYCKHOIO
3JIaTHICTIO Ta 4acoM BiAryKy. [IpornyckHa cipoMOKHICTh — 1€ KIJIbKICTh ONepariid,
1110 0OpOOJISIOTHCS 32 CEKYH/TY,  Yac BIJMOBII — I1€ 3araJIbHUI Yac, BUTPAYCHHI Ha
KOYKEH 3aITnT.

Posnopainena cucrema criiika, SIKIIIO BOHA MOYE MPOJIOBKYBAaTH BUKOHYBAaTH
CBOIO poOOTY HaBITh y pasi 300iB. byap-ska HeBAava, KA MOXKE CTaTHUCS, PAHO YU
Mi3HO CTaHeThCsA. KOXEeH KOMIIOHEHT CHUCTEeMH Ma€ MOXJIMBICTh BIJIMOBH.
He3zanexxHo Bim TOro, HACKUIBKU Masia 115l KUMOBIPHICTb, IO OUTbIIIE KOMIIOHEHTIB 1
yuM Olblle omepalii BUKOHYE CHUCTEMa, TO BHUILE CTAa€ aOCOIIOTHA KIUIBKICTh
B1JIMOB.

SIkmo cucremMa He CTiiika 10 3001B, SKI TUIbKHA 30UIBIIYIOTHCS B MIpy
MaciITadyBaHHS MPOTPaMu Jisi 00OpOOKH OLIBIIIOr0 HaBaHTAXEHHSI, 11 TOCTYIHICTh

HCMUHYYC SMCHIINTBLCA. Im’st HeBI[a‘-Ii HC Ma€ 3HA4YCHHII.



3601 oOnagHaHHS, 3001 MPOrpaMHOIo 3a0e3NedyeHHs, BUTOKY maM’aTi abo
niock iHme. HeoO0xiaHo rapaHTyBaTu MOHAWMEHIIIE JIB1 I€B’ ITKH.

Haii6inpm nommpeHi npuauHu 3001B:

- €JMHa TOYKa BiJIMOBH;

- HEHaJiliHa MepexKa,

- TIOBLIBHI IPOLIECH;

- HECIOJ/IBaHE HABAHTAXKEHHS;

- KackaJHi 3001.

JlikBigarist mpoOsIeM IMoJIsrae B HaCTyITHOMY .

- B1JIMOBOCTIMKICTh HU3X1JHOTO MOTOKY: TaliM-ayT(1), MEXaHI3MU TTOBTOPHUX
crpo0, aBTOMAaTHYHUIA BUMHKAY.

- BIAMOBOCTIMKICTb  BHCXIJHOTO  IIOTOKY: CKHJAHHS  HaBaHTaKCHHS,
BUPIBHIOBAHHS HABAaHTAXEHHS, OOMEXEHHS ILIBUIKOCTI, NepeOupaHHs, KIHIIEBI
TOYKH Ipare3aaTHOCTi, CTOPOXKOBI TcHl].

HacmipaBni TexHiuHe 00CITyTOBYBaHHS € CKJIQHIIION MPOOJIEMOI0, HIXK 1HIIII.

CnoyaTky HEOOXIJIHO MEpEBIPUTU TECTOBY mipamiay. Uum Oiibiie yacy
BUTPAYAETHCS HA BUABJICHHS IOMUJIKH, TUM JIOPOXKYE OOXOJIUTHCA 11 BUTIPABICHHS.
TecTyBaHHS TONSATaE y BUSBICHHI TMOMMJIOK SIKOMOTA paHiIle, IO JIO3BOJISE
pO3pOOHMKAM  3MIHIOBAaTH  peaii3aimilo 3  YNEBHEHICTIO, 110 ICHyI4Ya
(GyHKIIIOHATBHICTh HE 371aMAEThCS, 30UIBIITY€E MBUAKICTh peaKTOPUHTY, TOCTABKH
HOBUX (PYHKII{ Ta THIIMX 3MiH.

[HIIMM KITFOYOBUM MOMEHTOM € Oe3MepepBHUN MOHITOPHHT, BiH 3/1€01JIBIIIOTO
BUKOPUCTOBYETHCS ISl BUSIBIICHHA 3001B, SIKI BIUIMBAIOTh HA KOPUCTYBAYiB Yy
BUPOOHUYOMY CEpEIOBUILI, Ta 1HIIIIOBAHHS TMOBIOMIICHb (IMONEPEIKEHB), 110
HAJICWJIAIOTHCS  OTNepaTopaM-JIIOJsM, BIANOBIIAJRHUM 3a iX YCYHEHHS. [HIIUM
BKJIMBHUM BapiaHTOM BUKOPHCTaHHS MOHITOPHHTY € HaJIlaHHS 3arajbHOTO OTJISTY
CTaHy CHCTEMH 3a JOTOMOT0I0 1H(POpMAIlIHHUX TTaHEICH.

Takox Tpeba BpaxyBaTu:

- METPUKHM — YHUCJIOBE MOJAHHS 1HQOpMallii, BUMIPSHOI 3a IHTEpBaJl 4acy Ta

MO/AHOI Y BUTJIAJI YacOBOTO PsATy, HAMPHKIAA KUIBKICTh 3alUTIB, 00pOOJIICHUX



Ciyx0010. MeTpuku 3 BHUCOKOIO KapJIMHAJIBHICTIO CIPOIIYIOTh Hapi3yBaHHS Ta
Hapi3yBaHHS JaHUX, a TAaKOX YCyBalOThb BUTPATH HA 1HCTPYMEHTH, TOB’s3aHI 3
PYYHUM CTBOPEHHSIM METPHUKH JJIs1 KOKHOI KOMO1HAIII{ MITOK.

- 1HIUKATOpH piBHA 00cimyroByBaHHs: (SLI) — 1ie MeTpuka, sika BUMIPIOE OJUH
13 acmekTiB piBHS OOCIYrOBYBaHHA, SIKMH HaJlae Cioy>k0a CBOIM KOpPHCTyBauam,
HAIPUKIIAJ, Yac BIATYKY, YacToTa moMuiiok abo tps. SLI 3a3Buuail arperyrorbces 3a
KOB3HUM TUMYAaCOBUM BIKHOM 1 BUJIAIOTHCS 3BEICHOIO CTATUCTUKOIO.

- 00’extH piBHA ciyx0u: (SLO) Bu3Hauae gaianazoH AOMYCTUMUX 3HAYCHB IS
SLI, y Mexkax sKOoro BBaXaeThCs, 10 cIyk0a nepedyBae y mpare3aTHOMY CTaHi.
(Tako’k BM MOKE€TE BCTAHOBUTU OUIKYBaHHS)

- OIOBIIICHHS

- TaHeN MpUJIaJIiB

- CIIOCTEpIraeThecs: po3Mo/ljieHa cucTeMa Hikoau He Oyze ciipaBHoro (100%) y
OyIb-sIKHi1 MOMEHT 4acy.

Otxe, MOTpiOHI >KypHalIM Ta TpacyBaHHsS, 100 3poOUTHU TimOTe3y Ta

cupoOyBaTH il IEPEBIPUTH.

1.2 Tlonarts OGajlaHCyBaHHS HABAaHTAXKEHHSI B KOMIT FOTEPHUX MEpexKax

Buxopucranns ~ GamancyBanHsi ~ HaBaHTaxeHHs  (Load  Balancing)
BU3HAYAETHCS K ONTUMI3allisl BAKOHAHHS PO3MOALICHUX (TIapaieIbHUX ) 00UHCIIEHb
[UIIXOM PIBHOMIPHOTO PO3MOJIUTY 3aBlIaHb MDK OOYHMCIIOBAIILHUMH BY3JIaMU
(mportecopamu 6aratonporiecopunx EOM a6o komm'torepamu y mepexi)[].

Po3BuTOK Ta BOpPOBaKCHHS Yy TIOBCAKACHHE OJKUTTS  HACCJICHHS
iHQOpMaIIHHUX CUCTEM 3YMOBHJIO pi3Ke 301TIBIICHHS KUIBKOCTI 3alWTIB Ha
00poOKy, 301JIbIIIEHHS] HABAHTAXKEHHS Ha 00poOHEe 00J1aiHaHHS (CEpBEPH).

BukopucTaHHs ~ BHCOKOHABaHTAKEGHHX  CHCTEM,  IOCIyraMH  SKUX
KOPHUCTY€EThCS BEJTMKA KIJIbKICTh KOPUCTYBaUiB, IO BUMAarae 3aCTOCYBaHHS B SIKOCTI
amapaTHoi mIaThopMu CEepBEpHUX Tpym abo kiactepiB. Kmactep ckimamaerbes 3

KUIBKOX  KOMIT'IOTE€piB, 00’€IHAaHMX BHCOKOIIBUAKICHE 3’emHaHHA.  J{ms



KOPUCTYBauiB KJIAaCTE€p BUIJISJA€ SK OJMH KOMITIOTE€pP, a BCEpEIuHl BIH €
PI3HOBUIOM MEPEXI, sika MOXKe OyTH PO3MOIIJIEHOI0 a00 JIOKAIBHOI.

BaxnmnBa maHka Kiactepa 30cepe/PKeHa Ha MpHUCTpoi abo mporpaMmHOMY
3a0€3MeUeHHI, 110 PO3MOALIAE HaBaHTAXEHHS (TTOTIK 3aMUTIB) MiXK KOMIT I0TepaMU
kmacrepa. lle#t  mpuctpiii  (mporpamHe — 3a0e3MEUYeHHS)  HAa3UBAETHCSA
OalaHCyBaJTbHUKOM HAaBAHTAKCHHSI.

[IpoOnemoro, mMmoB’s3aHO0 3 OajaHCYyBaHHSM, € TUTaHHSA MpO Te, SK
pO3MOAUIATA  HaBaHTaXCHHS  HadedekTuBHime. Jlnga 1mporo  HEOOXiTHO
dbopmaizyBaTH METOJUKY OIIIHKH SKOCTI poOOTH OajlaHCyBaJIbHUKA, SIKA 3aJICKUTh
BiJl TapaMeTpiB CUCTEMH Ta MapaMeTpiB BXITHOTO MOTOKY 3aIlHTiB.

OcCKUIbKM HaBaHTaXXEHHS Ha 1H(OpMaIiHI CUCTEMHU MOCTIHHO 3pOCTAaTUME,
3aBAaHHs OanaHCyBaHHs OyIyTh HaOyBaTH BCe OUIBII Ba)XITMBOTO 3HAYEHHS IS
N1JBUILIEHHS €()EeKTUBHOCTI 1H(HOPMALIIITHUX CUCTEM.

VY TepMiHONOrIi KOMI'IOTEPHUX MEPEX, OamaHCyBaHHSA HaBaHTa)XeHHsS (a0o
BHUPIBHIOBAHHS HAaBAaHTAXXEHHS) MMPE/ICTABIISIE COOOI0 CTPATEr1I0 PO3MOLTY 3aBIaHb
MDK  YHCICHHUMH  MEPEKEBHMH  MNPHUCTPOSMH, TaKUMH SK  CEPBEPH,
(journals.khnu.km.ua) 3 metoro onTuMizarii BUKOPUCTAHHS PECYPCIB, CKOPOUCHHS
yacy OOCIyrOBYBaHHSI 3allUTIB, TOPU30HTAJIBLHOTO MacIlITa0yBaHHA KiacTepa
(mmuamiyHe qomaBanHs ado (journals.khnu.km.ua) sBusyuceHHs MPUCTPOIB), a TAKOXK
3abe3neueHHs BiiMoBoCTiiiKOCTI (pe3epByBanns) (elar.khnu.km.ua) [1].

VY chepl xoMmm'roTepiB OanaHCYBaHHS HaBaHTAXEHHS O3HAYa€ PO3MOJLI
HABAHTAKEHHA MDK PI3SHUMHU OOUYMCIIOBAILHUMHU — pecypcamu, TakKuMu SK
KOMIT'FOTEpHU, KJIACTEPH, MEPEXKI1, IIEHTPATIbHI MTPOIIECOPH a00 AUCKHU.

OcHOBHOIO  MeTOIO  OajaHCyBaHHS  HABAaHTAXEHHS €  ONTHMI3aIlis
BUKOPUCTAaHHS PECYpCiB, MaKCUMI3AIlisl MPOMYCKHOI 3/IaTHOCTI, CKOPOYEHHS Yacy
BIITYKY Ta YyHUKHEHHS TM€pEeBaHTaXEHHS OyAb-IKOTO OKPEMOIo pecypcy.
BukopucrtanHs KiJlbKOX KOMIIOHEHTIB OajlaHCyBaHHs HaBaHTa)XEHHSI, 3aMICTh
OJTHOTO, MOJK€ TIJIBUIIIATH HAJIHHICTD 1 JOCTYITHICTH 32 PaXyHOK pe3epBYBaHHS.

3a3zBuuail  OalaHCyBaHHS HABAaHTAKEHHS Iepefadadae BUKOPUCTAHHS

CIEIIAJIBHOTO IPOrpaMHOIo 3a0e3nedeHHss a0o amapaTHHUX 3aco0iB, TaKHX SK


http://journals.khnu.km.ua/vestnik/wp-content/uploads/2021/01/12-7.pdf
http://journals.khnu.km.ua/vestnik/wp-content/uploads/2021/01/12-7.pdf
http://journals.khnu.km.ua/vestnik/wp-content/uploads/2021/01/12-7.pdf
http://elar.khnu.km.ua/jspui/bitstream/123456789/7384/1/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%20%d0%86%d0%bd%d1%82%d0%b5%d1%80%d0%bd%d0%b0%d1%83%d0%ba%d0%b0%20%202018%20%e2%84%9621%20%d0%a1%d1%82%d0%b0%d1%82%d1%8f%20%d0%9a%d0%b0%d1%80%d1%83%d0%bd.pdf

OaraTopiBHEBUH KOMyTaTop a0o cHCTeMa JOMEHHHX IMEH, SK CepBEpHUM
(ea.donntu.edu.ua) mnporec.banancyBaHHS HaBaHTAKCHHS BIAPI3HAETHCS  Bij
¢b13uyHOrO 3’€THAHHS THM, 110 OaJaHCYBaHHS HABAHTAXCHHS AUTUTH Tpadik Mix
MepexxeBUMU 1HTepdericaMu Ha MepexeBuit cokeT (MoaenbOSI piBeHb 4) OCHOBI, y
TOM Yac K 3’€qHaHHS KaHaly mepen Oaudae moain Tpadiky MiK (Di3sUdHUMU
iHTepdeiicaMu Ha HIXKYOMY piBHI, a00 B makeT (Monenb OSI piBenb 3) abo kaHaioM
3B’s13Ky (Mozenb OSI piBeHb 2).

[Ipuknanu mpuUCTpOiB, IO SKUX 3aCTOCOBYETHhCS OajaHCYBaHHSA: CEPBEpHI
KJIACTEepH; TMPOKCI-CEpBEpU; MIKMEPEKOBI €KpaHU; KOMYTaTOpU; CEpPBEpPHU
1HCIIEKTYBaHHs BMICTY; cepBepu DNS; MepexH1 agantepu.

banancyBanHS HaBaHTa)KEHHS MOKe OyTH BHUKOPUCTAHE Ui PO3MIMPEHHS
MOXJIMBOCTEH (hepMu cepBepiB, 10 CKJIANAETHCs 3 OUIBII HIXK OJHOTO CepBepa.
BoHa Tako MOKe JO3BOJUTH MPOIOBKYBATH POOOTY HABITH 32 YMOB, KOJIA KUJTbKA
BUKOHABUMX MPHUCTPOIB (CEpBEpIB) BUUIILIM 3 Jiaay. 3aBIsSKH IbOMY 3pOCTa€
CTIMKICTH JI0 BIAMOB, 1 3’SBJISETHCS MOXKJIUBICTh JAUHAMIYHO PETyJIIOBaTH
BUKOPUCTOBYBaHI OOYMCIIOBAJIbHI PECYPCH 32 PaxXyHOK J0JIaBaHHS/BUJAJICHHS
BUKOHABYMX MPUCTPOIB B KJIACTEPI.

banancyBanns  HaBanTaxkenns  (elartu.tntu.edu.ua) B posmoxineHUX
KOMIT FOTEPHUX CHCTEMax - 1€ MPOIeC Mepepo3NnoAlTy poOOdoro HaBaHTAKEHHS
MDK TpollecoOpaMd B CHCTEMI IJABHUINCHHS NPOAYKTHBHOCTI cucteMu. OaHAK
cripo0a JOCATTH I[OTO - HEMNPOCTE 3aBAaHHA. Y HEIABHIX IOCTIPKEHHAX Ta
JiTeparypi Oys0 3amponoOHOBAHO Pi3HI MiIXOU JUIS TOCATHEHHS Ii€T METH.

PosrasiueMo pi3Hi MiAXOAM 10 BUPIIICHHS MPOOJIEMH.

IcHye 0e3niy METOIIB Ta aJIrOpPUTMIB, SIKI MOXHA BUKOPUCTOBYBATH IS
IHTEJIeKTyaibHe OaaHCyBaHHSI HABAHTAXKEHHS 3aIUTIB KIIIEHTIB HA MYJIH CEPBEPIB.

Bubpanuit meton Oyne 3anexaTd BiJ THIY MOCIYyrd abo mporpamu, Io
00CITyrOBY€ETHCS, @ TAKOXK BiJl CTAHY MEPEK1 Ta CEPBEPIB HA MOMEHT 3aIUTY.

Metoau, onucaHi HWXKYe, OyIyTh BUKOPUCTOBYBATHCA B KOMOiHAIli, 11100

BU3HAYUTH HAWKpAIIUA cepBep AJis 00CITyrOBYBaHHS HOBHMX 3aIMTIB.


http://ea.donntu.edu.ua:8080/jspui/bitstream/123456789/33705/1/VDOVENKO_master_2016.pdf
http://ea.donntu.edu.ua:8080/jspui/bitstream/123456789/33705/1/VDOVENKO_master_2016.pdf
http://elartu.tntu.edu.ua/bitstream/lib/29673/5/dyplom_Smachylo_T_2019.pdf

[Toroynuii piBeHb 3amuUTIB 10 OajaHCYBaJbHHMKIB HABAaHTAKEHHS YacTo
BU3HAYA€ METOJ, KWW BUKOPUCTOBYEThCS. KoJiM HaBaHTa)KEHHS HEBEJIMKE, TOI1
Oyne JOCTaTHhO OAHOTO 3 MPOCTHX METOJIB OallaHCyBaHHS HAaBaHTAXKCHHS. Y
nepiojid BUCOKOTO HABAaHTAXXEHHS BUKOPHUCTOBYIOTHCS ~ CKIJIAJHINIT  METOIU
3a0e3MeYeHHs pIBHOMIPHOTO PO3IO/LTY 3alHTIB.

OcHOBHMM 3aBJaHHSIM OanaHCyBaJbHUKAa € BU3HAYEHHS TOTO, SAKHH 13
cepBepiB 3 OCKEHI-ITYJTy MOXKe HalleeKTUBHIIIIE OOPOOUTH BXITHHUM TMaKEeT JTaHUX.
Jlns mporo 'y OamancyBambHuka (Load Balancer, LB) € kinbpka anropuTwmis,
HAsBHICTh Ta MOXJIMBICTH 3aCTOCYBAaHHS SIKMX 3aJeXuTh BiJ Tuiy LB Ta #oro
HaJallTyBaHb.

['pynu OGamaHcyBaHHS HaBaHTQXCHHS BHKOPHUCTOBYIOTH AITOPUTMHU TSt
OPUMHATTSA PIMIEHb PO PO3MOJUI HaBaHTaXEHHs. PillleHHS BU3HAYa€, SKOMY
BIJITAJIEHOMY CEpBEPY HAIICIATH HOBE 3’ €THAHHS.

['pynu OanaHCyBaHHSI HABaHTAXXEHHS MIATPUMYIOTh BUBa)XEHI Ta HE3BAXKEHI
AJITOPUTMH.

BuBaxeHuil anropuTM BUKOPUCTOBYE Bary (a0o mepeBary), o0 JOMOMOITH
BU3HAUUTH, SIKUW cepBep OTpuMye HacTynHuil 3anut. CepBep 3 OUIBIIOIO Baroro
oTpuMye Ounblle Tpadiky, HI)K cepBep 13 MEHILIO Barorw. BiacoTok Tpadiky Ha
KOXEH cepBep NpUOJIM3HO JOPIBHIOE Oro Basi, NOJAIJIEHOMY Ha CYKYNHY Bary BCIX
CEpBEPIB TPYIIH.

HesBaxenuil anroputm nepeadayae, MO0 €MHICTb BCIX CEpPBEPIB TPyNH
CKBIBAJICHTHA. XOYa HE3BAKCHI aJIFOPUTMHU 3a3BUYail IIBUIIIC, HDK 3BaKCHI
QITOPUTMH, JIESAK1 HE3BAXKEHI AITOPUTMU, TaKl SIK allTOPUTM XEIIyBaHHS, MOXYTh
HajJcuiIatu Oublie Tpadiky Aeski cepBepu. SIKIIO0 Tpyml € cepBepu 3 PI3HUMHU
MOTY>KHOCTSIMHU, 0OpOOKa HECTIPOMO>KHA ONTUMI3yBaTH MOTY>KHOCTI BCIX CEPBEPIB.

Bubuparoun KOHKpETHHMI alropuT™M, MOTPIOHO BUXOAUTH, MO-TEpIIe, 3i
cnenuikid KOHKPETHOTO TPOEKTYy, a MO-Apyre — 3 MLiJeH, SKNX MU TUIAHYyEMO
nocsrru. (elartu.tntu.edu.ua)

Cepen mocTaBlI€HUX IIiJIEH, SIKI JOCITAIOTHCS 3a JIOMIOMOIor0 OallaHCyBaHHS,

MOJXHAa BU3HAa4YUTHU HaCTyrIHi:


http://elartu.tntu.edu.ua/bitstream/lib/29673/5/dyplom_Smachylo_T_2019.pdf

- CnpaBemIuBICTh: TApPaHTY€, IO CUCTEMHI PECYpCH BHAUIAIOTHCS IS
00pOOKHU KOYKHOTI'O 3aMMUTY, 1 YHUKHEHHS CUTYAIlli, KOJIM OJIMH 3ariT 00po0JIsieThes,
a 1HIIIl YeKaloTh B 4ep3i;

- EdexTtuBHICT: HOCATA€THCS, KOMM BCl CEepBEpPH, SKI 0OpOOJISIOTH 3aluTH
(www.viti.edu.ua), (www.viti.edu.ua) wmakcuMaapbHO 3aBaHTaXeHi. baxaHo
YHHUKATH CUTYyaIli}l, KOJIU OJIUH 13 CEpPBEPIB 3THUILIAETHCS HE3AMHATUM B OUIKYBaHHI
00poOKHM 3amuTIB (X04a I1e MOKe OYTH CKJIaJHO JIOCATTH Ha MPaKTHII);

- CKOpO4YeHHSI Yacy BHUKOHAHHS 3amMTy: 3a0e3reuye MIHIMAJIBHUM 4Yac MK
mo4yaTkoM o0O0poOku 3amuTy (abo0 MOro mOCTAaHOBKOK B dYepry Ha OOpOOKy
(www.viti.edu.ua)) (www.viti.edu.ua) Ta iioro 3aBepiICHHSIM;

- CKOpOUYEHHS Yacy BIATYKY: MIHIMI3Y€ 4ac BIJIMOBiAlI Ha 3alMUT KOPUCTyBaya.

JloaTkoBO 110 1bOTO, Oa)kaHo, IIO0 ajaropuTM OandaHCyBaHHS BOJIOJIIB
TaKUMH XapaKTePHUCTUKAMMU:

- IlepenbauyBaHicTh: 3a0e3Me4ye YITKE PO3yMIHHS YMOB 1 HABAHTAKEHb, IIPH
AKHX aJIrTOpuUTM Oynie epeKTUBHUM JIs BUpimeHHs (WWWw.Viti.edu.ua) 3aBaaHb;

- PiBHOMIpHE 3aBaHTaXXEHHS PECYPCIB CUCTEMHU;

- MacmTaboBaHICTh: 3/IaTHICTh aJITOPUTMY 30epiratu eQeKTUBHICTh MpPH

301JIbIIICHH] HABAHTAXKCHHS.

1.3 OcHoBHi cTpaTerii OalaHCyBaHHS HABAHTAXKEHHS B PO3MOIJICHUX

KOMIT' FOTEPHUX Mepexax

Posrasiuemo tunu BUKOHaHHS OanaHCyBaHHs, AUdEpeHIiioBaHI HA MOMEHT
BUKOHAHHS 1, IK HACJIIJIOK, 1110 ONIEPYIOTh PI3HUM 00CSITOM 1H(OpMAIIii PO CUCTEMY.
B nanomy BUMaaKy po3pi3HSIOTH CTATUYHE Ta TUHAMIYHE OalaHCYBaHHS.

Ha puc. 1.2 HaBesieHO OCHOBH1 TUIIA CUCTEM OaJIaHCYBaHHS HABAHTa)KCHHS.


https://www.viti.edu.ua/files/science/I_konf_2021/I_konf_2021_theses.pdf
https://www.viti.edu.ua/files/science/I_konf_2021/I_konf_2021_theses.pdf
https://www.viti.edu.ua/files/science/I_konf_2021/I_konf_2021_theses.pdf
https://www.viti.edu.ua/files/science/I_konf_2021/I_konf_2021_theses.pdf
https://www.viti.edu.ua/files/science/I_konf_2021/I_konf_2021_theses.pdf
https://www.viti.edu.ua/files/science/I_konf_2021/I_konf_2021_theses.pdf
https://www.viti.edu.ua/files/science/I_konf_2021/I_konf_2021_theses.pdf
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Puc. 1.2 — OcHOBHI TUIH cUCTEM OajaHCYBaHHS HABAHTAXKEHHS

Cratnune OajaHCyBaHHS TPOBAAUTHCSA TEpe] IMOYATKOM  POOOTH
pO3MOIINIEHOT CUCTeMHU. Takui MiAXiJ YacTo TIPYHTYEThCS Ha 3HAHHAX IIPO
nonepeaH1 BiANMPaIIOBAHHS IIJIOBOI CUCTEMH ab0 MOAIOHUX CHCTEM 1 JO3BOJISIE
PO3MOAUIATH BIAMOBIAAIBHICT 32 0OPOOKY 3alUTIB MIXK By3JIaMHd Ha OCHOBI ITUX
3HaHb. CTaTU4HE OaaHCYBaHHS MOJKE MTPOJIEMOHCTPYBATH IEPEBAry B CHCTEMAX 13
nepe0avyBaHUM HAaBaHTAKCHHSM.

Y pa3i cucrem, 10 BIIPIZHAIOTHCA CTOXAaCTUYHOK HEBH3HAYCHICTIO
BUKOHAHHS 3aBJaHb, TaHUM T1IX1] HE 103BOJIsIE €(DEKTUBHO PO3MOAIUTH 00POOKY
3 KUIBKOX NPUYMH: JUHAMIYHA 3MiHA CEpE/IOBMINA BUKOHAHHS, HABAHTAKCHHS Ha
By3JIaX y MOJIIOHUX CUCTEMaX HEe MOke OyTH rnepeadadeHe OJHO3HAYHO Ha TTOYaTKY
poboTH.

Ha BinMiHy Bim craTuyHoro OajaHCYBaHHS, IO BHUKOHYETHCS TEpe]
MOYaTKOM POOOTH CUCTEMH, TMHAMIYHUN MIAX1]] I03BOJISIE OPIEHTYBATUCS HA CTaH
CUCTEMHU B JaHUHA MOMEHT Ta BpPaxOBYBaTH JaHlI METPHUKHU IiJ 4Yac 3/1MCHEHHS
pO3MOMLTY HaBaHTaXEHHS. Tak sIK B TAHOMY BHITaJIKy HAC IIKaBUTh reTepOreHHa
pO3IOIICHa CHCTeMa, HAaBAHTAXXEHHS B OKPEMUH MOMEHT 4acy SKOi CXWJIbHA 0
CTOXAaCTHYHOI HEBHU3HAYCHOCTI, JAWUHAMIYHMM IMAX1A JT03BOJIIE €(PEKTHBHO
MPOBOAUTH OajaHCYBaHHS Ha BY3JIaX Takoi cucTeMu. Ha erami BUKOHAHHS 1CHY€

MOXJIMBICTH 3HATTS MOKA3HUKIB CUCTEMH, 110 JT03BOJISIIOTH 3pOOUTH PlllIEHHS, TAKUX



SK MOTOYHE HABAHTAXKEHHS Ha By3JaX, JOCTYIHICTh BY3JB, MPOIYCKHY 3/1aTHICTb
KaHaIiB repeaayl 1 T.1.

Jlesiki JOCHiKEHHS TUHAMIYHOTO OalaHCYBaHHS HaBaHTAKCHHS MTOKA3YIOTh,
10 AJITOPUTMHU, L0 TPUMUMAIOTh PIIIEHHS PO Take OanaHCyBaHHS 3 BUKOPUCTAHHSIM
BEJIMKOI KIJTBKOCTI JOKJIAMHO 310paHuX AaHUX MPO CUCTEMY, HE JAIOTh SKOTOCHh
CYTTEBOTO MPHUPOCTY MPOIYKTHUBHOCTI CUCTEMH IIOJI0 AITOPUTMIB, L0 HAJIEKATh
IIpY BUHECEHHI PIIIIEHHs Ha MiHIMaJIbHUHN Ha01p iHdopMaIii.

AJTOpUTMHU MOXYTh BIIPI3HATUCH 3@ TUIIOM 1HILIATOPIB. [CHYIOTH MiAX0H,
MiJT 9aCc BUKOPUCTAHHS SKUX IHINIAaTHBA Tiepefayi 3aBAaHHS HAJIXOJIUThb BiJ
BJIACHMKA 3aBJaHHA. JlaHWH MiAX1J XOPOIIMH THM, IO MOXJIMBA MIHIMI3aIlis
1H(pOopMaIIiHOro 0OMiHY MK By3JlaMU CUCTEMH Y BUIIAJKAX, KOJIH BY30JI-BIACHUK
BUPIIITYE BUKOHYBAaTH 3aBJIaHHS JIOKAJIBHO, a TaKOXX OaJlaHCYBaHHSI IHILIIOETHCS
JUIIEe TOAl, KOJM € 3aBJaHHS Ha po3NoAUI. Sk anpTepHaTHBA 1HILIATOPOM
O0anmaHCYBaHHS MOXKYTh BHCTYNATH BY3JIH-BUKOHABIll, CTBOPIOIOYH 3asBKH, IO
MO3HAYaI0Th TOTOBHICTh BY3J1a MPUNUHATH J]0JIaTKOBE HABAHTAKCHHSI.

[Ipu BUKOpUCTaHHI 1aHOI CTpaTerii OalaHCyBaHHS HABAaHTAKEHHSI IepedyBae
y CTaH1 YaCTKOBOT'O BUKOHAHHS SIKIIIO Y CUCTEM1 HEMa€ MOTOYHUX 3aB/IaHb, OCKIIBKU
3asBKHU 1HIIIIOIOTHCS 31 3BUIBHEHHSIM BY3JIIB, HA BIIMIHY MOMEPEIHBOTO MIAXOMY.
IcHyro4l JOCHIIKEHHSI MOKa3yloTh BEIMKY €()EeKTHUBHICTh CTpaTerii 1HiliaTopa-
BUKOHABIISl B CHCTEMax, IO 3a3HAIOTh CUJIBLHOTO HABAaHTAa)KCHHS, Ha BIIMIHY BiJ
CTparterii  1HILNIATOpa-BIIaCHUKA, SKa JIOCUTh J0Ope Tpaitoe B MOMIPHO
HABAHTAKEHUX CHUCTEMaX.

banancyBaHHS HaBaHTaXEHHS MOXKE 3/IINCHIOBATUCS TUIbKM Ha MPHUOYIUX
3aBJIaHHX, 200 B OajaHCyBaHH1 MOXKe OpaTH y4acTh 0€3J114 aKTUBHUX 3aBJaHb, 1110
YCKIIQJIHIOE caM TIporiec OajaHCyBaHHS, aje 3TIIHO 3 JIECSIKUMH JOCITIKCHHSIMU
TaKuM MIIX1]] Ja€ Kpaui po3noIi.

3a TUIIOM IPUCTPOIO CUCTEMHU OallaHCyBaHHS HABAHTAKEHHSI MOXe OyTH SIK
IICHTpai30BaHUMHK, 1 po3noaiuteHuMHU. IleHTpanizoBaHa cxema mnepemdadae
po3TamryBaHHS KEpyHOYOro KOMIIOHEHTa €IWHOMY BY3Ji. [Hakie cxema, B SIKii

KOXXEH BY30J1 Oepe y4yacTh y Mpoiieci OallaHCyBaHHsSI HaBaHTa)KEHHS, 30Mpae€ JlaHi



PO MOTOYHE HABAHTAKEHHS, MPUHMAE PIIICHHS 100 0OpOOKU 3amuTy, a TAaKOXK
BUKOHY€ MITPAILIil0 JAHUX, MA€ PO3MOIIICHY CTPYKTYPY.

[lenTpamizoBana cxema OalaHCYBaHHS HABaHTA)XCHHs 3a3BUYail TATHE 3a
co0010 MiHIMAJIbHI BUTPATH HAa KOMYHIKAIIIIO BY3J11B, OCKIJILKH BCs iH(opMaIiis mpo
CTaH CUCTEMH KOHIIEHTPYETHCS B €IMHOMY MicCIli. MiHyCOM LIbOTO MiAXOy MOXE
OyTH HHM3bKa CTIHKICTH 10 BIAMOB, OCKIJIBKM MPH BHUXOJl 3 JIady LIEHTPAIBLHOTO
By3Jla, BIJIMOBIJAJIBHOrO 3a OajaHCYBaHHS HABAHTAXKECHHS, TaKa CXema IepecTae
mparoBaTi. TakoXX y IIbOMY BHITQJKy IIEHTpami3allis pO3MOMAUTy 3aBlIaHb YU
MJIKII0OYEHD K TaKa MOXKE BUKJIUKATH MEPEBAHTAXKEHHS [IEHTPAIbHOI JIAHKU.

Posnoainena cxema OanaHCcyBaHHS 1030aBieHa HEAOMIKIB IIEHTPAII30BaHO1 1
CBOEI0O YEProld MOKE€ BHUKOHYBaTHCS 3 JOMOMOTOK KOOMEPATHBHOTO 1
KOOTIEPATUBHOTO TMiJIXO/IB. SIKIIO TOBOPUTH MPO KOOMEPATHUBHUMN MIAX1J, MPHU
SKOMY DIIICHHS TpO Tepenady 3aBlaHb BUKOHYETHCS HA OCHOBI KOJIGKTMBHOTO
pillICHHS, V IIbOMY BHMAJKy MOXC BHHHKHYTH BHCOKE HABAHTAKCHHS CHUCTEMU
3B’SI3KY, 1OB’A3aHE 3 BUTpATaMHU Ha KOMYHIKAI[i}0 MK By3JiaMu. BupimeHHsm 1iei
npobiemMu OauuThCs MiHIMIZAIlsl HAAMIPHOI B3aeMOAIl BY3JIB y paMKax
PO3MOAIEHOTO aJrOpUTMy OaaHCyBaHHS HaBaHTAXKEHHS.

Y Mexax HEKOONEpaTUBHUX PO3MOJAUICHUX CTpaTerid 31HCHIOIOTHCS
IHAUBIAyallbHI PIIMIEHHS BY3JIB MPO PO3MOJALT HABAHTAXEHHS, 3 YypaxyBaHHSIM
iH(popmarllli mpo 3araJibHUM CTaH cucTeMHu. HekoomepaTHBHUM MIiAXiJ T03BOJISE
3HU3UTH BUTPATU HA KOMYHIKaI[i0, @ TAKOX CKOPUCTATUCS OCHOBHUMH TIepeBaraMu
pPO3MOJAUICHOTO  MiJXOMy, TaKUMH SK BIIMOBOCTIHKICTH Ta palliOHaJbHE
BUKOPHUCTAHHS PECYpPCiB.

B skocTi anbpTepHaTHMBH MOKE€ BHKOPHUCTOBYBATHCS 3MilllaHa, YacTKOBO
po3mnojiiyieHa cxema OalaHCyBaHHS HaBaHTaXXEHHS, 1€ 0€3J114 BCIX BY3JI1B MOIICHO
Ha MIAMHOXHUHHU (KJIacTepH), cepell AKUX y CBOKO 4Yepry MaHye IEeHTpaji30BaHa
nomiTuka. [{g moaudikaiiis 103B0IsI€ CKOPUCTATHUCS MEpeBaraMu SIK PO3MOAICHOT,
1 HEPO3MOIITICHOT CXEMHU.

Haitnpocrimoro crtparerieto OajaHCyBaHHS HaBaHTAXXEHHSI € BUITQIKOBUMN

BuOIp. BukopucToByt0uM AaHMil MiIX17] y HAUPOCTIIIIOMY BUTIAJKY HEMA€E TOTPeOn



30upaTy aHl NpO HAaBAaHTAXEHHsS CUCTEMM Ta CTaH KOMIIOHEHTIB. Bu3HaueHHs
By3Ja, SIKHM OTpUMAae 3aBJaHHS Ha OOpOOKy 3amuTy, MPOBAJAUTHCS HAa OCHOBI
BUITaIKOBOTO BHOODY.

[lepeBaroro maHOro aJropuTMy € IPOCTOTa HOro peanizamii Ta HU3bKE
HAaBAaHTA)XCHHA Ha CcHUCTeMy OalaHCyBaHHA, aj€ I[IHHICTh JaHHUX TIepeBar €
CYMHIBHOIO 3 ypaxXyBaHHSIM HEJOJIKY y BHIJISIAI PO3MOJIUTY HaBaHTaXEHHs Oe3
ypaxyBaHHs iHGOpMaIlii PO 3aBaHTAXKEHICTh BY3JIIB, 110 MOXKE OyTH KPUTHYHHM 1
NPU3BECTH /10 CEPHO3HUX HACIHIJKIB, Y BUIJIAJI YAaCTKOBOi a00 TMOBHOI BiIMOBH
cucreMd. BumnaakoBa crpaTeris Aa€ HENOraHl pe3yibTaTd IIOAO CUCTEM, IO HE
BUKOPHCTOBYIOTh OallaHCyBaHHs, 1 4aCTO BUKOPHCTOBYETHCA SIK BIJIIPaBHA TOYKA
JUISl TIOPIBHSIHHS IHIIMX aJIrOpUTMIB OanaHCyBaHHS HaBaHTaxeHHs. Ha puc. 1.3
300pakeH0 poOOTy CTparerii BUIAAKOBOIO BHOOPY 3 BUKOPHCTAHHSM

LEHTPaJII30BaHO1 CXEMHU.

Puc. 1.3 — [lenTpasnizoBaHa cxema CTparterii BUMIAIKOBOTO BUOOPY

[{uxmiyHMi alrOpuTM Ma€ Ha yBasl PO3MOJIT 3aBAaHbh MO OOpOOHUKAM 3
BUKOPUCTAHHAM IUKIIYHOrO abo KpyroBoro minxony. LlukiiuHa crpareris

3a3BUYai 34aCTOCOBYETBHCA, KOJIX 3aBIaHHA 3a CBOEHO CI(J'IaI[HiCTIO Ta CTPYKTYPOIO €



TUMOBUMHU. Takuil anropuT™ JOCUTH NMPOCTHI Yy BUKOHAHHI Ta nepejdadae HaiBHE
OaslaHCyBaHHS HaBaHTAXXEHHS, PO3PAXOBYIOUYM HA MPUIYILIEHHS NPO T, M0 KOJIH
yepra Ha OOpOOKY TMOBTOPHO 3BEPHETHCS JO BY3/a, BiH BCTHTHE 3BUIBHUTH
JIOCTaTHBO PECYpCiB s OOpOoOKM HACTYMHOTO 3anmuTy. B ngaHomy BuIaaky
BUKOPHUCTAHHS KPYTrOBOTO alTOPUTMY B TE€TEPOTCHHIN pO3MOMLTICHIN cucteMi €
HEBUITPABIAHUM, OCKUIBKHM OOJIK HaBaHTAKCHHSI CHCTEMH Ta CKJIQJHOCTI 3aBIaHb
HE 3/IIACHIOETHCS, BHACIIIOK YOTO Pi3KO 3pOCTAE PUHK BIIMOBU CUCTEMHU.

3BaXKCHUN LUKIIYHUM alrOpUTM € BJOCKOHAJICHOIO BEPCIEI0 IUKIIYHOI
CTpaterii Ta OpiEHTOBaHUI Ha pobOTy y rereporeHHoMy cepenoBuili [20]. CyTb
aJITOPUTMY B TOMY, L0 KOXKEH BY30JI MapKyeTbCs MEBHOIO Baroo, 10 O3HAYae
IPOIYKTUBHICTh 00OpOOIIIOBaya. 3aIeKHO B1Jl BEIMYMHU JIaHO1 Bark By30JI OTPUMY€E
oOinbie 3aBaanb. Ha puc. 1.4 300paxkeHo poO0Ty 3BaKEHOT0 IIUKJITYHOTO AITOPUTMY
3 BUKOPUCTAHHSIM LIEHTPaII30BaHOT CXEMHU.

[Ipn HagXOMKEHHI HOBOTO 3amUTy OalaHCYBAJIbHUK HaBaHTAKECHHS
BUKOPUCTOBYE CTPATEril0 HAWMMEHIIIOrO HABAHTAXKEHHS Ta BU3HAYA€ KUIBKICTh
3alUTIB, 10 BUKOHYIOThCS Ha BYy3JIaX 1 3/IACHIOE 3 €JHAHHS 3 HaWMEHII
HaBaHTKEHUM 3 HuX. lleil anropuT™ yCHIITHO MIAXOAUTH JIJISI CHUCTEM, y SIKUX

HABAHTAKEHHA OUIBIIOI0 MIPOIO BU3HAYAETHCS KIJIbKICTIO BUKOHYBAHHUX 3aB/IAHb.
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Puc. 1.4 — IlentpanizoBaHa cxema 3Ba)KEHOT'0 IIUKIIYHOTO aITOPUTMY

Sk 1y BUNaJKy 3 HIUKJIIYHOIO CTpATEri€ro OalaHCyBaHHS HaBaHTAXKEHHSI, LIeH

QITOPUTM MAa€ PO3IIMPEHY BEPCilo, fAKa BHUKOPUCTOBYE 1HGOpPMAIIIO PO



NPOIYKTUBHICTh cepBepa. B JaHoMy BUIAJIKy BJOCKOHAJIEHA BEpCis onepye He
TITBKM TIOTOYHUM HaBaHTaKEHHSM, aje TaKOoX BpaxoBYe€ Baru BY3JiB MpU

3aiicHeHH1 OanancyBanHsa. Ha puc. 1.5 300paxkeHo poOOTYy BUBaXKEHOI CTpaTerti.
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Puc. 1.5 — IlenTpanizoBana cxema BUBaKEHOI CTpaTerii HAMMEHIIIOTO

HAaBaHTaXXCHHA

Ha puc. 1.6 mpoaemoHCTpoBaHa pO3MOJIJIEHA CXeMa »KaJi0HOi cTparerii
30H]IyBaHHS, B SIKIH MaKCUMaJbHUM YMCJIOM OI[IHOK BCTAaHOBJIEHO 3, a SIK MOpIr

BHKOPHUCTOBYETBLCA piBGHB HaBaHTa>XCHH:A BJIaCHHKA.
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Puc. 1.6 — Po3nozinena cxema »afiOHOT cTpaTerii 30HyBaHHS

[cHyroTh anroputmMu OanmaHCyBaHHS, IO 0a3ylOThCS Ha KOHICTIIii
MeperoBopiB. Y cTparerii meperoBopiB HABAHTAKEHUN BY30JI THIIIIOE 3aIMUT-3a5BKY,

Jie OMHUCYE CBOE HAaBAaHTAXKCHHS, 1 HABITh 3aBJaHHS, K1 BIH XOTIB OU IepeaaTu.



Bigmanenuit By3os mepeBipsie JaHUNM 3alUT 1 MOPIBHIOE HABAaHTAKEHHS BYy3Jja
1HIIIIaTOpa 31 CBOIM, SIKIIIO BOHA MEHIIIE, 1IeH BIJaIeHUN BY30J1 BIJIIPABIISAE 3asBKY
Ha BHUKOHAHHS 3aBJIaHHS IiHIIiaTOpy. |HaKme By30JI ITHOpYE TOBIAOMIICHHS. Y
pe3yJIbTaTi By30JI-1HILIaTOp OTPUMYE 3asBKU MPUHHATTS 3aBJaHb 1 BUOHpae iX Ha
HE3aBaHTAXCHI BY3JIH.

[Ipo6nemoro 1pOro MigX0ay MOKE OyTH CUTYyallis, B SKii BY3JM 3 MEHILIUM
3aBaHTaKEHHSIM MOXYTh CTAaTH MEPEBAHTAXKEHUMHU BHACIIOK IEPEMOTH y 0araThox
ofHOYacHUX meperoBopax. [1o30yTucs i€l mpobieMu MOXKHA, BUKOPHUCTOBYIOUH
oOMe)XeHHsI KUTBKOCTI 3asBOK. ICHye 1HIIIA Bepcis cTparterii nmeperoBopis. Byszmu
po3auieHi Ha 3 rpynu: ciabo HaBaHTaXKEHi, MOMIPHO HaBaHTaXEHI Ta CHJIHHO
HaBaHTaEHI. By3nM crocrepiraroTh 3a CBOIM HaBaHTAXXEHHSAM 1 MEPIOJAHYHO
3MIHIOIOTh CBO1 CTaTKH, CIIOBIIIAIOYM MPO II€ 1HII BY3Ju. Tabiuils cTaHy BY3IiB
30epiraeThCs y KOKHOTO By3Ja.

Cnabo HaBaHTa)X€H1 BYy3JIM HAJICUJIAIOTh 3asBKU HA MPUKUHATTS 3aBJIaHb YCIM
3aBaHTa)XEHUM By3JlaM. By3nu, 10 BiIYyBalOTh CUJIBHY 3aBaHTaXEHICTH,
BIJIIIPABJISIOTH BIANOBIAb, Y SIKIA MICTUTBCS 1H(OpMAIIS PO 3aBJAHHS, IKUMU LEH
BY30J1 Mir 0u noauutucs. Konu By3os-iHiriaTop 30upae BCi BIAMOBI/1, BiH pUiiMae
pilleHHs, Kl 3aBJaHHA MOXXE NPUIHATH, BIANPABIAIOYM HOBUM  3aIUT
HaBaHTAXCHUM By3JaMm. HaBaHTaxeHI BY3/IM CBOEIO YEPror BiAMPABISIOTH
3aBJlaHHS, 3MEHIIYIOUM BIJIACHE HaBaHTaXeHHsA. CTpaTeris IMeperoBOpiB MOXKe
e(eKTUBHO BUKOPUCTOBYBATHUCH y PO3MOUICHIN cxemi OanancyBanHs. Ha puc. 1.7
MPOJIEMOHCTPOBAHO PO3MOJIIJIEHY CXEeMy MIAXOAY IEpPEeroBOpiB, IHILIATOPOM Yy
[[bOMY BUMAJIKy BUCTYIIA€ BUKOHABEIIb.

IcHye cTpaTeris OalaHCYBaHHS HaBaHTAXXEHHSI, 3aCHOBaHA Ha KjacTepu3allii
BY3JIIB MEPEXK1, 1[0 MAIOTh CXOXI XapaKTEPUCTUKHU, TaKl SK MPOMYCKHA 3/IaTHICTh
MepEexXi, KUIbKICTh Ta 4acTOTa MPOIECOPIB, AUCKOBUHM MPOCTIp Towo. Takuid moin
MO>KHA BUKOPUCTOBYBATH ISl BIIOOpaXXEHHS IPYII 3aBJIaHb Ha OKpeMmi kiactepu. Ls

CTpareris J00pe MOETHYETHCS 3 YACTKOBO PO3IMOIIICHOI0 CXEMOIO OaIaHCYBaHHS.
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Puc. 1.7 — Po3nofinena cxema cTparterii neperoBopin
banancyBanHs ~ HaBaHTaXEHHS  TaKOX  MOXE  3/IHCHIOBAaTHUCA 3

BUKOPUCTAaHHSAM BIJJOMUX QJITOPUTMIB, HATXHEHHUX NPHUPOAOI0, Teopli irop Ta
TEeHETUYHUX aJITOPUTMIB .
VY tabmumi 1.1 mpencraBiieHl nepeBaru Ta HEIOMIKK PO3IJISTHYTUX METOJIIB

,Z[HHaMquOFO 6aﬂaHC}/BaHHH HaBaHTa)>XCHHA.

Tabmuug 1.1 — IlepeBaru Ta HEOIKU PO3IISHYTUX METOMAIB

Meton

IlepeBaru

Henonixku

1

2

3

Bunaakosuii BuOip

Hu3bke HaBaHTa)KEHHS Ha CUCTEMU
3B’SA3KY Ta OaJlaHCyBaHHS

Huzbka epexTuBHICTH
Hemae BpaxyBaHHS
MOTOYHOTO HABAaHTAXCHHS
Hewmae BpaxyBanHs
IPOAYKTUBHOCTI BY3JIiB

[ukaiunuii IIpocroTa peamnizanii Husbka epeKkTUBHICTD
AITOPUTM Hu3zbke HaBaHTaXXEHHS HA CUCTEMU Hemae BpaxyBaHHs
3B’SA3KY Ta OaJlaHCyBaHHS MOTOYHOTO HAaBaHTAXEHHS
CrnpsiMmoBaHa 3MiHa BY3J1IB
BpaxyBaHHS IPOAYKTUBHOCTI BY3JIiB
(3BaxkeHa Bepcis)
Crpareris OO0k TOTOYHOT'O HABAaHTAXKEHHS Butparu xomyHikartiro
HalMEHILIOTO Bucoka edexktuBHicTb (11070 cTparerii | (30ip AMHaMIYHOL
HABaHTa)XKCHHS BHUII4IKOBOTO BUOOPY Ta LIUKIIIYHOTO iHpopMmaii)
AJIITOPUTMY )
BpaxyBaHHS IPOAYKTUBHOCTI BY3JIiB
(3BaxkeHa Bepcis)
Crpareris OO0k TOTOYHOT'O HABAHTAXKEHHS Butparu xomyHikariiro
30H/TyBaHHs Bucoka eekTuBHICTD (361p AMHAMIYHOT

MoOXIJIUBICTh YpaxyBaHHS
MIPOJYKTUBHOCTI BY3/iB
Opi€eHTOBaHICTh HA PO3MOAIIEHY CXEMY

iHpopMaii)




[Iponorxenus Tabmumi 1.1

1 2 3
Crpareris OO0JTiK TOTOYHOTO HAaBaHTAYKEHHS Butpatu komyHikartito
MIepPETOBOPIB Bucoka ehekTuBHICT (30ip quHAMIYHOT

BapianaTu iHiiaTopiB iH(opmMarii)
MOXIUBICTh ypaxyBaHHS CxJtagHicTh peaizarii
MPOTYKTUBHOCTI BY3JIiB

Opi€eHTOBaHICTh HA PO3MOAIJICHY CXEMY

1.4 BuCHOBOK 10 IEPIIIOTO PO3ALTY

banmancyBaHHS HaBaHTaXEHHS B PO3MOMUJICHUX CHUCTEMax — II€ MPOIIEC
PO3MO1Ty poOOYOro HaBaHTAKEHHS CUCTEMH MK O0UYHCITIOBAIBHUMHU PECYPCaMH,
110 PO3AUISIIOTECA. 3 MOSIBOK0 BUCOKOUIBUKICHUX KaHAIIB 3B’ 3Ky BCE YacCTIlIE B
SIKOCT1 BY3J11B PO3IOJIIJIEHUX CUCTEM BUKOPHCTOBYIOTHCS aBTOHOMHI KOMIT FOTEPIB,
00’€THAaHUX BHCOKOIIBUIKICHUMH JIIHISAMU 3B’s3Ky. OCHOBHOIO IIEPEBAro0 TaKUX
CHCTEM € BUCOKA MPOAYKTUBHICTh Ta JOCTYITHICTh MTPU HU3bKUX BUTPATaX.

Braciaigok mporo posmojiaeHi oO4YHCIeHHS HaOyBalOTh BCE OLIBIIOTO
3HAQYEHHSl SK TEPEBAXKHUI METOJI OOYMCICHb MOPIBHSHO 3 IEHTPaJi30BaHOIO
06pookoro manux. (jrnl.nau.edu.ua)

CporosiHi icHye 0e3mi4 MiAXOAIB 0 BUPIIMICHHS MpoOsieMu OamaHCyBaHHS
HABAHTAKEHHA Y PO3MOJUIEHUX CUCTEMAaX, 30KpeMa po3MnoIiieH] (aisioBl cuCTEMU
He € BUHATKOM. Lli miaxoau MOXyTh BUKOPUCTOBYBATHUCS JIJIsl TIOKPAIIEHHS SIKOCTI
00CJIyrOByBaHHSI KJIIEHTIB, MiABUIIEHHS MTPOJYKTUBHOCTI CUCTEMH, a TAKOXK OLIbII
palioHAJIBHOTO BUKOPUCTAHHS pecypciB. Sk nepeBaru epekTUBHOTO OaaHCyBaHHS
HaBaHTAXXEHHS  BapTO  BII3HAYUTH  IMATPUMKY  BIAMOBOCTIMKOCTI  Ta

MacIuTadOBaHOCTI CUCTEMMU.


https://jrnl.nau.edu.ua/index.php/IPZ/article/view/3374/3339

PO3/ILI 2
AHAJII3 CTATUYHOTO TA TMHAMIUHOTI'O TIIIXOIB JIO
BAJIAHCYBAHHS HABAHTAXEHHS B KOMITIOTEPHUX MEPEXXAX

Ha npoxyktuBHiCTh Oy1b-KOTO BeO-cepBepa 3a3BUuail BIuMBae BeO-Tpadik,
1 yac 0OpOOKHU 3amUTIB CEPBEPOM 30UTBIIYETHCS, OCKIIBKU BiH TIEPEBAHTAKYETHCSI.
Uepes 30umbmIeHHs Tpadiky 4depe3 IHTepHET cepBep CTHUKAEThCS 3 MpoOIeMaMu
0OCIIyrOoByBaHHSI BEJIHMKOi KUTBKOCTI KIIIE€HTIB 3 MIHIMaJbHOIO 3aTpUMKOIO. Tomy
icHy€e KoHIUenis kKoHpenepaii pecypcis. [lonynsapuuii cepsep Google mpairioe 3a
TaKOI0 K KOHIIeNIIi€r0. BiH po3moisisie 3aMuT KOpUCTyBaya 1o pi3HUX cepBepax, sKi
reorpadiyHo po3TaiioBaHi B pizHUX Micisix. CepBep BUMarae KilbKOX MEXaHI3MiB
pobotu 3 moB’s3aHuMU BiLAKpUTUMH AaHuMHU (LOD) nis BUKOHaHHSA 3amuTy
KOpHCTYyBaya.

banancyBaHHS HaBaHTaXEHHS BIJICPa€ BaXIMWBY poOJib Yy  PoOOTI
PO3IOIITICHUX Ta MapajeIbHUX 00urciIeHb. L{el miaxia po3noaiise BXiiHe poOode
HAaBaHTAXXEHHSI HAa MEHIII 3aBJaHHs, MPU3HAYEHI OOUMCIIIOBAILBHUM pecypcam st
OJIHOYACHOTO BUKOHaHHs. HaBaHTa)keHHsIM MO)ke OyTH €MHICTb Ipolecopa, 00’ emM
nam’sITi, HaBaHTAXCHHS HAa MEpExKy, 3aTpuMka Toio. [IpuumHa OamaHcyBaHHS
HAaBAHTAKEHHA — OOpoOKa 3amuTiB KUIBKOX KOPHUCTYBauiB O€3 MOTipIIEHHS
OPOAYKTUBHOCTI cepBepa. banmaHCyBaqbHUK HaBaHTaXXEHHsS OTPUMYE 3allUTH BiJ
KOpHCTyBaya, BU3HAYAE HABAHTAKEHHS HA HAsSBHI PECYpPCH Ta HAJCUJIAE 3alHT Ha
cepBep, SIKUH 371eTKa 3aBaHTAXKy€EThCA.

OcHoBHI (yHKIIIT 6aaHCyBaJbHUKA HABAHTAXKCHHS TaKl:

- Posnopinaru BXigHMM Tpadik MDK KUJIbKOMa OOYHMCIIIOBaJIbHUMU
pecypcamu;

- BuzHauaTu HasBHICTh pecypciB Ta iX HaJIWHICTb JJIsl BAKOHAHHSA 3aBJaHb;

- [okparryBaTi BUKOPUCTaHHS PECYpPCiB;

- [linBuIyBaTH 33J0OBOJICHICTD KIIIE€HTIB;

- 3a0e3neuyBaT BIIMOBOCTIMKICTh Ta THYUKY CTPYKTYPY LUISIXOM JI0AaBaHHs

a0o0 BiJHIMaHHS PECYpCiB y Mipy BUHUKHEHHSI TIOIUTY.



BukopucranHs aiaroputMmiB 0OajJaHCYBaHHS CIPHS€E JJOCSTHEHHIO BUILOT
IPOITYCKHOT 3IaTHOCTI Ta MOKpAIIy€ Yac BIATYKY y PO3MOALIeHNX crcTemax. OmHaK
xoken (journals.khnu.km.ua) i3 nux anropuTmiB Mae cBoi mepeBaru Ta HEIOJIKA

[9]. OcHoBHI MeTOIM OajlaHCYBaHHS HaBaHTa)KEHHS HaBejeH1 Ha puc. 2.1.

AnroputM GanaHCyBaHHS HAaBaHTAYKEHHST

v v

3aJ1e’HO BiJI CTAHY CHCTEMH 3aJe)KHo BiJI TOTO, XTO iHII[iFOBaB MPOLIEC
i {YHUI IHintirtoBaB IHintirtoBaB N
Cratnunuit JuaamiaHmi HII I Crmerpuammii
K + BiJINPaBHUK npuiMay
[Mepioguannit 306ip qaHuX mMpo + + +
36ip JaHMX 3MiHY cTaHy 306ip AaHUX MO0 HEOOX 1THOCT1

I 2> ’

Po3no ninennit He pozmo z[ineHHﬁJ

v v

Koomneparusuuit LenTpanizoBaHuit Haniposnoninennit

He xoonepaTruBHMi1

Puc 2.1 — Kitacudikariis anroputmis 6anancysanns (journals.khnu.km.ua)

HAaBaHTAa)XXCHHA

Mu nponoHyeMO KOPUCTYBAaTUCS OUIbLI CHPOILIEHOK CXEMOKO aJrOpUTMY
OanaHcyBaHHd HaBaHTaxkeHHs (ABH) 1 mepir 3a Bce MOKHa BHUKOpPHUCTOBYBATH
kiacudikaiio Taky, sk mokazaHo Ha puc. 2.2. Cratuuni amroputmu (CBH)
BUMAaralTh NONEpPeaHbOI 1H(OpMaLii MpO XapaKTEPUCTUKH CHUCTEMH, TaKl SIK
MOXJIMBOCTI OOpOOKH, TaM’sTh, KUIBKICTh aKTUBHHX 3 €JIHaHb TOIIO, TOMI SK
QITOPUTMH JUHAMIYHOTO OanmaHcyBaHHsA HaBaHTakeHHs (/IbH) BuKOpUCTOBYIOTH
MOTOYHUM CTaH CUCTEMHU JJIsl IPUIHATTS PIllIeHb 1010 TIJIaHyBaHHS.

[Ilo0 otpumaTH 3rajgaHi BHILE NepeBard BiJ OalaHCyBaHHS, BaXKIUBO

BuOpatu BianoBigHuii ABH ny1st BeO-pecypciB y po3noAiieHOMY CEpeIOBHIIIL.


http://journals.khnu.km.ua/vestnik/wp-content/uploads/2021/01/12-7.pdf
http://journals.khnu.km.ua/vestnik/wp-content/uploads/2021/01/12-7.pdf
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Puc. 2.2 — Knacudikaris anroputMmiB OalaHCyBaHHsS HABAaHTAKEHHS

Ha ocHoBi xapakrepuctuk iHimiaiii npouecy ABH MoxHa BBeCTH 104aTKOBY,
YTOUYHIOIOYY KJIacH(]iKalio Ha TPU M1JKATErOpii:

- [HimifioBaH1 BiAIIPaBHUKOM;

- [HiniiioBaHi ofepKyBayeM;

- [HimifioBaH1 CUMETPUYHO.

AnropuTMu, iHIIIHOBaH1 BIAIPABHUKOM Ta aJITOPUTMHU, 1HIIIATOPOM B SIKUX €
OJIep>)KyBayd, BHKOPHUCTOBYIOTH pI3HI MOJITUKH Mepeaayl Ta NpU3HAYEHHS I
peanizamii OanaHcyBaHHS HaBaHTaKeHHA. CHMETPUYHO IHIIIHOBaHI aJITOPUTMU
YCYBalOTh yMOBY BHUIIEPE/DKCHHS, SKa € XapaKTepHOIO Ui aJrOPUTMIB,
1HINIMOBAaHUX TMpUHAMayeM, 1 MPOTMOHYIOTH JIBa AJITOPUTMH: AJITOPUTM BHUIIE
cepennboro (above-average) Ta aNanTUBHUM aJITOPUTM. AJTOPUTM  BUIIE
CEpeIHbOI0 BUKOPUCTOBYE MPUUHATHUN J11aM1a30H JUIsl IPUUHATTS PILIEHHS PO Te,
YH € BY30J1 IHII[IHOBaHUH BIAMPABHUKOM a00 o/iepKyBaueM. ATaNTUBHUNA aJITOPUTM
IpUiiMae pIIIEHHSI HA OCHOBI IEBHOTO HAa0Opy MPABHUII Ta TOKA3HUKIB, IO 3a3BUYaAl
3a0e3neuye OUIbIY THYYKICTb.

VY Tabnumi 2.1 HaBeIEHO MOPIBHSAHHSA ICHYIOUUX AJTOPUTMIB OalaHCyBaHHS
HAaBAaHTA)XCHHA 1O MOXIMBOCTI 1X OIIIHIOBaHHS 3a pPI3HUMH TOKa3HUKaMHU

MPOTyKTUBHOCTI.



Tabmuus 2.1 — [MopiBHSUIbHUIN aHal13 aAITOPUTMIB 32 TOKa3HUKAMU MPOAYKTUBHOCTI

Anroput™ /

MeTtpuka

Onuc anroputMmy

[Iponyckna
3/IaTHICTh

Yac mirparmii

Yac BianoBial

BinMoBOCTIHKICTE

Butpatu

Bukopucranus
pecypciB

[IpoayKTUBHICTH

2

ES

O

.[©| MacmraboBanicth

[N
o

Round

Robin
Sheduling

Loala Loy oo

a\

VYnpaBiiHHS 3aBJaHHSIMH B CHCTEMAaX 3 PO3MOJIIIIOM Yacy — arOPUTM, IO
BUKOPHCTOBYE KiJIbIIe Uepry 3 (hikCOBaHUM KBAHTOM 4acy. KokHe 3aBraHHS
BUKOHYETHCS MTPOTATOM LBOTO MPOMIXKKY Ta y MOpsAAKy yepru. [lpu Benukomy
kBaHTi yacy anroput™ Round Robin nmoai6uuit no FCFS Scheduling. 3a
HEBEJIMKOTO KBAHTY 4Yacy BiH Bijiomuii sk anroputM Processor Sharing.

TaK

TakK

TakK

=

—
o
=

Max-Min

VY 11bOMy aJITOPUTMI CIIOYATKY BU3HAYAETHCS MIHIMAIbHUN Yac BUKOHAHHS
3aBaHb, OOMPAIOYN MaKCUMaJIbHE 3HAYEHHS CEPeJl YCiX 3aB/IaHb Ta PECYPCIB.
[Totim 3aBAaHHS 3 MAKCUMAIILHUM 9acOM MPU3HAYAETHCSI HA KOHKPETHO
oOpanuii By3o:. ITicist boro yac BUKOHaHHS BCIX 3aBAaHb Ha IbOMY BY3JI1
MEePEPAXOBYETHCS, T0AAI0YN YaC BUKOHAHHS [TOCTABJIEHOT0 3aB/IaHHS J10 Yacy
BUKOHAHHS 1HITUX 3aBJaHb Ha 1IbOMY BY3:1. Kpim TOro, nocraBieHe 3aBaaHHs
BUJANISETHCS 31 CITUCKY CHCTEMH.

TakK

Hi

TaK

Hi

TaK

TakKk

Hi

TakK

Compare and Balance

BuxopucTtoByeThCs 1515 3a0€311€UEHHS PIBHOBAru Ta yIpaBJliHHA
He30alaHCOBaHUM HaBaHTAXEHHSAM CHCTEMH. Y IIbOMY aJIFOPUTMI, BiAMIOBIIHO
710 UMOBIPHOCTI (3aJIEXKHO BiJl HOMEpa BIpTyaJIbHOT MAIllMHU, sIKa IPALIOE Ha
MOTOYHOMY XOCTI Ta B I[UTI XMapHil CUCTEMI), TOTOYHUN XOCT BUTIAAKOBUM
YIHOM 00Hpae XOCT Ta MOPIBHIOE X HaBaHTAXEHHS JUIs Iepenayl
JI0JJTATKOBOTO HaBaHTa)KEHHs Ha 0OpaHuil By30J. ATOpUTM OaslaHCYBaHHS
HaBaHTaXEHHSI TAKOX CIIPOEKTOBAHUI Ta peani30BaHUM JIsl CKOPOUEHHS Yacy
Mirpariii BipTyalbHUX MaIIlH, BAKOPUCTOBYIOUH CIIIJIbHY MaM'ATh 3 METOIO
3MEHIIEHHS Yacy Mirpauii BipTyaJbHUX MAIlIUH.

TakK

TakK

TaK

TakK

TaK

Hi

TakK

TakK



https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx
https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx

[TponmoBxxenus Tadbnwmmi 2. 1

-

2

6

7

8

9

10

Ant Colony
Optimization

Le posnoainieHuit anropuT™m, e iHGopMaIlis mpo peCypcu CUCTEMHU
JMHAMIYHO OHOBITIOETHCS IIPU KOXKHOMY pyci Mypax. KoxxeH By3011 po3cuiiae
KOJIbOPOBI1 KOJIOHIT IO Mepexi, 100 YHUKHYTH PyXy Mypax OJHUM
MapHIpyTOM 1 3a0€3MEeUNTH iX PO3MOILI MO BCiX By3siax cucteMu. KoxeH
Mypaxa BHCTYyTa€ K MOOUTbHUI areHT, epealoul OHOBJICHY iH(OpMAIIito
po OalaHC HABaHTAXKEHHS JI0 HACTYITHOTO BY3JIa.

TakK

Hi

Hi

HI

TakK

TaK

TakK

TaK

Shortest Response
Time First

OcHOBHa iiest AIropuTMYy — IpsiMa Tiepeaapecaitis. Koxxanomy mporiecy
BCTaHOBJIIOETHCS MIPIOPUTET ISl 3aITYCKY, a MPOLIECH 3 OJTHAKOBUMHU
piopUTETaMU OOCITYTOBYIOTHCS B MOPSIKY «IICPIINI TIPHIIIOBR, [IEPIIHiL
obcnyxennity (FCES). SJF — nie BapiaHT alnropuTMy npiopuTeTHOrO
IUTaHYBAHHS, /1€ TIPIOPUTET 3aIEKHUTH BiJl TPUBAJIOCTI aKTUBHOCTI MpoLiecopa
(CPU). ITonituka SJF cnpusic BUKOHAHHIO 3aB/IaHb 3 HAMEHIIIUM 4acoM
00pOoOKH, 10 MPU3BOAUTH JI0 MPIOPUTETHOTO BUKOHAHHS KOPOTIINX 3aB/IaHb
nepes AOBIIUMH. BaxkTuBO TOUHO BU3HAYUTH Yac 0OpOOKH JIJIs1 KOKHOTO
3aBJIaHH4, 1110 € roJ0BHO TpyaHicTIO SJF.

Hi

TakK

TakK

Hi

TakK

TakK

Hi

TakK

Active
Clustering

AnroputMm camoarperarii onTHUMi3ye 3aBAaHHs, 00'€JHYI0UYH MOIIOHI MOCTYTH
yepes JIOKaJIbHE NeperpynyBaHHs Ha OCHOB1 (POPMYBaHHS I'PyH CXOKUX BY3JIIB
3a JOTOMOror0 KoHIemniii pedepi By3na. Lleir MeTon moionae HEOJHOPIAHICTD,
aJanTy€eThCsl 10 JMHAMIYHOTO CEPeIOBUIIA, MA€ BUCOKY CTIMKICTb /10
nommiok 1 (ela.kpi.ua) nemoHcTpye eeKTHBHY MaCIITa0OBaHICTh JUTs
HOJINIICHHS] POTYKTUBHOCTI CHUCTEMH.

Hi

TakK

Hi

Hi

TakK

TakK

Hi

Hi

Join-ldle-Queue

AnropuTM OalaHCYBaHHS HAaBAaHTAXXEHHS JUIsl IMHAMIYHO MacIITabOBaHUX
(ela.kpi.ua) BebO-cepBiciB po3noisise HABAHTAXKECHHS MiXK BiJIIPABHUKAMH 3
ypaxyBaHHSIM IXHbOI MacmTaboBaHOCTi. [lounHat0un 3 OIIHKU JOCTYITHOCTI
MIPOIIECOPHUX PECYPCIB HA KOXKHOMY BiJNPABHUKY, BiH IPHU3HAYAE 3aBJIAHHS
IpoIecopam JUIsi SMEHIICHHS CEPETHBO1 TOBKUHH YepTH Ha KOKHOMY
npoiiecopi. B nporieci BunaneHHs 3asanb OanaHCcyBaHHs HABAHTAKEHHS 3
KPUTUYHOTO XY 00po0KM 3anuTy eeKTUBHO 3MEHIIY€ HaBaHTa)KEHHS
CUCTEMH, YHUKABIIN KOMYHIKaIlIHHOTO HABAaHTAKEHHS HA HOBI 3aBJIaHHs, 1 HE
30inbIIye hakTHyHUi yac BiAryky. (ela.kpi.ua)
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[TponmoBxxenus Tadbnwmmi 2. 1

1 2 3 4 5 6 7 8 9 10
Leit anropuT™ TUHAMIYHOTO PO3MOILTY 00po0IIsie HOBI 3a7aui, sIKi HAAXOAATh | Hi TaKk | Tak Hi TaKk | TakK HI | Tak
= 1o meHekepa yepr. Koxkna 3agaua nogaerses 1o yepru. [Ipu BukonanHi
§ o 3anuTy Ha 00poOKy, MEHEKep BUIAISE TIepIly 3a/1ady 3 Uepru i nepenae ii
Oz BUKOHAHHSA 3aIIUTYIOYiil CTOPOHI. Y BUMAJKY BiJCYyTHOCTI TOTOBUX 3aBIaHb Y
4ep3i, 3anuT 0y(hepru3yeThes A0 MOSBU HOBOI TOCTYITHOT 3a/1adi.
AnropuT™M OalaHCYBaHHS HaBaHTAXKEHHS MiHIMI3Y€ KUIBKICTh 3'€/IHaHb Y TaK Hi Hi TaK | TaKk | Tak | Tak Hi
= paMKax IWHAMIYHOTO AITOPUTMY IUIaHyBaHHA. L{eii MeTo1 BUKOPUCTOBY€ETHCS (dsp
52 JUTsL PO3PAaxyHKY KUTBKOCTI 3'€THaHb JUISI KOXKHOTO CepBepa Ta Jijisi THHAMIYHOT ace.
e = OLIIHKY HaBaHTaXeHHs. banancyBanbHuK HaBaHTaxeHHs (ela.kpi.ua) uccu
53 BIJICJTIIKOBY€E KIJIBbKICTh 3'€JTHAHb HAa KO)KHOMY CEpBEPI, 110 301IbIIYETHCS IPU .org.
OE HA/IXO/KEHHI HOBOTO 3'€/JHAHHS Ta 3MEHIITY€ETHCS TIPH 3aBepIICHH] a00 ua)
nepepuBaHHi 3'€THAHHSI.
ANTOpUTM MiHIMI3alii 3'€THAaHb HAIIPABJISIE 3AIIMTH Ha CEPBED, KU B JaHUI Hi Hi Hi Tak | TaK Hi Hi Hi
_ g MOMEHT Ma€ HaliMEHIy KUTbKICTh aKTUBHUX MIOKII0YEHb. badaHcyBasHIK (dsp
§ S HaBaHTAXCHHS (ela.lfpl.ua) BIZCTIKOBYE KIBKICTS 3'enquL Ha cepBepax i ace.
= HarnpapJsie HACTYIHUHN 3aIIUT Ha TOM cepBep, IKUI Ma€ MiHIMAJIbHY KUIBKICTh uccu
8 3'eqHaHb. EekTUBHICTD anropuT™MiB OanaHCyBaHHS HaBaHTa)KEHHS .0rg.

(ela.kpi.ua) ominroeTnes 3a JEKiIBKOMA KPUTEPISIMU.
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2.1 CratuuHe OajaHCyBaHHS HaBaHTa)KEHHS

[Tinxomu mo OanaHCyBaHHsS CTATHYHOTO HABAHTA)KCHHS BUKOPUCTOBYIOThH
noTepeIHi0 1HGOPMAIIil0 TIPO 3aBIaHHS, OOYMCIIOBAIBHI PECypCH YU €JIEMEHT

00OpoOKH Ta JeTaai Mepexi, K MoKa3zaHo Ha puc. 2.3.

Hasena 0aza 3HaHE (MeTagaHi, 00MeKeHHE, HGOpPMaia Ipo
TOTOYHE T4 IONEPEIH WIAHVEAHHA, TOMO)
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Puc 2.3 — CxeMa HUKJIIYHOTO TPOIIECY CTATUYHOTO OAJIaHCYBaHHS HABAHTAKCHHS

3aBllaHHS MOXKHaA JIeJIeryBaTh 0 OyJb-IKOTO elieMeHTa OOpoOKH JBOMA
MeTonaMu: 0Oe3 BpaxyBaHHS CTaHy cucTeMu (stateless, HMOBIipHICHI) Ta 3
BpaxyBaHHSM cTaHy cuctemu (stateful, nerepminoBasi).

VY stateless Metoa1 6e3 BpaxyBaHHsI cTaHy BuOip einemeHnta oopoOku (EO)
3MIIUCHIOEThCST 0€3 OyIBSKOrO OLIHIOBAHHS CHUCTEMHOTO CEPEIOBHUINA, TOMl SIK Y
stateful metoni BubGip EO Bumarae indopmaitii npo cran cuctemu. Stateless meroau
MPOCTI Yy pearizailii, ajie BOHU 3a0€3Me4yI0Th B3aEMO/III0 MIXK KJIIIEHTOM Ta CEPBEPOM
auiie y oopmati OJuH 0 OJHOTO, SIK MOKa3aHo Ha puc. 2.4.

Ha puc. 2.5 cxematuuHo 300pa)K€HO MPOIEC CTATUYHOIO OajaHCyBaHHS
HaBaHTaXKeHH4 31 stateful meTogom. banancyBanbHUK HaBaHTaKEHHS BIJICTEXYE BCI
CEaHCH, a pIlICHHS MPUHUMaIOTHCSl HA OCHOBI 3aBaHTAKEHHSI cepBepiB. ICHYIOTh pi3H1
stateful metomuku 1t BUOOpY Takoro enemeHTa oOpoOku, sk Round Robin,
3BakeHnit Round Robin Ta anroputm BumankoBoro posmnominy. OnHak, 11
QITOPUTMU  MalOTh OOMEXKeHYy cdepy 3acTOCyBaHHS uepe3 37e01IbIIoro

JTUHAMIYHUN XapaKTep PO3MOUICHUX CEPEIOBUIII.
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Puc 2.4 — Cxema cratuuHoro stateless OanancyBaHHSI HABAaHTaXEHHS B CUCTEMI
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Puc. 2.5 — Cxema crarnunoro stateful 6anaHncyBaHHs HAaBaHTaXEHHS B CUCTEMI

Cratuunuii MeToj| po3moiny Tpadiky Hajgae MOCIITOBHUN PO3MOMALT Ha
cepBepu 1 moTpedye MOonepeHhOr0 3HAHHS CUCTEMHHX pecypciB. Llei miaxin He
3aJIKUTh Bl TOTOYHOTO CTaHy cHUCTeMH. HaBmaku, AuUHAMIYHI aaropuTMHU
MPUIMAIOTh PIIICHHS, OMMPAIOYNUCh HA (PAKTUYHUN CTaH CUCTEMHU, 1 JO3BOJISIOTH
pyxaTtu Tpadik B peXKUMI peaIbHOTO Yacy, MepeMillaroyu HOro 3 MePeBaHTAKEHUX

MalllMH Ha HEBUKOPUCTAHI.



ANTOPUTM 3MIIIAHOTO 3aBAHTAXKEHHS (DOKYCYEThCS HA CHUMETPUUYHOMY
PO3MOIIIT OOYKMCITIOBAIBHOTO 3aBAaHHS JIJIi 3MEHIIEHHS BapTOCTI 3B’S3KYy MIXK
PO3MOJUIEHUMH OOYHCTIOBATFHUMHU By3JaMu. BaXiIMBO po3yMmiTH, IO XMapHi
oOunciieHHsT BiIOYyBalOThCA B JAUHAMIYHOMY CEpEJIOBHINI, 1 TOMY JHWHAMIdH1
AJITOPUTMH HaBAaHTAKEHHS BAXKJIUBI JUIS BIATYKY Ha 3MIHU B 3aBaHTaxeHHI. Takwuii
ITOPUTM MOXKe OyTH KiIacu(iKOBaHUN AK MEPIOJUYHE TUIAHYBaHHS MAKETHOTO
peXUMY Ta IJIAHYBAHHS HETAalTHOTO PEKUMY.

AJTOpyTM IUTaHYBaHHS TIOBUHEH BIUIMBATH HA KUIbKA XapaKTEPUCTHK:

- MiHIMI3allis 9acy O4iKyBaHHS;
- MIHIMI3allisl Yacy BIATYKY;
- MakcuMI3allisl IpPOIyCKHOI 3JaTHOCTI;

- MaKCHMI3aIlis 3aBaHTAXKEHOCTI Ipoliecopa.

2.2 lunamiyHe OaaHCyBaHHS HaBaHTAKEHHS

JluHamiyHe OalaHCYBaHHsSI HaBaHTAXEHHs fABIsIE cO00K PO3BUTOK stateful
anroputmiB CBbH, B AKuX 3a MUTH KIIE€HTIB PO3MOIUISIOTHCS MIXK JTOCTYITHUMH
pecypcamu mij yac BUKOHaHHA. LB mpu3Hadae 3amuT Ha OCHOBI JUHAMIYHOI
1H(popMmarlii, 310paHoi 3 yCIX pecypciB, SIK MOKa3aHO Ha puc. 2.6.

Anroputmu JIBH MokHa po3niUTH Ha ABI KaTeropii — pO3MOIiICHI Ta
HEPO3MOIIEH].

VY posnoxainenomy anroputmi JIBH Bci oOuuciioBanbHI pecypcu OJHAKOBO
BI/IMOBIAAIOTh 3a OajaHCyBaHHS HaBaHTaXEHHSA. B HEpO3MOIiICHUX aIropuTMax
KOKEH PeCypcC BUKOHYE CBOIO POOOTY CaMOCTIMHO AJisl JOCSITHEHHS CIUIBHOT METH.
Ax npaBuno, posnopineHi amroputmu JBH reHepyroTh Oinbine Ciy)KOOBHX
MOB1JIOMJIEHb, HIK Hepo3noieHi anroputmu JIbH, 3apnsiku cBoiit 6e3mnocepeaHii
B3a€MO/Iii 3 yciMa pecypcamu cucteMu. Posnoauieni anroputmu JIbH npaitoroTh
Kpalie B yYMOBax BIJIMOBU BY3JiB, OCKIJIbKM BHUIAJKOBAa HECIPABHICTH BYy3Ja
MOTIPIIIY€ JIUIIEe OTPUMAHUHN PO3MOILIT CYMAapHOI 3a/1aul B CUCTEMI 3aMiCTh 3BEJCHHS

HaHIBEIlb 3aTAJIbHOI MTPOTyKTUBHOCTI CUCTEMU



Hasrra 6@za 3HaHe (MeTagaHi, odMeseHHL, 1HpopMalis opo
MOTOYHE Ta DONEPEdH IaHVEAHHA, TOIo)
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Puc. 2.6 — Cxema HUKIIYHOTO MPOLIECY TUHAMIYHOTO OalaHCYBaHHS

HaBaHTa>XCHHA

Heposnonineni anroputmu JIBH B cBOr0 depry Takox MOAUISIIOTHCA Ha B
KaTreropii — IIEHTpali30BaHI Ta HAMIBIEHTPAII30BaHl. Y IIEHTPaJi30BaHOMY
QITOPUTMI  IIEHTPAJIbHWN CepBEp BIAMOBIAA€E 3a BHUKOHAHHSI  aJTOPUTMY
OalaHCyBaHHS HaBaHTAXCHHS. Y HaIMIBIEHTPAII30BaHUX CEPBEPU PO3TAIIOBAHI B
KJIacTepax, a OaJaHCyBaHHS HABAaHTAXKEHHS BCEPEAMHI KIIacTepa YIPABISETHCS
IIEHTPaJIi30BaHO.

JlunamiuHe OanaHCyBaHHs Iepeadavae Iepepo3noaia 00UYHCIIOBaILHOIO
HAaBaHTAKCHHA MDK BY3JIaMH TMTiJg dYac BHKOHAHHS mporpamu. [Iporpamue
3a0e3MeUeHHs], 1110 peaiizye TuHaMIyHe OanaHCyBaHHS, BpaXxoBye pi3Hi (akTopwu,
Takl SIK 3aBaHTAXKEHHS OOYMCIIOBAJIBHUX BY3JIB, MPOMYCKHY 3/aTHICTH JIHIN
3B’SI3KYy Ta YacTOTy OOMIHIB NOBIAOMJIEHHSIMH MDK JIOTIYHMMH MpOIECaMu
PO3IOIIJICHOTO J0/1aTKa.

banancysanHs HaBaHTa)KEHHS MOYXE€ BHUKOPHCTOBYBAaTH SK amaparHi, Tak i
mporpamMHi  IHCTPYMEHTH. 3acTOCyBaHHS JAWHAMIYHOrO OajlaHCyBaHHS 3
ypaxyBaHHAM TOTOYHOTO 3aBaHTAXEHHS CEPBEPIB JO3BOJISIE CTBOPUTH XMapHE
CEpPEIOBHILIE, SIKE ONITUMATBHO BUKOPUCTOBYE HASIBHI PECYPCH.

ANTOpUTMHU AUHAMIYHOTO HaBAaHTAXXEHHS HE MOTPeOyIOThH MONEPEIHIX 3HAHD
po Aii B poOoTi abo rinobanbHUi cTaH cucteMu. Bonn 6a3yioTbcs Ha iICHYIOUOMY
a00 TMOTOYHOMY CTaHI CHCTEeMH. Y PO3MOJAUICHIM CHCTEMI Taki alrOpuTMHU

BUKOHYIOTHCSI BCIMA BY3JIaMH, SIK1 TIPUCYTHI B CUCTEMI, 1 PO3TIOIIISIOTH 3aBaHHS



OaylaHCyBaHHS HABAaHTXKEHHS MK HUMH. B3aemoist MK By3mamMu ISl 311HCHEHHS
Oanancysanns (ela.kpi.ua) moxe OyTH KOOnepaTHBHOIO a00 HEKOOIIEPATUBHOIO.

VY koomnepaTuBHIN GOpMi BY3JIH IPAIFOIOTH CITUTBHO JIJIS1 JOCSITHEHHSI CI1TBHOL
METH, TaKoi SIK TOKPAILEHHs Yacy BIATYKY. Y HEKOONepaTHUBHIM (hopMi KOKEH BY30I1
MIpaITioe HE3aJIEKHO IS TOCATHEHHS JJOKAIbHUX IUIeH. JIMHaMIYHI allrOpUTMH, 1110
MarTh PO3MOJIIICHUN XapakTep, MOXKYTh TEHEpPyBaTH OUIbIIE TIOBIIOMIICHB,
OCKUTBKH KOKCH BY30J1 IOBMHEH B3a€MOIISITH 3 KOXXHUM 1HITHM By3J1oM. (ela.kpi.ua)
[Ipore 1me 3abe3medye MPOAYKTHUBHICTH CHCTEMH, HABITh SKIIO OKPEMi BY3JHU
BUSIBJISIIOTHCS HEAKTUBHUMU.

VY HeposnojiieHoMy TuUIll OalaHCYyBaHHS HaBAaHTAXEHHS BUKOHYETHCS a0o
OJTHUM BY3JIOM, a00 TpYINOK BY3MiB. AJTOPUTMHU JMHAMIYHOIO PO3IOILLY
naBantaxkenns  (ela.kpi.ua) Hepos3momieHOro  XapakTepy MOXYTh  OyTH
[EHTpai30BaHUMHU a00 HaIMIBPO3MOAUICHUMHU. Y 1EHTPaJi30BaHOMY MiAXO/I1
PO3I0/I1JT HABAHTAKEHHS B1I0YBA€THCS YEPE3 OJIMH BY30J1 — [IECHTPAJIbHUN BY30J1. Y
HAIBPO3IMOAICHOMY BapiaHTI BY3/IH MOJAUISIOTHCS Ha KJIACTEPH, KOKEH 3 IKUX Ma€
HeHTpasizoBanuii neHTp. OOuaBa TUIIK MalOTh CBOI MIEpeBary 1 HEAOJIKHU, 30KpemMa
[EHTPaAII30BaHl aIrOPUTMH MOXYTh BUKIMKATH BY3bK1 MICIS Ha IEHTPAILHOMY
By3Jll, TOJl SK HaMIBPO3MOJJIEH]  alropuTMU  3a0e3MeuyloTh  OUIbILY

MaciuTadoOBaHICTb.

2.3 IlopiBHSIBHUN aHAII3 TIXO0/I1B

banancyBanbHUK HaBaHTaXXEHHS peaiizye KUTbKa alrOpUTMIB OalaHCYBaHHS
HaBaHTAXXEHHS JJIs BUSHAUYCHHS BIJMOBIAHOTO pecypcy. [IpoTe BiH CTHUKAaEThCA 3
KUJIbKOMa ITpo0IeMaMu P PO3MO/ILII HABAHTAKEHHS MIXK JIOCTYITHUMU PECYPCAMHU.
Y HacTynmHOMY pO3/iJIi IPEICTaBICHO KIJIbKa OCHOBHHMX MPOOJIEM 13 BIAMOBIAHUMU

PILIEHHSIMHU.
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2.3.1 36inbmieHHs BeO-Tpadiky

3a ocTaHHI KUJIbKa POKIB BeO-Tpadik Ay’Ke MIBUIKO 301IbIITYETHCS 3aBISKU
YUCJICHHUM 3apEECTPOBAHUM BeO-caiiTaM Ta OHJIAWH-TPAH3AKITisSM. 31 301JIbIIICHHIM
KUTBKOCTI 3alUTIB BIATOBIb CEPBEpa CTAE MOBIIBLHOIO Yepe3 0OMEKEeHY KIJTbKICTh
BIIKPUTHX 3 €AHAHb. 3alHUTU AOJAIOTHCS O 3arajbHOl MOXJIMBOCTI O0OpPOOKH
pecypciB. Konm BXifHI 3amuTH MEPEBUIIYIOTH MOXKIHBOCTI Pecypcy, pecype
aBapiiHO 3aBepiirye podoTy abo BUHHMKAE moMmika. Kijbka aBTOpiB mpoaHai3zyBaiu
Ta 3alpONOHYBaJM pIlIEHHS AN BUpilmieHHS npoOiemu. Ilepiie pimmenHs - 1e
OHOBJICHHS ce€pBepa, B SKOMY Ha JIEIKUW 4Yac 3aluTh OOpOOJSIIOTHCS OLIbII
NOTY>)KHUM  CE€pBEepoM. Aje 3 IUM pIIIEHHSAM TOB’s3aHl  HpodiieMu
MacmTabOBaHOCTI, NEPEpUBAHHSI Ta OOCIYroByBaHHsS. I[HIIMM pIIEHHAM €
ayTCOPCHHT, MIPHU SIKOMY 3allUTH HAJICUIAIOTHCA HA 1HIIWNA BIAMOBIIHUMA cepBep IS
IIBUJIKOT BIJATOBIAL. AJie 1M MiAXiJ KOIITY€E JOpOro i Mae oOMEXEHUH KOHTPOIb
HaJl mpobyieMaMu SIKOCTI 0OCIyroByBaHHs. Po3Mip BEOCTOpPIHKM Ta KIJIBKICTh
KOPHUCTYBauiB BUKA3yIOTh 3HAUHU BIUIMB HA Yac BIATYKY CUCTEMHU.

Hali0O1npm cupUsITIIMBUM PILIEHHSIM € BUKOPUCTaHHS JEKUIBKOX CEPBEPIB 3
edeKTUBHUM OallaHCyBaHHSM HAaBAaHTAXXEHHS, SIKE BPIBHOBAXKY€E HABAHTAKEHHS M1k
cepBepaMu. [IpoayKTUBHICTh ITUX CEPBEPIB aHAI3YETHCS 3a JOIMOMOTOI0 MOJeei
yepru abo Mojieniel JiHIM OuiKyBaHHS. 3arajioMm, ABa TUIHM Mojieliel OalaHCyBaHHS
HABAHTAKEHHS BUKOPUCTOBYIOTHCS JIJIsl aHAIII3y MPOAYKTUBHOCTI cepBepa. Koxken
M1JX1/1 Ma€ CBOI MepeBaru, 3aCTOCYBAHHS Ta OOMEXKEHHSI.

Mogenb 1eHTpati30BaHOl Yepru Jijisi OalaHCyBaHHS HaBaHTAXKCHHS

VY 1upoMy MexaHi3Mi BUKOPHUCTOBYIOTHCS OJHOPIAHI CEpBEPH 3 KIHIEBUMH
po3mipamu Oydepa. banancyBalbHUK HaBaHTAXXEHHSI OTPUMYE 3aIUT BiJ KII€HTA 1
NepEeHaNnpaBIIsie 3aMUT MK CEPBEPAMH, BUKOPUCTOBYIOUU OJIHY 3 TAKUX IMOJITHK
MapIIpyTH3aLii:

- BunaakoBa IoJnTHKa;

- [Tonmituka RR;

- [ToniTKa HAKOPOTILUX Yepr.



[TopiBHSIHHA IIMX MOJITUK 3 TOYKK 30py YaCTOTHU BIAXUJIEHB Ta Yacy BIATYKY
CUCTEMHU TOKAa3ye, 110 I aJrOpUTMHU J00pe MpalolTh, KOJIW PyX HEBEJIUKHI, aie
KoJI1 BeO-Tpadik cTae BUCOKUM, MOJITHKA HAHKOPOTIIHX YepT MPAIIOe Kpale, HiXK
nomiTuka BumnaakoBux Ta RR. KigpkicTe Bigxmiens y RR 1 BUnmaakoBiil momTHil
301IBIIY€EThCS 31 301IbIICHHAM Tpadiky. IcHye 3amponoHOBaHUI aNTOPUTM Yepru
JUTSL BUMIPIOBAHHS TIEPEBAHTAXEHHS Ta 0OCIYyTOBYBAaHHS CEPBICHUX MOXKIIUBOCTEH
cepBepa B cepenonuiii 3 JIBH. Anroputm mpaiitoe kpaiie sk B OAHOPITHOMY, TakK 1
B TETEPOT€HHOMY CEpEAOBHUIII, HIK anroputMu 3amuikoBoi emMHocTi (RC) Ta
QITOPUTMH YepTU Ha OCHOBI BMicTy cepBepa (QSC).

Mogenb po3noAuIeHOT Yepru 1jisi OalaHCyBaHHS HABAaHTAKCHHS

L1 MexaH13MH TaKOK BUPILIYIOTh MPOOJIEMY 3aTPUMKH MEPEX1, IO JO3BOJISIE
YHUKHYTH IIEPEBAHTAXKEHHS Mepeki. Moieni uepru JOTpUMYIOThCSI TIEBHUX MPaBHII
IpUOYTTS Ta PO3NOALTY JJIsl PO3MOILTY 3amuTiB. Mo po3NoaiIeHol yepru 1o0pe
MpalolTh B YMOBAaX IHTEHCHUBHOTO Pyxy [5]. PimeHHs mpo MapiipyTu3ailito
MpUIMAIOTBCSI HA OCHOBI PI3HMIN B JIOBXHUHI uepru BeO -cepBepiB. 3iOpaHa
iH(popMaIlisi BHKOPUCTOBYETHCS Uil pO3NOAUTY TpadiKy s MOKpPAIIEHHS
IPOAYKTUBHOCTI BeO-cepBepiB. Uac BUKOHAHHS 3aBJlaHHS 0€3M10CepEIHbO BILUIUBAE
Ha JOBXKWHY UYepru BeO-cepBepa, TOMY AOIIIBHUM € 3aCTOCYBaHHS MOJIeJIi Ha OCHOBI
KOe(]illI€EHTY CIIBBIIHOLIEHHS CEPEIHHOTO YaCy BUKOHAHHS 3aBIaHHS.

Jlist HOopmaumizaili 3aTpUMKH Mepexi ICHye TiaxXin 10 OallaHCyBaHHS
HABaHTA)XCHHSA 3 KOHTPOJIEM 3aTPUMKH JIJIs1 IOKPAIIEHHS IPOAYKTUBHOCTI MEPEXKI.
Opnak miaxig Mae 0OMEXKEHY 3aCTOCOBHICTH 1 MIAXOIUTH ISl CTAOUIBHUX CTaHIB
HUISXY .

Takoxk 1CHye MIIXiJ HA OCHOBI TE€OPil Yepr JJsi MOHITOPUHTY MEPEKEBOTO
TpadiKy, MpU SIKOMY MOJETIOBAaHHS BHUKOHYETHCS B OJHOPITHOMY, a TaKOX B
reTEPOreHHOMY MEPEKEBOMY cepeioBuIax. MoHITOpUHT TpadiKy HEOOX1THUHN 15
pO3paxyHKy IMapaMeTpiB JOCTOBIPHOCTI Ta €(hEKTUBHOCTI BiJl MOCTIMHOI poOOTH
Mepexi. Buxomsum 3 Teopii yepr 1 3akoHy Manta, MepeBaHTAXKEHICTH MEPEexkKi

30aJlTaHCOBAaHA.



2.3.2 Bubip pecypciB Ta po3Ioii 3aB1aHb

Bbarato nocnigHukiB 3BepTanucs A0 IpoOaeMu BUOOPY peCypcCiB Ta po3MoalTy
3aBlaHb MJI1 CHOpPaBEIJIMBOrO OalaHCyBaHHS HaBaHTaKEHHSA. banaHcyBaJbHHUK
HaBaHTaX€HHs Oepe Ha ce0e BCIO BIAMOBIAAIBHICTh 3a BIIOOpPaKEHHS pecypcy Ta
3aBIaHHS 10 (PaKTHIHOTO BUKOHAHHS.

VYnopaBiniHHA ~pecypcaMu  CKJIAJa€ThCsl 3 JBOX OCHOBHHX (DYHKITIH:
3a0e3MeUeHHs] pecypcaMu Ta IUlaHyBaHHA pecypciB. Ilil yac HajgaHHS pecypciB
KOPUCTYBad HaJACWIae OpOKEpY 3aBIaHHS 3 PI3HUMH 3a3aJIeTib BU3HAYCHUMU
0OME)XXEHHSIMH SIKOCTI 00CIIyroByBaHHs. bpokep Hece BIIMOBIIAIBHICTD 3a MOIIYK
BIJIMOBIJTHOTO PECypCy Jis BUKOHAHHA 3aBlaHb. [lmanyBaHHS pecypciB - 1ie
B1I0OpakeHHs Ta BUKOHAHHS 3aBAaHHs Ha BIJMOBIIHOMY pecypci. BiH ckinagaeThes
3 TPhOX OCHOBHHMX (DYHKIIIH: BiIOOpa)KEHHS PECypcCiB, BUKOHAHHS PECypciB Ta
MOHITOPUHT PECYPCIB.

KnacudikyBatu pecypc MoKHA 3a TphOMa KaTeTOPIsIMU - HEIOBAaHTAKEHUH,
HOPMAJIbHO 3aBaHTAXKEHWM Ta TMepeBaHTaXkeHUW. [InaHyBanbHUK IO3HAYa€e
3aBJaHHS JIMIIIE HAa HEJOBAaHTaXEH1 a00 HOPMAJIbHO 3aBAaHTAXKEH1 peCcypcH. 3 1HILIOTO
00Ky, MOKHa PO3JIUIMTH PECYpCH Ha AMCKPETHI PiBHI JJi BUOOpPY HaWOLIbII
MPUIATHOTO PECypCy MJis BHKOHAHHS 3aBlIaHb. [aKoX MOXKHA TMPEACTaBUTH
TIaHyBaHHS OFOJKETHUX 3aB/IaHb Ta PO3paxyBaTH MPUAATHICTh YCIX peCypCiB s
B1100pY pecypciB.

JI1s BUKOHAHHS 3aBJIaHHS MOKHA BUBECTH (YHKIIIIO BapTOCTI JJisi BUOOPY
pecypcy, 3HaueHHS SIKO1 00UHCITIOETHCS 3 BAKOPHUCTAHHAM KoediIieHTa 3aBEPIIICHHS
Ta icropuuHoi iH(opmali npo pecypc. ns miHiMizamii mepegavi JaHUX MK
pecypcaMu MOKHA BUKOPUCTATH rineprpad, sKui 11eHTU(]IKY€ 3aJIeKHICTh 3aB/IaHb
Ta JaHUX. 3aBIaHHS, K1 BUKOPHUCTOBYIOTh CXOXI JaH1, IPU3HAYAIOTHCS OJTHOMY 1
TOMY K PECYPCY JIJIsl HEMPSIMOTO 3HUKEHHS BapTOCTI.

[lepcriekTUBHUM € METOJT BHOOpPY PpECYpCiB Ha OCHOBI OWJKETY s
MOJUIBHUX HaBaHTaKE€Hb. METO/ MpU3HAYa€ BIAMOBIIHUNA PECypC 3 TOUKH 30Dy
BApTOCTI 31 CIIMCKY JOCTYHMHHUX pecypciB. MeToa po3moaily pecypciB s

MOJUIBHUX HABAHTAKEHb ICHYE€ TaKOX Ha OCHOBI JIHIWHOTO MporpamMyBaHHS.



PoGoTa knacudikyeTbCs y BIAMOBITHUX pO3Mipax Uisl pO3MOJLIY 3a HAsSBHUMHU
pecypcamu. ICHye TakoXX BIOCKOHAJIEHHS METOAY BHOOPY pECypCiB ILISXOM
BU3HAUCHHS HABaHTAXKEHHS Ha 3aBIAaHHS Ta HASBHOCTI PECYPCIB BIAMOBIIHO.

Pi3HI  MOCHITHWMKM  3ampoOINOHYBAJM  YHWCICHHI  METOAM  PO3MOJALTY
HEOJTHOPITHUX 3aBAaHb. Hampukian yaoCKOHAJEHHS TPaJULIMHOTO TUIaHyBaHHS
3aBmaaHb KpyroBoi pobotu (RR), sxe moOpe mpairtoe, Koy BCi pecypcu MaroTh
OJIHAKOBY TMPOIYCKHY 3/IaTHICTb. Y TETEPOTCHHOMY CEpEIOBUIIl 1€ HE Ja€
NOMITHUX pe3ynbTariB. ToMy KOXXHOMY cepBepy NpH3HAUa€ThCS Bara, ska
BiJIOOpaXka€ TaKOX TMPIOPUTET BUOOpPY cepBepa. AJTOPUTM CIPABISETHCA 3
pO3MOAIOM HAaBaHTAKEHHS OUTbII  e()EeKTUBHO, HDK KJIACUMYHHM aJITOPUTM
ranyBaHHs RR.

[cHye TakoXX anropuTM IUIaHYBaHHS 3aBAaHb B XMapHOMY Ta TyMaHHOMY
Cepe/lOBHUIA, HAa OCHOBI acoliamli MiX BYy3JIaMH TyMaHy Ta XMapHUMHU BY3Jamu,
00 3MEHIIWTH MPOIMYCKHY 3/aTHICTb Ta IIHY XMAapHUX pecypciB. SKmio
OOYHUCJICHHS HEMOXXJIMBE Ha TYMAaHHOMY BY3Jll, TO 3aBJIaHHS BUKOHYIOTHCS Ha
xMapHOMy By3mi. Kilbka 0OMEXEHb, TaKUX SK TEPMIH Ta OIOJIKET, MOXYThb
M1JBUIIUTH €(EKTUBHICTh Ta MPUJIATHICTD aJITOPUTMY.

B pamkax intepuery pedeil (IoT) Takox iICHYIOTh aJTOPUTMHU IUTaHYBaHHS
3aBganb B JIBH. Hampukman, ans BOyJoBaHMX CHUCTEM ISl iJABUIICHHS
MPOIYKTUBHOCTI peanbHuX aonatkiB y mapaaurmi CloudloT moxkna 3actocyBaTu
M1JX1/1 3 BAKOPUCTAHHAM MEPEX PeaabHOro 4acy, A€ YITKO JOTPUMYIOThCS YaCOBHX
oOMeKeHb. ANTOPUTM MiJABHUIINY€E MBUIKICTh TUIAHYBaHHS BUKOHAHHS 3aBlIaHb Y
peXHMi peasibHOrO0 4Yacy B Te€TepOreHHUX BeO-cepBepax. [ns GararoxmapHOro
cepenopuma loT icHye anropuT™m TUIaHyBaHHS 3aBIaHb, MPU SKOMY HaWMEHII
3aBaHTaXCHUI cepBep BUOMPAETHCS TI00ATLHUM JUCIETYCPOM JIJIsl TUIAaHYBaHHS
3aBaadb [oT.

[CHYIOTP TaKOXX TEHETUYHI aJIrOpUTMHU JJig BUPILIEHHS MpobdiieMu
TJIaHyBaHHS 3aBlaHb. Hampukiajn, 3a J0MOMOrol MeETa-eBPUCTHYHHUX METOIIB
TCHeTUYHUA aJIrOpUTM TUIaHYyBaHHS 3[aTE€H 3HW)KYBATH BapTiCTh 3B 3Ky MIXK

TIPOIECOPaMH.



2.3.3 BumiproBaHHs HaBaHTaKCHHS

BumiproBaHHs ~HaBaHTaKEHHS € JyXE Ba)XJIMBOIO JISJIBHICTIO B
PO3IOJIIJIEHOMY cepeqloBuUIlll. Pi3HI anropuTMu OajaHCyBaHHS HaBaHTaXEHHS
BU3HAYAIOTh CTaH 3aBAaHTAXXCHHS PECYPCIB IIE 0 PeaIbHOI peaizallii 3aBJaHHS.
Pi3H1 mOKa3HUKU MPOTYKTUBHOCTI, TaKl SIK BIIMOBOCTIMKICTh, 4aC OYIKyBaHHSI, 4ac
BIITYKY TOIO, MOXYTh OyTH €(EeKTMBHO ONTHUMI30BaHI IIJISIXOM BHUMIPIOBaHHS
MOTOYHOTO HaBaHTaKEHHs pecypcy. barato aBTopiB 3BepTayivcs A0 I[HOTO MUTAHHS
1 TPEACTaBISINM Pi3HI METoau 3a0e3leueHHs pecypcaMHu Il €(EKTHBHOTO
PO3MO/ILTY BX1THOTO HABAaHTAXKEHHSI.

[lepen mpu3HaYEHHSM 3aBIAAHHS PeCypCy IUIaHYBAIBHUK MEPEBIPSIE TOTOYHE
3aBAHTAXXEHHS KOXKHOT'O Pecypcy Ta BUOMpae HEAOBAHTAXEHUM a00 HOPMAaJIbHO
3aBaHTXEHUI pecypc UIsi BUKOHaHHs 3aBiaaHHs. [oBkuWHA 3aBOaHHS, €MHICTh
OoOpoOJIOBAaHOTO €JIEMEHTa Ta OOMEXEHHS TEepMiHy - 1€ (akTopH, Kl
BPaxOBYIOTbCSl ISl BU3HAQUEHHS IIOTOYHOTO HABAHTAXXEHHS KOXKHOTO pECypcy.
k1o pecypc nepeBaHTaXXy€eThCs, HE3aBEPILEHI 3aBJJaHHA IEPEHOCATHCS Ha 1HIINN
BIJIMOBITHUM pecypc JJisl 3aBEPIICHHS iX BUKOHAHHS. MexaH13M KOHTPOJIbHOI TOUKH
BUKOPHUCTOBYETHCS IS 30€pEKEHHS Ta BIAHOBIICHHS CTaHy 3aBIaHHS, 110 3HAYHO
3MEHIITY€ CepPEe/IHIi Yac BiATYKY Ta 4ac MOBTOPHOTO MOAAHHS 3aBJaHHS Ta MOKPAIIy€e
IPOIYCKHY 3/1aTHICTh CUCTEMHU.

B sxocTi moka3HUKYy HaBaHTa)KEHHS MOKHA BU3HAYUTH JTUHAMIYHE TOPOTOBE
3HAUEHHS HA OCHOBI CTaHJIAPTHOTO BIAXWJICHHS JIJIsi OajJaHCYyBaHHS HaBaHTAKCHHS
Ta Mirpaiii podouux micip. s mirparii 3aBianb pecypcu Kiacu(ikyroTbes, a
cepeHE HaBaHTAXKEHHS KOXKHOTO KJIacTepa MOPiBHIOETHCS 3 TOPOTOBUM 3HAUYCHHSIM
eneMeHTa 00poOku. [[nsi GanmaHCyBaHHS HaBaHTAXXEHHS 3aBJIaHHS BHOUPAIOTHCS
BUTIAJKOBUM YHHOM 3 KOJICKIIii HEJOBAaHTAKEHUX 200 MepeBaHTAKEHUX PECYPCIB.

IcHye monens BHOOpPY HaWKpamioro Kiactepy 3 TOUKH 30py MIJBUILEHHS
HAJIMHOCTI CHCTEMH Ta 3MCHIIICHHS CIIOKMBAHHS €HEPrii, a TaK0XK ¢(PEKTHBHOIO
30aaHCyBaHHS HABaHTAXCHHS Ha cucreMy. KiieHT Moke BH3HAUUTH

MPIOPUTETHICTH CBOTO BUOOPY, 1100 BHOpATH BIAMOBITHUIN KIacTep JJIsI BAKOHAHHS



3aBiaHb. EdexTuBHUN MiaXiJ A0 BU3HAYEHHsI HAKJIAIHUX BUTPAT Ha MIrpariio

PpOOOUYHX MPOLIECIB MOKE IMIABUIIUTH aJalTUBHICTh MOJICII JI0 pealbHUX CIIEHAPIiB.

2.3.4 Ontumizariisi BUTpat

AnroputM OanaHCyBaHHS HABaHTA)XCHHS B1IOOpaXkae 3aBJaHHS Ha Pi3HI
TeTepOreHHl pecypcu Ha OCHOBI 3a3falieriib BU3HAueHUX Iiied. OCHOBHA MeTa
OallaHCyBaJlbHUKA HAaBAHTAXKEHHS — OINTHMMI3yBaTH Yac BUKOHAHHS 3aBiaHb,
BapTICTh peCypciB Ta iX BUKOpHCTaHHA. ToMmy mig dYac OanaHCyBaHHS
PO3IMIISIIAI0THCS MUTAHHS BapTOCTI Ta MPOIMOHYIOTHCS AESIKI MOXKJIUBI PIILICHHS 151
Horo ontumizariii.

[Tepur 3a Bce 1€ MOke OyTH aJanTHUBHE IUIAHYBaHHS pOOOYHUX MPOIECIB, 3
BpaxyBaHHSM BapTOCTI PECYpCIB Ta BAPTOCTI 3B’ A3KY MK 3aBJJaHHSIM Ta PECYPCAMH.
Yepe3 HEOTHOPIIHICTh PECYPCIB KIHIIEBA BAPTICTh PO3PAXOBYETHCS MEPIOTUUHO.
PeanizyBaru 1ie MokHa y (popmaTti ABO(A3HOrO AJITOPUTMY IUTAHYBAaHHS 3aB/IaHb, 3
¢dazor0 BuOOpY 3aBaaHb Ta (a3zor BuUOOpY mnpouecopa. [nst BuOopy 3aBaaHHS
MPIOPUTET BU3HAYAETHCA MUIAXOM OOuYMClIeHHS paHry. [[ns BuOopy mporecopa
OOYHUCITIOETHCS IIHHICTh YCIX MPOIIECOPIB 1 BUOUPAETHCS MPOIECOP 3 HAUBUIIOIO
IIHHICTIO.

B cBow dyepry, Metoau pe3epByBaHHsS 3a0€3MeuyloTh OUIbIIE 3HUKEHHS
BUTpAT, HIXXK METOIM Ha BUMOTY. [Ipu 11boMy MeTO/I1, 3arajoM, BUALICHHS PECypciB
nepeadayae TaKl TP €TAIHU:

- bpoHtoBanHs pecypcis;

- Posmmpenns pecypcis;

- Pecypc Ha Bumory.

Ha nepmiomy etamni xmapHuii Opokep 3a3fayieriib OpraHi30By€ pecypcH, He
BpPaxOBYIOUM BUMOTH KJlieHTa. Ha ApyromMy erari CriiBCTaBISIFOTHCS BUMOTH KITIEHTA
Ta BapTICTh PECYpPCIB, a TAaKOX BUSBISETbCA HaAMIpHE ab0 HEJOCTATHE
BUKOPUCTAHHSA pecypciB. Ko BUMOTa KII€HTAa TMEPEBUINYE 3ape3epBOBaHI

pecypcu, Opokep MOXK€ MOMPOCHUTH JOJATKOBI PECypCH Ha OCHOBI OIIaTH 3a



BUKOpHUCTaHHA. Jlajli pO3MOYNHAETHCS €Tall Ha BUMOTY, IIPU IKOMY KJIIEHT TOBUHEH
3HATH BIJIMOBIHI MallOyTHI BUMOTH, IK1 B&KKO OI[IHUTH B XMapHOMY CEPEIOBHIII.

IcHye Takox MeTol oMTUMI3AIlil BUTPAT HA OCHOBI aKTUBHOCTI MPOIIECY, MPU
SKOMY BapTicThb 0OpOOKHM Ta yac OYIKyBaHHS BM3HAYAIOThCS 3a JOIMOMOTOI0 Hacy
JSUTBHOCT], BUKOPHUCTAHHSI PECypciB Ta KoeillieHTa MIHJIMBOCTI ISl MEPEBIPKU
e(eKTHUBHOCTI.

VY pa3i BUKOpUCTAaHHSA XMapHUX CEPEOBUII, MOKHA KJIAaCU(DIKyBaTH XMapH 3a
TPbOMa KaTETOPIsIMH 3aJICKHO BiJl HaBHOCTI PECYPCIB: 3arajibHOJAOCTYIHA XMapa,
nprBaTHa XxMapa Ta riopuana xmapa. (ela.kpi.ua) KopucryBau Moske CKOprUCTaTHCS
nociayraMu ImyOiiuHOT XMapH 3a JOMOMOIOI0 METOAY OIUIaTH 332 BUKOPHCTAHHS.
[IpuBaTHI XMapu HaleXaTb NPUBATHUM oOco0aM 1 MPONOHYIOTh OE3KOUITOBHI
PI3HOMAaHITHI MOCIYTU. Y TIOPUIHIM XMapl pecypcH 13 3arajibHOJOCTYITHOT XMapHu
arperyroThCs BIAMOBIIHO 10 BUMOT.

J111 riaHyBaHHS 3aBJJaHb B XMapHOMY CEPEIOBHINIA € IMiIX1/1 3 HAIIPaBJICHHIM
JISJIBHOCT1 HAa CKOPOYEHHsI 3aBJaHb. Lleit anroputm mpairroe Kpartiie, Hixk TpaJuIiiH1
MAX0AM 0 TPU3HAYCHHS 3aB/IaHb 3 TOUKH 30PY 3HIKEHHS BUTpAT.

EdextruBHe 3a0e3meueHHs1 pecypcaMil BIJIIPa€ KUTTEBO BAXKIMBY pOJIb Y
3HUKEHHI BUTPAT Ha BUKOHAHHS 3aBJaHb. OJIHUM 3 aJTOpPUTMIB, SIKI BUPILIYE IO
npoOJieMy, € aJroputTMm 3a0e3MeUYeHHs pecypcaMM Ha OCHOBI ONTHUMI3aIlli POIO
gactuHok (PSO. PSO mpwuitHaTo ams BUOOpPY BIAMOBIAHOTO pecypcy IS
ontumizauii BUTpaT. OIIHIOIOTHCS 1 MOPIBHIOIOTHCS 3 IHIIMMU 1CHYIOUUMH
METO/JaMH TPHU TOKAa3HUKH €(PEKTUBHOCTI: BUKOHAHHS 3aBJaHb, BUKOPHUCTAHHS
nam’siTi Ta BapTICTh. Pe3ynbTaTé MOJENIOBAaHHSA IMOKAa3ylOTh, IO aJTOPUTM Ha
ocHoBl PSO 3a0e3nedye MiHIMaIbHUI YaC BUKOHAHHS Ta BUKOPUCTAHHS Mam’ STl 3
HaWMEHIIIMMU BUTpATaMU, HIXK 1HIIN HACYy4acHIII METOIH.

Posnoain pecypciB Takok MOXJIMBUN Ha OCHOBI ayKIIOHY JIJIsl 3JJ0BOJICHHS
BUMOT KJI€HTa Ta TNocTadajibHUKa mociayr. Iliq dYac muiaHyBaHHsS pecypcu
MIPU3HAYAIOTHCSI KOPUCTYBAavaM, sIKi MAIOTh HAWBUII CTaBKU. AJITOPUTM 3a0e31medye
HaUOUIBIINKA TPUOYTOK 1 33JJ0BOJIbHSE SIK KIIIEHTIB, TaK 1 HOCTaYalIbHUKIB MOCIYT 32

KiIbkoMa KputepisimMu. [1oB’s13aHHS MeXaH13My PO3IOALTY PECypCiB 3 EKOHOMIYHOIO


https://ela.kpi.ua/bitstream/123456789/42028/1/Buzian_bakalavr.pdf

po0IeMO0 MOMUTY Ta MPOMNO3UIi 3a0e3neuye kpaily (GyHKIIOHATBHICTE 13 17%
MpUOYTKY 32 TIOMOMOTOI0 1HIIMX 1ICHYFOUUX METO/IIB.

[1nanyBaHHs 3aBIaHb TaKOXX HEOOX1AHE [ mporpaM pobdodoro nporecy. Lli
IporpaMu poOoUYoro MUKIY CKJIAJAIOThCS 13 3aJI€KHOTO 3aBAAHHS 3 0OMEKEHHIAMU
TEpPMiHy BUKOHAHHA. MeTa mossirae y BUOOplI HAWMEHII BUTPATHOTO XMapHOTO
pecypcy uepe3 PSO nans BuUKOHAHHS 3aBAaHb Ha OCHOBI POOOYOTO MPOLECY.
EdexTuBHe miaHyBaHHS 3aBJlaHb CKOPOYY€ Yac BUKOHAHHS, 110 O€3MOCEperHbO
BIUIMBA€E Ha KIHIIEBY BapTiCTb. BpaxoBylouum HakiIagHi BUTpaTH Ha 3B’SI30K,
e(pEeKTUBHICTh MOJENl Ta iI 3aCTOCYBaHHS MOXKHA MIJBUIIUTH B PpPEaJIbHOMY
XMapHOMY CEpEeIOBHIIII.

Mo01s1bHI TPUCTPOT 3HAYHOIO MIPOIO 3aJI€XKATh BIJI XMAPHUX PECYPCIB IS
JOCTYMy 10 JIaHUX Ta BUKOHAHHS omepailiil. Mera niaHyBaHHs Ta 3a0€3ME€UEHHs
pecypcaMu B IIbOMY BUMAJIKY IOJIATAE B TOMY, 1100 BUOpATH ONTUMAJIBLHUI pecypc
3a MIHIMaJIbHY BapTicTh. [locTayaIbHUK MOCTYT BUKOHYE 3aBJaHHS Ha BIAMOBIIHUX

pecypcax, 1mob oTpuMaTH MaKCUMAaJIbHUI TPUOYTOK.

2.3.5 BigMOBOCTIHKICTD

BiaMoBOCTIHKICTh — 11€ ME€XaHi3M, KU 3a0e3Ieuye OILiHIOBaHI pe3yabTaTu
SKOCT1 HaBiTh 3@ HasIBHOCTI HEeCIIpaBHOCTEH B cucteMi. CucTtema 3 il KOMIIOHEHTaMu
Ta Cayx0aMu MOKE BBaXKATHCSA HAIIMHOI JIMIIE 32 YMOBH, IO BOHAa Mae
B1IMOBOCTINKICTh. Takum 4nvHOM, TIpoOJieMa BiAMOBOCTIMKOCTI MPUBEPTAE yBary
JOCITITHUKIB TIPOTATOM OCTAHHIX JICCSTUIITh.

Metoau BIIMOBOCTIMKOCTI MOXHA PO3JUIATH Ha JIBI KaTeropii: MpOaKkTHUBHI
Ta peakTuBHi. [IpoakTHBHI METOAM — 1€ METOAW 3amoOIraHHs, SKI BH3HAYAIOTh
KOHTPOJIbOBAHUM CTaH Ha BIJIMOBOCTIMKICTh 10 1X BUHUKHEHHS. CHCTEMH MOCTIHHO
KOHTPOJIIOIOTHCS 1J1s OLIHKY HecrpaBHOCTe. [[poakThBHA BIIMOBOCTIMKICTh MOYKE
OyTu peanizoBaHa TphOMa CHOCOOAMM: CaMOBITHOBJICHHS, MOMNEPEaXKyBajlbHa
MIrparisi Ta OMOJIOJKEHHS CHUCTEMHU. Y TIPOIEeCi CaMOBIJHOBJICHHS IEPIOJIMYHO
3aCTOCOBYIOTbCS TPOLEAYpU BIJHOBJICHHS HECIPABHOCTEH [JIsi aBTOHOMHOTO

BinmHOBNeHH. [lim Wac momepemxyBaibHOI Mirpailii 3aBJIaHHS TMEPEHOCITHCSI 3



HMOBIPHO HECHPABHOTO pecypcy Ha iHIMKA pecypc. OMOIIOIKEHHSI CUCTEMU - 1€
MEXaHi3M, 3a JOMOMOI'OI0 SIKOTO MEPIOJUYHO CTBOPIOIOTHCS PE3EpBHI KOMIi st
OYUIIECHHA Ta BUAAJICHHS MOMUJIOK 13 CHCTEMHU.

[Hma xkareropiss — 1€ pEaKTHBHI IMIJXOAHM, SKI MalTh CIpaBy 3
HECTPABHOCTSIMHU MICIIs iX BUHUKHEHHS. PeakTHBHA BiIMOBOCTIMKICTh TAKOK MOXE
OyTu peaiizoBaHa TphOMa CIocoOaMM: peruTiKallii 3aBJaaHb, MIrparis 3aBIaHb Ta
KOHTpoJbHA Touka. Ilim yac peruikaiii 3aBJaHp KiJbKa €K3eMIUIIPIB a00 KOMiH
OJTHOTO 3aBJIaHHS CTAIOTh IOCTYITHUMH Ha PI3HUX pecypcax. SKIIo OA1H eK3eMILISp
HE MpaIlioe, 3aBJAaHHs BUKOHYETHCS Ha 1HIIOMY ek3eMIuLsipi. [Ipu mirpariii 3aBgaHb
3aBJIaHHS MITPYIOTHCA Ha I1HIIMKM BIAMOBIIHUIA pecypc i 3aBepIeHHS HOro
BUKOHAHHS. Y KOHTPOJIbHIM TOYIl CTaHW 3aBJaHb MEPIOJUYHO 30€epiraroThes 1
Nepe3anyCcKalThCsl 3 OCTAHHBOTO 30€PEKEHOT0 CTaHy, a HE 3 CaMoro novarky. IcHye
KUIbKa 3alpONOHOBAHUX MEXaHI3MIB  BIJIMOBOCTIMKOCTI Ta pIlllEHb s
B1JTHOBJICHHSI.

Ha ocHoBI po3risay nmpoOiieMu 3 HEJOCTAaTHICTIO PECYPCiB IPECTaBICHO
MEXaHi3M BiJIHOBJICHHS Ha OCHOBI KOHTPOJIbHMX TOYOK JJIsSi BUKOHAHHS 3aBJIaHb.
Aximo 3aBHaHHS HE 3aBEpIIyE BUKOHAHHS Yy BCTAHOBIICHI TEPMIHHU, TO JUIA
3aBEpILECHHS MOro BUOMPAETHCSA IHIIMM BIAMOBIIHUN pecypc. Ilepir Hix nepeHecTn
MOro Ha 1HIIMIA BIAMOBIIHUMA peCypc, CTaH 3aBJaHHA 30€pIra€ThCs 1 BIHOBIIOETHCS
JUI TIOJAbIIOT0 BHUKOHAHHS uepe3 KOHTPOJbHY TOuKy. lle mpusBoauth 10
OTBIIIOr0 CKOPOYCHHSI YaCy BUKOHAHHS, Yacy BIATYKY Ta MOKpAIIEHHs MPOITYCKHOT
3JIaTHOCTI, MOPIBHSHO 3 1HIIUMH 1CHYIOUUMH METOJaMHU.

[Ipore, sk mpaBuiio, camMa MO €001 KOHTPOJbHA TOYKa 30LIBIIYE dYac
BUKOHAHHS, 10 Oe3mocepeHb0 BIUIMBAE HA BapTICTh BUKOHAHHSA. 1TOMYy MOXKHA
BUKOPHCTOBYBATH MPOIEC HAJAMIPHOT TEXHIKH, 100 CKOPOTUTH Yac BUKOHAHHS
3apnaHHs. Llg MeToawka MOCUTH XOopola 1 3MEHIIye HAaKJIagHi BUTpPAaTH Ha
KOHTPOJILHOIIPOITYCKHI MMyHKTH 110 40%.

1106 3a6e3neuynTH MIaHyBaHHS BIIMOBOCTIHKOCTI B XMapHOMY CEPEIOBHIIII
TaKOX HEOOXI1JIHOIO € 1IeHTU(]IKALlis 3TOBMUCHUKIB. By1b-Kuil KOpUCTYyBay, SIKUI

KOPUCTY€ETbCS JIMIIE XMApHUMH CIy)kKO0aMM Ta BIAXWISE 1HIIN  3allWTH,



pO3MIISIA€ThCA K 3JOBMUCHUM KOpPHUCTyBad. PemyTanis po3paxoBYeTbCs IS
BU3HAYCHHSI IIKIIJIMBUX KOPUCTYBayiB. Takuii mijaxia MoXke OyTH peasi3oBaHO IS
1 IBUIIEHHS HAMIMHOCTI MEPEKi Ta Yacy BUKOHAHHS 3aBJIaHb Y XMapHIi TTapaiurmi.

CriiikicTh 10 MOMIJIOK Ha OCHOBI PEIUTIKAIlli MPU3BOJAWTHL JO BUTpAvyaHHS
BEJIMKOI KUTBKOCTI PECYpPCiB, @ TAKOX 1€ Ha KOMIIPOMIC 3 HAWMEHIIIM MOJTHBUM
yacoM BUKOHaHHS. JJig BUpIIIEHHA IIi€l MPOOJeMH iICHYe€ MeXaHi3M IUIaHyBaHHS
B1JIMOBOCTIHKOCTI, 110 3a0e3Mnedye YCIIIIHE 3aBEpIIeHHsS BUKOHAHHS 3aBIaHHS.
OOMesxeHHS pernTiKallli YHUKAEThCS IUISIXOM MepeHeCeHHs 3aBJaHHs Ha MOJalIbIIIe
BUKOHAHHS. SIKIO MiaHyBaJbHUK BUSIBIISIE IOMUJIKY, BIH MepeHa3HAvYa€e 3aBAaHHs
Ha 1HIIHHA BiIMOBITHUHN pecypc 1 30epirae BTpary pecypcis. Lleit MmexaHi3M 3MeHIIye
CIIOKMBAHHS PECYpCiB Ta 4Yac BHUKOHAHHS 3aBlaHb. OpHak mnepenadayaroThes
BUTPATH Ha BMIPOBAKCHHS IJIAHYBaHHS, II0 OOMEXY€E 3aCTOCOBHICTH MOJEHI B
peasbHOMY CIIEHApIi.

Jlns BemeHHst ictopii pecypciB [Hdopmaliiio Mpo HECHPaBHOCTI B CUCTEMI
MOKHa TMPEACTaBUTH y QopMatri 1HIEKCY HECIPaBHOCTI. [HIEKC HecrpaBHOCTI
BU3HAYAETHCSI HA OCHOBI YCIIITHOTO Ta HEBAAJIOTO0 BUKOHAHHS 3aBJaHHS Ha
KOHKpETHOMY pecypci. Ha ocHOBI 3HadueHHS 1HAEKCY HECHpPaBHOCTI, Opokep
MTOBTOPIOE 3aBIaHHS, IKE MOKHA BHKOPUCTOBYBATH MPU BUHUKHEHHI HECTIPABHOCTI.
bromxeTHi Ta 4acoBi OOMEXEHHS TaK0XX BpPAaxOBYIOThCSA IiJ 4Yac IJIaHyBaHHS
BUKOHAHHS 3aBJlaHb. Takuii MeXaHI3M 3aJ0BOJIBHSE PI3HUM BHMOTaM SIKOCTI
00CITyroByBaHHS, MIJIBUIILY€ HAA1HHICTh, & TAKOX MOCII1IOBHO MPAITIOE 32 HASBHOCTI
HECIIPaBHOCTI.

IToeqnanus IBOX METO/IB BIJIMOBOCTIHKOCTI: riopuan3aIio
aPTEPHATUBHOTO 3aBJaHHS 3a JOTOMOTOI MEXaHI3My IOBTOPHOI CHpoOH Ta
KOHTPOJIbHOT TOYKH JIO3BIII€ YCHAJAKyBaTH CHOPHUSATIMBI aclekTh iX o00o0X.
Pe3ynbraTi MoJIeII0BaHHS IMOKA3yIOTh, M0 aJbTEPHATUBHE 3aBIaHHS 3 MEXaHI3MOM
KOHTPOJIbHOT TOUKH IPAIIO€ KPAIle 1 OKpAIly€e TPOIMYCKHY 3AaTHICTh CUCTEMU, HIXK
1HII 1CHYI0Y1 METOAM.

Xmapa moserirye 30epiraHHs Ta JOCTYIl JI0 HEOJHOPIAHUX JaHUX Y

pO3MOMUIEHIN BigaieHiit Mepexi. Uepe3 TuHaMIUHICTh, IEPEBAHTAKECHHS MEPEXKI



Ta CHUCTEMHI 300i € KIIOYOBUMU (PaKkTOpaMy BUHUKHEHHS HECIPaBHOCTEH.
3ano6ira”Hs MepeBaHTaKEHHIO MepeXki Ta BUOIp BIAMOBIIHUX CEPBEPIB J03BOJISE
YHUKHYTH yMOB HecmpaBHOCTI. [l 3a0e3nedyeHHs I[bOTO 3alpOoIOHOBAHO
KOHILICTILII0 KBaJAPAaTHOTO MAaTPUYHOIO MHOXKEHHS Uil YIPABIIHHSI MEPEKEBUM
TpadiKOM Ta YHUKHEHHS MEPEBAHTAKEHHSA Mepexi. MOHITOp pecypciB MPOTHO3YE
YMOBH HECTPABHOCTI Ta BUKOPUCTOBYE MOJIITUKY Mirpaii, o6 yHUKHYTH 30010
cucremu. llpencraBieHudl MexaHi3M BIJIMOBOCTIMKOCTI 3a0e3rnedye 3HWKEHY
BapTICTh 3 MEHIIUM CIIOKHUBAHHIM €HEPTii.

B pesynbrati cioctepekxeHHs 32 YMOBAMH BUHUKHEHHS TOMUJIOK OYJI0 TaKOX
3aIpPONOHOBAHO T€HETUYHUN AJITOPUTM JJI BU3HAUYECHHS PECYpCHUX 00’ €MIB ISt
MJIaHyBaHHS 3aBAaHb. [IpenctaBiaeHuid miaxij MiJBUIIUB HAAIWHICTH CUCTEMHU Ta

CKOPOTHUB 4aC BUKOHAHH:A 3aBAaHb Y MCPCIKCBOMY CGpGI[OBI/IIHi.

2.3.6 IlutanHs CyMiCHOCTI

B3aemocymicHICT, 03Hauae e(EeKTUBHY MIrpamio Ta IHTErpariro
HEOJHOPIAHUX MPOrpaM Ta JaHHUX Ui OTpUMaHHs Oe3repediitHX MOCIyT Y PI3HUX
noMeHax. ICHYIOTh pi3HI pO3MOIeH] IporpamMu JJid HaJlaHHS MUIbHOHIB TOCIYT,
IO BIIPI3HSIOTHCS 3@ NPOMOHOBAHUMU MOCITYTaAMH:

- Posnopineni oO4YMCIEHHS — 1€ CYKYIHICTh pI3HUX HEOJHOPIAHHUX
KOMITOHEHTIB, PO3TAllIOBAaHUX VY BIIJNAJECHUX MICHAX, SIKI KOOPAUHYIOTHCS MiX
co00I0 HIIAXOM TMepenayl MmoBigomieHb. KoxkeH KOMMOHEHT ado Mpolecop Mae
BJIACHY I1aM SITb.

- CitkoBi (grid) oOuHMCieHHS — 116 Mepeka KOMII IOTEPHHX PECYpCiB,
OB’ SI3aHMX JJIs1 BUPIIIEHHS cKiIaaHoi npoonemu. Koxen pecypc cinadbo noB’si3aHuit
1 BUKOHY€ He3aJIe)KHe 3aBJIaHHs JUIS JOCATHEHHS CriabHOi MeTH. Grid oOuucieHHs
MO>KHa KJ1acu(iKyBaTH Ha OCHOBI MacITady Ta pyHKIIOHATBHUX MOKIUBOCTEl. Ha
OCHOBI MaciTady grid oGuKciieHHs MOXHa KiIacu(iKyBaTH Ha JIB1 KaTeropii, To0To
KJIACTEpPHY CITKY Ta CITKy mianmpueMcrtBa. Kmactep o3Hadae rpymy OZHOTHUITHHX

cyTHocTel. Tox KiacTepHa CiTKa HaJla€ MOCIYTH IPYIOBOMY UM BIJOMYOMY PiBHSIM.



[Hmuit TMn - e ciTka MiAIPUEMCTBA, sKa 3a0e3Mnedye CIUIbHE BUKOPHUCTaHHS
pecypciB y Mexkax MiNPUEMCTRA.

- XMapHi o0YHCIEHHSI HAJal0Th Ha BUMOTY KOMIT IOTE€PHI pecypcH, Taki sk
CXOBHIIE UM OOUYHUCITIOBAIBHI pecypcH, 6e3 Oe3nocepeIHbOI yuacTi KOPUCTYBaUiB.
Bin mae eQexTHUBHY cHCTeMy YMpaBIiHHS AAHUMU Ta OOYMCIIOBAIbHOI 0a3u Jjist
napajieIbHOTO BUKOHAHHS 3aBAaHb JUIsI TIOKPAIICHHS Pi3HUX TOKA3HHKIB SIKOCTI
o0ciyroByBaHHs (QoS).

- OOuncrneHHS B TyMaHl — 1€ PO3MIMPEHHS XMAapHUX OOUYMCICHb, SKE
CKIIAJA€ThCsl 3 JCKUIBKOX BY3JIB TyMaHy, O€3MOCEpPEeNIHbO MIAKIIOYEHUX [0
Gb13UYHUX PUCTPOIB. PI3HUILT M’k 000Ma TEXHOJIOT1SIMU TOJISITAE B TOMY, 1110 XMapa
- 1I€ [IEHTpali30BaHa CUCTEMA, a TyMaH — JCIEHTpaIi30BaHa.

- CloudloT — e iHHOBamiiiHAa TEHACHIA, sSKa 3’€IHYE€ Ta YIPaBJISIE
MIJIbHOHAMU MPUCTPOIB, SIKI PO3MOBCIOKEHI IO BCbOMY CBITY, JIy’)KE€ €KOHOMIYHO
e(eKTUBHUMU criocobamMu. Xmapa Moxe oTpuMyBaTH npuOyTok Bij [oT, mo6 maTtu
COpaBy 3 peaJbHUMU pEeYaMH, BHUKOPUCTOBYIOUM  CHUIBHHUH  pecypc
BHCOKOOOUYHUCITIOBAJILHUX PECYPCIB, 3aMICTh TOTO, 1100 MaTH JOKaJIbHI CEPBEPHU YU
MEePCOHAJIbHI MIPUCTPOI sl 00pOOKHU MIporpam.

[Tor’s13ani Bigkputi aani (LOD) HagaroTh HOBUM BUMIp JIJIsl PI3HUX MPOOIEM
IeTEepOreHHOl CYMICHOCTI Ha OCHOBI apXxiTekTyp BeO-cepBepiB. Lli muTaHHA
noTpeOyIOTh YBaru Jjsl MATPUMKH HEOJHOPIIHUX TPUHIIUIIIB OMHUCY, HEOOXITHUX
JUIsl poOOTH 3 pI3HUMU JTaHUMHU 3 BeO-pecypciB. CyMicHicTh LOD notpumyeTrbes
M1X0y 3HU3Y BrOPY JJisi BCTAHOBJIGHHS MIITHUX 3B’S3KiB MDK HaOOpaMH JTaHHX.
Pi3ni pocnmigHuku BupimryBaiu nutaHHs cyMmicHocti LOD Ta mpencraBisiau

BIJIMOBIIH1 PIIICHHS JJIs1 33I0BOJICHHSI IOTIUTY KOPUCTYBaYiB.

2.3.7 Ilpobaemu QoS
KopucryBau Hajcunae 3aBIaHHS 3 PI3HUMH OOMEXKEHHSIMHU  SIKOCTI
oOciayroByBaHHs (Yac BUKOHAHHS, BUTpaTa €HEPrii, 3aTpuMKa TOIIO) IS

MOKPAIIEHHs] TMPOAYKTUBHOCTI B PO3MOJIIEHOMY cepenoBuii. JlociiaHuKu



BUDIIIWJIA  KUIbKa TpoOJjieM 3a0e3reyeHHs] SKOCTI  OOCIyroByBaHHS  Ta
3alpOIOHYBAJIM PIllICHHS JJIsl JOCATHEHHS MTOCTABIICHOT METH.

Buninena Ha OCHOBI CIOCTEPEXKEHHS 3a PI3HUMH MPOOJIEMaMH SKOCTI
oOciyroByBaHHs (BapTiCTh, HaJIMHICTh, Oe3leka Ta 4Yac IS 3a0e3MeUeHHS
pecypcaMu B MEPEKEBOMY CEPEIOBHII) YTroaa Mpo piBeHb 00cmyroByBanHs (SLA)
3MEHIIWIA CKIIAIHICTh HaJaHHS PECYpCiB, MIATPUMYIOUH aKTyajdbHY 1HQOpMAIIiIO
npo Bci pecypcu. Lleit miaxin mpairroe Kpaiiie 3 TOYKH 30py BUKOPUCTaHHS PECYPCiB,
BapTOCTI Ta 3a/I0BOJICHOCTI KJTIEHTIB.

B Tabmuimi 2.2 3rpyrnoBaHO HaMkpalll 3 OTJISHYTHX ITIJIXOMdIB, TEXHIK Ta

METO/11B, PO3KPUTO 1X CHJIbHI Ta cabKi a00 MOKU Hepeati30BaHl CTOPOHHU.

Tabnuusg 2.2 — OCHOBHI NepeBaru Ta HEJAOJIIKU JACSIKUX OCHOBHUX CYYacCHHX

METO/IIB OajlaHCyBaHHSI HABaHTAKEHHS

OcHOBA METOIY Ta MOCHIAHHA

Cumsai croporn Caabri cTopons / nogaTsma

HA OMHE podoTa
Posnomut pecypcie HA OCHOEL BH- . . .
zpar [16] Bapricts Onorenizanis OpogyETHEHOCT]
Posoominenns pecypeis [15] BapTicth Brog#eTH] Ta 9ac0El 00MeReHHA
Tapanem i POSHoALY PECYPELE Bapricth MogemroEansa E peaThHIE XMapi
HAa OCHOEL BHEOHAHHA [17]
Posmogin pecypcis HA OCHOEL BH- Bapricts Oae qacy
Tpat [25] “HHEA
H‘ﬁeﬂﬂ“m Jacy BHECHAHEA | 1. pmwomamms BiguoEOCTIHEICTE

Uac EHECHAHES B HAREpAamoMy EH-
Mexamizu sinbopy pecypeis [10] | mamky, moEasHHE 3aEepmIeHOCTL, Tac
NOETOPHOTC IOIAHHT

Mexamisu sigbopy pecypeis [12] | Uac EAECHAHHA, EAPTICTE BignuogocTifEiCTE
Mexamisu onaHyEAHAA 3aE0AHE T2
ERCOpPY pecypeis [43)

Posrmag TepuiHy EMEOHAHHA 3a-
EJAHHT

TUac EMEOHAHER OnmrEMizanis EHTPaT

TUac BiATYEY. IMEHIEICTE DATIHHA,
EHECPHCTAHHA CEpEEpA

Uac BiOryEy, DOEASHHAE BEIJFHMIAHEA, | POSTOE] (HIONX ODOKASHHELE OIITH-
EHEODHCTAHHA CEPEEPA nMizamil

Uac EMECOHAHEA, 9aC BIATYEY. Ipo-
IyCEHA SOaTHICTE, 9aC OOETOPHOTD
OOJaHHA

Mogens gepra [§] BigMoBoCTIAKICTE

Mogens srdopy pecypeie [12]

MexarisM EBiOMOBOCTIHKOCTI Ta
IOE'S38H 5 HAM HAETATH] ENTPATH

Embip pecypciE TAa NNIAHYEaHHA
saBgaHe [36]

2.4 BUCHOBOK 3a JIpyTUM PO3ILJIOM

[TinBoasium MiJICYMOK, MOXHa CKa3aTH, I1I0 CydyacHa cHUCTeMa BeO-CepBepiB
MOBMHHA 3aBXKJIM BUKOPHCTOBYBATH OJWH a00 KUIbKa METOIIB €(EeKTHBHOTO

OaaHCYBaHHS BXIJTHOTO HABAHTAXKEHHS JJISl PO3MOIULY MIXK JOCTYIHUMH il BeO-



pecypcamu. L1 pecypcu 3 KOKHUM JHEM CTAOTh BCE OPOKUUMH, TOMY HEOOX1/IHi
e(eKTUBHI MEXaHI3MHU OITHUMI3allil BUTPAT, OCOOJIMBO B paMKaX MIATPUMKHU TaKOT
CHUCTEMU B HEBEIMKIM OpraHi3ariii.

B po6oTti O6yio BUsBIEHO KibKa IpoOJieM 3 OajdaHCyBaHHSIM HaBaHTAKCHHS
U1s1 €(DEKTUBHOTO BUKOPHUCTAHHS BEO-PECYpCIB y PO3MOIIICHOMY CEPEIOBHUII Ta
MIPOBEICHO OTJIS[ Ta aHAI3 IJIOTO PSAMY Cy4acHUX aJTOPUTMIB Ta MiIXOJIB IO
BUPIIICHHS ITUX MpooOsieM. byB npoananizoBaHuil AeTalbHUN OMUC IIUX M1IXO/IB, 1X
CWJIBHUX Ta CIA0KWUX CTOPiH, MEPCHEKTUB 3aCTOCYBAHHSA Ta OOMEXKEHB, SKI BOHH
HaKJIaJal0Th.

Ha ocHoBi Bumesraganux rmpoOjieM OallaHCyBaHHsS HaBaHTaXXCHHS Ta
BUSIBJICHHX HEJIONIKIB CyYaCHHUX aJrOpUTMIB OajlaHCyBaHHS HaBaHTaXEHHs, OyIo
BU3HAYECHO K1JIbKa MallOyTHIX BUMIpIB, SIKi OyyTh KOPUCHUMHU JJIS TOCITITHUIIBKOT
CIUJIBHOTH JJISl AOCSITHEHHS PI3HUX I1ICH:

- po3poOKa MojeNl PO3MOALTY PECYpCIB, SIKa BPAXOBYE XapaKTEPUCTHUKU SIK
pecypcy, Tak 1 KOHKPETHOTO 3aBJIaHHS JIJIsl ONTHMI3AIlli pi3HUX MOKa3HUKIB SKOCTI
00CIyroByBaHHS;

- po3poOka Moje 30a1aHCOBAaHOCTI HABAHTAXKEHHS 3 BIIMOBOIO JJI1 YACTKOBO
BUKOHAHMX 3aBJIaHb 4yepe3 301l pecypciB Ta moOy10Ba MOJITUKK BUOOPY pecypciB
JUTSl BAKOHAHHS 3aB/aHb;

- aHaji3 KOHTEKCTyaldbHuX BimHOocMH Mik mnpobimemamu CloudloT Ta
ONTHUMI3aLlis iX 32 JONOMOIr0l0 €()eKTUBHOIO TUIAHYBAHHS;

- po3poOka MojeNl TPOTHO3YyBaHHS 4Yacy BUKOHAHHS I €(QEKTUBHOTO

3a0e3MeUeHHs pecypcaMu, BUOOPY Ta MIaHyBaHHS.



PO3/ILI 3
TIPOTTOHOBAHA MOJIEJIb BAJJAHCYBAHHSI HABAHTAKEHHS B
KOMIT'IOTEPHUX MEPEKAX

3.1 Ilpunnunu nporpamMHo-koHGpirypoBanux mepex (SDN)

JIns cripomieHHsT pO3IMMpPeHHST MepekeBol 1HGpacTpykTypu CDN wmoxna
BUKOPHUCTOBYBATU MPUHIIUIIHU MTporpamMoBaHoi kKoHpiryparii Mepexk SDN (Software
Defined Networks, SDN) — e moBuit miaxia g0 (ela.kpi.ua) apxitexkrypu mMepexi,
KWW HaJla€ THYYKICTh, KEPOBAHICTh T4 €KOHOMIUHY e(eKTHUBHICTh. Llelr meTton
3abe3rneuye TOTPIOHY IMIBUAKICTh, aJanTaOelbHICTh Ta aBTOMAaTH3allll, 100
mocTadaaIbHUKHU oCHyT 3B'13Ky (CSPs) 3anuiianucst KOHKYpEHTOCIIPOMOXKHUMHU Ha
cydacHOMY pUHKY 3B'si3Ky. SDN nependayae BiioKpeMiIeHHSI PYHKIIIN yrpaBiIiHHS
Mepexer Bi (QYHKIIN TepecuIaHHd MaHUX, I[EHTpaTi3alilo IHTEJICKTY Ta
a0OcTparyBaHHsi 0a30BOi apxiTeKTypu BiJ JoJaTKiB Ta ciayx0. IHTerpoBaHe
mporpamMHe 3a0e3nedeHHs s ynpaBmiHasa Hajgae CSPS MOXIHBICTE KepyBaTH Ta
nanamroBysaru SDN (ela.kpi.ua) gepes neHTpanizoBany nporpamMHy yTHIITY, IO
JT03BOJISIE OPTaHI30BYBATH PECYPCH IHTEIEKTYAIBHO.

[ikaBicTh IT-koMmaniit moa0 SDN MOSICHIOETHCS MOKJIHUBICTIO IT1ABUIIICHHS
e¢(heKTUBHOCTI MepekeBoro oOmamHaHHs Ha 25-30%, 3MeHIIeHHS BUTpAT Ha
eKcIuTyaTtarlito Mepex Ha 30%, nepeTBOpeHHs yIpaBiIiHHS MepexaMu 3 MUCTEITBA
B imkeHepito, (ela.kpi.ua) migBuieHHs piBHS Oe3MeKH Ta HAJAaHHSA KOPUCTyBadaM
MO>KJIMBOCTI MPOTPaAaMHO CTBOPIOBATH Ta IIBUIAKO BIPOBA/KYyBAaTH HOBI CEPBICH Y
MepexeBe 00JaHaAHHS.

OcHoBH1 gocrmipkeHHss B o6macti SDN BeayThcsi y4aCHHKaAMH MPOTpaMu
GENI (Global Environment for Network Innovations (ela.kpi.ua)) (ela.kpi.ua) ans
BUBUYEHHS MailOyTHbOrO [HTEpHETY, CTeHpopackkuM Ta bepkiiiicbkuM 00'efTHaHUM
IIEHTPOM 3 JIOCIIKEHB 1 po3po00K B ramysi Internet2, a Takox 3a yiacTio CbOMOI

pamMKoBOi Tporpamu gociimkenb €Bporericbkkoro Corozy Ofelia ta mpoekty

FEDERICA.


https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx
https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx
https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx
https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx
https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx

OcHoBri 3aBganHs SDN (ela.kpi.ua) BxirouaroTh pO3IiICHHS IPOIECIB
nepejadl Ta YHOpapiiHHS JIAHUMH, CTBOPEHHS YHi(IKOBaHOTro iHTepdeircy MK
PIBHSMHU YIpaBIiHHA 1 Mepelayl JaHuX, LEHTPalll30BaHE YIPABIIHHI MEPEKEI0
gepe3 KOHTPOJEp 3 MEpEKEBOIO OIEPAIifHOI0 CHUCTEMOIO Ta BipTyalli3arliio

¢ismaHuX pecypciB Mepexi. (ena.lpnu.ua)

3.2 Apxitektypa cucremu kepyBaHHs Tpadiky (TE)

Ha puc. 3.1 BinoOpaskeHo 3arajabHy apXiTEKTypy CUCTEMH, KA IPOIIOHYETHCS.
OCHOBHI CKJIQJIOBI ITI€T CUCTEMU BKIIIOYAIOTh:

Mepexesa iHbpacTpykTypa nara-ientpy (DCN): Ile ocHoBHa MepekeBa
CTPYKTypa, sIka BH3HAYA€TbCS B MEXKax LEHTpY oOpoOKM naHuX 1 3abe3mnedye
1H(pacTpyKTypy AJi1 OOMIHY JaHUMHU MIK PI3HUMU KOMIIOHEHTAMH CHCTEMH.

SDN kontposep: Lle yoriune 00'enHaHHA, K€ BIANOBIA€ 3a KEPYBAHHS
MepexkeBoro iHppacTpykTyporo. Bin B3aeMojie 3 pi3HUMH KOMITOHEHTaMU CUCTEMU
Ta 3a0e31euye [eHTpaTi30BaHe YIPABIIHHSI MEPEKEIO.

Menemxkep kepyBaHHs TpadikoM: L{eit KOMIOHEHT BiAMOBI A€ 3a €PEeKTUBHUN
posnoain Tpadiky B MEpexi, 3a0e3lNeuylodu ONTUMalIbHI YMOBHU JUIsl Tiepesadl
TAHUX.

KmenT ansg BignaaeHoro kepyBaHHS MeHemkepoM cuctemu: Lle iHTEepdetic,
SIKUH J03BOJISE BiIIaJICHO KEpyBaTH pOOOTOI0 MEHEHKepa CUCTEMH, 3a0e3Meuyoun
3pYYHUN IHCTPYMEHT JIJIs1 B3AEMOJIT 3 CUCTEMOIO.

Cucrema kepyBaHHS TpagikoM CIpsIMOBaHa Ha €(EKTUBHE YIMPaBIiHHSA
mepexero DCN, sika Bkitouae B cebe 3HaYHY KUIbKICTH cepBepiB. SDN poytepu,
po3TaloBaHi B Iiil Mepexi, mepenaTh 1H(OPMAIIiio PO CBii Tpadik Ta BUIBICHI
MOMHWJIKM KOHTpPOJEpy 3a JOMOMOTOK B3a€EMOAIMHOTO I1HTEpPEiCy, TakKoro sk
OpenFlow. KonTposep, y cBor uepry, arperye HaJaxo/pKeH1 J1aHi JJIsl MOJaIbIIoro
BUKOPHUCTaHHS. MeHemKep CHCTEeMH KepyBaHHS TpadiKoM pPETYISPHO OTPUMYE

arperopany 1H(}OpMallito Ui MPOBEACHHS aHAI3Y.
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Puc. 3.1 — 3aransHa apxitekrypa cucteMu TE qis SDN

Ha migcraBi pe3ynbTariB aHallizy MEHEIDKEp NpHiiMae pIlIeHHS CTOCOBHO
kepyBaHHs Tpadikom Ta tomosiorieto DCN. 3MiHM, IO CTOCYIOThCSI KE€pYyBaHHS
TpadikoM, MEePeIarThCsI KOHTPOJIEPY, KU, B CBOIO YEPTy, BIPOBAHKYE HEOOXITHI
3minn a0 Mepexi DCN. Ile Moxe BKIIroYaTH akTHBaIiio a0o0 BUMKHEHHsS SDN
poyTepiB Ta HajalITyBaHHA »3B'S3KIB MIK HHUMH 3 METOI €()EKTUBHOIO
BUKOPHUCTAHHS €JIEKTPOCHEPrii Ta YHUKHEHHS MEPEBAHTAXKEHHS OKPEMHX KaHaJiB

3B'SA3KY.

3.3 Onuc eBpUCTUYHOTO aNTOPUTMY OajaHCyBaHHS

YemimHicTh anroputMy OallaHCyBaHHS HaBaHTAXKEHHS BU3HAYAETHCS HOTO
3IaTHICTIO BYACHO BUKOHYBAaTH 3aBAAHHSA. Y 1LbOMY aJTOPUTMI BCl 3aBAaHHS
PO3MOIUISIIOTECS 32 MPHUHIIAIIOM, CXOXHM Ha aiaroput™M «MypalimHe THi3I0».
BucokopiBaeBuii anroputm 6anancyBanHs (HLBA) BukopucToBye 17110 MOBENIHKU
KOJIOHIT Mypax IpH MOLIYKY 1K1 Ta € JI€EBUM METOAOM pPO3B'si3aHHA 0araThoX 3aaad

onTuMi3zailii KoOMOIHATOPHOTO XapaKTepy.



CxemMaTHU4HO eBpI/ICTI/I‘IHI/Iﬁ AJIropuTm 6aHaHCYBaHH}I HaBaHTAaXXCHHs

HaBEJCHUH Ha puc. 3.2.
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Puc. 3.2 — EBpuctuuHMii adroput™M O6aqaHCYyBaHHSI HABAHTAXKCHHSI




HaykoBi mociimkeHHs JOBOASATH, 110 Mypaxyd MaloTh YHIKaJIbHY 3JaTHICTb
3HAXOJ/KEHHSI ONITUMAJILHOTO IUIAXY B/ THI3/a A0 iKi1. BOHU 3anuiaoTh Ha 3emii
dbepoMoHH i Yyac pyxy, IO CIY>KUTh MO3HAYKOIO AJis iHIMX Mypax. Komu mypaxa
3ycTpivae paHilie MOoKIaJACHUHN CIIiji, BOHA BUSBISAE HOTO 1 KIMOBIPHOCTI CJIIJIyBATH
3a HAM, THM CaMHUM 3MIIHIOIOYH 1UIsAX cBoiMU (pepomonamu. B HLBA ¢epomon
MOB'A3aHUI 3 pecypcamMi, a He 3 KOHKPETHUMH TuiaxaMu. KimbkicTe dhepomMoHy
30UIBIIYETHCS YA 3MEHIIIYETHCS B 3AJIEIKHOCTI BIJI CTAHY 3aBIaHHs Y pecypeax.

OCHOBHOIO METOIO ITLOTO aATOPUTMY € 3HIDKCHHS 3arajbHOi BapTOCTI 1 9acy
Bukonanusi. [lIponec OanmaHCyBaHHS HaBaHTaXEHHS, SKUM TIPYHTYETbCS Ha
EBPUCTUYHMX MPUHIUIIAX, ONMMCcaHO HiKYe: Hexallt T — KUIbKICTE 3aBaHb (Mypax)
(ela.kpi.ua) y nHaGopi 3aBmaHb, SIKUH OOCIYrOBYEThCS arecHTOM 3aBJaHb, P —
KUIBKICTH 3aBJaHb, aCOILIIMOBAHUX 13 areHTOM 3aBAaHb, Ta (Q — 3arajabHa KUJIBKICTh
JOCTYITHUX PECYPCIB.

Komm nosuii pecype (ela.kpi.ua) Ri peectpyeThcest y cucteMi, BiH iHIIIIOE CBIi

(dbepoMOH, BUKOPUCTOBYIOUH (POPMYITY:

5(0)=N x M (3.1)

ne N — KUIbKICTh OOYMCIIIOBAIBHUX e€JeMeHTiB, a M — pedtunr MIPS
00YMCITIOBAJILHOIO €JIEMEHTA.
KoxxHoro pasy, koiau HOBE 3aBJaHHS MpHU3HAYAETHCS a00 3aBjaHHs

nosepraethes 3 (ela.kpi.ua) Ri, hepomon Ri 3MiHIOETBCS 32 JOTTOMOTORO (POPMYIIH:

it,"®" = p* ;% + A1 (3.2)

ne Al ipeacTaBisie guctepciro gepoMony i p, 0 <p <1 € mapameTpom po3mnagy
dbepomoHny.
[Tpu npusnavyenHi 3apaands Ri pepomon 3menmryethesi, T00To Al = -C, ne C

— o0uuCIIOBalIbHA CKIIAJHICTh 3aBJAAaHHS, a IPU YCHIIIHOMY TOBEPEHEHHI 3aBJJaHHS
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Ri depomon 36inbiyerhest 1 maemo Ai = @ * C, ne daktop @ € mapameTpom
320X0YCHHSI.
HIMoBipHICTh TpU3HAYEHHS HACTYITHOTO 3aBJIaHHA pecypcy Rj obuncioeTbes

3a GOpMYJIOIO:

[z;(®)] @ [n;] B
21 [Ti(®)] ax[nj]

pj(t) = (3.3)

ae j, r — iHJleKCH TOCTYIHHX pecypciB, Tj(t) — moTounmii hepoMOoH pecypcy
Rj, aj — mouarkoBuii pepomon Rj, To6To 1j = 1j (0). [Tapamerpu o 1 f BUBHA4AIOTh
BIIHOCHY €(EKTHUBHICTh MOTOYHOI IHTEHCHUBHOCTI (DEPOMOHIB Ta BIJHOCHY
BAXJIMBICTh TIOYATKOBUX XapaKTEPUCTUK MPOAYKTUBHOCTI. OTke, aaroputm
CHPOCKTOBAaHUM Ui BIUIMBY Ha HPOAYKTUBHICTb CHUCTEMH, IO 3aJE€XKUTh BIJ
KUIBKOX (DaKTOPIB, SIKI MOXKYTh OyTH CIpOIIEHI JUIsl 3MEHIIEHHS CKJIAIHOIIIB
BUKOPHCTAHOTO METOAY.

Bci 3aBnanHs po3noaiUIsSIOTECS MK pecypcaMu BIAMOBIAHO 10 HMOBIPHOCTI
dbepoMoHy ab0 MMOBIPHOCTI MEPEXOAy, LIO 3AJICKUTHh BIJl CTAaTyCy 3aBlIaHHS Ha
KOHKPETHOMY pecypci. Pecypc 3 HalBHINOW 1HTEHCHBHICTIO ()EPOMOHIB OTpUMAaE
3aBJIaHHS TIEPIIUM, 10 TOTO, K OyIb-SKHI IHIIUN pecypc OTpUMae 3aBIaHHS 3

MEHIIIOKO I1€10 IHTEHCUBHICTIO.

3.4 Onuc moaudikoBanoro anroputmy Ha ocHoBi ACS (EDAFT) Tta oriinka

Horo mpare3aaTHOCTI

[Tokpamena nuHamiyHa CTiMKICTh BigMOB Ha ocHOBI ACS (EDAFT)
MIPEICTABIIIE COOOI0 PO3MIMPEHY BEPCII0 AITOPUTMY, 1HCIIPOBAHOTO MMOBEIIHKOIO
MYPAIIMHOTO KOJIOHIT y MONIyKax JpKepena k1, HUISIXOM M00YyI0BHM ONTUMAJIbLHOTO
MapmipyTy MDK THI3IOM 1 kepenoMm ki, Lleli anamoriyHuii  mporec
BUKOPHUCTOBYETHCS ISl TOOYIOBU ONTHMAJIBHOIO MAapIIPYTy MK 3aBJaHHSIMU 1

pecypcaMu B rpaTyacTidi OOYMCIIOBAJIbHIN cuUCTeMi. Y JaHOMYy aJTrOpUTMi LieH



MPOLIEC PO3IIUPEHO TAK, IO MyPaXH MOKYTh TPOBOJIUTH JTOCIIIJIKEHHS PECYPCIB M1
Yyac MOBTOPHUX CHOpOO Ha OCHOBI KOHTposbHMX Touok, (ela.kpi.ua) 3 meroro
npu3HauYeHHs1 OyAb-SIKOTO HEBUKOHAHOTO 3aBJIaHHS aJIbTEPHATHBHUM pecypcaMm 3
BUIIOI0 WMOBIPHICTIO ycmixy. s J0JaTKOBOTO YIOCKOHAJICHHS MeEXaHI3My
BITHOBJIEHHS (DEepOMOHY BBOAUTHCA (DAKTOp MOBIpH, MO0 BHUHATOPOKYBATU
IMpUIaTHI pecypcu abo mTpadyBaTh HENPUAATHI PECYPCH, BPaxOBYIOUH iCTOPIIO
BUKOHAHHSI, 3 METOIO PETYIIOBaHHS 3MEHILICHHS a00 301IbIIIEHHS PIBHS (DEPOMOHY.
Ouikyerbcs, MmO mominmeHa ¢opMynaa OHOBIECHHS (epoMOHYy €(EKTUBHO
KepyBaTUME NPU3HAYCHHSIM 3aBJlaHb Ha OCHOBI MPHUIATHOCTI PECypciB, L0 B
KIiHIIEBOMY MIJICYMKY MOe 3HH3UTH HMOBipHIicTh (ela.kpi.ua) BuHHUKHEHHS
MTOMUJIOK.

Cranpaptauii anroput™ ACS BkITtouae riao0anbHe Ta JIOKaJbHE OHOBIICHHS
dbepomoniB. Y BaockoHaneHiii Bepcii EDAFT Oyno ymockoHaneHO JiOKalbHE
OHOBJIEHHSI ()EPOMOHY 3a JIOIIOMOTrOI0 BBEACHHS (pakTopa NOBipu. TakuMm 4MHOM,
JI0JIaTKOBUH (PEPOMOH JI0/1a€THCSA, KOJIU PECYPC 3aBEpIly€e BUKOHAHHS 3aBJIaHHS a00
BUITAPOBYE ICHYIOUNI (DEPOMOH, MOKPAILYI0uU €(DEeKTUBHICTh aNroputMy. Pobounii
npoiiec Bucokoro piBHa EDAFT 300paxkeno Ha puc. 3.3, ne nmokpaiieHui mporec
BUJIICHO JIJIsl 3p03YMUIOCTI.

JIJIst KOKHOTO 3aBIAHHS Y Uep3l TeHepyeThCsl Mypaxa Jijisl MOIIYKY pecypciB,
BUKOPUCTOBYIOUM 3HaueHHs epomony. Ilepea BiANpaBKOO NEPIIOro 3aBAAHHS Y
4yep3l po3paxoOBYEThCA MOYATKOBE 3HAUYECHHS (PEPOMOHY ISl OL[IHKH CTaHy BCIX
pecypciB. Bubip pecypcy 0a3yeTbcs Ha piBHSIX (EpOMOHY, OTPUMAaHHX 3
MOYAaTKOBOTO PO3PaxXyHKY a0o0 mporiecy OHOBIeHHs (gepomony. Komu 3aBmanHs
MPU3HAYAETHCS Oy Ab-SIKOMY PECYPCY, Mypaxa BUKOPUCTOBYE IN100aIbHE OHOBIICHHS
dbepoMoHy, MO0 3MEHIIMTH KUIBKICTh (EPOMOHY, 3pOOMBIIN pPECypC MEHII
NpUBa0JIMBUM Il HACTymHOro Mypaxu. KoxxHe mpusnauene 3aBnanus (ela.kpi.ua)
pO30MBa€TLCA HAa THUMYACOBI KOHTPOJIbHI TOYKH, $SIKI (IKCYIOThCS TiJ Yac
BUKOHAHHS. Y BHUMAJAKYy HEBIAYl 3aBIAaHHS MiIAETHCS MPOIIECY MeperianyBaHHS 1
MPU3HAYAETHCS AJTBTEPHATUBHUI pPECYpC 3 OCTaHHBOI 30€pEKEeHOI KOHTPOJIbHOT

Touku. JlokanpHe OHOBJIEHHS (hepOMOHY 13 MITPadOM 3aCTOCOBYETHCS JI0 PECYPCY,
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KWW HE 3yMiB 3MEHIIIMTH IHTCHCUBHICTh PEpPOMOHY. Y BUIMAJKY YCIIXy BUKOHAHHSI,

JJOKAJIbHE OHOBJICHHA (I)CpOMOHy 13 320XOYCHHIM BUKOPUCTOBYETBCA  IJIA

301bIIeHHsT hepomona. Ilicns BukoHaHHA a00 HEBAAYl pecypc 3BUIBHSIETHCS TS

HACTYMHOTO NMPU3HAYEHHSI 3aBJIaHHS MICIIS TPOLIECY OHOBIICHHS (DEpOMOHY.
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Puc. 3.3 — MoaudikoBanuit anroput™m EDAF

I[J'ISI BU3HAYCHHS HpO}IYKTI/IBHOCTi 3aIlIpOIIOHOBAHOIO aJIrOPUTMY MOXKHA
34aCTOCOBYBATH p13H1 MCTPHUKHU, K1 BKJIIOYAIOTh Yac BHUKOHAHHA, IIPOITYCKHY

3/IaTHICTh, YaC BUKOHAHHS, 3aTPUMKY, OaJaHCYBaHHS HaBAHTAXEHHS 1 KOCQIIIEHT

ycmimHocTi. (ela.kpi.ua)
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Jlns nmepeBipku edekTUBHOCTI 3ampornoHoBaHoro ainroputmy EDAFT mpu
BUHUKHEHHI BIIMOB BHUKOPUCTOBY€ETHCS IICEBIOBUIIAKOBUIA aITOPUTM IS
IpU3HAYEHHS MPUAATHOCTI PECYypCIB Y MeXaX KOHKPETHOTO Aiama3oHy. Y I[bOMY
BUIAJIKY Jlana3oH MNPUJIATHOCTI pecypcy BcTaHOBIIOeThCs Mixk 50% 1 100%.
BaxnuBo BU3HAYUTH Alama3oH MPHUIATHOCTI pecypciB AJsA OLIHKH €()eKTUBHOCTI
aJITOPUTMY BIJIMOBOCTIMKOCTI MpHU PI3HUX CIIEHAPIAX BIAMOB. 3 1HIIOTO OOKY, 1HIII

pecypcu 1 mapaMeTpu 3aBJaHb HaBeJieHl B Tabuii 3.1.

Tabmuig 3.1 — [NapameTpu MoJIeTIOBaHHS

ITapameTp 3Ha4YeHHsI
KinpKicTh pecypciB 200
Kinpxicts 3aB1ann 8000
Peiitunar PE 80 MIPS
IIpornyckHa 31aTHICTh 8000 B/S
MarnHa Ha pecypc d
PE na mamuny 2
JloB)xrHa 3aBHaHHS 80000
Po3wmip daitry 200 + (10-40%)
Po3mip BuBOIY 450 (ela.kpi.ua) + (10-50%)

ANTOpUTM, SIKHA MU MPONOHYEMO, OyB mopiBHSIHUN 3 anroputMamu TACO
[16], FTACO [18], ACOWFT 1 ACO [19], sxi Bci Oynu amantoBaHi Ha OCHOBI
omyOJIIKOBAaHUX TCEBIOKOI1IB, (hOpMYIIIOBaHb 1 OJI0K-cxeM. Bonu Oynu oO6pani s
MOPIBHSHHS Yepe3 IXHI0 MPUATHICTh O BUKOPUCTAHHS TPU OIHII, OCKIIbKA
anmroput™ EDAFT B3gTHil 32 OCHOBY BCIMa LIMMH aJrOpUTMamu 3 TOYKH 30pYy
METO/IIB B1IMOBOCTIMKOCTI. BCl eKCIEpUMEHTH MOJAEIIOBAIKCS B IMITATOP1, AKUN
6a3yerbcst Ha MOB1 JAVA 1 Bigomuii sik GridSim Toolkit, ockinbku BiH 3a0e3neuye
KOMILUIEKCHE CEepeIOBUIIE JJIsI iMiTallli CITOK, BKJIFOUAtOYU OUIBIIICTh KOMIIOHEHTIB.
Koxen anroputm BukoHyBaBcst 10 pa3iB st KOXKHOTO Jlaria30Hy HECTIPABHOCTEH, 1
OyJ10 B35TE CEpPEeNHE 3HAUCHHS JIJIs1 O1JIBIIT TOUHOTO BUMIPIOBAHHSI.

VY nepeniky MOKa3HUKIB MPOIYKTUBHOCTI BPaxOBYBAJIMCS Yac BUKOHAHHS,
MPOITYCKHA 3/IaTHICTh, CEPEIHIN Yac BUKOHAHHS 1 3aTpMMKa 3aBJaHb, a TaKOXK

OaJlaHCyBaHHS HABAaHTAXKEHHS 1 KOE(ILIEHT YCHIIIHOCTI BUKOHAHHS.
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[Ipu BiacyTHOCTI MOMUJIOK (puc. 3.4) yac BUKOHAHHS JJIsI BCIX aJTOPUTMIB
MPaKTUYHO OJHAKOBUM. OHaK Mpu 30UIBIICHHI YaCTOTH BIJIMOB YaCc BUKOHAHHS
st EDAFT BusiBisieTbcsi HalMEHIITMM TIOPIBHSHO 3 1HIITUMU, CYTPOBOIKYIOUUCH
ACOWFT 1 FTACO BianosiaHo. Pe3ynbratu Takox cBimyath, mo ACO 1 TACO
BUSIBJSIIOTh 3HAYHO OUTHINIMN Yac BUKOHAHHS, OCKUIBKHM BUKOPUCTAHHS METOMY
KOHTPOJIbHUX TOYOK JIO3BOJISIE ICTOTHO CKOPOTHUTH Yac BHUKOHAHHS, YHHKAIOUW
MOBTOPHOT'O BUKOHAHHS HEBJIAJIOTO 3aBJaHHs 3 caMoro noyatky. Llei miaxia Takox
BUSIBUBCSI €()EKTUBHUM, OCOOJIMBO MPHU BEIUKOMY PO3MIpi KOKHOTO 3aBJaHHS, 1

KOJIN O‘IiKYBaHI/Iﬁ qacC OJId IIOBHOI'O BUKOHAHHA KOXXHOTI'O 3aBAaHHA € 3HAYHUM.
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Puc. 3.4 — Pe3ynpTaTi yacy BUKOHAHHS

I'padik Ha puc. 3.5 BimoOpaxkae pe3yabTaTH MIOA0 MPOIMTYCKHOI 3JaTHOCTI JIsI
BCIX PO3MVISIHYTUX alropuTMmiB. [IpomyckHa 3/1aTHICT, B OCHOBHOMY BU3HAYAEThCS
4acOM BHUKOHAHHS 1 3araJlbHUM OOCATOM BHKOHAHOI poOOTH. Y LIbOMY BHUMAJKY
CIIOCTEPIraeThCs BIAMOBIIHICTH MK MPOITYCKHOIO 3[JaTHICTIO Ta YaCOM BUKOHAHHS,

KUl npeacraBieHui Ha puc. 3.4. [Ipu yactoti BiamMoB 0%, mpomycKkHa 3/1aTHICTh



JUIS BCIX aJITOPUTMIB MakKCHUMajbHa 1 MOCTYIOBO 3MEHIIYEThCS MPU 301IIIEHHI
4acTOTH BiAMOB. PesynbpTaTtu Takox cBigyath, mo EDAFT BusiBnse nHaiimeHie
3HIKEHHS TIpomyckHoi 3aatHocTi Big 10% mo 50% dactoTu BiAMOB MOPIBHSHO 3
IHIIUMH aliropuTMaMu. 30€epeKeHHS 4acy BUKOHAHHS BaXKJIMBO HaBITh y BUMAAKY
BimMOBH, 100 3a0e3meunT 30epeKeHHs MPOITYCKHOI 31aTHocT. Ha pucynky 3.3
BUTHO, 1110 cepeani yacu BukoHanus aist EDAFT, FTACO 1 ACOwWFT npaktudano
inenTryHi y nopiBHaHHI 3 TACO 1 ACO. B nanomy BUNIaAKy Ba>KJIMBY POJIb BiIIrpae
METOJI KOHTPOJIHHUX TOYOK, JO3BOJISTFOYN BUKOHYBAaTH KO’KHE HCBUKOHAHE 3aBIaHHS
3 OCTaHHBOTO 30€pEekKEHOT0 CTaHy, IO B KIHIIEBOMY IMIJICYMKY 3MEHIIY€E Yac
BUKOHAHHS KOXXHOTO OKPEMOTO 3aBAaHHs. Pe3ynpTaTu TaKoX MiATBEPIKYIOTh, 1110
EDAFT, FTACO 1 ACOWFT e(exkTuBHO KOHTpPOJIOIOTh 4Yac BHKOHAHHS 3a
JIOTIOMOT'OI0 TEXHIKM KOHTPOJIbHUX TOYOK IPH BUSIBICHHI CUTYalllii BIMOB, IIIO

3a0e3Ieuye CBOEYACHE 3aBEPIICHHS KOKHOI 1HIUBITyalbHOT 3a1a4l.
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c
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0% 10% 20% 30% 40% 50%
=0=—EDAFT(mod) 0,14 0,13 0,13 0,13 0,13 0,13
=9=TACO 0,14 0,08 0,08 0,08 0,07 0,06
FTACO 0,14 0,14 0,13 0,13 0,12 0,12
ACO 0,14 0,07 0,06 0,05 0,05 0,04
=@=ACOWFT 0,14 0,14 0,13 0,13 0,13 0,12
—e—HLB 0,14 0,14 gincorOdamos 012 0,12 0,11

Puc. 3.5 — Pesynbrat npomyckHOi 3AaTHOCTI



CepenHs 3aTpuMKa, TpECTaBICHAa Ha puc. 3.7, NEMOHCTPYE aHAIOTIUYHY
JWHAMIKY, 1110 ¥ cepeHii yac 00opoTy Ha puc. 3.6. OTpumaHi pe3ynbTaTH J1al0Th
nijacTaBy BBaxkaTH, o ACO nposBIIsie HABUII 3HAYCHHS 3aTPUMKH, 1 HOMY CITiAy€
TACO, ne oOuaBa aaropuTMH HE BUKOPUCTOBYIOTh TEXHIKY KOHTPOJIBHUX TOYOK.
EdexTuBHEe KepyBaHHSA 3aTPHUMKOI0 MOXIIMBE IUIIXOM MPAaBHJIBHOTO PO3MOILTY
3aBlaHb MDK yciMa  JOCTyMHHMMH  pECypcaMM, YHUKAIOUd  CHUTYyallii
NIEPEBAHTAXXEHHS, KOJM YEePrHM Ha OKPEMHX pecypcax IMEepEeBUIIYIOTh CEPEIHIO

JIOBXKWHY YEPTH.

55000,00
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45000,00
40000,00
% 35000,00
; — ]
$  30000,00 — —
S 25000,00 . PR ——
@ 20000,00
O
15000,00
10000,00
0% 10% 20% 30% 40% 50%
—e—EDAFT(mod)  16954,82 22873,78 23587,29 24233,91 24453,98 24668,23
—o—TACO 16948,70 37071,62 38888,71 = 41305,87 = 43528,15 46408,95
FTACO 16956,42 22387,12 23593,14 24237,12 24903,44 25278,71
ACO 16966,08 37084,83 = 40199,58 = 43708,59 = 46015,63 52281,28
—o—ACOWFT 16955,03 22703,79 23850,86 23998,12 25382,81 26417,93
—o—HLB 16960,14 25749,28 27317,86 29126,63 30184,95 31998,46
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Puc 3.6 — Pe3ynbpTatu cepelHbOr0 4acy BUKOHAHHS 3aBJIaHHS

bananc HaBaHTa)X€HHS BHW3HA4Ya€, HACKUIBKA €(OEKTUBHO PO3MOIICHI
3aBhaHHA. Sk nokas3ano Ha puc. 3.8, ACOWFT ta ACO neMOHCTpYIOTh HaliMEHIIE
CTaHAApTHE BIAXWJIEHHS, OCKUIbKU KOXKHE 3aBJaHHS MPU3HAYAETHCA BPaXOBYIOUU
MOTOYHE HaBaHTAXXEHHs KoxkHoro pecypcey. Illomo EDAFT, sika mnpakTudHO

BupiBHIOETBCE 3 ACOWFT 3a npoayKTHBHICTIO, 3aBIaHHS BUKOHYIOTHCS 3



ypaxyBaHHSAM ICTOpli BUKOHAHHS MpPU BHU3HAYEHHI NPHUAATHOCTI pecypcy Ta

6aHaHCYBaHHi HaBaHTa)XKeHHsS. UM Ommkde CTaHOapTHE BiIIXI/IJIeHH}I A0 HYJIA, TUM

epexTuBHIIIE OaTaHCyBaHHS HaBaHTAKEHHS, TOOTO 3ampONOHOBAHUN AITOPUTM

BUABJIETECA 3AdaTHHM 3aCTOCOBYBATH eBpI/ICTI/I‘IHi I'[iI[XO,Z[I/I JO0 BH3HAYCHHA

MPUIATHOCTI HA OCHOBI ICTOpIi BUKOHAHHS, IO CHPHSIE YpPIBHOBAKCHOMY

BUKOPHUCTAHHIO PECypCiB,

KOHKPETHOT'O PECYpCYy.

55000,00
50000,00
45000,00

=

=8
z 40000,00
=

2 35000,00

(&)
©

T 30000,00
25000,00
20000,00

=0—EDAFT(mod)
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22717,90
22716,00
22715,80
22724,10
22714,00
22718,30

10%
23763,40
36050,00
23653,10
37702,30
23901,00
24245,80

HaBiTh 0€3 MpsIMOro 3HAHHSI MNP0 NPUIATHICTD

—
—— = :
20% 30% 40% 50%
24300,10 24826,80 25100,20 25408,40
38647,60 40907,10 42938,10 45937,20
24298,70 24788,00 25265,70 25763,70
40081,20 43253,00 45442,10 51542,30
24590,30 24874,40 26110,30 26904,70
25112,90 25997,20 27142,60 27883,80
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Puc 3.7 — Pe3ynbraTu cepeiHbO1 3aTPUMKH HA 3aBJAaHHS

HonatkoBo, ¢akTop MIOBIPM € KOPUCHUM IS BHUHATOPOAM TMPHUIAATHUX

pecypciB abo 3a mTpadu 3a HENpUAATHI peCYpCH Ha OCHOBI BUKOHAHHSI 3aBIaHHS.

[Toennannss 000X eneMeHTIB 3a0e3mneduye OuUTbll ePEeKTUBHUIN MPOIEC OHOBICHHS



(hepoMOHIB, IO CHpUsE BUPIIICHHIO MUTAaHb OallaHCYBaHHS HaBaHTAXXEHHS Ta

YCIIIIIHOCTI BUKOHAHHSI.

VY cuctemi, sika Ma€e BUCOKY CTYIIIHb CTIHKOCTI JI0 BiJIMOB, TOJIOBHOIO METOIO

€ MIATPUMKA PIBHS YCIIIIHOCTI BUKOHAHHS 0€3 BTpaT MPOAYKTUBHOCTI. 3TiTHO 3

puc. 3.9, EDAFT mposBise BHUIIMK pIBEHb YCIIXY MOPIBHAHO 3 IHIIMMHU

anroput™Mamu. lle moxe 3matmcs auBHuM, ane TACO 3aiimae apyre wicie 3a

KUIBKICTIO YCHIIIHUX CIHpoO, OCKUIbKKM MpH3HA4Yae OIbIIy YacTUHY 3aBiaHb

BIJITOBITHO JI0 HASIBHUX PECYpCiB, a He 3 HenpuaaTtHuMu. O4eBUIHO, 110 KOXKEH pas,

KOJM OUIBIIICTh 3aBJIaHb PO3MOIUISETHCS HAa HAMOLIBII MIIXOIALI PECYpCH, LE

301IBIIYE NMOBIPHICTE YCIIITHOTO BUKOHAHHS.
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30%
0,0174
0,4739
0,3223

0,01

0,01

0,05

40%
0,0267
0,4851
0,3278
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0,02
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Puc 3.8 — PesynpTatu 6anaHcyBaHHS HaBaHTaKEHHS

50%
0,066
0,4557
0,3396
0,1
0,02
0,02



Henonik TACO mnonsrae B ToMy, 110 3aTpMMKa 1 TPUBAJIICTh BUKOHAHHS
Oyayts 3uauno (ela.kpi.ua) BuIIMMH, OCKUIBKH BIANOBIIHI PECYPCH MaTHMYTh
nosuii uepru. Kpim toro, ACOWFT 1 ACO maioTe HalHMKYMI TTOKa3HUK YCIIXY,
OCKUTBKYM JIMIIE TIOCWJIAHHSA Ha HABaHTAXCHHS HEIOCTATHE MJIsi BHU3HAYCHHS
IPUIATHOCTI pecypcey. Jleski pecypcu MOKYTh MaTl HU3bKE HAaBAaHTA)KEHHA depes

BiJICYyTHICTh aKTUBHHX 3aBJaHb.
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—e—EDAFT(mod) 100 96,05 94,12 92,52 91,71 91,38
—e—TACO 100 96,23 94,45 92,71 91,09 89,71
—e—FTACO 100 96,38 939 91,8 89,98 88,52
ACO 100 95,87 93,03 91,28 87,84 81,79
—o—ACOWFT 100 95,93 93,15 92,55 88,37 86,04
—e—HLB 100 95,97 93,24 92,17 8811 87,42
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Puc. 3.9 — Pe3ynbpTaTil yCHimHOCTI


https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx

[Ipore nns EDAFT BnactuBa 34aTHICTH HIATPUMYBATH YacTOTYy YCHIXY,
(ela.kpi.ua) 3abe3meuyrour TaKOK BHMCOKY IPOIMYCKHY 3IaTHICTh, Kpalle
OalaHCyBaHHS HaBAaHTAXXCHHS Ta MEHINI 3aTPUMKH Ta 4YaCc BHKOHAHHS. Takox
BUSIBJICHO, 110 3HWIKEHHsI 3HaueHHS AoBipH C y pasi BIAMOBH MOXKE 301JIBIITUTH
piBens ycmixy s EDAFT, ane mpu 1mpomy Moxe 30UIBIIMTH CTaHAAPTHE
BIIXWICHHS OajaHCyBaHHS HaBaHTAXEHHS. TaKMM YHWHOM, BKIMBO BU3HAYWUTH
OoNnTUMajbHe 3HaueHHsA JoBipu s gocsraeHHs (ela.kpi.ua) wHaiikpamioro

pe3yibTaTy BUKOHAHHA a00 ONTHUMAJILHOT'O 6aJ'IaHCYBaHH$I HAaBaHTAaXCHHA.

3.5 BUCHOBOK J10 TPETHOTO PO3ALTY

Cumynsiis, omucaHa B JaHOMY PO3JAUT, HaJla€ MOMJIMBICTH IMOPIBHATH
0a3oBHiA anroOpuTM OallaHCyBaHHsS HaBaHTaxkeHHs, a came Ant Colony System
(ACS), 13 po3po0eHOI0 MOIU(]IKALIEIO T IHIIMUMH PO3TIIIHYTUMU aJITOPUTMaMHU.

[Ticiisi mpoBeneHOro MOPIBHSAHHS OyJI0 BCTaHOBJICHO, IO PO3POOICHUMN
anroput™ EDAFT BusiBuBcst OUIbIII TPOYKTUBHUM 3arajioM MOPIBHSHO 3 1HITUMHU
aniropuTMamu. 30KpeMa, BiH MOKa3aB Kpallll pe3ybTaTH MO0 Yacy BUKOHAHHS (B
cepeanboMy Ha 35%), mpomyckHoi 3maTHOCTI (Ha 38%), cepemHbOro vacy
BUKOHAHHS (Ha 26%), cepeHbOi 3aTPUMKHU 1 MIBUAKOCTI YCHIITHOTO BUKOHAHHS.
[Mpote, mono posmonury HaBaHTaxeHHS ACOWFT mnpoaemoHcTpyBaB Kpaiill
TIOKa3HUKY 3 HEBEIHMKO pi3HuIieto B mopiBHsHHI 3 ACO Ta (ela.kpi.ua) EDAFT.

Hagits mnpu Bucokit mnpoayktuBHocti EDAFT € MoxiuBiCTh #oOro
MOJAJIBIIOTO BIOCKOHAJICHHS, JOJABIIM THUMYacOBE MPUIUHEHHS, SKE YHUKHE
NpU3HAYCHHS 3aBJaHb HAa HEJAABHO BIIMOBIEHUX pecypcax, MOKA BOHH HE OyayTh
BIJIHOBJIEH] Ticias 30010. Ile mMoxke Oyt 0COOIMBO €(PEKTUBHUM, KOJIU PO3MIP
OKPEMOr0 3aBJaHHs 3HaYHUH, a OUIBIIICTh PECYPCIB 3alHATI OOPOOKOIO BEJIUKOTO
3aBnaHHs. Baxxnuo 3a0e3meunTH, o0 cucTemMa He Ha/iaBalia 3aBIaHHs HEeraifHoO Ha
pecypci, 10 HEMOJaBHO BIIMOBUBCS, 1100 3MEHIIUTA WMOBIPHICTHh MOJAJBIINX
300iB 1 BUOMpasIa pecypc, SKU MOXKE 3aBEPIIUTH MTOTOUYHE BUKOHAHHS IIBUJIIE Ta

Ma€ BUCOKY MpUAATHICTh. JIOBXKMHA MIJABICKM TAaKOXX € BAXKJIIMBUM AaCIIEKTOM, 1


https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx
https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx
https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx
https://ela.kpi.ua/bitstream/123456789/30812/1/Shchur_magistr.docx

BUKOPUCTAHHS BIAMOBIAHOT JOBXWHU TIJBICKM MOXE CIPUITH 30€pEeKEHHIO
OajaHCyBaHHS HABAaHTAXKEHHS Ta IIJBUIICHHIO Koe(illieHTa  YCHIITHOCTI

BHUKOHAaHHA.



BHUCHOBOK

Bukonano mety Ta 3aBmaHHs 3 peepary

Cronu MoxHa 310paTh BHCHOBKHM 31 BCIX pO3ILTIB, OCHOBHI JIBHI TPO
pe3yJIbTaTH €KCIIEPUMEHTIB Ta PEKOMEHIAIlli XTO 1 IK MOXKE€ BUKOPHCTOBYBATH IO

MOJIEIb.

Pesynbratu po6OTH MOXYTh BUKOPHUCTOBYBAaTHUCH B MPAKTUYHU HISIIBHOCTI
OpyU  TPOEKTYBAHHI  apXITEKTYpH  PO3MOJAUICHHX  BHCOKOHABAHTAXKEHHUX

KOMIT' FOTEPHUX MEPEXK.
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