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Mporpama HaBYa/IbHOI AUCUUNNIHK

1. Onuc HaBYanbHOI AUCUUNAIHY, T MeTa, NpeaMeT BUBYAHHA Ta pe3y/ibTaTU HaBUYaHHA

OvcumnniHa “MporpamyBaHHA KOMM'OTEPHUX Ta BipTyaZbHUX Mepex” CNpAMOBAHA HAa BUBYEHHSA
HOBMUX MiOgXOA4iB, MeTOAiB i MeXaHi3MiB CYTTEBOro nNiABULLEHHA NPOAYKTUBHOCTI Ta iHTENEKTyasIbHUX
MOX/IMBOCTEM KOMN'IOTEPHUX MepeX. BUBYEHHSA AaHOT AMCUMNAIHM MaricTpamu A03BOINTb iM OCBOITM HOBI
TexXHoorii NobyA0BM KOMN' IOTEPHUX MEPEXK.

MeTolo BMBYEHHA AucumnaiHM  “MporpamyBaHHA KOMM'IOTEPHUX Ta BipTyanAbHUX mepex”
€: niarotoBka $axisL,iB, 34aTHUX PO3B’A3yBaTM KOMMIEKCHI Npobaemu B ranysi A0CNigHULbKO-iHHOBAL,iMHOI
AianbHoCcTi y cdepi nobyaoBm HOBUX ePEKTUBHUX BUMCOKONPOAYKTUBHUX KOMM IOTEPHUX MEpPEeK;p03BUTOK
34aTHOCTEN Yy MaricTpiB BUpIilIyBaTM NpOdeciMHi 3aBAaHHA NO aAMIHICTPYBAHHIO iCHYHOYMX Cy4YaCHMUX
KOoMN'IOTEPHUX MepeK, 34iACHIOYM NPOorpaMmyBaHHA KOMMN IOTEPHUX Ta BipTya/IbHUX MEpeK.



MpegmeTom gMCUMNAIHN €:

- migxoan, MeToaM Ta MeXaHi3mu nobynoBM HOBUX e(PEKTUBHUX BUCOKOMPOAYKTUBHUX
KOMMN'IOTEPHUX MepEeX;

- NporpamHo-anapaTHi 3acobun 064YNCNOBaNbHOT TEXHIKM WO HeobXiaHi ANnA BUKOHAHHSA ManbyTHiMuK
daxisyamm npodecinHMx 000B’A3KIB Yy HanpAMy CTBOPEHHA NporpamHoro 3abesneyeHHA Ans
KOMMN'IOTEPHUX MEPEK B YMOBAX KONEKTUBY 3 BUKOPUCTAHHAM Cy4aCHMX MOB Ta 6ibnioTek napanenbHoro
nporpamyBaHHA 3 ypaxyBaHHAM 0cC0b6aMBOCTEM MaMbyTHLOI nMpodecii i MOXANMBUX NEepPBUHHUX Mocaj,
maricrpis.

3rigHO 3 BMmoramum OHIM aucumnniHa “MporpamyBaHHA KOMM'OTEPHUX Ta BipTyanbHUX mepex”
3abe3neyvye GopmMyBaHHA HAaCTYMHNUX KOMNETEHTHOCTEN Ta NPOrPaMHUX pPe3yNbTaTiB HABYAHHA:

- 3paTHICTb NPOeKTyBaTU Ta po3pobatoBatv nporpamHe 3abesnevyeHHA ANA KOMMN'IOTEPHUX Ta

BipTyanbHUX Mmepex (PK16)
- 3[4aTHICTb BUKOPUCTOBYBATK XMapHi Ta GRID TexHonorii (PK19)
- NMporpamyBaT KOMN'IOTEPHI Ta BipTyasbHi Mepeki, HanaroayKysatm mepexxHi goaaHku (MPH26)

Kpim TOro, y pe3ynbTaTi NPOXOAKEHHA HAaBYAHHA 3 AUcLMNAIHK “TTporpamyBaHHA KOMM'IOTEPHMUX Ta
BipTyanbHux mepex” y 3006yBadiB popmytoTbca abo NiaCcUNIOTLCA HACTYMHI:

3HAHHA:

- TexHonorin NnobyaoBun Cy4acHUX KOMMN' IOTEPHUX MEPEK,

- B3aemogji cteky npoTtokonis TCP/IP,

- SDN KoHTponepiB Ta apxitektypu SDN mepexi,

- npoTtoKkony OpenFlow,

- cnocobis nporpamysaHHsa SDN mepe,

- KOHLenNUin po3pobKn nporpam mepexKHUX A0AaHKiIB,

- SDN piweHb ana mepexi ueHTpy 06pobkm Ta 36eperkeHHA AaHuX;

- NpoBeAeHHSA A0CNiAXeHb Ha BiANOBIAHOMY PiBHI B rasy3i Cy4acHUX KOMN' IOTEPHUX MEPEXK;

- 34aTHicTb reHepyBaTW HOBI iaei Npu Nobyaosi apxiTekTypuSDN mepexi;

YMiHHA:

- OUiHKK ocobnmBocTelr Komn'IOTEPHOI MepeXxi Nignpuemctaa, GopmyBaTH, KnacudikysaTn BUMOTU
A0 NporpamHoro 3abe3sneyveHHs;

- MpPOeKTyBaTU apxiTeKTypySDN mepexi, mogentoBatn npouecn ¢GyHKUiOHYBAaHHA OKpemMmx
nigcucrem i moAaynis;

- BUKOHYBaTW NOOYA0OBY anropuUTMy MepPeXKHUX A0AaHKiIB,

- aHanisyBatu epeKTUBHICTb aNTOPUTMY MEPENRHUX A0AAHKIB,

- MporpamyBaTv MPOLLECU MEPEKHUX A00AHKIB,

- 34iMCHIOBATU NporpamyBaHHA anapaTHoro obnagHaHHA IntraNet,

- 3abesneyyBaTn HeobXigHWM cepBic 06cnyroByBaHHA Ta HeobxigHi napameTpu Tpadika ana
3agaHux 3’egHaHb B SDN mepesxi;

- NPOEKTyBaTWU Ta po3pobatoBaTM NporpamHe 3abesnedyeHHAa Ans KOMN'lOTEpPHUX Ta BipTyanbHUX
Mepex;

pocsia;:

- 3aCTOCOBYBAHHA Cy4acHUX NpodecCiMHMX CTaHAAPTIB i IHWWMX HOPMATUBHO-NPABOBUX AOKYMEHTIB 3
iHXeHepii nporpamHoro 3abesneyeHHa npu nobyaosi SDN mepek;

- poboTu 3 TexHONOTiAMM NPOrpamyBaHHA mepeK IntraNet;

- nobyaoBu Ta aHani3y anropuTMiB MepexHUX A04aHKiB;

- KepyBaHHs Tpadikom B mepexki IntraNet nignpnemcTsa;

- CYynpoBOAY BMKOHAHHA NPOrpamm mepexHoro AoaaHky 8 SDN mepexi.

2. MpepeKBi3uTn Ta NOCTPEKBI3UTU AUCUUNAIHM (MicLie B CTPYKTYPHO-NOTIUYHIN cXeMi HaBYaHHA 3a
BigNOBigHOI0 OCBITHLOIO NPOrpPamolo)
MpepekBianTN: 6a30Bi 3HAaHHA LWLOAO0 OCHOB NMOOYA0BM KOMMN'IOTEPHUX MepeK, onepaLiiHUX cMcTem
Ta NporpamyBaHHA.



MOCTPEKBI3UTU: KOMMNETEHTHOCTI, 3HAaHHA Ta BMIHHA, OTPMMAHI B pPaMKax BWBYEHHA AaHOI
AVCLMNNIHU, MOXYTb BYTN 3aCTOCOBAHI A1 BUKOHAHHA MaricTepcbKoi ancepTallil.

3 3micT HaBYaNbHOI AUCUUNAIHM

Po3gin 1 3HaomcTBO 3 mepexkamu SDN (Software Defined Networking).

Tema 1.1 ApxitekTypa Internet.

Tema 1.2 TexHonoria MPLS (Multi-Protocol Label Switching).

Tema 1.3 BipTyanbHi mepei.

Tema 1.4 Knacuodikauia nakertis.

Po3pin 2 SDN KoHTponepu Ta apxitektypaSDN mepe:Ki.

Tema 2.1 SDN KoHTponepu Ta apxitektypa SDN mepexi.

Tema 2.2 3HariomcTBO 3 NpoToKkosom OpenFlow.

Tema 2.3 OpenFlow komyTtaTop Bepcii 1.5.1.

Tema 2.4 O6pobka NOTOKY MaKeTiB Ta BMKOHAHHA IHCTPYKUiK B Tabauui notokis OpenFlow
KomyTaTopa.

Tema 2.5 NliunnbHUKM Ta gudepeHuianbHe 06cnyroBysaHHA noTokiB B OpenFlow KomyTaTtopi.

Tema 2.6 3HariomcTBO 3 NporpamyBaHHAM SDN mepesk.

Tema 2.7 SDN piweHHA gna mepexi ueHTpy 06pobku Ta 36eperkeHHA AaHuX.

Po3pgin 3 MporpamyBaHHA mepexXHUX A0A[aHKiB 3 BUKopuctaHHAm SDN framework.

Tema 3.1 MNporpamyBaHHA NOTPIOHOI NPOAYKTUBHOCTI KaHaniB nepeaadvi nosigomneHo B SDN mepexi
B 3a/1€}KHOCTI Big, 4060BOro Yacy Ta AHA Heaini.

Tema 3.2 KepyBaHHA BXigHUM Tpadikom.

4. HasuyanbHi maTtepianu Ta pecypcu

4.1 ba3osBa nitepatypa:

1. Kynakos, 0. O. Komn'toTepHi mepexi. - HaByanbHuit nocibHMK. — Kuis : KMl im. Iropa CikopcbKoro,
2022. - 247 c. https://ela.kpi.ua/handle/123456789/51465

2. THipeHko M.I., BuwHiscbkuii B.B., InbiH O.0. MNobyaoBa SDN mepek. — HaB4yasnbHUN NOCIOHUK. —
Kuis: AYT, 2019. - 190 c. https://duikt.edu.ua/ua/lib/1/category/729/view/1710

4.2 lonomixKHa niteparypa:
1. Thomas D. Nadeau and Ken Gray. SDN: Software Defined Networks, 2013. - 353p.
2. MPLS-TP OpenFlow Protocol Extensions for SPTN, Version 1.0, ONF TS-029
https://www.opennetworking.org/software-defined-standards/specifications/
3. OpenFlow Switch Specification, Version 1.5.1, ONF TS-025
https://www.opennetworking.org/software-defined-standards/specifications/
4. https://github.com/mininet/mininet/wiki/Mininet-VM-Images
http://mininet.org/walkthrough/
6. https://github.com/mininet/openflow-tutorial/wiki

o

HaByanbHUI KOHTEHT

5. MeToauKa onaHyBaHHA HaBYa/IbHOI AUCLUNNIHU (OCBITHBOrO KOMNOHEHTA)

NeKuinHi 3aHATTA

. . . KinbKictb
Ne Ha3Ba Temu neKLuii Ta nepenik OCHOBHUX NUTAHb (Nepenik ANAAKTUYHKUX 3acobiB, )
. a,.
neku,i NOCUNAHHA Ha NiTepaTypy Ta 3aBaaHHA Ha CPC) y
roguH
1 3HaitomcTBO 3 mepexkamu SDN. 2

AaMmiHiCTpyBaHHA MapLipyTU3aTOpiB, KOMYTaToOPiB; apxiTeKTypa Internet: aBTOHOMHa
cuctema; IntraNet (CustomerNet); npoTokonu mapwpyTtunsauii IGP Ta BGP; ISP pisHa




Tier-1, Tier-2 T1a Tier-3; Centralbackbone; Corerouter; BapiaHTWU RiAKAOYEHHA
CustomerNet po Internet; EdgeRouter Ta BorderRouter.

Po3snopaineHnn piseHb KepyBaHHA IntraNet.
IP Ta MPLS mapuwpyTtur3auii, noTiKk gaHnx, o6MiH MiTKamu, LWIBUAKA MapLIpyTU3auis,
MPLS iHKancynauis, Tononoria mepexki, 3HanomcTso 3 Traffic Engineering.

BipTyanbHi mepexi.
VPN TyHeni, VPN-agpecauia Ta nepecwnka, poswunpeHHa TexHonorii VPN po
iHOMBIAYaNbHMX XOCTIB.

Knacudikauia naketis - ocHoBa TexHonoriii SDN.
MepeBarn Knacuoikauii NakeTiB 3aMiCTb iX 4eMyNbTUNNEKCYBaHHA, PiBHI Knacudikauii
nakeTiB, NpUHUUNM NO6YyA0BN BUCOKOLWIBUAKICHOrO KOMYyTaLiiHOro o6i1aaHaHHA].

SDN KoHTponepwu Ta apxiteKtypaSDN mepexi.

TrafficEngineering i KOHTpOnb BMGOpPY WANAXYy nepepayi MaKeTiB; LEHTPanisoBaHWUM
piBeHb KepyBaHHA IntraNet; TexHonoria MmapwpyTM3alii, WO OCHOBaHa Ha
BUKopucTaHHi ATM; Routing Overlays; SDN — HoBuit ribpuaHuin niaxia ao nobynosum
aApXiTEKTYPU MepeXKi; po3dineHHA iHPOopMaLiIMHOrO Ta KOHTPOAbHOro piBHiB; SDN
KOHTponep; npotokon OpenFlow.

3HaitomcTBO 3 npoTtokonom OpenFlow.

OcHoBu BMKopUcTaHHA OpenFlow; npusHayeHHs nonis B wabnoHi OpenFlow 1.1; aii
3a npotokosnom OpenFlow 1.1; po6ota 3 Tabanuammn MNOTOKIB, WO OpraHisoBaHi B
KoHBeep; Tabanua rpynu; dopmat nosigomneHb OpenFlow; BukopuctaHHa OpenFlow.

OpenFlow KomyTtaTop (Bepcia 1.5.1).

CTpykTypHa cxema KomyTtaTopa OpenFlow Bepcii 1.5.1, nopT KomyTtatopa Ta ix
NPWU3HAYEHHA, NOTIK MNAKeTIB Yepe3 Moro KoHBeep 06pobku, dopmat Bxogis Tabamup
NOTOKIB.

O6po6Ka NOTOKY NaKeTiB Ta BUKOHAHHA iHCTPYKLili B Tabaunui notokisOpenFlow
KomyTaTtopa (Bepcii 1.5.1).

Anroputm 06pO6KKM NOTOKY NaKeTiB B KOMYTaTOPi, MOPIBHAHHA Ta BUKOHAHHSA
iHCTPYKLi B TabnL,i NOTOKIB.

NiunnbHuKN Ta andepeHuianbHe 06cnyrosyBaHHA NoToKiB B OpenFlow KkomyTaTtopi
(Bepcii 1.5.1).

BukoHaHHA aint B OpenFlow KomyTaTopi, NiYMNbHUKK CTPYKTypa BXOAiB rPynoBoi
Tabnuui, TANM Tpyn, MOHITOPUHT KUBYYOCTi rpyn, ¢opmaTt BxodiB Tabauui
NIYNNbHUKIB, anroputm audepeHLuiaibHOro obc/yroByBaHHA MOTOKIB, NiAKAKOYEHHA
OpenFlow komyTtaTtopa 2o SDN KoHTponepa.

10

3HaitlomcTBO 3 nporpamyBaHHAMSDN mepesk.
Po6ota SDN mepexi, ctpyktypa SDN Framework, cTpykTypa igeanisoBaHoro SDN
KOHTpoOsepa.

11

SDN piweHHA gna mepexi ueHTpy 06po6Ku Ta 36eperkeHHA gaHuX.
Po3nogineHi B xmapi ueHTpn 06pobkun gaHumx, opkecTpoBKa,SDN pilleHHA Ana mepei
LEeHTPY 06pobKN AaHMX.

12

BipTyanizauia mepexi 3a 4ONOMOroto 3ara/ibHOI iHKancyaauii mapwpytmsadii, Tmnm
HaknagaHHA mepesi (NetworkOverlayTypes).

13

MporpamyBaHHA MepeXXHUX AoAaHKIB 3 BUKopuctaHHam SDN framework.
Juniper SDN Framework, IETFSDN Framework(s), SDNP apxitektypa, ABNO
apxitektypa, OpenDaylight koHTponep/framework.

14

MporpamyBaHHA NOTPIGHOI NPOAYKTUBHOCTI KaHaniB nepeaadi nosigaomaeHb BSDN
MepeXi B 3a/1eXKHOCTi Big, 4060BOro yacy ta AHA Heaini.




MpuKnag B3aEMO3B'A3KY LEHTPiB 0OPOOKM  [aHUX, NPUKNAL KaneHgapHoro
NAaHyBaHHA MNPOMYCKHOI CNPOMOXKHOCTI KaHanis..
15 MpuKknag HaknagaHHA Tpadiky 3a A4ONOMOrol HafgaHHS enemeHTa 0O6YMCAEHHS WNAXY 2
(Path Computation Element).
16 KepyBaHHA BXigHUM Tpadikom. 2
BpaHgmayep, 6paHaMayepu AK NOCAYra, 3amMiHa KOHTPOJIHO A0CTYNY A0 Mepesxi.
17 KoHTposb gocTyny Ao mepexki 3a 40NOMOroto BipTyanbHOro 6paHgmayepa Ta 2
OpenFlow, 3BOpOTHI 3B'A30K Ta ONTUMI3aL,isi, BUABNEHHA BTOPTHEHb / MOM'AKLLEHHSA
3arpos
18 OcHoBHi BM3Ha4yeHHA, noB'a3aHi 3 SDN meperkamu 2
Pasom: 36
NabopaTtopHi 3aHATTA
OcHOBHi 3aBA@HHA UUMKAY nabopaTopHUX pPo6IT (KoMn’'toTepHOro npPakTUKYmy) - npuabaHHA

CTYAEHTaMM HEeobXiAHUX NPAKTUYHUX HABMYOK NO POBOTI 3 TEXHOJONE NPOrpamyBaHHA KOMMN IOTEPHUX

MEpPEK.

HasBa nabopaTopHOi poboTH (KOMN'tOTEPHOro NPakTUKyMy)

KinbKictb

aya.
roguH

OsHanomneHHsa 3 Mininet - cepegoBuem AN MoAeNtOBaHHS KOMM lOTEPHOT
SDN mepexi. (BctaHoBuMTM Mininet [4]; cTBOPUTU rOTOBY MiHiManbHYy TOMOAOTiO
SDN mepexi; nNpoaeMoHCTpyBaTU (3 KOMEHTapAMW) BUKOPWUCTAHHA OCHOBHMX
KomaHg, [5]: nodes, net, ifconfig, down, up, route, ping, pingall, iperf, ps, xterm).

CrBopeHHA npocToiSDN mepexi, WwWo noeaHye KnieHTa Ta ABaHTTP cepsepa.
(OTpmaTt poctyn A0 cepBepiB 33 A0MNOMOFOK  KAIEHTCbKOrO MPOrpamHoro
3abe3neyeHHA, NPOAEMOHCTPYBATM  MOMAMBICTb  MiHFyBaHHA  (ping) Ta
BigCNiAKOBYBaHHA MapuwpyTy (traceroute) go npautotoyoro OpenFlow KomyTaTopa
Ta yepes HbOro).

CtBopuUTK NiHiKHY  Tononorito SDN mepexi, wWo cknagaerbca 3i +2
NoeAHaAHMX MiX coboto OpenFlow KoMyTaTOpiB, A0 KOXHOIO 3 KOTPUX MiAKAHOYEHO
no oAHomy XxocTy (i - HOmMep B CMNUCKY rpynu) Ta NPOAEMOHCTpyBaTH i
npauesaaTHicTb 3 BUKopuctaHHam OpenFlow Wireshark dissector.

3a pgonomoroto cKpunTy miniedit.py Mininet(GUI) cTtBopuTM AepeBoBUAHY
TononoritoSDN mepexi, Wo mae rambuHy iepapxii komyTtatopis depth= i%3+2, a
YMCNO NIAKNOUYEHMX [0 KOMXKHOTO 3 HUX KOMyTaTopiB, abo xocTiB fanout = i%2+2 (i -
HOMEpP B CMMUCKY FPynu, XOCTU NiAKNIOYEHI TiNbKM A0 KOMYTaTOPIB HUXKHbOTO PiBHA)
Ta NPOAEMOHCTPYBATH ii Npaye3aaTHicTb 3 BUKopucTaHHam Wireshark.

Pospobutn Tononorito Data Center ana o6paHoi Bamu wuini Ta
NpoAEeMOHCTPYBATH il Npaue3aaTHICTb.

[o po3pobneHoro B nonepegHit poboti Data Center NigKAOYNTU 30BHILLHIN
KOHTPO/1Iep, WO peanisye NOriky NPOAYKTUBHOCTI KaHaniB nepepadvi NoBigomaeHb B
3a71eXKHOCTi Big, A060BOro Yacy 1a AHA TXKHA Y SDN mepexi.

KepyBaHHA NPOAYKTUBHICTIO KaHaniB nepegadi MNoBiAOMAEHb B 3a/1€XHOCTI
Big poboBoro 4Yacy Ta AHA TWXKHA YSDN mepexi ueHTpy 06pobKM aAaHux
(DataCenter). (MigKNOYMTM 30BHILLHIA KOHTpONEp, CTBOPUTU CKpMNT *.py, WO
peani3ye Noriky NpoAyKTUBHOCTI KaHaniB Nnepefadvi NosigomaeHb B 3aN€XKHOCTI Big,

12




[060Boro vacy Ta AHA TMKHA y SDN mepexi DataCentre 3 po3pobneHoto Bamu
TOMONOTi€l0).

Pasom: 36

6. CamocrTiitiHa po6oTa marictpa

No HasBa Temu, W0 BUHOCUTLCA Ha CamMOCTilMHe onpaLtoBaHHSA KinbKictb
3/n roAuH
CPC
1 2 3
1 | NyHKTK 0bmiHOM iHTepHeTom: Euro-IX, UA-IX, DatalX. 2
2 | NMpuHUMN POBOTN MapLLPYTU3ATOPA 3 KOMYTAL,IEID MITOK. 4
3 | VPN-agpecauia Ta nepeagpecau,is. 4
1 2 3
4 | NepeMmnKaHHA KOMyTaTopiB 3a Teramu VLAN 4
5 | BukopuctaHHA npotokony OpenFlowsak TexHonorii BipTyanisaLii mepexi. 4
6 | Pob6ota Group Table 8 OpenFlow komyTaTtopi Bepcii 1.5.1. 4
7 | BipTyanisauia mepexkeBux GyHKLiN. 4
8 | BipTyanbHa po3wmnptoBaHa fiokanbHa mepexa (VxLAN) 4
9 | BipTyanisauia mepexi 3 BUKOPUCTAHHAM YHIBEpPCaNbHOI iHKaNCynauii maplipyTmsauii 4
(NVGRE).
10 | 3aranbHa iHKancynauia BipTyanisauii mepex (Geneve). 4
11 | Nnatdopma Dockergna CTBOPEHHA, PO3ropTaHHA Ta KepyBaHHA KOHTeMHepHUMU 6
[0AaTKamu,
12 | MikpocepBiCHa apXiTEKTYpPa MeperKeBUX A0AaTKiIB. 6
13 | Kubernetes —nnatdopma 3 BIAKPUTUM KOOAOM AON1A OpPKecTpauii KoHTenHepis, i 6
BUKOPUCTAHHA ANA aBTOMATU30BAHOIO PO3ropTaHHSA, yNpaBAiHHA Ta mMacwTabyBaHHA
mepexeBnx 40AaTKiB.
14 | O3HanomneHHa 3 OpenDaylight Downloads — OpenDaylight Documentation Phosphorus 4
documentation.
15 | MpwusHayeHHs cepBepa RADIUS (Remote Authentication Dial-In User Service). 2
16 | MigrotosKka go MKP 6
17 | NigroTtoBKa A0 3aniky 8
Bcboro rogmH CPC 78

MoniTuKa Ta KOHTPO/b

7. NoniTMKa HaBYaNbHOI AUCUUNNIHKU (OCBITHBOrO KOMMOHEHTA)

BiaBigyBaHHA NeKuiiHMx Ta nabopaTopHMx 3aHATb € 0OOB’A3KOBOID CKIQ[0BOK BUBYEHHA
maTtepiany.

Ha nekuii BMKNagay KOPWUCTYETbCA BAACHMM Npe3eHTaUiHMM MmaTepianom; BUKOPUCTOBYE
aBTOMaTU30BaHy iHGOpMaLiiHy cuctema «ENEKTPOHHMM Kamnyc» ANA BUMKAQZAHHA MaTepianis NeKuin,
AOOATKOBUX pecypciB, nabopaTopHux pobiT Ta iHWe; BWKNagay cTBoptoe rpyny B Telegram ana
KOHCYNbTaLiN 3i CTyAeHTamMM, HaACUNAHHA eNeKTPOHHUX 3BiTiB 3 NabopaTopHMX pobIT Ta Bignosigen Ha
MKP.

Banu 3a nabopaTopHy pob6OTY BPaXOBYIOTHCA NLLE 32 HAABHOCTI €/1IEKTPOHHOTO 3BiTY.

OVCTaHUIMHMIA  peXXuMm HaB4YaHHA. Y pa3i 3anpoBagKeHHA o6me)eHb Ha BiABiAyBaHHA
yHiBEpcUTeTYy, NOB’A3aHMX 3 BBEAEHHAM KapaHTUHY abo peMmy BOEHHOrO CTaHy B Aep’KaBi, OCBITHIN




npouec 34iNCHI0ETbCA Y AUCTaHLIMHOMY peXumi BianosiaHO Ao [MonoXeHHA Npo AUCTaHUiHe HaBYaHHA B
KMl im. lrops Cikopcbkoro (https://osvita.kpi.ua/index.php/node/188), PernameHTy opraHisaLii oCBiTHbOro
npouecy B AucTaHuitHomy pexumi (https://profkom.kpi.ua/reglament-organizatsiyi-osvitnogo-protsesu-v-
distantsiynomu-rezhimi) Ta PernameHTy npoBeAeHHA CEMECTPOBOro KOHTPOAIO B AUCTAHLIMHOMY PEXXUMI
(https://osvita.kpi.ua/node/148).

Bu3HaHHA pe3yAabTaTiB HaBuYaHHA, HabyTux y HedopmanbHiii/iHbopmanbHili ocsiti. Mopagok
BU3HAHHA TaKMUX pe3y/bTaTiB pernameHTyeTbcA [1ONOKEHHAM MPO BWM3HAHHA pPe3ynbTaTiB HaBYaHHA,
HabyTux y HedopmanbHin / iHpopmanbHin ocsiTi (https://osvita.kpi.ua/index.php/node/179). MoxyTb
OyTM 3apaxoBaHi OKpemi 3MiCTOBHI moayni abo Temun gucumnninn. B Takomy pasi 3406yBay 3BiNIbHAETLCA
BiZL BUKOHAHHSA BiANOBIAHMX 3aBAaHb, OTPMMYIOUM 33 HUX MaKCUMasibHMI 6an BigNoOBIAHO A0 PEUTUHIOBOI

CMCTEMM OLLiHIOBAHHS.

MonitTka wopo akagemiyHoi Ao6bpouecHocTi. O60B’'A3KOBOKD YMOBOK BMKOHAHHA 3aBAaHb 3
OCBiTHbOI KOMMOHEHTU € [AOTPUMAHHA TMOANITUKM Ta NPUHUMMIB aKagemiyHoi A06poYecHOCTi
(https://kpi.ua/academic-integrity), AKi, y Tomy uucni, BuknageHo y Kopekci vecti HauioHanbHoOro
TEXHIYHOro yHiBepcuTeTy YKpaiHM «KUIBCbKMA NONITEXHIYHMIA iHCTUTYT imeHi Iropsa CikopcbKoro»
(https://kpi.ua/code), MonosxkeHHi nNpo cuctemy 3anobiraHHA akagemiyHomy nnariaty B8 KMl im. Iropsa
Cikopcbkoro (https://osvita.kpi.ua/node/47). Y pasi BuaBneHHA Ayb6AOBaHHA pobiT, naariaty poboTtu
3000yBayi OTPMMYIOTb HYIbOBWUI PEUTUHT.

MoniTMKka BMKOPUCTAHHA LWITYYHOro iHTENeKTy. BuMKopuCTaHHA wWTy4yHOro iHTenekty (aani, LWI)
pernameHTyeTbCa «lONITUKO BUKOPMUCTAHHA LITYYHOrO iHTENEKTY ANA aKagemiydHoi aianbHocTi B Kl im.
Iropa CikopcbKoro» (https://osvita.kpi.ua/node/1225). Yci HaB4anbHi 3aBAAHHA 3 AUCLUNAIHU MatoTb ByTK
pe3y/bTaTOM B/IaCHOi OpuriHanbHOI pob6oTH 3406yBaYa.

8. BMAM KOHTPOAIO Ta PEUTUHIOBA CUCTEMA OLIHIOBAaHHA pe3ybTaTiB HaBYaHHA (PCO)

PenTUHTr cTyaeHTa 3 ANCUMNAIHU CKNagaeTbea 3 6anis, WO BiH OTPUMYE 3a:
— BUKOHAHHA Ta 3axMcT nabopatopHux pobir;
— BUKOHAHHA MOAYNbHOI KOHTpOAbHOT poboTtn (MKP).

NabopaTtopHi pobotn

MpoTArom cemecTpy CTyAEHTU BUKOHYIOTb 7 nabopaTopHux pobir.

MakKcrMmanbHa KinbKicTb 6anis 3a KOXHY 3 nabopatopHux pobit: 12 6anis.

Banu HapaxoBylOTbCSA 3@ KOPEKTHICTb 0POpMIEeHHA NPOTOKOAYy fabopaTopHoi poboTu,ekcnpec-
ONMUTYBaHHA 33 TeMoto labopaTopHOi poboTU Ta BiANOBIAHICTL 3MICTY BUKOHAHOT pob0TU 3aBAaHHIO Ha Hei.
Pa3om 3a nabopatopHi pob6oTn moxaneo Habpatu no 84 banis

KpuTepii ouiHIOBaHHA KOXXHOI 1abopaTopHoi poboTu:

— MOBHa BIANOBIAb Ha NMUTaHHA MiA Yac 3axucty (He meHw Hixk 90% noTpibHOI iHPopmaLli) Ta
0bOpPMIEHUI HAaNEKHUM YNHOM eIeKTPOHHMI NPOTOKOA A0 nabopaTopHoi poboTtn — 11-12 6anis;

— [0CTaTHbO MOBHA BIAMNOBIAb HA MNUTAHHA Nig Yac 3axucty (He MeHwWw HiXK 75% noTpibHOI
iHbopMmalLiii) Ta 0POPMIEHNM HANEKHUM YMHOM ENEKTPOHHMI NPOTOKON A0 nabopaTopHoi poboTn — 9-
10 6anis;

— HernoBHa BiANOBIAb Ha MWUTaAHHA Nig, Yac 3axucTy (He meHWw HiXX 60% noTpibHOI iHPpopmalLii),
He3HaYyHi NOMUAKN Ta 0DOPMIEHMNIN HANEKHUM YUHOM eNeKTPOHHUI NPOTOKOAN A0 nabopaTopHoi poboTh —
7-8 6anis;

— He3agoBinbHa BiANoBiAb Ta/abo He opopmneHUin HaNeXHUM YNHOM E€NEKTPOHHUI NPOTOKON A0
nabopaTtopHoi pobotn — 0 6anis.



KaneHpgapHuUii KOHTPOAb:

Ha nepuwiit aTecTtauii (7-1 TMXAeHb) CTYAEHT OTPMMYE «aTECTOBaHOY», AKLLO MOro NOTOYHWUN PEUTUHT
He MeHLWnn Hix 10 6anis..

Ha ppyrin atectauii (14-M TUXKAEHb) CTYAEHT OTPUMYE «aTeCTOBaHO», AKLIO MOro NOTOYHMUIA
PENTUHT HE MEHLINI HiX 25 banis..

MopaynbHa KOHTPOJbHA po6oTa

MaKnmanbHa Kinbkictb 6anis 3a MKP: 16 6anis.

KpuTtepii ouiHtoBaHHA MKP:

— NOBHE BUKOHAHHA 3aBAaHHA (He meHW Hix 90% noTpibHoi iHbopmauii) — 14-16 6anis;

— OOCTaTHbO MOBHE BMKOHAHHA 3aBAAHHA (He meHW HiXX 75% noTpibHoi iHdopmalii), abo nosHe
BMKOHAHHS 3aBAaHHA 3 HE3HAaYHUMM NoMUAKaMmun — 12-13 6anu;

— HEMoBHA BMKOHAHHA 3aBAaHHA (afie He MeHLW HiXX 60% noTpibHOoI iHPpopMmaLiil) Ta He3HauHi
nomunaku — 10-11 6anis.

3anik

YMOBOKO [0MNycKy A0 3aniky € 3apaxyBaHHA nabopaTopHux pobit Ta MKP. CtyaeHTH, ski
BMKOHA/NIM yYMOBY [JOMNYyCKY [0 3aniky Ta Habpanam R > 60 6ani, OTpMmylOTb peKOMeHAO0BaHYy
PENTUHIOBY OLIHKY 6€3 NoTpebun NPoxoaKeHHA 3aXxo4y CEMECTPOBOro KOHTPOI. B pasi oTpumaHHsa 3roam
Bif, CTyAeHTa 3i CBOEWD PEKOMEHAOBAaHOK PEeNTUHIOBOK OLIHKOK BOHa CTAE MOro MiACyMKOBOLO
PENTUHIOBOIO OLLIHKOHO.

CTyneHTn, AKi BMKOHAZAM yMOBM [OMYCKYy A0 3aniky, ane Habpanu R< 60, a Takox Ti, XTO
6arkatoTb NiABULLUTM CBOK PEUTUHIOBY OLHKY, BUKOHYIOTb 3a71iKOBY KOHTPOJIbHY PO6OTY.

Ha 3aniky mo»nunso HabpaTtn ao 40 6anis. Y pa3i NnpoxoarKeHHA 3a/iKy 3a01iKoBa OLiHKa A04a€ETbCA
[0 CEMECTPOBOro PenTUHrY, ane He moxKe nepesuwysatM 100 6aniB. Ha 3aniky CcTyAeHTU BMKOHYIOTb
NMUCbMOBY KOHTPO/IbHY pob6oTy. Ko)KeH 6ineT MicTUTb [ABa TEOPEeTUYHMX 3anuTaHHA. [lepenik
TEOPETUYHUX NMUTaHb Byae HafaHOo Ha OCTaHHIN Nekuii. KoskHe 3annTaHHA ouiHoeTbea y 20 banis.

Kputepii ouiHiOBaHHA KOXHOro 3aN1iKOBOro 3anUTaHHA:

— NoBHE BUKOHAHHA 3aBAaHHA (He MmeHW Hix 90% noTpibHoi inbopmaliii) — 18-20 6anis;

— J10CTaTHbO MOBHE BMKOHaHHA 3aBAaHHA (He MeHW HiX 75% noTpibHoi iHdopmalui), abo nosHe
BMKOHAHHSA 3aBAaHHA 3 HE3HAYHUMM NOMUAKamMK — 15-17 6anu;

— HenoBHa BWKOHaHHA 3aBAaHHA (ane He meHW HiX 60% noTpibHOI iHPopmaLii) Ta He3HauHi
nomunkm — 12-14 6anis.

— He3a40BiNibHe BUKOHaHHA 3aBAaHHA (MeHle 60% noTpibHOi iHpopmaLii) Ta cyTTeBi nommakm — 0-11

6anis.
Tabauysa eidnosioHocmi pelimuHaosux 6asie oyiHKam 3a yHieepcumemcbKo WKA/OK0:
Kinokicmoe 6anis OuiHKa ECTS
100-95 BigmiHHO
94-85 Oyxe nobpe
84-75 [obpe
74-65 3a40BiNIbHO
64-60 JocTaTHbo
MeHwe 60 He3afgoBinbHO
He BMKOHaHi yMOBM A0NYCKY He gonyuieHo

Po6ouy nporpamy HaBuYanbHOI gucumnaiHu (cunabyc):
CKNaAeHo K.T.H, C.H.C., AoueHTom, JlonroneHko OnekcaHapom MuKonanosuyem.
YxBaneHo kapeapoto obuncnioBabHOI TexHiIKK (npoTokon Ne 15 Big 29.05.2024p.).

NoropgykeHo MeTtoanuHoto Komicieto IOT (npotokon Ne 10 sig 21.06.2024 p.).



