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PE®EPAT

ITosicHroBanbHa 3anucka: 87c., 66 puc., 1 Tabn., 28 mxepen.

O6’ext po3pobku — ITC mianpuemcTaa.

[TpeameT po3poOku — METOA BHUABIICHHS 3arpo3 MiANPHEMCTBY Ha OCHOBI
3TOPTKOBUX HEUPOHHUX MEPEK.

Mertor poboTH € po3poOKa METOAY BHABJICHHS 3arpo3 MIANPHEMCTBY Ha
OCHOBI 3rOPTKOBHX HEHPOHHHUX MEPEK.

VY mepmioMy po3auTi PO3TIIIHYTE TOHATTS HEWPOHHOI Mepexi, il 6azoBa
CTPYKTYpa, BUAM apXITEKTyP, OCHOBHI KOMIIOHEHTH Ta 3aBnaHHa. O3HAHOMUIUCH 31
3TOPTKOBUMH HEHUPOHHWMH MEPEXaMH Yy BUPIMICHH] 33a7a4 MYJIbTHKIACOBOT
CEerMeHTaIlli, TPOaHaJI30BaHO OCHOBHI HANPSIMKHA 3aCTOCYBAaHHS 3TOPTKOBHX
HEHPOHHUX MEPEXK y TalTy31 KiOepOe3neKu.

Pozibpano mporec posmizHaBaHHA OO0 €KTIB Ha 300paXE€HHSAX Ta BIJCO,
MTPOAHAJII30BAaHO OCHOBHI 33/1a4l PO3MI3HABAHHS 00 €KTIB.

[TpoBeaeHo OTIsT ICHYIOUHX METO/TIB BUKOPUCTAHHS 3TOPTKOBUX HEHPOHHUX
Mepex y kibepOesner ta ¢copMOBAHO IMTOCTAHOBKY 3a,1a4i.

VY apyromy po3aui MPOBEACHO MPOSKTYBAHHS 1 pO3pOOKY MO el HEHPOHHOT
Mepexi 3a apxiTektypoto UNet utst BUSBIICHHA 3arpo3 mianpuemMctsy. [Iposeneno
HAaBUAHHA MOJEN 3 PI3HUMH KOHQITYpamisiMid €MoX Ta BXIJHAX JaHUX.
[TporecToBaro po6OTy HaBUEHOT HEHPOHHOT MEPEXKI1 Ta MM IPAXOBAHO METPHUKH BTPAT
Ta TOYHOCTI ii poOOTH.

Tpetii po3aAia MPHUCBIYSHO SKOHOMIYHOMY aHaJI3y JOMIIBHOCTI PO3POOKH
MojeNn HeHpoHHOT Mepexi 3a apxitektyporo UNet i BHSBJICHHS 3arpo3
MTPUEMCTBY,  MPOpaxoBaHa  E€KOHOMIYHA  JOMUIBHICTH  CTBOPEHHS  Ta
BUKOPUCTAHHS aJITOPUTMIB 3 MAIIIMHHAM HABYAHHSIM.

IHOOPMAILIIMHA  BE3MEKA, 3IOPTKOBI HEWMPOHHI MEPEXI,
MVYJIBTUKJIACOBA CETMEHTALIA, KOMITIOTEPHUI 31P, BUSIBJIEHH S
3AI'PO3.



ABSTRACT

Explanatory note: 87p., 66 fig., 1 tables., 28 sources.

The object of development is the ITS of the enterprise.

The subject of development is a method of detecting threats to the enterprise
based on convolutional neural networks.

The purpose of the work is to develop a method for detecting threats to the
enterprise based on convolutional neural networks.

The first chapter examines the concept of a neural network, its basic structure,
types of architectures, main components and tasks. We got acquainted with
convolutional neural networks in solving multiclass segmentation problems,
analyzed the main areas of application of convolutional neural networks in the field
of cyber security.

The process of object recognition in images and videos is analyzed, and the
main tasks of object recognition are analyzed.

A review of the existing methods of vicinity of the hypothalamic neural
measures 1n a cybersecurity specialist was carried out and a problem statement was
formed.

The second section carried out the design and development of a neural
network model behind the UNet architecture to identify threats to business. A model
was developed with different configurations of epochs and input data. The third
section is devoted to a cost-effective analysis of the integrity of developing a neural
network model behind the UNet architecture to identify threats to business, the cost-
effectiveness of the development and recovery of machine-generated algorithms is
examined.

INFORMATION SECURITY, CONVERSION NEURAL NETWORKS,
MULTICLASS SEGMENTATION, COMPUTER VISION, THREATS
DETECTION.
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BCTYII

B emoxy BHCOKOPO3BHMHEHMX TEXHOJIOTIH Ta IMIBHAKO3MIHHUX HHA(PPOBUX
napaaurM, iHdopmMariiina Oe3reka manpueMCTB HabyBae KPUTHIHOTO 3HAYEHHS Y
CBITJIl TTOCTIHHOTO 3POCTAHHS KIJIBKOCTI 3arpo3. 30UIbIIeHHS 00CATIB MU(PPOBUAX
JAHUX Ta iX BAXKIWBICTh I €(QEKTUBHOTO (PYHKIIIOHYBAHHS IT1ITPUEMCTB
BHMArarOTh HOBHMX ITIJIXOJIB Ta TEXHOJIOT1H AJIS BHUSBIICHHS MOTCHIIMHHUX 3arpo3
1H(popmariinii Oe3merti.

Ils pobGora chpsiMoBaHa Ha BHUPIMICHHSA BUINE3a3HAYCHUX BUKIIHMKIB 3a
JIOTIOMOTOI0  3TOPTKOBHUX HEWUPOHHUX MEPEXK JUIA PO3MI3HABAaHHSA OO0'€KTIB Ha
300paXCHHSAX B KOHTEKCTI 3a0e€3MeueHHS O€3MeKW MIAMPHEMCTBA. 3rOPTKOBI
HEWPOHHI MePEkl BU3HAYAIOTHCA CBOEKO BHCOKOIO €(heKTHBHICTIO ¥ chepl 00poOKH
300pakeHb, 1 1X TIOTCHINAJ 3aCTOCYBAHHS IS BHUSABJICHHA aHOMAaIlHd Ta
11eHTHgIKaIi mIo3puux 00'€KTIB CTa€ KIIOYOBHMM UYHMHHHUKOM B YJIOCKOHAJICHHI
3aXUCTY TIATPHEMCTBA.

B wmexax aocmimKeHHS TIIAHYEThCS ACTATbHO PO3TIISAATA MOMKIUBOCTI
3aCTOCYBAHHA 3TOPTKOBUX HEHPOHHMX MEPEX JJIA BUABICHHS  3arpo3
1Hpopmariinii Oe3meri, a caMe Ha iXHIW 3/aTHOCTI PO3MI3HABATH MOTCHIIHHO
HEbE3IeUHl 00'€KTH Ha 300paxkeHHAX. 1{e J03BONMUTH HE JIWINE ITIIBUIIUTH PIBSHD
3aXWCTy MIIMPUEMCTBA BijJ TOTCHIMHWX 3arpos3, ajie ¥ MPOJUIE CBITJIO HA HOBI
MOJTHBOCTI B PO3BUTKY 1HHOBAIIHHUX METO/IB B 00J1acTI KIOepOe3neKy.

Takuii miaxig BU3HAYAETHCSA SK BAXKIWBHHA KPOK y HANPSIMKY CTBOPCHHS
¢(eKTHBHUX Ta MEePEIOBUX 3aCO0IB BHABIICHHS 3arpo3 Oesmer MmiampHeMCTBa, 110
BIITIOB1]a€ BUMOTaM CyYaCHHUX BHKJIHKIB.

Mera 1 3aBmanHs poOOTH OOWMpAMCS TTOBHICTIO CIUPAIOYMCh HA BCE BUIIE
3a3HaueHe. MeToro poOoTH € po3poOKa MPOrpPaMHOro 3a0e3neUeHHS I BUSBICHHS
3arpo3 Oesmenl MmANPUEMCTBA HA OCHOBI 3rOPTKOBHX HEWPOHHWX Mepex. [l
BAKOHAHHS TOCTABJCHOI METH CJIJ JOCITIIUTH BUAM apXITEKTYpP 3TOPTKOBUX
HEHPOHHMX MEpeX, po3i0parrcs B 3a7adax pO3Mi3HABAHHS OO0 €KTIB Ha

300pakKeHHAX Ta TPOAHAII3yBaTH METOAM 3aCTOCYBAaHHSA 3TOPTKOBHUX HEHPOHHHX



Mepex y ramysl kibepOesneku. Takox HeoOXimHO Oyae moOymayBaTH MPOTPAMHO
o0paHy y X0l JOCIIKSCHHS apXITEKTypy 3rOPTKOBOI HEHPOHHOI MEpexkl I
MOCTABJICHOT 3a/1aui.

06’ ext nocmmkenas — [TC mianpuemcTsa.

[TpeameT mocmimkeHHS — METO/T BUSBJICHHS 3arp03 MANPHEMCTBY Ha OCHOBI

3rOPTKOBHX HEMPOHHUX MEPEXK.
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PO3IUT 1
AHAJII3 TIPEJIMETHOI OBJIACTI

1.1 [loHATTA HEHPOHHOI MEPEXKI

Heiipomeperxa — 11¢ MaTeMaTHdHa MOACHDB, SKa IMITYE CTPYKTypy Ta
(dyHKIIOHYBAaHHA OI1OJIOTIYHUX HEUPOHHWUX MEPEK 3 METOK BHPIMICHHS
PI3HOMAHITHUX 3a7a4, TaKuX sK Kiacudikarlis, perpecis, MPOrHO3YBaHHS Ta
reHepainis. B ocHOBI HeWpoMepek JiexaTh MTYYHI HEHPOHHU, 5KI 00’ €THYIOTHCS B
rpadoBl CTPYKTYPH 1 IEPEIAl0OTh CUTHAIN OJIHH OJTHOMY Yepe3 Bard 3B S3KIB.

3aBIAKH TPOICCY HABYAHHS, IMJ Yac SIKOTO Bark Ta 3MIMIEHHS MIX
HEHPOHAMM ONTHMI3yIOThCS, HEHPOMEPEkKI CTAlOTh 3JaTHUMH 10 BHUSBJICHHS
3aKOHOMIPDHOCTEH Ta 3aJIeKHOCTEH y BXIAHWX maHuX. Hedpomepeki akTUBHO
BAKOPUCTOBYIOTHCS B TAKUX TAy35X, IK KOMI FOTEPHUH 31p, MAIIMHHKHN MTEPEKIIA,
pO3IMTi3HABAaHHA MOBH Ta 1HIIE. [1]

bazoBa cTpykTypa Ta KOMIOHEHTH HEUPOMEPEKI

CrpykTypa HEHpOMEpex i CKIAJAEThCs 3 TPHOX OCHOBHHUX THWIIB IIAPIB;
BX1JTHUH TI1ap, TPUXOBaHI APy Ta BUX1THAN TT1ap.

[llap y welipomepexki — I¢ Tpyma HEHPOHIB, SAKI MPAIIOIOTh Pa3oM 1
BAKOHYIOTh TI€BHY (YHKIIO B Mepexi. YsBITb €001 HEHPOMEPEKY SK
MYJIbTUTIOBEPXOBUH OYIMHOK, JI€ KOKECH IMMOBEPX MICTUTHh KIMHATH (HEHPOHH).

[lapu 3’emHaH1 MiX COOOKO, SIK CXOU M1 noBepxaMu. KoskeH 1map Mae CBOIO
poJtb y mporieci 00podku iHpopMaii.

€ Tpu OCHOBHI THIH MIAPIB Y HEHPOMEPEKI:

- BxigHmiA map: lle “nepmmii moBepx” OyIWHKY, A€ MH MIOYUHAEMO.

Bxiaawmii map npuiiMae qaHi 330BHI, HAMPUKIIAJ, 300pakeHHs a00 TEKCT, 1
mepeae ixX y HacTymH1 mapu. BXigHuii map He 3MIHIOE JIaHI, a JIMIIE CIYKUTh
TOYKOIO BXOY JJISI HHAX,

- mpuxoBadi mapu: Lle “cepeaHi moBepxu” OyIHHKY.
[TpuxoBani mrapu 3abe3meuyioTh O0OpOOKY BXITHHX JaHUX 1 TEpeaady

1Hpopmari mMix mapamu. BoHNW Ha3WBaAIOTHCS “MPUXOBAHUMH , OCKIJIBKHA iXHI
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pe3yabTaTH HE BIIOOPAKAIOTHCS HAMPsAMY Ha BUXOMl Mepexi. KinbkicTh
MPUXOBAHMX IMMAPIB Ta HEHPOHIB Y HUX MOXKE BApIIOBATHCA B 3aJIC)KHOCTI BIJI
CKJIQJTHOCTI 3aj1a4l Ta apXITEKTyPH MEPEXKI,

- BuxigHui map: Ile “ocranniii moBepXx” OyIUHKY.

Buxigamii map Qopmye pesynprar, skwii HeWpoMmepexka mependadae Ha
OCHOBI BXITHMX JaHuX. Pe3ynmprar Moxe OyTH KiIacu(pikamieo, YACIOBUM
3HAUCHHAM 200 1HIIO0 1H(GOPMAITIET0, 3aJIKHO BIJI THUITY 33/1a4i.

OTtxe, mapu B HEHPOMEPEXK]1 — 1€ TPYIH HEUPOHIB, SKI MPAIIOIOTH Pa3oM 1
BIAMOBINAIOTH 3a pi3HI eranu oOpoOku 1HGopmarii. Bonm 3abe3meuyroTh
HEHPOMEPEKl MOKIIMBICTh QIaNTYBATHCS JI0 PI3HUX 3a7ad.

VYeci Heliporn B mapax 3’e€aHaHl MK co0OI0 dUepe3 Baru 3B sA3KIB. Barm
BIIITPAIOTh BAXKJIMBY POJIb Y HaBUaHHI HEHPOMEPEKl, OCKIJTbKM BOHW BU3HAUAIOTh
CWIIy BIUIMBY OJIHOTO HeEWpoHa Ha I1HmMWHA. B mpomeci HaBuaHHSA, Baru
ONTUMI3YIOTHCS, 00 MIHIMI3YBaTH ITOMUJIKY TTepe10aueHHS MEPExKI.

Kpim Bar 3B’s3KIB, KOXEH HEHpOH Mae Tak 3BaHe 3MmimieHHs (bias), ske
JIO3BOJISIE PETYJTIOBATH AKTHBAIlI0 HEWPOHA HE3aJCKHO BIA BXIAHOTO CHUTHANY.
3MiTIeHAS omoMarae HeHpoMepexi JIeTIIe aganTyBaTHUCSA O PI3HUX JTaHUX Ta
BUKOHYBATH OlJTBII THYYKI TIEPETBOPECHHS HA BX1THAX JAHUX.

[Ile omHMM KITIOYOBMM KOMTIIOHEHTOM HEHWpOMeEpeki € (DYHKITS aKTHBAILi.
BoHa 3acTOCOBY€ETHCS 10 KOKHOTO HEHpPOHA y MPUXOBAHWX Ta BHUXIJHUX IMapax,
mo0 BU3HAYMTH HOTO aKTHBHICTh HA OCHOBI CyMH BX1JHHUX CUTHAJIIB, TOMHOKCHHX
Ha BIAMOBIJHI Baru Ta AOJaBaHHA 3MimeHHA. DyHKIS akTHBamii MOXxe OyTH
JIHIHHOIO 200 HE JMHIMHOIO, B 3AJICKHOCTI BIJI TUITY 3ajadl Ta apXiTEKTyPH MEPEXKI.

Jleski 3 HavnomynsapHimmX (yHKIA akTuBaili BKIIOYAIOTh CHTMOIMY,
rinepbomunmii Taarenc, ReLLU (Rectified Linear Unit) Ta Softmax.

HapuanHs HelipoMepeski TOJIATaE B ONMITUMI3AIi Bar 3B°S3KiB Ta 3MIIICHD Ha
OCHOBI HaBYAJILHOTO HA0OPY AaHuX. J{Jig mhOTo 3a3BUYA BUKOPHUCTOBYIOTH METO/T
3BopoTHoro mommpenHs mnomuiiku (backpropagation), skwmit 0a3yeThcs Ha
rpamieHTHOMY crycky. [Iporiec HaBuaHHS MOKE TPUBATH JOBIHI Yac, 3aJI€KHO BiJI

po3Mipy HaAbOPY JaHUX, apXITEKTYPH MEPEXKI Ta CKIIAHOCTI 3a/1a4l.
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OTtxe, 6a30Ba CTPYKTYpa Ta KOMIIOHCHTH HEHPOMEPEK1 BKITIOYAIOTh BX1THUM,
MPUXOBAHWIA Ta BUXIAHWH IAapH, HEWPOHW 3 Baramu 3B A3KIB Ta 3MIMICHHIMH, a
Takok (yHKIIi aktuBaii. Pazom BOHW cHpusioTh amanTamii HEHPOMEPEXkKl 0
BXIJTHUX JTAHWUX Ta BUPIIMICHHIO CKJIAIHUX 3a/1a4. 3PO3yMiHHS IMX KOMIOHEHTIB Ta
iX B3aeMOJii TOMOMOKE HOBaUKaM Kparie po310paTucs B OCHOBaX HEHPOMEPEXK Ta

ix 3acTocyBaHHAX.[1]

Twunm 3aBnanp, K1 BUKOHYIOTh HEHPOMEPEIKI
Heiipomepexxi MOXYTh BHKOHYBATH PI3HI THIH 3aBAaHb, 3aJICKHO Bl
apXITEKTYPH MEPEXK1 Ta HABYATbHKUX NaHUX. /[0 OCHOBHWX BH/IIB 3aB/JaHb HAJIC)KATh:
- Kiacudikaris:

Busnauenns kareropii, 10 SKOi HaJICKHUTh MEBHUIN 00’ €KT abo momdis, Ha
OCHOBI HOTO XapaKTECPUCTHK;

- perpecis: [Iporao3yBaHHs YMCIIOBOTO 3HAUYCHHS HA OCHOBI BX1THUX JTAHWX
- TeHepars TEKCTY:

CTBOpeHHA TEKCTy HAa OCHOBI HaBUaJbHWUX JIAHWX, 3a3BHYal
BAKOPUCTOBYETHCSA JJIA AaBTOMAaTHYHOTO CTBOPEHHA OMNWCIB, cTared abo
BIJUTOBIJIEH HA 3aUTAHHS;

- 00poOKa 300pakeHb:

PozniznaBanns 06’ €kTiB, TEKCTY a00 0c¢10 Ha 300paykeHHAX ;[ 19]

["ammy3i 3acTocyBaHHS HEHpPOMEPEK
Heilipomepexxi 3HAXOAATh WIMPOKE 3aCTOCYBAHHA B PI3HUX Tally3sXx
MIPOMHUCIOBOCTI Ta cdepax JKHATTS 3aBASIKA CBOiM CIPOMOXKHOCTI HaBYaTHCH,
aJanTyBaTHCS Ta BUPINTYBaTH CKJIaaH1 ipobmevu. Hampuka:
- 00poOKa MOBH Ta MEPEKIAI;
Y chepi 00poOkM TPUPOJHOI MOBH HEHPOMEpPEXKl JOMOMAraroTh B
pO3IMMI3HABAaHHI MOBHW, aHaN31 €MOIlH, TeHepalii TEKCTy Ta aBTOMAaTHYHOMY

nepeknani. [Ipukmamom moxe ciyxutu Google Translate, sikuii BHKOPUCTOBY€E
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HEWPOMEPEXKl ISl TEPEKNIafy TEKCTIB MIXK PI3HAMA MOBAaMH 3 BHUCOKOIO
TOYHICTIO;
- posmi3HaBaHHA 00pa3iB Ta KOMI IOTEPHUH 31P:

Heiipomepesxi MMpPOKO BUKOPUCTOBYIOTHCS IS PO3Mi3HABaHHSA 00pasiB,
B1 Kiacudikalii 300pakeHb A0 BUABJICHHS 00 €KTIB Ha B1Jco. Takl CHCTEMHU
MOYKHA 3YCTPITH B CHCTeMaXx Oe3MEKH, aBTOHOMHHX aBTOMOOUISAX Ta MEAUUHIN
JIArHOCTHIIL,

- PEKOMEH/IaIIiHI CHCTEMHM:

Heiipomepesxi qomoMararoTh peKOMEHIAIIIHHAM CHCTEMaM MPOTIOHYBATH
KOPHUCTYyBa4aM TOBApW Ta TOCIYTM HA OCHOBI iX 1HTEPECIB Ta B3aEMOIII 3
miatdopmamu. Hampukian, Netflix Ta Amazon BUKOPHUCTOBYIOTh HEHPOMEPEKI
JUIE  aHalidy MPHCTPACTCH  KOPHCTYBAaylB Ta HAAaHHA  BiAIOBIIHHUX
PEKOMEHAAITI i
- (pinancu Ta 6ip>KOBUN PUHOK:

VY dinancoBii cdepi HeHipoMepeki 3aCTOCOBYIOTHCS I MPOTHO3yBAaHHS
KypCIB BATIOT, PUHKOBUX TPEHIIIB Ta OIIHKKA KPEIATOCITPOMOXKHOCTI KJIIEHTIB.
Ile momomarae (hiHAHCOBMM YCTaHOBaM MPUHMAaTH OOTPYHTOBAHI PIIICHHS Ta
3HM)KYBATH PIBEHb PU3HKY;,

- MEIWIIMHA;

VY MeauuHii rajgy31t HeWpoMepexi BUKOPUCTOBYIOTHCS JUTS PO3ITI3HABAHHS
MaTOJIOTIYHMX 3MIH Ha 300pa)KeHHAX, OoTpuMaHmX 3a gomomorordo MPT, KT,
PEHTTCHY Ta IHIIMX MAIAarHOCTHYHMX METOAIB. BOHHM Tako)K J0OIMOMAararTh B
aHa31 TCHETUYHUX JTAHUX, IPOTHO3YBAHH1 PE3yJIbTATIB JIIKYBAHHA Ta pO3poOIIl
HOBUX JIIKAPCHKUX 3aCO01B;

- TEeOJIOTIS Ta KJIIMATOJIOTIS:

VY reonorii Ta KIIMaTOIOT1i HEHPOMEPEIKI 3aCTOCOBYIOTHCA /TS aHATI3Y Ta
MIPOTHO3YBAHHS 3€MJICTPYCIB, ITOBCHEH Ta 1HIITUX MPHPOJHHMX Karakiai3miB. Lle
JOTIOMara€ HAyKOBIISIM Ta OpraHi3aiiisM IUTaHyBaTH 3aXxoaud O€3MeKkw Ta

3MEHIITYBaTH HACIIJIKH CTUXIMHHAX JINX;



14

- BIJICOITPH Ta BIPTyajbHA PEATHHICTD:

Y  Bimeoirpax ~ Ta  BIpTyalbHIH  peajgbHOCTI  HEHpOMEpExi
BUKOPUCTOBYIOTHCS JJII CTBOPEHHS PEAJICTHUHUX INTYYHUX I1HTEIEKTIB, SKI
KOHTPOJTIOIOTH TIEPCOHAXKIB, BOPOTIB Ta 1HIII aCMEKTH 1TPOBOTO cepenosutia. Le
3a0e3reuye TIHOIIe 3aHYPEHHS Ta BHIIY SKICTh 1IPOBOTO MPOIIECY;

- MAapKETHHT Ta peKjiama:

VY MapkeTHHTY Ta peKiiaMi HEHpOMEPEKl JOMOMAaraloTh aHaI13yBaTH JIaHl
PO TOBEAIHKY CIIOKHUBAY1B, POTHO3YBATH TEHCHITII Ta pOo3po0isaTH eheKTHBHI
pekiaMH1 KaMranii. BOHM TakoX MOXYTh ONTHUMI3YBAaTH PO3MITICHHS PEKIIaMU
Ha BeO-caliTax Ta B COMAIBHAX ME/Ia, 10 301IbITye KOHBEPCIIO Ta BIAAAYY Bij
PEKIIAMHUX 1HBECTHITII;

- CMapT-MicTa;

Y cMmapr-micTax HEWPOMEPEkI BUKOPUCTOBYIOTHCA JUIA YMPABIIIHHS
PO3yMHHUM OCBITJICHHSIM, KOHTPOJIO TPAHCIOPTY, PO3MOIIIY €Heprii Ta
3abe3neueHAs Oesmeku. lle aomomarae omTHUMI3yBaTH PECYPCH, IMIABHIUATH
eHeproeeKTUBHICTh Ta 3a0€3MEUNTH BHCOKHH piBeHb KoMdopTy uis
MEIIIKAHI{IB MICT;

-  poOOTOTEXHIKA:

HeiipoMepexxi BHKOPHUCTOBYIOTHCA B POOOTOTEXHIIN UISI HaBYAHHS
poOOTIB PO3YMITH Ta IHTEPHpPETYBaTH Aii JHOACH, Hapirami B HE3HAHOMOMY
CEPEIAOBHUIIIl Ta BHKOHAHHSA CKJIQAHUX 3aBaaHb. lle BIOKpHBae MOXKIIMBOCTI
CTBOPEHHS POOOTIB, SKI MOXYTh NPAIIOBATH TOPSIA 3 JIOABMH, HaJAaBATH
JOTIOMOTY Ta BHKOHYBATH PI3HI 3aBJaHHSA B IMPOMHCIOBOCTI Ta JOMAITHbOMY
CEPEIOBHIII
- bioTexnomorii:

VY 610TeXHONOTIAX HEHPOMEpPEk 1 BUKOPUCTOBYIOTHCA JJIA PO3YMIHHS
CKJIQTHMX XIMIUHHX PeaKIiii, MOIeIOBaHHS 010JI0TTIHUX MPOIIECIB Ta PO3POOKH

HOBUX JTIKAPChKUX 3ac001B. BOHM MOXYTh TPUCKOPUTH MPOTIEC BIIKPUTTS HOBHUX
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mpenapariB Ta JAOMOMOTTH HAyKOBIIM 3HAXOJIWUTH I1HHOBAIIAHI PIMICHHS B
JIKyBaHHI XBOPOO;

Orxe, HEHPOMEPEKI BIMITPAIOTh BAKIIMBY POJIb y BHPIMIEHHI TIPOOIEM,
BUKOHYIOUHW PI3HI THIH 3aBJIaHb y 0ararbox Tajly3saX MPOMUCIOBOCTI Ta cdepax
KUTTA. 3aBISKH CBOiM CIIPOMOXKHOCTI HaBYaTHCA 1 aJanTyBaTHUCA A0 PI3HHX
JMAaHWUX, HEHpOMEpeXi CTaloTh BCE OUTHIT TOMYJISIPHUMH Ta KOPHUCHUMH

1HCTPYMEHTAMHU I Cyd9acHOro CBITY.[20]

1.2 ApxiTekTypu HEHPOMEPEIK
IcHye nekiibka OCHOBHUX apXITEKTyp HEHPOMEpPEkK, KOXKHA 3  SIKHAX
MPU3HAYEHA /TS PI3HUX THIIIB 33724 Ta 3aCTOCyBaHb. OCh AesKI 3 HUX:
- mTy4Hl HeWpoHHI Mepexi mnpsmoro mnommupeHHs (Feedforward Neural
Networks, FNN):

Ile HaiimpocTima apxiTeKTypa HEHUpOMEpeki, B AKikM 1HGOpMAaIia
MePEAAETHCS B OJTHOMY HAIPSAMKY, B BXOY IO BUXOY Uepe3 pi3Hi mapu. Bonn
HE MalOTh ITUKJIIB 200 3BOPOTHHUX 3B’ SA3KIB 1 CKIIAAIOTHCSA 3 OJHOTO 200 KUTBKOX
MPUXOBAHMX IT1APIB;

- 3TOPTKOBI HEHPOHHI MEPEKI:

(Convolutional Neural Networks, CNN): 3ropTkoBi Helpomepexi
po3polieHl chemaabHo A poOOTH 3 JAaHWUMHU, MO0 MaloTh MPOCTOPOBY
CTPYKTYpPY, TaKUMH SK 300pakeHHS. BOHM BHKOPHCTOBYIOTH 3TOPTKOBI IIapH
JUIS. aBTOMaTUYHOTO BHSBJICHHS OCOOMUBOCTEH 300pakeHb, 3aMiCTh PYYHOTO
1H)KCHEPHOTO TIPOSKTYBAHHS 0COOJIMBOCTEH;

- PEKypeHTH1 HEHPOHHI MEPEXI:

(Recurrent Neural Networks, RNN): Pexypentni Helipomepexi
PO3po0IIeH] 1 pOOOTH 3 TOCIIIOBHAUMH JJAHUMH, TAKUMH SIK TEKCT a00 9acoBl
psau. BoHu MatoTh 3BOPOTHI 3B’ SI3KH, K1 IO3BOJISIFOTH TaM’ ATaTH 1H(OpMAaIito 3
nmonepennix Kpokis. e 1o3Bossie iM Kparre npairoBaTy 3 JaHUMHA, € KOHTEKCT

Ba)KJINBHH,
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- J0Bra KOpOTKOYacHa mam’ siTh:

(Long Short-Term Memory, LSTM): LSTM - 11e pi3HOBHI peKypPEHTHOT
HEWPOMEPEK1, SIKHA BUPITITY€E TPOOJIEMyY 3aTyXaHHS TPAJIl€HTA, sIKa BUHUKAE TTPH
HaBuanHl Tpaauiiiitaux RNN. LSTM wmae crnemanbHy CTPYKTYpY BY3JIB, SKI
JO3BOJISIIOTE MoJiel “mam’satarn” abo ‘“3abyBarm” 1HOpMAIi0 HA MPOTS3I
TPUBAJIOTO MEPIOAY Yacy;

- MEpEX1 3TOPTKOBOTO aBTOCHKO/AEPA:

(Convolutional Autoencoders, CAE): ABroenkoaepu — 11e HEHpOMEpEKi,
110 HABYAIOTHCA KOMYBATH BX1IHI JJaH! B KOMIIAKTHOMY TIPE/ICTABJICHHI, a TTOTIM
PEKOHCTPYIOBATH BHXIJHI JaHI 3 IOTO MPEACTABICHHA. 3TrOPTKOBI
aBTOEHKOJIEPH BUKOPUCTOBYIOTH 3rOPTKOBI MIApH TS POOOTH 3 MMPOCTOPOBUMH
JTAHUMU, TAKUMU K 300pakKeHHS, 1 3a3BUYAN BUKOPUCTOBYIOTHCS JUTSI BUSABIICHHS
ocobmBocTEl a0 BIATBOPESHHS 300paXKeHb,

- TeHEpPaTUBHO-3MarajibHi MEPEXKI:

(Generative Adversarial Networks, GAN): ['eHeparmBHO-3MarajibHi
MEPEXI CKIQMAOTHCA 3 JBOX OKPEMHX HEHPOMEpEX, sIKI MPAIFOIOTh Pa3oM:
reHeparopa, SKWA CTBOPIOE CHHTETHYHI JaHi, 1 JUCKPUMIHATOpPA, SKUN
HABUYAETHCA BIAPIZHATH CIpaBxkH1 faHl Bix cuHTeTHUHMX. GAN-u 3a3BHuait
BHKOPHCTOBYIOTHCS IS TeHEPaIlii 300paXkeHb, TEKCTIB Ta 1HIIAX BHUIB JaHUX
- MEpEeX1 KarcyJ:

(Capsule Networks, CapsNet): Mepexi karcyna — 1€ THI 3TOPTKOBHUX
HEWPOMEPEXkK, SKI BUKOPUCTOBYIOTh CIICHIATbHI KalCyJjbHI IMapu IS
30epekeHHs 1H(GOPMAIi PO IPOCTOPOBI BIIHOCHHH MDXK 00 €KTaMH Ha
300pakeHHl. BOHM MOXyTh Kpaie po3yMITH i€papXiuHi CTPYKTYPH JaHUX 1
3a3BMYall TPAIOIOTh Kpaie, HiX TPATUIHI 3rOPTKOBI MEPEeXl, AT 3aaad
pO3Mi3HaBaHHA 00’ €KTIB;

- MEpEXI1 3 yBarow:
(Attention Networks): Mepesxi 3 yBaroto — 11e apxiTeKTypa, AKa J03BOJISIE

MOACIIAM HpI/II[iJ'IﬂTI/I O17Ib1IIE YBAru BaXXJIMBUM 4YdCTHHAaAM BXiI[HI/IX JaHHX.
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MexaHi3M yBaru 3a3BHUYail BUKOPUCTOBYETHCA y KOMOIHAII 3 PEKYPECHTHUMH
abo TpaHcOPMATOPHHMH MEpEekKaMH, OCOOIMBO B 3agadax oOOpoOKH
MIPUPOTHOTO MOBJICHHS, TAKMX K MAITMHHUM MTEPEKIIaJl Ta TeHEPaIlis TEKCTY

- Mepexi rpad-HeHpPOHIB:

(Graph Neural Networks, GNN): GNN - 11¢ apxiTekTypa HeHpOMEpeK, AKa
mpaittoe 3 rpaIdHIMHM CTPYKTypaMu JaHux. Boru 31aTHI 00pOOIISTH BIIHOCHHHA
MDK 00’ektamu 1 arperyatu 1H(opmMalio 3 cyciaaix By3ms. GNN gacto
BAKOPUCTOBYIOTHCSI B PEKOMEHIAINIHHAX CUCTEMAaX, aHaM31 COIlaIbHIUX MEPEK
Ta XIMIYHOMY MOJICITIOBAHHI,

- CIMAKOB1 HEHPOHHI MEPEKI:

Ile xmac mMepex, SKi HaMararThCsA OLTBIIT TOYHO MOJCITIOBATH JTAHAMIKY
CHaliKOBUX HEWPOHIB O10JIOTIYHOTO MO3Ky. BOHW poOiaAThE 1€ HUISIXOM
BIIPOBA/DKCHHS ~ TEMIIOPAJIbHOI  KOMIIOHGHTH B  aKTHBAIlliHI  (yHKIIII

HeripoHniB.[8][9]

1.3 KoM’ toTepHuii 3ip Ta po3mizHaBaHHA 00 €KTiB HA 300paXKEHHAX

Kowmm'torepawmii 31p - me ramyss mryunoro iatenekry (I1I), sxa mosBossie
KOMITIOTEpAM Ta CHCTEMaM OTPUMYBATH 3HAuUymly iHdopmamito 3 mudpoBUX
300pakeHb, BIJICO Ta 1HITNX BI3yaJIbHUX BXIJHUX JIAHWX, 4 TAKOX BXKABATH 3aX0]IA
abo HamaBatw pexoMmeHmamii Ha ocHOBI miei iHpopmamii. Axmo Il mo3zsomse
KOMMO'IOTEpAaM MHUCJWUTH, TO KOMI'IOTEpHE OaueHHs MOO03BOJIsE iM  OauuTH,
CIIOCTEPITATH 1 PO3YMITH.

Kowmm'toTepawuii 31p mpaitioe npuOIM3HO Tak caMo, K 1 JIIOJChKe OaueHHs, 3a
BHHSITKOM TOTO, IO JIIOJIM MAalOTh MEBHY rmepenary. JIFoachke 30poBe CIPUAHATTS
Mae€ rmepeBary B TOMY, IO 32 JOTIOMOTOIO ACCSATHIIITh B KOHTEKCTI JIFO M HABUAIOThCS
PO3PI3HITH 00'€KTH, BU3HAYATH BIJICTAHb 10 HUX, BA3HAYATH, YA PyXalOTHCS BOHH,
1 9H € MOCh HEMPaBIIbHE HA 300paXeHH.

Komm'toTepauii 31p HaBYae MalWHW BUKOHYBATH Il (PyHKIIII, TpOTE BOHU

MOBHHHI POOWMTH II¢ Habararo IBHJIIC, BHKOPHCTOBYIOUH KaMepH, JaHI Ta
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aNTOPUTMH, a HE CITKIBKH OKa, 30POB1 HEPBH Ta 30poBY Kopy. OCKIIIBKH CHCTEMA,
HaBYCHA OIIAAATH TPOAYKINID ado BIACHIAKOBYBATH BHPOOHHUHMM PECypC, MOXKE
aHaATI3yBaTH TUCSAYl MPOAYKTIB UM TPOIECIB 32 XBUJIUHY, MMOMIYAIOYH HETIOMITHI
nedexT un mpoOeMu, BOHA MOXKE TIBUAKO MIEPEBEPITUTH JTIOACHKI MOXKIITHBOCTI.
Komm'toTepanii 3ip BUKOPUCTOBYETHCS B TMPOMHCIIOBOCTI, IO OXOIUTIOE
E€HEPTETUKY Ta KOMYHAJIbHI MTOCIYTH, BUPOOHHUIITBO Ta aBTOMOOITbHY TajTy3b, 1 1ieh

PUHOK MPOJOBKY€E pOCTH.[4]

Sk mparroe KOMITFOTepHHH 31p?

Komm'torepromy 30py motpibHo Oararo ganux. CucTteMa 3 KOMII IOTEPHUM
30pOM MPOBOANTH aHAI3 JAHUX 3HOBY 1 3HOBY, MOKHA HE PO3PI3HUTH BIAMIHHOCTI Y
JAaHWUX 1, B KIHIIEBOMY paxyHKy, HE pO3Mi3Hae 300pakeHHs abo 00 €kTH Ha
3o0pakeHHi. Hampukian, mo0® HaBYMTH KOMITIOTED BIII3HABATH aBTOMOOLIbHI
IMUHU, HWOMY TOTPIOHO TIOMABATH BEJNHMUE3HI KUTBKOCTI 300pakKeHb IIMWH Ta
MOB'S3aHUX 3 HUMH MPEAMETIB, OO alrOpPUTM MIT BUBYHUTH BIAMIHHOCTI 1
BITI3HABATH ITUHH, OCOOJIMBO Ti, IO HE MAIOTh IS(EKTIB.

JIms  MOCSATHEHHS IbOTO BUKOPHUCTOBYIOTHCS JIBl KJIIOUOBI TEXHOJIOTI:
rinOOKe HaBUaHHA, Ta 3rOPTKOBa HepoHHa Mepeka (CNN).

MaiuHHae HaBUaHHSI BUKOPUCTOBYE aITOPUTMIUHI MOJEII, SKi JTO3BOJISIOTH
KOMITIOTEPY CaMOCTIHHO BHMBYATH KOHTEKCT BI3yaJbHUX MaHuUX. SIKI0 depes
MOJENTb TOMAEThCSA JOCTAaTHBO JaHWX, KOMM'IOTEp Oyae aHam3yBaTh Aadi 1
HABUUTHCS PO3PI3HATH OJHE 300paXKEHHS BijA 1HIIOTO. AJTOPUTMH TO3BOJISIOTH
MaIuHI CAaMOCTIHO HaBUATHCA, YHUKAIOUHA HEOOX1THOCTI JIFOIMHI TTPOTPaMyBaTH ii
JUTSL pO3MMi3HABaHHS 300paxensb.[13]

3roptkoBa HeliponHa Mepexa (CNN) momomarae Mojem MamTAHHOTO
HaBuaHHA a0o0 TIMOOKOTO HaBYaHHSA PO3PIZHATH 00 €KTH HAa 300pakeHHI,
po30uBarOun 300pakeHHS Ha IMKCEI1, SIKUM IPUCBOIOIOTHCS Terd abo MiTkH. BoHa
BAKOPUCTOBYE Il MITKH JJIi MPOBEACHHS 3rOpTOK (MareMarWyHa Omeparis Haj
nBoMa (PYHKITISIMA IS OTPUMaHHS TPEThoi (PyHKIN) Ta poOWTHh MPOTHO3M IMO0

TOro, MmO BoHA "Oauwth"'. HelipoHHa Mepeka BUKOHYE 3TOPTKHA Ta TEPEBIPSE
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TOYHICTh CBOTX MPOTHO3IB B cepli ITepalliii 10 TOTO MOMEHTY, TTOKHA MPOTHO3H HE
MOYMHAIOTH MificHo 30yBatwcs. [licms 1poro BOHA TIOYWMHAE BMI3HABATH abo
"GaunTH" 300paXkKeHHS IMOII0HO IO JIFOICH.

Cxoske Ha Te, K JIIOJMHA po3rsaae 300paxenHs Ha BiacTaHl, CNN codarky
BHA3HAYAE )KOPCTKI KOHTYPH Ta MPOCTI (GOPMH, a MOTIM 3aMOBHIOE 1H(HOPMAITIFO 11111
yac 1tepariii cBoix mporHo3iB. CNN BHKOPHCTOBYETHCS IS PO3YMIHHS OKPEMUX
300pakenb. PekypentHa wHeliponHna Mepexa (RNN) BUKOpPHCTOBYETHCA
AQHAJIOTIYHUM YWHOM JUIS BIJICO 3aCTOCYyBaHb, MO0 JOMOMOTTH KOMM'IOTEpaM

PO3yMITH, SIK 300pakeHHsI B Cepii KapiB MOB's13aH1 OAHE 3 OHUM. [ 14]

1.4 3amaul po3mizHaBaHHA 00 €KTIB HA 300paKeHH1
Po3mnizHaBaHHS B MITYyIHOMY 1HTEIICKT1 BKJIIOYAE B ceOe Pi3HI BHIHW 33134, SIKi
MOXYTh OyTH BHPIIICHI 32 JOMOMOTOK KOMITIOTEPHHX aJTOPUTMIB 1 MOJACIEH
MalmMHHOTO HaBuaHHsI. OCHOBHI BHIM 3a7ad PO3MI3HABaHHSA 00 €KTIB Ha
300pakKeHHI BUTJISAAIOTH TaK:
- usBieHHA 00'ekTiB (Object Detection):

Busnauenns ta mokai3aiis pi3HUX 00'€KTIB Ha 300paKeHHI, TPUCBOEHHS
npssMoKyTHUX paMmok (bounding boxes) HaBKOJIO HWX Ta MPU3HAUCHHS KJIACY
KOJKHOMY 00'€KTY;

- wracudikamis 06'ektiB (Object Classification):

Busnauennsa wxmacy abo kareropii, M0 SKOi HaJIeKUTh OO0'€KT Ha
3o00pakeHHi. [le Moxke OyTH OAMH KJ1ac 3 KIJTbKOX MOYKJIHBHX
- MysabTUKIacoBe BuaBieHHs 00'ekTiB (Multiclass Object Detection):

Pozmmpenns BusiBiieaHs 00'€KTIB UTS CIICHAPIiB, 1¢ HA 300paXeHHI MOXKE
OyTH OLITBIIIE OJHOTO PIZHOTO KJIacy 00'€KTIB;

- cermenTaiis 00'extiB (Object Segmentation):
BusnaueHHs Mexx Ta BHAUICHHS 00JIaCTEH, sIKI HAaJIS)KATh P13HAM 00'€eKTaM

Ha 300pakeHHi;[ 14]
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- CEMaHTHYHA CETMEHTAITIA:

[Ipu3HaueHHA KOXHOMY MIKCEIIO HA 300paKEHH1 KJIacy, IO BIAMOBIIAE
HOro CeMaHTUYHOMY 3HaueHHIO. Hampukiaa, Bu3HAueHHS oOjacTed Ha
300pakeHH1 sk "moauHa", "aBToMOOLTE ", "AepeBo" 1 T. 1.,
- 1HCTaHIlIiTHA CETMEHTAITIS:

Busnauennsa oxpemmx 00'€KTiB Ha 300paKCHHI Ta BUAUICHHS iXHIX
1HIMBIAY AIbHUX €K3EMILISAPIB.

CermenTartisi 300pakeHb Ma€ MMUPOKHUI CHEKTP 3aCTOCYBaHb. MEIUUYHA
JarHOCTHKA, CUCTEMH O€3IMEKH, aBTOMATHYHE BOMIHHS, aHAJI3 CyMyTHUKOBHX

3HIMKIB, BUPOOHUYH I KOHTPOJTB, TOMIO. [3]

1.6 3acTocyBaHHS 3ropTKOBUX HEHPOHHUX MEPEXK y KidepoOesmer
3roptrosi Heriponri mepexi (Convolutional Neural Networks, abo CNN)
IMMUPOKO BHUKOPHUCTOBYIOTHCS B KiOepOe3merni depe3 iXHIO 3AaTHICTh €(EKTHBHO
BITI3HABATH MAOIOHU Ta aHOMaTI1 y BeTMKUX Habopax ganux. Ock Kijibka obnacrei
3aCTOCYBaHHA 3TOPTKOBUX HEUPOHHUX MEPEXK y KibepOe3merti:
1) Busasnenns 3arpo3 Ta atax:
- BWSBJICHHS BTOPTHCHD:

CNN wmosxe OyTH BUKOPUCTAHHWH JUIA aHAN3Y MEpEexeBOTo Tpadiky Ta
BUSIBJICHHSI aHOMAJTi#i, TII0 MOXYTh CBITYWUTH TIPO BTOPTHEHHS a0 1HIII 3arpo3u
Oe3nerti;

- BWSIBJICHHS 3JIOBMHUCHHUX TIPOTPAM:

CNN moxe aHai3yBaTH BUKOHYBaHWH KO a00 MepekeBmit Tpadik s
BUSIBJICHHS XapaKTEPUCTHK, IO BKA3YIOTh HA HASBHICTh 3JIOBMHACHUX TIPOTPAM.
2) dinpTparis cmamy Ta IaxpaicTsa:

- (inpTpars eTeKTPOHHOI MOIITH:

CNN Moxe aHami3yBaTH TEKCT Ta BKJIAJCHHS CICKTPOHHOI MOIITH I

BUSIBJICHHS cTIaMy, (DIIMIMHTOBUX MOBIIOMJICHB Ta 1HIIHMX MTAXPalChKUX CXEM

- BWSBJICHHS IaxpaicTBa B OHJIAWH-TPAH3AKITIAX:
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AHaji3 TpaH3aKmiitHuX Aaux 3a gomoMoroto CNN gomomarae BUSBIATH
T1T03P LTI OTIepartii Ta maxpanchki CXEMHU.

3) Amnam3 Tpadiky Ta BUABICHHS BPa3INBOCTECH:
- MOHITOPHHT MEPEKEBOTO TpadiKy:

CNN moxe aHaai3yBaTH TAKETH MEPEX1 I BUSBJICHHSA aHOMaJli abo
aTak Ha PIBHI MMAKETIB;

- CKaHYBaHHA BPa3JIMBOCTEM:

Bukopucranas CNN mns  aHamizy BeaWKAX OOCITIB JTaHUX MOXKE
JOTIOMOTTH BHUSIBJISITH TIATEPHU, M0 BKA3YIOTh HA BPA3IMBOCTI B cUCTEMax abo
MIPOTPAMHOMY 3a0€3IICUCHHI.

4) AHani3 BeJIMKUX 00CATIB TaHUX:
- BWSBJICHHS aHOMAJTIH B JKypHAJIax:

CNN Moxe aHam3yBaTH JKyPHAIH MOMAIN JUIS BUSBJACHHS HE3BUYAMHMX
narepHiB abo MiTI03P1INX aKTUBHOCTEH
- racudikamis MOBEAIHKA KOPUCTYBAYIB!

Bukopucranas CNN ajig aHani3y KOPUCTYBaIbKOi aKTHBHOCTI JOTIOMAarae
BHSABJISATH IIA03PLIL /111 Ta aHOMATIi B TTOBE/IIHII KOPHUCTYBaYiB.

5) Bussnenus 3arpo3 Ha 300pakeHHAX, BIJ€0 Ta 00poOKa MeIiaJaHuX:
- aHay3 300paXeHb Ta B1JICO I BUSBJICHHS 3arPO3;

CNN moske BUKOPHUCTOBYBATHUCS IS BUSABJICHHS 3arpo3 Ha 300paXeHHAX
Ta Bijeo (paiyrax 3a JOMOMOroK MYJIbTHKIACOBOI CerMEHTAIIli 00 €KTIB HAa MeIia
(hatinax B OHJIAMH PEKUAMI.

3ropTKoBl HEHPOHHI MEPEKI € MyXKe KOPUCHUMH y KiOepOesmeri 3aBIsaKu
CBOTH 3MaTHOCTI aBTOMaTHYHO BU3HAYATH BAXIIMBI (PYHKITIOHATbHI OCOOJIMBOCTI Ta
3MaTHOCT1 PO3MI3HABATH CKJIQAHI MarepHH B JaHuX. OCOONMBO CIiJ BUAUIMTH
BUKOPWUCTAHHS 3rOPTKOBUX HEHpOMEpEX I aHaji3y 300pakeHb Ta Bifeo. Janwmii
THTT HEHPOMEPEK UyAOBO TPAIFOE 3 MYJIBTHKIACOBOIO CETMEHTAINEI0 00 €KTIB y

Memiadanax 3 JOCHTh BUCOKHUM PIBHEM TOYHOCTI.
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Bucnosku 10 po3ainy 1

B xox1 HanmucanHs mepiioro po3 iy 0yJio mMpoaHai30BaHO OCHOBHI TOHATTS
nmpeaMeTHOi 00J1acTi, Takl SIK CTOPTKOBI HEHPOHHI MEPEXi Ta 1X 3aCTOCYBAaHHA Y
ray3i kiOepOe3meku, MpoaHal30BaHO OCHOBHI BHIW apXITEKTYpP 3TOPTKOBUX
HEHPOHHUX MEPEXK 1 33/1a41, TKI MOXHO BUKOHYBATH 3 HUMHU. JleTaIbHO PO3TIISHYTO
apxitektypy U-Net, TOHATTS KOMITIOTEPHOTO 30py Ta 3aaadl MYJIbTHKIACOBOT
cerMeHTarrii 300pakeHb Ta BIJICO.

[TpoBeaeHO O ICHYIOUMX METO/11B BUKOPUCTAHHS 3TOPTKOBUX HEHPOHHUX
Mepex y Kibepoesreri.

Pesynbrarom po3aity cTana mocraHoOBKa 3adadl Ha PO3pPOOKYy MPOTrpamMHOTO
3a0e3nedueHHs JJIs BUSABJICHHS 3arpo3 MiAMPHEMCTBY 3 BUKOPHUCTAHHAM 3TrOPTKOBOI
HEeHPOHHOI Mepexki apxiTekTypH U-Net Ta MyJTbTHKIACOBOI cerMeHTallli 300pakeHb

3 METOIO I ABUIIICHHS PIBHS OC3MEKH M AMPUEMCTBA.
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PO3/IUI 2
CIIELTTAJIBHA YACTUHA

2.1 Ornaa 1HCTpyMEHTATBHIX 3aC001B PO3POOKH

Mosga nporpamyBanns Python Gyma crsopena ['sigo Ban Poccymom Ta Oyna
prepie pumymieHa y 1991 pomi. [i crBopenns Oyno oOymoBieHe OakaHHAM
CTBOPHTH MOBY, sika O TIO€THYBajIa MPOCTOTY, YUTAOCTBHICTh KOAY Ta €(heKTUBHICTh
nporpamysaHHs. Hazsa "Python" moxomuts Bif iM's OpUTAHCEKOTO KOMEIIHHOTO
tenemoy "Monty Python's Flying Circus"”, ske Oyno ymobnaenmMm [Bimo Ban
Poccyma.

Python mpoi#imos gepes kiTbka BepCiid, 13 30epe:KEHHIM CYMICHOCTI. 30Kpema,
Bepcia 2.X 1 Bepcid 3.X ICHYIOTh MapajeibHO, 1 PO3POOHUKHA MAIOTh MOXIIUBICTh
BAOOPY MK HUMH 3aJIEKHO Bl BUMOT TTPOCKTY.

Oco06MMBOCTI CHHTAKCUCY MOBH TiporpamMyBaHHs Python:

- YWUTaOENbHICTH:

Cunrakcuc Python mpumiaseTses BEMUKOIO yBAro0 YMTabeIbHOCTI KOTY.
Bukopucransas nmpoOiTiB 1 BIACTYTIB 3aMICTh (PITYPHUX TyKOK UH KITFOUOBHX
CJIIB JO3BOJIAE MACATH KO, TKAN JICTIIIC YUTATH,

-  JAHAMIYHA THIT3ALl;

3miaHl B Python He moTpeOyroTh 3a3HAUYCHHS THINB, OCKIJIBKHA THIT
BA3HAYAETHCS aBTOMATHUYHO TT1]T 9aC BUKOHAHHS TIPOTPAMH;

- mupokuit BuO1p 61610TEK:

Python mae Benmky kiIbKiCTh 6106/110TEK 715 PI3HUX 3aBAAHD, IO T03BOJISE
pO3pOoOHWKAM BUKOPHCTOBYBATH TOTOBI PIMIEHHS 1 MIBHAMIE PO3POOIATH
MPOTPaMH;

- 00'€eKTHO-OPIE€HTOBAHUH:

Python miarpumye 06'€eKTHO-OpiEHTOBAHE MPOTPAMyBaHHS, IO J03BOJISIE

PO3pOOHMKAM BUKOPHCTOBYBATH KOHIICTIIi KJTaciB 1 00'€KTIB,;

[Topisusauns Python 3 iHmmMy momynsipHUMEA MOBaMH TTPOTPaMyBaHHS
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- JavaTa C#:

Python mae mpoctimmuii cuaTakcuc mopiBHsAHO 3 Java Tta C#, a Takox
MEHIIIC BUMOT JIO ACKJIapaliii THIIIB;

- C++

Python wmenme ButpartHmii y miiaHi po3poOKH, aje MOxe OyTH MEHII
¢(eKTHBHUM y BUKOHAHHI B OpiBHAHHI 3 C++, 0COOIHUBO AJI 0OUHCITIOBATIBLHO
BaKJTMBUX 3aBJIaHb,

- JavaScript:

Python € cepseprOO MOBOIO, TOA1 5K JavaScript BUKOPUCTOBY€ETHCS IS

PO3pOOKH KITEHTCHKOI YaCTHHH BEO-T0AATKIB.
Jle Ha cbOTOTHI BUKOPUCTOBYIOTH Python:
- BeO-po3podKa:

Python BukopucToBy€eThCs M1 po3p0oOKH BE0-3aCTOCYHKIB 32 JOTIOMOTOIO
¢dpeitmBopkiB, Takux sk Django ta Flask;

- aHaJI3 JaHWX Ta HAYKOBE MPOTPaMyBaHHS:

Python € momynsapauM B aHami3i JaHWUX, HAYKOBOMY TPOTpaMyBaHHI Ta
CTaTUCTUIHOMY MOJICTIOBaHHI 3aBmsaku Oi0morekam NumPy, Pandas, SciPy i
Matplotlib;

- IOTYYHHWH 1IHTEJICKT Ta MAlTHHHE HAaBYAHHS:

Python BukopucTOBy€eThCA AJii pO3pOOKM Ta HaBUaHHA MOJEICH
MAIIMHHOIO HaBYaHHA 3a Jomomoroiwn Oi0morek, Takux sk TensorFlow,
PyTorch, Scikit-learn 1 Keras;

- CHCTEMHE a/IMiHICTPYBaHHS Ta aBTOMAaTH3AIlIS:

Python mmpoko BUKOPHCTOBYETHCA Ui HAMMCAHHS CKPUMOTIB IS

aBTOMATH3aIlli CHCTEMHHX 3a7a4 Ta KOHpIryparti.
[Tepesaru Ta Henoaiku MmoBu Python

1) Ilepesaru:

- MPOCTOTA BUBUCHHS Ta BUKOPUCTAHHS,

- BEJIMKA KIJIBKICTh 010J110TeK Ta (hpeiHMBOPKIB;
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- BHWICOKA YMTA0CTBHICTH KO,
- Kpoc-athOPMEHHICTD;
- aKTWBHA Ta BEJMKA CIIJLHOTA.
2) Henomiku:
- HHU3bKa MBHAKOMAIS MOPIBHIAHO 3 ACAKUMH 1HITHUMH MOBaMHU,
- oOmexeHa miATpUMKa MOOUTEHOT PO3POOKH;
- rpanyasHicTh GIL Moxke mnpu3BoguTH A0 mpodiieM B Oararo3agadqHuX
mporpamax.
Bukopucranns Python y 3agauax MammmHHOTO HaBYAHHS
Python € onHi€l0 3 OCHOBHHUX MOB TMpOTpaMyBaHHS [JIi MAIIAHHOTO
HaBuaHHSA. Bemmka kubkicTh 010m10Tek Ta (pEeHMBOPKIB  JO3BOJISE  JIETKO
CTBOPIOBATH, HABYATH Ta BMOPOBA/HKYBATH MOJEIl MAIIMHHOTO HABYaHHS.
TensorFlow 1 PyTorch € ocHoBHMME Oi0mioTrekamMu Uid PO3POOKH TIMOOKHX
HEHPOHHNX MEPEkK, a Scikit-learn Haae IHCTPYMEHTH JJTA KJTACHYHOTO MAITMHHOTO
HaBuaHHA. Python Takok BUKOPUCTOBY€EThCA I 0OpOOKM Ta aHAM3Y JaHHX, IO €
BKJTMBOIO YACTHUHOIO IT1JIOTO MPOTIECY MAITUHHOTO HAaBYAHHS.
3araiom — d¢yakmonan Python Halikpaimie miaXxoauTh Mg JaHy 3aady
PO3pOOKH, 32 PaXyHOK IMTUPOKOT MATPUMKH O10110TEK I MAIIMHHOTO HAaBYaHHS,
MIPOCTOTH PO3POOKH Ta 3pO3yMLIOTO 1HTEpEHCy.
PyCharm — me motyxkHe i1HTEeTpoBaHe cepenosuiie po3podku (IDE),
po3pobieHe kommnanieio JetBrains criemiansHO 111 MOBY TiporpamyBadHs Python.
Ile 1HCTPYMEHT, IO BIA3HAYAETHCA CBOEK C(PEKTHBHICTIO Ta BHCOKHM
(hyHKITIOHAJIOM.
OcnosHi ¢ynKki Ta ocobmmBocti PyCharm:
- aBTOMATHYHE 3aBEPIICHHA KOy
PyCharm Bpaxae cBoiM I1HTYiTHBHO 3pO3YMUIMM aBTOMAaTHYHUM
3aBEPIIEHHAM KOy, IO TOJICTIITY€E HANMCAHHS TIPOTPaM Ta 3MEHINY€E KUTbKICTh
MTOMUJIOK;

- aHami3 Koay:
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[aTerpoBana cucrema aHami3y J03BOJISE BUSBIATHA TMOMWIKH, TIPOBOJIUTH
KOJI-PEB'IO Ta HaJaBaTH PEKOMEH Il I MOKPAIIESHHS SKOCT1 KOAY
- BIUTarO/KCHHS:

Boynosanuii Bipramunk PyCharm 3abe3nedye MOXIHBICTD KPOKYBaHHS
M0 KOy Ta BUABJICHHS MIOMUJIOK TI1]] 9aC BUKOHAHHS MPOTPAMH.

- MATPUMKA BIPTYAJTbHUX CEPEIOBHIIL;

PyCharm nerko 1HTerpyerbcsi 3 I1HCTPYMEHTAMHW i1 yIPABIIIHHS
BIPTyaJIbHUMH CepeAoBHIaMu, TakuMu Ak virtualenv ta Conda, mo mo3Bosse
¢(peKTHUBHO BUKOPHCTOBYBATH 1301b0BaHI CEPEIOBHIIA JJIS MPOESKTIB;

- marpuMka GperHMBOPKIB:

[aTerpamnis 3 monynspanmu dperimBopkamu, Takumu sk Django, Flask,
FastAPI, OpenCV Tta Tensorflow poouts PyCharm ineansanm BuGopom K auis
PO3poOKH BeO-101aTKIB, TAK 1 ISl PO3POOKH aITOPUTMIB MAIlTHHHOTO HAaBYaHHS
Ha Python;

- pedaxTopuHT KOAY:

[HCTpYMEHTH 111 aBTOMATHU30BAHOTO Pe(dAaKTOPUHTY  TO3BOJIAIOTH
e(heKTUBHO 3MIHIOBATH CTPYKTYPY KOy Ta MOJITIIITYBATH HOTO YUTAOCTBHICTD,
- pO3MMpPEHA MATPUMKA Ta IHTETPAIis:

Oxkpim Python, PyCharm takok Hamae mMATPUMKY 1HIITHX MOB, TaKHUX 5K
JavaScript, HTML, CSS, SQL, mo poOuTs #oro yHiBEpCATbHUM TS PO3POOKH
PI3HOMaHITHUX (PATOPUTMIB Ta JOMATKIB,

- 1HTerpars 3 CHCTEMaMH KOHTPOITIO BEPCIH:

PyCharm B3aeMojie 3 pi3HUMH CHCTEeMaMH KOHTPOJIO BepCiii, 30KpeMa
Git, Hamarouu 3pyuHHM 1HTEpdEHc I BIACTIAKOBYBAHHS Ta yIPaBIIHHS
BEPCIAMH KOy,

- marpumka Docker:

BbOynosana miarpumka Docker mo3Bonsie Jerko KoHQITYpyBaTH,

3aImyCKaTH Ta BIUIaroKyBaTH AOJATKH B KOHTEHHEPaxX, CIPOIIYIOUHA poOoTy 3

PO3rOPTAHHSIM;
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- MATPUMKA IHIHAX THCTPYMEHTIB:

PyCharm iHTEerpy€ThCS 3 PI3HOMAHITHUMH 1HCTPYMEHTAMH PO3POOKH,
takuMu Sk Jupyter Notebook ta [Python, 3a6e3nedyrodn pi3HI MOMXKIUBOCTI JIJIS
HaJIaro)KCHHS Ta aHaJI13y KOAY.

PyCharm BunpaBmoBye CBOIO TOMYJIAPHICTh 3aBISKH CBOEMY PO3IIHPEHOMY
(dyHKIIOHATY, TO POOWTH HOTO HEOOXITHUM IHCTPYMEHTOM Uil PO3POOHMKIB
Python. 3pyunuii iaTepdeiic, MOTyX HI 1HCTPYMEHTH BIUIAAKA Ta MMATPAMKA
IMUPOKOTO  CIEKTPY TexHojorii podaaTts PyCharm HEBIA€MHOIO YaCTHHOIO
cepeaoBuiia po3podku mrst Python-ipoexris.

Jlane cepenosuine po3podku 0ysio 00paHO, CIUPAIOYKCH HA 11S1 KPUTEPIi:

- marpumka moBu Python;
- IHTYiTHBHO 3pO3yMIJIuH 1HTEPGEHC,
- MOXJIMBOCTI rpadiuHOTO PEMAKTOPy, IO MAXOAITh 0 TOCTABIICHOI 3a1a4l.

Tak sk yci kpuTepii 3a10BUIBHEHO — CEPEIOBHUIIIEM PO3pOOKH Oy10 00paHo
came PyCharm 2023.

2.2 Po3po0Oka cuctemMu

2.2.1 Po3po6Oka BximHOTO KOHBeepa Aanux TensorFlow
Jlns TpeHyBaHHA HEHPOHHOI MeEpeXi HaM 3HAAOONATHCA TPEHYBaJIbHI
300pakeHHs 3 OITOBUMH MackamH, sKi OyIyTh TIEpeIaBaTHUCS y KOHBEEP TaHUX

TensorFlow mia momaneimoro omnpairoBanas. Ha pucynky 2.1 300pakeHO cxemy

koHBeepy manmux TensorFlow.

BxiaHi AaHi ti.data Mogent
{300pameEHHA} nputPipeline ket

Pucynok 2.1 — Cxema koHBeepy nanux TensorFlow
[I1o6 3reHepyBaTu TpeHYBaJIbHI 300pa)keHHS, 3aIHINCMO JOBUIBHE BIICO 3

JIEKUIbKOMAa PI3HAMH 00’ €kTaMu B ogHOMY (peiimi. Ile poOuthest mis Toro, moo
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Bucnosku 10 po3auty 2

[TpoanamizyBaBimm 3Ha4eHHS Ta Tpadiku METPpUK poOOTH MO HEHPOHHOI
MEpeXi y PI3HUX KOHQIrypallisi ermox HaBYaHHS, MOXKHA 3pOOUTH BHCHOBOK, ITIO
MOJENTb POOUTH BIMUYTHHHA MPOTPEC y TOYHOCTI Ta 3MCHINEHHI BTPAT BXKE TMICHA
JIECATH €M0X HaBUaHHI. AJle, BCE JK TaKW, YAM O1JIbIIIC HABYATHMEMO MOJIEND - THM
Kpalme, 1o IeMOHCTPYIOTh PE3YJIbTaTH POOOTH MO MIC/IA ABAAIATH I ITH €IOX
HaBuaHHA. ExamHe, 1o Tpeba ypaxoByBaTH - 1€ Yac HA HaBYaHHSA. Ik MH MOKEMO
0aunTH, B CEPEIHHOMY, Ha KOXKHY €moXy HaB4daHHsA moTpidHo 210 cekyna. Skimo
B3ATH 32 MIHIMYM JABQAIATh IT ATH €TMOX HAaBUaHHA /JJI1 OTPUMBHHS TapHUX
pe3yabTaTiB poboTH, TO Ha 1ie 3HanoouThea (25 * 210) / 3600 = 1,458 ronuan. 1{s
CUTyallld aKTyaJlbHa y BHITQAKY, SKIIO A0 MOJEN, HapuKiIam, Tpeda JMoaaTH Ie
onuH 00’ €KT /uis momyKy. /lane oOMeXeHHS CITiT ypaxoByBaTH. AJie ,3BICHO, MOKH
OBHKOPHUCTOBYBaTH KOMOIHOBaHI MiAXOAX JO0 HABYaHHS 1 HAaBYaTH MOJICIIb
MMOCTYIIOBO 3a JSKUIbKA ITepalliid, ajic 3 MCHIITUM YacoM, IS 3MCHIICHHS Yacy
MPOCTOI0 CHUCTEMH BHWABIICHHsS 3arpox. Ha TecToBuX 300pakeHHAX MOXKHA
CIIOCTEPITATH, 110 MOJIEITH YCIIIIHO BIIOpaiach Ta 06€3 mpolsieM BUsIBIIIA YCI IITyKaH1
00’€KTH HaBITH MICJISI HETPUBAIOTO HaBYaHHSA. Takok JOCHTH TTOKA30BUM € T€, IO
HaWMepI enoXy HaBUaHHS MOJIS/I 3aiMarOTh HaWOLIIbIIe Yacy, a 3 HAUM 1 pecypcy
cepsepa. [Ipore Hagam Moaenb MOYMHAE BUNTUCH KyU MIBHAIIE. 3 TIHOTO MOXHA
3pOOMTH BHCHOBOK, IO y CHTyaIlsAXx, KOJIH Mojaelb Tpeba Oyae HaBUUTH
PO3MM3HABaTH HOBI 00 €KTH y J0Aa4y A0 B)K€ BHBUCHHMX, IS IBOTO HEOOXI1THO
Oyne 3amisTH AOCHTHh TIOTYXHHUH CepBEpP 1 MPOBOAWTH HABYAHHS y Yac, KOJH
M ANPHEMCTBO a00 HE mparmroe, abo THUMYACOBO 3aXHMINCHE 1HIIAMH METOIaMU
BUSIBJICHHS 3arPO3 HAa Yac HaBYaHHS MOJICIII.

bepyun no ysaru iHGOpMaIliio BUINE, BBaXalo, IO JaHHH CIIOCIO BUSABICHHS
3arpo3 MIANPHEMCTBY Ha OCHOBI 3ropTtkoBoi UNet HeHpoHHOI Mepexi €

¢(DEeKTUBHUM.
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PO3/IUT 3

EKOHOMIYHE OBI'PYHTYBAHHA JOLUIBHOCTI PO3POBKHU

B nmanomy posaumn kBamdikamiiiHoi poOOTH MPOBOAUTHCA €KOHOMIUYHE
OOTPYHTYBaHHS JOIIJIBHOCTI PO3POOKH MPOrPAMHOTO 3a0e3MeUcHHS. 30Kpema,
3MIMCHIOETHCSA PO3PAXyHOK BHUTPAT HA PO3POOKY MPOrpaMHOrO 3a0€3TICUCHHS,
EKCIUTyaTaIlliHUX BUTPAT, MIHA CIIOKUBAHHA MPOEKTHOTO pileHHsA. B 3akmrounii
YAaCTHHI  BH3HAYAIOTHCA TOKA3HMKH C€KOHOMIYHOI  €(eKTHBHOCTI  HOBOTO
MPOTPAMHOTO MMPOAYKTY, OOTPYHTOBYIOTHCS BIMTOBITHI BUCHOBKH.

Po3pobaene mporpamHe 3a0e3meueHHA NPU3HAUCHE [JI BHUABJICHHS

3arpo3 MmANPHEMCTBY Ha OCHOBI 3ropTkoBoi UNet HeHpoHHOT MepexKi.

3.1 Po3paxyHok BUTpaT

TpynomicTKiCTh pO3p0OOKH TaHOT CHCTEMH MOKE OYTH po3paxoBaHa Ha OCHOBI
TPYAOMICTKOCTI POOIT, SIKI BAKOHYIOTBCA.

3.1.1 TpynomicTKiCTh

TpynomictkicTe cTtBOpeHHs [13 BU3HAYAETHCS TPUBATICTIO KOKHOI poOOYOi
omepaiiii, TOYMHAIOYHA 3 CKJIQJAAHHS TEXHIYHOTO 3aBJaHHS 1 3aKIHUYIOUH
opopMIICHHSAM TOKyMEHTaIli (32 yMOBHM POOOTH OJHOTO TPOTPaMICTA):
Tpynomictkicte cTtBOpeHHs [I3 BH3HAUAETHCA TPHUBATIICTIO KOXKHOI poOOUOi
omepaiiii, TOYMHAIOYHM 3 CKJIQJAAHHS TEXHIYHOTO 3aBMaHHS 1 3aKIHUYIOUH

oopMIICHHSAM JOKYMEHTAITli (32 yMOBH pOOOTH OTHOTO MPOTPAMICTA):

t=trz + ts + ta + tup + tornp+ tg, roquH,

7€ t; — TPUBAIICTH CKJIAJaHHS TEXHIYHOTO 3aBAaHHS Ha po3podky [13,
ne tr; =7 ronuH
ts — TPUBAIICTH BUBUEHHA 13, MTEPaTYPHUX JHKEPEN 32 TEMOIO TOIIIO;

ta — TPUBAICTH PO3POOKH OJIOK-CXEMHU ANITOPUTMY
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tup — TPHBAIICTH MPOTPAMYBaHHS 3a TOTOBOIO OJIOK-CXEMOIO;

tonp — TPHBAIICTH ONpaIfoBaHHsA nmporpamu Ha [1K;

te — TPHBAIICTD MIATOTOBKH TEXHIYHOI JoKyMeHTali Ha [13.

CkanoBl TPYAOMICTKOCTI BH3HAUYAKOTHCA HA TIJACTaBl YMOBHOI KIJIBKOCTI
OTIePaToOPiB y MporpaMHOMY MPOAYKTI QQ (3 ypaxyBaHHAM MOKJIUBUAX YUTOYHEHB Y
mpoiieci poOOTH HaJ AITOPUTMOM 1 TIPOTPAMOIO)

YMOBHa KIJTBKICTh OIIEPATOPIB y MPOrpaMi:

Q=g+cl+p, mryx

Jle q — ouikyBaHa KUTbKICTh OTIEPATOPIB;

¢ — koedimieHT ckiaaaHocTi mporpamu. KoedileHT BH3HAYae BIAHOCHY
CKJIQJTHICTh TIPOTPAMH IIIOJ0 THIIOBOro 3aBAaHHsA. /liama3oH #ioro sminu: 1.25...2

P — KOe(]IIeHT KOPEKIi TporpaMu B MPOIECl 1i OmpairoBaHHA.
Koedimient Bu3Hauae 301IbIIeHAS 00CATY poOIT 32 paxyHOK BHECEHHS 3MIH B
anroputT™ ab0 MpoTpamMy BHACTIIOK yTOUHEHHS TEXHIYHOTO 3aBAaHHs. [liana3oH ero
smiam 0,05...0,1

OuikyBaHa KUTbKICTh omeparopiB (q): Kom mictute Oararo omepaTopis,
BKJTFOUAIOYH TIPUCBOEHHS, YMOBHI KOHCTPYKIIIi, IIAKIIA, BUKIIUKHA (DYHKINH TOTIO.
Ycebro ix npubnuzno 200.

KoedimienT cxmamgaocti mporpamu (¢): Ko € mocuTh ckitalHAM, OCKUTBKH BiH
BKJTIOUae OOpOOKY MaHWX, MAIlMHHEC HABYaHHSA Ta PI3HI YMOBHI KOHCTPYKITI.
Bizememo cepenne 3naueHHs: 1.5.

Koedimient kopekmi nporpamm (p): I[lpumyctumo, mo 3miHU OymyTh
MOMIPHUMH, Ta 00epeMo cepemne 3HaueHHs 0.075.

3a ¢opmouioro (3.2) PozuuTaemo KiTbKICTh OMIEPATOPIB y MPOTrpami

Q=200%1.5*1.075=322.5

TpuBanmicTh BUBUEHHSA TEXHIYHOTO 3aBJAHHA CKJIAAAETHCS 3 OMPAIIOBAHHA

JIOBIJKOBOT JIITEPATYPH 3 ypaxyBaHHsAM yTouHeHHs T3 1 kBamdikarii mporpamicra

MOYTHBO OIIHUTH 3a (DOPMOJIOKO:
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tB= Q*B75...85+k, rognn

ne B — koedirmienT 301IbIIICHAS] TPUBAJIOCTI €Ty BHACIIIOK HEOCTATHHOTO
onucy 3aBaanua, B=12...1,5;

k — xoedirienT, Mo BpaxoBye KBai(iKaIiio mporpaMicTa 1 BU3HAYAETHC
cTaxxeMm poOoTH 3a haxoM:

- Jlo 2 pokiB — 0,8;

- Bin 2 no 3 pokis 1,0;

- B 3 10 5 pokie 1,1...1,2;

- BiaA S5 no 7 pokie - 1,3...1,4;

moHaj 7 pokiB - 1,5...1,6.

Bnacmiaok Toro mo omnuc 3aBaaHHsA OyAe MOPOOSATHCS BI3bMEMO CEpPEIHE
3HaueHHA B =1.3

[Tporpamict, Axuit 3MOXe PO3POOSATH JAaHWUN MPOTPaAMHHUI KOJ Mae MaTH
kBasmiakaiiro Bix 2 10 3 pokis, Tomy k = 1,0.

Pospaxyemo TpuBajicTe BUBYCHHS 13, JTEpaTypHHX JKEPET 3a TEMOIO
BUKOPUCTOBYIOUH hopmyiy (3.3)

ty= 6 TOANH

TpuBanmicts po3poOKH OIOK-CXEMH AITOPUTMY:
ta=Q20...25+k, roqun
Pospaxyemo TpuBamicTh po3poOKH OJIOK-CXEMH alrOpUTMy 3a (hOPMYJIO0
(3.4):
t==14 rogun

TpuBanmicTh CkJIaaHHS MPOTPAMHU 32 TOTOBOIO OJIOK-CXEMOIO:

tnp=0Q20...25+k, roguu
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Pozpaxyemo TpuBaicCTh CKJIaJaHHSA MPOTPAMH 32 TOTOBOIO OJIOK-CXEMOIO 32
dhopmooro (3.5):
tup=13 roaun

Tpusanicts onpargoanss nporpamu Ha [1K:

tonp=1,5Q4...5+k, rogunu

Pospaxyemo TpuBasicts onpaitoBants mporpamu Ha [1K 3a dopmosoro (3.6):
torp = 95 roauH

TpuBanmicTh MATOTOBKH TEXHIYHOI JOKyMeHTarii Ha [13:

ty=Q15..20+k+Q(15...20)*0, 75, rogun

Pospaxyemo TpuBanicTs MATOTOBKM TEXHIYHOI qokymeHTari Ha [13 (3.7):

t;= 24 roauH.

[TigpaxyeMo TpyIOMICTKICTh BUKOpUCTOBYIOUH hopmyy (3.1):

ne t =7 roauH, ts = 6 roauH, ta = 14 roguH, top = 13 roauH, tomp = 95 roauH,
t;= 24 roauH.

t=7+6+14+13+95+ 24 =159 roausn.

3.1.2 Po3paxyHOK BUTpAT Ha CTBOPEHHS MTPOrPaMHOI0 3ac00y J1J19 BUSBICHHSA
3arpo3 MiANPUEMCTBY Ha OCHOBI 3ropTkoBoi UNet HeHpOHHOI Mepexi

Butpatm Ha po3poOky mnporpamMHOro 3aco0y i BHUSBJICHHS 3arpo3
M TPUEMCTBY Ha 0CHOBI 3ropTkoBoi UNet HeriponHoi Mepexi Ki; ckimamaroTees 3

BUATpAT Ha 3apOOITHY TuIaTy crieriajicTa 3 iHdopmariitHoi 6e3nekn 3z 1 BApTOCTI

BHTPAT MAITMHHOTO Yacy, 10 HeOOX1I,THUH 11T pO3POOKH CHCTEMH 3aXHCTY 3y

Kz = 331 + 3my

3apobiTHa TIaTa BUKOHABIT BPAXOBYE€ OCHOBHY 1 JOJATKOBY 3apoO0iTHY

mIaTy, a TaKOXX BIAPAxXyBaHHA Ha collajibHe MOTpeOu (MEHCIHHE CTpaxyBaHHS,
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CTpaxXyBaHHA Ha BHUMAAOK Oe3po0ITTA, CcoOIllajibHE CTpPaxyBaHHS TOIIO) 1

BH3HAYAETHCS 32 (OPMYJIOKO:

33m =t * 316, rpH

7€ t — 3arajibHa TPUBATICTh PO3POOKH CUCTEMH 3aXHCTY, TOIUH;

3i6 — cpemHbO-TOAWHHA 3apo0ITHA TuIaTta cremajicra 3 iHdopmariiiiHol
Oe3nekn 3 HapaxyBaHHSAMH, TPH/TOAUHY.

3apobiTHa TUTaTa B MICAIG Cremiamcra iHhopMaiiifHoi 0e3NMeKn CTAaHOBUTH
28800, BiamoB1THO MO0 OTPUMATH YaC 3a TOAUHY HOTPIOHO IF0 CYMY PO3/IIJIATH Ha
160 roaus.

33n =159 * 180 =28 620
BapricTts MammHHOTO Yacy ajis po3poOKH MO THKH Oe3meku 1H(popMallli Ha

I1K Bu3HayaeThes 3a popmynoro:

3my = tonp ¥ CM9+tg, rpH

e [ — TPYAOMICTKICTh PO3POOKH MOMITHKH Oc3meku 1H¢opmarii Ha 1K,
TOJIVH,
Cuy — BapTicTh | romuan mammaHOTO Yyacy [1K, rpa./roguna.

Bapticte 1 roguan mammaHOTO Yacy [1K Bu3Ha"aeThes 3a opMyJIom:

Cmy= P * t Hast *Ce + Dzan+HaFp + Kinz+HanzFp, rpa

ne P =— pcranorieHa nmotysxHicTh 1K, kBT;

trar — prubHui yac sukopuctans [1K Ha pik y roamHax
C. — Tapud Ha ENEKTPUUHY €Heprito, rpH/KBT roamnna;
Dsqn — 3amumikoBa BapTicTh [ 1K Ha mOTOUHM PiK, TPH.;

H, — piuna Hopma amoptu3aii Ha [1K, gactku oguamI;
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Hans — pluHa HOpMA aMOpTH3AIli Ha JIIEH3IHHE TporpaMHe 3a0e3MeUeHH,
YaCTKU OJIMHMIII;

Kz — BapTICTH JITIEH31HHOTO MPOTPAMHOTO 3a0€3MEUCHHS, TPH..;

Fp — piunanii poua pobouoro gacy (3a 40-roguHHOTO POOOUOTO THKHSA F)p =
1920).

Cwu=0.6 * 3 *2.64 + ((9000%0.25)/1920) + ((7000*0.2)/1920) = 6,65 rpH

3ua= 95%6.65 + 24 =656 rpH
K= 656+28 620=29276 rpH

3anmumkoBa BapTicTh [IK BW3HadaeThCs BUXOASYM 3 (DAKTHUHOTO TEPMIHY
HOTO eKkcIuTyaTali SK pPI3HHIS MK TEPBICHOIO BapTICTIO Ta 3HOCOM 3a dHac
BAKOPWCTAHHS.

BusHauena TakuM UYMHOM BapTICTh PO3POOKM MOMITHKH Oe3neku Kpn €
YaCTHHOIO OJTHOPA30BUX KAMTAIBHAX BUTPAT PA30M 3 BUTpAaTaMu Ha MPUAO0AHHS 1
HaJIarOKEHHS anaparypy CUCTeMH 1H(GOPMAIitHOI Oe3MMeKH.

Takum umHOM, KamiTanbHi ((PIKCOBaHI) BHUTpPaTH HA TMPOCKTYBAaHHA Ta

BIIPOBAHKEHHS MPOSKTHOTO BaplaHTa CHCTEMH 1H(OPMAIiitHOT 6€3MEKH CKIIaTAf0Th:

K= Kpn + K313 + Kn3 + Kaz + KuaBy + KH

7€ Kpn — BAPTICTh PO3POOKHU MPOEKTy 1H(OpMaIiiiHoi Oe3MeKn Ta 3aayueHHS I
IIHOT'0 30BHIINIHIX KOHCYJIFTAHTIB, THC. TPX. 30BHIIIHI KOHCYJIbTAaHTH HE HAMMAJTACS
(Kp=1500)

Ksz — BapTicTh 3aKkymiBenb JNIEH3IWHOTO OCHOBHOTO # JIOJAaTKOBOTO
nporpamuoro 3abe3neuenns (113), Tuc. rpH;

Tabmuns 3.1 — Tepenix npunbanoro [13

Ne Hazga Kinpkicts Bapricts 3a 1 mT
1 Microsoft 1 1050 rpu
Windows 10
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2 Microsotf  visual | 1 1000 rpu
studio

Bceworo: K= 2050 rpu

Kpn — BapTicTh po3poOky cuctemu 3axucty Big DDoS-arak Big J[/loC araxk,
tuc. rpu; (K =29276)

Ka; — CTBOpro€eThesl CBO€ amapaTHe 3a0€3MeueHHs ke Oyae MPOAUBIATHUC
Bx11HUHM Tpadik Ta BiAGUIETpoBYBaTH Horo. [Ipubnm3na mina 300rpH

Ky — BUTpaTH Ha HaBUaHHA TEXHIYHMX (DaXiBIB 1 OOCIYTOBYIOUOTO
nepconaiy, THC. TPH; (Kuaa =1200TpH)

Ku — BuTparw Ha BCTAHOBJIICHHS OOJIaJIHAHHSA Ta HAJIATO/DKEHHS CUCTEMH
1Hpopmariinoi 6esnexu, Tuc. rpu. (Ky = 800)

3a popmynoro (3.12) po3paxyemo KamiTajabHI BUTPATH:

K =1500+2050+29276+1200+800 = 34826 rpu

3.1.3 Po3paxyHOK MOTOYHUX (€KCIUTyaTaIltHIX ) BUTPAT

Excrutyarariiiini BUTpaTd — 1€ TOTOYHI BUTPATH Ha EKCIUTyaTamiio Ta
o0cayroByBaHHA 00’ €KTa MPOSKTYBAHHS 3a BU3HAUCHU 1epio] (HApUKIIad, Pik),

[0 BUPAXEH1 y TPOIIOBIH hopmi.

C=C(B+ Ck + Cak, THC. IDH

Jle C: — Burparm na Upgrade-BigHOBICHHS i MOACPHI3AIIID CHCTEMU
1HpopMaIHHOI OEe3MeKH.

Cx - BUTpaTH HA KEPYBAHHA CHCTEMOIO B IIJIOMY,

Ca — «aKkTHBHICTh KOPWCTYyBaya», BHUTPATH BUKIMKAHI aKTHUBHICTIO
KOPHUCTYBaiB CUCTEMH 1H(POpMAITIHHOT Oe3NEeKH.

Cs — OpIEHTOBHO BMU3HAYMMO BUXOJAYH 13 BAaroBOi YaCTKHW CTATe BUTpar
(21%) 3 cykymHO1 BapTOCTI 1HGOPMAIIHHOI CHCTEMHA

Cs =34826 *0.21 = 7313 TpH.

Butparu Ha kepyBanns cuctemoro iHpopmMamitaoi Oe3mexu (Cx) CKIanaloTh:
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Ck =CH + Ca + C3 + CeB + Cesr + co + Croc, rpH

Butpatm ©Ha HaBUaHHS aAMIHICTPATHBHOTO TEPCOHANTY ©  KIHIIEBHX
KOPUCTYBAa4lB BU3HAYAIOTHCS 3a JAHWMH OpraHi3aillii 3 MPOBEJACHHS TPEHIHTIB
nepcoHaity, Kypcis masuiieras kasmgikarii Tomo (Ca=3000 rph).

Piunwmii pona amopru3zariiiaux Bigpaxysadb (Ca) BU3HAYAETHCS y BIICOTKAX
B1J] CyMH KalliTaJbHUX 1HBECTHINN 3a BHIAMH OCHOBHHX (DOHIB 1 HEMAaTePlaIbHAX
axtusiB ([13); Bapricts kymism minensiiaoro [13 — 2050 rpH., MiHIMaIbHANA CPOK
Jili KOPUCTYBAHHS - 2 POKH

Ca=2050/2 * 100 = 1025 rpH/pik
Piuauii onp 3apoOiTHOI IUIATH 1HXKEHEPHO-TEXHIYHOTO IIEPCOHATY, IO

obcayroBye cuctemy 1H(popmMarltiiaoi 6e3nexu (Cs), CKaaae:

C3 = 30cH + 3404, rpH

JIe 3oci 3501 — OCHOBHA 1 JOIATKOBA 3apO0ITHA TUIaTa BIAMOBIAHO, TPH HA PIK.

OcHoBHa 3apo0ITHA IIJ1aTa BU3HAYAETHCS, BUXOASYH 3 MICSIHOTO TIOCaA0BOTO
OKJIaay, a J0JaTKoBa 3apoOiTHA Tuiara — B po3Mipi 8-10% Big ocHOBHOI 3apoOITHOT
TUTaTH.

3501 =345 600 * 9% =7906 rpH

OcHoBHa 3apo6iTHa TjIaTa B MicsIb creriamcTa iHdopmamiiiHoi 6e3nekn

CTaHOBUTD (3oc = 28880 rpH/Mics1ip)
C; =345 600 + 27648 = 373248 rpu

Jlo piudoro ¢ormay 3apoOiTHOI IIaTH JAOJAETHCS €AWHWNM BHECOK HAa
3arajJbHO000B A3KOBE JCPKaBHE COIIaJIbHE CTpaxXyBaHHA — KOHCOJIJOBAHHMA
CTPaxXOBW BHECOK, 301p SKOTO 3MIHCHIOETHCS BIATIOBIIHO 0 KJIaciB PogeciitHoTo
PU3HWKY BHUPOOHHUIITBA, MO SKUX BIJHECCHO IUIATHUKIB €IWHOTO BHECKY, 3

ypaxyBaHHSM BHIIB iX €eKOHOMIYHOI IsUTBHOCTI.
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Po3mip emmHOr0 BHECKY Ha 3arajJbHOOOOB SI3KOBE JIEpP)KaBHE COIIIAJIbHE
CTpaxXyBaHHA BU3HAYAETHCS HA IM1JICTaBl BCTAHOBJICHOTO YAHHUM 3aKOHOJaBCTBOM
BIJICOTKA BIJI CyMH OCHOBHOi Ta J0/IaTKOBOiI 3apOOITHOI TIaTH (32 y3ro/KEHHAM 3
KOHCYJIbTAHTOM €KOHOMIYHOI YaCTHHH JUTIJIOMHOTO MTPOCKTY )

Cees= 28800 *0.22 = 6336 rpH
Bapmicme  enexmpoenepeii’, MO CHOKHABAETHCS amapaTypor0 CHCTEMOIO

1HpopmariHoi 6e3meku mpoTAToM PoKy (Cer), BU3HAYAETHCS 32 (POPMYIIOFO:

Cen=Px+FP+lle, rpn

ne P — BcTaHoOBIIeHA TTOTY KHICTh amapaTypu iHdopmariitnoi 6e3nekn, kBT,

P=0,6 *4 kBT + (1 cepse + 1 xomn) * 0,7 Ksr =4 kBt

Fp — piunawmii ponx poGouoro vacy cucremu 1HGOpPMAIIHHOI Oe3MeKH (TIpaIfroe
kokeH aeHb ¢ 9:00 mo 18:00 10 rommu Ha 100y );

FP =365 nnis * 24 rogun * (cepsep Ta koM 1otep) + 1920 * 2 koM totepa
=21 360 roauH.

Ile — rapud Ha enexrpoeneprito, rpa/kBT-rogun. (Le = 2.64)

Cer=4*2.64 * 21 360 =225 561 rpu

Bumpamu na 3anyuenns CTOPOHHIX OpeaHizayiti Ui BUKOHAHHS JEAKHX
BH/IIB OOCIIYTOBYBaHHS, HAaBUaHHA Ta cepTHdIKamiio 0O0CIyroBYHOUYOro nepcoHary
BA3HAYAIOTHCS 3a nanuMu opranizaiti. (Co= 0)

Bumpamu na mexuniune i opeauizayitine AaOMIHICMPYSAHHS mMA cepeic
cucremu 1HpopmariiHoi 6e3neku (Croc) BU3HAYAOTHCS 32 TAHUMHU Oprasizaiii abo
y BIJICOTKAX BiJ BapTOCTI KamtaibHUX BUATpaAT (1-3%).

K =34826 rpu

Croc= 34826 * 2 % = 697 rpu

Butparn, BUKIWMKaHI aKTHBHICTIO KOPHUCTYBadiB cHCTeMH 1H(OpMariiiHoi
6e3nekn (Cax) MOKHA OPIEHTOBHO BU3HAUWTH, KOPUCTYIOUUCH JaHUMU Ta0d. 1 mpo
BaroBl YaCTKHW CTarTell BHUTPAT y CYKYIHIA BapTOCTI CHCTeMH 1H(pOPMAIIHHOI

Oe3IeKu.
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Cax =34826 * 46% = 16019 rpu

Pospaxyemo BuTpatu Ha KepyBaHHS CHCTEMOIO 1H(OpMaIiiHoi Oe3nekn 3a
dhopmyoro (3.14):

Cx=3000 + 1025 + 373248+ 6336 + 225 561 + 0 + 697 = 609 867 rpu

VY KO)KHOMY KOHKPETHOMY BHMAAKy MOXYTh OyTH BpaxoBaHI i 1HII BUIA
MOTOYHWUX BUTPAT, IO BHU3HAYAIOTHCA CHENU(DIKOIO E€KCIUTyarTarii MpOoeKTOBAHOI
cucTteMu 1H(popMaIiitHOi Oe3IMeKH.

3.2 Ominka Benwuvnan 30UTKY

JIiis po3paxyHKy BapTOCTI 30UTKY HEOOX1THO 3aCTOCYBATH CIIPOIICHY MOJIENb
OIIHKH

HeoOxian1 Taki gaHi A1 po3paxyHKy:

tn - 9ac MPOCTOIO By3ya a00 CErMEHTa KOPIOPATHBHOI MEPEKl BHACIIIOK
aTaku, 4 TOAWH,

ts - Yac BIJHOBJICHHS TICAS aTakk TEPCOHAIOM, IO OOCIyTOBYE
KOPIOPATUBHY MEPEXKY, 3 TOINH;

teu - WAC TIOBTOPHOTO BBEICHHA 3aryOJieHOi 1H(opMarii criBpoOiTHHKA
aTaKOBAHOTO BY3Jia a00 CETMEHTa KOPIOPATUBHOT MEPEXKI, 3 TOWUH

3c - 3apobiTHa mjaTa CIIBPOOITHHKIB aTaKOBAaHOTO By3ja ab0 CErMeHTa
koprnopatuBHOi Mepexi, 20000 TpH Ha MICATH

3o - 3apoOiTHA mIaTa 0OCIyroBYIOUOTO MEPCOHATY (aAMIHICTPATOPIB Ta 1H.)
28000 rpH Ha MiCAIIb

Y, - urCenbHICTh 0OCITyTOBYIOUOTO IEPCOHATY (aAMIHICTPATOPIB Ta 1H. 0C10)
1 ocobu

Uc - YHUCENbHICTh CHMIBPOOITHUKIB aTaKOBAHOTO By3jda ab0 CETMEHTY
KOPIOPATUBHOI Mepexi, 3 0cid

O - ofOcsar mpomaxkiB aTaKOBAHOTO By3Jia 200 CETMEHTAa KOPIMOPATHBHOI
mepexi, 650 000 Tuc. TpH y piK;

15 - BapTicTh 3amMiHM BeTaTKyBaHHS abo 3amacenx yactud, 3000 rpH;

I — gucno arakoBanmx By3JiB 200 CETMEHTIB KOPITOPATUBHOI MEPEKI 2;

N — cepenne umncio atak Ha pik. 50
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YhoymeHa BHTOJA BiJT MPOCTOK aTakoBaHOrO By3yma abo CerMeHTa

KOPITOPATUBHOI MEPEKI CTAHOBHUTH:

U=ln+1B+V

ne [l — ommauyBani BTpaTd poOOUOro 9acy Ta MPOCTOi CIIBPOOITHUKIB
aTaKOBaHOTO By3JIa 200 cerMeHTa KOPIOPATUBHOI MEPEKi, TPH;

[I; — BapTicTh BITHOBJCHHS TPANE3JAaTHOCTI By3da ab0 CerMeHTa
KOPIOPATUBHOI Mepexki (MepeyCTaHOBJICHHA CUCTEMH, 3MIHA KOH(ITypamii Ta 1H.),
TpH®

V — BTpaTH BiJ 3HWKEHHS 00CATY MPOJAXIB 32 4ac MPOCTOI aTaKOBAHOTO
By3J1a 200 cerMeHTa KOPIOPaTHBHOT MEPEXKI, TPH.

Brparu Bijf 3HWXKEHHS TMPOIYKTUBHOCTI CIIBPOOITHUKIB aTaKOBAHOTO BY371a
a00 cerMeHTa KOPHOPATHBHOI MEPEKl SABIIAIOTH COO0K BTpATH iXHBHOI 3apoOITHOI

miaTy (OoryIaTa HEMPOAYKTUBHOI TIPalli ) 32 4ac MPOCTOI0 BHACIIIOK aTaKH:

Il = ) 3cF+tn, rpe

ne F — micaunnii poun pobouoro dacy (mpu 40-a rommHHOMY pOoOOUOMY
THUXHI CTAaHOBUTH 176 4).

3c. — 3apo0iTHA IUIaTa CHiBPOOITHUKIB aTaKOBAHOTO By3ja ab0 CErMeHTa
koprnopatuBHOi Mepexi, 20000 TpH Ha MICSATIH,

tm — dYac mpOCTOI By3Jia a00 cerMeHTa KOPIOPaTHBHOI MepPeki BHACIIIOK
aTaku, 4 TOAWH,

[T= ((20000/176)*3)*4= 1363 rpH
Butpatm Ha BIZHOBIEHHA Tpame3JaTHOCTI By3jda abo cerMeHTa

KOPITOPATHBHOI MEPEKl BKIFOUAFOTH KIJIbKa CKIAJ0BHUX:

Il = [IBy +II1B + [139
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ne [y — BUTpaT Ha MOBTOPHE YBECHHS 1H(pOPMAITii, TPH;
[z — BUTpaTH Ha BITHOBJICHHS By3/1a 00 CETMEHTA KOPIIOPATUBHOI MEPEXKI,
[1;4 — BapTiCTh 3aMIHU yCTaTKyBaHHA a00 3amaCHUX YaCTHH, TPH.
Butparu na mosTopHe BBeAeHHS 1HGopMAIIli [z po3paxoByIOTHCS BUXOITIN
3 po3Mipy 3apoOITHOI MUIaTH CHIBPOOITHUKIB aTaKOBAHOTO By3lia ab0 CerMeHTa
KOPIIOPAaTUBHOI MeEpexkl 3¢, SIKI 3alHATI ITOBTOPHUM BBEJICHHSIM BTPAuCHOI
1H(popmarti, 3 ypaxyBaHHAM HEOOX1THOTO /TS IHOTO YaCy tau. (teu= 2)
[TBu = 3 '3cF* tou
ITem = ((20000/176)*3)*3 = 1022 rpH
Butparu Ha BiiHOBJIEHHS By3J1a a00 cerMeHTa KoprioparuBHoi Mmepexi [1ms
BA3HAYAIOTHCA YACOM BITHOBJICHHSI TICJIS aTaK| tg 1 PO3MIPOM CEPEIHbOTOIMHHOT

3apo0ITHOI TIaTH 00CTYTOBYIOUOTO TIEPCOHATY (aAMIHICTPATOPIB):

[InB = )'30F~ tB
[T = (28000/176)*3 = 477 rpu

IT;=1022 + 477 + 3000 = 4499 rpu

BTrpatu Big 3HWKEHHS OYIKyBaHOTO OOCATY MPOJAXIB 3a 4Yac MPOCTOIO
aTaKOBAHOTO By3j1a 200 CETMEHTa KOPIOPATUBHOT MEPE K1 BU3HAYAOTHCSA BUXOISTUN
13 CEPEAHBOTOIMHHOTO O0CATY MPOJAXKIB 1 CyMapHOTO Yacy MPOCTOI0 aTaKOBAHOTO
By3J1a a00 cermMenTa koprnopaTusHoi Mepexi: (O=750 000)

V=OFrx(tu+ts+tpu)

Jle Fr — piunnii pong wacy podotu opranizarti (52 pobounx THXHI, S-TH
JNEHHUH POOOUHIA, THXKIACHDb 8-MU TOMUHHAN POOOUHIA IEHB) CTAHOBUTH OJIM3HKO
2080 4.

V =(650000/2080) *(4+3+3) = 3125 rpu

VYryniena BUTOJA BIJl TPOCTOK aTaKOBAHOTO By3jla a00 CerMEHTa MEpexi

CTAHOBHTD:
U = 1363 + 4499 + 3125 = 8993 rpu
TakuMm uywHOM 3arajabHHM 30MTOK BiJ arakd Ha BY30J ab0 CErMEHT
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KOPIOPATHBHOIMEPEXK1 OpraHizamii CKIaae:

Jle 1 — uncIto aTakOBaHUX BY3JI1B, 2 KOMIT FOTEPa;
N — cepenne uncno atak Ha pik 30 pasm;

B =8993 * 2 * 50 =899 370rpn

3aranpHuid e(PeKT BiM BOPOBAKEHHS cUCTeMH 1H(opMariiinoi Oe3nekn
BA3HAYAETHCSA 3 YpPaxXyBaHHSAM PH3HKIB TMOPYIIeHHSA 1H(pOpMaIiinoi Oe3nekn 1

CTAaHOBUTD.

E=B+*R-C

ne B — 3aranbHui 30MTOK BIJI aTakh HA BY30J1 200 CETMEHT KOPIOPATHUBHOI
MEpPEXi, THC. TPH,

R — odikyBaHa IMOBIPHICTh aTakW HA BY30J a0 CETMEHT KOPIOPATHBHOI
Mepexi, 0,7 4aCTKH OMHUIIL,

(' — MOpIYHI BUTPATH HAa EKCILTyaTarmilo CUCTeMHU 1H(opMaIiiHoi Oe3meKu,
THC. TPH.

E =899 370 * 0.7 — 609 867 = 19643 rpu

3.3 Bu3HaueHHs Ta aHaJI3 MOKA3HUKIB €KOHOMIYHOI e€(peKTUBHOCTI

[Tokaznauk cykymHoiBaptocTi BojomiaaA (TCO) BUKOPHCTOBYETHCS, SAKIIO
BEJTWUYMHY BIJIBEPHEHOTO 30WMTKY BIJI aTakW HA BY30JI a00 CETMEHT KOPIIOPATHUBHOT
MEpEXi BaXKO a00 HEMOXIJIMBO BU3HAYUTH Y BapTICHIH (hopmi.

VY mpoMmy BUTAAKy HEOOXITHO MOPIBHATH CYKYIHY BapTICTh BOJIOMIHHS,
pO3paxoBaHy I JBOX BapiaHTIB IMPOCKTHOI'O PIMICHHS IMOA0 CTBOPEHHSA abo
YIAOCKOHAJICHHS cHcTeMH 1H(opMamiiiHoi Oe3mekw, 1 BHOpard BapiaHT 13

HaWMEHIIO 3 HUX.
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Koedimient moBeprenns i1uBectuiiii ROSI mokaszye, CKUIBKH TPHBEHb
JIOTATKOBOTO TPUOYTKY MPWUHOCHTH OJHA TPHWBHS KamiTATHbHUX I1HBECTHINA Ha
BIIPOBAHKCHHS CUCTEMH 1H(hOpMAITiitHOT Oe3MmeKH.

[llomo mo iH(opMariitHOi OE3MEeKH TOBOPATh HE MPO MPUOYTOK, a Mpo
3amo0iraHHsa MOKJIMBHX BTPAT BiJ aTaku HAa CErMEHT ab0o BY30J KOPHOPATHBHOI

MEPEXKI, a OTKE:

ROSI = EK, vacTtka oqHHHLI

ne E — 3aranmpauii epexT Big BMPOBAKCHHSA CHCTEMH 1H(POpMaITiiiHo1 Oe3meKn
(po3min 3.2 meTonuuHUX BKa3iBOK, hopmyna 3.8), 19643 rpn;

K — xamitanmpHi 1HBeCcTHINI 32 BapiaHTaMH, 110 3a0e3nedmnd 1ieit eexT, Tuc.
TpH.

Skimo TMOPIBHIOETHCS BAa BapiaHTH cucTeMu 1HdoOpMariitHoi Oe3meku, TO
oOmpaeThCs BapianT 3 OuThImMM 3HaueHHSIM ROSI.

Rosi = 19643/34826 = 0.55

JIsis 0CcTaTOYHOI OIIHKY BapiaHTIB 1 BUOOPY HAMOUTBIT €(PEKTUBHOTO 3 HHUX
HEOOX1THO TOPIBHATH po3paxyHkoBe 3HaueHHS ROSI 3 OakaHuM 3HAUCHHSAM
nokazHuka epexTuBHOCTI EH.

[TpoekT cuctemu 1HGOPMAIIHHOT 0€3NEKH BU3HAETHCSA JOIIILHAM 33 YMOBH

ROST > EH

[Ipu ROSI<En BapiaHT € 30MTKOBUM 1 OLIBIIT €KOHOMIYHHUM BHU3HAETHCS
BIJIMOBA B1JT HOT'O peaJi3arii.

Jlns BuOpaHOTO BapiaHTa BU3HAYAETHCS PO3PAXYHKOBHM CTPOK OKYMHOCTI
KamiTaJbHUX 1HBECTUIIH Tp.

TepMiH OKyMHOCTI KamiTajJbHUAX 1HBECTHINH Tp TOKa3ye, 3a CKIJIBKH POKIB
KamTaJlbHI 1HBECTHINI OKYIUIATHCS 3a PaxyHOK 3arajibHOro egeKkTy Bij

BIIPOBAHKCHHS CUCTEMH 1H(pOpMAaITiitHOi Oe3MmeKu:
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To = KE = 1ROSI pokis

Ao BapiaHTH €KOHOMIYHO PIBHOINIHHI, TO TPUHAMAETHCA BaplaHT, IO

3abe3nedye OUTBIIT BUCOKY HAIHHICTh, TIOMIIIIEHHS YMOB TIPAIIl.

To=34826/19643= 1,81 pokiB

BucnoBku 10 po3auty 3

3riHO 3 HABEJACHWUMHU PO3PaxXyHKaMW, MOKHA 3pOOWTH BHCHOBOK, IIO
po3pobOka 3aco0y MId BUABJICHHS 3arpo3 MHIANPHEMCTBY Ha OCHOBI 3rOPTKOBOi
HEHPOHHOI Mepexi 3a apxiTekTupoto UNet € mo1inpHO0.

Kamitansui BuTpaty, axi ckinagaiote 34826 TpH., AO3BOJAIOTH OTPUMATH
edext BemmuuHOO 19643 TpH. BiamoBimHO 10 TOTpUMAHWX 3HAYEHH TOKA3HHKIB
CKCHOMIYHO1 e(EeKTHMBHOCTI, MOYXHA 3a3HAUWTH, IO 3aMpPONOHOBAHWUM IIAX1]
no3Bonuth oTpumyBatu 0,55 exoHomiunoro edekry Ha 1 rpH. Kamraasaux BuTpar
(koedimient nosepuenns iHBecTriii ROSI cxmanae 0,55 rpn.). Tepmin okymHOCTI

npu mbomy Oyne ckimanatu 1,81 pokis.
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BUCHOBKH

Mera po6oTH mosTiia B CTBOPEHHI BJIACHOT MPOTPAMHOI peai3aiii CUCTEMH
JUTS 3arpOo3 MIAMPUEMCTBY Ha OCHOBI 3TOPTKOBHX HEWPOHHUX MEPEK.

Sk mokazano TecTyBaHHS HaBUSHHOI Mojel HelpoHHOI Mepexki 3a UNet
apXITEKTYPOIO, MOJEINb TMPAIIOE€ JTOCHTh TOYHO 1 3 HHU3BKAM BIJICOTKOM BTpAT.
Bceroro mportectyBaim MoAes y TPhOX PI3HUX KOHQITYpAIlsIX €M0X HaBUAHHS Ta
KUTBKOCT1 BX1aHWUX naHux. [lepma koHpiryparis — m’sTh €MOX HaBYaHHSA 31
30UTBIIEHHAM KUTBKOCTI BXIJHUX JaHWUX Yy T SATASCAT pasiB. HaBith 3 Takoro
KOH(]ITYpariero MOJENh MOKa3yBajia HEMOTaHy TOYHICTh Ta HU3bKWW PIBEHDb BTpaT,
a came: 0.0185 Brpar ta 0.9579 tounicts. /[pyra xoudirypaisa Bxe HajaldyBasia
JIECATH €TI0X HABYAHHS Ta TY K KUIBKICTh BXIJTHUX JAHWX, 30UTBINIEHUX Y T ATECAT
pasie Ta Maja Ttakl mokasHuku: 0.0098 BTpar Ta 0.9734 TouHicTE. OcTaHHS
KOH(pITyparis — 1e ABAAUATh 1T ATh €MOX HaBYAHHS Ta 301IBIICH] Y COPOK Pa3iB
BXITHI daHl. Y 1# koHQIryparii BAAJOCh MEPEBIPUTH HACKIJIHKH 3MCHICHHS
KUTBKOCTI BX1JTHAX JJAHKX MOJKE BINTMHYTH Ha KIHIEBHH pe3yJIbTaT POOOTH MO
Ta UM € CCHC HABYATH MOJICTh BEJIMKOIO KUTHKICTIO ermoX. J[aHa koH(irypars Maja
taki pesyabTata: 0.0063 BTpar Ta 0.9875 TOouHIiCTh. Sk MU 0auMMO, IMOKA3HUKH
MOKPAIIWINACh, aJie Ha HABYAHHS MOJIENI Y KITHKOCTI IBAAIISITH T SITH €MOX TTOTP10HO
Maiike BTprdil OubIne yacy. MojkHa BIAMITHTH, IO HEBEITHUKE 3MEHIIICHHS K1JTbKOCTI
BXI1JIHMX JIAaHUX HE CHJIPHO BIUTMBAE Ha KIHIICBUM pe3yabTar. I{e HaBiTh HE BITYYTHO
Ha TPeImuX enoxax HasdaHHsA. To0To, po3podiieHa MOAEENb € TOCUTh THYYKOIO Ta
7A€ MOXJIMICTh OajaHCYBaTH MIXK 9acOM, IO MOTPIOHO BHTPATUTH HA HABYAHHA
MOJEI Ta HEOOX1THOK KIJBKOCTI BXIAHWX JAaHWX, MPU IOMY 30epiraloum TapHl
MOKAa3HUKHA TOYHOCT1 Ta HU3bKUH TIPOIICHT BTPaT.

Mopenp yCminmHo 3HaiIa ycl mykaHl 00’ €KTH Ha TECTOBUX 300paKCHHSIX,
TOMY, BPaXOBYIOUH JIaHI METPUK Ta (PaKTUIHI pe3yIbTaTH POOOTH, MOKHA 3pOOUTH
BHCHOBOK, IO MOJIEIb, CTBOPEHA y XOJI BUKOHAHHSS CICMIAIbHOI YaCTHHH

kBamdikamiitHoi podoTH, € TOCUTHh €(HEKTHBHOIO.
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[TEPEJIIK TTOCUJIAHD

. IIlo Take HeipoHHa mepexa? [EnexrponHuit pecypc| — Pexxum goctymny a0
pecypey:

https://termin.in.ua/neyromerezha/#Vidminnosti_ miz_biologicnimi_ta stucn
1mi_nejronnimi_merezami.

. Komm’torephuii 31p Ta #oro 3acrocysanHs [Enexrponnnii pecypc] — Pexum
nocTyny o pecypey: https://uk.theastrologypage.com/computer-vision.

. Multi-class Image Segmentation with Unet [EnexTponnnii pecypc] — Pesxxum
aocTyny no pecypcey: https://kiansoon.medium.com/semantic-segmentation-
1s-the-task-of-partitioning-an-image-into-multiple-segments-based-on-the-
356a5582370¢.

. What is computer vision? [EnekrponHuii pecypc] — Pexxmm mocrymy mo
pecypcy: https://www.ibm.com/topics/computer-vision.

. Icropis Python [Enmexkrponnmii pecypc] — Pexum pocrymy mo pecypcy:
https://acode.com.ua/intro-python/.

. 3acrocysanns Python [Enexkrponnmii pecypc] — Pexxum mocrymy mo pecypey:
https://dan-it.com.ua/uk/blog/python-chto-jeto-za-jazyk-programmirovanija-
1-gde-ego-ispolzujut/.

. Cepsic Supervisely [Enexrponnmnii pecype] — Pexxuim gocrymy 1o pecypey:
https://app.supervisely.com/ecosystem/search?q=.

. ryuni weliponni mepexi [Enexrponnwmii pecypc] — Pexxum gocrymy a0
pecypey:

https://learn.ztu.edu.ua/pluginfile php/176771/mod_resource/content/1/%D0
%A8%D0%86 %D0%9A%D0%91 %D0%9B-

3 %D0%9D%D0%B5%D0%B9%D1%80%D0%BE%D0%BC%D0%B5%
D1%80%D0%B5%D0%B6%D0%B8.pdf.

. BigmiaHOCTI MK O10JIOTIYHAMH Ta INTYYHUMH HEHPOHHUMH MEpEkKaMHu

[Enexktponnuii  pecypc] — Pexum  pmoctymy A0 pecypey:
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https://termin.in.ua/neyromerezha/#Vidminnosti_ miz_biologicnimi_ta stucn
1mi_nejronnimi_merezami.

10.What is computer vision? [Emekrponnmii pecypc] — Pexxmm mocrymy mo
pecypcy: https://www.ibm.com/topics/computer-vision.

11.Accurate multi-class image segmentation using weak continuity constraints
and neutrosophic set [Enexrponnnii pecypc] — Pexxum goctymy 1o pecypcey:
https://www sciencedirect.com/science/article/abs/pii/S1568494621006803#
preview-section-abstract.

12.1I1o Take xomir roTepHuii 31p? [Enexrponnuii pecypc] — Pesxxum moctymy 10
pecypcy: https://www.unite.ai/uk/%D1%89%D0%BE-
%D1%82%D0%B0%D0%BA%D0%B5-
%D0%BA%D0%BE%D0%BC%D0%BF%27%D1%8E%D1%82%D0%B5
%D1%80%D0%BD%D0%B8%D0%B9-%D0%B7%D1%96%D1%80/.

13. KoM roTepHuii 31p — e MaidyTHe aBromMaru3aiii [Enekrponnuii pecypc] —
Pexxum JIOCTYITY i (o) pecypey:
https://www .zaptest.com/uk/%D0%BA%D0%BE%D0%BC%D0%BF%D1
%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B8%D0%B9-
%D0%B7%D1%96%D1%80-%D1%86%D0%B5-
%D0%BC%D0%B0%D0%B9%D0%B1%D1%83%D1%82%D0%BD%D1
%94-%D0%B0%D0%B2%D1%82%D0%BE%D0%BC.

14. How to Use Kaggle [Enekrponnmii pecypc] — Pexxum moctyny 10 pecypcey:
https://www kaggle.com/docs/models.

15.Datasets with Kaggle [Enexrponnuii pecypc] — Pesxxum nocrymy no pecypey:
https://www kaggle.com/docs/datasets.

16.SegNet for Image Segmentation [Enexrponnuii pecypc] — Pexxum nocryiry 1o
pecypcy: https://arxiv.org/pdf/1511.00561 .pdf.

17.DeepLab: Semantic Image Segmentation with Deep Convolutional Nets
[Enexktponnuii  pecypc] — Pexum  pmoctymy A0 pecypey:
https://arxiv.org/pdf/1606.00915 pdf.
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18.A survey of loss functions for semantic segmentation [Enekrponumii pecypc]
— Pexxum noctymy o pecypey: https://arxiv.org/pdf/2006.14822 pdf.

19.U-Net [Enextponnmii pecypc] — Pexum goctymy 10 pecypcy:
https://arxiv.org/pdf/1505.04597 pdf.

20.Keras: The high-level API for TensorFlow [EnexTponnmii pecypc] — Pexxum
T0CTyny 10 pecypey: https://www.tensorflow.org/guide/keras.

21.tf. data: Build TensorFlow input pipelines [Enexkrponnuii pecypc] — Pexum
JTOCTymy 110 pecypey: https://www.tensorflow.org/guide/data.

22 https://www tensorflow.org/guide/checkpoint

23.TensorFlow Datasets: a collection of ready-to-use datasets [Emexrponnmuii
pecypc] — Pesxxum gocrymy mo pecypcy: https:// www .tensorflow.org/datasets.

24 Random Forest segmentation [Enekrponnmii pecypc] — Pexxum mocrymny 1o
pecypcy: https://www researchgate net/figure/Random-Forest-segmentation-
Using-a-ab-space-left-a-random-forest-classifier-is_figd 333719782.

25.FCN architecture [Enexrponnuii pecypc] — Pexxum moctymy mo pecypcey:
https://www researchgate. net/figure/Fully-Convolutional-Networks-FCN-
architecture figl 326916801.

26.Datasets with Kaggle [Enexrponnuii pecypc] — Pesxxum nocrymy g0 pecypey:
https://www kaggle.com/docs/datasets.

27.Models with Kaggle [Enexrponnuii pecypc] — Pexxum gocrymy 1o pecypcy:
https://www kaggle.com/docs/models.

28.DeepLab architecture [Emekrponnuii pecypc] — Pexxum goctyny 10 pecypey:
ttps://www.researchgate.net/figure/Structure-diagram-of-DeepLab-
V3 fig3 346566581.
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Ne | ®@opmar HaiimenyBanns Kinmpkicts | [lpumiTkn
JIUCTIB
Jlokymenmayis

1 A4 Pedepar 1

2 A4 CHnucok yMOBHUX CKOPOUCHb 1

3 A4 3mMicT 2

4 A4 Beryn 2

5 A4 AHam3 peaMeTHOI o0nacTi i 19
MOCTAHOBKA 3a/1a4i

6 A4 [IpoexTyBaHHs 1 CTBOPEHHS BIACHOI 30
peamizari

7 A4 Exonomiune oOrpyHTYBaHHS 15
JOILTBHOCT1 PO3POOKH

8 A4 BucHoBkn 2

9 A4 [lepenik mocunanmb 3

10 A4 Jonmatox A 1

11 A4 Jlonatok b 1

12 A4 Jlonarok B 1

13 A4 Honmarok I' 1




JHOJIATOK b. Tlepenik nokyMmeHTiB Ha (h13UTHOMY HOCI]
1 dsrymenko AO 125m-22-2 m3.docx
2 Serymenko AO 125m-22-2 m3.pdf
3 dArrymenko AO 125m-22-2 am.pptx
4 Serymenxko AO 125m-22-2 m3.pdf.p7s
5 Ilporpama

80



81

JNOJIATOK B. Biaryk na kamdikamiitHy poooTy
cryaeHTa rpynu 125m-22-2
Asrymenko Aprema OnekciiioBrua
Ha TEMY
«Bussnenns 3arpo3 iHdopmartiiinii Oe3meri manprueMcTBa Ha OCHOBI 3TOPTKOBUAX
HEUPOHHUX MEPEK»

[TosicHIOBaNBbHA 3aMKCKa CKIIAMAETHCA 31 BCTYITY, TPHOX PO3/IUTIB 1 BUCHOBKIB,
pO3TaIoBaHuX Ha 77 CTOPIHKAX.

Mera poOOTH € aKTyaJbHOIO, OCKIJIBKH BOHA CHPSMOBAaHA HA JTOCIIHKCHHS
METO/IB BHSABJIICHHS 3arpo3 Ha TMIANPHEMCTBAX 3a JOMOMOTOK) 3TOPTKOBHX
HEUPOHHUX MEPEK.

[Ipu BukOHaHHI pOOOTH aBTOP MPOACMOHCTPYBAB JOOpPHH  pIBEHb
TCOPETUYHUX 3HAHb 1 TPAKTHYHUX HaBWUOK. Ha OCHOBI aHamizy apxiTeKTyp
3TOPTKOBMUX HEWPOHHUX MEPEX Ta 3a/1ad MYJbTHKIACOBOI CETrMEHTAIlli B HIM
chopMyTbOBaH1 3a/adl, BUPIMICHHIO SKUX MPUCBAUCHWUN CHCMIAIBHAN PO3aul. Y
HhOMY OyJIO 3almpomOHOBAHO METOJ BHABJICHHS 3arpo3 Ha MAMPUEMCTBAX 3a
JIOTIOMOT OO 3rOpTKOBOi HelpoHHOI Mepexi 3a UNet apXITEeKTyporo.

[IpakTruHa MIHHICTH POOOTH TOJISITAE Y TOMY, IO MPEACTABICHUH METO/

3aXWCTY € TIOBHOIIIHHOKO MOYJTMBICTIO YHUKHEHHS 3arp03 Ha T PHEMCTBI.

Pigens 3amosmuens y kBamikamiiiHii poOOTI HE TEPEBHINYE BHUMOT

«[TonoskeHHs PO CUCTEMY BUSBJICHHS Ta 3aro0iTaHHs TIariaTy».

B minomy po6ota 3a10BOIBHSE yCIM BUMOTaMm, a ii aBrop SABrymenko A. O.
3aCITyTOBYE HA OIIIHKY «  » Ta MPUCBOEHHA KBamidikarii «Maricp 3 k16epoe3mex»

3a criemanpHicTIO 125 KibGepbesneka.
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JOJATOK I'. Biaryk kepiBHHUKA EKOHOMIYHOTO PO3ILITY

ExoHoMmiuHUM# pO3/AiT BUKOHAHUH BIAMOBIIHO IO BUMOT, SKI CTaBJISATHCA IO

kBamikamitHux pooiT, Ta 3acayroBye Ha OMHKY 90 6. («BIAMIHHOY).

KepiBHEK po3ainy mor. [Tinosa JI.I1.

(miammc) (1HIIaJK, TIP13BUIIIEC)
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