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Foaoeuii penakrop

Penakuiiina koneria:

Binnosizaaeunii
peaaKTop:

Hepmogon Irop Wlakuposmy, N0KTop TEXHIYHHX HAyk, npodecop.
3aBiAyBay kadeapn KOMIT'HOTEPHO-THTErPOBAHHY TexHonorii,
asToMaTHIauil  Ta i iBCEKOTO i o
YHIBEPCHTETY PAIOEIEKTPOHIKH.

Duannenxo Ouexcanap IsaHoBHY, J0KTOP TEXHIYHIX HAyK, npodecop,
Jekad aKYALTETY ABTOMATHEH T2 KOMI'IOTEPHIOBAMMX TexHONOTiH,
XapKiBCEKOTO HAIOHATLHOTO VHIBEPCHTETY PaioeeKTPOHIKH.

Humban Onexcanap Muxailnonud, JokTop TeXHITHHY Hayk, npopecop
kadenpn  kKoMI'KOTEPHO-IHTEIPOBAKUX  TexHonoril, asromarauwi Ta
poboToTexnikn, Xaprischkoro HALIOHATEHOTD YHIBEpCHTETY
PATIOLTERTPOHIKH
Angpycesny Auaroaiii OuescanapoBut, A0KTOp TEXHIMHHX HAyK,
npodecop,  HavanLHHE  KpHBOPIILKOTO  KOMEAKY  HALIOHANLHOTO
asianiiHoro yHiBepeHTETY

Kocenxo Bikrop Backuikosud, JoKTOp TEXHIYHHX Hayk, npodecop, 3am.
Aupexktopa  [lepsarnoro  mgnpuemcteo  «llinfensuil  nepaanumii
NPOEKTHO-  KOHCTPYKTOPCEKHIT  Ta  HAYKOBO-AOCTITHHE  IHCTHTYT
asiauifinoi npoMucioBoCTin.

Jamipent Muxona Bacuikosud, J0KTOp TEXHIMHHX HayK, npodecop,
AHpeKTOp Hepannoro mianpHeMeTEa Hayxkoso-gocaianoro
TEXHONOTIUHOrO IHCTHTYTY NPIIANoGYIyBaHHA.

Ceumy Boaoaumup  Mur) L, ACKTOp HayK,
npodecop,  paHk  Iupektopa  JlepwaBHe  HAYKOBO-BHPODHHYE
nimnpresereo «OFeananns Kosynapy.

Dovoscska Oxena Baaaneaasisng, KaHIHIaT TEXHIHIY HAYK, OLUEHT
sapigysay  kadeapn  «Enexrpomusx  anaparisy - Kpemenuyuekoro
HALIGHANEHOTO YHIBEPCHTETY iMeni Miuxalina OcTporpaichkoro.
Kyxapeno Jlmutpo BomsognMuponid, KaHIHAAT TeXHIYHHX Hayk,
mouent  kadenpn  «Enextponumx  anapariey  Kpemenuyuekoro
HAUIOHANEHOMO YHIBEPCHTETY inMeHl Mixaiina OcTporpaacskoro
Jemcora Havanin Tlapaisma, waHIH0AT TeXHIMHHX Hayk, JOHEHT
kadenpn  koMIOTEpHO-IHTEIPOBAMX  TexHONoriH, anTomarTwiauil Ta
pobOTOTEXHIKH, XapkiBehKoro HALIOHATEHOTO VHIBEPEHTETY
PATIOLTERTPORIKH

@ypmanosa Haranin Isanisna, kanmmiar Texuiduux Hayk, AoUeHT,
Aexan dakyneTeTa PajioeneKTpoHiki | TenexoMyHikanii, Hanionankroro
VHIBEPCHTETY «3aMopiibka MOTITEXHIKAY.

P

Coceen Baaguenas  B'a u,  JOKTOp Hayk,
npodecop kadep KOMII'KITEPHO-IHTETPOBAHIX. TexHonorii,
asToMaTHIAi  Ta  pobo ik, Xapkiscskoro i 0

YHIBEPCHTETY PAIIOEIEKTPOHIKH.
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AUTOMATED WASTE CLASSIFICATION FOR EFFICIENT RECYCLING USING
MACHINE LEARNING

Sofiia Driha
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Ukraine, 61166, Kharkiv, Nauky av._.14

E-mail: sofiia.driha@nure.ua

Annotation: This article explores the use of machine leaming for the automatic classification of
small waste items, such as plastic bottle caps, to mmprove recycling processes. The study
demonstrates the potential of using object detection to distinguish between recyclable and non-
recyclable materials.

Keywords: machine leamning, waste recycling, YOLOVS, object detection, sustainable waste
management.

ABTOMATH30BAHA KIACH®IKAILA BUIXOIB JL1A EGEKTHBHOI'O
HEPEPOBIEHHSA 3A JIONOMOT'OI0 MAUITHHHOI'O HABYAHHSA
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E-mail: sofiia.driha(@nure.ua

Anomayin: Y crarii poiwrasgscTECE BHROPHCTRHHS o B
KscudiknLi APIGHI BLAXOIN, TAKKX K MIBCTHKORI KPUIIKH i1 IARIIOK, 3 MCTOK) HOKPAUICHIR
npouccis nepepodsn siaxoms. Jlocni ACMOHCTPYE [OTCHIIAN 38CTOCYBaHHA Mojeicii
MAUIHHOTO HABYAHHK VIR POIPIIHCHHR NCPEPOBHMX 1 pepobd piati

Kuwouogi cioea: mawimsc sossanus, nepepobka siaxogis, YOLOVS, acrexuis of'exris,
cheKTHEHE YIPARIIHEE BIAX0AAMM.

Progressive growth of the human lati bined with the ! ion of the urb
tendencics that comes with it, causes o significant increase in pressure on the environment, mostly
exerted by human activitics. The population growth creates higher demand and therefore serves as the
driving force for technological advancement, which, in turn, produces waste with cvery production
output [1]. To address the challenge of managing the waste produced in meeting the nceds of a
growing population, recycling has been introduced as a key solution. This, however, creates a new
“hal z - :

the need to y h between recyclable and non-recyclable waste. Machine
learning technologies offer a promising approach to solving this problem by enabling automated
waste classification and ing the overall cfficiency of recycling [1]. In this article, a

solution to the problem of identification and classification of smaller waste items, such as plastic
bottle caps, is proposed through the application of a machine learning-basced object detection model.
In this work, a real-time object detection system based on convolutional neural networks (CNN) is
being used. You Only Look Once (YOLO) applics a single neural network to the full image. This
network divides the image into regions and predicts bounding boxes and probabilities for cach region.
These bounding boxes are weighted by the predicted probabilitics, which cnables accurate and
cfficient detection of objects in real-time scenarios, as required from an automated recycling system
2).
: As for the specific version of the YOLO model, YOLOVE was sclected, mainly because of its
relative novelty and the combination of speed and accuracy [3], carcfully balanced with the aim for
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the best performance. in addition to the wide export options and rich sct of built-in features YOLOVS
offers. One of the key features of YOLOvVS mentioned are model sizes, as shown in Table 1.

Table | - YOLOVS Model Sizes [4]

Model Size (px) mAP™
YOLOvEn 640 337
YOLOvSs 640 449
YOLOvSm 640 502
YOLOvSI 640 529
YOLOvEx 640 539

To meet the project's requirements and considering the size of the datascts used for both training
and validation, the YOLOv8s model was selected as the optimal choice duc to its cfficiency,
i ahd for lightweight deploy

The datasct used for the training and validation stages consisted of 380 images, containing objects
from five classes: black king, black_picce, comer, white king, and white_picce. The dataset was
split into 75% for training and 25% for validation, resulting in 286 images in the training sct and 94
images in the validation sct, respectively.

For the annotation process, an online service, Roboflow, was used. In order to avoid overfitting,
which essentially means creating a model that matches the training set so closely that the model fails
to make correct predictions on new data [5], a set of augmentations was inflicted upon the images.
For cxample, 13% of the dataset images were flipped upside down, 20% of the images were taken in
darker lightning conditions, and 10% of the images contained different types of obstacles.

This way, cach of the 380 images was annotated using the bounding box method, as shown in
Figure 1.

Figure | — An example of the bounding box annotation method

As a result, Across the five classes, the dataset contained a total of 2,686 annotations, averaging
i 71 per image. A breakd: of the number of annotations per class is
presented in Figure 2

“AUTOMATION AND DEVELOPMENT OF ELECTRONIC DEVICES»
ADED-2025 Pan |

Pucynok b.4 — Crarrsa



72

Figure 2 — Overview of the number of annotations for cach class in the used dataset

Once the datasct was fully prepared, the model training process began. To train the YOLOVE
model, the Python integrated development environment PyCharm (version 2024.3.4) was used. The
following lines of code were executed to mitiate the training process with image batches:

from ultralytics import YOLO
model = YOLO{"_./yolov8s.pi™)
results = model. train{ data="datal.yaml", epochs=30),

To enhance performance and improve results, the pretrained YOLOvSs model (yolovis pt) was
utilized as a siarting point. The number of training cpochs was sct to 30, primasily duc to the
relatively small size of the dataset.

After 30 epochs of wraining. the model was evaluated on the validation set consisting of 94 images.
and 632 annotated instances. The results demonstrated high performance, with a precision of 0,962,
recall of 0,97, mAPS0 of 0,985, and mAPS0-95 of 0.81. A morc detailed overview of the modcl’s
performance is presented in Figure 3.

re 3 — The model performance on the validation set

As shown in Figure 3, the overall performance of the model remains at a high level. To further
reinforce this conclusion, a confusion matrix (Figurc 4) was analyzed during the testing stage. The
confusion matrix provides a grid that displays the number of True Posi (TP}, False Positi
(FP). True Negatives (TN), and False Negatives (FN) [6]. offering decper insight into the model's
classification performance.

AUTOMATION AND DEVELOPMENT OF ELECTRONIC DEVICESs
ADED-

Figure 4 — Confusion matrx

As it shows, the overall performance of the model is high; however, certain confusion with the

mAP50-95 cnteria remain at 0.5, This suggests that while the model can idemtify corners, the
bounding boxes it predicts may not be as accurate or precise compared to other classes, leading to a
lower score in stricter evaluations.

To conclude the cvaluation of the model, the overall results across all loss functions are prescnicd
in Figure 5. These results highlight that the model performs exceptionally well across various
metrics, with strong precision and recall values, particularly for most classes. As the loss functions
metrics gradually fall, precision, recall, mAP50 and mAP50-95 continue to grow.

it oo b s o metrcsecinnl
. . :
aa]

J
1f

Figure 5 — Overall results
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As shown in Figure 5, the loss function metrics gradually decrease, while precision, recall,
mAP50, and mAP50-95 continue to improve, demonstrating that the model has been leaming
effectively and refining its ability to detect objects more accurately over time.

Thus, the proposed model can be effectively integrated into industrial sutomation systems, such as
pick-and-place robotic manipulators, to create fully automated waste sorting lines. This integration
would allow not only the real-time detection of recyclable materials but also their precise physical
handling and sorting 7).

CONCLUSION. As a result of the conducted research, a model was developed and evaluated for
the automatic classification of smaller waste items, such as plastic bottle caps, using a machine
lcaring-based object detection approach with the YOLOvS model. The model demonstrated high
accuracy, with precision and recall values consistently above 9076, and mAPS0 score of 0,985, The
practical value of this research lies in its potential to improve recycling processes by sutomating the
classification of waste items, thus increasing the cfficiency of waste management and reducing
humun crror. The ability to distinguish between recyclable and non-recyclable waste offers o
promising solution to the growing waste management challenges. especially in urban arcas where
waste generation s increasing due to population growth and idustrial activity.
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PO3POBJIEHHS IHTEJIEKTYAJILHOI CUCTEMMU J1JI5
KJIACU®IKALIIT BUPOBIB HA COPTYBAJIbHIM JIIHII I3
BUKOPHUCTAHHSIM TEXHOJIOI'TT MAILIMHHOI'O HABYAHHS

[Migrotyeana: ctyd. rp. AKTAKIT-21-1 HOpira C. L.
Kepignuk: gou. kad. KITAP Cuuora O. B

01/13

AKTYAJBHICTDb

AxrvaasnicTs Mammmuunoro Hasuanun:

= MawmHHe HABUAHHA — NCPCNCKTHEHA TAMY b, WD CTPIMKD PO3EHEACTECR;

= Hajae nepenekTHEN JOCAMHCHHA BHILOMO CTYICHIO ABTOMATHIAUT LITANOM SMEHIICHHS NHICEROND BTPYULHHA
B BHPOOHHYHX OPOLECaX,

AkTvaasHicTrs Odpanoi Temarnrkn Keanidikaniiinoi Podoru:

= Ofpana TeMaTHKa BIANOBILAE nocTasnedus inam cranoro possntey (Nel2, n. 12.5);

= Keamduramifina pofoTa NpOnoxRye peanianin aBTOHOMHOT CHCTCMH aHATISY T4 NPHAHATTS PIICHL B YMOBAX
podoTH B PCaIbHOMY Hacl;

= B poboTl peanisyeThed IPHETA YCIIHOT IHTerpaii Ty Hore IHTENeKTY I8 ABTOMATHIALUIT NpoLecy
COPTYBAHHA MATOraDapHTHHX BHPODIB,
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3ABJIAHHS

| ) BHKOHATH AHANS HARBHHUX IOXOUIE 0 aNTOpHTMIE KOMIT OTCPHOTD 30PY Hi 0CHOBI
MALIMHHOTO HABYAHHA, AK] 32CTOCOBYIOTRCA [UIH BHABICHHA TA POINIIHABIHHA 0D €KTIR ¥
BHPODHHUOMY CCPeA0BHLL;

2) BHIHAYMTH BUMOTH 10 NPOCKTYBAHHA MOVICTI KOMIT IOTEPHOM 30PY 3 BPAXyBAHHAM
ocofinuBocTed ta cneundikn BHpoGHHYOrD nponecy;

3) I]i,]]'{)']'}’BU.'I'II HABUANEHHHA JAaTACCT TA 3JIHCHHTH HABYAHHA MOJCTL HA OCHOBI iﬁpali{ll'{]
AMOPHTMY MAITHHHOIND HABYWAHHA

4) pospobHTH CTPYETYPY DpOrpaMuoro sabeineucHns ana peanisami Ta Iy HKHIOHYBAHHA
MOJIEIT KOMIT HITEPHOTO 30PY.

02/15
META POEOT
META POBOTH
[Mokpamenas HyHEDIOHATY MakeTa podOTa-ManIIyISTOPA 34 PAXYHOK CTBOPCHHA
NPOrPAMHEOTD 3aDCINeUCHEN KOMIT IOTCPHOTD 30PY 13 BHEOPHCTEHHAM MOJCT MALTHHEHOTD
HEBUAHHA.
03115

Pucynok B.2 — Meta poOoTu Ta 3aBnaHHs
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04/15

1. Mamsnne Hapuyanus y BHpoOHHUTEI

2

. Mpuxnaau sacrocysanns CNN y sagauax copryBaHHs

. Bumoru g0 NpOrpaMHoro 3a0e3nCUcHHs

= L

. Texuiuui 3aco0mn

wn

. Anaparna yacTuHa

6. Tpenysanns moaem YOLOvSs

7. Tpenysanns moacai YOLOvSEs (posumpennii qaracer)
8. IMopiBHAHHA MOJETI 3 TONCPCAHBO POIIITHYTHMH

9. Mpuknaa podoTH NporpaMHOro 3ade3neucHHs
(B171C0O)

10. BucrHoskn

MAUHIMHHE HABYAHHS Y BUPOBHULITBI

Smart Manufacturing & Industry 4.0
— Bukopucranus L1 y Bupobuuuiii cdepi
— [IpoGnema nepepoOku MaorabapuTHUX BUPODOIB
(' Pone mammHHOro HasuaHHs B jocsarHenHi L{CP

» 3acrocyBanns CNN* s agroMarn3zailii copryBaHHs

* CNN - convolutional neural network; ykp. 320pmkosa neiponna mepesica

Pucynok B.3 — 3MicT npe3eHTarlii Ta aHasi3 JiTeparypu
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INPUKJIAJIA 3ACTOCYBAHHSA CNN V¥ 3AJJAYAX COPTYBAHHA

PO3risiHy Tl HayKOBI JOCII1JKEHHS:

YHIBEPCHTET UNIMAP, BPOILTABCHKHI YHIBEPCHTET
MAJTA3IS HAYKH i TEXHOJIOI'TH
= Mosens: ResNet-50; = Moaens: YOLOvVS;
= 00 exr(-u): MmanoradapuTHi MCTAICBI = OO0 exT(-1): NOWMNPCHI THIIH
Jeran; BHPOOHHYHX BIJIXOAIB PI3HOIO PO3MIpY
« Knacis: 5; Ta Marepiany;
= Fl-score: 0,86. = Knacis: 6;

= Fl-score: 0,9.

g UNIVLRSHI
MALAYSIA

_"‘”““p PERLIS 3

06/15

0715

BUMOI'U 10 ITIPOI'PAMHOI'O 3ABE3INNEYEHHSI

4) BUCOKA TOUHICTL BHABJICHHA Ta Knacudikauii o0 ekTis B Mexkax podouol 30HH:

) MOBJIMBICTHL OTPHMAHHS # 00POOKH 300paACHb ¥ PCATLHOMY HaCl 3 MIHIMAILHOIO
3ATPHMKOIO;

B) CTHKICTb /10 3MIH 30BHIIIHIX YMOB OCBITICHHS Ta/a00 OHOBOIO mymy;

') MOMJIMBICTE iu‘rcrpaui'l' 3 CHCTCMOK) KCPYBAHHA Mi’]llill)’J]ﬂTOP()M.

Pucynok B.4 — [Ipukianu 3acrocyBanHss CNN ta Bumoru jo 113
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08/15

TEXHIYHI 3ACOBM

* Moera nporpamyBanua: C#;

» Cepenorunie po3pobku: Visual Studio 2022 (eepcia 17.13.6):

* OGpobka kaapis B peanbHoMy 4aci: 016aioreka EmguCV#*;

» Mojaens MamrHHoro Hardanusa: YOLO (YOLOvSs):

» TliaroroBka aaraceris: nuargopma wryusoro intenekty Roboflow:

» CepenoBuuie pozpodkH, BHKOpHCTaHe /Ul HardaHHa moaeni: PyCharm (Bepceia 2024.3.4).

* EmguCV— NET obeopmxa oas 6ioaiomexu 0bpobiu soopaxcens OpenCV

09/15

AITAPATHA YACTHHA
BUMOTI'H:

4) HAABHICTL HAALITHOIO 3aX0IIIOBAJIBHOTO MCXaHI3MY (XBaTy);
0) 10CTATHA BAHTAKONIAHOMHICTS JUIA NCPCMILCHHS APIOHNX 00 €KTIB;
B) BHCOKQ MAHCBPEHICTD 1 TOUHICTD NO3HUIOHYBAHHS:
I') MOAJIMBICTE IHTCIPALIT 3 CHCTEMOIO KOIM IOTCPHOTO 30pY JUIS KOPEKTHOTO PO3NI3HABAHHSA il 3aXOIUICHHS
00 €KTIB.
OBPAHMIT POBOT-MAHINYJISITOP

PoGoT-ManInynaTop Mae XBaT VISl 3aXBATY i MCPEMIILICHHS JICTANICH,
MOJIHBICTE OOCPTaHHS HABKOJIO CBOET OCI Ta JIBA PYXOMHX CYTTI00H.

Pucynok B.5 — T3 ra anaparHa yactrHa
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TPEHYBAHHS MO/IEJII YOLOVSS

Poamip maracery: 380 3o0pakens.

Knacu: 4 ocHopHHX Kinacy, | goxarkopuii®
[Mapamerpu ayrmens : 13% piazepranesi 300pakeHns (roOpH3IOHTAILHO/ BepTHKaNLHO), 20% B
YMOBAX 3HIACHOTO OCBITACHHA, 15% 3 MOBTHM CBITIIOBHM BIATIHKOM, 10% 300pakens 3 BI1yaTbHHMH

TepeLKoIame;
KumskicTs agoraniii: 2686 cepea S knacis: =7,1 aHoTai(is Ha oiHe 300pakeHHs;
Criseianomen s Jaracery (Haguanus/sanigawig): 75/25;

Kuskicts enox: 30.

mAP@50: 0,985 = 98%:
mAP@50-95: 0.81 = 81%:;
Fl-score: 0,96 = 96%.

* Hodamxosuit Kaac corners 098 6UAKTEHNR RORMPOITBHILX MOYMOK ],'(ll;(l‘ll'.lj'H()!‘»’L']J,I'Hi

TPEHYBAHHS MOJIEJII YOLOVSS (PO3LIUPEHUM JATACET) P

Poamip naracery: 950 s00pakens.
Knaci: 4 ocHoBHHX Kiack, | aoaarkosuii®
[Tapanerpy ayrMeHTauii: MeperBopeHns B rpajaii ciporo 3acTocoBato 10 5% 300paxens; J101ana

-~

Yo, AOAAHE POIMHTTA 10 2 MIKCENIB. 104aH0 wyM 10

IMIHa ACKPABOCTI B JianaszoH sig -10% ao +10
0,5% nikcenis Ha 300paKeHH1,
KinekicTe anoraniii: 6720 cepen S knacis: =7,1 anoraiiis Ha oine 300pakenss;
CriseianomweHHa Aaracery (Hasuanus/sanijag): 75/25;
Kiuiskicts enox: 30.
MopiBHAHHA Moaenei

mAP@50: 0,989 = 99%,:
MAP@50-95: 0.828 = 83%:
Fl-score: 097 = 97%.

* Hodamxosuit Kiac corners 0 BUAKTEHNR KORMPOATBHIL NOHOK }.’U(;()-'[U.’ IPU!’)’[',‘Z\'IH‘

Pucynok B.6 — TpenyBanHsa Monenei
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; y 12/15
MNOPIBHAHHSA MOJEJII 3 IIOINEPE/IHBO PO3IVISIHYTUMMH
HA3BH MO/IEJIE:
* UniMAP - monens, npeacrasiena B HaykoBiil podbori npy yHisepcureri UniMAP,
* NURE -~ monens, npeacrapiesa B qauiii podori;
* WUST -~ moseis, npeacTarieda s Haykosiii pobori npi BpoiuiagcekoaMy YHIBEPCHTETI Hay Kt il TeXHON0r .
HMopiensnus Fl-MeTpuks 32 Kiacamu! Hopisuanus cepeanix sHauens Fl-merpukn:
1 1 0.96
. 0.9
‘\/ 0.86
= o ; 08}
2 H
g -
K o
-3
o
‘ra Knacy . '
UnMAP ——— NURE WUST] UniMAP WRE  WUST
13/15
IMPHKJIA1 POBOTH INPOI'PAMHOI'O 3ABE3IIEYEHHSA
(BIAEO)
Bisaemopis 3 UI ias nouarky podoru: DparmMent rpu:

Pucynok B.7 — IlopiBHsiHHS Mofenelt Ta mpukiian podotu 13
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14/15

Takum unnom, B podoTi OyI0 NpoaHANIIOBAHO Cy4acHi
METOAH  3ACTOCYBAHHA  MAIIMHHOINO HABYAHHA B CHCTEeMax
ABTOMATHIALL BHPODHHMYMX NPOIECIB, 30KPEMa JUIA BHABICHHA,
knaciikaiii Ta coprypaHus 00'CKTIB, TPOBEACHO TPEHYBAHHA
agox moneneil YOLOVR 3 spaxyBaHHAM pOINAHYTHX OPHKIALIE
Mojeneil  MAlMHHOINO  HABYAHHA,  QJalTOBAHHX JUIA  3aja4
POIMIZHABAHHA 00'CKTIB MaluX radapHTIB Y peankHoMYy uaci,
poapodieHo  Ta  peamioBaHo  nporpamHe  3abeanedeHHs
KOMIT'FOTEPHOTO 30pY, SKe 3a0e3nedye TouHe BUABNECHHA 00 cKTiB |
IXHIO nepeaady 10 CHCTEMH KepyRaHHA poloTa-MaHimyIaTopa.

Mojens MAIMHHOIO HABYAHHA, OTPHMAHA B Pe3ynbTari
NPOBEACHOIO  HABYAHHA, AocAria 3HavewHs (.96 nokasuuka
smerpuki FI, cepenns tounicts mAP@S0 cknana 0,985, tom ax
cepeansd TouHicTs v aianazoni loU sin 0.5 no 0.95 (mAP@S50-95)
cknana 081, OrtpuMani  pe3ynsTaty  CBIAYaTE OPO  BHCOKY
e(peKTHBHICTL BUABICHHA Ta Knacudikauil o6 €KTIB, a TAKOXK Ipo
NPHAATHICTS MOJACAL JUIA 3ACTOCYBAHHA B YMOBAX PODOTH CHCTEMH
B peanbHOMY Yaci.

BUCHOBKH

OAKYIO 3A YBAIY!

Pucynoxk B.8 — BucHoBku



No )
o JlomaTkoBl
0Ky~ ITo3nayenHs HaitmenyBanHs . )
B1JIOMOCTI
MCHTa
TGKCTOBi JOKYMCHTHU
1 I'FOMK 505900.006 113 ITosicHIOBaJIEHA 3aITMCKa A4, 66 c.
JloJ1aTKOBI MaTepiaan
2 JlemoHcTpauiiinuii marepiany | A4, 16 c.
BUTJISI/II TIpE3CHTAITl T
I'FOHK 505900.006 BT,
3MmiH. |ApK. Homep nokym. [Migmuc |[lara
Po3po6. |[pira C. L. Po3po6iieHHs iHTENEeKTYanbHO1 [litepa | Apkym | Apkymris
Ilepesip. |Cuuosa O. B. cUcTeMH Juist Kinacuikarii H 1 1
BHUPOOIB Ha COPTYBAILHIM JIHIT 13
P PTY - Kadenpa KITAP
H.xontp. |[lemchbka H.II. BUKOPUCTAHHSM TEXHOJIOT11
XHYPE
3ats. Hesmionos I.I11. MaOIMHHOTO HaBYaHHA




