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3ACTOCYBAHHSA METOOY K-HAUBJUWXKUYUX CYCIAIB
B IPOUECI IHOOPMAININHO-AHAJITUYHOTI'O 3ABE3INNEYEHHSI
EKOHOMIYHOI BE3IIEKX MOJIOKONNEPEPOBHUX HIAIIPUEMCTB

APPLICATION OF THE METHOD OF K-NEAREST NEIGHBORS
IN THE PROCESS OF INFORMATION AND ANALYTICAL SUPPORT
OF ECONOMIC SECURITY OF DAIRY ENTERPRISES

Y emammi 0ocaiosceno moxcaueocmi kracughikayii' 3a2po3 0t MOIOKONEPEPOOHUX NIONPUEMCING 3 BUKOPUC-
manHam memooy k-natidoausicuux cyciois. Memoro 3acmocy8ants 0aH020 Memoody € GUPIUEHHS 3a0a4 3 OYIHIOBAHHS
NOCMAYATLHUKIE CUPOBUHU 34 OKpeMUMU Kamezopiamu Haditinocmi. Ocobausocmi eKOHOMIUHOL OISTbHOCIIE MOAO-
KOnepepoOHUx nionpuemcme 00yMosieHi NOCMIUHUM NOUWLYKOM AKICHOI cCuposuHu. 36udatino, wo nepeo ii euxopuc-
MAHHAM HA NIONPUEMCINGAX 3ACTOCO8YIOMb PO NEPesipoK, aie MakKi nepesipku 00CUms GUMPAMHI i He 3A8AHCOU
NPOBOOAMBCS 8 CUTY PIZHUX NpuduH. /ocaiodcenuti 6 pobomi memoo Kiacughikayii inghopmayii, modice 6ymu 6u-
KopucmaHuil i3 3acmocy8aHHAM MexHoN02ill MAWUHHO20 Ha84anHA. [ tioeo anpobayii 6Y10 6UKOPUCTNAHO NPO-
epamHuil Koo, KU 8KIIOYAE 6 cebe maki bioniomexu, sik math, random, pylab, numpy, matplotlib. /[ns kiacugixayii
NOCMAYATLHUKIE CUPOBUHU, OVI0 CIBOPEHO Mecmosy GUDIPKY OaHUX, NICIA 4020 0OUUCTIEHO 8I0CMAHb 00 KOJCHO-
20 3 00'ekmis HasuanvbHOI 6UbIpKU. Bidibpano k 00'exkmis HaguanvHoi 6ubOipKU, I0CMAanb 00 AKUX € MIHIMATLHO.
A maxodc 8uzHaueHO KAACU NOCMAYATbHUKIG cuposuny. Yacmuna yeacu npudileHo 0cobausocmsam nocmadans-
HUKIG CUPOBUHU O MOJIOKONepepoOHuXx nionpuemcms. Ha ocnosi docnioacenns ocodnusocmeti OisabHOCMI NO-
CMAYAIbHUKIE CUPOBUHU OJI MOJIOKONEPEPOOHUX NIONPUEMCINE BCMAHOBIEHO KINLKICHI Kpumepii ix HaOiliHOCHi.
Tax, 6i0no6ionHi Kpumepii 6yau OYiHeHI i3 3ACMOCYBAHHAM Memooy k-Haubuxicuux cyciois, ujo 003801uUN0 Chop-
Mysamu K1acu@pikayiro nocmadanbHuKie cuposunu. Pazom 3 mum, y cmammi 6uceimieHo xXxapakmepucmukiy iH-
dopmayitino-ananimuuro2o 3a0e3neyeHHs: eKOHOMIUHOI be3neKu MOIOKOnepepoOHUX NIONPUEMCINES, 8UOITEHO PO
KIIOYOBUX 0cOOMUBOCHel MaKoi OisibHOCM.

Knruosi cnosa: memoo k-uaiioauscuux cyciois, ingpopmayitno-anarimuune 3abe3neuents, eKoHOMiuHa besne-
Ka, MOIOKONepepoOHi nionpuemcmaa.

The article investigates the possibilities of classification of threats to dairy enterprises using the method of
k-nearest neighbors. The purpose of this method is to solve problems of evaluating suppliers of raw materials for
certain categories of reliability. Features of economic activity of milk processing enterprises are caused by constant
search of high-quality raw materials. Of course, before using it, enterprises use a number of inspections, but such
inspections are quite expensive and are not always carried out for various reasons. The method of information clas-
sification studied in the work can be used with the use of machine learning technologies. For its approbation the
program code which includes such libraries as math, random, pylab, numpy, matplotlib was used. To classify sup-
pliers of raw materials, a test sample of data was created, after which the distance to each of the objects of the train-
ing sample was calculated. Selected k objects of the training sample, the distance to which is minimal. And also the
class of the supplier of raw materials which meets criteria of reliability is defined. Part of the attention is paid to the
characteristics of suppliers of raw materials for dairy enterprises: conditions for keeping cows, approaches to the
collection of raw materials, storage of raw materials and their transportation. Based on the study of the peculiarities
of the suppliers of raw materials for dairy enterprises, quantitative criteria for their reliability have been established.
Thus, the relevant criteria were evaluated using the method of k-nearest neighbors, which allowed to form a clas-
sification of suppliers of raw materials. At the same time, the article highlights the characteristics of information and
analytical support of economic security of dairy enterprises, highlights a number of key features of such activities.

Keywords: k-nearest neighbors method, information-analytical support, economic security, milk processing
enterprises.

IlocranoBka npodaemu. besneka wmono-  TpimHiX. OZHAM i3 TOJOBHHX MOXHA BBaXKaTH

KOHCpCpOGHI/IX Hl[IHpI/IGMCTB 3AJICKUTH BiI[ SIKICTB CI/IPOBI/IHI/I TOOTO MOJIOYHHUX HpOI[}IKTlB
0araTbOX YHHHHUKIB SIK 30BHIIHH1X TaK 1 BHY- sIKa 3aJICKUTh BIII HOCTaanLHHKlB Mo HECYThb
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BIJIMOBIAANIbHICT, 32 CTAaH OTPUMAHOTO HUMH
MOJIOKA.

HocrauanHs: HESKICHAX MPOAYKTIB, Hece
3arposy isi MOJIOKOTIEPEPOOHHX IMIANPHEMCTB.
Tomy mignmpueMii HamararOThCS IOTEPEIUTH
TaKy 3arpo3y IUISIXOM OIPUHHATTS MOTPIOHUX JUIs
LbOTO YIPABIIHCHKUX pillieHb. Taki pilieHHS,
HEOOXiZIHO mpUHMAaTH Ha OCHOBI peaJbHUX
iH(OopMaIifHUX TOKa3HUKIB, IO IEBHUM YHHOM
BiJJOOPaKaroTh CTAH 3aXHUILIEHOCTI MiAMPUEMCTBA
B YMOBax 3arpo3, pu3HKiB Ta HeOE3MEK, OCKITbKH
BUPIIIEHHS HarajibHUX MOTpPed MiANPHUEMCTBA B
Cy4acHUX yMoOBaxX HoTpelye 3Ha4HOI iH(OopMma-
IMHOT MATPUMKH. MexaHi3MH MPOTHIIT 3arpo-
3aM Ta pU3MKaM MaloTh OyTH HPEBEHTHBHOIO
XapaKkTepy, TOMy IO 3arposy Jeriie morepe-
JIMTH, HIXK TIOTIM JIIKBiTOBYBATH 11 HACIIIIKH.

Bonnowac 3a0esneueHHs HaleKHUM YHHOM
iHpOpMAaIHHOT TITPUMKH CTPATETIYHUX PillleHb
y cdepi eKOHOMIUHOI Oe3MeKH MOIOKOIepepoo-
HUX MIANPUEMCTB, ICTOTHO 3HWXKYE BIUIMBU Hera-
THUBHUX (aKTOPIB Ha iX IISUIBHICTB, SIK 3 OOKY
30BHIITHBOTO, TaK 1 BHYTPIIIHHOTO Cepe/IOBHIIA.
Jnst L(BOTO He06x1)1Ho BU3HAUUTH KpHUTEPii HEOE3-
TIEKH, OI[IHUTH 11 KUTBbKICHO Ta KIaCH(]iKyBaTH.

Mertoio craTi € JOCIIJKEHHS. MOXKIIUBOCTEM
3aCTOCYBaHHS METOAY A-HaWOMMKYMX CYCiaiB
st knacudikaimii TocTavyadbHUKIB CUPOBHHHU
MOJIOKOTIEPEPOOHHUM MiNPUEMCTBAM Ha Tpe.-
MET HaJAIHHOCTI.

Bukiiag  ocHoBHOro marepiamy jocii-
JKeHHs. 30UIbIIEHHS PU3UKIB AJII MOJIOKOIIe-
pepoOHUX MANPUEMCTB 0OyMOBIIeHE OaraTthma
(bakTOopaMu, OTHUM 13 SIKUX € HEZOOPOCOBICHICTb
MOCTa4aJbHUKIB CHPOBHHU. B Takmx ymoBax
iCHy€ HEoOX1HICTh X Knacn(biKyBaTH 3 METOI0
BHSABIICHHS OKPEMHX KaTeropii nocra4aibHUKIB,
SIKi MAKOTh BUCOKUH CTYIIIHb HAJIHHOCTI.

[Torpeba y BUKOPUCTaHHI MPOCTOTO Ta HAIN-
HOTO MeTony Kiacu@ikaiili mocTadyaabHUKIB
CUPOBUHU ICHY€ BXKE€ JaBHO, MPOTE CHOCOOM ii
BUPIIIEHHS MAalOTh PI3HOIUIAHOBUX XapakTep.
IcaytoTh migxomu 1m0 kimacudikamii mocradanb-
HUKIB 32 JI0MIOMOT010 Marpuili bocToHChKOT KOH-
CYJIBTaTUBHOI Ipynu [ 1], 1HII BYE€HI OTPUMYIOTH
pesyasTar 00pobmnstoun Benuki Aaxi [2]. B 3Ha-
YHIl Mipl 3aCTOCOBYIOTBCSI pI3HI MOJENl NpH-
WHATTS pimeHs [3].

3anponoHOBaHUM y CTAaTTI METOA JJIsi BHPI-
IICHHs 33734 13 Kiacugikaii Takox HaOupae
IIUPOKOT MOMYJISIPHOCTI, OCOOIMBO B 0OJACTIX
MaIIMHHOTO HaBYaHHSI.

[Mpunumn nii Metoxy Ak-HaHOMMHKYMX CYyCiliB
BIJIHOCHUTHCS 10 METPUYHHUX METOIIB Kiacudika-
uii. Tak, A7 BCTAaHOBJIEHHS HAJIGKHOCTI MOCTa-
YaJbHUKAa CHPOBUHU d JI0 OKpPEMOi Kareropii,
MporpaMHUi KJIacudikaTop MopiBHIOE d 3 ycima
aQHAJIOTTYHUMU MOCTa4aIbHUKAMU 32 PAJIOM KpH-

TEepiiB 3 HABYAILHOI BUOIPKH L, TOOTO /Ui KOXK-
Horo d, € L oGuucioerkes Bincrans p(d., d),
MICJISL 4OTO 13 HAaBYAIBbHOT BUOIPKH BUOMPAIOTHCS
k mocTayannbHMKIB, AKi € HaAHOMMKYMMH 0 d .
Tak, 3riIHO 3 METOAOM k HAHOMMKYUX CYCIAIB,
MOCTa4aIbHUX d MOXE BBAXKATUCS BBAKAETHCS
HAJIC)KHUM TOTO KJIAcy, SIKUH € HalOUIbIII MOIIH-
peHUM cepell CYCiIiB JTaHOTO IOCTadajbHUKA,
TOOTO TSI KOXKHOTO KJIaCy OOYMCITIOEThCS (DyHK-
1ist paH)KI/IPYBaHHH (puc. 1):

= > p(d.

d.eL;( )

d)F(d..c), (1)

me: L, (a’ ) — HalOIMKYi k IOCTaYanbHUKY i3
BUOipku L 10 mocTavansHuKa d;

F (dz,c,.) — BIJIOMI BEIMYUHH, MOCTayallb-
HUKH sKi BKe KiIacu(IKOBaHI 3a KaTeropisiMU 3
HaBYaJIbHOI BUOIPKH.

TakuM 4YMHOM JTaHUN METOJ MOKe OyTH 3aCTO-
coBaHui s kinacudikamii HaIIHHOCTI TOCTa-
YaJIbHUKIB CHPOBHMHM JUIS MOJIOKONEPEPOOHHX
MiANPUEMCTB B MPOLECi iHOpMALiHHO-aHATi-
THYHOTO 3a0€311€UeHHs €KOHOMIYHOI O€3IEKH.

Moro HemomikaMy MOXKHA BBaXATH Te, IO
ICHY€ 3HayHa 3aJIe)KHICTh PE3yJbTaTiB Kiacudi-
KaIii BiJy BUOpaHOi BHOIPKH HABYAIbHUX JTAHHX,
3HAYHMUN Yac JUIsl MPOBEICHHS MAIIMHHOTO aHa-
T3y, OCKIIBKH MOBHOTO Tepebopy BUOIpKU HaB-
YaJIbHOI JAHUX.

Jlo mepeBar cmiig BiIHECTH MPOCTY MpPoO-
rpaMHy peaii3alilo, CTIMKICTh aJroOpuTMy [0
AHOMaJbHUX BUKH/IIB BUXITHUX JaHUX, MOXKIIHU-
BiCTh OHOBJICHHSI HABYAJILHOI BUOiIpKH Oe3 mepe-
HaBYaHHS KiacudikaTopa ganux [4].

[Tpunyctumo, 10 ICHYIOTH TpHU KaTeropii
MMOCTa4YaJbHHUKIB, ouiHKa SIKMX MOJKE 3/1HCHIOBA-
TUCh 332 TAKUMHU KPUTEPISIMH: 4ac ICHYBaHHS Ha
PHHKY, KUIBKICTb CKapr' Ha II0CTa4albHIKA.

[TpakTruHa peanizailisi JaHOTO METOAY MOXKe
OyTu copMoOBaHa 32 HACTYITHUM aJITOPUTMOM:

— Ui BU3HAYEHHS Kareropii HamIHHOCTI
MoCTaYaIbHUKA HEOOX1THO OOUMCIIUTH BiJICTaHb
JIO KOYKHOTO 3 00’ €KTIB HaBYAJIbHOT BUOIPKH;

— BizmiOparu k 00’€KTiB HaBYAJIbHOI BHOIPKH,
BICTaHb 10 AKUX € MIHIMAJIBHOIO;

— BU3HAUUTHU KJIac MOCTayajbHUKA B 3aJI€K-
HOCTI BiJl HOro HAHOMMKYMX 33 KPUTEPISIMU CyCi-
IiB (IOCTa4aJIbHUKIB).

Jnst peamizanii Takux 3aa4 MO>KHA BUKOPHC-
TaTy 3alpOIIOHOBAHUM IMPOTPAMHUN KOJA IIpel-
craBieHui critbHOTORO I'T cemiamicTiB Xaop [5].

Tak, BHKOPHUCTOBYIOYM TporpamHi 06i6:mio-
Teku math, random, pylab, numpy, matplotlib,
JUTSL TIPOBEJICHHSI EKCIIEPUMEHTY, MOXHa CTBO-
PHUBIIM YMOBHHUI JBOBUMIPHUN MacuB JIaHUX, B
SKOMY BUTAJKOBUM YMHOM Ha IUTSHIN Bix 0 110
5 mo KOXHIi 3 Ooceil BUOMPAETHCS TPHUBAIICTD
JISITBHOCTI MOCTavaIbHUKIB, Ta KUTBKICTh CKapT.
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Puc. 1. llpunuun peasizanii MmeTony A-Hail0JmKINX cycifiB

Jlnst BUAUICHHS TIPOBEICHHS YMOBHOI KIIacH-
¢ikamii B mpoueci GopmyBanHs BUOipkHu OyIo
3aCTOCOBAHO CEPEIHLOKBAIPATUYHE BiIXUIICHHSI
0.5, a TakoXK 3a MPaBUJIOM TPHOX CUTM [6, c. 31],
OyJ10 CTBOPEHO TPHU KJIacH JAHUX.

[Ticna inimiamizamii 3a3HaYeHUX BUIIE IMPO-
rpaMHHX 010J10TeK 13 3aCTOCYBaHHSIM MOBH ITPO-
rpamyBaHHs Python, reneparisi Takoi BHOIpKH
MoOXxe OyTH CTBOpPEHA 3 BUKOPUCTAHHSIM HACTYTI-
HOTO KOJ1y:

from matplotlib.colors import ListedColormap
import pylab as plt
import random
import math
import numpy as numpy
def GenDat (k, ClassData):
data =[]
for classNum in range(ClassData):
#Choose random center of 2-dimensional gaussian
Cx, Cy=random.random()*5.0, random.random()*5.0
#Choose k random nodes with RMS=0.5
for rNum in range(k):

data.append([[random.gauss(Cx,0.5),random.
gauss(Cy,0.5)], classNum])
return data
def shDat (nClass, itemClass):
learnDat=GenDat (itemClass, nClass)
classColormap=ListedColormap(['#FF0000', '#00FF00',
'#0000CD'])
plt.scatter([learnDat[i][0][0] for i in
range(len(learnDat))],
[learnDat[i][0][1] for i in range(len(learnDat))],
c=[learnDat[i][ 1] for i in range(len(learnDat))],
cmap=classColormap)
plt.show()
shDat (3, 80)

Pesynprar Bizyamizamii TpencTaBlIeHO Ha
(puc. 2), 1e BUJHO pO3MEKYBaHHS MIX KaTeropi-
SIMH YMOBHHX ITOCTAUaJIbHUKIB CHPOBHHHU.

52

Matoun BUOIpKY MaHMX X CJIiJI PO3TIIUTH Ha
HaBYaJIbHY BUOIPKY Ta TECTOBY:

def TraintTest (data, TestPer):
trDat =[]
tesDat =]
for row in data:
if random.random() < TestPer:
tesDat.append(row)
else:
trDat.append(row)
return trDat, tesDat

Matour HaB4aJIbHY BUOIPKY, aITOPUTM KJIacH-
¢ikarlii Mo)KHA TIPEICTABUTH HACTYITHUM YHHOM:

def TraintTest (data, TestPer):
trDat =[]
tesDat =]
for row in data:
if random.random() < TestPer:
tesDat.append(row)
else:
trDat.append(row)
return trDat, tesDat
def Knnclass (trDat, tesDat, k, numClass):
#Euclidean distance between 2-dimensional point
def distans (a, b):
return math.sqrt((a[0] - b[0])**2 + (a[1] - b[1])**2)
tesLab =[]
for tesP in tesDat:
#Claculate distances between test point and all of
the train points
testDist = [distans(tesP, trDat[i][0]), trDat[i][1]] for
i in range(len(trDat))]
#How many points of each class among nearest K
stat = [0 for 1 in range(numClass)]
for d in sorted(testDist)[0:k]:
stat[d[1]] +=1
#Assign a class with the most number of occurences
among K nearest neighbours
tesLab.append( sorted(zip(stat, range(numClass)),
reverse=True)[0][1] )
return tesLab



Haykosi npaui MixpezioHansHoi akademii ynpasiHHs nepcoHanom. EkoHomiuHi Hayku

Bunyck 1 (59), 2020

Jlns BHU3HAUGHHS BIJACTaHI MiXK 00’ €KTaMu
OyJ10 3aCTOCOBAHO €BKJIIIOBY BiJICTaHb.

BizyamizyBarn kimacudikamiiHi O3HAKHA 3a
OKPEMHUMH KaTETOPisiIMH IMOCTaYalIbHUKIB MOYKHA
3 BUKOPUCTAHHAM HACTYITHOTO Kony (puc. 3):

def showDatMesh (nClass, nClassItem, k):
#Generate a mesh of nodes that covers all train cases

def genTestMesh (trDat):
x_min = min( [trDat[i][0][0] for i in
range(len(trDat))] ) - 1.0
x_max = max( [trDat[i][0][0] for i in
range(len(trDat))] ) + 1.0
y_min = min( [trDat[i][0][1] for i in
range(len(trDat))] ) - 1.0
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KinbKiCTb HeraTUBHUX BIATYKIB

Puc. 2. Bizyaaizauisi ctBopeHoi Budipku
JDicepeno:  o03pobneno i3 3acmocy8amHs NpoSpamHo-epaghiunol  Oibriomexu

matplotlib [7]

TpuBanicTb AiNbAHOCTI, (PoKK)

3
KinbKicTb HEraTMBHUX BIAryKiB

4

Puc. 3 Buznauennsi kareropiii nocrayajibHUKIiB CHPOBHHU
JJ1Sl MOJIOKOIIePepPOOHUX MiANPUEMCTB
3 BUKOPMCTAHHAM MeTOAy k-HalOIMKUMX cyciliB
Licepeno: pospobreno iz 3acmocysanms npoepamno-epapiunoi 6ioniomexu matplotlib [7]
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~max = max( [trDat[i][0][1] for i in range TakuM YMHOM, MOXKHA BHJILTUTH KaTeropii
(Ien(trDat))] ) + 1.0 NOCTaYaIbHUKIB 32 OKPEMUMH KJIaCaMH, KIIacH-
h=0.05 (ikaniiiHi 03HAaKK AKMX BCTAHOBIEHO 3 BUKOPHC-

tX, tY = np.meshgrid(np.arange(x_min, X _max, h),

. TaHHSM METOAY A-HalOIMKInX cycimiB (puc. 3).
np.arange(y min, y max, h))

Tak BumHO, MmO Kiacudikalis, sKka peai3o-
BaHa Ha OCHOBI JAHOI'O MOXE 6yTI/I 3aCTOCOBaHa
B TIporieci lHq)OpMaHII/IHO aHAJITHUYHOTO 3a0e3-

return [tX, tY]
trDat = GenDat (nClassltem, nClass)

Tmesh = genTestMesh (trDat)
testMeshLabels = Knnclass (trDat, zip(Tmesh[0]. MEYCHHS €KOHOMIYHOT O€3MEeKH MOJIOKOTIEpepoo-
ravel(), Tmesh[1].ravel()), k, nClass) HUX Ii/IPHEMCTB.
classColormap = ListedColormap(['#FF0000', Amnami3 A@HOTO aJIropuTMy Ha IIpEAMET ITOMH-
"HO0OFF00', '#0000CD']) JIOK Ta JIOCTOBIPHOCTI HE MPOBOAMBCS, 1110 BUMa-
testColormap = ListedColormap (['#FFAAAA', ra€ MoJaNIbIINX JI0CITIKCHb.
"#YAAFFAA', #*AAAAAA') BucnoBkn. Metox k-HailOmmx4uux cyciniB
plt.pcolormesh(Tmesh[0], JI03BOJISIE 3 BHMCOKOK HMOBIPHICTIO BH3HAYaTH
Tmesh[1], HaIIHHUX [MOCTAYaIbHUKIB CHPOBUHH JJISI MOJIO-
np.asarray(testMeshLabels). KOTIEPEPOOHHX MiAMPUEMCTB, ale TNPU IHOMY

reshape(Tmesh[0].shape),
cmap=testColormap)
plt.scatter([trDat[i][0][0] for i in range(len(trDat))],
[trDat[i][0][1] for i in range(len(trDat))],

TOYHICTb BUSIBJIEHHS TaKHUX IIPOTHO31B MOTpelye
MOAJIBIIOTO JA0CHiKeHH. HaBiTh py BeNUKUX
o0csirax KOHTPOJIbHOI BUOIPKH JaHUX, MOTpedye

c=[trDat[i][1] for i in range(len(trDat))], TOZAIBIIMX JIOCTI/DKEHb MPOLEC BCTAHOBICHHS

cmap=classColormap) KUIBKOCTI HaWOIMKYHMX TOYOK, BCTAHOBIICH-
plt.xlabel("KinbkicTb HEraTuBHUX BiArykis ") HA ONTHUMAJIbHOTO AJTOPUTMY BU3HAYCHHA BII-
plt.ylabel("Tpusasicts ginbsuocti, (Pokn)") CTaHl M) TOYKaMH, a TaKOXK MPOTpaMHi 3acodw,
plt.grid() OCKUTBKH 00pOOKa BEJTMKUX MAaCHBIB JIAHUX BUMa-
plt.show() ra€ 3HaYHUX OOUMCITIOBAIBHUX MOTY>KHOCTEH.
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