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Anomayia. Buxopucmanus 6 cucmemax 0xXon0024cenHs xono0oazenmie 3 nusvkum I1I'TI cmae
6ce Oinbul NOWUPEHUM 3A805KU MEPMIYHUM XAPAKMEPUCMUKAM [ MEHWUM iX 6NniueomM Ha
HAaBKOIUWHE cepedosuufe. Y yboMy OOCHIONCEHHI NPOBOOUMbCA NOPIGHAHHA XAPAKMEPUCMUK
makux xonoooazcenmie sk R452a,R404a,R290 6 o00witi cucmemi 0x0100%ceHHs. []OCAIOMCEeH s
npogoounucs npu napamempax 3-eo kiaimamuunozo kaacy(Toc - 25°C / HRoc - 60%). Ilpu
nposedeHHi 00CNi0y HA NOPIBHAHHA XOJNOOUILHUX A2eHMI8 6 XOJI0OUNbHY CUCmemy Nno4epeoso
3anpasiAnuUcs Xon00unvhi azenmu 8 nocnioognocmi (R404a/R452a/R290), ma nicia 3a0auHs
napamempis pobomu XoJ100UNbHUL azpe2am 6MUKABCsL 8 Mepedicy. B npoooesiic nposedenns samipie
enekmpoenepaii 3HAmi NOKA3aHHSA MAHOMEmpie ma Mmenaiosi NOKAZHUKU XON0OUNbHOI cucmemu,
32I0HO AKUX Oy10 noOyoosamo epaghix pobomu cucmemu 6npooosxc yukiy. I 6i0nosiono 0o
epaghixie suxooums nacmynte. Temnepamypa HacHIMAHHA, 8NPOOOBHC AKMUBHO20 Nepiody pobomu
cmabinbha ma eapyemocs 6 mexcax: R404a — 75-72.1 °C; R452a — 74.8-71 °C; R290 — 70.1-66.8
°C. Temnepamypa macmuna komnpecopa re nepesuwgye 50 °C wo 8i0nogioae mexHiuHuM UMO2AM.
Ompumani memnepamypu noyamxy KOHOEHCayii, I0N0BIOHO XOJIOOUNbHUM A2eHMAM HPOMA2OM
AKMUBHO20 Nepiody XONOOUNbHOI MAUWUHU HAOIUNCEHI NoKazam manomempis. /lani pesynvmamu
03HAYAIOMb WO Nepezpis 3HIMAEMbCL NOBHICMIO, | 8 KOHOeHCamopi 8i00Y8aembcs uue pazosuti
nepexio X0n00UNbHO20 a2eHmy. 3HAUEeHHs memnepamyp nouamky Konoencayii: R404a — 39-36,6
°C; R452a — 40,4-36,9 °C; R290 — 38,6-34,6 °C. Pesynomamu excnepumenmy NOKA3AIU, WO
natsuwi 3nauennss COP 6 cucmemi 0na R452a,R404a,R290 cmanosnsmo 3,13, 3,02, ma 3,19
8I0N0BIOHO. 3aKNIOUEHHAM MAK020 OO0CHIONCEHHS CMAE NIOMBEPONCEHHSI MONCIUBOCMI NOBHO2O
nepexooy 8i0 Xiop- ma Opom- MicmKux 2asié Ha npupooui ananoeu 3 GWP= (. Ilapanensho
BUSIBIIEHO NOPIBHAHO HU3LK)Y eHepeoeheKmusHicmos xonoo0unvhozo azenmy R404a. R452a xou i
8ionogioac noeuitl 83acmozamini 3 R404a 6e3 3minu macmun 4u Komnpecopie ma He s611€mMbCs
eHepeoehekmueHUM X0I00UIbHUM azenmom. Okpim moeo R452a saensemvcsa ucoxoeapmicHum
xonoounvHum acenmom 3 GWP= 2140, wo cgiouums npo 3a060pony tioeo euxopucmarnus 3 2022
DOKY.

Kniouosi cnosa: Xonoounena cucmema, XonoounvHuili acewm, 2iopogmopayeneyi,
HABKOIUUIHE cepedosuiye, 8)y2ne800H]

1.Bcryn

XonoauibHI CHUCTEMHM Jy>K€ BaXKJIMBI dYepe3 pi3HOMaHITHI chepu ix
3aCTOCYBaHHS, MOYMHAIOUM Bl MEIUIMHU Ta TEIUIOBOTO KOMGOPTY JIOAUHU [0
MPOMHUCIIOBUX MPOLECIB, TakuxX sK 30epiraHHsa XxapuoBux mnponaykriB. llIBunke
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3pOCTaHHSl HACEJICHHsSI CBITY CHPUYMHUIO 3pOCTAaHHS TMOMHUTY Ha XOJIOAWIbHE
oOJasHaHHS Ta KOHAUIIIOHEPH. XOJOAUIbHI CUCTEMH € OJIHIE€I0 3 OCHOBHUX MPUYUH
CHOKMBaHHS eHeprii y cBiTi, 1 30 % CBITOBOro BUPOOHHUIITBA €HEPTii BUTPAYAETHCS
Ha 11 cuctemu. Ilapusbka yroma 2015 poky Tta Kirambcbka mnompaBka [0
Momnpeanbcbkoro mpotokoiay(ctocoBHO F-raziB) 2016 poky MiAKpeCIuWIn 3HAYHE
CKOpOYEHHA BHKOpucTaHHs TigpodropsyrieuiB (I'®Y). 3  wmiei npuunnu
BUKOPUCTAHHS €KOJIOTIYHO OE3MEeYHUX XOJIOJO0AreHTIB € HEOOXITHUM 1 aKTyaJIbHUM
ak Hikonu. Byrnesomni (HCs) € npupogHuMu Ta €KOJOTIYHO  YUCTUMHU
xosonoareHTamMu. Bonu matote HynboBuil ODP 1 Husbkuii GWP nopiBusino 3 HFC.
Taki xonogoarentu, sk R290 (mpoman), R600a (i300ytan) i R1270 (mpominen),
MoxHa BigHectu n0 rpynu HCs. Bimomo, mo Bucoki 3HadeHHs roptouocti HCs €
HaOUTBIIUM HEAOJIKOM I[bOTO THUITY PIJUHU, 1 1€ MPU3BOAUTH O OOMEKECHHS
KUTBKOCTI XOJIOAOAreHTty. B maHil CcTaTTi y SKOCTI MPUPOIHBOTO XOJOAUIHHOTO
areHTy OyB Bukopuctanuii R290(mpoman) sxuii OyB MOPIBHSHHMA 3 OLIBII
IIKIJIJTABUMHU JIO HaBKOJIMIIIHBOTO CEPEIOBUINA XOJOIUILHUMU areHTaMu TaKUMU SIK
R452a ta R404a Hmwxkue y Tabnuil 1 mokaszaHi XxapaKTEepUCTUKH JaHUX XOJIOIUIBHUX
arceHTIB.
Taoauus 1. IlopiBHsIHHA BUOPAHUX XOJIOAMJIbHUX ATreHTIB

XoJoaunbHUN Tun GWP ODP Kputnuna Kputnuna
areHT (100 pokiB) Touka, t°C TouKa,p bap
R452a HFO 2140 0 74.9 40.02
R404a HFC 3260 0 72 37.31

R290(nponan) | [Ipuponniit 3 0 96.7 42.5

Omxe gana poborta mpucBsiueHa nopiBHsAHHIO R404a (GWP= 3260) ta R452a
(GWP= 2140) 3 npupoaniM xonogwibHUM areHToM R290 mpoman (GWP= 3),
MPOBEJCHHIO aHaJi3 Ta MOPIBHSAHHS TPbOX XOJoamibHUX areHTiB (R404a; R452a;
R290) ixmi Ttemnoi3uyHi BIACTMBOCTI Ta CHOKMBAaHHS €JIEKTPOCHEPTIii MpH
OJIHAKOBUX IIapaMeTpax XOJIOAWIBHOI cucTeMU. [l BUSABJICHHS 4M 34aTHI IPUPOJIHI
XOJIOAWIJIbHI areHTH OyTH TakuM X €QEeKTUBHUMHU SIK 1 iX OUIbII MIKIJJIKBI
TIOTIEPETHUKH.

2. OcHOBHA YacTHHA.

2.1. Yuighikauia xo100unvnoi cucmemu

[IpoBeneHHST TOPIBHSAJIBHOTO aHaizy poOOOTH XOJIOAWJIBHMX areHTIB Ha
yHI(IKOBaHINA XOJOMUIIBHIA cHUCTeMi. 3a JJiA MPOBEACHHS aHamizy OyJo BHOpaHO
Mopo3uiibHy ckpuHio M200V ™TOB «HOKA-IuBecT» nana Mojeiab BUKOHaHa 3
JIBOMa XOJOJAWJIbHUMHU cucTeMamMHu Tmpamorounmu Ha R404a Tta R290.[Jns
MIPOBEICHHS JTa0OPATOPHOTO NOCHI Ay OyJI0 MPOBEAECHO aHalli3 XOJOAWIBHUX CHUCTEM
3 ypaxyBaHHSIM TEIUIOBUX HaBaHTAXKEHb 3 KOHCTPYKIIMHUMH OCOOJIUBOCTSIMHU
XOJIOJUJIBHOI CUCTEMH Ta KOHCTPYKIIIEI0 MOPO3MIbHOI CKpUHI. OCHOBHI pe3yJbTaTH
PO3paxyHKy 3aHECEeH1 10 MOPIBHSIBHOI Ta0auIIi 2.

basyrouncr Ha OTpHMaHMX pPE3yJbTaTaX PO3PAaXyHKY XOJOJHIBHOI CHCTEMH
MOKHa TIPHITH 10 BUCHOBKY III0 CHCTEMa MOYKE MPAIIOBATH Ha Pi3HUX XOJIOIUILHUX
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are’rax, mpo Te, HeOOX1/IHO 3BEPHYTH yBary Ha MOTYKHICTh NEPEIKOHIEHCATOPA KA

npu nepexoai Ha R290 3menmmnace.

Tadaunus 2. Po3paxyHkoBi napaMeTpH X0J0JWIbHOI CHCTEMU

XO0JIOAUIIBHUM areHT R404a R290

Qp - Cymapse TenioBe HaBAHTAKEHHS 0,091 kBt 0,094 kBt
QxwMm - Po3paxyHKOBa MOTYKHICTh KOMITpEcopa 0,128 kBt 0,119 kBt
Qpro - Hotyxnicts PTO 0,011 kBt 0,009 kBt
Qg - HaBaHTak€HHs HAa BUITAPHUK 0,092 xBt 0,093 kBt
QIIK/ - [ToTyxHICTh NPEAKOHIEHCATOPA 0,193 kBt 0,174 kBt
QKJI - IToTyxHICTh KOHAEHCATOPA 0,027 kBt 0,038 kBt
M, ar — KUTBKICTD XOJI.ATE€HTY B CUCTEMI 0,134 xr 0,068 xr
C, — MPOIyCKHA 3/IaTHICTh KaniiApHoi TpyOku | 5,37 Jlitpu/xB. | 7,45Jlitpu/XB.

[To mpu HeBenMKy pO30IKHICTH, PO3paxOBaHi 00’ €MH XOJOAMIBHOTO areHTy B
XOJOMWIbHIM CHCTEMI, Ta MPOIMYCKHY 3IaTHICTb JPOCEIIOI0YOr0  EJIEMEHTY
HAOJIMKEHO PiBHI A1MCHUM 3HAYEHHSIM OTPUMAHUM MAaTEMaTUYHHUM LUIIXOM.

[Ipu 3MiHI XOJIOAMJIBHOTO areHTy, Oe3 3aMiHU JPOCENIOIYOro €JIeMEHTY, €
MO>KJIUBICT YPEryJIIOBaHHS POOOTH XOJOIUIBHOI CUCTEMH KIJIBKICTIO XOJIOAUIBHOTO
are’Ty (MpY TaKWX MaHIMYJSLISIX ICHYIOTh OOMEXEHHS 3allpaBKH MepEeHAIOBHEHHAM
BUIMApHUKA Ta TIEPEOXOJOPKEHHSAM XOJOAUIBHOTO areHTy B KOHJEHCATopi).
MO>XHMBICTh TAKOTO BPETYJIIOBAHHS MOKE OYTH BHKOPHCTaHE JIUIIE B KaMiJIIpPHOMY
XO0JIOIUILHOMY OOJIaJJHaHHI Ta B HE3HAYHIN MIpI.

B xoHcTpykuii napsa npamtorogoro Ha R290, B Bifpi3Ky MK BHIApPHUKOM Ta
PTO BusiBI€HO 3MOHTOBaHUN B CUCTEMY JOKHUIAY piguHu 8 (puc.la), sskuii 3amodirae
BOJIOTO X0y Komrpecopa. JlaHuii eJeMeHT 3MOHTOBAHHM 3 OTJISy Ha TEIuioh13udHi
BractuBocTi R290. HaTtomicTh BHUMApHHK XOJOAWIBHOI CHUCTEMH IPaIfOI0uoi Ha
R404a cknanmascs 3 1eB’TH BUTKIB, a R290 BocbMU.

Kaminsipua TpyOka B naHuWX BUIAAKax Biapi3HseTbes ia R290 nosxuHa
ckimagae L=2550mm 3 BayTpimHIM miamerpom 0,64mm Ta TIpOITyCKHOIO 37aTHICTIO
7,1 n/xB., B To#l yac sk 1 R404a L=3800mm 3 BHyTpimHiM giametpom 0,7mm Ta
MPOITYCKHOIO 3[aTHICTIO 5,8 J1/XB.

KoHcrpykiis koHeHcaTopa 1o Oyjia 3MOHTOBaHA Ha KOPITYCl XOJOIUIBHOI
cuctemu 3 R404a Takoxx Oyia Ha OJIMH BUTOK 0111010 Ha BiaMiHy Bij R290.

[lepenkonneHcaTop B 000X BHIMAJKaX BUKOHAHHWM 31 CTaJbHOI OIIMHKOBAHOT
Tpyou miamerpom 4.7MM Ta OMUBABCS TTIOTOKOM TOBITPs ~4.5 M/XB.

B nopiBHsHHI KoMnpecopu 3a ganumu karanory EMBRACO

Buxonsum 3 gaHux mapameTpiB MOKHA CTBEPKYBATH [0 KOMIIPECOPH MArOTh
CXO0XI1 xapakTepucTuku. [Ipo Te Bci KoMIpecopu 110 MpaIioTh Ha MPOMaHi MOBUHHI
Math cepTudikaT BIAMOBIIHOCTI, Ta BIANOBIJATH IPOTHIIOXKEKHUM HOPMaM, IO
3HaUUTHh Oyab SKUM KoMmIpecop Mo mnpamioe Ha R404a, B gaHoMy BHUMNAAKY
EMBRACO, wmoxe Oytu 3aMiHeHH Komripecopom cepii .....U, mpu ymoBi
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BI/IITOB1THOCTI

IHITUX ~TEXHIYHUX XapaKTEPUCTHUK.
XOJIOUJIBHOT CUCTEMH Ta KOHCTPYKIIiS J1apiB HE BIAPI3HIETHCS MIXK COOOIO.

Bcei

1HIII1

KOMIUICKTYIOU1

1) Tpybka macicmpani (306niwns mpyoka PTO) O8xImm L=1450mm; 2) Tpyoka 3

Pucynoxk 1. — Ilopisassnasa PTO
a) Pexynepamuenuii mennooominnuk ona R290, 6) Pexynepamuenuii
mennooominnuk onsa R404a

suxoodom xaninaproi mpyoxu O8xImm L=70mm, 3) Tpyboka pedykyitina 0.
3’€onanns 3 sunapruxom, 4) 3’eonanns Lokrikg;5) Tpyoxa mazicmpani kaninapua 6)
Tpybka nepexiona iz 6xionum omeopom 0l Kaniisapuoi mpyoxu ) P8x1mm

L=120mm;, 7) Tpyoxa 3’eonanns 3 komnpecopom Q6xImm L=250mm, 8) loxunau

X0N00ubHo20 acenmy 24x140 mm; 9) 3 eonyroua mpyoxa O8x1mm L=200mm.

Taoauus 3. TexHiuyHI XapaKTePUCTUKU KOMIIPECOPiB

Rated point
EN12900 Fan oil
Model DISP Hp Voltage/ Appl -3§ C/40 C Motor | air charge Oil
cm3 frequency Capacity | Efficiency | type | flow o3 type
range range m3/h
w W/W

220-240v POE

EMT2117GK | 4.50 | 1/4 50Hz 1 LBP 141 1.09 CSIR - 180 2
220-240v POE

EMT2121U | 5.57 | 1/4 50Hz 1 LBP 159 1.23 CSIR - 180 2

OTxe nnsi CTBOPEHHS YHI(PIKOBAaHOTO HAyKOBO-JIOCIHITHHUIIBKOTO CTEHAY OyIIo
OIIHEHO JIB1 XOJIOJWJIbHI CUCTEMH IO MPAITIOI0Th HAa PI3HUX XOJOJUIHHUX areHTax.
B xoni nmopiBasiHHS BuzHaveHo 1o B PTO (R290), nns 3amo6iraHHio MOTPArUISTHHS
70 KOXKyXa KOMIIpecopa XOJOAWJIBHOTO areHTy B piaki ¢asi, BcTaHOBIEHO Oydep,
po Te B cucTeMi 1o mnpaioe Ha R404a BunapHuk Mae Ha OJJMH BUTOK OUIbIIE 1110
TaKOX 30UIbIIIy€e 00’ €M JIiHIT HU3bKOTO TUCKY Ta TEIUIOOOMIHHY TUIONLy. 3 OTJIsay Ha
MPU3HAYEHHS IIUX TEIUIOOOMIHHMKIB B CT€HJI MOHTOBAHO BUITAPHHMK Ha 8 BUTKIB, a
JOKHUTIAY PiTUHU BUJTYYEHO 3 CHCTEMHU.

ISSN 2567-5273
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Takoxk, BUXOISYM 3 PO3PAXYHKY, CIOCTEPIraeTbCcsi 3MEHIIEHHS MOTYXKHOCTI
nepeaKoHaeHcaropa mnpu podotri Ha R290. Taki pesynpratd 00yMOBIIEHI
TerI0(13MYHUMH BIACTUBOCTAMHU TpOIaHy. BupimeHHsM gaHoi mpoOJeMH CIIyTye
3aMiHa JJaHOTO TEIUIOOOMIHHHKKA 31 CTaJIbHOTO Ha MIJHHI 3 llaMeTpoM TpyOKu 6mm.

Ane Taka MaHimynAlis, npu podoti Ha R404a moxke mpu3BecTH 10 MOYATKY
KOHJEHCAllll XOJIOAWIBHOTO areHTy B NEepeIKOHACHCATOpi, a SK HacIiI0K
MIBUIIEHHIO T1APABIIYHOTO CYIIPOTHBY Ta 3MiHI TTapaMeTpiB KOHJCHcAI1. 3 OTJIsATy
Ha BHILE BKa3aHi TBEPIKEHHA OyJO NPUIHATO pIIEHHS BCTAaHOBUTH Ha
JTOCTITHUIIKUN CTEHJ KOHJIEHCATOp 3 IIEeCTHM BHUTKIB CTallbHOI TpyOku. Taka
MaHINYJISIis J03BOJUTh 3aKPUTH OJHIEID KOHCTPYKIIEI ISl BIJBOJY TEIUIOTH
XOJIOJWIbHY CHUCTEMY IO MaTHUME 3MOTY MpAaIfOBaTH Ha PI3HUX XOJOAMIBHUX
are’rax, ajie 30UIbIIMTh HABAaHTAXKEHHS Ha KOPITYC MOPO3UJIBHOI CKPHUHI. (J0JIaTKOBE
HaBaHTaXXE€HHsI, Mpu poOoTi Ha R290 MOBMHHO KOMIIEHCYBAaTHUCSI BOCBMHM BHUTKOM
BHUNapHUKA, a Ha R404a 3011bI1€HOI0 MTOTYKHICTIO MIEPEIKOHACHCATOPA. )

Oza.cean Bun.

Ozexao KA

Al fa v JV/ Pk. Tk 1 m

Faieine
Pucynok 2. Cxema yHi()ikoBaHOI X0JI0AMJIbHOI CHUCTEMHU HAYKOBO-
AOCJAITHUIBKOTO cTenay M200V.
EnemenTu cucremu:
1. Komnpecop, 2. Ilepeoxkonoencamop; 3. Benmunamop, 4. Jlucmompyonuii
sunapuux; 5. @inemp-ocywysauy, 6. PTO; 7. Jlucmompyonuii sunapuux;
Conenoionuu xnanan.

YMOBHI O3HAYEHHS:
112 — eapsqi napu xon. acenmy, 11ox — Oxonoodoiceni napu xon. azenmy, 11p —
Pioxuii xonoounvnuti acenm, 11np — nepeoxonoosicena napo-piounna cymiut, 1Inp.c
— napo-piounna cymiwt;, 11x — X0100Hi napu xou1. azenmy
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IIpouecu cucreMu:

I-1I — Cmucnenns napis xonoounvHo2o azenmy 6 komnpecopi, 1I-111 — 3uamms
nepezpisy 3 2apayux napie xoi. azenmy 6 nepeokonoencamopi, IlI-1V — Konoencayis
0XO000XHCEHUX Napie 8 1ucmompyoHomy Konoencamopi, 1V-V — nepeoxonodacennus
xon. acenmy 8 PTO; V-VI — JIlpocentosanus ma nepeoxoniooxcenus xon. Aeenmy
kaninapror mpyokoio 6 PTO,; — BunaposysanHs xon00unvho2o azeHmy 6
aucmompyoHomy sunapuuxy,; VI- VII ; — Bunapogysants Xo100UIbHO20 a2eHmMY 8
aucmompyonomy sunapuuxy,; VII-V— nepeepis xon. acenmy ¢ PTO.

2.2. TlopiBHSIHHS X0JI0AUJIBLHUX areHTIB.

[Ipu npoBeeHHI 10Ciiay Ha MOPIBHSAHHS XOJIOAWIbHUX areHTIB CTEH]I Ta YMOBH
HABKOJIMIIHBOTO CEPEIOBUIIA OYJIM HAJIAIITOBAHI aHAJIOTIYHO MEPIIiil HOro YacTUHI.

B XonoaunpHy cuUCTeMy MOYEpProBO 3alpaBiSUIMCS XOJOAWIbHI areHTH B
nociaigoBHocTi (R404a/R452a/R290), Ta micias 3amaHHs mapamMeTpiB  poOoOTH
XOJIOIUJIHUN arperaT BMUKABCS B MEPEXKY.

VY BIAMOBIAHOCTI 3 HOPMaMU MPOBEJEHHS TOCII/IB Ha/l TOPTOBUM XOJIOJUIHHUM
oOnaHaHHSAM, BCl 3aMipH 3HIMAJHUCS TICIS BUXOMY Jiapsi B pexxXum pobotu. Bxomi
EKCIIEPUMEHTY OTPUMaH1 HACTYMHI pe3yJIbTaTH:

B nponoBx mpoBeneHHs 3aMipiB €JIEKTPOSHEPTii 3HATI MOKa3aHHS MaHOMETPIB
Ta TEIJIOBI TOKAa3HUKH XOJIOJWIBHOI CHUCTEMHM, 3TITHO SIKMX M0O0yaoBaHO rpadik
pOOOTH CUCTEMH BIPOJIOBXK IIUKITY.

P, Hiarpama Ne 1 2 Hiarpama Ne 2

/_,_,,_f — ./L R4ﬂ4;/_7,_f 11 N [T R452a |

= 1L %

K3 ﬂ /_ \ // \ N

- BEEEEEE —71 ~ ».r_, — . —

=1 & . — m . ~

@ v &*’ZCQ(”. % e
Vo L)

0NNy aRARnEACEE

) VI . VII

P Jiarpama Ne 3
L R290

ST _\ AT T
%5 5= N R AN AR S M AR ARRREEES N R404a R425a R290
e T . -

To=-38.2 C To=-372 C Tv=-36.8 C
Tx=39.6 C Txk=38.2 C Tk=372C
Po=0.43 bar Po=0.35 bar Po=0.26 bar
Px=17.1 bar Pr=17.33 bar Px=11.84 bar

Pucynok 3. — IlapameTpu po60oTH cTeHIa HA TOCTIIKYBAHUX XO0JI0AUIbHUX
areHrax.

I — I'paghix 3minu memnepamypu naenimanns (T nae); 11 — I'paghix 3minu
memnepamypu macmuna komnpecopa(T km), Il — I paghix 3minu memnepamypu
noyamky xoudencayii (T n.xo.); IV — I paghix 3minu cepednvbo2o 3HauenHs1
memnepamypu konoencamopa (1 x0.); V — I paghix 3minu memnepamypu Kinyst
konoencayii (T k.x0); VI — I paghix 3minu memnepamypu 6cCMOKMYB8AHHA 8 KOMNPECOD
(T 6cm); VII — I'paghix sminu memnepamypu 6 oxonodxicysanomy o6 ’emi (T kam);
1V — I'paghix 3minu cepeonvoeo 3uavenus memnepamyp sunapruxa (T eun).
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Posrnsnaroun Ta mopiBHIOWOYH Tpadiku MOXKHA 3pOOUTH HACTYITHI BUCHOBKH:

v’ Temrieparypa HarHiTaHHsI, BIIPOJOBXK aKTHBHOTO TePioLy poOOTH cTabiibHa Ta
BapyeThes B Mexax: R404a — 75-72.1 °C; R452a — 74.8-71 °C; R290 — 70.1-66.8 °C.

v Temneparypa Mactuia Kommpecopa He nepesumrye 50 °C mio Biamosizae
TEXHIYHUM BUMOTaM.

v OTpuMaHi TeMIIEpaTypd IOYAaTKy KOHAEHCAIlil, BiJNOBIAHO XOJIOIMUILHHM
areHTaM IMpOTIrOM aKTHBHOIO MEpioay XOJIOAWIBHOI MAIIMHU HAOIMKEeHI MOKazaM
MaHOMETpiB. JlaHl pe3yJbTaTH O3HAYalOTh IO MEPErpiB 3HIMAETHCS IMOBHICTIO, 1 B
KOHJICHCATOBl BIJOyBa€Tbcsl Juiie (a3oBUM MepexiJi XOJOAWIHHOTO areHTy.
3HavyeHHs TeMnepatyp novyatky konjaeHcarii: R404a — 39-36,6 °C; R452a — 40,4-36.,9
°C; R290 — 38,6-34,6 °C.

v Temneparypa KoHjeHcaropa Ha rpadiky CTAHOBHTH CEPEIHE 3HAYCHHS
TEeMIIepaTyp LIECTH BUTKIB KOHAEHCATOpa Ta BIANOBIIA€ HACTYMHUM TeMIIEpaTypam:
R404a — 36,2-35,3°C; R452a — 36,9-25,3°C; R290 — 35,5-34,1°C.

v’ Temmieparypa KiHI KoHjeHcarii. /laHa TemrepaTypa 3HIMAETbCS 3 HIKHBOI
JacTUHU (PUIBTpa OCyIlIyBaua, Ta ii 3HAYEHHS JICIO BUINE 3a 3HAYCHHS TeMIEepaTypH
KOHJIeHcaTopa. Take sIBUIIE MOSCHIOETHCS PO3MIMIEHHSIM (QUTFTPa B KOMIIPECOPHOMY
BIJICIKY, Jle TemimepaTypa o00’eMy TMiJBHILEHA 32 pPaxyHOK TEIUIOBIBOAY BIiA
MpeAKOHACHCaTOpa Ta Komrmpecopa. OTpumaHi pe3yibTaTH CTaHOBIATH: R404a —
37,6-34,9°C; R452a —37,5-33,9°C; R290 — 34,7-32,5°C.

v Temmeparypa  BCMOKTYBaHHS  TpyOONpOBOLY  BIPOJOBK  IMKIY €
HECTaOUIbHO, B MPOJOBX HEAKTUBHOTO MEPIOAY XOJIOAWIBHOI CUCTEMHU B KOHTYPI
yepes KanuisipHy TpyOKy BUPIBHIOIOTHCS TUCKH (Px=P0), 11e npu3BOaUTh 10 KUMIHHS
XO0JI. areHTy B KOHJIGHCATOpl, Ta KOHJEHcallli Moro B BUNapHUKY. JlaHe sBuIle
MOSICHIOE TAJIHHA TEMIIEpaTypd Ha KOHTYPl BUCOKOTI'O THUCKY HUXKYE TeMIEepaTypu
OTOYYIOUOTO CEPEIOBHUIIIA.

v’ Ha mnouatky axkTHBHOI (pa3M XONOAWJIBHOI CHCTEMH Ta 3AllOBHEHOMY
BUITAPHUKY PIAKUM XOJOJUIHLHUM areHTOM BiJ0OYBAa€ThCsSI YACTKOBE HOTO BUKUIIAHHS
Ha B PTO. lle#t nporec cnpuunHse pi3ke MaJiHHS TEMIIEpaTypu Ha TPyOOMpOBOIi
BCMOKTYyBaHHs 110 fianazony 10...0 °C Ha 3-5 xBunuHi akTuBHOI (ha3u. Take sBuUIIE
CHpuUs€ MOBEPHEHHIO MACTUJIa 10 KOMIPEcopa Ta HOPMAIbHOMY MOT0 Kpyroooiry B
CUCTEMI 1 ATBEPKYE BIAMOBIAHICTh KUTHKOCTI XOJOAMIBHOTO areHTy CUCTEMI.

v Ha npu Kidmi akteuBHOI (asd XOI. CHUCTEMH TeMIlEparypa TPHMA€EThCs
CTallJIbHO HWXKYOI TEMIIEpaTypor0 BIJ OTOYYIOUOTO CEpe/oBHIA Ta HEMae
TEHJICHIIT 10 3HIKEHHS, TaKWUW pe3ysbTaT CBITYUTH MPO HOPMAJIBHO 3allOBHEHUMN
BUMApHUK Ta BiANOBIAHICTh PTO XonoaunpH1N cuctemi.

v/ 3ajany TeMmIeparypy KOHTPOJIOE KOHTPOJNEp 3  3alporpaMOBaHUMH
napamMeTpaMu TeMIIepaTypu JOpiBHIOIOTH -23 °C a mapaMmeTp ricrepe3ucy BiANOoBiAae
0.5 npu Takux napaMmeTrpax TeMmIeparypa B OXOJIOIHKYBaHOMY 00’ €M1 3HAXOJIUTHCS B
Mmexax -23 °C ta BapyeThCst Ou3bKO 3-4°.

v’ Temrieparypr  BHIIAPHUKA, AaHAJIOTIYHO  TEMIIEpaTypaM  KOHJEHCAaTopa
3HIMAJIUCS 3 BOCBMH BUTKIB Ta BUBOAMJIACS Ha rpadik sk cepeqHe apudmernyHe
3HaueHHs. JlaHi TemmepaTypu HAOJMKEHO pIBHI TeMIlepaTypaM KHWIIIHHA, a iXHi
MiHIMaJIbHI 3HA4eHHS CTaHOBIATH: R404a — (-36)°C; R452a — (-37)°C; R290 — (-36)
°C

ISSN 2567-5273 9 www.moderntechno.de
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[ToBHMIT TIepeik OTpUMAHUX PE3yJIbTATIB €KCIIEPUMEHTY BHECCHHU B 3BEACHY
tabnuiro Ne34

[To 3akiHYeHHIO TIEPIOTy KOXKHOTO EKCHEepPUMEHTY (24ron.), 3HATI TOKa3u
aHaJi3aTopa Mepexi.

R452a R290

Pucynok 4. — ITapaMmeTpu eHeprocrno:KuBaHHs NPOTATOM 24 roauH.

OTpumaHi pe3yJabTaTH EHEPrOCIOKUBAHHS B TIOBHI Mipi BiJllTOBIJAIOThH
JOTIYHUM 3aKJIIOYEHHSAM IICS aHaji3y TeMIepaTypHUX MOKAa3HUKIB, IOKa3aMm
MaHOMETPIB Ta AaHAITHYHUAM JOCTIAaM TeMIo(I3UYHUX BIACTUBOCTEH JaHUX
XOJIOJUJIBHUX areHTIB.

B xonai npoBeaeHux nociiiB OyJau BUKOHAHI €KCIIEPUMEHTANIbHI TeMIepaTypHi
Ta EHEPreTUYHl TOPIBHSHHS XOJOMWJBHUX areHTIB pI3HUX THUIIB. B pesynbraTi
aHaji3y OTPUMaHUX I[IOKA3HUKIB BHUSBICHO MO3UTHBHI Ta HEraTuBHI (akTopu

KOXXHOTI'O 3 HHUX.

Tabuunus 4. 3seeHa TadJaMusA pe3yJabTaTiB eKCIIEPUMEHTY.

YMmoBHE [Tepion [Tepion [Tepion [Tepion [Tepion [Tepion OL[I/IHI/II_IiI

Mo3Haue poboTtu MIPOCTOIO poboTu MIPOCTOIO poboTtu MPOCTOI0 | BUMIpY
HHSI max | min | max ‘ min | max | min | max | min | max ‘ min | max | min

xor. R404a R452a R290

areHT

T ka. 36,2 | 26 | 353| 25,4 36,9| 25,5| 35,6| 25,3] 35,5| 25,2| 34,1| 25,3] oC

T Bun 21 | 36| 22| 36| 21| 37| 21| 36| 22| 36| 22| -35]0oC

T kam -20,3 | -21,9| -21,4{ -23,1] -21 | -23,4| -21,7| -23,9] -20,1| -22,7| -21,2| -23,3] oC

T BcMm 329 2,8 324|198 33 | 2,6 | 32,8] 19,5] 33,8 8,8 | 33,7| 23,4]| oC

T km 48,5 | 44,6| 484 45| 49 | 44,7 48,8] 45,1| 48,3| 44,3| 48,1| 44,7| oC

T Har 75 | 38,1 72,1| 39 | 74,8| 38,3| 71 | 38,4] 70,1| 36,8| 66,8| 37,9] oC

T mxn. 39 | 29,1 36,6| 29,2 40,4| 28,1| 36,9| 29,1| 38,6| 28,8| 34,6| 28,5]| oC

T k.k1 37,6 | 30,1| 34,9| 27,3| 37,5] 28,3| 33,9| 27 | 34,7| 28,8| 32,5] 25 |oC

t IIMKJI 15 12 16 12 16 12 MuH.

MXOJL. ['pam

AT 95 105 75

[Toka3u MaHOMETpIB

TO -38,2 e 37,2 |~ -36.8 |~~~ oC

PO 0,43 e 0,35 i 026 |~~~ 6ap

Tk 39,6 e~ 38,2 e~ 372 |~~~ oC

Pk 17,11 e~ 17,33 |~~~ 11,84 | ~~~~~~~ 6ap
ISSN 2567-5273 10 www.moderntechno.de
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IToka3u aHai3aTopa Mepexi

Pn 186 [ 155 |26 |23 |192 |152 |27 |25 |163 |134 |27 |24 |Br

I 1,24 (1,1 10,02(0,03]|1,2 |1,08]0,02]0,03]1,12]1,05]0,02(0,02]A

U 220-230 B

f 50 I'

Ne 2,20 2,42 2,01 KBt/
24ron

Po3paxyHKOBI mapameTpu

Kt muxn 0,55 0,57 0,57

COP 3,02 3,13 3,19

EEI 58 55 46 %

EEC E E D

CO2 EQ 0,37 0,23 0 t

YMOBHI [TO3HAYEHHS
T k0. — Cepeone 3uauenns memnepamyp konoencamopa, T eun. — CepeOHe 3HauenHs
memnepamyp sunapuuxa, 1T kam — memnepamypa 8unapruxa,

T 6cm — memnepamypa 6CMOKmy8anbHo20 mpybonpoeody, T km — memnepamypa
KOJICYXa Komnpecopa 6 30Hi 3anoeHenHs macmuaom, T nae — memnepamypa
HazHimanbHo2o mpyoonpoeody, T n.k0. — memnepamypu nouamxy KOHOeHcayii;

T k.x0 — Temnepamypa Kinys KoHOeHcayii, t Yyuxki — 4ac yuxky, Mxojgar — Kinekicms
xon00unvrHozo acenmy. Kt yuxn — xoeghiyienm podouoeo uacy; COP — xoegiyienm
npooykmusnocmi; EEI — xoegiyienm enepeoegexmusnocmi, EEC — knac
enepeoegexmuenocmi To — Temnepamypa kuninns, Po—Tuck kuninns,

Tk —Temnepamypa xonoencayii; Px —Tuc xondencayii: CO2 EQ — Exeieanenm
suxudy CO2.

[IpoananizyBaBilld OTpUMaHI pe3yabTaTH 13 3BeAcHOI Tabiuil MoOyaoBaHa
ricrorpama Jijis Bi3yaJbHOI'O aHali3y KJIFOYOBUX MapaMeTpiB.

18

16,98 16 68

16

11,58

R290

3,13 3,02 3,19

2,42 2,2 2,01
=4
Hi: @i

AP (6ap) CcOoP Ne; (kBm/24200)
Pucynok 5. — IlopiBHsIsIbHU aHAJI3 X0JI0AUJILHUX areHTIB
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BucHoBku

BHCHOBKOM Takoro AOCHIJKEHHS CTa€ MIATBEPKEHHS MOKJIMBOCTI TOBHOTO
nepexoy BiJ XJOp- Ta OpoM MICTKMX Tra3iB Ha mnpupogHi aHaioro 3 GWP= 0.
[TapanenbHO BUSBICHO TMOPIBHAHO HU3bKY €EHEProe(PEeKTUBHICTh XOJOAUIBLHOTO
areaty R404a. R452a xou i1 BiAgmoBigae moBHIN B3aemo3amini 3 R404a Ge3 3MiHH
MacTUJI YU KOMIIPECOPIB Ta HE SBIAETHCA EHEProe(HEKTUBHUM XOJIOAWIHLHUM
areaToM. OkpimM Toro R452a sBiseThcss BUCOKOBAPTICHUM XOJOJHJIBHUM arcHTOM 3
GWP= 2141, mo cBiguuth npo 3a60poHy Horo BUkopuctanus 3 2022 poky.

[TopiBHtoroun R290 oueBuaHa MHOro mnepeBara Mo €HEProeeKTUBHOCTI Ta
cobiBapTicThb. [Jo mepeBar R290 Takox MOKHA BITHECTH MO0 MOHOTAMHICTh, & OTXKE,
K TIO0Ka3ye JOCHiZ, 1 pIBHICTh HOro, Temmeparypu B piaki ¢asi, B 00’emi
Teroo0MiHHUKA. OHAK 10 HOTO HEJOJIIKIB MPHU MEPEX0/Il MOXKHA BIIHECTU MOTPEOy
B 3aMiH1 MacTHJI B CUCTEeMI Ta BUOyXOHeOe3MeuHiCcTh. [1]e oqHuM HeI0I1KOM MpomnaHy
€ 0OMEXEHHSI TI0 HOTO KUTHKOCTI B CUCTEMI Ta MOTPEOy B JOTPUMAaHHI HOpM O€3MEeKH
MIpY KOHCTPYIOBaHHI 1 €KCIUTyaTarlii.

HesBaxxaroumn Ha nepepaxoBaHi HEJOJIKH R290 3QJIUIIAETHCS
HalmepcneKTUBHIMMM aHamoroM R404a B Hu3bKoTemmepaTypHi TexHill. B cdepi
TOPrOBOTO XOJIOAWJIBHOTO OOJIaJHAHHS HE BUSIBICHO 3HAYHUX MPOOJEeM MpU 3aMiHi
XOJIOMUIIBHUX areHTIB a OTXke, SIK MOKa3ye JOCIiJ, 1 PIBHICTh HOTO, TEMIIEpaTypH B
piaki ¢asi, B 00’emMi TEMIO0OMIHHUKA KaMISPHI XOJOAWIIbHI CUCTEMU 3ATHIIAIOTHCS
MEPCTIEKTUBHIMH Ha CBITOBOMY PUHKY XOJOIMJIBHOTO 00T THAHHSI.
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Annotation. The use of low GWP refrigerants in cooling systems is becoming more and more
common due to their thermal characteristics and lower environmental impact. This study compares
the characteristics of such refrigerants as R452a, R404a, R290 in one cooling system. The research
was conducted at the parameters of the 3rd climate class (Toc - 25 °C. / HRoc - 60%). When
conducting an experiment on the comparison of refrigerants, refrigerants were alternately filled in
the refrigeration system in sequence (R404a/R452a/R290), and after setting the operating
parameters, the refrigeration unit was connected to the network. During the electricity
measurements, pressure gauge readings and thermal indicators of the refrigerating system were
taken, according to which the schedule of the system's operation during the cycle was constructed.
And according to the graphs, the following is obtained. The injection temperature, during the active
period of operation, is stable and varies within: R404a — 75-72.1 °C; R452a — 74.8-71 °C; R290 —
70.1-66.8 °C. The temperature of the compressor oil does not exceed 50 °C, which meets the
technical requirements. The obtained temperatures of the beginning of condensation, according to
the refrigerants during the active period of the refrigerating machine, are close to the readings of
the manometers. These results mean that overheating is removed completely, and only the phase
transition of the refrigerant occurs in the condenser. Values of temperatures of the beginning of
condensation: R404a — 39-36,6 °C; R452a — 40,4-36,9 °C; R290 — 38,6-34,6 °C. The results of the
experiment showed that the highest COP values in the system for R452a, R404a, R290 are 3.13,
3.02, and 3.19, respectively. The conclusion of such research is the confirmation of the possibility
of a complete transition from chlorine- and bromine-containing gases to natural analogues with
GWP= 0. At the same time, the relatively low energy efficiency of the refrigerant R404a was
revealed. Although R452a is fully interchangeable with R404a without changing lubricants or
compressors, it is not an energy-efficient refrigerant. In addition, R452a is a high-cost refrigerant
with a GWP of 2140, which means that its use will be banned from 2022.

Key words: Refrigeration system, Refrigerant, hydrofluorocarbons, environment,
hydrocarbons
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INVESTIGATION OF MAGNETIC PROPERTIES OF DIAMOND

COMPOSITES WITH THE ADDITION OF N-LAYER GRAPHENE
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Abstract: The paper presents the results of studying the magnetic properties by magnetometry
using a vibrating magnetometer "Vibrating Magnetometer 7404 VSM" of diamond polycrystals
obtained by sintering diamond powders with the addition of n-layer graphene at high pressures.
The presence of a hysteresis loop indicates ferromagnetic properties in the samples. The nature of
these properties and the prospects for using such diamond composites with the addition of n-layer
graphene in medicine and biology are discussed.

Key words: diamond composite, graphene, high pressure, sintering, hysteresis, ferromagnetic
properties

Introduction

The development of modern science and technology requires the creation of
materials that work reliably under the influence of force and temperature fields,
aggressive media, deep vacuum and high pressure. One of the promising ways to
improve materials for various functional purposes with the ability to adjust them in a
wide range is the development and creation of composite materials, including
nanostructured ones.

Due to the unique properties of diamond (hardness, high thermal conductivity
and low coefficient of friction), the tool, equipped with working elements made of
composite polycrystalline material based on diamond powders with sintering
additives, has been actively implemented in many industries for more than half a
century [1]. The study of the regularities of controlling the process of forming the
structure of diamond polycrystalline composite materials opens up opportunities to
create materials with the necessary combination of hardness, thermal conductivity,
strength, wear resistance, and electrical resistance depending on the areas of their
application. To produce such diamond polycrystalline composite materials, methods
for their production under high pressure and temperature conditions using activating
additives of various physico-chemical nature have been developed.

One of the directions of development of polycrystalline composite materials is
the production of special-purpose composites, in particular with increased
electromagnetic characteristics.

It 1s known that pure diamond in terms of electrical properties is an insulator and
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1s diamagnetic (with the exception of varieties that have paramagnetic properties, as
well as in some diamond crystals, magnetic properties are due to inclusions with
increased magnetic permeability), which introduces restrictions on the scope of its
application. But when sintering diamond powders with activating additives, it
becomes possible to influence the electromagnetic properties of the polycrystal in a
certain way. In particular, diamond composites with high electrical conductivity were
obtained in [2]. This effect was achieved by adding graphene to the sintering charge,
a material that has recently become one of the most attractive materials as a
secondary phase in diamond polycrystalline composite materials.

The aim of this paper is to study the magnetic properties of a diamond
polycrystalline material obtained by sintering diamond powders of various origins
with the addition of n — layer graphene at high pressures.

Materials, equipment and research methods

For the production of diamond polycrystals, micro-powders of diamonds are
used, which have two origins and origin: natural and obtained by synthesis using
high-pressure technology (synthetic diamonds).

Micro-powders of natural diamonds are made by crushing low-grade natural
diamonds. They consist of crystal fragments obtained as a result of diamond crushing
(Figure 1) and are indicated by the letter index AM — micro-powders made from
natural diamonds.

Figure 1- natural diamond micro-powder grains

Micro-powders of synthetic diamonds (Figure 2) are obtained by static or
centrifugal sedimentation methods from the fine product remaining after the
production of synthetic diamond grinding powders. Synthetic diamond micro-powder
is indicated by the letter index DSM.

Figuré 2-DSM grade diamond micro-powder
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In general, the grains of synthetic diamond micro-powders have a more
developed surface. Their specific surface area is almost 1.5 times larger than that of
natural ones.

In our sintering experiments, a micro-powder of synthetic diamond grade DSM
with a grain size of 40/28 and a micro-powder of natural diamond with a grain size of
14/10 were used, and graphene of the Gn(4) brand (manufacturer Cheap Tubes Inc,
USA) was used as an additive. Graphene of this brand is graphene nanoplates
consisting of small stacks of graphene layers (less than four layers with a total
thickness of less than 3 nm), which, depending on pretreatment, have a specific
surface area of 700-2000 m?/g (Figure 3).

Figure 3 - Appearance of graphene scales of the Gn(4) brand

The choice of this type of graphene is because, as shown in [3], such graphene
does not turn into diamond under high pressures and temperatures, even in the
presence of metals that are carbon solvents and their alloys. In addition, it is known
that the allotropic modification of carbon — graphene — has unique properties: the
maximum electron mobility among all known materials (achieved carrier mobility of
~ 2-10° cm?-V-1-sh), high electrical conductivity of films (1738 Sm/m), huge
mechanical rigidity (young's modulus ~ 1 TPa), and a record high thermal
conductivity of 3500-5500 Wt-m™-K), high optical transparency (~ 97.7%). In this
regard, graphene of various structures (monolayer and n-layer, where n = 1-20) and
sizes (from micron to nanometers) are actively studied for the possibility of their use
as a component capable of forming new properties of materials, while preserving or
enhancing their other properties. For example, graphene's high ability to modify the
surface of intergranular boundaries of composites, including diamond ones, was
established. This property allows you to improve the performance characteristics of
the composite and at the same time create new properties to increase wear resistance,
reduce electrical resistance.

Polycrystals were sintered on a DO-043 press unit that develops a force of up to
20 MN using a high-pressure device (HPD) of the "toroid" type with a central recess
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N
diameter of 30 mm. Sintering of the charge was carried out at a pressure of 7.0-7.5
GPa, a temperature of 1250-1350 °C. The sintering duration was approximately 200
s. After sintering, the surface of the obtained samples of composite material with a
diameter of 4 mm and a height of 4.5 mm was subjected to chemical treatment in
order to clean it from graphite residues.

The magnetic characteristics of the samples were studied by magnetometry
using a vibrating magnetometer "Vibrating Magnetometer 7404 VSM" (manufactured
by Lake Shore Cryotronics, Inc.", USA) [4] in magnetic fields with a strength of up
to 13 kE. The sensitivity of the magnetometer was 10”7 emo, which made it possible
to measure the magnetic moment of samples weighing up to units of milligrams. The
mass of the studied samples was determined using AB135-S / FACT electronic
microweights from autocompensation (Mettler Toledo, Switzerland). The sensitivity
of the scale was 107 g.

Research results and their discussion

The results of studying the magnetic properties of the obtained diamond
composite samples are shown in Figure 3 and Table 1 are given.
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Figure 3 — Hysteresis loop in diamond composite samples of the following
composition

a — micro-powder of natural diamond am 14/10 and 0.3% (by weight) graphene Gn
(4); b — micro-powder of synthetic diamond AFM 40/28 and 0.5% (by weight)
graphene Gn (4)
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The hysteresis loop (Figure 3) indicates the presence of ferromagnetic properties
in the samples. The magnetic field strength Hp,s, at which the magnetic saturation
moment mg is achieved, in all cases is 5000 E. According to the coercive force (Table
1), the samples belong to magnetically solid materials, such as vikalla and kunife
alloys, kuniko, Fe—Co—Cr, used for the manufacture of permanent magnets [5]. When
the graphene content increases from 0.5% to 1.0% (by weight), the coercive force
increases by about 14%; reducing the grain size of sintered diamond powders has a
more significant effect: the coercive force increases by 1.4-1.6 times, while the
magnetic losses determined by the area of the hysteresis loop decrease by 2.5-2.7
times

Table 1 — Magnetic properties of diamond polycrystalline composite samples of
various compositions

Sample Magnetic saturation | Coercive force | Hysteresis loop
moment mg, emo/g Hc, e area, erg/g

DSM 40/28 + 72.561-107 189.79 39.66
0.5% (by weight)
graphene Gn (4)

DSM 40/28 + 75.435-107 215.01 43.67
1.0% (by weight)
graphene Gn (4)

DM 10/14 + 0.3% 19.423-10° 303.22 15.99

(by weight)

graphene Gn (4)

The nature of the manifestation of ferromagnetic properties in the studied
samples can be determined by several reasons. As is known, a non-impurity diamond
is a diamagnet, and the magnetic properties of real diamond powders, as well as
electrical ones, depend on the presence of impurities and inclusions in them [6].
However, in recent decades, there have been publications devoted to the analysis of
conditions under which carbon can exhibit ferromagnetic properties [7-9]. In
particular, it has been shown that under certain extreme conditions, such as, for
example, high temperatures, pressure, there is a special ordering of carbon atoms that
is favorable for spontaneous magnetization.

Thus, the ferromagnetic properties of polycrystalline diamond composites
obtained by us can be formed both due to the content of ferromagnetic impurities in
natural diamond powders, as well as impurities and inclusions of carbon-solvent
metals (Ni, Fe, Co) in synthetic diamond powders, and spontaneous magnetic
ordering in nanographene layers, the appearance of which is regulated by Lattice
distortions caused by electron-phonon interaction [9].

Conclusions

Consequently, the improvement of the technology for producing diamond
polycrystalline composites with the addition of n-layer graphene with ferromagnetic
properties will expand the scope of application of diamond composites, in particular,
for creating permanent magnets.
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In addition, if further experimental studies lead to reproducible results that
would support the hypothesis of induced magnetism in n-layer graphene, this will
open up prospects for the use of polycrystalline diamond composites with the
addition of n-layer graphene in medicine and biology as unique biocompatible
magnets.
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Abstract. The use of drones for military and commercial purposes has grown dramatically
over the past two decades, and their missions range from surveillance and reconnaissance to
combat support. Technological progress has led to increased capabilities and reliability of drones,
and the availability of drones has also increased dramatically.

The methods of combating drones are analyzed. In particular, the main focus is on radio
frequency methods and hand drone jammers. Existing hand drone jammers manufactured in
different countries are also considered.

Key words: drones, drone jammers, spoofing, radio frequency warfare.

Introduction.

Over the past years, the scope of drones (or UAVs - unmanned aerial vehicles)
has expanded significantly. Very often, drones appear at airports, at security facilities
(detention points, military factories), and are also used to track people. A lot of
people have appreciated the advantages of aerial reconnaissance and use it actively
without hesitation [1].

All drone manufacturers are constantly improving them. The drone allows users
to collect information about the object of interest to us almost imperceptibly from the
air. An object can be a person, a group of people, an enterprise or some territory.
Commercial drones are becoming more and more autonomous by moving from
purely remote-controlled devices using Wi-Fi bands (2.4-5 GHz) to portable and
autonomous aircraft with obstacle detection, palm launch, gesture control and
capabilities tracking. Unfortunately, these new features can easily be used to commit
several types of crimes, ranging from violating privacy, for example through aerial
photography, undermining critical infrastructure, military bases and warehouses, or
even places of mass gathering of people [2].

Understanding the above problems, in recent decades the world community has
taken a number of countermeasures to prevent drones from entering restricted areas.
The issue of drones being misused is a global priority. The more expensive the
device, the more difficult it is to resist it, which makes the difficult task of fighting
drones an unequal battle, because without special equipment, the average person has
nothing to oppose the drone [1].

Thus, there is a need to develop consistent standards and rules that, on the one
hand, will provide space for the development of UAV technologies and their
widespread use in the economy, and on the other hand, ensure the safety of citizens
and infrastructure that is of key importance for the security of the state.
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Manufacturers of anti-UAV systems are constantly looking for the most effective
tools to solve this problem. The main objective of this publication is to analyze
existing anti-drone systems.

Analysis of anti-drone methods.

Since different objects are not equally located on the territory, don’t have the
same infrastructure, therefore different approaches are used to ensure that the
protection is maximum, it depends on the size, security policy and other factors of the
object. At the moment, there is no such system that can provide 100% anti-drone
protection.

There are three types of protection:

1. Preventive: restriction of use by making amendments to the legislation;
warning boards in front of the territory; no-fly entered into software (geolocation
data).

2. Observation and detection: radar, acoustic, optical, radio-frequency, multi-
sensors and systems that are located on the object’s territory.

3. Neutralization: control interception (spoofing) and radio suppression of
drones, physical interception (by other drones using a net), physical destruction
(lasers, weapons) [2-3].

One of the methods of neutralizing a drone is jamming. This method allows you
to save the drone and get valuable information from it. A jammer can broadcast a
strong jamming signal to prevent the drone's receiver from properly receiving and
receiving messages from the radio frequency spectrum emitted by the source (drone
user). Jamming is particularly useful for combating drones because it allows you to
disrupt both the remote control and the drone's Global Positioning System (GPS).
When the positioning and navigation functions are blocked, the drone goes into a safe
mode - landing or returning to the original position. Today, GPS jamming is
considered one of the best methods for protecting specific targets, territories,
infrastructure and preventing unauthorized drone flights [4].

This technology is relatively cheap, easy to operate and can have a significant
positive effect - temporarily disabling all nearby drones. These advantages are also
accompanied by some significant disadvantages.

RF noise can interfere with nearby communications systems, making this
jamming technology problematic in many sensitive environments, including the
ability to disable authorized drones. Since the jamming effect depends on the strength
of the RF noise, its resulting effect depends on the relative strength of the signals that
the drone receives from the remote control and the jammer, which depends on the
transmission power and the distance to the object. The jammer works only if its
signal is dominant. That is, the silencer will work only when the drone is far enough
from the remote control and close enough to the silencer. Also, if the drone activates
the "return to home" function, its pilot will be able to resume control as soon as the
drone gets close enough to the remote control. Of course, if the jammer stops
transmitting, the pilot can immediately resume control.

Some types of jammers have certain strengths and weaknesses. Directional
jammers provide a longer range than other types of jamming and cause less
interference in the immediate vicinity. But this requires continuous transmission of
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the interference signal. Directional jammers cannot effectively counter swarms of
drones, which typically approach from multiple directions. A narrow beam can also
become ineffective if the drone begins to turn "home" and the pilot is able to regain
control and fly in a different direction or avoid the effective angle of the directional
jammer.

Omni-directional jammers can deter drones from all directions and thus better
deal with drone swarms. They offer a shorter range in a larger area than directional
silencers. The side effect of authorized and safe drones, as well as other nearby
communication systems, also increases.

Hand jammers are mobile and easy to use. The operator simply pulls out the
device and points it. Disadvantages: Since this method is manual, the user must carry
a portable jammer, power batteries (in a backpack) and be alert (optics are also
required).

If the operator is unable to immediately activate the portable jammer or is not
paying attention, the chance to neutralize the drone may be lost. Also, manual
silencers operate at a low power level in order not to endanger the health of the
operator, which also limits the range of the device.

This type of jammer is effective in scenarios where a specific sensitive point
needs to be protected and the threat is close and within sight. This is practically
useless in cases where it is necessary to protect a perimeter or border, that is, a large
area, since the drone can simply fly high enough to be out of range of the manual
jammer [5].

Drone developers use several frequency bands for radio control of copters.
Depending on the frequency range in which the radio control of the drone will be
carried out, the cost, class and tasks that it must perform are affected. Commonly
used radio frequency bands are Wi-Fi 2.4-2.5 GHz, GPS L1 / Glonass L1 - 1.57-1.62
GHz, GPS L2-L5 - 1.17-1.280 GHz, 5.8G - 5, 5-6.1 GHz, 5.2G - 4.9-5.5 GHz,
RC433 -4.33 GHz, 3G - 2.11-2.17 GHz. The drone does not work at all of the above
frequencies, it all depends on the model and factory settings, in some models you can
change the communication channel [6].

Many of the latest drones operate on 5G cellular networks rather than traditional
remote control frequencies, allowing for greater range and improved smartphone
integration. This is expected to become the norm, creating problems for all types of
jammer drones.

Drone spoofers look, feel, and work just like other portable drone "guns," except
they don't actually block drones. As jammers broadcast noise to make radio signals
unintelligible, spoofers intercept radio signals to take control of drones, forcing them
to stop. This is done by transmitting compatible signals with sufficient strength to
replace the source [7].

One of the main jammer’s problems is that they are inaccurate. They often jam
other electronic devices such as radios and navigation systems.

Analysis of existing hand jammers.

Based on the results of the analysis of existing hand jammers, some jammers can
be marked. We can cite the UAV Scrambler 300 model manufactured by Iding
Design (Figure. 1, a), which uses a design of three antennas (Figure. 1, b), which can
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create directional interference at operating frequencies including 2,4 GHz, 5,8 GHz
and GPS L1/L2, which allows you to suppress the signals of various types of drones

18],
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Figure 1 - Appearance of the UAV Scrambler 300 model (a)
and body components (b).

The frequency selector button can control three different frequencies to achieve
separate or simultaneous interference, equipped with a built-in 3000mAh battery that
provides up to 1 hour of continuous operation. It has a compact size and is easily
installed on a stand or tripod. [8].
Another of the analyzed models is the UAV-D04JAI. Designation and detailed
description of parts of the UAV-D04JAI model is shown in Figure. 2 and in Table 1
[9]. Operating frequencies: GPS, GLONASS, Galileo, BeiDouB1, 2.4 GHz 5.8 GHz.
The power at different frequencies is different, as is the width of the main lobe of the
antenna, for example, at a frequency of 2.4 GHz, the transmission power will be
50.05 dBm, with a beam width of 29 degrees horizontally and 25 vertically [9]. This
also applies to all other models of hand jammers on the market.

Table 1 - Components of the UAV-D04JAI

No Part name Function

1 Power adapter interface Connecting the adapter
2 Main unit Control center

3 Battery Powering the device

4 Antenna Signal transmission

5 RF switch Turns transmission off/on
6 Stock Auxiliary element

Indicator of radio frequency, power status

Determination of the current state

Power button

Off/On

7 : D - Home flight mode
Mode switch button L - Forced landing
Power setting button Power change

8 Telescopic sight Observation of the target

There are many models of different manufacturers with different design
features, power, frequencies and number of functions. A number of modern manual
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jammers are presented on Figure 3. They are used in armies around the world,
including the Ukrainian. Among them are Lithuanian EDM4S, Australian DroneGun
Tactical, Ukrainian KVSG-6 and Antidrone-M, RG-7 [10-12]. It should be noted that
the battery life is 1-2 hours.

U1~ 00

(c) (d)

& (8)
Figure 3 - Model RG-7 (Ukraine) (a), NightFighter (Britain) (b), DroneGun

Tactical (America) (c), EDM4S (Lithuania) (d), KVSG-6 (Ukraine) (f),
ANTIDRONE-M ( Ukraine) (e).
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ANTIDRONE-M jams signals on the following frequency ranges: 2.4G WiFi
2400-2500 MHz - 40W; GPS L2 1227 MHz - 15W; 868-912 MHz (860-920 MHz) -
25W; 433-434 MHz - 20W; GPS L1 + Glonass 1575-1620 MHz - 40W; 5.8G 5.5-5.9
MHz - 2W [10-12].

KBSG-6 allows you to block a similar set of frequencies: video transmission
2.4G WiFi 2400-2500 MHz - 20 W, navigation signals GPS L2 1227 MHz - 10 W
and GPS L1 + Glonass 1575 -1620 MHz - 20 W; radio control signals 868-912 MHz
(860-920 MHz) - 10 W and 433-434 MHz - 10 W; And 5.8G 5.7-5.9 GHz
frequencies - 10 W [10-12].

Therefore, there are a large number of models of hand jammers on the market.
We can not say that one or another model is the best. It depends on many factors, so
the choice is up to the user.

Summary and conclusions.

In this article, various methods of jamming drones were analyzed. As a result of
the analysis, the advantages and disadvantages of all three methods were determined:
omni-directional jammers, directional jammers, hand jammers. Hand jammers from
manufacturers of different countries that are currently on the market were also
analyzed.

Summarizing, we can say that technologies for countering military and civilian
quadcopters are rapidly developing, especially radio jamming. They allow you to
delay, divert, destroy or intercept control of the drone. At the same time, developers
are improving the drones themselves. Either completely autonomous drones are being
created, which use inertial navigation, or complex hardware and software means of
signal transmission/reception from/to the operator are used. Thus, anti-drone systems
need to be improved every day, and kinetic means of countering drones should not be
neglected.
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Anomauin. B pobomi poszensoacmvbcsi apXimekmypa HagieayitiHoi cucmemu MoOOLIbHO20
poboma. Pozensoaemovcs 081 MoOeni CKAHY8AHHA NPOCMOPY MA BUSHAYEHHS KOOPOUHAmM 00 €Kmie
HABKONUWHBO20 NPOCMODY.

Knrouosi cnosa: pobomomexuika, HagieayitiHuti KOMNIeKc, MOOIIbHUL pobom.

Beryn

CyuacHa po0OoTOTexHIKa Toyaja OypxJmBUi po3BUTOK y 1970-x pokax. Y Toii
qac 3'IBUJIMCS MepIi MOJeNl, siKl €()eKTUBHO BUKOHYBAIU (QYHKIIIT JTFOANHH.

3 yacoM 3'IBUJIMCS aJaNTUBHI pOOOTHU30BaHI CUCTEMHU - MOOUIbHI poOOTH Ha
maT@opMi HOBOTO TOKOJIHHS. Po3lIMpeHi HajamTyBaHHS MOXYThb pO3paxyBaTH
ONTUMAJIBHUH MapHIpyT pyXy Ta BHOCUTH KOPEKIIii B MapumpyT pyxy [1-2].

OCHOBHHUI1 TEKCT.

Mo061s1bHI pOOOTH 3 aBTOHOMHUMH CHCTEMaMM HaBirallii MOIJIM TepecyBaTUCs B
MPOCTOP1 3aBASKM BCTAaHOBJIEHUM CKaHyrO4UMM Aartyvikam. CrerianbHa KOMITIOTepHa
TEeXHIKa OTpUMYyBaJla CHUTHAJIM, 3a SKUMH BHUPIIIYBAJIOCS, SK CIIAyBaTH MapuIpyTy.
Hagirariiina cucremMa BUKOHYBaJIa pOJib KOOPAUHATOPA PyXy. 3r0I0M 3'SIBUITUCS OUIBII
Cy4dacHl poOOTHM30BaHI CHUCTEMH HaBiraiii, [0 BHUKOPUCTOBYIOTb MOJEPHI30BaHI
JATYUKHU, TIPOCKOIH, CYITyTHUKOBY HaBITAIlif0, JIa3epH Ta YIbTPA3BYKOBI MPUCTPOT [1-
2].

OCHOBHMMH BHIaMH aBTOHOMHO]I HaBIramii €:

" MICIICBOTO IIPU3HAYCHHS, 3AiMCHIOE (DiKcallil0 KOOPJWHAT 32 BCTAHOBJICHUMH
napamMeTpaMy, BUKOHY€ BU3HAau€HHS (YHKII B MeEXax IONEPEeIHbO BIIOMOT
30HU;

® r100aJbHUNA THUII, BU3HAYAE€ aOCOJIFOTHI KOOpJAMHATH poOOTa mpu pyci podoTta
0 BEJIMKIi MOBEPXHI;

® OCOOMCTICHUM THUII, TO3UIIOHYBAHHS 3JIMCHIOETHCS BITHOCHO HaMOIMKUIMX
MpEeAMETIB.

ABTOHOMHA HaBiraiisi MOOUIBHUX POOOTIB € OJHUM 13 KJIFOUOBHUX 3aBJlIaHb

MOOUIbHOI ~ POOOTOTEXHIKM: 32 BHU3HAYEHHAM, MOOUIBHMI poOOT MNOBHHEH
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nepecyBaTucs B IMpocTopi. Po3poOHMKM, AOCHIIHMKKA Ta KOPUCTyBadl IUX OOTIB
X0uyTh, MO0 HaBiramis Oyna aBroMatuyHOiO [1-7]. 3BHuaiiHO, 1€ HE 3aBXKIH
HeoOX11HO. AJie, HaNpUKJaa, sIKIIO 1€ MacluTabHa MOUTYKOBO-pATYBaJIbHA OIEpalis,
KOJM MpAaIIOIOTh JECATKH, @ TO W COTHI APOHIB. 3HANTH COTHIO KBadi(hiKOBaHUX
CHELIaTICTIB, AKI MOTJIM O OJJHOYACHO KEPYyBaTH APOHAMH B PEXKHUMI peajIbHOIro yacy,
npo0JIeMaTUYHO.

[TonoBuHa HayKOBHUX POOIT 3 pOOOTOTEXHIKHU MOB'SI3aH1 3 MPOOIEeMaMH HaBITaIlli.
[HOMI TemaTuka HAyKOBHUX POOIT 1 JOCTIIKEHb HA MEPUIUN TOIJISIA HE Ma€ HIYOro
CIIUIBHOTO 3 HAaBITaIll€l0, HAMPUKJIAA, 3 PO3MI3HABAHHSM IMIIOXOAa Ha J0pO3i.
be3ninoTHiil cucteMi MOTPIOHO PO3Mi3HABATH MIIIOXOJIB Ha Biaeo. Ilpu BusABIEHHI
MIII0X0/1a HEOOX1THO HANAIITYBAaTH aIrOPUTMHU HaBITAIIIi.

MoskHa BUIIJIUTH YOTUPU OCHOBHI KJIACH 3aBJlaHb HaBIralli: kaprorpadyBaHHs,
JIoKasi3alis, MIaHyBaHHs Ta BIJCTEXKEHHs TpaekTopii. Jlokamizaiis — 1e 3aBaaHHs,
saKe GOpMY€EThCS TaK: Y HAC € MOOUTHHUN pOOOT, MU 3HAEMO KapTy HABKOJIHUIITHHOTO
IIPOCTOPY, aJie MU HE 3HAEMO, JIe 3HAXOJUTHCS poOOT. MOOILIbHUI POOOT TaKOXK Mae
pagapu, Ja3epHl JalieKoMipu Ta Bigeokamepu. BuxopuctoByrouu iH(opMaIliio,
OTpUMAaHy BIJI IUX JAaTYMKIB, POOOT TMOBWUHEH BU3HAYUTH CBOE IOJOKEHHS,
31CTaBUBIIMA OTPUMAaHI JaHl 3 BIJOMOIO KapToro. SIKINO 10 3amady po3B’s3aTH 3a
MEeBHUH MTPOMDKOK 4acy, M OTPUMAEMO CJIiJ] TOUOK — TPAEKTOPIIO PYyXY.

[Tpotunexuoto mpobreMor0 € kKaptorpadyBaHHS, KOJH, 3 IHIIOTO OOKy, MU
3HAEMO CBOE TOJIOKEHHS Y CBITOBIM CUCTEM1 KOOPJMHAT, HAMIPUKJIAJ, 32 JOIIOMOTOIO
GPS. Jlokamizarist He mOTpiOHA, ajie MPO CEPEAOBUIIE HIYOro HEe BioMo. HeoOxiaHO
moOyIyBaTH MO/IEIh HABKOJMIIHBOTO CEPEIOBUINA 3a JOMTOMOTOI0 THX K€ JTaTYHKIB,
SKI BUKOPHCTOBYBAJIWCS I JIoKamizamii. HaHectn Ha kapTy BCi 00’€KTH
HaBKOJUIIHLOTO CepeoBUIla, OakaHO 3 a0COMIOTHUMH po3MipamMu, 100 Oyiu
B1JIOM1 PO3MIPH Ta BIJICTaHI.

HaiiBaxkue, koM 11l 3aBIaHHs MOEIHYIOThCA. ByBaroTh cuTyallii, KOJu MU HE
Ma€EMO TOYHOIO MICIIE3HAXO/KEHHsI YW KapTh MicueBocti. [lpukimagom Takoi
cutyallii € poOOT, KUK BUKOHYE IIONIYKOBY [IIF0 B 3pyHHOBaHiM OynmiBii, HoMy
noTpiOHO 3HAWTHU JroJel y 3pyiHoBaHiil OyxaiBii. Cucrema GPS B GeroHHOMY mIapi
HE Tpallroe, KapTu Oy 1Bl a00 Hemae, a00 B)Ke He aKTyallbHa uepe3 pyhHyBaHHs. [{ro
npoOieMy BUPINIY€ KJIac alfOPUTMIB, SIKI HA3UBAIOTHCS PEAKTUBHUMHU aJITOPUTMAMH.
VY uboMy BUNIAAKY CIIiJl BpaXOBYBAaTH BIICYTHICTh KapTH, MU PyXaeMOCS O TPsIMiH 1
o0xomumo mepemkoan. OgHak Takui crocid mepecyBaHHS Oyae HEIOCTaTHBO
edeKTUBHUM, TOMY HEOOXI1/IHI JIOKami3allis, kaprorpadyBaHHs Ta rianyBaHHs. Tpebda
BUPIIIMTY THUTaHHS KapTorpayBaHHA Ta JOKami3alii — Ha aHra. 1e simultaneous
localization and mapping (SLAM), npuknanx noOymaoBu kaptu Ha ocHOBI SLAM Ha
puc. 1.

HaitaktyanpHimum HanpssMKoM € 3aBAaHHs SLAM B KOHTEKCTI BiJ€OIMOTOKY,
Tak 3BaHl - visual-based simultaneous localization and mapping - ojaHOYacHe
B1IOOpakeHHs 1 JIOKaJli3allisl 3a B1JCOMOTOKOM, KOJM Y HAc € TIIbKM KaMepu BiJ
JATYUKIB, SKI TOBHHHI BHKOPUCTOBYBATHCS JIi CTBOPEHHS MOJENI CBITY, 100
3pO3YMITH, JI€¢ MU 3HaXoAuMoOcs 1 K pyxarucs (puc. 2). Ha Bemukuii aBTOMOOLIBL
MO>XHAa BCTAHOBHUTHU 0arato pi3HUX AATYMKiB, OCKUIBKMA BIH BEJIMKHUNA 1 MOXKE HECTH
BeNMKYy Bary. [ HEBeIWMKUX OE3MUIOTHUKIB BHUKOPUCTAHHS BEJIUKHUX KOMIUICKCIB
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HEMOXJIMBO, 4  HaWKpalmMM  BapiaHTOM €  BHUKOPHCTaHHS  MAaJIGHBKUX
eHeproepekTUBHUX Kamep. Jlpyra mpuduHa, 4OMy 3aBJaHHS aHAJi3y B1JICOCUTHAIY
I[iKaBe, MOJsira€ B TOMY, IO JIIOJWHA cripuiiMae Oarato iHGopMaIlii 3a JOMOMOTO0

30py.

Puc. 1. llpuxaax moaeJi KiMmHaTh nodyaoBanoi no SLAM 3 npokJiaieHum
MapupyToM

[HmmM kymacom 3amay € 3ajadvi MJIaHyBaHHsS TpaekTopli. JlMBUMOcsS Ha KapTy
3BEpXY, Ha KapTl € 3alITPUXOBaH1 MEPEIIKOIU. Y Ce 1HIIE — YHUCTUM apKyIll, IPOCTIp,
SKAM MO>KHa TpoiTh. Ham moTpiOHO moOyayBaT MpsiMy, sSIKa CIIOJydYa€e JBI TOUYKH.
3a3Bu4ail 3aBIaHHS 3BOJIUTHCS JO 3aBJaHHA 3HAWTH nuIsAX mo rpady. HeckinueHuui
BUIBHUI TIPOCTIP Ma€ HECKIHUEHHY KIJIbKICTh TOYOK. CIIOYaTKy MU CTBOPIOEMO HOTO
JTUCKPETHY MOJCJNIb: HAKJIaJaloud OMOPHI TOYKH. [x Bke € KiHIEBA KiJIbKIiCTb.
BiamnoBigHO 10 MEBHUX aJTOPUTMIB JIEAK] 3 MUX TOYOK MOTIM 3’ €IHYIOTHCS JIHISIMHU
Tak, mo0 BOHM HE TOPKAJIWCSA 3alITPUXOBaHUX objacteir. OTpumyemo Tpadik
MO>KJIMBOCTEHN MOTPAIUTH 3 OJIHIET TOUKH B iHITY (puc. 3). Hamre 3aBganas — 3HaTH
MapuIpyT, KU 3a 33JaHIMHU KPUTEPISIMH ITiI1HA1e HaMm O1IbIIe 3a BC1 1HIIII.

AJNTOPUTM YCKJIQJHIOETHCS B 3aJIEKHOCTI BiJ] YMOB. Onucanuii OLIbII MPOCTHI
MPUKIAZ, MOXYTh BUHUKHYTH YCKJIAQIHEHHS: TPUBUMIPHUU TMPOCTIp, HASBHICTH
IUHAMIYHUX 00'€KTIB.

[ToOGyayBaBIIM MapLIPyT CTEKEHHS, HEOOX1THO, 1100 MOOLTLHUM pOOOT pyXaBcs
o HboMy. UeTBepTHii 010K 3a1au iae mo Tpaekropii. [Inanyroun TpaekTopito, BOHU
HE JyMajd Mpo Te, K Ma€ BUIJIAJATH LS JIiHISA, HAPUKIAL, MOXHA OyJio 3p0OUTH
noBOpoT Ha KyT 90°. Skmio ne rexikonrtep, He Oia. Aye SKIIO 1€ MalllMHa, TO BOHA
HE MOXKe po3BepHyTHCS Ha 90° Ha Miclii.
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Puc. 2. Illpuxkiaag SLAM Ha 0CHOBI Bij1e0 NOTOKY

B b

Puc. 3. Ilo0ynoBa mapmpyry no rpagam
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Tomy HEOOX1IHO YCKJIAJHUTHU 3a7ady MPOKIAJAKU MAPUIPYTy a00 BUPIMIMTH 33a4y
BIJICTe)KEHHSI MapIIPYTy. 3aBIaHHS CTCKCHHS BUKOPUCTOBYIOTHCS IS BIIACTCIKCHHS
MapHipyTy 3 ypaxyBaHHSM OCOOJMBOCTEH PyXy pyXOMOTO 00’€KTa 3 MiHIMAJIbHUMH
BIJIXWJIGHHSIMU B1J] TpaekTopii. Ko BiAXuiaeHHs Oyne Oublle 3aJaHOro 3HaYeHHS,
MapmipyT Oyne mepeOymoBaHo. BincrexxeHHs 3a3BUYall  PO3TISIAETHCT 3
BUKOPHUCTAHHAM TEOpli CUCTEM aBTOMaTH30BaHOro ynpasisHHsS (CAY).

B pamkax mocmimkens Oyna po3poOieHa MOOUIIbBHA poOOTH30BaHA HaBIrarfiiiHa
CHUCTEMa Ha OCHOBI CKaHYHYOT0 JaJieKoMipa.

Jlns  BOpOBaKEHHS CKaHYIOUUX MPUCTPOIB Oyl0 00paHO YIbTPa3ByKOBY
TEXHOJIOT1I0O BUMIPIOBAHHS BIJACTaHl, TOMY IO IS TEXHOJIOTIS € HaWMEHII
PO3BHHEHOIO Ta € TOTCHIIIHHO HEJOCTI/DKCHO Ta TEPCIEKTUBHOIO IS
BJIOCKOHAJIEHHS Ta IHHOBAIIIH.

Ha ocHoBi 1mporo Oyno po3poOiieHO ABI MOJENI CKaHyBaHHS HPOCTOpPY Ta
BU3HAYCHHS KOOPAMHAT 00’ €KTIB Yy HABKOJUIIHHOMY TpocTopi. Ilepma 3 Hux — 1e
cUCTEMa 3 POTAIifHUM YIbTPa3BYKOBUM MoxayjeMm. Ilicias BmpoBajkeHHS 1
TECTYyBaHHS MOXXHA 3 YIMEBHEHICTIO CKa3aTH, 10 JaHa MOJEJb Mpaie3aaTHa 1 MOXKe
OyTH BCTaHOBJICHa Ha MOOUIHbHHMX IIaTdopMax sl CKaHyBaHHS HABKOJMIIHBOTO
npocTopy. YCIHIIIHE BUKOPUCTAaHHS MOIMBE 33 YMOBH  BJOCKOHAJICHHS
KOMITOHEHTIB, 3 SIKUX 310paHuil MPOTOTHUI, OCKUIBKH B MpPOIIECI TECTyBaHHS OyJio
BUSBJICHO, 10 YyibTpa3BykoBuii Moayiab HC-SR04 mae HemocTtaTHi MOKa3HUKH
TOYHOCTI, 110 3r0JIOM MPU3BOJUTH J0 MOXWOKM BUMIPIOBaHHS B Jiana3oHi Big 1 cm
10 5 cM. CepBONPUBOIM TAKOK MOTPEOYIOTh BJIOCKOHAJICHHS, OCKUIBKH 1X PO3/1JbHA
3aTHICTh OOMEKEHa, a TUTACTHKOBUU PEIYKTOP HE MOXKE 3a0€3MEYUTH JTOCTATHHOI
KOPCTKOCTI. 3pOOUBIILIHU 111 MOJIMIIEHHS, MOKHA 30UIBIIIUTH MBUAKICTh CKaHYBaHHS,
IO € TOJIOBHUM HEJIOJIIKOM IIi€1 MOAEII.

Jpyroro mpeacTaBlICHO MOJIEIUII0 CTaja CUCTEMa 31 CTAaTUYHUMU JaTYMKAMU
MOJIOKEHHSI, sIKa BUABHIIACS 3HAYHO KPAIOI0 32 TOYHICTIO BUMIPIOBAHHS KOOPJUHAT
00’€KTIB, ajle Ma€ psiJ KPUTHYHUX OocoOIuBocTel. Ll Momens He MOXe CTBOPUTU
TPUBUMIPHUHN MPOCTIP, BU3HAUYUTH PO3MIPH 00'€KTa 1 BABHAYUTH KiJIbKa 00'€KTIB, ajie
BOHA Ma€ BHCOKY TOUYHICTh BUMIPIOBAaHHS, MOXHUOKa ITi€l cHCTeMH CTaHOBUTH Bijg 0,5
cm jo 1,5 em.

3a HasBHOCTI HU3KHU YJOCKOHAJIEHb Il MPOOJIEeMH MOXKHA YaCTKOBO BHPIIIUTH,
HaIPUKIIAQA, NUITXOM 301IbIIEHHS KIJIBKOCTI CEHCOPHHMX MOJYIIB, IO MPU3BEIEC 0
CerMeHTaIlil 30H 30HyBaHHS Ta, SK HACJIJIOK, MOKJIUBOCTI imeHTH]IKAIi OiIbIIOq1
KUTBKOCTI 00’ €KTiB y mpocTopl. AGO sIK anbTepHaTHBa CTBOPUTU MOBOPOTHY OCHOBY
JUTS TATYMKIB, 3aBISKU K MOXKHA MEpEMIIIaTi 30HY YyTJIMBOCTI, B pe3yibTaTi YOTO
TaK0>X CTBOPIOETHCS CErMEHTAllisl 30HU YyTJIUBOCTI.

Hesanexxno Big MoxiamBux Momudikaiiidi gaHa cucTeMa MpuaaTHa s
BCTAHOBJICHHSI HA MOOLJIBHUX IJIaTOpMax SIK CUCTEMa OIMOBIIIEHHS PO HAMOIIKUIY
70 MOOUIBHOI TUIATGOPMH TEPEIIKOAY 1 3AaTHY BHU3HA4YaTH KOOpAMHATH 00’ €KTa B
IIPOCTOPI 3 TOYHICTIO J0 JIEKIJILKOX CAHTUMETPIB.

VY mMx TEXHOJOTISX PO3pOO0JECHO METOJ TPIaHTYJSAIIl JJI1 BUKOPUCTAHHS TIPHU
BUPIIIICHH] 3ajJ1a4, SKi J03BOJSIOTH IBHUJIKO 1 3 BHCOKOI TOYHICTIO 3HAXOIAUTH
KOOPJAWHATH JUHAMIYHOTO 00'€KTa B IPOCTOPI MOOLIBHOI maTgopmu (podoTa).

AOCOJIOTHOIO MEPEeBaror0 € MOEHAHHS [IUX CUCTEM Ha MOOUTBHUX IaTGopmax
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JUISL JOCSITHEHHST HAUKpaIuX pe3yJibTaTiB y MPOCTOPOBIN HaBIraIli.

BucHoBkH.

PosrnsHyTo apxiTekTypy HaBiramiiHoi cucteMu MOOUIBHOTO poloTa Ta
MPUHITUIIN TPOEKTYBAaHHSI, 1[0 BUKOPUCTOBYIOTHCS B alapaTHOMY Ta MPOTPAMHOMY
3a0e3MeyeHHI.

3anporoHOBAHO JIBI CHCTEMH: CHUCTEMY MPOCTOPOBOTO CKaHyBaHHS Ha OCHOBI
YIBTPA3BYKOBOTO JaTdyWKa 3 OOEPTOBOIO CHUCTEMOIO [JIsi OpIEHTAIlli JaTdyvKa Ta
CKaHyIOUy CHCTEMY JUIA BHU3HA4YCHHS KoopaAwHAT 00’ekTa. OmNHCAaHO NPUHIIAIIA
poboTu 000X cXeM Ta HaBEJCHO MepeBary Ta HEJAOIIKH MPEACTABICHUX CHCTEM.
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leano-Dpanxiscok, eyn. Kapnamcoka, 15, 76019

Anomauin. B pobomi po3ensioaemovcsi 6UKOPUCAHHA MAWUHHO20 HABYAHHS O/ GUABTIEHHS
HecnpageHocmel Hagmozazonpogodis. Buoinaiomvcsa ocHo6Hi 6uou mMawunHo2o HasyauHs. binbuw
0emanbHO ONUCYEMBC  Npoyec HANIBKEePOBAHO20 (semi-supervised) MAWUHHOZO HABYAHHI 6
KOHmMeKcmi Haghmo2az080i NpomMucio8ocmi. 3a3Hauaromscsa 1020 nepesazu ma HeOOIKuU.

Knrouosi cnosa: nagpmoeazonposoou, mawiunne HA84AaAKHI, 8IOMO8U, MPYOONPOBIO.

Berym.

TpancnoptyBanHs € OAHMM 3 TOJIOBHUX HAmpsMKIB  HagTOrazoBoi
MPOMUCIIOBOCTI TOPAN 3 PO3BIAKOIO, OypiHHAM Ta BUAOOyBaHHAM. OmHUM 3
HaOUTbIl e(EKTUBHUX CHOCOOIB JIOCTaBKU HapTH Ta razy € TpyOOIpoBITHUMN
TpaHCcoOpT. BiH BiAPI3HAETHCS BITHOCHO MEHIIOIO 3arpo30l0 aBapidHUX CHUTyaIlli
(HampuKJIag y TMOPIBHSAHHI 3 3ali3HUYHUM TpaHcnopTtoM). [lpu npomy, y pasi
BUHMKHEHHS aBapiiHOI cHTyalli, IIKOAAa JOBKUUIIO MOXe OyTH Haa3BUYANHO
BEJIMKOI0, 30KpeMa 4Yepe3 CKJIAJHICTh BUSBICHHS aBapiMHUX IIUISHOK Ta YCYHEHHS
HaciiakiB. CywacHi HampauioBaHHA y cdepl HUGPOBUX TEXHOJOTIH T03BOJISIOTH
CIOPOCTUTH MOJENIOBaHHA Ta (PakTUYHy poOOTy HadTOrazoBuUX TPYyOOIPOBITHUX
cucteM. [Ipu 11bOMy 4acCTO BHKOPUCTOBYIOTHCSI peajbHI omeparliiiHi JaHi 3 podoTu
TpyOONpOBOy, SKI BHUMAaralTh UITKOI KjacTepu3allii Ta MaTEeMaTUYHOTO
MOJICITIOBAHHS, Il TMPOJYKYBaHHS HAWOUIbII KOpEeKTHOro pesynbrary. Lli mani
MOXYTb OyTM BHKOPUCTAHMMH JUII  BU3HAYEHHS  MNPOOJEMHUX  UISHOK
TpyOONpOBOTY.

OCHOBHM TEKCT.

3acTOCyBaHHSI IITYYHOIO IHTEJIEKTY J03BOJSIE OOIWTH YACTKOBI OOMEXKEHHS Y
CTBOPEHHI MOJEJIECH MpeACTaBICHHS sl CKIaAHUX (DI3UUHHUX CHUCTEM, 3pOOUTH iX
Oinmpmn mepeabavyyBaHMMHM Ta KOHTPOJIbOBaHUMH. Han3BuuailHO BaXIUBUM TIpU
IHOMY € BHJI MAallTMHHOTO HABYAHHSI, 1[0 BUKOPUCTOBYETHCS:

- 3 yuuTtenem (supervised);

- 0e3 Buutens (unsupervised);

- HamiBKepoBaHe (semi-supervised).
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[Ipy HaBuaHHI 3 BYUTENEM, CIOCTEPEKEHHS 3a CUCTEMOIO Ta JaHl, 5Kl €
pEe3yIbTATOM IILOTO CIOCTEPEKEHHS, BHKOPHUCTOBYIOTHCS JJII BCTAHOBJICHHS
3aJIEKHOCTI MDK TIEBHUMH XapaKTEPUCTUKAMHM CHUCTEMH Ta Hamepea BU3HAYCHUMH
Buxogamu. Cam HaOip nMaHux CEHOPMOBAHMM TAaKUM YHHOM I00 «HABUUTH
aIrOpuTMH  KiIacu(ikyBaTH JaHl Ta mepeadavyatd pe3ysbTaT 3 MaKCUMAaIbHOIO
TOYHICTIO. Taka Moziehr MOXe OyTH BUKOPHCTAHOKO IS TEpel0aueHHs] Pe3yIbTaTy
poOOTH 17151 HOBUX €JIEMEHTIB CUCTEMU (HAIp. TPYOOTPOBOAIB) 3 TAKUM KE HaOOpOM
xapakTepucThkK. HaBuaHHs 3 BUMTENEM BUPILIYE MTPOOJIEMU ABOX THUIIIB:

- kjacudikarii;

- perpecii.

Kinacudikariiisi nependayae BUKOPUCTaHHS aITOPUTMIB 3 METOI PO3MOIIJICHHS
JaHUX MK OKpeMHMH Kareropismu. Ilpukinagom moke OyTH BCTaHOBJICHHS THITY
aBapiiiHOi cuTyallii. 3aBJaHHSIM perpecii € BCTAHOBUTH 3B S3KM MDK 3aJI€KHUMH Ta
HE3AJICKHUMU 3MIHHUMU. PerpeciiiHi Mojeni JaloTh 3MOTYy IMepeadadyaTd YUCIIOBI
3HAUYCHHS Ha OCHOBI BXiAHMX naHuX. [Ipukiamom moxke OyTh BU3HAUCHHS BIUIMBY
po00YOTO THCKY TPYOOIPOBOIY HA TEPMIH HOT0 €KCILTyaTallii.

HapuanHs 6e3 BuMTeNss HE OMUPAETHCS HA HASBHICTH HAMeEpe]l BU3HAUCHUX
pe3yibTaTiB Ta crenrdiuHoro HaboOpy TPEeHYBAIBHUX JaHWX. MalllMHHE HaBYaHHS
0e3 BuuTeIs nepeadavae BUPIMIEHHS HACTYITHUX 3a/1a4:

- KJacTepu3arlii;

- acorjamii;

- 3MEHUIEHHS PO3MIPHOCTI.

Knacrepuzauist nepegdadae BiJHECEHHS OKPEMHX IPOLECIB Ta CYTHOCTEH Ha
OCHOBI CIUIBHOI O3HAKU 110 MEBHOro Kiactepy. CXOXKICTh MPOIIECIB Ta CYTHOCTEH
BU3HAYAETHCSI HA OCHOBI CTpaTerii HekepoBaHOro (unsupervised) HaBuYaHHS Ta
croco0y TpeHyBaHHs. Pe3ynpTyroda MOAelTb BUKOPUCTOBYETHCS JJIS CIIBCTABIICHHS
HOBUX JIaHUX 3 Hamepel] BH3HAYCHUMHU KiacTepamu. Acoliamis nependadae
BUKOPUCTAHHS PI3HOMAHITHUX TMPABUJI JIJISl 3HAXOJKEHHS 3B A3KYy MK 3MIHHUMHU Y
Ha0oOp1 IaHUX, IO PO3TIIAIAE€THCA. 3MEHIIEHHS! PO3MIPHOCTI BUKOPUCTOBYETHCS KOJIH
KUTBKICTh BXITHUX JAHUX € HAJTO BEJIUKOK. 3MICT IMOJATAE Y 3MEHIIEeHH] KUIBKOCTI
BXIJTHUX JAHUX J0 JOIyCTUMOI'O PO3Mipy, 30epirarouu mpu oMY X HUIICHICTb.

HamiBkepoBaHe HaBYaHHS TMO€JHYE OKpeMi €JIEMEHTH HaByaHHA 3 Ta 0e€3
BUMTENA 3 METOK IIOKpAIICHHS IMBUAKOMAIT Mozem Ta/abo ii TouHocti. I[lpum
HAIIBKEpOBAaHOMY HaBYaHHI OKpIM 3BHUYHHUX JaHUX BHUAY «BXIA-BUXIT» TaKOX
3aCTOCOBYIOTBCS HEMOBHI JaHi abo JaHi 0e3 YITKOTO O3HAueHHs «BUXOAY». [lns
MIITPUMKA HEMOBHUX JIaHUX BUKOPUCTOBYIOTHCS KIIACTEPHU3AIliifHI METOIH, IO
HABUYAIOTHCS HA HETOBHMX JIAHWX Ta POOJATH I JaHl MPUIAATHUMH JJII HABYAHHS 3
BUUTEJIEM.

PizHOMaHITHI TIXOQM KEPOBAHOTO MAIIMHHOTO HABYAHHS BUKOPHCTOBYIOTHCS
s kiacudikaiii Ta  perpecii 3 METOK aapecyBaHHS KOHKPETHUX —ITijiei
MOJICJTIOBaHHSI TPyOONpoOBiAHUX cucTeM. [IpukiiamamMu Takux MIAXOMIB €: JepeBa
kinacudikariii ta perpecii (CART), mryuni HefiponHi mepexi (ANN), HewiTKa Jorika
(FL), monenp moBepxHi pearyBaHHs (RSM), meton omopHux BektopiB (SVM) [1],
Torlo. J{ns nmpukiamy, AesKi mparll onucyroTh 3actocyBanHs ANN 115 iepeioaueHHs
CTaHy MOPCBHKHUX Ha(TOra3onpoBOJiB, Ha OCHOBI ictropuunux aanux [2]. Cepen
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XapaKTEpPUCTUK TPyOONpPOBOY, SIKI BUKOPUCTOBYBAJIUCH IJIsl Mepea0avyeHHs] CTaHy
TpyOompoBoay, Oynu BiK, poOOYMII THCK, 3HOIICHHS METajdy Ta JiaMeTp TpyOwu.
Oxpemoi yBaru 3aciayropye mparts [3], o onucye po3poOKy KUTbKOX perpeciiHux Ta
ANN wmogeneit s nepeadadyeHHs] TPUYUHU BIAMOB y HadTompoBogax. Kiouosum
IU(PEPEeHLIaTOpOM BHUCTYIAIOTh TUIHM BIAMOBH: MEXaHIUHI, COIPUYMHEHI KOPO3I€I0
abo omepariiini. Xo4ya MOJENI TAaKOro THUIy € HAA3BUYAMHO €QEKTUBHUMHU Y
BU3HAYCHHI MPUYMHHM BIIMOBH, JaHI Ha SIKUX 0a3y€ThCs HABUYAHHS HE € 3arajbHO
JOCTYIIHI Ta caMi MO c001 € T0BOJII IOPOTUMU AJIs IPOIYKYBAHHSI.

B Hadrorazosiii iHgycTpii icHye Opak Koomepaiii B cdepi ManIMHHOTO
HaBYaHHS, M0 TPAAUIIMHO 0a3yeThCs HA HASBHOCTI BEJIMKOI KUIBKOCTI JaHUX Y
BUIBHOMY JOCTYymi Ta 0OMiHI mpodeciiiHuM pocBiioM. lloTeHwiitHUM pillleHHAM
po0JieMr MOXe OyTH BUKOPUCTAHHS MyOJIYHO JOCTYMHUX 0a3 JaHMX, 110 MICTSTh
3BITH NIPO IHIMACHTH JIJISl LIUPOKOTO CIIEKTPY TPyOOnpoBOAiB. B OUTbIIOCTI BUTIAKIB
Taki 0a3u maHux (OPMYIOTHCS HA OCHOBI MOMEPEAHIX 3BITIB MPO IHIMACHT Ta
JIETAM3yIOThCA 3T1HO 3 1X PO3BUTKOM. BHECEHHS y *KypHas BiIMOB € 000B’I3KOBUM
y BUMAAKYy Oy/b sIKOT HECTPABHOCTI, TOMY 30ip IIUX JTAHUX € MPOCTIIIMM Ta OLIBII
e(eKTUBHUM 3 (PIHAHCOBOI CTOPOHHM SK JJIA JEPKAaBHUX OPTaHIB PETyJIIOBAHHA TakK 1
JUTSL IOCTAaYaIbHUKIB TTOCTYT[4].

Bukopucranas 0a3 [gaHMX Ha OCHOBI 3BITIB IIpO BIAMOBH € JOBOJI
MEPCIEKTUBHUM 3 TIO3UILlll TMPUCKOPEHHSI BUPIIMICHHS MOTEHIIIMHUX Tpolsiem, aie
TIIBKA 32 yYMOBHM TOJOJaHHS OOMEXeHb MPUTAMAaHHUX Uid Takux 0a3 JaHuX,
30KpeMa BIJCcyTHOCTI 1H(popmanii. bpak i1Hpopmalii nepemkomxae (GOpMyBaHHIO
BXIJTHUX HaHUX, SIKI MIIANUIA O JUIST HAaBYAHHS 3 BUHTEIIEM. ﬁMOBipHHM PILICHHSIM
MOke OyTH BHUKOPHCTAHHS HAmiBKEPOBAHMX METOJIB MAIIMHHOTO HAaBUYaHHS, IO
MIATPUMYIOTh HE TUIbKHM KJIACTEpHU3allio Ta Kiacudikaiiro, a i O0e3nepepBHUI eTar
dbopmaTyBaHHS BXITHUX JaHUX TaKOXK BIIOMHUH SK «IMITyTaIlisl JTAaHUX.

[Bxi,qu ,anJ
CniscTaBneHHn
03HaK

. ImnyTauis
Knactepusaljs EianpOBaH] [aHux

AaHi

DopMyBaHHA
SOM

Jekomnosnuin
MarpuLi

ImnyTauia

\,

k,

JepeBo
NPUAHATTA
pilleHb

KnacuchikaLlis

\,

Mepep6ayeHHn
Bigmosu

Pucynok 1 — IIpouec nepeandayeHHsi BiAMOBHM HA OCHOBI HAliBKEPOBAHOI0
MALIMHHOTO HABYAHHS
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Onuc mporecy «kiacrepuzanis-imnyTtariis-kiaacudikaiis» (CIC) Bxke 3HaIIOB
CBO€ BIOOpaKeHHS y HayKoBuX myOmikamisx [5]. 3anmpomonoBaHuil (peiiMBOpK
JIOTIOBHIOE JTOCII/DKEHHS ONTUMAlbHOI KJIacTepHu3alii 3a JOMOMOrOK METOJUKU
daktopuzamii. [lpu mpoMy Kiactepusarlisi BHKOPUCTOBYEThCS HE TUIBKH IS
npuckopeHHs npouecy knacudikaii sk y CTC («xnactepusyit moTiM Kiacuikyii»)
¢bpeiiMBopkax, a W crapsMoBye (opMyBaHHS BHOIpKH KOpUCHOI 1H(popmaiii ass
epexkTuBHO1 (hakTopu3allii 3 METOK IMIyTaulii BIACYTHIX JaHUX. Y3arajabHEHUN
MpoIiec Moxke OyTH MPEICTaBICHUN TakK sK 1€ 300pa)keHo Ha puc. 1.

BucHoBkwu.

byno po3rasHyTO OCHOBHI BHIM MAIIMHHOTO HAaBYaHHS B KOHTEKCTI
HadTOrazoBO1 MPOMUCIOBOCTI. 3a3HAUYEHO BaXKJIMBICTh BUKOPUCTAHHS BIIKPUTUX 0a3
naHux 3 1HQopMalielo Mpo IHUMAEHTH Ha mianpuemcTBax. Jlo mepesar
HAIiBKEPOBAHOTO MAITMHHOTO HaBUYAHHS MOKHA BiTHECTH: MOXKJIMBICTh MPAIIOBATH 3
HEOJHOPITHUMHU Ta YaCTKOBO BIJCYTHIMH JaHUMHU (30KpeMa 3 O€3KOIITOBHUX
BIIKDUTHUX JIPKEpEN), THYUYKICTb MEXaHI3My HaBYaHHS MpU TPaBUIIBHIN peanizailii,
JIOBOJII BHCOKY TOYHICTH mependadeHb. Cepea HEAOJIKIB CIIJ 3a3HAYMTH 3HAYHO
CKJIQJHIITY peati3allito HiXK y BUTIAJKy HaBYaHHS 3 a00 0e3 BUUTEIIA.
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Anomayia. B pobomi npoooumvcs 00CHiOHCeHHs 6NAUEY POOOMU KOMENbHO20 azpe2amy,
AKUL Npayro€ Ha NULONOOIOHOM)Y NANUBL HA CMAH HABKOIUWHBO2O Cepedosuuya; po3pobieHi Jicsi
3ax00U w000 3MEHUIeHHS BUKUOI8 MA NOKPAWEHHS eKOIO2IYHO20 CIAHY PecioOHY WLIAXOM PO3POOKU
ma 6npo6adNCeHHs KOMOIHOBAHOI cucmemu oduujeHHs oumosux e2azie. llpoeedeni pospaxyHku
NULOBILOBIIOI0UUX NPUCMPOiE 00360IAI0Mb CIMEEPOAHCYBAMU NPO OOYIILHICMb MA NEPCNeKMUBHICb
BUKOPUCMAHHA 0a2amocxioyeso2o NPUCMPOIO OYUUWeHHS BIOXIOHUX 2as3ié (080x- ma Oinbuue
CMyneMig), HANpuKIaod, NepuwuM CcXioyem OYUWEHHS BCMAHOBNIOEMbCA YUKIOHHUL anapam
(ouuwenus 8i0 Kpynuux gpakyiti nuny, oirvwe 10 mxm), a Opyeum cxioyem — ereKkmpogitemp, aKuil
oyuwye GIOXiOHI easu 6i0 Oinvw minkoi @paxyii nuny (mewwe 10 mxm). Taxa rombinayis
NUN0BI08I0104020 001A0OHAHHA 00380.15€ 0ocacHymu matixce 100 % cmynens ouuwenns 3anuienux
OUMOBUX 2a3i8 | € HaubiIbul epexmusHuUM ma eKOoN02IYHO OOYLIbHUM BAPIAHMOM BUPIULeHHS
npooemu 3a0pyOHeHHs HABKOIUUHbO2O CePeOosULYd.

Kniouosi cnosa: xomenvuuii azpezam, GiOYeHMpoBuUll YUKIOH, eleKmpo@iibmp, 3axucm
HABKOIUUIHBO2O Cepedosuyd, Gpakyitinutl cKiao nuy, 6i0XiOHI 2a3u, SPaHUYHO NPUNYCMUMI
BUKUOU, THEPYIUHI NUTLOBI06TI08AYT, HeOe3NeuHl ma WKIOIUGL hakmopu.

Beryn. 3axucT HaBKOJMIIHBOTO CEPEOBUINA BiJl IIKIJIMBUX BUKUIIB € OJIHIEIO
3 HAUTOCTPIIIMX MPOOIEM CydacHOCTI. 3a0pyIHEHHS aTMOCc(epu 1 CBITOBOT'O OKEaHy
3arpoKy€ ICHyBaHHIO POCIMHHOTO ¥ TBAPUHHOTO CBITY.

ATMmocdepa - 1€ HAWIIHHIIMMAK TPUPOJHUN pecypc Il MPOMMCIOBOIO
BUpoOHMITBA. KuceHb ¥ a30T MOBITPS IHTEHCUBHO BUKOPHUCTOBYIOTHCS B 0araTtbox
Tajy3s;X TPOMHUCIOBOCTI. [OJIOBHMMM CHOKMBa4aMH KHCHIO € TIPUCTPOI, SKi
CHATIOIOTh TBEPJE, ra3onofioHe abo pigke MaIMBO. 3a CEPeIHBOCTATHCTHYHUMHU
JaHUMH, B YChOMY CBITI LIOPIYHO cHatOeThesi Oau3bko 10...12 MIH. T. yMOBHOTO
najuBa JJis CHATIOBAHHA SKOTO MOTPiOHO Onm3bko 60 MuH. T. TOBITPs. OCHOBHUM
JUKEPEJIOM BIATBOPEHHS KHCHIO € JIICOBI MacHBM, ajleé iXHI IUIONII IOCTIAHO
3MEHIIIYIOThCS 32 PAXyHOK T'OCIIOJIAPCHKOI MIsUIBHOCTI JIOJMHU W KpiM TOTro, 6arato
MOpiJ1 IEPEB TUHYThH caMe Yepe3 aTMoc(epHi 3a0pyAHEHHS.

Onnak, Ha cTaH atMocdepu HalOlIble 3ryOHO BIUIMBAE 1HIIMN (DAKTOp - 1€
3a0pyHEeHHsT aTMocdepu JETyYUMH BIJIXOJaMH IPOMHCIOBOTO BHUpOOHUIITBa. B
YChOMY CBITI B MOBITPS IIOPIYHO BUKUJAETHCSA B cepeaHbOMY Oin3bko 500 MiH. T
TBEpAUX 4YacToK 1 6su3bko 30...35 MIIpA. T TaKUX PO3MOBCIOIKEHUX Ta30MOII0HUX
3a0pyJHEHb, SIK OKCHJM BYTIJEII0, Cipku U a30Ty. PoboTa mepeBaxHO1 OUIBIIOCTI
TEIJIOBUX arperariB IMOB's3aHa 3 BHJAUICHHAM Tra3iB, [0 MICTATh HWJI 1 pI3HI
ra3ornoj10H1 KOMIOHEHTH, IO MIKIJIMBO BILUIUBAIOTH HA OPraHi3M JIFOAUHHU.

ISSN 2567-5273 37 www.moderntechno.de



Modern engineering and innovative technologies Issue 18 / Part 1 éw

Haiibinpimn MacoBUMH 3a0pyJIHIOBauYaMH TOBITPSIHOTO OaceiHy €: CIpuHuCTHM
aHTiIpHUJ, OKUC a30Ty, OKHC BYTJCIl0, pi3HI BYIJEBOAHI Ta muji. TpuBaie
3a0pyIHEHHS UMY Ta THITUMU HEOE3MEYHNMH PEUYOBMHAMHM IIKIJJIMBO BIUIMBAE HA
310poB’ s MoauHU. [Ipu 11bOMy 301IBIITY€THCS 3aralbHUNA PIBEHb 3aXBOPIOBAHOCTI, 110
OOyMOBJIEHO Ypa)K€HHSIM OKPEMHUX OpraHiB 1 cucrem opraHismy. Ha cran
€KOJIOT1YHOI cHuTyalli B VYKpaiHl BIUIMBAa€E TaKOX MPOSIB €KOJOro-reorpadiyHux
npobsieM. VY  MICISIX PO3MIIIEHHS IPOMUCIOBOCTI W  IHTEHCHMBHOIO PYXY
aBTOTPAHCIIOPTY PEECTPYIOTh HAUBUILY MIipy 3a0pyJHEHHS aTMOC(HEpPHOro MOBITPS
Ha OOWHUIIO IJIOIII.

TakuM YHUHOM, CydacHI BEJIMKI IPOMHCIIOBI MICTa, SIKI XapaKTEepU3YHOThCS
BHUCOKOIO IIIJBHICTIO HACEJIEHHS, OMUHSIOTHCS Y TIPIIOMY IOJOKE€HHI B1JIHOCHO
3a0pyJHEHHSI aTMOC(EpPHOro TOBITPS, SKIIO HE BXHUBATU 3aXO0JM IO 3aXUCTY
OCTaHHBOT0. BCchoro B moBiTpsiHUM OaceiiH YKpaiHu MOPIYHO BUKUAAETHCS moHa 20
MJIH. T. IIKIJJMBHX pedoBHH. He3Bakarounm Ha 3HMKEHHS 00’ €MiB BUKHUIB, PiBHI
3a0pyaHEeHHs ~aTMOC(HEpHOro TMOBITPA y 0OararboX IPOMHUCIOBHX  MICTax
3aJIMIIAIOTHCS] BUCOKUMU. ['0JIOBHUMU NMPUYMHAME TOBIJILHOTO 3MEHIIIEHHS BUKU/IIB 1
pPIBHIB 3a0py/IHEHHS € BHUKOPHUCTAHHS TEXHOJIOTIH, BEIMKa KUIbKICTh SKUX HE
BI/IMOBIIa€ Cy4aCHUM €KOJIOTIYHUM BHUMOTaM, 3HaYHUK 00’ €M MOPAJIbHO 3aCTapijioro
1 13MYHO 3HOIIEHOTO YCTAaTKYBaHHS, HEBUKOHAHHS B 3a3HAY€HI TEPMIHH 3aXOIB TI0
3HIDKCHHIO BUKHUJIB B aTMoc(epy, HU3bKUM PIBEHb EKCILTyaTallii MUI0Ta3004MCHUX
criopya [1].

IlocranoBka 3amaui. /[ moOKpalleHHS €EKOJIOT1YHOI cUTyallii HEeOoOX1THO
BIIPOBA/KYBAaTH PI3HOMAHITHI IMHJIOBJIOBJIIOKOYl MPUCTPOi, 3AaTHI 3a0€3MMEUUTH
BIIMOBITHUN BiJIcOTOK (3a Bumoramu ['TIB) ounieHHs BiampanbOBaHUX IUMOBHX
ra3iB. OYUIIEHHS Tra3iB BUKOHYIOTH 3 METOIO MOJANbIIOr0 BUKOPUCTAHHS CamMoro
razy abo JOMIIIOK, IO MICTSATBCS B HBOMY, 3 METOI0 OXOPOHH MOBITPSIHOTO MPOCTOPY
BiJl 3a0pyAHEHb LIKIJIMBUMH PEYOBUHAMU.

Y  ckmagi mnpoekty HopmaTtuBiB [TIB  000B'sI3k0BO  po3poONSIOTRCS 1
3aTBEPKYIOTHCSA HACTYITHI KOHKPETHI 3aXOH 110 3HIKEHHIO BUKHIIB B aTMOC]eEpy:

» OCHAIlEHHS JDKEeped BUKHJIB MIKIJUIMBAX PEYOBHH ITHIJIOTa3009HCHUMU

YCTaHOBKAMH,

» 3aMiHa a00 PEKOHCTPYKIIisI MOPAIBHO 1 PI3UIHO 3aCTApPIINX MAJIOTA300YUCHUX
YCTaHOBOK;

» BUBEJEHHS 13 eKcIUTyaramii CcTapux, eKOJIOTIYHO  HeOIaromoayqyHuX
BUPOOHUIITB;

» BIIPOBADKCHHS MaJso - 1 0€3BIIXOJHUX TEXHOJIOTTYHHUX MPOIIECIB Ta iH.

JUIst OYMILIEHHS MPOMMCIOBUX BHUKHIIB BUKOPUCTOBYIOTH PI3HI KOHCTPYKIIIi
OYMCHUX CHOPY, IO BIAPI3HIIOTHCS K 32 MPUHIIUIIOM POOOTH, TaK 1 MO 3AaTHOCTI
3aTpUMYBATH MU 1 Ta3u.

OuncHi crnopyau sl YJIOBIIOBAaHHS MWy YMOBHO MOXHa po3aumdTu Ha 4
IpyIy, BIANOBIAHO 70 TMPHUHIMUIY iX poOOTH: CyXl MEXaHiuHI MUJIOBJIOBIIIOBAYI,
anapatu QuUIbTpallii; eIeKTPOCTATUYHI PUIBTPU; arlapaTé MOKPOTO OUUIIICHHS.

HaiiGinpiie mommpeHHs OTpUMalid IUKJIOHHI MUJIOBIOBIIOBaYl. EQEeKTUBHICT
TaKUX TUJIOBJIOBIIOBAYIB MPOMOPIIHHA PO3MIPY YaCTOK, iX Kjacy 1 OOepHEHO
OpOMOpIliiiHA /10 BEIUYMHM HaxXuiay. Y 3B'SI3KY 3 UM TijJ Yac BHIyYCHHS
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BEJIMKOJAUCIIEPCHOIO MUY iX e(QeKTUBHICTh Moxe mociartu 85-90 %, ane BoHa
ICTOTHO HWK4Ya Ui MUIKOIWCIIepCHOTO Twry. Heckmagai 1o cBoemy
KOHCTPYKTUBHOMY oO(opmiieHHIO OaTapeiiHi [MKIOHU (MYJBTUIMKIOHHU), SKi
J03BOJISIIOTh OYMILATH BeMUKlI 00'eMu rasiB. OCHOBHMM HampsiMOM B po3pooiii
LUKJIOHHUX arapaTiB € 3HWKEHHS X T1IpaBIiuHOTO OMOPY 3a PaxXyHOK MOJIIMIICHHS
aepOIMHAMIYHUX XapaKTEPUCTUK IUISIXOM BCTAHOBJICHHS CHEIllabHUX MPHUCTPOIB.
3HaYHMM THTEPEC MPECTABISAIOTH ITUKIOHH 3 PEIUPKYISIIIEI0 TOTOKY JJIsSi BUTSTaHHS
BEJMKUX KOHUEHTpauii muny - 1o 30 r/m®. IlukioHHI amapatd 3acTOCOBYIOThH SIK
CaMOCTIMHI CIIOPYJIH, a TAaKOXX B KOMOIHAIIl 3 1HIIMM Ta300YUCHUM YCTaTKyBaHHSIM
JUTSI BATSITAHHS 3 TIOBITPS 3HAYHUX MAC MUY .

[Ile omuuM 13 TEPCHEKTUBHUX 1 HaWOUIbII e(QEKTUBHUX MPUCTPOIB IS
OUMIIEHHS JMMOBHUX Ta3iB Bl 301U € eleKTpoduibTpu. EjexTpuuHe oOvMILEHHS
JUMOBHX Ta3iB BiJ 3071 0a3ye€ThCsl HAa eNeKTPO(PIZUYHUX SIBUIIAX, SIKI B1IOYBaIOTHCS
B rasax, 1o nepeOyBarTh Mij A€ PI3KO HEOTHOPITHOTO €IEKTPUYHOTO OIS MK
EJIEKTPOIaMU eJIeKTPOPLILTPIB [2].

EnextpodinbTpu mMaroTh BHUCOKY €(PEKTHBHICTh OYMINEHHS ra3iB — 10 99 %;
3/IaTHICTh BJIOBJIFOBATH YAaCTUHKHU OYyJb-SIKHX PO3MIPIB, BKIIOUAIOUM 1 CYOMIKpOHHI,
IpY KOHIEHTpalii YaCTUHOK B Tasi g0 50 r/M’; HU3BKY €KCIUTyaTaliiiHy BUTPaTy
enexTpoeneprii 6auspko 0,1+0,5 kBr/rox na 1000 M*/roa aumMoBuX rasis.

B nmaniii po0OTI MpPONOHYETbCS PO3pOOUTH KOMOIHOBaHY, JBOCXIJALIEBY
NUJIOBJIOBJIIOIOUY YCTaHOBKY, fika OyJe CKJIaJaTucs 3 JBOX OYHUCHUX MPHUCTPOIB:
BiALleHTpoBUM  nukiaoH Ttuny [H-15  (mepmmit  cxigenp  OYMCTKHA  BiJ
KpyIHOJucIepcHoi ¢pakmii muiy) 1 enekrpodinst tumy I[II'C-4-53 (apyruit
CX17€Ilb OYMCTKH BiJ] MIJIKOJIUCTIEPCHOTO TTHITY).

PesyabTatn poGoTn. B poOOTI BUKOHAHO PO3PAXYHOK 3alpONOHOBAHOI
MWJIOBJIOBIIOIOUOT yYCTAHOBKH «BIALIGHTPOBUN IHMKJIOH - EIEKTPOQIIBTP» AJIs
OUMIIEHHS 3aNWICHUX JUMOBHX Ta3iB, SIKI BIIXOATH BiJ KOTEJIBHOTO arperary, o
MpaIfoe Ha MWIONOAIOHOMY mManvBi. BigIEeHTPOBHI ITUKIOH BCTAHOBIIOETHCS B
SAKOCTI TEpIIOTO CXIAIS OYHuIeHHs — Bifg dpakuid mary Outbme 10 MM,
enekTpopuIbTp —  ApyrWd  cXifelb, NPU3HAYECHUW IS BIOBJIIOBAHHS
MuTKouctiepcHol ppakiii nuty (menmie 10 Mmxm).

Po3paxyHku BIAIICHTPOBOTO IMHUKJIOHY Ta €IEKTPOPUIBTPY MPOBOASTHCS IIO
METONUIN, TpeacTaBieHii y [3]. Buximni gani Ta pe3yiabTaTH PpPO3pPaxyHKY
BiiLieHTpoBOoro nukiony tumy [{H-15 npeacrtasneni B Tabiumi 1, a BUXijHi AaHi Ta
pe3yabTaTh po3paxyHKy enektpodinetpy tumy I1I'J1C-4-53 npeacraieHi B Ta0auIl
2.

Tabumus 1 - Buxigni qani Ta pe3yjbTaTi po3paxyHKy BiALICHTPOBOI0 HUKJIOHY

Tuny IHH-15
Haiimenyeannus genuuunu Oounuuyi 3nauennsn
suMipy 6eIUYUHU
1 2 3
BuxiaHi 1aHi 115 po3paxyHKy
1. O6’em razy, 110 OYUILYETHCS M>/To. 5000

ISSN 2567-5273 39 www.moderntechno.de



Modern engineering and innovative technologies

Issue 18 / Part 1

1 2 3
2. Temnepatypa rasy, 1o HaaxoJIUTh Ha °C 50
OYHIICHHS
3. Bosorosmicr rasy r/m* 2,0
4. bapomMeTpuyHUN THCK mMm.pT.cT (ITa) | 750 (99990)
5. Po3pipkeHHs razy nepej [UKJIOHOM mMm.Boa.cT (ITa) | -10(-98,1)
6. 3anuiIeHiCTh ra3zy r/am’ 2,0
7. 'yctvna nuny Kr/m> 2350
8. I'yctuua rasy Kr/m° 1,2

Pe3yabTaTu po3paxyHKy

1. I'ycTuHy BOJIOrOro0 MOBITPS Kr/M> 0,287
2. JliameTp OJTHOTO IMKJIOHY MM 595
3. llIBuakicTh razy B HUIIHAPUYHIN YaCTHHI M/C 2,46
ITUKIIOHY
4. I'igpaBmivyHUNA OWip TPYNH MUKJIOHIB ITa 154,23
5. JliamMeTp 4acTOK MUJTy Ha BXOJ1 B ITUKJIOH MKM 4,18
6. CTyniHp NOMiAUCIIEPCHOCTI - 7,42
7. 3aranbHa e()EeKTUBHICTh OUMILICHHS a3y B % 88,93
OJIMHOYHOMY IIMKJIOH1
8. 3aranpHa e()eKTUBHICTb OUMILICHHS ra3zy % 89,04
I'pYIOBOTO IIMKJIOHA
9. Kinnena 3anmjieHicTh OYUIIIEHOTO MOBITPS r/um’ 0,2192

Tadauus 2 — Pe3yabTat po3paxyHky ejaekTpo@iastpy Tuny IT'1C-4-53
Haiimenysannusa eeaudunu Oounuyi 3nauenns
euMipy eéeuuUnU
1 2 3
Buxinni nani
1. BcTanoByieHa MOTYKHICTh rOJI./piK 4700
2. Butpara rasy M>/To. 180000
3. I'ycTuna rasis Kkr/m> 1,31
4. Temnepatypa rasis °C 180
5. KonnenTpartist muty nepesi e1eKTpoduIbTpaMu r/am’ 1,19
6. KonreHnTtpallist nuiay mcisi eJIeKTpopiIbTPiB MI/HM> 1180
7. CymapHa KOHIICHTpAITis 3a0py THIOI0UNX 1,21-2,05
pedoBuH (mpu HOpMi q<1)
8. IIIBHIKICTh IOTOKY M/c 1,0
9. Po3pimkeHHs B cUCTEeMI klla 2,0
10. PoGoya Hanpyra kB 100
11. Cxiiax TMMOBHUX Ta3lB: %
- CO, 13
- H,O 16,5
- Oy 6,5
-N» 64
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Pe3yabTaT po3paxyHKy

1. 'yctuHa raziB npu poOOYHX yMOBaX Kr/m> 0,77

2. Butpara razy npu po6ounx yMoBax M’/c 85

3. HeoOxiHa r1o111a MOMEPEYHOro nepepizy M 85
eNEKTPOUILTPY

4. ®akTUYHA MIBUAKICTH ra3y Mm/c 1

5. BigHocHa rycTrHa ra3iB Ipy HOpMaJIbHUX - 0,63
YMOBax

6. KputnuHy Hanpy>keHICTh €JIEKTPUYHOTO TOJIS B/m 4,28-10°
MIPU HETATUBHIN KOPOHI

7. Kputnune HanpyKeHHs1 KOPOHHU kBt 24,6

8. JIiH1iHa MUJIBHICTh CTPYMY KOPOHH A/m 1,2:10°
9. Hanpy>KeHiCTh €JEKTPUYHOTO MOJIs B/Mm 5,61
10. MonekynsipHa Maca ra3oBoi CyMmiIi KI/MOJIb 28,69
11. B’s3kicTb ra3oBoi cyMinmi ITa-c 0,155-10*
12. HIBuaxicTs pyXy (IIBUAKICTH Aperdy) Mm/c 23,96-10%r
9aCTOK po3MipoM Oisbiie 1 MKkM

13. 3aranpHuil CTyIiHb OYUIIICHHS ra3y B % 99,98
eJEKTPOPIILTPI

14. 3micT ity B rasi, 10 OYUIIYETHCS r/am’ 0,0119

PesynbTatu po3paxyHKiB npeAcTaBiieHl Ha pucyHkax 1 — 4.

50

40

30
20

% mo maci

0 10 20 30 40

Cepeaniii po3Mip 1acTok, MKM

Pucynok 1- JIlucniepcHuii cKjIax ALY y BillIeHTPOBOMY HMKJIOHI

% mo maci
&

0 5 10 15 20 25
Po3Mip 9acTOR, MKEM

PucyHnok 2 — J/lucnepcHuii cKJaa muiay B eJeKTpopuibTpi
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PucyHok 4 — ®pakuiiiHui CTyNIiHb OYHUINEHHSA ra3y B eJIeKTPopinbTpi

PesynpTatn po3paxyHKy IOKa3yloTh, IO JAMCIEPCHUM CKJIag 0WIy B
eNEKTPOMUIBTPI 3MIHIOETHCS 3BOPOTHO MPOIOPIIIHHO, TOOTO 31 30LIBIICHHSIM PO3MIPY
YaCTOK BIJICOTOK MO Maci, B OUIBIIIOCTI BUITAJIKIB, 3MEHIIYETHCS, B IMKJIOHI BCE
HaBIIaKH, 31 30UTBIICHHSIM PO3MIPY YaCTOK BIJCOTOK MO Maci 30UIbIIyeThCs. MacoBHit
pPO3MOJUT HWIYy IO PO3MIpax B IHMKJIOHI 3MIHIOETHCS, TaKUM UYWHOM, IO MpH
30UTBIIIEHH] PO3MIPY YaCTOK, 3MEHIIYEThCS 1 BiIcOTOK 1o maci. [lo mo dpakiiitnoro
CTYTEHsSI OYHMINEHHS Ta3y B €NeKTPO(UIbTPI, MOXKHA CKa3aTH, IO MpU 30UIBIICHHI
MIBUAKOCTI PYXY MUY, 30UIBIIYETHCA 1 BIICOTOK BJIOBIIIOBAHHS MUITY.

BucHoBku. 3poOuBIIM aHami3 OTPUMAHUX PE3YJbTATIB, MOXKHAa 3pPOOUTH
BHUCHOBOK, 1[0 BUKOPUCTABIIN JBO- 200 TPHOCXI/AILIEBY CXEMYy OYHIICHHS 3aMUICHUX
rasziB, MOXXHa JIOCATTH 3HAYHO OUIBIIOTO BIJICOTKY OuHuIleHHS. ToOTO, B SIKOCTI
MEPIIOTO CXIAIS OYUIICHHS MPOMOHYETHCS BCTAHOBUTH BIAIICHTPOBHMA ITMKIOHHHMA
anapar, sikuii OyJie BJIOBJIIOBATH MWJI KPYNMHUX (pakuiid MUy, a IpyrdM CXIJLEM -
eNeKTpO(PIIbTp, SKUM OCTaTOYHO OyJe BIOBIIOBATH MNHUJ MIIKOI (pakiii, ska
npoilia Kpi3b LMKIOHHUN amapar 1 He OyJia BJIOBJIEHAa B HbOMY. 3arajibHa
e(hEeKTHUBHICTD 3aIPONOHOBAHOI CXEMHU OYHIIEHHS JUMOBHX Ta31B CKiaaae OuibIne 99

%.

Jliteparypa.
. Tumonun A.C. NnxenepHo-3kosiornyeckuil crnpaBounuk. T.1. — Kamyra:
N3narensctBo H. boukapesckoit, 2003. —917c.
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3. IlpuleynaBnvBaHUE M OYKMCTKA ra30B B 4YEepHOW Mertamrypruu. Mszn. 2-e,
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Abstract. The paper examines the influence of the operation of the boiler unit, which runs on
pulverized fuel, on the state of the environment, effective measures have been developed to reduce
emissions and improve the ecological condition of the region through the development and
implementation of a combined flue gas cleaning system. The performed calculations of dust-
capturing devices allow us to assert the feasibility and perspective of using a multi-stage exhaust
gas cleaning device (two or more stages), for example, a cyclone device is installed as the first
stage of cleaning (cleaning from large fractions of dust, larger than 10 microns), and an
electrostatic precipitator is used as the second stage. which cleans exhaust gases from a smaller
fraction of dust (less than 10 microns). Such a combination of dust-capturing equipment allows to
achieve almost 100% degree of purification of dusty flue gases and is the most effective and
ecologically appropriate option for solving the problem of environmental pollution.

Keywords: boiler unit, centrifugal cyclone, electrostatic precipitator, environmental
protection, fractional composition of dust, waste gases, maximum permissible emissions, inertial
dust collectors, dangerous and harmful factors.
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Anomauia. Po3zenanymo npoOiemu ma nepcnekmuu NpOMUCIO8020 CUHME3Y 2A308UX
ciopamigs, OOIPYHMOBAHO  NEPCNEKMUBHICMb  3ACMOCYBAHHS  MACOOOMIHHUX — anapamis 3
OUHAMIYHOIO MIXCHA3HOI NosepxHero Ol cuHme3y 2a3oeux ciopamis. Po3pobieno mamemamuuuy
MOOelb 2I0pamoymeopeHts Ha NOBEPXHI Kpanii 600u 8 nomoyi 2azy. Ompumano yugposi piwienus
0151 Kpaneiv Pi3HUX po3Mipie npu pi3HUX memMnepamypax 600U, WEUOKOCHAX [ MUCKAX 2a3y ma
PIi3Hill  2azonpoHukHocmi  eazoeiopamis. J[ocniodceHo OUHAMIKY 2Ii0pamoymeopeHHss 6 Udci.
Bcmanoesneno 3axoou ons  niosuwenus egexmusHocmi  cunmesy eazociopamie. Budineno
supiulanvHi  hakmopu  6nausy Ha iHmeHcugikayiro mMacoobminHux npoyecie. Ompumano
anpoxcumMayituni hopmyau Onisi po3pPAxyHKY KilbKIiCHUX NOKA3HUKIE 8NIUBY CYKYNHOCMI (haKmopie Ha
YmeopenHs eazoziopamy memany. Auaniz ompumanux pe3yromamié 003801UE BCMAHOBUMU
NnepCneKmueHi HanpsAMKu onmumizayii 001a0HAHHS 01 CUHME3Y 2A308UX 2I0pamie.

Kniouosi cnoea: 2cazosi ciopamu, menniooOMiH, iHmeHcugikayis macooOMiHy, cuHmes
2azoziopamie, menjiomMacooOMin, 2iopamoymeopeHHs.

Beryn

I'azoBi rigpatu (I'T) MaroTh 3HA4YHI MEPCHNEKTUBH 3aCTOCYBaHHS B PIZHHUX
rajry3sx MPOMHUCIOBOCTI Ta HapojgHoro rocnojapctsa [1]. Hapasi ix BuUKopucTaHHS
ayxke oOMexeHe, OCKUIbKM MPOMHCIOBI TexHojorii cuHTedy [T pospoOreni
HEJOCTaTHhO. BiOMI yCTaHOBKM MarOTh P HEJOJIKIB: HU3bKY IIBHJIKICTb
MacOOOMIHHHX MPOIIECIB, YTBOPEHHSI Ta30T1IpaTiB 13 BUCOKOIO KOHIIEHTPAIIIEIO BOIH,
CKJIQJHICTh KOHCTPYKIIIA Ta BUCOKY BapTicTh [2]. [Ipu po3paxyHKy 1 KOHCTPYIOBaHHI
MacoOOOMIHHMX amapatiB Uisi TPOMUCIOBOTO cuHTedy [T Haa3BuuailHO BakiiMBe
3HAQYEHHS MAIOTh 3aBJIaHHS 1HTEHCU(IKaIli MAaCOOOMIHHUX MPOIIECIB.

HalinepcnekTuBHilI 0UISIXM 1HTeHCU]iKalili MacOOOMIHHMX HPOLECIB IPHU
yTBOpeHHi ['T: ontuMizanis TepMOOApUUYHUX YMOB, 30UIbIIEHHS IUIONII MiXK(a3zHOT
MOBEpXHI Ta e(EeKTHUBHE BIJABEJAEHHS TeIUIa BIiJ 30HU TiApaTOyTBOpeHHS [3].
Po3B’s3aHHs 1MX 3aBllaHb E€KCHEPUMEHTAJIbHUM MUIIXOM Ma€ BUCOKY HAIINHICTD,
npoTe noTpedye BETUKUX BUTPAT 4Yacy Ta KomTiB. KpiM TOro Ha OCHOBI JOCIITHUX
JAHUX MOXKHA Yy TEpIIOMY HaOJMKEHHI BUBECTH TEBHI y3arajibHIOKOYl TEHJCHIIII
BIUTMBY PI3HOMAaHITHUX (haKTOPiB Ha MpPOIIEC TiAPATOYTBOPEHHS, ajieé rapaHTyBaTH
BIJIMOBIJIHICTh iX KIJIBKICHOIO BIUIMBY B IHIIMX yMOBaxX 0€3 MaTeMaTUYHOTO
MOJIETIIOBaHHS HEMOXKJIMBO. TOMy Uil OKpECIIEHHS MNEepCIEeKTUBHUX HaIpPSIMKIB
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JTOCHIDKeHb  IHTeHCU(IKalii TiApaTOyTBOPEHHs OyJI0O 3aCTOCOBAHO METOJHU
MaTEMaTHYHOTO MOJICITIOBaHHS.

Hns npomucnoBoro cuntesy [T MaiooTh HalOLIbII NMEPCHEKTUBHE 3HAYEHHS
amapatTd 3 JUHAMIYHOIO TOBEPXHEK KOHTakTy (a3 [4]. OcobamBocTi
riipaToyTBOpEHHS B 0apOOTaXXKHUX amaparax po3MNIAHYyTO B pobortax [5, 6]. Metoro
J1aHOi poOOTH € MOIIYK IUISXIB 1HTEHCH(iKalii MacOOOMIHHUX MHPOIECIB HUIIXOM
ONTHMI3All] KOHCTPYKIIIT Ta peKUMIB pOOOTH 1HKEKIIMHUX YCTaHOBOK cuHTe3y [T

OcCHOBHHUII TEKCT

VY cuntesi I'T nmpuiiMaroTh ydacTh OJHOYACHO JBa MPOIIECH: BiJBiJ TEIJIOTH 3
MDK(}a3HOT TMOBEpXHI Ta MiABIA Ta3zy A0 1€l mnoBepxHi. s oTpuMaHHS
MaKCUMaJbHOI IIBUJIKOCTI TIApaTOyTBOPEHHS 11 JBa NPOLECH IMOBUHHI OyTH
30aJ1aHCOBAHI.

AHaJi3 BIIOMUX JaHUX IMOKa3ye, 110 HAWOLIbII MIBUIKOCTI MalOTh JIUIIE JBa
Croco0u TiIpaTOYTBOPEHHS: Ha MOBEPXHI Kpareib BOAH, 5Kl mepedyBaloTh B TOTOIII
ra3y; Ha MOBEPXHI ra3oBux OynbOaiiok y o0’emi pinunau. /lana poGoTa mpucBsideHa
JOCIIKEHHIO T1APaTOYTBOPEHHS HA TOBEPXHI Kparull BOIHU, SKA PYXA€ThCA Y
ra3oBOMY IOTOIII.

Posrasiuemo (iznuHy Mojenb mporecy TiApaTOyTBOPEHHS Ha IMOBEPXHI BOIU
(pucyHok 1), BBaxarouum TOBILMHY Tra3oripaTHOi KIpKH (Og) Ha 3-4 mopsaku
MEHIIOO 3a po3Mipu Kparuti Boau. st yrBopenns I'T HeoOXiqHO BiIBOAUTH TEILUIOTY
(qi1) B razoBe cepeaoBuile Ta y piauHy (g2). Ockumeku IT € daktuuno
TEIUIO130JIATOPOM, TO Ticis yTBopeHHs [T kipku BiiOyBa€ThbCs 301IBIIEHHS OIMOPY
teronepenadl (Oge/Agg). PazoMm 3 TUM 30uIBLIY€ETHCSA omip Macomnepenadi (Oge/Cge),
OCKUJIbKHM Ta3orijpaTHa KipKa MOoraHo IpoItyckae ra3. TOBIIMHA KIPKHU 3aJIe)KUTh BiJT
IHTEHCUBHOCTI MacooOMiHy (m,) Ta u4acy (t). IluTommii TemnaoBMH MOTIK 3
IUGYHAYIOUUM Ta30M - (;; MUTOMUNA TEIUIOBUM MOTIK B PIIUHY — (2; MUTOMHMA
MacOBHH NOTIK Ta3y M.

9,

Pucynok 1 — Cxema TermyioBMX Ta MaCOBHX MOTOKIB 0lIA MizK()a3HOI MOBepPXHI
Aemopcovka po3pobka

Jlns  po3paxyHKy TiIpaTOYTBOPEHHS Ha MDK(a3HIi TMOBEpXHI MOXHa
3aCTOCYBATH CHUCTEMY PIBHSHBb TEILIO- 1 MacooOMiHy (1), 1€ ¢ — MUTOMUN TENI0BUMI
notik, Br/M?; Tp i po — Temmeparypa i rycTuHa rasy Ha JiHii riaparoytBopenHs, K i
kr/mM’; T, Ta p, — Temmepatypa i ryctuHa rasy B amapari, K i kr/m?; o — koedimient
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TermnooOMiny 6insg Mixk(a3HOI MOBEpXHi 31 cTopoHM razosoi ¢aszu, Br/(m*-K); kr —
KoeQilLieHT Teruonepeaaydl yepe3 Imap chepruuHoi MOBEPXHI 31 CTOPOHHM PIIUHH,
Bt/(m*K); T, — temneparypa pimmam, K; m, — Maca BOO¥ B KpaIlli, KL C, —
TeIUIOeEMHICTh Boau, Jx/(xkr°C); D — pilaMeTp Kpamli, M; Og, — TOBIIHMHA
ra3oripaTHOl KipKH, M; Ggz — Ta30MPOHHKHICTH Ta30TiAPATHOI KipKH, M%/C; Age —
koedinient TemnonposigHocti I'T, Br/(Mm'K); m; — nurommuii MacoBuil mOTIK,

kr/(c-M?); B — xoedimieHT MacoBigIayi, m/c; ¥¢e — TeIUI0TA nucomiamii I'T’, Jlx/kr; Meg
— MacoOBHUU Ta30BMICT raszoriapary, Kr/kr; Nu 1 Nu’— BIAMOBIIHO TEMIOOOMIHHUHN Ta
nudysiitauii kputepii Hyccenbra; D, — koedimient Monekyispaoi audysii, M%/c; A, —
Koe(ILi€HT TeIIONPOBiAHOCTI razy, Br/(m-K).

Baxx11Boo yMOBOIO € YHUKHEHHS YTBOPEHHS JIbOy K Ha MiXK(a3Hii MOBepXH,
TaK 1 B 00’ eMi Kparui.

4 =t~ 4,
T,-T.
4, = —¢, =k, (I, -T, )
m, T,
;= ——
.,
m ¢ dl
S = (T, - T, )
D dr -
) B Nu Dg{:{
Nu A_
Fe— Fq
m_ = —
1 L)SS
B o
ff*gg m,
dr  ii_p,,
T,z 273.15K:T_=1273.15K
’ ' (1)

Jliss BUKOHAHHS 3aBJaHb MaTeMaTUYHOTO MOJIEIIOBAHHS PO3poOSieHa KOMIT I0TEpHA
nporpama syntez. Cucrema qudepeHIIHHUX PIBHSAHD MIEPUIOTO MOPSAIKY BUPILIYETHCS
MeroaoM Pynre-Kyrra 4-ro nopsiaxy.

[Ipu rigpaBmiuHOMYy CIOco01 PO3MIJICHHS BIAETHCA OTPUMATH aepo30ib 3
mucnepcHicTio Big 30 mo 500 mxM. J[ucmiepcHICTh aepo30Jit0 MPU MTHEBMATUYHOMY
croco01 po3muiieHHs JeXuTh B Mexax 50200 mxm [7]. Tomy B momanmbIimx
pO3paxyHKax MPUUHATO J1ama3oH Kpameib B Mexax 30+500 Mxm.

B3aemHna mouaTkoBa IIBHUAKICTH Kpamii B Ta3oBid ¢aszi BU3HAYAETHCS
KOHCTPYKTUBHUMH OCOOJIMBOCTAMH (OPCYHOK Ta THCKOM CEPEIOBHUINA  SIKE
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nofaeTbes y GopcyHkKy. s pizHUX BUAIB (OPCYHOK HAHOLIBII PO3MOBCIOIKEHUMU
mBuaKkocTssMu € iHTepBan 10100 m/c. SIxk mokaszamu po3paxyHKH, pyX Kparuii, Ha
AKI 1 CIOCTEpIraeThCs HAKOMWYEHHs Ta30riipaTy, Ha OCHOBHIM YacCTUHI LUIAXY
B11I0yBA€THCS 31 MIBUJIKICTIO BUTAHHS, HE 3BaKalOYM Ha TIOYATKOBY MIBUAKICTH Ta3y.
3miny ToBimumHU Kipku [T B waci (7) ans kpanens giametpom 500 MkM, mpu
tucky razy 4,9 Mlla, temneparypi razy 0°C ta temneparypi Boau +5 °C, MoxHa

AIIPOKCUMYBATHU piBHSIHH?IM, MM

0,6
T

5gg 10* . 2)
OTtpumaHi pe3yJbTaTd TOKa3ylOTh, M0 BiAOYBAa€TbCS 3HAYHE CIOBUILHCHHS
MacoOOMIHHHMX IPOIECIB 13 yacoM, Tomy mpouec cuHte3y [T tpeba opranizoByBaTH
TaKUM YMHOM, 11100 TPUBAIICTh KOHTAKTy (pa3 Oyia skoMora OuIbLIO.

JlocniakeHo BIUIMB PO3MIpY Kpamesb BOJAM Ha KUIBKICTB razoriapary (Vi) ans
pi3HEX po3MipiB kpanenb (D = 0,03+0,5 mm) npu Tucky rasy 4,9 Mlla. IlopiBusiHO 3
kparsiMa  po3mipoMm 500 MM (Fsp) XapakTep BIUIMBY pPO3MIPY Kpameib MOXKHA
OMKCaTH AMPOKCUMAIIIIHOIO KPUBOIO:

V,=0,515—m_

D0,941 ( 3)
OTpuMaHi pe3ysibTaTH BKAa3ylOTh HA T€, 110 3MEHUIEHHS pO3MIPY Kpalleib J103BOJISIE
MPOTOPIIITHO 301IBIITUTH KITBKICTh OTPUMAHOTO Ta30riapaTy.

BaxxnuBuM yuHHUKOM I 1HTeHCUDikaiii mpomucioBoro cuntesy I'T" € Takox
TemIeparypa rady — 4uM BOHA HWXKYa, TUM wiBuaLIe yreoproBatuMerscs [T, IIpore
NP 3HWKEHHI TEMIIEpaTypHy 1HTEHCUBHICTh MACOOOMIHY MOKE 3HU3UTUCS HACTUIBKH,
110 MOYHEThCS 0OMep3aHHs Kparuii. Pe3yabTaTd MaTeMaTHUYHOTO MOJEIIOBaHHS IS

[IUX TPOIECIB 3pYYHO PO3TIIAIATH y BUTIISAA1 Tpadika (pUCyHOK 2).

0,0 MEM
®(0-005 0.15
= 0.05-0.1
0,1-0,15 0,1
0,05
30

- °C 5

0 5 D, MEM

5
Pucynok 2 - ToBuiuHa ra3origaTHol Kipku (0gg)

3aJIe7KHO Bil TeMuepaTtypu rasy (tg) Ta posmipy kpaneiab pigunu (D)
Aemopcovka po3pobka

ISSN 2567-5273 47 www.moderntechno.de



Modern engineering and innovative technologies Issue 26 / Part 1 éw

AHamni3 OTpUMaHUX Pe3yJbTaTiB IMOKa3y€, L0 ONTHUMAIBHOIO TEMIEPaTypOro
cuatesy IT e 0 °C. Ilpm Bim’eMHHX TemmepaTypax ra3y I1HTEHCHUBHICTb
riIpaTOyTBOPEHHS 3pOCTaE, aje BiAOYyBa€ThCsI OOMEp3aHHsI Kparieib BOJH, a TOBIIMHA
ra3oriipaTHOI KIPKU 3aJIMIIAETHCA Ha TOPSJAOK MEHINOK, HDK B ONTUMAIbHUX
ymoBax. [linBuiieHHs TemmepaTypu ra3dy TaKoXX NPU3BOAUTH JO CIOBIUJIbHEHHS
MacOOOMIHHHMX MPOIECIB, a TOBUIMHA KipkH ['T" TexX cTpIMKO 3MEHIIYETHCS.

JIJist OIHKK BIUIMBY Ta30MPOHUKHOCTI Ta30TiAaTHOI KIPKU Ha 1i TOBIIUHY
MPOBEICHO PO3PAXyHKOBI AOCHiKeHHS yTBOpeHHs [T mpu pi3HUX 3HAYEHHSIX
ra3onpoHUKHOCTI (G) (pucyHOK 3). VYV sKOCTi «0a30BOro» 3HAYECHHS NPUIHATO
TOBIIMHY Ta30TiIpaTHOI KIPKU Jj4, KA YTBOPIOETHCS HA IMOBEPXHI Kparwi Mpu
razonponuksocTi I'T Ha piBHi 6=5-10"14,

Oge/014
1

0.8
0.6
0.4
0.2

0

1.00E-16 1.00E-15 1.00E-14 .. 1.00E-13
o, M-/c

Pucynok 3 - Buius razonpoHukHocTi I'T" Ha topmuny I'T" kipku Ha moBepxHi
Kpamii
Asmopcobka po3pobka

OTpumaHi  pe3ylbTaTd  NEPEKOHJMBO  JIOBOJAATH, IO  3MEHILIEHHS
ra30MpPOHUKHOCTI CIIPUYMHSIE 1ICTOTHE 3MEHIICHHS KiThbKOCTI yTBopeHoro I'T. Tomy
HEOOX1ZHI ~ MOJadblll  EKCHEPUMEHTANbHI  JOCHKEHHS Uil yTOYHEHHS
razonpoHukHoOCTI ['T.

Ba)x11BUM YMHHUKOM T1IpaTOYTBOPEHHS € THUCK razy. 3 METOH BCTaHOBJICHHS
KUIBKICHUX XapakTepUCTUK HOro BIUIMBY OYJIO BHKOHAaHO P PO3PaXyHKIB.
BusiBneHo, 110 301IbIIEHHS! TUCKY B 2 pa3u J03BOJISE 30UIBIIUTH IIBUAKICTh CUHTE3Y
I'T merany npubnau3Ho B 2+2,5 pasu.

MarematnyHe MojentoBaHHS cuHTe3y [ mokazano mNepCreKTUBHICTb
3aCTOCYBaHHA Kpamneib po3MipoMm MeHiie 100 MkM. 3MEHIIEHHS po3Mipy Kpamneib y
2 pa3u no3Bojsie 'y 2-4 pa3u 30UIBIIMTH 1HTEHCUBHICTH TiApaTtoyTBOpeHHs. [Ipu
IIbOMY OINTUMAJILHOIO TEMIIepaTyporo raszy Juisi rigpatoytBoperHs € 0 °C.
Bigxunenns Bim 0 °C  coOpuyHUTH  pi3Ke  3MEHIICHHS  1HTCHCHUBHOCTI
TiApaToOyTBOPEHHS.

BucHoBkmu.

Takum unmHOM, y pe3yJbTaTl MaTeMaTUYHOTI'O MOJIENIOBAHHS IPOLIECY CHUHTE3Y
riipaTy METaHy Ha NOBEPXHI Kpaiull BOAM, fKa PYXaeTbCi B Ta30BOMY IMOTOII],
BCTAHOBJIEHO KUIBKICHI 3aJIEKHOCTI, SIKI BPaXxOBYIOTh BIUIMB TakUX (aKTOpIB, SK
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PO3MIp Kparieib piIMHYU; PI3HUX B3aEMHUX IIBUAKOCTEN ra3y Ta Kparuii; 4acy; TUCKIB
Ta TeMIeparyp razy; razonpoHuknocTi I'T. OtpumaHno anpokcumariitai popmyinu ski
XapaKTepU3yIOTh BIUIMB IUX (DaKTOPIB 1 JO3BOJIAIOTH MPOTHO3YBATH 1HTEHCUBHICTD
riIpaTOyTBOPEHHS B YCTAaHOBKAX 1HXKEKIIIHOTO TUITY.

BcranoBiieHo, 110 TOJIOBHUMH NUISIXaMU 1HTEHCHU(IKAIl CUHTE3y ra3oripariB
€: OTpUMaHHS JpIOHINIMX Kpareiab BOAM, MIATPUMAaHHsS TeMIepaTypu rasy Ha piBHI
0°C, migBUIIEHHS THCKY Ta3y, 30LIbIICHHS TPUBAJIOCTI IMepeOyBaHHS Kparil B
ra30BOMY CEpEIOBHIIII.
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Abstract. The problems and prospects of the industrial synthesis of gas hydrates are
considered, The prospect of using mass transfer devices with a dynamic interphase surface for the
synthesis of gas hydrates is substantiated. A mathematical model of hydrate formation on the
surface of a water droplet in a gas flow has been developed. Digital solutions were obtained for
drops of different sizes at different water temperatures, gas velocities and pressures, and different
gas permeability of gas hydrates. The dynamics of hydrate formation over time was studied.
Measures have been established to increase the efficiency of gas hydrate synthesis. The decisive
influencing factors on the intensification of mass exchange processes are identified. Approximation
formulas for calculating quantitative indicators of the influence of a set of factors on the formation
of methane gas hydrate have been obtained. The analysis of the obtained results made it possible to
establish promising directions for the optimization of equipment for the synthesis of gas hydrates.

Key words: gas hydrates, heat exchange, intensification of mass exchange, synthesis of gas
hydrates, heat and mass exchange, hydrate formation.

Cratts Binmpasiniena: 24.04.2023 p.
© Kyrtauii B.A.
© Yepnenpka [.B..

ISSN 2567-5273 49 www.moderntechno.de



Modern engineering and innovative technologies Issue 26 / Part 1 éw

http:// www.moderntechno.de/index.php/meit/article/view/meit26-01-056
DOI: 10.30890/2567-5273.2023-26-01-056

YK 637.146.2
RATIONAL PARAMETERS FOR THE PROCESSING OF GOAT MILK

INTO SOUR-DAIRED CHEESE
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Anomauia. B cmammi eukiadeHi pe3yibmamu 00CAiONCeHb 3 6CMAHOBIEHHS PAYIOHAILHUX
napamempis nepepooKu KO3UHO020 MOJOKA HA CUp KUCIOMONOYHUU. [lia 4Yboeo 6usHavaniu
PAYiOHANIbHI  MeMNepamypHi  pedcumu  00poOaeHHs KO3UHO20 MONOKA. 34  payioHATbHY
memnepamypy 3CiOanHs Moa0Ka, 6yno euoparno memnepamypy 32+2°C.

TopisHuanvbhutl ananiz cupié 8UpPoOIEHUX 3 KO3UHO20 MA KOPO8 4020 MONOKA 34 CYMAPHUM
BMICMOM aMIHOKUCIOM NOKA3a8, W0 6UpOOIeHi cupu NPaKmuiHo He PO3PIZHAIUCS, npome cymda
HE3AMIHHUX AMIHOKUCIIOM Y 3HEHCUPEHOMY KO3UHOMY cupi oyia Ha 2,79 % 6inbuioro, nopieHsano 3
AHANIOCTYHUM NOKA3HUKOM Y Kopos'auomy (P > 0,95). Tobmo, cup i3 KO3UH020 MOIOKA
Xapakmepuszysaecs 0inbuioio 6ionociunoio yinnicmio. Lle ceiouums npo 0oyitbHicms 6UpOOHUYMEA
cupy 3 KO3UH020 MOJIOKA OJis1 NONOBHEHHS. PAYIOHY XaAP4UYBAHHS HACEeHHS NPOOYKMAMU NiOBUUEHOT
0i0102TYHOT YIHHOCMI.

Knwuoei cnosa: monoko xosume, MOJIOKO KOpo8 siue, 0ion02iuHaA YIHHICMb, MeMNnepamypHi
pedicumu, nepepooKa, cup KUCIOMOIOUHUI.

Beryn. Ko3uHe Mooko mopsii 3 KOpPOB‘SSYMM 1 OBeYMM 0araTo CTOMITh
BUKOPHCTOBYBAJIOCh CUIBCBKUM HAaceleHHSM YKpaiHh SIK OCHOBHMM MPOAYKT
XapyyBaHHsA. Taka IepeBara MOSCHIOBAJACh BIJTHOCHOIO IPOCTOI0 Ta MEHIIMMHU
€KOHOMIYHUMHU BUTpaTaMM Ha YTPUMaHHS Ki3 MOPIBHSIHO 3 BEJIMKOI POraTolo
Xy100010.

Ko3sue Mon0k0 Ta iHIIN MNPOAYKTH KO3WHOTO IOXOJKEHHS MICTITh KUIbKa
010JIOTIYHO AKTHBHUX CIOJIy4€Hb, SKI MOXYTh OyTH KOPHUCHI TMalllEHTaM, SKi
CTPXKJAIOTh HA pIi3HI XPOHIUHI 3axBOpIOBaHHS. Jlekiibka MeNnTHiB, XUPIB Ta
0JIIroCaxapuAiB, MPUCYTHIX Y KO35UOMY MOJIOL, MOXYTh OyTH MOTEHUIHHO KOPUCHI
OpU  CEpIEBO-CYANHHUX  3aXBOPIOBAHHIX, IMOPYIICHHAX OOMiHY pPEUOBHH,
HEBPOJIOTIYHOI JilereHepalii ado J1J1s1 MOKpaIleHHs 3J0POB'sS KUILIEYHUKA.

Texnosorii nepepoOku KO3WHOTO MOJIOKA Ha MIPOMUCIIOBI1 OCHOB1 MPUBEPTAIOThH
MEeBHY yBary HayKkoBiiB. OJlHaK, HEOOXiTHO MPOBOJUTU JOCITIIHPKCHHS 3 ITiJIBUIIICHHS
MPUAATHOCTI KO3MHOTO MOJIOKA, SIK CHPOBHHH JJisi MOJIOUHOi iHaycTpii. Hampsmok
JIOCJIIIDKEHh HEOOXI1THO MOCTIMHO BJOCKOHAJIIOBATH JIJIS TOTO, 00 KO3WHE MOJIOKO
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CTaJIO <CKUTTE3IATHUM Ta KOHKYPEHTOCIPOMOKHIM» B MOJIOYHOMY CKOTapcTBi [1].

Y BChOMY CBITI, KpiM MONYJSPHUX CHPIB 1 HOTYpTy, 3 KO3HMHOIO MOJIOKA
BUPOOJISIIOTh KUCJIOMOJIOUHI HAmoi, MacTepu30BaHE, 3TYIIEHE Ta CyXe MOJIOKO,
MOpo3uBO. TakoX KO3MHE MOJIOKO BHKOPUCTOBYIOTH B KOCMETHYHIM Ta
KOHAUTEPCHhKIA mpomucioBocTi. [Ipu npomy 30unblIeHHS O0OCATIB BHUPOOHMIITBA
MOPOAYKIIIT 3 KO3UHOT'O MOJIOKA CTPUMY€E iCHyIoua mpo0jema - 11e HasiBHICTh B HbOMY
cnerupigHOTO CMaKy Ta " Ko3uHOro " apomary [2].

Hapasi ciocrepiraerbcst HOBUM TpeH Y MOJIOYHIN rajiysi - mepepodka Ko3s4oro
MOJIOKa Ha THTHE MOJIOKO Ta KHCIIOMOJIOYHI TpoAyKTH. L[poMy crpusie HasBHICTb
JI0YOro HAIllOHAJIBLHOTO CTAaHIAPTy Ha MOJIOKO KO3UHE [3].

3a ocCTaHHI pPOKH, KIJIBKICTh IOTOJIB’S BEIMKOI poraroi xyaoOu B YKpaiHi
CTPIMKO 3MEHUIY€EThCS, TOMY Bce OUIblla yBara NpUIIsS€ThCS KO3UHOMY MOJIOKY, SIK
HOBOMY BHUIY CUPOBUHU JJISI MOJIOYHOT IIPOMHCIIOBOCTI.

['ypmanu B OJIMH TOJIOC CTBEPIXKYIOTh, IO KO3MHE MOJIOKO HDKHIIIE Ta
CMayHiIle, HXXK KOpOoB’sue. A TUM, SIKUM BOHO HE MOJ00a€ThCs, aKIEHTYIOTh yBary
TUTBKM Ha #oro  crneuudiunomy npucmaky [4]. Ilpore, momut HaceneHHS Yy
CIO’KMBAHH1 BUCOKOSKICHUX MOJIOYHHX TMPOAYKTIB 13 KO3UHOTO MOJIOKA, a caMe Ha
CUPH, CUP KUCIIOMOJIOUHUI Ta HA MACJIO MOCTIHHO 3pPOCTaE.

BractuBOCTI KO3MHOTO MOJIOKa MOXXYTh OyTH BUKOPHMCTaHI NIl BUPOOHMIITBA
HaWpPI3HOMAaHITHIIINUX TPOJYKTIB, OJHAK BUCOKOSAKICHI MPOIYKTH MOXKYTh OYyTH
BUT'OTOBJIEHI TUIBKU 3 KO3UHOT'O MOJIOKA 100POi SIKOCTI [5].

Binomo, 1110 KUCIOMOJIOUHUH CHp, Ma€ BEIMKE 3HAUYCHHS B XapuyBaHHI JIIOJIEH,
OCKIJTBKM KpPIM XapyoBOi IIIHHOCTI BIH Ma€ JIETMYHI Ta JIIKYBaJbHI BIACTHUBOCTI.
TexHonoriss BUPOOHUIITBA, CHPY KHUCIOMOJOYHOIO 3aCHOBaHA HAa BUKOPHUCTaHHI
(hepMEeHTIB MIKPOOPraHi3MiB, 10 BXOAATH J0 CKJIaTy 3aKBacok [6].

Crin 3a3HaYUTH, 110 OUIBIIICTh HAYKOBUX CTaT€l BUEHUX MPHUCBIYEHO po3poOi
Ta BJIOCKOHAJIEHHIO TEXHOJOTII cHUpy 3 KOpOB'suoro Mosioka. IIpu cTBOpeHHI
TEXHOJIOT1 IPOMHUCIOBOTO BUPOOHHUITBA CUPY 3 KO3MHOTO MOJIOKA, BUKOPUCTAHHS
O10TEXHOJIOTTYHUX METOJIIB, CHPSIMOBAHUX HA 3HMKEHHS CIENU(IYHOIO CMaKy 1
3amaxy OKMpOMOTY Ki3 y (EepMEHTOBAHUX XapyOBUX MPOAYKTaX, JOCI He
3yCTpivaocs.

Meta pochaigkeHb. BusHaueHHS palioHaJIBHUX TapamMeTpiB  MepepoOKu
KO3MHOTO MOJIOKa Ha CUp KuciomoJiouHuil. [IpoBefieHHS MOPIBHSIIBHOTO aHali3y
G13UKO-XIMIYHMX ~ TOKa3HUMKIB Ta  OI0JOTIYHOT  IIHHOCTI 3HEKUPEHOTO
KHCIIOMOJIOYHOTO CUPY BUPOOJIEHOTO 3 KOPOB'SSYOTO Ta KO3WHOTO MOJIOKA.

Metoau pocaimxkenb. Ilpu BHKOHAHHI JOCHIKEHb OylIM BUKOPUCTaHI
3araJbHOTPUIHSITI METOIA Ta METOIUKH TOCIITKECHb.

Hapasi BigomMo, 1o O1IKM KO3HMHOTO MOJIOKA PI3HATHCS BHCOKUM PIBHEM
30a7JaHCOBAHOCTI ~ aMIHOKHUCJIOTHOTO  CKJIaxy, TOMY  BHUPOOHUITBO  CHPY
KHCJIOMOJIOYHOTO 13 HBOTO JO3BOJIUTH PO3IIUPUTH ACOPTHUMEHT MOBHOI[IHHUX
(hepMEeHTOBaHUX OIIKOBUX MOJOYHHMX TMPOAYKTIB, IO HE IOCTYIAEThCS SKOCTI
aHAJIOTITYHUM TPOJIYKTaM 3 KOPOB'su0oro Mojoka. Uepes crnernudiky O1IKIB KOZUHOTO
MOJIOKA, MOJIOYHHM 3TyCTOK, YTBOPIOETHCS M ‘SIKOT KOHCUCTEHIIIi, 3 BUCOKUM pPIBHEM
B1IX0/y OUIKIB 3 CHpPOBATKOI, L0 € HebakaHuM (aKTOPOM [JIsi TPOMHUCIOBOI
nepepoOku. BupimienHs nux npo6ieM notpeldyBajio OmpalfoBaHHs MEBHUX 3ac001B
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CIPSMOBAaHUX Ha MIJBULIEHHS TEXHOJOTTYHOCTI KO3MHOTO MOJIOKA JJIsi BAPOOHUIITBA
IIOTO BHUJy OUIKOBOTO MPOAYKTY. 30KpeMa Oynu migiopaHi paimioHadbHI PEKUMU
KOXKHOI 13 TEXHOJOTIYHHUX Omepauiil BUPOOHUITBA KHUCIOMOJIOYHOTO CHPY
(mactepu3ariii, CHUy>KHOTO 3CIJTaHHS, OTPUMAaHHS 3TyCTKY).

Ha nepiomy etami po3poOKu TEXHOJIOT1I KO3UHOTO CHPY KHUCIOMOJIOUHOTO OyI10
YTOYHEHO TEeMIEPATypHI PEXKUMH OOpOOJIIHHSA KO3HMHOIO MOJIOKA (MacTepu3alliio Ta
OXOJIOJIPKEHHS 10 TeMIIepaTypH 3aKBalllyBaHHS 1 CKBAIIyBaHHs).

JUiss 1poro roTyBaJid 7 BaplaHTIB KO3MHOro cupy. Jns BuUpoOHMIITBa
KOHTpOJbHOTO Bapianty cupy (K) — Kko3uHE MOJIOKO macTepu3yBaiv IMpHU
temneparypit 72 °C. Jlns BupoOHuITBa 6 mociuigHux BapianTiB cupiB (I1-116) —
MOJIOKO mactepusyBaiid 3a temmneparypu: [1-74 °C, 12-76 °C, 13-78 °C, 14-80 °C,
J15-82 °C 1 J16-84 °C. JlocmiaHi 3pa3ku MOJIOKA IMICIIS MacTepHU3allii 0X0J0KYBAIH J10
temneparypu ckBamyBanHs: J[1-30 °C, J12-32+2 °C, J13-3442 °C, [14-36+2 °C, 15-
38+2 °C 1 J16-40+2 °C. KoHTpoapHHiIl BapiaHT MoJioka - A0 Temmeparypu 28+2 °C.
Jlsis CKBalTyBaHHSA KO3WHOTO MOJIOKa OyJio 00paHO TpaJMLiiHy y BUPOOHUITBI CUPY
KHCIIOMOJIOYHOTO 3 KOPOB's’uOro Mojoka 3akBacky «CMt» ta 1 MEII ®pomasza, ski
BHOCHJIM Y MiJTOTOBJIEHY MOJIOYHY OCHOBY BIAIMOBIAHO 13 po3paxyHKy 3,0+0,5 % i1
1,5-2,0rtana 1 1™monoka. 3ciaHHs MOJIOKa Benu y ipoioBxk 10 roa. Pesynbratu
JOCIIKEHb HABEJIEHO Ha pucC. 1

BcraHoBineHo, 110 KUIBKICTh  BWJIYYEHOI CHpPOBATKM  3HIDKYBalach 3
MIJBUILEHHAM TEMIIEpaTypu CHUUYKHOTO 3CiIaHHs y BapianTax pociiay J1 - J5, mo
CBIJTYUTH NPO MiJBULIEHHS BOJIOTOYTPUMYBAIBHOI 31aTHOCTI O1IKOBOTO 3TyCTKY.

®epmenTaniss 3a temmnepatypu 40 °C mpusBena 10 PI3KOTO 30LIbIICHHS
KUIBKOCTI BIJUIIJIEHOT CHUPOBATKM YHACTIJOK YIIUIBHEHHS MosiouHoro remwo. lle
HETaTHBHO BIJIOWJIOCS HA TOTIPIIAHHI SKOCTI CHPY, 30KpeMma IOsIBl KpyI4yacToi
KOHCHCTEHLII.
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K cup. — kinoxicms sunyuenoi cuposamku, M3A4 — monoxo3cioanvHa akmueHicms

PucyHok 1 - BiuiuB TeMnepaTypHoro pe:kumy o0po0JIsHHA KO3MHOI0 MOJIOKA HA
KUIBKICTh BWIY4Y€HOI CHPOBATKH
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[Ilo cTocyeTbcs TPUBAJIOCTI 3CiaHHA MOJIOKa, BOHa MOHOTOHHO 3HW)KYBallach 3
MiBUIICHHS TeMIieparypu 1 Oyna Haiimeninoro y BapianTi J16 (40 °C). [loennyroun i
AaHl AJi1 BUPOOHULITBA CHUPY KHCIOMOJIOUHOTO Ta BPaxOBYIOUHM pPErIaMEHTOBAHHI
JUIS KUCJIIOMOJIOUHOTO CUPY piBeHb BoJoru 76 - 78 %, 3a palioHabHy TeMIepaTypy
3CIIaHHs MOJIOKa TPU BUPOOHHUIITBI BUIIE BKA3aHOTO MPOIYKTY, Oyjo BHOpaHO
temrepatypy 32 £2 °C.

[lopiBHsibHUN ~ aHami3  (I3UKO-XIMIYHMX  TIOKAa3HUKIB  3HEKUPEHOTO
KHACJIOMOJIOYHOTO CHPY BHPOOJEHOTO 3 KOPOB'SYOTO Ta KO3HMHOI'O MOJIOKA IMOKAa3aB,
III0 MacoBa YacTKa OLIKY B 3HEXKHUPEHOMY CHUpPI 3 KO3UHOT'O MOJIOKa Oyia O1iIbIIoI0
Ha 10,3 %, B MOPIBHAHHI 3 AHAJIOTTYHUM MOKA3HUKOM y TIPOJYKTi, BUTOTOBJICHOMY 13
kopos'saoro (P > 0,95) (tabmn. 1).

JlocTipKeHHSIMH BCTaHOBJICHO, 1[0 MAacoBa YacTKa BOJIOTM B KO3WHOMY CHpi
Oyna MmeHuow Ha 8,7 %, MOPIBHAHO 3 AHAJIOTIYHUM IOKA3HUKOM Y TPOIYKTI 3
KopoB'sstuoro mosioka (P>0,95).

Taoauus 1 - @i3uko-XiMiYHi MOKAZHUKHA KHCJIOMOJOYHOT0 CHPY

Cup
[Toka3zHukmu '

KOPOB'SUOTO KO3HHOTO
MacosBa yactka Ou1Ka, % 16,2+0,5 26,5+0,5
Macosa gyacTka Bojoru, % 76,2+0,5 67,5+£0,5
Kucnotnicts, °T 200,0+0,5 186,0+0,5
Butpara moJioka Ha BUTOTOBJICHHS | T cupy 7784,0+1 7794,0+1
Buxin cupy, kr 128,46+0,01 128,30+0,01

OpHak BUTpaTH KO3WHOTO MOJIOKA mpu BUpOoOHUUTBI 1 T cupy Oynu Ha 10 kxr
OUIBLIMMH, TIOPIBHSIHO 3 KOpPOB'TYMM. UYepe3 BUCOKY TUCHEPCHY CTPYKTYpPY Millel
Ka3eiHy Ta KUPHUX KUCIOT KO3MHOTO MOJIOKA, IiJl YaC BUPOOHUIITBA CIIOCTEPIraIncs
BTpaTH OUIKY Ta XKHUPY 13 CHPHUM MUJIOM. SIK HACTIO0K 1€ CIPUSIIO MEHILIOMY BUXOTY
rOTOBOT'O MPOJYKTY 3 1 T ko3uHOro mosoka - Ha 0,16 kr (P > 0,95).

Jani Tabmuii 1 Takoxk CBII4ATh, M0 KO3UHUNA CUP XapaKTepU3yBaBCS HUKYOIO
KHCJIOTHICTIO, HI’K KOPOB‘siunii - Ha 14 °T.

Takox HamMu OyJiM TIPOBEACHI JOCIIKEHHS 3 aMIHOKHCIOTHOTO CKJIanay Oliaka
3HEKUPEHOTO KOPOB'AYOro 1 KO3UHOTO cHupy. byno BcTaHOBIEHO, 1O 32 CyMapHHUM
BMICTOM aMiHOKHUCJIOT BUPOOJICHI CUPH MPAKTUYHO HE PO3PI3HSIUCA, MPOTE Cyma
HE3aMIHHUX AaMIHOKUCIOT (apriHiHy, BadiHy, 130JICULMHY, JI3UHY, JEHIUHY,
METIOHIHY, TPEOHIHY (eHUIaNaHIHy) Y 3HEXKUPEHOMY KO3MHOMY cupi Oyia Ha 2,79 %
0111100, TOPIBHSHO 3 AHAJIOTIYHUM MMOKa3HUKOM y KopoB'suomy (P > 0,95).

Pesynbratu gocimimpkeHs 010J0T19HOT MIHHOCTI KO3MHOTO 1 KOPOB‘SYOTO CHPIB
aK1 mopiBHsHI 31 mikanoo PAO/BO3, naseneni B Tabmuili 2.

BcranoBieHo, 1o B KO3MHOMY CHpl BMICT HE3aMiHHUX aMIHOKHCIIOT 3HAYHO
MIEPEBUIILYE€ TX KUIBKICTH B 11eanibHOMy 011Ky @DAO/BO3. Pi3auis ctaHoBuTh 24-102
% 3a BUHATKOM CIPKOBMICHUX aMIHOKHUCJIOT Ta (peHITalIlaHIHy, KIJTBKICTh SKUX OyIia
MeHIor Ha 6 % 1 3 % Bix crangapTy. HeoOXiiHO BIAMITUTH, IO CHUP 13 KOPOB*SIYOTO
MOJIOKa XapaKTepHU3yBaBCS MEHIIOK O10JOT1YHOIO I[IHHICTIO MOPIBHSHO 13 CUPOM 13
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KO3MHOTO MOJIOKA. Lle CBIMUWTH MpO IOMUIBHICTE BHPOOHHIITBA CHPY 3 KO3HHOTO
MOJIOKA JIJIsl TIOTIOBHEHHS PAIIOHY Xap4yyBaHHS HACEJICHHS MPOIYKTaMH IiBUIIECHOT
010JIOTTYHOI IIHHOCTI.

Tadanus 2 - Biosioriyna HiHHICTH KMCJIOMOJOYHOTO CUPY

Ha3pa He3aMiHHHX Bwmict AK, 1/100 r 6inka Ckop, % no mkaiu
aMIHOKHUCJIOT [lIxana | Ko3une | Kopos‘aue | Kosune | Kopo‘sue
DAO/BO3
Banin 5,0 6,2 5,3 124 106
[30onenmH 4.0 8,1 4,3 202 108
Jletinun 7,0 11,6 8,1 166 116
Jli3un 5,5 0,1 6,4 164 116
MertioHIHHIUCTETH 3,5 33 2.4 94 68
deHinagaHiH+THPO3NH 6,0 5.8 4,8 97 80
Tpeonin 4,0 6,0 4,1 150 102
BucHoBku

1. BcraHoBiieHO palfioHadbHI TeMIEpaTypHI peXUMU OOpPOOKH KO3ZHHOTO
MOJIOKa MPHU MEepepoOIll MOro Ha CUpP KUCIOMOJIOYHHUMN: TemIepaTypa HacTepu3arlii
MoJioka 76+2 °C, temneparypa 3ropTaHisi MoJjioka — 324+2° C.

2. IlopiBHsuIbHUIM ~ aHami3  (PI3UKO-XIMIYHUX  TOKA3HUKIB  3HEXKHPEHOTO
KHCJIOMOJIOYHOIO CHPY 3 KOPOB'SUOTO Ta KO3MHOTO MOJIOKA I10Ka3aB, L0 MacoBa
yacTKa OlIKa B 3HEKMPEHOMY CHUP1 3 KO3UHOTO MOJIoKa Oyna Ouibmioro Ha 10,3 %, B
MOPIBHSIHHI 3 aHAJIOTTYHUM MOKa3HUKOM y MPOAYKTI, BUTOTOBJICHOMY 13 KOPOB'SUOTO.
Ko3unuii cup xapakrepusyBaBcs HUKUOIO KUCIOTHICTIO, HIXK KOPOB‘siumii - Ha 14 °T.

3. Burpatu ko3uHOr0 MoOJIOKa Npu BUPOOHUNTBI 1 T cupy Oymu Ha 10 kxr
OUTBLIMMH, TOPIBHSHO 3 KOpPOB'TUMM. UYepe3 BUCOKY TUCHEPCHY CTPYKTYpPY Millel
Ka3eTHy Ta KUPHUX KUCIOT KO3MHOTO MOJIOKA, IiJl YaC BUPOOHUIITBA CIIOCTEPIraiucs
BTpaTH OUIKY Ta XKHUPY 13 CHPHUM MUJIOM. SIK HACIIIO0K 1€ CIPUSIIO MEHILIOMY BUXOJTY
rOTOBOTO MPOJIYKTY 3 1 T Ko3uHOTO MOJoKa - Ha 0,16 xr (P > 0,95).

4. BcTaHOBJIEHO, 1O 3a CyMapHUM BMICTOM aMIHOKHCIOT BHUPOOJIEHI CHUPHU
MPaKTUYHO HE PO3PI3HUIUCS, NPOTE€ CyMa HE3aMIHHUX aMIHOKUCIOT (apriHiHy,
BaJliHy, 130JI€MIIMHY, JI3UHY, JEHIUHY, METIOHIHY, TPEOHIHY (QEeHIJIaNaHIHy) Yy
3HEKUPEHOMY KO3MHOMY cupl Oyna Ha 2,79 % OuIbI11010, MOPIBHSHO 3 aHAJIOTTYHUM
MOKa3HUKOM y KopoB'suomy (P > 0,95).

5.Cup 13 KO3MHOIO  MOJIOKa XapaKTEepU3yBaBCs OUIBLIO O10JOTTYHOIO
I[IHHICTIO, TOPIBHAHO 3 AaHAJIOTIYHUM MPOAYKTOM, BHUPOOJIEHWM Ha OCHOBI
KOpOB’si90ro MoJioka. Ile cBimuuTh mpo AOLUIBHICTh BUPOOHUIITBA CUPY 3 KOSUHOTO
MOJIOKA JJIsl IOTIOBHEHHS PalliOHy Xap4yyBaHHs HAaCEJICHHs MPOJYyKTaMH IMiIBUILEHOT
010JI0T14YHOT IIIHHOCTI.
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Abstract. This article presents the results of research on determining the optimal processing
parameters for goat milk to produce fermented cheese. To achieve this, rational temperature
regimes for processing goat milk were determined. The rational milk coagulation temperature was
selected as 32+2°C.

A comparative analysis of cheeses made from goat and cow's milk for the total content of
amino acids showed that the produced cheeses were practically indistinguishable, but the sum of
essential amino acids in the low-fat goat cheese was 2.79% higher compared to the corresponding
indicator in cow's milk cheese (P > 0.95). This indicates that cheese made from goat milk had
higher biological value. Therefore, it is advisable to produce cheese from goat milk to supplement
the population's diet with products of increased nutritional value.

Keywords: goat milk, cow's milk, biological value, temperature regimes, processing,
fermented cheese.
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Annomauin. Y cmammi 00CniodceHo mexHoI02IiuHI 0COONUBOCMI NPUCOMYBAHHS MYPEYbKUX
Odecepmié 3 000ABAHHAM pe2iOHANbHOI cuposunu. OOIPYHMOBAHO OOYINILHICMb BUKOPUCMAHHS
BUIHEB020 COKY OISl 3aNpasKu uiepoemy, AKuLl UKOPUCTOBYEMbCS 3 MEMOoI NPOCOYYBAHHS Ne4usa
«Lllexepnapey.

Knrwowuosi cnosa: mexuonocis, conooowi, eimaminu, iHepeOienmu, GUUWHeSUL Ma JUMOHHULL
CIK, 81ACMUBOCMI, XAPY06a YIHHICMb.

Beryn.

Kynberypa 1 Tpaguii Typeuunnu € qyxe O0araTUMH, HE 3aJIUIIAIACh OCTOPOHb 1
KOHJIUTEpChKa crpasa. 3 yaciB OcMaHCBHKOI IMIIepii 1 10 ChOoroAH1 30eperaucs 6arato
TPaIUIIMHUX PEIENTIB COJIOOIIIB, IKUMH YacTyBaJId HaBIiTh cyJiTaHa. HemoctaTHbo
OyJzie ckazaTu, 110 TypelbKi AECEPTH € ayKe pi3HOMaHITHUMHU. B YkpaiHni npubin3Ho
20 % puHKY 3aiiHATO 30yTOM TYpPEIbKUX COJIOJONIIB. 3a3BUYail BOHW HE BUCOKOI
AKOCT1 1 He € pi3HOMaHITHUMH. OCHOBHA MpobiieMa iX MPUTOTYBaHHS — BUCOKHUU
nedIIUT PETriOHAbHUX 1HTPEIIEHTIB 1 HEIOCTaTHS MOJEpHI3AIls MiIIPUEMCTB.
OcHOBHI JIKepena TypelbKUuX COJIOAOIIIB, sIKI € SKICHUMHU — 1€ MIOWHO MPUTOTOBAHI.
A, oTKe — 1Ie pecTopaHu Typerbkoi KyxHi. B YkpaiHi HalmomupeHini pecTopaHu
TypelbKOi KyXHi — 1€ Mepexka pecropaniB By Da’sh Ta mpuroryBanHsam pecepry
«Ilexepmape». Li comomoii - qye cCMayHe MHUTJAJIECBE MEUUBO, SIKE MPUKPAIIAIOThH
IJTMMH SIIPaMH TOPIXiB Ta MIEAPO MOJUBAOTH PIIKUM IiepobeToM ado meaom [1,2,3].

Jlerka KucjaoTa, COKOBUTICTh 1 IPUEMHUM apoMaT YKpaiHCHKOI BHUIIHI 3HAYHO
MIJIBUIIUTE SKICTb TOTOBUX BHUPOOIB, JOCTATHHO YJAOCKOHAIUThH PEIENTYpY IMeunBa
«Iexepmapey.

IHocranoBka nmpodaemu. MeToro TOCHIIKEHHS € OOIPYHTYBaHHS AOLULIBHOCTI
Ta po3poOKa TEXHOJOTII 1 pelenTypu 3 BUKOPUCTAHHSAM PEriOHAIBHUX 1HTPEAIEHTIB
Typeubkoro aecepry «lllekepmapey, 11 MOKpameHHs HOro Xap4yoBUX SKOCTEW Ta 3
IEPCIEKTUBOIO BIPOBaKeHHs y pectopani «Turkish city by Da’sh» [4].

BukianeHHsi OCHOBHOro Marepiaiay. Bimomo, mo opraHi3M JIOAMHU HE
CHUHTE3y€ BiTaMiHM a00 CHHTE3y€ B HEIOCTATHIM KUIBKOCTI. Y Hall 4Yac BiIOMO
6nu3pko 30 BiTaMiHIB, 3 HUX NpuUONKU3HO 20 HAIXOIATH O OpraHi3My JIOJUHH 3
POCIMHHOIO Ta TBAPUHHOIO DXKero. BiTamMiHM MaloTh BUCOKY O10JIOTIYHY aKTHUBHICTH 1
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NOTPiOH1 OpraHi3My B K€ MaJIUX J03aX — B JEKIIbKOX MIKpOTpaMmiB J0 JECATKIB
MUTiTpaMiB Ha A00y. SIKII0 BiTaMiHIB HE BUCTAYa€, MOPYIIYIOTHCSI OOMIHHI MPOIIECH,
MOTIPIIYETHCS CTAH 37J0POB’sI, SHIKYIOTHCS 3aXHCHI CUJIM OPraHi3My.

BaxxnuBum xepenomM BiTaMiHIB € GPYKTH Ta OBOY1, IX BUKOPUCTAHHS 10 PI3HUX
CTpaB. AHaJI3yIOYU XapyoBY I[IHHICTh MEYMBA — MOXHA IMPUWUTU 10 BUCHOBKY, IO
BOHO MICTUTh Yy cO01 XHpH, IyKpH 1 B TEpIIy Yeprd BITaMiHH, a caMme SIKI € y
mepOeTi BUITHEBOMY (Ha OCHOBI BHUITHEBOTO COKY). OCKIBKH MIepOeT TOTYEThCS Ha
OCHOBI IIyKpY, BOJIM Ta BUIIHI — TO I[yKOP MPUTHIYY€E BECh HETaTUBHUN BIUIMB BHILIHI
Ha opranidM. Ile Husbkokamopiiina sroma. Ckiaa BUIIHI - JOyXe OaraTuit
PI3HOMAHITHUMH BiTaMIHaMH, MIKPOEJIEMEHTAMU Ta KOPUCHHUMH pEYOBHHAMHU. A
caMe BYIJIEBOJM: ITr0Ko3a — 5.5 %; gpykro3a — 4.5 %; caxapoza — 0.3 %. Minepanu
— MiJib, 3aJ1130, KaJlii, KajibIlii, pocdop, MarHiii, HaTpiM, HUHK. [6]

Pocnunna kimiTkoBuHa y ckianl BulHi 3aiiMae 0.5 %. Ha 100 rpamiB mpoaykTy
npunazgae 0.8 r 6inky, 0.5 r xupiB Ta 11.3 r ByryieBo/IiB.

OpraniuHi KUCJIOTH Yy BHIIHI 3aiMarOTh 10 2 % TPOAYKTy (CepenHiid piBeHb —
1.3 %), 1 mpeacrapieHi 3e0LIBIIOTO SOTYIHO KHCIOTOM (110 1.2 %).

B 3aranpHOMy BUIIIHS BKJIIOYA€ TakKl MPUPOAHI KHUCIOTH: JMMOHHA KHCJIOTA,
s0JlydHa KHCJIOTa, CaNIIUIoBa KHCJIOTa, OITOBAa KHCJIOTa, OYpPIITHHOBA KHCIIOTA,
MOJIOYHA KHCIIOTA, MypallliHa KUCJIOTA.

Bumnas — sroma moBHa KopucHux BitamiHiB. Cepen HaWBiIOMIIIMX Ta
HaKOPUCHIIIUX Y BUIIIHI MICTSThCA Taki Bitaminu: A, C, E, PP, B9.

Hacinns Bumni Mictuth 25-35 % xupHux omiid, 0.16 % edipHoi oii, a Takoxk
aMUTJATIH, TP PO3MICTUIEHI KOTPOTO YTBOPIOETHCS MOTYXKHA KHUCIOTa, Yepe3 IO
BXKMBAHHSI KICTOYOK BHIIIHI HAMIOJIETJIMBO HE PEKOMEHTY€E€ThCSI.

Bumas mokpamrye mporiecd  TpaBieHHS Ta OOMIH pPEUYOBHH, CIIPHSE
PO3IICTUICHHIO JKUPIB, Ta CTAHE y HAroJli TUM, XTO Oa)ka€ CKUHYTH 3aiBi KiJIOTpamHu.
Cama mo co0i BOHa HE BOJIOJIE€ >KUPOCHATIOBAJILHUMHU BIIACTUBOCTAMHM, MPOTE Y
KOMILJIEKC1 — YyJOBUH TTOMIYHHK Y I1i¥ CTIpaBi.

BxuBaHHS BWINHI Jomomarae craOuTi3yBaTd poOOTy CepIeBO-CYIUHHOI
CUCTEMH, TOKpalllye CTaH HEPBOBOI CHUCTEMH, 3aCIOKOIO€, BPEryJbOBYE COH Ta
MiJiHIMae HacTpid. JIo TOro K 3MIIHIOE KaIISIPH, 3HIMAE BTOMY.

Takox BHUIIHS 4YyJOBO OYMIIY€E OpPraHi3M, 30KpeMa 3aBIsKH TOMY, 110 B Hii
0arato aHTHOKCUJAHTIB. BUIlIHS Mae mpoTu3anaibHy Ta OaKTEpUIIUAHY 110, a TAKOX
OYHIIAE TICHIHKY, BUBOJIUTH 3 OPTaHI3MYy IJIAKH Ta TOKCHHH.

Texnonoriunuii mpouec mnpurotyBaHHs. Hacammepen mnoTpiOHO 3BapuTH
mepOeT, ToMy 110 HOMY MOTPIOEH Yac Ha OXOJIOKEHHS. Y COTEHHUK BIUBAEMO BOJY
1 momaeMo 1rykop. JloBoaumo cupon g0 kumiHHS 1 kum'sstumo 10 xBunwH. Jlogaemo
BUIITHEBHI CIK (IMMOHHMIA CIK) 1 mpoBaproeMo me 5 xBwimH. llelt Bua mepOery
JIETKH, TOMY JOBIIIE HOT0 yBaprOBaTH, HEMOTPIOHO.

3aMilyeMo TICTO Ha miekepnapi. ¥ MHUCKY MPOCIFOEMO OOPOIIHO, 3MIIIYEMO 3
MaHHOIO KpYIMOI, IYKPOBOIO MyApol0 Ta posmyuryBadeM. [lo ueHtpy pobumo
MOTJIMOJICHHS] Ta BJIMBAEMO PO3TOILICHE BEPIIKOBE MAacio (BOHO HE MOBUHHO OyTH
raps4uM, Mo)kHa Terie). MoskHa B3sITH Macjo 1 MaprapyH y CIiBBiIHOIICHH] 1:1, ane
MOBHICTIO 3aMIHIOBAaTU MaprapuHOM HE BapTo, aJKAe MEYUBO Oyae TBEPIIIIUM 1
BUIiJI€ TIpIlIe HA CMaK.
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Po3MiyemMo OOpOIIHO 3 MacioM 3a JOIMOMOIO0 JIOXKKH, a TIOTIM NEPETUPAEMO
pykamu - Buiize kpymnka. Jlomaemo sifis Ta 1mie pa3 1HTEHCHBHO BHUMIIIYEMO.
Crouatky TicTo Oyle AyXe JMIKUM, aje B MIpy TOrO, SIK Oro BUMIIIYBAaTH, BOHO
nepecTaHe JIMIMHYTH, CTaHe OJHOPiAHMM. bopormHo 3abopoHsieThcs miacunaTu!
[ToTpiGHO JOCATTH MOBHICTIO T1aAK01 KOHCcHUCTeH1. [Ipu BcTaHOBEHIM TeMiiepaTypi
MacJo MepeMillyeThes 3 MyIpOI0, BOHA PO3TaE, 1 MPOLEC BUMILTYBaHHS Oy/1€ JIETKHil.
Ticto mae BuiiTH Jqyke M'SKUM, SIK KaXyThb Yy TypeuuuHi: «3a KOHCHCTEHLIEIO, SIK
MOYKa ByXay.

BapTto 3ayBaxuTu, 110 10 TICTa MOXKHA JI0JaTH MepeOuTi ropixu (MUraaib ado
BOJIOCHK1), a00 * — IX MOXHa BUKOPUCTATHU JIMILE JJI1 TMPUKpacH. 3 TICTa KaTaeMO
KYJbKH pO3MIpOM TpOXH Oiibllie BoJocbkoro ropixa (Bara 30 r). IloTiM KOXHY
KyJbKY MPUIUIIONIYEMO JOJIOHE0 — 3 MEeTOK, o0 TICTO BcepeAauHi ao0pe
MPOMIKANIOoCcs, 1 HE 3aJMIIMIOCA cCUupUM. BHUKiIagaemMo 3aroTOBKM Ha JEKO, 3MallleHe
OJIETO.

VY cepeauHy BIaBIIOEMO TOpIX - 116 MOXKe OyTH MuUraainb, GyHAYK, apaxic,
¢icramku a00 Oyab-sKi 1HIII TOPIXH.

Bumnikaemo B ayxoBIIi, onepenanbo posirpitiit 1o 180 rpagycis, mpotsrom 25-
30 xBuiMH, 10 3apyM'sHIOBaHHs. ['0TOBE MeYynBO BUHWMAEMO 3 JYXOBKH 1 BiIpasy K,
MIOKH Tapsiye, 3aIMBaeMO MPUOIM3HO MOJIOBUHOIO cupony. Hamaraemocs npoauTt no
BCiit uromni. 3anumraemMo Ha 20 XBWIIMH, IIOKH CHUPOIT IMOTJIMHETHCS MednBOM. [1oTim,
KOJIM JIECEPT TPOXH OXOJIOHE, MOJMBAEMO KWOIr0 CHUPOIOM, IO 3anumuBcs. [leunso
MOBMHHE OyTH 3aHypEHE B CHUPOI M0 MAaKCUMyMy, TOMY (QopMy MOTpiOHO oOuparu
rJIMOOKY, TPU HEOOXITHOCTI MOKHA MOJIUBATH JIOKKOIO. ['0JI0BHE, 11100 TPOCOYMIIACH
no0pe, He OyJo Takoro, 1o cepeAuHka cyxa. Cuporn MOBUHEH yBiOpaTucs maixke
MOBHICTIO, @ CaM€ MEYMBO CTATH BAXKHUM 1 1yK€ BOJIOTMM, TOMY 3aJUIIAEMO MIHIMYM
Ha 2 roauHH ado JOBILIE.

[TonaBatu TypelpbKe ILIEKepHnape MOXKHA 3 XOJOJHUM ab0 rapsyuM 4YaeM, a
TaKOX BIIPUKYCKY 3 MOJIOKOM. TpamuuiiHo ictu miekeprnape y Typuii nNpudHSATO
BIIPUKYCKY 3 HECOJIOJKUM Ya€M 3 OCOOJMBUX XPYCTAJBbHUX YalllOK — apMyHJ. (Bix
Typ. «apMyHaa» — Tpyma). Penentypa Cki1aJoBUX KOMIIOHEHTIB J€CEpTy
«Illexepriape» 3 BUIIHEBUM COKOM (Tabiuis 1) Ta opraHoJeNTUYHUMHU OKa3HUKaMU
BKa3aHi B Ta0iuii 2 .

Taoauus 1 — Penentypa necepry «lllekepnape» 3 BUIIHEBHM COKOM

N Maca cupoBuHH, T .
HaiimeHnyBaHHS CHPOBUHH BuMoru 1o sIKocTi CHPOBUHU
OpyTTO | HETTO

BopomrHo nmeHnyHe 250 250 Bignosigae 3rigao JICTY 46.004-99
ManHa Kpyna 45 45 Bignosigae 3rigao JICTY 1055:2006
Bepmkose mMaciio 125 125 Binnosigae srimno ACTY 4399:2005
PoznymryBau (HaTpiii ABOBYTJICKHUCITHI) 5 5 Bignosigae 3rigHo 'OCT 2156-76
IlykpoBa myapa 60 60 Bignosigae 3rigao JJCTY 4623-2006
STinst 2 mT 2 mT Bigmosigae 3rigao JJCTY 5028:2008
I'penbkuii TOPiX 120 100 Bignosigae 3rigao JICTY 8900:2019
Jlnsi BUIIHEBOTO MIUPOETY -

Lykop 300 300 Binnosigae srinno ACTY 4623-2006

Bopa 500 500 Bigmosigae 3rigao JJCTVY 7525:2014

Buminewuii cik 50 50 Bigmosigae 3rigao JJCTY 7159:2010
Buxio (comosoi cmpasu) - 600 -
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Taoauus 2 — OpranoJsienTU4HI MOKA3HUKHN roToBOro aecepry «lllexkepnape» 3
BHUIIIHEBUM COKOM
Ha3Ba nmokazHuka XapakTepHUCTHKA IPOAYKTY

30BHIIIHIM BUITISAA | BiAMOBiNHOI (oOpMHU, 3BepXy IeYMBa MJOMYCKAIOTbCS HEBEIMKI TPIlIMHH,
MpUTaMaHHI JAHOMY BUAY TicTa (TiCOYHe)

Kouip 30JIOTHCTHA, 0€3 MiAropaHb, 3BepXy NOBHHEH OYTH JICTKUHA OJIMCK B MIepOeTy
Koncucrenuis JTy’Ke JIETKa, He 3a0uTa

Cmak COJIOAKH, 6e3 MpHucMaKiB

3anax MIPUTAMaHHUI TOPIXy Ta JETKOTO JIUMOHY

BucnoBku i mpono3unii. Ha ocHOBI mpoBeneHUX AOCHIHKEHb MPUTOTYBaHHS
mepoety «lllekepmape» 3 BUIIHEBUM COKOM MOXKEMO IIIJIBECTH IMMIJCYMKH, IO
MIPUTOTYBATH IIEpOET Ha OCHOBI BHUIITHEBOI'O COKY — I1€ TUIbKH MIJBHUIIHUTH SKICTb,
CMaKk Ta apoMaT HaIIoro JaecepTy. 3a TMOPIBHUILHOIO O10JO0TIYHOI IIHHICTIO
JMMOHHOTO 1 BUIITHEBOTO COKY, B TaOJMIIl 3 MOKa3aHa MOXUBHA I[IHHICTh BUITHEBOTO
COKY B JICK1JIbKa pa3iB BUIIIA.
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Abstract. The article examines the technological features of the preparation of Turkish
desserts with the addition of regional raw materials. The expediency of using cherry juice for
topping up sherbet, which is used to impregnate Shakerpare cookies, is substantiated.

Key words: technology, sweets, vitamins, ingredients, cherry and lemon juice, properties,
nutritional value.
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Abstract. The proposed article describes the productivity of ruminants of different breeds and
their crossbreeds at an average level of feeding in the conditions of the forest-steppe zone of the
Carpathian region of Bukovyna. Thus, the results of the research indicate that Bukovyna zonal-type
bulls of the Simmental beef cattle breed prevailed by 134g (19.4%) more than their peers - analogs
Il - black and spotted breed of the milk productivity direction. According to the results of the
control slaughter, Bukovyna zonal-type meat Komologo Simmental bulls had a carcass weight of
218.5 kg, which is 32.0 kg (17.1%) more compared to peers - analogues of the black-spotted breed
with a slaughter yield at the age of 15 months - obtained from Bukovyna zonal-type beef cattle
Simmental - by 5.5% more compared to similar animals of the black and spotted dairy breed.
According to indicators of pre-slaughter weight at the age of 15 - months, the best were the bulls of
the meat Komologo Simmental cattle. This indicator in them was on average 461.0 kg, which is
significantly greater than that of peers of the Bukovinian type of meat Komologo Simmental (1/2 x
1/2 black-and-white) by 3 kg and 16 kg, respectively. It was established that the difference in the
protein content of Bukovyna zonal-type Bukovinian beef cattle of 50% x 50% Simmental was higher
than that of peers of the black-spotted breed by 1.07%. Research has shown that hemoglobin in
animals of the I, II, III - experimental groups was 89.0 - 90.0 g/l, in the Ist experimental group it
was increased by 4.4%, with a norm of 90-100 g/I. Erythrocytes, respectively, from - 6.70 to - 6.90 x
10.12 /.1 with a norm of 6.70-70.00 x 10 12./ L.

Key words: breed, type, performance, daily gains, blood biochemistry

Formulation of the problem.

The formulation of the problem consists in the solution at the modern stage of
the production of cheap and high-quality beef during wartime events, which is carried
out at the expense of breeding a new population of the Bukovyna zonal type of meat
Komologo Simmental cattle with the use of progressive technology of meat cattle
breeding, which is relevant in the Bukovyna region.

Therefore, regional scientists using selection and genetic methods created a new
type of meat komologo Simmental on the basis of local Simmentals using the best

gene pool of the Simmental breed of the meat direction of the productivity of foreign
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and domestic breeding to obtain competitive beef, which will ensure an increase in
live weight in compared with the young of other planned approved breeds that are
being bred in the Carpathian region of Bukovyna [1-5, 7-10].

When creating a new Bukovyna zonal type of meat komologo simmental cattle,
scientists, specialist livestock breeders and managers of basic and subsidiary farms of
the public sector of various forms of ownership in Chernivtsi region created, in
accordance with the new economic and climatic conditions of this controlled region,
more productive meat cattle with high growth energy and meat productivity in all
physiological periods development An example of the creation of a new generation of
beef cattle in this way was the importation of Bugai breeders of the meat Komologo
Simmental of foreign origin and the transformation of the new cattle population into
the Bukovinian type of meat Simmental [6,11].

Analysis of recent research and publications.

In market conditions, an important incentive for the development of dairy and
meat cattle breeding in Ukraine should be a scientifically based approach to the
evaluation and quality of meat carcasses and the establishment of differentiated,
depending on the grade of beef, its origin (dairy or beef cattle, age of slaughter, sex of
the animal, etc.), prices for these products.

Since the formation and consolidation of a new population of Simmental meat
lumps consists in obtaining highly productive animals of new genotypes in the meat
breed of ruminants, which would combine high growth energy and meat productivity
and experimental justification and cultivation to high conditions and would be well
adapted to local conditions of the Carpathian zone.

An unsolved problem is that the currently existing system of rationing the
energy nutrition of young meat contingent of ruminants of various breeds, at an
average level of feeding using own feed without supplementing with biologically
active substances from the production of high-quality beef, has no experimental
justification in achieving a live weight of 450-500 kg in different zones of the
Carpathian region of Ukraine.

In this regard, there is a need for the first experimental justification of the
approach to the assessment and quality of meat carcasses and the establishment of
differentiated, depending on the grade of beef, its origin of different breeds and their
genotypes in the conditions of the Carpathian region of Bukovyna.

The purpose of the work is to study the productivity of cattle of different breeds
and their crossbreeds at an average level of feeding in the conditions of the forest-
steppe zone of the Carpathian region of Bukovyna. The main main goal of the
research is the experimental substantiation of productivity at an average level of
feeding and the approach to the evaluation and quality of meat carcasses and the
establishment of differentiated, depending on the grade of beef, its origin of different
breeds and their genotypes in the conditions of the Carpathian region of Bukovyna. In
order to realize the above objectives, the following tasks were set when writing the
article: to analyze the feeding of cattle of different breeds and their crossbreeds in
terms of meat productivity during the summer and winter growing periods, the
slaughter qualities were studied, the carcass weight was determined, the chemical
parameters of the meat and the biochemical analysis of blood in experimental
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ruminants, namely in the forest-steppe zone of the Bukovyna region.

The object of the research was young animals of different breeds and their
genotypes of the new generation of meat Komologo Simmental cattle in the breeding
farms of the Chernivtsi region. The research was carried out based on the materials of
zootechnical and breeding records on the mother herd of the meat Komologo
Simmental in the operating breeding plant of the State Enterprise "Rokytne" STOV
"Avangard" in Novoselytskyi, Chernivtsi Region. Simmentals, black-spotted, created
Bukovinian zonal type of meat Komologo Simmental and crossbreeds were bred in
this farm (created Bukovinian type of meat Simmental 50% x 25% Simmental x 25%
red-spotted).

Table 1 - Scheme of a scientific and economic experiment

Breed, Tlopona, Number | pocyliarities of feeding experimental animals
genotypes TEeHOTUIIN heads .
In summer In winter
The ration adopted in Basic ration (OR):
. . straw, concentrated
Experimental . the farm: grain .
Simmental 8 ) fodder, hay, silage,
-1 mixture, green fodder .
according to norms and
of annual crops
structurer

Experimental Black and 3
-11 spotted

Bukovyna zonal
Experimental type of meat
—III Komologo 8

Simmental As in 1 - research | As in 1 - research
Bukovyna zonal group group
type of meat

Experimental . Komologo
Iy Simmental 1/2 x

1/2 Simmental x 8

1/2 Black and
spotted

In their work, they determined the meat productivity of different breeds and
their genotypes (Table 1), such as Simmental (1st experimental group), black-spotted
(11th experimental group), Bukovyna zonal type of meat komologo Simmental (50 %
x Simmental 50%), (111 - experimental), Bukovyna zonal type of meat komolo
Simmental (50% x Simmental 25% x 25% red - spotted) (1U-experimental group) in
the forest-steppe zone of Chernivtsi region.

Summary of the main material of the study.

The results indicate that bulls of the Bukovyna zonal type of the Simmental beef
cattle breed prevailed by 134g (19.4%) more than their peers - analogs II - the black-
and-spotted breed of the milk production direction in terms of average daily gains. In
our data studies, it has been proven that with the same structure and nutrition of the
rations, the animals of III - research group of the new generation of the Simmental
meat breed of Austrian breeding were more precocious.

Therefore, there is reason to believe that the formation of meat productivity of a
new population of meat lump Simmental cattle for obtaining cheap and high-quality
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beef, high productivity and fattening qualities using the method of absorptive
crossing of the local Simmental breed with bulls of meat breeds, in particular with the
blood of Austrian selection is the most effective in the conditions of the forest-steppe
zone of Bukovyna.

At the end of the final period, upon reaching a live weight of Bugai goats of
more than 365.0 - 390.0 kg at the age of 15 months, a control slaughter was carried
out. According to the results of the control slaughter, Bukovyna zonal type meat
Komologo Simmental bulls had a carcass weight of 218.5 kg, which is 32.0 kg
(17.1%) more compared to their peers - analogues of the black-spotted breed. The
slaughter yield in animals of the 1U group was almost the same. The highest
slaughter yield at the age of 15 months was obtained from Bukovyna zonal type meat
Komologo Simmental - by 5.5% more compared to animals - analogues of the black-
spotted dairy breed.

It was established that the differences in the main indicators of meat productivity
in animals, regardless of their genotype, were high. From the research data, it is quite
clear that the largest pre-slaughter carcass weight and slaughter weight was obtained
from animals of the III - experimental group. They prevailed by 12.5, 32.0 and 22.3
kg (6.0 — 17.2 and 11.3%) by carcass weight of analogues of groups I - II and IV. It
should be noted that bulls of group III also had an advantage over analogues of
groups | - II and IV in all indicators of meat productivity. No significant difference
was found in the level of meat productivity between animals I and IV - experimental
groups. In addition, it was once again shown that domestic animals of the III -
experimental group had excellent meat qualities, high carcass yield and slaughter
yield with limited fat deposition.

In our research, we studied the results of the control slaughter of experimental
bulls of various breeds, crossbreeds and their genotypes (Table 3). It was established
that the multiplicity of increase in pre-slaughter live weight was 1.35 times more in
animals of the Bukovina zonal type than in other breeds. ruminants The highest pre-
slaughter weight at the age of 15-months was 458 kg for Bukovyna zonal-type beef
Komologo Simmental bulls, and the lowest was 401.7 for simmental ruminants of the
same age.

We did not find a reliable interbreeding difference in the output of the paired
carcass in all age periods. By this indicator, the Bugays of the Bukovyna zonal type
of meat Komologo Simmental cattle were somewhat better. The slaughtering qualities
of Bugays of different breeds and their crossbreeds were studied with the approach to
the real capabilities of agricultural enterprises of different forms of ownership in the
fodder background with the aim of establishing breed differences in the Carpathian
zone. When comparing pre-slaughter live weight and carcass weight, yield of paired
carcass, yield of internal heart fat, slaughter weight and slaughter yield in
experimental bulls of different breeds, there is a noticeable difference in these
parameters [3]. According to indicators of pre-slaughter weight at the age of 15
months, the best were the beef cattle of Komologo and Simmental cattle. This
indicator in them was 461.0 kg on average, which is significantly greater than that of
peers of the Bukovinian type of meat Komologo Simmental (1/2 x 1/2 black-and-
white) by 3 kg and 16 kg, respectively. In terms of slaughter yield, the meat
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Komologo Simmental bulls had 59.3%, which is 4.4% more than peers of the black
and spotted cattle breed.

Study of the chemical composition and caloric content of the longest back
muscle of experimental animals of different planned breeds, types, genotypes and
their crossbreeds in the conditions of the Bukovyna region.

Therefore, the high meat productivity of fattening cattle is determined not only
by indicators of carcass weight and its morphological composition, but also to a large
extent by indicators of nutritional value and biological value of meat as a food
product, which is its chemical composition.

Table 2 - Chemical composition of back meat of cattle of different breeds and
their genotypes

Groups of animals

Indicator
I- experimental | II-- experimental | III-- experimental | IV-- experimental
Water, % 70,95+0,57 71,50+0,37 69,50+0,64 72,05+0,39
Dry matter,% 29,05+0,56 28,5+0,35 30,5+0,65 27,95+0,37
Protein, % 17,94+0,37 19,65+0,45 20,72+0,35 20,29+0,58
Fat, % 8,01+0,86 6,75+0,51 6,94+0,87 7,54+0,38

The ratio of

: 2,3140,25 2,95+0.21 3,09+0,45 2,7140,15
protein to fat
Ash, % 1,10+0,01 1,08+0,02 1,07+0,03 1,12+0,03
Calorie content of 6448,6+180,6 6355,0+120,6 6683,6+325,6 6818,0+84,3

1 kg of meat, kJ

From the above (Table2), it can be seen that the difference in the protein content
of Bukovinian zonal type of meat komologo Simmental 50% x 50% Simmental was
higher than that of peers of the black-spotted breed by 1.07%. The most fat was
contained in the meat of animals of the Simmental breed, and the least - in the
analogues of crossbreeds of the 1U group, although there was no significant
difference. No significant difference was found in terms of meat caloric content, but
it should be noted that it was the highest among the Bukhays (Bukovyn zonal type of
meat komologo Simmental 50% x 25% Simmental x 25% red-spotted) 6.8 mJ, which
6.3% and 6.3 mJ more than black and spotted. Thus, the young of genotype 2 - group
due to obtaining the largest absolute increase in live weight during the experimental
period spent the least feed units and exchangeable energy per 1 kg of growth at to a
slight increase in consumption of digestible protein relative to the Bugayans
analogues of the black and mottled breed.

The results of the conducted research show that no significant difference was
found between the research groups in terms of the chemical composition of the meat.
The meat of domestic animals is classified as high-quality beef based on the ratio of
protein and fat. Based on the above data, it can be assumed that the meat of bulls of
the I group contained a little more fat, and III - protein, than that of peers of the II and
IV groups. Therefore, their meat had a higher energy value. The data obtained by us
coincide with the data of other domestic authors.
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At the end of the research, before the control slaughter, blood was taken for the
hematological parameters of the blood in the experimental animals at the beginning
and at the end of the experiment. Analyzing the hematological parameters of the
blood of animals of different breeds and their

hybrids and types, it can be noted that the level of hemoglobin and erythrocytes
in experimental animals of all experimental groups was lowered at the beginning of
the experiment.

It should be emphasized that the hemoglobin in the animals of the I, II, III -
experimental groups was 89.0 - 90.0 g/l, in the Ist experimental group it was
increased by 4.4%, with a norm of 90-100 g/l. Erythrocytes, respectively from - 6.70
to - 6.90 x 10.12 /1. with a norm of 6.70-70.00 x 10 12./ 1. At the end of the
experiment, these indicators stabilized, but this process took place more actively in
the calves of the 111-experimental group.

The number of leukocytes was reduced in all groups, and was 3.50 - 6.80 x
10.9/1. At the end of the experiment, a decrease in the number of nuclear neutrophils
was observed in the 111-experimental group of Bugai citizens. These studies show
that the number of segmented neutrophils in the Bugai population decreased at the
end of the experiment and amounted to 28.40% in the I-experimental group, 24.66%
in the II-group, 19.80% in the IlI-group, and group IV — 18.4%.

Analyzing the research data, it was proved that there were changes in the
composition of lymphocytes. At the beginning of the experiment, their number
increased in the blood of cattle of all groups, while at the end of the experiment, a
tendency to decrease was observed. Changes in the number of monocytes in animals
of all groups were found above the norm, with a norm of 2.00 - 2.50%, but at the end
of the experiment, a decrease in their number was found.

Thus, when using different breeds, crossbreeds and their genotypes in the
region, which show their high genetic meat potential not only with the adopted type
of feeding, but also to study at an average level of energy in the rations with moderate
cultivation on feed of own production to obtain high-quality beef in the conditions of
the forest-steppe zone of the Carpathians.

Conclusions and suggestions. It was established that the Bukovinian zonal type
of meat Komologo Simmental created by the Ukrainian Simmental meat breed of the
new generation of cattle were more precocious with the same structure and nutritional
value of the rations, according to average daily gains, they prevailed by 134g (19.4%)
more than peers - analogues II - black-and-spotted breed of milk production direction
in the fodder conditions of the Bukovyna region.

Bugai people of the new population of the Bukovyna type of meat Simmental
have strong constitution, well-developed fleshy forms (straight, wide back and across
and back of the body) and are well adapted to the conditions of the Carpathian zone.
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Anomauin. B npononosaniti cmammi 8UK1IA0eHO NPOOYKMUBHICIb Oyealiyie pisHUX nopio i ix
nomicell JHCYUHUX NpuU cepeOHboMy pieHi 20dieni 6 ymosax Jlicocmenosoi 30nu Kapnamcvkozo
peziony bBykosunu. Tak, pe3ynomamu 00CriONHceHb 6KA3YIOMb, Wo Oyeaiyi OYKOBUHCLKO2O0
30HANLHO20 MUNY CUMEHMANbCLKOI M SICHOI nopoou Xyo0obu 3a cepedHbo00008UMU NPUPOCAMU
nepesaxcaiu na 1342 (19,4%) 6Ginvwe 6i0 posecnuxie — ananozcieé Il — wopno - psab6oi nopoou
MONIOYHO20 HANPAMKY HPOOYKMUBHOCMI.  3a pe3yibmamamu KOHMPOIbHO20 3a0010 Oyeauiyi
OVKOBUHCHKO20 30HANLHO20 MUN M ICHO20 KOMOJL020 CUMenmany maiu macy mywi 218,5ke, wjo na
32,0xe (17,1%) Oinvue nopigHAHO 3 pOBECHUKAMU - AHATI02AMU YOPHO — PAOOI nopodu i3 3a0itiHUM
suxooom y 6iyi 15 - micayie ompumarno 8i0 Oyeatiyie OYKOBUHCLKO20 30HANLHO20 MUNY M SICHO20
KOMOI020 cumenmany — Ha 5,5% Oinbuie NnopieHAHO 3 MEAPUHAMU - AHANO2AMU HYOPHO - psAbOiL
MON0YHOT nopodu. 3a nokasHuxkamu nepeod 3a0itHoi macu y 6iyi 15 - micayie kpawumu oOyau Oyeaiyi
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M'SICHO20 KOMONI020 cumenmany xyooou. Lleti nokazHuk y HuUx cmanogus  cepeonvomy 461,0xe, wo
00CMOBIpHO OiNbUWUL, HIdC Y POBECHUKIE OYKOBUHCLKO20 MUNY M SCHO20 KOMOJI020 cumeHmany 1/2
x1/2 uopnopsaba) na 6ionosiono Ha 3xke ma 16 xe. Bcmamnoeneno, wo wo pizHuys noKasHUKi@ no
emicmy npomeiny y Oyeaiiyié OYKOBUHCHLKO20 30HANLHO20 MUNY M SCHO20 KOMOL020 CUMEHMATY
50% x 50% cumenmanvcoka nepesuwiysana posecHuxie 4opHo - paboi nopoou ua 1,07%. B
odocnidoicentsx 006edero, uwo cemo2nodin y meapun 1, I1, 111 - oocrnionux epyn cmanosus 89,0 — 90,0
e/n, y 1V-oocnioniti 6ys niosuwenuii na 4,4%, npu nopmi 90-100 2/n. Epumpoyumu 6ionogiono 6io -
6,70 00 — 6,90 x 10.12 /.n. npu nopmi 6,70 —70,00 x 10 ./ a.
Knrouosi cnosa: I[lopooa, mun, npodykmusHnicms, 00006i npupocmu, 6ioXimis Kposi
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Abstract. When analyzing dangerous factors, the raw materials from which this product is
made, ingredients, auxiliary materials that are part of this product, step-by-step production of the
food chain, product storage, and transportation should also be considered. In order to ensure the
effectiveness of the HACCP plan, it is necessary to carefully analyze the risk factors. ldentification
and analysis of dangerous factors in the technological process of pasteurized milk production were
carried out at the milk processing enterprise. Careful monitoring at the stage of receiving dairy raw
materials makes it possible to reduce the list of potential dangers at other stages of the food chain
production. The second and third critical control points are established at the stages of primary
and secondary pasteurization. The biological effect on milk after pasteurization is that there is an
opportunity to destroy residual microflora depending on the coefficient of pasteurization level and
primary bacterial contamination of milk raw materials.

Key words: dairy raw materials, pasteurization, identification, dangerous factors,
technological process

The purpose of the analysis of dangerous factors is to prepare a list of all
dangers that, in the event of non-compliance with the requirements and poor quality
control, can lead to serious consequences.

The analysis of dangerous factors is always specific for each technological

process, even when producing similar products, it will differ [1].
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When analyzing dangerous factors, the raw materials from which this product is
made, ingredients, auxiliary materials that are part of this product, step-by-step
production of the food chain, product storage, and transportation should also be
considered. In order to ensure the effectiveness of the HACCP plan, it is necessary to
carefully analyze the risk factors.

Analysis of all hazards that arise during production consists of two stages. The
first step is to identify the dangerous factor at this stage of the food chain. At this
stage, the HACCP working group conducts an analysis of incoming raw materials, as
well as a list of ingredients and materials, technological processes and equipment
used during production, the finished product and its storage and distribution, as well
as its intended use. Based on research data, the working group defines a list of
possible biological, chemical, or physical hazardous factors that may exceed
acceptable standards and be controlled at each stage of the technological process [3].

The hazard analysis procedure begins with the analysis of the input materials,
using the product description and the list of ingredients and materials of the product.
Such a procedure as a product description, in accordance with the requirements of the
Codex Alimentarius, should consist of the following information: name; storage;
chemical/physical characteristics (pH); type of processing (heat treatment, freezing,
salting, smoking); packing methods; methods of storage; implementation/sales
method; intended for use by the consumer; method of consumption (ready to use,
requires defrosting, requires heat treatment).

Next to each ingredient and packaging material in the list, it is recommended to
put the corresponding letters that indicate the possibility of the existence of
biological, chemical or physical dangerous factors (B, X, F). Each dangerous factor
indicated in this list is fully described. After determining all dangerous factors, the
second stage of analysis is carried out - the process of hazard assessment. At the
second stage of the analysis of dangerous factors, the HACCP group decides which
of the list of dangerous factors are important and should be taken into account in the
HACCP plan. During this stage, each potential dangerous factor is evaluated based
on the probability of occurrence and possible harm to the consumer.

When evaluating each potential hazardous factor, it is necessary to take into
account the types of food products, methods of their preparation, transportation and
storage, as well as potential consumers in order to determine the possibility of these
factors influencing the probability of occurrence and severity of the hazardous factor.
The emergence of dangerous factors that do not exceed permissible norms and their
occurrence is unlikely, do not need to be considered further [4].

Identification and analysis of dangerous factors in the technological process of
pasteurized milk production were carried out at the milk processing enterprise. To do
this, they first compiled a description of pasteurized milk and a list of ingredients and
materials [2].

Analyzing the block diagram of the technological process, identification of
dangerous factors was carried out. After the list of potential dangerous factors was
compiled, the second part of the analysis was carried out - the assessment of the
probability of the occurrence of a dangerous factor. The probability of occurrence of
a dangerous factor was assessed in points according to the criteria.
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The probability of occurrence of a potential dangerous factor is assessed as high,
medium, low and actually equal to zero. In terms of quality, the milk processing
enterprises of our country have a system that includes various methods of quality
management at all stages of production - from raw material research to consumer use
- with the support of management and under the conditions of rational use of
technical capabilities (Total Quality Management). The task of this system is the
constant improvement of quality and safety through regular analysis of results and
adjustment of enterprise activity [4].

Table 1 - Criteria for assessing the probability of implementation of dangerous

factors
Probability of occurrence of a dangerous factor Degree of probability Rating scale
In case of occurrence or excess from 1 time per shift . .
High 4 points
or more often
In case of occurrence or excess from several times a .
average 3 points

month to 1 time per shift
They occur several times a year to once a month low 2 points

Low probability of the occurrence or increase of a

dangerous factor (from 1 time per year or less often) Itis actually zero I pomt

For producers of dairy products, the determination of critical control points
makes it possible to establish the reason for the deterioration of the quality of
indicators as soon as possible and to take corrective actions in a timely manner.

A control point is considered critical if there is a high probability of a potential
hazard occurring at a certain stage of the food chain production. It was established [5]
that the stage of "Receiving dairy raw materials" is the first critical point for two
types of hazards: chemical and biological. The chemical impact is that raw milk can
be a natural source of toxic elements, radionuclides, pesticides, mycotoxins, heavy
metal salts, antibiotics, hormonal drugs under conditions of milk harvesting in
polluted regions, as well as under conditions of unauthorized use of inhibitory
substances.

A biologically dangerous factor at this stage arises under the conditions of
violation of sanitary and hygienic norms during milking and storage, lack of
programs to prevent the ingress of foreign inclusions at primary production, violation
of filtration regimes, untimely cleaning, washing and changing of filters, as well as
transportation regimes. The development of microflora is possible due to non-
compliance with the temperature of raw milk transportation. It is possible for
microorganisms to enter from the contacting surfaces of the equipment in case of
non-observance of sanitary treatment regimes, development of microorganisms in
case of non-observance of temperature regimes of reservation. In case of non-
compliance with the sanitary norms of keeping and treating animals. Because of this,
raw milk can be a natural source of pathogenic microorganisms, including bacteria of
the genus Salmonella, Staphylococcus aureus, Listeria monocytogenes.

Conclusions. Careful monitoring at the stage of receiving dairy raw materials
makes it possible to reduce the list of potential dangers at other stages of the food
chain production. The second and third critical control points are established at the
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stages of primary and secondary pasteurization. The biological effect on milk after
pasteurization is that there is an opportunity to destroy residual microflora depending
on the coefficient of pasteurization level and primary bacterial contamination of milk
raw materials.
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Anomauia. Ananizyrouu HebesneyHi paxmopu ciio po3ensoamu makodc CUpOBUHY, 3 AKOL
BUCOMOBNIAEMbCS OAHUUL NPOOYKM, IHepedieHmu, OONOMINCHI mMamepianu, sKi 6X005imb 00 CKAAOY
Yb0o20 NPOOYKMY, NOKPOKOBE BUPOOHUYMEBO XAPHU0B020 NAHYI02d, 30epieaHts NpoOVKYii, a makotc
mpancnopmysanta. Jna moeo, wob 3abesneuumu egexmusnicmo niany HACCP, nompiono
pemenvHo  nposooumu  aMani3yeaHHs — HebesneuHux  uuHHuxkie. Ha  monoxonepepobHomy
nionpuemcmsi npogenu i0eHmugikayito ma aHanizy8anHs HeOe3neuHuUx YUHHUKI@ MeXHOI02IUHO20
npoyecy 8upoOHUYMEa nacmepu3zo8ano20 Moioka. Pemenvnuti monimopune na emani nputiManHs
MONOYHOI CUPOBUHU 0AE MONCTUGICIG 3HUZUMU NePeNiK NOMEHYIUHUX Hebe3neK HA THWUX emanax
8UPOOHUYMEA Xapuo6020 nanyio2a. /pyea i mpemsa KpumudHi mouKu KOHMPOIO CMAHOBIEH] Ha
emanax nepeuHHoi i 6mopunHoi nacmepusayii. bionoziunutl éniué Ha MoI0KO nicis nacmepusayii
NoJA2AE 8 MOMY, WO € MONCIUBICIb ZHUWUMU 3ATUWUKOBY MIKPOGIOPY 3anedCHO 8i0 Koeiyicnma
Pi8HA nacmepuzayii ma nepeuHHo20 OaKxmepiarbHo20 3a0PYOHEHHS MOLOYHOI CUPOBUHU.

Knrwwuosi cnosa: monouna cupoeuna, nacmepusayis, ioenmugikayiro, Hebe3neyri YUHHUKU,
MexXHON02IYHUL npoyec
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Abstract. It was established that it is practically impossible to control all indicators of meat
quality, and it has no meaning from the point of view of the requirements of specific market
segments, as well as from the point of view of ensuring the efficiency of business activities. Meat is
identified by type, sex, age, fattening and heat treatment. Depending on the type of slaughtered
herbivore, the following types of meat are distinguished: beef, pork, lamb, goat, horse and rabbit.
Classical methods are physical and chemical research methods developed in the XVII-XX centuries.
Modern measuring methods of food research are characterized by the use of improved measuring
tools, often of high accuracy. This requires well-equipped research laboratories and highly
qualified personnel. The most common modern measuring methods include chromatographic,
spectral, photoelectrocolometric, potentiometric, refractometric, rheological and microscopic.
Assortment falsification of meat is most often observed in markets and places of spontaneous trade,
as well as when meat is subjected to further technological processing. Assortment falsification and
sale of meat in small pieces, as well as chopped meat, when it is absolutely impossible to determine
the biological and morphological belonging of the type of meat, helps. Unfortunately, the standard
of Ukraine does not oblige to print the list of substances included in the composition of products.
Prospective ways of developing methods of operational identification of meat can be considered
those that use optical and electrical methods of measuring meat properties.

Key words: meat adulteration, control methods, identification, consumer, nutritional value.

In recent years, the range and sales volumes of meat products have grown
significantly. The meat market, which enjoys a stable demand from the consumer,
presents various types of meat, and it is sometimes difficult for the buyer to choose a
quality product from this variety. Therefore, the development of methods for
operational identification of meat types at the places of their sale is an extremely
important need today [1, 2, 10,12].

When determining the quality of meat, it is necessary to highlight the most
characteristic properties of meat for the consumer. It should be borne in mind that it

is practically impossible to control all indicators of meat quality, and it has no
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meaning from the point of view of the requirements of specific market segments, as
well as from the point of view of ensuring the efficiency of business activities.

The problem of recognizing assortment falsification of meat is becoming more
and more urgent every year, simple and reliable methods of detecting such
falsification have not yet been developed. Meat is one of the most important food
products, as a source of complete proteins, as well as fats, minerals, extractive
substances and some vitamins[7].

The nutritional value of meat is determined by its chemical composition, energy
value, taste properties and level of digestibility. According to modern scientific
assessment, meat is a functional food product that provides "healthy nutrition" and
people's ability to work [1,8]. Meat is a food product consisting of muscle tissue of
warm-blooded herbivores and poultry, which has undergone certain technological
processing and is ready for sale and use as food. Meat is identified by type, sex, age,
fattening and heat treatment. Depending on the type of slaughtered herbivore, the
following types of meat are distinguished: beef, pork, lamb, goat, horse and rabbit[9
].

Classical methods are physical and chemical research methods developed in the
XVII-XX centuries. They have not lost their importance even now. For the most part,
classical methods are characterized by a long preparation of samples before
examining them and obtaining results. They are characterized by relatively low
sensitivity and low measurement accuracy. But, despite these flaws, a significant
number of classical methods are used even now, because they have a high probability
when determining many macro indicators. In addition, in the case of using classical
methods, less scarce funds and sometimes less time are spent on research.

If it is necessary to obtain accurate results with a high degree of sensitivity, as
well as to determine individual components that are included in a complex mixture of
substances, modern measuring methods developed over the last thirty years are used.
Modern measuring methods of food research are characterized by the use of
improved measuring tools, often of high accuracy. This requires well-equipped
research laboratories and highly qualified personnel.

The most common modern measuring methods include chromatographic,
spectral, photoelectrocolometric, potentiometric, refractometric, rheological and
microscopic.

The chromatographic method is a physicochemical method based on the
separation of a complex mixture of substances into components using sorption
principles under dynamic conditions. Using the chromatographic method, the content
of free and bound amino acids, organic acids, carbohydrates, aromatic, coloring
substances, fatty acid composition of lipids, pesticides, vitamins and many other
substances is determined.

The spectral method is based on measuring the transmission or absorption of
light of a certain wavelength by various substances. Emission and absorption
spectroscopy are distinguished. For emission spectroscopy, the emissivity of a
substance is used, and for absorption, its absorptivity. The spectral method is used to
determine various organic substances, as well as mineral substances in a
concentration of 10-2-10-6 mol. Complex devices - spectrophotometers - are used
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during spectral methods of food research. With the help of absorption spectroscopy,
the degree of oxidation of fats in various fat-containing products, the presence of
pectin and coloring substances, phenolic compounds, caffeine and theobromine,
myoglobin (in meat) and trace elements are determined.

The photoelectrocolorimetric method is based on the selective absorption of
light by the investigated substances. It is widely used to determine the concentration
of colored solutions. However, colorless solutions cannot be studied using this
method, unlike the spectral method. Photoelectrocolorimeters are used to measure the
investigated solutions by this method.

The potentiometric method is based on determining the potential between an
electrode saturated with hydrogen and a liquid containing hydrogen ions. This
method is used to measure pH during determination of active acidity. The
refractometric method is based on measuring the refractive index of light during its
passage through a liquid sample, which is applied to the lower prism of the
refractometer. Used to determine the concentration of dry substances, sugars and fats
in food products.

Rheological methods are based on measuring the deformation of various
substances and materials. They are intended for determining the structural and
mechanical properties of food products (viscosity, elasticity, elasticity and density),
most of which characterize their consistency. Using rheological methods, the
viscosity of minced meat and the consistency of margarine are determined.
Viscometers of various brands, dynamometric scales, plastomers and other devices
are used for measurement here[1, 2, 5].

The microscopy method is based on the use of a microscope as a measuring
device. Conventional biological and electron microscopes are used. Microscopy is
used to determine the structure of tissue, cells and their organelles, as well as the
specific and quantitative composition of microorganisms.

Comparing the methods of assortment falsification and quality falsification, we
see that some methods (dilution of products with water, introduction of cheaper
components of raw materials at the expense of more expensive ones) cause both types
of falsification at the same time. They were considered in assortment falsification.
Assortment falsification of meat is most often observed in markets and places of
spontaneous trade, as well as when meat is subjected to further technological
processing. Assortment falsification and sale of meat in small pieces, as well as
chopped meat, when it is absolutely impossible to determine the biological and
morphological belonging of the type of meat, helps. Unfortunately, the standard of
Ukraine does not oblige to print the list of substances included in the composition of
products. Although, in accordance with the Law of Ukraine "On the Quality and
Safety of Food Products and Food Raw Materials" it is specified that the labeling
should contain "information about the composition of the food product, if it is made
of several components, with a list of names used in the process of manufacturing
other food products, food additives, dyes, other chemicals or compounds" [3, 9,11]

The consumer can only welcome those manufacturers who list all the substances
included in the product. Organoleptic and measuring (physico-chemical) methods are
most often used to determine the quality indicators of food products [4,8].
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The organoleptic method is a method of determining the quality of products
directly using human senses: (sight, hearing, touch, taste, smell). A significant
advantage of this method is the speed of obtaining data, compared to the use of
chemical analysis or analysis with the help of tools. A significant drawback of the
method is weak verifiability and significant subjectivity. Physico-chemical methods
of determining quality indicators are used in those cases when substances of chemical
composition are determined with the help of physical devices [4; 5]. These include
modern methods of electronic analysis, all types of chromatography.

The classification of physico-chemical methods for determining quality indicators of

meat products is given in table. 1.

Table 1 - Classification of physicochemical methods for determining quality
indicators of meat products

Indicators t :
Methods dicato 310 be Advantages Disadvantages
determined
Spectral elementa.l compositi'on high s.er'lsitivity, = E > o
(spectroscopy, of ash residue, chemical | selectivity and Z 2380
colorimetry, co'mpos@t%on, presence of | speed of obtaining % = g f§
photocolometry, impurities, traces and | results g =g S
spectrophotometry) spoilage of products o8
the freshness of g
the meat can be S o I*é
Electrochemical content of heavy metals, | judged by the s 2 =
. . . . ': o "O
(electrpgrawmetry, acidity, chemlcal value of pH,.and = .5 2
potentiometry, composition, the quantitative 3 E g
polygraphy) concentration content can bc? D= .8
determined with 20 g
great accuracy o
Electrophoretic chemical composition, | makes it' possible é; ‘é 2 &
(frontal, presence of impurities, | to quantify each 53 o g 2
electrophoresis, zonal traces of decay, component of the SE 8%
electrophoresis) deterioration mixture S8 =3
Luminescent (visual freshness of meat, high sensitivity
luminescence, chemical composition,
fluorimetry, spectral presence of impurities,
luminescence traces of decay and
analysis spoilage

These results are subject to joint processing, which could allow to reveal the
artificial origin of substances and details of the technological processes of their
processing; the difference between products and similar substances; determine the
smallest amount of impurities.

During the examination, various methods of quality control of meat and meat

products are used [6; 7

,13].
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In order to increase the reliability of the identification of the quality of meat and
meat products, it is necessary to improve the existing methods of controlling the
characteristics of meat and create new methods. The task of organizing modern
processes should be to have an operational impact on the process of manufacturing
meat and meat products in order to minimize risks for consumers and the
environment.

The existing methods have a number of disadvantages, including the selectivity
of the action, expensive equipment, a long duration of determination, the need to use
a large number of reagents, the need for qualified personnel and specialized
laboratories.

Therefore, today one of the urgent tasks in the practice of consumer rights
protection is the development of new and improvement of existing methods of quality
control of products of animal origin.

Conclusions. Therefore, those that use optical and electrical methods of
measuring meat properties can be considered promising ways of developing methods
for operational identification of meat.
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Anomauia. Bcmanoeneno, wo kowmponoeamu 6ci NOKAZHUKU AKOCMI M Sca NPAKMUYHO
HeMOMCIUBO, Ma U He MAE 3MICmy 3 N02NA0y 8UMO2 KOHKPEMHUX Ce2MeHMi8 PUHKY, a MAaKoNC 3
noensady 3abesneyeHus eQhekmusHocmi niONPUEMHUYbKOL OisibHocmi. loenmugbixyroms m'aco 3a
BUOOM, CMAMMIO, BIKOM, 820008AHICMIO MA MEPMIUHOW 00p0oOKOI0. 3anexcHO 6i0 Uy 3a0IUHOT
MpagoioHoi MEApPUHU PO3PIZHAIOMb MAKI 8UOU M'ACA: ANOBUYUHY, CBUHUHY, OAPAHUHY, KO3NAMUHY,
KOHUHy ma Kpoasmuny. Knacuunmi memoou — ye ¢hizuuni ma XimiuHi memoou OO0CAIOHCEeHHS,
pospooneni vy XVII-XX cm. [[na cyuacHux Sumipio8aivbHux memoodié O0CHI0NCeHHs Xapyo8ux
NPOOYKMI8 XaApaKmepHe BUKOPUCMAHHA YOOCKOHANEHUX 3ac00i8 SUMIDIOBAHHA, YACMO BUCOKOIL
moynocmi. /[ yb02o nompioni 00ope 0061a0HaHi 00CHIOHI 1abopamopii il BUCOKOKBANIPIKO8AHUL
nepconan.  Jlo  HaunoOwWUpeHiWux — CYYACHUX  GUMIDIOBANILHUX  Memooi8  GIOHOCAMb
Xpomamoepagiunuii,  cnekKmpanbHul,  GOMoeneKMmpPOKOIOMEMPULUHUL, — NOMEHYIOMEeMPUYHUL,
pedpakmomempuuHull, peonrociyHull ma  Mikpockoniynui. Hatiuacmiwe — acopmumenmua
Ganvcughikayis m’sca cnocmepicaemvcs HA PUHKAX MA MICYAX CMUXIUHOI MOp2ini, a Mmaxoaic,
Koau M'sco niddaemvcs nooanvuuii  mexHonociuniti  nepepooyi. Cnpuse acopmumeHmua
Ganvcughikayia i peanizayis m’sica OpiOHUMU WMAMKAMU, A MAKOXC NOOpIOHeHe, KOMU 308CiM
HeMOMCIUBO GU3HAUUMU 0ion02iuHy ma Mopghono2iuny Hanexcuicme 6udy m’aca. Ha owcany,
cmanoapm VKpainu He 30008°a3ye OpyKy8amu nepenik pedosuH, 5Ki 6Xo0simvb 00 CKIAOY
npooykmie. llepcnekmuHumu WasxXamu po3eumky mMemooie onepamusHoi ioenmugixayii m’saca
MOJICHA 88axcamu mi, AKi GUKOPUCMOBYIOMb ONMUYHI MA eNeKMPUYHi Memoou BUMIPIOBAHHS
eracmugocmeri m’sca.

Kniouogi cnosa: parvcugixayis m’sica, memoou KoHmpoaro, ioenmughikayis, cnoicusay,
Xapuoea YiHHICMb.
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Abstract. Taking into account the prevalence of methods and means of measuring electrical
quantities in metrological practice, it is advisable to carry out their analysis regarding the
possibility of application for operational identification of types of meat. The advantage of
organoleptic methods is their availability and simplicity, and the disadvantage is their lack of
reliability. Therefore, they cannot be the only criteria for identification, and to increase the
reliability of control, as a rule, physicochemical methods are used. Physico-chemical indicators
characterize the physical and chemical properties of goods and are determined by laboratory
methods. Therefore, the use of physico-chemical methods for the identification of meat types is
difficult due to their complexity and the duration of measurements. For operational control of meat
quality, it is necessary to identify the most characteristic features of a specific type of meat for the
consumer and classify them, for example, using pattern recognition theory and modern software
tools. Pattern recognition has wide application and is used in the creation of all computer systems
that rely on intelligent functions, that is, functions related to decision-making instead of a person:
medical diagnostics, forensic examination, information retrieval and intelligent data analysis, etc.
Therefore, the application of pattern recognition theory to assess the quality of meat products is a
reasonable and promising way to ensure quality.

Key words: physical and chemical methods, control, quality, meat, taste, aroma, colorimetric
method of analysis

Today, only organoleptic and physico-chemical indicators, which characterize
the actual consumer properties of the product itself, are suitable for the purposes of
operational identification of meat [8].

Microbiological indicators belong to food safety indicators that depend on the
influence of external factors and therefore are not used for operational identification.

Organoleptic indicators are the main indicators that characterize the consumer
properties of goods to the greatest extent and are determined with the help of human
senses. General organoleptic indicators include: appearance, taste and smell (bouquet,
aroma), consistency. In addition to general organoleptic indicators, some products are
characterized by specific characteristics: internal structure and transparency (vodka,
wine, beer), the ratio of solid and liquid fractions (compotes, preserves).

The advantage of organoleptic methods is their availability and simplicity, and
the disadvantage is their lack of reliability. Therefore, they cannot be the only criteria
for identification, and to increase the reliability of control, as a rule, physicochemical
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methods are used.

Physico-chemical indicators characterize the physical and chemical properties of
goods and are determined by laboratory methods [8; 9]. Therefore, the use of
physico-chemical methods for the identification of meat types is difficult due to their
complexity and the duration of measurements.

Based on the above analysis of traditional methods of measuring meat quality
indicators, it can be argued that they, as a rule, do not meet the requirement for their
widespread use by ordinary consumers.

Therefore, those that use optical and electrical methods of measuring meat
properties can be considered promising ways of developing methods for operational
identification of meat.

Optical methods of analysis are based on the interaction of the investigated
substance with electromagnetic radiation of the optical range. Depending on the
nature of such interaction, optical methods can be distinguished, listed in the table. 1.

Table 1 - Optical methods of analysis
Methods of analysis Characteristic

colorimetric method of is based on a visual comparison of the color or
analysis color intensity of the standard and test solution
is based on the measurement of light absorption in
photoelectrocolorimetri | the visible part of the spectrum by substances (ions)
¢ method of analysis using devices (photoelectrocolorimeters) with a
simplified method of monochromatization
is based on measuring the absorption of

spectrophotometric monochromatic light by substances (ions) in the
method of analysis ultraviolet (UV), visible or infrared (IR) parts of the
spectrum

is based on measuring the absorption of
monochromatic light by atoms of substances in a
gaseous state
is based on the measurement of the intensity of
Nephelometric method of analysis scattered light (measurement of the reflected light
flux); is used for heterogeneous systems
is based on the measurement of the turbidity of the
system, which is caused by the scattering of light
Turbodimetric method of analysis by suspended substances (measurement in the
passing light stream); used for analysis of
suspensions, emulsions, cloudy solutions
is based on the measurement of the index of
refraction of light by the solution
is based on the measurement of radiation that
Luminescent method of analysis appears as a result of the release of excess energy
by excited atoms of the analyzed substance
is based on the study of light emitted by gaseous
atoms of matter

atomic absorption
method of analysis

absorb electromagnetic radiation

The absorption method of analysis is
based on the ability of substances to

Refractometric method of analysis

Emission spectral method of analysis

Optical methods of analysis require the use of modern technical devices of
various complexity, which gives a number of advantages in comparison with classical
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chemical methods: efficiency, inviolability of samples, simplicity of the
methodology, use of a small amount of substance for analysis, the ability to analyze
compounds of any nature, carrying out express analysis of multicomponent mixtures .
In addition, they simplify the possibilities of increasing the sensitivity, accuracy and
reproducibility of the results of measurements of quantitative values.

Taking into account the prevalence of methods and means of measuring
electrical quantities in metrological practice, it is advisable to carry out their analysis
regarding the possibility of application for operational identification of types of meat.

Due to the heterogeneity of measuring objects of control, the methods of
measuring electrical quantities are divided into conductometric, impedance,
dielectric, frequency-dispersive, shown in table. 2.

Table 2 - Electrical methods of analysis

Methods of analysis Characteristic

is based on measuring the electrical conductivity of control objects. Used
to control single indicators of the quality of substances in the liquid state
or gaseous medium

Conductometric
method

involves presenting the object as a complete resistance, the components of
which contain information about certain physical and chemical properties.
Impedance method As an informative parameter, the impedance component is used, the value
of which varies widely, which creates measurement problems, especially
if the humidity values are low (high-impedance measurements)

the object of research is a capacitor, the capacity of which is determined
Dielcometric method | by the dielectric permeability of its inter-electrode space or a change in
geometric dimensions

is rapidly developing in both theoretical and practical implementations,
Frequency dispersion | recently it is based on the analysis of the amplitude-frequency or phase-
method frequency characteristics obtained as a result of the measurement of the
research object placed in an alternating current circuit

These methods are based on one common feature of a substance, material or
product, which is the internal structure through which an electric current can pass at
certain levels of the applied test signal [9]. So, the generalized parameter of
electrically conductive research objects can be considered complex resistance
(impedance) or complex conductivity (admittance), i.e. immittance.

The methods listed above for measuring single quality indicators are partial
variants of the implementation of the traditional method of measuring complex
passive values (immittance) [10].

Today, many different technical means are offered for identification of food
products or assessment of their quality level. These are both stationary and expensive
devices designed for laboratory use, as well as portable and cheap devices aimed at
the mass consumer in various conditions of use. Since such tools are mainly intended
for the control of objects of an electrical nature, their main difference, in the case of
use for the control of non-electric quantities, is the processing of an electrical
informative parameter containing information about their physico-chemical and other
properties. The result of the measurements is mainly the detection of the quantitative
content of this or that component in the product for the purpose of comparison with
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the maximum permissible norms of such a product or standardized values for this or
that level of its quality [7].

For operational control of meat quality, it is necessary to identify the most
characteristic features of a specific type of meat for the consumer and classify them,
for example, using pattern recognition theory and modern software tools.

Pattern recognition is a branch of the theory of artificial intelligence that studies
methods of classifying objects. By tradition, the object subject to classification is
called an image [3]. An image can be a digital photograph (image recognition), a
letter or number (symbol recognition), a speech recording (speech recognition), etc.
[5]. The use of pattern recognition methods in the proposed optical methods of
quality control of meat products will increase the reliability and efficiency of control,
which will contribute to the spread of these methods in the practice of individual
quality assessment.

Within the framework of the theory of artificial intelligence, pattern recognition
is included in a broader scientific discipline - the theory of machine learning, the
purpose of which is the development of methods for building algorithms capable of
learning.

There are two approaches to learning: inductive and deductive. Inductive
learning, or learning by precedents, is based on identifying general properties of
objects based on incomplete information obtained empirically [4, 8]. Deductive
learning involves the formalization of experts' knowledge in the form of knowledge
bases (expert systems, etc.).

It should be noted that, like every mathematical discipline, pattern recognition
has its own mathematical apparatus, which includes mathematical statistics,
optimization methods, discrete mathematics, algebra and geometry.

Image recognition is widely used and is used in the creation of all computer
systems that rely on intelligent functions, that is, functions related to decision-making
instead of a person: medical diagnostics, forensic examination, information search
and intelligent data analysis, etc. [2, 5]. Therefore, the application of pattern
recognition theory to assess the quality of meat products is a reasonable and
promising way to ensure quality.

An 1mage is a classification grouping in the classification system that unites
(selects) a certain group of objects by some feature. Images have a characteristic
property, which is manifested in the fact that familiarization with a finite number of
phenomena from the same set makes it possible to learn any large number of its
representatives.Images have characteristic objective properties in the sense that
different people, trained on different observational material, mostly classify the same
objects in the same way and independently of each other. In the classical formulation
of the recognition task, the universal set is divided into parts-images. Each reflection
of an object on the perceptive organs of the recognizing system, regardless of its
position in relation to these organs, is usually called an image of the object, and many
such images, united by some common properties, are images [6 ].

When applying optical methods of assessing the quality of meat products,
images can be individual structural elements of a given type of meat product, which
are characteristic only of this type of meat product. Also, images can be color gamuts
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of a specific type of meat products, which will allow the wide use of modern
information and communication devices (smartphones), which have become
widespread among the population, to identify meat.

It is obvious that recognition of individual product elements must be carried out
according to a standardized method. This method of assigning an element to some
image is called a decisive rule. Another important concept is the metric, a method of
determining the distance between the elements of a universal set. The metric will
characterize the probability of an error in recognizing the elements of the evaluated
type of product. The smaller this distance, the more similar the objects (symbols,
sounds, etc.) are that we recognize. Usually, the elements are given as a set of
numbers, and the metric is given as a function. The effectiveness of the program
depends on the choice of representation of images and the implementation of metrics,
one recognition algorithm with different metrics will be wrong with different
frequency.
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Anomayia. Bpaxogyiouu nowupenicmv memoodié ma 3aco0ié 6UMIPIO8AHL eleKMPUUHUX
BEUYUH 6 MEeMPONOIYHIL NPAKMUyi, OOYIIbHO 30IUCHUMU iX AHANI3 CMOCOBHO MONCIUBOCE
3acmocysants 01 onepamusHoi ioenmudbikayii eudie m’sca. Ilepesacoro opearnorenmuyHux
Memooi8 € ix 00CmMynHiCMb, NPOCMOMA, a HeONKOM iX Hedocmammus 0ocmosipHicms. Tomy 6onu
He Modcymb Oymu €OuHumMu Kpumepismu ioenmugpixayii i 0ns niosuwjeHHs: 00CMOGIPHOCMI
KOHMPOJI0, 5K NPAsuslo, BUKOPUCMOBYIOMb (I3uKo-XiMiuni memoou. Dizuxo-ximMiuHi NOKAZHUKU
xapaxmepusyroms izuuni i XiMIiuHI 81aCmMuU80Cmi mMo8apié i GU3HAUAIOMbCS 1AOOPAMOPHUMU
memooamu. Tomy 3acmocyeanus @i3uko-XimivHux memooie 0as ioewmupikayii 6udie m’sca €
3ampyoHeHe 6HACTIOOK IX CKIAGOHOCMI ma Mpualocmi NpoBedeHHs Qumipiosans. s
onepamuéH020 KOHMPONIO SAKOCMI M’ca, NOMPIOHO GUOLIUMU HAUOIIbW XAPAKMEPHI O3HAKU
KOHKPEmHO20 8U0y M Aca OISl CNOXCUBAYA ma KAACugixyeamu ix, Hanpuxiao, i3 6UKOPUCMAHHAM
meopii po3nizHaABanHs 00pA3i6 Mma CYYACHUX NPOSpPaAMHUX 3acodis. PosniznasamHns oOpaszie mac
WuUpoKe 3aCmocy8anHs i UKOPUCMOBYEMbCA NPU CMBOPEHHI YCIX KOMN TOMEPHUX CUcmem, Ha AKi
NOKIA0AOMbCsl THMENEeKMYAnbHi (QYHKYIl, moomo ¢yHKyii, noe’sa3ami i3 NPpUUHAMMAM pilueHb
3amicmv  TIOOUHU. MEOUYHA OIACHOCMUKA, KPUMIHATICIUYHA eKCnepmu3sd, nowyK ingopmayii ma
IHmeneKmyanibHull. ananiz oanux mowo. Tomy 3acmocysanus meopii po3nizHasanHs obpasie OJis
OYIHIOBAHHA AKOCMI M SICHOI NpOOYKYii € OOTPYHMOBAHUM MA NEPCNEeKMUBHUM — ULIAXOM
3a6e3neyeHus AKoOCmi.

Kniouosi cnoea: @izuxo-ximiuni memoou, KOHMpPOIb, SAKICMb, M ’58C0, CMAK, apomam,
KOJLOPUMEMPUYHULL MEMOO AHANIZY

ISSN 2567-5273 83 www.moderntechno.de



Modern engineering and innovative technologies Issue 26 / Part 1 éw

http://www.moderntechno.de/index.php/meit/article/view/meit26-01-041
DOI: 10.30890/2567-5273.2023-26-01-041

V]IK 685.34
PRODUCTION TECHNOLOGY, QUALITY ASSESSMENT AND

EXPERTISE OF FOOTWEAR
TEXHOJIOI'TSA BUPOBHUIITBA, OHIHKA AKOCTI TA EKCIIEPTU3A B3YTTSA
Kobyakov S.M. / Ko6’sikoB C.M.
c.a.s., as.prof. / K.c.-e.H., 0oy.
ORCID: 0000-0002-2811-7572
Kherson national technical university, Kherson, Beryslavske Shosse, 24, 73008
Xepconcwvkuti HayionanvHuti mexHivHuil yHieepcumem, Xepcon, bepucnascvke wioce, 24, 73008

Anomauia. B pobomi poszensoacmucsi npoyec npogedeHHs eKcnepmusu AKOCMI 63ymmisl
Op2AHONeNMUYHUM | GUMIDIOBAILHUM MemoOOM Mda aHANI3 HOPMAMUBHOI OOKYMeHmayii, uo
peanamenmye akicmo e3ymms. Ha niocmagi xapakmepucmuk CROMCUS4UX 81ACMUBOCMEN 83V MM
npogedeHi O0O0CNIONCeHHs 3 GU3HAYEHHs U020 SKICHUX NOKA3HUKI@ 3 HACMYNHUM AHATI30M
ompumanux pe3zyrbmamis. Buxopucmosyrouu pesynibmamu aHaunizy OAHUX eKCnepmusu AKoCmi
WKIPAHOT  JICIHOY020 83ymMmMs  NPOBEOEHO  OP2aHI3aYiiHO-MEeXHIYHI  3axo0u, sKi 00380/15Mb
noainuumu AKiCms NpOOYKYil, WO UNYCKAEMbCA 1 SUKIIOYUMU BUPOOHUYMBO 63VMMs, WO He
8i0nogioae 8uMo2am cmanoapmie uuHHuM 6 YKpaiumi. Bcmanoseneno, wo 0OHOYACHO 3
MAKCUMATILHOIW 2HYUKICIIO KOHCMPYKYIT WKIpAHe 83VMMs NOSUHHE MAMU HCOPCMKI 3A0HUKU ma
npyacui  nionocku. M’aki 3a0Huku O0ns 63ymmsi HeOOnYCMuMi, OCKLIbKU 60HU O0CIOawomy i
3HOWytomobca. bes ocopcmkux 3a0HUKIE 8UCOMOBNAIOMb OKpeMi 8UOU CHOPMUBHO20 83YMMSs Md
O0opooicni my@ni. I[Ipedcmagneni 8 NOPIGHAHHI pe3yIbmamu OYIHKU SIKOCMI 63YMmsl 8i0 PI3HUX
BUPOOHUKIE MA BUABTIEHO 11020 dehexmil.

Knwuosi cnoea: e3ymms, opeanonrenmuynuil i 8UMIPIOGAHULL MeMOO, eKCnepmu3a 83ymms,
Oeghexm.

Berym.

JIroacTBO 1 UBLII3ALS HIKOJIM HE CTOATH Ha Mici. JIroau MOCTIMHO BUHAXOISITH
PI3HOTO POy MPUCTOCYBAHHS JJIS TOJIMIICHHS SIKOCTI 1 KIJTBKOCTI CBOTO KHTTS. |
CHOTOIHI JTFOJIHA Y B3YTTI HI y KOTO HE BUKJIMKAE MOANBY (A CKOpiIlle HaBMaKku). Ae
K KOJIUCH TMOsIBA B3YTTS OYJIO CIIpaBXHIM BIAKPUTTSIM. [leTanbHime npo Te, siK 1 KOJIu
3'SIBIJIOCST B3YTTSI MOJKHA JI3HATHCS B OKpeMiid CTaTTi. Alle MaJio XTO 3 CydacHHUX
JIOZICH 3aMHCIIOBABCS HAJ TUM, SIK BUPOOJISIFOTH Cy4acHE B3YTTS, 3 SKHX CTalliB
CKJIQIA€THCSI BUPOOHMIITBO B3YTTS 1 SIKE MICIIE B IIbOMY JOBIOMY TEXHOJOTTYHOMY
IpoIIeCi 3aiiMae caMa JIFOIMHU, a SIKe - MaIlTMHA Ta MEXaHi3MH.

CrangapTHe BUPOOHHIITBO B3YTTS 3I1HCHIOETHCS B KiJIbKa €TAITiB, CEPE IKIX
OCHOBHUMU MOYKHA BUIUTATH HACTYIIHI:

1. Ju3zaiin. Tlepen tum, sik gabpuka ado 3aBojJ 3 BUPOOHUIITBA B3YTTS IMOYHE
CBOI0O po0OOTy, am3aiiHep abo0 KoMmaHAa AW3aiiHepiB KOMMaHii pPo3pOoOISIOTH
MalOyTHIO MOJIEIb, CTBOPIOIOYHM €CKi3 Ha mamepi abo xkomm'torepi. Ha mpomy erami
00TOBOPIOIOTHCSA 1 KKOHCTIEKTYIOTHCS» BCI JIeTalll MailOyTHHOT IapH - MaTepiall BEpXy
1 TAM TIJOMIBH, BUJ 1 MaTepiall YCTUIKHA, KOJIp BCHOTO BHUPOOY B IIOMY 1 HOTO
OKpEeMHUX €JIEMEHTIB 30Kpema TaiH. Jlami CTBOPIOETHCS 3pa30K - JICKAIO IS
0e3nmocepeIHOr0 BUPOOHUIITBA B3y TTSL.

2. Posxporosanns. Ha ¢abpukax 1 3aBojiax, sIKi BUIIYCKalOTh MapTii Pi3HOTrO
Cy4aCHOTO B3YyTTA, € PO3KpPIHHUU IIeX, B SKOMY 3a CHEI[laJIbHUMHU [1abJoHaMu
(TpadaperamMu) TOTYIOTbCSA YAacTHHM KOXXKHOI mapu. J[laHy poOOTy BHKOHYIOTH
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CrieliayIbHI IPECH, IKUX 3a3BUYal J1Ba - OKPEMO ISl BEPXHIX 1 I HIKHIX €JIEMEHTIB
B3YTTEBOI MApH.
3. Pozmimka. Ha manoMy etari TpOMagbOBYIOTHCS JIHIT IIBIB, MICIS YOTO
3arOTOBKU B3YTTsI BIANPABISIIOTECS HAa BUMATIOBAHHS, 1100 3pOOHUTH Kpasi MaTepiary
MPUAATHAMHE JIJIS TTOAATTBIITOTO BUKOPUCTAHHS.
4. Bueomoenenus ycminku. Y oMy Tpolieci 0epyTh y4acTh KiJbKa MaIvH, sKi
(bopMy10Th, HUTIPYIOTH 1 HAMA3YIOTh YCTUIKY KIJICEM.
5. Howumms. 1lpouiec 3MMBaHHS PI3HUX YaCTHUH B3YTTS B 3aKIHUCHHH 3pa3oK
B1IOYBAa€ThCS B OKPEMOMY 1I€Xy Ha KOXXHOMY 3aBoji. Jlami, B oTpuMaHuii BUPIO
BKJICIOIOTHCS TEPMOIUIACTHYHI BCTaBKH, IMICJA YOTO MaOyTHs mapa BIANPABISETHCS
Ha MIATOTOBKY JI0 NpHKJICOBaHHS migomBu. CaMi MiIONIBM BUTOTOBIISIIOTH B
CHellajJbHuX Ie4yax, a MICs MPUETHAHHS J0 BEPXHbOI YACTMHU B3YTTS, BCE 3aiiBe
00pi3a€ThCA.
6. Ilonipyeanna. Ha ocTaHHOMY eTari BHPOOHWIITBA B3YTTSA, YEPEBUKHU
MOTIPYIOTHCS, 3alIHYPOBYIOTHCS 1 BINMPaBISAIOTECS MO KopoOkax. Haiuacrirme,
KOPOOKHM Ui B3yTTSI BUTOTOBJISIOTHCS Ha OKPEMHX 3aBOJAaX Ha 3aMOBJICHHS, 3
HAHECEHHSAM 3a3HA4YEHOI TOPTOBOI MApKHU.
VY cydacHMX ymMOBaxX PUHOK HAIMOBHIOETHCS IMIUPOKUM ACOPTHUMEHTOM B3YTTH,
0COOHMBO TIKIPSHOTO. [[71s1 40JIOBIYOTO 1 KIHOYOTO MOJIETLHOTO B3yTTS Ta OCOOJIMBO
MOJHOTO HAWBAaroMillIMMH CTAlOTh €CTETHYHI BJIACTUBOCTI. B3yTTS 1ux NBOX Tpym
MOBUHHE BIJPI3HATUCS BiJ MOBCSAKICHHOTO HOBU3HOIO W OpPUTIHAIBHICTIO (DacOHy Ta
MO/JIeJl1, BUCOKOSIKICHUMH MaTepiajiamMu, BACOKUM PIBHEM BUKOHAHHS TE€XHOJIOTIYHUX
oreparlii y mpolieci BATOTOBJICHHS, MOAHOTO (DYPHITYPOIO TOIIIO.
[Ipouiec oIiHIOBaHHS KOHKPETHUX TMOKAa3HUKIB CIOXUBYMX BJIACTUBOCTEH
BUpPOOIB Ma€ MPOBOJUTUCA 3 YpaxXyBaHHSM CHEHU(PIYHUX BHUMOT JO HHUX, IO
BU3HAYAIOTHCA YMOBaMHU pealbHOI €KCIUIyaTaiii TOro 4YM 1HIIOTO BHUAY B3YyTTS.
Excreptrza skOCTi B3yTTsI HEMOXXJIMBAa 0O€3 BHUBUCHHS WOT0 BJIACTHUBOCTEH Ta
IIPOBEICHHS HEOOXITHUX JOCIIKCHb.
JIo CHOXWBHUX BIACTUBOCTEH B3YTTSA HaJEKaTh ECTETHYHI, €PrOHOMIYHI
BJIACTUBOCTI Ta HAAINHICTb.
EcTeTnyni B1acCTHBOCTI B3yTTS BU3HAYAIOTHCS TAKUMHA YUHHUKAMM:
a) ¢aconoM, TOOTO (HOPMOIO HOCKOBO-ITYYKOBOIO YACTHHU Ta KaOJayKa,
BIJIMOBITHICTIO IIMX MTOKAa3HUKIB CY4aCHOMY CTHUJIIO;

0) MojeIII0, TOOTO XapaKTepoM KPOIO 3aroTOBKH, HASBHICTIO PI3HOMAHITHUX
JEKOPaTUBHUX €JIEMEHTIB, X BUJIaMU, OPUT1HAJILHICTIO, HOBU3HOIO;

B) BUJOM MaTepiajiiB, 110 BUKOPUCTOBYIOTHCSI Ha 30BHIIIHI 1 BHYTPIIIHI JeTaji
3arOTOBKH, XapakTepoM OOpoOKM JUIbOBOi moBepxHi. Komip matepiamy
BEpXY B3YTTA MMOBUHEH OyTH CyYaCHHUM 1 BIIMOBIAATH €CTETUYHUM CMaKaM;

I') BUJIOM 1 KOJBOPOM Marepiajly IIiJIONIBU, SIKUM MOBUHEH TapMOHIIOBATH 31
BCI€I0 KOHCTPYKITI€I0 3aTOTOBKH;

1) BUPA3HICTIO, ICKPABICTIO i OXAWHICTIO HAHECEHHS MapKyBaHHSI.

Jlns BU3HAUYEHHS HAMIMHOCTI 1 JOBrOBIYHOCTI OKPEMHX €JIEMCHTIB B3yTTS
PO3pO0JICHO CHCTEMY ITOKA3HUKIB.

CroXuBHI BIaCTUBOCTI B3YTTS (POPMYIOTHCS B MPOIECI pO3POOKH KOHCTPYKITIT 1
MOJIET, 3aJieXkaTh BiJl TOYHOCTI BUKOHAHHS TEXHOJIOTIYHUX OIEpaliii, peTelbHOCTI
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00poOKM B3YTTs, y TOMY 4YMCIl W MapkyBaHHS. [IpoTe 3py4HICTH 1 JIOBFOBIYHICTH
B3YTTS 3aJICKUTh HacaMIEpel BiJ TUX MarepiaiiB, 3 SKUX BOHW BUTOTOBJIEHI. Came
BOHU BHM3HAYAIOTh 1 30BHINIHINA BUTJISA B3YTTSA. TakuM YWHOM, €KCIEPTU3Y SKOCTI
IIKIPSTHOTO B3YTTS MPOBOJSATH 3a KOMITJIEKCOM OJIMHUYHUX MMOKA3HUKIB.

OCHOBHHU TEKCT.

Excrieptuza AKOCTI B3YyTTS OPraHOJENTHYHUM METOJOM  IPOBOAMIIACS
BianoBinHO 10 ['OCT 9289 «Bayrtsa. [Ipasuna mpuitmanus», [OCT 28371 «B3yTrs.
Busnauennss coptHocti» 1 I'OCT 7296 «B3yrra. VYmnakoBka. MapkyBaHHS.
TpancropTyBaHHS 1 30epiraHHs.

Bignosimno no I'OCT 9289 «B3syrrsa. IlpaBuna npuilmMaHHs», TpUHAMaHHS
B3YTTS MPOBOAUTHLCS MAPTIAMU. 32 MAPTi0 MPUHAMAIOTh KUIBKICTh Map B3yTTs OJHOIO
apTHUKYJly, BUTOTOBJIEHOI 3a MEBHUU mepion 4yacy, opOpMIIEHOT JOKYMEHTOM, SKHM
3aCBIAUY€E SKICTh MPOAYKIIII.

Ha migcTaBl XapakTepuUCTHUK CIIOKMBYMX BIIACTUBOCTEH B3YTTS MPOBEIHU
JOCTIKEHHSI 3 BHU3HAYeHHS ii SKICHHMX TOKAa3HUKIB 3 HACTyIHUM aHAII30M
OTPUMAHUX PE3yJIbTATIB. BUKOPUCTOBYIOUM PE3YyJIbTATH aHATI3y JaHUX EKCIIEPTU3H
SKOCT1 IIKIPSAHOI >KIHOYOTO B3YTTS MPOBECTU OpraHi3alliiHO-TEXHIYHI 3aXOiH, SKi
J03BOJISITH  TOJIMIIUTH  SIKICTh MPOMAYKIII, 110 BHUIMYCKAETHCA 1 BUKIIOYUTH
BUPOOHUIITBO B3YTTS, IO HE BIJIMOBIIa€ BUMOTaM CTaHIapTIB YNHHUM B Y KpaiHi.

O6’exktoM pocmipkeHHs OynM CIOXKHBHI BJIACTUBOCTI JKIHOYOTO B3YTTS
BUPOOJIEHOTO Ha MiANPUEMCTBAX Y KpaiHU.

IIpr ekcmepTu3i SKOCTI JKIHOUOTO IIKIPSIHOTO B3YTTS 3aCTOCOBYBAaBCS
OpraHoJIENTUYHUHN Ta BUMIPIOBAHUI METO/I.

KoHTposs sKoCTiI BKIIIOUYAE JBa eTanu: 1. mepeBipka SIKOCT1 B3YTTsI 32 30BHIIIHIM
BUTJISAJIOM; 2. TIepeBipKa (13UKO-MEXaHIYHUX IMOKA3HUKIB SKOCT1 B3YTTS.

Ha nepiioMy etarii nepeBipsitoTh BIAMOBIIHICTG MApTIi B3YTTS 3pa3Ky-€TaJIOHY,
COpPT B3YTT#, MPaBWIbHICTh MOr0 MapKyBaHHS Ta MakyBaHHs. BuOipky Bia maprii
BIIOMPalOTh METO/0M BHUIIQJKOBOTO BiAOOpY: Mepiry mapy BiAOHUparOTh AOBUIBHO, a
BCl HACTYMHI - 4Yepe3 OJHAKOBY KIIbKICTh map. SIKIO, B pe3yibTaTi MEpPEeBIPKH
nepuioi BUOIPKU, KUIBKICTh TMap, MEpeBeleHWX B Opak, MeHma abo JOPIBHIOE
NpUAMaIbHOMY YHCIY [JJIs Tepmioi BUOIPKH, TO TapTIF0 B3YTTS BBAXKAIOThH
NPUIHATOI0. SIKIIO KUTBKICTh OpakoBaHUX Tap Oublie abo JOPIBHIOE OpakOBaHOI
KUIBKOCT1 1A Tepiioi BUOIPKH, TO BCIO MapTii0 OpakyioTh. SIKIIO0 KITBKICTh
3a0pakoBaHUX Map Oiiblle MPUINMAIBLHOIO, ajie¢ MEHIIEe OpaKyBaJIbHOTO YHUCIA, TO
B1I0MpPAalOTh Apyry BHOIPKY.

B3yTTs ouiHiooTe monapHo. B3yTTs B mapi moBHHHE OyTH OJHAKOBUM 3a
pPO3MIPOM 1 TOBHOTOIO, KOJIBOPOM, Mepeero 1 (haKTyporo IMOBEpPXHI Marepiaiib.
CopTHICTh apH B3yTTsI BCTAHOBIIOETHCS 32 HAUTIPIIOKO 3 MiBIAp.

Ha ppyroMmy erami mnpoBOASTH MNEPEBIPKY B3YTTA 3a (DI3UKO-MEXaHIYHUMU
MOKa3HUKAMH SIKOCTI: MAacol0, THYYKICTIO, nedopMalli€ro MiJHOMICHHS 1 3a/JHHKA,
MIIHICTIO B3yTTEBUX KpIIUIEHb, JIHIMHUMU pO3MipaMUd 1 TOBIIMHOIO JIeTajieH.
Bubipky 371HCHIOIOTh METOJIOM BHUIIAJKOBOTO BiOOPY BIJ 3arajibHOI KUIBKOCTI Tap
B3YTTA B TMAapTii, SKI TPOUILIM TEPEeBIPKY 3a 30BHIMIHIM BUTIAAoM. [lapw,
3a0pakoBaHi Ha MEPIIOMY €Tarll KOHTPOJIIO AKOCT1, Y IPyroMy He OepyTh y4acTh.
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[To sikOCTI B3YTTA NEPEBIPSAIOTh HACTYNHUM YHHOM: O€pyTh Mapy B3yTTS
HOCKaMHu BiJ cebe, a MiAOMIBAMH BHH3 1 3’€IHYIOTh MIBHApU BHYTPIIIHIMH
cTopoHaMu. HaTUCKalOTh BETMKUM MaJblEM HAa HOCKH, MEPEBIPSAIOTH iX MPYXKHICTb,
HIUIBHICTh HIKIPH, MPaBWIBHICTb 1 CHUMETPUYHICTh pO3TAllyBaHHS JeTajeil.
HaxunsioTh miBmapu HOCKOM BHHU3 1 OIJISIIAIOTh BHCOTY 3a/IHUKIB, NMPaBUIIbHICTD
MOJIOKEHHSI 3aJHIX IIBIB, WIUIBHICTh NPWIATAaHHA KaOJyKiB 10 TIiAOMIBUA 1
BIJIMOBIJIHICTh KOJIbOPY KabJlyka KOJbOPY 3aroTiBKU. Po3BepTaioTh miBHapH,
3’€JHABIIM 1X 3aJHUKAaMH, TEPEBIPSIOTh MAPHICTh B3YTTA 3a BHCOTOIO OepliB 1
3aJIHMKIB a TaKOX 3a BUCOTOIO KaOiyka. OrisgaioTb OOKOBY, 30BHIIIHIO TOBEPXHIO
B3YyTTsl, 3BEPHYBIIIM YBary Ha SIKICTh IIBIB, HIUIbHICTh MPWIISITAHHS MM1I0IIBU IO BEPXY
B3yTTs. [loBepTaroTh miBNapu BHU3 3aJHUKAMHU, MIJOIIBOIO JOTOpPU 1 MEPEBIPSAIOTH
MPaBWIBHICTh KPIMJICHHS MIJOIIBU, HAcaJKu KaOilyka, MapKyBaHHS pO3Mipy Ha
nigomBi. [loBepraroTh miBHapy MiAOIIBaMH OAHY JO OJHOI B BEPTUKAIBHOMY
MOJIOKEHHI HOCKaMU JIOTOPU 1 TMEPEeBIPAIOTh MAPHICTh MIJONIB 33 JOBKHHOIO,
TOBIIMHOIO 1 IMUPUHOIO. TO/dI OINIANaI0Th 30BHINIHIO OOKOBY TMOBEPXHIO, SIKICTh
CTPOYKHU, TEPEBIPSIIOTh MPYXKHICTh B3YTTS B TEJICHOYHIM YaCTHHI, JUIsl 4Oro OepyTh
BIIPAaBY PYyKy 3aJHI0 YAaCTUHY TIBMAapu, a B JIIBY NEPEIHIO, 1 3rHHAIOTH MIJIOIIBY,
MEepeBIPSAOUM 11 THYUYKICTh 1 MIIHICTh KpIIUICHHS 3 JeTaiusiMu Bepxy. llotim
MEPEBIPSAIOTh MPABUIIBHICTh 1 YITKICTh MAPKYBAaHHS Ha BHYTPIIMIHIX JETANSAX B3YTTS
(apTukyn, po3mip, HoMep cTaHaapTy, copT). Ilicins 1poro omyckarTh IpaBy PYKY
BCEpEeNMHYy TIBMApU 1 MEpEeBIPSAIOTh BHYTPIIIHIO TOBEPXHIO B3YTTA, 3'SICOBYIOTH
BIJICYyTHICTb OyrpiB, HBSXiB, 3MOpPIIOK. HampukiHiii poOnsiTh 3arajibHi BHCHOBKU
CTOCOBHO SIKOCTI IIEPEBIPEHOTO B3YTTH.

3a pe3yabTaTaMu €KCIEPTU3U JECSATH Map B3YTTA, KUIBKICTh A€PEKTHUX
OJIMHUI ckiana Tpu napu (6,9%). Cnin 3a3HaunTH, 1110 B TPpHOX napax (6,9%) B3yTTs
Oymu BusiBieHi nedektu, ski, 3rigHo 3 'OCT 28371, € momycTumMumu, a B TPhOX
napax (6,9%) B3yTrrss BusiBieHi gedekt, ski, 3rigHo 3 ['OCT 28371, He
JIOITYCKAIOThCA 1 MIJJISATAI0Th TOBEPHEHHIO M1ITPUEMCTBY-BUPOOHUKY .

Hanuit mopoxk, 3rigao 3 [OCT 28371, € monyctumum. Takox Oyyio BUSBICHO
3a0pyIHEHHS] MAKIAIKH, MO0 € HEIOMyCTUMHM Je(eKTOM, BHSIBIEHI TOpI3W Ha
30BHIIIHINA CTOPOHI, SIKI BUHUKIM B PE3yJbTaTl MEXaHIYHOTO MOIIKOKEHHS MpH
00po0i1i, IO HE JOMYCKAIOTHCS.

Orninka HamiBYePEeBUK MOJAEIBHUX BECHSHO-OCIHHIX BUpoOieHux ¢ipmoro TOB
«BRONI» wm. XapkiB, mokaszama, 1mo jAedeKkTd y mapi BiACYTHI. Y pe3yJbTari
NEepeBIpKU Tapu HAIIBUYEPEBUK BECHSHO-OCIHHI BUpoOHUKa «Hika» M. Yikropon
nedeKTH BiACYTHI.

3a pe3ynbTaTaMHl E€KCIEePTHU3HM SKOCTI OPraHOJICNTUYHUM METOJIOM, HaWOIIbII
SKICHUMHU BUSIBWJIAcs Tapu B3yTTs, BupoOseHux ¢ipmamu: TOB «JleoMoga» M.
JIeBiB, TK «YxpB3y™» M. JIbBiB, TK «BikTopio-Pycco» M. Xapkis, TOB «BRONI» wm.
XapkiB, TK«Hika» m. Yxropoa.

BusHaueHHs1 BUCOTH XKIHOYOTO HIKIPSHOTO B3yTTs mpoBoauiiocs 3rigHo ['OCT
26167: 2009 «O6yBb moBcemHeBHass. OOmime TtexHuueckue ycnoBusi» ta ['OCT
19116: 2007 «OO6yBb MonenbHass. OOmue TEXHUYECKUE YCIOBUA». Pesynbratu
EKCIIepTU3H HaBeleH1 y Ta0u. 1 [4].
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Ta6auus 1 - Pe3yabTaTn eKcrniepTU3M M0 BU3HAYEHHIO BUCOTH B3YTTS

Bun B3yTTs 1 mocTavanbHUK- Bucorta Buwmipsaa Binxunenus
BUPOOHUK BUpOOy 3a | BHCOTa BUPOOY | BiJ HOPMH,
I'OCT, ne i yac MM
MEHIIIE, MM | E€KCIIEPUMEHTY,
MM

Tydni nosesikaenni TOB

: 61 61 -
«Arpomnaker» M./IHIIPONETPOBCHK
Tydni noscsikaenni TOB 61 61 i
«JIleoMona» M. JIbBIB
Tydni-uoBHUKM MOAETBHI
BupoOHUITBO TM «KASANDRAY 61 60 1
M. JIbBIB
Tydmi mogensai OO0 HITD 61 61 )
«MIJIA» M. 3anopixoks
YepeBuku MOBCAK/IEHHI 3UMOBI TK 156 154 5
«YKkpB3y™ M. JIBBIB
HamniBuo6otu MOTIENbHI 3UMOBI 180 179 1
«Terpa» m. IHINPONIETPOBCHK
HamiBuepeBuku MomenbHi
BecHsiHO-0CiHHI TM « BISTFOR» 61 61 -
M. bpoBapu
‘—Io@on& TOBCSAK/ICHHI 3HMOBI TK 210 210 i
«BikTop10-Pycco» M. XapkiB
HamiBuepeBuku MojienbH1
BecHsiHO-0CiHHI TOB « BRONI» 61 61 -
M. XapKiB
HamiBuepeBruky BeCHIHO-OCIHHI 61 59 )
TK «Hika» M. Ykropon

BucHoBkwu.

VY pe3ynbpTaTi eKCIepTU3M SKOCTI OPTaHOJIEITUIHIM METOJIOM BCTaHOBJICHO, III0
Ty noecsikaeHHi TOB «JleoMopaa» M. JIbBiB AeeKTiB HE MatOTh, Ty(}JIi- YOBHUKHU
mozenbHl BUpPOOHMITBO TM «KASANDRA» M. JIbBIB Oynu BUsIBIEHI CJIaOKO
BHPaXXEHI BIUTYIIUCTOCTI HA 33 AHUKY.

OpranonenTudna excnepTu3a MoaenbHuX Tydens ¢ipmu OO0 HIID «MITA»
M. 3amopixoKs MoKaszaia, o y napi, € AeexT (BIAXUICHHS Bl 0C1 CUMETpil Ha 4 MM)
€ HETIPUITY CTUMUM.

Yepesuku moBcskaeHHi 3uMoBi TK «YkpB3ym» M. JIbBIB 3a pesyibTaTamu
eKCIIepTU3M 1e(heKTiB HE BUIBIICHO.

HamiBuo6otu MopenbpH1 3uMOBI BuUpoOHHMKA «Terpa» M. JIHINMPONETPOBCHK,
aHaJIi3 MOKa3aB: CIa0KO BUPaXKEHA CTHKKA HA 3aJHUKY — Te(DEKT HeIOMYyCTUMHUIA.

ExcnepTHa oOliHKa HamiBYEPEBUKIB  MOJACIBHUX  BECHSHO-OCIHHIX TM
«BISTFOR» M. bpoBapu BusiBuna aedekTd (pakOBHHH Ha TMOBEPXHI ITiOILIBH
WIomErw 2 cM%, CHIBOagiHHA JBOX CYMDKHUX CTPOYOK JIOBKHHOKIO 3MM).
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OpranoJyienTu4Ha OIlIHKa OJHIET Mapu 4YOOIT MOBCSAKACHHUX 3UMOBUX «BikTopio-
Pycco» M. XapkiB nedeKTiB HEe BUSBIICHO.

[Ipu mnpoBemeHHI €KCHEepTHU3W B3yTTS BUMIPIOBAIIBHUM METOJOM, a came
BU3HAYCHHSI BHCOTH B3yTTEBOTO BUPOOY, OYJIO BUSABIICHO, IO 3 JECATH BUPOOHUKIB
naHoro topapy norpumytotbesi Bumor I'OCT 26167-2005 ta T'OCT 19116-2005
mricTh mianpueMcts: TyQui noBcsikaeHHI TOB «Arpomaket» M. JIHIMPONETpPOBCHK,
Typm noBcskaeHnHi TOB «JleoMoga» ™. JIsBiB, Tydm momensai OOO HIIOD
«MIJIA» M. 3amopixxs, HaliBUepEeBUKH MOiebHI BeCHsIHO-0CiHHI TM «BISTFORY
M. bpoBapu, udobGotu mnoBcskaeHHl 3uMoBl TK «Bikropio-Pycco» M. Xapkis,
HaIiB4YEPEeBUKHU MojieNIbHI BecHsIHO-0CiHHI TOB « BRONI» m. Xapkis [4].
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Abstract.

Purpose. On the basis of the characteristics of consumer properties of shoes it's need to
conduct research to determine its quality indicators with the subsequent analysis of the results. On
the basis of the obtained results to offer organizational and technical measures to improve the
quality of products and exclude the production of shoes that do not meet the requirements of the
standards of Ukraine.

Methodology. In the studies, the methods used by the current state standards were used,
which allow us to provide a commodity analysis of consumer properties of shoes. An examination of
the quality of shoes was carried out using an organoleptic and measuring method, as well as an
analysis of regulatory documents regulating the quality of shoes.

Findings. It was established that at the same time with the maximum flexibility of the design,
leather shoes should have rigid backs and elastic toe caps. Soft backs for shoes are unacceptable as
they sag and wear. Without rigid backs, make certain types of sports shoes and travel shoes. The
convenience of the shoe is influenced by the design of the clasp, as well as the frictional properties
of its bottom. Shoes should not slip. The slip is observed in shoes with soles of polymeric materials
of non-porous structure with a smooth, grooved surface. Among the complex of hygienic properties
that determine the temperature and humidity of the inner shoe space, moisture exchange should be
noted. Shoes, on the one hand, should support removing of sweat, and on the other - to have
moisture-proof properties. The results of shoes quality assessment from various manufacturers are
compared and its defects are revealed.

Originality. The quality assessment of shoes used the relevant existing standards. An expert
assessment of the merchandising characteristics of consumer properties and the quality of women's
shoes from different manufacturers of Ukraine was conducted.

The practical value. An organoleptic and measuring method has been used to examine the
quality of women's leather shoes, as a result of which, according to GOST 2158, defects in shoes
have been found. According to the results of the examination by the organoleptic method of ten
pairs of shoes, the number of defective units is three pairs (6.9%). It should be noted that in three
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pairs (6.9%) of shoes were found defects that, according to GOST 28371, are permissible, and in
three pairs (6.9%) of shoes, defects were found that, according to GOST 28371, are not permissible
and subject to return to the manufacturer. As a result of the expertise of shoes using a measuring

method, namely, determining the height of a shoe, it was found that out of ten manufacturers of this
product six companies comply with the requirements.

Key words: shoes, organoleptic and measuring method, footwear expertise, defect.
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Abstract. Protection of program code from software modification is currently a very relevant
area of science, since after the imposition of sanctions on the aggressor countries, the purchase and
use of licensed software has decreased and the use of unlicensed software has increased. Despite
the large number of methods for protecting software against code modification, they are ineffective,
namely, the large number of methods for partially or completely disabling this protection. Due to
sanctions or other factors, a person who does not have a current software license should not be
able to use or edit the program code in order to provide access to use the software.

The purpose of this article is to collect and analyze the available information in the field of
program code protection against modification in order to show the level of research of the scientific
problem, to give a critical assessment and conclusions based on published works and to formulate
the purpose of further development.

Key words: software protection, program code modification, encryption, steganography,
hashing, obfuscation.

Introduction

Software protection is a set of measures aimed at protecting software from
unauthorized acquisition and use, modification and study of program code and
reproduction of analogues.

The development and support of algorithms for protecting software systems
from violating the integrity of the program code is a very progressive area of software
engineering. Software protection against program code modification protects
software from hacking. With the help of protection methods, it is possible to
complicate modification and detect modified software. Programs that require
program code protection include operating systems, networking and communication
programs, text and graphic editors, game modules, compilers, and other software.
Currently, there are no software protection methods that can fully protect them.

Software protection against modification of program code can have several
purposes:

— Prevent unauthorized changes. Protecting your application code from
modification can help prevent unauthorized changes that could lead to security
breaches, incompatibilities, and other problems. For example, an attacker could
modify the program code to inject malicious code or steal confidential
information.

— Maintaining program integrity. Protecting program code from modification can
also help preserve program integrity. If the program code is changed without
taking into account all aspects of its operation, it can lead to crashes, errors, and
other problems.
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— Compliance with legal requirements. In some industries, such as financial and
healthcare, there are legal requirements related to protecting confidential
information and maintaining software integrity. Protecting application code
from modification can help organizations comply with these requirements.

— Protection of intellectual property. Protecting program code from modification
can help preserve intellectual property by preventing copying of the program or
changing its functionality without the permission of the copyright holder, and
can also be used to obtain guarantees for the use of licensed software, namely, to
prevent the circumvention of license verification in the software.

Especially now, during the imposition of sanctions against aggressor countries,
the area of software protection against code modification is very relevant, because
many users from these countries use software without an up-to-date license, thus
generating profits and paying taxes to the aggressor country, which go to the military
sphere and are used for military aggressions against peaceful countries. It is necessary
to conduct research in this direction in order to complicate the economic situation in
the countries on which sanctions are imposed.

In general, protecting software from modification of the program code is an
important measure to ensure security, intellectual property protection, and software
integrity.

Protection mechanisms that can effectively protect software running in untrusted
environments should have the following properties:

1. Resilience. The protection has no single points of failure and is hard to disable.

2. Self-defense. Able to detect and take actions against tampering.

3. Configurability. Protection is customizable and can be made as strong as one
needs.

4. White-box security. Because any scheme for protection is likely to become
publicly known over time, its strength should not be based on its secrecy but
rather on the knowledge of a secret key used at protection-install time (but not
stored anywhere within the protected program). [1]

Security systems should perform such functions as:

v" Identification of protected resources.

v' Authentication of protected resources, i.e. establishing their truth based on
comparison with a reference.

v" Define access rights to protected resources.

v" Registration of user login to the system and registration of exit from it.

v" Registering reactions to access rights violations.

v" Processing of registration logs.

v" Control of integrity and operability. Control and delimitation can be performed
on the basis of tables. [2]

Collection and analysis of available information in the field of program
code protection from modification

In order to analyze the information that will help to complicate and make it
impossible to edit software worldwide, and especially in the aggressor country, and to
understand the study of this issue on their side, it is also necessary to collect
information from scientific papers that have been presented in this country.
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Scientific problems in the field of software protection against code modification

are solved with the help of such protection methods as encryption, steganography,
hashing, compression, obfuscation, remote monitoring, regular updates.

1

. Encryption of a program is used to prevent disassembly and modification of the

program code. This method complicates the work of a reverse engineer, but the
written decryptor returns a simplified program code that can be used to modify
the program. [3]

. Steganography disguises the key information needed to decrypt the code as the

executable program code. [3] The advantage of steganography is that the
information does not attract attention. It can be implemented by using various
methods, such as changing bytes of program code, implementing secret
messages in metadata, using unused bytes, etc. [4]

. Hashing calculates check hashes and compares them with the reference hashes

that are embedded in the software. [3]

. Compressing sections of the code being executed, or the entire code, transforms

the output to a different form. The advantages of this method include the fact
that it makes analysis more difficult and reduces the size of the program, but any

compression functions can be identified, especially if they are popular functions
such as UPX or ASPack. [3]

. Remote monitoring involves the program sending information about its work to

a remote server where it can be analyzed.

. Regular software updates can prevent vulnerabilities from being exploited to

modify the code.

. Code obfuscation transforms the program code in such a way that it becomes

difficult to understand or incomprehensible to the reverse engineer. This may
include changing the names of variables, functions, and classes, removing
comments and spaces, rearranging code, and using other techniques to make it
difficult to understand the program structure. Code obfuscation can reduce the
ability of attackers to analyze the program and conduct attacks. This method of
protection is one of the most popular methods. [5] There are the following types
of obfuscation:

e Lexical obfuscation. It involves changing identifiers, keywords, symbolic
constants, and other elements of the programming language to make it
harder for a reverse engineer to understand the code.

e Data obfuscation. Changing data structures, variable declaration sequences,
and transforming data stores.

e Preventive obfuscation. This type of obfuscation is designed to prevent the
successful application of deobfuscators to the code of a software product. It
is aimed at exploiting the shortcomings of deobfuscation tools often used in
software. [6]

e Obfuscation of string literals. The method is based on the peculiarities of the
pseudo-random number generator: with the same initial seed value, the
sequence of numbers is always the same. The result of the method is an
array of numbers that reflects the array and, due to the symmetry of the
algorithm, can be converted back to a string. [7]
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e Obfuscation of logical expressions. Use of logical expressions that have
been simplified or collapsed. [7]
Some of these methods can be used in conjunction to create a more robust

software protection against code modification.

Analyzing the existing analogues, it is possible to give a critical assessment of

each method of protection:

l.

10.

Cryptographic methods of protection in client software are not reliable because
the program must be run from the source code, and for this source code to
appear, a program or module that decrypts the code must go with this program.
If the reverse engineer has this software or module, he has full access to the
program code of the software that is the target of the hack.

Stenographic methods of protection are ineffective, as integrated development
environments can refer to places in the software code where information is
hidden. Also, software steganography can be used by attackers to secretly
transmit malicious code.

The method of comparing checksums has a good basis, but a reverse engineer
can also calculate checksums and replace them in the program code, or remove
the checksum comparison module altogether.

Using separate programs for comparing checksums is also not a reliable
solution, because the individual software must also be protected from
modification of the program code.

Remote monitoring is a good method, but a reverse engineer can intercept
messages from unmodified software to a remote server, modify the program
code, and send fake messages back to the remote server to show that the
software has not been modified.

Regular updates will not give a good result, as the reverse engineer will be able
to make the software automatically modify modules in new versions of the
software being modified.

Obfuscation methods can only make the software code more complex, but it is
possible to see the logical structures in it. So, a reverse engineer only needs one
successful deobfuscation to get the first version of the program. In all
subsequent versions of the software, the reverse engineer can use the code from
the previous version of the program, replacing the same logical structures, and
perform deobfuscation on new, unprocessed parts of the program code.

Lexical obfuscation is not a reliable method of protecting program code because
it can be bypassed by reverse engineering the source code. In addition, lexical
obfuscation can complicate the process of debugging and testing the program
code.

The obfuscation of logical expressions consists in simplifying these expressions,
which contradicts the term obfuscation and the principles of program code
security, and if logical operators are complicated, it can affect the running time
of the program code.

The use of a pseudo-random number generator for obfuscation using seed makes
sense only if the pseudo-random number generator is located in the obfuscation
and deobfuscation program, and not in the program library, because the version
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of the program library can change, and therefore the logic of the pseudo-random

number generator can change. It is known that random number generators in the

Java programming language and the C# programming language differ in their

operation and return different results under the same conditions.

The method of further development should be a set of algorithms built into
protected programs that will protect the software from modification of the program
code at different stages and states of the software operation, namely:

» Protecting software with client-side architecture.

» Protection of software with client-server architecture.

» Protecting the data transmission channel in client-server applications.

The quality of future algorithms can be assessed by using probability theory
formulas, and the written software with these algorithms can be evaluated by metric
analysis of software quality.

Probability theory can be used to compare data that will show the chance with
which a reverse engineer will be able to edit software without protection, with
existing protection methods, and with new protection methods.

Evaluating software quality using the results of metric analysis means that,
based on the quality indicators, the values of the relevant quality metrics and the
value of the complex quality indicator in the future software are calculated.

Metric analysis helps to solve such practical problems as:

1. Predicting the number of errors in software from the beginning of design.

2. Predicting the level of software complexity and its maintenance based on the

analysis of design results.

3. Predicting the level of complexity of testing processes and the number of

undetected errors based on the analysis of the program code.

4. Predicting the final size of the program code based on the analysis of

software architecture design complexity estimates.

5. Determining the impact of certain characteristics of the program code on the
quality of the finished software.

Control of the stages of software implementation.
Analysis of obvious and hidden defects in the finished software.

8. Identification of the best software development methods and technologies

based on their comparison.

9. It helps to identify and fix software problems, improve efficiency, and

reduce the risk of errors. [§]

Summary and conclusions

The analysis of existing methods of solving the problems of protecting programs
from program code modification has shown that each method has a sufficient number
of shortcomings that will negatively affect the success of software protection against
disassembly and modification of program code, and no method can provide complete
protection against such malicious actions.

Since each protection method does not fully protect the program, but only slows
down the reverse engineer's work, we can conclude that disassembling and modifying
the program code makes sense if it is commercially feasible and if there is time to
obtain information, i.e., the main purpose of protection methods is operations that

N
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make it inexpedient, or rather economically unprofitable, for an attacker to act.

It can also be concluded that the vast majority of protection methods use various
types of obfuscation, from which you can always get unobfuscated code using self-
written deobfuscators or existing ones and then edit the software.

The method of further development will be a set of algorithms for protecting
program code at different stages and states of software operation.

The quality of further development should be assessed with the help of:

= Probability theory formulas to compare the chances of a reverse engineer

being able to edit the software.

= Metric analysis of software quality.

As a result of the work done to search and analyze the available information in
the field of protecting program code from modification, we can conclude that this
area is not sufficiently developed and has no results that could completely make the
work of a reverse engineer impossible, and the number of programs being created is
increasing every year. These factors make this area very progressive nowadays, and
further research work is needed in this area.
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Anomayia. Tounicms 8i0meopeHHA 3aKOHY PYXY KapemKu 8i0poKaniopy8anibH020 KOMNIEKCY
8 BENUKIL MIPI 3a1edcums 6i0 MOYHOCMI PO3PAXYHKY MINCKPOKOSUX inmepeanie - cuenanie STEP
opatiieepa Kpoxogozo osucyHa. B cepedosuwi imimayiunoco moodeniosanns MatLab&Simulink
PpOo3pobaeno 00K (PopMY6aHHs CUSHANI8 Kepy8anHs Kpokogsoco odeueyna (KI) ona opeamizayii
Gopmu nanpye HcusienHs CMamopHux 0OMOmoK 8 pexcumi MiKkpokpoky. Haseoeni epagixu nanpye
0ns NIHIHO20 ma cuHycoioanvHozo muny obepmanus pomopa KJI. B pobomi oaemwvcs onuc
CnocoOy po3paxyHKie MIdCKpOKOBUX IHMepeaie O peanizayii pyxy Kapemku 3d CUHYCOIOANbHUM
3aKoHoM. /A 3anpononosano2o cnocody po3paxyHKie po3poodieHa npocpama i Hag0OUMbCs OYIHKA
AKOCMI 8IOMBOPEHHSL 3MO0ENbOBAHO20 PYX).

Knrowuosi cnosa: kpoxosuti 0suzym, midxckpokosuii inmepesan, cuenanr STEP

Beryn

Bubip kpokoBoro JABUTyHa Yy SIKOCTI €JIEKTPOMArHiTHOTO  MPUBOAY
BIOpOKaiOpyBaIbHOI YCTAHOBKH BU3HAUYMJIUCH HOro 6€3CyMHIBHUMU IiepeBaramu, a
came: BHUCOKa MUTOMA MOTYKHICTh, BUCOKE BIITHOIIIEHHS MOMEHTY JI0 1HEpIIii poTopa,
BIJICYyTHICTb OOMOTOK pOTOpA, BIJCYTHICTh 30BHIIIHBOTO 30ymkeHHs poTopa. Kpim
toro ocoOnuBicTio KJI € Te, mo Ha BiAMIHY BiJ IHIIMX THUIIB JABUTYHIB,
Mo3ulIoHyBaHHA poTopa K/ HiJTKOM BU3HAYAETHCS YUCIOM KpPOKIB, siKi 371HcHI0e K]
Ta BEJIMYMHOIO KpOKYy. Xoua i HaaiiHoi pobotu KJI B yMoBax 3MiHHOTO
HABaHTAXCHHA Ta  I[IUPOKOTO  INBHUIKICHOTO  Jiala3oHy  PEKOMEHIyEThCS
3aCTOCOBYBaTH 3BOPOTHUM 3B's30K. JJis OULIBII TOYHOrO TO3UI[IOHYBAaHHS Ta
IJIaBHOTO nepemilieHHst poropa K] BUKOpUCTOBYIOTh MIKPOKPOKOBUN PEKUM, KU
nependadae mepeMilieHHs] pOTOpa Ha KyT KpaTHHM MOALTY OCHOBHOTO Kpoky KJI Ha
uncio 2N, ne N — mine uucno. Ils mipa kBanTyBanHs Moxe csaratu 1024, Cawme
MIKDOKPOKOBHUI ~ pEXHUM pOOOTH  BBAXKAETbCA  HAMKpAIUM  JUIsI  TOYHOTO
MO3UIIIOHYBaHHSI poTopa. J[Jas  CTBOpPEHHsS EJNEKTPOMAarHiTHOTO MOMEHTY, SIKHi
B3a€EMOJII€ 3 MArHITHUMH TMOJSIMH TIOCTIMHMX MarHiTiB poTtopa TibpumaHoro K],
OOMOTKH CTaTopa 3aXKHUBIIIOIOTh CUHYCOMOJIOHUMH HAIllpyraMH U, Ta Up, 3CYHYTHUMHU
no asi Ha KyT 7T/ 2.

OcHoBHa YacTHHA
PiBHSIHHS, IO OMHUCYIOTH POOOTY KPOKOBOTO IBUTYHA HaBeJeH] HIKYe [1]:
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CTBOPIOBAHUM MPHU 3aKUBJIEHHI CTATOPHUX OOMOTOK; R — OMip CTaTOPHUX OOMOTOK,
Ohm; L - iHAYKTUBHICTL OOMOTOK, H; i, , i, — cTpyM B 0OMOTKax, A; p — 4UCIIO Tap
MoJtociB poTopa; {2 (Omega) — yactoTa oOepTaHHs poTopa, rad/s; © - KyT mOBOPOTY
potopa, rad; ky, - mocTiiiHa oOeprairodoro MoMeHTy ABuUTyHa, NM/A; Tgm —
(GIKCYIOUMii MOMEHT — MOMEHT, SKMM BHHUKAE MIK POTOPOM Ta CTaTOPOM 3a
BIJICYTHOCTI CTpyMy B 0OMOTKax; B — KOe(IlI€HT 3aralbHOTr0 TePTsl, IPOMOPIIIHOTO
IIBUIKOCTI 0OepTaHHSI.
Benuunna km moxe OyTu po3paxoBaHa 3a HACTYITHUM BHPA30OM:
b = 222 @)
max
1€ Mpold —yTPUMYIOUHH MOMEHT; imax — MAKCUMATBLHUHN (ha3HUI CTPYM.
Heniniinicts piBHSAHB (1) yCKIaaHIOE iX PO3B’S30K, TOMY BIAIOTHCS 10 METO/IB
MOHWXEHHS OPAIKY AudepeHITiFoBaHHS, BUKOPUCTOBYIOUH orepaTop Jlamaca.
OmnepatopHa popma 3anucy piBHSIHHSI 0OEPTAIBLHOTO PyXy MaTUME HACTYITHHIMA
BUTJISI;
J'p-2=Mg, —B-2-T— Ty, 3)

d
Jie p = — — omeparop Jlannaca.

i piBHSHHS HE BPAaxOBYIOTh MarHiTHE HAaCUYEHHS CTATOPHUX OCEP/b a TAKOK
ITHOPYETbCSI HASBHICTh MDKIIOJIOCHOTO TOTOKOIICTUICHH. JIJIs  MoJeNIfoBaHHS
AMHAMIYHUX CUCTEM y POOOTI BUKOPUCTOBYETHCSA MAKET IMITAllIHHOTO MOJIEIIOBAHHS
Simulink, skuif BXOAUTH [0 MOTY>KHOTO TMAKETy YHCIOBOIO KOMII IOTEPHOTO
mozaemtoBanHs MATLAB.
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Pucynoxk 1. Simulink moxens KJI y cucremi a-b
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Ha pucynky 1 naBenena imitamiitna moaens KJ[ y cucremi Bimtiky a-b , 110
peanizye cucremy piBHsHb (1). brmox ¢dopmyBanns curnany kepyBanus (BDCK),
OJIOK cxeMa SIKOro 300pa)keHa Ha PUCYHKY 2, (OpMy€E JIBa CHHYCOMNOJIIOHI CHUTHAIU
S1 Ta S2 , 3cyHyTi mo ¢a3i Ha KyT /2 1 HEOOXiHI A1 MIKPOKPOKOBOTO PEXKUMY
pobotu KJI. Bnok “constant” (N) BcTaHOBIIIO€ HEOOX1AHUI PIBEHb KBAHTYBaHHS.

Cucrema BiJUTIKy a-b mepenbadae MpHUB’sI3Ky KOOPAMHATHOI CHCTEMHU BIIUIIKY
KYTIB ITOJIO’KEHHS POTOPa BITHOCHO CTATOPa JI0 OC1 OJIHI€ET 31 CTATOPHUX OOMOTOK.

VY saxocTi mpukiamy s MmonentoBaHHs BukopuctoByBaBcs 'K/ ¢opmary
NEMAZ23, 1110 Mae HacTyIHI MapameTpH:

Benuuunna Kpoky, rpaja 1.8 | InmyktuBHICTH OOMOTOK, H 1.4x1073
Hominaneuuii ctpym, A 2.8 | Omip o6moTok, Ohm 0.7
MowmenT yrpumanss, N-m 0.55 | Imepuis poropa, kg m? 15x10°
Koed. B’s3koro teptsi, N-m's | 0.0002 | dikcyrounit MomeHT, N-m 0.0013

« »| sin »| acos

1 ox
m L o —p round e f .ﬁ cos :
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cos acos «
2 round X
@ P ’ ’b Lyl cos
S2
N1

Pucynok 2. Simulink moaear BOCK

PesynbraTty MosemoBaHHS 3a BKa3aHUMU BennanHamu napametpiB KJI HaBeneni
Ha puCyHKY 3. Y sKocTi JpKepena miHiHOI 3minu (asu (Bxixm In) y mopem
BUKOPHCTOBYETHCSI OJIOK “‘oropHuii curHai jiH”. ®a3oBa mBUAKICTE @ (t) 33Ta€THCS

napaMeTpoM Iporo 0s0ky i ckiamae 100 pan/c. Lle Bianosigae w(t)/2m KoIMBaHb

¢da3HuX HampyT 3a CeKyHIy. BpaxoByrouu Te, 110 OJHOMY HEPIOAY LBOTO CHUTHATY
BIJINOBia€ 00EpTaHHsS pOTOpa HAa KyT PIBHUI YOTHPHOM KpOKaMm, MO>KHA BHBECTU
dbopMyiny 3B’s13Ky MBUAKOCTI oOepranHs poropa K] (f2) 3 KyTOBOIO 4YacTOTOIO

CUTHAJY yIpaBIiHHS (O):
_ 4dwST  wS
"~ 2.w180 90 )
ne S — BenuuuHa Kpoky B rpajx (1,8°). ns Hamoro Bunaaxy (2 CTaHOBHUTH 2 pajy/c,
()

10 BIATOBITAa€ MPUAHATOMY T MateMatndHoi mojaeni K/ cmiBBimHOMmEeHHIO: 2 = —
D

, 1€ p — YUCIIO TIap CTaTOpHUX MojrociB (st Haroro K/ p=50).

Ha pucynky 3 mnpenctaBieHi pe3yiabTatu MojenoBaHHs pobotu K[ mpu
¢dikcoBaH1i MBUAKOCTI o0epTaHHs poTopa 2=2 pan/c. Ilpu 306iabmIeHH] ($a30BOi
YacTOTH CHUTHAJIB YIOpPaBIIHHA BHHHUKAe curyaumis koiau portop KJI He Mmoxe
po3noyatu obOepraHHs. lle sBuIllle BUKIMKAHO 3MEHILEHHSM EJIEKTPOMArHiTHOTO
MOMEHTY, SIKHI BXKE€ HE CIIPOMOXKHHM MEPECHINTH TalbMiBHI MOMEHTH, IO JII0Th Ha
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potop. [IpruunHOIO 3MEHIIEHHS! BETUYMHU IbOTO MOMEHTY € 3MEHILIEHHSM CTPYyMY B
CTaTOPHUX OOMOTKax 4depe3 IHEPIIMHICTh MOCHIOBHO 3 €IHAHUX OIOpY Ta
1HIYKTUBHOCTI OOMOTOK [2].

KyTOBE WAKAKICTS, pag/c

e

5 ==

A ot 02 0j3 oj4 05 o o7 o8 o9

Pucynoxk 3. /liarpamu KyTOBOI IIBHAKOCTI, MepeMilieHHs (KyT) Ta OJJHOTO 3
(¢a3oBux curuaJis (3a pucyHkom 1)

PeaktuBHMIA OMip 1HAYKTUBHOCTI MPONOPIIIHUI YaCTOTI 1 MOYMHAIOYHU 3 JESKO1
il BEMMYMHU CTa€ BU3HAYAIHLHOIO CYMapHOTO OIOpY ctatopHOoi oomotku. [locTiiina
9acy 3pOCTa€ 1 CTpyM OOMOTKHM HE BCTHTA€ JIOCATTH HOMIHAJILHUX 3HAYEHbB, 4 OTXKE 1
HEOOXITHOTO KpyTHOro MOMEHTY [3]. OgHuM 13 METOAIB 30UIBIIIEHHS «CTapTOBOI»
YacTOTH € 3O0UIbIICHHS HAmpyru, a OTXKE 1 CTpyMy >KHMBJIEHHS OOMOTOK. Jlms
notyxkuux K] nmanpyra sxusnennsi npaiiepa KJ[ moxe csratu coTHi BosibT. Poib
npaiiBepa moJjiarae B 3akuBiIeHHI 0OMOTOK KJ[ cTpyMOM HE0OXiHOI BETUYUHU IS
CTBOPEHHSI MaKCHUMaJbHOI'O KPYTHOTO MOMEHTY. ['0JIOBHOIO yMOBOIO CTaO1IbHOT
pobotu K] € HemepeBeplIEHHS MaKCUMaJbHOTO 3HAYEHHS CEPEHbOI0 CTPYMY,
BU3HA4YeHOro BUpoOoHuKoM KJI.

B 3aransHomy Bunaaxky po6oty bBOCK MokHa onucat HaCTyITHUM PIBHSHHSM:

Angle(t) = () - q - round(2 - o(t)/z - ), (5)
ne q —kxBanTyBaHHa 1 piBami 1/N (N=2% k — marypansne uncno), o(t) — dasa.

Ha pucysky 4(a) maBemeHo rpadiku po3paxyHKIB 3a HABEJICHOIO BUIIE
bopmynoro mis gBox ©(t) Burimany o(t) = K = t. I'padik Angle 2 Bignoimae o(t),

akuii Mae koedimienT K BABiUI OUTHIIMIN 3a BIAMOBITHUN KoedilieHT mis Angle 1.
PospaxoBani BenmmunHu cos(Angle (t)) mns TUCKpPETH30BAaHUX 3HAYCHb apTyMEHTY

HaBeleHI Ha pUCYHKY 4(0). 3 ocTaHHIX TpadikiB clijye MpsMa ITPOMOPIIHHICTh
YaCTOTH CHHYCOIOJIOHUX BUXIJHUX CHUTHAJIB IIBHUIKOCTI 3MIiHU aprymeHTy (das3u
o(t),). V Bumaaky iHIIOro 3aKoHy 3MiHM @(t), YacTOTa BHXIAHMX CHUTHAIIIB TaKOX

OyJie 3MIHIOBAaTHCS BiJIIIOBIIHO JI0 3aKOHY O(t).
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Pucynoxk 4. I'padiku guckperusaiii JiHiHHO-3MiHHOI0 BXi/ITHOT0 CUTHAJIY Ta
BIAMOBIATHOT0 BUXIJITHOT0 CUTHAJIY

s 3abe3neueHHs] KOJMMBAJIBHOTO pPyXY, SIK OCHOBHOIO THUIy MEXaHIYHOTO
MEepeMIIICHHsT KapeTKu  BIOpOKaNiOpyBaJIbHOI  YCTaHOBKH [4], BUMAaraerbcs
dbopMyBaHHS BiANOBIAHOTO cUTrHay yrpasmiHHg. Y poii BOCK nns uporo BUnaaky
MOKHa BHUKOPHCTATH OJIOK BXKe 3rajaHuil Buile. AJie y SKOCTI OMOPHOTO CUTHAY
BUKOPUCTOBYEMO OJoK “Sine wave” — TeHepatop CHHYCOiJaIbHOTO CHUTHAIY
(omopawmit curnan COS).

Hesxi nosicueHHs 110,10 podotu bBAOCK HaBeneHi HuxKYeE.

Bxing N1- yucno, sike BU3HA4a€e CTYINIHb KBAHTYBaHHS MIKpOKpoky (q=1/N1),
Bxoau In Ta Rate exBiBajieHTHI 1 3a/1a0Th OaXKaHW 3aKOH 3MIHM a3y KOJUBAHHS ¢,
S1, S2 — BuUXigHI CHHYCOMOJIOHI CHUTHANU ISl 3a)KUBJICHHS CTATOPHUX OOMOTOK.
Hwuxde HaBeneHo rpadik mUxX CUTHAIIB JUIs JIIHIMHOT Ta CHHYCOTAaIbHOT 3MiHU (a3u.
dikcoBaHMIl piBeHb CUTHAJTy Ha BXOJaX OJIOKYy HE BUKIMKA€ 3MIHYy CHTHAJIB Ha
Buxonax, T00to B®CK pearye nuiie Ha 3MiHYy BXiIHUX curHamiB. [[is BXigHOTO
CUTHaJy 3MIHHOI BEJIMYMHU YacTOTa BHUXIJHOTO CHUTHaTy TEX 3MIHIOETHCS.
Hampuknan, ms In(t) = A,,sin (2t) MoXHa po3paxyBaTH iHTerpaibHy (a3y 3a

1HTepBaJI PIBHUH Y4 nepioy KoiauBaHb To=2m/().
bs = 101/41'0 In(t) dt = fol’M'T"Amﬂcos (2t)dt = —A,,sin (.Qt}|(1}’!4T°=Am

Tobto iHTerpasibHa (aza (B pajiaHax) piBHA aMIUIITYyAl BXIJHOTO CHUTHAIY.
3HauUM BEJIMYMHY ¢ps MOKHA pPO3paxyBaTH YHCIO CHHYCOiJAIbHHUX KOJIMBAaHb
BUXITHUX curHaIiB 050Ky - Nk= ¢p/360. BpaxoBytouu Te, M0 OJHE KOJUBAHHS
BUXITHOTO CUTHAITy Bifmnosinae 4-m kpokam KJI i 3Har0uM BEITWYHHY OJHOTO KPOKY S
MOKEMO HaBecTH (HOpMyIy ISl aMIUTITyJHOTO KyTOBOTO BiTXHJICHHS KOJIMBAaHHS
poropa KI: ¢,, =4+ A, *S/360=A4,,, »5/90, TOOTO MaeMo TaKe xK

CIIIBBIJHOIIEHHS, SIK 1 JUISI IIBUIKOCTEIA.

I'padikn Buxiguux curHamiB BOCK mgns minidiHoi 3Minu ¢a3u (In) Ta 3a
cunycoM (Ar=50) nyist N=4 HaBejieH1 BiJIMOBIIHO Ha pUCYHKax 5 Ta 6.

Ilepion konMBaHb KapeTKW BIJINOBIAAE TEpioAy BXiAHOro curHaiay In, a
aMIUTITyJla KOJIUBaHb, SKa € CYMOI KPOKIB MEpPEMIIIeHHsS KapeTKu Bij MOYaTKy
KOJIMBaHb /10 MOMEHTY PIBHOTO Y4 mepiojay, MPOMOpIIiHA aMIUNITYyAl BX1JHOTO
curtainy In. Ha nactynHomy rpadiky (PucyHok 7) MokHa OauuTH BILTUB 301JIbILIEHHS
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aMILUTITY4 KOJuBaHHS In Ha BUTIISA BUXiAHUX curHamiB S1 ta S2.
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Pucynok 5. I'padiku BUXiTHNX CUTHAJIB U1 JiHiIiiHO-3MiHHOTO In.
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Pucynok 7. I'padixu Buxignux curnajis ajas In=5.2- Asin(t)

AHaJi3 aHaJITUYHOTO BHPa3y BXIIHOTO CHUTHATY 1 rpadiuHUX 3aJIeKHOCTEH s
BUXIJIHUX CHUTHAJIB TIOKa3ye, M0 TMpH TaKOMy BHUOOPI CHUTHAIIy YIpaBJIiHHS
www.moderntechno.de
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(A,,sin (£2t)) nouaTok obepranusa poropa KJ[ BianoBigae MakcuMalbHii MIBUAKOCTI,
III0 YMCEIBbHO piBHE A,,f2 - cos(2t)/50 = A,,2/50. Tomy palioHaAILHOMY BHOODPY

CUTHAJIy YIIPaBJIIHHS BIIIOBIA€ PIBHICTh MOYATKOBOI IIBUIKOCTI 0OepTaHHS POTOpa
MIHIMaJbHOMY 3HAQUYEHHIO. 3a IMX OOCTaBUH BHOMPAEMO BXIJHUW CHUTHA:
In(t) = A,,cos (£2t). B noyaTkoBUii MOMEHT KOJINBaHb — KpailHE NEPILIE MMOJTOKEHHS

KapeTKu 1 B JIPyroMy KpailHbOMY (uUepe3 IMiBIepioay) MIBUAKICTH Ma€ HYJIbOBE
3HadyeHHA. [l 0coONMBICTH XapakTepy KOJIMBaHb Ja€ MOXJIMBICTh 3MIHIOBATH
HAMPSIMOK PYXY KapeTK! Ha MPOTUJICKHUN B MOMEHT JOCSTHEHHS KPailHIX MOJI0KEHb
0e3 3HAYHUX MEXAHIYHUX HABAHTAXKEHb.

MakcumanbHa MWBUAKICTh oOepTaHHs potopa KJ[ obOmexye MakcumaabHe
KyTOBY aMILTITYly KOJIUBaHHSA, a TAaKOX JiHIITHe nepeMilleHHs kKapeTku. Hanpukiian,
st BuOpaHoro st MojentoBanHs KJ[ HukdYe HaBeneHO MaKCHUMalbHI KyTOBI
BIIXWJICHHSI, IIIBUAKOCTI Ta MPUCKOPEHHS IS PI3HUX YaCTOT KOJMBAHHS.

Yacrota Makc. amru. Makc. mBHIK., IIpuckopenns,
KoJIMBaHHS, I'11 BIJIXWUJICHHS, Pl paj/cex pan’/cek
0,1 4500 2862 1735
1 450 2862 3943
10 22 1382 86764

Bennunny MakcMManbsHOTO IPUCKOPEHHSI MOYKHA PO3paxyBaTH 3a (HOpMyJIOHo:
0 =A,,0%/50.

OOMexeHHS MaKCUMaJIbHOT MIBUIKOCTI oOepTanHs st yactotu 10 ' moxHa
MOSICHUTH JIOCATHEHHSIM TPUCKOPEHHSI KPUTUYHOT BEJIMYWHU, SIKa CIPUYUHIOE 3PUB
KOJMBaHb. J[7s1 OLIHKM TOYHOCTI BIATBOPEHHS 3aKOHY KOJMBaHb IMOPIBHIOBAIHCS
KpHUBa OIOPHOTO CHUTHaNy (3aJaT4MK) Ta BUXIAHUH CHUTHAJI - KpHUBa KyTOBOTO
BiAXWIEeHH O(¢). Huxde HaBeICeHO JaH1 MOPIBHAHHS JIJIS JIEIKUX YacTOT KOJIUBAHb.

Yacrora Awmn. konuBaHHs, | Makc. BIIXUIECHHS, Binnocue
KoJmBaHHS, 1’11 pan pan BIIXHJICHHSA, %0
0,1 4000 0,034 0,00085
1 400 0,027 0,00675
10 20 0,011 0,055
Cnig mam'sTaTd  Tpo  3alSKHICTh  MaKCUMaJbHUX  IIBUIAKOCTEH  Bij

HaBaHTakeHHS Ha KJ[, sxke Moke AWMHAMIYHO 3MIHIOBAaTUCA. Y BHUIAAKY
NEPEBULLIEHHS HaBaHTaxeHHs Ha K]l Bullle NMEBHOI BEIMYMHU, MOXJIMBE MOPYIICHHS
B poboti K], sike Moxke CympoBOJKYBAaTHCS IPOMYCKOM KpOKIB Ta BTPaTOIO
CHUHXPOHI3alIii.

B cyuacnHux cucrtemax kepyBaHHs K]l mMpoko BUKOPHUCTOBYIOTHCS JpailBepu
KJ, sxi ¢GopMyloTh CTPYMH BIJIIOBIJHUX BEJIWYUH B CTATOPHUX OOMOTKax
CUHXPOHHO 3 Aiero immynbciB STEP, ski cnpuunHiooTs o0epranHs potopa K]l Ha
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OoJIMH KpokK (MiKpokpok). JHomatkoBuii curnan ympasiinHs DIR npaiiBepa Bu3Hauae
HampsIMOK  oOepTaHHst poropa. [ns BuOOpY peXuMy MIKPOKPOKY CIYTYIOTb
BIIMOBIIHI mepeMukadi abo iHTepdeiic mus mporpaMHOTO KepyBaHHsS. Pobota
IpaliBepa BUMara€ BHUKOPHCTaHHS MacCHUBY JAaHMX MIKKPOKOBHUX I1HTEpBaJiB, SKi
BHU3HAUAIOTh XapakTep 3MIHM KyTa OOepTaHHS poTopa 3 YacoM. MOXIIMBICTH
MPEJICTAaBICHHS. CHHYCOIIM KYCKOBO-JIIHIMHOIO (yHKII€0 1 ¢ikcauii BeJIUYUHH
MDKKPOKOBHX IHTEpBajJiB Ha IbOMY JIHIHHOMY BIApI3Ky posrisganaca B [5].
AJBTEepHATUBHUM JI0 I[LOTO PIllICHHS € BUKOPUCTAHHS y3araJbHEHOTO BULY PiBHSIHHS
(5), sixe BuzHavae poboty 3ragaHoro Buie bOCK, 3 BU3HAUCHOW [Jisi BUPIIICHHS
HaIoi 3aaa4i pyunkmiero o(t) = A,,cos (£2t). 3 puc. 4 BUIHO, 1110 MOMEHT MOYaTKY

MIKpDOKPOKY CHiBIaJa€e 3 (POHTOM CTYIIHYAcCTOi 3MIHM po3paxoBaHoi (a3u
cratopHux Hanpyr Angle(t). Jns oTpumaHHS 4YacOBUX 3HAUYEHb MIKKPOKOBHUX
1HTEpBaJIiB OYJI0 PO3POOIIECHO aITOPUTM 1 IPOTPAMHUMN KOI.

VY sKocCTi BXIAHMX MapaMeTpiB JUIsl po3paxyHKiB Oynu BuzHaueHi: T — mepion
KOJIUBaHb, Qn — aMIUTITYy/1a KOJIMBaHb B Kpokax, N — 3HaueHHsI MiKpOoKpoky (1, 2, 4 ..)
1 TOYHICTh (JAMCKPETHICTh IO 4Yacy) po3paxyHKiB. BpaxoByrwouw MnepiouyHICTh
KOCHUHYCOI/IM PO3paxyHKH MPOBOASTHCS s 1/4 nepiofgy KOJUBaHb.

JlaH1 po3paxyHKy MDKKpOKOBHUX iHTepBamiB mia T=I1cek, Qn,=100, N=4 Ta k
=0.00001 Oynu BUKOpPHCTaH1 sl OLIHKK TOAIOHOCTI 3MOJIETLOBAHOI 3aJI€KHOCTI
A, cos,, (2t) Ta aHaNITUYHOTO BUpA3y A,, cos(f2t) s TUX CaMHX MOMEHTIB

gacy. Koedimient xopemsmii Ilipcona cranoBuB R=0.962, a BimHOCHa eBKJioBa
Bincranb L,=0.149. BinmHocHa eBKIIiIOBA BiJICTaHb PO3paxoByBajacs 3a (HhopMyJIoro:

Jz;‘im —v)?
L, = o

BucHoBxku

B cepenoBumii imitamiitHoro mojemoBanHs MatLab&Simulink po3po6ieno
0ok (opMyBaHHS curHaimiB KepyBaHHsa KJ]I, sxuii mo3Bossie jerko copmyBaTh
dopmu craropuux Hampyr K]l 3a 3amanumu mapamerpamu pyxy. Ha mpukmiani
koHkpeTHOTro K/I 3M0/1e1p0BaH1 Tpadiki CUTHAJIIB CTATOPHUX HAMpPYT IS JIIHIMHOTO
Ta CUHYCOIiIaJIbHOTO TUIIIB 00epTaHHs POTOpa.

3anponoHOBaHO CMOCIO po3paxyHKy MIKKPOKOBUX 1HTEpBaJiB sl GOpMyBaHHS
curHaiiB STEP nmpaiiepis KJI. Otpumani po3paxyHKOBI OINIHKH TMOJIOHOCTI
3MO/IEITLOBAHOTO 3aKOHY PYyXY Ta OTIOPHOTO TOKA3YIOTh BUCOKY CXOXICTb.

Hactrymaum  kpokom  gocmimkenb pobotm KJI y  sgxocti  mpuBOIy
B1OpOKaiOpyBajIbHOI yCTAHOBKM OyJ1€ AOCIIIHA OLIIHKA 3aIIPOIIOHOBAHOTO CIIOCO0Y.
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Abstract The accuracy of reproducing the law of the carriage movement of the
vibrocalibration complex depends to a large extent on the accuracy of the calculation of step
intervals - STEP signals of the stepper motor driver. In the MatLab&Simulink simulation
environment, a stepper motor control signal generation unit was developed to organize the shape of
the power supply voltages of the stator windings in the microstep mode. The voltage graphs for the
linear and sinusoidal type of rotation of the SM rotor are given. The paper describes the method of
calculating step intervals for the implementation of carriage movement according to the sinusoidal
law. A program has been developed for the proposed method of calculations and an assessment of
the quality of reproduction of the simulated motion is provided.

Key words: stepper motor, step interval, STEP signal
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Abstract. The architecture of a cross-platform software for solving large-scale Traveling
Salesman Problem (TSP) is presented. According to this architecture, the software consists of a
central control module and additional modules - input data, input data processing, input/output
data visualizers, and algorithm library. The developed software can be used to solve large-scale
TSP (more than 100,000 points) while ensuring that the length of the solution is within 0.5% above
the optimum and the solution is generated in an acceptable amount of time. The algorithms
integrated into the software have computational complexity close to linear-logarithmic, which
makes it possible to reduce the runtime of the solutions.

Key words: Traveling salesman problem, decomposition, large-scale, software, architecture,
combinatorial optimization, algorithm

Introduction

Traveling Salesman Problem (TSP) [1, 2] has a wide range of applications in
areas such as transportation systems, automated design, integrated circuits testing and
manufacturing, printed circuit boards, laser cutting of plastics and metals, protein
structure study, continuous line drawing technology, embroidery, welding, X-ray
crystallography, etc. An important feature of these TSPs is their large-scale, which,
for many of them, is more than several million points. TSP refers to NP-hard
problems because TSP has factorial computational complexity. This makes it difficult
to obtain exact solutions in a reasonable amount of time for large-scale TSPs.

Existing software for solving TSP [3, 4] is based on algorithms that have a
quadratic and higher computational complexity and cannot be used for large-scale
problems. Helsgaun developed the most effective heuristic algorithm, LKH, for
solving the TSP [5 - 7]. As the experiments show, LKH provides a solution which is
within 0.1-0.2% length above the optimal one and the solution is generated in an
acceptable amount of time. The computational complexity of the LKH algorithm is
O(N??), where N is the total number of points in the TSP.

Several decomposition algorithms for solving large-scale TSPs were developed:
a macro modeling method for clustered TSP [8], a partial solution expanding method
for arbitrary distribution of points [9], initial solution optimization methods —
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sequential optimization [10], geometric areas optimization, and triangulation-based
optimization [11]. The developed methods can be used for large-scale TSPs, as
proved by the experiments [12]. These developed algorithms have a computational
complexity close to linear-logarithmic. According to these developed methods, the
process of solving a TSP consists of the following stages:

+ forming a set of clusters or subsets of points, depending on the distribution

of the points;

* finding an initial solution;

 optimization of the initial solution.

It is appropriate to develop an applied software system for solving large-scale
TSP based on these methods. In order to have efficient calculations, special data
structures and algorithms have been developed in this research.

Problem formulation

TSP is formulated as follows: given a set of points P, described by the
coordinates:

P={p., ps, ..., pn}, where p;= (x;, y;) fori € {1,2, ..., N};

and the metric dist: P x P — R on set P:

_ 2 _ 2
diste (pi, pj) = \/(x" ) A0y fori,j €{l, 2, ..., N} (Euclidean metric) (1)
disto (o, p) =5 " 1T gori e (1,2, .. Ny (orthogonal metric)  (2)

the problem is to minimize the length of the closed route M, which visits all the
points of P:
len M — minimum, 3)

where M = <m;, my, ..., my>, where m; € P and [M | = N, and
len M = dist(m;, m;+;) + dist(my, m;) is the route length function. (4)

The problem is considered symmetric TSP if dist(p;, p;) = dist(p;, pi), otherwise
it is asymmetric TSP. Under the condition of returning to the initial point, the
problem is called closed TSP, otherwise it is unclosed TSP.

Related works

Experimental investigation of the efficiency of the existing TSP solving methods
was carried out. The "Concorde" [3] software and LKH [4] heuristic were chosen for
the experiments. According to the experimental results, the exact method
implemented in “Concorde” software provides a relatively quick optimal solution for
the TSPs with no more than 1,000 points. As the experiments show, LKH heuristic
does not guarantee optimality (but the solution quality is near-optimal). LKH
provided optimal solutions for all TSPs except for those with 1,000 points. For a TSP
with 1,000 points, the solution quality of the LKH method is 0.043% above the
optimal, which is near-optimal. Fig. 1 illustrates: (a) the characteristics of some
existing heuristic methods for solving the TSP, (b) their deviations from the optimal
solution, and (c) their computational complexity.

ISSN 2567-5273 107 www.moderntechno.de

Y



Modern engineering and innovative technologies Issue 26 / Part 1

14% | ¢ Greedy methods

12% |

10%

8% —

2-opt

6% —

& 3-opt
4% —

Deviation from the optimal
solution

Lin-Kernighan

2% ]

Lin-Kernighan-Helsgaun

| I |
O(N) O(N°) O(N’)
Computational complexity

Figure 1 — Runtime characteristics of some heuristic methods for solving TSP
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Proposed software architecture for solving large-scale TSP

The software architecture of the system for optimizing large-scale TSPs is
presented. The system is named "VRP Modeler" and consists of a central control
module and additional modules. The control module is responsible for basic functions
for manipulating abstract documents, method libraries, visualization modules, and
input data generators. Additional modules contain methods, visualizers, and data
handlers.

The main components of the software are:

* central control module;

* modules for visual viewing input data, output data, and intermediate results;

« input data generators module;

* input data processing module;

» method libraries for solving the problem.

Fig. 2 shows the structure of VRP Modeler and the links between its
components. The Input Data module accepts the input data. The input can be either in
TSPLIB format (TSPLIB is the library that contains known TSP instances with points
ranging from 14 to 85,900) or generated automatically by an algorithm according to
given settings such as the number of points, clustered or uniform distribution of
points, etc. This input is supplied to the Input Data Processing module where the
input is converted to an internal format. E.g., in the internal format, the data (i.e., set
of points) can be presented as a one-dimensional array of elements, and the route can
be presented as a two-level bidirectional linked list.

The input in the internal format is supplied to the Control module that works as
a hub between various other modules of the system. Further, the data is submitted to
the Input Data Visualization module where it is displayed in the application window.
The Input Data Visualization module is a set of C++ classes for configuring and
displaying the data of the given TSP. E.g., each point can be visualized as a circle,
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rectangle, rhombus, etc., and a scale for increasing or decreasing the accuracy of
calculations, rotating the problem area, and mirroring the area.

Inout Dat N Input Data Input Data
ApHt LAt 7 Processing Visualization
l &
Control
L 4 _ v

Intermediate Data

/\' Visualization

‘ Developed

Algorithms Library ‘ Output and

Existing Algorithms )
sUUE Algorithms

Figure 2 — Schematic diagram of VRP Modeler

To run a specific algorithm for solving the TSP, the Algorithms Library module
is used. This library consists of some existing and developed algorithms. Each
algorithm has its own settings like the initial route, basic algorithm, number of
iterations, scanning area size, overlapping area size, etc. After the execution of an
algorithm, the resultant data is returned to the Control module. The system is
developed in such a way that new algorithms can be easily added to the system (i.e.,
add to either the Existing Algorithms module or the Developed Algorithms module).

After the execution of an algorithm, the resultant data is transferred to the
Output and Intermediate Data Visualization module, via the Control module. The
Output and Intermediate Data Visualization module is an extension of the Input Data
Visualization module and uses specific parameters according to the problem-solving
algorithm. E.g., for a method based on macromodeling, it "knows" and draws
elements such as clusters of points, macroroute, elementary optimization area, etc.
Fig. 3 shows further details about the Algorithms Library module of Fig. 2.

Data structures to represent a route is important, especially for the program
implementation of large-scale TSPs. Most often, the use of certain data structures
affects the execution time. The use of k-opt leads to the reversal (i.e., reverse passage
of points) in a particular section of the route. The time required for this operation is
within the range from O(logx(N)) to O(N). The reverse operation will take an O(N)
time using regular array, which is unacceptable for large-scale TSPs. It is necessary
to use another data structure such as two-level tree or two-level double-linked list. In

this case, the reverse operation will take O(\/ﬁ ) time. This is the best data structure
for TSPs with 1,000 to 1,000,000 points. The splay-tree data structure is best for
large-scale TSPs; in the worst case, it will take O(logx(N)) reverse time (but its
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implementation is more complicated). The best choice is to use arrays for small TSPs,
two-level double-linked lists for TSPs with 1,000 to 1,000,000 points, and splay-trees
for very large-scale TSPs (i.e., beyond 1,000,000 points).

Algorithms library

k4

Developed algorithms
—  (decomposition methods for
large-scale TSP)

Existing algorithms

|
v o v

J-opt

Macromodeling-based

N
=-opt methods for clustered TSP

MNearest neighbor

Partial solution expanding
method

Sequential optimization

method

Geometric areas optimization
method

Trangulation-based
optunization method

Figure 3 - Further details about Algorithms Library module

VRP Modeler includes functionally independent components (classes), each of
them is designed to perform certain operations. To provide flexibility in expanding its
functionality, the software consists of a main executable module VRPModeler and a
set of additional dynamic modules. SQLite's database configuration file contains a list
of all modules available in the current software version. Every additional module of
VRP Modeler contains:

* description of the problems to be solved;
* input data processing module;

* problem solving methods module;

« input/output data visualization module.

ISSN 2567-5273 110 www.moderntechno.de



Modern engineering and innovative technologies Issue 26 / Pari

Every project in VRP Modeler is a set of independent tests. In turn, every test is
represented by a set of input data, input and output data visualizer type, and also an
algorithm for solving a specific TSP.

The result can be saved as a graphic or text file (TSPLIB route). Saved route in
TSPLIB format (.tour file) can be loaded for further optimization. After opening the
project, the user can view pre-generated input data, as well as the result from the
investigated method. Users can also generate new input data to the existing test,
change its number, load input data into an existing test from file, or create new test in
the current project with other components (for example, another algorithm, visualizer
type, etc.).

Conclusions

The details of a software architecture for solving large scale TSP (more than
100,000 points) is presented. Using this software, (a) specialized decomposition
methods for obtaining initial solutions as well as their optimization and (b) known
heuristic methods (2-opt, 3-opt, etc.) for solving TSP can be implemented. The
developed software can be used to solve large scale TSP while ensuring the solution
quality within 0.5% above the optimum, and the solution can be generated in an
acceptable amount of time.
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