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Y HayKOBOMY BiCHUKY MpPEJCTaBJIEH] CTATTi, MPUCBAYEH] MpoOIeMaM MPOEKTYBAHHS, EKCILTyaTallil Ta PEMOHTY
CLIIBCHKOTOCIIOAAPCHKOI TEXHIKH 1 TPAHCIIOPTHUX 3aC001B, TEXHOJIOTI BUPOOHHUIITBA, TPAHCIIOPTHUX TEXHOJIOTIH
Ta JIOTICTHKH, OyIiBHUITBA, MaTepiano3HaBcTBa, I T-TexHomOriH, podoTH3allii, aBTOMAaTH3aIil B TPOMICIOBOCTI
Ta CUIbChKOMY rocnoaapctsi. HaBeaeHi mpakTHyHi pekoMeH/Iallii 10 BUKOPUCTAHHS Pe3yJIbTaTiB JOCIIIKEHb Y
rajry3sX HapOJHOT'O I'OCIIOIapCTBa.

HaykoBuii BicHUK € ()aXOBUM BHJIQHHSM, B SKOMY IYOJIKYIOThCS OCHOBHI PE3yJbTaTH HAYKOBHX JOCIIIKEHb
npodecopchKo-BUKIAAAIBKOTO CKJIaly, aCHipaHTiB, JOKTOPAHTIB YHIBEPCUTETY, a TaK0XX HAyKOBIIB IHIINX
HaBYAJIBHUX 3aKJIAJiB, HAYKOBO-JOCTiTHIX 1HCTUTYTIB HAHY Ta mpomucioBuX miampueMcTB YKpaiH.

30ipHHUK pO3paxOBaHU Ha HAYKOBUX, HAYKOBO-TEXHIYHMX MPaliBHUKIB Pi3HUX rajy3eil Hayku Ta texHiku, 3BO,
3100yBadiB BYCHUX CTYIICHIB i 3BaHb.

PexomenoBaHo 110 Apyky BueHoro panoro LleHTpanbHOYyKpaTHCHKOTO HAIIOHAIBHOTO TEXHIYHOTO YHIBEPCHUTETY,
npoToko Big 23 rpyaus 2024 poxy Ne 4.
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AJTanTHBHA METOJ0JIO0T1sI PO3PaXyHKY KIJIbKICHOTO
MMOKa3HHUKA CTaHy 3aXHUIIEHOCT]1 Be03aCTOCYHKIB

Po3pobiiena mMeTonoorisi OLIHKM 3aXHIIEHOCTI BE03aCTOCYHKIB BPaXxOBYE Pi3HI acleKTH Oe3neku Ha
ocHoBi BuUMor OWASP ASVS, 3 axux cpopmoBaHo peneBaHTHY BUOiIpKy. Po3pobieHo cTpykTypoBaHuii Habip
KPHUTEPIiB 3 YITKUMH NPAaBUJIAMH OLIHIOBAaHHS KOXXHOI BUMOTH. BBeneHo cucreMy BaroBuxX Koe(ili€HTIB s
KpPUTEpPiiB Ta BUMOT, IO JO3BOJISIE aJalTOBYBAaTHCh IiJ apXiTeKTypy, (YHKLIOHAJI Ta BUMOTH IOJO0 3aXHUCTY
BeOcaiiry. Ilimxim mo3BOJIs€ OTPUMYBATH KUIBKICHI METPHKHM BHKOHAHHS KOXKHOI BHMMOTH, pPO3ZIULY Ta
IHTETpOBaHY OLIHKY Oe3MeKH CanTy.
web application security, quantitative assessment, OWASP ASVS, evaluation criteria, security assessment

IlocTanoBka mpoGaemu. VY cydacHOMy CBiTI iHQOpPMAIIfHUX TEXHOJOTIN
BEOJOJATKN CTadl HEBII'€MHOI YACTHHOK KUTTEIISUIBHOCTI 0araThOX OpraHizamii Ta
KOpUCTyBauiB. BOHM BHMKOPHCTOBYIOTBCS y PI3HOMaHITHUX cdepax — BiJ €JIEKTPOHHOI
KOMEPIIii 0 AepKaBHUX CEPBICIB 1 COIIAIBHUX MEpeX — 3a0e3Meuyroun 3pydYHUi TOCTYII 10
MOCITYT, aBTOMATH3aIlif0 Oi3HEC-TIPOIIECiB 1 KEpyBaHHS MaHUMHU y pearbHOMY uaci. [Ipore 3
PO3BUTKOM BEO-TEXHOJIOTIH 3pOCTaE i 3arpo3a KiOep3JIOUMHHOCTI, SIKa MMOCTIHHO €BOJIIOIIOHYE
Ta TPUCTOCOBYETHCA JI0 HOBUX TEXHIUYHMX peaniil. Kinmpkicte kibeparak, CpsMOBaHHX Ha
B€0-/10/1aTKH, 3pOCTa€e IOPOKy [1], 1m0 cTaBUTh MUTaHHA iX O€3MEKH y MPIOPUTETHUH psf
3aBlIaHb I PO3POOHHKIB, aHANITHKIB Ta (axiBIliB 3 KiOepOe3MeKH.

ATaku Ha cucTeMHU Oe3leKkH BeOCAlTIB HE € HOBUMH 1 BiZJOYBalOTHCS 3 MOYATKY CMOXHU
Web 2.0. BpusnuBocti Ha BeOcaiiTax mNpUTaMaHHI SK 3BHYAHHUM KOMIIaHIsAM, TaK i
OpennoBuM. Hampukman, 30uTku Bin kibeparak i Bimomux OpenniB y 2018-2019 poxax
OIIHIOIOTECSA y moHaa 350 minbiioHiB monapiB [2—4]. IloctiiiHa 3arpo3a KiOep3JIOYHMHHOCTI
MPHU3BOJIUTH JI0 HEOOX1THOCTI BIPOBA/HKCHHS HOBHX, OUTHIN €()EKTHBHHX METOJIB 1 3ac00iB
3a0e3MmeueHHs 3aXUINEeHOCT] BeO101aTKIB. 3a JAHUMH MD>KHAPOIHUX 3BITIB 3 KibepOe3neku [,
6], OinpmicTh KiOepaTak oOpi€eHTOBaHI came Ha BeO-iHTepdeiicu, ae 3JI0OBMHCHUKA
BUKOPHCTOBYIOTh PI3HOMAaHITHI TEXHIKH JUISI TTPOHUKHEHHS y CHCTEMH Ta KOMIIpOMETAIlil
naanx. OcoOnMBOro 3HA4YeHHS HAaOYJIM Taki 3arpo3u, sSK HECAHKIIOHOBAHUH IOCTYI [0
KoH(DiaeHIitHUX nanux, ataku tunmy SQL-11’exii, Cross-Site Scripting (XSS) [7], ataku Ha
CEaHCH KOPHCTYBayiB Ta BPa3IMBOCTI B cuctemax aBTeHTHGikarii. [TogiOHI ypa3mmuBocTi
IPU3BOJATH 10 MAcIITaOHUX 1HIMJEHTIB, pe3yJibTaTaMH SKUX € BTPaTH JaHUX, NOPYILICHHS
KoH(DieHIiiTHOCTI Ta 3001 y poOOTI CUCTEM.

OcHOBHMIA HaNPSAMOK ISl 3MEHIIEHHSI KIJIbKOCT1 aTak — 116 CUCTEeMAaTUYHe TeCTyBaHHS
Oe3reku Ta OIiHKAa Bpa3auBocTed. KpiM TOro, 3 pO3BHTKOM XMapHUX OOYHCIEHB 1
MOIIMPEHHSM apXITEKTyp Ha 0a3i MIKpPOCEPBICIB MUTAHHS 3aXHIIEHOCTI BEO-10/1aTKIB CTa€ I1e
OunbII cKiTamHimuM. BeO-1o1aTku He vie TOBUHHI 3aXUINATH JaHi, ajie i 3a0e3nedyBaTu
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iXHIO HUTICHICTh 1 MOCTYIHICTh y PO3MOIUICHUX CEPEeNOBHINAX, J€ 0araTo KOMIIOHEHTIB
B3a€EMOJIIFOTh OJIMH 3 OJHUM depe3 BIAKpUTI iHTepdelicu. Taka CKIAIHICTh apXITEKTYp
YCKJIQJHIOE TMPOLEC 3aXUCTY, OCKUIBKHA KOXKEH €JIEMEHT CHCTEMH MOXE CTaTH MOTCHLIHHOIO
TOYKOIO BXOAY sl atak. OTke, 3a0€3MeUeHHs HAJICKHOTO PIBHS 3aXHUIIIEHOCTI BEO0/1aTKIB
notpedye KOMIUIEKCHOTO IMiJXOMy, L0 BpPaxoBY€ SK TPaIuIliiiHI METOIU 3aXHUCTY, TaK 1
HOBITHI PIIICHHS TSI MPOTHIT CydacHUM KiOep3arpo3am.

AHaJi3 ocTaHHIX Aocaiaxkenb i mybaikamii. 3 mogatky XXI cTOmITTS qOCTiIKEHHS
Oe3reku BeOCAWTIB 3a3HAIM 3HAYHOI €BOJIIOIII, TICHO TMOB'SI3aHOT 3 OypXJIMBUM PO3BHUTKOM
BeO-TexHomoriii. Ha mowatky 2000-x pokiB ¢okyc pochikeHb OyB 30CepeKeHU Ha
00MEXKEHOMY CIEKTPI BPa3JIMBOCTEH, XapaKTEPHUX JIJII TOTOYACHUX BEO-10/1aTKiB, TAKUX 5K
MmikcaiiToBuit ckpuntinr (XSS) ta SQL-in'exuii. [IpoTe cTpimMKuii po3BUTOK BEO-TEXHOJOTIH,
MosiBa HOBUX apXiTeKTypHHX MiaxoaiB (AJAX, Web 2.0) Ta po3mupeHHs GyHKIIIOHATLHOCTI
Be0-710J]aTKIB MPU3BENH J0 3HAYHOTO YCKIATHEHHs JaHamadTy BeO-0e3neky Ta BUHUKHEHHS
HOBHUX BEKTOPIB aTak.

CydacHi nochipkeHHs y cdepi Oe3neku BeOCalTIB XapaKTepU3yIThCsI KOMILIEKCHUM
MIIX0/IOM, SIKHHA OXOIUTIOE SIK TPaJAMIIINHI aclieKTH O€3MeKH, TaK 1 HOBl BUKIIMKH, MOB'sI3aHI 3
PO3BUTKOM XMAapHUX TEXHOJOTIH, MIKPOCEPBICHOI apXiTEeKTYypH Ta IPOrPECHBHHUX BeO-
nomatkiB. OcoOmmBa yBara TPUAUISIETBCS aBTOMATH30BaHUM 3aco0aM  BHSBJICHHS
BPA3JIMBOCTEH, BKJIIOYAIOYM PO3POOKY OULIBII JOCKOHAIMX CKaHepiB Oe3MeKH Ta METOJIiB
CTATUYHOTO 1 IMHAMIYHOTO aHaJIi3y KOy .

Ha punky icHye 6e3miu iHCTpyMeHTIB U1t 300py iH(OpMaIlii Ta OI[IHKH Bpa3IHMBOCTEH,
POTE BOHU HE MOXKYTh 3a0e3meunt 100% TOUHOCTI Ta pillieHHs AJIs BUSBIECHHS KOHKPETHUX
BpaznuBoctei BinnoBigHo 10 CWE (Common Weakness Enumeration). Jlo Takoro BUCHOBKY
midnum - HaykoBIll  Dixitkumar .V ta Prajapatil, sxi npoBoamnu gochimkeHHS [8]
IHCTpYMEHTIB JUIsl OIIIHKM Bpa3iMBOCTeW Ta 300py iHopmalii pizHux ¢dopmartie u
(GYHKIIIOHAILHUX MOJKJIMBOCTEH. BOHW 3ampomnoHyBaiM BJIACHMM MIAX1J, SIKWA TOJSITAaE B
00’eTHaHHI KUIBKOX I1HCTPYMEHTIB [uIig 300py iH(opmamii Ta OIIHKH Bpa3IUBOCTEH, 10
JIO3BOJISIE IOCATTH OUTBIII BUCOKOTO PIBHS TIOKPHUTTS Ta TOYHOCTI BUSIBJICHHS BPa3JIMBOCTEH.

Hocnimkenns [9] aBtopiB Nikhil Rane ta Amna Qureshi BuCBiTIIOE€ TOPIBHSHHS
ABTOMAaTHU30BAHOTO CKaHyBaHHS Ta PYYHOrO TECTyBaHHsS BeOCAWTIB Ha NMPOHUKHEHHS IS
OLIHKA €(EeKTUBHOCTI NHMX METOAIB Yy BHSBIEHHI BpasnuBocTed. ExcnepumeHTanbHi
pe3yJbTaTH MiITBEPIUIH, 1110 PYYHE TECTYBaHHs Ha MPOHUKHEHHS € OUThII e()eKTUBHUM, HIXK
aBTOMATH30BaHE, 3 TOYKH 30py TOYHOCTI Ta TINMOMHM aHamizy. JlocmimHuku mifnum
BHCHOBKY, IO TPAKTUYHI JOCTIHKCHHS TiIKPECTIOITh BaXUJIMBICTh HABHYOK 1 JTOCBITY
¢axiBLs 3 TeCTyBaHHS Ha NMPOHUKHEHHS y BUSBJICHHI Ta BUKOPUCTaHHI CIaOKUX MicCIb Y
Oesrmerri. ABTOMaTHU30BaHI 1HCTPYMEHTH, XO4Ya W KOPHUCHI JJIS TIOYAaTKOBOTO CKaHYyBaHHS,
MOXYTb T€HEpyBaTH XMOHOIIO3UTHUBHI PE3yJIbTaTH Ta MPOITYCKAaTH cHelu(iuHi Bpa3IuBOCTI.

BaxnuBum eranmoM y pO3BUTKY JOCHKEHb CTano (OpMyBaHHS Taly3eBHX
CTaHJAPTIB Ta PEKOMEHALIN BiJ MPOBIIHUX OpraHizailiil 3 inpopMariiitHoi 6e3meku, TakKux siK
OWASP (Open Web Application Security Project) [10], NIST (National Institute of
Standards and Technology) [11] Ta SANS Institute [12]. Lli ctanmapTtu, 30kpema OWASP
Top 10, He nuIe cUCTEeMaTU3yBalu 3HAHHS MPO BiAOMI BPa3JIMBOCTI Ta METOAM 3aXUCTY, aje
i crpusiii po3poOii €1nHOT METOAONOTIYHOI 0a3u A7 MPOBEAEHHS JOCTIIKEHb Ta ayauTy
Oe3nexu BeO-10/JaTKiB Ha PI3HUX eTarax KUTTEBOTO IHKITy BEOIOAATKA.

HesBaxkatroun Ha 1HTEHCHMBHHM pPO3BUTOK METOJONOTIYHMX ©0a3 Ta iHILIaTUB
CTaHAapTH3aIlii y Tamy3i iHpopMaIiiHOi Oe3IeKH, CIOCTEPIracThCsl CyTTEBA MPOTAIMHA B
IHCTpyMeHTapii OI[IHKM 3axXUIIEHOCTI BeOpecypciB. ICHyroui aBTOMAaTH30BaHI CHUCTEMU
CKaHyBaHHS Oe3reku, Xxouya i 3a0e3neuyroTh BUSHAYCHHS IIUPOKOTO CIEKTPY BPa3IHMBOCTEH,
JIEMOHCTPYIOTh ICTOTHI OOMEKeHHs y BepudiKallii KpHTUYHUX MTapaMeTpiB 3aXUCTy. 30Kpema,
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103a MeXaMH iX (PyHKIIOHAIBHOCTI 3aJIMIIAE€THCS OaraTto pedeid, mo NmoTpiOHO mepeBipsTH
BpPY4YHY, TaKuX, I MPUKIAIY, K aHATI3 MOJITHKH MapojbHOT aBTeHTU(]IKaIIl 171 JOCTyITy
JI0 TIEPCOHATI30BaHUX i1HTep(]eNCciB KOpUCTyBaya Ta Baslifalisi KOPEKTHOCTI IMIIEMEHTAIlii
MEXaHI13MiB KypHAJTIOBaHHS O€3MMEKOBUX IHIIMICHTIB i Yac 3M1MCHEHHS KidepaTak TOIIO.

UuHHI ramy3eBi CTaHJapTH Ta HOPMATUBHI JOKYMEHTH Yy cdepi BeO3axucry
3Me01TBIIIOT0  30CEPe/KYIOThCA Ha  kiacudikamii Ta  kareropusaili  MOTEHIIHHUX
Bpa3JIMBOCTEH BE03aCTOCYHKIB, IPOTE HE MPOMOHYIOTH YHI(PIKOBAHOT METO0JIOT1] KIJIbKICHOT
OIIIHKM PpIBHA 1X 3aXWIICHOCTI. 3 OINIAAYy Ha PI3HOMAHITHICTE (PYHKIIOHATHHOTO
HaBaHTAXEHHS Cy4yacHHMX BeOpecypciB Ta nauBepcu@ikamiio iX apXiTeKTypHUX pilllCHb,
aKTyaJi3yeTbCs TMpoOJeMaTUKa JeTepMiHallii HeOoOXiIHOTO Ta JOCTaTHBOTO o00cATy
TECTyBaHHs Oe3neku. BiACyTHICTh CTaHIApTU30BaHOI CHUCTEMH OOYMCICHHS KoedilieHTa
3aXHUIIEHOCTI BEOpECypcy CYTTEBO YCKJIQJHIOE PO3YyMIHHS CHTYallii, Tpolec iaeHTudikamii
NOTEHIIIHUX BEKTOPIB KOMIIPOMETAIIil Ta pO3pOOKH pillieHb MOKPAILICHHS 3aXHCTy BeOCAMTy.

IlocTanoBka 3aBAaHHsA. MeTOIO NOCTIIKEHHS € Po3po0Ka aganTHBHOT METOIOJIOTT
KIJIBKICHOI OIUIHKM PIBHS 3aXHIIEHOCTI BEOMOJATKY NUIIXOM JAMHAMIYHOTO PO3PaxyHKY
koe(dimieHTa Oe3meKku 3 ypaxyBaHHSAM I1HAMBIAYyaJIbHUX XapaKTEPUCTHK IPOEKTY, 30KpemMa
cnenniku Horo (GyHKIIOHATY Ta apXiTEKTypH.

Buknaag ocHoBHoro marepiaay. Y cywdacHomy JaHmmadTi KiGepOe3neku
croctepiraeTbcst 3poctanHHs mnomyisgpHocti OWASP  Application Security Verification
Standard (ASVS) [13] - KOMITJIEKCHOTO CTaHIAPTY, IO PETIAMEHTY€E BUMOTH JI0 3aXHIIEHOCTI
BeO-monartkiB. ASVS Hajgae 4YiTKO CTpPyKTypoBaHuUM Halip KOHTpomiB  Oe3neku
CTPYKTypoBaHUW 1O 14 po3ainax, chnpsMOBaHMX Ha 3a0e3nedeHHs KOH(IACHIIHHOCTI,
ITICHOCTI Ta JOCTYITHOCTI 1H(pOpPMAaLiHHUX aKTHBIB.

Jlanuii cTaHAapT MO3UIIOHYETHCS SK MPAKTHYHUNA 1HCTPYMEHTApii IJIs TPOBEICHHS
BCEOIYHOI OIliHKKA Oe3meKku BeO-I0JATKIB MPOTATOM YChOTO JKUTTEBOTO IHKIY PO3POOKHU
MPOTrpamMHOTO 3a0e3MEeUeHHs] - BiA CTajli NMPOEKTYBaHHS [0 BUBEICHHS 3 EKCIUTyaTallii.
BaxmuBoro mnepeBaroro ASVS € ioro iHTerpamis 3 3araJbHOBH3HAHOIO CHCTEMOIO
knacudikamii BpazauBocTeit Common Weakness Enumeration (CWE) [14]. Ile cnpuse
CTaHJapTU3alil MAXOAIB 10 imeHTH(]IKalii Ta yCyHEHHsS NOTEHIIMHMX 3arpo3 Oe3merti.
[Ipote, He3Bakar0UM Ha CBOIO MAacCHITAOHICTh Ta MPAKTUYHY MiHHICTH, ASVS He Hamae
METOAOJIOTIYHHX 3aca s (OpPMYBaHH KUIbKICHOT OIIIHKH 3aXUILIEHOCTI BeO-CaiTy.

IcHyro4a cTpyKTypa cTaHIapTy OpiEHTOBAaHA Ha SIKICHUH aHaji3 O0e3MeKH, 10 BKII0YAE
nepeBipky 282 Bumor, 1o posnoaiuieHi mo 14 pozmainax. Cnif 3a3HAYUTH, [0 HA MPAKTHUII
MO>KJIUBICTh TIEPEBIPKA KOXKHOI 3 BHMOT 3aJIeKHUTh BiJl 0aratbox (HhakTopiB, 30KpeMa Bif
IocTymny 1o iHpopMallii, sKy Mae ayauTop (IOCTYyH A0 TEXHIYHOI JOKYMEHTAIlli, BUXiTHOTO
KOJly Y¥ PO3POOHUKIB), BiJl apXiTEKTypH Ta (DYHKITIOHAITY TOCIHIKyBaHOTO Bebcaity. Kpim
TOTO JAHWH CTaHAApPT MICTUTh BHUMOTH, SIKI HEOOXiIHO NEPEeBIPUTH, MPOTE HE A€ UiTKUX
peKOMeHmamii g iX TepeBipkd. Benwka KiIbKiCTh BHMOT Ta BIJICYTHICTh €IMHOI
PIBHS 3aXUIIEHOCTI PI3HUX BeO-10/1aTKIB.

Ha nmepmomy erami po3poOKu AaHOi METOAOIOTIi, OyJO NETaabHO IMpoaHali30BaHO
BMICT KOXXHOTO PO3/LTY Ta 3MEHIIIEHO BHOIPKY BUMOT JJIs TTOAalbIoi podoTu 10 133 BuMoT,
po3moaiieHux B Mexkax 13 posainiB. HacTymHuM KpokoM cTaia po3poOKka aBTOpaMu
MHOXHHH KPHUTEpIiB Il TEpeBipkH KOXKHOI 3 BHUMOT. J[Isi KOXXHOTO KpHTepito Oyio
3aMpoNOHOBAaHO METOJIOJIOTII0 OIIHIOBAHHS 3a IIKalo 3 Tpboma rpaaamismu: "0 OGamip"
(BimcyTHICTH pearmizamii (yHKIIOHATY, IO BiAmoBimae kputepiroo), "0,5 Gama" (gactkoBa
peauizariis) Ta "1 6an" (moBHa peanizailis a00 HasIBHICTh aJJEKBATHOTO MeXaHi3My Oe3MeKH).
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Hns npuxnany, posriasiHemo Bumory: "Verify that the application or framework
enforces a strong anti-CSRF mechanism to protect authenticated functionality, and effective
anti-automation or anti-CSRF protects unauthenticated functionality".

Ils BUMOTA CTOCYETHCS TIEPEBIPKH Ta BIPOBAKCHHS MEXaHI3MIB 3aXUCTy BiJl aTak
Cross-Site Request Forgery (CSRF), siki cripssMoBaHi Ha 3aXUCT ayTeHTH(])IKOBaHUX (YHKIIN
BeOJ0/1aTKa Ta 3aXHMCT BIJ aBTOMAaTH30BAaHWUX aTak i HEaBTEHTHU(DIKOBAHWUX (YHKIIIH,
3acrocoBytoun CAPTCHA a6o inmi meronu. BaxnnBo 3a0e3nednTH MpaBUIIBHY OOpPOOKY
MOMUJIOK, 100 YHHUKHYTH PO3KPUTTS 4yTiHBOi iH(opmarii, 1 HamexHe 1HGOPMYBaHHS
KOpHCTyBauiB y pa3i HeBmamux 3anutiB uepe3 CSRF-zaxmcr. Cucrtema MOBHHHA BECTH
JIOTYBaHHS Ta MOHITOPMHT BCiX BimMoB y 3amurtax uepe3 CSRF-zaxucr 1 perymsipHO
TECTYBAaTHUCS Ji BUSBICHHS MOXIIMBHX Bpa3iuBOCTe. Hukde mpuBeneHo aBa 3 JecCATH
KpUTEPiiB OIIHIOBAHHS BUMOTH:

1. Yu BuxopucroBytoThcsi yHikanbHi CSRF-Tokenm mst  kokHoi — cecii
KopucTyBaya?

e (0 6aniB: CSRF-TOKEeHN HE BUKOPUCTOBYIOTHCS ISl CECii KOPUCTYBAYiB.

e (.5 Oama: TokeHM BHKOPHCTOBYIOTBhCS, aje HE I BCiX cecii abo He
TeHEPYIOTHCS YHIKAIbHO.

e | 6am: YuikansHi CSRF-TOKEHH reHepyIOThCS JUTsl KOYKHOI cecii KopucTyBayva.

2. Yu nepeipstorbes CSRF-TokeHHN Ha KOXKEH 3aIuT, 10 3MiHIOE CTaH?

e ( GamiB: CSRF-TokeHM HE MTEepeBIPAIOTHCS HA 3MIHIOIOY 3aITUTH.

e (.5 Gama: TokeHH MepeBIPSAIOTHCA HA JESKI 3alWTH, ajle HE Ha BCl Aii, IO
3MIHIOIOTh CTaH.

e 1 6am: CSRF-TokeHU nepeBipsIOTHCS HA BCI 3aIIUTH, 1110 3MIHIOIOTh CTaH.

[IpoTe OIIHKHM 32 OKPEMUMH KPUTEPISIMU HE JAIOTh 3arajbHOTO YSBJICHHS MPO SIKICTh
BUKOHAHHS OKpPEeMOi BHUMOTH YH OIIIHKY Oe3meku BeOmomarky 3aramoMm. Kpim Toro, mis
BpaxyBaHHS OCOOJIMBOCTEW apXiTEKTypu BeOJOAATKYy, i04oro (¢yHKIIOHATy Ta HasBHOI
JOKyMEHTallli OyJo 3alporOHOBAHO BBECTH KOE(ILIEHTH BaXKIMBOCTI BUMOI' Ta KPHUTEPIiB.
Ileti etan mepenbadae CyO'€KTHBHY OIIHKY €KCIEPTOM, SKWW, CIHPAIOYNCh HA BIIACHHUM
JIOCBIJl Ta PO3YMIHHS KPUTUYHOCTI (YHKIIIOHAy, HPUCBOIOE KOE(QIIEHTH BaXKIUBOCTI
KOXKHIA BHMO31 B MEXax pO3/IIy Ta KOKHOMY KPHUTEpPil0 B MeKax BUMOTH. [[is kparoro
PO3YMIHHS PO3TISTHEMO CTPYKTYPY METOJ0JIOT11, 300pakeHy Ha PUCYHKY 1.

3arambHa oliHKa OesnekH

peb-caiity O
Pozmin 1 Poznin 2 Pozain N
Q. ¢z Qn
@r 11 [43] Rom, 1
»
Bumiora Brmora Bumora Bumora Brmora Bumora
Ry R, Ry Rin, 2 Ryw Ryt
Beya /\%ﬁ,pi’l /\
Kpurrepiit Kpurepiit Kpurepiit Kpurepiit . Kpurepiit Kpurepiii
Cria ':km,u Ciaz Ckm,l,z Coin CkmN‘N,mN,N

Pucynok 1 — 3aranpHa cTpyKTypa aganTHBHOI METOOJIOTI] AJIs OI[IHIOBaHHS BEOI0IATKY

Ioicepeno: pospobneno asmopamu
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JUis  Kpamoro po3yMiHHA CyTi PHUCYHKY pPO3MHUIIEMO JAeTalbHIillle BUKOPUCTaHI
HO3HAYEHHS:

R, , — ONiHKa m-oi BUMOIM B MeXax n-eo posminy, m=l.m, , n=1.N, m, -

KITBKICTh BHMOT B MEXax 7-20 PO3AuTy, TpuuoMy m,+m,+..+,,=M , M - 3aranbHa

KIJIBKICTh BUOpAHUX BUMOT, NN - 3arajibHa KiJIbKICTh BUOpAHUX PO3/iMliB 31 cTannapty ASVS.

Cy .y — 3HAYEHHA k-20 KPUTEPiIO m-0i BUMOTH B MEXax n-20 posuiny, k=1.k, ,
k,, - KUIBKICTb PO3pOOJIEHMX aBTOpAMU KPUTEPIiB A OLIHIOBAHHS 7M-0i BUMOIU N-20

po3airy. Haramaemo 1o omiHKa KOKHOTO KPUTEPII0 BiIOYBAETHCS 32 OJTHUM 3 TPhOX 3HAYCHD
“O’) ‘60 59) Ta “1”
b b .
O©c, — KOCQIMIEHT BAKINUBOCTI k-20 KPHUTEPIIO m-0i BUMOIM n-20 PO3ALLY, IO

BU3HAYAETHCSI TEXHIYHUM EKCIEPTOM 3 BPAaXyBaHHSAM TOTO, SIK JAHUM KpUTEpil BIIMBAaE Ha
BUKOHAHHS BHMOTH, JIO sSKOi BiH 3acTocoByeThcs. L[i koedimieHTH BH3HAYCHI aBTOpaMHU
metoponorii amnpiopi. OpfHak, €KCHEepT, SKUM HPOBOJUTH OLIHKY, Ma€ MOXJHMBICTb
KOPUTYBATH IIi 3HAYCHHsI, BPAXOBYIOUH CeNU(DiKy TOCTIKYBaHOTO BeO-caiiTy Ta BUOpaBIIN
3py4Hy a7 ce0e MIKaly OLiHIOBaHHS.

®, — KOCQIIIEHT BaXJIMBOCTI k-20 KpUTEPIIO m-0i BUMOTH K-20 PO3ALILY, IO

BU3HAYAETHCS Ul KOXKHOI BUMOTH ayJAMTOPOM, 11O NMPOBOAUTH OLIIHKY Oe3neKu BeO-calTy B
3aJIeKHOCTI BiJ HasBHOI iH(popMarii, apxiTeKTypu Ta (PyHKI[IOHATYy CHCTEMH, a TaKOX 3
orisily Ha O13HEC-KOHTEKCT, BUMOTH A0 3axHcTy iH(opmarii. AyauTtop Moxke BUOpaTH
3pydHy i ce0e IIKaly IS OI[IHIOBaHHS BAaXKIMBOCTI BUMOr. B maHiii po0OoTi
3aMmpornoOHOBAaHO BUKOPHCTOBYBATH mIkamy Bix 0 (Bka3dye Ha BiACYTHICTh (PYHKIIOHATY, IO
BIJIMOBiZla€ JaHiidi BUMO3i, B BeOomaTky) 10 10 (KpUTHYHO BaXKiyMBa BUMOTa IJisi O€3reKu
byHKIIOHATTY).

Ha mepmiomy kpori oO4YHCIeHh HEOOXITHO MPOBECTH OIIHKY BUKOHAHHS KOXHOI
BUMOTH. JIJIs 1IbOTO criepry 3a1HCHUMO HOpMaTi3allifo Koe(imieHTiB BaXKJIMBOCTI KPUTEPIiB B
MeXKax JaHOI BUMOTH 32 (hOPMYIIOIO:

(O}
— Ck,m,n (1)

mck,m,n ka,n o >
k=1 Ck,m,n

e W, — HOPMANi30BaHWii BAroBUH KOCQILIEHT k-20 KPUTEPIIO m-0i BAMOTH 1-20 PO3ALILY;
Ko .. . .. .
I ®¢, . —3arajbHa CyMa BarOBHX KOEQILIEHTIB KPUTEPIIB 71-0i BUMOTH 1-20 PO3JLTY.
Toxi iHTerpanbHy OLIHKY BUKOHAHHS M-0i BUMOTH /1-20 PO3LTY MOXHA OTPUMATH SIK
30aaHCOBaHy BaroBMMH KOeQilliEHTaMH CyMy OIIIHOK eKkcrepTa Oe3neku (yHKIioHaTy BeO-
caiiTy 3a KpUTepisMHU B MeXaxX JaHOi BUMOTH:

km,n

Rm,n = chk,m,n .Ck,m,n : (2)
k=1

Jlis oTpUMaHHS OLIIHOK AJISi KOXKHOTO PO3ILTY HEOOXiTHO CHepIly HOpMalli3yBaTu
KOoe(illi€EHTH BOXIUBOCTI BUMOT. L{e MoxHa 3po0uTH 32 GOPMYIIOFO:

Op
S 3)

m,n
Zm=1 (DRm,n
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Je W, — HOPMAali30BaHUI BaroBuil KOe(ili€HT m-0i BUMOTH 1-20 PO3ALILY;

my

Z g, =~ — CyMa BaroBHX KOE(]IIIEHTIB BUMOT 71-20 PO3ILITY.

m=1

HactynHuM etamom po3paxyHKiB € BHU3HAYEHHS KUTBKICHOT OIIIHKM 3aXHIIEHOCTI
BeOCaliTy [uis eBHOTrO po3ainy. OLiHKy Oe3MeKu n-20 po3/lly 3 BpaxyBaHHSIM 0COOIMBOCTEN
CTPYKTYPH CaiTy Ta iHAMBITyaJbHOTO IMIIXOAY ayAUTOPa MOXKHA OOUHCIIHTH SIK:

my

Qn = ZERW" ’ Rm,n : (4)
k=1

3aBepIIaIbHAM €TalloM € IHTErpOBaHa OlliHKa Oe3MeKu cailTy, Ky MOKHa OOYUCIINTH,
SIK CEPEJIHIO OLIIHKY O€3MEeKH BCiX PO3/LIiB

)T

N ©)

OTxe, B OCHOBI PO3pO0JIEHOI METOOJOTil JEKNUTh NU(PEPEHIIHOBaHUI MiIXin 10
knacudikanii BUMOr O€3leKH, [0 BPaXxOBY€ pIBEHb KPUTUYHOCTI 3aXHUCTy MJAaHUX Ta
cnenudiky (QYHKIIOHATEHAX KOMIIOHEHTIB BEO-I0JaTKy 1 JO3BOJISIE OTPUMATH KITBKICHY
METPHUKY OI[IHKU O€3MeKH BeOCanTy.

BucHoBKH. 3arporoHOBaHa HOBA METOIOJIOTSI KiTBKICHOT OILIHKH PIBHS 3aXUIIEHOCTI
Be03aCTOCYHKIB, SKa BpaxOBY€ IHIWBIAyaldbHI XapaKTEPUCTHUKUA TPOEKTY, BKIIOYAIOYH
cnenniky (yHKIIOHATY, apXiTEeKTypy Ta piB€Hb KPUTHYHOCTI AaHuX. Po3pobneHa cuctema
MMOKa3HUKIB JI03BOJISIE OLIIHUTH DPIBEHb OE3MEeKH BEO3aCTOCYHKY y YHCIOBOMY BHMIpI Ta
BU3HAUUTH HOTO BIAMOBIAHICT BCTAaHOBJICHWM BHMOTAM SIK Ha €Talli IUIAHyBaHHS NPOEKTY,
TaKk 1 Ha eTami MWoro ekcruryaTailii. 3ampoBa/pPKCHHS TaKOro aJanTUBHOTO MiAXOAY /O
OLIIHIOBAHHS PIBHS 3aXMCTy HAJAaCTh MOXKJIUBICTh €KCIEPTYy CTBOPEHHS IHIHMBIIyalbHUX
HAa0OpIiB BHMOT 3aJCKHO BIJl apxXiTeKTypH, (YHKIIOHATYy Ta Taly3l 3acTOCYBaHHS
KOHKPETHOT'O BeO-J0AaTKy METOJOM HalalllTyBaHb KOe(]ilieHTIB BaxJMBOCTi. Taka rHyuka
MOJICJIb JTO3BOJIUTh OTPUMYBATH OUIBII TOYHI PE3yJbTaTH, SIKI BIIOOPAKATUMYTh peasibHI
notpebu nonarky y cdepi Oesnexu. Kpim 1poro, amganramiss 10 KOHKPETHHX IOTpEO
KOPHUCTYBayiB JIO3BOJINTh YHUKHYTH BHUINAQJAKIB IITYYHOIO 3HWKEHHS OI[IHOK uepe3
BIJICYTHICTh HEpENIEBAHTHUX HJs BeOJOJaTKa BUMOT, IO, CBOEK 4YEproro, 3a0e3meuuTh
CIIPaBEUIMBICTh 1 00’ €KTHUBHICTh OI[IHIOBaHHSI.

[IpakTuuHe 3HAYEHHS MAaHOI METOAOJOrI] MOJIATAE y MOKJIMBOCTI IiABHUINECHHS
e(EeKTUBHOCTI TIPOLIECIB PO3POOKKM Ta TECTyBaHHS BEO3aCTOCYHKIB 3 BpaxXyBaHHSIM
KiOeppH3uKiB. BaxxiMBo 3a3HaunTH, 10 3aIIPOMIOHOBAHA CHCTEMa MOKA3HUKIB, sIKa BPAXOBY€
IHIUBIIyabHI XapaKTePUCTUKH Be03aCTOCYHKIB HE Ma€ aHAJOTIB, IO POOUTH 11 YHIKAIHHOIO
Ta IHHOBAIIHOIO.

[Moganpuni  mocmipkeHHs OyAyTh CHOpPsSMOBaHI Ha Bepudikamilo Ta Baligallio
3arpONOHOBAHOI METOJIOJIOTI], @ TAKOXK Ha pO3pOOKY IHCTPYMEHTIB aBTOMaTH3alii mpouecy
OLIIHIOBAHHS.
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Adaptive Methodology for Computing the Quantitative Security Status Indicator of

Web Applications

This article proposes an adaptive methodology for quantitative security assessment of web applications

based on standardized requirements from the OWASP Application Security Verification Standard (ASVS). This
methodology takes into account various aspects of website security, including authentication, authorization, data
protection, input handling, and others.
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The proposed approach allows obtaining quantitative metrics for the level of compliance with each
requirement, thus ensuring objectivity and transparency of the evaluation process for both auditors and web
application owners. The use of clearly defined numerical metrics facilitates unambiguous interpretation of results
and avoids subjectivity in determining the security level of a web application. Based on the analysis of OWASP
ASVS requirements, a relevant subset of requirements was formed to assess the security of websites of varying
complexity. It was assumed that the expert conducting the assessment possesses the necessary technical
competencies and has access to web application development documentation. For each requirement, a structured
set of criteria was developed with clearly defined evaluation rules to obtain quantitative indicators. A system of
weight coefficients was introduced to determine the significance of each criterion and requirement, and their
normalization was performed. The weight coefficients of requirements are established considering the
functionality, website architecture, and availability of access to technical documentation or source code. To
ensure methodology adaptivity, the auditor has the ability to modify any weight coefficients.

The implementation of an adaptive approach to security assessment allows forming individual
requirements based on architecture and functionality of a web application by adjusting weight coefficients. This
flexible model ensures more accurate results that reflect the website's actual security state.
web application security, quantitative assessment, OWASP ASVS, evaluation criteria, security assessment
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MaremaTudHa MOJICIb BUSBIICHHS aHOMAJIbHUX 3B’ SI3K1B
M1>K KOMIIOHEHTaMM CKJIaJIHOT KOMIT FOTEPHOI CUCTEMH

OO’eKTOM JIOCTIDKEHHS € IIPOLIEC BHABJICHHS aHOMAaJii y BHCOKOHABAHTAKEHUX CKJIQJHUX
koM’ rorepuux cucremax (BHCKC). Cdepa npaktuynoro Bukopucranns Bkiarouae BHCKC, Taki sik cepepu
0aHKIBCHKMX TPaH3aKIiN, XMapHi IIATPOPMH, e HEOOXiTHO 3a0e3meunTr cTabiIbHy pOOOTY B YMOBAX BEIHKOI
KUTBKOCTI 3amuTiB. [IpoGiiema, Mo BHPIMIyeThCS B AOCIHIIKEHHI, TONATAE y BiACYTHOCTI MOJeENei BUSBICHHS
agomanii y BHCKC y peamsHOMY d9aci 3 3aJaHOI0 TOYHICTIO B yMOBaX OOMekeHHX pecypciB. CTBOpeHO Ta
JOCIIPKEHO MaTeMaTH4YHy MOJENb BUSBICHHS aHOMAJIbHUX 3B SI3KIB MDK KOMIIOHEHTaMH  CKJIaJHOT
komm 'torepHoi cuctemu (BA3KKC). Pesynapratém TecTyBaHHS MOAENI MOKa3ajdd HACTYNHI TOKa3HUKU
e(peKTUBHOCTI: TOuHiCTh — 84%, TOYHICTH MMO3UTHUBHUX MPOTHO3IB — 87%, MOBHOTAa — 74%, 3Ba)KeHA CepeHs
touHicth (3CT) — 78%. Ilo3uTuBHI pe3ynbTaTH MOCITIIPKEHHS MOSCHIOIOTHCS HACTYITHHMH IEPeAyMOBaMH,
mozenb BA3KKC BukoprcToBye opToroHaiibHI BEKTOPHI QyHKIIT Ta IPOEKIiHI MaTpUL [UIs aHANII3y aHOMaJTii
y CKJIJIHIi KoMII'PoTepHii cucteMi. 11lo no3Bossie OyayBaTH MPOCTOPOBI PO3KIIAIHN, 38 JOIOMOTO0 SIKMX MOYHA
BUSIBISITH CKJIQJ(HI B33a€MO3B’SI3KM MK KOMIIOHEHTaM{ CKJIaJHOI KOMII'IOTEPHOI CHCTEMH, BUKOPHCTOBYIOUH
TUIBKW BIIACHI BEKTOPH Ta 3Ha4eHHs. TakuM 4MHOM, MOJIENIb MOKE 3aCTOCOBYBATHUCS JUISl OTIEPATHBHOTO aHANI3y
JIaHUX Ta BUSIBJICHHS aHOMAJIill B yMOBaxX 0OMEXEHUX PECypCiB.

BHCOKOHABAHTAXKEHI CKJIAJHI KOMII'IOTEPHi CUCTeMH, BHUSIBJIECHHS aHOMAJil, MaTeMaTH4Hi MojeJi,
JMHAMIYHUIA Xa0c¢, CKIaIHI Mepe:ki

ITocTanoBka nmpodaeMu. BucokoHaBaHTa)kKeH1 BEO-CEpBICH Ta CKJIaJIHI KOMIT FOTEpPHI
CHUCTEMH Ta MEpPEXi CTAHOBIISATH KIIOUOBY YAaCTUHY CY4YacHO! iH(PPACTPYKTYpH, OCKUIbKU
3a0€3MevyI0Th CTablIbHy POOOTY OAaHKIBCHKHX IOCIYT, KOMEPUIMHUX TuIaTopM, OHJIaiH-
OCBITHIX PeCypciB, COLIAILHUX MEPEX Ta 0araThOX IHIIMX KPUTUYHHX Traiy3eil. 3 orisay Ha
3HAYHE HABAHTAXKEHHS, SKE Il CUCTEMHU IIOJCHHO BHUTPUMYIOTh, JJIS iXHBOI CTaOUTBHOI
po0oTH HEOOX1THO JOTPUMYBATHCS BUCOKUX BUMOT IO MIOKA3HHUKIB OC3MEKU Ta HAIIHHOCTI.

OpHa 3 TOJIOBHUX MPOOJIeM IS TAKMX CHCTEM — 1€ BUSBICHHS aHOMAJIii y peallbHOMY
yaci. AHOMalii MOXYTb CHUTHQJII3yBaTH MpPO HECHPABHOCTI Yy (YHKIIOHYBaHHI CHCTEMH,
HEBIJIMOBIIHOCTI B mporiecax abo MOTeHIliiHI Kibepataku. BHCOKOHABAHTaXKEHI CHUCTEMHU €
0COOJMBO YYTJIMBUMH [0 HaBiTh HE3HAYHHMX 3001B, OCKIJIBKM BOHU MOXYTb CIPHYHHSITH
3HAYHI 3aTPUMKH 200 MOBHY HEJIOCTYIHICTh CEPBICY ISl OararboX KOPUCTYBaYiB OJHOYACHO,
110 MPU3BOJIUTH 10 (HiHAHCOBUX BTPAT Ta BTPATHU JOBIPU KIIIEHTIB.

CyuacHi BeO-CEpBICH CTHUKAIOTHCA 3 TaKMMHU MpobieMamu sk cnpodbu DDoS-atak,
3HaYHI Mepenajy B 3alUTaxX KOPUCTYBadiB, MPoOIeMHU 3 MiAKIIOYEHHAM A0 0a3 JaHUX, BUTOKH
maMm’sITi, a TaKOX BIUIMB HECIOAIBAaHUX 3MiH y KOH}Iryparii Mepexi un oOiagHanHs. Tomy
3a0e3MmeueHHs] CBOEYACHOTO BUSBICHHS aHOMANIH € KPUTHYHO BAKIMBUM aCIEKTOM O€3MeKH
BHCOKOHABaHT)XKCHUX CHCTEM. ABTOMATH3AIlls MTPOIIECY aHaJI3y Ta CBOEYACHA 1IeHTU]IKAIIISL
NOTEHIIIMHUX MPOOJIEM B PEKUMI PEANbHOTO Yacy 03BOJSIOTh 3MEHIIUTH PU3HKH Ta
MiHIMI3yBaTH 4ac MPOCTOIO.

© €.B. Menemxo, M.C. SJkumenko, B.B. Mixas, S.I1. Illynika, 2024
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BucokoHaBaHTa)K€HI CHUCTEMH BiAPI3HAIOTHCS CKIIAJHOIO JTHMHAMIKOIO IIPOLECIB Ta
BEJIMKOIO KUIBKICTIO KOMITOHEHTIB, 1110 MOTPEeOye 3aCTOCYBAHHS IHCTPYMEHTIB JIJIsI TIIMOOKOTO
aHaizy B3aemomii Mk HUMU. OHUM 3 MEPCIEeKTUBHUX MiJAXOIB € BUKOPUCTAHHS MOJEIeH
BUSIBJICHHS! aHOMAJIbHUX 3B’SI3KIB MK KOMIIOHEHTaMU CHCTEMHU, IO JT03BOJIAE 3/1MCHIOBATH
OLIIHKY CTaOUIbHOCTI MOBENIHKH, BPAXOBYIOUM CKJIQJIHI 3aJI€KHOCTI MK HaBaHTa)KEHHSIM Ha
MPOLIECOp, MTaM’ATh Ta MEPEkKeBl KOMIIOHEHTH.

BpaxoByrou 11i BUMOTH, po3po0Ka MaTeMaTUYHOI MOJIeNi JJIsi BUSBJICHHS aHOMAJIiH y
BHCOKOHABAaHTAKEHUX BeO-cepBicaXx Mae Ha METI HE JIMIIE MiJABUILEHHS TOYHOCTI BUSABIICHHS,
ase 1 3a0e3nedeHHs] CBOE€YACHOI peakiii Ha MOTEHIIHI 3arpo3d B yMOBax OOMEXKEHHUX
pecypciB. Lle mo3Bossie yHUKHYTH 3HaUYHUX (DIHAHCOBHMX BTpAT Ta IMiJABUIIUTH PIBEHB JOBIpH
KOPUCTYBAYiB JI0 TAKUX CEPBICIB.

OTxe, akTyaJbHOIO € 33/1aya pO3pOOKH MaTeMAaTHYHOI MOJIEJ1 BUSBICHHS aHOMAIIIH Yy
BUCOKOHABAaHTAXECHUX CKIIQJIHUX KOMII IOTEPHUX CUCTEMAax B yMOBaX 0OMEKEHUX PeCypCiB.

AHani3 ocTraHHiX aociailkeHb i myOuaikamiii. byno mpoBemeHo aHammi3 OCTaHHIX
HAYKOBUX JOCHI/DKeHb 1 myOmikamiii y cdepi BUSABICHHS aHOMANid y KOMIT IOTEpHHUX
CUCTEeMaXx.

B nmocmimxenni [1] mpoBemeHO aHalli3 BUKOPHUCTAHHS TEXHOJIOTIH OOYMCICHHS B
nam’sTi A MPUCKOPEHHS pOoOOTH BUCOKOHABAHTA)KEHUX CUCTEM TJIMOMHHOIO HaBYaHHS.
Oco0muBuil  akueHT 3po0JEHO Ha MEPCINEKTUBU IOKPALICHHS EHEProeQeKTHUBHOCTI 1
3HIDKCHHS 3aTPUMOK Ti yac oOpOOKHM BEIMKUX OOCATIB JaHUX, 10 OCOOJWBO aKTyalbHO
JUIS  MaclITabOBaHUX KOMITIOTEPHHX CHCTEM, $Ki OOCIyroBYIOTh YHCICHHI 3alHUTH
OJIHOYACHO. ABTOpPHY HAJAIOTh OTJISII CYYaCHUX TPEH/IIB 1 MPOTHO31B PO3BUTKY TEXHOJIOTIH. Y
BHCHOBKaX aBTOPHU TMiAKPECIIOIOTh aKTyallbHICTh JIOCHIIKEHh BHCOKOHABAaHTAKEHUX
CKJIQJIHUX KOMIT IOTEPHUX CHCTEM Y PI3HUX HampsMKax, B TOMY YHUCJI Y HapsIMKax Oe3meKku
Ta HajxiHOCTI. OnHAaK, y 3B’SI3Ky 3 y3arajlbHEHHUM XapaKTepoM IIpalli, aBTOPH HE HAAAIOTh
pe3yibTaTiB MPAKTUYHUX EKCIIEPUMEHTIB Ta HE KOHKPETH3YIOTh JOCSATHYTI IepeBaru
JIOCHIJKEHHS.

VY crarti [2] mpeacTaBieHI CydacHI TEHACHINT B PO3pOOIll MEpPEKEBUX CHUCTEM
BUSIBJICHHSI BTOPTHEHb, IO € KPUTUYHO BAXKIMBUMH JUISI 3aXUCTYy BHCOKOHABAaHTAKEHHX
CKJIQJIHUX KOMIT IOTEPHUX CUCTEM BiJ KiOep3arpo3. ABTOpH JETAIbHO OMUCYIOTh MOTOYHHIA
CTaH METOJ[IB BUSBJICHHS aHOMAaNil y MEpEeKEeBUX MOTOKaX Ta OOrOBOPIOIOTH HEOOXiTHICTh
CTBOPCHHS aJaNTHUBHUX 1 MacmTabOBaHMX PINICHb IJIs PEATBHOTO Yacy, IO JOIIOMOXKE
3a0e3neunTy HaailiHy poOOTY TaKMX CHUCTEM HaBiTh y MiKOBI HaBaHTaxkeHHs. [Ipore,
3QJIMIIAIOTHCST HEBHPIMIEHI MHTAHHS W00 Y3TO/DKCHHS PI3HUX METOIB BUSBICHHS
aHoOMaNii Ta ajanTamii IUX METOIB 10 HOBHX 3arpo3. OCHOBHOIO MPUYMHOIO IIHOTO €
BIJICYTHICTh €IMHOTO CTaHIAPTY IS OIIHKU Ta TMOPIBHSIHHS €(PEKTUBHOCTI PI3HUX MOJIENCH,
a TaKOXX BHCOKI BUMOTH JO OOYHUCIIOBAIBHUX PECYpCiB, HEOOXITHUX ISl peamizarlii mux
MiIXO/IIB Y peaIbHOMY 4aci.

Crarta [3] omucye OCHOBHI Mepexi 3’€lIHaHb, IO BUKOPUCTOBYIOTHCS B
cynepkomn rotepHux cuctemax, Taki sk NVIDIA InfiniBand, Intel Omni-Path ta Cray
Slingshot, i1 npencTaBise IXHIO €BOMIONIIO Ta TEHAEHIIT PO3BUTKY B yMOBaX 3MEHILEHHS il
3akoHy Mypa. OcobnmBa yBara npHAUIAETbCS MPOAYKTUBHOCTI MEPEX a TaKOXK MIBHIKOCTI
peaxiiii Ha MOKJIMBI BIUTUBU. ABTOPH MiAKPECITIOIOTH IO 11i XapaKTEPUCTUKH € KIIFOUOBUMU
JUIs  TIABHUIICHHS €(QEeKTHBHOCTI MapajelbHUX OOYUCIEHh Y BHCOKOIPOIYKTHBHHUX
koMmm ' roTepax. Lle BaxiIMBO At po3yMiHHS MaOyTHIX BUKIHUKIB Y PO3BUTKY MEPEKEBUX
pillleHb I BHCOKOHABAHTA)KEHUX CHUCTEeM. lIpore, 3aiMIIaeThCsl KiIbKa HEBUPIMICHUX
NUTaHb, TaKUX SIK 3a0€3MEYeHHS MAacCIITA00BAaHOCTI IMX MEPeX M TMOJANbIIOTO
HiIBUICHHS TPOAYKTHBHOCTI. [lOB’S3aHO 1€ 3 NHTAaHHAMH TEXHIYHOTO OOMEXECHHS,
apXITEeKTypHUMHU OCOOJHMBOCTSMU CYYaCHHX MEPEKEBHUX PpIIIEHb 1 BHUMOTaMU [0
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00YHCITIOBAILHUX PECYpPCiB.

Amnaniz miteparypu [4-8] moOkazaB, 10 psAJ HAYKOBHX IMpallb IPUCBIYCHO
MaTEeMaTHYHOMY MOJICTTIOBAHHIO MPOIIECIB Y BHCOKOHABAHTAXKEHUX CHCTEMaX 3 aKIIEHTOM Ha
MOXJIUBICTh 3aXHCTy JaHUX. Tak, Hampukiaa, B cTarti [4] aBTOpH MPOMOHYIOTH
MaTeMaTHYHy MOJENb JUIS BHSIBICHHS aHOMANd y CKJIATHUX KOMIT IOTEPHHUX CHCTEMaXx.
ABTOpPH HaroJIONIyIOTh Ha HEOOXITHOCTI yHIBEpCaJIbHOTO Ta HAyKOBO OOIPYHTOBAaHOTO
MiAX0Ay JO MOHITOPHHTY TIOBEJIHKA BHCOKOHABAHTAXKEHOI cHuCcTeMHU. JlOCHiKEeHHS
CIIpSIMOBAHE Ha BCTAHOBJICHHS 3araJlbHOTO0 KPUTEPit0 s ineHTHdiKamii aHOMaIbHOL
AaKTUBHOCTI Ha OCHOBI OJHOpPiTHOCTI BHOIPOK BXimHUX naHuxX. [lokpamryroun kputepii
OJIHOPIAHOCTI BHOIPKM Ta 130JIFOI0OYM CIOCTEPEKEHHS, IO BKa3yIOTh HA aHOMAaJbHY
NOBE/IHKY, MPOMOHOBaHA MOJETbh CIPSMOBAaHA HAa MiABHIIEHHS HATIHHOCTI Ta Oe3neku
KOMIT I0TepHUX cucteM. OTHaK MOJENb pO3paxoBaHa TIJILKH Ha 00pOOKY cepiil 3 HEBEIIMKUX
BuOipok. Kpim Toro, Mosienb Ma€e BUCOKY OOUMCITIOBAJIbHY CKIIAIHICTb.

B crarTi [5] mponoHYIOTECS METOAW JUIsl WMOBIPHICHOTO aHAi3y 1 MOJCIIOBAHHS
OUHAMIKA CKJIQJHUX CHCTEM, MI0 MOXYyTh OYTH 3aCTOCOBaHI /i MOJCIIOBaHHS
BHCOKOHABAaHTAXXCHUX CKJIQJHUX KOMITIOTEPHHUX CHCTEM 1 aHamidy IX HaJIHHOCTI Ta
MOBEIIHKM B YMOBaxX aHOMaJbHUX 3MiH. lle BiAmoBimae miissM moOyaOBH MoOIENeH it
BUSABJICHHS aHOMAaJid B IIOBEAIHII CHCTEM, OCOOJHMBO 3 AaKIIEHTOM Ha MOJEIIOBAaHHS 1
PO3YMIHHS NIMHAMIKM TEPEeXONiB MIX CTaHaMH. ABTOPH 3alpolOHYBAIM MaTeMaTHYHY
MoOJIeJb sl OOYMCIIEHHS YMOBHUX MMOBIPHOCTEH TOTO, 110 CUCTEMa OMMHUTHCS B IIEBHOMY
CTaHI y KOHKPETHUI yac, 32 yMOBH, III0 Ha MOYAaTKOBUN MOMEHT cucTeMa Oyia B OyAb-SKOMY
3 MOXJIMBHX CTaHIB. Ajie OOMEXKEHHS HaJaHOTo TpadoBOro MiIXOMy MOJEITIOBAHHSI, IO
nepeadavae HasIBHICTh TUIBKH TPHOX CTaHIB, 3MEHILY€E MPAKTUYHY LIHHICTH 3alIPONOHOBAHOT
MOJICJIi B YMOBaXx YCKJIaJIHCHHsI 0€3MEKOBOI CUTYaIlii B peaJlbHOMY Yaci.

B crarrti [6] mpoBeaeHO MaTeMaTHYHE MOJEIIOBAHHS MPOLIECY TECTyBaHHSA CUCTEMHU
Ha Oe€3leKy 3 BUKOPUCTAHHSM IIEPEBIPEHOr0 TpadoBOrO METOAY MOJECITIOBAHHS 3
JI0JJTaBaHHSAM €JIEMEHTIB Teopii HeBM3Ha4YeHOI JIoriku. Lle mamo MoXIMBICTH MaTeMaTHYHO
dbopmaiizyBaTH CKJIQJHUA TPOIEC 1 OTPUMATH MaTeMaTHYHI BHpa3H Il PO3PaXyHKY
HMOBIpHICHO-YaCOBUX XapaKTEPUCTHK. AHAIOTIYHUNA MiAXiA MPEACTaBIEHO y cTarTi [7]. Ane
aBTOpPH MOJIEJIE HE MPOBOMWIM iX BepuU]iKalilo Ha BHCOKOHABAHTAXXCHUX CKJIATHUX
KOMIT'IOTEpHUX cHcTeMax. ToMy MO)KHa 3pOOMTH BHUCHOBKHM NP0 JOUUIBHICTH 1HIIMX
MIIX0/1IB MAaTEeMaTHYHOI (hopmatizallii CKIaIHUX TEXHIYHUX CHCTEM.

OauH 3 Takux MiAXOAiB omucaHuii B crarti [8]. B Hil aBTOpM peKOMEHIYIOTh
CHCTEMH BUSBJICHHS aHOMaJili MaTeMaTH4YHO (opmaii3yBaTH 3a JOIOMOTOI0 OCHOBHHX
NOJIOKEHb Teopili JUHAMIYHOTO Xaocy. 30KpeMa, B SKOCTI OCHOBHOTO IOKa3HHMKa aBTOPU
MPOIOHYIOTh BUKOPUCTOBYBaTH ToOKa3HUK BDS-cratuctuku (cratuctuka bpoka-Jleuepra-
Hleitnkmana). Ile cyyacHuii MaTeMaTHYHUM amapar AJs BUSBICHHS aHOMallii B 4aCOBHX
pAnax, KU Mo)ke OyTH BUKOPHCTAHHUH MPU OMKCI MOKAa3HUKIB 1HPOpMaIiifHUX mporieciB. B
[JIOMY MaTeMaTUYHUH amapar Teopii AMHAMIYHOTO XaoCy Ma€ MEepCreKTUBH B opmatizanii
caMme CKJIaIHUX BUCOKOHABAaHTA)XKCHUX CKJIAJIHUX KOMIT IOTepHHUX cucTeM. OHaK aBTOpH €T
CTATTi HE MIPOBEJIM aHAJI3y CKJIQJHOCTI Ta MIBUAKOCTI MPOLECY BUSBJICHHS aHOMAJiH.

Ha ocHOBI mpoBeneHOro aHajmizy JITepaTypHHX JpKepel Oyjo BHSBICHO KiIbKa
KPUTHUYHUX HEBUPILNIEHUX MHUTaHb, M0 MOTPEOYIOTh MOAANbLIOro xociimxkeHHs. [lepmr 3a
BCE, OJHUM 13 KJIFOYOBUX BHUKIHWKIB € IIIBUIICHHS IIBUIKOCTI BHUSBJICHHS aHOMAJIH 3
ypaxyBanHsM BuMor TouHocTi 11t BHCKC. e oco0n1BO akTyansHO B yMOBaX BUKOHAHHS
3aBllaHb TaKMMH CHCTEMaMH B pealbHOMY dHaci. Takok 3aluIIaloThCsi HEpO3B’sI3aHUMU
MUTaHHS MaclITabOBaHOCTI METOMAIB BHUSBICHHS aHOMamiil, sKi TOBHHHI €(EKTUBHO
IPALIOBaTH 3 BEJIMKOI KUIBKICTIO IaHUX 1 3MIHIOBATHUCS BIANOBITHO JI0 IMHAMIYHUX YMOB
cepenoBuina. BiIcyTHICTh €IMHOTO CTaHAAPTY IS OLIHKK €(EeKTUBHOCTI PI3HUX MiAXOMIB
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YCKJIAJHIOE 00’ €KTUBHE MOPIBHSAHHS PE3yJbTaTiB, IO CTBOPIOE Oap’epu IS BIPOBAIKCHHS
HOBUX METOJIB Yy MPOMHUCJIOBHUX 3aCTOCYBAaHHSAX. AJle MOKHA BIJIMITUTH IO MPOLECH
MacIITa0OBAaHOCTI HOBHX METOMIB Yy BENHKIHA Mipi 3alekaTh TaKk camo 1 BiJ IIBUIKOCTI
BUKOHAHHS 3aBJaHb.

IlocTanoBka 3aBaaHHsA. Meroro 1i€i poOOoTH € po3poOka MaTeMaTH4YHOI MOJENi
BUSIBJICHHS QaHOMAaJIbHUX 3B’S3KIB MK KOMIIOHEHTaMHU CKJIQJHOI KOMIT IOTEPHOI CHUCTEMH B
yMOBaxX 00MEXEHHX PecypciB Ha OCHOBI MOJOXKEHB TeOPil AMHaMiuyHOTO Xaocy. Lle 103BouTh
MIIBUIIATH TIBUIKICTh BUSBICHHS aHOMAJINA y TIOBEMIHIII BUCOKOHABAHTAXKCHHUX CKIIATHUX
KOMIT FOTEPHUX CHUCTEM 1110, B CBOIO Yepry, IOBUHHO ITiIBUIINUTH ii O€3MEKy.

Buknaag ocHoBHOro wMarepiajy. Po3rinsHyTo 1nuMHaMiKy TIOBEHIHKH CKJIQJHOI
KOMIT IOTEPHOI CHUCTEMH, MPEACTaBICHY B TPUBUMIpHOMY mpocTopi. OLIHUMO TpU OCHOBHI
XapaKTePUCTUKU — 3aBaHTAXXEHHS IaM’sTi, Ipoliecopa Ta MepekeBoro npucrporo. Js wmiei
OIIIHKH 3aCTOCYEMO OCHOBHI MOJIOKEHHS TEOpii AMHAMiuHOTO Xaocy [9, 10].

PosrnsgHyTo Takuii BHMMAgOK, y SKOMY IHBapiaHTHUM aTpakTOpOM CHCTEMH €
rpaHngHU UK. [ei mukn Moxe 3a7aBaTUCs ASSIKUM 7-TIEPIOANYHUM PO3B’si3koM x=¢&(£), ne
x0=¢(0) € dikcoBaHOIO TOYKOK IMKIYy. Po3B’s30k Ha iHTepBam [0, 7) 3amae TpUPOAHY
napaMmerpu3aiito To4ok 1ukiny: M={(t) | 0 < t < t}. 3pobieHO TPUITYIICHHS, IO UK
atpaktopy M € E-ctiiikum. Toai HaBKOJIO [BOTO MHKIY (OPMYETHCS CTaIliOHAPHO
po3noaiiieHui Hablp BUIAJKOBUX TPAEKTOPi CKiIanHOl cucTeMu. B TakoMy pa3i BU3HaueHHS
CTOXAaCTUYHOI YYTJIIMBOCTI aTpakTopy M BIANOBIAHO A0 Teopii AMHAMIYHOTO XaocCy IS
CKJIaJHOI KOMII'IOTEPHOI CHCTEMH 3BOJUTHCS 0 TMOOYAOBU Ta aHajii3y T-NEPiOAMYHOTrO
po3B’si3ky W(t) MaTpu4HOTO BUpA3y:

V=F(t)V +VF" (t)+ P(1)S (1) P(2). (M

3 T-nepioAnYHUMU Koe(ilieHTaMu:
F(t)=af /ax(&(1)), S()=G(1)G" (1),
6(1)=0(£(1)). P()=P,,

Marpunst W(f), mo € (QyHKLI€I0 CTOXaCTUYHOI YYTIMBOCTI IMKIY M, SBISETHCA
€MHUM PO3B’A3KOM piBHSHHA (1) y mpocTopi 2 CUMETPUYHHUX MAaTPUIlh NXN, K1 BU3HAYEHI 1
€ JIOCTATHHO MIAAKAMH Ha R' 3 HACTYIIHIMM YMOBaMH MepioAHYHOCTI:

VteRl:V(t+r)=V(t), 2)

Ta BPOKEHOCTI:
VeeR W (t)r(1)=0.r(t)= £(£(7))- 3)

Jlns ¥iMoBipHICHOT iHTepnpeTauii Matpuui W(f) po3riasiHeMO HAaCTyIHY CTOXacCTHYHY
CHCTEMY:

dy = F () ydi+P(1) G (¢)dw(t). 4)

. . . . . t
Ila cuctema Mae neplOAUYHUI PEXUM, AKUHA NOB’s3aHUH 13 pO3B’A3KOM Y ( ) Orxe,
nrykaHuM po3B’sskoM W(t) cucremn (1)—(4) 1 € koBapialiliHa MAaTpUIl BHIIaJIKOBOTO

. t . . . ..
HEePiOMYHOTO TPOIECy Y ( ), IO BiAMOBigae cTablIbHOMY CTaHy CKJIQJHOI cucteMu. BoHa €
pe3yJIbTaTOM aCUMITOTHYHOI OBEIHKY MPOLIECY 1 3a0e3Meuye XapaKTePUCTUKY 3B’ SI3KiB M1k
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KOMITOHEHTaMH CUCTEMH y TOBFOCTPOKOBIH MEepCIEeKTUBI.

Bunaakosi TpaekTopii JiHIMHOI CKJIaJHOI CHCTEMH CTBOPIOIOTH HABKOJIO ITUKITY HaOIp,
IO JISKUTHh Yy JAESIKOMY iHBapiaHTHOMY OKoiii cuctemu B obmacti U. Hexait PL, — ue
TINepIUIONINHA, sIKa OpTOroHanbHa UKy B Toulll &(¢) (0<<Q). Toai mo3nauumo uepe3 U,
oK1 Touku &(f), mo 3Haxomuthess B PLy: U, = U N PL,. B takoMmy pa3i MoOKHa 3pOOUTH
npunymeHss, mo UNUs= @, skio ¢ # s.

VMoBipHicHu# omuc HaGOpy LMX BHIIAJKOBMX TPAEKTOPiil 3pydyHO MOB’A3aTH 3
BEKTOPHOIO (YHKIli€r0 X, 3HaueHHS X; € TOYKaMHU MEPETHHY BHUMAJKOBHUX TpPAEKTOPiil
niHiitHOI cknamHOi cuctemu B obmacti U, VIMOBipHiCHMI po3momin HaGOpy TpaekTopiil 3
yacoM CTaOlmi3yeThcs, TOMY BHIIaJKoBa 3MiHHa X; B okoini oronacti U, mMae mneBHUi
CTAI[IOHAPHHUH PO3MOJILT 3 NESIKOI TYCTUHOIO P(X, €).

Byno BuUKOpUCTaHO TeOMETpPHYHE MPEJICTaBICHHS HJs JOCHIIKEHHS PO3KUAY
BUIIAJKOBUX TPAEKTOpid HaBKONO mukiry. Ha puc. 1 y BUTISAI 3ipOYOK HABEJACHO TOYKH
NEPEeTUHY BUMAJAKOBHX TPAEKTOPIH CKIaAHOT CHUCTEMH 13 CIYHOIO IUIOMKHOK PL,,
OPTOTOHAJILHOIO MUKy y Touli £(¢). KoBapiamist po3moaily mUX TOYOK 3aJaHa MATPHUIICIO
W(f), axa € eAMHUM PO3B’SI3KOM BUIIIE HABEJIEHOI cUCTEMU PiBHSHD (1)—(4).

Ty
’f\ \\ f\\*t
o . ';
v 7™

* o

Pucynok 1 — Touku mepeTHHY BUITAJKOBHUX TPAEKTOPIH CKIIATHOT CHCTEMH
13 TIMepIUTONMHO0 PL,, OPTOTOHATIHHOIO 0 NUKITY B TOYII (1)
Lorcepeno: pospobneno asmopamu

VY po3riasHyTOMYy TpHUBHMIPHOMY mpoctopi (n=3) s mnoOynoBu pimeHHs V(¢)
piBHAHHA (1) OyZ1€eMO BUKOPUCTOBYBAaTH HACTYITHUI CUHTYJIIPHUM PO3KIIa:

V(t)=2()v (v (£)+ 4, (2)v, (2) vy (2)+ A (1) vs (2)v5 (2)s

ne Ai(t) > Aa(t) > A5(t) — BmacHi 3HaueHHS, a vi(t), va(t), v3(t) — BmacHi Bekropu Matpui V(z). 3
yMOBH (3) BUXOIUTH, IO I OyAb-sIKOTO ¢ MaTpullsl V(?) € BUPOKEHOIO 1 PO3IMOALT TOYOK
NEepeTHHY BUIIAJKOBUX TPAEKTOPIN CKIAAHOI cucTeMHu (3ipku Ha puc. 1) 30cepekeHuil Ha
mwiomuHi PL,. A 1e, B cBOlO 4epry, o3Hadae, 1mo A3(£)=0 1 BIAMOBIAHWI BIACHUW BEKTOP
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v3(t)=r(t)/|[r(t)|| € moTnyHMME 10 tMKITY. ToMy po3kiaa MaTpui V(#) Mae HaCTYITHUI BUTIISA;
V(6)= A (v () (0)+4 () s 1)z (1)- (5)

Tyt V(t) 3amaetbcs BekTopamu vi(t), va(t) Ta ckanapHumu (yHKUisMH Ai(t), Ax(t).
@yHKIT Ai(t), A2(t) y BUagKy HEBUPOKEHUX IIYMIB CTPOrO MO3UTUBHI 1 BU3HAYAIOTh NPU
OyIp-sIKOMY { JHUCIEPCII0 BUMAAKOBHX TPAEKTOPIM IUKIY B3A0BXK BEKTOPIB Vi(t), Vva(t).
3raueHHs A (t), Ax(t) 3amaroTh po3mip, a vi(t), va(t) — HampsIMOK Oceil enirnca po3CiroBaHHS
TOYOK TIEPETHUHY BHITAJIKOBUX TPAEKTOPIA CKIAAHOI CHCTEMHU 3 IUIOMMHOI PL, PiBHSIHHS
[FOTO eJIiTca y TUIOHHI PL, Ma€e BUTIIS;

(x=&(0)) W (1) (x-&(1) =28,

ne k — moBip4ya UMOBIPHICTh P=1-¢"*.

[To3naunmo gepes u(t), ux(t) oproHopmoBanuii 6a3uc riommnau PL,. Leit 6a3uc moxe
OyTH 3HAWIEHWIA 3a BIIOMUM T-TIEpioOAUYHUM po3B’si3koM &(t). BrmacHi BekTopu vi(t),va(t)
MOJKHA OTpUMATH 00epTaHHsIM 6a3ucy u,(t), ux(t) Ha meskwii KyT ¢(t):

()= (0)eosp (1) + s (1) sind (1), ©
b, (1) ==, (1) sin (1) -, (1) cos (). )

B pesynbrati piBHsHHS (5)—(7) 103BONAIOTh BHUPA3UTHU HEBIJIOME PIIICHHS CHCTEMHU
(1)—(3) uepes Tpu ckansapHi GyHKIIT A(t), A2(t), O(t).
[Toznaunmo:

B(e)=w () (1), B (1) = v, (1)v; (¢)-
Bingznaueno, mo Pi(t) (i=1, 2) € npoeKIiitHuMu MaTPHUISIMHU:

Pv.=v., Pv,=0(i# j), P=EB+DPB. )

[IpencraBneHo po3knan (5) y BUIIIAIL:
V()= 4 () R+ A (1) B0,

3po06iieHo HAcTymHe MpuIylueHHs. [Ji1 OpTOHOPMOBAaHUX BEKTOPHUX (YHKIIH vi(t) 1
MPOEKIIHHUX MATPHIIh Pi(t):Vi(t)ViT(t) (i=1,2) cripaBeyTMBI HACTYITHI TOTOXHOCTI:

(OB (1) =0 o
(0B (1) (1) =0, W
(0B (1) (1) =0, )
2B () (1) =0, "

)
(B0 (1) = 6(0)+ € (2)us (1), o)
v ()P (2)v, (1) =(2)+4& (¢)u,(¢). (14)

JloBecTn BKa3zaHe TMPHUIYIICHHS MOXHa TakKUM YHHOM — TOTOXHICTH (9)
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0e3rnocepeIHbO BUILIMBAE 3 HACTYITHOTO CITiBBiTHOIIICHHS:
rp.. _ . T T ST _ ~Sor £l_
v, Bv, =v, [vlg]vl =V [vﬁr +v ]vl =vE +v = [vlv1 J: 0.
ToroxHicTh (12) moBoauThes aHanoriyHo. TotoxHicTh (10) oTpuMy€eThes 3:

Tp. _ . T T _ T T, T _
v, Pv,,=v, [vzg +V,V, }vl =W vlg +€v, vy, =0.

(15)

(16)

ToroxHnicTh (11) 7OBOIUTHCS aHATIOTIUHO.
BukopucraemMo HaCTyIHI piBHOCTI:

& =& cosp + &, sinp+v,@,

#u, =0,8u, =0, —(zﬁruz ) =y .
[Ticns poro MoxkHa chopMyBaTH TaKHid BUPA3:
v f{vz =v [vﬁT + \ZVIT } v,=v,f = (gcosw +1, sing + v, zﬁ) v, = (ﬁrcosq)+ z@szngo) v, +@=
— (tﬁTulcosgosingo +1& u,cos’ @ — & usin’ o + & u,cospsing + =& u, + (ﬁ)

3 nux crhiBBigHommeHs ciinye (13). ToroxHicTh (14) TOBOAUTHCS aHATIOTIYHO.

JloBeneHe MpUITyIIEHHST HaAa€ HAOIp TOTOXXHOCTEH I OPTOHOPMOBAHUX BEKTOPHHX
GyHKIOiA 1 TpoekmiiHux wmarpuib. Lli TOTOXKHOCTI TO3BOJSIOTH CYTTEBO CIPOCTHTH
00YMCIIeHHs, TIOB’A3aH]1 3 aHAJ130M Yy TJIMBOCTI ITUKJIIB 1 B3a€EMO/I1 MI>K IPOEKIIIMA BEKTOPIB
y CKIauHii Kom’'torepHi cucreMi. Ockineku wMatpuni Pi(t) € mpoekmiiiHumu —Ta
OPTOTOHANILHUMH, iX BUKOPHCTAaHHS JIOTIOMara€ pO3JUIATH aHaji3 BEKTOpPIB Yy pI3HHUX
HaNpsSIMKaxX, M0 POOUTh MOXKJIMUBUM OUTBII e()EKTHBHE MOJCIIOBAHHS Ta IMPOTHO3YBaHHSI
CTaHIB CKJIaIHOT KOMI FOTEPHOI CHUCTEMHU.

BuxopucTaHHs MPOEKIIHHUX MaTpUIlb 1 OPTOTOHAJIBHHUX BEKTOPIB JUISI BHBYCHHS
MOBEIIHKM KOMIIOHEHTIB CKJIQJHOI KOMIT IOTEPHOI CHUCTEMH € BIIMIHHUM TMiAXOJOM BiJ
ICHYFOUHMX MOJEINICH aHaji3y aHOMalild, TAKWX SIK KOPEJSIIIHHMA aHali3 abo aHall3 Ha OCHOBI
knactepuzanii. Moaens (9)—(16) Hamae MOXKIUBICTH OLIIHIOBATH 3MIHM B OPTOTOHAJIBHOCTI
BEKTOPIB, [0 JTIO3BOJISIE BUSBIISATH CKJIA/IHI B3aEMOJI1 M’k KOMITOHCHTaMHU.

OpToroHanpHi MPOEKINI € OCHOBOI [IJIsi BHUSBICHHS aHOMAaJbHUX BIAXWUJIEHB, SKi
MOXYTh BKa3yBaTH Ha HOBI a00 HeCNOAiBaHI 3B’SI3KM MIX IporiecamMu. Hampukian, BTpadeHa
OPTOTOHAJILHICTh BKa3y€ Ha IMOPYIIEHHS HE3aJICKHOCTI KOMIIOHEHTIB, IO MOXE OyTH
03HAKOIO0 BTOPTHEHHS a00 HECTIPAaBHOCTI.

Takox Mozenb A03BOJISIE OIIHIOBATH, SIK Pi3HI KOMIIOHEHTH CUCTEMH B3a€EMOJIIOTH
oJIMH 3 ogHUM. Hampukian, HOpMalbHUN CTaH CUCTEMH Tependadae, mo MeBHI KOMIIOHEHTH
(taki six BukopuctanHs CPU ta MepekeBa aKkTHBHICTH) CJ1a00 KOPENOI0Th. BUKOpHCTOBYIOUH
MOJIENIb, MOYKHA BHU3HAYUTH HASBHICTH HEOAKaHUX B3a€MOMiH MK KOMIIOHEHTAMU CHCTEMH
yepe3 aHali3 MPOEKIIMHUX MaTpullb Ta iX MOBEeAIHKM 3 YacoM. [losiBa kopemnsmiii Mix
BEKTOpPaMH, $KIi MalTh OYTH OpPTOTOHANLHUMH, MOXE CHTHATI3yBaTH TpPO CIpoly
HECaHKI[I0HOBAHOTO JOCTYIy ab0 BMPOBAIKEHHS HOBOTO LIKIJIIMBOTO MPOLECY, 110 BIJTUBAE
Ha K1JIbKa YaCTUH CUCTEMH OJTHOYACHO.

Ha puc. 2 mpexacraBneni pe3ysabratd poOOTH MO IS BUSBICHHS aHOMAJid y
CKIamHill Komm 'toTepHild cuctemi. ['padik BimoOpakae po3MoAial HOPMAJIBHOTO CTaHy
CKJIaJTHOT KOMIT IOTEPHOI CHCTeMH (TI03HAYCHO CHHIMH TOYKaMH) Ta aHOMaJid (ITO3HAYEHO
4epBOHUMU ToYKamMu) y 3D mpocropi.
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PucyHok 2 — ATTpakTOp MOBEIIHKH CKJIAIHOT KOMIT IOTEPHOI CHCTEMH,
orpumanuii Ha ocHoBi Mozieni BASKKC

IDicepeno: pospobneno asmopamu
B T1aGn. 1. HaBeneHl 3HAYEeHHS JOCIIKEHHMX IIOKAa3HUKIB TOYHOCTI BUABIIEHHSI

aHOMAJTIi y CKJIaIHIi KOMIT IOTepHI CUCTeMI

Tabmuus 1 — Tloka3HUKHM TOYHOCTI BHSBICHHS aHOMAJIK y CKJIATHIN KOMIT IOTepHiH
CHCTEMi 3 BUKOPHCTAHHSM 3alPONOHOBAHOI MOJIENI, OTPUMaHi B pe3yJIbTaTi MOJCIIOBaHHS

Ne MeTpuka 3HayeHHSA Yac BUKOHAHHSA
1 [TpaBuibHICTB (Accuracy) 0,84 0,0023 mc
2 Tounicts (Precision) 0,87
3 IToBHoTa (Recall) 0,74
3BakeHa cepeHs TOUHICTb
4 (F1-Score) 0,78

Iicepeno: pospobreno asmopamu

3 puc. 2 Ta Tabn. 1 BUAHO, IO 3aMpPONOHOBAHUIN METOJ BHUALISAE ACSIKI aHOMAaNbHI
TOYKH, aJIc BOHH 3HAYHOIO MIPOI0 TEPEIUNITAIOTHCS 3 HOPMAIBHHMH, IO CBITYUTH TIPO
HAsBHICTh JEIKUX TIOMHJIOK Tpu BU3HadeHi aHomamii. [le Moxke OyTu Hacmigkom
HEeMArOTOBJICHOCTI AaHMX, oTpuMaHux 3 nmaracety CSE-CIC-IDS 2018 [11, 12]. Ane cimin
3a3HAYUTH, 1110 BUKOPUCTAHHS pO3pOOICHOT MOJIEN] pa3oM 3 MOJAETSIMU MAIIMHHOTO HaBYAHHS
Ma€ MEePCIEKTUBY B MOKPAIICHHI TOKa3HUKIB TOYHOCTI.

s mepeBipkd MOXKIMBOCTI TOKpaIIeHHS pPOo3po0JIeHOi MOoAeNi 3a JIOMOMOTOIO
BBIJIOMUX METOJIB MAIIMHHOTO HaBYAHHS CIIiJ] 3ayBaYKUTH, 1[0 OCHOBHOIO MOJCIUTIO OIIHKU
JaHUX Ha aHOMAJIbHICTh 3aJIUIIAETHCS PO3pOOICHAa MOJIETh BUSBJICHHS aHOMAJIbHUX 3B’ SI3KIB
M KOMIIOHEHTaMH CKJIATHOT KOMIT IOTEPHOI CUCTEMH.

Ha puc. 3. npencraBneni 3D-rpadiku pe3ynbTaTiB eKCIEPUMEHTIB 3 BUKOPUCTAHHSIM
pOo3pobIIeHOT MOJeNi y TOEJHAHHI 3 1HIIMMU MOJENSMHU MAIIMHHOTO HAaBYAaHHS, a came 3
Isolation Forest, Autoencoder Ta One-Class SVM [13-16].

Ha rpadiky, mo umocTpye pe3ynbTaTd MOE€JHAHHS PO3pO0IeHOI MOJeNi 3 MOICIUIIO
Isolation Forest (puc. 3a), MOXHa MOMITHUTH, IO 3aIPOMOHOBAaHA MOJIENIh BUSBIISIE AaHOMAITIT y
CKJIaJHIN KOMIT'IOTepHiil CUCTEMH, PO3MOIICHI MO0 BCIX OCAX, 3 MEHIIOI KOHIICHTPALI€IO B
MOPIBHSHHI 3 HOPMAJIbHUMHU TOUYKaMu. OJIHaK TOYHICTH I1i€1 KOMOIHOBAHOI MOJIETi HE JTyXKe
Brucoka (~0.88). ToOTo neski aHomaiii I KOMOIHOBaHA MOJE]Ib HE BHSBIISIE, a YacTHHA
HOPMAaJIbHUX JaHUX MOXeE OyTH MMOMHUIIKOBO Kiacu(ikoBaHa K aHOMaJi.
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PucyHoxk 3 — 3D-rpadiku pe3ynbTaTiB eKCIEpUMEHTIB 3 BAKOPUCTaHHIM
PO3pobieHoi MOZIeNl y O€EIHAHHI 3 IHIINMH MOAEISIMH MAIIMHHOTO HABYaHHS
(a—Isolation Forest, 6 — Autoencoder, B — One-Class SVM)

Iicepeno: pospobneno asmopamu

I'padik, mo imocTpye pe3ysnbTaTH IMOETHAHHA PO3POOJIEHOI MOJENi 3 MOJAEIIIIO
Autoencoder (puc. 306), mokasye, 10 aHOMaTii PO3MOAUICHI JOCHTh PIBHOMIPHO, aye I
KOMOIHOBaHa MOJEIb MPOIYyCKae 0araTo aHOMalbHUX TOUOK. MeTpHKH e()eKTUBHOCTI TaKOX
HE TOKa3ajii BUCOKUX 3Ha4eHb. lle Moxke cBimuuTH mpo Te, mo Autoencoder HE MOBHICTIO
HABYMBCS OCOOJMBOCTSIM CHCTEMH 1, MOXIIUBO, TOTpeOy€e MOAaIbIIOr0 HalallTyBaHHS
rinepnapameTpiB abo OUIBIIOro 00cATy HaBYAIBHUX JAaHUX, [0 B YMOBaX PEAJbHOTO Yacy €
CKJIaTHUM 3aBJIaHHSM.

I'padik, sxuii imocTpye pe3yabTaTu MoeaHaHHS po3podieHoi Moeni 3 moaemuto One-
Class SVM (puc. 3B) mokasye, 1o 1 KoMOIHOBaHa MOJIENb Kpallle CHpPaBISIETHCS B JCSIKUX
acreKkTax, mpoTe, 3 PUCYHKY BHJIHO, IIO € 00JIacTi, B IKMX MOJIEeNb a00 MPOITyCcKae aHOMaii,
a00 MOMHUIIKOBO Kacu(iKye HOpMaibHi JaHi K aHOMaJIbHI.

Y T1abn. 2 mpencrtaBieHl 3HAYCHHS ITOKA3HHKIB TOYHOCTI 3alpONOHOBAHHUX
KOMOIHOBaHUX MOJIeJIel BUZHAUCHHS aHOMAJIiH Y CKJIaJJHUX KOMIT IOTEPHUX CHCTEMaXx.

Tabmuus 2 — Iloka3HUKM TOYHOCTI BHUSABICHHS aHOMAJH y CKJIATHIM KOMIT I0TepHii
CHUCTEMI 3 BUKOPHCTAHHIM 3alPOITOHOBAaHUX KOMOIHOBAaHUX MOJIENICH, OTpUMaH1 B Pe3yJIbTaTi
MOJICJIFOBAHHS

Ne | MeTpuka | 3HauyeHHs \ Yac BUKOHAHHSA
Po3pobaena moodenv y kombinauii 3 mooennio Isolation Forest

1 | IIpaBunbHicTh (Accuracy) 0,95 787,36 mc

2 Tounicts (Precision) 0,89

3 IToHoTa (Recall) 0,65

4 3Ba)KeHa cepeHs 0,78

touHicTh (F1-Score)
Po3pobnena modenv y komodinayii 3 moodennro Autoencoder

1 | IlpaBunbHicTh (Accuracy) 0,93 33020,25 mc
2 Tounicts (Precision) 0,87
3 [ToBHoTa (Recall) 0,73
4 3BaXke€Ha CepeIHs 0,78

touHictb (F1-Score)
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[TponoB:keHHs TabauUIl 2

Po3poonena mooenwv y komoinauii 3 modennro One-Class SVM
1 | IIpaBunbHicTh (Accuracy) 0,99 5,11 mc
2 Tounicts (Precision) 0,99
3 IToBHoTa (Recall) 0,76
4 3BaxkeHa CepeaHs 0,88
touHicTh (F1-Score)

Jicepeno: pospobreno asmopamu

SIk BUAHO 3 pe3ynbTaTiB, HABEACHUX Yy Tabn. 1-2, Halkpalll 4yacoBi XapaKTEpUCTHKH
MoKa3aB po3pobiieHa KOMOIHOBaHA MoJienb 3 BukopuctanHsM One-Class SVM. Lle roBoputh
PO MOXJIUBICTh HOro BUKOPUCTaHHSA W B CKJIQJHUX KOMII IOTEPHHX CHCTEMax peabHOIo
qacy. [Ipu oMy po3poOiieHni MO, Ma€ TICBHI MepeBard B 4aci BUKOHAHHS, a TOYHICTh
BUSIBJICHHS aHOMaJIil CIIBCTaBHA 3 MOZEJSIMU MAIlIMHHOTO HAaBYaHHS.

Takum unrHOM, OyJia 3aMpPONOHOBAHA MOJIETh BUSBJICHHS aHOMAJIBHHX 3B’SI3KIB MIX
KOMITOHEHTaMH CKJIaJIHOT KOMIT FOTEPHOI CUCTEMHU, SIKa € BAOCKOHAJICHUM 1HCTPYMEHTOM IS
MaTeMaTUYHOTO aHANli3y TOBEHIHKH KOMII'IOTEPHHX CHUCTEM 3 METOI0 3aXHCTy iX BiX
nectabimizytounx (aktopiB. Po3pobiieHa Monenb BUKOPHCTOBYE OpPTOTOHAIBbHI BEKTOPHI
¢yHKIii Ta TpoekmiiiHi MaTpumi JuUIs aHamizy aHomaiii. lle mo3Boisie cTBOprOBaTH
MPOCTOPOBI PO3KIAIM, SKI [Jal0Th MOXKIWBICTh BHUSBISATH CKJIQJHI B3a€EMO3B’SI3KH MIXK
KOMITOHEHTaMHU CKJIQJIHOT KOMII' FOTEPHOI CHCTEMH, BUKOPHUCTOBYIOUM TIJIbKM 3HAYCHHS 1
BekTopu. Takui MiAXiH TOE€IHYE MaTeMaTHYHUN ¢dopMaii3M 3 peallbHUMU TEXHIYHUMU
JaHUMH, [0 pOOUTH HWOTO e(EeKTUBHUM I TIMOOKOTO aHajily aHOMANid y CKIIaIHIH
KoMIT toTepHil cucteMi. KpiM Toro, naHa mMojienb JO3BOJISIE OMMCATH MOBEAIHKY CKJIAIHOI
CHCTEMH SK TE€OMETPHUYHHI ENIC y MPOCTOpi, J€ MapaMeTpH EIIICy BiAMOBIAAIOTH PIBHAM
3aBaHTAXKEHOCTI TpoIecopa, Mmam’sTi Ta IHIIUX pPecypciB, a e 3abe3nedye MOKIUBICTh
JIeTaJIbHOTO aHai3y B3a€MO3B’SI3KiB Mi’K KOMIIOHEHTAMH CKJIAJTHOT KOMIT IOTEPHOI CUCTEMHU.

BucHoBku. B pe3ynbTati 0CHIKEHHS po3p00JIeHO MaTeMaTUYHY MO/JIENIb BUSIBICHHS
AHOMAJIBHUX 3B’5I3KiB MK KOMITOHEHTaMH CKJIQJHOT KOMII IOTEPHOI CUCTEMHU, SIKa Ha BiIMIHY
BiJl 1HIIUX BHKOPUCTOBYE TEOMETPUYHHMH MiAXiJ, 1€ aHOMajii BUSBISIOTHCS uYepe3 3MiHYy
B3a€MHOI OPTOTOHAJIBFHOCTI MK KOMITOHEHTaMH. Lle J03BONMIIO 3MEHIIUTH Yac BUSBICHHS
aHoMaliii ctaHy KoM totepHoi cucteMu 10 10%. IIpu 11bOMy TOUHICTH BUSIBJIEHHS aHOMAaJiH
3aJMIINIACH HA 33JaHOMY PiBHI.

IIpoBeneHo JOCHIKEHHS BHUKOPHUCTaHHS po3po0JeHOI MoAeni Yy KOMIUIEKCI 3
monensmu  Isolation Forest, Autoencoder, One-Class SVM. Pe3ynpTaTéi JOCHTIIKEHB
noka3anu cyTreBi (mo 10 pa3iB) 301MbLICHHS MIBUAKOCTI BHUSBJICHHS aHOMAJiil MOBEAIHKU
KOMIT IOTEPHOI CHCTEMH, TpHW HE3HAYHOMY 3HW)KEHHI TouHOCTI miei omepamii. lle mae
MO>KJIUBICTh 3pOOUTH BHUCHOBKHU MPO JOLLUIBHICTE BUKOPHCTAHHS PO3POOJICHOT MOJemi s
BUSIBJICHHSI aHOMAJIiil TIOBEAIHKH BUCOKOHABAHTA)XKCHUX CKIIAHUX KOMIT IOTEPHUX CHCTEM B
PEKUMI peasIbHOTO Jacy.
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A Mathematical Model of Detecting Anomalous Connections Between Components of a

Complex Computer System

The object of the research is the process of detecting anomalies in high-load complex computer systems
(HLCSS). The practical application area includes HLCSS such as banking transaction servers and cloud
platforms, where stable operation must be ensured under heavy request loads. The problem addressed in the
research is the lack of real-time anomaly detection models in HLCSS with a specified accuracy under resource
constraints. Anomalies may signal system malfunctions, process mismatches, or potential cyberattacks. High-
load systems are particularly sensitive to even minor disruptions, as they can cause significant delays or
complete service unavailability for many users simultaneously, leading to financial losses and loss of customer
trust.

Modern web services face issues such as attempts of DDoS attacks, significant fluctuations in user
requests, database connection problems, memory leaks, and the impact of unexpected changes in network or
hardware configuration. Therefore, ensuring timely anomaly detection is a critical aspect of high-load system
security. Automating the analysis process and promptly identifying potential problems in real time help reduce
risks and minimize downtime. Developing a mathematical model for anomaly detection in high-load web
services aims not only to improve detection accuracy but also to ensure a timely response to potential threats
under resource constraints. This helps avoid significant financial losses and enhances user trust in such services.

The paper creates and investigates a mathematical model for detecting anomalous connections between
components of a complex computer system (HLCSS). The testing results of the model showed the following
performance metrics: accuracy — 84%, precision — 87%, recall — 74%, F1-Score — 78%. The positive results of
the study are explained by the following prerequisites: the HLCSS model uses projection matrices and
orthogonal vector functions for anomaly analysis. This allows for the creation of spatial decompositions that
reveal complex interconnections between components of a complex computer system using only eigenvalues and
vectors. Thus, the model can be applied for operational data analysis and anomaly detection in resource-
constrained environments.
high-load complex computer systems, anomaly detection, mathematical models, dynamic chaos, complex
networks
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KonuentyanbHa MOAETb CUCTEMU 1H()OPMAIIITHOTO
MpOTHOOPCTBA KOOPAUHAIIIMHOTO LIEHTPY 3 MUTaHb
HaI[lIOHAILHOI O€3MEeKH 1 000POHU

CraTTs NpuUCBSIYCHA aKTyaJbHIN MPOOIIeMi MiIBUIIEHHS €(PeKTHBHOCTI iH()OPMAIIIfHOTO IPOTHOOPCTBA,
II0 IPOBATUTHCA KOOPIAMHAIIHAM OpPraHOM 3 MHUTaHb HAIiOHAJNBHOI Oe3rekd i 000pOHM — HEHTPOM IMPOTHIIT
nesinpopmamii. MeTa JOCHIIKEHHS [JOCSTAETBCA [UIIXOM CHHTE3Y KOHIETITyaJdbHOI MOJENI CHCTEMH
iHpopMaliiiHOro mnpoTHOOpcTBa, i1 3acTOCYBaHHS Uil BHSBJICHHS Cla0KUX CTOPIH Ta, SIK HACIHIOK,
YIOCKOHAJIGHHS. MEXaHi3My MpoTHil Ae3iHdopmaliii 3aiis MiABUIIEHHS HOro epeKTHBHOCTI: 3a0e3neyeHHs
PE3yNBTaTUBHOCTI MPOTHIIT AECTPYKTUBHUM 1H(OPMAIIfHUM BIUIMBAaM 1 KaMIIaHisiM, IpONaraHji, peajbHUM Ta
NOTEeHLIITHUM 3arpo3aM B iHdopMauiitHiii cdepi, 3an00iranHs cpobdaM MaHiMyIIOBaHHS IPOMAJICBKOIO JYMKOIO.
Os3HauyeHnil MexaHi3M NpoTWAIi Nependavae pearyBaHHS Ha Je3iHpOpMaliliHI aTakd HUISIXOM CTBOPEHHS 1
PO3MIIIIEHHS BIiJIIOBIHOTO KOHTEHTY B COLIAJIbHUX Mepekax. BopHouac, pe3yibTaTH IIbOTO JOCIIKEHHS
MOKa3ald HEIOCTAaTHICTh OXOIUIEHHA LiinpoBoi aBaurtopii WhatsApp, mo <¢opMye Hemollik cucremu
iHpOopMaliiHOrOo TPOTHOOPCTBA, SKWH 3aKOHOMIPHO YHMHWTh HETAaTUBHUH BIUIMB HA eQEKTUBHICTH 11
¢ysakmionyBanHsa. KpiM Toro, aHami3 pe3ynbTaTiB IFOTO JOCIHIIKEHHS IMOKa3alia BaXKIMBICTH YIOCKOHAJICHHS
mpoIiecy JAeTeKTyBaHHS iHpoOpMamiiHUX 3arpo3 3a momomororo [T, TexHomoriii i IHCTPYMEHTIB IITYyYHOTO
IHTENEKTY, IO TO3BOJHUTH CKOPOTHUTH Yac BHABICHHA 3arpo3 B iH(opmariiiuii cdepi. Tox, mis BupimieHHS
iCHYI04Oi MpOoOJIeMH MPOMOHYETHCS PO3IMIUPUTH OXOIUIEHHS HiIbOBOI aBauTopii WhatsApp ans miaBHIEHHS
e(eKTUBHOCTI mpoTuaii Je3iHdopMalil KOOpAMWHALINHUM OpraHoM, sIKMid Oepe yd4acTh B 3abe3ledeHHi
iHpopMaliiHOi Oe3neKu JepkaBu, BHSBICHHI W nOpoTuaii aAe3iHpopmarlii, mnpomaraHiui, IeCTPYKTHBHUM
iH(QOBIUIMBAM, IMPOBOAMTH 3aXOIU Uil NMpPOTUAIl 3arpo3aM B iHopManiiHii cdepi. [IpakTnyna HiHHICTH
OTPUMAaHUX pe3yJbTATiB IOJSrac B 3MEHIICHHI BPA3JIMBOCTI OpraHiB BHKOHABYOI BJIQJM Ta CYCIHIJIbCTBA JIO
iHpOpMalIHMX 3arpo3 MNUIAXOM IJIBMIICHHS eQeKTUBHOCTI mnpoTuidii aesiHdopmanii. Boanowac, ne
3a0e3Me4YnTh 3POCTaHHS PEe3yNbTaTHBHOCTI iH(OpMaLiifHOro pearyBaHHA Ha Ae3iH(pOpMalliio, IponaraHgy i
MaHIMyJIsLii, CKOPOTUTh Yac MDK HOsBOIO (eikoBoi iHdopmawii Ta 1i BUSBICHHSM, 3a0€3M€UYNTh €PEKTUBHE
OIIIHIOBAHHS PU3WKIB IS HAllIOHAJHHOI Oe3meky B iHpOopMaIiitHOMy IpOCTOpi.
iHpopmaniiina Oe3meka, aesiHdopmania, iHdopmaniliHe nNPoTHOOPCTBO, KOHUENTYyaJlbHAa MOJeNdb,
coniaabHi Mepexi, WhatsApp

IlocranoBka mpobuaemu. JlesiHpopmaliss € pealbHOI0 3arpo3ol  Oe3meKu
IpOMaJTHIHA, CYCIIIJIbCTBA 1 Aep)KaBH, IO 3aKOHOMIPHO pOOUTH MPOTHIIIO il MPIOPUTETHIM
3aBJIaHHIM CHUCTEMH 3a0e3MeueHHs HalllOHAIbHOI Oe3neku YKpaiHu. 3pocTaHHS KUIBKOCTI Ta
MmacmTaliB ne3iH(pOopMaIiifHAX KaMITaHil, CIPSIMOBAHUX Ha YKpaiHChKE CYCIiJIbCTBO, BKpan
rOCTPO akTyamidye mnoTpedy B MakcuMainbHO e(eKkTHBHIN cucteMi iH(oOpMaliiftHOTrO
npotudopctBa. [Ipobrnemoro, sika BHHMKae y mpoTuaii nesindopmarnii Ta iHpopmMamiiHOi
0e3MneKu, € BIICYTHICTh KOMIUIEKCHOTO MiJXOJy, KOHIIEHTpalii Ha MPOCTUX 1HCTPYMEHTax
BUSIBJIICHHS (DEeHKiB Ta IrHOPYBAaHHSI CUCTEMHHUX pIllI€Hb, IO BIUIMBATUMYTh HA BECh CIEKTP
comianbHOI B3aeMoii B cycminbeTBi. Cuctema mpotufii aesiHGopMallii MOXKe OXOIUTIOBATH
3HAYHHUI CTIEKTP CUTYallild: He TUIBKH JOMMCH OOTIB y COMiaJIbHUX Mepekax abo orutayeHi
BOpOTaMH JEp>KaBU MEIIacoKeTH. SIKIO MOCTaBUTUCS 10 Ae3iH(opmarii mupie, sK 10
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CYKYITHOCTI HEraTMBHUX BIUIMBIB Ha IHCTUTYTH a0O0 IHAMBIZIB, TO IHCTPYMEHTH IMPOTHIi
MOCTaHYTh B 1HIIIOMY CBITJI, SIK 3HAYHO MACIITAOHIII BiJ MPOCTUX CIIPOCTYBAHb YU JICKITIH 3
meniarpamoTtHocTi [1]. OTxe, TOoCTpo CTOITh 3a1aua 3a0e3neyeHHs e(PEeKTUBHOCTI JisSUIBHOCTI
IHCTUTYIIIH, K1 BIAMOBIZAIOTH 3a MPOTHIIO Ae3iH(opMallii, — KOOPJAUHAIINHOTO Opra”y 3
NUTaHb HallOHAIbHOI Oe3nekn i OO0OpOHHW, 10 (YHKLIA SKOTO HAJSKUTh Y4acTb B
3a0e3nedeHH] 1HpopMaIiitHOT Oe3MeKu nep)kKaBu, BHUSABIEHHS W MpOTHAiA ne3iHdopmariii,
npornaras/i, 1eCTPyKTUBHUM 1H(OpPMALIMHAM BIUTMBAM, TIPOBEICHHS 3aXOMIB ISl MIPOTUIIT
pearpHUM 1 TOTEHLIMHWM 3arpo3aM B iH(opMamiiHiii cdepi, 3amoliraHHs crpobdam
MaHIITyJIIOBaHHS TPOMAJICHKOIO AYMKOIO [2].

AHaJi3 OCTaHHIX Aoc/aiKeHb i myOaikaumiii [3-7,12-16] moka3zaB MIMPOKE KOJIO
OpOTalMH Ta HEOONIKIB B e(EeKTUBHOCTI CHUCTEeMH iH(pOpPMaUiiHOTO NPOTUOOPCTBA
KOOPJIMHAIIIMHOTO IIEHTPY 3 TUTaHb HalllOHaJIbHOI Oe3meku i O0O0OpOHU, TPYHTOBHI
JOCIIJKeHHsT TTpoBezieHl [HecTuTyToM iHpopMariiiHoi 6e3neku. B mparmi [4] aprymMmeHTOBaHO
HeeexTuBHICTh MoHiTOpUHTY IIIIJI 1 3ampomoHoBaHa MaTpuIld 3arpo3, sSKa Mae
CKOHLIEHTPYBATH AiSUTBHICTh BUHATKOBO Ha aKTyaJIbHUX LUIAX: «B Hill BeCh MacUB 310paHUX
IIOB1JIOMJICHb MOAIISETHCS HA TEMU 332 «KKOHTCHTHUMMI» O3HaKaMM; TeM He MOxe OyTu Ouiblie
IIECTU-CEMH, OCKUIBKHU JUI 0OCIIyrOBYBaHHS KOXKHOI 3 HUX MOTPiOHA, IIOHAMEHIIIe, OKpeMa
JIIOJTMHA; IO TAKUX TEM MOKe OyTH BITHECEHO BIHY Ta OKYMAIlilo, ICTOPiI0; KyJIbTypy (MOBY),
aii ta pedopMu nepKaBH, MIKHApOJAHI BIIHOCHHU YKpaiHM; KOXKHA TeMa CKJIQA€ThCS 13
3arajJpbHUX JIBOPIBHEBMX HapaTUBIB» [4]; TaKOX € MeceIXi — HEeNpaBIuBI IMOBITOMIICHHS.
Jleski MOCHiPKEHHS TaKOXX BKa3ylOTh Ha MpoOJeMy pPaHHBOIO BUSIBICHHS (eEiKiB Ta
MOBIILHOTO pearyBaHHsS Ha Je3iHGopMarlito, MPOTOHYIOTh aBTOMATHYHY JETEKIlilo, 3a
JIOTIOMOTOI0 ~ IKOT MOXHA JOCATHYTH TOJIOBHOI IIJi — CKOPOYEHHS 4Yacy MixX
PO3MOBCIOKEHHAM (PelKy 1 ypsJIOBUM pearyBaHHSAM Ha HbOro. BomHouac, y TOCTIIKEHHAX
HE PO3IJIAJAETHCS MUTaHHA 3a0e3MeUYeHHs CTIMKOI e()eKTUBHOCTI CUCTeMH 1H(POpPMaLiIHHOTO
npoTUOOPCTBA KOOPJWHAIIMHOTO IIEHTPY 3 MUTaHb HAIIOHATBLHOI Oe3Mmeku i 00OpOHU B
YacTUHI TOKPHUTTSA IIUIOBOI aBAUTOpIi y COIaJbHUX Mepexax 3amisi peamizamii
pe3yiabTaTUBHOI MpoTHAil Ae3iHdopmMalii, mpomnaraHmi, AECTPYKTUBHHM iH(OpMAIiiHUM
BIUIMBAaM, MAaHIIyJIOBaHHIO CYCHUIBHOIO JyMKoio. Pasom 3 Tum, y mpamsx [14-15]
3aMpONOHOBAaH MAXOAU MiABUIIEHHS €()EKTUBHOCTI MPOTHIII MpomaraHal cemapatusmy i
AHTUYKPaiHCHKOT 1/1€0JI0Ti1 B COIIaTbHUX MEpEKax.

ITocranoBka MeTH ¥ 3aga4  JOCHiIJKeHHsA. Y  KOHTEKCTI 3a0e3ledyeHHs
iHpopmamiiiHo-Ticuxonoriunoi  6e3neku  Llentp mpotunii  nesindopmanii npu  Pani
HarioHanpHOI 6e3neku 1 o6oponu (LIII/I) B YkpaiHi € KIHOYOBOIO ACP)KABHOIO 1HCTUTYIIIETO.
[IpoTe icHYIOTH CymepedyHOCTI Ta HEBH3HAUEHOCTI HIOA0 €(EeKTHBHOCTI 1 Ii€BOCTI HOro
(GyHKIIIOHYBaHHS IMOJ0 3a0e3MEeUeHHs pe3yJbTaTUBHOI MpOTHAIl  Ae3iHdopMarii y
COLlIaTbHUX MEpeKax.

Memoro yiei npayi € mMABUIICHHS €PEKTUBHOCTI 3aXOMiB MpoTHii ae3iHdopmarii
IUIIXOM CHHTE3Y 1 3aCTOCYBAaHHS KOHIENTYalbHOI MOJeNi CHUCTeMH iH(pOpMaLiiHOTO
npoTHOOPCTBA KOOPIAMHAIIMHOTO OpraHy 3 TUTaHb HalllOHAJIBHOI Oe3mekn i 0O0OpOHH
nepxxasu (LITLT).

OcHoBHI 3aBmaHHs nocmipkeHHs: 1) anamiz gisuibHOCTI LIIJ] Ha ocHOBI myOmiuHO
JOCTYIHHUX JaHUX Ta O(ilIHHUX 3BITIB, BUBUEHHS €()EKTUBHOCTI IHCTPYMEHTIB Ta CTpATETiid,
ski BukopuctoBye LleHTp mpotuaii nesindopmairii, 30kpema y chepi MOHITOPUHTY i aHAIIZY
iH(popMalLiifHOTO TIpocTOpy; 2) owiHioBaHHS BmuBy podotu LIIJ] mHa mpouecu mportumii
ne3ingopmanii B Ykpaini Ta 1i e()eKTUBHICTh Y KOHTEKCTI CyYaCHHMX BHKIHUKIB 1 3arpo3s; 3)
noOysoBa  KOHIENTyanpHOI  Mojemi — cucteMd  iHQopmariiiHoro  mpoTubGopcTBa
KOOpAMHAIIIMHOTO OpraHy 3 THTaHb HamioHambHOI Oe3nekui oboponu (LIIH); 4)
3aCTOCYBaHHS pPO3pOOJIEHOT MOJENl JUIsl BUSBJICHHS CHJIBHUX Ta CIa0KUX CTOPIH CHCTEMH
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npoTuaii Ae3iHdopmallii, a TAKOK PO3POOJICHHS MPAKTUYHHUX MPOTO3ULIIN 38715 MMiIBUIIICHHS
e(heKTUBHOCTI 3aX0A1B IPOTUIIT Ae3iHpopMarIii.

Bukiaan ocHoBHoOro matepiaay. Llentp nporuaii aesindopmarii npu PHBO Bukonye
3aBIaHHS TPOBEJICHHS 3aXOAIB 3 TNPOTH[II TOTOYHUM 1 TependadyyBaHUM 3arpo3am
HallloHaJIBHIM Oe3meni Ta iHTepecaM VYkKpainu B iHdopMmaniiinii chepi [2]. Leit
KOOpJIMHAIIIMHUI OpraH 3 TMUTaHb HAIIOHAJBHOI Oe3neku 1 o0opoHu Oepe Oe3mocepeIHIo
y4acThb B NMPOTHUII pOCIMCHKii arpecii, TOMy HOTo MpiOPUTETHOIO AISUTBHICTIO € «ONepaTHBHE
iHQOpMyBaHHSA HACEJCHHsS, PO3KPUTTSA Jne3iHdopmallii Ta MaHImyJsmii, 3a0e3nedyeHHs
iHpopmariiiHoi Oe3neku, 60poThda 3 iH(popMaIiiftHUM Tepopu3Mom» [2], a BIANOBITHO 0
3aBJaHb, BU3HAYeHUX Yka3oMm [lpesumenta Ykpainu Bimx 7 tpaBHs 2021 poxy Ne 187/2021,
HIT peanizoBye Taki OCHOBHI (PyHKIIi:

- MOHITOPHUHT Ta aHaJIi3: OI[iHIOBAaHHS 1H(POPMAIIMHOTO MPOCTOPY YKpaiHU Ta 3arpo3
iH(hopMaIiifHiii Oe3merri;

- BUSIBJICHHS 3arpo3: JOCIIKEHHSI YUHHUKIB, 1110 ()OPMYIOTh 3arpo3H, IPOTrHO3yBaHHS
iX HACHIJKIB JUTsl HALlIOHAIBHUX 1HTEPECIB;

- iHdopmariiiiHa MATPUMKA: HAJAHHS aHAJTITHYHUX MarepiaigiB g TPOTUIIi
ne3indopmarii i MaHITyJIAIISIM TPOMAJCHKOIO TYMKOIO;

- pO3pOOJIEHHS KOHIENTYAJIbHUX TMPOTO3UIlINA, CTBOPEHHS MMAXOMIB 10 NPOTHIIT
ne3indopmarii Ta KOOpAUHAIII 11l OpraHiB BAKOHABYOI BIAJIN;

- PO3LIMPEHHST CIPOMOXKHOCTI CEKTOpYy Oe3neku Ta 000pOHHU, IPOBEICHHS CHCTEMHHUX
3axX0[iB JJIs 3MIIIHEHHS! MOXKJIMBOCTEH MPOTHOOPCTBA;

- MpaBOBe 3a0e3IMeUeHHs: YIOCKOHAJIICHHS 3aKOHOJABCTBA 1 HAYKOBUX MIAXOIIB B
cdepi iHPopMaIIiitHOi Oe3neKu;

- CTpaTeriyHi KOMYHIKAIlli: PO3BHUTOK CHUCTEMH CTPAaTETIYHUX KOMYHIKAIlid Ta
KOOPJIMHAIIIS BIAOBITHUX 3aXO0/IiB;

- OLIIHIOBAHHSI 3arp03: CTBOPEHHS IHTETPOBAHOI CHCTEMH ISl OI[IHKH 1H(POPMAIIITHUX
3arpo3 Ta ONepaTUBHOTO pearyBaHHS.

CuHTe3 KoOHUeNnTyaJabHoi Mopaesi. 3aramom [II1J] 3abe3neuye pearyBaHHS W
npotufito AesiHpopmanii. Ilepme — mIIIXOM MOHITOPUHTY (IETEKTYBaHHS) 3arpos
iHdopmartiitHii O6e3reri, Apyre — BepudikaIliero pe3yJbTaTiB JeTEKTyBaHHS KaMIMaHii 3 00Ky
1HO3eMHHUX JIep>KaB, Mporaranay, ae3indopMarii i AeCTpyKTUBHUX iH(OpPMAIIHUX BIUIMBIB
Ha YKpaiHChbKE CYCmuIbCTBO (iX JDKepernaMu €, cepel IHIIMX, IHTEPHETHI PEeCypcH,
pasioMOBJICHHS, TeeOaueHHs ), IPUHHATTS YIPaBIIHCHKUX PillleHb, CTBOPEHHS KOHTEHTY IS
iHdopmariitHoro mpotudbopcTBa. B mexax cBoix ¢ynkmiit LITJ] 3a06e3meuye B3aemomiro 3
IPOMAJCBHKICTIO: TPOCYBAaHHS CTBOPEHOTO KOHTEHTY Yy Me[ia, B I1HTEpPHETI, HOUIMPEHHS
rPOMAJICbKUMHU  1HIaTHBaMu ¥ o0 ’egHaHHsAMHU. I3 BeOpecypciB i  PO3MIICHHS
ne3iHpopManifHOro KOHTEHTY 3acTOCOBYIOThCs odimiiiHi Bebcaiitu Llentpy ta PHBO,
BeOmopran Apmisinform [3], a Takox comiansHi Mepexi: Facebook, TikTok, Instagram,
Viber, X (Twitter), Telegram, YouTube, WhatsApp. ¥V cykynHocTi mepenideHi aKTHBHOCTI
MarTh 3a0e3leuyBaTH 3HIDKCHHS BpPA3JIMBOCTI OpraHiB BHUKOHABYOi BIJIAJH, 3arpo3s
HAIllOHAJILHUM 1HTEpecaM Jep’KaBH, JIOBipa CYCHUIbCTBA 10 yKpaiHCbKOi Biagu. O3HadeHe
CTaJ0 MIAIPYHTAM JUIsi TMOOYJOBH KOHIENTYaJdbHOI MOJENl CHCTEeMH 1H(POPMAIIIHOTO
MPOTUOOPCTBA KOOPAMHALIIMHOTO IIEHTPY 3 MUTaHb HaIllOHANBHOI Oe3neku 1 o6oponu — LII/],
— sIKa TPeJICTaBJIeHa Ha PUCYHKY 1.
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Pucynok 1 — KoHnenTyanpHa MOAENs CHCTEMH iHPOPMAaLifHOTO IPOTHOOPCTBA
KOOPJIHUHALIHHOTO LIEHTPY 3 MUTaHb HAL[IOHAJILHOT Oe3MeKn 1 000poHH
Locepeno: pospobaeno agmopamu

OuinoBanHs edeKkTHUBHOCTI cucTeMu mnpotuaii nesingopmauii. BianosigHo no
YKpaiHCBKOTO OOJKETHOTO 3aKOHO/ABCTBA, TOKa3HMKaMu poOotu LleHTpy 3aramom e
JIBA/ILSATH 3BITIB [IPO pe3yJIbTaTH BUSBJICHUX 1H(OpMaLiHUX 3arpo3u y chepi HallloHAIbHOT
Oe3nekn Ta OOOpOHW YKpaiHW, TPOBEICHHS IECATH 3aXO0JiB 3 i1HGOpMaIiiHOl Oe3IeKH,
CIIPSIMOBAHHUX Ha MiBUIIIEHHS 3aXUIIEHOCTI Cy0'€KTIB CEKTOPY O€3MeKn Ta 000POHHU, TTOTaAHHS
’situaecs Ty (IoTkHeBUX) MaTepianiB 10 PHBOY Vkpainu 3a pe3yiabraraMu MOHITOPHHTY
oA Ta sBUM Ae3iHdopMalii, mpornaraHay Ta MaHIMYJIOBaHHS TPOMAJICHKOK TYMKOIO B
iHpopManiiiHOMy IpoCcTOpi YKpaiHH, a TAaKOXK OJHAa HAYKOBO-JOCIIHUIIbKA pOoOOTa 3 MUTAHb
60poTHOM 3 Ae3iH(OpMaITi€O.

OnHuM 3 OCHOBHUX (DaKTOPIB YCHINIHOCTI KPH30BHUX KOMYHIKaIlili y KOHTEKCTI
CIIpOCTyBaHHs JAe3iH(opmMallii € OonepaTUBHICTh pearyBaHHsS Ha TOSBY TaKWX MaTepiaiB.
EdextnBHrM BBaxkaeThCsl TepMiH 10 90 XBWIMH MK MOIMIMPEHHSM HENPaBIUBOi iH(popMarlii
Ta BUXOJOM O(QiIIAHOI peakiii 3 00Ky yMOBHOBaXEHOTO TpeAcTaBHUKA aepxaBu [4]. e
OHUM KpUTEpi€EM OLIHKKA 3arpo3d B iHopMaliiHid cdepi € «IIOBTOPIOBaHICTh
MOBIJIOMJICHHS»: IHTCHCHBHICTH TOSBH CXOXKHX IOBIIOMJICHb y PI3HMX Mejia, COIaIbHUX
Mepexax Ta meceHmkepax. [Ipu akTuBHOMY MOBTOpeHHI iH(opMarii ¢akTop MpaBAUBOCTI
BTpavya€ CBOIO 3HAYMMICTD 1 BAXKJIMBO HAJIATH IIBUIKY M KOMIIJIEKCHY BIJIITOBI/Ib HA HETaTUBHY
iHpopMarliro abo 0JHOYACHO MPOCYHYTH TMO3UTHUBHI Meceki. Ha mpomy erami KIIFOYOBUM
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CTa€ 3[aTHICTh JOLUIBHOTO CIPSIMyBaHHS CBO€I MO3MIIT A0 BCIX LIJIBOBUX aBIUTOPIMH,
BUKOPUCTOBYIOUH MTOBHUH CIIEKTP KOMYHIKAI[IHHAX 1THCTPYMEHTIB.

I3 3aBnanb Ta inAMKaTOpiB podoTH LIeHTpy BUILIMBAE, 1110 OCHOBHOIO METOIO POOOTH €
MOHITOPHUHT 1H(GOPMAIIHHOTO TOJS Ta TMOAAJIbIIE BUSBJICHHS TIOBIIOMJICHB, IO MICTSITh
nesindopmarmiro. Hapaszi LI/ pyHKIiOHy€e sK aHATITUYHA yCTaHOBA, 3AICHIOE MOHITOPUHT
1H(pOpMaIIfHOTO MPOCTOPY 3 METOI0 BHUSBJICHHS 3alUITAHOBAHUX JE31H(POPMAIIHUX aTak,
HETpaBAMBUX HOBHMH Ta 3asB, a TaKOX BIJICTEXKY€ 30BHILIHI JECTPYKTUBHI HAapaTUBH, SKi
MOIIMPIOE pociiickka mpomaranna. llenTp pearye Ha paesiHopMaliifHi aTaku ILUITXOM
PO3MIILLIEHHSI CHPOCTYBaHb Ta TNPOBENEHHS i1H(GOpMaIiifHO-aHAMITUYHUX pPO3BiTOK. Jlis
MOIIMPEHHS PE3yJIbTaTIB CBOEI pOOOTH 31 CTBOPEHHS KOHTEHTY ISl IPOTUIIT ne3iHdopmariii
Lentp, cepen iHIMX IHTEPHETHHX PECYpPCIB, CTOPIHKM Y COLIQIBHUX MEpexkax, SKi MaroTh
Taky aBauTopiro: Instagram - 31,5 tuc., X (Twitter) - 4953, Viber - 445 tuc., Facebook - 38
tuc., YouTube - 15,3 tuc., Telegram - 63 tuc., TikTok - 44,8 Tuc., WhatsApp — 107.
['icTarpama 3a3HadeHoi KiJIbKOCTI MIMHUCHUKIB TIPEICTABICHA HA PUCYHKY 2.
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Pucynok 2 —TI'icrorpama asmuropii LI/ B conianbHux Mepexax — udpoBux 3acobax
iH(OpMAIIIfHOTO TPOTHOOPCTBA KOOPAWHAIIIMHOTO OPTaHy
3 MMTaHb HAIlOHAIBEHOI Oe3neKu i 000pOHU
Loicepeno. pospobaeno asmopamu

OxomieHHST UUTBOBOI aBIUTOPIi € BKpail BaXJIMBUM KPHUTEPIEM Yy TPOTHIIT
nesinopmanii. Haiimenmie mnokputts, sk 0aunMo, 3a0e3MeYeHO Yy MPOMPIETAPHOMY
Mecenpkepl s cmaprdoHiB WhatsApp. Tok, cimiig mpoBecTH 3ax0nd IS PO3IIHPEHHS
(3amy4eHHs) aBauTOpii y IIbOMY cepBici. Bapro 3a3HauuTH, mo 3a JaHUMH OJHOTO 3
YKpaiHCBKUX OTmepaTtopiB MOOLTBHOTO 3B’si3Ky WhatsSApp BHUKOPHCTOBYIOTH TOHAA S5 MITH
aboHeHTiB [9], a 3rigHO 3 pe3yibTatamu onuTyBaHHA Internews y 2023 pomi [10] — 11%
ykpainmiB. Takox mocmimkenHs [10] Bka3dye Ha CBITOBY TCHJCHIIIO JIO 301TbIICHHS
3actocyBaHHs WhatsApp B 3amadyax 3B’S3KiB 3 TPOMAJICHKICTIO, MOIIMPEHHS iHopMaIlii,
T0OTO, IO € OYEBUAHKUM, TPOTUIT e3iHPOpMAITii 30Kpema.

PearyBanus Ha QaxT ne3iHpopmaiii COPOCTYBaHHSAM 3arajloM € JIMIIE OIHHUM 3
MOJJIMBUX IHCTPYMEHTIB. Tak, Maii’keé NOBHA BiJICYyTHICTh NMPOAKTUBHOI POOOTH B IIHOMY
HampsiMi MO’K€ CBIAYMUTH abo0 TPO BIJCYTHICTb HAAroHPKEHOI CHCTEMH MOHITOPUHTY
iHpOpMaIiifHUX 3arpo3 1 MOKJIMBOCTI MTPOTHO3YBATH PU3UKH, a00 K MPO BHOIPKOBHUN MiIXixa
JI0 TIPOTHUIT ne3iH(opMariii.

I3 3ampomonoBanoi Moxeni (puc.l) BUIUTMBAE 3aBJaHHS YAOCKOHAJICHHS (YHKIIT
nerektyBaHHa. PoGorta ILIIIJI mae OyTu cropsiMoBaHa Ha CTBOPEHHS 1 BHUKOPHUCTaHHS
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IHCTPYMEHTIB, sIKi J03BOJIATH BiJCHIAKOBYBaTH iH(OpMALiiiHI aTaku Ha PaHHIX CTadiIX iX
posropranHs. Taki IHCTpYMEHTH MalOTh OyTH MaKCUMaJIbHO aBTOMAaTH30BaHi, 3aCTOCOBYBATH
CKJIaJHI aJITOPUTMHU MOHITOPUHTY iH(OpPMAIIIHOTO HPOCTOPY B YCiX HOro CEerMeHTrax,
amapaTHUN KOMILJIEKC, 10 JO3BOJATUME OOpOOIATH BeIude3Hi MacuBH iH(opmMartlii, cydacHi
TexHosorii mryyHoro intenekty [l11, 16]. Kpim Toro, BimmoBifmHO [0 pe3yJbTaTiB
nociipkeHHs [3], Ui 3aBaaHb, IOB’sS3aHUX 3 MOHITOpUHTOM iH(opmamii Ta HOro
AQHAJITUYHUM CYIPOBOJIOM, a TAaKOXX MiATOTOBKOIO 3BITIB, ICHYIOTh JIep)KaBHI YCTaHOBH Ha
KimTanT HarioHaapHOTo 1HCTUTYTY CTPATETTYHHUX JOCIIKEHb UM HE3JICKHOTO aHAJITHIHOTO
HEHTPY «YKpaiHCbKUH 1HCTUTYT MalOyTHBOTO», SIKHH SIK CIUIBHUN MPOEKT MPEACTAaBHUKIB
YKpaiHCBKOTO O13HECYy, MOJITUKH 1 TPOMAJCHKOTO CEKTOPY «IPOTHO3YE 3MIHU Ta MOJIEIIOE
MOYJIMBI CIIEHapii PO3BUTKY MOAlA B YKpaiHi, HaJae KOMIICTCHTHY OLIHKY YKpaiHCBKUM
noaisiM, (HOpPMYJTIOE TIPAKTUYHI PEKOMEHAINT 10 Ail, TporoHye edeKTHBHI PIIICHHs, HaJae
MailaH4uK A7 JUCKYCii Ha akTyanbHI Temu» [17], a y cdepi pakT-4ekiHry Ta miJABUIICHHS
MEIarpaMOTHOCTI HACEJIGHHs 3TimHo 3 [3] ycmimHO [Ail0Th KOMaHIH, SKI  BXKeE
IPOIEMOHCTPYBAJIN CBOIO CIIPOMOXHICTB 1 pe3yJIbTaTUBHICTb.

HinBumenHsi egpeKTUBHOCTI 3ax0AiB mpoTuaii Ae3indopmanii. AHami3 oTpruMaHUX
pe3yNbTaTiB  JOCHIDKEHHS, 30KpeMa MOJelll CHCTeMH i1H(pOpMauiiHOro MpoTHOOpPCTBA
KOOPJIMHAIIIMHOTO IIEHTPY 3 TMHTaHb HAIlOHAIBHOI Oe3meku 1 O0OOpOHHM, BKa3ye Ha
HEOOXIJTHICTh YJIOCKOHAJIEHHS Tpouecy JAeTekuii iHdopmamiiHux 3arpo3 Ta (elkoBux
MOBIIOMJICHb, @ TaKOXX TOCTPOi HEOOXIMHOCTI pO3MUpEeHHS i1HGOPMAIIHHOT TisITEHOCTI,
30inpIIeHHs niaboBoi aBauTopii LIITJ] B Mecenmkepi WhatsApp.

Jlnst po3B’s3Ky TEPIIOi 3a7avi MPOTOHYETHCS BIPOBAIUTH KOHIIEMIIIIO 1IHTETPOBAHOT
CHCTEMH OI[IHKM Ta MOHITOPUHTY iH(OpMAIIfHUX 3arpo3 Ta ONEpaTHBHOI'O pearyBaHHS Ha
HUX, 3actocyBaHHsa TexHosorid III. Ils cucrema mae aBTOMATHYHO aHaI3yBaTH BEIHUKHI
o0csT 1aHuX, HAOJM)KEHOMY JIO PEaJIbHOTO Yacy, i MOPIBHIOBATH iX 3 ICTOPUYHUMH JaHUMH,
BUSIBJISITH TIATEPHH, CIUTbHI XapaKTEPUCTHKH B TOBIJIOMJICHHSX, aBTOpax, Ipylax aBTOPIB.
Kpim TOrO, YIOCKOHANCHHS O3BOJHUTH OIL[IHIOBATH OpPUTIHAJIBHICTH Ta MOBTOPIOBAHICThH
(dbparMeHTIB TEKCTIB, CTBOPIOBATH aBTOMAaTH4HI pedepaTu mpo iHdopmaIliiiiHi mojii Ha OCHOBI
noBiomieHb. OCHOBHA MeTa 3aCTOCYBaHHS 3a3HAYEHOI'O MiAXOJIy — CKOPOYCHHS Yacy MiX
MOMEHTOM TIOSIBH 1H(OpMaIlii Ta MOMEHTOM i1 BUSBIICHHS CHCTEMOIO.

Po3B’s130K 3anaui 30ibmeHHS TOKpUTTS y WhatsApp monsrae B mpoBe/ieHH] 3aX0/1iB
30uTbIIeHHsT aBauTOpii [12] B 3a3HaUu€HOMY MPOMPIETAPHOMY MECEHIDKEPl, 10 T03BOJIHUTH
OiABUIMUTH €(EeKTUBHICTh MpOTUAIl Ae3iHdopMmarii 3a paxyHOK 30UIBIICHHS OXOIUICHO]
MEIIAHOT Tpymu i Yac iH(OpMaIliiHOl MISTIBHOCTI KOOPAWHAIIMHOTO OpraHy 3 INHTaHb
HAI[IOHATTBFHOT Oe3MeKH i 000POHHU.

BucHoBkHU:

1. IlpencraneHi y 1ii npami pe3yapTaTu aHaTI3y ICHYIOUHX JOCHIHKEHB 1 myOumikamini
MOKa3aJik, IO IS TMIiJBHUINCHHS €(EeKTUBHOCTI 3aXOiB MPOTHAIl ne3iHdopmarii ciifg
BUPILIUTH 3aBJaHHSA CHHTE3y KOHIENTYyalbHOI Mojelni iH(opMaliifHoro mpotudbopceTsa, Mo
JI03BOJIUTh BU3HAYUTH cJIaOKi ¥ CHIIBHI CTOPOHM CHCTEMHU, 3alIPONIOHYBAaTH METOJ PO3B’A3KY
HAYKOBO-TIPAKTUYHOT 3a4a4i 3a0e3nedyeHHs e(QEeKTHBHOI IisUIBHOCTI IHCTHTYIH, SKi
BIJIMOBIIAIOTh 32 TMPOTHIIIO JAe3iHdopmallii, — KOOpAWHAILIMHOTO OpraHy 3 IIHTaHb
HAI[IOHATFHOT 0e3MeKH 1 000POHHU.

2. Pesynbpratu omiHroBaHHs edekTuBHOCTI mismibHOCTI L{I1/] Ha mporecu mpotmmii
nesiHpopmanii B YKpaiHi MoKaszanM, I10, MONpUd (aKTUYHO ICHYIOUMH TOTEHIIal,
npomnpierapauii  MeceHpkep WhatsApp Mae HaiiMeHIe, KPUTHYHO Majle OXOIUICHHS
aBIUTOPIi, X04a HUM KOPHUCTYIOTHCS 3HauHA 4YacTHHA aOOHEHTIB MOOITBLHOTO 1HTEPHETY B
VYxpaini. Kpim Toro, HeZocTaTHIM € piBeHb IHQPOBi3allii MOHITOPUHTY, KU HAa CHOTOIHI
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BUMarae aHaJli3yBaHHs BEJIMKHX 00cATiB iH(opMarlii, 30kpeMa 3 BUKOPUCTAHHSAM TEXHOJIOTiN
MITYYHOTO 1HTEJICKTY.

3. Ins moOyioBH KOHILIETITYaJ bHOI MOJET CUCTeMH iH(opMariiiHoro npotudopcraa
KOOPJIMHAIIIMHOTO IIEHTPY 3 TMHUTAaHb HAIIOHAJIbHOI Oe3MeKkn i OOOpPOHH MPOBEICHO
nocmipkenns LIJIIT. Tox, B ii 0a3uc mokianeHi (YHKIIIO CTBOPEHHS KOHTEHTY JUIS
1H(OopMaIiifHOTO MPOTHOOPCTBA Ta B3AEMOIIIO 3 TPOMAJICHKICTIO Yepe3 MPOCYBaHHS KOHTEHTY
B Me/ia 1 COLiaJbHUX Mepekax, TOOTO pearyBaHHS Ha 3arpo3u iHdopmauiiHiii Oe3meri
IIUISIXOM MOHITOPHUHTY Ta Bepudikalii ne3indopmariiiuux KammnaHii, 30KpeMa BiJl iHO3EMHUX
JiepKaB Ta 1HIIMX JOKEepEN MponaraHav i AeCTpYKTUBHUX iH(OpMAIfHUX BIUTUBIB, a TaKOX
3aco0u, sIKi JUIsi 1IbOTO BHUKOPUCTOBYIOTBCS: I1HTEPHETHI PECypCH, pajio, TeleOadyeHHS,
colianbHi Mepexi.

4. AHami3 3amporOHOBAHOI MOJENI 1 pe3yibTaTiB JOCHIKEHHS IIOKa3aB TOCTPY
HEOOXIJTHICTh PO3LIMPEHHS MOKPUTTS LIJIbOBOI aBIMTOPII uepe3 coliajdbHI Mepexi Ta
MECCHJDKEPH, yJOCKOHAJICHHS CUCTEMH JIETEKTyBaHHs i1H(OpMAIIHHUX aTak, 30KpemMa 3a
JIOTIOMOT010  1HOPMALIHHUX CHCTEM, CKJIAQIHHUX AaJTOPUTMIB MOHITOPHHTY 1 TEXHOJOTIH
MITYYHOTO 1HTEJIEKTY, a TAKOK HEIOCTATHIO MPOAKTUBHICTh POOOTH KOOPAMHAIIIHHOTO OpraHy
3 NUTaHb HAaLIOHAJIBHOI Oe3neku i 00opoHH. IIpakTHUHUMHM pe3yJbTaTaMH i€l Mpaii €
oOrpyHTOBaHa HEOOXITHICTh YJAOCKOHAJIICHHS HeTeKIi iHpopMamiifHKX 3arpo3, 3amada
BUKOpUCTaHHs TexHomoriii Il sy BusBIEHHA 1 pearyBaHHS Ha 3arposu, 30UIbLICHHS
OXOIUIeHHST 1UTboBO1 apautopii y WhatsApp. lle mo3Bonmth migBUIUTH €()EKTUBHICTH
poOOTH KOOPAMHALIKHOTO OpraHy 3 MHUTaHb HALlIOHAJIBHOI Oe3MekH i 00OPOHU 3a PaxyHOK
CKOPOUYCHHSI Yacy MDK TMOsiBOIO (heiikoBoi iH(opMalii Ta ii BHUSBICHHSIM, 301TBIICHHS
pe3yJIbTaTUBHOCTI pearyBaHHs Ha Je31HPOpMalliio 3aBASKH PO3IMIUPEHHIO HIJILOBOT ay TUTOPIi
1 3actocyBaHHIO cydacHux IT.

3a pe3ynpTaTaMu IBOTO JOCTIKEHHS C(POPMYJILOBAHO, OOTPYHTOBAHO i BHECEHO Ha
posrsin LI mpakTudnHi pexkoMeHaaIli 100 PO3IMIMPEHHS MPHCYTHOCTI B KIIFOYOBHX
MeceHKepax i 3abesrnedeHHs NpPOTHAIl Jesindopmanii. IXx BpaxyBaHHS J03BONHTSH
PO3MIUPUTH  KOJIO IUJIbOBOI aBAUTOpii JuUIsi MpOTHAil  ae3iHdopmariii, MnpomnaraHiu,
JeCTPYKTUBHUM 1H(GOpMAIifHUM BIUIMBaM Ta KammaHiid. OdikyBaHUM €(EKTOM LBOTO €
3HIDKCHHSI DPIBHA Bpa3JMBOCTI OPraHiB BHKOHABYOI BJAAuW Ta CYCIUIBCTBA 0 3arpo3s
iH(hOpMaLIIfHOTO XapakTepy 3aBIsSKd €(EeKTUBHUM IMIIXOAaM 10 3MiMCHEHHS OIIHIOBaHHSI
PH3HKIB 1 3arpo3 HalllOHAJBLHUM iHTEpecam YKpainu B iH(OpMAIlifHOMY MPOCTOPI MIISTXOM
IMIUIEMEHTAaIlli TiAX0iB PAHHBOTO MOMEPEHKEHHS PO 3arpo3u iHPOPMAIIITHOTO XapakTepy.
Boanodac, o3nadueHe 3a0€3Me4nTh CKOPOUCHHS 1HTEPBATY Yacy MK HAaCTaHHSM PE30HAHCHOT
nofii (abo nosiBu iHpopmauii mpo Hel) Ta iHpopMaliifHUM pearyBaHHIM Ha Hei.
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The Conceptual Model of the Information Counteraction System of the Coordination

Center for National Security and Defense Issues

The article examines the pressing issue of enhancing the efficiency of information confrontation
conducted by the coordination body responsible for national security and defense — the Center for Countering
Disinformation. The goal of this study is achieved by synthesizing a conceptual model of the information
confrontation system, applying this model to identify weaknesses, and improving the mechanism for countering
disinformation to enhance its efficiency. This improvement ensures effective resistance to destructive
informational influences and campaigns, propaganda, real and potential threats in the information sphere, and
prevents attempts to manipulate public opinion.

The proposed mechanism for countering disinformation involves responding to disinformation attacks
by creating and distributing content on social media platforms. The results revealed insufficient coverage of the
target audience on WhatsApp, highlighting a deficiency in the information confrontation system that adversely
affects the efficiency of countering disinformation. The research also demonstrates the importance of enhancing
the detection process for informational threats using IT, advanced technologies, and artificial intelligence tools.
This approach will reduce the time required to identify threats in the information sphere. To address the existing
problem, the study suggests expanding the coverage of the target audience on WhatsApp to improve the
efficiency of the coordination body's disinformation countermeasures. This body plays a key role in ensuring the
state’s informational security, identifying and countering disinformation, propaganda, and destructive
informational influences, as well as conducting measures to mitigate threats in the information domain.

The practical value of this research lies in reducing the vulnerability of executive authorities and society
to informational threats by enhancing the effectiveness of disinformation countermeasures. Additionally, it will
improve the responsiveness to disinformation, propaganda, and manipulation, shorten the time between the
emergence and detection of fake information, and ensure effective risk assessment for Ukraine's national security
in the information space.
information security, disinformation, information counteraction, conceptual model, social media,
WhatsApp

Ooeporcano (Received) 08.11.2024 IIpopeyenszosano (Reviewed) 10.12.2024
Tputinamo oo opyxy (Approved) 23.12.2024

31



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2024. Issue 10(41), Part II

YK 004.056:621.396.6 DOI: https://doi.org/10.32515/2664-262X.2024.10(41).2.32-38

1. IlpoxonoBu4-TKaueHko, 1011., KaHJ. TEXH. HAYK

Yuisepcumem mummnoi cnpasu ma ginancie, m. [ninpo, Yrpaina

B.II. 3BepeB, no11., KaH/. TexH. HayK, B.I'. Bymkos, acr.

Hepoicasnuii mopeosenvro-exonomiunuil ynieepcumem, m. Kuis, Yxpaina
Bb.C. Xpymkos. aci., O.B. Yepkacbkuid, CTyI.

Yuisepcumem mummnoi cnpasu ma ¢inancie, m. [ninpo, Yrpaina

TapreroBaHi aTaku Ha CyITyTHUKOB1 IHTEPHET-CUCTEMM:
BUKJIMKH Ta HIJIXOIU 0 3aXHUCTY

VY crarti amHami3yeThCs OxHA 3 HalMacmTaOHImMMX Kideparak, CHOpSAMOBaHa HAa BUKOPUCTAHHSI
Ypa3IUBOCTEH CYMyTHUKOBOTO iHTepHeTy Starlink, 1o mmpoko 3acTOCOBYEThCS Ui 3a0€3MEUYCHHsS 3B’SI3Ky B
YMOBax BIJICYTHOCTI TpaauuiiHOl 1HOPAacTpYKTypH. 3JIOBMHCHHMKH, BHKOPUCTOBYIOUHM IIKIJJIMBE IPOrpaMHE
3a0e3MeueH s, 3IIMCHIIM TapreToBaHi aTakd Ha IPHCTPOi, LIO JJO3BOJMIO iM OTPUMATH JOCTYI 1O
KoH(ineHiiHOi iHpopMamii Ta NOpYmMTH POOOTY KPUTHYHHMX CHCTEM. JleTalbHO ONMMCAaHO METOIM arak,
BKJIFOUAIOUH BIIPOBADKEHHS IIKIIVIMBHX ITporpaM yepe3 PowerShell-nponmepu, 3miny koH(DIrypartiii MepexxeBux
NpUCTPOIB Ta 30MpaHHs 4yTnHBUX AaHuX. OcoOiMBY yBary NpHIUICHO HAciiJKaM aTak, cepell SIKMX BTPaTH
JAHWUX, IecTa0umi3amis poOOTH Mepexi Ta Ypa3lUBICTh KIIOYOBOI iHPpacTpykTypu. Ha OCHOBI mpoBemeHOTro
aHaJi3y 3alpoIIOHOBAHO PEKOMEHMAIi MO0 BIOCKOHAICHHS CHCTEM KiOep3axucTy, 30KpeMa BIpPOBAKCHHS
OaraTopiBHEBHX €MEpIKCHTHO-aIallTHBHAX HEeHpoMepek, 3JaTHUX 3a0e3[eYnTH MOHITOPHHT Ta pearyBaHHS Y
peanbHOMY 4aci. HarosomeHo Ha BaJTMBOCTI iHTerparii MKHAPOJIHUX CTaHIApTIB iH(oOpMaliiHOT Ge3reky,
takux sk JJCTY ISO/IEC 27001:2023, misi cTBOpeHHs e)eKTUBHOT CUCTEMH 3aXHCTY, aJallTOBAHOT 10 Cy4acHUX
Kibep3arpos.

Ki0epOe3meka, cymyTHukoBmii inTepHer, Starlink, mkignuse I3, koHpigeHuiiiHicTy KaHUX, aganTHBHI
Heiipomepexi, PowerShell-nponnmepn, TtapreroBani arTaku, ypa3JuBOCTi, 0araTopiBHeBHil 3aXHCT,
ki0ep3arpo3u

IloctanoBka mpodjemMu. VY CcydacHHX yMoBax IUQPoBOi TpaHCopmarii
CYNyTHUKOBHUM IHTEpHET CTa€ BAXJIUBUM €JIEMEHTOM 3a0e3MeyeHHs CTaOlLIbHOIO 3B’A3KYy B
perioHax i3 BiICYTHICTIO TpamumiitHOI iHppacTpykTypu abo ii momkomkeHHsIM. OmHi€0 3
HAMMOIIMPEHIIINX CUCTEM, sIKa BUKOPUCTOBYEThCS B TakuMX yMmoBax, € Starlink, mo
3a0e3mnedye BUCOKY MIBHJIKICTh TIepeiadl TaHUX HaBiTh y BiganeHux paionax. OmgHaK, MOMPH
3HAauYHI TepeBard, CYMyTHUKOBI CHUCTEMH 3B’SI3Ky CTBOPIOIOTH HOBI BUKIHKH B cdepi
KibepOe3nekn. BpasnuBOCTI IUX CHUCTEM AaKTHBHO EKCIUTyaTyIOThCS 3JIOBMHCHUKAMH, SKI
CHPSMOBYIOTh CBOI 3YCWJIII Ha KOMIIPOMETAalil0 KPUTUYHOI 1H(pacTpyKTypHu, 30upaHHsA
YYTIUBUX JIAaHUX Ta JecTalimi3amito poOOTH KOMyHIKamiiHUX Mepex. OctaHHi MacmTalHi
ki0epaTaku Ha CYMyTHUKOBI CHCTEMH JEMOHCTPYIOTh BHCOKHH pIBEHb Oprasizaiii
XaKepChKUX YIPYIOBaHb, $IKI BHKOPHCTOBYIOTH CYYacHI TEXHOJIOTii, 30KpeMa IIKiJTHBe
nporpaMHe 3a0e3neueHHs, Ui JIOCATHEHHs CBOiX uuled. TapreroBaHi aTaku 4acTo
BKIIIOYAIOTh BHpoBa/KeHHs PowerShell-nponmepiB, 3MiHy KOHG}Irypamiii MepexeBux
OPUCTPOIB Ta 30MpaHHS JaHUX, II0 NPU3BOAUTH A0 3HAYHUX BTpaT KOHQIAECHLIHHOT
iHpopmamii Ta mopymeHHS pobotm Mepex. OcoOimBY yBary IpHBEpTaE HEIOCTATHS
TOTOBHICTh TPAAUIIIHUX CUCTEM KiOep3axUCTy A0 MPOTHAIl TAKUM 3arpO3aM.

Ile 3ymoBiIOE HEOOXITHICTH PO3POOKHM aTaNTUBHUX MiAXOIIB, SKI BPaxOBYIOTh
JMHAMIKYy Cy4yacHOro KiGepcepenouiia. BrnpoBapkeHHS 0araTOpiBHEBHX CHCTEM 3axXHCTY,
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mo 0a3yloThCsl HA €MEpKEHTHO-aIalITUBHUX HeWpoMepekax, € MEepPCIeKTUBHUM HampsiMOM
JUIst 3a0€e3MeueHHs OTepaTUBHOIO MOHITOPUHTY Ta LIBUAKOTO pearyBaHHs Ha 3arpo3u. MeToro
naHoi poOOTH € aHalli3 CyYyaCHMX METOJIB TapreTOBAHMX aTaK Ha CYMyTHUKOBI CHCTEMH
3B’SI3Ky, OIIIHKA 1X BIUTUBY Ha KPUTHUYHY 1HPPACTPYKTYPY Ta PO3poOKa peKOMEHIAIlIN 1010
BIOCKOHAJICHHA KiOep3axucty. Y poOOTI TaKoXX aKIEHTY€ThCS yBara Ha Ba)JIMBOCTI
iHTerpamii MbKHapomaHux craHnaptiB, Takux sk JCTY ISO/IEC 27001:2023, s
MiBUIICHHS CTIHKOCTI iHPOPMAIIHHUX CUCTEM JI0 HOBUX KiOep3arpos.

AHami3 octaHHiX aocjiqkeHb i myOJikaumiii. Artaka rpymu Secret Blizzard na
1HpPACTPYKTYpy, IO BUKOPUCTOBYE CYIyTHUKOBHM iHTepHeT Starlink, miakpecmtoe
HEOOXITHICTh  BMPOBA/DKEHHS KOMIUIGKCHHUX 3axXxoJiB KiOepOesneku. Buxopucranas
HIKiIJTMBOTO IporpaMHoro 3abesnedeHHss Amadey ta Tavdig cBiquuTh Ipo BHCOKUIM PiBEHb
opraHizarii Ta KOOpAHWHAIl 3JIOBMUCHHKIB. J[7s edexkTuBHOrO 3axucTy iHGOpMAIliHHUX
CHUCTEM HEOOXiTHO BIPOBAXKYBATH EMEpKEHTHO-aJalTUBHI HEHpoMmepexi, 37aTHi
JTUHAMIYHO pearyBaTH Ha HOBI 3arpo3u Ta 3abe3redyBaTH Oe3neKy Ha BCIX PIBHSAX MOJEl
OSI. Ile n03BONMUTH MIABUIINTH KOHQIACHIIHHICTD, MUIICHICTh Ta JOCTYIHICTh HaHHX,
0COOJIMBO B €KCTPEeMalIbHUX MOJIbOBUX yMOBax. BaKiIMBUM € NOTpUMaHHS HalllOHAJIBHUX
cranaaptiB, takux sk JCTY ISO/IEC 27001:2023, mo BCTAaHOBIIOE BUMOTH JO CHUCTEM
yrpasiiHHsa iHGopmariiiinoto Oe3nekoro [1], Ta JCTY ISO/IEC 27002:2023, sxuii Hamae
pexoMeHanii o0 KOHTpoito KibepOesneku [2]. Kpim Toro, ciif BpaxoByBaTu CTaHIApTH
HATO, 3okpema STANAG 4586, 1m0 BU3Ha4Ya€ BUMOTH IO CYMICHOCTI CHCTEM YMPaBIIIHHS
0e3MJIOTHUMH JTiTadbHUMHU amapatamu [3]. JloTpumaHHA IMX CTaHIAPTIB CIPHUSATHME
MIIBUIIEHHIO PIBHSA 3aXUCTy 1HGOPMAIIHHUX CHCTEM Ta €(PEKTHBHOMY MPOTHUCTOSHHIO
CyyacHMM KiOep3arpo3aMm. 3acTOCYBaHHS METOJIB CYNyTHUKOBOTO MOHITOPUHTY Ta
reonpoOCTOPOBOrO aHaNI3y € BaXKJIMBUM KOMIIOHEHTOM 3ale3mneueHHs Oe3NeKH KPUTUYHHX
00’exTiB. 30KpeMa, ONEpaTUBHHUN CYIMyTHUKOBHH T'€OMOHITOPHHI HACTIAKIB pyHHYBaHHS
KaxoBcbkoi 'EC mokazaB e(heKTUBHICTh BUKOPHCTAHHS CYIMYTHUKOBHX JaHUX JUJISI aHATI3y
KPU30BUX cUTyalid [6]. AHaJIOTiYHO, BUKOPHCTAaHHS CyNMyTHHKOBHX KiacTepiB lonosats
JI03BOJISIE TIOKPAIIUTH CIIOCTEPEKEHHS 32 CTAaHOM 10HOC(HEpH Ta TMOTCHIIIMHUMHU 3arpo3amMu
[7]. 3acTocyBaHHS METOIB CYIlyTHUKOBOTO arpOMOHITOPUHIY € MEPCIEKTUBHUM IiIXO0JI0M
JI0 KOHTPOJIIO CTaHy 3€MHOi MOBEPXHI, BUSBJICHHS 3arpo3 AJsl CUILCHKOIO IOCIOAAapCTBa Ta
MOHITOPUHTY KpUTHYHOI iHppacTpyKTypH [8], [9].

IlocTanoBka 3aBAaHHsA. TakuM 4YHHOM, METOI0 pOOOTH € aHali3 METOIB
TapreTOBaHMX aTakK Ha CYMYTHHKOBI IHTEPHET-CHCTEMH, OLlIHKA IXHBOT'O BIUIUBY Ta pO3poOKa
peKoMeHaamii moao kiodep3axucty. JlocmimkyoTbes BpasnmuBocTi Starlink, Bijomi BuUmagku
aTak 13 3actocyBaHHsAM IukigmuBoro I[I3 Ta wMeTogum Kommpomeranii MepeKeBOl
iHpacTpykTypu. OIIHIOETHCS €PEKTUBHICTh TPATUIIIMHUX CUCTEM KiOepOe3neKku y mpoTHAil
Cy4yacHUM 3arpo3aM. lIpomnoHyeTbcs KOHIIETILS eMepIKEHTHO-aJalTUBHOI HeHpoMepexi s
BUSIBJICHHS Ta OJIOKYBaHHS aTak y pekuMi peanbHOro 4acy. OOrpyHTOBYETHCS 1HTErparrist
MDKHapOIHUX cTaHaapTiB KibepoOesmeku, 3okpema JICTY ISO/MIEC 27001:2023, nans
MiBUIIEHHS CTIMKOCTI CYITyTHUKOBHX MEPEXK.

Bukiaan ocHoBHoOro matepiaay. CyudacHi KibepaTaku € CKIIaJIHUMH, 0araTroeTanHUMU
MpoIriecamu, siKi MOTPeOYIOTh PETEIBHOTO IIAHYBAaHHS, KOOPAWHAITIT Ta aanTaiii 10 3MIHHUX
yMOB. Y 1LbOMY JAOCITIKEHHI PO3TISAAETbCA aIrOpUTM artak (puc.l), 3acTocoByBaHUU
rpynoio Secret Blizzard, sika 3nificHIoe TapreToBaHi KibepaTaku Ha iH(poOpMaIiiiHi crucTemHu,
30KpeMa Ha Ti, L0 BHKOPHCTOBYIOTh CyMyTHMKOBUH iHTepHeT Starlink. IIpencraBnenmuii
QITOPUTM € [UKIIYHAM Ta THYYKHM, [0 JO3BOJSI€  3JIOBMHUCHHKAM  IIBUIKO
MPHUCTOCOBYBATUCS O HOBUX KOHTP3aXOJiB 1 3MIHIOBATH CTpaTerii JUisi HOCSTHEHHS CBOiX
IiIeH.
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AnropuTMm ataxm\

Bu3aHaveHHa wini atakm

laenTrudikauina KnovwoBux Uine\n &

AHani3 npucTpois Ta ix ypa3snusocTi

Anania ume{y
Etan 1: BukopMcTanna wkianusoro N3 Amadey

Bnpoeapxenns bexnopis yepes PowerShell\n 5
36ip aamux (naponi, Gydep obminy)\n -
‘ﬂﬂﬂle.llF ATAK ANA YHHUKHEHHA BUABNEHHA

Pe3ynbTaTh BNPOBAAMEHHA AmadeJ

Evan 2: Taprevosani ataxku na Starlink

Bnposagxenna wkianusoro N3 Tavdig\n

BuasneHHA NpUCTpoiB y 3oHi Bonosux ainin
3MiHa HANAWTYBAHL NPUCTPOIB

3MiHa HANAWTYBAHL npunpﬂm{ MogepHeHHA
Y

Eran 3: Cnil 3 Yrpy

Mepenava pamux Storm-1837\n o) _

KOoopAMHALUIA aTaK 3 iIHWHMK rpynaMi

MNepenava I]BHH)J‘,
MOCArHEHHA METH aTaKu

36ip po3siaysansHoi iKgopMauiln &
AocTyn no BiRCLKOBOI iIMPPACTPYKTYpHIn B==
Nopywenna poboTH AEPKABHWX YCTAHOB

Hespava -> Mantauu4

MosepHenHa Ao aganTauii

L

Nepeouinka meToais\n "
3aCTOCYBAHHA HOBUX TEXHIK BNPOBAMNEHHA

Pucynok 1 — Etranu anroputmy ataku
Licepeno: pospobneno asmopamu

Buszauenus i araku

Ha mnouatkoBoMy etami 3IiMCHIOETBbCS 1MeHTU(IKAIS KIIOUOBUX MiJIEH, 30KpeMa
iH(pOpMaILiifHUX CUCTEM, IO MPaloioTh yepe3 Starlink. AHanmizyeTbest Bpa3IuBICTh IPUCTPOIB
JUTSL IOJAITBIIOTO TJIAHYBAaHHS aTaKy.

Eran 1: Bukopucranus mkignusoro [13 Amadey

BrpoBampkyerbest mikiuimBe mnporpamHe 3a0esnedeHHs Amadey uepe3 PowerShell-
cKkpurTé Ta apornmepr. OCHOBHIMH 3aBAaHHSMH I[LOTO €TAITy € BCTAHOBJICHHS OCKIOPIB IS
BIJIJIAJICHOTO JIOCTYITY, 301p 4yTIMBUX JaHUX (mapoJi, Oydep oOMiHy) Ta amanTailis atak s
00X0/Ty aHTUBIPYCHOTO 3aXHCTY.

Eran 2: TapreroBani ataku Ha Starlink

BukoHyeThcs TOMIyK TPHUCTPOiB y 30HI OOMOBMX i, TMICAS YOrO Ha HUX
BOpoBauKyeThess  mmkigmmBe [I13  Tavdig. Lle 103Boisie  37M0BMHCHHKAaM — 3MiHIOBaTH
KOH(Iryparito 001aJHaHH, 110 MOKE MTPU3BECTH A0 3001B 00 MOBHOI 3yNMHKHU HOTO pOOOTH.

Etamn 3: CriBnipanst 3 iHINMMH yTPyHOBaHHSIMHU

3i0paHi naHi TMepemalThCsl YrpymoBaHHIO Storm-1837, ske choemiami3yeTbcs Ha
BIZICTEXKEHHI OIepaTopiB JAPOHIB Ta BIMCHKOBUX KOMYyHIKamiid. Takoxx 3IIHCHIOETBCS
KOOPJMHAIIISI aTaK 3 iHIMUMH XaKePChbKUMU TPYTIaMHU JUIS T ABUIICHHS €(EKTUBHOCTI JTiHA.

5. JlocsiTHeHHS METH aTaKu

['onoBHUMY 3aBJaHHSIMH aTaK €:

OTtpumanHs po3BiqyBajbHOI iHPOpMaii moao aisiabHOCTI 3CY.

JlocTyT 10 KIIFOYOBUX KOMITOHEHTIB BIHCHKOBOT 1HPPACTPYKTYPH.
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Jlecrabimizarist poOOTH Aep>KaBHUX YCTAHOB.

6. [ToBepHeHHs 10 ajanTarii

V pasi, SKII0 aTtaka He JOCATIIAa CBOIX IIJIEH, allrOPUTM MOBEPTAETHCS HA MOYATKOBUN
etar. [IpoBonuThCS TIepeolliHKa METO/IIB, BIIPOBA/KYIOTHCS HOBI TEXHIKM aTak, aJarTOBaHI
JI0 BUSIBJIEHUX KOHTP3axXoiB. 3allpOIIOHOBAHUI aJITOPUTM aTak JEMOHCTPYE BUCOKY CTYIIHb
OpraHizoBaHOCTI Ta KoopauHauii aiii yrpynoBanns Secret Blizzard. ['HyukicTb 1 ananTHBHICTh
iXHIX aTak JO03BOJIAIOTH iM €(QEKTHMBHO HPOTHCTOATH CHUCTEMaM 3axXHCTy, IO pOOUTH iX
HAJ3BUYAHO HEOE3MEUHUMH IS iHQOPMAIIIHHUX CUCTEM 1 KpUTUIHOI IHPPACTPYKTYPH.

MareMaTiuHa MOJAETIb BHABJICHHS aTaKk Ta 11 BUKOPUCTAHHS B €MEpPKEHTHO
aIalITUBHUX HeWpoMepexax KibepOe3neku

[TocranoBka 3anaui

y cucTeMi Kibep3axucTy € MHOKHHA MOXIUBHX 3arpo3 {T;,T,, ..., T,}. Jias KoxHOI
3arpo3u T; BU3HAYEHO:

- UMOBIPHICTh BUHUKHEHHS 3arpo3u P; (3a CTATUCTUKOIO UM aHAJIITUKOIO);

- BaroBui KOe(iIlieHT Wj, 10 B110Opaxkae BaXKIUBICTh Ta KPUTHYHICTD 3aTrPO3H;

- (QyHkuis BusABICHHA (aKTHUBHOCTI) f;(X) , IO 3aJeXHUTh BiJ BXIAHUX JaHHUX
MOHITOPUHTY X (HampuKiaa, Tpadik, JOTH, TOBEIIHKOBI O3HAKH).

MaremaTHuHa MO/I€Ib BUSBIICHHS aTaK

[HTerpanpHy HMOBIPHICTh HAsIBHOCTI aTaku (a00 cymMapHUN piBEHb 3arpo3H) MOKHA
NPEACTaBUTH Yy BUIJISIL

n
Patac = ) WipifiCO#(1),
i=1

TYT P; ~ — IMOBIPHICTb TIOSIBH -TO1 3aTrPO3H;
i-TOi 3arposu; v .. .
; ~ — BaroBUH KoeiliEHT KPUTUYHOCTI;
fi(x) ~ — o¢yskuisg, mo noseprae (3a3Buyail y nianasoni [0,1]) piBeHb BIEBHEHOCTI Yy
HasIBHOCTI 3arpo3u T; Ha OCHOBI TOTOYHUX JIAHUX X.
Anroput™m ouinku pu3uky (CIA-napameTpn)
VY kmacuuHii Tpuaai 6e3neku KoHQiACHIIHHICTb, IUTICHICTD, JOCTYITHICTD 3aJaf0ThCS:
Pc, Py, Py
ne P — piBeHb (HMOBIpHICTD) 30epekeHHs KOH(DIIeHIIHHOCTI;
P;~ — piBeHb (IMOBIpHICTB) 30€peKeHHS LIJTICHOCTI,
P4~ — piBeHb (HMOBIpHICTb) 30€pe’KEHHS JOCTYIMHOCTI.
BbazoBa ¢opmyna miist piBHS pU3HKY
Haifuacrime iHTepragbHUN piBeHb pU3UKY R OepyTh SK IMOBIPHICTh MOPYIICHHS
npuHaiMHI 0HOTO 3 mapametpiB C, [, A :
R=1—(P; X P X P)#(2)
Skmo BioMi BaroBi KOE(ILliEHTH (¢, &, A4, IO BiJOOpaXKalOTh Pi3HY BaKIMBICTbH
CKJIJIOBUX (32 YMOBH ¢ + a; + a4 = 1), MOXXKHA BUKOPHCTOBYBATH aJbTEPHATHBHUM BapiaHT:

R =ac(l—PC)+0(1(1—P1)+0(A(1—PA)
[Ipuknan i3 3aJaHUMU TapaMeTpamMu
[Ipumyctumo, 1m0 MaemMo Taki 3HaueHHs (3rigHo 3 Tabmuiero~1 gocmimKeHHs):

PC = 095'PI = 090,PA = 085
Toni, ckopuctaBmmch Gopmyor (2):
R=1-(095x%x0.90x0.85)=1-0.72675 = 0.27325

OTxe, cyMapHUN pU3HK CKianae mpudnusno 27,3%.
3acToCyBaHHS B EMEP/KEHTHO aJalTUBHUX HEMpomepexkax
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EmepmxeHTHICTH

EmepmkeHTHa NOBe[iHKa O3Hadae, L0 CKJIaJHa HEHpoMepeka, B3aEMOAIIOUU 3
BEJIMKOI0 KUIBKICTIO BXIJHMX JaHUX 1 BHYTPIIIHIX €JIEMEHTIB, MOXE BUSBISTH HOBI
3aKOHOMIpPHOCTI (Hampukmaz, zero-day arakn abo HecTaHAApTHI cueHapii) 0e3 >KOPCTKO
BU3HA4YEHOT'0 aITOPUTMY .

ATanTUBHICTH

AnanTuBHa HelpoMepexka 37aTHa JIHAMIYHO KOPUI'YBAaTH BaroBi KOEQillieHTH W; Y
dopmyiti (1) Ta oHoBIMIOBaTH (PyHKIIIT BUSBIICHHS f;(X) 111 BIUTMBOM:

- 3MiH y npo¢iii 3arpo3 (HOBI BPa3IUBOCTI, HOBI THIIN aTaK);

- pe3yJIbTaTIB aHAJII3Y BXIJTHUX CHTHAJIB (Tpadik, JOTH, MOBEIIHKOBI MaTEPHN);

- 3BOPOTHOTO 3B'SI3KY BiJl CTICIIANICTIB 3 KibepOesneku (MiaTBeppKeH] aTaku Yi XHOHI
CHpPaIbOBYBaHHS).

[lepeBaru BUKOpUCTaHHS HEHpoMepexi

IIpoakTHBHE BUSBIEHHS aTak: 3HWKEHHS PU3UKY HEBUACHOI'O PEaryBaHHs, OCKUIBKU
Mepeka HaBYa€eThCs Ha BEJIMKUX 00CATax aHUX Ta BUSBIISE IPUXOBaHI MATEPHHU.

3MeHIIeHHS XMOHMX  CHpalbOBYBaHb:  aJanNTHBHE  HAJAIITYBAaHHSI  IOPOTY
CTpAIIOBaHH Ta IHAWBIAyalbHA KOPEKIlis BarOBUX KOC(IIi€HTIB.

Or1inka pu3KKy B peaJbHOMY Yaci: miapaxyHoK R 3 dopmynu (2) uu (3) 3 ypaxyBaHHIM
aKTyaJIbHUX JTAaHUX J[a€ 3MOT'Y aBTOMAaTUYHO aKTUBYBATH J0/IaTKOBI 3aX0/IU KiOEp3axuCTy.

BucnoBok

3anponoHOBaHa MaTeMaTHYHA MO/EIb BUABIICHHS aTaK y BUIIISAAL:

Pattack = Li=1 Wipifi (%),
Ta BUKOPUCTAHHS MMOKA3HUKA PU3HUKY

R=1—(P; X P XPy)
(abo #ioro 3BaKEHOTO aHAJIOTa) MOXYTh OyTH €(QEKTHBHO peaii3oBaHi B €MEpHKEHTHO
aJJanTUBHUX HEHpoMepekax KidbepOe3neKkH.

AaNTUBHICTh Ja€ MOXJIMBICTh TMOCTIMHO MIJJIAIITOBYBAaTUCS A0 HOBHUX 3arpos,
3MIHIOIOUM Baru Ta MOPOTH CHPAIIOBaHHS B PEKUMI peanbHoro 4acy. Lle icToTHO migBuiye
3araJlbHU piBeHb 3aXHCTy, 3HW)KYE KUIBKICTh XHOHUX CHpalbOByBaHb Ta 3a0e3rnedye
IHTErpoBaHy OIIIHKY PHU3UKIB 3 ypaxyBaHHSM (akTopiB KOH(IAEHUIHHOCTI, MiTICHOCTI I
JOCTYTTHOCTI.

Oo6roBopenns. [IpoBeneHnii aHami3 TapreTOBaHMX aTak Ha CYIMyTHHKOBI IHTEpHET-
CHCTEMH TIOKa3aB BHCOKHH pPIBEHb KOOpJAWHAI] Mdiii 3JIOBMUCHHKIB Ta BHKOPHUCTAHHS
0araTopiBHEBUX METOJIB ypaxeHHA. Ataku rpynu Secret Blizzard 0a3yBanucs Ha
BUKOPUCTAaHHI HIKiTTMBOTO MporpamMHoro 3abesmeyenHs Amadey i Tavdig, mo mo3Bomimiio
001fiTH TpamguIiiHi cucTeMu Kibep3axucty. KpiM TOro, 3JI0BMHCHHKH 3aCTOCOBYBAJH
PowerShell-gponnepu Ta 3MiHIOBamM KOH(]Irypariro MepeXeBUX NPHUCTPOiB, L0 CYTTEBO
i ABUIYBajI0 e()eKTUBHICTH aTaK.

BucHoBku. TapreToBaHi aTaku Ha CyIyTHUKOBI IHTEpHET-CHCTEMH, Taki sk Starlink, €
CKJIaJHUMHM Ta OararopiBHEBUMH, [0 YCKJIAQJHIOE€ iX BHUABJICHHA. 3JIOBMHCHUKHU
BUKOPUCTOBYIOTh CydYacHI TeXHikM, 30kpeMa Amadey i Tavdig, mo mo3Bosse iM pocsaratu
BUCOKOI edeKkTHBHOCTI. TpaamuiiiHi cucTteMu KiOep3axucCTy HE BIIMOBIAAIOTH CyYaCHUM
BUKJIMKaM, 4Yepe3 IO CTaloTh Manoe(PeKTHUBHUMHU. EMepKeHTHO-aIanTHBHI HEHUpoMepexi
MOKa3ajdl BUCOKY €(QEeKTHBHICTh Y CKOpPOUEHHI Yacy peakuii Ta MiABUINEHHI TOYHOCTI
BUSIBJICHHS aTak. [HTerpaiis Takux pilleHb 3 MDKHapOAHMMHU cTaHpapramu, sk-oT HCTY
ISO/IEC 27001:2023, 3abe3neuye ¢opmamizaiilo Ta IiJBHIICHHS CTIMKOCTI CHCTEM
K16ep3aXI/ICTy BripoBa/ukeHHs eMEpIIKEHTHO-a/IaNTHBHHX TEXHOJIOT1H JTO3BOJIMTh CTBOPHTH
HAJTIMHUA 3aXHUCT CYNMyTHUKOBUX IHTEPHET-CHCTEM, 3MEHIIUTU DPU3UKH aTaK 1 MiJBHUIIUTH
CTIHKICTh KPUTUYHOI iIHPPACTPYKTYPH JI0 CyH9acCHUX Kibep3arpos.
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Targeted Attacks on Satellite Internet Systems: Challenges and Protection Approaches

The purpose of this article is to analyze modern targeted cyberattacks on satellite internet systems,
assess their impact on critical infrastructure, and develop recommendations for enhancing cybersecurity
measures. The study focuses on identifying vulnerabilities within the Starlink system, widely used in remote
areas and military operations. Given the increasing complexity of cyber threats, traditional protection methods
prove ineffective against multi-vector attacks, emphasizing the necessity of adaptive defense mechanisms. The
paper proposes an innovative approach based on emergent-adaptive neural networks, which can dynamically
monitor and respond to cyber threats in real time. Furthermore, the integration of international cybersecurity
standards, such as DSTU ISO/IEC 27001:2023, is considered essential for strengthening the resilience of
satellite communication networks.

The research thoroughly examines documented cyber incidents targeting Starlink, highlighting the use
of advanced malware like Amadey and Tavdig, as well as techniques such as PowerShell droppers and network
configuration manipulation. The study details the attack cycle, including reconnaissance, payload deployment,
data extraction, and system destabilization. The effectiveness of traditional cybersecurity measures is critically
assessed, revealing their limitations in mitigating sophisticated cyber threats. To counteract these challenges, a
multi-layered defense system based on emergent-adaptive neural networks is proposed.

The findings indicate that modern cyber threats targeting satellite communication systems require a
paradigm shift in cybersecurity strategies. The proposed adaptive neural network approach improves the ability
to identify and neutralize cyber threats in real time, offering a more resilient and efficient protection mechanism.
Additionally, compliance with international cybersecurity standards is highlighted as a key factor in maintaining
a robust security framework. Future research should explore the integration of Al-driven cybersecurity solutions
with existing satellite monitoring and defense infrastructures, ensuring comprehensive protection against
emerging cyber threats.
cybersecurity, satellite internet, Starlink, malware, targeted attacks, neural networks, PowerShell
droppers
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Y 1ockoHaneHHs PUIbTpa rpy0Oro OYUILEHHS POOOYUX
p1IMH PIIBTPYBAIBLHUM €JIEMEHTOM 13 METaIEBOI CITKH

3anpornoHoBaHO (UIETP TpyOOro OUMIIEHHS POOOYMX PIIMH (UIBTPYBAIBHUM EIIEMEHTOM 13 METalleBOi
CITKH 13 KBa/IpaTHIM BIYKOM, B SIKOMY (DilbTpyBallbHUI elleMeHT Ma€e (opMy IIMIIHAPUYHOTO CTaKaHa 3 HEBEIMKUM
(hnanmem Ta OiUHY i JOHHY poOoUi MoBepXHi. PO3po0ICHO TEXHOIOTIF0 BUTOTORIICHHS (DUIBTPYBAJIBHOIO CJICMEHTA.
[MokazaHo, 110 BUKOPHCTaHHsS JAHOTO (IbTpa MO3BOJSE 3MEHIIMTH BapTICTh HOTO BUIOTOBJICHHS 32 PaxXyHOK
CIIPOILCHHS TEXHOJIOTii BHIOTOBJCHHS (DUIBTPYBAJIBHOTO €IEMEHTa, 8 TAKOX PO3IIMPUTH O0JIACTh BHUKOPHUCTAHHS
(inbTpa 3a paxXyHOK HasBHOCTI y (pLIBTpyBaIbHOMY €JIEMEHTI He TUIbKU OI4HOi, ajle 1 JOHHOi poO0YOoI MOBEpXHi, 110
I IBUIILY€E HOr0 NPOITYCKHY 31aTHICTh 1 POOMTH HOTO OLIBII KOMITAKTHHM.
diabTp rpy6oro ouunineHHsi, GiIbTPyBATbHMIl eJIeMeHT, MeTajleBa CiTKa i3 KBagpaTHUM BiYKOM, po0doua
TIOBEpPXHSsI, BUTATYBAHHS

ITocTanoBka npodjieMu. Y Oyap-gKOMY BUI poOOYOi PiTUHH, HAPUKIIA: BOJA, TTAJTUBO
a00 MacTUiIO TIAPONPUBOAY, NPUCYTHI pi3HI cycnensii i nomimku. Lle npiOHi i Benuki TBepi
YaCcTKH 1pKi, METally, MICKy Ta iHII 3a0pynHeHHs. BoHu monagaroTh B TIAPOCHCTEMY 13 30BHI,
abo Bxe mnepeOyBaioTh B HiA. [l HopManbHOT poOOTM MeXaHi3MIB Ta MallIWH, IO
BUKOPHUCTOBYIOTH Pi3HI po00Ul PiMHU, pO3MIpU MEXaHIYHUX YaCTOK B Hili TOBUHHI OyTH MEHIIIE
3a30py B Mapax, IO PyXaloThcs, a0 OTBOPIB B (OpCyHKax. Y 3B’S3Ky 3 IIMM, poOodi piIuHU
norepenibo  GuTbTpyroTh [1, 2, 3, 4]. 3BHUAiHO 3aCTOCOBYIOTH JBOCTYIIEHEBY (UIBTpAIlito:
CIOYaTKy rpy0e OUYMIICHHSI, a ajli TOHKE OuuIleHHs. [laHa poOoTa MpHCBsUCHA YIOCKOHAICHHIO
CUCTEMH TPYOOT0 OUHIIICHHS.

Bigomi ¢inbTpu rpy0oro ouumIeHHs, B SKHX PiIMHA OYHMINAETHCS 32 PaXyHOK BiJCTIIO
(rpaBiTaniitai GiTeTpH) [5, 6]. BoHU ABISIOTE COO0I0 OAaKK BEIMKOTO 00’€MY, 3 TIEPETOPOAKAMHU.
O06’emM pinuHH B 6aKy peKOMEHIYIOTh MaTH B MEXax HEe MEHIIIE HiXK Bi JBOX JI0 TPbOX XBUJIMH
MPOTyKTUBHOCTI Hacoca. L[ o0cTaBruHA pi3ko 0OMexye 00JIacTh BAKOPUCTAHHS JaHUX (DLTBTPIB.
Kpim Ttoro, B poboti [7, c. 439] mokaszaHo, 110 MpoIec BiACTIIO piauHH, sika Oyna 3aisHa y
TEXHOJIOTTYHOMY TPOILIEC], Ty’Ke MMOBUIBHUM (pHC. 1).

a — piguHa micns 00poOKH; O — ocall Yepe3 OJIMH THXKICHB; B — 0CAJI Yepe3 J1Ba THIKHI;
B — 0OCaJl Yepe3 TPH TIDKHI; T — 0Caj Yepe3 YOTHPH THKHI
Pucynox 1 — [luHamika 3MiHu 3a0pyAHEHHS OpraHigHOi poO0U0i piIWHY B 3aJIeKHOCTI BT 9acy BiJICTIIO
Lorcepeno: na niocmasi [7]

© 0. ®@. Cica, B. 4. Mip3ak, O. A. Kucays, []. C. Tynanenko, 2024
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B npomy 3B’s3Ky, NMEBHHM MpPaKTUYHUN IHTEpeC Ui TpyOOro OYMIICHHS pPOOOUYMX
PIIMH SBISIOTH CITYACTI (IIBTPH, SIK OUTHII KOMIIAKTHI Ta 3py4HI Y KOpUCTyBaHHI [8, c. 21,
puc. 2.7].

AHali3 ocTaHHIX aoc/imkeHb i myoaikaniii. CiTuacTUM Ha3WBAETHCS TaKUK (HUIBTP,
B SKOMY (iIbTpyBaHHS Bi0YBa€ThCS MPU MPOXOKEHHI poOOYOi piIAMHU Kpi3b BiUKa CITKU
GbinpTpyBaJIbBHOTO eJeMeHTa. B 3anexxHocTi Bim matepiany (iabTPyBaJbHOTO €JIEMEHTY
PO3pI3HAIOTH MeTaleBl Ta HeMmeTaseBi cityacTi GinpTpu. s rpy6oro ouMieHHs pobodnx
pPIIMH BHKOPUCTOBYIOTHCS TUIBKM MeTajieBi. B CBOIO depry po3pi3HSIOTh METaJIeBl CITKH
KBaJPaTHOTO Ta Cap)KeBOro IuieTiHHs [9, c¢. 127]. {ns rpyOoro ouuineHHs poOOYHX piauH
BUKOPUCTOBYIOTBCSI JIUIIIE METAJICBl CITKM KBAJPATHOTO TUICTIHHS, TOOTO METaleBi CITKH 13
KBaJPaTHUM BidKOM. IX BUIOTOBJIAIOTH i3 CTAli 3 AHTHKOPO3iHHUM MOKPHTTAM, HEPKABIIOUOT
craii, 1atyHi, pochoprucToi OpOH3H Ta IHIIUX MaTEPiaiB.

TunoBuit ¢inbTp AN rpydOro OUMIICHHS POOOYMX PIAMH 3 TIAIKOI METAIEBOIO
CITKOIO TIOKa3aHO Ha puC. 2.

g
(]
1
g
H
1
I

PucyHok 2 — KOHCTPYKTHBHI €JIeMEHTH TUIIOBOTO (ilibTpa rpyOOro OUYHIIEHHS POOOUUX PiANH
(GITBTPYBaIBHUAM €JIEMEHTOM 13 METaJIeBOI CITKH HUIIXOM BCMOKTYBAaHHS
Jicepeno: pospobneno asmopamu

QinbTp CKIAJAETHCS 13 HACTYIHUX JETaJICH:

- GIIBTPYBAIBHOTO €JIeMEHTa | 13 TUIOCKOT METaJIeBOI CITKU 3 KBaJIpaTHUM BIYKOM Ta 3
IIIHAPUYHOIO pOOOYOI0 TOBEPXHEIO;

- KIJIBIIEBOT OTIOpH 2 13 JIMCTOBOI CTaJi, IKY BUKOHAHO 3 BIKHaMH 3;

- BEpXHbOI 4 Ta HWKHBOI 5 KPULIKU;

- IICHTPAILHOTO TTOPOXKHKOTO NaTpyOKa 6 3 OTBOpaMHu 7;

- IBOX YIIUTEHIOBAJILHUX a0 §;

- Taiiku 9 1S CKJIaJlaHHs! BChOTO BY3JIA.

OpnHak, 11 yTBOPEHHS IMIIHAPUIHOI poO0U0i MOBEpXHI (PUIBTPYBAIBHOTO €JIEMEHTY,
IJIOCKY ITa0y MeTajeBOi CITKM HE TIIbKM BUTHHAIOTH, ajle W 3’€IHYIOTH 1i KIHII 3a
JIOTIOMOTOI0 JIOJIATKOBUX JeTaneld abo masHHAM mnpunosMu. Lle 310pokye BHUTOTOBICHHS
binpTpyBasibHOTO eneMeHTa. Kpim Toro, mjsi 30UTbIIEHHS NPOMYKTHBHOCTI PIAWHH, IO
NPOKAYy€eThCsl Kpi3b (PUIBTP, HEOOXIAHICTH 30UIBIICHHS IUIOUI (PiTBTPYBAJLHOTO €JIEMEHTa
MOXE CyTT€BO 30UIbIUTH rabaputu ¢GurbTpa. OcTaHHE O0OOMEXye 00JacTh HOro
BUKOPUCTAHHS.

IlocTanoBka 3aBaaHHs. Ik 0auymMo, yCi HEIOCKOHAJIOCTI JAaHOTO (iIbTpa TpyoOro
OYMILEHHS TOB’S3aHI 3 THM, II0 WOro (UIBTPYBAJIbHUI €IEMEHT Ma€ TUIBKH OJHY poOody
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noBepxHio (uiniHApuuHy). TomMy mnopanblie YIOCKOHAJNEHHS (QUIBTpa CHpsIMOBaHE Ha
po3poOKy (pLIBTPYBaTBLHOTO €JIEMEHTA 3 J0JIATKOBOIO pOOOUYOI0 TTOBEPXHEIO.

MeTo10 I0CHiPKEHHS € 3MEHIIEHHS BapTOCTI BUTOTOBJICHHS Ta PO3LIMPEHHS 00JacTi
BUKOpPUCTaHHS (PiIbTpA.

Jns JOCSATHEHHS TOCTaBJIEHOI METH HEOOXITHO 3alpoloHyBaTW HOBHHA (DiIbTp
rpy0oro o4uIieHHS poOOYMX pPiAWH (QUIBTPYBaIBLHUM €IIEMEHTOM 13 METaJeBOi CITKH 13
KBaJPaTHUM BIYKOM 3 TOJATKOBOIO pOOOUYOI0 MOBEPXHEIO.

Buknaa ocHoBHOro marepiaay. Y HoOBoMYy OGUIbTpi TpyOOro OUYMINEHHS PiIUH
(puc. 3), MmO NPOMOHYETHCS, (PIIBTPYBaTBbHUM eleMEeHT | BHKOHAHO i3 IUIOCKOI MeTaieBol
CITKH 13 KBaIpaTHUM BIYKOM METOJOM XOJIOJTHOTO OaraToorepariiiHoro BUTATYBaHH. I3 ycix
BIJOMHX METAJIEBUX CITOK TITbKU CITKH 3 KBaJpaTHUM BIYKOM MiIAIOTHCS TAKOMY BHIY
nedopmyBaHHs, TOOTO HE pBYThes. Ilicas BuTATYBaHHS QiIbTpyBalbHUI eneMeHT | HaOyBae
¢opMy IWIIHAPUYHOTO CTaKaHy 3 HEBEJUKUM (IIaHIEM 2, SKHH BUKOPUCTOBYETbCS IS
kpimieHHsa. Ile moctatHhO KOpCTKE 00’€MHE TiOo, SIKE HE Ma€ IMOTPeOW B JTOJATKOBOMY
3’€IHaHHI Horo eneMeHTiB. [lanuil GinbTpyBanbHUN €IeMeHT 1, MOPIBHAHO 3 BIJOMUM, Ma€
HE TUIbKM OiuHy 3, ane 1 JOHHY 4 poOody IMOBEPXHIO, IO MIABUIIYE HOTO MPOMYCKHY
3/IATHICTB 1 103BOJISIE 3pOOUTH HOTO OiIbIl KOMINAKTHUM. DiNbTpyBaibHUN eeMeHT | IIiIbHO
oJIIraeThes Ha mepdopoBaHy OIMOPY S5, MO0 HE JAO3BOJISIE CITII BUTWHATUCH IiJ JI€I0 THCKY
PIIVHM, SIKa OYHUIIAETHCS.

®DinbTp MOKE BUKOPUCTOBYBATUCS IJIsl PEKUMY POOOTH, KOJIM PiiHA BCMOKTY€ETHCS B
¢inbTp (puc. 3, a). Toni GpineTpyBasbHUI eneMeHT 1 3aTHCKYEThCa Y praHIl 2 MK KidbLieM
6 Ta IeppopoBaHOIO OMOPOIO 5 Pa3oM 3 KPHUIIKOK 7 3a gomomMoror 6ontiB 8. ITatpyOok 9
OYMILEHOI PIAMHU 3’€IHYETbCA 13 BCMOKTYBAJIbHUM MaTpyOKOM Hacoca (Ha KpecJeHHI He
nokaszaHo). [[ns pobotu (inbTp 3aHyproeThcss B piauHy Oaka. [Ipm BMuKaHHI Hacoca y
BHYTpilHINA mopoxHuHI 10 ¢inbTpyBajgbHOrO eneMeHTa | THUCK Majgae, BHACTIIOK YOrO
OUMIIIeHA piguHa 13 0aka BCMOKTYEThCS B (iUIBTP, a YaCTKH Opyay, PO3MIpH SKUX OLIBII
pO3Mipy BiUKa CITKH, 3aJUILAIOTHCS 30BHI (iIbTpyBaibHOTO eneMeHTa 1. [ pi3HHX yMOB
posrtamnryBaHHs (GibTpa B 0aKy, GiIbTpyBaIbHUM €IeMEHT | Moke OyTH BUKOHAHO:

— BEJIMKOT'0 30BHIIIHBOTO JiaMeTpa Ta Majoi BUCOTH. Lle 3pyyHO mpu HU3BKUX Oakax.
B mpoMy BuUIagKy OCHOBHOIO poOOUYOI0 TOBEpPXHEH € 1oHHa moBepxHs 4. Came BoHa
3a0e3neuye MaKCUMalIbHY KOMITAKTHICTh (PUIBTPYBAJILHOTO eleMeHTa 1;

- MaJIOTO 30BHIMIHBOTO JiaMeTpa Ta BEIUKOI BUCOTH. L{e 3pyuHo mpu BUCOKHMX Oakax.
B 1ipoMy BHUMagKy OCHOBHOIO POOOYOI0 OBEPXHEIO € O1uHa MOBEPXHS 3.

DiIbTp MOKE BUKOPUCTOBYBATHCS JIJISI PEKUMY pOOOTH, KOJIH PiMHA HATHITAETHCS B
¢ineTp (puc. 3,6). [ns CcTBOpeHHS THCKY HABKOJIO (UIBTPYBaJIbHOTO eleMeHTa |
opraHizoByeTbcs Kopmyc 11 3 marpyokom 12. Toxai pinbTpyBanbHUl e1eMeHT | 3aTUCKY€EThCS
y ¢uanmi 2 mixx kopmycoMm 11 Ta mepdopoBaHOIO OMOpPOIO 5 pa3oM 3 KPHUIIKOWO 7 3a
noromororo 6o0nTiB 8. [latpy6ok 13 ounmieHoi piquHu 3’ €THY€EThCS 3 0akoM (Ha KpecJaeHH] He
NOKa3aHo), e BoHa 30epiraerses. [Ipu BMuKaHHI Hacoca (Ha KpecJaeHHI He MOKa3aHo) piHa
yepe3 matpyOok 12 momaerbcs B mopokHMHY 14 Mik kopmycoMm 11 Ta dinmbrpyBansHUM
enementoM 1. Ilpu mpomy kopmyc 11 3 HU3y repMeTHYHO 3akpuTuil mpoOkoro 15 3
yiuibHeHHSM 16. B moposkauHI 14 CTBOPIOETHCS TUCK, BHACIIOK YOTO PiIUHA MPOXOIUTH
Kpi3b (PiTbTpyBambHUI eneMeHT 1 B HOro BHYTPINIHIO MOPOXKHUHY 17, ouuninaerscs 1 mami
BUITy4a€eThes 13 pinpTpa uepes matpyook 13. Yactku Opyny 18, po3mipu sIKMX OUTBII pO3MIpy
BiYKa CITKH, 3aJUIIAIOThCS 30BHI (PUIBTPYBAJBLHOTO €JeMEHTa |, HaKOMUYYIOThCS BHU3Y
Kopryca 11 Ta nmepioIMYHO BHITy4YarOThCs 13 HHOTO Yepe3 OTBIp MmijJ mpoOKy 15.
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a — JyIsl pe)KUMY pOOOTH, KOJIM piinHA BCMOKTYETHCS B (QLIBTP;
0 — 1y pexxuMy poOOTH, KOJIM PilMHA HarHITAEThCS B PUIBTP

Pucynox 3 — @ineTp rpy0O0Oro OUNIIEHHS PituH QUIBTPYBATFHIM EIEMEHTOM
13 METaJICBOI CITKH 13 KBaAPATHUM BIYKOM
Locepeno: pospobaeno agmopamu

Cainx BigMITHUTH, 10 cIpo0a BUTOTOBUTH (UIBTPYBAIBHUN €IEMEHT i3 METAJICBOI CITKU
13 KBaIpaTHUM BIYKOM 3a ()OPMOIO IMTIHAPUIHOTO CTAaKaHa METOJIOM BHUTSTYBaHHS pOOMIacs
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panime, ajge BoHa OyJia HeBJanow0. 3BHYAiiHO BUTATYBAHHS IIMIIHAPHUYHOL JeTail 13 CyIbHOT
JIUCTOBOI CTajl 3AIMCHIOETHCA 13 KPYyTJI01 BUX1IHO1 3arotoBkH [10, ¢. 57, puc. 3.32]. Ane npu
3aCTOCYBaHHI KPYTJIOi BHUXIJHOI 3arOTOBKM 13 METaJeBOi CITKHA CIIOCTEpPIraeThcsi €QeKT
YTBOPEHHS B TIPOIIECI BUTATYBAHHS YOTHPHOX «3aJUIIKIB» B HAMPSMKY JiaroHaieu ii Biuka
(tabun. 1, pparmentn 1.1-1.5).

Tabmuus 1 — 3mina popmu GraHIs HUITIHAPUIHOTO CTaKaHa MPH PiI3HUX BUCOTAX
BUTSTYBaHHS
Bucora ®dopma anis
CTaKaHa
h, MM

Kpyria 3aroroBka i3 citku KBaznparHa 3aroToBka i3 CiTKH

1.1 2.1

0
(BuxinHa
3aroTOBKA)

10

20

30

L5 "3anuwok" 2.5

40

Iicepeno: pospobneno asmopamu
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[Ipu noganeIOMy BUTSTYBaHHI IaH1 «3aIMIIKKY MEPEXOAATh 13 MOBEPXHi (IIaHIs Ha
O1YHY UMJIIHAPUYHY TTOBEPXHIO Ta MiJIATAI0Th 00pi3yBaHHIO (Tabm.2, dparmentu 2.1, 2.2).

Ta6muus 2 — HpwniHapudHI CTaKaH! 3 Pi3HOIO (OPMOIO BUXITHUX 3aTOTOBOK TP
TpaHUYHUX BUCOTAX BUTATYBAHHA he

. HwriHapuyHi cTakanu npu i = h,
BuxigHa 3aroroska
He o6pizana Topuiea .
Marepia IToBepxHs, qacTHHA OO6pizaHa TopIieBa YacTHHA
dhopma
1.1 1.2
Cranp 08kn IInocka
(Jtucr, cTpiuka) Kpyria
2.1
Merainesa ciTka 3
HeprkaBitouoi crai [Tnocka
12X18H10T Kpyrjia
(ytmer)
3.1
Meranesa ciTka 3
HeprkaBitouoi crai Miocka
12X18H10T KBATDATHA
(ytmer) AP

Lrcepeno: pospobneno asmopamu

Sk Oaummo, 35 % marepiany 3a BHCOTOIO CTakaHa IiJuiarae oOpi3yBaHHIO, IO 3
€KOHOMIYHOT TOYIll 30pY HE JOIIBHO.

AHani3 TpUYMHHA YTBOPEHHS <GalUIIKYy» II0Ka3aB, IO XapakTep BUTATYBaHHS
METaJIeBOi CITKM CYTTEBO BIJPI3HAETHCS BiJl XapaKTepy BHUTATYBAHHS CYLIBHOI JIMCTOBOI
ctani. [Ipu BUTATyBaHHI CyIIIBHOI JIMCTOBOI CTallli Ma€e Micle MiacTuyHa aedopMariis, sKa
Nepepo3MOIUIsIE MaTepiall INIOCKOI 3arOTOBKH B 00’ €MHY, a ITPH BUTATYBaHHI METAJIEBOI CITKA
BiIOYBA€THCS THYTTS KOKHOTO JIPOTY CITKH, SIKE CYMPOBOIKY€EThCA JeOpMaIli€l0 BIYOK CITKH
Ha OiuHii moBepxHi. KBajpaTHe Biuko Ha OiuHiii moBepxHi HaOyBae hopmy pomba. CymapHe
301IBIICHHS AlaroHaneil poMOiB MPUBOIUTH A0 IHTEHCUBHOTO 3POCTaHHS BUCOTH KOBIIA4yKa y
YOTUPHOX TOYKAX KPAr0 BUTATHYTOTO KOBITAYKa, TOOTO JI0 YTBOPEHHS YOTUPHOX «3AITUIIKIBY.

JlaHi «3aJMIIKKW» MOXHA CKacyBaTH, SIKIIO 3MIHMTH (pOpMy BHUXIJTHOi 3arOTOBKH 3
Kpyriioi Ha kBaapaTHy (tabm. 1, pparmentu 2.1-2.5). [Ipu mpoMy TOJATKOBO 3MEHIIYETHCS
IUIOIA BUXIJHOI 3aroTOBKM. B mpoleci BHUTATYBaHHS CTakaHa 13 MeTalleBoi CITKH 3
KBaJpaTHUM BIYKOM Kpail 3arOTOBKH (OPMYETHCS OUTBII PIBHOMIPHO 3a BHUCOTOIO, TOMY
00pi3yBaHHIO migsrae He Oinbiue 10 % BucoTH cTakaHa.

B 3anpononoBanomy GinbTpi (QUIBTPYBAIBHHUN €IEMEHT 13 METaJeBOi CITKH 13
KBaJpaTHUM BIYKOM BUTATYETHCS 13 KBaJPAaTHOI BUX1THOT 3arOTOBKH.
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BucHoBkH. 3arnponoHOBaHO HOBHM (UIBTp TpyOOro OUYMIIEHHS POOOYUX piAMH
GITBTPYBAIBHUM €IIEMEHTOM 13 METaJieBOi CITKHM 13 KBaJpaTHUM BIYKOM Ta TEXHOJIOTIA
BUTOTOBJICHHSI (LIbTPYBAIBbHOTO eneMeHTa. [loka3ano, 1m0 BUKOpUCTaHHS (UIbTpa J03BOJISIE
3MEHIINTH BapTiCTh HOTO BUTOTOBJICHHS 32 PaXyHOK CIIPOIICHHS TEXHOJOTil BUTOTOBJICHHS
(GUIBTPYBaIBbHOTO €JEeMEHTa, a TaKOXX PO3IIUPUTH O0JacTb BUKOPUCTAHHSA (QUIBTpa 3a
pPaxyHOK HasBHOCTI y (DUIbTpyBaJbHOMY €JIEMEHTI HE TiUIbKM O14HOI, aje 1 JOHHOI poOodoi
noBepxHi. OcTaHHE MiABUIITY€ HOT0 MPOIMYCKHY 3AaTHICTh 1 pOOUTH HOTO O1TBII KOMITAKTHUM.

Crnucok niTepatypu

1. Mupontok O., lleBuyk B., [lacnaBcokuit P. [locmimkeHHs ABOCTYMiHYATOro (inbTpa TOHKOI OYMCTKH
IU3ENBHOTO TANBHOTO. BicHux Jlbgiecbkoco Hayionanvhoeo exonoeiunozo yHisepcumemy. Cep.
ArpoimkeHepHi OCHIIDKEHHS. 2021. Bur. 25. C.49-56. URL:
https://doi.org/10.31734/agroengineering2021.25.049

2. Paryanto, I.; Budianta, I.A.; Alifia, K.C.H.; Hidayatullah, [.M.; Darmawan, M.A.; Judistira; Prakoso, T.;
Indarto, A.; Gozan, M. Modelling of Fuel Filter Clogging of B20 Fuel Based on the Precipitate
Measurement and  Filter  Blocking  Test. = ChemEngineering 2022, 6, 84. URL:
https://doi.org/10.3390/chemengineering6060084

3. Stone, W., Bessee, G., and Stanfel, C., "Diesel Fuel/Water Separation Test Methods—Where We Are and
Where We Are Going," SAE Int. J. Fuels Lubr. 2(1):317-323, 2009, https://doi.org/10.4271/2009-01-

0875.

4. PszanueB P. 1O. T'impasmika, rigpo — Ta nHeBMmomnpuBoau: Hapu. moci6.. bap : Bapcekuii daxosuii
KOJIeK TpaHcnopTy Ta OyaiBaunrea HTY, 2022, 140 c.

5. OuncHi ciopynu BogomocradanHs. L{udposoit penosuropuit XHYT'X mm. A.H. BekeroBa : BeO-caifT.
URL: https://eprints.kname.edu.ua/42467/1/2014%2040%D0%9B%20%D1%80%D0%B5%D0%BF%-
D0%BE%D0%B7%20%D0%92%D0%92%20 %D0%A0%D0%92%D0%92%D0%A0_.pdf (mara
3BepHeHHs: 12.10.2024).

6. [TanuBoO-MacTHIBHI MaTepiany, TEXHIYHI PIAMHA Ta CHCTEMH TX 3a0e3MedYeHHs / 3a pe.

B. f1.Yabannoro. Kipoorpan : LlenrpanbHo-Ykpaincbke BugaBHuiTeo, 2008. 500 c.

7. boxor B. M. ®i3uuHi mpoliecu CHenTeXHOJOriH. ExcriepuMeHTanbHi A0CHipKeHHS. 30IpHUK CTaTei:
HaBuaabHUN TociOHMK . KponuBHubkuii : [T «Exckimrozus-Cucremy», 2022, 625 c.

8. BboxoB B. M. TexHomorisi po3MipHOi 00poOku mayroto. IcropuuHuMii Hapuc, BepcTaTH: HaBYAIBHUH
nocioHuk . KponiBaumbkuii : [T «Ekckimo3us-Cuctem», 2020, 316 c.

9. Citku: knacudikaiis, TEXHIYHI XapaKTepUCTHKH Ta criocoOu 3actocyBaHHs. Prometr : BeO-caiiT. URL:

https://prometr.com.ua/stroitelstvo/s-tki-klasif-kac-ya-tehn-chn-harakteristiki-ta-sposobi-zastosuvannya/
(mata 3BepHeHHS: 16.10.2024).

10.  boxoB B. M. TexHOiOTis XOMOMHOTO IITaMITyBaHHS: migpydHUK . KpormBauipkuit: [T «Exckimo3uB-
Cucremy», 2021, 213 c.

References

1. Myroniuk, O., Shevchuk, V., & Paslavskyi, R. (2021). Research on a two-stage fine filter for diesel fuel.
Visnyk Lvivskoho natsionalnoho ekolohichnoho universytetu. Ser. Ahroinzhenerni doslidzhennia. 25.
49-56 [in Ukrainian]. https://doi.org/10.31734/agroengineering2021.25.049

2. Paryanto, I.; Budianta, I.A.; Alifia, K.C.H.; Hidayatullah, I.M.; Darmawan, M.A.; Judistira; Prakoso, T.;
Indarto, A.; & Gozan, M. (2022). Modelling of Fuel Filter Clogging of B20 Fuel Based on the Precipitate
Measurement and Filter Blocking Test. ChemEngineering, 6, 84.
https://doi.org/10.3390/chemengineering6060084

3. Stone, W., Bessee, G., & Stanfel, C., (2009). “Diesel Fuel/Water Separation Test Methods—Where We
Are and Where We Are Going," SAE Int. J. Fuels Lubr. 2(1):317-323.  https://doi.org/10.4271/2009-01-
0875.

4, Ryazantsev, R.Yu. (2022). Hydraulics, hydro and pneumatic drives. Bar : Bar Vocational College of
Transport and Construction NTU [in Ukrainian].

5. Water treatment plants. Tsyfrovoi repozytoryi KhNUHKh ym. A. N. Beketova : Retrieved from
https://eprints.kname.edu.ua/42467/1/2014%2040%D0%9B%20%D1%80%D0%B5%D0%BF %-
D0%BE%D0%B7%20%D0%92%D0%92%20_%D0%A0%D0%92%D0%92%D0%A0_.pdf

6. Chabannyi, V.la. (Ed.). (2008). Fuels and Iubricants, technical fluids and their supply systems.
Kirovohrad: Tsentralno-Ukrainske vydavnytstvo [in Ukrainian].

45



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2024. Issue 10(41), Part II

7. Bokov, V.M. (2022). Physical processes of special technologies. Experimental research. Kropyvnytskyi:
PP «Ekskliuzyv-System» [in Ukrainian].

8. Bokov, V.M. Tekhnolohiia rozmirnoi obrobky duhoiu. Istorychnyi narys, verstaty. Kropyvnytskyi: PP
«Ekskliuzyv-System» [in Ukrainian].

9. Grids: classification, technical characteristics and methods of application. Prometr. Retrieved from
https://prometr.com.ua/stroitelstvo/s-tki-klasif-kac-ya-tehn-chn-harakteristiki-ta-sposobizastosuvannya/

10.  Bokov, V.M. (2021). Cold stamping technology. Kropyvnytskyi: PP «Ekskliuzyv-System» [in
Ukrainian].

Oleh Sisa, Assoc. Prof., PhD tech. sci., Volodymyr Mirzak, Assoc. Prof., PhD tech. sci., Oleh Kyslun, Assoc.
Prof., PhD tech. sci., Denys Tupalenko, post-graduate
Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

Improvement of a Coarse Filtration System for Working Fluids with a Metal Mesh

Filter Element

For normal operation of mechanisms and machines using various working fluids, the size of mechanical
particles in it must be smaller than the gap in the moving pairs or the holes in the nozzles. In this regard, the
working fluids are pre-filtered. Usually, two-stage filtration is used: first, coarse cleaning, and then fine cleaning.
This work is devoted to improving the coarse cleaning system.

There are known coarse cleaning filters in which the liquid is cleaned due to sludge. They are large-
volume tanks with partitions. This circumstance sharply limits the scope of use of these filters. Mesh filters are
of certain practical interest for coarse cleaning of working fluids, as they are more compact and convenient to
use. For coarse cleaning of working fluids, only square-weave metal meshes are used, that is, metal meshes with
a square mesh. To form a cylindrical working surface of the filter element, the flat metal mesh is not only bent,
but also its ends are connected using additional parts or soldering. This increases the cost of manufacturing the
filter element. In addition, to increase the productivity of the liquid pumped through the filter, the need to
increase the area of the filter element can significantly increase the dimensions of the filter. The latter limits the
scope of its use. As we can see, all the imperfections of this coarse filter are associated with the fact that its filter
element has only one working surface (cylindrical). Therefore, further improvement of the filter is aimed at
developing a filter element with an additional working surface.

The purpose of the study is to reduce the cost of manufacturing and expand the scope of use of the filter.
In the proposed new coarse liquid filter, the filter element is made of a flat metal mesh with a square mesh by the
method of cold multi-operation drawing. Of all known metal meshes, only meshes with a square mesh are
subject to this type of deformation, i.e. do not tear. After stretching, the filter element takes the form of a
cylindrical cup with a small flange, which is used for fastening. An original technology for stretching a filter
element from a square blank is proposed. This filter element, compared to the known one, has not only a side,
but also a bottom working surface. The filter element is tightly put on a perforated support, which does not allow
the mesh to bend under the pressure of the liquid being cleaned. The use of this filter allows you to reduce the
cost of its manufacture by simplifying the technology for manufacturing the filter element, as well as expand the
area of use of the filter due to the presence of not only a side, but also a bottom working surface in the filter
element. The latter increases its throughput and makes it more compact.
coarse filter, filter element, metal mesh with square weave, working surface, drawing
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OniHKa BEJIMYMHHU 1 XapaKTEPy 3HOIIYBAHHS 31pOYOK
JAHIIOTOBUX TIE€peiad CLIbChKOTOCIIOIAPCHKUX MAIIIMH

VY cTarTi AOCTIHKEHO MpOoIeC 3HOUTYBAHHS 31pOYOK JIAHIIOTOBUX Iepeaad Oypsko30MpalbHUX MallvH,
30KpeMa MeXaHi3My BHKOIYBaHHS Ta OYHMINCHHS OypsKiB. BcCTaHOBIEHO, [IO0 OCHOBHOK IPHYHHOIO
IHTEHCHBHOT'O 3HOLITYBaHHS 3ipOYOK € BIUIMB a0pa3MBHUX YacTHHOK. [IpoaHaIi3oBaHO pe3ysbTaTH KOMIUICKCHHX
BUNIPOOYBaHh Ta BU3HAUYEHO OCHOBHI CTaTHCTHYHI XapaKTEPUCTHKH IIPOLECY 3HOIIYBAHHS 3iPOYOK.
3amponoHOBAaHO  BHKOPHUCTaHHSA  po3moainy  BeiiOymra-I'HemeHka Uit  ommcy  3aKOHY — PO3IOALTY
eKCIUTyaTaliifHoTo pecypcy 3ipodok. OOrpyHTOBAaHO MOJKJIHBI IIUISIXH MiABHUIICHHS PECypCy 3ipOYoK, 30KpeMa
BITPOBA/KEHHS 3MILHIOBAIBHMUX TEXHOJIOTIH Ta 3aX0/IiB II0/I0 3HIKCHHS BIUIMBY a0pasuBy.
3HONIYBaHHS, a0pa3uBHI YaCTHHKH, pecypc MAlllHH, JAHIIOTOBI mepeaadyi, 3ipouku

ITocTanoBka nmpo6JeMu. JIaHIIOroBi nepeiadi HIMPOKO 3aCTOCOBYIOTHCS B TPAHCMICISIX
OypsIKO30UpaATEFHUX MAIllMH, TIPOTE iX OCHOBHUM HEOIIKOM € IHTCHCUBHE 3HOITYBaHHS 31POYOK
yepes BIUTUB aOpa3uBHUX YAaCTUHOK, 1110 TPU3BOANUTE JI0 3HIKEHHS peCcypcy poOOTH MEXaHI3MiB.
Haii6inpioro 3HONIYBaHHS 3a3HAIOTHh 31POYKM BHKOIYBaJIbHO-OYMCHOTO MEXaHI3MY, OCKUIBKH
BOHU TIPAIIOIOTh Y HAWOUIBII 3a0pyIHEHOMY CepeloBHIN. BinCyTHICTH e(pEeKTHBHHUX METOMIB
MPOTHO3YBAHHS Ta 3MEHIIECHHS 3HOLIYBAaHHS YCKJIQJHIOE TOAOBXKEHHS TEPMIHY CIYKOM IMX
JeTaneil Ta MiABHUILNEHHS HaAidHOCTI Bciel mammuau [1,2]. ToMmy akTyalbHHM € JOCHIIKEHHS
3aKOHOMIPHOCTEH TPOIECY 3HOIIYBaHHS 3IPOYOK, pO3pOOKAa METOIB OLIHKH iX pecypcy Ta
BU3HAYEHHA 3aXOJiB IIOA0 IIABMUINEHHS 3HOCOCTIMKOCTI JUIad 3a0e3nmedeHHd  OuIbIIOL
JIOBIOBIYHOCTI TEXHIKH.

AHali3 ocTraHHiX Aocaimkenb i myOmikauwiii. IIpoGrema 3HOUIYBaHHS 31pOYOK
JIAHITIOTOBUX TIepe/iad Y CLIbCHKOTOCTIOAAPCHKIA TEXHIIl, € aKTYaIbHOI0 TEMOIO JIOCHIHKCHb.
OCHOBHMMHM TPUYMHAMH BTpAaTH TPAIE3aTHOCTI JIAHIFOTOBUX TIepeaad € 3HOC IapHIpiB
JAHIIOTa, [0 TPHU3BOJUTH JI0 TOJOBXKEHHS JAHIIOra Ta TOpPYIIEHHS HOro B3aeMofii 13
3ipOYKaMH, a TAKOXK 3HOC 3y0iB 3ipouok [3,4]. Iy BiTHOBIICHHS 3HOIICHUX 3y0iB 3aCTOCOBYIOTh
METOJI HAIUIABJICHHS CHCIIaIbHIUMHU €JIEKTPOAaMHu a00 KOMOIHOBaHUMH IIapaMH, IO JA03BOJISIE
MPOJIOBKUTH TEPMiH CITy O TaHuX neranet [5-7].

BaxnBuM acnekToM € MpaBHJIbHUM BUOIP KOHCTPYKTHMBHHX IapaMeTpiB Ta CIOCOOIB
BUTOTOBJICHHS 3IpOYOK ISl JIAHIFOTOBUX TIepeiad. 3ipOYKH MOXKYTb BHUTOTOBIIITHCS 3 PI3HHX
MartepiaiiB, TAKUX SK KOHCTPYKIliiiHa ByTJeIleBa CTalb Mapku 45, TeXHIYHA HEpXKaBiloya CTallb
a00 4aByH. 3aJIe)KHO BiJl YMOB €KCIUTyaTallii Ta BUMOTI 3aMOBHHKA, 3IpOYKU MOXKYTh MaTu pi3Hi
KOHCTPYKIIIfHI OCOOJIMBOCTI, BKJIIOYAIOYHM HASBHICTH MATOYMHHM, 3arapToBaHi 3yOm abo OyTH
OaratozyOoHnmu. [IpaBuibHUiT BHOIp Ta BHUTOTOBJIEHHS 31pOYOK CIIPHSIOTH IMIABHINEHHIO iX
3HOCOCTIHKOCTI Ta eKCIUTyaTamiiHoi HafiiHocTi [8-10].

CyuyacHi nocnmipkeHHsl Ta MyOmiKarii 30cepe/KeHi Ha BUBUCHHI NPUYMH 3HOITYBAHHS
31pOYOK JIAHITIOTOBHX Mepeiad, po3po0ill METOMIB iX BiTHOBJICHHS Ta ITiIBUIIICHHS
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3HOCOCTIMKOCTI, @ TAKOXK Ha ONTUMI3allii BHOOPY MaTepiaiiB i KOHCTPYKUIHHUX 0cOoOIMBOCTEH
31pOYOK M1l 3a0€3MeueHHs] HaiHOI Ta TpPUBajoi POOOTH CiIBCHKOTOCIIONAPCHKOI TEXHIKH
[11,12].

IlocranoBka 3aBaaHHsi. MeToro aHOi PoOOTH € JOCHTIKCHHsS 3aKOHOMIPHOCTEH
3HOIIYBaHHA 31pOYOK JIAHIIOTOBUX THepeaayd OypsAKo3OMpalbHUX MAallMH, OLIHKA iX
JIOBIOBIYHOCTI Ta po3poOKa pPEeKOMEHAAI MI0oJ0 MiABUIIEHHS 3HOCOCTIMKOCTI. Jlms
JMOCSTHEHHSI IIi€1 METH aHaNI3yIOThCS pPE3yNbTaTH EKCIePUMEHTAILHUX BUIPOOYBAHb,
BCTAHOBJIIOIOTHCS CTATUCTHYHI XapaKTEPUCTHUKU 3HOIIYBAHHS Ta MOJEITIOETHCS PO3MOILT
pecypcy 3ipodok. Takox po3TIsgaroThCS MOMJIIMBI METOIM 3MEHIICHHS IHTEHCHUBHOCTI
3HOITYBAaHHS, 30KpeMa IUISIXOM BUKOPUCTAHHSM HOBHX MaTepiaiiB, BIPOBAKCHHSIM
3MIITHIOBATHHUX TEXHOJIOT1H Ta ONTUMI3AIIEI0 SKCIUTyaTalliiHUX YMOB.

Buknan ocHoBHoro marepiajy. JIaHIIOTOBI mepenavi € HEBIT'€MHOIO CKJIATOBOIO
TPAHCMICIH CUTBCHKOTOCIIOIAPChKOT TEXHIKM, 30KpeMa MallluH JAJs 30MpaHHs KOPEHEIUIOMIB.
OCHOBHUM HEOJIIKOM ITUX TIepeaad € iIHTEHCHBHE aOpa3WBHE 3HOIIYBaHHS 3yOIliB 31pOYOK,
10 3YMOBJICHO IMOTPAIITHHSAM YaCTHHOK IPYHTY Ta 1HIIUX TBEPAMX BKIIOUEHb Y pOOOUY 30HY
[1,8]. OcobauBO BHCOKI pIBHI 3HOIIYBAaHHS CIOCTEPITAIOTHCS Y BHUKOIYBAJIBHO-OUYUCHHUX
MeXaHi3Max, sIKi MPaloTh B YMOBAX IMiJBUILEHOIO 3aIMJICHHS Ta MOCTIHHOTO MEXaHIYHOTO
KOHTaKTy 3 IPYHTOM 1 pOCITUHHUMH 3QJIATITIKAMH.

3HaYHUI BIJIMB Ha IHTEHCUBHICTH 3HOLITYBAaHHS MAa€ MaTepiajl BUTOTOBJICHHS 31pOUOK,
METOAM iX TEepMOOOpOOKH Ta yMoBH ekcruryartarii [9-11]. ¥V ciibchKOTOCTIOAApCHKUX
MalllMHaX HaWOUIbIIa CTYMiHb 3HOLIYBAaHHS 31pOYOK 3aikcoBaHa came y By3Jax, LIO
B3aEMOJIIIOTH 13 KOPEHEIUIOAaMHU Ta TPYHTOBUMHU YacTHMHKaMu. [Ipu 1ipomy 3miHa po6odoro
npodimo 3yOIiB BIUIMBaE Ha CTA0UTBHICTH POOOTH Tepenadi, BUKIMKAIOYH JOJATKOBI
JTWHAMIYHI HaBaHTaXKECHHS, BIOpaIIii 110 TPUCKOPIOIOTH MPOIIEC pyHHYBaHHS JETAICH.

B 3aranbHOMY, MIBUIKICTH 3HOLITYBAaHHS 3y0iB 31pOYOK B MEKaX JOMYCTUMUX 3HAYCHb
3HOIITYBaHHS 3MIHIOETHCS TIO Mipl 30UIBIICHHS] TPUBAJIOCTI pOOOTH T Tepenadi 1 piBHIHHSI
JTUHAMIKU 3HOIIYBAaHHS Ma€ BUTTIS:

B
e an(1+lgna)\/ﬁr ’ O

3H

1€ a, — KOe(IIiEHT IHTeHCUBHOCTI 3HOLTYBAaHHS B CEPEIOBHIL TEXHIYHO YHCTOTO MOBITPS;
C,, — Koe]iITieHT, 110 BpaXxOBY€ HAsBHICTH MIJTY B TIOBITP1 OIS repeaayi;

o — KoedilieHT BiTHOCHOT a0pa3uBHOCTI Uiy, a=3...8;

P — kosnoBe 3ycuiis;

K, — xoediieHT BITHOCHOI 3HOCOCTIMKOCTI MaTepialy BiHIIA 31pOYKH;

7 — yac BUNPOOyBaHHS;

[} - CTemiHb, 110 XapaKTepU3y€e IHTEHCUBHICTh 3HOIIYBaHHS, 3 =2/3.

B mpoueci poOOTH 3ipOYKH B 3aJE€KHOCTI BiJl KOHKPETHHX YMOB €KCILTyaTarlii
napametpu C,, o, P, a Takox Kj,, 3MIHIOIOThCSI B TIEBHUX MeXaX 1 MOXYTh OyTH OIlIHEHi
CTaTUCTUYHUMM MOKa3HUKAMH.

JocnipkeHHs TIpoLiecy 3HOIIYBAaHHS TMPOBOJMUIOCH Ha OCHOBI aHai3y JaHHUX
NEepiOMYHUX BUIIPOOYBaHb OypsKO30MpaJIbHUX MaIIMH. Y XOJl1 JOCHiIKeHb 3adikCoBaHI
3HA4YCeHHs 3HOIITYBAaHHS 3yOLiB 3ipovoK micis 165 roguH poOOTH, SKiI BapiroBAINCS Y MexXax
Bix 0,10 MM 1o 0,76 MM. 3aranbHuil po3Max 3HOILIYBaHHS CKIAB Ry, = Wyax - Wiin = 0,66 MM.
CepenHe apudMeTHYHE 3HAYCHHS 3HOIIYBaHHA CKIAIo0 w, = 0,4 MM, cepeIHbOKBAIPATUIHE
BIJIXWJICHHS CTAaHOBUJIO G, = 0,176 MM, a koediuieHT Bapiauii — v,, = 6,, / w, = 0,44.

AHaii3 OTpUMaHUX JaHUX JO3BOJIUB MOOYAYBAaTH TICTOrpaMy pPO3MOALTY BEIWYUHU
3HOIIYBAaHHA 31pOYKH, siKa OyJia po3/IijeHa Ha MICTh TPy 13 Kpokom Aw=R,,/6 = 0,11 MM MM.

48



[SSN 2664-262X IlenTpanbHOYKpaiHChbKKil HayKOBHH BicHUK. TexHiuni Hayku. 2024. Bum. 10(41), 4.1l

BceranoBneHno, mio Halkpally anpoKCHMAIll0 OTPUMAaHMX CTAaTHCTUYHUX JaHUX 3a0e3rnedye
posnoxin Beibymna-'Henenka, mo marBepkyeTbes x> - kpurepieM Ilipcona. Lle mae 3mory
OUTBII TOYHO IMPOTHO3YBATU 3MiHY pecypcy 3ipOuoK 3aJeKHO BiJl YMOB iX eKCILTyaTarii.
Posmonin BeiiOymna-I'nenenka pecypcy ¢ 31pOOK JIAHIFOTOBOI Mepeaadi ClIbChbKOTrOCTIOpChKai
MAaIIMHA Ma€ BUTIIS;

L —{t/al

f()=bfa-(t/af e . @)
Koeodinientn pyHKUii MIIIBHOCTI pO3NOALTY 3HOIIYBAaHHS (2) BiAMOBIAHO CTAHOBIIATH

b,=2,42; a,~0,45. I'padix 3miau QyHKIIT f (t), y3TO/DKEHH 3 MacmTadoM TicTOrpamu,

(puc. 1.)

0.39

0.35

0.31

0.27

0.23 \
0.19 / N
0.15

/ A

0.11— / \
0.07 7 \\\
/

Po3noais mijibHOCTI 3HOUIYBAaHHA M
N
N

0.03 N

S~

0 01 02 03 04 05 06 07 08 09 1
BeJIl/I'-lI/lHa 3HOHIyBaHHﬂ W, MM

Pucynok 1 — INicrorpaMma BeTHYHHY 3HOITYBAHHS 3iPOYOK Ta KpHUBa
PO3MOMITY IIITFHOCTI 3HOITYBaHHS
Lrcepeno: pospobneno asmopamu

[TpaBOMIipHICTP BHUKOPUCTAHHS BKa3aHOTO pO3MOJALTY HAOYHO MiATBEPIKYEThCS
BIZIMOBIHICTIO (DYHKIIH HMOBIPHOCTI pO3MOALTY 31pOYOK 32 BEITMUMHOIO 1X 3HOITYBAHHS ISt
000x BUMaJKiB (puc. 2).

OcCKiUTBbKH TIapaMeTpH POOOTH JIAHITIOTOBOI IMepeaadi 3MIHIOIOTHCS B IIUPOKUX MEXKaXx,
OILIIHUTHU BILTUB OKpeMHX (haKTOPiB Ha 3HOLITYBaHHs 0€3 10AaTKOBOTO MOJICTIOBAHHS CKIIAIHO.
BoaHouac 3actocyBaHHS CTaTUCTHYHUX METOJIIB JO3BOJISIE BH3HAYUTH CEPEIAHIO IIBUIKICTH
3HOIIYBaHHSA 3a nepioj HampaioBanus ¢ = 160 rog cranoBuTh v, = 0,0025 mm/roz, po3max R,
=0,0041 Mmm/Tox, cepeTHbO-KBaAPATUIHE BiIXMIJICHHS IIBHIKOCTI 3HOITYyBaHHS o) = 0,0014.
BpaxoByroun 3aKOHOMIPHICTh AUHAMIKH 3HOIITYBaHHS, TEPMIH CITyKOu 3ipodok T, 3a TaHUMHU
BUIIPOoOyBaHb 0a30BOi MOBEPXHi (YacOM BHUNPOOYBAHHS 7;) 3B’ 3aHUH 3aJI€XKHICTIO!

1/
L_(m)"” ©)

T. w.

1 1

1€ Wy,- TPaHUYHE 3HOITYBaHHS POOOYO0i MOBEPXHI 3y0iB 31pOUKH.
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3acToCcyBaHHS CTATUCTHYHUX METOMIB aHaJi3y JI03BOJISIE 3MOJCIIOBATH PECYpC
pobotu 3ipoyok merogoM Monte-Kapno. OtpuMaHi pe3yiabTaTH TMOKa3alH, MO CEPeIHIN
pecypc ekcryaramii 3ipo4oK CTaHOBUTh 444,4 ron, TpH CEepeIHHOKBAAPATUIHOMY
BixwuieHH1 264,4 Ton, a koedimieHT Bapiaiii vy = 0,53.

// ...... _

0.4
02
002 0.4 0.6 0.8 1
W, Mmm

Pucynox 2 - Po3nozin iMOBIpHOCTI 3ipOYOK 32 BETMYMHOIO 3HOUIYBAaHHS, BiAMIOBITHO,
JUTSL TOCHiKyBanbHOT BuOipkH (1) Ta 3a 3aiexHicTIO (2)
Loicepeno: pospobaeno agmopamu

OuikyBaHH# pO3MOILT pecypcy poOOTH 31pOYKH MOKHA BUPIBHATH KPHUBOIO PO3MOLTY
BeiiOynna-I'nenenka i3 mapamerpamu b,=2; a,,=499,7.

Po3max vacy poOoTH 3ipOYKH 3a CTATUCTUYHOIO OIIIHKOIO BEJIIMYWHU 3HOIITYBAHHS B
nepuoMy HaOJMKeHI MOKHA BU3HAUUTH 32 3aJICKHICTIO

B _up 1 1
RT_Tdmax_Tamin_TWep Wl/ﬁ_wl/,ﬁ ’ @
min max

TI€ Win TA Wyay — BIATIOBITHO MiHIMAJIbHA Ta MaKCUMaJlbHA BEJTMYMHA 3HOITYBaHHS 31pOYOK 32
JTAHUMU CIIOCTEPEKEHB;

W, - TPAaHUYHA BEJIMYMHA 3HOLTYBaHHS;

I'padiune BimoOpaxeHHs (YHKIT pO3NOAUTY INIIBHOCTI 3HOUIYBAaHHS AJS BUMAIKY
aOpa3WBHOTO 3HOIIYBAHHS 31POYKH JIAHITIOTOBOI Tepeaadi Oypsko30HMpanbHOTO KOMOanHy
HaBEJIEHO Ha puc. 3.

0,0018
0,0016
0,0014 v, N
0,0012
0,001 /

0008 / N\
’ / \
,0006 \C
0004

N\

0002
N

0

/O 200 400 600 800 10(h’(7rﬂm 160018002000

Yac HanpauoBaHHs t, 101

I'pannyHe 3HOLIYBaHHS

Pucynok 3 - KpuBa po3smofiny 4acy HanpalroBaHHs 3ipO4KU
JI0 IOCSTHEHHSI TPAHUYHOT'O 3HOLIYBaHHS

Jicepeno: pospobaeno asmopamu
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Jis  TiOBUIIEHHS JOBTOBIYHOCTI 3IpOYOK Yy CKJIaJAi JIAHIIOTOBUX Iepenad
3allpOTIOHOBAHO  BIIPOBA/UKEHHS CyYaCHUX  3MIIHIOBAJbHUX TEXHOJOriH. 30KpeMa,
e(eKTUBHIMH METOJIaMH TiIBUIIEHHS 3HOCOCTIMKOCTI € BiOpaliiiHe HakaTyBaHHS HPOQiIto
3yOI1iB, jJazepHe abo IUIa3MOBE 3arapTyBaHHS poOOOUYOi MOBEPXHi, a TAKOXX 3aCTOCYBAaHHS
KOMITO3UTHHX MaTepiaiiB MpH BUTOTOBJIEHHI aetanei [1]. KpiM Toro, BaXxmuBUMH 3aX01aMu
IIOJI0 3MEHILIEHHS 1HTEHCHUBHOCTI 3HOUIYBaHHS € BJOCKOHAJICHHS CHCTEMH 3MallleHHS,
BUKOPUCTAHHS 3aXUCHUX KOXYXIB /Ui MiHIMi3alii BIUIMBY aOpa3UBHUX YAaCTUHOK Ta
onTuMi3aris Tpodiro 3yOIiB, MO COPHIE 3HUKEHHIO TUTOMOTO HABAHTAKCHHSI.

PesynbraTé mpoBeACHUX JOCHIKEHb MiATBEPKYIOTh, 10 KOMIUIEKCHUNA MiIXix 10
BHOOpY MarepiajiB, METOIIB TEPMOOOPOOKH Ta OMTUMI3AIII] EKCILTyaTal[iiHUX YMOB JI03BOJISIE
3HaYHO 3MEHIIUTH IHTEHCUBHICTb 3HOILIYBAaHHS JIeTajieil JaHLIOTOBUX Mepeaad, 10 CIpHsE
MIIBUIIEHHIO EKCIUTyaTaIliiHOT HAIHHOCTI Ta 30UIBIICHHIO TEPMIHY CTPOKY CITYXKOH
CLIbCHKOTOCTIOAAPCHKOT TEXHIKH.

AHamni3z BHUNpOOYBaHb 3aCBITYMB pealbHI MOXJIMBOCTI CYTTEBOTO IMOKpAIICHHS
pecypcy poOOTH 3ipOYoK 1 JIAHIIOTOBHX Nepefad 3arajoM, 30KpeMa Yy BHKOHYBaJbHO-
OYMCHHX  MEXaHi3Max  Oypsko3OWpalpbHUX  MalmIMH Ta  QHAIOTIYHUX  BYy3Jax
CLIBCHKOTOCTIONAPCHKOI TeXHIKHU. [IpakTHUHUI AOCBiA AOBOIUTH, IO 3aBASKH ITiIBUIICHHIO
TEXHOJIOTIYHOI JTUCIHUILUIIHKA, CyBOPOMY JOTPUMAHHIO TEXHIYHMX BHUMOI MEXaHIYHOI Ta
TEpMIYHOI OOpOOKH 3ipOUYoK, a TaKoXX cTalimizamii mapaMeTrpiB 3HOCOCTIHKOCTI MaTepialiB
MO>KHA JTOCSITTU 3HWKEHHS Cepe/IHbOI BEIMUMHU 3HOIIYBaHHS 31po4ok Ha 5—10%, npu npomy
3MEHIIYIOYH HOTo CepeHbOKBApaTHUHE BiAXMIEeHHS Ha 7—15%.

3acTocyBaHHs 3MIIHIOBAJILHUX TEXHOJIOTIH, 30KpeMa BiOpaIliiHOTO HaKaTyBaHHS
noBepxHi Mpodito 3yOIiB, JO3BOJISIE CYTTEBO 3MEHIIMTU CEPEIHIO BEIMYMHY 3HOIIYBAHHS
3ipouok Ha 40-60%. Lle BiakpuBa€e MEPCHEKTUBU 3HAYHOTO 30UIBIIEHHS TEPMIHY CIIy>KOU
JAHLIOTOBUX Tepefad, IO € OCOOJMBO aKTyaJbHHM JJs IHTCHCHBHO HaBaHTAXECHUX
MEXaHI3MiB Cy4acHOI CUTbCHKOTOCIIOIAPCHKOT TEXHIKH.

MiHiManeHUM TepMiH CiIy’KO0M 31pOUOK BH3HAYAEMO 3a pe3yJIbTaTaMU BHIIPOOYBaHb.
OckinbkM 3a TmepioA HampaioBaHHS ¢ = 60 roJ, MaKCHUMalbHE 3HOIIYBAHHS 31POYOK

cranosuno W =0,76 um, T0

max

. (7
T™ =t —=| =241,5200.
w.

i

JloBipya WMOBIPHICTh pO3CIIOBaHHS 3HAYCHHS MIHIMAJIBHOTO TEPMIHY CITyKOU
BU3HAYAETHCS KBAHTUILTIO po3nofiny Beitbymna-I'Henenka:
min
_C,T,

H
?(a)_ﬁ’ Q)

ne C, =0,46 — mapamerp po3moaily TEpMiHYy CIIyXKOH 3ipOYKH i3 3aJaHHM KOe(illi€eHTOM
Bapiauii v, =0,53.

BinnoBinHo n0BipYa HMOBIpHICT pO3CitOBaHHS ¢ CTaHOBUTH 20%.

AHai3 OTpUMaHUX PE3yJbTATIB CBIAYUTH, IO CEPEIHIN pecypc poOOTH 3ipOUOK 10
JIOCATHEHHS! TPAaHUYHOIO 3HOIIYBaHHA CTAHOBUTH HPUOJIM3HO TPETUHY BIJ 3arajJbHOrO
TEpMiHy iXHBOI CIy>kKOM, SIKUM KoiuBaeThcsi B Mexax 1200-1500 motoroams. BomgHowac
MIHIMQJIBHHUHN pecypc poOOTH € HeIOCTATHIM, IO CTBOPIOE 3HAYHUN PU3UK BUXOJY 31pOYOK 13
Jaxy OesmocepenHbO B TeEpioa 30MpaHHS BpOXKalo, IO MOXE HPU3BOAMTH 0 IPOCTOIB
TEXHIKH Ta 3HIKCHHS IPOYKTUBHOCTI CIITbCHKOTOCTIONAPCHKIX MaITHH.
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3HayHuil KoedillieHT Bapialii pecypcy CBIIYMTH PO BUCOKY HEPIBHOMIPHICTb
3HOIITYBaHHS 3IPOYOK, IO 3yMOBJICHO PI3HUMHU EKCIUTyaTalliiHUMU ¢daKTopaMu, 30Kpema
peKMMaMH HAaBaHTA)KEHHS, SIKICTIO MaTepially, CTaHOM 3MallyBaJbHOI CHCTEMH Ta PiBHEM
abpa3uBHOTO BIUTMBY. [Ipy 1IbOMY MIBUAKICTH 3HOIIYBAHHS BH3HAYAETHCS (DYHKIIOHAIBHOIO
3aJISKHICTIO BiJl CYKyHHOCTI 3a3Ha4eHHMX (PaKkTopiB, 110 MOTpeOye AETAIBHOTO aHAi3y IS
po3po0Ku eheKTUBHUX 3aXO0/1iB MO0 IiIBUICHHS TOBMOBIYHOCTI TAHUX JCTAJICH:
B

dw  pK P?
Tac o7 ©

VW
a(l+Ca)l
K

3n

ne K, = — KOe(IIIEHT MIBUAKOCTI 3HOITYBAHHS.

Jis BUMAgKy BIOKPUTUX JIAHIIOTIB Hepefad IMIBUAKICTh 3HOLIYBAaHHS 31pOYOK

JIOPIBHIOE:
v=2K3 o ™)
3 T

Kpim 1nporo BOpoBaKeHHs MPOCTHX Ta €()EeKTUBHUX KOHCTPYKIIH MPOTHIHUIOBOTO
3aXUCTy JIAHIIOTOBUX Iepefad Ta iX HaJiiHOTO 3MalleHHS B Mepioa eKcIulyaTauii 3a
MOTIEPETHIMK PO3paxyHKaMHU JI03BOJISIE€ 30UIBIIUTH PECypc poOOTH 31pOYOK 1 JIAHIIOTIB y 3...4
pasm, a y-BifgcoTkoBe HampaioBaHHs (y=10) - y 5...8 pas.

TexHiKo -eKOHOMIYHHH e(EeKT BiJl 3SMEHIIECHHS 3HOIIYBAaHHS 31POYOK MPOSBISIETHCS HE
TIIBKA B MIABHIIEHHI pecypcy ix poOoTu, ane i B CyTT€BOMY 3MEHIICHHI JWHAMIYHUX
HABaHTA)XCHb B TIPUBO/II 1 IMiIBUIICHHIO €KCIUTyaTaIlifHOT HaIIHHOCTI BCi€i MAIIMHU B LIIIOMY.

BucHoBku:

1. Amnami3 mporiecy 3HOIITYBaHHS 3ipOYOK JIAHITIOTOBUX Tepeaad OypsKo30HpabHIX
MallliH MiATBEPAMB 3HAYHMM BIUIMB aOpa3MBHUX YACTUHOK, IO MOTPAIUIAIOTH Y 30HY
KOHTaKTy 3yOlLlB 13 JIAHIIOTOM, CIIPUYMHSAIOYM HEPIBHOMIPHE 3HOLIYBaHHS Ta 3MEHILIEHHS
pecypcy podoTHu.

2. CepenHiii pecypc poOOTH 31pOYOK A0 JOCSTHEHHS TPAHUYHOTO 3HOIITYBaHHS
ctaHoBUTh Om3bko 1200—-1500 MoToroauH, 1o BiAMOBiAa€e MPUOTU3HO TPETUHI 3aralbHOTO
TEpMiHy CIIy’)kOn. BogHowac MiHIMadbHHH pecypc € HEJOCTaTHIM 1 CTBOPIOE PHU3HK
NepeIyacHOro BUXOIY 31pOUOK 13 Jaay MijJ yac eKCIuTyaTaiii.

3. PesymbraTté BUNpoOyBaHb MOKa3aldWM 3HAYHUN Koe]iIlieHT Bapiallii pecypcy, 1o
CBITYHUTDH MPO BUCOKY HEPIBHOMIPHICTH 3HOILIYBAHHS 31POYOK 3aJI€KHO BiJ] €KCILTyaTaliiiHUX
YMOB, 30KpeMa HaBaHTaKEeHHsI, a0pa3uBHOTO CEPEOBHINA Ta SKOCTI MaTEPiaIiB.

4. 3actocyBaHHS 3MILIHIOBAJBHMX TEXHOJIOTIH, TaKuX SK BiOpalliiiHe HakaTyBaHHS,
Ja3epHe a0o0 TUIa3MOBE 3arapTyBaHHSA, a TaKOXX BUKOPUCTAHHS KOMITO3UTHHX MaTepiais,
JI03BOJISIE 3MEHLIMTH CEPEJHIO BEJIWYMHY 3HOLIYBaHHA 3ipoyok Ha 40-60%, 110 3HA4HO
IPOJOBXKY€E TEPMIH iX E€KCIUTyaTalli.

5. BpnockoHaneHHsI CHCTEMM 3MallleHHs Ta 3aCTOCYBAaHHsS MPOTUIMIOBHX KOXYXIB
A€ MOJXKITUBICTh 30UTBIIUTH pecypc 3ipovoK 1 JIAHMIOTIB y 3—4 pash, a 3MCHIICHHS
TUHAMIYHUX HABAaHTAXKEHb Y MPHUBO/II CIIPUSE MiABUIIEHHIO JOBrOBIYHOCTI BCI€T MAIIMHHU.

6. BukopucraHHs MeETOJIB NPOTHO3YBaHHS PECypcy, 30KpeMa MOJEIIOBaHHS 3a
posnoainioM BeliOynna-I'Henenka, 103BoJsie TOYHIIIE OIIHUTH TPHUBAIICTh POOOTH 31pOUOK
3aJISKHO BiJl yMOB €KCIUTyaTallii, 0 € BaXKJIMBUM JIJISl TEXHIYHOTO 00CITyrOBYBaHHS, PEMOHTY
Ta MJIaHyBaHHs 3aMiHU JIeTaJIeH.
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7. 3HWKEHHS 3HOLIYBaHHS 31pOYOK CIIPHUSE HE JIMIIE IMiIBUIICHHIO iXHBOTO Pecypcy,
a ¥ TMOKPAIICHHIO HAIIHHOCTI BClEl OypsIKO30MpPaIbHOI TEXHIKH, [0 TIO3UTUBHO BIUIMBAE Ha
IPOAYKTUBHICTb Ta EKOHOMIYHY €(EKTHBHICTH 11 BAKOPHCTAHHS
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Assessment of the Magnitude and Nature of Wear of Sprockets of Chain Drives of

Agricultural Machines

The article investigates the wear process of sprockets of chain drives of beet harvesters, in particular the
mechanism for digging and cleaning beets. It was found that the main cause of intensive wear of sprockets is the
influence of abrasive particles contained in the soil and plant residues. This leads to a change in the geometry of
the sprocket teeth, disruption of interaction with the chain and, accordingly, a decrease in the operational
resource of the transmission.

Based on experimental studies, an analysis of the statistical characteristics of the wear process was
carried out, the average wear rate, the range of oscillations and the coefficient of variation were determined. To
describe the wear patterns, the Weibull-Gnedenko distribution was used, which allows predicting the durability
of sprockets depending on the operating conditions. In particular, it was found that the average service life of
sprockets before reaching the limit of wear is about 1200—1500 engine hours, however, a significant coefficient
of variation indicates uneven wear in different operating conditions.

The influence of materials and processing methods on the wear resistance of sprockets is considered. It
was determined that the use of structural steels with hardened teeth significantly reduces the level of wear, and
the use of special hardening technologies, such as vibration rolling, laser or plasma hardening, allows you to
reduce the average wear rate by 40—60%. Measures to reduce the impact of abrasive particles are also proposed,
in particular, improving the lubrication system and using protective covers to minimize dust and soil from
entering the working area of the chain transmission.

The results of the research confirm that a comprehensive approach to increasing the wear resistance of
chain transmission sprockets allows you to significantly improve their operational characteristics. The use of
developed resource prediction methods, optimization of materials and the introduction of the latest hardening
technologies can increase the service life of sprockets by 3—4 times, which directly affects the reliability and
durability of agricultural machinery.
wear, abrasive particles, machine life, chain drives, sprockets
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TexHOJIOr14H1 Ta KOHCTPYKTUBHI OCOOJIUBOCTI
BUT'OTOBJICHHSI TBUHTOBHUX €JICMCHTIB
CLJIBCBKOT'OCIIOIaPCHhKOI TEXHIKH

HpOBeZleHO IlOCJ'li}I)KeHHH TeXHOJ’IOFi‘lHI/IX Ta KOHCTPYKTUBHUX 0COOJIMBOCTEN BUTOTOBJIECHHS I'BUHTOBUX
HOXIB-NIOAPIOHIOBAYIB Ta JIONATEH Ha ITHEKOBUX CIipaJiell CLIbCHKOTOCIIONAPChKOT TEXHIKH, SIKI MAIOTh HINPOKE
3aCTOCYBaHHS y SIKOCTI NOApiOHIOBayiB, 3MillyBadiB, IPECYBAJIBHMKIB, TpPaHCIIOPTEPIB, OYMCHUKIB,
TOTYBJIBHHMKIB KOPMIB TOmo. Po3pobneno kiacugikalio TBUHTOBUX CIipajied 32 CIOCOOOM BHIOTOBIICHHS,
HanpsiIMKOM pyxy, (opMoro, npodiieM Ta (QyHKIIOHATbHUM NPHU3HAYEHHSM. 3aIllpOIIOHOBAHO TPHCTPOI IS
BUTOTOBJICHHS HOXIB-TIOAPIOHIOBAYiB Ta JIONMATed Ha TBHUHTOBIM 3aroroBmi. OOIPyHTOBAaHO crocodu
BUTOTOBJICHHS JIOTIATEH Ta HOXKiB-TIOAPIOHIOBAYIB HAa MIHEKOBHUX CHIpasiX i BU3HAYCHO X OCHOBHI TEXHOJOTIUHI
Ta KOHCTPYKTHBHI 0cO0MHUBOCTI. Takok 3aIpOIIOHOBAHO paIliOHAIBbHI KOHCTPYKTHBHO-TEXHOJIOTIUHI TTapaMeTpH
C1oco0iB BUTOTOBJICHHS JIOTIATEH 1 HOXKIB-TIOpiOHIOBAaYiB HA TBUHTOBUX CITIpaIsIX
crnoci0d, TexHo10risl, TEXHOIOTIYHN Npoec, JoNaTi, HOKi-noApiOHIOBaYi, OIpaBKa, POJHUK

IMocTanoBka mpo6jeMu. Po3IMIMPEHHS TEXHOJOTIYHUX MOXJIMBOCTECH IITHEKOBHX
MeXaHi3MIB 3a0e3rneuye 30UIBIICHI CIPOMOXKHOCTI IX 3aCTOCYBAaHHS Y PI3HHUX Traly3sx
ekoHOMIkH. Ile cTocyeThcsi ClLIbCHKOTOCTIONAPCHKOTO BUPOOHHUIITBA, J€ BOHU HAWOLIBIIT
IIUPOKO  3aCTOCOBYIOTBCS Yy  SIKOCTI ~ TBHHTOBHX  TEXHOJIOTIYHHX  €JIEMEHTIB
CIITBCHKOTOCTIONIAPCHKOI TEXHIKH, & OCOOJIMBO TPU BUPOOHHUIITBI PI3HMX KOPMIB IJISl TOMIBII
TBapuH 1 nruui [17, 19]. BpaxoByrouu Te, 110 3HAYHUH BiJCOTOK BUPOOHHYMX BUTpPAT B
3arajpHIA CTPYKTYpl MPOIYKIi TBAPUHHMIITBA TPHUIIAJA€ HA YACTKy MPUTOTYBAHHS PI3HUX
KOPMIB 3 BHUKOPHCTaHHSIM KOpeHeroiB [17], mpobiema iX BUTOTOBIICHHS 13 BUKOPUCTAHHIM
CIIEIAIbHUX ~ TPAHCIIOPTHO-TEXHOJIOTIYHUX TBHHTOBHX €JIEMEHTIB, SKI  TOEIHYIOTh
pi3HOMaHITHI omepamii, € 0co0JIMBO akTyayibHOI. Tak, MpU BHUKOPHUCTAHHI CHEUiaJIbHHUX
TBUHTOBHX €JIEMEHTIB, OCHAIIEHUX JIONATIMH YW HOXXaMH, MOKHa OJHOYACHO IMPOBOIUTH
NoJpiOHEeHHs, 3MIIIyBaHHS, MPECYBaHHS 1 TPAHCHOPTYBaHHA, IO OCOOJIUBO € BAXIWBUM Y
CLITbCBKOTOCTIONIAPHCKOMY BHPOOHHITBI. ToMy po3poOJieHHS HOBHX CIIOCOOIB BUTOTOBJICHHSI
TBUHTOBHX EJIEMEHTIB CUTbCHKOTOCIONAPCHKOI TEXHIKM OCHAIIEHUX JIOMATSAMH 1 HOXKAMH-
noApiOHIOBAYaMU € aKTyaJIbHUM 3aBJIaHHSIM.

AHani3 ocTra”HHix JociailxeHb i myOJaikaniii. Po3pobui 1 gocmipKeHHIO
TEXHOJIOTTYHHUX CITOCOOIB BUTOTOBJICHHSI PI3HUX THUIIIB IIIHEKOBUX CITipaJie MPUCBSYCHI TIparti
BITUM3HAHUX 1 3aKOpPJOHHUX HaykoBUiB [1-12, 14-16, 18-20]. CBowo yBara BOHHU
KOHIIGHTPYBaJIM Ha crnenudimi OTpUMaHHS IIIHEKOBUX CIIpajedl pI3HUMHU THUIIAMH
TEXHOJOTIYHUX TPOIECIB, 30KpeMa HABUBAaHHSAM, IITAMITYBaHHSM, pPO3THHAHHAM 1
3BapIOBaHHSIM OKPEMHUX BHTKIB CHipasi, MPOKATyYBaHHSAM TOINO. 3HAYHA KUIBKICTh TpaIlb
NpucBsYeHa crnenu@ini BUTOTOBJICHHS HECTAaHJAPTHUX TIBHHTOBHMX €JIEMEHTIB, 30KpeMa

nonareBux, ropposanux, [-moaioaux, U-moniOHMX, 3 €TaCTUYHUMH MOBEPXHIMHU Ta 1HIIMX
[3,5,7,8, 11, 12, 14, 20].
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[Ipu BUrOTOBJIEHHI LIHEKOBUX CIHipajeld 4iibHA yBara MpUAUIUIIACH 3a0e3MeUeHHI0
TEXHOJIOTTYHOCTI iX KOHCTPYKIIM 1 KOHCTPYKTHBHHUM OCOOJMBOCTAM HEOOXIAHOTO s iX
BUTOTOBJICHHS TEXHOJIOTIYHOTO OCHAIICHHSI Ta IHCTpyMeHTY [3, 5, 7, 9-

11, 14, 15, 18-20].
IloctanoBka 3aBaaHHs. MeTol0 poOOOTH € JOCHIDKEHHS TEXHOJOTIYHUX Ta

KOHCTPYKTHBHUX 0COOMBOCTEH BUTOTOBJICHHS TBUHTOBHX CJIEMEHTIB
CLIbCHKOTOCTIOAAPCHKOT TEXHIKH.
Buxnan OCHOBHOI'O MarepiaJy. I'BuHTOBI poboui opraHu y

CUIbCBKOTOCIIONAPCHKOMY ~ BHUPOOHHMIITBI  IMMPOKO  BHUKOPHUCTOBYIOTHCS Yy  SIKOCTI
noApiOHIOBAYiB, 3MillyBadiB, KaJdiOpyBaJbHUKIB, TMPECyBaJIbHUKIB, COPTYBaJbHUKIB,
nig0upadviB, TPAHCIOPTEPIB, OYMCHUKIB, T03YBaJbHUKIB, HATrHITAJbHHUKIB, BOPOIIMIbHUKIB,
roTyBaJIbHUKIB KOpMiB To1io [17, 19]. Tomy Ha mpakTuIl icHye I11ijla raMMa CIipaji IIHEKiB,
SKi JOIUTBHO KJacu(ikyBaTH 3a crmocoOOM BHUTOTOBIEHHS, HAMPSMKOM pyXy, (opmoro,
npodinem i 3rigHo QyHKIIIOHATIBHOTO MpU3HaUYeHHs (puc. 1).

Frnzemdirams coipated mmwekie

Cooci® euroToETemns | | Popua | | Hanpawok | ([Ipodim | | PyHmicE2 e IPHIHATHER

—|Hammamm | —— TpeECTOpPTYEIHER
p=—m pEE
Iranmrysanan i Todposama | —| [ [loApifmesEs
SEAPOEAHHA
) . 3 prEyHEME —| [pecysamms
|| Pospisasmz i STEMEHT BME
EMIATVEZERR S S
ILTOCEIX 32r0TOECK
—|.'Im'ﬂo —— Kamfpyezrss
U-moaifaa —
TropesEs Ha qﬂ-{n}ﬂi — CopryvEasss
—IEHHTOEC TIHII 3 3 STACTHIHOR | |
OEPEMIR &TEMEHTIE IOEEPEHED POSITyIIYE 2HES,
. EOQPOIMNEER
| LsenizeTpietea I_ EomGinopana
——| Pospznanss
| Eninconomifaa I— Ipmuorym= | —
= = - 1 JosyEarms
| Komyconomitma |— Kpyraa —
Jiea Tpanemmiess T2 — Breurysamms
|1_[P’="B’='l|— | [Mpedimez l— — [lonapanms

Pucynoxk 1 — Knacucikanis cripaneii mHekis

Hoicepeno: pospobneno agmopom

BuroroBneHHs cmipajieii IIHEKIB € CKJIAJHWA, €HEPrOBUTPATHUN 1 TPYIOMICTKHMA
nporiec. 3anekHO BiJ (YHKIIIOHATHHOTO MPU3HAYCHHS TEXHOJIOTIS BUTOTOBIICHHS Ma€ TEBHI
ocobmmBocTi [3, 5, 7, 8, 11, 12, 14, 20]. Jlo Takux 0OCOOJMBHX CITOCOOIB BUT'OTOBIICHHS
HAJIC)KUTh BUTOTOBIICHHS IIIHEKOBUX CIIpaJied OCHAIEHUX JIOMATAMU 1 HOXKaMH-
nojapiOHIOBaYamMu. ICHYIOTH pi3HI CITOCOOM BUTOTOBJICHHS ITHEKOBUX CIIpajiel OCHAIEHUX
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JonaTsIMH 1 HOXKaMH-TIOpiOHIOBaYaMu, OKpeMi 3 sIKuX Oynu oOrpyHTOBaHi y mpari [14]. L
criocoOu TepeadavaloTh BIATMHAHHS JIOTIATeH YU HOXKIB-TIOJPIOHIOBAUiB HAa MEBHUN KYT MPH
BUKOPUCTaHHI PYYHOTO IHCTPYMEHTY. 3 METOI0 BJOCKOHAJICHHS (YHKIIOHATBHUX
MOXXJIUBOCTEH TBHHTOBUX €JIEMEHTIB CUIBCHKOTOCIIOAAPCHKOT TEXHIKH PO3pO0OJEHO HOBI
MeXaHi30BaHi ClIOCOOM BUTOTOBJICHHS IIHEKOBHX CITIpajiel OCHAIEHUX JIOTATAMH 1 HOKaMU-
noApiOHIOBaYaMH, SKI PEali3ylOThCA 3 JOMOMOTOI0 TEXHOJOTIYHOTO oOOJagHaHHS 1
OCHAIIICHHS.

Ha pwuc. 2 mpexacraBieHO MpUCTpi JJIS BUTOTOBICHHS HOXKIB-TIOJAPIOHIOBAYiB Ha
mHeKoBi# croipani. Taki cmipaii y 3aco0ax CUTBCHKOTOCHONAPCHKOTO MPU3HAYCHHS LIUPOKO
BUKOPUCTOBYIOTHCS JUIsl TOAPIOHEHHS 1 3MIIIYBaHHSI CITbCHKOTOCTIONAPCHKUX MPOIYKTIB TIPH
NPUTOTYBaHHI Pi3HUX BHUJIIB KOPMIB JJIs TOJIBJI1 TBAPHH.

Pucynok 2 — [TpucTpiii A BUTOTOBIICHHS HOXKIB-TIOAPIOHIOBAaYiB HA TBHHTOBIH 3ar0TOBII
Loicepeno: pospobneno agmopom

[IpucTpiii 1711 BUTOTOBJICHHS HOXKiB-TIOPiOHIOBaYiB 9 Ha NIHEKOBIH cripaini § (puc. 2)
nepenbavae BUKOPHCTaHHAM (POPMYBAJIbHUX IHCTPYMEHTIB y BHIJISAI oOmpaBu 1, sKy
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KPINHUTHCS B LIMHMHJEII TOKApPHOTO BEPCTATy, Ta POJIMKA 4, SIKUM KPIMUTHCS Yy pi3LeTpuMai
TOKApHOTO BEpPCTaTy, OCHAIICHUX CIelialbHUMH (GopMyBalbHUMH BTyJdkamu 2 1 7. Ha
30BHIIIHIA NOBEpPXHi (POPMYBAJIBHOI BTYJKM 2 BHUKOHaHI BHpPI3W 3, IJIs 3arMHAHHS HOXIB-
noApiOHIOBaYiB 9 Ha TBUHTOBIM 3aroToBIli 8. A Ha TOPIEBiH MOBEpXHI (HOPMYBATHHOI BTYJIKH
7, sika 3a0e3nedeHa MOKJIMBICTIO KPYroBOro OOEpTaHHs, BUKOHaHI BHpI3M 6 Ta HaXWIJIEHI
BUCTYIIK S, sKiI BIANOBiZalOTh (opmi HOXKIB-moapiOHIOBaYiB 9. Cmix BIAMITUTH, IO
0COOIMBICTIO IPUCTPOIO (pHc. 1) € TOUuHE MonajaHHs HAXUJICHUX BHUCTYMIB 5 (HopMyBaIbHOI
BTYJIKHU 7 ponrka 4 y Bupizu 3 (opMyBaJIbHOI BTYJIKH 2 oTpaBu 1.

Crioci0 BHTOTOBIICHHS HOXIB-1OJpiOHIOBaYiB 9 Ha mIHEKOBiM cmipam 8 (puc. 2)
nepeadavae BUKOHAHHS TaAKUX TEXHOJIOTTYHUX OTEepartii:

1. HaBuBaHHA HIITBHUM MTAKETOM Ha peOpo IIHEKOBOi cripati § BiIOMHM CIIOCOOOM.

2. HaapizanHs 10 30BHINIHBOMY KOHTYPY TOPIIEBOI TMOBEPXHI HABUTOI IMIUTBHUM
MaKETOM IITHEKOBOI cripai 8§ Ha MOTpiOHY TITMOMHY 31 BCTAHOBJICHUM KPOKOM.

3. BucraBneHHs 1 3aKpilUICHHS CIpalibHOT 3arOTOBKM 8 Ha OmpaBi 1, sika 3akpirieHa B
IIMTAH]IET TOKAPHOTO BepCTara.

4. BucraBieHHs 1 3aKpiTJICHHS B Pi3lIeTpUMadl TOKapHOTO BEpPCTaTa pOJIMKa 4.

5. 3aruHaHHA KpalHBOrO HOXa-MoJpiOHIOBada 9 Ha IIHEKOBiM cmipaii § HUIIXOM
mojadi pislieTpuMada, TOYHOTO TIOMAJaHHA 1 TPUTHCKAHHA HAXWICHUX BHUCTYIIB 5
(dopMyBaIbHOT BTYJIKH 7 poiuka 4 10 BUpi3iB 3 hopMyBabHOI BTYJIKHU 2 ONpaBH 1.

6. [IpuBeneHHs 31 BCTAHOBIICHOIO YaCTOTOIO B OOEPTOBUH pyX HMIMUHICIS 13 OMPaBOIO
1 i cripaJIbHOIO 3arOTOBKOIO §, Ta 31 BCTAHOBJICHOIO MIBUAKICTIO y PyX MoJadi pislieTpumMaya 3
poimkoM 4, mio 3a0e3nedye BUTOTOBJICHHS HOXIB-TIOAPIOHIOBaYiB 9 Ha BCIH JTOBXKHHI
IIHEKOBOI cripaii 8 IUIIXOM IOMaJaHHA HaXWICHUX BUCTYMIB 5 (opmyBasibHOI BTYIKH 7
ponmka 4 y Bupizu 3 popmyBanbHOi BTyJKH 2 ompaBu 1. [lo 3aBepiieHHi oneparii 3ynuHKa
yCIX pyXiB.

7. BinBeneHHs pi3lieTpuMaya; 3HATTS 3 HbOTO CIICIIAIBHOTO POJIUKA 4; 3aKpIIICHHS Y
pi3LeTpuMadi CHeniaJbHOro 3aTHCKHOTO 1HCTPYMEHTY (Ha pUC. 2 HE TOKa3aHo); MiJBeICHHS
pi3lieTpuMayda 13 CHeMiaIbHUM 3aTUCKHUM 1HCTPYMEHTOM JIO0 CHipajbHOI 3aroTOBKH §;
3aKpIIUICHHSI y CIELiaIbHOMY 3aTUCKHOMY I1HCTPYMEHTI KpalHBOTO BHUTKA CIIpaJbHOL
3arOTOBKH 8.

8. KaniOpyBaHHA Ha 3aJaHUil KPOK CIHipaJibHOi 3aroTOBKM & 13 BUTOTOBJICHUMH
HOXKaMH-TIOJIpiIOHIOBaYaMHu 9 MIJITXOM BMHUKAHHS pyXy mojadi pizuerpumada. [1o 3aBepiienHi
orepatii 3yn1HKa ycix pyxXiB.

9. BimkpimieHHsT TOTOBOi CHIpaJIbHOI 3aroTOBKM & 13 BHUTOTOBJIEHUMHU HOXKaMH-
nopiOHIOBaYaMu 9 Bij CHeIiabHOTO 3aTUCKHOTO 1IHCTPYMEHTY Ta omnpasH 1 1 ii 3HATTSL.

Ha puc. 2 mnpexacraBieHO KOHCTPYKTHBHI CXEMM HPUCTPOIB Ul BUTOTOBJIEHHS
JonaTel Ha IMIHEKOBiH cIipali 13 3aCTOCYBaHHIM KaliOpyBalbHO-3arMHAIBHUX 1HCTPYMEHTIB
13 BUKOPUCTAHHSAM 3BOPOTHO-IIOCTYNAJIBHOIO PYXY.

[Tpuctpoi 11st BUTOTOBIICHHS JonaTel 6 Ha IIHEKOBIH cmipami 2 3 Haapizamu 3 (puc.
3) 13 3acToCyBaHHSIM KamiOpyBajdbHO-3aTMHAIIBHUX 1HCTPYMEHTIB 8 13 BHUKOPUCTAHHSIM
3BOPOTHO-TIOCTYNAJILHOTO PyXy Iependadae BHKOPHCTAHHSIM ONpaBu 1, sIKy KpIMUTbCA B
mmuHAe 13 TokapHOTO BepcTary, Ta pONHMKa 7, SKAWA KPIMHTHCS Yy pi3leTpumadi 12
TokapHOro BepcraTy. OnpaBa 1 ocHaieHa (popMyBaJIbHOIO BTYJIKOIO 4, Ha TOPLEBii MOBEPXHI
K0T BUKOHAHO 3ariuOyieHHs 5. Ponuk 7 ocHamieHO 3 MOXKJIMBICTIO 3/1MCHEHHS 3BOPOTHO-
MOCTYNAIBHOTO pPyXy KamiOpyBalbHO-3aTMHAIBHUM I1HCTPYMEHTOM 8, SKMil MICTUTH abo
KamiOpyBanbpHUH myaHcoH 9 (puc. 3 a), a6o GopMyBabHY BTYJIKY 3 MOMIJIUBICTIO KPYTOBOTO
obOeptanns 3 Buctynamu 9 (puc. 3 0), dopMa SIKuUX € A3EPKATBHUM BifoOpakeHHSIM (popmi
3armuOneHs 5 ¢GopMyBadbHOI BTYNKH 4. 3BOPOTHO-TIOCTYMANBHUN pyX KamiOpyBaibHO-
3arMHAJIBHOTO IHCTPYMEHTY 8§ peai3yeThCsl MATUCKAHHAM MPYKHUHU PO3TATY-CTUCHEHHS 10 1
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naneiem 11, skuit 103BoJIsIE KaniOpyBaJlbHO-3arMHAIBHOMY 1HCTPYMEHTY 8 He IpOBEepTaTUCS
BIJIHOCHO poJinka 7 (puc. 3 a) 1 OCHOBHU KamiOpyBaabHO-3aTHHAIBHOTO 1HCTpYMEHTY 8 (puc. 3
0), 3a0e3neuyroun, Mpy IIbOMY, MOXJIUBICTh OCLOBOTO 3MIIIIEHHS TIPH 3arWHAaX JIOMaTe.

Ha BigMiHy Bim momepeaHbO0 TPEACTABICHOI KOHCTPYKII TMPHUCTPOIO IS
BUTOTOBJICHHS HOXKIB-TIOAPIOHIOBAaYiB HAa TBUHTOBIN 3aroToBI (puC. 2), 1€ OCOOIUBICTIO €
TOYHE TIOTIAJIaHHS HAaXWICHUX BUCTYMHIB 5 (OpMyBallbHOI BTYJKH 7 poiuka 4 y BuUpi3u 3
¢dopmyBanIbHOT BTYJIKM 2 ompaBu 1, 1aHi KOHCTPYKTHBHI pilIEHHS HE MOTPEOYIOTh TOYHOTO
CITIBMAIaHHS 3arJM0JICHh Ta BUCTYIIB (DOPMYBAIBHUX €JIEMEHTIB, TI03asK BOHO PETYJIIOEThCS
NpYy>KUHOIO po3TAry-cTucHeHHs 10 (puc. 3).

A-A 7

2

A-A 73 5

2

LAZN
;

Pucynox 3 — [IpucTpoi Ui BUTOTOBJICHHS JIOMATSH Ha TBUHTOBIN 3arOTOBIT
IDicepeno: pospobneno asmopom

Po3pobnennii crnoci® BUTOTOBIIEHHS JIOMATEBUX CHipajei mnependadae BUKOHAHHS
HACTYIHOT MOCIIJOBHOCTI TEXHOJIOTIYHUX OTEparlii:

1. HaBuBaHHA HIITFHUM [TAKETOM Ha peOpo IMIHEKOBOi cripati 2 BiIOMUM CIIOCOOOM.

2. BuxkoHaHHS HafApi3iB 3 1O 30BHIMIHBOMY KOHTYPY TOPIIEBOI TMOBEPXHI HaBUTOL
MIUTBHUM MTAKEeTOM IITHEKOBOI cripaii 2 Ha HOTPiOHY TTTMOWHY 31 BCTAHOBJICHUM KPOKOM.
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3. BcTaHOBJIEHHS 1 3aKpiIUIEHHS IiATOTOBIEHOT CIIpaILHOI 3aroToBKK 2 Ha OTpaBi 4
13 3armmONeHHsIMH S, IO BiANOBINAIOTH (popmi somarei, i3 3a0e3MedYeHHSIM CITiBIagaHHs
HaJPi3iB 3 cripalbHOI 3arOTOBKH 2 13 3arauOIeHHSAME 5 onpasu 4.

4. BcraHOBJICHHS 1 3aKpiIUIeHHs oNpaBy 4 i3 Hamepea BCTAHOBJICHOIO 1 3aKPIIJICHOIO
CHipaJbHOIO 3arOTOBKOIO 2 y mIMuHAeN1 13 TokapHOro Bepcrara.

5. BcranoBneHHs 1 3aKpilUieHHS B pisneTpuMmadi 12 TokapHOTO BepcTaTta posimka 7,
OCHAIIIEHOT'0 KaJiOpyBaJbHO-3aTMHAIILHUM 1HCTPYMEHTOM §.

6. Binrunanss kpaifHbOro BUTKA CIipajibHOI 3arOTOBKH 2 1 3aBe/IEHHS KaJliOpyBaJIbHO-
3arMHAJIBLHOTO IHCTPYMEHTY 8 Y MIKBUTKOBUI TIPOCTIP.

7. IlpuBeieHHs 3 Hamepe] BU3HAYEHOIO YacTOTOI0 B 00epToBUH pyx mmuHiens 13 i3
ompaBor 4 1 CHipaJIbHOIO 3arOTOBKOIO 2, Ta 3 HaIepe]] pO3paxOBaHOIO MIBUIKICTIO Y PyX
nojaui pizuerpuMava 12 3i kamiOpyBajgbHO-3aTMHAJIBHUM IHCTPYMEHTOM 8, 110 3a0e3mneuye
MiJBEICHHS OCTAaHHBOTO IO MEPIIOro BUTKA CIIPaIbHOI 3arOTOBKH 2 y MiCIIi i KpiIUIeHHs Ha
ompasi 4. [liciast TOCATHEHHS 11UJTi 3yMIMHKA YCIX PYXiB.

8. IlpuBeneHHs y pyx momavi pisnerpumada 12 31 KamiOpyBallbHO-3arMHATBHUM
IHCTpyMEHTOM § 110 CTBOpPEHHsS 3arMHy Nepuioi JjomaTi 6 croipanbHOi 3aroTOBKH 2 Y
3arau6sieHHs 5 onpasu 4. [Ticas fOCATHEHHS LU 3YTIMHKA YCiX PYXIB.

9. IlpuBeneHHs 3 Hamepes BU3HAYCHOIO YacTOTOI0 B 00epToBUH pyx mmuHens 13 i3
OTIPaBOIO 4 1 CHIPAIIbLHOIO 3aTrOTOBKOIO 2 (Y 3BOPOTHOMY HAIPSMKY B TTOPIBHSHHI 3 OTEpaIli€lo
7), Ta 3 Hamepex poO3paxoBaHOI IIBUAKICTIO y pyX momaui pisuerpumayda 12 3i
KaJliOpyBaJIbHO-3aTMHAILHUM 1HCTpYMEHTOM 8 (y 3BOPOTHOMY HANpSMKY B TOPIBHSHHI 3
orepati€ro 7), mo 3a0e3nevye BUTOTOBIICHHS 3arMHIB JonaTei 6 1o yciif JOBXKHUHI CIipaabHOi
3aroTOBKH 2 y 3ariauOyieHHs 5 onpaBku 4. [Ticist tocsATHEHHS 111711 3yITUHKA YCIX PYXiB.

10. BinBegenns pisuerpumada 12; 3HATTS 3 HBOTO KamiOpyBaJbHO-3arMHAIBLHOTO
IHCTPYMEHTY 8; 3aKpiIJIEHHs y pi3neTpuMadi 12 creriaibHOro 3aTUCKHOTO 1IHCTPYMEHTY (Ha
puc. 3 He TOKa3aHo); MiBEJCHHS pi3LeTpuMaya i3 CrelialbHUM 3aTUCKHUM 1HCTPYMEHTOM
JI0 CHipajgbHOI 3aroTOBKH 2; 3aKpIIJICHHS Yy CHEiaJbHOMY 3aTUCKHOMY 1HCTPYMEHTI
KpaiHbOT0 BUTKA CIipalbHOI 3arOTOBKU 2.

11. KambpyBanHa Ha 3aaHUil KpPOK JIOMATEBOI CHIpaJIbHOI 3aroTOBKH 2 MIISTXOM
BMUKaHHs pyxy nojadi pisuerpumaya 12. ITicns 1ocsarHeHHs il 3yIHHKA yCiX pyXiB.

14. BinkpirmieHHss TOTOBOi JIONATEBOi CHIpaIbHOI 3aroTOBKM 2 BiJ CIEHIaJIbHOTO
3aTUCKHOTO IHCTPYMEHTY Ta ONpaBH 4 3 3arauOICHHAME 5 1 11 3HATTS.

Cuna, siKy HEOOXITHO TPHKJIACTH JJIs 3arvHy JIONaTi KaliOpyBaJbHO-3arMHATLHUM
IHCTPYMEHTOM, BU3HAYAETHCS 32 POPMYIIOH0:

(r+s) +r2 TS C(r+s)y =77
4 r

L-cosa

1,15-B- 0'T0-1+H- (1+ u-sina)

FC3:

1ie B — nOBXMHA JiHIi 3TUHY 3aTOTOBKH, MM;
070 - EKCTpAIoIboBaHa IPaHUII TEKyJOCTi Marepiany 3arotoBku, Mlla;
S — TOBIIIMHA 3aTOTOBKHU, MM;
11 — niHiifHANA MOJTYJIb 3MIITHEHHSI MaTepiairy 3arotoBku, MIla;
7 — pailyc KpOMKH IHCTPYMEHTA, MO SIKii BiIOyBaeThCs 3TUH MaTepiaiy, MM;
( — KOEQIIIEHT TePTsI MiXK MOBEPXHIMH 3aTOTOBKH Ta IHCTPYMEHTY;
0. — KyT Haxwily JIOTaTi, rpaj;
L — noB>XuHA J0IaTi, MM.
Cuna mIATHCKY TPYXKUHU — PO3TATY-CTUCHEHHS — KaniOpyBalbHO-3arMHAIBLHOTO
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IHCTpYMEHTY BU3HA4aeThes 3a hopmyoro [13]:
Fpp=C-(X,-4), (2)

ne F,, — cuna 3atucky npyxusu, H;
C — )opcTKiCcTh TIpykuH, H/MM;
A — moniepeIHii HATAT MPYKUHU, MM;
X; — BeTW4MHA BITMHY JIOMATI BiJl OCHOBHOI JIiHIT IITHEKOBO1 CITipasi, MM.
Binrak, monepenHiii HATAT TNPYXKUHU PO3TATY-CTHCHEHHS VY 3alpOIOHOBAHHX
MPUCTPOSX JJIsi BUTOTOBJICHHS JIOMATE BU3HAYATUMETHCS 32 (DOPMYIIOIO:

2 2 2 2
1,15-3-{%-2Jrzy-[(”i)1 g 1S —(V”; d H(ltu‘sina)
r

C-L-cosa
B tabnumi 1 mpexacraBneHi paimioHanbHI KOHCTPYKTHBHO-TEXHOJIOTIUHI MapamMeTpu
croco0iB  BHUTOTOBJICHHS IITHEKOBHX CITipaJied OCHAIIEHUX JIOMATSIMH 1 HOXKaMH-
noapiOHoBauaMu. IIpu 11bOMy MOB3J0BXKHS MOJayda poJIMKa IMOBMHHA BiJIMOBIIATH TOBIIMHI
CIIpaTbHOI 3aTOTOBKH.

A=

+X, 3)

Tabmuuss 1 — ParmioHanbHi KOHCTPYKTHBHO-TEXHOJIOTIUHI TMapaMeTpu CIOCO0iB
BUTOTOBJICHHS IIIHEKOBUX CIIipajiel OCHAIIEHUX JIONATIMHU 1 HO)KaMU-TI0Ap1OHIOBaYaMH

Ne | Yacrora [oB3noBxust | Jiametp |Bucora | ToBmuua [KyT cermenry (iomnari,

o0epTaHHs, |[I0Jaya pPOJIMKa,| OIMpaBH, |CIipali,|3aroTOBKH, |HOXKA-MOApiOHIOBaYa),

orpaBH, 00/XB. MM/00. MM MM MM rpa.

1 0,05...0,15 0,8 30...250 30...100 0,8 0,1...0,45
2| 005..015 1,0 35...250 30...100 1,0 0,12...0,5
3| 005.0]15 1,5 40...250 B0...125 1,5 0,15...0,55
4 | 005...020 2,0 45...250 B0...250 2,0 0,15...0,65
5 005..025 3,0 50...250 {30...250 3,0 0,15...0,75

Jicepeno: pospobneno asmopom

Jlis  BUTOTOBJICHHSI IMHEKOBUX CIipalied OCHAIEHUX JIOMaTsSIMU 1 HOXaMH-
NoJIpiOHIOBAaYaMM CJIiJ] BUKOPUCTOBYBAaTH XOJIOAHOKATaHUM Mpokar crajeil mapok 08 ko
JACTY 2834-94, Ct 3 ICTY 4651:2005 (ananoru € mapku: 040A10,1449-1HR, 1HR, 2HR,
DCO1, DD13 (Anrmis); 1008, 1010, A619, A622, G10080, G10120 (CIIA); 1.0322, 1.0335,
DCO01, DC04, DC04G1, DD11, DDB, St12, St 14, St22, StW24, USt3, USt4 (HimeuunHa),
3C, DCO1, DC04, DD13, FBS, Fd4, FR8, XC6 (®pan1is)), a Takox crans 20, 30, 45, 09T2C,
08X17T, 12X17, AISI 304, AISI 316 Ta inmi ananoru [5, 14]. CrangapTHa TOBIIMHA CMYTH,
SKy JOLIJHHO BHKOPHCTOBYBAaTH JMJISi BHTOTOBIICHHS IIHEKOBUX CIlipajiel OCHAIICHUX
JIOTIaTAMHU 1 HOXKaMU-TIOAPiOHIOBaYaMu, MMOBUHHA cTaHOBUTH BiA 1 1o 3 mm (1, 1,5; 2,5; 3) 1
mpunoro Bix 30 mo 250 mMm (30, 40, 50, 60, 70, 80, 90, 100, 125, 250). Takoxk 3 METOIO
3MEHILIEHHS 3yCHUJIb Ta YCYHEHHS MPUJIMIIAHHSA JeTajeil, yTBOPEHHs 3a/IMpiB, 3ai1aHHS TOILIO,
JIOLITPHO BUKOPUCTOBYBATH IHAYCTpiabHI Ta CHHTETHYHI CHIIIKOHOBI MacTHJIa Pi3HUX MapOK
(1-20, U-20A, U-40, 1-50, [IMC-20 i IIMC-50) [5, 14].

BucnoBku. Po3pobieHo knacudikariiro criipanieil HeKiB, sika nepeadaydae ix moin 3a
crocoOOM BUTOTOBJICHHS, HAMIPSIMKOM PyXy, (hopmoro, mpodisieM 1 3riqHo PyHKIIOHATHHOTO
NpPU3HAYCHHS. 3alporiOHOBAHO MPHUCTPOi AN BUTOTOBICHHS HOXIB-TOAPIOHIOBAaUYiB Ta
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jonaTel Ha TBUHTOBIH 3arotoBii. Po3po0ieHo crnocobu BUTOTOBICHHSI TBUHTOBUX €JIEMEHTIB
CIITBCBKOTOCTIONIAPCHKOI TEXHIKHM OCHAIICHUX JIOMATSAMH 1 HOXaMHU-TIOJpIOHIOBaYaMH, i
BU3HAYEHO iX OCHOBHI TEXHOJIOTIYHI Ta KOHCTPYKTHUBHI OCOOJHMBOCTI. 3amporoHOBaHO
dbopMynu 11 BU3HAYEHHS CWJIH, Ky HEOOXITHO MPUKIACTH KaliOpyBaJbHO-3arMHAILHUM
IHCTPYMEHTOM JUIsl 3ardHy JIOHaTi Ha CIipaji IIHEKa, Ta MONEePeAHbOTO HATATY MPYKHHU
PO3TATY-CTHCHEHHS Yy  3alpONOHOBAHMX HPHUCTPOSX IS  BHUTOTOBJICHHS  JIOMATeH.
BcraHoBneHo — pamioHambHI  KOHCTPYKTUBHO-TEXHOJIOTIUHI  MapaMeTpu  cmocoOiB

BUT'OTOBJICHHSI IIIHEKOBUX CITIpajieil OCHAIICHUX JIOMIATAMH 1 HOKaMHU-TTOAP10HIOBAYaMH.
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Technological and Constructive Features of the Production of Screw Elements of

Agricultural Machinery

Expanding the technological capabilities of screw mechanisms provides increased opportunities for
their application in various sectors of the economy. This applies to agricultural production, where they are most
widely used as screw technological elements of agricultural machinery, and especially in the production of
various fodder for feeding animals and poultry. Given that a significant percentage of production costs in the
overall structure of animal husbandry production is accounted for by the share of preparation of various feeds
using root crops, the problem of their production using special transport-technological screw elements that
combine various operations is particularly relevant. Thus, when using special screw elements equipped with
blades or knives, it is possible to carry out grinding, mixing, pressing and transportation at the same time, which
is especially important in agricultural production. Therefore, the development of new methods of manufacturing
screw elements of agricultural machinery equipped with blades and chopper knives is an urgent task.

In practice, there is a whole range of screw spirals, which should be classified according to the method
of manufacture, direction of movement, shape, profile and according to the functional purpose. The production
of screw spirals is a complex, energy-consuming and time-consuming process. The main methods of
manufacturing screw spirals include winding, rolling, stamping and welding, cutting and drawing spirals from
flat blanks, casting, creating a helical line from separate elements on a certain basis. Depending on the functional
purpose, the manufacturing technology has certain features. Such special production methods include the
production of auger spirals equipped with blades and chopper knives. There are methods of manufacturing auger
spirals equipped with blades and chopper knives, which involve bending the blades or chopper knives to a
certain angle when using a hand tool. In order to improve the functionality of screw elements of agricultural
machinery, new mechanized methods of manufacturing screw spirals equipped with blades and chopper knives
have been developed, which are implemented with the help of technological equipment and equipment.

The article presents a device and a method of manufacturing shredder knives on a screw spiral, shredder
knives on a screw spiral, which involves the performance of certain technological operations. Such spirals in
agricultural equipment are widely used for grinding and mixing agricultural products in the preparation of
various types of fodder for animal feeding. The article also presents devices and a method of manufacturing
blades on a screw spiral using calibration-bending tools using reciprocating motion.

The article also presents a formula for determining the force that must be applied to bend the blade with
a calibration-bending tool, and the force of spring pressure. After carrying out the transformation, the formula for
determining the pretension of the spring in the proposed devices for the manufacture of blades was derived.

The work presents rational structural and technological parameters of the methods of manufacturing screw
spirals equipped with blades and chopper knives. It was determined that the longitudinal feed of the roller should
correspond to the thickness of the spiral workpiece.

method, technology, technological process, blades, chopper knives, mandrel, roller

Oodepoicano (Received) 05.11.2024 IIpopeyenzosano (Reviewed) 06.12.2024
Ipuiinamo 0o opyxy (Approved) 23.12.2024

64



[SSN 2664-262X IlenTpanbHOYKpaiHChbKKil HayKOBHH BicHUK. TexHiuni Hayku. 2024. Bum. 10(41), 4.1l

YK 621.664 DOIL: https://doi.org/10.32515/2664-262X.2024.10(41).2.65-74

K.K. lep6una, 1o011., KaHa. TexH. Hayk, B.A. I'onopo:ka, acn., A.M. Kupuuenko, mpoo.,
II-p TE€XH. HayK, A. P. AmapakiH, kaHJ. TEXH. HAyK

Lenmpanvroykpaincokutl HayioHabHUl mexuiyHul yHisepcumem, m. Kponusnuywvkuii, Yxpaina
e-mail: kir2912s@ukr.net

Jloc1pKEHHS MapaMeTPIB TOYHOCTI BUTOTOBJICHHS
3y0UaToro 3a4eryieHHs rApaBIlyHUX IIECTEPEHHUX
HacociB rpynu 1

VY cTarTi NpencTaBiIeHO pe3yNbTaTH JOCHIIKEHHS MapamMeTpiB TOYHOCTI BHIOTOBJIEHHS 3y04YacToro
3a4eIUIeHHs TiIpaBIiYHUX LIECTEPEHHMX HAcoCiB Tpynu 1. AKTyalbHICTh POOOTH 3yMOBJIEHa BHCOKHMH
BUMOT'aMH JI0 TOYHOCTI T€OMETPHUYHHX ITapaMeTpiB 3yOUacToro 3aueIieHHs, 1o 3a0e3neuye eeKTUBHY poOoTy
HacociB, MiHIMIi3allil0 BUTOKIB i BTpAaT HOTY>KHOCTI.

VY mocinimpkeHH] pO3TIISIHYTO OCHOBHI TOXMOKH, 1110 BHHUKAIOTH ITiJl YaC BUTOTOBJICHHS 3y04acTHX KOJIIC,
30KpeMa BiIXWIEHHS Mpo(dio, KPOKY, KOHIICHTPHUYHOCTI Ta OOKOBOTO 3a30py. IIpoBeneHO aHami3 BIUIMBY LUX
MOXMOOK Ha TiAPOMEXaHIYHI MMapaMeTpH HACOCIB, BKIIOUAIOYHM KOEQIIlieHT KOPUCHOI i, piBeHh MmIyMy Ta
3HOCOCTIMKICTh. 3aCTOCOBAaHO CyYacHI METOAW KOHTPONIO TOYHOCTI, TakKi AK ONTHYHA Ta KOHTaKTHA
npodinoMeTpis, 0 JO3BOJIWIO OTPUMATH KUTBKICHY OI[IHKY MapaMeTpiB TOYHOCTI.

PesynpraTi mOCHipKEHHST MOXKYTh OyTH BHKOPHCTaHI JUIS MiABHINEHHA €(QEKTHBHOCTI Ta HaXIHOCTI
TiApaBIIYHAX MECTEPEHHUX HACOCIB, IO € BAYKIMBUM JJIS Tary3eil MarmmHOOy TyBaHHS Ta TiIPaBIiqHOT TEXHIKH.
OnHuM i3 UUBIXIB € JOCHIKEHHs B3a€MOBIUIMBY BHXIJIHMX IapameTpiB (yHKIIOHYBaHHs ILE€CTEPEHHOT
TiIpaBIiYHOT MAIIIMHU.
3y0000po0Kka, mieBiHryBaHHs, 3y0uaTe 3a4yenJieHHs, lecTepeHHUil riipaBaiyHuil Hacoc, TOUHICTH

IToctanoBka mpoGjemMu. ToOYHICTH BUTOTOBJECHHSA 3y04acToro 3aderyIeHHs
TiIpaBIiYHAX MIECTEPEHHUX HACOCIB BIJIrpae KIIOYOBY pOJb Yy 3a0e3MeueHHi IXHBOI
e(eKTUBHOI Ta AOBroBi4HOI poOoTu. L{i Hacocu MIUPOKO 3aCTOCOBYIOTHCS B PI3HHUX Tally3sx
IPOMHCIIOBOCTI, A€ CTalOiapHICTh 1 HamidHICTE POOOTH O0OJIamHAHHS MAalOTh KPUTUYHE
3Ha4YeHHsA. BiAXuieHHs y mapameTpax 3adeljieHHS MOXYThb HPU3BOAMTH O IiJIBUIIEHUX
piBHIB myMy, BiOpariif, HaAMIpHOTO 3HOCY JETaJiel, a TaKOX 0 3HIDKEHHsS KoedimieHTa
KopucHoi nii. Oco0nMBe 3HaUYEHHS Ul 3a0€3MeYeHHs] TOYHOCTI Ma€ MpOLEC LIeBIHTYBaHHS
3yOIiB, IO € BaXJIMBUM eTarmoM ¢iHimHOI 00poOku 3yOdacThx Komic. BiH mo3Bosie
MIHIMI3yBaTy OXUOKHU MPOodiiro,

MiBUIIATHA SKICTh TOBEPXOHb 1 3a0€3MeYUTH CTAOUTBHICTh 3a4YeIICHHS B yMOBax
eKCILTyaTarli.

AKTyanpHICTh JI€TAJFHOTO BHBYEHHS MICBIHTYBaHHS OOYMOBJICHa HEOOXiTHICTIO
ONTUMI3alil TEXHOJOTIYHOTO MpOILeCy, CHPSIMOBAHOTO Ha JOCSATHEHHS BHUCOKOi TOYHOCTI
BUTOTOBJICHHSI TIPY MiHIMaJIbHUX BUPOOHMYMX BUTpaTax. [lornmmOienuii anami3 mapameTpiB
TOYHOCTI BUTOTOBJIEHHS Ta PO3po0Ka METOJIB iXHHOIO KOHTPOJIO CHPUATUMYTh HE JIMIIE
MiBUIICHHIO SKOCTI TiAPaBIIYHMX HACOCIB, a ¥ YIOCKOHAJIEHHIO HASBHHUX TEXHOJOTIN
00poOKH. Y 1OCKOHAJICHHS MPOIIECIB 00POOKH 3y0UacTHX 3a4eIyICHb € BAXJIMBUM KPOKOM ISt
pO3IIMpPEHHS] HAYKOBHX 3HAHb Yy Il ramysi, [0 BOAHOYAC 3abe3rneuye eKOHOMIUHy Ta
TEXHOJIOT1YHY KOHKYPEHTOCTIPOMOKHICTh BUPOOHHMIITBA.

© K K. llepbuna, B.A. Tomopoxa, A.M. Kupuuenko, A. P. Anapaxin, 2024
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AHaJji3 ocTaHHiX JociailkeHb i myOjikamiii. Ha miacraBi amamizy myOmikamii
BUEHHUX, 1[0 IIECTEpHS Hece Ha co0l OCHOBHI HaBaHTXKEHHS B Tpolieci (hyHKIIIOHYBaHHS
rigpaBmiyHMX mectepeHHHX HacociB [1,2,3]. Ilpm 1mpoMy ImecTepHs OCHAICHA
(GyHKIIIOHAILHUMH €JIEMEHTaMH, 30KpeMa KOMIUIEKTOM pOOOYMX TIOBEPXOHb 1 KpaHoK,
yTBOpeHUX HUMHU (puc.l):

- Topii 3youacroro BiHi (T3B);

- €BOJIbBEHTHA LMITIHApUYHA ToBepXHs 3yOuacroro Binus (ELIII3B);

- ontopHi nandwu (OL]);

- 30BHIIIHA oBepxHs 3yOuacroro Binug (HII3B);

- eBosibBeHTHI Kpaliku (EK), yrBopeni mepernnom EIII13B 1 T3B;

- nmmiHapuyHi kpaiiku (LK), yrBopeni neperunom ELII3B 1 HIT3B;

- topuesi kpaiiku (TK), yrBopeni neperunom HII3B 1 T3B.

HIL3B

Pucynok 1 — Cxema po3minieHHs (QyHKLIOHAIBHUX €JIEMEHTIB Ha 3y0i HIecTepHi
Lowcepeno. pospobaeno asmopamu

[TepepaxoBaHi e1eMEHTH MTOBUHHI BiJIOBIaTH BUMOTaM €KCIUTyaTallii, BA3SHAYCHUM Y
KOHCTPYKTOPCHKIN JOKyMEHTAITI].

OnHak HHM3Ka BHMOT, HE BPAaXOBaHUX Y KOHCTPYKTOPCHKIM JOKyMEHTaIlli, moTpedye
JIOTAaTKOBOTO Y3TO/pKeHHs. [le moB’si3aHO 3 THM, IO Taki BUMOTH HEOOXITHO 3a0e3MeUnuTH
TEXHOJIOTTYHUMHU MpUIOMaMHu, sIK1 € BU3HAYAJIbHUMU JIJIS1 OLIIHKH.

Haiibinpme ¢yHKIioHaTbHEe HaBaHTaXKEeHHS HecyTh kpaiiku EK 1 K. Ile
MOSICHIOETBCS TUM, 1110 BOHU PO3JUISIOTH HAMIpHY 30HY Hacoca BiJl 30HHM BCMOKTYBaHHSI.

VY 3B’S13Ky 3 IUM, JJO HUX BHUCYBAIOTHCS OCOOJIMBI BUMOTH 1100 (POPMOYTBOPEHHS Ta
JTUHAMIYHOI MIITHOCTI.

Kpaiiku EK 1 11K 3a3Hat0Th KOHTaKTHUX HaBaHTa)XEHb I 4ac poOOTHM Hacoca i 3a
MEBHUX YMOB MOXYTh pyHHyBatucsa. Tomy mnpu iX QopMyBaHHI HEOOXITHO YHHUKATH
3aCTOCYBAHHS TEXHOJIOTIYHHUX MPUHOMIB, SIKI MOXYTh CIPUUYMHUTHU TOSBY HAmNpyXeHb Ha
KpalKkax uepe3 3a3HaueHl TEXHOJIOTIYH1 TPOIIECH.

KpiM Toro, kpaiiku NOBHHHI MaTU T€OMETPUYHY TOYHICTH (BIACYTHICTh MPOCTOPOBHUX
BIIXWJICHB) JUIS 3a0€3MEeYCHHSI YITKOTO KOHTAKTY 13 CIIONyUYEHUMU MOBEPXHSAMU. BiacyTHICTh
HAJIe)KHOTO KOHTAKTy MOYKE MPU3BECTH IO JOJATKOBUX BUTOKIB 1 3HI:KeHHs KK/ Hacoca.

HocnimkenHss (QyHKIIOHATBHUX TMOKAa3HUKIB TiAPAaBIIYHUX MIECTEPECHHUX MAIIUH €
aKTyaJIbHUM, [0 MIATBEPIKYETHCS 3HAYHOIO KUTBKICTIO HAYKOBHX Mpalb SK BITYUZHIHUX
nocmigHukiB [4, 5], Tak 1 3apyOibkuux [7, 8, 9]. Kpim Toro, BapTo BiJ3HAYUTH aKTUBHY
NaTeHTHY JISUTbHICTh, CIPSIMOBaHY Ha BIOCKOHAJEHHS KOHCTPYKIIi TiApaBIiYHHUX
niectepeHHux Maius [10].
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IHocTanoBka 3aBaaHHsA. MeTo0 poOOTH € TOCITIIKEHHS MPOIIECy YHCTOBOI 0OpOOKH
3y04aToro 3adeIieHHs IIeCTepeHb TiAPaBIIYHOTO MIECTEPEHHOTO HAcoCy, a came
IIEBIHI'YBaHHS 3 TOTPUMAHHSAM MOKa3HUKIB 3aknagenux B DIN 3962.

Buxknaax ocHoBHOoro wmarepiaay. JlochmimkenHs  OyaemMo  MpOBOAWTH — HaA
3yOomeBinryBansHOMy Bepcrati Mon. BCH-732NC22-7745 (puc.2) Ta BUKOHYBAaTH 3aMip
JeTajeil Ha KoopAuHaTHO-BUMIiproBaibHIM MammHi Carl-Zeiss Contura G2 (puc.3)

Pucynok 2 — 3y6orueBinryBanbuuii Bepcrat mon. BCH-732NC22-7745

Ioicepeno: na niocmasi [11]

Pucynox 3 — KoopannarHo-BumiproBansHa MamuHa Carl-Zeiss Contura G2
Jowcepeno: na niocmasi [12]
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HleBinryBannua napTtii B KibkocTi 98 mrt. Oyne BinOyBaTHCS 3 HACTYIIHUM PEXUMHU
00poOKH, KOTpi OyJIM OTpMMaHi B MPOIIECI HA MACTaBl 0OPOOKH MapTii, IK HAHONMTUMATBHIIII
Ta HaBeleHl B Tabmuill 1 3 MOTpUMaHHSAM HACTYIMHHUX MOKa3HHKIB y BiAmoBigHOCTI 10 DIN
3962, a came:

- ffo — Bigxunenns npodino 3yoa;

- fHo — BigxwieHHs HanpaBieHHs Tpodito 3y0a;

- Fp — Hakonmuena moxubka KpokiB 3yOl1iB;

- Fr — panmianbHe OUTTS 3y04acToro BiHIIA.

Tabmuist 1 — Pexxumu mieBiHTYBaHHS 3y04aToro 3a4erieHHS

Ne [Tapamerp 3HA4YECHHS
1 [Tomaya pamiasibHa Span, MM/Xi 0,02
2 KisbKicTh MPOXO/iB 5
3 [Tonaya moB31OBXKHS Stp, MM/Xi]T 90
4 Yactora 00epTiB meBepa 63
Ny, 00/XBIL.
5 [Tpunyck, MM 0,04...0,05

Iicepeno: pospobneno asmopamu

Bci KOHTpoONIbOBaHI MOKa3HUKKM OyIyTh IMpHBEIEHI B IMPOTOKONI, KOTpuil (opmye
KOOpJIMHATHO-BUMiptoBaibHa MammHa Carl-Zeiss Contura G2 3 n0TpUMaHHSM BHUMOT
BignoigHOCTI 10 DIN 3962 (puc.4).
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Pucynox 4 — [IpoTokos BUMIpIOBaHHS JIeTajll Ha KOOPJHHATHO-BUMIPIOBaJIbHIN
mammHi Carl-Zeiss Contura G2

Iicepeno: [12]
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OTxe mijJ yac MIEBIHIYBAaHHS MIECTEPEHb 3 MAJIOI0 KUTBKICTIO 3YOIliB CIIOCTEPIraeThCs
MOPYIIEHHST MiKpopenbedy 0O0pOoOIIOBaHOT MOBEPXHI Y BUTIIAI MEPIOJUYHO TTOBTOPIOBAHUX
BUpUBIB Ha mpodini (puc. 5, a). OCHOBHOIO MPUYMHOIO HOTO YTBOPEHHS € IIiJIBUIICHHS
IIBUKOCTI KOB3aHHS MK PIKYUYMMH KpaKaMu 1HCTpyMEHTa Ta 00pOOJIFOBaHOIO TTOBEPXHEIO
3yOuiB. lle sBHIIe 3yMOBICHE BUKOPHUCTAHHSM KyTa CXpPELIyBaHHS OCEi I1HCTpyMEHTa i
JIeTal, M0 BIUIMBAE HA XapaKTep KOHTAaKTy MK HUMH. [Ipu 301IbIIEHH] KyTa CXpenryBaHHS
NIOHAJ ONTHMaJbHE 3HAa4YeHHA N0 15° BinOyBaeThCsl HEPIBHOMIPHMH PO3MOMAIT KOHTAKTHHX
HAaBaHTAKEHb Y3J0BXK poOouoi moBepxHi 3yda. lle mpu3BOAWTH A0 MEpEeMIHHOI TIUOWMHHU
Bpi3aHHA PKYYUX KpaloK, JOKaJIbHOTO IMEPerpiBy Ta MIKpO3pPUBIB Marepiany, mo (¢opmye
XapakTepHU po3ipBaHuil Mikpopenbed. JlocaimpkeHHsT MOKa3yoTh, MO 3MEHIICHHS KyTa
cxpenryBanHs 3 15° no 10° mae 3mory ycynyTu nei edekr (puc. 5, 6). Ilpu meHmomy KyTi
CXpeIyBaHHS TOKPAIIYEThCS CTAOUTHHICTh KOHTAaKTy MK I1HCTPYMEHTOM 1 JETajllio,
3MEHIIYEThCSA MIBUIKICTh KOB3aHHSA, a TAaKOXX PIBHOMIPHO PO3MOJUIAETHCS HABAHTAKCHHS
B3JIOBXK MOBepxHi 3y0a. Lle cripusie GopmMyBaHHIO OJHOPITHOTO MIKpOpenbedy, 3MEHIIEHHIO
HIOPCTKOCTI Ta MOKPALICHHIO SKOCTI 00p00JIeHOT MOBEPXHI.

Crizm

MOHMATEY

OP131E
npodimo

N tﬂmmmnwt-uw Y “m.l..,,"......ww - .

R ..qu\\

6)
a) 3 KyToM cxpeltyBaHHs 15°; 0) 3 kyrom cxpenryBanHs 10°

Pucynox 5 — Mikpopenbed eBOTBBEHTHOTO TIPOGLITIO JeTati MiciIs MIeBiHTYBaHHS

Ioicepeno: pospobneno asmopamu

PesynpTatn 00poOku 0O0yMOBIEHOI MapTii MpPEACTABICHO Yy BUIVISIALI TICTOTpaM Ha
pucynky 6-9 na migcraBi Bumor DIN 3962. T'ictorpama Ha puc.6 TOKa3ye BiAXWICHHS
napamerpa mnpodimo ffo, BigoOpaXkaroud 4YaCTOTHUM pO3MOALT BUMIPSHUX 3Ha4eHb. 3
koedirieHnToM rpymyBaHHs 6.805, ae MpUCYTHIN 3HaYHE PO3CiFOBaHHS 3HA4YCHb. BepxHs Ta
HIDKHS MeXi KoeillieHTy rpymyBaHHS Ha piBHI 7.796 Ta 5.814 BiamoBimHo. BumgHo, mio
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YacTWHA 3HAYEeHb BUXOAMTH 3a IIi MEXI, III0 MOKE MPU3BOAUTH 10 Opaky MpoayKiii. 3araiom
ricrorpamMa Ha pHUC.6 BimoOpakae TMpoOIEC, KU Mae HOPMAJIbHHA PO3MOMLI, ajieé IMIHUPOKa
JUCTIepCis 3Hau€Hb MPHU3BOAUTH JO BHXOJY 3a MEXI JOMYyCTUMHUX 3HAYCHb BiAXWieHb. Lle
CBITYUTH MPO HEOOXITHICTh OMTHMI3AIIl — a00 MUITXOM 3MEHIIECHHS PO3KUAY 3HaueHb, a00
IUIIXOM KOPHUTYBAaHHS IIGHTPY pPO3MOJUTY, 00 3a0e3MmednTH CTabiIBHICTD 1 BIAMOBIAHICTH
BCTAHOBJIEHUM MEXaM.
Capability Histogram: ffa
Sigma (Total).0,99119 Sigma (Within):0,76066
Within SD: 7607, Cp: 4244; Cpk: 4344
Overall SD: 9912; Pp: ,3333; Ppk: 3333

LSL: 5,814; Nom.: 6,805; USL: 7,796
-3,*8(T) LSL  Nominal  USL +3,°5(T)

80

60

40

e ---- Total
= LR — Within

total — 3aranpHui po3moain BiaxuiaeHHs napamerpy ffo ; within — BHyTpiHIO
BapiabeNbHICTh Ipolecy BiAxuieHHs napamerpy ffo

PucyHok 6 — I'ictorpama Ta 3akOH HOPMAaJIbHOTO PO3IMOALTY BiAXHICHHS
napameTpy npodinto 3y6a ffo
Hoicepeno: pospobneno asmopamu

Capability Histogram: fHa
Sigma (Total):1,58599 Sigma (Withinj:1,21264
Within S0: 1,213, Cp: ,4380; Cpk: 4360
Qverall SD: 1,586, Pp. ,3333, Ppk. ,3333
LSL: 6,424; Nom.: 8,010; USL: 9,596
-3,"8(T) LSL Mominal UsL +3,°8(T)
70 - - . . -

a AP — Within

2 3 4 5 6 7 8 9 10 1" 12 13 14

total — 3aranpHUI po3noxin Binxuineras napamerpy fHa ; within — BHyTpimHIO
BapialOenpHICTh Mpolecy BiaxuieHHs napamerpy fHa

Pucynoxk 7 — I'icrorpama 3ak0H HOpMaJILHOTO PO3NOALLY BIIXWIECHHS Y IapaMeTpy
HarnpasieHHs npodinro 3yda fHa
Loicepeno: pospobaeno agmopamu
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lcrorpamMa neMOHCTpye BiAXWIEHHS napamerpa HamnpasieHHs npodimo fHa,
MOKa3yI4H PO3MOJILT 3HA4eHb BIMHOCHO Koedimienty rpynyBaHHsA 8.010 Ta KOHTPOJIBHUX
MeX, BCTAaHOBIEHMX Ha piBHI 6.424 1 9.596. Posmonin manmx Mmae ¢Gopmy, OIU3BKY N0
HOPMAJIBHOTO, ajie CIOCTEPIraeThCs 3HAYHUN PO3KUI. BUIbIIicTh 3HAYCHB KOHIIEHTPYETHCS
no0Iu3y IEHTPY, MPOTE YACTHUHA JAHUX MOKE BUXOJIUTH 32 JIOMYCTUMI MEXI, 10 BIUTUBAE HA

SIKICTh TOTOBOI MTPOJTYKIIIi.

Capability Histogram: Fp

Sigma (Total):1,70687 Sigma (Within):1,20162

Within SD: 1,202; Cp: ,4851; Cpk: ,4809
Overall SD: 1,707; Pp: ,3415; Ppk: ,3385
LSL: 6,436; Nom.: 8,185; USL: 9,933

-3,78(T)
70 T
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— Within

total — 3aranpHuUil po3moain BiaxuiaeHHs napamerpy Fp; within — BHyTpilHIO

BapiabeNbHICTh IpoLecy BiAXWIeHHs napamerpy Fp

Pucynok 8 — I'icTorpama Ta 3aKOH HOPMAJIBLHOT'O PO3MOILTY BiIXHICHHS

rapameTpy HaKOIM4YeHOi HOXUOKH KpoKiB 3yOuiB Fp
Loicepeno: pospobaeno agmopamu

INcrorpama Ha puc. 8 UTIOCTPy€E BIAXWICHHS MapaMeTpa HAaKOMYeHa TIOXUOKa KPOKiB
Fp, BimoOpakaroun YacTOTHHUN pO3MOJIT BUMIPSHUX 3HadYeHb. Koe]illieHT TpymyBaHHS
CTaHOBHUTH 8,185, mpoTe crocTepiraeThcsi 3HAYHE PO3CIIOBAHHS JaHWX. BCTaHOBIIEHI MeXi
KoedillieHTa rpymnyBaHHs BU3Ha4YeHi Ha piBHI 9,933 Ta 6,436. AHaii3 ricTorpaMu Mokasye, 1o
YacTWHA 3HAYCHb BUXOJUTH 3a IIi TPaHMIIl, IO MOXE CIPUYMHUTH 30UTBIICHHS BiJICOTKA
Opaky Ta HEraTUBHO BIUIMHYTH Ha CTa0UIbHICTh TEXHOJOTIYHOrO mporecy. [ictorpama Ha
puc. 9 BimoOpaxae BIIXWICHHS IMapaMeTpa HAKOMUYCHE padialibHe OUTTS 3y04acToro BiHIIS
Fr, nemoHcTpyroudM YacTOTHUH pPO3MOMIT BUMIPSHUX 3HaueHb. Koe]illieHT TpymyBaHHS
cTaHOBUTH 8,184, mpoTe crocTepiraeThCsi 3HAYHE PO3CIIOBAaHHS pe3yJsbTaTiB. BcTaHOBIEHI
Mexi koedimieHTa rpymyBaHHS BU3HaueHi Ha piBHi 10,12 Ta 6,245. Anamiz posnoairy
MIOKa3ye, [0 YaCTHHA 3HAYCHb BUXOJUTH 32 BCTAHOBJICHI TPAHUIN, IO MOXKE TIPU3BOIUTH 10
MiBUIICHOT KITBKOCTI Opaky Ta HEraTMBHOTO BIUIMBY Ha TOYHICTH 1 HAJIiHHICTH pOOOTH

3y04acToro BIHIIA.
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3aramoM TicTorpamMa Ha pHc.7-9 BigoOpaxkae mpolec, SKUA Mae HOPMAaIbHUH
pO3MIOJII, ane MIMpOKa AWCHEpCis 3HAYeHb MPHU3BOAUTH 0 BHUXOIY 332 MEXI JIOIyCTUMHX
3Ha4YeHb BiAXWiIeHb. Lle cBiAUNTh mpo HEOOXiHICTh onTHUMI3aLii — a00 MUIIXOM 3MEHIICHHS
pPO3KHAYy 3HA4YeHb, a00 MIIAXOM KOPUTYBAaHHS IIEHTPY pO3MOALTY, W00 3a0e3meunTu
CTaOUTBHICTG 1 BIATOBITHICTH BCTAHOBICHUM MEXKaM.

Capability Histogram: Fr
Sigma (Total):1,93900 Sigma (Within):1,55581
Within SD: 1,556; Cp: ,4154; Cpk: ,4154
Overall SD: 1,939; Pp: ,3333; Ppk: ,3333
LSL: 6,245; Nom.: 8,184; USL: 10,12
-3,*8(T) LsL Nominal UsL +3,*S(T)
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total — 3aranpHuii po3moain BiaxuiaeHHs napamerpy Fr; within — BHyTpimiHIO
BapiabeJbHICTh NPOLECY BiAXUIICHHS apameTpy Fr

Pucynok 9 — I'icrorpama Ta 3aKkOH HOPMaJILHOTO PO3NOALTY BIIXUJIEHHS apaMeTpy
panianbHOTO OMTTS 3yOuarToro BiHs Fr
Loicepeno: pospobaeno asmopamu

BucnoBkn. 1. Amnamiz o00poOKM TMIEBIHTYBaHHSM  3y04acToro  3a4erICHHS
IIECTEPEHHUX HAcoCiB Ipynmu | mokaszaB, IO Led METOA J03BOJSE CYTTE€BO MIJABUIIUTU
TOYHICTP TEOMETPUYHHX MapaMeTpiB 3yOLiB Ta 3a0€3MEYUTH SAKICTh iX MOBEpXHi. 3aBISKH
IIbOMY 3MEHUIYETbCA LIOPCTKICTh MNPOQUII0, L0 MO3UTUBHO BIUIMBAE HA KOHTAKTHY
BUTPUBATICTh Ta EKCIUTyaTaIliiiHi XapaKTePUCTHKH JICTATICH.

2. 3a pe3yabraTaMy MPOBEICHOTO JOCIIIKEHHS B MPOLEC IEBIHI'YBaHHS BU3HAUEHO,
110 (haKTUIHA TOYHICTH MIECTEPECHB BiAMOBINae 7-8 kBamiTeTy TouHOCTI 32 DIN 3962.

3. HaiiGinbiie po3XomKkeHHsI TOKa3HUKIB MAalOTh HAKOMHUYEHA MOXHOKa KPOKiB 3yOIliB
Ta pajianibHe OWTTSA 3y0UaToro BiHIIS, IO 3YMOBIICHI PSIOM HEBUPIMICHUX MPOOIEM, cepen
SKUX BapTO BHOKPEMUTH HACTYyNHI. Tak, MPUYMHOIO HU3BKOIO PIBHA SIKOCTI 32 MapaMeTpoM
fHo € wHeoOXximnicTe mimbopy (opMu TpUITycKy TijJ IIEBIHTYBaHHSA, a TaKOX IOTpeda
YCYHEHHs TOXMOOK BHMMIpIOBaHHS. B TOH »e dYac mnepiofWyHO MOBTOPIOBaHAa MOXHOKa
0a3yBaHHs jAeTaliell Ha 3yOodpe3epHii omeparlii CIpUYUHIE OTPUMAHHS 3HAYHUX OOCSATIB
neraneil 3 BiaxuineHHsIMU Fp. Takox He MEHII BaXXJIMBOIO MPUYUHOIO BIUIMBY Ha napametp Fp
MOYKHA Ha3BaTH BIJICYTHICTB )KOPCTKOI (ikcallii cTomy 3y0odpe3epHOro Bepcrara.
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Study of the Accuracy Parameters of the Production of Gear Wheels for Hydraulic Gear
Pumps Size 1

The article presents the results of the study of the accuracy parameters of the manufacturing of gears for
hydraulic gear pumps of group 1. The relevance of the work is due to the high requirements for the accuracy of
the geometric parameters of the gears, which ensure the efficient operation of the pumps, minimising leakage
and power losses.

The study considers the main errors that occur in the manufacture of gears, in particular deviations in
profile, pitch, concentricity and side clearances. The influence of these errors on the hydromechanical parameters
of the pumps, including efficiency, noise level and wear resistance, is analysed. Modern methods of accuracy
control, such as optical and contact profilometry, have been used to provide a quantitative assessment of the
accuracy parameters.

On the basis of the results obtained, recommendations for improving the technological processes of gear
machining, including the optimisation of shaving and finishing, are proposed. The article also discusses the
influence of heat treatment modes on the accuracy and stability of geometric parameters of gears. The analysis of
the gear teeth of Group 1 gear pumps by chamfering shows that this method can significantly improve the
accuracy of the geometric parameters of the teeth and the quality of their surface. This reduces the roughness of
the profile, which has a positive effect on the contact life and performance characteristics of the parts. Shaving
also helps to reduce the level of residual stress in the surface layer of the teeth, which increases their resistance to
fracture during metal fatigue, especially under variable loads. As a result of the study, the following results were
obtained: in fact, the 7th to 8th degree of accuracy according to DIN 3962 is achieved after chamfering. The
greatest difference in the indicators is in the accumulated error of the steps and the radial runout of the gear ring.

The results of the study can be used to improve the efficiency and reliability of hydraulic gear pumps,
which is important for the fields of mechanical engineering and hydraulic engineering.One of the important
issues in the development of mechanical engineering is to improve the efficiency of the functional performance
of various mechanisms, including hydraulic gear pumps and motors. Special attention should be paid to the
following indicators.
shovel, gearbox, gear, gear hydraulic pump, precision
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Bruiue MaTepiaiy MeTalIeBOi OCHOBY Ha MEXaHIYHI
XapaKTePUCTUKHU €ICKTPOJAYTOBUX MOKPUTTIB

B po6oti mpoBeneHO MOCIHIKEHHSI BIUIMBY MaTepialy MeTajeBOi OCHOBHU (aIIOMIHIEBOrO CIUIaBY
J116 ta crani Ct 3) Ha MeXaHI4Hi XapaKTEPUCTHKHU €JIEKTPOAYTOBUX IMOKPHUTTIB. [IOKPUTTS 3 MOPOIIKOBOTO
JIpOTYy HAHOCIJIMCH B pexumax 103BykoBoro (tuck 0,6 MIla) Ta Haa3BYKOBOT'O MOBITPSIHOTO CTPYMEHIO
(tuck 1,2 MIla). [Ipu mbOMy BHSBICHO HASBHICTh TUCIIEPCHIMIOI CTPYKTYPH, MEHIIY KiIBKICTh IOp i
MiKpOoTpimuH. i OImiHKH poOOTO3AaTHOCTI MOKPUTTIB BBEICHO HOBHUII MapaMeTp, a caMe — CITiBBiTHOIICHHS
MK BENIMYMHAMHE 3QJIUIIKOBUX HAIPYXEHb PO3TATY | pomy Ta KOTE3MBHOI MIITHOCTI — Gy,,/C5. BH3HaUeHO, M0
YTBOPEHHS TPIIIMH MOYHMHAETHCS TP 3HAYCHHAX IIHOTO MOKA3HUKY Oyo,/Cy > 0,75, TOmi AK 32 Ggo,/0; > 0,85 y
MOKPHUTTSIX BUHUKA€ MEpeka TPIMH. PiBeHb HAaNpyXeHb PO3TATY MEPLIOTO POAY Y HOKPHUTTSIX HANHMICHUX Ha
ANOMIHIEBY OCHOBY € MEHIIMM HDK Y MOKPHUTTSIX HANWJIEHUX HA CTallb, 1[0 3yMOBJICHO OUIBIINM KOe(illieHTOM
TEPMIYHOTO PO3IIUPEHHS aIIOMIHIEBOTO CIIIABY HIXK CTai.
€JIEKTPOAYTOBi MOKPHUTTS, PeKUM HANMUJIEHHS, 3aJIHIIKOBI HANIPYKeHHs, KOTe3UBHA MilHICTh

IloctanoBka mpoOJeMH. AIIOMIHIEBI CIUIaBU IMHUPOKO BUKOPUCTOBYIOTH Y
IPOMHCIIOBOCTI 3aBISKM X BHCOKIH KOHCTPYKI[iHIA MIIHOCTI, JIMBAPHUM BIIACTHBOCTSIM,
HU3BKIM TIMTOMIA Ba3l Ta TeMIepaTypi IUIaBieHHsA. Pa3oM 3 TUM aJlOMIiHIEBI CIUIaBH
XapaKTepU3YIOThCS HU3bKOI a0pa3MBHOIO 3HOCOCTIMKICTIO, IO CYTTEBO CTPUMYE iX HIUPOKE
BUKOPUCTAHHS B TEXHOJIOTIYHHUX CEPEIOBHUIIAX, OCOOIMBO 3a HASIBHOCTI B HUX aOpa3wBHUX
gacTouok. OCTaHHIM 4acoM CKJIajach TEHICHLIIS Ha 3aMiHy CTaJiell allOMiHIEBUMH CILJIaBaMH
13 3HOCOCTIMKUMHU TOKpHUTTsIMU. Lle mae 3Mory 3MeHImuWTH, TO-TIepIle, Bary JaerajieH, a Io-
JpyTe, BUKUIU BYTJIEKHUCIIOTO ra3y B arMocepy Ta napHukoBuii edexr [1-3].

AHaJi3 ocTaHHIX A0CaiKeHb i myOJikaniii. ['a3oTepMiuHi METOM HAMIICHHS
[IMPOKO BUKOPUCTOBYIOTHCS JUISI BiIHOBJICHHS Ta M1ABHUILEHHS 3HOCOCTIHKOCTI CTabHUX a
TaKOX afOMiHI€EBUX ciuiaBiB. Cepea HUX METOJI €JEKTPOTYTOBOTO HAMIICHHS TIOKPHUTTIB
(EJJHII) € HaiimemieBIIMM Ta TEXHOJIOTIYHO HAUIIPOCTIIINM, a BUKOPUCTAHHS CIEI[iaTbHUX
nopontkoBux ApoTiB (I1[1) mo3Bossie oTpuMyBaTH MOKPUTTS Ha PiBHI M1a3MoBux [4-7]. B
nporeci EJIHIT Ha cTaneBy 0CHOBY BUHHKAIOTh 3HaYHI HAIIPY>KEHHS PO3TATY, SKI MOXKYTh
3YMOBHTH TOSIBY MIKPO Ta MaKpOTPIIIHUH y TOKPHUTTIX [8 -9]. B miteparypHux mxepenax
BIZICYTHI JJaHi PO KOre3iiHy MIIHICTh Ta PiBEHb HANPY>KEHb, IKi POPMYIOTHCS y TIOKPUTTSIX
13 [1/] HanmIeHUX Ha OCHOBY 13 aJIFOMIHIEBHX CIUIABIB, 110 CTPUMYE PO3POOICHHS TEXHOJIOT1T
BIJIHOBJICHHS JIeTaJICH 13 aroMiHieBuX cruiaBiB metogoM EJIHIT i3 T/ [10 -12].

© B.M. I'Bo3penskuii, M.M. Ctyznenr, X.P. 3anopoxna, C.I. Mapkosud, 2024
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IlocranoBka 3aBaaHHsA. Mera poOOTH: AOCTIAUTH MEXaHIUHI XapaKTePUCTUKU
EJIHIT nanunenux Ha 3pa3ku i3 amtoMiHieBoro ciuiaBy J[16 Ta MOpiBHSATH 3 MEXaHIYHUMHU
XapaKTepUCTUKaMH MOKPUTTIB HAITWJIEHUX Ha CTAJIbHY OCHOBY 3a OJIHAKOBHX IapaMeTpiB.

Buknan ocHoBHoro marepiany. Meroguka nanwiennss EJIHIL. Jns nanunenns EJIIT
BUKOPUCTAHO EJIEKTPOMETANI3aTOp 13 CHCTEMOIO pO3MHIIIOBAaHHS MOKPUTTIB 3 JIBOMA
BEPTUKAJIBHO PO3TAIIOBAaHHUMH TOBITPSHUMHU KaHalaMu Ui (OopMyBaHHS HaJ3BYKOBOI
MIBUJKOCTI MOBITPSHOTO MOTOKY (3 uucioM Maxa 2) puc. 1. s po3paxyHKy XapakTepHHX
PO3MipiB TAKOTO COILIa BUKOPUCTOBYBANUCS (GopMyiH, HaBeneHi B [13].

U-30...32 (V)

1 — moTiK MOBITPSI; 2 — KPUTUYHHI TTEepepi3 coruia; 3 — po3IUIaB JIEKTPOJHUX MaTepiaiB; 4 — METaJIONOBITPSHUN
MOTIK; 5 — cTaneBa abo aMroMiHi€Ba MiAKIAAKA 3 HAIMIIOBAHUM MOKPUTTAM; 6 — IIOPOIITKOBI IPOTH;
7 — HaIPAaBJIAIOYI TUTAIIKH; 8 — POJIUKH Il moiavi qpoty; 9 —obdomonka I1]1; 10 —mmxta I1]]

Pucynok 1 — Cxema coruia (@) Uit OTpPUMAaHHSI HaI3BYKOBOTO TIOTOKY
npu EJTHIT 3 nopoiukoBoro aporty (6)
Ioicepeno: pospobaeno agmopamu

ITJI, momepeunnii mepepi3 SKUX HaBeneHO Ha (puc. | 6), BUTOTOBISUTH 3 ITUXTOBHX
MarepianiB (epoCIUIaBy Ta YHCTI METATN) B 000JI0HIII, TOBIIMHOKO 0,4 MM 1 mupuHOIO 10 MM, 31
cram O08km. Koediuient 3anoBHenHs I1J] mmxrtoro cranoBuB 24%. [lokpuTTd Hamwisim 3a
HACTynmHHX pexuMmiB: ctpyMm 150 A, nampyra myru 30..32 B. Posmunenns posmtaBy I1/]
3IACHIOBAIOCS TTOTOKOM CTHCHEHOro ToBiTps mmia TuckoMm 0,6 ta 1,2 Mlla Ha nucranmii
HanWICHHS MOKPUTTIB 130 MM.

3auIIKoBI HanpyKeHHsT po3TATY | poay (Oxon) B MOKPUTTSAX OyJM BU3HAYEHI HA KiIBIII
niametrpoM 60 MM, BucoToro 20 M 1 ToBmmHOO cTinku 4 MMm. Hanecenns EJIHIT ToBmmaOIO 1 +
0,1 MM Ha 30BHIIIHIO TIOBEPXHIO KUTBIIS BiAOYBAJIOCS ITiJ] Yac MEePEMIIIEHHS KPaiB MO3I0BXKHBOTO
HACKpI3HOro HOro mepepisy OAMH BiJHOCHO OfHOTO. IxHe 3MimeHHs AK BuMiproBamm
eKCTICPUMEHTAIIPHO, a 3aJIMIIKOBI HANPYXXCHHS B HANWJICHOMY TOKPHTTI PO3PaxOBYBAIM 32
METOJIMKOI0, 3allPOIIOHOBAHOIO U OIMETAJICBOTO KUIBIS 3 BIIHOMICHHSM pajiyca B IIEHTPI
TOBIIMHU HOT'0O CTIHKH JI0 ii TOBIIMHM HE MeHIIe Aecsatu [14,15].

Excnepumentanbii pesyabtatu. Crpykrypa EJIHIT i3 IIJI 3a BukopucTaHHS
no3BykoBoro (tuck 0,6 MIIa) Ta Haa3BYKOBOTO MOBITPSIHOTO CTpyMeHIo (Tuck 1,2 MITa). EJJHIT
13 mocmimkyBanux [1/] HanmeHi Ha cTallbHy a00 aTFOMiHIEBY OCHOBY MAlOTh THITOBY JIAMEISIPHY
OynoBy puc. 2., puc. 3.

Pucynok 2 — Crpykrypa EJI1 3 II/190X6P2I"C HanuiieHOTro 3a TUCKY MOBITPSIHOTO
crpymens 0,6 (a) Ta 1,2 (6) MIla na crani Ct3
Loicepeno: pospobaeno agmopamu
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3a BUKOPUCTaHHS Ha/I3BYKOBOTO MOBITPSHOTO cTpyMeHo (Tuck 1,2 MIla) mopiBHSHO 3
no3BykoBuM (tuck 0,6 MIla) EJIHII maroTe mucnepcHinry CTPYKTYpy Ta MEHIINY KiUIbKICTh
nop. Jlameni (3akpucTaiizoBaHi KpamiiuHM pos3iuiaBy [IJ]) MOKpUTTIB HamwieHuX 3a
HAJ[3BYKOBOTO PEXKHUMY OUTBIIT PO3ILTIONICHI Ta MalOTh OUIBIIIE MICI[h MPUBAPOK MK COOOTO.
Sk mpaBmsio y CTpyKTypi MOKpuTTiB 13 [T/l HamuiaeHux 3a JO3BYKOBOTO PEXHMY € Oible
MIKPOTPILMH, aHDK y TOKPUTTAX HANWIEHUX 3a HaA3ByKOBOro pexumy. Lle 3ymoBiieHO
OUTBIIOI0 KIHETHYHOIO EHEPri€l0 KpaluIMH HaMJICHHUX 32 HAI3BYKOBOTO PEXHMY, a TAKOX
MEHILIUMH 33 BEJIMUUHOIO 3aIMIIKOBUMHU HANpPYKECHHAMHU PO3TATY | posy y HOKPHUTTSAX.

VY CTpyKTypl NOKPHUTTIB HAaNWJICHUX Ha ATIOMIHIEBY OCHOBY 3a()iKCOBAaHO CYTTEBO
MEHIIIe TIOp Ta MIKpOTpinuH puc. 3. Ha moBepxH1 alfOMiHIEBHX CIUTaBIB 3aBKIH MPUCYTHS
nmpupoxHa Tyrommaska miiska 3 Tror = 2050°C, sKa CyTTEBO 3MEHIIYE MIllHICTh 3dEIIICHHS
MOKPUTTIB 3 aJIOMIHIEBOIO OCHOBOMN. Bukopuctanus ek3orepmiunoi muxTtH (FeCr+B4C) y
[TJ1 mixBummiIo TeMieparypy KpamiuH posmiasy 1] mo 2400°C, 1m0 TOJETIIAIO MITABICHHS
nmoBepxHeBoi TIiBKH Al,O3 Ta criiaBiIeHHS KPAIUIMH 13 aTFOMIHIEBOIO OCHOBOIO 1 SIK HACTIOK
MIIHICTb 34YETICHHS MMOKPUTTS 13 OCHOBOIO 3pocia Ha 70% mo 50 MIla.

Sl

- AT

'*?'-‘-“-.- e T b TS W
W R i e eI i -

Pucynok 3 — Crpykrypa EJII 3 IT1/] 90X6P2I'C HanuneHoro 3a THCKY
noBitpsiHoro crpymens 0,6 (a) Ta 1,2 (6) MIla na crunasi 116
Loicepeno: pospobaeno agmopamu

binbm noTykHUM HaA3BYKOBHIA CTPYMiHBb MOBITPSl IHTEHCHUBHIIIE AUCIIEPTY€E PO3ILIIAB
MOPOIIKOBHUX JPOTIB B TPOIECI HAMWICHHS MOKPHUTTIB. [Ipy 1IbOMYy yTBOPIOIOTBCS OibII
npiOHi kparuirau po3ruiaBy [1]1, siki MatoTh OLIbITY KiHETUYHY eHeprito. Tak npu 3011blIeHH]
TUCKY TMOBITpsiHOTO cTpyMmeHto Big 0,6 mo 1,2 MIla mBHIKICTh TOMBOTY HA JAHCTAHI|
HanwieHHs 3poctae Big 130 m/cek nmo 250 M/cek, MakCUManbHHUI JiaMeTp KparjaiuH
3MmeHmryerbes Big 150 mMxM g0 50 MKM a po3mip ApiOHOAMCHEPCHUX BUAUICHH OOpHIIB
Fe(Cr),B y ctpyxTypi nokpurtiB 3meHmyerses Big 500 1o 200 HM.

BrmuiuB marepiairy migkmankum Ha MexaHiyHi xapaktepuctuku EJIHIL. 30inbireHHs
BMicTy xpoMmy B mwmxTi I1J] Bix 6 no 17 mac.% crnpuumnHsie 3pocTaHHs KOTe31iHOI MILHOCTI
(O) TIOKPHTTIB, HATMJICHUX 32 O3BYKOBOTO THCKY MOBiTpstHOTO cTpymento (0,6 MIla) Bin
160 no 215 MIla na crami Ct3 ta crai J[16. Ile 3ymoBiaeHO TuM, 1m0 31 30UIBIICHHSIM
BMICTY XpOMY 3MEHUIYETbCS OKHCHEHHS KpPAIUIMH, SIKI B Tpoleci HamujieHHs (OpMYIOTh
nokpuTTs. [Ipu oMy BiiOyBa€ThCs 1HTEHCHBHIIIE MIKPOIIPUBAPIOBAHHS JIaMeJIeH TTOKPHUTTSI
MK CO0OI0 Ta 3pOCTae MIIHICTh 3B’SI3Ky MK HUMH. 3aCTOCYBaHHS HA/J3BYKOBOT'O THCKY
MOBITPSTHOTO CTPYMEHIO JIJIsi HAMJICHHSI TTIOKPUTTIB 301IbIIY€ KIHETUYHY €HEPTiI0 KpaIliuH,
110 X pOpMYIOTS, 1, SIK HACIIJIOK, MiABUIIY€E iX KOTe31iHY MIIHICTh Ha 5...25% (Tabmn.1).

B mpomeci HamuieHHS MOKPUTTIB KparumHU 3 posiuiaBy [1/1 kpucrami3yroTbes Ha
XOJIOAHIN MOBEPXHI JeTalli 1 3MEHIIYIOThCs B po3Mmipax. [Ipy boMy y HOKPUTTAX BUHUKAIOTh
3HAYHI 3QJMINKOBI HANMPYXKEHHS PO3TATY IEPIIOTO POy — Oyoy (TaOM.1). I3 30inbIIEHHSM
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BMICTY XpOMY Y MOKPHTTI Bix 6 10 17 Mac.% HanmuiaeHoro 3a 103ByKOBOTO TUCKY MOBITPSHOTO
ctpymens Ha ctaii CT3, piBeHb 3aIMINKOBUX HampyXeHb po3TAry I pomy 3pocrae Big 16 mo
115 MIla. PiBeHb 3JIMIIKOBUX HANPY>KEHb PO3TATY Y MOKPUTTAX HAMJIEHUX Ha crutasi [[16 €
CYTT€BO MEHUIMM. 3aCTOCYBAaHHSI HaJA3BYKOBOT'O IMOBITPSIHOIO CTPYMEHIO JEIIO0 3MEHIIYE iX
piBeHb 3aJMIIKOBHX HAmNpy>XeHb po3Tary sk Ha ctami Cr. 3 Ttak 1 Ha /[16. Benmuumna
3QJIMIIKOBUX HAINpY>KeHb po3TATYy | pomay 3aiexuTh B 3HAa4YHIA Mipl Bim KoedirieHTa
TEIUIOBOTO PO3IIUPEHHS (Da30BUX CKIAJOBHUX, SKI YTBOPIOIOTH IIOKPUTTSI Ta OCHOBH.
KoedimieHT TepMidHOTO pO3MIMPEHHS CTAJIHHOI OCHOBH 13 MaJjOBYJICIIEBOi CTall CTAHOBHTH
(1,0-10° K™, a amominieBoro crmasy 16 (2,34-10° K') 3a kimuatHOi Temneparypu. [Ipu
HAIIMJICHH] [TOKPUTTIB CTalleBa Ta aTIOMiHieBa OCHOBA HarpiBaroThest 10 100...150°C. a micms
HAIWJICHHA TOKPUTTSA Pa30M OXOJOKYIOThCA. BHACHIIOK pi3HUX KOE(]ili€HTIB MOKPUTTS Ta
OCHOBM BHUHHUKAIOTh HAMPYXEHHS PO3TATY y MOKpUTTAX | poxy. KoeditieHT TepmigHOTO
PO3IIUPEHHS aIIOMIHIEBOI OCHOBH € OUTBIINM HIJK CTaJIbHOI TOMY Y TIOKPUTTSAX HAMJICHUX Ha
AJTIOMIHIEBY OCHOBY PIBEHb HAMPYKEHb PO3TATY € MEHIIUM HIXK Y TTOKPUTTSAX HAMWICHUX Ha
ctanb. [TokpuTTs 31 BMicTOM XpoMy 6 Mac.% Mae BHCOKY KOTe3iiHy MILHICTb 1 HalMeHIINH
PIBEHBb 3aJMIIKOBUX HAIPYXKEHb po3TATy | poay 3aBasku mMaTpuuHid (a3i MapTeHcUTy. 3i
30UIbIIeHHSAM BMICTY Xpomy y IIJ[ 3pocTae BMICT aycCTEHITY Yy MHOKPHTTI, IO 3yMOBIIOE
MJBUIIECHHS PIBHS 3aJIMILKOBUX HANpyKeHb po3Tary I poxy.

SIKIIO 3aJMIIKOBI HAmpyXeHHS po3TAry | poay 3a BeNMYMHOIO HAOIMXKAIOTHCS 10
BEJIMYMHU KOTE31MHOI MIITHOCTI, TO B I[bOMY BHUIIQJIKy B MOKPHUTTSIX BHHUKAIOTh MIKpO-, a00
MaKpOTPILIMHY, 10 COPUYHHAIOTH iX pyHHYBaHHS. ToMy, BaXKJIHMBOIO € HE JIMIIE BEIUYHHA
KOT'€3MBHOI MIIIHOCTI NOKPHUTTIB, a i BeIMYMHA 1X 3aJIMIIKOBUX HaAMpyxeHb po3Tiary | poxy.
s kBamidikoBaHOT OLIHKK poOOTO3aTHOCTI MOKPUTTIB HAMU BBEJICHO HOBHI MapamMeTp, a
caMe — CIHIBBIJHOIIEHHS MDK BEJIMYMHAMM 3aJMIIKOBUX HAmpyXeHb po3Tary | pomy Ta
KOT'€3UBHOI MIITHOCTI — Gyoy/Og.

3acTocyBaHHS HAJI3BYKOBOTO pEXKUMY HAaNWJICHHS TOKPUTTIB JOCUTh CYTTEBO
3MEHIIy€ Led TMOKa3HUK, [0 MOXE CBIIYMTH TPO Kpalli XapaKTepUCTUKH iX
po60T031aTHOCTI. 3aCTOCYBaHHS HA/I3BYKOBOTO PE)KUMY HAMMJICHHS 1€ CHIBHIIIE TTiABUIILYE
KOTe3iiHy MIIHICTh TOKPHUTTIB (Tabn.l), mpore mpu LBOMY CYTTEBO 3pOCTAE PIBEHb
3aJIUIIKOBUX HAIpYXXEeHb PO3TAry | poAy B MOKPUTTSAX HANWIEHUX Ha CTallb, a MapameTp
POOOTO3IATHOCTI Oyon/Cy HAOMMIKAETHCA IO KPUTHUYHOI MEXKi (Okon/0s > 0,75, 3a sikoi B
HAIMMJICHOMY TIOKPHUTTI YTBOPIOIOTHCS MIKpOTpimuHu (puc. 4,a). PiBeHb 3aiauIIkoBUX
HaNpyXeHb Po3TATY | poay B MOKPUTTIX HAMMICHUX Ha amoMmiHieBui craB JI15 € cyTTeBO
MeHIH (Tabn.1) a mapamerp poOOTO3MATHOCTI Gyoy/Cp 3HAYHO MEHIIMWA HIK IS CTaji
puc.4,0.

Tabmuns 1 — BmonuB Marepianly MIAKIAOKM Ha MEXaHIYHI  XapaKTEPUCTUKU
€JICKTPOIYTOBUX IMOKPUTTIB
Mapxa [1JI  [Tuck noitpsiHoro| ,, MIla |Gy, MIIa o5, MIla | Gion M2
crpymento, MIla |  Ocnosa crans Ct3 | OcHosa amominiesuii cras J[16
0,6 160 16 150 17
[1190X6I° :
JO0X6IC 1,2 215 55 210 26
0,6 210 80 205 57
T/I0X6PTC 1,2 260 75 265 55
0,6 235 188 230 46
IAPOXI7PTC 1.2 326 193 320 35
0,6 200 125 205 58
[I/I0XT7P2T'C 1,2 270 110 265 40
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[TapameTp Gyoy/Os VIS MOKPUTTS HAIMWJICHOTO HA CTAllb CHJIBHO 3pOCTa€ 3i 30UIbIICHHAM
Bmicty Cr B I1]] 3 2 mac.% B, npote He nocsrae KpUTUYHOTO 3HAYEHHS NP SKOMY B HAIMJICHHX
MIOKPUTTSIX YTBOPIOIOTHCSI MIKPOTPILIMHU B TPOIECI KPUCTANI3allil Ta OXOJNIOHKEHHS 10 KIMHATHOI
Temreparypu (puc. 4).

0,9
0,8 0,8
0,7
. 0,6 . 06
e g 0,5
= 0,4 4 = 0,4
© 1 o 03
0,2 1 0,2
gg 0,1

0 L

0,6 1,2 MMa
TWUCK NOBITPAHOTO CTPYMEHIO TUCK NOBITPAHOrD cTpYMEH D

a 0

1,2

Pucynox 4 - Bruus ximiynoro ckiany [1/] Ha napameTp Oy,,/C, 115 IOKPHUTTIB HAITMIICHUX
3 I1/] 3a pi3HMUX THCKIB NOBITPSHOTO CTPYMEHIO: a - Ha cTaii Ct3, 6 - Ha amoMiHieBoMy crutasi J[16:

MA90X6I'C-1, ITA90X6PT'C-2, ITA90X17PI'C-3, TIA90X17P2I'C-4.

Ioicepeno: pospobneno asmopamu

BucHoBku:

1. 3acTocyBaHHS HaJ3BYKOBOTO MOBITPSHOTO CTPYMEHIO ISl HANWJICHHS IOKPUTTIB
3011bIIy€ KIHETUYHY €HEPTiio KparuiuH, 0 (OPMYIOTh HOKPHUTTS, 1, IK HACIIAOK, IiBUIILYE
KOT€31iHy MIIHICTh MOKPUTTIB Ta 3MEHIIY€E BEIMYMHY 3aJIMIIKOBUX HAIPYKEHb pO3TATy I
POy B HUX Ha CTaJIbHiH Ta allOMiHI€BiH OCHOBI.

2. CriBBiTHOIIEHHS 3aJIMIIKOBUX HANPY>KEHb PO3TATY | poay y MOKPUTTAX Oyon A0 iX
KOT€3UBHOI MIITHOCTI Oy (Gyon/Os) 3aIPONIOHOBAHO BHKOPUCTOBYBATH SIK TOKAa3HUK CTIHKOCTI
MOKPUTTSI 10 PO3TpiCKyBaHHA. Ha OCHOBI aHamizy OTpUMaHUX TOKPHUTTIB IOKa3aHO, IO
TPILIMHY TOYNHAIOTH YTBOPIOBATHCSA B MOKPUTTSX, AJIS IKUX MOKA3HUK Okon/Os > 0,75, TOAL K
32 Okon/05 > 0,85 y IOKPUTTSIX BUHUKAE MEPEXkKa TPIIIUH.

3. PiBeHp Hampy>keHb PO3TATY MEPLIOTrO POAY Y HOKPHUTTSIX HAMMWICHUX HA aIIOMiHIEBY
OCHOBY € MEHIIMM HDX Y MOKPUTTAX HANWICHUX Ha CTalb, L0 3YMOBJEHO OUIBIINM
Koe(iIieHTOM TepMIYHOTO PO3IIMPEHHS alltoMiHieBOTO cruiaBy J[16 Hixk crami Cr3.
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3. Danial Qadir, Rabia Sharif, Rizwan Nasir, Ali Awad /A review on coatings through thermal spraying //
Chemical Papers 78(2) September 2023, DOI:10.1007/s11696-023-03089-4

4. Iron-based coatings arc-sprayed with cored wires for applications at elevated temperatures / Wielage B. et
al. Surface and coating technology. 2013. Ne 220. P. 27-35.
5. Arc-sprayed iron-based coatings for erosion-corrosion protection of boiler tubes at elevated temperatures

/ Pokhmurskyi V. 1. et al. Journal of Thermal Spray Technology. 2013. Vol. 22. P. 34-41
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Influence of Metal Base Material on Mechanical Characteristics of Arc-Deposited
Coatingsatings

Aluminum alloys are characterized by low abrasive wear resistance, which significantly hinders their
widespread use in technological environments, especially in the presence of abrasive particles. Recently, there
has been a trend to replace steels with aluminum alloys with wear-resistant coatings. This makes it possible to
reduce, firstly, the weight of parts, and secondly, carbon dioxide emissions into the atmosphere and the
greenhouse effect. In the process of spraying wear-resistant coatings on a steel base, significant tensile stresses
arise in the coating, which can lead to the appearance of micro and macro cracks in the coatings. There is no
reliable data in the literature on the cohesive strength and level of stresses that are formed in powder wire
coatings sprayed on a base of aluminum alloys, which hinders the development of a technology for restoring
aluminum alloy parts by electric arc spraying.

The purpose of the work: to investigate the mechanical characteristics of electric arc coatings sprayed
on samples of aluminum alloy D16 and compare them with the mechanical characteristics of coatings sprayed on
a steel base with the same parameters.

For spraying, an electrometallizer with a coating spraying system with two vertically arranged air
channels was used to form a supersonic air flow velocity (with a Mach number of 2). Electric arc coatings
sprayed on a steel or aluminum base have a typical lamellar structure. When using a supersonic air jet (pressure
1.2 MPa) compared to a subsonic (pressure 0.6 MPa) coating has a more dispersed structure and a smaller
number of pores.In the structure of coatings sprayed onto an aluminum base, significantly fewer pores and
microcracks were recorded. On the surface of aluminum alloys, there is always a natural refractory film with Tpl
= 2050°C, which significantly reduces the adhesion strength of coatings to the aluminum base. The use of an
exothermic charge (FeCr+B4C) increased the temperature of the melt droplets to 2400°C, which facilitated the
melting of the surface film Al,O3 and the fusion of droplets with the aluminum base, and as a result, the adhesion
strength of the coating to the base increased by 70% to 50 MPa. To assess the operability of coatings, a new
parameter was introduced, namely the ratio between the values of the residual tensile stresses of the first kind
and the cohesive strength - 6.,/c,. It was determined that the formation of cracks begins at the values of this
indicator 6., /0y > 0,75, while at 6., /o, > 0,85 a network of cracks appears in the coatings.

Conclusions. 1. The use of a supersonic air jet for spraying coatings increases the kinetic energy of the
droplets forming the coating, and, as a result, increases the cohesive strength of the coatings and reduces the
magnitude of the residual tensile stresses of the first kind in them on a steel and aluminum base.

2. The ratio of the residual tensile stresses of the first kind in coatings ccol to their cohesive strength ov
(oc0/0y) 1s proposed to be used as an indicator of the coating's resistance to cracking. Based on the analysis of the
obtained coatings, it is shown that cracks begin to form in coatings for which the indicator 6., /o, > 0.75, while at
G.ol/0y > 0.85 a network of cracks appears in the coatings.

3.The level of tensile stresses of the first kind in coatings sprayed onto an aluminum base is lower than
in coatings sprayed onto steel, which is due to the greater coefficient of thermal expansion of the aluminum alloy
D16 than that of steel St3.

Arc-Deposited Coatingsatings, spraying mode, spraying mode, cohesive strength
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Bruius Mmoaudikyrounx HOMIIIOK HA MIKPOCTPYKTYPY
Ta BJIACTUBOCTI HAILJIABJICHUX €JIEKTPOIILIAKOBUM
HAIUTABJICHHSIM IIapiB JJIsl BIIHOBJICHHS TUTYKHUX
JIEMIIIIB Ta KYJbTUBATOPHUX CTPUIYACTHUX JIaIl

VY cTarTi DOCHIIKEHO BILTHB MOAM(IKYIOUNX TOMIIIOK, TaKuX SK Kapoimu HioOiro (NbC), nupkoHieBi
okcunu (ZrO,), rpadit Ta iHIN, Ha MIKPOCTPYKTYPY, MEXaHidHi, KOpO3idHI Ta TPHOOIOTIYHI BIACTHBOCTI
HAIlIaBJIECHUX LIapiB, OTPUMAHUX E€JIEKTPOIIIAKOBIM MeTOA0M. OCHOBHOIO METOIO JIOCHIIPKCHHS € MOKPAIIEHHS
eKCIUTyaTallifHNX XapakTepUCTUK pOOOYUX OpPTraHiB CUTECHKOTOCIONAPCHKUX 3HAPSIb, TAKUX SK ILTYKHI JIEMiIi
Ta KyJIbTHBAaTOPHI CTPLTYACTi JIamW, NIIIXOM HAHECEHHS CIELialbHMX HAIUIaBICHWX MmapiB. Y pobori
PO3IIISTHYTO BIUIMB PI3HUX THUMIB MOAW(IKYIOYHMX JOMINIOK Ha MIKPOCTPYKTYpHI 3MIHM Ta BJIACTHUBOCTI
HAIUIaBJIGHUX IIapiB, a TaKoX OLIHEHO e(EeKTUBHICTh 3aCTOCYBaHHS TaKuUX IIApiB JUIsl BiIHOBJIEHHS
CUIBCHKOTOCTIOIAPCHKUX JIETAICH.

3anpornoHoBaHi Marepialy Ta METOAM MOXKYTh OYTH BHUKOPHCTaHI JJs HiABUILEHHS e(eKTUBHOCTI
TEXHIYHOTO 00CITyrOByBaHHs Ta 3MEHILIECHHS BUTPAT Ha 3aMiHy JleTajlell Y ClIIbChKOTOCIIOAaPCEKOMY CEKTOPI.
HAIUIaBJIEHHsI, MIKPOCTPYKTYpa, MiKpPOTBepIicTh, eJeKTPOLLIAKOBUI MeTo[, MOPOUIKOBi JIpoTH,
Mo (iKyIOUi TOMIIIKH, IUIYKHI JeMilli, KyJbTHBATOPHI JIANH, 3HOCOCTIHKICTh, MaTeMaTHYHA MOJeJb,
€KOHOMiYHA e(peKTUBHICTH, TPUOOJIOTiYHI BJIACTHUBOCTI

IMocTanoBKka mpodeMH. 3HOCOCTIMKICTE pOOOYUX OpraHiB CLIBCHKOTOCIIOAAPCHKUX
3HAPAIL € KPUTHUHUM (PakTOpoM, 110 BU3HAYAE €(PEKTUBHICTH iXHBHOI poOOTH. AOpa3uBHUI
XapakTep 3HOIIYBaHHS OOYMOBJICHWH TOCTIHHUM KOHTaKTOM 13 TIPYHTOM, SIKHH MiCTHUTh
HICOK, TJHMHY, MIHEpaJiM, a TaKOXX OpraHiyHi BKJIIOYEHHS, L0 CHpUSE€ MIBUJIKOMY
3HOITYBaHHIO. HU3bKa 3HOCOCTIHKICTH pOOOYMX OpraHiB MPU3BOIUTH 1O 30UIBIICHHS BUTpPAT
Ha TEXHIYHEe OOCIyroBYyBaHHS, 3HM)KEHHS NMPOJYKTHBHOCTI MAIlMH, a TaKOX JOJAaTKOBHX
BUTpAT Ha MaTepiaiu i poObody CUy.

PimennsM 1i€i mnpoGiemMu € BIJHOBIGHHS 3 BHUKOPUCTaHHSM HAIUIABJICHHS
CHEI[laJIbHUX KOMIIO3MLIWHUX MarepianiB. Lle 1o3Bosisie HE TIIBKM NPOAOBKUTU TEPMIH
Ciy>kOM Jeranei, ane ¥ 3HU3WUTH 3arajibHi BUTpaTH Ha OOCIyroByBaHHS. BrpoBamxeHHs
€JIEKTPOIIIAKOBOTO METOY HAIUIABJICHHS Ta BUKOPUCTAHHS MOAN(DIKYIOUHX JOMIIIOK, TAKHX
ak NbC, ZrO, Ta rpadit, 103BOJs€ CTBOPUTH HAIJAaBJIEHI IIApU 3 MOKPAIIEHUMHU
eKCIUTyaTalliiHIMH XapaKTePUCTHKAMH.

AHaji3 ocraHHix gociaimkens i myOuaikaniii. OcrtanHi gochimkeHHs y cdepi
BITHOBJICHHSI Ta 3MIIHEHHS POOOYMX OpraHiB CUIBCHKOTOCHOJAPCHKUX MAIWH, 30KpeMa
IUTy>)KHUX JIEMIIIIB Ta KyJbTHBATOPHHUX CTPIIYACTHX Jall, 30Cepe/KeHl Ha 3acTOCYBaHHI
PI3HUX METO[iB HAIUIaBJICHHS Ta MOIM(IKyBaHHS MIKPOCTPYKTYpPH HAIIABJICHUX MIAPIB IS
MiIBUIIEHHS 1X 3HOCOCTIHKOCTI Ta JOBrOBiYHOCTI [1].

© .M. Pubanxo, O.B. Tixonos, A.B. 3axapos, 2024
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MoaudikyBaHHS MIKPOCTPYKTYPH HaIUIaBJICHUX mapiB. J{OCHiKEeHHS TOKa3yIOTh, 10
BBEJCHHSI MOAM(IKYIOUMX Ta MIKPOJETYIOUHX JOMIIIOK Yy HAIUTABJICHUH MeETal CIHpHsE
MOKpAIIEHHIO HOTr0 CTPYKTYpH Ta BIacTUBOCTEH. 30KpemMa, BUKOPUCTAHHS XIMIYHOTO CIIOCO0Y
BBEJICHHS €JIEMEHTIB-MOAM(IKATOPIB UYepe3 IUXTY IMOPOIIKOBUX EJIEKTPOAHUX JIPOTIB €
IPOCTUM 1 paIlioHaIbHUM METOJIOM MOJIU(IKyBaHHS.

BrumB anmromiHiO Ta MarHito Ha MIKpOCTPYKTYpY HaIUIaBJICHHX ImapiB. JlocmimkeHHs
BIUTMBY JI0JIaBaHHs ATIOMIiHIIO Ta MarHito 1o nopoikoBoro aApoty 1/ Cr5B3 mokazamu, mo
Taki 100aBKH 3MIHIOIOTh MIKPOCTPYKTYpPY HaIUIaBJICHUX IIApiB, OKPYTIIOIOYN JECHAPUTHI OCI
Ta 3MEHINyIYM iX po3Mipu. lle mpu3BOAMTH 10 MiJBUINEHHS YJIApHOI 3HOCOCTIHKOCTI
HaIUIaBJICHOTO Wapy [2, 9].

BinHOBNIEHHS Ta 3MIITHEHHS CTPUIYACTUX JIall KYJIbTUBATOPIB. AHAII3 Pi3HUX METOJIB
BUTOTOBJICHHSI, 3MIIIHCHHS Ta BIJIHOBJIEHHS CTPLIYACTHX Jiall KyJIbTUBATOPIB CBIAYUTH IPO
e(eKTHBHICTh 3aCTOCYBaHHS 3HOCOCTIMKMX MarepiasiB, TepMiuHOi 00poOKH, XiMiKoO-
TEPMIYHOTO 3MIIHCHHSI, HAIUIABJICHHS, Ta30TEPMIYHOTO HAIMUJIEHHS, METAIOKepaMidHUX
HOKPHUTTIB, IJIACTUYHOTO J1e(OPMYBAaHHS Ta JIA3€PHUX TEXHOJIOTiH. 30KpeMa, BiJHOBJICHHS
Janm KyJbTHBaTOpa MOJXKE TepemdadyaTd 3amiHy piLKydoi YacTHHHU, OCKUIBKM 3 YacoM
BiIOYBA€ThCS Jerpajallis MeTany, 1 TpaauiliiHI METOIU BiJHOBJICHHS CTalOTh €KOHOMIYHO
HeeexTuBHUMH [3, 8].

BinHOBIEGHHS TITY>)KHUX JIEMINIB JBOMIAPOBMM  HArulaBleHHsSM. OnTumizaiis
TEXHOJIOTIYHUX TPUHOMIB BIJHOBJICHHS 3HOIICHHX IUTY)KHUX JIEMIIIIB 3a JOTIOMOTOIO
JBOIIIAPOBOTO HAIUIABJICHHS 3 OJHOYACHUM 3MII[HEHHSIM TOKa3ajda €(QEKTUBHICTh IHOTO
MiIX0y Ha MIIIaHUX, CYMIIIaHuX 1 CYTJIMHUCTUX TPYyHTax [4].

Brnue kapOifiB Ha CTPYKTYypy Ta BJIACTHBOCTI HamiaBieHUX mmapis. JlocimikeHHs
BIUTUBY KapOilliB Ha CTPYKTYpy Ta BJIACTHUBOCTI HAIJIABJICHUX IIapiB BUSBWIH, IO
ONTUMAJIbHE TIOETHAHHS HAIJIABHOTO MaTepially Ta 3MillHIOBaya crpusie popMyBaHHIO IIAPiB,
CTIMKHMX 10 nii abpa3uBy. 3amporOHOBAHO CXEMYy OPIEHTYBAaHHS 30H iJBHUIIEHOI TBEPIOCTI
JUISL YTIOBUIBHEHHS PO3BUTKY IIOYaTKOBOTO Je(EeKTy MpH Jii ra30MMIOBOro MOTOKY [5-6].

Takum dYWHOM, CydYacHI JOCIHIKEHHS CHOPSIMOBAaHI Ha BIOCKOHAJICHHS METOJIIB
HaIJIaBJICHHS Ta MOAM(IKyBaHHS MIKPOCTPYKTYPH HAILIaBJICHHUX IIAPiB 3 METOIO IiIBUIICHHS
3HOCOCTIHKOCTI Ta JOBTOBIYHOCTI POOOYMX OpraHiB CUTLCHKOTOCIIOIAPCHKUX MAIKH.

IlocTanoBka 3aBaaHHsl. MeTOIO NOCTI/DKEHHS € BHBUCHHS BIUIMBY PI3HMX THUIIB
MOAMGIKYIOUMX JTOMIIIOK Ha MIKPOCTPYKTYpPY, MEXaHI4Hi, KOpO3ilHI Ta TpUOOJIOTIUHI
BJIACTUBOCTI HAaIUIaBJIEHUX IIapiB. Takoxk MeTa moisrae y po3poOii mMareMaTHYHOI MOJeni
JUIE TIPOTHO3YBAHHSI TIOKA3HWKIB 3HOIIYBAaHHS HAIUIABICHHX INApPiB, a TaKOX IPOBEICHHI
OLIIHKM E€KOHOMIUHOi e(EeKTUBHOCTI 3aCTOCYBaHHS 3alpONOHOBAaHMX TEXHOJIOTIH Yy
CLITbCBKOTOCTIONNIAPCHKOMY BUPOOHHMIITBI.

JUist TOCSITHEHHSI METH MTOCTaBJICHI HACTYIIHI 3aBIaHHS:

1. JocmiauTyd BIUIMB MOIU(DIKYIOUUX MOMIMIOK Ha (HOpMyBaHHS MIKPOCTPYKTYpPH
HAaIJIaBJICHUX IIapiB.

2.  OuiHUTH 3MIHA MEXaHIYHUX, KOPO3IMHUX Ta TPUOOJIOTTYHHX XAPAKTEPHUCTHK TPH
BUKOPUCTAHHI PI3HUX MOAU(DIKYIOUHX JOMIILIOK.

3. Po3pobutm Ta mepeBipUTH MaTeMaTHYHY MOJAETh IS TPOTHO3YBaHHS
3HOIIIYBaHHS HAIUIABJIICHUX IIaPiB.

4. TlpoBecTH TONHOBI BHIPOOYBaHHS Ta OI[HUTH EKOHOMIYHY €(QEeKTHBHICTh
3aMpOMOHOBAHOTO METO/y BiIHOBIICHHSI POOOYHMX OpraHiB.

Bukiagennsi  ocHOBHOro  marepiamy. [lns  mpoBeneHHS — JOCHIDKEHB
BUKOPUCTOBYBAJIM HHU3bKOBYTJICIIEBY CTainb Mapku 20, siKa MIMPOKO BHUKOPHUCTOBYETHCS IS
BUTOTOBJICHHSI pPOOOYMX OpraHiB CUTBCHKOTOCIIONAPCHKOI TeXHiKH. Jl7s HaruiaBiIeHHs
BUKOPHCTOBYBAJIHM TMOPOILIKOBI APOTH JiamMeTpoM 2,8 MM, XIMIYHHMHA CKIag skux Oyio
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PO3p0o0ICHO AJIst JOCATHEHHSI ONTUMAIbHUX EKCIUTyaTalliiHIX XapaKTEPUCTHK HAIUIABICHOTO
nrapy. /1o ckinaay ApOTiB BXOAMIIU:

e Kapbigu nioGito (NbC): 103BOJISIIOTH YTBOPIOBATH TBEpAl KapOigHI BKIIOYCHHS,
110 3HAYHO M1BUITYIOTh TBEPIICTh 1 3HOCOCTINKICTH MIApYy.

e Oxcuau mupkoHio (ZrO,): 3a0e3neuyoTh CTa0lIbHICTh CTPYKTYPH 1 30UIBIIYIOTh
CTIHKICTB /IO TIEPETPIBY.

e I'padit: BBeneHHs TpadiTy 3HMKYE KOS(IIEHT TEPTS Ta CIpPHE MOKPAIICHHIO
3HOCOCTIHKOCTI NUISIXOM 3MEHIIICHHS aare3ii IPyHTOBUX YaCTUHOK [7].

e  @DepoxpoM: YTBOPIOE XPOMHCTI BKJIIOUEHHS, WLI0 IiJBUIIYIOTH KOPO3iiHY
CTIHKICTh HAIUTABJICHOTO IIApPY.

Ilepen mouaTkoM HariaBiieHHs OyJI0 MPOBEIEHO XIMIYHUN aHai3 OCHOBHOTO METay
Ta TIOPOIIKOBUX JIPOTIB. AHAJ3 TMPOBOAMBCSA METOJOM CIHEKTPOMETPii, IO J03BOJIHIIO
BU3HAYUTHU OCHOBHI KOMIIOHEHTH Ta JOMIIIKU. BU3HaYeHHS BMICTY BYTJICIIO, XpOMY, HIKEITIO,
MapraHIio Ta KPEMHIIO MPOBOAMIIOCH JJIsl OLIIHKY BIUIMBY KOKHOTO 3 HUX Ha MIKPOCTPYKTYPY
Ta MEXaHIYH1 BIACTHUBOCTI OTPUMAHOTO IIapy.

HannaBneHHs  mpoBOAWIIOCH — €JIEKTPOILIAKOBUM  METOJOM  Ha  CIeliajibHO
HiATOTOBJICHUX 3pa3KaxX 3 BUKOPUCTAHHAM TaKUX HapaMeTpiB:

e Cuna ctpymy: 250 A.

o Hampyra: 25 B.

e IlIBuakicte HammaBiaeHHs: 15-20 MM/xB, 10 3a0e3medyBajio PIBHOMIpHE
(opMyBaHHs HAIUIABJICHOTO LIApy.

e Burpara apoty 3 Moau}iKyrOUUMH TOMIITKaMH CTaHOBUTH: 1-1,2 Kr/rox

[Iporniec HarulaBiIeHHS KOHTPOJIOBABCS 3a JIOMOMOTOI0 CHUCTEMH aBTOMATHYHOTO
KEepyBaHHS, 110 JI03BOJISIO MIATPUMYBATH CTa0IIBHICTD IyTH Ta TEMIIEPATyPy PO3ILUIABICHOTO
MeTany. BukopHCTOBYBanM IBI TEXHOJIOTIi OXOJIO/KEHHS: MOBITPSIHE OXOJOKEHHS IS
OTpUMaHHS TpPyOO3EpHUCTOI CTPYKTYPH Ta BOASIHE OXOJOKEHHS Ui CTBOPEHHS
NPpiOHO3EPHUCTOI CTPYKTYPH 3 MiJBUILEHOIO TBEPIICTIO.

3pa3zku  migmaBaymcs — TUTiIQyBaHHIO Ta  TOJIPYBaHHIO IS MPOBEICHHS
MmeTanorpadiqyHoro aHamizy. BHKOpPHCTOBYBaBCS ONTHUYHMNA MIKPOCKOI JJIsl BHU3HAYCHHS
CTPYKTYpH, a CKaHyIOYHH eleKTpoHHHH Mikpockorn (SEM) mist netanpHOro BUBYCHHS (ha3u
Ta MOpQoorii BKIOYEHb. TpaBiIeHHs 31IHCHIOBAIOCS PO3YMHOM A30THOI KUCIIOTH 3 METOIO
BUSIBJICHHS] MEXX 3€pEH.

Jlnist BUMipIOBaHHS TBEPIOCTI BUKOPHCTOBYBaBCS MeTOJ Bikkepca 3 HaBaHTaXEHHSAM
100 r. byno 3miiicHeHo monan S50 BUMIipIOBaHb Ha KOXKHOMY 3pa3Ky JUIsl BU3HAYCHHS
OJIHOPITHOCTI TBEPAOCTI HAIJIABJICHOTO IIApPY.

3pa3ku migmaBanucs Aii arpecuBHoro cepenosuiia (3% poszuun NaCl) nporsrom 96
TOJAMH JUI OLIHKM CTifikocTi a0 koposii. Ilicns BumpoOyBaHb BH3HAYalIM 3MiHY Barw,
BI3yaJIbHO OITIHIOBAJIM ITOBEPXHEBI MOIIKO/KCHHSI Ta MPOBOIMIIN aHai3 3a gornomoroo SEM.

3HOCOCTIMKICTD OLIIHIOBANacs 3a JOMOMOTOK0 JaOOopaTOpHUX BHIPOOYyBaHb Ha
aOpa3suBHOMY Kpy3i, a TaKOXX TOJhOBHUX BHNPOOYBaHb Ha IUIY)XKHUX JeMilax Ta
KyJIbTUBAaTOPHUX Janax. /[oJaTKkoBO OILiHIOBAIUCS TPUOOJIOTiUHI BIACTUBOCTI HAIJIABICHUX
mapiB 3a METOAOM "mIap-KKI" A1 BU3HAYEHHS KoeilieHTa TepTs.

J71s cTBOpEHHS MaTeMaTHYHOT MOJIeJTi 3HOITYBAaHHS BPaXOBYBAJIH TaKi MapaMeTpu:

e MIKpOCTpYKTYpHI XapakTtepucTuku (D, Vf): po3mip 3epeH Ta KUIBKICTh TBEPAMX
das.

e MexaHniuHi BiractuBocTi (Hv): MIKPOTBEpPAICTh K OCHOBHUH MOKAa3HHUK CTIMKOCTI 10
abpa3vBHOTO 3HOIIYBAHHS.

o Ekcruryarariiini ymoBu (L): HaBaHTa)K€HHS Ta aOpa3uBHICTh IPYHTY.
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Mogenb BUKOPHUCTOBYBAla pErpeciiHuil aHami3 [Uis BHU3HAUCHHS 3aJIEKHOCTI MIX
napaMeTpaMH MiKpOCTPYKTYPH Ta €KCIUTyaTalliifHIMHU BIACTUBOCTSIMU.

Takox Oyno cTBOpeHO rpadikd, MO UTIOCTPYIOTh 3aJEXKHICTh 3HOLIYBAaHHS Bif
pO3Mipy 3epeH Ta KITbKOCTI TBEpJUX BKIIOUEHB (puc. 1-2).

© © c
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Pucynox 1 - I'padik 3a1e)KHOCTI 3HOITYBaHHS HAIDIABICHOTO METAIY Bl pO3Mipy 3epeH
Jicepeno: pospobneno asmopamu

[Toka3HWK 3HOIIYBaHHS — 1€ BEJIMUYMHA, sIKA XapaKTePU3y€e CTYIHb BTPATH MaTepialy
BHACIIOK MEXaHIYHOTO TijJ 4ac eKcIuTyartamii. Y Mekax MpPOBEACHUX OCHIHKeHb el
MOKAa3HUK BHM3HAYABCS 3a JONOMOTOIO Ja0OpaTOpPHUX 1 TOJBOBUX BUIPOOYBaHb, a TaKOX
MIPOrHO3YBAaBCA 3a JOTIOMOT0I0 MaTeMaTUYHOT MOJAEIII.

1. JlaGopaTtopHi BuIpoOyBaHHS: 3HOCOCTIMKICTH MaTepialiB OIliHIOBajacs 3a
JOTIOMOTOI0 TeCTiB Ha abpa3WBHOMY Kpy3i, J€ BUMIproBajacs Maca 3pasKiB 10 1 micis
eKCIUTyaTaliiHuX 1uKiIiB. [lokasHUK 3HOLIYBaHHsS BU3HA4yaBCs K BTpaTa Macu 3paska (T)
IiCJIA 3a4aHOT KUUIBKOCTI IIUKIIIB.

2. llonpoBi BumpoOyBaHHS: 3pa3ku poOOYMX OpraHiB ClLIbCHKOTOCIOAAPCHKOI
TEXHIKH, BiHOBJICHI HAIUIaBJICHHSIM, BUIPOOOBYBAIMCS B PEABHHX YMOBax EKCILTyaTallii.
[Ticns BU3HAYEHHS Macu JI0 1 MicTs MOJOBUX BUIIPOOYBaHb OIIHIOBAJIACS BTpaTa Marepiaiy
BHACITIJTIOK 3HOITYBaHHS.

3. MaremaTtuuHa MOJeNb S TPOTHO3YBaHHS 3HOUIyBaHHS: [l  OIHKH
3HOCOCTIHKOCTI OyJI0 pO3p00JICHO MaTeMaTHYHY MOJENb, III0 BPaXOBYE OCHOBHI MapaMeTpu
MIKpPOCTPYKTYPH Ta MEXaHIYHUX BIACTUBOCTEH MaTepiaiiB.

4. Kpurepii BumiptoBaHHs: Bu3HaueHHs TOKa3HWKA 3HOIIYBAHHS TPOBOIUIOCS
IUIIXOM BHMIPIOBAaHHS MAacCOBHX BTpaT 3pa3kKiB, OIIHKM 3MiH y MIKPOCTPYKTYpi 3a
JIOTIOMOTOF0 ~ ONTUYHOTO ¥ €JEKTPOHHOTO MIKPOCKOITB, a TaKOoXX TPHUOOJOTTYHHUX
BUIIPOOYBaHb.

OTpumaHni JaHi T03BOJISIIOTh TOYHO OIIHIOBATH 3HOCOCTIMKICTh MaTepialiB, BU3HAYATH
ONTUMAaJIbHI TapaMeTpu HAIJIaBJICHHS Ta MPOTHO3YBaTH JOBrOBIYHICTE POOOYHMX OpraHiB
CLITbCBKOTOCTIONIAPCHKOT TEXHIKH.

Ha nanomy rpadixky mpeacTaBiaeHO 3aIeXHICTh MOKa3HUKa 3HOLIYBAaHHS BiJ PO3MIpy
3epeH. BusBiieHo, 1m0 31 30UIbIIEHHAM PO3MIpY 3€peH, MOKa3HUK 3HOUTYBAaHHS 3MEHIIYEThCSI.
Le cBiguuTh mpo Te, 1m0 TpyOO3epHHUCTA CTPYKTYpa Ma€ OUIbINY CTIHKICTH A0 aOpa3uBHOTO
3HOIITYBaHHS TOPIBHIHO 3 ApiOHO3epHUCTOI0. TOOTO, MM OLIBIINI PO3MIp 3€pEeH, TUM BHUIIA
e(EeKTUBHICTb 3aXMCTY BiJl 3HOLTYBaHHS.
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Pucynok 2 - ['padik 3a1eKHOCTI 3HOITYBaHHS BiJl KUTBKOCTI TBEPINX BKIIOUEHB

Ioicepeno: pospobneno asmopamu

Ha rpadiky mpemcraBieHO 3alIe)KHICTh MOKa3HUKA 3HOIIYBAaHHS BiJl 00'€MHOI YacTKH
TBEPAUX BKJIIOYEHb. 3 aHami3y BUIHO, IO 31 30UIBIIEHHSIM KIUTBKOCTI TBEPAUX BKIIIOUYEHBb
MOKAa3HHK 3HOITYBAHHS 3MEHIIYETHCS, 110 BKa3y€e Ha ITIBUIIEHHS 3HOCOCTIMKOCTI. BBeneHHs
TBEPIUX BKIIOUEHb, TAaKUX SK KapOinu, NOKpallye CTPYKTypy Marepiaiay, CHpUSIOUYH
(dopMyBaHHIO CTaOUTEHUX TBEPAMX (a3, Kl YUHATH OIip aOpa3uBHOMY 3HOIITYBAHHIO.

3a pe3ysibTaTaMM MPOBEACHUX JOCHTIKEHb BCTAHOBJIEHO, 1110:

1. 30inpimeHHS pO3Mipy 3epeH NMPU3BOAMTH 10 3HM)KCHHS MOKa3HUKA 3HOIIYBAHHS,
10 CBIYUTH MPO MiABUIIEHHS 3HOCOCTIUKOCTI;

2. 30UIbIIEHHS KUIBKOCTI TBEPAMX BKIIOYEHb TaKOX CIPHUSE IMIABUILEHHIO
3HOCOCTIMKOCTI MaTepiany;

3. omnTMManbHE MOETHAHHS PO3MIPY 3€peH Ta KiJIBKOCTI TBEPAWX BKIIIOYCHb MOXKE
OyTH BUKOpUCTaHE ISl MiABUIICHHS €(EKTUBHOCTI BiIIHOBJICHHSA Ta 30LIbIICHHS TEPMIHY
CITy)0H poOOUYUX OpraHiB CLTBCHKOTOCTIONAPCHKOI TEXHIKH;

4. s TIABUIICHHSA 3HOCOCTIMKOCTI  HAIUIaBJICHMX IIApiB  PEKOMEHAYEThCS
BUKOPHCTOBYBaTH MOAH(DiIKyr0Ui J00aBKH, sIKi 3a0€3MEUyIOTh TPyOO3CpHUCTY CTPYKTYpy Ta
BUCOKHI BMICT TBEPJIUX BKIIIOUCHb;

5. momanmpuIl TOCHIKEHHS. MaloTh OyTH CHpPSMOBaHI Ha BU3HAYEHHSI ONTHUMAJIBHOTO
CHIBBIIHOIIEHHS PO3MIpPY 3€peH Ta KIUIBKOCTI BKJIIOYEHb MAJis 3a0e3Ne4eHHs HaBUINOT
3HOCOCTIHKOCTI.

Takoxx Oynu po3poOieHi MPOTHO3HI KPUBI AJA PI3HUX THINB MOAU(PIKYIOUHX
JIOMIIOK, IO TO3BOJIWJIO OIIHUTH ONTHUMAaJIbHI MapaMeTpH HAIUIaBJICHHS JUIS IiABUIICHHS
3HOCOCTIMKOCTI (puc. 3). A TakoX MPOBEIEHO MOPIBHSIHHSA 3HOCOCTIHKOCTI Pi3HUX 3pa3KiB
(Tabm.l).
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Pucynoxk 3 - I'padik mporHO3HUX KPUBUX 3HOLTYBAHHS U PI3HUX THITIB MOJU(IKYIOUHX JOMIIIOK

Ioicepeno: pospobneno asmopamu

Tabmuus 1 — 3HOCOCTIMKICTD Pi3HUX 3pa3KiB

. 3HOCOCTIMKICTD KoposiiiHa cTiliKicTh
3pa3ok Teepaicte (MIla
P paicts (MITa) (y.0.) (y.0.)
Hpit Nel
(depoxpom) 5597 8.5 9.0
Jpit Ne3
(Bucoxoxpomuctuit 4825 7.3 8.0
YaBYH)
Jpit Ne5 (NbC, Ni) 4943 9.0 10.0
Apir o6 (CrC, 3773 6.5 7.5
rpadit)
Hpit Ne7 (ZrO3) 1642 5.8 6.5

Hoicepeno: pospobneno agmopamu

JlocmiHi 3pa3ku BUTOTOBIISUTUCS Yy BUIIISIII MMTIHAPIB po3mipom 60 MM X 70 mm x 20
MM, Ha sIKl HAHOCUJIM OaraToliapoBe HaruiaBieHHsA. Oco0irBa yBara npuaisiacs:

e TMIATOTOBII TOBEPXHi: Nepe] HAIUIABJICHHAM ITOBEPXHIO 3pa3KiB OYHINAINA Bif
OKaJIMHU 1 3HS)KUPIOBAJIH, 10 3a0e3MevyBaio MAaKCUMAaJIbHY aJre3il0 HaIUIaBICHOTO IMIapy 10
OCHOBHOT'O METaJly;

e  HAIUIABJCHHIO: 0OararomapoBe HAHECEHHS [03BOJILIO JOCSITTH ONTHMAIBHOI
TOBIIUHH Ta 3a0€3MEUUTH PIBHOMIPHICTh PO3MOALTY MOAM(DIKYIOUMX IOMIMIOK y CTPYKTYpi
HAIUIaBJICHOTO METaly;

e KOHTPOJIO TIpOLECy: TMiJ 4Yac HAIUIaBJICHHS BUKOPHCTOBYBajlacsi CHCTEMa
ABTOMAaTUYHOTO KOHTPOJIO TEMIIEPAaTYypH Ta EJIEKTPUYHUX IapaMeTpiB, L0 JI03BOJISIO
YHHUKHYTH TIEPETPIiBy METaIy.

Pesynbratn MertanorpagiqHoro aHaiizy Mokasand, 1o BBeaeHHS NbC copusio
YTBOPEHHIO PIBHOMIPHO PO3MOIUICHUX KapOiTHUX BKIIIOYEHbB, SIKI 3MEHIIYBAJIU CXHIJIBHICTH
JI0 YTBOPEHHS Ipy003epHUCTUX CTPYKTYp. 3pa3Ku, OXOJIOMKEH1 Y BOJI, MaJIH JpiOHO3EPHHUCTY
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CTPYKTYpy 13 cepeaHiM po3mipoMm 3epHa §-10 MKM, IO CHPHUSATIO MiJBUIICHHIO MEXaHIYHOT
MILTHOCTI.

BumiproBaHHs TBEpJOCTI MOKa3aio, [0 HaWOUIbIIEe 3HAYEHHS OyJI0 JOCATHYTO ISt
3paskiB 13 gonmaBaHHsAM NbC — mo 4943 Mlla. Anani3 po3noainry MiKpOTBEPIOCTI CBIIYHTH
npo 11 OHOPIAHICTH MO BCiH IJIOLII HAIJIABJIEHOTO MIAPY, IO € BaKIMBUM JUIS 3a0e3MeUeHHs
PIBHOMIPHOTO 3HOITYBaHHS JIE€TaJICH.

3pa3ku 3 jmoaaBaHHAM ¢epoxpomy michs Aii Ha HUX 3% po3umny NaCl nokaszanu
MiHIMQJIbHE 3HIKCHHS Baru, IO CBIAYUTH MPO €(EKTUBHICTH (OPMYBAHHS XPOMHCTOTO
nacuBylO4oro mapy. Brpata Barm 3paskiB 6e3 moaudikyrouux gomimok Oymna Ha 20-25%
BUIIIOIO.

Pesynbpratu mocmimkeHHS TPUOOJOTIYHUX BIACTHBOCTEH IMOKa3alu, MO Koe]iIlieHT
TepTs Uil 3pas3kiB 13 rpaditom OyB Ha 15-20% HIDKYMM TOPIBHAHO 13 3pa3kamu 0e3
mMomudikamiil. 3HococTiiKicTh 3pas3kiB 13 npoxaBaHHsAM NbC y mabopaTopHHX yMOBax
nokasaja 3MeHILIeHHs 3HouryBaHHs Ha 30% mopiBHSIHO 3 HeMoAM(IKOBaHUMH 3pazkamu. [1ig
Yyac MOJbOBHUX BHUIIPOOYBaHb 3HOCOCTIHKICTh TaKMX 3pa3kiB Oylla HaBiTh BUILNOK uepes3
3MEHIIICHHS are3ii IPYHTOBUX YaCTHHOK.

Po3pobnena MaremaTnyHa MOJENb BHUKOPHUCTOBYBalacs Uil MPOTHO3YBAaHHS
3HOCOCTIHKOCTI 3aJIe)KHO BiJ CKJIaay Ta MIKPOCTPYKTYpPH HAaIUIaBJIEHOTO Imapy. Mojenb
JI03BOJIMJIA 11eHTH(IKYBAaTH ONTHMAajbHI YMOBM HAIUIABJICHHS Ta CKJIaJd MOIUQIKYIOUHUX
JOMIIIOK JJTs1 IOCSITHEHHS HAHKPAIMX SKCIUTyaTaIlliHUX XapaKTePUCTHK.

[DnyxHi snemimn Ta KyJbTHBAaTOPHI CTpPLIYACTI JIalM, BiJHOBJIEH! HAIUIABICHHAM 13
MOAUGIKYIOUHUMH TOMIITKaMH, OyJIM MPOTECTOBAHI i Yac MOJIbOBUX BUIMPOOYBaHb Ha PI3HUX
TUNax IPYHTIB. TpHBaicTh eKcIuTyaTauii BiIHOBIEHUX Aetaneid Oyma Ha 25-30% noBIIOIO
MOPIBHAHO 3 HemMoaudikoBaHUMHU 3pa3kamu. Omneparopu 3a3Hadald  TOKPAIICHHS
eKCIUTyaTallliHUX XapaKTEepUCTHK, 30KpEeMa 3HWKEHHS TepTs Ta 3MEHILICHHS BHUTpAT
NaJIEHOTO.

VY mporueci eIeKTPOLUIaKOBOrO HAIIaBJIEHHS MOAMU(DIKYIOYl JOMIIIKK BBOIMIIHCS
Oe3rmocepeIHO Yepe3 XIMIYHUN CKJIaJl TOPOIIKOBUX MAPOTIB, SIKI 3aCTOCOBYBAIHCS IS
¢opMyBaHHS HaIJIaBJIEHOTO IIapy. 30Kpema, Taki JOMIIIKH, K KapbOinmum HioGito (NbC),
okcuau 1wpkoHito (ZrO[]) Ta rpadit, BXOAWIM 10 CKIaay JIpOTYy 1 PIBHOMIPHO
PO3MOALISIINCS B HAIJIABIIEHOMY METaJli B TIpOIleci HOro TUIaBICHHS Ta KpUCTai3allii.

Onnak, nUTaK TaKOX BiJlIrpaBaB BaKIIMBY POJIb y CTabLII3aIlli MPOIeCy HarIaBJICHHS
Ta BIUTMBI HA KiHLIEBI BJIACTUBOCTI HaIlJIaBJIEeHOTO IIapy. Bin 3a0e3neuyBas:

3axucT 30HM HAIUIABJICHHS BiJl BIUIMBY KHCHIO Ta a30TY, IO 3MEHIIIYBAJIO HMOBIPHICTh
YTBOPEHHS 1e(heKTiB.

KoHTpomnb cTpyKTypH MeTally IUISIXOM BIUTMBY Ha POIECH KPHCTATi3allii.

TakuM YHMHOM, TOMIIIKU BBOAUIUCS He O€3MocepeIHRO Y IIIAK, a Yepe3 CKIaa IPOTiB,
ajie IXHii BIUTMB peaji30ByBaBCs il yac (hopMyBaHHS HAIUIABICHOTO APy 3aBIIsSIKH YMOBaM,
CTBOPEHHM Y IIJIAKOBiil BaHHI.

PesyabTatn Ta o0O0roBopeHHsi. Moaudikyoui JOMIIIKK 3HAYHO BIUIMBAIOTH Ha
KIHIIEBl BJIACTMBOCTI HarulaBieHux wiapiB. JlogaBanHa kapOifiB HioOi0 3abe3mneuye
dbopmyBaHHS CTaOUTBHUX KapOigHuX (a3, M0 3HAYHO MiABHUIIYE TBEPIICTh 1 3HOCOCTINKICTD.
Oxcuay LUPKOHIIO CIPUAIOTH cTablIi3alli CTPYKTYpPH Ta MiJBUIIEHHIO TEPMOCTIHKOCTI, 110
0COOJIMBO BAXKITMBO IS IETAJICH, [0 TPAIIOIOTH MIPH BUCOKUX HaBaHTaXCHHsX (Ta01.2).
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Tabmuus 2 — B Moanikytounx JOMIIIOK Ha BIACTUBOCTI HAIIaBICHUX IIapiB

Tun Koposziita
oT Momudikyroui | MikpocTpyktyp | MikpoTBepaicT | 3HOCOCTIHKICT a
ILI; JTOMIIIIKH a b, MIla b (y.0.) CTIHKICTh
(v.0.)
XpOoMHUCTUI
Nel depoxpom dbepurt + 5597 8.5 9
CBTEKTHKA
No3 BI/ICOE(OXPOMI/ICTI/I lNomyacTui 4805 73 ]
i yaBYH TPOOCTHT
NoS NbC, Ni KapOinna dasa 4943 9.0 10
3 eputom
Ne6 | CrC, rpadir Hepuitha 3773 6.5 7.5
CTPYKTYypa
Henerosanuit
Ne7 V4(0)} deput + ZrOs 1642 5.8 6.5

Hoicepeno: pospobneno agmopamu

Po3pobka maTemaTnuHoi Mojaeai. MaTemaTudHa MOJENb, sika OyJia po3poOieHa AJis
NPOTHO3YBAaHHS 3HOUIYBAaHHS HAIUIABICHMX IIAapiB, Oa3yeTbcs Ha aHali3l OCHOBHHUX
napaMeTpiB MIKpOCTPYKTYpH Ta MEXaHIYHUX BJIACTHBOCTEH HAIUIABJIICHOTO INAPYy, TAKUX SIK
PO3Mip 3epeH, KIJIbKICTh Ta TUII TBEPAUX BKIIOUEHB, TBEPIICTh, 3 TAKOK YMOBH €KCILTyaTallii.
Mopenb 703BOJISIE  OIIHUTHA 3HOCOCTIMKICTH 3aJIGKHO BiJL BHOOpPY MartepialiB Jyist
HAIJIaBJICHHS Ta TEXHOJOTIYHUX MapaMeTpiB.

OCHOBHUMHM 3MIHHUMH B MOJEI €:

e Poswmip 3epen (D), sikuii BIUIMBAE€ Ha MIIHICTh MaTepialy Ta HOro CTIHKICTh 10
aOpa3uBHOTO 3HOIITYBaHHS.

e OO'eMmHa wuYacTka TBepAUX BKIIOYCHHb (Ff), IO CHOPUAIOTH ITiIBUICHHIO
3HOCOCTIHKOCTI.

e  MikpotrBepaicte (Hv), sKa € BaXJIMBUM TIOKa3HUKOM 3arajibHOT MIITHOCTI
HAIUIaBJICHOTO TIapy.

e  Excrutyarauniiine HaBaHTakeHHs (L), Sike BU3HaYa€ BIUIMB 30BHILIHIX (DaKTOpiB Ha
3HOITYBaHHS MaTepiaiy.

MaremaTruHa MOJIENb JIJIsl POTHO3YBAaHHSI 3HOLITYBaHHS BUTJISAA€ HACTYITHUM YHHOM:

W=k'(D_0'5) -(W)_I-(Hv)_0'3-L

Je W — noKa3HUK 3HOLIYBAaHHS;
k — emmipuuHMid Koe(]iIlieHT, IO 3aJeKHUTh BiJ BIACTHBOCTEH Marepialy Ta yMOB
eKCILTyaTallii;
D, V, f, Hv, Ta L — mapaMeTpH, ONUCaH1 BHUIIIE.

Pe3yabTaT MoJe/II0BaHHS

Po3pobiiena momens Oyiia MpoTECTOBaHA Ha 3pa3kax 3 PI3HUMH MOAU(IKYIOUUMH
JOMIIIKaMH, 1 pe3yJIbTaTH MOJEIIOBAHHS J00pe CIIBMIAIN 3 €KCICPUMEHTATBHUMH JaHUMHU.
byno BusBneno, mo 3pa3ku 3 kapOimamu HiI00ir0 (NbC) mokaszamd 3HAYHO MEHIIE
3HOIYBaHHA TOPIBHAHO 3 HEMOAM(DIKOBAHUMH 3pa3KaMH, IO MiATBEPIKYE €(PEKTUBHICTDH
BukopuctanHs NbC 1is miIBHIIIEHHS] 3HOCOCTIMKOCTI.

VY pocmipKeHH1 Ui eJIeKTPOLUIAKOBOTO HAIUIABJICHHS BHKOPHCTOBYBAJIHM IOPOIIKOBI
IPOTH, CKJaJ SIKUX CIELialbHO pPO3pOOJIABCS AJ JOCATHEHHS BUCOKHX EKCIUTyaTallliHHX
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XapaKTepUCTHK HAIJIABJIEHOTO HIapy. 30KpeMa, y IpOoIeci MOJEIIOBAaHHSA Ta €KCIICPUMEHTIB
JOCJTIJDKYBAJIH IPOTH 3 TAKUMH MOJIU(DIKYIOUUMHU JOMIIITKAMU:

e Jlpit Nel — ¢epoxpom, sikuii 3a0esnedye yTBOPEHHS XpOMHUCTOro (epury Ta
€BTECKTHKH JJIS TABUIIICHHS KOPO31HHO1 CTIHKOCTI.

o Jlpit Ne5 — xap6inu nioGito (NbC) Ta Hikens, mo (opmyroTh KapOiaHy ¢asy,
M1BUIIYIOTh TBEPICTh 1 3HOCOCTIHKICTB.

o Jlpit Ne6 — kap6in xpomy (CrC) Ta rpadir, sKi CIPUSIIOTh 3MEHIICHHIO KoedilieHTa
TEPTS Ta MOKPAIILYIOTh TPUOOJIOT1UHI BIACTUBOCTI.

e Jlpit Ne7 — okcuau mupkoHiro (ZrO[), siki cTabUTi3yI0Th CTPYKTYPY 1 MiABUIIYIOTH
TEPMOCTINKICTb.

Jnisi  MOJenioBaHHS 3HOUIYBaHHS IE€PEBAKHO BHUKOPHUCTOBYBAJIM JaHI 3pasKiB,
HaraBiaeHux aporoM Ne5 (NbC, Ni), uepe3 #oro BHUCOKY €(QEKTHBHICTh Y 3MEHIICHHI
NOKAa3HMKA 3HOIIYBAaHHSA, IO MIATBEPIXKYEThCS SK JTaOOPaTOPHUMH, TaK 1 IOJILOBHUMHU
BunpoOyBaHHsMu. Came 1iel Apit 3abe3neynB GopMyBaHHS CTaOUIBHOI KapOigHOi (a3u Ta
OJTHOP1THOT MIKPOCTPYKTYPH, K1 CYyTTE€BO BIUIMBAIU HA PE3YJIbTATH MOJICITIOBAHHS.

OTtpumaHi pe3yibTaTH MOJEITIOBAHHS JOOpE CIIBHNAIM 3 EKCIIEPUMEHTATbHUMH
JaHUMHU, TITBEP/PKYIOYH BUCOKY TOYHICTh ITPOTHO31B 1 €()EeKTUBHICTh BUKOPUCTAHHS IPOTY 3
MOAU(IKYIOUUMH TOMIITKAMH.

Jlnst mepeBipKH TOYHOCTI MoJieni OyJ0 31HiCHEHO MOPIBHSAHHS E€KCIEPHUMEHTAIbHUX
3HaY€Hb 3HOUIYBAHHS 3 MPOTHO30BAHUMH 3HAUYCHHSMH, OTPUMAHUMH 32 JOIIOMOTOI0 MOJIEI.
Pe3ynbraTy mopiBHAHHS NpecTaBiIeH] y Ta0nuii Hikde (Tadm. 3).

Tabmuus 3 — [1opiBHAHHS MPOTrHO30BaHUX 1 €KCTIEPUMEHTAIbHUX 3HAU€Hb 3HOLITYBAHHS

[IporuosoBane ExcniepumMeHTanbHe
Tun HamIaBKH 3HOLYBaHHS 3HOLYBaHHS Binxunenns (%)
(T/umKIN) (T/umKIN)
bes 0.0021 0.0020 48
Mo U (iKyBaHHS
NbC + rpadir 0.0011 0.0012 8.3
NbC + ZrO, 0.0013 0.0014 7.1

Iicepeno: pospobreno asmopamu

OTtpumani pe3ynbTaTH CBIAYATh PO BUCOKY TOYHICTH pO3pOOIEHOT MOJIEN, OCKITIBKU
BIIXWJICHHS MK IPOTHO30BAHMMH Ta EKCIIEPHUMEHTAIFHUMH 3HAYCHHSAMHU HE TIEPEBHIYE
10%. Lle miaTBepIKy€e MOKIHMBICTH BUKOPHUCTAHHS I[i€l MO AN ONTHUMI3Alii CKIaxy
HAIUIABJICHUX IIapiB Ta BUOOPY TEXHOJIOTIYHMX MapaMeTpiB 3 METOI0 IIJBHIICHHS iX
eKCIUTyaTaliiHUX BIACTHBOCTEH.

Po3pobneni HamnasieHi mapu Oynu BHIPOOyBaHI B peaibHUX IMOJLOBHX yMOBaX Ha
IUTy>)KHUX JIeMilllax Ta KyJbTHUBATOPHUX CTPUTYACTUX Jlamax. 3pa3Kd TecTyBaluCsi Ha
MiIaHuX, CYMIIIaHUX 1 CYTJIMHUCTUX IPYHTaX 3 METOI0 OIHKH iX 3HOCOCTIHKOCTI Mia Yac
eKCIUTyaTarfi.

PesynbraTi MONBOBMX BHUNPOOYBAaHb IMOKA3alH, [I0 BHKOPHCTAaHHS HAaIIaBICHUX
mapiB i3 MoauQikyrouuMu Aomimkamu, Takumu sk NbC 1 rpadit, 103BosniI0 30UIbIINTH
TEpMiH CcIy)0u pobouux opraHiB Ha 25-30% y mopiBHSHHI 3 HeMOAM(DIKOBAHUMH 3pa3KaMHu.
Ile miaTBepmxye €(QEKTHUBHICTH 3aIPONOHOBAHOTO METOAY BITHOBIEHHS Ta 3MII[HEHHS
poOOUYMX OpTaHiB CUTLCHKOTOCIIONAPCHKOI TEXHIKH (Tab.4).
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[IporHo3oBane ExcniepumenTanbHe
Tun nporty 3HOIIYBaHHS 3HOIIYBaHHS Binxunenns (%)
(T/mIKIIN) (r/1IKIIN)
Nel 0.0017 0.0018 5.6
Ne5 0.0011 0.0012 8.3
Ne6 0.0018 0.0019 5.3
IDicepeno: pospobreno asmopamu
Exonomiuna edextuBHicTh. ExoHOMIuHA  e(eKTHUBHICTH y  JOCHIJKECHHI

OIIHIOBAJIACS] TUIAXOM TIOPIBHSHHA BUTPAT Ha EKCIUTyaTallil0 CUIbCHhKOTOCIIOAAPChKUX
JeTanei, BIIHOBJICHHX 3a JOMOMOTOI0 HAIUIABICHUX IMIAPIB 13 MOAU(DIKYIOUHNMH JOMIIIKAMH,
13 BUTpaTaMH Ha BHKOPHCTaHHSI HemoaudikoBaHux aeTtaynieil. OCHOBHUM KpHUTEpieEM OyIio
3HIDKEHHSI BUTPAT HAa OOCIyrOBYBaHHS Ta PEMOHT, a TaKOX 3MCHILIEHHS BUTPAT Ha MallbHE
3aBJSIKU MMOKPAIIEHHIO TPUOOJIOTIYHUX BIACTUBOCTEH.

Po3paxyHOK eKOHOMIYHOI €(heKTUBHOCTI

Buxinni nani 115 po3paxyHKy:

30inbIICHHS TepMiHYy Cy)O0u netaneit (%): BU3HAYAIOCS K BiTHOIIEHHS TPUBAIOCTI
eKkcrutyaTarii nmerajgeil 13 Moau(ikOBaHMMHM HAIUTABJICHHUMH IIapaMH O TPHUBAJIOCTI
BUKOPHUCTAHHS CTaHJAAPTHUX JCTaJeH:

AT — TMOLLH(l)iKOBaHi_TCTaH,ClapTHi % 100%
TCTaHLLapTHi

e 3HWXKCHHSI BUTpAaT Ha TeXHIYHE oOciayroByBanHs Ta pemMoHT (%):
PO3paxoBYBaJIOCs SIK 3MEHILEHHsI KUIBKOCTI 3aMiH JieTasel 1 OB’ sI3aHUX BUTpAT.

e Exonomis mampHOTO (%): OLIHIOBaNacs SK 3HWKCHHS CEHEPTeTUYHUX BUTPAT
3aBJIIKH 3MEHILIEHHIO KOoe(illi€HTa TepTs, 10 3MEHIIY€ CIIOKUBAHHS NAJIbHOTO.

@opmyna s ekoHOMIUHOI eekTuBHOCTI: EKOHOMIUHA €(PEeKTHBHICTH y BiIICOTKAX
BU3HAYajacs sK:

43
EE = ——Xx 100%
36a308i
ne A3 — 3MeHIIeHHs BUTpAT Ha 00CIyroByBaHHS, PEMOHT 1 MaJbHE;
36as0si - BUTPATHU HA OOCITYyrOBYBaHHS Ta €KCIUTyaTallll0 CTAHJAPTHUX JIETaEH.

ExonomiuHa e(peKTHUBHICTh OIiHIOBAJIaCs BIIHOCHO CTaHIAPTHUX (HEMOIU(IKOBAHUX )
3pa3KiB JeTajeil, U0 eKCIUTyaTyBalucs B aHaJOTiYHMX yMmoBax. lle 103BOSMIO BU3HAYUTH
BIJICOTKOBY IlepeBary 3acTOCyBaHHs MOAM()IKOBaHUX HAIJIaBJICHUX IIAPiB.

BcraHoBiieHo, 110 BUKOPUCTAaHHS MOJIM(DIKOBAHUX IapiB JO3BOJISE 3MEHIIUTH
BUTPATH HA TEXHIUYHE 0OCIyroByBaHHs Ta peMOHT Ha 20-25%, 3aBIsKkU 301IbIIEHHIO TEPMiHY
CITY>KOH JeTalen.

Exonowmist mansHOTO ckiagana g0 10%, 3aBasku 3HIKEHHIO Koe(illieHTa TepTs.

3aranbHa €KOHOMIYHA €(eKTHUBHICTh, BPAXOBYIOUM BCl acmekTH, craHoBmia 25-30%
3aJIeKHO BiJl TUITYy IPYHTY Ta YMOB eKCIuTyararii (puc. 4).
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R BHTPAT Ha 3aMiny netaned (%)
EHHA B TPAT Ha nanswe (%)

25

- = N
=) n =]

ExoHOMIMHE eheKTUBHICTE (%6}

w

3pasku

Pucynok 4 — I'padix ekoHOMIYHOT e()eKTHBHOCTI PI3HUX 3pa3KiB HAILJIABOK
(BpaxoByIOUM 3MEHILICHHS BUTPAT Ha 3aMiHY JIeTajel Ta MajibHe)
Loicepeno: pospobaeno agmopamu

[TopiBHSAHHS BUTpAT:

e 3pazku 06e3 MoAM(DIKyIOUMX JOMIIIOK Majdl KOPOTIIWH TEpPMiH CIIy>XOH, MIO
MPU3BOJIMJIO JI0 YACTININX 3aMiH Ta 3017bIICHHS BUTPAT HA PEMOHT.

e 3pazku 3 MomudiKyrounMu gomimkamu (kKapOigm HioOiro, rpadiT, OKCHI
[IUPKOHII0) TMOKAa3add 3HAYHO BUIIY 3HOCOCTIMKICT, IIO JO3BOJIUJIO 3MEHIIUTH KUIbKICTh
HEOOX1THUX 3aMiH 1, BIMIOBITHO, 3HU3WTH BUTPATH Ha 3aMiHy jaeraieit Ha 20-25%.

3arajoM, 3acTOCyBaHHS MOJU(DIKOBAHUX HAIJIABIEHUX IIApPIB JIO3BOJSIE JOCSITTH
€KOHOMIYHOI BUT'O/TY 32 PaxXyHOK:

e 3MEHIICHHS BUTPAT Ha PEMOHT 1 TEXHIUHE 00CITYrOBYBaHHS.

e  3HWXKCHHS BUTPAT HA MaJbHE 3aBISKH 3MCHIIICHHIO KOC(II[iEHTa TEPTHI.

e [ligBuIIEHHS NPOSYKTUBHOCTI CLIBCHKOIOCHOAAPCHKOI TEXHIKM Ta 3MEHIIEHHS
IIPOCTOIB.

ExoHOMIYHA eQeKTHBHICTh MIATBEPIKYETbCS 3HWKEHHSAM 3arajlbHUX BHUTpAT Ha
00CITyroBYBaHHS TEXHIKH, ITiIBUICHHAM 11 HAIIHHOCTI Ta EKOHOMIYHICTIO BUKOPUCTAHHSI.

BucHoBku:

1. TlokpamieHHS 3HOCOCTIMKOCTI  4Yepe3 MoAWQiKamifo CKIajJy  HaIJIaBOK:
Bukopucranss pizHUX MOIUGIKYIOUHX JOMILIOK, TakuX K kapOigu Hiobio (NbC), oxcua
mipkoHito (ZrO,), rpadir, Ta Kapbim XpoMy, 3HAYHO BIUIMBAE HA MIKPOCTPYKTYPY
HamiaBieHux mapis. Lle 103Bojsie AOCATTH ONTHUMAJIBHOTO TMOENHAHHS TBepAMX (a3 Ta
IUTACTHYHUX KOMITOHEHTIB, IO 3a0e3neduye Kpamnly 3HOCOCTIHKICTh Ta TOJOBXKY€E TEPMiH
eKCILTyaTarli.

2. ExoHoMiyHa  eQeKTHBHICTb  3aCTOCYBaHHS  MOAH(PIKYIOUUX  JIOMIMIOK:
Bukopucranass Moau¢ikylo4uMx JOMILIOK CIpHUsS€ 3MEHIIEHHIO BHUTpPAaT Ha TEXHIYHE
00CITyTOBYBaHHS, 3aMiHy J€Talleil Ta 3HW)KYy€ BHTPATH HA MaJbHE 32 PaXyHOK 3MEHIICHHS
KoedilieHTa TepTs. Y pe3ybTari, e Ja€ 3MOT'y CyTTE€BO 3MEHILUTH €KCIUTyaTalliiiHi BUTPATH,
0 € OCOOJHMBO BAXJIMBHUM JUJISI CITBCHKOTOCHOMAPCHKOT TEXHIKH, SIKA TPAIIOE Y BaXKKHX
yMOBax.

3. TlopiBHsSHHS pi3HUX TUMIB MOAU(IKYIOUNX JOMIMIOK: JlOCHiKEHHS TIOKa3aJ1o, 10
HaO1IbII e()eKTUBHUMHU 3 TOYKH 30py 3HOCOCTIMKOCTI € HAaIlIaBKU 3 JOJaBaHHSAM KapOimiB
HioOit0 (NbC) Ta kapbimy xpoMmy y moenHanHi 3 rpadirom. Bonm 3abe3medyroTh BHCOKI
MOKa3HUKHU TBEPJOCTI Ta BIAMIHHY 3HOCOCTIMKICTB, IO MiATBEPKYETHCS 3MEHIICHHIM
MIOKAa3HHUKA 3HOITYBaHHS.
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4. BnauB CTpyKTypW Ha 3HOCOCTIMKICTH Ta JOBIOBIYHICTH: AHAJi3 MIKPOCTPYKTYpHU
NOKa3aB, M0 (OPMYBaHHS TOIYACTOTO TPOOCTHTY, JETOBAHOTO (DEpHUTy Ta iHIIMUX TBEPIUX
¢a3 MO3UTHBHO BIUIMBAa€ HAa MEXaHIUHI BJIACTMBOCTI HarulaBieHux ImapiB. Lle mo3Bosse
3HM3UTH WMOBIPHICTh BHKPHUIITYBAHHS Ta MIABUIIUTH KOHTAKTHY MIIIHICTb, 110 BaXKJIUBO TSI
po0OTH B yMOBaxX iHTEHCHBHOTO a0pa3MBHOTO 3HOIIYBaHHS.

Hopanbumii gocaigxenHs. Jljis 1oCATHEHHST MaKCUMaIbHOT €()eKTHBHOCTI HEOOX1THO
ONITUMI3yBaTH CIIBBIIHOIIEHHS PO3MIpY 3€peH Ta KUIBKOCTI TBEpIUX BKIIOYEHb. Lle mMoxe
OyTH JOCSTHYTO 3a JIOMOMOTOI0 PETENIbHOTO MiZ00py JIETYIOUMX J00aBOK Ta OMTHMI3arii
nporecy HartaBku. [lomampmii mochmikeHHs MaioTh OyTH 30Cepe/pkKeHl Ha BHU3HAYCHHI
HalKpaIux o€ IHaHb KOMIIOHEHTIB, 100 3a0€3MeUnTH 11e O1IBINY CTIMKICTh IO 3HOIITYBAHHS
Ta MIABUIIUTH €KOHOMIYHY €(DeKTHBHICTb MIPOLIECY.
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Influence of Modifying Impurities on Microstructure and Properties of Electroslag

Surfacing Layers for Restoration of Ploughshares and Cultivator Tines

The article investigates the influence of modifying impurities such as niobium carbides (NbC),
zirconium oxides (zo0), graphite and others on the microstructure, mechanical, corrosion and tribological
properties of the deposited layers obtained by the electroslag method. The main objective of the study is to
improve the performance of the working bodies of agricultural implements, such as ploughshares and cultivator
tines, by applying special deposited layers. The paper discusses the influence of different types of modifying
additives on microstructural changes and properties of the deposited layers, and evaluates the effectiveness of
using such layers for the restoration of agricultural parts.

The use of niobium carbides and zirconium oxides can significantly increase the hardness and wear
resistance of the deposited layers due to the formation of a stable microstructure with hard inclusions, which
provides increased resistance to abrasive wear. Graphite, in turn, reduces the coefficient of friction, which
reduces energy costs during operation and improves the efficiency of the restored parts. The article also presents
the results of metallographic studies, microhardness measurements, corrosion and tribological tests, which
confirm the effectiveness of using modifying additives to improve the properties of the deposited layers.

In addition to the experimental studies, a mathematical model was developed to predict the wear of the
deposited layers. The model takes into account such parameters as microstructure, mechanical properties and
operating conditions, which allows us to predict wear resistance and optimise the composition of deposited
materials to ensure maximum service life of parts. The modelling results show high prediction accuracy, which
is confirmed by experimental data.

The article also presents the results of field tests, which showed that the use of modified welded layers
on ploughshares and cultivator tines can increase their service life by 25-30% compared to unmodified (factory)
samples. This leads to a reduction in maintenance costs and an increase in the economic efficiency of
agricultural production. An economic analysis has been carried out, which shows a reduction in the cost of
maintenance and repair of equipment due to the use of linings with improved properties.

Thus, the results of the study show that the application of the electroslag surfacing method with the use
of modifying additives is a promising approach to restore agricultural working bodies, increase their wear
resistance and reduce operating costs. The proposed materials and methods can be used to increase the efficiency
of maintenance and reduce the cost of replacing parts in the agricultural sector.
surfacing, microstructure, microhardness, electroslag method, flux-cored wires, modifying additives,
ploughshares, cultivator tines, wear resistance, mathematical model, economic efficiency, tribological
properties
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[HTErpalist ITYYHOTO IHTEIEKTY B CUCTEMH MATPUMKHU
NPUMAHATTS PIILICHb B ONTUMI3allli BAPOOHUYHUX MPOIIECIB
MaIIMHOOYIIBHOT'O MiJMPUEMCTBA HA TPUKIIA]
MAIlIMHHOTO HAaBYaHHS

VY cTaTTi NpeAcTaBICHO KOMIUICKCHUI OIJISI CHUCTEM MIATPUMKH HPUHHATTS PILIEHb B Taly3eBOMY
MaImMHOOYyBaHHI Ha OCHOBI IITYYHOTO iHTENEKTy y KoHTeKcTi Iumyctpii 4.0. IIpoananizoBaHO mimxomw 10
iHTerparii Ta 0OpOOKM JaHWX, & TAKOXK OCHOBHI METOIM MAIIIMHHOTO Ta TIIMOOKOr0 HaBYaHHSI, 110 (HOPMYIOTH
TEXHOJIOTIYHE WIAIPYHTS TakuxX pimeHb. OKpecieHo apXiTeKTypy, THIIOBI eTamd BIPOBA/DKCHHS 1
3aIlpOIIOHOBAHO IUIAH IHTErpamii INTYYHOI'O IHTEJEKTY /sl MalIMHOOYAIBHOTO IMIiANPHUEMCTBA, BKIIOYHO 3
OIIMCOM CKJIJIOBHX PIIIEHHS Ta KIIOYOBUX CTpaTeriii po3ropraHHs. Po3risiHyTo NOTEHLIHHI BUKIMKY i HaJaHO
pexoMeHfanii moA0 ycmimHOI peamizamii. Pe3ymbrarm BHpPOBa/UKEHHS MOXYTh 3HauyHO CKOPOTUTH
He3aIuIaHOBaHi MPOCTOI YCTATKyBaHHS, MiABUIINTH e()EeKTHBHICTh BUPOOHHUIITBA 1 3a0€3MEeUNTH MiIPHEMCTBAM
CYTT€BY KOHKYPEHTHY IepeBary.

IITYYHMI iHTeJIeKT, MallMHHEe HABYAHHSA, IJIM00Ke HABYAHHS, CHCTeMAa MiATPUMKH NPUIHATTS pillleHb,
NMPOrHO3HE TeXHiYHe 00CJIYrOBYBaHHS, KOHTPOJIb IKOCTi, ONTUMIi3allig BUPOOHNYHX NpoLeciB

IMocranoBka npodjemu. CyuyacHi MammHOOYIIBHI HiANPHEMCTBA MOCTAIOTh IEepen
BUKJIMKaMH, TIOB’SI3aHUMHU 31 MIBHIKO3MIHHIMH YMOBAaMH PUHKY, 3pOCTaHHSIM KOHKYpEHIII] Ta
HEOOXI/IHICTIO OMEPAaTUBHO YXBaJIOBAaTH YMPABIIHCHKI PIIIEHHS B pealbHOMY dYaci.
Tpamumiiini MeTonu aHamily MaHWX YacTO HE BCTUTAIOTh OOpOOISITH BeNHKI 00cATh
pizHOpigHOi iHdopMalii — Big MOKa3HUKIB (YHKIIOHYBaHHS OOJaJHAHHS A0 JIOTICTUYHHX
JAHIIOTIB HOTO mocTavyaHHs. Y pe3yibTari 30UIbIIY€EThCS PU3HMK HE3aIUTAHOBAHHUX TPOCTOIB,
HiIBUILIYIOTBCS BUTpPaTH Ha OOCIYrOBYyBaHHs, a TaKO)XX BHUHHUKAIOTh 3001 B JaHLOrax
noctrayaHHs. Ltyunuii iHTenext (IL), 30kpemMa mammHHE Ta rIMOOKE HaBYaHHS, JAlOTh
3MOI'y aBTOMAaTH3yBaTHU W MPUCKOPIOBATH MPOLEC YXBAJICHHs pillieHb, BUSBIATH MPUXOBAHI
3aKOHOMIPHOCTI ¥ 3amo0iraTy mojaoMKaMm JI0 iX (hakTuaHOro HacTaHHsA. OHAK THTETparlis X
pillleHb BUMAarae MmpoayMaHOro MiJXOay: BiJ MPaBUJIbHOI apXITEKTYpH CHUCTEMHU Ta SKICHHUX
JAHWUX JI0 BpaxXyBaHHS JIFOJICBKUX 1 OpraHi3aliiHuX (GakTopis.

AHaJi3 ocTaHHIX JOCHiIKeHb Ta myOJdikaumii. 3rifHO 3  JOCHTIKCHHSMH,
MaIIMHOOY/IIBHI CHCTEMU IIBHIKO PO3BHUBAIOTHCS Yy HampsMKy loT-opieHTOBaHOI aHAIITHKH,
110 nmoTpedye eeKTUBHOrO 30MpaHHs Ta OOPOOKU BEMKHUX MACHUBIB JIaHUX Y pealbHOMY 4aci
[1,2]. Bueni Haromomytots Ha MOMBOCTX LI y mporHo3HOMY TeXHIYHOMY OOCITYTOBYBaHHI
MallvH 1 OoONagHaHHSA Ta OMNEpauidHiil ONTUMI3allii, e aNrOpUTMH MAIIUHHOTO HaBYaHHS
JIOTTIOMAararoTh MIHIMI3yBaTH iX MPOCTOI ¥ eHeprocroxkuBaHus [3,4]. Jocmimauku J[xopman Ta
Mituen 3BepTaroTh yBary Ha Te, L0 MAalllMHHE HaBYaHHS IEPETBOPIOE BEIMKI JaHi Ha
«omepauiitauii iHTeNekT™ [5], a Kpiereckopt Ta Tane0 migKpecmtoloTh 31aTHICTh TITHOOKOTO
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HaBYaHHS aBTOMATHYHO BWJIyYaTH CKJIQJHI O3HAKH 3 Pi3HOPIAHOI iH(opmarii (300pakeHp,
YaCOBUX psIIB, CEHCOpPHHX TOKa3HHWKIB) [6,7] VY mpamsgx Capkepa mpoaHaIi30BaHO
apXIiTeKTypHI aCHeKTH CHUCTEM MiJITPUMKU pillleHb, 30KpeMa BaKJIMBICTh MONEPEIHBOT
00poOKM maHMX, IHTErpalii 3 CHUCTEMaMH YIMPABIIHHSI BHPOOHUYMMH OIEpallisiMu Ha
MaIIuHOOYIIBHOMY HiANPHUEMCTBI, IUIAHYBaHHA  PeCcypciB Ta  3aCTOCYBAaHHSA
koHTeriHepu3zoBanux cepenoBuil (Docker, Kubernetes) [8]. Kimacrepuzamito mpoGiem i
CTpaTerii po3ropTaHHs BUKIAJAEHO B AocmiukeHHsAX CilbBH, ¢ MOBa e Mpo MaKeTHY
00poOKy, OOUHCIICHHS B peajJbHOMY 4Yaci Ta OHJIAH-HaBYaHHS [9].

Takum uymHOM, B JOCHiKeHHsX BukopuctanHs LI Ha MammHOOYyHNiBHUX
HiANPUEMCTBAX BUCBITJIIEHO HWOro MepeBard Ta MiATBEPIKEHO MOTpedy B KOMIUIEKCHOMY
MiaX0odi 10 IHTEerpamii CHUCTeM MAlIMHHOTO Ta TJIMOOKOTO0 HAaBYaHHS 3 TOYKH 30py
apxiTeKTypH, OE3MEeKH i1 OpraHizaiiifHoro MEHeXKMEHTY BUPOOHUYHX MPOIIECIB.

IocTranoBka 3aBaanus. Jlocmiguru icHyroui mimxomm 1o BhpoBamkeHas LI y
cuctreMu mATpUMKN npuiiHATT pimens (CIIIIP) B opranizamii 1 ¢QyHKIiOHYBaHHS
BUPOOHMYHMX TPOIECIB HAa MAaIMIMHOOYMIBHHX TMiANpHEMCTBaX B Mexax Iamyctpii 4.0,
aKIEHTYIOYM yBary Ha crenupiyHux mnoTrpedax MamuHOOyAIBHOTO —MiAIPUEMCTBA.
CdopmyBaTi MOCHiAOBHICTD IHTErpalii pillieHh Y BUPOOHHUYUX IMPOIECax MAIIWHOOYIIBHUX
nignpueMcTB Ha ocHOBI Il Ta BUABUTH MOJIHMBICTP BUKOPUCTAHHS MPH CKJIAJaHHI OUIBII
JIeTaTi30BaHMX IHTETPAIIHUX TUIaHIB pearizaii. Po3pobutn pekomeHnarii 3 NpoeKTyBaHHS
apxitektypu CIIIIP, BpaxoByrounm OOMEXEHHS Ha pPHU3HMKH, SKI NPUCYTHI Ha CydacHHUX
MaIIMHOOY/IIBHUX TiAMPHEMCTBAX.

Bukian ocHoBHoro marepiany. 3natnicte CIIIIP opranizamii i QpyHKIIOHYBaHHS
BUPOOHMYMX TPOIIECIB HA MAaIMHOOYIIBHMX mMmianpueMcTBax Ha ocHoBi LI oxormroBaTu
BEJIMKI 00CATH PI3HOPIAHUX JaHMX 13 MPUCTPOiB IHTepHETY pedei, 1aTUMKiIB, Oi3HEC-CUCTEM
TOHIO € KPUTUYHOI [JI1 MPOMHCIOBUX 3acTOCYyBaHb [l]. ¥ mpoMuUCIOBUX cepeloBHIaxX
JaTYUKH MOXYTh PEECTpPYyBaTH CTaH OOJaJHaHHA, YMOBH HAaBKOJIMIIHBOTO CEPEIOBHILA,
criokuBaHHs eHeprii Tomo. Cuctemu iHTerpamii (30kpema, Apache NiFi um Talend)
BUKOPUCTOBYIOTBbCS JJIsl TONIEpeHbOi 00poOKM Ta yHidikamii dopmaris, mob dopmyBatu
€AMHUN HAO1p JaHUX JJIs1 ITOPUTMIB IITYYHOTO 1HTEIEKTY [2].

Jns  BuacHOro pearyBaHHS y BHPOOHMYMX TIpollecax Ha MAaIlIMHOOYiBHUX
MIIMTPUEMCTBAX HA TMOTEHIIIWHI 3001 a00 BIAXWJICHHS y BHUPOOHHYMX MPOIIEcax, JaHi 4acTo
00pOOISAIOTECS B peXHUMI peajbHOro yacy. Lle HaaBakiIMBO, HANPUKIAA, ISl MIPOrHO3HOTO
TEXHIYHOTO OOCIIyrOBYBaHHS, KOJW CBO€YACHI PEAKIlli JAr0Th 3MOTY YHHUKHYTH JIOPOTHX
npoctoiB [9]. Taki mmardopmu, sk Apache Flink a6o Storm, 3a0e3nedyioTh MOTOKOBY
00pOOKYy 3 HU3BKOIO 3aTPUMKOIO, TOJI SIK JTOJATKOBE 3aCTOCYBaHHS T'PAaHMYHUX OOYHUCIICHB
Jla€ 3MOTY JIOKaJIi3yBaT 00poOKy Ha caMUX By3/ax 300py JaHUX.

V¥ konrtekcti BUpoOHHuuX npoueciB CIIIIP Ha MammHOOYIBHUX MiJNPUEMCTBAX Ha
ocHoBI IIII BUKOHY€e MpPOTrHO3 MOJIOMOK O0JIaJHAHHS, BU3HAYAI0YM MMOBIPHUI Yac BUXOOY 3
Jaxy JeTajnedl Ta NpOMOHYIOYM ONTHMajbHI iHTepBanu obcimyroByBaHHs [3]. Kpim Toro,
CHCTEMH MOXYThb O€3MEepepBHO CTEXKHTH 32 KIIOYOBUMH MOKAa3HHUKAMH TPOTYyKTHBHOCTI,
3HAaXOJUTHU BY3bKI Miclii y BUPOOHHUITBI Ta NPOINOHYBAaTH LUISIXM 3HM)KEHHS BUTpAT Ha
MalIMHOOYIIBHOMY MminpueMcTBi. 1le mepenbavae aHami3 CUTHAIIB 3 CCHCOPIB, ICTOPUIHUX
JIOTiB Ta YMPaBIIHCHKUX JaHUX 3a]UIsI MOMIMIIEHOT SKOCTI i CKOPOUEHHS Ae(EKTiB.

VY mexax [nayctpii 4.0 camMe MallMHHE HaBYAHHS CIYTY€ KIOYOBUM €JIEMEHTOM JUIs
po30ynoBu edexruBHux CIIIP y BHpoOHMUYMX mpoliecax MalIMHOOYAIBHUX MiANPHEMCTB.
BukopucroBytoun pi3Hi KJacH aJrOPUTMIB MAIIMHHOTO HAaBYaHHSA, MAaIIMHOOYAiBHI
HiAPUEMCTBA OTPUMYIOTh MOXJIMBICTH HAaBUaTHCS Ha ICTOPUYHUX 1 MOTOYHMX JaHUX,
BU3HAYATH TEHJEHII], TMPOTHO3YBaTH MaiOyTHI pe3ynbTaTd Ta HaJaBaTH PEKOMEHIAIii
orepaTopaM y peXuMi peaidpbHOro dyacy. Takuil miaxig MiHiIMi3ye TOTpedy y pydHOMY
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OTIpalllOBaHHI BEJIMKHX MAacHBIB 1H(OpMaLii Ta 3HAYHO CIpPOIIYE IOIIYK HOBUX i€l Ta
MIIXOMIB  IMIOAO TONIMIICHHS opradizamii 1  (yHKIIOHYBaHHS  MAaIIWMHOOYIIBHOTO
i AIpUEMCTBA.

MamnnHe HaB4yaHHs 3a0e3neuye CIIIIP 3paTHiCTIO HaBYaTHCS Ha ICTOPUYHHMX Ta
NOTOYHUX JIaHUX, BUSBIATH 3aKOHOMIPDHOCTI Ta TE€HEPYBaTH BHCHOBKH, SIKi CYTTEBO
INPUCKOPIOIOTh  PO3YMIHHS ~ CHUTyamlii, M0 CKjJajacs y BHPOOHMYMX Ipolecax
MaIIMHOOY/IIBHOTO MiANPHEMCTBA. 3aMiCTh BHTPATHOTO PYYHOTO aHANi3y BEIMKOTO 00CATY
BUPOOHMYMX JlaHMX, MAlIMHHE HAaBYaHHS J03BOJIAE€ AaBTOMATU3YyBaTH MpOLEC NPUNHHATTA
pillIeHb 1 OTIepaTHBHO pearyBaTH Ha MOTEHIIHHI MpoOieMu a00 MOXKIIMBOCTI BIOCKOHAJICHHS
oprasizanii i yHKI[IOHyBaHHS BUPOOHMYUX MPOIIECIB HA MAITMHOOYIIBHOMY IiIITPUEMCTBI.

[lepen BHpoBa/KEHHSM MAITUHHOTO HAaBYaHHS HEOOXITHO BU3HAYHTH, SIKHH came
KJac aJrOpPUTMIB HaWJOLUIbHIIIE 3aCTOCYBAaTH B KOHKpETHOMY BuUMNaaKy. KokeH 3 HHX
NPOTIOHY€E CBOI TepeBard Ta MIXOAWUTH JUIsI TIEBHOTO pOXy 3aBaaHb. Hipkdye HaBeneHO

MOPIBHAJILHUN aHalli3 OCHOBHUX KiaciB (Tadu. 1):

Tabmuns 1 — TlopiBHSUIBHHMM aHaNi3 OCHOBHHMX KJAaciB ajJrOpUTMIB MAalIMHHOIO
HaB4YaHHA
Kiac . . .
. IlepeBaru Henonikn Twumosi 3amaqi
aNTOPUTMIB
KontponrsoBane | YiTki Ta nmependadyBaHi [TotpeOye Bemukoro obesary | IIpornosne
HaBYaHHS pe3yJbTaTy 3aBISKU HAsBHIA | pO3Miu€HMX AaHUX, PU3UK 00CITyroByBaHHS, KOHTPOJIb
PO3MITIIi, BHCOKa TOYHICTh YIEPEIKEHOCTe| y JaHUX, | SKOCTi, IPOrHO3yBaHHS
MoJesiel Ipu AOCTaTHIN 3aJIeXKHICTh Bijl IOBHOTH Ta | BUPOOHHYOTO
KUTBKOCTi PO3MIYCHUX JAHUX, | SAKOCTi PO3MITKH HaBaHTaXEHHSI
MIOPIBHSHO IPOCTa
iHTEpIIpeTanis pe3yIbTaTiB
HekontponroBa | He moTpedye momepenaro PesynbraTu Baxkue BusBnenns anoMamii

HC HaBYaHHA

PO3MIYEHHX JaHHX, 103BOJISIE
BUSIBUTH «IIPUXOBaHI»
HaTepHy Ta aHOMallil, MoXe
BKa3aTH Ha HEBIJIOMI paHilie
B33€EMO3B’3KH

iHTepIpeTyBaTH, MOTpiOeH
CYTTEBUH JOMEHHHH JOCBiJ
JUTSL aHAITI3y aHOMaJIiil, He
3aBXKIU A€ OJHO3HAYHI
BHUCHOBKHU

poboTH 00IaTHAHHS,
KJIaCTepU3aIlisi BAPOOHHINX
npotecis, GopMyBaHHS
rpyn obJjagHaHHs 3a
PIBHSMH 3HOLIYBaHHS,
peKUMaMH poOOTH TOLIO

(300pakeHHs, BiJle0, 4aCOBI
psian), BUSABIISIE TIIMOMHHI
3aKOHOMIPHOCTI 0€3 py4HOTO
BiIOOpY O3HaK, BUCOKA
TOYHICTb PE3YJIBTATIB 32
YMOBH JIOCTaTHBOI KiTBKOCTI
JaHUX

TPYIHOIII 3 IHTEPIPETAIIi€I0
(edbext «aopHOl
CKPHMHBKHY ), BUCOKI BUMOTH
JI0 BEJIMKUX OOCSTIB JaHUX

[incumoBaneae | [1oOpe mpairoe B yMoBax Mosxe notpebyBatu 6arato | ONTHMi3alis JOTiCTHKH Ta

HABYaHHS TUHAMIYHHX Ta Yacy Ul HABYaHHS, PO3IIOALT pecypciB,
6araTOKpOKOBHUX 3aBIaHb, CKJIa[IHIIIEe HAJIAIITyBAHHS KepyBaHHS TEXHOJIOTIIHOIO
MOJEIb OCTIHHO rineprnapameTpiB, pU3UK JIHI€I0 3 ypaXyBaHHIM
BIIOCKOHAITIOETHCS, MOXKE «HEeOKAHO» TTOBEIIHKN 3MIHHHX [TapaMeTPiB,
(hopMyBaTH HETpUBIiaJIbHI IUTAHYBaHHS BUPOOHUYUX
cTparerii 3a1a4

I'mboxe 3matHe 00pobsaTH ckinaaHi Ta | [lorpebye 3HaUHMX ABTOMaTH30BaHUI

HaBYaHHS BEJKI 00CSTH TaHUX 00YHCITIOBAIBHUX PECYPCiB, | Bi3yanbHUI KOHTPOIB

SIKOCTI, TPOTHO3YBaHHS
MOJIOMOK, Kiacuikaris
CKIIAHUX aHOMAJIiH,
posmizHaBaHHs 00pa3iB y
BUPOOHMYMX ITpoIIecax
(poboTHr3oBana 0OpoOKa)

Hoicepeno: pospobneno agmopamu
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Ha musixy Big 300py JaHHX A0 pO3ropTaHHS MOZAE B NPOAYKTUBHOMY CEpEIOBHII
KOKEH eTall >KUTTEBOr0 LMKy MAIIMHHOTO HAaBYaHHS Ma€ BUpIMIAIbHE 3HAUYECHHS [UIS
3a0e3neueHHs HaJiiHUX pe3yIbTaTiB. 31e01IbIIOro e MPoIec OXOIITIOE:

- momepeaHio 00poOKy BXIIHMX JTaHUX, SKa BKIIOYAE€ OYMINCHHS 1 HOpMaTi3alliio
JAHKUX, a TaKOX BiAOip HaipeneBaHTHIMUX O3HAK [8]. Lle KpUTHUHO BAXKIMBO JJIS YCYHEHHS
MOMWJIOK Ta IIyMy y BXIJHHUX JaHUX MPO BUPOOHWYI MPOIECH Ha MAaIIMHOOYIAIBHOMY
i ATPUECTBI.

- HaBYaHHS Ta BAJIJAIII0 MOJEJEH, e 3aCTOCOBYIOThCS 1ICTOpUYHI HAOOPH JaHUX
JUIS TPEHYBaHHS Ta mepeBipku Mojeneil. OLiHIOIOTHCS MOKa3HUKUA TOYHOCTI, TOBHOTH TOIIO
[12] 3annst BuOOpPY HaWKpaIoi rineprapaMeTpu3ailii BAPOOHUYOTO MPOIIECy .

- pO3ropTaHHs B peaJbHOMY 4Yaci JJIs iHTerparii MoJeni 3 MOTOKOBUMHU CEepBicaMH
a6o API, abu oOpoOssiTH HOBI JaHl «HA JHOTY». lle mae 3Mory omepaTWBHO pearyBaTd Ha
3MiHM y BUPOOHHMYOMY CEpEOBHUII Ta IeHepyBaTH peKoMeHfallii abo momepemkeHHs 0e3
3aTpumok [10].

3a3HayeHe CBIIYMTH, 10 BIPOBAKEHHS MAIIMHHOTO HaBuaHHS y cTpykrypy CIIIIP
3MEHIIY€ Yac pearyBaHHs Ta MiJBUIILY€E PIBEHb aBTOMATHU3allil YIPaBIIHCHKUX pIllI€Hb, 1110
0COOJMBO BAXKJIMBO Ui JWHAMIYHUX BUPOOHWYHMX TIPOLECIB 1 CIpHs€ IiJABUIICHHIO
e(ekTuBHOCTI B Mexkax [HmycTpii 4.0.

VY kontekcTi cyyacHux BupoOHMuMX CIIIIP Ha OCHOBI TIIMOOKOrOo HaBUaHHS SK
OJIHOTO 3 TIJBH/IIB MAIIMHHOTO HAaBYaHHS, MPOMOHYIOTH OE3MPEIeICHTHI MOKIHUBOCTI IS
OTIPAIIOBAHHS CKJIQJHUX JTAaHUX 1 GOpPMYBaHHS TOYHUX MoOjeleil. 3aBAsSKU 0araropiBHEBUM
HITYYHUM HEHPOHHUM MepekaM, IIHMOOKe HaBUaHHS Ja€ 3MOTYy aBTOMATUYHO BUSBISTH
NPUXOBaHI 3aKOHOMIPHOCTI I O3HaKM BHPOOHMYMX TPOLECIB HAa MAIMIWHOOYIBHUX
MIITPUEMCTBAX, SIKi 0yJ10 6 BaKKO a00 HEMOKIIMBO 3HAWTH TPAIUIIIHHUMH aJTOPUTMaMH [6].

Pi3HOMaHITHI TiaXoau TIMOOKOTO HaBYaHHS, MOOyJOBaHI Ha 0a3i GaraTOpiBHEBUX
HEHPOHHUX MEPEXK, MO3BOJSIOTH OTPUMYBATH BHCOKY TOYHICTh 1 THYYKICTh y BHUPIIICHHI
CKJIaJHUX 3ajay, [0 BUKHKAIOTh Y CYKYMHOCTI BUPOOHMYHUX MPOIECIB Ha MAIIMHOOYIIBHUX
MIATPUEMCTBAX. 30KpeMa, Taki MeToau e(hEeKTHUBHI IS

- Bhmi3HaBaHHA OOpa3iB Ha KOHBEEpPI (KOHTPOJIb SIKOCTI MPOAYKIi, COpPTyBaHHS
neheKTHUX 3pa3KiB);

- 00poOkM 4YacoBUX psliB, A€ MOTPIOHO BpaxOBYBATHM TIONEPEAHI CTaHH
(HampwuKIa;, 3MiHU B 3aBaHTaXCHH1 00JIaHAHHS YH MPOTHO3YBAaHHS TOMHTY);

- YHiBepcaJbHMX 3aJay Kiacudikaiii Ta perpecii, Koiau cii oOpoOUTH BeNHKi
PpI3HOpIIHI HA0OpHU MapaMeTpiB BUPOOHUYMX MTPOIIECIB 1 3HAUTH TTpUXoBaHi matepuu [11].

Ilin yac mNpoeKkTyBaHHS CHCTEMH TJIMOOKOTO HaBYaHHS BaXXJIMBO BU3HAUYUTH
ONTUMATBHUIN THUI apXITEKTYPH ISl JOCATHEHHS MMOCcTaBieHux 1ijeit. Y npomuciosux CIIITP
HaifuacTile po3risialoTh Taki BapiaHTH:

1. 3roptkoBi HeHlponni wmepexi (3HM) — npusHaveHi s aBTOMaTHYHOTO
pO3Mi3HaBaHHS KJIFOYOBHUX O3HAK y 300paKCHHAX UM BiJ€O 3a IOMOMOroi0 (GiIbTpiB («siaep
3rOPTKW»). 3a0e3NeuyloTh BUCOKY TOYHICTh NpPH BUSABJICHHI JePEKTIB 4W Kiacudikarmii
00’€KTiB BUPOOHMYHUX MPOIIECIB HABITH 3a HASBHOCTI IIIyMiB a00 3MiH Y CepeIOBHIIIL.

2. PexypenTHi  HEHWpPOHHI  MEPEXI/JOBroTpHBajga  KOPOTKOYACHA  I1aM’sITh
(PHM/JKII) — ompamnpoByIOTh YacoBi psau abo TMOCTIIOBHI [aHi, «3amaM’ STOBYHOYM»
KOHTEKCT TIONEPEHIX CTaHIiB BUPOOHWYMX JiHIHA. E(exkTuBHI A7 TOYHOrO MPOTHO3YBAaHHS
MOMUTY, KOHTPOIIO 32 CTAaHOM OOJaJHaHHS Ta aHANI3y CKJIATHUX 3MIHHUX Yy BHUPOOHHUYUX
npoIiecax Ha MaTMHOOYAIBHOMY MiAPHEMCTBI.

3. ABroeHkonepu — OE3KOHTPOJIHLHO HABYAIOTHCS CTHUCKATH Ta BiHOBIIOBATH JaHi,
BUSIBJISIFOUM TIPUXOBaHI CTPYKTypH Ta aHoMmauii. [IpucTocoBani 1iisi BUMAIKIB 3 0OOMEKEHOIO
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PO3MITKOIO JaHHUX Ta MOXYTh BUKOHYBaTH 3MEHIICHHS DPO3MIPHOCTI 3aJUIsl CIPOIIEHHS
MOTAJIBIIIOTO aHATI3Y.

4. TenepatuBHO-3MarajbHi Mepexi (I'3M) — BHKOPHCTOBYIOTH IBI Mepexi —
reHepaTop 1 JUCKPUMIHATOP — SIKI 3MaraloThCsl MK COOOI0, CTBOPIOIOUM Ta TEPEBIPAIOUN
CHUHTETHYHI Tpukianu. JlaloTb 3MOry pO3IIMPIOBATH HaBYallbHI BHUOIPKH piAKICHUMHU
CIIEHApIsSIMH Ta TMIABUIIYBATH SKICTh JaHUX ISl MOJEIIOBAHHS BUPOOHWYHUX IPOIECIB Ha
MaIIMHOOYIIBHUX ITiITPHEMCTBAX.

Y peanpHUX BHPOOHMYMX CIIEHAPISX YacTO KOMOIHYIOTH KiJTbKa apXITEKTyp
IIMOOKOTr0 HaBYaHHA, a/KE OJHA M Ta camMa cHCTeMa MO)Ke MOTpeOyBaTH aHai3yBaTH SIK
Bi3yaJIbHY, TaK 1 4aCOBY 1H(GOPMAIIiIO )1 MPUAHATTS ONTUMAIBHUX PIIlICHb.

He3Baxxaroun Ha 3HaYHMI TOTEHIIA] y MiJBUIIEHHI €(EKTUBHOCTI Ta aBTOMATH3aLlll,
rrOOKe HaBYaHHS BUCYBAa€ HU3KY BHMOT 1 CTBOPIOE TIEBHI MEPEIIKOIN 71T MATUHOOYIIBHUX
HiAIPUEMCTB, 30KpeMa:

1. HeoOxigHICTh BENMMKUX OOCATIB AaHUX. [ TMOOKI Mepeki 3a3BHYaii BUMAararTh
MIJTBHOHIB MPUKIAAIB JJI HAJEKHOTO HABYAHHSI, IO MOXE OYTH CKIAQAHO 3a0e3MeYuTH B
NEeSIKUX IOMEHaXx.

2. [Inreprmperaniss Moxenei. Uepe3 BHUCOKY CKIAIHICTh apXITEKTYpH TIJTHOOKOTO
HaBYaHHS BUHHUKAE NMPpo0IeMa «HOPHOI CKPUHBKI.

3. Bucoki BUMOru 10 o0YMCIOBaIbHUX pecypciB. PoboTa 3 rmmboKkuMu Mepexamu
noTpedye CyTTEBUX OOYMCITIOBAILHUX MOTYKHOCTEH (CIemiani3oBaHi KIAaCTepHI CUCTEMH a0o
XMapHi pillIeHHs).

Takum yrHOM, TIMOOKE HABYAHHS 3QJIUINAETHCS OJHHUM 13 HAHOUIBIN MEPCIIEKTUBHUX
IHCTpYMEHTIB 151 100y 10BH BUCOKOTOYHMX Ta THydkux CIIIIP y BupoOGHHYOMY cepenoBHILi
MamuHOOYIIBHUX — mianpueMcTB. [IpoTre s  HOro MOBHOILIHHOTO — BIIPOBAKCHHS
HiANpPUEMCTBAM TOTPIOHI HE JUINE BIAMOBIAHI JaHI Ta pecypcH, a ¥ a00pe mpojymaHi
cTparerii iHTerparii mMOOKOro HaBUYaHHs y HasBHI nporiecu Ta IT-iHppacTpyKkTypy.

B nanmiii poboti 3ampomonoBaHo 1wiaH iHterpamii LI Ha MammHOOYIIBHOMY
MIANPUEMCTBI. AJie IS TMOYaTKy BapTO YITKO BHU3HAYWTH CTPATETIdHl [T, SKUAX
MaIIMHOOY/[IBHE MIANPHUEMCTBO TparfHe JOCATTH 3aBAsku TexHojorism II: 3meHmUTH
KUIBKICTh HE3aIlJIJaHOBAaHUX IPOCTOIB OOJaJHAHHS; ONTHMI3yBaTH BUKOPHCTAHHS PECYPCIB;
HiIBUIIUTH MPO30PICTh BUPOOHWYMX MporeciB Ta i, [Ticis poro MoxHa NepexoauTH 10
MPAKTUYHOTO BIPOBAKEHHS 32 TAKUMHU €Taramu:

- ayaut gaHux Ta migrotoska IT-ingpactpykrypu;

- moOynaoBa «o3epa manux» (Data Lake);

- po3poOka Ta HaBYaHHS MOJeNel (MAIIMHHOTO/TTUOOKOTO HAaBYaHHS );

- pO3rOpTaHHs Ta IHTETpaIlis;

- TeCTyBaHHs Ta BaJijallis;

- HaBYaHHS NEPCOHANY 1 MATPUMKA KYJIbTYPH 3MiH.

[Mepmmii eTan mepenbavae OIIHKY HAasBHHUX JAaHUX (JOTiB 0OJaJHAHHS, TMOKA3HUKIB
CHUCTEM YIpPaBIIHHS BUPOOHHYMMHM OIEpaIlisIMH, MMOKA3HUKIB CUCTEM IJIaHYBaHHS PECYpPCIB
TOIIO) 1 BUSBICHHS «IporaiuH». [lorpeOye BU3HAUYEHHS ONTHMAIbHOI KUIBKOCTI CEHCOPIB,
MEepPEeBIPKH TPOMYCKHOI 3JaTHOCTI MEpPEeXi, a TaKoXX BHOOPY JIOKAJIBHOTO YW XMapHOTO
CEpeIOBUIIIA.

Hpyruii eran cBiguuTh, MO MOOYI0BAa 03epa MAaHHUX CIYTY€ €IMHUM CXOBHIIEM JIJIS
pizHOpigHOi iH(oOpMarii. TyT BakIMBO OpraHi3yBaTh MeEXaHI3MHU TONEpPEeIHbOT OOpPOOKU
(ETL/ELT), sixi BpaxoBYIOTh crielii(piKy MpOMHCIOBHUX MPOTOKOJMIIB 1 (popMaTiB naHUX.

Tpetiit eran Bkmtouae BuOip BiamoBigHux anroputMis (3HM, PHM/JIKII, I'3M,
ABTOEHKOJIEPH) 3aJICKHO BIJI THUIY 3aBlaHb (IIPOTHO3HE OOCITYrOBYBaHHS, BHUSBJICHHS
aHOMaJIii TOIIO) 1 HANTAIITYBaHHS TieprnapaMeTpiB, mo0 JOCATTH MOTPiOHOT TOYHOCTI.
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UYerBepTtuii eram no3Bosisie  3amycTtuTH cinyxk6m Il y peanpHMX yMoOBax.
BuxopucroBytotecsi koHTeitHEpH (Docker, Kubernetes) myis rHyukoro macmrtaOyBaHHS Ta
notokoBi ¢peiimBopku (Apache Flink/Storm) mis oOpoOieHHs JaHMX y pealbHOMY 4Yaci.
[TapanenbHO 3a0e3meuyeThCsl 3B’ SI30K 13 CUCTEMaMHM YTIPABIIIHHSI BUPOOHHUMMH OTIEpaIlisiMU
Ta IJIaHyBaHHs pecypciB Ui 0OMiHy 6i3HEC-JIOTIKOIO.

Ha m’satomy erami mepeBipsiOTh KOPEKTHICTh IMPOTHO3IB, MIBUAKICTH (OPMYBaHHSI
peKOMEHalii 1 peaklilo MepcoHady. 3a MOTPeOM—IPOBOIATh JOHABYAHHS MOJIEINEH,
KOPETYIOTh MapaMeTPpH 3317151 TiIBUIIEHHS TOYHOCTI.

OcranHiil mwocTuil etam mnepeadadae TPEHIHTH, BOPKIIONH, Ipe3eHTallii nepeBar
cucremu LI, a TakoX CTBOPEHHsI KaHaJiB 3BOPOTHOTO 3B’s3Ky. MeETOIO 3ampONOHOBAHOTO
riany interpanii I € 3mamkeHHs nepexoay BiJ TpaAULIHHUX MPOIECIB 1O IHHOBALIKHOTO
MiIXOTyY.

Jns peanizanii HaBeJJEeHUX eTamiB HEOOXiTHO MOOyayBaTW IEBHY apXiTEKTYpHY
CXeMmy, IO BKJIIOYAE SIK MPOTPaMHI MOYJIl, TaK 1 IHTETpaIlito 3 HASBHUMH cucTeMamu (puc.1).

Moayiaes 300pyY Ta HONCPeIHLOT 0BPODKH AAHKX

Maraimcn | | TTposmcaiori mepesi | l Basn aarnnx ‘

Zacobu NONEPENLOT OBPOBKH AaNIX }

HEE MY

Fropr it i nsope MK
O1epo nannx ‘ 3roprrosi neiiponni Mepexi | | PHM/JIKTT |

(Data Lake)

1
| | R L n— | :
1

Antoenkonepn
Mependi

Moayae pexor ;.
eizyasnizawiin

leiyioua cieresa ynpansinia ta
MomiTopHNIy

1
1
1
1
|
|
Oxpesitii netronator I L
1
1
1
1

Pucynok 1 - ApxiTekTypHa cxema iHTerpauii ITy4YHOTo IHTENEKTY 3 MPOrPaMHUMHU
MOJIYJISIMH Ta IHTErpali€lo 3 HAsIBHUMH CHCTEMaMHU

Ioicepeno: pospobreno asmopamu

3rilHO apXiTEKTypHOi CXEMH, MPOrpaMHi MOIYJl 1 HasBHI CHUCTEMU BUKOHYIOTh
HacTynHi QyHKIIT:

1. Moayns 300py Ta monepeanboi 00poOku naHux (30upae iHOpMAaIIiio 3 TaTYHKIB,
MIPOMHUCIIOBHX MEPEeX, 0a3 JaHUX 1 MPUBOIUTS ii 10 yHI(IKOBAHOTO hopMaTy).

2. «0O3epo naHux» (CIyXKUTh CXOBHIIEM JJsl CUPUX Ta MONEPEIHbO 0OpOOIIEHUX
naaux. TyT 3pydHo 30epiratu ictropuyHy iH(OpMaIito, sika MOXKe OyTH KPUTUYHOIO IS
NOJAJIBIIOr0 HABYaHHS MOJIENEN).

3. AHanmiTH4HHMIA MOIYNh Ha 0a3i MATUHHOTO/TTMOOKOTO HAaBYaHHS (BUKOPUCTOBYE
pi3Hi apxitektypu HelponHux wmepex (3HM, PHM/IKII, I'3M, aBToeHkoaepu) s
pO3B’si3aHHS PI3HOMAHITHHUX 3aBJIaHb — BiJI Bi3yallbHOI 1HCIIEKIIiT IKOCT1 IeTaleH 0 CKIIaTHUX
YaCOBHUX MPOTHO31B).

4. Monyne pekoMeHIAIi 1 Bizyamizauii (Hagae omeparopaM KOHKpETHI IMOpaiH,
HaIPUKJIAJ, TIPO TEPMIHOBY 3aMiHy JeTajeil ab0 KOPUTYBaHHS TEXHOJIOTIYHUX TapameTpiB.
3a3Buuail peanizoBaHuil K BeOJOAATOK ab0O IHTETPOBAHUI Yy CHUCTEMHM YIPABIiHHS Ta
MOHITOPUHTY).
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5. Cucrema cnoBimeHp (3a0e3nedye IIBHAKI TMOBIZOMICHHS (email, MoOimbHI
nonaTku, push-Hotudikarii) omepaTopaM 1 MEHEKEpaM y pa3i BIAXWUICHb YW KPUTHYHHUX
CUTYyaIil).

3ayie)kHO BiJ TOTped MamMHOOYIIBHOTO MMIANPHEMCTBA Ta OOCATIB JaHUX IIOIO
BUPOOHUYHX MPOLIECiB, TOUUIFHO OOPAaTH OJHY UM KibKa CTpATETii:

- Crpareris 1. Ilakerna o0OpoOka. IneambHa IS TEPIOAUYHOTO  AHAIIZY
(HampuKiaa, MOACHHMX 3BiTiB). BTiM, He 3a0e3nedye MUTTEBOI peakilii Ha 3MiHU.

- Crpareris 2. BUCHOBKM B peaJlbHOMY daci. 3aCTOCOBYIOTHCS B JHHAMIYHHUX
yMOBaX BUPOOHHMIITBA, /€ HABITh CEKYHIU 3aTPUMKH MOXYTh MPU3BECTU 1O NedeKTy uu
POCTOIO.

- Crpareris 3. Ownnaitn-napuanus. [lo3Bomsse wogemsm Il GesmepepBHO
BJIOCKOHAJTIOBATHCS MTPH HAIXODKCHHI HOBHX JIaHUX, 110 OCOOJIMBO BKJIMBO B CEPEIOBUINAX,
SIK1 TIOCTIHHO 3MIHIOIOTHCS.

3’sicoBaHoO, IO MOEIHAHHS PETEIbHO MPOJAYMaHOI apXiTeKTypH (Bi7 300py MaHUX 0
peKOMEHalii KOpHCTyBayaM) i3 YITKO OKPECICHMMH KPOKAaMHU BIIPOBAKEHHS (ayauT,
HaBYaHHS MOJIENIeH, TECTyBaHHSA, 3MiHa KOPIIOPATUBHOI KYJIbTYpH) Ja€  3MOTY
MaIIMHOOY/JIBHOMY MIiANPUEMCTBY VYCIIIIHO I1HTETPYyBaTH INTYYHUH IHTENEKT Y CBOIO
TisTbHICTD. [Ipy IbOMY TOCSTHEHHSIM MEPITUX Pe3yJIbTaTiB € 3MEHIICHHS KITLKOCTI MPOCTOIB
1 miABHIEHHS e(peKTUBHOCTI BUpOOHMYUX mporeciB. Lle 3a3Buyail BiquyTHE BXKe Ha paHHIX
CTaisAX TPOEKTY. Y OBrOCTPOKOBIM TMEPCHEKTHBI PO3BUTOK PIllIEHh Ta CEpBICiB Ha 0asi
HITYYHOTO I1HTENEKTy CTAa€ OCHOBOIO JJisi MOJANbINOL JiDKUTANi3alii, 3a0e3nedyroun B
ManIuHOOYIIBHOMY TiIPUEMCTBI CTAOUThHI KOHKYPEHTHI TIEpPEBarH.

BucHoBku:

1. Cucrtemu MiATPUMKU MPUAHATTS PillleHb, MO 0a3yIOTHCSA HA MITYYHOMY 1HTEJIEKTI,
MaIlMHHOMY HaBYaHHI Ta TTHOOKOMY HAaBUaHHI 30KpeMa, BIAKPUBAIOThH IUPOKI MOMXIIUBOCTI
JUIST aBTOMAaTM3allii Ta onTuMmizaiii BUPOOHMUMX TMporeciB y mapamurmi [Hmyctpii 4.0.
[aTerpamiss 3 pI3HOPIAHUMHU JDKEpelaMH JaHUX BUMAra€ peTesbHOr0 MPOAYMYBaHHS
apXiTeKTypH, BIPOBAKCHHS «O03€p JJaHMX» 1 MEXaHi3MIB peagbHOro dacy. [mboke
HaBYaHHS 3a0e3redye BUCOKY TOYHICTh IependauyeHHs MOJOMOK 1 JedeKTiB, ane Hakiagae
MiIBUIIIEHI BUMOTH JI0 OOYUCITIOBAIBHUX PECYPCIB 1 IKOCTI JaHUX.

2. 3anpomoHOBaHUM y poOOTI MjaH 3acTOCYBAaHHS IITYYHOTO IHTENEKTY Ha
MammHOOYIIBHOMY TIIMIPUEMCTBI OXOIUTIOE €TalM ayauTy, IHTerpaiii, HaBYaHHS MOJeei
BUPOOHWYMX TPOLECIB 1 MIATPUMKH 3MiH Yy KOJeKTHBi. [IpaBUIBHO CHpPOEKTOBaHUN
JIAHITIOKOK (B MAaTYMKIB O PEKOMEHIAIIIHOI CHUCTEMH) Ja€ 3MOTY CYTTEBO 3MEHIIUTH
KUTBKICTh HE3aIUTAHOBAHUX TMPOCTOIB, MIABHINUTH SKICTh NTPOAYKII Ta 3a0e3meunuTu
THYYKICTh BHPOOHMIITBA Ha MAaIIMHOOYIIBHOMY MiAnpueMcTBi. [lpu 1boMy KiItouOBe
3HaYeHHS MalOTh MAacIITa0OBaHICTh, OE3MEYHICTh OMpPALIOBAHHS NOaHUX Ta BpaxXyBaHHI
JIOJICEKOTO (haKTOpa.

3. Pexomenpamii 3 NpPOEKTYBaHHS apXITEKTYpH CHUCTEMH MIATPUMKH TNPUHHATTS
pillieHb, 0 BKJIIOYAOTh YBary A0 MacmTaboBaHOCTI, iH(OpMaIliiHOI Oe3IeKH, CyMICHOCTI 3
ICHYIOUMMHM CHCTEMaMH Ta MiHiMi3alii pHU3HKiB, OyJM 3ampONOHOBaHI SIK BAXKJIKBE
JIOTIOBHEHHSI /10 TUIAHY iHTErpalii ITy4YHOTO iHTeTeKTy. IX komOiHamis 3abe3neuye HaTiiHY
poOOTYy CHCTEM Y JMHAMIYHOMY CEPEIOBHINI CYYaCHOTO TMiANPHEMCTBA Ta CIPUSE
Oe3nepepBHii MOJIEpHi3allii BUPOOHUYUX MPOIIECIB.

[Momanpmni JOCHTIHKEHHS MOKYTh 30CEPEIUTUCS HA MOSICHIOBAHUX METOJaX INTYYHOTO
IHTENeKTyY, iHTerpamii OJIOK4YelHy Ta JONMOBHEHOI PEalbHOCTI ISl MOTIHOICHOI MPO30pOCTi
JAHIIOTIB MOCTayaHHS MOOLUTBPHUX MAIlMH 1 OOJaJHAHHS Ta MEPCOHATI30BaHOI MIATPUMKU
OPUAHATTA pIMIEHh MO YJIOCKOHAJIEHHIO Ta €(QEeKTHBHOCTI BUPOOHWYHMX TIPOLECIB Ha
MaIIMHOOYIIBHUX MiAMTPHEMCTBAX.
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Integration of Artificial Intelligence Into Decision Support Systems in Optimizing
Production Processes of a Machine-Building Enterprise Using the Example of maChine
Learning

This article provides a comprehensive overview of decision support systems based on artificial
intelligence within the context of Industry 4.0. The integration approaches and data processing methods, as well
as key machine learning and deep learning techniques, which form the technological foundation of such systems,
are analyzed. The article outlines the architecture, typical implementation stages, and suggests a plan for
artificial intelligence integration in a machine-building enterprise, including descriptions of the system
components and deployment strategies. Potential challenges and recommendations for successful
implementation are also discussed.

The outcomes of this integration can significantly reduce unplanned equipment downtimes, improve
production efficiency, and provide enterprises with a substantial competitive advantage. Artificial intelligence,
including machine learning and deep learning, enables the automation and acceleration of decision-making
processes, detecting hidden patterns and preventing failures before they occur. The article highlights the
importance of system architecture, data quality, and organizational factors in the successful deployment of
artificial intelligence-based decision support systems. Furthermore, the article proposes a detailed integration
plan, starting from data collection and unification to the selection of appropriate algorithms and the design of
scalable, secure, and compatible architectures for real-time operations.

The integration of artificial intelligence-based decision support systems in machine-building enterprises
can foster significant operational improvements, increase product quality, and optimize resource allocation.
Future research may focus on explainable artificial intelligence, blockchain integration, and augmented reality to
enhance transparency in supply chains and support personalized decision-making.
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OOrpyHTyBaHHS €(EKTHBHOCTI Ta KJIacHU]iKallis
KOMITOHEHTIB TEXHOJOTTYHUX CEPEAOBUII JJ1s (DIHIIIHOT
aHTU(PPUKIIIITHOI 0€3a0pa3uBHOI OOPOOKM JAeTaleil
MaIlH

B poGoTi BUKOHaHA cucTeMaTH3allis ICHYIOYMX YsBJIEHb NMpo (YHKUIT Ta NPHU3HAYEHHS OKPEMHUX
KOMIIOHEHTIB TEXHOJOTIYHUX CepeNoBHII Uil (iHImHOI aHTHpUKLOiHHOI O6e3a0pa3uBHOI 0OpPOOKH IeTanei.
Bu3HaueHO poJjb KOMIIOHEHTIB TEXHOJOTIYHOTO CEpPEelOBMINA, TAKOXK IX BIUIMB Ha Mpolec (opMyBaHH:
anTHpUKIifEX TOKpUTTIB. [IpoaHamizoBaHi XiMi4HI MEXaHI3MH PEaKIIii, IO BiIOYBAIOTHCS Mix Yac (iHImrHOT
aHTUPUKIIHHOT 6e3a0pa3suBHOI 0OPOOKH IeTai.

AHai3 CKJIaiB TEXHOJIOTIYHMX CEPEIOBUII Ta ICHYFOUUX IIIXOMIB A0 iX BUOOPY JO3BOJHB PO3POOHUTH
KJIacuQikaiio KOMIOHEHTIB 32 (PyHKIIOHAIBHUM TPH3HAYeHHsIM. BifnoBigHo 10 3anponoHoBaHol kiacugikarii
OCHOBHUMH CKJIQJIOBUMH TEXHOJIOTIYHOTO CEpPEIOBHIIA €: PO3YMHHHKH; ITOBEPXHEBO-aKTHBHI pPEYOBHHY;
MeTalii, iXHi CHONYyKH Ta AWCHepcCiiiHi 100aBKHM; aHTHUKOPO3iiHI KOMIOHEHTH; MOAHU(DIKATOPH B’SI3KOCTI.
Po3risiHyTO BIIaCTHBOCTI KOXKHOI I'pYIM KOMIIOHEHTIB TEXHOJIOTIYHOTO CEpEeNOBHINA, a TaKOX X BIUIMB Ha
(opMyBaHHS AHTU(GPUKIIKHOTO TMOKPUTTA 3 MIABHIIEHUMH EKCIUTyaTallifHUMHU BIACTHBOCTSAMH. Po3kpuTo
MEXaHi3M B3a€MOAIl NPEICTaBHUKIB OKpPEMHX TIpyln Npu (pPUKLiIHO-MeXaHIYHIH Ta QPUKIIHHO-XIMIUHIHA
00po011i gerari.

BukoHaHi MOCHIIKECHHS JO3BOJIATH 3IIMCHIOBATH OOTPYHTOBAaHUM MiOXiJ] MO0 BUOOPY OKPEMHX
KOMITOHEHTIB ~ TEXHOJIOTIYHOI PIAMHA TP pO3pOOIll TEXHOJOTIYHUX CEPENOBHUIN ISl HaHECEHHS
AHTU(PUKIIHHUX TIOKPUTTIB HA JAETajl MaIlUH.

KOMIIOHEHTA, TeXHOJOriuHe cepegoBumie, (inimna anTHdpukniiina Ge3adpasuBHa 00podka,
eKcIIyaTaniiiHa BJIacTUBICTh

IMocTanoBka nmpo6Jjemu. OHIEIO 3 BAXIIMBHUX 33]1a4 CYYaCHOTO MAIIMHOOYTyBaHHS €
MiBUIICHHS eKCIUTyaTalliiHUX BJIACTUBOCTCH JeTaJied MAaIlHWH, IO MPAIOITh B YMOBax
IHTEHCUBHOTO TepTs. TexHousorii ¢iHimHOI aHTUQPUKLIHHOT 0e3a0bpa3uBHOI 0OPOOKHU
(DABO), 3aBmsgKuM CBO€l 3aTHICTIO YTBOPIOBATH HA TMOBEPXHSAX TEPTSA JcTalieH
aHTU(PUKIIIHE TOKPUTTS, 3HAYHO TMOKPAIIYIOTh TPUOOTEXHIUHI BIACTHUBOCTI CIPSKEHUX
noBepxoHs [ 1]. O60B’sa3k0BO0 YMOBOIO s 3A1HcHeHHS DABO € HassBHICTD B 30HI KOHTAKTy
texHosoriunoro cepenosuma (TC), OCHOBHE NMPU3HAYECHHSI SKOTO — CTBOPECHHS YMOB ISt
MIITHOCTI 34YeIJIEHHsI MaTepiajaiB OCHOBH Ta MOKpUTTsA [2]. BpaxoByroue te, mo TC Garato B
YOMY BH3HAUAE SIKICTh Ta BIACTUBOCTI OTPUMAHOTO TIOKPHUTTS, & TAKOXK MPOTYyKTHBHICTH HOTO
HAaHECEHHS, MO)XKHAa 3 YIEBHEHICTIO CTBEPIUKYBaTH TIPO MOXIIUBICTH  ITiJIBUIICHHS
eextuBHOCTI Tporiecy DABO 3a paxyHOK OOIPYHTOBAHOTO IMMiI00pY KOMITIOHEHTIB
TEXHOJIOT1YHOI P1AVHM.

[IutanHs omTUMI3alii CKIaay pIAWH Ta MEXaHI3MIB X B3aEMOJIT 3aJUIIAIOTHCS
HEJIOCTaTHHO BHUBYCHHMH, IO CTBOPIOE NPOOJEMHU JJIsl JOCATHEHHS CTaOLIBHOI SKOCTI
MOKPUTTIB Ta 3a0e3meueHHs ix AoBroBivyHocTi. s mpobiema HabyBae 0cOOIMBOTO 3HAYCHHS
B YMOBAaxX Cy4acHOT'O BUPOOHUIITBA, /1€ BAMOTH JI0 SIKOCTI, MPOAYKTUBHOCTI Ta €EKOHOMIYHOCTI
00p0oOKH AeTaield MOCTIHHO 3POCTAIOTh.

© AM. Kpacora, [.B. lllenenenko, M.B. Kpacora, P.A. Ocin, 2024
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HenocratHe po3yMiHHS XIMIYHMX TpoleciB, o BiaOyBaroTbesa mig uyac DABO,
30KpeMa, TPUOOXIMIYHOI B3a€MOii PIAWH 13 TMOBEPXHSIMH METAJEBHUX JeTajiei, oOMexye
MOYKJIMBICTh CTBOPEHHS YHiBepcaibHUX 1 BucokoepektuBHUX ckinaniB TC. Kpim toro, icHye
HEOOXITHICTh PO3POOKH METOJIUK 3MEHIICHHS KOPO31HHOTO BIUIMBY 3aJUIIKOBUX IMPOIYKTIB
peaxiiiii Ta mominuieHHs aaresii MOKPUTTIB A0 6a30BOro MaTepiay JeTalli.

Oco0MMBO aKTyaJIbHUM € JOCIIKEHHS BIUTMBY OKPEMHX KOMITOHEHTIB CIEIIabHUX PiuH,
TaKuX SK TJIIEpUH, XJIOPHJ MiJl Ta CTEapuHOBA KHCJIOTa Ta 1iH. Ha (OpMyBaHHI
aHTU(PUKIIIHHUX MIaPIB 13 TPOTrHO30BAHUMHU BJIACTUBOCTSIMH.

He menm BaxiuBuM € 3a0e3meueHHs 6amaHCy MiX HH3BKOIO B'S3KICTIO CEpPEIOBUIIA,
0 crpus€ CTabUTLHOCTI TMPOIIECy, 1 TOCTAaTHHOI KOHIICHTPAII€l0 aKTUBHUX PEYOBUH IS
dbopMyBaHHS MOKPHUTTIB 13 BUCOKMMH MOKa3HUKAMHU 3HOCOCTIMKOCTI. BifCyTHICTh JOCTaTHROT
KUTBKOCT1 JTOCII/IKEHB Y IIbOMY MUTAHHI BUMArarTh OIBII TIMOOKOTO BUBYEHHS MEXaHI3MIB
B3aemoii komrnoHeHTiB TC mig yac GppukLiiHO-MeXaHI4HOI Ta QPHUKIIIHHO-XIMIYHOT 0OpOOKH
JIeTaJIe.

Taxkum 4MHOM, BUPILICHHS 3a3HAYEHUX MPOOJIeM IIIIXOM CUCTeMaTH3alii JaHuX Mpo
ckinan TC Ta il KOMIOHEHTIB CIpUATHME TiABUIIEHHIO edeKTUBHOCTI TexHoorii ®ABO Ta
3a0e3MnedeHHIo ii MUPOKOro 3aCTOCYBaHHS B MIPOMUCIIOBOCTI JUIS MiJIBUIICHHS HAIIMHOCTI Ta
JIOBIOBIYHOCTI JIETAJICH MAIlIUH y By3J1aX TEPTI.

AHaji3 ocTta”Hix aochaimkens i myOjaikamid. OmpHuM i3 KIIOYOBUX (aKTOpiB
edextuBHOCTI DABO € BuKopucTanHs creniaibHux TC, sSKi BUKOHYIOTh HU3KY (YHKIIIH:
3MOYyBaHHS OOpOOIIOBaHOI NOBEPXHI, PYWHYBAHHS OKCHAHMX IUTIBOK, IUTAacTU(iKalis
Marepiady Ta CTBOpEeHHs yMOB i ioro mepeHeceHHs [3]. Oxkpim Toro, TC 3aGe3meuye
aKTUBalil0 pobouoi moBepxHI 00poOIIOBaHOI JeTanmi, MmO copuse (GOPMYyBaAHHIO
BHUCOKOSIKICHUX TOKPHUTTIB 13 TPOTHO30BAaHWMHU €KCIUTYaTallIHHUMHU BJIACTUBOCTSAMHU. TaKuM
gyuHOM, sKicThb TC cmig OIIHIOBAaTH 3a KOMIUIEKCOM €KCIUTyaTallifHUX BIACTHBOCTEH
OTPUMAHHUX TIOKPHUTTIB, 5Kl XapaKTEPHU3yIOThCS TAaKUMH TIOKa3HMKAaMHU SIK CYLIIBHICTH 1
TOBILMHA MTOKPUTTS, ii MACIIOEMHICTh Ta 3HOCOCTIHKICTb.

Bonnouwac, BimcyTHiCTh yHiBepcambHux ckiamiB TC, ski BignmoBigaim © pi3HUM
yMOBaM 00poOKH, IMOB’s3aHa 31 CKJIAAHICTIO (i3UKO-XIMIYHUX MPOIIECIB, IO BiOYBarOTHCS
i yac ®ABO [4].

B pob6orti [5] 3a3naueno, mo po3podka ckinaxy TC morpedye eMmipUudHOro MiAXomy,
SAKUW Tiepefdadae TEXHOJIOTIYHI BUMPOOYBaHHS IS MiAOOPY KOMIIOHEHTIB 3 HACTYITHOO
OLIIHKOIO 3HOCOCTIMKOCTI OTPUMAaHUX MMOKPUTTIB.

3a manumu po6otu [3] mas 0OpoOKHM JIeTOBaHUX CTane BUKOpUCTOBYBaynm ckiam TC,
sxuit mictuts: 0,8...1 % oprodocdopHoi kucnoru, 0,77...0,9 % oneinoBoi kuciotH, 4...7%
130MPOMIIOBOTO CHUPTY, 2...3% XJIOPUAHOI KUCIOTH, pemita — riuinepul. [Ipote, aBTopamu
HE BKa3aHO 32 SIKUMH MPUHLIUIIAMH BiIOMPAJIUCS BKa3aHI KOMIIOHEHTH.

B poGoti [2] nmocmimkeHO BIUIMB TJINEPUHY HA BIACTUBOCTI TOKPHUTTIB Ta
BCTAHOBJICHO, IO JaHUA KOMIIOHEHT 3/aTeH 3a0e3nedyBaTd BUOIPKOBE MEPEHECEHHS
Marepialy B TPUOOCTPSDKCHHSIX THUITY «OpOH3a—CTaib». ABTOPH MIMIIIA BHCHOBKY, IIIO
3aCTOCYBaHHSI THIIEpUHY Mae CyTTeBi Hemoniku. Cepell OCHOBHUX OCHOBHUMH € HH3bKa
MPOIYKTUBHICTh Yepe3 HEOOXIMHICTh 3HAYHMX NPUTHCKHUX 3YCHJIb Ta HEIOCTATHS SKICTh
OTPUMAaHUX TOKPHUTTIB. 3a pe3yJbTaTaMH [OCTI/DKEHb, IPEICTABICHUX B podOoTi [2],
BU3HAYEHO Psii KOMIIOHEHTIB, 1[0 BUKOHYIOThH crienudivyni (YyHKIi, HAMPUKIA: XJIOpUIHA
KHCJIOTa 3a0e3neuye epeKTUBHE PYyWHYBaHHS OKCHUIHHX IUTIBOK, BOJA CIIPUSE OXOJIOKCHHIO
30HM KOHTaKTy 1 PEryJo€ B’S3KiCTh CepeloBHINa, a ojeiHOoBa i oprodochopHa KHUCIOTH, a
TaKOX 130MPOMIJIOBUN CHUPT MiABUINYIOTH TOBIIMHY Ta SKICTh MOKPUTTIB, OCOOIUBO MpHU
00pOoOITi JISTOBAHHUX CTAJICH.
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VY nocnimpkeHHsaX [6, 7] Mg MOKpalieHHs TPUOOTEXHIYHUX BIACTUBOCTEH 10 CKIIAdy
TC BBOAMIN OATKOBI KOMITIOHEHTH, TaKl SIK COJIl METaJIiB, 30KpeMa, COJIl Miji, sIKi CIIPUSIOTh
¢opMyBaHHIO PIBHOMIPHHX TIOKPHUTTIB 32 yYMOBH ONTHMAJIbHOI KOHILIEHTpAIii B MexXax
1,5...15%. 3a3HaveHo, MO0 MEPEBUIIECHHS WX 3HAYEHb MPHU3BOAUTH IO MOCHIICHHS KOpO3ii
00poOIIOBaHOI TOBEPXHI, TOJI K HEIOCTAaTHS KUIBKICTh COJEH 3HMXKYE e(PEKTHUBHICTH
YTBOPEHHS TIOKPHTTIB.

B po6ori [8] HaBeneni nani mpo gogaBanHs 10 TC METANOIUIAKYIOUUX MIPHUCAIOK, IO
BKJIFOYAIOTh HEOPTAHIYHI CTIONYKH Mijl Ta 3a0e3meuyoTh (hOpMyBaHHS MOKPUTTIB TOBIIIHMHOIO
Big 1 10 25 MKM 3 BUCOKMMHU aHTU(QPUKIIMHUMHU BIACTHBOCTSAMH. Lli pe3ynpTaTd, Takox,
MIATBEPIKYIOTHCS AocimkeHHsmu [9, 10].

Y poboti [3] BUKOHAHO y3arajdbHEHHS HASBHUX MaHUX M0N0 (PYHKIIOHATBHHUX Ta
TEXHOJIOTTYHHX XapakTepucTuk TC Ta copMyabOBaHI BHMOTH 10 3a0e3leueHHs ix
HEeoOXiIHOT siKocTi (puc. ).

OcCHOBHi BUMOIH 0J1S1 JOCSITHEHHS
HeooxigHoi sikoceti TC piia @ABO
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Pucynoxk 1 — OcHoBHi Bumoru amst nocsiriensst sikocti TC nnst @ABO
IDicepeno: Ha niocmasi [3]

Ha nymxy aBtopiB [3] cyuacHi TC qns @ABO noBuHHI BiANOB1AATH (YHKIIOHATBHUM
Ta TEXHOJIOTIYHUM BHMOTaM, sKi 3a0€3MeuyroTh JOCSTHEHHS HEOOXITHHX EKCILTyaTalliifHuX
BJIACTUBOCTEH OTPUMaHMX MOKPUTTIB.

Bukonanmii aHami3 JiTEpaTypHUX JDKEPEN J03BOJISIE€ CTBEP/DKYBATH PO BiIACYTHICTH
OOTPYHTOBAHOTO MIiAXOAY IIOJ0 BHUOOPY KOMIIOHEHTIB MM MiABUIICHHA €(EeKTUBHOCTI
BUKOpPUCTaHHs TexHojoriunoi pimmau mpu PABO. Ile Bumarae ysaraqbHEHHS ICHYIOUHX
3HaHb CTOCOBHO BIUIMBY OKpeMuX KoMIoHeHTiB TC Ha mpouec ¢GopMyBaHHS SIKICHUX
AaHTH()PUKIITHUX TTOKPHUTTIB.

IlocranoBka 3aBaaHHs. MeTol0 JaHOi poOOTH € OOIPYHTYBaHHS MiAOOpPY
KOMITOHEHTIB TEXHOJIOTIYHOTO cepenoBuma (¢iHimHOI aHTH(PHUKIiHOT O6e3abpa3uBHOI
00poOKkM st 3a0€3MEUYeHHS BHCOKHMX TMOKA3HUKIB SKOCTI TOKpUTTA. s JmocArHEHHS
MIOCTAaBJICHOT METH B POOOTI BUPINTYBaIHCS HACTYITHI 3aBJIaHHS:
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- OOrpyHTYBaTH pOJIb OCHOBHHMX KOMIIOHEHTIB y Tporeci (opMyBaHHS SKICHHX
aHTU(PUKIITHUX TOKPUTTIB,;

- 3ampononyBatu kinacugikanito kommnoHeHTiB TC mns PABO BpaxoByrounm ix
GyHKIIIOHATBHI TPU3HAYCHHS,

- po3pobuTH anroput™ migdopy kommnoneHtis TC.

Buknanenusi ocHoBHOro marepiaay. O00B’s3k0BO0 yMOBOIo 3iilicHeHHS DABO
JeTaneld MalluH JUIS TiIBUIICHHS SKCIUTyaTallliHUX BIACTHBOCTEH 1X poOOUYOl MOBEpPXHIi €
HasIBHICTBH B 30H1 TEPTs CHEIlaabHOT poO0YO0i PITUHU — TEXHOJOTIYHOTO cepenoBuiia. Ckias
TC noBuHeH OyTH 0araTOKOMIIOHEHTHHUH 1 BKIIIOYATH Pi3HI TPYNHU XIMIYHHUX PEUOBHH, CE€pel
SKUX PO3YMHHUKH, TIOBEPXHEBO-aKTHBHI PEYOBWHHU, OpPTaHiuHI CIHOJYKH, 3[aTHI JI0
nojiMepu3allii, MeTald, iX CHOJIyKd Ta JTUCIEPCHI MeTaleBi J00aBKH, aHTHKOPO3iiHI
KOMITOHEHTH, a TakoX Monudikaropu B’s3k0CcTi. KokeH 3 IIMX KOMIIOHEHTIB BUKOHYE
BU3HAYEHY POJIb, COPUSAIOYH JOCATHEHHIO BUCOKHUX IMOKA3HUKIB SKOCTI MOKPUTTSL.

PosrasiHemo O11bIII EeTaNBHO POJIb 1 BIACTUBOCTI OCHOBHUX KOMIIOHEHTIB TC ®ABO.

Po3unHHUKY, 30KpeMa, TITIIEepHH Ta JUCTUIIbOBAHA BOJA, BIIITPAIOTh KIIOUYOBY POJb Y
CKJIaJll KOMITOHEHTIB, He0OX1MHUX Jy1st poBesieHHs DABO, 3aBasiku CBOIM BJIACTUBOCTSIM, 11O
3a0e3neuyoTh He00X1THY PO3YMHHICTH KOMIIOHEHTIB Ta ONITUMAJIbHY B'S3KICTh CEPEOBHUIIIA.
['minepuH, sk OpraHiYHUN PO3YMHHUK, BIAPIZHAETHCS BHUCOKOIO TMOJISIPHICTIO, IO JIO3BOJISE
fiomy B3aemofisatTu 3 kKommoHeHTamu TC, 30kpemMa CONISIMH 1 OKCHJIaMU MeETaliB. 3aBISKU
HAsIBHOCTI TPHOX T1IPOKCUIIBHUX TPYII, TIIIEPUH €PEKTUBHO CTAOLTI3Y€E JUCTIEPCIT METaIeBUX
YaCTUHOK, 1110 MicTAThes B TC 1 mepemko/pkae ix arperaitii, o0 BaXKJIUBO Ul PIBHOMIPHOTO
HaHECEHHS IMOKPUTTS Ha 00pOOIIIOBaHy TIOBEPXHIO.

OCKUIbKM THIIEPUH TAaKOX BUCTYNA€ B PO KOMILJIEKCOYTBOpPIOBaya, BiH CHpUSIE
CTaOULTHHOCTI 1 PO3YMHHOCTI METAJICBUX COJIEH, TAKUX K XJIOPUJ MiJll, Y BOJHO-TIIIEPUHOBUX
CepeoBUINaXx, IO MiBUIIY€E e()EeKTUBHICTh XIMIYHUX PEAKIId 0CaIKEHHS.

3aBasku CBOIM (hDI3MKO-XIMIYHHM BJIACTHUBOCTSM, TJIIEPUH y TpOIeci B3aeMOAil 3
KOHTAKTyIOUHMH TIOBEPXHAMU CHUCTEMH «JeTajb — I1HCTPYMEHT» 3a3Ha€ OKHUCHEHHS,
YTBOPIOIOYM HU3KY MPOJYKTIB 3 MEHIIUMHU MOJIEKYJISIPHUMHU MacaMu, TaKUX K TJHEPUHOBUN
QJIbJIET1]], aKpOJIeTH, (OpMaNbACTIA 1 TTIIEPUHOBY KHCIIOTY.

[Iponiec TpubomecTpyKiii, SKUH BKIIOYAE PYWHYBAHHS MOJIEKYJ TIIIEPUHY, B TOMY
YHCII, T BIVIMBOM MEXaHIuHOi eHeprii TepTs, MPU3BOIUTH J0 YTBOPEHHS LUX OKHUCICHUX
MPOJYKTIB, IO aKTUBHO B3a€EMOJIIIOThH 13 TOBEPXHEIO JeTami. BOHU CIPHUSIOTH YTBOPEHHIO
IUTIBKM Ha TIOBEPXHI, IO 3HWXKYE KOCQIIIEHT TEpTHA, MiABHILYE MACIOEMHICTh 1
3HOCOCTIHKICTh, @ TaKOX Oepe y4acTh y Npollecax BiJHOBJICHHS METAJEBHX KOMIIOHEHTIB.
Hampukmnan, dopmanpaeria i rIiepuHOBUI alblerii MOXYTh CTUMYJIIOBAaTH BiTHOBIICHHS
METaJiB 1 aKTUBYBATH OCAPKEHHS MiJIi, 1[0 € OCHOBHUM KOMITOHEHTOM TTOKPHTTSI.

BopHouac, mpouec OKHCHEHHS TJIILEPUHY JIO3BOJISIE OTPUMATH KOMIIOHEHTH, SKi
MOKPAIIYIOTh CTAOUTBHICTh TOKPHUTTS, 110 YTBOPIOETHCS HA MOBEPXHI. BOHW B3aeMOMIIOTH 13
MeTajJaMH Ta iXHIMH CIIOJIyKaMH, TOKpAaIlylo4d MeXaHiuHi Ta TpUOOTEeXHIuHI
XapaKTePUCTUKU YTBOPEHOIO TMOKPUTTS, ILI0 € BAXKJIUBUM acleKToM i 3abe3neueHHs
BUCOKOI 3HOCOCTIMKOCTI Ta TpUBalOi eKCIUTyaTamii JAeTajli B yMOBax IMiJBUILEHUX
HaBaHTa)KEHb.

Jlo Takux CHONYyK, 30KpeMa, 3[JaTHUX [0 IMOoJiMepu3allii, HalexaTh TIOCEYOBHHA,
areramiy i cedoBuHa. L[i pe4OBMHU MarOTh 3[aTHICTH YTBOPIOBATH IOJIMEPHI IUTIBKH, IO
MalOTh O3UTUBHUH e(eKT Ha mpoliec cTabiizalii MOKPUTTA Ha OOPOOJICHUX JIeTaNsIX.
TioceyoBHHa, alleTaMi] Ta CEYOBHHA aKTUBHO B3a€MOIIIOTE 13 MIIIIO Ta IHIIUMH METajJlaMH B
CKJIa/Il TIOKPUTTSI, CIIPUSIOYN YTBOPEHHIO MIIIHHUX, CTIMKUX O 3HOCY MOJIMEPHUX CTPYKTYP.
BoHM Takok MOKpanytoTh MEXaHi4HI Ta TPUOOTEXHIUHI BIACTUBOCTI OKPUTTIB, 3MEHIIYIOUH
MOPUCTICTh Ta MIABUIIYIOYM iXHIO 3HOCOCTIMKICTh. Taki opraHiyHi CHOJYKH BHUKOHYIOTh
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¢yHKLIIO0 cTab1i3aToOpiB MOKPHUTTIB, MEPELIKOKAIOUN YTBOPEHHIO e(EeKTiB Ha MOBEPXHI 1
3a0€3MevyI0un BUCOKY SKiCTh aHTU(DPUKIIIHHUX MTOKPUTTIB.

TakuM 4YHHOM, TIJIILEPUH HE JIMIIE BHKOHYE pOJIb PO3YMHHUKA I aKTHBHHUX
KOMITOHEHTIB CEpEOBHINA, aje W, 3aBISKH CBOIM 3MaTHOCTI JO TpUOOAECTPYKIIii, CIpHsiE
YTBOPEHHIO AHTHU(PPHUKIINAHOTO TOKPUTTA 3 TMOKPAIICHUMH XapaKTEepPUCTHKAMH, IO €
BOKJIUBUM 7151 eeKTUBHOCTI mporiecy PABO.

B sxocTi PO3YMHHUKIB MOXYTh BUKOPHUCTOBYBATHUCS E€THJIOBHM, MPOMUIOBHIA,
130MPOMiIOBHA, Oy THIIOBUI Ta 1300y THJIOBUMA CITIPTH Ta €THJICHTIIIKOb.

JluctuiiboBaHa BOJA, B SAKOCTI YHCTOTO pO3UYMHHMKaA, 3a0e3rleuye HeoOXiaHe
CepeloBHINe I TiApomi3y coyied wmimi, 3o0kpema xmopuay wmimi (CuCly2H>0), 1mo
PO3UMHSIOUHCH Y BOJI, Oepe ydacTh y Mpolecax 0ca/pKeHHS MijJli Ha moBepxHi getaii. Kpim
TOTO, BOJA PETYJIO€ KOHIICHTPAII0 KHCJIOT, M0 TaKOX BaXIUBO ISl €()EKTUBHOCTI
BITHOBJICHHSI Miai Ta ii Oca/ykeHHs Ha OOpoOJIIOBaHY TIOBEPXHIO 33 YMOBH YTBOPEHHS
MOJICKYJI XJIOPHIHOI KHCJOTH TIICIS TiIpOJi3y CoOJi. 3MINIyBaHHS BOJIW 3 TJIIEPUHOM
JI03BOJISIE ONTHMI3yBaTH KHUCIOTHICTh CEPEIOBHUINA, L0 CHpHUsie CTabLIbHOMY HPOTIKaHHIO
peakKIliii Ta TOCATHEHHIO 0aKaHUX TPUOOTEXHIYHUX BJIACTUBOCTEH TTOKPHUTTIB.

B okpemux Bunagkax st @ABO neraneii MalvH BUKOPUCTOBYIOTHCS allbTEpHATHUBHI
TEXHOJIOT14HI CepeIOBHUIIA Ha OJUBHIM OCHOBI, III0 HE XapaKTEPHO IS JaHOi TexHouorii. Tak,
HanpuKiIang, npu Oe3abpa3uBHIA 00poOILi Jie3 IHCTPYMEHTIB, 110 BHUKOPHUCTOBYIOTHCS IS
00pOOKH MIKIPIHUX Ta TEKCTUIBHUX MaTepiajiiB, BHKOPUCTOBYIOTHCS CIEIladbHI «MACTHIIbHI
MmaTtepiainy, Taki K onuBa [-8A 3 MeTanonIaKyo4o0 MpUCAIKOI0 Ha OCHOBI oeaty Miai. Y
TaKUX BUTAJKAX MIJHE MOKPUTTS Ha IHCTPYMEHTI MOKe OYTH BHUSBIICHO JIMIIIE 3a TOTIOMOTOIO
CHEKTPAJILHOTO  aHaNli3y, 30KpeMa, EJIEKTPOHHOIO MIKPOCKONa 3  PEHTI€HIBCHKUM
MIKpOaHaJIi3aTOPOM.

IToBepxueBo-akTuBHI peuoBuHH (ITAP) € He mMeHm BaxxnuBuMHU KomrmoHeHTamu TC
st ®ABO, OCKUTBKM BOHHM 3HAYHOIO MIpOI0 BHU3HAYAIOTh €(PEKTHBHICTH MPOIIECIB, IO
BiZIOyBalOThCsSl Ha MOBEpXHI 00poOioBanux aeraneid. [IAP 3HMKYIOTH TOBEPXHEBHM HATST
PLOMHM, L0 CHpHsE KpalmoMy ii MPOHUKHEHHIO y BaXKKOJIOCTYIHI JUISHKM KOHTaKTYIOUUX
NOBEPXOHb 1 MiABMILY€e e(eKTUBHICT 0O0poOku. OHMM 3 HAHOUIBII  LIMPOKO
BukopuctoByBaHux [TAP npu ®ABO aeraneil MalvH € cTeapruHOBA KUCJIOTA.

CreapuHOBa KHCIIOTa, SKa € OPraHIYHOIO >KHPHOIO KHCIOTOI0, BUKOHYE KIJIbKa
BaxuBux GyHkmiil y ckmani TC qs ®ABO. Bona 31atHa 10 pyiiHYBaHHS OKCHUIHUX TUTIBOK,
wiacTUdikaiii MOBEepXOHb, a TAaKOX 3HIKEHHA MoOBepXHeBoro Hatiary piauaun TC.
PylinyBaHHS OKCHIHHX IITIBOK Ha TIOBEPXHSX JCTAJICH Ta IHCTPYMEHTIB CIIPHUSE BiTHOBIICHHIO
aKTUBHOI MOBEPXHI METaly 3 MOAANbIIUM (DOPMYBAHHSAM 3aXHUCHHUX MOKPHUTTIB i3 CIOMYK,
yTBOpEHUX LMMHU MeTanamu. KpiM cTeapuHOBOi KHCIOTH B siKocTi komnoHeHTy TC moxke
BUKOPUCTOBYBATHCS OJICTHOBA Ta JIIHOJIEBA KUCIIOTH.

[Tnactudikaris TOBEPXOHb JIO3BOJISAE€ TOKPAIIUTA B3aEMOJII0 MDK METaJoM 1
TEXHOJIOTIYHOIO PIMHOIO 32 paXyHOK 3MEHIIEHHS TEPTS MiX MOBEPXHIMH.

Bukopucranas MeraniB, iXHIX CHOJyKA Ta JTUCIEPCHUX [00ABOK € KIHOUYOBUM
enemenroM mnporecy D®ABO pgeraneil MamuH, OCKUTBKM BOHU BHU3HA4YalOTh MEXaHIYHI
BJIACTUBOCTI Ta 3HOCOCTIMKICTh OTPUMAHUX MOKPHUTTIB MOBEPXOHb AcTasieid. Cepen MeTaliB,
AK1 3aCTOCOBYIOThCSl Y CKJIaii crmerianbHux pinuH ans ®ABO neranedt mMammH, 0cOONUBY
POJb BiAIrpatoOTh XJIOPHI Mifi, Cyab(aT Mii, BACOKOIUCTIEPCHA MiJlb Ta HIKeNb, AUCYIb(i
MonioaeHy. KoxkeH 3 IIMX KOMIOHEHTIB HaJa€ MOKPHUTTAM YHIKadbHI XapakTEPUCTUKHU, 110
CHPUSIOTH IMiIBUIICHHIO IXHBOT €()eKTUBHOCTI B YMOBAaX BHCOKHUX HAaBAaHTAXKEHB Ta TEPTH.

Xnopua Miai Ta cynbdar Mifi MKUPOKO BUKOPUCTOBYIOTHCS 3aBIASKU CBO€ET 3/1aTHICTIO
3a0€3MeYnTH YTBOPEHHS CTAOUTBHUX 3HOCOCTIMKMX MOKPHUTTIB, IO BUTPHUMYIOTH BHCOKI
TEMIIEPATypy Ta MEXaHIYH1 HABAHTAXKEHHSI.
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VY  MeTajoIUIakyloYHX CepeloBHUINAX, IO BUKOPUCTOBYIOTHCS MpPH (PPUKLIHHO-
XIMIYHOMY HAaHECEHHI TIOKPHTTIB, BAXJIMBY POJIb BAITPAlOTh PI3HOMAHITHI COJIl TIACTUYHHUX
MeTaiB, 30kpeMa, xjaopua Mmifi. Ilig yac 06pobku aeraneit 3a HasBHOCTI TC, 110 BKITIOYAIOThH
Taki coui, BIZOYBAETHCS iX TIAPOI3, MO CYHPOBOKYETHCS YTBOPEHHSM KHCIIOT, 30KpeMa
comstHOi. [losiBa kucHOT Mae Ge3nocepenii BruuB Ha nposeneHHss PABO neraneil mMamuH 1
Ha TIPOILIECH, IO TMPOTIKAIOTh HAa TOBEPXHI JETali, aJKe KHUCIE CEPEIOBUIIE CIPHIE
PYWHYBAaHHIO OKCHIHHMX IUTIBOK, IO YTBOPIOIOTHCS Ha IOBEPXHAX METaNliB, 1 JI03BOJISE
aKTHBYBaTH TIPOIIECH BIJHOBJICHHS MeTaliB camoi jnerani. B pesynbraTi 11i€i peakmii
YTBOPIOIOTHCS 3aXMCHI LIapH 3 XJIOPU/IB METAJIB caMoi JeTali, TaKUX K XJOPH] 3alli3a, 110
JIIOTH SIK Oap'ep AJI MOJANBIINOT KOPO3ii 1 CIPUSIOTH 30€PEKEHHIO CTaOUTBHOCTI TTIOKPUTTS.
OpHak, mporec TiIpoiidy colieli Mae CBOI HENONIKH, 30KpeMa HasBHICTb B CEpPEIOBHUIIIL
COJISHOI KHCJIOTH, SIKa, X04a 1 Ma€ BUCOKY TMOBEPXHEBY aKTHBHICTb, € KOPO31HTHOAKTHBHOIO i
MOXK€ HETaTMBHO BIUIUBAaTH Ha HaIIHHICTH CPOPMOBAHOTO MOKPHUTTSA. s YHUKHEHHS
MOTIPIIEHHSI BJIACTUBOCTEH TIOKPHUTTS HEOOXITHO 3a0€3MEUYUTH pETeNbHE IMPOMUBAHHS
neraneit Mammd micist DABO.

Hucynbding MomidaeHy Mae HU3BKUH KOE(DIMIEHT TEpTsA, IO 3HAYHO IOKPAILy€e
3HOCOCTIMKICTh MOKPUTTIB, 3MEHIIYIOUH 3HOC JeTajeil MallluH, a TaKOX HaJa€ MOKPUTTAM
BHUCOKY CTIWKICTB JIO TEPMIYHOTO 1 MEXaHIYHOTO HABAaHTAKEHHS, 10 POOUTH IX MPUIATHUMH
Ui poOOTM B yMOBax BHCOKMX TeMmmeparyp. Bxmouenns miei crmomyku no ckmagy TC
JO3BOJIIE 3HU3UTU EHEPreTUYHI BUTpPATH, LI0 BUHUKAIOTh B MPOLECI TEpPTS, a TaKOXK
MIiIBUIINTH X TPUBATICTH CITYKOMH.

BucokoaucnepcHa miib, 0 BUKOPUCTOBYETHCS Y BHUTJISI MOPOIIKOBOIO MaTepiany,
3aBISKA CBOIM BJIACTHBOCTSM, CIpHs€ (OpPMyBaHHIO OJHOPITHUX MOKPUTTIB, IO
320€3MevyI0Th PIBHOMIPHUN PO3MOILT MaTepially Ta BUCOKHM PIBEHb aare3ii MiK MOKPHUTTIM
Ta OCHOBOIO. Mizib Ma€ 100py IUIACTHYHICTb, IO AO3BOJISIE€ MOKPUTTSM, IO YTBOPIOIOTHCS 3 i1
y4acTiO, BUTPUMYBATH 3HA4YHI MEXaHiuHi jedopMallii 6e3 yTBOPEHHS TPIIIUH YW 3HUKCHHS
ixapoi edextuBHOCTI. [Ipomec ¢GopmMyBaHHS MOKPUTTIB HAa OCHOBI MiJi Ta HIKEIIO
BIIOYBA€ThCS 3aB/ISIKA XIMIYHUM PEAKIliIM BIJHOBIICHHS 10HIB METaJliB Ha ITOBEPXHI
00pobnenux aeranei. lonn mini, SKi NOTPAIIISIOTH B CEPEIOBHILE, AKTUBHO BiJHOBIIIOIOTHCS
Ha TIOBEPXHI MeTajieBux Aetanend. Lle no3Bossie chopMyBaTi TOHKWH, ajie MIITHUE map Mii,
110 BUCTYTIAE SIK 3aXUCHE MMOKPUTTS Bl MEXaHIYHOTO 3HOCY.

Kpim Toro, y cxmani TC M0OXyTh BUKOPHCTOBYBATHCS MOPOIIKH Hikelo. B mporeci
@®ABO i0HM HIKEIO MalOTh 31aTHICTh 3HAYHO ITiIBUIIYBATH are3110 MOKPUTTS 10 OCHOBHOTO
Marepiaqy 3aBJsKA CBOI BHCOKIM XIMIYHIA aKTUBHOCTI, 10 3abe3medye ¢GopMyBaHHS
CTIMKOT'O OKPUTTS 3 BUCOKMMH €KCIUTyaTallliHUMU XapaKTePUCTUKAMHU.

AHTHUKOpO3i1ifHI KOMIIOHEHTH 3aro0iraroTh BUHUKHEHHIO Kopo3ii. Taki ¢yHKii
MOXYTh BHMKOHYBAaTH CTeapMHOBa Ta oJieiHOBa kuciaoTu. CTeapmHOBa KHCIOTA, OKpiM ii
ocHoBHUX (yHKIIH sk [TAP, Takox Bimirpae BakJIMBY poJib y 3amobiranHi koposii. Bona
3HWXKY€ KOPO3iiiHy aKTHUBHICTh CEPEJOBHIIA, CTBOPIOIOYM 3aXHCHI Oap'epd Ha MOBEPXHAX
00pobmoBanux Aetanei. Lle cipusie 30epeKeHHIO BIACTHBOCTEH MOKPUTTIB IMiT 9ac 0OpOOKH
Ta 3abe3neuye iX CTaOUIBHICTB, 3amo0irae MOIIKOKEHHIO JEeTajeil, 0COOIMBO B yMOBax
arpeCUBHUX CEPENIOBHII, SKI MOXYTh BHHHKHYTH B PE3yJIbTaTi XIMIYHMX peakiiid abdo
TpUOOJIOTTUHUX MPOILIECIB.

Takox, miABUIIEHHS KOPO3iHHOI CTiiKOCTi 3a0e3MmeuyloTh HACTYIHI METaau Ta iXHi
CIIONYKH: MiJlb, HIKEJb, MOJIO/IEH, a TaKOXK KOMILJIEKCHI CIOIYKH, 110 YTBOPIOIOTHCS ITUMU
MeTaJlaMH 3 TJIHEPUHOM Ta MPOAYKTAMH HOTO PO3Iay.

Monudikatop  B’S3KOCTI  TEXHOJOTIYHOI PIAMHM  CTBOPIOIOTH  YMOBH st
PIBHOMIPHOTO 1 6€3MepenIKoTHOr0 MPOHUKHEHHS PIIMHU B MIKPOCTPYKTYPH 1 BaXKKOAOCTYITHI
30HM TOBEPXHi, IO 3abe3neuye HaleXHY SKICThb MOKPHUTTA Ta MiABUIIYE €PEKTUBHICTH
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nporecy ®ABO. Dynkiiro moaudikaropa B’SI3KOCTI BUKOHYE IITILEPHH. Marouyu BIIACHY
BHUCOKY B'SI3KICTh TJIiLIEpUH TiABUILYE B s13KicTh TC B mijtomy.

BinmoBigHO 10 BHKIIaJEHOTO 3ampOTOHOBaHA HACTyMHA Kiacuikallisi KOMIIOHEHTIB
TC 3a ¢pyHKIIIOHATEHUM IPU3HAYEHHSM (pHC. 2).

KoMmoHeHTH TeXHOJI0riYHHX
cepenopu st DABO

PR IToBepxHeBo- Meranu, ixHi cronyku AHTHKOPO3iiiHi Moaudikaropu
AKTHBHI PEUOBHHH Ta JUCIepPCHi J00aBKH KOMITOHEHTH B A3KOCTI
I I _l__l_l_l__|_ l_|_|

riLepuH

JIHCTHIILOBAHA BOJIA
0JINBA
CTeapHHOBA KHCIIOTA
oJiefHOBa KHCI0Ta
JIHOJIOBA KHCIIOTa
XJIOPHJL Miji
cynbar mizi
METalH: Mijb, HiKeIb
CTEAPHHOBA KHCI0TA
0JIeiHOBA KHCII0TA
METAITH: MiJlb, HIKEIE
rIiEepHH

| aHcyabgia Monidaena

Pucynok 2 — Kinacudikanii KOMIIOHEHTIB TeXHOJIOTTYHHUX cepenoBui 1t PABO
3a X (P)YHKIIOHAJIBHUM ITPU3HAYCHHSAM
Hoicepeno: pospobaeno agmopamu

3aranom, oOTpyHTOBaHHUH MiI0ip KOMIIOHEHTIB y TEXHOJOTIYHOTO CEpEeOBHINA IJIS
®ABO 103BONSIE OTPUMYBATH TOKPUTTS 3 TMOKPAIICHUMH XapaKTEPUCTUKAMH, IO
3a0€3Meuy0Th MiABUIICHY HAMIMHICTH 1 JOBTOBIYHICTH 00poONeHHX netaneil. OnTumanbHe
3aCTOCYBAHHS PO3TJSHYTUX PEUYOBHH, IO BXOIATH N0 ckiany TC, mo3BoiuTh 3a0e3nmednuTu
PO3BHUTOK Crmoco0iB oTpuMaHHs aHTU(pukiiiHux mokputtie DABO, 30kpema mis
MiBUIICHHS aHTUQPUKIIHHUX BJIACTMBOCTEH JeTaneil aBTOMOOUTHHOI, aBialfiiiHOi Ta
ManmHOOY/1IBHOT TEXHIKH.

Ha miacraBi BUKJIQAEHOTO, MOKHAa PEKOMEHYBAaTH HACTYIHUN 3arajlbHU aJrOpUTM
BHOOPY SKICHOTO CKJIaAy TeXHOJOoTiuHOTO cepenopuia 1jist @ABO.

Ha mepmomMy etami 3aiexHO B Marepiaiy MOBepxHi gerani, sika migisirae ABO,
00Mpa€eThCS TUIT PO3YMHHUKA. SIK TIPaBWIIO, IS CEPETHBOBYTIICIICBUX CTallel (TUITY CTalb 35,
cTaib 45), Ciporo 4aByHy Ta HH3BKOJIETOBAHHUX CTaliel BUKOPHCTOBYETHCS TIIIEPUH B
YUCTOMY BHIJISAL, JUIsI BHCOKOJETOBaHMX CTaleld JOLULIBHO 3aCTOCOBYBATH CYMIIl
PO3UMHHMKIB y TEBHHMX CHIBBIJHOIICHHSX, HANpPUKIAA [IILEPHUH 3 BOJHUMH DPO3YMHAMHU
XJOpUAHOT a00 opTodochaTHOT KUCTOTH.

3alie)KHO BiJl TOBIIMHU OKCHJIHMX TUTIBOK Ta HASBHOCTI OCaJiB Ha TOBEPXHI JeTali

nepea  OOpOOKOI0, TPHHUMAETHCS PIMICHHS TMPO BHUKOpUCTaHHS Tiei um iHmoi [TAP
(creapuHOBa, 0J1€THOBa 200 JTIHOJIEBA KUCIIOTA).
Jlnst  oTpuMaHHS TOKPUTTIB 3 HEOOXITHUMU  (PI3MKO-MEXaHIYHHMH  BJIACTHBOCTSIMHU
BUOMPAETHCS BUJ METaleBUX KOMIIOHEHTIB abo ix cmonyk. Hampukian, muis oTpUMaHHS
MPOTU3AAUPHHUX Ta AaHTH(PPHUKIIHHUX BIACTUBOCTEH 3aCTOCOBYETHCS XJIOPHI MiJl YU MiTHUI
MOPOIIOK, JJs 3a0e3MedeHHsT NPOTHU3HOCHHUX BIACTUBOCTEW mOKputTiB B TC momaroTh
IuCyb(ia MOTIOACHY.

Jns 3a0e3neueHHs] 3HIDKEHHS arpecUBHOCTI XJIOPHIHOI Ta CyJb(paTHOI KHUCIOT
CTOCOBHO JieTanei, mo oopobisitoreess DABO, no TC nonar0Th aHTUKOPO31iiHI KOMIIOHEHTH Y
BUTJISI/IL CTEAPUHOBOI 200 OJICTHOBOT KHCIIOT.

[Ipu BUKOpHUCTaHHI NEKUIBKOX PO3YMHHHKIB, B’s3KICTh TC perynoeThes, K MPaBUIIo,
MacCOBOIO YaCTKOIO BMICTY TJIILIEPUHY B CEPETOBHIII.
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BucHoBku:

1. B po6GoTi 00rpyHTOBaHI OCHOBHI KOMIIOHEHTH TE€XHOJIOTIYHOTO CEPEIOBHINA, IO
BUKOPHUCTOBYIOThCS st DABO neraneii mammH. BeraHoBiieHo X pousb 1 QyHKINT y Tiporieci
YTBOPEHHS aHTU(MPHUKIIHHOTO MMOKPUTTS Ha pOOOYHX MOBEPXHSIX JETATCH MAIIIHUH.

2. 3amporoHOBaHO KiacUQiKalil0 KOMIOHEHTIB TEXHOJOTIYHOTO CEpEeIOBHUINA s
OABO 3a ix ¢yHKIIOHATPHUM TPHU3HAYEHHS. 3alpOTNOHOBAHMM TMIAXiA  JTO3BOJISE
ilecnpssMoBaHO kepyBatu ckiagoM TC i3 3a0e3nedyeHHSIM BHUCOKHX ITOKAa3HUKIB SKOCTI
OTPUMAHOTO MTOKPUTTSL.

3. Po3po0enuit anroputM BHOOPY KOMIIOHEHTIB CKJIay TEXHOJIOTTYHOTO CEpEeIOBHUILA
11t GiHIHOT aHTUGPUKITIIHOT 6e3a0pa3uBHOT 0OPOOKH.
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Determination of Effectiveness and Component Classification of Technological Mediums
for Finishing Antifriction Non-Abrasive Treatment of Automobile Details

The goal of this research is the determination of selection of technological medium components for
finishing antifriction non-abrasive treatment to ensure high-quality of coating.

The research offers a systematization of existing apprehensions of functions and purposes of separate
technological mediums components for finishing antifrictional non-abrasive treatment of parts. Was determined
the role of technological mediums components and their influence on the finishing antifrictional non-abrasive
treatment process. Were analyzed chemical reactions mechanisms occuring during finishing antifrictional non-
abrasive treatment of a part.

The analysis of technological medium components and existing approaches of their selection allowed to
develop a classification of components according to their functional purpose. According to proposed
classification, main components of technological mediums are solvents, surface-active substances, metals and
their compounds and dispersive additives, anti-corrosive components, viscosity modifiers. Were examined the
properties of each group of technological -medium components, and their influence on antifriction coating
formation with increased performance characteristics. Was discussed the mechanism of interaction of different
groups during friction-mechanical and frictionchemical detail treatment.

Offered a classification of technological mediums components for FANT according to their functional purpose.
Offered approach enables controlled management of the technological mediums with higher quality conditions
of surface support.

The research allowed to create a way for choosing technological mediums components during creating
technological mediums for finishing antifrictional non-abrasive treatment of automobile parts.

Determined selection of technical medium components for FANT allows obtaining coatings with higher
characteristics, ensuring higher reliability and durability of treated details. The optimal application of researched
substances, included in technical mediums, allows ensuring development of obtaining antifrictional coatings of
FANT development, particularly for improving antifrictional characteristics of automobile, aviation and
machinery industries.
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Justification of the design of an aerodynamic separator
for cleaning sunflower seed mixture waste

The aim of the research is to substantiate the structural and technological scheme of an aerodynamic
separator for cleaning waste from sunflower seed mixtures, ensuring the separation of elongated particles based
on their specific weight and morphometric characteristics. This is achieved by modifying the formation of
pseudo-fluidized layers and the sequence of applying the principles of pseudo-fluidized flow generation. A
method for separating bulk mixtures in a two-stage environment has been proposed. It includes the gravitational
feeding of particles, increasing vibro-inertial impact, pseudo-fluidized medium generation, and the removal of
dense fractions. The second stage involves separation through the sequential application of vibro-inertial and
pneumatic methods of pseudo-fluidized medium generation, the use of a suspended layer, and the creation of a
low-concentration layer. The structural and technological scheme of a column-type separator has been
substantiated. Numerical modeling of the separation process of seed waste components in the rarefaction
chamber allowed for the determination of motion trajectories and component distribution. The obtained
dependencies include the distance between the peaks of husk and fine particle distributions (Ay) as a function of
the effective diameter (D,), feed rate (V,), and the curvature radius of the upper edge of the chamber (R). The
optimal factor values are: for D, = 0.005 m — V, =3.21 m/s, R = 0.055 m; for D, = 0.010 m — V, = 3.35 m/s,
R =0.056 m; for D, =0.015 m — V,=3.49 m/s, R = 0.054 m. The average distance between distribution peaks
is Ay = 0.443 m. Based on modeling and validated parameters, an experimental prototype of the column-type
aerodynamic separator was developed and implemented in production at LLC «NVO Sorting Machines».
waste, sunflower, separation, cleaning, seeds, husk, modeling, method, parameters, properties, efficiency

Problem setting. Seed waste and debris are a promising raw material for processing,
as they contain 30-50% of grain or oilseed impurities suitable for further use [1]. The
extraction of this valuable raw material is possible only through mechanical sorting of waste
using specialized equipment [2].

The aerodynamic method used to separate the sunflower seed mixture into husks,
kernels, and other impurities is a key stage in processing at oil extraction plants [3]. However,
one of the main challenges of this process is the incomplete separation of husks from kernels.
This not only leads to the loss of food resources but also deteriorates the quality of subsequent
processing stages. Therefore, research on optimizing the separation process of sunflower seed
mixture waste is an extremely relevant task.

Analysis of the latest studies and publications. Currently, the most common
equipment for cleaning sunflower seed mixture waste is the gravitational aerodynamic
separator. This equipment is characterized by economic efficiency, simplicity of design, and
ease of maintenance [4-6], and it can also be used for cleaning and sorting many other types
of agricultural products [7-8].

Separators are usually designed as vertical separation channels through which an
upward airflow passes, carrying particles fed from below or from the side [7]. It is believed
that the way the seed mixture is fed can affect the airflow velocity, disrupt its stability, and
hinder the complete separation of particles [7]. Research on this process has been conducted
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in various directions, using trial-and-error methods, such as modifying the design of the
separation channel [8], adjusting the airflow velocity [9], and fine-tuning the mixture feed
parameters [10].

A known method for separating bulk mixtures in a fluid medium also exists [11]. This
method involves the gravitational feeding of mixture particles, the aerodynamic
monotonically increasing influence on them at an acute angle to the vertical with a cascade of
expanding turbulent air jets, and the extraction of finished fractions. The lower plane of the
jets, due to the Coanda effect and positive feedback with the air in the inter-jet space, induces
self-oscillating motion across the entire width, followed by an aperiodic force impact on the
upper plane of the lower jet. The use of flat jets in the separation process undoubtedly
improves the quality of fractionation of the bulk mixture by specific weight. However, this
method is ineffective for separating bulk mixtures composed of particles whose length is
several times greater than their width (e.g., meadow bluegrass seeds, pasture ryegrass,
awnless brome, oats, damaged sunflower seeds and husks, sorting sunflower husks, and grain
cleaning waste to extract oilseed and grain impurities, sorting grain waste to remove grain
impurities, etc.). It cannot perform trieur functions, as "broken" seeds have the same specific
weight as whole ones. Additionally, the method is unable to remove oilseed and grain
impurities larger than 200 pum, which are carried away as aspiration waste. Since this
separation method cannot affect the seeds in any other way due to the design and interaction
of its components, its functional capabilities limit its applicability, which is a technological
drawback.

From the state of the art, an analog is known—a column-type aerodynamic separator
for fine cleaning of seed materials [12]. It includes a loading unit consisting of a loading
hopper and a vibrating feeder, a pneumatic separation unit with an air flow source capable of
adjusting the airflow intensity in the separation zone, and a pneumatic separation channel with
an inlet for contaminated seed materials, an outlet for the useful fraction, and an outlet for
waste. It also has a settling chamber with a conical hopper for directing waste into a screw
trap and a vent, as well as collectors for the useful fraction and waste. The vibrating feeder is
additionally equipped with an electronic oscillation control device, and the lower part of the
pneumatic separation channel features an air distributor, while the upper part includes a
rarefaction chamber with a baffle and an outlet for air and dust.

From the essence of this technical solution, it is clear that the column-type pneumatic
separator-sorter is designed for cleaning and sorting agricultural products with a low
percentage of debris and dust, as well as for sorting grain mixtures with contamination levels
exceeding the technical standards for grain. To effectively remove grain/oilseed impurities
from waste and processing byproducts, the separator must be equipped with a significantly
large settling chamber. The chamber's size must be several times larger to ensure the effective
sedimentation of aspirated impurities and lightweight debris. This substantially increases the
overall dimensions and material consumption of the separator-sorter, requiring considerable
construction volume for its use. Thus, a drawback of the known device is its large size and
material intensity, as well as the need for a greater building volume for operation.

The results of the analysis indicate that airflow velocity, feed intensity, and the
direction of mixture introduction significantly influence separation quality. Moreover, optimal
operating parameters vary depending on material characteristics.

Despite the improvements achieved in the operation of aerodynamic separators, the
process of cleaning sunflower seed mixture waste requires further study. Therefore, the
development of design solutions to improve fine-cleaning machines for these waste products
remains a relevant task in agro-engineering.
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Setting objectives. The aim of the research is to substantiate the structural and
technological design of an aerodynamic separator for cleaning sunflower seed mixture waste.
This separator will ensure the separation of elongated particles based on both their specific
weight and morphometric characteristics (the size of the separated mixture components) by
altering the conditions of vibro-inertial and vibro-pneumatic effects on the raw material. This
is achieved through a sequential two-stage pseudo-fluidized layer by modifying the principle
of pseudo-fluidized layer formation and the sequence of applying the principles of pseudo-
fluidized flow generation.

Presentation of the main material. The stated objective is achieved through a
method of separating a bulk mixture in a two-stage fluidized medium. This method involves
the gravitational feeding of mixture particles, an increasing vibro-inertial effect on them, the
generation of a pseudo-fluidized medium, and the removal of dense fractions. According to
the utility model, an additional second stage is included, in which separation occurs in a two-
stage fluidized medium with the sequential application of vibro-inertial and pneumatic
methods for generating pseudo-fluidized layers. A suspended pseudo-fluidized layer is used,
and a pseudo-fluidized layer of low concentration is created.

In the first stage, a pseudo-fluidized layer is formed through vibro-inertial influence,
where the grain mixture is stratified based on density, and the coarse dense fraction is
removed. In the second stage, the pseudo-fluidized layer is maintained in a suspended state by
the pneumatic influence of an air flow. The dense mass of the pseudo-fluidized layer
transitions to a low-concentration pseudo-fluidized state, allowing dense mixture particles
ranging in size from over 200 um to less than 1.0 mm to settle into the lower layers and be
removed.

A distinguishing feature of the proposed method for separating a bulk mixture in a
two-stage fluidized medium is the sequential use of vibro-inertial and pneumatic methods for
generating pseudo-fluidized layers, the use of a suspended pseudo-fluidized layer in the
second stage, and the creation of a low-concentration pseudo-fluidized layer in the second
stage. This allows for the additional extraction of grain or oil impurities larger than the
particles removed by aspiration but smaller than those removed by the pneumatic sorting
method (0.2—1.0 mm).

The technical result of the utility model is the ability to modify the method of
generating a pseudo-fluidized layer and create a low-concentration pseudo-fluidized layer, as
well as to use a sequential fluidized medium approach to alter the nature of grain mixture
sorting and improve sorting quality. This significantly expands the functional capabilities of
the proposed technology and, consequently, its range of applications.

Thus, the set of essential features of the proposed technical solution collectively
ensures the achievement of the stated goal as defined in the problem statement.

To clarify the problem, attention should be paid to the properties of the mixture being
sorted. For example, in the case of sunflower oilseed raw material, the mixture consists of oil
impurities with a fractional composition specified in DSTU 7011-2009 [13] (damaged by
pests, sprouted, immature, frost-affected, fully or partially dehulled, mechanically damaged,
or damaged by phytophagous bugs, with sizes smaller than the primary grain). The mixture
also includes fragments of grain of various sizes, but oil impurities share a common
characteristic — density. The pseudo-fluidized layer's property in implementing density-based
sorting has its limitations. Sunflower husks and waste predominantly consist of elongated
particles with branched structures.

During the generation of the pseudo-fluidized layer, mixture particles interlock,
compact, and form conglomerates — localized densifications that increase the internal
resistance of the mixture, the shear resistance index, and the uncertainty of the natural slope
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angle. Conglomerates hinder the stratification (layering) of the mixture, particularly for small
particles. According to experimental studies conducted using the DSTU 7123:2009
methodology [14], the mass fraction of fat and extractive substances in absolutely dry matter
is nearly 10% due to a dense fraction sized 0.2—1.0 mm that remains in the mixture and is not
sorted out. This represents almost half of the raw material that could be used in production.

To explain the proposed method, it is first appropriate to consider the design of the
device that implements it. The further explanation is illustrated in the diagram, which shows
the schematic of the device for implementing the proposed method of separating a bulk
mixture in a two-stage fluidized medium (Fig. 1).

1 — hopper; 2 — vibrating chute; 3 — vibrator; 4 — loading window; 5 — airflow stabilizer; 6 — discharge window
for dense fraction; 7 — discharge pipe for dense large fraction (kernel); 8 — sorting channel; 9 — fluidization
chamber; 10 — flexible insert for vibrating chute; 11 — flexible insert for hopper; 12 — discharge pipe for dense
small fraction (husk); 13 — discharge pipe for aspiration waste (dust, fine particles); 14 — dense large fraction
(kernel); 15 — dense small fraction (husk); 16 — aspiration waste (dust, fine particles)

Figure 1 — Diagram of the device for implementing the proposed method of separation
of bulk mixture in a two-stage flowing medium
Source: developed by the authors

The proposed method of separation of bulk mixture in a two-stage flowing medium is
carried out as follows. First, the gravitational feeding of the bulk material mixture from the
hopper 1 into the vibrating chute 2 is performed. The mixture of bulk material, for example,
the waste from primary or secondary sunflower seed cleaning, or, for instance, sunflower
husk, contains a dense fraction with sizes close to the size of sunflower seed kernels, crushed
kernel fragments, underdeveloped seeds, pressed seeds, i.e., material commonly referred to as
oil admixture. The vibrating chute 2 is connected to the hopper 1 via a flexible insert 11, and
to the sorting channel 8 via a flexible insert 10, which do not hinder the movement of the
vibrating chute 2 relative to other components of the device. The vibrator 3 generates
oscillations in the vibrating chute 2 with the required frequency and amplitude, and the
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inclination of the vibrating chute in the direction of the loading window 4 is selected
depending on the characteristics of the bulk mixture.

In the vibrating chute 2, the mixture transitions to a pseudo-fluidized state, for which a
vibro-inertial excitation method is used. The denser particles occupy the lower layer and are
mixed towards the window 4. Denser smaller particles require significant time in the pseudo-
fluidized environment for stratification and, as a result, do not reach the lower layer before
being unloaded into the unloading window 4. The smallest dense particles do not undergo
stratification at all due to the high internal resistance of the mixture.

The stratified mixture, in a pseudo-fluidized state, is loaded through the window 4 into
the sorting channel 8, where the lower layer of the dense fraction descends onto the air flow
stabilizer 5, which is inclined towards the dense fraction unloading window 6. Under the
influence of gravity and aerodynamic forces, the dense fraction is unloaded into window 6.
The upper layer of the mixture, which enters the sorting channel 8, remains in a pseudo-
fluidized state using pneumatic methods. In this state, the upper layer of the mixture does not
descend but stays suspended, with the mixture "dissolving" in a much larger volume of the
sorting channel 8 than in the vibrating chute 3. As a result, the pseudo-fluidized layer
achieves a low concentration of particles. At low concentration, the particles are far apart,
allowing stratification of the smaller dense components of the mixture. In the pseudo-
fluidized suspended layer, the smaller particles of the dense fraction are able to descend onto
the air flow stabilizer 5, and are then removed through the unloading window 6 into the dense
fraction unloading pipe 7.

The portion of the mixture free from both large and small dense fractions rises
upwards in the sorting channel 8 due to the aerodynamic interaction between the air flow and
the mixture, reaching the rarefaction chamber 9. In the rarefaction chamber, the fine dense
fraction (husk) and aspirated waste (dust, small particles) are separated and enter the
respective pipes 12 and 13. After that, the fractions are diverted to their respective hoppers.

A significant difference between the proposed technical solution and previously
known ones is the complete change in the conditions of influence on the mixture that is in a
pseudo-fluidized state. This distinction allows for the additional extraction of individual
fractions from the bulk mixture, regardless of their shape and size, expanding the scope of the
method's application and significantly improving the technological efficiency of sorting
equipment. No known separation methods can possess these properties, as they do not include
the full range of essential features present in the proposed technical solution.

The proposed utility model has been tested in practice. The method is used in the
design of sorting machines in the SS-001...SS-018 model range. The separation method does
not include operations or processes that could not be reproduced with the current stage of
scientific and technological development, particularly in the field of agricultural engineering,
which means that it is industrially applicable. No similar separation methods for bulk
mixtures in a flowing medium with the indicated distinguishing features and advantages have
been found in known patent documentation or scientific and technical sources. Therefore, the
proposed technical solution meets the novelty criterion and is considered eligible for legal
protection.

The technical advantages of the proposed technological solution include the ability to
change the stratification pattern of the dense mixture, which can now extract small oil
admixtures from the mixture, significantly expanding the functional capabilities of the
claimed machinery, and, consequently, the scope of its application.

After describing the proposed method of separation of bulk mixtures in a flowing
medium, it should be clear to experts in this field that all the above-described features are
illustrative, not limiting, and presented by this example. Numerous possible modifications of
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the method, such as the number of pseudo-fluidization methods in the sorting machine
cascade, and separation modes, can vary depending on the state and type of the raw material
undergoing separation, and, of course, lie within the scope of one of the conventional and
natural approaches in this field of knowledge and are considered within the scope of the
proposed technical solution.

The core of the proposed utility model lies in the fact that the separation is carried out
in a two-stage flowing medium with sequential use of vibro-inertial and pneumatic methods
for generating pseudo-fluidized environments, using a suspended pseudo-fluidized layer in
the second stage of the method, and creating a low-concentration pseudo-fluidized layer in the
second stage, which enables the additional extraction of seed or oil admixture particles larger
than the aspirated waste particles but smaller than the pneumatic sorting method's ability to
remove particles in the range of 0.2—-1.0 mm. This approach improves the quality of
separating the bulk mixture into individual fractions, and this factor provides the proposed
method with the aforementioned advantages. Changing the proposed principle to another
would naturally limit the range of these advantages, and it would no longer be considered a
new technical solution in this field of knowledge, as similar methods would not require any
creative effort from designers and engineers and could not be considered as results of their
creative activity or new intellectual property objects eligible for protection.

To substantiate the regime parameters of the aerodynamic separator of the column
type depending on the composition of the contaminated sunflower seed mixture, numerical
simulation has been conducted. The simulation scheme is shown in Fig. 2.
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Figure 2 — The scheme of modeling the separation of components from the sunflower
seed mixture waste in the pneumatic separation channel
Source: developed by the authors

It is assumed that the seed mixture has been pre-calibrated on sieves, and the effective
diameter of the components is in the range from 0.009 m to 0.013 m.

The factors of numerical modeling of the movement of the components of sunflower
seed mixture waste in the pneumatic separation channel and the vacuum chamber include the
effective diameter of the components D, (0.005-0.025 m), the air flow velocity V, (5-15
m/s), and the radius of curvature of the upper edge of the vacuum chamber R (0.4-0.6 m).

As a result of numerical modeling of the separation process of sunflower seed mixture
waste in the vacuum chamber, the distribution of mixture components (sunflower husk and
fine particles) along the line AB (Figure 2) has been constructed, as shown in Figure 3.
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Figure 3 — An example of the distribution of sunflower seed mixture waste components
in the vacuum chamber for the corresponding combination of research factors
Source: developed by the authors

The condition for the qualitative separation of sunflower husks and fine particles in the
vacuum chamber is the maximization of the distance Ay'. As a result of data optimization in
the Wolfram Cloud software package, the optimal values of the research factors were
obtained: for D, = 0.005 m — V, = 3.21 m/s, R = 0.055 m; for D, = 0.010 m — V, =3.35
m/s, R =0.056 m; for D, =0.015m — V,=3.49 m/s, R = 0.054 m.

In this case, the average distance between the distribution peaks of sunflower husks
and fine particles is Ay = 0.443 m.

Taking into account the results of numerical modeling and the justified design and
technological parameters of the column-type aerodynamic separator, an experimental research
prototype was created, the general view of which is shown in Fig. 4. This separator has been
implemented in production at LLC Research and Production Association «Sorting
Machines» [15].

Figure 4 — General view of the experimental research prototype of the column-type
aerodynamic separator SS-012 (LLC «RPA Sorting Machines»).
Source: developed by the authors
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Conclusions. A method for separating a bulk mixture in a two-stage fluidized medium
is proposed. The method involves the gravitational feeding of mixture particles, increasing
vibro-inertial impact on them, generating a pseudo-fluidized medium, and discharging dense
fractions. Additionally, the method includes a second stage, in which separation is performed
in a two-stage fluidized medium using successive vibro-inertial and pneumatic methods for
generating pseudo-fluidized environments. A suspended pseudo-fluidized layer is utilized,
and a low-concentration pseudo-fluidized layer is created. Based on this method, a
structurally and technologically justified scheme of a column-type separator has been
developed.

As a result of numerical modeling of the separation process of seed mixture waste
components in the rarefaction chamber, the trajectories and distributions of its components
were obtained. The dependencies of the distance between the peaks of the distributions of
sunflower husks and fine particles (Ay) in the rarefaction chamber on the effective diameter
(Dy), the feed velocity of the components (V,), and the curvature radius of the upper edge of
the rarefaction chamber (R) were determined. Considering the condition of maximizing Ay,
the optimal values of the research factors were obtained: for D, = 0.005 m — V, = 3.21 m/s,
R =0.055 m; for D, =0.010 m — V,=3.35 m/s, R = 0.056 m; for D, = 0.015m — V,=3.49
m/s, R = 0.054 m. The average distance between the peaks of the distributions of sunflower
husks and fine particles was found to be Ay" = 0.443 m.

Based on the results of numerical modeling and the justified structural and
technological parameters of the column-type aerodynamic separator, an experimental research
prototype was developed and implemented in production by LLC «RPA Sorting Machinesy.
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B.C. Komyabko, f1o11., Kavz. TexH. Hayk, I.M. KyapsiBues, 3100yBad BHIIIOi OCBITH Ha TPETHOMY PiBHI
Jninposecobkuii deparcasHuti azpapHo-eKoHomiuHul yHieepcumem, /[ninpo, Ykpaina
OOrpyHTyBaHHsl KOHCTPYKUII aepoOAMHAMIYHOIrO cenaparopa /Ui OYHILECHHsSI BiIXO0AiB

HACIHHEBOI CyMillli COHSITHUKA

Metor0 goCHiIKeHb € OOTPYHTYBAaHHS KOHCTPYKTHBHO-TEXHOJOTIHHOI CXEMH aepOJUHAMIYHOTO
cemaparopa JJIsl OYHIICHHS BiX0/1iB HACIHHEBOI CyMIillli COHSIIHUKA, KU 3a0e3meduye po3aiICHHS MOI0BKEHIX
YaCTOK 32 IMUTOMOIO Barol Ta MOP(OMETPHUYHMMH XapakTepucTukamu. lle mocAraeTbcsi NUIIXOM 3MiHH
(bopMyBaHHS  TICEBIOPO3PIIKEHUX  IMapiB 1  MOCIIAOBHOCTI BHUKOPUCTAHHS MPHUHIHUINB  TEeHEparii
TMICEBJIOPO3PIIPKEHOr0 TEKY4OTO CEPEJOBHILA.

3arpornoHoBaHO cnoci0 cemapamii CHITy4oi CyMmimn y JBOCTaIiifHOMY CEepelOBHILI, IO BKJIIOYAE
rpaBiTalliifHy MoJa4yy YacTHHOK, 3pOCTaloyui BiOpOIHEpUIHHWMN BIIMB, TEHEPALil0 IICEBIOPO3PIIHKEHOTO
cepelloBHIA Ta BiBiA mibHUX (pakuiid. [pyra cranis BKiIIOYae cermapariio i3 HOCIHIiZOBHUM 3aCTOCYBaHHIM
BiOpOIHEPIIIHHOTO Ta MHEBMAaTHYHOTO CIIOCOOIB TEHEpalii ICEeBAOPO3PIMHKCHUX CEpPEIOBUIL, BUKOPHUCTAHHS
3aBHCJIOTO APy i CTBOpEHHs mapy HU3bKO1 KOHIeHTpatii. OOrpyHTOBaHO KOHCTPYKTHBHO-TEXHOJIOTIUHY CXeMY
cemapaTopa KOJIOHHOTO TUITy. UncenbHe MOAETIOBaHHA MIPOIECy cemnaparii KOMIOHEHTIB HACIHHEBHX BIIXOMIB Y
KaMepi pOo3piKEHHS JO3BOJIMIO BU3HAUNTH TPAEKTOPIl pyXy Ta PO3MOAaia KOMIOHEHTiB. OTpuMaHi 3aJIeKHOCTI
BiJICTaHI MDK IIKaMW DPO3HOXIIB JIYIINMHHA Ta ApiOHMX vacTHHOK (Ay) Bin edextuBHOro amiamerpa (D),
mBuAkocti noxadi (V,) 1 pajiyca KpuBU3HH BepxHbOi rpani kamepu (R). PauionansHi 3HaueHHs1 pakTopiB: ajs
D, =0,005 M — V,=3,21 m/c, R = 0,055 m; a1 V, = 0,010 M — V, = 3,35 m/c, R = 0,056 m; ansa D, = 0,015 m
— V,=3,49 m/c, R = 0,054 M. Cepeie 3HaUCHHS BiJICTaHi MiXK IiKamMu po3moaitiB Ay = 0,443 .

Ha ocnHoBi MopemoBaHHS Ta OOIPYHTOBAaHMX IIapaMeTpiB CTBOPEHO EKCIEPHMEHTAIBHHHA 3pa3oK
aepoJMHAMIYHOTO CerapaTopa KOJOHHOTO THITY, KU BIIpoBapkeHo Y BUpoOHUITBO TOB «HBO «CopTtyBainshi
MAIIHNY.

KOPM, MpecyBaHHs, CTHCHEHHSI, YNceJbHe MO/IeJI0OBAHHS, J1a00paTOpHi ToCTiAKeHH s, 3MilllyBaHHSI, THCK,
napameTpu, pizuko-MmexaHiuHi BJacTUBOCTI, eeKTUBHICTH
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JlocniKkeHHs npolecy pyHHyBaHHS 3€pHa KyKYpPY/I3H 3
BUKOPUCTAHHAM LIU(DPOBUX MOJIEIICH

OCHOBOIO LIFOTO JOCIIUKEHHS € MPOoLieC pyHHYBaHHS 3epHa KyKypya3u. [IpoBeeHo BUIIpoOyBaHHS 115
BU3HAYECHHS BIUIMBY T€OMETPUYHUX MapaMeTpiB Ta ¢izuxo-mexaHiunux (Moxyns FOHra, koedinient ITyaccona,
TpaHWYHA Harpyra po3TSATHEHHs Ta 3CyBY) HAa MEXaHIYHI BJIACTHBOCTI 3epHa KyKypya3u. Po3pobieHo monens
MeXaHIKd KOHTAaKTy ITyaHCOHA 3 3€PHOM KyKypyI3W IJIs aHalizy HOro MEXaHiYHWX BIACTUBOCTEH, sKi
BIUTMBAIOTH HA AKICTh MOIPIOHEHHS Ta I BH3HAUCHHS aJCKBAaTHUX MapaMeTpiB MOJENi, IO BiAIOBIIaTUMYTh
71a00paTOPHOMY EKCTIIEPHUMEHTY.
3epHO KYKYPYA3H, MO/IeJIOBAHHS, CTHCK, 3yCHJLISI pyHHYBaHHS

IToctanoBka  mpodaemn. B cydacHoMy  MamMHOOyAyBaHHI  LIMPOKOTO
PO3MOBCIOKEHHST HA0YIJIO MTPOSKTYBaHHS cucTeM Ha ocHOBI Mozenel (Model-Based Systems
Engineering (MBSE), onHi€l0 3 OCHOBHUX 17Ied SIKOrO € CTBOPEHHS Ta BHUNPOOYBAaHHS
BIpTyaJIbHUX MOJIENe TEeXHIYHUX 3aco0iB, sKi po3pobmstorees [1]. Takmii miaxim, B
MOPIBHAHHI 3 TPAIUIIHHUM, PI3KO 3MEHIIY€ PECYPCH Ta 4ac Ha MpoIec po3poOKH HOBOI abo
YIOCKOHAJICHHS 1CHYIOYOi MAaIllMHU, TPOTE aJEKBATHICTh MOJETIOBAHHS IIJIKOBUTO OyIe
3aJIe)KaTH BiJl TOUYHOCTI BUXIJHMX JaHMX, HA OCHOBI SIKMX NPOBOAMUTHCS MojetoBaHHS. Lle
CTOCY€ETBCS 1 TIpoLleCy pyHHYBAaHHS KOPMOBHX MatepialliB, 30KpeMa 3epHa KyKypya3H, KOJIU
JUI OTPUMaHHS JTOCTOBIPHUX JAHUX PE3yJIbTaTiB MOJEIIOBAHHS MOTPIOHO CTBOPUTH MOJENb
3epHUHN, MaKCHMaJIbHO HAOJIMKEHY N0 pealbHOI, Ta 3amaTH (hi3MKO-MeXaHIdHI MapameTpH
ii MoJIeni, SIK1 HaiO1IbII TOBHO BiMOBIAATUMYTh MMapaMeTpaM JOCTiIKyBaHOTO 3pa3Ka.

AHaJi3 ocTaHHIX JocaifxeHb 1 myOaikaniil. Sk cTBEpAXKYyIOTh aBTOpH [2],
pyHHYBaHHS 3epHa MOKe OyTH 3yMOBJICHE SIK BHYTPILIHIMH, TaK 1 30BHIIIHIMU (haKTOpaMH,
TaKUMU 5K (I3UWKO-MEXaHIYHI BJIACTUBOCTI 3epHa Ta KOHCTPYKTUBHI MapaMeTpu o0JaHaHHS,
10 BUKOPUCTOBYETbCA sl Horo oOpoOkH. JlocmikeHHs MeXaHIYHUX BJIACTUBOCTEH 3epHa
[3] moka3yroTh, 0 TEKCTypa Ta CTPYKTypa KIITHH 3HAYHO BIUIMBAIOTH HAa MOTO MeXaHi4Hi
XapaKTEPUCTHUKH.

Meton nuckpernux enementiB (DEM) OyB ampoGoBanuii Aisi MpPOTrHO3YBaHHS
IOUIKO/DKEHb 3€pHAa B IPOMMCIOBHUX CUCTeMax OOpoOkH. EkcrnepuMeHTH moka3aiu, L0
MOUIKO/KEHHSI 3€pHa KOPEJIOE 3 YMOBaMHU OOpOOKH, 1 MOJETIOBaHHA OYyJIO BIOCKOHAJIECHO
IIUISIXOM OTNITHUMI3allii mapamMeTpiB, MO MPU3BOIUTE J0 MiABUIICHHS TOYHOCTI MPOTHO3YBAHHS
pytinyBanns [4]. Takoxx el MeToJ BUKOPUCTOBYIOTH Ul JOCHIJKEHHS BJIaCTUBOCTEH
YACTUHOK, JUIS SKUX BaXXKO BH3HAYUTH 110 TIEPEXITHUX CHUJ Ta PO3CIIOBAHHS €Heprii
3BUYallHUM €KCIIEPUMEHTAIbHUM METOJ0M [5].

TouHICTh MOJETIOBAaHHS JUCKPETHUX €JIEMEHTIB 3aJICKHUTh BiJ] BXIAHUX IMapaMeTpiB
momeni 1 11 ¢gopmu [6], a camy MOJENb CTBOPIOIOTH MUISAXOM 00 €AHAaHHS CEepUUHUX
YACTUHOK, 1110 Ha3MBa€eThCs arperariieto cdep [7, 8]. Lleit meTon Oyao yCHinmHO 3aCTOCOBaHO
JUTSL MOJICITFOBAHHSI 3€PEH TaKUX KYJIbTYp, K ropox [9], puc [10], cos [11] i mmenuns [12].
[Tpu 11bOMy 0COOIMBOCTI BUXITHUX MapaMeTpiB MOJIEi OyIyTh BapitOBaTHCS HE JIUIIE B

© B.1O. dynin, .M. Binoyc, 2024
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3aJIe)KHOCTI BiJl BHIY 3€pHA, a 1 BiJl COPTY BCEPEIMHI OAHOTO BHUIy. B 3B’sI3Ky 3 IIUM BUHUKAE
HEOOXITHICTh B YTOYHEHHI BUX1THUX MapaMeTpPiB JIsi KOHKPETHOTO BUIY Ta COPTY.

IMocTanoBka 3aBaaHHsA. MeTOI JOCTIKEHHS € CTBOPSHHSI B CepeIOBHUII Simcenter
STAR-CCM+ anmexkBaTHOI BIPTyaJIbHOiI MOJENI 3€pHa KYKYpPYyA3W ILISXOM 3iCTaBJICHHS
3yCHIUISL pyHHYBaHHSI OTPUMAHOTO BIpTyaJIbHO Ta 1ab0OpaTOPHO.

Buxaan ocHoBHoro marepiaay. Ha mepmomy erami mocmipkeHb Oyio BHU3HAYEHO
cepeHi po3Mipu 3epHUHM KYKypya3u copTy [18816 31 150 3amipsinux 3epHuH - goBxkuHa (L)
— 11,1 mm, mmpuna (W) — 8,1 mm, Bucora (H) — 4,7 mm (puc. 1).

L — noexuna; W — mmpuna; H — Bucora

Pucynoxk 1 — Po3mipu 3epHa KyKypya3u
Loicepeno: pospobaeno agmopamu

Ha ocHoBi 3aMipiB Ta BpaxOBYIOUH OIJISJ JOCTIKEHb B MPOrPaMHOMY CEpEIOBHILI
Simcenter STAR-CCM+ [2, 13], meromom arperamii 86 cdep, Oyiao CTBOPEeHO MOAECIHb
muckpetHux eneMeHTiB (DEM) (puc. 2). IIpu npomy Oyio0 3acTOCOBAaHO KOHTAKTHA MOJIENb
['epua-Minrina, BIAMOBITHO IO SKOi MapamMeTpw MoJeial OyJau po3AUIeHI Ha TapamMeTpH
BJIACTUBOCTEH MaTepiay Ta nmapaMmeTpu B3aeMoii. Jlo mepummx BXOASTh MITBHICTh YaCTHHOK,
koe(dimient Ilyaccona, momynp FOHra, rpaHudHa Hampyrud po3Tiary Ta 3cyBy. Ilapamerpu
B32€MO/Ii1 BKIIIOYAIOTh KOE(IIEHT BiJHOBICHHS 3ITKHEHHS, KOS(IIIEHT CTATUYHOTO TEPTH 1
koeirieHT TepTsa koueHHs (Tadu. 1).

ah #

¢ ;L

N e S

PucyHnok 2 — Monenb 3¢pHUHU KyKypyA3U
Licepeno: pospobaeno asmopamu.
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Tabmuus 1 — [apamerpu cumyanii DEM

Marepianu [TapameTpu 3HaueHHs
Koedoimient [Tyaccona 0,3...0,5
Monyns FOnra, MIla 10...40
[{inbHICTh YACTHHOK, KI/M® 1213
Kykypynza KoedimieHT BiHOBIEHHS MicIs 3iTKHEHHS 0,37 [14]
KoedirmienT cratnaaoro TepTs 0,2 [15]
I'pannuna Hanpyra po3tsry, Mlla 1..3
['pannuna Hanpyra 3cyBy, MIla 1..3
Koedimient [Tyaccona 0,3
Crans Monys 3cyBy, [1a 7,9x10"
linbHicTs, KT/M° 7800
Kvi sa T4 KoeditieHT BiTHOBIEHHS MiCIs 3ITKHSHHS 0,5[16]
Y ZIT) ;.I.]'II[I) KoedirmienT cratnaaoro TepTs 0,408 [16]
KoedimieHT TepTsi KOUCHHSI 0,01 [16]

Iicepeno: pospobneno asmopamu

Cuny pyiiHyBaHHS BH3HAYajdl B TPhOX IOJIOKEHHAX 3EPHUHHU: BEPTUKAJIHHOMY, Ha
O14HIli MOBEPXHI Ta TOPU30HTAIEHOMY (pHcC. 3).

D B

% 2 2

Fx

IV')A
% A« A 2

a §) B

a — BepPTUKAIBHO; 0 — Ha OiUHIl MMOBEPXHi; B — TOPH30HTAIBHO
Pucynok 3 — Iloso)xeHHsI 3epHUHH KYKYPYA3H [IPU BU3HAYCHHI 3yCHILIA PyHHYBaHHS:

Ioicepeno: pospobneno asmopamu

B mporpamuaomy cepenosumii Simcenter STAR-CCM+ Ha 0cHOBI po3po0ieHoi Moeni
3epHa KyKypya3u OyJio MPOBEIEHO BipTyallbHI JOCITIIKEHHS mporecy i1 pyiiHyBanHs. [lpu
[IbOMY 3aCTOCYBaJIHM MOBHHUU (DAaKTOPHHH IUIaH Jie 3MIHHUMH (akTopamu Oy KoeQilieHT
ITyaccona (u,), moxyns lOnra (E,) Ta rpaHu4Ha Hampyra posTsary Ta 3cyBy (W),), ski
BapiIOBAIMCH HA TPHOX PiBHSAX (TabI. 2).

Tabmuis 2 - PiBHI Ta iHTepBanu BapitoBaHHA (HaKTOPiB

[Tokazuuk KoedimieHnT Mopyns FOnra | Hanpyra po3tary ta
IlyaccoHna u, E,, MIla 3cyBy W,, Mlla
Bepxwiii pienb (+1) 0,3 10 1
OcHoBHuii piBeHsb (0) 0,4 25 2
Hwoxniii piBess (-1) 0,5 40 3
[HTEpBa BapitOBaHHS 0,1 15 1

Iicepeno: pospobreno asmopamu
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Otpumani B pe3yJbTaTi BIPTyaJbHOTO EKCHEpUMEHTy JaHi Oyno oOpobieHo B
xMapHoMmy mporpamHoMy cepenoBuili Wolfram Cloud mo mano 3Mory oTpumaTd piBHSHHS
perpecii 3a1eKHOCTI CWIM pyHHYBaHHS 3epHa KyKypY/J3U Bi AOCIIPKyBaHHUX (pakTopis, sKi,
TICTIsl IEPEBIPKU HA aJIEKBATHICTh Ta BIJCIFOBAHHS HE3HAUYITUX (PaKTOPiB HAOYJIW BUTITISIAY:

- TIpH MIOJIOKEHHI 3epHa KyKypYI3U BEPTUKAIBHO

2 .
F, = 444,043-16,379E, +0,173E* ~121,583W, +9,039E IV ; 0

- TIPU TIOJIOXKEHH1 3epHa KYKYpyA31 Ha O14HIN MOBEpXHi

2.
F, =955,5-19,352E, ~231,111p, — 743,556, +18,1E W, +159,056W,; @)

- TIpH MIOJIOKEHHI 3epHa KyKypYI31 TOPU30HTAIBHO:

2 2
F, =1392,43-38,416E ,+0,23E ° —453,89u , —853,94W +27,022E W, +155,39 W . 3)

I'padiuny iHTEpIIpETAIliI0 OTPUMAHUX 3aJEKHOCTEH MPUBEICHO Ha pHC. 4.

2000
1500 mF
1000 HF,
500! HF.
10°
E, Mlla
1000 F
FH : .
5001 =] .;,-‘
1 (]. “0.50
20
E,, Mlla : Hp
30 0.35
40 030
F.H 130} HF
500/ mF
HF,
0.30 <

Hp . : ) y 2‘; 3.0
N P e W s
0.50" 1.5 W, MIla

Pucynok 4 — 3anexHicTh 3ycHiuis pylHYBaHHS 3epHa KyKypya3u Bix moayis IOura (Ep),
koedimienra [Tyaccona (1,) Ta TpaHHYHOI HATIPYTH PO3TATY Ta 3cyBY (Wp)
TIPY TI0JIOXKEHHI 3epHUHM BepTHKaibHO (F,), ropuzonransHo (Fx)
Ta Ha OiuHii nmoBepxHi (Fy)

Iicepeno: pospobneno asmopamu
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HactynHuM eranoM JociiJkeHb OyJI0O OTPUMaHHS EKCIIEPUMEHTATbHUX 3HAYCHb
3yCcuiUld pyHHYBaHHS 3€peH KyKypyI3u NpU THUX € yMOBax, L0 1 MPH BIpTyaTbHOMY
exkcriepuMenTi.  JlabopaTopHi  JOCHIDKEHHST MPOBOIWIMCS Ha  po3poOJeHOMYy  Ta
peanizoBaHOMY J1laOOpaTOpHOMY CTeHIl (puc. 5), SKUA CKIAZAEThCs 31 CTaHUHHA 1,
BCTAaHOBJICHUX Ha Hill HampsMHUX 4, OMOPHOI 2 Ta pPyXoMoi 3 KapeTok, SIKi KOB3alOTh IO
HalpsIMHUM 3aBJSIKA JIIHIKHUM  miamunadkaM. OmopHa KapeTka 2 BCTaHOBJICGHA Ha
TEH30METpUYHMNA JaTuyuk 10 HIWKHIM TyaHCOHOM 12, AKkMi y HWKHIA 4YacTUHI Mae
npusMaTuuHy ¢opmy. Pyxoma kaperka 3 mepeMmilly€eThCsi MO HANpsIMHUM Y BEpTUKaJIbHIN
IUIOILMHI 32 JOIOMOTOIO €JIEKTPOJBUTYHA MOCTIHOTO CTPyMY 5, KM 3’€THAHO 3 KapeTKOIO
nepesavyeto rBUHT-raiika, HUKHE TOJIOKEHHS pyXOMOi KapeTKu 3 00MeXYy€eThCsl MOT0KEHHIM
ynopy kiHueBoro Bumukaua 8. IloBzynkoBuii mnotenuiomerp 9 (CDE91N-60-B100K)
NpU3HAUYECHUW JUJIs BHM3HAUEHHS TIOJIOKEHHS PYXOMOi KapeTku 3, BHUXIJHI KOHTAKTH
noTeHIiomeTpa 3’eqHani nmposogamu 3 miaroio Arduino Uno A Tmega 328P-PU (na puc. 2
HE TT0Ka3aHo). BUXiHI KOHTaKTH TEH30METPUYHOIO JAaTYMKa 3'€THaHI MPOBOJIAMH 13 aHAJIOTO-
mdposuM neperBoproBayeM HX711, nani 3 sxoro nepeaaroTbes Ha miaty Arduino, 3 sKoi,
yepe3 USB iHTepdeiic mepemaroThes a0 mporpamHoro 3abesmedeHHs «Arduino-1.8.9-
windows», BcranoBieHoMmy Ha [IEOM 6. IlIBuakicTe mepeMmilieHHS pyXoMoi KapeTku 3
cknagana 0,0025 m/c, niametp BepxHboro 11 1 HmwxHBOTO 12 MyanconiB — 10 M.

1 — ocHOBa; 2 — omOpHa KapeTKa; 3 — pyxoMa KapeTka; 4 — HanpsIMHa; 5 — eJIeKTPOABUTYH MOCTIHHOTO CTPYyMY;
6 — [IEOM; 7 — rBUHT NPUBOAY PYXOMOI KapeTku; 8 — KiHLeBui BUMUKay; 10 — TEeH30MeTpUUHHI
nat4uk; 11 — BepxHill myaHcoH; 12 — HIKHIN TyaHCOH

Pucynok 5 — JlabopatopHe 00naiHaHHS JUIs JOCIIIKEHHS IIPOIECY CTUCKY 3epHa
Ircepeno: pospobreno asmopamu
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Jlnist ekcrepuMEHTaIbHUX JOCIIPKEHb BUIIAJIKOBUM YHHOM OYyJI0O YTBOPEHO TP IPyNU
no 50 3epHuH Kykypya3u copty [18816, mis skux Oyino BU3HAUYEHO 3yCHIUIS PyHHYBaHHS.
[Tpu Bosnorocri 3epHa 12,34% 3ycusuist pyiiHyBaHHS IpU PO3TAIllyBaHHI 3€pHa:

- BeprukanbHo — F,=78,57-259,94 H, cepenne 3nauenns — F, =169,36 H;

- Ha 01uHiif noBepxHi — F,=96,92-273,39 H, cepenne 3nauenns — F,=142,74 H;

- ropusoHTalbHO — Fx=83,82-672,65 H, cepenne 3nauenns F,=376,72 H.

Ha 3axmrounomy ertami JgociipkeHb OyJio TMPOBEICHO CITIBCTABJICHHS 3yCHIUISA
pYWHYBaHHSI 3€peH KyKypyJ3U OTPHUMAHOTO B PE3yJbTaTi BipTyaJbHOro Ta Ja0OpaTOPHOTO
eKCTIEpUMEHTIB. 3a JIOMmOMOror mporpamHoro cepefosuma MS Excel Oyno Bu3zHaueHo
3Ha4eHHs (aKTOPiB, MPU SIKUX MOJENb BIAIMOBIJA€ 3HAYCHHSM, OTPUMAHHM B pE3yJIbTaTi
1a00paTOpHUX AociiKeHb: Moayib HOura E, = 10 MlIla; koediuient Ilyaccona u, = 0,48;
rpaHU4YHa HaIpyra po3Tary 1a 3cyBy W, = 2,4 Mlla.

BucHoBKHU. 3a pe3yibTaTaMu NPOBEACHUX JOCHTIKEHb 0yJI0 OTPUMAHO HACTYITHE:

- Oasyroumch Ha 3aMipax 3epeH KykKypyasu coprty I[18816 ta BpaxoByrounm orisf
ICHYIOUMX JIOCHIUKeHb B mporpamHomy cepemosuii Simcenter STAR-CCM+, meronom
arperartii 86 cdep, Oys10 CTBOpEHO MOIENb TUCKpeTHUX eneMeHTiB (DEM);

- 32 pe3yJbTaTaMH BIPTyaJIbHOTO TOBHO(MAKTOPHOTO EKCIEPUMEHTY OTPUMAaHO
PIBHSIHHSL perpecii, SiKi OMUCYIOTh 3aJE€KHICTh 3YCWIUISL PYWHYBaHHS 3€pHa KyKYypyI3u BiJl
xoedinienty Ilyaccona (u,), mogymo Onra (£,) Ta rpaHM4YHOI HANpyr'H PO3TATY Ta 3CYBY
(W,), npu pi3HUX HampsMKax Aii Ha 3epHO. 3’ACOBaHO, 110 HAWOIABLIMI BIUIMB HA 3yCHILIS,
HEOOXiJHe Ui pyHHYBaHHS 3€pHUHHM 3 (PI3UKO-MEXaHIYHHUX IapaMeTpiB Mae TpaHUYHA
Hampyra po3TsATHEHHS Ta 3CYBY, a HaliMeHIHil — koedimieHT [lyaccoHa;

- Ha PO3pOOJCHOMY Ta pealli30BaHOMY Ja0OPATOPHOMY CTeHAI OyJio TPOBEACHO
EKCIePUMEHTaIbHI JOCIIKEHHS 3yCHIUIA pyHHYBaHHS 3€pHA KyKYpY/I3H 32 aHAJIOTIYHOIO 710
BIpTYaJbHOTO €KCIIEPUMEHTY CXEMOIO Jii Ha 3epHO. 3a pe3ylbTaTaMH CIIBCTaBIeHHS OyIlo
BU3HAYCHO 3HAYCHHS (PAKTOPIB, MPH SKUX MOJIEIh BIAMOBITAE 3HAYCHHSM, OTPUMAaHHM B
pe3yibTaTi 1abopaTopHUX AociijxkeHb: Moayis lOura E, = 10 MIla; xoediuient Ilyaccona
up = 0,48; rpaHnuHa Hanpyra po3Tary 1a 3cyBy W, = 2,4 Mlla.

OTpumaHi pe3yJbTaTh al0Th 3MOTY YTOUYHUTH BUXIIHI MTapaMeTpH MIPH MOCITIOBAHHI
3epeH KYKYpYyI3H IO 3a0e3MeYUTh OUIBII TOYHI PE3ylbTaTH BIPTyaIbHUX JOCTIIKEHb
IpoIleciB HOro pyiHHYBaHHS MPH Pi3HUX BapiaHTaxX B3aeMOil 3 poOOUYNMH OpraHaMu.
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Investigation of the Corn Kernel Destruction Process Using Digital Models

In modern mechanical engineering, Model-Based Systems Engineering (MBSE) has become widely
adopted. One of its key concepts is the creation and testing of virtual models of the designed technical systems.
Compared to traditional approaches, this method significantly reduces resources and development time for new
machines or improvements to existing ones. However, the accuracy of modeling entirely depends on the
precision of the input data used for simulation. This also applies to the process of feed material destruction,
particularly corn kernels. To obtain reliable simulation results, it is necessary to create a model of a kernel that
closely resembles the real one and assign it physical and mechanical parameters that most accurately correspond
to the studied sample.

The aim of this research is to create an adequate virtual model of a corn kernel in the Simcenter STAR-
CCM+ environment by comparing the destruction force obtained virtually and in laboratory experiments. Based
on measurements and a review of studies in the Simcenter STAR-CCM+ software, a discrete element model
(DEM) was developed using the aggregation of 86 spheres, employing the Hertz-Mindlin contact model. A
virtual full-factorial experiment was conducted, resulting in regression equations describing the dependence of
the kernel destruction force on Poisson’s ratio (1p), Young’s modulus (Ep), and ultimate tensile and shear stress
(Wp) under different loading directions.

A laboratory test stand was developed and implemented, where experimental studies of the destruction
force of corn kernels were conducted under conditions analogous to the virtual experiment. The comparison of
results identified factor values at which the model matches the laboratory research findings: Young’s modulus
Ep = 10 MPa, Poisson’s ratio up = 0.48, and ultimate tensile and shear stress Wp = 2.4 MPa. The obtained
results allow for refining the input parameters in corn kernel simulations, ensuring more accurate virtual studies
of the destruction process under various interactions with working elements.
corn grain, modeling, compression, fracture force
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Development of Mechatronic Systems for Targeted
Division and Selection of Seed Material

One of the key stages in seed material processing is sorting, as seed mixtures typically contain
impurities of various origins. These impurities include stems, leaves, mineral inclusions, weed seeds, and
damaged seeds of the primary crop. Seed sorting, as a subtask of separation, relies on the physical differences
between the components of the mixture. The main physical characteristics of seeds include size, shape, weight,
color, density, and others. These properties determine the parameters of modern seed cleaning equipment,
influencing its design and operational efficiency. Modern separation methods based on physical and mechanical
properties have been reviewed, focusing on aerodynamic characteristics (pneumatic columns), size (screens of
various shapes), density (pneumo-vibratory separators), elasticity, electrophysical properties (dielectric
separators), and color (photo separators). Technological lines for the separation of small-seeded crops have been
presented, taking these parameters into account. The designs of adaptive aerodynamic, vibratory screen, vibro-
pneumatic separators, selective seed graders, and photoelectronic separators have been described in detail. These
machines are equipped with sensors, electric motors, control units, and software, enabling enhanced productivity
and separation quality. For instance, an adaptive aerodynamic separator ensures uniform airflow, promoting
efficient mixture separation, while the vibro-pneumatic separator can automatically adjust the inclination of the
working surface to optimize the process. The integration of adaptive mechatronic systems into primary seed
production processes significantly improves seed quality, reduces energy consumption, and ensures the
flexibility of technological lines. Research results confirm the effectiveness of the proposed designs, fostering
the development of modern methods for seed material separation. Furthermore, the development and
implementation of these advanced systems align with the increasing demand for high-quality seeds in
agriculture. The use of adaptive mechatronic systems allows for real-time monitoring and adjustment of
separation processes, minimizing human intervention and errors. This not only enhances the precision of sorting
but also contributes to sustainable practices by reducing waste and energy usage. In conclusion, the evolution of
seed sorting technologies underscores the importance of innovation in agricultural machinery. By leveraging
cutting-edge technologies such as photoelectric sorting and pneumatic systems, the agricultural industry can
meet the growing challenges of productivity, efficiency, and environmental responsibility. The adoption of these
advanced systems promises to elevate the standards of seed processing, ensuring better yields and more
sustainable farming practices worldwide.
seeds, separation, cleaning, sorting, automation, efficiency, quality

Problem setting. In Ukraine, there is a regulatory document DSTU 2240-93 'Seed of
Agricultural Crops. Varietal and Sowing Quality' [1], which defines standards for varietal and
sowing quality, methods of packaging, labeling, transportation, and other relevant
requirements. According to this standard, seed material must be of good quality: large, clean,
with high germination, free from disease pathogens and impurities [2].

© Elchyn Aliiev, Olha Aliieva, Volodymyr Govorukha, Oleksandr Kobets, 2024
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Seeds of different agricultural crops are divided into three main categories: basic seed
(BS), elite seed (ES), and reproductive seed (RS). Each category is characterized by specific
quality indicators, including varietal purity, content of seeds of the main crop, the amount of
seeds of other crops and weeds, germination, and maximum moisture content [3, 4].

Varietal purity is highest for BS (99.6-99.8%), slightly lower for ES (99.2-99.7%),
and lowest for RS (92-98%). The content of seeds from other crops in the BS category is
minimal (20-50 seeds/kg), while for RS this figure can reach 240 seeds/kg. The content of
weed seeds is lowest for BS (8-50 seeds/kg) and highest for RS, reaching 1500 seeds/kg.
Germination varies from 90% for BS, 85% for ES, to 70-80% for RS, depending on the crop.
The maximum permissible moisture content of seeds is the same for all categories and crops,
ranging from 9-13%.

Very high requirements are placed on seed material of small-seed crops, which can be
achieved through detailed study of the physical-mechanical properties of the seed material of
each crop and the correct selection of equipment for separation based on the results of the
research.

Analysis of the latest studies and publications. One of the main stages of the seed
material processing process is the sorting stage, as the seed mixture contains various
impurities: stems, leaves, mineral impurities, and others. Additionally, the seed material will
contain low-quality seeds of other crops, broken and damaged seeds of the main crop, as well
as weed seeds [5]. By processing the seed material through the removal of impurities and
excess moisture, its quality is improved. The principle behind the operation of seed cleaning
equipment is based on the physical differences in characteristics that can exist between the
seeds of cultivated plants and other unwanted particles. Seed sorting can be viewed as a
specific task within the separation process aimed at enhancing the quality of seed material.

The result of sorting the seed material is influenced by various individual physical
properties of the seeds [6]. Physical characteristics include: size, length, weight, shape, color,
etc. [7]. Without examining the physical characteristics of different types of seeds, it is
impossible to further adjust modern seed cleaning machines [8, 9], improve and develop new
types of machines [10, 11]. Published reviews of characteristics [12, 13] have allowed the
formation of a modern technological line for the separation processes of small-seed crop
materials, taking into account their physical-mechanical characteristics (Fig. 1). This area of
research continues to develop.

All seed material separation methods can be categorized based on the physical-
mechanical properties of the seeds: by aerodynamic properties (using pneumatic columns and
other air channels) [14, 15, 16]; by size characteristics (width and thickness on screens with
round and rectangular holes, length on triers) [17, 18, 19]; by density or bulk weight (using
pneumatic tables, pneumatic vibratory separators) [20, 21]; by elasticity (on impact sorting
tables) [22]; by electrophysical properties (in dielectric separators, separators in a corona
discharge field); and by color (using photo separators) [23].

Setting objectives. The aim of the research is to enhance the efficiency of technical
and technological support in primary seed production by justifying adaptive mechatronic
systems for the precise division and selection of seed material from agricultural crops.

Presentation of the main material. The adaptive aerodynamic separator (Fig. 2)
consists of a frame, a hopper with a flap, a separation chamber with a vertically arranged
cascade of flaps, and a centrifugal fan. The fan is driven by an asynchronous electric motor.
The separator is also equipped with fraction and dust collectors. Additionally, it is provided
with stepper motors. The shafts of these motors are connected to the hopper flap and the
cascade of vertically arranged flaps. Inside the separation chamber, air flow speed sensors are
placed. A camera is installed in front of the transparent front wall of the separation chamber.
A control unit is provided for managing the flaps. This unit is connected by electrical wires to
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the stepper motors. The asynchronous electric motor is connected to a frequency converter via
electrical wires.
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Q —seed feed rate, kg/h; V — air speed, m/s; a, p — angles of inclination of the surface (screen), °;

y — frequency of surface oscillations (screen), s~ '; A — amplitude of surface oscillations (screen), m; n — drum
rotation frequency, rpm; At — time delay for nozzle activation, ms; A — photodetector sensitivity, %; 0 — tray
inclination angle, °; AT — rotation duration, s; W — seed mixture moisture content, %; x — content of organic and
inorganic impurities, %; & — degree of seed material damage, %; ®(V,) — fractional composition by aerodynamic
properties V,, %; O(D) — fractional composition by geometric size D, %; O(p) — fractional composition by bulk
density p, %; @(C) — fractional composition by seed color C — RGB or C — HSV, %

Figure 1 — Modern technological line for the processes of seed material separation of agricultural crops
Source: developed by the authors

Based on the obtained data from numerical modeling, it was determined that by using
an automated cascade of flaps, it is possible to achieve the equalization of the air flow speed
(£0.2—0.4 m/s) in the separation chamber of the aerodynamic separator, which can include
any flow generator. However, this results in a loss of nominal speed by 5-15%. The increase
in speed can be achieved by increasing the air flow generator's performance (e.g., by
increasing the fan blade rotation frequency), which leads to an increase in energy
consumption by 5-15%. However, considering the priority of quality in the technological
process of separation in the aerodynamic separator, these losses can be neglected.
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1 — hopper; 2 — flap with stepper motor; 3 — separation chamber; 4 — cascade of flaps;
5 — centrifugal fan with electric drive; 6 — airflow speed sensors; 7 — fraction collectors;
8 — camera; 9 — control units; 10 — personal computer

Figure 2 — Structural-technological diagram (a) and overall view (b) of the experimental
sample of the adaptive aerodynamic separator
Source: developed by the authors

The adaptive vibratory screen separator (Fig. 3) consists of a base, a body, a screen
frame, a receiving device, a hopper, a flap, a discharge window for seed flow and passage,
and two electric vibrators. According to the invention, the separator is additionally equipped
with two front and two rear pneumatic cushions. These pneumatic cushions are installed on
the base and support the body. The separator has a stepper motor, the rotor shaft of which is
connected to the flap. It also includes front high and atmospheric pressure electrovalves and a
front electronic pressure sensor. These are connected to the two front pneumatic cushions via
pipelines. Rear high and atmospheric pressure electrovalves and a rear electronic pressure
sensor are connected to the two rear pneumatic cushions via pipelines. An air receiver and
compressor are sequentially connected to the front and rear high-pressure electrovalves. Two
air filters are connected to the front and rear atmospheric pressure electrovalves. A camera is
installed above the end of the screen frame in the area without holes. The control unit for the
stepper motor is connected to the stepper motor via electrical wires. The control unit for the
motors is connected to the two electric vibrators. The control unit for the pneumatic cushions
is connected to the front and rear high and atmospheric pressure electrovalves, as well as to
the front and rear electronic pressure sensors. The separator is equipped with a personal
computer with software. The software is based on the algorithm for performing technological
processes of separation, cleaning, and sorting of grain or seed mixtures by geometric size. The
computer is connected to the camera, control units for the stepper motor, motors, and
pneumatic cushions via electrical wires.
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a

1 — hopper; 2 — flap with stepper motor; 3 — screen; 4 — system for adjusting the screen inclination angle;
5 — discharge windows for seed flow and passage; 6 — electric vibrators; 7 — camera;
8 — control units; 9 — personal computer

Figure 3 — Structural-technological diagram (a) and overall view (b) of the experimental
sample of the adaptive vibratory screen separator
Source: developed by the authors

Based on the obtained theoretical and experimental dependencies, an adaptive
vibratory screen separator was developed based on the Cimbria Unigrain calibration machine,
with a performance of 189+13 kg/h and separation quality (total seed concentration) of
3.4+1.3%.

The adaptive vibropneumatic separator (Fig. 4) with an air-permeable deck, discharge
windows, flaps, fan, crank-rocker mechanism, and electric drive. According to the invention,
the separator is equipped with a seed feed unit, volumetric mass measurement units for the
seeds, which are connected to each discharge window via strain gauge sensors; control units
for the electric motors driving the fan and crank-rocker mechanism for the vibration of the air-
permeable deck. The separator is equipped with a control unit for the stepper motors driving
the adjustment of the longitudinal and transverse tilt of the deck and the flap of the seed feed
unit, measurement control units, a general measurement unit, and a personal computer. The
invention ensures increased productivity, improved quality, and reduced labor intensity in
performing the separation technological processes.

Based on the obtained theoretical and experimental dependencies, an adaptive
vibropneumatic separator was developed based on the PVS-type pneumatic vibrostage, with a
productivity of 131+6 kg/h and separation quality (distribution coefficient) of 95.5+1.5%. The
calibration of the volumetric mass measurement unit of the adaptive vibropneumatic separator
was developed and conducted.
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1 —deck; 2 — system for adjusting the tilt angles of the deck; 3 — discharge windows; 4 — fan with electric drive;
5 — crank-rocker mechanism with electric drive; 6 — seed feed unit; 7 — volumetric mass measurement unit;
8 — strain gauge sensors; 9 — flap; 10 — pushing electromagnet (solenoid); 11 — tension springs;
12 — infrared diode and photodetector; 13 — control units; 14 — personal computer

Figure 4 — Structural-technological diagram (a) and overall view (b) of the experimental
sample of the adaptive vibropneumatic separator
Source: developed by the authors

The adaptive seed selection trier (Fig. 5) includes a frame, support rollers, a cylindrical
drum with cells, a motor-reducer, a drive roller, a tray, a hopper-feeder, a collector for larger
seeds, and a collector for smaller seeds. The invention is characterized by the fact that the trier
is additionally equipped with a stepper motor, the shaft of which is fixed to the tray. A flap
with a stepper motor is installed in the hopper-feeder. A camera, whose lens is directed
toward the center of the drum with cells, is mounted on the front part of the tray. The control
unit is connected via electrical wires to the motor-reducer, stepper motor, flap stepper motor,
and camera.

1 — frame; 2 — support rollers; 3 — drum with cells; 4 — motor-reducer; 5 — drive roller; 6 — tray;
7 — stepper motor; 8 — hopper-doser; 9 — flap with stepper motor; 10 — larger seed collector;
11 — smaller seed collector; 12 — photocamera; 13 — control unit; 14 — electric wires

Figure 5 — Structural-technological diagram (a) and general view (b) of the experimental
sample of the mechatronic system for the selection-seed treater
Source: developed by the authors
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For testing the developed design of the seed selection trier, the K3538 trier (Cimbria
Heid GmbH) was improved. The application of the developed mechatronic control system for
the K3538 seed selection trier allows performing the technological process of separating
mustard seed mixture by the length of its components with a productivity of 123.5 + 6.3 kg/h,
impurity content in the tray seed mixture of 0.82 + 0.17%, content of main crop seed in the
cylindrical seed mixture of 16.85 + 2.69%, and power of 0.93 + 0.23 kW.

The photoelectronic separator (Fig. 6) includes a frame, a material feeding unit with a
hopper and a flap, a seed registration unit with nozzles, an illuminator, registering
photoreceptors, and an information processing unit, a seed output unit with gas nozzles, a
relay block, an air receiver, and a compressor, and collectors for liquid and non-liquid seeds.
The material feeding unit is additionally equipped with a stepper motor, the shaft of which is
connected to the flap via a crankshaft mechanism, and a control unit for the stepper motor.

Based on the obtained dependencies, the photoelectronic separator has been improved,
with a productivity of 38+3 kg/h and a separation quality (total seed concentration) of
1.2+0.1%.

1 — hopper; 2 — flap with stepper motor; 3 — drum with radial blades and electric drive;
4 — vibrating tray with vibrator motor; 5 — seed registration block; 6 — illuminator;
7 — recording and control photoreceptors; 8 —seed output block; 9 — gas nozzles; 10 — compressor
with air receiver; 11 — collectors for liquid and non-liquid seeds; 12 — control units

Figure 6 — Structural-technological diagram (a) and general view (b) of the experimental
sample of the improved photoelectric separator
Source: developed by the authors

A belt device for automatic seed phenotyping (Fig. 7) has been developed, which is
additionally equipped with a seed feeding unit installed before the belt conveyor. The unit
consists of a bowl with a helical track, which is secured to a vibrating surface using a screw,
with a vibrator motor fixed underneath. Three spring plates are mounted on the frame, angled
at 45° relative to the horizontal plane in the direction of lifting the helical track. The vibrator
motor is connected to a width-pulse modulator via electrical wires, and the modulator is
connected to the control unit. After the belt conveyor, a mass measurement unit is installed,
consisting of a strain gauge connected to the control unit via electrical wires. One end of the
strain gauge is fixed to the frame, while the other is attached to a plate on which a bushing is
mounted. The device is also equipped with a battery located in the power supply unit. It
maintains the accuracy of individual seed geometric measurements, determines their shape
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and color, and ensures low labor intensity and high technological efficiency in implementing
the seed phenotyping procedure as breeding material based on its morphological and marker
traits. Experimental verification results showed that the productivity of the matrix device is
1 kg/hour, while the belt conveyor device achieves 5 kg/hour.

a b
1 — frame; 2 — belt conveyor; 3 — belt; 4 — electric motor; 5 — seed feeding tray; 6 — shock absorbers;
7 — flap; 8 — vibrator motor; 9, 10 — infrared LEDs; 11, 12 — photodetectors; 13 — camera;
14 — RGB LEDs; 15 — lightproof tube; 16 — receiving tray; 17 — strain gauge; 18 — amplifier;
19 — control unit; 20 — personal computer; 21 — power supply

Figure 7 — Structural and technological diagram (a) and overall view (b) of the device
for automatic seed phenotyping
Source: developed by the authors

Conclusions. The study focuses on enhancing the efficiency of technical and
technological support for the precision separation of sunflower seed material. It establishes
the mechanical and technological principles for creating automated control systems to
optimize the structural and operational parameters of equipment used in the seed separation
process.

A precision technological scheme for the separation process line has been developed
to meet the requirements for cleaning and separating seed mixtures, ensuring a high varietal
purity of sunflower seed material (98.0-99.9%). This scheme incorporates automation of
technical equipment.

To further enhance the efficiency of sunflower breeding and seed production, an
automatic seed phenotyping device has been integrated into the technological line. This
device accelerates the breeding process, optimizes the design of crossing programs through
bioinformatics-based data analysis, and improves seed sorting efficiency.
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JHinpoecobkuii OeparcasHuli azpapHo-eKoHoMiuHuL YHigepcumem, M. [{Hinpo, Yxpaina

Po3po0ieHHsT MeXaTpPOHHMX CHCTeM HIUIBOBOIO MOALTy Ta BiZ0OPY HACIHHEBOIO
Martepianay

OpmHUM i3 KITIOYOBHX €TarliB 0OpOOKM HACIHHEBOTO MaTepialy € COPTYyBaHHS, aJkKe HACIHHEBA CyMIII
MICTHTh JOMIIIKH Pi3HOTO TIOXO/KEHHS: cTe0yia, JIMCTSA, MiHepalbHI BKIIIOYEHHS, HAciHHA Oyp'sHIB Ta
MOIIKO/DKEHE HACiHHS OCHOBHOI KynbTypu. COpTyBaHHS HaciHHs, SIK Mij3ajada cemnapaiii, 0a3yeTbcsi Ha
(i3MYHUX BIIMIHHOCTSAX MDK KOMIOHEHTaMu cyMimni. Jlo OCHOBHUX (I3MYHHMX XapaKTePUCTHK HaCiHHS
HaJie)xatb po3Mip, ¢opma, Bara, Kouiip, IIUTBHICTH TOIIO. L{i BIACTUBOCTI BH3HAYaIOTh HapaMeTpH Cy4acHOTO
HaCIHHEOYHMCHOTO 00JIa{THaHHSI, BIUTMBAIOYH HA 1Or0 KOHCTPYKIIiIO Ta €PEKTUBHICTb.

PosrsiHyTo cywacHi Meromu cemapamii 3a  ()i3MKO-MEXaHIYHMMH BJIACTHBOCTSIMH, 30KpeMa 3a
aepoJMHAMIYHUMH XapaKTeprCTUKaMu (ITHEBMAaTHYHI KOJIOHKH), po3MipoM (periera pizHOi pOpMH), IIIBHICTIO
(mHEBMOBiIOpOCenapaTopu), MPYKHICTIO, €IEKTPO(I3SMYHIMH BIACTUBOCTSAMH (Hi€JICKTPUYHI CEmapaTopH),
konpopoM ((oTocemaparopu). IIpencTaBieHO TEXHONOTIYHI JIiHII cemaparlili ApiOHOHACIHHEBUX KYJIBTYp, IIO
BpPaxoBYIOTh IIi mapaMeTpu. OmnmcaHO KOHCTPYKIl aJanTHBHOTO AaepOIMHAMIYHOTO, BiOPOPEMIiTHOTO,
BiOpPOITHEBMATUYHOT'O CEMapaTopiB, CENCKIIIMHO-HACIHHUIIBKOTO Tpiepa Ta (POTOEIEKTPOHHOTO Cemaparopa.
BoHM ocHaleHI JaTYMKaMH, €I€KTPOABUTYHAMH, OJIOKaMH KEpyBaHHA Ta HPOTPAaMHUM 3a0€3MEUYEHHSM, II0
JIO3BOJISIE TABUITATH MPOTYKTUBHICTB 1 SIKICTB Cemapartii.

BripoBa/pkeHHs alaliTUBHUX MEXAaTPOHHUX CHUCTEM Yy MPOLIECH INEPBHHHOIO HACIHHHIITBA J03BOJISE
MOKPALIUTH SIKICTh HACiHHS, 3MEHIIMTH EHEProBUTpATH Ta 3a0E3MEYUTH THYYKICTh TEXHOJIOTIYHUX JIHIH.
PesynbraTi JOCHiKEHb MiATBEPIUKYIOTH €(EKTUBHICTH 3aIIPOIIOHOBAHMX KOHCTPYKLIH, CIPHSIOYH PO3BUTKY
CY4JacHHMX METO/IIB cerapallii HaciHHEBOTO MaTepialy.

HaCiHHS, cenapauisi, OUYUIIeHHsI, PO3/IiJIeHHs, aBTOMATH3aWis1, ePeKTUBHICTD, SIKICTH
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[TigBUIIEHHS HAIMHOCTI Ta €(DEKTUBHOCTI €KCILTyaTallli
BUPOOHUYUX JIIHIA METOJAAMH IITYYHOTO 1HTEIIEKTY,
BUKOPHUCTOBYIOYM MOHITOPUHI aKyCTUYHUX CUTHAIIB

VY crarTi pO3MISAHYTO MIBUINEHHS HAIIMHOCTI Ta e(eKTHBHOCTI BHUPOOHWUYMX IMPOIECIB HUIIXOM
3MEHILICHHS BUTPAT Ha 00CIyroByBaHHs Ta MiHiMi3auii npocTtoiB. [IponoHyeThCst MEeTO ONTHMI3alil TEXHIYHOTO
0o0CIIyTOBYBaHHS 3a JIOTIOMOTOI0 alTOPUTMIB INTYYHOTO iHTENEKTy. JlOCHiIKYeThCS KOpEeIALis MK
aKyCTHYHMMH CIIEKTpaMHM BY3JiB O0OJagHaHHA Ta iX HAAIHHICTIO Ta e(EeKTHUBHICTIO. 3alporoHOBaHO
BUKOPHCTOBYBATH KOHBOJOLINHI Mepexki IUId po3IizHABaHHS MAaTePHIB pOOOTH 00JIaTHAHHS Yepe3 JBOBHMipHE
BiZIOOpaXXEHHSI aKyCTUYHUX CHEKTpiB. JlOCHiDKEHHS MiATBEP/PKYE 3B'I30K MDK IapaMeTpaMu HaIiHHOCTI
(hyHKIIOHYBaHHS Ta €(PEKTHBHOCTI BUKOPUCTAHHS OOJIaHAHHS Ta IXHIMU aKyCTHYHIMH CIICKTPaMH.

HaliiiHicTh (yHKUiOHyBaHHS, e(QeKTHBHICTh eKcILIyaTanii, aBTOMATH30BaHi BHPOOHMYI JIiHil,
AKYCTHMYHUIi CNIEKTP, MAIIMHHE HABYAHHS, KOHBOJIIOLIHI Mepe:xi

IMocTanoBka mnpodaeMu. AKYyCTUYHI METOIU € TIOTY)KHUM I1HCTPYMEHTOM ISt
MOHITOPUHTY CTaHy BUPOOHHMYMX JIiHiHM, OCKUTBKM Oarato By3IiB OOJIaJJHAHHS CTBOPIOIOTH HE
BUIIAJIKOBI 3BYKH, @ CaMe XapaKTEepUCTHUYHI aKycTU4Hi criekTpu. Lli cnekTpu BigoOpaxaroTh
KOHKpPETHI MEXaHI4HI MMPOLECH Ta CTaH BY3JIiB. 3aBJIKH BUKOPUCTAHHIO aKyCTUYHUX METOJIIB
MO)XHa BUSIBIIATH BIAXWJICHHS BiJl HOPMH Ta MPOTHO3YBAaTH MOXKJIMBI 3001, IO J03BOJISE
CBOE€YACHO 3/1HCHIOBATH TEXHIYHE 00CITyrOByBaHHS Ta PEMOHT, 3a0e3Meuyoun 0e3nepediiny
po6oTy BUpOOHHYOTO 00IaTHAHHS Ta MiBUILYI0YN €(PEKTHBHICTh HOTO BUKOPUCTAHHSI.

Po3BuTok mryunoro intenekty (L) BiakpuB HOBI TOPH30HTH B aHAJIi31 MapaMeTpiB,
10 KOPEJTIOIOThCS 3 HaAIWHICTIO Ta €()EeKTUBHICTIO BUPOOHMYOTrO OOJAJHAHHS. 3aBISKU
HepesioBUM alropuT™MaM 1 MeTojaM MamuHHOro HaBuaHHs, LI 3garen BusBiATH Ta
aHaJi3yBaTH CKJIaJHI B3a€EMO3B'SI3KM MDK pPI3HUMH EKCIUTyaTalliiHUMH TlapamMeTpamMu
oOmagHanHs. Lle 103BoIIsIE HE JTMIIIe BUMIPIOBATH IIi TApaMETPH 3 BUCOKOIO TOYHICTIO, ajie i
BUKOPUCTOBYBATH OTPHUMAaHi JaHi JJIs BIOCKOHAJICHHS Ta ONTUMIi3alii poOOTH BUPOOHHYMX
miHid. 3acrocyBanHs LI y BHpOOHMYMX Tmpollecax CIpHsIE€ CBOEYACHOMY BHSBICHHIO
MOXJIMBUX TpoOjeM Ta IXHbOMY YCYHEHHIO, IO MIiJBHUILYy€E 3arajbHy HaJilHICTh
GbyHKIIIOHYBaHHS Ta €PEKTUBHICTH BUKOPUCTAHHS O0JIaTHAHHS.

3ByK € BaXJIMBUM SBHUIIEM, SKE MOXE€ OyTH BHUMIpSHE Ta IpOAHAII30BaHE 3a
noromororo 11 y koHTeKCcTi poOoTH BUpOOHMUOT JTiHIT. METOIM CIIEKTPaIbHOTO aKyCTUIHOTO
aHaJizy O03BOJISIOTH OTPUMYBATH iH(OpPMaLilo Tpo cTaH o0JaJHAHHS BUPOOHUYMX JIIHIN Ha
OCHOBI XapaKTEPUCTUYHUX 3BYKOBHUX CIEKTPIB, 1[0 CTBOPIOIOTHCS B TOMY YHUCII 1 00€pTOBUMHU
BY3JIaMH Ta HiAIIUITHAKAMU.

© C.I. Kopansos, B.B. Aymin, A.B. I'punbkis, B.B. Bapsapos, 2024
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Amnanizyroun i cnekrpu, LI moxe ineHTH(iKyBaTH BiIXWUJICHHS, SIKI BKa3yIOTh Ha
MOTEHITIHHI TpobiieMu 3 HafAilHICTIO ab0 edexkTuBHICTIO poOoTu oOnaaHaHHA. lle Hamae
MOYJIMBICTh 3/1IHCHIOBATH MPEBEHTHBHE TEXHIUYHE OOCIYrOBYBaHHS Ta ONTHUMi3yBaTH POOOTY
BUPOOHMYMX JIIHIA HA OCHOBI pPEAJbHUX JAaHHMX, 110 3HAYHO 3HUXKYE PHU3UK IMPOCTOIB 1
3011b1Iy€ TPOTYKTHBHICTb.

Jocnimkenns, moB's3aHi 3 BukopuctanHsaMm I s BusiBIEHHS mapaMeTpiB, M0
KOPEeNIOIOThCS 3 HAAIMHICTIO Ta e(EeKTUBHICTIO BUPOOHUYOrO O0OJaJHAHHS, HEBIHMHHO
3poctatoTh. Cydachi anroputmu Il Ta MeToam MammHHOTO HaBYaHHS BiJIKPUBAIOTH HOBI
MOXJIMBOCTI Uil aHaji3y Ta ONTHMi3auii poOOTH BHUPOOHMYMX JiHIA. BusBneHHs 1
MOHITOPUHI aKyCTHYHHMX CHTHAJIiB, JTO3BOJIIOTH 3 BHCOKOIO TOYHICTIO BH3HAYaTH CTaH
o0J1aHaHHA Ta MPOTHO3yBAaTH MOTEHIIIHHI BiqMOBH. Lle 3a0e3neuye MOKINUBICT CBOEYACHOTO
TEXHIYHOTO OOCIYyrOBYBaHHS, 3MEHINYIOUYM PHU3MK MPOCTOIB Ta 3HIKYIOYM BHUTPATH Ha
ekcrutyaramito. Takum uwmHOM, BopoBajkeHHs LI y BupoOHMUI mporecu crpuse
MIIBUIIEHHIO 1X HAIIHHOCTI Ta €(PEKTUBHOCTI, IO POOUTH Il JOCTIIHKCHHS HaJA3BUYAHHO
BOXJIUBUMH Ta MEPCTIEKTUBHUMH.

AHami3 ocraHHix aociaimkeHb i myOuaikamiii. Possutok Il Ta KOHBOMIOMIMHMX
Heliponnux Mepex (KHM) Binkpuin HOBI MOXKIMBOCTI y cepi 0OpoOKH Ta aHami3y JaHUX.
KHM 3patni eekTHBHO po3Mmi3HaBaTH 300pakeHHS a00 JBOBUMIPHI MAaTpHIll JaHHX, IO
MOXYTh OyTH OTpHMaHI 3 aKyCTHYHHUX cuTHamiB. L[i MeToaum M03BOJISAIOTH aHaJi3yBaTH
CIIEKTPaJbHI XapaKTEPUCTUKUA 3BYKOBHUX CHUTHANTIB, SIKI BiJOOpa)kalOTh CTaH BUPOOHUYOTO
o0JaIHaHHS.

CyyacHI MeTOIM aKyCTHYHOTO CIEKTPAJIbHOTO aHai3y 3HAYHO PO3MIMPHIH CBOi
MOYJIMBOCTI 3aBISIKM PO3BUTKY 1H(OpPMAIIHUX TEXHOJOrIM 1 MaTeMaTUYHHUX METOIB.
OmauM 13 HaWOLIBIN TMOMIMPEHHX METOMIB € aHaji3 3a JomoMorow psniB dyp'e, sxuit
JI03BOJIsIE PO3KJIAJATH CKIJIAIHI 3BYKOBI CHTHAJM Ha OKpeMi TapMOHIYHI KOMIIOHEHTH Ta
BUSIBJSITH iX CHeKTpaibHI xapaktepuctuku [1, 4, 5,8]. Meron ®Dyp'e OGaszyerbcs Ha
nepeTBopeHHi yp'e:

F(w) = fjooo exp(iwt)dt,

ne F(w) — ciektpanpHa rycTUHa MOTYKHOCTI;
f(t) — BUXigHUI CUTHAJT y YacoBii 00J1acTi;
® — KyTOBa YacTOTa.

3aBAsSKM UM METOJaM MOXHA OTPUMYBATH JeTajdbHy IHQOpMAII0 TMPO CTaH
00epTOBHX BY3JIIB 1 MAUIMITHUKIB y BUpOOHHMUOMY obOnaaHaHHi. Kpim psagiB Dyp'e, akTHBHO
BUKOPHCTOBYIOTHCSl TaKi METOJIM, SIK BEUBIIET-NIEPETBOPEHHS, SIKI JO3BOJIAIOTH aHaJi3yBaTH
CUTHAJM SK Y YaCTOTHIH, Tak 1 B yacoBiil obmactsax [9, 10]. BeliBier-nepeTBOpeHHs] MOXKHA

3amucaTH y BUTJISIL:
(o]

wab = fOped

—0

ne W(a,b) — koedimieHTH BeHBIET-IEPETBOPEHHS;
Wab(t) — BeliBieT-QyHKLISA;

a1 b — mapamerpu macimtabyBaHHS 1 3CYBY.

Oco06MBO KOPHCHUMHU 3a3HAYEHI METO/H € JIJIsl BUSIBIICHHS KOPOTKOYACHUX aHOMAITIi.
CydacHl anropuTMH CHEKTPajIbHOTO aHali3y y MO€JHAHHI 3 MOJMJIMBOCTSMHU IITYYHOTO
iHTEeNeKTy 3a0e3NevyloTh BHCOKY TOYHICTh Ta e()eKTUBHICTHP MOHITOPHHTY CTaHy
o0JaIHaHHs, CIIPUSIOYN MiABUIICHHIO HAJIHOCTI Ta €)EKTUBHOCTI BUPOOHUYMX MPOIECIB [2,
3,6,7].
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Bukopucranas LI jmis anamizy Ta onrtumizamii BUpPOOHHYMX IPOIECIB BHMarae
amapaTHHUX 3ac001B Ta mporpaMHoro 3adesneueHHs. Lle Bkitodae 00UnCIOBaIbHI MIPOIIECOPH,
SIK1 37aTHI IIBUAKO OOpOOISITH BENMMKI OOCATH JaHUX, a TAKOXK CIeIliali30BaHe MPOrpaMHe
3abe3nedeHds mis BukoHaHHs anroputmiB 1. 3okpema Il moxe OyTu peanizoBaHuil Ha
KOMITAKTHUX 1 JOCTYmHHMX Iuiarpopmax, Takux sk Raspberry Pi [11, 12]. Ile#
MIKPOKOMIT'FOTEP JI03BOJIIE pO3POOHUKAM BUKOHYBATH OOUYHCIIEHHS Ta 0OPOOKY JaHUX TPSIMO
Ha MPUCTPOI, BUKOPUCTOBYIOUM crieniaiizoBani 0i6mioreku Python mst I ta mammuHOTO
HaBuaHHsA. Bukopucranns Raspberry Pi BigkpuBae HOBI MOMXIJIMBOCTI JJIS CTBOPECHHS
IHTENEKTYalIbHUX CHCTEM MOHITOPHUHTY Ta ONTHMi3alii y BUPOOHHYMX MpoIecax, 3aBISKU
CBOil THYYKOCTI Ta HU3BKIM BapTOCTI.

Cepen crmeniamizoBanux 06i0miorex Python, mo opientoBani nHa poboty 3 IIII,
KOHBOJIIOIIMHUMH HEUPOHHUMH MEpPEeKaMH Ta OOpOOKOI0 aKyCTHYHUX CHUTHATIB, CIiJ
BiM3HauuTH Taki Oi0miotexu, sik TensorFlow, PyTorch Ta Keras s cTBopeHHS Ta
TPEHYBaHHs HEUPOHHUX MEpEeXk, a Takoxk librosa Ta scipy misa o0poOku aymiocurHamiB [13 -
15]. Li OiGmioTekn 3a0e3MeuyloTh IIUPOKUH CHEKTp IHCTPYMEHTIB Ta (yHKIIH, sKi
JIOTIOMArarTh pO3POOHMKAM IIBUIKO Ta €()EKTHBHO peasTi3oByBaTH ckiaaHi anroputmu 1.

Hnss  oOpoOKM  aKyCTHYHHX  CHUTHAJliB, 30KpeMa  CIIEKTPaJBbHOIO  aHami3y,
BUKOPUCTOBYIOTBCSI 0101i0TeKH, Taki sik librosa Ta scipy. BoHM 103BOJNSIOTH BUKOHYBATH
pi3HOMaHITHI omepauii 3 ayAioCHUTHaJIaMH, BKJIIOYAlOYM IepeTBopeHHs Dyp'e, BeliBier-
MEPETBOPEHHSI Ta IHIINI BUAM CIEKTPaIbHOTO aHamizy. lle Hamae MOXIMBICTH OTPUMYBATH
BOXJIUBY 1H(pOpMaILi0 PO CTaH OOJaJHAHHSA HA OCHOBI HOr0 aKyCTHYHUX XapaKTEPUCTHUK,
110 JT03BOJISIE BUSBIIATH BIAXUJIEHHS Ta aHOMaTIi Y poOOTI BUPOOHUYHUX BY3JI1B 1€JIEMEHTIB.

3aBASKM TOEMHAHHIO amapaTHUX 3aco0iB Ta CIEMialli3oBaHOTO IPOTPAMHOTO
3abe3neveHHs, cydacHi wmetonu LI 3abe3neuyioTh BHCOKMH pPIBEHb TOYHOCTI Ta
e(EeKTUBHOCTI y MOHITOPHHTY Ta ONTHUMI3alii BUPOOHWYMX IMpoleciB. Bukopucrtanus
610motek Python ta anroputmis LI mo3Bomsie aBTomMaTu3yBaTu Oarato 3aaad, MOB'SI3aHHUX 3
00poOKOI0 Ta aHali3oM JaHWX, IO POOMTH BUPOOHWYI JiHII OUIBII HATIHHUMU Ta
npoayktuBHUMH. Lle, y cBoro depry, cnpuse 3MEHILEHHIO BUTpAT Ta MiJBULIECHHIO SKOCTI
OPOAYKII.

IlocTanoBka 3aBaaHHsl. MeTa IOCHTIDKEHHS TOJSITaE 'y po3poOllll METOoAy IS
00poOKHM Ta aHaNi3y aKyCTUYHHUX CHUTHAJIB, TEHEPOBAHUX BUPOOHUYMM OONAaTHAHHAM, 13
3aCTOCYBaHHSIM arapaTHUX Ta MPOrpaMHHX 3aco0iB, mo peanizytors LI ta KHM, s
IiIBUIICHHS HAAIMHOCTI eKcIuTyaTanii Ta epeKTUBHOCTI (PYHKIIOHYBAaHHS BUPOOHHYUX JIHIH.
OcHOBHa KOHIIEIIIIS JAHOTO METOAY Mepeadavac momnepesHto o0poOKy akyCTUYHUX CUTHAITIB
3a JIONOMOro0 creniaiizoBanux 06i0miorexk Python, pesymprarom dYoro € QopmyBaHHS
JTBOBUMIPHHMX MaTpHIlb a00 300pakeHb. Lle mo3Bosisie eheKTUBHO BUKOPUCTOBYBATH METOIU
KHM nns anamizy CHEKTpalbHUX XapaKTEPUCTUK 1 3MiH aKyCTHYHUX CHTHAliB y 4aci,
3MIMCHEHHS J1arHOCTHKH, KOHTPOJIIO Ta OMTHMIi3alii poOOTH BHUPOOHMYOTrO OOIaJHAHHS, a
TAaKOX BUSIBJICHHS aHOMAaJild, IO MiABUILYE HAAIWHICTG Ta e(EeKTUBHICTH HOTro
(GyHKITIOHYBaHHSI.

Jnst peanizanii MeTH po3B’A3yBalHCs HACTYIIHI 3aBJIaHHS:

1. 3anponoHyBaTH MiIXi] BAKOPUCTAHHS JTBOBUMIPHHX YSBJICHb aKyCTUYHHUX CIIEKTPIB
y 4vaci gk BxigHux gAanux ans KHM 3 meToro BUSBICHHS mapaMeTpiB poOOTH BUPOOHHYOTO
oONagHaHHSA, MO0 KOPENIOITHCA 3 HAMIMHICTIO (YHKIIOHYBaHHA Ta €(QEKTHBHICTIO
BUKOPHCTAHHS 00JIaHAHHS.

2. IlpoBectnm mOCHi/DKEHHS MIOJ0  BIPOBAPKEHHS  METOMIB  aKyCTHYHOTO
CHeKTpanbHOro aHamizy B moenHanHi 3 KHM y BupoOHuYi mpouecu A HOKpalieHHs
e(EeKTUBHOCTI BUKOPHUCTaHHA Ta HaAIHHOCTI (YHKLIOHYBaHHS OOJaTHAHHSA Yy BUPOOHUUIN
CUCTEMI, 110 CIIPUSTUME ONTHMI3aIlii (YHKI[IOHYBaHHS Cy4aCHOT'O BUPOOHUIITBA.
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BukiiajeHHs1 OCHOBHOr0 Mmatepiajy. 3MiHy aKyCTHYHOTO CHEKTpY poOOTH
€JICKTPOJIBUTYHA B Yaci, MOKa3aHO y BUTJISAII JBOBUMIPHOTO 300paskeHHs Ha puc. 1.

it 13

a - IBOBUMIpHE; O - MUTTEBE

Pucynox 1 — [IpencraBieHHs B 4aci aKyCTHYHHX CIIEKTPIB poOOTH 001 THAHHS
Howcepeno. pospobaeno asmopamu

Sk BUAHO 3 PUCYHKY 1, pa3oMm 3 (OHOBUMHU aKyCTUYHHMHU CHUTHAjJaMHU Ha 300pakeHi
MICTSTBCS XapaKTepUCTHYHI CIIEKTpaJIbHI JiHii, SKi 3 4acoM (y BepXHii YacTHHI 300paskeHHs)
MalOTh HaXWj BIIBO, IO BiJMOBIJa€ 3MEHIICHHIO 00epTiB aABUTyHa. OCKUIBKH IIi JIiHII €
XapaKTepUCTHYHUMH, TO BOHU TIOBMHHI KOPEIIOBATUCH 3 TOPYIIEHHAM pPOOOTH
€JIEKTPOIIPUBO/TY, a BIATOBIIHO 1 3 HAIIHICTIO ()YHKIIIOHYBaHHS TaKOTO By3JIa.

CrBopennss monemi KHM, ska 31aTHa BU3HAUYaTH aHOMaJbHY poOOTy BY3IIB
BUPOOHMYOI JTiHI{ 32 aKyCTUYHUMHU CIIEKTPaMH IXHBOI pOOOTH, BCTAHOBIIIOE KOPEJISIII0 MiX
HAAIMHICTIO (YHKI[IOHYBaHHS Ta €(QEKTUBHICTIO eKCIUTyaTaiii BUpOOHHYOI IiHIi Ta iXHIMHU
aKyCTUYHMMH criekTpamu. lle 1mo3Boisie Ha paHHBOMY €Tami BHUSBIATH aHOMAlii Ta
BUIIPABIISTH iX 70 TOTO, SIK BOHH MPU3BEAYThH JI0 CEpiO3HUX 3001B a00 3yNHMHOK BUPOOHUIITBA.
Kpim Toro, Taka Mozens Moxe OyTH BHKOpHCTaHa JUIsl ONTHMI3allii IpoIeciB BUPOOHHUIITBA,
3a0e3nevyoun BUCOKY SIKICTh NMPOAYKIII Ta 3HIDKYIOYH BUTpaTH Ha OOCITyroByBaHHS Ta
PEMOHT.

JInsi BUKOHAHHS MTOCTaBJICHUX 3aBJaHb OYJIO MPOBEICHO KOMI'IOTEPHE MOJIEIIOBAHHS
pobotn BHPOOHHMYOI JIiHIi, CHOpPSIMOBAaHE Ha BCTAHOBIICHHS KOpENALii MK HaiiHICTIO i
(GyHKIIOHYBaHHS Ta aKyCTHYHHMHU CIEKTpaMu poOOTH By3iiB. MojentoBaHHs mependavano
JOCHIJKeHHsT BHPOOHMYOI JiHIi, B SKId 3a HOpPMaJbHOI POOOTH BY3JIB MOXIIMBO JIHIIE
JiHIiHE 3MIHIOBAaHHS CIEKTPAJIbHUX aKyCTHYHHUX JiHIM B uaci. SIKmo BUpoOHHUYA JiHisS, IO
BiZMOBiae Moieni, hopMyBasia He JIiHIHHI 3MIHH CIIEKTPAIBHUX JIiHIA aKyCTHYHOTO CHTHAITY,
TO II€ BBAXAJOCS O3HAKOIO aHOMAJBHOI POOOTH BY3JIB, IO (OPMYIOTH LEi aKyCTHYHHIA
curnai. Jlns Takoi Mozeni Oyna moOyioBaHa HEHpOHHA MepeXka, 3aTHAa BUIUIATH SIK JIHIIHI,
TaK 1 HENMHIAHI 3MIHM B aKyCTHUYHHMX CIIEKTpaX, IO BKa3yBalO Ha KOPETSIII0 MIiX
aKyCTUYHHMHU CIIEKTPaMHU Ta HAMIHHICTIO QYHKIIOHYBaHHS BUPOOHMYOT JTiHii.

VY npoueci moaemtoBanHs Oyia ctBopeHa KHM 3 mapamerpamu, siki HaBeleHO Ha
puc. 2:

Conv2D Conv2D

kernel (3x3x3x32)
bias (32}
activation = relu

kernel (3x3x32x64)
bias (54} kernel {12544x64) kernel {64x10})
activation = relu bias {64} bias (10}
dilation_rate = 1,1 MaxPooling2D activation = relu activation = sigmoid

filters = 64 P 29 Flatten bias_constraint = bias_constraint =
ool _size = 2,
pt cli 2 kernel_constraint = kernel_constraint =
strides = 2, n
units = 64 units = 10

groups = 1
Activation

dilation_rate = 1, 1
filters = 32
groups = 1

MaxPooling2D

pool_size = 2,2
strides = 2, 2

kernel_size = 3, 3
strides = 1,1

kernel_size = 3, 3
strides = 1, 1

Activation

Activation

activation = relu

Activation

activation = relu activation = sigmoid

activation = relu
Pucynox 2 — Onmc CTpyKTypH 3allpOIIOHOBaHOT KOH(OIIOIIHOT HEHPOHHOT MepexKi

IUTSL BUSIBJICHHSI aHOMAITiH Y aKyCTHYHUX CHEKTpaxX MOJEbOBAHOI BUPOOHHYOI JTiHii

Ioicepeno: pospobneno asmopamu
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Haguanns 3anpononoBanoi KHM Gyno peanizoBaHo Ha naTaceTi TpaiuHuX CHEKTPIB,
SKUW MICTMB CHEKTPH HOPMAJIBHOI Ta aHOMajbHOI POOOTH BY3JiB BHPOOHWYOI JiHIT Yy
npornopitii 40% anomanbHUX crieKTpiB Ta 60% HOPMAIBHOIO POOOTOIO.

Taka ctpykrypa KHM Oyna oOpaHna depes KijbKa KIFOYOBHX MPUYHH:

- KHM BukopuctoBye (inbTpu i BUSBICHHS JOKAIBHUX TMPU3HAYCHb Ha
300pakeHHI, M0 J03BOJISIE €PEKTUBHO BHOKPEMIIIOBATH BAXKJIMBI XapaKTEPUCTHUKH, TaKl K
KOHTYPHI JIiHii Ta TEKCTYpH.

- [IInsxoM BUKOpPHUCTAHHA MaKCHUMaJIbHOTO TIJACyMyBaHHA (max pooling) Ta
3roptkoBux (ineTpiB (convolutional filters), KHM 3MeHIye po3mip BXOdy, IO JOmOMAarae
3MEHIIIUTH KiJTbKICTh OOYHCIICHD Ta MTaM'sTi, HE BTpayaloud BaKIUBY 1H(OpMaIlito.

- KHM wmae OararomapoBy CTPYKTYpy, IIO J03BOJIS€ BHUBYATH OUIBII CKIAJHI Ta
a0CTpPaKTHI XapaKTEPUCTHKN 300pKEHb 3 KOXKHUM HACTYITHUM IIapOM.

- KHM moxe OyTu HaBueHa Ha OJHOMY HaOOpi JaHMX Ta YCHIIIHO 3aCTOCOBaHA Ha
IHIIIOMY, TIT0 POOUTS i Ty’Ke YHIBEPCAIBHOIO.

L5 cTpykTypa 6a3zyeThcst Ha OaraTomapoBUX HEHPOHHUX MEpExXax, aKi OyJIu yCHilnIHO
3aCTOCOBaHI B PI3HUX 3ajadax oOpoOKM 300pakeHb, TaKMX SK pO3IMi3HaBaHHS 0OOpa3iB,
kiacugikamis 300pakeHp Ta iHIIII.

Burnsg TpeHyBagbHOIO 1aTaceTy HaBEIEHO Ha puc. 3:

Pucynok 3 — Burmsanx dataset ot HapuaHHS KOH(POIIOIMHNX HEHPOHHNX MEPEex
BUSIBISITH aHOMAIIBHY POOOTY €JICKTPOIBUTYHA
Lowcepeno: pospobaeno agmopamu

[Iporpamanii kox must crBopeHHs 1 HaBuanHs KHM Bkasanomy naraceti 3
BUKopHucTaHHAM 0i6mioTexu Tensorflow Tta Keras mokaszaHo Ha puc.4:
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import tensorflow as tf

from tensorflow.keras.preprocessing.image import ImageDataGenerator
from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import Conv2D, MaxPooling2D, Flatten, Dense
import matplotlib.pyplot as plt

import os

import numpy as np

from sklearn.model_selection import train_test_split

# MapameTpun
image_size = (300, 300)
batch_size = 10

epochs = 20

# OyHKUiA ANa 3aBaHTaXeHHs 306paxeHb i MiTOK
def load_dataset(data_dir):
images =[]
labels =[]
for file_name in os.listdir(data_dir):
if file_name.endswith('.png'):
img = tf.keras.preprocessing.image.load_img(os.path.join(data_dir, file_name), target_size=image_size)
img_array = tf.keras.preprocessing.image.img_to_array(img)
images.append(img_array)
if "image_" in file_name and int(file_name.split("_")[1].split(".")[0]) >= 32:
labels.append(1) # 3irHyTi niHii
else:
labels.append(0) # Mpsami niHii
return np.array(images), np.array(labels)

# 3aBaHTaXeHHsA AaHuUX
data_dir = 'dataset'
images, labels = load_dataset(data_dir)

# Po3sgineHHs Ha TpeHyBanbHWUIA, BanigauinHuii i TectoBuin Habopu
X_train, X_temp, y_train, y_temp = train_test_split(images, labels, test_size=0.30, random_state=42)
X_val, X_test, y_val, y_test = train_test_split(X_temp, y_temp, test_size=0.33, random_state=42)

# Hopmanisauis gaHux
X_train = X_train / 255.0
X_val = X_val/255.0
X_test = X_test/255.0

# Mobynosa moaeni

model = Sequential([
Conv2D(32, (3, 3), activation="relu', input_shape=(image_size[0], image_size[1], 3)),
MaxPooling2D((2, 2)),
Conv2D(64, (3, 3), activation="relu'),
MaxPooling2D((2, 2)),
Conv2D(128, (3, 3), activation='"relu’),
MaxPooling2D((2, 2)),
Flatten(),
Dense(128, activation="relu'),
Dense(1, activation="sigmoid')

)

# Komninsauis moaeni
model.compile(optimizer='adam’, loss='binary_crossentropy', metrics=['accuracy'])

# HaBuyaHHsg mopeni
history = model.fit(X_train, y_train, epochs=epochs, batch_size=batch_size, validation_data=(X_val, y_val))

# OuiHka mogeni
test_loss, test_acc = model.evaluate(X_test, y_test, verbose=2)
print(f\nTecToBa TouHicTb: {test_acc:.4f}')

# Bisyanisauisi rpadika 3anexHocTi NOMUIKK Big, enox
plt.plot(history.history['loss'], label="TpeHyBanbHi gaHi')
plt.plot(history.history['val_loss'], label='"BanigauinHi aaHi')
plt.xlabel('"Enoxa')

plt.ylabel('3HaveHHs BTpaTh')

plt.legend(loc="upper right')

plt.show()

Pucynok 4 — [Iporpamua Mozaens ctBopeHHs Ta HaBuyaHHs KHM
BHSBILSITH aHOMAJIbHY POOOTY €IIEKTPOJABUTYHA
Licepeno: pospobaeno asmopamu
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IIponiec nHaBuanHsa 3amporoHoBaHoi KHM paB pesynbrar, sikuii BiZoOpa)xeHO Yy
BUTJIA1 Tpadika Ha pucyHKy 5 a. HaBuaHHs TpuBaio ABAAIATE €MIOX B PE3yJIbTATl SKUX CITKa
OTpUMaia MOXJIHBICT 3 TOYHICTIO 99,02 % BU3HA4YaTH aHOMAaJTii HA HABYAJIBHUX JaHUX Ta 3
TOYHICTIO 68,75% Ha maHWX Bajiallii pucyHok 5 0.

—— TpeHyBanbHi faHi
Banigauiidi gani

2.5

2.01

3HauyeHHA BTpaTH
=
«n

104

0.5 4

0.0 4 T T T T T T T T
0.0 2.5 5.0 7.5 10.0 125 15.0 17.5
Enoxa

Epoch 17/20
6/6 == 285 5s/step - accuracy: 0.7841 - loss: 0.3980 - val accuracy: 0.7500 - val loss
Epoch 18/20
6/6 == 285 5s/step - accuracy: 0.9141 - loss: 0.2583 - val accuracy: 0.6250 - val loss
Epoch 19/20

6/6 = )85 5s{step - accuracy: 0.9790 - loss: 0.1800 - val accuracy: 0.7500 - val loss
Epoch 20/20

6/6 —— 15 55{step - accuracy: 0.9920 - loss: 0.1131 - val_accuracy: 0.6875 - val_loss
1/1 - 1s - 939ms/step - accuracy: 0.7500 - loss: 0.8823

0
Pucynok 5 — Pe3ynpraty HaBuaHHS KOHBOJIIOIIITHOT HEHPOHHOT MEPEXi, [0 BU3HAYAE KOPEIIALII0
MK HaJiiHICTIO ()YHKI[IOHYBaHHS Ta aKyCTUYHUMH CIIEKTPaMH 00JIaJIHAHHS:
a — rpadik 3aJIe)KHOCTI TOMUJIKH BiJl HOMEpa €IOXH HABYAHHS; O - 3HAUCHHS TOMUJIKU
JUTS OCTAHHIX TPHOX €ITOX HABYAHHS

Licepeno: pospobneno asmopamu

PosrnsayTHit MeTon Kopensiii MiX XapaKTepUCTHKAMH 3BYKOBHUX CHUTHAIIB Ta
HAAIMHICTIO 00JIaTHAHHS, I03BOJISIE BAKOPUCTOBYBATH aKyCTHYHI CIIEKTPH, IS ieHTUdiKaIil
naTepHiB aBapiiHOTO (YHKIIOHYBaHHS OOJaAHAHHS, IO € BAXJIMBUM JJIS IT1IBUIICHHS
e(eKTUBHOCTI TEXHIYHOT'O OOCIIyrOBYBaHHS Ta 3aM00ITaHHs aBapisiM.

3anponoHoBaHUM MiAXiA JAEMOHCTPYE TEpPCHEKTUBU BHUKOPUCTAHHS MAIIMHHOTO
HaBYAaHHS y BUPOOHUYMX TPOIlEcax, /e paHHE BHUSBIICHHS MPOOJIEeM MOXKE 3HAYHO 3MEHIIUTH
BUTPATH Ta MIABUIIUTH SKICTh MPOAYKIIii. 3aBASKA BUCOKIM TOYHOCTI Ta MBHUIKOCTI 0OPOOKH
naanx, KHM crae BaKIMBUM 1HCTPYMEHTOM JUIsl MOKPAICHHST HaIHHOCTI (PyHKLIOHYBaHHS
Ta e()eKTUBHOCTI €KCIUTyaTallii aBTOMaTH30BaHNUX BUPOOHUYHX JIIHIH.

BucHoBkHu:

1 3ampormoHOBaHO METOJ BUSIBICHHS KOPEJALIi MK aKyCTHUYHHUM CIIEKTPOM POOOTH
oOnagHaHHA Ta Horo mapamerpaMu HafiiHOCTi. IIpu 1bOMY BHKOPHCTOBYBa M (POHOHOBI
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aKyCTUYHI CHUTHAJIM 3 XapaKTEPUCTHUYHUMH CIEKTPAJbHUMU JIHIAMH, SKI Majld HaxXuwi y
BIJIMOBITHOCTI 10 3MEHIICHHS 00EPTiB JBUTYHA, SIK ICKTPOIPUIIATY.

2 PosrnsHyTO Crmoci0 BOPOBAKEHHS MAIIMHHOTO HAaBYaHHA B aBTOMAaTH30BaHI
BUPOOHMYI JIiHIT JJIs MABUIICHHS X e(eKTHBHOCTI. MalMHHe HaBYaHHS OyJI0 peayi3oBaHO
Ha DataSet rpagiuyaux marepianax KOHBOJIOIINHMX HEHPOHHMX MEpEX JUIs BUSBICHHS
aHOMAaJIbHOI POOOTH EJIEKTPOIBUTYHA.

3 TloOymoBaHa cTpyKTypa Ta TMporpaMHa MOJeNb CTBOPEHHS Ta HaBYaHHS
KOHBOJIIOIIMHNX HEUPOHHUX MEPEeX I pO3IMi3HaBaHHA JBOBUMIPDHHMX TATEPHIB CTaHy
BUPOOHMYOro oOsagHaHHsA. BU3HaueHo, 10 pe3ysbTaT MpOLECy HaBYaHHS 3A1HCHIOETHCA 3
TouHicTIO 99,02% BinHOCHO aHOMAJIIT IpOIECiB (PYHKIIOHYBaHHS BUPOOHUYOr0 00IaHAHHS 1
68,75% — na nmanux Bamimauii. Iloka3aHo MOJIMBICTH ieHTH}IKAIil MaTepHiB aBapitHOTO
GbyHKIIIOHYBaHHS OOJIafHAHHS, [0 BAXKJIWUBO IS MIJBHINCHHS €()EKTUBHOCTI 1 HAAIHHOCTI
(GyHKL10HYBaHHS BUPOOHHYUX JIHIH TEXHIYHUM 00CITyTrOBYBaHHSIM.
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Increasing the Reliability and Efficiency of Production Lines Using Artificial

Intelligence Methods Using Acoustic Signal Monitoring

The article provides an in-depth analysis of a method to improve the reliability and efficiency of
automated production lines by reducing maintenance costs and minimizing downtime using artificial intelligence
algorithms. The method involves the application of acoustic spectra generated by the production line nodes
during operation to establish a correlation with the reliability and efficiency of these lines. A model for
representing acoustic spectra as a two-dimensional data array, which captures the change in acoustic spectra over
time, has been proposed. The format of acoustic spectra as two-dimensional data is used to recognize equipment
operation patterns. To recognize these patterns, the use of a convolutional neural network is proposed, and its
software model has been developed, allowing simulation and assessment of the accuracy of using machine
learning methods.

Additionally, the article highlights the results of the functioning of the developed neural network, which
indicate a significant correlation between the measured acoustic spectra of the production line equipment and its
reliability and efficiency indicators. The importance of this approach lies in the ability to timely detect potential
problems and quickly eliminate them, which in turn contributes to reducing maintenance costs and increasing
productivity.

Moreover, the implementation of this method can significantly impact the overall efficiency of production
processes, providing more accurate and reliable monitoring of equipment conditions. Further research may be
directed towards improving the proposed models and algorithms, as well as developing new approaches to the
analysis and interpretation of acoustic spectra.

Furthermore, the integration of such advanced technologies into the production environment demonstrates a
progressive shift towards more intelligent and autonomous manufacturing systems. These advancements not
only enhance the performance and sustainability of industrial operations but also pave the way for future
innovations. By continually refining the models and algorithms used in acoustic spectrum analysis, industries
can achieve higher levels of precision in fault detection and maintenance planning. This proactive approach
ensures that equipment operates at optimal levels, thereby extending its lifespan and reducing unexpected
downtime. Overall, the adoption of Al-driven methodologies in industrial settings represents a significant leap
forward in modernizing production lines and achieving unprecedented levels of operational excellence.
reliability of operation, efficiency of operation, automated production lines, acoustic spectrum, machine
learning, convolutional networks
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Modified Cellular Concrete: Structure, Properties, and
Potential Applications

The article proposes a method for the autoclave—free production of ultra—lightweight cellular concrete
based on Portland cement, glass waste, and liquid glass. A hardening activator and a gas—forming agent are used
to produce a porous material with high thermal insulation properties and water resistance. The proposed concrete
can be used as thermal and sound insulation material, as well as for masonry and construction of non—bearing
internal walls.
ellular concrete, waste glass, liquid glass, alkaline activation, porous structure, water resistance

Problem Statement. In the context of the need for conservation and efficient use of
natural resources, special attention is given to the rational use of secondary materials in the
production of construction products. The development of waste—free technologies and
recycling contributes to improving the environmental situation and reducing the depletion of
non-renewable resources. Glass waste is a large—volume secondary mineral resource whose
recycling is a complex task. The disposal of glass negatively impacts the environment, as
glass in landfills hinders soil reclamation. Therefore, finding new methods for utilizing glass
waste is crucial.

Analysis of Recent Studies and Publications. Glass waste has been identified as an
effective aggregate for building materials production. Ground glass is used in foamed glass,
ceramic products, facade cladding, thermal insulation materials [1], cement mixtures, and
geopolymer concretes. Research [2] shows glass's potential in road construction, including
asphalt mixtures and road coverings , as well as improving road markings with glass beads.
Ground glass is particularly promising for porous thermal insulation materials and aerated
concrete, as it is less flammable than traditional insulation materials like polyurethane,
polypropylene, and polystyrene [3]. However, fibrous mineral materials such as glass wool do
not fully protect metal structures from corrosion without additional waterproofing.

Studies [4-5] highlight the high thermal conductivity of porous cement materials with
artificial aggregates, but research [6] shows that temperature reduction can be achieved using
liquid glass as an activator for slag mixtures. Moreover, liquid glass mixtures set at high
temperatures and altered pH.

Problem Statement. Thus, despite the considerable number of studies conducted, the
issue of obtaining porous materials based on glass and liquid glass, as well as investigating
their properties, remains insufficiently explored. Therefore, the aim of this work is to
determine the optimal conditions for forming a porous structure of foam concrete made from
glass waste and liquid glass. This is an important step in the development of new, more
efficient, and environmentally safe building materials.

Main Material Presentation: For the production of cellular concrete, the following
materials were used: glass waste, liquid glass, sodium hydroxide, sodium hexafluorosilicate,
Portland cement, and water.

© Roman Sivak, 2024
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Aluminum powder was used as a gas—forming agent. The chemicals had a purity grade of
"chemical purity" and were used without additional purification[7].

Glass Waste: Uns sorted glass waste with a fineness modulus (Fm) of 0.945, true
density of 2435 kg/m?, and bulk density of 1313 kg/m? was used in the work. Part of the glass
waste was ground to a powdery state to achieve a specific surface of 450-550 m*kg. The
grinding time to achieve the specific surface of the ground glass (450-550 m?/kg) was 40—-60
minutes. The average chemical composition of the glass waste used is provided in Table 1.

Table 1 — Chemical composition of cullet used in the work.

Oxide SlOz A1203 FCQO3 CaO+MgO Na20+KzO SO3

Content, 71.5-72.6 2-2.6 0.1-0.25 10-10.5 15.0-16.0 0.3-04
mass.%

Source: developed by the author

Liquid Glass: Sodium liquid glass was used, which is an alkaline aqueous solution of
sodium silicates (Na,O-nSiO,) with a mass fraction of SiO; ranging from 22.7 to 29.6%, a
silicate modulus (n) between 2.3 and 2.6, and a density of 1360-1450 kg/m?>.

Aluminum Powder: To form the porous structure of concrete using glass as an
aggregate, aluminum powder of grade PAP—1 was used as a gas—forming agent. The residue
on sieve Ne 008 was 1%. The powder contains impurities in mass %: iron — 0.5, silicon —
0.4, copper — 0.05, manganese — 0.1, moisture — 0.2, oil — 3.8. Sodium hexafluorosilicate
Na2SiF6 was used as a gas formation accelerator and hardener.

Purity of Reagent: 98 mass % Na,SiFg, insoluble residue no more than 1 mass %,
water content no more than 0.5 mass %. Sodium hydroxide NaOH used in the study contained
at least 99% NaOH, with a mass fraction of sodium carbonate (Na,COs3) not exceeding 0.8
mass %.

Portland Cement: To ensure strength and improved water resistance of pore walls in
the porous material, Portland cement CEM I 42.5 R (EN 197-1) was used, containing
tricalcium silicate not less than 60 mass % and tricalcium aluminate not more than 9 mass %;
the specific surface area of the cement was 300400 m*kg. Water: Distilled water was used
to prepare the mixtures.

Mechanical Testing of Samples: Compression and bending tests of glass—filled
samples were conducted in accordance with European standards [8-9]. The samples for
compression strength tests had a cubic shape with a side of 10 cm, and for bending strength
tests, they had a beam shape of 10 x 10 x 36 cm?. The samples were cut from control blocks
with dimensions of 20 % 40 x 40 cm?. Control blocks were prepared by filling the molds with
approximately 1/3 volume of a well-mixed component mixture, holding the mixture until the
end of the foaming process, and then removing the blocks after 3 days of storage at 20 + 2°C.
The blocks were then wrapped in polyethylene film and stored under the same conditions for
28 days. Prior to testing, the samples were dried at 60°C to a constant weight. Compression
and bending tests were performed using presses with a loading rate of 0.05 kN/s. Each sample
of the same composition was tested six times, and the average strength values were calculated
from the results.

Specific Surface (Ssp): The specific surface of materials with developed
microstructures and porosity was determined by the Brunauer—Emmett—Teller (BET) method.
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The determination was based on experimental data from low—temperature nitrogen adsorption
at 77 K, building adsorption isotherms.

Thermal Analysis: Thermal transformations during heating of the materials were
studied using differential thermal analysis (DTA) and thermogravimetric analysis (TG). The
samples were heated in alumina crucibles with an airflow rate of 100 mL/min and a heating
rate of 10 K/min.

Sample Porosity: The porosity of the samples was calculated using experimentally
determined values of true density and average density pl] in a dry state, applying the
corresponding formula for determining porosity P (%) [10].

= — @ - 0,
P=( : ) - 100% (1)
Open porosity Py, (%) is determined by the following formula:

P, op = W, (2)

where Wy — is the water absorption of the material by volume, %
The closed porosity Pc (%) was calculated using the following formula:

F,=P—-P op (3)
The normal density of the samples was calculated using the following formula:
m
p=" 4)

The production of cellular concrete containing cullet typically involves autoclave
processing [11]. The key process in this treatment is the formation of insoluble silicates,
especially in mixtures with at least 15% alkaline oxides. In this study, to improve energy
efficiency, liquid glass was used instead of autoclave treatment. Due to its high modulus (n =
2.3-2.6) and increased viscosity, water was added to the mixture to enhance the porosity of
the final material. Another important factor influencing the properties of the resulting cellular
concrete is the dispersion of the glass.

Unsorted cullet, which is rarely used in glass factories due to its impact on the
homogeneity and quality of the final glass products, was used here. However, for producing
non—combustible porous materials containing cement, glass homogeneity is not critical,
allowing for the use of cullet with varying chemical compositions and dispersions. The cullet
was degreased in acetone, washed with distilled water, and dried at room temperature before
being ground in a screw crusher to achieve the following characteristics: fineness modulus
(Fm) = 0.945, true density of 2435 kg/m?, and bulk density of 1313 kg/m?®. To optimize the
packing density of the raw material grains and form a dense, strong structure, the proportion
of large and small fractions of the ground cullet was balanced. The finely ground cullet serves
as a structuring material due to the interaction of its amorphous silicon dioxide (SiO[1) with
the alkaline environment of liquid glass and Portland cement, which affects the strength of the
pore walls. To increase the fine fraction, part of the ground cullet was milled into powder to
achieve a specific surface area of 450-550 m?/kg. The granulometric composition of the
ground and milled cullet is shown in Table 2, and the particle size distribution is presented in
Fig. 1.
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Figure 1 — Size distribution of glass particles with different specific surface area: (1) Ssp = 450 m*/kg;(2)
Ssp = 500 m*/kg; (3) Ssp = 550 m*/kg.

Source: developed by the author

Table 2 - Fractional composition of coarse crushed and highly dispersed milled cullet.

Particle Size

Mass Fraction, wt.%

Coarse Cullet Milled Cullet, Milled Cullet, Milled
Ssp =450 m*/kg | Ssp =500 m*/kg Cullet,
Ssp =550
m’/kg
d>1mm 10.5 0 0 0
0.2<d<1.0mm 21.5 5.2 1.7 1.9
0.063<d<0.2 49.3 76.1 89.7 91.3
mm

d <0.063 mm 13.2 18.7 8.6 6.8

Source: developed by the author

Electron microscope analysis revealed the irregular shape of the glass cullet particles
(Fig. 2). Using light scattering dispersion, the particle size characteristics were determined:
volumetric D43, surface D32, and arithmetic D10 equivalent diameters. Ground glass with

Ssp =450 m?/kg (Table 3) was used.

i)

(a) large—fraction cullet; (b) ground cullet with Ssp = 450 m2/kg; (c) ground cullet with Ssp = 500
m2/kg; (d) ground cullet with Ssp = 550 m2/kg.

Figure 2 — Microphotographs of particles of various size fractions of waste glass

Source: developed by the author
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Table 3 - Fractional composition of coarse crushed and highly dispersed milled cullet.

Sample Glass Particle Size, pm
Volume Mean D43 | Surface Mean D32 | Arithmetic Mean D10
um’ | Ratio to the | pm” | Ratio to the pum Ratio to the
Reference Reference Reference
Sample Sample Sample
Milled cullet 46.68 — 19.2 — 15.45 —
Ssp = 450 m*/kg 1
Milled cullet 22.77 2.05 11.4 1.68 12.16 1.27
Ssp = 500 m?/kg 3
Milled cullet 22.34 2.09 11.0 1.73 11.61 1.33
Ssp = 550 m/kg 8

Source: developed by the author

Previous study [12] showed that to obtain cellular concrete with acceptable strength
properties under natural curing conditions, certain component ratios must be followed: liquid
glass 28-32 wt.%, poly—disperse glass cullet 38-47 wt.%, Portland cement 9-12 wt.%,
sodium hexafluorosilicate 3.5-4.5 wt.%, sodium hydroxide 2.5-3.5 wt.%, aluminum powder
1-1.2 wt.%, water 8-9 wt.%. During the preparation of the cement paste, liquid glass and
water are added to the mixture, initiating exothermic reactions and raising the mixture
temperature to 80-100 °C. The formation of a porous structure and hardening lasts 20—40
minutes, after which the material cools and does not require further thermal treatment.
Changes in the component ratios significantly affect the strength and structure of the resulting
material.

The effect of Ssp glass waste on the strength of cellular concrete was studied on
samples containing 40 wt.% cullet, 30 wt.% liquid glass (p = 1300 kg/m?), 12 wt.% Portland
cement, 4.3 wt.% sodium hexafluorosilicate, 3.5 wt.% sodium hydroxide, 1.2 wt.% aluminum
powder, and 9 wt.% water. The results showed that the compressive and bending strength
increases with the increase in the specific surface area of milled glass to 450-550 m?/kg (Fig.
3). The increase in dispersion contributes to a higher reactivity of the particles, which
enhances the formation of silicate structures under the influence of an alkaline environment.
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Figure 3 — Dependence of the strength of cellular concrete samples based

on waste glass and liquid glass on the specific surface area of milled glass

Source: developed by the author
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Sodium aluminate formed in liquid glass in the presence of calcium hydrosilicates
promotes the formation of insoluble aluminosilicates, such as NallO-Al[1O[1-6Si0[] and
Ca[Al[1Sil]O[1], stabilizing the pore wall structure in the final material. The reaction of
amorphous silica with liquid glass at the "solution—particle" interface is accompanied by
polymerization processes, which strengthen the bond between glass particles by forming
three—dimensional silicate structures. The optimal ratio of finely ground to coarsely ground
cullet for achieving maximum strength is 1.97-2.24, which provides strong samples with a
dry bulk density ranging from 150 to 300 kg/m? (Fig. 4).

Both high and low content of large glass cullet fractions fail to achieve adequate
strength in the samples. With low crushed glass content, the density of the samples increases
significantly, but they become brittle. The glass fraction ratio also affects the thermal
conductivity of the cellular concrete samples: as the ratio increases from 1.5 to 3.5, thermal
conductivity reaches its maximum. Phase transitions during heating were evaluated using
differential thermal analysis. After drying, hydrated structures with small amounts of
crystallization water remain, with water loss occurring between 100-150 °C.
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Figure 4 — Dependence of compressive strength (a), flexural strength (b) and density (c)
of glass—filled cellular concrete samples in the dry state with a density of 360 kg/m3

on the mass ratio of finely milled and crushed glass
Source: developed by the author

With temperature increase from 150 to 550 °C, polycondensation processes occur in
the pore wall structure, accompanied by water loss of 3—5%. In this range, dehydration of
hydro—silicates takes place. As the temperature increases from 550 to 850-950 °C (ascending
exothermic peak), crystallization of liquid glass and finely milled glass cullet occurs, with an
exothermic peak of 7-9 mW/mg without mass loss. Polymorphous transformations of calcium
silicates also happen in this range. Higher temperatures lead to melting of the samples above
900 °C. Increasing the finely milled glass proportion reduces the upper temperature limit
range from 800 to 400 °C, as phase transformations in samples with finely milled glass occur
at lower temperatures.

Thus, glass dispersion significantly affects pore wall strength in porous concrete. The
highest strength is achieved with a milled—to—crushed glass ratio of 1.97-2.24. In this case,
small glass particles form the polymeric silicate bond, while large particles act as
reinforcements.

The density of liquid glass affects hydration intensity, setting time, and strength of the
resulting porous material. The liquid glass density used ranged from 1130 to 1350 kg/m’.
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Increasing liquid glass density increases both the density and strength of the cellular concrete.
Strength depends linearly on the liquid glass density between 1200—1350 kg/m?, but at higher
densities, strength increases more slowly due to high viscosity, impairing gas formation. At
lower liquid glass densities (1130-1200 kg/m?), it’s impossible to achieve a strong porous
structure, with pore walls breaking under slight mechanical impact.

Increasing water content in low—density liquid glass decreases pH, reducing
amorphous silica dissolution intensity and material strength. Therefore, the optimal liquid
glass density is between 1230 and 1350 kg/m?®, allowing for the production of low—density
products with sufficient strength.

The porosity of cellular concrete is characterized by pore content, diameter, and
uniformity of distribution. Macropores with diameters of 1 mm or more are formed due to gas
formation. In systems with macropore volumes over 50%, porosity can exceed 90%, with the
pore wall material occupying a smaller area.

For foam concrete samples based on glass, compositions were selected with a finely
milled—to—crushed glass ratio of 2.24, and liquid glass density between 1130 and 1350 kg/m?.
The macro— and microstructure of the samples were evaluated using electron microscopy, and
macroporosity was measured microscopically. The results of macroporosity measurements
based on liquid glass density are presented in Table 3.

Table 3 — Macroporosity of glass—filled aerated concrete samples at different densities
of liquid glass.

No Liquid Glass Total Porosity, % | Open Porosity, % | Closed Porosity, %
Density, kg/m’
1 1350 68.7 14.63 54.07
2 1310 73.5 10.05 63.45
3 12301 78.9 10.77 68.13
4 1200 82.4 10.72 71.68
5 1130 85.6 8.90 76.7

Source: developed by the author

Cellular concrete samples exhibit high porosity with mostly closed pores, resulting in
low thermal conductivity. The pore shape is nearly spherical, and their diameter varies with
material density. At densities of 280-300 kg/m?, pores measure 650—850 um, while at higher
densities, they shrink to 350-600 pum. Pore size distribution curves were plotted, and
calculations for mean pore diameters (arithmetic and volumetric) and sample polydispersity
(P = dN/dV) were performed. Lower—density samples have less homogeneous structures,
while higher—density samples are more uniform.

The pore walls exhibit a spongy structure typical of hardened gels. Adsorption
measurements reveal polymer adsorption in small pores, while capillary condensation occurs
in mesopores (1.5-2 nm in size) within the pressure range of 0.5-0.95.

Water absorption tests show that the material has high porosity, with water absorption
by weight ranging from 36 to 38.5%. Water absorption is more stable when liquid glass
density is between 1200-1310 kg/m*. Outside this range, the porous structure changes,
affecting water absorption. Higher—density liquid glass (1350 kg/m?) results in more macro
and mesopores, increasing volumetric water absorption.

Despite high water absorption, the samples retain strength when saturated, showing
high water resistance due to the material's hydrophobic properties. Water absorption and
resistance depend on the porous structure and raw material ratios.
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Compared to other construction materials, this cellular concrete belongs to the lightest
cementitious group. Its compressive strength (up to 2 MPa) makes it suitable for non—load—
bearing applications. It is not ideal for high—humidity or structural use due to its water
absorption and low strength but works effectively as a thermal insulator. It can be used in
non—load—bearing interior walls and infill masonry. The formation process also allows
flexibility in product shapes and sizes without the need for formwork.

Conclusions. The production of ultra—lightweight cellular concrete based on glass,
Portland cement, liquid glass, and an activator for mixing components has been proposed.
This initiates complex hydrolytic and gas—forming exothermic reactions, leading to the
formation of a porous structure within 20—40 minutes without additional thermal treatment.
Depending on the composition and dispersion of the components, an average density of 150—
320 kg/m?, compressive strength up to 2.0 MPa, and thermal conductivity coefficient of 0.05—
0.09 W/(K-m) are achieved. Optimal characteristics are achieved with a ratio of fine to coarse
glass of 1.97-2.24.

The mechanism for forming a strong porous structure lies in the partial dissolution and
subsequent joint hardening of layers at the "solution/glass particle" boundary due to the
formation of a three—dimensional structural foundation. This ensures structural stabilization
due to reinforcement with large glass particles and the formation of insoluble compounds. A
comparison of the properties of the obtained material with known data shows that it can be
used as a thermal and sound insulation material, as well as for filling masonry and
constructing non—load—bearing interior walls. It offers advantages such as energy—saving
production technology, resource efficiency due to the use of glass as a raw material, and high
fire resistance.

References

1. Popovych, O. R., Zakharko, Ya. M., & Malovanyi, M. S. (2013). Problemy utylizatsiyi ta pererobky
budivel'nykh vidkhodiv [Problems of utilization and processing of construction waste]. Visnyk
Natsional'noho universytetu "L'vivs'ka politekhnika". Teoriya i praktyka budivnytstva, (755), P. 321—
324 [in Ukrainian].

2. Dobrotvor, A. A. (2024). Napryamky vykorystannya vidkhodiv znesennya ta ruyinatsiyi v budivel'niy
haluzi [Directions for using demolition and destruction waste in the construction industry] [in
Ukrainian].

3. Pyatnychuk, T. V., Gomenyuk, D. V., & Zaslavska, S. 1. (2024). Zbirnyk osvitnikh keysiv z

enerhoefektyvnosti ta bezpeky pratsi v povoyennomu budivnytstvi: praktychnyy posibnyk [Collection of
educational cases on energy efficiency and labor safety in post-war construction: A practical manual]
[in Ukrainian].

4, Boyko, V. O. (2024). Doslidzhennya skladu vysokomitsnoho betonu z skloboyu ta udoskonalennya
tekhnolohiyi yoho pryhotuvannya [Investigation of the composition of high-strength concrete with
cullet and improvement of its preparation technology] [in Ukrainian].

5. Kondrashchenko, O. V. (2007). Materialoznavstvo: Navchal'nyy posibnyk [Material Science: A
textbook] [in Ukrainian].
6. Tatarenko, V. P. (2023). Pokrashchennya vlastyvostey nizdryuvatykh betoniv za rakhunok

modyfikatsiyi yikh skladovykh [Improving the properties of cellular concrete through the modification
of its components] [in Ukrainian].

7. Abd El-Fattah, Z. M., Ahmad, F., & Hassan, M. A. (2017). Tuning the structural and optical properties
in cobalt oxide-doped borosilicate glasses. Journal of Alloys and Compounds, 728, P. 773-779.
https://doi.org/10.1016/j.jallcom.2017.09.123

8. Akkurt, 1., Gunoglu, K., Kurtulus, R., & Kavas, T. (2021). X[ray shielding parameters of lanthanum
oxide added waste sodalllime glass. X[IRay Spectrometry, 503), P. 168-179.
https://doi.org/10.1002/xrs.3142

9. Liu, Y. L., Liu, C,, Qian, L. P, Wang, A. G., Sun, D. S., & Guo, D. (2023). Foaming processes and
properties of geopolymer foam concrete: Effect of the activator. Construction and Building Materials,
391, 131830. https://doi.org/10.1016/j.conbuildmat.2023.131830

159



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2024. Issue 10(41), Part II

10. Berezovskyi, A. I., Sidnei, S. O., & Rudesko, I. V. (2019). Otsinka efektyvnosti materialiv dlya
hermetyzatsiyi pustot budivel'nykh konstruktsiy [Evaluation of the effectiveness of materials for sealing
voids in building structures] [in Ukrainian].

11. Herasyutenko, S. 1. (2023). Analiz vplyvu disperhuyuchykh dobavok na vlastyvosti hazobetonu
[Analysis of the effect of dispersing additives on the properties of gas concrete] [in Ukrainian].

P.B. CiBak, acm.
Binnuyvkuii nayionanonuti mexuiunuii ynigepcumem, m. Binnuys, Yrpaina

MopngikoBanunii HizagproBaTHii 0€eTOH: CTPYKTYpa, BJACTHBOCTI Ta NMOTEHUilHi chepn

3aCTOCYBAaHHSA

BuxopucraHHs BiIXOmiB y BHPOOHHITBI OyAiBETbHHX MaTepiajliB € OTHUM i3 MOXIMBUX pillIeHb
npoOJeMH CTaJIoTO YIPAaBIiHHA HENepepoOHMMH BiAXOJaMH Ta BTOPHHHHMH pPECypcaMd, IO BaXKKO
YTHII3YIOThCA. Y IIbOMY JOCIHIKEHHI 3aIpOIOHOBAHO METOJ 0€3aBTOKJIABHOTO BHTOTOBIICHHS Hi3APIOBATOTO
0eToHy Ha OCHOBI HOPTJIAHILEMEHTY, CKIOOOI0 Ta PIIKOro ckia. SIKk aKTMBAaTOpW TBEPJHEHHS BHKOPHCTAHO
FeKCaxJIOPOCWIIKAT 1 TIMIPOKCHJ HATPIil0, a ra30yTBOPIOBAYEM CIYI'YE aJFOMIiHIEBUN MOPOIIOK. TBepaHEHHS
CHpHX cyMilled BiIOyBaeTbCcs 3aBASKA €K30TEPMIYHOMY TEIUIOBHUAUICHHIO, 3YMOBJICEHOMY KOMIUIEKCOM
XIMIYHHX peakwii y cHucTeMi, IO yCyBae morpedy B JOAATKOBIH TepMiuHili oOpoOui. Jnst nocsSrHeHHsS
NPUIHATHOT MIIHOCTI MaTepiajy ONTHMAaJIGHUM € BUKOPHCTAHHS JIBOX (pakiiil ckiIo00ro: rpy0oauciepcHOro
(Momynb kpymHocTi Fm = 0,945) Ta npibHogucnepcHoro (muroma mosepxHsa Ssp = 450-550 m%/kr). dpi6Hi
CKJISTHI YaCTHHKH Pa30M i3 MOPTIAHALIEMEHTOM OEpyTh YYacTh y TIIPONITHYHHX 1 CTPYKTYPOYTBOPIOBAIBHIIX
mpoIiecax, TOJi K rpy0i YaCTUHKH BUKOHYIOTH (DYHKIIIFO apMyBaJIbHOTO HAIIOBHIOBAYA.

VY xomi mOCTiKEHHS BH3HAYCHO BIUIMB JUCIIEPCHOCTI CKJIa Ta TYCTHHH PIAKOTO CKJa Ha TYCTHHY,
MOPHUCTICTh, MIIHICTh, BOJIONOIJMHAHHSA Ta BOJOCTIHKICTE OTPUMAHOTO MOpHCTOro Marepiamy. s
HI3IPIOBATOrO OETOHY 13 CepelHbOI0 TYCTHHO y cyxoMy cTaHi 150-320 kr/M® oTprMaHO TakKi XapaKTepUCTUKU:
MirHicTh Ha ctruck g0 2,0 Mlla, minnicts Ha Burua 0 0,38 MIla, koedimient remtonposiguocti 0,05-0,09
Br/(K'M) i makcumanpHa pobOoua Ttemneparypa 800°C. 3anporoHOBaHWH HI3ApIOBaTHUil OETOH MOXe
BUKOPHCTOBYBATHCS SIK HETOPIOUUI TEILIO- Ta 3BYKOi30 LiiiHNiT MaTepian. Kpim Toro, 6510ku 3 HI3APIOBATOTO
OeToHy NpUAaTHI 1JIs 3aIIOBHEHHS KJIaJKU Ta 3BE/ICHHSI HEHECY4MX BHYTPIIIHIX CTiH, 32a0€31e4Yy0un epeBaru y
cdepi eHeproe(h)eKTHBHOIO BUPOOHHUIITBA Ta NTEPEPOOKU pecypciB.

Hi3ApoBaTHii 0eTOH, CKJ00iil, pigke ckiI0, 0e3aBTOKJIaBHe BHPOOHUITBO, MOPUCTI MaTepiaiu,
TeIJI0i30JIs1is1, JIErKHii 0eTOH
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CraH 1 HanPsAMKH M1IBUILEHHS €()EKTUBHOCTI
TEXHIYHOT'O CEPBICY BAHTAKHUX aBTOMOO1JIIB B
arponpoOMHUCIIOBOMY KOMILIEKCI

B poOoTi BHKOHAHO aHaNi3 Oprafi3amii TEXHIYHOTO CEpBICYy BaHTAXXHUX aBTOMOOLTIB B yMOBax
CLIBCHKOTOCIIOJAPCHKOr0  BUPOOHMIITBA. BCTaHOBIGHO, IO Uil JaHOI raiy3i XapakTepHO BHCOKa
TPYIOMICTKICTh CEPBICHHX [Iiif, HM3bKa TEXHIYHA Ta iH(pOpMalliliHa 3a0e3MeueHICTh TEXHIYHOro CepBicy, MI0
MPUBOJIUTE 70  3HIDKCHHS NPOAYKTUBHOCTI  TPAaHCHOPTHHUX  oOmepamii  Ta  peHTabeIbHOCTI
CIITbCHKOTOCTIOAPCHKOTO BUPOOHUIITBA.

3 MeTo0 MiJBHIICHHS e(EKTUBHOCTI CEPBICY BAHTAXXHUX aBTOMOOUIIB 3alpOIIOHOBAHO IIiIBUIYBaTH
pOJIb TEXHIYHOI JIarHOCTHKH, IO HEMOXXJIHBO 0Oe3 3a0e3ledeHHs HOPMATHBHO-TEXHIYHOK JOKYMCHTAILEH.
[TporoHyeThCs 3aPOBAaUTH HA BCIX €Tarax CepBiCy BaHTAXKHUX aBTOMOOLUIIB BUKOPHCTAaHHS iH(opMaLiiiHuX
TEXHOJIOTIH, 30KpeMa BUKOPHUCTaHHs 0a3 AaHuX Ta 0a3 iHpopMalii, 1110 103BOINUTH PU3BOAUTH CKOPOTUTH BECh
IIMKJI TEXHOJIOTTYHOT'O IpoLiecy 00CIyroByBaHHs aBTOMOOIIIB.
aBTOMOOiNb, TEXHIYHUII cepBic, AiarHOCTYBaHHS, PEMOHT

IloctanoBka mnpobaemMu. TexHiyHe OOCITYyroByBaHHS € OCHOBHUM  BHUJOM
BUPOOHUYOr0 0OCIYroByBaHHS BaHTAKHUX aBTOMOOUIIB B CUTLCHKOMY rocrnofapctsi. PiBeHb
poOOTH MIANMPUEMCTB TEXHIYHOTO CEPBICY 3HAYHOIO MIpOIO BIUTMBAE HAa €()EKTHUBHICTh BCHOTO
c.-r. BUpoOHHUNTBAa. Ha choronmHimmHid OeHb 1€ BHI iSUIBHOCTI peanizyeTrbes y (opmi
BHYTPIIIHOTOCTIOIAPCHKOTO  OOCIIYyTOBYBAaHHS C.-T. MIJNPUEMCTB PEMOHTHO-TEXHIYHHUMH
MiAPO3/TaMH Ta CTEIiali30BaHUMHU CEPBICHUMH MiIPUEMCTBAMHU.

Texniune  0OCTyroByBaHHS  BaHTAXKHUX  aBTOMOOUIIB, IO  TNpAMIOIOTh B
arporpomucioBomy komiuiekci (AIIK), BUKOHY€eTbCS Ha aBTOTPAHCIIOPTHHUX MiANPHEMCTBAX
(ATII) abo cmemiami30BaHUX aBTOCEPBICHMX 1 PEMOHTHHUX IMIIMPUEMCTBAX: CTAHIIIAX
TexHiuHoro oociyroByBanHsi (CTO), peMOHTHUX MaCTEepHSX, CIEIiaTi30BaHUX CEPBICHUX
LEHTpax.

Texniune  OOCIYroByBaHHS ~ XapaKTEpU3YETbCA  BUCOKOI  TPYIOMICTKICTIO
BUKOHYBaHHUX pOoOIT, 110 HEOOXITHI JIJIsi CTIHKOro 3a0e3MeyYeHHs Mpare31aTHOCTI BAaHTAXXKHUX
aBTOMOOLTIB, BiJl €EeKTUBHOCTI 3IIHCHEHHS SKOTO 3aJIe)KaTh TaKl MOKA3HUKU TPAHCIIOPTHUX
3ac00iB K O€3BIIMOBHICTH, JOBTOBIUHICTh Ta MPOIYKTHUBHICTH BHKOHAHHS TPAHCIOPTHUX
onepauid. OOcsAr omnepamiii Mo 0oOCIyroByBaHHIO BaHTXHHX aBTOMOOLIIB BOIISIMH Y
peMOHTHUX 0a3ax C.r. MANPUEMCTB MOXKe csAraTH Bia 25 10 85 %.

3 METOI [OCSTHEHHS BHCOKHMX TIIOKa3HHKIB TMPOAYKTUBHOCTI BOJHOYAC TpHU
3aJOBUTBHIH SKOCTI €KCILTyaTallii BAHTa)XKHUX aBTOMOOLJIIB, BOAIl TPAHCIIOPTHHX 3aC0O0iB
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NOBHMHHI BUTPAYaTH NpU BUKOHAHHI II0IGHHUX TEXHIYHUX 00cIyroByBaHb Bia 1 1o 1,5 rox, a
T TaKOX MOHaJA | Toj. HA MPOBEIEHHS PEryIOBaIbHUX POOIT Ta MPOBEIEHHS TEXHOJOTIYHUX
po0it, 3aranbHa TPYAOMICTKICTh BUKOHAHHS BKAa3aHUX OMEpaliii Moxke caraT Bimg 2 A0 2,5
roa. 3a a00y. Jlus miABUINEHHS 4Yacy Ha BHKOHAHHS TPAHCIMOPTHHUX oOmepariiii Boii
BAaHTAKHUX AaBTOMOOUTIB TOBHMHHI 3MEHIIYBAaTH 4Yac, IO BHUTPAYAETHCS HA MIATOTOBKY
aBTOMOOUTIB, IO Yy KIHIICBOMY BHUIAJKy 3MEHIIYE e(EKTHBHICTh BUKOPUCTAHHS TEXHIKH
[1,2].

Takum 4MHOM, TPUBAIICTh MPOCTOIB MpU HeeHEKTUBHOMY MPOBEJICHHI TEXHIYHHUX
00CITyroByBaHb BaHTXKHHUX aBTOMOOUTIB Moxke csratu Bim 25 mo 30% Bim 3aranbHOl
TPUBAJIOCTI POOOYOi 3MiHH, a IO MPUBOJUTH 10 3HUKEHHS IMOKA3HUKIB TEXHIYHOT TOTOBHOCTI
BaHTQXHUX aBTOMOOUTIB g0 60...70% [3], a MarepiaJibHi BUTpAaTH HA TEXHIYHE
00CITyrOBYBaHHsI aBTOMOOLTIB MEPEBUIIYIOTh BUTPATH Ha X BUPOOHUIITBO y 5-10 pa3iB .

3a0e3neueHICTh TOCMOJAPCTB MYHKTAaMH TEXHIYHOTO OOCIYTOBYBaHHS MaIIUH
cTaHOBUTH Osn3bK0 60 % Big MOTpPeOU, pEMOHTHUMHU MaNCTEPHSAMHU CLIbCHKOTOCIIOAAPCHKUX
rocnogapctB — 91 %. Ha icHylouiii peMOHTHO-00CIIyroByrouiii 6a3i y rocmomapcTBax
BUKOHY€eTbcs ToHa 80 % Bcboro odcsary poOiT i3 3a0e3neueHHs] e(peKTHUBHOI eKCIuTyaTaril
MaimiuH. BuTpatu Ha TexHiuHe o0OcCayroByBaHHs csraioTh 23% 06amaHCcOBOi BapTOCTi
MAaIIMHHO-TPAKTOPHOT0 NapkKy [4].

B ymoBax HH3BKOI TEXHIYHOI OCHAIEHOCTI C.-I. MIJIPUEMCTB MiATPUMKA
Mparne3aTHOCTI BAaHTAKHUX aBTOMOOUTIB € 3aBIaHHSM TEPUIOPSIHOI BaKIWBOCTI, IO
3HAYHOIO MIpOIO 3aJIeXKHUTh BiJl 3aCTOCOBYBAaHUX ()OpM Ta METOJIB OpraHizamii TEeXHIYHOTO
CepBicy.

AHami3 ocTraHHix jgocaimkenb, i myoOaikanmiii. CinbchKOrocmomapchbki - Ta
Creliaai3oBadl MiAMPUEMCTBA YTBOPIOIOTh y MaciuTadl KpaiHH MiACUCTEMY TEXHIYHOTO
cepBicy. BoHU OpranizyroTh 3 II€F0 METOIO TUIEPCHKI IMyHKTH, SIKUM HAJal0Th HEOOXiIHY
JIOTIOMOTY: HaBYalOTh MEPCOHAJI, TIOCTAYaI0Th JOBIAKOBOIO TEXHIUHOIO JIITEPATypOIO, 1 HABITh
NIOCTAYalOTh yCTAaTKyBaHHA BHKOHAHHS 0OCIyroByrouux poOiT. TexHiune oOCIyroByBaHHs
JTUJIEpaMH 3IHMCHIOETbCS OE3KOIITOBHO JIMINE y TapaHTIMHUN mepioj 1 3a YMOBH, IO HE
BUKOPUCTOBYIOTbCS 1HIII BHUTPaTHI MaTepiand, M0 HE PEKOMEHAYIOThcs ¢ipmoro. Ilicms
3aKIHYEHHs TapaHTIMHOTrO Tepiogy OOCIYyroByBaHHS TEXHIKH TIPOBOJUTHCS CaMHMH
CUIbroCHmiANpreMCTBAMH a00 MiAMPUEMCTBAMU TEXHIYHOTO cepBicy [5].

Posraspatoun texuiuauii ceppic aBTomoOuTiB B AIIK, ciin 3a3HaunTH, 110 32 MUHYJIE
JECATHUIIITTS BiH HE OTPHMAaB PO3BUTKY, SIK TOTO BUMAaraloTh 1HTEPECH JEpKaBU Ta HAYKOBO-
TexHIYHUN mporpec. CydacHUI CTaH TEXHIYHOTO OOCIyrOBYBaHHS BAaHTaXHUX aBTOMOO1TIB
3anmumae Gakatu kpamoro. TO aBToMOOUNIB 3apa3 3aiiMae oJHE 3 OCTaHHIX Micib. Tomy,
YIOCKOHAJICHHSI TEXHIYHOTO OOCITyrOBYBaHHS BaHTAKHHUX aBTOMOOLTIB € aKTyaJbHUM
3aBJaHHSAM. Y 3B'SI3KY 3 [IUM OJHHM 13 OCHOBHUX HAMPSMKIB, Ha sIKI MalOTh KOHIIEHTPYBATUCS
3ycuyutst Beix mignpuemcTB Ta ciayk0 TO B AIIK € opranizarisi 00CTyroByBaHHS BaHTAXXKHUX
ABTOMOOLTIB .

OcHOBHOIO MeTOO pedopMyBaHHS CcHUCTeMH TexHiuHOTO cepBicy B AIIK €
3a0e3MedeHHs] BHUCOKOi SKOCTI TOCHYT 13 TEXHIYHOrO OOCIyroByBaHHS BaHTa)KHUX
aBTOMOOUTIB. SKicTh poOIT, IO BUKOHYIOTHCS CEPBICHUMHU MIAIMPUEMCTBAMH, 3aJICKHUTh Bif
OCHAIIIEHOCTI MIAMPUEMCTBA TEXHOJOTIYHUM OONagHaHHAM, piBHSA KBamidikamii Ta
npodeciiHOl MaWCTEPHOCTI IMEpPCOHATy MIANMPUEMCTBA, SKOCTI 3allaCHUX YacTHH, pIiBHS
oprasizaiii po6o4oro mpoiecy, HOpMaTUBHO-IOKyMEHTAILHOTO 3a0€3MeueHHs] MPOBEICHHS
onepaiiit TO 1 miarHoCTyBaHHS TOIIIO.

Buecok cucteMu TEXHIYHOrO OOCITYrOBYBaHHS BAHTOKHUX aBTOMOOUTIB Yy
MiIBUIICHHS €(PEKTUBHOCTI TX TEXHIYHOI eKCIUTyaTallil JOCUTh 3HauHui. [Ipu pamioHatpHOMY
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npoBeieHHI TexHonoriyHux mnporeciB TO ckopouyerbcss yac Ha TO Ta pemMoOHTH,
30UTBITY€E€THCS HAMPAIFOBAHHS aBTOMOOLIIS 1 TABUIILYETHCSI HOTO MPOAYKTUBHICTD [6, 7].

TO BaHTa)XHHUX aBTOMOOLTIB 3aiiMae BEIMKHIA 00CAT Yacy Ta mpalli y 3arajJbHOMY yaci
ekcruryaTariii aBToMo0uts1. CTpyKTypa TpyJOBUX BUTPAT 32 BECh YaC SKCILTyaTallii BAHTAXKHUX
aBTomMoOimiB cknanae: 1,5% - BuroroBnenns; 45,5% - TO; 45% - nmotounuit pemont; 8% -
KamiTaibHUN peMOHT [8]. B ymoBax YkpaiHu BO/li 3HaUHy YacTHHY CBOTO poOOYOro yacy
3aifaTi  mpoBedeHHsM TO Ta pemonrtiB mammH [3]. Tomy, cdepa TexHIYHOTO
00CITyrOBYBaHHs BaHT&KHUX aBTOMOOUTIB, SK CKJIaJOoBa 4YacCTHHA TEXHIYHOTO CEPBICY,
CHOT'OJIHI O/IHA 3 Halie()eKTUBHIIINX rary3eil CiIbChbKOTI0 TOCIIOAaPCTBA.

B nmanwmii wac 3ab6e3nedenHicte AIIK peMOHTHO-00CITyroBytOUol0 0a3010 CTaHOBHUTHh
6mu3pko 60%, TOAl K BUMOTH /10 HEl 3pOCTalOTh Y 3B'SI3KY 3 MiABHIIEHHAM KOHCTPYKTHUBHOI
CKJIAJTHOCT1 MAIlIMH Yy Pe3yJIbTaTi IHTCHCUBHUX TE€XHOJIOTIN y C.-T. BAPOOHUIITBI [6].

KinpKicTh CLICHKOTOCHIOAAPCHKUX MIAMPUEMCTB, SIKI TOTPEOYIOTH 0OOCIyTOBYBAaHHS Y
criemianmizoBanux nyHkTax TO HeBenmuke. Ha HemocTaTHiM piBeHb SIKOCTI TEXHIYHOTO
00CIIyroByBaHHS y MyHKTax BKa3aiu 8%, HU3bKUI piBEHb KOMIIETEHIII] MPAI[iBHUKIB CEPBICY
6513bK0 6%, 3HaYHUI yac o4iKyBaHHS oOciayroByBaHHA 8,3 %, a HA BUCOKY TPYJIOMICTKICTh
oopMIIeHHS JOKYMEHTIB BKa3alu O1M3bK0 6% KIIEHTIB [6)].

OCHOBHMMH TIOKAa3HUKAMH, IO BiAOOpakaroTh BIUIMB MpodeciiiHoi MaicTepHOCTI
BOJIiiB Ta 0OCIYTOBYIOYHMX POOITHHUKIB HAa €()EeKTUBHICTh TEXHIYHOI €KCIUTyaTallii aBTOMOO1IIB,
€ TIOKa3HUKH EKCIUTyaTaIliiHO1 HaJIMHOCTI, €KOHOMIYHOCTI Ta 1HII, TakKi SK HaIparfOBaHHSI
Ha BiIMOBY a00 HECNpaBHICTh, TPUBAIICTh MPOCTOIO0 B 0OCIYrOByBaHHI, BUTpaTa 3al4acTHH,
BUTpAaTa NajuBa, HampauoBaHHs 10 yeprooro TO Ta peMOHTY Ta iH.

3a monepeHbOI0 OLIHKOIO CYKYITHOTO BIUIMBY BOAIIB Ta 0OCIYTOBYIOUHMX POOITHHKIB
Ha pIBEHb TEXHIYHOI TOTOBHOCTI Ta BUTpaT Ha TEXHIYHE OOCIYTrOBYBaHHS BaHTaXHUX
aBTOMOOUTIB Ha 4YacTKy BOJIiB mpunamae npudbnuzno Big 33 mo 36 %, a Ha yacTKy
o0ciyroByrouux poOiTHUKIB Bix 64 10 67 % [6].

HasBricte y cuctemi TO eneMeHTIB TEXHIYHOI IIarHOCTHKHU JO3BOJISIE 3amoOirTu
MOXXJIUBUM  BIIMOBaM, CKOPOTHTH KUIbKICTh HEBUIIPaBJAHUX po30WpaHb, TOBHIIIE
BUKOPUCTOBYBATH TEXHIYHUN PECypC MaIlHH.

JiarHOCTyBaHHS, SIK MPOIEC, € KOMIIEKCOM POOIT 3 BU3HAYCHHSI TEXHIYHOTO CTaHY
MallliH, 1 MPU3HAYEHHSIM BIAMOBIIHUX LIOTO CTaHY PEMOHTHO-OOCIYTOBYIOUMX BIUIMBIB. 3a
HAsBHOCTI TEXHIYHUX 3aCO0IB Ta y pa3l €KOHOMIYHOI JOIIILHOCTI JIarHOCTYBAHHS MAaIlluH
MOYK€E TOBHICTIO BUKOHYBATHUCS CUJIAMHU Ta 3aC00aMU C.-T. MAMPUEMCTB.

BnpoBamxkeHnHss AOCTOBIpHOT MIarHOCTUKHM JIO3BOJISIE 3HAYHO, B pPa3d 30LIBIIUTH
(akTHUHE MDKPEMOHTHE HANpAIlOBaHHSI Ta 3MEHLIMTU KUIBKICTH BiAMOB y 2-2,5 pasu,
3MEHIINTH BUTpATy nanusa Ha 5-8% [7].

BukonyooTbes mochipkeHHs 31 CTBOpeHHs cucteMd TO 3a CTaHOM y HamnpsMKY
PO3BUTKY HOBHUX TEXHOJOTIH KOHTPOJIO Ta JIarHOCTYBaHHS Yy 3B'SI3KYy 3 Jefalli IIUPIINM
3aCTOCYBaHHSM IHTEJIEKTyaJbHUX 3ac00iB BHMIpPIOBaHHS Ta OOpOOKM JiarHOCTUYHOL
iHdopmarii Ha 6a3i MepCOHATHFHOTO KOMIT I0Tepa.

B 3a3HaueHMx 1OCHiKEHHIX MUTaHHS HOPMAaTHBHO-TOKYMEHTaIbHOT miATpUMKH TO 1
TEXHIYHOI IIarHOCTUKHA aBTOMOOLTIB HE OTPUMAIH BiOOpaKEHHSI.

B nanwii yac y Hamriii kpaiHi Ta 3a KOpJIOHOM MPOBOJSTHCS HAYKOBO-AOCTIIHI pOOOTH
3 YIOCKOHAJICHHS METOMIB Ta TexHojorid TO Ha OCHOBI aBTOMAaTHM30BAaHOTO KOHTPOJIIO
TEXHIYHOTO CTaHy MallvH. HamiTHBCS TMEpCHeKTHBHUI HAMpPSIMOK, JOCTIIKEHb, IO SKOTO
HaJle)kaTh METOJM Ta CTBOPEHI HAa 1X OCHOBI TEXHOJOTIl JiarHOCTYBaHHS TPAHCIIOPTHHUX
3aco0iB 3a MapaMeTpaMH XapaKTePUCTUK IIBUIKOIUIMHHUX MPOIECIB, IO MalOTh MicIle Mpu
poOOT1 ABUTYHIB MallMH Yy MEPEXITHUX, TECTOBHX PEXKHMMax BIIBHOIO PO3TOHY Ta BHOIry.
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BusHaueHo npiopUTETHI HANPSIMU JOCTIKEHb 3 METOI0 BUOOpPY HaiOuibl iHpOpMATUBHUX
JTUHAMIYHUX XapaKTepUCTHK [8, 9].

IHocTanoBka 3aBaaHHsi. MeToio naHoi poOOTH € IOCHIUKEHHS CYYacHOTO CTaHy
CEpBICY BaHTAXHUX aBTOMOOLII B Taidy3l CLILCHKOTOCTIONAPCHKOTO BHPOOHHIITBA Ta
BUSIBJICHHS LIUIAXIB MiJBUILEHHS €(EKTUBHOCTI OOCITYroByBaHHS BaHTA)XHHUX aBTOMOOILTIB B
ymoBax AIIK.

BukiageHHs 0OCHOBHOro MaTtepiajy. CBITOBUI Ta BITYM3HIHUNA JOCBIJ CBIIYHTB, 1110
e(DeKTUBHUNM KOMIUIEKC IOCIYT 13 TEXHIYHOTO CEPBICY aBTOMOOLTIB J03BOJISIE CYTTEBO
3HHU3UTHU COOIBAPTICTH CLIBIOCIIPOAYKITI.

CyKymHICTh B3a€MOJIi TIJCUCTEM TEXHIYHOTO CEPBICY JIO3BOJIAE Yy pe3yjbTaTi
HiABUIIUTA €()EeKTUBHICTh BUKOpPUCTaHHS MammH. OfHAK, AOCATTH €(DEKTHBHOCTI CHCTEMU
TEXHIYHOTO CEPBICY MOXJIMBO 3a PAaxXyHOK JOCSITHEHHS y3TOJDKEHOT POOOTH PI3HHMX JIAHOK
CUCTEMH Ta TMOKPAIICHHS HOTO HOPMATUBHO-TEXHIYHOI JOKYMEHTAIlil. 3 II€F0 METOI0 MOXKHA
BUJILJTUTH TIJCUCTEMY 3aBJIaHb TEXHIYHOTO CEPBICY.

Cxema 3a0esredyeHHs BUKOHaHHA (YHKIIH TEXHIYHOTO CEpBICY BAHTAXHUX
aBTOMOO1TIB TIOKa3aHa Ha puc. 1.

| !

J , TbemayanHs
Bugyeris nompebu y eaHmexux | | POVBUA || eaHmeeux aemoobinie
asrmomobinsx ma rocryaax Ipo HO8y MEXHIKY & excruyanauio
|

_________ '_ — e —— — —— — —— — —

{_ BukoHanHsi TO| OiaeHocrmyeaHHs1 asmomobiris, jl
MEXHOIO2IYHOK GOKYMEHTBRUER)
T PEMOHITHO- IMEXHOO2iYHUM

IHghopvaLCiHO- KoHCyrbmautiHe O&qagoHZ 01020 ObradHaHHAW, 3areacmuHam,
3a0E3M6YEHHS 110 [UMBHHSIM m Tyeosy! 5 OOMHHUM @epe2amem
excrvyamauii MauUH nepc‘ ovany ma Mermepiarnam

Pucynok 1 — Cxema 3abe3rieueHHs] BAKOHaHHS (DyHKII TEXHIYHOTO CEpBICY BAHTAKHUX aBTOMOOLIIIB
Loicepeno. pospobaeno asmopamu

EdexTuBHiCTh (DYHKITIOHYBaHHSI CUCTEMHU CEPBICY BAaHTAKHUX aBTOMOOLIIB IMTOBHICTIO

3aJICKUTh BiI J00pe Halaro/pkeHoi HOPMATHBHO-TEXHIYHOI JIOKYMEHTalii 1 crpuse
T1IBUIIIEHHIO MPOAYKTUBHOCTI TIEPEBE3CHh ABTOMOOUISIMH CUTbCHKOTOCIIOAPCHKOT MPOMYKIIiT

(puc. 2).

Pospobka HopMaImuUeHO- mexHiYHoIw oKy MeHmauil

l

BukoHanHs TO ma QiagHocygaHHs 3abe3rneyeHHs HopMaMUBHO-
BaHMAXKHUX asmomMobiriie, 3abe3neyeHHs MexHIYHOK GOKYMEHMaU e
ix_npayesdanHozo crmaHy PEMOHITHO- IMEXHOMO2I4HO
| 1 OOKyMeHMaUIER) PEMOHITHO-
IHghopmauitiHe IoeueHHs MEXHOIO2i4HUM 06/1a0HaHHSIM,
3abe3rieyeHHs 3 A 3anacHUMU YacmuHamu ma
L Kearichkauii
MUMaHs MEXHIYHOT cepsicHoeo KOMIUTEKIMYHOHUML, €KCriTya-
excrinyamauji HeDCOH mayitiHuMU Mamepianamu
asmonvobiriie pooHary

% |

PucyHox 2 — Poitb HOpMaTHBHO-TEXHOJIOTIYHOT TOKYMEHTAITi 1
B IIporiecax 00CIyTOBYBaHHS aBTOMOOIIIB
Locepeno: pospobaeno agmopamu
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Ha mninBumenHs e(eKTHBHOCTI (YHKI[IOHYBaHHS CHCTEMH CEpBICY BaHTaXHHUX
aBTOMOO1UTIB BIUTMBY HOPMATHBHO-TEXHIYHOI TOKyMeHTallii cTaHOBUTH Bia 50 1o 60 %.

Crnig BIAMITHTH, [0 MiABHINEHHS e(EeKTUBHOCTI (YHKIIOHYBAHHS BAHTAXKHUX
aBTOMOOUTIB B IIJIOMY 3aJICKHTh BiJ SKOCTI Ta HAAIMHOCTI €KCIUTyaTOBAaHOI TEXHIKH Ta
BiJITOBITHO 301TBIIIEHHSM TaAKOTO BKJIMBOTO MOKA3HHKA, SIK HAPAI[IOBAHHS HA BiIMOBY.

[TinBumeHHss e€()EeKTUBHOCTI TEXHIYHOTO OOCITYTrOBYBaHHS BaHTaXHUX aBTOMOOLTIB
JO3BOJIUTh MIJIBUIUTH SKICTh 1 HATIAHICTh TEXHIKH, a TAaKOX 3MEHIIUTH Yac MPOCTOI0
TEXHIKH 3 JIOTIOMOTOI0 CKopodeHHs yacy Ha TO aBToMOOLIS.

Ha panmit wac cmig BigmaBaTh mepeBary OLIbII JTOCKOHANINA CXeMi YNpaBIiHHS
nporecamu TO, mo mependadae BHU3HAYEHHS CTAaHY BY3JIB IUIIXOM IHCTPYMEHTAJIBHOTO
KOHTPOJIIO.

HaiiGiap11 mepCneKTUBHUM HAIMPSMKOM € BIPOBA/KEHHS aBTOMAaTH3allli 3/1IHCHEHHS
ynpasiiHHs TexHoJorieo TO 3a pe3yiabTaTaMi BUKOHAHHS TEXHIYHOI JIarHOCTUKU CHUCTEM Ta
MEXaHI3MiB aBTOMOOLTIB, MmO MNOTpeOye BIPOBAIKCHHS MEPCHEKTUBHUX 1H(GOPMAIIHHUX
TEXHOJIOTIH Y BCIX CKJIaJJOBUX TPAHCIIOPTHOTO MPOIECY, TOYMHAIOYH 3 OOPTOBOI €JIEKTPOHIKH
BAaHTAKHOTO aBTOMOOUIS Ta 3aKiHUYyIOUM 1HPOPMAIIMHOI CHCTEMOIO, SKa Mae OyTH
BIIPOBaKEHA y Bei cTpykTypH AIIK.

AHami3 Tmporecy YNpaBlIiHHSI TEXHIYHUM CTaHOM aBTOMOOUIS Ja€ MOMKIJIMBICTH
BCTAHOBUTH pOJIb Ta MOTpedy 3acTocyBaHHA iH(oOpMAaIii Al NPUHHATTA NPaBHILHOTO
pimeHHs. TakuM YMHOM, YIIPaBIIHHS TEXHIYHUM CTAHOM KOHKPETHOTO aBTOMOOLIS TIOJIATAE Y
BUMIpPIOBaHHI NTapaMeTPiB TEXHIYHOTO CTaHy HOT0 CUCTEM, MOPIBHAHHS OTPUMAHUX 3HAYEHb 3
BCTAaHOBJICHUMH BHPOOHHKOM BEIMYMHAMH, MPOTHO3YBAHHS 3aJMIIKOBOTO PECYpCy CUCTEM
YM arperariB, BCTAHOBJIEHHS BHIY Ta 00'eMy pOOIT 3 TEXHIYHOTO OOCIYTOBYBaHHS
aBTOMOO1ITIB.

[IpononyeTbcst 3ampoBagUTH TPH BCIX BHIAX TEXHIYHOIO CEPBICY BaHTAXKHHUX
aBTOMOOUTIB BUKOPHCTaHHS iHGOpMAIIfHUX 3ac00iB Ta TEXHOJOTIH, 30KpeMa OpraHizaiis
CTBOpEHHs 0a3 JaHMX, [0 TIOKAa3aHOo Ha puUC. 3.

|
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Pucynok 3 — Cxema miaTpuMaHH MPane3qaTHOTO TEXHIYHOTO CTaHy MAIlUHH
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YacTka HassBHOCTI HOPMATHUBHO-TEXHIYHOI JOKYMEHTaLii B YChOMY TEXHOJOTTYHOMY
npoueci craHoBUTH cepengHboMmy 40 %. Bim morpiOHOoro ob6csry. Ilpu BukopucraHHi
po3po0ienoi iHpopmariiiHoi 6a3u dac Ha 0OpoOKy iHQoOpMalii CKOpOUyeTbCs BBIYi, IO
NPU3BOANTE JIO CKOPOYEHHS BCHOTO LHUKIY TEXHOJOTIYHOTO TIpoIecy OOCITyroBYBaHHS
ABTOMOOLITIB.

JocmipkeHHs Ta aHaji3 3aBJaHb, po3B'sa3yBaHuX cuctemoro TO, mo3BOIMIHN 3pOOUTH
BUCHOBOK, WO BJIOCKOHAJEHHS JIaHOi CHCTEMH Mae€ BiOyBaTHCS Yy B3a€EMO3B'A3KY 3
nepeoBUMH 1HPOPMAIIIHHUMHU TEXHOJOTIIMH, €()EKTUBHUM BHUKOPHUCTAHHSIM HOPMAaTHBHO-
TEXHIYHOI JJOKyMEHTAII].

Sk mpaBWIIO, BHKOHAHHS TEXHIYHOTO OOCIYrOBYBaHHS BaHTOXHUX AaBTOMOOLIIB
HOJISITa€ Ha OTepaTopa Ta 3aJEeXKHUTh BiJ Horo piBHA KBamidikamii. OTxe, Ha 0COOTUBY yBary
3aCIIyTOBYIOTH ~ 3aBJaHHS  CTBOPEHHS CHCTEM IMIATPUMKHA  HOPMATHBHO-TEXHIYHOIO
JOKyMEHTali€ro npodeciitHoi AisTBHOCTI onepaTopa, 10 MiJIBUILYE HOTOo e(heKTUBHICTD MPH
MpoBeACHHI 00°’eMy poOIT 3 TEXHIYHOTO OOCITYyroByBaHHSA. BaXIMBHUM HampsIMKOM €
CTBOPEHHS €KCIEPTHHUX IU(PPOBUX CUCTEM B Taly3i TPAHCIIOPTY.

OcHOBHa miepeBara IbOr0 HamNpsIMy TOJIATA€ Y TOMY, IO IHTEIEKTyajdbHI IUGPOBI
CHUCTEMHU TPOEKTYIOTbCA 3 YypaxyBaHHAM 3HaHb (DaxiBIIB-NIPAKTHKIB (KOHCTPYKTOPIB,
TEXHOJIOT1B, BUINPOOYBadiB, CKCIUTyaTamiiiHUKIB). ba3za iHdopmariii TakuxX CHCTEM JIETKO
MIOTIOBHIOETHCSI HOBUMH JJAHHUMH Ta JIETKO BIPOBAKYETHCS Y TPAHCIIOPTHE BUPOOHUIITBO.

3aKOpIOHHUK JIOCBIl Ta TEHJIEHINI CBig4aTh, IO BIPOBA/KEHHS HOPMATHBHO-
TEXHIYHOI JOKYMEHTalii MpOTAroM BChOTO Yacy iCHYBaHHS TEXHIYHOI CHCTEMH € OJHHMM 3
TOJIOBHUX 3aBJIaHb B YIIPABJIIHHI SKICTIO.

TakuM uWHOM, NI TIOKpamieHHS e(eKTUBHOCTI eKCIUTyaTamii aBTOMOOLTIB,
3MCHIICHHS BHUTpAaT MNpu iX GYHKIIOHYBaHHI € HEOOXIMHICTh Yy BHUPIIICHHI TNHTaHb
BJOCKOHAJICHHS METOIB TEXHIYHOrO OOCIYyroBYBaHHS BaHTAXKHHX AaBTOMOOUIIB IUIIXOM
po3po0OKH Ta BIPOBAKEHHS 1HPOPMAIIITHUX CUCTEM ITiJT 4ac 0OCITyroByBaHHS aBTOMOO1TIB.

JouinbHo moOyayBaTh Uil TiANPHEMCTBA 1H(GOpPMAIfHY CHUCTEMYy TEXHIYHOTO
o0CITlyrOBYyBaHHSI Ta PEMOHTY YycTarkyBaHHS. OmmcaHa METOAWKAa YCIIITHO MOXe
3aCTOCOBYBATHUCS MiJ yac 1moOy1oBH KOHKpeTHOI iH(popmariitHoi cuctemu TO y Oyab-skomy
OKpPEMOMY T'OCTIOJIAPCTBI 200 CEpBICHUX MMiAMTPUEMCTBAX.

Bucoka edekTuBHICTh iHpOpMaLifHOI cHcTeMH TOB’sA3aHa 3 11 OpraHi3auiiHOO
CTPYKTYpOIO (KUIBKICTh 1 CKJIaJl aBTOMAaTH30BaHMX pPOOOYMX MiCIlb POOITHUKIB CEPBICY,
HepeNiK po3B'si3yBaHUX 3aBJaHb, BUKOPUCTOBYBaHI TEXHIUHI 3aCO0M TOIIO), a 3aCTOCYBAaHHS
iHopmariifHoi cucTeMu 30UIbIIye €PEKTUBHICTH POOOTH SIK MEPCOHANY, ajieé MEePEBaXKHO
caMoro BUPOOHUIITBA.

BucHoBku. BukonaHo aHaii3 oprasizaiii Ta cTaHy cepBicy BAaHTQ)KHHUX aBTOMOOLITIB B
yMOBax CiJ‘IBCBKOFOCHOI[apCLKOFO BHpo6HHuTBa BcranoBneno, mo s JaHOi  Taiysi
XapaKTEepHO BEJIHKA pr,Z[OMlCTKlCTB CEpBICHUX Jii, HU3bKa TEXHIYHA Ta 1H(1)opMau1HHa
3a0€3MeUeHICTh TEXHIYHOTO CEpBiCy, [0 TNPUBOIUTH JO 3HWKEHHS MNPOJYKTHBHOCTI
TPAHCHIOPTHUX OTIEpaIliif Ta peHTa0EeIbHOCTI CUITLCHKOTOCIIOIAPCHKOTO BUPOOHUIITBA.

Jlnst migBuieHHsT €PEKTUBHOCTI CEPBICY BaHTaXHUX aBTOMOOUIIB CIiJ JTOOMBATHCS
y3TOKEHOI pOOOTH PI3HUX JIAHOK CHCTEMH CEpBICY, 30KpeMa TEXHIYHOi JIarHOCTHKH, IO
HEMOXJIMBO 0e3 3a0e3MeueHHsI HOPMAaTHBHO-TEXHIYHOIO JOKYMEHTAITIETO.

[IporoHyeThCs 3ampoBaWTH Ha BCIX e€Tamax CepBiCy BaHTaXHHX aBTOMOOLTIB
BUKOPUCTAaHHS 1H(GOpPMAIIHHUX TEXHOJOTIHA, 30KpeMa, BUKOPHCTaHHS 0a3 mgaHuX Ta 0a3
iH(popMallii, 10 TO3BOJIUTH CKOPOTHTH BECh LUKJ TEXHOJIOTTYHOTO MPOLECY 00CITyrOByBaHHS
aBTOMOOUTIB. JlaHi pekoMeHnalii yCHIITHO MOXYTh 3aCTOCOBYBATHCS IMiJa 4Yac TMOOYI0BH
KOHKpeTHOi iH¢opmaniiiHoi cucreMu TO y Oyap-KOMy OKpeMOMY TOCHOAApCTBI abo
CEPBICHUX TiIIPHUEMCTBAX.
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Agro-Industrial Complex

The purpose of this work is to study the current state of truck service in the agricultural production
sector and identify ways to improve the efficiency of truck maintenance in the conditions of the AIC.

The work analyzes the organization and state of truck service in agricultural production conditions. It is
established that this sector is characterized by high labor intensity of service actions, low technical and
information support of technical service, which leads to a decrease in the productivity of transport operations and
the profitability of agricultural production.

A conclusion is drawn that to improve the efficiency of truck service, one should strive for coordinated
work of various links in the service system, particularly technical diagnostics, which is impossible without
providing normative-technical documentation.

The work proposes introducing the use of information technologies at all stages of truck service, in
particular the use of databases and information bases, which will help reduce the entire cycle of the technological
process of vehicle maintenance. These recommendations can be successfully applied when building a specific
maintenance information system in any individual farm or service enterprises.
car, technical service, diagnosis, repair
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KpuTtepii BUOOpYy BEIMKOBAroBUX TPAHCIOPTHHUX 3aC001B
151 ePEKTUBHUX 1 O€3MEUHMX IIEPEBE3CHD

BuzHaueHo eranu BHOOpPY BEJIMKOBaroBUX TPAHCIIOPTHUX 3acO0iB sl O€3NEeYHOro IepeBe3eHHs
nponykuii mianpuemcrBa. OOIpyHTOBAaHO TEXHIYHI, OpraHi3auiiiHi Ta eKOHOMiuHI Kputepili. BpaxoBaHo
rabapuTHI Ta BaroBi mapamerpu, oOMEKEHHS HAaBaHTa)KCHHS Ha BiChb, a TaKOXX THUIHM KOMIUIEKTaulii (LITOpHA,
OoproBa, ¢ypros/pedprxeparop). Po3risiHyTO [eB’ATh BapiaHTIB i3 MO3UIIIOHYBaHHSM [EHTPY Baru.
3anporoHOBaHO MEXaHi3M BHOOpY TPaHCIOPTY 3a TEXHIYHOKO T'OTOBHICTIO Ta €KOHOMIYHOIO €()EeKTHBHICTIO.
BukoHaHO paHXyBaHHS, 3 SKOro OOpaHO TPH ONTHUMajbHI BapiaHTH Ul TepeBe3eHb mianpuemcrsa 3AT
"KipoBorpaarpanit".

BeJMKOBArOBUH TPaHCNOPTHUIl 3aci0, kputepiii, edexkTUBHicTH, Oe3neka, HaailiHiCTh, TIpaHHYHe
HABAHTAKEHHS, J0IIyCTUMA Bara, M'sIKi KOHTeliHepH

IlocranoBka mnpobaemu. OOrpyHTYBaHHS Ta BHUOIp THUINY BEJIUKOBAaroBUX
TpancnopTHux 3aco0iB (BT3) ansa edexktuBHOro i 0Oe3MeUHOr0 MEpPEeBE3CHHS T'OTOBOL
MPOAYKIIIT IMiIPHEMCTBA TPYHTYIOTCS Ha HEOOXITHOCTI 3aIIPOMOHYBAHHS IT1IX0/IiB, METOIIB
Ta IHCTPYMEHTIB, $Ki JO3BOJISATH OTPUMATH MAaKCHUMaJIbHY €(EKTHUBHICTh TPAHCIIOPTHOL
CKJIaJIOBOI IpHU CTaOLILHOMY Ta KEPOBAHOMY JIAHLIOTY mocTadyaHb npoxaykuii [1-4]. Ilpu
[[OMY 32 HEMPaBWJIbHY BKa3iBKy Baru Ta 3a MEPEBHILEHHS IOMYCTUMOI Macu Ta rabapuTiB
BT3, naBantaxkemHs Ha Bick BT3, rmopuauaaumu ocobamu abo  iHAMBIAyaTbHAMH
MIIIPUEMITIMHA, 10 3IIHCHIOBAIM HaBaHTa)KEHHS BaHTaxy Ha BT3, mepembaueni mrpadHi
cankii [5-7]. ToMmy BaXXJTUBUM € BUpIIICHHS 3aBAanHs BuOopy BT3, hopmyBaHHS CTPYyKTypH
OLIIHIOIOUUX KpuTepiiB Ta BHopsakyBaHHs BT3 11 mnepeBe3eHb ToTOBOI MPOIYKIii
HiAMPHEMCTBA.

AHai3 ocTaHHIX AocaigxeHb i myOuaikamid. B iCHyroUHMX MOJEIBHUX YSBIICHD
BEJIMKI 00CSTH TepeBe3eHHs BaHTAXIB Ta BaHTaxomigiioMHocTi BT3 Ha pi3sHMX MapmipyTax
JIOCTaBKH € piBHOIIHHUMH [8,9]. B Toit yac y psiai BunaakiB OyBae OiabIn e)eKTUBHO 3MIHUTH
(30UTbmMTH), a00 3MCHIIUTH OOCSATH TICPEBE3CHh BAHTAXKIB HA OKPEMUX MapHipyTax 3
Bukopuctanasm BT3 [10,11]. MoxauBo Takok MpomopiiiiHo (y Miclii Ta Jaci) chopMyBaTH
IUTaH TIEPEBE3CHbh MiXK yYaCHUKaMU TPAHCIOPTHO-JIOTicTUYHOro naHiora [11,12]. ¥V npomy
BUITAJIKy MOJIETh TIEPEBI3HOTO MPOIeCy HEOOXiTHO TPaHC(HOPMYBATH, BUXOYN 3 BBEICHUX
JOJJATKOBUX yMOB  (DYHKIIIOHYBaHHS ~TPAHCIOPTHO-JIOTICTUYHOI CHUCTEeMH 1 BHOOpY
HeoOximaux BT3 [13,14].

© B.B. Ayiin, OM. Tepruug, T.M. Haauu, A.B. Tpunskis, O.J1. JIamyxk, B.3. T'yas, C.3. 3anyupskuii, 2024

169



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2024. Issue 10(41), Part II

3a HAABHOCTI y MIAMPUEMCTB aBTOMOI3MIB PI3HOT BaHTAXKOIMITAOMHOCTI, IO
00CITyTOBYIOTh KiIbKa MAapHIpyTiB JOCTaBKH, €(GEKTHBHA TMPOIYKTUBHICTh JIOCTaBKH
npoAykiii 3anexarume Big tumy BT3 ta mapmpyty (meda JOCTaBKH, XapaKTEPUCTUKH Ta
00MEXEeHbh aBTOJIOPIT) JOCTAaBKM BaHTaxy. Y Takid mocta”oBii BT3, mo € B HasgBHOCTI,
HEOOX1THO PO3MOAIIUATH IO MAPIIPYTaX TAKUM YHHOM, III00 MaKCUMi3yBaTH 3arallbHUi o0csr
NepeBe3eHb, JOTPUMYIOUMCH BCTAHOBJICHUX CITIBBIJHOIIEHb OOCATIB JOCTaBKU MK
Mapupyramu [16,17].

Kpurepiem onTumanbHOCTI B JaHId TOCTAaHOBII NPHHUMAIOTh CyMapHUH 00cCsT
MEPEeBE3CHHS BAaHTAXIB y TPAHCIOPTHO-JIOTICTUYHIA CHCTEMi, SIKHH JO3BOJIUTH JOCATTH
HaWOIBII TPOAYKTHBHOI pPOOOTH aBTOMOI3IiB. Y CBOIO UEpry HEOOXITHO 3HU3BUTH 5K
CyMapHi, TaK 1 TUTOMI BUTPATHU Ha MEPEBE3CHHS TOTOBOI MPOAYKIIi migmpueMcTBa. Y pasi
HEOOXITHOCTI CIiJ BpaxyBaTH PiBEHb 3HAYYMIOCTI (TIPIOPUTETHOCTI) MEBHUX MapIIPyTiB, a
TaK0X HEOOXITHOCTI JOTpUMaHHS 3axofiB Oe3neku Ha Mapmpyrtax [10,18,19]. Ilpu upomy
JUTISL CITIBBITHOIICHHS OOCSTIB IOCTAaBKM BAaHTAXIB, [0 BU3HAYAIOTHCS TUIAHOBUMH yMOBaMU
nepeBe3eHb, MOKHA 3aMPOBAAUTH KOSPIIIEHT MPIOPUTETHOCTI MEBHOTO MAPIIPYTy JOCTABKU
K; [20,21], BiAMmoBigHO, ISl CYKYITHOCTI BCIX MAapIIPYTiB TPAHCIOPTHO-JIOTICTUIHOI CHCTEMH

J=m

> K, =1
J
mignpuemMcTBa /! [22,23]. B Takiii TOCTAaHOBIII 3aBIaHHS IUTbOBA (DyHKIS Mae

BUTIJIAA:

m

xinj —>max

B : (1)
Crniocrepiraerbesi oOMexeHHs 1o KitbkocTi BT3 (aBTOMO13111B):

i=n

nJ

=1

.

i =12,...,n)
, (2)

i
i=1 sz]
ne N; — xinpkicte BT3 i-ro Turma.

I[Ipy upoMy HEOOXiHE MOTPUMAHHS BCTAaHOBJIEHOTO CITIBBIIHOIICHHS OOCSTIB
nepeBe3eHb Mk MapmpyTtamu [24,25]:

j=1 .
E__ =y, j=Lm, 3)

ne V; — BiAHOIIEHHs OOCATIB TEpEeBE3eHb 3a (OPMOIO MapHIPyTy IO 3arajlbHOTO 00CsTY
JIOCTaBKH BAHTAXIB.

He 3Bakaroum Ha 3a3HaveHe, HE HAJaHO OOTPYHTYBAaHHS KPHUTEPIiB 1 Mozesel BUOOpY
BT3 (aBTomoi3ziB) It MepeBe3eHHs TOTOBOI MPOAYKIIT MIANPHEMCTB 3 ypaxyBaHHSIM ITHUTaHb
0e3MeKH B MPOIecax BAHTAXKHUX [1EPEBE3EHb.

ITocTaHoBKa 3aBaaHHs. MeTor0 TaHOI POOOTH € OOTPYHTYBaHHS KPUTEPIiB 1 Mozemnei
BUOOpPY BEIMKOBArOBUX TPAHCHOPTHUX 3aCO0IB Il €PEKTUBHUX 1 O3NMEYHUX TEPEBE3CHHS
TOTOBOT MPOJYKIII] MiAIPUEMCTBA 3 BPaxXyBaHHSAM IEPEBAaHTAXECHb Ta BApiaHTIB PO3MILICHHS
BaHTAXIB.

Jist peanizanii moctaBiaeHol METH B poOOTI PO3B'SA3yBaIMCh HACTYIIHI 3aBJaHHS:

1. OOrpyHTYBaTH CYKYIHICTh TEXHIYHUX, OpraHi3allifHUX Ta EeKOHOMIYHUX
(PMHKOBHX) OILIIHOYHUX KPHUTEPiiB 1 (opMyBaHHS BHUXiIHOI MHOKMHHM albTEPHATUBHUX
BapiaHTIB BEJIMKOBArOBUX TPAHCIOPTHUX 3aC001B €(DEKTUBHOCTI NIEPEBE3CHb.

2. BusBHTH MOXIUBI BapiaHTH BHUKOPHUCTaHHS 3 YpaxyBaHHSAM TI'PaHUYHUX
HABaHTa)XCHb Ha BiCh Ta MIOBHOI Bar'v BEJIMKOBAarOBUX TPAHCTIOPTHUX 3aCO0IB.
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3. OwiHMTH Ta TpoaHANI3yBaTH PO3MIpU MIKOJAM BiJl TEPEBUILEHHS JOIYyCTUMHUX
OChOBUX HABAHTAKCHb Ta BiJ MEPEBUIIECHHS 3HAYEHb JOIMYCTUMOI MACH, OI[IHOYHI KpUTEPii
BUOOpPY BEJMKOBArOBUX TPAHCIOPTHUX 3aCO0IB 3 METOIO OIIHKM €(EeKTUBHOCTI MEpEeBE3CHb
TOTOBOI MPOIYKIIIT MiANPUEMCTBA.

Bukiaaa ocHoBHoro martepiany. OcHOBHI eranu BupimeHHs npodaemu Budbopy BT3
s €()eKTUBHOTO Ta OE3MEYHOro TPAHCIOPTYBaHHS TOTOBOI MPOAYKII MiAMPHEMCTBA
HOJISITAIOTh Y HACTYITHOMY:

Etan 1. ®opMyBaHHsS BUXITHOI MHOXHHHU ajJbTEepHATHBHUX BapiaHTiB BT3 Ta
CYKYIHOCTI KpuUTepiiB i OIIHKM e(EeKTUBHOCTI TEpPEeBe3CHHS TOTOBOI MPOMYKIIii
MITPUEMCTBA;

Etan 2. ®opMyBaHHS CTPYKTYpH IEpeBar OIIHOYHUX KPUTEPIiB AJS MEBHOTO THUILY
BT3 nepeBe3eHHs] TOTOBOI MPOAYKIT MIIPUEMCTBA 3 YpaXyBaHHSIM HaBaHTa)XCHHS HA BICh
BT3 i 6e3nexu nepeBe3eHb;

Etan 3. ®opmyBaHHsA BHopsakoBaHoi MHOXHMHM BT3 myis mepeBe3eHHS TOTOBOI
NPOAYKIIT MiAIPUEMCTBA 3 OLIHKOIO 3aMOMISHOI HMIKOJM MPHU NEPEBUILEHHSIM JOITyCTUMOTO
HABaHTa)XKCHHS Ha BICh Ta MEPEBUIICHHS MACH B LIIJIOMY.

VY pamkax mepmioro eramy BubOip BT3 BinOyBaBcsi Ha mincTaBi HaCTyMHHUX TpYIl
KpUTEPIiB:

I'pyna 1. TexHiuyHi 0COOIMBOCTI PyXOMOIO CKaay Ta BaroBux mnapamerpis BT3
(TexHiuH1 KpuTepii):

1.1 BanTtaxonigiiomuicts aBToM0o01s, T (TKp));

1.2 Cnopsimxena maca aBromoous, T (TKp»);

1.3 [loBHa Maca aBromnoizna, T (TKps);

1.4 Nosxura aBTomMo0171s1, M (TKp4);

1.5 IIupuna aBToMoO11s1, M (TKps);

1.6 Bucora aBromo61ts1, M (TKpe);

1.7 O6'em ky30Ba aBromo6imst, m° (TKp7);

1.8 HominansHa OTYKHICTh nBUTyHa aBToMOOUTS, KBT (TKps);

1.9 MakcumainbHa mBUAKICTH aBTOMOO1Is, KM/To1 (TKpy);

1.10 ButpaTtu nanmmga, 11/100 km (TKpo);

1.11 OG'em nBuryna aBromoOins, 1 (TKp;1);

1.12 IMotyxHicTe nBuryHa aBTomo01s1, KBt (TKp 12 );

1.13 lunu, arovimu (TKpi3);

1.14 O6'em manmuBHOTO 6aka aBTOMOOLIA, 11 (TKp14);

1.15 Paniyc po3Bopoty, M (TKp;s).

I'pynma 2. PosramryBaHHS BaHTaXy B Ky30Bi, 30€peXeHHS BaHTaXy NpHU
TPAHCIIOPTYBaHHI, OE3MEKW BAaHTAKHO-PO3BAHTAXYBAIBHUX  oOmepariid  (opraHizamiiiHi
KpHUTEpii):

2.1 Yac y nmapsai 3a 100y, roa (OKp,);

2.2 Yucno pobounx auiB Ha pik, A0 (OKp,);

2.3 Yucno axiB y KamitaasHOMY peMoHTi, 1HI (OKps);

2.4 Pecypc 10 KamiTaabHOTO peMOHTY, TUC. KM (OKPy);

2.5 Koeoimient TOiP, K, won.-ron/1000 kM (OKps);

2.6 IIpocToi 3 opranizamiitaux npuanH, 1Hi (OKPg);

2.7 KinbkicTh peMOHTHUX pOoOiTHUKIB, oIl (OKp7);

2.8 KinbkicTh MexaHikiB y rapaxi, goi. (OKps).

Cuctema oOMEXeHb 3a LI€I0 TPYMNOI0 OIIHOYHUX KPUTEPIiB MOJIATAE€ B HACTYITHOMY:
JOTPUMAHHS  JOMYCTHMHX OChOBHX HABaHT@XEHb 33 MAaKCHMaJbHOTO KOPHCHOTO
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HaBaHTaxeHHs BT3; BiAMOBIAANBHICTD BiANIPAaBHUKA BAHTAXy 3a 30€peXKEHHS BAHTAXy NpU
TPaHCIIOPTYBaHHI; ONITUMI3allisl 4aCy BaHTaXHO-PO3BAHTAKYBAJILHUX OTIEPAIliii.

I'pyna 3. TloenHaHHs TOTEHINIHHUX TEXHIYHUX Ta TEXHOJOTIYHHUX IHTEPECIB 3
MO>KJIMBOCTSIMH PUHKY aBTOTPAHCIIOPTHHUX MOCIYT (€KOHOMIUHI (PHHKOBI) KpUTEpii).

3.1 Tep™iH ciy>x01 aBTOMOO1JISI, POKIB;

3.2 Temn 3poctanHs ekciryarauiinux surpaT Ha TOI1P Ha pik, % (PKp));

3.3 Tapu¢na craBka peMOHTHUKIB, TpH./To1 (PKp.);

3.4 Koedimient maknagaux Butpat (PKps);

3.5 Koedimient Butpar 3a 3anacui yactuau (PKpa);

3.6 Baprictb munH, THC. TpH. (PKps);

3.7 Uina aBronoizna, MiH. TpH. (PKps);

3.8 YacTka 3a1MIIKOBOT BapTOCTI LiHHU Micias 8 pokiB ekcrutyaTaii, % (PKp7).

Ha npyromy erami KOXXHa KOMIUICKTAllisi PYXOMOro CKJIaay aHalli3yBanach 3
JTOTPUMAHHIM BaroBUX MapaMeTpiB Y MOPOKHBOMY CTaHi, IPU PIBHOMIpHOMY (pO3TallyBaHHS
HEHTPY TSOKIHHA IOCepEeMHI BaHTa)KHOTO BIJICIKY) 3aBAaHTaXXEHHI 10 TOBHOI Macu, Ipu
3aBaHTaXEHH1 70 MOBHOI MacW 31 3MIIIEHHSAM LEHTPY TSDKIHHSA Ta MPH BECHSIHO-OCIHHIX
oOMexxeHHX: 6 T Ha onHYy Bich, 10 T Ha rpymy 3 ABOX ocel, 12 T Ha Tpymy 3 TphOX oceld, 16 T
Ha rpymy 3 YOTUPbOX OCEH.

Haitnonynspuimmii (nommpenwnii) tun BT3 € cizensHuii aBTONOI3, Y CKIaAl TAraya 3
KoJicHOIO (opmynoro 4X2 (IBOXOCHMA 3 JBOCXWJIMM OINMHOBYBAHHSIM) 1 TPHBICHOTO
MITOpHOrO HamiBmpuyena. ONTUMaNbHUIA BapiaHT NPUYIIHOTO PYyXOMOIO CKJaxy -
CTAaHJIAPTHUM INTOPHUM HAMIBIPUYIN BJIAaCHOK Macor He Oumpme 6500 kr y ckmami 3
JIBOBICHUM CiJielIbHUM TsiradeM 1 6800 KT 3 CiJIeIbHUM TPUBICHUM TSTaYeM.

[TepeBaru mTopHOi KOMIUIEKTaIlIi TIepe OOPTOBUM BapiaHTOM TEHTY IOJISTAE B TOMY,
mo nanuid BapiaHT Jserme Ha 300..350 kr, Hemae HEOOXIAHOCTI BIAKPHUBATH 1 3aKpHBATH
OOpTH, OTXKE, IIBUIIIC MOXJIMBO 3IIHCHUTH HABAHTAXKCHHS 1 PO3BAaHTAXCHHS, CHPOIICHA
cUcTeMa KpIIUIEHHS CTSDKHUMM MackaMu. AJIIOMiHIEBI OOpPTHM CydacHHMX HAamiBIPHUYEIB HE
MOXYTh OyTH 3acO00M KpIIUJICHHS, OCKUIBKH TIPU TIEPEBUIEHHI HABaHTAXKCHHS BHCOKa
HMOBIpHICTh Horo nedopmamii i, OT)KE, BUHUKHEHHS /OJATKOBHX BUTPAaT Ha PEMOHT Ta
ob6cmyroByBanss BT3.

[lepeBaru mITOpHOI KOMIUIEKTALT Tepel BIAKPUTUM OOPTOBUM BapiaHTOM MOJSATAIOThH
y TOMY, IO BaHTaX 3aXUIICHUH BiJ OMajiB, MUTOME HABaHTAKEHHS (HA OAMH TMOTOHHUMN
METp) Ha pamy/miuIory INTOPHOTO HaMiBOpUYena JeIo BHUILE, TOMY IO YacTHHA
HAaBaHTAKCHHs 3a0upae Ha cebe HaaOymoBy. IlepeBarm mTOpHOI KOMIUIEKTalli Mepes
dbypronom/pedprxepaTropoM TONATAIOTH Yy ToMy, mo BoHa Jyerma Ha 800...1000 xr i €
MO>KJIUBICTh 3aBaHTXKECHHS 300Ky Biapa3y 2 M'ski konteiinepu (MKP).

IIpu mnepeBezenHi roroBoi mnpoaykuii mianpuemctBa B MKP macoro B IT 1
HOMiHaJIbHOIO miomiero  1,0x1,0 M’ MOXHA JIOCATTA  MAaKCUMAJIbHOTO  KOPUCHOTO
HABaHTAXXCHHS 32 PaXyHOK TOYHOT'O PO3TAIlyBaHHS 1 ONTUMAIBHOTO KPIIMJICHHS BAHTaXY.

Jnst BuGbopy BT3 Oynm po3misiHYyTI TEXHIYHI OCOOJHMBOCTI PYyXOMOTO CKJIaTy Ta
pO3TallyBaHHS BaHTaXy B Ky30BI IiJ 4ac KOHTEHHEPHOrO MEpPEeBE3CHHS A HACTYIHUX
BapiaHTIB KOMIUICKTaIlii (Tadu. 1).

KpiMm toro, y po6oti Oynu po3risiHyTi pi3Hi BapiaHTH BUKOPUCTAHHS aBTOMOI3/IB MpHU
NepeBe3eHHI TOTOBOI TPOMYKINI MiANpueMCTBAa. Y TPAHCIOPTHO-JIOTICTUYHIA CHUCTEMI
HiANPUEMCTBA Ma€ HU3KY 3HAUHUX TMEpeBar, TaKuX sK: OUTbIINI 00cAT MepeBe3eHHs 3a OJJUH
peiic; MOKJIHMBICTD Pi3HOTO PIiBHA PEMOHTY, TEXHIYHOTO OOCITyrOBYBaHHS YW 3aMiHH JIMIIE
OJIHI€T YAaCTHUHM aBTOIMOi3/1a; MEHIII OKpPeMi CTaTTl eKCIUTyaTallifHUX BHUTpAT MOPIBHIHO 3
omquHoynnMu BT3.

Bapiant 1. [T'sTuBicHuit aBTonoizn (Tada. 1) y ckiaai JBOBICHOTO CiIEIBHOIO TATaua 3
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KoJIicHOIO (hopmyitoro 4x2 Ta TpuBicHOrO HamiBnpuuena ("espodypa").

JlaHuii BUJ TPAaHCIIOPTHOTO IPOIIOHYETHCS BHKOPHUCTOBYBATH SIK OIMH i3 OCHOBHHX,
BUXOJSYH 3 OMCAHUX KPUTEPIiB BUOOPY PYXOMOTO CKIIay.

BayTtpimHi po3mipu HamiBnpuyena: TeHT 13,62 m x 2,47 m x 2,67-2,71 M, nomycTtume
OCbOBE HAaBaHTAXXCHHS HaBaHTaXyBaya Ha miamory 5,4 abo 7,1 T; pedpmxeparop
13,31 M x 2,46 M x2,6 M, 10ITyCTUME OCHOBE HaBaHTA)KEHHS HaBaHTa)XKyBada Ha Mijiory 7 T.

Tabmumst 1 — BuxigHa MHOXHWHA MOXJIMBHX  BapiaHTIB  BUKOPUCTaHHS
BEJIMKOBAaroBUMH TPAHCIIOPTHUX 3ac00iB JUIs IEPEBE3EHHS TOTOBOI MPOAYKLIT HiAIPUEMCTBA

MiHiManpHO TPaHUYHE

. [ToBHa Bara T3
No HAaBAHTAKECHHS HA BICh
Tun T3 MIpY TIOBHOMY

n/m [P TIOBHOMY ;
. 3aBaHTaXEHHI, T
3aBaHTaxeHH1 T3, T

1 | [I‘atuBicHMA  aBTOMmOI3L B  CKJIAMI
IIBOXBICHOTO  CHIEIBLHOTO  Tsirada 3

) ) . 10 40
KOJIICHOIO (hopMyJI0t0 4X2 1 TPHOXBICHOTO
npudena (espodypa)(T3;)
2 | I[I‘gruBicHAil  aBTOMOI3L B CKJIAMI
JBOXBICHOTO  CHJEJIBHOTO  Tsraya 3 10 40

pedprxuparopom i
TproxkosicHoronpudena (13;)

3 | HlectuTuBicCHAII aBTONOI3L B CKJIAMIl
IBOXBICHOIO  CHIEJBHOrO  TAraya 1 10 44
TphoXKoJicHoro nipudena (T3;3)

4 | lllectuTuBicHUIl aBTONOI3X B CKiIaml
JIIBOXBICHOI'O  CHIEJBHOTO  Tdrada 1 10 44
YbOTHPHOXKOJIicHOTO npuyena (T34)

5 | OguanuHa 2-X BicHA BaHTaxiBKa 4x2

10 18
(T3s5)
6 | Oguanuna 3-X BiCHAa BaHTaxiBKa 6x2 )
- 15 Ha 2 oci 25
(T36)
7 | OouHOYHHUIT CaMOCKH 3 KOJICHOIO )
a A 16 Ha 2 oci 32
dbopmynoro 8x4 (T37)
& | CaMOCKMIHMNA  aBTOIOI3X B  CKIIAml
TPHLOXBICHOTO CHIEJIBHOrO TAraya 3 .
b A . . 36,5 Ha Tpu oci 44
KOJIiICHOIO (hopMyJI0t0 6X2 1 TPHOXBICHOTO
nHaniBnpuuena (T3g)
9 | CaMOCKHMIOHMII  aBTOHNOI3X B  CKiaml
JIBOXBICHOIO CHAEIBHOIO  Tsrada 3 18 40

KOJIICHOIO (hOpMyJI0t0 4X2 1 TPHOXBICHOTO
nanismnpuuena (T39)

Iicepeno: pospobaeno asmopamu

st po3paxyHKy B3SITO aBTOMOI3]T BIACHOIO Macoro 15338 Kr 3 AOMyCTUMOIO TTOBHOIO
Macolo s m'sTuBicHOTrO aBromoi3ga B Ykpaini 40 000 xr. KopucHe HaBaHTa)XKEHHS MOXeE
ctaHoBUTH 24642 kr (puc. 1).
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6317 kr 4031 kr 5010 xr 15358 kr
40000 kr - 15358 kr = 24642 xr

Pucynok 1 — 3aransauii BuA aBTOMO 32 BIacHOIO Macoro 15338 kr 3 momycTumMoro
IIOBHOIO Macoro i m'stusicHoro asronoizaa 40 000 kr

Ta KOPUCHUM HaBaHTaxeHHaM 24642Kr

IDicepeno: pospobneno asmopamu 3 ukopucmarnusam [15,26]
[Ipy mpoMy mpu piBHOMIPHOMY 3aBaHTa)XE€HHI JaHOTO aBTOMOi37a 0 MaKCHMaIbHOT

MOBHOI MacH 3 pO3TAllyBaHHSAM I[EHTPY Bard TMOCEPEAMHI HAMiBOpUYENa OTPUMYEMO
MepeBaHTaXEHHS MPOBITHOIO BicCIO TATayda (puc. 2).

¥ 24642 kr ;

7753 kr 10756 xr 21491 kr 40000 kr

RE

PucyHoxk 2 — BapiaHT piBHOMIpHOTO 3aBaHTa)XEHHSI aBTOIOI3/1a 10 MaKCUMaIbHOT
MOBHOI MacH 3 pO3TaIllyBaHHSIM IIEHTPY Bard [OCEPEIMHI HaMiBIpHIena

Iicepeno: pospobneno asmopamu 3 suxopucmanuam [15,26]

[Tpu 3aBaHTa)XCHHI 3 PO3TAIlyBaHHSAM LEHTPY TOKIHHS MOCEPEAHI 0e3 MePEeBUIICHHS
OChOBHX HABaHTa)XEHb MAaKCHMaJbHE KOPHUCHE HABAHTA)XCHHS HE TOBHHHO MEPEBHUIIYBATH
21900 xr (puc. 3).
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' 21900 Krt l

0008 xr 19657 kr 37258 kr

Pucynok 3 — 3aBaHTa)keHHsI aBTOIIOI3/1a 3 PO3TAITYBAHHSAM IIEHTPY TOKIHHS
rmocepenuHi 0e3 IepeBUIICHHS OChOBUX HABAHTA)KEHB

Jlicepeno: pospobneno asmopamu 3 suxopucmannsam [15,26]

OcHOBHOIO TIPOOJIEMOI0 TOTPUMAaHHS OChOBMX HABAHTA)XKEHBb TAHOTO BHY aBTOIOi3/1a
€ TepeBaHTaXXEHHs MPOBIAHOI OCI TArada NMpH HEJOBaHTaKeHil rpymi oceil. PoszcraBuBiun
BaHTaX Tak, MO0 IEHTP Bardu 3pyHIuB Hazajn, MoxkeMo 3aHyputu 24 000 xr abo 24 m'skux
koHTeitHepiB (MKP) (puc. 4).

Byno posrnsayTo nBa BapianTu po3mimenHs MKP: Bapianat 1 - po3mimenns 21 MKP;
BapiaHT 2 — po3mimieHHs 24 MKP.

Bapiaat 1 posmimenns 21 MKP (cmoci6 1). ¥ mpoMy BapiaHTi mepmii Tpu psiau
posctaBisaoThest o 1 MKP 6e3 BiacTaHi MiXK MEpPEeAHBOIO CTIHKOIO Ta Mik coOoro. Jlami
crigye 9 psaaiB mo nsa MKP y xoxxnomy. IIpu 1ipoMy BapiaHTi po3MileHHs BiZOyBa€eThCs
MEPEeBaHTAXXEHHS 10 MPOBiAHINA Oci Tsraya. TakuMm uynHOM, Takuii crocid posmimenns MKP
HE onycTuMuil (puc.5).

Om 2m 4m 6m 8m 10m 12m 136m
il 241

gigTﬂaB?iF;E MM 24000 xr \\““‘m 201

- . H"‘“‘EH_ 161

e i

41
0t

BLBLB L

Pucynok 4 — Jliarpama 1mo3uIioHyBaHHs [IEHTPY Bard aBTONOI3/a
IIPY MaKCUMaJIbHOMY 33aBaHTa)KEHHIO

Lrcepeno: pospobreno asmopamu
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Pucynok 5 — BapiasnT po3mimeHss B aBTomoi3ai 21 m'skux xoHTeitHepiB (crmociod 1)

Jlicepeno: pospobreno asmopamu 3 suxopucmannsam [15,26]

Bapianr 1 po3mimenns 21

MKRP (crmoci6 2) (puc. 6). Y npoMy BapiaHTi epIIi YOTHPH

psau po3ctaBisitoThes o 1 MKP 6e3 BijncTaHi Mik epeIHbOI0 CTIHKOIO Ta Mix co0oro. Jlami
crigye 8 psniB mo n8a MKP y koxHomy 1 me oqun psg mo 1 MKP. Ilpu npomy BapianTi
PO3MIIIICHHS TEPEBaHTAXKEHHSI MO OCsiX Hemae. HeoOXiHO BHUKOPHCTOBYBATH IICH BapiaHT

po3mimenuast MKP (puc. 6).

Bapiaut 1 posmimenus 24 MKP (puc. 7). YV mpoMy BapiaHTi nepui JBa psiau
po3ctaBisiroThest Mo 1 MKP Ge3 BijcraHi MiXk MEpeIHBOIO CTIHKOK Ta MiX co00r0. SKmio
pemta 11 psaiB cranyTh piBHO B 11 M, TO BiicTaHb BiA MEpeIHbOI CTIHKH 0 3-TO PsIy Mae
Oytu He MmeHme 2,1 M. [Hakme Oyzae mepeBaHTaKEHHs MO MPOBiAHINA oci Tsarada. 24 MKP
yBiiife, AKIIO B cepeAHbOMY B N0BkHHY KoxkeH MKP e nepesuiryBatume 1,04 m.
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21000 kr ———y——
19765 kr 36358 kr
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Pucynox 6 — BapiaHT po3mimeHHs B aBTomoi3ai 21 m'skux KoHTeitHepiB (crmociod 2)

Jlicepeno: pospobneno asmopamu 3 suxopucmannsam [15,26]
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Pucynoxk 7 — BapiaHT po3mileHHsI B aBTOIO 311 24 M'SIKUX KOHTEHHEPiB

IDicepeno: pospobneno asmopamu 3 eukopucmarnusim [15,26]

Bapiant 2 (ta6n. 1). [T'sTiBicHHI aBTOMOI31 y CKJaJll JTBOBICHOTO CIEIBLHOTO TATaya 3
pedprkepaTopoM Ta HamiBIpHYENa TPUBICHOTO

Croci6 1. Y mpoMy croco0i mepri Tpu psiau po3ctapisitoteest o 1 MKP 6e3 Bincrani
MK TIEpEHBOI0 CTIHKOIO Ta MiK coboro. [am cmigye 9 psmiB mo asa MKP y koxkHOMY.
Mictkicte ckmamae 21 wm'skuii  konteiHep (MKP). Ilpu 1mpoMy BapiaHTi PO3MIIICHHS
BiZIOyBa€ThCS TEPEBAHTAKEHHS 10 MPOBIAHIA oOci Tiraya. Takum 4YHMHOM, Takui crocid
po3mimenus MKP ve nomyctummii.

Croci6 2. Y 1ipoMy crioco0i nepiini YoTupu psau po3cTaBisitorhes mo 1 MKP 6e3 BincTaHi
MIDX ITEPEeTHROI0 CTIHKOIO Ta Mixk co0oro. Jlami cimye 8 psaiB o qsa MKP y koskHOMY 1 1116 OTMH
pan o 1 MKP. Mictkicts cknanae 21 MKP. [Ipu npoMy BapiaHTi po3MIIlIEHHS IEpEBaHTaKEHHS
1o ocsix HeMae. HeoOxigHoO BUKOpUCTOBYBATH 1iek BapiaHT po3mimieHHss MKP (puc. 8).

rm—— Lo— S C—
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132 ’
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\_‘,_l
"‘ 21000 xr
9299 kr 21977 kr 38718 kr

Pucynok 8 — PoscranoBka 21 MKP (crioci6 2) y 1BOBiCHOMY CiJielIbHOMY Tsiradi
3 pedprKepaToOpOM Ta TPUBICHUM HAITIBIPHYCIIOM

IDicepeno: pospobneno asmopamu 3 euxopucmarusim [15,26]
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Bapianr 9 (tab6in.1). CamockuHMNA aBTONOI3]] Y CKJIa/1i JBOBICHOTO CiI€IBHOTO Trava
3 KOJIICHOIO (popMyJ10t0 4X2 Ta TPUBICHOTO HAITIBIIPUYETIA

VY naHoro THIly aBTOIOi3/a pyJIbOBa BICh Ta Belyda BiCh 3 MOJBIHHOIO OIIMHOBKOIO, a
06'eM Ky30Ba craHOBUTH 34 M. Lle omuH i3 HafGLIBIIMX KY30BIB, IO 3aCTOCOBYIOTHCS HA
teputopii Ykpainu ("Tonap"), i O1UH 13 HalJIETLIUX.

[Ipu 3agHBROMY MOJIOKEHHI 3YIMMHOTO IIBOPHS IMOTEHIIIMHE KOPHUCHE HABaHTaKEHHS
cTaHoBUTH 22352kr. Ilpu piBHOMIpHOMY 3aBaHTa)xeHH1 22352Kr 10 J03BOJIEHOI TOBHOI Macu
40000 xr BimOyBa€eThCS MEPEBAHTAKECHHSI TI0 TIPOB1IHIN oci Tsarada. [lependadyBaHo 3MICTUTH
LEHTP TSHKKOCTI CHITy4OTO BaHTAXXy Maie HEMOXIUBO (puc. 9).

'w-alllull-*
I 7o

6526 KT 5010 kr 6112 kr 17648 xr
40000 kr - 17648 kr = 22352 xr

7830 xr 11118 xr 21052 xr 40000 xr

Pucynox 9 — IlepeBaHTakeHHs 10 IPOBiAHIHN OCi TSAraya npyu piBHOMIpHOMY
3aBaHTaXeHH1 22352 kr 10 mo3BoiieHoi mosHoi macu 40000 xr

IDicepeno: pospobneno asmopamu 3 ukopucmarusam [15,26]

be3 mepeBaHTaXeHHsI MO BICAX y I[F0 KOMOIHAII0O MOYKHA 3aBaHTaXHUTH 18259 kr
(puc.10).

Pucynok 10 — 3aBaHTakeHHs aBTonoi3aa 18259 kr 6e3 nepeBaHTa)KEHHS

IDicepeno: pospobneno asmopamu 3 euxopucmarusim [15,26]

178



[SSN 2664-262X IenTpanpHOYKpaiHChKHil HayKoBHi BicHHK. Texuiuni Hayku. 2024. Bum. 10(41), €.11

[Tpu 3aBanTaxkeHHi 35000 Kr BUHUKAE MEPEBAHTAKEHHS, Y TOMY YUCII TEXHIYHUH, TIO
MIPOBIAHIN OC1 TATaya Ta rpymi ocer mpuainHux (puc. 11).

14575 xr

Pucynok 11 — BUHUKHEHHS NIepeBaHTaKeHHsI, Y TOMY YHCIIi TeXHIYHOTO,
O TIPOBIJIHIN OCI Tsiraya Ta rpymi ocei NpUYinHuX npy 3aBaHTaxenHi 35000 kr

IDicepeno: pospobneno asmopamu 3 euxopucmarusim [15,26]

. 3 .
IIpu 3aBaHTa)ke€HHI MOBHOTO Ky30Ba 34M° BHHHKA€ MEPEBAHTAXEHHS, Y TOMY UHUCII
TEXHIYHE, 3a BCiMa TapamMeTpamd, IO TOB'S3aHE 3 BHHUKHEHHSM PH3HKOBHUX CHUTYAIlii:

BUOYXHM KOJIIC BiJl IEPErpiBy; BiIMOBA raJibMiBHOI CUCTEMH; IIOTaHa cTalLmi3alis Mij] yac pyxy
aBTonoizaa (puc. 12).

18947 kr 40199 kr 68648 kr

PucyHnok 12 — BUHUKHEHHS IEpeBaHTAXEHHs, Y TOMY YHCI1 TEXHIYHOTO
110 BCHOMY TapaMeTpy MpH 3aBaHTAKEHHI TTOBHOTO Ky30Ba 34M °

IDicepeno: pospobneno asmopamu 3 sukopucmarnusam [15,26]

[Ipu 3agHBROMY TOJIOKEHHI 3YIMMHOTO IIBOPHS IMOTEHIIMHE KOPHUCHE HABaHTAKEHHS
BT3 cranoButs 22352 kr. Ilpu piBHOMipHOMY 3aBaHTa)KE€HHI MPOIYKIIi€l0 Macor 22352 kr

1o no3BosieHoi moBHOT Macu 40000 Kr BimOYBa€eThCS MEPEBAHTAKEHHSI 1O TPYIIl MPUUYITHAX
ocelt Ha Mexi gomyctumux 2% (puc.13).
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6441 xr 17648 xr

7613 kr 10103 xr 22284 kr

&

PucyHok 13 — IepeBaHTa)keHHs rPYyIO0 NMPUYITHUX OCEH Ha MEeXi A0ImycTUMHX 2%
IIpY piBHOMIpHOMY 3aBaHTa)keHH1 22352kr 10 1o3BoseHoi noBHOI Macu B 40000kr

IDicepeno: pospobneno asmopamu 3 euxopucmarnusim [15,26]

ITpu 3aBanTakeHH1 npoxaykiii Macoro 35000Kr BUHMKA€e NMEpEeBAaHTAKEHHs, 30KpeMa 1
TEXHIYHE, K y MPOBITHOI OCi TsAraya (HEBENWKHUU, MpUIycTUMHNA 13T), i OUTBII ICTOTHHH 3a
IpyNoOI0 NpUUINHUX ocell (puc.14).

52648 Kr
e

PucyHok 14 — BUHMKHEHHS IEpeBaHTaXKEHHS, Y TOMY YHCIII TEXHIYHOTO, 110 IPOBIIHIH
oci Tsiraua (HeBEIMKUii, JOIMycTUMHUH 13 T) 1 OUIBII ICTOTHOTO 32 TPYIOIO MPUYIITHUX
oceil ipu 3aBaHTaxeHHi 35 000 kr

IDicepeno: pospobneno asmopamu 3 euxopucmarusim [15,26]

Ha TPETbOMY eTarn HpOBCI[CHi I[OCJ'IiI[)KCHHH JAO03BOJIMJIM BU3HAYUTHU pO3MipI/I IKOJH
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IpY NIEPEBUIICHH] 3HAYHUX JTOIYCTUMHUX OChOBHX IEPEBAHTAXECHb HA OJIHY BICh 1 IKOJU TPU
MEePEBUIIICHH] 3HAY€Hb JOMyCTUMOI Mach Ha KOkHI 100 KiToMeTpiB MepeBe3eHHS BaHTaXKIB
JUTSE KOYKHOTO BapianTta y BT3.

AHaJi3 OTpUMaHHUX 3HAYE€Hb PO3MIPIB IIKOIM BiJl IEPEBUIIECHHS JOMYCTUMHUX OChOBHUX
HABaHTAXXCHb Ta BiJ| MEPEBMIICHHSA 3HaueHb jnomycTuMoi Macu BT3 no3BonmB orpumaru
perpeciitHi piBHSHHS B3a€MO3B'SI3KiB IIMX MOKA3HUKIB A pi3Hux BuAiB BT3 (1abdn.2, puc.15,
puc. 16).

Tabmuust 2 — Amnam3 3anexHoctedt po3mipiB mkonu (PII) Bixm mnepeBuimeHHs
JOMyCTUMHUX OChoBUX HaBaHTaxkenb PIII=f; (IIBick ) Ta Bim NepeBUIICHHS 3HAYCHb
JIOTTYCTUMOI MacH BEJIMKOBAroBoro tpancrnoptaoro 3aco0y PII=f, (I1am)

TpancnopTHuit Bun perpecuBHO1 3a71€KHOCTI, KOe(illi€eHT KOPEIil
3aci6 PLLI =f;(ITgick), R PUI =f; (Iam), R®

T31 PIII=127,2 (IlBick)+3378, R°=0,65 | PIII=27,78 (I1am)+2389, R’=0,63
T32 PIII=178,38 (IIic)+4054, R’=0,66 | PI1I=28,88 (Ilxm)+3000, R*=0,69
T33 PII1=256,2 (IIBick)+4729, R°=0,81 | PII1=36,66 (Ilam)+1778, R°=0,72
T34 PI1I=289,18 (ITBic)+5541, R’=0,75 | PIII=37,03 (ITam)+3222, R*=0,83
T35 PII1=75,68 (IIBick)+2432, R°=0,79 | PIII=37,78 (Ilam)+278, R*=0,80
T36 PI1I=45,94 (IIBick)+405, R’=0,67 | PIII=32,22 (ITam)+778 R*=0,68
T37 PII1=56,76 (IIBics)+1486, R°=0,74 | PIII=35,54 (Ilam)+1667, R>=0,76
T38 PII1=345,96 (IIBics)+6486, R’=0,83 | PIII=45,37 (Ilam)+3472, R°=0,82
T39 PIII=447,3 (IIBick)+6973, R"=0,71 | PII=22,78 (ITam)+2778, R*=0,78

Iicepeno: pospobneno asmopamu

235000 -

20000

15000

10000

0 10 20 30 40 50 60

TlepeBHIIEHHA OChOBHX HaBaHTaxeHb (Ilzics),%0

Pucynox 15 — 3anexsicts po3mipy mkonu (PII) (rpa. Ha 100 kM) Bix mepeBUIIeHb
ocboBuX nepeBanTaxens (11 Bick ), %
Locepeno: pospobaeno agmopamu

Po3poOnennii MexaHism, 10 Oa3yeTbcs Ha pe3ysbTaTax MOJIEIIOBAHHS PO3B'S3aHHSA
3agaui BuOopy BT3 3a iX TEXHIYHOIO TOTOBHICTIO (TeXHIYHI KpHTepii), opraxizauiiHoi
3a0e3MeueHo Ti (opraHizariiHi KpuTepii) Ta eKOHOMIYHOI e()eKTUBHOCTI (PUHKOBI), (EKOHOMIYH1
Kputepii) (Tabm.3) 103BONMMB 3MAIMCHUTH paHKyBaHHS (11apoBe BropsiikyBaHHs) BT3 s
e(EKTUBHOTO TEePEeBE3CHHsI TOTOBOI MPOYKIIii minpremcTBa (puc. 17).
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) Posmip ko (PLI), rpa./100km

138 i ""‘
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Mepernmenna gonyctumol macH (TTn), %

Pucynok 16 — 3anexsicts poamipy 1koau (PLI) (rpH. Ha 100 kM) Bijg nepeBUILICHHs
3HAYCHb JIOIMYCTUMOI MacH TpaHcropTHoro 3aco0y (ITom), %

orcepeno: pospobrero asmopamu

Tabnus 3 — @opMyBaHHS CYKYIMHOCTI OIIHOYHHMX KpUTEPIiB (TEXHIYHI, OpraHi3aiiiHi,
€KOHOMIUHi) 3 METOIO OIIIHKY €()eKTUBHOCTI MEPEBE3CHHsI TOTOBOT MPOIYKILT IiIIpHEMCTBA
Ne Hasga T31 | T32 | T33 | T34 | T35 | T36 | T37 | T38 | T3 9

1 2 3 4 5 6 7 8 9 10 11

TexHiuH1 KpUTepii

BaxTa)xomiaiioMHiC
Th TArada, T
CrnopsipkeHa Maca)

10,6 | 10,6 | 17,16 | 294 | 3,7 14,5 | 32,57 | 17,16 | 10,6

D 79 | 79 | 884 | 7.9 3 18 | 1643 | 7.6 | 7.6
Tsarada, T

3 fllosna MaCa 44 | 39 | 44 | 44 | 67 | 26 | 49 39 39
ABTOIOI3Y, T

4 |Momxura M 13.62 | 13,62 | 13,62 | 13.62 | 6,51 | 10.6 | 923 | 9.97 | 9.97

5 |[(npuna, w 248 | 248 | 248 | 248 | 23 | 25 | 255 | 2.55 | 2.55

6 [Bucora, M 27 | 27 | 245 | 27 | 3.16 | 3.8 | 337 | 3.325 | 3.325

7 |06em kysosa, M | 82 | 84 | 52 | 92 | 202 | 483 | 20 | 30 | 30

HominainbHa

8 [moTyKHicTh 315 | 315 | 295 | 315 | 97.8 | 295 | 287 | 295 | 315
NBUT'YHA, KBT
g MaxcnvanpHa 110 | 110 | 90 | 110 | 70 | 100 | 90 | 90 | 110

IIBUIKICTE, KM/4

Butpata  manuBa,

10 33 33 33 33 15 25 37 33 33
/100 km

11/06’em aBuryHa, 1 12 12 12 12 2,8 12 8,9 12 12

2 [HIOTYKHICTE 428 | 428 | 401 | 428 | 133 | 401 | 390 | 401 | 428

JABHUI'YHA, K.C.

315/60|385/65|315/70|385/65(315/60|315/80|315/60|385/65|385/65

13 s R 22,5| R22,5 |R22,5|R22,5|R22,5|R22,5|R22,5| R22,5 | R22.5
142&5“; MATMBHOTO oy 400 |2x 400| 500 [2x400| 125 | 450 | 310 | 500 |2x 400
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IT

POJIOBXKEHHS Ta0IUIl 3

IS‘Paz[iyc PO3BOPOTY, M‘ 22,5 ‘ 22,5 |

8

| 225 | 62 | 11,5

11,5 |

9

15

Oprani3amiiiHi KpuTepii

Uac B Hapsaai 33
o0y, rof

16

Hucino pobounXx
ITHIB 32 pIK, JIHI

252

270

290

300

240

250

260

252

252

'Yucito JTHIB B
KamiTaTbHOMY
€MOHTI, IHI

10

12

15

13

14

10

11

13

15

Pecypc 0|
KaiTaIbHOTO
€MOHTY, THC. KM

1-10°

0,8-10°

1,1-10°

1,3-10°

0,9-10°

1,2-10°

1-10°

1,4-10°

1,1-10°

Koedimiear TOIiP,
K, mon.-roa/1000
KM

12

13

11

10

[Tpocroi To|
opraHizaliiHIM
MpUYMHAM, JTHI

12

15

11

KinpkicTb
[PEMOHTHHX
000YHX, YOIL.

10

12

11

12

10

KinbkicTb
MEXaHIKIB y Tapaxi,
YOI

5

4

7

8

12

11

ExoHoMmiuHI (pHHKOBI)

KpuTepii

Tepmin ciyx0u
Tsrada, pOKiB

10

8

12

10

10

Temn 3pOCTaHHS
eKCILTyaTaliiHUX
Butpar Ha TOP B
ik, %

0,02

0,05

0,03

0,04

0,02

0,09

0,01

0,06

0,08

Tapudna craBka
[PEMOHTHUKIB,
IpH./TOJ

100

150

210

180

100

120

110

130

150

Koedirmient
HaKJIaIHUX BI/ITpaT

1,8

1,6

1,2

1.5

1,7

1,9

2,1

1,3

1,7

Koedirmient BuTpan
Ha 3aIacHi YaCTHHU

2,0

2,2

2,5

2,9

2,0

2,5

2,7

2,8

2,3

Baprictp IITUHH,
[THC. TPH.

34

46

50

46

11

55

46

46

46

BapricTth
ABTOIOI3/a, MJIH.
[pH.

15,75

12,10

14,35

14,60

4,26

8,10

7,77

11,87

13,27

JacTka oCTaTOYHOI
BapTOCTI BiA ILiHY
micis 8 pokiB, %

10

12

15

12

13

10

15

11

10

Iicepeno: pospobreno asmopamu
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i 3
BuxiiHa MHOKHHA THIIE TPAHCTIOPTHHX 3acodie

J
— = - - <
[T'arusicHHi aBTONOT3 B CKIAT ABOXBICHOTO CEIEIIBHOTO
TAraYA 3 KoJgicHow hopMyiown 4x2 Ta TprOXBICHOIO
nanienpuuena (,espodypa™ ) (T3 1) ( )

\ 7
([ I'srusicHuii aBTonois] B ckiail ABOXBICHOIO CEIeILHOTO | [IpuopHTeTHA MHOKHIA TPAHCIOPTHHX 3acobiB
TArada 3 pepHKHPATOPOM Ta TPLOXBICHOIO HAINBPIIPHYENa
(T3 2)
[llecTHRICHHI @BTOTIOI3 B CKIIAf] TPROXBICHOTO CEIENEHOTO
TATAYA Ta TPhOXBiCHOTO Hamisnpuena (13 3)

\
f

N <
IT'ATuBicHHIT aBTOTIOI3 B CKMAI] TBOXBICHOTO
CeIeNBHOTO TAra4a 3 KomicHolo GopmMymnolo 4x2 Ta
anLOKDiCIIOI‘O Hanisnpuaena (,.cepopypa”)(T3 1) |

[llecTHBICHHIT ABTOTION B CKMAII TPHOXBICHOTO
CeNeNBHOTO TATAYA T4 TPHOXBICHOTO HATIBIIPHYETIA
[ (T3 3) )
(" CaMOCKHIHHIT aBTONOI31 B CKIAIli TBOXBICHOTO |
CENENFHOTO TATAYA 3 KOMiCHOK dhopMymom 4x2 Ta

TPROXBICHOTO HamisnpHyena (T3 9)

[ecTuBicHHil aBTONOTL B CKIAA TPLOXBICHOIO CEIRIBHOIO
TArAYA Ta HOTHPLOXBiCHOTO Hanisnpuuena (T3 4)

OmHovka 2-x BicHa BaHTaxiBKA 4%2 (T3 5)

Ounnouka 3-x BicHa Bantamiska 6x2 (T3 5)

CaMoCKHIHNIT ABTOTOI3] B CKJIA TPHOXBICHOTO CEIENTBHOTO
TATAYA 3 KOMICHOI GopMyI0i0 6X4 Ta TPHOXBICHOTO
nanismpHuena (13 8)

CaMOCKHIHHI ABTOTIOT3/T B CKJIAII JIBOXBICHOTO CE/IEMRHOTO }

— AL AL AL AL A AL

TATAYA 3 KOMCHOK (hopMynor 4x2 Ta TPROXBICHOTO

\
[ OnuHouHIIT CAMOCKHI 3 KoTicHO (hopmynomo 8x4 (T3 7)
{ nariempuwena (13 9)

Pucynok 17 — BriopsiikyBaHHs BETMKOBArOBUX TPAHCIIOPTHUX 3aCO0IB ISl TIEPEBE3EHHS
roroBoi npoayxkuii mignpuemctsa 3AT "Kiposorpaarpanir"
Jlcepeno: pospobneno asmopami

Pe3ynbraroM BupilleHHS 3aBJaHHS BHOOPY Ha OCHOBI C(OPMOBAHOI CYKYITHOCTI
OIIIHOYHUX KPUTEPIiB Ta BU3HAUEHHS PO3MIPIB MIKOIW BiJ] MIEPEBUILEHHS JTOMYCTHMHX OCHOBHX
HaBaHTA)XEHb Ta B1J IEPEBUILICHHS 3HAYEHb JIOMYyCTUMOI Macu BaHTaXIBKH, sIK npioputeTHi BT3
JUTSI TIEPEBE3EHHS TOTOBOI IPOAYKIIIT IMiIMpUEMCTBA OyJIM BU3HAYEHI HACTYTIHI BapiaHTH:

— M'ATUBICHUI aBTOIOI3]T Y CKJIl JTBOBICHOTO CIZIETBHOTO TSATa4a 3 KOJIICHOK ()OPMYJIIOH0
4x2 ta TpuBicHoro HamiBrpuuena ("espodypa') (T32);

— UIECTUBICHMI aBTOMOI3[l y CKJIaJAlI TPHUBICHOTO CIJEIBHOIO TATadya Ta TPUBICHOTO
HamiBnpuyena (T33);

— CaMOCKUIHUU aBTOMOI3 Yy CKJIAAiI JBOBICHOTO CIAETBHOTO TSArada 3 KOJICHOO
dbopmyoro 4x2 ta TpuBicHoro HamiBpuyena (139).

BucHoBkn:

1. 3arponoHOBaHO TPH TPy KPUTEPIiB 11 BUOOPY MOXKITMBUX BapiaHTIB BEIMKOBArOBHX
TPAaHCIIOPTHUX 3acO0IB /I TEpeBEe3eHHs TOTOBOI MPOMYKLil MiINpHEMCTBA: TEXHIYHI,
OprasizaiiifHi, eKOHOMI4YHi (PUHKOBI).

2. IloOynoBaHa BHIXiHA MHOXHHA MOXJIMBUX BapiaHTIB BUKOPHCTAHHS BEJTMKOBATOBHX
TPAHCIIOPTHUX 3aCO0IB IS TIEPEBE3CHHS TOTOBOI MPOAYKIIT MiJMPUEMCTBA 13 3a3HAUYCHHIM
TPaHMYHOTO HABAHTAXXCHHS HA BICh TIPU MTOBHOMY 3aBAaHTAKEHHI TPAHCIIOPTHOTO 3aco0y Ta HOro
NIOBHA Bara.

3. BusHaueHO BapiaHTH Ta CIOCOOM PO3MIIIEHHS BAaHTAXKY B Ky30BI BEIMKOBATOBUX
TPAHCIIOPTHHUX 3acO0iB (aBTOIOI3/1y), HABAHTAYKCHHS Ha BiCl Ta JaHO OIIHKY MO0 JIOITYyCTUMOCTI
iX uis Oe3MmevHOCTI TepeBe3cHb BaHTAXKIB, 3a()iKCOBAHO (PAKTH TMEPEBAHTAKCHHS IO BEIyYUM
OCSIM Ta TPYIIi OCell MPUUIMTHUX TPY TTIOBHOMY 3aBaHTAKEHHI aBTOIIOI3]TY.

4. TlpoBesmeH1 AOCHIIKEHHS PO3MIPIB IIKOAW TMPU TEPEBUINECHHI 3HAYEHBb JOMYCTHUMHX
OCHOBHUX IEPEBAHTAKECHb HA OJHY BICh 1 KO TIPH MIEPEBHUIICHHI 3HAYCHB JOITyCTUMOI MacH Ha
kokHi 100 KiTOMETpiB TEpeBe3eHb BAHTAXIB Ui KOXKHOTO BapiaHTy BEIIMKOBArOBUX
TPAHCIIOPTHUX 3aco0iB. 3a pe3yabraTaMu JOCTIDKEHb MOOYJI0BaHI perpeciiiHi 3ajJeKHOCTI
MOXKITUBHX TPAHCIIOPTHHUX 3aCO0IB BiJl IEPEBUIIICHHS JOITYCTUMUX OCHOBHX HABAHTAKEHH Ta BiJI
NIepEBaHTAKEHHS 3HAYCHB JIOIYCTUMOI MacH TPaHCIIOPTHOTO 3aco0y.

5. CdopMmynboBaHa CYKYIHICTh OIIHOYHUX KPHUTEpIiB (TEXHIYHI, OpraHizaIiiHi,
€KOHOMIYHI (PUHKOBi)) 3 METOIO OIIIHKM €(EeKTHBHOCTI TIEPEBE3CHHS TOTOBOI MPOTYKIIIL
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MATPUEMCTBA BEITMKOBATOBUMH TPAHCIIOPTHUMHU 3aco0amMu. Ha OCHOBI I[bOTO 3MIHCHIOETHCS
BITOPSIZIKYBaHHSI ~ BEJIMKOBArOBMX  TPAHCIOPTHUX 3acO0IB  JUIA  TIEPEBE3CHHS  MPOTYKIIIL
nignpuemctBa 3AT "KipoBorpaarpanit" Ta 3 JIeB'ATH MOXJIMBUX BapiaHTIB 3allPOIIOHOBAHO TPHU
HaOLIBIT e()EeKTUBHI BapiaHTH.

Criucok miteparypu

1.

b

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
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CTaHy KOJTICHOTO TPAHCIOPTHOTO 3ac00y, METOJIIB TAKOT MepeBipKH: Haka3 Bix 26.11.2012

Ne 710.

3akoH Ykpainu "TIpo mopoxHiit pyx" (crarts 35).

3akoH Ykpainu "IIpo aBromoOiibpHHI TpaHCcTOpT'.

Ilpo emmHi BUMOrM JIO KOHCTPYKHiI Ta TEXHIYHOTO CTaHy KOJICHMX TPaHCIOPTHUX 3aco0iB, MI0

eKCILTyaTyIOTECS: TIocTaHoBa Kabinery MinictpiB Ykpainum Big 22.12.2010 Ne 1166.

IIpo 3arBepmkenns [lopsaky mpoBedeHHS OOOB’S3KOBOTO TEXHIYHOTO KOHTPOIIO Ta OOCSTIB IIEpEeBipKH
TEXHIYHOTO CTaHy TPAaHCHOPTHUX 3aCO0IB, TEXHIYHOTO OMHCY Ta 3pa3ka IMPOTOKOJNY IEPEBIPKA TEXHIYHOTO

CTaHy TpaHCIIOPTHOTO 3aco0y: moctaHoBa Kabinety Minictpi Ykpainu Bix 30.01.2012 Ne 137.
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PO3BUTKY TpOMajI, TEpUTOpiii Ta iHdpacTpykrypn Yipainu Bix 30.04.2024 Ne 396).
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Criteria for Selecting Heavy Vehicles for Efficient and Safe Transportation

The work defines the stages of solving the problem of choosing heavy-duty vehicles for the effective and safe
transportation of the enterprise's products. Technical, organizational and economic (market) criteria for choosing
vehicles are formed and substantiated.

The equipment of heavy-duty vehicles was carried out in compliance with the overall dimensions and weight
parameters in empty and loaded states. At the same time, the requirements for limiting the load on the axle were taken
into account. The advantages of different types of equipment were clarified: curtain, open-sided, van/refrigerator.
When choosing heavy-duty vehicles, their technical features and the possible location of the cargo in the body during
container transportation were taken into account. Various equipment options (nine options) are presented. With
different methods of placing cargo, deductions were made from the location of the center of gravity.

A diagram of the positioning of the center of gravity of a road train at maximum load was obtained. Possible
options and methods of transporting cargo without overloading the axle and exceeding the permissible total weight
limit were substantiated. In cases of violation of permissible limits of axial loads and exceeding the permissible mass
of a heavy-duty vehicle, a set of regression equations was obtained to estimate the amount of damage. Graphical
representations of regression dependencies were presented. A mechanism for solving the problem of selecting heavy-
duty vehicles based on their technical readiness, organizational support and economic efficiency was developed. A
ranking (layered) arrangement of vehicles for the effective transportation of finished products of the enterprise was
carried out. Three of the nine options were selected that are most effectively suitable for the implementation of
transportation of finished products from the enterprise of ZAO "Kirovogradgranit".
heavy-duty vehicle, criterion, efficiency, safety, reliability, maximum load, permissible weight, soft containers
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AHaJi3 acCleKTiB IUIaHyBAaHHSA CTaJ0i MICBhKO1
MOOUIBHOCTI B KOHTEKCTI €BPOIHTETpAIlIMHUX pedopm
B YKpaiHi

Po3BuTOK cTanoi Micbkoi MOOLIBHOCTI € BayKJIIMBHM acleKTOM MOJIEpHi3allii TpaHCIIOPTHOI CUCTEMU B
YKpaiHCBKHAX MICTax, OCOONHMBO B KOHTEKCTI €BPOMEUCHKOI iHTerparii. BripoBamkeHHs TaHiB cTamoi MichbKOi
MOOUTBHOCTI CIPUSIE CTBOPEHHIO KOMQOPTHOTO, €KOJIOTIYHO Oe3leYyHOro Ta e(eKTHBHOrO TPaHCIOPTHOTO
CEepeIOBUIIIA, IO BiINOBiJa€ CyYaCHUM BUKJIMKAM ypOaHi3allii Ta 3p0ocTarounM NoTpedaM HaceleHHs. BogHovac,
3pocTae 3HAYCHHS KOMIUIEKCHOTO MiAXO0Y 0 TPaHCIIOPTHOTO IUIaHyBaHHS, III0 TIeper0adae iHTerpamito MiChKUX
TPaHCIIOPTHUX CHCTEM, HiJBUILEHHS IOCTYMHOCTI I'POMAJCBKOIO TPAHCIOPTY Ta 3HWKEHHS EKOJIOTIYHOTO
HaBaHTaXeHHs. [IpoOiieMa miaBHIeHHS €(QEeKTUBHOCTI TPAHCIOPTHOI CHUCTEMH MiCTa TICHO IIOB’Si3aHa 3
HEOOXITHICTIO YJOCKOHAJICHHS 3aKOHOJaBuoi 0a3u, pedopMyBaHHS TapuHOI TOJNITHKH Ta IOLIYKY
QIbTEPHATHBHUX JKepen (iHaHCYBaHHS. BHKOpPHCTaHHS €BpONEHCHKOrO IOCBILY HO3BOJIAE CHOPMYBaTH
CTpaTeriyHi MiIXOMU 10 PO3BHUTKY CTaJlOi MiChbKOi MOOIIBHOCTI, 3a0e3nedyroud OajlaHC MiX E€KOHOMIYHOIO
e(eKTUBHICTIO Ta COLIAIPHUMH MNOTpeOaMu HaceleHHs. AHani3 Cy4acHHX TEHJCHIIH Ta peKoMeHnaulil,
3aIlpOIIOHOBAHI B JOCIIUKEHHI, MOKYTh OYTH BHKOPHCTaHI JJIsI PO3POOKH KOMIUIEKCHHX CTpaTeriii yrnpaBiiHHS
MICBKHM TPAHCIIOPTOM, IO CIPUATHME OKPAIIECHHIO SKOCT1 XKHUTTS MEIIKAHIIB YKPa{HCHKHUX MICT.
cTajuii pO3BUTOK, Micbka MOOLILHICTH, €BpoiHTerpauisi, pepopmu

IMocranoBka mnpodaemu. Po3BHUTOK cCTamoi MICBKOI MOOUTBHOCTI € KITFOUOBUM
ACTIIEKTOM TIPOBEJeHHS pedopM Ta BIPOBADKCHHS €BPOINCHUCHKUX CTAHIAPTIB HA MUIIXY
€BpOIHTETpaIliiHUX TpOoIEeCciB B YKpaiHi Ta HEOOXIAHUM KPOKOM /ISl BHPIIIEHHS MPoOieMm,
NOB'SI3aHUX 13 3a0pyJHEHHSM JOBKULIS, 3aTOpaMH, HU3BKOIO pPIBHSA SKOCTI MOCIYT JUIS
MemKaHIiB Mict. lleil mporec € HEeBiTEMHOI YaCTUHOIO TIOOATBEHOI METH 3a0e3ledcHHS
CTAJIOTO PO3BHUTKY, chopmynboBaHoi B Llimsx cramoro po3sutky OOH [1] i omauMm 3
MPIOPUTETHUX HAMPSMKIB €BPOIMEUCHKOI TMOJITUKH, CHPSIMOBAaHWUN HAa CTBOPEHHS MICT Ta
HACeJICHUX IMyHKTIB, SIKi € IHKIFO3UBHUMH, OC3MIEYHUMU Ta CTIHKHMHU.

AHai3 ocTaHHiX aocaimxenb i myOuaikamiii. [IpoGnema eheKTHBHOTO PO3BUTKY
MICBKOTO TACAKUPCHKOTO TPAHCIIOPTY € MPEAMETOM aKTHBHOI yBaru Ha riio0ajibHOMY piBHI
SK Cepe] HAyKOBIIIB, TaK 1 CEpeJ MOTITHKIB, EKOHOMICTIB Ta MPEJCTAaBHUKIB MYHIIMITAIILHOI
BIau. €Bpornelicbka KOMICis IPUAUISE 3HaYHY YBary MiATPUMII CTAJIOTO PO3BUTKY MICHKOTO
MaCaXUPCHKOTO TPAHCIIOPTY, PETYIISIPHO PO3POOIIAIOUH Ta YXBATIOIOYM HOPMATHBHI aKTH, SKi
BU3HAYAIOTh KJFOYOBI HAIPSMU HOBOI TpaHCMOPTHOI momtuku €Bponeiickkoro Corozy [2].
BiTunM3HsAHI HAyKOBIlI aKTUBHO AOCTIDKYIOTh MMHUTAHHS PO3BUTKY TPAHCHOPTHOI CHCTEMH
VkpaiHM B KOHTEKCTi eBpomeiichkoi iHTerpamii [3]. Ixmi HaykoBi mpami 3ocepemkeni Ha
BU3HAYCHHI KJIFOUOBUX HAIPsMIB peOpMyBaHHS ICPKABHOI TPAHCIIOPTHOI MOTITHKH, aHaJ131
MOTOYHOT'O CTaHy TPAHCHOPTHO-JIOTICTUYHOI 1HGPACTPYKTYPH Ta MOUIYKY ONTUMAIbHUX
nuisixiB il MoxepHizarii. OcoOimBa yBara NPUAUTIETHCS 3a0€3MEYCHHIO CTAJIOTO PO3BHUTKY
rajxysi BiJIMTOBIHO JO €BPONEHCHKUX CTAHIAPTIB, IHTErpallii yKpaiHCHKOTO TPAaHCTIOPTHOTO
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CeKTOpa B €Bpomnechkuil mpoctip. OKpiM bOT0 aBTOPH HAYKOBHX JOCIIIKEHb MPHUIUISIIOTH
0COONMBY yBary YJIOCKOHAJICHHIO 3aKOHOJABYOi 0a3u, sKa 3IIMCHIOE PETYIIOBAHHSI
KOMYHQJIBHUX  MIANPUEMCTB, pedopMyBaHHIO Tapu(pHOi TOJNITUKM Ta  MOIIYKOM
aTbTEPHATHUBHUX JDKepenl (iHAHCYBaHHA IS 3a0€3MEYEeHHS CTajoro pO3BHUTKY Ta
(bYHKIL10HYBaHHS MiCbKHX TPAHCIIOPTHHUX cUCTEM [4].

ITocTanoBka 3aBaaHHsA. METOI JOCIIDKEHHS € aHaJli3 acleKTiB IUIaHyBaHHS CTajIol
MiCBKOi MOOUTBHOCTI JIJIsl BU3HAUEHHS! OCHOBHUX BUKJIMKIB Ta MOXKIIUBOCTEH IS 11 PO3BUTKY
B YKpaiHi B KOHTEKCTI €BpoiHTerpamiinux pedopm. [lo pesynapTaTax mpoBEIEHOTO aHATi3y
nependadeHo po3poOKy peKOMEHMAIlid sl TOJINIICHHS IUTAHyBaHHS Ta BIPOBAKEHHS
3aXO/1B 31 CTBOPEHHS CTaj0i MIChKOI MOOUTHHOCTI B MiCcTax YKpaiHu.

Bukiaang ocHoBHoro wmarepiamy. Micta BHCTYNalOTh KIIOYOBUMH  IIEHTPAMHU
€KOHOMIYHOTO 3pOCTaHHs Ta COIllaTbHUX TpaHCchoOpMaIlii Ta BHMararoTh PO3POOKH Ta
BIIPOBA/KEHHS KOMIUIEKCHOI TpaHCTOpTHOT nomiTuky [5]. EdexTuBHa Ta cTilika TpaHCIOPTHA
cucTeMa € HeoOXITHOI YMOBOIO i 3a0e3MeyueHHsT KOHKYPEHTOCIPOMOXHOCTI MICT,
0COOJIMBO B KOHTEKCTI MIOBOEHHOI BiIOYJOBU. AKTYaJbHICTh TEMH JTOCIIIKEHHS 00YMOBIECHO
HACJIIIKaMHi BHYTPIINIHIX MIrpaIiiiHuX MPOIECiB HAaceJIeHHs B OE3MeuYHl PerioHu KpaiHu, 110
CIIPUYUHSE JOAATKOBE HABAHTAXXEHHS HAa TPAHCIOPTHY 1HPPACTPYKTYypy BEIHKHUX MICT, Ta
3arOCTPEHHs €KOJIOTIYHUX MpOoOJIeM B YMOBaX €HEpPreTMYHoi Kpu3u. BomHowac, 3pocrarodi
BUMOTH HACEJIEHHS I0JI0 SKOCTI MYHILIUIMATBHUX MOCTYT, 30KpeMa, JOCTYIMHOCTI Ta O0e3meKu
TPOMAJICBKOTO TPAHCHOPTY, MIIKPECTIOITh HEOOXITHICTh TEPEeXOoay M0 OUIbII CTaIHMX
MoJelell MiCbKOT MOOLIBHOCTI.

B Crparerii €Bpomneiicbkoi KOMICIi MPIOPUTETHUM HAMPSIMKOM 3a3HAYA€THCS
CHiBITpaIls 3 MICTaMH 1 JepKaBaMU-4JIeHaMH i3 3a0e3MedeHHs, «100 BCl BEIHKI 1 cepenaHi
MicCTa, K1 € MiICbKUMH By31amMu Mepexi Tpanc'eBponericbkoi TpancmopTHoi mepexi (TEN-T),
pO3pOOMIIK CBOT BJIACHI IIAHU CTalol MichbKOi MOOLTBHOCTI 10 2030 poKy» AJsi JOCATHCHHS
IUIaHIB 3 JekapOoHizamii eBpomneiicbkux mict 10 2050 poky Ha 90 % [6]. Bpaxoyrouu
onoBneHHs iHAuKaTUBHUX Mar (TEN-T) — aBTOMOOUIBHHX Ta 3aMi3HUYHHUX NULIXIB B 2022
poii 1 BKIIOYEHHS O HHUX YKPAiHCBKHUX MICT, CTpaTeriYHUN HampsM JisUTbHOCTI
€Bporeiicbkoi KoMicii 3 po3poOKM IUIaHIB cTanoi MIChbKOi MOOUTBHOCTI HEoOXimHO Oyxe
peaizoByBaTH 1 JjIsl MICT, 110 OyJsn BkiroueHi 10 TEN-T.

«[Inanu cranoi wmicekoi MoOumeHOCTI (IICMM) — me cTpaTeriudi IUiaHH, IO
IPYHTYIOTbCSI Ha JIOBITOCTPOKOBOMY Oau€HHi, TOJIOBHOIO METOI0 SKHX € HaJaHHS
KOMIUIEKCHUX DIIIeHb JUIS 3a0BOJICHHS MOTpe0 y TpaHCHOPTI Ta MOOULIBHOCTI JOAEH 1
TOBapiB, TAPAHTYIOUN TEXHIYHY, EKOHOMIYHY, €KOJIOTIUHY Ta COLIaIbHY CTAIICTH [7].

bararo eBporneichbKUX MICT HAKOMMYWIN 3HAYHUIM JTOCBIN y po3poOii Ta peanizamii
3aXO0iB, CIIPSIMOBAHUX Ha 3a0€3MEUEHHS CTAJIOrO PO3BHTKY Ta €KOHOMIYHOI TpaHcdopmarlii
[8]. Cepen ykpaiHCBKUX MICT OyJI0 IOCIiTKeHO nocBia BupoBamkeHHs [ICMM B XKuromupi,
IBano-®pankiBcbky, JIbBOBI, MukomaeBi Ta IlonraBi. TpaHCHOPT BBa)Ka€ThCs OCHOBHHM
JDKEpENIOM BHKHJIIB MTAPHUKOBUX Ta3iB y MiCTax, TOMY Ba)KIMBHUM IIOCTA€ MUTAHHS 1HTETparlii
IJIaHIB CTajgoi MIChKOI MOOUTBHOCTI 13 KIIMAaTHYHUMH IUIAaHAMH PO3BHUTKY MicT. Tak,
«MicneBi 3eneHi Kypcw» IependadaroTh BUKOPUCTAHHS OaraTopiBHEBOIO MigXOAy 10
YVIOpaBIiHHSA JJI1 TPUCKOPEHHs  TpaHcdopMalii Ha NpPUHIHMMNAX KOMILUIEKCHOI CTparerii
cTanoro po3BUTKy. OJlHaK, 1 YCHIIIHI €BPONEHCHKI MICTa CTUKAIOTHCS 3 BUKJIMKAMU Ha LUIAXY
BIIPOBAKEHHS MICBKUX 3€JIEHUX KYPCIB, TAKUMH SIK [8]:

—  TOJITUYHA HECTAOUTBbHICTh B OKPEMHX I'POMaJIaX;

— BUHUKHEHHS MOTpeOM Yy BHYTPIIIHIA KOOpAMHAILI{, [0 BHUXOJUTH 33 MEXI
TPaIULIHHOT CEKTOPAIILHOT KOOPAMHAILIIT HA PiBHI MiCHKOI BIIAJIH;
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—  3aJy4yeHHs A0 OOTrOBOpPEHHS iHILIATUB MIUPIIOTO KOJIa MICIIEBHX 3alliKaBJICHHX
CTOPIH, SKI TPAIUIIIHO HE 3aMHUCIIOBAINCH HAJl CTATUM PO3BUTKOM 1 HE MPAIIOBAIH B IIbOMY
HaPSMKY;

—  HaJIarOJUKCHHSI KOMYHIKallii MK MICBKUMHU TiAPO3IiTaMH BIAAH Ta MiCIHEBUMHU
3aIliKaBIICHUMHU CTOPOHAMU;

—  (inancyBaHHS pO3pOOKH Ta BIPOBAKEHHS 1HIIIATHB, TOIIO.

Amnai3 3arpoBapKeHUX IJIaHiB cTayoi Mickkoi MoOibHOCTI (IICMM) eBpomneiichkux
Ta BITYM3HIHUX MICT JIO3BOJIMB BUSBUTH HACTYITHI CIUIBHI XapaKTePUCTHKH [7-9]:

— cTpaTeriuHe OayeHHs, OPIEHTOBAHE Ha IMIJBHUINECHHS SIKOCTI )KUTTSI MEIIKAHIIIB Ta
3MCHILIEHHS aHTPOTIOT€HHOTO HAaBAHTAXKEHHS Ha JTOBKILJIS;

— BceOiYHMH aHai3 BHXIHUX JaHUX Ta pPO3pOOKa CHCTEMH I1HIWKATOPIB IS
MOHITOPHUHTY TIPOTPECY;

—  3ajJy4yeHHs LIUPOKOTO KOJia 3alliKaBIIEHUX CTOPIH JO TMpOIleCcy IUIaHyBaHHS Ta
peaizarii;

—  CHCTeMaTWYHUI MOHITOPHHT Ta ouiHka epextuBHOCTI [ICMM [7-9].

BigHOBIIEHHST IEOKYMOBaHMX MICT Ta TOBOEHHA BIAOYyI0Ba KpaiHM BHMaraTUMeE BiJ
MICIIeBHX BJIaJ] YITKOTO IUIaHy po30yIOBH Ta OHOBJIEHHS TPAHCHOPTHHUX CHUCTEM MICT, a
«IHAYCTpiA MICBKOT MOOITRHOCTI MOXKE€ CTaTH OJIHUM 3 HOBHX CTOBHIB eKOHOMIiku» [10].
Tomy, BaxJIMBUM € po3poOKa peKOMEHAallii 7S MOMINIISHHS TUIaHyBaHHS Ta BIPOBAKECHHS
3aXOMIB 31 CTBOPEHHS CTajgoi MICBKOI MOOUIBHOCTI B MicTax YKpaiHH, CHpsIMOBaHUX Ha
YIOCKOHAJIEHHS 3aKOHOAaBuYOi 0a3u, po3poOKy e(EeKTHBHUX IHCTPYMEHTIB (hiHAaHCYBaHHS,
CTBOPCHHS TIAPTHEPCTB MIDK JEpPKaBHUMHU OpraHaMu, OI3HECOM Ta TPOMAICHKHUMH
opranizauismMu. 3 wiero Meroro npoBeaeHo SWOT-aHamiz  BHKIMKIB Ta MOMJIHMBOCTEH
PO3BHUTKY MiChKOI MOO1IBHOCTI B MicTax YKpainu (puc. 1).

* 3HauYHWI NoTeHLian ANg PO3BUTKY « 3acTapinuii pyxoMuia cknag,
eneKTpoTpaHCNopTy. * HepocTaTHA iHTErpauia pisHux

» HaaBHICTb IHOpPacTpyKTypW (TpamMBaMHI BUAOIB MiCbKOrQ TpaHCNopTy.
Konii, TponenBycHi NiHii) y Benukmx e HepocTaTHe diHaHcyBaHHS
MicTax. PO3BUTKY MPoOMaacbKoro

» MOXMBICTb 3any4eHHa Mornoai oo TPaHCMopTy.
po3pobku Ta peanizaii NpoekKTiB. e HU3bKMI piBeHb AKOCTI

« MiATPMMKa rPOMaACEKUX OpraHisaLin 06CNyroByBaHHs Nacarknpis

Ta eKcnepris. SW
oT

* EBpoOnencbKa iHTerpaluisa Ta MOXIMBICTb EHepreTnyHa Kpu3a Ta NigBuvLeHHs UiH
3any4eHHsa MiXKHapoaHoI 4OMOMOr . Ha NasfiIMBHO-MacTUbHI MaTepianu.
= Po3BUTOK coLianbHOIo NnonuTy Ha BiicbkoBUA cTaH, BoroBi gii Ta

eKonoridHi BUOK TpaHcrnopTy. pyHHYyBaHHA iHbpacTpyKTYpK.

* PO3BUTOK TEXHOMOTi eneKTpoMobBiNnbHOCTI * 3MiHa KIiMaTy Ta ekcTpemMarnbHi NorogHi
Ta IHWKWX anbTepHaTUBHWUX BUOIB ABMLLIA.
TpaHCcnopTy. * TeHpaeHUil 0o 36iNblLIEHHS KiNbKOCTI

* [locuneHHsa iHTepecy 00 aKTUBHMX aBTOMOb6IiNiB, NpobnemMu 3aTopis.
crnocobis nepecyBaHHA (BenocKnenHmn Ta * SanpoeageHHa mogeni PSO (Public
NiLWoxXioHKMKA pyX) Service Obligation)

Pucynok 1 — SWOT- aHaii3 BUKIMKIB Ta MOXJIMBOCTEH PO3BUTKY
MICBHKOi MOOLTBHOCTI B MicTax YKpaiHu
Loicepeno: pospobaeno agmopom
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Bupimensst 3ama4i moJoJaHHS ICHYIOYMX BHKJIMKIB Ta 3a0e3rneueHHs e(heKTHUBHOTO
(GyHKIIIOHYBaHHS TpPAHCIIOPTHOI CHUCTEMH PETiOHIB B YKpaiHl Ha TPHUKIaAl JOCBIY
eBponelcbkux Kkpain aBropu [10] GauaTh y CTBOpEHHI TpaH3UTHUX albSHCIB Ha pPiBHI
00JlacCHUX TIEHTPIB 3 00’€IHAHHAM TPAHCIOPTHHUX IIAMPUEMCTB OOJIACHUX IIEHTPIB Ta
HaBKOJIMINIHIX T'POMaJl y TPHUSPYCHY CTPYKTypy, A€ Ha 1My piBHI IpeicTaBieHa MiclieBa
BJIaJIa, sIKa BU3HAYAE TOJITUKY (IIUJ11) TPOMAJICHKOTO TPAHCIIOPTY; 21 PIBEHb — YIIPaBIIHCHKHI
piBeHb (HEKOMEpIliifHa ycTaHOBa, MO 3JIHCHIOE (DIHAHCOBUH MEHEIKMEHT 3 3aKyIiBIi,
MOHITOPUHTY Ta KOHTPOJIO, OIUIATH 3a TPAHCIOPTHI MOCIYTH); 3W piBeHb — aBTOOYCHI Ta
3aJIi3HUYHI ONEePaTOpH.

OTxe, B pe3yJibTaTi MPOBEACHOTO aHANI3y AacCMeKTIB IIaHyBaHHS CTajaoi MiChKOi
MOOLTBHOCTI B YKpaiHi B KOHTEKCTI €BpOIHTErpaiiiiux pedopM B YKpaiHi MOKHA 3pO0OHTH
BHUCHOBOK TIPO T€, 1[0 Cy4acHI YMOBU BHMAararoTh 3aCTOCYBAaHHS 1HTETPOBAHOTO MIAXOIY 10
IUTaHYBaHHS MOOLIBHOCTI, IKMH 0a3yeThCsl Ha TIMOOKOMY PO3YMiHHI OTped KOPUCTYBAUiB,
CHCTEMHOMY aHalli31 TPaHCIIOPTHUX IMOTOKIB, 3 ypaxyBaHHSAM IUJICH PI3HUX TUIaHIB PO3BUTKY
MICTa, Yy BIAMOBIAHOCTI [0 €BPONEHCHKUX TMONITHK Ta TMPAaKTHK, Ta BUKOPUCTAHHI
IHHOBAIIMHNUX TEXHOJIOTIH.

AmHali3 HasBHOTO 3aKOHOJABCTBa YKpaiHM y cdepi MICBKOrO TPaHCIOPTY CBITYUTH
PO MOro 3Ha4YHy HEBIJMOBIAHICTh CyYaCHUM €BPOINEUCHKUM CTaHAapTaM Ta BUMOTaM CTayol
MoOinbHOCTI. Jlocmimkenns "PekomeHnparii 10 TpaHCHOPTHOTO 3aKOHOJABCTBa YKpaiHM 3
ypaxyBaHHIM
npaktuk €C" [11] Bkazye Ha moTpe0y KOMIUIEKCHOTO pedOopMyBaHHS IMPABOBUX HOPM,
30KpeMa TapMoHi3alii 3 aupektuBamu €Bponeiicbkoro Coro3y MO0 IHTETPOBAHOTO
TPAHCHOPTHOTO IUJIaHyBaHHs, (DiHAHCYBaHHS TPOMAACHKOTO TPAHCIOPTY Ta EKOJOTIYHUX
CTaHJAPTIB JJII MICHKUX TIEPEBE3CHbD.

Cepen KIIOYOBUX BUKIMKIB, SIKI MOTPEOYIOTh BUPIMICHHS, € HEOOXIIHICTh PO3POOKH
HOpMAaTHBHOI 0a3u 115 BipoBaukeHHs [1naniB cTaoi Mickbkoi MoOiLTbHOCTI (SUMP), 1110 Bke
€ 000B’s3k0BMMHU B Oarathox KpaiHax €C. OKpiM LBOro, akTyaJbHUM € YAOCKOHAJCHHS
MEXaHI3MIB JIePKaBHOTO PEryJtoBaHHS Tapu(HOI MOJITHKH, 3alPOBAIHKCHHS €KOHOMIUYHUX
CTUMYJIIB JUI1 MOJEpHi3alii TPaHCIOPTHOTO MAapKy Ta aJamnTallisi €BPONEHCHKUX MPaKTUK
cyOcHIyBaHHS TPOMAJICBKOTO TPAHCTIOPTY uepe3 MexaHi3m Public Service Obligation (PSO).

Public Service Obligation (PSO), abo 3000B'i3aHHS IIOJ0 HAJaHHS MyOIIYHUX
MOCJIYT, — I1€ MEXaHi3M, 3aKpIIJICHUH 3aKOHOJaBCTBOM a00 JOTOBOPOM, SIKHH BHMAarae Bif
opraHizauiif HaJlaBaTH IMOCIYTH, IO € BAXIUBUMH Ul CyclniibcTBa. Ha Hamry maymky, 1e
MUTaHHS HEIOCTAaTHHO BPaXOBaHE B KOHTEKCTI €BPOIHTETpaIliiHuX pedopM B YKpaiHi.

Cucrema TpPOMAJICHKHX TIepeBe3eHh B VYKpaiHi Mae€ 3HA4YyHI BIAMIHHOCTI BiJ
€BPOMEHCHKUX MpakTHK. Y Kpainax €C 3actocoByeThecsi monenb PSO (Public Service
Obligation), sixa nepenbayae 4yiTke (piHaHCYBaHHS MEPEBI3HUKIB JJIs1 KOMIEHCALlli BUTpAT Ha
nepeBeseHHs. Y €C moxpens PSO y cekTopi rpoMajchKoro mMacaXMpPChKOTO TPaHCHOPTY
¢yukuionye Ha mincraBi Permamenty 1370/2007/EC 3 2009 poky [12]. Lle#t moxymeHT
BCTAHOBJIIOE OCHOBHI TPUHIIMIIA OpraHizaiii MacaKUPChKUX TEPEeBE3CHb TI'POMAICHKUM
TPaHCIOPTOM B KOHKpPETHOMY perioHi. BiH omucye MexaHi3M B3aeMmomii  Mix
YHIOBHOBaXEHUMH OpraHaMHU Ta MEpPeBI3HUKAMH, /1€ OJIUH BUCTYIIAa€ 3aMOBHUKOM, a 1HIIUN —
BHUKOHABIIEM 00O0B'SI3KiB MIOJ0 HAAAHHS CYyCIHUIBHO BaXKITUBUX MOCIYT.

B VkpaiHi * mnepeBe3eHHs peryjiroloThCs TpbOMa OKpeMHMH 3akoHamu: «IIpo
3ali3HUYHUN TpaHcnop™, «lIpo mickkuil enexTpuyHuil Tpancnop™ 1 «lIpo aBTOMOOITBEHUI
tparcopt» [13-15]. Tlo-nepmie i Tpu OKpMi 3aKOHOJIABYi aKTH IEPEIIKOKAIOTh CHHEPTIi
PI3HUX BUIIB TPOMAJCHKOTO TPAHCIOPTY, OCOOJIMBO 1€ CTOCYETHCS POOOTH KOMYHAIBHHX
HiANPUEMCTB, SKi HAaTalOTh MOCIYTH HA JEKUTBKOX BHIaxX TpaHcnopty. [lo-mpyre, B cBOii
OLTBIIOCTI MANPUEMCTBA, SKI HANAIOTh TOCIYTH 3 TEPEeBE3CHHs MacaXUpiB y MicTax
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IPaIOIOTh Ha 3acajax CaMOOKYIHOCTI, OCOOJIMBO II€ CTOCYEThCS NMPUBATHUX NEPEBI3HUKIB.
BincyTHICTh Ta CKIIaqHICTh BCTAHOBJICHHS KOMOIHOBaHOI TapudHOI cucTEMH, 10 Tiepeadaydae
PO3MOALT MK JEKITbKOMa BHJIAMH TPAHCHOPTY OOYMOBJICHO HASBHICTIO 3HAYHOI KiTBKOCTI
MPUBATHUX MEPEBI3HUKIB B MICTaX Ta HEAOCTATHHOIO BIIOPSIKOBAHICTIO iX JTISIILHOCTI 3 OOKY
MICBKHX aaMiHicTpariid. Hamani MicroM KommeHcallii 3a MEepeBEe3CHHS OKPEMHUX IMUTBIOBHX
KaTeropiil macakupiB HE TMOKPHUBAIOTh YCIX BUTPAT MIAIMPUEMCTBA, YPAXOBYIOYH MPU IIHOMY,
10 MiANPUEMCTBO 3aiMInae coll yci HAAXOHKEHHS BiJ NMEPEBE3CHHS IUIATHUX MACaKUPIB.
PYXOMOTO CKJIay.

Haii6inpm ckiafHUMU TUTaHHSIME MPU BIpoBapkeHHi Mmozelni PSO B YkpaiHi € Ti, 1o
CTOCYIOThCSI HapaXyBaHHS KOMITCHCAIII1 32 Ha/IaH1 TPAHCIIOPTHI MOCIIYTH, a TAKOX MEXaHI13MiB
HapaxyBaHHs mTpadiB i OOHyCiB 3a 3a0e3nedeHHs HEOOXITHOTO PIBHA SIKOCTI MOCIYT Ta
BU3HAYCHHS CTPOKIB il TOTOBOPY.

OcHOBHa CKJIaJIHICTh HapaxXyBaHHS KOMIICHCALI{ IMOJIATae B TOMY, L0 B YKpaiHi Ha
ChOTOJTHI HE ICHY€ €JJMHOI CUCTEMHU HapaxXyBaHHS KOMIICHCAIIIT U1l pi3HUX BUIIB TPAHCIIOPTY.
3aKOHOJAaBCTBOM Iepe0aueHO HapaxyBaHHS KOMIICHCAIiH TIJIbKU 32 BUKOHAHY TPAHCIIOPTHY
poboty Ha enexkTpuyHoMy TpaHcmopTi. [llomo aBTOMOOGIIFHOTO TPAHCIOPTY, KOMIIEHCAITIS
nepeaOavyeHa JMIIe s TEPeBe3eHHS OKPEeMHUX KaTeropii MiIbroBUX MacaxupiB. Sk
HACJIIOK, MIAMPUEMCTBA, SIKI HAJAIOTh MOCTYTH 3 TIEPEBE3CHHS MACAKUPIB Ha KUTHBKOX BUAX
TPAaHCHOPTY, HANpPHUKIAJ] KOMYHaIbHI IiJIPUEMCTBA, IO OOCIYrOBYIOTH TpPOJICHOYCHI Ta
aBTOOYCHI MapIIpyTH, 3MYIIEHI BECTH OKpeMHUU OOJIK Ta 3MIMCHIOBATH PO3PaXyHKH 3a
KO’)KHUM BHJIOM TPAHCIOPTY, IO YacTO MPHU3BOAUTH IO TOTO, IO HE MOKPUBAIOTHCS BCI
BUTpATH MiIPHEMCTRBA.

Otxe, Hapa3i HaA3BHUaiHO BaxiIMBO, 100 BepxoBHa Paga yxBamuna HU3KY
3aKOHOIIPOEKTIB, 1110 3aIIPOBAKYIOTh €IMHUA MEXaHI3M HapaxXyBaHHS KOMITCHCAIH JJI BCIX
BUIB TPOMAJCHKOrO TpaHcmopty. 3rimHo 3 Permamentom 1370/2007/EC, nHapaxyBaHHS
KOMITCHCAIII MOKEe 3/IIICHIOBATHCS 3a TAKUM IPUHIIUTIOM:

c=(x,

KM y) + (B - KM )) +P.— R+ BON — PEN zpn,

us trolleybos
1€ Prus, Puoleypus — BapTICTb 1 KiloMeTpa MpoOiry BiANOBIAHO Ha aBTOOYCHHMX Ta
TPOJeHOyCHUX MapLIpyTaxX, TPH/KM;

KMpyus, KM yrotieypos — KUIBKICTh BHUKOHAHUX KUIOMETPIB Ha aBTOOYCHHX Ta TpoJeiOycHuX
MapuIpyTax, KM;

P, — oO6rpyHTOBaHMN PUOYTOK JUIS MIATIPHEMCTBA 3 HaJJAHHS TIOCITYT MEPEBE3CHHS, TPH;

R’ — saraneHmil TepeBipeHMH MOXiA, OTPUMAHMII MANPHEMCTBOM Bij HAJAHHS MOCITYT
MICIIEBOTO TPOMAJICHKOTO TPAHCHOPTY 3a MICsIb, 3a SIKHH HAIa€ThCS KOMIICHCAIlisl, TOOTO
CyMa JOXOJy BiJ MPOJaxy MPOi3HUX JOKYMEHTIB, IOX1J BiJ 1HIIOI AisUIBHOCTI, MOB'I3aHOT 3
HaJIaHHSIM TIOCITYyT MICIIEBOTO TPOMAJICEKOTO TPAHCIIOPTY, OyAb-AKi rpaHTH abo iHmm (popmu
HiATPUMKH JTOXONy, Ha SIK1 MiAMPHUEMCTBO Ma€ MpaBo, IUIFOC BCl 1HIN JOXOAU MiANPUEMCTBA
BiJl IISUTBHOCTI, TIOB'SI3aHOT 3 HAJJAHHSAM TIOCIIYT TPOMAJICBKOTO TPAHCTIOPTY, TPH;

BON — mpeMis 3a pe3ylbTaTaMu JisIbHOCTI, SIKY OTPUMYE MiJIPUEMCTBO MPHU JAOCATHEHHI
Y3TOKEHHUX TIOPOTOBUX MOKA3HUKIB NisTIBHOCTI, TPH;

PEN - mwrpad, moB'i3aHuid 3 pe3ylbTaTaMu [isUIBHOCTI, SKHM HaKIaJaeThCs Ha
HiANPHUEMCTBO, KOJHM KJIOYOBI TOKAa3HWKW [iSUTBHOCTI TANalOTh HWKYE Y3TOKEHUX
MiHIMaJIbHUX TIOPOrOBUX 3HAYEHb, IPH.

[Ilomo HapaxyBaHHS MTpadHUX CAHKIINA 32 HEBUKOHAHHS Y3TOKCHUX MiHIMAaJIbHUX
MOPOTOBUX 3HAYEHb SAKOCT1 HaJlaHHS MOCIYT, TO TYT TaKOX BUHUKAIOTh 3HauH1 TpyaHou. [To-
nepie, 3riJiHo 3 YNHHUM 3aKOHOJAaBCTBOM, MiChKa BJIaJla HE Ma€ MMOBHOBAYXCHb HAPAXOBYBATH
mrpagu MiIOpUeEMCTBaM, SKI HaJalOTh IOCIYTH 3 TEPEBE3CHHsS MacaxupiB. CIUHUM
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MEXaHI3MOM 3aCTOCYBaHHS IUTpaHUX CaHKLIA € 3MEHIIEHHS CyMH KOMIICHcalil y pasi
HEBUKOHAHHS Y3TO/DKEHUX MIHIMAJIbHUX BHUMOT J0 sKOcTi mociayr. OJHaK Ha ChOTOJHI
OUTBIIICTE MICT HE BHKOPHCTOBYIOTH TaKy CHCTEMY CTHUMYJIOBaHHSA JUIs 3a0e3ledeHHs
BIJIMOBITHOTO PiBHS SIKOCTI HaJaHHS MOCHYT mepeBizHuKamMu. Tomy Mozens PSO, ska mae
OyTH BIIpOBaKEeHA B YKpaiHi, MOBUHHA 00OB'SI3KOBO NepeadayaT MEXaHi3M HapaxyBaHHS SK
mTpadgHUX, TaKk 1 OOHYCHHMX CaHKIH sl 3a0€3MeUeHHs] NOTPUMAHHS BHUCOKHX CTaHIApTIB
SIKOCTI TTOCITYT Ha y3TO/IKEHOMY PiBHI.

Jnst 3ampoBapkenHst mogneni PSO B Ykpaini HeoOXigHO BHECTH 3MIHH JI0
BromkeTHOr0 KOAEKCY, OCKUIBKH 3a IEI0 MOJEIUII0 TOTOBOPU 3 MIAMPUEMCTBAMH IIOAO
HaJaHHS MTOCTYT TIEPEBE3CHHS MacaXupiB yKiaamaaroThes Ha 10-15 pokiB. HatomicTs B Ykpaini
Hapasi BUKOPUCTOBYIOTHCSI KOPOTKOCTPOKOBI IOTOBOPH.

[Ipore nesxi micta B YKpaiHi B)KE€ HaMararThCsS BHECTH 3MIHH JI0 CHCTEMH
IPOMAJICBKUX TEepEeBE3€Hb, MOCTYIIOBO HAOJIMKAIOUUCH 710 BIpoBakeHHs mozaeni PSO, sxa
¢dbyukiionye Ha ocHoBi Pernmamenty 1370/2007/EC.

OTxe, TmpHUBEeNEHHS TPAHCIOPTHOTO 3aKOHOAABCTBA YKpaiHM JO CTaHIapTiB

€porneticbkoro Coro3y BHMara€ KOMIUIEKCHOTO 1 cucTeMHOro miaxoxy. Cepes OCHOBHUX
HaNpsIMKIB aJamnTamii MOXHa BHOKPEMUTH: pO3pOOKY HOBHUX HOPMATUBHUX akTiB Ta
BJIOCKOHAJICHHS HOPMAaTHBHO-TIPABOBOi 0a3u Il BIAMOBIIHOCTI BHMOTaM TPAHCIIOPTHUX
nupektuB €C; ydacTh YKpaiHM B €BpPONEHCHKUX TPAHCHOPTHUX OpraHi3allisix, MpUeETHAHHS
JI0 KOHBEHIIIH, TPOTOKOJIIB 1 JOTOBOPIB, & TAKOK BUKOHAHHS PE3OJIIOIIN 1 peKOMEHIAIIN THX
opraHizauiii; mJIroTOBKy Ta YKJIQJE€HHS IBOCTOPOHHIX MDKYPSIOBHX YTOZ y TPAHCHOPTHIN
chepi 3 €BpONEHCHKUMU JICPIKABAMH.
[Ipu upoMy citijy BpaxoByBaTH, 1110 MOTpeda BIpoBapkeHHs Mojeni PSO BuHMKae He TUIBKY 3
HEOOXITHOCTI €BpPOIHTErpaIlifHUX 3000B’sI3¢Hb YKpaiHW, a 1 JUIsi BHUPINIEHHS TaKUX
KPUTUYHUX TpoOJeM TIpoOMaJIChKOTO TPAHCIOPTY, SAK 30MTKOBICTh KOMYHAJIBHHX
TPAHCIIOPTHUX TMIAMPEMCTB, HEJIOCTAaTHIM PIBEHb IHBECTHUIIIM IEPEBI3HUKIB B OHOBJICHHS
PYXOMOTO CKJIaJly, HEJIOCTaTHIN PO3BUTOK aBTOMAaTH3allii cucTeM OOJIKYy OIIaTH Mpoi3day Ta
€JICKTPOHHOTO MOHITOPIHTY Ta TOTOYHa OOMEXKEHICTh OOCIYyroByBaHHS MapIIpyTiB
MEPEeBI3HUKAMH.

BucnoBku. Pe3ynbTatu mnpoOBENEHOrO AOCHTIIKEHHS MiATBEPAWIN, IO PO3BUTOK
cTanoi MiChbKOi MOOUTBHOCTI € KPUTHYHO BAXKIUBHUM JUIS aJanTaiii TPaHCHIOPTHOI CHCTEMHU
YKpPaiHCBKUX MICT J0 €BpPONEHCHKUX CTAHIAPTIB Ta BHPIMICHHS aKTyaJIbHHX Mpo0emM
ypOanizarii.

AHaJi3 €BpPONMENCHKOTo JIOCBIY IMOKa3aB, 10 BIpoBakeHHs [lnaniB cTanoi Michkoi
moOinbHOCTI (IICMM) crnpusie He nMIe NOKPAIIEHHIO TPAHCHOPTHOI iH(PACTPYKTypH, a U
3a0€3MeYCHHI0 EKOJIOTIYHOI Ta COIllaJbHOI CTIHKOCTI MICBKMX TepuTopid. BomnHouac,
OCHOBHHMMH TIE€PEIIKOIaMHU Ul PO3BUTKY CTajoi MOOUIBHOCTI B YKpaiHi 3aJIMIIAIOTHCS:
HEJIOCTATHSI IHTErpallisi TPAHCIIOPTHOTO TUTAHYBAHHS 3 1THITUMHU cepamMu MiChKOTO PO3BHUTKY,
HecTaya (iHAHCYBaHHA Ta IHBECTHIIN, HEY3TOJUKEHICTh 3aKOHOJaBuoi 0a3u, oOMexeHe
BIIPOBAHKCHHS CyYaCHUX TEXHOJIOTIH Ta IHHOBAIIIH.

[lepcrieKTUBM PO3BUTKY CTajoi MICbKOi MOOUIBHOCTI B YKpaiHi BKJIIOYAIOTh
YAOCKOHQJIEHHS  HOPMAaTHUBHO-NIPABOBOTO  PErYJIIOBAHHA,  PO3IIMPEHHS  (1HAHCOBHX
MEXaHi3MiB, 3aIy4eHHS MDKHApOAHMX IHBECTHIM Ta 1HTETpallil0 MiCHKOTO TPAHCIOPTY 3
KJIIMaTUYHUMHU TONITHKaMHU. BIpoBaKeHHsI €BpPONEHCHKUX MPAKTHK YHPABIIHHS MICHKUM
TPAHCIIOPTOM CHPUATHME TiJBUIICHHIO SKOCTI TMEpEeBE3eHb, 3MEHILIEHHIO EKOJOTTYHOTO
HABaHTAXCHHS Ta 3a0€3MEUYEHHIO CTAJIOr0 PO3BUTKY MICBKUX TEPUTOPIH.

Otpumani pe3yibTaTH MOXYTb OyTH BHUKOPUCTaHI Ui PO3POOKH CTpaTeTridyHUX
pillICHh Ta PEKOMEHJAIIN MO0 TUIAHYBAaHHS CTAN0i MiChKOI MOOITBHOCTI, IO JO3BOJIHTH
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e(EeKTUBHO aJanTyBaTH YKpPaiHCBKYy TPAaHCHOPTHY CUCTEMY [0 CYYacHHUX BHUKIHKIB Ta
€BPOIHTETPAIlIHHUX BUMOT.
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Analysis of Sustainable Urban Mobility Planning Aspects in the Context of European

Integration Reforms in Ukraine

The development of sustainable urban mobility is a crucial aspect of modernizing the transport system
in Ukrainian cities, particularly in the context of European integration. The implementation of Sustainable Urban
Mobility Plans (SUMPs) contributes to creating a comfortable, environmentally friendly, and efficient transport
environment that addresses contemporary urbanization challenges and the growing needs of the population. At
the same time, the importance of a comprehensive approach to transport planning is increasing, which involves
integrating urban transport systems, improving public transport accessibility, and reducing environmental
impact.

The issue of enhancing the efficiency of the urban transport system is closely linked to the need for
improving the legislative framework, reforming tariff policies, and identifying alternative sources of funding.
Leveraging European experience allows for the development of strategic approaches to sustainable urban
mobility, ensuring a balance between economic efficiency and the social needs of the population.

The analysis of current trends and the recommendations proposed in this study can be utilized for
developing comprehensive urban transport management strategies, ultimately contributing to improving the
quality of life for residents of Ukrainian cities.
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be3neuHicTh TPAHCIIOPTHOT AISLTBHOCTI

VY crarTi po3rasgacTbesi O€3MEUHICTh TPAHCTIOPTHOI MisITBHOCTI SIK KOMIUIEKCHA XapaKTEPHUCTHKA, IO
BH3HAYA€ 3ATHICTh TPAHCIOPTHOI CHCTEMH (QYHKIIOHYBaTH 3 MiHIMAJbHUMHU PU3WKAMHU IS BCIX YYaCHHKIB
nporiecy. Bu3HaueHO OCHOBHI acmekTH Oe3leKkd: TEeXHIYHWH CTaH TPaHCHOPTHUX 3acobiB, mpodeciiiHa
MiATOTOBKA MEepCOHAy, BIAMOBIIHICT TPAHCIOPTHOI 1HQPACTPYKTypu BHMOram O€3NeKH, eKOJIoriuHa
BiAMOBiNANbHICT, Ta edekTBHE ynpamiiHHA pusukamu. OcoOnuBa yBara MNPHUIUISETBCS  BIUIMBY
aBTOMOO11€0yAyBaHHS Ha MIJIBUILEHHS PIBHS 3aXUILEHOCTI YYaCHUKIB JOPOXKHBOTO PYXY Yepe3 BIIPOBAIKEHHS
IHHOBaLIHHUX TEXHOJIOTiH Ta cucteM Oe3neku. OKpeciieHO 3HaYeHHsI PEryJISIPHOTO TEXHIYHOTO 00CIyTrOBYBaHHS,
€KOJIOTTYHOT0 KOHTPOJIIO y 3a0e3rnedyeHH] Oe3nexu nepeBe3eHb. CTaTTs akIEeHTYe Ha BaKIMBOCTI KOMIUIEKCHOTO
MiX0Ay /IO CTBOPEHHS OE3MEeYHOro TPAHCIOPTHOTO CEpelOBHIA B YMOBaX 3pOCTaHHS IHTEHCHBHOCTI
nepeBe3eHb, ypOaHizamii, TEXHITHOTO Ta TEXHOJOTIYHOTO MPOTpecy.

ABTOMOOINBHUI TPAHCIIOPT, TPAHCIOPTHI TeXHOJIOTII, 6e3MeKa, KOHCTPYKTUBHA 0e3leKa TPAHCIOPTHOIO
3aco0y, 0e3meyHiCTh TPAHCIOPTHOI AislJILHOCTI

IMocTanoBka mnpobiaemMu. be3neuHicTh TpPaHCIOPTHOI [iSUIBHOCTI € OIHUM 13
HaMBa)KJIMBIIIUX KPUTEPIiB, 110 BU3HAYAIOTh SKICTh (PYHKIIOHYBaHHS TPAHCIIOPTHOI CUCTEMHU
Ta ii BIUVIMB Ha CYyCHUIBCTBO N €KOHOMIKY [l]. 3pocTaHHS IHTEHCHUBHOCTI IE€pPEBE3EHb,
ypOaHizallis Ta BIPOBAKECHHS HOBITHIX TEXHOJOTIM BHCYBAalOTh HOBI BHKJIMKH IS
3a0e3nedeHHs 0e3MeYHNX YMOB POOOTH TPAHCIIOPTHUX 3aC00iB 1 IHPPACTPYKTYPH.

VY KOHTEKCTI aBTOMOOUIBHOIO TPAaHCHOPTY, SKUH € OCHOBHUM BMJOM II€pEBE3€Hb Y
OaraThox KpaiHax, (pakTopu 0€3MeUHOCTI OXOILTIOIOTh TEXHIUHI, OpraHi3aIiiiHi, eKOJIOT1dHI Ta
JIO/ICHKI acneKTH. JIOCATHEHHS! BUCOKOTO piBHS 0€3MeYHOCTI BUMArae BpaxyBaHHS CKJIaJHUX
B32€MO3B’SI3KiB MIXK TEXHIYHHUM CTAaHOM TPAHCIIOPTHUX 3ac00iB, TIOBEIIHKOIO BOJIIB, SKICTIO
JOPOXKHBOT IHPPACTPYKTYPH, a TAKOK JOTPUMAHHIM HOPMATUBHO-IIPAaBOBUX BUMOT [2].

AHani3 ocTaHHIX AochdimkeHb Ta nyoJaikamiii. IlyOmikamii 3 1i€i TemaTuku
BHUCBITJIIOIOTH SIK (DyHIaMEHTaJIbHI aCTIeKTH OpraHi3ailii Oe3reKku, Tak 1 IHHOBAIliiHI T IX0/IH,
CHPsSIMOBaHI Ha MiHIMI3allil0 PU3HUKIB TPAHCTIOPTHOI A1SUTBHOCTI.

3Bakaroun Ha TOTpeOy IHTEerpamii B €BPOIEHWCHKE Ta CBITOBE CITIBTOBApUCTBO,
VYkpaina npuisise 3Ha4uHy yBary NUTaHHSAM HalllOHAJIBHOI TpaHCTIOpTHOI Oe3nekH [1, 2].

VY poborax OarathbOX MOCHIJTHHMKIB aKIIEHTYETHCS yBara Ha Ba)KJIMBOCTI TEXHIYHOTO
CTaHy TPAHCIIOPTHHX 3aCO0IB SIK KJIIFOYOBOTO YUMHHMKA Oe3neuHocTi [3-5].

Psn  myOnmikariii mpuCBSIYEHO BUBUYEHHIO METOMAIB MIABUINCHHS €(PEKTUBHOCTI
0e3meyHoi opraHizalii J0pOKHBOTO PyXy Ta O€3MEYHOCTI epeBe3eHb [6-8].

HeogHopa3oBo MiAKPECTIOETHCS BAXKIUBICTH JIIOJCHKOTO YMHHUKA Yy 3a0e3MeueHHI
oesmeku [9-10].

AHaJi3 JOCHIDKEHb JIEMOHCTpYy€E, IO edeKTHBHE 3a0e3reueHHs Oe3MeYHOCTI
TPAHCHOPTHOI JiISUIBHOCTI BUMarae KOMIUIEKCHOTo minxoxy Ilomanpiii JOCTiIKEHHS MaloTh
OyTH 30Cepe/DKeHI Ha y3arajJbHEHHI CTpaTerii pO3BHTKY MAaKCHMAaJbHO O€3MeYHOro
TPAHCHOPTHOTO CEPEIOBUIIIA.

© L. O. Xirpos, C. B. Kozak, 2024
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IlocTanoBka 3aBaaHHs. 3ale3nedeHHs O€3MEYHOI TPAHCHOPTHOI MiSUIBHOCTI €
OJIHIEIO 3 TPIOPUTETHUX 3a7a4 CYYaCHOTO TPAHCIOPTHOTO CEKTOpy. Po3BUTOK Oe3medHoro
aBTOMOOIIBHOTO TPAHCIOPTY, MIJBUIIEHHS I1HTCHCUBHOCTI MEPEBE3€Hb 1 HACHYEHOCTI
TPAaHCIIOPTHUX TIOTOKIB BHMAaraloTh CHCTEMHOTO IIJIXOAy JO aHami3y Ta YIpaBIiHHS
6e3nekoro. [locranoBka 3aBnaHHs y 11iil cdepi nependavae BUSHAYCHHS KJIIOYOBUX MPOOIEM,
el 1 mUIAXiB iXHbOro BUpimeHHs. Lle M03BoMuTh HOCATTH OamaHcy Mik e()EeKTHBHICTIO
nepeBe3eHb 1 MiHIMI3alli€l0 PU3HKIB Y TPAHCTIOPTHIH cdepi.

Buknan ocHoBHOro marepianay. TpaHCIIOPTHI 3aCO0M MIMPOKO 3aCTOCOBYIOTH Y BCIX
rayry3sx HApOJHOTO TOCTOJApCTBa 1 CKIANAIOTh HEBIA €MHY YaCTHHY MHPOAYKTUBHHUX CHII
CyCIIbCTBA. 3HA4YHE 3pPOCTAaHHS YHCEIBHOCTI PYXOMOTO CKJIaay, TIOKpameHHs iX
eKCIUTyaTal[ifHUX BIIACTUBOCTEH CYMPOBOKYETHCS IMiJBUIICHHIM IIBHIKICHOTO PEXKUMY
pyXy, ajie 1 Ipu3BOAUTH 10 30UTBIIECHHS MUIBHOCTI Ta IHTEHCUBHOCTI TPAHCIIOPTHOTO MOTOKY
BYJIMYHO-TOPOXKHBOI Mepexi, 30UIblye B pa3u 3a0pyJHEHHS JOBKIUISA, aBapilHICTh, IO B
CBOI0 d4epry mnoTpedye KOHCTPYKTHBHOTO BJIOCKOHAJICHHS TPAHCIOPTHUX 3aco0iB Ha
BiJIIOBIIHICTh Cy9acCHUM BUMOTaM O€3MeKH 1 6€3MeUHOCTi TPAaHCTIOPTHOT AisibHOCTI [11].

BigmiHHICTE MK TTOHATTSAMH «OE3MEKN» Ta «OE3MEeYHOCTI TPAHCIIOPTHOI TISITEHOCTI
Ha AaBTOMOOUTBHOMY TPAHCHOPTI TPOSBISAETbCA Y iXHbOMY 3MICTi, CHpPSMOBAHOCTI Ta
Macitabax 3acTocyBaHHs (puc. 1).

besneka besneunicte
TPAHCHOPTHOT J1iANBHOCTI TPAHCTIOPTHOT JIiSTBHOCTI

v v

AKLEHTYE YBary Ha

30Cepe/KeHa Ha Nonepe/ukeH i XapakTepHCTHKAX CHCTeMH abo
CnpsaMoBaHicTh [—» PH3HKIB 1 YCYHEHHI HACHiKIB npotecy, 1o 3abe3neuyiorh
HeOe3neyHUX CHTYaIiil MiHiMizalio iiMoBipHOCTI

BHHHKHEHHA HeDe3neunux curyauiii

Y \

OXOTLTHE IIIH|)[I]Hﬁ CHEKTp '5&X(),FliR, CTOCYETBCH IHHCHCPHHX,
X P— g | BICIIOUHO 3 auapii‘luo-px’ryuanbllmml Opl'&llili'jiilliiililtx i chuouorinumx
PODOTAMH, CTPAXYBAHHAM 1 PILEHD, O 330C3MNCMYHOTh
MOHITOPHHIOM HAJICKHHI piBeHb eKcruTyarauii
€ METOI0, JIOCATHEHHS AKoT noTpedye BJIACTHBICTE, 1110 OLIHIOETBCH Ha
Pesynbrar L CHCTEMATHYHOIO KOHTPOJI Ta OCHOBI BI/INOBIZIHOCT] BCTAHOBJIEHHM
BIOCKOHAJICHHA cTaHaaprTamM i HOpMaTHBaM

Pucynox 1 — OcHOBHI BiIMiHHOCTI Mi>K 0€3I1eKO0I0 Ta OE3IEYHICTIO TPAHCTIOPTHOI AiSITEHOCTI

Hoicepeno: pospobneno agmopamu

B 3aranpHOHALIOHATBPHOMY BHMIipi TpaHCHOpTHa Oe3meka, fAK KOMIUJIEKCHA
XapaKTEePUCTHKA, KA BH3HAYAE CTaH 3aXHUIIECHOCTI 00’€KTIB TPAHCTOPTHOI 1HOPACTPYKTYpH,
o J103BOJIsie 3a0e3nedyBaTH Oe3MeKy Ta IHTEpecH B Taly3i TPAaHCHOPTHOI IisUIBHOCTI,
CTIAKICTh TPAHCHOPTHOI IISTBHOCTI, 3JaTHICTh 3amo0iraTd HAHECEHHIO IIKOAM 370pOB’IO0 i
KHUTTIO JIIOJIEH, 30MTKY MaifHy Ta HaBKOJMIIHHOMY CEpPEIOBUIILY, MiHIMI3yBaTH COLIAIbHO-
€KOHOMIYHUH 30MTOK NpH TPAaHCTOPTHIN mismbHOCTI [2]. besneka € pe3ynpTaTtoM peanizarii
3aX0/1iB, CIIPSIMOBAHHUX HA MiHIMI3aI[if0 PU3UKIB 1 HACTIAKIB HETATUBHUX MOJIiH.

be3neyHicTh € BIACTUBICTIO TPAHCTIOPTHOI CUCTEMH Ta MISUIBHOCTI, 110 XapaKTepU3ye
il 37aTHICTD (PYHKLIOHYBaTH 3 MiHIMAJIbHUMH PU3MKAMHU JUI BCIX YYaCHMKIB MIpOIECy Ta
OXOIUTIOE TEXHIYHUIA CTaH TPAHCIIOPTHHUX 3ac00IB (KOHCTPYKTHUBHY BiAMOBIIHICTh O€3MeUHIN
eKcIutyararii), mpodeciiiHy MiArOTOBKY BOJIIB 1 TEXHIYHOTO MEPCOHATY, BIJMOBIIHICTH
TPAHCIIOPTHOI  1HQPACTPYKTYpH BUMOTaM  OE3MEKH, EKOJIOTIYHYy  BIAMOBIJAIBHICTH
TPaHCHOPTHOI AisIbHOCTI [ 1-7]. be3neuHicTh TpaHCTIOPTHOI AiSUIBHOCTI € OJHUM 13 KITFOYOBUX
aCTIeKTiB, 10 BIUIMBAIOTh HA PO3BHTOK CyYacHOTO CYCHUIBCTBA. B yMoBax 3pocrtarodoi
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ypOanizamii, iHTeHCcU(DiKaIil pyXy Ta TEXHOJOTIYHOTO Iporpecy 3abe3meueHHs: 0e3MeYHOCTI

MIepeBE3CHb CTA€ CTPATETYHUM 3aBJIaHHSIM Ha JIepKaBHOMY piBHi (puc. 2).
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be3neunicTh TpaHCIOPTHOI AISIIBHOCTI, SIK KOMILJICKCHA 1HTETrpajbHa XapaKTepUCTUKA
BU3HAYAETHCS KIIOUYOBUMH (haKTOpaMHu BiJIOOpaKEHHS 37aTHOCTI TPAHCIOPTHOI CHCTEMH
3a0e3meuyBaT TMEPEBE3CHHS JIIOJIeH Ta BAHTAXKIB 13 MIHIMAIBHUMH PU3UKAMH JJISL KHUTTS,
3JI0pOB’sI, MaifHa Ta JOBKULISA (puc. 3).

besneuHicTh TPaHCTIOPTHOT isIBHOCTI: KIIIOYOBI YHHHUKH

CraH TpaHCIOPTHUX TEXHIUHA CIPABHICTh TPAHCIIOPTHUX
— 3ac001B (TeXHIYHA 3aco0iB, peryJsipHe 00CIyroByBaHHs Ta
TOTOBHICTB) KOHTPOJIb Nepe peiicamu

AKICTB JIOPIT, Opraizaiis pyxy, po3MmiTka,
3HAKH, OCBITJIICHHS TA 1HIIE

- Indpactpykrypa

po3pobka 0e3rneuHuX MapiipyTiB,

| Opranizauis BPAXyBAHHSI IIOTOJ{HIX YMOB, JOTPUMAHHSI
A fsaetitih rpadikiB, YHHKHEHHS TIepeBAHTAKEHHS
JOTPUMAHHS BUMOT LLIOJO MEPEBE3CHHS
KOHT])OJ'IB YMORB naca}fmpis i BAaHTaXiB (301{]361\-“[3,
1 rnepeBes3eHb 3aBaHTaKCHHS, KPIIICHHS BaHTaXKIB,
nepeBe3eHHs HeOe3MEYHNX PEHORBHH)
sHmkeHHs Kiibkocti JITIT nursixom
Minimi3zaiis JIOTPUMAaHHA NIPABUI IOPOKHBOTO PYXY,
aBapiiHOCTI TEXHIYHOTO CTAHY TPAHCITOPTHHUX 3aC001B
Ta MIJITOTOBKH BOJIITB
BUKOPHUCTAHHS CUCTEM MOHITOPHHTY
BrposamxeHHs
- TPAHCIIOPTY Ta aBTOMAaTH30BAHUX

Cy4aCHHMX TEXHOJIOTiH .
3ac00iB KOHTPOIIO

X " 3MEHIIIEHHS IITKiJJTMBOTO BIUIMBY BHKHIIB
. Exooriauit a JIOBKI 30epesxe 3araJIbHOTO
H BEKLLITA JIJIA - JKECHHA 3araJibHOI
KOHTPOIIb e - p ‘
piBHs Oe31eKu

; aHai3 noTeHuiiHuX Hebesmnex i
EdexTuBHe ynpapninusa . .
- BIPOBAKEHHS 3aXOMIB VIS X yCyHEHHS
pH3MKaMu
a00 3HMIKEHHSA

. . MMIIFOTOBKA 1 MIABUIIECHHS KBAMDiKal
ITpodecionanizm . b
. N — BOJIITB Ta TEXHIYHOT'O MEPCOHAITY IS
P Y HaJIEJKHOI'0 BUKOHAHHA CBOiX 000B’A3KiB

Pucynoxk 3 — KirtouoBi akropu 6e3nedHoi TpaHCIOpTHOT JisUTBHOCTI

IDicepeno: na niocmasi [2, 8]
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TpancnoptHuii 3aci6 moBUHEH OyTH 3aBXAM Oe3nedHuM y Oynb SKMH 4ac, B JIOOMX
JOPOXKHIX CHUTyallisIX 1 MPUPOAHUX EKCIUTyaTaliifHuX ymoBax. IIpoTsroM BchoOro mepiomy
eKCIuTyaTalii MOXYTh HEOJHOPAa30BO BHHHMKATH (HAaKTOPHU PUBMKY HAHECEHHS ILIKOAU
BHACIIIJIOK HEOCKOHAIOCTI KOHCTPYKINI Ta 1X BiMOBOIO, IOMIJIOK Y BOJIHHI 1 MOBEIIHII
MIII0XO0/iB, 3a0pyIHEHHS TOBKULISA, CIPUYUMHEHHS IOPOXHBbO-TPAHCIIOPTHUX MPHUTOJ TOIIO
[6-8]. [l KOMIUIEKCHOTO TOKpAIIEHHS OE3MEeKH TPAaHCIOPTHOTO 3aco0y 3 OJHOYACHUM
3a0e3MeUeHHsIM B3a€MHOI BIJNOBITHOCTI HOTO OKpPEeMHM €JEMEHTIB BCl (DaKTOpu pPH3HUKY
YMOBHO TOJUIAIOTH 32 JDKEPETIOM iX BUHUKHEHHS Ha YOTHPH B3a€MO3ANEXKHI TPYMNH: BOAIN
(;mroauHa), TpaHCOPTHUH 3acib (aBTOMOOLIB), Topora, cepeaoButie (puc. 4).

PucyHoxk 4 — Cucrema 0e31eKoBoi B3aeMO/IiT TPAHCIIOPTHOTO 3aC00Y B JOPOIKHBOMY CEPEIOBHILI

IDicepeno: na niocmasi [6, 7]

besnieka TpaHCOpPTHUX 3aco0iB 1 OE€3MEUYHICTh TPAHCIIOPTHOTO IMPOIECY IMOBHUHHI
PO3IIsIaTHCS KOMIUIEKCHO — SIK YMOBA 1 3aBJJaHHS YCIIIIHOTO (DYHKIIIOHYBaHHS COILiaJIbHO-
€KOHOMIYHUX cucTeM [6-8]. BpaxoByroun crenudiuai ocoOnmBi yMOBH (YHKIIIOHYBaHHS
TPAHCIIOPTY BUHHUKAE 00’ €KTMBHA HEOOXIIHICTh B CUCTEMHOMY JOCIHIKCHHI YMHHHKIB, SIKi
BIUTMBAIOTh Ha O€3MeKy TPaHCHOPTHOTO 3aco0y, Ta 00 ’€qHaHHS HOTO eKCILTyaTalliiHuX
BJIACTUBOCTEH B CKJIaJi JIBOX KOMIUJIEKCIB — KOHCTPYKTHMBHOI 1 €KCIUTyaTaliiHOi Oe3neku
(moIAIOTH HA AaKTUBHY, TACUBHY, TiC/IsgaBapiiiHy Ta €KOJIOT14HY — Tab.1).

ABTOMOOINEOyTyBaHHI Ma€ CYTTE€BUH BIUIMB Ha OE3MEYHICTh TPAHCIOPTHOI
JISITBHOCTI, OCKIJIBKM HOBI TEXHOJIOTII Ta KOHCTPYKTHBHI DIIICHHS MiABUIIYIOTh PIBEHBb
3aXHUCTy BOJIIB, MACAXUPIB Ta 1HIINUX YYACHHUKIB JOPOKHBOTO PYXY. AKTHBHO pO3pOOIISIOTHCS
Ta BIPOBAKYIOTHCS CHCTEM aKTHUBHOI (CHCTEMH JIOMOMOTH BOJII€B1, CIEIiabHI TaJbMiBHI
CHCTEMH, ENEKTPOHHI CHUCTeMH cTabimizamii pyxy) 1 macuBHOi (30UIBLICHHS MIIHOCTI
KOHCTPYKITIi Ky30Ba 0€3 301JIbIIIEHHS Baru, CHCTEMH 3aXHCTY IMIIOXO/IIB 1 BAaHTaXI1B) OC3IEKH,
€HeproeeKTUBHOCTI 1 3HMKEHHS €KOJIOTIYHOTO BIUIMBY, 3aCTOCOBYIOTHCS Cy4acHI MaTepianu
Ta 1HKEHEPH1 1HHOBAIlil, MPOBOJMUTHCS 3arajlbHOBU3HAHA CTAHAAPTHU3AIls Ta cepTHdIKallis
TPAHCHOPTHHUX 3aCO0IB.
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Tabnuis 1 — Bunu 6e3neku TpaHCIIOPTHOTO 3ac00y

KonctpykTrBHa .
Ornuc BIacTUBOCTI
Oe3rmneka
TPAHCIIOPTHOTO 3ac00y BUAY KopoTtka xapakrepuctuka
TPaHCIIOPTHOTO
Oe3rnexu
3aco0y (BUI)
AKTHBHa BH3HAa4Ya€ €PEeKTUBHICTh .
.. KomnonyBanbeH1 napamerpy,
(nepma niHisA BUKOPUCTAHHS _ .
TATOBA JUHAMIYHICTb, TaJIbMiBHI
3aXUCTY TPaHCIOPTHOrO 3aco0y 3a o
< . BJIACTHBOCTI, CTIHKICTB,
TPAHCIIOPTHOTO Horo QyHKITIOHATLHUM ! ) .
KEepPOBaHICTh, IHHOPMATHUBHICTb,
3aco0y, MIPU3HAYEHHSM — . .
.. 00sagHaHHA poO0YOTro MICIIS BOIS,
MOTIepeKEHHS MepeBe3eHHS BAHTAXKIB 1 o
. HaJIHICTH Ta 00JaHAHHS
HeOe3MeKn) 00CITyrOBYBaHHS MaCaXUPIB
BIIACTHBOCTI TPAHCIIOPTHOTO
ITacuBHa . .
(npyra minis 3ac00y Ta IOPOKHIX CHOPY/I, KommnonyBanbHi mapameTpu,
I;ZXHCT 10 3a0€3MeYyI0Th yAapHO-MIIIHICHI BITaCTUBOCTI
Y BHUKJTFOUCHHS 200 3HIKCHHS TPaHCIIOPTHOTO 3aCc00y Ta
TPAHCIIOPTHOTO . .. ) .
23006 TSDKKOCT1 HACIIIKIB €JIEMEHTIB O0JAIITYBaHHS JAOPIT,
3H1/1>1<egl;a JIOPOKHBO-TPAHCTIOPTHOT 3alMHCTICTH TPAHCIOPTHOTO
. npuroau 0e3 akTUBHUX TN 3aco0y
HACJIIKIB) .
YYaCHHUKIB IOPOKHBOTO PYXY
3axuCT MacakupiBs, BOJIIS,
. . MIIIOXOiB (€HEPTOEMHI 30HU
[TicisaBapiiina e ..
g . nedopmMariii, MIITHICTH KapKacy),
(TpeTs niHig — BIIACTHBOCTI TPAHCIIOPTHOTO . :
o . npoTu3aiMaHHs (KOHCTPYKTHBHI
MiHiMi3aIis 3ac00y, SKi CIPHUSIOTh )
o PIIICHHS IS 3HIKEHHS
IIKOJIU B 3MEHILEHHIO HACIIIKIB JIJIs .. :
. . . HWMOBIPHOCTI 3arOpsIHHS
pe3ynbTari aBapii JFOZICH, MaliHa Ta .
TPAHCIIOPTHOTO 3aco0y Mmicis
Ta 3a0€3MeYeHHs] | HAaBKOJHIIHBOTO CEpeOBUIIA .
. . 31ITKHEHHSI, BAKOPUCTAHHS
e(eKTUBHOI TTiCJISl HACTAHHS JOPOKHBO- C
. MaTepiaiB i3 MiIBUIIECHOO
JOTIOMOTH TPAHCTIOPTHOT MPUTOTU . - .
CTIMKICTIO 71O 3aiiIMaHHS), JIETKICTh
MOCTPaXKIaTH1M) .
eBakyailii (MOXJIHBICTh IIBUIKOTO
JIOCTYIIY)
. KoHTposb Ha 3MEHIIIeHHS BUKUIIB
BIIACTHBICTH TPAHCIIOPTHOTO .
HIKIJUTUBUX PEYOBHUH y aTMochepy,
. 3aco0y HampaBlieHa Ha } .
Exosnoriuna . IITYMOBOTO Ta BiOpariifHoro
3MEHILEHHS KO JTOBKIJLITIO
(TypboTa mpo . 3a0pyAHCHHS,
4 . .\ | Ta ygacHUKaM pyxy B IIpoIieci : )
JOBKIJIIA 1 JTFO/ICH) . . eHeproePeKTUBHOCTI, YIIPaBIiHHS
Horo HOpManbHOI .
B1JIXOJJaMU, 3aXUCT MPUPOTHUX
eKCInTyaTartii .
pecypciB

Iicepeno: pospobreno asmopamu

TexHIYHMI CTaH TPAHCIOPTHUX 3acO0IB 3HAYHOIO MIpOI0 BIUIMBAE Ha OE3IeKy
nepeBe3eHb, MiATPUMAHHSAM SKOTO JOCATAETHCS PETYJIIPHUM TEXHIYHUM OOCIYTrOBYBaHHSM 1
CBO€YAaCHUM peMoHTOM. Hampukman, HecmpaBHI TajibMma 3Ha4HO 301UIbIIYIOTH pusuk JTII
(0cOOJIMBO B €KCTPEHUX CUTYaIlisiX), @ BIACYTHICTh HAJIEKHOTO TEXHIYHOTO OOCIyrOBYBAaHHS
MOX€ CIPHYMHUTH TOAOBKEHHS TalbMIBHOTO NUIAXY ab0 IOBHY BTpPaTy MOKJIMBOCTI
3YNUHUTH TPAHCIIOPT; HECTIPABHOCTI PYJIHOBOIO MEXaHi3My MOXYTb HMPU3BECTH /10 BTpPATH
KOHTPOJIIO HAaJl TPAHCTIOPTHUM 3aCO00M, IO € OCOOJHMBO HEOE3MEYHHWM ITiJ Yac pyXy Ha
BUCOKIM IIBUAKOCTI a00 B yMOBaxX iHTEHCHBHOI'O PyXy; 3HOIIEHI ab0 MOIIKO/PKEHI HIMHU
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3HIKYIOTh 34EIUICHHS 3 JIOpOrol0, IO B pa3u 30UIbIIY€E PU3UK 3aHOCY, MPOOYKCOBYBaHHS a00
pPO3pHUBY IIWH ] Yac PyXy; HECIIPAaBHI CBITJIOBI MPHIAAX OOMEXKYIOTh BUIAUMICTD JUIS BOJIS Ta
3HIKYIOTh MOXJIMBICTh B3a€MOIi 3 I1HIIMMH YyYacHHKaMH JOPOXHBOTO pPyXy, 3HOIIEHI
amMopTHu3aTopu ab0 TOIIKOKEHI €IeMEHTH MiABICKM 3HWKYIOTh CTaOUTbHICTh aBTOMOOLIS, 1110
MO€ TMPU3BECTH JI0 BTPAaTH KEPOBAHOCTI; HaJMIpHE 3aBaHTAXXECHHS a00 aucOalaHC BaHTAXY
CYIPOBOJDKYETBCSl TIEPEBAaHTAKEHHSAM OKPEMHX BY3IiB, IO TPH3BOAUTH IO iX IIBHUAKOTO
3HOILIEHHS 200 BiJIMOBH.

Po3BuTOK, MOAepHi3allisl Ta HajeKHE OOCITYTOBYBaHHS TPAHCIOPTHOI 1HMPACTPYKTYpH
HEOJIMIHHO CIpUsi€ MiJABUIIEHHIO piBHA Oe3meku. SIKiCHE OpOXKHE MOKPHUTTS 3HWKYE PHU3HK
aBapiif, 3a0e3neuye KOM(OPTHHH pyX 1 3MEHIIY€ 3HOIICHHS TPAaHCIOPTHUX 3aco0iB;
PO3BUHEHICTh JOPOXKHBOI Mepexi Ta iX TpPaHCHOPTHHUX pO3B’S30K 3MEHIIYIOTh KUIBKICTh
KOH(ITIKTIB, TTOSIBU 3aTOPiB, MiHIMI3y€ PU3UKHU 3ITKHEHb; HAasIBHICTh (CTaH) JOPOXKHBOT PO3MITKH,
CBITJIO(OPIB 1 JOPOXKHIX 3HAKIB CIIPUsiE MPABWIBHINA OpraHizarii pyxy, 3a0e3nedye 3p03yMiuTiCTh
JUTSL BCIX YYaCHHKIB PyXy, CTIpHUsie OE3Ielli; TpaHCTIOPTHA JIOTICTHKA Ta KOHTPOJIb (MOHITOPHHT 1
YIPaBIIiHHS) ONTUMI3YIOTh TOTOKH 1 3MEHIIIYIOTh aBapiiHICTb.

besmeuna opranizaimis TEpeBe3eHb HEMOXJIMBA 0€3 ITUIAaHYBAaHHS, KOHTPOJIIO Ta
BUKOHAHHSM TPAHCIOPTHUX ONepaliii, JOTPUMAHHIO pEeXHUMY Mpaii BoaiiB. OnTumizaris
MapIIpyTiB Mepeadavac YHUKHEHHST HeOe3MeuHuX AUITHOK, TaKMX SIK 30HM 3 BUCOKHUM PIBHEM
ATII, mnoranumMu JIOpPOXKHIMH yMOBaMH a00 HeJOCTaTHIM OCBIiTIeHHAM. [lpaBuibHe
3aBaHTKCHHS, IJrOTOBKA TEPCOHAY Ta BUKOPUCTAHHS CYYaCHHX TEXHOJIOTIH 3MEHIIYIOTh
pm3uku aBapiil. [Hdopmariiina miaTpUMKa Ta po3poOKa HCTPYKUIM Uit i y Haa3BHYaWHHX
CHUTYaIIsIX 3a0€3MeUyI0Th ONepaTHBHE pearyBaHHsS Ha HEOC3MEKH.

KonTtpons yMmoB mepeBe3eHb 3a0e3mneuye Oe3leKy TpaHCHOPTYBaHHS BaHTAXIB 1
MACaKUPIB IUISIXOM MEPEBIPKU TEXHIYHOTO CTaHy TPAHCTIOPTHUX 3aCO0IB Ta JTOTPUMAHHS ITPABHIT
3aBaHTa)KCHHS. MOHITOPUHT YMOB I€PEBE3€Hb, TAKUX SIK TEMIIEPATYpa, BOJOTICTh 400 KPITICHHS
BaHTAXIB, MIHIMI3y€ PH3UKH TOMIKO/DKEHb 1 BTpar. [loBemiHKa BOisS KOHTPOJIOETHCS 4Yepe3
JOTPUMAHHS IIBUJIKICHOTO PEXHMMY, Yacy IMpalli Ta BiAMOYMHKY, a TAKOX MPABHJ JOPOKHBOTO
pyxy. CyudacHi iH(hopMaIliiiHi CUCTEMH J03BOJISIIOTH BUSIBIISITH BIIXWICHHS B PEAIbHOMY Yaci,
CBOEYACHO pearyroud Ha MOXJIHBI 1 IPOTHO3HI HEOE3MEKH.

Exosnoriuanii KOHTpOJIb y cdepl TPaHCTIOPTY CHPSIMOBAHUNA HAa 3MEHIIICHHS! HETATUBHOTO
BIUTMBY TPAHCIIOPTHOI JIsUTHHOCTI HA JOBKULISA Ta repeadadyac BU3HAUCHHS BUKHUIIB IIKIITUBIX
pevoBuH (TIEpeBIpKa BIJMOBIMHOCTI PIBHIB BUKWIIB HOPMaM €KOJIOTIYHHX CTaHJIIApPTIB),
MOHITOPHHT BUTPAT MAJIBHOTO (BIIPOBAIKEHHS €HEProe()eKTUBHUX TEXHOJIOTIN Ta ONTHMI3aIliio
MapIIpyTiB), TEpeBIpKa TEXHIYHOTO CTaHy (KOHTPOJb CIIPABHOCTI CHUCTEM, IO BIUIMBAIOTH HA
€KOJIOTIYHICTh TPAHCIIOPTY), @ TAKOXK CTUMYJIIOBAHHS €KOJIOTIYHHUX aJIbTepPHATUB (BUKOPHCTAHHS
€JIEKTPOTPAHCIIOPTY, TIOPUIHMUX aBTOMOOLTIB a00 1HIINMX aTbTEPHATUBHUX BUJIIB MAJIMBA).

EdexTuBHe ynpaBiiHHS pU3MKaMU JI03BOJISIE 3HU)KYBATH KUIbKICTh aBapiil, HOKpaIlyBaTH
Oe3meKy TepeBe3eHb 1 3MEHINYBaTH BUTpAaTH Ha HemependadyeHi curyarii Ta nepeadavae
imeHTudiKaLilo PU3MKIB (BUSBICHHS MOTEHIIHHMUX 3arpo3, TaKMX sIK TEXHIYHI HECIPAaBHOCTI,
JIFOZICHK1 TIOMUJIKH, JIOPO>KHI YMOBHU a00 TMOTO/IHI YMOBH), iX OINIHKY (BU3HAYEHHST HMOBIPHOCTI Ta
HACHIJKIB KOKHOTO PU3UKY ISl TOTO, 1100 BHOKPEMHUTH iX 3a piBHEM HEOE3IEKH), KOHTPOJb
(BXXUTTS 3aXOMIB JUIA 3HWKCHHS BIUIMBY PH3UKIB) Ta MOHITOpPHHT (Oe3mepepBHUI HArysa 3a
BUKOHAHHSIM 3aXO0/1iB 3 YIPaBIIiHHS PU3UKaMU Ta KOPUTYBAHHS CTPATETiH y pasi 3MiH YMOB).

[IpodecionaniaMm TmepcoHAly € KIIOYOBUM (PAKTOPOM JIOCSTHEHHS Oe3MeYHOCTI
TPAHCIIOPTHOT JiSUTBHOCTI, 3HM)KYE HMOBIPHICTh MOMUJIOK, MiABUIIYE €(PEKTUBHICTH POOOTH
IUISIXOM HaBYaHHS Ta MIIrOTOBKH (peryJisipHE ITiIBUINEHHS KBami(ikamii BOIIB, JUCIETIEPIB Ta
TEXHIYHOTO TIEPCOHANTYy, BKIIIOYAIOYM 3HAHHA TPABWI JOPOXKHBOTO pyXy, OE3MEeKH Ta
BUKOPUCTAHHSI HOBITHIX TEXHOJOTiH), mpodeciifHoMy BHUKOHAaHHIO OOOB’SI3KIB (CBOE€YacHE Ta
TOYHE BUKOHAHHS IHCTPYKIIiH, KOHTPOJIb TEXHIYHOTO CTaHy TPAHCIIOPTHHX 3aC00iB, JOTPUMAHHS
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CTaHJApTiB OE3MEeKH i/ Yac MepeBe3eHb BAaHTAXIB 1 MacaXupiB), HAOYTTI HABUUOK YIIPABIIHHA
CTpecoM (3MaTHICTh BOJIIB 1 TEpCOHANy €(PEKTHMBHO pearyBaTH Ha €KCTPEeHI CHUTYyarlii, 110
Jonomarae 30epiraTi KOHTPOJIb HaJl TPAHCIIOPTHUMH 3aC00aMH Y KPUTUYHHMX YMOBAX), a TAaKOXK
cBO€YacHe 1H(pOpMyBaHHs Ta CHiBOpalls (HaJIaroKeHHs e()eKTUBHOI KOMYHIKAIlT M1 BOJIISIMH,
JMCIeTYepaMH Ta IHIIUMM YYaCHHUKAMHU TMEPEBE3EHb IS IIBUIKOTO pearyBaHHS Ha 3MIHU
00CTaHOBKH Ha MapIIpyTi).

BucHoBku. TakuMm yrHOM, OG€3MEUHICTH TPAHCIOPTHOI JiSUTBHOCTI BHUCTYINAE OCHOBOIO
JUTSE TOCSATHEHHs ii Oe3rmeku, 3a0e3redyroud CHUCTEMHHM MiIXil 10 TOMEPEeIKEHHS 3arpo3 1
CTBOpPEHH: KOM(OPTHOTO CepeIOBHUINA IS BCIX YUACHHUKIB TPAHCIOPTHOT'O TPOLIECY.

B mimomy, AOCHiDKEHHS — MIAKPECTIOE  BAKJIMBICTD  KOHCTPYKTHBHOI — O€3MEKH
TPAHCIOPTHOTO 3ac00y, HOro MPHCTOCOBAHOCTI /10 TEXHIYHOTO OOCITYyrOBYBaHHS, 3AaTHOCTI /0
eKCIUTyaTaliiHoro (GyHKIIIOHYBaHHS 3 METOIO 3a0e3MeUeHHs SKICHOI 1 0e3neuHoi TPaHCIIOPTHOI
TUSUTEHOCTI Ta OpraHizailii mepeBe3eHb.
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Safety of Transport Activities

In the national dimension, transport safety, as a comprehensive characteristic, defines the state of protection
of transport infrastructure facilities. This ensures security and interests in the field of transport activities, resilience of
transport operations, and the ability to prevent harm to human health and life, property damage, and environmental
harm.

Safety is an inherent property of the transport system and operations, reflecting its ability to function with
minimal risks to all participants in the process. It encompasses the technical condition of vehicles (structural
compliance with safe operation), professional training of drivers and technical staff, compliance of transport
infrastructure with safety requirements, and the environmental responsibility of transport activities.

The safety of transport activities is one of the most important criteria determining the quality of transport
system performance and its impact on society and the economy. The growing intensity of transportation, urbanization,
and the introduction of advanced technologies pose new challenges for ensuring the safe operation of vehicles and
infrastructure. This includes technical, organizational, environmental, and human aspects.

The automotive industry significantly influences transport safety, as new technologies and design solutions
enhance the protection of drivers, passengers, and other road users. Active and passive safety systems, energy
efficiency, and reduced environmental impact are actively developed and implemented. Modern materials and
engineering innovations are applied, and standardized certification of vehicles is conducted globally.

The technical condition of vehicles substantially affects transportation safety. Regular maintenance and
timely repairs help maintain this condition. Monitoring transportation conditions ensures the safety of cargo and
passenger transportation by checking vehicle technical conditions and adherence to loading regulations.

Environmental control in the transport sector aims to reduce the negative impact of transport activities on the
environment. It includes measuring harmful emissions, monitoring fuel consumption, checking technical conditions,
and promoting ecological alternatives.

Effective risk management reduces the number of accidents, improves transportation safety, and minimizes
unforeseen costs. This involves identifying risks, evaluating them, and implementing controls.

Overall, the study highlights the importance of the interplay between the structural safety of vehicles and
their adaptability to technical maintenance. This ensures high-quality and safe road transportation.
road transport, transport technologies, safety, structural safety of a vehicle, safety of transport operations
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O1L1HIOBaHHSI pU3HKIB HECXOPOHHUX MEPEBE3CHb
Ha(TONPOAYKTIB aBTOMOOLILHUM TPAHCIIOPTOM

Y crarri mpoBeneHO ineHTH}IKamil0 Ta OLIHIOBAHHS pPHU3MKIB, IOB’S3aHUX 3 IIEPEBE3CHHIM
HadrompoxykTiB Big HadTOOa3 OO aBTO3ANpPaBHUX CTAHIIM aBTOMOOUIBHMM TpaHCHOPTOM. PosrisHyTo
BHYTpimHI  (pakTopu, 3yMOBICHiI (i3UKO-XIMIYHUMH BJIACTUBOCTSAMH HA(PTOMPOAYKTIB, TAKUMH SK
BOTHEHEOE3IMEUHICTh, BHOYXOHEOE3MEUHICTh, BHUIIAPOBYBAHICTh Ta CXIIBHICTD JO €JIEKTPHU3aIlii, a TaKOX
30BHIMIHI (PaKTOPH, BKIFOYAIOYN MEXaHI4HI BIUTUBH, KIIMATHYHI YMOBH, OpPTaHi3aIliiiHi Ta TEXHIYHI acIeKTH. 3a
JIOTIOMOT'OI0 METOy €KCIIEPTHHX OLIHOK BH3HAYCHO MMOBIPHICTh BUHUKHEHHS PHU3HKIB 1 BETHUHUHY MOXIUBUX
HACJTIJIKIB, IO JTIO3BOJIMJIO BCTAHOBUTH X MPIOPUTETHICTh. 3alPOITOHOBAHO PEKOMEHAAIIT Isl 3HMKEHHS PiBHS
PHU3UKIB, CIPSIMOBaH| Ha MiIBUIIICHHS O€3MEeKH IIepeBe3eHb i CXOPOHHOCTI HATONPOIYKTIB.

HaTOMpOayKTH, (izumKo-xiMiuni BJacTHBOCTI BaHTakiB, TPAaHCHOPTYBAHHSI, PHU3HUKH, OUIHIOBAHHS
PU3HKIB, MEeTOJ eKCIIEPTHUX OLiHOK, CXOPOHHICTH BAHTAXKIB

IlocTanoBka mnpodJjeMu. Y CydacHHMX YMOBaX 3pOCTaHHS OOCATIB TIEPEBE3CHb
HeOe3NMeYHUX BaHTaXIB aBTOMOOUIBHUM TPAaHCHOPTOM TMHUTaHHA 3a0e3MeyeHHs  iX
CXOpOHHOCTI Hal0yBa€ BaXJIMBOTO 3Ha4eHHsA. B VYkpaini 3 HadT00a3 10 aBTO3ampaBHUX
crannii (A3C) TpaHCHOPTYIOTHCS OCHOBHI BHUIW HA(PTOMPOAYKTIB, SKI KOPHUCTYIOTHCS
MOMUTOM cepea cnokuBadiB. [lo OeH3uHiB Hamexarb Mapku A-92, A-95 ta A-95 3
npucaakamu [1]. bersun A-92, 3 okTaHOBUM YUCIIOM 92, BUKOPUCTOBYETHCS JUIsl aBTOMOO1JTIB
13 CepeIHIMH BUMOTAMH JI0 SIKOCTI TMajJbHOTO, 3a0e3Meuyloud HajekKHy poOOTy IBHUTYHA.
bensun A-95 € Ginbir epeKTUBHUM, PEKOMEHOBAHUM JJISl CYYaCHUX 1HKEKTOPHUX JABUTYHIB
3aBISIKA HOTO MOKPALICHUM JUHAMIYHUM XapakTepuctukam. OcolnuBe Micle 3aiimMae OeH3MH
A-95 3 mnpucankamu, SKUM MICTUTH CIeLialbHI J00AaBKH, IO MOKPAUIylOThb MHMIiHI,
aHTU(PUKINIIHI Ta aHTUKOPO31iHI BIACTUBOCTI, MIABUIYIOYH €()EKTHBHICTh POOOTH JIBUTYHA.

JluzenpHe nanuBo [2] mpeacTaBIeHO JBOMAa OCHOBHHMH KAaTErOpisIMU: CTaHAAPTHUM
JU3CIbHUM TAJIMBOM Ta TaJMBOM 13 TIOKpAaIlEHUMH XapakTepuctukamu. CTaHgapTHeE
JIU3EIIbHE TMaJIMBO BHKOPHUCTOBYETHCA 11 OUTBIIOCTI TpaHCHopTHUX 3acobiB (T3) i3
TU3eIbHUME IBUTYHaMH, 3a0e3meuyroun iX ctabiibHy poboty. [lokpariene nu3enbHe TaluBO
MICTHUTH CTIELiaJIbHI MPUCATKH, AKi COPUSAIOTh €(DEKTUBHIIIOMY 3TOPSIHHIO, 3HIXKYIOTh PiBEHb
BHUKHJIIB Ta IMiIBUIYIOTh CTIHKICTh pOOOTH IBUTYHA B YMOBaX IiJBUIIIEHUX HaBaHTaKE€Hb a00
eKCTpeMallbHUX TeMIIeparTyp.

BpaxyBaHHS MOTEHIITHO HEOE3MEYHNX BIACTUBOCTEH HAPTOMPOIYKTIB € BAXKIMBUM 3
TOYKH 30py OIIHIOBAHHS PU3HKIB Ta PO3POOKH 3aXO0iB 3a0e3MeUeHHS CXOPOHHOCTI ITiJT 9ac iX
TPaHCTIOPTYBaHHS.

AHaJi3 ocTaHHIX Aoc/igxkenb i myOJikamiii. 3aranpHe OIIHIOBaHHS PU3UKIB IS 1X
MiHIMi3alii, BKIoYae B cebe eramu iaeHtudikaiii, anamizy ta omiaku [3]. B mpormeci
1meHTrdiKaIii pU3UKiB JOIIIFHUM € BU3HAUCHHS 30BHINIHIX Ta BHYTPIIIHIX (aKTOPIB, SKi
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BIUITMBAIOTh HAa CXOPOHHICTh HA(TONMPOAYKTIB TiJ Yac TpaHCIOpTyBaHHS [4]. 30BHImIHI
(bakTopu BKIIIOYAIOThH: MEeXaH14H1, (h13U4HI, KIIIMaTHYHI, OpTraHi3alliiiHi, COIliaabHi.

Jlo MexaHiuHuX (akTopiB Haiexatb [5] yaapu, BiOpallis, CTaTUYHI HaBaHTAXCHHS,
NOIITOBXM Ta TEPTH, SKI MOXYTh BHHHMKATH TIJl 4Yac TPAHCIIOPTYBAaHHS, HAaBaHTA)KCHHS,
PO3BaHTaXeHHs ab0 30epiraHHs. IX BIUIMB OOYMOBIEHMH TEXHiYHMM CTaHOM wLucTepH, T3,
HACOCHOTO OONamHaHHA Ta IHQPACTPYKTYypH (IOpPOTH, TEPEBAHTAXYBAJIbHI TEPMIHAJIH).
HecmpaBHicTh IIUCTEPH MOXKE NMPU3BECTU IO MEXAHIYHOTO MOIIKO/HKEHHS Tapu, BUTOKY MalnBa
Ta MOro BTPaTH.

BrmmB ¢iznuHux (akToOpiB BKIIIOYAE CTall YMOBU CEpEOBHILA TPAHCIIOPTYBAHHS, TaKi
K TeMIepaTypa BcepeanHi T3, piBeHb BOJIOTOCTI, 3aMMIICHICTh TIOBITPSI Ta CBITIIOBHH BIUIHB. 17151
Ha(TONPOIYKTIB, 30KpeMa OEH3MHY, KpUTUHYHUMHU € HU3bKa TEMIIEpATypa CriajlaXy Ta CXHIbHICTb
JI0 BUTIApOBYBaHHS [6], 110 OTpeOy€e TepMETUIHOCTI UCTEPH Ta TOTPUMAHHS TEMIIEPATypHOTO
pEKUMY.

Knimaruusi ¢akTopu € 3MiIHHUMH Ta 3aJieKaTh BiJ MOrOJHUX YMOB a0o ce3ony. Cepen
HUX aTMocepHi ormau (01, CHIT), BITEp, MEPENaIy TEMIIEpaTyp MpH 3MiH1 KIIIMAaTHYHUX 30H Ta
BIUIMB aTMoc(epHOro THCKy. s au3enbHOro nanuBa Ta OeH3uHy [7] pi3ki TemreparypHi
nepenagy MoOXKyTh BIUTMHYTH Ha iX (D13MKO-XIMIYHI BJIaCTUBOCTI, 3HWXKYIOUH SIKICTh 1 00’ €M uepe3
BUITAPOBYBAHHSI.

HenpaBuneamii  BuOip wmapmpyty [8], HemoctaTHsS KBamiikaris TEpCOHAIYy Ta
BIICYTHICTh HAQJIS)KHOTO IHCTPYKTaXy M HaBYaHb € oprasizaliiHuMu ¢axropamu. Hepnamo
CIUTAHOBaHUN MapuIpyT Moxke miaBunutu pusnk JITI1, a HenocTaTHIN piBEHB MiATOTOBKH BO/IIiB
OPU3BOAMTG JI0 TMOPYIIEHb TMPAaBWJI TPAHCIOPTYBAHHS, IO OCOOJMBO HEOE3MEYHO I
JIETKO3aWMHUCTUX BaHTaXiB. J[0 comianbHUX (hakTOpiB HaJeKaTh KPAADKKA Ta BaHAATI3M, SKi
MOXXYTb TPH3BOAUTH JI0 BTPATH YaCTHHU BaHTaXy [9], BUTOKIB a00 MOIIKOKEHHS IMCTEpH.
beH3uH 1 1u3enpHe MaauBO € BUCOKOBAPTICHUMU TPOTYKTaMH, 1110 pOOUTH 1X IPUBAOIMBUMU JIJIS
PO3KpaaHHs.

B mporieci TpancnopTyBaHHs Ha(TOMPOIYKTIB BaXKJIMBUM € BIUTMB BHYTPINIHIX (DaKTOPIB,
JI0 SIKUX BimHOCATHCS (pi3nuHi, XiMivyHI Ta (i3uko-XimiyHi BiactuBocTi BaHTaxy [10]. Cepen
(GI3MYHUX BIIACTMBOCTEM HAMOULIBII KPUTUYHUMH € TYCTHWHA, B’SI3KICTh 1 TEKydYiCTh. |'ycTHMHa
BU3HAYa€e 00’€M 1 Bary BaHTaxy, 110 Oe3MOCepeHbO BIUIMBAE HA MapaMeTpH 3aBaHTakeHHs T13.
B’s3kicTh 1 TEKydiCTh BH3HAYalOTh TOBEAIHKY HA(PTONMPOMYKTIB IMiJ Yac MEPEMIIICHHS Yy
TpyOONpoBOJiaX, HAIMBHUX CHCTEMax Ta B YyMOBax 3MiHM TeMIlEpaTypd I dac
TPAHCIIOPTYBaHHS. XIMIUHI BJIACTMBOCTI XapaKTEPU3YIOTh B3a€MOJIII0 BaHTAXIB 13 30BHIIIHIM
cepenoBuieM. CXUIBHICTh A0 OKHUCICHHS MOXE CIPUYMHHUTH YTBOPEHHS OCaiB a00 3MiHUTH
(b13UKO-XIMIYHI XapaKTEPUCTUKH, 1110 HEraTUBHO BIUIMBAE HA SKICTh MPOIYKTY.

Jlo ocHOBHHX (hi3MKO-XIMIYHUX BJiacTUBOCTed HadromponyktiB [10], ski cTBOPIOIOTH
MiABHINEHY HEOE3MeKy I Yac iX mepeBe3eHHs Ta 30epiraHHs, HaJIe)KaTh BOIHEHEOE3MEUHICTb,
BUOYXOHEOE3EUHICTh 1 BUIIAPOBYBaHICTh. JlaHi BIACTMBOCTI MiJICHIIIOIOTH PH3UK BHHUKHEHHS
CTaTUYHOI €JIEKTPHU3aIlii, sIka BUHUKAE Yepe3 TepTs ad0 pyX PiAuH y TpyOONpoBoaX, IUCTEPHAX
YM MiJ Yac HAIMBHO-PO3NIMBHUX orepaiid. HakomuueHHs eNeKTpOCTaTHYHOrO 3apsaly Ha
MOBEPXHI piAuHU 200 Tapu MOXKE MPU3BECTH JI0 YTBOPEHHS ickop. Lle ocodmmBo Hebe3nmeyHo At
Ha(TONMPOIYKTIB 13 HU3BKOIO MPOBITHICTIO, TAKUX K OCH3HMH, OCKUIBKA BOHH MalOTh OOMEXKEHY
3[IATHICTH PO3CIIOBATH E€JIEKTPOCTATHYHI 3apsan. Y pa3i TOCATHEHHS KPUTHYHOI HANPyTd MOXKE
BIIOYTHCS €NEKTPUYHMI pO3psia, IO 3JaTHUN 3alajiiTd TOpIoYl Mapu y TPaHCHOPTHHUX
IIUCTEPHAX a00 i1 Yac BaHTAKHO-PO3BAHTAKYBAILHUX POOIT.

InenTH(ikaris pU3MKiB, MOB'A3aHUX 13 TPAHCIOPTYBAHHSIM HA(TONMPOIYKTIB, 3HAUHOIO
MIPOIO 3aJISKUTh BIJ] KOHKPETHHMX eTamiB repeBe3eHHs [11, 12] Ta CymyTHIX BaHTaXHHX
omnepamiii. [lporuiec mocraBku HadTOnpoaykTiB Bin HapToba3um 10 A3C BKIIOYAE TPH OCHOBHI
eTany: HaBAHTAXKEHHs, TPAHCIOPTYBaHHS Ta po3BaHTakeHHsA. KokeH 13 IMX eramiB
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CYNPOBO/DKY€ETBCS  CIICIM(IUHIMHU  OMEpaIlisiMU, $IKI MOXYTb CTBOPIOBATH PH3UKU IS
CXOPOHHOCTI BaHTaXKy Ta O€3IeKH TPOIIeCy.

Ha erami 3aBanTakenHst T3 HaTONpOAYKTH MEpeKadyloThCs 3 pe3epByapiB HapToOa3m
no tmcrepH. Ilpomec BuUMarae cyBOpOro KOHTPOJIIO 3a pPIBHEM HAIIOBHEHHS IIMCTEPH,
3a0e3MeyeHHs] TepMETHYHOCTI 3'€/JHaHb Ta 3aro0iraHHs MepPEeNoBHEHHIO, SIKE MOXKE TMPU3BECTH JI0
po3nmuBy manvBa. HecmpaBHICTH HACOCHOTO OONagHAHHA a00 IMCTEPH MOXKE CIPHUUYNHUTH
NOIIKO/UKEHHS Tapu 4M BHUTIK HadTompoaykTiB. HacTymumii eran mependadae nepeBe3eHHS
HaTOMPOAYKTIB Cremiaai3oBanuMu 13, 00J1aJHaHUMH TEPMETHYHUMH IIUCTEPHAMH, SIKI MAIOTh
BIAMOBIIaT BCTaHOBJIEHMM HopMaTuBaM. Ha 3aBepmianbHOMy eTari  Ha(TONPOIYKTH
MIEPEeKavyIOThCS 3 TPAHCTIOPTHUX ITUCTEPH 10 pe3epByapiB A3C.

be3zamepeune JOTpUMaHHS — TOJOKEHb HOPMATHBHO-TNIPaBOBOI  0asu  mij — yac
TPAHCIIOPTYBaHHS HAPTOMPOAYKTIB € 000B’I3KOBUM Ha KO)KHOMY eTari nepeBe3eHHs. Kommanii-
OlepaTopu PHUHKY HAPTONMPOMYKTIB MAOTh MPaBO PO3POOISATH Ta 3aCTOCOBYBATH BIACHI
IHCTPYKIIii, METOJIMKMA Ta 1HII JTOKYMEHTH, TMOB'si3aHi 3 ekciuryatamiero A3C, 3a ymoBH ix
BIZIMIOBITHOCTI YMHHUM HOPMATUBHUM aKTaM.

IMocranoBka 3aBmaaHHs. MeTOO 3aBIaHHS € OIIHIOBAHHS PHU3HKIB IEPEBE3CHHS
HaronpoaykTiB Bix HapToOazm a0 A3C aBTOMOOUTBHMM TpaHCHOPTOM, IO 3abe3mnedye
BU3HAYCHHS MPIOPUTETHOCTI KOKHOTO OKPEMOTO PU3UKY 1 pO3POOKY 3aXOIIB iX MiHIMI3aIIli.

Jlnst pearizarii mocTaBIeHOi METH B poOOTI BUPILIYIOTHCSI HACTYIIHI 3aBJaHHS:

— TPOBECTH 1MEHTU(}IKAII OCHOBHMX pHU3UKIB Ta TMPUYMH HECXOPOHHOCTI
Ha(TOMPOYKTIB MiJT Yac TPAHCTIOPTYBAHHS;

— MPOBECTH OIIHIOBAHHS PU3UKIB 3 3aCTOCYBAHHSIM METO/IY €KCIIEPTHUX OIIHOK;

— PO3pOOUTH peKOMEH 1Al 110 MiHIMi3allii OIIIHEHNX PU3HKIB 715 HAQTONPOIYKTIB.

BukJiiaa ocHoBHOro matepiany. BpaxoByroun ocoOIMBOCTI HAPTONPOIYKTIB BU3HAYCHI
icToTHI cymyTHI pusuku [13], m0 3arpoXyroTh iX CXOPOHHOCTI Ha PI3HMX eTarax HpoLecy
TpaHcropTyBaHHs (Tabd. 1).

Tabmuus 1 — OCHOBHI THUIIM PU3MKIB Ta MPUYMHU HECXOPOHHOCTI HA(PTONPOAYKTIB
P TICPEBE3CHHI

OCHOBHI TUIIHM PU3UKIB Ta iX CYTHICTb To3HayeHHs pUsHKiB R i =1,7

Butik  HadTOMpOAYKTIB  dYepe3  MOpPYUICHHS R
TePMETUYHOCTI IIJIAHTIB 1 3'€/IHAHB Ii]] 9aC HATHBHO-
PO3JUBHHUX OTIEepallii

Burik HadTOPOAYKTIB YHACHIIOK HEOAKAHOTO PYyXy R
T3 mig dYac BUKOHAHHS HAJUBHO-PO3JIMBHHUX

oreparii

Burix Ha(TOMPOIYKTIB yepes MeXaHI4Hi R,
NOLIKOPKEHHS UCTepHH, cipuunHeHi JITTI

Bubyx BaHTAXKY yepes YTBOPEHHS R,

€JIEKTPOCTATUYHOTO 3apsAqy IIiJi Yac HaJMBHO-
pO3IMBHUX onepauiil ado pyxy T3

BrpaTu BaHTa)xxy 4uepe3 BUNapOBYBAaHHS, CIIPUUNHEH] R,
HErepMETUYHICTIO IMCTEPHHU a00 CUCTEMH 3'€/IHAHb

Po3skpamanHs BaHTaxy TpeTiMH ocobamu abo
HEUCCHHUM TIEPCOHAJIOM ITiJ1 Yac 3yIMHUHOK

i

3HIKEHHS SKOCTI HAQTOMPOAYKTIB Uepe3 HasIBHICTh R
3aJMILIKIB TOMEpPEJHIX BaHTaXiB ab0 CTOPOHHIX
PEYOBHH y IUCTEPHAX

Jicepeno: pospobneno asmopamu
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BusnaueHHs piBHA pHU3UKYy NOTpeOye OIIHKM HMOBIPHOCTI HOro HacTaHHA Ta
BEIIMYMHU MOXJIMBUX HACHIAKIB, I peaiizaimii 1i€i MeTH, BUKOPHUCTOBYIOTHCS SKICHI,
KUTBKICHI Ta HaMiBKIIBKICHI MeTOIW OIliHIoBaHHs pusukiB [14, 15]. KinbkicHi meTtomu
JO3BOJISIFOTh  OTPUMATH TOYHI YHWCIIOBI 3HAYEHHS PH3HMKY, OJHAK JUIS I1X 3aCTOCYBaHHS
HEeoOXiJJHa BeJMKA KIJIBKICTh BXIIHUX JAaHUX, 110 HE 3aBXKIH MOXIJIHMBO B YMOBaX 0OMEKEHOi
iHopmarii. Y Bumaakax, KOJIu HEOOXiIHI CTATUCTUYHI JaHI BIACYTHI ab0 € HETOBHHUMH,
JIOLTPHO BUKOPUCTOBYBATHU AKICHI Ta HAIIBKIJIBKICHI METO/H, 5IKi 0a3yIOThCS Ha €KCIIEPTHUX
OIlIHKAaX, KJIacu(DiKaIlisgx Ta IKagax OI[iHIOBaHHSI.

3 METOI0 OLIHIOBAaHHS PU3UKIB, MOB’S3aHUX 13 TPAHCHOPTYBaHHAM HA(PTONPOIYKTIB
aBTOMOOUIBHMM TPaHCIOPTOM, Oyia 3ajlydeHa rpyla He3aJIeKHUX EKCIEPTIB Y KUIBKOCTI 6
oci0: 2 imKeHepu-TeXHOJIOTH, 2 (axiBui 3 oxopoHu mpami, 1 sorict ta 1 daxiBenp i3
KOHTPOJIIO SIKOCTI HadTOmpoAyKTiB. ['pymi ekcrepTiB OyJiM BHJIaHI CIEHMIaIbHO PO3pOOJICHI
AQHKETH 3 OMMCOM OCHOBHHUX PH3HUKIB Ta JIETAJBHUM IOSICHEHHSM METOJIUKHU iX OI[IHIOBaHHS.
ExcriepTi TOBWMHHI OIIIHUTH KOXEH PHU3UK 3a JBOMa KpPUTEPISIMHU: WMOBIPHICTIO HOTO
HACTaHHS Ta BEIMYMHOIO MOMIJIMBHUX HACHIJKIB JUISI CXOPOHHOCTI Ha(TOMPOIYKTIB.
OuiHioBaHHS 3AiMicHIOBajiocs 3a OanpHO Imkangoro Bix 1 mo 10, me 1 Bigmosimae
MiHIMaIbHOMY 3Ha4deHHIO, a 10 — MakcuMaiabHOMY. 3 METOI OOpOOKHM OTpPUMaHHUX
EKCTIEPTHUX OIIIHOK PO3PaxOBAaHO CEPEIHO3BAKCHY HMOBIPHICTh HACTAHHSI PU3HKY:

>H,F,

P=f_ (1)

n

>,
J=

ne P — cepenHbo3BaXkeHa HMOBIPHICTB JUIA 1-TO PU3HKY;

W, — Barosuii KOE(DIlIiEHT j-ro eKCIEPTa;

F, — ouinka HIMOBIPHOCTI HACTAHHS PU3UKY BiJl J-TO €KCIIEPTa [JIsl 1-FO PU3HKY;

1 — KUTBKICTh €KCIIEPTIB.

Crnig 3a3HauMTH, TIO0 BU3HAYCHHS HMOBIPHOCTI HACTaHHS PU3HKOBUX TOJIH HE €
KJIACHYHUMU WMOBIPHOCTSIMHU, a SIBIIIIOTH CO0O0I0 OaibHI OIiHKHM. Takuid MiaXia 03BOJISE
KUJIBKICHO BiZOOpa3UTH €KCIEPTHE COPUNHATTSA, IO € HEOOXIIHUM JUIS MOJAJBIIOTO aHali3y
pU3HKIB 1 BU3HA4YeHHS iX mokasHuKiB. [I[00 mpuBecTn oTpuMaHi 3HAYCHHS 10 KJIACHYHOI
HMOBIPHOCTI, iX MOTPiIOHO HOpMaIi3yBaTH:

exen

f,)jHOPM — 1110 , (2)

ne P*™ — nopmanizoBaHe 3Ha4€HHs HMOBIPHOCTI;

Pl.j@’“’” — cepeHbO3BaKEHA OIlIHKA IMOBIPHOCTI.

BennmuuHy cepeHbO3BaXEHHMX HACHIAKIB Bixg peamizamii i-ro pusuky C,

1

pO3paxoByBaiH 32 (OPMYIIOO:

EFEE— 3)

-

ne C; — OLiHKa HACMIJKIB B/l j-TO EKCIIEPTA JUIS i-TO PU3HKY.
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OCKUTbKM OIIIHKM PU3UKIB Ha/JaHI TPYIOI0 EKCIEPTIB i3 PI3HUM piBHEM JIOCBIIy Ta
KBamidikaIiew To s 3a0e3nedeHHs] 00'€KTUBHOCTI pe3yJIbTaTiB JOIUIBHO BpaxyBaTH Bary
KOJKHOTO €KcliepTa Npu BHUPILMICHHI LBOr0 MNUTaHHA. BaroBuil koediuieHT excrepra
BU3HAYAETHCS HAa OCHOBI HMOTOo KBamidikarii, mo BigoOpaxae KOMIETEHTHICTh 1 JOCBIA y
BIZIMOBiIHIH ramy3i. Po3paxyHok BaroBux koe(ili€HTIB 31iHCHIOBAIN 32 BUPA3OM:

f_n.’ (4)

e QJ. — kBari(ikariiiHa oIliHKa j-TO eKCIepTa;
11— KUIBKICTh €KCIIEPTIB.
Ha ocHOBI oTprMaHUX cepeHbO3BAXKCHUX 3HAYCHh MOBIPHOCT1 HACTaHHS pU3UKY (1)
Ta MOro HACHIAKIB JIJs KOXXHOTO 3 BHU3HAUYEHUX PHU3UKIB (3) po3paxyBaid IHTETpaJbHHMA
MOKa3HUK 1-TO PU3HKY:
R=P-C 6))

1 1 1

Leit moka3HUK 03BOJISIE KOMIUIEKCHO OIIIHUTH PiBEHB 3arpo3 MpH peaizamii MeBHUX
pHU3UKiB. J[71s MiABUILIEHHS JOCTOBIPHOCTI Ta Y3TOXKEHOCTI Pe3yIbTaTiB OI[IHIOBAHHS PU3UKIB
BUKOPUCTOBYBAIIM iTepalliiHmii minxin ix oOroBopeHHs. [licas TepBHHHOTO aHami3y
OTPUMAHUX EKCIIEPTHHUX OLIHOK OyJO0 BHUSBIEHO MEBHI PO30DKHOCTI y MyMKax EKCIEepTiB
1010 IMOBIPHOCTI HACTAHHS Ta BEJIMYMHM HACIIAKIB OKPEMHUX PU3HKIB.

Ha nHactynmHOMy erami ekcriepTaM 3alpOIOHOBAHO O3HAMOMHTHUCH 3 y3araJllbHEHHUMHU
pe3yJibTaTaMu OILIHOK Ta PEKOMEHIOBAHO MPOBEACHHS J0AaTKOBOTO OOTOBOPEHHS y (hopMarTi
NOBTOPHOI OIHKHK. [IpM 1bOMY KOXEH eKCIepT MaB MOXJIMBICTh NEperjsHyTH CBOi
nornepeHi ominku. Ha oCcHOBI cepenHiX 3HA4eHb Ta OOTPYHTYBaHb WICHIB €KCIIEPTHOI IPyNH
MpoBeJeHa MiHiIMi3allisd KpaiHiX 3Ha4Y€Hb OIIHOK Ta JOCATHYTO OUIbINOI y3romkeHocTi. [Ipu
[IbOMY JIOPEYHUM € 3a3HAYUTH, II0 METOJ EKCIIEPTHUX OIIHOK, SKWH 3aCTOCOBYBAaBCS Y
JMOCTIPKeHHI, MICTHTh eneMeHTH metony Jlenbdi, skuil mependavae itepalliiiHuii mporec
Y3TOKEHHST [YMOK €KCIIePTiB.

Pe3ynbTatu oIiHIOBaHHS PU3UKIB IPYIOI0 €KCIEPTIB HABEJECHO B TAOMUIII 2.

Tabmuuss 2 — PesymbraTu OIiHIOBaHHS pU3WKIB HECXOPOHHHX IIepEeBE3EHb
Ha(TOMPOIYKTIB aBTOMOOIJILHIUM TPAHCTIOPTOM
Pusuk (R,i = 1,_7) CepennbosBaxkena | Benmuuuna InTerpanbHuit
HMOBIpHICTb (131. ) CEPEAHBOSBAXKCHUX MOKa3HUK pu3uky (R
Hachizkis (C,) )
R, 8,17 9,17 74,95
R, 7,83 8,83 69,13
R 7,00 8,00 56,00
R 6,17 7,17 44,24
R 5,83 6,83 39,83
R, 4,67 5,67 26,49
R, 4,50 5,17 23,27

Loicepeno: pospobreno asmopamu
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OTpumani 1HTErpajgbHI MOKAa3HUKM PH3UKY CBiAYaTh Mpo Te, MO0 HaMOLIBII
KPUTHYHUMH pU3HKamu €: R, — BUOyX 4epe3 yTBOPEHHsI €IEKTPOCTATHYHOTO 3apsay 74.95;

R, — Burik HaQTOMPOAYKTIB YyHACTITOK MEXaHIYHUX MOIIKO/PKCHb IMCTEPHH B PE3YJIbTATI

JTII 69.13 ta R — BuTiK Yepe3 MOPYIICHHsS TePMETHYHOCTI HUIAHTIB i 3'€HAHB I Yac
HAJIMBHO-PO3NTUBHUX onepamiin 56.00. BusBieHo, 1110 HaiiMEHINI 3HAYEHHS PHU3UKIB MArOTh
BHUIAIKK R — BTpaté HAQTOMPOAYKTIB Yyepe3 BUMAPOBYBaHHs Ta R, — po3kpasaHHs BaHTaxy
TpeTiMu 0cobaMu, MPOTE€ BOHH TAKOXK MOTPEOYIOTh yBaru Ta BIPOBA/KCHHS 3aXOJiB UL

AmHaini3 OTpUMaHUX pe3yJbTaTiB MO KOXHOMY 3 pH3HMKIB (Tabn. 1) mo3BosiuB
po3poOUTH 1 3ampONOHYBAaTH 3axOJM IIOAO IMJABHINCHHS OC3MEeKH TPaHCIOPTYBaHHS,
CHPSIMOBAHUX Ha 3MEHIIECHHS WMOBIPHOCTI BUHUKHEHHS PU3UKOBHX IMOJIN Ta MiHIMI3alio iX
HACJIIKIB:

1. dna miHimizanii pu3uKy BHOYXy 4Yepe3 YTBOPEHHsS €NEKTPOCTAaTUYHOTO 3apsiiay
HEOOXITHO  TPOBOAWTH  3a3€MJICHHS  IMCTEPH 1  OOJIaHAaHHA:  BHUKOPUCTAHHSIM
3a3eMJIIOBAIBHOTO  JIAHLIOTa, KOHTPOJEM MIBUJAKOCTI HAIMBY pIAMH IS YHUKHEHHS
HaJIMIDHOTO HAaKONWYEHHs 3apsfiB, a TAaKOX JOJAaBaHHAM aHTUCTaTUYHUX J00aBOK [0
HaQTONPOAYKTIB. 3a3€MIIIOBAJILHUN JIAHIIOT € 000B’I3KOBUM €JIEMEHTOM O€3MEKH, OCKUIBKU
BiH 3a0e3neuye Oe3nepepBHE BiABEICHHS EIICKTPOCTATUYHOTO 3apsay Min 4dac pyxy 13, a
TaKOX i/l YaC HABaHTAXXCHHS Ta PO3BAHTAXXEHHS HA(DTOMPOTYKTIB.

2. Ilim 9ac TpaHCHOPTYBaHHS BOJIM TOBHHEH CYBOPO JOTPUMYBATHCS TIPABHII
JIOPOXKHBOTO PyXy, 30KpeMa YHUKATH PU3MKOBAHUX MAaHEBPIB, TAKUX SK OOTiH, OCKIUJIBKH 1€
CTBOPIOE JIOJATKOBY HeOe3meky i T3, Mo NepeBO3UTh JIETKO3aWMUCTI MaTepialiu.
JotpumaHHs 0e3MeyHOi IIBHUIKOCTI, BHOIp ONTHUMAIbHOIO MAapIIPYTy, YHUKHEHHS
MepPEeBaHTAXXEHHS, MPaBWJIbHE MapKyBaHHA T3 € HEOOXITHMMH yMOBaMHU Il MiHIMi3amii
PU3UKY BUTOKY HATONPOAYKTIB Uepe3 MEXaHIYHI MOIIKOKeHHS uctepH mif yac JATIL

3. 3 wMeroro 3amo0iraHHs BHTIKaHHIO HAa(TONPOIYKTIB dYepe3 TMOpYIICHHS
TepPMETUYHOCTI M[UIAHTIB 1 3'€lHAHb MiJl Yac HAJTUBHO-PO3IMBHHUX OMNEpaliil BaXIHUBO
3aCTOCOBYBATH BHCOKOSIKICHE OOJaJHAHHS, CTIMKE MO MEXaHIYHUX IMOIIKO/KEHb, PETYIISPHO
3IACHIOBATH OIJISIJ 1 TEXHIUHE OOCIYroBYBaHHS, @ TAKOX CBOEYACHO MPOBOJUTHU iX 3aMiHY.
Kpim TOro, cmig BmpoBamKyBaTH CUCTEMH aBTOMAaTHUYHOIO OJIOKYBaHHS oOmNepamii ams
3HWKEHHS PU3MKY aBapiiHUX CUTYyaLliil.

4. Tlepen moYaTKOM HAJHBY IMOTPIOHO MEPEBIPSTH YUCTOTY UCTEPHH, 00 YHUKHYTH
3HIDKEHHS SIKOCT1 MPOJYKTY, MOMJIMBOTO 3a0pyAHEHHA ab0 XiIMIYHOI peakiii 3 3aJHIIKaMu
MIOTIEPETHHOTO BAaHTAXKY.

5. 1106 3MEeHIIUTH PU3MK BUTIKAHHA HA(TOMPOIYKTIB BHACHIIJOK HEOAKAHOTO PyXy
T3 moTpiOHO KOHTPOIIOBATH HOTO HEPYXOMICTh 3a JOIOMOTOK CTOSHKOBOTO TaiabMma i
JOJIATKOBUX (PIKCYIOUMX MPUCTPOIB (HAMPUKIIA MiIKIA0K ITiJl Kojeca).

6. Jns wmiHIMIZamii BTpaT BaHTaXy dYepe3 BHUIAPOBYBAHHS, CHPUYHHEHI
HErepMETUYHICTIO IUCTEPHU ab0 CUCTEeMM 3'€JHaHb, HEOOXITHO pPEryJsipHO NepeBipsSITH
TepMETHYHICTh ~ OOJIaJIHAaHHS,  BUKOPUCTOBYBATH  BHCOKOSIKICHI  YIIUIBHIOBAa4i  Ta
JOTPUMYBATUCA BUMOI TEXHIYHOIO OOCIyroByBaHHs. Tako)K BaXKJIMBO 3aCTOCOBYBAaTH
CHCTEMH KOHTPOJIIO TUCKY Ta TEMIepaTypH, 100 3armo0irty HaMipHOMY YTBOPEHHIO T1apiB.

7. Jlna 3MEHIIEHHsS PU3MKY PO3KpaZaHHs BAHTaXy TPETIMHU 0cobaMu ab0 HEYECHUM
MEPCOHAJIOM T/ Yac 3yNHHOK JOLUUTHPHO BUKOPUCTOBYBATH CydacHI CHCTEMH MOHITOPHHTY Ta
oxopoHu, Taki ik GPS-TpekepH, 1aTUMKN BIIKPHUTTSA JIIOKIB, a TAKOX BiEOCIIOCTEPEKECHHS.
Kpim mporo, ma A3C cuixg 3nilicHIOBaTH TMEPEBIPKY SIKOCTI HA(PTOMPOIYKTY IIIIXOM
BUKOPUCTAHHS METPOIITOKY 31 CHELiajdbHOI MacTol (MepeBipka IMCTEPHU HAa HasBHICThb
BOJIH, SIKY MOYKE 3aJIUTH B IUCTEPHY BOJiH 3 METOIO PO3KpAIaHHs).
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OTtpumani pe3ysbTaTH IOCTIIKEHHS MOXYTh CIyTyBaTH OCHOBOIO JJISi PO3POOJICHHS
KOMILJIEKCHOI CTpaTerii yrpaBIiHHSA pU3UKaMH, 10 CIPHUATAME ITABUIICHHIO PiBHS OE3MEeKH
Ta CXOPOHHOCTI HA(QTOMPOIYKTIB HA BCIX €Tanax TPaHCHOPTYBaHHS.

BucHoBku:

1. Bu3HaueHO OCHOBHI 30BHIIIHI 1 BHYTpIIIHI (aKTOPH, SKi BIUIMBAIOTH Ha
CXOpOHHICTh TIepeBe3eHHS HA(PTOMPOIYKTIB aBTOMOOUIBHIM TPAaHCTIOPTOM. BusBIieHO, 1110 10
BHYTpIIIHIX ()aKTOpiB BITHOCATHCS BIACTHBOCTI JaHMX BaHTaXiB, sKi HeCyTb B coOl
MOTEHINIHY HeOe3MeKy Ta BCTyNalOTh Y B3aEMO/IIO 13 HABKOJIUITHIM CEPEIOBHIIIEM.

2. [IlpoBeneHo imeHTH(}IKAIil0 OCHOBHHUX pHU3UKIB Ta TNPUYUH HECXOPOHHOCTI
HaQTOMPOMYKTIB  HA  €Tamax  TPAHCIOPTYBaHHS  (HaBaHTAXEHHS,  IEPEBE3CHHS,
pO3BaHTa)XeHHs) Bix HapTOOA3 10 aBTO3ANPaBHUX CTAHIIH.

3. [IlpoBeneHO OIiHIOBaHHS PU3UKIB 13 3aCTOCYBAHHIM METOJY €KCIIEPTHUX OIlIHOK.
BceranoBneno, mo HaiOLIbIIy BEJIMYMHY MAOTh PU3HMKH: BUOYX BaHTaXy 4yepe3 YTBOPEHHS
€JICKTPOCTATUYHOTO 3apsiay Mij 9ac HaJTUBHO-PO3JIMBHUX OIepalliil abo pyXy TpaHCIIOPTHOTO
3aco0y (74,95); BUTIK HaQTOMPOAYKTIB Uepe3 MeXaHIuHI MOUIKOJKCHHS IUCTEPHH
CIIPUYHMHEH1  JOPOKHBO-TPAHCIOPTHUMH mpurogaamu  (69,13) Ta depe3 TOpYyIICHHS
TrepMETUYHOCTI IIUIAHTIB 1 3'€/IHAaHB IIiJl Yac HAaJMBHO-pO3NMBHUX omnepauii (56,00). Cepenne
3HAYCHHS PU3UKY MalOTh 3HIDKCHHS SIKOCT1 Yyepe3 HasBHICTh 3JIMIIKIB MOMEPEHIX BAaHTAXKIB
abo CTOpPOHHIX pEYOBMH Yy IMCTepHax (44,24) Ta BHUTIK YHACHiOK HEOaXaHOTO PYXYy
TPAaHCIIOPTHOTO 3aco0y T 4Yac BHUKOHAHHS HAJMBHO-PO3NMBHHUX omepamiid (39,83).
Haiimenie 3HaueHHS pU3HUKY Y MPUYUH BTPATH BAaHTAXY Yepe3 BUMAPOBYBAHHS, CIIPHUMHEHI
HETePMETHYHICTIO IIUCTEPHU a00 cUCTEMU 3'eqHAHb (26,49) 1 po3KpagaHHSI BaHTaXy TPETIMHU
ocobaMu ab0 HEYECHUM IMEPCOHATIOM i Yac 3yNnHHOK (26,27).

4. Ha ocHOBi pe3ynbTaTiB JOCHIKEHHS PO3POOJICHO KOMILIEKC PEKOMEHIAIlN
JUIs  MiHiMI3alii BHOpaHMX pHU3UKIB IEPEBI3HOrO TMpolecy [uid  Ha(TONPOIYKTiB
ABTOMOOUTBHUM TPAHCIIOPTOM.
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Risk Assessment of Non-Secure Transportation of Petroleum Products by Road
Transport

The article identifies and assesses risks associated with the transportation of petroleum products by road
from oil depots to gas stations. The main external and internal factors affecting cargo safety have been
determined, including the physicochemical properties of petroleum products such as flammability,
explosiveness, volatility, and susceptibility to static electrification, as well as external factors, including
mechanical impacts, climatic conditions, organizational, and technical aspects.

The primary risks at the transportation stages (loading, transit, unloading) have been identified, and the
key causes of petroleum product losses have been established. Risk assessment was performed using the expert
evaluation method, involving a detailed analysis of probability and consequences for each identified risk. This
approach enabled the classification of risks by priority, with the highest risks including cargo explosion caused
by static electricity during loading and unloading operations, leaks of petroleum products due to mechanical
damage to the tank caused by road accidents, and breaches of hose integrity during loading and unloading
operations. Medium risks are associated with the quality degradation of petroleum products due to residues of
previous cargoes in the tanks and leaks resulting from unwanted vehicle movement during loading and unloading
operations. The lowest risks pertain to cargo losses due to evaporation or theft during stops. The risk levels were
quantified, allowing for the prioritization of targeted interventions.

Based on the analysis, a comprehensive set of recommendations has been developed to minimize the
identified risks. These include regular technical inspections and maintenance of tanks and vehicles,
implementation of advanced monitoring systems, adherence to strict safety protocols during loading and
unloading operations, and continuous training for personnel. Additionally, maintaining a controlled temperature
regime and ensuring the use of anti-static measures were highlighted as critical for enhancing the safety and
integrity of transported petroleum products.
petroleum products, physicochemical properties of cargo, transportation, risks, risk assessment, expert
evaluation method, cargo integrity
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®opmyBaHHS JIOTICTUYHUX MPOEKTHO-OPIEHTOBAHUX
KJIACTEPIB Y pETriOHAJIbHUX JIAHIFOTaX NOCTavYaHb

arponpoyKIIii

PO3rIsiHyTO MOHSATTS JOTICTHYHOTO MPOEKTHO-OPIEHTOBAHOTO KIIACTEPY, SK €(PEKTUBHOI PETiOHAIBHOT
e€KOHOMIYHOI OJWHHII, SKa A€ 3MOTY BHPIIIYBaTH MPOOIEMH perioHy. BumineHo mepeBarn Takoro BUAY
KJIACTEPIB Ta 3alIPOIIOHOBAHO HOTO aganTaIliio B CTPYKTYpy ekoHoMmiku KipoBorpancekoi o6macti.

[IpoaHanizoBaHO HU3KY OCHOBHHX Oap'epiB Ha NMUIAXY CTBOPEHHS JOTICTHYHUX MPOEKTHO-OPIEHTOBAHUX
KJIACTEPIB pErioHaJIbHUX CUCTeM Ha mnpukiami KipoBorpaacbkoi obmacti. 3miHCHEHO OIJIsA IHBECTHI[IHHUX
NPOEKTIB Ta icHYyI0YOi JorictuuHoi iHdpacTpykrypn KipoBorpanchkoi obnacti. 3amponoHOBaHO B Taiy3i
JIOTICTUKHA CTBOPEHHS BEJIHKOIO JIOTICTHYHOIO PO3MOIUILYOrO IMEHTPY Ui 3a0e3MeYCHHS ONTHMAJIbHOTO Ta
SKICHOTO TPOCYBAaHHS IIOTOKY arpoNpOAYKIii BiJl BHPOOHHKIB 10 CIOXHBA4iB, BKJIIOYAIOYM IIOCIYTH 3
nepepoOKH, TPaHCIIOPTHOTO, CKIIAJCHKOTO Ta iH(pOPMALiHHOTO CYITPOBOTY.

[IpencraBneHo Mojens OpraHizalii YYaCHUKIB JIOTiCTUYHOTO IMPOEKTHO-OPIEHTOBAHOI'O KiacTepa Ta
BUSIBJIICHO TEHICHIIIIO IHTETPALlii KJIACTEPIB i3 JIOTICTUYHUMH JIAHIIOTAMH [TOCTaYaHHs, C(POPMYITLOBAHO TilIOTE3Y
PO 1X B3aEMOZIO Ta MPEACTABICHO KOHIIEIIIiI0 TpaHcpopMartii.

JIOTiCTUYHUI NMPOEKTHO-OPIEHTOBAHUIA KjacTep, ajanTauis, perioHajbHAa CUCTEMA, JIOTICTHYHI JAHUIOTH,
arponpoaykuis, KoHuenuis, Tpancpopmanist

IMocTanoBka npodaeMu. JIOTiCTHYHI POEKTHO-OPIEHTOBAHI KIIACTEPU MOXKYTh CTATH
3aco00M edeKTHBHOI peastizallii IHBECTULIMHMX MPOEKTIB, IO PEATI3yIOThCA HA TEPUTOPIi
KipoBorpancbkoi obmacTi y  TOMY YUCI, K1 MTOKJTHKaH1 T1IBUILIATH
KOHKYPEHTOCTIPOMOXKHICTh PEriOHy Ha YKpaiHChKOMY Ta MKHapoJIHOMY pHUHKY [1, 3].

MOXIIMBO BHUIIIMTA HACTYIHI TIepeBard JIOTICTUYHHUX TPOEKTHO-OPIEHTOBAHHUX
KJIaCTEPiB:

- MOOIBHICTH KJacTepa (Mmicis peai3alii 1HBECTULINHOTO MPOEKTY KJIAcTep Mae
MO>KJIUBICTh TPAaHC(OPMYBATHCS B 1HIIMH KIacTep JUIs peallizallii iHIIoro mpoeKTy);

- THYUYKICTh KJIacTepa (HasBHICTb cepell YYaCHHUKIB KjacTepa MpeICTaBHUKIB Majoro
Ta CePEAHBOr0 OiI3HECY J1a€ MOXKIIMBICTh IIBUAKO pearyBaTy Ha 3MiHH TOIUTY );

- IHHOBAIiHICTH KJIacTepa (Crierianizamis y9acHUKIB KJacTepa Ja€ MOMIIHUBICTh aKTUBHOTO
dbopMyBaHHS Ta BIPOBAKCHHS 1HHOBAIII).

JloricTHYHHUI TIPOEKTHO-OPIEHTOBAaHMN KiacTep — 1€ e(eKTHBHA pErioHaIbHa E€KOHOMIiuHA
OJIMHMIIA, SKa J1a€ 3MOTY BUPINIYBaTH MPOOJIEMHU PErioHy. 3 LBbOTO BHILUIMBAE, IO MOXKHA
NPOTHO3YyBAaTH MAaWOYTHIO CTPYKTYpy ekoHoMiku KipoBorpajacekoi oOmacti sIK  KiTbKa
B3a€MO3AICKHUX JOTICTUYHUX MIPOEKTHO-OPIEHTOBAHUX KJIacTepiB. Knacrepu
B3aEMOJIIAITUMYTh OJMH 3 OJHHM Ha MPHUHIMII CITIBPOOITHUIITBA, 32 30€pEeKEHHS NMPUHIIUITY
OJIHOYACHOT Kooreparlii Ta KoHKypeH1ii [6]. Pi3Hi mianpuemcTBa, opranizaiii, pipmu, kommnaHii
PI3HHX KJIACTEPHHUX CHUCTEM 00'€JHYBAaTUMYTHCS B JIOTICTHYHI TIPOEKTHO-OPIEHTOBAHI KIacTepH
JUIs peari3allii NPUHHATUX 1HBECTUIIIMHUX MPOEKTIB [2, 4, 5, 7, 8]. TakuM 4rMHOM, €KOHOMIKa
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KipoBorpancekoi oOmacti OyJe THY4YKOr, ajle B TOW K€ dYac CTIHKOIO
KOHKYPEHTOCIIPOMO>KHOIO CHCTEMOIO B3a€MOTIOB'I3aHUX €JIEMEHTIB.

AHaJji3 ocTtaHHiX gocaimkenb i myoOaikauniii. Knactepuuil minxig mpuiiHATO 10
YIpaBJIiHHSA PO3BUTKOM EKOHOMIYHOI CHCTEMH Ha pI3HHUX PIBHAX y paMKax peaizarii
IHHOBaIifHOI TOMITUKM KpaiH €Bpocoro3dy [12-14]. Lle y3romxyerbcs 3 OCHOBHHMHU
MOJIOKEHHSIMH CTpPATEriYHUX JIOKYMEHTIB, TakuxX sK HarioHasbHa KiacTepHa cTpaTeris,
HarmionanbHa mporpama po3BHTKY kiacTepi, [Iporpama po3BuTKy kiacTepiB, «ManidecT
kinactepiB €C», «ECBpomerchKui KiIacTepHUd MemopaHaym», «KiacTepHi mporpamMu B
€Bpori Ta 3a ii Mmexamm», «E€Bpona 2020: «CTpaTerii po3yMHOT0, CTAJIOTO Ta 1HKIIO3UBHOTO
3pocTanHs», «EBpomna 2020».

[IpoayKTUBHICTh MIABHILYETHCS pa3oM 13 TMOTYXKHICTIO Kjactepa: 0a30BHH 1
CEpeIHBONPONYKTUBHUN KjacTepu MaroTh Ha 10-15% kpamly mOpOAyKTHBHICTB, HIK
CepeAHbONPOIYKTUBHUN, a  BHCOKONPOJYKTHBHUH  KiacTep Mae€  BIBIYl  Kpamry
IPOAYKTUBHICTb, HIX cepeaHborpoaykTuBHui (140%) [12, 13].

Posrmsimatoun  Ykpainy, cnmig  3a3HaudTH, 10 3a0e3MeueHHs CTajoro Ta
30amancoBaHoro po3BuTKy AIIK Bumarae pocimigKeHHsS 1 BIPOBAHKEHHS KIACTEPHOTO
HiIXOQYy y CTpaTeriyHi ramxy3i HalliOHaIbHOI eKOHOMIKHM. lle He cymnepeunTh MOJONKEHHAM
Yromu mpo acormiamniro Mk YkpaiHoro ta €C, Crparerii HaioHaJIbHOI Oe3nekn YKpaiHu,
HarmionanbHoi crparerii perioHaabHOro po3BuTky Ha 2021-2027 poxum Tta Crparerii
perioHaJIbHOTO PO3BHUTKY 110 2027 pOKYy.

3rigHo cTpaterii perioHambHOrO po3BUTKY Ha 2021-2027 poku € HEOOXiIHICTh
dbopMyBaTH MDKpPETIOHAIBHI Ta HAI[IOHAIBbHI KJIACTEpH, IO HE IMOCTYMAIOThCS KiIacTepam
€KOHOMIK MPOBiTHUX KpaiH. [IpuiiMaeThCst 10 yBaru Takox iHTepHAIlOHATI3allisl KIACTePHUX
HimiaTus [12].

VY 11bOMy KOHTEKCTI KJIacTepHA CTPYKTYpa € MOTY>KHUM 1HCTPYMEHTOM Ta €()eKTHBHUM
MEXaHI3MOM CHUCTEMHU YTPABIIHHS Tady3sMU eKOHOMIKH. [Ipu 11bOMy BpaxoBY€ThCS BILIMB
IHCTUTYLIHHUX 3MIH y HalllOHAJIBHUX E€KOHOMIKax Ta riodaiizaiisi KOHKypeHuii. BuznaHo
pi3HI TN KJacTepiB ePeKTUBHOIO (GOPMOIO MEPEKeBoOi criBmpalli. B ymoBax rimobanmizartii ta
€BpOIHTErpalil YYaCHUKIB PUHKY CUIBCHKOTOCIONAPCHKOT MPOAYKIi € MPIOPUTETHUMH ISt
peaizarii cTpareriii po3BUTKY arpolpoOMHCIOBOTO BUpOOHUIITBA [9-11].

JlocmipkeHHsIM  TIpo0JieM  KJacTepiB B €KOHOMili, (OpMyBaHHSAM iX THMIB Ta
peaizaiiero 3aiimMaroTbes psa 3apyoikaux BueHux: M. Delgado, P. Dussauge, B. Garrette, N.
Grashof, M. Enright, M. Porter, M. Preveser, S. Stem, W. Mitchell, D. Fornahl, R. Hassink,
A. Kowalski, O. Kwilinski, M. Mackiewicz, S. Morgulis-Yakushev, G. Swann, M. Szuster.

[MuTaHHs PO3BUTKY KJIACTEPHOIrO MiAXOAY B HAI[IOHAIbHIA €KOHOMII PO3pOOIISIOTH 1
ykpaincbki BueHi. C. Cokonenko [11], 3amodaTkyBaB KiacTepHUH pyxX B YKpaiHi,
JIOCITIJIKYBaB KJIACTEpHI B €KOHOMIIIl KpaiHH, PErioHiB 1 raiys3eil, BUBUaB KiacTepizalliio Ha
HalllOHAJTBLHOMY 1 TJIoOasbHOMY piBHsAX. M. BoiliHapenko [15] mpuainuB ocoOnuBy yBary
no0y/10Bi 1 BIPOBAKEHHIO KJIACTEPHUX MOJENEH B perioHax YKpaiHH.

D. L. Putri [16] Ha OCHOBI KJIaCTEPHOTO MiIXOIy CTBOPIOBAB MOJIEJI CTPATETi4YHOTO
rianyBaHHs Oi3Hecy. CTeiikxonaepamu (3amikaBIeHUMH IOPUANYHIMUA 0CO0aMHU) €:arpapHUi
CEKTOp, JIep>KaBHI OpraHizarii, OpraHd MiICIICBOTO CaMOBPSITyBaHHS, HayKOBO-IOCIITHI Ta
HaBYallbHI 3aKJaJ¥, OpraHizaiii miITPUMKH 1HHOBAIi{, MiANPUEMCTBA, QipMH, KOMIMaHIi Ta
Jiep’KaBHI yCTaHOBH Ha TepuTopii. BoHM € ydacHMKamu copusHHS MOOYJOBH Moneni
arpomnpoMHCIOBOTO KiIacTepy. 3a3HAaUCHU KJIacTep 3MOKE MOKPAIUTH MaCIITa0l arpapHOro
CEKTOPY Ta MOCUJINTH PEriOHAIbHY iIHHOBALlIHHY CUCTEMY.

A. Valencia, J. Qiu, N.B. Chang [17] cBiguuTh, 0 MOAEM CTIHKOCTI PO3BUTKY i
KJacTepizalii B MICBKHX Ta CUILCHKOTOCHOJAPCHKAX MEpEeXax € BXKIMBHUMH JUIS aHAJI3y
misibHOCTI Takux cucteM. H. B. Mahajan [18] nmocnmimxye mnpoGnemMy «po3yMHOTO»
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arponpoMHCIIOBOTO BUPOOHHUIITBA 3 po3poOkamu "[HTepHeTYy peuel” sik TexHonorii [naycTpii
4.0 1 mpotokomy Lightweight Clustering Protocol for Industry 4.0 Enabled Precision
Agriculture (LCIPA). IIpu nbomy OyayIOThCsl i BAKOPUCTOBYIOTHCS KJIACTEPHI aJTOPUTMH.

ITocTanoBka 3aBaaHHs. MeToro naHoi poOOTH € po3poOka Mojem opraHizarii
YYaCHHKIB JIOTICTUYHOTO IMPOEKTHO-OPIEHTOBAHOTO KJIACTepa MOCTayaHb arpoNpoOIyKIlii, Ha
npukiaai Kipoorpaacekoi o6acri.

Bukisianx ocHoBHoro marepiany. Bapro 3a3HauuTH, mo icHye Hu3ka Oap'epiB Ha
NUISIXY CTBOPEHHSI JIOTICTUYHHX IPOEKTHO-OPIEHTOBAHMX KiactepiB y KipoBorpaacekiit
obnacrti. Lli Gap'epu, BomHOUAC, € TEpPeIyMOBAMH CTBOPEHHS KIACTEPIB, OCKUIBKH came
CTBOPEHHS KJIACTEPHUX CTPYKTYP JO3BOJISIE Y TOMY YH 1HIIOIO MIpOO TOJOJATH MPOOIeMHI
curyartii. Bynu BuaineHi HacTyHi OCHOBHI Oap'epu:

- HEJOCTaTHs PO3BUHEHICTH JIOTICTUYHOI 1HPPACTPYKTYPH;

- HEIOCTaTHbO e(eKTHBHE BHUKOPUCTAHHS EKOHOMIYHOTO TMOTEHIialy pETiOHY
(He3aBaHTa)X€HI BHPOOHHMYI TOTYXXHOCTi, OOCST BHpPOOHHWIITBA HIDKYE MAaKCHMAaJIbHO
MO>KJIMBOTO, BUCOKA YacTKa BIAXOJIIB Ta BTPAT y Mpolieci mepepoOKH CUPOBUHHU Ta 1H.);

- BHUKOPHCTaHHS 3aCTapiJIMX TEXHOJOTii BUPOOHUIITBA Ta KOMYHIKaIliii;

- BIJICYTHICTh MIIIHUX, THYYKHUX 3B'SI3KIB MDXK IiAMPUEMCTBAMH-TIOCTAYIbHIKAMH,
BUPOOHUKAMHU, JUCTPUO'TOTOpaMHU, TEPEBI3HUKAMU, M0 TPYHTYIOTbCS Ha MPUHIUII
NapTHEPCTBA, HU3bKUI PIBEHb KOOMEpallii;

- HEOOXIiTHICTh yJOCKOHANIEHHs Oi3Hec-MpoIeCciB HA OaraThoX MiAMPUEMCTBAX IS
3HIDKEHHS JIOTICTHYHUX BUTPAT Ta MiABUIICHHS SKOCTI MPOAYKIIi (TTOCITyT);

- TepeBakaHHS KOPOTKOCTPOKOBOTO IUTAHYBaHHS Ha MiJNPHEMCTBAX  Hal
JIOBTOCTPOKOBUMHU KOHKYPEHTHHMH CTPATETisIMH, TOAI SIK TIOBHMHA IIUKI PO3BUTKY
perioHAJIBHOTO KJIacTepa CTAHOBUTH cepeHhoMY Bix 7 10 10 pokis;

- HEIOCTaTHIW piBEHb MATPUMKH YYACHHUKIB KJIAcTepa 3 OOKY perioHaIbHOT BIIA IH.

BoaHouac BapTo 3a3HAYMTH, IO y PETIOHI € BEIMYC3HUH pPECypCHUH, BUPOOHWIHIA,
TPYIOBH, (DiHAHCOBUI Ta CIIOKUBYUHN MOTEHIIAN JUIsI CTBOPEHHS KIIACTEPIB.

3paificHeHO oIy iHBeCTULIIMHKMX NpoekTiB KipoBorpaackkoi obnacti B epioa 3 2008
mo 2022 pik. Takox TPOBEACHO OTJAN ICHYHOYOI JIOTICTUYHOI 1HPPACTPYKTYpH
KipoBorpanacekoi obmacrti. Cepen ycix 1HBECTHIIIHHHX MPOEKTIB, pealli3oBaHUX B 00JACTI,
BHJIJISIOTHCS TIpiopuTeTHI poekTH. [lepenik npiopureTHHX MpoekTiB 13 2008 mo 2022 poku
npencTaBieHo Ha odimiiiHoMy [HBectuiiiHomy mopram  KipoBorpaacekoi  o0uacTi,
Odiuiiinomy nopTaii MiHicTepcTBa eKOHOMIKM YKpainu, MiHicTepcTBa pO3BUTKY IpoMa Ta
teputopiii Ykpainu, OdiniiiHomy iHTepHEeT-opTaii MiHiCTepCTBa arpapHOi TMOJITHKH Ta
MPOJOBOJIBLCTBA YKpaiHu Ta B IHBECTULIIHHUX MaCIoOpTax.

Jlnist HamaHHS TPOEKTY CTATyCy «IPIOPUTETHHI» OIIHIOIOTHCS Taki KpuTepii: oOcsr
IHBECTHUIII{, BIJIMOBIAHICTH OCHOBHUM MPIOPUTETAM COLIATbHO-€KOHOMIYHOTO PO3BUTKY
o0OacTi, OroKeTHa e()EeKTUBHICTD, COIliaTbHA €)EeKTHBHICTh, MYJIbTUILTIKYIOUHIA €EKT.

[Ipoextu KipoBorpaackkoi 001acTi cipsiMoBaHi Ha:

- PO3BHTOK POCIMHHHIITBA, M'SICHOT'O Ta MOJIOYHOTO TBAPWHHHIITBA;

- pO3BUTOK pUOHOTO KOMILJIEKCY;

- HapoIlyBaHHS OOCSITiB BUPOOHUIITBA y Taldy3l TBapUHHHIITBA, MTaXiBHHIITBA Ta
POCIMHHUIITBA, OHOBJICHHS 00JIaIHAHHS;

-  po3BUTOK Yy cdepl TBapUHHUIITBA: HAPOIIyBaHHS OOCSTIB BHPOOHUIITBA,
OyIIBHHMIITBO T4 PEMOHT TBAPUHHUIIBKUX KOMIUIEKCIB, OHOBJICHHS aBTOMAPKY;

- PO3MIMPEHHS Ta MOJEPHi3allisi MOJIOKOTIEPEPOOHOTO0 BUPOOHUIITBA;

- PO3BUTOK MOJIOYHOI raiy3i Ta Xap4oBOi IPOMUCIOBOCTI B LILJIOMY;

- CTBOPEHHS MEpEkKi CydYaCHHX 3aroTiBeJIbHUX IyHKTIB s 30epiranHs Ta
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nepepoOKH MPOAYKIIi.

[TpoexTnt KponmMBHUIIBKOTO CTOCYIOThCS:

- PO3BUTKY €HEPreTHYHOTO KOMILIEKCY;

- CTBOPEHHS 0COOJMBOI €KOHOMIYHOI 30HM ""TexHooriuyHa goauHa";

- PO3BUTKY TPaHCIOPTHO-JOTICTHYHOTO KOMILIEKCY.

B ramy3i gorictuku mependavaEeTbcsl  CTBOPEHHS  BEIMKOTO  JIOTiCTUYHOTO
PO3MOJIIBYOrO LEHTPY AJi 3a0e3MeUYeHHs] ONTHUMAIBHOTO Ta SIKICHOTO MPOCYBaHHS MOTOKY
CUIBrOCHIPORYKIl BiJi BUPOOHUKIB 1O CIIOKMBAUiB, BKIIIOYAIOYM MOCIYTH 3 THEpepoOKH,
TPAHCIIOPTHOTO, CKJIAJICKKOTO Ta IHPOPMAIIIIHHOTO CYIIPOBOTY.

J5is BUpIIIEHHS TPOOJIEeMH 3aTSATyBaHHS peani3allii iHBeCTUIIIHIX MPOEKTIB y 00IacTi
MO>XHa CTBOPHUTH JIOTICTHYHI MPOEKTHO-OPIEHTOBAHIKIACTEPHI CTPYKTYypH. JJIsi 1IbOTO € BCi
YMOBH: € Jigupyroui (ipMu, MTiAOPUEMCTBA, KOMMAHIl SKi BUIMYCKAIOTh a00 MOXKYTh
BUITYCKaTH BHCOKO KOHKYPEHTOCIPOMOXXHY MPOAYKIIIIO, ICHYIOTh MEpPEki 00CITyroBYIOUHX
HiAIPUEMCTB, SIKi MOKIMKaHI 3a0e3neuyBaTi 0e3nepeOiiiHICTh BUITYCKY MPOIYKIIii MPOBITHUX
GipM, B HasSBHOCTI BEJIMYE3HUN PECYpCHHH IOTEHIIa]l PErioHy, Ma€ MicCIle HasBHICTb
TPYJIOBHUX PECYPCiB, BUCOKHIA PIBEHB JEPKABHOI MIATPUMKH.

Jlnst BEeMWMKMX KOMIUIEKCHHUX TIPOEKTIB, SKI TepeadadaroTh BEJIUKY KUIBKICTD
YYaCHUKIB, PI3HOCHPSIMOBAaHI BUPOOHUIITBA T4 KOMIUIEKCH TOCIYT, MOXHa 3alpoIlOHYyBaTH
MOJCNIb ~ OpraHi3amii y4YacCHUKIB JIOTICTHYHOTO TPOEKTHO-OPIEHTOBAHOTO  KJIacTepa,
IIPEJICTaBJICHY Ha PUCYHKY 1.
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Pucynok 1 — Mojens opranizaii y4acHHKIB JIOTICTHYHOTO IIPOEKTHO-OPIEHTOBAHOTO KiIacTepa

Jicepeno: pospobneno asmopamu

B inBecTumiitniit crparerii KipoBorpaacekoi o6macti g0 2030 poky crmoBo "kmactep",
"kiractepHa CTpykTypa', "KiacTepHa MOJITHKA" 3yCTPIYAEThCS KUJIbKA pa3iB, MPOTE BIACYTHS
iHdopMallisi MPO METOAMKY CTBOPEHHS KiacTepa Ta METOAWKY ympaBiuiHHA HuM. lle
YCKJIQIHIOE JUIS TANPHEMCTB, (ipM, KOMIIaHIM, OpraHizaiiid - MOTCHI[IWHUX YYaCHUKIB
KJIacTepa, po3yMiHHS IXHBOT MOXIIMBOI PO y peaiizallii KO)KHOTO iHBECTHUIIITHOTO MPOEKTY
Ta THX BUTOJI, SIKi BOHH MOXYTh OTPHUMATH BiJl y4acTi y KJIacTepi.

Bapro Bim3HauMTH 3aMaTKM IUTIIHOT CIIBIpari Oi3Hecy, BIaad Ta HayKOBHX
opramizamid y paMmkax peamizamii mux mnpoekTiB. Knacrepu cdopmoBaHi, a TpPOEKTH
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3HAXOMATHCS Ha PI3HUX CTaAisIX peamizarii. butbmiicTe Ki1acTepiB MokHa iIeHTU(]IKYBATH, SK
Ti, MO TepeOyBalOTh HA TOYATKOBIM cTasli po3BUTKY. SIK TMOKa3ye MpakTUKa peaizariii
MPOEKTIB, € TOOOIOBAHHS, IO TOJAIBIIOTO PO3BUTKY KIACTEpU MOXYTh HE OACPKATH 3
MOTJISITY PO3BUTKY KOOTIEpallii, IMABUIIECHHS SIKICHOTO PIBHS B3a€MO/IIi YYaCHHUKIB KJIacTEPiB
tomio. Lle 00yMOBITIOE, 1110 peajibHa €KOHOMIYHA €(EKTUBHICTD Bij| peaiizallii MpO€EKTIB Oy e
3HaYHO HIKYOI0, HDK MOKHa OyJi0o OYIKyBaTH, HE3Ba)Kal0OUM HA HASBHICTh BEIMYE3HOTO
pecypcHoro moteHiiany B KipoBorpaacekiii oGmacTi I Hepexojay Ha HACTYIHI CTajii
po3BUTKY. TakoX y BIAKPUTHX JDKEpesiax MpakTUYHO Hemae iHdopmallii Mmpo CTPYKTypy
KJIacTepa, BHYTPIIIHI MPOIIECH, CHCTEMY YIPaBIiHHS KJIACTEPOM, 3aXOJH B paMKax PO3BUTKY
nmapTHEpCTBa 1 T.A. XOdYa IMO3UTUBHHUH TOCBIJl TEPENOBUX KJIACTEPIB € OYy)KE KOPHCHHM 3
MOTJISITY 1HIIUX TPOEKTIB.

[Ipyn mpOMY JIOTICTHYHI MPOEKTHO-OPIEHTOBAHI KJIACTEPHI CTPYKTYpH HA TEPUTOPIl
KipoBorpaacbkoi o0macti MOXKYTh CTaTh €(pEKTUBHUMHU IHCTPYMEHTAMHU iX peamizailii, a
TaKOXX 1HIIMX BEJIMKUX I1HBECTHUIIIMHUX TIPOEKTIB, SKI JO3BOJISTH BHPIMIUTH HHU3KY
HAWBAXIIMBIIIUX TPOOJIEM B EKOHOMIIl 00JacTi, COPUATUMYTh 3MIITHEHHIO Ta PO3BUTKY
€KOHOMIYHOI CHTYyaIlii B PErioHi, 1 HaBITh CIPUATH 3POCTAHHIO KOHKYPEHTOCIPOMOMXHOCTI
perioHy, siK y BCEyKpaiHCHbKOMY, TaK i MbKHAPOJHOMY PUHKY.

AHani3 omyOJIiIKOBaHUX PE3yJIbTaTiB JOCHIKEHb JTO3BOJISIE BUIIIUTH KOTHITHBHUHN
TPEHIIT MIpKyBaHb, MOB'S3aHUI 13 TpaHCPOPMAIEI KIACTEPHUX CTPYKTYp Y JAHIIOrax
noctadands. lle 3B’s3aHO 3 €BOJIOIMIEI0 PIZHOBHIIB KJIACTEPHUX TMPOSBIB, 3 PI3HUMH
MOSICHEHHAMH TpaHC(hOpMaIiiHUX TPOLECIB y KiacTepax. MoKHA CKa3aTd, IO BHUSBIEHA
TEHJICHIIIS 1HTerpallii KJIacTepiB 13 JIOTICTUYHUMH JIAHIIOTAMH TIOCTAYaHHS aKTyalli3ye
JOCTIPKEHHS II0JI0 PO3IIUPEHHS METOAO0JIOTTYHHX ACTIEKTIB KJIACTEPHUX YTBOPEHb.

Knacrep, sk kareropiiHe TOHATTS, 3HAXOIUTHCS Y TMPOCTOPl YIPABITIHCHKHX,
MeTofonorivaux ¢opmarie. lle CcBiTYUTH NPO AOUIIBHICTP WOTO BHUKOPUCTAHHS IPHU
MPOEKTYBaHHI Ta (OPMYBaHHI KOHIENTYaJIbHUX MIIXOJIB JO YIPaBIiHHSI TEPUTOPIATBHUMHI
YU Taly3eBUMH EKOHOMIYHMMH CHUCTeMamH. MOKHa CKaszaTd, IO CTBOPEHHS KJIacTepiB
CIIpHsie aKTHBI3allli Ta BJAOCKOHAJICHHIO 1HHOBAIIMHOTO cepeloBHINA perioHy. B Toit wac
OJIHOYACHO IHHOBAIliS YIPABIIHHA PETIOHAMH BUSBISETHCS y cdepi JOTICTUKH, a came:
CyYacCHHM I1HTETPATUBHHMA I1HCTPYMEHT €(EKTHBHOTO YIPABIiHHSA IOTOKaMM (HAIPUKIIA],
PYXOM TOBapy) - 1€ KOHUENTYyaJIbHUH MiAXiZ 3 TOYKH 30py YINPaBIiHHS JAHLIOTAMH
NoCTavyaHHS.

IIpu po3risai ABOX MiIXO/IB A0 YIPaBIiHHS PETiOHATLHUMH JIAHIFOTaMU ITIOCTaYaHb,
MYJIBTUIUTIKATUBHOTO Ta 1HBECTUIIIHHOTO (ITPOEKTHOTO), BUSIBUIIM, 10 HAWOLIBIIE MIAXOAUTH
10 (hopMyBaHHS KJIACTEPIB Y HAIIOMY PETiOHI caMe MPYTHiA MiaXiI.

B 3B’sa3ky 3 mum MokHa CGHOpPMYJTIOBAaTH TiMOTE3y MPO B3aEMOJIIIO JIAHIIIOTIB
NOCTavyaHHs Ta KIaCTEePiB:

- JIQHIFOTH TIOCTavyaHHsS MOKYTh (DYHKIIIOHYBAaTH B KJIaCTepax;

- KJIACTEPU MOXKYTh (DYHKIIIOHYBAaTH B JIAHITIOT'aX MOCTAYaHHSI.

s rimoTe3a Moke OYTH METOMOJIOTIYHO TMIPEICTaBlIeHa Yy BUTISAII MPOIECY
TpaHchopmarllii CTpyKTYpH KJlacTepa y JaHIlorax nocradass (puc. 2, Tadm. 1).
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Pucynok 2 - Konnenist tpaHcdopmalttii kJ1acTepiB y JIaHIIOrax MocTavyaHHs

Ioicepeno: pospobneno asmopamu

3anpornoHoBaHa METOMOJIOTIS BXKE 3YCTPIYA€ThCS MPAKTUIHO B arponpOMHCIOBOMY
KOMILIEKCI HAIIoro perioHy. Y c¢epmepiB, IpiOHUX CIIBIOCTIBUPOOHHKIB, SIKI 3alMalOThCS
BUPOOHUIITBOM MOJIOKA, iICHY€ TIpo0IeMa 00MEKEHOCTI BXOY B JIAHITIOTH ITOCTAYaHHS BEIMKUX
TOPTOBHX MEpEeX, y 3B'SI3KYy 3 THUM, IO 0o0caru (epmepiB He I1ikaBi MepexkaMm. Lls mpobiema
CTHMYJTIOBaJIa ()epMeEpiB O KOOIEpallii - BOHU IMOYATM KOOIEPYBATUCS Ul aKyMYJTIOBAaHHS
CBOIX MOTOKIB, II00 CYKYIHHIA MOTIK 33J0OBOJIbHAB BUMOTaM BXOJYy O JIAHIIOTa MOCTadyaHHS
MepexeBHKiB. Lle 103Bosmno iM BOYTyBaTHCS B pETiOHATBHI JIAHITFOTH TOCTAYaHHS.

Tabmuus 1 — Tunu Ta XapakTepUCTHKA CTPYKTYPH KJlacTepa

Tun cTpykrypu . o .
Hazpa knacrepa Karanizatopu, €BOIIOL1IIHI IEPETBOPEHHS
KJacrepa
1-i1 Tum [Tyxxwuit kmacrep 3a M. [IpomuciioBa cripsIMOBaHICTh, 00'€THAHHS 32
[opTepom (Hampuknam, rajly3eBUM MIPUHIHIIOM
(hepmepchbKe rocrnoaapcTBo)
2-# THI I"anmy3eBwii kmacrep HeoOxiaHicTh MiABUIIEHHS ITOKA3HUKIB
PE3yIABTATHBHOCTI Ta IPHOYTKOBOCTI
MiANPUEMCTB Ta KJIacTepa - AudepeHiianis 3a
BUJAMHU TIPOAYKTY
3-ii TIm Monoxkacrep (6ararto) BincyTHICTh THYYKHX 3B'SI3KIB MiXK
ydacHUKaMH, motpeda B Koomneparii —
KOoTepaiist
4-i T Koonepatupauii OpieHTariist Ha MacmTad Ta HeoOXiTHICTh
(xoHCOMI JaliifHUI) KI1acTep MPUCTOCYBAHHS 10 MAacCIITAOHOTO JIAHITIOTa
nocTavyaHb — KOOPAWHAIIIS NI, TOTaTbHA
ONTUMI3aIlisA, IHTErparlis
5-# Tun JloricTuyHMiA TPOEKTHO- BxomxeHHs 10 perioHanbHOrO JaHIIoTa
OpIEHTOBAHUI KIIacTep MoCTavyaHb - IHTerpais
6-11 THn Knacrep, iHTerpoBanuii y PosmupenHs — MbkHapOJHUIN KIacTep
JIAHITIOT IOCTaYaHb

Hoicepeno: pospobneno agmopamu
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depMepH ITisIH TaK:

1. ®epmepu y chepl MOJOYHOTO BUPOOHHUIITBA TOYATH TMPAIOBATH HA MPHUHIIUIIAX
CHiBpOOITHUIITBA Ta Koomepallii (TI0 CyTi BHHHUK «ITyXKHIi1» KIacTep).

2. Insxom momanpinoi Koomepartii, 00'e JTHaHHS 3yCHIUISA, B3aEMHOT'O BUKOPHUCTAHHS
pecypciB, iHTerparlii Ta onTUMi3alii IPoIeCiB MiAIPUEMCTBA CHOPMYBAIH TIO CyTi IPOEKTHO-
OpPIEHTOBAaHMM KJIACTEP, 1 CHHEPTIS iX MOJOYHHMX MOTOKIB JOCATIA MIHIMAJIBHOTO KPUTEPIIO
MEpPEKEBOTO PUTEIITY 3a MOTYXKHICTIO, IIHOK, SKICTIO, JIOTICTHYHOIO OpraHi3ali€o, 1o
JI03BOJIWJIO iM TIOYaTH poOOTY 3 MEpEKaMHu.

3. [Ilicns BOyIOBYBaHHS B pETiOHAJbHI JAHIIOTA TOCTa4aHbh TOPTOBHX MEPEK
MIATPUEMCTBA KBai(DiKyBaIUCs K JOTICTUYHI KJIACTEPU PETiOHAIBHOTO JIAHITIOTA TOCTa4YaHb
Ta TMPAKTUYHO CTald KIACTEPHOIO JIOTICTUYHOIO MPOEKTHO-OPIEHTOBAHOK TiJACHCTEMOIO
perioOHAIBHOTO JIAHITIOTA MOCTa4aHb Y MOJIOYHIN ramy3i.

MoxHa KOPOTKO Y3aradbHUTH pe3yibTaT IPOBEIECHUX MIPKyBaHb: JIOTICTUYHUN
MIPOEKTHO-OPIEHTOBAHMM KJIACTEP - 1€ OJHA 3 (POPM PO3IMIUPEHHS IHTETPOBAHUX KOMYHIKAIIIi
y JIaHIIOTaX MOCTayaHb.

OnHUM 3 OCHOBHHMX HANpPsIMiB MIJIBUIIEHHS CTIHKOCTI PO3BUTKY ClIBCHKHX TEPUTOPIi
€ nuBepcudikailisi eKOHOMIKH Ta TEXHOJIOTIYHE OHOBJICHHS ii ramyseid, Hacammepen B AIIK, 3a
paxyHOK: MATPUMKH €(PEKTHUBHOI 3alHATOCTI Yy cdepl Majgoro Ta CEpPEeIHBOrO
CUTBCHKOTOCTIONAPCHKOTO MiIPUEMHUIITBA; CIOKUBYOI KOOMEpallii, BKIFOUAIOUN CEJITHCHKI
(bepmepchki) TOCMOAapcTBA Ta OCOOMCTI TMMIICOOHI TOCMOAAPCTBA, CTUMYJIIOBAHHS
301UTBIICHHS] POOOUYUX MiICIlh Y HECUTBCHKOTOCIIONApChKUX cepax mismmpHOCTI [12, 13].

[lutannass nepxaBHOT MIATPUMKH Manmux (GoOpM rocmojaproBaHHs  (pepMepehKi
rOCIIO/IapCTBA) € aKTyalnbHUM Aiis KipoBorpaacekoi o0acTi.

VY (dhepMepchkuX rocrmoaapcTB 00IacTi ICHYIOTh HACTYITHI TPOOIEMHU:

1. pi6GHi ¢epMepchKi TocmogapcTBa 3a3HAIOTh TPYIHOINIB MPH BHUXOJI HAa PUHKHU
30yTy, OCKITBKM HaWOIIBIIy YacTKy PHUHKY 3aliMalOTh BEJIWKI TOProBI Mepexi, sKi i
BUTICHAIOTD 1X. A TOPrOBUM MepexkaM MpaIfoBaTH 3 pepMepamu, K 13 MOCTavyaIbHUKAMH, HE
3aBXK/IM IIKABO Yepe3 Mai 00CATH BUPOOHHUIITBA.

2. Benmuka dyacTka IOXOMIB BiA peanizamii CUTBrOCHIPOAYKII mocigae cdepy
MOCEPETHUKIB.

3. Bucoka yacTka iMIOPTY MHpPOJOBOJILCTBA 3 1HIIHUX PETiOHIB. Bucoka co6iBapTicTh
MPOJIYKIIii Ta YaCTKa JIOTICTUYHUX BUTpAT. 3acTapijia MaTepiaJbHO-TEXHIUHA Oa3a.

YOponaoBxkx O03BYyYeHUX BHIIE NpoOJIeM MepeX, BapTO BII3HAYUTH, IO PUHOK
KipoBorpaacekoi 06acTi MpOJOBKYE aKTUBHO HACHUyBaTHCS ACpPKABHUMH Ta JIOKaJIbHUMU
PO3APIOHIME TOPTOBEIbHUMH Mepexamu. OOir po3apiOHOiI TOPTiBIi TOPTOBHX MEPEX Y
KipoBorpancekiit obnacti B 2017 p. cknaB 138,7 mupa. rpuBenb, abo 27,1% ob6opoty
po3apioHoi TopriBmi obmacti. Y 2018 poiti 060poT po3aApiOHOI TOPTiBIi TOPTOBHX MEPEK
cknaB 172,8 mupa. TpuBeHb., 0 Ha 25% Ounbmie 3a monepeaniit pik. Y 2019 porti o6opot
po3apiOHOI TOpriBii B Mepexax ckiaB yxe 191,1 mupa. rpuBeHs, un 33 % Bin 3araibHOTO
00opoTy po3apiOHoT TopriBii obmacti.lleit mokazuuk 301abmuKBes Ha 11% nopiBHsHO 3 2018
pokoM. Y 2020 pomi meit moka3Huk ckinaB yxke 209,9 mapa. rpH., abo 37,3% oGopoty
po3api6Hoi Toprisiai oonacti. [lokaznuk Bupic Ha 10% nopiBHsHO 3 2019 pokom».

3a3HauuMO, IO TOPrOBENbHI MEPEKi BUTICHAIOTH O0'€KTH Majoro Ta CepeaHbOTO
0i3Hecy, BUKIIMKAIOYN JUCIIPOIIOPIIT y PO3BUTKY (hOpMAaTiB TOPTiBIIi, 10 HETATHBHO BIUIMBAE
Ha piBeHb KOHKYPEHIII].

Boxuti 3axoam 3 00Ky 3aKOHOMABYOI BIAAM JJIsS BUPIMICHHS i€l MPOOIEMH, TaKi SK
3aMpoBaKEHHS] HOPMATUBIB MiHIMAIbHOT 3a0€3MEeYEHOCT] HAaCEeNIeHHs MOS0 CTAIllOHAPHUX
TOPrOBHX O0'€KTIB, a TaKOX OpraHizailis sSpMapKiB, Ha Kajdb, HE MPU3BEIH JO 3HAYHOTO
PO3IIUPEHHS MOXIIUBOCTEH TOMYCKY (hepMepiB 0 PO3APIOHOTO PHHKY.
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CTBOpEHHS KOOMEpaTUBIB OyJIO IEHTPATbHUM MUTAHHIM mignporpamu «IlinTpumka
Maaux (GOpM TOCHOJApIOBaHHS»  BIMOMYOi IUIbOBOI mporpamu  «[Ipo  po3BHUTOK
CLTBCHKOTOCTIONAPCHKOi Koomepartlii Ha nepioq 10 2030 poky». OCHOBHOIO METOIO MPOTpamMu
OyJl0 CTBOPEHHS CIHPHUSATIMBAX YMOB JUIsi OO0'€IHaHHS TPUBATHUX BHUPOOHHKIB
CUTBTOCTIIIPOIYKIIIT 10 KOOTIEPATUBIB JJIsl 3HIKEHHSI COOIBApPTOCTI TOBapiB HA PUHKY 30yTy, a
TaKOXX PO3IIMPEHHS 3aCTOCYBAaHHSA 1HHOBAI[IMHUX TEXHOJOTIA U1 TIIBUINEHHS SIKOCTI
TOTOBOTO MPOIYKTY.

VY cydacHHX yMOBax rocrojiaproBaHHsI B YKpaiHU CKjaiacs MPakTHUKa, MO OLIBIIICTh
TPOIIOBOT MacH, 1[0 YTBOPUJIACS HA BCIX eTamax nepepoOKu Ta peamizalii CUIbroCImpoIyKIlii,
ociZlae y KOMIIaHii, 110 HaIalOTh MOCIYTH 3 yMaKOBKH, 30epiraHHs, TPaHCIOPTYBaHHS Ta
30yTy ToBapy. CilbrOCIIBUPOOHUKH SIK BUTOPT OTPUMYIOTH JIMIIE HE3HAYHY YAaCTUHY BiJl
KIHIIEBOI  BapTOCTI  ToBapy. TakuMm  49uHOM, (HIHAHCOBI  TOTOKHM  3QJIMIIAIOTHh
CUTBCHKOTOCTIONAPCHKY Taly3b, M0 HEraTWBHO TO3HAYAETHCS HAa MOKIIMBOCTI JOCATHEHHS
17N TIPOTpaMH.

loBopsiun mpo mporpamy 3 MO3UINT JIOTICTUKH Ta BPAaXOBYIOUM BUIIEBHUKIAJICHY
npo0JjeMy «BIAMUIMBY» (DIHAHCOBUX TIOTOKIB 13 CUIBCHKOTOCIIOAAPCHKOI Tay3i, MOXHa
IHTEpIpeTyBaTu TroJIoBHY MeTy llporpamu sk (opmMyBaHHS CTIMKHMX KT MOCTadaHb, SKi
rapaHTyIOTh JOBTOCTPOKOBY Ta BUTIJIHY CITIBIPAIIO CLIbIOCIIBUPOOHUKIB, 3 METOIO 3HUKCHHS
BJIACHHMX BUTPAT 32 PaxXyHOK CaMOCTIHHOTO 3a0€3IeUeHHS , MMOB'SI3aHOTO 3 BUPOOHUIITBOM Ta
30yTOM TOBapy KIiHIIEBOMY CIOXKHBaueBi. Uepes Te, mo Njisl 3a0€3MeUeHHs MTOBHOTO ITUKITY
BUPOOHUIITBA HEOOX1/IHI cepiio3HI OCHOBHI (POHIM, TO KOKHOMY OKPEMO B3STOMY BUPOOHUKY
CKJIATHO CaMOCTIHHO 3abe3meyuTH cebe, OHAK TpHU KOJEKTHBHOMY TOCIOJIapIOBaHHI,
KaImiTaJIbHI BKJIAJECHHS MOXXYTh OyTH €KOHOMIYHO JOIUIBHUMHU.

BianoBigHO 10 3ampomoHOBaHOiI B pOOOTI KOHIEMIT NUIAX BHUPIMICHHS MpoOiemM
arporpoMHCIIOBOTO KOMILJIEKCY 3 Koorepartii IpiOHUX Ta CepemHiX
CLITBIOCIITOBAPOBUPOOHUKIB MICTHUTBHCS Y CTBOPEHHI PETiOHAIBHUX JIOTICTUYHUX MPOEKTHO-
Opi€HTOBAaHMX KiacTepiB. [Ipu mboMy JJisi CTBOPEHHS JIOTICTHYHOTO MPOEKTHO-OPIEHTOBAHOTO
KJ1actepa HeoOXiH1 TaKi OCHOBHI CKJIaJIOBI:

- IeHTpaibHI (TMpOBiAHI, (OKYCHI) MANPUEMCTBA, (BIPMH, KOMIAHII - «SIAPO»
KJIacTepa, MO0 MalTh CydacHI BHUPOOHHMYI TOTYXKHOCTI, 3[aTHI 3a0€3MeUnTH CTallIbHE Ta
AKICHE BUPOOHUIITBO KIHIIEBUX MPOAYKTIB;

- KOHKYPEHTOCHPOMOXKHICTH IiIIPUEMCTB, (hipM, KOMITaHIl — yYaCHHUKIB KJIACTepa;

- Mepexy JIOTICTHYHUX ONeparopiB, mo 3adesneuye OesmepebiliHe TpOCyBaHHS
MOTOKIB Y JIAHIIOTaX MMOCTaYyaHHs KlacTepa;

- Oi3Hec-kiiMaT y perioHi (piBeHb PO3BUTKY JIOTICTUYHOI 1HQPACTPYKTYpH, PIBEHb
HAYKOBOT'O, OCBITHBOTO Ta KaJPOBOTO MOTEHIIATy PETioHY, PiBEHb 3alyuyeHHS 1HBECTULIN y
perioHi Ta iH.)

Krnactepu MOXyTh CTBOpIOBaTHCA JBOMA IILJISXaMH: 3 1HII[IaTUBU OPraHiB Jep>KaBHOI
Biaamu (nuisix [) abo cTuxiitHO, KoiM migmpueMcTBa, (GpipMu, KomMmaHii Ta opraHizamii cami
MOYMHAIOTH KOOTIEpyBaTHUCS B XO/I1 peaizalii CIIbHUX MPOEKTIB Ta mporpaM (tuisx 1) (puc.
3).

Binomo, 1o Oyap-sikuii Kiactep mMpoOXOAUTh Yepes3 MeBHi CTaAll JKUTTEBOTO LUKITY:

1. Arnomepamis (ma Tepuropii Kiactepa € ImianmpueMmcTBa, (ipMHM, KOMHaHii Ta
oprasizariii, ki MOXXyTh CTaTH HOTO YYaCHUKAMH).

2. Bunukae knactep (MK yY4aCHUKaMM KJlacTepa BUHUKAIOTH KOOIEpALiiiHi 3B'I3Ku,
3pocTae piBeHb CIIeIiaizaiii).

3. Kmactep, mo po3BUBacThCA (PO3IMPIOETHCS CKIAl YYACHMKIB, IOCHIIOETHCS
iHpopMaliiiHuit 0OMiH, piBeHb KOOIEpaIlil 3pOCTaE).
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4. 3pinuit knacrep (KIacTep AOCAT AESIKOrO KPUTHYHOIO CKIALy YYACHHKIB, 3B'I3KH
cTallIbHI, MeXaHi3M (YHKIIOHYBaHHS KJIaCTepa HaIaroKCHUH).

5. Tpanchopmaris (3MiHa KiacTepa, BHUKIMKAHA 3MiHAMH PHHKY, TEXHOJIOTIH,
€KOHOMIYHOI CUTYyallii y perioHi Ta iHIIHX.).

el [ MeTa - CTBOPEHH KIIacTepa MerTa - peanizamis CIITBHHX

] ] IPOEKTIB, IPOTpaM
4L

IHTerpallif MOTeHIIHHIX
VIaCHHKIE KIacTepa

Il

-
CTBOpeHHS KOOPIHHALINHOI paH,
3aBIAHHAMH SKOI ABJIAFOTBC:

- BU3HA4YEHHA CTpaTeril pO3BUTKY
KIacTepa;

- ubip y4acHHKIE KIacTepa;

- BCTAHOBJIEHHS B3aEMO3B'A3Ky MIK
HOTEeHIIfHIMH YIaCHHKAMH.

IHiIiaTOp - OeKiThbKa MANPHEMCTE

[HilliaTOp - OPraHy Oep>KaBHOI BIaIH

i ,L [ @OopMyBaHHA KIacTepa J
@OopMyBaHHA KIacTepa 1
—
a o

Pucynox 3 — MOXITHBI IIUISIXM CTBOPEHHS KIlacTepa: a - nuwsax [; 6 - mowsax 11

Hoicepeno: pospobneno agmopamu

JloricTiuHI MPOEKTHO-OPIEHTOBAHI KJIACTEPU B T.4. MAIOTh TaKl K CTaJli )KUTTEBOTO
ukiy. OnHak cenudikor Takoro pojy KiacTepiB € IHBECTULINHUN MPOEKT, HABKOJIO SIKOTO
1 OynyeTbcsi (PyHKIIIOHYBaHHSI KJlacTepa: YYaCHHKHM BHOMPAIOTHCS Ha TIJCTaBl OIIHKH iX
pecypciB 1010 MOBHOTO 3a0e3MeueHHs MOTpedu B HUX, 3a3Ha4eHOi B MPOEKTi. ['oloBHOIO
METOI0, OKpPIM HAKOIWYEHHs KamiTany, € eeKTUBHA pealti3allis 1HBECTHI[IHHOTO TPOEKTY. Y
[bOMY, KJIaCTep MOK€ OYTH OUIBII THYYKUM, TOOTO 3 YaCOM BiH MOBWHEH a/IallTyBaTHCS N0
YMOB JOBKIJUISL.

Baprto 3a3naunTy, 110 AJIS JTOTICTHYHOTO MPOEKTHO-OPIEHTOBAHOTO KJIacTepa OCTaHHIN
eTar KUTTEBOTO IMKIY — TpaHchopmallis, 0ocoOIuMBO BaxHMBUH. OCKUIBKH HaHUN THI
KJIacTepa € TUMYAcOBOI CTPYKTYpOIO, TO TICIs peami3aiii MPOEKTY KIacTep MOXKe
NPUIUHUTH CBOE ICHYBaHHs, a00 TpaHcopMyBaTHUCA B IHIIWUK KJIacTep, CTBOPEHUH IS
peastizallii iHIIOTO 1HBECTHUIIIHOTO MPOEKTY, KUK Mae iHmry mety. [Ipu TpanchopmyBaHH1
KJlacTepa KpiM METH MOXXE 3MIHUTHUCS CKJIaJ YYacHHKIB (BEIUKI MIANPHEMCTBA, (Pipmu,
KOMITaHi1 MEPEeBaKHO 3aJIMIIAIOTBCS Y CKIIAJl KiacTepa, MOAAIOThCS IHIII YYaCHUKH), MEXI
KJacTepa Ta IHON XapakTepucTuku. Hampukian, Kiactep CTBOPIOBAaBCA U pealtizaiii
IHBECTHIIIHHOTO TPOEKTY 3 METOK PO3BUTKY II€BHOIO pErioHy (MicTa) A0 IUIAHOBUX
MOKAa3HMKIB. 3 4acOM IMOKAa3HUKH PO3BUTKY pErioHy (MicTa) 3pOCiH 10 3alUIAHOBAHUX YU
CTaJld BUIIMMH, 1 KJIacTep TpaHC(HOPMYBaBCs, OCKUIBKH JOCAT MeTHU. Temep HOro Meroro
MOXK€ CTaTH, HANpUKIAJ, BHUXIJ perioHy abo wmicta Ha wmicie B YkpaiHi abo cBiTi 3
BUPOOHUIITBA AKOTO-HEOY b MPOAYKTY. [licis TOCSATHEHHS MOCTaBICHOI METU KiacTep 3HOBY
TpaHC(HOPMYETHCS UIS AOCATHEHHS HOBOI MeTH. (puc. 4).
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CTBOpEeHHA
KiacTepa

ITocTaHoBKa MeTH
CTBOPEHHA KIIacTepa

Tparnchopmarisa
KiacTepa

Pucynox 4 — Ly opMyBaHHS JIOTICTUYHOTO ITPOEKTHO-OPIEHTOBAHOTO KJlacTepa

Iicepeno: pospobreno asmopamu

Konnenmiss  gopmMyBaHHS  JIOTICTUYHOTO  TPOEKTHO-OPIEHTOBAHOTO  KiacTepa
MPEACTaBIICHA HA PUCYHKY .

Mopemosartia Oprasizauia
Comamno- - EI,I epa CIPYETYPH KIacTepa Comiamso.
SKOHOMITHITT EKOHOMIUHITI
npoexT 1 | ] TIpOERT 2
IIporHosvEaHHA Tpamchopmarria
ed eKTHEHOCTL KnacTepa
Knacrepa

Pucynox 5 — Konunernist TpaacdopMariii TOTICTHIHAX MPOEKTHO-OPIEHTOBAHUX KJIACTEPiB

Lcepeno: pospobaeno asmopamu

B ocHOBI 3akmiovHOro eramy TpaHCOpMAIli JIEKHUTh MPUHIMI Oe3MepepBHOTO
PO3BUTKY JIOTICTUYHOTO IPOEKTHO-OPIEHTOBAHOTO KJIacTepa, sIKUH B110OPaKEHO Ha PUCYHKY O.

3 0EHINTH
IHESCTOPH
¥
. s JIoTiCTHYHHA MPOEKTHO-
Bumaorm _ _ _ N Ias ECTHINHEEH opiewToBaNmil KIacTep
pimEa opoexT Nel el
Bimvors _!.H.l.}?.c:r.l/!].l.l}-.uu..u..u..u......:
. . r
pitlﬂha v ¥
____________ »> ae
IEBE(THHI?EHH JIoricTHYHHE MPOCKTHO-
PY— npoexT Nel opimnnal_n:ﬁ KIACTED
pmectopn """t a2
Brmaorn .....................................:
fHEa . r
pi y ¥ e —
[ .
———————————— - [‘EBE(‘TH]IiﬁHIIﬁ ..._[UT']CTII‘IIID{ R FER.-
Sopmiunt | npoexT Ne3 oplesT “:{g" —~-lacTep
HEECTOPH o

v

Pucynox 6 — [Ipuniumn 6e3nepepBHOT0 PO3BUTKY JIOTICTHYHOTO MPOEKTHO-OPIEHTOBAHOTO KJlacTepa

Jicepeno: pospobreno asmopamu
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AnroputM  (GopMyBaHHS ~ JIOTICTUYHOTO  IPOEKTHO-OPIEHTOBAHOTO  KjacTtepa
MIPEJCTABIICHO HA PUCYHKY 7.

Mo4aToK

¥
CoransHO-eKOHOMIMHMIT
iHBECTHIIIHHNI MPOEKT.
KoopaHHauifiamii IeHTp MpoeKTa

ﬁ TTOKazHHKH IIPOEKTa

TlepeayMOBH /I CTBOPEHHS
MPOEKTHO-OPICHTOBAHOTO KIacTepa

: MoaeTI0BAHHA I—.[ Mopaens KnacTepa ]
* T
IepeBipka adeKBATHOCTI Mode i cTpaTeril
inBecTHNiliHOro mpoekTa
Monenes aneKeaTHa LiTIM Ta
3aBHaHHAM OPOEKTa?
Tak
. '—p‘ OuiHOBaHHS e)eKTHBHOCTI KIacTepa ]—
| IIporHo3yBaHHA ePeKTHBHOCTI KiacTepa @ P
. TToBHORaXKeHHSA KOOpAHHaNiiiHOT pamn i

| CTEOPEHHA KoopAHHANIHHEOT paan VacHHKIE KIacTepa
| OpraH”izamia cTPYKTYPH KIacTepa CIpyKTypa KIacTepa, ﬂPaBEl_ﬂa 1

¥ TIPHHITHIIH B3acMOIil
| Kaapoge 3a0e3nedeHHA CTBOPIOBAHOIO KJIacTepa |—>[ Kanposuii ckman ]—
| Peastizanifa OIpoeEKTa H CTaTUCTHYHI faHi '_
|I\roHi‘r0pHHr Ta oHiHOBaHHA e)eKTHBHOCTI KJIacTepa PezymsTaT OLIHIOBAHHA ¢QeKTHEHOCTI

KmacTepa
l T
¥
IHECcCTHHOIHHAN NPOEKT aEepmeHuH
h
a60 - -
HpEnHHeHHA JiAIBHOCTI KIacTepa

v

Kinens

TparscdhopMyBaHHA KIacTepa

PucyHok 7 — AnroputMm GopMyBaHHS JIOTICTUYHOTO IPOEKTHO-OPIEHTOBAHOTO KIIacTepa

Hoicepeno: pospobneno agmopamu

TakuM YHHOM, MPOEKTHO-OPIEHTOBAHMN KIJIACTEP MOXKE BUHUKHYTH y OyAb-IKOMY
MicIli, e (YHKIIOHYIOTh X04a O KijgbKa miampueMmctB, (ipMm, kommaniid. He mMoxHa TO4YHO
BHU3HAYUTH 4ac, KOJU Kiactep cTBopeHo. Kiacrepa sk Takoro Moxke He OyTH, aje BOJHOYAC
MOke OYyTHM TOTEHIlial Moro cTBOpeHHs. Ha maHomy eTami Kiactep MOXHa Ha3BaTH
«cmwstaum». | modartok B3aeMopii Ta Koomeparii MianpHeEMCTB, (ipM, KoMmaHId Ta
Opraizauiid 0JJHOro perioHy Cpusie HOro «poOyHKEHHIO».

BucHoBku.

1. 3'1scoBaHO CyTHICTh Ta JAaHO XapaKTEPHUCTUKY MOHSATTS JIOTICTUYHOTO MPOEKTHO-
OpPIEHTOBAHOTO KJIACTEPY, SIK €PEKTUBHOI PET10HATBLHOT €EKOHOMIUYHOI OJIUHUIII, SIKa J1a€ 3MOTY
BUpINIYBaTH TPOOJIeMU perioHy. BuuineHo mepeBarm Takoro BHIY KJIacTepiB Ta
3aMpONOHOBAHO WOT0 aJanTaIliio B CTPYKTYypy ekoHoMiku KipoBorpaacekoi o6acTi.

2. Tlpoanani3oBaHO HHU3KY OCHOBHHMX Oap'epiB Ha IIISAXY CTBOPEHHS JIOTICTUYHHX
MIPOEKTHO-OPIEHTOBAHUX KJIACTEPIB pPETiOHATBHUX CHUCTeM, Ha mpukiana KipoBorpaacwkkoi
obnacti. 3miliCHEHO OTJs[  IHBECTULIMHUX TMPOEKTIB Ta ICHYIOUYOI  JIOTICTUYHOI
iHppacTpykTypu KipoBorpancekoi o6sacti. 3amporoHOBAaHO B Traiy3i JIOTICTUKA CTBOPEHHS
BEJIMKOTO JIOTICTUYHOTO PO3MOAUIRYOTO IEHTPY MJisi 3a0e3Me4YeHHS ONTHMAJIBLHOTO Ta
SKICHOTO TIPOCYBaHHSI MOTOKY arponpoayKIlii BiJi BUPOOHHUKIB J0 CIOKHBAYiB, BKIIOYAIOUH
MOCITYTH 3 IEPepOOKH, TPAHCIIOPTHOTO, CKJIAJICKKOTO Ta iH()OPMAIIIITHOTO CYTPOBOTY.

3. IlpexacraBieHo Mojenb opraizamii y4YaCHUKIB JIOTICTUHYHOTO TPOEKTHO-
OpIEHTOBAHOTO KJAacTepa Ta BUSBJICHO TEHACHIIIO IHTErpamii KiIacTepiB i3 JOTICTUYHUMU
JAHITIOTAMHA TIOCTadaHHs, C(HOPMYJIHOBAHO TIMOTE3y MPO iX B3aEMOAII0 Ta MPEACTABICHO
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KOHIICTIIIIFO TpaHCpOopMallii.

4. OOrpyHTOBaHO KaTeTOpiiiHE MOHATTS KJIACTEepPy, SKE 3HAXOJIUTHCS Yy TPOCTOPI
YOPaBIiHCBKUX, METOAOJOTIYHUX (opMaTIB Ta JOUUIBHICTE MHOrO0 BHUKOPUCTATH TIPH
MIPOEKTYBaHHI Ta (OpPMyBaHHI KOHIENTYAJbHHUX MIJAXOAIB 10 YIPABIiHHSA TEPUTOPIaIbHUMU
YH raly3eBUMH €KOHOMIYHUMU CUCTEMaMH.

5. PO3misiHyTO THNU Ta XapaKTEPUCTHUKU CTPYKTYp KiacTepa Ta iX TNpPaKTHYHE
3aCTOCYBaHHS B arponpomucioBomMy komiuiekci KipoBorpaiacbkoi 006acTi, y3arajibHEHO
pe3ybTaT MPOBEICHUX JOCIIKEHb.

6. OKpeclieHO HampsSMKH IMiJBUIICHHS CTIMKOCTI PO3BUTKY CIIBCBKUX TEPUTOPIH,
pobseM pepMepchKuX TocrnoaapcTB 00JacTli Ta OCHOBHI CKJIAOBI 1 IIISAXHU ISl CTBOPEHHS
JIOTICTUYHOTO MPOEKTHO-OPIEHTOBAHOTO KJIacTepa B perioHax YKpaiHH.

7. BusiBieHO, 10 B OCHOBI 3aKJIOYHOTO €Tamy TpaHcopMallii JEKHTh MPUHITUT
0e3mepepBHOTO PO3BUTKY JIOTICTUYHOTO MPOEKTHO-OPIEHTOBAHOTO KJacTepa Ta HaBEIEHO
HOTO IPHUHITUI 1 AITOpUTM (POPMYBaHHS.
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Formation of Logistic Project-Oriented Clusters in Regional Supply Chains of

Agricultural Products

The concept of a logistics project-oriented cluster, as an effective regional economic unit, which makes
it possible to solve the problems of the region, is considered. The advantages of this type of clusters are
highlighted and its adaptation into the structure of the economy of Kirovohrad region is proposed.

A number of main barriers to the creation of logistics project-oriented clusters of regional systems were
analyzed using the example of the Kirovohrad region. An overview of investment projects and the existing
logistics infrastructure of the Kirovohrad region was carried out. It is proposed in the field of logistics to create a
large logistics distribution center to ensure optimal and high-quality promotion of the flow of agricultural
products from producers to consumers, including processing, transport, storage and information support services.

The model of the organization of the participants of the logistics project-oriented cluster is presented
and the tendency of integration of clusters with logistics supply chains is revealed, a hypothesis about their
interaction is formulated and the concept of transformation is presented. The categorical concept of a cluster,
which is in the space of managerial and methodological formats, and the expediency of using it in the design and
formation of conceptual approaches to the management of territorial or sectoral economic systems are
substantiated.

The types and characteristics of cluster structures and their practical application in the agro-industrial
complex of the Kirovohrad region were considered, and the results of the considerations were summarized. The
directions for increasing the sustainability of the development of rural areas, the problems of farms in the region,
and the main components and ways to create a logistics project-oriented cluster are outlined. It was revealed that
the principle of continuous development of a logistics project-oriented cluster is the basis of the final stage of
transformation, and its principle and algorithm of formation are given.
logistics project-oriented cluster, adaptation, regional system, logistics chains, agricultural production,
concept, transformation
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Y nockoHaneHHs 1H(QoOpMaIIHHOT TEXHOIO0T1i poOOTH
OMOPHOT CTAHIIIT TP MTEPEBE3CHHAX MAPKOM PI3HUX
BJIACHUKIB

Binbma KinbKicTh HepeBe3eHb Ha TEPUTOPil YKpaiHH 3IiHCHIOETHCS BIACHUM MApKOM ONEPaTOPCHKUX
KomItaHid. OnopHi craHuii, GyHKIIT SKUX MOXYTh BUKOHYBATH AUIbHUYHI, COPTYBaJbHI a00 BaHTaXHI CTaHLIi,
Ha SKHX BHKOHYIOTHCS OIEpalil TEXHIYHOrO 0OCIyroBYBaHHS, KOMEPIIHHOTO OIJIsy BaroHiB Ta O(OpMIICHHS
MepeBiI3HUX JOKYMEHTIB.

Taki cTanmii, a TaKOX MiAMOPSAAKOBaHI IM CTaHIT MPAIIOIOTh Ha POOOYMX MICIIX, SKi BHKOPHCTOBYIOTh
APM eamnHO1 aBTOMAaTH30BaHOI CHCTEMH KepyBaHHS BaHTaXHUMH mepeBeseHHAMEH AT "Vip3amizaumga" (ACK
BIT ¥3-€).

Ls cucrema mpu3HAYeHAa I aBTOMATH3AIlil TEXHOJOTIYHHX IIPOLECIiB pOOOTH CTaHII, HaJaHHS
orepatrBHOI iHpOpMaLii 3 METOI0 MPUHHATTS YIPABIiHCHKHUX PIllIEHb MEPCOHAJIOM CTAHIIi{, MiABUIIEHHS PiBHSA
JIOCTOBIpHOCTI BXimHOT iH(OpMaIlii, CTaHIIMHNAX 3BiTiB, OMEpaTUBHOI JOBIAKOBOI iH(OpMaIlii, sKa nepenaHa B
CHCTEMY BEPXHBOTO PiBH, 32 PAXyHOK KOMIUIEKCHOI'O KOHTPOJIIO.
aBTOMATH30BaHA CHCTeMa KepyBaHHs, iH(popMaliliHa TeXHOJI0Tisi po0OTH, OMOPHA CTAHIIA

IlocranoBka mnpodjemu. Yepes BiiicbkoBe BTOprHeHHs P®, 2023 pik, 5K i1
MoTepeIHIi, OyB I 3aTI3HUYHOTO TPAHCIIOPTY YKpaiHU POKOM BIDKMBAHHS, & HE PO3BUTKY.
anmizaunsmu Yipaiau 3a 2023 pik nepeBe3eHo 327,9 miH. TOHH BaHTaxiB, mo Ha 3,3%
oubiue Big 2022 poky, ane Ha 47,2% menuie Big 2021 poky.

3 Oepe3Hsl 0 TPyJeHb MUHYJIOTO POKY YKp3aJli3HULA KOXKHOI'O MICALS NEpEeBO3MIa B
cepennboMy Ha 23% BaHTaxiB Oinbmie, HDX 3a TOW camuid mepion 2022 poky. 3aBIsKd
CHuUTbHIN po6oTi MiHicTepcTBa PO3BUTKY TPOMaJl, TEPUTOPIN Ta iIHOPACTPYKTYPH, CHEIICITYKO
Ta BIMCHKOBUX ISl BIAKPUTTA YKpPaiHCBKOTO KOPUIOPY, 30KpeMa BIAOCS HApOCTUTH
nepeBe3eHHs uepe3 MopchKi moptu [1].

Takum 4nHOM, Yepe3 MOPCHKI MOPTH MepeBe3eHO 22,3 MiJbiioHa TOHH yCiX BaHTaXIiB.
VY rpyani 2023 poky KOMIaHisl BUHIIA HAa PEKOPJHE BUBAHTAXKEHHS — 3,8 MJIH TOHH JUIS
YOPHOMOPCHKUX TIOPTIB 3 IMOYATKy IMOBHOMACIITAOHOTO BTOPTHEHHS. TakoX 3ai3HUIS
maibke Ha 33% HapocTmia o0CArM IepeBe3eHb y HamnpsAMKy HopTiB JlyHaro, 30Kkpema
TpaH3uTOM 4epe3 Mooy Ta PymyHiro.

Yepes cyxommyTHI Iepexou mepeBe3eHo BChoro 34,4 MinbiioHa TOHH.

Hlomicss nepeBe3eHHs CKIIAAaI B CEPEeIHHOMY MOHA 12 MiNbIOHIB TOHH BaHTaXIB.
Pekopanum cTaB nmcTOmaa, KONMW 3ali3HHICI0 Oyno mepeBe3eHo 14,1 minpiloHa TOHH
BaHTaxiB. HalnmomitHime y 2023 BHUpOCIM TOKAa3HWKH BHYTPIIIHIX TIEpEeBE3CHb. Y
nopiBHsAHHI 3 2022 poxoM BoHM 30utb1miIncs Ha 11,4% — no 84,8 MiiH TOHH.

3arasiom, OPiBHSIHO 3 MepioioM Oepe3eHb-TpyaeHb 2022 poKy 3a aHAIOTIYHHNA Tepioz
2023 poky, Ykp3ani3HUL 301IbIIMIa 3arajbHl 00caru nepeseseHs 31 102 1o 126 minbiioHiB
TOoHH. HaiibinbIe npu oMy repeBe3eHo 3epHOBUX BaHTAXIB.

©B.B. Kynemos, K.B. Kpstuko, A.C. Maransc, 2024
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B Vkpaini Ha TenepimHiii yac GUIBLIICTh EpeBE3eHb BUKOHYETHCS BIACHUM MAapPKOM
onepamiitaux komnanii. Tak, kopucHuit mapk L{TJI (LlenTp TpaHCTOPTHOT JIOTICTHUKH) TIO
BCIM THIIAM BaHTAXXHUX BAaroHiB ckiagac Osm3pko 18 Tuc. BaroHiB. daktuyHuii 00ir
BnacHoro Barona L[TJI 9,5 nobu. Cepennbomo0oBe HaBaHTaxeHHs 5465 BaroHwu.
Cepennbonio0oBe (hakTruHe HaBaHTaKeHHS y BiacHux BaroHax LITJI 328 Barowis. 3anisHuit
napk BiacHux BaroniB L{TJI 3116 Barosis.

B ymoBax nmoBHomacmTaOHOI BiifHH, po3B’si3anoi Pociero mpoTu Ykpainu, 3a1i3HULI
BUSIBWIMCSL apTepisiMHU, 10 MIATPUMYIOTh CTa0lIbHEe (YHKIIOHYBAaHHS BITUM3HSHOT
ekoHoMiku. Opranizamnis poOoTu omopHOi cTaHLii TOBMHHA BpPaxOBYBaTH CyYacHi
1H(opMaIiiiHiI TEXHOJIOT1I.

AHaJii3 ocTaHHIX Joc/iaxKeHb i myOJikamiii. B psai gociimkeHs po3riasHyTI OKpeMi
BKJIMBI MUTAHHSI OpPTraHi3allii TEXHOJIOTIYHUX MApUIPYTIB 3 MICIIb HABAHTAKEHHS HA OTIOPHUX
CTaHLISAX; PO3IIIIHYTI YMOBH CEpBICY MEepEeBE3€Hb, JOTPUMAHHS TEPMiHIB JOCTABKH BaHTaXiB
[2,3,5].

Ane nans MOXIHMBOCTI 1HTerpamii Bci€i YNpaBIiHCHKOi, (iHAHCOBOi 1 TEXHIYHOI
iH(opmartii Takok HEOOXITHO CTBOPEHHS €IMHOTO 1H(POPMAIIMHOTO MPOCTOPY KOMILIEKCIB
3a1a4 YIpPaBIiHHS NEPEeBE3CHHSAMH Yy B3a€MOIl 3 KOPUCTyBauaMU B pPaMKax MOCIYT Ta
CepBICiB, iK1 HanalTh B AT «YKkp3ami3Huismy.

IHoctanoBka 3aBaaHHsi. OCHOBHOIO METOIO CTATTI € YAOCKOHAJCHHS IMiJICUCTEMHU
«e.llopran VY3-Kapro» ACK BII V3-€ 3a paxyHok po3mmupeHHs i1 (yHKIIOHATBHUX
MOJKJIMBOCTEH, II0 JO3BOJIMTH 3a0e€3Me4YuTH JOJaTKOBUH 00K iH(opMmarii Ta epeKTUBHY
KOMYHIKAI[I0 3 KOPUCTYBauYaMH.

Bukiaag ocHoBHOro martepiajay pgociimxkeHHss. OrnopHa CTaHILig € OJHIEIO 3
OpraHi3aIliiHuX JJAHOK Ha 3aJII3HUYHOMY TPAHCIIOPTI, SIKa 31HCHIOE TICPEBE3CHHS MaCaXKHUPIB,
BAaHTAXy, BaHTaX00araxy y BH3HAYEHOMY pETiOHI TPAHCIOPTHOI Mepexi, Ta 1HIILY
BUPOOHHUYY AISUTHHICTH HA MANOPSAIKOBAHUX PO3AUTHHUX ITyHKTAX.

OmnopHa cTaHLis 3A1HCHIOE JieNIeroBaHi perioHaabHOI0 Qi€ QyHKIIT y BUBHAUEHOMY
perioHi TPaHCHOPTHOI MEPEXi, BIAMOBIAHO 10 METH, 3aBJIaHb Ta MPEAMETY AiSUTbHOCTI
perioHanbHOI Qi y Mexax MmiInopsAKOBaHUX BUPOOHUYO-TEXHOIOTTYHUX MiIPO3ILTIB.

Hauansauk omoproi cranmii (JC) BiamoBigae 3a BUKOHAHHS 3aBJaHb PEriOHATBHOL
¢inii Ta BupoOHHUOro miapo3ainy «Cmyxba podotu cranmii» (Ciyx6a ). [lng BukoHaHHs
byHKIIM omopHOI CTaHIii BIH Ma€e y CBOEMY O€3MOCEPEIHbOMY IMAMOPSAKYBaHHI
3aCTYIHUKIB, 10 MPU3HAYAIOTHCS 1 3BUIBHAIOTHCS 3 MOCAIN Y BCTAHOBIEHOMY TOPSIKY.

st BukoHanHst pyHKIii onmopHoi craniii JC y cBoemy mianopsakyBaHHI TaKOXK Mae
rOCHOJApCTBO KOMEpIiiiHOT poOOTH Ta MapKeTUHry; mex (opMmyBaHHS TMOi3/iB; LEX
BaroHHOT'O TOCIIO/IaPCTBA; TOCTIOAAPYHH TIEX.

@OyHKIIIT ONOPHOI CTaHIIli, K MPaBUJIO, MOXKE BUKOHYBAaTH AUTbHHYHA, COPTYBAJIbHA
a00 BaHTaXHA 3aJI3HUYHA CTaHIlSA, Ha SKIH BUKOHYIOTHCA oOIleparii 13 TEeXHIYHOrO
00CITyroBYBaHHS, KOMEPLIHHOTO OISy BaroHiB, 0()OPMIICHHS MEPEBI3HUX JOKYMEHTIB [4].

OrnopHi cTaHIil Ta MANOPSAIKOBAaHI 1M CTaHIlT MPAIIOIOTh HA POOOYUX MICIAX, SIKI
BUKOPUCTOBYIOTh aBTOMaTH30BaHi poboui Micis (APM) ennHOi aBTOMaTH30BaHOI CHCTEMHU
KepyBaHHS BaHTaXKHUMH TiepeBe3eHHsIMU AT «Ykp3amizauus» (ACK BII V3-€). Bonm
3a0e3MeuyroTh MiABUIICHHS MPOAYKTHBHOCTI Ta SKOCTI poOOTH MpalliBHHUKIB CTaHIIA 3a
paxyHOK aBTomaru3aiii o0poOku Ta 30epexeHHs iHpopmarii, Buaadi JTOKyMEHTIB Ha MOi31H,
OTEpPAaTUBHOCTI Ta OOIPYHTOBAHOCTI MPHUUHATTS pillleHb YMPaBIIHHS CTAHLISIMH, BHIAYl
PEKOMEHIAII 10 PETyJIIOBAHHIO CTaHI[IHHUX MPOIECIB, MOJAHHSI HEOOXITHMX MaHUX IS
OPURHATTA pillleHb YNpaBiliHHA B perioHanbHuX ¢unisax 1a AT «Ykp3anizHuis» B miiomy [7].

[Mpusnauennss ACK BII V3-€: aBromaTu3allis TEXHOJOTIYHHX TIPOIECIB PoOOTH
CTaHIil; HaJaHHs omepaTHBHOI iHGopMalii 3 METOH NPUUHATTA YIPABIIHCHKUX PIlICHb
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NEpCOHAJIOM CTaHIIil; MiJBUINEHHS PiBHSA JOCTOBIPHOCTI BXinHOI iH(opMarlii, CTaHIIHHUX
3BITIB, ONEpPaTHUBHOI JOBiAKOBOI iH(oOpMalii, mepenaHoi y CHUCTEMH BEPXHBOTO pIBHA, 3a
paxyHOK KOMIUIEKCHOTO JIOTTYHOT'O KOHTPOJIIO.

ACK BII ¥Y3-€ € cucremor oprasizamiiiHoro ympasiiHHA 1 (QyHKIIOHye Ha 0a3i
iHpopMarii, 1O BBOIUTHCS 3 AaBTOMATH30BAaHMX pOOOYMX MiCLb KOpPHCTyBauaMH —
npariBHukamMu ctaHiii, Hanpukian APM CTI, APM JICII, omeparopamu mpu JICII,
areHTaMM KOMEpLiiHUMHU, TOBAPHUMH KacUpaMH, IPUHOMO3/1aBaJIbHUKAMH BaHTAXKYy.

[Tlincucrema «e.Ilopran V3-Kapro» mnoOymoBana 3a TPUPIBHEBOI apXITEKTypPOIO
(cepBep 6a3 maHMX — cepBep AOJATKIB — KopucTyBay). Cxema (hyHKIIOHYBAaHHS HiJICUCTEMHU
(IIC) «e.llopran Y3-Kapro» B ymoBax ACK BII ¥3-€ naBenena na pucynky 1. IIC
«e.Ilopran Y3-Kapro» — enuHuil e1eKTpOHHUI NOpPTaJl BaHTAKHUX IEPEBE3EHb, CTBOPEHUI
JUIS aBTOMATHU3aIlil MPOIIECiB B3aEMO/IIi 3 KOPUCTyBayaMu B paMKaxX TOCIYT Ta CEPBICIB, sKi
HaatoThes AT «YKp3ani3HUL» a00 CTPYKTYPHUMHU ITiIPO3/1IIaMu.

—1 YouControl
Mopaynb Mogaynb

«JoroBipHi «[peTeHslitHo-
BiIHOCUHW» nososHa po6oTta»

IHTerpoBaHi moayni Migcuctema
iHWMX niacucrem «E-3amoBneHHa»

MowToswin
cepsep

Cepsep gopaartkis - 308HilwHi moayni MC «E.MopTan Y3-Kapro»

Mogaynb Mogaynb
«[loroBipHi «[peTeHsiiHO- ) .
BiZHOCUHUY nosoeHa po6oTta» Active Directory
Cepsep AoaaTkiB - BHYTpiLHiI moayni NC «E.MopTan Y3-Kapro» AT
N
CKBA, ]
PostgeSQL
v
Mnatdopma e
Nipccremm ACK BIN IHTerpaviiHi Office Online Server KepyBanHA N ]
V3-€. cepsicu (TS LY
SharePoint Server CKBL,
SQL Server
v

Pucynoxk 1 — Cxema ¢ynkuionyBanns magcuctemu «e.Ilopran Y3-Kapro» B ymoBax ACK BII ¥Y3-€
Loicepeno: pospobaeno agmopamu

Ha crpykTypHiil cxeMi HaBeJeHI KIOYOBI KOMIOHEHTH miacuctemu «ellopran ¥V3-
Kapro», BHyTpimIHi Ta 30BHIIIHI iHQOpMaIiiiHi micucTeMy. 30BHILIHIA MOIYJIb MiACUCTEMH
«e.llopran ¥Y3-Kapro» npuszHaueHuwil s 3a0e3leueHHs aBTOMATH30BAaHOI B3aeMomii 13
kopuctyBadamu |[8]. Buytpimmniii moxyns IIC «ellopran V3-Kapro» npusnaueHuit s
3a0e3neYeHHS aBTOMaTH3aIlil O13HeC-TpoIIeCiB B CTPYKTYPHHUX iIpo3aiIax
AT «Yxp3anizauns» Ta interpauii 3 inmmmu niacuctemamu ACK BIT V3-€.

s podotu kiieHTiB «e.llopran Y3-Kapro» nns 3aMoBieHHS MOCIHYT 3 BaHTaKHUX
nepeBe3eHb AT «YKp3ami3HULSH BIPOBAKYE €UHE ITU(POBE BIKHO.

B «e.dlopran VY3-Kapro» 3ocepemkeHi eJIeKTpOHHI CepBiCHM JJId Oprasizaiii
nepeBe3eHb BaHTAXIB 3aJI3HUYHUM TPAHCIOPTOM Ta Ui OTPUMAaHHA IHIIMX MOCIYT,
II0B’3aHUX 3 HUMHU.

Hamnpukinan, HaganHs MUIaHiB Ta 3aMOBJICHb Ha MEPEBE3CHHS, OOMIHY €JIEKTPOHHUMHU
JOKYMEHTaMH Ta JJaHUMH I10/I0 MOCIYT 3 OpraHi3alii nepeBe3eHb, MPOBEACHHS PO3paxyHKiB
3a HUX TOILO.
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Ocobuctuit kabiHeT 3aMOBHUKIB MOCIYT 1711 poboTH B cuctemi «e.llopran Y3Kapro»
pPO3p0O0JICHO 3 BUKOPHUCTAHHSM IMPOTPAMHHUX PIIIEHB, SIKI JAO3BOJISIOTH 3PYYHO Ta IIBUIKO
BUKOHYBaTH HAJlAIITYBaHHS BIAMOBITHO [0 BJIACHUX MOTPed 1 CHOPOIIYIOTH MPOLEIypPY
peecTpariii Ta aBTeHTU(DIKaI{ y CUCTEMI.

«e.Ilopran ¥Y3-Kapro» ochameHo cydacHMMH 3acobamu 3axucTy iH(opmarii Bixg
HECAaHKIIIOHOBAaHUX BTPyYaHb y POOOTY CHUCTeMHU Ta IHIMX crpoO 3mamy. [Ipu npomy AT
«YKp3ai3HUID TOCTIHHO MPOBOAUTH POOOTY MO YIOCKOHAJICHHIO pOOOTH CHCTEMH, Ta yCi
HOBI CEpBICH, TOB’S3aHI 3 BaHTAXHUMHU IE€PEBE3CHHAMHU, OYyIyTh PO3MILIATUCSA Yy CUCTEMI
«e.Ilopran ¥Y3-Kaproy.

BucHoBKkH. 3a paxyHOK yaockoHaneHHs miacucteMu «e.Ilopran Y3-Kapro» moxiuse
posumupenHs moxauBocteil ACK j1st 3a0e3nedenHs 101aTKOBOro o0utiky iHpopmarii.

Posmmpenns ¢yHkmioHansHUX MOXHBOCTeW miacucremu «e.llopranm Y3-Kaproy
ACK BII Y3-€ 3a0e3neuuTb A0AaTKOBI cleHapii poOOTH KOPHUCTYBayiB 3 €JIEKTPOHHUMH
JIBOCTOPOHHIMH JtoroBopamu B miacuctemi «e.llopran Y3-Kapro», 103BoUTh BUKOHYBATH
PO3paxyHOK Ta aHajii3 JaHUX, [0 BUHUKAIOTh MPH POOOTI i3 MPETEH31IMU Ta MO30BaMH y
BHYTPIIIHHOMY MOAYJISIX MACUCTEMHU.

PosmmmpenHss QyHKIIOHATHHUX MOXKIMBOCTEH 30BHINIHBOTO MOAYJS TMiACHCTEMU
3a0e3ne4YnTh €PEKTUBHY KOMYHIKAIIIIO 3 KOPUCTYyBa4aMHu.

Criicok mitepatypu

1. [Ipotsarom 2023 poky Ykp3anizHuieto nepese3eHo 148,4 MiaH ToOHH BaHTaxiB. Hosunu Ypsaoy. €ounuii
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Improvement of the Information Technology of the Operation of the Reference Station

During Transportation By a Fleet of Different Owners

The majority of transportation on the territory of Ukraine is carried out by our own fleet of operator
companies.

Base stations, the functions of which are to be performed by the precinct, sorting or freight stations,
where maintenance operations, commercial inspection of wagons, and processing of transport documents are
performed.

Such stations, as well as the stations subordinate to them, work at workplaces that use the automated
control system of the unified freight transportation management system of JSC "Ukrzaliznytsia" (ASK VP UZ-
E).

This system is designed to automate the technological processes of the station, provide operational
information for the purpose of making management decisions by the station staff, increase the level of reliability
of input information, station reports, operational reference information, which is transferred to the upper-level
system, due to complex control.

ASK VP UZ-E is an organizational management system and functions on the basis of information
entered from automated workplaces by users - employees of stations, for example ARM_STZ, ARM DSP,
operators at DSP, commercial agents, commodity cashiers, cargo receivers.

The "e.Portal UZ-Cargo" subsystem is built according to a three-level architecture (database server -
application server - user). The scheme of functioning of the subsystem (PS) "e.Portal UZ-Cargo" in the
conditions of the ASK of the UZ-E VP is shown in the figure. PS "e.Portal UZ-Cargo" is a single electronic
portal of freight transportation created to automate processes of interaction with users within the framework of
services provided by JSC "Ukrzaliznytsia" or its structural divisions.

"e.Portal UZ-Cargo" concentrates electronic services for the organization of cargo transportation by rail
transport and for obtaining other services related to them.
automated control system, reference station
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E-mail:

ORCID ID (XXXX-XXXX-XXXX-XXXX)

* — 122 Komn’1otepHi Hayku, 123 Komm’otepHa inskenepis, 125 Kidepoe3nexa, 131 IIpuxnaana mexanika,
132 Marepiano3snaBcreo, 133 TI'any3eBe MammHoOyayBanHsA, 151 ABTomMaTu3aniss Ta KOMII'IOTEPHO-
iHTerpoBani TexHoJsorii, 192 ByaiBHMNTBO Ta nMBiIBHA iHKeHepis, 208 Arpoin:xkeHepis,
274 ABTOMOOiTBHUIA TPaHCOPT, 275 TpancnopTHi TexHOIOTII (32 BUAAMMN)

Ko:xen aBTop (cniBaBTOp) 32a110BHIOE JOPMY /I0BiIKHM PO aBTOPA 32 MOCHJIAHHAM
https://mapiea.kntu.kr.ua/requirements.html



LHIEHTPAJIbBHOYKPATHCBbKMI1 HAYKOBHWI BICHUK.
TEXHIYHI HAYKU

Bunycxk 10(41)
Yactuna II

Biamosiganeamii 3a Bumyck C.B. Jlucenko, O.11. JlopeHcbkuit
Komm'rorepna Bepctka H. Crennik

Tupaxysanns O. I'. Kaniu

Tpusamme nionpuemcmeo «Excrkmosug-Cucmem»
Csiooymeo Ne /K 4470 eio 17.01.2013p.
25006, m. Kiposoepao, syn. Illesuenxa, 25
men./¢haxc 24-35-53

[ixgmucano no npyky 23.12.2024p. ®opmar 60x84/8. Ilamnip odcerHuid.
TapuiTypa Times New Roman. Odcernuit npyk. YMoB. apyk. apk. 30
Tupax 300 mpum. 3am. Ne 0824
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