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HAYKOBI ACMNEKTW OBI’PYHTYBAHHA IHXXEHEPIT NNIOMNCTUYHUX CUCTEM BYA|I-
HAYCTPII B PAMKAX CMNEUIANIbHOCTI «MPUKITAOHA MEXAHIKA»

AHomauiss B cmammi HageOeHi pe3yribmamu obrpyHmyeaHHs1 MicUsi ma 6U3Ha4YeHHsI MawuH i
npoyecig bydisesnbHOI iHOycmpil, 06’edHaHuXx y 8idnogiOHocmi do crieuianidauii iHXeHepis 1o2icmuYHUX
cucmewm cneujanbHocmi rpuknadHa mexaHika. 30iliCHeHO aHani3 ICHyrYUX 8USHAYeHb CII080CIMOMYYEeHHS
«Ji02icmuyHa cucmemay i3 OUIHKOK MmepMiHy «cucmemay 8 KOHMeKCMIi iHxXeHepii no2icmu4yHux cucmem
MmawuH i npouecig byodigensHoi iHdycmpii. ObymMosneHo ye mum, wo fA02icmuyHi cucmemu 8knadatomscs y
3aearnbHonpultiHAMe noHImMms «cucmemu», 60 cknadarmbsCs i3 CUCMEMO YyMBOPIOHYUX eflieMeHmie, mi-
CHO 83a€EMOI08’sI3aHUX | 83aEMO3arneXXHux MiXk coboro, siKi Maromeb 8ropsiOKo8aHi 38’3KuU U ymMeopHMb
resHy cmpykmypy i3 3a30asie2iob 3adaHumu eriacmusocmsamu. Came makumu 181150mbcs binbLicms
cXeM, Wo pearni3yroms MomoKu Mmamepiaria rpu rnodpibHeHHI, copmyeaHHi, nepemiwlysaHHi, yknadaHHi ma
YUWiNTbHEHHI.

Knroyoei cnoea: npuknadHa MexaHika, fiogicmuyHa cucmema, iHXeHepisl, MawuHu, eriacmueo-
Cmi, eHepe2emuYHi ma mMacosi MomokKu, napamempu.

SCIENTIFIC ASPECTS OF SUBSTANTIATION OF ENGINEERING OF LOGISTICS
SYSTEMS OF THE CONSTRUCTION INDUSTRY WITHIN THE FRAMEWORK OF THE
SPECIALTY "APPLIED MECHANICS"

Abstract The article presents the results of substantiating the place and definition of machines and
processes of the construction industry, united in accordance with the specialization of logistics systems en-
gineering of the specialty of applied mechanics. An analysis of existing definitions of the phrase "logistics
system" was carried out with an assessment of the term "system" in the context of engineering of logistics
systems of machines and processes of the construction industry. This is due to the fact that logistics sys-
tems are included in the generally accepted concept of "system", because they consist of system-forming
elements, closely interconnected and interdependent with each other, which have ordered connections and
form a certain structure with predetermined properties. Most of the schemes that implement material flows
during crushing, sorting, mixing, stacking and compaction are of this type.

Keywords: applied mechanics, logistics system, engineering, machines, properties, energy and
mass flows, parameters.

1.Betyn. JloricTuuHi cuCTEMH € OLIMPEHUMH SIK 32 BU3HAUEHHSIM TaK 1 3aCTOCYBAHHSM B
OaraTboX ranyssx, skl € JAMHAMIYHUMH 1 IUIeCTIpIMOBaHMMH. TOMYy B criemniaiizamii 1HKeHepis
JOTICTUYHHUX CHUCTEM CHELiabHOCTI NMPHUKIAJHA MEXaHIKa € BaXJIMBUM HAyKOBHM HampsSMKOM iX
3aCTOCYBaHHS Ha OCHOB1 aHaJli3y W CHHTE3y Ta CTBOPEHHS €(EeKTUBHUX KEPOBAHUX CHUCTEM Oyi-
BEJIbHOT 1HIYCTPIi.

2. AHaJIi3 iCHYIOYMX BU3HA4YeHb «IOTICTHYHA CHCTeMa» Ta iX 3acTocyBaHHs. [cHye Hu-
3Ka BU3HAUYEHb MOHSATH, 1110 SIBJIAE COOOI0 JIoTiCTHYHA crucTeMa. PDOpMyBaHHS MOHATH «JIOTICTHYHA
cHCTeMay 3aliMalTiCs BITYM3HSHI Ta 3akopaoHHi ¢axisii [1,2,4-9 | Lle: A.M. INamxuncekuii, M.I1.
Jenucenko, €.B. Kpukascekuii, H.B. Hopnonuceka, B.C. Jlykuncekuii, H.I'. Merenenko, B.1. Cep-
ree, O.M. Tpunin ta iHo3emHi1 ¢axisii: J.JIx. bayepokc 1 J1./1x. Kioc Ta inmii. CioBocmony4deHHs
«JIOTICTMYHA CHCTEMa» CKJIAJJAl0uMCh 13 IBOX TEPMIHIB: JIOTICTUYHA 1 CUCTEMA, MTOTPeOye 3MICTOB-
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HOTO aHaJi3y WX TEPMIHIB JIJIs 3’ CYBaHHs HE TUIHKU MPUPOJIU iX YTBOPEHHS, a 1 BUSBICHHS OCO-
OonmBocTel 3actocyBanHs. CTanuM, HaBEACHUM B CHIMKJIONEII] BU3HAYCHHSM, € HacTymHe (op-
MYJIFOBAHHS: JIOTICTUYHA CUCTEMa — aJIallTUBHA CHCTEMa 13 3BOPOTHUM 3B'SI3KOM, 1110 BUKOHYE Ti
YM iHIII JOoricTUYHI (YHKIIT Ta onepartii, CKIaJaeTbesl, MEPEBAXKHO, 3 IEKIIBKOX MiJACUCTEM 1 Ma€
JIOCUTh PO3BHHYTI 3B'SI3KU 13 30BHIIIHIM CEepeIOBHUILEM. ANalTUBHA CUCTEMA (CHUCTEMa, L0 cama
HPUCTOCOBYETHCS) — CHCTEMa, 10 aBTOMATUYHO 3MIHIOE€ aJTOPUTMHU CBOTO ()YyHKI[IOHYBaHHS 1
(1HOJ1) CBOIO CTPYKTYPY 3 METOIO 30epekeHHsI a00 JOCATHEHHS ONTHMAJIBLHOTO CTaHy MHPH 3MiHi
30BHIIIHIX yMOB. Li 1Ba BU3HAUEHHS HAOIMKAE IO TyMKH PO MOXKIIMBICTD 3aCTOCYBAaHHS TEPMiHY
«JIOTICTUYHA CUCTEMAa) BiJ] BEJIMKOI KUTBKOCTI MATEMaTUYHOIO OIHUCY KEPOBAHUX CHUCTEM JI0 Kibep-
HETUYHUX CHCTEM, B TOMY YHCJII KOHCTPYKIIIIO €IIEKTPOMAarHitHoro Biopomaiinandukal3]. Tak, Tomy
1110 32 XapaKTepPOM 3MiH y KepYIOUOMY IPUCTPOi aJlalTUBHI CUCTEMH NOJUIAIOTH HA: CaMOHaall-
TOBaHI (3MIHIOIOTHCS TUIBKH 3HAUCHHS MTAPaMETPIB PEryysaTopa) Ta CaMOOPraHi30BHI (3MIHIOETHCS
CTPYKTYpa CaMOro peryssropa). Takux NpUKIIaaAiB MOKHA HABECTH 13 Oy/b SKOI raidy3i HapOIHOIO
rocnogapcTa. OTKe € BCi MiZICTaBU BBAXKATH, 110 B PAMKax CHEIIabHOCTI «IPUKJIaIHA MEXaHIKa»
JOTiCTUYHA CUCTEMa Ma€ IPaBO Ha BUKOPUCTAHHA 10 BUZHAYEHHS [IEBHUX IPUCTPOIB 1 KOMIUIEKTY
MaIllH, 10 1 € IPEMETOM JaHUX JTOCII/IKEHb.

3. BukJiajieHHs1 OCHOBHOT0 MartepiaJy. JIOriCTHUHI CUCTEMH BKJIAJAIOThCS Y 3arajlbHO-
NPUKHATE TOHATTS «CHCTEMI», 00 CKIaAI0THCS 13 CHCTEMO YTBOPIOIOYHMX €JIEMEHTIB, TICHO B3aeE-
MOIIOB’I3aHUX 1 B3a€MO3AJICKHUX MK CO0O010, SIKI MatOTh BIIOPSAKOBAHI 3B’ SI3KU 1 yTBOPIOIOTH Ie-
BHY CTPYKTYpY 13 3a3/1aJIeri/ib 3aJaHMH BJIACTHBOCTSIMH. BOHa, sIK TIpaBUIIO, CKIIAA€THCS 3 JIEKi-
JBKOX I1JICKUCTEM 1 Ma€ PO3BUHEHI 3B’ I3KU M1k cO0010 200 13 30BHILIHIM cepeioBHIleM. B nepiiomy
BUTIAJIKY JIOTICTUYHY CUCTEMY MO>KHA PO3TIIAIATH SK MAIIMHY, MEXaHi3M, 3aCO0M MexXaHi3aiii, po-
00TH Ta MaHIIyJIATOPH. KOMIUIEKTH MAIIMH, a B IpyrOMY — IIPOMHUCIIOBE HIANPHUEMCTBO, JIiHII BU-
poOHMIITBA OyAiBeNbHUX MaTepialiiB ToOmO. JIOTiCTHYHI cHCTEMH MOAUISIOTh Ha MaKpO- 1 MIKpOJIO-
rictuyHi. MakposoriyHa cuctemMa — Iie CHUcTeMa, L0 CKIAJA€ThCs 13 KOMIIEKTY MAIlWH, SIKUMHU
HEOOX1THO 3ICHIOBATH BiTIOBIIHE yIPaBIIiHHS IXHBOIO POOOTOIO B 33JIaHOMY TEXHOJIOTI€IO MPO-
11eci BAKOHAHHSI POOIT, TEXHOJIOT14HA JIiHis 310paHHs TOT UM 1HIIOT KOHCTPYKIIT MallluHK, abo 1HIIa
CUCTEMa yNpaBJIiHHA MaTepialbHUMU OTOKAaMH, 1110 OXOIUIIOE MiANPUEMCTBA 1 OpraHi3allii IpoMu-
cJ10BOCTi. MIKpOJIOTiCTHYHI CUCTEMH € MiACUCTEMaMH, CTPYKTYPHUMH CKJIQJIOBUMH MaKpOJIOTiCTH-
yHUX cucTeM. Jlo HUX BIAHOCSATHCS pi3HI 301pHI OJMHUIII MAIIUH: IPUBOJIU, CUCTEMHU KEPYBAHHS
pobourMu opraHamu MamuH. JIxo6ii JoricTHYHINA cucTeMi MpUTaMaHHI HACTYITHI BJIaCTUBOCTI:

-IIUTICHICTB 1 3/1aTHICTH JI0 PO3AUICHHS — CHCTEMA € IUTICHA CYKYITHICTh €JIEeMEHTIB, 1110 B3a-
€MOJIIOTH O/IUH 3 OJTHUM;

- MK eJIeMEHTaMH JIOTICTUYHOI CUCTEMHU € CYTT€EBI1 3B A3KH, 5Kl 3 3aKOHOMIPHOIO HEOOX1/1-
HICTIO BU3HAYAIOTh IHTETPaTUBHI SIKOCTI;

-3B’SI3KM MIXK €JIEMEHTaMH JIOTICTUYHOI CUCTEMH ITE€BHUM YMHOM BIOPSIIKOBaHi, TOOTO JI0-
TICTUYHA CHCTEMa BOJIOIE TIEBHOIO OPraHi3aIli€o CBOET pOOOTH;

-JIOTICTUYHA CUCTEMA BOJIOI€E IHTETPAaTUBHUMH SIKOCTSMH, HE BIACTUBUMH >KOJHOMY 3 eJie-
MEHTIB okpemo. DopMyBaHHS MAITMHOOY/IIBHOTO MIAMPUEMCTBA SIK JIOTICTUYHOI CUCTEMH B 1HTET-
panifHOMy JOTICTUYHOMY CEpEOBHUII 13 YITKO BU3HAUEHUMH SIK BHYTPIIIHIMU TaK 1 30BHILIHIMU
3B’SI3KaMHU, € 3aIIOPYKOI0 JOCATHEHHS 3HAUHOTO CUHEPTIYHOTO €PEeKTY JIOTiICTUYHOT 1H-
Terparii.

4. OcHoBH (hopMYBaAHHA JIOTICTHYHHUX cHcTeM OyaiBeJIbHOI iIHAYCTpii.

4.1.Po3podka npuHuMMiB ¢popMyBaHHS JOTiCTHYHUX cHCTeM. B OCHOBI pillleHHs MMOKIa-
JIeH1 METOJIU TIPOTHO3YBAHHS, METOJIOJIOTIS CACTEMHOTO aHaJli3y, KIOEpHETHIHUM Mmiaxif, (Hi3uko-
MaTeMaTHYHE MOJICIOBaHHA. BaxIMBICTh MPOTHO3YBAaHHS JIOTICTUYHUX CUCTEM 3yMOBJIEHA TEHIe-
HI[ISIMU PO3BUTKY LIUX CCTEM: MOXJINB1 BUKOPHCTAHHS HOBUX PO3pOOOK(POOOTIB, MAHIMYJISITOPIB),
N0sIBa HOBUX AJIbTEPHATHB BUPIILIEHHS MPOOJIEM, 3aCTOCYBaHHS HOBUX OUTBII HAIIHHUX 1 ICMIEBUX
MaTepiajiB MNPy CTBOPEHHI MAIUH 1 00JaJHAHHS, SIK MIJCUCTEM JOTICTUYHUX CHUCTEM. 3/1HCHIO-
€TbCS IPOTHO3YBAHHS B HACTYITHIN MOCIIIJOBHOCTI:

- BH3HaueHHS 00’€KTa MPOTHO3YBaHHs Ta HOTo MapameTpiBs;

- OOIpyHTYBaHHS KpUTEPIiB OLIHKU Ta MOJIeNIel TPOTrHO3YBaHHS;
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- pe3yJIbTaTH MPOTHO3Y.

MeToa010Tis CHCTEMHOTO aHaji3y 0a3yeTbcsi Ha JOCSATHEHI SK KIIACHYHUX rally3ed HayKu
(MatemaTuka, (i3uKa, MEXaHiKa Ta 1H.), TaK 1 HEKJIACHYHUX obOJyiacTell (CHHepreTruka, iHpopMaTHKa,
Teopii HEeMHIMHOT TUHAMIKM I TUHAMIYHOTO Xaocy, KatacTpod). CrijibHUNA B3a€MOBIUIMB TEXHIKH 1
Cy4acHOT TEXHOJIOTIi 30arauye CHCTEMHHUH aHajIi3 HOBUMH METOJIaMH, MOJICIISIMHU, CEPEIOBUIIIAMH.

KiGepuernunuii minxin nependavyae BUBYCHHS IMPOLECIB YIPABIiHHS, OIS €JIEMEHTIB
CHCTEMH, B TOMY YHCJIi 32 JIOTIOMOTO0 BUSIBIICHHS IIPSIMUX Ta OOCPHEHHX 3B’ SI3KIB.

Di3uK0o-MaTeMaTUYHE MOJICTIOBAHHS 0a3y€ThCs HA JIOCSITHEHHS OCHOBHHUX IOJIOXKEHb KIla-
CHYHOI MEXaHIKM Ta Teopii CyIiIpbHUX cepenoBuil. [1o0ymoBa Mozeei A IPOSeKTYBaHHS JIOTiC-
TUYHOI cucTemHu nossrae (puc.l) B ysBieHH1 Gi3uku poOOUMX MPOLECiB Ta iHTepnpeTanii ix y mMa-
tematnuHii Gopmi[10].

HaBko1HIIHE
cepeJoBHINE -
VMozeH
| pobotm | XapaKTepHCTHKI
JloricTHYHA
W
2

Mogens /

[a—

\ 3300611

Puc. 1. Cxema 3aBgaHHs 3 MOIEIIOBAHHS JIOTICTHYHOI CHCTEMU:
1 — Bimomi naHi; 2 — 00yMOBIIEH] J1aHi.
Fig. 1. Schematic of the task of modeling a logistics system:
1 — known data; 2 — conditional data

[Tpunumnu GopMyBaHHS CUHEPreTUYHOI JIOTICTUYHOI CUCTEMHU IPUBEIEHO HAa PUCYHKY 2.

IlpeanEnE GopMyBAHHS CHHEPreTHYHOI JIOTICTHYHOY CHCTEMHA

3abe3neueHHS ITocmiJoBHI eTan CTBOPEHHA BrkopHCTaHHA
BIMIOBITHOCTL CHCTEMI Ha OCHOBI KepOBaHHX
PO3paxyHKOBHX CTPYKTYPHOTO Ta TIPHCTPOiB

napame_TPiB TapaMeTPIYHOTO CHATE3Y i Yﬂ_Pf_iBJ_IiHH_’I i3

CHCTEMH IHCHHM BHKOPICTaHHA BiIOBIIHIX MIHIMI3aII€R0

KpHTepiiB CHHepTii BITpAT CHepril

migcucTeMaMi

Puc.2. Ilpuauunu GpopmyBaHHS JOTICTUYHOI CUCTEMHU
Fig. 2. Principles of forming a logistics system

4.2.Ilpukjaaan JOriCTHYHUX cMcTeM OyaiBeJIbHOI IHAYCTPIl.
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4.2.1. CTpyKTypHa cXeMa MalllMHH, SIK JIOTICTUYHOI CHCTEMHU.

Ha pucynky 3 HaBeeHO 3arajibHy CTPYKTYPHY CXeMy MalluHH JJisi 00poOKu MaTepiaiis. 3a
CTPYKTYPOIO MAIlIMHA, SIK CUCTeMa CKJIQIAI0ThCA 3 STy MiZCUCTEM, TOOTO TPHUCTPOIB, IPU3HAYE-
HUX JUIsI BAKOHAHHS TICBHUX TEXHOJIOTIUYHUX onepauii 1 Gpynkuii [11 ].

L IoLIIMa /26 HET KOHITIEO0bHO—
|| /iepembopobay [ — XUBUABLHUL BuripobasmsHug
pyxy HiF/ Aguemod (TIXTY ApLCmL (KB
© # r <
i ooz HonorixrHud
JIxepenc FPobdoswd gpzay PO/ g
o POOGHHT
orepzii () Kopmyc (K) gozar (4P0)
o i % L J
Buirwest U/?D,QU Fezimond
|| %ﬂf’ﬁa K — rpvempei | |OGicK L ApUCITEe T
Vo a =
XODOITKY 3 EGHGHHT +
——— /X EHELZI!

—— OLX MOTIEDER

Puc. 3.CTtpykTypHa cxema MalliHH, SIK JOTICTUYHA CUCTEMA.
Fig. 3. Structural diagram of the machine as a logistics system.

VYci mijcucreMu 3arajgbHOl CTPYKTYPHOT CHCTEMH MAIlIWHU (JIUB. pUC.3) MAlOTh TIEBHE MTPH-
3naueHHs. [xepeno eneprii (IE) — e npuBia MammHu, M0 3A1HCHIOE TEPETBOPEHHS OJIHOTO BHLY
eHeprii B iHIIN ( 3a3BMYall eJIEKTPUYHOI B MEXaHIuHY) 1 mogaBaHHs ii 10 poboyoro oprany (PO).
[TpuBix cknamaerses 3 neperBoproBaua eHeprii (I1E), nepenaui (IT) i meperBoproBaua pyxy (IIP).
Haityacrime B poni I1IE BUKOpHUCTOBYIOTH €I€KTPOJABUTYH, 1HOJII €IEKTPOMAarHiTi, I1iJIpoIHEBMO-
npuBou. [lepenaTHi MexaHi3MU MOKHA MOAUIMTH HA TPU BUAM: Ti, IO HE 3MIHIOIOThH IIBUAKOCTI,
Ta Ti, K1 3MIHIOIOTh 1 PETryJIIOI0Th BUAKICTh. Jl0 MepIIoro TUIy HajeXaTh pI3HOMaHITHI My(QTH.
Jlnist 3MiHM HMIBUJKOCTI pyXy 3aCTOCOBYIOTH Pi3HI MPHUCTPOI, a JUIs peryiaroBaHHs — Bapiatopu. [1P
CIIyTY€ 715l 3MIHU BUJLy PyXY, HaiyacTille o0epTalbHUN pyX IEpEeTBOPIOETHCSA B 1HIII BUIM, HAIIPU-
KJIaJl, Y 3BOPOTHO-TIOCTYTJIbHUM.

Kopmyc (K) — enemenT, sikuit ciyrye 6e3nocepeiHbo s KPIMJIeHHs 1 3'€IHaHHS €JIEMEHTIB
MAaIIMHU, MOXe OyTH BUKOHAHUH y BUTIISA/II KOPITYCY JIMTOI CTAHMHM, METAJIOKOHCTPYKIIIT 200 pamMu
(3BapHOi 200 po30ipHOT).

Po6ounii opran (PO) — enemenT Mammnu, o 6e3nocepeIHb0 BIUMBAE Ha MpoAykT. PO, mo
BUKOHYIOTh OCHOBHY TE€XHOJIOT1YHY (DYHKIIit0, HA3UBaIOTh OCHOBHHMH, @ €JIEMEHTH SIKI BUKOHYIOTb
JI0JIaTKOBI oreparlii, — JOMOMbKHUM poOounM opranom (/IPO).

[Tpuiimansro-xuBmIbHUNA npucTpiit (IDKII) — enemMeHT MammHuy, SKi CIyTyIOTh Ul IPHIA-
MaHHS (II0JIJaBaHHs) CUPOBUHU a00 HamiB(}aOpuKaTiB 1 MpU HEOOXIAHOCTI OYTH KEPOBAHOIO y Yaci
H1ICUCTEMOIO.

Bunyckni npuctpoi (BII) — enemenT MatmmHu, sKi CIyryrOTh AJ1s BUBEEHHS OTPUMAHOIO
B PE3yJIbTaTi TEXHOJIOTIYHOT 00pOOKH 0JTHOTO a00 JIEKIIBKOX MPOIYKTIB.

Onopu 1 miasicku (O 1 1) — eneMeHTH, sIK1 CIIYTYIOTh JUIs 3'€THAHHS PyXOMHX €JIEMEHTIB
MallliH 3 HEPYXOMHUMH 3a JIOMOMOTOI0 TMPY>KUH Ta 1HIIUX NPYKHUX eleMeHTiB. barato cyuacHux
MaIuH 1 o0nmagHaHHs Oy/IIBEJIbHOI IHYCTPii MatOTh y CBOEMY CKJIaJi opraHu ynpasmiHas (Y), pe-
rymoBasibHi ipuctpoi (PIT), koHTponbHO-BUMIpIOBaNbHI puiaau 1 anapatypy (KBII), cencopu
(C). Otxe, Taka MaIIWHA 32 CBOECIO OYIOBOIO CKIIAJAETHCS 13 B3a€EMOIIOB’ I3aHUX TT1JICUCTEM, Xapa-
KTEPU3YETbCS  KEPOBAHICTIO PYXY €JIEMEHTIB Y 4aci, 110 1 MiJCTaBOIO ii BBAXKATH JOTICTUYHOIO
CUCTEMOIO.
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4.2.1. Cxema Ta NIpUHIMI POOOTH caMo a1anTOBaHOI BiOpauiiiHoT MamuHu.

BiOpomaiinaHuuk 3 eneKTpOMarHiTHUM MPUBOIOM SIBJISIE COOOIO0 BOMAacOBY aBTOKOJIMBA-
apHY cuctemy[3]. Bepxus maca Bkirtouae Macy pobodoro oprany 3 (prc.4), Ha SIKHH BCTaHOBIICHO
dopmy 1 3 cymimimiro, Mo yIiIbHIETHCS, Ta Macy craTopa 4 eleKTpoMartira 3 KOTyIIkor 5. BepxHs

Maca 130JIbOBaHa BiJl (bsz[aMeHTy OIMIOPHUMH aMOpTI/I3aT0paMI/I 2.
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Puc.4. Camo amanToBaHMii e1eKTPOMAarHiTHUH BiOpoMaiiTaHIMK 3 KEPOBAaHUM PEKUMOM POOOTH.
Fig. 4. Self-adapted electromagnetic vibrating platform with controlled operation mode.

HuxHs Maca BKIIOYae Macy yJaapHHUKa / 3 sIKOpeM 8 eleKTpOMarHita. Y JapHUK 3'€/IHY-
€THCS 3 pOOOYMM OPTaHOM MPYKHHUM 3B'sI3KOM (pecoporo) 6. Macu criBygapsitoTscst uepes Oydepu
9, 3a30p B IKMX MCHIIIMH BiJl 3230PY Y MarHiTOIPOBOIi eJIeKTpoMarHita. KoTyIku eJeKTpoMarHiTiB
ycix BiOpOOIIOKIB MiJI’ € AHAHO MapajeabHO A0 OJI0Ka KHUBJIEHHS. Mk poOOYHM OpraHOM 1 yIapHHU-
KOM BCTaHOBJICHO II€PEPUBHUK JKUBJICHHS eJleKTpoMarHiTiB. [lepepuBHUK, KUl ABIsE COO0I0
Oe3koHTakTHUH 1HayKMiiHWA gatauk 10 i mpamopens 11, € eneMeHTOM 3BOPOTHOTO 3B'A3KY B
cxeMi kepyBaHHs 12 6mokoM xuBieHHs 13. briiokom »*uBieHHs € Tpuda3sHUl THPUCTOPHUN BU-
npsamisd. [l yac npoxoKeHHs cTpyMy B KOTYIILI M1 11€0 €JIEKTPOMAarHiTHOI CUIIM MacH 30711-
KYIOTBCS 1 CTUCKAIOTh MPYXHI €JIeMEHTH MiJBICKU yaapHuka. [Ipu 3amaHoMy mojio’keHH1 Mac (B
MOYaTKOBUH MOMEHT yjAapy abo TpOXH paHillle) NepepUBHUK 3HECTPYMIIIOE KOTYyIIKy. Jlami, mia
JIE€I0 CUJIM TATH €JIEKTPOMArHiTa, sika NpoIOBKY€EThCS 3ATUIIKOBUM CTPYMOM, MacH MPOJIOBKYIOTh
30MKyBaTHCh, cTHCKatouu Oydepu. [ToTim mix Ai€ro noTeHiaabHOI eHeprii cTucHEHHs OydepiB 1
MiBICKU YIapHHKA, & TAKOXK 3aB/SKU BIIHOBJICHHIO IIBUIAKOCTI MICTS yIapy MacH BiJamsOThCS.
Uepes 3amanuii mTpoMikKOK Yacy (B MOYATKOBUM MOMEHT 30JMKEHHS Mac abo TPOXHU MI3HIIIIE)
penie Jacy, ke BBIMKHEHE /10 CXeMH KepyBaHHsI, 110/1a€ KUBJICHHS Ha KOTYIIKY 1 IIUKJI MOBTOPIO-
€TbCS. 3MIHOIO 3aTPUMKH 4acy Ha BBIMKHEHHS €JIEKTPOMArHiTiB MO)KHA PETyJIOBaTH MapamMeTpu
cucremi. Lle BinOyBaeTbes 6e3mocepeIHbO Mijl Yac poOOTH MALIMHM 32 JOIIOMOTOI0 EPEMIHHOTO
pe3ucTopa, KUl yBIMKHEHO A0 pene yacy. [Ipu perynmoBaHHI 3aTpUMKH 4acy B MeXax Hepioay
KOJIMBaHb YacTOTa yAapiB 3MiHIO€THCS Ha 15%, HamiBpo3Max KOJMBaHb poOOYOro opraHy — Ha
30%, makcumanbHe npuckopeHHs — Ha 200%, acumetpis — Ha 35%. [Ipu 3MiH1 3aTpUMKH 4acy B
HMIMPOKHUX MEXaxX OTPUMAHO CTIHKI peKUMH POOOTH YCTaHOBKH B iHTepBaii 4...25 I'n. Le nae misc-
TaBy PEKOMEHYBaTH BUKOPHUCTAHHS TAKUX CUCTEM, IMOPS/ 13 YIIUIBHEHHSIM, B 1HIIUX TEXHOJOTI-
YHMX Ollepamisx (Hanpukiaa copTyBaHHI MaTepianiB, pydHHyBaHHI TOPOJIH TOIIIO).

5. O6roBopenHs pe3yabTaTiB. 3M1HCHEHUI HaJ3 ICHYIOUNX BU3HAYEHB «JIOTICTHYHA CH-
CTeMay Ta iX 3aCTOCYBaHHs 3aCBITUMB, 1110 ICHY€ HU3Ka BU3HAUYEHb MOHATH Takoi cucreMu. CioBo-
CITOJIyYEHHS «JIOTICTUYHA CUCTEMay, SIKa CKJIAJAa€ThCs 13 IBOX TEPMIHIB- JIOTICTUYHA 1 CHCTEMA,
PO3IIISIHYTO Y KOHTEKCTI 1H)KEHepii JIOTICTHYHUX CHCTEM MAIIIKH 1 poLeciB Oy 11BEIbHOI IHAYCTPIi.
OOyMOBIIEHO 1€ THM, IO JIOTICTHYHI CUCTEMH BKIIAJAIOTHCS Y 3aralIbHOTIPUIHSATE TIOHATTS «CHUC-
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TeMHu», 00 CKJIaJIal0ThCS 13 CHCTEMO YTBOPIOIOUUX €JIEMEHTIB, TICHO B3a€MOTIOB’ I3aHUX 1 B3a€MO-
3aJIeKHUX MK CO0010, SIKI MalOTh BIOPSAKOBAHI 3B’ 13KH i YTBOPIOIOTH IIEBHY CTPYKTYPY 13 3a3/1a-
JIeTib 3aIaHUMU BIIACTHBOCTSIMU. HaBeneHa po3poOka nmpuHIUIIIB (POpMYyBaHHS JOTICTHYHHUX CH-
CTeM B OCHOBI SIKUX MOKJIAJ€HI METOIU POTHO3YBAaHHS, METOOJIOTISl CHCTEMHOI'0 aHalli3y, Kibe-
PHETUYHUHN Miaxin, ¢izuko-MaremMaTudyHe mojentoBaHHsA. CdhopmynboBaHl HTpHHIUIN (hopmy-
BaHHS CHHEPTeTHYHOI JIOTICTUYHOI CHUCTEMH LIJIKOM KOPENIOIOTHCA 13 TUCIHUILTIHAME «MO/JIEIIO-
BaHHS Ta MPOEKTYBAHHS JIOTICTUYHUX CHCTEM» Ta « CHHTE3 JIOTICTUYHUX cucTeM». HaBeneHi mpak-
TUYHI pimeHHs (puc.3, puc.4) HIIKOM sK 3a OyZOBOIO TaK 1 3a MPUHIMIIOM pPOOOTH BOJIOIIIOTH
3araJIbHONPUIHATAM BJIACTUBOCTSIM JIOTICTUYHUX CHCTEM, TOOTO SIBISIOTHCS AJallTUBHUMH CHC-
TEMaMH 13 3BOPOTHUM 3B'S3KOM.

6. BucHOBKH:

1. IIpuBeneHi pe3ynbTaTi OOIPYHTYBaHHS MICIS Ta BU3HAYEHHS MAIlUH 1 poueciB Oyi-
BEJIbHOI 1HAYCTpii, 00’ € JHAHUX Yy BIMOBIIHOCTI JI0 CIIemiai3allii iHKeHepisl JOTICTUYHUX CUCTEM
CHEUiaIbHOCTI IIPUKJIaHA MEXaHIKaY.

2. Po3po6eni npuHIumu GopMyBaHHS JIOTICTUYHUX CUCTEM JIsl CXEM 1 MaIlluH Oy/IiBellb-
HOI B OCHOBI ITOKJIaJIEHI METOIM MPOTHO3YBAHHS, METOAOJIOTISI CHCTEMHOTO aHalli3y, KibepHeTn-
HUHW Miaxig, pi3sMKo-MaTeMaTHYHe MOJICTIOBAHHS, SIKi MOXKHA TIepe10auyuTH K BUOIPKOB1 TUCIIHII-
JiHM Juig OaKanaBpiB Ta MaricTpiB cremianizamii iHKeHepis JIOTICTUIHUX CUCTEM.

3. HaBeneni npukiaagy JIOTICTHYHUX CUCTEM OYIIBEIBHOI IHIYCTPIil K 3a OyJOBOKO TaK i
3a IPUHLIUIIOM POOOTH BOJOAIIOTH 3aralbHONPUHHSATHM BIACTHBOCTSIM JIOTICTHYHUX CUCTEM.

Cnucox BUKOPUCTAHUX JKepeJt:

1.Hasapenko 1.I Cunres norictuunux cucteM: Koncnekr yekiii.— K.: KHYBA,2016.— 128 c.

2. Hazapenko [.I. OcHOoBM MOAemOBaHHS 1 IPOSKTYBAHHS JIOTICTHYHUX CUCTEM Ta MPOIECiB Oy MiHIyCTPil:
monorpagis. Kuie: «Bunasaunrtso Jlroammiaay, 2019. 190 c.

3. Hazapenxo L.I. Ilpuknagni 3agadi Teopii BiOpaniiHux cucreM. Hapuanpamid mociOHUK (2-T¢ BUJAHHS).-
K.:BugaBunuwii Jlim «CioBoy», 2010. — 440c.

4. BacuneBcbkuii M. CrucreMu 3a0e3MeUeHHS JIAHIIOTIB MIOCTABOK y MAIIMHOOYAyBaHHI : MOHOrpadis /
M.Bacunescrkuii. — JIpBiB: Bu-gasauirso JIsBiBcekoi momitexuikm, 2011. — 312 ¢.

5. Jenncenko M. I1. Opranizaunis Ta NpOeKTyBaHHs JIOTICTUYHUX CHCTEM: MIAPYYHUK / 3a pea. mpod. M. IL.
Henucenka, npod. I1. P. Jlexoris, npod. JI. I. Muxaiinosoi. — K.: Llentp yuboBoi miteparypu, 2010. —
336 c.

6. Kucnmit B.M., binosoaceka, O.A., Onedipenko O.M. Ta inm. Jlorictuka: Teopist Ta npaktuka: Hapu.
noci06.— K.: Ilentp y4u6oBoi miteparypu, 2010. — 360c.

7. Kpukapcbkuii €.B.,HopHonucbka H.B. Jlorictuuni cuctemu: [HaBu.nociOHuk| /— JIpBiB: Bua-so Har.
yH-Ty «JIpBiBChKa MONiTEXHIKAY, 2009. — 264 C.

8.Mamota JI.5I. Koncnekt nekuii 3 kypcy «Jlorictuka» : Enexrponnuii pecypc /— Tepuonins, THTYVY,
2017. — 120c. — Pexxum gocrymy: https://dl.tntu.edu.ua

9.Merenenko H.I'. Tapabaun K. C.. JloricTiuHa cucTeMa ImiIIprueMCTBAa MallIMHO-0Y/ 1IBHOT Tajy3i y Jioric-
THYHOMY MeHe/DKMeHTi. @uHaHchl. YueT. banku.. Ne 1 (20) 2014. C. 196 — 202.

10. Hazapenko LI. I'apuens B.M., Ceinepcbkuit A.T. Ta iHm. CucTeMHUH aHali3 TEXHIYHUX OO’ €KTiB:
Hapuansamii nocionuk.— K.: KHYBA, 2009.-164 c.

11. Hazapenxo L.I., bepauk .M. OcHOBM poeKTyBaHHs 1 KOHCTPYIOBaHHS MallMH Ta 00JaHaHHS Tepe-
poOHUX BUpOoOHUITB: HaBuansHUi MOCIOHUK AT BUIIUX HaBYaIbHUX 3akinadiB.K.: « BunaBanunii Jlim.:
«Cnosoy, 2012. — 590c.

References:

1. Nazarenko I.1. Synthesis of logistics systems: lecture notes.— Kyiv: KNUBA, 2016.— 128 p.

2. Nazarenko I.1. Fundamentals of modeling and design of logistics systems and processes of the building
industry: monograph. Kyiv: Lyudmila Publishing House, 2019. 190 p.

3. Nazarenko I.1. Applied problems of the theory of vibration systems. Textbook (2nd edition).— Kyiv: Slovo
Publishing House, 2010. — 440 p.

10



Bunyck/Issue 41, 2024 T ‘

4. Vasylevsky M. Supply chain support systems in mechanical engineering: monograph / M. Vasylevsky. —
Lviv: Lviv Polytechnic Publishing House, 2011. — 312 p.

5. Denysenko M. P. Organization and design of logistics systems: a textbook / edited by prof. M. P. Den-
ysenko, prof. P. R. Lekovets, prof. L. I. Mykhaylova. — Kyiv: Center for Educational Literature, 2010. —
336 p.

6. Kyslyi V.M., Bilovodska, O.A., Olefirenko O.M. and others. Logistics: Theory and practice: Textbook —
Kyiv: Center for Educational Literature, 2010. — 360 p.

7. Krykavskyi E.V., Chornopyska N.V. Logistics systems: [textbook] /- Lviv: Publishing house of the Na-
tional University “Lviv Polytechnic”, 2009. — 264 p.

8. Malyuta L.Ya. Lecture notes for the course "Logistics": Electronic resource /— Ternopil, TNTU, 2017. —
120p. — Access mode: https://dl.tntu.edu.ua

9.Metelenko N.G. Taraban K. S.. Logistics system of an enterprise of the machine-building industry in
logistics management. Finance. Accounting. Banks.. No. 1 (20) 2014. P. 196 — 202.

10. Nazarenko I.I. Garnets V.M., Svidersky A.T. and others. System analysis of technical objects: Text-
book.— K.: KNUBA, 2009.-164 p.

11. Nazarenko 1.1., Bernyk .M. Fundamentals of design and construction of machines and equipment for
processing industries: Textbook for higher educational institutions. K.: « Publishing House: «Slovoy,
2012. — 590p.

11



T J Texmika OyaiBHMIITBA Bunyck/Issue 41, 2024

Y[OK69.00.25
DOI: https://doi.org/10.32347/tb.2024-41.0402

AHpgpin 3anpuBoga

KaHOnOaT TEXHIYHNX HayK,

3aBigyBay kadpegpu aBToMaTtm3aLii TEXHONOriYHMX NpoLEeCiB
KuiBCbknI HauioHanbHUA yHiBepcuTeT ByaiBHULTBA | apXiTeKkTypu,
npocn. MoeiTpsHux cun 31, m. Knie, 03037, YkpaiHa

ORCID: https://orcid.org/0000-0001-9171-9325

E-mail: zapryvoda.av@knuba.edu.ua

METOAU PO3PAXYHKY NAPAMETPIB MNOBEPXHEBUX BIBPALIMHUX MALLWH
ana YWNbHEHHA BYAIBEJNIbHUX CYMILLEW

AHOTALIA. B po6omi po3pobrneHo memodu po3paxyHKU OCHOBHUX NapamMempig noeepxHesux 8i-
bpamopis, ycmaHOBOK, 8ibpauiliHux KOmKie Ha 0CHO8i QOCTIOXXEHHS 3MiuiaHOi OUCKDEMHO-KOHMUHYasbHOI
modeni cucmemu «poboyuli opaaH MallUuHU- yW,inbHIOYe cepedosuwiey. Ar2opummu po3paxyHKy nobyado-
8aHi Ha rornepedHbOMY 8U3HaYEeHHI0 8UBOPY muny MawuHU 8 3aieXHocmi 6i0 8udy MexHO02iYHo20 Mpo-
uecy ywinbHeHHs1, cknady cymilui, 06rpyHmyesaHHs pexxumie ma rapamempis. 3anporioHo8aHi 4Yucsiosi 3Ha-
YEeHHS1 Kpumepiig OUjHKU i3 3abe3rneyeHHaIM eghbeKmuBHUX ma eHep2emuyYHUX Macos8ux, CU/Io8UX ma eHep-
2emuyHuUx rokasHukie. Memoduku pospaxyHKy rnepedbayaromp SIK 3@ Pe30HAHCHI ma Pe30HaHCHI pexumu
pobomu gibpayitiHux MawuH. OmpumaHi pe3yrnbmamu 8idkpusaroms wWiisix 011 MPOeKmMye8aHHs1 8ibpauitiHux
MaWUH i iIHWUX KOHCMPYKUiti 8aHo20 Kracy.

Knroyoei croea: memodu pospaxyHku, gibpayiliHa cucmema, pe3oHaHc, napamempu, Kpumepii
amrnimyda, yacmoma KoJlUu8aHsb.

METHODS FOR CALCULATING THE PARAMETERS OF SURFACE VIBRATING MA-
CHINES FOR COMPACTING BUILDING MIXTURES

ABSTRACT. The paper developed methods for calculating the main parameters of surface vibrators,
installations, and vibratory rollers based on the study of a mixed discrete-continuous model of the system
“machine working body - compacting medium”. The calculation algorithms are based on a preliminary defi-
nition of the choice of the type of machine depending on the type of compaction process, the composition of
the mixture, and the justification of modes and parameters. The numerical values of the evaluation criteria
are proposed to ensure effective and energy mass, power, and energy indicators. The calculation methods
provide for both resonant and resonant modes of operation of vibrating machines. The results obtained open
the way for the design of vibrating machines and other structures of this class.

Keywords: calculation methods, vibration system, resonance, parameters, amplitude criteria, oscil-
lation frequency.

1. Beryn. IIpu po3paxyHkax nmapameTpiB BiOpaliiHUX MalllWH BapTO BUOMpATH PO3paxyH-
KOBY CXEMy, sIKa B1JJoOpaka€ BpaxoBYBAaTH BIUIMB OETOHHOI CyMillll, 1110 YIIIJIbHSAETHCS, HA JUHA-
Miky maruHu [ 1,2 ]. 11 3akoHOMIpHOCTI BiOpaIliifHOTO YIIITFHEHHS OETOHHOI CYMIllli CBITYaTh PO
Te, IO JJIS PO3B'sI3aHHS I11€1 3a/1a41 MOTPIOHO PO3TIIAIATH YIIUIBHIOBAIBLHY MAIIMHY 1 OETOHHY CY-
MIIlI SIK €TUHY JUHaMi4Hy cucTteMy. Came Takuil mijaxiJl BUKOPUCTaHUN B pO3pOOIl METOJIiB PO3-
paxyHKY OCHOBHMX IapaMeTpiB MOBEPXHEBHUX BiOpaTOpPiB, YCTAHOBOK, BIOpaLliifHIUX KOTKIB Ha OC-
HOBI paHillle BAKOHAHKX JTOCIIKeHb [2-5 ].

2.AHani3 nyoJikaniii mo Temi gocixkeHHs. Po3paxyHkam napameTpiB BiOpariitHiux mMa-
[IMH TPUCBSUEHA HU3Ka poOiT[1-4 ]. AHamizoM 3’ICcOoBaHoO, 110 ICHYE JBa METOAM BpaxyBaHHS Oe-
TOHHOI CyMillli TPY BU3HAYEHI MapaMeTpiB: eMIIpUYHHUMA Ta TeopeTHuHui. EMnipuynmii Metos 3a-
CHOBAaHMI HA TakOMy MiaXofi[ 6]. BBaxaeTbcs, M0 pU 3aBaHTaXXEHHI OETOHHOIO cyMimo (o-
pMH, 110 PO3MIITYEThCs Ha (hOpMYBaJIbHIHM BiOpaliiiHii MallinHi U1 32 pe30HAHCHOTO PEXUMY PO-
00TH, 301IbIIIEHHS KOJIMBHOT MacH 3MEHIIIYE aMILTITyly KOIMBaHb podoyoro oprany. Tomy y dop-
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MyJiax ISl 1 BU3HAYCHHS KOJIMBAaHb pOOOYOTO OpraHy BPaxOBYETHCS KOE(IIIEHTOM « TPHEN-
HaHHS OCTOHHOI CyMIllli, SIKHIA SIBJIsT€E COOOK0 BiTHOIIICHHS Ty YaCTHHY MacH, Myp, sIKa BiJOOpaXkae
CTYMiHb BIUIMBY JI0 IOBHOI MacH CyMiIni M: a = M,/ M. 3a Takoro migxoxny Gopmysa s BU3HA-
YeHHS KOJHMBaHb POOOYOro opraHy BiOpariiftHoi MamuHau Xo Oyae MaTu BUTIISA:

mO r-0

Xo=t  — 1)

- )
M, +am
Je Myl - CTaTUYHUI MOMEHT MacH Jie0alaHCiB, SKUH € CKJIaJ0BOIO 30BHIIIHBOI cuiH, Fo, sika BU-

. 2 .
3HAYA€ThCA 3a 3AIEXKHICTIO: Fo= M I,@w" . TyT @ - 4yacToTa KOIMBaHb BIOPOMAIIMHH.

3a pi3HUMH €KCIIEPUMEHTAIBHIUMHU JaHUMHU KOe(]illieHT MpHeIHaHHA OETOHHOT CyMilli KO-
JMBAETHCS B IOBOJI IUPOKUX Mexax, « =0,15...0,60. KoediuieHT ¢ He BpaxoBye BUTpATH €HEPTIi,
SIK1 HEOOX1TH1 JJIs YIIUTbHEHHSI OETOHHOI cyMimri. TomMy, BpaXxOBYIOUH BIUIMB MacH O€TOHHOI Cy-
MIII Ha TUHAMIKY BiOpaliiHOT MAIlIMHY , 110 MPAIIOI0Th ¥ 32 PE30HAHCHOMY PEKUMI, X pO3paxy-
HKOBA CXeMa PO3IIISIIAETHCS Y CIPOLICHOMY BUIJISIIL SIK TUCHIIATUBHY CUCTEMY (TOOTO 3 pO3Cito-
BaHHSIM €HEprii) 3 OJHUM CTyIleHeM BUIbHOCTI. [Ipu oMy Aucumnaiis eneprii, HoB's3aHa 3 yIIiib-
HEHHSIM OCTOHHOI CyMillli, MOJICITIOETHCS OITOPOM D, a KyT ¢ 3CyBY (a3 MiXK 30BHIIIHBOIO CHJIOHO 1
NepeMilleHHsIM IIPU PO3paxyHKY MOTYKHOCTI OepyTh TakuM, 110 aopiBHioe 145...160°. Cepennio
MOTYXHICTh KOJIMBaHb BiOpaIiiHoi MamuHu P, 00YUCITIOITE (POPMYJIIOF0:

P, =%FOXOa)sin Q. (2

OueBunno, mo Gopmynu (1) i (2) € 3aHaATO CHPOIIEHUMH 1 MOXKYTh OyTH BUKOPHCTaH1
TIUIBKHM B PAMKaX OTPUMaHUX €KCIIEPUMEHTAIBHUX 3HAYCHb KOeQillieHTa o 1 KyTa (.
Jpyruit MeToa po3risigae CIIbHUN pyX MalIMHU 1 OETOHHOI CyMilli Ha OCHOBI MOJET, B
AKIH €JeMEHTU MAIUHU € AUCKPETHUMH, 8 OETOHHA CyMilll pO3MOIIJICHUMH TapaMeTpaMu. 3a TaKko1
Mozienl ¢opMmylna JUis BU3HAUEHHsSI KOJUBaHb poOOYOro oprany BiOpariiiHOi mamuHu Xo Oyne
MaTH BUTJIS:
X, = il _, ©)
(Mo +mofa) +(mo'd)

ne a i d- koedillieHTH, 1110 BPaXOBYIOTh BILUTUB MPY)KHO- IHEPIIHHUX Ta JUCHITATHBHUX BIACTHBOC-
Tell OETOHHOI CyMillll Ha pyX B1OpaliiiHoi MalIuHuU:
a.sh2a,h+ 5, sin24 h a,sin25.h— B sh2a,h

= cd= . 4
¢ h(a? + B2 )[ch2a,h+cos23,h] h(a? + B2 )[ch2a,h+cos 23 h] )

3anexxHocTi (4) BpaxoBYIOTh T€OMETPUYHI XapaKTEPUCTUKH 1 PEOJIOT1uH1 BIACTHUBOCTI Oe-
TOHHOI CyMillll Ta aKyCTUYHI1 TapaMeTpH, B TOMY YHCIII 1 HOMEp FapMOHIKM YaCTOTHU KOJUBAHb. 1110
€ CBITYCHHSIM IOBHOTHU BPaxyBaHHS BIUITMBY OETOHHOI CyMIIIl Ha KOJMBaHHS MaluHU. [1oTyXHICTB
MIPUBOTY BIOpaliifHOT MallTMHU Ha B1IMIHY BiJl pOpMYyJH (2) OKpeMO BU3HAYAIOTHCS HA YUIUIbHEHHS

P, TaHa poscisHHA eHeprii B By3nax MamuHu P, |

1 d
P, =5 FoXowd s P =Fu—lo. 5)

ne u = 0,005...0,008 — xoediuieHT TepTd B migmmMNHEEKAX; d , — JiaMeTp nandu miamunHAKa.
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Amnaniz 3anexHocte (3)...(5) 3acBiguye iX MOKIIMBICTh 3aCTOCYBaHHS JUTsl IIMPOKOTO Ki1acy BiOpa-
[IHHOT TEXHIKM 1 TOMY caMe LIeH ITi1X1]] BAKOPUCTAHUHN B JAHUX JTOCIIIPKCHHSX.

3.Meta Ta 3agau4i po6oTu. Meta poOOTH MOJIATAaE y pO3poOIIl METOIIB PO3PAXyHKH OCHO-
BHHX ITapaMeTpPiB TMOBEPXHEBHUX BiOpOMaIIMH Ta BiOpaIliiHUX KOTKIB.

3amadi poOoTH:

- BU3HAUEHHS palliOHATbHUX IapaMeTpPiB MOBEPXHEBUX OBEPXHEBUX BIOPOMAIIIHH.
-po3poOKa METOIIB pO3paxyHKH X OCHOBHHUX IapaMeTPiB MIOBEPXHEBUX BIOPOMAIIINH;

- BU3HAYCHHS palliOHAJIBLHUX MMapaMeTPiB KOTKIB Ta pO3poOKa METOJIB pPO3paxyHKY iX Oc-
HOBHHUX MapaMeTpiB.

4. BuzHayeHHs1 panioHAJbLHUX NapaMeTpiB MOBePXHEBUX BiOpoMalIMH Ta po3podka
MeTO/IiB PO3PaxXyHKH iX OCHOBHHMX NapaMeTpiB.

4.1. BusHayeHHs paliOHAJBHUX NIapaMeTpPiB NOBEePXHEBUX BiOpOMAaIlMH.

[ToBepxHeBe yUIUIbHEHHS 3aCTOCOBYIOTH JIJIsl BCIX BUIB PyXOMHX OCTOHHUX CyMiIleil pu
yKJIaJaHHi iX 3aBTOBIIKH HE OipmI sk 200 MM. OcOOIMBO YacTO Take YIILJIbHEHHS! BUKOPHCTOBY-
I0Th TIPY CHOPYKEHHI 3aJ11300€TOHHUX MOKPHUTTIB y NOPOKHBOMY OyniBHUITBI. Halimommpeni-
NIMMH BiOpamiifHIMHA MalllMHAMU TIOBEPXHEBOTO YITUTBHEHHS € BIOPOILTUTH, BiOpopeliku Ta BiOpa-
ilHI KOTKH. 32 pe3yJIbTaTaMU TEOPETHYHUX Ta EKCIIEPUMEHTAIBHUX JOCIIHKEHb BIOPOIUIHT Ta Bi-
Opopeiiok BU3HAYEH] YMCIIOB] 3HAYCHHS aMILTITY/] 0€3BIAPMBHUX KOJUBAaHbX( 1 MEX IX TPAaHUIHHUX
3Ha4eHb Xr ( Ta6n. 1). B Tabnuili 2 HaBeAeH! YMCIOBI 3HAUYEHHS PAIliOHAIbHUX YacTOT KOJIMBaHb
BiOpaliifHUX TJIMT 1 BiOpaliHUX pPEHOK AJIsi OCHOBHUX XapaKTePUCTUKH OyAiBENbHUX CYMIIIeH.

Tabmuus 1. Yncnosi 3HAYSHHS aMILTITY/] O€3BIJPUBHUX KOJMBAHb X0 1 MEX IX rpaHUYHUX 3HAYECHb
Xr

Table 1. Numerical values of the amplitudes of continuous oscillations Xo and the limits of their
limiting values X,

h, m Xo,M Xr,M

0,10 6,24:10%...2,01-10* 2,48:10%...1,02:10*
0,15 6,86°10°...2,26:10* 3,71-10%...1,53-10*
0,20 7,48:10°...2,52:10* 4,95-10°...2,04:10*

Tabmurs 2. Yucnosi 3HaYeHHS YaCTOT KOJIMBaHb BIOPOILTUT 1 peex
Table 2. Numerical values of vibration frequencies of vibrating plates and rails

XapakTeprUCTUKU Yacrora KomBaHb, @ 1/C
0eToHHOI JpiGHO3epHUCTI 3aTI0BHIOBAYI KpymnHo3epHucrti
cyminmi cymiri 3aIIOBHIOBAYI CyMillli
XKopcrkicts, XK, cex 2K<100 2K>100 JK<100 2K>100
Bucora mapy, Mmm 400-500 500-600 - -
h<50
50 <h <200 350-400 400-450 300- 350 350-400
h>200 300- 350 350-400 250- 300 300- 350

Po6ota Bcix MalvH AJis YUIUIbHEHHS MTOB'3aHa 3 MPUKJIAJICHHSIM Ha IXHIO IOBEPXHIO ITHK-
JIYHUX HaBaHTakeHb. [Ipy HaBaHTa)KeHH1 HANPY>KEHUH CTaH CyMIIl MIABUILYETHCS, a IPH PO3Ba-
HTa)XEHHI 3HIDKYETHCA. Y JCSIKUX BUIAJIKaX PO3BAaHTAKEHHS HE Bifpa3y B1IOyBaeThCs 3a HAaBaHTa-
KEHHSIM, TOOTO MaKCUMaJIbHUN HANIPY>KEHUH CTaH CyMIIl MIATPUMYETHCS IPOTATOM JESKOT0 yacy.
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[{ukIiyHe HaBaHTAKEHHS XapaKTepU3y€eThCS IIBUIKICTIO 3MiHU HAIIPY)KEHOTO CTaHy, sIKE BU3Haya-
€ThCsl MIBUJKICTIO 3MIHU HAIPY»KEHOI'O CTaHy V,  PO3yMI€ThCs MEpIla MOXiAHA BiJ HAIPYKEHHs

do mo yacy dt:
do
Vm = '
dt

SIKo Hampy>KeHHS B 4aci 3MIHIOETbCS PIBHOMIPHO, TO IIBUAKICTH 3MiHU HANpy>KEHOTO
CTaHy BU3HAYA€ETHCS SIK:

(6)

vV, =—. (7)

B Ta611.3 npencraBieHi OTpuMaHi 3HaYEHHS IMapaMeTPiB MUKIIYHIX HAaBAaHTAXEHbB, SKI Ma-
I0Th MICIIE TIPH YIIUTbHEHHI IPYHTIB PI3HUMH 3aC00aMHu.

Ta6mums 3.ITapameTpu MUKITIYHUX HABaHTAKCHB
Table 3. Parameters of cyclic loads

. HIBuakicThb 3arajgpHUA yac
MakcumanbHui .
) ) . 3MIHM Hallpy>e- | Hampy>KeHOTro
Croci6 yurinbHeHHs KOHTAaKTHHUH THCK, ;
Hen10°2 HOTO CTaHy Ol | CTaHy IPYHTY 3a
HOBEPXHI OJIMH LIUKII
Bibpaniiitaumu mmmramu:
— B TApMOHIHOMY peXHUMi 3,0-9,0 10-90 0,01-0,30
KOJMBaHb,
B PS)KUMI BiOpaIiifHOrO Tpa- 5,0-50,0 45-500 0,008-0,012
MOyBaHHS

EdexTuBHICTh BUOpaHUX Ta BU3HAUYEHUX MApaMETPIB 13 ypaxyBaHHSAM 3aJIeXKHOCTI (6) oLi-
HIOBaJIacs 3a KpUTEpieM:

I@.rw. = Xoa)s/h . (8)

[Topsiz 13 BiOpommuTaMu 1 BiOpopelikaMu 3aCTOCOBYETHCS IOBEPXHEBE BIOPOIITAMITYBaHHS,
3aCHOBAaHE HA MPUHIMII OJHOYACHOTO BIUIMBY Ha OyiBeJbHY CyMilll BiOpallii Ta HaBaHTa)KEHHS
(Tucky) Bix mrammy. EhekTuBHICTh BIOpOIITAMITyBaHHS 13 YpaxXyBaHHSAM 3aJI€KHOCTI (6) OILiHIO-
€TbCA CITIBBIIHOLICHHSM 3MYIIyBaJIbHI CHUIM BiOpaTopa Fo 10 BEIWYMHU CTATUYHOI CHIIM TUCKY
Ha cyMinl Fey, !

Is.mm: FO/ ch- (9)

OnruManbsHe 3HaueHHs BenmunHu  Fo/ Fo, 3HaxXomuThed B Mexax 2—2,5. AGCONIIOTHA Be-
JMYMHA TUCKY npu 1iboMy ckianae 0,008—0,012 MITa. Haiibinbim eeKTUBHUM U1 BiOpoIITaMITy-
BaHHS € cyMimi miaBuIeHoi )xopcTkocTi (150-200 c). g Hux BenIuYuHa MUTOMOTO TUCKY 3HAXO-
muThes B Mexax 0,015-0,020 MITa, a Binpomenns Fo/ Fe, =2,5-3.

4.2 Po3pobka ajJropuTmMy po3paxyHKy napaMeTpiB NnoBepXHeBHUX BiOpomMaliuH.

[TpuHuun poOOTH aNropuTMy pO3paxyHKy MaIIMH TOBEPXHEBOIO  YHIUIBHEHHS
OyIiBeIbHUX CyMilIeH nojsrae B HacTynHoMy. BuxiqHi nmapamerpu Juist po3paxyHKy (6mox
1) oGuparoThCs B 3aJI€KHOCTI Bii KOHKPETHOTO BUAY OyAIBEIbHOI CyMilll, MPUIHATOI CXeMU Ma-
mad. Ha ocHOBI 11boT0 BHOIp (i3MyHOT MOJIeN1 YIIUTbHIOI0UO0T 0€TOHHOI cyMinti (610K 2) Ta 3A1i-
CHIOETHCS SIKICHUM aHali3 1 mepeBipka KOpeKTHOCTI mMozeni (650K 3), sika BigoOpaxae peanbHHA
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MIPOIIEC 3aKOHIB 3MIHH ii peOJIOTIYHUX BIACTUBOCTEN. B 3a1€)KHOCTI BiJl YMOB Ta BHUCOTH YIIUIHHIO-
I090T0 IIapy BUOMPAETHCS MaTeMaTWYHA MOJENb (AMCKPETHA YM  JIHCKPETHO- KOHTHHYaJIbHA)
(6mox 4) 1 Hajgai TWapaleabHO 3IIHCHIOETHCS PO3PAaXyHOK MapaMmeTpiB 1 kpurepis (00K 5) Ta
B1IOYBA€THCS YHMCIIOBE MOPIBHIHHSA KPUTEPIiB €PEKTUBHOCTI TEXHOJIOTIYHOTO Tporiecy (070K 6).
SIk1o po3paxoBaHi MapaMeTpu € 3aJ0OBOJIBHSAIOTH JTAHOMY KPUTEpPil0, MapaMeTpH BiJIOBINAIOTh
JnaHomy mporiecy (610K 7), sk 1o Hi (010K 8), mporpamMa rnepexoauTh Ha 0y10ku 2-4.

Ha pucyHnky | HaBeJIeHO aNroOpuTM PO3paxyHKy OBEPXHEBHX BiOpOMAIIIHH.

1.BuxigHi TEXHOJIOTIYHI TapaMETPH MPOIIECY MOBEPXHE-
BOT'0 YIIIJIBbHEHHSI OETOHHOT Cymini

\ 4

A

2.Bubip ¢iznuHOi MOJeNi yIIiIbHIOI0Y0i OETOHHOT CyMili

A 4

A

3.SIkicHuii aHami3 1 mepeBipka KOPEKTHOCTI MOJEIi

A 4

4.Bubip MaTeMaTUYHUX 3aJIeKHOCTEH y BIAMIOBIAHOCTI 10
Mozenl
Ta MEPeTiK KPUTEPIiB TEXHOIOTIYHOTO nporiecy
| I
AHaniTuuH1
3aJIEKHOCTI

! !

5.Po3paxyHok mapameTpiB

Mexi KpuTepiiB

A 4

6.I1opiBHSHHS pe3ynbTATIB

lpos.=[1] #[I]

7.Tak, pO3paxyHOK .
3aKiHUEHO 8.Hi- 6moxu 2-4

v

Puc. 1. Anroput™ po3paxyHKy MalllMH IIOBEPXHEBOTO YIIUILHEHHS Oy1iBENbHUX CyMileit
Fig. 1. Algorithm for calculating machines for surface compaction of building mixtures
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% =2 (10)

ne M- Maca Bibparopa; c- koedilieHT npyKkHOCTI OyniBeabHOI cymili; Fo — 3MyImryBanbHa cuina
BiOpaTopa; x-TiepeminieHHs Bibparopa.

KoedirieHT npykHOCTI OyAiBEIBHOI CyMIIlll BU3HAYABCS HA OCHOBI 130TE€PMIYHOTO CTHCKY-
BaHHS MOBITPsI, TOOTO MpuiiMaacs TirnoTe3a «MOBITPSHOD» MPUPOAU 3B’ SI3KYy MK HANPYKEHHSM 1
nedopMarti€ero:

2
czw, (11)

;600
ae S — mioma BibpaTopa, 10 KOHTAKTYE i3 Oy/1iBeIbHOI CyMIIlIIIo; p, , P, - aTMOC(EpHHI 1 cTa-

TUYHHUIA THCK Ha CyMillL; |- rinOuHa mapy yluiibHIOBaIbHOT OYIiBEIbHOT CyMIlII.

PosrnsigaroTbest 1B pO3paxyHKOBI CXEMH «IIOBEPXHEBHI BiOpaTop-yuIiibHIOIOYa OyaiBe-
JpHA cyMitm(puc.2).

) [ro

m T F(t) 4 b

a o

Puc.2. Po3paxyHKOBi cxeMH «IIOBEpXHEBUH BiOpaTOp-yIIiIbHIOBaTIbHA Oy IiBEIbHA CyMIl»:
a- TUCKpeTHA; O-TUCKPEeTHO-KOHTHHYaJIbHA.
Fig. 2. Calculation schemes "surface vibrator-compacting construction mixture™:
a- discrete; b-discrete-continuous.

Jnis BU3HAUEHHS aMIUTITYId KOJIMBaHb 32 CXeMOI0 (pHc.2,0) BUKOpUCTOBYeMO hopmyiy(3).
3a cxemol1o (puc.2,a) 11 BIOPOIPUCTPOIB 3 HANIPABICHUMHU KOJIMBAHHSAMH, 110 MPALIOIOTh Y 3ape-
30HAHCHOMY PE€XHMIi, OTYKHICTh KOJIUBaHb BT, BU3HAYa€THCS 3a 3aJI€KHICTIO:

1
max B, = 1 FX,@, (12)

ne F, — HeoOxiaHa Ul MATPUMKH 3aaHO1 aMILIITyId 3MYIIYIOYH CHJIa PO3paxOBaHa 3 ypaxy-

BaHHSM BIUIMBY OE€TOHHOI CyMillll Ha BIOPONIPUCTPIN; @ — YacTOTa 3MYLIEHUX KOJIHUBaHb;
Jl1s BIOpONIPUCTPOIB 13 KPYTOBUMH KOJMBAHHSIMU:

1
max P, = 2 FX,0. (13)

[ToTy>XHICTb CHJI TEPTS B MiMIMITHUKAX BIOpOBO30YIKyBaya:

d
P = Foﬂ%a)’ (14)
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ne u = 0,005...0,008 — xoeditieHT TepTs B MiANTUITHAKAX; d y — AlaMeTp HanQu miIIHIHUKA.

3aranpHa MOTYKHICTh IBUTYHA, KBT:

_ max Pep + Ppp

15
A 10007 (15)

[ToryxHICTh BIOpamiHUX IUIMT Ta BIOpALIMHUX PEHOK 3a PO3PAXYHKOBOK CXEMOIO
(puc.1,0) BU3HAUAETHCS 1O hopmyii(4).

[TpoyKTUBHICTh BU3HAYAETHCA JAJISI KOHKPETHOTO Martepially 3 ypaxyBaHHSM TOBIIWHHU
HIapy, Mo yIIbHAETHCS:

60
H:by'hy.ly.t_’ (16)

Y
ne I1 - mpoaykTuBHICTB, T/TOX 200 M3/ro; by - mmpuHa mapy, mo ymiieHIeThes, M; Ny - TOBIIMHA
mapy, o yIIIbHAEThCS, M; ly -MoBXHHA yIIiTbHIOBaIBHOT AUIsTHKE 10-20 M; t, - TPUBAIICTh HUKITY
YIIUTBHEHHS, [0 BKJIIOYA€ Yac OJHOTO IMOJBIHHOTO MPOXOAY Ha MepIIrX (HU3bKa IIBUIKICTH) Ta
HACTYMHHX (BHCOKA IMIBUJKICTH) MPOXOAaxX, TOMHOXEHE Ha KUIbKICTh MPOXOJIB MO IUPHHI Ta Ki-

JBKICTh IPOXO/IiB IO OJIHOMY MICIIIO, XB.

4.3.BuzHaueHHs palioHAJBLHUX IapaMeTPiB KOTKIB Ta po3po0Ka MeTOAiB PO3PAXyHKY
iX OCHOBHHMX NapaMeTpiB.

Po3paxyHnkoBa cxema BiOpalifHOro KOoTKa MpHUBEACHA HA PUCYHKY 3. BiOpamiiHuii KOTOK
(puc.3,a) MonemoeTbcst MacaMu M1 My, (puc.3,0), AKi pyXarThCs MiJ AI€I0 3MIHHOT 3MYIIYIOUOi
cumn, F B ineanpHux (0e3 TepTs) HANPSIMHUX, 1 OTXKE, Y OyIb-SIKHIi MOMEHT 4acy ii OJI0KEHH:I
MO’K€ BU3HAUATHUCS KOOpAUHATAMU. X11 X2 [ 7]. Bci mpy»KHi BIaCTUBOCTI MOACITIOKOTHCS JITHIHHUMEI
OpYyXUHAMHU 13 Koe]illieHTaMu MPY>KHOCTI €1 Ta 2. Omip KOJIMBAHHIM MOJIEIIOETHCS AeMIIpepom,
110 XapaKTepHU3ye B I3KUI XapakKTep.

It
§Q ul E '

a o

Puc. 3. BiOpamiiina cuctema « BiOPOKOTOK-YIITEHIOIOUMI MaTepiam):
a —3arajibHa CX€Ma, 0 —pPO3paxyHKOBa CXeMa
Fig. 3. Vibration system "vibrating roller-compacting material:
a - general scheme; b - calculation scheme
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B Tab6n.4 npeacraBieHi oTprMaHi 3HaYE€HHS MapaMeTPiB ITUKIIYHUX HAaBaHTAKEHb, SIKI Ma-
I0Th MICIIE TIPH YIIUTbHEHHI IPYHTIB PI3HUMH KOTKaMH.

HageneHi naHi BiAMOBIAIOTH KiHITKO IPOLIECY, KOJIH MIIJIBHICTh YIIUIBHIOIOUOTO MaTepiary
O6sm3bKa 110 0,950 max. 3 TAOIUII BUIHO, IO MPOIIEC YUTIIbHEHHS XapaKTEPU3YETHCS BETHMKOIO IITBU-
JIKICTIO TIPOIIeCY ¥ BUCOKMX KOHTAKTHHMX THUCKiB. Brcoka yactoTra yaapiB BiOpalliiHUX MaIivH IIi-
IBUIY€E ePEeKTUBHICTh IXHBOT Aii. TakKuM YMHOM, B pe3yJIbTaTi BIUIUBY 30BHIIIHEOTO HABAHTAXKCHHS
nedopmartis yIiijapHIOIYOr0 MaTepialy 3HAYHO 3aJICKUTH BiJl MApaMeTpiB HaBAaHTAXEHHS, MMPHU
[[bOMY [TapaMEeTPU MIHSIIOTHCS B JOCUTh NTMPOKHX MEXax.

Tabmuns 4.I1lapameTpu MUKTIYHAX HABAHTAXKEHb KOTKAMU
Table 4. Parameters of cyclic loading by rollers

Y P —— mBHHKiCTB 3arajapHui yac
) ) . 3MIHH HallpyXe- | HampyKeHOTO
Crioci6 yurinsHeHHS KOHTAaKTHHUH THCK, .
H/en102 HOT'O CTaHy §1J1$1 CTaHy IPyHTY
MOBEPXHi 3a OJIMH ITUKII
Kotkamu:
3 [JIAAKUMHA BaJIbLSIMHU 70-120 25-300 0,04-0,25
Ha HHEBMATUYHUX LIMHAX 60-100 5-60 0,10-0,40
BiOpaniifHuMu KOTKaMu 40-120 50-800 0,01-0,015

[Tepexin Bix BiOpamiiHOrO /0 yIApHOTO PEXHUMY KOJMBaHB BinOyBaeTbes mpu  Fo =2F¢;
(Fo - 3mymytoua cuia, Fer — Bara Bambipt). TyT po3max KOJHMBaHb BajbIlsl KOTKA 301IBIIYETHCS
IPSIMO MPOIOPLIHHO BITHOCHOT BEJIMYMHOIO BUMYILIEHUX KOJMBaHb. Taka 3aKOHOMIPHICTh Ma€ Mi-
cre 1o Fo =8F:, micis 9oro BoHa HaOyBae eKCIIOHEHTHUN XapakTep. YIIiJIbHEHHS He3B'I3HUX TPY-
HTIB OL1bIII €PEeKTUBHO B TOMY BUIAJIKY, KOJIM KOTOK POOUTH KBa3irapMOHiiHI KOJIMBaHHS BETUKOL
ammtity . [Ipu TakoMy pexumi Ha yIIUIBHEHHS OAMHHUII 00'€eMy I'PYHTY BUTpPAda€eThCsl MiHIMa-
apHa poborta. Llei pexxum npu yacrtorax 30-60 I'n nocsraerses 3a yMoBU Fo<<2F.;. Pazom 3 Tum,
YIIITbHEHHS 3B'SI3KOBUX I'PYHTIB MOBUHHO MPOBOJUTHCSA NPH YJAPHUX KOJUBAHHAX KOTKA, 1 TOMY
1pH BUOOPI BiTHOCHOT BEJIMYMHH BUMYIICHUX KOJMBAHb MOXKITHBO KepyBaTHCs HepiBHICTIO Fo (3,5-
4,0) Fer. OneprxkyBaHHi BiJ 3aCTOCYBaHHS BIOPOKOTKIB e(heKT MOXKHA OLIHUTH KoedilieHToM ede-
KTUBHOCTI, SIKUH MpeCTaBIsie COOOI0 BIIHOIICHHS:

Ke(b: qCT/ q;mH (17)

1€ (er — JIHIMHUAN THCK KOTKA CTATUYHOT Ji1, Quyuw - TIHIHHUM TUCK KOTKA JUHAMIYHOT ii.
MaxkcumanbHi 3HaUe€HHSI KOHTAaKTHUX Hamlpy’kKeHb B YUIUIBHIOIOYOMY CEpPEIOBHII s BiO-
POKOTKIB BUPAXKAIOThCS 3aJIEKHICTIO:

Max - R *
(18)
ne R - paniyc Banbug; E - Monynp gedopmariii B yIIIbHIOIOUOMY CEPEIOBHUIL; (s - TIHIHHUIMA TUCK,
SIKUW BU3HAYAETHCS 32 (HOPMYJIIOIO

L (19)
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ne Fo - ammnityiHe 3Ha4eHHSI TApMOHIWHOT CUITK Basblist; Fer - cuma TspKiHHS Basbl; L - mmpuHa

Basbll; Kiep - KoedinienT nepeBuitieHHs, Kuep =3 -5 (puc.4)

Knp
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Puc.4.3anexHicTs KoedirieHTa nepeBUIneHHs Ky, KOHTAaKTHOTO THCKY BiJl CITiBBIIHOIICHHS
aMILTITYTHOTO 3HAYEHHS TapMOHIIHOI CHIIM BaNbIA A0 CHIIM TSDKIHHS BaJbIISA
Fig. 4. Dependence of the coefficient of excess Kper of contact pressure on the ratio of the amplitude value
of the harmonic force of the roller to the force of gravity of the roller

5. BUCHOBKH:

1. BcraHoBIIEeHI pallioHaJIbHI IMapaMeTpH IMOBEPXHEBUX BIOpOMAIIUH Ta PO3POOJICHO aJiro-
PHUTM pO3paxyHKY iX OCHOBHUX IapaMeTpiB.

2.BusiBneHo paiioHaJgbHI apaMeTpu KOTKIB Ta po3poliieHa METOIUKa pPO3PaxyHKy iX
OCHOBHUX TapaMeTpiB.

3.Bu3HadeHHs pexHMiB Ta MapamMeTpiB MOBEPXHEBUX BiOPOMPHUCTPOIB 3/ilCHIOBaTIOCS 13
ypaxyBaHHSIM, 110 PO3paxyHKOBA MOJIENb CyMillli JOCTEMEHHO Bi100pakae peajibHi yMOBH 11 pyXy
13 ypaxyBaHHSIM: BCIX CKJIaJIOBUX OIOPY, 0 SIKMX BITHOCATHCS iHEpIiiiHi, MPYyXHi 1 AMCUIIATUBH1
il BIACTUBOCTI; XapaKTep KOJMBaHb 3 ypaxyBaHHSAM CHJI, SIKI IIOTh B KOHTAKTHIN 30H1; BUPAXOBY-
BaHHS BIUIMBY KOHCTPYKTHBHOI CX€MH MAIlIMHU HA PEXUMH (POPMYBaHHS IIOBEPXHI BUPOOY.
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STRUCTURAL REVIEW AND ASSESSMENT OF TECHNOLOGICAL AND DESIGN
PARAMETERS OF CRUSHING EQUIPMENT FOR THE CONSTRUCTION INDUSTRY

ABSTRACT. Due to the growth in the volume of mineral extraction and the increasing demand for
the processing of construction waste, reducing energy consumption has become one of the key areas of
research in the field of machines for the production of building materials. Solving the problem of determining
energy consumption is a difficult task, since these costs depend on numerous variable factors that vary during
the operation of the machine and are difficult to accurately predict. The development and creation of energy-
efficient crushing machines is one of the areas of improving the technologies for the production of building
materials. The work considers the designs of common crushing machines for the production of building ma-
terials and their features. A criterion-based assessment was performed on the main generalized parameters
of the mechanical mode, on the basis of which the most promising models were established and recommen-
dations were given regarding the area of further research.

Keywords: crusher, energy efficiency, criterial assessment, mechanical mode parameters.

1. Introduction. The process of disintegration (division into particles) of a material is un-
derstood as a series of operations as a result of which the size of a solid particle of material (rock)
is reduced from the initial to the final sizes required for the industry. For example, for the construc-
tion industry, the size of the raw material can reach 1.2 meters in diameter, while the size of the
finished product can reach several microns in diameter. The process of disintegration in the con-
struction materials industry can be divided into two separate processes: crushing and grinding
[11.[2].

It has been established that a significant amount of energy is spent on crushing and grinding
various materials. These costs continue to grow due to the increase in the volume of mineral extrac-
tion and the growing need for processing construction waste. In addition to energy costs, the oper-
ating costs of enterprises engaged in the production of construction materials are significant [3], [4].

Thus, the problem of reducing the cost of manufactured products is relevant today. Optimi-
zation of energy consumption of the crushing process is a rather difficult task, as it is associated
with a significant number of factors. In general, all factors that affect the energy consumption of the
crushing process can be divided into two categories: 1) physical properties of the working environ-
ment; 2) technological and design features of crushing equipment [5].

Common crushing equipment used in most enterprises for the production and processing of
building materials are jaw, cone, roller, rotary and hammer crushers [6],[7].

2. Literature Review and Problem Formulation. In [8], methods for analyzing the failure
of jaw crusher structural elements using statistical methods are considered, but the paper does not
specify which jaw crusher model is used for the analysis, which could give an idea of the physical
characteristics of the materials from which the crusher elements are made. In addition, it is not clear
whether these methods can be used for other crushing machines and, if so, what parameters need to
be generalized. In [9], a good energy analysis of the basic laws of material destruction by the work-
ing bodies of crushing machines is given, but the work poorly highlights the design features of
crushing machines and, in general, the emphasis is on the physical characteristics of the working
environment and the parameters of the mechanical mode, but the dependence of these parameters
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on the design features of crushing machines is not noted. In [10], the crushing process by a jaw
crusher is compared from the point of view of energy consumption when using a single-stage and
two-stage scheme. In this case, an experimental jaw crusher is used in the paper, i.e., to use the
results of the work, it will be necessary to use similarity coefficients. On the other hand, these results
can only be used for jaw crushers with simple jaw movement.

3.Research Objectives. To analyze modern designs of crushing equipment and determine
the main directions of their improvement. Based on the analysis, to establish a set of parameters of
the mechanical mode of crushers that have the greatest impact on energy consumption. To assess
the impact of crusher design elements on the consumption of supplied energy.

4. Materials and methods. The main materials for the analysis are scientific, technical and
reference literature on domestic and foreign samples of modern crushing equipment. The main
methods used in the work are criterion-based evaluation of parameters based on the construction of
histograms of the corresponding criteria. Microsoft Excel software is used to perform calculations
and construct histograms.

5. Discussion of the results. Jaw crushers are divided into the following types by the nature
of their operation, which depends on the shape of the crushing parts and their movement: 1) jaw
crushers with a simple jaw movement (double toggle jaw crusher); 2) jaw crushers with a complex
jaw movement (single toggle jaw crusher). A separate subgroup should be allocated to the vibrating
jaw crusher. This classification, in addition to the vibrating jaw crusher, is classical. However, today
there is a trend towards the creation of compact, modular and mobile equipment. Because of this,
the jaw crusher with a complex jaw movement has become more widespread [11].

Jaw crushers are mainly used for coarse and medium crushing. Since the shape of the crush-
ing chamber of jaw crushers is wedge-shaped, when the material to be crushed enters it, it is de-
stroyed due to the convergence of the crushing cheeks. The main method of destruction in jaw
crushers is destruction by crushing, however, due to the kinematic features of the movement of the
cheek and the geometry of the crushing surface in the crushing chamber, it was possible to combine
other methods of destruction. Such methods are destruction by abrasion and splitting or bending.
The combination of abrasion and splitting was implemented in crushers with complex movement of
the cheek [12], [13].

v ‘ i B :
g ﬁ L b ©® ® @ @
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a b
Fig. 1. Jaw crusher with simple jaw movement:
a — jaw crusher with simple jaw movement of the Terex D60 Jaques company;
b — jaw crusher with simple jaw movement in section: 1 — housing; 2 — rod; 3 — adjustment mechanism; 4, 5
— spacer plate; 6 — movable jaw; 7 — fixed jaw; 8, 10 — replaceable crushing plate; 9 crushing chamber; 11 — axis; 12 —
eccentric shaft; 13 — flywheel; 14 - connecting rod

A jaw crusher with a simple jaw movement is shown in Fig. 1. The structure of a jaw crusher
with a simple jaw movement is shown in Fig. 1, b. The crusher consists of a housing 1 in which an
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eccentric shaft 12 is mounted on bearings with a connecting rod 14 suspended from it. The lower
end of the connecting rod has special sockets in which the spacer plates 4 and 5 are freely installed.
The spacer plate 5 rests with its other side against the socket of the movable jaw 6. The other end
of the spacer plate 4 rests against the adjusting mechanism - a wedge stop. The rod 2 provides the
reverse movement of the movable jaw and ensures reliable fixation of the spacer plates. The mova-
ble jaw is suspended on an axis 11, which is installed in the crusher housing. The grinding plates 8
and 10 are fixed to the stationary 7 and movable 6 jaws, respectively [14]. The working surfaces of
the crushing plates and the side walls of the crusher body form a crushing chamber 9. On one side,
a belt pulley is installed on the cantilever part of the eccentric shaft, through which the crusher is
driven by the electric motor. On the other side, a flywheel is installed on the cantilever part of the
eccentric shaft.

The main functions of the flywheel are to ensure smooth running during the work process
and alternate energy storage and transmission. Fig. 1, a shows a model of a jaw crusher with a simple
jaw movement D60, manufactured by Terex.

A jaw crusher with a complex jaw movement is shown in Fig. 2.

Fig. 2. Jaw crusher with complex jaw movement:

a — jaw crusher with complex jaw movement C120 of Metso; b — jaw crusher with complex jaw movement in

section: 1 — front section of the frame; 2 — upper wedge; 3 — filling wedge; 4 — jaw plate bolt; 6 - disc spring assembly;
6 — side lining plate of the crushing chamber, upper; 7 — stationary jaw plate, upper; 8 - movable jaw plate, upper; 9 -
side lining plate of the crushing chamber, lower; 10 - stationary jaw plate, lower; 11 - movable jaw plate, lower; 12 —
fixed wedge; 13 - movable jaw eyelet protection plate; 14 — flywheel; 15 — eccentric shaft; 16 — movable cheek bear-
ing; 17 — movable cheek; 18 — frame fastening rods; 19 — side plate; 20 — frame bolt; 21 — rear frame section; 22 — ad-
justing wedges; 23 — insert; 24 — plate of support liners of the spacer plate; 25 — spacer plate liner; 26 — locknuts with

thrust bearing; 27 — cheek withdrawal (tension) spring; 28 — spacer plate liner; 29 — spacer plate; 30 — cheek with-
drawal rod.

The structure of a jaw crusher with a complex jaw movement is similar to that of a crusher
with a simple jaw movement. The difference is that the crusher with a complex jaw movement does
not have a connecting rod, and the movable jaw 17 is fixed directly to the eccentric part of the drive
shaft 15. In the lower part, the jaw is connected by a spacer plate 29 to the machine hub through a
wedge adjustment mechanism 22. The crusher also has a jaw withdrawal rod 30 [15]. In such a
crusher, the trajectory of the swing of the movable jaw is a closed elliptical curve, with a minimum
difference between the axes of the ellipse in the upper part of the jaw and a maximum in the lower
part. Changing the nature of the swing of the movable jaw changes the load pattern on the material,
which is destroyed under the action of compressive and shear loads.

In modern models of jaw crushers, automated work process control systems are widely im-
plemented. One of such systems is automatic adjustment of the outlet opening due to the hydraulic
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system of driving the adjusting wedges or directly using hydraulic cylinders. The main components
of the mechanical system of adjusting the outlet opening (Fig. 3) are adjusting wedges 1, nuts 2 and
stop tubes 3. To change the outlet opening of the crusher, it is necessary to turn the stop nuts 3 using
a separate ratchet mechanism.

On Fig. 3, b shows the hydraulic system for moving the spacer plate of a jaw crusher. In
crushers with such a system, the outlet opening is changed by moving the wedge stops 2, hydraulic
cylinders 1 and 5. In turn, the wedge stops move the spacer plate 4. The position of the plate is fixed
in the housing 6 by means of plates 3.

Fig. 3. Adjusting devices of the jaw:
a — adjustment of the outlet opening by turning the nut with a ratchet mechanism; b — adjustment of the outlet
opening by moving the spacer plate with hydraulic cylinders; ¢ — adjustment of the outlet opening by moving the hy-
draulic cylinder rod

Fig. 3, c shows the outlet adjustment unit of a jaw crusher. In such crushers, the spacer plate
and the adjustment device are replaced by a hydraulic cylinder.

The main parameters of the mechanical mode of jaw crushers are: 1) the angle of engage-
ment; 2) the stroke of the movable jaw; 3) the frequency of the drive shaft; 4) productivity; 5) power.

The most famous manufacturers of jaw crushers are the following companies: Metso,
Sandvik, Telsmith, Terex, Lipmann- Milwaukee, Thyssenkrupp, Eagle, Parker, Meka, FTM, Trio,
Hewitt Robins, etc. It is also worth mentioning such manufacturers as Komatsu, Finlay, McClous-
key, Rubble Master, Tesab, however, they are more inclined to manufacture mobile crushing plants,
which include jaw crushers.

When considering the parameters of the mechanical mode, the following main criteria of
influence for jaw crushers were determined: 1) productivity per mass; 2) productivity per power; 3)
mass per power; 4) power per crushing degree; 5) frequency of jaw oscillations per productivity.
Corresponding histograms were constructed for each criterion, Fig. 4.

Analyzing the impact criteria, the following conclusions were formed: 1) the best results in
most parameters are achieved by jaw crushers manufactured by Sandvik, Metso, Lipmann; 2) the
best results in terms of the impact of power on the degree of crushing are achieved by a vibrating
jaw crusher; 3) medium-crushing jaw crushers completely dominate the market compared to jaw
crushers with simple jaw movement, provided that the inlet size is up to 1200x1500. This is also
reflected in the criterion assessment.

Cone crushers. In cone crushers, the material is destroyed under the action of compressive,
abrasive and bending loads between the outer and inner cones. Depending on the design of the
crushing machine and its purpose, the inner cone can perform the following types of motion: 1)
moving along a circular trajectory, while performing translational motion, Fig. 1.7, a (Telsmith type
crushers); 2) oscillating relative to a fixed point, which is called the gyration point, Fig. 1.7, b (gy-
ration crushers and Symons type crushers) [16].
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Fig. 4. Histograms of influence coefficients for jaw crushers:
a - productivity per mass; b - productivity per power;
¢ - mass per power; d - power per crushing degree; e - jaw oscillation frequency per productivity

Crushing in a cone crusher occurs continuously with the sequential movement of the crush-
ing zone in a circle. That is, while one side of the moving cone approaches the fixed cone during
rotation, the other side moves away from the fixed cone and the material falls through the annular
gap under the action of its own weight.

By design, cones of cone crushers can be steep cones, which are used for crushing large
materials, and flat cones, which are used for crushing medium and fine materials. By technological
purpose, cone crushers can be classified into:

- cone crushers for coarse crushing (Gyratory Cone Crusher), in which the maximum size of
the feed material varies within 400 - 1260 mm, the width of the outlet (Closed Side Setting) is within
75 -343 mm;
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- cone crushers for medium and fine crushing (KSD). The size of the input material varies
from 40 mm to 414 mm. The width of the outlet varies within 6 mm -50 mm.

N

a b
Fig. 1.7. Schemes of cone crushers:
a — movement of a moving cone along a circular trajectory; b — oscillation of a moving cone relative to a
fixed point.

A separate category should be allocated to vibrating cone crushers. In general, vibrating cone
crushers can be divided into the following types: 1) with a vibrator on the cone; 2) with a vibrator
on the housing; 3) with a vibrator on the housing and cone. It should be noted here that a cone
crusher with a vibrator on the cone has practical application [17], [18].

The main types of medium and fine cone crushers are Symons and Telsmith crushers.

The structure of the cone crusher for coarse crushing (gyration) is shown in Fig. 5. The
crusher consists of the lower 2, middle 4 and upper 6 parts of the frame. The upper part of the frame
is simultaneously a traverse in which the shaft suspension unit 7 is located. The inner surface of the
fixed cone 12 and the inner surface of the traverse are lined with replaceable plates 13 and 10. In
addition, lined plates 11 and 14 are installed on the outer surface of the traverse and in the lower
part of the frame. A movable cone 3 is rigidly fixed on the conical shaft 7, also lined with replaceable
plates 5. The eccentric sleeve 1 is installed in a hollow eccentric shaft 20, which is driven by the
belt pulley 15, through the drive shaft 16 and the bevel gear 17.

The eccentric hollow shaft 20 itself is installed in the cylindrical cup of the frame 19. The
eccentric hollow shaft 20 has an eccentric bore, due to which the lower end of the shaft, when
rotating, outlines a conical surface with the apex at the suspension point. A bushing 18 is installed
between the cylindrical cup 19 and the eccentric hollow shaft 20. The cone suspension assembly
consists of a protective bushing of the main shaft 8 and a bearing 9. When the crusher is operating,
the suspension parts and friction pairs withstand high loads. These loads can be reduced by using
hydraulic thrust bearings, which in turn are also used to automatically adjust the outlet gap. When
starting such crushers in the “under the blockage” mode, an additional engine or a hydraulic unload-
ing system of the crushing chamber can be used. In general, the design of a large-sized cone crusher
has remained almost unchanged for more than half a century.

A feature of cone crushers for coarse crushing is that rocks in the crushing chamber are
subjected to a complex load from compression and bending. The resistance of rocks to bending is
less than the resistance to compression, which gives cone crushers an advantage over jaw crushers
in terms of energy consumption for the crushing process. The finished product itself after passing
through the crushing chamber of the cone crusher has a more rounded shape, i.e. the percentage of
flaky grains is small. The disadvantage is that due to the peculiarities of the cone crusher, namely
the rolling of the inner cone over the outer one, these crushers do not work well with viscous mate-
rial, which can lead to clogging of the crushing chamber. In addition, when crushing viscous mate-
rials, energy consumption increases significantly.
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Fig. 5. Structure of a cone crusher for coarse crushing:

1 — eccentric bushing; 2 — lower part of the frame; 3 — movable cone; 4 — middle part of the frame; 5 — lined
plate of the movable cone; 6 — upper part of the frame; 7 — shaft; 8 — bushing of the cone shaft suspension unit; 9 —
bearing; 10 — inner lining of the traverse; 11 — outer lining of the traverse; 12 — fixed cone; 13 — lining of the fixed

cone; 14 —inner lining of the lower part of the frame; 15 — pulley; 16 — drive shaft; 17 — bevel gear; 18 — bushing of
the supporting unit of the movable cone; 19 — cylindrical cup; 20 — eccentric hollow shaft

Medium and fine cone crushers have a different structure compared to the coarse cone
crusher. The main significant differences are the profile of the crushing chamber, the cantilever
shaft, the hydraulic unloading scheme and the support of the moving cone. In medium and fine cone
crushers, the moving cone is more widened at the base (the angle at the base varies within 40-42
degrees, while in coarse crushers the angle at the base is 70-80 degrees), this contributes to obtaining
a more uniform size of the crushed product. Such crushers are used in the second and subsequent
stages of crushing.

The structure of a medium crushing cone crusher is shown in Fig. 6, a.

The crusher consists of a frame 1, a hydraulic system 2, which is designed for quick unload-
ing of the crushing chamber when the crusher is operating “under a blockage” or when an uncrushed
object hits it. The principle of operation of the system is to move the rods of the hydraulic cylinders
10, which leads to an increase in the distance between the movable and fixed cones. The hydraulic
cylinders 10 themselves are also designed to damp vibrations of the fixed cone of the crusher as-
sembly. The hydraulic drive 3 is designed to change the outlet opening of the crusher (CSS) by
rotating the drive flange 5, which is rigidly fixed to the fixed cone, the threaded ring 4 performs the
function of locking the threaded ring 2 and the fixed cone 6. Accordingly, the fixed 6 and the mov-
able cones 15 have replaceable lined plates 7 and 16. The loading funnel 8 allows you to maintain
a constant loading mode with material. The flange 9 performs the function of locking the movable
cone 15 on the shaft 14 from moving the cone along the axis, and also evenly distributes the material
along the annular loading hole. The crusher is driven by an electric motor through the pulley 11 of
the belt transmission, then through the drive shaft 12 and the bevel gear 13 [19].

In early versions of medium-sized cone crushers, the outlet was adjusted by a hydraulically
driven ratchet mechanism. Spring blocks were used to dampen vibrations of the stationary cone.
Today, such crushers are also widely used.
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Fig. 6. Structure of a cone crusher:

a - medium crushing type Symons (1 - frame; 2 - hydraulic unloading system; 3 - hydraulic drive for changing the size
of the outlet opening (CSS); 4 - locking threaded ring; 5 - drive flange; 6 - external fixed cone; 7 - lining of the fixed
cone; 8 - loading chute; 9 - locking flange; 10 - hydraulic cylinder; 11 - pulley; 12 - drive shaft; 13 - bevel gear; 14 -

conical shaft; 15 - movable cone; 16 - lining of the movable cone)
b - shallow crushing type Telsmith (1 - gyration rolling disc; 2 - wear-resistant cap; 3 - locking tooth)

In terms of structure, fine cone crushers are similar to medium cone crushers, Fig. 6, b. In
foreign literature, one can find a classification of medium and fine cone crushers according to the
Symons and Telsmith types. These two types include large sizes, which can be attributed to medium
crushers by the size of the crushing chamber and CSS, and also include smaller sizes, which can be
attributed to fine crushers. The main difference between these two types of crushers is the shape of
the crushing chamber and the method of supporting the moving cone.

Fig. 7. Terex cone crusher:
1 — tapered roller bearings

Classically, Symons type cone crushers use a spherical sliding support of the inner (moving)
cone, Fig. 6, a. At the same time, in Telsmith type cone crushers, the support of the inner cone is a
gyration rolling disc 1, Fig. 6, b, which is rigidly connected to the drive eccentric bushing. In addi-
tion, the shaft of the moving cone is equipped with a tooth located on its shank. The tooth engages
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with the corresponding tooth on the bottom of the crusher housing 3, as a result of which the rotation
of the cone around its axis is made impossible due to the clamping of the shaft by the drive eccentric,
and the displacement of the moving cone on the sliding support bearings at high speeds is neutral-
ized. These design solutions allow to increase the number of circular oscillations of the cone and
the degree of crushing [5]. The degree of crushing in the crushers shown in Fig. 6, b can reach 6. In
the crusher shown in Fig. 6 instead of a flange with a disk, the movable cone is clamped from axial
movement by a special wear-resistant cap 2.

The criteria evaluation of modern models of cone crushers is carried out according to the
same parameters as for the jaw crusher. The corresponding histograms are presented in Fig. 8.
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Fig. 8. Histograms of influence coefficients for cone crushers:
a - productivity per mass; b - productivity per power; ¢ - mass per power; d - power per crushing degree; e -
cone oscillation frequency per productivity

The main disadvantages of cone crushers are: 1) ellipticity and non-concentricity of the
crushing plates of the cones; 2) increased radial clearances in the eccentric drive mechanism; 3)
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sensitivity to uneven loading; 4) limited frequency of oscillations of the moving cone; 5) lack of
means of quantitative optimization of the feed.

The most efficient crushers in terms of coefficients K1-K3 are cone crushers from Metso,
Moore Watson and FLSmidth. The best results are obtained in the cone inertial crusher for param-
eter K4. According to coefficient K5, the difference between the inertial and eccentric models of
crushers is smaller compared to jaw crushers.

Roll crushers. Roll crushers are designed for medium and fine crushing of materials of
different strengths. The working element of the roll crusher is a roller. Roll crushers with one and
two rollers are common.

On Fig. 9, a shows the structure of two roller crushers. The crusher consists of two parallel
cylindrical rollers 1, rotating towards each other. A piece of material entering the crushing space
between the rollers is captured by friction against the surface of the rollers and is then crushed. The
surface of the rollers can be smooth, grooved or toothed. The rollers are mounted on a frame 2 in
bearings 3. The bearings of one roller have springs 5, which are compressed when an uncrushed
object enters the working space. As a result, the moving roller moves away from the stationary one
and the object passes between them through an enlarged gap. To adjust the outlet in the crusher, a
mechanism 5 is used, which has a hydraulic drive and moves one roller in the horizontal direction
[20].

Fig. 9. Structure of a roller crusher:
a - Siebtechnik Tema; b - FLSmidth

The frequency of rotation of the rolls is usually the same, but there are crushers with different
frequencies of rotation of the rolls. They are used for crushing relatively soft material [17].

The degree of crushing of medium and high-strength rocks in two-roll crushers is 3...4, and
soft rocks - up to 10. The strength of rocks crushed in roll crushers does not exceed 70 MPa with
corrugated rolls and 130 MPa with smooth rolls.

The advantages of roll crushers are simplicity of construction and reliability in operation.
The disadvantages of roll crushers include low productivity, while the strength of the crushed ma-
terial is limited. Therefore, roll crushers require continuous and uniform feeding along the entire
length of the roll.

On Fig. 10, b shows an eccentric roller crusher. The crusher consists of a frame 1 to which
a grate screen 2 is hingedly fixed at one end. The grate screen is freely placed in the grooves of the
lined segment plates 3 of the roller 4 with the other side. The roller 4 is mounted on an eccentric
shaft 5, which is driven by an electric motor through a belt drive. Due to the circular oscillations of
the roller 3, the material that falls on the grate screen is sieved and the fine fraction smaller in size
than the size of the holes between the grates falls down under its own weight without passing
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through the crushing chamber. At the same time, when the grate screen 2, which has a certain angle
of inclination, vibrates, the material enters the crushing chamber of the eccentric roller crusher.
When the roll 3 moves in the direction of the fixed cheek 5, which is lined with plates 6 and fixed
on the axis, the material is crushed. The outlet opening is adjusted, as well as the passage of
uncrushed material is carried out by the hydraulic drive 7 of the fixed cheek.

A common type of roller crusher is the high-pressure grinding roll (HPGR). This type of
roller crusher was developed by Schonert [21]. This type of crusher has high compressive forces.
Today, there is a tendency to replace medium and fine cone crushers with HPGR roller crushers.
HPGR crushers are widely used in the field of enrichment.

In high-pressure crushers, the material to be crushed is crushed due to compression that
exceeds the compressive strength of the material, as well as due to interparticle fracture. That is,
when a large amount of material is held between the rolls and subjected to high pressure, that is,
grinding can occur due to compression forces and due to interparticle fracture. To ensure interpar-
ticle fracture of the material, the condition of exceeding the pressure of the rolls above the compres-
sive strength of the material must be clearly met. In studies [22,23] it was found that in the process
of crushing the material by applying large compressive forces to the material, the total energy spent
on the destruction process will be less than in crushing machines where impact loads prevail.

The working principle of the high-pressure roller crusher is as follows. At the initial stage,
when the material is fed to the working space between the rolls (the size of the material is larger
than the gap between the rolls), it undergoes ordinary destruction due to compression and friction
forces. Then, due to gravity and friction forces, the material falls directly into the gap between the
rolls, where it undergoes significant compression, as a result of which many particles are destroyed
and compacted, which leads to the transfer of a larger number of interparticle compression forces,
which further destroy the particles. Due to significant compaction at the exit of the crusher, a product
is obtained in the form of a continuous ribbon. After that, the continuous product is loaded into the
mill for its dispersion.

Fig. 10. Structure of the HPGR high-pressure roller crusher:
1 —rollers; 2 — frame; 3 — hydraulic cylinders; 4 — feeder; 5 — drive motors

Significant compression forces in HPGR type roller crushers are created by hydraulic cylin-
ders that press the moving roller against the stationary one and regulate the gap between the rollers.
The crushing pressure in such crushers varies from 50 MPa to 250 MPa. The dimensions of the
rollers vary within 0.7 - 2.8 m with a length to diameter ratio of 0.2 to 0.6. The speed of the rollers
is taken within 85-100 rpm. The productivity of such crushers varies from 20 t/h to 750 t/h. Fig. 10
shows the structure of the HPGR high-pressure roller crusher.
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The HPGR crusher consists of a frame 2 in the bearings of which the rollers 1 are installed.
One of the rollers is stationary, and the other, on the contrary, can move in the horizontal direction
by moving the rods of the hydraulic cylinders 3. Thus, the necessary pressure is created in the work-
ing space of the crusher for the destruction of the material. For uniform supply of material to the
working space of the rollers, a feeder 4 is mounted on the crusher frame. The crusher is driven by
electric motors 5.

Fig. 12 presents histograms of the criteria evaluation of roll crushers.
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Fig. 11. Histograms of influence coefficients for roller crushers:
a - productivity per mass; b - productivity per power; ¢ - mass per power; d - power per crushing degree; e - speed per
productivity

Based on the criteria assessment, it can be noted that the best designed crushers are those
made by FLSmidth, Hazemag, and Metso. In general, the most popular roll crushers are HPGR
high-pressure crushers, which are mainly used in the processing of solid materials, especially in the
enrichment sector. However, roll crushers with smooth rolls are still used only for medium and
shallow crushing, which is associated with the geometry of the working surfaces. That is, the ratio
between the roll diameter and the source material is within 1: (17-20). This indicates that in order
to obtain material fractions of 75 mm, a roll crusher of considerable mass is required. Of course,
this ratio is smaller when using corrugated roll surfaces and is 1: (2-6). A promising design of a roll
crusher today is an eccentric roll crusher, which is manufactured by FLSmidth. By combining the
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design of the roll and jaw, it was possible to increase the productivity of such a crusher, eliminate
dust clogging of the crushing chamber and its overloading, reduce energy consumption, and increase
the degree of crushing.

Impact crushers. The principle of operation of impact crushers is based on the destruction
of the material entering the crusher by the mechanical impact of the rotating working elements and
the crushing of the discarded pieces of material against the impact plates installed in the middle of
the crushing chamber.

Impact crushers are designed for coarse, medium and fine crushing of materials with a
strength of up to 200 MPa. The main unit of the impact crusher is the rotor, which has a large mass
and a rotational speed of up to 80 m/s, which ensures effective crushing of the material.

The advantages of impact crushers are simplicity of design, reliability in operation, low en-
ergy consumption, relatively higher product quality, the degree of crushing can reach 40. The dis-
advantages include the high intensity of operation of the working elements.

Impact crushers can be classified into two groups: 1) rotary crushers; 2) hammer crushers
[24].

Hammer crushers come with one or two rotors, reversible and non-reversible, with or with-
out a grate. In hammer crushers, the working elements are hammers, which are hingedly mounted
on a disk-rotor rotating at high speed.

Rotary crushers can be classified into two groups: 1) horizontal shaft rotary crushers (HSI);
2) vertical shaft rotary crushers (VSI or centrifugal impact crushers).

In horizontal shaft rotary crushers, the working elements are hammers, which are rigidly
mounted on a rotating rotor; in this case, the impact force on the material is determined by the total
mass of the rotor and hammers.

Let us consider the structure of the hammer crusher, which is presented in Fig. 12. A single-
rotor hammer crusher consists of a rotor 1, a housing 2, a baffle plate 4, a grate 3. The rotor is driven
by an electric motor through an elastic coupling. The inner walls of the housing are lined with re-
placeable plates 6. A spring mechanism 5 is provided to protect the crusher from clogging. Hammers
7 are hingedly mounted on the rotor shaft.

The main parameters of the hammer crusher are: 1) rotor diameter; 2) rotor length; 3) ham-
mer length; 4) productivity; 5) power.
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Fig. 12. Single-rotor hammer crusher:
a— section; b — diagram

The structure of a horizontal shaft rotary crusher (HSI) is shown in Fig. 13, a. The principle
of operation of a horizontal shaft rotary crusher (HSI) is as follows. The output material enters the
rotor 9 rotation zone via a tray 8, where it is subjected to impact loads from the rotor 9 blades 2. The
crusher crushing chamber is formed by the rotor 9 and the impact plates 6. The impact plates have
linings 7. To adjust the degree of crushing, the distance between the lower edges of the impact plates
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and the rotor blades is changed using spring-loaded rods 5, which simultaneously play the role of a
protective mechanism for the machine against damage when the crushing chamber is clogged with
either oversized material or non-crushed material. For ease of maintenance, the upper part of the
crusher housing is detachable. In this regard, the crusher is provided with a jack mechanism 4 for
moving the upper part of the housing. A pulley 1 is installed on the cantilever part of the rotor 9 of
the crusher, from which the crusher is driven by a belt drive and an electric motor.

The main design parameters of the HSI rotary crusher are: 1) rotor diameter; 2) rotor length;
3) energy consumed for material destruction; 4) power; 5) productivity [25].

Fig. 13. Structure of a rotary crusher:
a—with a horizontal shaft HSI (1 — pulley; 2 — hammer; 3 — frame; 4 — jack mechanism; 5 —rods; 6 — impact plate; 7
—lining; 8 - tray; 9 — rotor); b — with a vertical shaft VSI or centrifugal impact (1 — engine; 2 — impact frame; 3 —
shaft; 4 — frame; 5 — inspection hatch; 6 — cover lifter; 7 — device for adjusting the angle and height of the distributor
plate to adjust the power supply; 8 — windows that are adjustable for the passage of material; 9 — cover; 10 — rotor)

Rotary crushers with a vertical shaft VVSI have a significant difference from rotary crushers
with a horizontal shaft HSI. In foreign classification, rotary crushers are classified according to the
action of the working body on the material and the destruction process itself. Therefore, such crush-
ers have a common name - impact crushers with either a horizontal shaft (HSI) or a vertical shaft
VSI. If we consider hammer crushers, then according to the existing design they also come with a
horizontal shaft and a vertical shaft. However, due to the absence of significant differences in the
designs of hammer crushers, the emphasis on classification by shaft location is not made.

Within Ukraine, VSI vertical shaft rotary crushers are better known as centrifugal impact
crushers. A vertical shaft rotary crusher implements the principle of material destruction by free
impact in a field of centrifugal forces. The main element of centrifugal impact crushers is the rotor,
which is located on a vertical shaft [26]. The rotor is equipped with accelerating elements in the
form of internal channels of complex shape. The material to be crushed is fed into the central part
of the rotor, accelerated by the accelerating elements and thrown at high speed onto the reflecting
surfaces located on the periphery of the crushing chamber, where it is destroyed upon impact.

In a crusher of this type, material crushing is implemented according to 3 different schemes:
impact with an obstacle, impact of pieces with each other, and impact with moving structural ele-
ments.

The main difference between centrifugal impact crushers and other impact devices is that
the crushing action is almost completely shifted from the rotating working body to the peripheral
reflecting surface. The rotor performs only the dispersing function. Fig. 14, a shows the principle of
operation of the centrifugal impact crusher, and Fig. 14, b shows the rotor design.
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Fig. 14. VSI centrifugal impact crusher:
a —working diagram; b — rotor

In centrifugal impact crushers of the VS| type, two material destruction schemes can be used.
The first scheme is the classic one, in which the material accelerated by the rotor hits the inner wall
of the crusher housing at high speed, as a result of which it undergoes destruction. This scheme is
called “stone on metal”. The inner wall of the crusher housing is lined. The second scheme is called
“stone on stone”. In this scheme, part of the material that is fed into the crusher feeder through
special windows is directed into the space between the rotor and the inner housing of the crusher.
This process of feeding the crusher is called cascade feeding. That part of the material that enters
the rotor is accelerated in the rotor and, flying out of the rotor at high speed, meets the material that
was directed outside the rotor. As a result of the impact of one particle of material on another freely
falling particle of material, their mutual destruction occurs.

It should also be noted that the inner lined wall of the crusher, which is located parallel to
the rotor outlet holes, has recesses in the form of pockets. These recesses are made to create a self-
lining layer. Such a layer is formed by clogging the pocket with material that flies out of the rotor
at the initial stage of the crusher's operation. This leads to an increase in the service life of the lining
plates of the inner walls of the crusher.

Today, the company produces a wide range of centrifugal impact crushers. The power of
such crushers ranges from 37 kW to 600 kW, and the productivity from 40 tons/h to 775 tons/h. The
size of the feed product ranges from 30-64 mm. The basic design of the Barmac VSI series centrif-
ugal impact crusher is shown in Fig. 13, b.

In the Barmac VSI series crusher, it is possible to vary the following parameters: 1) change
the rotor rotation speed; 2) select the type of crushing chamber profile; 3) adjust the ratio of material
flows in the cascade feed system; 4) select the rotor diameter.

Figure 15 shows the criteria for evaluating impact crushers. HSI, VSI, and hammer crushers
were included in the analysis.

The best designs based on the criteria analysis in Fig. 15 are possessed by rotary crushers
from Metso, Telsmith and Sandvik.

The difference between horizontal shaft rotary crushers and hammer crushers, in addition to
the design features of the rotor, is as follows: 1) rotary crushers are designed for crushing hard and
wet materials, while hammer crushers are used for large-scale and high-performance production
lines that process medium-hard materials with a moisture content of no more than 10%; 2) a rotary
crusher is usually used for secondary crushing and requires additional equipment for the first crush-
ing stage (jaw crusher), a hammer crusher can be used for single-stage crushing; 3) a hammer
crusher is prone to clogging of the crushing space due to being equipped with a lower sieve plate;
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4) a hammer crusher has higher productivity; 5) the degree of crushing is higher in a rotary crusher
(can exceed 50, this applies to crushers with a vertical shaft); 6) in hammer crushers, the wear of
the hammers is more significant than that of the working elements of the rotor in a rotary crusher.
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Fig. 15. Histograms of impact coefficients for impact crushers:
a - productivity per mass; b - productivity per power; ¢ - mass per power; d - power per degree of crushing;
e - speed per productivity

Separately, among the features of horizontal shaft rotary crushers, one can highlight the pos-
sibility of selective crushing. That is, the finer material is screened out through the grates and does
not enter the crushing chamber, which leads to a uniform output of the product with the same
strength, reduced energy consumption and no clogging of the crushing chamber. The advantages of
vertical shaft rotary crushers are increased productivity with a relatively small weight of the struc-
ture, a high degree of crushing and an increased service life due to the formation of a lining layer of
crushing material during the operation of the machine.

Among the promising designs of hammer crushers is a crusher with a hinged vertical rotor
[4]. The productivity of such crushers can reach 100 t/h and process materials of medium strength.
The advantages of such a crusher include the possibility of cascade feeding, flexible control of the
degree of crushing, control of crushing energy, ease of replacement of working elements. On the
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other hand, this design of the crusher is still at the stage of experimental research and has not been
launched into series. Another promising design of the hammer crusher is the DIM-800k. This
crusher uses an active method of impact crushing. The design of the crusher includes 3 rotors - one
guide and two deflectors. The material entering the crushing chamber is accelerated by the guide
rotor, after which it is thrown onto the deflector rotors. The maximum degree of crushing can reach
200. The maximum productivity is 120 t/h.

6. Conclusions. The types of crushing machines that have the most advanced design were
identified. The design features of crushers, the advantages and disadvantages of individual types of
crushing machines, and the directions of their development were considered.

For jaw crushers, the main areas of development are: 1) optimization of the crusher design;
2) improvement of the surface geometry of the crushing plates; 3) development and creation of
modular crushing units based on the jaw crusher, which include the jaw crusher (mobile crushing
and crushing-sorting complexes, crushing buckets, etc.); 4) change of the crusher kinematics in or-
der to create a vibration or impact effect on the material; 5) development and improvement of hy-
draulic systems for adjusting the parameters of the mechanical mode.

In cone crushers, the main directions are: 1) development and improvement of hydraulic
systems for regulating the parameters of the mechanical mode; 2) development and improvement
of the design and support of the moving cone; 3) creation of inertial and vibration cone crushers; 4)
improvement of the geometry of the crusher's working elements.

Directions for the development of roller crushers: 1) creation of high-pressure rollers with a
massive frame for large production volumes; 2) development and improvement of a synergistic de-
sign that combines an eccentric cheek and roller; 3) improvement of the geometry of the crusher's
working elements.

Among impact crushers, horizontal and vertical shaft rotary crushers (HIS, VSI) have be-
come widespread, and work is underway to create and improve the designs of vertical shaft hammer
crushers and those with an active impact crushing method. The following are promising areas of
development: 1) optimization of the crusher design; 2) improvement of the kinematic characteristics
of the rotor; 3) improvement of the geometry of the rotor's working elements (hammers, billets).
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METHODOLOGY FOR EXPERIMENTAL RESEARCH ON THE DISTRIBUTION OF
ENERGY IN THE ELEMENTS OF THE «VIBRATION MACHINE - COMPACTING
CONCRETE MIXTURE» SYSTEM

Abstract. The paper presents a methodology for experimental research on the distribution of energy in the
elements of a vibration machine for compacting concrete mixtures. The development of this methodology is based on a
thorough analysis of existing research methods and the determination of energies in mechanical systems and media.
Within the general system of the "vibration machine — compacting concrete mixture,” the following subsystems were
identified: bearings of the vibration exciter, supports, vibration dampers, reactive and active masses, including the form
mass and the compacting concrete mixture. Specific research methods for energy dissipation were determined for each
of the mentioned subsystems, preceding relevant modeling. Energy dissipation depends on many factors: the composi-
tion and structure of the material, cyclic deformation and stresses arising from the medium’s exposure, the type and
parameters of the load, the duration of cyclic deformation, and more. The evaluation criterion for energy dissipation in
media is the energy absorption coefficient, which expresses the ratio of energy used to perform the technological process
of compaction to the potential energy. The ratio of these energies is considered an independent material characteristic,
determined experimentally, taking into account actual technological and operational factors. It was found that the fol-
lowing main methods are used to evaluate energy parameters: phase, damping oscillations, hysteresis loops, energy,
and resonance methods. The paper substantiates the methodology for experimental research of parameters and energy
indicators of concrete mixture compaction processes. Two models—discrete and continuous—were used in the simula-
tion of these processes.

Keywords: research methods, energy dissipation, experiment, concrete mixture, vibration machine, vibration
parameters, amplitude, stress frequency, deformation.

1. Introduction. Modern requirements of the construction industry involve the use of ma-
chines and technologies that minimize energy consumption while achieving high-quality technolog-
ical processes [1]. Among the various processes employed, significant roles are played by transpor-
tation, crushing, sorting, mixing, and compacting with the application of vibration [2]. The operation
of any machine involving vibration, performing a material processing task, can be represented as an
energy flow: the energy source, the machine drive, converts one type of energy into another (usually
electrical to mechanical) and delivers it to the working unit. The drive includes an energy converter,
a transmission, and a motion transformer. Thus, any technological process requires energy expendi-
ture. In the general system "vibration machine — processing medium," corresponding subsystems
exist: bearings of the vibration exciter, supports, vibration dampers, reactive and active masses,
including the form mass and the processing medium. Each of these subsystems absorbs part of the
energy, making the task of minimizing energy consumption across all subsystems while ensuring
high-quality technological process execution highly relevant.

2. Analysis of literature data and problem statement. In the current state, several differ-
ent approaches are used to study energy, which differ from each other in approaches to definition
and the accepted type of mathematical model reflecting the behavior of a vibrational system [1].
Thus, the phase method is based on determining the phase shift angle between the external harmonic
force[1] acting on the vibrational system and the movement of this system caused by it, or the de-
formation of the material, on which the force acts during oscillations. At the same time, this method
is integral and it is not effective to separate into subsystems. The method of attenuating oscilla-
tions[1] consists in recording vibrograms of free attenuation oscillations of the system, according to
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which the logarithmic decrement of oscillations can be determined, which is related to the energy
absorption coefficient by a certain ratio [1]. This method has the same drawback as the phase method
and, moreover, it is rational for use in systems with low values of energy dissipation in the system.
The energy method is based on the direct measurement of the flow rate of electrical or mechanical
power of the vibration exciter to maintain constant oscillations of the system under study[1-3]. At
the same time, in the balance of the entire power of the pathogen measured, only part of the power
is spent directly on maintaining the vibrations of the system under study, and the rest of the power
IS spent on overcoming resistances in the pathogen itself and dissipated throughout the system of
the vibration system. The resonance method is based on the construction of the amplitude-frequency
characteristic of the vibration system in the resonance zone and the determination of the values of
the relative energy dissipation coefficients[4]. The method of dynamic hysteresis loop consists in
simultaneously registering stress and strain and graphically reproducing the relationship between
stress and corresponding strain in the form of an experimental hysteresis loop[1], the area of which
characterizes the dissipation of energy in the material. This method allows you to determine the
energy directly for the process of vibration treatment, which is used in the work to determine the
energies for compaction of the concrete mixture. The considered methods and their application in
experiments indicate a significant discrepancy in the obtained values of parameters and character-
istics that determine the scattering of energies and explain their relativity. The known calculated
ratios for determining dissipative forces (vibration attenuation method, phase angle method, etc.)
are based on the proposal of the laws of change of these forces (resistance proportional to the first
power of the oscillation velocity). Since there is still no generally accepted model of a vibrating
medium, it is advisable to use methods that allow you to directly determine resistance forces. Sig-
nificant studies performed in the works [5-7] outlined the importance of the influence of the pro-
cessing medium on the dynamics of the machine[8-10]. Therefore, the solution of the problem in
determining the reality of the energy value is to substantiate a method that adequately reflects the
real process and makes it possible to determine all the components of the energy absorbed by each
subsystem of the general system "vibration machine - processing medium®.

3. Purpose and objectives of the study. The purpose of the study is to select a research
methodology and determine the distribution of energy in the elements of the system "vibration ma-
chine - compaction concrete mixture”. To achieve the goal of the study, the following tasks are
defined:

- substantiation and selection of the method of energy research in the elements of the system "vi-
bration machine - compaction concrete mixture™;

- development of a methodology and program for conducting an experimental study of energy in
the elements of the system "vibration machine - compaction concrete mixture"™.

4. Justification and selection of the method for studying energy in the elements of the
system "‘vibration machine - compaction concrete mixture™.

4.1. With general approaches and prerequisites for determining energy research meth-
ods. Energy dissipation depends on many factors: the composition and structure of the material,
cyclic deformation and stresses that occur when acting on the medium, the type and parameters of
the load, the duration of the cyclic deformation and other properties and characteristics. The param-
eters that determine the fraction of energy per resistance and found by different methods are in the
following ratios[1]:

_6_wy _bT _ T 1)
T 2r 2mm 7xT

where: » — is the coefficient of resistance; w = Aw/w — energy absorption coefficient for one

period in a unit volume of material; Aw — dissipated energy; w — is the energy supplied to the
material; m is the oscillating mass; z — is the relaxation time of the system with a decrease in the
amplitude of oscillations by a factor of e.

In the general system "vibration machine — compaction concrete mixture", the corresponding sub-
systems were defined: oscillator bearings, supports, oscillation limiters, reactive and active masses,
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including mold mass, compaction concrete mixture. The following prerequisites and assumptions
are accepted for each of these subsystems[3].

1. It is believed that the working body, which consists of masses: the oscillation exciter and
the frame, as well as the shape, are systems with discrete parameters, in which the energy dissipa-
tion, both in the idle mode of oscillations and when loaded with a concrete mixture, does not change,
but the difference in friction in the bearings is taken into account by the mass of the concrete mixture
added in the compaction mode.

2. Compaction concrete mix is a system with distributed parameters.

3. Dependencies (1) will be used in the appropriate stages of the scattering study

4.2. Simulation of the vibration process of compaction of concrete mixture. The problem of
modeling the vibration process of compaction of a concrete mixture is formulated as follows. We have a
vibration platform with parameters: amplitude of oscillations, Xo and frequency of oscillations «; mass m
of particles of the mixture, having a density p and an average size r, has an average velocity v relative to
the vibrating working body; friction force Fy, , which occurs between particles during oscillations, is pro-
portional to the square of linear size. It is necessary to determine the value of a certain set of parameters of
the vibration system, which provide the highest value of the compaction coefficient of the concrete mixture

with limited values of specific labor A and specific power P, which are determined by the formulas[1]:

K:%xng; 5:%@3 @

It is these formulas that take into account the degree of energy dissipation, which are provided for
determination experimentally using the phase method and the method of dynamic hysteresis loop. In this
case, it is decided that the initial parameter is the compaction coefficient:

P=P
K, =5—"2100% = p, ©)
Yo,
Then the functional dependence to achieve the goal for solving the task is in the form of:
. = f(mc,r,xoa), Fro.t,0, A, IS) (4)

Using the dimensionality method [2] , we get:

b = f Fr ; v ;a)t;xoa)
¢ mx,w° X, g

Xl X o] j )

Here F /mx,o* and v/oaw the resistance of forces and velocities is characterized, respectively; other

parameters are limiting.
So

2
Fo_fe MU A _H A (6)

© T mxe?  kprix,o®  prov’ k 3

that is, the ratio of the frictional force (u is the proportionality coefficient) to the force acting on a particle
of mass M is inversely proportional to the density of the concrete mixture p , the amplitude of the excitation
rate v of the particle size R and the frequency .

The defined method of modeling the vibration process of compaction of the concrete mixture makes
it possible not only to estimate the energy for compaction, but also to determine the parameters of the vi-
bration action, which provide the highest value of the compaction coefficient of the concrete mixture.

4.3. Simulation of the energy dissipation process in the bearing units of the exciter and in the
vibration resistances of the vibration installation.
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The design scheme of the vibration unit for compaction of the concrete mixture is a single-
mass system (Fig. 1, a), and a centrifugal vibration exciter (Fig. 1, b), which is installed on the
ground.

i .,
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-

Fig.1.Calculation scheme:
a - of the installation; b - the causative agent of oscillations

Four pairs of imbalances are fixed on two shafts of the vibration unit, rotating towards each
other. In each pair, one imbalance is rigidly fixed on the shaft, and the second can be turned and
fixed in relation to the first with the help of springs and a pin. This makes it possible to adjust the
amplitude of vibration vibrations of the vibration unit within 0.1 to 1.0 mm. which allows you to
adjust the frequency of forced oscillations from 0 to 6000 oscillations per minute. A feature of the
drive is the presence of a reversible switch in the control circuit, which makes it possible to perform
sharp braking of the engine and observe the behavior of the unit under study in the mode of free
oscillations. The mold for the concrete mixture consists of a bottom and detachable sides, which
allows you to change the geometric dimensions of the mold without changing its weight. The max-
imum size of the molded samples is 0.25x0.25x0.40 m. When determining the proportion of energy
dissipation in the bearing units of the vibration unit, the energy method is used with the assumption
that in the mode without technological load and in the mode of operation with a load, the resistance
in the bearing units is the same. This assumption is due to the fact that the mass of the concrete
mixture is much less than the active mass of the working body, taking into account the mass of the
vibration pathogen and the mass of the mold. According to the design of supports and oscillation limit-
ers, springs are selected that connect the masses to each other (Fig. 1,a) and rubber elements that implement
vibration isolation of the installation from the foundation. Energy dissipation in elastic elements is supposed
to be determined by the coefficient b by the method of attenuating oscillations [1]:

b 20
= MC 7
- M ™

where: & - is the decrement of oscillations; T- is the period of oscillations; M. — is the total mass
of the vibration installation: M.= mp, + My + Me.c; Mpo- IS the active mass of the working body
taking into account the mass of the oscillator exciter; mg- mass of the form; mg.- is the mass of the
concrete mixture.

Determination of the geometric dimensions of supports and oscillation limiters is carried out by
the static loading method. For this purpose, the length of the supports is measured in the direction of the
action of the weight in an undeformed state (without load), and then the static draft of the spring is measured
under the action of the weight force of the vibration system, i.e.

x =Mgl/c, (8)

where: ¢ - is the total rigidity of the supports;
From (8) we find the total rigidity of the supports:
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5. Development of a methodology and program for conducting an experimental study
of energy in the elements of the system *'vibration machine - compaction concrete mixture'.
To conduct experimental studies, an installation was designed, which consists of an oscillation ex-
citer, two frames - active and reactive, a form with variable dimensions, supports connecting the
frames to each other and supports connecting the reactive frame to the foundation. and the second
can be turned and fixed in relation to the first by means of springs and a pin. This makes it possible
to adjust the amplitude of vibration of the vibration platform within 0.1 - 1 mm. The drive of the
vibration unit is a DC motor, which allows you to carry out the basic regulation of the frequency of
forced oscillations from zero to 6000 oscillations per minute. A feature of the drive is the presence
of a reversible switch in the control circuit, which makes it possible to perform sharp braking of the
engine and observe the behavior of the system under study in the mode of free oscillations. The
mold consists of a bottom and detachable sides, which allows you to change the geometric dimen-
sions of the mold without changing its weight. The maximum size of molded samples is
0.3x0.3x0.5m. The experiments also used a one-piece mold measuring 0.3x0.3x0.4 m.

Table 1 Composition of concrete mixtures

Composition Structure Vic Tightening
No.
1 1:3:0 0,33 80+100
2 1:1,4:2,6 0,35 100+120
3 1:1,82:3,38 0,41 30+60
Table 2 Measured parameters of the system elements under study
Concrete mix Parameters
Amplitudes of
Compo- Dynamic pressure | oscillations at
sition of the limits Am-
the mix- | Density | Table | Height | Atthe In the Atthe | Back ) plitude
ture bottom | ... ° | bottom | to top SLCH R
Hardness ofthe | ofthe | bor- | Pressure | ...
ayer !
mold mold ders tions
H H
F, sec p,K—g3 m, kg h, m Po— | Pi— | Xpm | Xym
M M M
Vibration Installation H an, H
No mixture load Loaded with the mixture Pem W
Ampli- | ©s¢il- Am-
P lation | Oscilla- | plitude | Oscilla- _—
tude of . X Oscillation
Mass . fre- tion of os- | tion fre-
oscilla- - power
. quenc | power cilla- | quency
tions )
y tions
Mo, kg | Xgom | fy,hz | P),kKW | X, ,m| f,hz P, kW

The methodology of experimental research provides for the following sequence:

- fixation of the initial parameters of the parameters of the unloaded vibration installation
were recorded and recorded in the corresponding graphs (Table 1);

- composition of selected concrete mixtures (Table 1);
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- installation of sensors, loading the mold with concrete mixture according to the experiment

scheme;

- synchronous registration from all devices and sensors for each series of experiments (Table

2);

- numerical values of parameters based on the results of experiments (Table 3).

Experiments were carried out on concrete mixtures with a hardness of 30-120 seconds. (Table 3),
which include almost all compounds used in the formation of products on vibrating platforms [32].

Table 3.Calculated parameters of the system under study

Concrete mix

Distributed parameters

Discrete parameters

Dynamic Speed of Mass charac- C.OEff"
. . Odds . T Decrement | cient of
modulus | propagation | Absorption . Stiffness terizing iner- . . .
- price - - of oscilla- | inelastic
of elas- of oscilla- rate Resistance coefficient tial mass tions re-
ticity tions component .
sistance
H M H
E.— C,— 4 Y K,— m,,, kg o v
M Sec M
Vibration Installation

Natural frequency of oscillations

Decrement of oscilla-
tions

Coefficient of inelastic resistance

23

1

"sec

%

Yo

The methodology provides for research in a constant mode of oscillations and in the mode
of fading oscillations. The limits of parameter variation are given in Table 4.

Table 4. Limits of change in the parameters of the system under study.

A series of ex- System parameters
periments Permanent Displacement Limits of variation
1 My, X, fo, p,h p=16+2410%xg | M®
m, i h=0,1+0,6x in steps 0.1m
2 My, X, o, f,h f =0+75 Hz through 10 Hz
m, oic h=0,1+0,6m in steps 0,1.u
3 ¢ m f =0.75 Hz througt 10 Hz
Xy, P, M, l=O,2+1,O with an interval 0,2
h, o M,
4 M,, f, - o, X, X, =0,3+0,8 un
m, orc, h. with an interval 0,1nm
5 M,, fy, X, W arc = 30+100 sec with an interval
m, p,h ~ 20 sec
6 M,, X,, h, f, Pcm h=0,1+0,5m inincrements 0,1m
m, p. f =10+50Hz through 10 Hz
P.; = (10+100)-10% 1/ »° through
25-10...n1 m*

6. Discussion of research results. The method of experimental study of energy distribution
in the elements of a vibrating machine for compaction of concrete mixtures, which is proposed in
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the paper (dependencies 2,7-9) is based on the provisions of the classical theory of mechanical os-

cillations and the theory of continuous media. An experimental research setup has been developed,

consisting of an oscillator exciter, two frames - active and reactive, a form with variable dimensions,
supports connecting the frames to each other and supports connecting the reactive frame to the
foundation will fully ensure the achieved goal of the work. methods of energy distribution research,
which is envisaged in further research. The proposed technique can also be used in research on other
technological processes, for example, vibration screens, conveyors.

7. Conclusions:

1. The evaluative criterion of the energy dissipation process is the energy absorption coefficient,
which expresses the ratio of energy spent on the performance of the compaction process to po-
tential energy. The ratio of these energies is considered as an independent characteristic of the
material, which is determined experimentally, taking into account real technological and opera-
tional factors.

2. The analysis of existing methods for determining the dissipation of energy in media and materials
according to various laws of change in energy indicators depending on changes in the properties
of energy indicators and loads is carried out.

3. It was found that the following main methods are used to assess energy indicators: hysteresis
loops, phase, attenuation oscillations, energy and resonance. based on the use of the hysteresis
loop.

4. The developed method of experimental research in the elements of the system "vibration machine
— compaction concrete mixture" makes it possible not only to estimate the energy for compaction,
but also to determine the parameters of vibration action, which provide the highest value of the
compaction coefficient of the concrete mixture.

References

1. Nazarenko I.I. Applied Problems of the Theory of Vibration Systems. Textbook (2nd edition).- Kyiv:
Slovo Publishing House, 2010. — 440 p. (in Russian).

2. Serdyuk L.l. Fundamentals of the Theory of Dimensions, Theory of Similarity and Mathematical Model-
ing. Tutorial. Poltava: PNTU.2002.-98 p.

3. V.S. Slyusar. Methods of Experimental Study of Energy Distribution in the Elements of the System "Vi-
bration Machine — Compacted Concrete Mixture”, V International Scientific and Practical Conference
"Energy-Saving Machines and Technologies", Kyiv, 2024, pp. 22-25

4. Bernyk .M. Energy of Cavitation Processing of the Technological Environment. —2015. — VVolume 1 (47).
- P.123-129.

5. Ivan Nazarenko,Viktor Gaidaichuk, Oleg Dedov, Oleksandr Diachenko. Determination of stresses and
strains in the shaping structure under spatial load. EasternEuropeanJournalofEnterprise Technologies.
2018. Vol 6, No 7 (96). P. 13-18. https://doi.org/10.15587/1729-4061.2018.147195

6. Nesterenko M.P. Molchanov, V.M. Savyk, M.M. Nesterenko // Vibration platform for forming large-size-
drein forced concrete products. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, No 5.
— P. 284 — 288.https://doi.org/10.29202/nvngu/2019-5/8

7. Nazarenko, 1., Svidersky, A., Kostenyuk, A., Kyzminec, N., Slipetskyi, V. Determination of the Work-
flowof Energy-Saving Vibration Unitwith Polyphase Spectrum of Vibrations/ Eastern-European Journal
of Enterprise Technologies this linkis disabled, 2020, 1(7-103), ctp. 43—49

8. Delembovsky, M., Klymenko, M., & Korniychuk, B. (2020). Research based on fuzzy logic of the model
for detecting failures of vibration pads. Collection of scientific papers AOI'OZ, 111-112.
https://doi.org/10.36074/25.12.2020.v1.38

9. Fundamentals of the theory of interaction of working bodies of construction machines with stress-strain
medium. Nazarenko I.1., Smirnov V.M., Fomin A.V., Sviderskyi A.T., Kosteniuk O.O., Dedov O.P., Zu-
khba A.G.; edited by I.I. Nazarenko: monograph. Kyiv: MP Lesya, 2010. 216 p.

10. Nesterenko M.M. Methods of calculation of percussion-vibration installations for the manufacture of
products from light concrete for energy-efficient reconstruction of buildings in Ukraine / M.M.
Nesterenko, T.M. Nesterenko, N.M. Magas // Scientific Bulletin of Construction. — T. 88. — Ne 2. — 2017.
—C. 178 -182.

46



Bunyck/Issue 41, 2024 T ‘

YK 621.928.3.532.5
DOl https://doi.orq/10.32347/th.2024-41.0405

BorpnaH Kopobko,

AOKTOP TEXHIYHMX HayK,

npodpecop kadenpu ranyseBoro MalMHOOyayBaHHS Ta MEXATPOHIKN
HauioHanbHuI yHiBepcuteT «lMonTaBcbka nonitexHika imeHi KOpia KoHgpaTioka»
MepwoTpaBHeBui Np. 24, M. MNMontaea, 36011, YkpaiHa

ORCID: https://orcid.org/0000-0002-9086-3904

E-mail: korobko@nupp.edu.ua

OnekcaHgp JleBUYeHko,

acnipaHT cneuianbHocTi 133 «[any3eBe MawnHOOYyayBaHHSI»,

HauioHanbHuI yHiBepcuteT «lMonTaBcbka nonitexHika imeHi KOpia KoHgpaTioka»
MepwoTpaBHeBui Np. 24, M. MNMontaea, 36011, YkpaiHa

ORCID: https://orcid.org/0009-0004-3191-7097

E-mail: pbuildceh@gmail.com

ONTUMI3ALIA POEOTU NPUUMANBHOIO BYHKEPA NI YAC CKNEMIHHA CUM-
KUX MATEPIANIB

AHOTALIA. Y cmammi posansi@aembcsa akmyarsbHa rnpobnema, Wo 3Ha4yHo erniugae Ha eghekmus-
Hicmb pobomu 6emoHo3Mily8asIbHUX MiGNPUEMCME — ymeOPeHHS CKIeriHb y npulimansHux byHkepax. Lle
seuwe npuzeodums 00 HerepedbayysaHux 3yNMUHOK 8UPOBHUYO20 rPOUECY, 3HUXEHHS MPOGYKMU8HOCMI
obnadHaHHs ma 36inbweHHs sumpam Ha obcryeoeyeaHHsl. [TposedeHull aHania cydacHUx memodie 6opo-
mbbU 3 CKeniHHsM rokasae ixHio obmexeHy eghekmusHicmb. BibpauiliHi ma nHeeMamuyHi cucmemu, siKi
WUPOKO 3acmoco8yrombCs Ha CbO200HIWHIl 0eHb, He 3aex0u 30amHi nosHicmro ycyHymu rnpobniemy, oco-
6:11u80 npu 3MiHi nacmueocmel curnkux Mamepiarnie abo 2eoMempuyHUX napamempie 6yHkepig. 3 Memoro
nidsuweHHs1 HaditiHocmi ma rnpodykmueHocmi 6emoHo3MilWy8aribHUX YCMaHOB8OK 3arpornoHo8aHO Hogul
nidxio, wo nepedbavyae sUKOpUCMaHHS crieyjaribHO20 po3nywyeada. Llel npucmpili ocHaweHUl MexaHid-
HUMU erleMeHmamu, 5iKi 00380J1110Mb €hEeKMUBHO PyUHYy8amu CKIEMiHHS 8 30Hi 8uxidHo20 omeopy OyH-
Kepa, 3abesrneydyroqu besnepepsHuUll nomik Mamepiany. BriposadxeHHs crieyianbHO20 posryuwlyeaya Ha be-
MOHO3MiWwy8sarnbHUx nidnpuemcmeax 0o0380uMb Nid8UWUMU SIKICMb 20mMOe8oi NpodyKuii, 3HU3UMU cobisa-
pmicmb supobHuymea ma 3abesneyumu cmabinsbHy pobomy nidnpuemcmea. OmpumaHi pe3yrnbmamu Mo-
Xymb 6ymu seukopucmati 0n1s onmumisauli KoHempyKuii nputimansHUx 6yHkepie ma po3pobku Ho8UX mex-
Horoezili nepepobku curnkux mamepiariie.

Knroyoei crioea: ckneniHHs; curnki Mamepianu; nputiManbHul 6yHKep,; po3nywysayd; eeomempisi 6y-
HKepa; mpaHcriopmyeaHHs1 Mamepiarnie; 6emoHHUU 3a800; 6emOH, i3UKO-MexaHidHIi eracmusocmi.

OPTIMIZATION OF THE RECEIVING BUNKER OPERATION DURING THE BLOCKING
OF BULK MATERIALS

ABSTRACT. The article discusses an urgent problem that significantly affects the efficiency of con-
crete mixing enterprises - the formation of vaults in receiving bunkers. This phenomenon leads to unpredict-
able shutdowns of the production process, reduced equipment productivity and increased maintenance
costs. The analysis of modern methods of dealing with the vault showed their limited effectiveness. Vibration
and pneumatic systems, which are widely used today, are not always able to completely eliminate the prob-
lem, especially when changing the properties of bulk materials or the geometric parameters of hoppers. In
order to increase the reliability and performance of concrete mixing plants, a new approach has been pro-
posed, which involves the use of a special ripper. This device is equipped with mechanical elements that
allow you to effectively destroy the vault in the area of the hopper outlet, ensuring a continuous flow of ma-
terial. The introduction of a special ripper at concrete mixing plants will improve the quality of finished prod-
ucts, reduce the cost of production and ensure the stable operation of the enterprise. The results obtained
can be used to optimize the design of receiving bins and develop new technologies for processing bulk
materials.

Keywords: vault; bulk materials; receiving bunker; breaker; bunker geometry; material transporta-
tion; concrete plant; concrete; physical and mechanical properties.
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1. IToctanoBKa npodJieMu. Y cydacHOMY OY/IIBHUIITBI OETOH € OJTHUM 13 KIIFOUOBUX MaTe-
piaiiiB, IKMI OIMPOKO 3aCTOCOBYETHCS Y PI3HUX TEXHOJOTIYHUX mpouecax. EQexTuBHe BUpOOHHMII-
TBO OCTOHHHX CYMIIIIEH 3HAYHOIO MIpOIO 3aJICKUTh BiJl HAAIHHOCTI Ta Oe3mepediitHoCTI podoTH 00-
JaJHaHHS OETOHO3MIIIYBAIBHUX 3aBOAIB. OHUM 13 BaXKIIMBUX €JIEMEHTIB TAKHX CHUCTEM € MPUK-
MaJbHI OYHKEPH, sIKi 3a0€31eUyI0Th HAKOMUYCHHS Ta IM0a4y CUIIKUX MaTepiajiB JUIsl MOIaIbIIOro
3MiIITyBaHHSI.

Onnak, y mporieci ekcruryaTailii OyHKepiB HEP1JIKO BUHUKAE SBUIIE CKIICTIIHHS CHUIIKUX Ma-
TepiaiiB, sIKE CYTTEBO YCKIAIHIOE iX (yHKUiOHYBaHH:. CKICMIHHS NMPOSBISETHCS Y BUTISAL Bop-
MYBaHHS HEPYXOMUX apoK 13 YaCTUHOK MaTepiaiy, O IHepeIlKOAKaTh HOro HOpMaJIbHOMY BUBa-
HTaXeHHIO. Lle mpu3BOIUTH 10 MOpYyIIEHHS O€31epepBHOCTI TEXHOIOTIHHOTO MPOLIECY, 301TbIICHHS
yacy NPOCTOiB Ta 10JJaATKOBUX BUTPAT HA YCYHEHHS OJOKyBaHb.

AKTyanbHICTb TOCIIPKEHHS SIBUILA CKIICTIIHHSA 00yMOBJIeHa HEOOX1THICTIO MTiABUILICHHS HA-
JTIAHOCTI Ta MPOAYKTHUBHOCTI TEXHOJOTIYHOTO 00JIafHaHHS Ha OETOHHMX 3aBojax. EdekTuBHe BU-
piteHHs npo6yieMu 3a0e3MeunTh CTabUTBHICTh poOOTH OYHKEpIB, CKOPOTUTH EKCILUTyaTalliiiHi BH-
TpaTH Ta MiHIMI3y€ BIUIUB JIOACHKOTO (paKTopa.

2. AHaJi3 ocTaHHiX qxKepes i myOuikaniii. SIBuie ckiIeniHHSA CUNKUX MaTepianiB y OyH-
Kepax € 00’ €KTOM JOCHIIKEHb 0araTbOX YY4EHHX, OCKUTBKH HOTO pO3yMiHHS 1 KOHTPOJIb MatOTh Ba-
JKJTMBE 3HAYCHHS JIS PI3HUX Taly3eid MPOMUCIOBOCTI, BKIIOYAr0OUH OyaiBeNIbHY. Y cydacHiil Hay-
KOBIl JIiTepaTypi NpUAUISIETbCA 3HAYHA YBara BUBYCHHIO (DI3MUHUX Ta MEXaHIYHUX BIACTUBOCTEH
CHUIIKMX MaTepiajiB, sIKi BIUIMBAIOTh Ha YTBOPEHHS CKIIETiHH [1].

Baromuii BHECOK y TeOpeTHYHE ONMKMCAHHA MOBEIIHKY CUIIKUX MaTepialiB 3p00JIeHo B poOO-
TaX, MPUCBSIYECHUX MOEITIOBAHHIO MOTOKIB 3@ JIOTIOMOT'OI0 METO/IIB MEXaHIKU CYIUIBHUX Cepeio-
Byl [2-3]. JlocniqHUKA TiAKPECTIOI0Th, 110 YTBOPEHHS CKIICHIHHS € Pe3yJIbTaToOM B3a€MOIIT MiX
YaCTHMHKAMH MaTrepially Ta CTIHKaMH OyHKepa, mo (opMye CTaTUYHY CTPYKTYPY y BHIJISIII apKH.
Jlis onucy 1BOTO SIBUILA IIUPOKO BUKOPHCTOBYIOTHCS MaTeMaTHUHI MOJIe, sIKI BpaXOBYIOTh PO3-
MIOJTLT HATIPY>KEHb 1 CHJI y MAaCHBI CUITKOTO MaTepiaiy.

VY psni my6mnikartii [4-6] OCTIIKy€eThbCs BIUTUB FT€OMETPUYHUX IMapaMeTpiB OyHKepa, TAKUX
K KYT HaXWJIy CTIHOK 1 llaMeTp BUXITHOTO OTBOPY, HAa KMOBIPHICTH cKJeniHHs. Pe3ynpTaTu noci-
JOKEHB CBIJ1YaTh, 1110 ONTHMI3allisl IUX apaMeTPiB MOKe 3HU3UTH YaCTOTY BUHUKHEHHS OJIOKYBaHb,
poTe HE yCyBae MpoOieMy MOBHICTIO. 30KpeMa, eKCIEPUMEHTAIbHI JTOCHIKEHHS TiATBEPIKY-
I0Th, LII0 HAaBITh 3a CIPUATIMBUX YMOB ICHYIOTh MaTepiali, Ki JEeMOHCTPYIOTh BUCOKY CXHJIBHICTb
JI0 YTBOPEHHS CKJIEMIHHS yepe3 iX crnenudivyni Gpi3udHi BIACTUBOCTI.

V ramy3i iHK€HepHUX PillIeHb PO3TJISLAAI0THCS Pi3HI METOIM 60pOTHOU 31 cKiIemiHHAM. Of-
HUM 13 HaHNOIIMPEHIIINX M1JIX0/IB € BUKOPUCTAHHS BIOpALIMHUX MEXaH13MiB, SIKI CTBOPIOIOTH KO-
JIMBaHHS, 37]aTHI pyHHYBaTH CTaTUYHI CTPYKTYpHU B MacuBi MaTepiany [7-9]. OnHak YUCIeHHI JoC-
J1KEHHS BKa3yIOTh Ha Te, 1110 €(pEeKTUBHICTh TAKUX MPUCTPOIB 3aJIEKUTh B/l YACTOTH 1 aMILTITY I
BiOpalliif, a TAKOXK B1Jl XapaKTEpUCTHK caMOro mMarepiany. Y OaraTbox BUIaJKaX 3aCTOCYBAaHHS Bi-
OpalliifHUX cHCTeM BUSBISETHCS HEIOCTaTHHO €(EKTUBHUM a00 CYNpPOBOJDKYETHCS MIABHILIEHUM
€HEeProCIIOKUBAHHAM 1 3HOCOM O0JIaTHAHHSI.

Cepen iHIIUX pillleHb, 3aCIyTOBY€ YBar BUKOPUCTAHHS ITHEBMAaTHUHUX CUCTEM, SIKI [10J1a-
I0Th CTUCHEHE MOBITPS /10 30HU BUX1JHOTO 0TBOpY OyHKepa [10]. Llel miaxin mae nepeBaru B 1eB-
HUX YMOBaX, ajie Horo HeJOJIIKaMH € CKJIaJHICTh TEXHIYHOTO 0OCIYrOByBaHHS Ta MOTpeda y no1a-
TKOBHUX pecypcax, o 00MexXye HOro 3aCTOCYBaHHS B TPAKTUIHUX YMOBAX.

[Toripu 3HaUHUI IpOrpec y po3yMiHHI SBUIIA CKIICHIHHS, 3JIUIIA€THCS HU3KA HEBUPILICHUX
MUTaHb. BUTBIIICTE ICHYIOUMX MOJIeTIeH 1 METOMK CIIPSIMOBAH1 HAa BUPIMICHHS MTPOOIEM ISl OKpe-
MUX THITIB MaTepiaiB i HE BpaXOBYIOTh IIMPOKUI CIIEKTP YMOB €KCIUTyaTallii OyHKepiB.

3. Meta pod6oTu. MeTor0 11i€1 CTaTTI € JOCTIHPKSHHS SBHINA CKJICTIIHHSI CUITKHX MaTepiaiiB
y npuiiMabHuX OyHKepax OETOHHUX 3aBOJIiB, BU3HAYCHHS (P13MYHUX 3aKOHOMIPHOCTEH HOro yTBO-
peHHs Ta po3pobKka eeKTUBHOIO crocoly JikBigamii miei mpodaemu. OcobivBa yBara npuaiis-
€TbCS aHaNI3y BIUIMBY (DI3MKO-MEXaHIYHUX BJIACTMBOCTEW CUIIKMX MaTepialliB, TCOMETPUYHUX Ma-
pamMeTpiB OyHKepa Ta YMOB €KCIUTyaTallii Ha MpoIeC YTBOPEHHS CKIICTIIHHS.
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4. O0roBOpeHHs pe3yJbTaTiB J0c/iTKeHb. [Ipoliec BUTOTOBIICHHS 0€TOHY Ha OETOHO3Mi-
IIyBaJIbHUX 3aBOJax (puc. 1) € cKiIagHuM 1 6araTocTyneHEeBUM TEXHOJIOTTYHUM IIUKIIOM, SIKAN CIIPS-
MOBaHUM Ha OTPUMAHHS BHCOKOSIKICHOTO MaTepially, IO BiJIOBia€ BUMOTaM OyiBEIbHUX CTaH-
naptiB. OCHOBHUMH €TanaMH LbOTO NPOLECy € MpUiloM, 30epiranHs i 103yBaHHS KOMIIOHEHTIB,
3MIITyBaHHS, KOHTPOJIb SKOCTI Ta TPAaHCIOPTYBaHHS TOTOBOI OeTOHHO1 cymitri. KoxkeH 13 nux era-
B Mae CBOi OCOOJIMBOCTI Ta BIIMBAE Ha KiHIIEBI BJIACTUBOCTI OCTOHY.

Puc. 1. Cxema 6eTOHHOTO 3aBOIY
Fig. 1. Concrete plant scheme

Ha mouatkoBiii cTajii BUTOTOBJICHHS O€TOHY Ha 3aBOJI 3/1MCHIOETHCS MPUHOM Ta 30epi-
TaHHS CHPOBUHHUX MaTepialiB, Kl BKJIIOYAIOTh IIEMEHT, HalOBHIOBaYil (11e01Hb, MICOK), BOIY Ta
XiMI4HI 70OaBKku. HamoBHIOBaYl JOCTABIISIIOTLCSA HA 3aBOJ BAHTAXKHUMH aBTOMOOLISIMH 1 BUBAHTa-
KYIOThCSl B IIpUiiManbHi OyHKepH. [licis nporo marepiany npoxoAsTh KOHTPOJIb SKOCTI, 11100 3a-
0e3MeynTH BiMOBITHICTD X XapaKTePUCTHK 3a/laHUM MapaMeTpam.

30epiranHsi CHpOBUHHU Ha 3aBOJII OPTraHi30BaHE TAaKMM YHHOM, 11100 3aro0irTu i ncyBaHHIO
Ta 3a0€3MeUNTH 3pyYHICTb Y MOAAIBIIOMY BUKOpHUCTaHHI. LleMeHT 30epiraeTscs y creniagbHuX CU-
Jocax, 3aXMILEHUX BiJl BIUIMBY aTMoc(hepHOI BOJIOTH, 1110 3arolirae Horo 3imexyBanHo. 11[e6iHb i
MICOK HAaKOMMYYIOTHCS Y BIAKPUTUX a00 3aKPUTHUX CKJIa/1ax, 3aJIEKHO Bl KIIIMATUYHUX YMOB peri-
OHYy Ta MOXJIMBOCTEH 3aBojy. XiMiuHi 100aBKH 30epiraoTbcsi y TepMETUYHUX KOHTEHHepax, sKi
3aXMIIAI0Th 1X BiJl 3a0py/AHEHHS 1 BTpaTH aKTUBHOCTI.

HacTtynHuM Ba>kKIMBHUM €TaroM € JI03yBaHHS KOMIIOHEHTIB, K€ 3/IIHCHIOETHCS 3T1HO 3 pe-
HEeNnTyporo 0€TOHHOT cyMilli. TOUHICTh J03YBaHHS € KPUTUYHOO Ui 3a0e3neueHHs NOTPIOHUX Xa-
PaKTepUCTUK OETOHY, TAKUX SIK MIIHICTh, PYXJIMBICTb 1 IOBrOBIUHICTH. [[1 11bOT0 HA 3aBOJax BU-
KOPUCTOBYIOTHCSI aBTOMaTH30BaHI CUCTEMH, SIKi KOHTPOITIOIOTh TI0J]ady KO)KHOTO KOMIIOHEHTa. Ba-
r'OBI J103aTOpH 3a0€3MeUyI0Th BUCOKY TOUHICTb JI03yBaHHS LIEMEHTY, HAIIOBHIOBAUIB 1 100aBOK, TO1
SIK JJIS1 BOJIA 3aCTOCOBYIOTHCS 00’ €MHI 200 MacOBl BUTPATOMIPH.

Hactynaum etanom € 3MillTyBaHHSI KOMIIOHEHTIB, BiJl IKOT'O 3aJIEKUTH OJTHOPITHICTH 1 AKICTh
TOTOBOI CyMiIIi. Y OiIbIIOCTI OETOHO3MINTYBAJIBHUX 3aBO/1IB BUKOPHCTOBYIOTHCS TpaBiTarliitHi abo
IpUMYCOBi OeToHO3MilTyBadvi. ['paBitariiiiii 3MilryBadi 3a0€3MeuyoTh epeMilllyBaHHS KOMIIOHE-
HTIB 32 paxXyHOK oOepTaHHs OapabaHa, TO/l K y IPUMYCOBHX 3MilllyBadyax JUIsl I[bOTO 3aCTOCOBY-
IOThCS CIeliasibHi Jionati abo 3minryBasnbHi opranu [11]. TpuBamicTs 3MilllyBaHHS BU3HAYAETHCS
3aJIe)KHO BiJ] THITY 00JIaTHaHHS, BIIACTUBOCTEH KOMITOHEHTIB 1 BUMOT JI0 SIKOCT1 O€TOHY.
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VY mporeci 3MilTyBaHHS BOKJIUBO JOCSATTH PIBHOMIPHOTO PO3MOJIIY YaCTHHOK IIEMEHTY,
BOJIM 1 HANTOBHIOBAYIB y OeTOHHIN Maci. [[Jis boro penenTtypa KOPUTy€eThCs 3aJI€KHO Bl YMOB PO-
6otu 3aBoay. Kpim TOro, Ha bOMY €Talli MOXYTh JI0JIaBaTHUCA CIIeIiabHI J0OAaBKH, K1 MOKpAIIy-
IOTh BJIACTHBOCTI OETOHY, TaKi K IUIACTH(IKATOPH, SIKi M IBUIIYIOTh PYXJIMBICTh CyMmilli, 200 Tpu-
CKOPIOBayi, SIKi 3MEHIIYIOTh Yac TBEPAIHHSI.

KoHnTponb sikocTi 6€TOHY 3MIHCHIOETHCS HAa KOXHOMY €Tari BUPOOHHYOTO MPOIECy, 00
3a0€3MEYHUTH BiIOBITHICTH TOTOBOI CYMIIIll MPOCKTHUM XapaKTEPUCTHKaM. Y J1abopaTopisiX 3aBO-
JIiB IPOBOJISATHCSI BUIIPOOYBAHHS OETOHY Ha MIIHICTh, PYXJIMBICTb 1 BOAOHEPOHUKHICTG. J{J1s IbOTO
BUKOPHUCTOBYIOTHCS 3pa3KH, K1 BiIOUparoThCs Oe3mocepeIHbo 3 BUPOOHNYO1 JtiHii. KpiM Toro, po-
BOJIUTHCSI KOHTPOJIb ApaMETPiB 3MIIlIyBaHHS, TAKUX SK BOJIOTICTh HATIOBHIOBAUIB 1 KUTBKICTh 012~
HOI BOJH.

[Ticnist BUTOTOBNICHHS OETOHHA CyMIIll TPAHCTIOPTYETHCS 10 Micls OyAiBHHULITBA. J{J1s IbOTO
BUKOPHUCTOBYIOTHCSI aBTOOCTOHO3MIIITyBayi, sIKi 3a0€3Me4yI0Th MOCTIHHE MepeMilTyBaHHSI MaTepi-
aiy, 3amo0irardu Moro po3mapyBaHHIO 1 BTpaTi BIACTUBOCTEH. BakimuBo, 00 4ac JOCTaBKU HE
NIEPEBUIIYBaB BCTAHOBICHUX HOPM, OCKUTBKH 116 MOYKE HEIraTUBHO BIUIMHYTH Ha SKICTh OCTOHY ue-
pe3 MOYaTOK MPOLECY TYKABJICHHS.

KirouoBum acnekToMm y po0oTi cyyacHHX O€TOHO3MIIIYBAIbHHUX 3aBOJIIB € aBTOMATH3AIlis
BUPOOHUYMX MPOIECiB. BUKOPUCTaHHS KOMITI FOTEPH30BAHUX CHCTEM YIIPABIIHHS JIO3BOJSE HE
JIWIIE TiABUIUTH TOYHICTh JI03yBaHHS 1 3MIilIlyBaHHSI, aJi¢ i 3MEHILIUTH BIUIUB JIFOACHKOTO (hakTopa.
Taki cucCTeMH KOHTPOJIIOIOTh yCi €Taly BUPOOHUIITBA B PEKHUMI PEAIbHOTO 4Yacy, 3a0e3rneuyroun
CBO€YACHE BUSBJICHHS BIJIXHMIICHb 1| KOPUTYBaHHS ITapaMETPiB.

[Tix gac mpouecy 103yBaHHSI, KOJIM CUITKI KOMIIOHEHTH MIOBUHHI PIBHOMIPHO MEPEMIIIaTUCs
JI0 3MIIITyBaJIbHOTO BY3Jia, BAHUKAE OJIHA 3 OCHOBHHX IP00JeM — (DOpMYBaHHS CKJICTIIHHS y MIPHIA-
MallbHUX OyHKepax. Lle siBulle cTae KpUTUIHUM, OCKITBKH BOHO MOPYIITy€e Oe3rnepepBHICTh BUPOO-
HUYOTO TPOIIECY, BIUIMBAE HA TOYHICTh JI03YBaHHS KOMIIOHEHTIB i, 3pEIITO0, HA SIKICTh TOTOBOTO

OeToHy.
g

2. 1
[ [/
s

Puc. 2. SIBumie ckneninHs:
1 — OynKkep; 2 — cunkuii MaTepiai; 3 — CKIICMiHHSA
Fig. 2. The phenomenon of vaulting:
1 — bunker; 2 — bulk material; 3 — vaulting

[Tporiec yTBOpeHHs CKJIEMIHHS CHIKHX MarepiaiiB y OyHkepi (puc. 2) pO3MOYMHAETHCA 3
MOMEHTY, KOJM MaTepiall MiJl JI€l0 CHJIM TSDKIHHS MOYMHAE PyXaTHCS 10 BUXIIHOTO OTBOpY. Y
IbOMY TIPOIIeCi MK YaCTUHKAMH MaTepialy Ta MK YaCTUHKAaMH 1 CTIHKaMu OyHKepa BUHHUKAIOTh
CHII TEPTsI, 3UeTUIeHHs Ta ornopy. L{i cuii MOXyTh MepeBHITYBaTH Bary YacTUHOK, CTBOPIOIOYH
CTallIbHY CTPYKTYpY, AKa OJIOKYy€e MoJanblINi pyx Marepiany. Taka cTpykTypa 3a3Bu4ail Mae ¢o-
pMy apku abo CKIIETIHHS, SKa yTPUMY€EThCS 32 PaXyHOK PIBHOBaru Mi>k BHYTPIIIHIMU Hampy>KeH-
HSIMH B MaTepialli Ta 30BHILIHIM BIUTUBOM.
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Y OyHKepi CHUIIKI MaTepialid 3a3BUYail 30epiraroThCsl y HACUITHOMY CTaHi. BOHM yTBOPIOIOTH
MAacHB, Y SIKOMY YaCTUHKHU B3a€EMOJIIOTH OJJHA 3 OJJHOIO ITiJT Ti€10 Baru Ta cui TepTs. Konwm matepian
MOYMHAE PYXATUCS JI0 BUXITHOTO OTBOPY, HOTO YAaCTHHKH TepeOyn0BYIOThCS, (DOPMYIOUN KaHATH
a00 30HM 3 OUIBII HIIFHOIO CTPYKTYporo. Lli 30HM MOXKYTh 3aIMIIaTUCS CTA0UIBHUMU Yepe3 B3ae-
MHE OJIOKYBaHHS YaCTHHOK ab0 4epe3 TepTs 00 CTiHKK OyHKepa.

Oco0MBICTIO CKIICMIHHA € HOT0 JIOKaJlbHEe YTBOPEHHS B 30HI BUXITHOTO OTBOPY OyHKepa.
Came TaM KOHIICHTpAIIiS CHJI, SIK1 IIFOTh HA MaTepiall, € HAWBHUIIIOKW. 30HA CKJICTIIHHS MOYKE PO3IIIH-
proBatucs Bropy, opmyrodn ob1acTh, e Marepian nepectae pyxarucs. Lle sBuiie HaliOiIbII Xa-
pakTepHe I MaTepialiiB 13 BUCOKHM KOe(IIEHTOM TepTs a00 3HaAYHOIO OJHOPIAHICTIO YaCTHHOK.

['eomeTpist OyHKepa 3HAUHOIO MipOIO BU3HA4Ya€ HMOBIPHICTb YTBOPEHHS CKIICTIIHHS Ta ede-
KTUBHICTh TPAHCIIOPTYBaHHsI CUIIKUX MatepiaiiB. KyT Haxury CTIHOK o BU3HA4a€, Uu 3MOXKE MaTe-
piay 1oJaTH CUIIM TePTS MK YaCTUHKAMH Ta PyXaTHUCs 0 BHXIAHOTO OTBOPY. SIKIIO KyT HaXWITy
MEHIIUH 3a KyT MIPUPOTHOTO YKOCY MaTepiany 0, 4aCTUHKHU CTaOUTi3yIOThCS, 1 OTIK IPUITUHAETHCS.
VY takux BUMaaKax GOpMYIOTHCS JOKaIbHI 30HU 3aCTO0, IKi MOXKYTh CHIPUYMHHUTH CKJICTiHHS [6].

KputnyaumM napameTpoM TakoXK € po3Mip BUXITHOTO OTBOPY. SIKIIO 1ed po3Mip HepocTar-
HBO BEJIMKHIA BITHOCHO TPaHyJIOMETPHYHOTO CKJIaly MaTepiary, yTBOPEHHs CKIICTIIHHS CTa€ HEMU-
HyunM. Popma OTBOPY BIUIMBAE€ HA PIBHOMIPHICTh MOTOKY: KPYIJIi OTBOPU MarOTh TEHICHIIIIO
Kpalle 3MEHIITYBaTH HMOBIPHICTh 3aCTOI0, HIK IPSMOKYTHI a00 3By>xeHi [12].

3 ypaxyBaHHSM IuX (aKTOPIB KPUTUYHHUHN AlaMeTp BUXIJAHOTO OTBOPY, KU 3a0e3redye
Oe3nepeOiliHui MOTIK MaTepiary MOXKHA ONucaTH (HOPMYJIIOL0:

D.. =k.p-g-H -tan(a), 1)
O-t '/us

ne: K — koedimieHt, mo BpaxoBye (GopMy BHXITHOTO OTBOPY; p — HACHITHA LIUIBHICTh MaTepiaiy;
0 — NPUCKOPEHHs BUIBHOTO MafiHHsg; H — BucoTa mapy marepiany B OyHKepi; 0. — KyT HaXHIly
CTIHOK OyHKepa; Gt — MeXa TEeKydJOCTi Marepiaiy; [Us — KoedimieHT TepTs mMarepiaidy 00 CTIHKH
OyHKepa.

®i3U4HI BIACTHBOCTI CUIIKMX MaTepiajiB BIUIMBAIOTH Ha T€, SIK CaM€ YTBOPIOETHCS CKJIe-
niHHA. MaTepiany 3 BUCOKOIO BOJIOTICTIO MalOTh CXMJIBHICTD /10 37I€KyBaHHS yepe3 KalIspHi CUIIH,
AK1 3B’A3yI0Th YaCTUHKHU. I KanuIsIpHUX MaTepiaiiB KPUTHUHY BOJIOTICTD , 3a SIKOT CKJICIIHHS
YTBOPIOETHCS HAMIIBUAIIE, MOKHA BUSHAYUTH Yepe3 3aJIeKHICTh BiJ IPaHyJIOMETPUYHOTO CKIIaxy
Ta MOBEPXHEBOI'0 HATATY:

2-0
W, =T )
crit p-g-d

ne: d — cepenHiii JiaMeTp YaCTHHOK; Ow — IMOBEPXHEBUI HATAT PIAWHU; p — HACHITHA IIJIbHICTS.

VY cyxux MatepianiB KJIIOYOBUM MapaMeTPOM € KOe(]ilieHT TepTs W 1 IpaHyJIOMETPpUYHUIN
ckian. Marepianu 3 IpiOHOIO (PpakIliero MalOTh OUTBITY MUTOMY IUIOILY KOHTAKTY, IO ITi/IBUIIYE
3arajibHUi omip pyxy. st rpy003epHUCTUX MaTepialiB Ha MEPIIUii UIaH BUXOIUTh CUJIa MEXaHi4-
HOTO OJIOKYBaHHSI.

Kpim BracTuBOCTEM MaTepiany, BaXKIMBUM (PAKTOPOM € HOro MOYaTKOBHUil cTaH y OyHKepi.
ko Marepiajl HaCUMaHUKM HEPIBHOMIPHO a0o MiJl Yac 3aBaHTAa)KEHHS BUHUKIIN 30HU JIOKAJIbHOT
YIIUTBHEHOCTI, 1€ MOKE CIIPHUATH HIBUJIIIOMY YTBOPEHHIO CKJICTIIHHS I11J1 4ac BUBaHTaXeHHs. Taki
HEPIBHOMIPHOCTI BIUIMBAIOTh Ha PO3IMOJLI HANPYKEHb y MaTepiaii, CTBOPIOIOYM 30HHU 3 IiBUIIIE-
HUM OIIOPOM pyXy YacTUHOK [5]. JI7st OIIIHKY 1IbOTO BaXKJIMBO BU3HAYUTH BEPTUKAJIBHI (Gyv) 1 TOPHU-
30HTaJIbHI (Oh) HANIPYKEHHs B OyHKepi:

_p9H 3)
1+M
o,=K-o,, 4)
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ne: H — Bucora mapy marepiany; D — mmpuna a6o miamerp Oynkepa; K — koedimieHT 60KOBOTO
THUCKY.

CkJleniHHs TaKoXK MOKe (popMyBaTHCs Yepe3 HEOCTATHIO MIBUAKICTh pyXy Marepiany Ha
TPAHCIIOPTYIOUY CTPiuKy. SIKIIO MaTepiaa MOYMHAE BUTIKATH 3aHAATO MOBUIBHO, HOTO YaCTHMHKHU
MaroTh OiJIbINE Yacy i cTabimi3altii i B3aeMHOTo OJ10KyBaHHs. Lle xapakTepHo A CUTyarlii, Koau
JiaMeTp BUXITHOTO OTBOPY OYHKEpa € MEHIIINM 3a PO3Mip 3€peH CHITIKOTO Marepiaiy, 0 MPU3BO-
JUTh O MEXaHIYHOTO OJIOKYBaHHS YaCTUHOK Yy BUXIIHIN 30HI.

Bu3nayanbHOI YMOBOIO YTBOPEHHS CKIICTIIHHS € JIOCSATHEHHS PIBHOBATH, 3a SKOi CHIIH, 10
YTPUMYIOTh MatTepiajl y CTablIbHOMY CTaHi, IEPEBUIIYIOTh CHIIH, IO CIIPHUSIFOTh HOTO PYXY.

OcHOBHUI MaTeMaTUYHUNA BUPA3 VIS CTIMKOCTI CKJICTIHHS MA€ BUTIIAL;

> F=F -FR-F-F=0, ®)

ne: Fg — cuna tsokinus; Fr — cuna TepTsa Mk YacTUHKaMU; F¢ — cunm Koresii M yacTUHKaMu; Fs —
CHJIa OTIOpY, CTBOPEHA CTIHKaMHU OyHKepa.

YcyHyTH npo0seMy YTBOPEHHsI CKIICHIHHS CHUIIKUX MaTepialliB y MpUiMalbHOMY OYHKepi
MOYKHA 3aBJIIKA BCTAHOBJICHHIO CIICI[IQJILHOTO PO3ITyIIyBaya y SKOTO TOJIOBHUM €JIEMEHTOM CHC-
TEMHU € BaJl 13 pOOOUYMMU OpraHaMu, sIKi 00epTaIOTHCS BCepeIuHi OyHKepa B 30HI pO3BaHTaXKyBaJIb-
Horo otBopy Lle#t mpuctpiii 3a0e3nedye akTHBHE pyHHYBaHHS CKJICTIIHHS 32 PaXyHOK MEXaHIYHOTO
BIUIMBY Ha MaTepiajl y 30HI BUXiIHOTO OTBOpY OyHKepa.

[Tpunumn nii po3myuryBaya MOJIATAE Y CTBOPEHHI MEXaHIYHUX KOJMBaHb Ta MEPEMILEHb
MaTepiaiy, sKi 3armo0iraroTh Horo yuliIbHEHHIO Ta 371eKyBaHHI0. PoOoui opranu, obeprarounch pa-
30M 13 BaJIOM, PYHHYIOTh CTPYKTYPHIi 3B’SI3KH MK YaCTUHKAMH Martepiaily, 3aBIsSKH 4OMY 3aro0i-
raeThCsl YTBOPEHHS CTIMKUX CTPYKTYp, XapaKTepHUX JJs ckiemniHHs. el mpouec cynmpoBoKy-
€THCS 3MEHILICHHSIM TE€PTSA MK YaCTHHKAaMH Ta 30UTBIICHHSM PyXOMOCTI MaTepiaiy, o 3a0e3nedye
roro Oe3nepeOiitHUI OTIK HA CTPIYKOBUH TPAHCTIOPTED.

Ha pucynky 3 mo3HaueHO /1Ba KJIIFOUYOBHX MapaMeTpH, sKi MAIOTh BIUTUB Ha €(DEKTUBHICTh
po0oTH po3MyIIyBaya: po3Mip po3BaHTaXyBajIbHOTO 0TBOpY H 1 ymoBHUII po3mip otBopy HYy. Li
napamMeTpl BU3HAYAIOTh TUIONIY BUXITHOTO MEPETUHY, Yepe3 KUK MaTepiai MoTparuisie Ha TPaHC-
noptep. Skuo H € HeAOCTaTHIM, CKIIEMIHHSA MOXe OJIOKYBaTH MOTIK MaTepiay, HaBiTh 32 aKTUBHOI
poboTH posmyuryBaya. BifmoBigHO, M Yyac MpOeKTyBaHHs OyHKepa Ta pO3MyllyBada BPaxoOBY-
I0ThCA SIK (PI3MYHI BJIACTUBOCTI MaTepially, Tak 1 HEOOX1AHUNA 00CAT MPOIMYCKHOT 3JaTHOCTI.

VY nporeci po6oTH Baj 13 poOOYMMHU OpraHaMH, 00epTarounCh, TeHEPYE MEXaHIYH1 3yCHIIA,
K1 IEpeJaloThCS HAa YACTUHKH MaTepiaily, 1110 3HaXOAAThCS B 30H1 BUX1AHOTrO oTBOpy. L1 3ycumis
CHPSIMOBaHI Ha MOJOJAHHS CTATUYHOI'O TEPTS MK YaCTUHKAMH, a TaKOK Ha PYWHYBAaHHS MILHUX
3B’SI3KIB, K1 MOXYTb YTPUMYBATU CTPYKTYPY CKJIETIIHHSA. 3a JONMOMOI00 TaKUX Jiil poO0Yl opraHu
3a0e3neuyoTh NOCTiiiHE epeMillleHHs YACTUHOK, MEPEIIKO/KAI0U1 IXHbOMY 3JI€KYBaHHIO Ta yIIi-
JHHEHHIO.

Oco6nuBicTIO poOOTH PO3ITyINIyBaya € B3a€EMOJIS 3 MaTepiajloM Y JBOX 30HAaX: y BEpPXHil
yacTuH1 OyHKepa, e MaTepiaj MOUYMHAE CTIKaTH JI0 PO3BAHTAXXyBAJIBLHOTO OTBOPY, 1 B caMiil 30H1
OTBOPY, Z1€¢ pOopMy€eThCs MOTIK. Y BEpXHIN 30H1 3a0€31e4Uy€eThCsl pyHHYBaHHS MOTEHIIHUX 30H 3J1e-
’KYBaHHS, a B HKHIM — aKTHBHE MiATPUMaHHs CTa0lIbHOTO MOTOKY MaTepiany. TakuM YHHOM, Me-
XaHIYHUN BIJIMB PO3IyIIyBaya OXOIUIIOE BeCh 00’ €M Martepiaiy, 1110 3HaXOAUThCs B 30H1 Aii pobo-
YUX OPTraHiB.

[Tix gac poOOTH BaXKJIMBUM aCIIEKTOM € KOHTPOJb MBUAKOCTI oOepTanHs Basa. Hagmipaa
MIBUJKICTh MOK€ MPU3BOIUTH JI0 MOMIKO/PKEHHS YaCTUHOK MaTepiany abo MiABUIIEHHS MU0y TBO-
pEeHHS, TOJl SK HENOCTaTHS HIBUAKICTh HE 3a0e3nmednuTh e(PEeKTUBHOrO PYWHYBaHHS CKJIIEHIHHS.
Tomy mBHIKICTE OOEpTaHHS PETYIIOETHCS BIANOBIIHO O BJIACTUBOCTEH MaTepialy Ta BUMOT JI0
POIYKTHUBHOCTI.
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Puc. 3. Po3mymryBau B mporieci pobotu:
H — po3mip po3BaHTa)KyBaibHOTO O0TBOPY; Hy — yMOBHUIT po3Mip pO3BaHTa)KyBaJIbHOTO OTBOPY
Fig. 3. The ripper in operation:
H — the size of the discharge opening; Hy — the nominal size of the discharge opening

Kpim Toro, reomerpisi poOOUMX OpPraHiB 1 iIXHE PO3TAILyBaHHS Ha Baly MalOTh BUpILIAIbHE
3HA4YeHHS U1 ePeKTUBHOI poOOTH po3myiryBada. Ha pucyHKy BUIHO, IO poOOYi OpraHu po3Tamio-
BaHi B3JIOBX yChOI'0 Baja, 110 3a0e3neuye piBHOMIpPHUHN BIUIMB HA MaTepiall o BCid MUPHHI po3Ba-
HTa)KyBaJIbHOTO OTBOPY. Lle BaykimmMBO 17151 3armo0iraHHs yTBOPEHHIO JIOKAJBHUX 30H 3aCTOI0 MaTe-
piany, sIKi MOKYTh 3HI)KYBaTH 3arajibHy €(eKTUBHICTh CHCTEMHU.

SIKIIO MO3HAYUTH CHITY, IO CTBOPIOETHCS POOOYMMH OpraHamMH posmyimryBada, sik Fr, To
CKJICTIIHHS pYHHY€ETBHCS, KOJIM BUKOHAHA yMOBA!

F>F+F+F, (6)

ae: Fa - Cujia anre3i'1'; Fc - cuJla 34YCIICHHS MDK YaCTHHKAMH.

Cuna Fr 3as1exuTh BiJ TeoMeTpli po3mylryBayda Ta Horo pexumy podoru. Bona moxe 6ytu
BUPaXXEHA Yepe3 MOMEHT obepTaHHs M, paaiyc aii podounx opratiB R Ta kibkicTe poOounx opra-
HIB N:

M (7)
R-n

MowmenT oGepTanHs M, y CBOIO 4epry, BU3HAYA€ThCS MEPEeJaTOUHUM CITiBB1IHOILICHHSM pe-
JTYKTOpa, MOTYXKHICTIO IpUBOAY P Ta KyTOBOIO MIBUJAKICTIO O:

voP ©)

Jlo1aTKOBO BpaxoOBY€ThCS AMHAMIYHUI BIUIMB POOOYMX OpPraHiB po3MyllyBaya, SKHi reHe-
PY€ MyJIbCYIOUl CHJIH, 3MIHIOIOUH PIBHOBXHUH CTaH CKJIEMIHHS. Y MaTeMaTUYHIA MOJEII 1€ MO-
’KHa BiTOOPa3UTH yepe3 3MIHHY CKIaA0BY Fayn, sIka MO/IETIOE IMKIIIYHI HABAHTAXKEHHS:

F.(t) =F,, + F,, - sin(at), 9)

stat dyn

ne: Fstat — cTaTH4HA CKJIaJI0Ba CUIIM PO3MYIIIyBaya; Mt — KyTOBA 4acToTa 00epTaHHsS poOOUINX Op-
TaHiB.

Pospaxynok cunu Teptst Ft 6a3yeTbcst Ha BIaCTUBOCTSAX MaTepialy Ta reoMeTpii OyHKepa.
Bona Bu3HauaeThCs SK:

F =u-F,-cosa, (10)

53



T J Texmika OyaiBHMIITBA Bunyck/Issue 41, 2024

ne. | — koedimieHT Tepts; Fg — Bara marepiany; o — KyT HaXuJly CTIHOK OyHKepa.
Cuna anresii Fa MogenmtoeTbest uepes3 KanisipHi BIIACTUBOCTI MaTepiaiy:

F,=k,-o0-S, (12)

ne: Ka — koeimieHT aaresii; 6 — MOBEPXHEBUI HATAT; S — IUION[A KOHTAKTY.

KirouoBuit MOMEHT pyiiHYBaHHS CKJICHIIHHS HACTa€, KOJU AWHAMIYHI KOJIMBAaHHS, CTBOPEHI
PO3MyILIyBaueM, MPUBOASATH JI0 3CYBY YACTUHOK Yy KPUTUYHHUX TOUKax cTpykTypH. Lle mopymuiye Oa-
JIAHC CHJI 1 BUKJTUKAE TIPOTPECyroue pyHHYBaHHS CKJICTIIHHS 32 JIAHIFOTOBOIO peakiliero. Takum du-
HOM, PO3IyIIyBay CIpPUsIE MEPEXOy CUIIKOTO MaTepialy 3 cTa0lIbHOIO CTaHy B PyXOMHH, 3a0e3-
NEYyI0Yr PIBHOMIpHE pO3BAaHTAXXCHHS OYHKEpa.

5. BucHoBkH. J[oCTiDKEHHS TOKa3ajio, IO YTBOPEHHS CKJICMIHb CHUIIKUX MaTepialiB y
npuiiMabHUX OyHKepax € OJHI€I0 3 OCHOBHUX NPUYMH MOpYIIeHHs Oe3nepebiiiHocTi podotu Oe-
TOHO3MIITYBaJbHUX 3aBOIIB. AHAJI3 (PI3MYHUX BJIACTUBOCTEH CUIIKMX MaTepiajiB 1 FEOMETPUUHUX
napameTpiB OyHKepiB JO3BOJIMB BCTAHOBUTH KJIIOUOBI (pakTOpH, SKi CIPUAIOTH (OPMYBAHHIO CKJIIe-
nine. BusiBneHo, mo reomerpis OyHKepa, BKIIOYAIOUM KyT HAXWIYy CTIHOK 1 PO3MIp BHUXIAHOTO
OTBOpY, Ma€ BUPIIIATBHUN BIUIMB HA HMOBIPHICTh BUHUKHEHHSI OJIOKYBaHb.

3anpornoHoBaHO HOBHM MiJX1/T 0 BUPIMIEHHS TPOOIEMH YTBOPEHHS CKJICMIHb Y MPUHMAaIb-
HUX OyHKepax, IKui nepeadavyae BUKOPUCTaHHS PO3IYIIyBaya 3 BJIOM i poOounmMu opranamu. Llei
npUCTpiil 3a0e3neuye MEXaHIYHH BILUTUB y 30HI BUX1JHOTO OTBOPY OYHKepa, 110 T03BOJISIE PyHHY-
BaTH CKJICTIIHHS Ta 3a0e3nedyBaT Oe3rnepepBHUI MOTIK CHIIKMX MaTtepiaiiB. Po3pobienuit miaxin
BpaxoBy€e OCOOIMBOCTI (DI3UKO-MEXaHIYHUX BIACTUBOCTEH MaTepiaiiB i TeOMETpUYHI apaMeTpu
OyHKepa, 10 poOUTh HOro yHIBEpCATHLHUM JIJIS PI3HUX YMOB EKCILTyaTallii.

3anpornoHOBaHUI METO/I € YHIBEpCAIbHUM 1 MOKe OYTH aIaliTOBAaHUH /10 PI3HUX YMOB €KC-
TuTyaTtanii Ta THITiB MaTepialiB, IO BiIKPUBAE HOBI MOXKJIMBOCTI JJIs TTiIBULIICHHS TIPOTyKTHBHOCTI
1 3MEHILIEHHS BUTPAT Ha 00CIIyTOByBaHHS OETOHO3MIITYBATLHUX YCTaHOBOK. OTpUMaHi pe3yabTaTh
MOXYTh OyTH BHKOPHCTaHI IPU MPOEKTYBAHHI MPUIMaIbHUX OYHKEpiB HOBOTO TOKOJIHHS Ta OI-
TUMIi3alii BKe ICHYI04Oro 001aIHaHHS.
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BPAXYBAHHSI CUN OMOPY CEPEAOBWLIA B 3ATAIbHIA PO3PAXYHKOBIV
CXEMI BIBPALUHOT CUCTEMW, 30BPAXEHOI Y BUrNAAI AMCKPETHOT MOAEN!

AHOTALIA. Y cmammi po3arsiHymo MemoOUKY epaxysaHHsI cusl oropy cepedosuuia y pospaxyH-
Kosili cxemi 8ibpayitiHux cucmem, SIKi LWUPOKO 8UKopucmosytombcs y 6ydigenbHill iHAycmpii O5ist yuwinbHeHHS
b6emoHHuUx cymiwel. Po3pobreHo MamemMamuyHi 3anexHocmi 0715 8U3HaYeHHSI PeakmueHo20 ma akmus-
Ho20 oropy cepedosuwja, uio 00380JISiE OYiHIOBAMU PyX KOHMUHYyallbHO20 cepedosuuja i3 36epexeHHsIM
xeunbosux rnpouyecie. OmpumaHi pe3dynbmamu daromb 3MO2y CrpoCmUMU Po3paxyHKU WIISXOM BUKIIO-
YeHHS1 He0bXiOHOCMI I8HO20 BU3HAYEHHS 2apMOHILIHUX YMO8 | MOXymb 6ymu 3acmocogaHi 011 onmumisauii
napamempig poboyux opaaHig 8ibpauiliHoeo obradHaHHs. [pakmuyHa 3Haqyywicmb AOCIOXKEeHHS ronseae
y nidsuwjeHHi egpekmusHocmi pobomu obnadHaHHs ma 3abesneqyeHHi 6inbw MoyYyHoi 8idnogidHocmi meope-
mu4Hux modenel peanbHUM ymosam. [posedeHi ekcriepumeHmu nidmeepdunu MoYHICMb OmpuMaHuUx 3a-
niexxHocmel i3 8idXuneHHsIM 8i0 ekcriepumeHmasbHux 0aHux He binbwe 15%.

Knroyoei cnoea: sibpauiliHi cucmemu, cunu oropy cepedosuwja, peakmugHul orip, akmusHUU
onip, ywinbHeHHs1 6emoHHUX cymiwel, onmumisauiss napamempis, gibpauitiHe obrnadHaHHSI.

OPTIMIZATION OF THE RECEIVING BUNKER OPERATION DURING THE BLOCKING
OF BULK MATERIALS

ABSTRACT. The article examines a methodology for accounting for environmental resistance forces
in the calculation scheme of vibratory systems widely used in the construction industry for concrete mixture
compaction. Mathematical dependencies have been developed to determine the reactive and active re-
sistance of the environment, enabling the assessment of continuum motion while preserving wave processes.
The obtained results simplify calculations by eliminating the need for explicit determination of harmonic con-
ditions and can be applied to optimize the parameters of vibratory equipment working elements. The practical
significance of the research lies in improving equipment efficiency and ensuring a more accurate correspond-
ence between theoretical models and real conditions. The conducted experiments confirmed the accuracy
of the obtained dependencies, with deviations from experimental data not exceeding 15%.

Keywords: vibratory systems, environmental resistance forces, reactive resistance, active re-
sistance, concrete mixture compaction, parameter optimization, vibratory equipment.

1.ITocranoBka npo6JeMu. CHiu OTIOpPY CepelOBHILA CYTTEBO BIUIMBAIOTH HA €(PEKTUBHICTD
poOoTH BiOpaliiiHOTro 06J1aHAHHS, SIKE IIUPOKO 3aCTOCOBYETHCS y OyIiIBEIbHIN 1HIYCTpil, 30KpemMa
JUIS YUIUTbHEHHs 0eTOHHUX cyMmimeil. OHaK BpaXyBaHHS IIMX CUJI Y pO3paxyHKaX yCKIIAJIHIOETHCS
yepes iXHIN CKIIaJHUI XxapakTep, 10 BKIIOYAE MPYKHO-1HEPIiHI (peaKTUBHI) Ta TUCUNIATUBHI (aK-
TUBHI1) cKki1agoBi. CyyacHi METOJIMKH 4acTo 0a3yloThCs Ha MITIPUYHHX 3aJISKHOCTSX, SIKI HE Bpa-
XOBYIOTh 3MIHHICTb ITApaMeTPiB CEPEIOBUINA M1 4ac poOOTH 00JaJHAHHS, 1110 TPU3BOJUTH J0 3HA-
YHUX PO301KHOCTEH MiXK TEOPETHUHUMH PO3paxyHKaMH Ta (PaKTHUHUMH MOKa3HUKaMu. ToMy ak-
TyaJIbHOIO € TIpo0JIeMa pO3pOOKH TCOPETUIHUX 1 MATEMATUIHUX MOJENEH, iKi O TOUHO BpPaxoBY-
BaJIM BIUIMB CHJI ONIOPY CEPEAOBUINA Ta BiJ0OpaXkaliu peajibHi YMOBH pOOOTH BiOpaliiHUX CHCTEM.

2. AHaJji3 my0Jjikaunii mo remi gocaigxenHsi. Anaini3 myOsikariii, IpUCBIYCHUX TEMI J0-
CJIIJDKEHHS, CBITYMTD PO 3HAUHUI IHTEpeC HAYKOBIIIB JI0 MUTaHb BpaxyBaHHs CHJI OTIOPY Cepeio-
BHUIIIa Y PO3PAaXyHKOBHX cxemax BiOpauiiHux cucteM. OCHOBHA yBara 30cepe/)keHa Ha BUBUEHHI
AKTUBHHX 1 PEaKTUBHUX CKJIaOBHUX OIOPY, @ TAKOXK Ha MOJIEIIOBaHHI iX BIUIUBY Ha poOOTY BiOpa-
MIHHOro 00IaJHAHHA.
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Baxxnusi BHecku y miit cdepi 3podaeno I.1. Hazapenkowm, sikuii y cBoix podotax [1, 3] pos-
TJISSHYB TIPUKIIHI aClIEKTH Teopii BiOpamiitHIX cHCTeM 1 HaJaB PEKOMEH/AIlll 00 BU3HAYCHHS
napaMeTpiB PEaKTUBHOTO Ta aKTUBHOTO OMOpY cepenoBuiia. B po6orax [4-6] aBTopu miaKpeciio-
I0Th HEOOXiAHICTh TOYHOTO MOJETIOBAHHS KOMIUIEKCHOTO MOAYJIA JAedopmaliii 6eTOHHOT cymili
JU1s 3a0e3MedeHHs €pEeKTUBHOTO YIIIJIbHEHHS MaTepiaiB.

Y po6orti [7] mpuainaeHo yBary BiOpamiifHUM CHCTeMaM, 10 BKJIFOYAIOTh XBIJIbOBI TIPOIIECH,
BaYUIMBI JUIsl aHATI3y KOHTUHYaJILHOTO CEpeI0OBUIIIA, 1110 103BOJISIE OI[IHIOBATH MOBEIHKY MaTepia-
JIB i Ai€r0 BiOparlliil, 30KkpeMa eHeproBUTPaTH Ta JUCHIIATUBHI BIACTUBOCTI.

Pesynbraty ynciaeHHUX JOCHTIKEHbD [8, 9] TakoX MiATBEPIKYIOTh, IO TPAIUIIIHHI METOIN
BU3HAYEHHS MTapaMEeTPiB OMOPY CEPEOBUINA MAIOTh CYTTEBI OOMEKEHHS.

VY pob6ori [3], ieMoHCTpy€eThCS BiaXmiIeHHs 10 35-40% BiJ €KCIIEPUMEHTAIBHUX JTaHUX, 1110
YCKJIQJIHIOE iX MPAKTUIHE 3aCTOCYBAHHS.

TakuMm 4MHOM, IPOBEICHHUI aHAIII3 CBITYUTH PO HEOOXITHICTh 1 aKTYalbHICTh PO3POOKH
METOJTUK, SIK1 I03BOJISIFOTh BPaXOBYBATH CHIIH OTIOPY CEPEIOBUINA 3 MAKCUMAIILHOIO TOYHICTIO, 30-
Kpema Jij1s BiOpalliiHUX CUCTEM, 1110 BUKOPUCTOBYIOThCS Y OyAiBENIbHIN 1IHIYCTPII.

3. MeTa i 3aBaaHHs Aoc/iTKeHHs. MeTa cTaTTi mossirae y po3po0ieHHi Ta 00rpyHTyBaHH1
METOJIMKH BpaxyBaHHs CHJI OTIOPY CEPEIOBHINA B 3aralibHil pO3paxyHKOBIil cxeMi BiOpalliitHoi cu-
CTEMH, MPEACTABICHOI Y BUIIISIII TUCKPETHOI Mozeni. L{e qo3Boisie BU3HAYaTH peaKTHUBHHMA Ta aK-
TUBHUH OIIp CEpeOBUILA TPHU KOJUBAHHAX poOOYOTo Oprany yJapHOi yCTaHOBKHU Ta CIPOIIYE Xif
PO3paxyHKiB, 320€3MEUyI0UH OILIHKY PYXY CEPEIOBHINA i3 30epEKCHHSIM XBUIBOBHX IPOIICCIB.

4. OOrpyHTYBaHHSI METOAUKH BPAXyBaHHSI CWJI ONOPY CepelOBHMILNA B 3arajibHiil po3-
PaxyHKOBIii cxemi BiOpauiiiHoi cucremu

Sk Bigomo [1], cepenoBuine 34iiiCHIOE OMmip pyXy poOOYOro Oprany CBOiMHU MPY>KHO-1HEp-
IHHUMU 1 JUCUNIATUBHUMU CKJIQJIOBUMH, SIKi 32 aHAIOTIEI0 MPUUHSATO HA3WBATH PEAKTUBHUMU
(mpy>kHO-1HEpIIiiiH1) Ta aKTUBHUMH (JUCHIIATUBHI) CKJIaJA0BUMU [2]. I3 piBHOCTI iHEPUIMHUX CHII
= icun onopy . (puc. 1) B 30HI KOHTaKTy OETOHHOI CyMilui 3 IHULIEM (OPMHU Ta KOMILICKCHUH

Moy edopmarii 6eToHHOI cymii (1), oTpumMaeMo criBBigHOIIEHHS (2):

E*=EQ+iy); 1)
ne E' — koMrmekcHui MoayIib gedopmarrii 6erorHoi cymimi [3]; E —Momyns npyxHOT nedopmartii
0eTOHHOI cyMmili; y — KOe(ilieHT Onopy, AKMI BU3HAYAE YACTHHY €HEPIii CEpPENOBUIIA, KA I10T-

JIMHAETHCS 3a OJMH MEPi0j] KOJUBaHb, | — yMOBHA OJMHMIIA, KA BKa3ye Ha 3CYB BEKTOPA MPYXKHOT
CKIIaI0BO1 /10 He mpy»kHoi (mucumarusroi ) Ha 90° [90].

az
h

z(t=u01
' vy I il

| |

PI/ICYHOK 1. Cxema A0 BU3HAUCHHSA PCAKTUBHOI'O OTIOPY CCPECAOBHIIIA.
Fig. 1. Scheme for determining the reactance of the medium.
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d%z(t)  ES au(Oyt) (2)
a2 (+iy) @z

ne m, — IpUEaHaHa Maca cepeoBuiia (OETOHHOI CyMilii); S — ONOpPHA IIOMIA JHUIIA POPMH.

Mc

I3 Bupasy (2) cmiaye:
ES au(0,t)
_@Q+iy) oz - 3)
T d2z0)
dt?

HanpysxeHHs1, siKi BAHUKAIOTh B OCHOBI I1apy O€TOHHOT CyMillli, 0 YIIITBHIOETHCS, MOXKYTh
OyTH BU3HA4YeHI 13 HACTYITHOT'O BHPa3y, B IKOMY FapMOHIYHI CKJIaJ0B1 MPEICTABIEH] y BUTIISAIL Y-
BHO{ YaCTUHU KOMIUIEKCHOT (PyHKIIII:

0.0~ Ea“(o _$ea oo, -Bsin@BM | . AE [ash@oh - sin@Bh) ()
oz "| 2sh (o, +cos (B,ml 2Ish (o) +cos B

n=1

nC gy U g~ KOE(IIIEHT MOTIIMHAHHS €HEPTii Ta XBUJILOBE YHCIIO
IIpuckOpeHHs KOJIMBaHb PyXOMOI paMH

d? d7z(t) _ Z 2,2 A @it (5)
dt?

[TincraBnsaroun B Gopmymy (3) Bupas (4) ta (5), orpumaemo (HyHKIIOHAIBHY 3a1€KHICTh
JUTSL BU3HAYCHHS TTPUBEICHOT MacH OETOHHOT CyMiIIIi:

- ESA. [oushan-Bsin@Bm] .  Esa [osh@om-P.sinBn
= 1+iy | 2gh Z(Cth) + COSZ(Bnh)] . 2(1+iy) | 2sh Z(Ohh) + COSZ(Blh)]
2n'oAe” 2n'oAe”

(6)

m.=

OCKUTBKY aMIUTITYIM BUIIMX TAPMOHIK KOJIMBaHb MEHIIIE aMILIITYAX OCHOBHOT (TepIoi) ra-
PMOHIKHU KOJIMBaHb, TO Y MEPIIOMY HAaOJIMKEHH] IPUBEJIEHY Macy OETOHHOI CyMillll MOXHa BU3HA-
YHUTH 13 3Ha4€Hb OCHOBHOI YaCTOTH BUMYILICHUX KOJHMBaHb. [Ipu nibomMy Bupas (6) mepeTBoproeThes
710 HACTYITHOTO BUTJISIITY:

c

Es  [osh@oh) P sin2Bh) . AES ash@oh) -BsinBh| .. @)
@+’ | Ash @ +cos BM | 2AM+im’ | Ash (o +cos B

[ToMHO>XXMMO YHCENIbHUK Ta 3HAMEHHUK MIEPIIIOTo Ta IPYroro N0AaHKIB BUpa3y (8) Ha ysBHE
YHCIIO, SIKE CTIPSKEHE 31 3HAMEHHUKOM:

 ES(l-iy) | aush@ouh) - BSIH(ZBh) AES(+iy) | oushCa) - sin2Bh)
@+y)w’ 2[sh (o.M +cos B 2A1(1+y2)co2 2sh (oL +cos B)]

Buninsroun 13 koMruiekcHol ¢yHkIii (8) AiicHy yacTHHY, 3HAWIEMO LTyKaHe 3HaYEeHHS MTPU-
B€JICHOi Macu OETOHHOI CyMillll TPU aCHMETPUYHOMY KIHEMAaTHYHOMY 30y PK€HH1 KOJIMBaHb:

ES 0201 -, i3 {1 i(coswtwsmmt)}dt ©)
(1+y)co 2sh (ah +cos B 2A

¢

}(comt—isin wt) (8)

¢

AHaui3 oTpuMaHoro Bupasy (9) nokasye, 1110 npuBeAeHa Maca 0€TOHHOT CyMillll IPU acKMe-
TPUYHOMY KiIHEMAaTUYHOMY 30y IXKEHHI KOJIMBaHb Ma€ 3MIHHUI XapakTep, TOOTO 3MIHIOETHCS B Yaci.
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[Ipu BUKOpHCTaHHI TUCKPETHOI MOJENI TOIIPHO BUKOPHUCTOBYBATH IMOCTIHHY BEIMYNHY
MIPUBEICHOT MacH Y BUTJISAI ii cepeIHhOr0 3HAYCHHsI. BenmunHa cepeTHbOro 3HAYCHHS TIPUBEICHOT
Macu O€TOHHOI CyMiIlli 32 TOBHUI IIMKJI OTHOTO KOJMBAHHS, TOOTO 332 4ac T —ty+t, Oyze piBHA:

Lt ES {OLSh(ZOLlh) Bsm(ZBh)} {
s (4 1)y )’ | Ash (o +cos B )]

m.= A (COSmt+ysinwt)}dt=mi+mg=

2A,

t
_f {alsh(Za h)-Psin2p] h)} {1 A (Cosmtmmt)} i (10)
2 (t,+1, )(l+y Yo' | Ash (e +cos B! 2A,
L, h(2gh 2Bh
J_ ES {OLS Cah- Bsm( B )} {1 A (cosmt+ysinmt)}dt
£+ 1)a+y)w’ | 2Ash (o +cos B 2A,
3BiAKK Hai1eMo
ol = ESt; a18hqqh) - Bsin(2 g h) | - (11)
W+ 7)) w3ty +t) | 2sh®(@ah) +cos?(By)]
/l _ ESTZ alSh(Zalh) - ﬂlSin(zlglh) y (12)
T @ity | Ash*(adh) +cos’ (B
AC ri=t + A [sinawty + y(L—cosaty)]' 7o, =t, —t; + [sin @ty —sinwty + y(cosat, —cosmty )]
20 N 20 Ny
JIs1st BU3HAYCHHSI aKTUBHOT'O OIIOPY BUKOPUCTOBYEMO HACTYIIHY TOTOXHICTb:
yA
d dz(t) _ _iESy au(0,t) t) (13)
dt 0z
ne b — xoediieHT HeMpyX)HOTO OMOPY HEMEHTOOETOHHOT CyMillTi.
I3 Bupasy (12) chigye:
iESy ou(0,1)
b= or . (14)
dz(t)
dt

[Tpu xiHemMaTHUYHOMY 30YKEHI Bl KyJQUKOBOIO MEXaHI3My Ha KyTOBY 4acTOTY KOJIMBaHb
PYXOMOi paMu (@ HaKJIaJaeTbCs OLIbII BUCOKA TapMOHiKa, TOOTO BUHMKA€E CyleprapMoHiiiHa Jis
Ha YIIUIbHIOIOYE CepeIOBHILE TOMY IIBUAKICTh KOJIMBAaHb PYXOMOI paMM OINHUCY€ETHCS PIBHAHHIM
(15):

a’2) L 2 2 i, (15)
dt? n=1
ne A — aMmIutiTy1a epeMilleHb;

[TincraBnsroun B hopmymy (14) Bupas (4) Ta (15), orpumaemo GyHKIIIOHABHY 3aT€KHICTh
JUIsl BU3HAUYEHHS Koe(ili€HTa HENPY>KHOTO OMopy OETOHHOT CyMIIIi:

%iES}/A anSh(zanh)_IBnSin(zﬂnh) eina)t
L "| 2sh?(anh) +cos?(B,h)]
Zn:na)Aneinwt
n=1
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2 | 2Ash®(aih)+cos?(B,h]

n .

INwt
YnoAye"?
n=1

iEsyA{alsh(Zalh) —ﬁlsin(Zﬂlh)}
(16)

Busnaunmo B nepiomy HaOJIMKEeHHI KOe]ilieHT HENpPY>KHOTO OMopy O€TOHHOI CyMillli BH-
XO/SYH 13 3HaY€Hb OCHOBHOI YaCTOTH BUMYIITYIOUYM KoJMBaHb. [Ipu ibomy Bupas (16) nmeperBopro-
€THCA JI0 HACTYITHOTO BUTJISY:

iESy | ansh@an) - B,sin2 4,0 |

b=
@ | 2sh*(anh) +cos®(B,N)]
IES;A a15h(2g1h) — B,sin(2 B, h) o (17)
2A160 2[sh*(a1h) +cos (B, h)]

Buninsroun 13 komruiekcHol GyHkuii (17) ysBHY 4yacTuHY, 3Ha1EMO IIyKaHEe 3HAYCHHS €K-
BiBaJICHTHOT'O KOoedilli€eHTa HEMPYKHOTO OMOpy OETOHHOI CyMillli P ACUMETPUYHOMY KiHEMaTH-
HOMY 30y)KeHHI KOJINBaHb:

:ES)/ anSh(Zanh)_ﬁnSin(zﬁnh) .|:1+C050)t:|'
T @ | 2Ash®(anh) + cos?(B,N)] 2A

B po6oti [3] mpuBeneHi 3a1e:KHOCTI ISl BAZHAYCHHSI IIPUBEJCHOI MAaCH Ta €KBIBAJICHTHOTO
KoedillieHTa HETIPY>KHOTO ONOpYy OETOHHOT CyMillll B mpoI1ieci BiOpaliiiHoro yuiabHEeHHS:

i _ 2pSlaysh2ash + Bisin23h)r mpn 0<t<r;  (19)
(af +ﬂf)(ch2alh +¢082,h) (71 +77)

(18)

y__ 2pSlagsh2agh+ Bisin2Bih)rs oy 7 <t<T;  (20)
¢ (af +ﬁf)(ch2alh +c052,h)(7y + 75)

o0
—72 Ny u? n +Vn cos[na)t—}Nll
w n:

30 ud i og nat - &1

HocninHa nepeBipka npoBeneHa B nadoparopisx HarmionansHoro yHiBepcutery "llonTas-
cpka nomitexHika imeHi FOpis Konapatioka" [10] mokasana, 1o BUBEACHI Ta 3apOIIOHOBAHI 3ae-

(21)

b3K6‘ =

)HOCTI (9), (12) u (16) 1ar0Th PO3XOHKEHHS mé, mé/ up
oinbie 15%.

B Toii e yac 3HaueHHs NPUBEIECHOI MacH Ta €KBIBAJIEHTHOTO Koe(illieHTa HETIPY K-
HOT0 OMOpPY OETOHHOT CyMillli B IPOIIECi BIOpAIIfHOTO YIIITbHEHHS mé , mé’ up SIK1 BU3HAUCH1

2K 3 CKCIICPUMECHTAJIbHUMHU JaHUMHU HE

JK8
1o BigoMuM 3anexxHocTsM (19-21) [3], naroTh po3XOMKEHHS 3 €KCIIEPUMEHTATFHUMHU JaHUMHU HE
menIe 35%.

6. BucnoBku. OtpuMani 3anexHocti (9-12) 1 (18) Bu3Ha4atoTh peakTUBHUN W aKTUBHUN
OTIOPH CEepPEIOBHUIIA KOJIMBAHHAM POO0OYOTO OpraHy BiOpaliifHO yJapHOi ycTaHOBKH. CTae MOKITH-
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BUM BHKOPUCTaHHS KOCMILI€EHTIB [y, # m, Y PIBHAHHAX CHUIBHOrO pyXy pob04oro oprasy i ce-

PEIOBHIIA, SKI BKJIFOYAIOTh y cebe 30Cepe/KEHI mapaMeTpr poOOYHX OpraHiB 1 pO3IMOAICHHI Ia-
pameTpu 00pOOIIOBaHUX CEPEIOBUILL.

OTpuMaHi 3aJIe)KHOCTI MAIOTh MPAKTUYHE 3HAUYEHHS, OCKUTLKH CIIPOIIYIOTh PO3B'SI3aHHS 3a-
Jlad MUISIXOM YCYHEHHSI HeOOXI1THOCTI SIBHOTO BU3HAYCHHS KOe(]iIli€HTIB TapMOHIHHUX YMOB 1 J10-
3BOJISIFOTH OL[IHIOBAaTH PyX KOHTHHYaJIbHOTO CEpEIOBUINA 32 CKIIAJHUX 3aKOHIB PYyXY 13 30epekeH-
HSIM XBUJIBOBUX TIPOIIECIB.

[TpakTU4HA 3HAYYLIICTH PO3POOKHU IMOJIATAE y CIIPOLICHHI PO3PaXyHKiB, OCKUIBKU BiJICYTHS
HEOOXITHICTh YSIBHOTO BU3HAYEHHS KOC(IIIEHTIB AJI TapMOHIHHUX yMOB. L{e Takox 103BoIsI€ ede-
KTUBHIIIIE MOJICJIIOBATH PyX KOHTHHYaJIBHOT'O CEPEAOBUINA IPU CKIAHUX 3aKOHAX PYXY CHCTEMH,
30epiraroyu XBUJIHOBI MPOIECH.

3arponoHOBaHa METOMKA MOXe OyTH 3acTOCOBaHa JUIsl ONTHMI3allii mapaMeTpiB pooounx
oprasiB BiOpaiiitHOro o01alHaHHS, 1110 BUKOPUCTOBYETHCS y OyAiBEIbHIN 1HIYCTPii, 30KpemMa IpH
VIIUTbHEHHI OCTOHHUX CYMIIIeH.
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OCOBJINBOCTI BUKNAOAHHA AUCLUNIIHUA "METOAUKA HAYKOBUX OOCIHII-
MKEHDb" ANA MATICTPIB CNEUIANIBHOCTI "TANY3EBE MALUMHOBYAYBAHHA"

AHOTAUIA. Mema uiei pobomu — susHadyeHHs ocobnugsocmeli suknadaHHsA ducyunniHu "Memo-
OQuka Haykoesux AocnidxeHb" 0nsi Mazicmpie crieuyianbsHocmi "lany3eee mawuHobyOysaHHs". Y cmammi
rpoaHarni3oeaHo cy4acHi 0ce8imHi MemoduKu, 3anporoHo8aHo adanmaujito Hag4asbHUX rpoegpam i3 8UKOPU-
CMaHHsAM pearibHUX KelCi8 IH)XeHEepHOI Mpakmuku, 8rnpoeadKeHHs iHHo8aUilHUX MexHOo0g2ill, npoeKmHo-
OpieHMOB8aHO20 Hag4YaHHS ma CMeBOPEHHS MixXOuUCyuUniHapHUX KoMaHO 07151 PO38'a3aHHS CKaOHUX IHXeHe-
PHUX 3aday.

KnrouoBi cnoBa: memoduka Haykosux 00CriOXeHb, 2ary3ese MawuHobydyeaHHSs, MNPOEKMHo-opie-
HMoe8aHe Hags4yaHHSsI, HayKoge MuUCbMO, iHHo8auUiliHi mexHoogzii, MixxOucyuniHapHicma.

FEATURES OF TEACHING THE DISCIPLINE "METHODICS OF SCIENTIFIC RE-
SEARCH" FOR MASTERS OF THE SPECIALTY "INDUSTRY MECHANICAL ENGI-
NEERING"

ABSTRACT. The purpose of this work is to determine the features of teaching the discipline "Meth-
odology of scientific research" for masters in the specialty "Industrial mechanical engineering”. The article
analyzes modern educational methods, proposes the adaptation of curricula using real cases of engineer-
ing practice, the introduction of innovative technologies, project-oriented learning and the creation of inter-
disciplinary teams to solve complex engineering problems.

Keywords: methodology of scientific research, industrial mechanical engineering, project-oriented
learning, scientific writing, innovative technologies, interdisciplinarity.

1. [TocTanoBKka nmpoodIeMHu.

1.1 3HaveHHs1 TMCUHHUIIIHKA Y cucTeMi miaroroBku. [lucuumiina "Metonrka HAyKOBUX J0-
ciipkeHp" GOpMye y CTYIEHTIB KPUTHYHE MUCIIEHHS, 3/IaTHICTh aHATI3yBaTH Cy4acH1 HAyKOB1 TEH-
JIeH111{, BU3HAYATH aKTyaJlbHi poOIeMH, GOPMYIIIOBATH TIIOTE3U Ta OOMpPaTH METOAM OCIIIHKEHHS
[1]. st MaricTpiB raixy3eBoro MamimHOOy/1yBaHHS BayKJIMBO HAaBUUTHCS BUKOPUCTOBYBATH 111 HABU-
YKH Y peaJbHUX BUPOOHMYMX yMoBax. Hanpukian, onTumizalis npoueciB BUTOTOBIEHHS AeTanen
MAIIMH Y4 aHaJI13 JUHAMIYHUX XapaKTePUCTHK MEXaH13M1B MOTPEOYIOTh BOJIOAIHHS IHCTPYMEHTaMHU
MaTeMaTUYHOro MOJIENIIOBaHHs, 300py Ta 0OpOOKHU eKCIIepUMEHTaIbHUX JaHuX [2 ].

1.2 IIpobnemu, siki BUHHKAIOTh Y BUKJIAJaHHi. BicyTHICTh aanTOBaHUX METOAMK, K1
BPaxOBYIOTh T€XHIUHY cnenudiky aucuumiing. HepoctatHe 3aydeHHs CTY/IEHTIB 10 aKTUBHOTO
HaBYaHHS 4Yepe3 BIJACYTHICTh MPAKTHYHOTO KOHTEKCTY. [3]. OOMexeH1 MOXIMBOCTI BUKOPUCTAHHS
CY4acHOTO IPOTPaMHOTo 3a0e3MeYeHHs y HaBJyaIbHOMY Iporueci. [4].

2. AHaJji3 ocTaHHIX J0caizKeHb i myOsikanii. JlocmikeHHs METO/[IB BUKJIaIaHHS JTUC-
IUIUTIH Y TEXHIYHUX YHIBEPCUTETAX MPEACTaBIEH] Y Iparsix:

- Komaposa M. C. (2019) — miakpecmtoeThCsi BXXJIUBICTh IHTETpAIlli peaIbHIX BUPOOHUUINX
KelciB y nporiec HaBuaHHA [1].

- lNaiimamaku B. @. (1989) — aBTOp akiieHTy€e yBary Ha BUKOPUCTaHHI CHCTEM MOJICITFOBAHHS
JUTS aHAJI3y CKJIaJHUX MEXaHIYHUX cHCTeM [2].

- Cementoka B. @. (2022) — po3risiiaeTbesi MATAHHS 3aCTOCYBAHHS MIKIUCITUTIIIHAPHOTO
MiJXOAY y MiATOTOBIII iHXKEHEPiB [5].
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He3Bakaroun Ha 3HAYHUI MTOCTYT Y pO3BUTKY HaBYAJIbHUX METOAMK, MTUTAHHS aJanTauii au-
cuuruiiny "MeToiKa HayKOBHX JOCIHIHKEHB" 10 MOTped rary3eBoro MalmmHOOYIyBaHHS 3ajIMIIa-
€THCSI HEJOCTATHBO JTOCIIIJIKEHHUM.

3. Merta i MmeTO10JI0TiS.

3.1 Meta. Po3poOuTu ajantoBaHy METOAMKY BUKJIQJIaHHS JUCIUILIIHU "MeToauka HayKo-
BUX JIOCIIKEHB", SIKa CIIPUSATUME PO3BUTKY y CTYJICHTIB HABHUOK HAyKOBOTO MHUCIICHHS, JOCIi THH-
IIbKOT pOOOTH 1 aHAJI3Y JaHUX Y CHEIU(IYHUX YMOBaX rajly3eBoro MamuHoOyyBanHs [1].

4. Marepiaau i MmeToau.

- AHaJTi3 HaBYAJIbHUX MTPOTpaM MPOBITHUX YHIBEPCUTETIB YKpaiHH Ta CBITY[S].

- OnuTyBaHHS CTYJACHTIB MaricTpaTypH U010 €(PEeKTUBHOCTI ICHYIOUYHX ITiIXOIiB.

- Po3po0xka keliciB Ha OCHOBI peallbHUX BUPOOHUYHNX 3aB/IaHb.

- MonenroBaHHS HaBUaJbHUX CUTYallid 3 BUKOPUCTAHHSM IMPOTPAMHOTO 3a0€3MEUCHHS
(Ansys, MATLAB).

5. Pe3ysbTaTH 10C/TiIZKEHHS.

5.1. InTerpauisi peajibHUX KeiiciB. PeanbHi iHKeHepH1 3a/1a4i € OCHOBOO 111 JOPMYBaHHS
HAaBUYOK, HCOOXITHUX MaricTpam rajry3eBoro MamuHoOy ryBaHHsI. OCHOBHUM IPUHITUIIOM iHTETpa-
1T TaKKX 337a4 y HaBYAIbHHM MPOILIEC € 1X BIIMOBIAHICTh HABUAIBHHUM ILIJIIM OCBITHHOI KOMITOHE-
HTH, 2 TAKOX JIOCTYIHICTH JIJISI MOJICITFOBAaHHS Ta aHATI3y.

Tunu KeiciB, sIKi IPONOHYIOTHCS ISl CTYICHTIB:

1. JlocmimKeHHS MIIIHOCTI METaJeBUX KOHCTPYKIIHA. 3a/1aqa MOKe MOJIATAaTH B aHAJI31 HAIIPYT
y 3BapHUX 3’ €JIHAHHAX MOCTOBHX KpaHiB, MOJICITFOBAaHHI HAIPYKEeHO-1e()OPMOBAHOTO CTaHy METa-
JIOKOHCTPYKIIi 200 OETOHHOT CyMIIIi.

2. AHaii3 TMHaAMIYHUX XapaKTePUCTUK MeXaHi3MiB. CTyI€HTH AOCHIKYIOTh KOJHBAHHS y
MPUBOHUX MEXaHI3MaX MaITH 3 BUKOPUCTAHHSIM IPOTpaMHOTo 3a0e31eueHHs.

3. Omnrmmizaris eHeproBUTpaT. 3aBAaHHS BKIIOYAIOTh PO3POOKY aNTOpPUTMIB MiHIMI3allii eHe-
PrOCIIOKMBAHHS Y BUPOOHHUYUX MPOIIECaX.

Peamnizamis keiiciB B ayAUTOpHi Ta poOOTi 32 MEKaMH ayIUTOPiil:

- B aynuTopii: o0roBopeHHs 3a/1a4 i mo0yjoBa MaTeMaTHYHUX MOJIENICH.

- [lo3a aynuTopi€ro: BUKOHAHHS CUMYJIALIN, aHal3 OTPUMAHUX JIaHUX, MIJrOTOBKA Mpe3e-
HTaLH.

[Tpukna BUKOHAHOTO CTYICHTAMU KEHCY:

Ta6muus 1. [Mpuknazn 3agaui 175 aHATI3y MEXaHI3MIB.
Table 1. Example of a problem for mechanism analysis.

3aBaanus

ETanu po6orun

QOuikyBaHmuii pe3yabrat

MopnentoBaHHS Tiepeaad y pe-
TyKTOp1

1. I[ToGynoBa Mozeni nepenayi
B SolidWorks.

Bisyauizanis Ta po3paxyHoK
HaIpyT.

2. Cumymsuis y MATLAB
JUTs BA3HAYCHHST TTHAMIYHUX
XapaKTEPUCTHUK.

O1iHKa JUHAMIYHUX HaBaHTa-
JKEHb.

3. Po3pobxka pexomeHaarii
I10/10 ONTUMI3allii KOHCTPYK-
mii.

CKOpoYeHHS MacH Ta IiJIBU-
IIEHHS HAIIMHOCTI.

5.2. BukopucraHHsi iHHOBaUIifHMX TEXHOJIOTi. Y cydyacHOMY HaBYaJIbHOMY TPOIIECi Be-
JMKOTO 3HaueHHs Ha0yBa€ BUKOPHUCTAHHS CIIEIiali30BaHOTO MPpOorpaMHOro 3abesmeueHHs. Lle mo-
3BOJISIE CTYZICHTAM HE JIUIIE TEOPETUYHO BUBYATH HAYKOBI T1IXO/H, ajie i OTTAaHOBYBATH 1HCTPyMe-

HTH 1715 1X peamnizaii [4].
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3acTocyBaHHA NPOrPaMHOIO0 3a0e3MeYeHHs:

1. Ansys:

- AHani3 Harpy»keHo-1e(OpMOBAHOIO CTaHy JeTalleil MalllkH.

- MonentoBaHHS TETIOBHUX 1 MEXaHIYHUX MPOLIECIB Y CKIATHUX KOHCTPYKITISX.

2. MATLAB:

- Po3po0ka anropuTmiB st aHAII3y Ta 00OpPOOKH eKCTICPUMEHTAIBHHX JTaHUX.

- MoentoBaHHs TOBEAIHKA MEXaHIYHUX CUCTEM Y JTUHAMIIII.

3. SolidWorks:

- TpuBuMipHE IPOSKTYBaHHS MAIIMH 1 MEXaHI3MiB.

- Bizyanizanis poOOTH CKIIaJHUX CUCTEM.

Pe3yjbTaTi BUKOPHCTAHHS IPOTPAMHOIO 3a0€e31e4YeHHS:

Ha Pucynky 1 HaBeaeHo mpuKIIa aHali3y AMHAMIYHUX HABAHTAXEHb Y MEXaHIYHIN CHC-
teMi. 3aBasku BuKopuctanHio MATLAB Ta Ansys cTyA€HTH 3MOTJIM BUSBUTH KPUTUYHI TOUKH CH-
CTEMH Ta 3alpOIOHYBATH ONTUMI3aIIfHI 3aX0/IH.

5.3. IIpoekTHO-OpicHTOBaHe HaBYaHHS. [IpoekTHO-OpieHTOBaHe HaB4YaHHs (PBL) € iHHO-
BaIliIlHUM TIXO0/IOM, SIKUH epeadadae BUKOHAHHS CTYJICHTAMH NMPAKTUIHUX MPOCKTIB y KOMAaH/I.

[TepeBaru PBL:

- 3a0e3nevYeHHs TICHOTO 3B’ SI3Ky MiX TEOPI€I0 Ta MPAKTUKOIO.

- PO3BUTOK HaBHUOK yNpaBIiHHS 4acoM, pOOOTH y KOMaH/Ii Ta BUPIIIEHHS CKIAIHUX 3a-
nad.

- MOXJIMBICTh 3aCTOCYBaHHS MDKAUCIHUILTIHAPHUX 3HAHB AJIS1 PO3B’A3aHHS KOMILJIEKCHUX
IH)KEHEPHHUX 3a/1a4.

Etanu peanizauii PBL y aucuumnmnini:

1. ®opmymtoBaHHs MPOOIEMHU: CTYACHTH OTPUMYIOTh TEXHIUHY 3a/1a4y, HAIIPUKJIIAJI, ONITH-
Mi3allif0 KOHCTPYKIIIT MeXaH13My JJis aBTOMAaTH3allii BApOOHUYOTO MPOLIECY.

2. [InanyBaHHS: CTBOPECHHS KAJICHAAPHOTO IUIAHY MTPOEKTY, PO3IOIiJ 000B’S3KIB Y KO-
MaH/i (IHXEHepU-KOHCTPYKTOPH, MPOTPaMICTH, aHATITUKH).

3. Bukonanss: 30ip Ta aHami3 qaHux, po3poodka CAD-Moeni, cuMyIisiiist poOOTH MexaHi-
3My, ONTUMIi3allis KOHCTPYKTUBHUX PILLICHb.

4. Tlpe3eHTanis pe3yabTaTiB: MATOTOBKA JIOMOBI/ y (hopMaTi HAyKOBOi KOH(pepeHii,
BKIIIOUAIOYH IEMOHCTPAI[IF0 MOJIETI UM BiJIEO CUMYJIALII].

[Tpuxnan npoekty: Po3poOka MexaH13My /1J11 aBTOMAaTHUYHOTO 3BapIOBAHHSI 1IIBIB

Merta mpoekTy: CTBOPUTH MEXaHI3M JUIs1 3BapIOBAHHS, IKUH 3a0€31eUUTh BUCOKY SIKICTh 3Ba-
PHUX LIBIB IIPU MIHIMAJIbHUX BUTpaTax 4yacy Ta MaTepialiB.

Etanu poGoTu cTy1€HTIB:

1. locmimkeHHs! TEXHIYHOTO 3aBJIaHHs: aHAI3 Cy4YaCHUX TEXHOJIOT1i aBTOMaTH3aIlii 3Ba-
PIOBAIBHOTO TPOIIECY .

2. Po3pobka CAD-mozeni: cTBOpeHHs TpUBUMIpHOT Mojiesi MexaHi3My B SolidWorks.

3. Cuamyuiswist poboTH:

- Buxopucranus Ansys JUisi MOJICNIOBaHHS TETJIOBUX MOJIIB 1 AedopMariiii MeTairy mij yac
3BapIOBaHHS.

- [IpoBenenns auHamiyHoro ananizy mexaHismy B MATLAB nns nepeBipku ioro cta0iib-
HOCTI Ta TOYHOCTI PYXiB.

4. OnTuMi3anist KOHCTPYKIIIi:

- [1inGip marepiaiis, Kl 3a0€3MeUyOTh 3MEHIIEHHSI Macu IIpU 30€peKeHH1 MIITHOCTI.

- [lepernan reomeTpii KOMIOHEHTIB [ 3MEHIIIEHHS! €eHEPrOBUTPAT.

5. [ligroroBka 3BiTY Ta npe3eHTalis: OPOPMIIEHHS TEXHIYHOI IOKyMEHTallli Ta MpeCcTaB-
JIeHHA pe3ynbTaTiB y ¢opmari mpe3eHranii [5].

Pe3ynbTaTi npoekTy:

- OnTuMi3oBaHa KOHCTPYKLIS MEXaHI3My, sIka CKOpOUY€ yac 3BaproBaHHs Ha 25% mnopis-
HSIHO 3 ICHYIOUMMH aHaJIOTaMH.
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- 3HMKEHHS eHeproBUTpar Ha 15% 3a paxyHOK BUKOPUCTAHHS JIETKUX CIUIaBIB 1 OKpalie-
HOT KIHEMaTHKH.

- [IporoTun MexaHi3my, TOTOBUH JIsl BIPOBA/PKCHHS HA BUPOOHUY1H JTiHI1.

5.4. B3aemoaiss MikaucuMmJIiHApHUX KoMaHA. POpMyBaHHS MDKAMCIUILUIIHAPHUX KO-
MaHJ JA03BOJISIE CTYICHTaM 3ajy4yaTH 3HAaHHS 3 PI3HUX Traily3ei Ui BUPIMIEHHS CKJIAJHUX TeXHIY-
HuX 3a1a4 [3]. Hanpukian:

- [mxeHepu-maTepiaao3HaBIl IPOMOHYIOTh HOB1 CIJIABHU JIJIsl 3SMEHIICHHSI MAaCH KOHCTPYKIIIi.

- @axiBui 3 I'T po3poOasIOTs ANTOPUTMH I aBTOMATH3AIli1 TPOIECIB.

- 'eone3ucTu 3a6e3neuy0Th TOYHICTh MO3UIIIOHYBAHHS MALIUH Y IPOCTOPI.

Ta6mums 2. [Tpukiag MOKIUCIUIUTIHAPHOTO IMTPOCKTY
Table 2. Example of an interdisciplinary project

3aB1aHHs Y4acHUKH NPOEKTY Pe3yabTarn
Onrtumizanis KoHC- | [HKeHepu-MexaHiku, Marepia- | 3MEHIIEeHHS Bard KOHCTpyKuii Ha 15%,
TPYKIii KpaHa no3HaBi, [T-¢daxismi 1 IBUIICHHS €()EKTUBHOCTI.

IlepeBaru B3aemopii:

. [okpatieHHs1 KOMYHIKAIlil Mi>K CIeIianicTaMu.

. ®opMyBaHHS KOMIUIEKCHOTO OaueHHS 3a1adi.

. 30inpI1eHHs €(PEeKTUBHOCTI POOOTH HAJl TPOEKTOM.

. BucHOBKH:

. 3aIpoIOHOBaHa METOAMKA CIIPHUSE THTErpallii Teopii Ta MPaKTHUKH.

. 3aIly4eHHS peallbHUX KEHCIB 1 MPOCKTIB MOTUBYE CTYACHTIB 10 AKTUBHOTO HABYaHHSI.

. [HHOBaLIHI TEXHOJIOTIT PO3UIMPIOIOTH MOMIJIMBOCTI aHANI3y 1 MOJEIIOBAaHHS.

. MbkaucuuIoTiHapHuiA miaxia 3a0e3nedye BUCOKHA piBeHb MATOTOBKY ¢axisuis [1,2,5].
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JIbHUX MeXaHi3Mi8 i 2yCeHUYHUX MaWUH 3 ypaxy8aHHSIM JiHIIHO20 0ropy, npornopuiliHozo weudkocmi rnepe-
MileHHs1 06°ekmy y cepedosulli (hyHKUIOHy8aHHS. 3adsisi onmumidauii pexxumy pyxy 3aseudali 8UKOPUCMO-
8yrombCs1 0OUHUYHI Kpumepil, kompi gidobpaxkatomb mi Yu iHwWi erracmusocmi 6ydieesibHUX MexaHi3mig i 2y-
CEeHUYHUX MawuH abo KOMIIIEKCHI, Wo 8idobpaxkaromb KOMIIIEKC ix efjlacmusocmed. BusHavyeHul Ha isu-
4YHO 06rpyHmMoeaHili OCHo8I onmumarnsHUU pexxum pyxy, skuli npueodums 0o MiHIMI3auii curnosux HagéaHma-
JKeHb y rpusoOHOMY MexaHismi. [ns ybo2o cghopmynsoeaHull y3azanbHeHUl iHmeapanbHUl OuHamidyHUU
Kpumepiti 0nss koopOuHamu pyxy y ¢hopMmi KpumepianbHOI Oif 3a Anrnenem, y KoMy epaxoeaHa ckriadoea
cunu oriopy, nporiopuitiHa weudkocmi pyxy MmexaHiamy/MawuHu. BukopucmaHHs memodie Knacu4yHo20 ea-
piauitiHo2o JucrieHHs1 00380/155€ 8CMaHO8UMU ONMMUMaribHi 3Ha4eHHs1 OCHOBHUX QUHaMIYHUX Xapakmepuc-
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muk pyxy 6ydigenibHUX MexaHi3MI8 i 2yCeHUYHUX MawUH, 3aKOHU makux pyxie, 3a KUX MIHIMi3ytombCs po-
msizom repiody MycKy (2a/lbMy8aHHs, Pe8epPCy8aHHs) 8e/lUNUHA HABaHMAXEHHS Ha MPUBOOHUU MexaHi3m
mawuHu. OmpumaHi y pobomi pedynbmamu MOXymb y nodanbuomy 6ymu eukopucmani 05151 ymoYHeHHs U
800CKOHaseHHs iHXeHepHUX Memodie po3paxyHKy xapakmepucmuk pyxy 6ydieenbHux MawuH (30kpema, 3
2YCEeHUYHOK X00010) ma MexaHiamie sik Ha cmadisix iX MpoeKmyeaHHS/KOHCMPY8aHHs, MmakK i y pexumax
pearsnbHOI eKcrinyamauii, y nepexiOHux npouecax (MycK, aanbMy8aHHs, peeepcysaHHs ma iH.) 3 Memor
CMBOPEHHS cripusmaugux (eHepaoowadHux ma 6e3asapiliHux) ymoe ix ¢hyHKUiOHy8aHHS.

Knroyoei criosa: onmumisauis, OuHamiyHUU pexum, 6ydisernbHi MexaHiamu, 2yCeHUYHI MawuHU,
onip, nporopuitiHuli weudkocmi pyxy, y3azanbHeHul Kpumepid Annens, eapiayjiliHe YucreHHs, Mamemamu-
YHe MOOesTI8aHHS, NepexioHi pexxumu, ryck.

OPTIMIZATION OF DYNAMIC MODES OF MOTION OF CONSTRUCTION MECHA-
NISMS AND (CRAWLER) MACHINES TAKING INTO ACCOUNT LINEAR RE-
SISTANCE PROPORTIONAL TO THE SPEED OF DISPLACEMENT

ABSTRACT. The paper substantiates the methodology of optimization of dynamic modes of motion
of construction mechanisms and tracked machines taking into account linear resistance proportional to the
speed of movement of the object in the operating environment. To optimize the mode of motion, usually
single criteria reflecting certain properties of construction mechanisms and crawler machines or complex
criteria reflecting the complex of their properties are used. The optimal mode of motion, which leads to mini-
mization of force loads in the drive mechanism, is determined on a physically justified basis. For this purpose,
a generalized integral dynamic criterion for the motion coordinate is formulated in the form of the criterion
action by Appel, in which the component of the resistance force proportional to the mechanism/machine
speed is taken into account. The use of methods of classical variational calculus allows us to establish the
optimal values of the main dynamic characteristics of the movement of construction mechanisms and crawler
machines, laws of such movements, at which minimize during the period of start-up (braking, reversing) the
amount of load on the drive mechanism of the machine. The results obtained in the work can be further used
to clarify and improve engineering methods of calculation of motion characteristics of construction machines
(in particular, with crawler) and mechanisms both at the stages of their design/construction and in the modes
of real operation, in transient processes (start-up, braking, reversing, etc.) in order to create favorable (en-
ergy-saving and accident-free) conditions of their functioning.

Keywords: optimization, dynamic mode, construction mechanisms, tracked machines, resistance
proportional to the speed of motion, generalized Appel criterion, calculus of variations, mathematical model-
ing, transient modes, start-up.

1. HocranoBka npo6Jjemu. Pexxumu pyxy OyAiBeIbHUX MEXaHI3MIB 1, 30KpeMa, I'yCeHUY-
HUX MalllMH MalOTh 3HAYHUH BIUIMB Ha AKICTh BUKOHAHHS PI3HOMAaHITHUX TEXHOJIOTTYHUX MTPOLIECIB,
iXHIO IPOAYKTUBHICTb, HAIMHICTh, €HEPT€TUYHI BUTpaTH Toio. [Ipobiemi ontuMizaiii pexuMiB
PYXy MaIIMH 1 MEXaHi3MiB IPUCBsIUEHA BEJINKA KUIbKICTh BITYUU3HSAHHUX Ta 3apyO1KHUX JOCIHIKEHb.
[Tpore 3a3BHuail y KpuTeplalbHUX AISIX BPaxOBYIOTh, SK MPaBUIO, TUIBKH IHEPIIHHY CKJIal0BY
OT0py, 110 BUHUKAE HA PI3HUX CTalisAX MEPEeXiTHUX MpoIeciB (IIyCcK, raJlbMyBaHHS YU PEBEPCY-
BaHHs). Ajie, 6e3 CyMHIBY, Ha IyMKY aBTOPIB JaHOTO JOCIII>)KEHHS, BAKJIMBUM Y CTBOPEHHI KpUTe-
piasnpHOI i1 € BpaxyBaHHS CHJI onopy iHIIO1 Gizuunoi npupoau. Came 115 npobieMa y neBHii Mipi
BUpIIIEHA i Y JTAHOMY JIOCJIIJI’KEHHI.

2. Anani3 my0Jikauiii mo Temi gocaigkenHs. J{ocnipKeHHIO Ta BCEOIUHOMY aHali3y Mpo-
OyieMu onTUMI3AIll PEKUMIB PyXy MalllMH Ta MEXaHI3MiB MpUCBAYEH1 poboTu aBTopiB [1-19]. V
OCHOBHOMY TYT PO3IVISJAUCH 3a/1a4l ONTUMI3allii 63 BpaXyBaHHs CHJI OTMOPY, SKi BAHUKAIOTb Mij
ygac pyxy. ABtop [19] mocmimkye onTuMi3amiiHl TUHAMIYHI PEXUMHU PYXy MEXaHi3MIB 1 MalllvH,
BPaxOBYIOUHM MPU LIbOMY OIIp CepelOBHILA, TPOMOPLIHHUI MIBUIKOCTI pyXy 00’ €KTa (MaIInHU/Me-
xaHi3My). [Ipore y untoBaniil poboTi nomyieHo Kiibka moMuiok: 1) piBHsaHHA Einepa-Jlarpanxka
BUBEJICHE 3 TOMHIIKOBUM KOE(IIliEHTOM MPHU MBUAKOCTI pyXy MamuHu (V); 2) TepMiHanbHi (moya-
TKOBI Ta KIHIIEBI YMOBH pyXy) HaBEJEHI y TAKOMY BUTJISA/I, IKHI HE JO3BOJISIE BCTAHOBUTH TIPH-
YUHHO-HACIIJIKOBHUH 3B’ 30K MIXK TOYaTKOBHUMH Ta KiHLIEBUMH MTapaMeTpamMH pyxXy (MallnHu/mMexa-
HI3MY), TOOTO € (PI3UYHO HEOOTPYHTOBAaHUMHU (TIOPYIIYIOTbCS HU3KU 3aKOHIB MEXaHIKH, 30KpemMa
nepumii Ta 1pyruit 3akonu 1. Hetorona). Y ganomy mociiykeHHI 1l MOMUJIKH YCYHEHi, a TepMiHa-
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JBHI YMOBH PyXY € (i3MYHO OOTPYHTOBAHUMHU 1 TAKUMH, IO JIOTTYHO (0€3 IpOTHUPIYYs 010 3aK0-
HIB KJIAaCHYHOI MEXaHIKU) MOB’S3YI0Th MK CO00I0 MPUYMHH, KOTPi MPHU3BEIH 10 PyXy 00’ €KTa, 3
HaCJTIAKaMH, JI0 SKUX MPU3BIB IIeH pyX Ha 3aBEpIIAJIbHIN CTail MepexiHOTro mporecy (IycKy Me-
XaHI3My/MaIlIuHH).

3. MeTo10 1aHOTr0 T0CJiIsKeHHsI € OOTPYHTYBaHHS, Ha OCHOBI 3aKOHIB KJIACHYHOT MEXaHIKH
I. HeroToHa, Ta po3poOKa METOAMKH ONTUMI3AIll PeKUMIB pyXy Oy/iBeIbHUX MEXaHi3MiB i ryce-
HUYHHUX MAIIHMH 3 ypaxyBaHHSIM OINOpY cepeoBuilia (y IkoMy B1I0OyBaeThCs 1eH pyX), IPOMOPLIHHO
MIBUJKOCTI pyXy 00’ekta. Takuii miaxig 103BoJIs€E, HA TyMKY aBTOPIiB 1aHOI pOOOTH, MiHIMI3yBaTH
CUJIOBI HAaBaHTA)XCHHS y IPUBOJAHOMY MeXaHi3Mi. J[J1s1 TOCSTHEeHHS METH TOCI1PKEHHS y JTaH1i po-
00Ti BUKOPUCTaHI METOIM MaTEMATUYHOTO Ta (P13MKO-MEXaHIYHOTO MOJICITIOBAHHS, KJIACUYHOTO Ba-
pialiifHOro YUCICHHS, MU epeHITIaIbHAX PIBHSIHB Ta y3aralbHEHOI KpUTEpiaabHOT 1ii 32 AmIeneM.

4. BUKJIa/l 0OCHOBHOT'O 3MiCTY J0CJi/I3KeHHs. 3a3BHUall ISl ONTUMI3allii pexKUMy pyXy Me-
XaH13My a00 (T'yCEHMYHOI) MAalllMHA BUKOPHUCTOBYIOTHCS OJMHUYHI KPUTEPIi KIIACHYHOT MEXaHIKH,
KOTpi BioOpakaloTh IEBHUM YMHOM Pi3HOMAHITHI BJIACTUBOCTI IIUX MEXaHi3MiB 1 MaIluH, abo x
KOMIUIEKCHI, 110 BiI0OpakaroTh IUIMKA KOMIUIEKC BIACTUBOCTEH. Y JaHOMY OCIHITKEHHI BHU3HA-
YHMO ONITUMAIIBHUH PEXHUM PyXy, SIKUM MPUBOIUTH J0 MiHIMI3aIlil CHIOBUX HaBaHTAXKEHb y TPH-
BOJHOMY MeXaH13Mi. J{71st iporo ciijx copmyroBaTu iHTErpaibHUM TUHAMIYHUN KpUTepid y hopmi
KpHUTEpiabHOI i1 32 AmrieneM, y SKOMY BPaxOBYEThCS CKIIAI0Ba CHUIIH OTIOPY, MPOIOPIiiiHA ITBH-
JIKOCT1 pyXy.

Bimomo [1, 2], mo kputepianbHa Jis 3a AmIeneM BpaxoBYe€ JIUIIC IHEPIIHHY CKIaJIOBY
OTIOpY, KA BUHUKAE HA JUISTHKAX MEePeXiTHUX MpoleciB (IycK, TralbMyBaHHs Y PEBEPCYBaHHA) U
Ut OyAiBETbHOTO MeXaHi3My a0o0 (TyCeHHMYHOT) MallliHY 3 OJTHUM CTYTIEHEM BUIBHOCTI OCHOBHOTO
PYXY, 3BE€JIEHOT0, HAIIPUKJIA/l, 10 TOCTYNalbHOI JJAHKU, TPEJICTABISIETHCA Y TAKOMY BUTJISAI:

t, t, 1
1,=[ vdt=| Emvzdt (1)
0 0
ne V — «eHepris MpUCKOpeHb MexaHi3My abo mamuuu [1, 2]; t — yac; t1 — TpUBaIiCTh pyxy; m —
3BE/IeHA Maca MEXaHi3My ab0 MAIIMHY; V — MBHAKICTS pyXy; V - MPHIIBUIIICHHS PyXY 3BEACHO
MacH.

[Tpu BpaxyBaHHI CHJIM OIIOPY «EHEPTris» MPUCKOPEHH NI pyXy MPHUBEACHOI MaTepialbHOI
MacH 3 OJIHUM CTYTIEHEM BUIBHOCTI (pyXy) MOxe OyTH MpeJicTaBlIeHa 3aJIexHICTIo [14]:

\A :%-m -(W+F, /m)’ (2)

ne W=V - npuckopenHs 3BeieHOT MacH; Fo — 3Be/icHa CHIa OTopy, IO /i€ Ha eJIEMCHTH MEXaHi3My
Y MaIlIdHU.

Slkuio cuna onopy Fo niniiiHO mponopiiiiHa mBuaKocTi, T00T0 Fo= bV, Toxi Bupas (2) npen-
CTaBIISIETHCA 3aJIEKHICTIO:

*

\Y/ =%-m-(\'/+k-v)2 (3)

TyT, y (3), b — xoedimient nponopuiiiHocTi, a K=b/m.
Toxi iHTerpagbHUM KpUTEPIN A ONTUMI3ALIT PEKUMY PYXY 3 YpaXxyBaHHSM OIOpPY, MPO-
MOPIIIHOTO MBUAKOCTI, Ma€ BUTIsA [19]:
.1
i, = j “m- (v+kv)2dt (4)
52
Bpaxoyroun, mo V=( , ne q(t) — y3aransHena koopauHara pyxXy (HaopHKIaJl, LEHTPY Mac
MeXaHI13My/MallluHu), BUpa3 (4) MOXHa MOJaTH y HalOLIbII 3aralbHOMY BHIL:
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t
S
i, =] Em-(q+kq)2dt (5)

0
YmoBoro MiHiMyMy Kputepito (5) € piBusiHas Efinepa-Ilyaccona:
d ov', d* oV
—— () +5 (%) =0 (6)
dt o9 dt° o4
[licnsa migcranosku Bupasy V' y dopmi:
« 1 .. .
Vi=2-m-(@+k-g)° @
y piBHSHHS (6), MATUMEMO:
q"K*-g=0 ®)
Po3p’s30k (8) s §(t) moxxna moxati y HacTynmHOMY BHIIIS:
q(t)zcl e +C2 e ©)
ne C1 ta C2 — OCTIiHHI iHTErpyBaHHS, K1 BU3HAYAIOTHCSA 3 TEPMIHAIBHUX (MIOYATKOBHX 1 KIHIIEBHX )
yMoB pyxy. s nycky 3i crany t=0, §(0)=a(0), y cran nesixoi cranoi msumxocti V=V1 npu t=ti,
0(t,)=0, npuckopenns &(t) Bu3sHAYAECTHCA 3aIEKHICTIO:
~a(0) -sh[k-(t-t,)]
sh(k-t,)

a= : (10)

ne a(0) — mouyarkose (y MoMeHT t=0) MpUCKOPEHHS PyXy MacH MEXaHi3My 4YM MAalllMHH, 32 PaXyHOK
KOTPOTO ¥ BiIOYBa€eThCS pyX 00’€KTy y mpoMikKy 4acy t e [0; t1], a motim, mst t > t; MmexaHigHa
CHCTEeMa MOYMHAE PYXaTHCh PIBHOMIPHO, 31 mBUIKICTIO V1. ABTOp [19] 30BCiM HE BU3Hauae mpu-
YMHH, KA BUBEJIa cucTeMy 3i crany crokoro (V=0, t=0) y ctan piBHOMipHOTO pyXy (ms t > t1) 31
cTanor mBHAKICTIO V=V1.

[uTerpyroun (10) omun pas no t, moxna Busnauntn V(t), sxuo spaxysaru, mo V(t)/ =V,:

_aO)ehEk(tt)} ,\,  a0)

1OV ke sk

(11)

Iarerpyroun (11) oaun pa3s no t, Mo’kHa BU3HAYUTH 3aKOH pyXy MacH ((t), AKio BpaxyBaTu,
mo g(t)/ ,=0, 60 maca mounnae pyxarucs 3i crany croxoro q(t)/_,=d(t)/ ,=0:

a(0) 3t a(0)sh{k(t-t)} a(0)
k-sh(kt,) k?.sh(kt,)  k*

q(t) ={V,+ (12)

Jlns 6y aiBeabHOTO MeXaHi3My (MiHi-TyceHHuHOro po6oTa) Macoro M=10% kr, koedilienTom
nponopiiiiHocti onopy b=1000 H/(m/c) i TpuBanictio mycky t1=2c 3a 3anexuoctsmu (10), (11) mo-

6y10BaHO rpadiky 3MiHH MBHAKOCTI G(H)=V Ta npuckopenus )=V (puc.1).
[TouarkoBy mBHaKicTh V(0) Tino Mae 3aBasku HasiBHOCTI a(0)#0 if "acy 3amycky mpHUBOJI-
HOT'O MeXaHi3My JBUTYHA, TOOTO:

V, =220, (13)

ne to — TpUBaJICTh 3aIyCKy MPUBOAY JBUTYHA MEeXaHi3My abo MaruHu. 3a3Hayumo, 1o Vo> Vi,
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SIKII0 MPUIHATH 32 MIOYATKOBY YMOBY PYXY CTaH BiJIHOCHOTO CITOKOIO, TOOTO:
0/ =0/ =0, (14)
skuit nporonye aprop [19], Toxi 3akon G(1)=V(t) 6yne inmmm, Bigminaum Bix (11), a came:

a(0) {chrkt,J-ch[k(t-t,)1}
k-sh(kt,)

qO=V, = (15)

3HaveHHs MBUAKOCTI V1 pyXy MeXaHI9HOi CHCTEMH 3 MOMEHTY t > 11, sika cTa€ HE3MiIHHOIO
y 4aci (ToOTo piBHOMIpHOTO IPSMOJIIHIHOTO pyXy), HA0yBa€ HACTYITHOTO 3HAYCHHS:

_a(0)-th(kt,,)

V1 =V/ t=t, ~ (16)
Kk
3akoH pyxy ((t) mpu ymoBi (14) y IbOMy BHIIa/IKy Ma€ BUJ:
a(0)-ch(kt a(0)-shk(t -t a(
)= QL) | a0 ShK(L-)]_a() an
k-sh(kt,) k*-sh(kt,) K
& V. oawtex
0 1 awrad fa= v
0z |
L0
02 » "\ !
04
06 T
4 0z | 1
0.4
0 05 10 15 0 te 0 n; 1la 1I5 20 ':f'c

Puc.1 I'padik 3minn mBuaKocTi (a) i npuckopenHs (0) 3BeZIcH0T MacH 3 ypaxyBaHHIM onopy (kpusa 1) i
0e3 BpaxyBaHHS OMOPY (KpUBa 2) ONTUMAIEHOTO JUHAMIYHOTO PEKUMY ITyCKY.

Fig. 1 Graph of changes in speed (a) and acceleration (b) of the combined mass with consideration of re-

sistance (curve 1) and without consideration of resistance (curve 2) of the optimal dynamic start-up mode.

Ha puc.2 nonani rpadiku 3miam msuakocti )=V (y 3aranbHOMy BHIIAJKY, /IS ITOYATKO-
BUX yMOB (14)). SIKicHO BOHU cIiBIaIat0Th 3 OTpUMaHuM y [19], ane HeoOrpyHTOBaHUME (Hi3UYHO,
a IIAXOM BUKOHAHHS MaTeMaTMUHUX MaHiMyJIALi (1u(epentitoBaHHs neBHoro Bupasy s V' 1o
gacy t).

Posrnsinemo nani pyx 00’e€kTa y cepeJOBHIL, IKe CTBOPIOE OMip IIbOMY PYXOBi, TPOHOPIIIii-
Huil kBanpary msuakocti pyxy (F =bxv*) [20]. Toxi iHTerpaibHUil KpuTepiit A1 onTUMI3aLii pe-

KUMY PYXY 3 YpaxyBaHHSIM ONOPY, MIPOMOPLIHHOTO KBaJpaTy MBUIKOCTI, MAa€ BUTIIS;

t
.ol b
I,=|=-m-(+k-v?)’dt,k=—. (18)
A -([2 m

BpaxoBytoun, mo v=((t) moxua (18) mogatu y GinbII y3araibHEHOMY BUTIISIL:
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t
. ¢l .. .
i,=[ o m- Gtk q*)*dt (19)
0
1 T MC‘?
amj\-’-- ------------------ 1'
a'(t) S
?’ﬂ 0 fi Ec
a) 6)

Puc.2 T'padiku 3minn mBrUAKOCTI (a) i mpuckopeHHs (0) 3BeieH0i MacH i3 ypaxyBaHHAM omopy (kpuBa 1) i
0e3 BpaxyBaHHS onopy (KpHBa 2) ONTHMAIBHOTO IWHAMIYHOTO PEXKUMY IYCKY (32 moyaTkoBuX yMoB (14)),
a"=const.

Fig. 2 Graphs of changes in speed (a) and acceleration (b) of the combined mass with consideration of re-
sistance (curve 1) and without consideration of resistance (curve 2) of the optimal dynamic start-up mode
(under initial conditions (14)), a*=const.

PiBusnns Eitnepa-Ilyaccona, sik HeoOxinHa ymoBa MiHiMizanii ¢pyHkmionany (19), mae Bug
(6), i 3BoauThCst Ay (|(t) 10 HACTYMHOTO:

%(d)-sz -G°-§=0 (20)
Pisusnus (20) MOKHA TOJATH Y BANISL:
& @ LK gm0 (1)
Iepumnit interpan (21) mMae Bux:
'q-2k2 -@*=const. (22)

VY nmoaanpiioMy po3riisiaeMo po3B’s3KU IHOTO piBHSAHHS (22) 3a ymoBH, 1o const=0. [Tpu
oMy MaTuMemo it ((t) = V HACTYITHI CITiBBITHOIICHHS:

v
dt?

2k” - v*)=0 (23)
PiBusiaHs (23) mae st V(t) HaCTyIHUHN PO3B’SA30K:
v(t) = [K]=n* (24)
k-t '
Toni ans mpuckoperns V(t) maemo:

v(t) = —

k-t? 29

73



T J Texmika OyaiBHMIITBA Bunyck/Issue 41, 2024

3a/11s1 BU3HAUCHHS 3aKOHY PyXy MeXaHiqHoi cucteMu ((t) BBayKaeMo, 1110 BHKOHYIOTHCS Ha-
CTYIHI TepMiHaJIbHI (IOYATKOBI 1 KIHIIEB1) YMOBHU:

4t/ o, =Gos V(O oy, =AM/ oy, =Vo; WY/, =a(0) (26)

Tomi, inTerpyroun oauH pa3 no t Bupas (24) i BpaxoByIOUH MEpIUIy TEPMiHAIbHY YMOBY (26),
MaTUMEMO:

1
a(t)=a, e In(t/t,) (27)
[TapameTp to MOXXHA BU3HAYUTH 31 CIIBBIAHOIIEHHS, SIKE BUIUIMBAE 3 (26) (OCTaHHS yMOBA):
1
a(0)=- o t={-——3", a(0) <0 28
J1st Vo Maemo:
1 -2(0) 112
! (29)

s+

Puc. 3 I'padiku 3MiHN mIBHAKOCTI (a) 1 mprcKopeHHs (0) 3BeZieHOT MacH i3 ypaxyBaHHSIM (KBajapa-
TUYHOTO 32 IIBUAKICTIO PyXY) OMOPY ONTHMAIBHOTO AUHAMIYHOTO PEXKUMY MYCKY (3a TepPMiHAIBHUX YMOB
(26)).

Fig. 3 Graphs of changes in speed (a) and acceleration (b) of the combined mass taking into ac-
count (quadratic by the speed of movement) the resistance of the optimal dynamic start-up mode (under
terminal conditions (26)).

PiBHOMIpHHMII pyX crcTeMH 31 HIBUAKICTIO V1 TICHS 3aBeplIeHHs cTafil mycky (t > t1) Bu3Ha-
Ya€eThCS 31 CITIBBITHOLICHHS:

1

=— 30
e (30)

\
Cnipn 3a3HaunTH, 0 ockiabku a(0)<0, Toni Vo>V1. Ha puc.3 Hanani rpadiku 3MiHU 3 INTHHOM
vacy t mBuaKocTi pyxy V(t) it mpuckopeHHs V(t) , xom PYX 31ICHIOETBCS 3 SKICTIO, 110 3a]10BO-

JbHSE MiHIMYMY Kputepito (18), (19).
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3a3HauYUMO TaKOXK, IO MOAIOHI PEKUMH PYXy MEXaHIYHOI CHCTEMH, sIKa MOJIENIOE Oy TiBe-
JHHUNA MEXaHi3M (4M I'yCeHHYHY MAalliHy) MOKHA peani3yBaT, HAPUKIAL: a) MpH MiaioMi BaH-
Ta)XXy KpaHOM CITOCOOOM «3 OCHOBM»; 0) IIpH ITiHOM1 BaHTaXKIB Y BOJII (3 THA PIYOK, MOPIB, OKEaHiB).

BucHoBku:

1. O6rpyHTOBaHi (hi3UKO-MEXaHIYHA Ta MaTEMaTUYHA MOJIEII, SIK1 JIO3BOJISTIOTh 32 KPUTEPIEM
Ammenst onTUMI3yBaTH JUHAMIYHI peKUMHU pyXy OyIiBEIbHUX MEXaHi3MiB 1 (TyCEHUYHUX) MaIluH
3 ypaxyBaHHSM JIHIHHOTO (ITPOMOPIIIHHOTO MBUIKOCTI pyXy) ¥ HENHIHHOTO (TIPOMOPIIIHHOTO KBa-
JpaTy IMIBHIKOCTI PyXy) OMOPY CEPEAOBHUINA, B SIKOMY 3JIHCHIOETHCS MyCK MEXaHIYHOI CUCTEMH,
KOTPHH, ITCJIS 3aBEPIICHHS CTaIli TyCKY, MEPEXOIUTh y PIBHOMIPHUH 1 ipsiMoJtiHiiHMH. [{e 103B0-
JIsi€ MiHIMI3yBaTH HaBaHTAXXCHHS HA MPUBiA MEXaHi3My/MallIMHU i CYyTTE€BO 3MEHIIIUTH MOXJIUBICTh
BUHUKHEHHS He0a)KaHUX KOJMBaHb Y MEXaHIUHINA CUCTEMI.

2. OTpuMaHi y JaHOMY AOCIHIKEHHI pe3yJIbTaTH MOXKYTh Y MOJAIBIIOMY OyTH BUKOPHCTaH1
JUISl YTOYHEHHS 1 BOCKOHAICHHS ICHYIOUMX 1HXKEHEPHUX METO/IIB PO3paxyHKy OyaiBEIbHUX MeXa-
Hi3MIB 1 TYCeHUYHHUX MAIllMH K Ha CTAHIsX 1X MPOEKTYBaHHS / KOHCTPYIOBAHHSA, TaK 1 y peXXUMax
peanibHOT eKCIUTyaTallii 3 METOI0 CTBOPEHHS €HEProoIaIHuX 1 6e3aBapiifHUX pexUMIB QYHKI[IOHY-
BaHHSI TAKOTO 00JIaTHAHHSI.
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ANALYSIS OF THE MIXER GEOMETRY AND RHEOLOGY IMPACT ON CONCRETE MIXTURE
MIXING EFFICIENCY

Abstract. The article discusses the problems associated with the mixing efficiency of concrete mix-
tures in gravity concrete mixers, which are widely used in construction sites due to their simplicity of design
and mobility. Modern requirements for energy efficiency and quality control accuracy require the development
of advanced methods that can ensure high homogeneity of concrete mixtures with minimal energy consump-
tion. Considerable attention is paid to the influence of the geometry of the drum and the working bodies of
the concrete mixer on the mixing process. Various approaches to mathematical modeling have been de-
scribed, which take into account the physical and mechanical properties of the concrete mixture and the
nature of its movement during rotation. The analysis of the rheological properties of concrete mixtures shows
their significant impact on the mixing efficiency. Studies demonstrate that the proper selection of the drum
rotation speed, the angle of inclination of the blades and the duration of mixing allows for an optimal balance
between the various physical forces acting on the particles. Prospects for further research are highlighted,
including the development of complex models that would take into account various factors and would allow
predicting the behavior of the mixture in real conditions.

Keywords: gravity concrete mixer, mathematical modeling, mixing dynamics, rheological properties,
blade geometry, numerical methods, mixing efficiency, energy efficiency, homogeneity of concrete mixture

1. Problem statement. Gravity concrete mixers are widely used on construction sites due
to their simple construction, mobility, and ability to effectively provide high-quality mixing of con-
crete mixtures. However, in the conditions of modern construction, where energy efficiency, ra-
tional use of materials and accuracy of control over the parameters of the mixture become especially
important, there is a need to improve concrete preparation technologies.

The use of mathematical models makes it possible to investigate the influence of various
factors, such as the speed of rotation of the drum, the humidity of the constituent materials and the
mixing time, on the quality of the final product. However, the variety of approaches and models
makes it difficult to choose the best option, which requires an in-depth comparative analysis. Sci-
entists offer various modeling methods, from simple empirical dependencies to complex numerical
models that take into account the physical processes inside the concrete mixer. Each approach has
its own advantages and limitations, which depend on the conditions of application and requirements
for the accuracy of the results.

The relevance of conducting a comparative assessment of these models is due to the growing
requirements for the quality of construction work and the efficiency of equipment. Modern con-
struction sites require technologies that provide not only consistently high quality concrete mixes,
but also minimize the impact of the human factor and reduce energy costs. The article discusses the
most common mathematical models, analyzes their features and effectiveness in practical applica-
tion.
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2. Analysis of recent sources and publications. Modern research is aimed at finding ways
to improve the quality of mixing, reduce energy costs, as well as minimize the impact of factors that
can negatively affect the final characteristics of the concrete mixture. In particular, models of mix-
ture movement are actively studied in order to describe the dynamics of particles under different
mixing conditions and to analyze the influence of geometric parameters of the working body on the
efficiency of the process [1].

Work in recent years highlights the importance of blade geometry and drum shape of a grav-
ity concrete mixer to intensify the mixing process. The authors of numerous publications point out
that the optimization of these parameters allows you to achieve a more uniform distribution of the
constituent components of the mixture and ensure the necessary homogeneity of the finished con-
crete. Using modern methods of numerical modeling, researchers were able to prove that certain
combinations of design solutions increase the efficiency of the mixer by 10-15% [2].

Particular attention is also paid to the study of the physical and mechanical properties of
concrete mixtures, which affect the nature of their movement during the rotation of the drum [3]. A
number of publications demonstrate that changes in the viscosity, density and other rheological
properties of the concrete mixture can significantly affect the efficiency of the mixing process [4].
Separate studies analyze the effect of temperature, degree of humidity and exposure time of a mix-
ture on its behavior during mixing. Through computer simulations and experimental studies, it has
been found that the unevenness of mixing in the initial stages of the process is often associated with
the adhesion of cement particles and inert materials due to the incorrect choice of rotation parame-
ters and speeds [5].

3. Purpose of the work. The purpose of this article is to conduct a comparative evaluation
of the various mathematical models applied to the concrete mix mixing process in a gravity concrete
mixer, in order to identify the models that provide the greatest accuracy, efficiency and compliance
with production conditions.

4. Discussion of research results. The mathematical description of the physical model of a
gravitational concrete mixer (fig. 1) is based on a set of equations describing the dynamics of mixing
a concrete mixture under the influence of gravitational and centrifugal forces, friction between the
particles of the mixture, as well as the effect of frictional forces on the walls of the drum. The main
goal of the physical model is to reproduce the mixing process in a mathematical format, taking into
account the influence of geometric and kinematic parameters of the concrete mixer.

Fig. 1. Gravity Concrete Mixer

The basis of mathematical modeling is the description of the movement of aggregate solids
in a viscous liquid, which consists of cement mortar and small particles. For this, the Navier-Stokes
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equations are used, describing the behavior of a viscous liquid under conditions of dynamic mixing
[6]. The Navier-Stokes equation has the form:

p(%+\7-V\7)=—Vp+ﬂV2\7+pg, 1)

where: p — liquid density; Vv — velocity vector; p — pressure; ¢ — dynamic viscosity coeffi-
cient; § — gravitational acceleration vector.

These equations take into account internal forces, such as pressure and viscosity, as well as
external forces, including gravity. The equations are used to describe the behavior of a cement mor-
tar that interacts with solid particles.

The movement of solid particles in a concrete mixer is described by discrete element meth-
ods (DEM). Each particle is modeled separately, taking into account its mass, shape and interaction
with other particles and drum walls [7]. The equation of motion of a particle is determined by New-
ton's second law:

O _SE . +mg+F @
m, W = Z Fcontact +mg+ I:viscosity’

—

where: m, — Mass of the i-th particle; X, — particle position; F,

wontact. — the total force of contact

with other particles and the surface of the drum; vaiscosity

— liquid interaction force.

Contact forces are determined based on models of elastic and plastic deformations, as well
as friction coefficients. The viscosity force depends on the relative velocity between the particle and
the surrounding liquid and takes into account the effect of the viscosity of the cement mortar.

One of the key factors affecting the mixing process is the speed of rotation of the drum. It
determines what forces dominate during mixing: at low speeds, the mixture is predominantly ex-
posed to gravity, which leads to mixing due to the falling particles. As the speed increases, centrif-
ugal forces begin to dominate, creating the effect of particles "sticking™ to the walls of the drum.
For effective mixing, it is important to find a balance between these two modes, which is determined

by the critical rotation speed [8]. The critical velocity is calculated using the formula:

0. =[5 @)
R

where: @, — critical angular velocity; g — acceleration of free fall; R — drum radius.

When this speed is exceeded, centrifugal forces begin to prevail over gravitational ones,
which reduces the mixing efficiency.

An important parameter in the model is also the mixing time. It determines the degree of
homogeneity of the concrete mixture and depends on the dynamic characteristics of the system. To
optimize the process, it is necessary to establish a relationship between the mixing time and the
homogeneity indicators. This dependence can be described using the time-dependent function of
distributing particles according to their position and velocity:

C(t)=C, exp[—%), (4)

where: C(t) — concentration of particles in a certain volume at a point in time t; Co — initial con-
centration; ¢ — characteristic mixing time.

The value 7 depends on the geometry of the drum, the viscosity of the cement mortar and
the properties of the aggregate.
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Another important factor is the coefficient of friction between the mixture particles and the
walls of the drum, which affects energy loss and process efficiency. This ratio depends on the ma-
terial of the drum walls and the characteristics of the mixture, such as moisture and particle size.
Determining the coefficient of friction is an important task that affects the accuracy of the model.

The total energy expended in the mixing process can be defined as the sum of the kinetic
energy of the particles, the energy of strain during collisions, and the energy loss due to friction [9].
The mathematical expression of the energy balance can be written in the form:

Etot = Z(% mivizj * Z EStr + Efriction ) (5)

where: E,, — total energy of the system; vi — velocity of the i-th particle; E,. — strain energy

on contact; E — energy lost due to friction.

friction

Energy balance analysis helps to optimize the mixing process, reducing unnecessary energy
loss and improving the homogeneity of the mixture.

The blades of the concrete mixer play a critical role in the mixing process, affecting the
trajectory of the particles of the mixture, their speed and the forces acting on them. The mathematical
description of this effect in the gravity concrete mixer model takes into account the geometric pa-
rameters of the blades, such as their angle of inclination, number, placement, and interaction with
the components of the concrete mix. Each of these factors affects the distribution of forces in the
system and the efficiency of mixing [10].

At a certain angle of inclination, the blades direct the mixture up and to the side, creating an
effective distribution of components in the drum. The optimal angle of inclination depends on fac-
tors such as the speed of rotation of the drum, the viscosity and density of the mixture. Mathematical
modeling of the effect of the angle of inclination can be done using equations that describe the
direction and magnitude of the forces acting on a particle when it comes into contact with the blade.
The components of the gravitational force that is split into components along and perpendicular to
the surface of the blade are taken into account:

F,=mgsin(a) and F,=mgcos(a), (6)

where: Fg — component of the gravitational force that contributes to the movement of the particle
along the blade; Fn — a normal component that presses the particle to the surface of the blade; m
— particle mass; g — acceleration of free fall; & — blade inclination angle.

These forces determine how fast and in what direction the particles will move when they
come into contact with the blade. Increasing the angle of inclination results in greater particle lift,
but at the same time can reduce mixing efficiency due to less interaction between particles.

The number of blades in a concrete mixer also affects the mixing process. With more blades,
the mixture is more likely to be picked up and mixed, which contributes to the homogeneity of the
mixture. However, an excessive number of blades can create a stagnation zone or, conversely, over-
load the system, which increases the resistance to the movement of the mixture and energy expendi-
ture. The frequency of contact determines the number of mechanical pulses that particles receive in
a given time and affects the kinetic energy they gain. The total amount of mechanical work per-
formed by the blades depends on the total mass of the mixture and the geometry of the system.

An important aspect of the model is the gravity of the mixture on the blades, which puts a
load on the concrete mixer and affects the mixing efficiency.

F,=mg, (7)
where: m — mass of the mixture acting on a specific shoulder blade; g — acceleration of free fall.

Gravity affects the mechanical work that the blades must do to lift and move the mixture.
This load can contribute to intense mixing if its distribution is optimal, or cause significant energy
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losses in the event of an uneven load. Gravity also determines the maximum mass of the mixture
that the blades can move efficiently without overloading the system.

The frictional force between the mixture particles and the blades counteracts the movement
of particles along the surface of the blades and can both promote mixing and inhibit the process,
depending on its magnitude. The frictional force is described by the equation:

I:friction = :u n’ (8)

where: 1 — coefficient of friction between the particles of the mixture and the material of the

blades; Fn — normal force acting on a particle.

The amount of friction force depends on the material from which the blades are made and
on the characteristics of the mixture, in particular its moisture content and graininess. A high coef-
ficient of friction can lead to more efficient pick-up of particles by the blades, but also causes an
increase in energy expenditure to overcome resistance.

To determine the total effect of the blades on mixing, all the forces mentioned in the context
of the kinetic and potential energy of the system are taken into account. Each particle that moves in
the concrete mixer interacts with the blades, gaining or losing energy, which allows you to build an
equation of motion that takes into account the influence of all the forces acting [11]. To describe the
change in the velocity of a particle during contact with a blade:

mﬂ:Fg+F -F ©)

dt friction inertia
where: V. — particle velocity; F, ... — the force of inertia resulting from the rotation of the drum.

This equation allows you to determine how the kinetic energy of a particle changes and how
it contributes to the mixing process.

The overall mixing efficiency depends on the correct combination of the angle of inclination,
the number of blades and the material from which they are made. If these parameters are optimally
chosen, then the interaction between the particles and the blades leads to an even distribution of the
components of the mixture, minimal energy consumption and high homogeneity of the finished
concrete. Instead, incorrect parameters can cause the effect of "dead zones", where the mixture is
practically not mixed, or overloading of individual blades, which causes wear and loss of efficiency.

In mathematical models of the mixing process involving the blades, special coefficients are
often introduced that describe the influence of the geometric and dynamic characteristics of the
blades on the mixing efficiency. The efficiency factor of the blades reflects how efficiently the
blades carry and mix the mixture particles in the concrete mixer drum.

The coefficient k, can be expressed in the form of an empirical formula that includes pa-

rameters:
k, = f (e, V), (10)

where: ¢ — angle of inclination of the blades; n — number of blades in the drum; ,, — Coefficient

of friction between the blades and particles of the mixture; v — drum rotation speed.

The rheology of concrete during mixing in a gravity concrete mixer is an important aspect
that determines the characteristics and quality of the resulting concrete mixture. It describes how
the concrete mixture reacts to the forces applied to it, including shear and gravitational, during the
rotation of the concrete mixer drum. The main parameters affecting the rheological properties of a
mixture include viscosity, plasticity, particle structure, their interconnection, and the influence of
various physical factors. These characteristics can be described using rheological models such as
Bingham's model, Newton's model, and more complex nonlinear models.

One of the most common models used to describe the rheological properties of a concrete
mix is the Bingham model. It defines concrete as a pseudoplastic liquid that behaves like a solid at
low stress values and goes into a fluid state only after a certain threshold shear stress is reached [12].
In mathematical form, this is expressed in terms of the equation:
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T=1,+1y, (11)

where: 7 — shear stress; 7, — threshold shear stress; n — concrete mix viscosity; y — shear

speed.
This equation shows that the mixture only begins to flow when the applied stress exceeds
the value of 7. In the context of a gravity concrete mixer, Bingham's model describes how the

blades and walls of the drum create shear stresses sufficient to bring the mixture into a fluid state.
The values 7, and 77 depend on the composition of concrete, water-cement ratio, aggregate granu-

larity and temperature.

The viscosity of a concrete mixture is an important rheological parameter that determines its
yield resistance. In a gravity concrete mixer, viscosity affects how easily the cement and aggregate
particles move relative to each other under the forces created by the blades. The toughness of con-
crete can be thought of as a function of the water-cement ratio, where more water reduces the vis-
cosity and improves the fluidity of the mixture, but can reduce its strength after hardening. On the
other hand, a decrease in the water-cement ratio increases the viscosity, complicates the mixing
process and can lead to uneven particle distribution. In rheological models, this is reflected as the
dependence of viscosity on the concentration of solid particles in the liquid phase:

n=1,1+kg)", (12)

where: 1, — viscosity of pure liquid (water); k and n — constants depending on the type and dis-
tribution of particles; ¢ — volume fraction of solid particles in the concrete mixture.

The interaction between particles in a concrete mixture plays a key role in its rheological
properties. Cement and aggregate particles form a complex network of bonds and structural inter-
actions that determine how the mixture reacts to mechanical stress. The shear stresses created by
the blades can destroy these structures, reducing viscosity and improving fluidity (rheological rare-
faction). However, if the stress decreases, the structure can recover and the viscosity increases again.
This effect is called thixotropy and can be described mathematically through changes in viscosity
over time:

n(t) =n,(1+exp(-t/ 1)), (13)

where: (t) — viscosity at a point in time t; & — thixotropy coefficient; 4 — characteristic relax-

ation time of the structure.

To describe the plastic deformation of the mixture, equations are used that take into account
the elastic and viscous components of the reaction of the material. The viscoelastic model of con-
crete includes both instantaneous and slow reaction of the mixture to the applied stress. This is
especially important in the context of a gravity concrete mixer, where the applied forces can change
over time due to the rotational motion of the drum. Viscoelastic equations have the form:

o(t) = Ec(t) +7 d‘; Et) , (14)

where o(t) — tension; E — modulus of elasticity; ¢(t) — deformation; 7 — viscosity.

This model describes how a mixture accumulates stress when deformed and how quickly it
returns to its original state after stress is relieved.

Another important factor in the rheological description of concrete is the distribution of par-
ticles of different sizes in the mixture. Large aggregates can create additional resistance to stirring,
while small particles fill gaps and facilitate fluidity. This equation allows you to accurately estimate
how different particle sizes and shapes affect the rheological properties of the mixture:

n=|f(r)mydr, (15)
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where: f(r) — radius distribution function of particles r; 5 — viscosity corresponding to radius

particles r.

The analysis of existing approaches shows that mathematical modeling of the movement of
the concrete mixture allows for a deeper understanding of the dynamics of mixing, especially taking
into account the influence of gravitational and centrifugal forces, as well as the characteristics of
particles. The complexity of the interaction of components in the mixing process necessitates the
use of both classical hydrodynamic models and the latest methods of numerical modeling, which
describe physical and mechanical processes with high accuracy.

An in-depth study of the effect of drum rotation speed on mixing efficiency allows us to
understand how to achieve an optimal balance between gravitational and centrifugal forces acting
on particles. Critical rotational speed analysis reveals the key points at which the mixing process
switches from one mode to another. At the same time, much attention is paid to the geometric char-
acteristics of the drum and blades, because their design features can significantly improve or, con-
versely, worsen mixing.

Thus, the presented material reflects the current state of research in the field of mathematical
modeling of the mixing process in gravity concrete mixers. Although significant progress has been
made in understanding the physical processes that occur during mixing, the question of choosing
the best methods and approaches for practical application remains relevant. Further improvement
of models that take into account the interaction of geometric and rheological factors is a promising
direction for increasing the efficiency of equipment and improving the quality of concrete mixtures.

5. Conclusions. In the process of studying mathematical models of the movement of the
concrete mixture in a gravity concrete mixer, it was found that effective mixing depends on a num-
ber of key factors, including the geometric parameters of the working body, the speed of rotation of
the drum, the rheological properties of the mixture and the interaction between the particles. Opti-
mization of these parameters can significantly improve the uniformity and quality of finished con-
crete, while reducing energy costs. The use of modern methods of numerical modeling allows you
to describe physical processes with high accuracy and offer design solutions to improve the effi-
ciency of equipment.

The development and improvement of mathematical models of the gravity concrete mixer is
of great importance for improving the quality and efficiency of construction work. Further research
should be aimed at creating complex models that take into account the influence of various factors
and allow predicting the behavior of the concrete mixture under different mixing conditions. The
use of these models in practice will contribute to the development of innovative mixing technologies
that will meet modern construction requirements for energy efficiency, environmental friendliness
and high quality of building materials.
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RESEARCH ON THE PARAMETERS AND CHARACTERISTICS OF ROAD EQUIPMENT
FAILURES

Abstract. The parameters and characteristics of failures of road equipment for road construction
are investigated. Attention is paid to the main types of distribution of equipment operation time to failure on
the basis of exponential, Weibull, gamma, normal and logarithmically normal. Thus, the logarithmic normal
distribution is used when the development of the process leading to failure can be represented as the product
of successive independent random variables (for example, crack growth). that the uptime and useful life of
the technique depend on a large number of factors, some of which are beyond control and others are estab-
lished with a certain degree of uncertainty. The systems of machine maintenance and the laws of distribution
of operating time for failure and the duration of failure elimination are considered. The influence of param-
eters on ensuring the effective use of equipment in the formation of a construction project is determined.

Keywords: failure, parameters and characteristics, types of wear, distribution laws, maintenance,
mathematical expectation.

1. Introduction. Modern requirements of the construction industry for road equipment pro-
vide for the minimization of energy consumption with the implementation of high quality of the
technological process. One of the directions for solving these problems is the trouble-free operation
of prefabricated units and machine parts as a whole. At the same time, it is necessary to take into
account the implementation of the technological process in relation to the environment, to identify
the reasons for the gradual change in the technical characteristics of the machine as a result of its
operation. Situation is complicated by the fact that the uptime, operating life and shelf life of the
machine depend on a large number of factors, some of which are beyond control, while others are
set with a certain degree of uncertainty. Therefore, the consideration of the machine maintenance
system and the laws of the distribution of operating time per failure and the duration of elimination
of failures is an urgent task.

2. Analysis of previous studies. The reliability of road equipment is the main factor in en-
suring the minimization of energy costs with the implementation of high quality of the technological
process. A number of works are devoted to the study of reliability. Thus, the work[1] highlights the
issues of ensuring the reliability of machines during design, manufacture, operation and repair. An
interrelated set of issues of friction and wear, causes of changes in the technical condition of ma-
chines and the physics of failures is considered. reliability theories. The work[4] reveals methods
for improving the reliability and durability of parts and assemblies of light industry machines. The
works[5,6] provide the justification of engineering solutions and the methodology of the system
approach and scientific research, including data for possible use in the study of the reliability of
systems. In the works[7,8] the main attention is paid to the mathematical apparatus for assessing the
indicators of reliability of agricultural machinery, the data of probabilities and mathematical statis-
tics are given. The paper[9] highlights the issues of ensuring the reliability of machines and the role
of technical service in ensuring the highly efficient functioning of the technological process of live-
stock production. In the work [10] for the formation of optimal strategies for managing production
stocks of an enterprise, the problems of building stochastic modeling in the management of produc-
tion stocks are analyzed. The main parameters in this work are investigated precisely on the main
theoretical provisions of the cited works for specific characteristics of possible failures of parts and
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assembly units of road machines and equipment, which will be the initial information for the devel-
opment of a program and algorithms for the effective use of equipment in a certain technological
process of road construction.

3. Purpose and objectives of the study. The purpose of the study is to study the parameters
and characteristics of failures of road equipment for road construction. To achieve the goal, the
following tasks are solved:

- assessment of the technical condition of machines and mechanisms, based on determining
the degree of wear and tear of machines;

- research and determination of parameters and characteristics of failures of road equipment.

4. Presentation of the main material.

4.1. Assessment of the technical condition of machines and mechanisms, based on de-
termining the degree of wear and tear of machines.

The initial stage in determining the efficiency of the machine operation is the analysis of the
technical condition and the degree of use of the machines in the previous period. Assessment of the
technical condition of machines and mechanisms is based on determining the degree of wear and
tear of machines (Fig. 1). Depending on the degree of wear of individual parts of prefabricated units,
machine assemblies, their possible failures are determined, the expediency of the cost of their repair
in order to restore the functions of operability is assessed.

Using the method of expert assessments of the technical condition of machines and equip-
ment, the coefficient of real physical wear is defined as the average value of wear of the most im-
portant parts, weighted by their share in the total or renewable cost of the machine The failure flow
Is understood as a sequence of failures that occur one after another during the operation of machines
[1]. The failures of assembly units or parts are random variables, each of them can take only one
possible value with a certain probability, that is, they are discrete quantities. Like any discrete quan-
tity, the number of failures has its own numerical values, which are called the numerical character-
istics of a random variable. These include mathematical expectation, which is approximately equal
to the mean value of failures, variance, mean square deviation, coefficient of variation, and others.

4.2. Study and determination of parameters and characteristics of failures of road
equipment.

The failure flow parameter w(t) is the main indicator of the reliability of the object and is
the ratio of the average number of failures of the restored object for its arbitrarily small operating
time to the value of this operating time and is determined through the characteristic of the failure
flow based on the equation:

dH(t)

o(t) prant 1)
where H(t) is a characteristic of the failure flow, which is a mathematical expectation of the number
of failures r(t) over time t: H(t)=M(r(t)) [1].

Then the failover flow parameter

o(t) = lim M[r(t + At)]—M[r(t)]
At—0 At '

)

where At is a sufficiently small time interval.

In terms of its physical content, the failure flow parameter ® is the rate of occurrence of
failures, i.e. it is determined by the number of failures per unit of time or operating time.

When operating machines after some initial operating time, the failure flow parameter is
constant o(t)=w=const [2].

The mathematical expectation of the number of failures gives much less information about
failures than the law of their distribution. To determine the law of distribution of failures of ma-
chines, let's consider the probability of trouble-free operation — “the probability that within the op-
erating time the failure of an object will not occur” [1] and represents an unconditional probability
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that the failure will not occur in the time interval from 0 to t, but will occur in the time interval from
tto oo;
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P(t) = Tf (t)dt . (3)

The probability of failure is determined by the formula: Q(t)=1-P(t), and the curve of the
function is a mirror image of the fault-free probability curve.

Physical Functional External
» Remediabl [« l .
Irremediable
» Irremediable («
/ Causes of Wear /
v v i l
Wear of the Wear of the Moral Wear: Technological Wear:
First Type: S d Type:
e e soond e Change in the Change in the
Wear Wear properties of technological cycle
accumulated as accumulated machines similar to traditionally involving
a result of dueto the given one; the given machine
normal breakdowns, reduction in ther
operation accidents, etc. production cost
¥
/ By Duration of Action / Based on Cost Items That Change in
Structure Due to Wear
¥ v v v v
Continuous Accidental Wear Wear Caused Wear Caused
Wear- Wear: Rapid Caused by by Excessive by Low
Gradual wear over a Excessive Operational Environmental
reduction of short period Capital Costs Standards and
technical and of time Costs High Energy
operational Consumption
indicators

Fig. 1. Types of wear and tear

Random time intervals between events in the requirement stream can be subject to different
distribution laws. The most acceptable distributions, as shown by a number of works on the theory
of mass service [1,2], are the Poisson distribution; Exponential; Weibulla; gamma distribution; log-
arithmic; normal;

The exponential time distribution between failures is asymptotic when fault flows overlap
(combine) and when random rarefaction of the failure flow occurs.

The Weibull distribution is one of the three asymptotic distributions of extreme parameter
values. It is used to justify the failure model. The gamma distribution is a convolution of exponential
distributions, and it is used as a model of product failures with margin. The normal distribution is
used when the runtime to failure of the product can be represented as the sum of a sufficiently large
number of uniformly distributed terms. when the development of a process leading to failure can
be represented as the product of successive independent random variables. The Poisson flow is
characterized by the fact that the probability of receipt in the time period t is equal to k requirements,
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(M)
k

P ()= exp(—At), (4)
where A is the intensity of the failure flow.

As it is known [1,5], the simplest flow of requirements is characterized by the following
properties: stationarity, ordinariness and absence of consequences. In this case, the flow is stationary
within the operation of construction machines, is considered ordinary and has no consequence (fail-
ures of different machines occur independently of each other). If the failure flow of a fixed number
of recoverable objects is ordinary and has no aftereffect, then the failure flow parameter and the
failure rate coincide, i.e. o(t)=A(t)..

It is generally accepted [1] that for the simplest flow with intensity A, the interval t between
neighboring events has the so-called exponential distribution with density f(t)=he-At

To analytically determine the intensity of failures, the formula [1] is used:

MY =F(1)/P(1), (5)

where f(t)="*" is the probability density function of the reliability indicator under the exponential
distribution law; P(t)=2" s the probability of trouble-free operation under the exponential law.
Substituting the values f(t) and P(t) into formula (5), we get A=const, which characterizes
the exponential law of probability distribution.
Time between failures is a mathematical expectation of an object's operating time between
failures and shows what MTBF occurs on average per failure. Sometimes the term "average uptime"
is used [2]:

te, = th (t)dt = T P(t)dt. (6)
0 0

With the exponential probability distribution law, the statistical estimation of the average
uptime is characterized by the average value of the failure intensity 4, i.e.

© 1
T =|tf(t)dt=|tre*Odt=—. 7
L=t £ - ()

O3

But, due to the fact that the processes of wear and tear and destruction from fatigue are
diverse due to the influence of various factors, a generalization of any law is unlikely for different
details. Therefore, since, depending on the type of product and the nature of failures, the distribution
of the resource can be described by different laws, for each specific case, the justification of the
chosen distribution law is checked experimentally [5,6].

The probability of trouble-free operation of the machine over time (tp+t), according to the
probability multiplication theorem, is:

P(t, +1) = P(t,)-P(t;t,), (8)

where P(tp) is the probability of trouble-free operation of the machine during the time tp; P(t;tp) is
the probability of failure-free

The operation of the machine during the time of the TABS, which is determined provided
that during the TP time the machine did not fail.

Then, from the expression (8) we have:

P(t, +1)
P(t,)

P(t;t,) = (©)
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In the case when the machine has worked flawlessly for some time tp, the indicator is the
average uptime To(tp) characterizes the average technical resource of the machine that remains.
Given that the average uptime

T, = j P(t)dt, (10)
0
Get:
T (t )=LTP(t +t)dt (12)
TRy
Based on the basic law of reliability, given (11), we have:
tP
P(t,) = exp[— j m(t)dtJ , (12)
0
t,+t
P(tp+t)—exp{— j oo(t)dt]. (13)
0

Further, taking into account (9), we get:

P(tt,) = exp[ j w(t)dt]. (14)

t

The required frequency of regulatory operations is determined from the equation
P(t;tp)=Pd, which, taking into account the expression (14), we will bring to the form:
to+t
j o(t)dt=—InP, . (15)

tp

Assuming that the parameter of the failure flow of the machine w(t)=const, i.e. does not
change during the operating time, from the expression (15) we determine:

1
tz—@ln P.. (16)

If we assume that the parameter of the failure flow of machines during a certain period t can
be approximated by a linear function of the form w(t) =a+ b(t), then substituting this function in

(15) and integrating, we get a quadratic equation, the solution of which will be:

(a+btp)+\/(a+btp)2—2blnPﬂ
- .

The maximum resource of the machine or prefabricated unit will be provided that they are
subject to a specified technical inspection. The optimal frequency of these operations can be deter-
mined based on the analysis of the service cost function.

Suppose that the machines have a constant failure rate. Then, to schedule the inspection
operations, it is enough to determine the sequence of non-negative numbers tk (k=0;0), where t0=0.
At te=t k, the maintenance plan is periodic with a period t, i.e. the machines are to be serviced every

t=
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t hours, provided that there have been no failures. If the machine fails between k and k+1 mainte-
nance, then the costs will be equal to:

B=(k+DBgg +(t. —B 17

B!

where B, =Bt is the costs associated with the downtime of the machine for the serviced;

B, =B,t, — costs associated with the elimination of machine failures, here Spr is the cost of one

hour of machine downtime; tbs, tp — respectively, the average time spent on maintenance operations
and troubleshooting due to untimely performance of these operations.
Then the average total costs will be the value:

OOtl

Z .r [B06c (k +1) + BB (tk+1 _t)]dF(t) J (18)

Bc
k=0 ¢

k

where F(t) is a function of the machine uptime distribution.

Any schedule of maintenance operations that minimizes the function (18) will be optimal,
from which their optimal frequency t is determined.

If the intensity of machine failures is not constant. but increases, then the frequency of
maintenance of these machines should be reduced with an increase in operating time. Consider the
case of carrying out such operations every t units of time or operating time. If the machine failed at
the moment z, kt < < (k+1)t, then the average total costs will be:

o RDUB o (k+1)+
B =
¢ B,[(k+1)t—1]

k=0 kt
Assuming that the uptime of the machine has an exponential distribution law, i.e.

}dF(t) + Bo6c ' (19)

F(t) =1—exp(-o t), (20)

where w=at ™ is the failure flow parameter (here a, m are constants).
The expression (19) of average costs will take the form:

C _ By exp (o t)+ B,t B, p
l-exp(-o t) l-exp(-ot) o

obc¢ ) (21)

Differentiating (21) and equating the derivative to zero, we get an expression to determine
the optimal period of maintenance operations, at which the total costs are minimized:

exp(o t)—wt—m%—lzo. (22)

B

5. Discussion of results.The detected failures of assembly units or parts are random varia-
bles, each of them can take only one possible value with a certain probability, that is, they are dis-
crete quantities. Like any discrete quantity, the number of failures has its own numerical values. It
is determined that random time intervals between events in the flow of requirements can be subject
to different distribution laws. From the analysis of various distribution laws, the Poisson distribution
is investigated in the work. The maximum resource of the machine or prefabricated unit will be
provided that they are subject to a specified technical inspection. The optimal frequency of these
operations is determined on the basis of the analysis of the service cost function. Analytical depend-
encies have been obtained to determine the probability of trouble-free operation of the construction
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machine during the established time of the technological operation and the optimal frequency of
technological inspection operations of construction machines based on the analysis of the service
cost function has been determined. The disadvantages of the studies carried out include the lack of
numerical values of the failure intensity, which is supposed to be determined in further studies on
the basis of the already collected material of the workflow of the equipment of concrete mixers and
concrete pavers.

Conclusions:

1. The probability density function of the reliability indicator of the operating parameters of
machines according to the exponential law of their distribution has been investigated.

2. Obtained analytical dependencies to determine the probability of trouble-free operation
of road machines during the set time of the technological operation.

3. The optimal frequency of technological inspection of road machines is determined on the
basis of the analysis of the service cost function.
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METOAU 3ABE3NEYEHHA AKOCTI NPU KOHTPOIJI NAPAMETPIB 3’€AHAHb
MALLUUH MPOMUCNOBOCTI BYAIBENIbHUX MATEPIATIB

AHOTALIA. Y cmammi po3ansHymo cydacHi memodu 3abesneyeHHsi sKocmi rpu KOHMPpOsii
napamempie 3’€0HaHb y MawuHobydysaHHi. AkueHm 3pobrieHo Ha sukopucmarHi memody [Napemo Ons
B8U3HaYeHHs1 Krodosux Oegpekmis, wWo Halbinbwe ennuearome Ha sKicmb npodykuii, ma npuYUHHO-
Hacridkoeoi Oiacpamu Fishbone O0ns iGeHmucbikauii KopeHesux rnpuyuH npobrem. 3arnporioHo8aHo
iHmeeposaHul nidxi0, SAKUU eKMYae aHanimuyHi iHecmpymeHmu, 60O0CKOHalNeHHs MmexHO02idyHo20
KoHmposto ma nidsuueHHs1 Keasigpikauii nepcoHany. 3azHadyeHi mMemodu 003807510mb MiHIMI3ysamu
Kinbkicmb dechbekmis, nidsuwumu HalilHicmb npolyKuii ma onmumizysamu 8upobHuYi rfpoyecu.
Pesynbmamu 00CnidXeHHs MOXymb bymu eukopucmaHi Onsi enpoeadXeHHs eekmueHUX cmpameaiti
MOKpaweHHs1 SKocmi 'y auUpObHUYUX cucmemax.

Knroyoei cnoea: memodu 3abesnedyeHHsi sikocmi, napamempu 3’€¢OHaHb, memod [lapemo,
Oiagpama Fishbone, npuyuHHO-Hacnidkosul aHanis, dechbekmu npPodyKuii, mexHo102iYHUl KOHMPOIib, aHarli3
OaHux, nidsuueHHs1 HadilIHocmi, yOOCKOHaeHHs rnpouecie, KOHMPOJIb SSKOCMI, KOPEHESI MPUYUHU.

QUALITY ASSURANCE METHODS FOR CONTROLLING THE PARAMETERS OF
CONNECTIONS OF MACHINES IN THE BUILDING MATERIALS INDUSTRY

ABSTRACT. The article examines modern methods for ensuring quality in the control of connection
parameters in mechanical engineering. Emphasis is placed on using the Pareto method to identify key
defects that significantly affect product quality and the Fishbone cause-and-effect diagram to determine the
root causes of issues. An integrated approach is proposed, including analytical tools, improved technological
control, and personnel training. These methods enable minimizing defects, enhancing product reliability, and
optimizing production processes. The research results can be utilized to implement effective quality
improvement strategies in manufacturing systems.

Keywords: quality assurance methods, connection parameters, Pareto method, Fishbone diagram,
cause-and-effect analysis, product defects, technological control, data analysis, reliability improvement,
process enhancement, quality control, root causes.

1. IocranoBka npobiaemu. 3a0e3nedeHHs SKOCTI 3’€IHAHb € KIIOYOBUM (pakTopom y
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0aratbox rajxy3sx IPOMHUCIOBOCTI, 30KpeMa B MallTMHOOYTyBaHH1, OyAIBHUIITBI, aBIaKOCMIYHIA Ta
eHepreTnuHid cdepax. HapniiiHicTh Ta JIOBrOBIYHICTH 3’€lHAHb BHU3HAYAIOTH 3arajibHy
Mpare3/1aTHICTh KOHCTPYKIIIH 1 TEXHOJIOTIYHUX CUCTEM, a OTXKE, iXHI KOHTPOJIb Ta BIAMOBIAHICTD
BCTAaHOBJICHUM IMapaMeTpaM MAalOTh BUPINIATbHE 3HAUCHHS. 3BAKAIOUM HA TIOCTIHHE YCKIIAIHCHHS
KOHCTPYKIIii, 3aCTOCYBaHHS HOBITHIX MaTepiaJliB 1 TEXHOJIOT1M BUTOTOBJICHHS, TUTAHHS KOHTPOJTIO
napameTpiB 3’€lHaHb Ha0yBa€e 0COOIUBOI aKTyalIbHOCTI.

CyuacHi miaxoau 10 3a0e3ne4eHHS AKOCTI 3’ € JHAaHb CTUKAIOTHCS 3 HU3KOI0 BUKJINKIB. Cepen
HUX — BUCOKA BapTiCTh OOJQAHAHHS JIJIsl KOHTPOIIO, 0OMEXEHICTh METOIB y BUSBJICHHI JIe(EKTiB,
0 BUHUKAIOTh y CKJIAJHUX yYMOBaX EKCIUIyaTarlii, a TakoX HEOOXiTHICTh 1HTerpallii MeToJiB
KOHTPOJIFO Y BUPOOHHYI MPOIeCH 0e3 IXHhOr0 3HAYHOTO YCKJIaJHEHHS. B yMoBax miBUIICHHS
BUMOT' JI0 HAJIMHOCTI Ta JOBIOBIYHOCTI BHUPOOIB OCOOJMBOrO 3HAYCHHsS HaOyBalOTh METOIU
HEPYHHIBHOTO KOHTPOJIIO, SIKi JIO3BOJISIFOTH OI[IHIOBATH MapaMeTpu 3’€HaHb 0€3 MOIIKOKCHHS
BUp0OiB. OTHOYACHO, BUKOPUCTAHHS 1HHOBAIIMHUX IMIIXO/IB, TAKUX K 3aCTOCYBAHHS IITYYHOTO
IHTEJIEKTY Ta aBTOMAaTU30BAaHUX CHCTEM, CTBOPIOE HOBI MOXJIMBOCTI JUIsl BIOCKOHATICHHSI METO/IIB
KOHTPOJIIO.

JocmikeHHss METOAIB 3a0e3MeYeHHs SKOCTI TpU  KOHTPOJII MHapaMeTpiB 3 €JIHaHb
COpsIMOBaHE HA BUPIMICHHS HHU3KU KPUTHUYHUX 3aBJaHb: MIJIBUIIEHHS TOYHOCTI KOHTPOJIO,
3MEHIICHHSI BUTPAT Ha OOCIyrOBYBaHHS Ta YCYHEHHS IOMIJIOK JIFOJICBKOTO (akTopy. Po3podka
HOBUX METOJUK KOHTPOJIO 3 BUKOPHUCTAHHSAM CYYaCHUX TEXHOJOTIH O3BOJHTH MiJBULIUTH
e(eKTUBHICTh BUPOOHUYHX IPOLIECIB 1 3a0€3MeYnTH BUCOKY SIKICTh TOTOBOI mpoaykiii. Kpim toro,
Taki JOCHI)KEHHS CHPUATUMYTh ONTHMI3allli BUTPAT pPECypciB 1 MOKPAIIEHHIO EKOJOTTYHUX
MOKa3HHUKIB MMPOMHUCIIOBHX IMiIPUEMCTB. TaKUM YHHOM, HAYKOBE JOCHIHKEHHS B IIbOMY HaIpsmi
HE JIMIIE 33]J0BOJIbHSIE MOTPEeOr CydyacHOr0 BUPOOHUIITBA, ajle i BIAKPUBAE HOBI MEPCIEKTUBHU IS
MI0IAJTBIIIOTO PO3BUTKY TEXHOJIOT1H 3a0€31eueHHSs IKOCTI

2. AHaJi3 ocTaHHIX Joc/igxkeHb Ta myOaikaniil. 3a0e3neyeHHs SKOCTI MPU KOHTPOIII
napamMeTpiB 3’€IHaHb € OJHHAM 13 KJIIOUYOBHX HAIPSIMIB CyYaCHHX HAYKOBHX JIOCIIIKEHb,
CIpPSIMOBAHUX Ha IMIJIBUIIEHHS HaJIiHHOCTI Ta €(EKTUBHOCTI KOHCTPYKILIM y pI3HHUX Tamy3sx
MIPOMHUCIIOBOCTI. ¥ CBITOBI HAyKOBIN CIIUIBHOTI aKTUBHO OOTOBOPIOIOTHCS METOAM BIIOCKOHAJICHHS
SKOCT1 BUPOOiB, 30KpeMa yepe3 IHTErpallito HOBITHIX TEXHOJIOTIH y MPOLeCH KOHTPOJIIO Ta OI[IHKH.

Cepen ocTanHIX AoCTiKeHb BakauBuUMH € poootr Madhu Puttegowda ta Sharath Ballupete
Nagaraju [1], a Ttakox [2], NpUCBAYEHI BIPOBAHKEHHIO IHTENEKTyaJIbHUX CHUCTEM B
MaImMHOOYyBaHHI. ¥Y IMX poOOTax aKIEeHT 3p00JeHO Ha BUKOPUCTAHHI IITYYHOTO 1HTENEKTy Ta
MAIIMHHOTO HaBYaHHS Ui aHaJi3y MapaMmeTpiB 3’€qHaHb y PEKUMI peallbHOTO 4acy. ABTOpHU
JIEMOHCTPYIOTh, IO 3aCTOCYBAHHS TAKHMX IIJXOIIB JO3BOJISE 3HAYHO 3HU3UTH BILTUB JTFOJACHKOTO
¢dakTopa 1 NABUIIUTU TOYHICTh KOHTPOJIO, 0COOJIUBO B yMOBaX aBTOMAaTU30BaHOI'O BUPOOHUIITBA.

Hocnimpxenns Riveiro Belén i Mercedes Solla [3] po3rnsaae HepyiHHIBHI METOIM KOHTPOJIIO
3’€JIHaHb, B TOMY YHCJII 13 BUKOPUCTAHHAM JIa3epHUX TeXHOJOT1i. PoboTa moka3zana, mo azepHuit
yIBTPa3BYK JI03BOJISIE OTPUMYBATH JAETaldbHY 1HPOPMAIIIO MPO BHYTPILIHIO CTPYKTYPY 3 €IHAHB
0e3 HeoOX1THOCTI 1X momko/KeHHA. e BigkpuBae HOBI MOMKJIMBOCTI JJIi KOHTPOJIO CKIIATHUX
KOHCTPYKIIIH, HAIPUKJIAM, Y aBialliiiHii Ta KOCMI4YHIN ramy3sx.

BaxxnuBum BHeckoM y wii cdepi € mocmipkeHHss Ronald Halmshaw [4], ne nmpoBeaeno
aHaJIi3 BIUIMBY TEXHOJOTIYHUX MapaMeTpiB MPOIIECIB 3BAPIOBAHHS HA SKICTh 3’€HaHb. ABTOPOM
PO3pobsIeHO MaTeMaTUYH1 MOJIEII, 1110 JJO3BOJISIIOTH IPOrHO3YBATH (POPMYBAHHS J€PEKTIB 3aJI€KHO
BiJl TEMIIEPATypPHOTO PEXHMY Ta CKiamy MartepiaiiB. Lle MocHmiIpKeHHS CTalo OCHOBOKO IS
BJIOCKOHAJICHHS ITPOIIECIB BUTOTOBJICHHS 3BAPHUX 3’ €IHAHD Y MAITUHOOY TyBaHHI.

OcoOnuBy yBary TpHUBEpTAlOTh  JOCTIIKEHHS, TIOB’sA3aHI 3  BUKOPHUCTaHHSIM
aBTOMAaTHU30BaHUX CUCTEM IS 3a0e3nedeHHs skocTi. Pobora Ramesh Kumpati ta Skarka Wojciech
[5] mpucBsueHa po3poOIll aBTOMATH30BAHWX KOMIUIEKCIB HEPYWHIBHOTO KOHTPOIIO, SKi
IHTETPYIOTHCS Y BUPOOHMYI JTiHIi. ABTOPH ITiIKPECITIOIOTH, IO TaKi CHCTEMH HE JIMIIE 3HUXKYIOTh
qac MepeBipKH, ane i MiIBUILYI0Th EKOHOMIYHY e(EeKTUBHICTh BUPOOHUYUX MPOIIECIB.

Takok BapTO 3a3HAYUTH BHECOK YKPAiHCHKMX HAyKOBIIIB y ITF0 Tally3b. B JTOCIIKEHHSIX
Maescbkoro C.M. [6] po3risgaerses cnienrdika KOHTPOJIIO SKOCTI 3’ €IHaHb y Oy IIBEJIbHIHN rairy3i.
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ABTOp akIIEHTy€ yBary Ha BUKOPHCTaHHI KOMOIHOBAaHHUX METOJIB KOHTPOJIIO, IO IMOEIHYIOTh
BI3yaJIbHUH OTJISI 1 yIbTPa3BYKOBUHN aHaii3. SIK BUILIMBAE 3 HU3KU 1HIIUX JOCIiIKEHb [7-8], 11e
JI03BOJIs€ 3a0€3MEYUTH TOYHICTh NEPEBIPKU BETUKUX 3’ €THAHb 13 MiHIMAJIbHUMU BUTPATaMH.

VY misiomy, aHaii3 Cy4acHHX JOCIIPKEHb Ta MyOiKaIiil CBiTYUTh PO 3HAYHUH MpOrpec y
po3po0Ili MeTOIiB 3abe3MeyeHHsT SKOCTI TpPH KOHTPOJI TapaMmeTpiB 3’€IHaHb. BomHouac
3aJMINAETHCS HU3KA HEBUPILMICHUX MUTaHb, OB S3aHUX 13 aJaNTaIli€l0 HOBITHIX TEXHOJIOTIH 10
KOHKPETHUX BUPOOHUYHMX YMOB, a TAKOXK 13 M1IBUILIEHHSM €KOHOMIYHOT JOLITBHOCTI BAKOPUCTAHHS
CKJIaTHUX TEXHIUYHUX pimeHb. Lle miaTBepaKye He0OXiAHICTh MOAATBINNX AOCHIHKEHB Y Iil chepi
JUI BUPILLICHHS aKTyaJbHUX 3a/1a4 Cy4aCHOI'0 BUPOOHUIITBA.

3. Meta podotu. Po3poOka Ta BIOCKOHAIEHHS METO/IiB 3a0€311eYeHHS IKOCT1 IIPX KOHTPOJI1
napameTpiB 3’€lHaHb, 10 3a0e3MeUyl0Th BUCOKY TOYHICTh, HIMHICTh Ta €(PEKTUBHICTH OI[IHKH
TEXHIYHUX XapaKTEPUCTHK 3’ €THAHbB JJIS MT1BUILEHHS JOBIOBIYHOCTI Ta 0€3MEYHOCTI KOHCTPYKIIIH.

4. Marepiaju Ta MeTOAU. B 10CTIKEHHAX METOIB 3a0€3MEUCHHSI IKOCT1 MPU KOHTPOJI1
napameTpiB 3’€lHaHb MOKHA €(EeKTHBHO 3acTocyBaTH MeTo[ Ilapero Ta MpUYMHHO-HACHIIKOBI
Jiarpamu Juid iieHTudikaiiii, aHanizy Ta yCyHeHHsI OCHOBHHX MPOOJieM, 110 BIUIMBAIOThH HA SKICTh
3’€JHaHb.

3arajpHO BIIOMHM 1 HIMPOKO BUKOPUCTOBYBAHUM METO/IOM B ITPAKTHII1 YIIPABIIiHHS SKICTIO,
KW MOXKHA TIEpEHECTH Ha MAIIMHOOYAIBHY Tainy3b y OyaiBenbHii cdepi € meroxa [lapeto, sxuii
0a3yerbes Ha mpunnuili [lapero 80/20, 1o 703BoJIsSi€ BU3HAYUTH KITFOUOBI ()aKTOPH, SIKi BIUIUBAIOTh
Ha AKICTb 3’€THaHb, 30KpeMa BUSBUTH HAHOUIBII KPUTUYHI eeKTH a0 TEXHOJIOTIYHI TapaMeTpH,
1110 CIIPUYMHSAIOTH OCHOBHY 4acTUHY Ipobiuem. /[ 3acrocyBanHs merony Ilapero B nocmikeHH1
HEOOXiHO:

— BUKOHATH 301p JaHUX Ta MPOBECTU aHAJII3 CTATUCTUYHUX JAaHUX MPO JePEeKTH 3’ €IHaHb,
TaKuX SIK TPIIIMHHU, TIOPH, HEAOCTATHE MPOILIABICHHS a00 BIAXWICHHS T€OMETPUYHHUX PO3MIpIB,
TOLIO;

— BHUKOHaTH Kiacu@ikamito aedexTiB, 3rpymyBaBHmIM JedeKTH 3a IXHIMH THIAMH Ta
YaCTOTOK BUHUKHEHHS;

— mobyaysatu niarpamy Ilapero, crBopuBIIM Tpadik, sKuil BioOpakaTUMe 4YacTKy
KOXKHOTO BHUy Ae(eKTiB y 3arajbHoMy 00’emi mpobiem. Lle 103BOiAMTH BU3HAYUTU JIeEKTH,
YCYHEHHS SIKHX MaTHME MaKCUMAaJIbHUH BIIMB Ha ITiIBUIIICHHS SIKOCTI;

— 3AIHCHUTH TpIOpUTE3allil0 pIlIeHb, CIPSAMYBaBUIM 3yCUJUIA Ha BJIOCKOHAJECHHS
TEXHOJIOT1H a00 MpolieciB, OB’ I3aHUX 13 HAUMOMKUPEHIIIUMHU AePEeKTaMu.

[HIIM BizoMuM MeToIoM € miarpama Fishbone, sika momomarae Bi3yamizyBaTu MpUYHHHO-
HACIIKOBI 3B A3KM MiX HpOOJeMaMU SKOCTi 3’€[HAHb i TXHIMU TOTEHIIMHAMH OpUYMHAMH. i
BUKOPUCTAHHS BKITIOYAE:

— BU3HAUEHHs OCHOBHOI MPOOJIeMHU, HaNPHUKIIAJ], HE3aA0B1IbHA SKICTh 3BAPHOTO 111Ba;

— 1zeHTU(IKalisl OCHOBHUX KaTeropil NPUYMH, OCKUIBKM BOHHM MOXYTbh OXOIUIIOBaTH
(baxTopH, OB’ s3aHi 3 00JIaAHAHHAM (3HOC, HAJAIITYBAHHS ), MaTepialaMu (SKIiCTh, HECYMICHICTb),
METOAMKaMHU (HEJI0JIIKK TEXHOJIOTIT) Ta JIFOJACHKUM (PaKkTopoM (TTIOMHIIKH OTiepaTopa);

— BJIacHe MoOy/I0Ba caMmoi Jiarpamu, BKa3aBIIHM ISl KOXKHOI KaTeropii MiANMPUYNHH, SKi
MOYTh CHPUYUHSTH OCHOBHY npoOnemy. Hampukman, ans kareropii "oOGmagHaHHS" 11€ MOXYTh
OyTH HEZOCTAaTHS MOTYXKHICTh 00 HETpaBUIIbHE KaJaiOpyBaHHS, TOILIO.

— aHaJIi3 TiarpamMHu IUSIXOM BU3HAUYEHHS OCHOBHHUX MPUYHH IMPOOIIEMH, 30CEPEIKYI0UYHCh Ha
THUX, SIKI MOYKHA YCYHYTH HallO11b1I €()eKTUBHO.

KoMOiHyBaHHS 1IMX METOMIB [IO3BOJISIE CHCTEMHO aHAI3yBaTH Ta ONTHUMI3yBaTH
TEXHOJIOT14HI MPOLECH KOHTPOJIIO MapaMeTpiB 3’eaHanb. [Ipu npomy, meroxa Ilapero nomomarae
BU3HAUUTH HaOLIbII 3Hauymn aedekTH, Tomi sk miarpamu Fishbone cnpustume inentudikarii
MMOMHHUX TpuyuH 1ux JedektiB. Lle, y cBowo dyepry, 103BoJisie pO3pOOUTH TMPaKTHYHI
peKOMEeHaIii IJIsl TABUIIIEHHS SKOCT1 3’ €IHaHb 1 €(PEKTUBHOCTI BUPOOHUYHX MTPOIIECIB.

5. PesyabtaTn. Po30epeMo mnpukian 3acTocyBaHHS MeToAiB niarpamu Ilapero Ta
NPUYMHHO-HACTIAKOBOI siarpamu  Fishbone B wmammHOOyayBaHHI Ha TNPHKIAA 3aBOLY 3
BUPOOHHUIITBA KOPOOOK Iepeiad A1l aBTOMOOLTIB, Ha IKOMY CIIOCTEPIraeThes BUCOKA 4acTKa Opaky,
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IO BIUTMBAE€ HAa BUPOOHWYI BUTpPATH Ta CTPOKH TOcTadaHHs. 3actocyemMo meroxa Ilapero mis
imeHTudikanii OCHOBHUX JKEpes MpooiieM, TAKHM YMHOM, 3MOKEMO BHUSBUTH KIIFOUOBI J1e(DEKTH,
SIK1 HaHO1IbIIIe BIUIMBAIOTh HA SKICTh MPOAYKIIii, 1 BA3HAYMTH, Ha SIKI €Tard BUPOOHUYOTO IIPOLIeCy
CJIJT CIPSIMYBATH 3yCHILIS 3 ONITUMI3AIlii.
[TpumycTumo, 110 MPOTITOM TPhOX MicsIiB O0y10 310paHo iHGOpMaIIito PO TUTIK ASHEKTIB,
iXHIO KUIBKICTB Ta YacTKy B 3araJibHoMy 00cs3i Opaky. OcHOBHMMH e(eKTaMu BUSBHIUCS:
— HeB1AMOBIMHICTH HUTiyBaHHs 3yOmiB (120 BumaakiB)
— TpilMHY B Kopiryci (95 Bumaakis)
— nedopmarris Bay (85 BUMaAKIB)
— HempaBUIIbHA 00pOOKa MOCATOYHIX MiCIh (75 BHUITAIKIB)
— HU3bKA TOYHICTH IUTI(pyBaHHs Bamy (60 BUMAIKiB)
— BiaXwiIeHHs y TepMooOpooi (50 Bunaaxis)
— HECIIPaBHOCTI MiIIMITHUKIB (45 BUIAKIB)
— iami pedexrtu (20 BUMaaKiB).
Cxkrnamaemo Tabumiro aedekriB (Tadm.1).

Ta6mums 1. Tabmuis nedexris
Table 1. Defect table

Thsim ey Kinbkicts | Yacrka | KymyasitTuBHa
BHNA/IKIB (%) yactka (%)
HesianmoBigHicTh nutiyBanHs 3yO1iB 120 22% 22%
Tpimmau B KOpmyci 95 17% 39%
Hedopmaris Bary 85 15% 55%
HenpasuibHa 00po0OKa MocaouHUX MiCITh 75 14% 68%
Husbka TOYHICTH NUTIQYBAHHS BaTy 60 11% 79%
Binxunenns y repmoo6po0iti 50 9% 88%
HecrnipaBHOCTI MiITUITHUKIB 45 8% 96%
[ami gedextu 20 4% 100%
Pazom 550 100%

Ha ocHoBi 310panux naHux Oynyemo aiarpamy Ilapero (pucyHok 1), po3millyrouu Ha
TOPU30HTANIbHIN OCI TUMH Je(PEKTIB, a Ha BEpTUKAJIBHUX — iX KUIBKICTH (J11Ba BICh) Ta KYMYJISITUBHY
4acTKy (IIpaBa BiCh).

AHaii3 OTpUMaHUX JaHHUX MOKa3ye, 0 YOTUPU OCHOBHI THMH A€(PEKTIB (HEBIMOBIAHICTD
nuTidyBaHHs 3yOLiB, TPILIMHU B KOPIYCi, JedopMallis Bajly Ta HEpaBUiIbHa 00poOKa MOCa 0UHUX
MICIIb) CKJIafatoTh 69% BiJ 3araabHOT KUTBKOCTI Opaky.

OTxe, U1l yCYHEHHS OCHOBHMX Mpo0JIeM MatoTh OyTH po3po0JIeH] HaCTyIHI 3aX0/Iu:

l. g yCyHEHHS HEBIINOBIAHOCTI 1UTiQyBaHHS 3yOLIB — HANpHUKIAJ, BIOCKOHAJIECHHS
CHCTEMH KaJliOpyBaHHS BEPCTATIB Ta BIPOBA/XKEHHsI aBTOMAaTUYHOTO MOHITOPUHTY TPOLIECY;

2. i yCyHEHHS TPIIIUH B KOPITYCl — BUKOHAHI 3aXOAH 3 ONTHUMI3aIlli TEXHOJIOT1T JTUTTS Ta
MOCUJIEHHS! KOHTPOJIIO SIKOCT1 CHPOBUHY;

3. s ycyHeHHs AedopmMaliiil Baidy — 3A1MCHEHUH Neperisa napaMeTpiB TepMooOpoOKH,
30KpeMa TeMIIepaTypHUX PEKUMIB Ta TPUBAIOCTI HATrpiBaHHS;

4. sl yCYHEHHS HENPaBUIBLHOI 0OpOoOKa MOCaTOYHHMX MICIhb — TIPOBEICHE HaBYAHHS
OIIepaTopiB 110,10 IPAaBWIBHOT HAJIAIITYBaHHS 00JIaJHAHHS Ta BJIOCKOHAJIEHHS MIPOIIECY OTOYHOTO
KOHTPOJIIO.

SIK moKa3ye MpaKTHKa 3aCTOCYBAaHHS TaKOTO METOJy 4epe3 IMiBPOKY Iicis BIPOBAHKEHHS
3aX0JlIB KIJIbKICTh Je(eKTIB 3MeHIIyeTbcd Ha 65%, 1o 103BOJSE MIANPUEMCTBY CKOPOTHTH
BUpOoOHNYI BTpaTh Ha 30% Ta 3HU3UTU BUTPATH HA BUIIPABJIEHHS OpaKy.

Jlns nonoBHEHHsI aHalli3y Ha OcHOBI MeTony IlapeTo rapHi pe3ynbTaTtu 1a€ BUKOPUCTAHHS
NPUYMHHO-HACIIKOBOI aiarpamu Fishbone, sika 3acTocoByeThest s ieHTH(IKAIT KOPSHEBUX
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MPUYHH OCHOBHUX JIe(DEKTIB, 30KpeMa THX, SKI CTAHOBIIATh HAUOIIBIITY YacTKy Opaky, B HAIIOMY
BUMAJIKY 3 IPUKJIAAY: HEBIAMOBIAHICTh NUTI(QyBaHHS 3yOLiB, TPIIIMHHU B KOPIYCi, Aedopmallis Bay
Ta HeMpaBUJIbHA 00POOKa MOCATOYHUX MICIIb.
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I KinbKicTb BUNagKis

Puc. 1. Jliarpama ITapeto
Fig. 1. Pareto Diagram

Bubupaemo ocHOBHy mpoOiieMy [Jisi HACTYIHOTO aHamizy, a came: "HeBiamoBigHiCTh
nutidyBanHs 3youiB" (22% Bcix aedekTiB).

BusHauuMoO OCHOBHI NpPHUYMHU, K1 MNOJAUISIOTHCS HAa KUIbKAa KaTEropii, TUIOBUX JUIs
BUPOOHUYMX MPOIIECIB. 3T1IHO 3 METOIOJOTIEI0 BUKOPUCTAHHS MPUUYMHHO-HACIIIKOBOI Jlarpamu
Fishbone takumu kareropisimu €:

— 00J1aiHaHHS, SKa BKIIIOYAa€ TEXHIYHUHN CTaH, HAJAIITyBaHHs BEPCTaTIB, TOILO;

— MaTepiaiu, IO BKIIOYAE SKICTh CHPOBHHH, BIIACTUBOCTI 3aTOTOBOK, T.11.;

— METOJMKa, 10 sKOi BIAHOCATh TEXHOJOTIUHI MapaMeTpu OOpOoOKH, JOTPUMAHHS
CTaHJapTiB, T.IL.;

— MOJCbKUI (pakTop, B TOMY YMCIIi, KBaTi(iKallis nepcoHany, HOMUIKH ONepaTopis, TOLIO;

— cepeoBHUILE, BKIIOYAI0YU YMOBH poOOTH, TEMIEpaTypy, BiOpaiii, T.11.

Ha ocHOBi moOynoBaHOi NpHYMHHO-HachinkoBoi miarpamu Fishbone (pucynok 2)
BUSIBJSIFOTHCS KITFOYOBI KOpeHEB1 mpuuuHu. Hampukoma:

— HEKOpEKTHe KaniOpyBaHHs BepcTaTa (001 JHaHHA);

— HEIOTPUMaHHS CTaHAapTIB HUTidyBaHHS (METOIMKA);

— MOMUWJIKY TIPY HaJAIITyBaHHI 00JIaAHaHHS (JIOACBKUN (aKTop).

Hapnani quis koxHOT 11eHTH(IKOBaHOT TPUUYUHU PO3POOISIOTHCS KOHKPETHI 3aX0/11, TaKl SIK:

— BIIPOBA/DKEHHSI aBTOMATH30BAaHOI CHUCTEMM KalliOpyBaHHS Ta MOHITOPUHTY poOOTH
BEPCTATIB;

— MPOBEJICHHS HAaBYaHb JJIs1 ONIEPAaTOPIB 3 AKIIEHTOM Ha HaJAIITyBaHHs 00JaHAHHS;

— po3poOKa Ta BIPOBAHKEHHS YKOPCTKIIIOTO PETJIAMEHTY KOHTPOJIIO SIKOCTI 3aTOTOBOK.
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| 3HOC LWIAICDYBAAbHUX KDYTIB | HesianosiaHQ TBEpAICTb 3AroTOBOK
— MiANPUHMHA ADYTOTO PiBHA — MANPUMMHG ADYTOFO PIBHA
— MMANPUYKMHO ADYTOTO PIBHA — MANPMMUHG ADYTOrO PIBHA
| HekopekTHe KaaibpyBaHH:A BepcTara | | BIAXMASHHSA B XIMIYHOMY CKAQAT MATEPIAAY |
— MANPUYMHA ARYTOTO PiBHS — MANPHHKMHA ARYTOTO PIBHS
— [MANPUYMMHA ADYTOTO PIBHA — [MANPUHMHA APYTOTO PIBHA
| BiaCyTHICTb peryaspHOro o6CAyrosysaHHs | | AeEKTH BUXIAHKX 3ArOTOBOK |
— MiANPUHXUHO ARYTOFO PIBHA — MiANPUYMHA ARYTOTO PIBHA

— MiANPUYMHGO ARYTOTO PIBHA — MiANPUYMHO ARYTOTO PIBHA
HeBiAnMoBiAHICTb
LLAIGOYBAHHS

- - r _ r 3y0Liis

| HeAoTpHAMAHHA To4HOCTI NapameTpis obpobku | | MOMMAKM NPK HOAQLUTYBAHHT OBAQAHOHHSA |

/ MANPWYMHA ADYTOrO PIBHS / MANPWYMHO ADYTOrO PIBHS

— MANPHYMHA ARYTOTO PIBHS — MANPUYMHA ARYTOrO PIBHS

HegipHuiA BUBIp WBMAKOCT 0BEepTAHHA | Huibka KBaaidoikauis oneparopis |
LIAICDYBAARHOTO KpYTd
— MMANPUYKMHO APYTOTO PIBHA
I— MiANPUHMHA ADYTOTO PiBHA — MANPH4UHG ADYTOTO PiBHA
| HeBiANOBIAHICTL CTAHAQPTAM LUAIGDYBOHHS | | HeaocTatHa yeara A0 KOHTPOAIKD NPOLECY |
— MiANPUYKMHO APYTOTO PIBHA — MIANPU4MHG ADYTOTO PIBHA
— MMANPUYKMHO ADYTOTO PIBHA — MANPHMUHG APYTOro pIBHA

MeTtoamKa AOACBKMIA doaKkTop

Puc. 2. [lpuunnHo-Hachigkosa aiarpama Fishbone
Fig. 2. Cause-and-Effect Fishbone Diagram

6. BucHoBku. Metou 3a6e3neueHHs SIKOCTI IPU KOHTPOJIi MapaMeTpiB 3’ €1HaHb TOBUHHI
0a3yBaTHCs HA IHTETPOBAHOMY ITiTXO/i, IO BKIFOYA€ 3aCTOCYBAHHS aHAIITUYHUX IHCTPYMEHTIB i
TEXHOJIOTIYHUX 3axoniB. Meronosnoria [lapero no3Bossie ieHTH(]IKYBaTH HAWOULIBII 3HAUYII
nedexTH, 3a0e3Meuyodn MPIOPUTH3AIII0 PECYPCiB I X yCYHEHHS, 10 MiABUILYE eEeKTHBHICTh
BUPOOHMYMX TNpOIeciB. 3acTOCyBaHHsS NPUYMHHO-HachiakoBoi miarpamu Fishbone cnpusie
BU3HAYEHHIO KIFOUOBUX (PaKTOPIB BIUIUBY, TAKUX SIK CTaH BUPOOHUYOTO 00JIaIHAaHHS, BIACTUBOCTI
MmarepiajiB, mapaMeTpy TEXHOJIOTTUHOTO MPOLECY, JIIOJICHKUI (aKkTOp Ta BUPOOHUYE CepelOBHILE.
KommutekcHe BpoBa/KeHHS 3a3HAaUY€HIX METOIB Y ITOE€THAHHI 3 YIOCKOHAJICHHSM TEXHOJIOTIYHOTO
KOHTPOJIIO Ta MiABMIIEHHAM KBaiidikamii mnepcoHany 3alesnedye MiHIMI3alilo Je(eKTis,
I IBUIIICHHS HAIIHHOCTI IPOAYKIIIT Ta ONTHMI3aI[il0 BUPOOHUYHUX CHCTEM
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BU3HAYEHHA HOPM HAOAHHA NOCNYI 3 BUBE3EHHA NOBYTOBUX BIAXOAIB
AN HACENEHUX MYHKTIB BAPACbKOI MICbKOI TEPUTOPIAJIBHOI FPOMAU

AHOTALIA. BupiweHHsi npobnemu yrpasniHHs nobymosumu gidxodamu 6a3yemscsi Ha 8USHaYeHHI
Kinbkocmi ix ymeopeHHs1. [Tpudomy 8axrnueo nposodumu O0CiOXeHHS K 015l MICbKUX, mak i Orisi CiflbCbKUX
HacesieHUux MyHKmMIe 3 PISHUM CmyrneHeM OXOIMIeHHST HacesfieHHs1 UeHmparisogaHo cucmemoro 36upaHHs
ma suse3eHHs1 nobymosux 8idxodig dnsi ompumaHHs 6inibw docmoesipHUX pe3ybmamis.

Memoto pobomu € ydockoHaneHHss MemodosnoaiyHux nidxodie 00 8uUsHaYeHHsT HOPM HadaHHS Moc-
fye 3 suge3eHHs1 nobymosux 8i0xo0i8 y HacesieHUX nyHKmax.

13 aHanidy nimepamypHuUx daHUX 8CmMaHo8/1IeHO, Wo 8idcymHi ocmosipHi OaHi rpo npoeedeHi Ha-
mypHi 3amipu ma ix pe3ynbmamu, 8i0cymHi eOUHI ghopmu rnodaHHs ompuMaHux pesyrnbmamis, Wo yHemo-
XKIIUBITIOE 1X MOPIBHSIHHS ma rnpoeedeHHs enubuioeo aHanisy i3 8USIBNIEHHS 3a/1eXXHOCMIi po3paxoeaHUux HOpM
HaKonu4yeHHs1 00 KirbKocmi HacerieHHs1 ma pieHs1 OXOMEeHHS] UeHmMparizoeaHot cucmemoro 36upaHHs ma
guse3eHHs nobymosux g8idxodig y Micmax, mepumopiansHUX epomadax ma cenax.

Y npedcmasrneHiti pobomi ukoHaHi HamypHI AocniOXeHHs 3 U3Ha4YeHHs1 0bcsieie ymeopeHHsi noby-
mosux gidxodie 8id Oxeper ix ymeopeHHs. [lposedeHHs HamypHUX 3amipie 8idbysanuck Ha mepumopii Ba-
pacbKoi MiCbKOI mepumopiarnbHoi epomadu.

Knroyoei cnoea: nobymosi 8idxodu, 3miwaHi nobymosi 8idxodu, Hopmu HalaHHSI 1ocry2, HopMu
YMEOPEHHS

DETERMINATION OF THE NORMS FOR THE TRANSPORTATION OF MUNICIPAL
WASTE FOR VARAS CITY TERRITORIAL COMMUNITY SETTLEMENTS

ABSTRACT. Solving the problem of municipal waste management is based on determining the
amount of generated waste. It is important to conduct research for both urban and rural settlements with
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different degrees of coverage of the population by a centralized system of collection and removal of house-
hold waste in order to obtain more reliable results.

The purpose of the work is to improve methodological approaches to determining the norms of
providing services for the transportation of municipal waste in populated areas.

Analysis of literature data shows that there is no valid data on field measurements and their results,
and there are no consistent forms of presentation of the obtained results. This makes it impossible to com-
pare them and carry out a deeper analysis to identify the dependence of the calculated accumulation rates
on the population and the level of coverage by the centralized collection system and transportation of munic-
ipal waste in cities, territorial communities and villages.

This article presents field studies performed to determine the volume of municipal waste generation
from the sources of its generation. On-site measurements were carried out on the territory Varas city territorial
community settlements.

Key words: municipal waste, mixed municipal waste, service provision norms, formation norms

1. locTanoBka 3aBaanHA. OHIEIO 3 TPUYHMH EKOJIOTTYHO HeOe3MeYHOT CUTYallil, SIKa CKJia-
nack B YKpaifi B chepi ynpaBimiHHS BIIX0AaMH € Hee(PEKTUBHICTh CUCTEM 30UpaHHs Ta TPAHCIIOP-
TyBaHHs MOOYTOBUX BiIXOMIB Bifl MiCIIb YTBOPEHHS /10 00’ €KTIB repepoOIeHHs, BITHOBICHHS a00
BUJAJICHHS Bi1X0/1iB. TeXHIKO-eKOHOMIYHI TOKA3HUKHU CHCTEMH 30UpaHHs Ta TPAHCIIOPTYBaHHS I10-
OyTOBHX BIIXOJIB 3aJIe)KaTh BiJ 00CATIB YTBOPEHHS MOOYTOBUX BiAX01iB. BigomMo, 1110 OCHOBHUMHU
JDKepeJaMH YTBOPEHHs MOOYTOBUX BIAXO/IB B HACEJIIEHUX IyHKTaX € KHUTJIOBI Oy IMHKU JOMOIOC-
NOJAPCTB Ta MiANPHEMCTBA, OpraHizallii, yCTAaHOBH.

[TpoekTyBaHHS cXeMU CUCTEMH 30MpaHHs Ta TPAHCIOPTYBaHHs MOOYTOBUX BIAXO/IIB Ta BU-
3HA4YeHHS 11 MOTY)KHOCTI 3aJeXKaTh BiJ] 00CATIB YTBOPEHHS BiIXOJliB, 0OpaHOi TEXHOJIOTi BiTHOB-
JICHHS] Ta BUJAICHHS BIIXOJiB, IPUPOJHO-KIIMATUYHIX YMOB B PETiOHi, 0cOOIMBOCTEN penbedy
MICIIeBOCTI, MEPCIEKTUBU 3a0yOBH TEPHUTOPIi, MPOTHO30BAHOI 3MIHU YHCEIBHOCTI HACEIICHHS,
MOP(}OJIOTiUHOTO CKIaay Ta (Pi3UKO-XIMIYHHUX BJIACTUBOCTEH MOOYTOBUX BiJIXO/IiB.

[Tporno3yBaHHs 00CSTiB yTBOPEHHS MOOYTOBUX BiJXO/IB 3 ypaXyBaHHIM COLIaTbHO-1EMO-
rpadiuHuX, MICTOOYIIBHUX, EKOHOMIYHUX YMHHHUKIB CTA€ MOKJIMBUM MPU BU3HAUYEHHI HOPMH Ha-
JAHHS TIOCTYT 3 BUBE3CHHS MTOOYTOBHX BiJIXO/IB.

Hopmu HagaHHS mOCIyr 3 BUBE3€HHs TOOYTOBUX BIJIXO/IB — II€ KUIbKICHUH MOKa3HUK CIO-
YKUBAHHS MOCIIYT 3 BUBE3EHHS TOOYTOBUX B1/IXO/IIB, SIK1 YTBOPIOIOTHCS Ha OJJHY PO3paxXyHKOBY OJIU-
HUIIO 32 TIeBHUH Yac (Hampukiamd, 100y, Micsib abo pik) [1].

BusHaueHHS HOPM J103BOJIsIE BUKOPHCTOBYBATH OTPUMAaHi 3HAYCHHS TIPU PO3PAaXyHKaX TeX-
HIKO-€KOHOMIYHHX [TapaMeTpiB CUCTEM 30MpaHHs Ta epeBE3eHHs MOOYTOBUX BIJIXO/1B IIPU PO3PO-
611 CxeM caHITapHOTO OUMIICHHS Ta MPUOMPAHHS HACEJICHUX MYHKTIB, IIJIJaHyBaHHI TOCIIOIapPChKOT
JISUTBHOCTI, po3po0I1i perioHaNbHUX Ta MICIIEBHX IIIaHIB YIIPABIIiHHS BiIX01aMH 200 MPH MPOEKTY-
BaHH1 HOBUX JUISHOK 3a0y/I0BH HACEJIEHUX MyHKTIB.

Po0ota BUKOHY€eThCS B paMKax peainizauii HarioHanbHOT cTpaTerii ynpasiiHHS BiX01aMU
B YkpaiHi 10 2030 poky, cxBaneHoi po3nopsakeHHsM Kadinery MinictpiB Ykpainu Ne 820-p Bifg
8 mucronana 2017 poky Ta 3 ypaxyBaHHsAM BuMor nocraHoBu KaGinery MinicTpiB Ykpainu Ne
1070 Bim 10.12.2008 «IIpo 3arBepmkenHs [IpaBun HagaHHs MOCTYT 3 BUBE3EHHS MOOYTOBUX BIJI-
XOJIBY.

2. AHaJii3 ocTaHHIX qoc/aimKeHb i mydJikaniii. HaykoBuii Ta npakTHYHUIN TOCBiT aBTOPIB
po0iT [2-5] 3acBiuye CyTTEBUIA BIUIUB Pi3HUX (PAKTOPIB HA 0OCATH YTBOPEHHSI TOOYTOBUX BIAXO/IIB.
Tax, B po0oTi [2] moka3aHo, 1110 HAlOUTBIINI BIUIMB Ha YTBOPEHHS MOOYTOBUX BiAX0MAIB B M. XKu-
TOMHUP MarOTh JI0XO/IM HaceNeHHs. B cTaTTi 3a3HavaeThes, 110 PO3BUTOK MTPOMHCIOBUX BUPOOHUIITB
Ta 3pOCTaHHs PiBHSA OJIaronoiy4us rpoMajsiH HanpsMy BIUIMBaIOTh Ha oOcsiru yrBopeHHs TIIB. B
TOM e Yac, aBTOpU NP NMPOTHO3YBaHHI 0OCATIB YTBOPEHHS BUKOPUCTOBYIOTH POTHO3HI MOKa3-
HHUKHW YUCEITbHOCTI HaceIeHHs [2].

Brmus Ha 3011b1IEHHS HOPMH YTBOPEHHS TOOYTOBUX BIIXO/IIB M1 A1€10 3MiH Y CIIOKHBaHH1
Ta COLIIAJIbHO-€KOHOMIYHOMY PO3BUTKY BiJI00pakeHO B po0oTi [4]. ABTOpU poOOTH BUKOPUCTOBY-
I0Th HOPMY Ha/IaHHS MOCTYT 3 BUBE3EHHS MMOOYTOBUX BiJXO/IB SIK BUXIHY 1H(POPMALIiO IS TOCTi-
JOKEHHS PET10HATLHUX 0COOJIMBOCTEH 3aXOPOHEHHS TTOOYTOBUX BIAXO/IB.
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Takox BU3HAUCHHSI HOPMH YTBOPEHHS Ta BUKOPUCTAHH MTPU NOJANIBIINX IPOrHO3HUX PO3-
paxyHKax 00cCsriB yTBOPEHHS OOYTOBHUX BIJIXO/IB 3a3HaU€HO B podoTax [4-14].

Taxum 4nHOM, BU3HAUCHHS HOPM HaJaHHS MOCJIYT 3 BUBE3E€HHS T00YTOBUX B1IXO1B JJ03BO-
JUTH 3a0e3MeunTd e(peKTUBHE MPOTHO3YBAHHS 00CATIB yTBOPEHHS MOOYTOBUX BIIXOMIB B Hacese-
HOMY ITyHKTI Ta po3paxyBaTH T€XHIKO-€KOHOMIUHI IIOKa3HUKHU CUCTEMHU 30MpaHHs Ta TPAHCIOPTY-
BaHHS MOOYTOBUX BiJIXO/IB.

3. Marepianu Ta MeToau. Bu3HaueHHS KUTbKICHUX MOKA3HUKIB YTBOPEHHS MOOYTOBUX Bi-
JIXOJIIB BiJl )KUTJIOBUX OYIMHKIB OaraTOKBapTUPHHUX Ta OJHOKBAPTHPHHX (3 HASBHICTIO YCiX BUJIB
0J1aroycTpor0), JXUTIOBUX OYIUHKIB 1HIUBITyaIbHOI 3a0y10BH (OYIMHKIB IPHUBATHOTO CEKTOPY),
HiANPUEMCTB, YCTAaHOB Ta OpraHi3aliil Ha MPUKIal HACeICHUX MyHKTiB Bapachkoi MichKkoi Tepu-
TOpiaJIbHOT rpOMaIu

4. Pe3yabTaTu 10cail:keHHsl. BusHaueHHS HOPM HaJaHHS MOCIYT 3 BUBE3CHHS TOOYTOBHX
BIJIXOJIIB PO3pOOIIAIINCH 3riAHO 3 BUMoramu IIpaBui BU3HaueHHsI HOPM HaJaHHS MOCIYT 3 BHUBE-
3€HHs MOOYTOBUX BiAXO/IIB, 3aTBEP/PKEHUX HaKa3oM MimkuTiIoKoMyHrocy Ykpainu Ne 259 Big
30.07.2010 p. [1].

s po3paxyHKy HOPM BH3HAUalOTh (PaKTHUHY KUTBKICTh MOOYTOBHX BiIXOIIB 3a JKepe-
JamMu iX yTBOPEHHS Ha OCHOBI HATypHHX 3aMipiB mpoTsaroMm 7 aHiB. CepeaHbOpiuHI pO3paxyHKH
BKJTIOYAIOTh BUKOPUCTaHHS KOE(Illi€HTIB CE30HHOI HEPIBHOMIPHOCTI yTBOPEHHS TBEPAHMX MOOYTO-
BHX BIJIXOJIIB (32 00’ €MOM).

Teepai noOyToBi Bigxonu y Bapackkiii MiCbKiil TepUTOpiabHii rpoMaii 30UparoThes, Ie-
peBaXKHO, B KOHTelHepu MicTkicTio 0,75 M°, 1,1 M° ki po3MmillieHi B MiCTi Ha KOHTEHHEPHUX Maii-
JaHduKax abo Oe3rnocepeHb0 B CMITTEBO3, KOJIH BiH PYXa€ThCS 32 MapUIPyTOM.

Jlns HaceneHuX MyHKTIB Bapackkoi MicbKoi TepHTOpiabHOI TpOMaM BiAMOBIIHO 10 BUMOT
[1] mpuiiasTo, 1m0 BuMiptoBaHHs KutbkocTi TIIB miist skutinoBux OyJWHKIB MPOBOJSATH HA YaCTHHI
TEpUTOPIi )KUTIIOBOT 3a0y/JOBU HACEJICHOT'O IyHKTY, /1€ IPOXKUBAIOTh 2% BiJ| 3arajbHOI YMCEIbHO-
CT1 MEIIKAHIIIB.

Jlns mpoBeIeHHs TOCIIIIPKEeHb OyJIM 00paHi TpY KOHTEHHEPHI MaliJTaHIMKN OaraToKBapTHP-
HUX OyAMHKIB 3 HaceleHHAM 589 4oi., ciM Bynuib 3 HaceneHHsM 530 don. B ogHOKBapTHpHUX
OyIuHKax Ta OyJUHKaX 1HIUBITyalbHOI 3a0yA0BHU, 3 TPUCATUOHOIO JUISHKOIO.

[Tix yac BUMIpIOBaHHS K1IbKOCTI TBEPAUX MOOYTOBUX BIJIXO/IB, 1110 YTBOPIOIOTHCS HA M-
pHEMCTBAX, yCTAaHOBAX, OpraHizalisxX, oOMparoTh HANOLIBII XapakTepHi Uil JaHOT'O HACEJIeHOIo
MYHKTY JDKepella y KUIbKOCTI He MEHILIE ABOX.

Jlnis mpoBeieHHs 3aMipiB 1 AOCHiIKEeHb OyJIM MPUHHATI HACTYIIHI BUAM JDKEPET YTBOPEHHS

TIIB:

. Kutnosi OynuHKM GaraToKBapTHpHI Ta OJHOKBAapPTUPHI YNOPSIKOBaHI (3 HasBHICTIO yCIX
BU/IIB OJIaroycTporo);

. Kutnosi OyaMHKM 1HAMBILYaJIbHOT 3a0y/10BU (OYAMHKH IPUBATHOTO CEKTOPY), 3 MPUCATU-
OHOIO IIISHKOIO;

. I'oTemni;

. I'yproxxutku;

. 3araJlbHOOCBITHI IIIKOJIH;

. JIOMIKIIbHI AUTSYI 3aKJIa/IU;

. Ckimanam;

. AJMiHICTpaTUBHI Ta TPOMAJIChKI YCTAaHOBH 1 OpraHi3artii;

. 3akiaau KyJbTypy 1 MUCTELITBA;

. [TpomTOBapHi Mara3uHu, JapbKu, KIOCKH;

. [IpomoBoibYl Mara3uHu, JapbKH, KIOCKH;

. Anrtexu;

. Punkmy;

. 3akJaiv TpOMaZIChKOro XapuyBaHHs (pecTopanu, kade, inanbHi Ta iH.);

. [TignpuemMcTBa MOOYTOBOr0 0OCITYTOBYBaHHS;

. [MonikmiHIKY;
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. Knamosuria, komymo6apii.

B nepion 3 04.10 mo 10.10.2022 p. mpoBeaeH1 HATYPHI HOCIIKEHHS Ha TepuTopii Bapack-
KOi MICHKO1 TEPUTOPIATBHOI TPOMAJIH.

Ha o6panux mxepenax yTBOpeHHs OOyTOBUX BiJIXO/IIB y BU3HAYECHI TEPMiHU B MICLSAX PO-
3MIIICHHS CMITTE301PHUX KOHTEHHEPIB 3/IIMCHIOBAIUCH IIOJCHHI (BIPOIOBXK HE MEHII CEMH JIHIB
HOCIILIb) CIIOCTEPEKEHHS Ta 3aMipH KiJIbKOCTI BIAXO/IB 3a 00'€eMOM Ta Macoro.

Jl1s1 BUMipIOBaHHS KIJTKOCTI TBEPIMX MTOOYTOBUX BiJIX0/1iB BUKOPHUCTOBYBAIM HACTYIHE 00-
JaTHAHHS:

a) pyJeTKa;

0) nuaamometp AITY-5-2 5 na 500 kr, moxubka 3BaxyBaHHs +2%);

BumiproBaHHS KUJTBKOCTI TBEpIUX MOOYTOBUX BIAXOAIB PO3MOYMHAIN 3 BUOOPY MAapIIPYTiB
CIEIIAIBHOTO aBTOTPAHCIIOPTY, IO 3/IHCHIOE 30UpaHHS Ta MEPEBE3CHHS TBEPIUX MOOYTOBUX BijI-
X0JIiB (CMITTEBO3), ISl KOXKHOTO 3 OOpaHUX JKEPENl, a TAKOXK KUTBKOCTI PO3PaxXyHKOBUX OAMHHIIH
JUTSL KOYKHOTO MapIIpyTy.

[Tin yac mpoBeACHHS BUMIPIOBaHHSI KUIBKOCTI TBEPAUX MOOYTOBUX B1IXO/1B (hiKCYBaJIH:
. KUTbKICTh KOHTEHHEPIB, OJ1.;

. 00'eM KOX)KHOTO KOHTeHepa, Ky0. M;
. CTYIiHb 3aIIOBHEHHS KOHTEHHEPIB TBEPIUMH TOOYTOBHUMH BiJXO/IaMHU;
. Macy KOHTEHHepa IMOpPOXKHBOTO Ta 3allOBHEHOTO TBEPAMMH HMOOYTOBHUMHM Bimxoaamu abo

Macy MOPOKHBOTO Ta 3aII0BHEHOTO TBEPMMH MOOYTOBIUMH BiJIX0/IaMHU CMITTEBO3A, T.

[Tepen moyaTkoM BUMIpIOBaHHSA yCi KOHTEHepH Oyl OYMINEH] BiJ TBEPAUX MOOYTOBUX Bi-
IXOJIB.

[Tig yac BumiproBaHHs OyJia BUKJIIOUE€HA MOXKIIMBICTh YIIUIbBHEHHS OOCIYTOBYIOYHM IEPCO-
HAJIOM TBEPIUX NOOYTOBHX BiIXOJIB Y KOHTEHHEPI.

[Tin yac mpoBeACHHS BUMIPIOBaHHS KiIBKOCTI TBEPAUX MOOYTOBUX B1IXO/IiB TOBEPXHS TBE-
pAMX TOOYTOBHX BiAXOIIB, IO 3HAXOIWIINCS B KOHTEHHEPi, pO3piBHIOBAIACH Ta BU3HAYAIACH CTY-
niHe Horo 3anoBHeHHs. O0'eM TBepAKUX MOOYTOBUX BIIXOAIB JOPIBHIOBAB 00'€My HAIOBHEHOI Bij-
XOJIaMH YaCTHHH KOHTEHHEepa.

Sxmo xoHTeiiHep OyB HanoBHEHUH 3 BepxoMm, Haaumok TIIB 3HiManu, nepeBanTaxyBaiu
y He3aIllOBHEHMI KOHTeHHep, abo, y pa3i ioro BiACYTHOCTI, 3aBaHTAKyBaJIU Y TOM caMHil KOHTeHHEp
miciis Horo CopOoKHEHHs, MICHIs YOro MPOBOAMIN BUMIPIOBAHHS.

[Ticns BIAMOBIMHOT CUCTeMaTH3alll1, JaH1 3aHOCWJIMCH Y CHEIliaibHl Tabau4yH1 popMu Tiep-
BUHHMX AaHuX. [licis yoro i mepBHHHI AaHI ONpalnbOBYBAJIUCS 3a CTAaHAAPTHUMHU METOAMKAMHU
CTaTUCTHYHOTO OMPAIIOBaHHS Ta aHAITI3Y eKCIIEPUMEHTAIBLHIX JAaHUX HAYKOBUX JIOCIIKEHb 13 BU-
3HAYCHHSM CepPEeTHBOCTATHCTUYHUX BEIMYHH, CEPEAHIX 3HAYCHB JIOCIIKyBaHUX BEJIMYHH, 1X Bipo-
TiIHUX 1HTEPBAJIiB TOILIO.

st mxepen yTBOpeHHs MOOYTOBHX BIAXOMAIB, HA SIKMX BIAXOAM YTBOPIOIOTHCS IOJACHHO,
cepenHbOpiuHa HOpMa (M%) 3a PiK PO3PAXOBYEThCA MHOKEHHAM CEpPeIHbOA000BOI HOpMHU Ha 365
(KUTBKICTB THIB POKY), JJIS MiAIPUEMCTB, YCTAaHOB Ta Opranizamii — 251.

Pesynberatn HatypHux 3amipiB TIIB 3a 00'extamu iX yTBOpeHHs HaBesieHi B Tab. 1.

CepenHst MUIBHICTh TBEPAUX MOOYTOBHUX BIAXO/IB, SIKI YTBOPIOIOTHCS Y MKHUTIOBUX OYIAHH-
Kax, a TAKOXK Ha IMiIPUEMCTBAX, YCTAHOBAX 1 OpraHi3allisix, po3paxoByeThCs 3a (HopMyIioro:

% %
— (p6.6, K6.6.+pn,c. Kn.c.) + X05 (1)
cep. K. +K pc.n [
6.6. Im.c.
1€ p,, - cepenHs apupMeTHYHA LIUIbHICTh TBEPAUX NMOOYTOBUX BIIXOMIB, SKI YTBOPIOIOTHCS Y
6araToKBapTHPHUX XKUTIOBUX OyIHHKAX, KI/M°; K, , - KIIBKICTb HacEJIeHHs y 0araTOKBapTUPHHX
’KUTJIOBUX OyIMHKaX B MeXaX JOCIIUKEHHS, YOIL.; p, - CepeaHs apu(METUUHA MIIIBHICTh TBEP-

X TIO6YTOBHX BifIXOMIiB, fIKi YTBOPIOIOTHCA Y KUTIOBHMX OYIMHKAX NPHBATHOTO CEKTOPY, KI/MS;
K, - KUIbKICTb HAaCEJIEHHs Y KUTJIOBHX OyIMHKaX MPUBATHOTO CEKTOPY B MEKaX JMOCIIHKEHHS,
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1L

4OIL.; p_ - CepelHs apupMeTHYHA IIIIbHICT TBEPAUX MOOYTOBHMX BIJXOIB, SIKI yTBOPIOIOTLCS HA

MIAMPUEMCTBAX, YCTAHOBAX 1 OpraHi3allisx, Kr/M°: Pocp. - CEPENHA HIUTBHICTh TBEPIUX MOOYTOBUX

BIJIXO/IiB, SIKI YTBOPIOIOTHCS y KHUTIOBUX OYJIMHKAX, @ TAKOXK HA MIAMPUEMCTBAX, yCTAHOBAX 1 Opra-
Hi3alisnx, Kr/m°.

Ta6mumst 1 — Hopmu HagaHHs MOCTYT 3 BUBE3€HHS MOOYTOBUX BiAXOiB Y Bapackkiit MichKiil Tepu-
TOpiaJIbHIN TpoMaIi
Table 2 - Standards for the provision of services from the export of household goods from the
Varaska territorial community

HopmMma Ha ogHy po3-
paxyHkoBy oqununo | Cepenns
Ne 06'ext yrBopenns TIIB Pospaxyuiosa . UIBHICTH
3/m OIMHHULA cepeaHsA Ha pik
me KT Kr/m®
JKutnosi OyauHky O6araToKBapTHPHI
1 Ta OJTHOKBAPTUPHI YIOPSIIKOBaHI | MelKatews 1928 2106 165
" | (3 HasIBHICTIO YCiX BUJIiB OJIaroyct- ' '
poto)
JKutnosi OyauHKY iHIUBITyaIbHOI 3a-
2. OynoBu (OyAMHKY MPUBATHOTO CEK- 1 memkagens 3,09 471,2 152
TOPY), 3 NPUCATUOHOIO JTIISTHKOIO
3. I'ypToxkutku 1 Mmicie 0,70 121,6 173
-3aKJIa/Iv 3arajbHOl CEPEAHbOI, IPO- 1 veems
¢eciitHoi (mpodeciiiHO-TeXHITHOT), YHCHE, 0,10 16,3 171
. .. . 1 BUXOBaHeEIb
4, MMO3aIIKITEHOT OCBITH
-minei, npodrexyunnuina 1 ydeHp 0,10 15,9 167
-3aKJIaH JOLIKIJILHOI OCBITH 1 mice 0,24 34,2 144
5 AI[MIHICTpaTI/I].}Hl Ta rPOMaJICEKi ycTa- 1 po6. micie 0,39 67.0 172
HOBH Ta oprasizarii
6. 3axima gy KyJapTypH i MUCTEITBA 1 Mmiciie 0,55 99,6 183
- — 3
7 [TpoMTOBapHi Mara3uHu, JapbKH, Kio 1M TOpT. 0,49 836 171
CKH TITOIITI
8. g&OHyKTOBI MarasiHu, JapbKH, K10- 1 M2 Topr. momi 0,64 125,4 195
9. | Anreku 1 mM? Topr. momni 0,17 25,4 147
2
10. | Prmku 1w Topr. 0,77 144.,6 189
TIJIOII]
11, | 38K/ POMAJCHKOIO XapHyBaHHs 1 micue 1,36 287,4 211
(pecropanu, kade, inanpHi Ta iH.)
12 [MignpuemcTBa MOOYTOBOrO 0OCIYro- 1 po6. Micie 0,33 64.0 196
BYBaHHS
13. | JlikapHi 1 a1KKO 2,01 386,3 192
14. | TomixiiHiku 1 Bi/IBilyBaHHS 0,005 0,84 160
15. | Bok3anu, aBTOBOK3aJIU 1 M? mac. TuTomi 1,00 2121 212
16. | ABTOKOOIIEPATHBH 1 miciie 0,66 120,7 183

Topii Bapackkoi MichKoi TepuTOpianpHOI rpoMany ckaagae 170,2 kr/ve.

[TpoBiBIM BUIIE3TafaHi po3paxyHKH MU OTpUMaIH, 10 cepeaHs minbHicTs TIIB Ha Tepu-

Ha puc. 1 moka3aHo obcsru 3ampiB yTBOpEHHsS MOOYTOBHMX BIJIXOAIB Ha JOCIHIHKYBaHHX
00’€eKTax, a caMe )KUTIOBUX OyJIMHKIB 0araTOKBapTUPHUX Ta >KUTIOBUX OYJMHKIB 1HIUBITyalbHOI
3a0y0BH.
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Ha pucynky 1, a Mu 6aunmo, 1110 TeHICHIIisI 0OCATIB YTBOPEHHS MOOYTOBUX BIJIXO/IIB 3 TO-
HEJIJIKA 110 I’ ITHHITIO € CePeIHbO-CTa0iIBHO0 3 MAKCUMAILHUM 3HAYeHHAM 110 13 M° i3 maginaaM
y 2 neHb (BIBTOPOK) 110 6.

Ha puc. 1, 6 mu 6aunmMo, 10 TeHEHIIIsI 00CATIB YTBOPEHHS MOOYTOBUX BiIXOMIB 3 TIOHE/I-
JIKa TI0 I’SATHHUIIO € BapiaTHBHOIO, 3 MIKOBUMH 3HAYEHHAMH y MOHENIIOK Ta ueTsep 10 17 M5, Ta
cepeaHiM 06cAroM yTBOpeHHs Big 9 10 15 M y inmmi aui. OTpuMaHi pe3ynbTaTi 103BOJSIOTH CIIPO-
THO3YBaTH OOCSTH YTBOPEHHS BiJXOiB, IO 3a0€3MEUNTh Kpallle ONTHMI3yBaHHs rpadikiB Ta Map-
HIPYTiB AJ1s1 30MpaHHs MOOYTOBHUX BiAXOJIIB CHELiaTbHO 00J1aJHAHUMH TPAHCTIOPTHUMH 3aC00aMHU.

3aJIe)KHICTh 00CATIB yTBOPEHHS MOOYTOBHUX BIIXO/IB JI0 AHS TH)KHS HaBeJEHI Ha puc. 1.

14 20
12
10 15
8
10
6
4 5
2
0 0
1nH 28T 3cp 44T 5nT6 c6 7 HA, 1nH 28T 3cp 44t 50T 6¢c6 7HA
a 0

Puc. 1. 3anexHicTh 00cATiB yTBOpEHHS MOOYTOBHUX BiIXOMIB BiJ] HACEIEHHS Ha TepUTOpii Bapackkoi Mich-
KOi TepuTOpiaibHOI rpoMaan (Ky0.m):
a - 6araTOKBapTUPHOTO CEKTOPY; O - IHIUBIAyaTsHOI 3a0yA0BH
Fig. 1 - The extent of obligations for the establishment of daily income from the population in the territory
of the Varaska Municipality Territorial Community (cubic meters):
a - the rich housing sector; b - individual forgetting

5. BucHOBKHM i nepcneKTHBH NOAATBUINX A0CTiIKeHb. [IpoBeneHi HaTypHi 3aMipH Ta po3paxyHKH
HOPM HaJIaHHsI TIOCITYT 3 BUBE3CHHS TBEPUX MTOOYTOBUX BiIXOIB JJIs )KUTIOBUX OYAMHKIB OaraTOKBapTHP-
HUX Ta OJJHOKBaPTHPHUX (3 HASBHICTIO YCiX BHUIB OJIarOyCTPOIO), KUTIOBUX OYIUHKIB iHIUBIAyaIbHOI 3a-
OyznoBu (OyIMHKIB IPUBATHOTO CEKTOPY), 3 MPUCAAUOHOIO JUISHKOIO, TOTENIB, TyPTOKHUTKIB, Y410OBUX 3a-
KJIQiB: 3aKJIa1iB (haxoBOi MepPeABUIIOT, BUIOT, ITiCIISAUIIIIOMHOT OCBITH, 3aKJIa/IiB 3arajibHOI CePEIHBOT, PO-
(heciitnoi (mpodeciiHO-TeXHIYHOT), MO3aIIKITEHOI OCBITH, 3aKJIa i AOMIKIIBHOI OCBITH, CKJIAJIB, aAMiHICT-
pPaTHBHUX Ta TPOMAJICEKUX YCTAaHOB Ta OpraHi3alii, 3akIaiB KyJIbTypH i MUCTEITB, IPOMTOBAPHUX Mara-
3WHIB, JIAPBKIB, KIOCKIB, ITPOOBOJILYMX Mara3uHiB, JapbKiB, KIOCKIB, allTeK, PUHKIB, 3aKJIAJ(iB IPOMAaJICHKOTI0
xapuyBaHHs (pecTopaHiB, kade, i1anbHb Ta iH.), TANPUEMCTB TOOYTOBOTO 0OCITyrOBYBaHHS, JTiKapeHb, MO-
JKITHIK, BOK3aJIiB, aBTOBOK3aJIiB, CAHATOPIIB, TAHCIOHATIB, aBTOKOOTIEPATHBIB cepesl sIKuX 0yso oOpaHo He
MEHIIIE TBOX HAHOLIbII XapakTepHUX Juis Bapackkoi MichbKoi TepuTOpiabHOI IPOMAJIH.

OTtpumaHi pe3ynbTaTH AOCIIKEHb JI03BOJIATH 3a0€3MeUnTH TPOTHO3YBAHHS 00CATIB YyTBOPEHHS 10~
OYTOBHX BiIXOJIiB 3 ypaxXyBaHHSAM COIlialIbHO-/ieMorpadigHUX, MiCTOOY/TiIBHUX, EKOHOMIYHUX YUHHHKIB. Ho-
PMU HaJaHHS MOCIYT 3 BUBE3EHHS IMOOYTOBUX BiIXO/iB OyAyTh 3aKiIa/IeH] B TPOrHO3HI PO3paxXyHKHU 00CSTiB
POOIT 3 YyIpaBiIiHHS BiAXOJaMH TEPUTOPIi HACETICHNX MyHKTiB Bapackkoi Micbko1 TepUTOpialibHOI TPOMaIN
Ta po3paxyHKy Tapu(iB Ha HAAAHHS MOCIYT 3 MOBOIXKEHHS 3 TOOYTOBUMH BiJIXOJIaMH.
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HAYKOBI TEXHONOTrTI KOHTPOJIO CTAHY AOHHUX BIOKNALAEHb, AK IHONKA-
TOPA PIBHA EKOJNOINYHOI HEBE3MNEKU NAPOEKOCUCTEM

AHOTALIA. B pobomi 3anporioHogaHa mMemoduka rnpoeedeHHsI KOHMPOJIHO CmaHy Mo8epxXHeauUX
800HUX 06°ckmig Ha mepumopii, fika nidnszana ennusy nidnpuemcme asiauiliHol eany3i, wsxom 00cri-
OxeHHs1 3abpydHeHocmi O0HHUX gidknadie. Ha npuknadi Hagpmosux 8yarneeodHis - crieyuchiyHux 3abpyOHto-
sauie asiayitiHux nidnpuemcme dogedeHo, Wo AOHHI 8idkIadu € iHmeapanbHUM MOKa3HUKOM Pi8HS MEXHO-
2eHHO020 3abpyOHeHHS, IHOUKamopoM pieHs1 eKoroaidHoI besneku 2idpoekocucmem. PospaxoeaHi koegiuie-
HmMu OOHHOT aKyMynsuii ekasytomb Ha ripoepecyrode 3abpydHeHHs1 8000UMU ma HaKonu4YeHHs1 OCHO8HOI Macu
3abpydHYUX pedyo8uH 8 OOHHUX 8idknadax. Pe3ynismamu docnidxeHb Masoi pidku, Wo npomikae 830068x
aesianidnpuemMcme cgid4ams, w0 OOHHI 8idknadu gidHocsmMbcsi 0o kKameezopii “Had3eudaliHO 3abpyOHeHuX” i
3 00H020 60Ky CrpusioMb MPOYECY CaMOOYUUWEHHS B0OHO20 cepedosulya, akyMysnonyu 8 cobi Haghmorpo-
Aykmu, npome 3 iHWo20 bOKy 80HU 518/15110Mb COOOK HEbE3rneKy 8MOpPUHHO20 3abpyOHEHHST B0OOHOI Mo,
OCKiNbKU rpu 3MiHi (bi3UKO-XiMiYHUX yMO8 3abpyOHtoeaydi 3 O0HHUX 8iOKnadie 30amHi nepexodumu y 800HY

asy.
Knroyoei croea: O0HHI 8idKknadeHHs, eidpoekocucmemu, iHOuKamop eKrnosioaidHoi Hebe3rnek, mokx-
cucpikayis ekocucmeM, CyKUecilHi 3MiHU, eHympiuwHbo8000lMHa nepebydosa.

SCIENTIFIC TECHNOLOGIES OF MONITORING THE STATE OF BOTTOM
SEDIMENTS, AS AN INDICATOR OF THE LEVEL OF ENVIRONMENTAL DANGER TO
HYDROECOSYSTEMS

ABSTRACT. The work proposes a method of monitoring the condition of surface water bodies on
the territory, which was subject to the influence of enterprises of the aviation industry, by studying the con-
tamination of bottom deposits. Using the example of petroleum hydrocarbons - specific pollutants of aviation
enterprises, it is proved that bottom sediments are an integral indicator of the level of man-made pollution,
an indicator of the level of ecological safety of hydroecosystems. The calculated coefficients of bottom accu-
mulation indicate progressive water pollution and accumulation of the main mass of pollutants in bottom
sediments. The results of the research of the small river flowing along the airline show that the bottom sedi-
ments belong to the category of "extremely polluted" and on the one hand, they contribute to the process of
self-purification of the water environment by accumulating oil products, but on the other hand, they represent
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a danger of secondary pollution of the water column, after which, when physical and chemical conditions
change, pollutants from bottom sediments are able to move into the water phase.

Keywords: bottom sediments, hydroecosystems, indicator of ecological danger, toxification of eco-
systems, successional changes, in-reservoir reconstruction.

1. llocTanoBKa npo6JeMu. i1 BU3HAUCHHS PIBHS €KOJIOTIYHOI HEOE3MEKH aHTPOIIOT€HHO
HaBaHTAXXEHUX MOBEPXHEBUX BOJHMX €KOCHUCTEM HEOOXIJHO 3HATH JUHAMIKY IEepepo3NOoIily 3a-
Opy/aHIOBaYiB B 11 OCHOBHUX CKJIaJOBHX (Y BOJHHUX Macax, 0i0Ti, TOHHHX Bigkiaaax). B po6oTi 30-
CepeI’KEeHO yBary Ha OCHOBHOMY 1HJIMKATOP1 €KOJIOTIYHOTO CTaHy TJpOEKOCUCTEMH — JOHHUX BiJ-
KJIa/1ax.

Peastizanis 3anpornoHOBaHOI METOAMKH MOXKJIMBA Yepe3 JOCIIJKEHHs CTaHy JIOHHUX BIJK-
JaiB, K IHIUKATOpA PIBHS €KOJIOTIYHOI HeOe3NeKH riipoekocucteM. J{Jsi MOsACHEHHS CTaHy IMpo-
11eCiB BUKOPUCTaHI 3araJIbHOTEOPETHYHI OCHOBH OPTaHi3allii T1iIpPOEKOCUCTEMH K LUTIICHOT CTPYK-
TYpH, LII0 ONUCYETHCS 3 TOUKH 30py TEOpii CHCcTeM. 3TiTHO 3 L€ TEOPi€0 BOJHI €KOCUCTEMH PO3-
[NISAIAI0THCA K BIIKPUTI TEPMOJUHAMIUHI CUCTEMH, 110 MAIOTh CTPYKTYPHY LITICHICT Ta XapaKTe-
pU3yIOThCS (QYHKI[IOHATBHOKO €HICTIO CTPYKTYPHHUX KOMITOHEHTIB, 5IKa 320€31eUy€eThCS B PE3YJIb-
TaTi IpPOILIECiB caMoperyisiii Ta aganrariii [1-3].

Boani exocucTemMu 31aTHI CaMOOUYHUIITYBATHCh Bijl 3a0pyIHIOBAYiB y XO/1i MPOTIKaHHS TAKUX
(bi3uKo-XiMiYHUX 1 G10JOTTYHUX BHYTPIIHBOBOAOMMHUX TporieciB [1]:

- PO3BEIICHHS,

- IEPEHECEHHS TEUi€l0;

- MeXaHI4He pyiHyBaHH (epeTHpaHHs ) MiHEpAIbHUMH YaCTHHKAMHU;

- copOLlis 3BaKCHUMHU YaCUHKaMH;

- 3B'sI3yBaHHs B HEAKTHBHI KOMILIEKCHI CITOMYKH (Ba)KKi METaJIN);

- TpaHc@opmallis B iHIII HETOKCUYHI CIIOIYKH;

- HAKOTIMYECHHS B JIaHKaX TPO(QIYHOTO JIAHIIIOTIB;

- CeIMMEHTALlis B IOHHUX BIIKJIA/1aX 3 HACTYITHUM iXHIM 3aMyJICHHSM.

B pe3ynbrati NpoXoakeHHs 3a3HaY€HUX BHYTPIIIHHOBOAOWMHUX IMPOIIECIB KOHLEHTPALlIs
TOKCHKAHTIB Y BOJAHUX Macax iCTOTHO 3MEHUIYEThCS, ajle 3pOCTA€ B IOHHUX BIJKIAJaxX 1 B TKAHMHAX
riApoOioHTIB. Pe3ynpTaToM Takoro nepepo3noAily TOKCHYHUX PEYOBUH MOKE OyTH XpOHIYHA TOK-
cudikalis eKOCUCTEMH, L0 CYNPOBOKYETHCS PI3KUM 3MEHIIEHHSAM MPOIYKTUBHOCTI MOIYJISALIN
ab0 MacoBOIO 3aru0eIUIIo0 JKUBUX OpraHi3miB. Takuii mepepo3no/iijl TOKCUKAHTIB € HE CIIPABXKHbOIO
JIETOKCUKAIIIE€I0, @ YMOBHOIO, OCKUIBKHM HACIIAKM HAKOIIWYEHHS TOKCUKAHTIB B JOHHUX BIIKJIaAax
MPOSBISIOTHCA B €KCTPEMAJIbHUX CHUTYAIlIsIX — 3MYJIEHHI JOHHUX BIAKIAJIB MiJ Yac IITOPMIB Ta
BHACIIIZIOK CKHJIaHHS 3HAYHUX OOCATIB BOJHUX Mac. 32 TAaKUX EKCTPEMaJIbHUX YMOB BiJI0YBa€ThCs
3BOPOTHIN MepexiJ] TOKCUKAHTIB 3 JJOHHUX BIAKJIA/IB y TOBUIY BOAHUX Mac MpU OJHOYACHOMY M-
BUIIIEHHI 11 KaslaMyTHOCTI. OJTHOYACHO 13 BTOPMHHUM 3a0py/THEHHSM BOJIHOTO CepeAoBUIA (iKCy-
€ThCS TOCTpa HECTaya KUCHIO, 1110 MPU3BOAUTH J10 3aMOpy pHO 1 6e3XxpedeTHHX.

2. AHaJi3 ocTaHHIX gocaigxkeHb i nmydJaikanii. i3uuHO0 1 (i3UKO-XIMIYHOIO OCHOBOIO
pearyBaHHs TOBEPXHEBHX BOJHUX €KOCHCTEM Ha MOMIKO/DKYIOUl BITMBH 3a0pyIHIOBAYIB € 3aKOHU
tepmoauHamiku 1 mpuHiun Jle [larense-bpayna [4]. Po3BUTOK BOJHUX €KOCHCTEM Ma€ MEBHUUN
HE3BOPOTHIN HAIPSIM, SIKUH MPOSIBIAETHCA y CYKIECIHHUX 3MiHAX, HAPUKIAJ, TPOGHOCTI BOJONM,
110 BIAMOBIJA€ IPYroMy 3aKOHY TepMoauHaMiku. [Tpu 30iiabI1eHH] 00CATIB HAIXOKEHHS 10 BO-
JIOWM 3a0pyTHIOIOUMX PEYOBUH, Y CUCTEMI 301IBIITYETHCS MMPOTUIS, BIJOYBA€THCS BHYTPIIIHBOBO-
noitMHa miepeOyoBa, CIIpsSIMOBaHa Ha HEUTpasTizallito JaHoTo 3a0pyaHtoBada. L{s mportunis crpsi-
MOBaHa Ha 3HWKEHHS PiBHs AucOanaHcy B ripoekocucreMi. UMM iHTEHCUBHIIINHN BIUIUB 3a0py/-
HIOBAiB — TUM IHTEHCHUBHIIlIa BHYTPilIHbOBOI0MMHa ntepeOynoBa (mpunun Jle lllatense-bpayna).
[Tpu KpUTHYHUX KOHIEHTpALisAX 3a0pyIHIOBaUIB BOJHUX CUCTEMA BTpadae 3/1aTHICTh A0 BHYTpILI-
HbOBOJONMHOI nepeOy1oBu. [Ipr HanX0KeHHI HU3bKUX KOHIIEHTpALliil 3a0py IHIOBAYiB JI0 IPUPO-
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JTHUX BOJAOWM BiJOYBAIOTHCS JIUIIIE OOMEKEHI KOJIMBAHHS IMapaMeTPiB CUCTEMH, SIKI MOXYTh HAKO-
NUYyBaTUCS, IO Y KIHIIEBOMY pe3yJIbTaTi, 3 4aCOM, TAaKOX MPHU3BEE 10 PyHHYBaHHS BOAHOI €KO-
CUCTEMHU ajie y OunbIn BigmaneHnuit yac [1,4].

JIOHHI BiIKJIAJI MArOTh 3JaTHICTh IHTEHCUBHO a0COpOYyBaTH TOKCHYHI PEYOBHUHU, SIKi B3a€-
MOJIi}0YH 3 OPraHIYHUMH KOMIIOHEHTaMH Ta MOXYTh YTBOPIOBATH KOMIUIEKCHI CIIOJYKH, K1 BTpa-
Yar0Th TOKCHYHI BIIACTUBOCTI. Y 3B’SI3KYy 3 IIMM NPSAMUI TOKCUYHUI BIUIMB HA BOJHI MacH Ta 0i0Ty
3HAYHO MOCIa0MoeThes. HecTiiiki opraniuyHi TOKCUKaHTH PYHHYIOTHCS MIKpOOpraHi3MaMu JIOHHUX
BiZIKJIaiB 200 YacTKOBO TPAaHC(HOPMYIOTHCS MIKPO- Y ME30OEHTOCHUMH OpraHi3MaMu, sKi JKUB-
JATHCS MyJIOM (HEeMAaTOIH, OJIITOXETH, JIMYNHKH XIPOHOMI).

3. MeTa po6oTu. CTBOPUTH HAYKOBI OCHOBH KOHTPOJIIO XIMIYHOTO CTaHy TOBEPXHEBUX BO-
JIOMM 4yepe3 OIIHIOBAaHHS CTaHy JJOHHUX BIAKJIQIB, K IHIAAKATOPA PIBHSI iX €KOJOTIYHOT HEOE3MEeKH.

4. MaTtepiaiau Ta metoau. [IpoBeeHHs XiIMIYHUX JOCIIDKEHb CTAaHY JOHHUX BIIKIIA/IIB, K
IHIUKATOpa €KOJOTIYHOTO CTaHy MTOBEPXHEBUX BOJHHMX 00’ €KTIB, OUTBII Pe3yIbTaTUBHUM Oyze Ha
npuKaai Manoi piuku. HaBecHi, BIIITKY 1 BOCEHH 3/1IHCHIOBAIMCH JOCIIJKEHHs cTaHy Majoi p. Hu-
BKa, 1110 € 00’ €KTOM 3 BUCOKUM aHTPOIOI'€HHUM HAaBaHTAKEHHSIM 1 IPOTIKA€ B paiioH1 BILIMBY aBia-
TPaHCHOPTHHUX TpolieciB. B naniii BomHiM ekocucteMi Oyiia 37iiicHeHa OIliHKa TOBEPXHEBOTO, MTPH-
JIOHHOTO IIapy BOJM Ta JOHHUX BIIKJIAMIB.

[Tepmra mpo6a Oyina BigiOpaHa B MiCITi, IO 3HAXOIUTHCS y KHUTIOBOMY MacuBi JKyisiHU — 32
100 M Bu1Ie CKUAY CTIYHHUX BOJ aBianmianpueMcTB. BiniOpana Boga Oyia npo3oporo, J0HH1 BiIKIaAH
MaJli CBITJIO-KOPUYHEBHI KOJIip 1 He Maiu 3amaxy. OCKUIbKH JJaHa TOYKa BiOOpY po3TalioBaHa
BUIIIE MICTa CKMJAHHS CTIYHUX BOJ| aBlamiIIPUEMCTB, TOMY ii OyJI0 IPUHHATO 32 «yMOBHHUM KOHT-
POIIbY.

Hpyry npoOy Bou BiIOHpaiy B MICIi CKHIy CTIYHUX BOJI aBialliiHUX HiAnpuemMcTB. Bona
MaJia HepUEMHHH 3amax, MICIIMH Ha MTOBEPXHI BOJOWMHU IIjIaBajia IutiBka. BiniOpana Boma Oyia
HENnpo30pa, 3 MIaBarouuMH JoMilkaMu. JJoHH1 Bigkiaau OyJin YOPHOTO KOJIbOPY, MaJli 3amax Ha-
(GTONPOAYKTIB Ha CIPKOBOJIHIO.

Tpetio npoOy BoaM Ta TOHHMX BinkIaAiB BinOupanu 3a 100 M micist CKuAy CTIYHUX BOJ, B
MICIII PO3CitOBaHHs 3a0pyIHIOBauiB. JIoHHI BIAKIaAM Majdl HEMPUEMHUH 3amax HAQTOMPOIYKTIB 1
OyJIM YOPHOTO KOJBOPY.

[Tpo6u BoM Ta JOHHUX BIJAKJIAAIB BIAOUPAINCH 1 TOCIIKYBAJIUCh 33 JOTIOMOTOI0 CTaH/1a-
pTHHX MeTouK [5]. IIpoOu BoaM aHami3yBaiu 3a JONOMOIOI0 OPraHOJENTHUHUX, TAPOXIMIYHUX
MmetoiB [6-8] Ta 3a BMmicToMm HadTonpoaykTiB [9].

CyTb MeTOly Ha BU3HaUCHHS HAQTOBUX BYIJIEBOJIHIB IOJIATA€E B TOMY, 1110 Tpo6u Bou (1 1)
nigkucHoBaIMCh 10 pH = 2 1 1o Hux noxasanock 2 r NaCl Ha koxxHwuit miTp Boau. Jlami mpoBoau-
JIaCh €KCTPAKIIisl TETPAXJIOPUIOM BYTIIEIIO B NUTMIBHINA Jiiill. PO3UMHHUK 1O7aBaBCS OKpEMHUMHU
nopuisimu. [Ipotiec ouikyBaHHs po3lapyBaHHs ckiiafas 10 XBUINH, MICJIA YOO €KCTPAKT 30UpaBcs
y K0JIOY 3 CKIISIHOIO MpoOKor0. EKCTpakT BUCYIITyBaBCs MPOKapeHUM CyJib(paToM HaTpito, BiIOHpa-
BCs IopIito 50 MJT Ta IPOIMyCKaBCs Yyepe3 KOJIOHKY 3 OKCUIOM alioMiHi0. 310paHuii entoaT B MipHii
k07101 emHIcTIO 100 MIJI TpOTTyCKaBCsl 4epe3 KOJOHKY IIie 45 MIJI YUCTOTO TETPaxJIOPETaHy Ta JI0BO-
JIUBCSI ITUM 7K€ PO3YMHHUKOM 00’ €M po34nHYy B k03101 10 MiTKU. Ha ekcTparyBanHs BUTpayanoch 60
MJI eKCTpareHTy. [HppadepBoHHI CIIEKTP OTPUMAHOTO PO3YNHY 3HIMAJIH, KOPUCTYIOUHCH KIOBETOO
3 TOBIMHOIO mapy 50 MM. ONTHYHY I'YCTUHY BUMIpIOBJIU TIPH JOBXKMHI XBUITi 2926 cMm 2.

5. Pe3yabTaTu.

J11s mpoBeACHHS JOCHIKEeHb, 010 aKyMYJILii 3a0pyTHIOBauiB JOHHUMH BiJKJIa/IaMH, 30-
Kpema, crieundiuHoro 3adpyaHIOBava aBlallifHUX MIANPUEMCTB — HAPTOMPOIYKTIB, CIiJl BI3HA-
YUTH, 110 B IPUCYTHOCTI HA(TOBUX BYTJIEBOJHIB IOHHI BIJIKJIa1 Ta BoJa HaOyBae crerudiuHoro
CMaKy 1 3amaxy, 3MIiHIO€eThCS 11 Koutip, pH, moripuryeTscst Ta3000MiH 3 aTMOC(EPOIO.

PesynbpraTn BnacHux nonepeani nocuimxerss [ 10-20] cBiguaTs, 1m0 TigpoeKocUucTeMa, siKa
3HAXOJIUTHCS MiJl IHTEHCUBHUM BILJTMBOM MIANPUEMCTB aBialliifHOI raiysi, 3a mokazHukom pH nose-
PXHEBOTO 1 MPUIOHHOTO LIapy BOJM B YCIiX TOCIIIKYBAaHUX TOYKAX HE BUXOAUTH 32 MEXI1 JIOMYCTH-
MUX 3Ha4YeHb (6,—8,5). 3a cTyneHem 3aranpHOI MiHEpasi3alli yci JOCTiKEeH] MpoOH HE MePEBHIITY-
IOTh HOPMATHUBIB 1 XapaKTepU3yIOThCs K NpicHI Boau | kiacy skocTi, 2 kareropii. 3a iCHyIOUMMHU
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KJacu(ikamisiMi TOCHIKEHY BOJIy MOBEPXHEBOTO 1 MPUIOHHOTO APy BOAM MOXHA BIAHECTH 10
BOJIM CEPEIHBOIT TBEPAOCTI. Y MicCIli CKHIy CTIYHUX BOJ BeinunHa nokaznuka XCK mist Bos moBe-
pxHi B 1,5 pa3u nepesuitye I'/AK ocn/mos 1 B 2,2 pa3u ['AKprocn. Y mpoO1 mpugOHHOTO 1Iapy BOIU
micys CKuay cToKy BcTaHoBieHo nepeBuiieHHs ['AKrocn/mos mpu3Hauenns y 1,6 pasu. IlepeBu-
mieHHst ' IKp/roen KaTeropii 1uisi IpUIOHHUX BOJ CTaHOBUTH 2,5 pa3iB. [loBepxHeBY BOay piuKH 10
CTOKY 1 IicJIs CTOKY MOkHa BigHecTH 110 1l kmacy 3 xaTeropii sikocTi BOJH, a B MiCIli CTOKY — 110 [V
KJIacy 1 6 KaTeropii; MpUI0HHI BOJH 10 CTOKY 1 B Miciii cToKy — 110 I kitacy 3 kareropii, micist CToKy
— 1o IV xnacy 6 kareropii sikocti Boau. Maibke y BCiX ImpoaHali3oBaHUX IMpo0Oax BHUBIIEHO Mepe-
BuieHHs HopMmatuBiB 3a bCKs: y Boai moBepxHi Big 1,5 10 7,5 I'IKrocn/mos Tpu3HaueHus ta 1,9—
15,0 I'IKp/rocn KaTeropii. Y mpUIOHHOMY HIapi BOAM CIIOCTEPIra€TbCs TEHACHLS 10 3POCTAHHS
BCKs B paiioni ckumy ctidaux Boxa 1 Hwxk4ve 3a tewiero (Bix 1,1 mo 3,6 I'dKrocnsmos 1 2,3—7,3
I'1Kp/rocn). 3a 3nauenHsiM BCKs Boay moBepxHi piuku A0 cTOKy MoskHa BimHectu no Il kiacy 4
KaTeropii AKOCTI BOAM, B MiCIli CTOKY — 70 V Kiacy 7 kareropii, micis ctoky — 1o 11l kinacy 5 kare-
ropii; IpUIOHHUIM 1ap BOIM 10 CTOKY BigHOCUTHCs 10 111 kimacy 4 kareropii, a B MiCIli CKUAY 1 micis
ckumy — 10 V knacy 7 kareropii skocTi BOJIH.

VY BCiX IOCTiIKYBaHUX MPoOaxX BOAM PIUOK, IO MPOTIKAIOTH B30BXK aBiaIliJIPUEMCTB BH-
SBJICHO 3HAYHE TEPEBUIICHHS BMICTY a30Ty aMOHiiHOro. Bucokuii piBens 3a0pyanenns N/NHy
CIIOCTepiraBcs B MicIli CKHTy CTiYHMX BoA — 38 mr/am®. B iHmmx 1mpo6ax BoJ MOBEpXHi HepeBH-
HIeHHs cTaHOBUTH BiX 1,2 10 19 pasiB BigHOCHO 10 I'IK rocn/nos. Ta 6,497 paziB I' AKprocn. Y mpu-
JIOHHOMY II1api BoAH BMICT a30Ty aMmoHiitHoro nepeBumnye I'JIKrocn /mos. B 1,6—6,6 pa3a ta B 8,2—34
pasu I'/TKp/rocn.

KonmenTpartiist HITpUTIB y BCiX MPoOax MOBEPXHEBOTO i MPUIOHHOTO 1Ay BOJH HE NIEPEBU-
mye ['/IK, o BcraHoBIeHa Ui BOAOHM rocnoAapcbko-nodyroBoro npusHadenss. lono nHopma-
TUBY, SKHI BCTAHOBJICHO JUIS BOJOWM PHOOTOCIIOIAPCHKOTO IPU3HAYEHHS, TO IEPEBUIIICHHS 32 a30-
TOM HITPUTIB CIIOCTEPITaJIOCh B MPo0OaxX BOJM MOBEPXHEBOro Imapy B 15—45 pazis, B mpobax npu-
JIOHHOTO TI1apy — B 25—45 pa3siB.

JIoHHI BiIKJIaAM B TiAPOEKOCUCTEMI MPOTATOM TPUBAJIOTO MEPIoy aKyMyIOHTh HadTOM-
PONYKTH — crienndiuHi 3a0pyAHIOBaYl aBlaliANpPUEMCTB, 1110 HAJAXOIATh O BOAOHMHU 1 32 paXyHOK
IIbOTO € CBOEPITHUM ,,JIENO0”°, IX HAKOMHUYIyBayeM, iHTETpaIbHUM MOKa3HUKOM PIBHSI TEXHOT€HHOTO
3a0pyJHEHHS.

[Tpu mocTiitHOMY HaaXOMKEeHH1 HAPTOBHUX BYTJIIEBOIHIB A0 BOJHOI €KOCUCTEMH JIOHHI BiJIK-
Jamu 3 OTHOTO OOKY CIPHSIIOTH MPOIECY CAaMOOYHINEHHS BOJHOTO CEpEeIOBHINA, aKyMYJIIOIOUH B
co01 HaTOMPOIYyKTH, a 3 IHIIOTO OOKY SBJIAIOTH COOO00 HeOe3MeKy BTOPMHHOTO 3a0pyAHEHHS Tij-
POEKOCHUCTEMH, OCKUIBKY MpHU 3MiH1 (i3UKO-XIMIYHUX YMOB NPUJAOHHUX BOJ| 3a0pyAHIOBAaYl 3 JOH-
HUX BIJKJIa/I€Hb 3/]aTHI NEPEXOIUTH Yy BOAHY (a3y. Pe3ynbraTu 3111CHEHNX €KCIIEPUMEHTAIBHUX
JIOCIIJKeHb BKa3ylOTh Ha HAJA3BUYafHO BUCOKE 3a0pyTHEHHs HAQTOBUMHU BYIJICBOJHIMH JTOHHUX
BIJIKJIAJIIB MaJIOT P1UKH, IO TOCHIKyBajgack. KoHmeHnTparliss HahTOMPOIYKTIB B JOHHUX BIJIKJIa1ax
6inpire HK y 2000 pa3iB mepeBHILye X BMICT y MOBEPXHEBUX IIapax Bojau. B Xoni gocnigkeHb
BCTAHOBJIEHU BHCOKUM CTYMIHb 3a0pyJHEHHs HAQTONpOyKTaMHu noBepxHeBoro (B 12—198 pazis
suine, HiK ' IKp/roen) Ta pumorHOTO 11apy Boau (Big 16 10 39 pasis, Hik I'IKroen/.n06)-

Bucoxkuit BMicT HahTONPOAYKTIB CBIAYUTH PO BILIUB JiSUTBHOCTI aBialliJIPUEMCTB Ha J10-
CJIITHY MaJly piuky. Y TBOPIOIOUHM TOHKY IUTIBKY Ha MIOBEPXHI BOJH, HAPTONPOAYKTH 3MIHIOIOTh ra-
30BUI Ta TEMITEPAaTypHHUIA PEKUM BOAH IIBUIKICTh pyHHYBaHHS, BUTIAPOBYBAaHHS YU OCAJDKCHHS 1X
KOMITOHEHTIB. HeraTuBHUI BIITMB HAPTOMPOIYKTIB MPOSBISAETHCA B MOPYIICHH] (PYHKIIOHYBaHHS
BOJIHOT €KOCHICTEMH 3arajoM Ta B MOPYIICHHI PO3BUTKY BUIIUX BOISIHUX POCIHH. ByrieBoaHi, ski
BXOJSATh /10 CKJIaay Ha(TOMPOIYKTIB, 3A1MCHIOIOTh TOKCHYHY, a B IEIKHX BHUIAJKaX, HAPKOTHUHY
JII0 Ha JKMB1 OPraHi3MH PIYKOBOi €KOCUCTEMH.

Jlis BU3HAUEHHS MEpepo3NoIiily TOKCUKAHTIB 3 BOJHOI TOBII O JOHHMX BiJIKJIa/leHb, HA
MiJICTaBl OTPUMAHUX Pe3yJbTaTiB, po3paxoBaHi koediuieHTH JoHHOT akymyssuii (KJA) mig vad-
TOTNIPOYKTIB, MaJIOi PIYKH, 1110 NepeOyBae IiJ] MOCTIHHIUM IHTEHCUBHUM BIUIMBOM aBialiANPHEMCTB
3a popMyIoro:
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KIA=K, /K, 1)
e K — KoHIeHTparlis TOKCHKaHTa B JOHHUX Bifkaagax mr/mam>; KB — KOHIEHTpallis TOKCHKAHTA B
BOHI# TOBII, MI/AM®

Pesynbratu po3paxyHKiB KOSQIIEHTIB JOHHOI aKyMYJISIIii BKa3yHOTh Ha MpOrpecyroye 3a-
OpyIHEHHS BOAHOI €eKOCUCTEMH Ta HAKOIMMYEHHSI OCHOBHOI Macu HaTOMPOIYKTIB B JOHHHUX BiJIK-
naaax (10 CTOKY CTIYHHMX BOJ — 675, B MiCIIl CKHY CTIYHHMX BOJI aBlalliiHUX MiAIpUEMCTB — 966,
miclis CTOKY, B Micli po3citoBanHs cTiunux Bog — 1119). IIporpecytode 3a0pyqHEHHST MaJIOl pIUKH
XapaKTEPU3YETHCS 3pOCTAaHHAM KOE(IIIEHTIB TOHHOT aKyMYJIAIil Ta 3HWKEHHS MPOIIECIB IETOKCH-
Kailii y BOJIHI{ TOBIII.

Mana p. HuBka € IUIKOBUTO aHTPONOT€HHO HAaBaHTAKEHOK PIYKOK, MIO BTpaTHIIA
3/IaTHICTH JIO MPUPOIHIX MPOIleCy caMOBiAHOBIEHHS. JlaHa mana piuka, mae cBiii 06°em — Wo = Q
(M), 110 IKOTO CKMIAIOTHCA 3BOPOTHI BOAM KOMYHATEHO-MOOYTOBHX Ta MPOMHUCIIOBHX MiAIPHEMCTB
M. Kuesa 3 Butparoro (1 (M3/Toj1) Ta KOHLEHTPALI€I0 B HUX COJel Ta Myny c1 (1/7).

[Ipu oMy, B adrOpuTMi MiABUIIEHHS MPOIECIB CAMOOYMINECHHS ITi€l PIYKU HEOOXITHO
BpaxoBYBaTH Koe(illieHT po30aBICHHS Ta 3MIITyBaHHS COJICH Ta JOHHUX BIJKJIAJCHb 3a TICBHUI Yac

(x):
C, (D=0, +(c, ¢, Jexp ti 2)

o

L= +<1-c:>exp[-i} @3)
T

[o]

» C » C . . o o -

SIKIIO C 6:—6; C1:—1:K— 3BCCH1 BCIIMYMHU, IO BU3HAYAKOTh KOHHOCHTPALIKO COJICH Y Oacelini
C C
0 (4]

PIUKH 1 3BOPOTHHX BOJIaX yepe3 Mov4aTkoBy KoHIEHTpalito Co;

Q

AKIO T == — Yac I[[IJTKOBUTOT'O BITHOBJICHHS BOJM B OaceliHi pIYKM 32 YMOBHU HE MEePEMIlTyBaHHS
0,

BOJM B OaceiiHi;

c . .
SKIIO K=—-— KOe(ilieHT po30aBieHHs (PO3MIIIyBaHHS).
c

3a pesynbTaTaMu pO3paxyHKy (opmyn Oyino oTpumaHo rpadik 3MiH KOHIEHTparii
3a0pyIHIOBAJIbHUX PEUYOBUH 3a IEBHUH MPOMDKOK yacy (puc. 1).

]
Cp i

l | | | -
T t 1 t -
2.5 5,0 7.5 10,0 i, roja

Puc. 1. 3miHa KoHIIEHTpAaIii 3a0pyAHIOBaYiB 3a 2,5 rox, 5 rox, 10 rox niana3oH 4acy.
Fig.1. Change in pollutant concentration in 2,5 h, 5h, 10 h time range.

Takox B mpoueci po3paxyHKiB OyB OTpuMaHHMii rpadik 3MiHM 3a0pyIHEHb B YMOBAax
po30aBiIeHHS 3BOPOTHUX BOJ, SIKI HAAXOJATh A0 PiukH (puc. 2).
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. 1 &
LE- LTl T

0.5 1.0 L, roq

Puc. 2. 3mina KoHIIeHTpaii 3a0pyIHIOBAYIB 3 YPaxXyBaHHSAM iX p0o30aBIeHHs Y TIOBEPXHEBIH
BOJIOMMI.
Fig.2. Change in the concentration of pollutants taking into account their dilution in the surface
water body.

Jlanuii MaTeMaTHYHUIA anapaT JO3BOJISE y Yaci OXapaKTepHU3yBaTH TEHACHIIIIO MTOTipIICHHS
MpoLecy pO3BUTKY (€BOMIONIi) BOAHOI E€KOCHCTEMH, OCKUIbKM JOCHIIKyBaHa Maoi piukd
PO3TIIAIAETHCS B KOMIICKCHOMY KOHTEKCTI SIK €JMHA CKJIaJ0Ba — BOJIHI MAacH, OHHI BiTKJIaJH,
Oiora.

BucHoBku. JIOHHI BITKJIaJH B T1IPOCKOCUCTEMAX MIPOTATOM TPUBAJIOTO MEPIOTy aKyMYITIO-
I0Th 3a0pY/IHIOBAYI, 1110 HAJXOIATh JI0 BOJOKM 1 32 paXyHOK IIbOTO € CBOEPITHUM aKyMYJISTOPOM”,
HAKONTUYyBadeM 3a0pyIHIOBAYIB, IHTETPaTLHUM ITOKA3HUKOM PiBHS aHTPOIIOTEHHOTO 3a0pyAHCHHS
— IHAMKATOPOM PIBHS €KOJIOTIUHOI HeOe3MNeKH TiipoeKocucTeM. JIOHHI BIIKJIad MaJoi piukH, 110
NPOTIKA€ B3JI0BXK aBialliANMPHEMCTB MOKHA BiTHECTH JI0 KaTeropii “Ham3BHUaitHO 3a0pyaHeHux” i
CTBEPKYBATH, 1[0 BOHH 3 OJTHOTO OOKY CIIPUSIOTH CAMOOYHIIEHHIO BOJHOTO CEPEIOBHUIIA, aKYMY-
JIOI0YM B 001 HAQTOBI BYTJICBOIHI, @ 3 1HIIOTO OOKY SIBJITFOTH COOOK0 HEOE3MEeKy BTOPUHHOTO 3a-
OpyAHEHHS T1APOEKOCUCTEMH, OCKUIBKY TPU 3MiHI (i3UKO-XIMIYHHX YMOB NMPUAOHHUX BOJ 3a0py-
JTHIOBAYi 3 JOHHUX BIJIKJIAJIB 3[JaTHI MEPEXOIUTH y BOIHY (azy.
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DETERMINATION OF CAUSE-CONSEQUENTIAL CHANGES IN THE MECHANISM
OF BIOTIC SELF-REGULATION OF WATER BODIES BY URBOECOSYSTEMS (ON
THE EXAMPLE OF THE CITY OF KYIV, UKRAINE)

ABSTRACT. Deterioration of the ecological condition of the surface waters of the land is due to the
qualitative and quantitative depletion of the factors of their formation, which in some cases makes their use
for economic purposes impossible. The intensity of pollution of individual components of the biosphere de-
pends on the migration of pollutants, their transformation, destruction and accumulation. All obtained re-
search results allow us to affirm the main provisions of the mechanism of biotic self-regulation of the water
basin. Conceptually, this approach is an integrative trend of preserving the stability of the development of
hydroecosystems due to the restoration of the ecological and functional inseparability of the unity of the water
ecosystem as a mutually conditioned necessity for its further development. It is the environment-forming role
of biota under the conditions of interrelationships of environmental and specific modifying factors with con-
sistent adaptation.

Keywords: urban ecosystem, biotic self-regulation, water bodies, environmental safety, pollution,
pollutants, technogenic flows, anthropogenic load

Introduction. The most important component of the ecologically safe development of nat-
ural and socio-economic systems is such nature management, which involves the organization of
the use of water resources, in which sustainable development is ensured and sufficient water re-
source potential is preserved for a long time. The 19th century was characterized by significant
negative changes in the natural environment caused by the uncontrolled use of natural resources,
the development of industry and transport, which led to an increase in water consumption and, at
the same time, an increase in its pollution. This became especially noticeable during the last 50
years, when human influence on the planet's water cycle reached a global scale.

Deterioration of the ecological condition of the surface waters of the land is due to the qual-
itative and quantitative depletion of the factors of their formation, which in some cases makes their
use for economic purposes impossible. Thus, the statistical characteristics of water drainage in
Ukraine indicate that there is pollution of water basins of rivers due to irrational use of nature, the
consequence of which is a violation of their environmentally safe development. At the same time,
in recent decades, the opinion of leading environmental scientists has appeared that the problem can
be solved thanks to the elucidation of the mechanism of biotic self-regulation and its use for predic-
tive purposes regarding the characteristics of the level of ecological stability of the development of
water basins of rivers. But these are still declarative principles, although they have a scientific basis
thanks to the known role of biota in ensuring the sustainable development of natural systems. It is
these questions that became the subject of dissertation research and will contribute to the scientific
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substantiation of acceptable eco-safe changes in the hydroecosystems of river basins, which will
allow establishing the permissible limits of man-made load on water systems.

World forums (Rio de Janeiro, 1992; Johannesburg, 2002) have confirmed that the sustain-
able development of socio-economic systems is connected with the success of environmental pro-
tection activities. At the same time, at the current stage of the development of the biosphere, all its
components are subject to significant technogenic influence [1-7]. The total mass of the modern
human economy and products of the technosphere is 140 Gt/year annually (emission into the atmos-
phere — 35 Gt/year, discharge into water bodies — 15 Gt/year, placement on the surface of the earth
—90 Gt/year). Man-made pollutants (pollutants) belong to different classes of danger, in quantitative
terms they amount to 250-300 kg for every inhabitant of the planet. Man-made load on the environ-
ment leads to pollution with toxic compounds: first, heavy metal ions that have been stored in natural
systems for a long time; secondly, substances of synthetic origin (xenobiotics) that were not avail-
able to them before, etc. Biotic processes of their detoxification require a long time for their disin-
fection due to the lack of adaptive mechanisms of the biota.

Among the current measures related to the preservation of ecologically safe development of
hydroecosystems of water basins of rivers, one of the key values is production and economic regu-
lations [1], which limit the activity of one or another production to a certain amount in return waters
(the content of harmful substances, the amount of suspended particles , biochemical oxygen con-
sumption, active water reaction, concentration of acids and bases, etc.). The conditions for draining
return water into water bodies are established taking into account possible mixing and dissolution,
background water quality [2].

Materials and methods. In order to find out the changes in the cause-and-effect relation-
ships between biotic, abiotic and anthropogenic factors during the transition of natural hydroeco-
systems to the state of natural-anthropogenic ones, we took into account the following methodolog-
ical approaches to their research:

1) Establishment of scientific regularities of the development of water ecosystems taking
into account the system-basin principle [6];

2) Carrying out an ecological assessment [7,8] of the state of hydroecosystems of the water
basin;

3) Creation of an information control program using engineering and environmental indica-
tors and their parameters;

4) Adjustment, on the example of water basin studies, of the requirements for discharge of
return water into surface reservoirs.

The program of information control of the ecological state of the water basin is presented in
fig. 1. At the same time, it should be noted that technical indicators characterize the effect of pollu-
tion sources in their interaction with water resources in the process of their use, economic indicators
show their use, and ecological indicators show the state of water resources and their ability to self-
renew.

The intensity of pollution of individual components of the biosphere depends on the migra-
tion of pollutants, their transformation, destruction and accumulation. It is known from the scientific
literature that in man-made flows of pollutants, the key place is occupied by the environments that
transport them (Fig. 2).

Heavy metals occupy a prominent place among environmental pollutants. The danger of
contamination of natural systems with heavy metals is explained by the fact that they are eternal and
do not destroy when using traditional technologies for their disinfection, but only pass from one
form of existence to another, for example, they are included in the composition of salts, oxides,
organometallic compounds, chelates, etc.

In the XX-XXI centuries. so-called priority ecotoxicants appeared within the biosphere [8]
— the most toxic xenobiotics for natural systems, which are characterized by the ability to accumu-
late in trophic chains [9,10], ecotoxic stability in the natural environment. Among the indicators of
toxicity for humans, the authors note: carcinogenicity, mutagenicity, reproductive and endocrine
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status of exposure, etc. Heavy metals, volatile phenols, synthetic surfactants, and petroleum prod-
ucts are among the priority xenobiotics found in the water basin [11].

Pollution of individual components of the biosphere depends on the migration of pollutants,
their transformation, destruction and accumulation. According to the sources of scientific literature,
it is known that in man-made pollutant flows, the environment that transports them (atmospheric air
and water) plays a decisive role.

Heavy metals occupy a prominent place among environmental pollutants. The danger of
contamination of water systems with heavy metals is explained by the fact that they are not de-
stroyed when using traditional technologies for their disinfection, but only change from one form to
another. Heavy metals are characterized by different toxic effects on living organisms: low - Cu,
Mn, Fe, Zn, Ni, Sr, Rb, Sc; medium - Cr, Ag, Al; high - Sh, As, Ba, Se; very high - Be, Cd, Pb, Hg,
Ti.

Indicators and their parameters

Technical Ecological
| |

Normative (limit permissible discharge); Normative index of water pollution,
Technical capacity of water ecosystems; ecological index, actual index, sapro-
Environmental impact assessment bity taking into account changes in the
(aquatic ecosystems); self-recovery of the ecological state of
Determination of structural and functional aquatic ecosystems, taking into ac-
changes in aquatic ecosystems; count their adaptive capabilities of
Efficiency of self-healing processes (%) hydrobionts

Consequences of changes in natural water ecosystems

Engineering: Social: Ecological: Economical:
from a violation of the in- from pollution and from pollution estimated
tensity of internal water changes in the parameters - violation of losses for
reservoir processes of water ecosystems; diffi- the assimila- water
(changes in the technologi- culties in using water for tion potential resources
cal capacity of water eco- drinking, economic and of water eco-
systems, self-recovery ca- recreational purposes systems

Figure 1. Program of information monitoring of the state of water ecosystems

The toxic properties of heavy metals have special effects:

- the toxicity of the element depends on the chemical form in the aqueous environment and
in the living cell, for Hg it increases significantly in the series: Hg.Cl, < HgCl, < CH3Hg < (CH3)2Hg

- the content in the environment of elements with high biophilicity for living organisms has
a positive value;

- when technogenicity is higher and biophilicity of an element is lower, it becomes more
dangerous for biota;

- with an increase in the environment of elements with low biophilicity, the functions of
organisms and the entire biological system are also disrupted;

- a certain concentration is necessary for the manifestation of a toxic effect;

- in the water environment, Cd, Pb, and Hg dominate as poisonous metals.
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Sources, emissions of pollutants

A 4 A 4

Soil, river silt Atmospheric air, water
(environments where (environments that transport
pollutants accumulate) pollutants)

A

Plants, animals, food
products |

Man

A 4

Figure 2. Technogenic flows of pollutants

Under the influence of substances of anthropogenic origin (specific modifying (anthropo-
genic) factors), the process of transformation of hydroecosystems takes place, which can schemati-
cally be represented as a sequence of certain stages [2, 11]:

- when the water technogenic load exceeds the maximum allowable concentrations for indi-
vidual and total indicators (by 1.5-2.5 times), the chemical composition of water changes, which
subsequently leads to changes in indicators that characterize the state of hydrobiocenoses [11], but
the main ones remain structural parameters of self-organization of hydroecosystems;

- the structural reconstruction of hydroecosystems begins when the man-made load exceeds
the maximum allowable concentrations by 3-5 times;

- at the stage of the appearance of degradation processes of water systems (when the maxi-
mum permissible concentration is exceeded by 6-7 times), the biological structural organization of
hydroecosystems changes, the self-regulating ability decreases;

- at the stage of qualitative depletion of water systems (exceeding the multiplicity of maxi-
mum permissible concentrations in relation to the "background" state by 10 times), not only the self-
regulating capacity, but also the assimilative capacity, etc., decreases.

Thus, as a result of the action of modifying factors, taking into account our data, the follow-
ing processes occur [9]:

- when exceeding the maximum allowable concentration of pollutants at the first stage, the
chemical composition of water systems changes as a result of the pollution of the water basin;

- the effect of ecotoxicants on the biota is manifested in two opposite trends: the harmful
effect of pollutants and the adaptive reactions of hydrobionts to changes in their habitat [12-15];

- the level of intoxication of biota depends on such factors as the physical and chemical
structure of pollutants, toxicity, concentration and time of their action, the ecological state of aquatic
ecosystems at the time of action of xenobiotics, the intensity of intra-aquatic processes;

- violation of the dynamic equilibrium of hydroecosystems due to the action of specific mod-
ifying factors;

- violation of the structural and functional self-organization of water ecosystems in the pro-
cess of their development;

- violation of the environmentally safe development of the water basin due to the advantages
of degradation processes over the assimilative capacity of water ecosystems.

Hydrochemical monitoring data for each water body are grouped according to the season.
This approach will make it possible to form homogeneous data series and calculate average values.

Under the influence of anthropogenic load, surface waters change their natural physico-
chemical properties, therefore ecological assessment is the main condition that allows assessing the
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ecological state of water bodies, identifying the main water management and ecological problems,
determining the main directions of nature use in river basins and substantiating the feasibility of
recommendations regarding improvement of the ecological state of water bodies [16].

Hydrological studies of water bodies of urban

. v A 4

Monitoring data Systematization and data | Individual
] analysis of scientific and technical studies
Physical and

geographical
l»| characteristics
of the location

Hydrological data ‘\

Hydrochemical
data

Hydrochemical
and
hydrological

A 4

Characteristics of the quality of the water [

! ] T T~

Assessment of surface

water quality based on

averaged water quality
indices

Chemical and
hydrological
characteristics of
water bodies

Evaluation of
the
transformation
of the chemical

Determination and
assessment of
specific modifying
factors

Figure 3. Algorithm of complex research of aquatic ecosystems

Anthropogenic exchange, unlike the biotic cycle, has an open nature: natural resources are
at the input of the anthropogenic cycle, and industrial and economic wastes are at the output. The
ecological imperfection of the anthropogenic exchange of material substances is that the coefficient
of useful use of natural water resources is very small and therefore production waste changes the
natural environment.

One of the conditions for achieving ecological safety of water ecosystems is the development
and implementation of a complex of regional environmental standards, requirements, rules, as well
as the creation of geo-informational systems to support management decision-making in economic
practice.

In Ukraine, for the assessment and prevention of harmful anthropogenic influence on water
bodies, a number of normative documents have been developed, which are based on a comparison
of the concentrations of pollutants with normative indicators, based on these comparisons, a con-
clusion is drawn about the ecological state of water bodies [17-19] .

To determine the prerequisites for the action of modifying anthropogenic factors on changes
in the mechanism of biotic self-regulation, several water bodies of the Dnipro River were selected,
the development of which occurs under different conditions of man-made load (Table 1).

As shown by the results of the influence of modifying factors on the natural water ecosys-
tems of the Dnipro, they turned into natural-anthropogenic systems with changed structural and
functional properties [20] due to the occurrence of degradation processes and gradual qualitative
depletion in them. We have shown that the development of the water systems of the Dnipro is de-
termined by the following main trends:
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- internal features of the development of water ecosystems, related to ecotoxicokinetic pro-
cesses in water systems and its components, which characterize their assimilative and self-regulating
ability;

- external features of the influence of anthropogenic factors on aquatic ecosystems, which
are related to ecotoxicodynamic processes [6] and characterize the level of man-made load on the
aquatic environment;

- the defining principle of water basin development is the functional interrelationships and
interdependencies between ecological and anthropogenic factors;

- the stable state of aquatic ecosystems depends on the ratio of biotic potential and resistance
of the abiotic environment, which act in opposite directions.

At the same time, it should be stated that ecosystem evolution is associated with the constant
action of modifying factors, with negative changes in the environment-forming function of biota
(Table 1), when the ability of hydrobiocenoses to maintain the stability of the functioning of the
water basin deteriorates (Tables 2, 3) on the border of the marginal ecological containers

Table 1 - Generalized complex hydrochemical indicators of state assessment
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Regarding the changes in biological and physiological features that ensure the ecological
functions of hydrobiocenoses in aquatic ecosystems, which occur in the direction of improving the
chances of their survival due to the mechanism of metabolic adaptations in hydrobionts. Given this
course of development of aquatic ecosystems, we found that in the process of forming adaptive
mechanisms in the biota, it is not so much the preservation of the constancy of their composition
that is important, but rather the constancy of their functions.

First of all, the cause-and-effect changes in the relationships between environmental and
anthropogenic factors were clarified and it was shown that in the conditions of the SMF action and
in the process of formation of the biota mechanism of adaptation to them, functional dependence of
hydrobionts regarding assimilative and self-regulating functions is preserved.

In order to exclude the parallel (combined) influence of the abiotic environment, we chose
an object located in different physical and geographical zones (Carpathians, Prykarpattia, plain ter-
ritory) - the Prut water basin. Analyzed and systematized environmental monitoring data (hydrolog-
ical, hydrochemical, hydrobiological data) over the past 10 years for 3 reservoirs and obtained the
following results: abiotic factors practically do not affect changes in relationships and their func-
tional dependence between environmental and anthropogenic factors. The method of identifying the
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self-healing capacity under the conditions of the effect of modifying factors on the Prut water basin
using bioindicators has been patented and a patent for a useful model has been obtained [21].

Table 2 - Generalized hydrobiological indicators of water basin condition assessment
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In addition, it should be noted that preservation of self-regulatory ability is not possible
without preservation of assimilative ability. Thus, the main functional properties related to the
preservation of the mechanism of biotic self-regulation are not disturbed. In the future, similar stud-
ies were carried out for aquatic ecosystems (Table 3) and similar results were confirmed. The
method of identifying the self-recovery ability of a water basin is a complex method, which uses
total indicators (biological and chemical oxygen consumption), indicator indicators (saprobability
index, taking into account the self-cleaning coefficient, etc.).

Effectiveness of self-healing ability (Ecg) is determined by the formula [21]:

Eecb = Zl:NKp : KCT ) Ic (1)

where: N_ - the multiplicity of the excess of chemical oxygen consumption and biological oxy-
gen consumption in relation to the maximum permissible concentration; K_ - coefficient of re-

sistance to anthropogenic load; I, - modified saprobability index.

Taking into account the fact that the development of aquatic ecosystems takes place in dy-
namic conditions and changes in time and space, we found out the functional and structural changes
of aquatic ecosystems under the influence of modifying factors (Fig. 4).

Data analysis of fig. 4 allows us to state the fact that the mechanism of readaptive recon-
struction of biota (hydrobiocenoses) characterizes the role of the mechanism of biotic self-regulation
of natural-anthropogenic ecosystems at different functional levels of the development of aquatic
ecosystems. And quantitative indicators (P) characterize the environmentally safe development of
aguatic ecosystems, taking into account the self-regulating ability of aquatic ecosystems.

All the results obtained in relation to the research allow us to confirm the basic provisions
of the mechanism of biotic self-regulation of the water basin. Conceptually, this approach is an
integrative trend of preserving the stability of the development of hydroecosystems due to the res-
toration of the ecological and functional inseparability of the unity of the water basin as a mutually
determined necessity for its further development. It is the environment-forming role of biota under
the conditions of interrelationships of environmental and modifying factors with successive adapta-
tion (a zone of aquatic ecosystems with practically intact structural and functional features of their
development, an area above the city where water is taken for centralized water supply - 1 km above
the city) reconstruction of hydrobiocenoses, which ensures the stability of their functions.
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This conclusion is consistent with the Le-Chatalier-Brown law, when under the influence of
modifying factors, the dynamic balance in aquatic ecosystems shifts to the zone of the least man-
made load, which allows for the formation of an adaptive (readaptive) mechanism in the biota, as a
result of which the mechanism of biotic regulation of the water basin is preserved .

All obtained research results allow us to state the following. It is known that river basins,
the water of which is used for centralized water supply, in the catchment area of which water eco-
systems are preserved, practically, not anthropogenically disturbed (above the city), where due to
the action of the mechanism of biotic co-regulation, adaptation of the biota to low concentrations of
pollutants occurs, which allows to preserve the local their ecostabilizing role for hydroecosystems
[22]. Equilibrium-dynamic status of water basin systems, at different levels of spatio-temporal struc-
tural self-organization, which water ecosystems provide for water basin conditions for their envi-
ronmentally safe development.

Thanks to this parameter, it can be concluded that biotic self-regulation provides potentially
relatively dangerous conditions for the energetic (thermodynamic) and trophic status (assimilative
capacity) of aquatic ecosystems. In view of this, the processes of formation and dynamics of the
structure of hydrobiocenoses change significantly.

I
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Figure 4. Scheme of functional transitions in the development of aquatic ecosystems by stages
of anthropogenic changes:

I — - the zone of the initial (background) state of water ecosystems; 11 — the zone of appearance of moderate
local changes in the development of aquatic ecosystems; 111 — the zone of powerful anthropogenic changes
within the maximum effect of modifying factors; IV - the zone of restoration of the self-regulating ability
of water ecosystems

Concentrations of pollutant substances of anthropogenic origin during their impact on biota
are related to each other by a simple relationship (Hubber's equation): small concentrations of pol-
lutants over a long time ultimately affect the stability of aquatic ecosystems in the same way as large
concentrations over a short time. In addition, we have shown that the final result of biota intoxication
depends on the combination of natural and anthropogenic factors that affect the change in the abiotic
environment and lead to changes in physicochemical factors according to the following parameters:
dissolved oxygen content, salt composition, pH, temperature, etc. One of the manifestations of such
changes, for example, the water temperature activates, and when it increases, on the contrary, the
enzymatic activity of the biota is suppressed, which is associated with the provision of bioenergetic
processes in hydrobionts, and oxygen deficiency develops especially acutely against the background
of intoxication.

The salt composition also significantly affects the level of toxicity of specific pollutants
(Table 1). In connection with this, functional transitions (Fig. 1), which are associated with changes
in environmental environmental factors in areas from, practically, the background state of aquatic
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ecosystems through water flow zones with varying degrees of man-made transformation and to areas
characterized by a moderate degree pollution. The fact that the assimilative and self-regulating ca-
pacity in relatively "clean™ sections of the water flow is within the ecological capacity of water
ecosystems, it can be noted that the mechanism of biotic self-regulation is not disturbed (Fig. 3).
This is possible due to functional relationships between individual organisms of hydrobiocenoses
and, in general, between biotic and abiotic factors. It is precisely to assess the consistency of inter-
relationships of factors that there is such a concept as “ecological capacity of ecosystems™ - one of
the components of biotic regulation. Under such conditions, a common type of relationship in
aquatic ecosystems that affects the mechanism of biotic self-regulation is symbiosis, in which hy-
drobiont organisms better adapt to the environmental conditions of aquatic ecosystems.

Conditional possibilities of the transition of aquatic ecosystems from one state to another
depend (Fig. 3) on structural and functional changes in aquatic ecosystems that change the ecolog-
ical situation in them [23]:

P, — R, - the transition of aquatic ecosystems from one state to another without significant

anthropogenic changes in them; dynamic balance is not disturbed;
P, — B, - the transition of aquatic ecosystems to a state characterized by minor anthropo-

genic changes - A g; conditionally balanced state;
P, = P, - the transition of aquatic ecosystems from the initial anthropogenic changes - A

e1 in a state with the level of anthropogenic changes, respectively, of natural and anthropogenic
ecosystems;

A e (Aex>Aer) — local disturbance of dynamic equilibrium;

P — P% - the transition of aquatic ecosystems to a limit state on the verge of breaking the

ecological capacity; complete violation of dynamic balance.
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Figure 5. The process of accumulation of anthropogenic changes in aquatic ecosystems

We have proposed another stage of the development of aquatic ecosystems, which is character-
ized by the process of partial self-regeneration, namely: P, — Ptrpt4 - restoration of dynamic balance.

The main toxicokinetic dependencies include the accumulation of ecotoxicity in biota with sub-
sequent biotransformation (Fig. 5). In fig. 5 shows a geometric interpretation of the influence of modi-
fying factors in different zones of the river's water flow. The real progress and development of natural-
anthropogenic water systems is accompanied by the natural accumulation of pollutants (g) and anthro-
pogenic changes in hydrobiocenoses (biota) or properties of water ecosystems (e) under the influence of
ecotoxicodynamic factors.
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Therefore, the mechanism of formation of water ecosystems does not cause contradictions
in the scheme of accumulation of man-made changes, namely:

e(G,) =e(g,) +e(g,) +...+e(g) +e(g,) @

where: (G, ) -eachtime interval At correspond to an increase in anthropogenic changes in aquatic
ecosystems (Fig. 5); 9:,9,.9;.9, - local anthropogenic changes (which are random variables).
As aresult of the interaction of environmental and anthropogenic factors, the transition from

the initial stage of development, through the intermediate, to the limit, which is characterized by a
critical level of accumulation of anthropogenic changes, namely:

t, = _Zl:te(gi) = Le(gy) e,y T T leq,) ©)

That is, the physical content of the ecological security of the state consists of a sequential
summation of the time of transition of systems from one stage to the next and is decided on the basis
of the product of probabilities. The probability of an ecologically balanced state of aquatic ecosys-
tems with the accumulation of anthropogenic changes in it is determined Ps. (t), and the proba-

bility of maintaining a dynamic equilibrium state from t=to over the studied periods (hydraulic res-
ervoirs) to t — through P(t), then the probability of accumulation of anthropogenic changes in water

bodies [23] Zn: g, Isequal to:

i=1

G,, P, ()
()= PO (4)

This course of determination allows us to establish the nature of the spread of anthropogenic
changes in water ecosystems. That is, each time interval t corresponds to an increase in the accumu-
lation of anthropogenic changes in aquatic ecosystems - and the probability that it will occur in the
interval considered dt. In this way, a chain of mutual correspondence arises - e(G,) and the proba-

bility that it will occur in the interval considered dt. In this way, a chain of mutual correspondence

arises dt— A e(Ge)— AP to the sustainable functioning of aquatic ecosystems and is characterized
by the following equations:

AP =Pt +dt) — P(t) (5)
Ae(Gy) =e(t =dt) —e(t)

AG(Zn:gl) = G(t+At) —G(t)

The general form of equation (1) has the following form in relation to the ecological stability
of the state of aquatic ecosystems:

AP = — 11, Ae(t) (6)
where: u, - coefficient that depends on the intensity of accumulation of anthropogenic changes in
water ecosystems [ye - f(%)]

Conclusions. Thus, the obtained research results allow us to adequately and reliably assess
the role of the mechanism of biotic regulation of the water basin, taking into account the fact that
we took into account the established cause-and-effect changes in the assimilative and self-recovery
abilities and biotic self-organization of the water basin over a long-term period, taking into account
the ecological approach and basin principle.
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AOEPHO-EKOJIOIN4YHA BE3MNEKA 3BEPIFAHHA BIAMNPALBOBAHOIO AAEPHOIO
NANUBA TA NOBOAXXEHHA 3 HUM

AHOTAUIA. Ha cboz20dHi cumyayia 3 eidnpauybogaHum s0epHum nanueom (BAl) ece we
3anuwaemscsi cknaldHo 4Yepe3 ei0cymHicmb 6e3rnedyHux mexHosozili 0nsi eKOHOMIYHO 8u2iOHOI ma
eKoso2i4Ho yucmoi tio2o nepepobku i 6e3neqyHoi giHiwHoTi ymurizauji. BidnpauboeaHe si0epHe nanueo He €
gi0xo0amMu y Kracu4yHoOMy 8U3Ha4YeHHi ma po3yMiHHI. B OaHili pobomi BAll eusHayaembcsi SK UiHHa
8MOPUHHa eHepeemuyHa cuposuHa. Y pobomi ompumaHO 8UCHOBOK Mpo me, wo nodanbwul, coyiansHO
nputHamMHul ma 2apaHmosaHo 6e3re4yHuUll Ppo38UMOK €8iIMoe8oi S0epHOI eHepaemuKU MOXnueud nuuwe 3a
ymosu abcoromHoz20 rpiopumemy s10epHO-eKonoaiyHoi 6e3rneku 8cb020 SI0ePHO20 ManueHo20 YUKy
(ArL). Y 368’a3Ky 3 yum 0515 8UpPilWeHHs1 cKknadHUX eKosoeiyHux rnpobnem, nos’ssaHux 3 BAl, nponoHyembcs
HOBa mexHoso2isi NokosiHHA G5 Ha 6a3i A0epHUX eHep2eMUYHUX peakmopie hpoHmMaibHo20 HelmpPOHHO-
5A06PHO20 20PIHHS.

Knroyoei cnoea: esidnpauybosaHe si0epHe nanueo, sI0epHo-ekoroziyHa b6esrneka, 36epicaHHs i
roeoOdxeHHs1 3 eidrpaubo8aHuM SIOEPHUM nasueoM, peakmop POHManbHO20 HelUmpOoHHO-I0epHO20
20PiHHS.

NUCLEAR-ENVIRONMENTAL SAFETY OF STORAGE AND MANAGEMENT OF
SPENT NUCLEAR FUEL

ABSTRACT. Today, the situation with spent nuclear fuel (SNF) is still complicated due to the lack of
safe technologies for its cost-effective and environmentally friendly reprocessing and safe final disposal.
Spent nuclear fuel is not waste in the classical definition and understanding. In this paper, spent nuclear fuel
is defined as a valuable secondary energy raw material. The paper concludes that further, socially acceptable
and guaranteed safe development of the global nuclear power industry is possible only under the condition
of absolute priority of nuclear and environmental safety of the entire nuclear fuel cycle (NFC). In this regard,
a new technology of the G5 generation based on frontal neutron-combustion nuclear power reactors is
proposed to solve complex environmental problems associated with spent nuclear fuel.

Key words: spent nuclear fuel, nuclear and environmental safety, storage and management of spent
nuclear fuel, frontal neutron nuclear combustion reactor.
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1. IlocranoBka mnpoOjeMu. Yci BUIU O€3IMEKH SIEPHOT CHEPIeTHKH BU3HAYAIOTHCS
1HKeHepHO-(I3UYHUMH Ta HAyKOBO-TEXHIYHMMHU PIIIEHHSAMH, IO 3aKJIAJAI0ThCA B KOHCTPYKIIii
AIEPHUX EHEPreTHUHUX peakTopHuX ycTaHoBoK (FIEPY) B mporeci ix mpoekTyBaHHsI, a TaKOX Bij
METOJIB 1 TEXHOJOrii 30epiraHHs, nepepoOKH, MOBOMKEHHS 3 ONPOMIHEHUM BiAIpPallbOBAHUM
snepauM nanuBoM (BSIIT). Kpim BupoOHMITBaA Termia 1 enekrpoeHeprii kokHa SEPY BupooOmse
BSIATII ta a1 pamioaktusHi Bigxonu (PAB). Kpim Toro Ha pi3HUX JaHKaX EHEPreTHYIHOTO SIEPHOTO
nanuBHoro nukiy (SI11[) Takox yTBOPIOIOTHCS BiJIBaJIM MOPOJIH Micisi BAPOOHHUIITBA )KOBTOTO KEKY:;
BiJ[BaJIM 3011HEHOTO YpaHy YTBOPIOBaHI B pe3yJIbTaTi 30aradeHHs SACPHOTO MMaJiBa; BIIXOIH MiCIIs
nepepooku BSII Ha pamioximiuHux KomOiHaTax 1 HaBiTh cami AEC cTaroTh BigXogaMu MiCst
3aKiHUEHHsS TepMiHy iX ekcruryarauii Ta ix JikBimamii. [Ipum mpoMy, HaBiTH SIKIIO sIKach KpaiHa
BIIMOBIIIETHCSL BiJl BJIACHOI siiepHOI eHepreTuku 1 3akpuBae yci cBoi AEC, To pasom 3 num
3QIMIIAETHCS MMPAKTUYHO ,,BiYHA" CMIAIINHA, 1110 TOTPeOy€e CKIAHOTO Ta IOPOTOTO MOBOKCHHS 3
HEIO.

CyuacHi siiepHi eHepreTU4HI TeXHOJOrIl, K 1 caMa siJiepHa EHEePreTHKa, € MOOIYHUMU
XOJIONHOT BifiHM, KOJHM MPOMUCIOBI SIEPHI PEakTOpU, B OCHOBY SKHX OyJ0 MOKIAIEHO ypaH-
TUTYTOHIEBHM UK CTad 0Oa30BHMH BHPOOHWYMMH OIWHHUISIMU JJII BUPOOHUIITBA BOEHHUX
MartepiaiiB. BupoOHUITBO siepHOT eHeprii Ha TOi yac He 3aTpeOyBaHUM MPOIYKTOM. SIK 1 pa3oM 3
YTHITI3AI€I0 PEaKTOPHUX YCTaHOBOK IICIIA iX BUBEACHHS 13 eKciutyaTamii. [Ipu mpomMy eKoioriaHo
yrcta nepepodka ta Oesneune 30epiranns BSIIl ta inmumx PAB, a TouHimie, yBechb KOMILIEKC
EKOJIOTIYHHX MMUTaHb, OyJIH APYTOPSIHUMH 1 HE HA Yaci.

3a ouinkamu MAT'ATE, Ha croroani B 14-u kpaiHax cBiTy HakomuueHo mpubmuzHo 450
TUCSY TOH BUCOKoakTuBHOTO BSIII. 3 kokHOTO simepHOTrO Bojo-BoasiHOTO peaktopa (BBEP/BWR)
notyxHicTio 1 ['BT mopiuHo BuBaHTaxxyeThest Onu3bko 25—27 toHH BAIL. Ane Ha paaioXxiMiuHUX
KOMOiHATaxX MepepoOTIOEThCS TUTBKH TPeTs Woro dactuHa. Pemra, monan 300 tuc. Tonn BSII
3alUIIAE€TECA B TMPUPEAKTOPHUX OaceilHaX BUTPUMKHU, B THMYACOBHX [IOBEPXHEBUX Ta
MIPUIIOBEPXHEBHUX CYXHUX 200 MOKPHX CXOBHUIIAX, CTBOPIOIOYH TPH I[OMY JOBTOCTPOKOBI SIEPHO-
exoJioriyHi pu3uku. J[o TOro »* B HACTyNHI ABa AecATWIiTTa Ha Oaratbox AEC cBity, yepes
3aKIHUYEHHSI TIPOCKTHUX Ta MPOIOBKEHUX eKcIuTyartaniinux pecypciB SEPY, nomatkoBo Oyme
BuBaHTaxeHo mie 30-40 tucsa Tou BAIL

B pesynbrati ocT 4opHOOMIBCHKOT €TTOXH 3aCTOI0 Ha ChOTO/IHI CTIOpymKeHHs HOBUX SIEPY
1 IepCNeKTUBHI T1aHu ix OyniBHuITBA A0 2040-2050 pokiB nependayatoTh 3BEACHHS €HEProOIoKiB
Ha ocHoBI TeruioBux BBEP ctapux monepuizoBanux nokomninb GII, GIII, GIII+ (Generation). Tomy
MoziepHi30BaH1 TakuM YMHOM SIEPY nponoBkyoTe MaTu HU3bKUN KOoe(illieHT KOPUCHOT 11T 1 HU3BKY
e(eKTUBHICTh BUKOPUCTAHHSA MOALIBHOTO Ta Ae(IIUTHOTO y HAlOIMK4OoMy MaiilOyTHEOMY 130TOITY
ypany-235, a Takok T€HepOBaHOTO HUMU Je(DIIMTHOTO Ha ChoroAH1 Teria. OTxe, y MailOyTHhOMY
BUPOOHUIITBO 1 HakonuueHHs BAII Oyne mponomxyBaTucs 1 TOMy HMUTAaHHS BUPILIEHHS MpoOiaeM
30epiranHs, nepepooku Ta octatouHoi ytumizamii BAII cTatoTe e 611bI1 akTyaTbHUMHU.

Tomy Ha ChOTO/IHI, MOYKHA TOBOPUTH TIPO TE, IO siIEPHA EHEPreTHKA CBITY 3aBEPIIYE MEePITY
enoxy peakTopHux yctaHoBok mokomdinb [, Il Ta IIl, mo 3amumae micns cebe Haa3BUYAWHO
HeOe3neuHy sIepHy CHaAIIMHy pa3oM 3 OaraTbMa HEpO3B’SI3aHUMHU SAEPHO-CKOJIOTIYHUMHU Ta
TEXHOJIOTIYHUMH MPOOIEMaMU 3 MOMJIUBICTIO sAiepHUX Karactpod. L{a «cnagmmuay, K mokasye
nocBig HiMewunmHu, BUMarae CTBOpPEHHS HOBOI TPOMI3AKOI 1HPPACTPYKTypU NI JEMOHTAXKY
sIepHUX OJOKIB, I TTTHOOKOTO T€OJIOTTYHOTO TTOXOBAHHS BUCOKOAKTHBHOTO 1 HeOe3neunoro BAII,
JUTSL yTUITI3aMii pagioaKTUBHOTO CTaporo oONagHaHHS Ta KOHCTPYKIIN, a TakoX I BHPIIMIECHHS
JIOBrOCTPOKOBHUX Mpobiem moBomxkeHHs: 3 BAIl Ta 3 «eHepreTHyHUM» TUTYTOHIEM Ti 3 1HIIUMH
JIOBTOKUBYUYUMHU paslioHyKIigamu. [Ipu npomy myToHiit 239 € 0cobnuBo HEOE3MEYHUM JKEpeTaMu
panionoriyHoi HeOe3neku. Y pa3l TEXHOIeHHOI aBapii, TEpOPUCTUYHOI YU BIIICHKOBOI aTaku HOro
Ha/I3BUYAHO Masi KUIBKOCTI 3/1aTHI NEPETBOPUTH JyK€ BEJIUKI TEPUTOPil HENPUAATHUMHU JUIS
KUTTS Ta Oy/ab SKOi AisTbHOCTI. ToMy 1e# enmeMeHT Mijyisrae CremiajlbHOMY CTPOroMy OOMiKy Ta
KOHTPOJIIO Ha PIBHI MIDXHAPOIHUX OpTaHi3amiil 1 miansrae oOOB’S3KOBIM HaAiHIN 13051l Bix
6iocthepu. B pesynprari peamizaimisi HOBUX MAacCIITAOHUX SICPHUX CHEPrEeTHYHHX MPOrpaMm CTae
MPAKTHYHO HEMOXKIIMBOIO Bce 1€ 03Hawae, 10 HOBI siIEpHI €HEPreTHYHI MPOrpaMu ISl CBOET
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peaiizariii 3MyIeHi IyKaTy TPUHIIMIIOBO HOB1 CTpaTEriyHl TEXHOJIOTIYHI PIlICHHS B MOPIBHSIHHI 3
TUMH PILICHHSAMH, IO PUAMAIINCS B €TIOXY HAPOIKEHHS Ta CTAHOBJICHHS SJIEPHOI €HEPreTHKH. |
TaKa CTpaTeris IOBUHHA BPAaXOBYBaTH Oa)KaHHsI KpaiH, 0 PO3BHBAIOTHCS, & TAKOXK TUX 3aMOBHHKIB
HoBUX AEC, y sIKuX BiicyTHs He0OXiHA iHPPACTPYKTypa Ta BUCOKOKBATI(PIKOBAaHHIA IIEPCOHAI JIIS

3a0e3Me4YeHHs BCiX BUPOOHMYUX JAHOK SAEPHOrO MAJMBHOTO LUKIY Ta ®KHUTT€BUX LUKIIB SEPY 1
AEC.

2. Mera po6otu. IIpoanamizyBaT cy4acHUH CTaH Ta TEPCHEKTUBU TEXHOJIOTIYHOTO
3a0€3MeUeHHsI sIIEpHO-CKOJIOTIuyHO1 Oe3neku mpu 30epiranHi Ta nmoBomkeHHI 3 BAIL, a Takox
TEXHOJIOT14HI MpobemMu Horo (GiHIHOT ,,TOBIYHOI yTHITi3aMi].

3. Marepiaiu Tta MmeToau. Y poOOTi BUKOPUCTOBYBAJIMCS METOU CUCTEMHOTO aHAJi3y st
OILIIHIOBAaHHSl CYYaCHOTO CTaHy Ta MEPCIEeKTHB HAKOMWYEeHHs, 30epiraHHs BiANPalbOBAHOTO
SIEPHOTO TMAJIKMBA Ta MMOBO/PKEHHS 3 HUM.

PangioximivyHi BJACTMBOCTI Ta siIePHO-eKOJIOTiYHA He0e3nmeKka paaioxXiMiuHOl mepepodKku
BSIIL. Onpominene BAIL, mo mignaeTbes 3aBONCHKIN palioXiMiuHil mepepoOili B pe3ylbTari SKoi
JOJIATKOBO YTBOPIOETHCS BEJMKA KUIBKICTh PI3HUX HOBUX BUIIB TBepaux i pimkux PAB [1]. B
pe3ynbTari pagioximiunoi nepepoOku 1 Tonu BSII 3 MeToro BHTydeHHs 3 HBOTO ypaHy Ta ILTYTOHIIO,
yTBOproeThest 7500 ToH HOBuX TBepaux 1 1000-2200 ToH piakux, He MeHII HeOe3neunux 3a BAIL,
PalioaKTHBHUX BIAXOIIB, KOTPi MOTPeOyIOTh MOAAIBIIOTO 30epiraHHs, MOBOHKEHHS 3 HUMH Ta
yTHIII3aIi].

1106 nepepoduTn permty 250 000 Ton HakommueHoro BAIT 3Ha100MTHCS TOJATKOBO 3Ty IUTH
B pajlialiifHe BUPOOHUIITBO 1 MOTIM NEPEMICTUTH B HABKOJIMIIIHE cepeaoBuIle Oibie sk 250-550
MJIH TOH 3a0pyIHEHOI paJiOHYKJIiJaMH BOAM Ta BHBAHTAXXHUTH 3 BUPOOHMITBA mpuOmm3Ho 1 875
MJIpJT TOH TBepauX HeOe3neunux PAB.

TexHoJioriune mnepeopMaTyBaHHs Ta HOBI NiAX0AM [0 BHpilIeHHS NPodjeMu
30epirannsi BSII Ta mnoBomxkennss 3 HuMm. BIIl saBnse coborwo nyxke HeOe3NeyHy,
BHCOKOPA/II0aKTHBHY CYMIII 130TOIIB ypaHy, IUIyTOHII0, OCKOJIKIB JIIJICHHS siJiep TPAHCYpPaHOBUX
€JIEMEHTIB 1 MPOAYKTIB IXHBOTO pO3Maidy, sika 30epirae CBOIO aKTUBHICTh YMPOJIOBXK ACCATKIB i
COTEHb THUCAY POKIB 1 IKy HE MOJKHA 30epiratu Ha noBepxHi 3emii. OHaK Ha CbOTOJIHI Y CBITI HE
icHye aOcoiroTHO HafiiHUX cxoBuIl Jutst BAII 1 B )koHIM KpaiHi CBITY MOKH 1110 HEMa€ TEXHOJIOTH,
3/IaTHUX 3a0€3MEeYUTH rapaHTOBaHUM Oap'ep Mk pajialli€to 1 30BHIIIHIM CEPEOBUIIEM HA TaKHil
NOHAJ TPUBAJIMIA nepiof yacy. Yci HasBHI TuM4acoBi cxosuia BAII 1 PAB y pasi aBapii, Tepakty Ta
IHIIMX HenepeOOpHUX 1 BUMAJKOBUX 30BHIIIHIX BIUIMBIB € TAKMMH X HEOE3MEYHUMH, SIK 1 cama
AEC. Tomy ycmimHe BuUpilIeHHS MPOOJIeMH €KOIOTiyHO Oe3MmeyHoi Ta JIOBroi HaATpUBaiIol
¢inimHoi yrumizanii BAILL sk 1 inmmx PAB, 1 € BupimaasHUMY 1715 pO3IIKUPEHHS 0€3MeUHOT si1epHOi
€HEepPIeTHKH.

OdeBHIHO, 1O MiJl Yac MPOEKTYBaHHS KOXKHOTO siiepHOro eHepreruyHoro 6moky (SIEPB)
3aBXK/IM BUPILIYIOTHCS NMUTaHHS TUMuacoBoro 30epiranHs BSII B mpupeaktopHux OaceifHax Ha
AEC npotsrom 5-10 poxkis. [licast mporo #oro nopanpina J10Jsi BA3HAYAE€THCS HOBUMHU OKPEMUMU
JIOKYMEHTaMH Ta YroJlaMi MiX IOCTa4aJIbHIUKOM 1 3aMOBHUKOM, 3 MOKJIMBICTIO BKJIFOUEHHS 0 HUX
BUMOT IL[0JI0 JOBroTpuBajnioro 30epiraHHs a0o reosioriyHoro noxoBaHHs BSIl. 3oBHimiHs
1HpacTPyKTypa 3a MeXaMH MpomuciaoBoro maiinanunka AEC, moBHHHA BKJIIOYAaTH TUMYacOBE
cxoBumie BAII Ha mepiog 50-100 pokiB, a Takok CXOBHUIA/MOTHIIBHUKK 1711 PAB 3 pizaumu
PIBHAMM PaJlioaKTUBHOCTI Ta MalOTh OyTH MOOYA0BaH1 INIMOWHHI Ie€0IOT1YHI CXOBHUILA/MOTHIIBHUKU
y BIMOBITHOCTI 3 OCOOJIMBUMH BUMOTAMH JI0 T€OJIOTTYHHX (hopmarriil.

[Tocriiine BupoOnenHs 1 HakonuueHHs: BAIl na AEC Takox € oHi€r0 3 TOJOBHUX MPUYUH
AHTHUAJIEPHUX HACTPOIB CBITOBOTO CITIB TOBAapHICTBA 1 BIIMOBH 0ararhb0X KpaiH-BiIMOBHUKIB BiJ
AJIEPHOI CHEPTETUKH.

Ha BigmiHy Big OUIBIIOCTI BIIACHUKIB SJEPHUX EHEProOJIOKIB Ta opraHizamii ski ix
eKcIuTyaTyioTh 1 Uit skux BSAIl cnpuiimaeTbcs sk BiAXOIM, NMPUHIMIIOBE HAYKOBE BU3HAYCHHS
crarycy BSAIl mepeBomuTh #HOTO y KaTeropirdo MOTEHINHO IIIHHOI SAEPHOI MPOMHCIOBOT
€HepreTU4HOi «BTOPHMHHOI cUpoBHUHMY». Boanouac, BAII € saepHo- Ta pamianiiiHo HeOe3neuHUM
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MaTepiaJioM 3 TOYKH 30pY PHU3UKY HECAHKIIIOHOBAHOTO «IOIIMPEHHS» SIICPHUX MarepiamiB i
000B’SI3KOBO MOBUHHE MIUISTATH a0COFOTHIN 130JIS1111/TIOX0OBAHHIO Ta KOHTPOIIO. ToMy JTOIIIEHO
BaXXJINBO BUBYUTH HOBI NMPUHIUIHN MOBOKEHHS 3 SJIEPHUM HAJIUBOM, 3TIAHO 3 SIKUMHU OyIb-AKi
nocTadyaHHs CBXKOTO simepHoro nanusa it AEC moBuHHI 3711iiCHIOBAaTHCS 32 YMOBH T'apaHTOBAHOTO
noBepHeHHs BSII, micins fioro TexHomoriaHoi BUTpUMKH Ha Teputopii AEC, Ha3aj mocradanbHUKY
SAEPY abo saepHoro mnanwBa, ab0 X PEKOMEHJIOBAHIN IMOCTAauyaIbHUKOM CIICIialli3oBaHii
JIIEH30BaHI#i opraxizarii.

HoBi Bucoko pamioaktuBHi Binxomu (BPAB), yTBoproBani B pe3ynbTari pamioxXiMigyHOi
nepepoOKku BiampaiboBaHoro sigepHoro manusa (BAII), Takok moBwHHI OyTH KarcCysibOBaHI Ta
PO3MIIIIEHI B '€0JI0T 1YHOMY CXOBHILI/MOTHIIBHUKY. OIHI€I0 3 HOBUX MPOIIO3HIIIN € TPOMO3HULLis TOTO,
oo 3a J0BroctpokoBy om0 BSIl mae BiamoBigatu mnocradyajibHUK SIIEPHOrO IMajauBa abo
peakTopHOi ycTaHOBKH. [IpW [bOMY MPHHIMIT BiJMOBiAAJLHOCTI MOCTAYaIbHUKIB TOTIOMOXKE
MIHIMI3yBaTH PU3HKH aBapiil, OCKUIBKH I1i OpTaHi3allii 37aTHi 1 MOXKYTh PO3BUBATH IHPPACTPYKTYPY
JUTSE IPOMIKHOTO 30epiranHs ta nepepooku BSII, 3 MeToro moBepHYTH HOTO KOMIIOHEHTH 3HOBY B
EHEPreTUYHUN SAepHUN MaTUBHAN ITUKIL.

VY 3aranpHOMY, Ul TOAAJIBIIOI MO3UTHBHOI €BOJIONIT SIIEPHOI eHepreTUKH HeoOximHo: 1)
OCTAaTOYHY BiJIMOBIAANBHICTh 3a 30epiraHHs Ta noBomkeHHs 3 BAIl i BPAB cnig moknactu Ha
MOCTAUaIbHUKIB SIIEPHUX PEAKTOPIB Ta SACPHOTO NaMBa; 2) 3MEHIIUTH 3aJIeKHICTh Bij
1HGpacTPyKTyp Ul TUX KpaiH, [0 HE MAalOTh HAJIE)KHOTO PiBHS roTOBHOCTI Ay 0O6poOku BAII i
BPAB; 3) ymockoHanmuTH KOHBEHIIII, IO CTOCYIOThCS mepepoOku i moxoBanus BSII, cTtBopuBimm
MDKHAPOJIHI IIEHTPH I HOTO TUMYAcOBOTO 30epiranus i nepepooku mig Harssgom MATATE; 4)
3a0e3neunTH HajdiliHe (IHAHCYBaHHS Ta KOHTPOJIb TEXHOJOTIYHHMX TMPOLECIB, IO OyIyTh
3a0e3nevuyBaTH «3eJieHe» BUBeAeHHs 3 ekciutyaranii AEC, moTpuMyrounch TPUHLUIY «3€IeHOT
ransaBuHu». el miaxig Moxke CyTTeBO 3MEHIIUTH PU3HMKH, CTBOpeHi yepe3 HakonndeHHs BII Ta
BPAB 1 BogHouac 3a0e3redyioud KOHKYPEHTHY CIPOMOXHICTh SJIEPHOI €HEpPreTUKU Ha
[7100aTbHOMY PHHKY, MIATPUMYIOUH 11 €KOJIOTIYHY Oe3MeKy.

HeBupimeHicTe NUTaHHA 3 SACPHUMHU TMATUBHUMHU BIAXOAAaMU 3[aTHE BIUIMBATH SK Ha
HaI[lOHAJIbHY O€3MeKy, Tak 1 Ha I100albHYy MOJITUYHY Ta BOEHHY CTAOLIBHICTh Ta JOBKULIA, TA HA
MPOSIBU KaTacTpO(PIYHOTO SIEPHOTO BOEHHOTO TEPOPU3MY IPHU TOMY, IO SAEPHI 00’€KTH, IO
MIOTIAAl0Th Y 30HH BOEHHUX KOH(QIIIKTIB, € HE3aXUIIICHUMH TIepe/l BOEHHUMH Ta TEPOPUCTUIHUMU
arakamu. [Ipuknanom € 3amopizpka AEC B YkpaiHi.

CraH Ta nepcneKTHBH 30epiranHsi, NOBOI:KeHHAM Ta noxopanHaM BSAII B Ykpaini. B
IUIaHaX PO3BUTKY SAEPHOTO EHEPreTHUHOro cekTopy VYkpainu a0 2035 poky mnependaueHo
3pOCTaHHS SIIEPHOI eJIEKTporeHepallli Ha SJIepHUX EHEPreTUYHUX peakTOpHUX ycTaHoBKax (SIEPY)
Ha AEC Vkpainu 1o 94 muipa kBt/rogun [2]. B et sxe nepio npaktudHo yci ykpainceki IEPY
3aKiHYaTh CBOI MMPOEKTHI Ta MPOJOBKEHI MMOHA/I IPOEKTHI €KCIUTyaTalliiHi TepMiHH 1 TOBUHHI OyTH
3yIIMHEH] Ta BUBEJEHI 3 eKcruryaraiii. J{ms Toro, mo0 KOMIEHCYBAaTH 3MEHIIECHHS BUPOOJICHHS
€JIEKTPOEHEPrii 3a paXyHOK 3YIUHKH Ta 3aKPUTTS YKPATHCHKUX SJIEPHUX €HEProOJIOKiB, HEOOX1THO
31HCHUTHU BUOIp HOBUX PEAKTOPHUX €HEPreTUUHUX YCTAaHOBOK JJisi Oy/IIBHULITBA B YKpaiHI HOBUX
aTOMHUX €HEProOJIOKiB.

3riJIHO 3 3aKOHO/IABCTBOM YKpaiHu [3] oHoBneHa kiacudikaiis nmoaiise yci PAB Ha 4 knacu:
1) - ay*e HU3bKOAKTHBHI, 2) - HU3bKOAKTUBHI, 3) - cepeIHbOaKTUBHI 1 4) - BucokoakTuBHi (BAB).
BiamoBigHo 1o 1mi€i kimacudikarii TakoX BU3HAUEHO 4 THUIM CXOBUII: MOBEPXHEBE KaHBHOHHE;
MIPUIIOBEPXHEBE Ha TIMOMHI JEKIIbKOX JECATKIB METPiB; Ha CEpelHIX NMOMHAX Ha IMMiA3eMHHUX
TOPU30HTAX BiJ AEKUIBKOX JIECATKIB METPIB 1 T€0JIOTIYHE CXOBHILE 3 MHOKHOI0 oHaa 100 1 6ubie
METpIB.

BinmpanboBane B aKTHBHHMX 30HaX yKpaiHChKUX siiepHHX peakTtopiB tuny BBEP snepue
nanmuBo (BSIl) He BBaXkaeThCs pafiOaKTUBHUM BiJIXOIOM, & BU3HAETHCS SK IIHHUN BTOPHHHUN
pecype, 1 ToMy Mmiamanae mia, Tak 3Bane, "Biaxmanene pimeHHs" 10 50-100 pokiB mpoTIrom sSKUX
BOHO TIOBHHHO 30epirarucs y moBepxHeBux cxouiiax Ha AEC [4]. [Ipore B MaliGyTHROMY, BOHO
MiJUIATa€e  MiJ3€MHOMY IIOXOBaHHIO B NIMOMHHMX CXOBMILIAX CHOPYIKYBaHMX B CTIMKUX
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KPUCTAJIIYHUX TE€OJOTIYHUX MOpoaax. Y 3B’sI3Ky 3 MM B YKpaiHi Oy/ur po3poOJieHO KOHIIEMIII0
reosIorigHoro cxoBuiia tuiry KBS-3V.

CrocoBHO poOIEMH BIAIPAllbOBAHOTO SEPHOTO MAJIMBA, siIKe Oy/Ie 101aTKOBO BUPOOIIATUCS
1 HaKoNM4yBaTucsi B YKpaiHi y pa3i BIPOBaPKEHHS B ii SACPHY €HEPreTHKY MalMX MOIYJIbHUX
peatopiB (MMP) Ta Benmukux MOAYIBHHUX BOJO-BOASHUX peakTopiB Tumy AP-1000, B
Pexomennanisix MAT'ATE, B criucky mojanbIux JOCHiIKEHb Bono-BoasHux MMP [5] npucyTHi
30KpeMa TaKOoX 1 HalpsIMKH, 110 CTOCYIOThCs 30epiranns ta moompkeHHs 3 BAII Biqx MMP, a came:
JOCTIKSHHS TS TOTJIMOICHOT0 PO3yMiHHS BIUTUBY XapakTepucTHK nanusa MMP Ha ocobnmBocTi
oro (inimHOI yTHmi3amii Ta Ha MPOSKTHUX OCOOIMBOCTEH 3axXUCHUX Oap’epiB CXOBHUI 1
KOHTEWHEPIB; HOB1 JTOCIIIKCHHSI JIJIsl BUSIBIICHHS] MOKJIMBUX BIUIMBIB HA MOXOBAHHS Pa/Ii0AaKTUBHUX
Oomokie MMP; BuUBYEHHS OCOOJMBOCTEH BHMOT MO0 BHOOPY OymiBEIBHO-IIPOMHUCIOBHX
MaiigaHuukiB sl po3mimienass MMP 1 mpomikaux 1 ¢inimaux cxosuin BAIL; oifinka Bumor ta
BapiaHTIB ynpaBiiHHA npu noBopkeHH1 3 BAIL; ananiz 6e3neku TpancnopTHux omneparitii 3 BAII;
paHHE 3aIYYCHHS JEPIKABHOTO PETYIIOIYOr0 OPraHy JI0 MpOIeciB inen3yBanHs MMP.

OueBHuaHO, 1O U1 BUKOHAHHS HAa3BAaHMX PEKOMEHJAIlil, TOBEIEThCS BUPILIYBATH 3HAUHUN
KOMILIEKC TpoOIeM sAepHO-EKOJIOTIYHOI Oe3MeKkn Ta 0ararboX pi3HMX NMHTaHb, B TOMY YHCHI i
MPAaBOBUX, IO CTOCYIOTbCS HPUUHATTS pIlIeHb MIOAO0 MOXXIUBOTO BIpoBapkeHHS MMP B
YKpaiHCBKY SJIEpHY €HEpreTHKy [6].

Ha croroani cutyanis 3 0e3nekoro 30epiranis Ta noBoukeHHsM 3 BAIL ta 3 inmumu PAB
KPUTUYHO YCKJIAJHHUJIACH Yepe3 POCIHChKO-yKpaiHCBbKY BiliHY 1 B MEpIIy 4Yepry Ha THMYacOBO
okynosaniit 3AEC.

VYkpaina mae 15 simepHux eHepro0aokiB Ha 4otuphox BiaacHuX AEC: 2 ernepro6ioku 3 BBEP-
440 na PiBuencekiit AEC ta 13 enepro6miokis 3 BBEP-1000 na pemti AEC. Crparerist TpuBaioro
30epiranHg Ta moBokeHHs 3 BSIl B VYikpaini cnpsmoBaHa Ha WOTO MOMIJIHBY IEpEepoOKy B
Mmaitoytabomy. Ctanom Ha 2024 pik B mpupeakTopHux OaceitHax BUTpuMKu Ha ycix AEC Vkpainu
3HaxonuThes nmpudmmu3Ho 1600—1800 ronn BAIL. Ilicus oro 6aceiiHOBOi BUTPUMKH TIPOTATOM 3—5
pokiB BAII tpancnopryerbcs Ha LICBAIIL, sike po3paxoBane Ha 30epiranas Ouibme sk 16 000
BIJIIIPallbOBaHUX TEIIOBUILIbHUX 301pok (TB3) B cienianbHuX 0X0JI0KyBaHUX KOHTeHepax HI-
STORM Bupo6uunrea komnanii Holtec International.

Cranom Ha 2023 pik, B YkpaiHi HakonnnueHo 01u3bko 3000 TOHH BIANPAIbOBAHOTO SIIEPHOTO
nasmBa (BSII), ske 30epiraerbcs mnepeBakHO Ha TUMYacoBux cxoBumax npu AEC. [lns
JIOBFOTPUBAJIOr0 NPOMDKHOrO mnoBepxHeBoro 30epiraHHs BAIl tpusamictio no 100 pokiB 3
PiBHencekoi, XwmenpHunpkoi Ta IliBrenHoykpaincekoi AEC B VYkpaiHi y 30HI BiI4yKE€HHS
YopHobuinbebkoi AEC Oyno crnopymxeno nentpanizoBane cxosuile BAIT (LICBAII), sxe Oyno
BBEJICHO B ekcIutyaraiito B 2021 porii.

Ha 3anopi3bkiit AEC € moBepxHeBe BiacHe Cyxe CXOBUIIIE BianpanboBaHoro nanusa (CBSII)
B sikoMy MOkHa po3mictutu 10 380 wonteitHepiB 13 BSII sike excrmyaryerbest 3 2001 poky.
CxoBumie mnpusHaueHe g 30epiranas BSIl 3 ycix mectu Onokie 3AEC B chenianbHUX
TePMETUYHUX KOHTEHHEepax 3 TACHBHUM OXOJIOJDKEHHSM Ta 3 TPOSKTHHM eKCIUTyaTalliiiHuM
pecypcom Ha 50 pokiB.

ToyHa KiJTBKICTH IMOTOYHOTO SIIEPHOTO TAIMBA, IO 3HAXOAWTHCS B AaKTUBHUX 30HAX
YKpaiHCBKUX PEaKTOPiB, Y BIAKPUTHX JPKEPEIax HE PO3TOJOMIyeThCs. MOKHA TOBOPUTH JIMIIIE TIPO
MaKCHMaJIbHY TPOEKTHY KUTBKICTB SIZIEPHOTO TAJIMBA, [0 MOXKE CyMapHO 3HAXOIUTHCS B aKTHBHUX
30HaX ycix ykpaiHCchbkuX peaktopiB: 13 enepro6mokie BBEP-1000 % 50 tonn ~ 650 ToHH; 2
eneproomokn BBEP-440 x 36 toun ~72 ToHHU; BChoro ~722 ToHHHU. OTXKE, BCHOTO B YKpaiHi Ha
30epiranHi 3HaxoAuThes MpuOnu3Ho nonaa 4500 ton BSAIl wacTuHa sikoro BXke mepeBe3eHa 10
cyxoro [ICBSIT y YopHOoOUITBCHKIHM 30H1 BIIUYKEHHS.

B Vkpaini Hemae BiacHOro pajioxiMiyHoro mignpuemctsa ais nepepoOku BSIL. Tomy
BUBYAETHCA MUTAaHHA [P0 MOXKIMBICTh MOro CHOPYMKEHHS Yy mnepcnekTuBl. [lapanenbHo
PO3MISAAAETHCS MOXKJIMBICTH BiIpaBieHHs ykpaiHchbkoro BSII Ha 3akopmoHHI mepepoOHi
paaioximiuHi koMOiHatu y kpaiHax €C, Takux sk ®panuis a6o AHrmig. [Ipu oMy roloBHOO
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meToro nepepoOku BSII e BuydeHHs rutyToHi10-239 Ta ypaHy sl IOBTOPHOTO BUKOPUCTAHHS B
SICpHOMY MAJIMBHOMY IMKJII YKpaiHu.

OcHoBoro simepHoro manuBa mia peakropiB BBEP e miokcupn ypany (UOz). ¥V cBikomy
sepHOMY TajuBi 30aradeHns 3a i3otonoM U-235 ctanoButh 2—5%. A micns 3-X LMKIIB pOOOTH Y
BAIT xinbkicte U-235 3menmyetsbes 10 0.8—1.2%. [1ix yac maauBHOT KaMmaHii B aKTUBHUX 30HAX
peaxropiB BBEP yTBOproeThcs Takox HeposuieroBanuii izoron U-236.

VY BIIIPaLbOBAHOMY SJEPHOMY MBI HAKOIMUYYIOTHCS MPOAYKTH MOJLLY Ta TPAHCYPaHOBI
XIMiYHI eeMeHTH. 3arajibHui nporeHTHHH ckinan BAIl Burisgae HaCTymHUM YMHOM: JIOKCHJ
ypany ~95-96%, npoxaykru nonity ~3—4%, TpaHcypaHOBi eneMeHTH ~1% Bin 3aranabHOi Macu
NaJIMBA JI0 CKJIQAY SIKUX BXOISTh:

- paZioaKTUBHI JIerKi ra3ono/ioH1 eaemenTu KpuntoH (Kr) 1 kcenon (Xe);

- JaHTaHOIM Ta nepexiaHi meranu uesii (Cs), crpontiii (Sr), ox (1), rexueniii (Tc), pyrenii
(Ru), manaxiit (Pd), moni6nen (Mo);

- TpaHCypaHOBi eneMeHTH (mpuOnm3HO 1% Macu manuBa) SKi YTBOPIOIOTHCS HUISIXOM
3aXOIUICHHS HEWTpOHiB; posmerunoBani i3otomm U-238: Pu-239, Pu-240, Pu-241, Am-241
(toBroxkuByunit), ktopiit (Cm) - 244 (KOPOTKO’KUBYUUH 3 CUIIBHUM TEIIOYTBOPEHHSIM);

- kibKicTh U-238 ckiagae 6an3pko 94—96% 1modarkoBoi MacH, TOOTO MaiiKe HE 3MIHIOEThCS
kutbkicTh U-235 3menmyerses 10 0.8—1.2%;

- 1HII piaKicHI i3oTomH, sk Np-237 (HEeNTyHil), € TPOMDKHUMH TMPOIYyKTaMU PO3Maay Ta
TPaHCYPAHOBUX PEaKIIii.

Oco0uBocTi BUpOOHUNTBA Ta Hakonu4eHHs BAIl manumu Moy IbHUMH peaKkTOpamMu
(MMP) 10 mjIaHyrlThCS VISl BIPOBA/’KEHHS B sI/IEPHY €HEPreTuKy YKpaiHH.

Hapasi y cBiTi KOMIaHiIMH PO3POOHHMKAMHM Ta MPOMOyTEepaMH pekiamyeTbes moHan 70
NPOEKTIB Malux MOAyIbHUX peakTopiB (MMP) [7]. 3a Bu3HaueHHAM MiKHApOAHOI areHuii 3
atomHoi eHeprii (MAI'ATE), no MMP BigHOCATBCS sSAEpPHI €HEPreTUYHI PEaKTOpH, IO MAKTh
CIeKTPUYHY TOTYXHICTh He Oinbmie sk 300 Mer(e). BoHM MOXYTh 3ailfHATH YacTKy B
JIUBepcU(piKOBaHOMY eHeprodOanaHci, BUKOPUCTOBYBAaTHCS 3 METOIO BHPOOJEHHSA Temia s
TEXHOJIOT1YHUX IMOTpPed, OMPICHEHHS BOJAW, BUPOOHUIITBA BOAHIO Ta 1HIIE. BoHM € 3pyyHuUMU B
perioHax i3 MeHII pO3BHUHEHOIO iH(pacTpykryporo [8]. B pexmamuux marepianax mono MMP
JEKJIapyOThCs 1X MOKpallleH1 Oe3MeKOB1 XapaKTepUCTUKHU, KOPOTKI TEPMIHU OyJIIBHUIITBA, BUCOKHI
CTyHiHb THYYKOCTI IX pO3MIILEHHs, crpouieHe ix obciayroByBaHHs [9-10]. IIpu mpomy KokeH
npoekT MMP Ha eramnax #oro po3poOkw, 1 najni ax 10 BuBeaeHdast MMP 3 ekcrutyarartii, moBuHEeH
MaTH YiTKUHN TUTaH 1070 MoBopkeHHs 3 oro BAII [11-13], 1 moxo ynpaBiiHHS sSA€pHO-TIATHBHIM
nukiiom (SAI1I) Ha ocHOBI HasBHOT IHPPACTPYKTYPH ITUKITY.

[Mnsxom BopoBamkeHHs peaktopiB MMP B VYkpaini MineHepro VYkpainu maHye
nepetBoputy ByribHI TEC Ha atomHi cranuii Manoi noryxHocTi (ACMII) Ha ocHoBi MMP. Ane
Ha CbOTOJIH1 BaYKKO MPOTHO3YBATH SIK CaMy peajibHICTb, TaK 1 TEPMIHH BIIPOBAPKEHHS BOAO-BOJITHUX
MMP B Vkpaini [14] ockinbku Oyab sSika KOHKpETHA TEXHIUHA Ta eKCIUTyaTtaliiiHa iHdopmartist mpo
ui MMP BiacytHs [15]. ¥V 2018 poui ykpaiHcbka ekciutyaraiiiiHa komnanis "Eneproatom"
miAnucana 3 AaBHIM CBOIM mapTHepoM - kommanieto Holtec International 13 CIIA, memopanaym
PO B3aEMOPO3YMIHHS MIOAO CHIBMpalli y BopoBakeHHl B Ykpaini MMP SMR-160 3 wactkoBum
MICIIeBUM BUPOOHHUIITBOM PEAKTOPHUX MOAYJIIB Ta iHIIOro obonaananHs [16]. A 'y Bepecni 2021 pori
ykpaincbkuit "Eneproarom" miamucas 1ie oAuH MeMopaHIyM 3 kommaHiero NuScale Power, Tex 13
CIIA, mpo HamaHHA YyKpaiHcbkomy oneparopy AEC gomomorm y ¢dopmi KOHCymbTallii,
€KCIIEPTHOTO CYNMPOBOJY Ta TEXHIKO-€KOHOMIYHOTO OOIpYHTYyBaHHS BHOpaHUX OyiBEIbHO-
OPOMUCIOBUX MaiJaHYMKIB, TEPMIHIB 1 MPOMDKHUX pe3yJIbTaTiB MPOEKTIB, JOCIIIKEHHS
KaliTaJdbHUX BUTPAT, TEXHIUHOTO aHaJI3y, JIIIEH3yBaHHS Ta JO3BLIBHOI JISIbHOCTI Ta IHKEHEPHUX
npoekTHUX pimens [17-18]. [Ipote, ciopymkeHHs Bojgo-BosiHOr0 peakropa MMP tuny NuScale
(PWR) 3 Bomoro i TrickoM B CIIIA Gyr0 3ynuHeHo 1 mpoekT O0yB 3akputuit. [Ipuunnoro Tomy cranu
BUCOKI KamiTaJbHI BUTPATH HA HOTO CIIOPYMKEHHS, pobiaeMHu 3 (haOpUKalli€to A5 HbOrO CBIXKOTO
SIEPHOTO TaNiiBa, 30aradeHoro J0 4,5%, HeAOTIKH HOTO SIIePHO-EKOJIOTIYHOT Oe3MeKH Ta, 30Kpema,
HEraTHBHI BUCHOBKH €KCIEPTiB.
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Inma xommanis Holtec International, Ttexx i3 CIIIA, € CcBITOBUM BHPOOHHKOM 1
MOCTaYaJIbHUKOM KOHTEWHepiB 1 cucteM ais 30epiranas BAIL 1lg sx koMmaHis mpoekTyBaa s
VYkpainu cxoBuia CBAII-2 ta IICBSII i BoHa % € po3poOHUKOM 01HO MOayibHOro MMP 3 Bojoro
nig TuckoMm SMR-160 motyxHictio 160 MBT (e) sxuii cnouarky, y 2011 pomi maB Ha3zBy «HI-
SMUR140» 1 sixu#i Ha CLOTOIHI TPOXOAMTH MEPIIT €Tau JireH3yBaHHus [19].

[Tpoextr SMR-160 npononye mi3eMHe po3TallyBaHHs peakTopa Ha IuOuHi14 MeTpiB pazom
3 cyxuMm cxoBuieM BSIT nmpoektHuit pobounii pecypc sikoro po3paxoBanuii Ha 120 pokiB, 110
Y3TO[UKYETbCS 3 JIEKJIApOBAHOI  KOMITAHIE€IO-BUPOOHUKOM  TPUBANICTIO  MPOEKTHOTO
ekcruTyaramiiaoro tepminy Ha 80-100 poxis.

B macuBHuX cucremax Oe3neku aTOMHOI craHIii manoi moryxuocti (ACMII) 3 SMR-160
BOJIa-0XOJIOJI)KYBa4 IIUPKYIIOE MiJ TI€I0 CUIM TSOKIHHS. B TerioreHepyrodnx maauBHUX 301pKax
(tBenmax ) SMR-160 3HaxonuThess TaOMETKU SIEPHOTO MaKBa 30aradeHoro mo ypany-235 go 5 %.
Ha MoMeHT 3akiHueHHs nanuBHOI kKaMmaHii Beaukoro BBEP akTHBHICTB HallpalibOBaHOTO B HHOMY
BSAIT moxe cranosuté 10'7-10'® Br/T. A micas 3-u piuHOi #Oro BUTPHMKH B HPUPEAKTOPHOMY
Oaceitni aktuBHICTH BSII 3MeHmnryBatumerbest Ha 2-3 mopsiaku. A yepe3 I'sThb POKIB — HOTo
AKTUBHICTh BHajae nmpubmm3Ho A0 1 % BiJ MOYATKOBOI BEIIMYMHH 32 PAXYHOK PO3MATy KOPOTKO
KUBYUYUX peakTopHux paaionykmiais (PH) no skux nanexars maiixe 90 % ycix NpoayKTiB MOALTY
(T11D).

Hait6inpmi tpynHomi mia yac 30epiranns ta noBomkeHHs 3 BAII puknukarots Tinbku PH y
SKHUX Tepioan HamiBpo3namy Oinbii 3a 15 pokiB. Y npoaykrax mominy BAIl Takux pamioHykIiaiB
Hamuyetbes 11: 79Se, 90Sr, 93Zr, 99Tc, 107Pd, 126Sn, 1291, 135Cs, 137Cs ta 151Sm, [20].

VY ckmami BAIl Bin Benmukux BBEP npucyTHs Takok 3Ha4HA Tpyma JOBIOKHUBYYHX
PalioHYKIIiJIIB — YPAHOBUX 1 TPAaHCYpaHOBHX €JIEMEHTIB (aKTHHIAIB) 3 MepiojJjaMH HamiBpO3Mary
Ouremumu 3a 15 pokis. [Ipu nbomy Haramgaemo, mo akTuBHiCTh BSII Bu3Haua€eThCsl came BMiCTOM
B HHOMY PaJiOHYKJIIIiB 3 TPUBAJIMMU NIepioaMu HamiBpo3naay. Ha mpoTs3i nepmmx coTeHb poKiB
takumu € 90Sr ta 137Cs, a Ha mpotsa3i nepmoi 1000-i pokiB — 239Pu, 240Pu, 241Am, Ta
nosroxkuByui I1I1 sk 99Tc. [lami romoBHuil BHecok B panioakTuBHICTH BAII Oyne 3a HenTyHieM
(237Np). 3 camoro mouatky, Ha MoMeHT BuBaHTakeHHs1 BAII 3 aktuBHOi 30Hu BBEP, pamiariiina
aKTHBHICTh aKTUHIMIB, 32 BUKJIIOUEHHSM IUTYyTOHIIO (241Pu), € 3HaUHO MEHIIOK B MOPIBHIHHI 3
AKTUBHICTIO MPOIYKTIB moAauty. OaHak, OuIblIa 4acTUHA palloOHYKIIIB, 1o npucyTHi y BAIL, €
JIOBIOKMBYYMMH JKEPEJIaMH  O-BUIPOMiHIOBaHHsA. IX KoHueHTpamis y BSIl BusHauaeThes
TMOMHOI0 BUTOPAHHS SIIEPHOTO TTaJIBa Ta TIEPBUHHOTO CKJIAay CBIKOTO SIIEPHOTO TTaliiBa 1 4acy
BUTPUMKH B OaceifHax, a piBeHb IX pajialiifiHO-eKoJOri4HOI HeOe3MeKkn € Habararo BHIIUM 10
BIJTHOILLIEHHIO /10 (- 1 Y-BUNpPOMiHIOBauiB. [Ipu 1boMy, Npu MPOJOBKEHHI TPUBAJIOCTI BUTPUMKH
BAIL, y HboMy B110yBa€eThCsl TakoXk 1 30UbLIeHHS amepullito (241 Am). B noganemomy 241Am 1
237Np CTaroTh TOJOBHUM JKEPEIOM pajialiifHoi akTUBHOCTI BIJIOBITHO JIO JIAHIIOTA SIEPHUX
peaxkiiit 241Pu (14,4 poku) — 241Am (432 poxu) — 237Np (2,14 x 10° pokis). Ille ogun TaHIOr
anepHux peakuid 244Cm (18,1 poxu) — 240Pu (6560 poxiB) mpu3BOAUTH 10 4-X KpaTHOTO
30uIbIIeHHs 130TomiB 240Pu [21].

HaouHimow  XapakTepUCTHKOK  pajiallifHO-eKOJIOTIYHOI ~ Hebe3nmeku Moxe  OyTu
pamioToKcHyHICTh ~ MarepianiB Rtfi. Cepea TpaHCypaHOBUX €JIEMEHTIB HaMOUTbIIMKM 1HIEKC
PaliOTOKCUYHOCTI Yy 130TOIIB MIyToHit0: 239Pu, 240Pu ta 242Pu, i amepuuito: 241 Am ta 243Am
pazaioekosioriyHa HeOe3neka KX TpuBae Ha npoTa3i oueiie gk 100 000 pokis [22.].

Ha mowarkoBoMy erami paJiOTOKCHYHICTH MPOAYKTIB Mojury BusHaudatoTh 90Sr, 144Ce i
106Ru, a Hagami, Bnogosxk 300 poki, — mepeBakHo 90Sr 1 137Cs. A 11e Ha TOBIIUX MEPioax 4acy
- moran 1000 pokiB pagiorokcuuHicTs BAII ronoBauM ynHoM Bu3Hauae 997Tc 1 B MeHIii Mipi —
93Zr Ta 1291, 1 natimenme — ne3ii 35 (Cs).

OTxe, Ha mepiiomy erari, sikuil Tpusae 300 pokiB, nmpu 30epiranHi Ta noBokenHi 3 BAIL
paaiamiifHO-eKOJIO0rIYHOT Oe3MeKH MaKCMMalbHOI yBaru BHUMararoThb HalOLIbII pagiOTOKCHYHI
panmionykmian 90Sr i 137Cs, 144Ce i 106Ru, 241Pu i 238Pu, 244Cm, 241Am. A Ha MOAANBIINX
4acOBUX IHTepBaJiax 30epiranus Ta nmoBopkeHHs 3 BAIl — 240Pu, 239Pu, 99Tc, 93Zr, 12911 135Cs.
[Tpu npomy BAII Bix MMP Matume iHmi pagioxiMidi xapaktepuctuku anik BSAII Bix Benukux
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BBEP uepe3s Te, 1m0 pi3HHIIS y Bapiaiisix piBHS 30aradeHHs siIEPHOTO MaJKBa 1 MIITBHIMINANA TOTIK
TETUIOBMX HEUTPOHIB BIULTUBATUMYTh Ha BUTOPSHHS SJIEPHOTO NAJIMBA B aKTUBHUX 30Hax MMP-160
[23-26].

bine1mi 06’ emu BigxonisB MMP pi3HHX THITIB, TOPIBHSHO 3 BOIO-BOASHUM PEAKTOPOM BEITUKOT
MOTYXHOCTI1, TOTPiOHO Oyzme 0OpoOiATH, 30epiraTi 1 KOHIUIIOHYBATH Mepe X MOXOBAaHHSM, 110
CHPUYMHATH JOATKOBI, 1 6€3 TOTo 1opori, BuTpath. ToMy, iHxeHepH 1 KoHCTpykTopu MMP noBuHH1
3a0€3MeUYUTH TEXHOJIOTIUHI pIlIEHHS 3 METOI IMONIMIICHHS CHUTyalii 3 BHPOOHHUIITBOM Ta
noBokeHHs 3 BSIl B akTMBHHX 30HAaX mpoekroBanux HUMH MMP Bxe Ha paHHIX eramax iX
PO3pO0KH, IO JOMOMOXKE YCYHYTH HEBH3HAYEHOCTI, TOB’S3aHi 3 (DIHIMIHOKO CTAJli€l0 SACPHOTO
HNaJIMBHOTO UKy MaiOyTHiXx MMP.

3arajioM MOXHa IPUITYCTUTH, 110 T0TOKK PAB BiJl CyMICHOrO BUKOPUCTAHHS BEIUKHUX BOAO-
BOJHUX peakTopiB i MMP moziOHi, i TOMy MOXyTh OyTH MonepeaHbo oOpoOieHi Ta OXOBaHi y
IPUIIOBEPXHEBUX 1 NMMOMHHUX IFeOJIOTIYHUX CXOBUINAX MMOuHU. Hanpuknaz, TeXHoJIoriuHy BO1y
noTpiOHO OYMIIATH BiA 3a0pyAHIOBAYIB, II0 YTBOPIOIOTH 10HOOOMIHHI CMOJIH, SIKi HAJIEXKATh 10
KJ1acy HU3bKOAaKTUBHUX PAB 3 kopoTko »kuByunMu pagionykmigamu. HusbkoaktusHi PAB 3 oBro
xuBy4rMHU PH Takox MOXyTh yTBOPIOBAaTUCH ITPH 3aMiHi OIPOMiHEHHX OJIOKIB Ta By3:miB MMP, ski
TaKOXX MalOTh OyTH IMOXOBaHMMH B CXOBHILAX CHOPYKYBAaHUX Ha CEPEHIX Ie0JOrTUHUX IMUOMHAX
3a koHuemnmiero KBS-3V [27].

barato konnemnmiit MMP Bce 1ie 3HaXoaAThCs Ha paHHIH cTajiii po3p0oOKH, TOXK JIJIs1 HUX BaXKKO
BU3HAYUTH PeasibHI MOTOKKM PAB 1 KOHKpETHI IJIaHHW MOBOPKEHHS 3 HUMHU. Y TOH K€ Yac, Ha il
paHHiil cTanii € MIMPOKI MOXIUBOCTI BHUCYHYTH BUMOTH OO0 0a30BUX KOHCTPYKIIH CHCTEM
nepepodkn PAB i, TakuM YMHOM, BIUIMBAaTH Ha HUX. Y OyIb-sIKOMY BHITQJKy BiIIOBiJalbHI 3a
noBo/keHHs 3 PAB MaroTh miArotyBatucs A0 MOBOKEHHS 3 HUMHU Ta 10 iX (iHIMIHOI yTHiizamii
tak camo, sk 1 Ha AEC 3 BBEP Bemukoi nmotyxsocrti. 3arasiom B [28] MATATE koHcratye, 1110
BAII ta inmi PAB Bin MMP, iimoBipHO, MokHa Oyae yTuiizyBaru noaioHo o yrumizaiii PAB Ha
Benmknx AEC 3 mortyxxuumu peakropamu tuiy BBEP. Ane, HeBM3Ha4eHiCTh 1IOn0 BUOOpY
texHonorii MMP € HacTinbku BemUKOIO, IO AJiA ii yCYHEHHS HEOOXIAHHM OKpeMHil mpoiiec
pO3p00OKH, IEPEBIPKHU Ta JIIEH3YBaHHA. Y 1IbOMY KOHTEKCTI BapTO 3a3HAYUTH, 1110 CHOTOJIHI Maiike
B yCIX KpaiHaXx HeMae JOBrocTpokoBoro pimeHHs mozo PAB Bix MMP, i kpainu, siki MIaHYIOTb
BripoBaguTd MMP 1 cTBOpHTH CXOBHILA AJ1s1 (PIHIIIHOTO MOXOBAaHHA HanpanboBaHux HUMHU PAB, He
OYIKYIOTh JIOIATKOBUX B1IXO/IiB BiJ MailOyTHHOT0 BripoBakeHHss MMP y cBOIX MOTOYHUX MPOEKTAX
B yacTuHi 30epiranus BAII ta moBomkenns 3 HuM. OTke, 3 OISy Ha CUTYAIIIIO, IO CKJIAIa€ThCs
Ha PUHKY SIIEPHUX E€HEPreTUYHUX TEXHOJIOTIH, € o4eBMJIHUM, 110 HOBI nmpoektd MMP, Bxe Ha
CTa/1sIX KOHIENTYaJIbHOTO MPOEKTYBaHHS Ta po3poOKH, MOBUHHI nependavatu ynpasninns AIIL 3
BHUKOPHCTaHHSIM peajibHO HasiBHOI iHPpacTpykTypu. Ha croronui numie nesiki po3podonuku MMP
MOBHICTIO BU3HAUMJIM a00 3asBWJIM PO CBOIO CTpaTerito B Lii o0nacTi, 30Kpema, BiTHOCHO
noxoBaHHs BAII na 3aBepanshiil craaii AL

Halinepekonnupimie Bci HaA3BUYAtHO BaKIMBI MpobOiIemMu CTOcoBHO OyaiBHuiTBa MMP B
Vkpaini Oynmu cdopmynboBani akagemikom HAH Vkpainu, {upexrtopom IHcTtuTyTy mnpobiem
oesneku AEC HAH Vkpainu A.B. HocoBcbkum Ha crienianbHOMY 3acinanHi Pagu Hanbesneku i
o6oponu (PHBO) Vkpainu [29]. Bin BucioBuB cBoto 1yMKy 1npo te, 1o MMP marots OynyBatucs
B THX paiioHax, Jie HeMae pO3BUHEHOI Mepexi eHepronocrayanHs. B YkpaiHi BoHa €. A oTxe, 115
TEXHOJIOTisSI He JIy’Ke akTyanbHa g Ykpainu. B MMP 3anpoekroBani cyyacHi cucteMu Oe3nexH.
Arne ue nuie ciaoBa. Mu He 6auniy 1e ’OIHOI Mpalroyoi siepHoi ycraHoBkd 3 MMP, 1o Bxe
MIPAIfioe, BCl BOHU TUTBKU MPOEKTYIOTHCSA. | MOXe TpamuTHCh TakK, IO I YCTaHOBKa Oyne myxke
0€e3MevHOI0, ajle eKOHOMIUYHO HEBUT1THOIO B MOPIBHAHHI 3 IHIIMMHU BUAaMu eHeproreneparii. Tomy
TyT Tpeba 3HaiTh OanmaHc. Ayie MU 1e HE Oa4MIM TOKyMEHTIB 1 caMOro mpoekTy. JlociimkyBaTu
IPOEKTH MAJIMX PEAKTOPiB MOTPiOHO 3apaau po3BUTKY Hayku. [llonpasaa, Ha moOynoBy Takux MMP
B YKpaiHi MOXYTb IITH IE€CATUIITTS.

ImxeHepHi Oap'epy CXOBHIIA MAalOTh 3amo0iraTd BHMHOCY pPaJiOAKTUBHUX PEYOBHH Y
HaBKOJIMIITHE TIPUPOTHE CEPETOBUIIIE MPOTATOM JIOCTATHHOTO MEPIOAy Yacy 3 ypaxyBaHHSIM MEpioxy
HaMIBPO3May paaiOHYKIiAIB, IO MICTATHCS y BiaXoaax. Baupe 3Haue€HHS I1]] 9aC MOBOKCHHS
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3 BAII mae roToBHICTh T€OJIOTIYHUX CXOBHII IO €KCIUTyaTallii, ToOTO 10 IMMOMHHOTO HE TTOBHICTIO
KOHTPOJILOBAHOTO 30epiranHs 1OBroxuByunx HasBHUX BSIII 1 y pasi BU3HaHHS HOTO BiAxomamu, a
TaKOXX JIOCBI1JI TPOBIHUX KpaiH CTBOPEHHS I'€OJIOTIYHOTO CXOBHIIA, 30KpeMa DIHIIsH/IIT.

QiHCBbKMI ypsA CHOPYDKYE Tepiie y cBiTi reojoriune cxosumie BSII maxtHoro Ty,
BUKOPHUCTOBYIOUH PO3pOOIICHI MBeAChKOI0 kommaHiero SKB Meronu 30epiranns Ta moxoBanHs BAIT
B MIJHUX 2-X TOHHMX €MHOCTSX 3 YaBYHHUMHU BcTaBKamu. [li €MHOCTI pPO3MIIIYIOTBCS Y
JIOKEMOPIMCHKIM TOBIII OEHTOHITOBOI MMHU Ha muOuHI 500 M B rpaHiTHUX noponax. [Ipu mpomy
KpaiHa 3aJIMIIa€ MOXIJIMBICTh TOTO, IIIO MPOTSATOM HACTYIMHOTO CTOJITTS MOXKYTh 3 SBHTHUCS HOBI
TEXHOJIOT1i, SKI J03BOJIATH iM ,,eKCTYMyBaTH SIKyCh YaCTHHY BIAXOAIB 31 CXOBHIIA, SKIIO
€KOJIOTIYHO Oe3meuHa TexHooris A nepepooku BT Oyne ctBopeHa peanbHO.

OpHak cimijg maM'satary, mo i 9ac octarogHoro noxosanHs BT ta inmmux PAB BTpauaeThes
OpsAMUN KOHTPOJb 3a 3aXMCHUMH Oap'epamu, 0 3a0e3nedyroTh eKoloriyHy Oesmeky. Tomy
BXJIMBICTD YCIIIIHOTO BUPIIICHHS MpooieM 30epiranHs Ta nmoBokeHHs 3 BAII Bix MMP noBunHI
BpaxoByBaTHCS P BHOOPI Ti€el abo iHMIO! TexHoorii MMP.

[Tpu oMy mpobnemu 30epiranus BALL, sk 1 inmux Bucoko aktuBHuX PAB mae nBa nuisixu
BUPIIICHHS: IHBECTYBaTH B CIHOPY/KEHHS BiacHUX cxoBuml juisi BAIl abo mnmaruty iHIIMM
JepKaBaM 3a Horo nepepoOKy Ta 30epiranns. Pe3ynbraru cucremarusailii ycix BUTpAT Ha SIEPHO-
EKOJIOTIYHY O€3IeKy IMOKa3yoTh, 10 BOHU CIPSMOBYIOTHCS Ha TOCATHEHHS ABOX PI3HUX IIUICH:

- JloTpuMaHHA AepKaBHUX CTaHAPTIB AAEPHO-EKOJIOT1UHOI Ta eKCILTyaTalliiHo1 Oe3neKu, sIKi
Oynu po3pobieHi Ta npuidHsATI micis karactpodu Ha AEC @Dykycima-1, 0 € TOJIOBHOIO 3a/1a49€H0
oreparopa SKHi 3000B’s3aHMI 3poOMTH BCi HEOOXiJHI IHBECTHLIi B CUCTeMy 1 B 3acolu
3armo0iraHHs Ta MOHITOPHHTY, a TakOXX B 3aco0M Ta MpOUEAYpH Ui MiHiMi3amii abo MOBHOTO
YCYHEHHSI  HACHIAKIB TOTEHLIMHUX TEXHOJIOTIYHUX BIAMOB Ta aBapidHUX cHTyamii. J{is
nocsraeHHs 1boro Ha AEC CBITY 3aCTOCOBYETHCS METO]] «TITHOOKOTO EIIETIOHOBAHOTO 3aXUCTY 10
Mae KiJIbKa TaHOK IOCITiIOBHUX CHCTeM Oe3MeKH. IX HaliBaKIMBIIIMMU 0COOIMBOCTAMH € 31aTHICTh
KEpyBaTH PEAKTHBHICTIO Ta OXOJIOUKEHHSM SIIEPHOTO TMAaNMBA 1 JIOKAJTI30BYBAaTH PaJiOaKTHBHI
PEUOBUHHU.

- 3aXUCT MPOTH SIIEPHOTO TEPOPU3MY Ta 1HIIOT 3JOYMHHOI JAISTIHHOCTI, HAIlIJIEHOT Ha SIFIEPHI
00’€KTH TpU TOMY, IO araka Ha sAAepHUN 00 €KT MOXe BHKJIMKATH TIraHTCHKI COIliaJIbHI 1
€KOJIOT14YH1 HAaCJIIKA Ha MUIbSIpAM J0JIapiB 1 HOPYLUIUTh CUCTEMU €HEpro3ade3nedyeHHs 1 ToMy Lei
ACMeKT Ha ChOTOJHI € MPEeaMETOM OCOOIMBOI IM00aIbHOI yBaru 3 MOYaTKOM MOBHOMACIITAOHOL
BOEHHOT POCIHCHKOI arpecii Ha TepuTopii YKpaiHu.

TexnoJioris n’saroro nokoainusa G5 (Generation 5) nus Bupimenns npoosaemu BAIL

[ToctdykyciMcpka epa siIepHOi €eHEpreTUKH B1I3HAYAETHCS MOCWIIEHUMHU JTUCKYCISIMU 1100
MO>KJIUBOCTEH CTBOPEHHS 0€3MEYHMX YCTAaHOBOK JUIsI €KOJIOTIYHO YHMCTOTO ¥ €KOHOMIYHO JIOI1Ih-
HOTO crantoBaHHs HakonuyeHnX BAII Ta iHmmMx palioakTUBHUX BIIXOMIB BiJl peaKTOPIB yCixX MO-
nepeaHiX MOKOMiHb. Xo4a (PI3WyHI Ta 1HKEHEPHI 1HIIATUBH 10JI0 TOLIYKY pPIlIeHb y Il cdepi
BEIYThCA IIIE 3 CAMOTO TOYATKy PO3BUTKY SJEPHOI HEPTeTHKH, KOAHA 3 TAKUX TEXHOJIOTiH 111e He
JIOCSATIIAa CBOTO MPAKTHYHOTO MTPOMHCIIOBOTO 3aCTOCYBaHHS.

Texnoznorist G5 € pe3ynpTaToM 6araTopiyHUX JOCTIJKEHb Ta JIOCBIly, HAKOTUYEHOTO MPo-
TATOM JIECATUIIITh, 1 3apa3 BOHA € JIOTTYHOIO BiIMOBIIIO HA BC1 CyYacHI €KOJIOTIYHI Ta TEXHOJIOTIYH1
BUKIIMKH CBITOBOI I/IEPHOI eHepreTuku. Brepiie ines 6e3neyHoi TeXHOMOri, sKa OTpuMaia Ha3By
MOBLTLHOTO XBHJILOBOTO TOPiHHSA, Oyia chopmynsoBana C. DaitnOeprom y 1956 pori. [liznime 1i
TEOPETUYHI JOCHTIJKeHHS B pi3HUX Kpainax Bemucs JI. @eoktuctoBum, C. IompainuM, Xiporri
Cexkimoto, limukaBoro Byaom, a Takox TBopiiemM BogHeBoi 6omOu Exsapaom Temnepom B CIIA 3a
1HIIIATUBYU SKOTO ISl TEXHOJIOTIS IMiJl Ha3BOK ‘“XBHIBLOBOTO peaKkTopa‘ po3podisiacs HiAMpUeEMCT-
BoM Terra Power, ciiiB3acHoBHUKOM siK01 € bt ['eiiTc. Ase 1ieit mpoekT He OyB 3aBEpIIICHUIA.

IcTopist ycHilIHUX 1HIIIaTUBHUX TEOPETUUYHUX Ta MOJICIIBHUX JOCIIHKEHb (PPOHTANBHOTO TO-
PIHHS SAEpHOTO MalIMBa B peakTOpHil akTuBHIM 30H1 G5 B YKpaiHi po3noyanacs Ha novatky 2000-
X POKiB. Pe3ynbTaTu BCiX TOCTIIKEHb MIATBEPIKYIOTh MOXKIIUBICTh IPAKTUYHOT peastizarii miei Te-
XHOJIOT1T Yy BUIJISIIL SIIEPHOT PEaKTOPHOI YCTAHOBKH ISl CIIATIOBAHHS YCIX BU/IB SIEPHUX BIIXOMAIB
Ta ypaHy 238 3 BUCOKUM €KOJOTIYHIM, EHEPreTUYHUM Ta EKOHOMIYHUM PE3yJIbTaTOM.
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Pob6ora peaktopa 3 ppoHTaATHPHUM TOPIHHAM SIIEPHOTO TAIMBa 0a3y€ThCSl HA CHHEPTETHYHHUX
NPUHIUIAX «3EJIEHOT» TEXHOJIOT1i, 3aCHOBAHOI Ha THX K€ MPUHIIMIIAX CaMOOpTaHizalii, o i xKuBa
MIPUPOJIa, HAa BIAMIHY BiJ TPAIUIIIHHOT «CIpOi» TEXHOJIOTII, B OCHOBI KO JISKHUTH )KOPCTKE MEXaHi-
YHE KPECIICHHs, TACUBHE IOTPUMAHHS KOMaH] Ta JIOACHKUN (pakTop omeparopa. Y TakoMy peak-
TOP1 JIOMIHYIOUHMH BHECOK Yy TMOBEIIHKY aKTHBHOI 30HHM POOJIATH MPOIECH caMOOopraHizamii HenT-
poHHO-siepHOTro ropinns [30-31;].

OcHoBHuMH niepeBaramu POI', y mopiBHsHHI 3 peaktopamu 11 1 IV mokoumiHb € iX BHYTpIIITHS
Oe3reka Ta BHYTPIIIHBO 3aMKHYTUH siepHUH nmanuBHuiA nuki. Y POI npuponno 3abe3nedyeTses
JIOKaJIbHUHA KPUTUYHUNA CTaH aKTUBHOI 30HU. ABTOMAaTHYHA MIATPUMKA KPUTHYHOTO CTaHy BHACIIi-
JIOK 0COOJIMBOCTEW HEHTPOHHO-AEPHOTO IMKIY B aKTHBHIN 30HI peakTopa € MepIInM Ta HaiBax-
JTUBIMUM (aKTOPOM I MOOYIOBH peaKTopa 3 BHYTPIIIHBOIO OE3MEKOr0, TOOTO. TAKOTO peakTopa
B SKOMY aBapisi TaCUThCS HE 3YCHJUIIMU 30BHIIIHIX CHUCTEM, a aBTOMAaTHYHO 4Yepe3 3aKja/ieHi B
HbOTO (DI3UYHI TPUYHUHH.

B icTopii "rocTBa pEeBOMIONIIHI TEXHOJIOTIT HE pa3 3MIHIOBAJIH CBIT, SIK 1€ CTaBaJIOCs ITiJ1 9ac
HAYKOBO-TEXHIYHUX Ta 1HIyCTpialbHUX PEBOIOLIH, abo 3a mudposoi epu. Tak camo i mpopuBHA
TexHosorist G5 € He MPOCTO PE3yIBTATOM EBOJIIOLIT YCiX MONEePEIHIX MOKOJIIHb SACPHUX TEXHOJIO-
Tili, a € peaJibHOIO MPOPUBHOIO TEXHOJIOTI€I0, Yac K01 HacTaB, mpuHaiiMi B HimeuuuHi. [Ipu upomy
ii mpoMECIIOBE BIIPOBA/KEHHS B MAaiiOyTHBOMY € HEMHHYYHM, 1 1€ JINIIE TUTAHHS Yacy.

Texnomnorist G5 rpyHTY€ETHCS HA MPUHILIMIIOBO HOBUX MiAXO0AaX 0 S/IEPHOI eHEPTEeTUKH, 11 eKO-
HOMIKH Ta IMOBO/DKEHHS 3 BIMPALbOBAHUM SJIEPHUM HATMBOM. 3aMiCTh TOTO 100 NIyKaTH Oe3MeyHi
MicCIIs JIJIsl TIOXOBAHHS SJIEPHUX BIAXOMIB, IKI HEMOXIJIMBO 3HAWTH Ha Halmii rianeti, G5 103BoJIse,
nepur 3a Bce, KOMIUIEKCHUM YWHOM IEPepoOIIATH BIIXOIM, HAKOMUYEHI B MpOIleci eKCITyaTamii
AIEPHUX PEAKTOPIB MOMEPEAHIX MOKOIiHb, OJOKYIOYH MPH I[bOMY YCi 1HIII TOJOBHI PU3MKH, IO
NIOB’s13aHi 3 SIEPHOI0 €HEPTeTHKO0. TeXHOIOTrisl TaKOXK nepeadadac ii eKOHOMIYHY TOLUIBHICTD Ta
BCTAHOBJICHHS HallBUIIMX €TAJIOHHUX CTAaHAAPTIB O€3MEKH AJ1s1 MaOYTHIX TOKOJIIHb €HEPreTUYHUX
YCTaHOBOK, Ha OCHOBI HETIOPYITHUX 3aKOHIB ()i3UKH, HABITh y HEKOHTPOJIBOBAHKUX CHTYyamisx. [Ipu
boMy TexHousorisg G5 He JomycKae paJioakTHBHOIO UM PailoTOKCUYHOTO 3a0pyIHEHHS SIK ycepe-
JMHI PEaKTOPHOI 3aliu, TaK 1 3a ii Mexamu. TexHosoris Mae O10JIOT1YHY CYMICHICTB 1 COLIaJIbHY
NPUHHATHICTH Ha BCIX JJAHKAX CBOT'O BHYTPIIIHBO peakTopHoro 3akpuroro SAIIL[; moBHy pagioeko-
JoriyHy 6e3nexy B Oyapb sKiil HemTaTHIN cuTyaiii poOoTH.

B texnonorii G5 ycTaHOBIIOIOTECS CaMOPETyJIbOBaH1 MPOLECH, 1110 yCyBatOTh HeOe3MeuHni
TOACHKUHN (pakTop 1 3a0€31euyIoTh CTa0UIbHICTh pOOOTH PEaKTOPiB HABITH y pa3l HEMITATHUX CHU-
Tyauiid. TexHoIoris Mae BHYTPILIHBO 3aMKHEHUH sIIEpHUN MATMBHUM UKL, 3a0€31e4uy€e HOBE KOM-
IJIEKCHE PIIIEHHS EHEPreTUYHOT0 BUKOPUCTaHHS 130Tony ***U, MiHIMI3y€ PU3UKHU SAEPHO-EKOJIOT1-
YHUX HACJIIJIKIB 1 BIacHe caMuXx siiepHux katactpod Ha AEC, a TakoX TEXHOJOTTYHUM YHHOM BU-
pinrye mpo6iaemMy Kpu3u HEPO3MOBCIOXKEHHS], € CTIHKOIO 10 BOEHHHUX Ta TEPOPUCTHUHUX aTak. Te-
XHOJIOTiSl Ma€: M03a KOHKYPEHTHY €KOHOMIYHICTh IMPOEKTYBaHHs, OyAIBHUIITBA Ta €KCIUTyaTallil,
3HWKEHHS KalliTAJIbHUX, eKCIUTyaTalliifHUX Ta Miclis eKCIUTyaTalifHIX BUTPAT, MOXKJIMBICTh 3aCTO-
CyBaHHsI CepliHUX MarepialiiB Ta 00JaJHaHHA 3 MIHIMAJIbHOIO HOMEHKJIaTypOIO, ONITUMIZYE TOBO-
moxeHHs 3 BAIT ta 3 iHmmmu BucokoaktuBHUMU PAB, ycyBae yacTi nepe3aBaHTa)K€HHsI BTOPUH-
HOTO SIIEPHOTO MaINBa, MIHIMI3Y€ YHCEIbHICTh MEPCOHANY, onTUMI3ye BuTpatu Ha HJIKP.

Ha cporoiHi HOBI pe3ybTaTu (pyHAaMEHTATBHUX TEOPETUYHHUX JOCIIIKEHb MiATBEPKYIOTh
MOJKJIMBICTh CTBOPEHHS MEPIIOro IeMOHCTpaliiiHoro MmaketHoro 3pa3ka AEPY na 6a3i G5 nns BTO-
punHoro crniamoBanHs BSAII Ta iHmmx siaepHux Bigxoais. Llel mpoekT ¢okycyeTscst came Ha BTO-
PUHHOMY, €KOJIOTIYHO YUCTOMY Ta €HEpreTUYHO BUTIAHOMY CHAIIOBAaHHI BIANPAIbOBAHOIO SAEp-
HOTO nanuBa 0€3 BUKOPHCTAHHS PaJioXiMIYHMX TeXHOIOTid. OmHaK, A1 BUKOHAHHS HACTYITHUX
eTarniB MPOEKTYBaHHs Ta CTBOPEHHS 1HBECTULIH AEMOHCTPALIHHOTO MaKETHOIO MPOTOTHUITY yCTa-
HOBKH MOTPiOHI Cepii03HI IHBECTHIII].

3 orysiy Ha 3MIHU B €BPOIEHCHKIN saepHii enepreTulli micis OyKyciMchbKo1 aBapii, ycmiliHe
BIIPOBA/KEHHSI TeXHOJ0rii G5 MOXke 3armovaTKyBaTi HOBY epy O€3NedHO1 SJepHOi eHepreTHKH Ta
CTBOPHUTH HOBUH CETMEHT Ha CBITOBOMY PHHKY SIACPHHUX TEXHOJIOTIH.
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Texnomorist G5 31aTHA JIIKBIIyBaTH KPHU3Y, B SKii 3HAXOIUTHCS HA ChOTOHI CBITOBA s/IepHA
€HepreTUKa MUIIXOM BUKOHAHHS YOTHPHOX IMIIEPAaTUBHUX YMOB: 1) HEAONMYIIIEHHS HECAHKI[IOHOBA-
HOT'O IIEPEBUILIEHHS BEPXHBOTO KPUTHUHOTO CTAHY aKTUBHOI 30HU SIIEPHOTO PEAKTOPA; 2) eKOJIOr-
YHO 0€3MEYHO 1 €eHePreTUYHO BUT1THO 3yMUHUTH BUPOOHUIITBO T4 HAKOMUYEHHS €KOJIOT19yHO Hebe-
sneqynoro BSII Ta iHmmMX pagioakTUBHUX BiAXOiB; 3) YHEMOKJIUBHUTH PO3TEPMETH3AIIIO TBEIIB
abo KopIycy peakTopa IpH MOBHiH BIIMOBI CHCTEM TEIUIOOOMiHY; TEXHOJIOTIYHUM HIJISXOM MO0~
JaTu KpU3y MIDKHApoJHOro /loroBopy npo HEpO3MOBCIOJUKEHHS SIIEPHUX MaTepialliB Ta TEXHOJIO-
Tiil.

Texnomorist G5 Takox 31aTHA 3MIHUTH JaHAMA(T SAAEPHOI CHEPTreTUKH 1 3aiHATH MPOBITHE
MiCIIe Ha CBITOBOMY SIJIEPHOMY PUHKY, MalO4YM HACTYITHI OCOOIUBOCTI:

- 3HayHe 3HWXKeHHA 00csriB BupoOHuuTBa BAII Ta po3mupenHs nanuBHoi 6a3u uist sepHOi
€HEepPreTUKU NUIIXOM TIrOoKoro BUropanus, 10 20-50%, BTOpMHHOTO sIEPHOTO ManuBa y Gopmi
BAIIT BupoOGieHOTO B SIEpHUX PEAKTOPAX MOMEPEIHIX MMOKOIiHB 200 301 THEHOTO TEXHIYHOTO ypaHy,
a60 He3z0araueHoro npupoaHoro ypany 238. [Ipu npomy yBech AIL] opranizoByeThcs 6e3mocepe-
JTHBO B aKTUBHIN 30H1 peakTopa G5 3 MOBHUM caMOpETyJIIOBaHHAM MPOLECIB HEUTPOHHO-S11EPHOTO
TOPIHHA yCiX BHJIB SACPHUX BIAXOIB SIKi ISt TEXHONOTII G5 € BTOPUHHUM SCPHUM MTaTHBOM;

- aBTOMATHYHO MiATpUMYye cTaOinbHUI kputuuHuii cran SIEPY 6e3 BTpydaHnHsa omeparopa,
110 BUKJIIOYAE JFOACEKUN (haKTOP 1 3HIKY€E PU3HK SICPHUX aBapiil 1 kKatactpod;

- JUTsL CBOT'O CTBOPEHHS HE MOTpeOye JOPOTUX PIAKICHUX Ta KOHCTPYKIIHHUX MaTepiaiB;

- MO>KE€ 3aCTOCOBYBATHUCS IS Ta3uQiKaIii Byriuis, 17l SMEHILIEHHSI CIIO)KUBAaHHS HAPTH 1 ra3zy
Ta J1st 301UIBIIEHHS YaCTKU MICIIEBUX €HEPropecypciB 1 st BUPOOHUIITBA ACIIEBO1 3eJIeHOT SAepHOT
€Heprii, 3eJIEHOr0 BOJHIO, TETIa JAJIsi IPOMHUCIIOBHX 1 KOMYyHAJIBHHUX MOTPeO HA 3aMiHy BUKOITHUM
eHepropecypcam;

- TEXHOJIOT'isI 3/JaTHA CTBOPUTH IEPEyMOBH Uil JOPMYBaHHS HOBOTO CETMEHTY Ha SIZICPHOMY
CBITOBOMY €HEPreTUYHOMY PHHKY SIK OCHOBHU JUISl IIEPEXOY JI0 €TAJIOHHO €KOJIOriuHoi, 6e3nedHoi
1 eHepPreTUYHO BUT1THOT EpHOT EHEPTeTHUKH.

CTBOpeHHs Ta BOPOBAKEHHS TaKOi TEXHOJIOT'1], OCHOBHOIO METOIO SIKOT € epeKTHBHA Ta 0e3-
nevyHa nepepoOka i (iHilIHa yTUITI3a1lis BIAMPAIbOBAHOTO SIEPHOTO MajJuBa MAKCUMAJILHO BiJIIO-
BiJla€ r100anbHii cTparterii 3HmkeHHs BUkuaiB “Net Zero by 2050”.

HeBi1BopoTHICTH MPOMHCIIOBOI HEOOX1AHOCTI CTBOPEHHSI Ta BIPOBAPKEHHS TEXHOJIOT1] BU-
HUKHE BXe B HailOmkye aecaTuniTTs. [lomToBXoM 11 bOTO CTaHEe MacoBE BUBEJCHHS 3 €KCILTY-
aTamii 6uibe sk 200 sepHUX eHepreTHYHUX ycTaHOBOK Ha pi3HuX AEC cBiTy Ta MacoBe BUBaH-
Ta)XKEHHS 3 HUX HEeOE3MeYHOI sIepHOT CaAuHN y (hopMi BiANIPalboBaHOT O siiepHoro nanusa. Of-
HaK siiepHa €HepreThKa MpoAOBXKUTh CBOE ICHYBAaHHS, ajie BXK€ HA HOBOMY TE€XHOJIOIYHOMY piBHI
a0COJIFOTHUM TPIOPUTETOM SIKOTO Oy/I€ IePHO-EKOJIOTIUHA Oe3meKa. A 11e 03Havae, 110 BXKe ChOTO-
JIH1 B HAYKOBOMY CE€PEJIOBHIII, a KOHKPETHO B rojioBax (i3uKiB, (OPMYIOTHCS IEPEIyMOBU CTaHO-
BJICHHSI HOBOI COILIAJIbHO MPUHHATHOI SIEPHOT €HEPreTUKu 0e3 HeOe3NMeUHHUX SIICPHUX BIIXOIB,
BUOYXIB Ta sIEPHO-EKOJIOTTUHUX KaTacTpod.

4. BucHoBku:

1. Ha cborogni y BChbOMY CBITI HakomuueHO MpUONMMU3HO 450 THCSY TOH BiANPalbOBaHOIO
SIEpHOTO TanuBa. 3 HUX B YKpaiHi 30epiraetbes npubmuzHo 3000 Ton. Ha pamioximMiuHHX
KOMOiHaTaxX CBITY MepepoOisieTbess OMM3bKO TpeTHHH HakornudeHoro BSII B pesymerari voro
YTBOPIOIOTHCS HOB1 BTOPHMHHI pal0aKTUBHI B11xo1u He MeHII Hebe3neuHi 3a BAIL. Le o3navae, 1o
TpaaulliiiHa pagioximiuHa nepepoOka BAIl He Bupimrye OIHUX MUTaHb €KOJIOTi3alii Cy4yacHOro
AJIEPHOT0 MAJIMBHOTO LMKy B YacTUHI nepepooku BAIL.

2. Y pa3i 04iKyBaHOTO MacOBOTO BIPOBA/PKEHHsS B CBITOBY eHepretuky MMP curyaris 3
HakonnyeHHs M BSIl Moke moripmmrtucs 3a paxyHOK TOro, mo Boao-BoasHi MMP, ski e
3MeHIIeHUMH KomisiMu  Benukux BBEP (LWR), 3patHi BupoOnstH, B mepepaxyHKy Ha
eHepreTUuHui exBiBasieHT, Oinbine BAII nix Benuki peakropu. [lpuuomy take BAII matume nerno
iHmMi cknaxa, Bigminauid Big ckinany BAII senukux BBEP (LWR) a 3HauuTh 1 A€o iHII HOpMHU
1oro 30epiraHHs 1 MOBOKEHHS 3 HAM.
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3. MixHapoHe criiBpoOITHHITBO B c(pepi CTBOPEHHS CHEIliaTbHUX MIXKHAPOIHUX IICHTPIB Ta
CXOBHII, B TOMY YHCIi 1 MiJ3e€MHUX B TIIMOMHHUX TEOJOTIYHHX MOPOAAX, Yepe3 MOJITUYHI,
IOPHJINYHI Ta TEXHOJIOTIYHI TPYIHOIII BHSIBHIIOCS] MAJIOTIPOAYKTUBHUM 1 TOMY SIKHXOCh KOHKPETHHUX
pe3yJIbTaTiB I[bOT0 CMIBPOOITHUILITBA MOJKHA ouiKyBaTu He paHime 2050-2060-x pokiB.

4. HalinepcrneKTUBHIIIOK, €KOJOTIYHO YMCTOI 1 EKOHOMIYHO BUT1THO TEXHOJIOTIEH0 MOXKE
CTaTH PEBOJIOLIMHA MPOPUBHA TEXHOJOTIS MOKOMIHHS G5 B OCHOBI SIKOi MOKJIaACHO (i3HMYHUI
NPUHIUI (PPOHTAIHHOTO HAIOBUILHOTO HEHUTPOHHO-SIEPHOTO TOpiHHS. Taki yCTaHOBKM MOXKHA
CTBOPIOBATH SIK Ha TEIJIOBUX a00 IIBHUIKUX, TaK 1 Ha HAATEIUIOBUX HeWTpoHax. CTBOpEHHS Ta
BIIPOBA/DKCHHS TeXHOJIOTiT G5 3HAUHO CIIPOCTUTH YBECh OpraHi3aIlifHui Ta TEXHOJIOTIYHUH MPOIIeC
30epiraHHsi, Ha BCIX eTamax Ta TEXHOJIOTIYHMX JIAaHKaX MpOIEeCYy MOBOKEHHS Ta OCTATOYHOL
¢inimHOI 1 exosoriyHo Oe3mevyHoi ytwmzamii BAIl mpakTHYHO TOBHICTIO YCYHE IEpPEBaXHY
OUTBIIIICTh OpraHi3amiifHUX Ta TEXHOJOTIYHUX HEOe3MeyHUX NpoOJIeM B CHUCTEMi SIEPHOTO
MAJIMBHOTO ITHKITY.

7. Y KOHTEKCTi pO3pOOKH HOBOI apXiTeKTypH O€3MeKn CBITOBOI SepHOI EHEPTETHKH 3 METOIO
MIPUCKOPEHHS BUpimieHHsT npooseM HakonwueHHs BAIIl ta inmux PAB mominbpHO 1 HEoOXimHO
3allyyaTd Mi>KHAPOHI iIHTEeJIEKTyallbHi, TEXHOJIOTIYHI, EKOHOMIUHI Ta 1HIIi pECYPCH /ISl BUPIIICHHS
UX Mpo0JieM SIK Ha HAI[lOHAJbHOMY PiBHI, TaK 1 Ha PIBHI CBITOBOI sII€PHOI CHITBHOTH.
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