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ANHAMIYHA ONTUMI3ALIA HABAHTAXEHb, BAHUKAIOYUX MPU FAJIbMYBAHHI
MEXAHI3MY MNMEPECYBAHHA MOCTOBOI'O KPAHA: AHANITUYHUWX NIAXIA

AHOTALIA. Y pobomi 3anporioHogaHa mModesb 0551 8U3HAYeHHS OUHaMIYHUX HagaHMaXeHb, SKi
BUHUKatomb rpu 2anbMy8aHHi MexaHi3My rnepecysaHHs1 MOCmMo8o20 kpaHa. Memodamu mamemamuyHoI ¢bi-
3UKU, KIacu4Ho20 eapiayiliHo20 YUC/IeHHS Mpu 3acmocyeaHi anapamy po36'sa3Ky 3eudaliHuX fiHitHuUx duge-
PeHUiarnbHUX PIHSIHb 8U3HaYeHIi aHanimu4YyHO 3aKOHU pyXy MexaHi3My repecyeaHHs ekadaHO20 KpaHa, 3a
AKUX QUHaMIYHI HaBaHMaXeHHs1 y MexaHiami MiHimizyrombcs. Lled pe3ynbmam 0ae moxnugicmp 30iticHUMU
KOHCMpPYKmMugHi 3axo0u Or1s 3HUXXEHHS pieHs OUHaMiYHOI HagaHMa)keHoCmi KpaHa.

3adns 3HUXeHHS OQUHaMIYHUX HaBaHMa)XeHb NMpu 2asibMy8aHHi MexaHi3My repecyeaHHsi MOCImo-
8020 KpaHa 3arporioHogaHi dodamkoegi 3axodu, a came: 1) peaynoeaHHs Cuu 2anbMy8aHHS KpaHa, 2) 3me-
HWeHHS1 Macu eiska U KpaHa W/IsIXOM: a) 3acmocy8aHHsi MemaroKoHecmpykuit y euansadi ¢pepm 3amicmb
CyUinbHUX cmiHHUX; 6) suKopucmaHHs 2Hymux rnpocpirnie 0151 eU20moesrieHHs1 MemasroKOHCMPYyKUil; 8) 3a-
cmocyeaHHs feekux crnasie; 3) 3mMeHWysamu MoMeHmM iHepuii pomopa enekmpodsuzyHa rnpueoda MexaHi-
3My riepecygaHHs1 MOCMOB020 KpaHa WIISIXOM: a) 3aCMOoCy8aHHs KiflbKox 08U2yHI8 i3 CyMapHOK MomyxHi-
cmio, sika OopigHIOE Momy»xHocmi 0OHO20 NMpPUBOOHO20 O8U2YHa, WO 3HUXYE MOMeHm iHepuil pomopa; 6)
suKopuUCmaHHsi 08uayHie 3 noneaweHuMu pomopamu; 4) sukopucmosygsamu Mygmu 3i 3MIHHOI XXOPCMKI-
cmio.
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OmpumaHi y pobomi pe3dynibmamu Moxymbs 6ymu y rnodarnbuoMy sukopucmari 051 YmMOYHEHHS |
B800CKOHaJsIEHHST ICHYIOYUX [HXEHEPHUX Memodie po3paxyHKy cucmeM 2aarbMy8aHHS MexaHi3Mmie repecy-
8aHHSs1 MOCMOBUX KpaHie 3a0ris MiHiMi3auii OUHaMiYHUX HagaHMaXeHb y UUX MexaHiamax siKk Ha cmaoisix ix
MpPoeKmye8aHHs, mak i y pexumax peasibHoi ekcriiyamaui.

Knroyoei cnoea: duHamiyHa onmumi3dayisi, MiHiMi3auis HagaHmMa)xeHb, MexaHi3aMu repecysaHHs,
2allbMy8aHHsI, MOCIMO8i KpaHU, PyXoMi Macu,npyxHa JiaHKa.

DYNAMIC OPTIMIZATION OF LOADS, OCCURRING DURING THE BRAKING OF AN
OVERHEAD CRANE TRAVEL GEAR: AN ANALYTICAL APPROACH

ABSTRACT. The paper proposes a model for determining the dynamic loads arising during the
braking of an overhead crane travel mechanism. By the methods of mathematical physics, classical varia-
tional calculus at application of the apparatus of the decision of the usual linear differential equations the
laws of movement of the mechanism of movement of the specified crane at which dynamic loadings in the
mechanism are minimized are analytically defined. This result gives an opportunity to carry out constructive
measures for decrease in level of dynamic loading of the crane.

In order to reduce the dynamic loads during the braking of the bridge crane movement mechanism,
additional measures have been proposed, namely: 1) regulation of crane braking force; 2) reduction of bogie
and crane weight by: a) application of steel structures in the form of trusses instead of solid wall ones; b) use
of bent profiles for manufacturing of steel structures; c) application of lighter alloys; 3) reduction of the mo-
ment of inertia of the electric motor rotor of the crane travel mechanism by: a) using several motors with total
power equal to the power of one drive motor, which reduces the moment of inertia of the rotor; b) using
motors with lightweight rotors; 4) using couplings with variable stiffness.

The results obtained in the work can be further used to refine and improve the existing engineering
methods for calculating the braking systems of overhead crane travel mechanisms to minimize the dynamic
loads in these mechanisms both at the stages of their design and in the modes of real operation.

Keywords: dynamic optimization, load minimization, movement mechanisms, braking, overhead
cranes, moving masses, elastic link.

1. lMocTanoBka npo6JemMu. MexaHi3Mu TepecyBaHHS BaHTAXKOIITHOMHUX KpaHiB (30K-
peMa, MOCTOBHX KpaHiB) y Mepioil HEYCTAICHOT0 PyXy (ITyCK Y 3yIMHKA) 3HAXOASATHCS 111 BILIN-
BOM JIMHAMIYHHUX HaBaHTaXeHb. L{I HaBaHTaXE€HHSI BUHUKAIOTh Y 3B'A3KY 13 HASBHICTIO Y MEXaHi3-
Max 3HaUYHUX PYXOMMX Mac i JIOCATalOTh y MOPIBHSAHHI 31 CTATHYHUM HAaBAaHTAKEHHSIMM BEJIMKUX
3HAuYEeHb.

VY MexaHi3Max nepecyBaHHs HalOUIbII1 MaCH MatOTh: pOTOP JBUTYHA, MOTOPHI Ta FaJIbMiBH1
My(QTH, EIEMEHTH KpaHa, sIK1 pyXarThCs OCTYyNalbHO  00epTatoThes (BI30K UM KPaH, XOJ0B1 KO-
jeca).

Bceranosneno [ 1], mjo 6115 80% B1IMOB BaHTaXOIMIJHOMHHUX MalllMH y OCHOBHOMY IOB's13aH1
3 TMHAMIYHMMHU HaBaHTa)KEHHSAMH, K1 IPU3BOATH A0 pyHHYBaHHS BHACIIJJOK BTOMU HECYUHX Me-
TaJOKOHCTPYKLINH KpaHiB 1 JeTajell MeXaH13MiB, MiJIBUILIEHOTO 3HOCY MOBEPXOHb TEPTS OKPEMUX
JieTajei, MosiBU HEMPUIYCTUMUX 3aJIUIIKOBUX edopMartiii 1 T. . ToMy BuU3HaueHHS i ypaxyBaHHS
IpU NPOEKTYBaHHI (MOCTOBMX) KpaHiB JUHAMIYHUX HaBaHTa)KE€Hb JO3BOJIAIOTH MIABUILUTH Had1H-
HICTb POOOTH KpaHiB MOCTOBOT'O TUITY.

JluHamiuHI po3paxyHKH HEOOX1JHI 3a/11s1 BU3HAUEHHS MapaMeTpiB, SIK1 BIUIMBAIOTh Ha Be-
JUYUHY AMHAMIYHUX HABaHTAXEHb, 1 I po3poOKH MeXaHi3MiB i KpaHa B LIJIOMY 3 TAKUMH Napa-
MeTpaMH, KOTp1 3HWKYBaJIK O 111 HABaHTAXXEHHsI, 301IbIIYIOUH NPU [ILOMY JOBTOBIYHICTH METAJIO-
KOHCTPYKIIIi Ta MeXaHi3MiB (MOCTOBOTO) KpaHa.

2. AHaJTi3 OCTaHHIX J0CTiTKeHb i myOJikanii. BuzHaueHHIO JUHAMIYHAX HAaBAaHTa)KCHb,
BUHHUKAIOUMX MPHU TaJbMyBaHHI MEXaHI3My MEpecyBaHHs KpaHiB MOCTOBOTO THITY MPHUCBSIUEHO Oa-
rato poOiT. Ile, y nepmry uepry pod6otu M.C. Komaposa [2], B.®. I'aiinamakwu [3], H.A. Jlo6oBa [4],
JL.A. Bynikosa [5], C.I. llleBuenka [6,7], B.C. Jloseiikina ta A.Il. Hectepona [8], B.®. Cementoka
Ta iH. [9]. ¥ nux poboTax BUKOPHUCTOBYIOTHCS 0araToMacoBl pO3paxyHKOBI CXEMH 1, BIJIOBIIHO,
cucTeMH Tu(epeHIiaIbHIX PIBHAHB, IKi OMMCYIOTh PYyX Mac MOCTa, Mac YaCTHH MPHUBOJA, 1110 00e-
PTarOThCs, MacH Bi3Ka, MAaCH BaHTAXy. 3arajlbHUN PO3B'I30K TAaKOi CUCTEMU AU(epeHLiaTbHUX Pi-
BHSIHb MOXKJIUBUH JIMILIE IPH BUKOPHCTAHHI YUCEITBHUX METO/IIB PO3B'SI3KY, 10 3HAYHO YCKIIAHIOE
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NIPOBE/ICHHS aHANTI3Y BIUIMBY OKPEMHUX MAapaMETPiB KpaHa HA BEIMYMHY TUHAMIYHIX HABaHTa)KEHb.
Le yckiagaioe po3po0Ky KOHCTPYKTHBHUX 1 TEXHOJIOTIYHUX 3aX0/1iB IOJI0 3HIKECHHS PiBHS TWHA-
MIYHHUX HaBaHTa)XCHb KpaHa Ta 301JIbIIEHHS CTPOKY eKCILTyaTallii HOro OCHOBHHMX €JIEMEHTIB: Me-
TAJIOKOHCTPYKIIii, XOJIOBUX KOJIIC, TaJIbMiBHUX MPUCTPOIB, MIAKPAHOBUX PEHOK.

3. Meta podoru. OOrpyHTYBaTH MOJICIb PYyXy MEXaHi3My IepecyBaHHSI MOCTOBOTO KpaHa,
KOTpa BPaxOBY€ BUHUKAIOY1 NP TAIbMyBaHHI IbOTO MEXaHI3MYy JAMHAMI4HI HAaBaHTAXCHHS 1 BCTa-
HOBJICHHSI TAKOT'O 3aKOHY HOTO PyXY, 3a SIKOTO BKa3aH1 HABAHTA)KEHHS MiHIMI3YIOThCSI.

4. MaTtepiajau Ta MeToau. AHaJi3, BUKOHAHWH y poOoTi [2], y3aransHeHul y [9], mokasye,
110 Y MEeXaHi3Mi IlepecyBaHHs MOCTOBUX KpaHiB HAHOUIBIIIMMU MacaMu €: POTOp JIBUT'YHA Ta Tepe-
MilyBaHi yacTHHM Kpany. [lepenadi MexaHi3my: 3yOuacTi KoJjieca, Baji, MalOTh BIIHOCHO Malli
macu. ToMy po3paxyHKOBY CXeMy MEXaHi3My IepecyBaHHs MOXKHA ITOJIaTH y BUTJIISIL IBOX Mac, SKi
3'emHaHI MK cOOOI0 TIPY)KHOIO JTaHKO0. [IpykHa maHKa mpeacTapisie co00K0 MeXaHIyHI nepeaayi
BiJI IBUTYHA JIO €JIEMEHTA, IKUH O€3M0CePETHBO MEePEMIIIy€e KpaH, TOOTO Baju (TOJIOBHUM YHHOM),
3yOuacTi koneca, MyQTH.

VY naHiit po3paxyHKOBIii CXeMi HE BPaXOBYEThCS HACTYITHE:

1) BIUIMB pO3roiAyBaHHs BaHTaXXy IPH raJlbMyBaHHI;

2) HasBHICTH AeMII(YyBaHHA y MPUBOJL i METAIIOKOHCTPYKIIiT KpaHa,

3) HasBHICTH 3a30piB y IPUBO/II.

[TpuiinsTO, 110 CHIIA ONOPY MEPECYBAaHHIO NOCTIHA, @ MPOOYKCOBYBAHHS KOJIIC BIJICYTHE.

Pyx mac miei Mozeni cucteMu rnepecyBaHHs KpaHa OMUCY€ETHCSI HACTYITHOK CHCTEMOIO JIU-
depenmiansaux piBHAHB [9] (1) Ta (2):

m,; XX, -CX(XZ 'Xl):'Pt ; (1)
m,xX, +CX(X2 -Xl):-W’ (2)

Jie: M, — IpuBeeHa Maca YacTUH JIBUT'YHA, K1 00epTatoThes (TOOTO 1ie — pOTOp, MOTOPHI Ta rajb-
MiBHI My TH); M, — IpUBEICHA Maca PyXOMHX €JIEMEHTIB KpaHa (PyXaroTbCsl MOCTYNAIBHO) Ta THX
€JIEMEHTIB, KOTpi 00epTaroThCs (Bi30K, KpaH, XO/IOBI Kojieca); X, — KOOpAMHATAa Macu M,; X, —
KOOpJMHAaTa Macu M,; ¢ — MPUBEJEHA KOPCTKICTh €JIEMEHTIB Nepeadl (T0JIOBHUM YMHOM BaliB)
MeXaHi3My TepecyBaHHS MOCTOBOTO KpaHa; P, — cwua ranpmyBaHHs; W — CTaTHYHUH Omip miepe-
CYBaHHIO Bi3Ka YM KpaHa.

Cuna, sKy cripuiiMae mpy»Ha JJaHKa MeXaHi3My [lepecyBaHHs, Oy/e JOpIBHIOBATH:

F=cx(x,X,). ©)

Jl71s BU3HAYEHHS BEMMYMHH S=(X,-X, ) Bukopucraemo meroauky M.C. Komaposa [2] i nepe-
TBOPUMO cucTeMy AudepeHiianbHuX piBHAHG (1) Ta (2) y oqHe audepenuianbae piBHSHHS [9]. s
I[bOT0 MIOMHOKUMO piBHsIHHSA (1) Ha M,, a piBHsSHHA (2) HA M, a MOTIM BiZHIMEMO BiJ APYroro
piBHsAHHS nepiue. Ilicig neperBopeHbs MaeMo:

+ P
(XZ-X1)+CxMx(XZ-X1 :_‘_ﬂ_ (4)
m,xm, m m,
Abo:
$+p°xs= PO W e (0M,) (5)
m, m, , m,xm,
Po3B's30k (5) m1ykaeMo y HaCTYITHOMY BH/II:
; P.xm,-Wxm
s(t)=Axcospt+Bxsinpt+D, D=——2 — 1 ©)
cx(m,+m,)

[TouaTkoBi ymoBH TipH t=0 MpuitMeMO HACTYIIHI:
s|t:o =0; S|t:0 =0. (7)
[TizcraBnsgroun MOYaTKOBI YMOBH y piBHSHHS (6), 3Hal1eMO:

Az_m, B=0. (8)
cx(m, +m,)
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ITicna migcranoBky 3HaueHs A Ta B y piBHAHHA (6), MaeMo:

s(t)zwx(l-c%pt):wxzxsmz [p_th (9)
cx(m, +m,) cx(m,+m,)

OTtxe, Bupa3 (9) A03BOJIsIE€ aHATITHYHO BU3HAYATH TUHAMIYHI HAaBaHTAXCHHS, 110 BUHUKA-
I0Th NIPH TaJlbMyBaHHI MeXaHI3My Ie€pecyBaHHS MOCTOBOIO KpaHa, il po3poOUTH KOHCTPYKTUBHI
3aX0/I¥ 1010 3HWKECHHS PiBHA AMHAMIYHOT 3aBaHTAKEHOCTI KpaHa.

3 (9) BumnuuBae, 110 cuila, Ky CIIpUMaE Mpy’KHA JJaHKa MEXaH13My IepecyBaHHs, 13 ypaxy-
BaHHsM (9) Oyze TopiBHIOBATH:

cmxszwxzxsinz [p_xtj (10)
(m,+m,) 2

Bunno, 1o cuina F Mae KOJIMBHUN XapakTep 1 MpuilMae CBOE MakCUMallbHE 3HaYeHHs F,,

_ 2%(Pxm,-Wxm,) . (11)
™ (m, +m,)
Y MOMEHTH 4acy f,:
tn:{(—l)”XnJrzann}xi, neN. (12)
p
Kpim Toro, y MomenTu 4acy t; :
tJ:ZXJX”, jeN, (13)
p
F mpuiiMae MiHIMaiabHe (HYJIbOBE) 3HAUEHHS, TOOTO:
F(tj):Fmin =0. (14)
TakuM YnHOM:
Fmax:F(tn ): ZX(Ptxmz-mel) 7
(m,+m,) (15)
I:min :F(tj)zo'

Taxwuii pexxuM pyxy MexaHi3My IepecyBaHHs MOCTOBOTO KpaHa € pU3MKOBAaHUM 1 MOKe Ipu-
3BOJIUTH /10 aBapiHUX CUTYyallll, MOB'SI3aHUX 3 HA/UIMIIKOBUM MEPEHAIPYKEHHAM HPYKHOI JTaHKU
MEXaHi3My.

BcranoBumo 3aKkoH pyxy S(t), 3a AKOK F IpHiAMae MiHIMAJIbH1 3HAYEHHS HA 4aCOBOMY IIPO-

MIDXKKY, JIe MEXaHi3M [lepecyBaHHs KpaHa raeMye. Hexail TpuBanicTh npouecy rajbMyBaHHs CKJla-
nae 1. 3'1CyeMO YMOBH, 32 SIKUX Peali3yeThCsl pPyX NEpecyBHOTO MEXaHi3My MOCTOBOI'O KpaHa 3

KpUTEPIEM SKOCTI HACTYITHOTO BU]LY:

T

= 1><Tr 2dt= ix X 2 i
I-\/— !;(F) dt \/T “c s()] dt = min. (16)

r r o

BpaxoByroun piBHSHHS (5) KpUTEpii SKOCTI pyXy IEpPeCyBHOIO MeXaHi3My KpaHa MOCTO-
BOTO THUITy MOYKHA ITOJIATH Y BUTJISIL:

T 2 2
- Jix J{iﬂ]} o ot = min. (17)
Troo (N1 1M, p

Hexait P,=const, W=const, To/i He0OXi1HOIO YMOBOIO peaizalii kpurepito (17) € piBHAHHS

Ennepa-Ilyaccona:

s™=0. (18)
Po3B'si30k piBusHHs (18) mykaemo y Burimsii crutaitna mo  tpetsoro mopsiaky:
s(t)=a, +a,xt+a,xt*+a,xt’. (19)
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Jliist BUSHAYEHHS KOHCTAHT (a,,a,,8,,8,) BAKOPMCTAEMO HACTYIIHI TEPMiHAIbHI yMOBH!

P W
s| =0;3 =0;8§ =—t-—:3
|I—0 |t—0 |l—0 ml m2

=0. (20)

t=1p

Toni, BpaxoByrouu (19) 1 (20), maTumemo:

a,=0; a,=0; azzlx AW ;aaz(-gjxa—zz LR (21)
2 |m m, 3) 1 3xT, m, m,

Omxe, 3aKOH pyXy MEXaHi3My NEpeCyBaHHs KpaHa S(t), 3a AKOr0 peaii3yeTbCsl KpUTepii

skocTi (16), (17) pyxy, Mae HAaCTyTHUHN BU/I;

s(t):lx{i-ﬂ}xtz-ix(i-ﬂ]xﬁ. (22)
2 , m, 3xt. \m, m,
Bigmosinno no (22) F(t) npuiiMae BUTIIAL:
F(t):cxs(t):EX{i-ﬂ}XtZ-LX[i-ﬂJXP. (23)
2 |m m, 3xt. (m, m,

Ha Bigminy Big F(t) (10) F(t) (23) HocuTb «IIaBHUI XapaKTep 3aleKHOCTI Bij yacy (t).
CBoro MakCHMManbHOIO 3Ha4eHHs F(t) (23) naGysae mpu t=t, . Ll BenmmuuHa ckiajae:

P P -W
RO, =F ax=%xcxrﬁx[—‘-ﬂ]ixc{w}rﬁ- (24)

Fw m m,) 6 m, xm,

Sxumo cxnactu cniBBigHomeHHs Fyyy (10) 10 Fay (24), TO BUIHO, II0 BOHO JOPIBHIOE:

_Fw(10)_ 12
@) P =

3MEHIIYI0UYH BEJIMYMHY T (32 PaxyHOK, HalpUKiaJ, BUKOPUCTaHHS B YIPaBJIiHHI Ipolie-
COM TraJIbMyBaHHSI MEXaTPOHHUX CHCTEM), MO>KHA JTOCSTTH peaii3alii HepiBHOCTI:

2 (26)

Ile o3Hauae, 1110 MaKCUMaJIbHI HABaHTAXXEHHsI HA MEXaH13M IIepecyBaHHS MOCTOBOTO KpaHa
3MEHIIATHCS.

5. BucnoBku. 1. O0rpyHTOBaHi (Pi3UKO-MEeXaHIuYHA Ta MAaTeMaTHYHA MOJIEII, K1 aJIeKBaTHO
OTKCYIOTh MPOIIEC IaJIbMyBaHHs MEXaHI3My IepecyBaHHs MOCTOBOI'O KpaHa.

2. BcraHoBieHMI 3aKOH PyXy MEXaHi3My MepecyBaHHsI KpaHa MOCTOBOTO THILY, 3a SIKOTO
MIHIMI3yIOTbCS JUHaMI4HI HAaBaHTAKEHHsI Ha IPY’KHY JIaHKY 1[bOTO MEXaHi3My Y Ipolieci Horo ra-
JHMYBaHHS JI0 TOBHOT 3yITHHKH.

3. 3a/u1s 3HW)KEHHS AMHAMIYHUX HaBaHTA)XXEHb IPU ralbMyBaHHI MEXaHi3My IepecyBaHHs
KpaHy HEOOX1JIHO TakoX: 1) peryiroBaTu CHIly ralbMyBaHHS KpaHa; 2) 3MEHIIWTH Macy Bi3Ka Ta
KpaHa [UIIXOM: a) 3aCTOCYBaHHs METAJOKOHCTPYKIIH y BUIIISAI (pepM 3aMiCTh CYLIbHUX CTIHHUX;
0) BUKOPUCTaHHS THYTUX MpOQ1LIiB A1 BUTOTOBJIEHHS] METAJOKOHCTPYKIIii; B) 3aCTOCYBaHHSI JIeT-
KHX CIUIaBiB; 3) 3MEHIIIYBaTH MOMEHT iHepIlil poTopa eJIeKTPOIBUTYHA IPUBOJIa MEXaHI3My Tepe-
CYBaHHSI IUIIXOM: a) 3aCTOCYBaHHS KUJIbKOX JBUTYHIB 13 CYMapHOIO MOTYXHICTIO, SIka TOPIBHIOE
HOTY>KHOCTI OJTHOTO MPUBOJHOIO JABUTYHA, 1110 3HI)KYE MOMEHT iHeplii poTopa; 6) BUKOPUCTaHHS
JBUTYHIB 3 MOJIETIIEHUMHU POTOpaMu; 4) BUKOPUCTOBYBATH MY(TH 31 3MIHHOIO KOPCTKICTIO.

4. Orpumani y poOOTi pe3ylbTaTu MOXYTb OYTH Y MOJAJIBIIOMY BUKOPUCTaHI I yTOU-
HEHHS 1 BJOCKOHAJIEHHS 1ICHYIOUMX 1H)KEHEPHHUX METO/IIB pO3paxyHKy MmapaMeTpiB MeXaHi3MIB Iie-
pecyBaHHS KpaHiB MOCTOBOTO THITY 3 METOIO MiHIMi3allii IIF0YMX HA HUX IMHAMIYHUX HABAHTaKEHb
SK Ha CTaJil MPOEKTYBaHHS, TaK 1 y peXKUMax iX peajbHOi eKCILTyaTarii.
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AOCNIAXEHHA NAPAMETPIB TA PEXUMIB POBOTU BIBPOPOBAPKU

AHOTALIA. O0HUM i3 OCHOBHUX HarnpsiMKie O0CiOXeHHsT MawuH 05151 aupobHuymea bydigenibHUX
Mamepiarnie € 3HUXeHHS1 eHepao3ampam. BupiweHHs1 npobnemu, nog'a3aHoi 3 U3HaYEHHSIM 3ampam eHe-
peaii, nppedcmaernsie doesorsi cknadHy 3adadvy, mak K 3ampamu eHepeii 3anexame 8i0 yinozo psdy hakmopis,
SIKI 3MIHIOIOMBCS1 8 MIPOoYeCci pobomu MawuHU i 8aXKo niddarmbcsi MoOYHOMY onucaHHr. OOHUM i3 HanpsiMKie
po38umKy mMawuH 05151 supobHuUymea bydigenbHUX Mamepiasie € CmeopPEeHHs PE30HaHCHUX 8ibpauyiliHux ma-
WUH. Ha ocHoei aHanisy ocmaHHix A0oCnideHUX 8CmaHOo8/1eHO NMepCcrekmusHicms 8ibpayiliHuX W0KO8UX
Opobapok. lNpasunbHul nidbip napamempis, ski 3abesnedyysamumyms pobomy Opobapku 8 cmasnomy pe3o-
HaHCHOMY pexumi, 0acmb MOX/USICMb 3MEHWUMU eHepao3ampamu Ha nodpibHeHHs. 3 uieo memoro 8
pobomi npedcmasreHi docnidxeHHsa QuHaMiYHUX napamempig sibpauiliHoi woko8oi dpobapku. Ecpekmus-
Hicmb pobomu docnidxysaHoi gibpauitiHoi Opobapku 080cmopoHHbLOI Oii 3abe3sneyyembcs 8 pe30HaHCHOMY
PexXuMI pu CUHXPOHHOMY HarawmyeaHHI pyxy nepuwoi i mpembsoi Macu i npomugba3HomMy pyci Opyaoi macu.
Ans uyboe2o xopcmkicmb NPYXHUX 38’A3Ki6 C1 ma C, po3pPaxos8yembCs 3 yMOBU Pe30HaHCY npusedeHux mac
M3 ma mi> 8i0N08IOHO, a XopCmKicmb ONOPHUX MPYXXUH 3 yMosu 8ibpoizonsuii. lpedcmasneHa izudHa
modernb Opobapku ma HageOeHi PiBHSIHHSI PyXy KosueasnbHUX Mac 3 Mamepiasiom ma 6e3 mamepiarny 8 Ka-
mepi OpobrieHHs1. OmpumaHo 2pacbiku enugy Ha amnnimydy KoegiuieHmy peayrito8aHHs X0PCMKoCcmi rno
yacmomi. Ha ocHosi pigHsiHb pyxy nobydoeaHi ammnnimydo-4yacmomHi xapakmepucmuku Onsi 8i0nogidHux
8/1aCHUX Kymoegux Yacmom (pe3oHaHCHUX Yacmom). Benukut ennue Ha amnnimyQdy KonugaHb Matome Macu
KonueasbHUX YacmuH Opobapku. PauyjioHanbHo nidibpaHi criiegidHOWEHHS KofluganbHUX Mac 3abesneyyroms
nompibHul pexxum pobomu (cuHgbasHul, npomucghasHull) ma 3abesnedyroms MOMpPI6HI amnnimydu Konu-
8aHb Yux mac. [ns 3adaHux exiOHUX yMO8 8U3HAYeHO pauioHarnbHi MexXi crigeiOHOWeEeHb KonueaabHUX Mac
Ons 3abeanedyeHHsi 8i0MOGIOHUX 4aCMoOmHUX pexumis. [pyHmyrouuck Ha aHanisi amnnimydo-4acmomHux
xapakmepucmuk 6ynu rnobydosaHi epagpiku amrnimyd rnepemiuleHHsi KonueasnbHuUx mac dpobapku. [aHo
pexkomeHdauii no subopy ehekKmugHUX HaCMOMHUX PeXUMIs.

Knroyoei cnoea: [ipobapka, eHepaoegpekmusHicmb, 4acmoma, Xopcmkicms, amnimyoda.
RESEARCH OF PARAMETERS AND MODES OF THE VIBRATION CRUSHER

ABSTRACT. One of the main directions of research on machines for the production of building ma-
terials is the reduction of energy consumption. Solving the problem related to the determination of energy
consumption is a rather difficult task, since energy consumption depends on a number of factors that change
during the operation of the machine and are difficult to accurately describe. One of the areas of development
of machines for the production of construction materials is the creation of resonant vibration machines. Based
on the analysis of the latest researches, the prospects of vibrating jaw crushers have been established. The
correct selection of parameters that will ensure the operation of the crusher in a stable resonance mode will
make it possible to reduce energy costs for crushing. For this purpose, the study of the dynamic parameters
of the vibrating jaw crusher is presented in the paper. The efficiency of the double-acting vibratory crusher
under study is ensured in the resonance mode with the synchronous adjustment of the movement of the first
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and third masses and the counterphase movement of the second mass. For this, the stiffness of the elastic
connections c1 and c; is calculated from the condition of resonance of the reduced masses my; and miy,
respectively, and the stiffness of the support springs from the condition of vibration isolation. The physical
model of the crusher is presented and the equations of motion of oscillating masses with and without material
in the crushing chamber are given. Graphs of the effect on the amplitude of the stiffness adjustment coeffi-
cient by frequency were obtained. Based on the equations of motion, the amplitude-frequency characteristics
for the corresponding natural angular frequencies (resonance frequencies) are constructed. The mass of the
oscillating parts of the crusher has a great influence on the amplitude of oscillations. Rationally selected
ratios of oscillating masses provide the required operating mode (in-phase, anti-phase) and provide the re-
quired amplitudes of oscillations of these masses. For the given input conditions, the rational limits of the
ratios of the oscillating masses are determined to ensure the corresponding frequency regimes. Based on
the analysis of the amplitude-frequency characteristics, graphs of the amplitudes of the movement of the
oscillating masses of the crusher were constructed. Recommendations for choosing effective frequency
modes are given.

Keywords: Crusher, energy efficiency, frequency, rigidity, amplitude.

1. MocTanoBka nmpo6aeMu. OHUM 13 OCHOBHUX HAIPSMKIB JIOCITIDKCHHS MAIlIMH JIJIs1 BH-
pOOHHUIITBA Oy/IiBEIBHUX MaTepiaiB € 3HIWKECHHS eHepro3atpat [1]. Bupimenns npobiemu, nos's-
3aHO1 3 BU3HAUECHHSAM 3aTpaT €Heprii, MpeCcTaBise JA0BOJI CKIAAHY 33/1a4y, TaK sIK 3aTpaTH eHeprii
3aJIeXkaTh BiJ] IIJIOTO Py (aKTOpPIB, sIKi 3MIHIOIOTHCS B TIPOIIECi pOOOTH MAIIMHU 1 BaXKKO ITiI/a-
I0ThCsI TOYHOMY onucantio [2],[3].

B cBoto uepry OyniBenbHa MPOMHUCIOBICTD 3 KOXKHAM JTHEM MOTPeOye HOBUX METOIB Ta CIO-
co0iB BUpOOHUIITBA OyaiBenbHUX MaTepiaiiB [5]. Po3risaaroun qpobunisHe 06aaaHaHHA AJs MOApi-
OHEHHS TIPCBKHX IMOPiJ, CTa€ 3pO3yMUINM, IO IS Taly3b BUPOOHUIITBA MOTPEOYE BIPOBAKEHHS
HOBUX €HEproeeKTUBHUX METO/IB MoApiOHEeHHS [6]. OHUM 13 TaKUX HAIPSIMKIB € PE30HAHCHI Bi-
Opartiiini ApoOubHI MamuHu [7].

J1o OCHOBHHX IapaMeTpiB MEXaHIYHOTO PEeKUMY BiOPOIpOOApKH BIIHOCATHCS Maca, IIBU-
KIiCTb Ta XKOPCTKICTH [8], [9]. [IpaBriibHU min0ip TapaMeTpiB, SKi 3a0e31MeTyBaTHMYTh poOOTY JIpo-
O0apku B ONTUMAJIBLHOMY PEKUMI, JACTh MOXKIIMBICTh 3MEHILIUTH €HEpro3arparu Ha MOAPIOHEHHS
[10], [11].

2. AHaJji3 ocTaHHiX J10caixKeHb i myOaikauniil. Ha ocHOBI aHammizy ocTaHHIX AOCITIIKEHUX
BCTAaHOBJICHO IMEPCICKTUBHICTh BiOpaIiiHUX mokoBux japodapok [1], [2], [12]. KoHcTpykTHBHI
CXeMH BiOpalliifHUX IIOKOBHX JIpOOApOK YMOBHO MOXHa po3aiauTd Ha 5 rpym [4]: 1) Inepuiiini
IIOKOBI AP00OapKH 3 OJJHOIO PYXOMOIO IIOKOI0; 2) BiOpalliiiH1 IIOKOBI Apo0apKu 3 1BOMa PyXOMHUMHU
mokamu; 3)BiOpalliiiHi IOKOBI ApoOapKH 3 BaXKKUM KOPITYCOM 1 MassTHUKOM; 4) IIOKOB1 IpoOapKu
3 BiOpaTopoM Ha Kopryci; 5) BiOpariiiHi IOKOB1 IpoOapku 3 xBuieBoaaMu. Haitbunein gocnimke-
HOIO TpPYMoro BiOpoapoOapok € BiOpariifHi HIOKOBI ApoOapku 3 JBOMAa PYXOMHUMHU IIIOKaMHU
[51,[7],[11]. Ao He nmepcHeKTUBHUX TPYM BIAHOCUTHCS MEpIla — iHEpIiiHI II0KOBI IpodapKu 3 oA-
HOIO PYXOMOIO IIOKOI0. L{e MOosICHIOEThCS THM, 1110 BUKOPUCTaHHS IHEPLIHHOIO IPUBOJIA B Ipobap-
Kax 3 KIHEeMaTUYHHUM MPUBOJIOM 3HUXKYE HAAIWHICTh OCTaHHBOTO. OJIHOIO 3 MEPCIEKTUBHUX aje
MaJIoI0CITI/DKEHUX TPYII € BiOparliiiHi MOKOBi [podapKu 3 BaKKUM KopirycoM i MasitHukom [2],[5].

3. Meta po6otu. [Jocniauti epeKTUBHICT pOOOTH BIOpAlLIHHOT PE30HAHCHOI IIOKOBOL
JIpoOapKu IBOXCTOPOHHBOI Jii Ha PI3HUX YACTOTHHUX PEXHMMax Ta BCTAHOBUTH palliOHAJIbHI 3Ha-
YeHHs i1 OCHOBHUX MapaMeTpiB.

4. Matepiaau ta metoau. EdekTuBHICTE poOOTH TOCHTIIKYBaHO1 BiOpoIpoOapku 3abe3me-
YY€ThCS B PE30HAHCHOMY PEKUMI1 IIPU CHHXPOHHOMY HaJallITyBaHHI PyXy HepuIoi 1 TPeThOi MacH i
npotudazHomy pyci apyroi macu. Cxema BiOpaliiiHO1 IIOKOBOI ApoOapku MpeAcTaBieHa Ha puc. 1.
BiOpoapobapka ckiagaeTbest 3 TpbOX Mac, K1 MOMapHO 3’€HaHl NPYy>XKHUMHU eJeMeHTaMu 4 1 9.
[Tepmra maca pobapku BKIIOUYAE B cebe pyXOoMy ILTUTY 3 710 sIKOT )KOPCTKO MPUKPITUIEHHUH BiOpaTop
2. JIpyra maca BKJIO4ae 30ipHY paMmy 5 10 SIKOi )KOPCTKO ab0 HIapHIPHO KPIMJIATHCS HEPYXOMi
npoOuibHi muTy 8. Pama 5 npobapku onupaeThesi Ha CTaHUHY | uepe3 ryMOBi IPY>KHI €J1eMEHTH
10. Tpetst maca (yaapHUK) BKIIIOUA€E B ceb€ pyxoMy IUIATY 7 10 SKOi 3 000X OOKIB KOPCTKO KpiN-
JSAThCA IpOOUIBbHI IIIUTH 6. MOHTYETBCS TPETS Maca B CepeIuH1 paMu ApoOapKH 1 OMUPAETHCS Ha
crienianbHi poJMKoBi omopu 11.
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Puc. 1. Mogens pe3oHaHCHOT BiOpaIiifHOI IIIOKOBOT IpoOapKu ABOCTOPOHHBOT it
Fig. 1. Model of a resonant vibrating jaw crusher with two-way action

Jiama3oH 4yacToT npH sKux poOoTa MammHu Oyzne HaOuIbn eQeKkTUBHOW OyB 3alaHui 3
BpaxXyBaHHSM CHCTEMU PiBHSHb:

PIBHSIHHSA pyXy Mac 6e3 marepially B Kamepi ApOoOIeHHS:
m,X, + 2X,C; —X,C, = F,sinot;
m,X, + X,C, — X,C, +2C,X, —
2C,X; +X,C,, =0;
m,X, +2C,X; —2¢,X, =0; (1)
Fp SCX,;

X, >0; X;>0; x, <0;

X, +X;=E*D, -

PIBHSHHS PyXy Mac 3a HasiBHOCTI Marepiaity B KaMepi oIpIOHEHHS:

m X, +2X,C, —X,C, = F;sinot;

(m,+km_ )%, +X,¢, —X,C, +

+2C,X, —2C,X; +X,C,, =0;

(my+km, )%, +2¢,X, — @)
-2¢,X, =0,

Fp SCX,;

X, >0; X;>0; X, <0;

X, + X3 =E*D,

[Tpu pyci npobapku 3 MaTepiajaoM B Kamepi NoApiOHEHHS, poOoye cepeoBHUIIE BPaXOBYEMO
3a paxyHOK MPUEIHAHOT MAacH JI0 APYTOi 1 TPEThOT MaCH MALIMHH, SIKi 6€3M0CePEaHbO B3aEMO/IIIOTh
3 MaTepianoM

JKopceTkicTs NpyHUX 3B’SI3KIB €2 Ta ¢1 Oyna po3paxoBaHa 3 YMOBU PE30HAHCY MPUBEIEHUX
Mac mp3 Ta mi2 BJINOBIAHO, a KOPCTKICTh OMOPHUX MPYKUH 3 YMOBH BIOPO130JIALLIi.

B 3arasibHOMY BUIVISIIL KOPCTKICTH KOJMBAJIBHOI CUCTEMU MOKHA BU3HAYUTH 3 PIBHSIHHS:
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Cyj = (0)011)2 ki 3)

m+m, '

JIe (0~ BJJaCHA KyTOBA YaCcTOTa KOJUBaHb (PE30HAHCHA YaCTOTa); N — KOSMII[IEHT PEryIIOBaHHS KO-
PCTKOCTI MO YaCTOTi.

5. Pesyabraru. [liacraBisiroun BiAMOBIIHI 3HAYCHHS YKOPCTKOCTEH B PIBHSHHS aMILTITYI
nepeMillieHb Mac ApodapKu, OTpUMaEMO Tpadiku 3aJIe)KHOCTI aMILTITYAH Bl KoedillieHTa n puc.2,
JUTSL BIITTOBITHUX YaCTOTHUX PEKHUMIB.

XoMu
20 KoM

10

N ﬂ/ o il

a 0
Puc.2. I'padik 3anexHOCTI aMIUTITyiX Bifl Koe(ilieHTa n, MPH HACTYITHUX YACTOTHUX PEKIMaX:
a) mo =75,36 pan/c; 6) mo = 104,667 pan/c
Fig. 2. Graph of the dependence of the amplitude on the coefficient n, at the following frequency modes:
a) wo =75,36 rad/s; b) wo = 104,667 rad/s

wn

fpampt==st

Benukuit BIUTMB Ha aMIUTITY/ly KOJIMBaHb MAalOTh MacH KOJMBAJIBHUX YaCTHH IpoOapku. Pa-
[[IOHAJTBHO MTi10paHi CITIBBITHOIICHHS KOJIMBAJLHUX Mac 3a0€31eUyr0Th TOTPIOHHN PeKUM pOOOTH
(cundaznuii, nporudaszuuii) Ta 3a0e3medyroTh MOTPiIOHI aMILUTITYIU KOJIMBaHb IUX Mac. ['padiku
JUISl BUBHAYEHHS PaIliOHAIBHOTO CITIBBITHOIICHHS MIXK JPYTOI0 Ta TPETHOK MAaco0 JpoOapKu 30-
OpaxkeH1 Ha pHc. 3, a MIX MEPIIOO Ta IPYToko Ha puc. 4.

Xo.MMm Xo. MM

10

\ 2 Thnede 6 8 10 =
st \ //
T >
a §)

Puc.3. I'padiku 3anexHocTeil 3MiHH aMIUTITYH BiJ KoedinieHTa criBBiaHomeHHs Mac K, ,
IIPH Pi3HUX YaCTOTHHX Jlalla30Hax: a) Wy =75,36 pau/c; 0) wo = 104,667 pan/c
Fig. 3. Graphs of dependences of the amplitude change on the mass ratio coefficient k,;,
at different frequency ranges: a) ®o =75,36 rad/s; b) ®o = 104,667 rad/s
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Puc.4. I'padiku 3a1eKHOCTEH 3MiHN aMILTITYIU Bij KoeditieHTa criBBigHoIIeHHS Mac K,
TIPH Pi3HUX YACTOTHHX Jdiama3oHax: a) wo =75,36 pan/c; 6) wo = 104,667 pan/c.
Fig. 4. Graphs of dependences of the amplitude change on the mass ratio coefficient k,, ,
at different frequency ranges: a) wo =75,36 rad/s; b) wo = 104,667 rad/s
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Puc.5. AMrmiTyI[Ho-qaCTOTHa XapaKTepUCTUKA BIOpAIiitHOT IIIOKOBOT 11p06ap1<1/1 pu o =75,36 pan/c:
a) pobota mpobapku 6e3 marepiany; 0) pobora IpodapKu 3 MaTepiaIoM.
Fig. 5. Amplitude-frequency characteristics of the vibrating jaw crusher at o =75,36 rad/s:
a) crusher operation without material; b) operation of the crusher with the material.

— Xo X, v
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100 250
100
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Puc.6. AMHJIiTyJIHO-T-IaCTOTHa XapaKTepHUCTHKA BIOpaIliifHOT IIOKOBOI ipobapku mpu wo = 104,667 pan/c:
a) pobora npobapku 6e3 MaTepiainy; 6) podora 1podapku 3 MaTepiaaom
Fig. 6. Amplitude-frequency characteristics of the vibrating jaw crusher at mo =75,36 rad/s:
a) crusher operation without material; b) operation of the crusher with the material

Jns mobynoBu rpadikiB Oyau BUKOpUCTaH1 HACTYIHI JIOT14HI epeTBopeHHs [3]:

N N
= c . =—20 . 4
m, Tk m, Trkc 4)
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ne N_— cyma npyroi Ta TpeThoi Macu cucteMu; K — koedimieHT CriBBiIHOIIEHHS Mac. 3HAIOUHU BC1
HEB1JIOM1 TapaMeTpH PIiBHSAHb pyXy Oyi0 moOymoBaHO Tpadiky 3aJISKHOCTI aMIUTITYyId TEpeMi-
HICHHS TPOOWIBHUX IUTUT BiJI YaCTOTH 3MiHH 30ypIOBAILHOTO 3yCHILIS pUC.2.

ITpu moOynoBi rpadikiB puc. 5, 6 3Ha4eHHs KoedilieHTIB n, ko3 Ta ko1 mpuiiManuce B 101y-
CTUMHX MeXKaX, BUBHAYCHUX paHiIlIe.

XoMn
X M

a §)

Puc.7. I'padix ammutityn nepemimieHss mac (mo =75,36 pa/C):
a) pobora mpobapku 6e3 marepiany; 6) podota ApodapKu 3 MaTepiaIoM.
Fig. 7. The graph of amplitudes of mass movement (wo =75,36 rad/s):
a) crusher operation without material; b) operation of the crusher with the material

[pyHTYrO4HCh Ha aHali3i aMIUITYJ0-4aCTOTHUX XapaKTEPUCTUK Oyiau moOyaoBaHi rpadiku
aMILTITY]] IEPEMIIIICHHSI KOJIMBAJILHUX Mac Jpobapku puc.7, 8.

Xon X, MM
6 6
e X(.\l

4 - Xo 4 —

|

&
o

|
i

a 0
Puc.8. I'padix ammutityn nepeminiensst mac (wo = 104,667 pan/c):
a) pobora mpobapku 6e3 marepiany; 0) podota Apodapku 3 MaTepiaaoM.
Fig. 8. The graph of amplitudes of mass movement (wo = 104,667 rad/s):
a) crusher operation without material; b) operation of the crusher with the material

6. BucnoBku. PamionanbHe 3HaueHHS KoedilieHTa n 3HaXoauThes B Mexkax 0,6 < n < 1.
[Tpu 361nb11eHH] 3HaYeHHs koediuieHTy (1 <n<2,5) epexTuBHMI fiana30oH poOOTH IPOOAPKU 3BY-
JKY€EThCS Ta 3MILIYETHCSA B CTOPOHY BUCOKUX 4acToT. I'padiku puc. 2 3acBiUyI0Th, 10 KOPCTKICTh
NpPY’KHUX 3B S3KIB IpoOapKu 3abe3neuye ii epeKTUBHY poOOTy B 3ap€30HaHCHOMY Ta B OKOJIOPE30-
HAaCHOMY peXHMi, a caMe MK JIpYyTHM Ta TpeTiM pe3oHaHcamu. [Ipu 3nauenH1 koedimienta 0,6 < n
<1, ammutiTyau Mac MarOTh HAMOLIBIN 3HAYEHHS, 1 3MEHIIYIOThCS 3 HaOmmKeHHsIM n 70 1.4. AMmr-
JTy/Aa MEepIIoi MacH I0CATae HyThbOBOTO 3HAYEHHS B OKOJII TOYKH n= 2.52.

3 rpadikiB puc. 3, 6ynu 3pobieHi HacTynHi BUCHOBKH. [Ipu yactoTi konuBane wo =75,36
paz/c, 3HaYeHHS aMILTITY/Ii TPEThOI Macu J0CIra€ MaKCUMyMY B OKOJIi TOUKH K23=2, a aMIutiTy
HEPIIOi Ta IPYrol Macu JOCATal0Th MAaKCUMyMY B 0KOJIi TOUKH K23=0,8. I3 301/IbIIICHHSAM 3HAYCHHS
PE30HaHCHOI YacTOTH JIaHi /1ana30Hu 3MILYIOThCs 1Mo oci abcuuc B ctopony 0. Tak npu pe3oHaH-
CHiif yacToTi ®o = 104,667 pan/c, MakcCUMaibHe 3HAYCHHS aMIUTITY I TPETbOT MAaCH JI0CSTAEThCS B
okouti ToukH K3=1.3. A MakcUMasbHi 3HAYSHHS aMIUTITY]l MEPIIOT Ta IPYroi MacH 3HaXOISTHCS B
okouti Toukn Ko3=0,75.

Haii0inp111 3Ha4eHHS aMILTITYIH TPEThOi MAacH JIJIS BIJIMOBITHUX PE30HAHCHUX YaCTOT 3Ha-
XOJSThCS B OKOJII HACTYITHUX TOYOK pHC.4: wo =75,36 par/c — 0,1< k23 <4; wo = 104,667 pan/c - 0<

15



T Y Texuika OymiBHHIITBA Bumyck/Issue 1(38), 2023

K21 <4. AmrutiTyma Qpyroi Mac € OLIbII ITOJOTO0 HisK aMILTITY 1M TPeThol Ta mepinoi mac. CTpiMke
3pOCTaHHs aMILTITYH JIPYroi MacH CIIOCTEPIra€Thes MPHU MPOXOKEHHI CUCTEMHU Yepe3 PEe30HAHC.
MakcuMaabHHX 3HA4Y€Hb aMILTITY/Ia TIePIIol Macu JA0CSATae B TOMY K Jiara3oHi, 1o 1 TpeTs Maca.
[Mpu 36inbiIeHH] KoedinienTa k21> 4,5, aMIuTiTy 11 KOJIMBaHHSI IIEPIIOI Ta APYTol MacH 3MiHIOIOThCS
HE3HAYHO.

EdexruBauii pexxum podotu qpodapku peanizyeTbcs B 30HI JPYroro pe3oHaHCy Ta B Jlia-
Ma30HI MK IPYTHUM Ta TPETIM PE30HAHCOM, PHC. 5-6.

[Tpu miABHIEHHI PO3PaXyHKOBOTO 3HAYEHHS PE30HAHCHOI YaCTOTH KOJIOBUX KOJHMBAaHB (o
(3) miamazon edekTuBHOI PoOOTH BIOpAIiitHOT MIOKOBOI IPOOAPKH 3MIIIYETHCS Y OiK 301JIbIICHHS
YacTOTH;

EdextuBHi aiamazoHu podOTH ApoOApKH MPH 3HAYCHHIX KOPCTKOCTEH CHCTEMH, sIKi Oyiu
pO3paxoBaHi 3a BiATIOBIAHUX PE30HAHCHHUX YACTOTAX BIACHUX KOJIMBAaHb wo (3) € HACTYITHUMU:

- w0 =75,36 pan/c: 1) 70 pan/c < ® <91 pan/c, 2) 100 pan/c < < 180 pan/c;

- w0 = 104,667 pan/c: 1) 97 pan/c < ® < 121 pan/c, 2) 129 pan/c < ® <200 pax/c.

Jiist 3a0e3nedeHHs1 epeKTUBHOT poOOTH ApOOApKH MPU 3HAYCHHSAX KOPCTKOCTEH CUCTEMH,
K1 Oy po3paxoBaHi 3a yMoBU wo = 104,667 pan/c (3), B qiama3oHax HIKYMAX YaCTOT  MOTPIOHO
HiIBUIIyBaTH MaCH KOJMBaJbHUX YAaCTHH MAalIMHU. 30UIbIIEHI MacH HE TOBUHHI TIEPEBUIIYBATH
JIOITyCTUM1 MEXi, IEPEBUIICHHS SIKUX MPU3BEAE 10 €KOHOMIUYHOI HEOIUTBHOCTI TaHOT KOHCTPYKIIi1
MaIluHH.

[TpoBeneHi gociiKeHHs 3aCBIIYIIN €PEeKTHBHICTH POOOYOTO0 Mpolecy NoApiOHEHHS B Ka-
Mepi BiOpariiiHoi 1podapku.

Haiibinpmmx nepeMinieHs qpyra Ta TpeTs Macu HaOyBaroTh B AiamazoHi 104,667 pan/c < @
<157 pan/c, puc. 9-10. [Ipu HaOIMKEHHI YaCTOTH JI0 TPETHOTO PE30HAHCY aMILIITy/a NEepIIoi Macu
CTPIMKO 3pOCTaE, IO MiATBEPIKYeThCs rpadikoM. [Ipu pobdoti apodapku Ha yactotax 69,08 pan/c
<o < 91,06 pag/c (puc. 9 -10), nepia Ta Apyra Macu pyxaroTbcs B (asi, a TpeTs Maca HaBIAKU B
npotudaszi. Pobora npodapku B 1aHOMY pexuMi He € e()eKTUBHOIO.

[TpoBeneHi ekcrepUMEeHTaIbHI TOCIIIKEHHSI 3aCBIAUMIHN €(DEeKTUBHICTH pOOOYOro MpoIECy
BIOpOpOOApKH Ta HE3HAYHY BIJMIHHICTh B/l TECOPETUIHUX A0CIimKeHb (15-16%).
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AoCcniaAXXeHHA TA BUBHAYEHHA OCHOBHUX NMAPAMETPIB BIBPOYOAPHOIO
PEXMY BUPOBHULUTBA ®YHOAMEHTHUX BJ1OKIB

AHOTALIA. 3anpornioHosaHa KOHCMpPYKUisi 8ibpoycmaHoeKku Onsi ¢hopmyeaHHsT ¢hyHOaMeHMHUX
br1iokie 8 ydapHo-8ibpayiliHoMy pexumy pobomu i3 po3nanybKow ma 3HiMaHHAM 20mogo2o 8upoby nicns
3aeepuweHHs1 Mpoyecy Lioeo ywinbHeHHs. Po3kpumi 3aKkoHOMIpHOCMI pyxy 8ibpoydapHUX yCcmaHOo80K 3 ypa-
Xy8aHHSM ernjiugy OuHaMiYHUX rnapamempis cymiwi i3 eucomoro supoby 0,6 M ma ompumaHi aHanimuyHi
3anexHocmi 0nsi 3abeanedyeHHs1 cmabinizauii OuHaMiYHUX napamempie 8ibpoMalliuHU, siKa NMpaytoe 8 pe3o-
HaHCHOMY PEeXUMI 3 UiniecrpsiMosaHUM epaxy8aHHsIM 8HYMPIWHIX KoueanbHUX enacmueocmeti gibpocuc-
memu. BusHayeHa po3paxyHkoga ma MamemamuyHa mMooesib ycmaHoeku. CKkradeHi pieHsHHSA pyxy ma 0o-
cnidxeHi 30HU cmitikocmi. Po3pobrieHo aneopumm ma mMemoduka pospaxyHKy OCHO8HUX napamempig yda-
pHo-g8ibpauitiHoi ycmaHoeku. CchopMyrnbo8aHO OCHOBHI MOM0XeHHS O cmeopeHHs1 8ibpoydapHUX MawluH
0na ¢popmyesaHHs1 pyHOameHmHux b6riokie. OmpumaHo 4ucio8i 3Ha4eHHs OuHaMiyHUX napamempie pobo-
4yoeo opeaaHy i cepedosulya, Ki MOXHa 8uKopucmogygamu npu npoekmyeaHHi nodibHux 8ibpoydapHux cu-
cmem.

Knroyoei cnoea: ydapHo-gibpayiliHa ycmaHoeka, pyHOameHmHul 6510k, Mamemamu4yHa MOOeTIb,
PiBHSIHHS pyXy, napamempu, amnnaimyoda, yacmoma KonueaHb, 30Ha cmilikocmi, Memoduka.

RESEARCH AND DETERMINATION OF BASIC PARAMETERS OF VIBROSHOCK
MODE OF PRODUCTION OF FUNDAMENTAL BLOCKS

ABSTRACT. The construction of vibrofluidizer shaping of fundamental blocks is offered in shock-
oscillation office hours with formwork and removal of the finished product after completion of process of his
compression. The regularities of the movement of vibro-impact units, taking into account the influence of the
dynamic parameters of the mixture with a product height of 0.6 m, were revealed, and analytical dependen-
cies were obtained to ensure the stabilization of the dynamic parameters of the vibrating machine, which
works in the resonance mode with purposeful consideration of the internal oscillatory properties of the vibrat-
ing system. The calculation and mathematical model of setting is certain. Worked out equations of motion
and the areas of stability are investigational. An algorithm and method of calculation of basic parameters of
the shock-oscillation setting is developed. The main provisions for the creation of vibro-impact machines for
the formation of foundation blocks have been formulated. Numerical values of the dynamic parameters of
the working body and the environment were obtained, which can be used in the design of similar vibro-impact
systems.

Keywords: shock-oscillation setting, fundamental block, mathematical model, equalization of mo-
tion, parameters, frequency of vibrations, area of stability, method.
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1. ITocranoBka nmpo6aemu. [Tommpennmu B Oy1iBHUNTBI € GyHAAMEHTH1 OJIOKH, K1 pop-
MYIOTBCS, SIK IPAaBUJIO, B CTAllIOHAPHHUX (popMax Ta rapMOHIHUM PeXMMOM YIIUIbHEHHS O0eTOHHOL
cymimii. Taka TeXHOJIOTisl XapaKTepU3y€EThCsI HU3bKOIO MPOTyKTUBHICTIO, HEOCTaTHHOIO SIKICTIO TO-
TOBHMX BHUPOOIB, HASIBHICTIO KaBepH, 3HAUHUMH BUTPATaMU 4yacy Ui OTPUMaHHS HEOOXiAHOT Mill-
HOCTi TOTOBOT0 BUpOOy. TOMy MOIIYK HOBUX KOHCTPYKTUBHUX Ta TEXHOJOTIYHUX MapaMeTpiB Ta
PEXHUMIB YIIUTFHEHHS € 33/1a4€I0 aKTyallbHOI0. B po0OTi BUCYBA€ThCS i71esl 3aCTOCYBaHHS yIapHO-
BiOpaLiifHOTO pexumMy poOOTH 13 PO3POOKOI0 YCTAHOBKH.

2. AHaJti3 ocTaHHIX Aoc/aiKeHb i myOJikauii. Meronu ¢popMyBaHHS TPOCTOPOBUX KOHC-
TPYKIIiil, B TOMYy uncii 1 pyHAaMeHTHUX OJOKIB, 3/11MCHIOIOTHCS Ha BiOpaiifHux Maiinanumkax [1 |
a6o B cramionapaux Biopodopmax [2]. TeopeTrnuHOr0 623010 TAKKX YCTAHOBOK € 3aCTOCYBAaHHS Ta-
PMOHIMHHMX KOJIMBaHb 13 3ap€30HAHCHUM pexxuMoM poOot [3]. Taki BiOpalliiiHi yCTaHOBKU Xapa-
KTEPU3YIOTHCS 3HAUHUMH €HEPreTHYHUMH BUTpaTaMu [4], CKIIaHICTIO KOHCTPYKTHBHHUX €JIEMEHTIB
BiOpoMaruH. B po6orti [5] 3ampornoHoBaHO HOBY KOHCTPYKIIIO, JOCTIIKEHHIO SIKO1 1 MpU3HaYeHa
naHa po0oTa.

3. Merta po6oru. BusHaueHHs OCHOBHMX IapaMeTpiB Ta PEKUMIB poOOTH yIapHO-BiOpa-
[iIHO1T yCTaHOBKU A5t popMyBaHHs (pyHIaMEHTHUX OJIOKIB.

4. Marepianu ta Mmeroau. CrieriajgpbHa yCTaHOBKA 711 BUPOOHUITBA GYyHIAMEHTHHUX OJ10-
KiB 3 IycTOTamH (puc.1, a), sika CKIIa1aeThes 13 OJI09HOTO yAapHO-BiOpaliiiiHoro Malqananka (puc. 1,
0), 110 Mae 1Ba KIHEMaTUYHO HEe3B s3aHuX O10KH 2. biioku criuparoThes Ha onopHy pamy 1. IlpuBon
BiOpaTopiB OJIOKIB 3IHCHIOETHCS Bijl JBOX EIEKTPOABUTYHIB Yepe3 KIMHOMACOBY mnepenauy. s
3a0e3neueHHsl yjapHO-BiOpaliiiHoro pexxuMy poOOTH Ha MOBEPXHI OJIOKIB 3aKPIMJIEHO MPOKIAIKH,
Ha SKUX BCTAHOBIIOETHCS OCHOBA 3 3aKPIIJICHUMH Ha Hil TIO3IOBKHIMH 6 1 TOTIepeyHUMH 3 6op-
TaMU 1 IyCTOTOYyTBOPIOBauaMu 5.
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Puc.1. ®ynnamentHuii 6110k (a), KOHCTPYKIis OJI0YHOTO ynapHO-BiOpaniiHoro Maiinanuuka( 6)
Ta MOT0 3arajbHUM BUIIISL Y 310paHOMY cTaHi (B)
Fig. 1. The foundation block (a), the structure of the block shock-vibration platform (b) and its
general appearance in the assembled state (c)

Ha ocHOBI BCTaHOBIIOETHCS MiIOH 4, SIKUI Ma€ OTBOPH ISl IPOXOKEHHS ITyCTOTOYTBO-
proBauiB. bopTH CKpIILUIIOIOTHCS CHeliaTbHUMU 3aMKaMu. J{i1s BitokpeMiieHHs 0JI0KiB, 10 (GopMy-
IOTBCSI, BCTAHOBITIOETHCS Tieperopoaka. Ha monepeynnx 60prax 3akpiruieHi ma3oyTBOpIoBadi i HaOu
3 KPHILKaMU Il YTBOPEHHS MOPO>KHUHU ISl IPOXOPKEHHS raka KpaHa Ta (ikcauii apMaTypHHUX
nerenb. 1106 3amobirtu cioB3anHio popmu 3 BidpomalijaHunka, nepeadadeHi mpyskHi 3B’ I3KH MK
OIIOPHOIO PaMOI0 Ta OPMOIO.

[Iponiec popmyBanHs OJIOKIB mossirae B TakoMy. Ha OCHOBY 3 BiAKpuTHMH OOpTamu BCTa-
HOBITIOEThCA MiI0H. [1oTiM 3akpuBatoTh 60pTH 1 PiKCYIOTh iX 3aMkamMu. [leperoposika KpaHoM BBO-
JTUTBCS JIO TIPOPIi3y Yy MOonepeyHux 00pTax i JiTuTh (JOpMYy Ha JIBa BiACIKH, 3a0€3MeUy0UH, TAKHM
YHHOM, OJIHOYacHe (opMyBaHHs JBOX Os10KiB. DopMy 3MaIlyIOTh €MYJIbCI€I0, A0 HEl BKIAJAI0Th
apMaTypHi e 1 piKCyroTh Kpumkamu. Y GopMy YKIaIaeThesi OETOHHA CyMIilll, | BMUKAEThCS MTPH-
BOJI BiOpomaiinanuuka. [licist 3akiHYeHHs oneparllii yuiiibHeHHs, sika TpuBae 30...40 ¢, kpaHoM 13
dopmu BUTATYETBCS TIeperopoka. I1oTiM BiIKpUBAIOTHCS 3aMKH, BUKHIAIOTHCS KPUIIKA 1 PO3KPH-
BaroThcs 60optH (puc.1,B). ITinoH 13 cBiXXOBIAGOPMOBaHUMHU BUPOOAMU KPAaHOM HEPEHOCUTHCS J10
KaMepH TeMIIepaTypHO-BOJIOr0i 00pOOKH.

Po3paxyHKoBy cxeMy OJOYHOro yAapHO-BiOpalliifHOro MaiijaH4yuka i3 ypaxyBaHHIM ¢o-
pMH 1 6ETOHHOT CyMIIITi MOYKHA PO3TJISIAATH SIK JBOMACOBY cucteMy (puc.2).
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Puc. 2. Po3paxynkoBa cxema 0JJOYHOTO yJapHO-BIOpaIliifHOT0 Mai1aHInKa
Fig. 2. Calculation scheme of the block shock-vibration platform

5. Pesyabraru. J1ji1 oOTpyHTYBaHHS MAaTEMATUYHOT MOJIEI IPHIUMAIOTHCS HACTYITHI JIOITY-
HICHHS:

— TIepIIa Maca MOJISITIOE IHEPI[iIHI BIACTUBOCTI MAIIMHU 1 € a0COTFOTHO YKOPCTKHUM TiJIOM;

— JKOPCTKOCTI MPY>KHUX OMOP BIOPOMAIIMHU Ta MPY>KHOTO 3B []513Ky Mi>K popMOI0 1 pobounm
OpraHOM JIiHiKHI, TOOTO MiAKOPSIOTHCS 3aK0oHY |'yKa;

— BILTUB OETOHHOI CyMIIIIl HA PyX BiIOpOMAIIMHU BPAaXOBYETHCS HA OCHOBI PO3MIAMyY i cuc-
TEMOIO 3 PO3MOIIIEHUMH ITapaMeTPaMHu, SIKi B PIBHSHHSIX TUCKPETHO MPEICTABIICHI Yepe3 KOHTaK-
THY CHUJTy B3a€MO[Iii pOOOYOro opraHa i cepeoBHILA;

— IMCUTIATHBHI BIACTUBOCTI CHCTEMH BHKOPHUCTOBYIOTHCS Ha €Tarax yTOYHEHHS OCHOBHHUX
napaMeTpiB Ta BU3HAYCHHS MEX 3MiH KPUTEpIiB, YiTKE 3HAYCHHS SKUX 3a0e3mneuye cTiikuii Biopo-
YIAPHUHI PEKUM PYXY.

3a TakuX NepeayMOB Ta MPUNYIIEHb PIBHAHHA PyXy MalOTh BU] :
m, XX, +(Cy+c, ) XX, -C,XX, =F,cosm t;

(1)

npu A >x:
m, XX, +C,XX,-C,xX, =0.

m, %X, +(C,+C,+¢) %X, -(C,+¢)xx, =F,coswt;

(2)

A<x:
i A M, XX, +(C,+¢)*X,- (¢, +¢)xx, =0.

ne A - 3a30p MiX yIapHHKOM 1 BEpXHBOIO Macoro. Otpumani piBHsHHS (1) 1 (2) MoxHa
JIeI0 CIIPOCTUTH, AKIIO BpaxyBaTH YMOBHU poOOTH BiOpomamuHM (Co<<C) i OUYEBHUAHUHU
3B'5130K, 110 X=X1-X2. [IpUHHABIIM 1I TOJTOXKEHHS, OTPUMAEMO JIeII0 3MIHEHY CUCTEMY piB-
HSHB:

_ Rcosmt

pu X<O0: X+C1x£i +ij><x —, (3)
ml m2 ml

1 j = Focosm. 4)

. 1
npu x>0: X+(Cl+c)><£— +— |x
ml m2 ml

I3 naBenenux piBHAHB (3) 1 (4) caiaye, MO NEpeMIIIEHHS X 3aJ€XKUTh BlJl CEMHU Ma-
pametpis, To6To Xx=f (F,m;,m,,c;,co,t). Yucao 3MiHHUX mapaMeTpiB MOKHA 3MEHIIHTH,

SKIIO BBECTU HOBI O€3pO3MipHI mapaMeTpH yac T Ta KOOPAUHATY M.
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2 2
m,Xm"xXX m,Xm"xX
=0t; 111_——2 L. =2 — ‘2.

b

> N2
K K (5)

— . — ml
n=n;,-My> a_m_'

2

[Ipu BukopuctanHi (5) ans nepeTBopeHHs piBHAHB (3) 1 (4) OyneMo BpaxOBYBaTH,
10 (XI )t =®2X(Xi )T. Toni micist BAKOHAHHS BIAMOBIIHUX MEPETBOPEHh OTPUMAEMO HOBY CH-

CTeMY PIBHSAHb.

fi+&2xn=-q+cost; N>0;

(6)
fi+&;xn=-q+cost; N<0;
ne
5_,2: G . §2: Cl+c ; g= m,*g x m1+m2 (7)
1 ’ ’ -
mnp><co2 mnpxco2 K m,
Myup - MIpUBEICHA Maca BiIOpOMaInHu:
Skl (8)
np
ml+m2

KoeditienT § (xapakTepu3ye BiHOIICHHS BJIIACHOI YaCTOTH CUCTEMH NIPU CEPEAHBOMY 3HA-
YeHHI napamerpa C; J0 4acTOTH 3MIiHM ITapaMeTpa MPYKHOCTI) 1 KoedilieHT ( (XapakTepusye CTy-

IiHb 3MIHH ITapaMeTpa NPYy>KHOCTI) TOBHICTIO BU3HAYAIOTH CTIMKICTh pyXy. [lmommHa 3minu napa-
MetpiB & 1 (| Moxe OyTH po3jlicHa Ha 00JacTi, IO BiAMOBIJAIOTh CTIHKUM i HECTIHKUM. SIKIIO

napametrp & i (| mMOmagaroTh B 30HY CTIMKOCTI, TOJI MOJIHBI nepioanyHi pimenHs (7). Busna-
YUMO  palllOHaJbHy OOJACTh CTIMKOCTI 1 4Yac KOHTAaKTy JAJs HACTYMHUX BHUXIJHUX JAHUX:

m=10%kr;0=157 %;cl=7x107 % I3 (6) 3Haiigemo, 1o KoedilieHT é:7X10%04x1572 =0,071;

9ac KOHTaKTy T,=T= %5X16 =2,5%107¢c. 11106 momacTy B MEPILy 30HY CTIHKOCTI pyXy, NOTPiGHO
B34TH ( <I, TOOTO IpM NaHUX 3HAYECHHSX IMapaMeTpiB M, w, C, OyaeMo MaTtn
7ZC2
4-10%n’ -157%sin(4nr)

<1, 9)

3BiiKK OTpUMAEMO, O ¢, <1,56x10° % AKIO K C>1,56x10° % , TO TIONAJa€EMO B 30HY

HECTINKOCTI, JIe 1 CIIOCTEepIraeThcs MapaMeTpUYHUI pe3oHaHC Ha Oa)kaHil 4acToTi KoyiuBaHb. Bij-
MITUMO, 10  HacTymHa  (JIpyra) 30Ha  CTIMKOCTI  MOSIBISETbCA  NPU  3HAYEHHI

¢, ~7,5x1,56x10° 1/ =1,17x10° B/ .

6. BucHoBku. PimenusM piBHAHB (1-5) Oynu BUSBIEHI 30HU CTIHKOTO peXUMY KOJIHU-

BaHb.

BcranoBneHo, 10 iICHYIOTh CTIMKI peXUMH pyXy 13 pI3HUMHU 3HaUYCHHSAMH NEpioJliB
T. BusBieHo, 1o Ad 4acToT KonuBaHb y Mexax 100..160 ¢! Haii6inbm edexTuBHUM €
cuiBBigHomeHHus tx/T =0,25...0,31.

BcranoBneno, mo npu & > 1,7 € MOXJIHMBICTh OTPUMATH CTIMKUN PEKUM 13 3HAUCH-
HAM KpuTepilo q=2,5 3 MiHIMaJbHUMHM BUTpaTaMU €Heprii Ha KOJMBAHHSA CHCTEMH.
OTpumaHi pe3ylbTaTh BUKOPUCTaHI JJIs PO3pOOKHU aJropuTMy pO3paxyHKy BiOpOyCTaHOBKH
o GopMyBaHHS QyHIaMEHTHUX OJOKIB.
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[TpoBenenwmii aHali3 MOBEIIHKU PEATBbHUX JUHAMIYHUX CHCTEM B ITOJI1 CTATUYHOTO Ta JIMHA-
MIYHOTO HaBaHTAXXCHHS, 3aCBIT4y€ HEOOX1AHICTh BpaxyBaHHsS HaNpyKeHO-Ie()OPMOBAHOTO CTaHy
METaJIOKOHCTPYKIIIH Ta BpaXyBaHHS MOTO B MATEMAaTUYHUX MOJIEIISX.

3anponoHOBaHa METOOJIOTISI T METOIU AOCIIKSHHS CKIIaTHIX CHCTEM IIiJI €0 CTaTHY-
HOTO Ta JWHAMIYHOTO HaBaHTAKCHHS.
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ANHAMIKA BIBPALI,IVIHS)FO FPOXOTA 13 BPAXYBAHHAM BNJIUBY COPTYBAIJIb-
HOIo MATEPIAITY HA KOO POBO4I MAPAMETPU

AHOTALJIA. BusHayeHa 3a2alibHa po3paxyHkosa Modesib cucmeMu epoxom — Mamepiarn Ha OCHO8I
docnidxxeHHs npouecie 83aemodii cuma ma webeHto, Wo 3Haxodueacsi Ha epoxomi. BubpaHa moderb gibpa-
UitiHo20 nNepemilieHHs1 cunkoao Mamepiasy do3eonusia 8U3Ha4YuUmMuU SKICHO-KINbKICHI xapakmepucmuku Ou-
HaMmi4YHO20 enugy Ha pobo4ul opaaH. [pedcmaesneHo npoyec copmyesaHHs sk 0esKull yropsidkoeaHudl npo-
uec pyxy 8enukor KinbKocmi pi3HuUx Yyacmok 8 wapi Ha cumi. Cchopmyribo8aHi OCHOBHI MOIOXEHHS po3paxy-
HKY OCHOBHUX rnapamempig epoxoma, siki 3abesnedyoms 3adaHi pexxumu rnpouecy copmyeaHHs mamepiany
ma ompumaHHs 8i0nogidHo20 pakuyitiHozo cknady wiebeHr. Nepedymosoro O subopy po3paxyHKoeoi
CXeMu «2pOoXom-rpocirganbHUl Mamepiany € 8U3Ha4YeHHs1 8ibpauiliHo20 rnepemiujeHHs MamepiasbHOi JYac-
MUHKU 10 8ibpytodill XOpCmKili Mo8epxHi, HaxuneHiti 00 20pu3oHmy id Kymom, uio 30iUCHIOE NPSMOIIHIGHI
KonueaHHs 1id Kymom 0o niowuHu epoxoma. lNpu ybsoMy Ha YacmuHkKy Oitomb eaza, cuna mepmsi i HopMma-
IbHa peakuis. 3anporoHosaHa Moderb dana 3Moay eusHadumu weudKicmb mpaHcriopmyeaHHs y aunadky,
Kornu cumo epoxomy 30iliCHI0E UUPKYAAYilHUU pyX, wo siense coboro dodamok 080X He3anexXHUX KOo/ueaHb
i3 pisHumu amnnimyOamu U Yacmomamu. Ha npouyec copmyeaHHs1 8i04ymMHO 8riniueae UMOo8IpHiCmb Mpoxo-
OXXeHHS1 3epeH Kpisb omeopu cuma. L{a dmoeipHicmb 3anexxums 6i0 po3mipy rnpoxodosux 4acmok, OuHamiy-
HUX napamempie KonueaHb 2poxomy, KOHCmpyKUii cuma, ¢hopMu omeopie cuma, KoeghiuieHma xugoeo re-
pemuHy (8idHOWeHHs1 nmowi omeopie y ceimri 00 3a2anbHoi nnowi cuma. CepedHsi weudKicmb Mpoxo-
OXKEHHS1 4acmoK Kpi3b cUmMO 8U3Ha4yaembCs 4Yacmomor KOHMaKmie 4acmok 3 No8epxHero U crig8iOHOWEeH-
HsIM po3mipie Yacmku U omeopy. Ha yacmomy KoHmakmie 4acmku i3 cumom erusaroms amrnimyoda U Ja-
cmoma KosueaHb nogepxHi epoxoma. OuiHka (MO8ipHOCMI NMPOX0OXXEeHHS YaCmKU Kpi3b omeip cuma 3a 00-
HO20 3imKHEeHHS1 Moxe Bymu 8UKOHaHa Ha OCHOBI PO3paxyHKOB0I Cxemu. .

Knroyoei cnoea: gibpauitiHuli gpoxom, napamempu, copmygaHHs. Mamemamu4yHa modersib, aMmnsi-
myda. Yyacmoma KoJslugaHsb.

DYNAMICS OF VIBRATION GRINDING WITH REGARD TO THE INFLUENCE OF
SORTING MATERIAL ON ITS WORKING PARAMETERS

ABSTRACT. The general calculation model of the screen system was determined - the material is
based on the study of the interaction processes between the sieve and the crushed stone that was on the
screen. The selected model of vibration movement of loose material made it possible to determine the qual-
itative and quantitative characteristics of the dynamic impact on the working body. The sorting process is
presented as some orderly process of movement of a large number of different particles in a layer on a sieve.
The main provisions for the calculation of the main parameters of the screen are formulated, which ensure
the specified modes of the process of sorting the material and obtaining the appropriate fractional composi-
tion of crushed stone. The prerequisite for choosing the calculation scheme "screen-sieving material” is the
determination of the vibrational movement of a material particle along a vibrating hard surface inclined to the
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horizon at an angle that carries out rectilinear oscillations at an angle to the plane of the screen. At the same
time, weight, friction force and normal reaction act on the particle. The proposed model made it possible to
determine the speed of transportation in the case when the screening screen performs a circular motion,
which is the addition of two independent oscillations with different amplitudes and frequencies. The sorting
process is significantly affected by the probability of grains passing through the holes of the sieve. This prob-
ability depends on the size of passing particles, the dynamic parameters of screen vibrations, the design of
the sieve, the shape of the sieve openings, the coefficient of the live section (the ratio of the area of the
openings in the light to the total area of the sieve. The average speed of passage of particles through the
sieve is determined by the frequency of contact of particles with the surface and the ratio of particle sizes
and the hole. The frequency of particle contact with the sieve is affected by the amplitude and frequency of
vibrations of the sieve surface. The probability of a particle passing through the sieve hole during one collision
can be estimated based on the calculation charts.

Keywords: vibrating screen, parameters, sorting. mathematical model, amplitude. frequency of os-
cillations.

1. [ToctanoBka nmpooaemu. [linBuineHHs ehEeKTHBHOCTI IPOLIECIB COPTYBAHHS MaTepialliB
Ha BIOpamiifHUX TPOXOTAX MOJATAE B MOIIYKY TAKUX PEXKUMIB Ta IMapaMeTpiB, sIKi 3MEHIIYIOTh MO-
HJIMBICTh 3aTPUMaHHA 1I€0CHIO B OTBOPAX CHUT, IPUCKOPEHHSI MPOLECY COPTYBaHHS, 3MEHIIEHHS
eHeproBuTpaT. IcHyro4i miaX0au, SIK MPaBUiI0, 0a3yI0ThCs HA BUKOPUCTAHHI eMITIPHYHUX 3AJIeKHO-
CTEH, 110 HE JJa€ MOXJIMBICTh OTPUMATHU 3araJIbHONPUIHATY MOJIENIb CUCTEMHU IPOXOT — MaTepiall.
Tomy po3pobka Takoi MO/ENi, 3aCTOCYBaHHS K01 3a0€3MeUnTh MiABUIIEHHS e(EeKTHBHOCTI po0o-
YOro HpoLecy COPTYBAHHS € 3a/1a4€t0 akTyalbHOW. OHUM 13 HIIAXIB 3a0€31eueHHs 3a/1aHuX TeX-
HOJIOTI€I0 PEKUMIB 1 MapaMeTpiB rpoX0Ta € YTOYHEHE BpaxXyBaHHs MaTepiaiy, 0 3HAXOAUTHCS Ha
CUTI Ta po3poOKa Ha I[ili OCHOBI MOJIeJIi CUCTEMHU I'POXOT — MaTepiall, Ika aJeKBaTHO BioOpakae
peaIbHUN TEXHOJIOTTYHUN IPOLEC COPTYBAHHS.

2. AHaJ1i3 OCTaHHIX 10CTizKeHb i myOJikanii. [Ipy MmaremaTHiuHOMY ONIUCY PYXYy FPOXOTY
3aCTOCOBYIOThCS pi3HI migxoau [1, 3], mo i € pe3yIbTaToM ICHYIOYOi BETNYe3HOT KUTBKOCTI KOHC-
TPYKTHBHHX DIlIEHb IPOXOTiB Ta ixHiX mapameTpiB [1-3]. [TosicHroeThCs 116 0OUeBUAHUM (HAKTOM
BUHHUKAIOYO1 CKJIAJHOCTI MPOLIECY BpaxyBaHHS MacH MaTrepialy B pO3paxyHKax IapamerpiB Ipo-
xoTa [3], HasBHICTIO TAKOTO SBUIIA, SK "3aCMIYEHICTH" OTBOPIB CUT TpoxoTa [2], BU3HAUYEHHS ic-
TUHHOI NMPOAYKTUBHOCTI [4]. Takuit miaxia 3MylIryBaB AOCTIAHUKIB 1 KOHCTPYKTOPIB JOBTHM 4dac
KOPUCTYBATHUCS EMIIIPUYHUMU 3aJIeKHOCTAMU /ISl BU3SHAYEHHS ITapaMeTpiB IpoXoTiB [2], 10 BUBe-
JIeH1 Ha OCHOB1 0OpOOJICHHS Pe3yJIbTaTiB €KCIEPUMEHTATBHUX JOCTIHKeHb. JIOCTOBIpHICTh TaKUX
3aJIe)KHOCTEH € JIHCHUMM BHUKIIIOYHO B paMKax 3aCTOCOBAaHMX B €KCIEPUMEHTax MapaMmeTpax Ta
KOHCTPYKTUBHHUX XapaKTEPUCTHKaX poOOYOro MpoIecy COpTyBaHHS, BUKOPHUCTAaHHS TOTO YH iH-
II0T0 MaTepiaiy, 3 THM YH 1HIIUM IPaHyJIOMETPUYHUM CKJIAZOM. 3 PO3BUTKOM TeOpii IpOIIECiB ce-
napariii y TipHu40100yBHI{ Ta nepepoOHiid MPOMHUCIOBOCTI [ 1], BAOCKOHAJIEHHS Ta CTBOPEHHS HO-
BUX KOHCTPYKILIN TPOXOTIB y OyniBeIbHIN raidy3i, HAMITUIACSA TEHICHLIs Y po3po01ii HOBUX po3pa-
XyHKOBHX Mozenel. L1 Mosieni onucyroTh Ipolec COpTyBaHHS Ha OCHOBI IETEPMIHOBAHUX Ta BIPO-
TIHUX YSBJICHHSX, SKi B Till UM 1HIIINA Mipi Bi1oOpaXkaroTh peaibHy KapTUHY MEXaHIKU pyXy I'po-
xoTta. Mogens, 1110 3alponoHOoBaHa B po0OO0Ti, Bi1oOpakae Mpy:kHi, B 3Kl i MJIaCTUYHI BIaCTUBOCTIL
CHIIKOTO TiJIa, a TAKOX OMIp 30BHIIIHBOrO cepeaoBua (puc. 1).
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Puc.1. Mogmens cucTeMu «IpoXoT — MaTepiainy
Fig. 1. Model of the "screen - material" system

[HepIifiHI BIACTHBOCTI CUIIKOTO TiJIa MOJETIOIOTHCS IHEPIIHHIUME €IEMEHTAMH MAacoio m
,Jioro nedopmallis i rictepe3ucHi BTpaTH, MOB'sI3aH1 3 BITHOCHUM PYXOM, MOJIEIIOIOTHCS €J1eMEH-

tamu mojeni doiirra 3 koedimienramu npyxHocti Ky, Ky i koediienTamu B's13k0CTi C:‘,C;. He-

3BOPOTHI Jedopmarii mapy y HanpsiMKy, NEepIeHIUKYISIPHOMY IUIOIIHNHI TPOX0Ta, BPAXOBYIOTHCS
BBEJICHHSIM €JIEMEHTa CyXOro TepTs 3 KoediuieHToM TepTs W. Omip 30BHIIIHHOIO CEpelOBHUINA
NPUHMAETHCS POTIOPIIIHHIM aOCOIOTHIHN MIBUAKOCTI PYXY i MOJIEIIOETHCS emMIidepamu 3 Koedi-

nieHtamu B's3kocti C, 1 C;. bepyuu 1o yBaru BiIMiHHICTb OIOPY, Ha €Tamax CHUIBHOIO pyXy H
OJIBOTY, Ha eTalll [0JIbOTY BBOAATECS Aemiipepu 3 koediuientamu npyxHocri C,,C,,C,,C, . Ilpy-

YKHO-B’sI3Ka — IJIACTUYHA MOJIEIb € IOCTaTHRO YHIBepCcalbHOW0. ['HyUKiCTh MOIeNi 3yMOBIIEHa MO-
JKJIMBICTIO BBEACHHS B 11 CTPYKTYpPY JOJATKOBO €JIEMEHTIB, 110 BiI0OpakatoTh Ti a0 1HIII BIACTH-
BOCTI ONHKCYBAaHOTO Mporecy. OQHaK pearizallis ii B MPaKTHII PO3paxyHKiB MOB's13aHa 3 HEOOX1IHi-
CTIO €KCIIEPUMEHTAJILHOIO BU3HAUEHHS BEJIHMKOI KIJIBKOCTI PEOJIOTIYHUX MapaMeTpiB, 3yMOBIIEHOI
BIJIMOBITHOI0 KUIBKICTIO CKJIQJIOBUX MPYKHHUX, B’SI3KUX, TUIACTUUHUX W 1HEPIIAHUX EJIEMEHTIB
CTPYKTYPH, 1110 IPAKTUYHO HE JIa€ MOXKIIMBOCTI BUPIIINTH 3aJa4y B aHATITHUHOMY BUIIIsLL. [Topsin
3 JUCKPETHUMHU MOJIEIISIMHU 3aCTOCOBYIOTBCS MOJIEN, Y SKHX 3a3HAYAEThCS MPArHEHHS BpaxyBaTH
BITHOCHHMH pyX IIApiB y CUIKOMY Tiji 3a O0€3BIIpUBHUX peKUMIB BiOpomnepemimeHHs. OTpumMaHa
MOJIEITb, Y SIKifl pyX OKPEMOT YaCTKH y3aralbHIOEThCS, K PyX CHIIKOTO TiJIa, IO MPEICTABIISIE COOOF0
HECKIHUYEHHY KUIBKICTh PO3/1IEHMX TOPU30HTAIBHUMH MMOBEPXHAMHU €JI€MEHTapHUX IIapiB, O HA-
KOBOT MacH, BITHECEHOI JJO OJIMHUIII TUIOIII TOBEPXHI cuTa. TOOTO B KIHIIEBOMY pe3yibTaTi MPUXO-
JIMMO J10 KOHTHHYaJIbHOI MOJIEIi, fIKa 1 € HaiO11b11 HAOIMKEHOIO J10 peaIbHUX YMOB OIUCY IpOIie-
CIB COpTyBaHHs Marepiainy. Pa3zom 3 THUM, IUCKpETHE NMPEJICTaBICHHS Y BUTJISA1 PIBHSHB, K1 3B's-
3YIOTh CHJIM OIOPY 3CYBY OKPEMHX €JIEMEHTAapHUX IIapiB 1 MBUAKOCTI pyXy IMX IIApiB BiIKPUBAE
MOJKJIMBICTh OLIIHUTHU (PI3UKY MPOLIECY COPTYBaHHS, 1110 HEOOX1AHO 111 BUOOPY KOHKPETHUX Mapa-
METpiB Ta BU3HAYECHHS BIUIMBY MaCH MPOCIIOBAJILHOIO MaTepialy Ha pyX rpoxoTa.

3. Meta po6oTu. BuzHaueHHs cTyneHl BpaxyBaHHs BIUIUBY OOpOOIIOBAIBHOTO CEpeo-
BUIIIa HAa FOJIOBHI TapaMeTPH IPoXo0Ta.

4. Marepianu Ta Metoau. [IpencrtaBumo nponec copTyBaHHS SIK ACSIKUI yIOPSAKOBaHHUN
MPOIIEC PYyXY BEIHUKOI KUIBKOCTI PI3HUX YACTOK B IIapi HA CHTI.

Koxny yactky 13 po3Mipom d xapaktepusye ii KpyHHICTb, IKa HE 3MIHIOETHCS B MPOLEC]
PYXY, 1 € BEeIMYMHOIO, III0 MOKE MaTH TUCKpETHY 0e3mid 3HaueHsb: di, dz, ... dn. OCKUIBKHU KITBKICTD
YaCTOK y mapi Beiauka, To d MO)KHA HaJlaBaTH JIOBIIBHI 3HAYCHHSI B IHTEpBaITl 3aaHOTO mmapy ¢pa-
KIIiif, 1 TAKAM YHHOM, BBaXKATH i1 BETMUMHY Oe3nepepBHOIO (puc. 2.).
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Puc.2. Cxema po3ranryBaHHsa MaTepiary Ha TPOXOTi:
|, b-moBkuHa i mupuHa cuta; hy, hy- BHCOTa HaaPENTITHOTO i MiPEIIiTHOTO MPOAYKTY; S - miomIa cuta; Al - minsHKa
cuta; I, d - cepenHiii JiaMeTp HAAPEIIITHHUX 1 MiAPEIIiTHUX MPOIYKTiB; O-TOBIIUHA MIPOBOJIOK CUTA; Vi, Vi — 00’ eM
HAQJIPEIIiTHOTO 1 MigPEIiTHOTO MPOIYKTY
Fig. 2. Scheme of the location of the material on the screen:
I, b - length and width of the sieve; xu, hri- height of the superlattice and sublattice product; S - sieve area; Al - section
of the sieve; /1, d - the average diameter of the superlattice and sublattice products; 8-thickness of sieve wires; Vn, Vp
- the volume of the superlattice and sublattice product

Buxonsun i3 1pOro NMPUIYIIEHHS! CUCTEMY YaCTOK MOYKHA 3aMIHHTH ii Oe31mepepBHOI0 MO-
JIeIJUTI0, a IPOYKTUBHICTh /7 Oyie BU3HaUaTUCA 3a GOPMYIIOKO:

I1=V/t=bhv=bhl/t=sh/t, (1)

ne V — 06’em mmapy MaTepiany Ha cuTi, M°, t - 4ac TPaHCTIOPTYBaHHS MaTepialdy MO CHUTY, C; b -
mMpHUHA cuTa, M; | - IOBXKMHA CUTa, M; S - IUIoma cuTa, M%; h — cepeiHs BUCOTA Iapy Ha CHUTI, M; V
- IIBUAKICTH TPAHCIIOPTYBAHHSI, M/C.

006’eM MOKHA IPEICTABUTH SIK CYMYy 00’€MIB HaJPEILIITHOTO 1 MIPELIITHOrO MaTepiaiB:

V=V.+V.=S h +S h_, (2)
SIKIIO PO3IUTMTH CUTO TI0 TOBXKHHI Ha piBHI aAistHKE Al (puc. 2) To
Al=l/n=const, 3)

ne N - noBuibHE yncio. Toai 06’eM Vi, po3noaIIUThCS pIBHUMU
nopuismMu V1o Al:

V.=Al_h b =const, 4)

1ie K - Homep Biapizka Al.

Po3noainenuit TakuM YMHOM 10 JTOBXHUHI | 00°eM Vi yTBOpIOE IIap 3 BUMIpaMu Mapaieri-
ney, yCepeIHIOI0YH HEOTHOPIAHICTh CKIIaJ0BHUX HOTO 3epeH. s mpoaykTy 00’eMoM Vy; 11€ 03Ha-
yae, 110 BCl YapyHKHU CUTA, Yepe3 sIKl BIH OTPUMYETHCS, AJI BUMAJKY LIIIBHOTO CYMIIIEHHS YTBO-
PIOETHCS MPSMOKYTHHK, TUIOIA SIKOTO IOPIBHIOE Sy. BUKOPHCTOBYIOUM BipOTiAHICTH MPOXOKEHHS
YaCTUHOK 1 repeadavyarouu, mo 3a KOXKHOTO KUIKa mapy Vi Ha CUTO 1O HOTO MIMPUHI BUCIBAETHCS

"Baxkux" 3epen N=b, /d_ im0 noexuni cuta N=1/d  , oTpuMaemMo 06’€M rpaHMYHHX 3€PEH, K

COPTYIOTHCS 32 OJJUH KUJOK LIapy Ha CUTI:
V,=(nd, b,x1)/6. (5)
Toi mpOAYKTUBHICTb 110 COPTYBAaHH1 BaXKKUX 3€pEH CTAHOBUTHME:!
I1,=V,/T=0,08d, 8, lo. (6)

BiamoBigHo 3aranpHa onTHMaIbHA MPOAYKTHBHICTD 32 )KHBJICHHSIM:
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T1=100I1,/C, . (7

Tenep po3rasHEMO PyX OJWHUYHOI YACTUHKH 110 TIOBEPXHI CHUTA, SIKE 3MIMCHIOE KOJTUBAHHS
32 HAMOUTBII 3aralbHUMHU 3aKOHAMH (pHUC. 3) 3 METOI0 BU3HAUEHHS palllOHAIBHUX MTapaMeTpPiB Ipo-
XOTa.

Puc.3. Po3paxyHkoBa cxema NpoLecy pyXy YaCTUHKHU IO CUTY
Fig. 3. Calculation scheme of the process of movement of a particle through a sieve

JudepenuianpHi piBHSHHS BIIHOCHOTO PyXy YaCTUHKH HAJl IOBEPXHEIO CUTA B MOB'A3aHIN
3 HEI0 PyXOMOIO CHCTEMOIO KOOPAMHAT:

Vy. =-gcosa+X, 0, sin(o t+f), (8)
y'=Vy, (9)
V.. = gsino+X, m, *cos(, t+£, ), (10)
X'=V,, (11)

ne Vyx 1 Vy — npoekIii MIBUAKOCTI BiTHOCHOTO pyXy YacTUHKH, a OcTaHH1 AojaHku B (8) 1 (9) Bin-
MOBIAAIOTh CUJIaM 1HEpPLii IEPEHOCHOTO PYXY

F =mw’X,sin(w, t+f,), (12)
— 2 :
F=mo X sin(o,t+,). (13)

PiBHsiHHA (8) 1(9) HE BpaXOBYIOTh CUJIM OIOPY MOBITPS pyXy 4acTKU. YaCTHHKA, 110 JIE)KUTh
Ha TIOBEPXHI CUTA, IEPEXOUTh Y CTaH BUILHOIO MOJIbOTY, 3yMOBJIEHOT0 piBHSAHHIMH (8) — (11), 3a
YMOBH, 110

waisin(wyﬁfy )>gcosa. . (14)

3a IoCATHEHHsI y BUTbHOMY MOJIBOTI moBepxHi cuta (y'=0) yacTuHka 31iHCHIOE yaap 1o
MOBEpXHi cuTa. 3MiHa i HIBUAKOCTI B1Jl y1apy Moke OyTH OIKCaHa CIiBBITHOLIEHHSIMHU HETIPYK-
HOTO yJiapy

V=RV, (15)
+ - -
V, =v, -f(R+1)V,, (16)
ne R — koeillieHT B1IHOBJIEHHS IBUIKOCTI BiJ yaapy, f — KoedillieHT TepTs YaCTUHKH 3 MOBEPX-
HEIO CHTa, IHACKCH «—» 1 «+» BIANOBIIAIOTH CTaHAM 0e3MOoCepeHbO 0 W MICHIs yaapy. 3 OJHOTO

00Ky, 32 EKCIIEpUMEHTAILHOTO BU3HAUEHHS LIMX KOe(illi€HTIB HAsIBHOIO € CYTTEBA HEBU3HAUEHICTH,
a3 IPyroro — B peaJbHUX yMOBAaX YaCTHHKA BIApSAEThCSA HE 00 MOBEPXHIO CUTA, a 00 I1ap YaCTUHOK
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Ha Hil, Tics Yoro ii BiTHOCHA MIBUIAKICTh MPAKTUYHO JAOPIBHIOE HYIJIO. TOMY 3 IPUHHATHOIO JJIS
MPAKTUYHUX PO3PAXYHKIB TOYHICTIO MOXHA BBAXKATU V; =V;=0 npu xoxxHoMy ynapi. Koedimient

Tepts f OyZaemMo BU3HaUaTH K KOe(iieHT BHYTPIIIHBOTO TEPTS 200 KyTOM MPUPOJHOTO YXUITY CH-
nKkoro Marepiaiy. Ilicas monajaHHs YaCTHHKM Ha MMOBEPXHIO CHTA 3 [IapaMy YaCTHHOK Ha HbOMY

MO>XKJIMBUMHU JICKUJIbKA BapiaHTIB 1 MOaIbIIOT MOBEIIHKH: SIKIIO waisin(wyﬁfy )>gcosa., TO Jac-
TUHKA BiIPUBA€ETHCS BiJ MOBEPXHI i MPOJIOBKYE PyX HAJ MOBEPXHEIO BiAIOBITHO A0 PiBHAHB (8) —
(11); sIK1I0 B MOMEHT TPHETHAHHS YaCTUHKH JIO TIOBEPXHI i MPOTATOM JISSKOTO HACTYITHOTO IPO-
MDXKKY 4acy waisin(wyﬁfy )<gcoso., TO YACTMHKA 3aJIMIIA€THCS Ha IOBEPXHI JOTH, JOKU HE TIOMi-

HAETBCA 3HAK HEPIBHOCTI. I pyX y3/10B3K MOBEpPXHi CHTa IIPOTATOM I[OTO HPOMIKKY Yacy BU3HAYA-
€THCS] TAKUMH YMOBAMHU:

SIKIIIO
‘(gcosa—Xyoaf,sin((oytJrfy ))‘ > ‘gsina+XXmisin(th+fx )‘ ) (17)
TO
vV, =0, (18)
1 YaCTHHKA € HEPYXOMOIO Ha TMIOBEPXHI CUTa,
SIKIIIO
‘(gCOSa-Xymisin(mnyy ))‘ f< ‘gsina+XXcoisin(a)xt+fx) (19)
TO
VX. =gsino+X, o, *sin(o, t+f, )-f(gCOSOL—Xy(DyZSiIl((DyH‘fy ) (20)
X'=V,. (21)

OTxe, yaCTMHKA PyXa€eTbCs y3J10BK MOBEPXHI MiJT JI€0 MPOEKIIii CUIIM Bard, 3MIHHOI CHIIN
TepTs, 3yMOBJICHOT 3MIHHUM MIPUTUCHEHHSM YaCTKHU J10 OBEPXHI, 1 3MIHHOT [103/10B)KHbOT CHJIN 1HE-
puii IepeHoCHOro pyXy. YncenbHl €KCIEPUMEHTH 3 OMKMCAHOIO BUIIE MOJIEIUIIO JalOTh 3MOTY BHU-
3HAYUTU XaPaKTEPUCTUKU PYXY YACTKU HaJl TOPU30HTAIBHOIO MTOBEPXHELO, 1110 3/1MCHIOE BEpTHKA-
JIbH1 KOJINBAHHSA, HEOOX1/IH1 U1 PO3IJIsAY NEPIOAMYHOTO COPTYBaHHS. [3 IMX XapakTepUCTUK BaxK-
JMBHMHU € aMIUTITYAa Xo1 4acToTa w KOJIMBAHb Ta YAaCTOTa KOHTAKTIB YAaCTOK 3 MOBEPXHEIO, SIKI 1
BH3HAYAIOTh YMOBHU MPOXOJ/KEHHS YAaCTOK Kpi3b OTBOPHU cHUTa. PO3paxyHKH CBiI4aTh, 1110 HE3ale-
’HO BiJl TOYaTKOBOI (ha3u JOCUTH MIBUJIKO (GOPMYETHCS LIUKI PyXy YaCTKH, 3 SIKOTO JIETKO BU3HA-
YUTH aMIUTITYAy ii MiJKUIaHb HaJ TOBEPXHEIO I mepioj KOHTAKTIB 3 Heto. Ha puc.4 BinoOpaxeHo
BIUIMB KPYTOBOiI YaCTOTH w ¥ aMIUTITYIU X KOJMBaHb NOBEPXHI HA aMILTITYyy pyXy YacTKH. 3a am-
IUTITYAU SMM BIIpUB YaCTKH BiJl IOBEPXHI CUTA MMOYMHAETHCS 3a KPyroBoi yactotu 45pan/c, a 3a
aMILTITYau 2,5MM — B3araii 3a 4acTotu 63paj/c.
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Puc.4.3MiHa aMILTITY /11 YACTHHOK ‘MaTepiay ‘B 3aJICKHOCTI  Bil-
YaCTOTH ‘KOJIHNBAHE TIOBEPXHI |
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Fig. 4. Change in the amplitude of material particles depending on the frequency of surface vibra-
tions

Ha puc.5 nokazano BIUIMB KpYroBOi YaCTOTH 1 aMILUTITYIU TIOBEPXHI HAa YaCTOTY KOHTAKTIB
YacTKH 3 NOBepxHero. TyT Ui KOXKHOT aMIUTITYIM € CBOSI 4YacTOTa 0O0epTaHHsI, BiJIIOBiHA MaKCHU-
MaJIbHIH YacTOTI KOHTAKTiB, TOOTO HAMOLIBII IMIBUAKOMY MPOXOKEHHIO YaCTOK KpPi3b OTBOPH.
[1pore 3a yactotu 50 paj/c BIUIMB aMILTITYAX IOBEPXHi HA YaCTOTY KOHTAKTIB BUSBIISETHCS HE Ha-
6araro OLIBIIIM.
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Puc.5. BriuB 4acToTH KOJMBaHb IPOX0Ta HA YACTOTY KOHTAKTIB YACTOK 3 HOT0 MOBEPXHEIO 32 Pi3HUX aMII-
nityx (1- X=10mm, 2-8mmM, 3-6Mm)
Fig. 5. The effect of the vibration frequency of the screen on the frequency of contact of particles with its
surface at different amplitudes (1-X=10mm, 2-8mm, 3-6mm)

Pe3ynbTaTH OIIHKM ICHYIOUMX MAaTEMAaTUYHUX OMKCIB PyXY I'POXOTY 3aCBiIUYIOTh 3aCTOCY-
BaHHSI PI3HUX MIIXO1B, BHACTIJOK BUHUKAIOYO1 CKJIaJIHOCTI BpaxyBaHHS MacH MaTepiaiy B po3pa-
XYHKax napaMmeTpiB rpoxota. Takuii miaxij 3MyIIyBaB KOPUCTYBAaTHCS €MIIPUYHUMHU 3aJ€KHOC-
TSMU ]ISl BU3HAYEHHS MapaMeTpiB rPOXOTIB, [0 CTPUMYBAJIO MOLIYK METO/IiB MIABUILEHHS e]ek-
TUBHOCTI T'POXOTiB. BUKOHAHUMU JOCIIPKEHHSIMH BU3HAYEHA PO3paxyHKOBa MOJIEINb (puUc. 2), aKa
IIPEJICTaBIISIE TPOLIEC COPTYBAHHS, SIK ACSIKUN YIOPSAAKOBAaHUI MPOLIeC PyXy BEJIUKOI KITBKOCTI pi3-
HUX YacTOK B Iapi Ha cUTi. MaTeMaTH4Ha MOJENb, 110 Bi1oOpaXkae pyx YacTOK IO MOBEPXHI cUTa
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Jlajia MOKJIMBICTh BHSIBUTH BIUTMB YacTOTH KOJIMBaHb Ta KyTa HAXMIy Ha €(PEKTHBHICTH TPOXO-
yeHHs. Tak, 31 301IbIICHHSAM YaCTOTH KOJMBAHHS M aMIUTITYAH KOJUBaHb KOpoOa 301IBIIYEThCS
BIJIPUB MaTepially i MIBUJKICTH IEPEMIIIIEHHS Ta IPOXOKEHHS MaTepialy Kpi3b OTBOpHU cuTa. Bera-
HOBJICHO, 1110 IIBUAKOCTI YaCTOK Mae€ Oibllle 3HAYEHHS 32 YaCTOTH KOJMBaHb KOpPOOa, sSika Ma€ Yu-
CJIOBI 3Ha4YeHHs B Mexkax o = 45...85 pan/c. 3a 3MiHu KyTa Haxuiy cuta Bia 14° no 20° koHIIeHTpa-
1is1, 1 MIBUJKICTh COPTYBaHHS MarOTh OUIBIN CTaNMi Xapaktep. Ha mporiec copTyBaHHS BiA4yTHO
BIUIMBA€ WMOBIPHICTh MPOXOKEHHS 3€PEH Kpi3b OTBOPHU cuTa. 3'ICOBAHO, 10 MMOBIPHICTH 3alie-
XHTh Bl pO3MIpy MPOXOJOBUX YaCTOK, TUHAMIYHHX MapaMeTPiB KOJIMBAaHb IPOXOTY, KOHCTPYKIIiT
cuta, GOpMHU OTBOPIB CUTA, KOoe(illiEHTa )KUBOTO MEPETHHY (BiTHOMICHHS IUIONII OTBOPIB Y CBITII
JI0 3arajibHOi TutoIi cuta). CepeiHs MIBHIKICTh MPOXOHKEHHS YaCTOK Kpi3h CUTO BU3HAYAETHCS
YaCcTOTOI KOHTAKTIB YaCTOK 3 TIOBEPXHEIO 1 CITIBBITHOIICHHSM pO3MipiB YacTKH i oTBOpY. Ha da-
CTOTY KOHTAKTIB YaCTKH i3 CUTOM BIUIMBAIOTh aMILTITy/1a i 4acTOTa KOJHMBAaHb IMOBEPXHI TPOXOTA.
Lt yacTuHA TOCTIIKEHb B YMCIOBUX 3HAUEHHX 3TaJaHUX BUILE TapaMeTpiB MOTpeOye T0JaTKOBUX
JIOCJTIJIDKEHbB, 10 € OOMEXEHHSM pe3yiabTaTiB AaHoi ctarTi. OIliHKa KMOBIPHOCTI MPOXOHKCHHS Ya-
CTKH Kpi3b OTBIp CHTa nepeadadeHa B MOJANBIINX JOCIIPKEHHSIX aBTOPIB.

6. BucHoBku. IcHyI04Yl MaTeMaTUyHi MOJENI OMHUCY PYXY IPOXOTy MOOYI0OBaHI B OCHOB-
HOMY Ha BH3HAUYCHI aMIUTITYJIM Ta YAaCTOTH KOJIMBaHb 3aCTOCYBAaHHIM EMITIPUYHUX 3aJICKHOCTEH,
10 CTPUMYE PO3BUTOK HOBHX KOHCTPYKTUBHHUX Ta TEXHOJOTIYHUX PIIICHb IMiBUINCHHS €(PCKTHB-
HOCTI ITPOIIECIB COPTYBaHHS.

BUsIBICHO BIUIMB YaCTOTH KOJIMBAHb Ta KyTa HaXwiy Ha e(eKTUBHICTh rpoxodeHHs. Tak, 31
301IBIICHHSIM YaCTOTH KOJIMBAaHHS W aMIUTITYyIM KOJHMBAaHb KOpoOa, 301IbIIYETHCS BIAPUB MaTepi-
aiy 1 MBUJIKICTH MEPEMIIIEHHS Ta MPOXOKEHHS MaTepialy Kpi3b OTBOPH CHUTA.

[ToTpeOye 101aTKOBHUX JOCIHTIIKEHb HMOBIPHICTh TPOXO/KEHHS 3€PEH KPi3b OTBOPH CUTA, SIKa CYT-

TEBO BIUIMBAE HA MPOIIEC COPTYBAHHS 1 3aJIKUTh BiJl pO3MIpY MPOXOJAOBUX YaCTOK, TUHAMIYHHX
napamMeTpiB KOJIMBaHb TPOXOTY, KOHCTPYKIIi cuTa, GopMu 0TBOPIB cuTa, KOoe(illieHTa KUBOTO I1e-
peTuHy.

Choucok BUKOPUCTAHHUX JZKEPET:

1. Bacunenxo M.B. Teopist KoNUBaHb 1 CTIHKICTD pyxy: miapyuHuk / M.B. Bacunenxo, O.M.Anexceiiuyk. —
K.:Buma mxoga, 2004. — 525¢.

2. Jlaneyv O.C. BucokoehekTHBHI MXKpE30HAHCHI BiOpalliifHi MallHU 3 €NEKTPOMArHiTHUM TPUBOAOM /
O.C. Jlaneyw. — JIbBiB: JIpBiBChKa momiTexHika, 2008. — 324c.

3. Haoymeiii B.I1, BubpanoHHoe TpOXOYeHHWE TOPHOW MAachl MOBBIIMICHON BIAXHOCTH / B.I1.Hadymulii,
B.B.Kanunuyenxo, Inenponerposck HI'Y Vikpaunsr. 2004. — 135c.

4. Hazapenxo I.1. Mamnau a5 BupoOHHMLTBa OyaiBenbHuX Marepiaiis. — K.: "BIIIOJI", 1999. — 488 c.

5. Hasapenxo 11, Tymancvxa O.B. Mamunu 1 ycTaTKyBaHHS HANPUEMCTB OyaiBenbHUX Marepiaiis. — K.
Buma mxona, 2004. — 590 c.

6. Hazapenxo 1.1 Tlpuknanni 3agaqi Teopii BiOpaniitaux cucrteM. HapuansHuii mociOHuk (2-e Buganns) / L1
Hazapenxko. — K.: Bumasanunii Jlim «Croso», 2010. — 440 c.

7. Ivan Nazarenko; Artur Onyshchenko, Serhii Oryshchenko,; Oleg Fedorenko,; SergiiTsepelev; Liudmyla
Titova. Research of technical systems of materials sorting processes 2021, Kyiv —P.43-56.

8. Haszapenxo 1.1, Opuwenxo C.B., Knumenxo M.O., Hapuansuuii mocioHuk “CuHTE3 MAIUH i 0018 THAHHS
OyaiBenbHOT iHAYCTpii”, 2023p-c.84.

9. Hazapenxo 1.1, bepnux .M. OCHOBY TIPOEKTYBaHHsI 1 KOHCTPYIOBaHHS MalllMH Ta 00Ja{HaHHS niepepo0-
HUX BUPOOHHMITB. HapyaibHWi MOCIOHMK Ui BUIIMX HaBYalbHUX 3akiaaiB. — K.: BugaBauuuit [lim
«CnoBo», 2012. — 590 c.

10. Hazapenxo 1.1., bepuux L. M., Kyszbmineyv M.I1., Onuwenxo A.M., TexHidHI OCHOBH CTBOPESHHS MaIlIHH:
Minpyunwuk. 3a 3aranpHoro penaxmieto 1.1. Hazapenka. K.: Bunasaunrso Jlroqmmita, 2018. 308 c.

References:

1. Vasylenko M.V. Theory of oscillations and stability of motion: a textbook / M.V. Vasylenko, O.M.

32


https://doi.org/10.15587/978-617-7319-49-7.ch3
https://doi.org/10.15587/978-617-7319-49-7.ch3

Burnycx/lIssue 1(38), 2023 T ‘

Alekseichuk. - K.: Higher school, 2004. - 525p.

2. Lanets O.S. Highly efficient interresonance vibration machines with an electromagnetic drive / O.S. Lanets
— Lviv: Lviv Polytechnic, 2008. — 324p.

3. V.P. Nadutyi, Vibration of rock mass of increased humidity / V.P. Nadutyi, V.V. Kalinichenko,
Dnepropetrovsk National University of Ukraine. 2004. — 135 p.

4. Nazarenko 1.1. Machines for the production of building materials. - K.: "VIPOL", 1999. - 488 p.

5. LI Nazarenko, O.V. Tumanska. Machines and equipment of construction materials enterprises. - K.:
Vyshcha shkola, 2004. - 590 p.

6. Nazarenko I.1I. Applied problems of the theory of vibration systems. Study guide (2nd edition) / LI.
Nazarenko. - K.: "Slovo" Publishing House, 2010. - 440 p.

7. Ivan Nazarenko; Artur Onyshchenko; Serhii Oryshchenko, Oleg Fedorenko,; Sergii Tsepelev, Liudmyla
Titova. Research of technical systems of materials sorting processes 2021, Kyiv — P.43-56.

8. Nazarenko 1.1., Oryshchenko S.V., Klymenko M.O., Study guide "Synthesis of machines and equipment of
the construction industry", 2023-p.84.

9. II. Nazarenko, I.M. Bernyk. Basics of design and construction of machines and equipment of processing
industries. Study guide for higher educational institutions. - K.: "Slovo" Publishing House, 2012. - 590 p.

10. LI Nazarenko, I.M. Bernyk, M.P. Kuzminets, A.M. Onyshchenko, Technical basics of creating machines:

Textbook. Under the general editorship of I.I. Nazarenko K.: Lyudmila Publishing House, 2018. 308 p.

33



T Y Texuika OymiBHHIITBA Bumyck/Issue 1(38), 2023

YOK 621.4
DOI https://doi.orq/10.32347/th.2023.1-38.0201

Irop KocMunHcbkumn

KaHaAnOaT TEXHIYHMX HayK,

poueHT kadeapy MawvH i ObnagHaHHa TexHonoridHux MNpouecis,
KuiBcbknin HauioHanbHuin YHiBepcuteT byaiBHuuTBa i ApXiTEKTYpH,
npocn. MNositpodnotcekuin 31, M. Knie, 03037, YkpaiHa

ORCID: https://orcid.org/0000-0003-0234-7166

E-mail: kosminskyi.iv@knuba.edu.ua

Inna CaHkiH,

CTyAeHT cneuianbHocTi 133 «l"anysese MalwmHObyQyBaHHA»
KuiBcbkun HauioHaneHun YHiBepcuteT byaiBHuUTBa | ApXITEKTYPM,
npocn. MNositpodnotceknnn 31, M. Knie, 03037, YkpaiHa

E-mail: sankin _ko@knuba.edu.ua

KaTtepuHa JleBuyk

cTygeHTka crnieuianbHocTi 133 «Many3eBe mMalLUMHOOYAyBaHHSA»
KuiBcbknin HauioHanbHuin YHiBepcuteT byaiBHuuTBa i ApXiTEKTYpH,
npocn. MNosiTpodnotcekun 31, M. Knis, 03037, YkpaiHa

E-mail: levchuk iy@knuba.edu.ua

BUBIP CTIPNIHI TEXHONOTI, K LWNAX A0 EHEPTO3BEPEXEHHA TA CKOPO-
YEHHA BUKOPUCTAHHA TPAOULIMHUX EHEPTOPECYPCIB

ABSTRACT. lNpoaHarnizoeaHO MOXIu80CMEi sUKopucmaHHs1 0suayHie CmipsiiHea 8 sKocmi  eHep-
20r1epemeoproyoi mexHiku. B enobanbHoMy 02r1si0i mexHorioeill nepemeopeHHsT eHepeaii 8iH au3HaHul
dsuzyHOM 3 nomeHuyianiom 0risi nodanbuio2o po3sumky. Bucokuti KK, npocmoma ma HadiliHicmb KOHCmpy-
Kuii dgueyHa CmipniHea 3yMo8/1orombe egheKmusHicmb 1020 BUKOPUCMAHHS Y PI3HUX eHep2emuUYHUX ycma-
HoBKax, 30Kpema 8 Ko2eHepaUiliHux. Halbinbw nepcriekmusHUM HarpsMKoM po3eumky deueHmparizosa-
HO20 mernonocmayYaHHsl 3 MOYKU 30Ppy MaKcuMallbHO20 HabruxeHHs Oxepesia mernsa 00 crioxueada €
gUKOpUCMaHHSI mernao8ux Hacocie. BukopucmaHHs mennogux Hacocie 00380715i€ CKOPOMUMU CroXueaHHS
nanusHux pecypcie Ha 10% Ha pik ma ymurnizygamu eidnpaybo8aHe mersio 3 Ha8KOUWHbO20 cepedosuuia.

Knroyoei cnioea: eHeprosbepexeHHsi, ABuryH CTupniHra, KoreHepauiviHi yCTaHOBKW, TENnoBi Ha-
COCU, eneKkTporeHipaTopu.

CHOOSING STIRLING TECHNOLOGY AS A WAY TO ENERGY SAVING AND RE-
DUCING THE USE OF TRADITIONAL ENERGY RESOURCES

ABSTRACT. The possibility of using Stirling engines as energy converting equipment is analyzed.
In a global review of energy conversion technologies, it is recognized as an engine with potential for further
development. The high efficiency, simplicity and reliability of the Stirling engine design determine the effec-
tiveness of its use in various power plants, in particular in cogeneration ones. The most promising develop-
ment direction of decentralized heat supply from the point of view of bringing the heat source as close as
possible to the consumer is the use of heat pumps. The use of heat pumps allows you to reduce the con-
sumption of fuel resources by 10% per year and dispose of waste heat from the environment.

Key words: energy saving, Stirling engine, cogeneration plants, heat pumps, electric generators.

V Bcix po3BHHEHHUX KpaiHax cBity (mepu 3a Bce, €C 1 CIIIA) ocHOBOIO iHHOBAIIHOTO Po-
3BUTKY IMPOMHUCIIOBOCTI CTA€ 3aBJaHHS Mepexoy Ha HOBUN TEXHOJOTIYHUI piBEHb, MOB'A3aHUM 3
eHepro30epexeHHs, €KOJIOTii Ta CKOPOUEHHSIM YaCTKU BUKOPUCTAHHS TPAIUIIMHUX €Hepropecyp-
ciB. Tak, 1o 2025 poky B kpainax €C 6ubiie 20% eHeprii BUpOOISITUMETbCS 3a paXyHOK BUKOPH-
CTaHHS aJIbTEPHATUBHUX 1 TOHOBIIOBAHUX BU/IB MajuBa. [1].

Sk Big3HavaroTh aBTOpH [2,13] y CBITOBUX Orfisfifax MO €HEpProlepeTBOPIOIOYIN TEeXHIL,
nBuryH CTipiiHra po3risgaeTbcsi SK JABUTYH, IO BOJIOJIE€ MOXJIMBOCTSAMH Ui MOAAJIBIIOL
po3pobku. [[Buryn CripiiHra BIZHOCHTBCS 10 KJacy JBWUTYHIB 13 30BHIINIHIM TIiJBEICHHSIM
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tertotH ([A3I1T). ¥V 3B’s13Ky 3 iuM, B mopiBHsHHI 3 JIB3, B aBurynax CTipiiHra mporec ropiHHS
3IIMCHIOETHCS 1032 POOOUMX IMUTIHIPIB 1 MPOTIKAE OLIBII PIBHOBAXHO, POOOUYUI IIUKIT peaizy-
€TbCS B 3aMKHYTOMY BHYTPIIIHbOMY KOHTYP1 IPH MaJIMX IBUAKOCTAX MIABUIIEHHS THCKY B LH-
JTiHApax JBUTYHA, IUIABHOMY XapaKTepy TEIUIOTiAPaBIiYHUX IPOLECIB poOOYOro Tijia BHYTPIl-
HBOT'O KOHTYPY, MPU BIJICYTHOCTI ra30pO3MOALUIBUNX MEXAHI3MIB KJIANaHIB.

CyuacHi TpaIuliiiHi CHCTEMHU aBTOHOMHOTO €HEPrornocTayaHHs Ha OCHOBI TEPMOMEXaHiy-
HUX YCTaHOBOK OyJIM aJanToOBaHi J0 PiBHS CyCHUIBHOTO 1 TEXHOJIOTTYHOTO PO3BUTKY. OIHAK, 3pOC-
TaHHS HaraJbHUX HalllOHAJIBHUX 1 TTI00aIbHUX MPOOJIeM, TaKUX K BUCHAXEHHS IMPUPOIHUX peCy-
pCiB, €HepreTH4YHa Kpu3a, 3a0pyJHEHHS HaBKOJUIIHBOIO CEPEJOBHUIIA, PyHHYBaHHS O30HOBOIO
HI1apy i MOCHJICHHS ITAPHUKOBOTO e(EKTY, 3yMOBHUIN HEOOXIAHICTh MPUUHATTS Y JPYTil MOJOBHHI
20-TO CTOMITTS HU3KU BOXKIMBUX MDKHAPOIHUX 1 YKPATHCHKUX 3aKOHIB 3 TUTaHb €KOJIOT1i, IPHPO-
JIOKOPUCTYBaHHS Ta eHeprozoepekerHs.[3,4]. OCHOBHUM 3MICTOM WX 3aKOHIB OYJIO CKOPOYCHHS
BukuaiB CO2, npunuHEHHs BUPOOHUIITBA 030HOPYHHIBHUX pedoBHH 1 (ppeony R-12, xomomgoare-
HTY, III0 BUKOPUCTOBYETHCS B MapoKoMIpeciitHux xonoamiasHux Mammuax (IIKXM), pecypco- Ta
eHepro30epeKeHHs, a TAKOXK Mepexi] aBTOMOOUILHOIO TPAHCIIOPTY HAa €KOJIOTTUYHO YMCTE MAJIHUBO.

Jo nepesar mammH CTipiiHra MOXHa BiTHECTH HACTYIIHI KIIFOYOBI OCOOJIMBOCTI, K1 € yHi-
KaJbHUMU AJ1s1 MatuH CTipiiHra i € nepeyMoBOO X IIMPOKOT0 3aCTOCYBAaHHS MPAKTUYHO Y BCIX
TaTy3sX TPOMHCIIOBOCTI 1 TEXHIKU

- CaM TepMOIMHAMIYHHUI UK Ha3BUYAiHO YHIBEpCAIbHUI 1 MOke OyTH mepepoOiaeHuit
JUTS CTBOPEHHS TIEPETBOPIOBAYIB SIK MPSIMOTO, TAaK 1 3BOPOTHOTO LIUKITY;

- HaiiBumia eneproedextusHicts (Teopetnunuii KKJI ineanpHoro nukny mammuau Cripii-
ara gopisaroe KK/I muxiry Kapno);

- Bucokuii cTyniHb €KOJOT1YHOT YUCTOTH SIK caMOl MalllMHH, TaK 1 BUXJIOMHUX ra3iB BiJl il
pobortu;

- BuxopucranHs MiclieBOT CUPOBHHHM Ta HETPAJAULIIHHUX JPKEPEN TeIlla, TAKUX SIK COHSYHE
TETUI0, TPUPOAHUH Ta3, TOP(P, BT TOMIO.

VY rio6ansHOMY OTJIsA/II TEXHOJIOTiH epeTBopeHHs eHeprii nBuryH Cripiinra OyB BUBHaHUN
JBUTYHOM 3 ITOTEHIIAJIOM JJIS TO/IaJIbIIOT0 PO3BUTKY. HU3bKNMI piBEeHb ITyMy, HU3BKHUI1 PIBEHD BU-
KUJIB, 3AaTHICTh MpAIfOBaTH Ha PI3HUX BUAAX NaJMBa, TPUBAIUI TEPMiH CIyXOHU, HOPIBHAHI pO3-
MIpH 1 Bara, XOpoIli XapaKTepUCTUKH KPYTHOTO MOMEHTY - L€ T1 TapaMeTpH, Kl 103BOJISTH JBUTY-
HaM CTipJiiHra 3aMiHUTH ABUTYHU BHYTPIIIHbOT 0 3ropsiHHs ([IB3) B HailOmmxkuoMy MaiiOyTHEOMY .

JBurynu CripiiHra Hajiexarb 10 Kjiacy ABUTYHIB 13 30BHIIIHIM I1JBEJCHHSIM TEIIOTH
(ABT). Tomy, NOPIBHSIHO 3 JIBUT'YHAMM BHYTPIIIHBOTO 3rOPsiHHA, ABUTYHU CTipIiHra MmpauoTh
OUTBII PIBHOMIPHO, a MPOIEC 3TOPSHHS BIAOYBAETHCS 1032 POOOYMM HIITIHAPOM. PoOoumii muk
3/1ICHIOETHCA B 3aMKHYTOMY BHYTPIIIHBOMY KOHTYP1 3 BIIHOCHO HHU3bKOIO IIBUJKICTIO IiJBU-
IIEHHS TUCKY B IMJIIHJPI JBUTYHA, TUIABHUMHU TEIUIOT1APaBIIYHIUMHU MIPOIiecaM B poOOUHX efemMe-
HTaX BHYTPIIIHBOTO KOHTYPY 1 BIICYTHICTIO IIIJIEMAKOBOTO MEXaHi13My ra30po3MoAily.

[ITupoke BUKOPUCTaHHSA aBTOHOMHHUX JKEpETT €Heprii, 110 MPalioTh Ha MiCLIEBOMY HaJIUBI,
BiJ0Opakae CBITOBY TEHJEHIIIIO /10 €Hepro- Ta pecypco3depexeHHs. Lleit HanpsMOK IHTEHCHUBHO
PO3BHMBAETHCS y KpaiHax, 110 MalOTh 3HAYHUH 3amac 6iopecypciB (J1icH, Topd'sHUX OOJIIT TOIIO):
[Beuii, Hopgerii, danii, ®innguaii, npudbantiiicbki kpainu. Hailbinpmmx pesynbTatiB Jgocsriia
IBernis. [Ipupoanuii ra3 sk eHepreTUUHEe NaJMBO B IIBECHKil eHepreTHlll 3aiiMae Tpoxu Oublie
2%, Toxi sik 6iopecypcu narTh Oinble 21% Bia 3aranbHOT0 00CATY oepKyBaHoi eHeprii.[5] 3ara-
JoM y KpaiHax €porneiicbkoro Coro3y 01m3bk0 14% 3araiabHOi eHeprii oTpuMaHo 13 6iopecypcis
[6]. B Inaii mporpama aenieHTpanizaliii BUpoOHHIITBA eHeprii, iHiiioBaHa y 1995 portii, 103BOIUTH
BXKE HAHOIMKYKUM yacoM 3a0e3MeunTy OTPUMAaHHS eHeprii 3 OiopecypciB y KimbkocTi 44% Bix 3a-
MJIAHOBAHOTO CTIOKUBAHHS €JIEKTpoeHeprii[7].

B nanwii vac Huskoro npoinHux kommnanii (Philips, STM Inc., Daimler Benz, Solo, United
Stirling) po3no4yaro BUpOOHUILITBO JBUTYHIB, TEXHIYHI XapaKTEPUCTUKH SKHX BXKE 3apa3 MepeBep-
mytoth [IBC 1 razoryp6inni ycranoBku (I'TY). i asurynu marots epextuBauit KK (no 45%),
nutoMy Macy Bia 3,8 o 1,2 xr/kBT, pecypc 10 40 Tuc. ronus Ta notyxHictb Big 3 1o 1200 kB1[8].
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Bucokwuit KK/, mpocroTa Ta HamiiHICTh KOHCTPYKITi 1BUTryHa CTipJliHra 3yMOBITIOIOTH €de-
KTUBHICTh 1Or0 BUKOPUCTAHHS Y COHSYHHMX €HEPreTHYHUX ycTaHoBKax. COHsSYHE CBITIO (hOKYCY-
€ThCS YBITHYTUMH J[3€pKaJIaMU JUTsl pO3IrpiBYy JBHUTYHA (K JDKEPENO TeIia). Y poiti 0X0J10/KyBadya
MOYKE€ BUKOPHCTOBYBATHCS HAaBKOJIMIIHE aTMOc(epHe MmoBiTps. Posib TAKOTO €KOJOT1YHO YHCTOTO
JOKEpesia eHeprii y CBIT1 JIETKO OLIHKUTH. 3 BIIOMHX MPAKTUYHO Peasli30BaHUX COHIYHUX YCTAHOBOK
JUTSI OTpUMaHHS eiekTpoeHeprii Haioinpmmm KK/ MaroTh ycTaHOBKH 3 TapaboTigHuM 3epKaiaMu
1 neuryHamu Cripiinra [9]. KoHnieHTpaTop 3 ABOMa CTyneHsIMH CBOOO U BijoOpaxkae chokycoBaHi
MIPOMEHI, MEPEMINIAIOYUCH 3 YpaxXyBaHHSIM PIYHHUX Ta J0OOBHUX 3MiH mosiokeHHs Conus. [Ipomeni
NPSIMYIOTh Ha TEIJIOOOMIHHHK, B IKOMY HarpiBaeThcs podoue Tijo aeuryHa CTipiiHra, 1Mo IpHBo-
JIUTh TEHEPATOP ENIEKTPUYHOTO CTPYMY.

B yMoBax 3pocTaHHS I1iH Ha OCHOBHI €HEprOHOCIT IMpaKkTHKa MOKa3ala, 0 HabaraTto BUTiI-
Hillle OTPUMYBATH €JIEKTPOCHEPTIIO 1 TETJIO BiJl HEBEIUKUX JIOKAIBHUX TEIUIOBUX €IEKTPOCTaHIIIN
(koreHepalliiHuX ycTaHOBOK). KoreHepaiiist - e HoBa TEXHOJIOTisI KOMOIHOBAaHOTO BUPOOHHMIITBA
€JIGKTPUYHOI Ta TEIUIOBOI €HePrii Ha OCHOBI HE3aJISKHUX JIBUT'YHIB 1 CHCTEM peKymepallii Tera, ki
BUKOPUCTOBYIOTb €HEPT110 OXOJIO0KYBaIbHOI BOJH Ta BUXJIOMHUX Ia3iB AJs HOTPeO OMajIeHHs CIio-
KUBAYIB.

Korenepariiiini yctanoBkH 3 ABuryHamu CTipJIiHTa MOTY>KHICTIO BiJl IECATKIB J0 THCSY KBT
MaTHMYTh He3alepeuHy nepeBary HaJ BiJOMUMH aBTOHOMHHMH €JIEKTPOCTAHIIISIMH 3 JIBUTYHAMH
BHYTPIIIHBOTrO 3ropsiHHsA. [10piBHSAHO 3 ABUTYHAMH BHYTPILIHBOTO 3rOPSIHHSA, €(DEKTUBHICTh JBUTY-
HiB CripiiHra B KOT€HEepaliiiHuX yCTaHOBKaX OOYMOBIICHa OCOOJHUBICTIO IX TEIUIOBOTO OajaHcy,
1110 BUPAXKAETHCS K PI3HUII MK TEIIJIOBUMH BTPAaTaMHU 3 BUXJIOIIHUMH Ia3aMH 1 3 0XOJIO/KYBaJIb-
HOIO BOJIOK0. Y BUMAAKy ABUryHiB Cripminra neit 6ananc ctanoButh 10% i 40% BignosinHo i, Bpa-
xoBytoun Bucokuit KK/I aBuryHa, 103Bosisie CTBOPUTH KOMIIAKTHY 1 BUCOKOE(DEKTUBHY KOTeHepa-
[iliHy ycTaHOBKY. B iHmmMX kpaiHax po3rnoyaTo BUPOOHHIITBO KOTE€HEPAIIHHUX yCTaHOBOK 3 JIBH-
ryHamu CTipiiHra, 10 IpaloTh Ha JepeBHil Tpicii, Topdi, 6iorasi Ta CUTbCHKOrOCMOAaPCHKUX
BiZIX0/1ax (PUCOBIH JYIINMHHI, KABOBiH JIyIINMUHHI) MOTYXHICcTIO 5-40 KBT i TEMJI0BOIO MOTYKHICTIO
12-120 kBT[10].

[{s HOBa TEXHOJIOTIS BIIKPUBAE BEIMKI MOXKIUBOCTI JIsl 3a0€3ME€UCHHS €JIEKTPOCHEPTIEI0 1
TEIUIOM ci1, hepM Ta iHIMX 00 ekTiB. Lle nornomorke BupimmTH 6arato npodsieM, MoB's13aHuX 3 Mi-
CHKHUM JKHTJIOBO-KOMYHAJIBHIUM TOCIIOIApCTBOM. MarictpanabHi TpyOOIIPOBOIU IIEHTPAII30BAHOTO
TEIUIONOCTaYaHHs JIy’Ke JIOBT1, a I1e 03Hayae, 110 3Ha4YHa YaCTHHA TEIUIOBOI €Heprii BTpayaeThes Mif
yac TpaHcnopTyBaHHs rapsdoi Boau Bix TEL] mo cnmokuBaua. SIKio B MiKpopaiOHI BCTAHOBUTH
paiioHHI TEIUIOeNeKTPOLIEHTpalIi Ha 0a3i KOreHepaliiiHuX yCTaHOBOK 3 ABUTYHOM CTipiiHTa, BOHU
MOXYTb IIUIMN piK 3a0e31euyBaTH HEJOPOTUMH €JIEKTPOEHEPTIEI0, TETIOM 1 TapsTu0I0 BOJIOIO KUT-
JI0B1 OYJTMHKH, IIKOJIU 1 AUTSY1 CaJIKH.

Haii0i1p11 mepcrneKTHBHUM HAIPSIMKOM PO3BUTKY JIELEHTPaIi30BAaHOIO TEIUIONOCTauYaHHs
3 TOYKH 30pY MaKCHMaJIbHOTO HAOJIM)KEHHS JUKEepelia Teruia 10 CIoyKUBada € BUKOPUCTAHHS TETLIO-
BUX HacociB. BUKOpHCTaHHS TEMJIOBUX HACOCIB J]03BOJISIE CKOPOTUTH CIIOKHMBAHHS MAJUBHUX PECY-
pciB Ha 10% Ha pik Ta yTHIII3yBaTH BIANPAIIbOBAHE TEILJIO 3 HABKOJIUIITHBOTO CEPEIOBUIIA. T eroBl
HacocHu Ha ocHOBI LMKy CTipiiHra MoxyTh 3a0e3neunty 3-7 kBt Ttenna 3 1 kBt enekrpoeneprii.
Tenosi Hacocu CripiiHra MOXXKyTh BUKOPUCTOBYBATHUCA JUIsl 3a0€3€UEHHS TEIJIOM HOBHX 1 PEKO-
HCTpYyHOBaHMX OyiBeNb 1 CHOPY/ 1 0COOIUBO €(heKTUBHI /ISl YCTAHOBKHU B PO30CEPEKEHUX Oy Ii-
BJISIX, TAKUX SIK (hepMH, MUTHHII1, TIOHEPCHKI MMOCEJIEHHS, KOTEIXK1 1 MPUBATHI )KUTIIOB1 Oy IUHKH.

OcHOBHa BiIMIHHICTb TEIUIOBUX HacociB CTipiiHTa BiJl IHIINX TEIIOBUX HACOCIB, TAKUX SIK
NapoKOMIIpeciiiHi Ta abcopOLiiiHI TEIIOBI HACOCH, MOJISTa€e B TOMY, IO pOoOOYE TUIO TEMJIOBOIO
Hacoca CripiiHra He 3MiHIO€ (pa30BOTO CTaHy MPOTATOM yChOTO LUKIY, TaK 110 HAaBITh 30BHIIIHE
HOBITPA 3 TemnepaTyporo Hikde -30°C Moke BUKOPUCTOBYBATHUCS SIK BIANPALlbOBAaHE HU3bKOMOTE-
HIIilfHe Ter1o, a Temyo 3 TeMnepatypoto Buie 100°C - sk TeruioHocii it cuctemu onaneHHs. e
OJIHI€IO TIepeBarol0 TEIUIoBUX HacociB CTipiiHra € iXHs BUCOKA TepMOJUHaMIuHa €eKTHUBHICTD 1
BUKOPUCTAHHS €KOJIOT1YHO YHCTUX MTPUBO/IB.

Haii6in1p11 mepcrneKTUBHUM € cepiiiHe BUPOOHUIITBO €JIEKTPOTreHEPATOPiB HEBEIIUKOI MOTY-
XKHOCT1 3 Mojudikariero neuryHa CripiiHra mij micueBe 6ionanuBo: Topd, BIIXOIU CLIBCHKOTO
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rOCTOIapCTBa 1 JTicomepepoOHiit mpomucioBocTi. HoBa TexHOIIOTIS BiAKPUBAE MUPOKI MOXKIUBOCTI
JUIS TIOCTA4aHHS EJIEKTPOCHEPTIEI0 1 TEIJIOM CUIBCHKUX paioHiB, cenuil, (GepMepChbKUX TOCIHO-
JapCTB, TBAPUHHUIILKUX (pepM, nTaxodadbpuk 1 Tomo. BoHa Takox TOMOMOXKE BUPIIIUTH Oarato
po0JIeM KHUTIOBO-KOMYHAJIBHUX TOCTIOIAPCTB MICT.

CepiiiHe BUpOOHHUIITBO NBUTYHIB CTipJliHTa T03BOJUTH 3a0€3MEUUTH 3aBAaHTAKEHHS BHCO-
KOTEXHOJIOTTYHUX MIANMPHUEMCTB BITYM3HSIHOTO MAITMHOOYAYBaHHS Ta €KCIIOPT HAYKOMICTKHUX TeX-
HOJIOT1M B 00J1aCTI aBBTOHOMHOI €HEPTeTHKH.
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METOAONOINYHE 3ABE3MNEYEHA OPITAHI3ALUIHO-TEXHIYHUX 3AXOAIB 3
BIABYAOBU IHOPPACTYKTYPU BOAOBIABEOEHHA HA 3ACAOAX
EKOBES3INEYHOCTI

AHomaujisi. Po3arnsiHymo ekornoeidyHi npobremu, Wo 8UHUKaomMb y 368’3Ky 3 sugedeHHsIM 3 1ady 06’ekmig
iHgppacmpykmypu eodosideedeHHs1. Omxe, Memoro 0C1iOXKeHHs1 € Po3pobrieHHS MemMod002i4HUX OCHO8
npultHaAMMSs pileHb rpu nideomoeneHHi op2aHizayiliHo-mexHIYHUX 3axodig 8iOHO8MNEeHHS iIHgbpacmpykmypu
80008i08e0eHHS 8 yMOBax MicisiIBOEHHOI 8i06ydosu KpaiHu Ha nidcmasax ekobe3ne4YHocmi. Sk Memoou rid
yac nposedeHHs1 OocriOXeHb BUKOpUCMOBy8agcs KOMIIeKCcHUl nidxi0 0o yrnpariHHA eKOMno2idyHo
6e3nekoto, sukopucmosysasnucs Memodu CUCMEeMHO20 aHarnidy, CUCHmMe3y ma KpumepianibHoO20 aHanisy. B
pe3ynbmami rpogedeHHs1 OO0C/IOXKeHb [poaHasi308aHo Hac/iOKu, CIPUYUHEHI 3HOWEHHSM ma
pylHysaHHSIM 06°ekmie iHghpacmpykmypu 80008i08e0eHHS, rpoaHani3o8aHo ocmaHHi O0CiOXeHHS,
rpucesiyeHi memooukam Mid2omoeKU opaaHi3ayiliHo-mexHiYHUX 3axo0ig ii peKoHCMpYKUil ma 8iOHOB8MTEHHS.
3diticHeHO 0b6epyHmyeaHHs1 ma pPOo3pobrIeHO CMPYKmMypy meopemuko-memodonoziyHo2o nidxody 00
ghopmyeaHHsI opaaHizauiliHo-mexHiYHUX 3axo00ie O yrpassiHHS €KO02i4HO 6e3neKo (OyHKUIOHY8aHHS
iHbpacmpykmypu 8o0osideedeHHsi. [IposedeHo cucmemamusauito OCHOBHUI ¢bakmopie ernnugy Ha
pesyrnbmamu yrnpaesniHHa eKkorozaiyHow 6esnekto. Po3pobreHo cmpykmypHy moodesrib 83aeMolil MK yumu
akmopamu. Ha nidcmasi cgpopmyrnboeaHux Kpumepiige po3pobneHo cucmemy nokasHUKiIe, W0 susHa4aoms
eghekmusHicmb opeaHizauiliHo-mexHiYHUX 3axodig ynpaesiHHA eKoro2idyHow 6e3rneKkoro iHgbpacmpykmypu
g8o0oeidsedeHHs. Takox y cmammi po3pobrieHo MemoOuyHi nidxodu 00 npuliHAMMSs opeaHizauiliHo-
MeXHIYHUX pilleHb 3 yripaeniHHS eKoroe2idHo 6e3rneKoro, rnokasaHo Wisxu nidnuueHHs echekmugHocmi
pobomu  iHgppacmpykmypu 80008i08e0eHHs], a MmaKkoX po3pobrieHO  O6rIOK-CXeMy  MOXIIUBO20
IHCmpymeHmarnbHo20 3abe3riedeHHs1 Op2aHi3ayiliHO-MEeXHIYHUX piweHb Onsi nidmpuMaHHsI eKOs02idyHOI
besneku. TakuM YUHOM 6CMAaHOBJIEHO, WO MPaesliHHA €eKOoaidHo 6e3reKow Ha cyvyacHoMy emarli
suMazae po3pobrieHHsT HOBUX MEeMOOUK ma op2aHi3ayiliHo-mexHIYHUX pilleHb, SIKi MOBUHHI npuliMamucs
cyb’ekmamu yripaeniHHs 'y neeHit nocnidosHocmi. lMepeeazamu uybo20 € me, wWo eubip anzopummy
npulHAMMS pilleHb 3a 3arnporioHo8aHUM rnidxodoM ma (020 OOMPUMAaHHS, @ MAaKOoX BUKOPUCMAaHHS
3arnporoHoeaHo2o iHcmpymeHmapito, 0o3eonsie 3abesrnedyeamu egpekmusHy pobomy 8iOHO8IEeHOI
iHbpacmpykmypu Ha 3acadax ekobesnedyeHocmi.

Knroyoei cnoega: ekonoezidyHa besneka, iHgppacmpykmypa eodoesideedeHsi, 8idbydosa, opzaHizauiHo-
MmexHIYHi 3axo0u, MmemodoriozgiyHe 3abe3rneqyeHHs.
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METHODOLOGICAL PROVISION OF ORGANIZATIONAL AND TECHNICAL
MEASURES FOR THE CONSTRUCTION OF THE WATER SUPPLY INFRASTRUCTURE
ON THE BASIS OF ECO-SECURITY

Abstract. The article considers the environmental problems arising from the failure of wastewater
infrastructure facilities. Therefore, the purpose of the research is to develop the methodological bases for
decision-making during the preparation of organizational and technical procedures for the restoration of the
drainage infrastructure in the conditions of the post-war reconstruction of the country on the basis of
environmental safety. The methods used during the research: an integrated approach to environmental
safety management, methods of system analysis, synthesis, and criterion analysis method. As a result of
the research, the consequences caused by the wear and destruction of the drainage infrastructure were
analyzed, and the latest studies, devoted to the methods of preparation of organizational and technical
procedures for its reconstruction and restoration were analyzed. The substantiation was carried out and the
structure of the theoretical and methodological approach to the formation of organizational and technical
measures for managing the environmental safety of the functioning of the drainage infrastructure was
developed. Systematization of the main factors influencing the results of environmental safety management
was carried out. A structural model of the interaction between these factors had been developed. On the
basis of the established criteria, a system of indicators had been developed that shows the effectiveness of
organizational and technical procedures for managing the environmental safety of the drainage infrastructure.
There were developed methodological approaches to making organizational and technical decisions on
environmental safety management, ways to increase the efficiency of water drainage infrastructure were
shown, and also a flowchart of possible instrumental support of organizational and technical decisions to
support environmental safety was developed. As a result, it was established that the management of
environmental safety at the current stage requires the development of new methods and organizational and
technical solutions, which must be adopted by management subjects in a certain composition. The benefits
of this are that the choice of the decision-making algorithm according to the proposed approach and
adherence to it, as well as the use of the proposed toolkit, make it possible to ensure the efficient operation
of the restored infrastructure on the basis of environmental safety.

Keywords: environmental safety, water drainage infrastructure, reconstruction, organizational and
technical procedures, methodological support.

1. IMocTanoBka nmpodaemu. Arpecist Pocii crana npuynHoOr 6araTboX KpHU30BUX BHII B
Vkpaini. OgHuMu 3 HaillHeOe3NeyHIMNX KPU30BUX HACIHIJKIB IPU LIbOMY € €KOJOTIYHI HACTIAKH.
Pyitnaniss komyHanbHOI 1H(QPACTPYKTYpH, CHpPUUYMHEHA HacjligkaMu OOHOBHX JiH, Mo30aBisie
METIKAHI[IB JOCTYIy /10 0a30BHX MOCTYT kuTTe3a0e3nedeHHs. Cepe HUX MUTHE BOAONOCTAdYaHHS
Ta BOAOBIIBE/ICHHS.

Haceneni mnynktu VYkpaiHu pgonodyarky OOHOBUX [ii Mald pO3BUHEHY CHUCTEMY
3a0e3neueHHst MUTHOI Bozoko [1]. Pa3om 3 TUM cucteMu BOAOBIABEICHHS OXOILIIOBAJIN 3HAYHO
MEHIINH B1JICOTOK HAceJIeHs IEHTPaJ130BaHUM KaHaJli3yBaHHSIM.

IcHytOul Mepexi BOAOBIJBEICHHS Ta KaHaTi3allli{HI OYMCHI CIIOPYAH YacTo OyJId MOpaJIbHO
1 (I3UYHO 3acTapiIMMH, 3HOIIEHUMHU 1 oTpedyBayin pekoHCTpyKIii. [Ipote ix (yHKIIOHYBaHHS
JIO3BOJISIO MIATPUMYBAaTH piBEHb €KOJOTiuHOi O€3MeKH pErioHIB Ha piBHi, JOCTaHbOMY JUIS
0e3MeyHOro MPOKUBAHHS HACEJICHS.

PyiiHaniss icHytouoi i1H(GPACTPyKTypH BOJOINOCTAYaHHS HE JI03BOJIsE€ 3ale3neuyBaTH
JOCTAaTHBOTO JIOCTYITy HACEJIEHHS /IO TMHTHOI BOIM HOPMAaTHBHOI sikocTi. Lle BUKIHMKae 3arposu
3I0POB IO Ta XKHUTTIO MEUIKaHIIiB. Taki MpobaeMu THMYacOBO BUPILIYIOTHCS CIpoOamMu 3a0e31eUnTH
HaCeJICHHS MPUBI3HOIO BOJI0I0 HE0OX11HO1 sikocTi. ll]e 6inbiri mpobiemMy BUHUKAIOTh MPH pyHHaLI{
1H(pacTPyKTypH BOJOBIIBeIeHHS [2].

BuBeneHHs 3 namy KaHAMI3aliHHIX OYMCHUX CIIOPY NMPHU3BOAMUTE 10 3a0pyIHEHHS BOAOHM
NaTOTeHHUMHU Ta IHIOIMM OpraHi3MaMH, W0 3arocTpioe MpoOieMy oOprasizauii HHTHOTO
BOJIONIOCTAYaHHsI y perioHl. PyifHaris kaHami3amifHUX HACOCHHMX CTaHIINA, CaMOTUTMBHHUX 1
HaMipHUX KaHaTI3alliHUX MEpexX Yy HACEJICHUX MYHKTaX MPU3BOAUTH /IO PO3MOBCIOMKEHHS TaKUX
3a0pyAHEHB Y TPYHTAX Ta TPYHTOBUX BOAAX O€3MOCEpPEeTHBO Ha TEPUTOPISIX IIUX HACIICHUX ITYHKTIB.
e mpu3BOIUTH IO PU3MKIB PO3MOBCIOMKEHHS €iIEMIOJIO0TTYHUX 3aXBOPIOBAHb.

BinnmoBigHo no crarti 9 3akony Ykpainu «lIpo kputuuny iHdpacTpykTypy» Big 16
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muctomana 2021 poky Ne 1882-1X (I3 3minamu, BHeceHMMH 3TimHO 13 3akoHOM Ne 2684-1X Bin
18.10.2022), «10 KUTTEBO BaKIMBHUX (PYHKIIH Ta/ab0 MOCIYT, MOPYIIEHHS SKUX MPU3BOIUTH 10
HEraTUBHUX HACJIIKIB IS HaIlOHAJILHO]T Oe3nexn VYkpainu, HaJIeXKaTh,
30KpeMa: ...BOJOMOCTa4aHHs Ta BOJOBIABEICHH [3].

3HWKCHHS PIBHS EKOJIOTIYHOI Oe3neku MoTpedye SK HEBIAKIAJIHUX 3axXOliB, TakK
JIOBTOCTPOKOBHUX CTpaTeriii Bi0y10BU 3pyHHOBAHOI Ta pEKOHCTPYKIIii 3acTapiyioi iHppacTpyKTypu
BOJIONIOCTA4aHHs Ta BoOAOBiABeAcHHS. Jlig po3poOseHHs Takoi cTparerii HEOOXITHUM €
PO3pOOIEHHS] METOJIOTTYHOTO 3a0e3NeUeHHS MPUMHATTS OpraHi3aliifHO-TEXHIYHUX PIllIeHb ITi]] 4ac
B110y/10BH Kpainu [4].

2. AHaJi3 ocTtaHHix aociairkeHb i myOaikamiii. Huszbka sIKiCTh BOJM B NOBEPXHEBUX
BOJIOMMAax, a TakKoXX pYWHaIli, COPUYMHEHI BOEHHHMH disIMH, TOTpeOy€e Bia IMANPUEMCTB
BOJIOTIOCTAYaHHSI HOBUX KOHIICNTYJIBHUX IIAXOMIB IOMO 3a0€3MeueHHs CIOXHUBAYIB SKICHOIO
MIUTHOIO BOJIOIO Ta 3aCTOCYBAHHS HOBUX TEXHOJIOTIYHUX CXEM 1 CTIOPY]l BOAOMIATOTOBKY [5]. Boenne
Ta TEXHOT€HHE HaBaHTAKCHHS HAa BOJHI PECYpCH NMPHU3BOJUTD A0 MOTIPIICHHS SIKOCTI MaikKe B yCiX
MOBEPXHEBUX BOJAX KpaiHM 1 MOB’S3aHUX 3 HUMHU MIA3EMHUX JDKEpenax, a TOMY MPOCTEXKY€EThCS
TEH/ICHIIISl HE BIJIOBITHOCTI HOPMaM SIK 32 XIMIYHUMH, TaK 1 3a MiKpOOI1OJOTTYHHMH TTOKa3HUKAMHU.
Ha BomompoBiHUX CTaHINSAX B YKpaiHi 3aCTOCOBY€ETHCS KJIaCHMYHA CXEMa PEareHTHOTO OYUIIICHHS
BOJIM 3 BiJICTOIOBaHHAM Ta QiIbTpyBaHHsAM. [I[pOMUBHI BOIM BiACTIHHUKIB Ta (DiIBTPIB CKUAAIOTHCS
y TOBEPXHEBI JKepesa BOAONOCTAa4aHHS O€3 J10aTKOBOTO OYHIIECHHS, 10 € a0CONIOTHO HE
JOIYCTUM. BYNIBHHIITBO OYMCHHUX CIOPYH JJI NMPOMHUBHHUX BOJ Ha BOIOMPOBITHUX CTaHIIISIX
JI03BOJIMTH MiHIMI3yBaTH, a00 JIKBiAyBaTH MOBHICTIO MPOIIEC CKUJAHHS CTOKIB y BOIONMH depe3
OYMIIICHHS, BIPOBAKEHHS TEXHOJIOTII MOBTOPHOTO BUKOPHCTAHHS MPOMHBHHX BOJI (3aMKHEHUI
IIMKJI), @& TaKO)K CHCTEMH YTHWJIi3arii ocanay. PEeKOHCTpYKIlisi BOAONPOBITHUX Ta KaHAJI3aI[liHUX
MEpeX € MepIIOYePrOBUMH 3aX0JJaMH B IHBECTHLIHHUX MPOrpaMax ycix TEPUTOPIaIbHUX TPOMaJI
VYkpainu.

3a JaHUMHU TOCITIHKEHB [6] TOTpeOyIOTh PEMOHTY, Ha MPUKJIli OKPEMOTO CEITUIIA, HACOCHI
CTaHIIIi Ta JOKaJIbHI BOJOMPOBOIH, SIKi MPAITIOIOTH 32 CXEMOKO: BOJ103a01p-BOJOBOIN-PO3IOI1IbYA
Mepexa.

Binrak, MoxepHi3allis BOAOMPOBIIHOT Mepeki Ta OCHOBHOTO HACOCHOTO OONaJHAHHS
JIO3BOJIMTH KOMYHQJILHOMY MiAIIPUEMCTBY 3HU3UTH BUTPATH Ha 3a0ip BOJM Ta ii TPAaHCIIOPTYBaHHS,
MABUINNUTH SIKICTh MUTHOI BOAM 1 HAIIMHICTh BOJOMOCTAYaHHS.

[ToTpebyroTh 3HauHUX KamiToBkIaaeHb ouncHi cnopyau KII «Kommnanis «Boga Jonbacy»,
KOTpe Ma€ CTpaTeriuyHe 3Ha4eHHs SK €IUHWA TOCTadalbHUK BoAM B JOHEIbKil
obrnacti: 3a0e3medye MoCIyraMu BOJOTIOCTaYaHHS Ta BOJOBIABEACHHS 289 HacelleHHX MyHKTIB
(6mu3bKo 3,9 MutH HaceneHHs). Y MIAIPUEMCTBA HEIOCTATHRO KOIITIB Ha 3aKyIMIBIIIO PeareHTIB Ta
BIIPOBA/IKEHHSI POOIT 3 PEMOHTIB Ta PEKOHCTPYKIIH OCHOBHUX (POH/IB.

Bonozabesneuennss Onechkoro pailoHy 3IiHCHIOETBHCS Bifl Bogo3adbopy BOC «JlHicTep»
¢inii «InpoxcBogokanam» TOB «IHpokcy. 3a0pyIHEHHS MUTHOI BOJU LIEHTPATI30BAHUX CUCTEM
BOJIOTIOCTAYaHHsI 3YMOBJIEHE HE3aJI0OBUIBHUM  CaHITApHO-TEXHIYHMM CTAHOM CIIOpYyJ Ta
BOJIOTIPOBIIHUX MEpEXk, IMOPYIIEHHSAM PpEeXHMIB Y 30HaX CaHITapHOI OXOPOHHU JDKEpes
BOJIONIOCTAYaHHs, BIJCYTHICTIO HEOOXITHOTO KOMIUIEKCY OYHCHHMX cropya. HaiiOuibim
3a0pylHEHUMH 3 JDKEpeN HELeHTPaJIi30BaHOTO BOJONOCTAYaHHSA 3a CaHITapHO-XIMIYHUMHU
MOKa3HUKaMH OyJiu poOu 3 1IHAUBIAYaTbHUX MIaXTHUX KonoAs3iB (80,3%), 3a MiKpoO10JI0TTYHUMU
MOKa3HUKAMH — 3 TPOMAJIChKUX MIAaXTHUX Konozs3iB (38,7%). lle mos’sa3ano, 3 ogHOro OOKy, 3i
cnenudiko0 piBHIB MiHepamizalii IpyHTY Ta MHiA3€MHUX BOJ B o0sacTi, 3 I1HIIOrO OOKy —
NOPYUICHHSIM CaHITapHUX BUMOT IIiJ1 Yac IIaHyBaHHA 3a0yAiBIIi IPUBATHUX TOCIIOAAPCTB (BiACTaHi
BiJl KOJIOJISA31B JI0 JBOPOBUX TyaJeTiB, TBAPUHHUIILKUX Oy/iBelb, TOPOAIB, OCOOIMBO Mija 4ac
BUKOPDUCTaHHA MiHepanbHUX J00puB). OCHOBHMMHU 3a0pyAHIOBAaYaMH TOBEPXHEBUX BOJI
BBAXAIOTHCS IMIJAMPUEMCTBA HKHUTIOBO-KOMYHAJIBHOTO TOCIOAApCTBA. 3 YOTHPHOX HASIBHUX
MOBEPXHEBUX B0J103a00piB, /1€ BiI0YBA€THCS OUMIIEHHS BOJM JIO MUTHOI SKOCTi, HA OJTHOMY B M.
Kimis, BOmoouncHI criopyau MoTpeOyr0Th MOBHOI PEKOHCTPYKIIIT (MOTpedye peMOHTY XJIOpaTOpHA).
SIKICTh MUTHOI BOJM TaKOXK 3HAYHOIO MIPOIO 3aJIeKUTh Bijl CTaHy BOAONPOBIAHOKaHAII3ALIHHOTO
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rocrmojapcTBa. 3HayHa 4YacTHHA BOJOIMPOBIAHO-KaHAMI3AMIMHUX CIOPYX OO0JacTi: HACOCHUX

CTaHLI{, OYMCHHUX CHOPYJ Ta BOJOMPOBIIHOKAHATIZAIHUX MEPEX BiAIpaIfoBala HOPMaTHBHHUHA

CTPOK eKCIUTyaTaIlii, o Mpu3BOIUTh J0 MiABUIIICHUX BUTPAT CJIICKTPOSHEPT1i, 301IbIIICHHS BApTOCTI

nepeKadyBaHHs BOAM 1 CTOKIB Ta MOTIpIIEHHS SIKOCTI MUTHOT Boau [7].

[Toripu BiliHYy MO3UTHUBHUM acHEKTOM Yy cepl BOJOOUHUIIEHHS € PEKOHCTPYKLIS OUYUCHUX
cnopyn cena Jlumsau. KIT «JIynpkBogokaHamy — Ha ChOTOJTHI €IMHE B YKpaiHi BOJOMOCTavYaIbHE
HIANPUEMCTBO, K€ IPOJOBXKYE BTUIIOBATU BaXJIMBUH MDKHApOJHMM mpoekT «KommiekcHa
MOJICpHi3allis CHCTEMH BOIOIOCTa4aHHsl i BOJOBiBeIeHHs Y M. JIyubky» [8].

Otxe, mpoaHadizyBaBIIM HEE(HEKTUBHICTH POOOTH BOJOOYMCHOTO OOJagHAHHS depe3
MOpaIbHO-3aCTAPUIMK CTaH Ta, Yepe3 BOEHHI Jii, sIKi 3HAYHO MOTIPIIMIN CTAHOBHUIIE, BApPTO
PO3pOOUTH METOMOJIOTIYHE 3a0e3MeueHHs OpraHi3aliiHO-TEXHIYHUX 3aXO[iB 3 BiIOymOBU
KOMYHaJIbHOI IHPPACTPYKTYpH, KEPYIOUNCH PUHIIUIIAMH €KOJIOTTYHOT Oe3MeKH.

[TpoGnemi }izuyHO Ta MOpaIbHO 3PYHWHOBAHOI 1HPPACTPYKTYPH BOJOBIBEACHHS, a TAKOXK
HEOOXIHOCTI 11 peKOHCTPYKILIi Ta MOJepHi3allil yKe TOCUTh TUPUBAINN 4ac MPUIUIIETHCS Oarato
yBaru. Po3BUTOK BOJOIPOBIAHO-KaHAII3aLIHHOIO TOCIIOAAPCTBA JEKJIApyBaBCs SIK MPIOPUTETHUIN
HANpsSIMOK  JICP)KAaBHOTO PO3BUTKY, OCKUIBKM OpPI€EHTOBAaHWM Ha BHPINICHHS COLIaJIbHUX,
€KOHOMIYHUX Ta eKkojoriyHux mpobisem [9]. Cepea ToNOBHMX 3ayad, II0 HOTPeOyHOThH
NEepPIIOYEPTOBOI0 BHPIIIEHHS CTABHJIMCH: MOJEPHI3allisl KaHATi3aliiHUX OYMCHHUX CHOPYH 3
3JIy4CHHSM OUIBII TPOrPECHBHUX TEXHOJIOTTYHMX IIPOIIECIB; PEKOHCTPYKIIiS KaHaTi3alliiHUX
HACOCHMX CTaHIIN 3 BIPOBAHKCHHSAM €HEPro30epirarouoro HaCOCHOro 00JIaTHAHHS;, TIOKPAICHHS
cUCTeMH OOJIIKY CTIYHMX BOJ HiJ 4ac iX TPaHCIOPTYBAHHS Ta OYMILEHHS; PEKOHCTPYKIIiS
KaHATi3aliiHUX MEPEX 3 3alTy4SHHSIM TPYOOIPOBO/IIB 3 OLIBII CTIHKUX Ta JOBrOBIYHUX MaTepialliB
touro [10].

Crparerieto HarioHanbHOI Oe3rekn YKpaiHM HarojiomeHO Ha MOCWIIICHHI 3arpo3 s
KPUTUYHOT 1H(PPACTPYKTYpH, TOB’SI3aHUX 3 TMOTIPIICHHSAM ii TEXHIYHOTO CTaHy. Bu3Ha4eHO
IpUOPITETH 3a0e3neueHHs Oe3NeKH KPUTHIHOT iHQpacTPyTYpH, a caMe: YIOCKOHAJICHHSI TPaBOBUX
OCHOB 3aXHCTy; IOCHJICHHS OXOPOHH 00’ €KTiB; PO3BHTOK CIIBPOOITHHUIITBA MK CYyO’€KTaMH,
BIIPOBAHKEHHS MEXaH13MiB, 110 I03BOJISIFOTh OOMIHIOBATUCS 1H(OPMAITIEIO MO0 3arPO3 KPUTUUHIN
1HPACTYKTYpi; po3p00OICHHS MEXaH13MiB 111010 3a1100iraHHs BUHUKHEHHIO TEXHOT'€HHUX aBapiil Ha
00’exTax KpUTUYHOI 1H(PACTYKTYpH; BIPOBA/HKEHHS OpraHi3alliiHO-TEXHIYHUX pIIIEHb II0/10
MiHIMi3allil HacTiAKiB TEXHOTeHHUX aBapiii [11].

[Ile B ymoBax riOpuaHOI BiiiHM i1CHYBaJIM 3HAa4YHI 3arpo3U KPUTUYHIHN 1H(PaCTPyKTypi, 110 Mpo-
SBJISUIOCH Y YaCTOMY IOIIKOJKEHHI 00’ €KTIB, 3/ilicHeHH1 Kibeparak Tomro. Lle cBiqunio npo Bpas-
JIMBICTh KPUTUYHOT iHPPACTPYKTYPH J0 CydacHUX 3arpos [12].

HaBmucHe pyitHyBaHHs 1HQpacTpyKTypHy BOIOBIABEAECHHS iJ] yac 30poiHO1 arpecii CyTTeBO 3a-
TOCTPHJIO iICHYIOYi TPOOJIeMH BOIOBiIBeIeHs Ta cTBOpHIIo Oarato HoBuX [13]. Cepen HHUX MOXHA
BUIIINTH:

- 3HUILEHHS Y¥ pyHHYBaHHA 00’ €KTa iIHPPaCTPYKTYpH;

- BIJCYTHICTb €JIEKTPONOCTAYaHHS IPOTATOM TPUBAJIOTO Yacy 1, IK pe3yJIbTaT, BUX1] 3 Ly
00’€exTa iIHPACTPYKTYPH;

- pyiHHYyBaHHS TPYOONPOBIAHUX MEPEXK;

- BIJCYTHICTh NAJIMBHO-MACTHJILHUX MaTepialiB, a TAKOK 00JIaHAHHS 1
MaTepiajiB, HEOOX1THUX JUIsl HOPMAJIbHOT €KCIUTyaTallii Yu peMOHTY 00’ €KTa IHPpPacTPyKTypH;

- HEMOXJIMBICTb (hiHAHCYBaHHs HEOOX1THUX JJIs PYHKLIOHYBaHHS 00’ €KTa IHYPACTPYKTYpH
3aKyImiBesb 00JalHaHHS Ta MaTepialliB, a TAKOK (PiHaHCYBaHHS BUKOHAHHS pOOIT;

- BIICYTHICTh MOXIJIMBOCTI pearyBaHHs Ha BAHUKHEHHS aBapiiHUX CUTYalliif;

- BTpaTa KaJpoBOIo MOTEHIIaNy 1 BIICYTHICTh MOXKJIMBOCTEHN 3aTyUeHHs MIJIPSIAHUX OpTaHi3allii.
Macmrabu eKoIOTIYHUX HACHIIKIB MOYKHA Oy/1e OI[IHUTH JUIIIE TICIs 3aKiHYCHHS] BOEHHUX JiH.
KinbkicTh 3pyiiHOBaHUX 00’€KTIB 1HPPACTYKTYpPH BOJONOCTAYaHHS Ta BOJOBIAEIEHHS 3a Mep-

M pik MOBHOMACIITaOHOT BiHM ckianae [14]:

- BOJIOIPOBIJIHI OYKCHI copyu — 9 T (3 icHytouux 400 1mr);
- KaHaJi3auiiHi oyMcHI cnopyau — 17 wt (3 icHyrouux 967 mr);
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- BOJIONPOBIIHI HACOCHI cTaHIii — 82 mT (3 icHyrouux 5646 mr);
- KaHaji3amiliHi HacOoCHI cTaHMil — 52 T (3 icHyrounx 2908 mr);
- BomonpoBiaHi Mepexi — 1,046 tuc. kM (3 icHyrounx 98,076 THC. KM);
- kanamizauiiHi mepexi — 0,327 tuc. kM (3 icHytounx 37,053 tuc. km);
- apTe3iaHChKHIX CBEpUIOBHH — 33 T (3 icHyrounx 22134 m);
- pesepyapiB unctoi Boau — 20 it (3 icHyrounx 21129 mr);
- BoJoHamipHuX OamT — 24 mT (3 icHyrouux 6947 mr).
CymapHuii rpoIoBHii 30UTOK Bij] IUX pyHHYBaHb CKJIaB OMM3bKO | MIIpJ YMOBHUX OJUHUII.
3. Mera pocaigkeHHsi. MeTO AOCHIIKEHHS € PO3pOOJEHHS METOIOJIOTTYHHX OCHOB

OPUAHSATTA PIIIEHh MPU MIATOTOBJICHHI OpraHi3aliiHO-TEXHIYHUX 3aXOMiB  BIJHOBICHHS
1HQpacTpyKTYypH BOJOBIABEJACHHS B YMOBax IIICISIBOEHHOI BIIOYIOBM KpaiHW Ha IIiJCTaBax
exo0e3neyHocTi. J{s boro nependavaeThess BUPIIMTH TaKi 3a/1a4i:

MIPOaHAJIi3yBaTH Pe3yJIbTaTH OCTaHHIX JOCIIKEHb 1010 €KOJOTIYHUX HACIIIKIB,
CIPUYMHEHHUX 3HOLICHHAM Ta PYHHYBaHHSAM 00’ €KTiB iHPPACTPYKTYPH BOJOBIBEICHHS, a
TaKOX JOCIIKEHHS MPUCBAYEHI METOMKAM ITiITOTOBKK OpraHi3aiifHO-TEXHIYHUX 3aX0/iB 11
PEKOHCTPYKIIi Ta BiAHOBICHHS;
OOTrpYHTYBAaTH TEOPETHUKO-METOIOJIOTTYHHH MiAXia A0 (GopMyBaHHS OpraHi3aliiHO-TEXHIYHUX
3axO[iB JJIsl YIPABIiHHS €KOJIOTIYHOIO 0€3MeKOI0;
JIOCIIIIUTH (DAKTOPH BIUIMBY Ha PE3YJIbTATH YIIPABIIHHS €KOJOTIYHOIO OE3IEKOI0
¢byHKIiOHYBaHHS 1H()PACTPYKTYpH BOIOBIIBEACHHS;
PO3pOOUTH i€papXivyHy CHCTEMY MTOKa3HUKIB €()EKTHBHOCTI OpraHi3aliifHO TEXHIYHUX 3aXO0/IiB
JUTSL YTIPaBIIiHHS €KOJIOTIYHO0 0e31eK0r0 iH()PacTPyKTypH BOJOBIIBEICHHS;
3aMpONOHYBATH METOIMYHI MIX0IU A0 MPUHHATTS OpraHi3alliiHO-TEXHIYHUX PIIICHb JIJIs
YIPaBITiHHS €KOJIOTIYHOI0 0e31eKOI0;

3alpONOHYBAaTU I1HCTPYMEHTaJbHE 3a0e3MEeUYeHHs OpraHi3alifHO-TEeXHIYHUX pIIIeHb A7

MiATPUMAHHS eKOJIOT1YHOT Oe3neKku npy (GpyHKIioHyBaHHI iH)PACTPYKTYpH BOAOBIIBEICHHS.
4. Marepianu ta meronu. EdextuBHicTh poO0TH iHGPACTPYKTYpPH BOAOBIIBEICHHS MOKHA

OXapakTepu3yBaT TAKUMU OCHOBHUMHU MOKa3HUKaMu [15]:

- BUKOHAHHS MOCTaBJICHUX 337124 (JOTPUMaHHs BUMOT, 1110 BUCYBalOThCS HOPMATUBHUM
3aKOHO/IaBCTBOM);
- BIJHOIIEHHS OJIEP>KaHOTO PE3ybTaTy J0 3aTPayeHOro pecypcey;
- CTaOUIBHICTh Pe3yJbTaTy IPOTATOM TPUBAJIOTO MEPIOTY Yacy.
TeopeTnko-MeTo0I0rUHUH MiAXia A0 eheKTUBHOCTI IHPPACTPYKTYpH BOJOBIIBEAECHHS MEpeI-

0avae BU3HAYEHHS CYKYITHOCTI COIIaIbHO-€KOHOMIYHHUX, €KOJIOTIYHUX Ta IHIIUX MPOIIECIB 1 SBUIII,
110 NOB’sI3aH1 3 JOCATHEHHSIM OCHOBHHMX MTOKA3HUKIB MPU YMOBI palliOHaJIbHOIO KOPUCTYBaHHS pe-
cypcaMu Ta e(eKTUBHOIO yTHii3aliero BiixodiB [16]. MoxHa 3anponoHyBaTu CTpYKTYypy Teope-
THUKO METOJI0JIOTTYHOTO MiJIX0LYy 10 (OpMyBaHHS OpraHi3aliifHO-TEXHIYHUX 3aXO0/11B 3 YIPaBIIHHSA
€KOJIOTIYHO Oe3MeKor0 (PyHKIIOHYBaHHS 1HPPACTPYKTYpH BOJOBIABEAEHHS, 1110 HABEIEHO HA pUC.
6.1.

Pesynbratn edeKTUBHOI poOOTH 1HPPACTPYKTYPH MOKHA MOAUTUTH Ha:
- E€KOHOMIYHMU pe3yJIbTaT;
- colLiaJbHUN pe3yNbTarT;
- €KOJIOT1YHMH pe3yJbTaT;
- KOMEepUiltHUi pe3yibTar;
- 1HIII pe3yJIbTaTH.
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Mertojo10TYHIAN MIXIT JI0
OpraHi3anifHo-TeXHIUHIX 3aX0/IiB

(Daxropu Metonuku CHCTeM%
BIDIBY MIOKA3HUKIR
TncTpyMeHTapil ATrapaTHa peaizais

IHTerpanepHi iHIUKATOPU

Puc. 1.1. CtpyKTypa TEOPETHKO-METOIOJIOTTYHOTO MiAX0Ay 10 (OpMyBaHHS OpTaHi3alifHO-TEXHIYHUX 3a-
XOJiB 3 yIPaBIiHHsI EKOJIOTIYHO Oe3MeK0I0 PYHKIIOHYBaHHS iHQPACTPYKTYPH BOJOBIIBEICHHS
Fig. 1.1. The structure of the theoretical and methodological approach to the formation of organizational
and technical procedures to manage the environmental safety of the functioning of the drainage infrastruc-
ture

PesynbraTamu ¢yHKIIOHYBaHHS 1HPPACTPYKTYPH BOIOBIABEICHHS MOKHA TAKOXK BBaYKATH
KUJTBKICHI Ta SIKICHI XapaKTEPUCTHKH IiJICYMKIB poOOTH y CEpEOBHIII, 110 BKIOYAE FOCHOIAPCh-
Kuii Ta reorpadiunuii cermenTu. Ilpu nbomMy nependayaeThbesi BAKOPUCTAHHS HAassBHUX BHYTPIIIHIX
Ta 30BHINIHIX PECYpCiB Ta MMOBHE JIOCSTHEHHS MTOCTABIICHUX 3a/J1a4 32 YMOBH 3a0€3IeYCHHS He0OXi-
JTHOTO PiBHS €KOJIOT1uHO1 Oe3meku [17].

JlocsiTHEHHS TIOCTAaBJICHUX 33724 TPYHTYETHCS Ha 3aJy4eHH] pecypciB, K BHYTPIMIHIX, TaK
130BHIMIHIX. B pe3ynbrari AisbHOCTI BiIOyBa€eThCs TpaHchopmartis 1ux pecypcis. Mojenb ynpas-
JHHS €KOJOT1YHOI0 OE3MEKOI0 Ta caMi YNPaBIIiHCHKI PIIEHHS, IO NP [bOMY MPHIMAIOTHCS, TO-
BUHHI TPYHTYBAaTUCS HA BHYTPIIIHIX MOXJIMBOCTSAX Ta PECYpCHOMY MOTEHLIadl Ta BPaxOBYBaTH
BHYTPIIIHI Ta 30BHILIHI ()aKTOPH BIIMBY Ha I[UUIbOBI PE3yJIbTaTH AisiabHOCTI [18].

Mozens (akTopiB BIUIMBY Ha pe3yJIbTaTH YIPABIiHHI €KOOE3MEeKO0, 10 MOKHA 3aIpoIo-
HYyBaTH JUIsl IHPPacTpyKTypH BOJOBIIBEJICHHS, HaBeJieHa Ha puc. 6.2.

CucremMo10 MOKa3HUKIB MOXKHA Ha3BaTH MOOYJI0OBaHY Ha CHUCTEMHMX 3acafax CYKYIHICTb
MOB’SI3aHUX MK COOOI0 TTOKA3HHKIB, 0 PO3TJIAIAIOTHCS KOMIUIEKCHO 1 YTBOPIOIOThH €IMHE IILJIE.
Cucrema Moka3HUKIB NMOBUHHA 3a0e3nedyBaTH (OpMyBaHHs MOCTABICHHMX LUIEH 1 MOKa3yBaTH
HUIAXH iX JOCATHEHHs. [Ipu3HaueHHIM Ii€] CUCTEMU € HE IPOCTO OyTH OCHOBOIO sl (pikcarlii Ki-
JBKICHUX 3HAa4YeHb MapaMeTpiB €KOJIOTIYHOI Oe3neku (yHKIIOHYBaHHS 1H(PAcTPyKTypH, a OyTH
JoKepenoM iH(opmarii npo nepedir BHyTPILIHIX MpolieciB Ha 00’ ekTaxX 1HPPaCTPyKTypH (IOTOUHI
MOKa3HUKH), @ TAKOX MOXJIMBUX 30BHINIHIX HACTIAKIB IpU peati3alii THX, UM 1HIIUX OpraHiza-
LIHHO-TEXHIYHUX 3aXO1B (cTpaTeriyHi nokazHuku). HeoO6xinHiCTh po3po0aeHHs €peKTUBHOT CHC-
TEMH IMOKa3HHUKIB JUKTYEThCS HEOOXIJIHICTIO MIBHJKOI aganTaiii (pyHKUIOHYBaHHS 1HPpPaCTpyK-
TYpH J10 3MiH y cepeloBulll 1T QYHKIIOHYBAaHHS, a TAKOX HEOOX1IHICTIO KOHTPOJIIO 3 JOCATHEHHIM
MIOCTAaBJIEHUX CTPATETIYHUX LIJICH.

CucreMy MOKa3HUKIB MOXHa OyIyBaTH 3a IPUHLUIIOM 1€papXidHOCTi, 00 3a MPUHIIUIIOM
KomIuiekcHocTi [19]. V nepmomy Bunazky iepapxisi BKasye Ha 3aJI€KHICTh MOKa3HUKIB OUIbII BU-
COKOT0 PiBHS B1Jl MOKa3HUKIB OUIbII HU3bKOTO PIBHSA. Y IpYyroMy BHUIAJIKy TOKa3HUKU MalOTh CKJla-
JTH1 3B’S13KU MK COOO0I0 1 BaXKKO MMiITAIOTHCS epapxizarii.

[Tpu popmyBaHHI MOKA3HUKIB AOLUIIBHO KOPUCTYBATHUCS:

- IPUHIMIIOM BUKOPUCTAHHS HAHKPAIIoi TOCTYITHOT MPAKTHKH, a CaMe BUKOPHCTaHHSI TIOTTe-
PEIHBOTrO AOCBIAY Ta Cy4acHUX JAOCSATHEHb B YIPABIIHHI €KOJOTIYHOIO 0e3MeK00 iHYpacTpyKTypu
BOJIOBIJIBEJCHHS;
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@DaxTOpH BIIHBY Ha eK0Oe3IIeKy

Buytpimmi 30BHIIIHI
¢daxropu daxropu
Pecypcn Pecypcn

BHYTPIIIHI 30BHIIIHI

Monent yrpasmiHHas
€KOJIOTIUHOI0 Be3MeKo0

Bupobumumii Teputopiansauit
CETMeHT ALAIBHOCTI CerMeHT JiANBHOCTI

Peaynprat yrpaBiiHHS €KOIOTIYHOK O€311EK0I0

Puc. 1.2. Mozens akTopiB BIUIMBY Ha PE3yJIbTATH YIIPABIiHHS €KOJIOTTYHOIO OE3MEKOr0
Fig. 1.2. Model of influencing factors on the results of ecological safety management

- MPUHITUIIOM HEOOXITHOTO 1 IOCTATHBOTO 00CSTY, MO0 Mepeadavace 3 OJHOTO OOKY
JIOCTATHICTH iH(MOpMaIlii 11 3a0e31eueHHs TOCATHEHHS TTOCTABJICHHX 1IIJIEH, 3 THIIIOro 00Ky
BIJICYTHICTb ii HAJTUIIIKOBOCTI;

- MPHUHIUIIOM JOCTYIHOCTI, a caMe MPeACTaBICHHAM IOKa3HUKIB Y JICTKIH IS
CHPUAHATTA HopMi.

MoskHa 3alpoNOHyBaTH CTPYKTYPY 1€papXivHOI CHCTEMH IMOKAa3HHUKIB €(EeKTUBHOCTI Opra-
HI3all1HHO-TEXHIYHHUX 3aXO0/1B JJIsl YIIPABIiHHS €KOJOTTYHO0 0€3MEeKOolo, 110 HaBeAeHa Ha puc. 6.3.

IMoxkazunku eeKTHBHOCTI
OpraHi3aIliifHo-TeXHIYHIX 3aX0/1iB

IToTouHi Crpareriuni
TIOKa3HUKH TIOKA3HHKH
KopoTkocTpokosi JloBrocTpoKoBi
HOKa3HHKH HOKA3HHKH
VIIPaBIiHCBKUX YIIPaBIIHCEKIX
pineHs pimeHs
NIBHUAKiCTL aganTartii Po306ixkHICTE 3Ha4Y€HB
IH(pacTpyKTYypH 10 IIOKa3HHKIB 13
3MiHH CEpeIOBHUIIA 3aITAHOBAHHM
ICHYBaHHS piBHEM

Puc. 1.3. CtpykTypHa cXeMa CUCTeMH TTOKa3HUKIB €)EeKTUBHOCTI OpraHi3aIiiifHo TEXHIYHUX 3aXOIiB IS yII-
PaBIIiHHS €KOJIOTIYHOI OE3MEeKOI0

Fig. 1.3. Structural diagram of the system of performance indicators of organizational and technical proce-
dures for environmental safety management
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YrpaBiiHHS €KOJOTIYHOO 0€3MEeKOI0 Ha Cy4acHOMY €Talll BUMarae po3po0JieHHS HOBUX METO-
JIMK Ta OPTraHi3alifHO TeXHIYHUX PillIeHb, AKi MOBUHHI MpUAMATHCS Cy0’€KTaMu YIPaBIIiHHS Y T1e-
BHii mociiioBHOCTI [20]. BpaxoByroun ciocobu peasnizaltii mporeayp yrnpasiiHHSI MOXKHA 3ampo-
MOHYBAaTH METOJUYHI MiTXOAH 10 MPUHHATTS OpraHi3aliiHO TeXHIYHHUX PIMICHb JJIS YIPaBIiHHS
€KOJIOTIYHOI0 OE3IeKO0, 110 HaBeeH] y TabmuI 6.1.

Tadoauus 1.1. MetoauuHi TiAX0AM A0 MPUHHATTS OpraHi3aiifHO TEXHIYHUX PIllleHb I YIIPaBIIIHHS €KO-
JIOTIYHOIO O€3IMEKOI0

Table 1.1. Methodical approaches to making organizational and technical decisions for environmental safety
management

Ne Ha3Ba MmeToquknu CyTHiCTH METOTUKH
3/m
1 [Meroauka JiHIMHOTO yIpaBIIiHHSI [TocainoBHICTB TIIAHOBUX YIIPABIIHCHKHUX

pilieHb 3 MONANBIINMH KOPUTYBaHHAMHI
3aJIe)KHO BiJl OTPUMAHOTO pe3yJbTary, abo
BiJIXMJICHB BiJl O4IKYBAHOTO PE3YJbTATy

2 |Mertonuka pe3ynbrar-opieHToBaHOro|OIIHIOBAHHS PE3yNIbTaTiB KOKHOTO
yIpaBIiHHS YIPaBIIHCHKOTO PIICHHS 3 KOPUTOBYBAaHHIM
HACTYITHUX PIIIEHb 3aJIEKHO BiJl BIIXUIICHb
BiJl OYIKyBaHb

3 |Meronuka CUTyaIiifHOTO yIpaBIiHHS [TpuitHATTS ynpaBIiHCHKUX PILIEHb Y
BiJITOBIHOCTI 3 TOTOYHOKO CHTYAIII€I0 T
HEOOXiTHICTIO pearyBaHHs Ha MOTOYHI
npoOiemMu

4 |MeToauKa LUTFOBOTO yIPABIIHHSI [TporHo3yBaHHsI HEOOX1JHOTO PiBHS
eKOJIOTIYHO1 Oe3nekn (QyHKIIOHYBaHHS Ta
PO3pOOIEHHS MOKPOKOBOTO MUIAXY 11
JIOCATHEHHS

5 |MeTonuka pernaMeHTHO-TO yIpaBliHHS Bu3HaueHHs1 He0OX1THOTO PiBHS €KOJOTTYHOT
Oe3neku (YHKI[IOHYBaHHS 3 ypaxXyBaHHS
HasIBHUX PECypCiB Ta MOXJIMBOCTEH Ta
pO3pOOJICHHS IIUISAX1B JOCATHEHHS

6 (Metonuka MPOrpaMHO-1ITLOBOr0| Bu3HaueHHs He0OX1THOTO PiBHS €KOJIOTTYHOT
yIpaBIiHHS 0e3reku GyHKIIOHYBaHHS, pO3POOISIOTHCS
eTaIy JIOCSATHEHHs BU3HAYEHOTO PiBHS,
CTPOKH 3aBEPIIIECHHS €TaIliB Ta I[IHOB1
MIOKAa3HUKH KOXHOTO eTaIy

7 |Meroauka aHTHUCHUIIATUB-HOTO yNpaBiIsiHHS |3a0e3neueHHs MiATPUMaHHs p1BHA
eKOJIOT1YHO1 Oe3neky (QyHKIIOHYBaHHS 3
BpaxyBaHHSIM HEBU3HAYCHOCT]I YMOB
HaBKOJIMIIHBOTO CEPEIOBUIIIA

Ha puc. 6.4. HaBezieHO O6JI0K-CXEMY MOXJIMBOTO IHCTPYMEHTAILHOTO 3a0€3M€UeHHs OpraHi-
3aliHHO-TEXHIYHUX PIlIeHb IS MiATPUMaHHS €KOJIOTiYHOi Oe3neku npu (yHKIIOHYBaHHI iH(pa-
CTPYKTYPH BOJIOBiABEIICHHS.

3acTocyBaHHS MepeNiYeHUX METOAMYHHUX ITiJIX0/iB MOBUHHO 3a0e3MeuyBaTUCs BiIIOBI/I-
HUM IHCTpYMEHTapieM, 110 BINOBIIa€ Cy4aCHUM BUMOTaM JI0 YIIpaBIIHChKUX IpoleciB. [HcTpyme-
HTapieM MO>KHA Ha3BaTH IPyNH 3ac00iB, 10 MOXYTh JOIOMOTITH Y BUPILIIEHHI OCTaBJIEHUX 33a4
Ta JIOCSITHEHHI MOCTaBJIeHUX Lijel. [HcTpyMeHTapiil moknMkaHuil 3a0e3rnedyBaTu BUacHE MpUK-
HATTS YIIPABIIHCHKUX PillleHb, 3a1100IraTH MOsIBI HEBU3HAYEHOCTEH. Bix mmpoTu iHCTpyMeHTapito,
1110 BUKOPUCTOBYETHCS, HAIPAMY 3aJI€)KUTh YCIILIIHICTh YIIPABIIHHS €KOJIOTTYHOI0 O€3EeKO0I0 Ta J10-
CSITHEHHS CTPATEr1YHUX ILIEH.
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IncTpyMeHTH 3a0e3nedeHHs OprafHizaniiao-TeXAiYHHX pilleHsb 1718 DiATpEMAHHES
ero0esnexkn

Betamo- Bixcy- Nipafarres Beraso- B Tlotpa- Beramorre
1HA HCYBaHHI
g 20008’ 433HE BICHEL BHMOT
o0MexeHD TIOKASHHKIE VMOB TIPHHITHITE TIApaMETIE

IscTpyMeRTH DiATpEMAHHS NPHAHATTA pillleHb

CDop:xr}-'Ba_HHH CHcTeMHIA DaxTopHHHE OnTmvizania ExcneptHe METOTAMH
KpHTep1E aHATi2 AHATIZ TIOK33HHKIE OILIHIOBaHHAA HETITEOD
IOTIKH
IscTpyMeRTH ONpOrHOIYBAHHSA
$VHEIMOHATEHO-
MatemarHaHe CrpyrTypHS S r CIIS
T 0I'FPI:;A‘:'GTMJ TOTiCTHSHE HporHoz}Ba}E{a Em:n-:;_:mc
D SYBAHHA p YEAHHA TPOTHO2yBAHHA 00 aHamori NpOTHOIYEaHHA
IncTpyMeHTH IIAHYBAHHA
HobasTopHe Hopmatuere banancoee Marprame TpodHg-
III2HVEAHHT IUIAHYBAHHA ILI2HYEaHHA IUIAHYEBAHHA CTATHCTHYHE
TLTAHVEAHHT
IacTpymenTH ninTpEManaa PyHKOioHYBAHHENA
KoHTpone TiargocTHEA MoniTopHAT

IncTpyMeHTH YOpaBdiHEA

Jhimifine Pezvnprar- - - ITporpanmo- AHTHCHIIA
. - CHryamfne I[Mimose PernamenTae porp
YIIPaBmH Op1EHTOE3HE - . - IUIEOES IHEHS
- VIIPABTIHHA VIIPAEMHAT VIPAETHHA . ) ;
HA VIIPAERTIHHA - VIIPAETIHAT VIIPABIIHHA

Puc. 1.4. Bnok-cxema MOXIJIMBOTO iIHCTPYMEHTAIBHOTO 3a0€3IeYeHHS OpraHi3amiHoO-TeXHIYHUX PillIeHb JIJIsI
MiATpUMaHHS €KOJIOoTidHOi Oe3neku npu (yHKI[IOHYBaHHI iHQPACTPYKTYPH BOJIOBIIBEACHHS

Fig. 1.4. Flowchart of the possible instrumental provision of organizational and technical solutions for main-
taining environmental safety during the functioning of the drainage infrastructure

BucHoBKkH. Y 3B’S3Ky 3 CUTYyalli€lo, siKa CKJajlacsl y HaIii KpaiHi Ta, Oepydyu A0 yBaru,
KPUTUYHUN €KOJIOTIYHWN CTaH MOBEPXHEBUX BOJHHMX JKEPEN Ta IIJIBHINCHI BUMOTH JI0 SKOCTI
BOJIOIPOBITHOT BOJAU MOJEPHI3allisi CIIOPY/ BOAOMOCTAYaHHS Ta BOJIOBIABEACHHS, YIOCKOHATICHHS
TEXHOJIOT1# BOJIOMIATOTOBKY Ta OYHIICHHS CTOKIB € aKTyaJIbHUMH 3aBIaHHAMH. {7151 IX BUKOHAHHS
HEOOXITHUM € pPO3pOOJICHHS METOAOJOTIYHUX OCHOB MPHUUHSATTS pilieHb A GopMyBaHHS
Oprafi3alifHO-TEXHIYHUX 3axO0JiB 3 MOJEpHI3alii Ta BIJHOBJIEHHS 1HPPACTPYKTYpH
BOJIOBIJIBEJICHHS Ha 3acaJaX eK0Oe3IeUHOCTI.
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OOGrpyHTOBaHO Ta PO3POOJICHO CTPYKTYPY TEOPETUKO-METOAOIOTIYHOTO MIAX0ay 10 (Gop-
MYBaHHS OpraHi3aliifHO-TeXHIYHUX 3aX0/1iB 3 YIPABIIHHSI €KOJOTIYHO OE3MeK0I0 (PYHKIIOHYBAaHHS
1H(pacTPYKTypH BOJOBIABEACHHSI.

ChopmynpoBaHO Ta CHCTEMAaTH30BAaHO OCHOBHI ()aKTOPH BIUIMBY Ha pe3yJbTaTH YIpPaB-
JIHHS €KOJIOT1YHOI0 0e3nekto. Po3po0iieHo CTpYKTYpHY MOJIeb B3aeMO/Iii Mk ¢akTopamu. Ha -
ICTaBi cPOPMYITHLOBAHUX KPUTEPIiB PO3POOIICHO i€papXiuHy CHCTEMY IMOKAa3HUKIB, III0 BU3HAYAIOTh
e(heKTUBHICTh OpPraHi3aliifHO-TEXHIYHUX 3aXO0(iB YIPABIIHHS €KOJIOTIYHOI Oe3IeKoro iHppacTpy-
KTYpH BOJIOBiIBEICHHSI.

Takox y cTaTTi po3po0jeH0 METOANYHI MIAXOAN A0 MPUUHATTS OpraHi3aiiHO-TEXHIYHUX
pillieHb 3 YIpaBIiHHS €KOJOTIYHOO 0e3MeKO0r0, MOKa3aHO NUISXH MiJNUIICHHS e(peKTUBHOCTI PO-
0o0tH iHPpaCTPYKTypH BOAOBIABEACHHS, @ TAKOXK PO3POOJICHO OJIOK-CXEMY MOXIJIMBOTO IHCTPYMEH-
TAJILHOTO 3a0€3MeUeHHs OpraHi3aiHO-TeXHIYHUX PIICHb JJIS MiITPUMAHHS €KOJIOTIYHO1 O€3MeKH.
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THE RELATIONSHIP OF GLOBAL CLIMATE CHANGES AND THE OPERATION OF OPEN COOLING
SYSTEMS OF ENERGY FACILITIES OF UKRAINE

ABSTRACT. This study provides an assessment of the possible impact of climate change on increas-
ing the temperature of water in the sources from which water is taken for open technical cooling systems. In
recent years, there has been a decrease in the efficiency of nuclear reactors at Ukraine's nuclear power
plants in the hot summer months of the year. Using the example of cooling ponds of operating nuclear power
plants, an assessment of the mutual influence of air temperature indicators and the temperature of surface
water for cooling was made. Based on the monitoring temperature data of the cooling reservoirs of the NPP
of Ukraine in different months of 2020, as one of the hottest years of observations, the equations of the
correlation dependences between the temperature indicators of the surface air and the temperature of the
cooling water were obtained. In the OriginPro8 software environment, which is widely used as an industrial
standard for data collection and visualization, a climatic forecast of the atmospheric air in the territory of
Ukraine was made and a forecast dependence of the water rise in water bodies was established for the
period until 2160. The obtained forecast values of the relative total efficiency of the NPP reactors of Ukraine
for different periods until 2050, which indicates a gradual decrease in the output power in the nuclear power
industry of Ukraine. This approach to the analysis of the operation of cooling ponds can be acceptable for
evaluating the operation of thermal plants and other industrial facilities that have an open cooling pond and
can serve as support for making management decisions in the context of global climate change and for
preventing the risks of emergency situations on the object.

Key words: energy facilities, cooling water temperature, climate changes, reactor efficiency.

B3AEMO3B’A30K NMOBAJIbHUX KNIMATUYHUX 3MIH TA POBOTU BIOKPUTUX CUCTEM OXOJ10-
DKEHHA EHEPFTETUYHUX OB’EKTIB YKPAIHU

AHOTAL)IA. B daHHomy docnidxeHHi npusoOumbCsi OUjHKa MOXIIUBO20 8r1fiusy 3MiH KriMamy Ha rio-
BUWEHHST meMrepamypHUX MOKa3HUKIe 800U 8 Oxxepernax, 3 skux 30ilicHioembcsi 60003abip dnsi 8iIOKpuUMuUX
mexHi4YHUX cucmem oxos100xeHHs. OcmaHHIMU poKaMu criocmepiaaembCsl 3HUXEHHST e¢bekmugHocmi po-
6omu amomHux peakmopie Ha AEC YkpaiHu 8 nimHi cniekomHi micsiyi poky. Ha npuknadi pobomu cmaekie-
oxono0xyeauyie Oditovux AEC 3pobrieHa ouiHKka 83aemoernnugy memrepamypHUX MOKa3HUKI8 nosimpsi i me-
mriepamypu riogepxHesux 800 0151 0x0n00xeHHs. Ha ocHosi MOHIMopuHa08UX memrepamypHUX OaHuX
godolim-oxornodxysayie AEC YkpaiHu e pi3Hi micsuyi 2020 poky, sik 00H020 3 HalbinbWw CrieKoOmHUX poKig
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criocmepexeHb, 6ynu ompumaHi pieHSIHHS KOpensyiliHux 3anexHocmel MiXX memnepamypHUMU oKa3HU-
Kamu rpu3eMHo20 rnoeimpsi ma memrepamyporo 800U 0511 0X0100xeHHs1. B npozpamHomy cepedosuwie
OriginPro8, wo wupoKo 8UKOpPUCMO8YEMbCS SIK MPOMUCIO8UM cmaHOapmom Os1s1 360py ma eidyanizauii 0a-
HUX 3p0b6IeHO KriiMamu4yHuUl rnpoeHo3 ammMmocghepHo20 nosimpsi Ha mepumopii YkpaiHu ma ecmaHo8/1eHO
MPO2HO3HY 3arexHicmb nid8uUUeHHsT 800U ¥ 800HUX 06’ekmax Ha nepiod 6o 2160 p. OmpumaHi rNPo2HO3HI
3Ha4YeHHs1 8IOHOCHOI cymapHOi echbekmusHocmi  pobomu peakmopie AEC YkpaiHu pisHi nepiodu do 2050
POKY, WO c8id4YuUMb PO Mocmyrnoge 3HUXEHHSI 8UXIOHOI Momy>XHocmi 8 amoMHiIl eHepeemuui YkpaiHu. [a-
Hul nidxid do aHanizy pobomu cmaeskie —0xor00xysgadie Moxe 6ymu npulHamHuUM 051 OyiHKU pobomu
menogux cmaHyiti ma iHWux npomucnosux ob’ekmis, Wo Maroms 8i0KpuUMuUl cmMagoK-0xonodxyeas ma
MoXe criyaygamu nidmpumMKoro Ors NPUUHAMMS yrnpaesiHCbKUX piueHb 8 yMmosax 2106anbHOI 3MiHU Kii-
mamy ma 0nis O 3anobizaHHs pU3uKie 8UHUKHEHHS Had3suyaliHux cumyauiti Ha 06’ekmi.

Knroqoei crioea: eHepeemuyHi 06’ekmu, memnepamypa 800 OX0/100XKEHHS, 3MiHU Kilimamy, eqhek-
mueHicmb pobomu peakmopa.

1. INTRODUCTION. Many domestic and foreign authors dealt with the issue of the inter-
relationship of surface water quality, changes in the water regime of water bodies and water supply
depending on global climate changes [1-3, etc.]. Thus, in work [3], the water balance method was
used to assess possible changes in water resources of Ukraine based on the results of air temperature
forecasting. A 25-50% decrease in water flow was predicted at the end of the current century in
Ukraine across four regions of Ukraine according to the official regional division used by the
Ukrainian Hydrometeorological Center [4]. Scientific studies [5-7] contain assessments of the prob-
able vulnerability of one of the main water users - the energy industry, with recommendations on
its adaptation to climate change. The abnormal heat of recent years affected not only the qualitative
and quantitative characteristics of Ukraine's water resources, but also the overall efficiency of cool-
ing systems. As an alternative, global research offers closed water circulation systems or dry cooling
technologies. As for nuclear energy, it is increasingly possible to hear opinions about alternative
options for cooling systems for the successful development of the industry, which are based not only
on the general impact on the environment, but also on assessment and analysis consequences of
climate change [8,9].

Global nuclear energy is currently developing against the background of a considerable list of
unsolved dangerous environmental problems, and Russian aggression in Ukraine forces us to recon-
sider the sustainability of nuclear energy. On the territory of Ukraine, we have reactors of the
VVER-1000 type, and decommissioning of the latter is planned by 2050. Even without extending
their service life, research aimed at evaluating the efficiency of operating reactors depending on the
water temperature of cooling reservoirs is relevant. The purpose of this work is aimed precisely at
such studies.

2. OVERVIEW OF EXISTING SOLUTIONS. Existing models of the dependence of the
use of water for cooling and the energy produced are based on the determination of the coefficient
of consumption of fresh water in the system [6, 10]. Many studies, based on the results of studies
on accident safety after the Fukushima accident, devote many works to the safety and reliability of
the cooling management of the core and protective shell in reactors of various designs [11]. The
heat load of the cooling system in work [7] is represented by the Senki diagram, which is based on
balance studies, the balance ratio, and the coefficient of net electricity production is used to deter-
mine the efficiency of a nuclear power plant. The input heat flux in this approach consists of three
output fluxes: net power generation, heat load and cooling systems, and heat loss. On the basis of
this approach, it is possible to obtain the coefficient of consumption of fresh water in the systems,
which makes this approach workable when drawing up the water balance in the technological sys-
tem of reactors. A number of studies are devoted to hybrid cooling systems combining wet and dry
cooling approaches.

But in the study [12] it is noted that despite the existence of many varieties of hybrid cooling,
all of them are, in fact, a compromise between a wet tower and dry cooling. Works [13,14] describe
detailed models of the processes of the most modern power plants for comparing various aspects of
water use. A number of models presented in works [15,16] apply the assessment of the impact of
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carbon absorption on water use, but these models have a high level of detail in the assessment of
water use and the potential consequences of the introduction of new technologies. The amount of
water required for cooling a station with a VVVER-1000 reactor can be found using the equations
given in [17] and convenient to use.

3. MAIN PART. The following algorithm was used in the research: changes in water tem-
perature indicators depending on air temperature were studied and correlation dependences between
these indicators, which are usually linear functions, were constructed [10]; on the basis of the ob-
tained correlation dependences, we find the coefficients of the Mohseni equation [18]. This equation
allows for the estimation of the effect of the increase in water temperature and relates the waste heat
at the plant to the demand for cooling water based on the efficiency data and the generated electric-
ity, and for closed cooling systems the fraction of the waste heat released to the air is determined.

To determine the output power, equation (1) was used for open cooling systems, which is
given in [10] with practical restrictions on the operation of the reactor, such as: the maximum per-
missible water intake, the maximum permissible temperature increase of the return water, and, fi-
nally, the overall efficiency of the installation.

F
KW A Smax C v Qmax

h,3.6_[1_ntomlJ,(l_a)

T]electrical

: (1)

Where: KWmax — the maximum installed power in (KW); QF wax - the need for cooling water (m3);
h — working hours in (hours); 3.6 is the coefficient for converting kWh into megajoules; ntotar —
total efficiency in (%); Netectricat - €lectrical efficiency in (%); a - share of spent heat not removed
by cooling water in (%); v - density of water in (t/m3); ¢ — specific isobaric heat capacity of water
in (MJ/t K); ASmax — is the maximum permissible increase in the temperature of the cooling water
in (K).

To study the cooling tanks of nuclear power plants in Ukraine, we used the OriginPro8 soft-
ware environment, and to construct the correlation dependences for the cooling reservoirs of the
Khmelnytsky NPP, the Rivhe NPP and the South Ukrainian NPP between the water temperature
and the air temperature of one of the hottest years in the last decade - 2020. The data of the correla-
tion dependences, based on which the coefficients in equations (1) and the Mohnesi equation can
be identified, are given in Table 1. The values of the parameters for calculating the need for cooling
water are presented in Table 2.

Table 1 - Forecast and estimation parameters according to equation (2)

Object Tashlitsky Reservoir Netishyn Reservoir Styr River
(PNPP) (KHNPP) (PNPP)
Haxun (M) 1,6249 1,1801 1.2337
y=(4>*xm/a—pn) 0,382 0,2247 0.2234
B—(°C). 8 7.5 12
a-(°0C 33 24 25
u—-(°0C 14 3 3
Table 2. Values of parameters for calculating the need for cooling water
Parameters
a=0.01 AS=10K
h=24*30=720 EZ=3
Ntotar = 0,75-0,85 w =0.975
Nelectrical = 0.33 (1 -8)=0.013696
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The analysis of changes in temperature indicators on the territory of Ukraine during the pe-
riod 1881-2020 is presented in Fig. 1. and Fig. 2.

T T T
1900 1950 2000

Fig. 1 Correlation dependence of average
annual temperature changes of the atmospheric

surface air on the territory of Ukraine in the period

1881-2020.

T T T
1850 1900 1950 2000

Fig. 2. Correlation dependence of average
monthly temperature changes of atmospheric
surface air in the summer months on the territory
of Ukraine in the section 1881-2020.

Modeling of the forecast data of the average annual temperature of atmospheric air for the
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Fig. 3. Modeling of forecast data of the aver-
age annual atmospheric temperature for the period
up to 2160

period until 2160 is presented, respectively, in the graphs of Fig. 3 and Fig. 4.
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Fig. 4. Modeling forecast data of the aver-
age monthly air temperature in July for the period
until 2160

Modeling of forecast water temperatures of cooling reservoirs is presented in the graph of Fig.
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Fig. 5. Modeling of forecast water temperatures of cooling reservoirs of the NPP of Ukraine:
a) - Tashlitsky Reservoir, B) - Netishyn reservoir, c) - Styr River

The equation of the relationship between the temperature of the surface layer of the air and
the cooling water is linear with the corresponding correlation coefficients: Tashlitsky Reservoir -
0.8278, Netishyn Reservoir - 0.9408 and cooling water of the Rivne NPP (Styr River) - 0.8759.

When calculating the efficiency of the reactors according to equation (1), practical restrictions
are imposed, such as: the maximum permissible water intake, the maximum permissible temperature
increase of the return water, etc.

Taking into account the terms of decommissioning of reactors at the nuclear power plants of
Ukraine, it is sufficient, in our opinion, to make a forecast of the efficiency of their work for the
period until 2050. Calculation data showed that in the period 2023-2030, if the current trend of
increasing climatic indicators is maintained, the value of the coefficient of the total power of nuclear
reactors in the summer months is 0.40; in the period of 2031-2040 - is 0.38 and in the period of
2041-2050 it may reach 0.35 and below.

4. CONCLUSIONS. One of the main negative factors affecting the reduction of energy effi-
ciency of NPPs in Ukraine is open cooling systems, when higher efficiency in the technological
process can be achieved if the temperature of the suitable water is lower. Nuclear power plants of
Ukraine require a fairly large amount of water for the process of cooling waste and removing heat.
Analysis of the impact of global climate change on the presence of cooling through open cooling
ponds showed that a gradual increase in the temperature of cooling water in the coming decades
will lead to a decrease in the efficiency of reactors at nuclear power plants in Ukraine. In order to
avoid the risks of emergency situations at the station and in the area of its influence, it is necessary
to have a tool for predictive assessment of the efficiency of the cooling systems in conditions of a
gradual increase in the temperature indicators of water resources that enter the technological process
for making strategic decisions regarding the transition to "clean™ energy. and new generations of
reactors.
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