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JTOCJIKEHHA BILIMBY TEOMETPII POBOYUNX OPTAHIB 3MIIITYBAYA
HA KIHETHUKY 3MIIIYBAHHA CUIIKUX CEPEJOBMUIIL

Y emammi oocniosxcyemoca ennue ceomempii pobouux opeamie smiuyeaua Ha KiHemuxy npoyecy smiuty8aHH:
CUNKUX cepedosuly. 3Miuy8anHa € OOHUM i3 KIIOYOBUX MEXHOJO0IUHUX Npoyecie y 6azamvox 2any3sax NpOMUCIO8OCHII,
30KpemMa 6 xap4osill, gapmayeemuunii, Ximiuniti ma 6yoisenvhitl. Bucoka sikicmv 3miulyeanHs 3a0e3neuye 00OHOPIiOHICMb
KIHYe6020 NPoOyKmy, wo 6e3nocepeonbo 6NaUBA€E HA 1020 CROJICUBYT MA eKCHAYAMAYIHI XapaKmepu cmuku.

Kniouoei crosa: awnanis, eibpayis, 3miuly8anms, npoexyis WeUOKOCMI, Cunke cepedosuuje, 4acmoma, cymiul,
BIOPOUBUOKICTD.
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STUDY OF THE INFLUENCE OF MIXER WORKING BODY GEOMETRY
ON THE KINETICS OF BULK MATERIAL MIXING

This article examines the influence of the geometry of mixer working bodies on the kinetics of the bulk material mixing process.
Mixing is one of the key technological processes in many industrial sectors, including the food, pharmaceutical, chemical, and construction
industries. High-quality mixing ensures the uniformity of the final product, directly affecting its consumer and operational characteristics.

An analysis of various types of mixing elements, including blade, ribbon, screw, and rotor-pulsation systems, was conducted.
Particular attention was paid to their structural features, such as shape, size, inclination angle, and positioning within the mixing chamber.
It was determined that the kinetics of mixing largely depend on the interaction between bulk material particles and the working bodies, as
well as on aerodynamic and mechanical factors influencing particle movement during the mixing process.

The study employed mathematical modeling methods and experimental analysis. Numerical simulations of particle motion dynamics
were performed using the Discrete Element Method (DEM), allowing for the assessment of particle distribution uniformity within the mixing
volume. Additionally, experimental tests of mixers with different designs were conducted to verify the theoretical results.

The research findings indicate that modifying the geometry of the mixer’s working bodies can significantly impact mixing quality,
process speed, and energy consumption levels. Optimizing the shape and arrangement of mixing elements improves mixture homogeneity,
reduces mixing time, and decreases mechanical stress on equipment.

The obtained results can be utilized for the modernization of industrial mixers to enhance their performance, reduce energy
consumption, and improve the final product’s characteristics. In particular, the proposed recommendations may be applied in the design of
new mixing systems and in the improvement of existing technological lines.

This study is relevant in the context of developing innovative mixing technologies and increasing the efficiency of production
processes across various industries. Future research may focus on a more detailed investigation of the influence of the physical and
mechanical properties of bulk materials on mixing kinetics, as well as on the development of new structural solutions to improve mixing
uniformity and reduce wear on mixing elements.

Keywords: analysis, vibration, mixing, velocity projection, bulk medium, frequency, mixture, vibration velocity.

IocranoBka npodaeMu

3MilmryBaHHS CHUIKHX MaTepialiB € OIHUM i3 HaWBaXIMBIIIMX TEXHOJOTIYHHUX MPOIECIB y 0ararbox
rajy3sx IPOMHCIIOBOCTI, 30KpeMa y XiMiuHiH, OyniBenbHiH, (apManeBTHUHIH Ta xapuoBild. Bucoka sikicTb
3MinryBaHHS 3a0e3edye piBHOMIPHICTh PO3IMOAUTY KOMIOHEHTIB y CYMIl, IO BIUIMBa€ Ha (Pi3MKO-XiMiyHI
BIIACTHBOCTI KiHIIEBOTO MPOAYKTY, HOTO CTaOUTHHICTD 1 eKCITyaTalliiHi xapaktepucTuku. OQHAK TOCSITHEHHS
OJTHOPiTHOCTI 3MINTyBaHHS CHIIKMX CEPEIOBHII € CKJIaJHUM 3aBIaHHAM depe3 pi3Hi (pakTopw, 0 BIUIMBAIOTH HA
MpoIIEC, cepel AKX Po3Mip i opMa YaCTHHOK, IXHS HIUIbHICTh, BOJIOTICTh Ta CXWJIBHICTD JI0 arjioMepartii.

OmHMM i3 KIFOUOBHUX aCHEKTiB, 10 BU3HAYA€ e()EKTHBHICTh 3MIITyBaHHS, € TEOMETPis pOOOYHX OpraHiB
3minryBaga. @opma, po3Mip, KyT HaxXWjiy Ta pO3TallyBaHHS JIOMATEW, IIHEKIB abo iHMMX 3MIlTyBaJIbHUX
€JIEMEHTIB BIUIMBAIOTh HA KIHETHUKY PyXy YacTHHOK, IXHIO TPAEKTOPIIO Ta PIBHOMIPHICTH IEpeMillyBaHHS.
HenocratHbo onrTuMizoBaHa reOMETpisi MOXe NMPHU3BOJIUTH J0 yTBOPEHHS 3acTiHHHMX 30H, HEPIBHOMIpHOTO
PO3IIOJITy KOMIIOHEHTIB Ta 30UIBIIEHHS 4acy 3MIIIyBaHHs, 10, CBOEIO YEProlo, 3HIKYE NPOAYKTHBHICTBH
IpoLecy Ta MiJBHUILYE EHEPrOBUTPATH.

Hapasi icHye mnortpeba y po3pobui Ta Bepudikamii MaTeMaTHYHHUX MOJENeH, IO JIO3BOJISTIOTH
NPOTHO3YBaTH BIUIMB TI'€OMETpii 3MIlIyBaJbHHX EJIEMEHTIB Ha MpOLEC 3MIllyBaHHA. TaKOoX BaXKJIMBUM €
eKCTIepUMEHTAIFHIHN aHalli3 €(heKTHBHOCT] PI3HUX KOHCTPYKTUBHHUX PillIEHb 3 METOIO ONTHMI3allii TEXHOJIOTTIHHUX
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rapaMeTpiB 3MilTyBayiB. Y 3B’S3Ky 3 UM aKTyaJbHUM € JOCHIPKCHHS BIUIMBY T€OMETpii poOOYMX OpraHiB
3MilllyBayiB Ha KIiHETHKY 3MIIyBaHHS CHIIKMX CEpPEJOBHII, IO JO3BOJHMTH PO3POOMTH peKoMeHIalii L1o/0
TIOKpAILEHHS KOHCTPYKIIT 3MilIyBaIbHOTO 00JIaIHAHHSI Ta MiABUILEHHS e()EKTHBHOCTI IPOLIECY.

AHaJti3 0CTaHHIX JzKepeJt

HaykoBi nocnimkeHHs y cdepi 3MIilllyBaHHs CUIIKUX MaTepialiiB 30Ccepe/PKCHI Ha BUBYCHHI MEXaHi3MiB
PYXY 4aCTHHOK y 3MilllyBauax, BIUIMBY T€OMETPHYHMX MapaMeTpiB poOOUMX OpraHiB Ha SKICTh 3MIlIyBaHH, a
TaKOX Ha po3poOLli MaTeMaTHYHUX MOZEJIEH JUIsl IPOrHO3YBaHHS IIPOLIECIB.

3HaYHAN BHECOK Y BUBUCHHSI KiIHETHKH 3MIilTyBaHHS CHIIKUX CEpEeIOBHI 3pOOMIH pOOOTH, IPHCBSYCHI
3aCTOCYBaHHIO YHCEIBHOTO MOETIOBaHHSA, 30KpeMa MeTtoxy auckperHux eneMeHTiB (DEM). JlocmimkenHs
MTOKAa3ali, M0 el MeTOJ TO3BOJIsiE SPEKTHBHO OIIHIOBATH TPAEKTOPIi pyXy YaCTHHOK, YTBOPEHHS 3aCTiHHUX
30H Ta PIBHOMIpHICTh 3MimryBaHHsA. Hampukianm, y po6oti [1] mpomeMoHCTpoBaHO, mO 3MiHa (GOpPMH Ta
pO3TalIyBaHHS JIOTIATEH y JOMATEBHUX 3MIllyBadax MOXKE CYTTEBO BIUIMBATH HA IHTCHCHUBHICTh MEPEMIlIyBaHHS
Ta 3MEHILCHHS Yacy JOCSATHEHHS TOMOT€HHOCTI.

[HIni ocnipkeHHsT OyJu CIIpsIMOBaHI Ha eKCIepHMEHTaIbHE BH3HAYEHHS e()eKTHBHOCTI Pi3HUX THIIB
3MimryBayiB. ¥ poborax [2,3] mpoBeleHO MOPIBHSJIBHUM aHalli3 CTPIYKOBHX, MIHEKOBHX Ta KOHYCHHUX
3MIllIyBayiB 3a IOKa3HUKaMM PIBHOMIPHOCTI 3MIlLIyBaHHS Ta E€HEPrOBUTpAT. BCTaHOBIEHO, IO IIHEKOBI
3MilryBayi 3a0e3MevyloTh Kpally FOMOTCHI3allil0 JuIsl MarepiaiiB i3 pi3HOI0 T'YCTHHOIO, TOAI SK CTPiYKOBI
MeXaHi3MU € Ounbll e()eKTHMBHUMHM I 3MIIIYBaHHS IMOPOIIKOBHX CyMillled 3 HU3BKOIO CXWIBHICTIO 0
arjomeparti.

OxpeMy yBary y Cy4acHHX JOCHIPKCHHSX NMPHUIUIIOTh YIOCKOHAJICHHIO KOHCTPYKTUBHUX €JICMEHTIB
3MimryBadiB. Y poOoti [4] HOCHIIKEHO BIUIMB BHUKOPUCTAHHS KOMOIHOBAaHMX 3MIIIyBAIGHUX EIIEMCHTIB
(HampuKIaa, JIOMATEBHX Ta IIHEKOBHX y OJHOMY 3MiIyBadi), IO MO3BOJSIE IOKPAIIUTH €()EeKTUBHICTH
3MIIIyBaHHS 32 PaXyHOK ITO€AHAHHS Pi3HUX MEXaHI3MIB pyXy YaCTHHOK.

IMompu 3Ha4YHI MOCATHEHHS B Wil cdepi, 3aMUIIAETECA HU3KAa HEBHPINICHUX NHTaHb. 30KpeMa,
HEJIOCTaTHHO BUBUEHO BIUIMB B3a€MOJIT MK YaCTHHKAMH Pi3HOTO po3Mipy Ta (OpPMH Ha MpOLEC 3MillyBaHHS,
110 € B)KJIMBUM JIJISI TPOEKTYBAaHHS YHIBEpCAJIbHUX 3MilllyBayiB. Takoxk MoTpeOyOTh MOJaIbIIOT0 J0CITIHKEHHS
MUTaHHS ONTHMI3allii eHeprocnoKMBaHHS 3MilllyBadiB 0€3 3HIKEHHS SKOCTI 3MIIllyBaHHS.

TakuM YMHOM, aHaJli3 OCTaHHIX IOCHTI/PKEHb TI0Ka3ye, 10 MOJalbLIINi PO3BUTOK y Lil chepi Mae OyTH
CHpSIMOBaHMI Ha pO3POOKY HOBHMX KOHCTPYKTHBHHUX pillleHb, YJOCKOHAJICHHS MaTeMaTH4HUX MoJelen
3MIlIyBaHHS Ta BIPOBA/KCHHS CYYaCHHX TEXHOJIOTIH, IO JIO3BOJISATH MOKPAIIUTH MPOAYKTHBHICTB 1 SIKICTH
3MIITyBaJbHUX MIPOIIECIB.

MeTo10 podoTH €: aHANI3 BIUIMBY T€OMETpii poOOYMX OpraHiB 3MilllyBada Ha KiHETHKY 3MIITyBaHHS
CHUNIKHX CEpEeNOBHIN. 30KpeMa, JOCHIMKYETBCS B3a€EMO3B’SI30K MDK (OpMOIO, pO3TallyBaHHAM Ta
KOHCTPYKTUBHUMH MTapaMeTPaMH 3MIITyBATEHUX €JIEMEHTIB 1 pIBHOMIPHICTIO PO3MOILTYy YACTHHOK y POO0YIOMY
00’emi. [yl gocATHEHHS 1i€] METH BUKOPHCTOBYIOTHCSI METOAW MAaTEMaTHYHOTO MOJETIOBAHHS, YUCEIHHOTO
aHaJli3y Ta eKCIIEPUMEHTAIBHUX JIOCHIHKEHb, 1110 J03BOJIIIOTH OL[IHUTH e(DEKTUBHICTh PI3HUX KOHCTPYKTHBHUX
pillieHb 3MilTyBayiB.

BukJiax ocHOBHOTo MaTepiaiy

IIporiec 3MilTyBaHHS CHIIKMX MaTepiaiiB € CKIaaHUM (i3UKO-MEXaHIYHHM SIBHIIEM, 110 3aJI€KHUTh BiJl
Oaratbox (akTopiB, 30KpemMa BiJ po3mipy, GOpMHU Ta IIUILHOCTI YaCTHHOK, KyTa TEPTs MK HUMH, a TaKOX
KOHCTPYKIii podounx opraHiB 3MimryBada. Binqomo, 110 epekTUBHICTb 3MilllyBaHHS BH3HAYAETHCS AMHAMIKOIO
PYXY YaCTHHOK Y 3MIIIyBAIEHOMY 00'€Mi, [0 00YMOBIIFOE PIBHOMIPHICTH PO3IIONITY KOMIIOHEHTIB.

3MmimnryBadi pi3HUX KOHCTPYKIIH CTBOPIOIOTH Pi3HI TPAEKTOPIi pyXy YacTHHOK. Hampukiaz, y JonaTeBux
3MilllyBayax YaCTHHKHU MEePEBa’KHO MEPEMIIIyIOThCS 10 TypOYJICHTHHX MTOTOKaX, TOJ1 SIK Y CTPIYKOBHX 1 ITHEKOBHX
— 3a paxyHOK IIOCTymajibHOro abo cmipaidpHOro mepeMmimeHHs [5]. Bimmomimno, omrumizamis dopmu i
PO3TalllyBaHHS 3MIIIyBAIFHHUX EJIEMEHTIB MOXKE 3HAUHO MOKPAIIUTH e()eKTUBHICTH MPOLIECY.

Merton nuckpetHux enemenTiB (DEM) BUKOPHCTOBY€ETBCS LIS YUCEIBHOTO aHAMI3Y PYXY Ta B3a€MOZIl
YaCTHHOK CUIIKOTO CepeIoBHINa Y 3MilryBadi. OCHOBY METO/y CTAHOBJIATH PIBHSHHS pyXy Hbl0TOHA [U1s1 KOYKHOT
OKPEeMOT YaCTHHKH, a TAKOX MOJIEJIi KOHTAKTHOT B3a€MOJIii MiXK YaCTHHKAMH Ta 3 MOBEPXHEIO 3MIIIYBAILHOTO
oOnagHanHs [6].

PyX KOXHOi YaCTHHKH OIHMCYETHCSI CHCTEMOIO JH(EepeHIiaJbHUX PIBHSIHb JPYroro MOPSAKY, IO
0a3yroThCs Ha JPyroMy 3akoHi HeroToHa:

dv;
mid_tl=ZFij+FiEXt (D
dw;
i = XMy,

ne:
m;— Maca -1 YaCTUHKU,
V;— MBHUIKICTh -1 YACTHHKH,
F;j— cuna B3aeMoii Mi)k YaCTHUHKAMH Ta ,
F£**— 30BHilHI cvK (HAPUKIIAJ, CUJIA TSOKIHHS),
I;— TeH30p MOMEHTY iHepIii YaCTHHKH,
W;— KyTOBa IIBUAKICTh YaCTHHKH,
M;j— MomeHT cu, o Jli€ HAa YaCTHHKY BiJl IHITUX YaCTUHOK a00 IIOBEPXOHB.
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KoHTakTHa B3a€MOIis MK YaCTHHKAMHU Ta iX B3a€EMOJIis 31 3MINIyBaJbHUMH €JIEMEHTaMU BPaxOBYeE
HOPMaJIbHI Ta TaHI'CHIIaNIbHI CHIIH. J[JI1 KOHTaKTy JBOX YaCTMHOK BUKOPHCTOBYETHCS Moielb [ epua:
F, = kn513{/2 ~ YnVn, )
ne:
k,, — xoedilieHT KOPCTKOCTI MPH HOPMATILHOMY CTHCKaHHI,
52/ %_ rmbuna TIPOHUKHEHHS OIHi€] YACTHHKHY B iHIITY,
Yn — KoediuieHT aemrdyBaHHs,
U, — HOpMaJIbHA IIBU/IKICTh BIJHOCHOTO TIEPEMIILICHHS YACTHHOK.
TanreHmiagpHa B3a€MOIIS MK YaCTHHKAMH MOJETIOETHCS 3TiMHO 3 3aKOHOM KyroHa Ta Momemtio
npy>XHOTO KOHTaKTy MinmiHa-J{epara:
F = —min(k. S8 — yeve, puF5, (3)
ae:
k;— TarTeHmIaNBpHUI KOCDIIIEHT KOPCTKOCTI,
§; — TaHreHIiabHa AehopMallis,
Y — TaHTE€HLIANBHUH KoeillieHT neMndyBaHHs,
V; — TaHTEHI[1aJbHa IIBUKICTH KOB3aHHS,
U — Koe(illieHT TepPTS MK YaCTUHKAMHU.
JI1s 9rCeTEHOTO MOZEIOBAaHHS BUKOPUCTOBYETHCS METOJ] IHTETPYBAaHHS PIBHAHB PYXy, HAaIPHKIAL,
Mertop Bepie:

r(t + A = 1(8) + v (AL + 7= (AL)?, 4)

vi(t + At) = v,(t) +3 (%"5 + —Fi(:’i“)) At,

ae:

7;(t) — MOJIOKEHHST YaCTUHKHK Y MOMEHT 4acy ,

F;(t) — pe3yibTyroda cuia, IO Jli€ Ha YaCTHHKY Y MOMEHT Yacy ,

At — yacoBHi KPOK iHTErpyBaHHS.

Poboui opranm 3mimryBada poO3TIIIAIOTBECSA SK TBEPAI MEXi, SKi B3a€EMOMIIOTH i3 YACTHHKAMH 32

aHaJIOTiYHMMH 3aKOHaMM KOHTakTy [7]. IXHs dopma i pyX BM3HAYAIOTHCS AHANITUMHAMM PiBHAHHAMH a60
TPUBUMIPHOIO JTUCKPETHU3ALIET0:

— 3/2
Fwall - _knan — VYnUn - (5)
I[J'Iﬂ K1JIbKICHOI OLIHKH CTYNCHS 3MIIITYBAHHA BUKOPHUCTOBYETHCS KOC(I)II_[1€HT BaplaI_II.I. KOH]_ICHTpaI_Il'l.Z
ac
cv==5, (6)

CV — xoedimieHT Bapiarii,

O¢ — CTaHAApPTHE BiAXWICHHS KOHICHTPAIlii KOMIIOHEHTIB Y BUOIpIIi,

C — cepeHe 3HAYCHHS KOHLCHTpAil.

PesynbraTi 4ncenbHOrO MOJICIIOBAHHS [TOKa3aJH, 0 3MiHa (JOPMHU Ta KyTa HaXHJly poOOUYMX OpraHiB
JIO3BOJISIE CYTTEBO MOKPALIMTH PIBHOMIPHICTH 3MilllyBaHHs. BHKOpHCTaHHS ONTHMI30BaHOT reoMeTpii crpusie
3MEHILIEHHIO 3aCTIHHMX 30H, HIO MOKpAIYy€e SKICTh roToBOi cymimi. KpiM Toro, BUSIBIEHO, 110 IBHIKICTH
oOepTaHHS JOMIATeH Bifirpae BUPIMIAIBHY PONb y POpMyBaHHI KIHETHKH 3MIITyBaHHS. 30UIBIICHHS IIBUIKOCTI
oOepTaHHs IO IEBHOTO pIiBHS CIpHS€ IHTCHCHUBHIIIOMY NEpPEMIITyBaHHIO YacTHHOK, MPOTEe HaAMipHE
i IBHUIICHHS OIBUAKOCTI MOXeE MPU3BOANTH JI0 PO3LIApyBaHHS MaTepiaiy.

AHai3 B3aeMO/ii YaCTHHOK ITOKa3aB, 0 HOPMaJIbHI CHIJIA 3MIiHIOIOTHCS BiAIOBiAHO 10 Mojerni ['epia,
TOOTO cmia 3pocTae 3i 30umbmeHHsIM aedopmarii. Takox OyI0 ITOCHiIKEHO 3MiHY TaHTCHIIATBHOI CHIIH, SKa
BU3HA4YaeThcss KoedilieHToM TepTs MK vactuHkamu [8]. Lli dakropu MaroTh Oe3mocepeaHiil BIUIMB Ha
PIBHOMIpHICTb PO3MOMITy MaTepiay y 3MillryBadi.
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Puc. 1. I'padix HopmanbHoi cuin Bix aedopmanii nokasye, sik Puc. 2. I'pagik Tanrenniaasnoi cuim Bix gedopmanii
CHJIA 3MIHIOETHCSI IPH 3pocTaHHi Jedopmanii JE€MOHCTPY€ 3MiHY TAHTeHUiaIbHOI CUJIU 32 AHAJIOTIYHOI0

MO/eJIII0, BPAXOBYIHOYH Koe(illieHT TepTs
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Puc. 3. 3mina mBuaKocTi odepTanHs Jonartei Puc. 4. PiBHOMipHicTb 3MilllyBaHHSI CHIIKOTO cepeaoBHINA

HocnimxenHs koedinienta Bapiauii (CV) y 3anexHOCTI BiJ CTaHAAPTHOTO BIAXHUICHHS KOHIEHTpALi]
(cC) mposeMoHCTpyBajo, o 3poctanHs 6C NPU3BOAMTH 110 JiHikHOTO 30iapmenHs CV. Skuo 3Hayenns CV e
MEHIIUM 32 OJJUHUIIIO, 1€ CBITYUTH PO PIBHOMIPHHI PO3IIO1T YACTHHOK Y CYMIllli, TOAI SIK IEPEBUIICHHS IIbOTO
MOPOTY BKa3y€ Ha HEJJOCTATHIO AKICTh 3MIilllyBaHHS.

Ocb rpadik 3anexHocti koediuieHta Bapianii CV Bij cTaHIapTHOTO BiIXWIEHHS Gc. BiH mokasye, 1o
npu 3011b1IeHHI 6¢c KoedilieHT Bapiawii 3pocTae JiHiiHO. UepBoHa MyHKTHpPHA JIiHig o3Hayae CV=1, a 3eneHa
— GC=C.
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Puc. 5. 3anexnicTb koedinienTa Bapianii Bix craniapTHOro BixxujieHHst

I'padik mokazye, sK 3MIHIOETBCSA KOCQIIEHT Bapiarii 3aJeKHO BiJ] CTaHAAPTHOTO BIAXHICHHS
KOHILIEHTpALIT IPH TIOCTIHHOMY CepeJHbOMY 3HaueHHi KoHIeHTpaii. JIiHis rpadika mae npsmoniHiiiHy hopmy,
OCKIJIbKH Koe(illieHT Bapiallii € BiTHOIEHHAM CTaHAAPTHOTO BIIXMUIICHHS JI0 CEPEIHHOI0 3HAUCHHS.

Yum Oinblie CTaHAApTHE BIIXWICHHS, THMM BUIe KoedillieHT Bapialii, M0 CBIIYMTH NpO OLIbIIy
HEPIBHOMIPHICTE cyMirm. SIKio koeQillieHT Bapialil MEHIINH 32 OJUHMIIO, [I€ O3HAYAE, 110 KOHICHTPAILlis
PIBHOMIpPHO po3mojiiieHa. SIKIIO BiH MMEPEBHINYE OIMHUIO, PO3MOIII CTa€ HEPIBHOMIPHHUM, a 3MIITyBaHHS —
HEJOCTATHIM.

I'padix momomarae OIIHUTH CTYIiHb HEOJTHOPITHOCTI CyMillli: YUM BHIIHMNA Koe]imieHT Bapiamii, THM
TipIie MpoXOoIUTh MPOLIEC 3MIlTyBaHHS.

TakuM 4YHMHOM, pe3yNbTaTH JOCHIKEHHS IATBEP/UKYIOTh, IO KOHCTPYKTHBHA ONTHMI3amis
3MIIIyBaJIbHUX €JEMEHTIB JIO3BOJISIE CYTTEBO IIOKPAIIUTH €(EKTHBHICTH MPOIECY 3MINIyBaHHS CHIKHX
cepenoBuIll. BUKOpHCTaHHS OTPUMAaHUX MaTeMaTHYHUX MOJIETICH Ta YHCENIbHUX Pe3yJIbTaTiB MOXeE CIIyTyBaTh
OCHOBOIO JUISI PO3POOKH OiNBIN MPOMYKTUBHUX Ta €HEProePeKTHBHUX 3MillyBadiB, 3aTHUX 3a0€3MEUnTH
BHCOKY SIKICTb 3MIIlIyBaHHS Y IPOMHUCIOBUX YMOBaX.

BucHoBku

Pe3ynbraTl MpOBENEHOTO JOCHTIKEHHS MiATBEPKYIOTH, III0 T€OMETPis poOOYNX OpraHiB 3MilTyBaya
Mae€ BUPIMIaT-HUNA BIUTMB Ha KiHETHKY 3MIIIyBaHHSA CHIIKUX cepenoBunl. OnTuMizariis GopMu Ta KyTa HaXIITy
3MIIIyBaJIbHUX E€JIEMEHTIB J/03BOJISE€ 3MEHIIMTH 3acTiiiHi 30HM Ta 3a0e3neydTH pPIBHOMIPDHHH pO3IOXLT
KOMITOHEHTIB. Tako)X BCTaHOBJIEHO, IO HIBUAKICTH OOEPTAaHHS JioNareil € KPUTHYHHUM MapaMeTpoM, SIKHA
BU3Haya€ e(eKTUBHICTh 3MIIIyBaHHS: HaMipHE 301IbIIEHHS IIBUIKOCTI MOJKE IIPU3BOANTH JI0 HEPIBHOMIPHOCTI
posmoiny Marepiany.

OTpuMaHi YHCENbHI pPE3ydbTaTH MOXYTh OYyTH BHKOPHCTaHi JUIi MOAAJBLIOrO BJIOCKOHAIEHHS
KOHCTPYKIIH 3MilTyBaiB, IO JO3BOJHUTH MiABHUIIUTH AKICTh 3MIITyBaHHS, 3SMEHIITUTH €HEPTeTUIHI BUTPATH Ta
MOKPALIHUTH 3arajibHy MPOAYKTUBHICTh OONaHaHHsA. BUKOpHCTaHHS MaTeMaTUYHHX MOJEJel, OTPUMaHuX Y
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MeXaxX JOCHIDKCHHS, CIPUATAME pO3pOoO0Ili HOBUX BHUCOKOS(HEKTHMBHHX 3MIllyBadiB IJs MPOMHUCIOBOTO
3aCTOCYBaHHSI.
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