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In today's highly employed environment, granulated/tableted products are becoming
increasingly popular, as they improve the transportability of bulk raw materials, reduce caking, and
prevent segregation of multi-component mixtures. Granulators are the key components in the
production of such products [1-3].

Today, a wide variety of granulators are available for structuring food, pharmaceutical, and
other products. Given the diversity, it becomes difficult to select the optimal granulation type
specifically required for a given type of raw material, especially when many granulators are universal
and can operate over a wide range of feedstock properties. Determining the energy costs of the process
becomes crucial, which in turn directly impacts the cost and competitiveness of the finished product
[4-6].

Vibratory granulators are frequently used; however, a review of the literature failed to yield
information on the unit energy consumption of vibratory granulators, making it impossible to conduct
a comparative analysis using the same units of measurement [6].

Mechanical energy consumption in vibratory drum granulators consists of the costs of
converting frictional forces into a mechanical drive (friction in bearing assemblies, cylindrical gears,
etc.) and processing costs: moving the granulated product, pellet rolling, flow segregation, etc. To
determine the quantitative value of "useful energy consumption” compared to mechanical energy
consumption, a series of experiments were conducted [4-6].

The results of the study of "useful energy consumption™ as a function of belt agitation frequency
are shown in the graph (Fig. 1) [6].
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TexHiyHe 3abe3neyeHHs iIHHOBALLIMHUX TEXHOOTIN B arponpoMMUCI0BOMY KOMMIEKCI

Fig. 1. Dependence of “useful energy consumption” on the rotation frequency of the
ribbon mixer

Data analysis suggests that "useful costs™ account for no more than 28% of mechanical costs,
and with increased operating parameters (oscillation frequency, amplitude, and oscillatory
oscillations), they decrease to 22%. The physicochemical properties of the binder solution have a
lesser impact on energy costs, accounting for approximately 0.3-1% of the total energy costs. For a
comparative assessment of existing granulators, individual energy costs for the granulation process
were used, measuring the amount of energy expended to produce one kilogram of product [7, 8].

Gear granulators have a wide range of applications, are characterized by a stable granulate
production process, and are also compact. The energy consumption of these granulators is low,
ranging from 11.2 to 22.4 kWh/t. Matrix granulators offer similar advantages, but their energy
consumption is higher, ranging from 28 to 100 kWh/t. Extrusion press granulators also offer the
advantage of continuous operation. Disadvantages of these granulators include the complexity of
manufacturing the working parts, low productivity, and heating of the processed material due to high
friction forces in the pre-matrix zone, which necessitates cooling [9, 10].

A comparative analysis shows that the specific productivity of trough vibratory granulators is
approximately 12 t/(m? h). Drum and disc granulators, on the other hand, have a throughput of 980
kg/(m2 h). Specific energy consumption for the granulation process is approximately 1.5 kW h/t for
vibratory granulators and at least 5.3 kW h/t for ball granulators. However, these types of granulators
produce highly unstable particle size distributions, which entails increased energy consumption for
classification and reprocessing.
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M’sicHa IPOMUCIIOBICTh YKpaiHM Ma€ cTpaTeriuHe 3HaueHHs MpH 3a0e3MeYeHHI HACEJICHHS
OUTKOBUMH Xap4OBHMH MPOAYKTaMH. M'ICO 3alMIIAEThCA BaXKJIIMBOIO CKIIAJIOBOIO paIliOHy
XapuyBaHHS 1 HE TIOCTYINAEThCA 3a CBOIM XIMIYHMM CKJIQJOM IHIIMM OUIKOBUM HPOJYKTaM.
M’siconepepoOHa rainy3s YKpaiHu XapakTepHa CBOIMHM JTUHAMIYHUMH 3MIHAMH 1 TiJIAIITOBYIOTHCS
SK TiJ CHpPOBMHHY 0a3y, Tak i miJ moTpedu crokuBadiB. be3cyMHIBHO, JTIAUPYIOUMMH TPaBISIMU
PUHKY € BEIHMKI M ScOnepepoOHi KOMIUIEKCH Ta 3aBOAM 3 pI3HUMH SK MOHO- Tak 1
MYJbTUKOMIUIEKCHUMHU HamlpsMKaMu B acopTUMeHTi. [IpoTe yacTka momuTy Ha M’SCHI BHPOOH,
0COOIMBO OXOJIOJKEHI HamiBhaOpUKaTH 3aJ0BOJIBHSETHCS 3a PAaXyHOK JIOKAJBHUX MiHI Ta
KpaToBUX BUPOOHUKIB. B yMOBax >kOpcTKOI KOHKYPEHLIi cepe/] OMUTY Ha SKICHY Ta HaTypallbHY
MPOYKIIIO, OCOOJMBY BIMIrParOTh KpadToBI BUPOOHMIITBA M’ SICHMX HamiBpaOpukaTiB. Bonu
MOEIHYIOTh TPAJUIIHI TEXHOJIOTII 3 CyYaCHUMH IMiJX0/1aMH, IPOIOHYIOYH CIOXHBayaM IIUPOKUN
ACOPTUMEHT Ta «3HalOMe OOJNYYs PEriOHAIbHOTO BUPOOHHUKA, M0 4acTo (GOpMy€e MPUXUIBHICTD
0CO0JIMBO B TOEHAHHI MiHA-SIKICTH [1].

OcobmuBe wMmiciie B KpadTOBOMY M’SICHOMY BHPOOHHIITBI 3aiiMaloTh MapWHOBaHI
HaniBpaOpHuKaTH, SKi MOEAHYIOTh 3pYUYHICTh BUKOPHCTAHHS, BUCOKY SIKICTh Ta CTaOlIbHI CMaKOBi
XapaKTePUCTHKH. 3aCTOCYBaHHS HATYPaJbHUX MapHHAIIB TO3BOJISIE MOKPAIIMTH HIKHICTH M’sca,
MOCWJIMTU apoMar i copMyBaTH OPHUTiHAIBHUN cMakoBUil mpodine mpoaykTy. CyTTeBY 4acTKy
cepen M’SICHUX MapwWHOBaHUX HamiB(aOpukaTiB 3aiiMaroTh HamiBpaOpukaTH 3 M’sica KypKH, IO
3YMOBJICHO E€KOHOMIYHOIO CKJIAaJOBOI0 Ta BHUCOKMMH OpPraHOJENTHYHUMH Ta JIE€TUYHUMHU
BJIACTUBOCTSAMH TaKMX BHPOOIB [2].

Knacuynuii acOpTUMEHT MapuHOBaHUX HamiB(haOpUKaTIB 3 Kypsuoro M’sica: TyIIKa Kypsya,
HAIIBTYIIKA Kyps4a, YeTBEPTUHA 3aHs, TPyJKa Kypsida, OKOPOK KypsidUil, CTETHO Kypside, HiKKa
Kyps4a, Kyp4ara Tadaka Ta AUk 3 Kypsiaoro ¢ine. Kpadrose BUpoOHULITBO 31aTHE 3a0€3MEUUTH
JUHAMIYHI 3MIHM B aCOPTHMEHTI Ta IMIJIAIITYBAaTUCS TIiJ TaCTPOHOMIYHI BMOJ00AHHS CBOIX
CTOXXMBaYiB 0e3 BTpaTH SIKOCTI Ta NpuOyTKiB. Came TOMY JOLUIIBHUM € JeTalbHEe BUBUYCHHS TaHOTO
HampsIMKy M’SICOTIEpepOOHOT0 KOMIUIEKCY 3 TIEPCIIEKTUBOIO PO3POOKH MPOEKTY KpadTOBOTO
BUPOOHMIITBA.

MapunyBaHHS € YHIBEPCAIBHOIO TEXHOJOTIEIO MITOTOBKU PI3HUX BUIIB M SICHOI CHPOBHHH,
30KpeMa CBUHUHH, SUIOBUYMHH, OapaHWHU, KPOJSATUHHU, M’sica NTUII Ta AUUMHHU. CyTHICTH I[LOTO
mporecy mojisirae B o0poOimi M’sica cCHemiaTbHUMHU CyMillaMd (MapuHAaMH), IO MICTSITh
apOMaTU4HI KOMIIOHEHTH, cmenii Ta (YHKIIOHATbHI J00aBKH, $KI CHPHUSIOTH IOKPAIICHHIO
OpPTaHOJICITUYHUX 1 TEXHOJOTIYHUX BJIACTHUBOCTEW mpoaykTy. CKiaj MapwHAIIB BiJ3HAYAETHCS
BEJIMKOIO PI3HOMAaHITHICTIO 1 MOK€ BKJIFOUATH BOAHO-KUPOBI €MYJIbCii, OpraHiuHi KUCIOTH, POCIHHHI
€KCTPaKTH, MIHEpajbHI CIOJYKH, TIOM SKIITyBadl TKaHWH, TMPsSHI OBOYl, ()PYKTOBI COKH, OIICT,
JUMOHHHH CiK, BUHO, COEBHI cOyC, e(ipHi 0Iii, KHCIIOMOJIOYHI MPOAYKTH, & TAKOX pi3HI TpaBu i
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