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Objective. The purpose of the article is to increase the efficiency of intelligent control of the pro-
duction line of elite varieties of cheese through the use of robotic systems with ultrasonic cavitation
technologies in the system of automatic information management of production.

Method. Generally accepted technical, physico-chemical, biochemical, microbiological and or-
ganoleptic methods of determining the quality of raw milk, cheese production processes and methods of
identifying the processes of influence of ultrasonic vibrations on a heterogeneous environment are ap-
plied. The methods of system analysis and mathematical processing of experimental data using applied
computer programs are applied as theoretical methods of research.

Result. Experimental studies of the effect of high-frequency and low-frequency ultrasonic vibra-
tions on a heterogeneous medium in order to improve the efficiency of rennet raw material mass and
control the process of improving product quality through the development of modern automated process
control systems (APCS) cheese production.

According to the results of research developed mathematical models of parameters of ultrasonic
vibrations in a heterogeneous environment and proved that under the influence of ultrasonic cavita-
tion is the process of coagulation of milk, that is, the transformation of milk into gelatinous mass, from
which, after pumping serum, obtained slices of the future fermented milk or hard cheese.

The process control system of cheese production with a high level of automation and control is
developed. The system uses: control subsystem with automated workstations of operators on the basis of
personal computers with SCADA-system of operational control; intelligent system of decision-making
and control of robotic intensifiers of cavitation type; the system of intelligent processing of industrial,
energy and other information, which allows you to work with information from the accumulated, and
with the information of analog solutions obtained from the sensors of position, density, pH, pressure,
power, performance, as well as intelligent digital sensors, which are a pronounced part of the «cloud»
structure of the proposed system of ACS-APCS enterprise.

Key words: raw milk, cheese, ultrasonic vibrations, technological process, cavitation, adaptation,
control, intellectualization.
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DEVELOPMENT OF TWO-SCALE MILK FOR PREPARATION PRODUCTION

Mema — pospobka sibpauitinoeo mMaura 015 NOOpiOHeHHs | Mexanoakmueauii Minepanie 0as ix
no0anbuLo2o po34UHeHHs 6 cyocmpami ma 00CAi0MNCeHHs AMNAIMYOHO-YACMOMHUX, WEUOKICHUX Ma
eHepeemUHHUX XApaKmepucmuk 6UKOHABH020 OP2aHy MAUHA.

Memoou. Y pobomi eukopucmano memood ananizy, cunmesy, cCUCMeMHUL Ma NOPIGHANbHUIL
amanis.
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Pesyavmamu. Onucano npobnemy 3a6pyoHeHHs HABKOAUWHBO20 Ceped08UULA 6 Pe3YAbmami Ha -
Konu4eHHs 6ioxodie meapunnuymea i nmaxienuymea. Haesedeno douinbHicme nepepobnenHs 6io-
X00i6 y 6i02ea3086iil ycmanosyi 015 OMPUMAHHA 080X SIKICHUX NPOOYKmIig: 0ioeasy i nepedpooiceH02o
cyocmpamy. Ocmanuiil 0OYinbHO BUKOPUCAMU K OP2AHIYHY CKAAO08Y 045 8UPOOHULMBA OP2AHO-
MiHepanbHoeo dobpuea. Ak minepanrvhi 000a6KU BUKOPUCMAHO PAKYUWHSK [ enraykorim. Jlns nodpio-
HeHHs MiHepanie po3podaeHo 8ibpayiiiHuil 080CEKUIlIHULL MAUH KYMOBUX KOAUBAHb, AKUI 3a0e3neuye
HaomoHKe nodpiOHeHHs | akmusayilo npemikcie, 3a paxyHox nepeodaui 8i0pauyilinoeo pyxy 6id ne-
pughepiiino posmiuiernoeo dxcepena iopauii 00 0nO3UMHO po3miueHux nomoavHux kamep. Hasedeni
pe3yabmamu 00CAI0NCeHHs AMNAIMYOHO-4ACMOMHUX, WEUOKICHUX Ma eHepeemu4HUX XapaKmepuc-
MUK BUKOHABH020 OP2AHY 3 PI3HOH GeAUMUHON0 3A8AHMAJICCHHS KOHmellHepa. Pe3yarbsmamu Kinema-
MU4H020 00CAIONCEHHS POOOMU BUKOHABYO20 OP2aHy 8i0payiiHOI MAWUHY BU3HAUUAU ONMUMAAbHY
Kymogy weudKicmo NpusooH020 6aaa i 6CMAHOBUAU ePeKMUBHICMb PO3DP00ACHOI KOHCIMPYKUIT 8i-
OpayiiiHo20 MAUHA KYMOBUX KOAUBAHD.

Karouoei caosa: npemixcu, giopayiiinuil MauH, NOOPIOHEHHS, MEXAHOAKMUBALISL.

ITocranoBka nmpo6jemu. YopHo3eMu — 1ie OHE 3 OCHOBHUX 0araTCTB HaIOl JepKaBHu.
AJie 1I0POKY BMIiCT T'yMYCY B I'PYHTi 3MEHINY€ETbhCS. J10 IbOro MpU3BOAUTh 0araTo pi3HUX YMH-
HUKiB. Hacammnepen, HepallioHallbHe BeIEHHS CiJIbCbKOTO TOCITOJapCTBa, HEAOCTATHS Kilb-
KiCTh BHECEHUX TOOPUB, OCOOJMBO OPraHiYHUX, HEAOTPUMAHHSI ITPaBUJI CiBO3MiHU, BUKOPUC-
TaHHS y BEJIMKiil KiJIbKOCTi XiMiYHMUX 3aCc00iB MO AOIJISILY 32 pOCIMHAMU. Yce 1ie TPU3BEJIO 10
Toro, 110 3 yaciB JlokydaeBa (1882) BimHOCHI BTpaTu rymycy nocsitnu 22 % y Jlicoctenosii,
19,5 — y Crenosiii i 6i1s1 19 % — y [MomnickbKiii 30Hax Ykpainu. Hait6inbIi BTpati ryMycy cIio-
cTepiraaucs B repioJ iHTeHCUiKallil CiIbChbKOI0 FOCIoAapCcTBa. A HUHI JOMOBHIOIOTHCS He-
JOCTAaTHBOIO KiJIbKICTIO BHECEHUX OpraHiyHUX 100puB. 3a 1aHuMMU [depkKKoMmcTaTy YKpaiHu, y
2008 p. HopMa BHECEHHS OpraHiyHuX g100puB ctaHoBMa 0,6 T/ra, TOi AK y KiHLi 80-X poKiB
MUHYJIOrO CTOJIiTTS — 8,6 T/ra [1].

Jlo 3MeHIIeHHsI KiJIbKOCTi BUBE3€HUX Ha MOJIe OpPraHiuYHUX J0OpUB MPU3BEJIO 3MEHIICH-
HS$I TIOTOJTiB’ Sl BEJIMKOI poraToi xynoou. Takox 3a TpUBajaoro 30epiraHHi BiIXOIiB TBApUHHUILITBA
BTpavya€ThCs 3HAYHA KiJTbKiCThb a30Ty. OMHOYAaCHO TTpH TpaguIliifHOMY 30epiraHHi THOTO BigOyBa-
€ThCsI 3a0pyIHEHHS IPYHTY, BOAM i TTOBITPSI A30TOM i MATOT€HHOIO MiKpo0bioTolo [2].

3a oCTaHHI AECATUIIITTS OYPXJIUBO PO3BUBAETHCS NTaXiBHULITBO. Lle Mpu3BOaAUTH 10 HAKO-
NUYEHHS NTALIMHOrO MOCJiay Ha piBHi 1,5 MJIH T Ha pik. YacTuHa nocaigy BUKOPUCTOBYETHCSI
JIJIsl BATOTOBJIEHHS 1OOPUB, ajie OibIIiCTh MiAMPUEMCTB HAKOIMMYYIOTh BiIXOAW Y BiICTiHHUKAX,
110 TPU3BOINTH 0 MOPYIICHHS CaHITAPHO-TITIEHIYHUX i €KOJIOTIYHUX BUMOT [3].

Icnye 6araTo MeTOMiB i cMOCO0iB MepepOOKM BiAXOAiB Y BTOPMHHMI AKicCHUIT MaTepiai. Bia-
XOIM MOXHaA TIiIIaBaTh KOMIIOCTYBaHHIO, BEPMUKOMIIOCTYBAaHHIO, 3aCTOCOBYBAaTH IIpU IIepepo0-
i EM-texHonorii i BUKOpUCTOBYBAaTH SIK CUPOBMHY JUIs1 0iOora3oBMX YCTaHOBOK. YCi 1Ii MeTOAU
Jal0Th MOXKJIMBICTb OTpUMATH $IKiCHI goOpuBa. Aje y BI'Y € 11ie onHa nepeBara — OTpUMAaHHS
Giorasy, SIKMiA MOXXHa BUKOPUCTOBYBATHU Jj1s1 BAPOOHUILITBA TEILJIOBOI UM €JIEKTPUYHOI €Heprii.

OpraHiyHi 100pUBa € Ay>Ke HEOOXiTHUMU ISl 30iTHEHUX TPYHTIB. AJKe, ST 30epesKeH-
HSI POAIOUOCTI I'PYHTIB MOTPiOHO MOBEPTATU B IPYHT Ti MOXUBHI PEYOBMUHU, SIKi BUHOCSITHCS 3
ypoxaeM. ToOTO, 3a HETOCTaTHBOI KiJTbKOCTI BHECEHUX OPTaHIYHUX JOOPUB Pi3HUIIO MOTPIOHO
KOMIIEHCYBAaTH MiHEpaJTbHUMMU.

3 1Ii€I0 METOIO AOLIJILHO BUKOPUCTOBYBATH TIPUPOAHI MiHepaau, SIKi B IIpolieci o00poOKu
CTaHYTb JIETKOAOCTYITHUMU AJ1 pocauH. [TponoHyeThCcs HAATOHKO MOAPIOHIOBATH MiHEpaIbHY
CUPOBUHY i PO3UMHSITHU 11 B OpraHiyHUX JOOpUBaX.

Jist mogpiOHEeHHSI CUITKO1 CUPOBUMHU Ha ChOTOJHI iCHY€E BeJIMKe Pi3HOMAHITTS MIMHIB. s
TOHKOTIO MOAPiOHEHHS HAKOLIbII MOIIMPEHI NoAPiOHIOBAYI CTUPIOYO-PO3AaBIIOKYOI il (3KOp-
HOBIi MoApiOHIOBaYi, OIryHM, KaTKOBO-TapildyacTi MJIMHU, KYJIbKOBO-KiIblIeBi MIMHU, OicepHi
MJIMHU), yAAapHOi Ail (OWMJIbHI MJIMHU, LIAXTHI MJIWHM, AE3iHTErpaTopu i AicMeMOpatopu, Bifd-
LIEHTPOBI, OapabaHHi Ta Ta30CTPYITHI MIIMHN) Ta YIAapHO-CTHUpaIovoi ail (BiOpaiiiiHi, mmanerap-
Hi, TIrPOCKOITiYHI MJIIMHU, KOJIOIAHI, BiOpoKaBiTalLliliHi MJIMHU Ta iH.)

ITpuHLMI pallioHabHOI OpraHizaliii ApoOJIeHHS Ta HOAPIOHEHHS 3 CHEPreTUYHUX TTO3U LI
nepeadavyae pyiHyBaHHSI 0araTOKOMITOHEHTHOTO MaTepiayly TepeBaskKHO IO MOBEPXHi PO3Iiy
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¢a3. Haiibinbin moBHO 1ieft TIpoliec MoxKe OYyTU peali3oBaHMM y MalllMHAaX i TIPUCTPOSIX BiOpa-
LiAHOTO TUITY.

BiOpaniitai MimHM HaitgacTie 3a0e3MeuyroThCS BiIIIEHTPOBMM BiOpO30YTHUKOM. 3aJIeKHO
BiJl pO3TalllyBaHHS TTOMOJIbHOI KAMEPU y ITPOCTOPi BCi BIOPOMIIMHY MOAIJISIIOTh HA TOPU3OHTAJIbHI,
BEPTUKAJIbHI Ta MOXWJIi. ¥ TOPU30HTAJIbHUX MJIMHAX MOAPIOHEHHS MaTepiany BigOyBaeTbCs B pe-
3y/ABTaTi yIapHOTO Ta CTUPAIOYOTo BIIUBY MTOAPIOHIOBAILHOTO Tijla. ToMy IpH moapiOHEeHHi Mill-
HUX Ta aOpa3vBHUX MaTepialiB y MPOAYKTi MOAPIOHEHHS MOXE MiCTUTUCH 3HaYHA KiJIbKICTb JOMi-
IIIOK BiJ HAMeJy TiJl MoApiOHEHHS i hyTepyBaHHS. Y BepTUKAIbHUX MJIMHAX IepeBaXae yiapHUi
XapakTep KOHTaKTYBaHHS MOAPiOHIOBAIBLHUX Tijl, a CTUpaioya B3aEMOis € MiHiManbHOI0. CBOEIO
Yeprolo opraHizyBaTu O€3yNMUHHUI Tpoliec MOAPiOHIOBAHHSI B TOPU30HTAIbHUX BiOpOMIMHAX
npocTille, HiX y BepTUKaIbHUX. KpiM TOro, 1o MoXXJIMBOCTI 00epTaHHSI pOOOYOro opraHy BCi
BiOPOMJIMHM MOXYTh OYTM PO3IiJieHi HA JABi TPyNU: MJIMHU 3 HEPYXOMOIO TIOMOJBHOIO KaMe-
pO10 Ta MJIMHU 3 KaMepolo, 1110 00epTaeThecs. He3Baxkarouu Ha oOUueBUAHI TlepeBaru BiOpaliitHux
MJIMHIB 3 KaMEPOIO IMMOMENY, 1110 00ePTAETHCS, TEXHIUHA peaslizallisi OKpeMUX eJIEMEHTIB Ta KOH-
CTPYKLil MJIMHA 3araJIOM CTUKAETHCS 3i 3HAUHUMU MpodaeMamu [4—7].

Po3pobiieHHs i BUBHAYEHHS ONTUMAaJIbHUX PEXMUMiIB POOOTH BiOpalLiliHOrO MJIMHA JACThb
3MOr'y eHeproe(heKTUBHO Ta SIKiCHO ITPOBOAUTH IPOLIeC MOAPiOHEHHS.

AHaJi3 ocTaHHIX JocaimKeHb i myomikamiid. BiOpamiiiHi MIMHM ofepsKajiy IIMPOKe 3aCTO-
CYBaHHS B OyJiBe/bHili, FipHUYOPYIHil, METaNypTiliHilA, XapuoBiii, XiMiYHIH 1 iIHIIMX TaTy3sX
npoMuciaoBocTi. Ile 1MoB’s13aHO 3 TUM, 1110 3aCTOCYBaHHS BiOpalliifHUX MJIWHIB, IIOPiBHSIHO 3
IHIIUMU MOAPiIOHIOBAYaMU, JO3BOJISIE 3MEHIIUTU BTpPATU €JeKTPOEHEPTil, MiABUILIUTU TIPO-
IYKTUBHICTb, 3MEHIIUTH 3HOC MOMOJIBHUX TiJI, BAKOPUCTOBYBAaTH TEXHOJOTIYHUI HAIIOBHIO-
Bay 3 pi3HUX MaTepialliB, JOCIITH BUCOKOI TOHUHM TTOMEIY, Oep>XKaTu YUCTIIIUIA KiHIIEBUIA
MNPOJYKT, IPOBOAUTHU TIPOLEC MOAPIOHEHHS Y BaKyyMi, B iHEPTHOMY CEpPEIOBMILI, 3a PiZHUX
TeMIiepaTyp.

ITpoayKTUBHICTb BiOpaLiiiHUX MJIMHIB 3aJIEXKUTh Bif 6araTboX YMHHUKIB. I3 HOCHiIXeHb i
MpaKTUKU BiIOMO, 1110 BU3HAYATbHUMU YNHHUKAMU NPOAYKTUBHOCTI € YacTOTa BiOpaliii i amm-
Jityna. I3 30iablIeHHsIM 4acTOTU BiOpalliii MPOAYKTUBHICTh HapocTa€ Maitxke jiHiitHo. ITinBu-
IIEHHS aMIUTITyaAX JTO3BOJISIE TTOLIMPIOBATU PO3MEIIOBATIbHI iMITYJILCU Bif BHYTPIillIHiX CTiHOK
IMOMOJIBHOI TPYOU Ha OiNbIIY YacTUHY ii podouoro 06’ emy [8§—10].

TakoxX YMM IIUPIIUIA CTIEKTP BIUIMBY Ha OOpOOJIIOBaHUI MaTepiasl, TUM OLTbIII iHTEHCHUB-
Hillle MPOXOAUTh NOAPIOHEHHSI, a OMHOYACHO I aKTUBallisl MaTepiany. MexaHoaKTUBaLlisl Cpu-
sI€ TeHepallii OibILI PO3YMHHUX MOJiMOpOHUX MoaudiKalliil i JeCTPYKIIii KpUCTaTiYHOI rpaTK1

Bukiiag ocHOBHOro Marepiany aocaimkeHHsa. Po3po6ieHa KOHCTPYKILisi MAMHA KyTOBUX KO-
JIMBaHb 3a paxXyHOK nepedepiitHOro po3MillleHHs AXepesa Biopallii Ha OMO3UTHO PO3MillleHUX
MOMOJIBHUX KaMmepax M03BOJISIE 3MEHILIUTA €HEProBUTPATHU Mid Yyac MyCKy Ta eKchyaTalil 10-
clIiIHOI MalIMHU. TakKoX IpU TaKOMY PYCi MiABUILIYETHCS CUIOBUI BIUIMB T€XHOJOTIYHOIO Ha-
MOBHIOBaYa Ha 0OpoOJIIOBaHMIA MaTepial, IO MIPUBOAUTD A0 30iAbLIEHHS MTPOAYKTUBHOCTI Ma-
IIMHY Ta SIKOCTi IIPOIYKTY.

BiOpauiitHuit ABOCEKLiHMI MJIMH Ja€ MOXJIUBICTb MiABUIIIUTY CTYMiHb pyHHYBaHHS Yac-
TOK MiHEepaJbHOI CUPOBMHM i, IK HACJJOK, iHTeHCU(iKyBaTU MPOLEC MOAAIbILIOTO PO3UMHEH-
Hsl B cyocTpati. Po3po0iaeHuid MIIMH KYTOBUX KOJIMBaHb IIOKa3aHO Ha puc. 1.

MUIMH KYTOBUX KOJIMBaHb CKJIATA€ThCS 3 €JIEKTPOABUTYHA 1, pyX Bim sSIKOro yepe3 MyhTy
2 TmepemaeThCsI IPUBOAHOMY Baly 4, Ha IKOMY po3MillleHHi nebanancu 5. [IpuBogHmii Ba
OIMMPAETHCI HA MiAUITHUKOBI BY3JI 0, SIKi MPUKpineHi 1o ctogkiB 7. [TomonbHi kamepu 10
CHUPAIOThCS Ha CTOsKA i 3’€IHaHi MixX co0o10 3a mormoMoroto TpaBepcu 11. Jlo TpaBepc npu-
KpIiIUIeH] MiamuITHUKOBI By3H 12 i3 meHTpanpHo0 Biccio 13. Cunkuit MaTepiall 3aBaHTaxXy-
€TBCH 13 3aBaHTAXXyBaJILHUX OYHKePiB 8 uepe3 KMBUJIbHI MaTpyoku 9 y momosibHi kKamepu 10,
SIKi MOoMepeIHbO HATTOBHEHI MMOMOJILHUMM TilaMU, Y BUTJISAI KyJb. YCSI KOHCTPYKIisl 3MOHTO-
BaHa HA CTaHMHI 3.

Pesynbrati 1OoCIiIKeHb aMILTITYIHO-4aCTOTHUX, IIBUAKICHUX Ta EHEPTeTUYHUX XapaKTe-
PUCTUK BUKOHABYOIO OpraHy IojaHi Ha puc. 2.
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Pucynok 1 — BiOpauiiiHuii MJIMH KyTOBUX KOJIMBAaHb:
1 — eJleKTPOJIBUTYH; 2 — ejlacTU4YHa My(dTa; 3 — craHuHa; 4 — NPUBOAHMI Baj; 5 — AcOaaHCH;
6 — MiAIIMITHUKOBI By3/11 BiOpOIPUBOY; 7 — CTOSIKM; 8 — 3aBaHTaXXyBaJIbHUIT OYHKED;
9 — xuBUJIbHI MaTpyoKu; 10 — rmoMoJibHi Kamepu; 11 — TpaBepcu;
12 — migImMITHUKOBUI BY30J1 LIEHTPaJIbHOI OCi; 13 — Bich
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PucyHok 2 — AMIUTITYIHO-YaCTOTHI, IIIBUAKICHi Ta €HepreTUYHi XapaKTePUCTUKU BUKOHABYOTO
opraHy: 1 — 6e3 TeXHOJIOTITHOTO HalTOBHIOBaYa; 2 — MW 3aBaHTaXeHHi KOHTelfHepa Ha Y2 Bim 1ioro
ITOBHOTO 00’€MY; 3 — IIpM 3aBaHTaXKeHHI KOHTelHepa Ha ¥4 Bil 10ro MOBHOTO 00’ €My
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JocnimkeHHsT KiHeMaTUYHMX XapaKTepUCTUK MJIMHA KYTOBUX KOJMBaHb TO3BOJIWIM BCTAHO-
BUTHU €(DEKTUBHICTb PO3POOJICHOI KOHCTPYKIIil B KOHTEKCTI MiHiMi3allil AUCUTTAaTUBHUX BJIACTUBOC-
Tel JOCTiKYBaHOI BiopocrcTeMn. JlaHa TeHISHITiST 3yMOBJIeHa HassBHICTIO TIepudepiiiHO po3Millle-
HOT'0 MIPUBOIHOTO BaJIa BIIHOCHO OMO3UTHO PO3MIllIEHUX MTOMOJIBHUX KaMep MJIMHA, TIPUMYCcOBa
CMJIA SIKOTO 3HAYHO TepeBaXae iHepLiliiHi XapaKTepUCTUKM TEXHOJIOTIYHOTO HAITOBHIOBAYA.

BucHoBku. /loBeneHo HEOOXiAHICTb MEepepOOIITH BiIX0AU TBAPUHHUIITBA i NTaXiBHULITBA B
SIKICHi OpraHiuHO-MiHepaibHi 1o00purBa. J1st MexaHoaKTUBAllii i Kpalloro po34yMHEeHHsI MiHepa-
JIiB y cyocTpaTi po3pobieHO BiOpalliiHUI ABOCEKLIHHUI MJIMH KYTOBUX KOJMBAaHb, Y SKOMY 3a
pPaxyHOK KOHCTPYKTHBHOTO BUKOHAHHS 3MEHIIIEHI €HeproBUTPATH ITiJl Yac ITycKy Ta eKCIuIyaTa-
1ii. TakoxX KyTOBi KOJIMBAHHSI TIOMOJBHUX KaMep J03BOJISIIOTh AOCSTTU CTaTly TOHUHY TTOMENY i
JI0JJaTKOBO Me€XaHOAKTUBYBAaTU 0OPOOIIOBaHUI MaTepia.
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Ileav — paspabomka ubpayuOHHOL MeAbHUUb! 0451 USMENbYCHUS U MEXAHOAKMUBAUUU MUHe-
Panog 045 ux 0arvHelue20 pacmeopenus 6 cyocmpame U UccAe008aHusi AMnAUMYOHO-4ACMOMHbIX,
CKOPOCMHbIX U dHEepeemU1eckKux XapaKmepucmuk UCnOAHUMEeAbHO20 0PeAHa MeAbHUUbL.

Memodsi. B pabome ucnoav3osans memoodsvl AHAAU3A U CUHME3A, CUCIEMHDBLIL U CPABHUMENb-
HbLll aHAAU3, pacuem IK6UBANEHMHO20 KOPPEKMUPOBAHHO20 3HAHEHUS N0 U3MEPEHHOMY 3HAYEHUI) U
OQHHbIM XPOHOMempaica.

Pesyasmamut. Onucana npobiaema 3aepsaznenus okpydcaroujeli cpedst 6 pe3yabmame HAKon1e-
HUsL 0mXx0008 Jcueomuosodcmea u nmuyesodcmea. Ilpusedena yenecoobpaznocms nepepabamku
0MX0008 6 6102a30801 YCMAH0BKe 045 NOAYHEHUs 08YX Ka4eCMBEeHHbIX NPOOYKmMOog: 6uoeasa u nepe-
bpoxceroeo cyocmpama. Ilocreonuil yeaecoo6pazHo UCnONb306aMb KAK OP2AHUHECKYH) COCMABASA-
WY 013 nPoU3800CMEa 0peaHoO-MuHepanrbho2o yooopenus. Kak muneparvhvie 006aéKku ucnons-
308aHbl PAKYUWEHHUK U eaayKoHum. JIns usmenvueHus MUHepanoe paspabomana eubpauuoHHAs
08YXCeKYUOHHAS MEAbHUYA YeN08bIX KOAeOaHUll, Komopas obecnevusaem cepXmoHKoe usmenbieHue
U AKMUBAYUI NPeMUKCO8, 3a cuem nepeoaiu 8UbPauUOHH020 08UNCEHUS OM NepUGepuilHo pacnono-
JHCEHHO20 UCTOMHUKA 8UOPAUUU K ONNO3UMHO PA3MEU,eHHBIM NOMOAbHbIM Kamepam. Bubpayuonnbiii
08YXCEKYUOHHDLU MEeAbHUYA 0aem 803MONCHOCMb NOBbICUMb CMeNeHb paspyuleHus 4acmuy MuHe-
PAAbHORO CbIPbS U UHMeEHCUDUUUPosams npoyecc darvHelue2o pacmeoperus 8 cyocmpame. I[lpu-
6edeHHble pe3yabmamyl UCCAe008aHUS AMNAUMYOHO-YACMOMHbIX, CKOPOCHHBIX U IHEPLEMUHECKUX
XapaKkmepucmux UCHOAHUMENbHO20 0P2AHA C PA3MUYHOU 8eAUMUHOU 3aepy3Ku Konmelinepa. Pe3ynb-
mamaol KUHEMAMUYeCK020 UccAe008aHUsi pabombl UCNOAHUMEAbHO20 0PeaHa 8UOPAUUOHHOU MAUUUHbL
onpeoensiiom ONMUMAAbHYI0 Y2A08YH0 CKOPOCHb NPUBOOH020 8AAA U YCMAHABAUEAOM dhheKkmue-
HOCMb pazpadomaHHol KOHCMPYKUUU GUOPAYUOHHOU MeAbHULbL Y2A08bIX KOAeOAHULL.

Karouesnvle caosa: npemukcol, uOpAuUOHHAS MeAbHUUA, U3MeAbYeHUe, MeXAHOAKMUBAYUsL,
amnaumyoa Koaebanus, 8UbpPoOycKoperue, 8UOPOCKOPOCMb, IHEPL03AMpPamyl, OUOMeXHON0UHEeCK U
HanoAHumenb, MeAbHUYUA Y2A08blX KOACOAHU.

Objective. The main objective is to develop a vibrating mill for grinding and mechanoactivation
of minerals for their further dissolution in the substrate and to study the amplitude-frequency, velocity
and energy characteristics of the mill’s executive body.
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Methods. The method of analysis, synthesis, system analysis and comparative analysis, calcula-
tion of the equivalent corrected value from the measured value and timing data are used in the work.

Results. The problem of environmental pollution as a result of accumulation of livestock and
poultry waste is described. The expediency of recycling waste in a biogas plant is given for obtaining two
qualitative products: biogas and perverted substrate. The latter is expedient to use as an organic com-
ponent for the production of organic-mineral fertilizers. As mineral additives, shellfish and gluconate
are used. For crushing minerals, a vibrating two-section mill of angular oscillation has been developed,
which provides for fine-grained crushing and activation of premixes, due to the transfer of vibrational
motion from a peripherally located vibration source to optically placed grinding chambers. The vibrat-
ing two-section mill makes it possible to increase the degree of destruction of mineral particles and
to intensify the process of further dissolution in the substrate. The results of the study of amplitude-
frequency, speed and power characteristics of the executive body with different loading rates of the
container are given. The results of the kinematic study of the work of the executive body of the vibration
machine determine the optimal angular velocity of the drive shaft and determine the effectiveness of the
design of the vibration mill of the angular oscillations.

Key words: premixes, vibration mill, grinding, mechanical activation, oscillation amplitude, vi-
bration acceleration, vibration speed, energy consumption, biotechnological filler, mill of angular os-
cillations.
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