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MNPOMUBAHHSA JIOIJIBHUX YCTAHOBOK I3 MOBITPSIHUMM I T'IJIPO-
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Tpuyunamu 3HUdICEHHsT AKOCMI MOLOKA Yepe3 bakmepianbhe 3a6pYOHEeH S € HEHALeHCHE BUKOHANHS NPOYECY OYULYEHHS
O00IIbHUX YCMAHOBOK MA HAKONUYEHHS MOJIOYHUX GIOKNAOCHb HA GHYMPIWHIX CMIHKAX MOJIOKONPOBOOY.

B oaniti cmammi 3anpononoéano KoncmpyKmueHO-mexHOA02IUHY cXeMy a8MOMAMuU308aHoi cucmemu, wo 00360J5€
Kepysamu pesiCUMHUMU RAPAMempamy poOomu IHHCeKMopie 6 3aNedCHOCI 610 PieHs 3a0PYOHEHOCMI MOIOYHUMU GIOKIAOCHHAMU
MOTIOKONPOBIOHO20 0OIAOHAHHS OOITbHUX YCMAHOBOK ULISXOM GUKOPUCTNAHHSL IHME2POBAHO20 8 MOJIOKONPOSIO (homooamuuka.

Kniouoei cnosa: doinbha ycmanoska, cucmema npoMuBanHsi, iHJCeKmMop, napamempu, CIyniib 4acmomu, MUOYUL PO3UUH,
b6acamogasne cepedosuiye, HucerbHe MOOETIOBAHHSL.

KALETNIK GRYGORII, YAROPUD VITALII, BABYN IHOR

Vinnytsia National Agrarian University

CONSTRUCTION AND TECHNOLOGICAL DIAGRAM OF THE AUTOMATED WASHING SYSTEM OF MILKING
INSTALLATIONS WITH AIR AND HYDRO-INJECTORS

The creation of automated technical and technological support for the milking plant washing system, which intensifies the process without
additional costs, becomes of primary importance when solving the task of improving the quality of milk. The purpose of the research is to develop a
structural and technological scheme of an automated system for washing milking units with air injectors and photosensors for determining the
contamination of the milk line.

The analysis of the factors of the decrease in the quality of milk as a result of bacterial contamination showed that this is the result of poor
performance of the technological operation of washing milking units and the formation of milk deposits on the internal surfaces of the milk duct
system. As a result of the analysis of the existing constructions of technical and technological provision of washing, it was established that the most
effective are the circulation systems of washing with the regulated formation of a traffic jam. In order to increase efficiency and save resources (by
reducing the consumption of air, hot water, energy and operating costs), the process of washing milking units should be adaptive based on data
obtained from monitoring tools for assessing the condition of the surfaces of the milk-conducting system and the hydrodynamic parameters of the
movement of a two-phase washing solution, which is achieved by using air and hydraulic injectors based on automated control.

The cleaning system must be designed and manufactured to avoid contact of cleaning and sanitizing solutions with milk, as required by
1SO 3918:2007, 1SO 5707:2007 and 1SO 6690:2007. The efficiency of the cleaning circulation system depends on the following factors: the design
and installation must ensure the proper volume, speed and duration of action of detergents, as well as the appropriate temperature and concentration
corresponding to the types of solutions used.

Key words: milking installation, washing system, injector, parameters, frequency step, washing solution, multiphase medium, numerical
simulation.

IMocranoBka npo6aeMu

BakTepianpHe 3a0pynHEHHS MOJIOKA € OJHUM i3 KIIFOUOBUX (DaKTOPiB, IO BILUIMBAIOTh Ha HOTO SKICTH SIK
CHUPOBHHU JIJIS TTOIAJIBIINOT TepepoOku. Lleit moka3HUK 3aJIeKUTh Bij PiBHS CaHITAPHO-TITi€HIYHOT YUCTOTHU OITLHOTO
0o0JagHAHHSA, CBOEYACHOTO OXOJIOJDKEHHS MOJIOKA, a TAaKOXX BIUIMBY 30BHIIHIX ymoB [1]. Ilig 9ac moiHHA MOJIOKO
KOHTAaKTy€ 3 PI3HUMH €JEeMEHTaMH MOJIOKOIIPOBIJHOI CHUCTEMH, TaKMMH SIK JOUIBHI amapaTrH, MOJOKOIPOBOIM,
MOJI0301pHHKH Ta JIYMIIBHHUKH, 1[0 MOXKYTh CTaTH JUKEPEIOM OakTepialbHOTO 3a0pyJHEeHHS [2].

J11s ToKpaleHHs IKOCTI MOJIOKa PEKOMEHAYEThCS MTiABUIINTH e()EeKTHBHICTh NPOMHUBAHHS JOTIBHUX CUCTEM
LIISIXOM 30UIBIICHHS TPUBAJIOCTI IPOBEAECHHS JIaHO] orlepaltii, 1110, B pe3yJIbTaTi IPU3BOANTH 301IbIIICHHS BUTPAT BOJIH,
MHIOUHX 3ac00iB, EJIEKTPOEHEPTii Ta 3arajabHOi codiBapTocTi npoaykuii [3-4]. Y 3B'13Ky 3 1M, BRXKIIMBUM HaNpsIMKOM
€ CTBOPEHHSI aBTOMAaTH30BaHMX TEXHOJIOTIYHUX PIllIeHb JUIs CHCTEM IPOMHUBAHHS JIOIJBHUX YCTAHOBOK, SIKi JO3BOJISAThH
iHTeHCH(iKyBaTH mporec 6e3 J0JATKOBUX BUTPAT, 10 € BAXKIMBUM JIJIS TTiIBUIIEHHS SIKOCTI MOJIOKA.

AHaJIi3 0CTaHHIX TKepeJ

Jemuyk M. Ta BotiTiok JI. Bil3Ha4at0Th, 110 MOJIOKO, SIKE BUXOAHUTH 3 BAMEHI, Maike CTepHIIbHE, 32 BHHATKOM
MEPIINX TMOPLIH, SIKi MICTATH «MIKpOOHY IPOOKY» 1 MOTPeOyIOTh OKpeMoro 310r0BaHHA. OIHAK MiA Yac MPOXOIKEHHS
4yepes3 JIOJIbHY CUCTEMY CKJIaJl MOJIOKA 3MiHIOEThCs. [lepeMillieHHsT MOJIoKa 10 MOJIOKOTIPOBOJIaX JOIIbHOT YCTaHOBKU
CIIPUYWHSE HOTO 3a0pyaHEHHS OaKTepisMH, i 10 MOMEHTY TIOTPAIUITHHS B MOJIOKO30IpHUK Y HBOMY BXKE (OPMYETHCS
neBHa Mikpoguiopa. KinpkicHuil Ta sikKicHMH ckiaj i€l MiKpo]aopu 3MIiHIOETBCS 3aJIEXKHO BiJ YMOB 30epiraHHs i
TPaHCIIOPTYBaHHS, 1110 BIUIMBA€E HA CaHITAPHO-TITiEHIYHY SKICTh MOJIOKA IIPU HOro nepenadi Ha nepepooky [1].
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3rifHoO 3 y3aragbHeHHUMH aAaHuMHU KprokaHiBebkoro S1., HaBeIeHMMH Ha pHC. 1, criocTepiraeTbest 301IbIIeHHS
KIJIBKOCTI OaKkTepiil y MOJIOLI il yac HOro TpaHCIOPTYBaHHs Yepe3 MOJIOKOIIPOBi A0TIbHOT ycTaHoBKH. HaBeseHi naHi
CBiZUaTh MPO Te, M0 OaKTepianbHe 3a0pyAHEHHS MOJIOKA 3pOCTa€e B Mipy HOro pyxy IO TEeXHOJOTiUHi JiHii.
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Puc. 1. 3mina 6akTepiaabHOro o0ciMeHiHHS MOJIOKA i Yac iHoro nmepeMilieHHsI MOJIOKONPOBiTHOIO JTiHi€I0 TOTIbHOI yCTAHOBKH

Sk 3a3navae Kpmxaniscpkuit S. [2], HeloCTaTHE OUHUINEHHS] MOJIOYHO-IOITBHOTO 00JIaTHAHHS Ta BiJICYTHICTh
e(eKTUBHOTO KOHTPOJIIO SIKOCTi TIPOMHUBAHHS CIPHUYMHSIOTH 3a0py/THEHHs Ta YyTBOPEHHS BiJKJIa/JIeHb HA BHYTPIIIHIX
MMOBEPXHAX MOJIOKOMPOBOMAiB (puc. 2). Ha Bcix eramax Bif JOTHHS 1O NEPEPOOKH MOJIOKO MiIIa€ThCsl MIKPOOHOMY
3a0pyaHeHHto. I[lIBHAKICT, HaKONWYEHHS MIKPOOPraHi3MiB 1 iX pPO3BUTOK 3ajiekaTh Bl CaHITAPHOTO CTaHY
MOJIOKOIIPOBITHAX CUCTEM, YMOB 30epiraHHs MOJIOKA Ta JOTPUMAHHS TEMIIEPATYPHOTO PEKHIMY.

09

Pu.2. ®parmeHTH MeXaHiYHUX 3a0pyIHEHb HA OKPEeMHUX JIJITHKAX MOJIOKONPOBITHUX cucTeM [2]

[Ipu HEmOCTATHEOMY OYHMINCHHI Ta Me3iH(EKIN] Ha BHYTPIIIHIX MOBEPXHIX MOJIOKOIPOBIAHOT JiHIi JOITBHOT
ycTaHOBKH Bke 32 20—40 XBHIMH HAaKONNYYIOTHCS 3aJIMIIKH MOJIOKA, SIKi CTBOPIOIOTH CIIPHUSTIIMBE CEPEIOBUINE LIS
PO3MHOXKEHHS MikpoopraHi3miB. Hanpuxiiax, MonouHokuciti 6akTepii OABOIOIOTH CBOIO KUIBKICTH MpHOIM3HO 3a 40
XBWJIMH, a 0akTepii KUIIKOBOT MainndkH - 3a 20 xBrutuH mpu Temrepatypi 30°C. Lie o3Hauae, 1110 B Iepioa Mix JOTHHAMHA
(6:m3bKO 9 TOJMH MPU BOPA30BOMY JIOTHHI) KIJIbKICTh MIKPOOPTaHi3MiB MOXKe 30UIBIIUTHCS NpUOIN3HO B 17 THCSAY
pasiB. Hasitb micist aesindexuii, 6akTepii, M0 3aJHIIMIKCSA Y KUIbKOCTI 2 % B 3a0pyJHEHHSX 3 JIMiIiB i MPOTETHIB,
MOXYTb BIJIHOBUTH CBOIO YHCEJIBHICTD 32 3,5 TOJMHHU.

besneka croXuBaHHS MOJIOKa 3HAYHOK MIpOIO 3aJISKUTh BiJl YUCTOTH Ta CTEPUIILHOCTI MOJIOKONPOBIIHOT
JIHIT J0iApHOT yCTaHOBKH. MikpoOHA AKTHUBHICTH BIUIMBAE HAa CKJAJ MOJIOKA, IO MPOSBISIETHCS MOSBOK HOBHX
CMaKOBHX 1 apOMaTHYHHUX PEYOBHH, 3MiHO PiBHs pH Ta 3HW)XEHHSIM CTaOIIbHOCTI Ka3eiHy (MEHIa TePMOCTIHKICTb 1
CHIOHTaHHE 3ropTaHHs). [ToMiTHI 3MiHHM B IKOCTI MOJIOKa depe3 OakTepii MOXJIIMBI ITPH KOHIEHTpalii MiKpoopraHi3MiB
nonan 100 tuc. KYO/em?, a npu pisHi monax 500 tuc. KYO/cM® mi 3MiHM CTalOTh 0COOIMBO BHUpPaKCHUMH. Tomy
KOHTPOJIb KUIBKOCTI MIKPOOPT'aHI3MIB € BayXJIMBUM I 320€31IEUCHHS SIKOCTI MOJIOKA.

OpnHielo 3 HaWBaXIMBIINX TpoLenyp 3 OOCIYroBYyBaHHS MOJIOKONPOBITHOI cHCTEMH € ii IMPOMHBAHHS.
I'onoBHAa MeTa MPOMUBAHHS - BUIAJICHHS 3 BHYTPIIIHIX TOBEPXOHb 00JIaIHAHHS, 110 KOHTAKTYE 3 MOJIOKOM, 3aJIUIIKIB
MoJIOKa, Opyny, OakTepialbHUX BiAKJIaJeHb Ta HMMX 3a0pyAHeHb. MoJloYHA IUTIBKA Ta XXHUP HE TUIBKU CIPHAIOTH
IIBHJIKOMY PO3MHOKEHHIO OaKTepii, ajie i IPUCKOPIOIOTh 3HOITYBAaHHS I'YMOBUX jaeTtaneit [3].

Merta nocaigxenn

MeTta maHOTO AOCHIMKEHHS MOJIATaE B pO3poOIi KOHCTPYKTHBHO-TEXHOJIOTIYHOI CXeMH aBTOMAaTH30BAaHOI
CHCTEMH TIPOMHUBAHHS JTOTTBHOT YCTAHOBKH 13 MOBITPSHUMH 1 TiApO- iHXKEKTOpaMu Ta (HOTOJATINKAMH BU3HAYCHHS
3a0pyTHEHOCTI MOJIOKOTIPOBIAHOT JTiHi1.

Bukiag ocHOBHOr0 MaTepiany

VYci BUOM IOIIBHUX CHUCTEM (CHCTEMH, B SIKHX MOJIOKO 30MpaeThesi y Bijpa abo Ge3nocepenHbo B 010HM;
CHCTEMH 3 MOJIOKOIIPOBOJIAaMH; CHCTEMH, 10 OCHAIIEHI PEeCTpaLiifHIMKU MOJOKOMipaMH) BiIIIOBIAHO 10 CTAHIApTy
ISO 3918 sBisttoTh cOO0I0 CKIIaHY TipaBIiuHy Mepexy. BoHa BKIloUae KijibKa pi3HUX THIIB TiAPaBIiYHUX TPAKTIB 3
BiIMIHHHMH XapaKTEePUCTHUKaMHU. J[0 X CUCTEM HaJleKaTh (JHB. pHC. 3):

— MOJIOKOIIPOBOJH, IKUMH PYXa€THCS MOTIK MOJIOYHO-TIOBITPSIHOT CyMiIi;

— BaKyyMIIPOBOJH 3 OAHO(A3ZHUM MOBITPSIHUM TIOTOKOM;

— MOJIOK030ipHHKH (200 NOUNNBHI Bipa, 0110HHU, peecTpyBaIbHI MOJIOKOMIpH), /1€ 3aBSIKK 3HAaYHOMY 00csTy
BHYTPIIIHBOTO MPOCTOPY, IIBUAKICTH TIOTOKY HAOJMKAETHCS J10 HYJIS 1 BiIOYBA€THCS PO3AIICHHS PiKOI 1 ra301101i0HO1
(a3 (MoyoKa Ta MOBITPs);

— JIOINBbHI amapard, B SKUX 31HCHIOETbCS MYJIbCYIOUMH PEXUM Tedil SK MOJIOKA, TaK 1 HOBITPS, IO
BUTPAYa€ThCs HA CTBOPCHHS ITyJIbCaLliil.
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— VYes rigpaBiiyHa CHCTEMa THIIOBOI JOIIBHOI YCTaHOBKM SIBJISIE COOOI0 HETEPMETHYHY CHCTEMY 3
BiAMOBiIHUM 00’eMoM. [lepeTikaHHs MOBITPsl BCEpEAMHY TiJpaBiidHOI CHCTEMH IOB’S3aHi i3 BUTpAaTaMy MOBITPS Ha
myJbcalii B 10IbHUX arnaparax;

— HEOCTATHBOIO TEPMETUYHICTIO MK JOUTBHUMH CTaKaHAMU 1 TiKaMu;

— MepeTiKaHHAM IOBITPS B TOUIBHI CTaKaHH 3 BIJKPUTHM KJIAMIAHOM NP HAAATAHHI i 3HATTS iX 3 IiHOK;

— HETePMETHIHICTIO TPYOOIIPOBiTHHX 3’ € THAHB [4].
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Puc. 3. 3aragbHa cxema J0i/IbHOI YCTAHOBKH

[Ipouec nOTHHS KOPiB MOXKHA MOAUIMTH Ha KiJbKa OCHOBHMX KaTEropii: AJisl JOTHHS B CTiMNax y MepeHOCHI
Bigpa (AJl-100b, JTAC-2B); mns moinHs B criinax depe3 mojokomnposin (AJIM-8A, YJIM-200); anst moiHHS Ha
nacosuiax i maitmanuukax (YAC-3b, YJI-®-12, K-P-10); mis moiuHs B moineHuX 3anmax («Tammem», «SlnuHkay,
«Kapycenby, «Ilapanens») Ta 1uis TOTHHS 3a JOMOMOTOI0 TiepecyBHUX ycraHoBok (YII-1; AUI-2; VIU-1).

OCKiNBKY Ha JaHWH Yac HaifuacTille BUKOPUCTOBYIOTHCS CHCTEMH UTS TOTHHA B CTIHIaX Yepe3 MOJOKOIIPOBIT
Ta B JOIIBHMX 3aJlaX, Jajli OyAeMo aHaNi3yBaTH IXHI CHCTEMH POMHUBaHHI. CXeMaTH9YHE MPEICTABICHHS IIUX CUCTEM
HaBezieHo Ha puc. 4. [5].

AHani3yloun pi3Hi TEXHOJOTIYHI CXeMH JOTHHS, MOYMHAIOYH BiJl PYYHOTO 1 3aKiHIYI0YHM aBTOMAaTH30BAHOIO
CHCTEMOIO JOTHHS, CIIOCTEPIraeThesl TEHCHIIS] PO3BUTKY MOJOKOIIPOBIIHUX CHCTeM KoMyHikamid. CydacHi MOJIOYHI
JiHIT CTAlOTh BCE OUIBII repMETHYHUMH, 30UIBLIYETHCS iX MPOTSIKHICTB, B PE3yJbTATi YOTO Pi3KO 3pOCTaE IUIOMIA
MIOBEPXOHb, 3 SIKUMH KOHTAKTY€E MOJIOKO. L{e yckianHioe nporec IpoMUBaHHSL, 10 MOKE IPU3BECTH JI0 3HIIKEHHS SKOCTI
OJIep>KYBaHOT0 MOJIOKa [5].

IIpoBeaeHuii po3paxyHoK [6] mokasye, 1O MPH PYYHOMY JOIHHI IUION[A KOHTAKTY MOJIOKA 3 00JIaJHAHHIM
CTaHOBMTh BChOTO 7 M%, Ha YCTAHOBKAax 3 NEPEHOCHUMM BiJpaMy 3arajibHa MOBEPXHS, 110 KOHTAKTYE 3 MOJOKOM
CTaHOBHTH OyM3bKo 20 M2, Ha yCTaHOBKAX JUISl JIOTHHS B CTiljlax yepe3 MoJoKONpoBia — 10 100 M2, B 10i1bHUX 3a1aX —
10 45 M? (puc. Omubka! MCTOYHMK cCHUIKY He Haiijien.). Y pe3y/ibTati 361/IbIIEHHS MIOMIi TOBEPXHI, 10 KOHTAKTYE
3 MOJIOKOM, 3pOCTA€ MOXKIIMBICTh OaKTepialbHOTr0 3a0pYAHSHHS MOJIOKa 1 BIATIOBIIHO IMiIBUIYIOTHCSI BUTPATH PECYPCIB

Ha MUTTs Ta OUYHUIICHHA MOJIOYHOT JIiHiI.
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Puc. 4. 3aranpHa cxeMa CHCTeMH IPOMHBAHHSA JI01IbHOI YCTAHOBKH
Sk BuaHo 3 ricrorpamu (puc. Omméka! McTOYHMK CCHUIKH He HaiileH.), MpH CIiBBIIHOIICHHI DiBHS
aBTOMaTH3alii mporecy AOTHHS 1 IO HAMEHIIOr0 KOHTAKTY 00J1aJHAHHS 3 MOJIOKOM, aKTyaJIbHUM € BUKOPUCTaHHS
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JIOUBHUX 3aiB. 3ayBa)KNMO, 110 B AOCIIUKEHHAX OyJIO JOBEJICHO, 10 Ha YCTAHOBKAX 3 KOPOTKHM MOJIOKOIIPOBOIOM
tuny «Slnuaka», «Tangem», «[lapanens» abo «Kapycenp» OakrtepiainbHa 3a0pyJHEHICTH HabaraTo HWXXYa, HDK Ha
YCTaHOBKaxX i3 CTIHJIOBHM MOJIOKOIIPOBOJAOM. TakMM YMHOM, M NMPOBEACHHS €(PEKTHBHOIO NPOLECY NMPOMUBAHHSA
BaXXJINBO, 100 KOHCTPYKIiS AOINBHOI YCTAHOBKHM Maja MEHII PO3TalyXeHy MOJIOKOIIPOBIIHY JiHIIO i3 HaMEHIIOIO
JOBXHHOIO.
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Puc.5. IicTorpama niiomi KOHTAKTY MOJIOKA 3 I0ITBHAM 00,12 THAHHAM

BianmosigHo no crangapty [SO 5707 [7] koHCTpyKList 101IbHOT YCTAHOBKH TaK caMo IOBUHHA 3a0e3MeuyBaTH:

— OYMILIEHHS BiJl 3QJIUIIKIB MOJIOKA 1 BiTKJIaIcHh HA BHYTPIIIHIA TOBEPXHI MOJOKOIIPOBIIHOT JIiHIT;

— OUHIICHHS TOBEPXOHb 1 TMOPOXHWH MOJIOKOTIPOBIMHOI JiHIl BiJl 3aJHINKIB MHUHHHX 1 Je3iHDIKyIOIHX
3ac00iB;

— 3HIKEHHS 0aKTepiaJbHOTO 0OCIMEHIHHS MOBEPXOHB 10 JOMYCTHMOTO PiBHS.

Bysmu Ta metani KoMyHiKaniid JOTBHOI yCTaHOBKH, SIKi KOHTAaKTYIOTh 3 MOJIOKOM, TIOBUHHI OYTH BHTOTOBIICHI
3 MarepialiB, IpU3HAYeHUX JuIsl uX uiged. [loBepxHs, BianoBigHo 10 cranaapty ISO 4288 noBuHHA MaTH MIOPCTKICTh
2,5 mxM. HlopeTkicTh MOBepXHi 3BapHUX IIBIB HE IOBUHHA NepeBHITyBaTH 16 MkM. [loBUHHO 3a0e3neuyBaTHCh IOBHE
CTIKaHHSI PIAMHY 3 YCIX YaCTHH MOJIOKOMPOBiIHOT jiHii [7].

BigmoBimHo 10 3amad AOCHiKEHb (pHC. 6) HABEAECHO KOHCTPYKTHBHO-TEXHOJIOTIYHY CXEMY CHCTEMHU
MIPOMHUBAHHS MOJIOKOIIPOBIIHOT JIiHIT JOINBHUX YCTAHOBOK JI€ Y TPAAUIIiHY CUCTEMY IIPOMHBAHHS MOJIOKOIIPOBIIHOT
JIHIT 0TIBHOT YCTAHOBKM BKJIFOUEHI HACTYITHI €JIEMEHTH: MOBITPSIHI 1 TiAPO- IHXEKTOpHU Ta (OTOJATUNKN BU3HAYCHHS
3abpynHeHOCTI [8].
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Puc.6. KoHCTPYKTHBHO-TEXHOJIOTIYHA cXeMa CHCTeMH NMPOMHBAHHS MOJIOKONPOBiTHO] JIiHii 10ITEHUX YCTAHOBOK

Ha ocHOBI MaTeMaTW4HUX JOCTIIKCHb MOJIEJICH TIPOLECY OYHINEHHS JOUIPHHX YCTaHOBOK, SKi
BHKOPUCTOBYIOTh MOBITPSHI Ta TIAPOIHXKECKTOPH, a TaKOXK (OTONATYMKU MJIsi BUSABJICHHS CTYICHS 3a0pyIHCHHS
MOJIOKOIIPOBIIHOT JTiHIi, Oyi1a po3pobieHa cucTeMa aBTOMATH30BAHOTO MPOMHUBAHHS MOJIOKOTIPOBO/IIB 3 MOKJIUBICTIO
KOHTPOJIIO PSKUMHUX ITapaMeTpiB.

B ocuoBi BuHaxoxy (mateHT Ne 140923 [9]) jeKHTh CTBOPEHHS aBTOMATH30BaHOI CHCTEMH OYHIICHHS
MOJIOKOIIPOBiAHOT JIiHI1 TOIMPHUX YCTaHOBOK. 3aBIASKH JOAATKOBHUM KOMIIOHEHTaM, I CHCTeMa 3a0e3lnedye MIBHIKE
BUSBJICHHS DIBHSA 3a0pyJHEHHS Ta AaBTOMATHYHE HAJAIITYBAaHHSI DPEXHUMHUX mapamerpiB pobortu. lle cmpuse
MIABUICHHIO €(DEKTHBHOCTI Ta SIKOCTI MPOIIECY, BOAHOYAC 3MEHINYIOUM BUTPATH Ha BOAY Ta eHeprito. [IpuHImn
(YHKIIOHYBaHHS CHCTEMH ONMCAHUH y KOHCTPYKTUBHO-TEXHOJIOTIYHIN CXeMi, 1110 300pa’keHa Ha PUCYHKY 7.

ABTOMAaTHYHA CHCTEMa IIPOMHBAHHS MOJIOKOTIPOBITHOT JIiHIT TOTTPHIX YCTAHOBOK MICTHUTh Oak 1, 00nagHaHuit
MOITABKOBHM MEXaHI3MOM 2, HaTYMKOM piBHS MHUHHOTO PO3YMHY 3, KJIAaMaHOM IUPKYJAMIl Ta 371uBY 4, a TaKOX
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KJIaraHOM TO/adi PiJMHU B MOJIOKONpoBif 5. bak 1 migkiaroueHnit 10 TpyoonpoBoay 6, SIKUii uepe3 eIeKTpoMarHiTHUH
KjanaH 7 3'eAHaHMH 3 BOAOIOCTAYaHHSM JUISl 110/a4i X0J0 HO1 Boau. Jluist rapsiuoi BOJM 1O CHCTEMH MiAKIIOUECHUN
BOJIOHArpiBad 9, 3’€IHaHUI 3 TPYOOIPOBOAOM Uepe3 eINeKTPOMATHITHHH KiarmaH 8.

Jlo HIKHBOT YaCTHHH KJIalaHa 5 mpreIHaHO TOYaTOK MOJIOKOIPOBITHOI JIiHi1, @ IO HYKHBOT YaCTHHH KJIalaHa
4 - 1i xiHenp 1 37MB y KaHami3anito. €MHICTS 11 11 MUIHOTO pO3YNHY MiAKIIOYeHa 10 6aka | depes eneKTpoMarHiTHHHA
kianad 10. Ha 6aky Takok BCTAHOBIICHO TEMITEpAaTypHHUNA AaTYHUK 12 17151 KOHTPOIIO TPOLIECy OYUIICHHS.

JaTunk piBHA MHHHOTO PO3YMHY 3, KJIAMAHW MUPKYIHALIi-3TuBY 4, TOAadi piOMHA B MOJOKOMPOBIN 5,
€JIEKTPOMArHITHI KJIalmaHu I XOJOAHOI BoaW 7 i rapstaoi Boau 8, BomOHArpiBau 9, KiamaH Ui HOJadi MHHHOTO
KoHLeHTpaTy 10, a TakoXK KOHTPOJIBHHUN aTUUK TeMIiepatypu 12 miakiodeHi 1o 010Ky kepyBaHHs 13 3a 101oMororo
€JIEKTPONPOBO/IIB (1T03HAYEH] MyHKTHUPHOIO JIHIEI0).

Yepes koxHi 10 MeTpiB B3JOBK MOJOKOIPOBOIY PO3TALIOBaHI eIEKTPOMATHITHI KJIallaHu 1oiadi mositpst 14,
JaTYNKU BaKyyMHOTO TUCKY 15, TemniepaTypHi qatunku 16 ta ¢poronarunku 17. @oTOAATUMKH BKIIOYAIOTH (OTOII0AN
18 ta doTopesucropu 19, mo po3TalioBaHi HAa MPO30OPHX YACTHHAX MOJOKONpPoBOAy. Ha Momoko30ipHHKax i
TMYAIPHAKAX (TPYHOBUX Ta IHIMBIIYaJhHHX ) T0IATKOBO BCTAHOBIICHI ripoimkekTopu 20, miakirodeHi 1o 6aka 1 uepes
€JIEKTPOMArHITHAN KJIalaH 1mo1a4i MUITHOTO po3unHy 21.

EnextpomarHiTHI KianmaHu mojgadi moBiTps 14, maTdmku BaKyyMHOTO THCKY 15, matamku Temmeparypu 16,
¢doromionu 18, dpoTopesucropu 19, rigpoimkexropu 20 Ta eIEKTPOMATrHITHIHA KJIalaH Mojadi MHHHOTO po3unHy 21
3'enHaHi 3 0J0KOM KepyBaHHA 13 depes eneKTpoIrpoBOAN.

ABTOMaTH30BaHa CHCTEMa IPOMHUBAHHS MOJIOKONPOBINHOI JiHII MpaIfoe HACTYTHUM YHHOM: OIIEPaTop
BCTAaHOBJIIOE B OJI0I KepyBaHHs 13 mapameTpu, Taki ik TeMIeparypa Ta KOHIEHTpallis MUHHOTO PO3UUHY, 1 3aIycKae
npouec. Ilicns uporo OnOK KepyBaHHSI akTHBYe BozaoHarpiBau 9. IloTiM, orpumaBmm iHdopmamnito Bij JaTdunka
TemrepaTypu 12, po3ramoBaHoro Ha Oaky 1, OJOK KepyBaHHS BMHKAaE BIAINOBIJHI KJIalaHW Tojadi xojomHoi 7 Ta
rapsiuoi BoJu 8 1isl OCSTHeHHs HeoOXinHoi Temneparypu. Koiu 6ak 1 HamoBHUTBCS BOJOIO MTOTPIOHOT TemMIepaTypHy,
cUCTeMa 3YHUTYE PIBEHb PIAMHY 3 JaTYMKa 3 Ta akTUBYE KianaH 10 [uis nojavi KOHIEHTpaTy MUHHOTO po3unHy. Konn
PIBEHB PiJIMHU J0CSTa€e BiMITKU MOIUIaBKa 2, OJIOK KepyBaHHSI BUMHUKAE KJIallaHu AJIs 014l BOAU 7, 8 Ta KOHLIEHTPATY
10.

[Ticns mporo Oiiok kepyBaHHsS 13 BiAKpHBae KiamaH A7 BCMOKTYBaHHS PIIMHM B MOJIOKONPOBIL 5 Ta
BCTAHOBIIOE KJIaNlaH OUPKYIALii-31uBY 4 y peskuM nupkyisnii. Lle mo3Bonsie MuitHOMy po3dMHY IMPKYJIOBAaTH IO
MOJIOKOTIpOoBOY. [laHi 3 ycix maTymKiB THCKY 15 1 TeMnepaTypHUX AaTYHKiB 16 mepenaroThes 10 670Ky KepyBaHHS 13,
Je BOHHU 30epiraloThCsi Ta aHami3yloThcsa. Ha ocHOBI iH(popMmarii 3 TemrepaTypHHX AATYHKIB 16 aBTOMATHIHO
PETYIIOEThCSL TEMIEpaTypa MUMHOTO PO3YMHY B 0aKy | HUIIXOM YBIMKHEHHS a00 BHMKHEHHS €IEKTPOMAarHITHHX
KJIATIaHIB 1ojia4i X0JI01HO1 Boau 7 1 raps4yoi Boau 8.
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Puc. 7. KOHCTPYKTHBHO-TEXHOJIOTiYHA cXeMa ABTOMATHYHOI CHCTeMH NMPOMHBAHHS MOJIOKONIPOBiTHO] JIiHii 101 TLHAX YCTAHOBOK
Jai 6ok xepyBanus 13 aktuBye ¢oromionn 18 ¢poromaTankiB 17, 110 TPU3BOANUTE 0 3MIHH €IEKTPUIHOTO
onopy ¢ortopesuctopis 19. Ii nani nepematoTscs A0 00Ky KepyBaHHA. YnM OibImmii omip ¢otopesnuctopis 19, Tum
Oimpime 3a0pyaHeHa MOJIOKOMPOBIAHA JIiHISA 3aJMIIKAMH MOJIOKA. SIKIIO piBEHb OMOpPY MEpPEeBHIIYE MOITYCTHME
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3HAUCHHs, OJIOK KepyBaHHS 13 TepiofMYHO aKTHUBYE €JEKTPOMAarHiTHI KJamaHW rojadi moBiTps 14, BBOISIYM
aTMoc(epHe TOBITPsI B MOJIOKOIIPOBIAHY JIHIIO, 110 CTBOPIOE TIPaBIiYHUIl yAap MUITHOTO PO34HHY B TPyOOIpPOBOII.
Le#t mpomec KOHTPOTIOETHCA HaTIUKaMu THCKY 15. KpiM TOro, akTHBYIOTBHCA €JIEKTPOMATHITHHH KiamaH Hojadi
MuitHOTO po3umHy 21 Ta rimpoimkekropu 20, sKi pO3TAlIOBaHi Ha MOJOKO30IpHHKAX Ta JIYMIIBHHUKAX MOJIOKA.
lmpoimkeKTopH IiJ THCKOM IEePiOANYHO BIIOPCKYIOTh MUITHHN PO3UMH Y €MHOCTI, 1[0 JO3BOJISAE €PEKTHBHO BUIATSATH
MOJIOYHHH KHP Ta BiAKIAAEHHS 3 IXHIX TOBEPXOHb.

Ilicns 3aBepmieHHS NpOIECy MPOMHBAHHSA MOJIOKONIPOBIMHOI IiHII, MPO MO0 CBIAYUTH iHpOpPMAMis Bifg
¢dortopesucropis 19, orpumana gepes poromatunku 17, 610K kepyBaHHS 13 epeBOIUTD KiIalaH OAPKYJIAMii-3MuBYy 4 B
pexxuM 3nmuBy. Lle 1o3Bosisie BCboMy MUMHOMY PO3YHMHY MOTPAITUTH B CUCTEMY KaHasli3auii, a JaT4nuK piBHS MUITHOTO
po3uuHy 3 (Qikcye HOro BiACYTHiCTh, Mmoka3ytouu 3HadeHHs 0. [lami Onok kepyBaHHs 13 3akpuBae KiamaH Jis
BCMOKTYBaHHSI PiIMHH Ha MOJIOKOIIPOBIZ 5, @ TAKOK €JIEKTPOMArHiTHI KJIalaH! MoAavi X0JI0JHOI BOH 7, rapsiuoi BOAH
8, KOoHIeHTpary MuitHOro po3unHy 10 Ta KianaH HUpKysii-3nuBy 4. I1pu norpebi, npolec MPOMHUBaHHS MOXKe OyTH
IIOBTOPEHUM.

BucHoBku

AHami3 TpUYMH 3HIDKEHHS SKOCTI MOJOKa depe3 OakTepiaibHe 3a0pyTHEHHS IOKa3aB, IO OCHOBHOIO
Mpo0JIEMOI0 € HEAOCTAaTHRO e(EKTHBHE NMPOMHBAHHS IOUIPHUX YCTAaHOBOK Ta YTBOPEHHS MOJIOYHMX BiIKJIaJEHb HA
BHYTPIMIHIX MTOBEPXHIX MOJOKOMPOBOIB. JlOCTiIKEHHS ICHYIOUHX TEXHOJIOTIYHUX PIilIeHb JJIS IPOMIBAHHS BKa3ye,
10 HAWII€BIMUMH € TUPKYJIAIIHI CHCTEMH IPOMHUBAHHS 3 PEryJIbOBAaHAM "MPOOKOBAM pexkuMoM". [ miABHUIIICHHS
e(eKTUBHOCTI Ta EKOHOMii pecypciB (3MEHIICHHS CIIO)KUBAHHS TMOBITPS, Traps4oi BOIW, CHEPTii Ta 3HIKCHHS
eKCIUTyaTalliiHX BUTPAT) MPOILIEC MPOMHUBAHHS Ma€ OyTH aJlalTHBHUM, OIIMPAIOYXCH Ha JaH] TaTUYHKIB, 110 OI[IHIOIOTh
CTaH MOBEPXOHb MOJIOKOIPOBO/IIB 1 KOHTPOJIIOIOTh T'IPOAMHAMIUHI TapaMeTpH pyXy ABO(GAa3HOTO0 MUITHOTO PO3YHHY.
Lle MOXKITBO 3aBISIKH BUKOPHCTAHHIO MOBITPSHUX 1 TIPOIHXKEKTOPIB y CUCTEMAaX 3 aBTOMATH30BAaHUM YIIPaBIIiHHSM.

BripoBapkeHHST aBTOMAaTH30BaHOT CUCTEMHU OYHIICHHS MOJIOKOIIPOBO/IIB JIOTNBHUX YCTAHOBOK 13 JOAATKOBUMH
JaTYMKaMH THUCKY, TeMIepaTypu, QoromaTyvkaMu, MO BKIOYaOTh (oTomionn i (oTopesucTopu, a TaKoX
CJIEKTPOMArHITHUMH KJIalaHaMu JUIs 1ojadyi MOBITPs (TOBITPSHUMH IHXKEKTOpaMH) Ta MHHHOIO PO3YMHY
(tigpoimxexTopaMm) 3abe3rnedye BUKOHAHHS IPOIeCy MPOMUBAHHSA 3 BHIIOK0 MPOAYKTHBHICTIO Ta SIKICTIO, OTHOYACHO
3HIKYIOYH BUTPATH BOJH 1 €Hepril.
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