ISSN 2414-3820 KonctpyroBaHHsl, BUPOOHUIITBO Ta SKCILTyaTallisl CUThChKOrocronapehbkux Manm, 2019 surr. 49

YK 637.115:62.555 DOI: https://doi.org/10.32515/2414-3820.2019.49.206-212

B. M. llpumasik, 1o11., Kauj. TexH. HayK, |. A. BaOuH, acucteHt
Binnuyvkuti  HayionanvHuu — acpapuuii  yHigepcumem, M.  Binnuya, Ykpaina
e-mail: viktor.prishlyak@i.ua

Pesynprat  pocnijkeHb (QoTodaTUYMKAa BHU3HAYCHHS

3a0pyAHEHOCT1 MOJOKOIIPOBIAHOT JITHII

[Iporec mpoMuBaHHS MOJIOYHO-AOIIFHOTO OONAJHAHHS € OIHICI0 3 HAWBaKIMBININX TEXHOJOTIYHHUX
ormeparliif, Bif e()EKTHUBHOCTI BHKOHAHHS SIKOI 3aJICKUTh PIBCHb MEPBHHHOI 3a0pYAHEHOCTI MOJOKa. SIKiCTh
poOOTH CHCTEM MPOMHBOK Ba)KKO OI[IHHUTH 1 KOHTPOJIOBAaTH O€3 3aCTOCYBaHHS BIAMOBIAHUX MJATYMKIB 1
MIPUCTPOIB OIIHKHM 3a0pYAHEHOCTI MOJOKOMPOBIIHOI JIiHII. MeTolo aociikeHb € po3poOka oOJagHaHHS JUIs
aBTOMAaTUYHOTO BU3HAYECHHsI 3a0pyTHEHOCTI MOJIOKOIPOBITHOT JIIHIT ITiJ] 4ac BUKOHAHHS TEXHOJIOTTYHOT omepartii
IIPOMUBKH MOJIOKOIIPOBIIHMX CHCTeM. B pe3ynbrari JIOCHIPKEHb BCTaHOBICHO JOLIJIBHICTH BHKOPUCTAHHS
po3po0bieHoro OONMaHAHHS I AaBTOMATHYHOT'O BH3HAYCHHS 3a0pyAHEHOCTI MOJOKOMPOBIAHOI JiHII Mmif dYac
BUKOHAHHS TEXHOJIOTIYHOI Orepalii MPOMUBKH MOJIOKONPOBITHMX CHCTEM. TakoX BCTAHOBJICHO 3aJICHKHICTh
TOBIIMHY IIIapy MOJIOKA, IO PYXA€ThCs B CKILHINA TPyOi, BiX omopy (hoTope3ncTopa, Ha SKHU MOTPAIUISLE CBITIIO,
1110 YaCTKOBO MOTJIMHAETHCS IIAPOM MOJIOKA.
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Pe3yabTaTsl HccJIe10BaHMil doronaTuuxku omnpeejeHue 3arpsi3HEHHOCTH
MOJIOKOIIPOBU/IHOM JTHHHUH

Hpouecc IMPOMBIBKH MOJIOYHO-AOUJIBHOT'O 060pyZ[OBaHI/I§I SIBIISICTCA OL[HOﬁ nu3 Ba)KHeﬁIHHX
TEXHOJIOTHYCCKUX onepaunﬁ, oT 3(1)(1)6KTI/IBHOCTI/I BBIITOJIHCHUA KOTOpOﬁ 3aBUCUT YPOBCHb HepBI/I‘IHOﬁ
3arpsA3HEHHOCTU MOJIOKA. Ka‘ICCTBO pa6OTI>I CHUCTEM IIPOMBIBOK TPYAHO OLCHUTb W KOHTPOJIHUPOBATH 663
MNPUMCEHCHUA COOTBCTCTBYIOIIHX AATYUKOB U yc’[‘pOﬁCTB OLCHKU 3arpsA3HCHHOCTHU MOJ'IOKOHpOBPII[HOﬁ JINMHUUN.
Llempto wccienoBaHUil  sABmAETCS  pa3paboTka OOOpPYHOBaHHS 1T  aBTOMATHYECKOTO  OTMPEIEICHUS
3anH3HCHHOCTI/I MOHOKOHpOBHZ{HOﬁ JIUHUU BO BpeM}I BBIIIOJIHEHUSI TEXHOJIOTUYECKOUN onepaum/l HpOMLIBKI/I
MOJIOKOIIPOBUIHUX CHCTEM. B pe3ynbpTare HCCIeTOBaHMI YCTAHOBIICHO I1€IeCO00PAa3HOCTh HCIOIB30BAHUS
pa3paboTaHHOTO 00OPYIOBAHUS JIJIsl aBTOMATHYCCKOTO OMPEICIICHUS 3arPsI3HCHHOCTA MOJIOKOIIPOBUIHOM JTMHUN
BO BpeMH BBIITOJIHCHUA TCXHOJ’IOFH‘IGCKOﬁ onepauym l'[pOMbIBKI/I MOHOKOHpOBI/I)lHI/IX CUCTCM. TaK)Ke yCTaHOBHeHa
3aBHCHUMOCTh TOJIIIMHBI CJI0S MOJIOKA, JBIIKYIIETOCS B CTCKIITHHON TPyOe, OT COMPOTHUBIICHUS (POTOPE3UCTOPA,
Ha KOTOpBIﬁ I1oraaacT CBET, 4aCTUYHO HOFHOHI&CMBIﬁ CJIOEM MOJIOKA.
AOW/IbHas yCTaHOBKa, CUCTEMa IIPOMBIBKH, MOlOlIlI(lﬁ pacTrBop, (l)OTOIlaT‘lHK, 3arpA3HEHHOCTD,
MOJIOKOIMPOBU/IHA JIMHUSA

IHoctanoBka mnpodiaemu. CaHiTapHO-TITIEHIYHUHA SKICTH BUPOOJIEHOTO MOJOKAa —
KOMIUIEKCHa MpobJiemMa, sika BU3HAYAETHCS HU3KOIO (DAKTOPIB, SIKI 00'€THYIOTHCS MOHSATTAM
«TEXHOJIOTIS 1 KyJbTypa BHpPOOHHUIITBa». Y CydYacHHX YyMOBaxX BHUPOOHHUIITBA MOJIOKA
BHUpIIIAJbHE 3HAYEHHS Ha HWOTO SKICHI TOKAa3HWUKU HAJa€ CaHITapHUN CTaH OiJTLHOTO
obnannanHs [1]. B mpoueci excrmyaTanii 10iTbHUX YCTAHOBOK Ha BHYTPIIIHIX IMOBEPXHSIX 1X
TPyOOIPOBO/IIB YTBOPIOIOTHCSI PI3HOMAHITHI 3a CKJIAJIOM, BJIACTUBOCTSIMH, TOBIIUHI, MIITHOCTI
3YEIJICHHSI 3 MOBEPXHEI0, 10 OYMILY€EThCS, BIAKIAICHHS, HASBHICTh SKUX NPU3BOAUTH 10
3a0pyHEHHS MOJIOKA, B PE3YJIbTaTl YOTO BiJOYBAE€THCS 3HIKEHHS MOTO COPTHOCTI Ta IIHU 32
peamizaniro[2]. OcHoBHa wYacTka MIKpOOHOT 1 MeXaHIYHMX 3a0pyIHEHb MOJOKA IPH
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JOTPUMaHHI BCiX HEOOXIHUX YMOB yTPUMaHHsS TBAPUHHUIIBKUX MPUMIIIEHb (POPMYETHCS 3a
pPaxyHOK HEIOCTaTHhO TMPOMHUTOrO AOUIbHO-MOJIouHOro oOnanHanus [3]. Tomy mporec
MIPOMHUBAHHS WOTO € OJHIEI0 3 HAWBAXKJIMBIIIMX TEXHOJOTTUHUX OMEparii, Bia eheKTUBHOCTI
BHUKOHAHHS SIKO1 3aJI€KUTh PIBEHb IEPBUHHOI 3a0pyTHEHOCTI MOJIOKA.

AHani3 ocTaHHIX AocjaigxeHb i myOjikaunii. SIkicTb poOOTH CHUCTEM HPOMMBOK
BaYKKO OLIIHUTH 1 KOHTPOJIIOBATH 0€3 3aCTOCYBaHHSI BIANOBIIHUX JATUYHKIB 1 IPUCTPOIB OLIHKU
3a0pyaHeHoCTI MostokonpoBiaHoi miHil. Tak [Tomiit A.I1. [4] 3amponoHyBaB Juis ONEpaTHBHOTO
Ta JOCTOBIPHOTO OIIHIOBAHHS SKOCTI 3IHCHEHHS TEXHOJOTIYHUX OTepaliii OUYHIICHHS
MOJIOKOIIPOBIAHUX CHCTEM BHKOPHCTOBYBATH MPHUCTPiH JUIsl BU3HAYEHHS SKOCTI IPOMHUBAHHS
MOJIOKOTIPOBIAHOT JiHil. HemonmikomM HaHOTO MPHUCTPOIO € Te, IO OI[iHUTH SKICTh MPOMHBKH
MOJKHA JIMILE MICs i1 3aKiHYeHHs. TakoX He JI0CUTh 3py4YHUM € IOCTiHa y4acTh oneparopa
MAIIMHHOTO JOTHHS JUIS OLIHKH SKOCTI TPOMHUBAHHS MOJIOKOIIPOBIAHOT JIiHi1.

IloctanoBka 3aBaaHHs. B 3asiBKy 3 BHIe3a3HAUYEHUM HEOOXITHO pPO3pOOHUTH
o0JaiHaHHS JUIsl aBTOMAaTHYHOTO BU3HAUEHHS 3a0py/ HEHOCTI MOJIOKOIIPOBITHOI JIiHIT MiJ] Yac
BUKOHAHHS TEXHOJIOT1YHOI onepaii MpPOMUBKH MOJIOKOIPOBITHUX CUCTEM.

Martepiaau i MeToau gocifzkennb. J[OCTiKEHHS MPOBOIWINCS HA OOJIaTHAHHI, 10
CKJIaqy SIKOrO  BXOAUTHb  pO3poOseHui  (OTONATYMK  BU3HAYEHHS  3a0pyJHEHOCTI
MOJIOKOTIPOBIIHOT JTiHii (maymi (oTomaTymk), cxema sSKOTo IpeACTaBlieHa Ha PHCYHKY 1, a
3arajlbHUM BUIIIAJ Ha pUCYHKY 2. OOnagHaHHA CKJIaanocs 3 IepCOHAIBHOIO0 KOMII F0Tepa, 10
SKOTO TIAKIIOUEHO Oe3mocepenHbo  (poTomaTunk Ha OCHOBI  mpuctporoArduinoUno
ATmega328, sxuii BuKoHye kepyBanHs cBiTiomiona LED 1Bt 100 JIm uepes mignamToBHUMA
pesuctop S5kOm. Jlo ananoroBoro Bxoay mpuctporo ArduinoUno ATmega328 miakitoueHo
Bigomuii pesuctop 10 kOm, 0,1 %, skuii 3’ eanyernes i3 3a3emuennsm (GND) i ¢poropesuctop
GM20539, saxwuii 3’eanyeTbes 13 Hanpyrow 5 B. @orope3nucTop 3akpimieHuid BHU3Y CKIISTHOL
TpyOH, sKa po3MileHa TMiJ KyToM [3 10 TOPU30HTY, a HaBOPOTH HBOTO BCTAHOBJICHHUM
ceiTonion. KyT Haxminy ckiasiHOI TpyOM KOHTpOJIIOBaBCs LU(PPOBUM KyTomipom. CkisHa
TpyOa MOBHICTIO 130/1bOBaHA BiJl 30BHIIMIHBOTO OCBITJIEHHS YOPHUM HETPO30PHM MaTepiasioM.

Jlo nepcoHanbHOTO KOMIBIoTepa f

Ceitnogion LED 1W 100 Lm

hquuid Drn h

plass

l_li;mamﬁmﬂuﬁ
pesucrop SkQ

outnpJy EmX¥

Cxnana Tpyba

Pesucrop
10 k2, 0.1 % i
®oropesucrop GM20539 Arduino Uno ATmega328

Pucynox 1 — Cxema ¢oronaTamka sl BU3SHAYCHHS 3aJI€KHOCTI IHTEHCUBHOCTI CBITJIA, IO TIOTJIMHAETHCS
MOJIOKOM BIJI TOBILIUHHU HOTO I1apy
Joicepeno: pospobneno agmopom
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Hugposuis kyromip doronaruuk [lepcoHanbHU KOMM'IOTEpP

Pucynox 2 — 3aranpHuii BUTTISL 00TaJHAHHS /1Tl BU3SHAYCHHS 3aJIC)KHOCT] IHTCHCHBHOCTI CBITIA,
110 MOTJIHHAETHCS. MOJIOKOM BiJI TOBIIMHH HOTO 1I1apy
Iicepeno: pospobneno asmopom

OOnamHaHHs TpaIoe HACTyMHUM YMHOM. CKJIsiHa TpyOa 3allOBHIOETHCS CEPEIOBUIIIEM
(moBiTps, MOJIOKO, MHIOYHMI po3uuH). Jlami BMHKA€ThCS CBITJIIONION, CBITIO BiJl SKOTO
MPOXOJIUTH KPi3b CTIHKU CKIISIHOT TpyOH 1 cepenoBuiie 1 morparuise Ha doropesuctop. lpu
IpOMy omip (OTOpe3ucTopa 3MIHIOETHCS 1 BHU3HAYAETHCS 3 BUKOPUCTAHHSAM IPHUCTPOIO
ArduinoUno ATmega328. Otpumani AaHi yepe3 KOXKHI 2 ¢ MepeaaroThCs Ha MEePCOHATBHUN
KOMII IOTED.

[Tepen moyaTKOM OMUCY MPOIIECY TOCIIHKEHHSI BCTAHOBUMO JICSIKi 3aJIC)KHOCTI.

PosrnsiHeMO SIK 3alOBHIOETHCS TOPH3OHTANbHA CKIISIHA TpyOa pPIAMHOIO 3a/aHOTO
00’emy (puc. 3, a). 3rigHo [5] 00’ em pinnHu cKiIagae:

V =L| R ?Arccos 1—Rl —(R, —h)J2R_h—h? |, (1)

m

ne L — noexuna cxistoi Tpyown, L = 0,2 wm;

Rm — BHYTpimHii paaiyc ckiasHoi TpyOu, Ryn= 0,025 Mm;

h — ToBIIMHA APy PiAMHE B CKIISHIH TPyOII, M.

Bupimryroun piBasaas (1) B mporpamHomy makeri Mathematica BimHocHO h
OTPUMYEMO BI/IITOBITHY 3aJICXKHICTb, SIKA MPEJICTAaBIICHA HA PUCYHKY 3, 0.

Bizomo, 110 3anmexHicTh OCiabjeHHsT IHTEHCHMBHOCTI CBIT/Ia MPU MOIIMPEHHI HOTO B
NOTJIMHAIOYHMX CEPENIOBUIAX TIMOPSIIKOBYEThCS 3akoHY byrepa-JlamGepra-bepa [6]. B

HAIIOMY BHIIQJKY iX TPH: CKJIO, HOBITPs i piguHa (MOJIOKO ab0 MUIOUHIA po3unH). BiamosinHo
Ma€EMO

1(h) = I, exp(~k,h), (2)
ne 1(h)— inTeHCHBHICTB CBITIIA, 1110 MPOMIILIO IIap CePeIOBHIIA TOBIIUHO h;
lo— IHTEHCHBHICTH CBITJIa HA BXO/Ii B PEUOBUHY;
k), — TOKa3HMK MMOTJIMHAHHS CBITJIa cepeaoBuIeM [7].
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h, MM ; ; ;
h=-0,0194V2 + 00,4331V + 0,2473
| 193]
/V»
— 1,663
1,371
y
/ 1,045
- 0,657
2 3 4 V, M

Pucynok 3 — CxeMa 3aIllOBHEHHS TOPH30HTAIBHOT TPy0a piIHHOI0 3a1aH0r0 00’ €My (a)
i 3aJIEXKHICTH TOBIIUHM APy PiAWHE Bix i 06’ emy (6)
Howcepeno: pospobaeno asmopom

Y pa3i OpoxXo/KEHHS CBITJIAa Kpi3b CKJISHY TpyOa, SKa 3aloBHEHA IOBITPSM
IHTCHCHBHICTb CBiTIA |1 MOKHA 3amucaTH y BUTIISII:

Il = I0 exp(_ 2kxg|ass hglass - k}Lalir Dm ) (3)
SIKII0 Ha CTIHKAaX CHOCTEPIraeThCcsl aaresis MOJOKA, TO IHTEHCUBHICTH CBITHA | Oyme
MPEACTABIICHO Y BUTJISIII:
=1, exp(— Zkkglassh = K air (Dm — N )_ K it N )v abo @)
Iz = |1 exp(kkairhmilk - kxmilk hmilk )
[TpuiiMarouu MOKa3HUK MOTJIMHAHHS CBITJIA TOBITPSIM Kjair = 10° — 0, MaemMo piBHSHHS
(4) y Buruisiai

glass

I 2 = |1 eXp(_ kxmilk hmilk ) . (5)
Tak sx ¢doTope3ncTop 00EpHEHO MPOMOPIIIAHO 3MIHIOE CBIM omip R B 3a1€XHOCTI Bij
IHTEHCUBHOCTI Majarovoro citia |, To nepenumiemo piBHsHHS (D) y BUIISII

1 R
R, =R, exp(kkmilkhmilk)’ a6o h =——Inl 2|, (6)

amilk Rl

[Iponecy mociimKeHHs TPOBOINBCS B JIBa ETAIIH.

[Mepmmii eram TOYMHAETHCS 13 BCTAHOBIEHHS CKJISIHOI TPYyOKH 3a JIOMOMOTORO
nudpoBoro Kyromipa TOpU3OHTAIBHO. Jlami 3a JOMOMOTOI0 MiIAIITOBHOTO PE3UCTOpa Ha
dboTogaTUMKy 1 MEPCOHAIBHOTO KOMIT' IOTepa JOCATAEMO TaKOl IHTEHCHBHOCTI CBITJA, SIKE
PO3MIOBCIOJKYETBCS Bl CBITJIONIO/A, II00 (OTOPE3UCTOp MaB OJIHE i3 3HA4YCHB ormopy 10kOwm,
15kOmM, 20kOwm, 25 kOm, 30 kOm 1 35 kOwm. Lleit omip BiAMOBia€e IHTEHCUBHOCTI cBiTha 1175
BHITQJIKy TPOXO/KEHHSI CBITJIa Kpi3h CKISHY TpyOa, sika 3armoBHEHA TMOBITPsAM. Jlami ckisiHa
TpyOa 3amoOBHIOIOTHCS MEBHUM 00’emoM Mojoka: 1 mm, 2 mu, 3wmm, 4 mu, 5 v s
PIBHOMIPHOTO PO3TIKaHHS MO BCiH TOBXHHI TpyOKH excro3uilis ckianae 15 xs. Ilicns uporo 3
BUKOPUCTAHHSAM TEPCOHAIBLHOTO KOMIT' I0Tepa 1 oTomaTIiKa BUMIPIOETHCS 3HAYEHHS OTOPY
dboTope3ucTopa, Ha sIK€ MOTPANUIO CBITJIO, IO YAaCTKOBO IMOTJIMHYJIOCS MOJIOKOM. B
pe3yibTaTi HEOOXIAHO BCTAHOBUTH 3aJISKHICTh TOBILMHM IIapy MOJOKAa BiJ ONOpPY
(dhoTopesucropa.

Jpyruii eranm TOYMHAETHCS 13 BCTAHOBIEHHS CKJISHOI TpPyOKH 3a JIOMOMOTOIO
upoBoOro Kyromipa Ha oau 3 KytiB 2,5°, 5°, 7,5°, 10°. Jlami 3a J0IMOMOT0O¥0 MiTAIITOBHOTO
pesuctopa Ha (HOTOAATUMKY 1 MEPCOHATBLHOTO KOMIT IOTEpa JOCATAEMO TaKOi IHTEHCHUBHOCTI
CBITJIA, SIKE PO3MOBCIOKYETHCS Bi CBITIIONIONa, 00 omip ¢oTtopesucropa ckiagas 10kOm.
Lle#t omip BiMOBiAa€ IHTEHCUBHOCTI CBITNA |1/171s1 BUNIAAKY MPOXOJKEHHS CBITJIA KPi3b CKIISHY
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TpyOa, sika 3armoBHEHa MOBITPsAM. Jlani HallBUIIMKA Kpail CKISTHOI TpyOU 3allOBHIOIOTHCS 5 MII
modoka. ITicis 1poro 3armyckaeTsesi mpolec BUMIpIOBaHHS oropy (oTtopesucropa i Qikcaris
OTPMMAaHMX JaHuX. B pe3ynbTrari HeoOXiTHO BCTAHOBUTH JMHAMIKY omopy (oropesucropa i
BIJITIOBITHOTO 3HAYEHHS TOBIIMHU IIApy MOJIOKA B IPOIEC HOTO CTIKaHHS 10 CKIISHIN TpYOi.

Pe3yabTaTu gociaimkenn. B pesynabTaTi nepiioro eramy oTpUMaHi JaHi, sKi 3BEJCH] B
Tabm. 1.

Tabmuus 1 — 3BeseHi AaHi MepIIOro eTamy A0CHiPKEHb

Vi | hpmm | Ry, Om | Ry, Om | In(R2/Ry) Vv | hvv | R, Om | Ry, Om | In(R2/Ry)
1 0,657 11547 | 0,1438 1 0,657 | 25000 | 28839 | 0,1428
2 1,045 13774 | 0,3202 2 1,045 34619 | 0,3255
3 1,371 | 10000 | 15976 | 0,4685 3 1,371 40747 | 0,4885
4 1,663 18543 | 0,6175 4 1,663 45789 | 0,6052
5 1,93 21476 0,7644 5 1,93 54175 0,7734
1 0,657 18257 | 0,1965 1 0,657 | 30000 | 34664 | 0,1445
2 1,045 21468 | 0,3585 2 1,045 41116 | 0,3152
3 1,371 | 15000 | 25235 | 0,5202 3 1,371 47057 | 0,4502
4 1,663 28824 | 0,6532 4 1,663 56244 | 0,6285
5 1,93 33585 | 0,8060 5 1,93 63893 | 0,7560
1 0,657 21916 | 0,0915 1 0,657 | 35000 | 36429 | 0,1942
2 1,045 26503 | 0,2815 2 1,045 42851 | 0,3565
3 1,371 | 20000 | 30293 | 0,4152 3 1,371 50301 | 0,5168
4 1,663 35834 | 0,5832 4 1,663 57591 | 0,6522
5 1,93 41172 | 0,7220 5 1,93 67013 | 0,8037

IDicepeno: po3pobdneno agmopom

I'padiuna inTepnperamis Tabmumi 1 mnpencraBieHa Ha pucyHky 4. KoedimieHT
KOpesIii OTpUMaHuX aaHux 3 piBHAHHAM (6) ckimamae 0,9896. BpaxoByrouu 1e MOXHA
CTBEp/DKYBATH O MPAaBHIBHOCTI BHOOPY METOJY OIIIHKH TOBIIMHH IIapy MOJIOKA, IO
3aJIMIIAETHCSA HAa CTIHKA MOJIOKONPOBiTHOI iHIi. [Ipy 1boMy NMOKa3HMK MOTJIMHAHHS CBITIa
00paHOro MOJIOKA CKJIa/1ae 494,1M'1.

h, MM o e
1
1,75 Py
1,50 -
e ® [ ]
1,25 ,/
1,00 : !'/

0,75
0,50 A/'

00 01 02 03 04 05 06 07 08 InRY/R))

PucyHoK 4 — 3ane:XHICTh TOBIIIHM IIapy MOJIOKA Bij oropy (GoTo pesnucropa
Horcepeno: pospobdaeno aemopom
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B pesynbraTi Apyroro eramy OTpuUMaHi JaHi, SKi HaBeJEHI HAa PUCYHKY 5, SKHi
BiI0Opakae AWMHAMIKY JjorapudmMa BiIHOIIECHHS OMOPIBPOTOPE3UCTOPA, IO MPOTOPIIHHO
3HAYEHHIO TOBLIMHHU IIapy MOJOKA, B IPOLIEC HOTO CTIKaHHS MO CKIIAHIN TPYOi.

In(R,/R,) ‘ ‘ ‘ |

1.10 A

2

i ¥ P,
1,05 Q
Mm

1,00 WM

0 200 400 600 800 1000 Le

Pucynok 5 — Jlunamika jorapugma BiiHOLIEHHS! OMOpiB GoTope3ucTopa, Mo MPONOPLIHHO 3HAYEHHIO TOBIIUHH
[1apy MoJIOKa, B IMPOIIEC HOTO CTIKAHHSI [0 CKIISHIN TpyOi
Howcepeno: po3podaeno asmopom

BucHoBku. B pe3ynpTaTi MpOBENCHUX JIOCHIHKCHb BCTAHOBJICHO JIOIUIBHICTH
BUKOPHCTaHHS PO3pOOJIEHOr0 OOJaTHaHHS JUIS aBTOMATUYHOTO BH3HAYECHHS 3a0pyaHEHOCTI
MOJIOKOMIPOBIAHOT ~ JiHIT MmiJ 4Yac BHUKOHAHHSA TEXHOJOTIYHOI omepamii MPOMHBKH
MOJIOKOTIPOBITHUX CHCTEM. TaKo)X BCTaHOBJCHO 3aJE€KHICTh TOBIIMHHU IIapy MOJIOKA, IO
pyxaeTbcsi B CKIsHIM TpyOi, Big omopy (OTOpe3nucTopa, Ha SKHH IOTOIUILE CBITIO, IO
YaCTKOBO MOTJIMHAETHCS IIAPOM MOJIOKA.
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Results of the Photosensor Visibility of the Milk Production Line

The aim of the research is to develop equipment for the automatic determination of contamination of the
milk line during the technological operation of washing milk systems, which will provide the necessary quality of
produced milk that meets sanitary and hygienic requirements.

The provision of a high-quality technological process for the production of milk at livestock enterprises
largely depends on the washing of milk-milking equipment. Thus, washing is one of the most important
technological operations and the level of primary contamination of milk depends on the effectiveness of the
washing. The quality of the operation of washing systems is difficult to evaluate and monitor without the use of
appropriate sensors and devices for assessing the contamination of the milk line. The studies were carried out on
equipment, which includes the developed photosensor for determining the contamination of the milk line.
Laboratory equipment operates as follows. The glass tube is filled with medium (air, milk, washing solution).
Next, the LED turns on, the light from which passes through the walls of the glass pipe and the medium, and then
falls on the photoresistor. In this case, the resistance of the photoresistor is changed and determined using the
ArduinoUno ATmega328 device. The received data is transmitted to a personal computer every 2 seconds.

As a result of the studies, the expediency of using the developed equipment for the automatic
determination of the contamination of the milk line during the technological operation of washing the milk line
systems was established. The dependence of the thickness of the layer of milk moving in the glass tube on the
resistance of the photoresistor, which receives light partially absorbed by the layer of milk, has also been
established.
milking unit, washing system, washing solution, photosensor, contamination, milk line
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