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CmocosHO nHe8oMeNeKmpoOMAZHIMHO20 NYIbCamopa NOnapHoi Oii npogedeHo ananiz
ocobauocmeti pobomu, Ha OCHOBI 4020 8CMAHOBIEHO OCHOBHI KOHCMPYKYINHI napamempu, iKi
8NIUBAIOMb HA (DOPMYBAHHS 3MIHHO20 8AKYYMMEMPUYHO20 MUCKY Y BUXIOHUX hampyOKax npu-
cmporo. 1 po3enaHymoi cxemu NHeBOMENeKMPOMASHIMHO20 NYIbcamopa nodoyo0osamo
PO3N00LNL CUl, WO BUHUKAIOMb 8 NI0 4aC poOOmMU Ma HABEOEHO YMOB8U Nepexody Nyibcamopa
8i0 cmawny, wo 3abe3neuye maxkm CCamHsA 0OibHO2O anapama 00 cmawy, AKull 3abesnevye
maxm cmucky. Ilpoananizoeano cucmemu OughepenyianvHux pieHAHb, AKI ONUCYIOMb Ou-
HAMIYHI npoyecu 8 NPUCMPOi 3 8PAXYBAHHAM PYXOMUX eIeMEHMI8 Ma XapaKmepucmux nogimpsl
¥ 6I0n0gioHUX Kamepax nyaivcamopa. Ha ocno6i nagedenux ananimudnux 3a1exicHocmell 6cma-
HOBIIeHO MIDY 8NIUEY KOHCMPYKYIUHUX MA MEXHON02IUHUX NApAMempie Ha MPUBAIicms Pi3HUX
¢as inoukamoproi diacpamu, 30kpema a ma b. Busenieno, wo ons KomneHcayii HeKopeKmHoi
pobomu 0oinbHO20 anapama npu 3MeHuleHomy diamempi Kanibposanoco omeopy HeoOXiOHO
30LILWUMU 3HAYEHHS Olamempa nepenyckHo2o omeopy. Haseodeno inouxamopui oiazpamu, om-
DPUMAHT WIAXOM PO38 S3K) CUCEM PIBHAHb, AKI 6KA3YI0OMb HA Xapakmep 6Naugy KOHCMpPYKYili-
HUX PO3MIPI8 HA YACO6I XapaKmepucmuKu 00iIbHO20 anapamy, 001a0HAHO20 NHEEMOeNeKMPO-
MAZHIMHUM NYTbCAMOPOM RONApHOL Oii. Takodc 8OHU YMONCIUBNIOIOMb NPOBEOEHHS AHANIZY
8I0N0BIOHOCMI 00IILHO20 anapama BUMO2aM CMAHOAPMI6 Ma BUHAYEHHSA MAKCUMANbHUX 3HA-
YeHb MEeXHOJIO2IYHUX Napamempis, 30Kpema 4acmomu nyabcayii i Cni6iOHOUEHHA MAKmIs.
Bcmanoeneno, wo oiamemp membpanu nonad 60 mm He 00YibHO BUKOPUCMOBY8AMU, OCKIIbKU
3HAYHO 3MEHULYIOMbC MPUBANLICMb MAKMY CIMUCKY NPU MOMY HC 3HAUEHHT 4acmomu ny1bCa-
yiil, a 3smenwents Hudxcue 20 Mm npu3800ums 00 BUHUKHEHHS WUBUOKO HAPOCMAOUUX hponmis
ma cnaodis iHOUKAmMopHOI diazpamu, wo Modxice npU3B0OUMU 00 HEKOMPOPMHO20 00iHHI KOPIE.

Kniouogi cnosa: nneemoenekmpomasuimuull nyiscamop, OoilbHull anapam, iHOUKa-
mopHa diazpama, nepexioni npoyecu, 8axKyyMm.

AHaJi3 npodjemMu. ABTOMaTH30BaHi CHCTEMH JOTHHS BUKOPHCTOBYIOTH ITHEBMOEJICK-
TPOMArHITHI MyJIbCATOPH, SIKi JO3BOJIIOTH PETYIIOBATH YaCTOTY IMyJIbCAllii 1 CIiBBiIHOIIEHHS
TaKTIB B HIMPOKOMY Jiana3oHi. OmHAK PeXHUM JOIHHS XapaKTEPU3YETHCS MEPEXiTHOI0 XapaK-
TEPUCTUKOIO 1HIUKATOPHOI AiarpaMu poOOTH MyJIbCaTOPa, MO PETIAMEHTYE SIKICTh MPOLECY
nepexoay I1MKOBOi T'yMH BiJl TaKTy CCAaHHS JI0 TaKTa CTUCKY 1 HaBMmaku. Ha sKicTh mepexinHoi
XapaKTePUCTHKH 1HAWKATOPHOI JiarpaMH BIUIMBAIOTh KOHCTPYKIIHHI 0COOIMBOCTI OymoBH
MyJIbCaTOpa Ta TEXHOJIOTIUHI IMapaMeTpH NMepeXiTHUX MPOLECIB B HHOMY.

Tomy po3po0bIeHHS aHATII THYHHX 3TEKHOCTEH Ta TOCHTIJHKEHHS IEPEXiAHUX XapaKTepH-
CTUK pOOOTH ITHEBOMEJIEKTPOMATHITHOTO Iy IbcaTOpa 3a0€31eUnTh KepyBaHHs MapaMeTpaMu Te-
PEXiTHOTO MPOIECY 1 YMOKIIMBIIIOIOTh aJATyBATH PEXUMU POOOTH 10 MOJIOKOBI /Iavi.

Orasig ocTaHHix gocaikens i myoJikanii. KoHcTpykiiitHi 0cOOIMBOCTI My/IbcaToOPiB
HEOJTHOPA30BO MPOAHAI30BAHO Ta JOCTikeHO [1 — 2]. JleTanbHi JOCTIHKEHHS MO0 0CO0IH-
BOCTEH PEKUMIB POOOTH Ta XapakTepy 3MiHM BaKyyMMETPHUYHOTO THCKY B POOOYHMX KaMmepax
MyJIbCATOPIB OMMCAHO JIISI KIIACHYHHUX ITHEBMOKEPOBAHUX MEMOPaHHUX My IbCAaTOPIB OTHOYACHOT
i1 4 MOMapHOi Aii Ta eJIEeKTPOMArHITHUX a0 eNeKTPOKEePOBaHUX MyibcaTopiB [3 — 5.
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OnnHak OUTBIIICTF BUKOHAHUX JOCTIIKEHb HE OMUCYIOTh B MOBHIN Mipi B3aeMO/Iii, 110
BUHUKAIOTh BHACIIIJIOK YTBOPEHHSI BAKyYMMETPHYHOTO UM aTMOC(HEPHOTO THCKY B pOOOUYHX Ka-
Mepax Ta AUHAMIKU €IEMEHTAapHUX CKJIAJ0BUX YaCTUH €JIEKTPOMArHITHUX IynbcaTopiB. [le-
TaJBHO ONHMCAHO METOJMKY BHU3HAYCHHS MapaMeTpPiB €IEKTPOMArHiTHUX BUKOHABYHX elie-
MEHTIB i J1€10 BaKyyMMETPHUUHOTO THCKY [5] Ta OKpeMHX CKJIAJ0BUX €leMeHTIB [6 — 7], B
T.4. METO/IaMH TE€OPii aBTOMaTUYHOTO KEPYBaHHSI, aJie 1€ BUMArae MonepeHbOr0 BU3HAYCHHS
Ta OOTpYHTYBaHHs 3Ha4€Hb KOS(III€HTIB MiACUICHHS.

[IpencraBneHi 0cobIMBOCTI MPOXOIKEHHS MTPOLIECY MAITMHHOTO JIOTHHS Ta BUMOTH J10
yJAbCATOPIB BKA3YIOTh HAa HEOOXIJHI HANpPsAMHU JOCHIKEHHS NIPUCTPOIB, a HaBEJECHI 0COOIH-
BOCTI KOHCTPYKIIii Ta pOOOTH €EKTPOMATHITHOTO MyJIbcaTopa MonapHoi i [2] a TaKOXK 10ib-
HOTO anapary 3 HOro BUKOPUCTAHHAM JAal0Th 3MOT'Y IIPOBECTH JOCIIIKEHHS B3a€MO3aJIeKHO-
CTell MK MacorabapaTHUMH Ta TEXHOJIOTIYHUMH IMapaMeTpaMH, OCHOBHUMH 3 SKHX € TPH-
BalicTh (a3 poOOTH MOINBHOrO amapary, 4acToTa, 3HAUEHHS BaKyyMMETPHUYHOIO THCKY B
MIIIAKOBIM KaMepi TOIIo.

IlocTanoBka 3aBaaHHs. BCTaHOBUTH HANCYTTEBIll B3a€MOJIl €JIEKTPOMAarHiTHOIO
MyJIbCaTopa, 0 BIUTMBAIOTh Ha MOXKIIMBICTh BUKOPUCTAHHS HOTO Yy CKJIaJli TOITBHUX YCTAHO-
BOK y BifnoBigHocTi 10 BuMor cranaapty JACTY ISO 5707:2012 “YcranoBku noineHi. Kon-
CTPYKLISL 1 TEXHIYHI XapaKTepUCTUKU Ta 3abe3neueHHs] HEOOX1IHUX TEXHOJOTIYHHMX Mapa-
METpiB JIOTHHS Ha OCHOBI aHATITUYHUX 3aJIEKHOCTEH Ta BIANOBIIHUX IpadiuHUX XapaKTepH-
CTHK.

Bukaag ocHOBHOro marepiajay. AHami3yloud OCOOJMBOCTI POOOTH €JeKTpoMar-
HITHOTO ITyJIhCaTOpa 3a3HAYMMO, IO € JIBA CTIMKHUX IOJIOKEHHS PIBHOBArd PyXOMHUX Ta 4acT-
KOBO PYXOMHX €JIEMEHTIB IyJbCcaTopa, IO YEpryrTbCsi B yaci, a OTKe 3a0e3MeuyroTh
(G YHKIIIOHYBaHHS JIBOX TaKTiB poOOTH JOITBHOTO anapaTry — CCaHHS Ta CTUCKY 3 XapaKTepHUMU
IUI HUX TPUBAJIOCTAMH (a3 iHIUKATOPHOI Aiarpamu, siKi 3a0e3meuyroTh sKicHe 10iHHA [8, 9].
Posrnsinatoun enekTpoMarHiTHUN MyJbCcaTop, IO MPAIlOe BIAMOBIAHO 10 cxemu (puc. 1),
BHU3HAYMMO OCHOBHI KOHCTPYKLIHI MapaMeTpu, a came: 00’ eMH KepyBaJIbHUX Ta pOOOYHX Ka-
Mep, JllaMeTpy MepenyCcKHUX Ta KajllOpoBaHUX OTBOPIB, Maca KJIallaHIB Ta SKOpPiB, apaMeTpu
IPYKHUX MEMOpaH.

[Ticns Toro, ik sIKIp-KJamnaH MEePEMICTUTHCS 3 BEPXHBOTO IMOJIOKEHHS B HUKHE (JUB.
puc. 1) BiIKpHeTbCs OTBIp, sIKUi crionyyae kamepy 1V 3 atmoceporo, Ta po3MoYMHA€E HAIX0-
JUTH TIOBITPS B 110 KaMepy, a OTXKE B Hill 3MIHIOEThCS THCK Ta rycTuHa nositps. Ilepexoau
yJbCcaTopa 3 OJHOIO CTaHy B iHIIMI MOXKJIMBI IIPH BUKOHAHHI YMOB (puc. 1):
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Cran, B SIKUH IEPEXOUTH €IIEKTPOMATHITHOTO MyJIbCAaTOpa MOMAPHOI Jii IpHu BiACYT-
HOCT1 >KMBIICHHSI €JICKTPOMArHiTy JeTalbHO omucaHui B mpami [10] Ta XapakTepusyeThcs

HACTYIHOIO CHCTEMOIO PiBHSHbB:
m, %:(ZP(, _Pl)Sl +Gk _CX_(RJ _Pl)Sz
; )
dz _ |2k P, k-modyh, T T
dt k=1p, (V,+xS))
1e mj — Maca KJIalaHiB Ta IITOKa, KT; P; — THUCK y BIANOBITHUX Kamepax Imyiabcatopa, klla; S;—
IJIOIIA BiJMOBIAHUX TEPENYCKHUX OTBOPiB, M%; Gy — Bara Kianais, H; ¢ — npyxHicTh MeM-
Opanu, H/M; x — mepeMilieHHs KamnaHiB, M; V) — MO4aTKOBUN 00’ €M Kepyro4oi KaMepH MyJib-
catopa, M>; dxa, xa - JiAMETP 1 BUCOTA KilILLIEBOTO OTBOPY JUIs 3'€IHAHHS KEPYIOUOi KAMEPH 3
atMoc()eporo; z — BiJHOIIEHHS TUCKIB; p, — TYCTHHA MOBITPS, KI/M°.
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Puc. 1 — Cxema e1eKTPOMArHiTHOI0 IMy/15CATOPA MONAPHOI Aii 3 eJIeKTPOMATHITHHM NPHBOIOM:

01, 02 — naTpy0KM NiA’€IHAHHSA NONAPHO 3’ €JHAHUX NiA0iliKOBMX KamMep A0IILHOI0 anapaTa NpU NONapHOMY AOiHHI; IN — BXigHui
naTpyoox mia’eqHaHHs BaKyyMY; Pamy— aTMoOchepHHH THCK; Pr—THCK B KaMepi nocTiiinoro Bakyymy; Pui, Priz—THCK B Kamepax
nepemiHHOro Bakyymy 1 Ta 2 BignoBinHo; P, Prv:—THCK B Kepylounx kamepax 1 Ta 2 BianoBigHo; }7— 06’emMu kamepu nocriiitHoro
BakyMmy; Vi, Viz— 06’emn kamep nepeminnoro tucky; Vivi, Vivz— 06’emu kepyrwouunx kamep 1 Ta 2 Binnosinno, Fxu — cuia, cTBo-
peHa pisHuuero TuckiB y kamepax III Ta II, mo aie na knanan aiamerpom dur; Fxr — cHi1a, CTBOpPeHa pi3HHLEI0 THCKIB y kamepax 11
Ta 111, mo aie Ha xaanan giamerpom di; Fup.y, — CHIIA IPY:KHOCTI MeMOpanu; F,; — CHJIA, 10 CTBOPEHA Pi3HHIIEI0 THCKIB y KaMepax
IV Ta Il nyascatopa; Gk — Bara KJanasis i mroka.

Po3p’s3ytoun gany cuctemy JMiHIMHUX AUdEpeHUINHUX PIBHSHb MOXHA BHU3HAUYHTH,
SIKIM YMHOM 3MiHIOIOTHCSI 4YaCOBi, a OTXKeE 1 TaKi TEXHOJIOT14HI MapaMeTpH K TPUBATICTh TAKTIB
a00 yacToTa, CIiBBiIHOIIIECHHS TAKTIB.

Takox po3B’S30K MOKa3y€e MOXKIJIMBICTH POOOTH MyJIbCATOPa B PEKUMI CTUMYITIOBAHHS
NP 3a/laHuX 3HAUYEHHSX MAacu KJamaHiB, 00’€MiB KaMmep Ta IHIIMX KOHCTPYKLIMHUX Tapa-
METPIB.

[IpuitHABIIN 3HAYEHHS 11aMeTPIB MEPEyCKHUX OTBOPIB HE3MIHHUMHU Ta X1]1 AKOps-Kia-
naHa 1 MM oTpuMaHo rpadidHy XapakTepUCTUKY (pHUC. 2.) 3aJeKHOCTI CyMH TPUBAJIOCTI a3 a

Ta b IHIUKATOPHOI AlarpaMu.
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Puc. 2 — 3anexnicTs TpuBajocTi (a3 4 Ta b iHAMKATOPHOI AiarpamMu BiJ MaCH KJIallaHA Ta BAKYYMMETPHYHOI'0 THCKY
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Posrnsaaroun iHIIe piBHOBaYKHE MOJI0KEHHS, B SKOMY THEMO-EJIEKTPOMArHiTHUHM Myilb-
carop nepeOyBa€e TpH JIii TOCTaTHHOTO PIBHS IMiIMAOY0] CHIIM Ha SIKIp MarHiTy CIiJ KOpu-
CTYBaTHCh HACTYITHOK CUCTEMOIO PiBHsHSG [10]:

2

dx
mk?:c(hl -x)—-G,+(P,—B)S,—(zB, - P)S,

dt \k-1p, (V,-xS,)

dz 2k B kemedyh, |5 . (3)

ne h; — Xin knananis, M; V; — MakCHMaIbHUM 00'eM Kepyr0Uoi KaMepH IylIbcaTopa, M°, dxs, fixs
— JiaMeTp 1 BUCOTa KUIBLIEBOTO OTBOPY IS 3'€JHAHHS KEPYIOUOi KaMepH 3 aTMOC(eporo; p; —
TyCTHHA HOBITps B Kamepi I, kr/m°.

Pe3synbratn po3B’s3Ky CHUCTEM pIBHSAHb 2 Ta 3 MOXKHA NPEACTABUTH SIK IUIOLIMHHI
rpadiku (puc. 3) 3aJIeKHOCTI OJJHOTO 3 TEXHOJOTIYHUX BiJl MACOTa0ApUTHUX UM 1HIIUX Mapa-
METpiB.

SIK BU/IHO, BCTAHOBJICHHS JliaMeTpa KalniGpoBaHOTO OTBOPY dxs MeHIIe 2107 M mpu3Bo-
IUTh 10 HEKOPEKTHOI poOOTH AOUIBHOTO anapara, OCKUIBKY TPUBATICTh TAaKTy CCAHHS 3pOCTa€e
no 1,2-1,5 c.

[IpruoMy 3HaYEHHS [IbOTO MapaMeTpa B Mexkax 4-6-10™ M 103BOMTH 3MEHIIUTH BILUB
IHIIKX TapaMeTpiB Ha YaCOBI XapaKTEPUCTUKH, 30KpeMa JliaMeTpa MepernycKHOro OTBOPY dii.
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a) 0)
Puc. 3 — 3ane:xn0CTi TPHBAIOCTI TAKTIB POGOTH I0LILHOIO aNApPaTa, 00J12HAHOIO €J1eKTPOMATHITHHM IyJIbCATOPOM Bi
a) AiaMeTpa KaJlidOpoBaHOro 0TBOPY, 0) AiaMeTpiB 0TBOPIB, 110 3’€AHYIOTh kKamepu I Ta II nyabcaTopa.

He Bci nmiama3oHu 3HaYeHb POMISIHYTUX KOHCTPYKTUBHHX MapaMmeTpiB MOXKYTh OyTH
BHUKOPHCTaHIi, OCKUIBKH ()OPMYBaHHS iHIUKATOPHOI AlarpaMu poOOTH ITyJIbcaTopa BiI0yBaTH-
METhCSl HEKOPEKTHO (pHuc. 4).

AHaITI3YyI0YH TPUBATICTH TaKTiB pOOOTH MyJbhCAaTOpa, a TAKOXK TPUBAIOCTEH OKPEMHX
¢da3 iHAUKaTOpHOI Jiarpamu, K OCHOBHHUX IapameTpiB MamMHHOTO MoiHHS [11], MoxIMBO
BH3HAUUTH OOTPYHTOBAHI MEXKi 3MIHU MacoradapaTHUX XapaKTePUCTHUK MTPUCTPOIB 3 METOIO 3a-
Oe3rnedeHHs BUKOHAHHS TEXHOJIOT1YHOTO MPOLIECY MAITMHHOTO JOTHHS KOPIB.
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Puc. 4 — InqukaTopHi AiarpamMu eJieKTPOMATHITHOIO MY/ 1bCATOPA NPHU AiaMeTpi MeMOpPaHU KepyHOUoi KamepH:
a) 20 mm; a) 30 mMm; a) 60 mm; a) 90 mm.

BignoBinHO oTpuMaHUX Aiarpam, BUAHO, IO MeMOpaHH 3 AiaMeTpoM noHaja 60 MM He
MO’KHa BUKOPHUCTOBYBAaTH, OCKUJIbKM 3HAYHO 3MEHIIYETHCS TPUBANICTh TAKTy CTUCKY MpH TiH
K€ 4acTOTI My IbCallii.

BucHoBku. Xapaktep poOOTH €JIEKTPOMArHiTHOTO MyJIbcaTopa MOMapHOi il 3aJIeKUTh
BiJl HU3KH KOHCTPYKIIMHUX MapaMeTpiB, HAMOLIbII 3HAYYIIMMU 3 SIKUX € JiaMeTp Ta JOBXKUHU
KaJniOpoBaHUX OTBOPIB, 00’ €MIB KEPYIOUOi Ta poOOUOT KaMmepH, MacH KJIallaHiB, 1aMeTPiB OT-
BOPIB 3’€IHAHHS POOOYOi KaMepH Ta KaMepH BaKYyMMETPUYHOTO 1 aTMOC(EPHOT0 THCKIB, Jia-
MeTpa MeMOpaHH.

B3aeM03B’ 5130k MiK HUMH Ta BU3HAUEHHs TEXHOJOTTUYHUX MapamMeTpiB poOOTH AOIIb-
HOTO amapara, OOJaJHAaHOTO IYJIbCATOPOM 3IIMCHIOETHCS 3a JOIOMOTOI aHATITUYHHX YH
rpadiuHuX 3aJEKHOCTEH.

OTpumani pe3yabTaTH I03BOJISIOTH 3MIMCHATH MiA01p TEXHIYHO-KOHCTPYKIIHHUX TIapa-
METpiB MyJbcaTopa Ta 3a0e3neunTH HeoOXiJHI MapaMeTpy MAIIMHHOTO J0THHS JOTIbHUM amna-
paToM 3 BUKOPUCTAHHIM PO3IIISIHYTOTO IPUCTPOIO.
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Summary

Dmytriv V.T., Lavryk Y.M. Research transition processes of pneumatic electromag-
netic pulsator of pairwise action

In the case of a pneumatic electromagnetic pulsator of pairwise action, an analysis of
the peculiarities of the work was carried out, on the basis of which the main design parameters
are determined which influence the formation of alternating vacuum-pressure. The switching
of the pulsator from the state is provided, which ensures the sucking time of the milking machine
to the state that provides the compression cycle.

The basic technological and design characteristics pulser which enable provision of
milking apparatus according to the regulation of the cycles and phases of pulser indicative
diagram milking cow.

The systems of differential equations describing the dynamic processes in the device are
analyzed. On the basis of the above analytical dependencies, the measure of the influence of con-
structive and technological parameters on the duration of different phases of the indicator dia-
gram is established. It has been found out that in order to compensate for improper operation of
the milking device, when the diameter of the calibrated hole is reduced, it is necessary to increase
the diameter of the bypass. Indicative diagrams obtained by means of the solution of system levels
indicating the nature of the influence of constructive dimensions on the time characteristics of the
milking apparatus equipped with a pneumatic electromagnetic pulsator of pairwise action are
given. Was analysed the duration of time of suction as one of the basic technological parameters
of the machine milking, that was got as a result of construction of eye-diagram.
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Found impact the top and bottom valves on the indicative diagram. Particular paid at-
tention to the transition process, phases "a" and "c" of the indicator chart pulser work.
Grounded valve sizes in order to provide the phase relationship requirements.

The diameter of the calibrated hole for supplying the vacuum pressure in the control
chamber must be more 0.2 mm and in the same time it recomended increase to 0.4-0.5 mm. In
this case we reduce negative influance of another parametr. All dimensions must be further
refined in view of manufacturability and second order interactions.

Analytical solution dependencies regarding vacuum pressure confirmed the possibility
of completing the proposed pulsators with electromagnetic actuator in milking unit running by
vacuum pressure within 40-52 kPa. Considered depending duration of cycles of sucking cali-
brated hole diameters to supply vacuum and atmospheric pressure in a control chamber. Was
found that the diameter of upper and lower by-pass openings and vacuum pressure have the
most significant effect on the length of the front and recession of pulse of the eye-diagram

Recommendations regarding the selection of major design sizes important elements in
view of the technological features of production, minimize energy consumption and quality of
the machine milking cows.

Keywords: pneumatic electromagnetic pulsator, milking unit, indicator diagram, tran-
sition process, vacuum.
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