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HEKOTOPBIE PE3YJIBTATbl TEOPETUYECKUX UCCJEJTOBAHUI
JABUXKEHUSA BBIAEJIAEMOI'O JKUPOBOI'O HITAPUKA
B MEXTAPEJIOYHOM ITPOCTPAHCTBE
CEINAPATOPA-CJIMBKOOTAEJUTEJIA

AHHoOTauMsi. B crarbe paccMOTpeHO JABWKGHHE JKMPOBOrO  IIapUKa B
MEXTapeJIOYHOM HPOCTpaHCTBe OapabaHa cemaparopa-CIMBKOOTACIUTENS P YCIOBHU
3aMKHYTOCTH OapabaHa WJIM OTCYTCTBHUS IIBH)KCHHs MOJIOKa B Oapabae. Vcronb3oBaH
meron JKoseda Jlym Jlarpamka uisi ONPEACNCHHS TPACKTOPUM JIBHIXKCHHS >KHPOBOTO
[IapHKa, KOTJa HM3BECTHBI ICICTBYIOIIME CHIIBI Ha JKHPOBOH IIAPUK B MOJIOKE.
IMonyueHsl pelneHust ypaBHeHHs Jlarpamka BTOPOTO pOIa W ONpPEACICHBI YpaBHEHUS
TpaekTopuii Ui | srana pasaesieHus, KOrha KUPOBOH IIAPUK JBMKETCS 1O MOMEHTa
OC@KJICHHS Ha BHCIIHEH ITOBEPXHOCTU KOHMYECKOIl YaCTH Pa3/e/IMTENbHON Tapenky, a
TaKKe U 2 JTama, KOr[a MPOUCXOAUT JABIIKCHHE >KHPOBOrO IAPHKA 110 BHELIHEH
MOBEPXHOCTH KOHHYECKOH YaCTH pa3NeInTeNIbHOI Tapeku K ocu Oapabana. ITonmydeHsl
YpaBHEHUs [UIs OUIPEACNICHHsS BpPEMEHH NpeObIBAHMS JKMPOBOTO  IIAapUKa B
MEXTapeJIOYHOM IpocTpaHcTBe GapabaHa cernaparopa-CIMBKOOTACIUTENS Ha KaKIOM
JTarne pasaeieHus.

Abstract. The article considers the movement of a fat ball in the interstitial space of
a cream separator drum, provided that the drum is closed or there is no movement of
milk in the drum. The method of Joseph Louis Lagrange was used to determine the tra-
jectory of a fat ball when the forces acting on the fat ball in milk are known. Solutions of
the Lagrange equation of the second kind are obtained and trajectory equations are de-
termined for the 1st stage of separation, when the fat ball moves until it settles on the
outer surface of the conical part of the separation plate, as well as for the 2nd stage,
when the fat ball moves along the outer surface of the conical part of the separation plate
to the axis of the drum. Equations are obtained for determining the residence time of a
fat ball in the interstitial space of a cream separator drum at each stage of separation.

KioueBble cj10Ba: jXMPOBOH LIAPHK, MEXTAPEIOYHOE MPOCTPAHCTBO, JBHKCHHE,
TPAeKTOpUs, BpeMs.
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PaccmaTpuBass MeXTapelo9HOe TPOCTpaHCTBO (pucyHok 1) OapabaHa
cernapaTopa-CIMBKOOTACIUTENS], MOXXHO OTMETHTB, YTO OHO OTPaHHYEHO JBYMS
COCEIHUMHU TapellkaMH TaK, YTO YETHBIC TApPENIKU BBIOIHEHBI IIaJKUMH, a
HEYeTHbIE HMEIOT INWNHUKH. J[aHHbIE TapenKkyd HAKIOHEHBI OTHOCHTEIHHO
TOPH30HTAIBHOM IUIOCKOCTH IO YIJIOM & M BPAIIAIOTCs BOKPYT BEPTHKAIBHON
OCH C TOCTOSHHOH YIIOBOM CKOPOCTBIO . IIpumeMm ocbk (J+» KacarelnbHOM K
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HapY)KHOH MOBEPXHOCTH KOHMYECKOH YaCTH TapeJIK JIeKallled Ha OCH BparleHus. B
BUIy TOIO, YTO OIMCAHWE MABIDKCHHUS >KHPOBBIX IIAPHKOB C MOTOKOM MOJIOKA
SIBISIETCSL CIIOKHON 3a7adeil TO 1eIecooOpa3Ho BOCIIONBb30BAaThCS YHHBEPCATEHBIM
WHCTPYMEHTOM U aHAJIWM3a JI000H MEXaHMYEeCKOW CHCTEMBI HE3aBHCHMO OT
CIIOXHOCTH €€ COCTaBa, THIA JABIDKCHHS W KOMMYECTBA COCTABIIONMX TEl —
ypaBHenueM Jlarpamka Broporo poma. Ilpm 3ToM B KadectBe O0OOOIIEHHBIX
KOOPIMHAT MEXaHMYECKOM CHCTEMBbl HEOOXOIMMO HCHONb30BATh MHHHMAIBHBIH
HaOOp HE3aBUCHMBIX IIEPEMEHHBIX, IIOJHOCTBIO €€ OIKCHIBAIONINX, T.€. 3Has
3HAYEHMS ITHX KOOPIIMHAT, MBI MOYKEM OJJHO3HAYHO OIPENEINTh MOIOKEHNE KayKIIOH
MaTepHaJbHOW TOYKM CHCTEMBI, YUUTHIBAsl B3aMMOCBS3b WX JBIDKeHWH. Torma 3a
0000LICHHYIO KOOpJAMHATY TNPHMEM paJiyc-BEeKTOpP ¥, KaK pacCTOSHHE OT
BEPTUKAILHON OCH CHMMETPUU MO OCH J'r 10 >KHPOBOTO IIAapUKa HA BHEIIHEH
MIOBEPXHOCTH Tapenku [3, 4, 6].
VYpaBHeHnue JlarpaH:ka BTOpOro poja 3alMIIeTcs B CIEAYIOIIEM BUAE!
d oLy oL o

ezl — L5 (1)
dt\ar/  ar  — ar R

d

rae = — TIPOM3BOIHAS TO BPEMEHM HIM CKOPOCTh H3MCHEHHS 3HATCHUSA
GyHKIUH;

t — Bpems, C;

% yacTHash Npou3BopHas QyHKumu Jlarpamka 1O TepeMeHHOU
0000IIeHHOH CKOPOCTH XKHUPOBOTO IIapuka, H - c;

E — dacTHas mpoum3BomHas ¢yHkuum Jlarpamka 1o TmepeMeHHOH

00001IeHHOH KOOpAMHATE )KUPOBOT0 Iapuka, H;

EL . .
S, ~ UacTHAs MPOH3BO/HAS ¢yuxuun Penest mo nepemMeHHO# 00001eHHO

CKOpPOCTH >KHPOBOTO Iapuka, H;

— ¢ynkmus Jlarpamka, JIk;

— 0000IIeHHAs KOOpIMHATA )KUPOBOTO MIApHKa, M;
#+ —0000IIEHHAs! CKOPOCTH XKUPOBOTO IIApHKa, M/C;
@ — muccunatuBHas QyHkuus Penes, Br;

B ypaBuenumn Jlarpamka BTOpOro poma B MNpaBOM 4YacTH y YacTHOMU
mpou3BOAHOW (QyHKIuM Permes mo mepemeHHOH OOOOMICHHOW CKOPOCTH
KHMPOBOTO IIApHKa yKa3aH 3HAK «+», TIE «T» COOTBETCTBYET [BIKCHHUIO
KHMPOBOTO IIApHKa Ha | 3Tame paszieneHus (Korna *KUpOBOH IIApHK JBIKETCS 10
MOMEHTA OCaKJICHUSI Ha BHEIIIHEH MTOBEPXHOCTH KOHUUYECKOH YacTH Pas3Ie/UTeIbHOMN
TapeNKH), a «—» COOTBETCTBYeT 2 3Taly (KOrja IPOUCXOIHT JIBIDKCHHE >KHPOBOTO
IIapHKa T10 BHEIIHEH ITOBEPXHOCTH KOHMYECKON YacTH pa3/elUTENbHON TapelK K
ocu Oapabana), B BHAy TOrO, 4YTO AWCCHIaTHBHAs (yHKOms Pemes ciyxur
MaTeMaTHIeCKHM TIPECTaBIeHIEM MPOLEcca PacCeHBAHMS SHEPIUH, TaK KaK CHia
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]
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BS3KOTO TPEHHS B MEXAaHUUYCCKOW CHCTEME MPHBOMUT K TOMY, YTO 3HEPIUsS
YIIOPSIOYEHHOTO JIBIDKEHUS PACCEMBACTCs, MPEBPAINAsCh B SHEPTUI0 XAOTHIHOTO
TeruoBoro (OpoyHOBCKOTO) MBIDKeHMH [1, 2, 5].

Torna ypaBuenue Jlarpamxa Broporo pona (1) mocie psiga MaTeMaTHIeCKIX
mpeoOpa3oBaHUl TIPEACTABISIETCS B BHIE CHCTEMBI YPaBHEHHIH C yd4eTOM
ATAIoB pa3AeICHUs MOJIOKA:

s 1 arana pasnenenust

;I"D :'i’-.:- P P — P W lw®-t-cos?a
N ] @
Mo 2 srana pasneneHus
M. L
L _? 1+ 2rd B s loy 0 lw® tcosia [ ()
- O-idy, P

g ro— HavaIbHBIN paanycC OJIOKEHUA XXUPOBOI'O IIapruKa, M;

2
7. —paauyc XKUPOBOTO LIapUKa, M;

JK.IIL.

Pacu— TUIOTHOCTB XKHPOBOTO MIAPHKA, KI/M';

Py — IIIOTHOCTB MOJIOKA, KI/M’;

@ — yIIoBasi CKOPOCTh Gapabama, ¢ ';

{— Bpems, C;

0 — YTOJI HAKJIOHA TapeNKy K TOPU30HTAJIH, TPaj;

Ly — IMHAMUYECKas BA3KOCTh MOJIOKa, [1a-c.

Anamupys ypaBHeHus (2) u (3) cnemyer 3aMeTUTh, YTO MPU 3aMKHYTOM
cucreme OapabaHa, KOTrJia OTCYTCTBYET IOJABOJ, MOJIOKA M OTBOJA CJIMBOK M
00€3KIPEHHOTO MOJIOKA, KUPOBBIE IMIAPHKH B MEKTApEIOYHOM IMPOCTPAHCTBE
cenaparopa-cIMBKOOTACIHUTENS ABUTAIOTCS MO OKCIIOHEHTE, BHJ KOTOPOH
3aBHCUT OT MEPBOHAYAIHHOTO TOJIOKCHUS JKHUPOBBIX IAPUKOB 7y, UX (PUIUKO-

MEXaHUYECKUX CBOMCTB XKHUPOBBIX HIAPUKOB (paauyca r)jm U TUIOTHOCTH Py 1y ),

(U3NKO-MEXaHUYECKIX CBOMCTB MOJIOKa (TUIOTHOCTH p, M JHHAMHYECKOU
BSI3KOCTH |l ), KOHCTPYKTUBHOTO TapaMeTpa — yIlia HaKIOHA pa3Ae’HTeIbHOMI
TapesKy K TOPU30HTAIHN ¢ 1 KHHEMAaTHIEeCKOTO MapaMeTpa — YIIIOBOH CKOPOCTH
Oapabana o.

W3 ypaBuenwuii (2) u (3) onpenenyM BpeMs PeObIBaHUS )KUPOBOTO LIAPHKA
B MEXTapeJoYHOM NpOoCTpaHCTBe OapabaHa cenaparopa-CIMBKOOTICTHTENS
IPU  YCIIOBUM 3aMKHYTOCTH OapabaHa (OTCYTCTBUSI JBW)KEHHS MOJIOKAa B
OapabaHe), HCITIOBb3Ysl CBONCTBO CTEIICHEH, MOTyYUM:

st 1 arana pasnenenust

4.3y P In (Qj;,.;rn')
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s 2 srana pazaeneHus

Fd e —
25ty Py lﬂ(\__-,,._i',ll
b= —— — (5)
) Bm, Pt SOy — Prapt w7 C0STH o
3HaK «—» B YPAaBHCHUU (5) YKa3bIBA€T Ha BO3BPATHOC ABUIKCHHUC JKUPOBOI'O
IIapuka, IMocCJI€ OCaAXKICHUA Ha BHEIITHEN TIOBEPXHOCTU KOHUYECKOW YacTd
PasJeUTENBLHON TAPENKYL.
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Summary. The method of Joseph Louis Lagrange was used to determine the trajec-
tory of a fat ball when the forces acting on the fat ball in milk are known. The trajectory
equations are obtained for the 1st stage of separation, when the fat ball moves until it
settles on the outer surface of the conical part of the separation plate, as well as for the
2nd stage, when the fat ball moves along the outer surface of the conical part of the
separation plate to the axis of the drum. It has been established that with a closed drum
system, when there is no milk supply and no discharge of cream and skimmed milk, fat
balls in the interstitial space of the cream separator move exponentially, the type of
which depends on the initial position of the fat balls, their physico-mechanical properties
of fat balls (radius and density), physico-mechanical properties of milk (density and
dynamic viscosity), the design parameter is the angle of inclination of the separation
plate to the horizontal, and the kinematic parameter is the angular velocity of the drum.
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