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Llenb uccnepoBaHus — paspaboTka MateMmaTuyeckon Mmogenu KoadpcuumeHTa none3Horo AeNCTBUA AenvTe-
Jisl NOTOKa C Y4eTOM OCHOBHbIX NapaMeTpPoOB rMAPOCUCTEMbI, PEXUMOB PaGoTbl AenuTensli U ero KOHCTPYK-
TUBHbIX NapameTpoB. OGLEKT nccrneAoBaHUA — YeTbIPEeXNOTOUYHbIN perynupyemMbii genuTtenb B rmgpocuc-
TeMe MOOUNbHbIX MawuH. MeToabl uccnegoBaHus — Teopusa Nogobus u pasmepHocTtu. MpeanaraeTcs uc-
Nofib30BaHWe 4eTbIPeXnoTOYHOro perynupyemMoro Aenurtensi B FMAPOCUCTEME MOOWUNbHbIX MaluH Ans
obecneyeHnsi rMAPaBNNYECKON 3HEpPruen HeCKONbKUX NMoTpebuTenei ¢ He3aBMCUMMbIMU CKOPOCTHbIMU WU
MOLLHOCTHbLIMM peXXumamm paboTbl OT OAHOrO UCTOYHMKA dHepruun. B kayecTBe oueHKU 3acpdheKTMBHOCTU pa-
60Tbl AenuTens NoToka npeanoXxeH koadgpdgpuumeHT nonesHoro aencteus. KoadpcmumeHT nonesHoro aencr-
BUA fenuTens notoka ecTb PyHKUMA 6onbluoro konmyectea (pakTopoB, onepupoBaTb KOTOPbIMU Ans Nony-
YeHUs MaTeMaTU4eCcKoOW Mogenu No3BONsieT Teopus Nofobusi U pasmepHOCTU. [NA ynpoLleHns pelueHUs
3TOM 3a4a4n Heob6XoAMMO YyBeNnUUYUTb KONMYECTBO OCHOBHbIX eAuHUL. [lobuTbcsA yBenuyeHusi Konuvectsa
OCHOBHbIX BeJIM4UH A0 BOCbMU BO3MOXHO 3a CYET pa3fioXeHUA CKansipHOM pasMepHOCTM AnuHbI [L] no
wectn Hanpaenenuam: [Ly], [Lx], [Ly], [L-y], [Lz] v [L.z] B AONONHEHMe K pasMepHOCTU Maccbl U BpeMeHH, Ko-
Topble He noAnexar TpaHccopmauuu B Takoit popme. CornacHo n - TeopeMe 4Mcno 6e3pasmMepHbIX KpuTe-
pveB COKpaTUTCA C BOCeMHaauaTth A0 oAuHHaAuaTu. Onsa nonyyeHus 6e3pa3mMepHbIX T - KpUTEpUEB B Kaye-
CTBe KMi4YeBbIX apryMeHTOB UCMNOSIb30Banu CKOPOCTHOM U CUMNOBOW peXuMbl paboTbl genuTtens u ruppo-
npuMBOAa, reoMeTpuIo YNOTHAIOLWMX 3a30POB AeNUTENA NOTOKa U ero NMHerHble pa3mepsbl. [na ynpoweHus
nony4yeHUsi MaTeMaTM4eCKkon Moaenu npouecca 3a c4eT COKpaleHUsi KonuyecTBa KputepueB, BXOOAWMX B
ypaBHeHue, ucnonb3oBanacb UX CNOCOBHOCTL TpaHcdopMUpoBaTLCA B KpuTepun Apyron c¢opMbl nytem
onepauunm nepemMHOXeHUs, AefieHUsi U1 BO3BeAeHUsi KputepueB B cTeneHb. [onyyeHHoe ypaBHeHue AaeTt
BO3MOXHOCTb OL,eHUTb YPOBEHb NOTepPb MOLHOCTU B AenuTesie NoToka Ha CTagavMM NPOeKTUMPOBaHUA U pac-
NPOCTPaHUTL pe3ynbTaTbl UCCNeAOBaHUSA Ha pAA NOAOOHLIX AenuTenie NOTOKa.

KIKOYEBBIE CIIOBA: Teopusi nogobusi, OCHOBHble eAUHULbI, BeKTOPHbIe CBOMCTBa eAUHUL, AenuTenb no-
ToKa, KO3 PMLMEHT NoNe3Horo AeNCTBUA, KpUTepuarnbHoOe ypaBHEHMe.

The research objective was to develop a mathematical model of efficiency of a flow divider with the account
of key parameters of hydrosystem, operating modes of the divider and its design features. The object of
research was a four-flow adjustable divider in the hydrosystem of mobile vehicles. Research methods
included the theory of dimensional analysis and similarity. The author proposes to use a four-flow adjustable
divider in the hydrosystem of mobile vehicles to supply several consumers with hydraulic energy with
independent speed and power modes of operation from one energy source. Efficiency was proposed as an
estimation of overall performance of this divider. Efficiency of a flow divider is the function of a considerable
number of factors, which can be operated to receive a mathematical model with the help of the theory of
dimensional analysis and similarity. To simplify the completion of this task it is necessary to increase the
number of main units. It is possible to increase the number of main units up to eight by expanding the scalar
dimension of length L in six directions: [L.], [Lx], [Ly], [L-y], [Lz] and [L] in addition to the dimensions of
weight and time, which cannot be transformed in such form. According to the = - theorem the number of
dimensionless criteria will decrease from eighteen to eleven. In order to obtain the dimensionless = - criteria
the author used such key arguments as speed and power operating modes of the divider and hydrodrive, the
geometry of sealing backlashes of the flow divider and its linear sizes. To simplify the development of the
mathematical model of the process by reducing the number of criteria included in the equation the author
used their ability to be transformed into criteria of other forms by operations of multiplication, division and
raising the criteria to power. The obtained equation allows estimating the level of losses of power in a flow
divider at the stage of design and applying the results of research to a number of similar flow dividers.

KEY WORDS: similarity theory, main units, vector properties of units, flow divider, efficiency, criterion equation.

Be/leHHue
Pa3paboTka 4eThIPEXNOTOYHOTO PETyIUPYEeMOTo ACIUTENs MOTOKa MO3BOJISET obecre-
YUTh TUJPABINYECKON 3HEPruel HEeCKOJIbKUX MOTpeOUTeNel ¢ HE3aBUCUMBIMHU CKOPOCT-
HBIMU U MOIIIHOCTHBIMH PEXKHMaMH pabOThl OT OJJHOIO MCTOYHUKA SHEPTUH IPU XapaKTEPHOM IS
00BEMHBIX JICJIUTENECH TTOTOKA OTCYTCTBHH APOCCEIMPOBAHUS paboueit xuakocT [3, 5, 6, 8, 11, 12].
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OpHMM M3 IJIaBHBIX IOKa3aTeliel, OMPEeNIoNUX CTENEeHb COBEPIICHCTBA OOBEMHBIX
TUIPOMAILNH, U B YACTHOCTH JIEJIUTEIEH MOTOKA, C TOUKH 3PEHHUS NOTEPh MOUIHOCTH, SBJISIETCS
K03 (ULMEHT MOJE3HOro eHcTBus [2].

Iens uccnemoBanusi — pa3paboTKa MaTeMaTUYECKOW MOJEIU KOI(PPHUIIMEHTA TTOJIE3HOTO
JNEeUCTBUS JeNUTENs HOTOKA C YYETOM OCHOBHBIX NapaMeTPOB FUAPOCUCTEMBI, PEKUMOB PabOThI
JeJIUTENSI U €r0 KOHCTPYKTUBHBIX TapaMETPOB.

OOBeKT Hccae0BaHUS — YETHIPEXTIOTOYHBIN PETyIUPYEMBI I€IUTENb B TUAPOCUCTEME
MOOMJIBHBIX MAIIIHH.

B o6mem Bune koapdunuent noneznoro neiictaus (KIIJI) nenurens motoka MOKHO 3a-
M1caTh

n="1(Qg.Py.U.K,R,B,r,1,Q;,Qj3. Py, Py, Py, Py, AP[, APS, 1, m). (1)

O06o03HaueHue U Ha3BaHUS BEJIMYUH, BXOAAIIUX B ypaBHeHuUe (1), mpuBeeHsbl B TaOIHIIE.

MeToauka uccijie10BaHui

Jlns monmydeHus: MaTeMaTHuecKOM MOJIEH IpoLiecca BOCIONb3YeMCsl TEOpHUEH 101001 U pa3-
MEPHOCTEH, KOTOpasi JaeT BO3MOKHOCTh OTIEPUPOBATH € TAKUM OOJIBILINM KOJMYECTBOM (DAaKTOPOB.

[TonyunTs MOJHOE perieHre 3TON 3a4a4i ¢ TOYHOCTBIO /10 MOCTOSIHHOM BO3MOXKHO, €CIIH
Pa3HOCTh MEX/ly YUCIIOM CYILECTBEHHBIX Ul MPOIEcca MEPEMEHHBIX N U YUCIOM OCHOBHBIX Be-
JUYMH A paBHA €IMHUIE. YBEIUYUTh KOJMYECTBO OCHOBHBIX BEJIMYHMH J0 BOCBMH BO3MOKHO 3a
CYET Pa3JIOKEHHUS CKAISIPHOU pasMepHOCTH umHBI [L] mo mectn nampaBinenusiM: [Ly], [Lx],
[Ly], [L-y], [L,] u [L.] [4, 10] B nononHeHHE K pa3sMEPHOCTU MacChl U BPEMEHH, KOTOpbIE HE
nojJsexar Tpancopmanuu B Takoi popme.

B pesynbrare ckajispHble pa3MEpHOCTH (PU3NYECKUX BEJIMYMH, BXOJSIIUX B YpaBHEHUE
(1), mocne mpeobpazoBaHus TPAHCHOPMHUPYIOTCSI B BEKTOPHBIE (CM. TabII.).

Hauano xoopauHAT BJISE€TCS TOYKON OTCYETA LIUPUHBI CTATOPA JEJIUTENS IOTOKA IO OCU
Z, T.e. €€ oTpHULaTeNIbHasl COCTABJIAIONIAs Oy/IeT paBHA HYIIIO, [I03TOMY B JajlbHEHIINX HUCCIEN0-
BAHUAX OHA HE YUYMThIBajachb. ITO 03HAYAET, YTO KOJIUYECTBO OCHOBHBIX E€AUHMI] YMEHbBIIUIIOCH
C BOCbMH J10 ceMu. B ypaBHeHuu (1) uncio CyiiecTBeHHBIX JJIs poliecca NepeMeHHbIX n = 18,
KOJIMYECTBO OCHOBHEIX BEJIMYMH A = 7, cliefoBaTelIbHO, n - A = 11,

B cooTtBercTBUU C T - TeOpeMO unciIo Oe3pa3MepHBIX KPUTEPUEB COKPATUTCS 1O OJUH-
HaJuaTu u ypaBHeHue (1) B kpurepuaibHOil popmMe MpUMET BUJ

n=®(n1,n2,n3,....,n11). (2)
B kayecTBe KIIHOYEBBIX apryMEHTOB BBIICIUM Qo,ﬁo,U,K,R,B U T, KOTOpPBIE OIpeJie-

JS0T co00# ckopocTHOM Qo U cuioBoil Po pexxumbl paboThl JenuTens U rUApONprUBOIa, YIu-
THIBAIOT T€OMETPHUIO YILTOTHAOIUX 3a30poB aenutens U, K [7] u ero nunelinsie pasmepsl R, B, 1.
Ha ux ocHoBe 00pa3zyem Oe3pa3MepHble KpUTEPHUH, BXOAIINE B ypaBHeHUE (2):

nlegl XFOblecl xK91xR 1 xBl x 181 x u, 3)
nzngz xFObszcz xK 42xR 2 xBf2 x 82 x Py, 4)
n3:Qg3 xf0b3><UC3 xK 93xR ®3 xBT3 x 183 x Py, )
n4:Qg4 ><Fob4><UC4 xK 44 xR 4 xBT4 x r84 xPj, (6)
nsngs xF0b5><UC5 xK 95 xR ©5 xBTs x r&s x Py, (7)
n6:Q36 ><Fob6><UC6 xK 96 xR ®¢ xBT6 x 126 x AP’ ()
_Na7 _b7 Cry d7 €7 f7 g7 '
n7=Q" xPy 7 xU"7 xK"7xR ™" xB'7 xr°7 x AP’, 9
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ng=Q® XF(?ngCS xK 98 xR °8 xBT8 x 188 xQ,, (10)
ngngg bu9XUC9 <K 99 %R €0 xBfo 5 89 xQj3, (11)
T10= QO blo xUC10 xK 410 xR €10y Bfi0 5 1810 X1, (12)
nlleg” XFOb”xUC“ <K 411 xR 11 B fi1 81 xm . (13)

Pa3mepHOCTb apryMeHTOB B BEKTOPHOM TPaHCKPUMLMM C Y4€TOM 3HaKa BeKTopa

dPusnyeckas BenmunHa n e€ pasmepHoCTb O6o3Ha4eHue Bex-ropuanc ﬁzgn;zn;zz:mepuocm
1 1 1 1
Pacxon Bo BxogHoOI MarucTpany, MY c Qo LE LE LE LE L T
X=X — Z
MO P 21 1 1 _1 _1
o -2
[laBneHne Bo BXOOHOW MarucTpany, a 0 Lx 6 L_Q Ly 6 L_ 6 Lz 3 MT
S 3 7 1 1
LLinprHa ynnoTHsIIoLWLUX 3a30p0B, M K 3213271321321 2
L32L321L320321 2
13 3 11 5
[nvHa ynnoTHALWMX 3a30p0oB, M U 3271 3271 3271 32
L32L32192L32
1 1
Bornbluas nonyock ctatopa, M R P
212,
LWvpuHa cTatopa, m B L,
1 1
MeHbLwasn nonyock ctaTopa, M r 272
LyL_y
_3 1 3 _1
OvHamuueckuii koadpdmumeHT BaskocTu, MNa-c n 81 81 871 8 1
LSL_SL,SL.S wmT
n P 21 1 1 _1 _1
Y 2
[aeneHune B nepBoit maructpanu, MlMa 1 LX6L_gLy6L 6Lz 3 MT
21 1 1 _1 _1
[aBneHune Bo BTopoi maructpanu, MlMa P2 Ly 6 L_Q Ly 6 L_y6 L, 3 M T2
1 1 _1 _1 _1
NaeneHue B TpeTbelt Mmarnctpanu, MlMa P Ly 6 L g Ly 6 L_y6 L, 3 M T2
MM P 21 1 1 _1 _1
o -2
[laBneHune B 4eTBepTOM MarucTpany, a 4 LX6L_gLy6L_y6 LZ3 M T
Mepenag gaeneHuii Mexay noTpedbutensimm ' 1 1 1 1 _1 )
B nepsom 6rioke, MMa AP LX6L ,?Ly6L_y6LZ3 M T2
Mepenan aaeneHunii Mexay noTpebutensmm ' 11 1 1 1 )
B0 BTOpPOM 6r10Ke, MIMa AP, LX6L_,§Ly6L_ 6L,3 ™M T?
1 1 1 1
Pacxopn B nepsoit maructpanu, MIMa Q1 212 12712 1
L212,1212,L, T
1 1 1 1
Pacxopn B TpeTbelt maructpanu, MMa Qs LE LE LE LE L T
X Xy y
11 11
Paguyc poTopa, m r1 L4 L4 L4 L4
y
Macca wubepa, m m M
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Jlnst ompenenieHus MOKa3aTened CTENEHEH apryMEHTOB, BXOJSIIUX B 3TH ypaBHEHMS,
pacrniuieM ypaBHeHHe (3) depe3 pa3MepHOCTH €ro WwieHOB (cM. Tabi.). B cooTBeTcTBHM ¢ METO-
mukou [1, 9] mpuMem mokaszaTenu CTENEH! MOCISAHETO YieHa B 9TOM U MOCIICIYIONINX ypaBHE-
Husx (4) — (13) ansa © - KpUuTepreB paBHBIMU €TUHUIIE.

b,

11 1 1 4 1 1 1 1 1

L0, L0 IOMOTO |=| 1212, L2 12, L, T | x|L, CL_SLSLSL, 3MT 2| x

d1 1 1 e1 1 1 gl

5 3 7 1 1]% [ 133 11 5 11

x| D202 120212 | x| LR2132132032 | x| 1212, | [L]" x| 1312, | x

3 1 3 1

x| Ly SLLSLSL_SMT |

[Tocne HecnoxKHOTO MpeoOpa3oBaHus MOTYIUM

1a 1 + 5 o+ 13 d+1e 3

070 yO0y0 TONf0T0|_v2° 6 " 32 ' 32 "2 §
[LXL,XLYL,YLZM T ]_LX

la‘—l ‘+lc‘+£d‘+lg‘— 3 la‘—lbﬁicﬁ idﬁlg‘— 1 a - lb‘+lc‘+f b+ Ca-2b-l

xL%, 6 32 32 2 SXL%}, 6 32 32 2 8><LZ 3 2 xM 2 T T

[IpupaBHHBas OKa3aTenn CTENEHEN B pa3MEPHOCTAX IPABOU U JIEBOM 4acTeW ypaBHEHUs
IIPY OJTHOMMEHHBIX OCHOBHBIX €IMHULIAX, [IOJy4UM CUCTEMY YPaBHEHUI:

Viaj— Vbi+ Yoo+ %,di+ Ve— ¥ = 0.
Viaj— Wbi+ Yo+ ¥di+ Ve— K= 0.
Jpar— Yebi+ Vet Udi+ Ygi— Y= 0.
Jar— Yebi+ Moo+ Ypdi+ Yegi- = 0.
a;— %bl + %cl + £ = 0.
b+ I = 0.
-a;— 2b, - 1 = 0.

Pemas cucremy, nmeem

alzl,bl Z—I,Cl Z%, dl z%,el :_l%afl 2—1%,g1 2—1%. Orcrona

212
PoBRr \ B2R ¢

AmnanorndHo ypasHeHu1o (3) peuieHs! ypaBHeHus (4) — (9). PacuetHble 3HaueHus nokasa-
Tenell crenenei: b, = by = by =bs =bg =by =—1, ocraneneie nokasarenn pasHsl Hymo. OT-

Croaa
P, P, AP[ AP

Me=— Mg=—, T
5 PO 6 PO 7 PO

;TC = =,
4 PO

5

|

|

3

|
=7
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[Tono6HbIM 00pazomM, pemuB ypaBHenus (10) — (13), monyuum cieayrouue pacyeTHbIe
3HAYEHUS NIOKA3aTeNICH CTEIICHEH:

38:—1; b8: ngdgzenggzggzo; 39:—1; b9: C9:d9:e9 :f9:g9:0;

ajg=bjg=cjg=djg=1f1p=0,¢p :—y; £10 Z—%;
a; =2by =—1Le =0; dy; =0;e;; =2 }5:fy, =-2 18, =-2 4.

Torna umeem
n:Q/Q :e/2'n:Q/Q =ey/2; M= il C o = Q%m
8 1 0 1 > 19 3 0 2 > 4110 \/E > 1 ﬁo (BRr)2 3'—BR1‘ ’

rae e;= 2Q;/Qqp — k03 HUUKEHT perylIHpOBaHus IEPBOro OJIOKa AeIUTEIIS;

ey =2Q3/Qq — K03 PULHEHT peryIMpoBaHHs BTOPOTO OJIOKA ISIUTEISL.

[ToacTaBUB MoTy4YEeHHbIE KPUTEPUH B YpaBHEHHE (2), OTYyIUM

Qou UK2 P Py Py Py AP APy ¢ ey |

§0BRI' BRI' §0,P0,P0,P0,P0,P0,2,2, RI', (14)
2
Qom

Po(BRr)? 3/BRr

JUist ynpoleHus MOJyd4eHHss MaTeMaTH4eCKOM MOJENN IIpolecca 3a CYeT COKpalleHUs
KOJIMYECTBAa KPUTEPUEB, BXOJAIIMX B ypaBHeHHE (14), Bocmosib3yeMcs OJHUM U3 BaXKHBIX HX
cBoicTB. OHO 3aKIIIOYAETCS B UX CIIOCOOHOCTH TPaHC(HOPMHUPOBATHCS B KPUTEPUH Ipyrou (op-
MBI IIyTE€M OIepaluil IEpEeMHOXKEHHUs, IEJIEHUS U BO3BEJCHUS KpUTEepueB B crenensb [9, 10].

[IpencraBuM 1osiyyeHHbIE KPUTEPUH B CIEAYIOLIEM BHUJIE:

n==ao

_1 Qo 1 UK PP, APje; |
=M Mg == 0 3 n;:n2n3n6n8:f3’
P()Brlﬂ T B Rr 2P0
. PyPyAPye,  « % % e Qim
n3:n4n5n7n9=T;ﬁ4=ﬂg Ty :E;WS T == >
2P; P, (BRr)? 3/BRr

rae e=,/e; €, — Ko3(p(PUIUEHT PEeryJInpOBaHUs YETBIPEXIIOTOUYHOIO AEIUTENS IOTOKA.
B pesynbrate npeobpazoBanuii ypaHeHue (14) npumer Bujg

_ Q) muP|PyP3P4AP| AP eerey [UP K

— (15)
8P¢ B* 1y \Rr (Rr)? R?t?

Pe3yabTaThl

Ha ocHoBe ncnonab30BaHusi TEOpUU NMOJOOUS U Pa3MEPHOCTEN COCTaBICHO KPUTEPHAIIb-
HOE ypaBHEHHE, yuuThiBatomiee BiausHnue Ha KIIJl nenurens moTtoka paznuyHbix (akTtopoB. B
LEJISIX YIPOIIEHUS] KpUTEPUAIIBHOTO YPaBHEHHUSI MCIOJIb30BaJIaCh BEKTOPHAsA CUCTEMA €IUHUIL
[8, 12] mst onpenenieHust pa3MepHOCTEN BEIUYMH, BXOIAIINUX B 3TO YpaBHEHHE.
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B pesynbrare pazpaborana marematuueckas mojnenb KITJ nenutens moroka B 3aBUCH-
MOCTH OT OCHOBHBIX [1apaMETPOB T'HPOCUCTEMBI, PEKUMOB PabOThl AEIUTENS U €r0 KOHCTPYK-
TUBHBIX napameTpoB. IloslydeHHOE ypaBHEHHE NaeT BO3MOYKHOCTh OLIEHHTh YPOBEHb IIOTEPh
MOUIHOCTH B JIEJUTENE ITOTOKA HA CTAAUM MPOECKTHUPOBAHUS U PACIPOCTPAHUThH PE3YIbTAThI HC-
CJIEJOBaHUS Ha psJ MOJOOHBIX JIEIUTENeH MOTOKA.
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