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Beeoenue. CraThsi TIOCBSIICHA aHANW3y KOHCTPYKTHBHBIX pEIICHWA THAPABIMUCCKUX JCTHUTENCH TOTOKa,
WCTIONB3YEMBIX U CHHXPOHU3AIINH THAPABIMYCCKIX MPUBOJOB PadOYNX OPTaHOB TEXHOJOTHUYCCKUX M MOOMIBHBIX
MamvH. BBIABICHBI MOTPEOHOCTH pPHIHKA B MHOTOTIOTOYHBIX O€330JI0THUKOBBIX JPOCCENBHBIX ICTUTENSAX IMMOTOKA C
YIipaBJIsICMbIM KO3(1)(1)I/ILII/IGHTOM ACTICHUSA, TAKUX KaK MHOI'OOCHBIC IACCHU TPAHCIOPTHBIX CPEJICTB.

Henssmu paboThl OBbUIM aHANM3 BO3MOXKHOCTH W OOOCHOBaHME II€JIECOOOPAa3HOCTH Pa3pabdOTKH  JIPOCCEIBLHOIO
YETBIPCXMOTOYHOTO ACIUTEIISL MOTOKaA 68330HOTHI/IKOBOFO TUMa C YYBCTBUTCJILHBIMH DJJICMCHTAMH THIIA pr61<a
Bentypu. Pemienne nomkHO oOecriedunTh CHHXPOHHOCTH IepeMelleHus (BpaieHusi) Oosiee Tpex pabouux OpraHoB
TEXHOJIOTHYECKUX U MOOMIIBHBIX MAIIIHH.

Mamepuanwvt u memoowt. ViccnenoBanbl NaTEHTHI CYIECTBYIOIIMX KOHCTPYKIMM THIPABINYECKUX JIEIUTEIEH MOTOKA.
PaccMOTpeHBI CHCTEMBI, B KOTOPBIX TpeOyeTcs MelleHHe IOTOKAa THIPABIMYECKOW JKHUAKOCTH Oojee WeM Ha JBa
WCTIOTHATENFHBIX OpraHa. JlJii KOHCTPYKIIMH JPOCCENFHOTO TPEXKAaHAIBHOTO JEIUTENS TOTOKa 0e330J0THHKOBOTO
THUTIA TIPEUIOKEH BapHaHT MOJCPHHU3AINH, KOTOPBIA TO3BOJISIET ACTUTH TIOTOK HA YETHIPE BETBH.

Pezynomamut uccnedoséanus. OOOCHOBaHA aKTYalIbHOCTH pPa3pabOTKM MHOTOMOTOYHOTO JPOCCENBFHOTO JICTHTEINS
MOTOKa 0E330JI0OTHUKOBOTO THIIA JUIS MPUMEHEHHSI B IPOMBIIIUICHHBIX ¥ MOOMJIBHBIX MallnHax. PaccMoTpeHs! aBa THa
YETBIPEXIIOTOYHBIX JEJHTENeH, yKa3aHbl HX ciadble cTopoHbl. OTMeueHo, 4YTO pa3paboTKka MHOTOIIOTOYHOTO
JIPOCCENBHOTO JAENUTENs MOTOKAa Ha OCHOBE KOHCTPYKIMH, cozmaHHbIX B 1989 m 1991 romax, mo3BOJIUT COKPAaTHUTh
YHCIIO THIPOHACOCOB, U30ABUTHCS OT IOCIEI0BATEILHOTO COCMHEHNUS ABYXIOTOYHBIX Aenuteneid. Takum criocobom
MOXKHO CHHU3UTHh MOTCPH MABICHHUS B THAPOCHUCTEME W pPEANN30BaTh aJalTUBHOC YIIPABICHUC THUIAPOJBUTATCIIIMU
MHOTOJIBUTATEIIFHBIX MOOWMIBHBIX MammH. [Toka3zaHa BO3MOXKHOCTh Ha 0a3e TPEXIMOTOYHOTO JPOCCENBHOTO JIEIUTENS
MONYYHUTh JEUTENb-CYMMATOp Ha YeThIpe MOTOKa ITyTeM 00aBJIEHHS BBITYCKHON KaMephl, CBA3aHHOW C KaMepoi
MeMOpaHbI yepe3 KaHall, BXOIAMHNN B cotuto Tpyokn Bentypu. Onmcad npuHIUT paboThI TAKOTO 000pYyTOBAHNUS.
Oobcyrycoenue u 3akniouenus. PaccMOTpeHb TPUHIMWIIBI  TOCTPOCHHUS  JIPOCCENBHBIX  JEJHUTENeH TOTOKa
0€330JI0THIKOBOTO THMa. [IpeioskeH BapuaHT MOACPHHU3AINHN TSI YBEIMUICHUS KOJIMYECTBA KAHAJIOB JICIIEHUS C TPEX
10 vetbipex. OHAKO AT MTOATBEPXKIACHUsST pab0OTOCIOCOOHOCTH TaKOH KOHCTPYKIIMM HEOOXOJWM UYUCICHHBINH aHaIN3
pa3IMYHBIX PEXKHUMOB PabOTHI JENHUTENsT — pacyeT IPHUBEJICHHONH OOBEMHOW >KECTKOCTH €ro paboduuX MOJIOCTEH.
[Tomyuennast uHpOpMaIys MOXKET ObITh HCIIOJIB30BaHA [Tl MOAEPHU3AINH THIPABINYECKUX Y3JI0B TEXHOJIOTHIECKUX
MOOWJIBHBIX MAIWH, IOBBILICHUS HMX HAJEKHOCTH, TEXHOJOIMYHOCTH W KOd(pdUIMEeHTa TOJIE3HOro JeHCTBHSI.
OmpeenieHbl BOIIPOCHI, KOTOPBIE HEOOXO0ANMO PEIIUTh B JalbHEHIINX HCCIIEI0BAHMSIX.

Kniouegvie cnoea: npoccenbHBIN IeNUTENb MOTOKA, TpyOka BeHTypw, ruapaBimueckas TpaHCMHUCCHS, MHOTOOCHOE
IIACCH, TPAHCIIOPTHAS MIIaTGOPMa, CHHXPOHU3ALIUSL.
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Introduction. The paper submits the analysis of existing design solutions of flow dividers used to synchronize hydraulic
drives of working bodies of technological and mobile machines. The market demands for multithreaded throttle flow
dividers without valves with the controlled division ratio, such as multi-axle vehicle chassis, are identified. The
objective of the work was to analyze the possibility and rationale for developing a throttle four-way flow divider
without valves with sensing elements of the Venturi tube type. The solution should provide the synchronicity of
movement (rotation) of more than three working bodies of technological and mobile machines.

Materials and Methods. A patent search for the designs of hydraulic flow dividers is carried out, and systems that
require the division of the hydraulic fluid flow into more than two executive bodies are considered. An upgrade option,
which allows dividing the flow into four branches, is proposed for the design of a three-channel throttle flow divider
without valves.

Results. The urgency of developing a multithreaded throttle flow divider without valves for application in industrial and
mobile machines is validated. Two types of four-flow dividers are considered, their weaknesses are indicated. It is noted
that the development of a multithreaded throttle flow divider based on the designs created in 1989 and 1991 will reduce
the number of hydraulic pumps and get rid of the series connection of double-flow dividers. In this way, it is possible to
reduce pressure losses in the hydraulic system and implement adaptive control of hydraulic motors of multi-motor
mobile machines. The possibility to obtain a divider/combiner into four flows by adding an outlet chamber connected to
the membrane chamber through a channel entering the Venturi nozzle on the basis of a three-flow throttle divider is
shown. The principle of operation of such equipment is described.

Discussion and Conclusions. The principles of construction of throttle flow dividers without valves are considered. An
upgrade option is proposed to increase the number of division channels from three to four. However, to validate the
operability of this design, a numerical analysis of the various modes of operation of the divider is required —
calculation of the reduced volumetric stiffness of its working cavities. The information obtained can be used to
modernize the hydraulic units of technological and mobile machines, increase their reliability, manufacturability, and
efficiency. The issues that need to be solved in further research are identified.

Keywords: throttle flow divider, Venturi tube, hydraulic transmission, multi-axle chassis, transport platform,
synchronization.
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BBenenne. YcioBue aOCONIOTHOH CHHXPOHW3AIMH — COONIOJCHUE NPOMOPIUOHAIEHOCTH IJTMHEWHBIX H
VTJIOBBIX TIEpEMENIeHU TUIPOJBUTATENECH M BCEX MPOM3BOAHBIX OT HUX MO BpeMeHH. YacTo ObIBaeT HEOOXOIUMO
CHHXPOHHU3UPOBATH:

— OJTHOPOJIHBIC JIMHEWHBIC WU BpallaTelIbHbIC BUKEHHUS IBYX U 00Jiee THIPOMPUBOIOB,

— OJIMH JIBUTATEIh C TIOBOPOTOM BTOPOTO.

B cTaHKOCTpOGHWHM M MAIIMHOCTPOCHMH TIPU CHHXPOHHU3AIMU MPHUBOJOB BaXKHO YUYUTHIBATH OUITHOKH
CHHXPOHHM3AIIMU II0 TIOJOXCHHUI0. B cTarbe pacCMOTpPEHBI CIIOCOOBI CHHXPOHHM3AIMK THAPOJBHTATEICH B
MHOTOJIBUTATCIFHBIX CHCTEMaxX C JCIUTEIeM II0TOKa, a TakKe TMPUMEpPhl NPUMEHEHHS TaKHX CHCTEM B
MPOMBINUICHHOCTH. [loMHMO 3TOro 00CYXKHaeTcss MPUMEHCHHE MHOTOIIOTOYHOTO JPOCCENBHOTO ICITUTENS MOTOKA
0€330JI0THUKOBOTO THIIA B KayeCTBE CHHXPOHH3HPYIOMIETO YCTPOWCTBA MHOTOOCHOW KOJECHOW  CIETIKH
THIPABIMYECKON TPAHCTIOPTHOW TITAT(POPMEIL.

dyHIaMeHTaIbHBIE TPYIbl O THIPOMEXaHHMUECKUX CHCTeMax HM3BECTHBI ¢ IpeBHOCTH. CaMmblii paHHMHA U3
COXpaHMBIIUXCSI — TpakTat Apxumena «O mmaBaHuu Teia». CerofHs NMPUMEHEHHE CIIOKHBIX MHOTOYPOBHEBBIX U
Pa3BETBIEHHBIX THUAPOCUCTEM JOCTATOYHO HCCIENIOBAHO, OJHAKO OCTAeTCS aKTyalbHBIM BOIPOC YIPABICHUS H
peryiupoBaHus B mupoan/IBoue]’ 2 [1-4] nnst moBermenus ero KIT/1 u ymeHbIeHnst rabapuTOB CUCTEMBI.

! Vpexun B. C., Mcromuna FO. B. Pa3paboTka ruApaBiMuecKHX CHCTEM aBTOMATHUECKOrO YIPABJICHHsS MPUBOJAMH TEXHOJOTHUECKOro oGopyaoBanus // MHHOBaIY
TEXHUYECKUX PELICHUH B MAIIMHOCTPOCHHUH U TpaHucmoprte : ¢b. ct. I Beepoc. Hayu.-Tex. koud. [lensa : Mexotpaciesoit Hayd.-uH. ueHTp, 2016. C. 259-262.
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Puvibak A. T. u 0p. Cunxponusayus ¢ MHO2006UZAMENbHBIX 2UOPOMEXAHUNECKUX CUCHIEMAX

B pa3psa cIoXHBIX THAPOCHCTEM BXOIST TaKHe, TAE¢ OIWH THAPOHACOC MMUTAET /IBa WK OoJjiee HE3aBUCHUMBIX
rugpoasuraress. [Ipu 3ToM He3aBUCHMO OT HAarpy3KH Ha BBIXOTHBIC 3BEHbBS JOIDKHA 00ECIIeUNBATHCS CHHXPOHHOCT HX
apmwkeHuil. TpeOyemass TOYHOCTh CHHXPOHM3ALMM OIpeAenseT BbIOOp ee crocoba. Ilpocredmmit n3 Hux —
obecrieueHne >KeCTKOW MeXaHW4YecKoil CBsi3u ruapojsurareneil. OMHAKO Ui CHCTEM CO CJIOXHBIM PaCHOJIOKEHHEM
UCIIOJTHUTEIILHBIX OPIaHOB B IIPOCTPAHCTBE OH He NpuMeHuM. Haunboee pacripocTpaHeHHBIE METO/IBIL:

— C IIOMOIIBIO CBSI3aHHBIX BAJIOM THAPOMOTOPOB MM THJIPOHACOCOB (0ObeMHAast CHHXPOHHU3ALIHS);

— C [IOCJIEI0BATENILHBIM COSAMHEHUEM TI0JIOCTEN THAPOABUTATEIICH;

— C TUAPABINYECKUMU CIEAANIIMA CHCTEMAMH C PacTIpeleIUTENIIMI U THAPOTaXOMETPaMH,

— C THAPOMEXaHNIECKUMH U AIIEKTPOTUAPABIMICCKIMH CICISIIIMI CUCTEMaMHU.

Hambomee menecooOpasHele ¥ MPOCTBIE CPEICTBA CHHXPOHHM3AIMK B MOOWIBHBIX MAIIUHAX W
TEXHOJIOTHIECKOM 0GOPYIOBAHHH — 3TO APOCCENbHBIC NCIUTEIN H CyMMATOpPhI IIOTOKOB™ ' [5-8]. I'mnpasnmmaeckuit
JeUTENh MOTOKAa Pa3leNsieT OAWH MOTOK paboueil xuakocTn Ha nBa win Oosee. [Ipu 3TOM yuuTHIBaeTcs 3amaHHOE
COOTHOUIEHHE U TpeOyeTcsi 00eCeYnTh CHHXPOHHOE (COTTIaCOBAHHOE) JABMKEHHE BBIXOJHBIX 3BEHBEB HE3aBHCHUMO OT
nx Harpy3ku. CymMMaTop NOTOKa JI€HCTBYET aHAJOTWYHO MAEIUTENI0, HO B oOpaTHOM HampaBieHHH. OH JIEeTKO
WHTErpUpYeTCcsl B THAPABIMUYECKYIO CHCTEMY, JelieB U yno0eH B akciuryaranuu. CyMmMaTopsl OTOKa 00eCreYrBaoT
CUHXPOHHU3AalHIO B IIUPOKOM AHAIIa30HE CKOpOCTeﬁ JBHXXCHHA BBIXOJHBIX 3BEHLBCB ruupouBMraTenei&.

B kilaccnueckod KOHCTPYKLMH JIPOCCENIBHOTO JEJIUTENS B KauecTBE 3allOPHO-PEryJIMPYIOLIEro 3JIEMEHTa
HCTIONB3YIOTCS 30JI0THUKOBBIC Taphl [5]. DTO 00ycloBIMBaeT XapaKTepHbIE HEIOCTATKH TaKuX aenuteneii. Hampumep,
BBICOKasi CeOECTOMMOCTh TPEIU3UOHHBIX 30JIOTHHUKOBBIX IMAp OOBSCHIACTCSA CIO0KHOCTBIO HM3TOTOBIICHUS, OONBIION
JoJed TaKWX BBICOKOTOYHBIX OIEpaliif, Kak XOHWHTOBaHWE, NUIH(OBaHUE, >JIEKTPOIPO3UOHHAS 00padoTKa.
CenextrBHas cOOpKa W TOBOJKA 30JIOTHHKOBBIX IMAp JAENAeT MX INMPAKTHICCKH HEPEMOHTOIPHUTOIHBIMH, YTO TOXKE
MTOBBIMIACT X IKCIDTYaTAllHOHHYIO CTOMMOCTH. BHIINEH3II0KEHHOE TaKKe YKa3bIBaeT Ha BOCIIPHUMYHBOCTD CHCTEMBI K
Ka4yecTBY TMJIPAaBINYECKON JKUIKOCTH, K KOTOPOH NPEABSIBIISIOT BeCbMa BHICOKHE TpeOoBaHus [6].

MI3BeCTHBI MONBITKH KOHCTPYHPOBAThH AeIUTENH Oe3 3010THUKOBEIX map> &7 *. MccnenoBamich BO3MOKHOCTH
YJIydlICHHUA XapaKTCPUCTUK 30JIOTHUKOBBIX HeﬂﬂTeJ’Ieﬁ. Cﬂe,uyeT OTMETUTH, YTO MNEPCUNUCICHHBIC KOHCTPYKIUH
ZleﬂHTeﬂeﬁ II0OTOKa O6eCHeLII/IBaIOT CUHXPOHU3AUIO TOJIBKO ABYX HUCIIOJTHUTCIBHBIX MEXaHU3MOB, U 3TO 3HAYUTCIILHO
cyxaer cdepy HX npumeHenus. Llenb Hacrosiiero uccienoOBaHMsS — TIOMCK IEPCIEKTHMBHOW KOHCTPYKIIMU
MHOTOITOTOYHOTO APOCCENBEHOTO ACIUTENs, OTBEYAIONIETO TPEOOBAHUSAM IKCILTYyaTAIMH MOOWIHHBIX MAIIFH.

MarepuaJjibl 1 METOAbI

MHoroaBurareabHble THAPOMeXaHMYECKHEe CHCTeMbI. V3BeCTHBI THAPOCUCTEMEL, B COCTAaB KOTOPBIX BXOJIUT
Oomee nMByx pabodmx OpraHoB (Kak pEBEpCHPYEMBIX, TaK M HE PEBEpCHPYEMBIX). B 3aBHCHMOCTH OT YCIOBHHU
9KCIUTyaTallil OHU TPEOYIOT IOCTOSHHOW WM KPAaTKOBPEMEHHOH CHHXPOHHOCTH IBW)KCHUS C ITOCTOSIHHBIM FITH
HU3MECHACEMBIM COOTHOILICHUEM CKOpOCTeﬁ. K rakum CUCT€MaM, B HaCTHOCTH, MOXXHO OTHCCTH:

— XOOBBIC TUAPOIIPUBO/IbL MOOMIBHBIX MaliunH,

— BBITATHUBAIOMNEC MPECCHI IJIsI KPYITHOT'O JIMCTOBOT'O IMTpOKaTa,

— MITaMIIOBOYHBIC CTAHKH JIJIsl Ta0apUTHBIX JICTAJICH,

— IPYMIBI THIPOJAOMKPATOB IS TIOAbeMa (PyHIaMEHTOB 31aHUH,

— THOPOTIPUBOJIBI CKIABIBAHUS PYJICBOTO ONIEPEHUS B a9POKOCMHUIECKON TEXHUKE,
— CHCTEMBI IO3UINOHAPOBAHMS JICTIECTKOB PE(PICKTOPHOTO 3epKajia pagrioTeNIECKOTA.

[IprMeHeHHE B TAaKMX CHCTEMax M3BECTHBIX IPOCCETBHBIX JAETHTEeNel IOTOKa Oe330J0THMKOBOTO THIIA,
HECOMHEHHO, yIy4IIaeT SKCIUTYaTAI[HOHHBIC XapaKTEPUCTHKH. B TO ke BpeMs YHCIIO CHHXPOHH3UPYEMBIX pabOdHnx
OpTaHOB OTpPAaHWYCHO JABYMS HA OJAWH JEIUTENs TIOTOKa. JlaHHOE OrpaHWYCHHE BBIHYXIAe€T KOHCTPYKTOPOB
UCIIONIb30BaTh IMOCJIEI0BATEIbHOE KacKaJupOBaHHUE JenuTeseld MoToka. BeieacTBue 3TOro Ha BBIXOJE M3 KacKaJloB
neneHust pactyr motepu jgaBieHus (10 30 %) W cymMMHpyeTCs OIIMOKAa CHHXPOHHU3AIUM KaXKIOTO JICIHUTEIS.
HemanoBaxkHo 1 yBenuueHune oObeMa, 3aHMMAaeMOro TMJpoamnmnaparypoil. B nenom, Takol Mmojxoj TeXHUYECKH He
OIIpaB/aH M 3aTpaTeH B (JMHAHCOBOM OTHOIICHHH.

? Snyxun FO. A. ViccenoBanue THAPaBIHYECKOi CHCTEMBI CUHXPOHH3AINH JIBHKEHUA PAGOYMX OPraHOB CENbCKOXO03AHCTBEHHBIX MAIITHH : aBTOped.
JUC. ... KaHJ. TeX. Hayk. PoctoB H//1, 1972. 25 c.

4 Pribax A. T. M3bIcKaHHe paloHaNTbHOTO THITA 3aMTOPHO-PETyTHPYIONIETO YTEMEHTA IPOCCENHHOTO STHTENS TOTOKOB THAPOTIPHBOIOB CHHXPOHHBIX
MEXaHHU3MOB CEJIbCKOXO035MCTBEHHBIX MAILIUH : aBTOped. AUC ... KaHJ. TeX. Hayk. Poctos H//I, 1989. 23 c.

5 Ilenurens moToka : marent 1041773 CCCP : F 15 B 11/22 / P. II. Kupuxos, 3. b. Illepman, B. JI. Kysux [u mp.]. Ne 3336116/25-06 ; 3ase.
03.09.1981 ; omy6m. 15.09.1983, bron. Ne 34. 3 c.

® Ienurens pacxona : marent 1566897 Opammust / Ne 150410 ; 3asm. 03.05.1968 ; omy6um. 1970.

7 JIpoccenbHbIi eTuTeNs MOToKa : a. ¢. 1151725 CCCP : F 15 B 11/22 / A. T. Pwibak, 10. A. fmnyxun, B. H. Heronos [u p.]. Ne 3583155/25-06 ;
3asB1. 26.04.1983 ; omy6u. 23.04.1985, Brox. Ne 15. 3 c.

8 Flow divider : matent 10578221 CILIA / Ne15/730,196 ; 3asiBir. 11.10.2017 ; omy6u1. 03.05.2020.
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B 5TOii CBSI3M CTOMT OTMETHTb KOHCTPYKIIMIO JPOCCEIBHOTrO NENHTENs MOTOKa MeMbpammoro Tuma’. Ero
MOJXKHO HCIIOJIb30BaTh B PEBEPCUBHBIX THIPOCHCTEMAX, B KOTOPHIX HYKHO JIMHAMHUYHO MCHSATH COOTHOIICHHC
CKOpPOCTEH HMCIOJHHUTENBHBIX OpraHoB. KpoMe Toro, qaHHasi KOHCTPYKIIMS TIO3BOJICT CO3/aTh HA €¢ OCHOBE JCITUTEIh
Ha 3, 4 1 Oosiee HE3aBUCUMBIX norokos'”.

PaccmoTpuM TpUMEHEHHE APOCCENBHOTO JCIHUTENS MOTOKa OC330JI0THUKOBOTO THMA Ha IPHMEpe
THIPOOOBEMHON TPAHCMUCCHH KOJIECHOTO TIPHBOJIa MHOTOOCHBIX TPAHCIIOPTHBIX ITACCH.

Jis  KOHCTpYHMPOBaHUS TPAHCMHCCHOHHBIX CHCTEM COBPEMEHHBIX ITOJHOTPUBOJHBIX aBTOMOOWMICH, Kak
TIPaBWIIO, MPUMEHSIOTCS OiokupoBaHHAs W auddepeHnanpaas cxema. biokupoBaHHasT TPAHCMHCCHS O0OECTIEUUBAET
JKECTKYIO CBsI3b Beaylux kojiec. JuddepeHnuanbHas XapakTepu3yercsl pa3BEeTBICHHUEM OJIHOIO BXOJSIIECTO MOTOKA
MOIIHOCTH MEXJy BEIYIIUMH MOCTaMH U KOJIeCaMU 4epe3 crenuaiibHbiil quddepernuanbapiii y3en. CymecTByOT U
KOMOWHUPOBAHHBIC TPAHCMHUCCHOHHBIC CXEMBI, B KOTOPBIX OJIHA YaCTh KoJiec 00benuHeHa qudepeHInaIbHON CBA3BIO,
a pyrasi — OJIOKUPOBAHHOW (Hampumep, OJIOKUPOBKa HECKOIbKUX Iuddepernuanor). s TpaHCMUCCHOHHBIX CUCTEM
HEBO3MOXXHA IPUHYIUTEIbHAS PErYIHPOBKA:

— MOJIBOJIUMOM MOIIIHOCTH K OJJTHOMY WJIM HECKOJIBKHM KOJIeCaMm,

— OJIHOTO MOCTa HE3aBUCUMO OT JIPYTHUX.

Hamnume B TpaHCMHCCHOHHOW CHCTEME IIAacCH THAPONPHBOAA IO3BOSECT WHAWBHUAYAIHFHO MOIBOIUTH
MOIIHOCTH K KojiecaM U oOecreuynBaeT OecCTyNeHYaToe pEeryiIupoBaHHE B INTHPOKOM JAWana30HE 3HAYCHHH.
KoHcTpykums TuapomnpuBoAa KOMITAKTHA, YCTOMYMBA K BHENIHHM aTMOC(eEepHBIM Bo3neiicTBuaM. K Tomy ke y
THIPOTPUBOJA, KaK TMPaBHIO, OONBIIONW IHANa30H PpErylIHpoOBaHMs, YTO BaXXHO I ABTOMOOWIS BBICOKOH
mpoxoaumMocTd. Emie o0JHO NPerMyIIEeCTBO T'HIPOOOBEMHOrO MPHBOAA KOJIEC — BO3MOXKHOCTH OBICTPOTO
pEeBEPCUPOBAHUS. DTO BAXKHO MPH MPOXOKICHUU MPETATCTBUIA MyTEeM packadyuBaHUs. [ MIpOOOBEMHBIN MPUBO] KOJIEC
oOecrieynBaeT JUIUTCIHHOC IBIDKCHHEC HAa MHHHMAJIBHONH CKOPOCTH C BBICOKHM TSATOBBIM YCHIIMEM, YTO TaKXKe
MTOBBIMIACT MPOXOAUMOCTh aBTOMOOHIIS.

TunpaBmigeckas cxema XOJOBOHM YacTH Ui OJHOW OCH TaKOW MAIlMHBI B OOINEM BHIE NpEACTaBICHA Ha
puc. 1.

T L

Puc. 1. I'mapaBnuueckas cxema 0JJHOH KOJIECHOI 0cH MOOMIBHOW TPAHCIIOPTHOM MAITHHBI

PaccMoTpuMm cucteMy THIpOOOBEMHOW TpaHCMHMCCHU. JIBUrarellb BHYTPEHHErO CropaHus 6 mnepejiaer
KpPYTAIMIUHA MOMEHT Ha PEBEPCUBHBIM THAPOHACOC 5, KOTOPBIN COEMHEH TPYOOIPOBOAAMHU M THApOpacIpeaenuTenem 4
¢ JenuTeneM MOToKa | M ruapomoropamu 2. Bambl THIPOMOTOpPOB CBSI3aHBI C BEIYIIMMHU KOJECaMHU. 3adacTyro
aKCHAJIbHO-TIOPIIHEBBIE WIIN PaJUallbHO-NOPIIHEBBIE THIPOABUIATENH KOHCTPYKTHBHO COEIAMHEHBI C KOlecoM. Takas
KOMITOHOBKAa 00pa3yeT eAMHBIM Y3l «THIPOMOTOp — Kojieco». Bo BpeMs paboThl JIBUTaTeis THIPOHACOC
obecrieuynBaeT TMAPOMOTOPHI BEAYIIMX KOJIEC THAPOAWHAMHUYECKHM HAMOPOM >KHAKOCTH, KOTOPBIH B JalbHEHIIEM
npeoOpa3yeTcss B MEXaHHUECKYI0 paboTy. B 3aBHCHMOCTH OT KOHCTPYKTHBHOT'O MCIOJIHEHHS THIPOArperaToB padbouee
JlaBJIeHUE B CHUCTEME HaxoAuTcs B auanazoHe 25-50 MIla. OkcrnmyaTanus ys3na «THIPOMOTOP — KOJIECO» TOBBIIIAET
MIPOXOANMOCTH IIACCH B PE3yJIbTaTe HEIPEPHIBHOTO MOTOKA MOIITHOCTH ¥ IUTABHOTO N3MEHEHHS KPYTSAIIEro MOMEHTA.

Kommnannu Scheuerle n Kamag (I'epmaHusi) BBIMYCKAIOT MOJYJIbHBIE THJIPABINYECKHE TPAHCIIOPTHBIE
atdopmsl: cpeaane — FlatCombi K22 u tsixensie camoxoanbie — InterCombi K25 (puc. 2).

Monymu cpennux cepuid mupuHoit 2750 n 3000 MM paccuuTaHbl Ha Harpy3ky 23 u 25 T Ha OAHY OCh IIPH
ckopoctu 10 10 kM/4. MoJynu TsKeNbIX cepuil ocHamarT 2—6-konecHbiMu ocsivu. [llupuna matgopmer — 3000 u
3100 MM, Harpy3ka Ha oaHy ocb — 36—45 1. CaMoX0/iHblE MOAYJIM IPUBOAATCS B ABHKEHHE CHIIOBBIMH YCTaHOBKAMHU
PowerBooster. BapuaHTh! X 00beTMHEHHUS:

? JlpoccenbHbiii femuTens moToka : matent 1670191 CCCP : F 15 B 11/22/ FO. A. Syxuu, JI. I1. Konocos, A. T. Pribax [i ap.]. Ne 3841241/29 ;
3asBi1. 02.01.1985 ; omy6u. 15.08.1991, Brox. Ne 30. 3 c.

! MHuoronoTouHbIi JeNMTeNb-CyMMaTOp TIOTOKOB : mateHT 1742530 CCCP : F 15 B 11/22 / A. T. Pwibak, FO. A. Snyxun, B. WM. AuToHenKo.
Ne 4694140/29 ; zasiBi. 23.05.1989 ; ony6u. 23.06.1992, Bron. Ne 23. 2 c.
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— ojHa maarhopma, Ha KOTOPYIO YKIIA/IbIBAIOT MOCTOBOE CTPOCHHUE,
— JIB€ TEJIKKH C OTIOPHO-TIOBOPOTHBIMH CTOJIAMH.

Puc. 2. /IBa coeqMHEHHBIX 6-0CHBIX caMoxoaHbIX Moxyirs InterCombi K25 xommannn Kamag (I'epmanmst)

B oTecuecTBEHHOM MAIIMHOCTPOCHHHM MOJXKHO BBIACIHTH MEPCICKTHBHYIO KOHCTPYKIIHIO MHOTOOCHOTO,
TIOJTHOCTBIO THAPABIMYECKOTO IIACCH, pa3paboTaHHyIo LIeHTpalbHBIM HayYHO-HMCCIIEI0BATEILCKIM aBTOMOOUIBHBIM 1
o 11
aBTOMOTOPHBIM HHCTUTYTOM «HAMM». D10 TpexocHBIH aBToMOOIIH «I mapoxon-49061» " (puc. 3).

Puc. 3. Apromoomie HAMU «'uapoxon-49061»

B KOHCTpYKIMH 3TON MaIIWHBI peaTn30BaHa HIesl «THOKOTO KOJIECHOTO IMPUBOIAY, KOTOpas MpeaycMaTpHBaeT
WHIWBUIYATBHBIA THIPOHACOC JUIS KAXKIOW M3 TPEeX KOJIECHBIX ocei. TpaHcmoprep moctpoeH Ha 0asze maccu «3U1JI-
4906». OcHalleHHe IMACcCH THIPOOOBEMHON TPAHCMHCCHUCH MO3BOJISICT PEaM30BaTh BCE BO3MOXKHBIC THITBI KOJECHBIX
TpaHCMUCCHI: OJOKHPOBaHHBIN, MU(QEepCHINATBHBIN, ¢ WHAUBAIYAIGHBIM PErYIHPOBAHUEM — U MX KOMOHMHAIIUH.
[IpoMBIIIIICHHOCTh 3aWHTEPECOBAaHA B Pa3BUTHH MPOU3BOACTBA 0OHEMHO-THIPABINYCCKUAX KOJICCHBIX ITACCH BBICOKOI
MIPOXOAUMOCTH, YTO CTUMYJIMPYET HOBBIC UCCIICIOBAHUS B 3TOW O0JIACTH.

Jlenurenu MOTOKAa IIMPOKO TPUMEHSIOTCS B CXE€Max THAPABIMYECKUX TPAHCMHUCCHUA Ui OOecTiedeHHs
osmokupoBanus audhepeHipana, YTo MO3BOJSCT YBEJIMYHWTH MPOXOAUMOCTh TMPEISTCTBUH. JlenuTens moToKa
rapaHTUpPyeT, YTO 00a CUHXPOHU3UPYEMBIX KoJieca Bcerja OyayT co3aaBaTh TATOBOE YCUIIHME, JaKe €CIU OJJHO U3 HUX
HaXOJIUTCSl HA MSATKOM HWJIM CKOJB3KOM TpyHTe. HO Ais CHHXpOHUW3AllMU U YIPABJICHUS TMOTOKOM B 4- U 6-OCHOM
KOHCTPYKIIMM HEOOXOIMMO TIOCIIEIOBAaTEIIFHO COCAMHHATh HECKOJNBKO JICIHWTEeNeH, MpHYeM C H3MEHSICMBIM
COOTHOIIICHUEM JCITICHHS 0 YIPABIAIONIEMY CUTHAIY.

Pe3yabTaThl nccienoBanus. PaccMaTpuBaeMble YeTHIPEXITOTOYHBIC ICTHTENN MOKHO OTHECTH K OJHOMY W3
IBYX THIIOB. B miepBOM ciy4ae pedb HICT O KOHCTPYKIHAX C 30JIOTHHKOM. DTO KacKaq W3 TPeX ACIHUTEICH MOTOKa B

" Tpouko E. M. MeTojibl TIOCTPOESHHUS CHCTEM CHIIOBBIX THPOOOHEMHBIX PUBOJIOB KOJIEC TIONHOMPUBOIHBIX aBTOMOGHIIEH : aBTOped). ucC. ... KaHl.
Tex. Hayk. M., 2007. 20 c.
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OIHOM KopIyce. B KkauecTBe mpumepa MOKHO MPHUBECTH AeNHTEbh MoToka Poclain FD-M4 (®panuus)'”. Ha puc. 4
n300pakeHbl €ro BHEIIHHUH BUJI ¥ THAPaBINYECKas cXeMa.
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Puc. 4. YersipexnoTouHslii genurens notoka Poclain FD-4M: BHennuit BuL (@), NpUHIMITHATBHAS THAPABIHYECKas cxema (6)

B koHCTpyKIUSIX BTOpOTrO THNA HE MPEIyCMOTPEHAa BO3MOXKHOCTb MEHSTb COOTHOIIEHHE JEJIEHUs IO
BHEITHEMY YIPABISIIONIEMY CHTHAlTy. OTO OrpaHuMuYuBaeT cdepy IpUMEHEHHs JAenuTeleld B  YHpaBiseMbIX
MHOT'OJIBUTaTENbHBIX THApOcUcTeMax. Pa3paboTka MHOTOIOTOYHOTO APOCCEIBHOTO JENUTENs] MOTOKa Ha OCHOBE
KOHCTPYKIHii, co3nannpix B 1989 m 1991 romax'™> ' mossomut COKPAaTUTh YHMCIO THAPOHACOCOB, M30aBHUTHCS OT

MOCJIEAOBATCIIBHOTO COCAMHCHUSA ABYXIOTOYHBIX ZleJIPITeJ'Ieﬁ (COOTBeTCTBeHHO, CHU3UTb TIOTEPU JaBJICHHUA B

http://vestnik-donstu.ru

12 Karanor npomykiuu komnanuu Poclain Hydraulics / POCLAIN Hydraulics / www.poclain-hydraulics.com [caiit]. URL: https://www.poclain-
hydraulics.com/ upload/ressources/media/pdf/B33971Z.pdf (nata o6pamenust: 18.01.2021).

1% JlpoccensHpiii aenmrens notoka : marent 1670191 CCCP : F 15 B 11/22 / 10. A. Sluyxun, JI. T1. Konocos, A. T. PeiGax [u ap.]. Ne 3841241/29 ;
3asBi1. 02.01.1985 ; omy6u. 15.08.1991, Bron. Ne 30. 3 c.
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Ne 4694140/29 ; 3asBn. 23.05.1989 ; omy6m. 23.06.1992, Brom. Ne 23. 2 c.
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THAPOCUCTEME), & TAKXKE PEaM30BaTh aJalTUBHOE YNPABICHUE TMIPOJBUIATEIIMH MHOTOIBUTATENbHBIX MOOHUIBHBIX
MamuH [7].

Tak, HampuMep, MOXHO NOJYYUTh NEIUTENb-CYMMATOp Ha 4YeThIpe IMoToKa (puc.S) myTem aoOaBieHMsS
BBIITyCKHOW KaMepsbl 16, cBsi3aHHOW ¢ kamepoil MmeMOpansb! 10 yepe3 kaHall, BXOAAIIMHN B corio TpyOku Bentypu 3. Ilpu
9TOM JIeBble Kamepsl 15, 16 u mpaBbie kamepsl 17, 18 MOXKHO CBsI3aTh MOABHXKHBIM IIYHXepoM 13 Mexay kamepamu
16u17.

15 16 17 18
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Puc. 5. YeTbIpeXOTOYHBIN ACTUTENH C YyBCTBUTEIBHBIMU dJIEMEHTaMH TUIIA TpyOKka BeHTypn

OnuiieM NPUHOMIT PabOThI ENUTENSI-CyMMAaTOpa MOTOKOB C YYBCTBUTEIBHBIMHU 3JIEMEHTAaMU B BHUJIE TPYOOK
Bentypu. Bo Bpems nenenust motoka pabodas )KMIKOCTh HAIIPaBIIETCA Ha BXOJ AeuTeNs-cyMMaTopa 1. Jlanee moToku
pa3mensaoTCs MEXIY YyBCTBUTENBHBIMU 37eMeHTaMH 2, 3, 4 u 5. OHHU BBHINONHEHB B BUAE TpyOOoKk BeHTypu, n ux
TOPJIOBHHBI COCAMHEHBI C MPWICTAIIUME padounMu kamepamu 6, 7, 8 u 9. Ilpu sTtom kamepsl 6, 7 u §, 9 —
UCTIOJTHUTEINBHBIE JJIEMEHTHI KOHCTPYKIMX. OHHU OTIENCHBI IpyT OT Apyra MmemOpanamu 10 1 11 1 5kecTKO 3aKpeTIeHBI
B TeJe MOOBIKHBIX TUTyHXKepoB 12 m 14. INoaBwxkHelA ToryHkep 13 obecmedmBaeT CBS3b MEXAY JIEBOW W IIPaBOit
gacTsiMu penutens. [locme TpyOok BeHTypu MOTOKHM KHIAKOCTH HMPOXOAAT Yepe3 OCEBbIE M paavabHbBIC HMPOTOUYKH
mwIyHxepoB 12 u 13, a nanee nonagaroT Ha nepeMeHHble conpotuieHus 15, 16 u 17, 18 u x BIXOIHBIM KaHanam 19,
20wm 21, 22.

JlomycTum, THAPOABUraTeIN Ha BCEX BETBAX HCIBITHIBAIOT OAMHAKOBYIO Harpy3Kky. COOTBETCTBEHHO, B BETBSAX
pacxo/isl OAMHAKOBBI, 4, 3HAYHT, OJJUHAKOBBI M PACXOJIbl Yepe3 COOTBETCTBYOIUE UM TpyOku BenTypu. B ropnosunax
TpyOok BeHTypu OynyT oJMHAKOBBIE CKOPOCTHBIE HAIOPBI, IOITOMY JIABJICHHS B KamMepax YHpaBlieHHs OyIyT Takke
paBHbl. C o0eux cTOpoH OyAeT OJMHAKOBBIM JaBJICHME Ha CTEHKH MEMOpaHHBIX 3JIEMEHTOB MCIOJHHUTENBHBIX
MEXaHHU3MOB, M 3TO MIPUBEJET UX B YPAaBHOBEIIEHHOE COCTOSHHE.

B ciydae Bo3zpacTanust Harpy3ku (HalpuMep, Ha THIPOJIBUraTele MPUCOSINHEHHOM K BBIXOJHOMY KaHaiy 19)
COKpPAaTHTCS pacxXoJ B COOTBETCTBYIOIICH BETBM W COCOUHEHHOW ¢ Hed TpyOkoit Bentypu 2. Kak cuencteue,
YMEHBIIUTCSI CKOPOCTHOH HAamop B €¢ TOpJIOBHHE, 4, 3HAYWT, JaBJICHWEC B HEH yBenuuuTcsa. B cBoio odepenp, 3TO
NIPUBEIET K MOBBIIICHUIO TAaBICHUS B pabodei kamepe 6. B pesynbraTe HapymuTcs paBHOBecue MeMOpansl 10, 1 oHa
Oyner casuratbesi BrpaBo. [Imymxkep 12 Takke cTaHeT NepeMellaThCs BIPABO, CyXas KHUBOE CEUYECHHE MEPEeMEHHBIX
conpoTuBieHu 16 u 17, xoTopble uepe3 MOJIBMKHBINA IIyHXep 13 cBa3aHbl ¢ conpoTuBieHueMm 16. B pesynsrate B
COOTBETCTBYIOIINX BETBsIX U TpyOKkax Bentypu 3 u 4 pacxox ymensimtes. [lnyrxkep 14 HauHeT nepeMeraTbesi BIIPaBo
W YMEHBUINT JKHBOE CEYEHHE IIEPEMEHHOro conpotuBieHus 18. Drtor mnpouecc OyJdeT NpPOIOIIKATHCS IO
YPaBHOBEIIMBAHUS PACX0JI0B BO BCEX BETBAX JICIUTENS.

B pexnme cymMMHpOBaHHS TOTOKH [ OOBEAWHEHMS TOABOIATCS K BBIXOAHBIM KaHalaM JACIHTENs-
CyMMaTopa, ¥ ero pado4nii poIecc UAET B 00PaTHOM ITOPSIKE.
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CTouT OTMETUTH, YTO €IIe Ha CTaJUH pa3pabOTKH HEOOXOAWMO 3HATH HAAEKHOCTh M (YHKIMOHAIBHBIC
CBOICTBA IPE/JIOKEHHON KOHCTPYKLUH JIeNUTENsI-cCymMmmMaropa. Jlydmre crocoObl Hoy4ynTh HEOOXOAUMBIE TaHHBIE —
MOJICIUPOBAHUE U YHCIICHHBIE dKCIIepUMeHThI ~ [9—13].

Oo0cy:xaenne u 3axiarouenus. lllnpokoe npruMeHEeHNE MHOTOABUTATENBHBIX PAa3BETBICHHBIX THPABINIECKIX
CHCTEM B IPOMBIIUICHHOW W MOOWIBHON TEXHMKE YacTO MPEANONaracT CHHXPOHHM3ALUIO WX HCIOIHUTEIBHBIX
MEXaHHM3MOB. B 3aBHCHMOCTH OT yCIOBHH 3KCILTyaTaiuy 1 TpeOoBaHUH K ()yHKIIMOHATIBHOCTH UCTIONIB3YIOTCS PEIICHHS
Ha OCHOBE CIIOXKHBIX KOHCTPYKLHH W3 PperyaupyeMbIX OOBEMHBIX T'HAPOMAIIUH WM JIPOCCENBHBIX JEIHTeNeH
motoka [5—8]. B ciyuasx, xorma HeoOXOOMMO 3aJeCTBOBATh MEXaHHM3M COTJIACOBAHUS Ha KOPOTKOE BpeMs, Hauboiee
SKOHOMHWYHBIM, Ha Hall B3I, CIIOCOOOM CHHXPOHH3ALUK SIBIISICTCS] UCTIOIB30BAHUE APOCCEIBHOIO JICTUTEIIS OTOKA.
Paccmotpennbie ruapoMammebel  (puc. 2,3) B MONHOM Mepe COOTBETCTBYIOT MOHSTHIO MHOTOJBHIaTEILHOMN
rugpocucTeMsl. [IpuMeHeHe JpOCCeNbHBIX JeNUTeNel TOTOKAa B KOHCTPYKIMH BEAYIIHUX KOJIECHBIX OCEH TaKUX MallluH
obecrieunT peanu3anuio TuddepeHIranbHON cXeMbl 0e3 MEXaHHYECKOH TPAaHCMHUCCHH. JTO HOBBICUT ITPOXOJUMOCTD U
1103BOJIUT (P (PEKTUBHO YNPABISATH TUIPONPHBOIAMH KOJIECHOHN MapHl.

Ha priHKe He npeacTaBIeHbl MHOTOIOTOYHBIE APOCCENbHBIE YIPABIsSEMble AEIUTEIN IOTOKa. DTO YKa3bIBaeT
Ha BOCTPEOOBAHHOCTh MX Pa3paOOTKH.

JanbHeiimas paboTa Mo NMPOSKTHPOBAHUIO YETHIPEXIOTOYHOTO AEIUTENSI-CyMMaTopa IOTOKa ONHMCAaHHOW B
CTaThe KOHCTPYKLMH OyAeT HampaBlicHA Ha CO3JaHHE MaTeMaThueckoil Mmonenu. Ee 6a30if cTaHyT OCHOBBI TEOpHH
161718 114-16]. D10 MO3BOMHAT YTOYHUTH (PU3UIECKUE Pa3MepHl AIIEMEHTOB JACIUTEII-CyMMaTOpa
U PacCUMTATh JIOMTYCTHMBIC PEKUMBI PaOOTHI.
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