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AHOTAIIIL

[IIeBioB B.M. Bubip 1 oOrpyHTYBaHHSI TEMIIEpATypHUX PEKUMIB POOOTH
riapoo0’eMHO — MEXaHIYHOI TpaHCMIcCIi KOJIICHOTO TpakTopa. — Kamidikariitaa
HAyKOBa Ipalls Ha MpaBax PYKOIUCY.

Hucepraiiist Ha 3100yTTS HAYKOBOI'O CTYIEHS KaHAUAAaTa TEXHIYHUX HAyK 3a
cnemiaibHicTIO 05.22.02 — aBTOMOO1M Ta TpakTOopu. — HalloHanbHUN TEXHIYHMIMA
yHiBepcHuTeT "XapKiBChKHUM MOMITEXHIYHUM 1HCTUTYT", XapkiB, 2018 p.

Jucepraiiro MPUCBAYEHO NIJBULIEHHIO €(QEKTUBHOCTI BUKOPUCTAHHS
TPAaKTOPIiB 3 Tiapoo0’eMHO-MexaHiuHOWO TpaHcmiciero (TOMT) 3a paxyHOK
BU3HAYCHHS BIUIMBY TEMIIEPATYpHUX PEXKHUMIB POOOTH Tipoo0’eMHOI mepeaadl
(COII) Ha mOKa3HWKK POOOTH TPAHCMICii, OOTPYHTYBAHHIO MMapaMeTpiB CUCTEMH
OXOJIO/PKEHHS T1IP000’€MHOI TIepeiaui.

JUisi BUpIIIEHHS MOCTaBJIEHOI 3ajadi OyJi0 MPOBEACHO aHalll3 HAYKOBHMX
JOKEpeN, BCTAaHOBJICHO, WO JOCTIDKCHHIO TEMIIEpaTypHUX CTaHIB pPOOOTH
I1IPOCUCTEM MPUCBAYYETHCS TOCUTh 0arato yBaru. AKTyaJbHICTh LIbOI'O MUTAHHSA
BU3HAYAETHCS 3HAUYHUM BIUIMBOM TeMIIEpaTypH poOouOoi piAMHHM Ha MapameTpu
poOOTH CHCTEM uepe3 3MiHy KOHCTPYKTMBHHUX TapaMmeTpiB oOOJagHaHHSA a0o
¢13u4HMX BiacTUBOCTEW piauHU. lIpoaHanizoBaHO MIIXOAU IIOAO YpaxyBaHHS
TEMIEPATYPHUX PEKUMIB POOOTU TIIPOCUCTEM Ta BHU3HAYEHO, 10 OCHOBHUMH
HaMpsIMKaMH € BBEJCHHsS KOe(DIIIEHTIB MPUOJMU3HOTO ypaxyBaHHS TeMIIepaTypu
Py BU3HAYEHH1 00’€MHUX BTpAaT, MOCIIJIOBHE BU3HAUEHHS TEMIIEpaTypu poOoUoi
PIAMHY HA KOXKHIN JIAHII 3 IepepaxyBaHHsIM BTPAT Ha KOXKHIH 1Teparllii abo 3aBIaHHS
MOCTIMHUX 3HAY€Hb BTpPAT Ta BU3HAYCHHS] KOHCTPYKTUBHUX T'€OMETPUYHUX 3MiH B
oOJ1aTHaHHI.

B sixocti npuknany st posrisgaHHs Oyia oopana tpancwmiciss TOMT-1C.
Jns omucy KiHEMAaTMYHHMX MapaMmeTpiB poboTH TpaHcMmicli Oylo CKJIaJeHO
MateMatnuny mozens 'OMT. Otpumana maTemaTu4Ha Mojielb Oyia peaizoBaHa
B mporpami MATLAB Simulink Ta Bkimtouae B cede monens JIB3, TOMT Ta Mmogens

IIyra 1Jis1 BU3HAUCHHS HAaBAHTAXKCHHA IIPU BHKOHAHHI TEXHOJOTTYHUX onepaui'l'.
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B pamkax gocmimkeHHs 0yJ10 CKJIaIeHO MaTPUIHY MAaTEMAaTHYHY MOJIEIb, sIKa
Oyna poslMpeHa BBEIEHHSM [0 il CKJIaAy pIBHAHb TEIUIOBOTO OallaHCcy s
BU3HAUEHHS Tepenaay TemrepaTypu poOodoi piguHu Ha pizHux nankax ['OIL.
OTtpumaHa MaTpuyHa CHCTEMa MPEACTABIsAE COOOI 00’€THAHY MATpPHINO, SKa
CKJIAJA€ThCcsl 3 KIHEMAaTWUYHOI MaTpuill 3 ypaxyBaHHsM 00 ’emuoro KK/ T'OIl,
cuiioBoi matpull 3 ypaxyBaHHsAM KKJ[ MexaHIYHMX peayKTOpIB Ta MEXaHIYHOTO
KK/ I'OIl Ta TemnepaTypHOi MaTpulli 3 33JaHOI0 TEMIIEpaTyporo pobovoi piiuHA
Ha JOBUIBbHIN NaHwi. Po3mupena MaTpuils BUPILIYEThCS ITEPALIiHUM METOAOM 3
MOCIIJOBHUM HAOIMKEHHSIM JI0 33/1aHO0T TOYHOCTI PO3PaXyHKY.

[Ipu po3paxynky Oyiu oOTpyHTOBaHI TOMYIIEHHS PO HEBPAXyBaHHS 3MIHH
TeMreparypu poO0Yoi piIMHM MPU TEIUIOOOMIHI Yepe3 CTIHKU TIIpOMallvH Ta
CTIHKH JOTIOMDKHOT apMatypu. byna ckiageHa MareMarndHa MOJIETb PO3PAXYHKY
BTpaT TEIUIOBOI €HEprii uepe3 sBUIIE TemonepeHocy. Mojenb ckiananacs i3
CXEMaTUYHOI Ta MaTEeMAaTUYHOI MOJIENI, SIKl BPaXOBYIOTh KOHCTPYKTHBHI IMapaMeTpu
00’€KTy Ta KIHEMaTH4YHI CKJIAQJ0BI pyXy poOo4oi piMHU uepe3 Iel 00 €KT.
BusiieHo, mo mnepenan TemrepaTtypu poOOo4oi piIMHHU 3HAXOAUTHCS B MeE)Xax
Menbll HK 0,2% Big 3araipHOI TeMnepaTypu, TOMY NPHU PO3PAXyHKY TEIMIOBUX
PEXHUMIB T1APOMAIIINH BPaXOBYBaTH 1€ Tiepena He JOIIBHO.

JIns miATBEpIKEHHS CKJIQJEHOT MaTeMaTU4YHOI Mojieni Oyiu TpoBeJeH1
crennoBi gociimkenas I'OIl Ta TOMT. B xoai eKcriepuMeHTaIbHOTO CTEHIOBOTO
JOCJTIIKEHHS BUKOPUCTOBYBABCSI CTEH] IOBHOMIOTOKOBOI T1Ip000’€MHOT Tiepeaadi
Ta ripoo0’eMHO — MEXaHIYHOI TPAHCMICIi, CTBOPEHHM Kadeaporo «ABTOMOO1IE Ta
TpakTopoOyyBanHss» cymicHO 3 [TAT «XT3». Crenn ckiiagaeThCcsi 3 TPUBITHOTO
CJICKTPOABUTYHA, HaBaHTaXKyBaJibHOTO mpucTporo, ['OIl (ado 'OMT), macisiHoro
Oaky, pamiatopy Ta ¢iabTpy. s peectparmii gaHHX B MPOIEC MPOBEICHHS
eKCIIEPUMEHTAIbHUX JOCHIIKEHb BUKOpHCTOBYBaBcs Moxayiab AlLlll, cucrema
YKUBJICHHSI BUMIPIOBAIBHOTO KOMIUIEKCY, TPU AATYUKH HAJIUIIKOBOTO THCKY, TPU
JATYMKA YaCTOTH OOEpTiB, /IBa JATYMKH KPYTHOTO MOMEHTY Ta TPH JATUYUKH
TemriepaTypu. B 3B’S3Ky 3 TMM, 110 YacTUHA JaT4YMKIB He Oyia cepTudikoBaHa,

MPOBOJMIINCS TapyBaJlbHa XapaKTEPUCTUKA JATYMKIB KPYTHOTO MOMEHTY Ta
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BU3HAUaNacs 3aJeKHICTh 3HAaYCHHSI BUX1JHOTO BOJIBTOBOTO CUTHANY BiJl 3HAUCHHS
HABAHTAXKEHHI Ha MIPUIIA/IL.

3 METO OTpPUMaHHS MaTeMaTUYHOI MOJENl EKCIePUMEHTAIBHOTO
JOCT/DKEHHSI Ta TEpPEeBIPKM MacHBYy OTPMMAHUX JaHUX Ha aJeKBaTHICTb OyB
CKJIaJICHUI MOBHUM (paKkTOpHUI ekcriepruMeHT. bpak B mapajienbHUX TOCTIIKEHHIX
BHU3HAYaBCs MO Kpurepito CThIOJEHTa — IEpeBIpKa IOKa3ajla L0 pe3yibTaTH
napajelbHUX JOCHiAIB  HE MOXKHa BBaXaTu NOMUIKOBUMHU. [lepeBipky
OJHOPIAHOCTI Jucrmepcii BUKOHyBajlacsi Mo KpuTepiro @Dimepa — mepeBipka
mokasaja, IO Juchepcii OAHOPiAHI. AJEKBAaTHICTh MaTEeMAaTHMYHOI MOl
BU3HAYasacs 1o kputepiro dimepa — nepeBipka mokasana o MoJAeNb ajeKBaTHA.

Jli1st 0OpoOKM €KCIEpUMEHTANbHUX JaHUX 3 IaTYUKIB BUKOPHCTOBYBAJACs
anpoKcHUMaIlisl MoJIIHOMOM N-1 cTymneHi. Anpokcumaitisi Oyia motpibHa yepes Te, 1o
OTPUMaHUM Ta 3aNMCAHUN CUTHAJ MaB JIESKY KUIbKICTh IIIYMOBUX 3aBaj. B 1migomy
i 3aBaJd MajJM BUIJSA HEPABHOMIPHOTO BIIXWJIEHHS B JBOX MPOTHIICKHUX
HampsIMKax BIJ IEHTpajdbHOI KpuBoi. s NaTyukiB TeMmmeparypu Ta THUCKY
BUKOPUCTOBYBAJACS JIIHIAHA 3aJIEXKHICTh MpEJCTaBleHa BUPOOHUKOM. Jlis
JaTYMKIB KPYTHOTO MOMEHTY BUKOPHCTOBYBAJIACs TapyBaJIbHA XapaKTePUCTHUKA.

byna cknagena mMeToauka MPOBEJEHHS €KCIEPUMEHTAIBHUX TOCIIIKEHb,
NIATOTOBKM Ta TEPEeBIPKM Ha Mpale3aTHICTh CTEHJOBOro OOJaJHAHHS Ta
KOHTpOJIbHOT OOkaTku. Ll Meronuka BkIOyae B cebe CKJIaJaHHS CTEHAY 3
MoNepeHLOI0 EPEBIPKOI0 OKPEMO YCiX €JIEMEHTIB, MEPIIHUM 3ayCK Ta MepeBipKa
OpraHiB KEpyBaHHs, Ta 0€3M0CEPEIHBO MTPOBEECHHS BUMPOOYBaHb 3 (DiKCAIIIEI0 YCiX
HEOOX1THUX MMapaMeTpiB.

B pe3ynbrari mpoBeNEHHA CTEHAOBHX JOCHIIKEHb Oylia BCTaHOBJIEHA
MaKkcuMasibHa moxuoka 9,2% npu Bu3HaYeHHI nepernany Tucky. Cnuparduch Ha 11e
3p0o0JICHO BHCHOBOK IIPO QJCKBATHICTh MAaTeMaTHYHOI MOJIENl Ta MOXKJIHMBICTH
BUKOPHUCTAHHS i1 B TOJAJIBIINX JOCTIIPKCHHSX.

BukopucTtoByroun ckiageHy MaTeMaTHUHy MOJENb MPOBEACHUN aHai3
napametpiB podotu ['OIl B ckmani 'OMT na npuxnani tpancmicii FOMT-1C.

AHaJli3 TPOBOJMBCSA Ha JBOX PEKUMaxX: BUKOHAHHS TEXHOJIOTTYHUX OIeparlii
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(3aKamanocs HaBaHTAXKEHHs, IO BIAMOBIJAE BUKOHAHHIO OMepallii opaHKa) Ta
TpaHCIOPTHOMY pekuMi. Buznavanucs temmnepaTtypa Ha JUISTHKAX TIpOCUCTEMHU Ta
B rigpoMammHax, 00’emauii Ta mexaniunmid KKJ[ T'OIl Tta 3arampamit KK]I
TpaHcMicii. B xoai aHamnizy BIUIMBY KIHEMATUYHHUX Ta CHJIOBUX MapaMeTpiB poOOTH
['OMT Ha nepenan temmneparypu podouoi pimuau B ['OIl BusiBneHO, 110 MIKOBI
3HAYEHHS Nepenaay ClocTepiraloThes B 0COONIMBIN 30H1 (30Ha, po3TamoBaHa Outs 0
M0 TIapaMeTpy PEryJOBaHHS TIIIPOMAIIUHU), 1[0 3YMOBJIEHO CITIBBIIHOIICHHIM
MOTY>KHOCTI, III0 TIPOXOAUTDH Yepe3 TiApaBlIiyHy TUIKY, Ta MEXaHIYHHUX 1 00 €MHHUX
BTpar. llpu Bu3HayeHHi Temmeparypu poOodoi piguHu Ha auistHKax [OI1
BpaxoBYBAJIUCS SIBUIIA IMOCIIJOBHOIO HAKONMWYEHHS TEMIIEpaTypHd, a TaKOxX
3MIIIEHHS TMOTOKIB. MakcuMalibHe 3HayeHHs nepenaay ckiagae 12 °C ta
crioctepiraernbcs Ha Il mepemauyi.

B xoni gocnipkeHHs BIUIMBY TeMIiepatypHux pexxkumiB pobotu ['OIl nHa
napametpu podotu I'OMT TpakTOopa BUSBIEHO, 110 30UIbIIEHHS TEMIIEPATypU A0
KpUTUYHOTO 3HaueHHs 3HWKye o0’emuuii KKJI maibke Ha 30%, a MiHIManbHE
3HaueHHa 3aranpHoro KKJI cknagae 0.6. Ilpu nupomy BiOyBa€eTbCs 3CyB MOYATKY
poOoTH rigponepenadl Maixe Ha 25%. Lle sBuILEe criocTepiraeTbesi yepe3 3MiHy
G13MYHUX BIACTUBOCTEHW poO0YOi piHU, a caMe 3MiHa B ’A3KOCTI Ta rycTuHu. Lli
G13M4HI  BJIACTMBOCTI BXOJATH JO BHpasiB Bu3HaueHHs 00 emHoro KK/
rigporepenadi.

[IpoBenenuii anani3 BU3HAYEHHS ApaMETPIB Ta MiI00pY €IEMEHTIB CUCTEMHU
OXOJIOJIPKEHHS TiapocucTeM. PO3MmoBCIOKEHUHN MiAX1l CIUPAETHCA HA BUSHAYCHHS
3arajbHOi MOTYHOCTI, 1110 MPOXOJAUTH Yepe3 TIAPONPUBII HA BUOIp 0OIaHaHHS 3
ypaxyBa"HsM 20% 3amacy notyxHocTi. B TOMT 3aranbHa NOTY>HICTh 3 IBUTYHA
HEPOBHOMIPHO PO3IMOAUIAETHCS MK TIAPABIIYHOI Ta MEXaHIYHOIO Tinkamu. [Ipu
BUKOPUCTAHHS TiAp000’€MHO-MEXaHIYHUX TPAHCMICIi BHKOHAHUX 3a CXEMOIO 3
nudepeHiiaToM Ha BXOJ1 HE iCHye BapiaHTiB. Koiu dyepes rigpaBiiuHy TUIKY
npoxoautsb 100% mnotyxkHocti. st 6ubln parioHanbHOrO Mi0opy 00JaaHAHHS
MPOMOHYETHCS  3aCTOCOBYBAaTH METOJAOJOTII0, IO Tiependadae po3paxyHOK

pO3MOALTY MOTYKHOCTI MK JBOMa ruikamu. CHuparodyuch Ha aHali3 pO3MOILITY
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MOTOKIB TOTYXXHOCTI PO3pOOJIEHI peKOMEHAAlli II0J0 METOAOJOrii BUOOPY
obnagHanHs cuctemu oxonokeHHs ['OIl, mo npaitoe B ckinaai [OMT komicHoro
TpakTopy. Po3pobieHa MeTOo[0JIoTisI J03BOJISE€ OIIBIN pAIiOHATLHO BUOpATH
o0agHaHHS 3 MEHIIIMM 3aIlacoM, Ta, BIAMOBIIHO MEHIIUX PO3MIpPIB 1 BAPTOCTI.
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ABSTRACT

Shevtsov V.M. Choice and substantiation of temperature modes of operation
of a hydraulic - mechanical transmission of a wheeled tractor. - Qualifying scientific
work on the rights of manuscripts.

The dissertation for obtaining the scientific degree of the candidate of
technical sciences on the specialty 05.22.02 - cars and tractors. - National Technical
University "Kharkiv Polytechnic Institute”, Kharkiv, 2018

The dissertation is devoted to increase of efficiency of use of tractors with
hydromechanical transmission (GOMT) due to determination of influence of
temperature modes of work of a hydro-volume transmission (GOP) on parameters
of work of a transmission, substantiation of parameters of a system of cooling of a
hydro-volume transmission.

To solve the problem, an analysis of scientific sources was made, it was
established that a lot of attention is devoted to the study of the temperature states of
the hydrosystems. The urgency of this issue is determined by the significant
influence of the temperature of the working fluid on the parameters of the operation
of systems through the change in the design parameters of equipment or physical
properties of the liquid. The approaches to taking into account the temperature
regimes of the work of the hydrosystems are analyzed and the main directions are
the introduction of coefficients of the rough calculation of temperature in the
determination of volume losses, the consistent determination of the temperature of
the working fluid at each link with the transfer of losses on each iteration, or the
problem of constant values of losses and determination of constructive geometric
changes in equipment.

As an example, GOMT-1C transmission was chosen for consideration. To
describe the kinematic parameters of the operation of the transmission, a
mathematical model of the GOMT was compiled. The obtained mathematical model
was implemented in the MATLAB Simulink program and includes a model of DIC,
GOMT and a plow model to determine the load when performing a technological

operation.
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In the framework of the study, a matrix mathematical model was developed,
which was expanded by introducing into it the equations of thermal balance for
determining the temperature difference of the working fluid at various links of the
GOP. The resulting matrix system is a combined matrix consisting of a kinematic
matrix based on the volume efficiency of the GOP, a power matrix, taking into
account the efficiency of the mechanical reducers and the mechanical efficiency of
the GOP and the temperature matrix with a given temperature of the working fluid
at the arbitrary link. An expanded matrix is solved by an iterative method with
successive approximation to a given accuracy of calculation.

In the calculation, the assumptions about the failure to take into account the
change in the temperature of the working fluid during heat exchange through the
walls of the hydromachines and the wall of the auxiliary armature were
substantiated. A mathematical model for calculating heat energy losses through a
heat transfer phenomenon was compiled. The model consisted of a schematic and
mathematical model that takes into account the design parameters of the object and
the kinematic components of the working fluid through this object. It was found that
the temperature difference of the working fluid is within the limits of less than 0.2%
of the total temperature, therefore, when calculating the thermal regimes of
hydromashes, it is not advisable to take into account this difference.

For confirmation of the compiled mathematical model, bench surveys of GOP
and GOMT were conducted. In the course of the experimental bench survey, a stand
of full flow hydro-bulk transmission and a hydro-mechanical transmission was
created, created by the department "Automobile and tractor” in cooperation with
PJSC "KhTZ". The stand consists of a drive motor, a loading device, a GOP (or
GOMT), an oil tank, a radiator and a filter. To register data in the course of
experimental research, the ADC module, the measuring system's power system,
three surge suppressors, three speed sensors, two torque sensors and three
temperature sensors were used. Due to the fact that some of the sensors were not

certified, a torsional characteristic of torque sensors was carried out and the
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dependence of the value of the output volt signal on the load value on the device was
determined.

In order to obtain a mathematical model of experimental study and
verification of the array of data obtained on adequacy, a complete factor experiment
was compiled. The lack of parallel research was determined by the Student's
criterion - the test showed that the results of parallel experiments can not be
considered false. The verification of homogeneity of the dispersion was carried out
according to the Fisher test - the test showed that the variances are homogeneous.
The adequacy of the mathematical model was determined by the Fisher test - the test
showed that the model is adequate.

For the processing of experimental data from the sensors, the approximation
of the n-th polynomial was used. Approximation was needed because the received
and recorded signal had a certain amount of noise interference. In general, these
interferences looked like an uneven deviation in two opposite directions from the
central curve. For the temperature and pressure sensors, the linear dependence
represented by the manufacturer was used. For tilt sensors a tare characteristic was
used.

A methodology for carrying out experimental research, preparation and
testing on the performance of bench equipment and control run-up was made. This
technique includes the assembly of a stand with a pre-inspection of all elements
separately, the first start and check of the control bodies, and directly testing with
fixing all the necessary parameters.

As a result of bench testing, a maximum error of 9.2% was established when
determining the pressure drop. Based on this, it was concluded that the mathematical
model is adequate and that it can be used in further research.

Using the composite mathematical model, an analysis of the parameters of the
GOP operation in the GOMT was performed on the example of the GOMT-1C
transmission. The analysis was carried out in two modes: the implementation of
technological operations (the load was set corresponding to the operation of the

plow) and the transport mode. The temperature was determined on the sections of
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the hydrosystem and in the hydromachines, the volume and mechanical efficiency
of the GOP and the total efficiency of the transmission. During the analysis of the
influence of the kinematic and power parameters of the work of the GOMT on the
temperature difference of the working fluid in the GOP, it was found that the peak
values of the difference are observed in a special zone (a zone located near 0
according to the parameter of the control of the gidromix), which is due to the ratio
of power passing through the hydraulic branch, and mechanical and volumetric
losses. In determining the temperature of the working fluid in the sections of the
GOP, the phenomena of successive accumulation of temperature, as well as the
mixing of flows, were taken into account. The maximum value of the difference is
12 °C and is observed on the second transmission.

During the study of the influence of the temperature regimes of the GOP on
the parameters of the GOMT of the tractor, it was found that an increase in
temperature to a critical value reduces the volume efficiency by almost 30%, and the
minimum value of the total efficiency is 0.6. At the same time there is a shift of the
beginning of hydro transmission by almost 25%. This phenomenon is observed due
to changes in the physical properties of the working fluid, namely the change in
viscosity and density. These physical properties are included in the expressions for
determining the volume efficiency of the hydraulic transmission.

The analysis of determination of parameters and selection of elements of the
system of cooling of hydrosystems is carried out. The widespread approach is based
on the definition of the total power passing through the hydraulic drive for the choice
of equipment, taking into account 20% of the power reserve. In GOMT, the total
engine power is distributed unevenly between the hydraulic and mechanical
branches. When using hydro-mechanical transmissions performed according to the
scheme with a differential at the input there are no options. When the hydraulic
branch passes 100% of the power. For a more rational selection of equipment it is
proposed to apply a methodology that involves calculating the distribution of power
between the two branches. Based on the analysis of the distribution of power flows,

recommendations for the methodology of selecting the equipment of the cooling



5

system of the GOP, working in the GOMT wheeled tractor, have been developed.
The developed methodology allows more rationally to choose equipment with less
stock, and, accordingly, smaller sizes and cost.
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3MICT
[NEPEJIIK YMOBHUX ITO3HAYEHb
BCTVII
PO3AUI 1 AHAJII3 IMIMTAHHA AOCHIJDKEHHA TEMITEPATYPHUX
CTAHIB POBOTU I'lJJPOCUCTEM TA METOJIIB IX BUSHAUEHHS
BucHoBku 3a po3aiiom
PO3AJI 2 MATEMATHUYHA MOJEJIb TIAPOOB’€EMHO —
MEXAHIYHOI TPAHCMIII 3 YPAXYBAHHS TEMIIEPATYPHUX
PEXXMMIB POBOTU I'IJIPOOB’€MHOI ITEPEJJAUI
2.1 MaremaTu4Ha MOJIEIIb T1Ip000 €MHO — MEXaHIYHOT TPAHCMICI] 110 CXeMi 3
nudepeHiiiagioM Ha BUXO/II.
2.2 MaTpudHa MaTeMaThuyHa MOJIEb T1Ip000 °€MHO — MEXaHIYHOI TPaHCMICI]
o cxeMi 3 TudepeHIiaJoM Ha BUXOII.
2.3 MaremaTu4Ha MOJENb BU3HAYEHHS TEMIIEPATYPHHUX PEXHUMIB POOOTH
riapoo0’eMHOI niepeadi B CKIaAl Tiapoo0’eMHO — MEXaHIYHOI TpaHCMICIi.
2.4 Brpatu Teruia mpu pyci poO0dOi piIMHU MO CHJIOBUM TPYyOOIPOBOAAM
BHCOKOTO THCKY.
2.5 Btpatu temia npu pyci poOodoi piIHU O IPEHAKHUM TPYOOTpOBOIaM.
2.6 Brpatu Teruia poOo40i pIAMHU B KOPITYCl T1APOMAIIIHH.
BucHoBku 3a po3aisiom
PO3AJI 3 EKCIIEPUMEHTAJIBHE CTEHJOBE JOCJIJIXKEHHA
TEIUIOBUX PEXWMIB POBEOTU I'IJIPOOB’€MHOI ITIEPEJAUI
3.1 IlocTaHoBa 3a/1a4i €KCIEPUMEHTAIILHOTO CTEHJOBOIO JOCTII>KEHHS.
3.2 Bubip 00’€KTy eKCTIepUMEHTATIBLHUX CTEHIOBUX JTOCIIIKEHb.
3.3 OnwucanHs npuiajiB Ta oOJaJHAHHS, IO BUKOPHCTOBYIOTHCS B XOJi
EKCIIEPUMEHTATbHUX JOCHIIKECHb.
3.4 TapyBanbHa XapaKTepUCTUKA JATYUKIB KPYTHOTO MOMEHTY.
3.5 CknasanHs MOBHOTO (DAKTOPHOTO €KCIIEPUMEHTY.
3.6 OO6poOKa eKCTIepUMEHTATBLHUX JIAHUX.
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3.8 [IlopiBHSAHHS pe3yJdbTAaTIB TEOPETHUYHUX Ta EKCIIEPUMEHTaJIbHUX
JIOCJIJKEHD.

BucHOBKH 32 po3aiiom.

4 PE3VJIbTATU JHOCJIIJDKEHHSA TEMIIEPATYPHUX PEXWMIB
POBOTHU I'IIPOOEM’€MHOI IIEPEJAUI B CKJIAI I'IJIPOOB’€MHO
— MEXAHIYHOI TPAHCMICII TPAKTOPA.

4.1 TemmepaTypHl peXUMH pOOOTH HaA PI3HUX JIAHKaX TiApooO’eMHOI
nepenavi npu pi3HUX pexuMax poooTH.

4.2 AmnHani3 HaKONMUYEHHS TeMIepaTypd poOOYOi pIAUHU TpPHU TOBHIN
peaizallii TeraoBoi eHeprii Ha TeIIO0OMIHHHKY.

4.3 BuOip o0naiHaHHS CUCTEMH OXOJIOJKEHHS IPU YMOBI poOOTH B CKJIaAl
JIBOITOTOKOBOI TPaHCMICIi.

4.4 BB 3MiHM TeMmIepaTtypu poO0o4oi piiMHU HA TEXHIKO — €KOHOMIYHI
MMOKA3HUKU POOOTH TPAKTOPA.

BucHoBku 3a po3iaom
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CIIMCOK BUKOPUCTAHUX JI’KEPEJI

JNOIHATOK A Cxema po3noniny BHTpaTd poOOUYOi piIMHUA Hacoca
MIJUKUBJICHHS NpU poOOOTI B HABAHTAXKEHOMY pPEXHUMI 3 HE HYJIbOBUM
MOJIO’KEHHSIM OpraHy KepyBaHHs

JNOAJATOK b Pe3ynpTaTd TEOPETUYHOTO Ta EKCHEPUMEHTAIBHOIO
JOCJIIPKEHHS T11p0o00’€MHOI mepeiayi.

JNOJIATOK B Cxema cTeHay MOBHOIIOTOKOBOI T1/Ipo00’€MHOI mepenadi Ta
JBOIIOTOKOBOI T'1Ip000’€MHO - MEXaHIYHOI Mepeayi

JNOJIATOK ]I Cxema po3paxyHKy TeroBux pexumiB podotu ['OI1
JNOJIATOK E Pe3ynbrate Moiet0OBaHHS PO3MOILTY KIHEMAaTUYHUX, CHIIOBUX
Ta TeMIeparypHux napamerpiB poootu I'OMT Ha po6odix Ta TPaHCIIOPTHUX
nepegavyax

JOIAATOK XK AKTH BOpOBaJIPKEHHS PE3YJIbTATIB AUCEPTALINHOT pOOOTH
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