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Cmamus nocéawjena paspadbomie 3hQexkmusHoll MemoouKu onpeoeneHus ONMUMAILHO20 COYeMAanUs NApamempos 6HympeHHe2o
cmpoenust MmpakmopHvlx nHegmamuyeckux wun. OOHuM u3 paxmopos, GIUAIWUM HA NOKA3amenu QYHKYUOHUPOBAHUSL MAUIUHHO-
MpAaxKmopHblX azcpecamoes, Ae6/NAemcs CO8epuLeHcmeo dsuofcumeﬂeﬁ, cpedu Komopblx KONECHblE ABNAIOMCS 0omuHupy10u4uMu.
Onmwwwauuﬂ napamwempoe NHEBMAMuU4ecKoll WUHbL KaK OOHO20 U3 36€Hbe8 KOAeOameNlbHOU CUCmeMbl U OCHOBHO20 J1eMeHmd
KONECHO20 08UdCUMENs ABNAEMCA OOHUM U3 HANPABIeHUl NosbluleHUs ddhexmusHocmu QyHKYUOHUPOBAHUS MAUUHHO -IMPAKMOPHBIX
aepecamos. Hccnedosanus binoiHeHbl ¢ Yenvlo paspadomxu Q@ eKmusHol MmemoouKu onpeoeneHuss ynpyao-0emnpupyouux,
()e(j)opmauuowbzx, ms206blxX XapaKkmepucmuxk mpaKmopHblX NnHeeMamuiecKux WUH, }’l0360,’l}110u4612 KOppEeKmHoO cpaeHueantb
pasiuyHele Ux eapudaHmel. B npoyecce 3KcnepumMeHmdailbHblx uccne0o8aHull U3y4aiucCob xXapaxkmepucmuKku nHeemamuiyecKux uwuH
pasmepa 16,9-30 Ouazonanvro-napainenvrou koncmpykyuu. Konempykyus wiun onpedensemcs aiamunckum xeaopamom (3 x3).
Yemanoska ona ucnvimanus nueemamuveckux wiuH (WUHHBIL mecmep) NO360Aem BbINOIHUMb OnpedeneHue HeoOX00UMbIX
nokaszamernetl 6 pedjlbHblX YCI06UAX SKCnlyamayuu. Pa3pa60maHHaﬂ MemoouKa Uccied08anull NO360J5em onpedeﬂﬂmb HeobxoouMmble
Xapakmepucmukyu nHeeMamudecKux wuH, 6blNnOoJIHAMb CPABHEeHUA pPA3JTUYHbIX 6APUAHMOE. Hpu meopemudecKux UCCIIEO0BAHUSX
ucnojvzoeaniu My]lbmul’L/luKamu(S‘Hblﬁ Kpumepuu onmumusayuu. Cocmaenen aneopumm  noucka MuHumyma 146]168012 (I)yHKLﬂlu.
ﬂe(])opmauuormble Xapakmepucmuku nHeemamuiyecKkux wmuH 6 06“46}1/1 cayyae UxX HAepystCeHus noKasovlédrom, 4mo OHU UCNbIMblEAON
NPOOOIbHYI0, KDYMULLHYIO U paduanvhyto deopmayuu. Onpeoenenvl ONMUMAIbHbLE RAPAMEmpPybl OUALOHATbHO -NAPALIETbHOU WUHBL.

Knrwuesvle cnosa: nnesmamuueckas wiuna, degopmayus, Kod@pGuyuenm noiesHo2o oOeucmeus, NIouadb KOHMAKma, noued,
ynjiomHenue.

The article is devoted to the development of an effective technique for determining the optimal combination of parameters of the
internal structure of tractor pneumatic tires. One of the factors affecting the performance indicators of machine-tractor units is the
perfection of the propulsors, among which the wheels are dominant. Optimization of the parameters of pneumatic tire as one of the
links of oscillatory system and the main element of wheel propulsion is one of the directions of increasing the efficiency of operation of
machine and tractor units. The research was carried out with the aim of developing an effective technique for determining the
elastically damping, deformation, and traction characteristics of tractor pneumatic tires, which makes it possible to correctly compare
their various variants. In the course of experimental studies, the characteristics of pneumatic tires of the size 16.9-30 of diagonally
parallel structures were studied. The design of the tires is determined by the Latin square (3x3). Installation for testing pneumatic tires
(tire tester) allows you to perform determination of the required indicators in real operating conditions. The developed research
methodology allows you to determine the necessary characteristics of pneumatic tires, perform comparisons of various options. In
theoretical studies, the multiplicative optimization criteria were used. An algorithm for finding the minimum of objective function was
made. The deformation characteristics of pneumatic tires in the general case of their loading show that they experience longitudinal,
torsional and radial deformations. We have determined the optimal parameters of diagonal-parallel tire.

Key words: pneumatic tire, deformation, coefficient of efficiency, contact area, soil, compaction.

BBenenne

[loBbimenne 3(PPEKTUBHOCTH TPOU3BOJACTBA  TPOMYKIMM  PACTEHUEBOJCTBA BO3MOXKHO  IYTEM
HCIIOJIb30BAaHUS COBPEMEHHBIX TEXHUYECKHX CPEJCTB, BO3JICHCTBYIOIIMX Ha 00padaThiBaeMyI0 CpeIy
ANBTEPHATUBHBIMH CITIOCOOAMH CHWKEHHS SHEPro3arpar: ¢ MPUMEHEHNEM BUOpAIlii, pa3HOHAIIPABIEHHBIMU U
nehopMaIisIMA PACTSDKECHUS, TAKKE 3a CUET ONTUMU3AIUHN KCILUTYaTallMOHHO-TEXHOJOTHUECKUX TIOKa3aTeei
[1-11].

OKCIUTyaTallMOHHO-TEXHOJIOTUYECKUE TI0Ka3aTeld TPAKTOPOB MOTYT OBITH YIYYIICHHl IyTEM BBIOOpA
OTNTHMAJIBHBIX ISl TAHHBIX YCIIOBUU PabOTHI TATOBO-CIICTTHBIX CBOWCTB, 3aBUCSIINX OT XapaKTEPUCTUK ITHH:
pa3MepoB, AaBIICHUS BO3JyXa B HUX W HArpy3Kd, NPUMEHEHHEM JOIMOJHUTEIbHBIX IPUCTIOCOOICHHIA
(TOTYTyCeHMYHOTO X0/1a, TOYBO3AIETIOB, BEAYIINX OCeH U CABOCHHBIX muH) [12, 13].

OnauM u3 ¢GakTOpOB, BIMSAIONIMX HA TIOKa3aTenu (yHKITMOHHUPOBAHUS MAIIMHHO-TPAKTOPHBIX arperaTos,
SIBJISIETCSI COBEPLICHCTBO JIBUXKUTENEH, CPEIN KOTOPBIX KOJIECHBIE SIBISIIOTCS JOMUHUPYIOIIUMHU.

OnTuMu3anms mapaMeTpoB IMTHEBMATUYECKON IIMHBI KaK OJTHOTO W3 3BEHHEB KOJIEOATENHHON CHCTEMBI H
OCHOBHOTO 3JIEMEHTa KOJECHOTO JBMXKHUTENIS SIBJISICTCS OJHMM W3 HANPAaBJICHHN MOBBIICHUS 3PPEKTUBHOCTH
(hyHKITMOHUPOBAHUS MAITMHHO-TPAKTOPHBIX arperaTos.

Hens wuccnenoBanmii: pa3paboTka SPQPEKTHBHOW METOJUKH OIPENeNICHHS YIPYro-1eMIpUpyOuX,
nehOpMAIIMOHHBIX, TATOBBIX XapaKTEPUCTUK TPAKTOPHBIX IMTHEBMATHYECKUX INWH, TIO3BOJISIONICH KOPPEKTHO
CPaBHHBAThH PA3IIMYHBIC UX BAPUAHTEHI.

OcHoBHas YacTh

Metonuka BKIIOUAET TEOPETUYECKHUE M AKCIEPUMEHTAIbHBIE MCCIENOBAaHUS. OKCIEPUMEHTAIbHBIM
HCCIIEOBAHMSAM TIOABEPTAIICEH ITHEBMATHUYECKHUE IIIMHBI, KOHCTPYKITUS KOTOPBIX OIPEAENIETCS JaTHHCKUM (3x3)
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kBagpatoM [13]. Teopernyeckue HUCCIEIOBAaHUS BKIIOYAIM TIOMCK MHHMMYMa LENeBOW (YHKIMH C
UCTIOIb30BAaHUEM MYJIbTHIUIMKATHBHOTO KPUTEPHSI ONTUMH3AINHE METOIOM ITOKOOPAMHATHOT'O CITyCKa.

B mporecce wucciienoBaHHi M3yYaliMCh XapaKTEPHCTHKH SKCHEPHUMEHTAIBHBIX ITHEBMATHYECKUX ITHH
pasmepa 16,9-30 onbITHON AUaroHaNIbHO-TIApAIUIETBHON KOHCTPYKIUH [12]. DneMeHThl HapyKHOW TeOMETPHU
U BBICOTA TPYHTO3AIIETIOB, KOG (GUIMEHT HACHIIICHHOCTH PUCYHKA MPOTEKTOPA OMBITHBIX HMIMH TaKUE JKe, KaK
y cepuiinbix muH 16,9R30 mogenun ®-39. Hutn xoppa AMaroHalbHO-NAPATUICIEHONW IIMHBI PACTIONOKEHBI
TakuM 00pa3oM, YTO COCTaBJISIFOT OCTPBIN YTrOJI ¢ HamlpaBlieHHMEM ABIDKCHMS, IPUUEM HampaBlieHHEe HUTEH B
CMEXKHBIX CIIOSIX OJWHAKOBOe. BceiencTBhe 3TOro moj JASHCTBHEM KPYTSIEr0 MOMEHTa OHHM paboTaroT Ha
pacTshKeHue, a TMoJ1 IeUCTBUEM BEepTHKAILHON HArPY3KH B 30HE KOHTaKTa — Ha H3THO.

Jdns  wccnenoBaHWil  IWAaroHaNbHO-APAJUICNBHBIX [IMH — WCIONBb30BaJlaCh OPUTHMHAJBbHAS — yCTaHOBKA,
paspaborannas asropom [12, 13], «umHHELH TecTep» (pHC.).
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Puc. Hlunnsii tectep [13]: 1- Tiray; 2 — npuBaioynas pama; 3, 5, 6 — peakTUBHBIE IUTAHTH; 4 — TpaBepca; 7 — rpy3bl; 8 —
LWINHIPUYECKUH peaykTop; 9 — myrensmepurensHoe kojieco; 10 — npomekyTouHas pama; 11 — ropu30HTaIbHBIN MIApHUD;
12 — 6okoBast Ganka; 13 — ock; 14 — uccneayemoe koseco; 15 — pama; 16 — obronnas mydra; 17 — ruapoMoTop;

18 — nnanerapHsbIii pexykrop; 19 — npomonbHsil mapHup; 20 — THAPOHACOC C PErYIHPYeMOi mofadeit

VYcTaHOBKa COAECPKUT TArad 1, MApHUPHYIO pamy, BKIIOYAIOLIYI0 MPUBAIOYHYIO 2, MPOMEXYTOUHYI0 10 u
3agHIOl0 15 cekiuM, ock 13, 3aKperui€HHYI0 B M3MEpPHUTEIbHBIX Y3J7aX, MEXaHW3M IPHUBOAA HCCIEAyEeMOTO
KoJieca, COCTOSIIIMI U3 TUAPOoMOTopa 17, 00roHHOM My ThI 16, IIMIMHIPUIESCKOTO § U ITAHETAPHOTO PEIyKTOpa
18, MexaHHU3M KOMIIEHCAIIUH PEaKTHBHOIO MOMEHTA, COCTOAIIMNA M3 TpaBepchl 4 U peakTUBHBIX TAT 3, 5 U 6,
MYTEU3MEPUTENHLHOE KOJIECO 9, perHCTPpUPYIOLIYIO alllaparypy U MyJibT YIpaBlIeHHUs, PACTIOIIOKEHHBIE B KaOUHE
TpakTopa. 3aaHss cekuus 15 mapHUpHOM paMbl BHINOJHEHA Pa3bEMHOM C NMOBOPOTHOM OOKOBOHM Oankoi 12,
OJJMH KOHEIl KOTOPOH COeIMHEH C paMol BEPTUKAIBHBIM IIAPHUPOM, a APYroil — pe3bOOBBIM COEIMHEHHEM.
Uccnenyemoe koneco 14 kpenuTcs K BOAWIY IUIAHETapHOro peaykropa 18. Ochk BBINONHEHA pazbEMHOW H
OIMpaeTcsi Ha paMy depe3 HaOOpHble MIAPHKOBBIE MOAIIMIHUKH, YCTAHOBJICHHBIE B HW3MEPHUTENBHBIX Y3JIax.
KoHcTpyKius mOANIMITHUKOB MO3BOJISIET OCH KOJIeca COBEpIIATh BpalllaTeIbHOE IBUKEHNE OTHOCUTENBHO CBOEH
ocH, OOKOBOE TepeMeIeHne (BI0Ib CBOCH OCH), a TaKkKe MPOAO0IBHOE MepeMelieHre. B n3MepuTensHbIX y3max
YCTAHOBJIEHBI 3BEHBS ISl PETMCTpAalMU TMPOJOIBbHBIX CHI. MexXaHW3M NpUBOJA HCCIEIYyeMOro Kojeca —
rugpocratryeckas nepenada I'CT-90. Ha Tpakrope-Tsirade ycTaHOBJIEH HAacOC C MEpPEeMEHHOH mojadeil macia
20, xortopelii cBs3an ¢ BOM TtpakTtopa. I'mopomorop 17 uepe3 obronnyro mydty 16 coenuHéH c
LWIMHAPHYECKUM PEOYKTOPOM 8, KOTOPBIM CBsI3aH ¢ BXOAHBIM BalOM IIaHeTapHOro pexykropa 18. Kopmyc
IUIAHETApHOTO PEYKTOPa COEAUHEH C PaMON MOCPEACTBOM PEaKTUBHBIX IITAHT 3, 5, 6. BepTHKaibHbIE IITAaHTH
5 ¥ 6 SBIAIOTCA WM3MEPUTEIbHBIMH 3BEHBbSIMH [UISi PEaKTUBHOTO MOMEHTA, PAaBHOIO M IPOTHBOIOJIOXKHO
HaNpaBJIEHHOTO KPYTAILIIEeMYy MOMEHTY KoJieca. BepTukaipHast Harpy3ka Ha OCh MCCIIEIyeMOro KoJieca 3a/1aeTcs C
MIOMOIIIBIO TPY30B 7, pa3MeIlaeMbIX Ha 3afHel CeKIU pambl 15 Tectepa. i1t u3sMepeHus: mpoiIeHHOTO MyTH U
CKOPOCTH JIBMJKEHHsI U OyKCOBaHHs CIY)KUT ITyTeM3MEpUTelbHOe Kojeco 9. M3MepHuTeNbHBI KOMILIEKC
BKJIFOYACT JaTYMKU (CHIIOM3MEpUTEIIbHBIEC, 00OPOTOB KoOJieca, MaBICHHsI B KOHTAKTE C OMOPHBIM OCHOBAHHEM,
nedopmanmyM MIMHBI, yria I[OBOpOTa OCH Kojeca) W perucTpupyloulyro ammaparypy. JuHamomerp
YCTaHABIIMBAETCS] BMECTO 3a/IHEH BEPTUKAIBHON IITaHTM 6 MEXaHN3Ma KOMIIEHCAI[MH PEAKTUBHOTO MOMEHTA

Hccnenyemoe komneco ycTaHaBIMBAJIOCh HA «IUMHHBIN Tectep». [Ipn 3ToM HOpMalibHas Harpys3ka Ha IIUHBI
cocrapmsuia 14 xH. M3meHeHmeMm mnojauM THApOHAcoca «IIMHHOTO TecTepa» 3a CYET paccoriacoBaHUS
CKOPOCTEH Tsrada W HCCIEyeMOro Kojieca Cco3JaBajics TPeOyeMbId KPYTSIIMii MOMEHT, BEJIMYMHA KOTOPOTO
OTIPEJIENISUIach N0 TUHAMOMETpY. KpyTSImunii MOMEHT yCTaHaBIIMBAJICS Ha KOJIece OT HyJIs (BEJOMBINA PEKUM) JI0
MaKCHMAaJIHHOTO (BEIYIIUN PEIKUM).

3anuce HCCIeAyeMbIX TOoKa3aTeneld MPOW3BOAMIACH TPU CTPOTO MPSIMONWHEHHOM JBI)KEHHH TECTEpa.
[Inomans KOHTaKTa Ha MOYBEHHOM OIOPHOM OCHOBAHMHM OIPENENSIach IO KOHTAKTHBIM [JaBICHUSM C
WCIONBb30BaHUEM NOTEHIIMOMETPUYECKNX JAaTYMKOB. J|aTUMKN yCTaHABIMBAIOTCS HA BBICTYINAX IPYHTO3ALICIIOB B
IUIEYEBBIX 30HAX, 10 3KBATOPY M MEXIy SKBAaTOPOM W IJIEUEBBIMH 30HAMM ITHEBMaTHuUecKoW IIMHBI. [Ipu
KaueHHH KOJIECA B BEJJOMOM PEKUME OCYIIECTBIISIIACH 3aITUCh KOHTAKTHBIX JIaBIEHUH, KOTOPBIE XapaKTEPU3YIOT
JUTMHY TIOBEPXHOCTH KOHTAKTA IIMHBI C IOYBOW B COOTBETCTBYIOIIEM CEUEHHH.



HedopmaliioHHbIe XapaKTEPUCTUKU THEBMAaTUYECKUX IIUH B OOLIEM ClIyd4ae MX Harpy>KeHUs IOKa3bIBAIOT,
YTO OHH HCIIBITBIBAIOT POJONBHYIO, KPYTHIBHYIO M paAuaibHyio aedopmarnmn [12, 13].

Hcxonst u3 ycnosuil paboThl YHHBEPCAIBHO-IIPONAIIHOIO TpakTopa «bemapychy», Ui KOTOPOIO OCHOBHBIE
TpeOOBaHUSI K ABWKHTEIIO 3aKJIIOYAIOTCS B O0OECHEYCHWH MHHHUMAJIbHOTO YIUIOTHSIOLIETO BO3IEHCTBUSI HA
MOYBY TPH JOCTATOYHO BBICOKMX TATOBO-dHepreTmueckux [14] mokasarensx, 3amada ONTHMH3AIMA
MTHEBMATUYECKUX IIMH MOXKET OBITh CPOPMYIMpPOBaHa TaK: HAHTH TaKOe COYETaHHe CIOWHOCTH, yrila HaKJIOHA
HHUTEH KopHa Kapkaca U BHYTPEHHETO JABJICHUS BO3/AyXa B IIMHE, KOTOPOE CO3AAET MaKCUMyM €€ IJIOMAAn Ha
1oJje, MOAroTOBJICHHOM MO/ MOCEB, TP MUHUMAIBHBIX 3HAUCHUSX paJualibHON AedopMalui, CONPOTUBICHUS
Ka4eHHIO Ha CTepHE U OeToHe M Kod(h(HLIMEeHTa YBEIMYCHHUs IUIOMAIM KOHTAKTa Ha CTEPHE 110 CPABHEHUIO C
OeToHOM. JlononaHNTEIBHO IpUHUMAaeTCs BO BHUMaHue U BennuuHa KI1JI mvH Ha cTepHe U 1ose moz noces.

OnruMu3zanys Mo YaCTHOMY KPUTEPHIO C 33laHHBIMU OTPAaHUYEHHSMHU HOCUT CyObEKTHBHBIN XapakTep U He
BCErAa II03BOJISIET HAMTH NpPaBUIBHOE COYETAaHWE KOHCTPYKTHBHBIX IIAPAMETPOB, YIOBIICTBOPSIOILIEE BCEM
npeabsBiIsieMbIM TpeOoBaHusAM. bornee menecooOpa3HO MCMONB30BATh aJINTUBHBIN WM MYJIbTHILTUKATUBHBIN
Kputepun ontumuzauud. CocTaBlieH alrOpUTM OTHICKaHHS MUHMMYyMa LENeBOH (YHKIHMH, MO KOTOPOMY
npousBeneHbl pacu€rel B cpenre MATHCAD [13, 15] nowcka MuHMMyMa II€NeBOH (YHKIHUH METOIOM
MOKOOPJMHATHOTO CITYCKa.

3akioueHue

Pazpabotana MeTronuka ONpEAETCHUS XapPaKTEPUCTUK TPAKTOPHBIX IMIMH. JIsl NMHEBMATHYECKUX ILWUH
pasmepa 16,9-30 onpITHON AMAarOHATHHO-TIAPAILIEIBHON KOHCTPYKIUU OTPEAEIICHO MUHUMAIFHOE 3HAUYSHHUE
neneBoit pynkiun (3540) mpu croHOCTH Kapkaca — 6, yriie HakJOHa HHTEH KOpaa K MEpHIHaHy B CAMOM
mpokoM mecte — 33,4°, BHyTpeHHeM naeneHun Bozmyxa — 0,0995 Mlla. [lmomanp KOHTaKTa IMHEI Ha TIOJIE,
IOATOTOBICHHOM 10 ToceB — 0,175 M® mpH OTHOCHTENbHOM paguansHoil nedopmarmu 22,1 %. 3HaueHus
KIIJ] mmHb! Ha cTepHe 03UMOM IMIIEHUIIBI U M0JIe, TOATOTOBIEHHOM IOJT ITOCEB, COCTABIISAIOT COOTBETCTBEHHO
0,728 u 0,70. Benuurna ko3 PUIMEHTA COTPOTURICHUS KAUYCHHUIO TaKoM IMHbI Ha OetoHe — 0,021, Ha cTepHe

—0,031. KoadduireHT yBeauueHus IIIOIIAANM KOHTAKTa Ha CTEPHE 0 cpaBHEHUIO ¢ OeToHoM — 1,064.
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