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MOJAEJIUPOBAHUE TEXHOJIOTHYECKOI'O ITIPOLECCA
TATOBOI'O-TPAHCIIOPTHOI'O CPEACTBA B YCJIOBUAX
KNHEMATHYECKOI'O PACCOI'JIACOBAHUA NEPEJJTHET'O U
3AJJHEI'O MOCTOB

3anporoHOBaHO METOAMKY MOJICIIOBAHHS TEXHOJIOTIYHOIO MPOLECY TATJIOBOrO-TPAHCIIOPTHOTO 3ac00y
B YMOBaX KiHEMaTHYHOI HEY3TOJKEHOCTI MEPEAHBOro Ta 3aJHHOr0 MocTiB. IIpefcTaBieHi pe3ysbTaTH,
OTpUMaHI 32 JIOMOMOT' 0K PO3pPO0IICHOT MATEMAaTHYHOT MOJIEIT Ta METOJMKH.

Methodic of modeling of technological process of pulling vehicle under conditions of front and rear
wheels asynchrony is proposed. Results obtained by means of proposed methodic and mathematical
model are explained.

AHAJIU3 MOCJIeAHUX JOCTHKeHMI 1 myOnukanuid. [Ipyu BeIMONTHEHUU TATO-
BO-TPAHCHOPTHBIM CPEACTBOM TEXHOIOIMYECKOI0 MPOLecca BaXKHBIM MapaMeTpoM,
BIIHSIOMINM Ha 3((EKTUBHOCTH MPOIIECca, TOIUIMBHYIO SKOHOMHYHOCTh, TIPONU3BO-
JIUTENIEHOCTh MAIlIHBI SIBJISETCS OYKCOBAaHHME — OTHOIIIEHHE CKOPOCTH LIEHTpa Macc
MAaIlIMHbI K JTMHEHHOH CKOPOCTH Nepu(EepHUIHBIX TOYEK BEIYIIUX KOJEC OTHOCH-
TENIFHO IIEHTpa BeayIero koneca. [Iporecc OykcoBaHus U €ro BIUSHUE HA OOIIYIO
3¢ PEKTUBHOCTH MOJPOOHO PacCMOTPEHHI B padoTax [1-2], mpu 3TOM npenmnonara-
JIOCh, YTO Il KOJECHOTO ABIDKUTENS YIJIOBas CKOPOCTh BCEX BEAYIIMX KoJec
OJMHAKOBasl — IIPH TaKOM MOAXOAE 3ajada (OpMaIbHO CBOAMIACH K OJHOMY Be-
nyuieMy konecy. Takol Moaxof MOJHOCTBIO pEIIaeT 3aJauu, CBA3aHHBIE C aHAU-
30M 3(QQEKTUBHOCTH TATOBO-TPAHCIIOPTHBIX CPEACTB, BhITyckaeMbix OAO «XT3
uMm. C. OpmKoHHKHA3e», YensOMHCKUM TPaKTOPHBIM 3aBOIOM, MHHCKHUM Tpak-
TOpHBIM 3aBOfioM. B paGote [3] paccmarpuBaercs mepcrlieKTUBHOE HANpPABICHHUE
obecrieueHns MPUBOJIA Ha MEPEIHUN MOCT C IMIOMOLIBI0 THAPOOOBEMHBIX IIepesiay,
OJTHAKO TaKOM MOIXOJ 00JalaeT CYIIECTBCHHBIMU HemocratkamMu: Huskui KI1[]
IIPU Mepeaayve MOIIHOCTU Ha MEepeiHUil MOCT, CJIOXKHOCTh M JOPOIOBHU3HA KOHCT-
pYyKLIUHU, HECOM3MEpPUMas C OTHOCUTENIBHO HU3KON LIEHOM, HallpUMep, CAMOXOAHBIX
1IacCH.

Hens m nmocranoBka 3agauu. Hapsany ¢ MeToamkoil aHanm3a MOJHO- WX
3aIHENPUBOAHBIX TATOBO-TPAHCIIOPTHBIX CPEACTB, B KOTOPBIX YIJIOBBIE CKOPOCTHU
BEAYLINX KOJIEC PaBHBI, HEOOXOJMMa TaKXKe METOAMKA, ITO3BOJISIOMIASI MOJETHUPO-
BaTh pabOTy MalIMH C IPUBOAOM HA 33JHUI MOCT, B KOTOPBIX TSATOBBIE XapaKTepH-
CTHKH IIPY HEOOXOAMMOCTH ITOBBIIIAIOTCS 32 CYET aBTOMATHYECKOTrO BKIFOUEHHUS
TepeTHEr0 MOCTa, YTO MTPOMCXOMUT NPH MPEBBIIICHUHN TEKYIIEero OyKCOBaHUs He-
KOTOPOH 3aJI0K€HHON B KHHEMAaTUUECKYI0 CXEMY TPAHCIIOPTHOIO CPEACTBA BEIH-
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yuHbl. KnHEeMaTHyeckas cxema TPaHCMHUCCHH TMOAO0OHOW MalIMHBI MPEACTaBIlIeHA
Ha puc. 1.

TpancMuccus caMOXOJHOro Iaccd obOecrednBaer 6 mepeaad MepeiHero u 2
3aJJHEr0 X0/, MPHU 3TOM 3aJHHHA MOCT SIBIISIETCS OCHOBHBIM BEAYIIMM M BCET/a
nepefaeT MOMEHT Ha 3a/lHUe BeAylue Koneca. HeoOXoaumMo oTMETHUTb, YTO HAJU-
yre nuddepeHImana MexKay 3aJHAMH KOJecaMH B IpeAaraeModl METO/MKE He
YUHUTBIBa€TCs, IOCKOIbKY 3a/laua CBOJUTCA K ONPEAEIECHUIO HEKOEr0 YCPEeJHEHHO-
ro OykcoBaHHs 00OUX 3aHUX KOJIEC U BBIYUCICHUIO OYKCOBAHHS IIEPETHUX KOJIEC.

[MpuBox Ha mepenHue Kojieca HE SIBISIETCS MOCTOSHHBIM, HOCKOJNBKY MEXKIY
TepeTHIM MOCTOM U KOJIECaMH MPUCYTCTBYIOT OOTOHHBIE MY(THI, BKITIOUAIOIINECS
TOJIBKO B TOM CIIydae, €CIIH YIJIOBas CKOPOCTb IE€PEIHHUX KOJEC, SIBISIOMUXCS Be-
JIOMBIMH TIPY OTKJIFOUYEHHBIX MYy(Tax, YMEHbBIIAETCS /IO BEJIWYMHBI, COOTBETCT-
Byrouiei 5%-My OykcoBaHWIO MalMHbEL BenndanHa 5% nocturaercs myreM BbIOO-
pa mapaMeTpoB KMHEMAaTHYECKOrO paccoriacoBaHUs Mexay MocTamu. Tor ¢axr,
YTO NepeJHUEe Kojeca He CHUHXPOHHBI C 3aJHHMHU, JelaeT OHpe/elieHue OOIIero
OyKCOBaHHMSI MalIMHBI HECKOJBKO 3aTpyAHHUTENbHBIM. HeoOxomuma obuias mero-
JIMKa, MTO3BOJISIOIIAS TOJYYUTh 3aBHCHMOCTh OYKCOBAaHHUSI OT CHJIBI TSITH, YYHTHI-
BalomIasl MpH 3TOM, YTO NEPEIHHE Kojeca MOryT OBITh Kak BEIOMBIMH, TaK W Be-
JTYIIMMH, TIPUYEM, €CITH OHH BEyIHE, TO CO3JIAI0T JIMIIb HEKOTOPYIO YacTh 00IIen
CHJIBI TATH.

MeTtoanka mMoneaupoBanus. J[ns aHanmn3a BausHUA OykcoBaHus Ha dddek-
TUBHOCTh TEXHOJIOTMYECKOI0 Ipoliecca Heo0X0uMa IMITUPHYECKasi 3aBUCUMOCTh
BENMYMHBI OYKCOBAaHUS OT Y/AENbHOW CWIIBI TSATH Ha Konece. B mpeanaraemoii me-
TOJIIKE OHA UMEET BH/I;

5(D) =0,0127-[*° 1), 0
D, :L, )
r,-mg-aq;

rac D - oTHoOIIEHNE CWILI TATH Ha KOJece K BCCY MalllMHBbI, MPUXOAAIIEMYCI Ha
9TO KOJIECO, Mi — AKTHBHBIM MOMEHT Ha KOJIECC, m — MacCa MalIuHbI; i — J0JI1
BE€Ca MAllIMHBI, MPUXOAALIAACA Ha KOJICCO; Ij — paJnyC BEAYLICI0 Kojieca.

Torz[a yYAaciabHasA Cujia TATHU, peaindyeMas KOJICCOM, €CJIN BCINYNHA 6yKCOBa-
HUS Ha HEM M3BECTHA, MPEICTaBIIIeTC Kak oOpaTHas ot (1) 3aBUCHUMOCTB:

D(5) = 0,25-In(78,745 +1). 3)

[Tonuyto cuiy TIru, peain3yeMyl0 BCEMU KOJieCaMU, MOXKHO TMpPEJICTABUTh B

CJICAYIOUIEM BUIE:

P=mg> D(5;)a; —mgf , (4)

rae f- KO3(1)(1)I/IHI/IGHT COIMPOTUBJICHUA NBUKCHUIO MAIlIUHBI 1O OHOpHOﬁ MOBEpX-
HOCTH.
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Puc. 1. KuneMaTnueckas cxemMa CaMOXOIHOIO IAcCH TSroBoro Kiacca 0,9
000 «3aBoj caMOXOHBIX IIACCH»

HOCKOHI)Ky 3aJHUC KoOJieCa BCErga KHHEMATHYCCKHU CBsI3aHbl C ABUIaTCIIEM
(1IpH YCTIOBMY 3aMKHYTOTO CILEIUICHHS), TO MX YIIIOBas CKOPOCTh ) OMPE/ENsIeTcs
OJHO3HA4YIHO:

Wy
a)l =" (5)

ul
TAe o — YrjioBasg CKOPOCTb KOJICHYATOI'O Bajia IBUIaTeid, U — NEPEAATOYHOC Y1 C-
JIO OT KOJICHYATOro Bajia K 3aJHUM KOJIECaM. Vriaosas CKOPOCTH IMEPCIHUX KOJIEC
HE MOXET 6I>ITI) OIpeacjicHa HETTOCPEACTBEHHO, ITOCKOJIbKY 3aBUCUT OT BCJIMYMUHBI
6yKCOBaHI/IH 3aJHUX KOJIECC, C€CIH 6yKCOBaHI/Ie 3aJHUX KOJICC MCHBIIIC 3aI[aHHOI>i
BCJIIMYHHBI 60, TO NMEPEAHUC KOJICCa ABJIAIOTCA BEAOMBIMU U HUX YIJIOBass CKOPOCTH
OIMpeALIACTCA CKOPOCThIO HEHTPAa MAaCC MAlllMHBI. Ecmu xe 6yKCOBaHI/Ie BBIIIC 3a-
JaHHOI'O, TO BKJIIOYACTCA HepeZ[HI/II?'I MOCT U yIjoBasA CKOPOCTH IMNEPECAHUX KOJICC
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OMpeNIeNsIeTCsl YIIIOBOW CKOPOCThIO KOJEHYATOrO Bajia M MEPENaTOYHBIM YHCIOM
JI0 TIEPEAHHUX KOJeC. 3aJaHHyI0 BETHYUHY Og MOXKHO ONPENEITUTh CIACSAYIOUIUM 00-
pasom:

[oAn

l u 2 rl
w,l, u,r,
IJie Uy — TIepPeIaTOYHOE YMCIIO OT KOJNEHYATOro Bania JI0 TePeIHUX KOJIeC; I U Iy —
pajMychl 3aJIHUX U MEPEIHHUX KOJeC COOTBETCTBeHHO. Ecmu &y = 0, To naHHas 3a-
Jlaya CBOJMTCA K MOJIEIMPOBAHUIO JBIKEHHUS, IPU KOTOPOM GYKCOBAHUE BCEX Be-
JYIIUX KOJEC CUMTACTCS OJMHAKOBBIM.
Ecnu nepeaHue Komeca sSBJISIOTCS BEIOMBIMHE, TO HX YIIIOBas CKOPOCTh OIpe-
JienseTcs CIeayIoIMM 00pa3oM:

0y = -1, (6)

o, =0 -1-6,)5,<58,08,=0. 7
B uHoM cniyuae
wzz%;5l>5o;52>o ®)
2

HemanoBaxHBIM TIpH pEIIEHWH ITOCTABJIEHHOM 3aqaudl SBISIETCS ITPOBEpKa
BBINOJHEHMS JIBYX YCIOBHI: MOMEHT Harpy3Kd Ha JBUratesie He MpeBBINIaeT HO-
MUHAJBHBIH M OyKCOBaHWE 3a/IHMX KoJjiec He IpeBbimiaer [5]. MoMeHT Harpysku
JIBUTATEIS:

D(5;)ra
M, =2m z , (9)
io1 u;n;
rae M1, N2 — KITJI TpancMuccnu npu nepenadye MOIIHOCTY Ha 3aJHUM U IepeTHU
MOCT cooTBeTcTBeHHO. Ecin mepenHue Koieca SIBISIOTCS BEJOMBIMH, TO 8,=0 n
D(0)=0 (cm. BeIpakenue 3), modTomy dopmyna (9) crpaBeminBa it 000UX CITy-
Yaes.

3amady MOJETMPOBAHMS TEXHOJIOTHYECKOTO PEeXMMa MOXHO CBECTH K OIpe-
JIETICHNIO TaKOH CKOPOCTH LIEHTPA Macc MAIIMHBI, PU KOTOPOH:

1. yrnoBas CKOPOCTH KOJIEHYATOI'O BaJla IBUTATENsl paBHA HOMHHAIBHOM;

2. OyKkcoBaHHE 3aJHUX KOJIEC HE MPEBbIIIacT [J];

3. MOMEHT Harpy3Kku Ha JIBUTaTeJIe He NPEBBIIIAET HOMHHAIBEHOTO;

4. OykcoBaHHE INEPEAHUX KOJEC COOTBETCTBYET KMHEMAaTHKE TPAHCMHUCCUHU

JUIsl 000MX CITy4aeB BKIIFOUEHHOI'O M OTKIIIOYEHHOT'O MEPEHET0 MOCTa.

JlaHHas1 CKOPOCTH HE MOXET OBITh MOTYYeHa aHATUTUYECKH, ITOCKOJIBKY B MO-
JIeTIM TIPUCYTCTBYIOT KYCOYHO-3aJlaHHBIE 3aBUCHMOCTH, €€ TOHMCK IeNecoo0pa3Ho
MIPON3BOJIUTE C IIOMOIIBIO JIMHEHHBIX METOAOB ONTUMH3AINK WM TPSIMBIM Tiepe-
6opoM. B o0mmem Brze naHHAs METOMKA CBOJUTCS K CIEAYIOIIEMY aJrOPUTMY:

1. 3apaercs yrioBas CKOpPOCTh KOJEHYATOTO Basla BUTAaTENs ¥, paBHAs HO-

MHWHaJIbHOM;
2. ompenessieTcs yriioBas CKOPOCTh 33/IHMX KOJIEC 1 COrTacHo (5);
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o u

9.

10.

11.

12.

MIPUHUMAETCSI CKOPOCTh IeHTpa Macc V = 0;

\Y

BBIMHCIISIETCS OyKCoBaHue 3aaHuX Konec O, =1———;
o1
€CJIM BBIYMCIIEHHOE OyKCcoBaHuMe BhIe [J], To mepexon Ha 1. 11
B MPEINOJIOKEHUH, YTO TMEPEIHUE KONEeca SBISIOTCS BEIOMBIMH, BBIYHC-
JSIETCS MX YIII0Basi CKOPOCTh (@, 1O BhIpaxeHH:o (7);
B MPEINOJIMKEHUH, YTO TIEPEIHUE KONEeca SBISIOTCS BEAYIIMMH, BBIYHC-
JSIETCS MX YIJI0Basi CKOPOCTH MO BIpaxkeHuto (8);
eciM yrioBasi ckopocTh (7) Oomblire, yeM yrioBasi cKopocTs (8), To npH-

\Y

Humaercs &, = 0, unaue 0, =1— :
W,
IO BEIPAXXCHUIO (9) BBIYUCIIACTCS MOMEHT HATPY3KH JIBUTATEIIS;
€CITM MOMCHT Harpysku neuratelis (9) Hmke Wi paBeH HOMUHAIHLHOMY,
TO IepexoA Ha 1. 12;
CKOpPOCTh V YBEIMYHMBACTCS HA HEOONBIIYIO BeTHUnHY, Hanpumep, 0.005
M/C U Tiepexoy Ha 1. 4;
BBIYHUCITIACTCS 00IIee TSArOBOE YCHITUE MO BBIPaXCHUIO (4).

B pesynbraTe BBIMOMHEHHS AJTOPUTMA OMPEACISIFOTCS: O0IIee TATOBOE yCHU-
JIUE, CKOPOCTh IIEHTpa Macc, OYKCOBaHME MEPEIHUX U 3aHUX KOJIEC, MOMCHT Ha-
TPY3KH Ha JIBUTATEIIE.

PesynbraTel MomeqmpoBaHusi. [IpercraBieHHas METONWKAa NPUMEHSIIACH
JUTSL OIICHKU 3(P(PEKTUBHOCTH TEXHOJOTHYECKOr0 MPOIECCa, BHITOTHIEMOrO CaMo-
xonubM 1maccu knacca 0,9 «OOO 3aBoj caMOXOAHBIX MIaccu». B kauecTBe wuc-
XOJHBIX JAHHBIX I MOJICIUPOBAHUS OBUTH MPUHATH CICIYIONIUE ITapaMeTphI:
MepeIaTOYHBIC YHCIIA Ha 3aTHUH MOCT

26 40 77 70 _

u =043 7770 3187, U, == ..~ _5626"
23 16 19 12 23 19 19 12

B BT, b2 B T o,
23 22 19 12 23 24 19 12

u, = 20.28 7170 _ 54138 u, =20.28. 7110 170745
23 31 19 12 23 36 19 12

nepeaTOuHbIE YKMCIa Ha MEPETHUNA MOCT:

u = 28.43 77 18 19 65 65_ 54 s , = 264077 70 _ g6 96
23 16 19 77 19 15 15 23 19 19 12

u, =26.38 771 70 _ 461591 u, = 20357770 _ 559721
23 22 19 23 24 19 12

Uszé @.E.E:m,lgg UG:E-E-E-E:N,OM’
23 31 19 12 23 36 19 12
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Macca TATOBO-TPaHCIOPTHOro cpezacTa 2470 kr;

JIONIS Beca, MpUXosias Ha 3aqHuil Moct 70%; paanyc neperHux U 3aJHAX KOJec
0,462m 1 0,640M COOTBETCTBEHHO; MOIIIHOCTE JABUTaTeNs 25,76 kBT, HOMMHAIBLHAS
YIJIOBasi CKOPOCTh KoJjieHYaToro Basa asuratens 231 pag/c. C moMompo qaHHON
METOJMKH OBUIM OINpEJETeHbl XapaKTePUCTHKU TEXHOJIOIMYECKOro Ipollecca Ha
LIECTH Tepeadax, B YaCTHOCTH, ISl TIEPBOIi ITepeiaun onpe/iesieHa CKOpoCTh LeH-
Tpa Macc 6,9 km/u; cuna Tsaru Ha kproke 9530 H; OykcoBanue 3amaux konec 7,4%
u OykcoBaHue mepeauux koiec 3,5%; 3arpyska asuratens 100%. J{ns anamornd-
HOH cXxeMBblI, HO 0€3 MPUBO/IA Ha MEPEeHUIA MOCT, TIOIYUEHBI CIEIYIOIINE pe3ybTa-
THI: CHJIa TATH Ha kproke 7439 H, OykcoBanue 3amuux konec 12%, 3arpys3ka JBura-
tenst 80%, ckopocTh IleHTpa Macc KM/4. Ha OCHOBaHMM CpaBHHTEIHLHOTO aHAJIM3a
TIPE/ICTaBICHHBIX PE3YJBTATOB CHeNIaH BBIBOJ O TOM, YTO 0O€3 IpHBOJA HA TEpea-
HUHA MOCT TATOBO-TPAHCIOPTHOE CPEACTBO He obecreurBaeT TAroBbiid kiacc 0,9
(momuHanbHas cwia Tsrm 9000 H), MOmHOCTH JIBUraTens HE UCIIOIb3yeTcs Ha
100%, cHmxaeTcs CKOPOCTh LIEHTPa Macc; MOBBIIIEHHOE OYKCOBAaHHE 3aJIHHUX KO-
nec, B 1,5 pasa npeBbimiatoniee OyKCOBaHUE IS CXEMBI C IIPUBOJIOM Ha MEpeIHUN
MOCT, MPHUBOJUT K MPESKICBPEMCHHOMY H3HOCY IWH W 00JaJaeT BPEIHBIM BO3-
JIEWCTBUEM Ha TPYHT; CHIKaeTcsi o0mmast 3(pPEeKTUBHOCTh TEXHOIOTHYECKOr0O MPo-
1iecca 3a C4eT CHM)KEHHS CKOPOCTHU U TTOTEPh MOIIHOCTH TP UHTEHCUBHOM OyKCO-
Banuu. CrenoBarTenbHO, MPUBOJ HA MEPEJIHUA MOCT SIBIISIETCS HEOOXOIUMBIM YC-
JIOBUEM JUIsi OOeCIieueHHs] aJeKBATHBIX XapaKTEPUCTHUK TEXHOJIOIMYECKOro Ipo-
I[ecca U MOBBIIICHUS TOIUTUBHON Y3KOHOMHYHOCTH.

BouiBon. IlpencraBiennas MeTonuKa MO3BOJSET aHAJIM3UPOBATH paboTy Ts-
TOBO-TPAHCIIOPTHOT'O CPEACTBa NMPU KUHEMAaTHYEeCKOM paccOryaCOBaHUM MOCTOB,
OLIEHNBATh A(PPEKTUBHOCTH BBHIITOIHIEMOr'O MpOIecca, CTeNEeHb UCIIONb30BaHUS U
Harpy>KeHHOCTH TIEpeJHEr0 MOCTa M IPUBO/IA HA IEPEHUI MOCT.
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