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NCCJIEJOBAHME BO3MOXHOCTH JTMHAMMUYECKOI'O 1 9 KOHOMUYHOI'O
YIPABJEHUSA TPAHCMUCCHUENR BTP-4 C JIBUTATEJEM 3T/I-3A

B HbIHEmIHEE BpeMsi 5KOHOMHS TOIUIMBA OCOOCHHO aKTyajbHA, TaK KaK IIEHbI Ha HETO
IIOCTOSIHHO U YBEPEHHO pacTyT. Jljisi BOGHHON TEXHMKH Ipo0OjeMa 3KOHOMUHU TOIUIMBA OCTPO
BCTaeT B MUPHOE BpeMs, KOTJja €CTh BO3MOXHOCTb IOXKEPTBOBAaTh BPEMEHEM, HEOOXOIUMbIM
JUIs 1IepeOpOCKU TEXHUKH, U COKPATUTh NOTpeOIeHNe TOIUINBA, @ 3HAYUT, COKOHOMUTD Cpe -
cTBa U pecypcsl. OnpeaensomuM GaKTopoM, BIUAIOMIKUM Ha SKOHOMUYHOCTD JIBUYKEHUS, SB-
JsieTcst CTUIb BOKAEeHUA. [IpreMbl BOKACHUS aBTOMOOMIISE B SKOHOMHUYHOM PEXHUME XOpOILIO
u3BecTHHI [ 1, 2]. [IpuBenem Hanbomnee 3 GeKTUBHBIE U3 HUX:

— n30erarp JOOBIX PE3KHX ABWKEHHMH C MeJalIblo M0JIauM TOIUIMBA, CTApasich MOCTO-
SHHO HaXOJIUThCS B 9KOHOMUYHOM PEKUME;

— HUKaKMX PE3KHUX CTApPTOB, NEPEKIOYATH NE€PENayl KaK MOXHO paHblle, ABUTaThCs
IPSAMOJIMHEMHO U PaBHOMEPHO;

— n3beraTtb OOTOHOB M TEPECTPOCHUH, HE JIBUTAThCs "HakaTOM'" Ha HEUTPAJIBHOM ITe-
penade, m3berath JOOBIX W3MEHEHHMH "KpercepcKoi'" CKOpPOCTH, CTapaThes, KaK MOXKHO
MEHBIIIE TOPMO3UTB;

— CHMJKaTh CKOPOCTb aBTOMOOWJISI, UCIIONIb3Ys IIPUEM "TOPMOKEHUE ABUraTenem".

Cnucok nprueMOB DKOHOMUYHOTIO BOXKJIEHUSI MOKHO MPOJOJIKATh JOCTATOYHO JOJITO,
OJIHAKO OHHU BCE CBOJATCA K OOECIEYEHHI0 PAaBHOMEPHOTO JBUKEHHUS C MOCTOSIHHOM WIIU
OJIM3KOM K MOCTOSTHHOM CKOPOCTH.

Buenpenue naHHOro MpUHIMIA B aIrOPUTMbI CUCTEMBl YIPaBIEHUS TPAaHCMUCCHEH
BTP-4 mo3BoauT CHU3UTH O0OBEMBI TOTPEOJICHHSI TOTIMBA, YBEITUYUTH 3a1ac X0/1a 1Mo MI0CCe U
NOBBICUTH 3KonorudHocTh bTP. OpgHako, He Bcerga TOIUIMBHAs 3KOHOMHYHOCTH SIBIISIETCS
onpezensomnel. B ycnoBusax 6oeBoit 00cTaHOBKM (WM MPUOIMKEHHON K 00€BOI) BOEHHAas
TEXHUKa JOJDKHA 00J1a/1aTh BBICOKON MOJIBUKHOCTBIO, UTO MPEINoaracT MaKCUMalbHYIO J1U-
HAMUYHOCTh JIBUKEHHS] MAIIMHbl: HHTEHCUBHBIN pa3roH, TOPMOKEHUE, IBUKEHHE HA MAKCHU-
MaJIbHBIX CKOPOCTSIX U T.J., YTO JOCTUTaeTCs 3a CUET YBEIMUYEHUs MOTPeOIeHUs TOIUINBA.

TakuMm o0pa3om, Hapsoy ¢ SKOHOMUYHBIM PEXKUMOM yIpaBieHUs TpaHcMuccueit bTP-
4, KOTOPBIM MO3BOJIMT CHU3UTH PACcXO/ TOILUIMBA, HEOOXOAUM MPOTHUBOIMOJIOXKHBINA MO CYIIHO-
CTH, JMHAMUYHBIA PEXUM YIPaBICHUs, KOTOPBIA MO3BOJIUT, €CJIM TOrO MOTPeOyeT CUTYyalus,
YBEJIMUUTH XapaKTEPUCTUKU MTOABHYKHOCTH.

JIBukeHre MalHbl MOKHO Pa3JeNIUuTh Ha TPU dTara: pa3roH, JBUKEHHE C IMOCTOSH-
HOM CKOPOCTBIO U TOpMOKeHUE. KaXKaplil U3 ATHX ITAllOB XapaKTEPU3yeTCsl CBOEH MHTEHCHB-
HOCTBIO pacxoja Torumaa (puc. 1). [Ipu pasrone pacxos ToriMBa MaKCUMalleH, YTO CBSI3aHHO
C HEOOXOIMMOCTBIO IPEOIONICHHS CUJT MHEPIIMY, BO3HUKAIOIIUX MPH YCKOPEHHOM JBHKEHHH.
JIBuKeHHe C MOCTOSIHHOW CKOpPOCTBIO XapaKTEepPU3yeTCs HAUMEHBIIUM PacxXxoJ0M TOIUIMBA,
HEOOXOUMBIM [yl 00ecTieueHUs] YPOBHS KPYTSILEr0o MOMEHTA JIBUraTessi, COOTBETCTBYIOIIIE-
0 CyMME CHJI COTIPOTHUBIICHHUS IBH)KEHUIO, TAKMX KaK CHJIa TPEHHUS, CONPOTHUBIIEHUS BO3/lyXa
u 1.71. [Ipu TopMOXkeHuu 1BUraTeneM norpediieHue TOMIMBa MUHUMAJIBHO WJIM OTCYTCTBYET.

ABTOMaTHueckas cucreMa ympaieHus ABmkeHueM bTP-4 okaspiBaeT Hemocpenct-
BEHHOE BJIMSHUE Ha HHTEHCHUBHOCTH Pa3roHa U 3(p(peKTUBHOCTb TOPMOIKEHUS IBUTATEIIEM.

PaccmoTpuM TuIBI ynpaBiieHHss. DKOHOMUYHOE YIIPABICHUE NOPAa3yMeBacT MPOXOXK-
JIEHUE OIPEJIETIEHHOI0 yYacTKa TPACChl C MUHUMAJIBHBIMU 3aTpaTaMy TOILJIMBA WM
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const AS mpu min Ag,,, (1)

rae AS — npoiIeHHBIH MyTh; AQe — pacX0/] TOILJIMBA.
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Pucynok 1 — Pacxon TormmuBa B miporiecce ABUKEHUS MAIIHHbBI
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PucyHok 2 — BHelllHHEe XapaKTePUCTHKH
nsurarens 3T-3A

[Ipu ycnoBuu npuemiaeMoil TUHAMUYHOCTH.
JluHaMH4YHOE yIpaBlIeHUE, B CBOIO OYepeb,
NOJIpa3yMeBacT IpPEOJOJIEHUE OIpPENEIICH-
HOTO YydYacTKa Tpacchl 3a MHHHMAaJbHOE
BpeMs WIH

const AS npu min At, 2

rae At — Bpems NMpPOXOXKIAEHUS IHUCTAHLHUU
AS.

[Ipu ycnoBuM He MpEBBIIEHUS Tpe-
JeNbHBIX JTMHAMHYECKUX HArpy30K B dJie-
MEHTaxX TPAaHCMHUCCUU U HA MECTax BOAUTE-
JIs1 ¥ TACCa>KUPOB.

JlanbHeiliiee wuccienoBaHue Oynaer
MTOCTPOEHO MUCXOSl U3 ITUX TPUHIIUIIOB.

OOBEeKTOM HCCIeIOBAHUS SIBISETCS
maccu uzaenus bTP-4 ¢ neurarenem 3T/I-
3A, ruApOMEXaHUYEeCKON TpaHCMHUCCUEH U
CHUCTEMON aBTOMAaTHUYECKOrO YIpPaBJICHUS
KOpOOKO# mmepeMeHbI Tiepeiad.

Tpancmuccus  bTP-4  Bkimouaer
BCIIOMOTaTeNIbHBIA  (BXOAHOM) PpPEayKTOp,
KOpOOKY MepeMeHbl Mepeay, pa3aaTouHylo
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KOPOOKY, a TaK)Ke YeThIpe MOCTa, KOTOPBIil B CBOIO OYepeb BKIIIOUYAIOT [VIABHYIO Mepeavyy U
KOJIECHBI PEYKTOP.

Heurarens 3T/[-3A ocHaleH THAPOMEXaHUYECKUM BCEPEKUMHBIM PETYJISITOPOM Yac-
TOTBI BPAILIEHUS TPSIMOTO ACHCTBUSA. MUHMMAalIbHASI 4acTOTa BpAIEHUs Bajla JIBUTATENs CO-
crasisger 800 MI/IH_l, MakcuMaibHag 2800 Mun L. MakcuMasbHas MoIHOCTh apurartens 3T/1-
3A B ycnoBusix crenaa coctaisieT 368 kBt (500 sic). CooTBETCTBYIONINE BHEIIHUE XapaKTe-
PUCTHKU JIBUTaTElIs B YCIOBUSAX 00bEKTa MPUBEACHBI Ha pUC. 2.

HccnenoBanne BO3MOXXHOCTUA JMHAMUYECKOTO U 3KOHOMHMYHOI'O YIPABICHUS TpaHC-
muccuerr bTP-4 ¢ neurarenem 3T/[-3A nmpoBoauioch Ha 6a3e KOMIUIEKCA YUCICHHBIX DKCIIe-
PUMEHTOB, Ul 4ero OblIa UCIOJIb30BaHa MOJHAs MaTeMaThudeckast Mojens maccu bTP-4 [3].
B mporuiecce uccnenoBanus mociea0oBaTeIbHO PaCCMOTPEHO BIUSHUE OTACNBbHBIX JIEMEHTOB
TPAHCMHUCCHUU U CMOCOOOB MX YINpaBIEHUS HA JUHAMHUYHOCTb U KOHOMHYHOCTH JBH)KCHUS
MAaIIUHBI.

[Iporecc nepexiroyeHus nepeaad BBEPX B 3HAUUTEIHHOM CTENIEHU OMpEeseT XapakK-
TEPUCTUKHU TUHAMUYHOCTH JIBIXKEHUSI MAIllMHBI B Ipoliecce pasroHa. [loBeiieHue nepepayu
MIPU HU3KUX YaCTOTaX BPAIICHHS JBUTaTENs MOJIOKUTEILHO CKa3bIBAETCS HAa PacxXojie TOIUIU-
Ba (Tabu. 1), HO yXyAlIaeT TMHAMUKY pa3ronHa (puc. 3).
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Pucynok 3 — M3meHenue ckopoctu fpmxkenns bTP-4 Bo Bpems pa3roHa mpu mojHOM
Y YaCTHYHOM Ha)kaTHH meqanu rmogaun Torummsa (IT11T)

OTO CBA3aHHO C TEM, YTO IIPU PaHHEM NEPEKIIIOUEHUH B IIOJHOW MEpe HE peann3yercs
MOTEHILIMa HU3LINX Mepeay, yCKOPEHHEe Ha KOTOPBIX IPU pa3roHE BHIIIE, YeM Ha 0ojiee Bbl-
cokux nepenayax. COOTBETCTBEHHO, 001I[as KapTHHA Pa3rOHAa CTAHOBUTCS IUIABHOM, YTO CIO-
coOCTBYET 3KOHOMUH TOIIMBA. YacToTa BpallleHHs Bajla JABUraTelis Py paHHEM MepeKioye-
HUM TIepesiay COOTBETCTBYET MaKCMMyMY MOMEHTa M BbIOpaHa B COOTBETCTBUHU C Hamboiiee
pacnpocTpaHEeHHbIMU peKkoMeHaanusamu [1,2,4].

Tabnuma 1 — CpaBHeHue 3¢(HEKTUBHOCTH PAHHETO M TIO3IHETO NMEPEKITIOYEHUS Iepead

Bapuant Ilyts, | Pacxon tomnuBa, | Bpewms, CxopocTs, Ku/a
M KI' c
Pasron npu nonnom Haxaruu IIIIT u nepexitoge-
HHUHM TIiepeJay MpH 4acToTe BPAICHHUS Baja JIBUTa- 1,16 54,6 100
tens 2800 mum™ 1000
0
Pasron npm wactraHo Haxkatmu IIIIT (60 A>)_lnp14 0,664 711 73
qacToTe BpameHus Baia asurarens 2000 MmuH
V3MeHeHHe TapamMerpa - 43 % -30 % 27 %
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HccnenoBanue MOHOTO IMKIIA IBUKCHUST — PA3roH, JABIKECHHE C TIOCTOSTHHON CKOpPO-
CTBIO, TOPMOXKEHHE, TaK K€ IMOKa3ajo OOJBIIYI0 TOIUIMBHYIO 3()()EKTUBHOCTH BapuaHTa C
paHHUM TepeKIItoueHueM nepeaad (puc. 4, Tadim. 2).
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Pucynok 4 — smenenune ckopoctu apmwxenus: BTP-4 npu npoxoxnennn auctanuuu 914 m
C Pa3HBIMU CTUISIMH YIIPaBICHUS

Tabnuma 2 — CpaBHeHue 3¢(HEeKTUBHOCTH Pa3IMUHbIX CTUJICH BOXKIIEHUS TPU MOTHOM
[IUKJIEe IBIKEHUS (st qucTanuu 914 m)

Bapuant ynpasnenus Ilyte, M | Pacxopn Tomnmsa, KT Bpewms, ¢ CKEII;(/);TL’
JInHAMUYHBIH 0,67 57,72
DKOHOMUYHBIA 914 0,604 68,78 70
W3MmeHeHne napaMerpa — 10 % -19 % —

I'maponnHamuueckue TpaHchoOpMaTOpbl CIyKaT I NpeoOpa3oBaHUs KPYTSIIETo
MOMEHTa JABUTaTeNs, oOecreynBasi THIPABINYECKYIO CBSI3b MEXIY BEAYIIMM U BEIOMBIM
(TpaHCcMUCCHS) 3BEHbSIMU TPAHCIOPTHOTO cpencTBa. OCHOBHBIMM MpeumyinecTBamu I'T siB-
JSIOTCS: aBTOMAaTHYHOCTh U3MEHEHHUS pexuma paboThl B 3aBUCUMOCTH OT Harpy3Ku Ha BeJO-
MOM Bally, OTCYTCTBHME JKECTKOH CBSI3M MEXKIY BEIYIIMM M BEIOMBIM 3BEHBSMH, TalllEHUE
KPYTUJIBHBIX KOJIeOaHWM ABUTATENS U JUHAMMUYECKUX HArpy30K TPAaHCMUCCHUH, YBEIUYEHHUE
CpOKa CIIy*Obl 3JIEMEHTOB JBHUraTelNsl U TPAHCMHUCCHU.

[Tpu 6moxupoBke I'T obecrieunBaeTcs xKecTkasi KHHEMAaTUYeCKasl CBsI3b JIBUraTelNs U
TpaHCMHCCUH, 4TO criocoOcTByeT nosbimenuto KII/ cunoBoil ycTaHOBKM M MO3BOJISET pea-
JM30BaTh JABUTATENIO MOJIHBIN KpyTammii MomeHT. OnHako, cpabaTeiBaHue OIOKHpPOBKU [T
IPUBOJIUT K PE3KOMY MaJICHUIO YAaCTOTHI BpAIllEHUs Bajla ABUTATENs], YUTO MPUBOAUT K BBIXOY
JIBUTATENsl Ha BHEIIHIOIO XapaKTEPUCTUKY U YBEIMUEHUIO MOTPEOIEHUS TOILINBA.

Pannss GnokupoBka I'T yBenmmuuMBaeT TUHAMUYHOCTBH pa3roHa MamluHbI (pHC. 5) 3a
cyeT OoJiee MOJIHOTO MCIOJIB30BaHUS KPYTSIIET0 MOMEHTA ABUTATENs (puc. 6), OJHAKO 3HA-
YUTEJIBHO YBEIIMUUBACT MOTpedeHne ToruBa (Tadm. 3).
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Pucynok 5 — M3menenwne ckopoctu asmwkenns bTP-4 npu npoxoxnenun nuctannuu 1000 M ¢ panHeit
(xmHeMaTHyeckoe nepeaaroynoe otaomenue I'T, Urr = 0,85 ) u mwrtaTHOM
(Urt = 0,95) 6:0xupoBkoii I'T

Tabnumna 3 — Biustaue momenTta 6aokupoBku I'T

vrs Pacxon
Bapuant };IT > | Tomnuaa, Bpewms, ¢ CkopocTb, KM/4
KT
Pasron npu mratHoit 61okuposke I'T 1000 0,664 71,1 74
Pasron npu panseit 6mokuposke I'T 0,79 64,1 85
M3meHeHne napamerpa - -19% 10% -15%
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KoadbpuumeHT ncnonb3oBaHne KpyTALLEro MOMeHTa

-0.2

Pucynok 6 — M3meHeHne KO3 PUIMEHTA UCTIONB30BAHUS KPYTSAIIETO MOMEHTA JABUTATEIIS BO BpEMs
pasrona bTP-4 na gucrarmum 1000 M ¢ panHei u mtaTHOMW O10KHUpoBKOM ['T
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Takum o0Opa3zom, Hanbosee IKOHOMUYHBIM BapHAHTOM YIIPaBJICHUS SIBISIETCS OJOKU-
poBKa THUApOTpaHchopMaTropa Mpu MPUOTMIKEHUN KUHEMATHYECKOTO MEepeaTOYHOr0 OTHO-
HICHUS K €MHULIE TIPU YCIOBUU YCKOPEHHOTO IBHMKEHUS MAlINHbBI, YTO SBJISIETCS HEOOXOU-
MBIM T pa3roHa. O0ecnednTs NpeebHYI0 JTHHAMAYHOCTh Pa3roHa MO3BOJIUT OJIOKUPOBKA
I'T npu ycrnoBuu OOCTaTOUHOCTHU KPYTSAIIET0O MOMEHTA JIBUraTelis ISl pa3roHa B JaHHBIX J10-
POKHBIX YCIOBUSX (puUC. 7) Wi

Ku = KMI[B ‘Kyrr <1, (3)

rae Kvgs — ko3 duuument ucnonp3oBanust KpyTsmero MoMenTa asurarens; Kyrr — ko3ddu-
ueHT Tpancopmaruu momenTa ['T.
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Pucynok 7 — MI3smenenune ckopoctu asmxenuss bTP-4 npu npoxoxaenun quctaniuu 1000 m
CO IITaTHOM U AMHAMUYHOM Oj0kupoBkoit ['T

Hannsiii metox 6mokupoBku I'T oGecnieunt quHaMuuHblil pasron BTP-4 mpu mo0bix
MIOJIOKEHUAX NEAAIN MTOAAYN TOIUIMBA, 4 TAKXKE HE JOIMYCTUT OCTAHOBA JABUTATENS MO ACH-
CTBHUEM BHEIIIHEW HATPY3KH.

BobiBoabl. [IpoBeseH KOMIIEKC YMCICHHBIX SKCIEPUMEHTOB, Ojarojaps yemy orpe-
JIeTIEHb]l HAIIPaBJICHUS Pa3BUTHUS AITOPUTMOB CUCTEMBI aBTOMATHUYECKOTO YIIPABJICHUS TPaHC-
muccueit bTP-4. OG0ocHOBaHbI OCHOBHBIE TPUHLIUIIBI YIIPABICHHS 3JIEMEHTaMU TPAHCMUCCHH,
INPUMEHEHHE KOTOPBIX OOECHEeYUT AMHAMUYHOCTH ABM)KEHUS WJIM TOIUIMBHYIO SKOHOMHY-
HOCTh B 3aBUCHUMOCTH OT YCJIOBUH 3Kkciutyarauuu bTP-4.
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JOCIIIDKEHHA MOKJIIMBOCTI AMHAMIYHOI'O TA EKOHOMIYHOI'O
KEPYBAHHSA TPAHCMICIEIO BTP-4 C IBUTI'YHOM 3T/-3A

[TpoBeneHo mocmiKeHHs BIUIMBY MOMEHTY NepeMUKaHHs nepeaad i OJI0OKyBaHHS Tifl-
poTpaHchopMaropa Ha IWHAMIYHI XapaKTEPUCTHKH PO3TOHY Ta MAJMBHY CKOHOMIYHICTH
BTP-4. BusiBieHi OCHOBHI NMPUHIUIK MiABUIICHHS €(PEKTUBHOCTI KEPYBAaHHS TPAHCMICIEIO
bTP-4 y pi3HuX yMOBax eKcIulyartaiii.

Tolstolutskiy V.A.

INVESTIGATION OF THE POSSIBILITY FOR DYNAMICAL AND FUEL
ECONOMICAL TRANSMISSION CONTROL OF BTR-4 WITH ENGINE 3TD-3A

Investigation of the gearshift and hydro transformer blocking influence at dynamic
characteristics of the speed increasing and fuel economy of the BTR-4 was studded. Cardinal
principles were discovered for increase efficiency of transmission control system of BTR-4
for different condition of usage.
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