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Annomayusn. B cratbe npencTaBieHbl TEOPETUUECKUE U IKCIIEPUMEHTANIbHbBIE UCCIIE10Ba-
HUS 1O MOBBILICHUIO 3()()eKTUBHOCTH BBIMOJIHEHHSI pa3rpy304HbIX pab0T aBTOMOOMIISIMU CeMeii-
ctBa KamA3 B yci1oBUsSX HU3KUX TeMIIepaTyp OKpy:karolei cpeasl Amypckoit odnactu. [Ipuopu-
TETHBIM HAalpaBJICHUEM IOBBIIICHUS 3(P(PEKTUBHOCTH UCIOJIB30BaHHS TPY30BBIX aBTOMOOMIIEH
IIPY BBIIIOJTHEHUH TPAHCHIOPTHBIX PadoT B YCIOBUAX HU3KUX TEMIIEPATYpP OKPYXKAIOIIEH Cpebl B-
JISI€TCSl CHUYKEHUE SHEPreTUUECKUX 3aTpaT Ha €IMHUILY [TOJyUYEHHOM CelbCKOXO03SCTBEHHOM Mpo-
nykuuu. [Tpon3BoCTBEHHBIN ONBIT MTOKA3bIBAET, YTO B 3UMHHUI MEPUOJT HEOOXOAUMO YUUTHIBATh
CYpOBBI€ IPUPOIHO-KIMMATHYECKHE YCI0BUS AMYPCKOM 00J1aCTH, KOTOPbIE OKA3bIBAOT HETaTHUB-
HO€ BJIMSIHME Ha HAJEKHOCTh M SKOHOMUYHOCTh TPAHCHOPTHBIX ycayr. IlocTaBienHas 3aaqa pea-
JIM3YeTCsl 3a CYET MCII0Ib30BAHNUS HarpeBaTeIbHOIO YCTPOICTBAa HA OCHOBE TEPMORJICKTPUUYECKOTO
pEeKynepaTUBHOIO MOJYJIsI, IO3BOJISIFOIIETO B YCIOBUSX OFPAaHUYEHHOCTH TEIUIOBOTO pecypca Io-
BBICUTH 3(p(PeKTUBHOCTD pa3rpy30uHbIX padot aBromoouist KamA3-55111. J{ns o6ocHoBaHus HC-
[10JIb30BAaHUS HAIPEBATEIBHOIO YCTPOICTBA HA OCHOBE TEPMORJIEKTPUUYECKOTO PEKYIEePaTuBHOIO
MOJTYJIs1 TPOAHATIU3UPOBAHO BIMSIHUE TEMIIEPATYPbl OKPYKAIOLIEH Cpeibl Ha IPOAOKUTENBHOCTh
pasrpy30uHbIX pabOT TPAHCHOPTHOTrO cpeacTBa. [IpuMeHEHHBIN MaTeMaTH4YecKHii armnapar J10Ka-
3aj1, 4YTO CHWXKEHUE TeMIIepaTypbl OKPYKAIOLIEH Cpeibl OKa3bIBAaeT CYIIECTBEHHOE HEraTUBHOE
BJIMSIHUE HA paboTy MHIPABIMYECKON CUCTEMBI 32 CUET YBEIUYEHUS BASKOCTH PadOUe sKUIKOCTH.
B cBsi3u ¢ 3TUM 0COOBIi MHTEpeC MpenCTaBIsAeT IPUMEHEHUE YCTPOMCTB, MO3BOJISIOIUX YBEIH-
YUTh TEMIIEPATypy TUAPABINYECKON KUAKOCTH TPAHCIIOPTHOI'O CPEJICTBA B HU3KOTEMIIEPATyPHBIX
yCIIOBUSX dKcILTyaTauuu. [Ipeqnaraemoe yCcTpoicTBO 1103BOJISIET BTOPUUHO UCIIOJIB30BaTh TEILIO-
Ty BBIXJIOIHBIX Ia30B, yAAIAEMbIX U3 JBUTATelsl aBTOMOOWIISI ITyTeM PpeoOpa3oBaHusl B 3EKTPH-
YECKYI0 DHEPIHio, ¢ MOCIEAYIOMUM aKKyMYyJIUPOBAaHUEM TEIJIOBOM 3HEPIHU. DKCIIEPUMEHTAIIb-
HBIM ITyT€M YCTAaHOBJIEHO, YTO UCIIOJIb30BaHUE DPa3pabOTaHHOIO YCTPOWCTBA MpPU TEMIEpaType
OKpy>KaroIlero Bo3ayxa MuHyc 35 °C yMeHbIIaeT BpeMs MoabeMa Mmiaar¢opMbl Ky30Ba ¢ Maccoi
rpy3a JiecaTh TOHH TUapaBandeckoil cuctemoil apromoomiiss KamA3-55111 Gonee uem Ha 31 %,
YTO TI03BOJISIET O0Jiee Pe3yabTaTHBHO MCIIOIB30BaTh 3aTPAYCHHYIO SHEPTHIO U TEM CAMBIM TTOBBI-
CUTb A3PPEKTUBHOCTH Pa3rpy30uHbIX pabOT FIHEPTETHUECKOTO CPE/ICTRA.

Knrouegvie cnoea: rpy30Boii aBTOMOOWIIb, THIPOLMINH/AP, TTOIOTPEB, YHEPTETUIECKUE 3a-
TpaThl, 3 (HEKTUBHOCTD PA3TrPy30YHBIX PAOOT
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Abstract. The article presents theoretical and experimental studies on efficiency improve-
ment of unloading operations by KamAZ family cars under conditions of low ambient tempera-
tures of the Amur Region. The priority direction of efficiency increasing of trucks using while
transport operations at low ambient temperatures is to reduce energy losses per unit of received ag-
ricultural products. Production experience shows that in winter it is necessary to take into account
the harsh natural and climatic conditions of the Amur Region, which have a negative impact on the
reliability and efficiency of transport services. The objective is realized by using a heating device
based on a thermoelectric recuperative module, which allows, in conditions of limited thermal
resource, to increase the efficiency of unloading operations of the KamAZ-55111 vehicle. To sub-
stantiate the use of a heating device based on a thermoelectric recuperative module, the ambient
temperature influence on the duration of vehicle unloading is analyzed. The applied mathematical
apparatus proved that a decrease in the ambient temperature had a significant negative effect on
the hydraulic system operation due to an increase in the working fluid viscosity. In this regard, of
particular interest is the use of devices that make it possible to increase the hydraulic fluid tempera-
ture of a vehicle in low-temperature operating conditions. The proposed device makes it possible
to reuse the heat of exhaust gases removed from the car engine by converting into electrical energy,
followed by the accumulation of thermal energy. It was established that the use of the developed
device at an ambient temperature of —35 °C reduces the lifting time of the body platform with a
weight of 10 tons by the hydraulic system of the KamAZ-55111 vehicle by more than 31 %, which
allows more efficient use of the spent energy and thereby increase the efficiency of energy means.

Keywords: truck, hydraulic cylinder, heating, energy losses, efficiency of unloading opera-
tions
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BBenenue. OgHuM W3 HampaBJIeHUN
MOBBIIEHUS 3D PEKTUBHOCTH UCTIOIH30BAHUS
IPY30BBIX aBTOMOOWJICH MPH BBITOJIHEHUU
TPAHCIIOPTHBIX Pa0OT B YCIOBHUSX HH3KHUX
TEeMIIEpaTyp OKPY’KaloLIel Cpeabl SBISETCS
CHIDKEHHE SHEPreTHYeCKHX 3aTpaT Ha elu-
HUIYy TOJYYEHHOM CEeJIbCKOXO031iCTBEHHOU
npoaykuuu [2, 3, 13, 14]. IIpousBoacTBen-
HBII ONBIT MOKa3bIBAET, YTO B 3UMHUM MEpU-
0]l HEOOXOAMMO YYHUTHIBATH CYPOBBIE IMpH-
POIHO-KIIMMATUYECKHE YCIOBUS AMYPCKOM
o0jacTu, KOTOpbIE OKa3bIBalOT HETaTUBHOE
BJIUSIHUE HA HAJIEKHOCTh U YKOHOMUYHOCTh
TPAHCIIOPTHBIX YCIIYT MPU BRIPAOOTKE TpaHC-
MMOPTHOW MTPOTYKIIMH B CEITLCKOM XO3SMCTBE.

Hapsiny ¢ sTuM crienyeT yduThIBaTh,
YTO JIOJIsl IOTEPU TEIUIA C BBIXJIOIMHBIMU Ta-
3amu MOXkeT npeBbimath 40 %. 910 000cHO-

BBIBAC€T BAXKHOCTh HCCIIEAOBAaHUN IHEProdd-
(heKTUBHOCTH TPUMEHEHHUS TpPaHCIOPTa, B
YaCTHOCTH aBTOMOOUIEeH cemericrea KamA3
4,9, 12].

[Ipu opranm3anuu BBITIOJHEHUS pa3-
TPY304YHBIX pabOT TMPEUMYIIECTBA aBTOMO-
ouns KamA3-55111 peanusytorcst Ha OCHOBE
TUAPABINYECKOW CHUCTEMBI, KOTOpas C IIO-
MOIMIBIO TEJIECKOTMYECKOTO THIPOLMINHIPA
MOAHUMAET U OMPOKUJBIBACT TUIATHOpPMY
Ky3oBa. OHAKO, MPU DKCIUTyaTallMd 3TOTO
aBTOMOOWJII B HU3KOTEMIIEPATYpPHBIX YCIIO-
BUSIX M Ha JUIMHHBIX MaplipyTax MOJBO3a
uiau Oe3rapakHOM XPaHEHUHM 3HAYUTEIIBHO
YBEIIMUMBACTCSA BpPEMsI Pa3rpy3KH CEIbCKO-
XO035IUCTBEHHBIX TPY30B, 32 CUET MOBBIILICHUS
BSI3KOCTU THJIPABINYECKON JKUJIKOCTU B CH-
CTEME OMPOKH/IBIBAHUSI Ky30Ba.
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Ileabio JaHHBIX HCCAEeI0BAHUM 56/15-
emcsi 000CHOBaHUEe UCNOIb308AHUS HACPesA-
MmenbHO20 YCMPOUCMEa HA OCHO8E MepPMOI-
JIEKMPUYECKO20 pPeKyNnepamueHo20 Mooy,
NO3B80IAI0We20 8 YCIOBUAX 02PAHUYEHHOCU
Mmenno8oco pecypca nosvicumv 3Qp@hekmus-
HOCMb  pa32py30YHbIX pabom aemomoouis
KamA3-55111.

Mertoauka TmpoBeJdeHHS HCCJeI0-
BaHuMil. [l peamm3anuu  1OCTaBICHHOU
LM HEOOXO0MMO NMPOAHAIU3UPOBATH BIIU-
SITHUE TEeMIIEpaTypbl OKpPY’Kalolel Cpebl Ha
MIPOJOJDKUTEIBHOCTh PAa3TPy30UHBIX padoT
TPAHCIIOPTHOT'O CPEACTBA.

CkopocTh mepeMellleHuss IMOPIIHS
B TMAPOLMIMHAPE 3aBUCUT OT KOJIMYECTBA
KHUJIKOCTH, IIOCTYIAIOLIEH B EAMHUILY BpeMe-
HU ¥ onipenensiercs no ¢opmyne (1):

4Q
1" _——— 1
m(D?—d?) (D
rae Q — 00BEMHBIN pacxo/1 JKHUIKOCTH, M*/C;
D — nuamerp nopurns, Mm;
d — TuameTp mIToKa, M.

B CJIydac HCIIOJIb30BaHUA TCJICCKOIIU-
YCCKOI'o rTmApOouInHApa U3 n-HOpLHHeﬁ CKO-

POCTh X TIEpEMEIICHUS OIICHUBACTCS BhIpa-
xeHueM (2):

4
g 2 (2)
- dl,zJ...Jn)

U2.n= H(Dz

12,..n

KonnyecTBO KMUIAKOCTH, MOCTyHaro-
1Ied B THIPOLMIIMH]P MOKHO pacCUUTaTh 1O

dbopmyne (3):

0 _ Sl _ ;
T ar VW (3)
rae V — 00bEM KUIAKOCTH, M;

t — Bpems, c;

[ — paccTosiHue, TPOXOANMOE KUAKOCTHIO, M;
W — CpEIHSS CKOPOCTh TOTOKA JKUJKOCTH, M/C.

Jns pelieHuss MOCTaBJIECHHOW 3a/1aud
1enecoo0pa3Ho  OmpeAeIuTh HEeoOXOAUMOe
KOJINYECTBO KUJIKOCTH, MOCTYMAIOUICH B T'H-
ApOUMIMHAP AnuHOK [/ u quamerpom D npu
JaMUHApHOM peXHuMe TedeHus (puc. 1).

[Ipu ycraHoBuBIIEMCS pEeXUME Teue-
HUSl JKAJKOCTH JJI 3HAYEHHUS KOOPIAMHATHI
y ypaBHeHuUs bepHyiu [6] MOXKHO 3anucarhb
BBIpakeHHE (4):

l-l

12

Pucynok 1 — Cxema K onpeie/ieHHI0 Pacxoia "KUJIKOCTH B JIAMHHAPHOM MOTOKe

HanbHesocmoyHbil agpapHbIl secmHuk. 2021. Ne 4 (60) 175



05.20.01 — lpoyecchl u MawuHbl a2pPOUHXEHEePHbIX cucmem

HayuHoe obecneyeHue AlK

m(0,5D — y)*(p; — p;) = 2tm(0,5D — y)l (4)
ri€ p, — NaBJICHUE B CEYCHUH O/uH, [a;
p2 — JaBJICHHUC B CCUCHUU [1BA, Ha,
7 — HampsKeHue Tpenus, Ila.

[Ipu nBMXEHUM KUIKOCTH HEOOXOJIU-
MO YYECTh CHJIbI TPEHHS, KOTOPBIE IMPOSB-
JIAFOTCA M3-3a BSI3KOCTH MPU HU3KUX TEMIIE-
partypax U MNOJUUHAIOTCA 3aKOHY HproTOHA.
[ToaTomMy, OIHUM M3 OCHOBHBIX (PaKTOPOB,
BIIMSIIOIIMX HA CKOPOCThH MOTOKA KUIAKOCTH
B 3aJIJaHHOM 00BEME, SIBISIETCS BA3KOCTD, Xa-
paKTepu3yrouas CTENeHb TEKYYECTH KU KO-
CTHU U IIOABMIKHOCTH €€ JaCTHIL.

Bripazum HampsbkeHue TpeHus u3 gop-
MyJibl (4), cocTaBUB BbhIpakeHue (5):

r— I:pl - pZiI(D B 2.]'}) (5)

B cootBeTcTBUM ¢ 3ak0oHOM HproTtona
HaIpsDKEHUE TPEHUS MPOTOPITMOHAIBHO -
HAMUYECKOMY KO3(PPUITUCHTY BA3KOCTH, YTO
HaxoJIUT OTpakeHue B popmyiie (6):

du
T = ugradu = ‘u'd_y (6)

rJie { — TMHAMHYECKUH KOAPPHUIIUEHT BA3KO-
cty, Ila- c;

U — CKOPOCTb MOTOKA JKUAKOCTH B IIOTIE-
pEYHOM HarmpaBJIeHUH, M/C.

OmnpenenviM  CKOPOCTb  KHIKOCTH
HOPMAJILHO K TOTOKY, IPUPABHUBAS TIPaBbIC
yacTu ypaBHeHuil (5) u (6). B pesynbrare,
noryuuM Beipakenue (7):

_ BP0 -2y)
du = 4y dy 7

[IpounTterpupyem Bbipaxenue (7). Pe-
3yJbTaT UHTEPTUPOBAHMS IIPEACTABIICH B BbI-
paxenuu (8):

[ [Gi—p)D=2y)
u=fdu=f 4l dy =
1] 1] (8)

(Pl—‘pz)Dz(y y 2)
=1 2 (= (=) |+¢C
Alp D (D)

[IpuHUMasi CKOPOCTh JABMIKEHUS TOTO-
Ka JKUIKOCTU OECKOHEYHO MAJION BEIMYNHON
B KOPITyCe TUAPOLMINHIPA, TO €CTh TIpH y=0),
KOHCTAHTY HHTETPUPOBAHUS MOYKHO IPUPAB-
HATH K HyJr0 C=0.

Takum oOpa3om, mMeeM BBIpaKEHHE
9):

= )

(p1 — p2)D? (£ _ (E)z)
4lu D D
CorjlacHO MHOI'OYHCJICHHBIM DKCIIe-
pUMEHTAJIbHBIM HuccienoBanusIM [2, 3, 12,
13, 14], nuaamMudeckast BI3KOCTb CHHTETHYEC-
CKHMX MaceJl MOBBIIIACTCS MPU YMEHBIICHUN
TEeMIIepaTypbl OKPYKAIOLIEH CpeIbl U MOAUU-
HsETCs SMIpuyeckoMy 3akony (10): [4]

U= #De_ﬁ{T_To] (10)
TAE U ¥ [, — TMHAMUYECKHUH ko3 purmeHT
BSI3KOCTH COOTBETCTBEHHO TIPHU TEeMIIEpaTy-
pax Tu T
S — xoaddummeHT, 3HaueHne KOTOPOro
JUISI CUHTETHYECKUX Maceil H3MEHSIETCS B
npenenax ot 0,02 no 0,03.

Takum 00pa3om, yuuThIBast U3MEHEHUS
TEeMIIepaTypbl CHUHTETHUYECKHUX Maces, CKO-
POCTh JIBHKEHHSI TIOTOKA KUJAKOCTH B IOIIE-
pPEYHOM HAIpaBJICHUU MOXHO OIPEIETUTh
BoIpakeHueMm (11), myTéM mnojacTaBieHUs

dbopmyiet (10) B hopmyiy (9):

— 2 ’ 7 2
— l:pl pz)D (}__(J_) ) (11)
4lp e FT-Td\D \D

OneHum 00BEMHBIN pacXo KHUIKOCTH,
MOCTYNAIOUIEH B €TMHUILY BPEMEHU C YUETOM
BoipaxkeHus (11), cocraBuB Beipaxkenue (12):

05D
0= J' 27(0,5D — y)udy =
0

05D
= D* 2
8P [ (05-D)E- )]« Q) -
[i]
—p,)D* 2 3 12
- s (B) —os @)+ P
4 ,0.5D _ )D“
+025(2)) - —1%%:%-1)
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Taxum 06pa3zom, cpesHssi CKOPOCTh MO-
TOKA >KMJIKOCTH W B T'MIPOLMIMHIPE, B 3aBU-
CUMOCTH OT U3MEHEHHs TeMIIEPaTyphl OKPY-
KAIOWEH cpenbl, ONpeNeNUTCS Ha OCHOBE
MOJICTaBJIEHUS BbIpaxxeHus (12) B BeIpaxkeHue
(3). IToayuum popmyay (13):

Q ‘:p1_p2]92
W= —

S, 32Iuge FT-To)

(13)

YuutsiBast hopmynst (1) u (12), ycra-
HOBUM 3aBHUCHUMOCTH CKOPOCTHU JABWKCHHS
HITOKA, peain3yeMON B CHJIOBOM THAPOLU-
JUHPE, OT TEMIEPATYPbl OKPYKAIOIIEH cpe-
JIbI, COCTaBUB BhIpakeHue (14):

(p1 — p,)D*
32l e FT-Tol(D2 — d?)

v(T) = (14)

CrnenoBarenbHO, BpeMst TIOAbeMa Ky30-
Ba TPAHCIIOPTHOTO CPEJICTBA 3aBUCHUT OT TEM-
nepaTypbl OKpY)KaroIlei cpeasl U ONMUCHIBa-
etcst popmyoii (15):

T

PucyHnok 2 — ABTromooun1b KaM3-55?111

SZIpoe_ﬁ(T_TDJI:Dz —d?
(p1—p2)D* (13)

t(T) =

[IpumeHEHHBI MaTeMaTUYECKUW am-
[1apart MO3BOJISIET CAENATh BBIBOJ, YTO CHUXKE-
HUE TEMIIEpaTypbl OKPYKaIOUIEH Cpebl OKa-
3bIBAET CYIIECTBEHHOE HEraTUBHOE BIIUSHUE
Ha paboTy TUIPABINYECKON CUCTEMBI 3a CUET
yBEJIMUYEHUS BI3KOCTH paboyeit xxunkoctu. B
CBSI3M C 3TUM OCOOBI MHTEpEC MpeACTaBIIs-
€T NPUMEHEHHE YCTPOICTB, MO3BOJISIIOIIMX
YBEJIMUUTh TEMIEpPATypy TUIPABINYECKOU
KHUJIKOCTU (Maciia HHIycTpuanbHOro 12A)
TPAHCIIOPTHOI'O CPEJACTBA B HU3KOTEMIIEPA-
TYPHBIX YCJIOBMSIX KCIUTyaTallH.

B nemnsx moaTBepiKIeHUs OMTyYeHHBIX
3aBUCHMOCTEH MPOBEICHBI IKCIIEPUMEHTATb-
HBIC HCCJIEIOBAHUS MpEeIIaraeMoro Harpe-
BaTEIHHOIO YCTPOICTBA HA OCHOBE TEPMOD-
JEKTPUUECKOTO PEKYNepaTHBHOTO MOy,
BBHITIOJTHEHHOTO 0 naTeHTy Poccuiickoii de-
neparuu Ne 197094 (puc. 2).

[Ipennaraemoe yCTpOWCTBO MO3BO-
JSeT BTOPHUYHO MHCIIOJIB30BAaTh  TEIUIOTY

TR

-

C YCTAHOBJICHHBIM IIOJA0TPEBAO UM yCTPOﬁCTBOM TMAPpOUWJINHAPA noabéma Ky30Ba
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©® 3SxcnepuMeHTAJBHAS OPH BHIKJIIOYeHHOM YCTPOlCTBe
@ 3SxcnepaMeHTaTBHAS OPH BKIIYeHHOM YCTPOICTBe
e===TeopeTH9eCKas NPH BHIKIYeHHOM YCTPOHCTBe
e==TeopeTH9ecKas OPH BKIIO9eHHOM YCTPOIiCTBE

Pucynok 3 —3aBucumMoCTb BpeMeHH OAbEMA Ky30Ba
aBToMo0miIs1 KamA3-55111 ot Temnepartypsbl oKpy:kawomei cpeasl (Macca rpy3a 10 Tonn)

BBIXJIOTIHBIX Ta30B, YAAJISEMBIX U3 JABUTaTe-
7. aBTOMOOWJISL MyTeM MpeoO0pa3oBaHUs B
ANEKTPUUYECKYIO SHEPTHUIO, C MOCIEAYIOUIUM
AKKyMYJMPOBAHUEM TEIUJIOBOM HSHEpruu [35,
6,7,8,9, 11, 15].

Pe3ynbTaThl TECOPETUYECKUX U DKCTIC-
PUMEHTAJIbHBIX HUCCJIEIOBAaHUN CBEICHBI U
MPEACTaBICHBI B BUJIE TPaUKOB HA PUCYH-
ke 3.

BoiBoa. I[IpoBeneHHBIMU SKCTIEPUMEH-
TaJlbHBIMU HCCJIEJIOBAaHUSAMU TOATBEPXKIC-
Hbl TEOPETHYECKUE pacueThl W O0OOCHOBaHA
11e1ecoo0pa3HOCTh MCMOIb30BaHUS Harpe-

BaTEJIbHOIO YCTPONCTBA HAa OCHOBE TEPMO-
ANEKTPUYECKOTO PEKYMEPaTUBHOTO MOMIYJIS
IpU MPUMEHEHUU TPY30BOrO aBTOMOOUIIS B
HU3KOTEMIIEPATypHBI TEepuoja. YCTaHOBKA
MpeiaraéMoro ycTpoicTBa mpu Temrepa-
Type OKpy»KaroImlero Bosayxa MuHyc 35 °C
YMEHBIIIAET BpeMsl MoabeMa MiIaTGopMbl Ky-
30Ba ¢ Maccoil rpy3a 10 TOHH U TuApaBINYE-
ckoil cucremoit aBTomobunss KamA3-55111
oomee yem Ha 31 %, 4ro mMo3BONISIET OoJee
PE3yJIbTaTUBHO UCIOJIb30BaTh 3aTPAuCHHYIO
SHEPTUIO U TEM CaAMBIM MTOBBICUTH 3PP EKTHB-
HOCTb PabOThl SHEPTEeTUUECKUX CPEIICTB.
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