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Annomayusn. B xone npon3BOJCTBEHHBIX HAOMIOACHUH 3a dKCILTyaTanueil aBToMmoouei ce-
MelictBa KaMA3 B arponpoMbIIIIIIEHHOM KOMIUIEKCE pErMOHA HEOAHOKPATHO HAOIIOJAINCh CITydaH,
KOTJ]a TPy30BOi OOPTOBOI MHOTOLIENIEBOI aBTOMOOMIIb HCIIOIB30BAJICS HA MEPEBO3KE HATMBHBIX
I'PYy30B, B YaCTHOCTH OPTraHMYECKUX WM KUIKAX MUHEPATIbHBIX YI0OpEHUH, TOproYe-CMa30uHbIX
MarepuaioB. Heo0XoauMOoCTh HCIIONB30BaHMsI aBTOMOOMIISI HA TAKOTO POJia TPAHCIIOPTHBIX Orepa-
USX 000CHOBaHA OTCYTCTBUEM B HEOONBIINX KPECThIHCKO-PEpMEPCKUX XO3HCTBAX CIEIHAIH-
3MPOBAHHOTO aBTOTPAHCIIOPTA IS IEPEBO3KU TAKUX TPY30B. XapaKTepHOH 0COOEHHOCTHIO ATOTO
BHJ1a TPAHCIIOPTHBIX OIIEpaLlUi SIBISAETCS TaKas BaKHasl OTNIMYUTEIIbHAS YePTa, KaK CMELCHUE I1e-
PEBO3UMOI )KUIKOCTH B EMKOCTH B CTOPOHY BBITIOJHIEMOTO MaHEBPa, YTO HanboIee 3HAYUTEIbHO
MPOSBIIAECTCS IIPU JABHXKEHHUU 110 JOpOraM, UMEIOIIUM ITONIEPEUHbIN WU POJOJIbHBIA YKIIOH I10-
BEPXHOCTH JBUKECHHUSI, IPUOIMKEHHBIN K KpUTUUECKOMY. B 3TOM citydae, 3a cueT HEKOHTpOJIupye-
MOTO MepeTeKaHMs )KUKOCTH BO3HUKAET JIOMOTHUTEIBHBIN ONPOKUABIBAIOIINN MOMEHT, 00y CIIOB-
JICHHBIN CMEIlIEHHEM IIEHTpa TSKECTH Kak TPpy3a, Tak U arperara B obmieM cirydae. OcoOeHHO 3TO
OIIaCHO, KOT/Ia IPUXOJUTCS IEPEBO3UTH HAIMBHBIE IPY3bl B YaCTUYHO 3aII0JTHEHHBIX EMKOCTAX 0€3
BBIPABHMBAIOIINX NEPETOPOAOK. AHAIN3 TEOPETUUECKUX HCCIIEN0BAaHUM, IIOKa3aJl, YTO Ha yCTOM-
YHBOCTh JIBUKCHHUSI OKA3bIBAIOT 3HAYUTEIIHOE BIHMSHHUE KaK 00beM, BA3KOCTh M pacIpeesieHue
KUJKOCTH B LIUCTEPHE, TAK U CUJIbI, BOSHUKAIOIINE IIPU BHYTPEHHEM IIEPEMELICHUN HAJIUBHBIX
Ipy30B IIPU KPUBOJIMHEHHOM HEPAaBHOMEPHOM JBM)KEHHH aBTOMOOMIISA. TakuM 00pa3om, ¢ 1ebio
MIOBBIIICHUS YIIPABISIEMOCTH, YCTOMYMBOCTH, MOBBIIICHNS HAJEKHOCTH UCIIOJIB30BAHUS aBTOMO-
6uss, 000pYIOBAHHOTO €MKOCTBIO Ul TIEPEBO3KH HAJIMBHBIX TPY30B, C YACTHUYHBIM 3allOJHEHH-
€M >KHJIKOCThI0, HEOOX0IUMO NPUMEHEHNE UHKEHEPHBIX MOJX0JJ0B U MOMCK HOBBIX TEXHMUECKHUX
pemenuii. B crarbe mpuBonuTCS 000CHOBaHME BO3JEHCTBHUSA HAa KOHCTPYKIIMIO aBTOMOOWIIS Tie-
peMeleHUs] HAIMBHBIX I'PY30B B IIEPEBO3UMON €MKOCTH B 3aBUCHUMOCTH OT YKJIOHA MECTHOCTH U
COCTOSIHUSI [IOBEPXHOCTH JIBUKCHMUSL.
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AZPOUH)KGHG,OUFI u nuwesble mexHosioecuu

Abstract. During production observations of the operation of cars of the KamAZ family
in the agro-industrial complex of the region, cases have been repeatedly observed when a cargo
on-board multi-purpose vehicle was used to transport bulk freight, in particular organic or liquid
mineral fertilizers, fuels and lubricants. The need to use a car on such transport operations is jus-
tified by the lack of specialized vehicles in small peasant farms to transport such goods. A char-
acteristic feature of this transport operation type is such an important distinguishing feature as the
displacement of the transported liquid in the tank towards the maneuver being performed, which is
most significantly manifested when driving on roads with a transverse or longitudinal slope of the
movement surface, close to critical. In this case, due to uncontrolled flow of liquid, an additional
overturning moment occurs due to the displacement of the center of gravity of both the cargo and
the aggregate in the general case. This is especially dangerous when you have to transport bulk
freight in partially filled containers without leveling partitions. An analysis of theoretical studies,
showed that the movement stability is significantly influenced by both the volume, viscosity and
distribution of liquid in the tank car, as well as the forces that arise during the internal movement of
bulk freight with curvilinear uneven vehicle movement. Thus, in order to increase controllability,
stability and the reliability of using a car equipped with a container for bulk freight transportation
with partial filling with liquid, it is necessary to use engineering approaches and find new technical
solutions. The article provides a justification for the impact on the design of the car of the move-
ment of bulk goods in the transported container, depending on the terrain slope and the movement
surface state.

Keywords: car, bulk freight, stabilizing moment, disturbing moment, tanker truck, stability
factor, center of mass, efficiency
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Beenenue. [Ipu nepeBo3ke HaJIMBHBIX
WM CBIITyYHX TPY30B HEPEIKO HaOonaeTcs
M3MEHEHHE YCTONYMBOCTH aBTOMOOMIIS Clie-
TyIOITUX BUAOB [1]:

1) HapyleHHe MOIepevyHOr ycToWYu-
BOCTH;

2) Hapyll€HHE NPOJOJILHOM yCTOWUH-
BOCTH;

3) HapylLleHHE TPAaCKTOPHOM yCTOWYH-
BOCTH BCJIEAICTBHE CKOJIBKEHHS KOJIEC aBTO-
MOOHIIS.

[Ipu mnepeBo3ke HAIMUBHBIX TPY30B
Haubosiee 4yacTo BCTPEYAEMOE IMOCIIEICTBHUE
HApyILICHUS YCTOWYMBOCTU TPAHCIOPTHOTO
CpEICTBA — MONEPEYHOE OIPOKUIBIBAHUE UITH
BbIe3]] 32 rabapuThl JOPOTU H3-3a CKOJIbXKE-
HUS KOJIEC MO MOBEPXHOCTU JIBWXKEHUS MPHU
HEJOCTAaTOYHBIX CIEMHBIX KayecTBaxX B MST-
HE KOHTaKTa ABWXUTENS U aoporu [2]. [Ipu
3TOM HEOOXOJAMMO OTMETUTh, YTO MPOJIOJIb-
HO€ ONPOKUIBIBAHHE aBTOMOOWIS HaOIro-
JTaeTcsl OYeHb PEAKO, TaK KaK MPOAOIbHBIN

rabaputr aBTOMOOWJIS 3HAYMUTEIHHO BHIIIE
nomnepevHoro [3, 4].

Takum 00pazom, BO3HHKAET Mpodie-
Ma 1o obecrneyeHnto 0e30IacHOCTU JIBUKeE-
HUSI aBTOMOOWJISI ¢ HAJMBHBIMHU Tpy3aMH, B
YaCTHOCTH, IPU BHIIIOJHEHUH UM IOBOPOTA
WIM JIBJKEHUU I10 A0pOoraM, MUMEIOIIUM 3Ha-
YUTEJBHBIM IIPOJOJIBHBIA WM IOIEPEYHBII
YKJIOH [5, 6].

IIpn 1moucke TEXHUYECKHUX PELICHUN
JaHHOW TMpOOJeMbl HEOOXOAMMO, YTOOBI
IpeUIo’KeHHast KOHCTPYKIMS OCYIECTBIIsIIA
BbIPAaBHUBAHUE U 3aJI0KEHHBIE BO3JCHCTBUS
B aBTOMATHYECKOM PEKUME, a TaKXKe SBIIS-
Jach BCTPauBaeMON B XOJOBYIO CUCTEMY aB-
TOMOOMJISL.

Ilenvro uccneoosanuit saeuioco 000-
CHOBaHUe 8030elicmeus HaA KOHCMPYKUUIO
agmomoouna nepemeuieHus HaaUBHbIX 2py-
308 6 NEPeso3UMOI eMKOCHMU 8 3A6UCUMO-
cMmu om yKi10HA MECHMHOCMU U COCMOAHUSA
noGepXHOCMU O0BUNCEHUA 6 NOBOPOmMeE NPU
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YCmaHo6Ke OOnOIHUMENbHO20 6bIPAGHUEA-
10ue-KoppeKmupyou|ezo ycmpoiucmed.

PesyabTarhl ucciaenosanui. Ha oc-
HOBAaHUHW aHAJIM3a PAHCC IMPOBCACHHLIX HC-
CJIEJOBAaHUM YCTAHOBJIIEHO, YTO IPH MEpe-
BO3KC HAJIMBHBIX I'PY30B B IIOHOJIHHTGJIBHOﬁ
YCTaHaBIMBAEMON €MKOCTH B IIOBOPOTE BO3-
HHUKacCT ,Z[OHOJIHI/ITCJIBHHﬁ MOMCHT, CTpCMS-
IIUICS TIEpEeBEPHYTh aBTOMOOMIIB.

s peanvzanuu MOCTaBICHHOW ILIETH
U TPOBEACHUS TEOPETHUYECKOTOo OOOCHOBA-
HUS HCCIEAyeM MEXaHUYECKYI0 CUCTEMY, CO-
CTOSAIIYO U3 EMKOCTH (IIUCTEPHBI), YACTHYHO
3aMoTHeHHOM XUIKOCThIO0. [Ipu npoBenennun
HCCIIeIOBaHUI HEOOXOAMMO YUUTHIBATh, YTO
YpOBEHb 3aIlOJIHEHUSI IUCTEPHBI HAMPSMYIO
BIIUSICT Ha TIOMEPEUHYI YCTOWYUBOCTH aB-
TOMOOWIIS, B CBSI3U C TE€M, YTO CHUJIBI, CO3/1a-
IOII[E TTOBOPAYHBAIOIINE MOMEHTHI, 3aBUCST
OT CMEIICHUS [IEHTPOB MaCC KUIKOCTH B ITU-
CTEpHE.

[Ipu mpoBeneHun uccieAOBaHUS IBU-
HKEHHUS] MEXaHUYECKOW CHUCTEMBI, COCTOSILEH
M3 aBTOLMCTEPHBI U KHJIKOCTH, II€JIeCO0-
Opa3Ho mpuMeHuTh npuHIun Jlamambepa [7].
CornacHo 1aHHOMY NMPUHIIHUILY, UCCIIeTyeMast

CHCTEMa SIBJISIETCS YPABHOBEIIEHHOM TOT1a U
TOJBKO TOTZA, KOT/Ia K BO3JICHCTBYIOIIEH Ha
ABTOMOOWIIb AKTUBHOM CHJIE IPUKJIAIbIBAIOT-
Cs IOITOJTHUTEIIbHBIE CHJIBI UHEPLIUH.

KpurepueM mnonepedyHoil yCTOMUYMBO-
CTH JIBWXKEHUS TPAHCIOPTHOI'O CPEJCTBA Ha
[OBOPOTE WJIM HpU ABWKEHMHM MO J0pOre,
UMeEIOILEeH MOoNepeuHbli YKIIOH, SBIISIETCS KO-
3 PUIMEHT YCTOHIMBOCTH aBTOMOOHIIA 4L :

Mera)
Ma=y 1)
Bo3(A)
rae MCT( n " CTAOMIIM3UPYIOIINI MOMEHT OT-
HOCHUTEILHO TOYKH A, H-M;
M — BO3MYILAOIINI MOMEHT OTHOCH-

BO3(A

TeNbHO TOUKU A, H-M.

Jns onpeneneHust 3Ha4eHus1 ko3¢ du-
LMEHTA CTAOMIM3ALMU  yCTOWYMBOCTH (i ,)
IPOAHAIU3UPYEM JIEUCTBUE CWJI Ha JABIKY-
HIYIOCS 110 HAKJIOHHOMY y4YacTKy JOPOTH ITy-
CTYIO aBTOLUCTEPHY (pHuc. 1).

B cootBercTBUM ¢ pucyHkoMm 1, B Tou-
K€ KOHTaKTa C JOpPOroi Hapy»Horo kozieca A
CTaOMIIM3UPYIOUIHI MOMEHT CO3/JaeTCsl Crla-

8

Pucynok 1 — PacyeTrHasi cxema CHJI, 1efiCTBYIOIIUX
HA NMYCTYI0 aBTOHMCTEPHY MPH NMONEPEYHOM YKJIOHE TIOPOTH
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MU TSDKECTH U CUJIAMU MHEPLIUU, U OTIPEIeIs-
€TCsl BEIpaKeHHEM (2):

M, = (Py +F sin $)0,5B + Fhy cos f =

= (Gcosp + FsinB)0,5B + Fhy cos @)

rae P, — TaHreHumuManbHas COCTaBJIAONIAA
CHJIBI TsKecTH, H;

G — cunia TSKECTH aBTOMOOWIISL U Iy CTOM
uucTepHsl, H;

[ — yroy HaKkJIOHa JOPOTH, TPaI;

B — nonepeunast 6aza aBTOMOOWIIS, M;

hg — BBICOTA IICHTPA TSHKECTH, M.

Bo3smymarommii MOMEHT OTHOCHUTEIb-
HO TOYKH A CO3IaeTCsI COCTABIIAIONIEN CHJIEI
TAXKCCTU PZ nu OHpelleHHeTCSI BI)Ipa)KeHI/IeM

(3):

MBOB(A) = chg = th Sinﬂ (3)

[Toncransist B popmyny (1) coorBet-
CTBYIOUIME 3HAYCHHUS CTAOMIM3UPYIOIIETO
MOMeEHTa (2) 1 BO3MyILIatoLIero MomeHTa (3),
OTIpeIeNIUM 3HaueHHe Kod(pPHIreHTa ycToii-
YHBOCTH ITyCTOW aBTOLUCTEPHBI:

_ (Geos B+ FsinB)0,5B + Fhy cos
Faa = Gh, sinf

)

IIpy BBINONHEHNMH TPAHCIOPTHBIX pa-
00T aBTOLIMCTEPHON, YACTUYHO 3aMIOJTHEHHON
JKUJKOCTBIO, MPOUCXOAUT CHUKEHHE IIOIIe-
PEYHOM YCTOMYMBOCTH HA KPUBOJMHEUHOM
y4acTKe JOPOrd 3a CYET CMEILIEHHUs LIEHTpa
Macc JKHJIKOCTH B mucTtepHe. OLiEHUM Ko-
3G UIUEHT YCTONYMBOCTH aBTOLUCTEPHBI,
YaCTUYHO 3allOJIHEHHOM JKUAKOCTHIO, HC-
II0JIb3YSl CXEMY CHJI, IPECTABICHHYIO Ha pU-
CYHKeE 2.

B Touke KOHTaKTa C JOpPOro HapykK-
HOTO Kojieca A CTaOMIM3UPYIOIIMNA MOMEHT
CO3aeTcs CUJIaMM TSKECTH, CUJIaMHU HHEp-
LMY U OIpesensieTcs BoIpaykeHueM (5):

M, = (G cos p + F sin )0,5B + Fhy cos B +

+(Gy cos B + E,sin)(0,5B — a) + E, hy.cos p ©)

rae G, — CHJIa TSKECTH HATMBHOM XKUIKOCTH,
H;

F — cuna unepiun aBTOMOOUIIS U ITyCTON
nucrepHsl, H;

)

Pucynok 2 — PacyeTHasi cxemMa CHJI, 1eliCTBYIOIIUX
HA aBTOLMCTEPHY, YACTHYHO 3aM0JTHEHHYIO JKUIKOCThI0
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F  — cuna uHEpUu HAJIMBHOM KUJIKOCTH,
xHe
H;
h , — BBICOTA IIEHTPA TSHKECTH KUIKOCTH, M.

3HadeHue BO3MyH[aromiero  MOMCH-
Ta OTHOCHUTEILHO TOUKH A 3aBHCUT OT CHII
TSDKECTH HE3aIl0JITHEHHOM ABTOUCTCPHBI H
CHIIBI TSDKECTH HAJIUTOMN KUAKOCTH:

MB°3(A) = (th + G,th) Sinﬂ (6)

YuurteiBas Beipaxkenus (5) u (6), ko-
3¢ (HULMEHT yCTONYMBOCTH aBTOLIMCTEPHBI,
YaCTUYHO 3aMOJTHEHHOM KUAKOCTHIO, BEIUHC-
asiercst popmysoit (7).

Amnanu3 noxydeHHbIx Gopmyi (4) u (7)
MO3BOJISICT TIPEAIONIOKUTh, YTO YCTAaHOBKA

s unmeHTa yCTOWIMBOCTA aBTOMOOMIIS 3a
CYET CMEIIECHHUS IIEHTPa MacC HATUTOU JKU/I-
KOCTH.

(@ cos B + F sinf)0,5B + Fhy cos B &

. (Gh, + Gyhy) sin ,
(G cos B + E,sinB)(0,5B—a) EchctgpB ™
(Ghy + Gyhy) sin B Ghy + Gyhy,

3akmouenne. Conocmasiisisg 3Hayenus
K03 puyuenmos ycmouuusocmu agmoyu-
cmepHbl 6e3 HCUOKOCMU U YACMUYHO 3aNO0J-
HEeHHOU MHCUOKOCMBIO, MONCHO OMMEmUmby,
YUMo HA YCMOUYUBOCTNb OBUNCEHUS. ABMOMO-
Ouna oxaszvlealom 3HAYUMENbHOEe GHUSHUE
00beM HCUOKOCMU 8 YUCTNEPHe U CUTbL, 803-
HUKamwue 8 xooe 8HympeHHe20 nepemeuye-
HUSl HATUBHBIX 2PY308 NpU KPUBOIUHEUHOM

MpeJyIaraeMoro yCTporucTBa B 3HAUYUTEIIbHOM HEPABHOMEPHOM OBUIHCEHUU ABMOMOOUN.
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