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HOJIIIIIEHHA MAHEBPEHOCTI YHOTHUPUBICHUX ABTOMOBLJIIB 3B1IJIBINEHHAM
YUCJA CTYINEHIB PYXJIMBOCTI XOJOBOI YACTUHU

Y emammi docniosiceno winsxu niosuwenms ManedpeHoCmi YoOmupugiCHUX NOBHONPUBIOHUX ABIMOMODINIE
WLTAXOM 3ACMOCYSAHHA PIZHUX CXeM KepY8aHHA Konrecamu. Busnaueno 63aemo36 ’a30K Midic HUCIOM KePYIOUUX
BNIUBIE HA NOBOPOMI 8 NAOWUHI 00PO2U YOMUPUBICHO20 NOBHONPUBIOHO20 A8MOMODLIA i3 080MA NOBOPOM-
HUMU naamgopmamu ma 4Yuciom cmyneHie pyxaueocmi 0CmMaHHb020.

Kniwouwoei crnoea: womupusichuil NOBHONPUBIOHUL ABMOMODIIb, YUCIO CIMYNEHI8 PYXIUBOCHI,
MaHespeHicmy a8momooisL.

I[MocTanoBka mpo6JjemMu. Y X0Jli BUKOHAHHS CITy)KOOBO-00MOBUX 3aBIaHb Mifpo3aiiamMu HarionanbpHOT
rBapaii Ykpainu BUHUKAE HEOOXITHICTh MOMOTIaHHS BY3bKUX MPOI3AiB BYIUIlH 1 PI3HOTO POAY Mepenkon. Y
IEOMY BHIAJKY /IO IIOKa3HHUKIB MAaHEBPEHOCTI aBTOMOOUTEHOT TEXHIKN BUCYBAIOTh IT1IBUIIECHI BUMOTH.

VY naniii craTri OOIpYHTOBaHO B3a€MO3B 30K MK MAaHEBPEHICTIO 0araToBiCHOTO (YOTHPHBICHOTO)
MTOBHOIIPHBITHOTO aBTOMOOINS ¥ YHCIOM CTYIIEHIB PYXJIMBOCTI MOTO XOJ0BOI 4acTWHHW. Bu3HaueHo, 1o,
SIKIIIO BUKOHATH TIEPEIHIA 1 3aHill TBOXOCHOBI XOJOBI Bi3KM IMOBOPOTHHUMH, II€ JO3BOJIUTH y IT'SATH Pa3iB
30LJIBIINTH YKCJIO CTYICHIB PYyXJIMBOCTI, MOPIBHIOIOYH 3 YOTHPUBICHUM aBTOMOOLIEM, II0 Ma€ TPaaUIiiHy
XOJIOBY YaCTHHY 3 JBOMA NIEPEIHIMHU KEPOBAHUMU (HATIPSIMHUMH) MOCTaMHU.

Pe3ynbraTi mocimKeHHS MOXYTh OyTH KOPUCHUMH TaKOK TIPH IIPOBEICHHI MOACPHI3aIli aBTOMOOITEHOT
TEXHIKH.

AHami3 ocTtaHHix gocaimkeHb i myOmikamii. Y Teopii MmexaHi3MmiB 1 MamuH [1] po3risgaerbes
CTPYKTYpHA cXeMa KiHEMaTHYHOTO JIAHITFOTa 3araJIbHOTO BUAY. J[Jsl MpOCTOpOBUX MEXaHi3MiB, IO MalOTh k
BibHUX NaHOK, [I. I. ComoBum (1887 p.) Ta A. Il. Manmumesum (1923 p.) 3anponoHoBani GopMynu Ass
BH3HAUCHHS YHCIAa CTYINCHIB PYXJIMBOCTI KiHEMAaTWYHOrO JjaHimtora. KiHIeBUE Bupa3 onepiKaB Ha3BY
dhopmymu ComoBa—ManurieBa. Bin Mae Takuii BUTIIA:

w=H-6=6(k—1)—5P, —4P, —3P,—2P, - B, (1)

ne H — 9ucio cTymneHiB cBOOOAM KIHEMAaTHIHOTO JIAHITIOTa;

(® — YHCIIO CTYIICHIB PYXJIMBOCTI KIHEMAaTHIHOT'O JIAHITIOTA IIOA0 HEPYXOMOI JIAaHKU;

k — 4ymuci0 TaHOK KIHEMAaTHYHOI'O JIAHI[IOTa;

Ps; Py; Py Py; P — udco KIHEMaTUYHUX Map y KIHEMaTHYHOMY JaHI031 5-ro, 4-ro, 3-ro, 2-ro ta 1-ro
KJIACiB BiJIIOBITHO.

Bapro naramatu [1], mo xmac KiHEMaTHIHOI IMapy BU3HAYAETHCS YHCIIOM OOMEKEHB, SIKI HAKJIAAal0ThCS
Ha TICPEMIIIICHHS JIAHOK, IO CKJIJal0Th KIHEMaTHYHY Tapy.

Jlist mmockux MexaHizmiB y 1869 pomi I1. JI. YeOumeBuM 3amponoHOBaHA CTPYKTypHa ¢opMyna
BH3HAYCHHS YHCTIa CTYIICHIB PYyXJIMBOCTI

w=3n-2P; — P, )

JIe 11— YUCII0 PYXOMHX JIAHOK, n=Fk—1.
Bynp-sxuii KiHEeMaTHIHAN JTAHIIOT [ 1] MOXKHA YSIBUTH TaKUM, IO CKJIAAETHCS 3 HOPMAIBHOTO JIAHITIOTa
¥ BUXiITHOTO MeXaHi3My. OCKIIBKH YHCJIO CTYIIEHIB PyXJIUBOCTI HOPMAJILHOTO JIAHITIOTA TOPIBHIOE HYIIIO, TO
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YHUCIO CTYINEHIB PYXJIUBOCTI MEXaHi3My JMAOPIBHIOE YHWCIy HE3aJeKHHX BHUXIAHUX MEXaHi3MiB (WuCIy
HE3aJICKHUX 30BHILIHIX PyXiB, MEpEeJaHuX MEXaHI3MYy).

Buxinanii MexaHi3M € JaCTHMHOIO MeXaHi3My, depe3 KU 3MIMCHIOEThCS KEPYBAHHS OCTAaHHIM. Y CTaTTi
[2] mocnmimkeHWH BIUIMB YHCJIa CTYNEHIB PYXJMBOCTI Ha KEPOBaHICTh ABOXOCHOBOTO aBTOMOOLIA Ha
MPUKJIai BUKOHAHHS MaHEeBpYy «IOBOpOT». [lokazaHo, 110 KpiM 3A1MCHEHHS! KEPYIOUOTO BIUIMBY Y BHUIJIAIL
TTOBOPOTY KEPYIOUHX KOJIiC, MOXKIIMNBE TaKOXK CTBOPEHHS PI3HHUIII KyTOBHX IMIBUIKOCTEH (TATOBHX 3YCHIIb) Ha
KoJIecaxX pi3HHX OOPTIB KOJICHUX MamuH [3, 4, 5].

SIK1mo npuiHATH 3a BUXiAHY BEJIMYMHY CHCTEMH, SKOIO € XOA0Ba YaCTHHA, KYTOBY IIBUAKICTH MOBOPOTY
aBTOMOOUIA B IUIOIIMHI AOpord ®, [2], TO y BHUIAAKY HEKUIBKOX IMapajelIbHUX KEepPYIOUHMX BIUIMBIB

3aIlpONIOHOBAHO BUKOPUCTOBYBATHU PiBHSHHS MOBHOTO JudepeHItiana

om

160
do, =—=dx; + —=dx, +--- +

0 Z, 0
dx; +-- + 1 dxm:z o dx; , (3)

X ox ox; ox - OX;
1 2 i m i=1 i

O,

JIe M — YUCIIO TapaJIeIbHUX KePYIOUHNX BIUIMBIB;

X; — i-W KepyIOUHil BILIUB.

VY mparii [2] mokazaHe, M0 301IBIIICHHS CTYIICHIB PYXJIMBOCTI aBTOMOOUIS CTIPUYHHSE 3MEHITICHHS Jacy
HapOCTaHHS KEPYIOUOTrOo BIUIMBY fy W dYacy 3AiHCHEHHS MaHEBpYy fy, TOOTO 3abe3medye MOJIMIICHHS
MaHEBpPCHOCTI KoJicHOI Mammuan. OfHaK y I mpami JOCHiHKeHI TITBKH TBOXOCHOBI aBTOMOOLTI i He
PO3TIIAHYTI 6araToBicHI, 30KpeMa YOTHPHUBICHI aBTOMOOLJII.

MerTo10 CTATTi € CIIPUSIHHSA ITiIBUIIICHHIO ¢(DEKTHBHOCTI BUKOHAHHS MMijpo3/iiiamMu HarioHanpHOT rBapail
VYkpainu ciry:x00B0-0010BHX 3aB/IaHb NIISXOM ITOKPANICHHS MAaHEBPEHOCTI YOTHPUBICHUX TIOBHOIIPHUBITHHX
aBTOMOOLJTIB 3aBASKH 3aCTOCYBAHHIO JBOX ITOBOPOTHHUX JBOXOCHOBUX IIAT(HOPM.

JUis  MOCSATHEHHS TOCTaBICHOI METM HEOOXiJHO BHPIIIMTH 3a/lady BHU3HAUYCHHS 4HCIA CTYICHIB
PYXJIUBOCTI XOJOBOi YAacCTHHH TIOBHOIIPHBITHOTO YOTHPHBICHOTO aBTOMOOUTS 3 JBOMa ITOBOPOTHHUMH
JTIBOXOCHOBHUMHU TTAT(POPMaAMH.

Bukaax ocHoBHOTo mMartepiamy. OCKiTbKM HaMU BH3HA4Y€HE, 1[0 YHCJIO CTYMEHIB PYyXJIHMBOCTI XOJOBOI
YaCTHHU BH3HAYAETHCS YMCIIOM HE3AJICKHUX KEPYHOUUX BIUIMBIB, IO 3/[IHCHIOIOTH MMOBOPOT aBTOMOOLIS B
IUIOIIMHI JOPOTH, TO, BHU3HAYMBINK KUTBKICTh 3a3HAYCHHWX BIUIMBIB, MH BH3HAYMMO YHCIIO CTYIICHIB
PYXJIMBOCTI XO/IOBOi YaCTHHU MAIllUHU.

Y Tabnumi 1 momaHi pe3yiabTaTH aHANI3y YMCIa MOXKIUBUX HE3aJCKHUX KEPYIOUUX BIUTUBIB IS
3MIHCHEHHS TIOBOPOTY YOTHPHUBICHOTO aBTOMOOLIS B ILTOIIHHI IOPOTH.

Tabauus 1 — BuzHaueHHsI 4ncia CTYNEHIB PyXJIMBOCTI YOTHPHBICHOTO aBTOMOOIJIS

Yucno cryneHiB

CxeMa KepyBaHHS KOJecaMt aBTOMOOLIIS .
PYXJIUBOCTI

1 TloBoport oasni€i mnatdopmu (nepeansoi abo 3a1HbOI)
1.1 Onun Bexyunii MicT 2
1.2 JIBa Begyumx Mocra 3
1.3 Po3aiapHUM NPHUBIA BEAYIHX KOJIIC PI3HUX OOPTIB
— OfIHI€T oci 4
— IBOX Oceil

9]

2 TloBopoT nBOX IIaThOpM
2.1 OnguH Begyuunit MicT
2.2 JIBa Beayunx MOCTa
2.3 Tpu Begyunux MocTa
2.4 YoTtupu Beryuyux MOCTa
2.5 Po3minpHMiA NpUBiA BEAYYUX KOJIC Pi3HUX OOpTiB

—
OO\U‘IAU)

3 TanpMmyBaHHS KOJIiC OZHOTO OOpTa aBTOMOOLIIS IPH ABOX TOBOPOTHUX
matgopmax
3.1 OnHiei oci
3.2 JIBox oceii
3.3 Tprox oceit
3.4 YoTupbox ocei

—_
= © 0 =

\S}

4 Pyx kpaboM IIpH ABOX MOBOPOTHHUX IIATPOPMaX i BCIX BEAYUHMX KOJIecax
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3 Tabnumi BWAHO, IO TOBHONPUBIIHUA YOTUPUBICHUA aBTOMOOLIb 13 JBOMa IOBOPOTHUMH
miaThopMaMy TPH PO3MIILHOMY KEepyBaHHI BEIydHMMH KojiecaMU M03BOJisie peanmizyBatu 10 cTymeHiB
PYXIIUBOCTI XOJIOBOi YaCTUHH B TUIONTHHI JOPOTH. ABTOMOOLITE 13 TPAAUIIIITHOIO CXeMOI0 BUKOHAHHS XOI0BOI
YaCTUHH, 110 Ma€ BCi BeAydi Kojeca i 1Ba mepeiHi HampsIMHI MOCTH, JTO3BOJISIE peajli3yBaTH MPH MIOBOPOTi B
IIOMIHHI IOPOTH (=2 CTYIICHI PYXJUBOCTI (OCKIIBKH CITIBBIAHOMICHHS MK KYTaMH ITOBOPOTY HATIPSIMHHX
KoJiic TocTifiHe). TakuM 9MHOM, pO3MIITHyTa CXeMa XOJ0BOi YACTHHHM IIAci JTO3BOJISE, TMOPIBHIOYH 3 11
TPaJULIHHAM BHKOHAHHSM, 30UIBIIMTH YHUCIO CTYNEHIB PYXJIMBOCTI B 5 pasziB, MO 3HAYHO MOJIMIIyE
MaHEBPEHICTh aBTOMOOLIS ¥ 3a0e3neuye MiABUILEHHA €(QEKTHBHOCTI BUKOHAHHS CIYX00BO-00HOBHX
3aBAaHb miapo3ainamMu HarionansHOT rBapaii Ykpainy.

CtBopeHHsT OaraTokaHaJdbHOI CHCTEMH KEpyBaHHS IOBOPOTOM UYOTHPHBICHOTO ITOBHOIPHBIIHOTO
aBTOMOOINII 3 JABOMa MOBOPOTHUMH IUiaTGopMaMy TOTpeOye BHUKOPUCTAHHS €JIEMEHTIB IITYYHOTO
IHTEJICKTY.

Bucoka MaHeBpeHICTh aBTOMOOLIIB 3a0€3MeUy€eThCs HE TiIbKH 301IBIICHHSIM CTYTICHIB PyXJIUBOCTI [2], a
W BEMKHUM 3allacoM IOTY>KHOCTI nBuryHa [6, 7, 8]. [ns BuUpilIeHHsS MOCTaBICHOTO 3aBIaHHS HeoOXimHe
MpaBUIbHE BCTAHOBJICHHS JaTUYMKIiB IPUCKOPEHB (aKCEIePOMETPiB) 3 OPIEHTALIIEI0 BUMIPIOBAJIBHUX OCEH 10
BCIX MOXKJIMBUX IEPEMIIICHHIX, 00YMOBIIEHUX YHCJIOM CTYIEHIB PyXJIMBOCTI aBToMoOLtst [9]. s 00poOku
pe3yJbTaTiB BUMIPIOBaHb AOLIFHO BUKOPHCTOBYBATH METO/ MapLiajbHUX MpUCKopeHs [ 10].

3 METO pPO3AUTFHOIO KEpyBaHHSA BEOYYMMH KOJIECAaMH aBTOMOOLTSI MO)XKHA BHUKOPHUCTOBYBATH
riApOMOTOPH-KOJIeca ab0 eICKTPOMOTOPHU-KoJjieca, MPUBIA AKUX BOYIOBaHUH y KOMOIHOBaHI TiApOMeXaHiuHi
a0o0 eJeKTpuYHI TpaHcMmicii. Y pa3i KepyBaHHS MUISXOM 3arajibMOBYBaHHS KOJIC OTHOTO OOpTa JOIUIEHO
BHKOPHCTOBYBATH T1IpaBIidYHy CUCTEMY TaJibM, 3allpONIOHOBaHy y mpaii [11].

BucHoBKH

1. Y pe3ynbrati IpOBEACHOTO MOCIHIDKCHHS BU3HAYCHO B3a€MO3B’SI30K MiXK YHCIIOM KEPYIOUHX BIUIMBIB
MIPH TIOBOPOTiI B IUIONIMHI JOPOTH YOTHPUBICHOTO IMOBHOIPHUBIIHOTO aBTOMOOLTS 3 IBOMAa ITOBOPOTHHUMH
atopMaMu i YMUCIIOM CTYIEHIB PYXJIMBOCTI OCTAHHBOTO.

2. [NopiBHIOKOYH 3 TPAIUINIHHO CXEMOK XOJIOBOi YaCTWHU YOTHUPHUBICHOTO aBTOMOOLIS, MPOITIOHOBaHA
KOHCTPYKITiS JO3BOJISIE 30UIBIINTH YUCIIO CTYIICHIB PYyXIUBOCTI Big =2 m0 ®w=10. OcTaHHE AOCATAETHCS
BUKOPHUCTAHHSM JIBOX ITOBOPOTHHX XOJOBHX BI3KiB 1 PO3IAUIBHOTO KEPYBaHHS BEAYYUMH KOJECaAMHU
ABTOMOOLITS.
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IMPROVING THE MANEUVERABILITY OF FOUR-AXLE VEHICLES BY INCREASING
THE NUMBER OF DEGREES OF MOBILITY OF THE UNDERCARRIAGE

In the course of performing service and combat missions, the units of the National Guard of Ukraine need
to overcome narrow passages of streets and various kinds of obstacles. In this case, the automotive
equipment used in the course of performing the assigned tasks is subject to increased requirements in terms
of maneuverability.

The purpose of the study was to increase the efficiency of the performance of service and combat missions
by units of the National Guard of Ukraine by increasing the maneuverability of four-axle all-wheel drive
vehicles.

1t was shown, that the number of degrees of mobility of the undercarriage is determined by the number of
independent control actions causing the car to turn in the road plane. From the analysis of the number of
possible independent control actions for turning a four-axle vehicle in the road plane, it can be seen that an
all-wheel drive four-axle vehicle with two turntables with separate control of the drive wheels makes it
possible to implement 10 degrees of mobility of the running gear in the road plane. A car with a traditional
design of the undercarriage, which has all driving wheels and two front guide axles, makes it possible to
realize the number of degrees of freedom equal to w=2 when turning in the road plane (since the ratio
between the angles of rotation of the guide wheels is constant).

Thus, result of the study, is substantiated the relationship between the maneuverability of a multi-axle
(four-axle) all-wheel drive vehicle and the number of degrees of mobility of its undercarriage. It has been
determined that the implementation of the front and rear two-axle undercarriages as swivel allows a five-
fold increase in the number of degrees of freedom compared to a four-axle vehicle with a traditional
undercarriage with two front steered (guide) axles. This significantly improves the maneuverability of the
vehicle and ensures an increase in the efficiency of the performance of service and combat missions by units
of the National Guard of Ukraine.

Keywords: four-axle all-wheel drive vehicle, number of degrees of mobility, vehicle maneuverability.
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