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AHOTAIIA

®posioB A.A.  YI0CKOHAJEHHST METOJy BHU3HAUCHHS  peaji30BaHOTO
3UYETIJICHHS TUH 3/IBOEHUX KOJIIC TPAHCIIOPTHOTO 3aCO0Y B PEXKHUMI TaIbMyBaHHS. —
Kgamidikaiiitna HaykoBa mpaiis Ha IpaBax PyKOIHUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTymHeHs goKTopa ¢inocodii 3a
cHerianbHICTIO 274 « ABTOMOOUTBHUIN TPAHCIIOPT». — XaPKIBChKUN HaIllIOHATHHUN
aBTOMOOLIbHO-IOPOKHIA YHIBEepcUTeT MIiHICTEpCTBAa OCBITH 1 HayKu YKpaiHU;
XapKiBChbKUM HaIlIOHAJTBHUM aBTOMOO1IBLHO-A0POXKHIN yHIBEpcUTET MiHICTEpPCTBA
OCBITHU 1 Hayku Ykpainu, 2023.

Hucepraiisi  OpucBiYeHa  YJOCKOHAJIEHHIO  METOJly  BU3HAYEHHS
peaTizoBaHOrO 34YEIJICHHS IIUH 3IBOEHUX KOJIIC TPAHCIOPTHOTO 3aC00y B PEKUMI
raJibMyBaHHs,  JIOCI/DKEHHIO  BIUIMBY  BaroBO-T€OMETPUYHUX  IMapaMeTpiB
KoJiicHOTO TpaHncnopTHoro 3aco0y (KT3) Ha BennunHy peani3oBaHOrO 3YEIICHHS
OJIMHAPHUX Ta 37BOEHUX IIMH KOJIC TPAHCIIOPTHOTO 3aC00Y, €KCIIEPUMEHTATHLHUM
JOCHIKEHHSIM epekTUBHOCTI TanbMyBaHHs KT3 3a paxyHOK TUIBKH KOJIIC OJTHOTO
foro mocra, po3poOili miaxoAy a0 BuzHaueHHs ynoBuibHeHHS KT3 udepes meron
BU3HAYCHHS Peajli30BAHOr0 34ETUICHHS IIUH 3/IBOEHUX KOJIIC.

AKTyanpHICTh ~ JUCEPTALIiHOI pOOOTH  BU3HAYAETHCA  HEOOXITHICTIO
BUPIIIICHHS  HAYKOBO-TIPAKTHYHOTO  3aBAaHHS 3  yJOCKOHAJCHHS  METOdY
BU3HAUYECHHS PEaJi30BAHOIO 3YEIJIEHHS IIMH 3JBOEHHMX KOJIC TPAHCIOPTHOIO
3aco0y B peXHUMI rajJbMyBaHHs, IUISIXOM OTPUMaHHS HOBHUX B3a€EMO3B’SI3KIB MIXK
’KOPCTKICHUMH TapaMeTrpamu nHeBMaTuyHUX muH Kojic KT3 Ta peanizoBanum
34YEIJICHHSM, IO Pealli3ye€ThCsl MK IIMHOIO T TOBEPXHEIO TOPOKHBOIO MOKPUTTSI.

B Vkpaini, sk 1 B O6u1biocTi kpain cBiTy, Bci KT3 moBunHI BignosigaTtu
BUMOraM  MDKHapogHoro ctaHgaptry UN/ECE  CTOCOBHO  rajbMyBaHHS
TPaHCIOPTHUX 3aco01B kareropid M, M; N, N; ta O, TOMy yIOCKOHAJEHHS Ta
po3po0Ka HOBHUX METOJIB, $KI JIO3BOJIATH MOKPAIIUTH €(PEKTUBHICTh il

raJlbMOBOI'O KEpyBaHHS aBTOMOOUIA Ha cTaaili MHoro mnpoekTyBaHHS abo
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eKCIEPUMEHTAIBHOTO JIOBEACHHS J0 CEpiiHOr0 BUPOOHHIITBA, € AaKTyaJbHUM
3aBJIAHHSM.

BiacyTtHicTh €(heKTUBHUX METOJIB OLIIHKU €(eKTUBHOCTI ranbmyBaHHs KT3
Ha cTaaii iX TPOEKTyBaHHS 3MYIIy€ BITYU3HSIHI aBTOMOOLIBHI 3aBOJU
BUKOPHCTOBYBATH T'aJIbMOBI CUCTEMHU Ta KOMIIOHEHTH 3aKOPJOHHUX BUPOOHUKIB
aBTOMOOUIbHUX KOMIIOHEHTIB Ta CHCTEM B KOHCTPYKLISIX BITUHM3HSIHHX
aBTOMOOWIIB, 10 TNPU3BOAWTH JO TMOTIPIHIEHHS KOHKYPEHTOCIPOMOKHOCTI
YKpaiHChKMX aBTOMOO1JIIB HA CBITOBOMY PHHKY.

Ha ocHOBI mpoBEeOEHOTO TEOPETUYHOTO Ta  EKCHEPUMEHTAIbHOTO
JTOCITIJIPKEHHS 3aIIPOIIOHOBAHO HOBUH MIJX1/, SIKUW TO3BOJISIE YIOCKOHAIUTH METO/I
BU3HAUYEHHS PEaNTi30BaHOIO 3YETUICHHS IIWH 3BOEHHUX KOJIC TPAHCHIOPTHOTO
3aco0y B pPEXHMMI TaJIbMYyBaHHS Ta YJIOCKOHAJIUTH EKCIUTyaTallliHi MOKa3HUKU
TPaHCIIOPTHOTO 3ac00y Ha CTafll HOro MPOEKTYBAHHS.

[lim wac mpPOBENEHOTO OCHIDKEHHS OyJIO0 TEOPETUYHO JOBEICHO Ta
eKCIEPUMEHTAIbHO MIATBEPKEHO, 1110 BEJIMYUHA PEaTi30BaHOTO 3UEIJICHHS IIUH
OJIMHApHUX a00 3BOEHUX KOJIIC TPAHCIOPTHOrO 3ac00y pa3oM 13 KOOpAMHATAMU
MOJIOKEHHST IEHTPY TSKIHHA TPAaHCIOPTHOTO 3aco0y BITHOCHO MHOTO MOCTIB,
BIUTMBAIOTH Ha BennuuHy ynosuibHeHs KT3. Lle nae migcraBy 3poOMTH BUCHOBOK
po T€, IO iX BIUIMB HEOOXIJHO BPaxOBYBaTH HE TUIbKM MiJ 4Yac MPOEKTYyBaHHS
TPAHCIIOPTHOTO 3aco0y, a W I dYac JOCHIPKEHHS OOCTaBMH BWHUKHCHHS
JOPOKHBO-TPAHCIOPTHUX MOJ1M 32 iX y4acTIo.

Ha ocHoOBi anamizy pe3yibTaTiB TEOPETHUYHOrO Ta EKCIEPUMEHTAIBLHOTO
JMOCIIJKEHHST  JUIi  TMOAAJBIIOTO  BJIOCKOHAJEHHS  METOAY  BU3HAYCHHS
peani3oBaHOTO 3YEIUICHHS IIMH 3JBOEHUX KOJIC TPaHCHOPTHOTO 3acoly,
3alpPOTIOHOBAHO  MIAXIJ 3 BHU3HAYCHHS pEaji30BaHOTO 3YEIUICHHS 4epe3
KOPCTKICTHI Ta jaedopmaliiiHi  BJIACTUBOCTI IHEBMAaTHUYHMX IIIMH, SKUU
BIJIPI3HSIETHCS B1J BIAOMOIO TUM, 11O 0a3ye€ThCsl HA 3MiHI KPYTHIIBHOI dKOPCTKOCTI
MHEBMATHYHO! IIWHW Ta KYyTl 3aKpy4yyBaHHS IIIMHH, BIJHOCHO TIOBEPXHI

AOPOKHBOT'O ITOKPUTTA.
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B poGoTi BHKOHaHO MaTEeMaTHYHUI OMUC YIOCKOHAICHOTO METOIY
BU3HAUYCHHS pPEali30BAHOTO 3YCIJICHHS, MiJXiJ 3 BU3HAUYEHHS KPYTHIBHOI
JKOPCTKOCTI ~ OJIMHAPHUX, 3JIBOEHUX, CTPOEHUX Ta OUIbLIE IIUH KOJIIC.
3anponoHOBaHO TMIJIXOAM 3 BHU3HAYEHHS BEIWYMHU YIOBUIBHEHHS KOJICHHUX
TPAHCIIOPTHUX 3ac00iB, IO MarOTh OUIbIIE ABOX BiCEH, Ta sIKI BPaxOBYIOTh
OCOOJNIMBOCTI BIUIMBY HE TUIBKM pPEali30BAaHOTO 3YCIJIEHHS HA BEIUYHUHY
ynoBiutbHeHHS! KT3, a i KOOpAMHAT MOIOKEHHS EHTPY TSKIHHS OCTaHHBOTO.

MogentoBanHs poOOYOro Mpolecy B3aeMOJIi MIMH aBTOMOOUIBHUX KOJIIC
KT3 3 noBepxHew MOPOKHBOTO MOKPUTTS MOKA3aio, 10 peaai3oBaHe 34YEIICHHS
3MIHIOETCS HE MPOMOPIIAHO HABAHTAXKEHHIO 3/IBOEHUX IIMH aBTOMOOUIBHHX
komic KT3. Caig Takox 3a3HaUUTH, IO PeaizoBaHe 34ETUICHHS IIMH 3BOEHUX Ta
OJIMHAPHUX IIIMH KOJIIC TPAHCIIOPTHOTO 3aCO0Y 3MIHIOETHCS HE OlbIne HiX Ha 13%
- 20% mpu 0JIHAKOBUX HABAHTAXKYBAJbHUX YMOBaxX Ha Taki koiyeca. [lopiBHSIHHS
pe3yJIbTaTiB MOJCIIIOBAHHS 3 €KCIIEPUMEHTAIbHUMU JOCIIJPKEHHSIMU MTOKa3ye, 110
noxuOKa PO3paxyHKIB 32 METOJIOM, KU OyJI0 yIOCKOHAJIEHO, HE mepeBuiye 5%,
IO J103BOJISIE BUKOPUCTOBYBATH HOr0 HE TUIBKHU M1J Yac MPOEKTYBAHHS KOJIICHUX
TPAHCHIOPTHUX 3ac00iB, a TaKOXX TMpPHU BCTAHOBJICHHI OOCTaBMH BUHHUKHEHHS
JOPOKHBO-TPAHCIOPTHHUX MOJIN 32 y4acTIO TPAHCIOPTHHUX 3ac00iB, SIKI MAlOTh HE
TUIbKH OJMHApPHE, a ¥ NO/IBliIHE OIUMHYBaHHS KOJIIC.

3anporoHOBaHI MaTeMaTU4YHI MOJCHTI JO3BOJISIOTH IMiIBHUIIUTH TOYHICTH
BHU3HAYCHHS YIMOBUIBHEHHSI KOJIICHOTO TPAHCIOPTHOTO 3aco0y pPO3paxyHKOBUM
nuisxoMm. CepenHsi moxuOKa po3paxyHKIB BenuuuHu yroBinbHeHHs KT3 Ta
BEeJIMYMHN PEAi30BAaHOTO 3YEIUICHHS IIWH OJWHAPHUX Ta 3JBOEHUX KOJIC
TPAHCIIOPTHOTO 3ac00y He nepeBuiye 5%, sk st cnopsmxenux KT3, tak 1 ans ix
3aBaHTAXEHOTO CTaHY.

CTeHIIOBI Ta JOPOKHI EKCIMEPUMEHTANbHI JOCTIIKEHHS e(EeKTUBHOCTI
TaJIbMYBaHHS KOJICHOTO TPAaHCIIOPTHOTO 3aco0y TpW peaiizarlii 34YerieHHS
ITHAMU OJIMHAPHUX Ta 3JIBOEHUX KOJIC TOKAa3aju, M0 3HAYCHHS peai30BaHOTO

3YCIUICHHA IIMH 3 OJUHApHUM OWUHYBaHHSIM Ha 13 — 20% wMeHm, aHiX
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peai30BaHl1 3YEIUIEHHS KOJIIC 31 3/IBOEHMMH LIMHAMU B AHAJIOTIYHUX YMOBAX, NpU
Maii’Ke OJIHAKOBOMY BEpPTHUKAJIbHOMY HAaBaHTa)XEHHI Ha BIC1 3 OJMHAPHUM Ta
noaBiitnuM  ommHyBaHHAIM Komic KT3. Cepemne 3HadeHHs KoedillieHTa
raJIbMyBaHHS TPAHCIIOPTHOTO 3ac00y, KU MOXe OyTH OCSATHYTHH 33 PaxyHOK
raJibMyBaHHs TiIbKU oAHieT Bici Takoro KT3 3menmryetscst Ha 47% B MOPIBHSHHI 3
JIBOBICHUMM TPAHCIIOPTHUMH 3acobamu Ta Ha 13% B MOPIBHAHHI 3 TPUBICHUMU
KT3, mo He cynepeyuTh 3alIpONIOHOBAaHUM TEOPETUUHUM IT1JIX01aM BUKJIQJICHUM B
IUCEPTALIITHOMY JOCIIKEHHI.

HaykoBa HOBHM3Ha OTpUMaHUX PE3yJIbTaTIB MOJISITAE Y HACTYITHOMY:

Bnepwe ecmanoeneno:

— B3A€EMO3B’SI30K MDK OIIMHYBAaHHSIM KOJIIC TPAHCIOPTHUX 3aco0IB Ta
BEITMYMHOIO 3YCTUICHHSI, 1[0 PEaTi3ye€ThCsl MPU B3a€EMOJIl IMMH aBTOMOOUIBHOTO
KoJIeca Ta MOBEPXHEI0 JOPOKHBOTO MOKPUTTS;

Yoockonaneno:

— METOJ] BH3HAYCHHS KPYTHUJIBHOI YKOPCTKOCTI MHEBMATHYHUX IMUH KOJIIC
TPAHCIIOPTHOTO 3ac00y MPHU HE OJWHAPHIN X OIIMHOBII, SIKMM BIAPIZHAETHCS Bij
BIJIOMHUX THUM, I1I0 BpPaxOBYy€ OCOOJUBOCTI 3MIHU JedopMailii MHEeBMATUYHUX IIUH
KOJIIC TPaHCHOPTHOTO 3aco0y BIJIHOCHO TIOBEPXHI JOPOKHBOTO TOKPUTTS B
HACJIIOK 3MIHM BEPTUKAJIHHOTO HABAaHTAXEHHS HAa aBTOMOOUIBHOMY KOJECi Ta
TACKY B T[HEBMAaTUYHUX IMMHAX aBTOMOOILIBRHOTO  KoOJieca, a TaKOX
HECMMETPUYHICTh peajizailii CHJIM 34YeIUICHHS M1k BHYTPINIHIMUA Ta 30BHINIHIMU
IIIMHAMU KoJieca, [0 Ma€ He OJMHAPHE OIIMHYBAHHS;

Habyna nooanvuiozo pozeumxy:

—  KOHIIeMI[iSt  MOJENIOBAHHS  MpOILlECY  TrajJbMyBaHHA  KOJICHOTO
TPAaHCIIOPTHOTO 3aco0y, SKa BIAPIZHIETHCS BiJ BIAJOMHX THM, IO BPAXOBYE
OCOOJIMBOCTI BIUIMBY OIIMHYBAaHHS aBTOMOOUIBHOTO KOJi€Ca Ha peayli30BaHe
3YCIICHHS, IO BHWHHMKAE MDK IMMHAMHA TaKOr0 aBTOMOOLIHHOIO Kojieca Ta

MTOBEPXHEIO IOPOKHBOTO MOKPUTTS.
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Hucepraniitna poOoTa Ma€ MpaKTUYHE 3HAYEHHS, OCKUIBKA OTpPHUMAaHI
pe3yJIbTaTu J103BOJISIFOTh HA CTajli MPOEKTYBAaHHS MOKPAIIUTH HOro e(eKTUBHICTb
raJbMyBaHHS B Pi3HUX YMOBax HOT0 eKCILTyaTallii.

Kniouosi cnosa: peanizoBaHe 34eIICHHS, TaIbMiBHE YTIPABIIHHS, TaIbMiBHA
CHUCTEMa, TajJbMOBa CHJA, BICI, KoJjieca, OJMHApHE KOJECO, 3/BO€HE KOJIECO,
3BOIOBAHHS IIMH, IIMHH aBTOMOOUIBHOTO KOJeca, aBTOMOOIIbHA IIWHA, IIMHA,
JUHAMIYHI XapaKTepUCTUKH MAaIlWHU, €(PEKTUBHICTh TaJbMyBaHHS, KOE(DIIIEHT
raJIbMyBaHHsI, YMOBUIbHEHHS, KOE(IIIEHT 3YEIUICHHS, >KOPCTKICHI BJIACTHUBOCTI
IIMHU, KOE(ILIEHT ONOPY KOYEHHIO, OMIp KOYEHHIO, MOPCTKICTh UIMHHU, KYT

3dKpy4dyBaHHA IINHU, CUCTCMH KCPYBAHHAI.
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ABSTRACT

A. Frolov. Improvement of the method of determining the adhesion utilized
of tires at dual wheels vehicle with the surface of the road pavement. — Qualifying
scientific work on the rights of the manuscript.

Dissertation for obtaining the scientific degree of candidate of technical
sciences (doctor of philosophy) in the specialty 274 — Automobile transport. —

Kharkiv National Automobile and Highway University Ministry of Education and
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Science of Ukraine; Kharkiv National Automobile and Highway University

Ministry of Education and Science of Ukraine, 2023.

The dissertation is devoted to the improvement of the method of determining
the adhesion utilized of the tires at dual wheels vehicle with the road surface, the
study of the influence of the weight-geometric parameters of the wheeled vehicle
on the value of the adhesion utilized of the single and dual tire of the vehicle
wheels, the experimental study of the braking efficiency of the wheeled vehicle
due to only the wheels of one of its axles, the development of the approach to
determining the deceleration of the wheeled vehicle due to the method of
determining the adhesion utilized of the tires at dual vehicle wheels.

The relevance of the dissertation work is determined by the need to solve the
scientific and practical task of improving the method of determining the adhesion
utilized of tires at dual vehicle wheels with the road surface by obtaining new
interconnections between the rigidity parameters of pneumatic tires of wheeled
vehicle wheels and the adhesion utilized that realizes between the tire and the road
surface.

In Ukraine, as well as most other foreign countries of the world, all wheeled
vehicles must meet the requirements of the UN/ECE international standard
regarding the braking of vehicles categories M,, M3, N,, N3 and O, therefore the
improvement and development of new methods that will improve the effectiveness
of vehicle braking control at the stage of its design or experimental bringing to
serial production, is an actual task.

The lack of effective methods for evaluating the braking efficiency of
wheeled vehicles at the stage of their design forces domestic automobile plants to
use brake systems and components of foreign automobile components and systems
manufacturers in the designs of domestic vehicle, which leads to an aggravation in

the competitiveness of ukrainian vehicle on the world market.
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Based on the conducted theoretical and experimental research, a new
approach is proposed, which allows to improve the method of determining the
adhesion utilized of the dual wheels vehicle tires with the road surface and to
improve the performance indicators of the vehicle at the stage of its design.

During the conducted research, it was theoretically proven and
experimentally confirmed that the value the adhesion utilized of the tire of single
or dual wheels of the vehicle, together with the coordinates of the gravity center
position of the vehicle relative to its axles, affect on deceleration value of the
wheeled vehicle. This gives reason to conclude that their impact must be taken into
account not only during the design of the vehicle, but also during the study of the
circumstances of the occurrence of traffic incidents.

Based on the analysis of the theoretical and experimental research results,
for the further improvement of the method of determining the adhesion utilized of
the tires of a dual vehicle wheels, an approach for determining the adhesion
utilized by rigidity and deformation properties of pneumatic tires is proposed,
which differs from the known one in that it is based on the change in the torsional
rigidity of the pneumatic tire and the twisting angle of the tire relative to the road
surface.

In the work, a mathematical description of the improved method of
determining the adhesion utilized, an approach for determining the torsional
stiffness of single, dual, triple and more tires of wheels is performed. Approaches
for determining the deceleration value of wheeled vehicles with more than two
axles and which take into account the peculiarities of the influence not only the
adhesion utilized, but coordinates of the gravity center position also, on

deceleration value of the wheeled vehicle are proposed.
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Modeling of the working process of the tires interaction of a wheeled vehicle
wheels with the road surface showed that the adhesion utilized does not change
proportionally to the load on the dual tires of the wheeled vehicle wheels. It should
also be noted that the adhesion utilized of dual and single tires of the vehicle
wheels varies by no more than 13% - 20% under the same loading conditions on
such wheels. A comparison of the simulation results with experimental studies
shows that the calculation error of the improved method does not exceed 5%,
which allows it to be used not only during the design of wheeled vehicles, but also
when establishing the circumstances of the traffic accidents occurrence that
involve vehicles, which have not only single, but also dual tires.

The proposed mathematical models make it possible to increase the accuracy
of determining the deceleration of a wheeled vehicle by calculation. The average
calculation error of the deceleration value of the wheeled vehicle and the value of
the adhesion utilized of the tires of single and dual wheels of the vehicle does not
exceed 5%, for curb weight and loaded state of vehicle as well.

Bench and road experimental studies of the wheeled vehicle braking
efficiency at adhesion utilized of single and dual wheel tire showed that the values
the adhesion utilized of the tire with single tires are 13-20% lower than the
adhesion utilized of the wheels with dual tires under similar conditions, with
almost the same vertical axle loads with single and dual tires of the wheeled
vehicle wheels. The average value of the braking coefficient of the vehicle, which
can be achieved by braking only one axle of such a vehicle, is lowering by 47% in
comparison with two-axle vehicles and by 13% in comparison with three-axle
vehicles, which does not contradict the proposed theoretical approaches outlined in
the dissertation research.

The scientific novelty of the obtained results consists in the following:

For the first time is established.:

— the interconnection between the type of tires of the vehicles wheels and the

adhesion utilized value when the tires of a car wheel interact with the road surface;
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It’s improved:

— a method for determining the torsional rigidity of pneumatic tires of
vehicle wheels with non-single tire, which differs from the known ones in that it
takes into account the peculiarities of the deformation of pneumatic tires of vehicle
wheels relative to the road surface as a result of changes in the vertical load on the
automobile wheel and the pressure in the pneumatic tires of the automobile wheel ,
as well as asymmetry in the realization of the traction force between the inner and
outer tires of a wheel that does not have a single tire;

It's acquired further development:

- the concept of modeling the braking process of a wheeled vehicle, which
differs from the known ones in that it takes into account the specifics of the type of
an automobile wheel tire that impacts on the adhesion utilized which occurs
between such an automobile wheel tires and the road surface.

The dissertation work has practical importance, as the obtained results allow
to improve braking efficiency in various conditions of operation at the design stage.

Keywords: adhesion utilized, brake control, braking system, breaking force,
axles, wheels, single wheel, dual wheel, tire pairing, automobile wheel tires, car
tire, tyre, dynamic characteristics of the machine, efficiency of braking, braking
rate, deceleration, adhesion coefficient, stiffness properties of the tire, rolling

resistance, stiffness of the tire, tire twist angle, control systems.
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IHEPEJIIK YMOBHHUX ITIO3BHAYEHD

ALII — ananoroBo-uu@poBuii nepeTBOprOBay;

JTII — nopo>kxHBO-TpaHCTIOPTHA TIOis;

KT3 — xomicHMi TpaHCTIOPTHHM 3aci0;

UART — iaTepdetic mocaiOBHOTO 3B SA3KY;

USB — (Universal Serial Bus «yHiBepcaibHa TOCIIIOBHA ITUHAY) — MOCIIIIOBHUAN
iHTEppeic s MIAKIIOYEHHS Nepu@epiiiHUX TPUCTPOIB A0 OOYUCIIOBAIBLHOI

TEXHIKH.


https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D1%84%D0%B5%D0%B9%D1%81
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BCTYII

CyuacHl TpaHCHIOpPTHI 3acoOH, SIKI BHUKOPUCTOBYIOTHCS JJIsl TI€PEBE3ECHHS
BaHT@XIB B HAPOJHOMY TOCIIOAAPCTBI JIEP’KaBH, SIK MPABUJIO CIPOEKTOBAHI TAaKUM
YHHOM, 110 3aH1 HOro BiCl MarOTh MOJBIMHY OIMHOBKY KoJic. Lle o0ymoBieHo Tum,
10 Taka KOHCTPYKUIS JO3BOJISIE MIJBULIMTHA BAHTAXOIIAMOMHICTh TPAHCIIOPTHOTO
3aco0y 1 3HM3WTH BEPTUKAJIbHI HABAaHTAXKEHHS, SKI MPUMNANAIOTh Ha JOPOIKHE
NOKpUTTS. Bimomo, o Takuil miaxiJ B MPOEKTYBaHHI 3HUXKYE KYpPCOBY CTIMKICTh
TPAHCIOPTHOI'O 3acO0y, TaK SIK 30UIBIIEHHS KUIBKOCTI IIMH HA OCl MPU3BOJIUTH 10
3HIDKEHHS O19HOTO KOoediIleHTY 3ueruieHHs. [{e sBulle ycyBaroTh MUIIXOM 3HIKCHHS
TUCKY B IIIMHI, aJI¢ J1ama30H BapilOBaHHS TUCKY Ma€ OOMEKEHY MEXKY.

B Toii ke yac, muTaHHIO BIUTMBY 301IBIIEHHS KUIBKOCTI IIMH Ha OC1 Ta 3MiH1
MO3JIOBXKHBOTO KOE(QIIIEHTY 34ellyieHHs, Ha epeKTUBHICTh ranbMyBaHHsS KT3, B
HAayKOBO-TEXHIYHIA JIITepaTypl NPHUIUIEHO Majo YyBaru. SK npaBuio, MOpu
MIPOEKTYBaHHI TAJIbMOBOTO K€PyBaHHS TPAHCMIOPTHOTO 3acO0y MPUIHATO BBAXKATH,
0 TMO3J0BXHIA KOe(IIEHT 34YEIUICHHS € TMOCTIMHOK BEJIWYHUHOI, KOTpa
3MIHIOETBCA B JyXK€ BY3bKOMY Jiama3oHi. Aje, sK T[OKa3ye TpaKTHKa
ABTOTEXHIYHOI EKCMEePTH3U ISl aBTOMOOUTIB 3 TOABIMHOI OIIMHOBKOIO KOJIIC
CTBEPKCHHSI, 1[0 MO3I0BXKHIN KOSPIIIEHT 34YETICHHS € TOCTIHHOI BETUYHMHOIO,
NpUHANMHI HE KOpPEKTHE. Y 3B’SI3KYy 3 IIUM, B pPEaJIbHIN MPAKTUIll aBTOTEXHIYHOI
eKCIEPTU3H, TIPH PO3PAXYHKY TAIBMOBOTO IIJISXY Ta MPUCKOPEHHS TPAHCTIOPTHOTO
3aco00y BBOJATHCA IONPABOYHI KOE(DILIEHTH, HA OCHOBI SIKMX BUKOHYETHCS
KOPUT'YBaHHSI pe3yJbTaTiB po3paxyHKy. O4eBUIHO, 110 BBEJICHHS KOPUTYBAJIbHHUX
Koe(iIie€HTIB € Cy0’€KTUBHOIO JYMKOIO €KCIepTa aBTOTEXHIKA, [0 HE JOMYCTUMO,
OCKIJIbKH BiJ] PIIIICHHS! €KCIIEpTa aBTOTEXHIKa OyJie 3a1eKaTh pe3ybTaT BUCHOBKY
ABTOTEXHIYHOI €KCMEPTU3U, TOMY MUTAHHA JAOCTIIPKEHHS T4 YTOUHEHHSI MOJIOKEHB
Teopii B3aEMOJIi KOJIIC, SIKI MalOTh MOJIBIIIHY OLIMHOBKY, 3 IOPOXHIM ITOKPUTTSM €
aKTyaJIbHUM JOCTIPKEHHSIM, KOTPE Ma€ HAyKOBY HOBH3HY Ta BIPOBAKCHHS Ha

IPaKTHULIL.
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Axmyansnicmb memu. AKTyanbHICTh TEMHU BU3HAYAETHCS THUM, IO TPH
Cy4aCHOMY PO3BUTOKY AaBTOMOOUIBHOTO TapKy BEJIMKOBAroBHX TPAaHCHOPTHUX
3aco01B, HaOyBae MUTaHS IOAO iX BIUIMBY Ha O€3MEKy IOPOKHBOIO pPyXy B
aBapiiHUX pEeXHMMax eKCIUTyaTalli, a TaKOXX MOXJIMBCTEH  yCYHEHHs
HECIpaBJaHUX TEXHIYHUX Ta KOHCTPYKTHMBHMX pillleHb Npu mpoekTyBaHHi KT3,
0 MOXYTh BIUIMHYTH Ha O0€3MeKy JJAOPOKHBOTO pyXy TMpH eKCILTyaTarii
aBTOMOOWIIB 3 MOJABIMHUM OLIMHYBAaHHSAM KOJIC iX okpemux Bicei. [IpoBenenuit
aHalll3 HayKOBO-TEXHIYHOI JIITEpaTypu Ta EKCIEPUMEHTAIbHUX JOCTIIKEHb
B3a€MO/IIi IMH OJIMHAPHUX Ta 3/JBOEHUX KOJIC TPAHCIOPTHOIO 3aco0y MOKa3ajw,
10 Ha ChOTOAHINIHIN JeHb BIICYTHS €(EKTHBHA METOIUKA BU3HAUCHHS BETMYMHU
peaii3oBaHOTO 3YETUICHHS IIHUH 3/IBOEHUX KOJIIC TPAHCTIOPTHOTO 3ac00y.

3B's130K po00TH 3 HAYKOBHUMM NMpPOrpaMamu, njiaHamu, temamu. Podota
BUKOHYBaacs BianoBiHO 10 Hakasy MiHictepcTBa TpaHcnopTa Ta 3B’ 513Ky YKpaiHu
No 82 Big 10 motoro 2004 poky Tta IlocranoBu HamionaneHoi Pamgu 3 murtanb
0e3meuHoi >KUTTENISUIBHOCTI HacenmeHHss Ne 3 Bim 25 rpymusa 1997 poky «Ilpo
BIJIMIOBITHICTh YMOBAaM OXOpPOHH Ipalli MallluH, TPAHCTIOPTHUX 3ac001B, 001 THAHHS,
SIK1 BUTOTOBIISIIOTHCS HA TEPUTOPIT YKpaiHu, a TAKOXK BIJIMOBIIHO JI0 TUIaHIB HAYKOBO-
JTOCTIAHUIIBKUX poOIT Kadeapu aBTOMOOUTIB  XapKIBCBKOTO  HAIIOHAIBHOTO
aBTOMOOLJTPHO-IOPO’KHBOTO ~ YHIBEPCHTETY, KOMIUIGKCHa Tema  «Po3poOka
eHeproe()eKTUBHOIO MAIIMHHOTO KOMILIEKCY JUIS TPAHCIOPTHOTO 3a0e3MeueHHs
36poitnux Cun ta HarionansHoi I'Bapaii Ykpainuwy» (JIP Ne 0121U109610), a Takox
3 HAyKOBO-IOCTiTHUMHU poOoTamu HartioHaapHOTO HAyKOBOTO IEHTPY «IHCTHUTYT
cynoBux excneptus iM. 3aci. mpod. M.C. bokapiyca, 1110 oB’s13aHi 3 BA3HAYEHHSIM
OOCTaBMH BUHHUKHEHHSI JOPOXXHBO-TPAHCIIOPTHUX TIOJiH, KOMIUIEKCHA TeMma
«Po3pobka METOAMYHUX pPEKOMEHJAIlN 3 €KCHEPTHOTO JOCIIDKEHHS IapaMeTpiB
rajJbMyBaHHSI BaHTXHUX AaBTOMOI3MIB y PI3HUX JOPOKHIX yMOBax (Cyxe, MOKpe
nopoxHe TOKputTT)» (P Ne 0118U004609). Ocobuctmii BHecok 3m00yBada y
BUKOHAaHHI BKa3aHOI HAyKOBO-JOCIITHHUIIPKOI pOOOTH TmojsIrae B Po3poOiri,
TEOPETUYHOMY Ta EKCIEPUMEHTAIbHOMY JIOCIKEHHI MpOLIECy B3a€EMOJIl IIMH

oJMHapHUX Ta 31BoeHUX Koiic KT3 3 moBepxHero JOpOKHOTO NOKPUTTSL.
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Mera i 3aBAaHHA AOCJTIIKeHHs. YIOCKOHAJICHHS METOAY BU3HAYECHHS
peatizoBaHOro 34YEIJICHHS IIHUH 3IBOEHUX KOJIIC TPAHCHIOPTHOTO 3aC00y B PEXKUMI
raJibMyBaHHs 3a paxyHOK BCTAHOBJICHHS B3a€MO3B’S3KIB MIXK KPYTHJIHHOIO
YKOPCTKICTIO IIUHHU, KyTOM 11 3aKpy4dyBaHHS Ta peai30BaHUM 3UCIUICHHSM IIWH
U iX B3a€EMO/IIT 3 MOBEPXHEIO TOPOKHBOTO TOKPUTTSL.

JI71s1 AOCSITHEHHS TOCTABIIEHOI METH HEOOX1/THO BUPIIIUTH TaK1 3aBJIaHHS:

— BUKOHATH TEOPETUYHI JOCIIKEHHS TPOIIECYy peajizailii Mmo3J0BKHBOTO
3UCIUICHHS MIX IIMHAMU 3JIBOEHUX KOJIIC TPAHCIIOPTHOIO 3aco0y Ta MOBEPXHEIO
JIOPOKHBOTO OKPUTTSL;

— BUKOHATH TEOPETUYHI JOCIIPKCHHS BIUIMBY (DAKTOPIB, BiJ SKUX 3aJICKUTh
YHOBUIbHIOBAHHS TPAHCIOPTHOro 3acol0y MiJg Yac HOro TrajlbMyBaHHS, Ha
MO3/I0BKHE Peali30BaHe 34EIUICHHS MIX IMIWHAMU 3JBOEHUX KOJIC TPAHCIOPTHOTO
3ac00y Ta MOBEPXHEIO JOPOKHBOTO MOKPUTTS;

— YJIOCKOHAJIUTU METOJ] BHU3HAUECHHS pPEali30BAHOr0 3YCIUICHHS IIUH
3IBOEHUX KOJIC TPAHCIOPTHOTO 3ac00y 3 HEKOPCTKUM JIOPOXKHIM TMOKPUTTSIM,
SIKAWA JTO3BOJINTh YTOYHUTU XapakTep YIMOBUIBHEHHS TPAHCIOPTHOIO 3aco0y, II0
Mae BicCl 3 MOJABIMHUM OIIMHYBaHHSIM KOJIIC.

00'exT pocaigxenns. [Ipouec peanizaiiii 34enieHHs MKWH 3BOEHUX KOJIIC
TPAaHCTIOPTHOTO 3ac00y, M0 B3aEMOIIIOTH 3 TOBEPXHEIO JOPOKHHOTO TIOKPHUTTSI i1
4yac WOro raJbMyBaHHS.

IIpeamer npocaimkennsi. PeanizoBaHe 34eIICHHS IIUH 3JBOEHUX KOJIC
TPAHCIOPTHOTO 3ac00y, 110 B3aEMOJIIOTH 3 MOBEPXHEIO JOPOKHBOTO MOKPUTTS Mij
yac Moro rajabMyBaHHSI.

Meronn pocaimxenHs. B pobori Oynmu BukopucTtani (i3uyHi Ta
MaTeMaTH9IHI METOJIH JOCIIKEHHS TIPOIIeCy peati3alii 34eTUICHHS IIIUH 3IBOEHUX
KOJIC MmiJg dYac iX B3aEMOJIi 3 TMOBEPXHEI JIOPOXKHBOTO TOKpUTTS. [lpm
YIOCKOHAJIEHHI METOJy BHU3HAUYEHHSI PEaTi30BAHOrO 3YEIUICHHS IIMH 3JBOEHHUX
KOJIC BUKOPUCTOBYBAJIMCH METOAW IUIAHYBaHHS  E€KCIIEPUMEHTY, METOIU
MaTeMaTUYHOTO Ta KOMII FOTEPHOTO MOJCIIOBaHHS, a TiJ 4Yac MpOBEACHHS

EKCIEPUMEHTAIIbHUX JOCTII)KEHb — METOJI KOPEJALIIIHOTO aHali3Yy.
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HaykoBa HOBHM3HA OTpUMAaHHUX pe3yabTaTiB. OCHOBHUMH HAyYKOBUMHU
pe3yibTaTamu, sIKi BAHOCATHCS Ha 3aXHCT, €:

— yhepuie BCTAaHOBJIIEHO B3a€MO3B’SI30K MK OIIMHYBAHHSIM  KOJIC
TPAHCIIOPTHOTO 3ac00y, B PEKUMI HOro raJbMyBaHHS, Ta BETUYHMHOIO 3YETUICHHS,
IO peaji3yeThCs MPU B3aEMOJIl IIMH aBTOMOOUIHLHOIO KOJeca Ta IOBEPXHEIO
JIOPOKHBOTO TIOKPHTTSI;

— YJIOCKOHAJICHO METOJ] BUBHAYEHHS KPYTHUIHHOT )KOPCTKOCTI ITHEBMATUIHUX
IIMH KOJIIC TPAHCHOPTHOTO 3aco0y MpU HE OJWHAPHIM I1X OIIMHOBIN, SKUAN
BIJIPI3HSETHCS BiJl BIJOMUX THUM, IO BPaxXxOBY€ OCOOJMBOCTI 3MiHU Aedopmarlrii
MHEBMATUYHUX IIMH KOJIC TPaHCHOPTHOTO 3aco0y BIJHOCHO TMOBEPXHI
JTOPO’KHBOTO TIOKPUTTS BHACHIIOK 3MIHH BEPTUKAJILHOTO HABAaHTAKEHHS Ha
aBTOMOOLTLHOMY KOJIECl Ta THCKY B MHEBMAaTUYHUX IIMHAX aBTOMOOLIBLHOTO
KoJieca, a TAaKOXXK HeCHUMETPHUYHICTh peari3allii CHIM 34YeIJICHHS MK BHYTPIIIHIMU
Ta 30BHINIHIMY IIMHAMHA KOJIECa, 110 Ma€ HE OJJMHAPHE ONTUHYBAHHS;

— Halyla TOJAJbIIOr0 PO3BUTKY KOHIICMINS MOJCIIOBAHHS TPOIECY
rajibMyBaHHS KOJIICHOTO TPAHCIOPTHOTO 3aco0y, siKa BIIPI3HIETHCA BiJ BIAOMHX
THM, 1110 BPaxoBy€ OCOOJMBOCTI BIUTUBY OLIMHYBaHHS aBTOMOOUIRHOTO KoJieca Ha
peanizoBaHe 3YEIUICHHS, 110 BHUHUKAE MDK IIMHAMH TaKOro aBTOMOOUIBHOIO
KoJIeca Ta MOBEPXHEI0 TOPOKHBOTO TOKPUTTSI.

IIpakTuyHe 3HAaYeHHSA OTPUMAHHUX pe3yJbTaTiB. PoboTa Mae TeopeTnyHe
Ta TIPpaKTUYHE 3HAYEHHS, OCKUIBKM pE3yJbTaTH MPOBEACHUX JOCIHIKEHb
JOTIOBHIOIOTh TEOPI0 PyXy aBTOMOOLIS Ta TEOPI0 B3a€EMOAII IIMH KOJIIC
TPAaHCIOPTHOTO 3aco0y 3 MOBEPXHEIO JAOPOKHBOTO MOKPHUTTS. 3ampONOHOBaHI B
po0OOTI MareMaTuyHi PIBHAHHSI MOXYTh OYTH BHUKOPHCTaHI NpH BU3HAYEHHI
€(eKTUBHOCTI TaJIbMyBaHHsI KOJTICHUX TPAHCIIOPTHUX 3ac00iB, SIKI MAIOTh KoJieca 3
MOJIBITHUM OILIMHYBAaHHSM, a TaKOX MPHU BU3HAUYCHHI €EKTUBHOCTI rajibMyBaHHS
KT3 mim wac pocmimxenHss o6ctaBuH BuHukHeHHs [[TII. BnopoBamkeHus
OTPUMAHUX PE3YJbTATIB JOCTIIKEHHS JO3BOJISIE TTOKPAIIUTH TIIXOIU Ta METOIN

IPOEKTYBAHHS IaJIbMOBOI'O KEPYyBaHHS KOJICHUX TPAHCIIOPTHHUX 3aCO0iB.
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OCHOBHI HayKOBI ITOJIOXKEHHS AUCEPTALIMHOI pOOOTH BUKOPHUCTAHI:

— Y HaBYaJbHOMY IHIpoOL€Cl MIATOTOBKM OakajlaBpiB 1 MaricTpiB 3a
cnemianbHOCTSIMU: 133 «["amy3eBe MammHOOynyBaHHS», 274 «ABTOMOOITEHUN
TpaHncrop™» Ta 208 «ArpoiHKeHepis»;

— y HauionanbHoMy HaykoBOMYy LEHTp1 «IHCTUTYT CyJIOBUX EKCIEPTH3
iM. 3aca. mpod. M.C. boxkapiyca» (HHII «ICE») MinictepctBa toctuilii Ykpainu
miJ] 4yac MPOBEACHHS CYAOBHX €KCIEPTU3 Ta EKCIEePTHUX JOCIHIJKEHb IpHU
IPOBEICHHI PO3PAXyHKY TEXHIYHOI MOKJIMBOCTI JUIsl BOAISl TPAHCIIOPTHOIO 3aC00y
YHUKHYTH JOPOXKHBO-TPAHCIIOPTHOT MOJii, 32 EKCIEPTHUMH CIEUiaJbHOCTIMU:
10.1 «JlocmimxeHHs: 0OCTaBUH 1 MEXaHI3MY JOPOKHBO-TPAHCIIOPTHUX MPHUTOIY,
10.2 «/locmimkeHHd TEXHIYHOTO CTaHy TPAHCIOPTHUX 3ac00iB», a TAKOX MpHU
MPOBEJICHHI HAYKOBO-I0CIITHUX POOIT;

— y OpgecbkoMy HayKOBO-AOCHIJHOMY 1HCTHUTYTI CYJOBHUX €KCIIEPTHU3
(OHAICE) MinictepcTBa IOCTHINT YKpaiHU TPH CKJIaJlaHHI BUCHOBKY €KCIEPTIB
CYIOBOi aBTOTEXHIYHOI €KCIIEpTH3W Ta IMiJ dYac TMPOBEIEHHS EeKCIIEPTHUX
JIOCHIIKEHD;

— y XapkiBcbkoMy HarioHaabHOMY €KCHEPTHO-KPUMIHATICTUYHOMY IIEHTPI
(XHAEKII) MinictepcTBa BHYTPIIIHIX CIIpaB YKpaiHU IpH po3poOIli METOIUKHU Ta
METOJUYHUX PEKOMEH/ Ialliil 3 BU3HaueHHs o0cTaBuH BUHUKHEHHs [ TII.

OcoOucTuii BHecok 3100yBaua. Pe3ynbraTu, sKi BUHOCSTHCS Ha 3aXHUCT,
OTpYMaHI aBTOPOM CAaMOCTIMHO Ta BUKJIaneHO B pobortax [1-13]. ¥V poborax,
OITyOJIIKOBAaHHUX Y CIIBABTOPCTBI, ABTOPOBI HAJIEKATh: MaTeMaTUYHE MOEIFOBAHHS
IIPOLECIB, IO BIIOYBAIOTHCA B €JIIEKTPOITHEBMATUYHOMY TajbMOBOMY IPHUBOJI I
Yac raJlbMyBaHHsI 0araToBICHOI'O TPAHCIOPTHOI'O 3ac00y Ta BIUIMBAIOTh HA TUHAMIKY
roro pyxy [1]; crmoci®O BU3HAuYEHHSI 3yMUHHOTO MUISAXY TPAHCIOPTHOTO 3aco0y Ha
OCHOBI Koe(ilieHTa raJbMyBaHHsS 1 Koe(illl€eHTa BUKOPHUCTAHHS CHUJIM 3YCTIICHHS
aBTOMAaTHU30BAHOI CHCTEMOIO PETYJIOBAaHHA TaJlbMOBOIO 3YCHWJUISI Ha MPHUKIAAL
OaraToBiCHOro aBTOMOOUIA [2, 7]; BU3HAUEHHS PIBHAHHA, SIKI JIO3BOJISIOTH
po3paxyBaTH 3HA4YECHHS Koe(illieHTa TajJbMyBaHHS OaraTOBICHMX TPAHCIIOPTHUX
3ac00IB Ha OCHOBI KOOPJMHAT TOJOXEHHS MOro UEHTPY TSKIHHS, peasli3oBaHUX
3YeryieHb MK IIMHAMH aBTOMOOUIBHUX KOJIIC Ta MOBEPXHEI0 JOPOKHBOTO OKPUTTS,

a TaKOXX PO3MOJJICHHS HABAaHTAXKEHHS MDK BIAMOBIIHUMH TEPEIHIMHU 1 3aIHIMU



24
BiCSIMM  0araToBICHOTO TpPaHCHOPTHOTO 3acoOy [3]; BH3HAYEHHS TMapaMeTpiB
rajlbMyBaHHA 0araTOBICHOTO TPAHCIOPTHOIO 3aco0y Ha OCHOBI KOOpIUHAT
TMIOJIOXKEHHSI 10T LIEHTPY TSDKIHHS, Peali30BaHUX 3YETICHh MK IIMHAMH HOTO KOJiC
Ta MOBEPXHEIO JOPOKHHOTO TOKPHUTTS, a TAKOXK PO3MOJICHHS HABAHTAKECHHS MK
BIJIMOBITHUMH TIEPEIHIMHA 1 3aHIMH BICAMH TpPAaHCIOPTHOrO 3aco0y [4]; BIUIMB
BEPTUKAJILHOTO HAaBAaHTAXEHHS HA KOE(DILIEHT 3UEIUICHHS! aBTOMOOUIBHOTO KoJieca B
peKKMI TallbMyBaHHs [5, 6]; METOIM BHUMIPIOBAHHS 3UEIUIEHHS aBTOMOOUILHOTO
KoJjieca 3 JOPOKHIM MOKpUTTsM [8, 10]; BIUIMB 3HOCY IIMH HA 1X 3YiMHI BIACTUBOCTI
[9]; ocobimBOCTI rajgbMyBaHHs 0araTOBICHUX KOJIICHUX TPaHCIOPTHUX 3aco0iB [11];
BIUIMB BEPTUKAJILHOTO HABAHTAXKCHHSI HA TAJIbMIBHY CHIIy Ta KOC(ILIEHT 34YETUICHHS
IIMHU aBTOMOOUTLHOTO Kosieca [12]; BU3HaYeHHs MOLIKOIKEHb LIUH, SIKI YTBOPUIIUCS
B pe3yJIbTaTi eKCILTyartalii abo B pe3yibTaTi 3aBojIchKoro aedekty [13].

Amnpobania pesyabraTtiB aucepranii. /luceprauiitna podora oOroBopeHa
Ha MiXKadeapaapbHOMy CeMiHapi, SKuil OyJIo IpoBe/IeHO Ha Kadeapi aBTOMOOLTIB
iMm. A.b. I'peneckyna XapkiBCHbKOTO HAIIOHATBHOTO aBTOMOOLIBLHO-IOPOKHBOTO
yHiBepcutety (XHAJY). OcHOBHI TOJNIOKEHHS Ta PE3yJbTaTH TEOPETUYHUX 1
EKCIIEPUMEHTAJIbHUX JIOCHIIKEHb JOMOBIAAIMCSA, OOTOBOPIOBAIMUCS W OTpUMAalu
MO3UTUBHY OIIHKY Ha HAyKOBO-TEXHIYHUX 1 HAYKOBO-MeToAM4HMX cecisx XHAJLY
1 Ha HACTYITHUX MIXHAPOJHUX KOH(PEPEHIIAX:

— MixHapoiHa HayKoBO-TexHIYHa KoH(pepeHuis «IlepcrnekTuBU pPO3BUTKY
JOPOKHBO-TPAHCIOPTHUX  Ta  IHKEHEPHO-KOMYHIKAIIMHUX  1HQPOCTPYKTYp»
(m. Tamkent, TamkeHTChKMI I1HCTHUTYT 3 TPOCKTyBaHHsS, OyIIBHUITBA Ta
eKCIUTyarTalii aBTOMOOUIBHUX aopir, Y30ekucran, 21 — 23 jucromana 2017 p.,
dbopma ydacri - 3a04Ha);

— 82-a HAYKOBO-TEXHIYHAa Ta HAyKOBO-METOAWYHA KOH(DepeHIis
XapKiBCHKOTO  HAIIOHAIBHOTO aBTOMOO1JIbHO-IOPOKHBOTO  YHIBEPCHTETY
(M. XapkiB, XapKiBChbKHI HAI[IOHAIBHUA aBTOMOOLTEHO-IOPOXKHIA YHIBEPCUTET,
Vkpaina, 7 — 11 tpaBus 2018 p., hopma ydacTi - ouHa);

— 83-a HaAyKOBO-TE€XHIYHa Ta HAayKOBO-METOJWYHA  KOH(DepeHIis
XapKiBCHKOTO  HAIIOHAJIBLHOTO aBTOMOO1JTbHO-I0POKHBOTO  YHIBEPCHUTETY
(M. XapkiB, XapKiBCbKUN HaI[lOHAJLHUM aBTOMOOIIBLHO-AOPOXKHINA YHIBEPCUTET,

VYkpaina, 13 — 17 tpaBus 2019 p., dopma yyacTi - ouHa);
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— YorupHaamsaTa  MDKHApOJHAa  HAyKOBO-TIpAaKTUYHA  KOH(epeHIis
«MaremaTtuuyHe Ta  IMITallliiHE  MOJENIOBaHHS  cuctem» (M. UepHiris,
UepHIriBChbKUi HalllOHATFHUN TEXHIYHUN YHIBEPCUTET, YKpaiHa, 24 — 26 4epBHS
2019 p., bopma ygacTi - 3a049Ha);

— MixHapo/iHa HayKoBO-TIpakThuyHa KoH(pepeHiis «CydacHi TEXHOJOTII Ha
aBTOMOO1JTbHOMY TPAHCHOPTI Ta MaNIMHOOYyBaHHI» (M. XapkiB, XapKiBCbKUU
HalllOHAJIbHUI aBTOMOOUIBHO-IOPOXKHIN YHIBepcuTeT, YKpaina, 15 — 18 >xoBTHs
2019 p., popma yyacTi - ouHa);

— MiKHapo/ilHa HayKOBO-IIpakTU4YHa KOH(pepeHli, npucesiueHoi 150-piuyto
3 aHs HapojkeHHst 3aci. mpod. M.C. bokapiyca «AKTyalibHI NMUTAHHS CYJIOBOi
EKCIIEPTU3H 1 KPUMIHATICTUKN» (M. XapKiB, XapKIBCbKUN HAayKOBO-IOCIIJIHUN
IHCTUTYT cyaoBux ekcneptu3 iM. 3acia. npod. M.C. bokapiyca, VYkpaiHa,
14 — 19 kBiTHA 2019 p., popMa yyacTi - ouHa);

— MixnHapoaHa HaykoBO-TIpakTU4YHa KoH(epeHiis «HoBiTHI TexHomoTii
PO3BUTKY aBTOMOOIJILHOTO TpaHCTOPTY» (M. XapkiB, XapKiBCbKUI HaIllOHAIbHHMA
aBTOMOOLTEHO-TIOPOXKHIN yHIBEpCUTET, YKpaina, 27 — 29 xoBtasa 2021 p., popma
y4acTi — OYHa).

Ily6aikamii. OCHOBHI TOJOXEHHS AUCEPTAIIHHOI poOOTH OIMyOIiKOBaH1 y
13 maykoBuX poOOTax, y ToMy 4uCiIi: 4 cTaTeid y HayKOBUX (PaXxOBUX BHUIAAHHIX
Vkpainu Ta iHIKMX JAepxkaB (3 HUX | — y BHAAHHAX, W10 BKJIIOYEHI M0
HaykoMeTpuuHOi 0a3u Scopus (Quartiles — Q3)); 7 Te3 momnoBizei y 30ipHUKAX
JIOTIOBIICHT HA HAYKOBHX KOH(epeHIisx; 2 cTarTi y CHerialbHUX 301pHHKAX
CYJI0BO-EKCIIEPTHOI A1sJIbHOCTI MiHicTEepCTBA t0CTULIT YKpaiHHU.

Ctpykrypa i o0car poOoru. Jlucepramis CKJIanaeTbcsi 31 BCTYIY,
4 po3aiiiB, BUCHOBKIB, CIUCKY BUKOPUCTAHUX JKepeln 1 qonatkiB. [loBuuit obcsr
aucepranii ckiamgae 168 cTopiHOK, y TOMy 4ucai 3 gomarka Ha 15 cTOpiHKax.
OOcsT  OCHOBHOTO TEKCTy nuceptarii craHoBuTh 120 ctopiHok. Pobora
UTrocTpoBaHa 53 puUCyHKaMHu Ta MICTHTh 21 Tabmuirro. CHHCOK BUKOPHUCTAHHUX

Jmoxepen HapaxoBye 130 HalimeHyBaHb Ha 14 cTOpiHKaX.
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PO3/ILI 1

TEOPETHUYHI ACIIEKTH B3AEMO/IIi ABTOMOBILJIBHOI'O KOJIECA
3 IOBEPXHEIO JOPOKHBOI'O IOKPUTTA

ABTOMOOUIBHE KOJIECO € HEBIJ'€MHOK YACTUHOK KOJIICHOTO TPAHCIIOPTHOI'O
3aco0y 4depe3 sike MepealoThCsl 3yCUIUIA, 10 YTPUMYIOTh aBTOMOOLIL Ha JOPO3i,
MePECyBalOTh 1 3YMMHUHAIOTH Horo. BijoMo, 1m0 aBTOMOOUIBHE KOJIECO CKIAAAEThCS
oesnocepenuboro 3 koseca (puc. 1.1) Ta mmHM (puc. 1.2), sgka Moxe

nedopMyBaTHCs B HACIIIOK J1ii 30BHIIIHUX CUJI 1 MOMEHTIB.

a) TUCKOBE CBapHE KoJjieco; 0) JUCKOBE JIUTE KOJIECO;
B) CIIMIIOBE KOJIECO; T') O€3/MCKOBE KOJIECO 3 HEPO30OPHUM 00010M;
1) 6€3TMCKOBE KOJIECO 3 PO30OPHUM 000710M

Pucynok 1.1 — Koncerpykiii kosric aBTOMOO1TIB

a) KaMepHa 1nHa; 0) 0e3KkaMepHa II1Ha;

B) O€3MOBITPSHI IMHY JIBOX PI3HUX KOHCTPYKIIIH;

Pucynox 1.2 — KoHcTpykiii mvH /1t KOJIic aBTOMOO1JTiB

Bigomo, 1o Ha B3a€MOil0 IIMHU aBTOMOOUIBHOTO KoJIeca 3 IOBEPXHEHO
JOPOKHBOTO OJIATY BIUMBAE Oarato ¢aktopiB [15-28], ski HE OFHO3HAYHO
3MIHIOIOTh BJIACTHUBOCTI TUISIMH KOHTAKTy YTBOPEHOI MK IIMHOIO Ta OMOPHOIO
MOBEPXHEI0 1 SK CHIJCTBO, XapaKTEPUCTUKU TIPOIECY PyXy KOIICHOTO

TPaHCIIOPTHOTO 3aC00Y.
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1.1 B3aemoaisi aBTOMOOLIBHOIO0 Ko0JieCca 3 IMOBEPXHEI TOPOKHbBOIO

NOKPUTTH

XapakTep TepTs MOBEPXHEBOTO APy MHEBMATUYHOI IIWHU TMPHU i1 KOB3aHI
Ha TBEPIOMY HEKOPCTKOMY IOKPUTTI, MAa€ 3HAYHE MPAKTUYHE 3HAUEHHS, NpU
BUPOOHMIITBI aBTOMOOITHPHUX IINH, OCKUIBKH Bijl IIBOTO 3aJICKUTh €()EKTHUBHICThH
PYXy KOJICHOTO TPAHCIOPTHOTrO 3aco0y. DpuKIiifHI BIACTUBOCTI HIMHU Ha
TBEPJIOMY HEKOPCTKOMY MOKPUTTI BIAPI3HIIOTHCS Bij OUIBIIOCTI IHIIUX TBEPAUX
T1J1, B NIEPILY YEPry L€ OB’ A3aHO 3 HU3bKUM PIBHEM MOJYJIIO MPY>KHOCTI IIWHU Ta
BHCOKUM BHYTPIIIHIM TEPTAM MIDX IIapaMU 3 SKHUX BOHA CKianaerbes [15, 16, 19-
21, 24-31].

[TpoBiani nochimkenns [29-31] B pi3HUX KpaiHax CBITY MOKa3ajiu, IO YUM
OuTbIIa MIBUJKICTh OO€pTaHHS aBTOMOOUIBHOTO KoJieca Ta HIKYa TeMIleparypa
MOBEPXHEBOTO Iapy IIWHH, SKa OE3MOCepeIHhO KOHTAKTYE 3 HEKOPCTKAM
JIOPOKHIM TIOKPHUTTSIM, B IIWHI B1I0YBaIOTHCS MPOIIECH, SIK1 B TEOPIi TEPTs Ta 3HOCY
nojiiMepHux marepianiB [15, 29] orpumana Ha3By «Birpudikauis». Inmumun
CJIOBaMH, 1€ MPOIEC MEePEeX0y MOJIIMEPHOTr0 Marepiady 3 BUCOKOEIACTHYHOTO B
MPY>KHO-TBEPJIMNA CTaH 32 PaXyHOK CBOET MOJIEKYJIIPHO-KIHETUYHOI ripupoau [15].

B macmigox Bitpudikarii [15, 29] BinOyBaeThcsi MOMITHE KO3BAaHHS ITUHU
BIJIHOCHO IOBEPXHI JOPOKHBOI'O OJATY Ta 3HMXKYETHCS pEali30BaHE 3UEIUICHHS,
OCKIJTbKM TYCTHMHA BUHHUKHEHHS CWJI TEPTS B IUISIMI KOHTAKyTy 3MEHIIYETHCA.
JlocmipkeHHsT BUKOHaHI B poOoTi [29] mokasamu, mo SKmo 30epiraeTbes
BIJIHOIICHHS] MDK aMIUTITYJI0OI0 /4 Ta JOBXHHOI [ B HEPIBHOCTAX OIOPHOI
noBepxHi (puc. 1.3 a, 6), 11le HE BIUIMBA€ HA TYCTUHY BUHUKHEHHS CHJI TEPTS B
IJISIM1 KOHTAKTY IIUHY 3 OMOPHOO MTOBEPXHEI0, HABITH MPH 301IbIIIEHH] IIBUIKOCTI
KOB3aHHS IWHU Kosieca (puc. 1.3 B) BIHOCTHO OIMOpHOI MmoBepxHi. HepiBHOCTI
OTIOPHOI MOBEpXHiI 300paxkeHi Ha puc. 1.3 a) Tta 1.3 0) MawTh iaeani3oBaHUN
BUTJISIT Y TIOPIBHSHHI 3 peaTbHUM KOHTAKTOM IIIMHH 3 OTIOPHOIO TIOBEPXHEIO.

3 HayKOBO-TeXHIYHOI jiteparypu [15-19] Bigomo, mo cuia TepTss Mix
IIMHOIO Ta HEKOPCTKUM JTOPOXKHIM MOKPUTTSAM Ma€ JBI CKJIAJIOBI: TICTEPE3UCHY

(medopmarriiiny) Ta aare3iiHy.



28

[loBepxHeBmit map l[OBBp\HCBHH Luap HHeBMaTHIIHm LIMHY,
< o ety
IMHEBMATHUYHOI ITUHHU 2 "', "‘,’ .::::.,. KRS 55 -.....-:o.- .:,; T
! . 5 orsteseere] ! .' <

[TosepxHeswuii map Y A [ToBepxHerwmii map L A
JIOPOIKHLOI'O [IOKPHUTTS JIOPOIKHBOI'O IIOKPUTTH

6)

o
p—

['yCcTHHA BUHUKHEHHS
CHJI TEPTSI MK
MHEBMATHYHOK LIMHOIO
Ta TOPOKHIM MOKPHTTSIM

B)

a) KOHTAKT TTOBEPXOHb 3 HEBETUKOIO MOPCTKICTIO; 0) KOHTAKT MOBEPXHb 3

BEJIMKOIO LIOPCTKICTIO; B) 3MiHA I'YCTUHU BUHUKHEHHS CUJI TEPTS B 3aJIEKHOCTI BT
HIBUIAKOCTI KOB3aHHS M1 [IOBEPXHSIMHU TEPTS
Pucynok 1.3 — B3aemoiist HOBEpXOHb TEPTS Ta T'YCTHUHA PO3HOILITY

CHWJI T€PTS B KOHTAKTI

[icTtepe3ucHa ckiIajoBa TracuTh [UKIIYHI  Aedopmaliii  BHACHIIOK
KOJIMBAJIBHOTO BIUIMBY JIOPOXXHBOTO MOKPHUTTS HA MPOTEKTOP IIWHU, TIPH IIHOMY
CHEprisg KOJMBaHb PO3CIIOETHCS B CEPEAUHI IIMHU 3a PAaxXyHOK BHYTPIIIHHOTO
TEPTSl, SIK y Iapax LIUHU, TaK 1 MK HUMHU.

Takox BIIOMO, IO B HACIIIOK TiCTEPE31CHOI CKJIQJOBOI ITiJT Yac KOB3aHHS
MOBEPXHI MHEBMATUYHOI IIMHU BIJTHOCHO TIOBEPXHI JIOPOXKHBOTO MOKPUTTS
BUHUKAE TaK 3BaHa MPYyKHA HECTAOUTBHICTD, IKa 00YMOBJICHA HU3HKUM 3HAYCHHSIM
MOJYJSl €JacTHYHOCTI TMHEBMATHYHOI INMWHW. Tak HampuKIald, BHACIIIOK
CTUCKAHHS IIMHY TiJ JI€I0 TATOBOTO MOMEHTY, IIIMHA BUTHHAETHCS B TEPEIHIN

YaCTHHI KOHTAKTYy, II0 IPU3BOJUTL 10 BUHUKHCHHS XBUJIb Y IMTHEBMaTHYHIN H_II/IHi,
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AK1 MOIIUPIOIOTHCS BiA MICI BUHUKHEHHSI XBHJII Y OlK MPOTHIICKHHUN HAIPIMKY
pyxy KT3. Ile#t edexr, sk moka3yoTh aociixkeHHs [32-34] BUHMKA€E MEPEBAKHO
IPU BUCOKUX IIBHUJIKOCTAX PYXYy TPAHCHOPTHOIO 3ac00y Ha TJIaJKMX MOBEPXHSX
JOPOKHBOTO TIOKPUTTS 1 B MOJANIBIIIOMY B pOOOTI po3riisiiaTucs He Oye.
AnresiiHa CKJIaJioBa Ma€ CYTTEBE 3HAYEHHS IijJ] Yac MOCTIHHOI
JIOBIOCTPOKOBOI B3a€MOJII IUIIMU KOHTaKyTy UIMHU 3 IOBEPXHEIO JOPOKHBOIO
OJIATY, fKE CYINPOBOKYETHCS MIABUILEHHSAM TEMIIEpaTypu Ta pyHHYBaHHSIM
MOBEPXHEBUX IIApIB IIMHU 32 PAXYHOK MIKPOHEPIBHOCTEN JOPOKHBOTO MOKPUTTS

Ta MIKPOHEPIBHOCTE!N MOBEPXHI MHEBMATHYHOI IIUHU (puc. 1.4 a).

ITueBMaTHyHa IIWHA
aBTOMOOLIBHOrO KOjIeca

[TorepxHernii map

\ / “*\_‘\\ — e
/ o :

N /' baratokpaTHe 301U1bIIEHHA

s s MICLSI KOHTaKTy

a) CTPYKTypa PEaJIbHOr0 KOHTAKTY JIBOX MIOBEPXOHb (MAKpO Ta MIKPOHEPIBHOCTI);
0) cTpyKTypa 171a1i30BaHOTO KOHTAKTY (MIKpPOHEPIBHOCTSIMHU 3HEXTOBAHO)
Pucynok 1.4 — Xapakrep B3aeMo/ii IMHA aBTOMOOUIBHOTO KoJieca

3 MIOBEPXHEIO JOPOKHBOIO OJIATY

HesBaxaroun Ha Te, 110 MIKPOHEPIBHOCTI MIK IMTHEBMATUYHOIK IIMHOKO Ta
JIOPOKHIM TIOKPHUTTSAM CYTTEBO IMiJIBUIIYIOTh a/Ir€31iHY CKJIAJO0BY IIIMHU, HABITh HA
MOKPOMY JOPO’KHbOMY MOKPHUTTI, Y MOPIBHIHHI 3 MAKPOHEPIBHOCTSIMHU HEIO MOKHA

3HEXTYBATH y 0ararb0X BUIIaJKax MOJCIIIOBAaHHS KOHTAKTHOI B3aeMoii [ 15-24].
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JUis  HarmsgHOTO — YSABICHHS  CTPYKTYpPH — pealbHMX  JAOpIr,  SKi

BUKOPHUCTOBYIOTBCS TMiJI Yac €KCIUTyaTarlii KOJIICHUX TPaHCIOPTHUX 3aco0IB Ta

MaroTh MIKPOHEPIBHOCTI 3 MAaKPOHEPIBHOCTSAMHM, BOHU HAaBE/I€HI Ha PUCYHKY 1.5.

MIKpO Ta MaKpOHEPiBHOCTI MiKpOHEPIBHOCTI MaKpOHEPIBHOCTI Iy’XKe piBHO
MW - ; If\_/\/’\/-\
a) 6) B) r)

a) CTPYKTypa JOPOTH Ha TOHOYHOMY TPEKY; 0) CTPYKTypa 3BUYANHOI JOPOTH;
B) I0pora 31 3HI)KEHUM TEPTSAM; T') MOJTIpOBaHa TOPOKHS MOBEPXHS
(TIIOX1THUM TIepeXiJ 3 TPaHITHUX TUINT)

Pucynok 1.5 — CTpyKkTypa AesiKux aBTOMOOLIBHUX J10PIT

3rigHo 13 MOJIEKYJISIPHO-MEXaHIYHOI0 Teopito TepTs [15-19], mo3moBxkHIO
pEaKIliio OMOPHOI MOBEPXHI y IUISAMI KOHTAKTY IMHUA aBTOMOOUIBHOTO Kojieca 3
MOBEPXHEIO  JOPOXKHBOTO  OJITY MOXKHAa TMPEACTaBUTH y  HACTYIMHOMY

MaTCMAaTUIHOMY BI/IFJ'IHI[i

R =R, +R,=(f+ m)-RZ, (1.1)

ne R, — a;resiiiHa CKJazoBa I03J0BXKHBOI PEaKilii ONMOPHOI IOBEPXHI y ILIAMI

KOHTAKTy IIMHH aBTOMOOITFHOTO KOJIeca 3 MOBEPXHEI0 JOPOKHBOTO OJIATY;

R . — nedopmarniiiHa CKjIajoBa MO370BKHBOI Peakilii OMOPHOI MOBEPXHI Y

ned
IUISIMI KOHTAKTy IIMHU aBTOMOOUIBHOTO KOJIeca 3 TOBEPXHEIO I0POKHBOTO OJIATY;

Jur — AQIresiiHa CKJIazoBa peali30BaHOrO 34YEIUIEHHSA BHACHINOK il

M03/I0BXKHBOI peakilii OMmOpHOT MOBEPXHI Y MJISIMI KOHTAKTYy IIMHU aBTOMOOLIBHOTO

KOJIECa 3 MOBCPXHECIO AOPOKHBOT'O OJATY,
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fﬂecb — nedopmMmariiiHa ckiajoBa peanizoBaHOTO 3YCIUICHHS BHACTIAOK i

NO3J0BXXHBOI peaki(ii ONOPHOI MOBEPXHI Y IJISIMI KOHTAKTy IIMHU aBTOMOOLIILHOTO
KoJIeca 3 MMOBEPXHEIO JOPOKHBOTO OJISTY;
R. — HOpMasnbHa (BEepTUKAJIbHA) peakKilis, sKa 1€ y IUIIMI KOHTaKTy IIUHH 3
JOPOKHIM HOKPHUTTSIM.
[Ilo crocyeTbcs anre3iftHOI CKJIAJ0BOI IMO3IOBXKHIX PEAKIIA OMOPHOI
MOBEPXHI, TO 3TAHO 13 JociipkeHHAMH [15-19] BoHa mMANOPAIKOBYETHCS

O1HOMIQJIBHOMY 3aKOHY 1 MOK€ OyTH IpeACTaBI€Ha Y BUIJISIAL 3aJ1€KHOCTI

Raar:faar'Rz: T_0+l3 'Rz’ (12)

7

1€ T, — INWTOMa 3CyBHa MILHICTh MOJIEKYJIIDHUX 3B’S3KIB IIpU HYJIbOBOMY

(aKkTUYHOMY THCKY;

B — xoedimieHT 3MIITHEHHS aATre31MHUX 3B’SA3KIB 1]l BIUIMBOM HOPMAJIBHUX
(BEpTUKAJIbHUX ) HATIPYKEHb;

p, — THCK Yy KOHTaKkTI UIMHHU 3 JIOPOXHIM HOKPUTTSIM (BIJHOLICHHS
BEPTUKAIBHOI peaKIli y MIAMI KOHTAKTy 10 IUIOUIl BIAOUTKY IIMHH);

Sk moka3yroTh JOCHIIKEHHS HaBeNeHl y poOoti [16] mapamerpu 1, Ta f3
3MIHIOIOTBCS B 3aJIEKHOCTI B1Jl TUILY JIOPOXKHBOI'O MOKPUTTS 1 € KOHCTAaHTaMHU JAJIs
aBTOMOOUIBHUX IIWH PI3HOI KOHCTPYKIUIi, SIKI pyXarOThCS BIJHOCHO JOPOXHBOTO
NOKpUTTS Tipu moBHOMY KoB3aHHI (S =100%). BpaxoBytouu 110 o0CTaBuUHY 3
piBasiHHS (1.2) MokHa noOauut, mo npu 100% KoB3aHHI MIMHU BIJHOCHO
OTIOPHOI TTOBEPXHI BETUYMHA aATe31iHOT CKJIa0BOi Oye 3pOCTaTu IpH 3pOCTaHH1

HOPMAJIBHOT il [IpY 30UTBIIEHH] TUIONI KOHTAKTY IIHHU 3 [ HIM
opMaibHOI peakuii (R ) abo 301 €HHI IUTOII KOHTaK 3 IOPOKHI

MOKPUTTSM (3MEHIIICHHI TUCKY Y KOHTAKTI IITUHU 3 JIOPOKHIM MTOKPUTTSIM).
Boanouac ciig 3a3HauuTH, 1mo B podotax [17, 35] aaresiiiHy ckiagoBy B
3aJIEKHOCT] BiJl HACMYEHOCTI MPY)KHOTO KOHTAaKTY, MPOTOHYETHCS BH3HAYATH 32

SAJICKHOCTAMMU:



32

— HACHYCHMU NPYKHUA KOHTAKT

2,4-1‘0~(1—u2) r
E 8y +B |- R., (1.3)

Raur = fa;[r ) Rz =

— HEHAaCHUYECHUU MPYKHUN KOHTAKT

R,=f.R 24w (12w) Bl-R (1.4)
= . = + ° 9 M
T keve(v-1)NE ’

ne | — koedimient [lyaccona;
E —Moaynb npy>KHOCTI IIUHH, 10 Je(POPMY€ETHCS.

Hcp — CCpCaHA rIuOnHA IMPOHUKHCHHA HCPIBHOCT1 Y ITOBCPXHIO IIWMHU,

H — rmubuna 3aHyproBaHHS HEPIBHOCTI B MOBEPXHIO r'yMu (puc. 1.4 6);

¥ — YMOBHHUH pajiiyc HepiBHOCTI (puc. 1.4 6);

k, — xoediuient [17, 19], mo 3anexuTh BiX HmapamMeTpa v OHNOPHOI KPHUBOI
npo(iII0 TOBEPXHI 1 AKUI MOXKHA BU3HAUYUTHU 3 PUCYHKY 1.6;

v — mapaMeTp (QyHKIi pO3MOAUICHHS MaTepialy Ha HEpPIBHOCTSX, SIKUN

BUPAKAETHCS YEPE3 XAPAKTEPUCTUKH HIOPCTKOCTI T4 BU3HAYAETHCA 3 3AJIEKHOCTI [ 17]

20 By (1.5)
V= . — 1, .
"R

a

ne t ~— mapaMerp (YHKUI pO3HOAUIEHHS Marepialy, sKHil MOXKHA BHU3HAYUTU 3
npodiIorpaMu  I0pOXKHbOT HEpiBHOCTI (auB. puc. 1.7) HaA OCHOBI OMOPHOI KPUBOL
npodinio £, sxy 3anpononysas E. J. Abbott y 1933 poui B cBoiii poboTi [36];

R, — Bucora 3mauKyBanns [17, 37], ne Biacranb BiJ JIHIT BUCTYIIB HEPIBHOCTI
JOPO’KHBOTO IOKPUTTS JI0 CEpeTHBO1 JTiHIT HepiBHOCTEH (uB. puc. 1.7);

R, — cepenne apudmernuHe BigxuiaeHHs (1o adbcommoTHiM BenmuuuHi) [17, 37]

11
R :;Hh(x)‘dx. (1.6)

a
0



33

| IS
¢ J1
08 — { 15 408
0,6 - 0 106
v(v-1)
0,4 S 5 d04
P [
ki
0,2 0 - 0,2
/ k
0 —
1 2 3 4 vy

Pucynox 1.6 — I'padik nns BusHaueHHs 3uadeHb v(v-1), kiv(v-1) Ta ky B

3aJIeKHOCTI Bij mapametrpa v [19]

Hinia eucmynie ()

[\ .
VAN

AL TAL:

A
) N
BVa
ALs A
J

j A LJ\ Ls
H
o \ VA
Ve
Hinist enaoun Rmax A

i l |

i
Pucynok 1.7 — Ilpodinorpama mopcTKoCTi JOPOKHBOI MOBEPXHI CyMillleHa 3

ONOPHOKO KpHBOIO npodisto £, [17, 18]

Ciig 3a3Ha4YUTH, IO ONOpPHA KpuBa MPOQLIO f, € 3pYYHUM rpadiyHuM

IHCTPYMEHTOM, SKUH J103BOJIsIE OyAyBaTH 3aJI€KHOCTI OMIOPHOI AOBXKHHH IPOP1IIIO
BiJ piBHSA mepeTtuny npodimo. OnopHa KpuBa Npodisito T03BOJSE TAKOXK CYyAUTH
PO PO3IMOALT BEPIINH MIKPOHEPIBHOCTEH 1O BUCOTI. TakuMm 4MHOM, NPOBEACHUN

aHaii3 I[0Ka3aB, MO 13 30UIbIIEHHSM HOPMaJIbHOI (BEpPTUKAIbHOI) peakiii
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30UIBIIY€EThCS aAre3iiiHa CKJIagoBa MO3A0BXKHBOI a00 MONepeyHoi peakilii OmopHOi
MOBEPXHI, a 13 3MEHIIEHHIM KUJIBKOCTI MIKPOHEPIBHOCTEH CKJIaJ0Ba MO30BKHBOI
a00 MorepeyHoi peakilii OOPHOI MOBEPXHI 3MEHIITYETHCS Ta HABMAKH.

[Ilo cTocyerbcs nedopmaliiiHoOi CKIIag0BOi, TO B I[bOMY NMHUTaHHI € 0araTo
3amuTaHb HDK BIiANoBiAeH. B 3akopaoHHux mnyoOmikamisx [38] HaBOAUThCSA
iH(dopMarlis, MO 10 CKJIAJOBY MOKHA MOJUINTA HAa TPU HE3AICKHI (Pi3uuHI
BJIACTUBOCTI IIIMHH:

— nedopmaliiifHa CKJIaJ0Ba, [0 YTBOPIOETHCS B HACIIIIOK MEPEMIIIICHHS,

— nedopMalliifHa CKJIaIoBa, 0 YTBOPIOETHCS B HACIIIOK B’ SI3KOCTI;

— negopMaliiifHa CKJIaloBa, W10 YTBOPIOETHCS B HACHIIOK PO3PUBY
MDKMOJIEKYJIIPHUX 3B’ A3KIB Y MaTepiaii MHUHH.

Sk mokaszaB aHami3 HaAyKOBO-TeXHIUHOI jiTeparypu [17, 21, 23, 25, 30, 35,
37-40] nepopmaliiifHy CKJIaIOBY MOKHA TaKO MPEJACTABUTH Y BUJISIIL PYKHOTO
MOBEPXHEBOT'O KOHTAKTY, SIKUH Ma€ HACHUCHY Ta HCHACHYCHY CTPYKTYPY.

JIyist Ipy»KHOTO TIOBEPXHEBOT'O KOHTAKTY, SIKUA Ma€ HAaCUYEHY CTPYKTYpY,
nedopmMailiiiHa CkJiajoBa MoOXKe OyTH BH3HadyeHa 3a 3anexHicTio (1.7) 3rigHo
nociimxeHuss [17], ame ciig 3a3HauMTH, IO aBTOpU podotu [17] BUKOHYBamu

JOCIIIJIKEHHSI HA TYMOBHUX 3pa3Kax HEBEJIUKOi PopMHU.

3 H
Rﬂe¢>:fne¢'Rz:R'a' 7.RZ’ (1.7)
ne o — Koe(dilieHT ricrepe3icHux Brpat (s rymu o = 0,9 +0,13 [17]);
JlJis HEHACUYEeHOTO TPYKHOTO MOBEPXHEBOTO KOHTAKTY jAedopmMaliiiiHa
CKJIaJIoBa Ma€ JeNi0 CKIAQJHIMMK BUIIISLA 1 MoOXe OyTH BH3HAUYeHa 3a

3anexHicTio (1.8), mpu bOMY CIiJl TAKOX 3a3HAYUTH, 10 aBTOpU poOiIT [17, 35]

IMPpOBOANIIN I[OCJ'IiI[}KCHHH Ha TYMOBHX 3pa3KaX TaKOX HEBEJIMKO1L (1)0pMI/I.

3 |H
R .= ‘R_= “R_. 1.8
ned lee(b z k] V- (V2 _1) z ( )
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Amnani3 HaBeaeHux piBHAHb (1.2) — (1.4), (1.7) ta (1.8) mokasye, 0 B HUX
BpaxoBaHi: (PI3UKO-MEXaHIYH1 BIACTUBOCTI T1J1, IO KOHTAKTYIOTh Yepe3 BEIIMUYMHU
E, p Tta o; ¢i3uKo-XiMiuHI BJIAaCTUBOCTI B3aeMoJii — uyepes Tp Ta J3;
MIKpOTOnorpadisi TOBEpXOHb KOHTAKTYBaHHS — 4Yepe3 mapameTpu v, k; Ta r, a
TaKOXX IIapaMETPH HAaBaHTAXXECHHSA — depe3 BennuuHy H (H.,). Ane BOHH He
J03BOJISIIOTH B TIOBHIM Mipi BUBHAYUTHU XapakTep peasizallii 34illHUX BIACTUBOCTEH
MK IIMHOI aBTOMOOUIBHOTO KoJjieca Ta JOPOXKHIM MOKPUTTSAM, OCKUIBKUA HE
JO3BOJISIIOTh  BU3HAUUTH  XapakTep BIUIMBY JAe(POpMallifHUX CKIIAJOBUX Y
BHYTPIIIHIX IIapaxX MHEBMATUYHOI IIIMHH, TIPO IO CBIIYaTh JOCTIHKCHHS HaBeACHI
B pobotax [38—41].

3riIHO 13 JOCHIDKEHHSMHU HaBeJeHUMH B pobotax [38-40, 42] Ha

max max
anar + ned

MaKCHUMaJIbHE 3HAUY€HHs peayli3oBaHoro 3ueruieHHs (f = ) 3 OIOPHOIO

MIOBEPXHEIO (KOEPILIEHT 3YETJICHHS) CYTTEBO BIUIMBAE BEPTUKAJIbHE HABAHTAKEHHS Ha
MUHY (BIIHOCHUMA TUCK Yy IUIAMI KOHTAKTy IIMHU 3 JIOPOXKHIM TOKpUTTIM). Tak,
HAMPUKIIA TIPUA B3aEMOIIi IIIMHU aBTOMOOLITBHOTO KOJIeca 3 METaJIeBOI0 MTOBEPXHEIO B
3aJIeKHOCT1 BiJI HaBaHTAXEHHS Ha IIMHY MaKCUMaJIbHE peaiizoBaHe 3YEIJICHHS
Moxe nocsarata 1,5 oauHuip (puc. 1.8 a), a npu B3aemojii MIKUHU 31 CKIISHOIO
noBepxHero — 2,5 oguHuib (puc. 1.8 0).

AHQJIOTIYH1  pe3ysibTaTH JOCHiKeHHs [43-45] oTpuMaiini Takox 1
yKpaiHChKI BU€HI XapKIBCBKOTO HAI[lOHAJILHOTO aBTOMOOIIBHO-IO0POKHBOTO
yHIBEpCUTETY, sKi mokazanu (puc. 1.9), mo npu B3aeMoaii MOOAMHOKOI IIWHU
aBTOMOOITLHOTO KoOJieca 3 OINOPHOI TOBEPXHEI0 MaKCHMAJIbHE peasi3oBaHe
3YCIJICHHSI HE € TMOCTIHHOI BenuuuHow. Clia 3a3HAYUTH, IO JTOCHIJIKEHHS,
oTpuMaHi B poOoTi [43], B yMoOBax 3MIHM MaKCHUMaJIbHOTO pPEaTi30BaHOTO
3YCTUICEHHS TMpU HEBEJIMKOMY HaBaHTAKEHHI Ha Kojeco, 30iraroTbCcs 3
nociipkeHHssMu (puc. 1.8 a), skl HaBemeHo B poOoTi [40] mpu aHamOTTYHHX

yMOBaX B3a€MOJIIT IIIMHU 3 KOHTAKTHOIO MTOBEPXHEIO.
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a) 0)

a) B3aeMOJIis Tapu uHa/MeTaneBa moBepxHs [40]
0) B3aeMO/Iis IMapH IMIWHA/CKIITHA MoBepXHs [38, 39]
Pucynox 1.8 — 3HMKEHHS MaKCUMAJIBHOTO PeajTi30BaHOTO 3UCTLICHHS
3 MM1IBUIIEHHSIM HOPMAJIBHOTO THCKY B TUISIM1 KOHTaKTy

IITKWHHA 3 OIIOPHOIO ITIOBCPXHCIO

3 JocHiKeHb HaBEIEHUX Ha PUCYHKY 1.9 Takok MOKHa MOOAYUTH, IO
MaKCHMaJIbHE peali30BaHe 3UEIICHHS TaKOX 3aJI€KUTh B1Jl IIBUAKOCTI 00€pTaHHS
aBTOMOOUIBHOTO KoJieca. [3 3MEHIIeHHIM IBUIKOCTI HE3aIeKHO BiJl HOPMAJILHOTO
(BepTUKaJIbHOTO) HAaBaHTAXKEHHS MaKCHMaJbHE peaii3oBaHe 34EIUICHHS 3POCTAa€E B
cepennbomy Ha 36 %.

TakumM 4YWMHOM, Ha OCHOB1 aHami3y 3MiHM JaepopMallifiHOi CKIaJa0BO1
M03/I0BXKHBOI peakilii OrMmopHOT MOBEPXHI Y IJISIMI KOHTAKTy IIMHU aBTOMOOLIBHOTO
KoJieca 3 MMOBEPXHEIO TIOPOKHBOTO OSTY, a TAKOXK HAa OCHOBI €KCIIEPUMEHTAIBHIX

JOCITIKeHb 300pakeHuX Ha pUCYHKY 1.8 Ta 1.9, MokHa 3pOOMTH BHCHOBOK, IIIO
nedopmMaiiiiiia ckiagoBa (Rﬂe(b) 3QJIKUTh HE TUIBKU BIiJl CTPYKTYpPH ITOBEpXHIi
JIOPOYKHBOT'O TIOKPHUTTS, IIBUIKOCTI 0OepTaHHS aBTOMOOUIBLHOTO Kojieca, a M Bij

HOpPMAaJIbHOI (BEPTUKAIBHOI) PeaKilii, 0 Ji€ y IUIsIMI KOHTAKTy IIMHU 3 JOPOKHIM

INOKPUTTAM.
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Pucynok 1.9 — Ocriunorpama excriepuMeHTaIbHUX A0CIIIKEHb MPOIECy
peasizallii 34erieHHs ITUHU aBTOMOOUTEHOTO Kojieca 31J1-4335 (Tumoposmipy
muHu 11-R20) B 3a1eKHOCTI BiJl yacy, Ipu KOYEHH1 Kojieca Ha MeXi OJIOKyBaHHS
1] BILIMBOM aHTUOJIOKYBAJILHOI CUCTEMH 110 MeTajieBOMy OapadaHny 3

KoediuieHToM TepTs KoB3auHs ( f ) 0,35-0,45 onununp [40]

OCKUIBKM TpOLEC B3a€EMOJIi IIMHU aBTOMOOUIBHOTO KOJIECa 3 MOBEPXHEIO
JOPOKHBOTO TMOKPUTTS € CKJIAJHUM (DI3UYHUM SIBUIIEM, SIK€ BaXKKO OOUYMCIHUTU
IUIIXOM BU3HAYEHHS MapaMmeTpiB aAre3lHux Ta aedopMamiMHUX CKIaJOBUX
MO3/I0BXKHBOI 200 MOMEPEeYHOI0 PEeakilii OMOpHOi MOBEPXHi, B HAYKOBO-TEXHIUHIN
miteparypi [25, 38, 39, 45, 46] nmpomoHyeThCS MOJAEIb HAa OCHOBI TaK 3BaHOI
«reopii kpima» [46—49], sKka [03BOJIsI€E YHUKHYTH BH3HAYEHHS CKIIAJIHUX
napaMeTpiB KOHTAKTHOI B3aeMoOii. AHami3 HaykoBuX poOiT [25, 38, 39, 46—49]
[I0Ka3aB, 110 BUKOPUCTAHHS «TE€Opil Kpilay J03BOJISIE CIPOILEHO, HE BUKOHYIOUU
CKJIQJHUX MAaTEMaTUYHUX PO3PAXyHKIB, OI[IHUTHU 3MIHY I103/I0BKHBOI peaKIii

OTOPHOI MOBEPXHi B 3aNEKHOCTI Bil KoedilieHTa TepTs KoB3aHHA rymu (f, ) Ta

NpOKOB3yBaHHA (S) IIMHM BIAHOCHO JOPOXHBOTO TOKpUTTA. CyTHICTH
3ampONOHOBAHOI TEOPIl MOJISATAE B TOMY, 1110 Peali30BaHe 3YETUICHHS (B TOMY YHCII1
1 MakCUMaJIbHE) 3MIHIOETHCS B 3aJI€XKHOCTI B TaK 3BaHOTO KyTa 3aKpy4yBaHHS

mHY [50] BITHOCHO MOBEPXH1 JOPOKHBOTO MTOKPUTTHI.
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VY BIONOBIAHOCTI N0 «Teopli Kpimay peani3oBaHe 34YCIJICHHS MOXHa

BH3HAYMTH 32 3aJICKHICTIO [45, 46]

_G 5,

- , 1.9
R 1, (1.9)

A

ne C. — KpyTuiabHa )KOPCTKICTh muHU, H-M/pan;
&, — KyT 3aKpy4yBaHHs ILUHY, Paj.
¥, — AMHaMI4HUHN pajlyc KoJieca, M.
KpyTunbsHy >KOPCTKICTh MIMHM 711 HAaBaHTaXeHb BiJ HyJs g0 40000 H Ta ii
KyT 3aKpydyBaHHS MOXHA BU3HAYUTH 3a BIAMOBIZHUMHU 3anexHocTsmMu (1.10)

ta (1.13) [3, 13, 45, 46], sKxi MalOTh HaMiBEMIIPUYHUN XapakTep Ta OTPUMaHI B

CTEHJOBHX yMOBAax IpHU TeMIEpaTypl HaBKOJUMIIHBOro cepenonumia 20°C.

C.=[100- 5,

' g-Cl= -exp(10-B,- p) (8.6-107-R.~1,03-10°-R?),  (1.10)
x 1 i

ne p, — Tuck y muHi, MIla;
. . 2
g — IPUCKOPEHHS BUIBHOTO NaJiHHS, M/C”;
Cfmax — EKCHEepUMEHTAJIbHE 3HAYEHHS KPYTHJIBHOI >KOPCTKOCTI IIMHHU TpPH

MaKCUMaJbHO JIOMYCTUMOMY THCKY TIOBITpS B IIMHI (BU3HAYa€ThCs IIpHU
MaKCHUMaJIbHO JOITyCTUMOMY HaBaHTaXX€HH1 Ha KHY), H-M/pas;

B, Ta B, — koe]iLl€HTH, SIKI BU3HAYAIOTHCS 3 3aJIE€KHOCTEN

Bnin
» _ 1000-C

= (1.11)
’ eXp(Bl ) Pmin)
CPmax
Inf —=-
C min
= (1.12)
Pmax - Pmln
ne C™» — eKcHepMMEHTAIbHE 3HAYEHHS KPYTUIBHOI JKOPCTKOCTI LIMHM MpH

MIHIMQJIBHO JIOyCTUMOMY THCKY TIOBITpS B IIHMHI (BU3HAYA€THCS IpHU

MaKCHUMAaJIbHO JOIyCTUMOMY HaBaHTa)XKEHHI Ha muHY), H-M/pa;
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P — MakcumanbHuil THCK y muHi, Mlla;

max

P

min

— MIHIMaJIbHUW TUCK y 1muH1, MI1a.

&S
b tcg S+ S’

&> (1.13)

ne ag, by Ta ¢ — koediienTy, mo BU3HAYAKOTHC 3 3aneskHocted (1.14) — (1.16);

&, — KyT 3aKpy4dyBaHHs IIWHH, SIKUM BUHMKA€E B HACIINOK [ii CWJIM OMIOpPY

KOUYEHHSI aBTOMOOUIBLHOTO KoJieca, paj.

(Em-g)(Er-g)(i-s,)

at = e : (1.14)
be=52, (1.15)

(er-g,)(1+55)-2-5,-(&m -&,)
gr g ’

C

; (1.16)

ne S, — KpUTHYHE TIPOKOB3YBaHHS IIWHK aBTOMOOLIBHOTO KOJIECa;
E.” — KyT 3aKpydyBaHHS LIMHU B HACIIIOK peaialii MK IIMHOIO Ta OTIOPHOIO
MOBEPXHEI0 KoedilieHTa TepTs KoB3auHs ( f, ), pa;
Jlns ABOX PI3HUX CTaHIB PyXy aBTOMOOUIBLHOTO Kojieca (SIKE€ KOTUTHCS 3
max

MaKCUMaJIBHOIO e(eKTUBHICTIO (&) Ta 3a0s0koBaHe (&'°)) 3HAUCHHA & MOXKe

OyTu Bu3HaueHe 3 BupasiB (1.17) ta (1.18) [13, 45] BinnoBiaHO

e = £,y 1, (4,625 -4,29-exp(0,0018- 7)), (1L17)

o 0219-1, 5,
* exp(0,01861-7,)

(1.18)

e pr — KOe(IIIEHT TePTs KOB3aHHS;

V. — niHiliHa LIBUJKICTB KOJIeca, TPUBEJIEHa 1O 0cl 00epTaHHs KoJjeca, M/c;
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V  ~— mHIHA WBUAKICTH PyXy TPAHCHOPTHOrO 3aco0y miag  dYac

a

raqbMyBaHHS, M/C.

TakuM 4YWHOM, BHKOPHUCTAHHS «TEOpii Kpima» Ja€ 3MOTy BHU3HAYUTH
peasi3oBaHe 3YCIUICHHS MDK IIMHOIO aBTOMOOIIBPHOTO KoJjieca Ta IOBEPXHEIO
JOPOKHBOTO TIOKPUTTS B Oyap SKWX 3YiMHUX, HABaHTaXyBaJbHUX Ta
EKCIUTyaTalifHuX YMOBaX pyXy KOJICHOTO TPAHCIIOPTHOTO 3aco0y.

Crnig 3a3Ha4uTH, 1O BCl JOCTIKEHHS HaABEJCHI BUIIE B JAaHii poOOTi,
CTOCYIOTBCSL ~ B3a€MOJIl IIMHA  IOOJWHOKOTO  aBTOMOOUIRHOTO  KoJieca
TPAHCHIOPTHOTO 3aco0y 1 HE BiOOpa)kaloTh XapakTepy BIUIMBY Ha 3HAYCHHS
peaii3oBaHOTO 34YEIJICHHS KOHCTPYKTHBHHMX OCOOJMBOCTEH OLIMHYBAHHS KOJIC
(HampuKJan 37ABOEHUX ab00 CTPOEHUX KOJIIC), TOMY JOCHIPKCHHS MHUTaHHS
B3a€MO/IIT IIMH 3IBOEHUX KOJIIC TPAHCIIOPTHOTO 3aC00y 3 HE KOPCTKUM JIOPOKHIM
NOKPUTTSAM € aKTyalbHUM 1 mOTpeOye [IOJaTKOBUX HANpalloBaHb, SIK

TCOPETUUHOI'0, TAK CKCIICPUMCHTAJIbHOI'O XapPAaKTCPYy.

1.2 Oco0imBocTi peanizamii 34enJieHHsI Mi’K IIMHOK Ta IOBEPXHEI

JAOPOKHbBOTO MOKPHUTTH

AHani3 HayKOBO-TE€XHIUHOI jitepaTypu [15-60] mokaszaB, mo ayxe 4acrto
JUISL TIO3HAYEHHST OJHOTO 1 TOrO K (hI3UYHOTO SBHUIIA aBTOPAMHU BUKOPUCTOBYIOTHCS

pI3HI  JITEpH, HANpUKIad Uil  [O3HAYEeHHS  Koe(ilieHTa  34ErJICHHS

BUKOPUCTOBYIOTECS: (0 abo k abo y abo p abo f ™

% 0 YCKIIaJHIOE PO3YyMIHHSA
CYTHOCTI OIMCAHOTO SBUINA, a OTXKE MNPU3BOAUTH 1O HEMOPO3YMIHb CEpel
JOCITITHUKIB TMPOLIECY B3a€EMOJII IIMHM aBTOMOOUIBHOTO KoJjieca 3 JOPOXKHIM
MOKPUTTSIM.

Bapro Takox 3ayBa)KuTH, 1110 OJUH 1 TOH k€ (I3UYHHI MPOIIEC MO-PI3ZHOMY
NPEACTaBICHU B HOPMAaTUBHUX JOKyMeHTax [61, 62], miapy4yHukax 3 Teopii

aBTomMoOuIs [24-29, 63—67] 1 HaykoBux myOmikamisx [15-60], mo momaTkoBO

YCKJIQJIHIOE TIPOIIEC PO3YMIHHS SIBHUINA peai3allii 34iMHUX BJIIACTUBOCTEH MIXK
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IIIMHOIO aBTOMOOUTBHOTO KOJIEca Ta MOBEPXHEI0 JOPOKHBOTO MOKPUTTA. Tomy, B
MOJAIBIIIOMY JOCIIKeHHI OyJeMO BHUKOPHUCTOBYBAaTHM TEPMIHM HaBEJEHI B
Homatky A, ski BigoOpaxkaroTh (PI3MUHMI  mOpolec B3aEMOJII  IIWHU
aBTOMOO1JILHOTO KoJIeca 3 TTOBEPXHEIO IOPOKHBOTO TIOKPUTTH.

Sk HaoYHUU TPUKIAT 0 CKAa3aHOTO BHIIE, HABEAEMO EKCIIEPUMEHTAIbHI
JOCTIPKEHHSI B3a€EMOJIl IIMHHU JIETKOBOTO aBTOMOOLIS 3 OMOPHOIO IMOBEPXHEIO
(puc. 1.10 6) [68] Ta TeopernuHuid po3paxyHok (puc. 1.10 a), sxui

pernamenToBano Jlomarkom 10 [IpaBun OOH Nel3 [61, 62].

5k i
gw/ 7
O il 7 o8|

%6 IR
V4

N
_‘:s)\
T
/
N
|

0,2 /14 0,2

E— P

0
0 0204 06 08 =z 0 20 40 60 80 S %
a) 0)

a) B 3aJIE)KHOCTI B1J KOeilieHTa ralbMyBaHHS Z ;

0) B 3aJIEKHOCTI BiJl KOB3aHHS S KoJjeca BITHOCHO OMIOPHOT MOBEPXHI

Pucynok 1.10 — 300paxeHHs peanizoBaHOro 34erieHas Jf

Ha nepromy prcyHKy 300pakeHi peamizoBaHi 3ueruieHHs nepeansoi ( f)
Ta 3aIHBOI ( fz) BiC1 IBOBICHOTO KOJIICHOTO TPAHCIIOPTHOI'O 3ac00y, a Ha APYyromMy

PUCYHKY 300pa)keH1 [lalla30HM 3MIHU Peaji30BaHOTO 3YCIICHHS MiX IIHHOIO
JIETKOBOTO aBTOMOOWUIA (JlaroHajbHOT KOHCTPYKIIiI) 1 ac(anabTOBUM JOPOKHIM
MOKPUTTSM OTpPUMAaHI MijJ 4ac BUMPOOYBaHb HA TOJIITOHI B HAYKOBO-AOCTIAHOMY

aBTOMOO1JIbHOMY 1 aBTOMOTOpHOMY 1HCTUTYTI (HAMI).



42

[Tpu BukoHaHHI mociimkenb Ha noiironi B HAMI [68], koneco merkoBoro
aBTOMOO1Is1 OJOKYBaJloCsi B yMOBax B3aeMOJli IMHU 3 CYXHM ac(albTOBUM
MOKPUTTSM (3alITPUXOBAHUM J1ana3oH 1) 1 B yMoBax B3aeMojii - 3 achaibTOBUM
MOKPUTTSM, SIK€ Majo map BOAU 10 3 MM (3amTpuxoBaHui niama3od 2). Cmin
3a3HAYUTH, 1110 3MIHA PEATI30BaHOTO 3UEIJICHHS, B 3aJI€KHOCTI Bl KOB3aHHS IIMHU
KoJIeca BIIHOCHO OMOPHOI MOBEPXHI, BIAOYBAJIOCH MPH MOCTIMHOMY HaBaHTaKEHHI
Ha KOJIECO Ta MPU PI3HUX 3UIMHUX yMOBaX KOTO PYXYy.

BoueBuap, mo Ha pucynky 1.10 a) ta pucynky 1.10 0) nmokasanuii oauH 1
TOM e (p13UYHUI mpoliec - 3MiHa peaTi30BaHOro 34ETICHHs MPU KOUYEHHI Kojeca.

JI71st aieKBaTHOTO TOPIBHSHHS IUX MPOIIECIB CHIJl PO3IIISIaTA B3AEMOIIIO 3
OMOPHOIO MOBEPXHEI0 OJHOYACHO, K MIHIMyM YOTHPbOX KOJIC TPAHCIOPTHOIO
3aco0y, aje y Bumaakax 3o0paxkeHux Ha pucyHky 1.10 BBaxkatumemo, IO
PO3MIISAIAETHCA  JABOKOJIICHUM TpaHCHIOpTHUM 3aci6. OTke, BIAMIHHOCTI MIX
pucynkamu (puc. 1.10 a ta puc. 1.10 6) moasraTuMyTh B TOMY, III0 HA TMEPIIOMY

pPUCYHKY KpUBI peaji30BaHOro 3ueruieHHs ( f;), BIANOBIAHOIO  KoJjeca
JBOKOJICHOTO TPAHCIOPTHOIO 3ac00y MOXYTh OyTH MNOOYJOBaHI HECKIHYEHHO

JOBICMMH, & Ha IPYTOMY BOHU MArOTh I'PAHUYHE CBOE 3HAYCHHS ( f max) .

X

['pannyHe 3HAYEHHSI PEai30BAHOTO 3YCIICHHS OOYMOBIIIOE TOTEHITIIHI
34ilHI BJIACTUBOCTI, AKI BUHUKAIOTh MK IIMHOIO Ta JOPOXKHIM MOKPUTTSIM B
HACHIZIOK TallbMyBaHHsI KOJIICHOTO TPAHCIOPTHOro 3acoly. SKmio po3risnatu
yBECh TPOIEC peaiizaiii 34YiMHUX BJIACTHBOCTCH MapH, IO B3aeMojie (IIMHa-
JOPO’KHE TOKPUTTS) MiJl 4ac TaJbMyBaHHS aBTOMOOLIBHOTO KoJieca, TO MOKHA
BUJJIUTH XapaKTepHI KJIOYOBl TOUYKM Ili€l B3aemonii (auB. puc. 1.11) y
BIIMOBIAHOCTI 10 TUNOBUX JaaHuX (auB. puc. 1.12 Ta puc. 1.13) orpumanHux

eKCIIepUMEHTAIbHUM HUIIX0M. HasiBHICTH KoedillieHTy onopy KO4YeHHIO ( f,) mpu

BIJICYTHOCTI TPOKOB3YyBaHHS IIMHHU BIJHOCHO MOBEPXHI JTOPOXKHBOTO IOKPUTTS
HIATBEP/UKYETBCSL  €KCIIEPUMEHTAIBHUMU  JIOCHIPKEHHSIMU ~ HaBEJICHUMHU B
HaykoBuX poOotax [41, 79] Ta B iHdopmaliiiaux nmpocnekrax [80, 81] kommnanii

Michelin Technology Society (®panis).
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Pucynok 1.11 — I'padik 3a1€KHOCTI BEIMUNHH PEATI30BAHOIO 34EIUIEHHS f, Bif

MPOKOB3YBaHHA WIMHH (S ) BITHOCHO MOBEPXHI JOPOKHBOTO MOKPUTTS

Kop3anuga muun Bi,I[HOCHO HOBG]JXHi JOPOKHBOTO MOKPHTTA,
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Pucynok 1.12 — Tunosa peaizoBaHa NO3A0BXKHS CHJIa 3YEIUIEHHS (II03/10BXKHS
peaxiiisi OMOPHOI MOBEPXHI R ) B 3aJI€KHOCTI BiJ] IPOKOB3YBaHHs INHHU (.S)
BIJTHOCHO MOBEPXH1 JTOPOKHBOTO MOKPUTTS MPH [I1i MOCTIHHOTO HABAHTAXEHHS Ha
KoJieco (HopMalibHa (BEpTUKAJIbHA) PeaKIlis, Ka Ji€ y MISIMI KOHTAKTY IIMHU 3

JOPOKHIM NOKPUTTAM R) [41]
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AHami3 eKCIepuMEHTaIbHUX JOCTIHKeHb, 10 OIMPIIIOAHEHI B HAYKOBO-
TexHIuHIi miteparypi [20 - 22, 24, 25, 28 - 30, 32, 34, 36 —42, 45, 46, 54, 68]

II0Ka3aB, II0 MAaKCHMallbHa BEJIUYMHA PEAi30BAHOIO 34YEILICHHS ( fxm""‘) € HE

MOCTIMHOI BEIMYMHOIO 1]l Yac B3a€MOJIi IIMHU 3 OJIHIEIO 1 Ti€T K MOBEPXHEIO
JIOPOYKHBOTO TOKPUTTA. Tak, Hampukiaj 30UIBIICHHS BEIHMYHMHU BEPTHKAIBLHOIO

HaBaHTKEHHA R Ha KOJECO MPU3BOAUTH J0 3HWKEHHS MaKCHMAIbHOI BEIMYNHU
peatizoBaHOTO 34YETUICHHS ( fxm"”‘) (muB. puc. 1.13 B), sk 1 30UIbIIIEHHS IBUIKOCTI

PYXY KOJIICHOTO TPaHCIOPTHOTO 3aco0y (auB. puc. 1.13 0), a Takox 301IbIIESHHS

TUCKY B ITHEBMAaTH4HIN muHiI (AuB. puc. 1.13 a).

JX

Va=10 xmizo0

2
G
0,8 0.8 0,8 N
_\.\ " L.‘.
—y \\
PR BB

0,7 RN B I
— 0.7 0.7 Va-10 km/200
/ N Pu- 3,25 xe/em?
» 5 kelem 2
0,6 - 0.6 fﬂru 3,_2.) Ke/CM - 06
Ge=850 ke | o GL=650 x2
‘ ‘ — —— —
0 1 2 3 9 Pu 0 J 15 Va 0 200 400 600 800 Gk
Buympiwniit mucx, xe/cm 2 Hleudxicmn, km/200 Bepmuxanvue naeaumancenus, ke
a) 6) B)

1 — cyxe acdanbToBE MOKPUTTS; 2 — BOJIOTE ac(haibTOBE MMOKPUTTS

Pucynox 1.13 — 3anexxHicTh MAKCUMAIBHOT BEJIMUMHU PEATI30BAHOTO 3UCTIIICHHS

X

( f max) B1J] TUCKY IOBITPS B IlIMHI (@), T0YAaTKOBOI IIBUJIKOCTI raJIbMyBaHHs

TPaHCTIOPTHOTO 3aco0y (0) Ta BEpTUKAIBHOTO HaBaHTaKEHHS Ha KoJieco (B) [27]

Amnani3 kpuBux (puc. 1.14 a) orpumanux B po0oTi [69] ekcriepuMeHTaTbHUM
INUBSIXOM Ha JIOpO31 3 CYXUM ac(aJbTOBUM TMOKPHUTTSAM, SKi ONPHIIIOJHEHI B
poboTtax [28, 70] mokasye, 1o mpu 301IBIICHH] BEPTUKATHFHOTO HABAHTAXKCHHS Ha

KOJIECO BIJTMOBIAHO 70 piBHSHHS (1.1) MakcuMalibHa MO30BXKHS PEaKIlisi OMOPHOI
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MOBEPXHi (IIOBEPXHi JTOPOKHBOTO OKPHUTTS) Ha Koseco R 30LIBIIyETHCS, ajle He
IPONOPLINHO 30LIBIIEHHIO HOPMaIbHOI peakuli R, (puc. 1.14 0).
3 utrocTpartii, 300paxkeHux Ha pUCyHKY 1.14 oueBHIHO, 110 31 301IBIIEHHSIM

HOpPMallbHOI peakuii R 3HA4eHHA MaKCUMAJIbHOTO DPEaai30BAHOIO 3YEIIJICHHS
X

( f max) 3HWKY€EThCS. [Ipruomy ciif 3a3Ha4uTH, 110 MPU 30UIBIIIEHHI HOPMAJIBHOI

peaknii R Maibke B 4 pasu 3HAYCHHS MaKCUMAJbHOI IO3/I0BKHBOI PEAKIIis

mpoporn R™ 30idblryeThcsi BCHOTO B 3 pasd, a 3HAYEHHS MAaKCHMAIBLHOTO

peani3OBaH0ro 3YCIUICHHS HABIIAKKW 3SMCHIIIYETHCA B 1,5 pas3u.

35 35 | 14
kH A1 2 ~ kH Rx’"‘“ / 12
/ \\\40 N >/
)9
25 / \‘\& =l /7 ~ \// 1,0
20 HA™ &‘24) E 20 ’ ;’ 0,8
// ~ f }"/ i
15 15— =L 0,6
I T |
ST E9,45,(— " 10 - 0,4
/ o /
5 5 0,2
0 20 40 60 95 100 0 10 20 30 gH S50

U
Dy R ——

a) 0)

a) eKCIepUMEHTAIbHI JOCTIKeHHs [69];

0) Bi1OOpa)K€HHsI €KCIIEpUMEHTATBHUX JOCIIKEeHb [69] B KOOpAMHATAX
MO3J0BXKHA peaklis R Ta peaizoBaHe 34€IUIEHHs f, Bl HOPMalbHOI peakuii R

Pucynok 1.14 — Bruine HopMainbHOI peakiii R Ha MO340BKHIO PEAKIII0 OMOPHOT

noBepxHi R, mo BuHUKae B 30H1 KOHTakTy muHH 10.00 - 20 F BaHTa)kHOTO

aBTOMOOUIA 3 acPaJbTOBUM MOKPUTTAM
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OTxe, MOXHa 3pOOWTH BHCHOBOK, IO MDK TIO3J0BXKHBOIO PEAKINIE0
poporn R™ Ta HOPMAaJbHOIO PEaKIi€l0 R CIIOCTEPIiraeTbCsi HENMHIHHICTD, SIKa B
OUTBIIIN MIpl BUPAXKAETHCA, SKIIO MO30BXKHIO PEAKIIIO0 JTOPOTU MPEICTaBUTH Y

BUIJISLI peali3oBaHoro 34uerieHHs . (auB. puc. 1.14 6).

1.3 BmuimB kKiHemMaTH4HUX (aKTOpiB Ha mpouec B3aeMoOAil KoJieca 3

MOBEPXHEI0 IOPOKHbOI0 MOKPHUTTS

Bimomo, 110 SIKII0 NpeAcTaBUTH aBTOMOOUIbHE KOJIECO Y BUIJIs/I aDCOIIOTHO
TBEPJIOTO TiIa, TO BOHO OyJ]ie JOTHUKATUCS JO TMOBEPXHI IOPOKHBOTO MOKPUTTS B
MICIII, SIKE € TIPOEKI€I0 BiCl Kojieca Ha TOBEPXHIO JOPOKHBOTO MOKPHUTTS 1
HA3MBAETHCS MUTTEBHI LIEHTP 00epTaHHs (MLO MO3HAY€HO Ha puc. 1.15).

VYV pa3i komu V =V, BinOyBaerbca 100% KoB3aHHS KoJyieca BIJHOCHO

MOBEPXHI JOPOKHBOTO TOKPpUTTS (puc. 1.15 a), MUTTEBUM IEHTpP OOEpTaHHS

3HAXOIUTHCS B HECKIHYEHHOCTI.

MI[0—20

a) 0) B) r) 1)

a) — MOBHE KOB3aHHS IIMHU KOJIeCa BIAHOCHO MOBEPXH1 JOPOKHBOTO MOKPHUTTS;
0) — KOUYEHHSI 3 YACTKOBUM IIPOKOB3YBaHHAM ILIMHU aBTOMOOUIBHOTO KoJieca
BIJTHOCHO JIOPOXHBOT'O IOKPUTTSI; B) — KOUEHHS O€3 MPOKOB3YBaHHS;

') — KOYCHHS 3 YaCTKOBUM OYKCYBaHHSIM aBTOMOOUIBHOTO KOJIECa;

1) — TOBHE OYKCYBaHHSI aBTOMOOLILHOTO Kojleca

Pucynox 1.15 — [TonoxeHHsS MUTTEBUX IIEHTPIB 0OEepTaHHS (MII0)

aBTOMOOLJILHOI'O KOJIECA
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ITIpu V, <V, BinOyBa€ThCs KOYEHHA aBTOMOOUIBHOIO KOJECa 3 4aCTKOBUM

pokoB3yBaHHAM (puc. 1.15 6), MUTTEBUIN LIEHTP MPHU I[LOMY 3HAXOAUTHCS HIDKYE

IJIIMM KOHTAKTY IIIKMHH 3 ITOBCPXHCHKO AOPOKHLOI'O ITOKPHUTTA, a AKIIO VS Mae€

NPOTUJICKHUN HAmpsAMOK Al HDK V, TO B1IOYBa€TbCsd YacTKOBE OyKCyBaHHs

kozeca (puc. 1.15 r), mpu IbOMYy MUTTEBHM LIEHTP MEPEMITYEThCS OJMKYE /10 OCl
KoJieca Ta PO3TAlIOBYEThCS BHINE IUIIMA KOHTAaKTy IIWHU 3 TOBEPXHEIO
JOPO’KHBOTO TIOKPUTTHL.

VY BuUmaaKy, KoJM IIBUJKICTh KOB3aHHsS (V) B MICLI KOHTaKkTy IIMHU 3
MIOBEPXHEIO JOPOKHBOTO TOKPHUTTS JIOPIBHIOE HYJIO, BiIOYBAa€ThCS BelCHE
KOYEHHA aBTOMOOUIbHOrO Kosieca (puc. 1.15 B), MuUTTeBUN LEeHTp OOepTaHH:
3HAXOAMUTHCS B IUISIMI KOHTAKTY IIMHU 3 TTOBEPXHEIO IOPOKHBOTO TOKPUTTSL.

Bunanok, xonmu V, nopiBHIe Hymwo (puc. 1.5 1), a IBUAKICTb KOB3aHHSA
CIIpsSIMOBaHa B HANpPsMKY OOEpTaHHS aBTOMOOIIBLHOI'O Kojieca, TO B1AOYBa€eThCs
NOBHE OYKCYyBaHHS €JIEMEHTIB IUIIMH KOHTaKTy BiTHOCHO IMOBEPXHI OPOKHBOTO
MOKPUTTS, MHTTEBUUA LIEHTp OOEpTaHHS CIIBOAJa€ 3 BicClO 00epTaHHs

aBTOMOOLIBHOI'O KOJIeca.

Ha ocHOBI BIJHOLIEHHS IIBUAKOCTI KOB3aHHSA (V) 10 NiHIMHOI IIBUJIKOCTI

pyXy TpaHCHOpPTHOTO 3acoly, y mporeci raiapbmyBanHs KT3, He ckiagHo
BU3HAYUTH BEJIMUMHY MPOKOB3YyBaHHA () IMIMHU BIAHOCHO MOBEPXHI JIOPOKHBOTO

MOKPUTTS, 3 3a7ekHOCTI (1.19), sika BupakeHa y BiJICOTKaX KOB3aHHSI.

§=22.100% = e Ve 100% = 1- 2% |.100% (1.19)
v % %

a a a

Jie ®, — KyTOBa IIBUJIKICTb 0OEpTaHHs aBTOMOOUILHOTO KoJieca, M/C;

¥, — paAlyc KOYeHHs aBTOMOOUILHOIO KoJeca, M;
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s pexxumy OykcyBaHHS 3aexHICTh (1.19) npuiime BUrisg

St:%-loO%:%-loO%z 1- Vs -100% (1.20)

@ -r

N K K K

ne S, — BeIMYMHA KOB3aHHS IIMHU BIJHOCHO IOBEPXHI JTOPOKHBOTO IOKPHUTTS B

pexnuMi OyKCyBaHHSI aBTOMOOLIIBHOTO KOJIeca.
Takum uyumHOM, BUKOPHUCTaHHS, HampHKian, 3anexHocti (1.19) pasom i3
3asiexHIcTiO (1.13) mae MOXIMBICTP BU3HAUUTHU MApaMeTpH peatizalii 34ilMHHX

BJIACTUBOCTEN THEBMATUYHOI IIMHM MM1]1 yac raaeMyBanHg KT3.

1.4 Teoperuuynmii aHajdi3 @mpouecy TrajdbMyBaHHA  KOJIICHOI'O

TPAHCIIOPTHOIO 3aC00y

AHaJli3 HayKOBO-TE€XHIUHOI Jiteparypu [43—45, 71, 75-78] mokazas, 1110
edexTuBHICTh TaibMyBaHHS KT3 3anexuTs B KoedillieHTa WOro rajabMyBaHHS,
KA MOYKHA BH3HAYUTH 32 OKPEMHMH MAaTEeMAaTUYHUMH 3aJeKHOCTIMH [1, 2, 5, 8,
73, 108], sixi 3anmeathb BiJl MaCH TPAHCIIOPTHOIO 3ac00y, HAaBaHTAXKEHHS, 1110 JII€
HAa BIJINOBIJIHY HOTO BICh Ta XapaKTEPUCTUK MHEBMATUYHUX IIMH BCTAHOBJICHUX HA
OCSIX TPAHCIIOPTHOTO 3ac00y. Pe3ynbTar pilieHHs UX 3aJI€KHOCTEN 3MIHIOETHCS B
3JIEKHOCT1 BIJ PEXKUMY PyXy aBTOMOOUIBHHUX KOJIC TPAHCHOPTHOTO 3aco0y.
Binomo, 1m0 B BegeHOMY pexxkuMmi pyxy koedimieHT ranbmyBanHHs KT3 npakTudaHo
piBHHMIi KOediLlieHTy OLOPY KOUYCHHIO (z = f; ).

B raibmoBoMy pexxkumi, pu ymoBi 100 % KOB3aHHS IIMH aBTOMOOLIBHUX
KOJIIC BIJIHOCHO TIOBEPXHI1 JIOPOKHBOTO TOKPUTTS, KOE(IIIEHT TrajbMyBaHHS

JIOPIBHIOE KOE(ILIEHTY TepTs KOB3aHHA (zZ=f ), @ MPU yMOBI KOB3aHHS IIKMH
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aBTOMOOUIBHUX Kojic MeHie HbK 100 % — Bix ycix peanizoBaHUX 34eIieHb (f)

KT3 Ta reoMeTpuyHOro TIOJNOKEHHS IICHTPY TSOKIHHS aBTOMOOWUIS, SK Y
BEpPTUKAJIBHIN, TaK 1 B TOPU3OHTANIBHIN TLIOIIMHI [78].

Otxe, SKIIO TEOPETUYHO mpummycTutH, mo icuye KT3, y sxoro mpu
raJibMyBaHHI BCl BICI HABaHTAXYIOTHCS OJHAKOBO (HOpPMasibHI (BEPTHUKAIIbHI)
peaxiiii Ha BCiX IIMHAaX — OJIHAKOBI1), B YCIX IIMHAX BCTAHOBJIEHO OJIHAKOBUM THUCK,
IPOTEKTOP HA BCIX IIMHAX 3HOIIEHUI OJHAKOBO, a TAKOX B1AOYBA€ThCA OJHAKOBE
IpaHUYHE TEPTA MK HIMHOI0 KOkHOro Kosieca KT3 Ta moBepxHEO JOPOKHBOTO
MOKPUTTS, TO KOE(DIIIEHT TaJlbMyBaHHS TaKOTO aBTOMOOUIS OyJe JAOpIBHIOBATH
SAKOMYCh PEali30BaHOMY 3YEIUIEHHIO (HE OOOB’SI3KOBO MaKCHUMAJIbHOMY MOTO
3HAYEHHI0 — KOe(DIIiEHTY 34YeIUIeHHs), ajieé MPAKTUYHO TaKUil BHIIAJIOK
HEMOXJIMBUM Ha Cy4aCHOMY KOJICHOMY TpPaHCHOPTHOMY 3aco0l, OCKUIbKH Y
peanbaux KT3 Bci nepeniyeni pakTopu 3MIHIOIOTHCS B IIUPOKOMY J1alla30Hi.

OkpiM 1HOTO, TOUIYKOBUW aHaji3 TMPOBEIECHUNH B HAYKOBO-TEXHIUHIN
JiTepaTypi, KM HaBeJACHO B JIaHIN poOOTI, OKA3aB, 110 MUTAHHIO B3aEMOIIT ITUH
3IBOEHUX KOJIC TIPUCBAYEHO He Oarato HaykoBuX poOiT [82-84], ski
OMOCEPEAKOBAHO TOPKAIOTHCA TPOIIECY peami3allii 34iMHUX BIACTUBOCTEH IIUH
3IBOEHUX KOJIC 3 TMOBEPXHEIO JOPOKHBOTO TOKPHUTTS, Ta HE PO3KPUBAIOTH
Gb13uYHOT CYyTHOCTI peamizaimii 34eruieHHs MDK IIMMHAMHU 37IBOEHHUX KOJIC Ta
MOBEPXHEIO IOPOKHBOTO TTOKPUTTSL.

OcCkUJIbKH B €KCIUTyaTallli 3HaXOJIUTbCsl 0arato TPaHCIOPTHHUX 3ac00iB, K1
MaloTh TMOJBIMHE OIIMHYBAHHA 3aJHIX KOJIC, TO TIOCTa€ THUTAHHSA, OO
BU3HAYCHHS BEJIMYMHU PEATI30BAHOTO 3YCIUICHHS IIMMH 3BOEHUX KOJIC TaKHUX
KT3, ToMy ynockoHajieHHS METOJy BH3HAUEHHS PEai30BAHOTO 3YCTUICHHS IWH
3IBOEHUX KOJIC TPAHCIIOPTHOTO 3ac00y 3 HEKOPCTKUM JIOPOXKHIM TMOKPUTTSIM €
aKTyaIbHUM JOCTIDKCHHSM, sIKE TOTpe0ye TEOPETUIHOTO Ta EKCTIEPUMEHTAIILHOTO

OOIpYHTYBaHHSI.
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BucHoBkH no posainy 1.

[IpoBenenuit aHami3 HaAyKOBO-TEXHIYHOI JIITEpaTypH MOKa3aB, IO Cy4YacHI
METOJUKMA BU3HAYCHHS PEalli30BAHOTO 3YCIUICHHS IIUHU 3  [OBEPXHEIO
JOPOKHBOTO TOKPHUTTS MAalOTh HEIONIKH, OCKUIbKM BOHH HE BpaxOBYIOTh
omuHyBaHHs Koiic KT3, ToMy 11€ mUTaHHS € akTyallbHUM 1 OTPEOy€E MOAaTbIIOTO
JOCIIIKEHHS.

BpaxyBaHHsi XapakTepy B3a€MOJli IIMH 3JBOEHHX KOJIC 3 IOBEPXHEIO
JOPOKHBOTO TIOKPUTTS BIUIMBATUME Ha JAWHAMIKY PyXy TPaHCHOPTHOTO 3acoly,
TOMY B pe3yJibTaTl MPOBEACHOTO MOMEPEIHHOI0 aHaII3y MOKHA 3pOOUTH HACTYIIHI
BHCHOBKHU:

1. HaiiGinpI1 akTyaabHUM METOJIOM BU3HAYEHHS BEIMYMHHU PEaji30BaHOIO
3YEIUICHHSA 3 TIOBEPXHEI0 JOPOKHBOTO IMOKPHUTTS MOKHA BBaXKaTH METO[, IO
0a3yeThCsd Ha TaK 3BaHIM «Teopli Kpima», OCKUIBKM Ha HOTO OCHOBI MOXHa
peaii3yBaTh MOJENb B3a€MOJIl aBTOMOOITBFHOTO KoOJieca, siIka MaTHMe HalMEHIITY
KUIBKICTh KOPETryBaJbHUX KOE(IIIEHTIB;

2. Ilin yac BuOOpy MoAeql B3a€MOJIli IIMHU aBTOMOOUIBHOrO KoJjeca 3
MOBEPXHEIO TOPOKHBOTO MOKPUTTSI HEMOXKHA HEXTYBAaTH BIUIMBOM BEPTHUKAIHHOTO
HAaBAaHTA)XCHHA Ha KOJECO, THCKOM B INMHI Ta XapaKTepOM KOHTAKTy IIWHU 3
MOBEPXHEID JOPOKHBOTO TOKPUTTS, OCKUIBKM 1€ TpU3Bene J0 XHUOHOTO
BU3HAYCHHsI Koedilli€eHTa raJbMyBaHHS KOJIICHOTO TPAHCIIOPTHOTO 3ac00y, a OTKe
1 10 moxuOOK MiJ 4Yac po3paxyHKy BelWYnuHU ynoBuibHeHHs KT3;

3. BiacyTHiCT METOJIB BH3HAYCHHS pEaTi30BaHOTO 3UYCIUICHHS MIXK
murHamu 3180€eHuX KoJiic KT3 Ta moBepxHE0 JOPOXKHHOTO MOKPUTTS MPU3BOJIUTH
JI0 CIPOILNEHHS MAaTeMAaTHYHUX MojJeNied JMHAMIKA TaJbMyBaHHS aBTOMOOLIS 3
MOJIBINHUM OIIMHYBAaHHSM MOTO KOJIC, 110 HE € BUMPABAaHUM, OCOOJIUBO i 4ac

JOCIIIKEHb 00CTaBUH BUHUKHEHHSI IOPOKHBO-TPAHCIIOPTHUX TTOJIIM.
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Crnuparourich Ha MPOBEACHUN aHaNI3 Ta MOMEPEAHbO 3pOOJIECHI BUCHOBKH,
JUTS TOCATHEHHSI METH MO>KJIMBO C(QOPMYBATH HACTYTIHI €TalH TOCIIIKEHHS:

1. BukoHaty TeopeTuyH1 JOCHIKEHHS XapakTepy peanizailii mo310BKHbOTO
3UCIICHHS MDK ImMHAMH 37BOo€HMX Kojic KT3 Ta moBepXHEH JTOPOKHBOTO
HNOKPUTTS B PI3HUX JIOPOKHIX YMOBaX €KCIUTyaTallli aBTOMOO1JI;

2. BukonaTu TeOpeTHYHI [OCHIPKEHHS BIUIMBY XapakTepy peanizamii
MO3/IOBXKHBOTO 3YEIUIEHHS MDK ImuHaMu 3aBoeHUX Kojic KT3 Ta moBepxHero
JOPOKHBOTO TOKPUTTS, 3 METOK YTOYHEHHsS (DaKTOpiB, $KI BIUIMBAIOTh Ha
YHOBUIbHIOBAHHS TPAHCIIOPTHOIO 3acO0y Mij Yyac HOro rajJlbMyBaHHS;

3. VYIOCKOHANIWTH METOJ] BU3HAYEHHS pPEaTi30BaHOTO 3YEIUJICHHS IIWH
3IBOEHUX KOJIC TPAaHCIOPTHOTO 3ac00y 3 HEXKOPCTKUM JIOPOXKHIM IMOKPUTTSM,
KU JTI03BOJIUTh YTOYHUTHU XapakTep YNOBUIbHEHHS TPAHCIOPTHOTO 3ac00y, KM
Mae Bicl 31 3BOEHHMH KOJISCAMU;

4. BukoHaTu €KCIEPUMEHTAIbHI JOCIHIIKEHHSI B3a€MOJIl IIUH 3JIBOEHUX
KOJIC 3 TMOBEPXHEI JOPOKHBOIO MOKPUTTS, 3 METOI BHU3HAUEHHS XapaKTepy
nedopmariii MKUH 3ABOEHUX KOJIC B TO3J0BXKHBOMY HAIPSMKY iX pyXYy;

5. BukoHaTH eKCIEepUMEHTAIbHI JOCHIIKEHHS JIUHAMIKM TaJlbMyBaHHS
JIBOBICHOT'O TPAHCIIOPTHOIO 3aco0y, KMl Mae MOABIMHE ONIMHYBaHHS KOJIC Ha
MeX1 iX OJIOKYBaHHSI, 3 METOI0 MEPEBIPKU TEOPETHUUHUX MOJIOKEHb, TPUUHITUX Y

poOoTI.

OcHOBHI pe3ynbTaTH JOCHIDKEHHS 3 JIAaHOTO PO3AUTY OIyOJIIKOBaHI B

HayKoBHX pobotax [3, 6,7, 9-11, 13, 14].
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PO3JILI 2

B3AEMO/JAIA HIMH ABTOMOBIVIBHUX KOJIIC 3 IOBEPXHEIO
JTOPOXKHBOI'O IOKPUTTA TA II BILIUB HA JIUHAMIKY
I'AJIBMYBAHHSA KOJIICHOI'O TPAHCIIOPTHOI'O 3ACOBY

OyHIaMEHTATFHOI0 OCHOBOIO aKTHUBHOI O€3MEKH TPAaHCHIOPTHOIO 3acoly €
HOro rajabMOBI BJIACTMBOCTI, a XapakTep TaJbMYBaHHS 3aJICKUTH BiJl B3a€MOJIT
IIMH aBTOMOOUILHOTO KoJieca 3 JOPOXHIM TMOKPUTTSIM. Taky B3aeMOil0 B
Teopli pyXy KOJICHUX TPAHCIOPTHUX 3acO0IB MPHUIHATO XapakTepu3yBaTu
peani3oBaHUM 3YEIUICHHSM, SIKE PEeali30BY€EThCA B MO3/I0BXKHBLOMY i TOMEPEUHOMY
HanpsIMKax BIJHOCHO IUIOHNIMHM OOEpTaHHSd aBTOMOOUIBHOIO KoJjieca i Yac
nedopmarlii UHYU TPH i1 B3a€EMOJIIT 3 TOBEPXHEIO JOPOKHBOTO MOKPUTTS. Bimomo,
mo aedopmallii IMUHA aBTOMOOUIBHOTO KoJieca, SKi BHHUKAIOTh IIiJl BILJIUBOM
30BHIIIHIX CHJ JII0OYUX Ha TPAaHCIOPTHUHM 3acid, B 3arajlbHOMYy BHAI MOXKHA
PO3AUIMTH Ha pajiaibHy (HOpPMalbHY), OKpPYXHY (TaHTEHIlalbHY) Ta OOKOBY
nedopmMaiiiro.

Cnmig  3ayBakuTd, 10 BKazaHi jaedopmariii MHEBMATUYHOI IIWHU
aBTOMOOUIBHOTO KOJIeCa B YUCTOMY BUTJIAJIl Mail’ke HE TPAIUISIOTHCS, MPAKTUYHO
BCl BOHM 3HAxXOAAThCsl B TICHOMY 3B’SI3Ky OJHA 3 OJHOK W MpH poOOTI
HABAHTAKEHO! IMHU TPOSBISIOTHCS OJHOYACHO, B PE3yJbTaTli YO0 B KOHTAKTI
IIUHA 3 JOPOXHIM TOKPUTTSAM BHUHMKAIOTh BIAMOBIIHI peakilli, 1o IiI0Th B
HampsAMKaxX MPOTHIICKHUX CHJIaM, Kl J1F0Th Ha TPAHCIOPTHUHN 3aci0. 301IbIICHHS
KUIBKOCTI KOJIIC Ha BICAX TPAHCIOPTHOIO 3aco0y, BIAMOBIIHO 3MIHIOKOTH
CIIBBIJTHOIIEHHS MDK PaJiajibHOIO (HOPMAJIBHOK), OKPYKHOIO (TaHTEHIIaIbHOIO)
Ta OOKOBOIO JedopMalli€r0 IIWHU, ajleé B HAYKOBO-TEXHIYHIN JiTepaTypl
[21-25, 38-41, 52, 69-70, 80, 86, 94-107], sx moka3zaB iX aHalli3, IUTAHHIO IILOTO
SBUIIA TPUAUICHO HE JOCTaTHHO yBarh, TOMY pPO3TJITHEMO MPOIEC B3aEMOJIIT
3IBOEHOTO aBTOMOOUIHHOTO KOJieca 3 TOYKH 30py JAeQopMaliifHUX BJIACTUBOCTEH

WOro MHEBMATUYHMX IIIMH.



53
2.1 B3aemopiss mMH 3ABOEHHUX ABTOMOOLIBHHUX KOJIC 3 NOBEPXHEID

AOPOKHBOTI'0 MOKPUTTH

AHani3 HayKOBO-TEXHIYHO] JiTeparypu [85-98] mokasas, 110 iCHY€E JAEKUTbKa
MoJIele B3a€MOJIii MTHEBMATHUYHO! IIMHHU 3 TIOBEPXHEIO IOPOKHBOTO MOKPHTTS.
OcHOBHI MOJIeII, SIKI XapaKTePU3YIOTh MO3IOBXKHIO AedhopMarlito MMHU mia Jac ii

raJibMyBaHHSI MOKHA MPEACTABUTH y BUTIISI HACTYTHUX cXeM (puc. 2.1).

_{/ \5%{/

r) ) €)

a) — 3 JIIHIMHOIO PYKHICTIO; 0) — 3 TIHINHOIO MPY>KHICTIO Ta B’ SI3KICTIO;

B) — 3 HE JIIHIMHOIO MPY’KHICTIO Ta B’SI3KICTIO; T) — 3 HE JIIHIMHOIO B’ A3KICTIO Ta
JIHIAHOIO MPY’KHICTIO; 1) — 3 IPYXKHICTIO, B A3KICTIO Ta CYXUM TEPTSM B ILIHHI;
€) — 3 BUKOPUCTAHHSM KIHIIEBO-EJIEMEHTHOTO PO3PaXyHKY
Pucynok 2.1 — CxeMu Mojieneit B3a€MO/Iii HEKOPCTKUX MHEBMATUYHUX IITUH 3

IMMOBCPXHCIO JOPOKHBOI'O ITOKPUTTSA
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lomo maTemMaTMYHUX MOJENEH 3ABOEHMX KOJIC B HAYKOBO-TEXHIUHIH
mitepatypi [99-107] HaBOAATHCS TIIBKM MOJENI BEPTUKAIBHOTO HABAaHTAKEHHS
IIMH 1] 4Yac aHali3y HOro BIUIMBY Ha pYyHHYBaHHS IMOBEpPXHI JIOPOKHBOTO
NOKpUTTS. B3arami To Mojem TO370BXHBOI B3a€EMOJIi 3ABOEHHX KOJIC 3
MOBEPXHEI0 JOPOKHBOIO TOKPUTTSA B JIITEpaTypl, 110 aHajidyBajacs BIJICYTHI.
Bunsarkom € poGota [82] B sIKiil pO3rsAaeThCs HE MOJAETb B3a€MOJIl IIMHU 3
MOBEPXHEI0 JOPOKHBOTO TMOKPHUTTS, a METOJ BH3HAUYEHHS TajbMOBOI CHJIM MIXK
3IBOEHUMHU IIIMHAMHM aBTOMOOLIBLHOIO KoOJieca Ta IIOBEPXHEI0 JOPOKHBOTO
MOKPUTTSL.

VY 3B’s3Ky 3 4UM, OPEACTaBUMO MaTeMaTH4YHYy MOJENb IIUH 3ABOEHHX
KOJIC Yy BHIVISIAI JIBOX MPYXHUX €IeMEeHTIB (puc.2.2), sika 0a3yeTbcsi Ha
cxemi (muB. puc.2.1 a) mig dYac 3aKpydyyBaHHA IIMHU BIJIHOCHO TIOBEPXHI

AOPOKHBOI'O ITOKPUTTH.

P Z
Y * 1 R ¢ X
X ) | = _
I o
=T — — - C v A __Xz
[ 2]
P,
| o o
| _ "I | T
R[[,,—/T: }’Z Y; _YQ
/f_z_lt e L
Y

Pucynox 2.2 — Cxema cuui, siki Air0Th mij yac ranbmyBaHHs KT3 Ha ioro koseca 3

MOABIMHUM OIIIMHYBAHHSIM

Ha pucynky 2.2 nos3HaueHo: R, — TajlbMOBa CHJa peali30oBaHa MK
ABTOMOOIJTEHUM KOJIECOM 3 TOJBIMHUM OIIMHYBAHHSIM 1 TTOBEPXHEIO JOPOKHHOTO

nokputtsd, H; R Ta R, — BIANOBIJHO raJbMOBa CHJIA peajli30BaHa KOXHOIO
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IIMHOIO OKPEMO IPU B3a€MOIIT IIKMH 3IBOEHOTO KOJIECca 3 MOBEPXHEIO TOPOKHBOTO
- - . : :
nokpurrd, H; C | ta C, — KpyTUIbHA XOPCTKICTh BIANOBIIAHUX LIMH 3BOEHOIO

KoJleca B TO3/I0BXKHbOMY HAIpPSMKY, MiJ 4ac HOTro MEepeKOouyBaHHS IO MOBEPXHI
JOPOXKHBOTO TOKPUTTS, H-M/pan; y;, y» — BificTaHb BiJ OCI CUMETPIi KoJieca /10 Ocl
CUMETpIl BIAMOBIHOI IIWHU, M; ) — BIICTaHb MDK OCSMHU CHUMETpPIl IIUH
MOABIMHOIO KoOJIeca, M; X, X; — IIO3/IOBXKHE TMEPEMIIICHHS BIAMOBIAHUX IIUH
3JIBOEHOTO KOJIECA ITiJT YaC MOTro rajbMyBaHHS, M.

3 moAiOHOCTI TPUKYTHHKIB, 300pakeHUX Ha TuiomuHi X (puc. 2.2), MoXXHa
mo0aYnTH, MO CEePEAHE MEPEMIINICHHS IWH Kojieca 3 MOABIMHUM OITMHYBaHHSIM

BHU3HA4YA€THCA SIK

x=x2+&-(xl—x2):&-xl+&-x2, (2.1)
y y y

a OCKUIBKM TaJbMOBa CHJIA peajli3oBaHa MIK aBTOMOOUIBHHUM KOJECOM 3
NOJIBINHUM OIIMHYBAHHSM 1 MOBEPXHEIO JIOPOKHBOTO MOKPUTTS JOPIBHIOE CyMI
raJIbMOBUX CHJI peali30BaHUX KOXKHOIO ITMHOK0 OKPEMO

R =R"+R" (2.2)

x2°

TO MOXKHA 3 CyMH MOMEHTIB CHJI 3aITMCaTH

yz'R;cHz:yme

- (2.3)
[lepenucaBum piBHAHHS (2.3) uepe3 cyMapHy TainbMoOBY cuiy (2.2)
peanizoBaHy MK aBTOMOOITBHMM KOJIECOM 3 TIOJBIMHUM OIIMHYBaHHSM 1

IMOBCPXHCIO JOPOKHBOI'O ITIOKPUTTA, OTPUMAEMO

R;li: yZ.Rx :yZ.Rx
Y+, Y

, (2.4)
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Rm — yl.Rx :yl.Rx

: (2.5)

Nt Yy
Ta BUKOPUCTABIIN 3aKOH ['yKa, UIsl MPY>KHUX T1J, 3aIHUILIEMO
R ‘R
==X (2.6)

Cxl Cxl ) y
R ‘R
e 2.7)

X2 = w v
CxZ CxZ y

[TincTaBuBmM piBHSHHA (2.6) Ta (2.7) B piBHAHHA (2.1) 3anuiiemMo

3QJIEXKHICTD

x:&.[yz'ij_i_& [yl ij_Rx( S, 53%2} 2.8)
y \Ch-y) vy \Chy) ¥ Ch-Cy

Ta BpaxoByroud, mwo R =x-C_ BU3HAYMMO CYMapHy IKOPCTKICTb IIHH

BCTAaHOBJICHHUX Ha 3IBOCHHX KOJICCAaX KT3 3a piBH}IHH}IM

- _C”'Cm-(y1+yz)2
Oy +C ey

(2.9)

: 0w . : .
VY pasi, kxomu y, =y,, T00T0 C),=C_,, piBHAHHA (2.9) mpuiiMe BiToOMMI

BUTJIT U1 ABOX ITAPAJICIIbHO PO3TAIIOBAHUX IIPYIKUH

_4-C-Ch 2
C.. 2.10
o= o~ 2 G (2.10)

i=1
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aJie TaKWil BUTAJOK MOXKJIMBUMA TUTHKH, KOJIM KOJieca 3 MOJABIHHUM OIIMHYBAHHIM
BCTAHOBJICHI Ha MaTouyuHi 0e3 mepekociB (puc. 2.3), MHUHU MalTh OJHAKOBY
KOHCTPYKIIIF0O Ta 3HOC MAJIOHKY TPOTEKTOPY, & TAaKOX B IIMHAX BCTAaHOBJICHO

OJIHAaKOBHH THCK, 1HaKIIE CrpaBe B Bupa3 (2.9), a ve Bupas (2.10).

P P l
z z
) — - ) — =
Ry=RY Ry=Ry
| Twex _| | Tuex _| T | Tuck _|
Cy )T A
I juns I I
Rzi RZZ* Rz! ] Rz_?’
a
le ) le %) P
P-4
% 4 AR X 71;]
— = ) — ] ] = EE
ZEH‘:RZEH RZI}LBRZEH Rzﬁu&Rz;n
| Tmex _| | Twuck _| | Twcx | |_Tuck | THek | tTHCK*
P N # AN * < F* ) *
Ry R Ry Rt Ry R

B) r) n)
a) 171eaTi30BaHe CIIBBIJHOLIEHHS ), = ), ; 0) HEpIBHOMIPHICTb THCKIB B ILIMHAX;

B) 32 YMOBH HEPIBHOMIPHOCTI MOBEPXHI TOPOKHBOTIO MTOKPUTTS;
') BUKOPUCTAHHSI PI3HUX JIlaMETPiB LIUH; 1) 32 YMOBHU Jedopmarrii Bici
Pucynok 2.3 — CxeMu YMHHHKIB, sIKI BU3UBAIOTh HEPIBHOMIPHICTh

BIZCTaHEN ), Ta ), B OCI CUMETPII Kojleca 3 NOABIMHUM OIIMHYBAHHAM J0 OC1

CUMETpIi BIJMOBIIHOT ITMHNA Ha MAaTOYHHI

VY BuUMNaaKy po3TallyBaHHS MO OJHOMY MPYKHOMY €JIEMEHTYy JIiBOpydY Ta
IPaBoOPyY B1J TaabMOBOI CHIM (R ) peani30BaHOI MK aBTOMOOLIBHUM KOJIECOM Ta
IIOBEPXHEIO JIOPOKHBOTO TMOKPUTTSI U BU3HAYEHHS BIACTaHEW y, Ta ),

BUKOpUCTAEMO cxeMy (puc. 2.4) BEpTUKAIbHOIO HABAHTAXKEHHS  IIWH
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aBTOMOOUIBHOTO Kosieca cuwioo P . Ilpu 1npoMy, po3noaisl BepTHKAIbHHUX

HaBaHTaXEHb MK IITMHAMHM OJIHOTO Kojieca Oyjae BijOyBaTHICS BIJHOCHO Tak
3BAHOTO WEHTpa NPYXKHOCTI cuUcTeMHU (IL.I.), 3CYyB SIKOTO IpPU HEPIBHOMIPHIN

’KOPCKOCTI IIMH MOKHA BpaxyBaTu KOOPJIWHATAMH TMOJIOXKEHHS ILIEHTpa MPYKHOCTI

¥, ¥, Ta Ay BiIHOCHO KOOPJMHAT Iii ¥, Ta ¥, BepTHKanbHOi cuu P, =R + R,

A
Y
A
Y

0l
Cz2

R,[ i RZI'

—g -

Pucynok 2.4 — Cxema HaBaHTaXEHHS KoJjieca 3 TIOJIBITHUM OIIMHYBAaHHAM (OJHA
[IMHA PO3TalllOBaHa JIIBOPYY, a OJIHA ITPABOPYY BiJ] TaJIbMOBOI CHJIM pealli30BaHO1

MK aBTOMOOLTBHUM KOJIECOM Ta IOBEPXHEIO TOPOKHBOTO MOKPHUTTS)

31 cxemu, 1Mo 300pakeHa Ha PHUCYHKY 2.4 Ta 3 ypaxyBaHHSIM METOJIUKH
3aIpoIoHOBaHoi B po6oTi [108] 3amuieMo /1l MKUH 3 TOABIMHUM OIIMHYBaHHSIM

KoJIeca KOOpAVHATU y, Ta Y, Y BUIIIAAL

R -(y—Ay

ylz—(PZ ), (2.11)
R -(y-A

yzzM, (2.12)
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a KOOpAWHATH IOJIOKEHHS LIEHTPa MPYKHOCTI CUCTEMH Y, , ¥, Ta Ay BIINOBIIHO

3allueMo y BI/IFJ'ISII[i

* y'Ri
y2=—1RZ, : (2.13)
V=YV=,, (2.14)
* y'CZH;
Ay=y ——2 2 2.15
V=V CZH;"'CZH; ( )

ne C!' — BIANOBIAHA HOPMaJIbHA KOPCTKICTh MHEBMATUYHOI MHYU, H/M.
Busnauenns BifcraHelt ), Ta y, U pO3paxyHKY >KOPCTKOCTI MapayeibHO

pO3TaIIOBaHUX MPY>KHUX €JIEMEHTIB, SIKi BUMBAIOTh HE MapeseibHe X CTUCKAHHS
a00 pO3TATYBaHHA, JEUIO0 YCKJIAJHUTCA B TMOPIBHHSHI 3 BHUIAIKOM IOJBIHHOIO
po3TalTyBaHHS TPYXKHUX €JIEMEHTIB (Kojieca 3 TOMIBIMHUM OIIMHYBAHHSIM),
HANPUKJIaA IS BUIAJIKIB peajizailii OIMIMHYBaHHS KOJIEC TPAaHCIOPTHHUX 3ac00iB,

SIK1 300pa)K€HO HA PUCYHKY 2.5 Ta pUCYHKY 2.6.

“ 816 BUD =

a) 6)
a) KoJieca 3 YeTBEPHUM OIIIMHYBAHHSIM Ha JIESTKOBOMY aBTOMOO1T1
Lotus Esprit Turbo (po3po06ka Jerry Juhan) [109];
0) KoJyieca 3 YeTBEpHUM OIIMHYBaHHIM Ha TpakTopi Big Bud 16V-747

PucyHok 2.5 — 30BHIIIHIN BUTIISI KOJIEC, SIKBI MAIOTh Y€TBEPHE OIIMHYBaHHS
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a) HaIMMBIPHUYII 3 YETBEPHUM OIIMHYBAHHS JIIBUX Ta MMPABUX KOJIIC;
0) BanTaxxHa ratpopma KAMAG SHT nnst BantaxiB A0 150 Ton [110]
Pucynox 2.6 — 30BHIIIHINA BUTIISA BAHTRKHUX TPAHCIIOPTHUX 3aC001B 3 KOJIECaMH,

1O MarOTb YETBCPHEC ONIMHYBAHHS

Cxemn peamizaiii OIIMHYBaHHS aBTOMOOUIBHHUX KOJIC Ha TaKuX
TPAHCIIOPTHUX 3ac00aX MOXYTh MaTH JI0 YOTHPHOX OMOPHUX TOUYOK KOHTAKTY
(muB. puc. 2.7 0), SKi B3a€EMOAIITUMYTh 3 MOBEPXHEIO JTOPOKHBOTO MOKPUTTS, 32
yMoBHU 11 HemnapasneabHocTi [110] BiZHOCHO piBHA TOPU3OHTY, HA PI3HUX PIBHSX

OJIMH B1J OJTHOTO.
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e —

a) B37I0BX TPAHCIIOPTHOTO 3ac00y; 0) momepeK TpaHCIIOPTHOT03ac00y

Pucynok 2.7 — YMoBU ekcrutyararlii TpaacrnopTHoro 3acody [110]

Jlns BU3HAUEHHsI HEBIIOMHUX CKJIQZOBUX ), Ta ), B piBHsAHHI (2.9) y pasi

BUKOPHCTaHHS MOTPIHHOTO a00 YETBEPHOIO ONIMHYBaHHS KoJjieca TPAaHCIOPTHOTO
3ac00y BUKOPHUCTAEMO BIJAMOBIJHI CXEMH HABAaHTAKCHHS IIIMH  KoJjieca
(muB. puc. 2.8, puc. 2.9 ta puc. 2.10) 3 ypaxyBaHHSIM IMEPEPO3NOALTY Baru Mix
CYMDKHAMHM TTHEBMATHYHHMH IIIMHAMH 33 aHAJIOTIEI0 3 METOJOM, SKHI

3amponoHoBaHo B poOoTi [108].

B ) o Vs
,Vl* yE
A y
P
\’ R ]
o7 LL\HK-—-\l 2 82
Czl -

Pucynok 2.8 — Cxema 3 mOTpiiHUM OIIMHYBAHHSM KoJjieca (0/IHa IIMHA
po3TalloBaHa JIIBOPYY, a Bl MIPaBOPYY BiJl raJIbMOBOI CHIIM peajli30BaHOI MIXK

aBTOMOOUTbHHUM KOJIECOM Ta MOBEPXHEIO JOPOKHBOTO MOKPUTTS)
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JIns CTpOEHOro OIIMHYBAaHHS KOJECa, K€ Ma€ CXEMY HAaBaHTAXEHHS
300pakeHy Ha PUCYHKYy 2.8, pIBHAHHS JUId BU3HAUEHHS KOOpPAMHATH ), Ta ),

3aMUILEMO Y BUTJISI1

RL+R.)-(y—A R, -
ylz( zl+ 22) (y y)+ z2 yp) (216)

z

Ril '(y_AJ’)_'_ Ril 'R;ﬂz’yp
Pz })z'(R;1+R;2).

Y, = (2.17)

. . *
KoopszHaTy ITIOJIOKCHHA LEHTpPA IIPY’KHOCTI TaKO1 CUCTEMH ), BHU3HAYNMO

3a 3anexkHicTio (2.14) po3paxyBaBIIM KOOpAMHATH ), Ta Ay 3a BiANOBiIHMUMH

3aJICKHOCTAMHU

y* :yl 'Ril_R;Z Vo
’ R, +R,

: (2.18)

Y (o o E e
Ay = y - it mw_r mw_r * (219)
1 Czlil + C217 + C227

ge C"' ta CU— HOpPMaibHi KOPCTKOCTI BiINOBIIHMX MHEBMATUYHOI MIMHH

KoJjieca 3 MOTPIMHUM OIIMHYBAHHSM (B1JIIOBIIHO IO CXeMH Ha PUCYHKY 2.8), H/M.
CepenHio KpyTWIbHY >KOPCTKICTh LIMH, PO3TallOBaHUX IMpaBoOpydY Bia Aii
cut P, Bu3HauuMo 3 mnoaioHoro piBHsAHHA (2.9) y Burmsam (2.20), ske

BHU3HAYATUMeE >KOPCKICTh CUCTEMH, 110 300pakeHa Ha PUCYHKY 2.8.

Cm_r . Cm_r L 1,2
CLH_I” — x1 x2 yp ) (2.20)
xep m_r 2 m_r 2
Co v +Cy '(yp _J/sz)
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\‘_._:

Pucynok 2.9 — Cxema 3 NOTpiiHUM OIIMHYBaHHSAM KoJjeca (0JHa IKUHA
po3TalioBaHa MpaBoOpyd, a /Bl JIIBOPYY BiJl TAJIBMOBOI CHITH Peali30BaHOI MK

aBTOMOOUIBHUM KOJIECOM Ta IMOBCPXHCIO JOPOKHBOT'O HOKpI/ITTH)

SIKIO NPUMHATH NPUIYIIEHHS, WO WHUHU 3 kopcerkicTio C)-" T1a C.-'

NEPEeMINIYIOThCS Ha OJHAKOBY BEJIMYMHY, MOXHa 3amnucatu Bupaz (2.20) y

Burysiai (2.21).

2
o =2, Cu’ (2.21)

i=1

I[J'IH CTPOEHOI'0 OIIMHYBAaHHA KOJICCA, SKC MA€ CXCMY HABAHTAKCHHA

300pa’keHy Ha PUCYHKY 2.9, pIBHAHHS JUId BU3HAU€HHS KOOpAMHATH ), Ta ),

3alIIIeMoO y BI/IFJ'ISII[i

Rzrl-(y—Ay)+ R, 'Ril ")

P, P (Ril + Riz) ’ 222

Y=

z

(R£1+Ri2)'(y_Ay)+Ril Vi

v, = (2.23)
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. . *
KOOp,Z[I/IHaTy ITIOJIOKCHHS LICHTPA IIPYXKHOCT1 TaKO1 CUCTEMHU y, BHU3HAYHUMO

. sk
3a 3a1ekKHICTIO (2.14) po3paxyBaBIIM KOOPAWHATH ), Ta Ay 3a 3aJ€KHOCTIMU

x M '(Ril +R£2)
TR
y-Ch =y -Ch!
ch-lv el

, (2.24)

A=y, - (2.25)

e Cz”l.‘—l ta C]”— HOpPMaJbHI >KOPCTKOCTI BIANOBIJHMX IHEBMATUYHOI IIUHU

KoJieca 3 MOTPIHHUM OLIMHYBAHHSM (BIJMOBIIHO 10 CXEMHU Ha pUCYHKY 2.9), H/Mm.
CepenHio KpyTWJIBHY JKOPCTKICTh INIMH, SIKI BH3HAYAIOTh >KOPCKICTh
CUCTEMH, 110 300pakeHa Ha PUCYHKY 2.9 BU3ZHAUKMMO 3 MOAIOHOTO piBHIHHSA (2.9) y

BUTJISAII

i CC
' CEJ 'y§1 + C:cﬂz_l '(Jﬁ _ys1)

-, (2.26)

ab0 SKIIO TIPMMHATA HPUIYIIEHHS, IO IIMHH 3 xopcTkictio Ch-' ta C%
MEePEMIIIYIOThCSI Ha OJHAKOBY BEJIMUYMHY, MOXKHA 3anmucatu Bupas (2.26) y BUrIsiai
2

cul=>cCut (2.27)

i=1

TakuM 4YMHOM, OYEBUJHO, IO I YETBEPHOI'O OLUMHYBAHHA KoOJeca, SIKE
Ma€ CXeMy HaBaHTAKEHHsI 300paxkeHy Ha pucyHKY 2.10, pIBHSIHHS U1l BA3HAYEHHS

KOOpAMHAT y, Ta ¥, MOYKHA 3anucaTy y BUrisaal (2.28) ta (2.29) BianosigHo.

(Rzrl"'Rzrz)'(y_Ay)"‘Rzrz Yy +(Rzr1 +R:2)'R:1 Vi

. Pz Ijz'(R£1+R£2)

: (2.28)
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zl

Pucynok 2.10 — Cxema 3 4eTBepHHUM OIIMHYBaHHSM KoJieca (Bl HUHU
PO3TaIllOBAHO JIIBOPYY, a JIBl IPaBOPYY BiJl FaJIbMOBOI CUJIM peaTi30BaHOT M1XK

aBTOMOOLJIBHUM KOJIECOM Ta IMOBEPXHEIO JOPOKHBOTO MOKPUTTS)

(Ril +R§2)‘(y_AJ/)+R£1 Vi +(R£1 +R£2)'Rzrz "V
P, Pz'(Rzrl"'Rzrz)

¥, = (2.29)

KoopMHaTy MOJIOKEHHS [EHTpa MPY’KHOCTI TaKOi CHCTEMH ), BU3HAYHMO

. Ed
3a 3aj1eKHICTIO (2.14) po3paxyBaBIIM KOOPJAUHATU y, Ta Ay 3a 3aJI€KHOCTAMU

N '(Ril +Ri2)_Rzrz "V
BT Ry RY)

: (2.30)

m_r m_ 7 m_ 7 m [

y'( - 0 )+yp‘czz_ -y, G
m [ m [ m_r m_r
C217 + C227 + C217 + C227

Ay = yf — (2.31)

ge CU' ta C"'— HOpMabHi KOPCTKOCTI BiINOBIAHMX MMHEBMATUYHOI MIMHH

KoJIeca 3 YeTBEPHHUM OITMHYBaHHSIM (BIIMOBITHO 10 cXeMH Ha puUcyHKY 2.10), H/m.
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CepenHio KpyTHJIBHY JKOPCTKICTh IIMH, SIKI BHM3HAYalOTh >KOPCKICThH
CHUCTEeMH, 1110 300pakeHa Ha PHUCYHKY 2.10 BH3HAUYMMO 3 TOAIOHOTO PIBHSHHS

(2.26) Ta (2.20) BiamoBinHO, a00 MNPUKWHSABIIM MPUIYIICHHS, IO IIUHU 3
KpYyTWIBHOI skopcTkicTio CU-' ta C"-', a Takok, WHMHH 3 KPYTHJIBHOIO
xopetkicTio C)-" Ta C.-" nepeMilllyloTbCsl Ha OJHAKOBY BEIMYUHY, CEPEIHIO
YKOPCKICTh IIMH MOKHA BU3HAYMTH 3 3aJIeKHOCTI (2.27) Ta (2.21) BIANOBIIHO AJIS
BUpPILIEHHS piBHAHHSA (2.9).

TakuM 4YMHOM, MOXXHA CTBEPIXKYBaTH, IO HEXTYyBaHHS OCOOJIMBOCTAMU
pPO3MOTY BEPTUKAIHHOTO HABAHTAXKEHHSI MDK IIMHAMM KOJIC TPAHCIIOPTHOIO
3aco0y, KUl Mae Kojeca 3 MOABIMHUM, CTPOEHUM ab0 YETBEPHUM OLIMHYBAHHSM,
MOK€ CYTTEBO BIUIMHYTH Ha BEJIMYMHY pEali30BaHOi CWJIM 3UYCIUICHHS MIXK
IIMHAMHA TaKUX KOJIC Ta TOBEPXHEIO JOPOXKHBOTO TMOKPUTTS, TOMY I Hac
MOJICTIOBaHHSI HEOOXITHO BpaxOBYBaTH OCOOJHMBOCTI 3MIHM  KPYTHJIBHOI
YKOPCTKOCTI IITMHU B 3aJICKHOCTI B1Jl CITIBBIIHOILICHHS )| TA ), .

HopMmanbHa >K0opcTKiCTh THEBMATUYHOI IIKMHU, B piBHAHHAX (2.15), (2.19) —
(2.21), (2.25) - (2.27) ta (2.31), sk mOKa3aB aHajJl3 HAyKOBO-TEXHIYHOI
JitepaTyp [79], HE CKJIaJIHO BU3HAYUTH BUKOPUCTABIIM BiJloM€ piBHSHHA (2.32),
M0 OTPUMAHO Ha OCHOBI 0araTo(akTOPHOTO CTEHJIOBOTO EKCIIEPUMEHTAIHLHOTO

JOCIIIKEHHS.

n, \'* -1
C :(a—) (2.32)

ne a ~0,041p. """ — koediuieHT BIIMBY THCKY B mmHI ( p,) Ha HOPMalbHY
YKOPCTKICTh IIIMHU, SIKUI BU3HAYEHO B POOOTI [79];
n,~0,45+0,38p, — KOoe(IUIEHT BIULIMBY TUCKY B IIMHI ( p, ) HA HOPMaJbHY
YKOPCTKICTh IIIMHH, IKMH BU3HAYEHO B PoOOTI [79];.
Ak 3a3HavaeThss B poOoTi [79] BuKopucTaHHs 3anexHocTi (2.32) nae
noxXuOKy B po3paxyHKax He Outbine HiX 17 % mpu THCKaxX B MIWHI BIIMIHHHX BiJl

HOMIHAJIbHUX TUCKIB HE OLIbIIe HIK HA 25 %.
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2.2 Oco0JuBOCTI BH3HAYEHHS PeaNi30BaHOr0 34YeEIUICHHSl IIHH
aBTOMOOLIBHUX KOJIIC HA NMOBEPXHAX AOPOKHHOIO NMOKPUTTH 3 BHCOKHMM Ta

HM3BKUM KOe(]inieHTOM TepTs KOB3aHHS

Jlyis BU3HAUEHHS BEJIMYMHU PEali30BaHOTO 3YCTUICHHS MHEBMATHYHUX IITUH
3IBOEHOTO, 3TPOEHOTO a00 7-T0 aBTOMOOLIBFHOTO KoJieca, B poOOTI MPOMOHY€ETHCS
EKCIIOHEHI[IHA 3aJIeKHICTh (2.33), 110 BpaxoBy€e 0COOIMBOCTI BIUIMBY KPYTUIBHOT

xoperkocti (C) ) MHEBMATHYHOT IIMHK Ta BEJINYWHN HOPMAIIbHOT (BEPTUKAIIBHOT)

peakii (R ) B IUIAMI KOHTAKTy IIMHH 3 HOBEPXHEIO JOPOKHBOTO MOKPUTTSI.

1,8-C. - a, C. -
— xcp ai‘ __m xcp E.’x, (233)
R -r,-exp(1,7-107-C}. ) R -7,

xcp z

A

CrmiBcraBisitoun 3aiexHIcTh (2.33) 3 3anexHicTio (1.9) MokHa MOOAUUTH,
[0 BOHU MAalOTh OJIHAKOBY CTPYKTYpy. Pi3HUIIT MiX 3aleKHOCTSAMH IOJISITAE
TUIBKK B TOMY, IO 3aJeXHICTh (2.33) M03BOJIIE BU3HAYMTH 3UYCIUICHHS, IO
peani3yercsi Mi>k IIMHAMU KOJIIC, SIKI MalOTh OUIbIlIE€ OIIMHYBAHHS aHIXK OJMHApPHE
Kojieco. 3 piBHsHHS (2.33) MokHa 00auUTH, 110 30LIBIICHHS HaBaHTa)KCHHs Ha
aBTOMOO1TbHE KOJIECO 3 TMOJIBINHUM OIIMHYBAHHSIM HE JI03BOJISIE 301IBIINTH
peaizoBaHe 3YCTUICHHS, a HABMAKW MPHU3BOJIUTH 10 3MEHIICHHS Peai30BaHOTO
34EIUICHHS B HACJIIJIOK TOTO, 1110 301IbIIICHHS HABAHTAXKEHHS HA IIMHY MPU3BOJIUTH
710 301IBIICHHS] CEPEIHBOI JKOPCTKOCTI IIMHHM, SIKA HE MOXE OyTH JOCATHYTa MpHU

KyTOBIii nedopmanii mwmnu (&, ) Ha OBEPXHI 3 TEPTAM KOB3aHHS f, .

HeniniiiHicTs BIMBY peanmizaliii 34elyieHHS MDK IIMHaMU 3BOEHHX a0o
CTPOEHMX AaBTOMOOITBRHUX KOJIIC MOJKHAa TPEACTaBUTH Yy BUIJSAII Tpaduky

(muB. puc. 2.11), K110 3aNIKMCaTH 1F0 HEJIHIMHICTD y BUIJISA1 3aJIeKHOCTI (2.34).

1,8
CX'HJ = —4 it}
exp(1,7-107-C% )

xcp

, (2.34)
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Pucynok 2.11 — Xapakrep 3MiHU HENIHIHHOCTI BIUIUBY CEPEAHBOI KPYyTHIBHOI
YKOPCTKOCTI IITUH KOJIC, SIK1 MAaIOTh OLIMHYBaHHS OUTbIIIE HIXK OJIMHAPHE, HA

peanizoBaHe 3UCIJICHHS MK IIMHAMU Ta MOBEPXHEIO JOPOKHBOTO MOKPUTTS

1,2
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Pucynok 2.12 — Xapakrep 3MiHM HETIHIHHOCTI BILUTUBY CEPEIHbOI KPYTHIBHOT
YKOPCTKOCTI LIMH KOJIC, SIKI MalOTh OLUMHYBaHHs OUIbILIE HIXK OJAMHAPHE, HA
peasi3oBaHe 3YEIUICHHS MIXK IIMHAMU Ta MOBEPXHEIO JOPOKHBOTO MOKPUTTSI B

3JIKHOCTI BiJ KUIBKOCTI ITUH (i,) BCTAHOBJIEHUX HAa aBTOMOOLIbHE KOJIECO

Xapaktep 3MiHM HENIHIMHOCTI BIUIMBY CEPEIHBOT KPYTHIBHOI dKOPCTKOCTI
IIMH KOJIC, SIKI MaloTh OIIMHYBaHHS OUIbIIE HDK OJWMHApHE, Ha peali30BaHE
3YEIJICHHS MK IMMHAMH Ta TMOBEPXHEIO JOPOKHBOTO TMOKPUTTS MOKHA TaKOK
MPEACTABUTH B 3QJICKHOCT] BiJl KUIBKOCTI IIIMH BCTAHOBJICHUMX HAa aBTOMOOIJIbHE

Kojeco (puc. 2.12), ane cmiag 3a3Ha4YUTH, 110 TaKe NPEACTABICHHS HE Ja€
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MOKJIMBOCTI OLIHUTU (DI3UUHY CYTHICTh SIBHILA peani3ailili 34eruieHHs Npu
3pOCTaHH1 CEPEHBOI JKOPCTKOCTI ILIMH BCTAHOBJIEHUX HA OJJHOMY KOJIECI.

3 pucyHKy 2.12 MokHa m00aYuTH, M0 MHUPOKONPOPUIbHI HIIMHY, K1 MAIOTh
MEHITY KUIbKICTh O1YHMX OOPTIB Ha BIAMIHY BiJ 3/IBOEHUX IIIMH BCTAHOBJICHUX Ha
OJIHOMY KOJIeCi, MOXKYTh BBaXKaTHCs, K Hanpukiaa 1,5 mmau (i, Ha puc.2.12),
OCKIJTbKH CEpEIHs JKOPCTKICTh Takux muH (puc. 2.11) Oyme 3HaAXOIUTHCA MIXK
KOPCTKICTIO OJIMHAPHOI IIIMHU Ta CEPEIHBOIO JKOPCKICTIO 3/IBOEHUX LIUH.

TakuM YMHOM, BUKOPUCTOBYIOUYM PIBHHSHHA (2.33) HECKJIQJHO BHKOHATH
MOJICJIOBAHHSI JMHAMIKH PYXy KOJICHOTO TPaHCIOPTHOTO 3aco0y, BHU3HAUMBILIN
HOro yHoOBUIBHEHHS 4Yepe3 pealli30BaHE 3YEIUICHHS, BPAaxXyBaBIIM OCOOJIMBOCTI

OIIMHYBAHHS KOJIIC BCTAHOBJICHUX HA OJ[HIN BIC1 TPAHCIIOPTHOTO 3ac00Yy.

2.3 BmiuB peajii3oBaHOr0 34eInJIeHHSI IIMH ABTOMOOIJIBHMX KOJIC Ha

YIOBIIbHEHHS KOJIiCHOT0 TPAHCIIOPTHOIO 32c00Y i/l 4ac ii0ro raibMyBaHHS

IIponec ramemyBanHs KT3  XapakTepusyeTbCsi  BEIMYMHOK  HOTO
YIOBUIbHEHHS, SIKa B CBOIO YEPry 3aJICKUTh BiJl KOeQillieHTa TalbMyBaHHS 1
BH3HAYAETHCS CKIIAJHOIO MaTeMaTH4YHOIO 3ajexnictio [1, 2, 5, 13, 71, 108],
pe3ysbTaT BUPIMICHHS SKOT 3MIHIOETHCS B 3aJI€KHOCTI BIJl PEXKUMY PYyXy KOJIC
TpaHCIIOPTHOTO 3aco0y [21-25, 28, 30, 38, 40, 43, 44, 46, 56, 71, 74, 75, 78, 80, 81,
108], a came:

- BEICHUU PEXUM PYXy

j=gz=g f(f): (2.35)
- TAIbMOBUI pexuM (32 yMOBH KoB3aHHA koutic S < 100 %)

jo=gz=g f(1); (2.36)

- TAJIbMOBUI pexuM (32 yMOBH KoB3aHHA kouic S =100 %)

jo=gz=g f(f,) 2.37)
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Bimomo, 1mo B BeaeHOMY peXHMI pPyXy KOeQILIEHT TralbMyBaHHS
TPAHCIIOPTHOTO 3ac00y MPAKTHUYHO JOPIBHIOE CEPEAHBLOMY 3HAUCHHIO KoedilieHTa
OMopy KOYEHHIO (z ~ fo) yCIX KOJIIC aBTOMOOLIS.

B raneMoBOoMy pexuMi, 32 YMOBU KOB3aHHSI KOJIIC TPAHCHOPTHOTO 3ac00y
§S=100 % xoedilmieHT TragbMyBaHHS TPAHCIOPTHOTO 3aco0y 3a BEITUYHHOIO
JIOPIBHIOE peajli30BaHOMY 3YEIUJICHHIO 3a0JI0KOBAHOrO KkoJieca (Koe(ilieHTy
34YCIUICHHS 320JI0KOBAHOTO KoJleca ab0 KOCMILIEHTY TEPTs KOB3aHHS) z = f, .

B ranbmMoBOMy perMi, 332 YMOBHU KOB3aHHSI KOJIIC TPaHCIIOPTHOTO 3aco0y

§<100 %, OCKINBKM MPaKTUYHO 3aBKIW BUKOHYETHCS HEPIBHICTB z # f, # f_,

KOoe(DIIIEHT TaabMyBaHHS TPAHCIIOPTHOTO 3ac00y BH3HAYAETHCS pPeai30BAaHUM
3ueruieHHAM BiAnoBigHuX Biced KT3 1 reomerpuuHuM po3TamryBaHHSIM #Oro
IEHTpPa TSOKIHHSA Y BEPTUKAJIbHIN TUIOMIMHI BIAHOCHO JOPOKHBOTO TMOKPUTTS 1
TOPU30HTAIBHIN TUIONIUHI BITHOCHO TOYOK KOHTAKTY IIIMH aBTOMOOUIBHHUX KOJIIC 3
omnopHo0 noeepxueto [1, 2, 8, 12, 4345, 71, 75-78, 108].

AHaJli3 HayKOBO-T€XHIUHOI Jiteparypu [2, 44, 45, 71, 75, 77, 78, 108]
MOKa3aB, 10 KOeMIIIEHT raabMyBaHHS JJIs1 KO)KHOTO TUITY TPAHCIOPTHOTO 3ac00y
BU3HAYAETHCS TI0 OKPEMHM 3aJeKHOCTAM. Tak, HampwWKIaa s JBOBICHOTO
TPaHCIOPTHOTO 3aco0y (auB. puc.2.13) Moxe OyTH BHUKOpHCTaHA 3aJEKHICTh
(2.38), sxy 3ampomonyBaB B.A. lmmapionoB B cBoiii poboti [71]. AnHanoriuna

3aJeXHICTh OTPMMAaHa 1 IHIIMMU aBTOpamMu B poboTtax [2, 44, 76, 77].

.b2_axles+ . 2 _axles
I (2.38)

L?f,za))des - hg (fl -/ ) ,

ae dg, by M hy — BIANOBITHO KOOPAMHATU PO3TAlIyBAHHS ILIEHTPY TSDKIHHA
KOJIICHOT'O TPAHCIIOPTHOTO 3ac00y BIHOCHO TMEpeIHbOI BiCi, 3aAHKOT BiC1 1 BUCOTA
pO3TalTyBaHHS [IEHTPY TSKIHHS HAJ PIBHEM JOPOTH, M;

L™ = a2-*" +b2-"'* — xonicHa 6a3a TPaHCIIOPTHOTO 3acO0Y, M.

12 T g
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O R 2ates O 'R 2 mles

x! x2

R 2 axles L 2 axies R 12"7 axles

) z2
(1,2}

a) 0)
a) 30BHINIHIN BUTIISLT aBTOMOOUTS [129];
0) cxema po3MoJIlTy YMOBHUX Mac m; Ta m;
Pucynok 2.13 — Po3noain yMOBHUX MEPENHBOI Ta 38 JHbOI MAaC KOJICHOTO
TPAHCTIOPTHOTO 3aC00Y BITHOCHO MOTO MEHTPY TSHKIHHS

2_axles

2 axles )
Koopaunatu ag Ta by —axles e CKIAAHO BHU3HAYUTH 3 BiJOMHX

3aJIE)KHOCTEN

LZfaxles . R2£ axles

a;_axles _ 2 z (239)
2_axles 2 _ axles
ng_axles — L(ltz) ] RZI_ (240)

m-g
ne R wm R;™ — BinmOBIAHO BEPTUKAIbHI HABaHTAKEHHS Ha MEPENHid Ta

3a/IHIM BiC1 TpaHCHOPTHOTO 3aco0y, H;
m —Maca TpaHCIIOPTHOTo 3aco0y, H;

. . 2

g — MPUCKOPEHHS BITLHOTO MaiHHS, M/C”.
VY pasi, SKIIO KOJNICHUM TPaHCHOPTHUN 3acid Mae He JBI, a TPU BICI,
HaTNpUKIa] ONIHY crHepeay Ta nBi mo3amy (muB. puc. 2.14), To nmns Takoro

TPAHCIIOPTHOTO 3ac00y 3aIeKHICTh (2.38) mpuiime Burisig (2.41).
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S
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R 3 _axles 3 _axles 3 _axles
xl x2 x3

R 3 axles
71

R 3 axles R 3 axles
73

L 3_axtes 72 L 3_axles
(1.2) (2.3)

Pucynok 2.14 — Po3nozin yMOBHUX NEPEHBOI 1 33 JHbOT Mac KOJIICHOTO

6)

a) 30BHINIHIN BUTIISLT aBTOMOOUTS [129];

0) cxema po3mnoJIly YMOBHUX Mac m Ta m;

TPaHCIIOPTHOTO 3aC00Y BIIHOCHO MOTO IEHTPY TSHKIHHS

: g
3_axles 3_axles  r3_axles 2 n
bg ﬁ + ag L(LZ) Zl 3_axles L37axlas 3 axles
n=l Lo p T\t + yn
zZ= ,
2
L3_axlas —h . f _L3_axles . ~f2_n
g g 1 (12) l37axlav- L37axla§ + 3 axles
n=l7%3 y g y n
ne  a-“ — KoopmuHaTa pO3TAllyBaHHA ILEHTPY TSKIHHS

4

TPAHCTIOPTHOTO 3ac00Y BITHOCHO MEPEIHBOT 00 BICI, M;

3 _axles - :
bg KOOpAuHaTa po3TalllyBaHHA HCHTPY TAXKIHHSA

TPAHCIIOPTHOTO 3acO00y BIJIHOCHO HOT0 YMOBHOI 3aJ{HBOI BiCl, M;

L~ = q - 4+ p>-* — gonicHa 6a3a TPaHCIIOPTHOTO 3aC00Y, M.

g

72

(2.41)

KOJIICHOTO

KOJIICHOTO
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MO’KHAa BH3HAYUTHU 3 BIJIOBIIHUX

3 axles b 3 axles
g

Koopaunatu a . Ta

3anexHocTe (2.42) Ta (2.43), sSKI10 MPUWHATH KOHIICTIIIIIO, III0 BOHU 3aJICKaTh BiJl

CTATUYHUX HaBaHTAXEHB HA Bicl KT3.

3 axles 3 axles 3 axles 3_axles  p3_axles
L (RZZ + RZ3 ) + L(2,3) R23

G 1,2
a;_axles — (1,2) (242)
3_axles 3 axles 3_axles 3 axles
3 axdes L(I,Z) ’ Rzl Rzl 'L(2,3) 'Rz3
bg B + R37axlev R37wcles (2 43)
m: g m- g ) ( z2 + z3 )

KoedimienT po3momiay Barm MK 3adHIMM MOCTaMH BH3HAYMMO 3

3aJIe)KHOCTEH, BIATIOBIIHO

R3_axles +R3_axles
g TR, (244)

3 axles ’
Ry
z

R37axles +R37axles
/1;—?’“:( & & ) (2.45)

R 235 axles

3 axles

[To3moBXkHI KOOpUHATH

1

po3TanryBaHHs MocTiB OaraToBicHoro KT3

BiI[HOCHO KOOpAWHAT LCHTPY TSOKIHHS MOJKHA BU3HAYHUTH BHKOPUCTOBYHOIN

3aJI€KHOCTI

1

y3_axles — y3_axles _ b;_axles , (246)

3 axles 3 axles 3 axles 3 axles
L M (2.47)
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3 axles

Benuuuny y B piBHSHHSX (2.46) Ta (2.47) BUBHAUMMO 3 3aJICKHOCTI

3_axles RSfaxles _L37axles ‘R37axles
z1 z3

3 axles 3 axles g (2,3)
Y- :L(Ez) o 3_axles 3_axles (248)
Ry7T+RS
ne R)-“ — BepTUKagbHE HABaHTAKEHHS HA TEPEAHIiM BiCi TPAHCIIOPTHOTrO

3aco0y, H;
R Tta R ;™ — BepTHKaIbHI HABAHTaKEHHS HA BiMOBIIHUX 3a/HIX OCAX

TpaHCTIOPTHOTO 3aco0y, H.

JIJ1st 9OTUPUBICHOTO KOJICHOTO TPAHCIOPTHOTO 3ac00y, 10 PO3TIIAIAETHCS
(muB. puc. 2.15) 3anexHicth (2.38) 3anuiemo y BUrisaal (2.49), axkuii cxoxuil Ha
3anuc piBHAHHS (2.41), ame BpaxoBye OCOONMBOCTI peami3amii 34erieHb Ha

MepeHIX OCSIX aBTOMOOUIS 3 IBOMA MEPEIHIMU BICSIMHU.

2
b4_axles . z ﬁ_i
g P 2, ;l_iaxles. (LZ_ axles + x;l_axles)
z= — -
2
1—h, - S -
g 4 _axles 4 _axles 4 axles
i=1 ﬂ'lii (Lg +x,. )
(2.49)
2
+a4_axles . Z ]F27n
g /1 4_axles L47axles + 4 axles
n=l1 2 n g yn

n=l n

2 /:
. Z 2 n
4 axles 4 axles 4 axles
Ao (Lt 4 i)

e a;‘*"x’es Ta b;**“x’es — BIJMOBIJIHO KOOPJMHATH PO3TAIIyBaHHS IIEHTPY TSKIHHS

KOJICHOTO TPaHCHOPTHOTO 3aco0y BIJHOCHO YMOBHOI MEpeJHbOI Ta YMOBHOI
3aaub0i Bici KT3, Mm;

4 axles

L‘;*“’d“ =a, + b;‘*“’d“ — KoJricHa 6a3a TpaHCIOPTHOTO 3ac00y, M.
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a)
P R o
I e B
| s o e e ]
a 4_axles G b 4_axles
g £
x 4_axles x 4_axles X 4 axles -V 4 _axles 4 mie.s 4 axies
g
4 _axles R 4_axcles 4 _axles R 4_axles
x4
R 9_axles 4 ax'.’g 4 _axles R 4_axles
Z} 4 ol 2'3 4—
L 4 axles L L axiEs, L 4 axles Z
(1,2) (2.3 (3.4

a) 30BHINIHIN BUTIISLT aBTOMOOUTS [129];
0) cxema po3moJITy YMOBHUX Mac m Ta m;
Pucynok 2.15 — Po3nozin yMOBHUX HEePeIHbOI 1 33 JHbOT Mac KOJIICHOTO
TPAHCIIOPTHOTO 3aC00Y BIIHOCHO MO0 IEHTPY TSHKIHHS
Mosnoskui  koopauHatd  x, -  Tta y'-“"  posramryBaHHs MOCTiB

YOTHUPHUBICHOTO KOJICHOTO TPAHCIOPTHOTO 3ac00y, BIAHOCHO KOOPIMHAT LICHTPY

Woro TsokiHHA (puc. 2.15), MOXHA BH3HAYUTH BHUKOPHUCTOBYIOUM HACTYIIHI

3aJIEKHOCTI

xléliaxlec L4 axles L4 axles y47axles . a47axles (250)

(1,2) (2,3) g >
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4_axles __ y4_axles 4 axles _ 4 _axles
doales _ 4.0 a’-w 2.51)
4 axles __ _ 4 axles 4 axles
"=y —b, , (2.52)

4 _axles __ 74 _axles
2 - L(3,4)

+ y47axles _ bgiaxles , (253)

4 axles

Bennunny y , 0 BXOJUTH A0 piBHAHB (2.50) — (2.53) BU3HAUMMO 3

3aneHOCT1 (2.54) BpaxyBaBIM cTaTnyHi HaBaHTaxkeHHs Ha Bici KT3 Ta Bimcrani

MIK MOT0 BICAMU.

4 axles 4 _axles 4_axles \ _ y4_axles 4 _axles
4 axles __ L47axles ag (RZl + Rzz ) (3.4 RZ4

23 4 _axles 4 axles
Rz3 + Rz4

(2.54)

4 4 .
Koopnunatu a, —axles pa bg —ales | 33 aHAIoOTiEro 3 THM, SIK L€ OYJI0 3pO0JIEHO B

piBHIHH:X (2.39), (2.40) Ta (2.42), (2.43), BU3HAYMMO 3 HACTYITHUX 3aJIEKHOCTEN

4 axles 4 axles 4 axles 4_axles 4 _axles
4 ades L(2,3) '(Rz3 +Rz4 )+L(3,4) Rz4

+

g o g

(2.55)
(R47axles +R47axles) . (L47axles . R47axles)
PR =4 1
b4_ax1es ~ L?z_,gdes ( le_axles + R:z_wdes) + Lé(tl_;)xles . le_axles

g - g

(2.56)

4 _axles 4_axles \ y4_axles pA_axles
L(Rzl +R; ) Lay Ry

m- g . (R:lS_ches + R:“_axles)

e
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KoedilieHT po3mominy Baru Mix IBOMA IEPEIHIMU ﬂf:I“XIes Ta /1?:2‘”"“, a

4 _axles

TaKOK MIXK JJBOMa 3aiHiMu A;-"" Ta /1‘2‘—2”‘1” MOCTaMH{ BH3HAYMUMO 3 BIAIIOBIIHUX

3aJIEKHOCTEN

R4_axles +R4_axles
ﬂf_f’"’“=( - = ) (2.57)

R 4 _axles

z1

R47axles +R47axles
ﬁf‘z"”“=( - = ) (2.58)

4 axles
Rz 2

R47axles +R47axles
Agifxles — ( z3 z4 ) , (259)

4 _axles
Rz3

4 _axles 4 _axles
(Rz3 + Rz4 )

4 _axles
Rz4

4 axles __
22_2 -

(2.60)

AHANOrYHUM YMHOM [JIi YOTHPUBICHOIO aBTOMOOUIA 3  IHIIUM
po3TamnryBaHHSIM Horo wmocTiB (auB. puc. 2.16) 3anexnictb (2.38) MoxHa

NpeACTaBUTH Y BUTIIsAI (2.61).

g 4'_axles g 4'_axles 4' axles 4' axles
L TS (L 4 et

z= — : (2.61)
1—h, - S — > foa

4' axles 4' axles 4' axles 4' axles
L A (L 4 et

3
b4'_axles . .fi a4' axles Z JFan

4'_axles 4" axles 4 ; .
ne L g*‘“l“ =a g*“’d“ +b, ~ales _ gomicHa 6a3a TPaHCIIOPTHOTO 3ac00Y, M ;
a;'*”xles Ta b;"*""l“ — BIJINMOBIIHO KOOPJIMHATU PO3TAalIyBaHHS LEHTPY TSHKIHHS

KOJIICHOTO TPAaHCIIOPTHOTO 3ac00y BIJIHOCHO YMOBHOI IEPEeIHbOI Ta YMOBHOI

3aHb01 Bici KT3, m.
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a)
i pj_ =ty
i L | I |
pomy 4 M
——  A——
a 4" _axles fG b 4’ _axles
g
4" axles 4" axles .o axles 4 "_axles 4 axles
_- x} - x2 x47m.'es y-J h
g
Q 4 axles O ' axles Q " axie. O axle;
R\'I— R‘(;— : > 4 ! C};’ !
R 9" axles 4% axtes R 4" axles ) 4 "axles R 4" axies
" axles o) 4" axles 23 4" axies 4
o L (1.2) L (2,3) L (3.4) ’
0)
a) 30BHINIHIN BUTIISIT aBTOMOOUTS [129];
0) cxema po3MoJIiTy YMOBHUX Mac 1 Ta i,
Pucynox 2.16 — Po3noiin yMOBHHUX NEPENHbBOI 1 3aIHBOI MaC KOJICHOTO
TPAHCTIOPTHOTO 3ac00Y BITHOCHO MOTO IMEHTPY TSHKIHHS
T103710BKHIO KOOPAMHATY Y, -“"®  posTalryBaHHs MOCTiB YOTHPHBICHOIO

KT3, BIZHOCHO KOOpAMHAT LEHTPY TsDKIHHA (puc. 2.16), MOXHa BHU3HAUYUTHU

BUKOPHUCTOBYIOUH 3QJIEKHOCTI (2.62) — (2.64).

4' axles _ _ 4" axles _ b4'_axles

: (2.62)
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4' axles __ 74' axles 4' axles 4' axles

gales _ i-aes b (2.63)
4' axles __ 14' axles 4' axles 4' axles 4' axles
A =Ly +Lgy + —b, , (2.64)

Bemuuuny y*-“", mo Bxoauth 10 piBHsAHB (2.62) — (2.64) BU3HAYUMO 3

3aeKHOCTI
4' axles 4'_axles _ y4'_axles 4' axles 4'_axles \ _ r4'_axles p4'_axles
4 aves _ o avies _ % R, (23) (st + R ) Loy Ry (2.65)
12 R4'7axles +R4'7axles +R4'7axles :
z2 z3 z4

Koopaunatu a;"f“x’” Ta b;'f“’d“ , BU3HAUYMMO 3 3QJIC)KHOCTEH

L4'7axles . ( R4'27axles + R::';axles + R:A'(wdes) +

' 1,2 y4
a;l_axles — (1,2) SN
(2.66)
4" axles 4 axles 4" axles 4 axles 4 axles
FLS (RES + RGO )+ L5 R
m-g ’
4" axd 4" 4'_axles [ y4'_axles 4" axles 4" axles 4'_axles p4'_axles
e _ (1,—2‘;)‘ R R, (L(z,s) (Rz3 +R; )+L(3,4) R ) (2.67)
g - 4'_axl 4'_axl 4'_axle: :
m-g m-g -(Rzzfaxav +Rz3iaxes +Rz4iaxev)

Koediient posnoiny Baru Mixk TppoMa 3aHIiMU MOCTaMu A; - | A3~

Ta A}, BU3HAYMMO 3 BiIMOBIIHAX 3aJIEKHOCTEN

4' axles 4' axles 4' axles
( Rz 2 + Rz 3 + Rz 4 )

4' axles
Rz 2

(2.68)

14'7 axles __
21 - >
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o ( Rjz'iaxles + R:;axles + R:L'(axles)
Aiades . (2.69)

R 4' axles

' R4'_axles +R4'_axles +R4'_axles
lg:;lxles — ( z2 z3 z4 ) . (270)

4' axles
Rz 4

Jlis I’ ATUBICHOTO aBTOMOOLIS BeNWYMHA KOe(ili€HTa TaJbMyBaHHS MOXeE
OyTH BU3Ha4YeHa 3a 3aJeXHICTIO (2.71), K0 cXxema po3TairyBaHHS HOT0 MOCTIB
BIJIHOCHO KOOpJIMHATH IIEHTpa TSKIHHSA OyJe Takow, SK 300paxeHo Ha

pUCyHKy 2.17.

a)
r=——=77 P. |
| | A \ |
B A
e ey ol
a 5_axles G b 3_axles
& £
y 35 axles
! h
x 3_axles x 5 axles X 5_axles ; axles J}—) 5_axles y35_a.\-]es g
< Q J _axles O 5 _axles O .7 _axles C/ 3 axles O R 5 axles
xd
R 5_axles 5 _axles R 5 _axles R 5 axles R 3 axles
5 axles 5 axles 5 axles B 3 axles
Lu‘ 2) L(? 3) Lra 4) L (4.5)

a) 30BHIIIHIN BUTIIsL aBToMoOLIs [130];
0) cxema po3MnoJIlTy YMOBHUX Mac m; Ta M,
Pucynok 2.17 — Po3nozin yMOBHUX MEPEIHBOI Ta 38 JHbOI MaC KOJICHOTO

TPAHCIIOPTHOTO 3ac00Y BIIHOCHO MOTO MEHTPY TSHKIHHS
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2
beaxles . Z -fiii
g 5 axles 5 axles 5 _axles
i=1 A i (Lg* +X - )

zZ= -

1-h, - f: un

g — A 15_iaxles. (LSg_axles + x.s_aXZes) -

1

Q2.71)

5 I, f n
axles 2
Z

g 5 _axles 5 _axles 5 _axles
n=l1 /1 2 n : (Lg + y )

n

3
[ fi,
5 _axles )

5_axles 5 _axles
2 (L

n

ne az e g b; -« _ BiNNOBIAHO KOOPAMHATH PO3TAIIYBAHHS LEHTPY THKIHHS

KOJIICHOTO TpPaHCIIOPTHOTO 3aco0y BIJIHOCHO YMOBHOI I€peIHbOI Ta YMOBHOI
3aaub0i Bici KT3, Mm;

L~ = g2-*" 4 b?-*" — konicHa 6a3a TPAHCIIOPTHOTO 3aC00Y, M.

5 _axles 5 _axles

[To3m0BXKHI KOOpAMHATH  X; Ta pO3TallyBaHHs MOCTIB

m’stuBicHoro  KT3, BIZHOCHO  KOOpAWMHATH  IEHTPY  HWOro  TSOKIHHS,
MOXKHA BHU3HAQUWTH 3a aHajoriero 3 piBHAIHHR (2.50) — (2.53) 3

3anexHoctei (2.72) — (2.76).

S5_axles _ 75 _axles 5_axles _ _5_axles _ _5_axles
X =Ly + L35 y a, , (2.72)
S_axles _ y5_axles _ S _axles _ _5_axles
X5 =Lsy —y a, > (2.73)
5 axles __ .5 axles 5 axles
noo =y —b,-", (2.74)

5 axles 5 _axles 5 axles 5 axles
Y =Lyt T =b, T, (2.75)
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5_axles b;_axles , (276)

S5 _axles _ 75 axles 5 _axles
3 =Lz +Lis +y

5 _axles

B piBHsHHAX (2.72) — (2.76) Benuuuny y BU3HAYMMO Ha OCHOBI

3aJI€KHOCTI

5 _axles 5 _axles 5_axles |
5_axles __ LS _axles Clg ( RZl + RzZ )

(2,3) 5_axles 5_axles 5 _axles
Rz3 + Rz4 + RzS

5 axles 5 axles 5_axles \ _ y5_axles . 5 axles
_L(3,4) (Rz4 +st ) (4,5) st

5 _axles 5 axles 5 _axles
Rz 3 + Rz 4 + Rz 5

(2.77)

5 _axles T4 bg 5 _axles

Koopaunnaru a, BU3HAYMMO 3 3JICKHOCTEN

S axles S_axles S_axles S_axles S_axles S_axles S_axles
5 ades _ L(z,s) '(Rz3 + Rz4 + st ) + L(3,4) '(Rz4 + st ) +

g

-
5 I 5 1 S _axles S_axles S_axles 5_axles S_axles
L(;;C R N (Rz3 +R;TT + R ) 'L(l,z) R

g g (R R

(2.78)

b

5 _axles S axles S _axles S axles 5 _axles
b= L(2,3) ) (Rzl + R22 ) +L(1,2) ) Rzl

g

(stl—axles + RZSZ_aXleS) . ( LS_axles . ( R254_axles + RZSS_axles) + LS_axles . Rss_axles) (279)

3.4) (4,5) 4
S _axles S _axles 5 _axles
%g-(st‘ +RT+ RS )

4
n

KoedimieHT po3moairy Barm MK IEpeIHIMH, a TaKOX MDK 3aJHIMHU

MOCTaMH BU3HAYUMO 3 BIIIMIOBIIHUX 3aJIE€KHOCTEN

5 axles 5 axles
(Rzl + R22 )

R 2517 axles

5 axles __
/1171 -

: (2.80)
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( RZSFaxles n R:gaxles)

5 _axles
Rz 2

5 _axles __
/11_2 -

: (2.81)

(RS_axles +R5_axles +R5_axles)
3 4 5
Ay =2 - - : (2.82)

5 _axles
Rz 3

RSfaxles +R57axles +R57axles
ﬁ’;:;x[es _ ( z3 z4 z5 ) ’ (2.83)

5 axles
Rz 4

5 _axles 5 axles 5 axles
(Rz3 + Rz4 + RZS )

5 _axles
Rz 5

5_axles
55 = (2.84)
VY pasi, KoM XapakTep po3TallyBaHHS MOCTIB y I SITUBICHOTO aBTOMOOLIS
BIJIpi3Hs€TbCs  (AuB. puc. 2.18) Big Xapakrepy pO3TalllyBaHHS MOCTIB

300pakeHOMy Ha pHUCYHKY 2.17, TO Horo koe(illieHT rajabMyBaHHS MOYKHA

BU3HAYWTH 3a 3aJIe)KHICTIO (2.85).

3
b5'_axles . Z ﬁ,l‘
g 5' axles 5' axles 5' axles
i=1 A 1 (Lg +xl. )
zZ = -

3
S
1_ hg ' Z 5' axles 5! a;les 5' axles
i=1 /11:1. .(Lg_ +xi - )

(2.85)

2
5' axles f‘2 n
+ag - ) 5' axles 5' a;les 5' axles
n=1 2’27n '(Lg7 +yn7 )

- - >

2 f;
- 2
2 5'_axles ( LS ' axles + ySL axles)
g

n=1 2 n n

5

g'—”xl“ Ta b; -1 BINMOBIAHO KOOPIMHATU PO3TAIIYBAHHS LEHTPY TSKIHHS

ac a

KOJICHOTO TPaHCIOPTHOTO 3aco0y, BITHOCHO YMOBHOI MepeaHbOI Ta YMOBHOI

3aaHb01 Bici KT3, m;

L= = g2~ 4+ p>-*" — xonicHa 6a3a TPAHCIIOPTHOTO 3aC00Y, M.

4 4
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X 3" axles [#) 3"_axles b 5" axles
! £ g
x 5 axles x 3 axles x 5 axles 5 aies 5 "_axles 5 ' axles
_ 2
R 3" axles 5 "_axies R 5" axles 5 ' axles .5 " axles
wf
R 3" axles R 3" axles 5 " axles 5 " axles R 3" axles
zl L 5" axles 22 L 5" axles 23 L 5" axles 24 L 5" axles
(1.2) {2.3) (3.4) (4,3)

0)
a) 30BHIITHIN BUTIsLT aBToMobits [130];
0) cxema po3MoJIiTy YMOBHUX Mac 1 Ta m,
Pucynok 2.18 — Po3noain yMOBHUX MEPEIHBOI Ta 3aJHbOT MaC KOJIICHOTO

TPAHCTIOPTHOTO 3ac00Y BITHOCHO MOTO IEHTPY TSHKIHHS

5' axles 5' axles

[To3moBXKHI KOOPAMHATH X, - Ta Y- po3TalryBaHHs MOCTIB

1

n’situBicHOro KT3 BIAHOCHO KOOpAMHAT HEHTPY HOro TSDKIHHA, Y TAKOMY pasi Ajs
cxemu 300paxeHii Ha pUCYHKY 2.18 BU3HAUUMO 32 3aJIKHOCTSIMU

5' axles 5' axles 5' axles 5' axles 5" axles 5" axles
- =L+ Lsy - A L5 Y —a, , (2.86)

5' axles 5' axles 5' axles 5' axles 5' axles
2 =Lsy +Lsy -V —da ) (2.87)
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x35'7axles _ Li;i‘(:;cles B ysgaxzes _ a;',axles ’ (2.88)

yls;axles _ ys;axzes . bgs;axzes , (2_89)

y;'ﬁaxles _ Li(,;l;[es n ys;axles _ bz’;axles , (2_9())
5" axles

Benmuuuny y s e stuicHoro KT3 (muB. puc. 2.18), BU3HaAUMMO 3

3aJIeKHOCTI
5' axles 5' axles 5' axles 5' axles \ _ y5'_axles p5' axles
5" axles __ LS'iaxles _ ag ' (RZ] + RZZ + RZ3 ) L(4»5) RZ5 2 91
y T H2) R5'_axles + RS'_axles ( : )
z4 z5

5' axles

Koopnnnatu a,

Ta b~ mwarusicnoro KT3 300paxeHoro Ha

pucyHKy 2.18, BH3HauMMO 3 3ajexHOCTI (2.92) Ta (2.93) BiANOBIIHO.

5" axles S' axles S' axles 5' axles  pS'_axles
5" ades L(3,4) '(Rz4 +st )+L(4,5) st

- +

g m-g
(2.92)

S' axles S' axles 5" axles S' axles S' axles 5" axles S' axles

(Rz4 + st ) ) (L(2,3) ) (Rzl + Rz2 ) + L(1,2) ) Rzl )
I 1 ' ' 9
m- g ( RZwada + RZSEaxles + RZS37axlav)
5" axles S' axles S' axles S' axles 5" axles S' axles S' axles
o L (R R 4+ R )+ L (R + R )+
b,~"" = —

(2.93)

5" axles 5" axles 5" axles 5" axles 5" axles \ y5'_axles pS'_axles
+L(1f2) 'Rzl_ +(Rzl +Rz2 +Rz3 ) L(4,5) st

g g (R 4 )
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Koeoimient posmoaily Barm MDK MEpPEAHIMH, a TaKOX MDK 3aJHIMH

MOCTaMHM BHU3HAYHUMO 3 BiI[HOBi,Z[HI/IX 3aJIC)KHOCTEM

A == : (2.94)

R 5' axles

5' axles 5" axles 5' axles
(R + R 4+ R )

z1

(RS'iaxles +R5'7axles +R5'7axles)

5 axles z1 z2 z3

Jo-les _ , : (2.95)
1.2 RSfaxles

z2

5' axles 5' axles 5' axles
5' axles _ (Rzl + RzZ + R23 )
J5-mdles , : (2.96)
1.3 RS ' axles
z3

' RS‘iaxles + RS'iaxles
ﬂv;:fﬂes _ ( z4 z5 )’ (297)

5' axles
Rz 4

5' axles 5' axles
( Rz 4 + Rz 5 )

5 _axles
RZS

(2.98)

5" axles __
12_2 -

Bennuuna koeditienTa rameMyBaHHS il 1ectuBicHoro KT3 moke Oytu
BU3HAYEHA 32 3AJICXKHICTIO (2.99), K0 cXxeMa po3TallyBaHHs HOro MOCTIB BIJHOCHO

KOOpJIMHATH LIEHTPA TSKIHHS BIAMOBIIATUME CXEMI, 1110 300paskeHa Ha pUCYHKY 2.19.

3
b67axles . fllii
g 6 _axles 6 _axles 6 _axles
i=1 2171. (Lg +xl. )
z = -
3
1-h, - Ji -
g P /1 167iaxles‘ (L6giaxles + xiéiaxles )
(2.99)
3
+a6_axles . Z f‘27n
g /1 6 _axles L6_axles + 6 _axles
N n=l 2 n g yn

3
-| 2 =
6 _axles 6 _axles 6 _axles
A . (Lg +, )

n=l 2. n

e ag—‘”‘les Ta b;—”x’es — BIJMOBIAHO KOOPJIWHATH PO3TAITYBAHHS HEHTPY TSKIHHS

KOJIICHOTO TPaHCHOPTHOTO 3aco0y BIJIHOCHO YMOBHOI MepeIHbOI Ta YMOBHOI
3anHbO1 Bici KT3, M;

L6g* axles — 6 axles + b; _axles

. — KoJticHa 0a3a TpaHCIOPTHOTO 3aco0y, M.
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0 _axles a 6 _axies G b 6_axles O_axles
xi £ g y3
6_axles| 6_axles il 6_axles 6 axles 6 _uxles
- H 6 axle E N
X, X, X 6 axles y Y Y
R 6 axies 0_axles R ‘f-“‘“‘e‘” 6_axles 6_axies R 0_axles
xl x2 X3 x4 x5 16
R 6_axles R 6 _axles R 6 axley R 6 axles R 6 avles R 6 avles
a L 6 axles 2 L 6 axles 23 L 6 axles e [ 6_axles 7y [ 6_axles 26
(L2} (2.3 (5.4) 4 (4,5) - (5.6)

a) 30BHIIIHIN BUTIsA aBToMoOU1s [130];

0) cxema po3MoIiTy YMOBHUX Mac m; Ta m;

Pucynox 2.19 — Po3nosin yMOBHUX TIEpEIHBOI Ta 33 JHHOT Mac KOJICHOTO

TPAHCIIOPTHOTO 3aC00Y BIIHOCHO MOT0 LIEHTPY TXKIHHS

6 axles

[To310BKHI KOOpAMHATH X,

6 _axles

Ta y;

, K 1 B TIOTIEPEHIX CXEMaXx, IO

posrisaanucs, BusHauyuMo Juis mectuBicHoro KT3 (puc. 2.19), BukopucroByroun

3anexxHocti (2.100) — (2.105).

1

(1.2)

(2.3)

x67axles — L67axles +L67axles +L?§z;cles

6_axles

6 _axles
g

b

(2.100)
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xS — L?Z_’g;des + L?izgczes _ e _ az_axles , (2.101)

x;)iaxles _ L?igles _ yoaes _ ag,axles ’ (2.102)

y167axles _ yf-ades _ b;,’*ax[es ’ (2.103)

yS-ases _ L?“_’g;cles Ly _ b;_axles’ (2.104)

yS-aes L?Lig;des + L?Sig;cles J yboaes _ b;faxles - (2.105)
6_axles

Bemnunny y , 1 mwectuBicHoro KT3 (auB. puc. 2.19), Bu3Hauumo 3

3JIEKHOCTI

6 _axles 6 _axles 6_axles 6_axles |
6_axles __ L6_axles Clg (RZl + RZZ + Rz3 )

X R647axles +R67axles +R67axles -
z z5 z6

(2.106)
6 _axles 6 _axles 6 _axles 6 _axles 6 _axles
_L(4,5) ' (st +R ) - L(5,6) ‘R
6 _axles 6 _axles 6 _axles ?
Rz4 + R25 + Rz6
a KOOP/IMHATH azf‘”"“ Ta bgf‘”"“ BU3HAYKMO 3 3aJIC)KHOCTEH
6_axles 6 _axles 6 _axles 6 _axles 6_axles 6 _axles 6_axles
6 axles L(3,4) ) (Rz4 +R; +R; ) + L(4,5) ) (st +R; ) +
a - = -
6 _axles 6 axles 6_axles 6 _axles 6_axles
L2 RS (RS + RS + R )
N (2.107)

m- g m- g X (RZ6]7axles +RZ6£axles +RZ6§axlm)

6_axles 6 _axles 6_axles 6_axles 6 _axles
><(14(2,3) ’ (Rzl + Rzz ) + L(1,2) ) Rzl )

6 _axles 6 _axles 6 _axles
m- g ) (sz + sz + Rz§ )

b
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6_axles 6 _axles 6 _axles 6_axles 6_axles 6_axles 6 _axles
b = L(3,4) ’ (Rzl + Rzz + Rz3 ) +L(2,3) ) (Rzl + Rzz ) + N

g mg

+ L?I*;)xles . Rzél’wdes ( Rf]ﬁaxles + ngaxles + ngaxlev) %
’ +

mg mg(Rzéz‘_axles +RZ65_uxZes +RZ66_axles)

(2.108)

X( L6_axles . ( RZ65_axles + RZ66_axles) + L6_axles . R66_axles)

(4.5) (5,6) z
6 _axles 6 _axles 6 _axles
m-g-(Rzz +RSTT ARy )

KoeoimienT posmoaily Barm MK MEPEAHIMH, a TaKOX MDK 3aJHIMH

MOCTaMH BHU3HAYHUMO 3 BiIIHOBiI[HI/IX 3aJICKHOCTEM

6 _axles 6 _axles 6 _axles
l67axles _ (RZ] + Rzz + RZ3 )
11 -

e , (2.109)
26— — (RE + i:z Z +RE) | (2.110)
o e _ (RE“ + i:jz +RE) | .111)
A (RE™ + iizj +RG) | (2.112)
. (RS 1 REs o 4 RS, s ) o113

R 265 axles

Ré_axles +R6_axles +R6_axles
/13_;“’“:( “ > “ ) (2.114)

6 _axles
Rz 6
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TakuMm uYwHOM, aHaNi3 TEOPETHYHHUX JOCHTIKEHb, IIOAO BU3HAYCHHS
BenuunHM yrnoButbHeHHS KT3, mokasas, 110 yImoBIIbHEHHS TPAHCIIOPTHOTO 3aC00y
3JICKUTh HE TIIBKH BiJI BEJIMYMHH PEATI30BAHOTO 3YEIICHHS, IO Peali3yeThCs
MK IHMHOK (TTOJABIWHUMHU IIMHAMH) Ta MOBEPXHEIO JTOPOKHBOTO MOKPUTTS, a U
BiJl KOOPJAWHAT PO3TalTyBaHHS MEHTPY TsHKIHHS TPAHCIOPTHOTO 3ac00y BiTHOCHO

WOro MOCTIB.

BucHoBku 1o posainy 2

1. Bukonane TeopeTHuHe AOCTIHKEHHS XapaKkTepy B3a€MO/IIi 3IBOEHOTO
aBTOMOOIIBHOTO KoOJieca 3 TOBEPXHEI0 JOPOKHBOTO MOKPHUTTS MOKa3ajo, o
BEJIMYMHA CWJIA PEalTi30BaHOTO 3YEIJIEHHS MDK IIMHAMU TakKoro KoJjieca Ta
MOBEPXHEIO JOPOKHBOTO TOKPHUTTS 3aJCKHUTh BiJl XapakTepy 3MIHH CEpeIHBOT
KyTOBOI OPCTKOCTI IIHH. [Ipr HasBHOCTI pi3HULI MK BIJICTAaHSAMM, 110 MOB’sI3aH1
3 BICCIO CHMMETpIi KoJieca Ta BICCIO CUMETpIi BIJMOBIAHOI IIIMHU, CIIOCTEPITAETHCS
3MEHIICHHS] CEPEIHbOI KYTOBOI OPCTKOCTI IMWH KOJIC, SKI MalTh I1HIIY HIX
OJIMHApHE OIIMHYBAHHS, IIPU 3MCHIIICHHI TUCKY B OJHIH 3 IITMH TaKOTO KoJeca.

2. BukoHane TeopeTH4HE AOCHIIKEHHSI XapaKTepy BIUIMBY CEpeIHbO1
KPYTWJIBHOI JKOPCTKOCTI IIMH KOJIC, SIKI MarTh HE OJMHApHE OIIMHYBaHHS,
MOKa3ajao, M0 BEJIMYMHA CEPEAHBOI KOPCTKOCTI IIMH TaKUX KOJIC HE JIHIMHO
BIUTMBA€ Ha 3YilIHI BJIACTUBOCTI Mapu TEPTH «UIMHA-TIOBEPXHS JIOPOKHBOTO
MOKPUTTS» BHACIIJOK TOBHOI peaiizaiii KyTa 3aKpydyyBaHHS IIMHU BiJHOCHO
MOBEPXHI TOPOKHBOTO TTOKPHUTTSI.

3. AHai3 xapakTepy 3MIiHU KPYTHUJIBHOI )KOPCTKOCTI IIUHM BiJl BarOBUX
napamMeTpiB TPaHCIOPTHOro 3acol0y TmokaszaB, Mmoo 30uibieHHs wMacu KT3
NPU3BOAUTL IO 3HIKCHHS 3YIMHUX BJIACTUBOCTEH WOTrO IMHMH, a OTXE 1 JI0
3HIDKCHHSI BEJIMYMHHM YTOBUIBHEHHS. 3MEHILIEHHS Macu TPAaHCIOPTHOTO 3aco0y

HaBMaKW IIJBHIINYE 3YiMHI BJIACTUBOCTI MIK IIMHOI Ta MOBEPXHEIO JOPOKHBOTO
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MOKPUTTS, IO BIAMOBIJHO MMO3WTHBHO BIUIMBA€ Ha €()DEKTUBHICTh TaIbMyBaHHS
TPAHCHOPTHOTO 3ac00y, OCKIIBKA MOTO YNMOBUIBHEHHSI 3pOCTaTUME IPOIOPIIIHO
3HIDKEHHIO Bard aBTOMOOLIS.

4. Teopernunuii  aHamiz  AUHAMIKKM  TajJbMyBaHHS  0araToBICHUX
TPAHCIIOPTHUX 3ac001B, SKi OOJIANHYIOTHCA 3BOEHUMH aBTOMOOUILHUMHU
KOJIecaMH TMOKa3aB, 10 Ha BEJIMUMHY yNoBUIbHEHHS Takoro KT3 okpim BennunHu
peasi3oBaHOTO 3YEIUICHHS, 10 peali3yeThCsl MDK IIMHOIO Ta TOBEPXHEIO
JOPOKHBOTO TIOKPUTTS BJIMBAE TaKOX XapaKTep PpO3MOMITY Baru MiX OCAMHU
aBTOMOOLJII,  TOMY  HEXTyBaHHS  BaroBO-T€OMETPUYHUMHU  MapaMeTpaMu
TPAHCIIOPTHOTO 3aco0y, HAMPHUKIAA MiJ Yac JOCTIIKEHHS 0OCTaBUH IOPOKHBO-
TPAHCIIOPTHOT MOJIi1, MOXKe MPU3BECTH 0 TOMUIKOBUX PE3YJIbTATIB.

5. KoedimieHT raabMyBaHHS KOJICHOTO TPaHCIOPTHOTO 3aco0y, He
3aJIe)KHO BiJ KUTBKOCTI OCell BCTAHOBJICHHX HAa HbOMY, MOXe OyTH BHU3HAUCHMI
pPO3paxyHKOBHM IIIJISIXOM Ha OCHOBI PO3MOJLITY MacH aBTOMOOUISI MiX HOro
NepeiHiMU Ta 3aJHIMU OCSIMH B CTaTMYHOMY CTaHl, IUIAXOM 3Ba)KyBaHHS

BiamoBigHUX oceit KT3 Ha BaroBUMiproBaJIbHOMY KOMILICKCI.

OcHOBHI pe3ynbTaTH JOCHIDKCHHS 3 JIAaHOTO PO3JAUTY OIyOJIIKOBaHI B

HayKOBUX poborax [1-3, 5-9, 11-13].
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PO3JILI 3

TEOPETHUYHI JOC/IIKEHHA PEAJII3OBAHOI'O 34YEIIJIEHHA
IHIUH 3/IBO€EHUX KOJIIC TPAHCIIOPTHOI'O 3ACOBY
B PEXXUMI I'AJIbMYBAHHA

besneka mopoXHBOTO pyXy B 3HAYHIM Mipi 3aJIEKUThH BiJl JOPOKHIX yMOB
eKCIUTyaTallii aBTOMOOLIS Ta BiJi aBTOMOOUTPHUX IITMH BCTAaHOBJEHHUX Ha HOTO
KOJIECaX, TOMY BiJ MOJICITIOBAHHS MapH «IIMHA-TIOBEPXHS JOPOKHBOTO MOKPHUTTSD)
3ane)XaTiMe HE TIJIbKM TMPaBWIbHICTh BHU3HAYEHHSA €(EKTUBHOCTI TaJbMyBaHHS

aBTOMOOL1JIs1, a ¥ pe3ybTaT aBTOTEXHIYHOI €KCIIEPTU3H B €KCTIIEPTHIN MPAKTHII.

3.1 Buxigni gaHi st MOJEJIOBAHHSI PYXY KOJIICHHX TPAHCHOPTHHX

3ac00iB 3 MOABIMHMM Ta OJMHAPHUM OLIMHYBAHHAM IX KOJIiC

AHaJi3 HayKOBO-T€XHIYHOI Ta JI0BITHUKOBOI JiTepaTypu [111-128] mokasas,
10 KOJIICHI TPaHCHOPTHI 3aCO0M, Y TOMY YHKCJI1 31 3ABOEHUM OIIMHYBAHHSIM KOJIIC,
MOKYTh MaTH P13HY KOMIIOHYBaJIbHY CXE€MY pO3TallyBaHHS MOCTIB OJIUH B1JIHOCHO

onHoro (puc. 3.1).

7
=R o 88 o 888 o83
Lo ? Lo @? LS ?T? O S ?T%
=l o s T2 o888 P PS8

2 22 12 B2 2o 89 PP Ses
L ;

: ] N

> B P =Bo e B85 P 85

Pucynkok 3.1 — Jlesiki KOMIOHYBaIbHI CXEMH pO3TallyBaHHS MOCTIB, SIKi

BUKOPUCTOBYIOTHCS Ha KOJICHUX TPAHCIIOPTHHUX 3aco0ax
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Jlnisa MmoaentoBaHHs €()eKTUBHOCTI TaJIbMyBaHHS IBOBICHOTO TPAHCIIOPTHOTO
3ac00y BHUKOPHCTAaEMO MOr0 BaroBo-reoMeTpuyHi mapamerpu (tabmn. 3.1 Ta
Tabmn. 3.2), € JoBiAHUKOBMMH Janumu [111-115].

SIK1 st MoaentoBaHHS

€(eKTUBHOCTI TaJbMyBaHHS TPHUBICHOTO KOJIICHOTO TPAHCIOPTHOTO 3aco0y
BUKOPHUCTAEMO BIJAMOBIAHI HOro BaroBO-reOMETPUYHI MapaMeTpy HaBEICHI B

tabmuii 3.3 ta Tabmumi 3.4. [111 — 114, 116 —118].

Tabnuysa 3.1

Barosi napamMeTpu ABOBICHOI0 KOJIICHOT0 TPAHCIIOPTHOIO 3aC00Y

Hassa [ToBHa |[Pi3HUI MIX OcsIMU
No KT3 KommnonoBka | maca | KT3 B 3anexHocTi p p
3/m | (Mapka, oceit KT3 KT3, BiJl HOTO =1 K =2 K
MOJEJIb) (xr) MoaudiKallii, MM
4x2 1 11
1O (oxemana | 18600 | Loy 2700 | 7100 | 1109
puc. 2.13 6) 3800 7100 | 11500
4x2
2 | 31JI4331 | (cxemana | 12000 | Ly 3300 4000 8000
puc. 2.13 6)
4x2
3 21;461330 (cxema Ha 9500 Lo 4200 3200 6300
puc. 2.13 6)
DAF 4x2
4 XF.95 (cxemana | 18000 | Ly 3600 6000 | 12000
430 puc. 2.13 6)
Mercedes 4x2
5 Atego (cxemaHa | 16600 | L 3860 6100 | 10500
1626 A | puc. 2.13 6)
Tabnuys 3.2
I'eomeTpuyHi mapaMeTpu ABOBICHOI0 KOJIICHOT0 TPAHCIIOPTHOIO 3aC00y
Ne Haspa KT3 Kommnonoska oceit KT3 L 2), MM
3/m (Mapka, MOJIEIIh) :
1 Volvo LNG 4x2 (cxema Ha puc. 2.13 6) 3700 - 3800
2 31J1 4331 4x2 (cxema Ha puc. 2.13 6) 3300
3 MA3 256200 4x2 (cxema Ha puc. 2.13 06) 4200
4 DAF XF.95 430 4x2 (cxema Ha puc. 2.13 0) 3600
5 | Mercedes Atego 16264 4x2 (cxema Ha puc. 2.13 0) 3860
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Tabnuys 3.3

Barosi mapamMeTpu TPHMBICHOI0 KOJIICHOI'0 TPAHCIIOPTHOI'O 32C00y

Pi3aunis Mk

Hasga [ToBHa |ocsmu KT3 B
Ne KT3 KommioHOBK | Maca | 3aJ€XHOCTI P P P
3/m | (mapka, | aoceit KT3 | KT3, Bif #foro 2 K| B2, KO Bz K
MOJIETIB) (xr) | Mmogudikanmii,
MM
6x2 (2 Ta3 3000 | 8000 | 9500 | 9500
Volvo | 6amancupHH 3200 | 8000 | 9500 | 9500

1 | FM13 | iiBisox) | 26000 | Lqa | 3400 | 8000 | 9500 | 9500
I3CB | (cxemaHa 3900 | 8000 | 9500 | 9500

puc. 2.14 6)
3000 | 7100 | 7500 | 11500

Volvo 6x2
3200 | 7100 | 7500 | 11500
2 FM 11 (CXCMa Ha 26100 L(1,2) 3400 7100 7500 11500

TTIHA | puc. 2.146) 3900 | 7100 | 7500 | 11500

Volvo 6x2 2580 | 7100 | 7500 | 11500
3 FM 13 (cxemaHa | 26100 | L2
PT3HA | puc. 2.14 6) 2780 | 7100 | 7500 | 11500
6x6 (2Ta3

KAMAZ | 6anancupHu
4 43114- H1 BI30K) 15420 | Layo) | 3690 | 5490 | 4965 | 4965

02 (cxema Ha
puc. 2.14 6)
6x4 (2Ta3
OalaHcCUpHU
50| RAMAZ T dimison) | 19355 | Loy | 3690 | 4235 | 7560 | 7560
(cxeMa Ha
puc. 2.14 0)
Volvo 6x2 2780 | 7100 | 4500 | 11500
6 FM11 (CXCMa Ha 23100 L(1,2)
PTILA | puc. 2.14 6) 2980 | 7100 | 4500 | 11500

OcoOaMBOCTSMU KOHCTYKIIIT MIJIBICOK TPAHCTIOPTHUX 3aCO01B TT1]] HOMEPAMHU
2, 3 Ta 6 B Tabmumi 3.3 € Te, M0 BOHM HE IMO€THAHI y OaJlaHCUPHUHN BI30K 3a
paxyHOK BUKOPHCTAHHS CHCTEMH HE3aJeKHOTO MTHEBMATHYHOTO iAPECOPIOBAHHS
MocTiB. Cliji TakoXK 3a3HA4yuTH, 1m0 aBTomMoOuT Volvo FM 11 PT1LA [116]
(Homep 6 y Tab6u. 3.3) oOnagHAHO OJMHAPHUMH KOJIECaMW Ha JPYTid BicCi, IO
MaoTh MeHud Ha 30% pazaiyc KoJiic, aHDXK KoJjieca NEpIoi Ta TPEeThOi MOro

BICEH.
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HaBanTtaxxeHHss Ha BiCh, II0 Ma€ MEHIIHA PaJiyC KOJIC, PETYITIOETHCS

CHCTEMOIO IMHEBMATUYHOIO IMiJIPECOPIOBAHHS B aBTOMAaTHYHOMY pexumi. Jlis

MOACIIIOBAHHA

e(heKTUBHOCTI

raJIbMyBaHH:A

YOTUPHUBICHOTO

KOJIICHOTO

TPAHCIIOPTHOTO 3ac00y, SK 1 B MOMEpPEIHIX PO3CyAax, BUKOPUCTAEMO BiJIIOBIIHI

BaroBO-r€OMETPUYHI TMapaMeTpu aBTomMoOuIs (tabm. 3.5 Tta Tabm. 3.6), mo €

JTOBITHUKOBUMH JaHuMU [121 — 126]. OmmHyBaHHS KOJIC TaKUX TPAHCIOPTHHUX

3ac001B IPUIHATO y BIAMOBIIHOCTI J10 Tabsmil 3.7.

Tabnuys 3.4
I'eomeTpu4HiI MapaMeTpH TPUBICHOT0 KOJIiICHOT0 TPAHCIOPTHOIO 3aC00y
Ne Hassa KT3 Kommnonoska oceit KT3 L(] 2), MM L(2 3), MM
3/m | (Mapka, MOJIETIh) ’ ’
Volvo FM 13 6x2 (2 Ta 3 6alaHcUpHUN
! T3CB Bi30K) (cxema Ha puc. 2.14 6) 3000-3900 ) 1370
Volvo FM 11 6x2
2 TT1HA (cxema Ha puc. 2.14 0) 3000 - 3900 1370
Volvo FM 13 6x2
3 PT3HA (cxema Ha puc. 2.14 0) 2580 - 2780 1320
KAMAZ 6x6 (2 Ta 3 GanmaHCUpHUU
4 43114-02 Bi30K) (cxeMa Ha puc. 2.14 6) 3690 1320
5 | KaMazs3ais | Ox4 (2 71a3 danaucuprui 3690 1320
Bi30K) (cxeMa Ha puc. 2.14 0)
Volvo FM 11 6x2
6 PT1LA (cxema Ha puc. 2.14 6) 2780 - 2980 1020
Tabauys 3.5

Barosi napamMeTpn 40THPHUBICHOT0 KOJIICHOT0 TPAHCIIOPTHOIO 32C00y

Pizaumng mix
Hazga ocamu KT3 B
Ne KT3 KoMmoHOBKa | 3a1€KHOCTI
3/m | (Mapka, Biceit KT3 B1J1 HlOTO Pep, KO | Pog, KE | Peg, KT | Py KT
MO/IEIIb ) Moupikariii,
MM
1 2 4 5 6 7 8 9
3700 | 8000 | 8660 | 8660 | 6680
Volvo 3900 | 8140 | 8610 | 8610 | 6640
FM 13 8x4 4100 | 8280 | 8560 | 8560 | 6600
1 Rigid - (cxema Ha Lay | 4300 | 8430 | 8510 | 8510 | 6550
Tag puc. 2.16 6) 4600 | 8570 | 8460 | 8460 | 6510
Tridem 4900 | 8710 | 8410 | 8410 | 6470
5200 | 8850 | 8360 | 8360 | 6430
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3akinuenus mabn. 3.5

1 2 3 4 6 7 8 9
Volvo 2980 | 4350 | 6670 | 8665 | 8665
FM 11 2 3280 | 4390 | 6660 | 8650 | 8650
5 Rigid - (cxema Ha I 3580 | 4420 | 6650 | 8640 | 8640
Pusher | ¢ 5) (1213780 | 4470 | 6640 | 8620 | 8620
Axle pHc. = 3980 | 4500 | 6630 | 8610 | 8610
Tridem 4280 | 4550 | 6610 | 8595 | 8595
Volvo
M 3105 | 6497 | 6503 | 9500 | 9500
Platform 8x4 3605 | 6372 | 6378 | 9625 | 9625
3 | -Rear (cxemaHa | L(23
Air puc. 2.15 6) 4005 | 6247 | 6253 | 9750 | 9750
S )
et 4405 | 6122 | 6128 | 9875 | 9875
Tabauys 3.6
I'eomMeTpr4Hi MapaMeTpH YOTHPHUBICHOTO KOJIICHOTO TPAHCIIOPTHOI0 3aC00y
Ne Haszsa KT3 KomrmonoBka I MM I wt | L VM
3/m | (Mapka, MOJIEIb) oceit KT3 (1.2)> (2.3) (34)
Volvo FM 13 8x4 (cxema Ha
1 Rigid - Tag 3700 - 5200 1370 1380
: puc. 2.16 0)
Tridem
Volvo FM 11 8x4 (cxeMa Ha
2 Rigid - Pusher e 2.16 6) 2980 - 4280 1320 1370
Axle Tridem pHC. 2.
Volvo FM 11
Platform - 8x4 (cxema Ha
3 Rear Air pic. 2.15 6) 1995 3105-4405 1370
Suspension

[Tlinm wac w™oxpemoBaHHS €(EKTUBHOCTI

raJlbMyBaHHS YOTHUPHUBICHOTO

TPAHCIOPTHOTO 3acO0y BpaxyBaHHs OCOOMJIBOCTEH pO3TalllyBaHHS MEPIIOi, APYToi

Ta TPEThOi BICI TPAHCHMOPTHOTO 3aco0y BITHOCHO OJHA OAHOI (Tabm. 3.5 Ta

Tab. 3.6), AK 1 0COOMMBOCTI MEPEPO3MOITY Bard MK ITUMHU BICSAMH, JTO3BOJIUIIO

OLIIHUTH

iX BIUIMB Ha Xapakrep peajizaril

3YIIIHUX BJIACTUBOCTEH MIXK

OJWMHApHHMH Ta 3ABOCHHUMH IIHMHAMH aBTOMOOUIBLHOTO KoOJjeca Ta ITOBCPXHCHO

HOPOKHBOTO ITOKPUTTA.




97

Tabnuys 3.7
OmurHyBaHHA Bicel YOTHPHBICHOI0 KOJIICHOI'0 TPAHCIIOPTHOIO 3aC00y
Ne Hasga KT3 Komnonosk OmuHyBaHHS KOJIEC BiCl
3/m| (mapka, mogens) | aBiced KT3 | mepma apyra | TpeTs | uyeTBepra
Volvo FM 13 8x4
1 Rigid - Tag (cxema Ha |oAMHApHA| 3/IBOEHA |3JBOEHA | OIMHAPHA
Tridem puc. 2.16 6)
Volvo FM 11 8x4
2 Rigid - Pusher (cxema Ha |OAMHApHA |OJJMHAPHA |3[IBOEHA | 3ABOEHA
Axle Tridem puc. 2.16 0)
Volvo FM 11 8x4
3 | Platform - Rear (cxema Ha |oAMHApHA |OJJMHAPHA | 3][BOEHA | 37BOEHA
Air Suspension | puc. 2.15 0)
Omke, I BU3HAUYCHHA C(QEKTHBHOCTI TaJbMyBaHHS  BaHTaKHUX
TPAHCIOPTHUX 3aco0iB, fAKI MAalOTh OJWHApPHE Ta TOJBIfHE OIIMHYBaHHS

aBTOMOOUILHHUX KOIJIIC,

BU3HAYUMO BEJIMYHHY KPYTHUJIBHOI IKOPCTOCTI IIMH

BCTAHOBJICHUX HA KoOJieCa TaKUX TPAHCIOPTHUX 3ac00iB 3a 3ayexHicTio (2.9) 3
ypaxyBaHHAM 3anexxknoctedt (2.11), (2.12) ta (2.15), a ang iHIIUX BUMAIKIB 3
ypaxyBaHHSM BIANOBIIHUX 3aliekHOCTEH (2.16), (2.17), (2.19), abo (2.22), (2.23),
(2.25), abo (2.28), (2.29), (2.31).

3.2 MogeqoBaHHA XapaKTepy 3MIHM KPYTHJIBHOI KOPCTKOCTI LIMH Bij

KIJIBKOCTI IIIHH BCTAHOBJICHUX HA AaBTOMOOLJIbHE KO0JIeCO

Pe3ynbpTaT MOJEIIOBAHHS XapakTepy 3MIHU KPYTUIBHOI KOPCTKOCTI IIMHU

3a  3anexHicTio (1.10) moka3zyroTh, MmO 31 30UIBIICHHSM  HOPMAaJIbHOI

(BepTuKayibHOI) peakuii (R,), AKa Jl€ y IUIsAMI KOHTaKTy IIMHU 3 JOPOKHIM
MOKPUTTSAM, TPOSBISETbCS OLbIa HETIHIMHICT KPYTHJIBHOT YKOPCTKOCTI
(muB. puc. 3.2) mpu R, > 20000 H, anix npu BepTUKanbHUX peakiisx R, < 20000 H.
AHani3yr4n BIUTMB TUCKY B IIMHI Ha KPYTHJIBHY JKOPCTKICTh ITUHH, 3 PUCYHKY 3.2
MO’KHA TTOOAYMTH, IO 13 30UTBIIEHHSIM HOpMaibHOI peakuii (R;), sSika i€ B IUIsAMI
KOHTAKTy IIWHU 3 JOPOXKHIM MOKPHUTTSAM, IPOSBISAETHCS CYyTTEBA HEIIHIHHICTh IPU

3MEHILEHHI TUCKY B MHeBMaTU4HiH muHi 3 0,6 MlIla no 0,1 MlTa.
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Pucynok 3.2 — MopentoBaHHS XapaKkTepy 3MIHH KPYTHIBHOT JKOPCTKOCTI

ey Koseca 11.00 R20 3 oguHapHUM OLIMHYBaHHSM B 3aJI€KHOCTI
B1Jl TUCKY B IIUHI (p,;) Ta HOpMaNIbHOI peakiiii (R,), sKa i€

B IUISIMI KOHTAKTY IIMHU 3 JOPOKHIM MOKPUTTAM

3 pucyHKy 3.2 MOXKHA TaKOXX M00aunTH, 0 MpH THcKax B mmHI Big 0,4 MIla
no 0,6 MIla kpyTwibHa >KOPCTKICTh IMHEBMATHYHOI IMUHU KoOJieca 3 OJUHAPHUM
OIIMHYBAHHIM 3MIHIOEThCS B He3HayHOMY pianaszoHi Big 2500 mo 3000 H-m/rpan
I1J] 9ac 3MiHU HOpMaJIbHO1 peakiiii (R,) B aianmaszoHi Bia 25000 mo 40000 H.

MopentoBaHHs ~ XapakTepy 3MIHM  HOPMAJIbHOI  KOPCTKOCTI  IIWHU
(muB. puc. 3.3) 3a 3anexHIcTIO (2.32) mokazano, 10 pe3yabTaTh MOJICIIOBAHHS, B
INIMPOKOMY JIiala3oHi 3MIHM THUCKY B IIIMHI Ta HOPMAaJbHOI peakilii B IUIsIMI
KOHTaKTy IIWHA 3 TIOBEPXEI JOPOKHBOTO TMOKPUTTS, HE CymepeyaTh
EKCIIEPUMEHTAIbHUM  JIOCHIDKEHHSIM ~ HaBeJeHUM B poOoTi  [79], Tomy
BUKOPUCTAHHS 3aJIe’KHOCTI (2.32) € AOLUIBHUM MPU BU3HAYEHHI BIJICTaHEH y, V| Ta
v, (muB. puc. 2.4, puc. 2.8 — puc. 2.10) ayisg KoJic, Kl MalOTh MMOJBIMHE, MOTPIHHE

ab0 YeTBEpHE OLIMHYBaHHSI.
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Pucynok 3.3 — MoaenioBaHHs XxapakTepy 3MiHM HOPMaJIbHOI JKOPCTKOCTI
muHU KoJieca 11.00 R20 3 oquHapHUM ONTHHYBAHHSAM B 3aJI€KHOCTI
BiJl TUCKY B Hil (py;) Ta HOpMaNbHOI peakii (R;) , sika i€

B IUISIM1 KOHTAKTY IIMHU 3 JOPOKHIM MOKPUTTAM

. . : ity
PesysibraTi MOJICIIFOBaHHS XapaKTepy 3MiHH KpyTUIbHOI xkopeTkocTi (C,

muH 3ABoeHOr0 Kosieca 11.00 R20 3a 3amexHictio (2.9), 3 ypaxyBaHHAM 3MiHU

HOpMaJIbHO1 KOpcTKOCTI (C,;) KOXHOI IIMHU 3a 3ajexHicTio (2.32) Ta

BPAXyBaHHSAM 3MIHM KpPYyTHJIBHOI »kopcTkocTi (C.') KOXHOI IIMHU KoJjeca 3

MO/BIHHAM OIIMHYBAHHSM, IOKa3yIOTh, W0 KPYTHJIbHA KOPCTKicTh C[  IIHH

TaKOro KoJjeca HeNlHIMHO 3MeHInyeThes (nuB. puc. 3.4) Ha 17 % y pa3l 3HUKEHHA
TUCKY B OJHIH 3 IIMH KoJeca (JIiBiit abo mpasiif) i maibke 100 %-My HaBaHTa)XKeHHI
IITMHU 3IBOEHOTO KOJieca B SIKOMY 30epiraeThcs TUCK Ha piBHI He HUXKYe 0,6 MITa.

VY pa3i 0JHOYACHOTO 3HM>KEHHS TUCKY B 000X LIMHAX, KPYTUIIbHA XKOPCKICTh

C,,, 3MCHINYThEThCS Ha 33 % TpH HE3MIHHOMY HaBAaHTAKEHHI Ha 3[BOEHE

aBTOMOO1JILHE KOJIECO.
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Pucynok 3.4 — MopenioBaHHS XapakTepy 3MiHH KPYyTHIBHOT

xopetkocti (C, ) muH 31BoerHoro koneca 11.00 R20 B 3anexnocTi

right
il

Bijl THCKY B JIiBil ( p'?") Ta npasiit mmni ( p/*"") koseca npu

HOpMaJIbHIN (BepTuKanbHii) peakuii R, = 58860 H

Y pa3i 3MeHIIeHHS HaBaHTAXCHHS Ha 3/IBOEHE aBTOMOOUIbHE KOJIECO

11.00 R20, nanpuknan B ABa pazu (auB. puc. 3.5), Xxapakrep 3MiHH KPYyTHJIBHOT

Koperkoceri C[ . 30epiraersest, sIK 1 IpU MOBHOMY HOPMallbHOMY HaBaHTaKCHHI

(puc. 3.4), ajie B OLIBIIOMY CTYIICHIO BUPAXAETHCA HEIIHIMHICTD KPYTHUJIBHOI
KOPCTKOCT1 MpU 3MEHILIEHHI TUCKY B OJHIN 3 IIHMH 3JBO€HOrO Kosieca (Bl abo
npasiit). 3MEHILIEHHS KPYTHUIBHOI JKOPCKOCT1 B1IOYBa€eThCs He Oubie Hik Ha 14 %
npu Maibke 100 %-My HaBaHTaX€HHI IIMHM 3JBOEHOTO Kojieca B SIKOMY
30epiraeThbcs THCK Ha piBHI He HIke 0,6 MITa.

Cai 3a3Ha4YUTH, 110 B Jlalla30H1 TUCKIB B IIMHAX 3JBOE€HOro Koiyeca Bixg 0,4
1o 0,6 MIla 3miHa KpyTHJIBHOI OPCTKOCTI IIWHU BiAOYBA€THCS B HE3HAUHOMY
nianasoHi (puc. 3.4 Ta puc. 3.5), K 1 NPU MOJEITIOBAHHI KPYTUIBHOT dKOPCTKOCTI

aBTOMOOLIBLHOTO KoJIeca, 1110 Ma€ OJIMHapHE OMUHYBaHHs (puc. 3.2).
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Pucynok 3.5 — MogentoBaHHs XapakTepy 3MiHU KPYTHIIbHOI
xoperkoeti (C,)) muH 3180eHoro Koseca 11.00 R20 B 3anexHoCTi

right
it}

Bijl TUCKY B JiBiit ( p'") Ta npasiii umni ( p""" ) Koneca npu

HOpMaJTbHIN (BepTUKaIbHIN) peakiii R, = 29430 H

Taka 3MiHa KpYTHJIBHOI KOPCTKOCTI IMIMH 3ABo€HOro kKoseca 11.00 R20
CBIIUMTh MpO Te, II0 peaii3alis 34YIMHUX BJIACTUBOCTEM HIMH TaKOro KoJjeca
BiIOyBaTUMETHCS B CTaOUTRHOMY [l1ara3oHl aHDK MPU TUCKY B OJHINA 3 IIMH B
miama3oni Big 0,15 mo 0,35 MIla. HeniHilHICT, 3MIHM KPYTHJIBHOI KOPCKOCTI

(C,.,) IHMH 3/1BOEHOrO Kojeca B niamasoHi TuckiB Bix 0,15 mo 0,35 MIla

oOyMOBJIEHa HacaMmIiepe/ HENHIMHICTIO 3MiHU BiJICTaHeW ), Ta y, (auB. puc. 3.6)
Ta J0JIaTKOBUM HABAaHTAKCHHSIM IIWHU (R,) B sKiH 3aJUIIAE€THCS THCK HA PIBHI HE
Huwx4de 0,6 MIla npu 3HMKEHHI TUCKY B 1HIIINA mKHI 70 piBHS HIkue 0,35 MIla.
Heniniitna 3MiHa BifcTaHeH y; Ta y,, SK MOKHA MOOAYUTH 3 PUCYHKY 3.6,
3QJICKHUTh Bl BEPTHUKAJILHOIO HABaHTAXXEHHS Ha 3JIBOEHE KOJECO HE OUIBIINE HIXK
Ha 10 %, mpu magiHAI TUCKY B OJIHIN 3 IIMH 10 PiBHS, IO 3HAXOAUTHCS B Jiana3oHi

tuckiB Big 0,15 MIla no 0,35 MIla, ta Ha 44 % B 3aJIeKHOCTI BiJl TUCKY B IIHHI.
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Pucynox 3.6 — MojentoBanHs XapakTepy 3MiHU BiJICTaHEH Y| Ta V, ISl 3BOEHOTO

right
il

koseca 11.00 R20 B 3ayie’)xHOCTI BiJl TUCKY B MpaBii muHi ( p/¢™" ) Koyeca npu

HOpMaJbHIH (BepTHKaNbHI) peakiii R, = 29430 H ta R, = 58860 H

[Ipu MopemoBaHHI XapakTepy 3MiHM BiACTaHed y; Ta ), (puc. 3.6),
Nepepo3MnOiil BEPTHKAIHHOTO HABAHTAKEHHS MDK IIWHAMHU 3JBOEHOTO KoJjeca
BiIOyBaBCs 3a JIHIMHUM 3aKOHOM, TOMY HENIHIHHICTh 3MIHU BiJCTaHEH MOB’s3aHa
3 HENIHIWHICTIO BIUIMBY THCKY B IIIMHAX 3JIBOEHOTO Kojeca Ha HOPMAJIbHY

KOPCTKICT (C;).

3.3 MoaeawBaHHs IMHAMIKHM PYXy KOJIiCHOIO TPAHCIIOPTHOIO 3aco0y 3

OJJMHAPHUM TAa MOJABIMHNM OIIMHYBAHHAM KOJIiC HA HOT0 3a/Hiii Bexy4iil Bici

Ha meri BuKOHaHHS IMITAlIHHOTO MOJEIIOBAaHHS, OYyJIO CIIBCTaBJICHHS
OTPUMaHUX PE3YJIbTaTiB BUKOHAHOI'O TEOPETHUYHOT'O JOCIHIKEHHS Ta IPOBEIECHUX
EKCIIEpUMEHTAJIbHUX JTOCIIJIKEHb, SIKI TPEICTaBlieHl B 4 po3/lll JaHOI HAayKOBO1

poboTH.
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[Ipy mpoBedeHHI  IMITAIiIHHOTO  MOJENIOBAHHS  JUISi  BHU3HAYCHHS
MaKCHUMAaJIbHOI Ta 4aCTKOBOi €()eKTHUBHOCTI TaJIbMyBaHHS TPAHCIIOPTHOTO 3aco0y,
Oy BUKOPUCTaHI BaroBl Ta reOMETPUYHI MapaMeTpu (AuB. miapo3aia 3.1) pi3Hux
TPAHCIIOPTHUX 3aC001B, a TAKOK TEOPETUYHI TTOJIOKEHHS B3aEMO/IIT IIIMH 3]BOEHUX
KOJIiC, IIT0 BUKJIJICH] B Tiapo3aiiax 2.1 ta 2.2.

BenuunHa ymoBUTHbHEHHS BIJNOBIIHUX TPAHCIOPTHUX 3ac00iB, HA OCHOBI
SKO1 BHU3HAyajgach e€(EKTUBHICTh iX TaJdbMyBaHHS IIiJI dYac IMITAIiiHOTO
MOJICITIOBAHHS, PO3PaxOByBalacsi Ha OCHOBI MaTeMaTHYHUX 3aJICKHOCTEH, IO
MOB’SI3yIOTh TEOMETPIYHI MapaMeTpd KOJICHUX TPAHCIOPTHHUX 3aco0iB 13
peani3oBaHMM 3YEIUICHHSIM IIWH iX KOJIC, $KI B3a€EMOMIIOTH 3 IOBEPHEIO
JOPOXKHBOTO MOKPUTTA (AUB. TIAPO3ILT 2.3).

PesynbraTti po3paxyHKiB BETUYMHHU YIOBILIBHEHHS PI3HUX THITIB KOJIICHHX
TPaHCIIOPTHUX 3aco0iB, sKa BU3HA4Ya€ MaKCUMajbHYy a00 4acTKOBY €()EKTHBHICTH
iX TampMyBaHHS B 3aJlaHMX YMOBaX, I 3pPYyYHOCTI aHami3y OTPHUMaHUX

pe3yJIbTaTIB, 3BeACHO J10 Ta0bmuip 3.8 — 3.11.

Tabnuys 3.8
Pe3yabTaTi po3paxyHKiB ynoBijibHEHHSI JBOBICHUX TPAHCIHOPTHHX 32C00iB

NpH WBUHAKOCTI 50 kM/rox HA sIKiil BiA0yJI0CH iX rajJibMyBaHHS

< ” < ~
Pi3uuns Bigcrani % é 3 gmo é o %é) é o Eé)
. 2 LS EEE. o284
Ne Haszsa KT3 MK OCAMH KT3 ‘g A @ o 2“ = 5 E.Q = 5 £ 8
B 3QJIC)KHOCTI S >0 X E @ AS o ¥R
3/m | (Mapka, MOJIeJIb) . SE=ZEQ E=2235|E 28 =
B1J HOT'O §5§%gg§§»ag§§8
. cee N
Moandikauii, mm | S § £ & 5 3 § ggm g éé
3700 5,01 3.41 1,66
! Volvo LNG | La.2) 3¢ 5,02 3,42 1,66
2 31J14331 Lo 3300 6,61 4,38 2,19
3 MA3 256200 |[Ly 4200 6,10 3,13 3,08
4 | DAF XF.95430 |Ly 3600 4.9 2,69 2,52
Mercedes Atego
5 1626 4 L2 3860 5,06 2,77 2,66
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Tabnuys 3.9

Pe3yabTaTn po3paxyHKiB yNOBiIbHEHHSI TPMBICHUX TPAHCIIOPTHHUX 32C00iB

NpH WBUAKOCTI 50 kM/rox HA AKii BIA0YJI0CH IX raJJbMyBaHHS

ﬁ g M < ¥
% s ONQ SRNS) c L
PizHuIs = g, Z 3 S z 3
. HO a K a % o a oK
MpkocaMit | g 5 | E B2 | 5 &3] 5 &2
Hazpa KT3 KT3 B SEZ3 | Eg 2| Eg”P|Ega
Ne (Mapka 3aJIeKHOCTI SE N | ExS| 228 | Ex 3
s | (WAPKE, | sanen ¢ |EEE|EEE|EES
JIEJIb) BiJ1 IOTO RS 5 50| 58 8| 58 &
Moaugikaii S 58 |58 Sl = RO = S
MM = 2 Q4 - QA4
g = E 5 = .2 =
< é B E = F s E
= =
3000 5,5565 1,1243 | 2,8218 | 2,0259
| | VolvoFM |, 3200 5,5657 1,1198 | 2,8050 | 2,0465
13 73CB | %2 | 3400 5,5746 1,1156 | 2,7901 | 2,0657
3900 5,5952 1,1071 | 2,7589 | 2,1073
3000 | 4,9826 1,1014 | 1,9563 | 2,2462
5 | VolvoFM |, 3200 | 4,9848 1,0970 | 1,9377 | 2,2653
11 TT1HA | %2 | 3400 4,9872 1,0930 | 1,9211 | 2,2830
3900 | 4,9940 1,0846 | 1,8868 | 2,3215
s | VolvoFM | 2580 | 4,9698 1,1133 | 1,9874 | 22061
13 PT3HA | "2 | 2780 4,9718 1,1075 | 1,9640 | 2,2291
KAMAZ
41 51140y | Lan | 3690 5,8098 1,8307 | 2,4687 | 1,8816
5 %1;4{452 Los | 3690 | 69423 | 12002 | 3,4532 | 2,628
¢ | VolvoFM | | 2780 5,4229 1,2874 | 1,9784 | 2,549
11 PT1LA | ©2 | 2980 5,4302 1,2812 | 1,9603 | 2,5693
[TopiBHSIHHA ~ pe3yJbTaTIiB  IMITAIIMHOTO  MOJICTIOBAHHS  YacCTKOBOI

€()eKTUBHOCTI TaJIbMyBaHHsI JBOBICHUX TPAHCIOPTHUX 3aco0iB (AuB. Taba. 3.8) 3

TpuBicHuMU (Tabn. 3.9), mnokaszao,

0 cepedHsl 4YacTkoBa €(EeKTUBHICTb

ranbmyBaHHs TpuBicHUX KT3 Mae menio meHIn 3Ha4YeHs aHDK CepeHs YaCTKOBa

¢()EeKTUBHICTh TaJIbMyBaHHS JIBOBICHUX KOJICHHUX TpaHCHOPTHUX 3aco0iB. lle

00yMOBIIEHO 301JBIICHHSM Baru TPAHCIOPTHOTO 3ac00y 1 3pOCTaHHSIM KUIBKOCTI

Biceil Ha KT3 Ha sSKMX peani3yloThbCsi MEHBII peasli3oBaHl 34eTICHHS IUH KOJIIC

TPAaHCIOPTHOTO 3aCc00Y, IO B3aEMO/IIIOTh 3 TOBEPXHEIO TOPOKHBOTO MOKPTUTTSL.
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Tabnuys 3.10

Pe3yabTaTn po3paxyHKiB ynoBijIbHEHHSI YOTUPUBICHUX TPAHCHOPTHHUX

3aco0iB npu mBHAKOCTI S0 KM/roa HA AKiN Bia0yJi0cs IX raJJbMyBaHHSA

é g % 2 2 o VRRS)

: == g2 SRS g2 g =

PizHuIst 2 s > = > 2 > = >

wikooamn | £ 2| 5 BB 5 &8 |5 AR5 A

N | Hassa KT3 KT3 B S ZSEge | Eg P |Ega|lESD

0 . O o .~ A S| /o o | & ol M &=

o/ (mapka, 3aJ1€KHOCTI S :@ = B a = ZEc|E B ;H'; =B §

Moxenb) | BixForo 2 = Sl832 885 3382585

Moaudikarii, § a * | g E,E m ;E 0 ;E 0 ;;

MM S = = E = 5 = B = 5

=Ic = S 'H S g s 5

S 3 : 2

3700 | 5,3998 | 0,8364 | 2,377 | 1,7901 | 0,9358

3900 | 5,3870 | 0,8417 | 2,3479 | 1,7897 | 0,9418

Volvo FM 4100 | 5,3753 | 0,8472 | 2,3209 | 1,7889 | 0,9472

1 | 13 Rigid- | Lay | 4300 | 5,3642 | 0,8534 | 2,2957 | 1,7878 | 0,9519

Tag Tridem 4600 | 5,3530 | 0,8581 | 2,2644 | 1,7881 | 0,9596

4900 | 5,3431 | 0,8630 | 22363 | 1,7881 | 0,9664

5200 | 5,3345 | 0,8681 | 2,2109 | 1,7877 | 0,9727

2980 | 5,7862 | 0,7054 | 1,8624 | 2,0931 | 1,6331

Volvo FM 3280 | 5,7729 | 0,7051 | 1,8150 | 2,0930 | 1,6552

5 | 1l Rigid-| 3580 | 5,7639 | 0,7043 | 1,7751 | 2,0935 | 1,6757

Pusher Axle| =" | 3780 | 5,7579 | 0,7067 | 1,7513 | 2,0923 | 1,6873

Tridem 3980 | 5,7543 | 0,7076 | 1,7303 | 2,0919 | 1,6987

4280 | 5,7504 | 0,7094 | 1,7020 | 2,0917 | 1,7149

Volvo FM 3105 | 52711 | 0,7664 | 1,1206 | 2,1563 | 1,6695

11 Platform 3605 | 52725 | 0,7681 | 1,0807 | 2,1479 | 1,7018

30 poar ir | Ly | 4005 | 5.2764 | 07668 | 1,0516 | 2,1457 | 1,7267
ear Alr

Suspension 4405 | 52807 | 0,7646 | 1,0256 | 2,1451 | 1,7500

SIKIO CIMIBCTaBUTH YAaCTKOBY €(EKTHBHICTh TajJbMyBaHHS YOTHPUBICHOTO

KOJIICHOTO TpaHCcHopTHOro 3aco0y (Tabn. 3.10) 3 4acTkoBOWO €¢GEeKTUBHICTIO

raJibMyBaHHs TpUBICHOTO (AuB. Tabi. 3.9) abo nBoBicHoro (nuB. Tabm. 3.8) KT3 To

MOJKHa H06a‘H/ITI/I, o CCpcaHsa 4aCTKOBaA e(i)eKTI/IBHiCTB raJibMyBaHHs, dKa MOXKC

OyTH oTprMaHa 3a pPaxyHOK TrajJbMyBaHHS TUIbKH OJIHI€I BiCl TaKMX KOJIICHHUX

TPAHCIIOPTHUX 3aCO0IB € 111e MEHIIIOK (IUB. puc. 3.7).
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KUIBbKICTH Biceii Ha K'T3
Pucynok 3.7 — Cepenns yactkoBa eheKTUBHICTh raabMyBanHs KT3
(3a paxyHOK TaJIbMyBaHHS TUTbKH OJTHI€T BiC1) B 3aJICKHOCTI BiJl

KUIBKOCTI BiCEl BCTAaHOBJICHUX Ha TPAHCIIOPTHOMY 3ac001

HeniniitHe 3MeHIIEHHS CepeqHbOI YacCTKOBOi €()EKTUBHOCTI TajbMyBaHHS
KOJIICHOTO  TPaHCIIOPTHOTO 3aco0y B  3alleKHOCTI B  KIJIBKOCTI  Bicei
BcraHoBieHUX Ha KT3 moxe OyTu omnucaHa CTyNeHeBO 3anexHicTio (3.1), sika B
JIOCTaTHIM Mipl XapakTepu3ye TMaJiHHSI CEPEeIHbOI YACTKOBOi €(EKTUBHOCTI

raJIbMyBaHHS OKPEMOIO BICCIO TPAHCIIOPTHOTO 3ac00Yy.

=5 0.0, (3.1)

el

Jie m — KUIBKICTh Bicel BcTaHoBieHnx Ha KT3.

Skmo mpoaHani3yBaTH YacTKOBY €(DEKTHBHICTh TaJIbMyBaHHS KOJIICHOTO
TPAHCIIOPTHOTO 3acO0y B 3aJIEKHOCTI B1J] KUIBKOCTI IIMH BCTAHOBJIGHMX Ha BICI
KT3 Tto moxkxaa mobauutu (puc. 3.8), 110 3/1BO€HA [ITMHA HA BIAMIHY BiJl OJMHAPHOI
Ja€ B JIBa pa3u OiNbIly YacTKOBY €(PEKTHUBHICTh TalbMyBaHHS TPAHCIIOPTHOTO
3aco0y, 1me OOyMOBJICHO THM, M0 MK IIIMHOK Ta IOBEPXHEIO JTOPOXKHBOTO

MOKPUTTS peasizy€eThCsl OUTbINA BEIMYMHA 3USTIICHHS.
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Pucynok 3.8 — HacTkoBa e(heKTUBHICTh FraIbMyBaHHS KOJICHOTO
TPAHCTIOPTHOTO 3ac00y (32 paXyHOK TaJIbMYBaHHS TUTBKU

OJIHIET M10TO BiC1) B 3aJI€)KHOCTI Bij olMHyBaHHs KoJiic Bici KT3

J1J1st MOBHICTIO 3aBaHTAXEHOTO TPAHCIIOPTHOTO 3ac00y MPUOIM3HE 3HAYEHHS
YHOBUIbHEHHSI OTPUMAHOTO 3a PaxXyHOK rajibMyBaHHs TuUlbku opHiei Bici KT3

MOKHA BU3HAYUTH 3 3aJIeKHOCTI (3.2).
Ji=9,2-3,45-m-2,1-i + m-(m-(0,39 -0,012-m)+i,-(0,88—-0,073- m)), (3.2)

1ie m — KUIbKICTB Bicel BcTaHoBNeHUX Ha KT3.
i, — KUIbKICTh IIIMH BCTAaHOBJICHMX HAa aBTOMOOLIbHE KOJECO (OLIMHYBaHHS

aBTOMOO1JILHOTO KOJIeca).
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Takum ynHOM, 3aN€XKHICTH (3.2) AO3BOJISE OIIHUTH YaCTKOBY €(DEKTHBHICTD
raneMyBaHH KT3 BUXOI9M 3 KOHCTPYKTHBHUX OCOOJIMBOCTEH aBTOMOOIIS.

Ha ocHOBI yacTkoBOi1 €(eKTUBHOCTI rajJbMyBaHHS TPaHCIOPTHOTO 3aco0y,
HE CKJIQJHO BU3HAUYUTU MaKCHUMaJbH €(EeKTUBHICTH [1i pPoOOYOi TaabMOBOI
CHUCTEMHU TIOBHICTIO 3aBAHTAXXECHOTO aBTOMOOINS, SIKIIO MPHHHATH, IO OIS
eheKTUBHOCTI J1i OKpemoi BiCi MiAMOPSAKOBYEThCS 3aynekHocTi (3.3), ska 1
BU3HAYATHME BEIIMYMHY MAaKCHUMaJbHOI €(PEKTUBHOCTI TaJbMyBaHHS KOJICHOTO

TPaHCIIOPTHOTO 3ac00Y.
Je=D Jus (3.3)
i=2

[IpoBeneni po3paxyHku 3a 3ajexHicTio (3.2) Ta 3anexHictio (3.3)
MOKa3yI0Th, 110 B 3aJI€KHOCTI Bl OIIMHYBaHHS KOJIiC 0araTOBICHUX TPAHCIOPTHHUX
3aco0iB X MakcUMalibHa €(PEKTUBHICTh TAIbMYBAaHHS Mailke HE 3MIHIOETHCS, SIKITIO

Ha TPAHCIIOPTHOMY 3ac001 KUIbKICTh Bicei MeHIa Hix 4 (puc. 3.9).
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Pucynok 3.9 — Po3paxoBana MmakcuMalibHa €(DEKTUBHICTb rajbMyBaHHS KOJICHOTO
TPAHCIIOPTHOTO 3acO0y B 3aJIEKHOCTI BiJ KUIBKOCTI BiCEi BCTAHOBJICHUX Ha HHOMY

Ta PI3HUX YMOBAaX OIIMHYBaHHS MOTO KOJIC
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Caix 3a3HauMTH, OO0 AJIA OUTBIIOCTI KOJIICHUX TPAHCIOPTHUX 3acO0iB, sIKi
MalTh Bil 4 g0 6 Bicel, MakcuMalibHa €QEeKTUBHICTh 1X TajlbMyBaHHs
3MEHIIYEThCA 13 30UIBIIEHHAM KUIBKOCTI Biced, 10 OOYMOBJIEHO 3YITHUMU
BJIACTUBOCTSIMU IIIMH KOJIC 0araTOBICHOTO TPaHCIIOPTHOTO 3aco0y Ta BaroBO-
r€OMETPUYHUMU NapaMeTpaMu TPAHCIOPTHOIrO 3aco0y. Y pa3i BCTAHOBJIEHHS Ha
KT3 Oinbmie 6 Bicel, eQpeKTUBHICTh TajJbMyBaHHsS 3HOBY 3pOCTAa€, OCKUIbKHU 13
30UTBIIIEHHSIM KUJIBKOCTI BICEH CIOCTEPIraeThCs HE CYTTEBE 3MEHILEHHS CEPEIHbOT
KPYTHJIBHOI KOPCTKOCTI IIWH KOJIIC Y MOPIBHSAHHI 3 TPAHCHIOPTHUMU 3ac00aMU, K1

MaroTh BiJ 2 10 6 BiCEH.

Tabnuysa 3.11
Pe3yabTaTi po3paxyHKiB peasii3oBaHOIO0 34eNJeHHS IIMH KOJIiC
ABOBICHUX TPAHCIOPTHHUX 3aC00iB MMiJ Yac IX raJibMyBaHHSI HA CYXOMY
acaJbTOBOMY MOKPUTTI (IOYATKOBA BUAKICTh HA AKIH

BigOyJoca raabmyBanns KT3, cranoBuia 50 km/ron)

B 2.
<

ZE 5 =85
Sz 8w | 225«
No Hasga KT3 | Pisuuus mix ocamu KT3 | E § & & =2 &&
) (Mapka, B 3aJIEKHOCTI 7 2= g 7 & E
3/m . C o B 2 ¥ o X Q =
MO/IEJIb ) B1J1 ioro Moaudikarrii T o~ O S T x O S

S S B g =z

8 5 & o S o

2 Z 9 2 5 3

2 83 S 2 2 S

) = O =

~ ~

3700 0,3888 0,6291

! Volvo LNG | Lz, MM 3800 0,3888 0,6291

2 31J14331 L1 2), MM 3300 0,5576 0,7889

3 MA3 256200 | L), MM 4200 0,6375 0,5957

4 | PASEP L Lagom | 3600 0,5550 0,5191

Mercedes
S | tiean 1626.4| Loz | 3860 0,5488 0,5677
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Tabnuys 3.12

Pe3yabTaTi po3paxyHKiB peasii3oBaHOIrO0 34eNJIeHHS] IIMH KOJIiC
TPHUBICHUX TPAHCHOPTHMX 32c00iB MiJx Yac iX raJibMyBaHHA HA CyXOMY
achaabTOBOMY NOKPHUTTI (MMOYATKOBA MIBUAKICTHh HA SAKIN

BinOyaocs ranbmyBanusa KT3, cranosuia 50 km/rox)

o p— = =w . =
22 E|EBof| £8gC
"teE| 2228 522k
= o o () = ©
Ne Hazea KT3 [Pizuuts mix ocsimu KT3 % @5 = E E & 2 5 % §§
" | (mapka, B 3QJIEKHOCTI vo=z89 2282 8525
3/m . ... | E58¢c| EEEQ S E o 2
MOJIETIb) BiJl fioro Moaudikarii g = B 2 2 5 < 2 o § & §
2 5 = = .Q . —
SEFLlfsgi| Fits
o é S iﬁ =%g| & 2
3000 | 0,3306 0,7112 0,7112
|| VolvoFM| [ 3200 | 03306 0,7112 0,7112
13 T3CB (1.2 3400 0,3306 0,7112 0,7112
3900 | 0,3306 0,7112 0,7112
3000 | 0,3504 0,5532 0,6127
5 | VovoFM| [ 3200 | 03504 0,5532 0,6127
11 TT1H4| 4% 3400 0,3504 0,5532 0,6127
3900 | 0,3504 0,5532 0,6127
Volvo FM 2580 | 0,3504 0,5532 0,6127
3 1 13pr3ma| Lo
2780 | 03504 0,5532 0,6127
4 SIS Lo | 3690 | 04589 | 0,618 0,6918
5| RS Losom | 3690 | 04684 | 08167 0,8167
Volvo FM 2780 | 0,3651 0,8365 0,6004
6 | 11 priza| LooMm
2980 | 0,3651 0,8365 0,6004

3 po3paxyHKiB HaBefeHux B Tabmumi 3.11 Ta Ttabmumi 3.12 MoxHa
no0avnTH, 10 peaji3oBaHe 3YEIJIEHHS MK IIMHAMH aBTOMOOUIBHOTO KoJieca Ta
MTOBEPXHEIO JIOPOKHBOTO TIOKPHUTTS, JUISI TBOXBICHUX Ta TPUBICHUX TPAHCIIOPTHHX
3ac001B, HE 3aJICKUTh BiJ 1X KOJICHOI 0a3u, aje 3aJIe)KUTh BiJ HaBaHTAKCHHS Ha
aBTOMOO1IbHE KOJIECO, BiJl MIBUJKOCTI 3 SIKO1 pO3MOYATO rajbMyBaHHS KOJICHOTO
TPAHCIIOPTHOTO 3ac00y Ta BiJ )KOPCTKICHUX BJIACTUBOCTEH IIMH MPH 1X B3aEMOJIIT 3

MOBEPXHEIO TOPOKHBOTIO TOKPUTTSL.
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1

Ile 06yMOBI€HO THM, 1110 JIBOBICHI Ta TPUBICHI TPAHCHOPTHI 3aCO0M MalOTh

OJIHYy TIEPEIHIO BiCh 1 Mepepo3moia Baru Mixk iHmuMH Bicsimu KT3 BinOyBaeThcs

3a TPOMOPIIIHHUM 3aKOHOM Ha BiJIMIHY BiJ] TPAHCHOPTHUX 3aco0iB, MO0 MAalOTh

JIEKUTbKA TIepeAHIX Biceh. Pe3ynbrat po3paxyHKiB peasii3oBaHOTO 3UCTIICHHS JIJIs

YOTUPUBICHUX TPaHCHOPTHUX 3aco0iB (Tabn. 3.13) moka3yroTh, IO JJS TaKHX

aBTOMOO1JTIB peaji3oBaHe 3UCTUICHHS 3MIHIOETHCS 32 1HIIIMM 3aKOHOM.

Pe3ysibTaTu po3paxyHKiB peajii3oBaHOr0 34elVIeHHS IIMH KOJIic

YOTHPUBICHMX TPAHCIIOPTHHUX 3aCO0IB MiJ YaC iX raJJbMYBAHHS HA CYXOMY

achaabTOBOMY MOKPHUTTI (MOYATKOBA IIBUIAKICTH HA AKIM

BinOyaocsa ransmyBanHs KT3, cranosuina 50 km/rox)

Tabnuysa 3.13

3 8 g = ® R
2235 258 |$2gf 8,0
. . SZE |82 |82 E2%8E
Pisamis Mk ocsvu| 2 5 8 |28 £ 5 &5 3 55 K&
N, | HassaKT3 KT3 T oSEEBSEIP=25 52285
o (Mapka, B 3QJICKHOCTI L g g § o = ; § =52 § % = §
MOJIEIb) BIL[I\/'I.OFO. g 5=z 9 g = S S § E.‘;‘ = 2 E? z
womnpixauii .2 = & |8 £ X |2 3Ll E 35 3
S52 |55% |§E=g 558
SEE |[fxd |~ A -V
= g Ela
3700 | 0,2881 0.6805 0.6805 0,5396
3900 | 0,2862 0,6829 0,6829 0,5418
Volvo FM 4100 | 0,2844 0,6853 0,6853 0,5440
| 13 Rigid - | L2, MM | 4300 | 0,2825 0,6877 0,6877 0,5469
Tag Tridem 4600 | 0,2807 0,6902 0,6902 0,5491
4900 | 0,2789 0,6927 0,6927 0,5513
5200 | 0,2772 0,6952 0,6952 0,5536
2980 | 0,3680 0,5403 0,6802 0,6802
i/logl?gg‘{ 3280 | 0,3671 | 0,5409 | 0,6809 | 0,680
5 Pusher | L1, mm 3580 | 0,3664 0,5414 0,6814 0,6814
Uxle 7 3780 | 0,3652 0,5419 0,6824 0,6824
Tridem 3980 | 0,3646 0,5425 0,6828 0,6828
4280 | 0,3634 0,5437 0,6835 0,6835
Volvlo1 FM 3105 | 0,3912 | 03910 | 0,6502 | 0,6502
3 | Platform - | Loy, vu 3605 | 0,3946 0,3944 0,6449 0,6449
Rear Air 4005 | 0,3980 | 03978 | 0,6397 | 0,6397
Suspension 4405 | 04014 | 04012 | 0.6347 | 0,6347
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3 tabnuui 3.13 MoxHa MOO6AYUTH, 10 Y pasi, KOJIHU 30UIbLIY€ETHCS BIACTaHb
MDK TEpeAHBOI0 Ta JEKUIbKOMAa 3aJHIMH BICSIMH YOPHUBICHOTO TPAHCIIOPTHOTO
3a0c0y, peanizoBaHe 3UYCIUICHHS IIMH KOJIIC TEpeAHBbOI BiCl 3pocTae, a 3aHIX
3MEHIIYeTbCsA. Tak, npu 30UIbIIEHH! BiAcTaHl L, (tabm. 3.13) Ha 40%
peanizoBaHe 34YEIUICHHS Tepiioi Bicli 3MEHIIyeTbcsi Ha 2-4%, TpU LBOMY
peasi3oBHE 3UeIJICHHSI IIKWH KOJIC APYToi, TPEThOI Ta YeTBEPTOI Bici 301IbIIY€EThCA
Ha 1-2,5%. Cmig 3a3HauMTH, IO BIJCOTOK BIUIMBY KoiicHOi 0a3zu KT3 Ha
peanizoBaHe 3YEIUICHHS LIMH iX KOJIIC TUM MEHIE, aHK MEHIlIa KoJicHa 0a3a
TPaHCIOPTHOTO 3aC00Y.

SO po3rIsiAaTH 1HITY KOMIOHYBAJIbHY CXEMY MOCTIB YOTHPHBICHOTO
TpaHCHOPTHOTO 3aco0y (ABa MocTa TepeaHi Ta JBa 3aAHl) TO HJs TaKUX
TPaHCHOPTHUX 3aC00iB croctepiraeTbcsi 1Hme sBumie (tadn. 3.13), 13
30UIBIICHHSAM BIJICTaHI MIXK JPYrUM Ta TpeTiM MocToM dotupuBicHoro KT3, a
OTKe 13 30UIBIIIEHHSIM YMOBHOI KOJIICHOT 623U TPaHCTIOPTHOTO 3ac00y, peasli3oBaHe
3YEIUICHHS IIMH KOJIIC MEPEJHBOT0 Ta JPYroro MOCTa 3pOCTalOTh HA BIAMIHY Bijl
TPETHOTO Ta YETBEPTOTO MOCTA - peali30BaHe 3UCIUICHHS 3MEHINYeThCs. Tak, npu
30UIBIIEHH] B1ICTaH1 L, 3) (Tabi. 3.13) Ha 42 % peanizoBaHe 34eIICHHS IEPILIOL Ta
npyroi Bici KT3 30uibmryerscs Maiike Ha 2,5-3%, mpu 1pomy peani3oBHE
3YEIUUICHHS IIMH KOJIC TPEeThOi Ta 4YeTBEpPTOi Bicl 3MeHIIyeTbcs Ha 2,5%. Cnin
3a3HAYMTH, IO BIJICOTOK BIUIMBY KoiicHOi 0a3u Takux KT3 Ha peamizoBaHe
3YEeIJICHHS IIMH 1X KOJIIC TUM MEHINIe, aHDK MEHINA KOJicHa 0a3a TPaHCIOPTHOTO
3aco0y, 5K 1 IS MMONEePeIHbO PO3MVITHYTUX YOTHPUBICHUX TPAHCTIOPTHUX 3aCO0IB.

AHami3 pe3ynbTaTiB pPO3pPaXxyHKY MAaKCHMAaJbHOI BEJIMYMHH CEPEIHBOTO
peari3oBaHOTO 3YCIICHHS BIAMOBIAHMX MWH Kojic OararoBicHux KT3 moka3zas,
10 JI0JIaTKOBE OLIMHYBAHHS KOJIC BiCl 3MEHIIY€ peali3oBaHe 3uerieHHs Ha 14% i
3HIKYE e()EeKTUBHICTh rajbMyBaHHA aBToMOOLIs Ha 8-10%, ame B TOif ke yac,
BOHO JI03BOJISIE 30UTBIIUTH BAHTAXOIHOMHICTh 0araTroBiCHOTO aBTOMOOUIS Ha
12% npu mBuakocti pyxy OaratoBicHoro KT3 wne Oumbme Hik 13,9 m/c

(50 xm/ron).
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3 Tabmumi 3.13 MokHa mo0auyuTH, IO HE3aBXIW OUIbIIA BeJIMYHMHA
peati3oBaHOrO 34YCIUICHHS Ja€ OUIbIe 3HAYeHHS YHMOBUIBHEHHS TPAaHCIOPTHOTO
3aco0y (Tabu. 3.10), Tomy s 3a0e3neueHHs] HalBUIO1 €(PEKTUBHOCTI [I1i 3aMacHOi
raJlbMOBOi CHCTEMH 0araToBICHOTO TPAHCIOPTHOTO 3acolby ii HeoOXigHO
BUKOHYBAaTH Ha 0a3l TUX MOCTIB, 1110 JIal0Th HaWBUIIY €(PEKTUBHICTh rajbMyBaHHS
KT3. Tak Hanpukiaj, ajsg 4OTUPUBICHUX aBTOMOOUIIB Y SKHUX OJIHA MEPEeIHS BICh
Ta TPU 3aJIHI, 3aMacHy rajJbMOBY CHUCTEMY Kpallle peanaizoByBaTH Ha 0a3i Apyroi Ta
TPETHOI BICAX, a JIJIT aBTOMOOLUTIB, SKi MalOTh JBAa MOCTa MEPEAHIX Ta JABa 3aHIX —

Ha 0a31 TPEeThOi Ta YETBEPTOI BiCl.

BucHoBkM 1o posainy 3

TeopeTnyHi AOCHIIKEHHSI, IOJO BU3HAYCHHS BEJIMYMHU YIOBUILHEHHS
KOJICHOTO TPaHCIOPTHOrO 3aco0y, MOKa3aiH, 10 YMOBUIbHEHHS TPaHCHOPTHOTO
3ac00y 3ajekUTh HE TUIBKK BiJ BEIWYMHU PEATI30BAHOTO 3YCTUICHHS, IO
peani3yeTbcsi MK MIMHOKO (TMOABIMHUMHU IIMHAMH) Ta MOBEPXHEIO JIOPOKHBOTO
MOKPUTTS, a ¥ BIJ KOOPAMHAT PO3TAIIYBaHHS LIEHTPY TSOKIHHS TPAHCIOPTHOTO
3aco0y BIJHOCHO TIOJOXEHHS MOro MOCTIB, TOMY Ha OCHOBI IPOBEICHHUX
JOCHIIKEHb MOYKHA 3pOOUTH HACTYIHI BUCHOBKH:

1. Ha Bemuuuny ynosutbHeHHS KT3 okpiM BenuuuHU peanizoBaHOTO
3UYEIUJICHHS, IO Peali3yeThCsl MK IIMHOIO Ta MOBEPXHEIO JOPOKHBOTO MOKPUTTH,
BIUIMBAE TaKOX XapakKTep PO3MOAUTY Baru MDK OCSIMH aBTOMOOUIS, TOMY
HEXTYBaHHS BaroBO-T€OMETpUYHUMH mapamerpamu KT3, Hampukian mia dac
JOCIIJIKEHHSI OOCTaBUH JIOPOXKHBO-TPAHCIIOPTHOI TOJii, MOXKE MPU3BOAUTH 0

ITOMHJIKOBHX pe?)y.TIBTaTiB Ta BUCHOBKIB.
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2. KoedirmienT ragpMyBaHHS KOJICHOTO TPAHCIIOPTHOTO 3aco0y, HE3AIEIKHO
BiJl KUIBKOCTI OCEll BCTAHOBJICHMX Ha TPAHCIOPTHOMY 3aco0i, Moxe OyTu
BU3HAYCHHUI PO3PAXyHKOBUM IIJITXOM Ha OCHOBI PO3MOJILITY MAacu aBTOMOOUISI MikK
foro mepeAHIMM Ta 3aJHIMM OcsiMH B cratuuHomy crtaHi KT3, mmsxom
3BaXYBAaHHS  BIANOBIIHMX OCEd  TPaHCIOPTHOro 3aco0y Ha  BaroBO-
BHUMIPIOBAJIbHOMY KOMILJIEKCI.

3. Peamizaris 3amacHOi raabMOBOi CHCTEMH Ha 0araTOBICHOMY KOJIICHOMY
TPAHCIIOPTHOMY 3ac00i NMOBHHHA BHKOHYBATHUCSl 3 YPaxXyBaHHIM T€OMETPUYHOTO
MOJIOXKEHHSI BICEH TaKOro aBTOMOOUISI Ta XapakTepy pO3MOALTy Baru MIXK
BimmoBiguuMu BicsiMu KT3, Ha OCHOBI [JOCATHEHHS MAaKCHUMAJILHUX 3HAYEHD
YHOBUTbHEHHSI aBTOMOO1UISI, @ HE Ha OCHOB1 MAKCUMAJIbHUX 3HAYEHb PEaTi30BaHOTO
34YCIIJICHHS IITMH HOT0 KOJTiC.

4. 30UbIIeHHST BiJICTAHI MIX TMEPEIHbOI0 Ta JNEKIIbKOMA 3aJHIMU BICIMHU
YOTUPUBICHOTO  TPAHCIOPTHOTO  3aco0y, TPU3BOAUTH 10  30UIbIICHHS
peani3oBaHOro 34YEIUIeHHs IUH Kouic nepeanboi Bici KT3 Ta 10 3MeHIlIeHHd — Ha
3agHix. Ilpm 30impmenHi Biacrani L, (tabn. 3.13) Ha 40% peanizoBaHe
34YEIUJICHHS MepIIoi BiCl 3MEHINY€EThCs Ha 2-4%, IpU IbOMY PEali30BHE 3UETLIICHHS
IIMH KOJIIC PYTroi, TPEThOI Ta YeTBEPTOi Bicl 301IbIIy€eThes HA 1-2,5%.

SIKIO  pO3MIsSiaTé 1HITY KOMIIOHYBAJIBbHY CXEMY MOCTIB UYOTHPHBICHOTO
TPAHCIIOPTHOTO 3aco0y (IBa MocTa TepedHi Ta JBa 3ajHi), TO JUIS TaKHUX
TPAHCIIOPTHUX 3aCO01B CIIOCTEPIraeThes iHie suie (Tadu. 3.13), 13 30UTbLICHHSIM
BIJICTAaHI MK JIpyTMM Ta TpeTiM MocTtoM dYotupuicHoro KT3, a omxke 13
30UIBIICHHSIM YMOBHOI KOJICHOiI 0a3u TPaHCIOPTHOTO 3aco0y, peali3oBaHe
3UEIJICHHS IIWH KOJIIC MEPEHBOTO Ta JPYroro MOCTa 3pOCTalOTh HA BIAMIHY BiJl
TPETHOTO Ta YETBEPTOrO MOCTA - PeaTi30BaHEe 3UCIUICHHS 3MEHIIYEThCs. Tak, npu

30UIBIIEHH] BiICTaH1 L, 3) (Tabu. 3.13) Ha 42 % peanizoBaHe 34eIJICHHS IEPILOi Ta
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apyroi Bici KT3 30umpmryerscsi maibke Ha 2,5-3%, NOpu LbOMY peali30OBHE
3YEIUICHHS IIMH KOJIC TPEThOI Ta YeTBEPTOI BiCl 3MEHIIIYeThCs OIM3bKO Ha 2,5%.

5. IloxBiitHe omMHYBaHHS KOJIIC Ha BIAMOBIIHKMX Bicsix OararoBicHoro KT3
3MEHIIye €(QEeKTUBHICT, Horo rainbmyBaHHsS Ha 8-10%, npu 30UIbIIEHHI
BaHTAKOMIAMOMHOCTI TPAHCIIOTHOTO 3ac00y Ha 12%, B yMOBax MOro rajibMyBaHHS

3 mo4yaTkoBoi mBuakocTi 13,9 m/c (50 km/rox).

OcHOBHI pe3yJbTaTH AOCIIDKEHHs 3 JaHOTo pPO3JLIy OIyOJIiKoBaHI B

HayKoBuUX poborax [1-8, 12, 13].
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PO3JILI 4

EKCIHEPUMEHTAJIBHI JOCJIJKEHHS PEAJIIBALIILL
3YINHUX BJACTUBOCTEM HIUH 3IBOEHUX KOJIIC
TPAHCIIOPTHOI'O 3ACOBY

[Topsim 13 TEOpPETHUYHUM YyMIHHSM 3IIMCHIOBATH HAYKOBE JOCIIIKCHHSI,
HEOOX1THOI YMOBOIO €()eKTHUBHOI Ta YCIIIIHOI HAYKOBOI JISUIBHOCTI € O€3YMOBHO
HOro mpakTUYHE OOIPYHTYBaHHS, TOOTO MIATBEP/KEHHS EKCIIEPUMEHTAIbHUM
IUISXOM TEOPeTHMYHUX TINOTe3, MipKyBaHb Ta Teopid. Tomy, mnomanbiie
IPOBEICHHS POOOTH BHUMArae eKCHEPUMEHTAIBHOIO MAOCTIIKEHHS XapakTepy
B3a€MOJIIi 3/IBOEHUX KOJIIC 3 MOBEPXHEIO JOPOKHBOI'O MOKPUTTS B CTEHAOBUX Ta
JOpPOXKHIX yMoBax. [l TpOBENEHHS EKCINEPUMEHTAIbHOIO  JOCIIIKEHHS
BUKOPHUCTAHO CTEH/IOBI i TaOOPATOPHI YCTAHOBKH Ta BUMIPIOBAIILHO-pEECTpalliiiHe
obnagHanHs  kadenpu  aBromoOuLTiB  iM. A.b. I'peneckyna  XapkiBChbKOTO
HAI[IOHAJIbHOTO aBTOMOOLIBHO-AOPOXKHBOTO YyHiBepcutery (XHAY), a Takox
JIIarHOCTUYHE  yCcTaTKyBaHHs (ipMu  Vostok Service, sxa € odiiiHuM

npencraBaukoM Kommanii KNORR-BREMSE na tepitopii Ykpainu.

4.1 Meroauka NPOBEACHHSA eKCIIePUMEHTAIbHUX AOPOKHIX

MOCJITKEeHb

JIOpOXKH1 eKCIEepUMEHTANIbHI JOCIIIX)KEHHS] BUKOHYBAJINCh Ha MEPECYBHIM
naboparopii  kadeapu aBromoOuUTiB M. A.b. I'peneckyna XHAJLY, sxa
noOyzoBaHa Ha 6a31 aBToOyca MA3-256200 (puc. 4.1). IlepecyBna mabopatopis
JI03BOJISIE TIPOBECTH AOCTIKEHHS JTWHAMIKM TaJlbMyBaHHS IMpHU 3ai3ax B Pi3HUX
HAaBaHTAXXYyBaJbHUX, 3YIMHUX 1 MBUAKICHUX yMOBax. EkcrnepuMeHTaIbHI
JOCITIDKCHHS TIPOBOIMIIMCH 3 JTOTPUMAHHIM TEXHIKH O€3IEeKH Ta y BiAMOBIIHOCTI

10 BuMor lIpaBui 1opoxHBOrO pyxy YKpaiHu.
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Pucynok 4.1 — 3aransHuil BUTIIsA IepecyBHOI 1abopaTopii moOynoBaHoi Ha 6a3i

aBTobyca MA3-256200

[Ipy mpoBeneHHI EKCIEPUMEHTAIBHOTO JOCHIDKEHHS 3aCTOCOBYBAaBCS
BUMIPIOBAJIbHO-PEECTPYIOUnit  KOMIUIeKC (muB. puc. 4.3), skuil (QikcyBaB
iH(popmariro (puc. 4.2) 3 ’ATH JAaTYUKIB 4acTOTU oOepTaHHs komic (V) — Vs),
mIeCTH JaT4WKiB  TUCKY (P; — Pg), nmarumky 3ycwuist (F) Ta  Tphox
TPUKOOPJMHATHUX JATYMKIB HPUCKOPEHHSA (A, Ay, A1z — Az, Az, Aso).
BumiproBannst aiiicHoi mBUAKOCTI (V5) pyxy TpaHCHOPTHOro 3aco0y Oyio

3a0€3Me4eHO 3a PaXyHOK J0OJaTKOBO BCTAHOBIIEHOT'O I’ SITOTO Koseca (puc. 4.2).
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Pucynok 4.2 — Cxema po3MmilleHHs JaTYMKiB BUMIPIOBAIBHO-PEECTPYIOYOTO
KOMILJIEKCY Ha NEpecyBHiil laboparopii kadenpu aBTOMOOLIIB

iM. A.b. I'peneckyna, moOymoBaniii Ha 6a3i aBTo0yca MA3-256200
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1 — TIK nHoyTOyk (Notebook DELL D830);

2 — BUMIPIOBAJIbHO-PEECTPYIOUNN KOMILIEKC;
Pucynox 4.3 — 3araiibHuiA BUTIIS pO3TANTyBaHHS BHMIPIOBATEHO-PEECTPYIOUOTO
KOMIUIEKCY B IIepecyBHii 1abopaTopii kadeapu apTomooutiB iM. A.b.I'peneckyna,

noOyoBaHii Ha 6a31 aBTo0yca MA3-256200

3MOHTOBAHI PEECTPYIOUl JaTYMKU HE BIUIMBAIM HA JUHAMIYHI MPOLIECH TIiJ
4ac raJbMyBaHHS aBTO0yca, K B TATOBOMY TakK 1 B TAJIbMOBOMY PEKHUMAaX.

[Iporpama HOPOXKHIX EKCIIEPUMEHTAIBHUX [OCHIKEHb CKJIagajanacs 3
HACTyITHUX €TaIliB JTOCIKCHHS:

— BUMIPIOBaHHSI HABaHTAXCHHS Ha IEPEJIHIO Ta 3aJIHI0 BICh aBTOOyca B
CIOPAJIKEHOMY CTaHi;

— BUMIPIOBaHHSl HAaBaHTa)XCHHS Ha TMEpPEIHI0 Ta 3aJHI0 BICh aBTOOyca B
3aBaHTa)XKCHOMY CTaHI;

— BU3HAYCHHS MaKCHUMallbHO1 €(EeKTHUBHOCTI TalbMyBaHHS aBToOyca, 3a
PaxyHOK OJHI€T 3 IOTO BiceH, B CIIOPSIPKEHOMY CTaHi,

— BU3HAYCHHsSI MaKCUMaJbHOI €(PEeKTHUBHOCTI TajdbMyBaHHS aBToOyca, 3a
paxyHOK OJHI€T 3 IOoro BiceH, B 3aBaHTAXKCHOMY CTaHi;

CrocrepekeHHsl Ta KOHTPOJb MapaMmeTpiB BUMIPIOBAHHS 31MCHIOBAaBCS 3

MaCaKUPCHKOTO MICIIS PO3TAIOBAHOTO HABIIPOTH MICLISI BOJIS.
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4.2 Metoauka NMPOBeIeHHS eKCIIepPUMEHTAJIbHUX CTEHI0BHX

MOCJIIKEeHDb

[lin dYac CTEHIOBUX EKCINEPUMEHTAIbHUX JOCHIKEHb 3a JOIMOMOIOIO
BUMIPIOBAILHO-PEECTPYIOUOTO KOMIUIEKCY (PiKCyBamucs: MIBUAKICTb OOepTaHHS
KOJIIC BIJMOBIAHOT BiCl TPaHCIOPTHOTO 3ac0o0y; HOpPMaJlbHE HAaBAHTAXCHHS Ha
BIIMOBIAHY BICh TPAHCHOPTHOTO 3aco0y; TajJbMOBI MOMEHTH Ha BIJMOBIIHUX
KoJlecax OJHI€l BICI TPaHCHOPTHOro 3aco0y; THUCK Yy TajlbMOBOMY HPHUBO/II;
MIBUJKICTh CIIPAllbOBYBAaHHS TaJIbMOBOTO MPHUBOJA; 3yCHIUIS HA TajlbMOBIH meaari;
OTip KOYEHHIO KOJIIC BIJMOBIIHOI BiCl TPAaHCIIOPTHOTO 3ac00Yy.

3aransuuit Burnsn creuny Unimetal Quantum, sikuii Oyi0 BUKOPUCTAHO i
Yac CTEHJIOBHUX EKCIEPUMEHTAIbHUX JOCTIPKEHb BIUIUBY OIIMHYBAHHS KOJIIC
TPAHCIIOPTHOTO 3aco0y Ha TrajlbMOBHM MOMEHT, IO YTBOPIOBABCS BHACIIIOK

raJibMyBaHHSI aBTOMOO1JIs, 300pakeHo Ha pUCYHKY 4.4.

a) BUTJISAJ CTEHAY BiIHOCHO MEPETHHOTO TabapuTy TPAaHCIIOPTHOTO 3ac00Y;

0) BuUrysi 3 60Ky MpaBoro radapuTy TPaHCIIOPTHOTO 3acO0y;
B) BUTJISA]I 3 OOKY JIiBOro rabapuTy TPaHCIIOPTHOTO 3aC00y

Pucynok 4.4 — 3araneHuil Burisi raibmoBoro creuny Unimetal Quantum
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dikcyBaHHS pe3yibTaTiB BUMIPIOBaHHS MapaMeTpiB raibMyBaHHS KOICHOTO
TPAHCIIOPTHOTO 3ac00y Ta KepyBaHHs T'aJbMOBUM POJMKOBUM cTeHIOM Unimetal
Quantum 3AIACHIOBAJIIOCH 3a JOMOMOTOI0 IICHTPAIBHOTO TMPHUCTPOIO KepyBaHHS
(puc. 4.5), sike 1Mo CBOIM CyTI € NMEPCOHAIHUM KOMII IOTEPOM, IMPAIIOI0UOro Ha
onepatuBHii cuctemi Windows, Ha sSKUIl BCTAHOBJEHO CIIELiaJIbHE MPOTpaMHe

3a0e3neuendsa Unimetal.

Pucynox 4.5 — 3araibHuil BUTIISA HEHTPAIBHOTO MIPUCTPOIO (PIKCYBAHHS
pe3yNbTaTiB BUMIPIOBaHHA MapaMeTpiB ranbMyBanHs KT3 ta kepyBaHHs

rabMoBUM cteHaoM Unimetal Quantum

OCHOBHI TEXHIYHI XapaKTEPUCTUKU POJIUKOBOro cteHay Unimetal Quantum,
10 BUKOPUCTOBYBAaBCA IIiJl 4Yac MPOBEACHHS E€KCHEPUMEHTANIbHHUX JOCIIIKEHb,

npejcTaBiieHo B Tabmuil 4.1.
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Tabnuys 4.1
TexHIYHI XapaKTEePpUCTHKH POJUKOBOTO creHay Unimetal Quantum
[TapameTp Bemnunna [ToxubOka
IToyaTkoBa MBUAKICTH TAJIbMYBAaHHS Ha CTCH/I1 2,5 kM/Tox
Jliana3oH BUMIpIOBaHHS Macu 3,5-18,0T +3%
I[lanaqu BUMIPIOBAaHHS 3 HABAaHTA)KCHHSIM Ha BiCh 0-30 «H 139,
KOJIICHOT'O TPAHCIOPTHOIO 3ac00y 3,5 -16 T
JIMCKpeTHICTh MOKa3aHb 10H
Pi3HuIs cul rabMyBaHHS 0-99% +1%
JlonmycTume KOB3aHHS 20 %
Jliara3oH mMMpHHU KOJTICHUX 0a3 0,9-2,87 M
Jlianma3oH giameTpiB KoJiic TpaHcnopTHUX 3aco6iB | 0,305 — 0,84 m
JloB)XHHa IPUBOIHOTO OJIOKY 0,915 m
[IIupuHa TPUBOIHOTO OJIOKY 1,625 m
I'mubuna npuBOAHOTO OJIOKY 0,427 m
Maca npuBoHOTO OJIOKY 640 kr
JliameTp posiukiB 0,250 m
baza ponukis 0,445-0,475 m
Buctyn ponukiB HaJl HOBEPXHEIO 0,060 m

Ilin 4ac ekcrmepuMEHTaIbHUX IOCHIIKeHb OyJIo IependadeHo JAeKiIbKa
€TariB MIPOBEACHHS CKCIICPUMEHTY.

[lepmmii  ertam, [03BOJWMB BU3HAYUTH MaKCUMalbHY €(EKTHUBHICTb
raJIbMyBaHHsI KOJIIC TPaHCIOPTHOTO 3ac00y B CHOPSKEHOMY CTaHI 3a PaxXyHOK
raJIbMYBaHHS TUTBKU KOJIC 3 OTMHAPHUM OIIIMHYBAHHSIM.

Hpyruit  eram, J03BOJIMB BHU3HAYUTH MAaKCUMaJbHy €(EKTHUBHICTH
raJlbMyBaHHSI KOJIIC TPAHCIOPTHOTO 3a0CO0y B CIOPSHKEHOMY CTaHi 3a PaxyHOK
raJlbMyBaHHS TUIBKU KOJIC 3 OJABIHUM OILIMHYBAaHHSIM.

Tperiit eram, [03BOJMB BHU3HAYUTH MAaKCUMaJbHy e€(EKTHUBHICTH
raJlbMyBaHHSI KOJIIC TPAHCIIOPTHOTO 3ac00y B CIOPSKEHOMY CTaHI 3a PaxyHOK
OTIOPY KOYEHHIO TUTHKH KOJIIC 3 OJJMHAPHUM OITMHYBAHHSM.

YerBepTuii erarm, JO3BOJIMB BU3HAUYUTU MaKCUMalbHY €(EKTUBHICTb
raJIbMyBaHHSI KOJIC TPAHCIOPTHOTO 3ac00y B CHOPSAKEHOMY CTaHI 3a paxyHOK

OTOpY KOUYEHHIO TUTBKH KOJIIC 3 MOBIMHUM OIIMHYBaHHSIM.
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Taxi eTanu HOCHIIKEHHS, MO3BOJUIN OLIHUTU €(EKTUHICTh TaJbMyBaHHS
nepecyBHOi Jjaboparopii kadenpu atomoOuUTiB iM. A.B. I'peneckyna, 1o
noOyaoBaHa Ha 0a3l aBro0yca MA3-256200, npu pi3HUX yMOBaxX HaBaHTaXEHHS
IIMH TPAHCIIOPTHOTO 3ac00y Ta JO3BOJIMJIO CIIBCTABUTU TEOPETUYHI pe3yJbTaTh
JOCTiKeHHsT B3aeMoii 3aBoeHUX muH Koiic KT3 3 moBepxHEO JOPOXKHBOTO

IOKPHUTTS.

4.3 Ilpuaaam, 00JaJHAHHA TAa anapaTypa AJisi IPOBeJIeHHA J0CTiIIKEeHb

[lin d4yac mTpoBeAeHHS MOPOXKHIX EKCHEPUMEHTAIbHUX  JOCIIIKEHb
BUKOPHCTOBYBABCSI BUMIPIOBAJILHO-PEECTPYIOUHI KOMIUIEKC Kadeapu aBTOMOO1TIB
iMm. A.b. I'peneckyna, sikuii siBisge co6owo 12-0iTHuM aHaIoroBO-IUGPOBUIN
MEepPEeTBOPIOBAY, 10 JO3BOJISIE BUMIPIOBATH OJHOYACHO JEKUIbKAa (PI3MUHHUX
BEeNUYHH (IIBUIKICTD, 3yCUILISA, IEPEMIIICHHS, IPUCKOPEHHS Ta TUCK) 3 YaCTOTOIO
no 200 I'm. Kommuiekc oaHOYacHO [03BoJii€e 00poOsaTH Ta ¢ikcyBatu no 27
CUTHAJIIB 3 PI3HUX JaTYUKIB. 3T1HO 3 MACTIOPTHUMHU JaHUMHU KOMILIEKCY, MMOXHUOKa
i yac (ikcyBaHHS 3MIHU (pi3MUHUX BennyuH He nepesuiye 0,08 % npu Hampysi
JKUBJICHHS JIaT4uKiB He Outemie 5 B. 3araspHa moxuOka BHMIpPIOBAIBHO-
PEECTPYIOUOTO KOMIUIEKCY i1 Yac BUMIPIOBaHb 3 BUKOPUCTAHHAM yCiX 27 KaHaJiB
3B’s13ky He mnepeuinye 2,16%. [lpy BHKOpUCTAHHI MEHINOI KUIBKOCTI KaHajiB
noxuOKka BUMIPY 3MEHIIYETHCS MPOMOPIINHO 3MEHIICHHIO KUIBKOCTI OJIHOYaCHO
BUMIPIOBaJIbHUX BEIIMYHH.

3aragpbHUN  BUIJIS[ BUMIPIOBAIBHO-PEECTPYIOUOTO KOMILIEKCY Kadeapu
aBToM001miB M. A.b. I'peneckyna XapKiChbKOTO HalllOHAJIBHOTO aBTOMOOLIHHO-
JIOPO’KHBOTO YHIBEPCUTETY 300pa)keHO Ha pUCYHKY 4.6. Pa3zoM 3 KoMIUIEKCOM
OyJI0 BUKOPHUCTAHO CIieliaibHe nporpamue 3abesneueHuss STEND (puc. 4.7), sxe
OyJ10 po3p00JIEHO CHEIiadbHO M1/l KOMIUIEKC 1 M’ €IHYEThCS O KOMILIEKCY Yepe3
posseM USB. 30epexenns 1Hdopmalii BinOyBaeTbcsi uepe3 iHTepdeiic

nporpamHoro 3ade3nedeHus STEND y TekctoBoMy (opmMarti 3 po3LIMpeHHIM * txt.
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Pucynox 4.6 — 3araibHuiA BUTIIST BUMIPIOBATHHO-PEECTPYIOUOTO KOMIUIEKCY

Pucynok 4.7 — Ilix’eqnanHs mporpamMHoro 3adesneyeHHss STEND A0

BHUMIPIOBAJIbHO-PEECTPYIOUOTO KOMILIEKCY uepe3 Kabelnb 3 po3’eMoM USB

KaniOpyBanHs gaTunkiB npuckopeHHs (puc. 4.8), 3ycusuis Ha neiail raibma
Ta THUCKYy B TaJlbMOBOMY IPHUBOJII KOJIICHOTO TPaHCIOPTHOTO 3aco0y Mij yac
IPOBEJCHHS JOPOXKHIX EKCIIEPUMEHTAIbHUX JOCTIKEHb BiAOYyBaloCch uepe3
BUMIPIOBaJIbHUI KOMITJIEKC 3a JOMOMOTOI0 MPOrPaMHOTO 3a0e3MneueHHs, sike Oyio

BCTAHOBJICHO Ha HOYTOYI1 Samsung NP-R528 (puc. 4.7).
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Pucynok 4.8 — 3arasibHuii BUTIIs 1HTEpPEHCY MPOrpaMHOTo 3a0e3MeUeHHs IS
BHUMIPIOBAJIbHO-PEECTPYIOUOTO KOMILIEKCY, Ha IKOMY BiIOOpa)Xe€HO MpoLec
¢bikCcyBaHHS MaKCUMAaJIbHUX 3Ha4Y€Hb MIPUCKOPEHHS OTPUMAHUX 32 JOIIOMOTOI0 TPU

KOOPAWMHATHUX I[aT‘II/IKiB IMPHUCKOPCHHA

BumiproBanbHO-peecTpyrOUnii KOMIUIEKC CKJIAIa€ThCAd 3 JIPYKOBAaHUX ILIAT
Ha OCHOBI 4 MIKpONPOUECOPIB, MNPUNMAIBbHO-BUBIIHOIO KaHAIIB Ta MOPTY
JKUBJICHHSI KOMIUIEKCY BiJ OOpTOBOI Mepexi aBTOMOOLIs abo BiJ aKymyJsiTopa
Hanpyroto 12 B. IuTtepdeiic mnporpamHoro 3abe3nedyeHHs BUMIPIOBAIbHO-
PEECTPYIOUOTO KOMIUIEKCY T0OyJ0BaHO Ha MOBI mporpamyBanHs C++, B
cepenouire Of, sike Ma€e BUIbHY JIIICH3IIO.

Y 3a3naueHomy iHTepdelici mnepeadadyeHO MOXKIIUBICTh MPOBEACHHS
HaJalTyBaHHS BCIX JIaTYMKIB, TMIA'€JHAHUX JIO BIATMOBITHUX  KaHAJIB
BUMIPIOBATIHLHO-PEECTPYIOUOTO KOMIUIEKCY, a TaKOX MepemndadeHO MOXIIMBICTh
¢buapTpalii NOTOKY JaHUX, OTPUMaHUX 3 JATYMKIB 3 METOK BIACIIOBAHHS
BUIAJIKOBUX BEJIMYMH, 1[0 BUHUKAIOTH BHACHIJOK Jii 30BHIIIHIX MEPEIIKO]l

(nepemikoa a0 €AEKTPUUHOTO LIyMY).
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4.4 ExcnepuMeHTAJbHI JTOPOKHI JOCTITKEeHHSA THHAMIKH
rajibMyBaHHSI KOJIiICHOTO TPAHCIIOPTHOIO 3aC00y
ExcnepumeHTanbHi JIOPOXKHI1 TIOCIIIKEHHS MIPOBOAVIIHCS Ha

TpaHcropTHOMY 3ac061 MA3 256200 B cyxy moroxay, Ha ac(aibTOBOMY MOKPHUTTI
TOPU3OHTAIBHOTO TPO(ITIO, TP TEMITEpATypi HABKOIHUIIHBOTO cepenoBuina 28°C.
ITin yac exkcrnepuMEHTAIbHUX MAOCHIIKEHb B 3aBAHTAXKEHOMY Ta IOPOKHBOMY
CTaH1 TPAHCIIOPTHOTO 3ac00y OyJIM BCTAHOBJICHI MAKCUMAJILHO MOJKJIUBI BEJIMUYNHU
HOro ymnoBUIBHEHHS B TPhOX pI3HU3 BaplaHTax TallbMyBaHHsS KoJic aBToOyca:
NEepLINi MiJI 4ac OJHOYACHOIO rajbMyBaHHS 332 PaxyHOK IEpIIOi Ta APYyroi BiCl
aBTOoOyCa, IPYruil MiJl Yac rajJbMyBaHHS 3a PaXyHOK TUIbKH TepIioi (MepeaHboi)
Bicl aBTOOYyCa, TPETiil MiJ Yac raJibMyBaHHS 332 PaxXyHOK TUIbKU JIPYroi (3aJHbOi)
Jlst

JTOCITIDKeHb BEJTMYMHU YIIOBUIBHEHHS aBTOOYyCa 3BEACHO 10 Tabmuill 4.2.

Bici aBTOOyca. 3pY4YHOCTI aHaji3y pe3yibTaTiB EKCIEPUMEHTATbHUX

Tabnuys 4.2
TeopernyHa Ta eKCIIEPUMEHTAIBHA eeKTHBHICTh raJIbMYBAHHS
JABOBICHOT0 TPAHCIOPTHOIO 3aC00y HA CYyXOMY
acGanbTOBOMY MOKPHUTTI (I0YaTKOBA IIBUAKICTh HA AKIM

BinOyaocsa ransmyBanHs KT3, cranosuina 60 km/rox)

Hazsa KT3

(Mapka, MOJIeh)

OJIHOYACHO 3a
pPaxyHOK MepuIoi
Ta Apyroi Moro

raJlbMyBaHHS 3a
PaxyHOK TUTbKH
MepIoi Bici

VhooBuibHEHHS | YOOBUIBHEHHS | YTOBUIBHEHHS
KT3 mig gac #ioro | KT3 mig gac KT3 mig gac
rajbMyBaHHS HOro Horo

raJibMyBaHHS 32
PaxyHOK TIJIbKH
npyroi Bici

Biceit (f,,), M/c’ (), M/C° (), M/C
TeopeTHuHUN PO3pPaxyHOK
MA3 256200 BaBaHTa)KeHI/I\II/I 5,91 2,87 2,93
CIOPSIKEHU N 7,04 4,19 3,33
ExcnepuMmeHTanbHe TOCTIKEHHS B IOPOXKHIX YMOBaxX
3aBaHTaKCHUU 5,96 2,85 2,88
MA3 256200 CIIOPSPKCHU N 7,00 4,57 3,28
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B tabaumi 4.2 Takok HaBeACHO BETUYUHU YIOBUIBHEHHS 3aBaHTAXKEHOTO Ta
cnopskeHoro aprooyca MA3 256200 oTrpumaHi po3paxyHKOBHM IUIIXOM Ha
OCHOBl TEOPETHYHUX IIOJIOKCHh BHUKJIQJACHUX B po3aun 2 Ta 3 JaHOTO
JUCEePTALIHHOTO TOCHIHKeHHS. 3 Ta0nui 4.2 MOKHA MOOAYUTH, 110 TEOPETUYHI Ta
EKCIIEpUMEHTAIbHI JTOCTII)KEHHsI 301raloThCs 3a TOPSIAKOM 4YHced 1 Maixke
BIJIIOB11al0OTh OJMH OAHOMY. IToXHMOKy MIX pe3ysnbTaTaMu €KCIEpUMEHTAIbHOIO
JIOCTI/DKEHHSI Ta TEOPETUYHHUMH pPO3paXyHKaMHd BH3HAUMMO 3a BIJJOMOIO

3AJIEKHICTIO

« CKCII. = TEOP. _ . «CKCII. = TEOP.
p=2n Ty )mm(p];" Ju ") 100%, (4.1)

maX(] m 5 ] m

+CKCII. «TEOP.

e jo° ta j°" — BIANOBIJHA BEJIMYMHA YIOBUIBHEHHS aBTOOyca OTpUMaHa IpH

pPIBHUX yMOBax BHACIIJIOK IIPOBEJCHHS EKCIEPUMEHTAIbHUX JOCTIKEHb Ta
- 2

TEOPETUYHUX PO3PaXyHKIB, M/C”.

JUis  aHamizy NOXMOKM MK  TNPOBEACHUMH  EKCHEPUMEHTAIbHUMHU

JOCITIPKCHHSIMH Ta TEOPETUYHUMH PO3paxyHKaMH, 3BeJeMO 1X 10 Tabnuill 4.3.

Tabnuys 4.3
IHoxnOkm Mixk pe3yjibTATAMHU €KCIIEPUMEHTAJIBLHUX JOCJIIKeHb TA
TEOPETUYHUMU PO3PAXYHKAMHM €(PeKTHBHOCTI rajJibMyBaHHSI IBOBICHOIO
TPAHCHOPTHOIO 3ac00y Ha cyxoMy acajbTOBOMY NOKPHUTTI (I104ATKOBA

IBUAKICTH HA fAKiil BinOygocs raabmyBanis KT3, cranoBuia 60 km/ron)

Hassa KT3 IToxnbOxa IToxubOka IToxmnbka
PO3paxyHKIB PO3paxyHKIB pO3paxyHKIB
(MapKa, MOZeIb) IS fy Y0 IS fin1, Yo IS fim2, Yo
MA3 256200 3aBaHTAXKCHHUI 0,84 0,70 1,7
CIIOPSJKCHU N 0,57 8,3 1,5




127

3 Tabmuui 4.3 MOXHa MOOAYUTH, L0 CEPeNHS MOXHMOKAa pPO3paxXyHKIB HE
nepeBullye 5% ans cnopsapkeHux ado 3aBaHTaKEHUX TPAHCIOPHHUX 3aco0iB, 110
BKa3ye Ha BIPHICTh 3alPONOHOBAHOI METOJIUKHN PO3PAXYHKY MMapaMeTpiB B3aeMOJII1
IIMH aBTOMOOLIBHHUX KOJIC 3 OBEPXHEIO TOPOKHBOTO MOKPUTTS, sIKa 0a3yeThes Ha
KPYTUIIBHIH )KOPCTKOCTI MHEBMATHYHUX IITUH TPAHCTIOPTHOTO 3aC00Y.

3 METOI0 CHIBCTaBJIEHHS PE3yJbTATIB PO3paxyHKy peaii30BaHOTO 34ETIIICHHS
IIMH KOJIIC TPAaHCIOPTHOTO 3ac00y 3 TMOBEPXHEI0 JOPOXKHBOTO TMOKPHUTTA 3a
3aNexHICTI0O (2.33) 13 3HAYEHHSAM peajdi30BaHOro 34YEIUIEHHA OTPUMaHUM
€KCIEPUMEHTAIbHO, HEOOX1THO BUKOHATU NEPEPaxXyHOK BEIMYMHU PEAII30BAHOTO
3YEIUICHHSI 4epe3 YMOBUIbBHEHHS TPaHCIOPTHOro 3acoly. s 1poro BUpa3HMO
piBHAHHS (2.38) uepe3 peani3oBaHl 34YEIJIEHHA f; Ta f, 1 NOpPENCTaBUMO iX

BIJIMOBIAHO Y BUTJIAI 3a1eXHOCTI (4.2) Ta (4.3).

Zl . (Lif;;cles + 027axles X h )_ ~f027axles . aZfaxles
= : g g (4.2)
fi - z . h +b27axles ’ :
I g g
1_axles __ 72 _axles 1 _axles 72 _axles
= zZ, (fo hg L(1,2) )+ o bg 43)
2 z - h _a27axles ’ :
2 g g
e z, = % , Z,= % — Koe(ilieHTH TalbMyBaHHS TPAHCIIOPTHOTO 3aco0y

OTPYMaHi 32 PaXyHOK TrajJbMyBaHHS TUIBKH BiJMOBIAHOI HOTO MEepeaHbO1 / 3aIHBOT
BiCl.

S 2= pinnoBimHi peaNi3oBaHi 3YEIUICHHS, IO YTBOPIOETHCS
BHAC/IIIOK BUHUKHEHHSI OMOpPY KOUYEHHS aBTOMOOUIBHOrO Kojeca (Koe(ilieHT
OTIOpY KOUYEHHS).

Ha ocHOBi mpoBeneHHsI CTEHJOBUX JOCHIHKEHb KOEPIIIET OMOpYy KOUCHHS

f;)liaxles — 0’01 1 .a f;)Ziaxles — 0’016 TUTST aBTO6yca MAR 256200.
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Ha ocHOBI mpoBeneHMX CTEHIOBHX JOCHIPKeHb 3a(iKCOBAaHO, IO
KOe(]IIIEHT OMOpPY KOUEHHSI 3JIBOEHUX KOJIC HE 3aBXKIAU BUIIE KOe]illleHTa OMopy
KOYEHHIO KOJIIC 3 OJMHAPHUM OIIWHYBaHHSAM, TOMY II€ MUTaHHS TOTpedye
JIOJTATKOBOTO JOCTIIKEHHSI, OCKUTHKU MM/ Yac MPOBEJACHHS EKCIEPUMEHTAITBHUX
JOCIIJKEHb BIJI 3JBOEHHUX KOJIC HE BIJ €IHYBAJIUCA €IEMEHTU TpaHCMICIi
KOJIICHOTO TPAaHCIIOPTHOTO 3aco0y.

JIist 3py4qHOCT] aHATi3y pe3yibTaTiB PO3PAXyHKY PEasli30BAaHOTO 3YCTUICHHS
aBToOyca MA3 256200 3a 3amexuictio (2.33) Ta 3anexuoctsmu (4.2), (4.3)

3BeeMO 1X g0 tabmuil 4.4.

Tabnuys 4.4
Po3paxoBane peaJjiizoBaHe 34elUIeHHS MePeIHIX Ta 3aJHiX KOJIiC JBOBICHOI0
TPAHCHOPTHOIO 3aC00y HA cyXOMYy ac(ajJbTOBOMY NOKPHUTTI (II0YATKOBA

IIBHAKICTH HA AKid Bin0yaocsa raabmyBannsa KT3, cranoBuiia 60 km/rox)

PeanizoBane 3ueruieHus: | PeasizoBaHe 34erieHHS
IIIMH KOJIIC TTePeIHbOI BiC1 | IITMH KOJIIC 3a1HBOT BiCl
TPAHCIIOPTHOTO 3aCO0y | TPAHCIIOPTHOTO 3aCO0Y

Hazpa KT3
(Mapka, MOJIeh)

TeopernyHuit po3paxyHOK Ha OCHOBI 3aJiexHICTI (2.33)

3aBaHTAKCHUU 0,6055 0,5658
CIIOPSITKECHU I 0,7020 0,7632

MA3 256200

Po3paxyHok Ha ocHOB1 Bu3HaueHHs ynoBuibHeHHs: KT3 mijg yac
€KCIIEPUMEHTAJIbHUX JIOPOXKHIX JTOCTIKEHb 3 YpaXyBaHHIM
3asiexxHocTi (4.2) ta (4.3)

3aBaHTaKCHUU 0,5948 0,5518
CIIOPSKEHU N 0,7400 0,7459

MA3 256200

[Toxubky MK pe3yabTaTaMU pPO3PaxXyHKIB peagi30BaHOTO 34YeTUICHHS
OTPUMAHOTO  TEOPETHYHUM  IIISAXOM Ta  HAa  OCHOBI  TPOBEIEHOTO
E€KCIIEPUMEHTAJIbHOTO  JTOCHI/PKEHHSI BU3HAYMMO 3a 3ajexHicTio (4.4), 110

aHaJjoTiuHa 3aj1exHocTi (4.1).
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CKCII. TEOp. _ . C€KCIIL. TEOp.
p, = DS T) mint T g, (4.4)
max(fiekcn.’ﬁTeop.)

ne [ ta f"" — peanizoBaHi 34eIUICHHS i-0i BiCi OTpHMaHi BiJIMOBIIHO Ha

1 1

OCHOBI 3anexxHoctelt (4.2), (4.3) Ta 3anexnocTi (3.33) nmpu piBHUX YMOBaX.
Jlnis mpoBeeHHST aHalli3y MOXMOKM PO3paxyHKy, MK JBOMa OTPUMaHUMU
pe3yabTaTaMu PO3pPaxyHKY peajli3oBaHOIO 3YETUICHHs IIMH KOJIIC TPaHCHOPTHOTO

3aco0y, 3BezieMo ix 0 Tabmwii 4.5.

Tabnuys 4.5
HoxnOkm Mixk po3paxyHKaMH peasii3oBaHOIrO0 34elJIeHHS IHH KOJIic

JABOBICHOI0 TPAHCIOPTHOIO 32C00y Ta MOBEPXHEI0 JOPOKHBOI0 MOKPUTTH

Hasga KT3 [ToxuOka po3paxyHkiB | [loxubOka po3paxyHKiB
(Mapka, MOJIENh) s f1, %o st fo, %o
MA3 256200 3aBaHTaKCHUI 1,77 2,47
CIIOPSIIKECHU N 5,14 2,27

3 tabnumi 4.5 MokHa MOOAYUTH, IO CEPEeIHs MOXUOKa PO3PaxXyHKIB 5K 1
noxubOka po3paxyHkiB ynoBinbHeHHa KT3 (nuB. Tadn. 4.3) He nepepuiye 5% as

CHOPSAIKEHUX a00 3aBAHTAKEHUX TPAHCIIOPHUX 3aCO0IB.

4.5 CreHAOBI  eKCHEPUMEHTAJbHI  JOCHIIKeHHA  e(eKTUBHOCTI
raJibMyBaHHSl TPAHCHOPTHOIO 3aco0y 3 OAMHAPHUM Ta NOABIHMUM

OLIMHYBAHHAM HOI'0 KOJIiC

3 METOK BHU3HAUYEHHS BIUIMBY BEPTUKAIBHOTO HABAHTAKEHHS, IO
IPUXOJUTECS Ha BICh TPAHCIOPTHOTO 3ac00y, Ha MaKCHUMaJbHE peali30BaHE
3YEIUICHHS IIHWH KOJIC JIBOBICHOTO TPAHCIIOPTHOTO 3ac0o0y, €KCIepUMEHTANbHI
JOCHIUKEHHS! B CTEHJAOBUX YMOBax BHKOHAHO /JIsi PI3HUX THUIIB TPAHCIOPTHHUX

3aco0iB, K1 MaIOTh KoJieca 3 OJUHAPHUM Ta MOJBIMHUM OIIMHYBAaHHSIM.
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PGBy.]'H)TaTI/I CTCHAOBUX CKCIICPUMCHTAJIbBHUX I[OCJ'IiIDKeHB, K1 J03BOJINIIN

BU3HAYUTH MaKCUMaJbHI peali30BaHl 3YCIUICHHS IIMH KOJIC 3 OJUHAPHUM Ta

MOJBIMHUM OIIMHYBAaHHSIM, JIBOBICHOTO TPAHCIIOPTHOTO 3aco0y 3BEIEHO JI0

Tabymi 4.6 1715 3pyYHOCT] aHATi3y.

Tabnuys 4.6

CTeHI[OBi eKCIIepI/IMeHTaJIBHi I[OCJIiIDKeHHﬂ 3 BUBHAYCHHA

MAKCHUMAJIbHOI e(DEKTUBHOCTI il rajibM KOJIIC CIIOPSAAKEHOT0 IBOBICHOI0

TPAHCHOPTHOIO 3ac00y (I0YaTKOBA IBUAKICTH HA fAKIN Big0yBasocs

raabmyBaHHsi KT3, cranoBuiia 5 km/ron)

Koedir Makcumanbia | Makcumanpna | Koedimient M
ocinient Hopmanpma | TambMoBa | rampMmosa cuia | MIBMYBatHi AKCHMATIbHE
No omopy : (z)), sxuii peaizoBane
Bici | KOYECHHs peaKtii CwaHa o Ha HpaBomy 3abe3menye 3YCTUICHHS
: axles (R.), xH | /iBoMy Koueci Koreci - ( i)
(-ﬁ) ) (R)l;ﬁ )’ KH (R;;ght ), KH OKP?(N,?E;BICL i
ABTOMO0O1Ib Mercedes-Benz Atego 970.01
1 0,0239 32,236 9,24 9,78 0,301 0,450
2 0.0230 30,872 7,87 7,07 0,237 0,586
ABTOMOO1IIL Mercedes-Benz Atego 818
1 0,0351 31,088 7,65 7,78 0,248 0,406
2 0.0334 31,146 7,51 7,38 0,239 0,513
ABTOoMO61Ib DAF XF.95 430
1 0,0230 62,608 15,11 14,44 0,239 0,382
2 0,0231 60,910 13,43 10,77 0,196 0,439
ABTOMOO1TE MAN LE 18.280
1 0,0300 36,886 10,43 10,84 0,263 0,467
2 0,0240 43,841 10,21 9,39 0,243 0,486
ABtomo011b RENAULT MAGNUM
1 0,0267 58,370 15,36 14,84 0,291 0,415
2 0,0403 45,342 9,89 9,81 0,190 0,470

TumoBi ocuuiorpaMy 3amucy 3pOCTaHHS TaJbMOBUX CHJI Ha JIIBUX Ta

MpaBUX KoJiecax TPAaHCIOPTHOTO 3aco0y 300pakeH1 Ha pucyHKy 4.9 Ta 4.10.
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= AiBa cropona
= Ilpapa cropona

[=]

Yac [c]

Pucynox 4.9 — Tunosa ociuiorpama 3poCcTaHHs ralbMOBUX CHJI JIIBOTO Ta

IIpaBoro KoJieca MepeiHboi Bici aBToMo0uis Mercedes-Benz Atego 970.01

4
Cepe,eum CHAQ AiBOi Ta Mpagoi cTopoHH [KH]

Pucynok 4.10 — Tunoa ocuuiorpama CriBBiAHOIICHHS TAIbMOBUX CHJT
JBOTO Ta MIPABOTrO KoJIeca BiCl 10 CEpEAHBOI0 3HAYEHHS LIMX TaJIbMOBHUX

cuJ1 aBToMOoO11s1 Mercedes-Benz Atego 970.01

CriBCTaBIsIlOYM  OTPUMAaHI pPe3yJbTaTH CTEHIOBHX EKCIEPUMEHTATbHHUX

JOCITIDKEHb PEai30BaHOT0 3YCIUICHHS KOJIIC 3 OJMHAPHUM Ta TOJABIHHHUM iX

OIIMHYBAaHHSIM MOXHa MOOAYUTH, WO AJIA PI3HUX TPAHCHOPTHUX 3acO00IB Npu

B3aemonii mmH komic KT3 3 OiroBumu Oapabanmamu crenma Unimetal Quantum

3HAa4YCHHA peani3OBaH0ro

3UCIUICHHA I1MWH 3 OJHHAPHHM OIINMHYBAHHAM
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3MiHIO€ThCS B miana3oHi Big 0,382 mo 0,467, a mist KoJic 31 3ABOEHUMH IIHHAMU
Bin 0,439 nmo 0,586, mpu Maibbke OJHAKOBOMY PpO3MOJILII BEPTUKAIBLHOIO
HABAaHTAKEHHS MDXK MepeaHiMU Ta 3aaHIMu Bicamu KT3.

3 Tabmuii 4.6 MOXHAa MOOAYUTH, IO PIZHUI MDK peaTi30BaHUMHU
3UCIJICHHSIMUA KOJIC 3 OJUHApPHUM Ta MOJABIMHUM omuHyBaHHAM Kojic KT3 tum
MEHINIa, aHDK OulblIa KosicHa 0a3a TPaHCIOPTHOTO 3aco0y, Ta HE3aleKUTh Bij
KUIBKOCT1 ITMH BCTAaHOBJICHMX Ha KOJIECO, IO MIATBEPIKYE TEOPETHUHI PO3CYIU
HaBeJIeH1 B po3/1i 2 Ta 3 JaHOTO TUCEPTALITHOTO JOCIIIIKEHHS.

AHaJNOrI4YHI CTEHIOBI EKCHEPHUMEHTANbHI JOCHIKEHHS MPOBEACHI s
TPUBICHOTO KOJIICHOTO TPAaHCHOPTHOrO 3aco0y (Tabn. 4.7) moka3yooTh, IO 13
30UIBIICHHSIM Bard TPAHCIOPTHOTO 3aco0y Ta KIIBKOCTI Biced, Ha sIKi 1 Bara
PO3IOIIAETHCS, peali30BaHe 3YCIUICHHS IMMH HOTro KOJIC 3 OJWHAPHHUM Ta
NOJBIMHUM  OIIMHYBAHHSM TpPOXM 3MEHINYETHCS, alie

HE MPOIOPIIHHO

30uTbIeHHI0 Baru KT3.

Tabnuys 4.7

CTeH10Bi eKCIIEPUMEHTAJIbHI JOCIIIXKEeHHS 3 BUSHAYECHHS
MaKCHUMAJIbHOI e)eKTUBHOCTI il raJabM KOJIIC CIIOPAIKEHOT 0
TPHUBICHOI0 TPAHCMIOPTHOIO 32c00Y (MOYATKOBA HBUIKICTh HA AKI

Bin0yBasocs ranbmyBanus KT3, cranoBuia S km/roa)

Koediie MaxkcuManbaa | Makcumanpma | KOePilieHT MaKCHMATEHE
HIEHT Hopmaneha | TaTbMOBa | ranmbMmosa cuyia | MIPMYBaniis KCHMAITBH

No onopy _ (), Kt peanizoBaHe

e peaKris cHJIa Ha Ha PaBOMY
BIC1 z{j:e;g;; (R.), xH | niBomy Kxomeci KoJeci 3a6e3neqye SI(I;THigI;H

- left right OKpaMa BICb i
0 (R, xH (RF"), xH KT3
ABTOMOO11E Mercedes-Benz ACTROS 3341 4 6X6

1 0,0215 40,496 11,06 10,59 0,160 0,426

2 0,0310 65,472 16,71 12,12 0,212 0,305

3 0,0272 29,783 5,48 5,02 0,077 0,525
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He3naune 3HWXKEHHS peami3oBaHOTO 34erieHHs (auB. Tabm. 4.7) 1o
BIIHOIIICHHIO JI0 PEaJli30BAHOIO 3YEIUICHHS JBOBICHUX TPAHCIOPTHUX 3ac00iB
(muB. Tabn. 4.6) moB’s3aHe 13 BIUIMBOM HA HHOT'O KOOPJUHAT TOJIOKEHHS LIEHTpa
TSOKIHHSL TPAHCIIOPTHOTO 3aco0y, KoopAuHAT nonoxkeHHs mocTiB KT3 BimHOCHO
LHEHTpa TSOKIHHS aBTOMOOUIS Ta 3HIDKEHHSIM Koe(illieHTa TrajibMyBaHHS
TPaHCIOPTHOTO 3ac0o0y, AKUN 3a0e3MeUyeThCsl OKPEMOIO HOro BICCIO, HIO TAKOX
MiATBEPKYE TEOPETUYHI TIOJNIOKCHHS BUKIAIEHI B po3figax 2 Ta 3 maHOi

JcepTaliitHol poOoTH.

Tabnuys 4.8

CTeH10Bi eKCIIEPUMEHTAJIbHI JOCIIXKeHHS 3 BUSHAYECHHS
MAaKCHMAJIbHOI e(DeKTUBHOCTI il rajibM KOJIIiC CIIOPSAJAKEHOT0 YOTUPHUBICHOT 0
TPAHCHOPTHOIO 32c00y (I0YAaTKOBA MIBWAKICTH HA fAKiil Big0yBanocs

raasmyBanHsa KT3, cranoBuia S km/rox)

Koedir Makcumansia | Makcumanpaa | KOCPillenT M
ocinient Hopmanpha | TambMoBa | rampMmosa cuia | MIBMYBANHd AKCHMAIIbHE

No O1opy . (zi), KMt peaii3oBaHe

. peaxiist CcuJia Ha Ha IMpaBOMY
BICI ?;?e;g;; (R.),xH | iBoMy Komeci Koueci 3abesmeuye 31(1?}1221;51

- left right OKpama BICh LT
0 (R;]), xH (R;*), xH KT3
ABTOoMOO1TE RENAULT KERAX

1 0,0247 56,633 12,08 10,47 0,108 0,419

2 0,0240 69,563 17,84 16,59 0,166 0,364

3 0,0258 42,674 14,55 12,94 0,132 0,446

4 0.0319 39,132 10,46 10,09 0,098 0,474

3 METOI0 OCTaTOYHOT'O HiI[TBGp,Z[}KCHHSI TCOPCTUYIHUX ITOJIOKCHb BUKIIAJACHUX

B poO3aUIl 2 Ta TPOMOJEIBbOBAHMX B po3aAull 3 OynaM NpOBENEHI CTEHJIOBI
EKCIIEpUMEHTAJIbHI JOCHIPKEHHSI Ha YOTUPHUBICHUX KOJICHUX TPAHCHOPTHUX

3acobax (Tabn. 4.8).
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CTeHI0BI eKCIEPUMEHTAIIbHI TOCTIIKEHHS] MAaKCUMAIIBHOI €(PEeKTUBHOCTI Jii
rajbM KOJIC CHOPS)KEHOTO YOTHPHUBICHOTO TPAHCIOPTHOTO 3aco0y (Tabn. 4.8)
MOKa3aliv, 10 Cepe/lHE 3HA4YeHHS KoedillieHTa TallbMyBaHHS, SKUH MOXke OyTu
JOCSITHYTUH 3a PaxXyHOK TallbMyBaHHs TUIbKM oOfHIi€i Bici Takoro KT3
3MEHIIYEThCS Ha 47% B MOPIBHSAHHI 3 ABOBICHUMHU TPAHCIIOPTHUMH 3aco0amu Ta
Ha 13% B mopiBHsHHS 3 TpuBicHumu KT3, mo He cymepeuuTs pesyibTaTaMm
IMITAIIfHOTO MOJIETIOBaHHS TMPOIECY TaJbMyBaHHS Ha CyXoMy ac(aibTOBOMY

MOKPUTTI, 110 IPUBEJICHI HA PUCYHKY 3.7.

BucHoBkHM 10 po3ainy 4

[IpoBeneHi CTEHJOBI Ta JIOPOKHI EKCHEPUMEHTWIIbHI  JOCIIIKCHHS
JIO3BOJIMJIM MIATBEPAUTH OCHOBHI TEOPETHYHI MOJIOXKEHHS IUCEPTaLiiHOT poOoTH
Ta HE CylNepedyaTh JOCIHIHDKECHHSM MPOBEJACHUM IHITUMHU HAYyKOBLSMH CBITY, alie
YTOUYHYIOTh OCHOBHI TEOPETUYHI TIOJIOKEHHS 3 Teopli pyxy KOJICHUX
TPaHCIOPTHUX 3ac001B. Ha OCHOBI MpOBEIEHNX €KCIIEPUMEHTAILHUX JOCIIIIKEHbD,
MO>KHA 3pOOUTH HACTYIHI BUCHOBKH:

1. IIpoBeneHi ekcrnepuMEHTaIbHI JOCHIKEHHS MiATBEPIDKYIOTh T€, IO
BEJIMYMHA YMOBUIBHEHHS KOJICHOTO TPAaHCIOPTHOrO 3acO0y 3aJIeKUTh HE TUIbKU
BiJl BEJIMYMHU PEAI30BAHOTO 3YEIUIEHHS, a W BIJl BaroBO-reOMETPUYHHUX
napametpiB KT3 (mmosokeHHs KOOpAMHATH LIEHTpa TSKIHHS aBTOMOOLIS BITHOCHO
roro Biceit).

2. IlopiBHAHHS pe3yJbTATIB MPOBEICHUX EKCIIEPUMEHTAIBHUX JOCITIKEHb 3
BU3HAYCHHS 9aCTKOBOI eeKTuBHOCTI raabMyBaHHsa KT3 3a paxyHOK TiJbKH OJHIET
3 Horo Bicell Mmokasajid, M0 cepefHs MOXHOKa PO3paxXyHKIB, MO BIAHOIICHHIO 0

EKCIIEpUMEHTAIbHUX JIOCTIDKeHb, HE mepeBuinye 5% g CHOPSIHKEHUX ado

3aBaHTAXEHUX TPAHCIOPHUX 3aco0iB, IIO0 BKa3ye Ha BIPHICTh 3alPOIIOHOBAHOT
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METOJUKHU PO3PAaXyHKY MapaMeTpiB B3a€EMO/I OJMHAPHUX, 3IBOEHUX 200 CTPOEHUX
IIMH aBTOMOOLIBHUX KOJIIC 3 TIOBEPXHEIO IOPOKHBOTO MOKPUTTS, siKa 0a3y€eThCs Ha
KPYTUJIbHIN KOPCTKOCTI MTHEBMATUYHUX IIUH TPAHCIIOPTHOTO 3ac00Yy.

BusnaueHuii eKcriepuMEHTaIbHUM TIUIAXOM KOEQIMIEHT TaJlbMyBaHHS
KOJIICHOTO TPAHCIIOPTHOTO 3ac00y, MATBEPIKYE MOXIJIHBICTh BU3HAYCHHS ITHOTO
Koe(DiMieHTy po3paxyHKOBHUM IIIJITXOM Yepe3 BaroBo-reoMmerpuyHi napamerpu KT3
Ta JKOPCTKICHI BJIACTHBOCTI IMHEBMAaTHYHUX IIIWH BCTAHOBJICHUX Ha BICIX
TPaHCTIOPTHOTO 3aC00Y.

3. HInsxoM MpOBEAEHOTO E€KCIEPUMEHTATBHOTO CTEHJIOBOTO JOCIIIKEHHS
BCTAHOBJICHO, 1110 KOE(DIIIEHT OMOPY KOUYEHHIO 3JBOEHUX KOJIIC HE 3aBXKJU BHUIIEC
Koe(imieHTa Omopy KOYEHHIO KOJIC 3 OJAMHAPHUM OUIMHYBaHHSM, TOMY II€
MUTaHHA TOTPeOy€e T0MAaTKOBOTO MOCTIIHKCHHS, OCKIIBKU i Yac MPOBEICHHS
EKCIIEPUMEHTAIbHUX JIOCHIJKEHb BIJI 3JBOEHUX KOJIC HE BIJ €QHYBaIUCS
€JIEMEHTH TPAHCMICI1 KOJIICHOTO TPAHCIIOPTHOTO 3aC00Yy.

4. CHiBCTaBISIIOYM OTPUMAaHI PE3yNbTaTH CTEHAOBHUX EKCIIEPUMEHTATHHUX
JOCII/DKEHb PEalli30BAHOT0 3YCIUICHHS KOJIIC 3 OJMHAPHUM Ta TOJABIMHHM iX
OILLIMHYBAaHHSAM BCTaHOBJICHO, 110 IS PI3HUX TPAHCIOPTHUX 3aC001B TP B3a€MOAIT
muH Kojic KT3 3 GiroBumu Oapabanmamu crenna Unimetal Quantum 3Ha4eHHS
peai3oBaHOro 34YEIUICHHS IIUH 3 OAMHAPHUM OIIMHYBaHHIM Ha 13 — 20% menm,
aHDK peali30BaHi 3UEIJICHHS KOJIIC 31 3/IBOEHMMH IIMHAMHU B aHAJIOTIYHUX YMOBAX,
py Maike OJHAKOBOMY BEPTHKAJILHOMY HaBAaHTAXEHHI1 Ha BICI 3 OJIMHAPHUM Ta
MOABIMHUM OIIMHYBaHHAM Kouric KT3.

ExcniepuMmeHTanbHi  JOCHIDKEHHS — TMOKa3ajid, M0  PI3HUIS MK
peari30oBaHUMHU 3YCTUICHHSMH KOJIIC 3 OJUHAPHUM Ta MOJBIMHUM OIIMHYBaHHSIM
TUM MEHINIA, aHDK OuIbINa KoJiicHa 0a3a TpaHCHOPTHOrO 3acoly, Ta Maibke
HE3aJICKUTh BiJ KUIBKOCTI INMMH BCTAHOBJICHUX HA KOJIECO, IO IMATBEPIKYE
TEOPETUYHI PO3CYAM HaBEIEeHI B po3aun 2 Ta 3 [aHOro JucepTaIliiiHOIo

JIOCIIJDKEHHS.
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He3naune 3HWKEHHS peani3oBaHoro 3veruieHHss y TpuBicHux KT3 mo
BIJIHOIICHHIO JI0 peai3oBaHOro 3uerieHHs aABoBicHuX KT3 mos’s3aHe 13 BILIMBOM
Ha HBOTO KOOpAWHAT TOJIOKEHHS IIEHTpa TSOKIHHS TPAHCIOPTHOTO 3acoly,
KoopauHaT mosiokeHHsT MocTiB KT3 BiIHOCHO IEHTpa TSKIHHA aBTOMOOLIA Ta
3HIDKEHHSAM  Koe(iIllieHTa TaJbMyBaHHS  TPAaHCHOPTHOTO  3aco0y,  SKUH
3a0e3MevYy€eThCsl OKPEMOI0 HOro BiCCIO, HIO0 TaKOX MIATBEPIXKYE TEOPETHUHI
MTOJIOXKCHHS BUKJIQJICH] B po3/iiax 2 Ta 3 1aHoi AucepTariiiHoi poOoTH.

5. TlpoBedeHi CTEHAOBI EKCIMEPUMEHTAIIbHI JOCHIKEHHS MaKCHUMalbHOT
e(EeKTUBHOCTI [ii TaabM KOJIC CHOPS/KEHOT0 YOTUPHUBICHOTO TPAHCIIOPTHOTO
3aco0y MoKasaliv, 10 CepelHE 3HAUYCHHS Koe(illieHTa raJbMyBaHHS, KU MOXe
OyTH JOCSTHYTMH 3a paxyHOK TajlbMyBaHHsSI TUIbKM oOjHi€i Bici Takoro KT3
3MEHIYEThCS Ha 47% B TOPIBHSAHHI 3 ABOBICHUMHU TPAHCIIOPTHUMH 3aco0amMu Ta
Ha 13% B mnopiBusHHS 3 TpuBicHUMH KT3, 1m0 TakoXX MIATBEPIKYETHCA

TEOPETUYHUM IMOJIOKEHHSAM BUKJIAIEHUM B pO3/111 3 JaHO1 AUCEepPTalliHOT pOOOTH.

OCHOBHI pe3yJnbTaTH JOCIIDKEHHS 3 JaHOTO PO3IUTy OIyOJIiKOBaHI B

HayKoBHX poborax [1, 2, 8, 12, 13].
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BUCHOBKH

Y  nucepramiiiHii poOOTI BHUPIMIEHO HAYKOBO-IPAKTHYHE 3aBJAaHHA 3
YAOCKOHAJIEHHSI METOJY BHU3HAYEHHS PEali30BAHOTO 3YCIUICHHS HIMH 3JBOEHUX
KOJIC TPaHCHOPTHOTO 3aco0y 3 MOBEPXHEI0 JOPOKHBOTO IMOKPUTTA, LUISIXOM
OTpUMaHHS  HOBUX  B3a€EMO3BA3KIB  MDK  JKOPCTKICHUMH  TapamMeTpamu
nHeBMaTuuHUX muH koyic KT3 Ta peanizoBaHUM 34YEIUICHHSAM, IO peajizyeThCs
M1XK IIMHOIO Ta MMOBEPXHEIO JOPOKHBOTO MOKPUTTSL.

OCHOBHI pe3yJbTaTH, 1[0 OTPUMAaHI B MPOIIECI MPOBEACHHS TEOPETHUYHUX 1
eKCIIEPUMEHTAIBHUX JAOCTIKEHbB, MOJSTal0Th Y HACTYITHOMY:

1. TeopeTnune HmOCHIKEHHS XapakKTepy peamizaiii M03J10BKHbOTO
3YEIUJICHHS! MK IIMHAMU 3JIBOEHUX KOJIIC TPAHCHOPTHOTO 3ac00y Ta MOBEPXHEIO
JIOPOKHBOTO TOKPHUTTS MOKAa3ajo, M0 BETUYMHA CHIIM PEaidi30BaHOTO 3YETUICHHS
MDK IIMHAMH TaKOTO KoJeca Ta MOBEPXHEI0 JOPOKHBOTO MOKPUTTS 3AJICKUTH BiJl
XapaKkTepy 3MIHU CEepeIHbOI KYTOBOI >KOPCTKOCTI MMH. [Ipy HasBHOCTI pi3HULI
MDK BIJICTaHSIMH, IO TOB’Si3aHI 3 BICCIO CHUMETpIi KoJjieca Ta BICCIO CHUMETPIi
BIJIMOBIJTHOT IIMHU CIIOCTEPIra€ThCs 3MEHIIEHHS CepeHBOI KYTOBOI KOPCTKOCTI
mKH Koutic Ha 14 %, siki MaroTh 1HITY HIXK OJJUHAPHE OLUMHYBAHHS, IPU 3MEHILEHH1
THUCKY B OJIHI# 3 IITMH Takoro kojeca Ha 80 %.

Bukonane TeopeTHuHe JAOCTIIPKEHHS XapakTepy BIUIMBY CEpPEIHbO1
KOPCTKOCT1 IIMH KOJIC, fIKI MAlOTh HE OJMHApHE OIIMHYBaHHS IOKAa3ajo, IO
BEJIMYMHA CEPEIHBOT KOPCTKOCTI IIMH TAaKWX KOJIC HE 3MIHIOETHCS TPU 3MiHI
TUCKY B ImmHI B aianasoHi Big 0,15 mo 0,35 MIla. Ile o6ymoBieHo, Hacammepen
HEJTIHIWHICTIO 3MIHU BiJICTaHEH V| Ta ), Ta JOJIATKOBUM HaBAaHTAXCHHSIM IUHU (R,)
B SIKIM 3ajuIIaeThcsl TUCK Ha piBHI He HUxkYe 0,6 MIla mpu 3HM)KEHHI TUCKY B
1HII# muHi 10 piBHS He HIk4e 0,35 Ml]a.

BcranoBneno, mo HemiHiiiHA 3MiHa BiJCTaHeH ), Ta ), 3aJeXKUTh BIJ
BEPTUKAJILHOIO HABAaHTA)XEHHS Ha 37BOEHE Kosieco He Ounblie Hix Ha 10 %, npu
najiHHI TUCKY B OJHIW 3 IIWH JIO PIBHS, IO 3HAXOJUTHCS B Jiama3oHl THUCKIB BiJl

0,15 MIla no 0,35 MIla, Ta Ha 44 % B 3aJIE)KHOCTI BiJ TUCKY B IIUHI. Y pasi K
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OJIHOYACHOTO 3HIKCHHS. TUCKY B 000X MIMHAX, KPYTWIbHA XOpCKicth C[

3MEHIIYTheThCA Ha 33 % nmnpu HE3MIHHOMY HABAaHTAKEHHI Ha  3JIBOEHE
aBTOMOOLIIbHE KOJIECO.

2. TeopeTnuHi AOCHIIKEHHS BIUIMBY XapakTepy peajizallii Mmo37J0BKHBOTO
3UCTUICHHS MIX IIMHAMU 3JIBOEHUX KOJIIC TPAHCIOPTHOIO 3aco0y Ta MOBEPXHEIO
JIOPO’KHBOTO TIOKPUTTS, 3 METOI YTOYHEHHsS (DaKTOpiB, SIKI BIUIMBAIOTh Ha
YHOBUTbHEHHS! TPAHCHIOPTHOTO 3aco0y MiJ yac HOro rajJbMyBaHHS MOKa3alu, IO
BeJIMYMHA CHJIM PEali30BaHOTO 34YeIUIEHHS MDK IMMHAMH TaKoro Kojeca Ta
MOBEPXHEIO JIOPOKHBOTO TOKPHUTTS 3aJICKUTh BIJI XapakTepy 3MIHM KYTOBOI
XKOPCTKOCTI mHH. [Ipy HasIBHOCTI Pi3HUII MIX BiJICTaHSMH, IO TIOB’A3aH1 3 BIiCCIO
CUMETpii Kojeca Ta BICCIO CHUMETpli BIANOBIAHOI IIMHHM CIOCTEPITaEThCS
3MEHIIEHHS] KYTOBOI OPCTKOCTI IIMHU MPU THIIMX PIBHUX YMOBax €KCIUTyaTalli
IIMHA. AHAaJI3 XapakTepy 3MIHH Peai30BaHOTO 3YEIUICHHS IIWH 3/IBOEHUX KOJIIC
KT3 Big #oro BaroBux MmapaMeTpiB moKaszaB, w0 30uiblieHHa Macu KT3
OPU3BOJUTH JI0 3HIKEHHS 34YIMHUX BJIACTUBOCTEH HOro IIMH, a OTXe 1 JI0
3HIDKCHHSI ~ BEJIMYMHHM  YMOBUIBHEHHS ~ aBTOMOOLISA.  3MEHIICHHS  Macu
TPAHCIIOPTHOTO 3ac00y HAaBMaKM IMIJIBUIIYE 3YIMHI BJIACTHUBOCTI MiX IIUHOKI Ta
MOBEPXHEIO JIOPOKHBOTO TOKPUTTS, IO BIAMOBIAHO TMO3WTUBHO BIUIMBAE Ha
€(eKTUBHICTh raJbMyBaHHS TPAHCIIOPTHOTO 3aC00Y, OCKUIBKU HOTO YIMOBIIbHEHHS
3pOoCTaTUME MPOIOPIIAHO 3HUKEHHIO Bard aBTOMOO1JIS1.

30UIbIIEHHST BIJACTaHI MiX IEPEIHbOI0 Ta JEKiJIbKOMa 3aJHIMH BICSAMH
YOTUPHUBICHOTO  TPAHCIIOPTHOTO  3a0CO0y, TPHU3BOAWTH  JI0  30UIBIICHHS
peai3oBaHOro 3YEIUICHHs IUH Koutic nepeanboi Bici KT3 Ta 10 3MeHIleHHs — Ha
3aaHiX. [Ipu 301IbIIEHH] BiICTaHI MIXK TEPIIO0 Ta APYTrol0 BICCIO YOTHPHUBICHOTO
KT3 na 40% peanizoBaHe 34uerieHHs MEpIIOi Bicl 3MeHInyeThest Ha 2-4 %, npu
ILOMY peaJi30BHE 34YCIUICHHS IIWH KOJIC JApPYroi, TPEThbOi Ta YEeTBEpPTOi BiCl
30uTbITy€eThes Ha 1-2,5 %. SIKI10 po3risaaTy 1HITY KOMIIOHYBAJIbHY CXEMY MOCTIB

YOTUPUBICHOTO TPAHCIIOPTHOTO 3aco0y (1B1 BICI mMepeaHi Ta NB1 3ajHl), TO JJIA
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TaKUX TPAHCIOPTHUX 3aCO0IB CIOCTEPITAETHCS 1HINE SIBUINE, 13 30LTBIICHHSIM
BIJICTAaHI MDK JPYTOI Ta TPETHOI BICCIO, a OTXE 13 30UIBIMIEHHSAM YMOBHOI
KOJICHOI 0a3W TpaHCHOPTHOTO 3aco0y, peai3oBaHE 3UCIICHHS IIMMH KOJIC
MEPEIHBOI Ta APYTOi BiCl 3pOCTAIOTh HA BIAMIHY BiJ] TPETHOI Ta YETBEPTOI HA STKHUX
peai3oBaHe 3UCIJICHHS 3MEHIIY€eThCs. Tak, Mpu 30UIbLIIEHH] B1ICTaHl MK JIPYroi0
Ta TpeThoro Biccto yotupuBicHOro KT3 Ha 42 % peanizoBaHe 34eIIEHHS MEPIIOi
Ta Jpyroi foro Bicl 30UIbIIYEThCS Maibke Ha 2,5-3 %, mpu LbOMY peani3oBHE
34YEIJIEHHS IIMH KOJIIC TPEThOI Ta YETBEPTOI BICI 3MEHILYEThCS Ha 2,5 %o.

[TonBiiiHe OLIMHYBAaHHSI KOJIC Ha BIAMNOBIAHMX Bicsix OaratoBicHoro KT3
3MEHIly€e e(QEeKTUBHICT, Horo ranbmyBaHHS Ha 8-10% npu 30UIbLIEHHI
BAaHTAXKOM1]]’EMHOCTI TPAHCIIOTHOTO 3aco0y Ha 12 % B ymoBax HOro rajabMyBaHHS
3 MOYaTKOBOT MBUAKOCTI pyXy 13,9 m/c (50 xm/Tox).

3. YaockoHaneHHU METOJ BH3HAUEHHS pEani30BaHOTO 3YETUICHHS IIUH
3IBOEHUX KOJIC TPAHCIOPTHOTO 3ac00y 3 HEXOPCTKUM JIOPOXKHIM TOKPUTTSM,
JI03BOJIMB YTOUHUTH XapakTep YHNOBUILHEHHS TPAaHCHOPTHOIO 3aco0y, 110 Mae€ BiCl
3 MOJIBINHUM OIIMHYBAaHHSM KoJic. TeopeTHyHUM aHaji3 IUHAMIKU TajdbMyBaHHS
0araToBiCHUX  TPaAHCIIOPTHUX  3ac00iB, sAKI  OOJIANHYIOTbCA  3ABOEHUMU
aBTOMOOUTBHUMH KOJIECAMM ITOKa3aB, 10 HA BEJIMYMHY yHOBUIbHEHHS Takoro KT3
OKpIM BEJIMYMHU PEai30BAHOTO 3YEIJICHHS BIUIMBAE TAKOX XapaKTep PO3MOALTY
Bark MK OCSMHU aBTOMOOUIS, TOMY HEXTYBaHHS BaroBO-T€OMETPUUYHUMU
napaMeTpamM# TPaHCIIOPTHOTO 3ac00y, HANPUKIIAT M1 Yac AOCHTIHKEHHS 00CTaBUH
JIOPOKHBO-TPAHCIIOPTHOI TOTii, MOYKE MPU3BECTH JIO0 MOMIIKOBUX PE3YJIbTATIB.

KoedirienT rambMyBaHHs KOJICHOTO TPAHCHOPTHOTO 3aco0y, HE 3aJIeKHO
Bl KUIBKOCTI OCel BCTAaHOBJIEHMX Ha HBOMY, MOXe OYTH BH3HAUCHUM
PO3paxyHKOBUM IIUISIXOM, Ha OCHOBI PO3MOJUIYy Mach aBTOMOOLISL MiX HOro
NepeHIMU Ta 3aJHIMH OCSIMH B CTaTHYHOMY CTaHi, IUIIXOM 3Ba)KyBaHHSA
BinnmoBinmHux oceit KT3 Ha BaroBumiproBaibHOMY KoMiuiekci. [loxuOka ioro

PO3paxyHKIB MPH [IbOMY HE MepeBUILYE 5 %.
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Honatox A
Tepminu, 10 OMUCYIOTH MPOIEC B3aEMO/Il ABTOMOOIJILHOTO KoJIeca 3

MOBEPXHEIO JOPOKHBOI'0O IIOKPUTTSH

AHami3 HaykoBO-TexHIYHOi mitepatypu [15-60] mokazaB, mo ¢izuunuit
IPOLIEC B3aEMO/I1i aBTOMOOLIILHOTO KoJleca 3 MOBEPXHEIO JOPOKHBOIO MOKPUTTS Ta
OIliHKa €(EeKTUBHOCTI TAJIbMYBaHHS KOJICHOTO TPAHCIOPTHOTO 3ac00y MOXYTh
OyTH OIHCaH1 HACTYITHUMH TEXHIYHUMHU TEPMIHAMU:

PeanizoBaHe 34YeruieHHsI — TI€ BIIHOIICHHS OyIb-SKOi TaJIbMOBOI CHIIH

(O370BXKHBOI peakiii ONOPHOI MOBEPXHI) R 10 BEPTUKAIBLHOTO HABAHTAKCHHS
(HOpManbHOI peakiii) R_, fAKI AIIOTb Ha IIMHY aBTOMOOUIBHOIO KoJyeca, IO

3araJbMOBY€EThCS. Y (OPMYJIBHOMY BHUPQKECHHI peai3oBaHE 3YCIUICHHS MOXKe

OyTH IIPEICTaBIICHO Y BUIJISI 3aJI€KHOCTI:

fo== (A.1)

MakcumajibHe peaJjiizoBaHe 34YenieHHsI (Koe(ilieHT 34YemJieHHsI) — i€

BiTHOIIIEHHS MaKCHMaJIbHO MOJXKIUBOI TaabMOBOi CHJIM (TTO30BXXKHBOI PEaKIlii
OIOPHOI MOBEpXHi) R™ N0 BEPTUKAJIBHOIO HaBAHTAKCHHS (HOPMAJIbHOI peakilii)

R

z )

Kl JiIOTb Ha IIUHY aBTOMOOUIBLHOTO KoOJjeca, [0 3arajibMOBYEThCS Y
BIJIMOBITHUX JTOPOXKHIX YMOBaX.

max

R

z

£ (A.2)

PeanizoBaHne 3ueniieHHsI 320,I0KOBAHOT0 KoJieca (KoeilieHT 34yensieHHsA
3a0JI0KOBAHOI0 KoJjieca a00 Koe(ilieHT TepTsi KOB3aHHS) — I BiJHOIICHHS

OyJlb-KO01, BUKJIMKAHOI TEPTIM-KOB3aHHSM, IaJIbMOBOI CHJIH (TIO370BKHBO1T peaKilii

OIOpHOI MOBepxHI) R 10 BEPTUKAIBHOIO HABAaHTAXEHHS (HOPMAJIbHOI peakilii)
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R, Akl NIOTh Ha HIMHY 3a0JIOKOBAHOTO aBTOMOOLIBHOIO KOJeca, IO KOB3a€
BITHOCHO MOBEPXHI JOPOKHBOTO OKPUTTSI.

R™
p: R

z

A (A.3)

PeanizoBaHe 34YemnJieHHsl, 0 YTBOPIOEThCSI B HACJIIOK BUHUKHEHHS

OI0pa KOYEHHSI aBTOMOOLIBHOIO KoJieca (KoeiUieHT Onmopy KOYEHHI0) — 1€
BIIHOWICHHA CHIM ([IO3MOBXKHBOI peaklii oOmopHOi MOBEpXHi) R ,, 10
BEPTUKAJIbHOIO HaBaHTaXEHHsA (HOpPMalbHOI peakiii) R_, AKi Ai0Th Ha IIHUHY

aBTOMOOIJTLHOTO KoOJieca, IO KOTHUThCA B YMOBaX BIJICYTHOCTI rajJbMOBOro abo

TATOBOT'O MOMEHTIB.

R
fy=—= (A.4)
RZ
PeanizoBaHe 34emJieHHsl Bici — 1€ cepeHE 3HAYEHHS peali30BaHUX

34eIUICHh BIATIOBITHOTO JIIBOTO Ta IPaBOr0 aBTOMOOIIBLHOTO Kojieca OIHIET BICI
KOJIICHOT'O TPAHCTIOPTHOT'O 3aC00Y.
J I
_ «fxi + Xi

Ji 5 (A.5)

Jie 1HJeKC [ 03Havyae mopsakoBuii Homep Bici KT3.

PeanizoBane 3uerieHHs Oe3MocepeHbO BILUIMBAE HA MPOLIEC TaIbMYBaHHS
KOJIICHOTO TPAHCHOPTHOTO 3aco0y Ta BU3HAYa€ XapakTep WOTO YHOBUIbHEHHS
pa3oM 13 KOOpJIMHATaMH pO3TalllyBaHHS LIEHTPY Baru aBTOMOOUISL, TOMY
po3riIIHEMO Jesiki (Pi3WyHI BEIMYMHH, $IKI € (YHKLISIMU BiJ peasgi30BaHOIO
34YEIIJICHHS.

HaiiBaxuBilIMM NapaMeTpoM TalbMyBaHHS KOJIICHOTO TPAaHCIOPTHOTO

3aco0y € ynoBiabHEHHS () [24, 26 - 28, 43 - 45, 62 - 67, 70, 71]. YnoBUIbHEHHA
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Mae JIHIMHUMA 3B’SI30K 13 TaK 3BaHUM «KOE(DILIEHTOM T'aJIbMyBaHHS», SIKU B CBOIO
yepry € (QyHKII€ BiJ peanizoBaHux 34eruieHb [20, 24, 26, 43 - 45, 71], sxi
BUHUKAIOTh B HACTIOK B3a€EMOJII IIMH aBTOMOOUIBHMX KOJIC 3 TOBEPXHEIO
JOPOKHBOTO TIOKPHUTTSI B yMOBaxX 3HWKCHHS IIBUIAKOCTI PYXy KOJICHOTO
TPAHCIIOPTHOTO 3aC00Y

KoeginieHT raabMyBaHHf — 1€ BIJHOIIEHHA CYMH TaJIbMOBHUX CHJI
(MO30BXKHIX  peakIlii  OMOPHOI TMOBEPXHI) ZRX 0 Baru KOJICHOTO

TPaHCIIOPTHOTO 3aco0y G, .

R P . :
z:z Al R L (A (A.6)
G, m-g g

fie P, — cuna iHepIii KOJICHOr0 TPaHCIIOPTHOTO 3aco0y, H;

m — maca TPaHCIIOPTHOTO 3aco0y, K.

AHaJi3 MibXHapoaHoro cranaaprty [61], momo ranemyBanHs KT3 mokasas,
0 SKIIO B TaJbMOBOMY KepyBaHHI TpPAaHCIOPTHOTO 3aco0y BCTaHOBJICHO
aBTOMAaTU30BaHy CUCTEMY PEryJIIOBaHHS TalbMOBOI'O 3yCHJUISI TO 1€ 3yCUILIS MOXKeE
OyTH 3HMKEHO Ha BenUYMHYy 10 25% B HACIiJOK CHpPalbOBYyBaHHS
aBTOMATHU30BAaHOI cUCTEeMH. Take 3HWXKEHHS OOYMOBJIEHO OCOOJIMBOCTAMHU
peanizalili aJropuTMiB poOOTH aBTOMATH30BaHUX cucTeM [55, 72-74] mix 4ac
OiATPUMAHHS ~ Peai30BaHOTO 3YEIUICHHA TMOOJIM3Y OKPEMOTO0 MaKCUMYyMY
peaiizoBaHOro 34eruieHHs KoxHoro 3 komic KT3. ®dizuunmii mporec, o Omucye
e SIBUIIE, MPUUHATO OL[IHIOBATH TaK 3BAHUM «KOE(ILIEHTOM BUKOPUCTAHHS CHIIN
3YETUICHHS.

KoedinmieHT BHKOPMCTAHHA CHJM 34Ye€lUIeHHsI — 1I€ BIJIHOIICHHS

ABS . .
YCEpPEITHEHUX CYMAapHHUX TallbMOBUX CHII ZRx , Kl CTBOPIOIOThCS MpPHU POOOTI

aBTOMATH30BaHO1 CHUCTEMU PETYIOBAHHA T'aJIbMOBOI'O 3yCUIIA, 10 MAaKCUMAJIBHO

MOYKJIUBOT CYyMapHOT TaJlbMOBOI CHJIH ZR;“ “, ska MOke OyTH CTBOpEHa IpH
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KOUYEHHI KOJIIC TpPaHCIOPTHOrO 3aco0y ©Oe3 OJIOKyBaHHS Ta BUKOPUCTAHHS
aBTOMATHU30BaHUX CUCTEM PETYJIFOBAHHS raJIbMOBOTO 3yCHILIA.

OCKIIBKM TaJIbMOBI CWJIM 3aMipsATH JIOCUTh CKJIAIHO, KOeQIieHT
BUKOPUCTAHHS CWJIM 3YEIUICHHS MOXe OYTH BU3HAUCHUMN, SIK BIAHOMIECHHS CHIIA
1HEepIli TPaHCIOPTHOTO 3aco0y, siKa JOCATAEThCS TPH POOOTI aBTOMATHU30BAHOI
CHUCTEMHU PETYJIOBaHHS TaJIbMOBOTO 3YCHJUIS, 1O MaKCUMaJIbHO MOJKIIHUBOI CHIIU
1HepIIii, gKa MOXxe OyTH JOCATHYTa MPU KOUYEHHI KOJIIC TPAHCIIOPTHOTO 3ac00y 6e3
ONMOKYBaHHS Ta BUKOPHCTAaHHS aBTOMATH30BaHMX CHCTEM PETYJIIOBaHHSI
TaJIbMOBOTO 3yCHJLJIS.

Y dopmynpbHOMY BUpaXeHHI KOE(]IIIEHT BHUKOPUCTAHHS CHUJIM 3YCTUICHHS

MO>KHA MPEJCTABUTH Y BUTJISI 3aJI€KHOCTI:

ABS : .
_ ZRfmx _ Bass _ ]'ABS mo_ ]'ABS (A.7)
Z Rx })j max Jmax * T Jmax

€

3 MDKHapOJHOTO cTaHaaptTy [61] Ta HaykoBo-TexHIUHOI JiTeparypu [1, 108]

BIIOMO, WO KOE€(IIIEHT BHUKOPUCTAHHA CWIM 34YCIUIEHHA NpH cepTudikamii

TPAHCIOPTHOTO 3aco0y B yMOBaX pI3HUX TNOTOJHO KIIMAaTUYHMX YMOBax Ha
MIOJIITOH1, HE TIOBUHEH BUXOIUTH 3 Jiama3ony 0.75 ... 1.1.

Bepxust mexxa miamazony 1.1 BctanoBneHa 3 ypaxyBaHHsAM 10% moxuOku

BU3HAUYECHHS MAaKCUMaJIbHO MOIJIMBOI CyMapHOi TallbMOBOI CHIIU Z:R;na ", sIKa

MoOke OyTW peasi3oBaHa IIMHAMH KOJIIC TPAHCHOPTHOrO 3acoly, Mmig dYac ix

KOUYCHHA BiI[HOCHO HOBerHi AOPOKHBOI'O ITIOKPUTTA.
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Jlonarok b

Cnucok nmy0Jikamnii 3a TeMOI AucepTauii Ta BiIoMOCTI Ipo anpodauiro

pe3yJbTaTiB aucepTamii
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Leontiev D., Klimenko V., Mykhalevych M., Don Y., Frolov A. (2020)
Simulation of Working Process of the Electronic Brake System of the
Heavy Vehicle. In: Palagin A., Anisimov A., Morozov A., Shkarlet S.
(eds) Mathematical Modeling and Simulation of Systems. MODS 2019.
Advances in Intelligent Systems and Computing, vol 1019. Springer,
Cham, pp 50-61. (First Online: 18 July 2019)
https://doi.org/10.1007/978-3-030-25741-5_6 (Scopus, Quartiles - Q3);

Leontiev, D., & Frolov, A. (2022). Determination of the average
torsional stiffness of tires of a double vehicle wheel during its interaction
with the road surface. Automobile Transport, 51, 14-25.
https://doi.org/10.30977/AT.2219-8342.2022.51.0.02 ;

Bogomolov, V., Klimenko, V., Leontiev, D., Kuripka, O., Frolov, A., &
Don, Y. (2021) Features of adaptive brake control of the secondary brake

system of a multi-axle vehicle. Automobile Transport, 48, 27-37.

https://doi.org/ 10.30977/AT.2219-8342.2021.48.0.27 ;

Bogomolov, V., Klimenko, V., Leontiev, D., Frolov, A., Suhomlyn, O.,
& Kuripka, O. (2021) Features of braking of multi-axle vehicles
depending on the layout of their axles. Automobile Transport, 49, 23-35.
https://doi.org/ 10.30977/AT.2019-8342.2021.49.0.04 .



https://doi.org/10.1007/978-3-030-25741-5_6
https://doi.org/10.30977/AT.2219-8342.2022.51.0.02
https://doi.org/%2010.30977/AT.2219-8342.2021.48.0.27
https://doi.org/%2010.30977/AT.2019-8342.2021.49.0.04
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HayxkoBi mpari, siki 3aCBIIYYIOTh anpo0aliito MarepiaiiB JUCepTallii:

5. Pwxux JLO., Jlomaka C.M., ®ponos A.A. (2018) Iodo ennusy
BEPMUKANBLHO20 ~ HABAHMAJICEHHs ~ HA  Koe@iyicHm  34enjieHHs
aemomoOiibHo20 Koleca 8 pedcumi eanvmysanns. «llepcnexkTuBu
PO3BUTKY JOPOXKHBbO-TPAHCIIOPTHUX Ta I1HXKEHEPHO-KOMYHIKAIIMHUX
iHGpacTpykTyp» 30ipHHK MaTepialiB MIKHApOIHOI HAYKOBO-TEXHIYHOT
koH(pepenii. TamkeHT, Y30eKucTaH;

6. ®ponoB A.A. (2018) IlJooo énaugy sepmuxaibHO20 HABAHMAICEHHS HA
Koe@iyicHm 3uenyieHHs aemomobinbHo2o Koaeca. «HOBITHI TeXHOJOTi
PO3BUTKY aBTOMOOUIBHOTO TpaHCIOPTY» 30IpHUK Te3 JONOBIJCH
MIKHApOJHOT HAYKOBO-TIPaKTUYHOI KoH(pepenmii. Xapkis : XHAY;

7. Leontiev D., Klimenko V., Mykhalevych M., Don Y., Frolov A. (2019)
Simulation of working process of the electronic brake system of the heavy
vehicle. MaremaTuuHe Ta  IMITAIlliHE  MOJECIIIOBAHHS  CHCTEM.
MOJIC 2019 : Te3m pomoBinelt YotupHaausToi MIKHAPOAHOI HAYKOBO-
npaktuuHoi KoH(pepenuii (Yepnirie, 24 - 26 uepBusa 2019 p.) / M-Bo
OCBITM 1 Hayku Ykpainu, Han. akamemis Hayk VYkpainu, Axangemis
TEXHOJIOTIYHUX HayK YKpaiHu, [HkeHepHa akajeMis YKpaiHU Ta 1H.
Yepniris : YHTY;

8. ®posmoB A.A., abparko O.C., Komkapos A.Jl. (2019) Memoou
BUMIDIOBAHHA ~ 3UENNIeHHS  ABMOMOOILIbHO20 Koaeca 3  OOPONCHIM
NOKpummsm.  «AKTyalbHI  THTaHHA  CYJOBOi  €KCIepTH3U 1
KPUMIHAJNICTUKK»  30IpHUK  MaTrepialiB  MIDKHAPOAHOI  HAYKOBO-
NpakTUYHOI KoH(pepeHilii, npucsdeHoi 150-piudto 3 IHS HAPOJKCHHS

3acn. mpod. M.C. bokapiyca. Xapkis. XH/IICE;
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9. ®ponoB A.A., Anbokca M.M. (2019) Bnaue 3nocy wum Ha ix 34inHi
enacmusocmi. «HOBITHI ~ TeXHOJIOTIi  PO3BUTKY  aBTOMOOLIHLHOTO
TpaHCTIOPTY» 301pHUK T€3 JAOIMOBIIeH MI>KHAPOAHOI HAYKOBO-ITPAKTUYHOT
koH(pepenuii. Xapkis : XHAY;

10. dpornos A.A., Pwxux J1.O., Jlomaka C.1. (2019) Memoou eumiprosanns
3uenjieHHs asmomoOiibHO20 Koleca 3 00podicHIM nokpummsam. «HoBITHI
TEXHOJIOT1] PO3BUTKY aBTOMOOLIBHOTO TpPAHCHOPTY» 30IpHHUK Te3
JOTIOBIZIE MIKHAPOJHOI HAyKOBO-MPaKTUYHOI KoHpepeHIi. Xapkis
XHALY;

11. Jleontrer JI.M., @pornos A.A., ®egopuenko B.1., Cyxommin O.B. (2021)
Ocobaueocmi  eanvmy8anHs 0A2AMOBICHUX KOJICHUX MPAHCHOPMHUX
3aco6ie. «HOBITHI TEXHOJIOT1I PO3BUTKY aBTOMOOUILHOTO TPAHCIOPTY»
301pHUK Te3 AOMOBiACH MI>KHAPOJHOI HAYKOBO-ITPAKTUYHOT KOH(EPEHIIIi.

Xapki : XHAY;

HayxoBi mpami, ki J0JaTKOBO BiAOOpa)kalOTh HAYKOBI pPe3yJbTaTH
JTUCepTallii:

12. JleontreB .M., Muxanesuuy M.I"., ®ponoB A.A. (2018) Brums
BEPTUKAIBHOTO HABAaHTAKEHHS HA TalbMIBHY CHJIy Ta KOE]IIEHT
3YETUICHHS IIMHU aBTOMOOUIBHOTO KoJieca. Teopist ma npakmuxa cy0o8oi
ekcnepmu3su i Kpuminanicmuxu, 18, 383-392.

13. ®ponoB A.A., lllabpatko O.C. (2020) JlocmimkeHHS HH BaHTAXKHOTO
TPaHCIOPTHOTO 3acO0y MIOAO0 BU3HAUEHHS TMOIIKOKEHB, K1 yTBOPUIIUCS
B pe3yJibTaTl eKkcIuTyaTarii abo B pe3yiabTaTi 3aBOJCHKOTO Je(eKTy.

Teopisn ma npaxmuka cy0080i excnepmusu i Kpuminaricmuxuy. XapKiB:

XHJTICE, 21, 441-451
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BigomocTi npo anpobarrito pe3yJbTaTiB JucepTallii:

Hucepraiiiitna pobora oOroBopeHa Ha MikKadenpaabHOMY cCeMiHapi, IO
BinOyBcss Ha kadenpi aBromobumiB M. A.b. I'peageckyma XapkiBChbKOTO
HaIlIOHAJILBHOTO aBTOMOOUIbHO-0poKHbOro yHiBepcurety (XHAJY). OcHoBHi
MOJIOKEHHSI Ta PE3yJbTaTH TEOPETUUYHHUX 1 EKCHEPUMEHTAIbHUX JOCIIIKEHb
JIOTIOB1IANIUCS, OOTOBOPIOBAIMCS 1 OTPUMAJIM TO3UTHUBHY OILIIHKY Ha HayKOBO-
texHiuHuX cecisix XHAY 1 MixkHapOoTHUX KOHPEPEHITISIX:

MixHapo/iHa HayKoOBO-Te€xHIYHa KoH(epeHuis «llepcrnekTBu pO3BUTKY
JOPOKHBO-TPAHCHIOPTHUX ~ Ta  IHKEHEPHO-KOMYHIKAIIMHUX  1HQPOCTPYKTYp»
(M. Tamkent, TalIKEeHTChKU 1HCTUTYT 3 MPOEKTYyBaHHsA, OyJIBHULITBA Ta
eKcIUTyaTalli aBTOMOOUIbHUX A0pir, Y30ekucran, 21 — 23 jucromanma 2017 p.,
dbopma ydacri - 3a049Ha);

82-a HayKOBO-TIpaKTHYHAa KOHGepeHIliss XapKiBCbKOTO HalliOHAIHHOTO
aBTOMOO1JIbHO-IOPOXKHBOTO  yHiBepcuTeTy «HOBITHI ~ TEXHOJOT1i  pPO3BUTKY
aBTOMOOITLHOTO  TpaHcmopTy» (M. XapkiB, XapKiBCbKUW  HaI[lOHAJIBHUUN
aBTOMOOLTLHO-IOPOXKHINA yHIBepcUTeT, YKpaina, 7 — 11 tpaBusa 2018 p., popma
y4acTi - OYHa);

—83-a  HAyKOBO-TEXHIYHA Ta  HAyKOBO-METOJIMYHA  KOH(pepeHLis
XapKiBCHKOTO  HaIlIOHATBHOTO aBTOMOOIJTEHO-TOPOKHBOTO  YHIBEPCHUTETY
(M. XapkiB, XapKiBCbKHN HAIllOHAJLHUM aBTOMOOIIBLHO-IOPOKHINA YHIBEPCHUTET,
Vkpaina, 13 — 17 tpaBus 2019 p., hopma yyacTi - ouHa);

—YoTtupHaausra MDKHApOIHA HayKOBO-IIPaKTUYHA KoH(pepeHIis
«MaremaTtuuHe Ta IMITalliiiHe MOJCNIIOBaHHS cucTeM» (M. YepHIiris,
YepHITriBChbKUN HAI[IOHATBbHUN TEXHIYHUM yHIBEpCUTET, YKpaiHa, 24 — 26 uepBHs
2019 p., bopma ygacTi - 3a049Ha);

—MixHapoaHa HayKOBO-IIpakTU4YHa KOH(epeHiis «CydacHl TEXHOJOT1i Ha
aBTOMOOUTEHOMY TPaHCHOPTI Ta MamMHOOyIyBaHH1» (M. XapkiB, XapKiBChbKUN
HalllOHAJIbBHUI aBTOMOOUTHHO-IOPOXKHIN YHIBepcuTeT, YkpaiHa, 15 — 18 >xoBTHs

2019 p., hopma ygacri - ouHa);
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—MixxHapoaHa HayKOBO-IIpaKTUYHA KOH(pepeHii, mpucBaueHoi 150-piyyro 3
nast HapopkeHHs 3acn. mpod. M.C. bokapiyca «AKTyalbHI TUTaHHSA CYJA0BOi
EKCTEePTU3U 1 KpUMIHATICTUKKW» (M. XapkiB, XapKiBCbKHI HayKOBO-JIOCTITHUN
THCTUTYT CynoBux ekcrneptus iM. 3aci. mpod. M.C.bokapiyca, Ykpaina, 14 — 19
kBiTHS 2019 p., popma yuacrti - ouHa);

—MixHapoaHa HayKoBO-TlpakTHuHa KoH(epeHuis «HoBITHI TexHOJOorii
PO3BUTKY aBTOMOOIILHOTO TpaHCTOPTY» (M. XapkiB, XapKiBCbKHUI HaIllOHAIbHUMA
aBTOMOO1TLHO-IOPOXKHIN yHIBepcuter, Ykpaina, 27 — 29 xoBtHs 2021 p., hopma

y4acTi — O4Ha).



163

JlonaTtok B

AKTH BIIPOBA/?KCHHS



Y

YKPAIHA

MIHICTEPCTBO IOCTHLIT YKPATHU
HALIIOHAAbHUWI HAYKOBMIT UEHTP
«HCTUTYT CYJOBUX EKCIIEPTHS IM. 3ACA. [TIPO®. M. C. BOKAPIYCA»

Tea. (057) 372-12-20, tea./daxe (057) 372-20-01
i ‘eh; .//hniise.gov.ua

rh: hi
v 02883133

3ATBEPJIKYIO
Jupextop HalioHaapHOro HayKOBOTO LEHTPY
«[HCTHTYT CyIOBHX EKCIIEPTH3

g

BNPOBaAKeHHS Pe3y/IbTaTiB HAYKOBHX AOCTiAKeHb
®posoBa Anpis AnaTtoJiiioBHYa, acnipaHTa
XapkiBcbKOro HalioHAJABHOI0 ABTOMOOIILHO-/10POKHBLOI0 YHIBEPCHTETY

JlaHui akT cKJIaJeHHi KoMiciero B cKiami:
I"onosa KoMicii:

3acTynHUK JUpeKTOpa
3 excnieptHoi po6oti HHLL «ICE» 0.0. Csinepcokuii

YneHu komicii:

B.o. 3aBigyBaua naboparopii

iH)KeHepHO-TPaHCTIOPTHUX

Ta 10pOXKHbO-TexHiuHUX nocaimkernb HHL] «ICE» IT.M. Xopobpux

3aBimyBay CeKTOpy
nabopatopii iHXKeHepHO-TPaHCITOPTHHX
Ta 1I0pOKHbO-TexHiyHUX aochimkers HHL] «ICE»

ﬁo. Bapnaxos

KoMmiciss M akToM MiATBEPIKYE MOXIHBICTE BUKOPHCTAHHS pe3y/bTaTiB
HayKOBHX Jochikens @ponosa A.A., fiKi npeacTaBleHi y Auceprauiinii podori
3n00yBaya qokTopa ¢inocodii (kaHaMIaTa TEXHIYHUX HayK) 3a criewianeHicTio 274
«ABTOMOOIIBHHH TPAHCTIOPT.
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3anpononoBana po6oTa npejcTaBieHa SK KOMIUIEKC TEOPeTHYHHMX Ta
MPaKTHYHUX NOCITI/DKEHb, B AKil PO3rIAIAOTHCS TEOPETHYHI acreKTH B3aeMOJil
aBTOMOGIILHOrO Koneca 3 MOBEPXHEK AOPOKHBOrO MOKPUTTSA, B3AEMOJIS IIMH
aBTOMOOINBHUX KONIC 3 MMOBEPXHEI JOPOXKHBOrO MOKPHTTS Ta ii BIUIMB HA
AMHaMiKy raibMyBaHHA KONICHOTO TpPAaHCIOPTHOrO  3acoly, TeOpeTHuHi
ZoCHiKeHHs: 0coOnMBOCTel peanizaulii 34ilHMX BIACTHBOCTEH IIHWH MOMABIMHHX
KOJIIC TPaHCMOPTHOro 3acoly, eKCrepHMeHTalbHi JOCHiIKEeHHs —peasizanii
34iIHUX BJIACTHBOCTEH LIMH MOJBIHHUX KOJIC TPaHCIIOPTHOrO 3ac00y.

besneka 10poXHBOro pyXy B 3Ha4HiH Mipi 3anexuThb BiJ JOPOXKHIX yMOB
eKcruTyaTalii aBToMo6ing Ta Bi aBTOMOGITBHMX IIMH BCTAHOBJIEHMX HA OO
Kollecax, TOMY BiJl BUKOPHCTaHHsS po3pobieHoro 3a00yBavyeM YIOCKOHANEHHS
METOZYy BHM3HAUEHHA peaji30BaHOr0 3YeIUIeHHS IIHH [OABIMHMX  KOJic
TPaHCIIOPTHOI'O 3aC00y 3 MOBEPXHEI0 JOPOKHBOIO MOKPUTTS J03BOJHUTEL HE TilbKH
Gibll TOYHO BH3HAYMTH e()EKTHBHICTb rajbMyBaHHS TPAHCMIOPTHOrO 3acoly, a i
MiABHIIMTY TOYHICTh PO3PAXYHKIB MPH CKJIAJaHHI BUCHOBKY €KCIIEpTa.

Pesyneraty  nocnmimkennss npuiinari HHIL «ICE  im. 3aci.  mpod.
M.C. Bokapiyca», a came nabopartopi€lo iHKeHepHO-TPAHCTIOPTHHX Ta JI0POKHBO-
TEXHIYHMX JOCTIKEHb JO MOJAJIbLIOr0 BHKOPHCTAHHS 3 METOI PO3POOKH
METOJMKH Ta METOJMYHMX PEKOMEHJalid, sKi y MNOAalbIIOMy MOXYTh OyTH
BMKOPHCTaHI B €KCTIEPTHiH NpakTHiii.

I'ostoBa komicii:
3acTynHHK AMpeKTOpa
3 ekcneptHoi poborn HHL «ICE» 0.0. Ceiaepcbkmii

Ynenu Komicii:

B.o. 3aBinyBaya naGopaTopii

iHJKeHepPHO-TPAHCTIOPTHHX

Ta I0POKHbO-TeXHiUHHX ocaixkens HHL «ICE» I1.M. Xopoopux

3aBinyBau cekTopy Wi
J1aboparopii iHKeHepHO-TPAHCTIOPTHHX .
Ta A0POoKHbO-TexHiYHuX aociaipxens HHII «ICE»

B.O. Bapaaxos




MIHICTEPCTBO IOCTHIIII YKPAIHH

OAECHKMA HAVKOBO-A0CTIAHHH IHCTHTVT
CYAOBHX EKCNEPTH3 (OHAICE)

ey, Pimenbescobka, 8, m. Oneca, 65026, ren. +380487221471, Ten./axe +380487225259,
E-mail: odndise@gmail.com, Kox €/IPIIOY 02883110

3ATBEP/DKYIO
ﬂ,upex’rop OznecbKOro HayKoBO-10CIIAHOTO

AKT

BNPOBA:KEHHSA Pe3y IbTATIB HAYKOBHX J0CTIKEeHb
®posoa Auapis AnaroaiiioBuua, acnipanra
XapkiBchKOro HaliOHAJIbHOT0 ABTOMOOLIBHO-10POKHBOI0 YHIBEPCHTETY

Jlanmii akT cknasieHuii KOMICIEO B CKIIaji:

["onoBa KoMmicii:

3acTynHHK AUpeKTopa

3 ekcniepTHoi pobotn OHJIICE 0.®. Kypunsosa
UnieHn KOMICIT:

3aginyBay Jlaboparopii aBTOTEXHIYHUX
nocnimkens OHJIICE //‘gg, C.0. TTorioB

["onoBHuiA cynoBuii excnept naboparopii

aBToTexHIgHHX Aocaipkeds OH/ICE 10.I'. Xapuenko

[lum aKTOM KOMICISi MIATBEP/DKYE MOMKIIMBICTE BUKOPHCTAHHS PE3YJIbTaTiB
nociiukens @PponoBa Amnapis  AHaronifioBuua, SKi € CKJIAZOBOW  #Oro
aucepTauiifHoi poGoty piBHA JOKTOp (inocodii (KaHIMIAT TEXHIYHHX Hayk) 3a
CIIeriANbHICTIO 274 «ABTOMOOINEHHI TPAHCITOPTY.
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Kowmicis nposena po6oTy 1m0 BH3HAYEHHIO PIBHS BUKODHCTAaHHS MaTepiais
po3pobku 3100yBaga ®pososa A.A. y OiecbkoMy HayKOBO-AOCTIAHOMY iHCTHTYTi
M 4Yac TPOBEJCHHA CYyJOBHX 4BTOTEXHIYHMX EKCIEPTH3 Ta EKCIEePTHHX
AochikeHb, Komicisi BeTaHOBHMJIA, MO Marepiai po3poOKH «yAOCKOHAIECHHS
METOJly BHM3HAYCHHS pEAli30BAHOIO 3YEIUIEHHA IIMH [OJBIHHMX KOJiC
TPAHCIIOPTHOrO 3ac00y 3 MOBEPXHEIO [OPOXKHBOIO IOKPHTTS» MOXKYTh OyTH
npuiinaTi Oneceknm HJIICE, a came nabopatopiero aBTOTEXHIMHMX IOCITIKEHD
A0 TOJATLIIOr0 BHKODHCTAHHS NpPH CKJIAJaHHI BHUCHOBKY EKCIIEpPTiB Cy10BOI
ABTOTEXHIYHOI eKcrnepTH3u abo MiJK 4ac MPOBEICHHS EKCIEPTHHX JOCIIKEHb.

I'onoBa xomicii:

3acTynHHMK JHpeKTOpa

3 excnepraol poborn OHAICE 0.9. Kypuanosa
Yienn komicil:

3asinyBau 1aGoparopii aBTOTEXHiYHHX e
nociaimxens OHIICE T C.0. llonos

I'osioBHH# cyaoBuii ekcnepr 1abopaTopil
aprorexniunux yocaixxens OHJAICE X 10.I'. Xapuenko
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MBC YKPAIHU )
XAPKIBCbKHIl HAYKOBO-AOCIITHHH
EKCHEPTHO-KPUMIHAJIICTHYHUHA LEHTP

syn. Kosryna, 34, m. Xapkis, 61036, Tenedon: (057) 721-15-90, e-mail:expert_center_01@ukr.net, caiir: ndekc kh.ua,
koa 3rigHo 3 EAPTIOY 25574728

__3ATBEPJDKYIO

/T 0 wupexropa
F e I AN

“Xapiinehger HJIEKL] MBC

AKT

BIPOBA’KEHHS Pe3y IbTATIB HAYKOBHX 10C/IIZKeHb
@poaoBa Auapis AnarogilioBuua, acnipanra
XapkiBchbKOro HaNiOHAJILHOTO ABTOMOOLIbHO-A10POKHBOI0 YHIBEPCHTETY

Komicis XapkiBCbKOr0 HAayKOBO-IOCTIJHOIO €KCIEepTHO-KPUMIHATICTUYHOIO
uentpy MBC VYkpainu cknana uei akT mpo Te, LIO MPEACTaBieHi pe3ysbTaTv
JIMCEPTALIHOrO JOCHI/DKEHHs Ha 37100yTTS HAYKOBOrO CTYHEHsA AoKTopa (iiocodii
(KaHauzaTa TEXHIYHMX HayK) 3@ creuianbHicT 274 «ABTOMOOLIbHHI TPaHCIIOPT»
3n00yBavya XapKiBCbKOr0 HalliOHAJIbHOTO aBTOMOOLILHO-I0POKHBOTO YHIBEPCHTETY
®dponoBa AHpis AHaronifioBHMYAa HA TeMy: «YIOCKOHAJIEHHA METOJLY BH3HAYEHH:
peai3oBaHOr0 3YEMJICHHA LIMH MNOABIMHMX KOJIC TPaHCHOPTHOrO 3acoly 3
MOBEPXHEI0 JOPOKHBOTO TOKPUTTS» MAlOTh BKIMBE TEOPETHYHE 1 NPAKTHYHE
3HAYEHHS Ta MOXYTh OYTM 3aCTOCOBaHI Ui MOAQIBIIONO BHKOPUCTAHHS [pH
CKJIQJIaHHI BHMCHOBKY €KCTEpTiB 3a pe3yJbTaTaMH INPOBEJACHHA  CY/IOBUX
ABTOTEXHIYHUX eKCIIepTH3 a00 eKCIIEPTHUX JOCTIHKEHb.

I'onoBa Komicii:
Iepmuii 3acTynHuK AMpeKTOpa
Xapkisceskoro HAEKIL MBC Cepriii LHEBLIOB

Y iend Komicii:
3aBinyBay ceKTopy
ABTOTEXHIYHHX JOCTiIIKEeHb

Xapkiscbkoro HAEKII MBC Cepriii JAHEILb
Crapunii cyioBuii ekcnepr

CEKTOPY aBTOTeXHIUHHX J0C/TiIKeHb

Xapkiseskoro HAEKII MBC Oaer KYUEPSBEHKO
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