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OCOBJIMBOCTI BUBHAUYEHHA MIHHICHUX I JE®@POPMATUBHUX XAPAKTEPUCTHK
HTAPIB HEKOPCTKHUX JOPOZKHIX OJAT'IB 3A KPUBUMMU ITPOI'MHIB

AHoOTauis. Y CTaTTi pO3MISIHYTO OCOOJMBOCTI BU3HAYEHHS MIIHICHUX 1 1e(pOPMATUBHUX XapaKTEPUCTHK
miapiB  JOPOKHBOTO OATY 3a KPUBUMH TNPOTHHIB. [IpoBeneHmii aHami3 iCHYIOYMX METOJIB OIIIHKH
MIIHOCTI JTOPO’KHIX OJATiB. 3ampONOHOBAaHUN HOBUM YIOCKOHAJCHHH METOJ PO3PaxyHKY HEKOPCTKHX
JIOPOKHIX OJISITIB 32 KPUBOIO MPOTHHIB 3 YPaxyBaHHSM PO3MOAUIBYOI 31aTHOCTI TOKPUTTS 1 OCHOBH.

OO0’ €exT AOCTIIKEHHS — HEKOPCTKUNA JOPOKHIM O,

Merta poOOTH — yIOCKOHAJICHHS METOIY PO3PaXyHKY HEXOPCTKUX JOPOXKHIX OJSTIB 32 KPUBOIO MPOTHHIB.
MeToau 10CHIHKEHHS — aHATITHKO-€KCIIEPUMEHTabHI.

Kiro4oBi ci1oBa: 10poskHiil 04T, METOA PO3paxyHKy, MOYJIb IPY>KHOCT1, pO3MIO1ijIbya 31aTHICTh, KPUBa
IPOTHUHIB.
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FEATURES OF CALCULATION OF STRENGTH AND DEFORMATION CHARACTERISTICS
OF FLEXIBLE ROAD PAVEMENT LAYERS USING DEFLECTION CURVES

Abstract. This article considers the features of the calculation of the strength and deformation
characteristics of road pavement layers using deflection curves. The current methods of road pavement
strength calculation are analyzed. An advanced method of flexible road pavement calculation using
deflection curves is proposed taking into account the distributive capacity of pavement (coating) and base.
The object of research is flexible road pavement.

The purpose is to improve the method of flexible road pavement calculation using deflection curves.

The research methods are analytical and experiment based ones.
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OCOBEHHOCTH ONNPEAEJIEHUSA TIPOYHOCTHBIX U JE®OPMATUBHBIX
XAPAKTEPUCTUK CJIOEB HEXKECTKUX JOPOXHbBIX OJEXK/ ITO KPUBbIM
IMPOI'MbOB

AHHOTanus. B crathe paccMOTpeHBI OCOOCHHOCTH OIpENEeNIECHUs] MPOYHOCTHBIX U Ae(hopMaTHBHBIX
XapaKTepUCTHUK CIIOEB JIOPOYKHOH ONEXKIBI 1O KPHUBBIM IMpornOoB. [IpoBeseH aHain3 CyIIECTBYIOMIMX
METOZIOB OIIEHKHM INPOYHOCTH TOPOXKHBIX oaexa. IIpemtoskeH HOBBIM yCOBEPIICHCTBOBAHHBIM METO[
pacueTa HeXXECTKUX JOPOKHBIX OJEXK] 10 KPUBOI MPOruOOB ¢ y4eTOM PACHpPEAeIUTEIbHON CIOCOOHOCTH
HOKPBITUSL U1 OCHOBAHMUS.

OOBEKT uccneq0BaHus — HEXKECTKas JOPOKHAs OEAKa.

[lenb  paboOTHI — yCOBEPIIEHCTBOBAHUE METOJA pacueTa HEXKECTKUX JAOPOKHBIX OAEKA I0 KpUBOU
poru0oB.

MeTob! HCCIIEI0BAHUS — AHATTUTUKO-3KCIIEPUMEHTAJIbHBIE.

KiioueBble ci10Ba: JOpo’kHAs OJEXkAa, METOJ pacyera, MOAYJIb YIPYrOCTH, pPaclpeleluTelbHast
CIIOCOOHOCTB, KpUBasi MPOTUOOB.
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Beryn

OCHOBHMMH TEHACHIISIMH PO3BUTKY CY4aCHOTO
TPAHCIIOPTHOTO TPOIECY € 3HAaYHE 3POCTAHHSA
IHTEHCUBHOCTI, 30UIbIIEHHS HaBaHTA)XXEHb Ha
BiCh TPAHCIOPTHUX 3ac00iB, 30UIBIICHHS 10
BOKKHX BaHTAXHUX aBTOMOOUTIB y CKJIaal pyxXy
tparcmopty. ILli  ¢daktopu  3yMOBIIOIOTH
3pOCTaHHS BHUMOT JI0 MIITHOCTI 1 HaJIiIHHOCTI
aBTOMOOUTbHOT ~ joporu. Tomy  HEoOXigHO
NPUAUIATH BEJIMKY yBary OINEPaTUBHOCTI Ta
HAJIHOCTI ~ BHM3HAUEHHS  MIIHICHUX  Ta
nepopMaTUBHUX XapaKTEPUCTHUK JIOPOKHIX
OJISATIB, IO EKCILTyaTYIOThCS a00 BBOJISATHCS B
eKCIUTyaTaIli1o.

JUisi OLIHKKM MIIHOCTI JOPOXHIX OJSTIB 32
BUMIPSHOIO BETMYMHOIO MPOTUHY 3aCTOCOBYIOTh
METOU CTATUYHOI'O i IMHAMIYHOTO
HABAaHTA)XCHHS Ha KOHCTPYKIIIO TOPOKHBOTO
omary [1-3]. IcHyroui MeTOIU OLIHKHA MIITHOCTI
HEXOPCTKUX JOPOXKHIX OJATIB 32 BEITUYUHOIO
MPOTHUHY TIOKPUTTS MJAOTh 3MOTY BH3HAYUTH
TITPKA 3arajibHUd MOJIyNb TPYKHOCTI, a A
BU3HAYCHHS  MOAYJIB  TPYXHOCTI  mIapiB
MMOKPUTTS HEOOXIJHI IMOIIapOBI BUIPOOYBaHHS
KOPCTKUM ITAMIIOM 3 PO3KPHUTTSIM JIOPOKHBOTO
onsary. PO3KpUTTS AOpPOXKHBOTO OATY, TO-
nepIe, € J0BOJII TPYAOMICTKOK POOOTOR0, TO-
apyre, TpU I[bOMY PYHHYETbCS TOKPUTTS
JOPOKHBOTO OJIATY.

[cHYIO0TH TakOX METOIM A1aTHOCTUKH JTOPOXKHIX
onariB Ha BiOpariiiHiii OCHOBI. 30KpeMma, Iie

BUIIPOOYBaHHS 1010 BU3HAYEHHS
PO3pPaxyHKOBHUX XapaKTEPUCTHK
ac(ambTOOETOHHUX IIApiB JOPOXKHBOTO OJATY
Ta ix TOBIUHH 3a napameTpamu

PO3MOBCIO/PKEHHSI MOBEPXHEBUX XBWJIb Penes
Bil IMIynbCcHOro HaBaHTaxeHHs [4]. Taxi
METOAM  JO3BOJSIIOTH  BU3HAYUTH  MOIYJb
MPYKHOCTI BEPXHBOTO APy TMOKPHUTTS, ajie He
Jal0Th TOCTAaTHBOI iH(popMaLii Mpo Horo cTaH Ta
MOJTyJIb PYKHOCTI OCHOBH.

Ha nanuii yac KOHCTpYIOBaHHS Ta PO3PaXyHKU
JOPOKHIX OJISITIB 3BEACHO /IO aBTOMATH30BaHOTO
pPO3paxyHKy 3a  OCHOBHUMH  KpHUTEPIsIMH
MirHOCTI. JIJIg  MIABWINCHHS HAIIMHOCTI Ta
JOCTOBIPHOCTI TNPOEKTYBaHHSA MiJACUJICHHS YU
PEKOHCTPYKINi JTOPOKHBOTO OJATY HEOOX1THO

MaTd JaHli MOXYII0 TPYXHOCTI OCHOBH,
(aKTUYHOTO  MOAYNIIO  MPYXKHOCTI  IIapy
[IOKPUTTS

Ta TOBIIMHU NOKpUTTA. Ha 1eil vac e mocuth
3aTpaTHA Ta TPYAOMICTKa 3a7ada.
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Introduction

The main trends of the development of a
modern transport process are the considerable
increase of traffic intensity and load on a
vehicle axle as well as a heavy truck share in a
transport traffic flow. These factors stipulate
tough requirements to road strength and
reliability. So, it is necessary to focus on
efficiency and reliability of the calculation of
the strength and deformation characteristics of
pavement which is commissioned or in
operation.

The methods of static and dynamic loading
on a pavement structure are applied to evaluate
the strength of pavement by the basis of the
measured value of the deflection [1-3]. The
current methods of flexible pavement strength
evaluation by the value of surface deflection
allow determining the overall modulus of
elasticity, but it is necessary to carry out layer-
by-layer tests using rigid stamp with removal
of a top pavement layer for determination of
the elastic moduli of the layers below. The
removal of the top pavement layer is time-
consuming work and the road coating is ruined.

There are also methods of pavement
evaluation based on vibrating. In particular, it
is the test for determination of the design
characteristics and thicknesses of pavement
asphalt layers by the parameters of Rayleigh
surface wave propagation generated by impulse
load [4]. The methods allow us to determine
the elastic modulus of the top layer of
pavement, though these methods do not give
full information about its state and the elastic
modulus of a base.

At present, the designing and calculation of
pavements involve automated calculation using
the basic strength criteria. It is necessary to
have the data of both the elastic modulus of a
base and the factual elastic modulus of a
surface layer as well as surface thickness to
improve reliability and validity of the design of
road coating reinforcement and reconstruction.
Today, it is a quite costly and labour-intensive
process.
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OcHoBHA YacTHHA

Meron, po3pobieHuii Ha Kadeapi BUITyKyBaHb
Ta TPOEKTYBaHHSA JIOPIr 1  aepoapoMiB
XHALY [5, 6], oJIsirae y  TIO€HaHHI
MiOBEPXHEBOTO HEPYHHYIOUOTO 30HJTYyBaHHS
Ta BUMIPIOBAHHS CTaTUYHUX a00 JAMHAMIYHUX
NPOTHHIB 3a CHEIaJbHOI0 METOJUKOI, IO
J03BOJISIE OILIHUTH TOBIIUHY Ta CTaH IIapiB
MOKPUTTSA, BHU3HAYUTH  3arajJbHUN  MOJIYIb
NPY)XKHOCTI  JIOPO)KHBOTO  OJATY Ta MOJIYJIi
IOPY)KHOCTI OCHOBH Ta MOHOJITHOTO WIApy
nokputTs. IlpuitHATa po3paxyHKOBa cxema i
MaTeMaTH4Ha MOJIENb MAalOTh CBOI HEIOJIKH.
[To-nieprue, MOJyJdb  TMPYXHOCTI  mIapy
BU3HAYAETHCSI 32 HOMOTPAMOIO, HAaBEIACHOIO
B [7], sika BpaxoBY€E CITiBBiIHOIICHHS TOBIIUHU
mapy 0 JiaMeTpy IUIOIN  MPHUKJIaJCHHS
HABaHTAXXCHHS Ta CIIBBIJHOIICHHS 3arajbHOTrO
MOAYJIA  OPYKHOCTI 10  MOAyJA  IIapy.
Posznoaineyi BIaCTUBOCTI KOHKPETHOTO MIApy HE
BpPaxoBYIOTbCS.  Monyni — TpYyKHOCTI  SIK
MOHOJIITHOTO TaK 1 IIapy OCHOBH BH3HAYAETHCS
3a OJHIEIO 1 TIEIO > HOMOIPaMOI, Xoda
Koe(iIieHTH PO3MOIIILYOT 3JaTHOCTI IIUX MIapiB
CYyTTEBO  BiApi3HAIOTBCA.  [lo-mpyre,  sKiio
MOHOJIITHUX IIApiB MOKPUTTS JEKUIbKa, TO
BH3HAYAETHCS €KBiBAJICHTHUI MOJTYJTb
MPYXHOCTI TIUTH y BUNAAKY, KOIU IIapu
MOKPUTTS MAlOTh CHAsHUM KOHTakT. A IIe, sK
MpaBWJIO, HE 3aBXKIM BiANOBiAae (PaKTHUHOMY
CTaHy peyeil.

Y 3B’s3ky 3 1uM OyJo B3SITO 3a METY
yIIOCKOHAJIEHHSI METO/Y OI[IHIOBAHHS MIITHICHHX
1 gepopMaTMBHMX  XapaKTEpPUCTHUK  IIapiB
HEXOPCTKUX JIOPOXKHIX OSTIB 3a MapameTpaMu
KpUBO1 IPOTHHIB.

JInst  JMOCSTHEHHSI TOCTaBJICHOI MeTH Oynu
BU3HAYEHI TPU OCHOBHI NpoOiIeMHu:

— BpaxyBaTH PO3MOJIIIb4l BIACTUBOCTI MOKPUTTS
(«nmutHuU edexty) [8];

— BpaxyBaTU PO3MOAUIBYI BIACTUBOCTI HECYYOi
OCHOBHY;

— BUPILIUTH 3BOPOTHY 33/a4y MO BiJIHOBJICHHIO
MOJyJIiB TOKPUTTS 1 OCHOBM 32 (PaKTHUYHUMHU
rapamMeTpaMH Yailili IPOTHHIB.

JlaHi OLTYKOBOT'O €KCIEPUMEHTY JI03BOJISIOTh
BCTAHOBHUTH OPIEHTOBHI 3HAYCHHS XapaKTepu
CTHK pPO3MOJUTBYOI  3JaTHOCTI PI3HUX 3a
CTPYKTYPOIO IIapiB OCHOBH [4].

JUisi MOHONITHUX IIapiB OCHOBHU KOE(ILI€HT
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Main part

The method, which is developed at the
Research and Designing of Highways and
Aerodromes Department in Kharkiv National
Automobile and  Highway  University
(KhNAHU) [5, 6], is a combination of a
subsurface nondestructive sounding and the
measuring of static or dynamic deflections
using a special technique to evaluate a
pavement layer thickness and state, determine
the overall pavement elastic modulus of road
coating and the elastic modulus of both a base
and cast-in-situ  pavement layer. The
conventional design scheme and mathematical
model have their disadvantages. First, the
elastic modulus of a layer is determined by
nomogram that is given in [7] which takes into
account the ratio between layer thickness and
the diameter of load application area and the
ratio between an overall elastic modulus and a
layer modulus. The distributive properties of a
separate layer are not taken into account. The
elastic moduli of both a cast-in-situ pavement
layer and a base layer are determined by the
same nomogram though the rates of the
distributive properties of these layers are
significantly different. Second, if there are
several cast-in-situ  pavement layers, the
equivalent elastic modulus of a slab is
determined when pavement layers have a
joined contact. However, usually it does not
correspond to a real situation.

In connection with it, the improvement of the
evaluation method of the strength and
deformation characteristics of flexible road
pavement layers using the parameters of the
deflection curve has become the aim of
research.

To achieve this aim three main problems are
defined:

—to consider the distributive properties of
pavement (“'slab effect") [8];

—to take into account the distributive
properties of the carrying base;

—to solve an inverse problem to renovate
pavement and base moduli using the real
parameters of the deflection bowl.

The data of the exploratory experiment allow
determining the approximate values of the
characteristics of the distributive properties of
structurally different base layers [4].

For the cast-in-situ base layers the coefficient
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PO3MOIIIBYOT 3ITATHOCTI 3HAXOMUTHCS B MEXax
0,85 -0,95, mo y3roKyeTbcsi 3 PO3MOAUIBUOIO
3IATHICTIO LIApiB MOKPUTTS 1 B IIbOMY BHIIQJKY
pillieHHsT Teopii NPYXKHOCTI HE MOTPeOYIOTh
JI0JaTKOBOTO YTOUHEHHS:

— 7S WapiB OCHOBU 3 IIUIBHOTO HE3B'I3HOTO
Marepiany (mmebeneBo-minana cyMi,
IPYHTOBO-IIIIIaHA CYMIIl | PSIOBOrO IIEOCHIO)
MOKA3HUK PO3MOJUIBYOT 3AaTHOCTI B Mexkax
0,75-0,8 1 B 1pOMy BHIAAKy HaINpPYyKEHO-
nepopMoBaHMii CTaH KOHCTPYKLIi moTpedye
YTOUYHEHHSI 110 TeOpii MPY>KHOCTI;

— nuckpetHi  mapu  (dpakuiiauil  1meGiHb,
rpaBifiHi ~ Marepiaav) MarThb  HaWMEHIIUN
MOKa3HUK  PO3MOJAUILYO0I  3AaTHOCTI, OLIBII
KOHIIEHTPOBaHy Iiepenayy 3ycuwib 1 Tpu
BUNIPOOYBaHHAX JOy)K€ CKJIQJHO OTpUMATH
cTalOimpHI pe3ynabTaTH, TaK SIK MOTPEOYETHCS
MOTIEpETHE  «OOTHCHEHHS» 1 JOYIIIJIbHEHHS
KOHCTPYKIIi.

Busnayenns paedopmamiiHuX —XapaKTepHCTUK
MOKPUTTSA 1 OCHOBH HEXOPCTKHX JIOPOXKHIX
OJITiB 3a TNPUUHATHMHU MeToaukamu [4, 6] B
MOPIBHSIHHI 3 IHIIUMH METOJAaMU MAa€ HU3KY
nepeBar.

Ane Tpeba 3BepHYTH yBary Ha HacTyIIHE:

— 17 BHU3HAuUeHHsA (opMM yamil TpPOTHHIB
3aMipsIOTh TNPOTMHM Ha Pi3HIA BiAcTaHi BiX
MICIISl IPUKITAICHHS HAaBaHTAKCHHS;

— 00poOKa pe3yabTaTiB BUMIPIOBAHHS MPOTHHIB
3a pO3paxyHKOBO-aHATITHYHOIO CUCTEMOIO [5, 6]
nokasye, MO JUIsI KOXHOi TMapu MpOTruHIB
BU3HAUAIOTbCA MOJIYJl MPYXKHOCTI, SIKI B
3aralbHOMY BUMAJAKY HE CIIBMaNal0Th 1HOJI Ha
20 — 30 BizcoTKiB.

BigmoBigHO A0 TOpUWHATOT  MaTeMaTUYHOI
MOJIeTl Ta alNropuTMy OOpOOKH pe3yabTaTiB
MOJIbOBUX JOCHIKEHb [5] Oymu BigHOBIEHI
KpUBI Yallll MPOTUHIB, 32 MOAYJSIMHU HPYKHOCTI
MOKPUTTS 1 OCHOBH, 1110 BU3HAYAJIM JJIS PI3HUX
JUJISTHOK Yallli MPOTHHIB.

CimeiicTBO KPUBHX qari MIPOTHHIB
pO3TalIOBYEThCS B JIOCHTh BY3BKIM 00JacTi
HaBKOJIO  (PaKTUYHOI  (eKCIepHUMEHTAJIbHOT)
KpuBOi mpo THHIB (puc.l), mo mae 3Mory
METOAaMHU MaTeMaTU4YHOT CTaTUCTHKH
BU3HAYUTH  aNpOKCHUMYIOYY  KpPHUBY  dYarli
MIPOTHHIB.

Jns  Takoi CHCTEMH MOXJIMBO  BUPILIMTH

3BOPOTHY 3ajJjauyy 13 BH3HA4YECHHS HMOBIPHUX
MOJYJIiB MPY>KHOCTI OKpEMUX mapiB
JOPOXKHBOTO OJIATY 3a IapaMeTpaMu KpPHUBOi
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of the distributive capacity is 0.85 — 0.95 that is
consistent with the distributive capacity of
pavement layers and in this case the solution of
the elasticity theory does not require additional
adjustment:

— for the base layers having compacted non-
cohesive material (sand-macadam mixture,
soil-sand mixture and conventional macadam)
the value of distributive capacity is 0.75-0.8
and in this case the stressedly-deformed state of
a structure needs adjustment in terms of the
elasticity theory;

— discrete layers (fractional macadam, gravel
materials) have the lowest value of the
distributive capacity and more concentrated
load transfer, so during tests it is very difficult
to obtain stable results because it is necessary
to carry out a "precompression™ and additional
compaction of a structure.

Determination of  the deformation
characteristics of flexible road coatings and
base using current methods [4, 6] compares
favorably with other methods.

However, special attention should be paid to
the following:

— deflections are measured at different
distances from the point of load application to
determine a deflection bowl shape;

—the processing of deflection measurement
results using a design-analytical system [5, 6]
indicates it that elastic moduli are calculated
for each pair of deflection which generally do
not coincide by 20 to 30 per cent sometimes.

In accordance with the current mathematical
model and algorithm of the processing of field
test results [5], deflection bowl curves have
been renewed using the elastic moduli of both
pavement and base that were determined for
different sections of the deflection bowl.

The assemblage of the deflection curves is
located in a fairly narrow range around the
actual (experimental) deflection curve (Figure
1) that allows to calculate an approximate
deflection bowl curve using the methods of
mathematical statistics.

For such a system it is possible to solve an
inverse problem to determine probable elastic
moduli for separate layers of road coating using
the parameters of the deflection curve.
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MIPOTHHIB.
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1 — dakTryHa KpuBa mporuHis; 2 — Po3paxyHkoBa KpuBa
MpoTHHIB (T1apa MporuHiB Ha BincTadi 0 cMm Ta 36,6 cM Bix
Bici mTammy); 3 — Po3paxyHKoBa KpuBa NpOTHHIB (I1apa
mporuHiB Ha BiacTaHi 0 cM Ta 66,6 cM Bif Bici mTamiry);
4 — Po3paxyHKOBa KpWBa IPOTHHIB (Iapa IPOTHHIB Ha
Bincrani 0 cm Tta 116,6 cM Big Bici mrammy), 5-—
Po3paxyHkoBa KprBa IMOBIpHUX IPOTHHIB ITOKPUTTS

Pucynok 1 — CiMelicTBO KpUBHX IPOTHHIB

BucHoBxku

3anponoHoBaHU MeToji 0OpOOKH pe3yNbTaTiB
MOJILOBUX  JOCHIKEHb  JIOPOXKHIX  OJISITIB
JI03BOJIUTH OTPUMYBATH OUIBII JOCTOBIpHY 1
MOBHY  iHQoOpMalil0 TMpo  CTaH  IIapiB
JOPOXKHBOTO OJTY TpH 3acCTOCYBaHHI JIMIIIE
HEpPYWHIBHUX 3aC00IB JIarHOCTUKH. A METOIu
HEPYHHIBHOTO KOHTPOJIO € JIyKe e(peKTUBHUMH,
3aBASKU 1X HU3BKIH TPYIOMICTKOCTi, BHCOKIH

TOYHOCTI 0JIEpKYBaHUX pe3yNbTaTIB,
1H(OPMAaTUBHOCTI Ta MO>KJIMBOCTI
Oe3nepepBHOr0 1 OE3KOHTAKTHOTO TPOIECY
CIIOCTEPEIKECHHS.
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1 - Actual deflection curve; 2 — Calculated deflection
curve (pair of deflection at the distance of 0 cm and
36.6cm from the axis of stamp); 3 - Calculated
deflection curve (pair of deflection at the distance of
Ocm and 66.6cm from the axis of stamp); 4-—
Calculated deflection curve (pair of deflection at the
distance of 0 cm and 116.6 cm from the axis of stamp);
5 — Calculated probable deflection curve

Figure 1 — Assemblage of deflection curves
Conclusions

The proposed method of the processing of road
coating field test results allows receiving more
valid and complete data about the state of
pavement layers when using non-destructive
diagnostic  tools. Non-destructive testing
methods are very effective due to their low
labour intensity, high accuracy of results,
informative content and a contactless and
continuous monitoring process.

References
1. Anectun B.K., Illak AM., Sxosaes I0.M.
HcnpiTaHuss W OIEHKA MPOYHOCTH HEKECTKUX

JIOPOKHBIX onex: YueOHoe rmocooue. —
M.: Tpancnopr, 1977.
2. Xumuu C.H., Epmonaes B.M. CoBpeMeHHbIe

AaBTOMATH3UPOBAHHbBIC TEXHUUECKUE CPEIICTBA
JIUAaTHOCTHKH aBTOMOOWIBHBIX Jopor. O030pHas
uadpopmarus. /| ABTOMOOHIIBHBIE JIOPOTH. —
M.: 3AO «M3marensctBo  Jlopormy. —



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

C. 60-65.

3. Jleonouu M.W. JIluarHocTka ¥ yIpaBicHHUE
KayecTBOM aBTOMOOWIIBHBIX JOPOT: YUeOHUK ISt
By30B. — Munck: BHTY, 2002.

4. PB. 2.3-218-02071168-730:2008 Pexomenmarii 3
BU3HAYCHHS  PO3PAXyHKOBHUX  XapaKTePHCTHK 1
TOBIIMHH  ac(albTOOCTOHHUX INApiB  JOPOXKHIX
oxsriB. — Yuananii Big 01.01.2008.

5. 3BIT PO HAYKOBO-AOCHITHY POOOTY 32 JOTOBOPOM
Ne 16/37-55-14 JIabopaTOpHO-TIOIBOBI AOCITIKEHHS
JUIL  BiANIpALIOBaHHS Ta Y3TOMXKEHHS 3MICTy Ta
HNOPSIKY TONBOBHX BHIPOOYBaHb  HEKOPCTKHX
JOPOXKHIX ~OZSTiB  Ta MaTeMaThuyHoi oOpoOKu
pe3ynbTaTiB BUIIPOOyBaHb. Po3po0ka MaTeMaTHYHOI
MOJeNi Ta aNropuTMy OOpOOKH  pe3yIbTaTiB
BUNIPOOYBaHb  IUII  PO3PaXyHKOBO-aHAJITUIHOT
cucremu. — Xapki: XHAY, 2015.

6. MP B.2.3-02071168-856:2015 MeroanuHi
peKOMeHamii 1moI0 TPOBEACHHS BUIPOOYBaHb
MIHICTHUX Ta JeQOopMalifHUX XapaKkTepHUCTHUK
MOHOJIITHMX  IIapiB  JOPOXKHBOTO  OJATY i3
BUKOPHCTAHHSAM METOIB HEPYWHIBHOTO KOHTPOIIO 1
0o0OpoOKHM  OTpUMaHMX  JaHUX. — UMHHUH  Bij
09.12.2015.

7. BBH B.2.3-218-186-2004 JopoxHiit OJISIT
HexopcTkoro tumy. — Yuaawmii Bix 01.01.2005.

8. Kazapuosckuii B./., Jleiitnang U,
[Tomo M.JI. K Bompocy o wMeTomumke pacyeTa
yCUIICHUsI JTOPOKHBIX ofex/ / Hayka u TexHHKa B
nopokaor otpaciu. — M.: 3A0 «M3maTensCTBO
Hoporu». — 2004. — Nel. — C. 33-34.

Penenszenru:

2002. — Ne5. — C. 60-65.

3. Jleonopuu M.W. JIluarHocTika W  ymIpaBjiCHHE
KayecTBOM aBTOMOOWJIBHBIX AOPOT: YUeOHUK JUis
By30B. — MuHnck: BHTY, 2002.

4. PB. 2.3-218-02071168-730:2008 Pexomennamii 3
BU3HAYCHHS PO3PaxXyHKOBHX XapaKTEPHCTHK 1
TOBIIMHU acQaqbTOOCTOHHMX WIApiB JOPOXKHIX
omsriB. — Yuaunii Big 01.01.2008.

5.3BiT TmWpo HAYKOBO-IOCHIAHY poboTy 3a
noroBopom Ne 16/37-55-14 JlaGopaTopHO-NOIBOBI
JOCIIDKEHHS! IS BiAMPALIOBAHHS Ta Y3TOKCHHS
3MICTY Ta TOPSAKY IIONIOBHUX BHIPOOYBAHb
HEKOPCTKUX JOPOXKHIX OJSriB Ta MaTeMaTHYHOI
00poOKM pe3ynbTaTiB BHUIPOOYyBaHb. Po3poOka
MaTeMaTHYHOI MOZeNli Ta ajlropuTMy OOpOOKH
pe3ynbTaTiB  BUIPOOYBaHb IS PO3PaxXyHKOBO-
aHamiTHyHOi cuctemu. — XapkiB: XHAZLY, 2015.

6. MP B.2.3-02071168-856:2015 MeroauuHi
peKOMeHmaIii II0J0 TPOBENCHHS BUIPOOYBaHB
MIIHICTHUX Ta JAedopMaliiHUX XapaKTEPUCTUK
MOHOJIITHUX  WIapiB  JOPOXXHBOTO  OAATY 13
BUKOPHCTAHHSIM METOJIIB HEPYHHIBHOTO KOHTPOJIO
i 00poOKM OTpUMaHUX JaHWUX.— UMHHHNA Bij
09.12.2015.

7. BBH B.2.3-218-186-2004 HopoxHiit OJISIT
HexopcTkoro tumy. — Yuaawii Bix 01.01.2005.

8. Kazapuosckuii B./I., Jletitmang U,
ITomos M.JI. K Bompocy o0 MeToamke pacdera
yCHJICHHsI TOpOXHBIX onexna/ Hayka u TexHuka B
mopokHou otpaciu. — M.: 3A0 «M3gaTenbeTBO
Hoporu». — 2004. — Nel, — C. 33-34.

MMasmrox J.0., 1-p TexH. Hayk, HarioHaIsHUIA TpaHCTIOPTHUH YHIBEPCHTET.

Onuienko A.M., kaHJ. TexH. Hayk, HallioHaIbHUI TPaHCTIOPTHHUN YHIBEPCUTET.

Reviewers:

Pavliuk D.O., Dr. Tech. Sci., National Transport University.
Onyschenko A.M., Cand. Eng. Sci. (Ph.D.), National Transport University.

203

Crarts Haniiinma no penakiii: 30.09.2016 p.



