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GEODESY AND MINING

https://doi.org/10.21122/2227-1031-2023-22-1-5-12
VAK 511.2:528.9

I'eone3nueckoe uzmepenue aeopmManmii HeCylux onop
U KOHCTPYKUUii 31aHus KoMapoBcKOro pbiHKa NP ero 3KCIIyaTaluu

) )

Kamnp. reorp. nayk, nou. B. U. Muxaiinos”, nmzk. H. O. Kynpnel-mo1

1)Ee:nopycaq/lﬁ HaIlMOHAJILHBIA TeXHUYECKUH yHUBepcuTeT (MuHCK, PecniyOnmka bemapych)

© benopycckuil HalMOHAIbHBINA TEXHUYECKUH yHUBepcuTeT, 2023
Belarusian National Technical University, 2023

Pedepart. KomapoBckuii peIHOK — caMblii OOJIBIION KpHITHIM peIHOK B bemapycu m EBpone. PaGorats on mavan B 1980 r.
Jlo 2000 r. sKcIuTyaTarys 34aHus PhIHKA Belach 0e3 ydeTa YHUKAJIbHOCTH U MOBBIIICHHBIX TPEOOBAaHMI I 00BEKTOB TAKOTO
tuna. TexHuYecKue ycIOBHUs U MpPaBHUia 3KCILTyaTallud COOPHO-MOHOIUTHOH Keae3006TOHHOH 00600UKM MOKPBITUS pa3Me-
pamu 103x103 M He BBIITOJHEHBI. DTO MPUBENIO K TOMY, YTO OTAEbHBIE 3JIEMEHTHI HaXOIMIIUCh B IIPEAaBAPUIHOM COCTOSHHUH.
Vuenrsimu 1 criennanuctamu BITIA (BHTY) npoBenens! paboThl 0 00CISI0BAHHIO TEXHUIECKOTO COCTOSIHHS M OKCILTyaTa-
IIMOHHOH NMPUTOJHOCTH 3/1aHus KoMapoBcKkoro pelHKa. PekoMeHj0BaHO He pexe OAHOTO pa3a B KBapTal BBIIOIHAT IE0E3H-
YeCKHH KOHTPOJIb MPOTUOOB 000JOUKH MOKPBITHS, AeopMarnnii GOPTOBBIX IEMEHTOB U onop. i 3TOro co3many reojie3u-
YecKoe IUIAHOBOE M BEICOTHOE OOOCHOBAHHE IO IEPUMETPY 3[aHHS PHIHKA M Ha €r0 aHTPECONSX, C KOTOPBIX M3MEpSUTICh
nedopMaru 000JI0UKN TTOKPHITHS M OOPTOBBIX 37eMEeHTOB. [109TOMy BBICOTHOE TOJIOKEHHE aHTPECOJIEH IPOBEPSITH HIBEIIH-
poBanuem |V knacca. [l MaTemarmaeckol 00pabOTKH pe3ybTaTOB BEICOKOTOYHBIX I'€0JIE3MIECKIX HAOIONCHUH Ha S3bIKe
Visual Basic pemaktopa Excel cocraBien komiuieke «I'eome3ndeckue mporpaMMbl», KOTOPBIH pa3menieH Ha caiite BHTY u B
JIOKaJIbHOH CeTH yHUBepcuTeTa. B Tedenme 21 roma mporpaMMHBIA KOMIUICKC HCIIOJB30BajCs aBTOPaMH HE TOJBKO JUIS
pelreHns: HaygYHO-IIPOM3BOJCTBEHHBIX 3ajad, HO U B ydeOHOM mporecce. LlenecooOpa3Ho BHEApeHHE MpOrpaMM B APYTUX
y4eOHBIX 3aBEICHHUSAX U Ha MIPOM3BOJCTBEHHBIX NpennpuaTusx Pecmybmukn benapycs as penreHns 3a1ad HHXEHEPHOH reo-
ne3un. M3Mepennust ocaiok cBaifHBIX (hyHIaMEHTOB 3[aHMS PHIHKA IIPOBOAMIN TeOMETpUIeckuM HuBenupoBanueM |l kmacca
npudopom KoNi 007. Omnpenenenue nporubGoB 00OIOYKH MOKPBITHS BBIIOIHSIM TPUTOHOMETPHISCKHM HUBEIMPOBAHHEM
teonoiutoM 2T2 u snexTponHsM TaxeomerpoM Leica TCR 1201 mo cnenmanbHO# Meromuke. To4HOCTH mopsaka 1-2 MM
obecreqnBanack KOPOTKUMH JIydaMy BU3HPOBaHHs. CMeIeHHs OOPTOBBIX JIEMEHTOB U3MEPSIIN TEOHOIUTOM H 3IEKTPOHHBIM
TaXeoMEeTPOM MOJISIPHBIM CIIOCOOOM M KPYTOBBIM HPHEMOM. 3a BpeMs T'€0Je3HIECKOT0 KOHTPOJS M3MEPEHHBIE BEITHMIHHBI
TIporu6oB 000I0UKHN TOKPHITHS, AehopManuii 60PTOBBIX JIEMEHTOB M CBAHBIX OIOp HE MPEBBIIIANN YCTAaHOBIECHHBIX JIOIMYC-
KOB, 4TO CBU/ICTENBCTBYET O CTAOMIIBHOCTH BCEX HECYIINX KOHCTPYKINH 31aHnst KoMapoBckoro phHKa.

KiroueBbie ciioBa: nedopmariiisi COOpyKeHHUs, HUBEIHP, TEOIOINT, HIEKTPOHHBIH TaXeOMETp, Ie0Ae3UUSCKUE MPOrPaMMBbI
st [I9BM

Jas uurupoBanus: Muxaiinos, B. . ['eonesmueckoe m3MepeHne aedopManuii HECYIIUX OMOP M KOHCTPYKIMU 3IaHUS
Komaposckoro peiHKa npu ero skciuryataruu / B. V. Muxaiinos, H. O. Kynpuenko / Hayxka u mexnuxa. 2023. T. 22, Ne 1.
C. 5-12. https://doi.org/10.21122/2227-1031-2023-22-1-5-12

Geodetic Measurement of Deformations of Load-Bearing Supports

and Structures of the Komarovsky Market Building during its Operation
V. I. Mikhailov®, N. O. Kuprienko®

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Komarovsky market is the largest covered market in Belarus and Europe. It started working in 1980.
Until 2000, the operation of the market building was carried out without taking into account the uniqueness and increased
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requirements for objects of such type. The technical conditions and operating rules for the precast-monolithic reinforced
concrete pavement shell with dimensions of 103x103 m have not been met. This led to the fact that individual elements were
in a pre-emergency state. Scientists and specialists of the Belarussian State Polytechnical Academy carried out work on the
examination of the technical condition and operational suitability of the Komarovsky market building. It is recommended to
carry out geodetic control of coating shell deflections, deformations of side elements and supports at least once
a quarter. To do this, a geodetic planned and high-altitude justification was created along the perimeter of the market building
and on its mezzanines, from which deformations of the coating shell and side elements were measured. Therefore, the height
position of the mezzanines was checked by the class-1V leveling. For mathematical processing of the results of high-precision
geodetic observations in the Visual Basic language of the Excel editor, a complex “Geodetic Programs” was compiled, which
is located on the Belarusian National Technical University website and in the local network of the University. For 21 years,
the software package has been used by the authors not only to solver scientific and production problems, but also in the edu-
cational process. It is advisable to introduce programs in other educational institutions and industrial enterprises of the Repub-
lic of Belarus to solve the problems of engineering geodesy. The settlement measurements of the pile foundations of the mar-
ket building were carried out by the class-11 geometric leveling using KoNi 007 instrument. The coating shell deflections were
determined by trigonometric leveling with a 2T2 theodolite and a Leica TCR 1201 electronic tacheometer according special
technique. An accuracy of the order of 1-2 mm was ensured by short sighting beams. The displacements of the onboard ele-
ments were measured with a theodolite and electronic tacheometer using the polar method and circular technique. During the
geodetic control, the measured values of deflections of the coating shell, deformations of the side elements and pile supports
did not exceed the established tolerances, which indicates the stability of all load-bearing structures of the Koma-
rovsky market building.
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ITpn o6cnenoBaHNM TEXHHYECKOTO COCTOSHHS
peiHKa B 2000 T. yYEHBIMH | CIEIIAATHCTaMH
BITIA (BHTY) BbIMONHEHO HM3MEpPEHHE OT Ioja
70 BepxHeidl Touku Kymoia. Okazaloch, 4TO OHa

BBenenne

KomapoBckuii peIHOK, caMblii OONBIION KpbI-
ThI peIHOK B benapycu u EBpone, cipoekTrpoBax

IPYNIION apXUTEKTOPOB IIOJ, PYKOBOACTBOM IIPO-
teccopa H. C. Ananosa [1] (puc. 1). On cuuntaer-
CSl MAMSATHUKOM apXUTEKTYpBl M TPaJOCTPOUTEINb-
ctBa. CoopykeHHE TaKOro poja — YHUKaJIbHOE
NpOM3BEICHIE apXUTEKTYPhI, BO3BEJCHHOE Ha Me-
cte Oomnota. Kynon cmenan u3 cOOpHBIX JIETKHX
OCTOHHBIX TaHeNell, KOTOphIE KPEIsATCS OCOOBIM
obpazom. 37 kanatoB auameTpoM 40 MM CTATHBAIOT
TI0 TIEPUMETPY Kpast 000JI0UKHM MOKPHITHSL. B Kakaom
kaHaTe 124 mpoBOJIOKH U3 BBICOKOIIPOYHOM CTaju.
PaspriBHOE yennue kanata 300 1. Takum oOpaszom,
KaHaTbl U JepXkKaT BEChb Kymnoj. B BepxHel Touke
KYIIOJI IOJHST HaJl IIOJIOM 3/1aHHsI PhIHKA Ha 26 M —
9TO0 MouTH BhIcoTa 10-3Ta>kHoro goma. Jns skc-
TUTyaTalluy PHIHOK OTKPHIT B 1980 T.

Puc. 1. Munckuii KomapoBckuii peIHOK

Fig. 1. Minsk Komarovsky market

OTKJIOHSIETCS OT TPOEKTHBIX JaHHBIX Ha 10 cwm,
T. €. paBHa 25,90 m. Ilo-BuagumoMy, OTKIIOHEHHE
OBUIO JTOMYIIEHO MPU MOHTa)Xe 0OOIOYKU TOKPHI-
TUSI WM KYTIOJ TMPOTHYJICS TIOA TSHKECTHIO MHOTO-
TOHHBIX METATMYECKIX KOHCTPYKIIUH PEKIAMHBIX
LIUTOB, KOTOpPbIE ceifvyac CHATHI.

Jo 2000 r. skcrutyaTanus 31aHUs pPbIHKA Be-
nmach 0e3 y4yeTra YHHMKaJbHOCTH M MOBBIIICHHBIX
TpeOOBaHUM i1 00BbEKTa TAKOro THMA. TeXxHHUYe-
CKHE YCIIOBHSI M IpaBUiIa IKCILTyaTalluud cOOPHO-
MOHOJIUTHOM  ’KeNe300€TOHHOM  000JI0uKH  HO-
KpeiTus pazmepamu 103x103 M He BBITIOJHEHBI.
OTO NpUBENO K TOMY, YTO OTAEIbHBIE 3JIEMEHTHI
W Y4acTKH OOOJNOYKHM MOKPBITHS HAXOIWINCh B
NpelaBapuitHOM COCTOSIHUU.

Yuensivu u crenuanuctamu BI'TIA (BHTY)
poBeneHbl paboThl MO HCCICIOBAHUIO TEXHUYE-
CKOT'O COCTOSIHMSI M 3KCIUTyaTallMOHHOM MPUTOHO-
ctu 3manusi KomapoBckoro peraka. s manpHE-
mei 6e3omacHOi paboTel o0cIeayeMoro oobeKTa
PEKOMEHJIOBAaHO HE peke OJHOr0 pa3a B KBapTal
BBHITIOJIHATh TEOJE3NUECKI KOHTPOJb MPOTHOOB
000JIOYKM TOKPHITUA, JedopMaii OGOPTOBBIX
3JIEMEHTOB U ONOpP. DTH PEKOMEHAALUH COIJIaCy-
o1cad ¢ «TeXHHUecKMHU yCIOBUSMH U TpaBUIIa-
MH JKCIUTyaTalluuy, pa3paOOTaHHBIMU B IIPOEKTE
CTPOUTENIECTBA 00OJIOUYKH MOKPHITUS PHIHKA.
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Co3naHue NJIAHOBOTO
M BBICOTHOT'0 000CHOBAaHMSI

C 3T0#i 1EeNbI0 IO NEPUMETPY PhIHKA U BHYTPU
HETO CO3/IaHO ONTHMAJIbHOE KOJIMYECTBO OIOPHBIX
reofIe3UYEeCKUX IIyHKTOB Ha OCHOBE TEOIOIUTHO-
HUBEJTUPHBIX XOZO0B MOBBIIICHHOW TOYHOCTH B CHU-
CTeMe KOOpAMHAT T. MUHCKa, KOTOpbIE 3aKperuie-
Hbl MOHT2)XHBIMU [TIOOETSIMA B TBEPAOM IOKPHI-
TUH. B KauecTBe MCXOIHBIX UCTIONB30BAN TyHKTHI
HOJIMTOHOMETPHUH, 3aJI0KEHHBIE B IIOKOJILHON Ya-
ctu noma Ne 5 mo yn. B. Xopyxeit. 3mepenus
TOPU3OHTAIBHBIX YTJIOB OCYIIECTBISUIA TEOHOIH-
toMm 2T2, nnunbl nuaui — 50-MeTpoBO# cTaabHON
JICHTOW, OTMETKU TEOJOJUTHBIX TOYEK — HUBEIIHU-
pom KoNi 007.

B xoze reome3nyeckoro KOHTPOJsSl CTaOUIBHO-
cti (yHIAMEHTOB M ONOpP OOCIIEAYeMOTO 3JaHHS
npoBOoAWIM HUBenupoBaHue IV kilacca ONOpHBIX
MyHKTOB Ha aHTpecoisiX peiHKa. OHM MCTOIH30Ba-
JUCH JUIA TIPOBEPKH €€ MOJIOKEHUS B BHICOTHOM
OTHOIIEHWH M W3MEPEHHUH MPOTrHOOB OOOJOUKH
MOKPBITUSL W CMEICHUH OOPTOBBIX 3IIEMEHTOB
pbiHKa. {51 cpaBHEHHS pe3yiabTaThl HUBEIMPOBA-
HHs HAHOCWIM Ha cxeMbl. Tak, Ha puc. 2 mokasa-
HBl OTMETKH TO4YeK (M), ONpelecHHbIC B HIOHE H
centsope 2011 T., ¥ UX Pa3HOCTH 32 ATOT MEPHOI.
Kaxk cnenyer u3 pucyHka, ae(opMaiiiy oBepXHOCTH
AHTPECONH HE TPEBBICHIN 3 MM, YTO CBHIIETENHCT-
BYeT O €€ MPUTOJHOCTH IS T€0JIE3NYECKUX H3Me-
peHui.

s 0O6paboTKM pe3yabTaToOB BBICOKOTOYHBIX
HaOmroneHui 3a qeopManusaMu 31aHUS PbIHKA Ha
s3pike Visual Basic pemakropa Excel cocraBiersr
MpUKJIagHbIe TporpaMMel [2]. OHM HamHMCaHbl OT-
KPBITBIM KOJOM, YTO MO3BOJISIET BHOCUTH M3MEHE-
HUS ¥ JIONOJHEHHS B TOCTPOEHHBIN aJrOpHUTM.
Sueiiku ¢ GpopMyaMu 3alUIIEHBI OT CIIy4aitHOTO
W3MEHEeHUs U yaaneHus. B teuenue 21 roma mpo-
TPaMMHBII KOMIIJIEKC aKTUBHO HCIIOJIb30BAJICS aB-
TOpaMH HE TOJBKO UIsl PELICHUS Pa3IndHbIX
HAY4YHO-TIPOM3BOJCTBEHHBIX 3a/a4y, HO M B y4eO-
HOM IIpoLiecce.

LenecooOpa3Ho BHeApeHHE MPOTPaMM B ApY-
rux y4eOHBIX 3aBeneHusXx PecryOmmku benapych.
OHH MOTYT OBITh TaK)KE IPUMEHEHBI Ha MPOU3BO/I-
CTBEHHBIX HPEANPUATHIAX IPU PELICHUH 3a1ad
MHXeHepHo! reosae3uu. C 3TOH LENbl0 Mporpam-
MHBIA KOMIUIEKC «l'eone3ndeckue nporpaMmbi»
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pa3MelleH Ha caiite U B JokainbHOM cetu BHTY.
IIpuBeneHHbIE NpuMeEpbl Ha KaXAyl U3 3a1ay
00€eCTeYrnBaloT MPOLECC OCBOCHUS IPOTPaMM.
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202.938 — oTMeTKH TOUeK (M), onpeeneHHble B uone 2011 r.;

16 © 202.941 - ormeTkH TOUEK (M), OnpeeseHnbie B centsaope 2011 r.;
3 (MM) — pa3HOCTU OTMETOK 32 MEPHOJ C HIOHS
o ceHts10pb 2011 1.

Puc. 2. Pe3ynpTaTsl HUBETHPOBAaHUS OMIOPHBIX TOUEK
Ha aHTPECOJISIX PBIHKA, UCTIONb3YEMBIX T HaOMIOJEHHIH
3a mporuGamMu 000IOUKHU MTOKPBITUS
(Bce oTMETKH OMpeeneHbl 0T cTeHHOTo perepa Ne 283)

Fig. 2. Results of reference points leveling on the mezzanines
of the market used for observations behind
the deflections of the coating shell
(all marks are determined from wall benchmark No 283)

H3mepenue ocagox
CBaIHBIX (PyHAAMEHTOB 31aHNS PHIHKA

Jl1st OOJBIIMHCTBA CTAHAAPTHBIX U THIIOBBIX CO-
OpYKEHHMH TOYHOCTb OINpEACNCHHs OCaloK (yHza-
MEHTOB 00ecIIeurBaeTCs I'€OMETPUUECKUM HUBEJIH-
poBanueM Il kimacca [3]. 3akmaaky ocamogHBIX MapOK
ocymiectsisu B cootBerctBur ¢ CHbB 1.02.01-96 [4].
Bcero mo mepumerpy 3maHMs pBIHKA 3aj0XKe-
HBI 22 MapKH B BUJIE MOHTa)KHBIX Jro0enei (puc. 3).

[Ipu reonmesnveckux HabOIrONEHUSX 3a nedop-
MalusIMH CBalHBIX (YyHIAMEHTOB OOBEKTa HC-
nonb3oBaimu HuBenup KoNi 007. ExxeromHo mnpu-
6op nonBeprayim mposepke B PYII «benreone3ms»
Ha TpeJIMET TOJHOCTH K NMPUMEHEHUIO C BbIJauei
COOTBETCTBYIOIIETO CBUECTEIHCTBA.

Bricokorounsiii HuBenup KoNi 007 mepucko-
MUYECKO (OPMBI UMEET ONTHKO-MEXaHHYECKUi
KOMIIEHCATOp, aBTOMAaTUYeCKU yCTaHABIUBAIOIIUH
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BH3UPHYIO OCh TOpH3OHTANBHO (puc. 4). IIpemna-
3HaveH st HuBenupoBanus 11 u 111 kimaccos.

20 28 27 26 25 24 23
Bxon

Puc. 3. Cxema pacrosioskeHHs: 0CaI0YHBIX MAPOK
Ha CBalHBIX (PyHIaMEHTax MO NePUMETPY 3AaHUS PhIHKA!

ji— ocao4Has MapKa 1 €€ HOpS{Z[KOBBIﬁ HOMEp

Fig. 3. Scheme of the location of sedimentary marks
on pile foundations along the perimeter of the market building:

4 _ sedimentary mark and its serial number

Ucnonb3oBanue HH-
Bennpa KoNi 007 B mpo-
W3BOJICTBEHHBIX — LIEXax
U 3aKPBITHIX TOMEILICHU-
X UMEET pAA Ipeumy-
mectB. Ilo cpaBHeHHIO
¢ IU(PPOBBIMH HHUBEIIH-
pamu OH Ooyee yCTOM-
YHB, MEHEE IOJBEPKEH
BIUSHUAIO BUOpaIuu pa-
0O0TaroOUMX MEXaHU3MOB.
OO6nanas oTIMYHON He-
MECIIKOM ONTHKOH, HHUBE-
JUp TO3BOJSIET OpaTh

Puc. 4. Husenup KoNi 007 OTCYEThl MO MHBAPHOH

Fig. 4. Level KoNi 007  PCHKE B 3aTEMHEHHbIX

W 3aAbIMJICHHBIX HPOCT-
paHctBax B paauyce 50 M. Kak nokazano cpaBHU-
TeJIbHOE HUBEIMPOBAHHE OJHOTO M TOTO K€ Iexa
KoNi 007 u uudposeim HuBenmpom DNA 03, Bpe-
Msl, 3aTpayeHHOE Ha BBITOJHEHHE T'eOJe3NYEeCKUX
HU3MEPECHUM, MPAKTUYECKU OIUHAKOBOE [5].

[Ipu reomerprueckom HuBenupoBanu Il kmac-
ca NPUMEHSIM OJHOCTOPOHHHUE CIIELUMANIbHBIE Pel-
KU 1auHOM 1,8 M, Ha NHIIEBOW CTOPOHE KOTOPBIX
BMOHTHPOBaHa UHBapHas JieHTa. Ha neHte nmerot-

8

Csl JIBE WIKaJbl C LIEHOM ACJIEHUS 5 MM, KOTOpPbIE
CMEIIEHbl OTHOCUTENBHO IpYr Apyra Ha 2,5 MM.
Peiiku cHaOKeHBI KPYTJIBIMU YPOBHIMH.

C menpio MEpHOANYECKUX H3MEpeHui medop-
Malyid OCaJlouHBIX MapoK pa3paboTaid MOpPSIOK
re0Ie3NYECKUX HAOMIOACHUH KaKAO0TO OOBEKTa B
BHUJE 3aMKHYTHIX XOJOB IPHU OJHOM TOPH30HTE
B IpsMOM M oOpaTtHoM HampasieHusax. [locneny-
IOllle€ HUBEIMPOBAHHE BBINOJIHIA 1O OAHOM U
TOH ke cxeme. B BHCsUueM XOJe IOMyCKanoch He
Oosee IByX cTaHIMA. BricoTa BU3HUPHOTO Jy4ya Hax
MMOBEPXHOCTHIO 3eMJIM WM (yHIaMeHTa Oblia He
menee 0,5 m. HepaBeHCTBO paccTosiHUT OT HUBE-
JMpa 0 peeK JOITyCKalIoch He 0osee OAHOro MeT-
pa. JJnmuHa BusnpHOTO JTy4da He npeBbimana 30 M.

Ilocne okoH4YaHMS TeOAE3WYECKUX U3MEpEeHUN
MIPEBBILICHNS BBIYUCIUIN 110 U3BECTHOH hopmyIie

h=a-b, (1)

rae a, b — orcueT mo 3amHEH M mepemHei peiikam
COOTBETCTBEHHO.

[IpenensHOE pacxoXkAEHUE MEXKIY BBIUMCIIECH-
HBIMH TPEBBIIICHUSAMU IO OCHOBHOW W JOTIOJIHH-
TEIbHOM INKajJaM Ha TMpeBbIIAN0 4-5 neireHuit
Oapabana. [[na momyueHHWs NpPEBBILICHUS B MUJI-
JUMETpax HEO0OXOIUMO €ro CpeJHIOI BEIMYUHY
pazgenuts Ha 20. JlomycTUMYyIO HEBA3KY B 3a-
MKHYTOM IOJMI'OHE IOACUYNUTHIBAIN IO GOpMyJie

f =In, )

rze N — 9ucIiio CTaHLIUH.

BEICOTBI MPOMEKYTOUHBIX TOYEK OIpPEeI SN
4yepe3 TPEBBIIICHUE MEXKIY 3aJHel CBA3YIOLICH
TOYKOH M TpoMexXyToyHOW. Eciau BbruncieHHas
HEBSI3Ka HaXOJWJIach B JIOIYCKE, OHA pacrpenens-
jach B BUJE TONPABOK C OOPaTHBIM 3HAKOM IIPO-
MOPLHMOHATILHO YHUCIy CPEIHHX BBIYMCICHHBIX
MIPEBBILIEHUH.

B Tabn. 1 mpuBeneHa BemOMOCTb OTMETOK U
nedopMaluil 0caJouHBIX MapoOK CBallHBIX (yHAA-
MEHTOB 3/IaHUs PBIHKA 3a Mepuoa ¢ aBrycta 1999 r.
no utoHb 2000 r. Kak cnexyer u3 tabnuubl, 6071b-
IIMHCTBO BBIYMCIEHHBIX OCaJOK KONEONIoTCS B
npefenax OJHOTO MHJUIMMETpa. JTO CBUAETEIb-
CTBYeT 00 OTCYTCTBUHM KakKuUX-MHOO nedopmanmii
¢byHaaMeHTa 3TOro o0bEeKTa 3a paccMaTpUBACMBIH
MEepUO]] BPEMEHHU.
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Tabauya 1
BenomocTh 0TMeTOK M AepopManuii 0cagoYHBIX MAPOK
cBaiiHOro yHJaMeHTA 31aHUs PbIHKA
¢ aprycta 1999 r. no uions 2000 r.

List of marks and deformations of sedimentary marks
of pile foundation of the market building
from August 1999 to June 2000

I;Z;fﬁ OTMmeTka, MM Ile(bol\p;nh:[[aunﬂ,
Penep 823 | 200503,0 200503,0

1 908,9 200908,2 -0,7
2 786,9 787,1 0,1
3 786,2 786,2 0,0
4 730,2 730,8 0,6
5 839,0 840,1 11
6 713,5 7143 0,8
7 721,4 720,8 -0,6
8 700,0 700,5 0,5
10 590,2 590,8 0,6
11 570,6 570,7 0,1
12 586,6 587,5 0,9
13 507,5 508,2 0,7
14 997,8 998,0 0,2
15 955,5 955,7 0,2
16 939,7 939,9 0,2
18 610,1 610,1 0

19 510,1 510,1 0

20 871,2 872,6 1,4
21 201019,5 201020,5 1,0
22 057,2 056,9 -0,3
23 200932,3 200931,4 -0,9
26 201872,7 201871,3 -14
27 852,1 852,7 0,6
28 200921,0 200920,5 -0,5
29 946,6 9457 -0,9

Onpenesienue nporudoB 000J104YKH
NMOKPBITHSA 3JTaAHUA PbIHKA

Croco0 TPUTOHOMETPUYECKOTO HUBEIUPOBa-
HUS TI03BOJISIET OMPECIIATh OCAIKHU TOUYEK, PacIo-
JIO)KEHHBIX Ha PAa3HBIX BBICOTaX W B TPYIHOJO-
CTYMHBIX MecTax. TouHocTh mopsgka 1-2 MM
o0ecrneynBaeTcsi IpU KOPOTKHX JIydax BU3UPOBa-
ausg (mo 100 M) ¢ mpumeHeHueM Teomonuta 27T2
U CHCIMAIbHOW METONMKH HaOmoaeHui [6].
WMeHHO Takue yCIIOBUS JUIsi M3MEPEHHHA CyIIe-
CTBYIOT B 371aHnu KomapoBckoro peiaka. [jis mpo-
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BEJCHUS T€0Je3MUECKUX HaOIoaeHnd Ha 000-
JIOYKE TIOKPHITHS HaHeceHa 21 KOHTpOJbHAS TOY-
Ka (puc. 5), TOYKM DPABHOMEPHO PACTIOIOKEHBI
1o Bcemy cBonay [7]. Ans onpeaeneHus KOopauHaT
9TUX TOYEK C TEOAE3MYECKUX NMyHKTOB 18 m 19
(puc. 2) BBITIOJHEHBI TPSMBIC YTIIOBHIE 3aCEUKH,
a 3aTeM pelieHHeM OOpaTHBIX T'e0JIe3NIECKIX
3a/1a4 BEIYUCIICHBI PACCTOSIHUS JTO HUX.

] ]
| 112 |
| |
uo +17 +24 |
[ w47 16 123 128 132 435 ||
|— . |
11 22 |
é 2 6 ) +27 131 134
|
| 1 9 14 +21 30 ‘
i f 5 | s20 426 33 ‘
D T P |
. 8| 19| 429
] T | il
| +13 +18 W?S
| | ' |
. [
Bxon
T

Puc. 5. Cxema pacnosnoxeHuss KOHTPOJIbHBIX TOUEK
Ha 000JI0YKe MMOKPBITHUS 31aHUS PHIHKA, UCIIOJIB3YEMBIX
IUTSL U3Y9CHUSI €€ POTHOOB!

+ 1 — KOHTPOJIbHbIE TOYKH Ha 000JI0YKe U UX HOMEpa

Fig. 5. Checkpoint layout on the shell covering
the market building used to study its deflections:
+ 1— control points on the shell and their numbers

[IpoBoauMbIe Teone3nueckue HaOIOAEHUS 3a
nedopMaIvisiMi ¢ TTOCTOSHHBIX MyHKTOB 18 u 19
MOBBIIIAIOT TOYHOCTh U JOCTOBEPHOCTH MOIydae-
MBIX PE3yJbTaTOB M UCKIIOYAIOT DIIEMEHT CIydaii-
HOCTH TIpH uX HHTeprnpetanmnyd. C 3TUX MyHKTOB
TOYHBIM TeomouToM 2T2 W3Mepsuin 3CHHUTHEIC
paccTOsSHUS O KOHTPOJBHBIX TOYEK HA CBOJE 37a-
HUSl PHIHKA W BBIYUCIISLTM COOTBETCTBYIOIUE UM
YTIIBI HAKJIOHA.

Jns pacueta mpeBBILICHUN HCIOJIB30BAU W3-
BecTHYIO hopmyiy h = dtga + i — v [6].

Teomomut 2T2 (puc. 6) OTHOCHTCS K TOYHBIM
reojie3ndeckuM npudopam. Mcmonb3yeTcs 1ist u3-
MEpEHUsl YIJIOB B TOCYAAPCTBEHHBIX CETSIX TPU-
anryynauuu 1 nonuronomerpuu Il n IV knaccos,

9
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B CeTSX CTYLIEHUs, B MPUKJIAJHON T€OAE3UH, IS
ACTPOHOMHYECKHUX HAOIOICHUH, M3MEpEeHUs pac-
CTOSIHUM TI0 HUTSHOMY JajJbHOMEPY 3pUTENbHOU
TPYOBI ¥ ONIPE/ICIICHUS] MAaTHUTHBIX a3UMYTOB.
Onextponnslii Taxeomerp Leica TCR 1201
(puc. 7) — BBICOKOTOYHBIH U POOOTH3UPOBAHHBIN
pubop, OCHAIIEH JABYMS JalIbHOMEpPaMH: Tpaju-
mnoHHBIM [K-maasHOMEpOM M 6e30TpaskaTeTbHBIM
(RL) mampHOCTBIO M0 1000 M IOBBIIIEHHONW MOIII-
HOCTU. TOYHOCTHh M3MEPEHUSI PACCTOSIHUM C OTpa-
JKaTejaeM cocTaBisieT 2 MM 3a 1,5 ¢, B 6e30Tpaxa-
TETLHOM pekuMe — 3 MM 3a 3—6 c. [IpeaHasznaduen
JUTSL BBITIOJTHEHUSI WHXEHEPHO-TE€O/Ie3MUECKUX pa-
00T m000H CIOKHOCTH, MOXKET paboTaTh B YETHI-
pex pexuMmax: pas3ieiicHHOM, IOJyaBTOMaTHYe-
CKOM, aBTOMAaTHUYECKOM U B PEKUME CIICIKCHUSI.

Puc. 6. Teogomut 2T2
Fig. 6. Theodolite 2T2

Puc. 7. DnexTpoHHbII
taxeomerp TCR 1201

Fig. 7. Electronic
tacheometer TCR 1201

TpuronomeTprudeckoe HUBETUPOBAHUE 0CAI0Y-
HBIX MapoK KOPOTKUM JTydoM (10 30 M) DIIeKTpOH-
HeIM TaxeoMmeTpoM TCR 1201 moxer ycremmHo
KOHKYPUPOBaTh C TPAJAUIMOHHBEIM TE€OMETpUYE-
CKUM MeToZoM. Kak rokasanu SKCIepHMEHTaNb-
HBIC M3MEPCHUsI, CPEHIHsS KBaJpaThdyeckas IIo-
rpemHocTs coctaBwia Bcero 0,2 mMm. DTo maer
BO3MOXXHOCTh  MOBBICUTH  ITPOU3BOIAUTEIHLHOCTh
npu OOJNBINIKX TEpernaaX BhICOT, IJIE 3aJ0XKCHBI
MapKH, OTIaAaeT HeOOXOJUMOCTh B HCIIOJB30Ba-
HUW WHBAPHBIX PEEK, M3MEPEHHs] MOTYT BBINIOJ-
HATHCS OTHUM HCTIOTHUTENEM [8, 9].

OmpeneneHne TPOTHOOB OOOJIOYKH  TTOKPHI-
THS 3MaHAA pBIHKA JJEKTPOHHBIM TaXxeoMeT-
pom TCR 1201 BwIMONHSETCS B pa3ieiCcHHOM pe-

10

®uMe (TOJNIBKO yIJIbI HAKJIOHA, KaK TEOI0JIH-
ToM 2T2). Pe3ynbTarhl 3THX U3MEPEHHI B CpaBHE-
HUU C AHAJIOTWYHBIMH, TOJYYEHHBIMH B JeKab-
pe 2014 r., npuseaens B Tabia. 2. Kak cnenyer u3
TaOJUIBI, Bce 3HaueHUs aedopmMaiuii 000J0YKU
3a yKa3aHHBIN nepuoja kKoneodmores oT 0 10 4 Mm
Y HaXOMATCA B TIPeZieNiaX HOPMBI.

Tabauya 2
Benomocth 0TMeTOK U epopManmii 000,104KH NOKPBITHS

3JaHUs PHIHKA, NOJYy4YeHHBIX ¢ moMoubio 2T2
u Leica TCR 1201

List of marks and deformations of the shell

of the market building coating obtained using 2T2
and Leica TCR 1201

OtmMmeTKa, M, OIpe/eTeHHas
Homep ¢ nomompio T.18 E;‘gggg;gg’le’
TOYKH | JlexkaOpb 2014 r.| Urons 2016 1. ’
A (I2)T2) (Leica) o utonb 2016 1.

1 213,876 213,880 4
2 219,538 219,537 -1
3 217,739 217,743 4
4 215,221 215,222 1
5 220,747 220,751 4
6 222,492 222,491 -1
7 220,730 220,729 -1
8 220,207 220,208 1
9 224,026 224,029

12 217,538 217,537 -1
18 217,509 217,512 3
19 221,012 221,013 1
20 223,489 223,489 0
21 224,853 224,857 4
22 224,864 224,868 4
23 223,517 223,515 -2
24 221,065 221,067 2
29 218,170 218,174 4
30 222,076 222,079 3
31 222,482 222,485 3
32 220,718 220,720 2
35 217,707 217,707 0

Onpenenenue nedopmanui
0OpTOBBIX )JIEMEHTOB 31aHHUS PbIHKA

OcHoOBOW i1 HAONIOACHUH 32 TOPU3OHTANb-
HBIMH CMEIICHUSIMUA OOPTOBBIX JIEMEHTOB SBIISCT-
Cs CXeMa pacCIOJIOXKEHHs ONMOPHBIX IMYHKTOB C W3-
BECTHBIMH KOOPJAWHATAMH M KOHTPOJBHBIX TOYEK
(TI0 ceMb C KaXKJ0¥ CTOPOHKI 3[IaHUS PHIHKA) Yepes3
OIHY KOJOHHY (puc. 8).

s BBIMONMHEHMA BBICOKOTOYHBIX TE€OAE3UYe-
CKMX M3MEpPEeHHH MpUMEHsITA TeoAonuT 2T2 u arek-
TpouHblid Taxeomerp Leica TCR 1201. B mepsom
Cllydae HCIOJIb30BAIN CIOCOO KPYTOBBIX IIPHUEMOB,
KOTOpBI TO3BOJIMJI C OINOPHBIX MyHKTOB 16-19
OTIPEeNIENTTh TOPU3OHTAIBHEIC YIIIBI HA Bce 00O3Ha-
YEeHHBIE Ha CXeMe KOJIOHHBI OOKOBBIX 3JIEMEHTOB.

[ Hayka
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Puc. 8. Cxema pacnooxKeHHust KOHTPOJIbHBIX TOYEK
110 TIEPUMETPY 3JaHMSI PhIHKA JJISl U3MEPEHUS CMELLEHUH
OOPTOBBIX JIEMEHTOB (CHCTEMa KOOPMHAT I'. MHHCKa)

Fig. 8. Checkpoint layout along the perimeter
of the market building to measure displacements
of onboard elements (Minsk coordinate system)

C moMOmIbIO 3JIEKTPOHHOTO TaxeoMeTpa TO-
JSPHBIM  CIIOCOOOM  HU3MEPSIM TOPHU3OHTAIBHBIC
YTIIBI ¥ TIPOJIOKEHUS IO ATHX K€ TOYEK B aBTOMa-
TUYECKOM PEXHME, KOTOpble 3aHOCWIH B IaMATh
taxeometpa [10].

Ha ocHoBaHuu Monxy4eHHBIX BEIMYUH CIIOCO-
OoM mpsimoii yrioBo# 3aceuku Ha [IBOM Bbwruwmc-
JISUTH KOOPJMHATHI KOHTPOJIBHBIX TOYEK OOPTOBBIX
3JIEMEHTOB, KOTOPBIC TIPEJICTABIICHBI B Ta0. 3.

Tabauya 3
Benomocts nedopmanuii 60pTOBBIX 3JIEMEHTOB
31aHUsS PbIHKA, ONpeJeJIeHHbIX TeopoanTom 2T2
M 2J1eKTPOHHBIM TaxeomeTpom Leica TCR 1201

List of deformations of the onboard elements of the market
building, determined by theodolite 2T2
and electronic tacheometer Leica TCR 1201

Koopaunara, M Hedbopma-

U, MM,

Ho- | 11cabpn 2014 1. | Homs 20161, | ©/ACKa0PA

e P |

2016 1.

X y X y Ax Ay

1 2 3 4 5 6 7
Cropona A

1 [1836,779(1422,615(1836,776]1422,618] 3 | -3

2 [1828,713(1431,466 [1828,717(1431,469| —4 | -3

4 [1812,373]1449,532 [1812,371|1449,528| 2 4

5 [1804,5161458,073(1804,520(1458,069| -4 | 4

6 [1796,403(1466,950 [1796,401|1466,952| 2 | -2
Cropona b

1 [1911,292]1465,998 [1911,293]1465,999] -1 [ -1

Hayka
wrexHuka. T. 22, Ne 1 (2023)

Oxkonyanue mabn. 3

1 2 3 4 5 6 7
2 |1902,433|1457,934 {1902,435(1457,935| -2 -1
4 (1884,404|1441,526 |1884,401|1441,524| 3 2
5 |[1875,823|1433,741|1875,822|1433,740| 1 1
6 |1866,898|1425,676 [1866,901(1425,680| -3 —4
Cropona B
1 [1912,236(1491,689 (1912,239(1491,688| -3 1
3 [1896,105|1509,444 |1896,102|1509,447| 3 -3
4 (1888,080|1518,344 |1888,077|1518,346| 3 -2
5 [1879,980|1527,179|1879,978|1527,177| 2 2
6 |1871,916|1536,049 [1871,914|1536,052| 2 -3
Cropona I’
2 |1837,729|1537,435 |1837,727|1537,436| 2 -1
3 [1828,821|1529,351|1828,818|1529,350| 3 1
4 (1820,256|1521,564 |1820,257|1521,563| -1 1
6 |1802,179|1505,172 {1802,181{1505,174| -2 -2
7 |1793,335/1497,113 {1793,333|1497,114| 2 -1

Kaxk cnegyer n3 Tabmuibl, nedgopmaiiuu 60pTo-
BBIX 3JIEMEHTOB HE INPEBHIMIAIOT 2—4 MM W HaXo0-
IITCS B IIPeieax HOPMBI.

BbIBO/IbI

1. JInst mpoBeneHusI TIOCTOSHHOTO KOHTPOJISL CO-
CTOSIHUSI Pa3JIMYHBIX HECYIMX KOHCTPYKLUH 30aHHS
KomapoBckoro peiHKa co3maHa rycrasi Teoje3mde-
CKast CeTh BOKPYT HEro M BHYTPH COOPYKECHHUSL.

2. Pa3zpabotan xomiuiekc «[eome3ndeckue mpo-
rpaMMBbD», KOTOPBIH MO3BOJISIET aBTOMATU3UPOBATh
MIPOIIECCHl MaTeMaTHIeCKOW 00paboTKH pe3yibTa-
TOB BBICOKOTOYHBIX T'€OIC3MYECKHX W3MEPEHHUH,
MPOBOJMMBIX Ha TEPPUTOPHHU PHIHKA.

3. IIpu xoHTpOJIE TPOrHOOB O0OJIOUKH MOKPHI-
TUSI IPUMEHEH MOAM(DUIIMPOBAHHBINA CHOCOO TpH-
TOHOMETPUYECKOTO HHUBEIMPOBAHUS, KOTOPHINA 3a-
KIIF0YaeTcs B clieAyroneM. [immaa BU3upHOTO JTy4da
He npesbimana 100 M, reopesuyeckue Habmrome-
HUS BETUCH C ABYX OMOPHBIX IyHKTOB, 3aKPETJICH-
HBIX Ha aHTPECOJIAX 3aHUS PHIHKA. DTO HCKIIOYa-
JIO DJIEMEHT CIIyYalHOCTH M MOBBILIAJIO TOYHOCTH
HaOmoaeHnit 10 1-2 MM. OcyIecTBieH MOCTe-
TICHHBIN TIEpeX01 B M3MEPEHUAX OT TeomonuTa 212
K anekTpoHHOMY Taxeometpy Leica TCR 1201.

4.B cBs3W C pacmoNOXeHWeM 3IaHHUS PHIHKA
Ha OOJIOTUCTOM MECTHOCTH U B 30HE HMHTEHCHBHOTO
JBIDKEHHUST TPAHCTIOPTa aBTOPAaMU MPEATIOKEHO TPo-
BOJIUTH HAOTIOJICHHUST OCAIOYHBIX JIeOopMaITiii CBaii-
HOro (hyHIameHTa M YIJIOBBIX OMOP METOJOM Ieo-
MeTpuueckoro HuBenupoBanus Il kiacca ¢ ucnosnb-
30BaHHeM KoMIleHcaTopHoro HuBenmpa KoNi 007.

11
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5.3a 21 rom mpoBeneHHUS T€OAC3NISCKOTO KOH-

TPOJISL BCE Pe3yJIbTaThl JAeopMalliii HECYIIMX KOH-
CTPYKIMA 3[]aHUSI PhIHKA C MIJUTUMETPOBOM TOYHO-
CTBIO, TOTYYEHHbIE ONTUKO-MEXaHHYESCKUMHU TPHOO-
pamu, TONTBEPXKACHBI W3MEPEHUSIMH BBICOKOTOY-
HBIM DIIEKTPOHHBIM TaxeomeTpoM Leica TCR 1201.
DTO MOXET CBUJIETCIBCTBOBATE O TPABHIBHON
1 3PQEKTUBHON METOAMKE Te0JIC3MISCKUX HaOIF0-
JICHA 3a CTAOMIIHOCTBHIO BaYKHOTO OOIIECTBEHHOTO
00BbeKTa, KOTOpPBIE OYAYT MPOAOIDKATBCS MPU Jailb-
HEHIIEH ero sKCIuTyaTalyy.

10.

12
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Results of Many Years’ Measurements Conducted
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Abstract. Currently, electronic total stations based on the principles of laser long-range distance measurement are used
for collecting geospatial information. As time goes, in the process of using the electronic total stations, their technical parame-
ters vary, necessitating periodic calibration of the instruments. Calibration of the long-range distance measurement laser com-
ponent of the electronic total stations is carried out at specialized baselines and consists in testing the constant component of
an electronic total station, determining the scale error and determining the cyclic error. In the territory of the Czech Republic,
two geodetic baselines are operated, the National Calibration Baseline Hvézda and Kostice. Kostice is the Czech State Long
Distances Measuring Standard, where electronic total stations are calibrated. From 2017 to 2020, about 600 electronic total
stations by different manufacturers Leica Geosystems, Trimble, Topcon, Sokkia, Nikon, Pentax, South and Geomax were
calibrated. The total number of measurements performed under the program in all combinations has equaled about 40000. In
this paper, results of analysis many years’ measurements performed at the geodetic baseline Kostice from 2017 to 2020 with
electronic total stations manufactured by Leica Geosystems are presented. In total, 9186 measurements between the baseline
sections 1-2, 1-3, 1-4, 1-5, 1-6, 1-7 and 1-8 have been analyzed. For each section, measurements have been detected which
did not pass the Grubbs test criterion (the Smirnov — Grubbs test). Altogether, 261 outliers have been detected, totaling 3 % of
the total number of measurements. After excluding the detected outliers with the algorithm of the parametric version of least
squares optimization, the length of each section of the baseline was found, and the accuracy of the results obtained was evalu-
ated. The calculated values of the length of the baseline sections are in generally good agreement with the results of the mea-
surements performed at the geodetic baseline Kostice by the specialists from the laboratory of the Bundeswehr University
in Munich (Germany) and the results of similar measurements conducted at the same baseline by the specialists from the
Research Institute of Geodesy, Topography and Cartography (Czech Republic). For section 1-5, based on the results of both
verifications, differences have been obtained exceeding the permissible values of the accuracy of determining baseline charac-
teristics. This may be related to the fact that there are displacements of certain pillars, which mainly have a periodic character
and depend on the season. To allow more specific assumptions regarding instability of certain pillars, it is recommended
to verify the lengths of the baseline sections once in three months, according to the program in all combinations, which will
allow comparison of the values of the confidence limits of the baseline section lengths and putting forward hypotheses regar-
ding variations in the position of individual centers, so that the deviations revealed should be included into the residual uncer-
tainty of length measurement.

Keywords: geodetic baseline Kostice, Smirnov — Grubbs test, algorithm of the parametric version of least squares optimiza-
tion, displacements of pillars
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TapaMeTpsl ¥ BO3HUKAET HEOOXOANMOCTh IEPUOANYECcKoil KamnOpoBku. OHA OCYIIECTBIISICTCS HA CIICIUAIBHBIX JTHMHEHHBIX
6azucax M COCTOMT B IOBEPKE IOCTOSHHOW COCTABIAIOIIEH 3JIEKTPOHHOTO TaXeOMETPa, ONpPEAEIeHUH OLIMOKM MacuiTada
¥ muKmaeckoil ommoku. Ha teppuropun Yemickoit PecryOnuku neficTByroT aBa nuHEHHBIX 0asuca — I'Be3na u Komrrume.
Iocnenuuii ABIAETCS HALMOHANBHBIM TOCYIAPCTBEHHBIM 3TaJOHOM JIMHBI JAaNbHUX PACCTOSHHUMN, HA KOTOPOM OCYILIECTBIIS-
IOTCS TIOBEPKH 3JIEKTPOHHBIX TaxeoMmeTpoB. C 2017 mo 2020 rox 31echk BHINOIHEHA KaauOpoBKka mopsaka 600 TaxeoMeTpoB
pasmuunbix hupm (Leica Geosystems, Trimble, Topcon, Sokkia, Nikon, Pentax, South u Geomax), ofiee KOJIHYECTBO H3Me-
peHuii Bo Bcex komOuHanuax oxosio 40000. B crathe mpencTaBieHsl pe3yabTaThl aHAIN3a MHOTOJIETHUX U3MEPEHUH, TIpOBe-
JICHHBIX Ha JHHeitHoM Gasuce Komruie taxeomerpamu ¢upmsl Leica Geosystems. HccnenoBanbl 9186 n3aMepeHuin MEx 1y
cekuusimu Gasuca 1-2, 1-3, 1-4, 1-5, 1-6, 1-7 u 1-8. Ilo ka0l CeKUNH BBIABISUIUCH U3MEPEHHS, KOTOPbIE HE IPOLLIN
3amaHHbIN kpuTepuit CmupHOBa — ['pab6ca, oGHapyskeH 261 BbIOpoc, uTo cocTaBisieT 3 % Bcex u3mepeHuit. I[locne ncxioue-
HUsI BBIOPOCOB € TIOMOIIBIO aNropuTMa napamerpudeckoil Bepcun MHK-onTuMuzanmu onpeneneHa AaMHA KKIOH CEKLUH
0a3uca 1 BEINOJHEHA OLEHKA TOYHOCTH ITOJYYCHHBIX PEe3yJIbTaTOB. BHIUMCIEHHbIE 3HAUCHNUS AJIMH CEKIUH B IIEJIOM XOPOIIO
COIJIaCYIOTCS € pe3yJbTaTaMU U3MEpPEHUH, IPOBEACHHBIX Ha JuHeiHoM Oasuce Komuue JlabopaTtopueit reonesun Boennoro
yHuBepcurera MionxeHa (I'epmanus) n HaydHo-mcciaenoBaTenbcKOro MHCTUTYTA I'€0JE3HU, TONOTpaduy W KapTorpaduu.
ITo cexiuu 1-5 B xo1e 000MX CpaBHEHMI MOIydEHBl PA3HOCTH, IIPEBBIIIAIOINE JOMYCTUMBIE 3HAUEHNSI TOUHOCTHU OMpesene-
HUSI XapaKTEpUCTHK 0a3uca. ITO MOXKET OBITh CBS3aHO C TEM, YTO IT0 OTACJIBHBIM ITyHKTaM HAaOJIOJAIOTCSI CMEIEHUsI, KOTO-
pble HOCSAT B OCHOBHOM HEPUOJMYECKHI XapaKTep M 3aBUCAT OT BpeMeHH roja. Jlns Gosee KOHKPETHBIX MPENNONIONKEHHH
0 HECTaOMIIBHOCTHU OT/ENBHBIX ITYHKTOB PEKOMEHIYETCSI IPOBOIUTH IOBEPKY [UIMH CEKIUH Oa3uca OIUH pa3 B TPU MecsIa 0
IporpaMMme BO BCeX KOMOHHAIMSAX, YTO MO3BOJUT COMOCTABIISATH 3HAUEHMS JOBEPHUTENBHBIX T'PAHUIL JUIMH CEKLUH Oa3uca
M BBIIBHIATh TMIOTE3Hl O KOJIEOAHMAX ITOJIOXKEHHS OTJACIBbHBIX LEHTPOB. B nanpHelmeM 3TO MO3BOJINT BKIIOYATH ITOJIyYeH-
HBIE CMEILECHHS B OCTATOYHYIO HEOIIPEACICHHOCTh U3MEPEHUS AIUHBL.

KonroueBble ciroBa: muHelHb 6asuc Komrune, Tect CmupHoBa — ['pa66ca, mapamerpudeckas Bepcuss MHK-ontnmmzanmmy,
CMEILCHNUS ITyHKTOB JIMHEHHOTo 6a3uca
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Introduction

In the modern post-industrial society, obtaining
information is a key factor for developing the
economy of any country. The quality and relevance
of obtaining this information are determined with
the help of national meorological services, as well
as the organizations-in-charge, which may be
invited to evaluate the accuracy, reliability and
completeness of the geospatial data obtained.

Currently, to collect geospatial information,
linear measurement tools are used, based on laser
long-range measurements. Such tools primarily
include electronic total stations and ground-based
laser scanners. Such measurement tools mainly
include electronic total stations and laser scanners.
As during time, the technical parameters of instru-
ments change in the process of operation of linear
measurement tools, a necessity arises to calibrate
them from time to time. Metrological calibration of
electronic total stations is performed on the basis
of the following regulatory and technical documen-
tation [1-3].

Metrological calibration of electronic total sta-
tions is carried out on specialized baselines, which
are geodetic installations containing a totality
of special structures (pillars) erected in the location
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and forming intervals the lengths of which are
known to the accuracy set. For example, in the ter-
ritory of the USA, the US National Geodetic Sur-
vey, in cooperation with different government in-
stitutions, universities, and professional communi-
ties, has established about 400 permanently
functioning baselines, thanks to which surveyors
have access to the local length standard and can
verify electronic total stations in any part of the
country [4].

The design of baselines is practically similar,
the difference mainly caused only by the length
and the number of pillars. Table 1 contains the to-
tal information with brief description of the struc-
tures of certain baselines.

In the territory of the Czech Republic, there are
currently two functioning geodetic baselines,
Hvézda and Kostice. The Hveézda baseline
is 960 m long and consists of 7 pillars. The lengths
of all the baseline sections have been measured
in all combinations and are characterized by stan-
dard uncertainty of 1.0 mm. The Hvézda baseline
is mainly used for calibrating electronic distance
meters. The Kostice baseline is 1450 m long and
consists of 12 pillars. Similarly to the Hvézda
baseline, the Kostice baseline is used for calibra-
ting electronic distance meters [17].
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urexHuka. T. 22, Ne 1 (2023)



Geodesy and Mining

Table 1
The details of certain baselines
. Year Baseline Number .
Name of baseline (country) of establishment | length, m | of pillars Section lengths, m
Nummela Standard Baseline (Finland) [5] 1947 864 6 24,72, 216, 432, 864
Technologica and Raciomeri Mezsurement srs | 1 | 9151285 1204 1318, 1366
10109 - 1531, 1638, 2538, 3275
(Russia) [6]
. . 384, 576, 720, 762, 773, 788,
Chengdu Standard Baseline (China) [5] 1998 1488 12 828, 888, 1008, 1248, 1488
PTB Baseline (Germany)* [7] - 600 8 50, 100, 150, 250, 350, 500, 600
BEV Geodetic Baseline (Austria) [8] 2006 1080 7 30, 120, 270, 480, 750, 1080
UPV Calibration Baseline (Spain) [9, 10] 2007 330 6 28,94, 198, 282, 330
Kyviskes Calibration Baseline (Lithuania) [11] 1996 1320 6 100, 360, 1120, 1300, 1320
5, 10, 15, 16, 17, 18, 19, 20, 21,
Javoriv Geodetic Base (Ukraine) [12] 2003 2260 19 22,23, 24, 25, 130, 240, 589,
978, 2260
G0doll6 Standard Baseline (Hungary) [13, 14] 1986 864 5 24,216, 432, 864
. S . . 374, 376, 380, 384, 408, 432,
Véadna Calibration Baseline (Estonia) [15] 1987 1344 13 480, 576, 768, 960, 1152, 1344
24,48, 72,96, 120, 144, 168,
O. P. Suchkov Standard Spatial Base (Russia) [16] 1976 1104 18 192, 408, 420, 648, 660, 888,
900, 1092, 1104
* 60 temperature gauges along the measurement line, 6 air moisture gauges, and 2 atmospheric pressure gauges.

The geodetic baseline Kostice

The geodetic baseline Koétice is located along
the motorway Kostice — LibCeves and was
constructed between 1979 and 1980 not far from
the village of Kostice in the Louny district of the
Czech Republic (Fig. 1).

* Kostice

« Praha -

Fig. 1. A schematic of the geodetic baseline Kostice

The geodetic baseline Kostice consists of 12 pil-
lars established to the depth from 5 to 9 m, situated
at the distances from 25 to 1450 m. The pillars are
equipped with devices for forced centering.

Based on the results of many years’ measure-
ments on the geodetic baseline Kostice, displace-
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ments of pillars were revealed in the range from
decimal fractions of a millimeter to several milli-
meters per year, with deviations being mainly pe-
riodic [18]. Too ensure investigation of periodic
deviations, inclinometers have been established
on pillars one and three (Fig. 2).

Py
e L A

Fig. 2. Pillar one of the geodetic baseline Kostice

On pillar one, the inclinometer PDS-FM3NT-30
by Senceive Ltd (Great Britain) is mounted, and on
pillar three, the inclinometer JN 2201 by IFM Elec-
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tronic GmbH (Germany). Table 2 shows certain
technical characteristics of the inclinemeters used.

Table 2
Certain technical characteristics of inclinometers

Parameter JN 2201 PDS-FM3NT-30
Resolution 0.01° 0.0001°
Repeatability <+0.01° +0.0005°
Angular range +45° +90°

In 2006, works were conducted at the geodetic
baseline Kostice on international comparison of
lengths by a team of the Laboratory of Geodesy
of the Bundeswehr University in Munich (BUM)
(Germany). Table 3 contains the results of these

comparisons [18].

From 2008, the geodetic baseline Kostice is the
Czech State Long Distances Measuring Standard,

and the National Research Institute of Geodesy,
Topography and Cartography (RIGTC), just like
the laboratory of the Czech Metrology Institute,
takes part in the research project of the Ministry of
Industry and Trade of the Czech Republic.

Materials and methods

From 2017 to 2020, calibration of about 600
electronic total stations manufactured by Leica
Geosystems, Trimble, Topcon, Sokkia, Nikon,
Pentax, South and Geomax was performed at
the geodetic baseline Kostice. The total number
of measurements performed under the program in
all combinations was about 40000, out of which
only those measurements were selected for further
analysis which were performed with the electronic
total stations Leica between baseline sections 1-2,
1-3, 1-4, 1-5, 1-6, 1-7 and 1-8 (Tab. 4).

Table 3
Comparison results
Research Institute of Geodesy, Bundeswehr University
Pillars ' Topography and Cartography ' in Munich Difference, mm
Distance between Standard Distance between Standard
pillars S, m uncertainty ¢, mm pillars S, m uncertainty ¢, mm
1-2 25.0892 0.5 25.0881 0.4 11
1-3 58.0519 0.5 58.0500 0.4 1.9
1-4 133.8831 0.6 133.8810 0.4 2.1
1-5 228.9825 0.8 228.9811 0.4 14
1-6 332.9594 1.1 332.9586 0.4 0.8
1-7 459.8596 1.5 459.8584 0.4 1.2
1-8 608.8432 1.9 608.8415 0.4 17
1-9 787.0671 2.4 787.0651 0.4 2.0
1-10 977.8891 3.0 977.8827 0.5 6.4
1-11 1199.9900 3.6 1199.9907 0.5 -0.7
1-12 1450.0077 44 1450.0112 0.5 -35
Table 4
Original data
2017 2018 2019 2020
Base_line Number Number Number Number Number Number Number Number
section | of electronic | of measure- | of electronic | of measure- | of electronic | of measure- | of electronic | of measure-
total stations ments total stations ments total stations ments total stations ments
1-2 66 336 105 483 102 474 64 288
1-3 66 333 105 483 102 474 64 288
1-4 66 318 105 459 102 465 64 288
1-5 66 282 105 393 102 429 64 264
1-6 66 207 105 312 102 342 64 216
1-7 66 204 105 312 102 339 64 204
1-8 66 198 105 297 102 309 64 189
Total 66 1878 105 2739 102 2832 64 1737
16 Hayka
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Each set of data obtained for different baseline
sections (Tab. 4) was analyzed with the Smirnov —
Grubbs test at the level of significance o= 0.05
[19-20].

After excluding the detected outliers for each
set of data with the algorithm of the parametric
version of least squares optimization, the length of
each verified baseline section was calculated

s=(AT-KTA)(ATKEL), ()

where A ={L} is the column vector, consisting

of unities; L={S;} is the vector of free terms,
which are a totality of the measurement results S;,

performed on the processed section; K is the
diagonal covariance matrix of the type of

K=diag{mi2}, where m, stands for root mean-

square errors of measuring distances S; with elec-
tronic total stations. Index i varies from unity to the
number of measurements in a section equal to n.

The precision of determining the section
lengths calculated by algorithm (1) was evaluated
using the formula

mg =y (AT-K1A) ?)

where p? is the a-posteriori value of the scale pre-
cision index (SPI) [21].

Then the zero hypothesis was verified regar-
ding insignificance of the difference of the a-pos-

teriori value of the SPI u? from its a priori va-

lue cg, theoretically equal to a unity

where E(c?) is the average of distribution of the

scale precision index (SPI).
The hypothesis was verified with the following
test

=(A-s-L)"-K*(A-S-L) (4

and by the 5 % y?-distribution with the degree
of freedom (n - 1)

X% = [Xi/z;n—l; Xf—a/Z;n—l:I' (5)
When 3’ ¢y, the zero hypothesis was rejected.

Results

Out of 9186 measurement values obtained
by the specialists of RIGTC when calibrating
the Leica electronic total stations, between sections
1-2, 1-3, 1-4, 1-5, 1-6, 1-7 and 1-8, according
to the Smirnov — Grubbs test, 261 outliers were
detected, which constitutes 3 % of the total number
of measurements. After excluding the detected out-
liers, the lengths of eight sections 1-2, ..., 1-8 were
found with the algorithm of the parametric version
of least squares optimization (2) for the measure-
ments made in 2017-2020 and the measurements
made in the period from 2017 to 2020. Table 5
contains the results of calculating the section
lengths and evaluation of the accuracy of the ob-
tained values.

Then the obtained values of the section lengths
were compared with the results of measurements
performed at the Kostice baseline, at international
comparison of lengths performed by the specialists
of the Laboratory of Geodesy of the BUM and

of the RIGTC. The comparison results are shown
Ho={E(c%) =0} =1], @ P
in Tab. 6.
Table 5
The calculated baseline section lengths, m, and their SPI, mm
. 2017 2018 2019 2020 2017-2020
Pillars
S mS S ms S mS S mS S ms
1-2 25.0906 0.1 25.0907 0.1 25.0896 0.1 25.0914 0.1 25.0903 0.5
1-3 58.0492 0.1 58.0505 0.1 58.0495 0.1 58.0510 0.1 58.0501 0.5
1-4 133.8797 0.1 133.8810 0.1 133.8799 0.1 133.8808 0.1 133.8805 0.5
1-5 228.9783 0.2 228.9791 0.1 228.9795 0.1 228.9801 0.2 228.9795 0.5
1-6 332.9576 0.2 332.9593 0.2 332.9592 0.1 332.9602 0.2 332.9592 0.5
1-7 459.8582 0.2 459.8604 0.2 459.8606 0.2 459.8604 0.2 459.8600 0.6
1-8 608.8404 0.2 608.8423 0.2 608.8429 0.2 608.8447 0.2 608.8427 0.6
Hayka 17
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Table 6
The results of comparison of baseline section lengths
Differences, mm < :
. The average value RIGTC ' my, S S <
Pillars |~ 0 2017-2020 | BYM (2006) (2007) M mm | mymm |0 | 8 | 54,
-3 | 24 8| P8
Section lengths, m
1 5 6 7 8 9 10 11
2 3 4
1-2 25.0903 25.0881 25.0892 2.2 11 0.5 0.4 0.5 1.3 14
1-3 58.0501 58.0500 58.0519 0.1 -1.8 0.5 0.4 0.5 1.3 14
1-4 133.8805 133.8810 133.8831 -0.5 -2.6 0.5 0.4 0.6 1.3 15
1-5 228.9795 228.9811 228.9825 -1.6 -3.0 0.5 0.4 0.8 1.3 1.8
1-6 332.9592 332.9586 332.9594 0.6 -0.2 0.5 0.4 11 1.3 2.4
1-7 459.8600 459.8584 459.8596 1.6 0.4 0.6 0.4 15 14 3.2
1-8 608.8427 608.8415 608.8432 12 -05 0.6 0.4 19 14 3.9
In Tab. 6 the permissible values of differences CONCLUSION

in columns 2-3 and 2-4 (d"™) were formed at

the level of significance o= 0.05 in supposition
of the fact that these differences have standard

normal distribution: d "™ =1.96m,, where the

values my =,/m5 +mi,,.

The calculated values of the section lengths and
shown in Tab. 6 (column 2) are generally in good
agreement with the measurement results (co-
lumn 3), performed at the Kostice baseline by the
specialists of the Laboratory of Geodesy of the
BUM and the results of similar measurements
(column 4) performed at the same baseline by the
specialists of RIGTC. For section 1-5, based on
the results of both comparisons, differences were
obtained, exceeding the permissible values of the
precision of determining the baseline characteris-
tics. This may be related to the fact that for certain
pillars, deviations were observed, which were,
as noted above, mostly periodic.

To allow more specific assumptions regarding
instability of certain pillars, it is recommended
to verify the lengths of the baseline sections once
in three months, according to the program in all
combinations, which will allow comparison of the
values of the confidence limits of the baseline sec-
tion lengths and putting forward hypotheses re-
garding variations in the position of individual
centers, so that the deviations revealed should
be included into the residual uncertainty of length
measurement.

18

The studies conducted on the results of the
works performed by the specialists of the Research
Institute of Geodesy, Topography and Cartography
(the laboratory of the Czech Metrology Institute),
as well as comparison of these results with the ma-
terials obtained by the specialists of the Laboratory
of Geodesy of the Bundeswehr University in Mu-
nich (Germany), allow us to agree with the previ-
ously made assumptions regarding certain dis-
placement of individual pillars at the KoStice base-
line. Therefore, the specialists of the Engineering
Geodesy and Metrology Department of the Re-
search Institute of Geodesy, Topography and Car-
tography of the Czech Republic perform repeated
measurements of the section lengths of the baseline
once every two months according to the program
in all combinations, thus determining the relevant
standard lengths of each baseline section.
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Pedepat. PazpaboTana akycTudeckas METOAUKA U TOITYyYSHbI BBIPAXKEHUS AL ONPEACIeHNs Ha4aIbHOW CKOPOCTH eopMHU-
POBaHUS Vo IIPH BEICOKOCKOPOCTHO} IITaMITOBKE CTEP KHEBBIX M3JIEINIA, TO3BOJIIONINE HATH Hanbosee pauoHaIbHYIO CXe-
My PacIIOJIOKEHHS! 3aITUCHIBAIONIETO YCTPOHCTBA OTHOCHTENBEHO 3JIEMEHTOB YCTaHOBKH. CYITHOCTS pa3paboTaHHOH METOIUKN
3aKJTI0YAeTCsl B PETUCTPAIMH C TIOMOIIBIO 3aIMCHIBAIOIIETO YCTPOICTBA 3BYKOBBIX BOJIH, 00pa3yIOIIUXCs B IIPOIIECCe BHUIETA
yJlapHUKa U3 CTBOJIA YCTAaHOBKH U €ro JallbHEeHIIero coyaapenus ¢ ¢opmMooOpas3yomuM MyaHCOHOM € TOCTIEAYIOIINM HaX0XK-
JeHHeM BpeMeHH At, 3a KOTOpoe yJapHUK MPOXOJUT PACCTOSHHE MEXKAY ABYMs H3BECTHBIMU TOUKaMH CBOeH TpaekTopuu. B
CBOIO Ouepesib, BenurHa At onpenenseTcss Kak pasHOCTh MEKAY BPEMEHEM PErucTpanuy 3ByKOBOH BOJIHBI, 00pa3oBaBIIeiiCs
OT BBUIETA yJapHUKA M3 CTBOJIA YCTAaHOBKH, M BPEMEHEM PETHCTpPAINH 3BYKOBOH BOJHBI, 00pa30BaBIIEHCS OT COyAapeHHs
ynapHuKa ¢ (opMooOpasylomuM IyancoHOM. HawanbHas cKOpoCTh AeOpMHPOBAaHUS, 3apeTHCTPHUPOBAHHAS C IIOMOIIBIO
pa3pabOTaHHOH METOAMKH B XOJ/I€ PEea3aliH IIPOIecca BEHICOKOCKOPOCTHON IITaMIIOBKU CTEP)KHEBBIX M3IENHH, COCTaBHIA
Vo= 115,46 m/c.

Knwuessble ciioBa: METO/JUKa U3MEPEHMS, 3BYyKOBas BOJIHA, CXEMa IIe(i)OpMPIpOBaHI/ISI, BBICOKOCKOPOCTHas LITaMIIOBKa, 3aIllni-
ChIBaKOIICC yCTpOﬁCTBO, CXE€Ma pacIlOJIOKCHUSA, 3BYKOBasi JOPOKKa
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Acoustic Method for Recording Initial Deformation Rate
at High-Speed Forging of Rod Products

K. Yu. Bykov?, I. V. Kachanov?, S. A. Lenkevich”, V. V. Vlasov"”

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. An acoustic methodology has been developed and expression have been obtained for determining the initial defor-
mation rate vy during high-speed forging of rod products. The most rational layout of the recording device relative to

the installation elements has been established while using the obtained expressions. The essence of the developed technique
lies in recording, using a recording device, sound waves generated during the departure of the impactor from the shaft
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of the installation and its further collision with the shaping punch, followed by finding the time At during which the impactor
travels the distance L between two known points of its trajectory. In turn, the value At is defined as the difference between the
recording time of the sound wave generated by the departure of the impactor from the shaft of the installation, and the recor-
ding time of the sound wave generated by the collision of the impactor with the shaping punch. The initial deformation rate,
registered using the developed technique during the implementation of the process of high-speed forging of rod products,

was Vo = 115.46 m/s.

Keywords: measurement technique, sound wave, deformation scheme, high-speed forging, recording device, layout plan,

soundtrack

For citation: Bykov K. Yu., Kachanov I. V., Lenkevich S. A, Vlasov V. V. (2023) Acoustic Method for Recording Initial
Deformation Rate at High-Speed Forging of Rod Products. Science and Technique. 22 (1), 20-26. https://doi.org/10.
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BBenenne

Jns oueHkn HampsHKeHHO-Ie(OPMUPOBAHHOTO
COCTOSTHHISI 3aTOTOBKH U BBIOOpa PEKUMOB Harpy-
JKEHUS TIPU BBICOKOCKOPOCTHOW IITaMITOBKE HEOO-
XOJUMO HMETh NPEACTABICHHE O B3aHMOCBSI3U
HAuyalbHBIX MapaMeTpoB Iporecca (HayaabHas
CKOpOCTh Ae(OpMHUPOBaHUs Vo, HAYaJIbHASL TeMIIe-
paTypa 3aroTOBKH H T. JI.) 1 KOHEUYHOTO pe3ybTara
JneGopMani MPH BHIJABIMBAHHU 3arOTOBOK H3
pa3nuuHBIX MatepuaioB. Eciawm HavanmpHBIE Mapa-
METpBI TpoIiecca BBHIOPaHBI HEMPABIIBHO, TO (-
(exTUBHOCTD JedopMalii 3arOTOBOK 3HAYHTEIh-
HO yMeHbInaercs [ 1-4].

3a cuer OOoNBIIMX 3HAYEHHUH CKOPOCTH (0T 25 M/C
M BBIIIE) U KOPOTKOH MAJIUTEIBHOCTH MpoLec-
ca (300-900 mxc) perucTpanysi Ha4aIbHON CKOPO-
cTi NeOpMUPOBAHUS, 3a KOTOPYIO NMPUHUMAETCS
CKOPOCTh JIBIKEHHSI MHCTPYMEHTa B MOMEHT CO-
YAApEHHUs C 3arOTOBKOM, IPH BBICOKOCKOPOCTHOM
IITAMITOBKE CTEP>KHEBBIX M3JIENIUN ABISETCS CIIOXK-
HOM 3aj1aueii.

B HacTosimmee BpeMs [ perUCTpaliii Hadailb-
HOM CKOpOCTH jaedOopMUPOBaHUS Vo IIUPOKO
UCIIOJIB3YIOT pa3IMYHbIe CXEMbl M BUABI 000pY-
noBaHus (POTORIEKTPOHHBIE M3MEPHUTEINHN, OCIIUI-
sorpadbl, XpoHOTpadbl, BBICOKOCKOPOCTHEIE (hOTO-
W BHIEOKaMepbl W T. 1.). ABTopamu [4] pa3spa-
0OTaHbl CXEMbl JUCKPETHOTO M HENPEPHIBHOTO
JIEHCTBUSI, TIO3BOJISIONINE MPOU3BOANTH PErucTpa-
U0 HAayallbHOH CKOpPOCTH NeOpMHPOBAHHS Vo,
MOJTy4YEHHON 3a CYET IMOOYEpPENHOro 3aTEeMHEHUS
M ocBemeHus (HOoToamoaa, B BUAE OCHHILIOTPaM-
Mbl. B paborax [5, 6] omucaHbl TpUMEHSIEMbIC
CKOPOCTHBIE ChEMOYHBIE Kamepbl, a B [7-9] -
CBEPXCKOPOCTHBIE (hoToperucTpaTophl. OgHAKO O
TEM WM WHBIM OpUYrHaM (OCOOEHHOCTH KOH-
CTPYKIHH O0OpyAOBaHUs, TabapUTHBIE pa3MEphI
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WHCTPYMEHTA, JOPOTOBH3HA H3MEPHUTEIBHOTO 000-
PYIOBaHUS, CIOXHOCTb CHHXPOHHU3ALMH MOMEH-
TOB Hadana aedopMaIiii U CheMKH | T. JI.) TIpei-
JIO)KCHHBIC MCTOJUKH PETHUCTpAlIUU HayaJIbHOU
cKopocTH JeOPMUPOBAHHS HE BCETIa MOTYT OBITh
HCTIOJb30BaHbI.

B nmanHoil pabore mpeasiokeHa akycTHYecKas
METOAMKA PErHCTPalli HayaJlbHOH CKOPOCTH Jie-
(dbopMHpOBaHUS TIPH BBICOKOCKOPOCTHOHM IITaM-
MOBKE CTEP)KHEBBIX U3JENUIL.

OcHoBHAfl YacTh

IIpemioxkeHHass METOAMKA pPETUCTpallud Ha-
YaJabHOH CKOpPOCTH Ae)OpMHUPOBaHUS Vo HCIIOIb-
30BaJIaCh TPH BBICOKOCKOPOCTHOH ILTaMIIOBKE
Ha MOIIHO (c 3Heprueit yaapa no 240 x/x) ropu-
30HTaJIBHOM YCTaHOBKE, pa3pabOTaHHON Ha Ka-
¢benpe «I'MAPOTEXHUUECKOE M 3HEPreTUYECKOE
CTPOUTEJILCTBO, BOJHBIA TPAHCIOPT U TI'MIpPAaBIHU-
ka» DBHTY, KOHCTpyKTHMBHas cxeMa KOTOpOu
npezcraBieHa Ha puc. 1. JlaHHas ycTaHOBKa mpen-
Ha3HaueHa Ul MOJIyYeHHUsl J1a00paToOpHBIX U IMPO-
MBILUIEHHBIX OO0pa3loB WHCTPYMEHTa (CTep)KHe-
BBIX M (OpMOOOPA3yIOMIMX AeTanedl IITaMIIOBOM
ocHactkn) [1, 2].

YcTaHOBKa COCTOWUT M3 pambl 1, ¢ OAHOM CTO-
POHBI KOTOPO KECTKO 3aKpEIUIeH CTBOJ 2 € KIIHU-
HOBBIM 3aTBOPOM 3, a ¢ JPYroil CTOPOHBI — COOP-
Heli mabor 4. Ha mabore B peryaupyembIx
HaNpaBISAIOUIMX 5 U ymopax 6 CMOHTHPOBaH BbI-
JIBW)KHOW TEPEXOAHUK 7 ATl KPEIUICHHUS IITaMIIa.
V3MeHeHne MONIOKEHHUS MEePEXOJHUKA 1O BBICOTE
OCYILIECTBIISICTCS. BUHTOM 8. YCTaHOBKa OCHAIIEHa
JUIS CHW)KEHUSI YpOBHSI IIyMa OT BhIOpoca Ta3oB
BBICOKOTO JIABJICHUS CHEMHBIM TIIYIIUTENEM 9, JUTst
obecrieueHus1 O€30MACHBIX YCIIOBHI TPy/Aa — JIOBU-
tenmem 10 [1, 2].
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Puc. 1. KoHCTpyKTHBHAs cXeMa TOPU30HTAIBHOI yCTaHOBKU
c sHeprueil ynapa 240 x/Ix [1, 2]

Fig. 1. Structural scheme of horizontal installation
with impact energy 240 kJ [1, 2]

CxeMa BBICOKOCKOPOCTHOM INITAMITOBKU peajiv-
3yeTcs CleIyrImuM odpa3om (puc. 2). YnapHuk 1,
Pa30THAHHBIN C MTOMOIILIO BRIOPOCA T'a30B BBICOKO-
IO JIaBIICHHS, BBIJICTACT M3 CTBOJA 2 C HAYAIbHOMN
CKOpOCTBIO Vo M coynapsercs ¢ (opmoobpasyro-
[IMM TIyaHCOHOM 3, KOTOPBI 3a CHET MOJy4YeHHOTO

UMITyTIbca AeOpPMUPYET MPEABAPUTENHHO Harpe-
TYIO 3aTOTOBKY 4.

Jns peructpanMu HadalbHOW CKOPOCTH Jie-
(dhopmupoBaHUs Vo pa3zpaboTaHa aKycTHIECKas Me-
TO/MKA, CXEMa PETUCTPAIIUH 3BYKOBBIX BOJH B KO-
TOPOH TIpe/ICTaBlIcHa Ha puC. 3.

[Ipu BeINETE ynapHuka 1 u3 ctBoma 2 3a cuer
BbIOpOCa Tra30B BBICOKOTO J[aBJICHUS Ha cpese
CTBONa oOpa3yercsi 3ByKOBas BOJHA, KOTOpasd,
npeojiosieB pacctosiuue |y (paccTosiHue OT cpesa
CTBOJIAa 2 JI0 3alHCHIBAOIIETO yCTpoicTBa 4), pe-
TUCTPUPYETCS 3aMHCHIBAIONINM YCTPOHCTBOM. 3a-
TeM, KOT[la yIapHHUK MPEOI0JIeBAET IIyTh, PaBHBIN
pasHocTH paccTosiHMHA L (mymHa OoT cpesa cTBoJa
JI0 TOPLIEBOH MIOCKOCTH (PopMooOpa3yroLero my-
aHcoHa 3) u |, (onMHA ynapHuKa), U coynapsercs
¢ ¢opMooOpasymIIMM IIyaHCOHOM, OOpa3yercs
BTOpasi 3ByKOBasl BOJHA, KOTOpasi, MPEOJ0JIEB pac-
crosiaue |, (paccTosiHie OT TOPLEBOM MJIOCKOCTH
(hopmooOpazyromiero myaHcoHa 10 3aIUChIBAIOIIE-
IO YCTPOHCTBA), TaKKEe PErHCTPUPYETCS 3aIUCHI-
BaIOLINM YCTPOMCTBOM.

=

Puc. 2. Cxema BBICOKOCKOPOCTHOH e opMaLiuu

Fig. 2. Scheme of high-speed deformation

L

Topuesas MIO0CKOCTb

(hopMooOpazyromiero myaHcoHa

Vo
—

Cpe3s cTBONIa

:

Puc. 3. Cxema peructpanyu 3ByKOBBIX BOJIH

Fig. 3. Scheme for recording sound waves

22

Hayka
urexHuka. T. 22, Ne 1 (2023)



Mechanical Engineering and Engineering Science

PacundpoBky MogIy4eHHOH 3BYKOBOH JTOPOXK-
KM MOKHO IPOM3BOAMTH C MOMOIIBIO KaK OCLWII-
morpadoB (MUPPOBEIX WIM aHAIOTOBBIX), TaK H
HOPOTrPaMMHBIX CPEICTB, IPEIHA3HAYCHHBIX IS
paboTsl co 3BykoMm [10-12].

[lonmy4yeHHast 3ByKOBasi JOPOXKKa NPHU HIEATb-
HBIX YCJIOBHSIX 3aIlUCH (OTCYTCTBHE IOCTOPOHHUX
IIYMOB, 3Xa W T. JI.) UMEET BHUJI, CXOXKHUH C Ipej-
cTaBjieHHbIM Ha puc. 4. Tak, corilacHoO NpUHATOMN
Monenu (puc. 3), 3BYKOBBIE BOJHEI, 00pa3yroIine-
csi OT BBIOpOCAa Ta30B BBICOKOTO JABIEHHS M CO-
yaapeHusi yaapHuka ¢ GopmMooOpa3yromuM ITyaH-
COHOM, 3a cyeT OOJNBIION MHTEHCUBHOCTH OyIyT
BBIJICIIATBCS XapaKTEPHBIMU ITMKAMU. BpemeHHOM
MHTEpBaJl MEXIYy STUMHM IHKaMH pPaBeH BpeMe-
HH Al, 32 KOTOpO€e yIapHHUK Ipeo0JIeBaeT 3aBE0-
MO U3BECTHOE PacCTOSTHHE.

At

- =]

3ByKOBast BOJIHA 3ByKOBas BOJHA

IIPU BBLIETE IIPU COYAAapPEHUH

Puc. 4. Teopernueckoe U300pakeHne naeanbHON
3BYKOBOI JOPOXKKH, OJIydaeMO’
B XO/I€ BBICOKOCKOPOCTHOH IITAMITOBKH

Fig. 4. Theoretical image of an ideal soundtrack
obtained during high-speed forging

VYuuTeiBas BCE BBINIECKA3aHHOE, HAYAIBHYIO
CKOpOCTh JIeOPMHUPOBAHHS Vo OIPEIENsIeM 10
BBIPKEHHIO

Vp=——, (1)

rJie Vo — HadalbHas CKOPOCTh Je(hOpMHUpPOBAHUS
(cxkopocTh IBWXEHHUS yaapHHKa); L — paccrosiHue
MEXIY CpE30M CTBOJIa M TOPLEBOH IUIOCKOCTHIO
bopmoobpazyrommero myancona (puc. 3); ly — mm-
Ha yJgapHuka; At — BpeMs, 3a KOTOpPOE YAapHHUK
NPEeoJI0JIeBAET PAcCTOSHUE MEXIY CPE30M CTBOJA
W TOPIEBOH IIJIOCKOCTHIO (popmMooOpaszyromero
MyaHCOHa,

At=t -t 2
t, — Bpems coymapeHus yaapHuka u (GpopmooOpa-

3yIOIIero TyaHcoHa; t, — Bpems BBIOpOca Ta3oB
BBICOKOT'O JIABJICHHUS U3 CTBOJIA YCTAHOBKH.
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s Gonee neTanbHOTO aHajIM3a MpoLEecca pac-
npocTpaHeHust U (pUKcauy 3BYKOBBIX BOJIH, BO3-
HUKAIOLUX MPH BBIJIETE YAAPHUKA U3 CTBOJIA U €T0
HOCJIEIYIOLIEM COYJIapeHUH ¢ (hOpMOOOPA3yIOLIIM
MyaHCOHOM (pHC. 3), pPaCCMOTPUM TEOPETUUECKYIO
XpOHOTpaMMy, IPEJICTaBIEHHYIO Ha puc. 5.

At

2 —

Puc. 5. Teopernueckass XpoHOTpaMMa

Fig. 5. Theoretical chronogram

CornacHo paHee TPUHSATONW MOJIEIH, B MOMEHT
BBUIETA YJAapHUKA M3 CTBOJIA 00pa3yeTcsl 3BYKOBas
BOJIHA, KOTOpas Ha TEOPETHYECKOH XPOHOTpaMm-
M€ OTMedYeHa TOYKOH 1, a 3ByKOBast BOJIHA, XapaK-
TEepPHU3yIOMIasi MOMEHT COYyJapeHus yOapHUKa H
(dhopmooOpazyromero IyaHCOHa, OTMEYCHA TOY-
KoM t,.

Opmnako ciemyeT y4YWUTBIBaTH TOT (PakT, UTO
3BYK HMeEeT COOCTBEHHYIO CKOpPOCTh pacrmpo-
cTpaHeHHUs (B BO3AyX€ MNpPH HOPMAIBHBIX YCIO-
BUSX Vo, =~ 343,2 m/c). Takum 00pa3oM, 3ByKOBas
BOJIHA OT BBUIETA yIapHHUKA M3 CTBOJA, PETHCTPH-
pyeMasi 3aluCBIBAIONINM YCTPOICTBOM, Ha Teope-
TUYECKOW XpOHOrpamMme OyAeT cMeleHa OTHO-
CHUTEIIbHO pEeallbHOTO BpeMeHH BbuIeTa I, Ha Be-
nuarHy Aty (Bpemsi, 32 KOTOpoe 3BYKOBas BOJIHA
npeojioyieeT paccTosiHue l; — oT cpe3a cTBoNA 110
3aMHCHIBAIOIIETO YCTPOMCTBA) U XapaKTepU30BaTh-
csl TOYKOH t;, a 3ByKOBas BOJHA OT COYAApEHUS
yaapHuKa u (popmMooOpas3yromero myHCOHA, PEeTH-
CTpUpyeMas 3aIiCHIBAIONINM YCTPOMCTBOM, OynIeT
CMeIlleHa OTHOCUTEIHFHO pPEeasbHOTO BPEMEHH CO-
ynapeHus t, Ha BennuuHy At; (Bpems, 3a KOTOpoe
3BYKOBasi BOJIHA MpPEOoJieeT paccTosHue l; — oT
TOPLEBON IUIOCKOCTH (POPMOOOpa3yIOLIEro MmyaH-
COHa JI0 3aITMCBIBAIOINETIO YCTPONCTBA) U XapaKTe-
PU30BaTHCS TOUKOH L.

Hcxons u3 BhIIIECKa3aHHOTO, 3HAYCHHS Bpe-
MeHu t, u t, OyayT ompenenaTbcs BbIpaXkKe-
HUSMU
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t, =t —At,, ?)

B

rae {; — BpeMs perucTpanvy 3amnvChIBAOIINM
YCTPOMCTBOM 3BYKOBOM BOJHBI Ha Cpe3e CTBOJIA
B MOMEHT BBIJIETa yaapHUKa; At; — T ke, 3a KOTO-
poe 3ByKOBasi BOJIHA MPEO/I0IeBaeT paccrosuue |y;

t, =t, - At,, (4)

rae t, — BpeMs perucTpanvy 3amnvChIBAIOIINM
YCTPOMCTBOM 3BYKOBOW BOJHBI B MOMEHT COyZa-
peHus ymapHuka u (HopmMooOpa3yromero ImyaH-
coHa; At, — TO e, 3a KOTOpOoe€ 3BYKOBas BOJIHA
IPEOI0JICBAET PacCTosiHUE |,.

B cBoto ouepenp, cnaraemeie Aty u Aty, BXoas-
mue B coctaB BelpaxkeHuit (3) u (4), OynyT onpe-
JIENSTHCS TI0 3aBHCUMOCTSIM:

I
Aty =t )

rae |y — paccTosiHue OT cpes3a CTBOJIA JI0 3alUChI-
BAIOIIET0 YCTPOUCTBA; V,; — CKOPOCTH 3BYKA;

I
Aty =—2, (6)
V33

rae |, — paccrosiHEe OT TOpIEBO# TIIOCKOCTH (op-
MOOOpa3yIOIIEro IyaHCOHa [0 3aIMCBHIBAIONIETO
YCTpOMCTBA.
Bripaxkenue (1) ¢ yuerom (2)-(6) mpuHumaer
BH]
Vo = L-1, . (7
(t-t)+|

\Y

3B

AHanM3 BXOIMIIMX B 3HAMEHATENb BBIpaKe-
uust (7) caaraeMbIX MOKas3bIBAET, YTO IIEPBOE Clia-
raeMoe OTpaXkaeT Pa3HOCTh MEKIY BPEMEHEM BbI-
JieTa yJapHHUKa M3 CTBOJIA U BPEMEHEM COYIapCHUsI
yaapHuKa U (hopMOOOpas3yroero myaHcoHa, peru-
CTPUPYEMBIMH  3aITMCBHIBAIOIIAM  YCTPOHCTBOM,
a BTOpOE cjlaraeMoe sIBJISIETCs TOMPaBKOM Ha CKO-
pOCTh 3ByKa.

IpoBesst Gosee MeTaNbHBI aHAIU3 BBIpaKe-
aust (7), MOXKHO YCTAHOBUTH, YTO CYHIECTBYIOT
TPU TPEIENbHBIE CXEMBI PACIOIIOKECHHUS 3alUChI-
BAIOIIEr0 yCTPOMCTBA OTHOCHTENILHO Cpe3a CTBO-

24

Jla ¥ TOPIIEBOM TUIOCKOCTH (hopMooOpa3yromero
MTyaHCOHa.

ITepBsiii cayyaii, Korya 3alyCchIBaIOIIEe YCTPOM-
CTBO PACIIONIOKEHO HEMOCPEACTBEHHO BO3JIE Cpe3a
crBona, T. €. |; = 0. Torma Bepaxenue (7) mpu-
MET BHU]

V= ®)

Bropoii cimydvaii, korja 3alHCBIBAIONIEE YCTPOIL-
CTBO PAacCIOJIOKEHO HETOCPEACTBEHHO BO3JE TOp-
[IEBOH IUIOCKOCTH (hOpMOOOPA3YIOIIEro IyaHCo-
Ha, T. €. |, = 0. Torna (7) 3anmmem

L1
VS R— 9)

Tperuii ciydaid, Korja 3alyChIBaIOIIEe YCTPOM-
CTBO PACIOJIOKEHO PABHOYIAJICHHO MEXY CPE30M
CTBOJIa U TOPIIEBOH IUIOCKOCTBIO (hOpMOOOpasyro-
miero myaHcosa, T. €. l; = l,. C yderom sroro (7)
MPUHUMACT BH]

vV, —L;Iy (]_O)
P (t-t)

JlanHass cxema pa3MEIICHUs 3alUChIBAIOIICTO
YCTpO¥CTBa sBIsIeTCS Hawboliee paIlMOHAIBHOM,
TaK KaK B 5TOM CJIy4ae MonpaBKa Ha CKOPOCTh 3BY-
Ka Oy/leT paBHATHCS HYIO, YTO, B CBOIO OYEpE/b,
YHpOIaeT HeoOXOIMMBIE PACUETHI.

B xome peammzammu mporiecca BBICOKOCKO-
POCTHOM IITAMIIOBKH CTEPXHEBBIX M3ACJIMMA MOJTy-
YeHO JCHCTBUTEIBHOE M300paKEHHUE 3BYKOBOM
JIOPOXKKH, TPEICTaBICHHOEe Ha puc. 6. JlanHOe
M300paKEHHE HECKOJIBKO OTIIMYASTCSl OT TEOPETH-
YECKOT0, YTO OOBSICHACTCS KOPOTKOW JITUTEIHHO-
CTBIO TIpOIlecCca, a TaKKe Pa3IUYHON HHTEHCHUBHO-
CThIO 3BYKOBOW BOJIHBI, MCXOJAIIECH OT BhIOpoca
ra3oB BBICOKOI'O JaBJICHUS U COYNapeHHUS YIapHHU-
Ka ¢ (opMoOoOpa3yIOIIIM ITyaHCOHOM.

3anuch 3ByKa MPOU3BOIMIACH IO CXEME C PaB-
HOYJIaJICHHBIM PACIIONIOKEHUEM 3aIFCHIBAIOIICTO
YCTpOMCTBa OTHOCUTEILHO Cpe3a CTBOJIA U TOpIle-
BOH IIOCKOCTH (hOpMOOOpa3yIOIIEeTro IyaHCOHA.
JlnHa ynapHUKa, KOTOPYIO 3aMEPSUTH C TIOMOIIBIO
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mrranreniupkyinst III-11-400-0,05 (TOCT 166-89),
cocraBmwia |, = 336 MM (TOTpemIHOCTH H3Mepe-
aus £0,05 mm). Paccrostaue L ot cpesa ctBona 1o
TOPLEBOI TIOCKOCTH (popMOOOpa3yIoLero myaH-
COHA, U3MEPEHHOE C MOMOIIBIO JIA3EPHOTO Jallb-
Homepa Bosch GLM 40, cocraBmio L = 448 mwm,
MpPH 3TOM TOYHOCTH HM3MEPEHHUs, COTJIACHO Iac-
MOPTHEIM JTaHHBIM TpuOoOpa, paBHsMIAch 1,5 M.
3amuch 3BYKOBOHM JOPOXKKH OCYIIECTBIISUTH C TIO-
Mmortpio Mukpodona Behringer C-1 u 3BykoBoit
kapthl Behringer U-Phoria ¢ yacToToi auckperu-
3ammu 192 k1, a ee pacumdpoBKy — ¢ TOMOIIBIO
nporpaMMHoro obecneueHus Audacity.

At=0,00097 ¢

—< =

0,8260 0,8p70

|
v |

Puc. 6. JleiicTBUTENbHAs 3BYKOBasl JOPOXKKa, IIOJIy4CHHAs
B X0/I€ BBICOKOCKOPOCTHOH IITaMIOBKH

Fig. 6. Actual soundtrack obtained by high-speed forging

Hcxonda w3 TPUHATOW CXEMBI PacmoiOKEHUs
3aMUCHIBAIOIIETO YCTPOMCTBA, paCCUUTAEM Hadallb-
HYK CKOPOCTh Je(hOpMUpPOBaHUS Vo MO BEIpaXKE-
Huto (10)

. LI, 0,448 M-0,336 m
°(,-1) 0,00097 ¢

Takum o0Opa3oM, TMOJlydeHHBIE BBIpaXKe-
Hust (7)—(10) mO3BONSIOT HE TOJBKO ONPENCITUThH
HaYaIbHYI0 CKOPOCTh 1e)OPMHUpOBaHUS Vo, HO M
BBIOpDATh MPEINOYTUTEIBHYIO CXEMY pa3Melle-
HHSl 3alHCHIBAIOIIETO YCTPOMCTBA OTHOCHTEIIb-
HO JJICMEHTOB YCTaHOBKH.

=115,46 m/c. (11)
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1. Pa3paboTana akycTudyeckas METOIMKa Ompe-
JeJeHus] HadaJbHOM CKopocTH JedOopMHpOBa-
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HUS Vo TIpU BBICOKOCKOPOCTHOHM  IIITaMITOBKE
CTEpIKHEBBIX HU3JIENUI, BKJIOYAIONIAs pPErucTpa-
IIUIO 3BYKOBBIX BOITH, 0Opa3yroUIuXcsl B Mpoliecce
BBLUIETA YJapHUKA U3 CTBOJA YCTAHOBKU U €rO T0-
CIIEYIOIEro coynapeHus ¢ (GopmooOpa3yromum
ITyaHCOHOM.

2. YcraHoBneHa HanOoJiee palMOHAIBLHAS CXe-
Ma pacIOJIOKECHUS 3alKCHIBAIOIICTO YCTPOWCTBA
OTHOCHUTEIILHO 3JIEMEHTOB YCTaHOBKH.

3. [ToydeHsl BBIpaXKEHUS UL OMPEICIICHUS
HAYaIbHOW CKOPOCTH Je(OPMHPOBAHUS Vo MPH
BBICOKOCKOPOCTHOH IITAMIIOBKE CTEPXKHEBBIX W3-
JIeNTUl B 3aBHCUMOCTH OT CXEMbI PAaCIOI0KEHHS
3aITUCHIBAIOIIETO YCTPOHCTBA OTHOCHTEIBHO dlie-
MEHTOB YCTaHOBKU.

4. HaganbHast CKOpPOCTh AeOpMUPOBaHUS, 3a-
PETHCTPUPOBAaHHAS C MOMOIIBID pPa3pabOTaHHOM
METOJMKH B XOJI¢ peaji3aliy MpoIecca BHICOKO-
CKOPOCTHOHM INTAMIIOBKH CTEPXHEBBIX W3JICIIUH,
coctaBmia Vo = 115,46 m/c.
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CTpyKkTypa u cBOiicTBa YepHbIX KepamMmudeckux M/IO-niokpbITHiA
HA aJIIOMUHHEBBIX CILJIABAX

) )

Kawua. Texs. Hayk, gom. 1O. I. Aunekcees”, kana. Texu. Hayk A. 1O. Kopo.nélsl ,
.. 1)

KaHJ. TeXH. HayK, aoi. B. C. ancl), A. C. bynHnukui
1)]3enopycc1<1/1171 HAIlMOHAJILHBIM TeXHUYeCKUH yHIBepcuTeT (MuHCK, Pecryonmka benapycs)

© Benopyccknit HanMOHAIBHBII TEXHUYECKHI yHUBEepcHuTeT, 2023
Belarusian National Technical University, 2023

Pedepar. CymecTByromue npounecchl MOTy4eHUs] YEPHBIX U3HOCOCTOMKUX MOKPBITHI BKIIFOYAIOT XMMHUYECKUE METOIbI, aHO-
HOE€ OKCHIHMPOBAHHE C ITOCIECTYIONINM OKPAIINBAHHEM B aHWINHOBBIX KPACHTENAX, HIEKTPOXUMHUIECKOE OCAKACHHE, BAKYyM-
HO-TIIa3MEHHYI0 00paboTKy, MuKpoayrosoe okxcuauposanue (MJ10). Bomsmoit uatepec st GpopMupoBaHUs CBETOIOIIONIA-
IOIIUX TTOKPBITHI BbI3bIBaeT MeTox MJIO, XapakTepu3yroLuiics Kak HaJAeKHbBIA U 3KOIOrHYecKy Oe30nacHbli mporecc, odec-
NeYMBAOIINI (OPMHUPOBAHUE TBEPAOTO KEPaMHKOIIOJOOHOTO OKCHIHOTO CJIOS C BBICOKOH KOPPO3HOHHOM CTOMKOCTBIO
1 Xopome aaresueit k ocHose. [loaToMy pa3zpaboTka METOIOB IOIyUSHUS Ka9eCTBEHHBIX YepHBIX MJ]O-noKphITHH, 00mana-
OMUX BBICOKMMHU ONTUYCCKUMH U MEXaHUYCCKUMH XapaKTEPHUCTUKAMU, SIBISIETCSA B HACTOAIICE BPEMS aKTyaanoﬁ 3a11aqel?'1.
B crarbe npuBeeHbl Pe3yabTaThl HCCIIEN0BAHUS CTPYKTYPBl U CBOWCTB YEPHBIX KEPAMUUYECKMX MOKPHITUI Ha aJIlOMHUHUEBOM
crmraBe AMr,, HOJy9eHHBIX METOJJOM MHKPOIYTOBOTO OKCHIUPOBAHUS C IPUMEHEHHEM CHIIMKATHO-IIEJIOYHOTO U CHIIMKATHO-
(ochaTHOTO AIEKTPONUTOB, COAEPIKAIINX B KAUSCTBE OKPAIIMBAIONIMX KOMIIOHEHTOB (hepponMaHu] Kaius M BoJbppamar
Hatpus. B kauecTBe NOMOMHUTENBHBIX 3JIEMEHTOB, OOECIIEUMBAIONIMX OKPAILIMBAHUE MOKPBITHH, B 3JIEKTPOIUTHI J00aBIIs-
1 BoJIbppaMOBOKUCIBIA HATpHii U (eppormanna Kaaus kouueHrpauueil ot 0,5 mo 2,0 r/n. YcraHosneno, uyto Haumbosee
HACBIIIEHHBIC YEPHBIC ITOKPHITHS B CHIIMKATHO-IIEJIOYHOM JICKTPOJIMTE (OpMHpPYIOTCS mpu nodasinenun 1,5-2,0 r/1 Bosb-
(¢pamara HaTpus, a B CHIMKaTHO-(pocdaTHOM dneKkTponurte nmpu fobasinenun 1,5 r/n deppormannna kxamus. [IpuMenenne
3JIEKTPOJIMTA, COAEPIKAILEro BOIb(ppamMar HaTpus, MO3BOJSET CHOPMUPOBATD IOKPHITHS C MEHBIIEH BBICOTONH MUKPOHEPOBHO-
creit (Ra = 0,97-1,11 MKM) IO CpaBHEHHIO C MOKPHITHSIMH, NOJyYEHHBIMH B 3JIEKTPOJIHTE, cofepskamieM (eppornanus Ka-
must (Ra 710 4,20 MKM). MakcHMANbHAs H3HOCOCTORKOCTb MOTYYEHHBIX MOKPHITHIA (cKopocTs m3Hoca (0,38-0,59) - 107 mmv™/(m-H))
JOoCTHUTaeTcs Mpu 06pabOoTKe B HCCIETOBAHHBIX NEKTPOIUTAX MPOAOIKUTENBHOCTBIO 10 MuH. [Ipy 3TOM TOMIMIMHA MOKPHITHIA
cocrasnseT 21-31 mxM. [lanbpHelinnee yBenuueHHEe NPOAODKATEILHOCTH 00pab0TKN HE OKa3bIBAaeT CYIECTBEHHOTO BIMSHUS
Ha CKOPOCTh U3HOCA.

KnwueBsle ciioBa: MUKPOAYT'OBOC OKCUINPOBAHUE, I/I3H000€T0171KOCTI), mIepoxoBaToCTh, MOp(bOHOI‘I/Iﬂ, DJICKTPOJIUT

Jas uurnpoBanusi: CTpyKkTypa U CBOWCTBA uepHbIX Kepamudeckux MJIO-MOKpHITHI Ha aJfOMHHHEBBIX CIUIaBax /
10. T. AnexceeB [u np.] // Hayxa u mexuuxa. 2023. T. 22, Ne 1. C. 27-33. https://doi.org/10.21122/2227-1031-2023-22-1-
27-33

Structure and Properties of Black Ceramic MAO Coatings on Aluminum Alloys
Yu. G. Aliakseyeu®, A. Yu. Korolyov?, V. S. Niss®, A. S. Budnitskiy®

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The existing processes for obtaining black wear-resistant coatings include chemical methods, anodic oxidation fol-
lowed by painting in aniline dyes, electrochemical deposition, vacuum plasma treatment, microarc oxidation (MAQ). Of great
interest for the formation of light-absorbing coatings is the MAO method, which is characterized as a reliable and environ-
mentally friendly process, which provides the formation of a hard ceramic-like oxide layer with high corrosion resistance
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and good adhesion to the substrate. Therefore, the development of methods for obtaining high-quality black MAO coatings
with both high optical and mechanical characteristics is currently an urgent task. The paper presents the results of a study
of the structure and properties of black ceramic coatings on aluminum alloy AMg, obtained by microarc oxidation using
silicate-alkaline and silicate-phosphate electrolytes containing potassium ferrocyanide and sodium tungstate as coloring com-
ponents. Sodium tungsten acid and potassium ferrocyanide with a concentration of 0.5 to 2.0 g/l were added to the electro-
lytes as additional components that ensured the coloring of the coatings. It has been established that the most saturated black
coatings in a silicate-alkaline electrolyte are formed with the addition of 1.5-2.0 g/l of sodium tungstate, and in a silicate-
phosphate electrolyte with the addition of 1.5 g/l of potassium ferrocyanide. The use of an electrolyte containing sodium tung-
state makes it possible to form coatings with a lower microroughness height (Ra 0.97-1.11 pm) compared to coatings
obtained in an electrolyte containing potassium ferrocyanide (Ra up to 4.20 um). The maximum wear resistance of the resul-
ting coatings (wear rate (0.38-0.59) - 10 mm®/(m-N)) is achieved by treatment in the studied electrolytes with a duration
of 10 min. In this case, the thickness of the coatings is 21-31 um. A further increase in the duration of processing does not
have a significant effect on the wear rate.

Keywords: microarc oxidation, wear resistance, roughness, morphology, electrolyte

For citation: Aliakseyeu Yu. G, Korolyov A. Yu., Niss V. S., Budnitskiy A. S. (2023) Structure and Properties of Black Ce-
ramic MAO Coatings on Aluminum Alloys. Science and Technique. 22 (1), 27-33. https://doi.org/10.21122/2227-1031-2023-

22-1-27-33 (in Russian)

BBenenue

B coBpeMeHHOI NPOMBIIUIEHHOCTH LIHPOKO
UCIIONIB3YIOTCSL MPOLecChl MOAM(UIIMPOBAaHUS TIO-
BEPXHOCTH JFOMUHUEBBIX CILIABOB, YTO ITO3BOJIS-
€T 3HAYUTEIHHO TOBBICUTh WX OKCIUTyaTallliOH-
HBIE XapaKTePUCTUKH M PACIIMPUTH OOJIACTH MPH-
MeHeHus. B jomofiHeHHe K BBICOKOW YEeNbHOMU
MIPOYHOCTH, XOPOIIEH TEeTIo- U 3IEKTPOIPOBOIHO-
ctu [1-3] MmomuduMpoBaHKE ATFOMUHUS TTO3BOJIS-
€T CyNIECTBEHHO YIIYYIIUTh TaKHE XapaKTEPUCTH-
KH, KaK W3HOCOCTOMKOCTH, TBEPJAOCTh, KOPPO3ZHUOH-
Hasi CTOMKOCTh, TPUOOIOTHYECKNE, H30SIHOHHBIC
Y ONTHYECKHE CBONCTBA.

OpnHoli 13 3a/1a4 COBPEMEHHON MPOMBIILIEHHO-
CTH sBJIsIeTCsl pa3paboTka mporeccoB HopMHpOBa-
HUSl YEPHBIX M3HOCOCTOMKUX TMOKPBITUH, oOecre-
YHBAIOIIUX TIOIJIONICHUE CBETa. Takue MOKPBITUS
MPUMEHSIOTCS B ONTUYECKUX NpUOOpax, dJek-
TPOHHO-ONITUYECKUX CHUCTEMAX, MHKPOAJICKTPOHH-
Ke, yCTPOMCTBaX OINTHYECKOW 00paboTkm wmH()OP-
MaIli¥, TIPW HW3TOTOBJICHWH MPUEMHHKOB H3IIyde-
HUS W TIpeoOpazoBareseid, B BAKYyMHOH TEXHUKeE,
B TIpeoOpazoBareisiX COTHEYHON 3HEPTHH, TETIo-
BBIX m3NIydaTensx. Hampumep, g ycTpaHeHUs
OOKOBBIX TOMEX OINTHKO-AJICKTPOHHBIX MPHOOPOB
BUIMMOTO JHana3oHa B ONTHYECKOM IPHUOOPO-
CTPOSHUH WCHOIB3YIOTCS CIIEIHANTbHBIE CBETO3a-
IIUTHBIC OJICHIBI, HA BHYTPCHHIOK IMOBEPXHOCTh
KOTOPBIX HAHOCSTCA YepHbIC MOKPBITHS, obecre-
YHMBAIOIINE CHIKCHHE SIPKOCTH PACCESTHHOTO CBETa
JI0 3Ha4YEHMS] MEHBILIE SPKOCTH (POHOBBIX moMex [1].

Cy1ecTByromnye Nponecchl MOMyYeHHS YepHBIX
M3HOCOCTOMKHUX MOKPBITUN BKJIFOYAIOT XUMHUUYECKUE
METO/IbI, aHOIMHOE OKCHIMPOBAHUE C ITOCIETYOIM
OKpaIllMBaHHEM B AHWJIMHOBBIX KpacHTEISX, dJeK-
TPOXFIMHYECKOE OCAXIEHHE, BAKYyMHO-TUIa3MEHHYIO
00pabotky, Mukpomayropoe okcuauposanue (MJ10).
Bonpbmioit maTEpeC M1 (popMHUPOBaHUS YEPHBIX TT0-

28

KpbITU nipeactapisier meton MJIO, xapaktepusy-
IOIINICS KaK HAJSKHBIA M SKOIOrMYecKH Oe3ormac-
HbIN mporiecc [4—6], obecrieunBaromuii popMupoBa-
HHE TBEPAOT0 KEPaMUKONOAOOHOTO OKCHUIIHOTO CIIOSI
C BBICOKOM KOPPO3WOHHOM CTOMKOCTBIO M XOPOIIEH
ajre3vel K OCHOBE.

Crpykrypa u cBoiictBa Gopmupyembrx MJIO-
MOKPBITUI OMPENENSIOTCS KaK 3JIEKTPUUIECKUMHU
napaMmeTrpamu (IUIOTHOCTBIO ToKa [7-9], Hampsxke-
muem [10, 11], xoaddunuenrom 3anoraenus [12]
u vactotoir [13]), Tak W COCTaBOM D3JIEKTPOIU-
ToB [14-17], obecrneunBatomum B 30HE 00pabOT-
KH HEOOXOIMMYIO SJIEKTPOXMMHUYECKYIO PEaKIUI0
IUIsl TIOJIyYEHHs MOKPBITUSL B COOTBETCTBHHU C €r0
(GyHKIIMOHAIEHBIM Ha3HadueHHeM. Hemocratku me-
tona MJIO mpu NMOIyYEeHHH YEpHBIX MOKPBITHH —
HU3KHE ONTHYECKHE XapaKTEePUCTUKHU U CIOXKHOCTh
(¢opMHpOBaHMSA KaueCTBEHHBIX IOKPHITUH Ha
BHYTPEHHHUX MOBEPXHOCTAX JIIMHHOMEPHBIX H37Ie-
it [8, 9]. IloaTomy pa3paboTKa METONOB IMONY-
YeHHUs] KaueCTBEHHBIX dYepHBIX MJIO-oKphITHI,
00JIaIal0IMX BBICOKUMH ONTHYECKUMH U MEXaHH-
YeCKUMHU XapaKTePUCTUKAMH, SIBIAETCS B HACTOS-
iee BpeMs aKTyaJIbHOM 3aaueil.

[lenp uccienoBaHuii aBTOPOB — U3YyUEHUE TPO-
1eccoB (OPMUPOBAHUS UYEPHBIX KEPAMHUUECKHX
nokpeitTuit MmetogoM MJIO ¢ ycTaHOBJIEHUEM BIU-
SIHAA COCTaBOB JJIEKTPOJIMTOB, COAEP)KALINX B Ka-
YecTBE OKPAIIMBAIONIMX KOMIIOHEHTOB (epporua-
HUJ KaJIusl ¥ Bonb()paMaT HaTpus, U PeXUMOB 00-
paboTKM Ha CTPYKTYpY U CBOICTBAa IOKPBITUH
(M3HOCOCTOUKOCTB, MOP(OJIOTHIO, IIEPOXOBATOCTH,
tonmuuy). llodydeHHble pe3yabTaThl MO3BOJIMIN
YCTaHOBUTH Hambonee >PGEeKTUBHBIE PEKUMEI,
obecrneunBaronye (HopMHUpOBaHNE Ka4eCTBEHHBIX
MOKPBITHUM C BBICOKOH H3HOCOCTOMKOCTBIO IIpU
OTHOCUTENFHO HEOOJBIION MPOAOIKUTEIHOCTH
00paboTKw.
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O06opynoBaHue U MeTObI

Jns HaHeceHUs] YepHBIX KePaMHUYECKUX ITOKPHI-
THHA HCIOJNB30BAJIM IUIOCKKE O0Opasibl M3 aliOMH-
HHUeBOro cruiaBa AMr2 pasmepamu 25x25x1,2 mMM.
IIpu 06paboTke 00pa3IOB MPUMEHSITH JIEKTPOIIH-
TBl JBYX cocTaBoB. OCHOBa — THAPOKCHZA Har-
pust, Hatpuil (HOCcHOPHOKUCIBIA W CHIMKAT HAT-
pusi. B KadecTBe MOMOJHHUTEIBHBIX KOMIIOHEH-
TOB, 00ECIICYMBAIOIINX OKpAIIMBAaHUE IOKPHITHH,
B 3JIEKTPOJMTHl 100ABISUIM BOJIb(PPAMOBOKUCIIBIHA
HaTpuil 1 (QeppoLraHn Kalusi KOHLEHTpAIUel OT
0,5 1o 2,0 r/n. CocTaBel IPUMEHSAEMBIX JIEKTPO-
JUTOB IpuBeAeHBl B Tadn. 1. Temmneparypa siek-
TPOJIUTOB NpH 00paboTke 00pa3LoB MOALEPKHUBA-
jacek B nuanasone 20-25 °C.

Tabnuya 1
CocTaBbl IPUMEHsIEMBIX 3J1eKTPOJIHTOB

Compositions of the used electrolytes

ONEeKTPOIUT
CUIMKaTHO-IIETIOYHON
C BOJIb()paMaTOM HATPUS
(SAT)
CunukatHo-(ocdaTHbIit 10 r/n Na,HPO, +
¢ GeppolMaHUIOM KaIus + 10 r/m Na,SiO; +
(SPF) + (0,5 - 2,0) r/m K4[Fe(CN)g]

CocTaB AIeKTponuTa
2 r/n NaOH + 10 r/n Na,SiO3 +
+ 0,5—2,0 r/n N32WO4

O0paboTKy 00pa3IOoB BHINONHIN B OUMONISP-
HOM pexnme M/1O ¢ aMImuTynoi MojJoXKUTEIbHO-
ro +(450-500) B u orpunarensHoro —(70-100) B
HanpspkeHui. Yactora UMITYJIbCOB NIPU 00pabOTKe
cocrasmsia 200-1000 ' (puc. 1).

Trig'd

W Pas: 0.00ps

Chl T -2 BT

Hath OfF B CHI 7 148V

Puc. 1. Tlpumep ocomyuIorpaMMbl HAIPSKEHHUS U TOKA
IPU MHKPOYTOBOM OKCHUAMPOBAHUH HUCCIIEyeMbIX 00pa3IoB
npu yactote 500 I'rg

Fig. 1. Example of voltage and current oscillogram during
microarc oxidation of test samples at a frequency of 500 Hz

W3MepeHre TONIMHBI TMOKPHITHIA BBIMTOIHSIIH
Ha WX MOMEPEYHbIX NUTU(AX MOKPBITHA C TOMO-
mpI0  MeTajuiorpadguaeckoro Mukpockoma Alta-
mi MET 1. IllepoxoBaToCcTh MOBEPXHOCTH 00Opa3-
1oB u3Mepsuin  npoduaomerpom MarSurf PSL.

Hayka
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MuxkpodoTorpadun MOBEpXHOCTH 00PA3IOB IOy~
YaJd C TOMOMIBIO CKAHHPYIOMIETO SJIEKTPOHHOTO
mukpockona VEGA I LMU.

HccnenoBanue M3HOCOCTOMKOCTH TMOKPHITHUN BbI-
nonssun Ha Tpubometpe FT3 mo cxeme ¢ Bpamato-
IMMCSI MHIIEHTOPOM. B KauecTBe wWHpaEHTOpa WC-
MOJIB30BAJIM [Ap M3 HUTPUAA KPEMHHUS JUAMETPOM
6 MMm. VHAEeHTOp HETOABIKHO 3aKPEIUIUIA B TOPIE
MOJIOTO CTEPIKHA, a TEPHECHANKYISIPHO CTEP)KHIO B
CIeIMaIbHOM JiepyKaTerie yCTaHABIUBAIN OOpaserl.
[lpn wcnbITaHuM ABYDKEHWE COBEpIIAT HHASHTOD,
nepenaBasl 3aIaHHYIO HArpy3Ky 0Opasily, KOTOpPBIA
OCTaBaJICS HEMOIABIKHBIM B JAepKarene. DKCIepHu-
MEHTBI TIPOBOAMIIA TIPU CIEAYIOIINX IapameTpax:
Harpy3ka Ha oOpaszery 10 H, cxopocts mpoxoma 50
MM/C, paailyc KaHaBKM HM3HOCA OTHOCHUTEIHHO OCH
BpateHus 8 MM, paccrosiaue 200 M. CkopocTh U3HO-
ca PacCYMTHIBAIH 10 (hopMyITe

2nRS
V= ,
PI
rae S — IIOMIAAb MOMEPEYHOr0 CEeUYEHHs KaHaBKH
u3HOCa, MM*; | — JIMCTaHIMs, TPOIIeHHAs HHICH-

TOpoM, M; R — painyc KaHaBKH W3HOCA OTHOCHTEIb-
HO OcH BpartieHus1, MM; P — Harpy3ka Ha oOpazerr, H.

Pe3yabTarhl uccienoBaHuM
U UX 00Cy:KIeHHne

BusyanbHass oreHKa MOMYYEHHBIX OO0pasloB
rokasayia, 94to B 3JiekTponute SAT paBHOMEpHOE
Hau0o0JIee HACKIIEHHOE YEPHOE MOKPHITHE (POPMHU-
pyeTcss mpu KOHIEHTpalMu Boib(ppamara HaT-
pus 1,5-2,0 1/n. Ilpm ™eHblIed KOHIEHTpa-
A HaOmromaeTcss 00pa3oBaHWE HEHACKHIIICHHO-
IO TOKPBHITHS C IBETOM, OJHM3KUM K OJINBKOBOMY.
[Tpu ncnonb3oBanny 3mekrpoiura SPF omHOpOgHOE
HauOOJIee HACBHIIICHHOE TOKPBITHE (HOPMHUPYETCS
IIpH  comepkaHuy Qeppormanuaa kKamuas 1,5 1/
Buemnuit Bua o6pasuos nocie M/1O npomomxu-
TEIBHOCTHI0 10 MUH TIpH COACpP)KaHUU B IJICKTPO-
JIUTaxX JONOJHHUTEIBHBIX KOMIOHEHTOB 1,5 /I
MPEACTABIICH Ha pUC. 2.

Puc. 2. Buemnuii Bua o0pasLoB ¢ MOIy4eHHBIMU
YEepPHBIMH KePAMHYECKUMH ITOKPBITHSMH B YJICKTPOJIHTAX:
cieBa — SAT; cipaBa — SPF

Fig. 2. Appearance of samples with obtained black ceramic
coatings in electrolytes: left —-SAT; right — SPF
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Mamunocmpoenue u mawuHogeoeHue

IIpu MJIO B anexrpomure SAT KOHIIEHTpAIHS
BoNb(hpamara HaTpHs HE OKa3bIBAET CYIIECTBEHHO-
TO BIMSHUS Ha KauecTBO (HOPMHUPYEMBIX MOKPHI-
tuii (puc. 3).

Ra, Mxm

5
=@—Boaspamar Hatpua (SAT)

4 4 =—@=—deppoumannn kamma (SPF)

0 T T
0.0 0.5 1.0 1.5 2.0
Konuenrparms, /1

Puc. 3. BiusiHue KOHIEHTpaLUK OKPAIIUBAIOIIUX
KOMIOHEHTOB 3j1ekTposnuToB SAT u SPF Ha mepoxoBarocts
(OpMHEpYEMbIX YEPHBIX KEPAMUYECKUX MOKPBITHT

Fig. 3. Influence of the concentration of coloring
components of SAT and SPF electrolytes on the roughness
of formed black ceramic coatings

Tak, MOBBIIIIEHUE KOHIICHTPAIMU BOJIb(pamara
Hatpust ¢ 0,5 no 2,0 /1 npu 006paboTKe NMPONOIKU-
TENBHOCTHIO 10 MHH MPUBOAMT K YBEIHUCHUIO IIIC-
poxoBaroctu nmoBepxHoctu Ra ¢ 0,97 no 1,11 mxm.
B cnydae ncnonszoBanus snekrponuta SPF ¢ yse-
JUYECHUEM colepKaHus (Qepporuanuga Kamus
¢ 0,5 mo 1,5 r/n HabmonaeTcs 3HAYUTEIBHOE YXY/I-
[IeHne KadecTBa (OPMHUPYEMBIX MOKPHITHH. [laib-
Hellliee MOBBIIIeHNE KOHIEHTpaIu (pepporranu-
Jla Kanusg HE OKa3bIBaeT BIMSHUS HAa W3MECHEHHE
mepoxoBaroctr (puc. 3). Tak, pocT KOHIICHTPAINH
tdheppormannga xamus ¢ 0,5 go 1,5 1/m mpuBoguT
K YBETMYEHHWIO IIIEPOXOBATOCTH TMOBEpPXHOCTH Ra
¢ 1,08 mo 4,20 mMxMm. XapakTep TpeacTaBICHHBIX
3aBUCHMOCTEHl MOXET OBITh CBS3aH C BBICOKOH
NPOBOAUMOCTBIO (heppoumannaa kanus. [loBbiie-
HUE KOHIIEHTPAIIUU ITOTO KOMIIOHEHTa BBI3BIBACT
yBEeJMUEHHE TJIOTHOCTH TOKa M COOTBETCTBEHHO
POCT SHEPruU IYTOBBIX pPa3psoB U IMOBBIIICHUC

TEMIIEpaTypsl B 30HE Mpo00s. DTO, B CBOIO OdYe-
penb, IPUBOAUT K YBEJIMYEHUIO 00beMa pacIuias-
JICHHOT'O MaTepualla, BBIACIAIOIETOCs Ha I'paHMLe
MOKPBITUE — OCHOBaHME, M 00pa3oBaHHIO Ooiee
Pa3BUTOH U penbedHON MOBEPXHOCTH, YTO SBISET-
Csl MPUYMHOW 3HAYUTENFHOTO MOBBIIICHUS LIEPO-
XOBaTOCTH.

CymecTtBeHHOE M3MEHEHHE peibeda ¢ yBenu-
YeHWEM KOHLEHTpauuu (QeppoluaHuia Kajus
MOATBEPKAAETCS TAKXKE IEKTPOHHBIMU (hoTOrpa-
(busvu, mpencTaBIeHHBIME Ha puc. 4. Mopdoio-
rust GOPMHUPYEMBIX UYCPHBIX HOKPBITUM 3aBUCHUT OT
cocTaBa NpUMeHseMoro snekrponuta. [Ipu stom
3HAUUTEIbHOE BIMAHUE HA MOP(OIOTHIO OKa3bIBa-
€T KOHLEHTpalus JOMOJHUTEIbHBIX KOMITOHEH-
TOB, HEOOXOAMMBIX AJIsl OKpAIIWBAHUS IMOKPBITHS
(BombdpamaTta HaTpus W (eppormaHuia Kajws).
Ha puc. 4, 5 npexncraBieHsl 31eKTpOHHBIE (HOTO-
rpadun noeepxHoctu obpasuos nocie MO mpo-
IOJDKUTENBHOCTRIO 10 MuH B anmekrponutax SAT
1 SPF npu KOHIIEHTpalUU JOTOTHUTEIBHBIX KOM-
morenToB ot 0,5 mo 2,0 r/n. Ilpu oxcuampoBaHun
B snekrpoiure SAT mpoucxoaut QopmupoBaHue
MOKPBITUS,, MMEIOIIEr0 BBIPAXEHHYIO KpaTepHYIO
CTPYKTYpY C OOJIBIIMM KOJUYECTBOM T0p (puc. 4).
Bremnnii Bun kparepos tunudeH s MO, korma
paciiaBleHHbI CyOCcTpaT BBIOpachiBaeTcsl ¢ IO-
BEPXHOCTH pa3lena MOAJOKKA — MOKPBITHE Yepe3
paspsAgHble KaHabl, 3aTeM OKUCIIAETCS, 3aTBEpAe-
BaeT M oOpasyeTr kpartepsl. C yBeIMUCHHEM KOH-
HEHTpaluy BoJb(pamara HATpUsS pa3Mepbl TOp
HE3HAYUTENBHO YMEHBIIAIOTCS, a pesibed) KpaTtepos
YBEITMYNBACTCS.

IIpu o6paborke B snekrponute SPF dopmu-
PYIOTCSI TOKPBHITUSL € DIOOYISIPHOW CTPYKTYpOH
¢ OONBIIMM KOJMMYECTBOM IIOp, MMEIOIIUX Mpe-
uMyIIecTBEHHO pa3mepsl 0,5-3,2 MM (puc. 5).

[loBpimieHune copepkanust QeppounaHuga Ka-
TSI IPUBOAUT K YIJIOTHEHUIO CTPYKTYPBI MOKPHI-
TUH €O 3HAYUTEJIbHBIM YBEJIMYEHUEM IUIOTHOCTU
U pa3MepoB IIOOYISIPHBIX 00pa30BaHUI.

Puc. 4. Mopdosorust HOKpeITH Tocie 00paboTku B anekrpoiute SAT ¢ pa3nnyHOil KOHIEHTpalyei Bonbppamara HaTpus, I/11:
a-05;b-10;¢c-15,d-20

Fig. 4. Morphology of the coating after treatment in SAT electrolyte with different concentrations of sodium tungstate, g/I:
a-05b-10;c-15;d-2.0
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Puc. 5. Mopdomnorust nokpertus nocie oopadoTku B anekrponute SPF ¢ pasnuanoii koHIEHTpanuel Gepponnanuia Kamus, I/
a-05b-10c-15d-20

Fig. 5. Coating morphology after treatment in SPF electrolyte with different concentrations of potassium ferrocyanide, g/l:
a-0.5;b-1.0;c-15;d-2.0

Ha puc. 6 npeacrasneHa 3aBUCUMOCTb, Xapak-
Tepu3yloas AWHAMHUKY POCTa TOJIIWHBI MOKPBI-
THH C yBelnW4yeHHueM mnpopobkutensHoctd MO
JUTsE 00pa3IoB, MOTYYSHHBIX B 3eKTponuTax SAT
u SPF ¢ comepxxanuem mo 1,5 1/m Bonmb(dpamara
HaTpusl U peppolnraHnia Kajisi COOTBETCTBEHHO.

45 =
40
35
30
25
20 1 —— SAT
—— SPF

ToumuHa, MKM

0 5 10 15 20 25 30
Iponomxurensnocts MJ10, Mun

Puc. 6. Biusiaue npogo/pKUTeIbHOCTH MUKPOLYTOBOTO
OKCHIMPOBAHMS HA TOILINHY (OPMHUPYEMBIX TOKPBITHH

Fig. 6. Influence of MAO duration on the thickness
of formed coatings

Tak, B HauanbHOW cTaauu oOpaboTku (1 MuH)
TOJIII[UHA MOKPBITUI cocTaBisuia 6-11 MkM, a mo-
cie o0pabdOoTKU MPOAOIKUTEILHOCThIO 30 MUH —
37-39 mxm. Haumbonee WHTEHCHBHBIH POCT TOI-
IIMHBI (OPMHUPYEMBIX TOKPBITHH Ui 00pasloB,
MIOTyYSHHBIX B HCIIOJIB30BAaHHBIX OJIEKTPOINTAX,
HAOIONAJICS TPU MPOAOIDKUTEIILHOCTH 00paObOTKH

o 5 MuH. [lanbHellnee yBeIMUYEHHE MPOIOIIKH-
TENBHOCTH 00pabOTKH TPUBOIWIO K 3aMEIJICHUIO
pocTa TONILIUHBL.

CtpyKTypsl c(hOPMUPOBAHHBIX MOKPBITHI B pe-
synerare MJIO mnponmomxutensHoCcThi0 10 MuH
npeacTasieHbl Ha puc. 7. IlokpeiTHe, MOMyYeHHOE
¢ IpUMeHeHneM aekTponauta SAT, nMeeT Tonum-
Hy 21 MKM (puc. 7a) ¥ COCTOUT U3 TUIOTHOTO BHYT-
pentero (tommuHON 3,2-5,0 MKM) M TIOPHCTOTO
Hapy»XHOro cioeB. HapyXHbIl CION NpeAcTaBisieT
€000l OPUCTYIO CTPYKTYpY C OOJBIIUM KOJIHYE-
CTBOM MHKpOTpeUIMH. B HeMm npeobnanatoT mpo-
JIONIBHBIE TIOPBI JUIMHOW 70 13 MKM W KpymHBIE
ctepuueckne mopsl pazmepamu  2,0-4.8 MKM.
Kpome T0ro, 0COOEHHOCTBIO TOKPBITUS B 3IEKTPO-
mute SAT siBnsieTcs Hamuuue TyOOKHX OTKPBITHIX
Mop, BBIXOISAIIMX Ha MOBEpXHOCTh. [lpumenenue
SPF mo3BONMIIO MONYyYUTh OKCHIHBIA CIOH ¢ 00-
el romuuHoi 31 MM (puc. 7b) co 3HAYUTENBHO
MEHBIIUM KOJIMYECTBOM MHKPOTPELIMH IO CpaB-
HEHHIO C TOKPBITHEM, MOJYYSHHBIM B 3JIEKTPOJIHU-
te SAT, 1 ¢ oTHOCHUTENBEHO HeOONbIIUM Oecropu-
CTBIM BHYTPEHHUM cioeM (1,5-2,5 MKm).

Hapy>Hb1il ci0if mMeeT Kak MpOOJIbHEIE, TaK
U TonepeyHble (IpUYeM 3aKphIThIE) MOPHI pa3Me-
poMm gm0 18 mxm. IIpu 3TOM B CTpYKTYpe Hapy>KHOTO
CJ10s1 TIPUCYTCTBYET OOJIBILIOE KOJMYECTBO MEJKHX
chepuyeckux nop pazmepamu 0,5-2,5 MKM.

EHYTREHHUR CNOR

Puc. 7. CTpyKTypbl HOKPBITHH, CHOPMHUPOBAHHBIX ¢ MpuMeHeHuHeM anekrponutoB SAT (a) u SPF (b)
Fig. 7. Structures of coatings formed using SAT (a) and SPF (b) electrolytes
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Mawiunocmpoenue u mawiunogedenue

Ha puc. 8 npencraBneHbl 3aBUCIMOCTH, Xapak-
TEPU3YIOIIKE BIHSIHUE MPOODKUTEIHLHOCTH 00pa-
OOTKM Ha CKOPOCTb HM3HOCA IMOBEPXHOCTH 00pa3-
1oB. ['paduku juist 00pasioB, MOTYYCHHBIX B AJIEK-
Tponutax SAT u SPF, umeror cxomHblii Xapakrep
u Onm3kue 3HadeHns. Ha HaganmpHOW cTaamm obpa-
00TkH (1 MHH) MOKPHITHS AEMOHCTPHUPOBAIN HU3-
KYI0 CTOMKOCTh K W3HOCY. M3-3a Manoi TONIIHHBI
MOKPBITHS MTPOJABINBAINCH B TOIJIOKKY WU TIOJI-
HOCTBIO HM3HALIMBAINCH C JaJbHEHIINM H3HOCOM
NOMJIOKKH Ha OTHOCUTEIBHO OOJbIIyl0 IIyOu-
Hy (24-26 MKM), YTO COOTBETCTBYET CKOPOCTH
msHoca (3,0-3,4) - 10 mm*/(m-H). Maxcumars-
Hasi ©3HOCOCTOWKOCTh MOKPBITUH (CKOPOCTh M3HO-
ca (0,38-0,59) - 10 mm*/(m-H)) 6b1a mOCTHrHY-
Ta ipu 00pabOTKe MPOIOIKUTEIHHOCTRIO 10 MUH.
JlanbHeliiee yBeIMUYEHUE MPOIOJIKUTEIHLHOCTH
00pabOTKH CyIIECTBEHHBIM 00pa3oM HE OKa3allo
BIIMSIHUS HA CKOPOCTh U3HOCA.

4,0 1
3.5 - * SAT
3.0 A SPF
2,5
2,0 A
1.5 A
1.0{ A
0,5

v - 107 mv¥/(m-H)

0 5 10 15 20 25 30
Iponomxurensrocts MJ10, Mun
Puc. 8. BnusiHue npogomKuTeIbHOCTH MUKPOAYTOBOTO
OKCHJ/IMPOBAHUS Ha CKOPOCTh H3HOCA TOBEPXHOCTH 00pa3IoB

Fig. 8. Effect of MAO duration on the wear rate
of the sample surface

BbIBO/JbI

1. Pa3paboTaHbl METOABI IOJYICHHS YEPHBIX
KEepaMHUUECKUX MOKPBITHI Ha allOMUHUEBOM CILIa-
Be AMr, ¢ MOMOIIBI0O MUKPOJIYTOBOIO OKCHUIIUPO-
BaHUS C TMPUMEHEHHEM CHJIMKATHO-IIETIOYHOTO
U CHIMKAaTHO-POC(HaTHOrO SIEKTPOIUTOB, COAEP-
JKaIlMX B KadeCTBE OKPANIMBAIOMINX KOMIIOHEH-
TOB (eppolMaHu]l Kajdus U BOJb(pamaT HaTpHS.
YcTaHOBIIEHO, 9YTO HanboJee HACHIIIEHHBIE YepHBIC
MOKPBITHSI B CHJIMKATHO-IIEJIOYHOM SIIEKTPOJIUTE
tdhopmupyrotcst pu godasnenuu 1,5-2,0 /1 Bonb-
(pamata HaTpus, a B cmiIukatHO-(pochaTHOM —
npu nobasienuu 1,5 r/n pepponmanuga Kamus.

2. [IpuMeHeHre DIEKTPONNTA, COACPIKAIIETO
BOJNIb(ppaMaT HATPHUs, MO3BOILIET CHOPMHUPOBATH
MOKPBITUSL C MEHBIIEH BBICOTOH MHKPOHEPOBHO-
creii (Ra 0,97-1,11 MkM) O cpaBHEHUIO C TIOKPHI-
THSMH, TIOJY9eHHBIMHA B DIIEKTPOJHUTE, COIepkKa-
mem deppormanua kamms (Ra mo 4,20 MkMm).

32

3. MakcuMasapHasi H3HOCOCTOHKOCTh ITOTyYeH-
HBIX TOKpBITHH (ckopocts m3HOca (0,38-0,59) x
x 10 mm*/(m-H)) mocrturaercs mpu oGpaGoTke
B HCCIIEZIOBAaHHBIX JJIEKTPOIUTAX MPOAOIDKHUTEb-
HOCThIO 10 muH. [Ipm 3TOM TONIIMHA TOKPHITHI
cocrapmseT 21-31 mxm. [lanpHelee yBenuueHue
MIPOIOIHKUTEIIBHOCTA 00pa0OTKU HE OKa3bIBAET CY-
IIECTBEHHOTO BIUSHUS Ha CKOPOCTh U3HOCA.
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Abstract. The relevance of solving the problem of energy saving, today, is enhanced by the requirements of an environmental
nature, united by the term “green energy”. Solving the problems of climate conservation is inseparable from solving the prob-
lem of energy saving. Green, hydrogen energy, about which there has been a powerful and aggressive debate over the past
decade, turned out to be directions far from solving the problems of both energy saving and environmental protection.
The solution of both problems of energy saving and environmental protection at the present time and in the foreseeable future
is being solved on the basis of the use of traditional primary energy resources, primarily natural gas. In this regard, the need
to solve the problem of quantifying the thermodynamic perfection of heat-technological process for producing an asphalt con-
crete mixture becomes extremely relevant. This assessment is most simply carried out on the basis of the exergy method of
thermodynamic analysis with the determination of the exergy structure of the asphalt concrete mixture flow, including ther-
momechanical, concentration and reaction components. The value of the concentration component of the exergy of the asphalt
concrete mixture allows us to assess the energy efficiency of its production at asphalt concrete plants based on the modern
exergy method of thermodynamic analysis; gives a quantitative estimate of the energy consumption for the process
of mixing the ingredients of the asphalt concrete mixture in the mixing unit of asphalt concrete plants. The paper defines the
structure of the exergy of the asphalt concrete mixture, in which the transit reaction component dominates, which determines
the specificity of the exergy of the asphalt concrete mixture. The value of the specific mass concentration component of the
exergy of the asphalt concrete mixture in comparison with the thermal component is small and the error in determining the
concentration component, which cannot be objectively eliminated, does not affect the results of thermodynamic analysis.

Keywords: asphalt concrete mixture, thermodynamic analysis, exergy method, exergy, exergy structure, asphalt concrete
pavement
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HalpaBJICHUs, KaK 3eJeHas, BOZOPOJHAS SHEPreTHnKa, O KOTOPHIX MOIIHO U arpecCHBHO BENUCH Je0aThl B MOCIETHES NCCATH-
JIeTHe, OKa3aIICh JATEKUMHU OT PELIeHHs 33a7a4 M SHEProcOepekeHus, U 3alUTHl OKpYXalolel cpenbl. B HacTosmee BpeMs
u B 0003puMoM OyIymieM JOMHHUPYIOIUM OCTAECTCsI UCHONB30BaHUE TPAJAUIMOHHEIX HEPBUYHBIX YHEPrOPECYPCOB, MPEKIEe
BCETO NPHUPOJHOTO rasa. B 3Toif cBsA3M Upe3BbIUAiHO BaXKHA KOJIMUYESCTBEHHAS! OIEHKAa TEPMOJHMHAMHUYECKOTO COBEPIICHCTBA
TEIIOTEXHOJIOTHIECKOTO Mpolecca IMoydeHns acanpTobeTonHol cMecn. Hanboee mpocto ee mpoBecTH Ha 06asze IKcepre-
THYECKOTO METO/1a TEPMOANHAMHYECKOTO aHaIIM3a C ONpEe/eSICHHEM CTPYKTYPBI SKCEPrHH MOTOKa ac(arbTOOETOHHON CMeCH,
BKJIIOYAIONIEH TePMOMEXaHHIECKYI0, KOHIICHTPAMOHHYI0 M PEaKIHOHHYIO0 COCTABIIOIINE. 3HAaUeHHEe KOHIICHTPAIMOHHON
COCTABIISIOLICH SKCEpriH achaIbTOOSTOHHON CMECH MO3BOJISIET MPOBOAKTH OLICHKY SHEPreTHueckoil 3 GeKTUBHOCTH ee TPOM3BO/I-
cTBa Ha ac(habTOOCTOHHBIX 3aBOJIaX Ha 0a3e COBPEMEHHOI0 3KCEPreTHIECKOro MEeTo/Ia TePMOAMHAMIYECKOTr0 aHaIN3a; 1aeT KOJIU-
YECTBEHHYIO OLICHKY 3aTpaT SHEPrUU Ha MPOBEACHHE MPOLEcca CMELICHHS! HHTPEANEHTOB ac(aIbTOOCTOHHOH CMECH B CMECUTEIb-
HOM arperare. B crarbe onpezeneHa CTpyKkTypa SKcepruu acdaabToOeTOHHOH CMecH, B KOTOPOH JIOMHHUPYET TPaH3UTHAs PEaKLH-
OHHasl COCTaBILIONLIAs. 3HAUYCHHE Y/ICIbHOW MAacCOBOW KOHIICHTPALMOHHOHM COCTABILIIOIICH dKCEeprun achanbToOSTOHHOW CMecH
B CPaBHEHHUH C TEPMUYECKOH COCTABJIAIOILECH HEBEIMKO, H OTPELIHOCTh B OHPEJIENICHNH KOHIIEHTPALMOHHOMN COCTABIIAIOLICH, KOTO-
past OOBbEKTHBHO HE MOXKET OBITh YCTPaHEHa, HE BIMSET HA Pe3y/IbTaThl TEPMOANHAMHYECKOTO aHAIHM3A.

Knawuesrblie cioBa: aC(i)aIIbTO6eTOHHa$[ CMCChb, TepMOZ[I/IHaMI/I‘{eCKI/Iﬁ aHalus, 3KC€preTH‘IeCKHﬁ METO/H, dKCEPrus, CTPYKTypa
OKCEpruu, aC(i)aJILTO6eTOHHO€ TIOKPBITHE

Jnst uutupoBanusi: TepMoauHaMHYeCKas OLEHKAa CBOMCTB M JHEPro3arpar CMeIleHns acdaabToOeToHa MO CTPYKType
skceprun / Wxan Iun [u ap.] // Hayka u texauka. 2023. T. 22, Ne 1. C. 34-41. https://doi.org/10.21122/2227-1031-2023-

22-1-34-41

Introduction

The materials of the paper are a continuation of
research on the use of the exergy method of ther-
modynamic analysis [1], aimed at creating a scien-
tific and information environment necessary for
in-depth studies on heat- and mass transfer, aimed
at improving the quality, efficiency and environ-
mental friendliness of hard road surfaces with the
use of various asphalt concrete materials (ACM).
With the help of exergy, as it is known, it is pos-
sible to assess the thermodynamic efficiency of the
heat technology for obtaining ACM. The formation
and assessment of the state of the road surface
based on the thermodynamic theory of the life
cycle of the asphalt concrete road surface from
design to repair [2-6] can be used to calculate the
duration of the operational, overhaul period of the
road surface. This, in turn, reduces the environ-
mental impact of the entire repair complex by re-
ducing the frequency of these works. In the same
context of reducing the environmental load from
the creation of road asphalt concrete pavement,
it is necessary to substantiate the possibility of in-
volving waste asphalt concrete in the re-use of ma-
terials based on an assessment of changes in the
concentration component of ACM exergy [7, 8].
The above emphasizes the relevance of an objec-
tive quantitative determination of the assessment
of thermodynamic efficiency of both ACM heat
technology in general and its constituent stages,
in particular. The mentioned concentration com-
ponent of the exergy of the asphalt concrete
mix Ey 4c) determines the energy minimum cost
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of an ideal mixer, the value of which is necessary
for an objective assessment of the operation of the
mixer in terms of its energy consumption [9].
The promotion of the processes of creating asphalt
concrete pavement towards the so-called “green
energy”, among other things, stipulates for the
involvement in the re-use of the used pavement.
The possibility of such use of materials while
maintaining the ACM quality can be assessed by
changing the concentration component of the ACM
exergy, which does not depend on the temperature
of the mixture, and of course, on the temperature
of the paving. Strength, life cycle of asphalt con-
crete pavement both during hot laying and during
laying at normal temperature is associated with the
concentration component of exergy, determined by
the fineness of the mineral materials that make up
the ACM, the porosity of the layer and the energy
of their adhesive interaction with the ACM bitumi-
nous binder. In this context, it seems very useful to
consider the determining factors on which the indi-
cated concentration component Ex 4y depends.

Determining factors of the exergy
concentration component
of the asphalt concrete mixture

The factors that determine the value of £, ,.,

of asphalt concrete materials include: specific
energy of adhesive interaction; specific surface
of mineral materials; content and ratio of struc-
tured (oriented) and bulk bitumen in ACM.

It has been shown in [1] that when ACM is ob-
tained in a mixer, the energy costs for its operation
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must exceed the concentration component of the
ACM exergy. This final process of obtaining ACM
completes the formation of its structure, which
is characterized by wetting and enveloping with
a bituminous binder of mineral materials (MM),
during which the physicochemical properties of
these interacting materials are manifested: wetting,
enveloping, sorption by the surface of some mi-
neral active components of the bituminous binder.
From this physical model, it follows that active
structure formation during the interaction of mi-
neral with bituminous binder is a dependent, secon-
dary factor determined by the ratio of the power
of the energy flow supplied to the mixer, the value
of Ex .o Of asphalt concrete materials and the
internal irreversibility of the process, carried out
in the mixer. The mentioned irreversibility in the
volume of the mixer is determined by the values
of external and internal friction of the ACM con-
stituent components. From this it follows: in accor-
dance with the specific set of ACM components
and the design of the mixers, it is necessary to de-
termine the exposure time to ensure the required
energy supply for proper mixing. Ignoring the need
to overcome the value of the minimum energy
impact during mixing leads to erroneous results
of experimental studies on the effect of additives
introduced into the ACM composition on the qua-
lity of asphalt concrete.

Thus, the value of the concentration component
Ex, 4cim 1S One way or another connected with the
achievement of the quality of ACM and the pos-
sibility of obtaining a quantitative estimate of the
energy consumption for the mixing process in the
case of carrying out thermodynamic analysis at
the level of exergy assessments.

Ensuring the energy potential of the adhe-
sive interaction of the bituminous binder with the
mineral components of ACM is the main task of
mixing in the mixer, and the concentration compo-
nent of the exergy makes it possible to obtain
a quantitative assessment of this process.

In [4], an analytical dependence is given, which
allows determining the energy of adhesive interac-
tion with some mineral materials (granite, quart-
zite, marble, limestone) for road bitumen, J/m?:

Wagh = Olig—gas (1+cosH), 1)

where Gy, _gos — Ditumen surface tension, N-m;

0 — wetting angle of bitumen with one or ano-
ther MM.
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Table 1 shows the results of determining the
work of adhesion for the listed MM and road bi-
tumen.

Table 1

Energy of adhesive interaction of bitumen
with the surface of stone materials

. Value of adhesive interaction energy, J/m?

Bitumen brand - -

Quartzite Granite Marble
BH/I [BND]
60/90 0.06367 0.05977 0.0659
BH/I [BND]
90/130 0.05982 0.05548 0.061
BH/I [BND]
130/200 0.05424 0.05055 0.0555
BH/I [BND]
200/300 0.053 0.053 0.054

The amplitude of change in the adhesive inte-
raction energy, according to Tab. 1, is about 10 %,
which allows us to consider the work of the adhe-
sive interaction of the bituminous binder and MM
at the level of 0.06 kJ/m?. The error in determi-
ning Ey 4cyr OF asphalt concrete materials in con-
nection with the proposed averaging is quite
acceptable.

The size of the surface of MM particles signifi-
cantly determines the properties of ACM and,
it should be noted, has not been sufficiently stu-
died. A very complete analysis of works on fin-
ding the specific surface area of MM is given
in [10, 11].

The mineral materials included in the ACM
differ from each other in particle sizes hundreds
and thousands of times: for cubic shape of particles
with a density p =2.65 t/m°, the surface increases

from 15.8-102 to 15.8-107 m%t. The edges of the
cube have dimensions from 10 mm to 0.1 um,
respectively.

In [10] it is stated that “the surface and volume
of the grain are expressed through the average size
of the sieve opening d, defined as the arithmetic
mean of the larger D and smaller d sieve openings
that sifted out this fraction, with which the surface
and volume of one grain are associated. It is known
from granulometric analysis that this transition
is sufficiently acceptable only with a normal size
distribution of MM fractions. The deviation of the
real distribution is another source of error in de-
termining the specific surface area of MM”.
To calculate the specific area of a disperse system

Hayka
uTexHuka. T. 22, Ne 1 (2023)



Civil and Industrial Engineering

represented by MM, the following relations are
used [10]:

S =ad?, m?, (2)
V=pd? m, (3)

where o — surface factor; d — average sieve ope-
ning size, m;  — form factor.

The work [10] notes a variety of approaches to
determining the surface of MM used, for example,
in France, Switzerland and Poland. The following
dependencies are offered in France (4)—(6):

60
S :¢, m?/kg, (4)
Pj/d;D;

where g; — mass fraction of the j-fraction in the
mixture, %; p; — material density of the j-th frac-
tion, kg/m*; d;, D;, — smallest and largest sieve
opening diameter, mm.

For the entire mixture, it is required to sum the
specific surfaces of all n fractions of the mix-
ture [5]

n

Sem = DS}, M7/Kg. (5)

j=1

The French method for calculating the MM
surface also uses the dependence [10]

S., =(0.25g, + 2.3g, +
+12g, + 135g,)10-2, m’/kg, (6)

where g, — content of crushed stone larger than
5 mm in the mixture, %; g, —sand content of frac-

tional composition from 5 to 0.315 mm, %; g, -
content of sand with particle sizes from 0.08
o 0.315 mm in the mixture, %; g, — content
of mineral powder with particle sizes less
than 0.08 mm, %.

In Switzerland, to calculate the MM surface,
it is proposed to use [10]

_A&K 5 2,

S =
T p 43d;+D

1 mzlkg’ (7)

where K = 3, 4, 5 — respectively for grains roun-
ded, with faces twice broken and with faces once
broken.
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In Poland, to calculate the surface of the MM
mixture, the dependencies are used

S, =(1279, + 15.25g, + 3.17g, +
+0.62g, + 0.13g5)-10-2, m’/kg, (8)

where g, — content of particles less than 74 pm
in the mixture, %; g, — the same for the inter-
val 74-297 pm, %; g, — 297-2000 pm, %; g, -
2000-8000 pm, %; g. — larger than 8 mm.

Table 2 shows the calculation results of the
above calculation methods.

Table 2
Specific surface area of mineral materials included
in the asphalt concrete materials, determined by the ratios
of different countries in Europe [10]

. Fraction Specific surface area, m¥/kg
Fraction -
size, um |. cc_)ntent Erance | Poland Switzerland
in mixture, % K=3 | K=5
590-297 42.80 231 136 | 2.18 | 3.64
297-147 53.70 5.82 8.68 | 5.48 9.10
147-74 3.20 0.70 - 0.66 1.09
74-5 0.30 0.34 0.38 | 0.17 2.28
Total 100.00 9.17 | 1042 | 8.49 | 16.11

The error of the data in the Table is from 50 to
100 %, which is unacceptable and this indicates
the feasibility of using experimental methods for
determining MM surfaces using the relationship
between the porosity and aerodynamic resistance
of the blown fixed MM layer and the diameter
of the grains that make up the layer, using the law
Darcy, for calculating the aerodynamic drag of the
channel. As a result, the dependence is used to
determine the surface of the layer material

f 1 &
s=14 7\}'1_82, mz, (9)

where g — layer porosity; v — viscosity of the medi-
um blown through the layer, Pa-s; K — filtration
coefficient, cm/s; s — specific volumetric surface
area of MM layer, cm™.

A method for finding the surface of a polydis-
perse MM layer, which uses the enveloping
of grains with an oil film, is more reliable. 100 g
of a dry mixture with a known granulometric com-
position is placed in a tissue vessel and 40 cm®
of machine oil is poured for one minute. Then we
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centrifuge for 4 min to remove excess oil. To de-
termine the mass of oil remaining on the surface
of the particles of the MM mixture of each mineral
fraction, the particles of which are wetted with oil,
one more weighing is carried out and the desired
result is obtained by the difference in weights after
and before the above manipulations. Next, for
a MM with a mass of 100 g, the surface of the con-
stituent particles is found

Sy =—200, en, (10)

PmO fitm

where G,,, — mass of the oil film on the surface

of a MM with a mass of 100 g; p,, — used oil den-

sity, g/cm‘"’; o — thickness of the oil film

film
in question, cm.
The next step is experimentally establish the
thickness of the oil film on a plate of mineral mate-
rial that is the same as the investigated MM. It is
assumed that the thickness of the oil film does not
depend on the surface configuration and is con-
stant. It should be noted that there is an uncertainty
factor in the result obtained due to the possible par-
tial aggregation of fine fractions, and also due to
the porosity of the material. Then, the required
value of the surface of the MM included in the
ACM is calculated from the established specific
surface of the MM particles and the granulometric
composition of the MM mixture using the relation

sOJgJ 2
, 11
Z 100 ° (1)

where s, ; — specific surface of 100 g of each j-th

fraction of the mixture, cm?.

From everything follows the complexity, cum-
bersomeness and the presence of errors in the re-
sults obtained in all methods, and the expediency
of using differentiated methods for fine and coarse
material is obvious: blowing the layer with air for
fine fractions, for large fractions — to use the water
permeability of the layer. Table 3 shows the speci-
fic surface area of the main MM.

From the analysis of Tab. 3, the following con-
clusion follows: the specific surface of the fractions
that make up the ACM ranged from 1.3 m/kg
for crushed stone of 25-15 mm, to 340 m*kg for
particles smaller than 71 um. In addition, although
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the mass fraction of mineral powder in the ACM
composition is small and lies within 6 %, its sur-
face primarily makes the main contribution to the
total surface area of mineral materials. This should
be taken into account in the ACM mixing techno-
logy. The data given in Tab. 3 are reasonably
approximated by the dependence

S = aDn. (12)

Table 3
Specific surface of main mineral materials
with density of 2.65 t/m® [10]

Particle size, Lime- Granite, | Quartz sand, |Diorite,
mm stone, m¥kg| m?/kg m?/kg m?/kg
Less than 0.071 340 290 190 286
0.071-0.14 70 67 40 87
0.14-0.315 25 28 12 22
0.315-0.63 13 14 8,0 10.5
0.63-1.25 6 6.5 5,8 5.5
1.25-3 35 3.7 2,5 3.6
3-5 1.6 1.7 1,0 1.45
5-10 0.71 0.74 - 0.71
10-15 0.4 0.44 - 0.42
15-25 - 0.28 - 0.30
25-40 - 0.17 - -

The values of the coefficients for various MM in
calculations by formula (12) are given in Tab. 4 [10].

Table 4
Coefficients of approximating dependence (12)
for calculations with different mineral materials

Material Value of coefficients

a n
Granite 68 -1.04
Dense limestone 70 -1.07
Quartz sand 42 -1.04

Table 5 gives the results of calculated and ex-
perimental determinations of the surface of various
MM fractions [10].

An analysis of the data in the Table shows that
for granite and limestone, the calculation method
of the tetrad shape of grains is more acceptable, for
sand — the calculated ratios for the cubic shape
of particles [5]. The calculation method makes it
possible to take into account the size of the frac-
tions and the shape of the particles, which gives
a number of advantages. For this reason, it is the
main method for calculating the surface of the
mineral components of the ACM.
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Table 5

Comparison of methods for finding the specific surface of various mineral materials fractions (calculated and experimental
methods for determining while using methods of air and water permeability)

Specific surface area, m*/kg
Mineral Average Calculation method for Measurement
- Fraction size, mm diameter ball cube tetrahedron
material Method:
Dave, mm 6 8,5 14,7 ethoa:
— - — air and water permeability
dp dp dp
0.0005-0.001 0.00075 3000 4250 7360 -
0.001-0.002 0.0015 1500 2120 3680 -

_ 0.002-0.004 0.003 750 1060 1840 less then 0.071
Mineral 0.004-0,008 0.006 378 535 925 300-500
powder

0.008-0.017 0.012 189.0 268 463 -
0.017-0.035 0.026 86.0 122 210 -
0.035-0.071 0.05 445 63 109 -
0.071-0.14 0.115 195 27.6 48 70
0.14-0.315 0.23 9.8 14.0 24.1 25
Sand 0.315-0.63 0.47 4.8 6.8 11.7 13
0.63-1.25 0.94 241 3.4 5.9 6
1.25-3.0 2.12 1.07 1.52 2.62 35
3.0-5 4.0 0.57 0.80 1.39 1.6
5.0-10 7.5 0.30 0.43 0.74 0.71
10.0-15 125 0.18 0.26 0.44 0.43
Rubble
15.0-25 20.0 0.113 0.16 0.28 -
25.0-40 325 0.07 0.10 0.17 -
40.0-70 55.0 0.04 0.06 0.10 -
The density of the material is assumed to be 2.65 t/m®.

Structure of the exergy
of the asphalt concrete mixture

The exergy of the ACM flow is determined by
three components [1, 12-15]: thermomecha-
nical e, ,c,, concentration e ,q,, and reacti-

on e, ,,- The numerical values of the indicated

components of the exergy of the substance in the
flow for ACM can be found on the database given
in the previous section.

The thermomechanical component of ACM
exergy is determined [1]

€pr.AaCM T Zgjgp I:CM (tACM - to)_
= ToIn (T, /Ty), MIR (13)

Temperatures in the example are taken: fini-
shed ACM t,,, =160 °C, environment t, = 20 °C.

Hayka
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The heat capacity ACM, specific mass, isobaric,
average in the temperature range of 20-160 °C for
mixtures is determined by the given composition
and heat capacity of the components

160

= 3. 60
Cp‘zo ZZ;Cp,j‘ZO g; =0.84-0.06 +
j=
+0.84-0.06 +1.6-0.88 = 1.51, kJ/(kg-K).

The mass fractions of the ACM components
are given above, the mentioned heat capacities
of the components are given in [9].

The value of the thermomechanical component
of ACM exergy is found

e,r son = 1,51[(160—-20)—(273 + 20)x

x In(273 + 160)/293]=38.6 MJ/t.
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The reaction component of the exergy of the
ACM flow is calculated [1]

e som = Z g6, M, (14)

where e, ; —chemical exergy of ACM, MJ/t.

In the general case, the constituent mineral
components of ACM: mineral powder (MP), SGM
(sand-gravel mixture), bitumen. The reaction com-
ponent of the SGM exergy is e = 0, this

u, min.aggr
is due to the fact that it is represented primarily by
silicon dioxide SiO,, and its chemical exergy is
zero [11]. In the same place [11] we find the value
of chemical exergy e, v» = 1045 MJ/t for dolomite
CaCQO; since dolomite most often makes up the
MP. The reaction component of the bituminous

binder e, =41 MJ/kg is given in [9]. Then, from

relation (14), it is easy to calculate the reaction
component of ACM exergy based on its average
mass composition [1]

e acm =Zgjeuh/. =0.82-0 +
+ 0.06-1045 + 0.06-41-103 = 2523 MJf,

Based on the previously described method,
the concentration component of ACM exergy is
calculated

€ acrt = SemWoan» MIIL. (15)

cm”" adh?

As a result, we find the desired exergy of the
substance in the flow for ACM

€icm = €pracm t €acm T € acm
= 38.6 + 4.76-10—-3 + 2523= 2561 MJI/t.

From the analysis of the ratio of the values that
make up the ACM exergy, it follows that the reac-
tion component has the main specific gravity. It is
two orders of magnitude higher than the next ther-
momechanical component in terms of specific
gravity. The value of the concentration component
of the ACM exergy is relatively small and compa-
rable with the error in finding the exergy. The reac-
tion component of ACM exergy is a transit com-
ponent in the technological chain of transformation
of initial ingredients into ACM and, for this reason,
can be excluded. The need to exclude transit ener-
gy on the analysis results makes it possible to
block its “noise” in the analysis of changes in the
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exergy relative characteristics that are necessary to
establish the thermodynamic efficiency of the
components of the ACM production processes.

The revealed circumstances of the concentra-
tion component of ACM exergy remove the ques-
tion of uncertainty about the influence of the error
of its calculation on the results. “With a relatively
small value of the concentration component of
ACM exergy, the presented ideas about the rela-
tionship of its value with the energy costs for the
mixing process are consistent with the empirical
data that take place in the operation of the ACP
mixing units: the minimum specific energy re-
quired for mixture formation based on the value of
the concentration component of the ACM exergy
turns out to be equal to =5 kJ/t” [10]. This value
is in good agreement with the real costs, deter-
mined by the duration of the mixing process, the
power of the mixer drive and its loading [15].

CONCLUSIONS

1. Thermodynamic analysis of technological
processes in road construction is gaining more and
more recognition [2, 3]. The analysis of the studies
shows the impact on the durability and strength of
the materials that make up the pavement, especial-
ly at different temperatures, is exerted by internal
stresses arising from the mismatch of the thermo-
physical coefficients of the mineral materials that
make up the ACM, including scrap (d, =5-30 mm)
and bituminous binder. In this context, it is impor-
tant to increase the proportion of ACM oriented
bitumen by changing the dispersion and shape
of particles of mineral materials.

2. The promotion of the processes of creating
asphalt concrete pavement towards so-called
“green energy” presupposes the reuse of the used
pavement. The possibility of such use of materials
while maintaining the quality of the ACM can be
assessed by changing the concentration component
of the ACM exergy, regardless of the ACM laying
technology.

3. A physical model has been considered and
a calculation method has been developed that
makes it possible to relate the energy of adhesive
interaction and the specific surface of mineral ma-
terials with the value of the concentration compo-
nent of the asphalt concrete mixture.

4. The value of the concentration component
of the exergy of the asphalt concrete mixture:

Hayka
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allows to evaluate the energy efficiency of its pro-
duction at asphalt concrete plants based on the
modern exergy method of thermodynamic analy-
sis; gives a quantitative estimate of the energy con-
sumption for carrying out the process of mixing
the ingredients of the asphalt concrete mixture in
the mixing unit of asphalt concrete plants.

5. The following steps need to be taken: studies
to clarify the energy of adhesive interaction with
various mineral materials involved in circulation
when reusing used road pavement, with a dispersed
composition, its uniformity and the shape of parti-
cles of mineral material; development of methods
for determining and calculating the surface of
particles of mineral dispersed materials; studies on
the impact of the ratio between oriented bitumen
and bulk bitumen in ACM on pavement perfor-
mance.

This work has been carried out within the
framework of the project on cooperation between
Belarusian and Chinese scientists and specialists:
“Outstanding Foreign Scientist Studio of Green
Low-Carbon Technology for Pavement Construc-
tion and Maintenance” (Grant No GZS2022004) —

B R O KBRS R R HINERI S Z TIEE
(FiH 2 GZS2022004).
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Abstract. A comparative analysis of polymers reinforced with glass fiber and polymers reinforced with carbon fiber was car-
ried out on a cube and a cylinder in the laboratories of Baghdad. 36 samples were taken with fiber percentages of 1.0, 2.5 and
5.0 % by weight of cement. The methodology of this study included the use of composite polymer fibers in the external rein-
forcement of concrete beams for the purpose of improving their performance when bending by gluing polymer fibers to the
surface. Group A tests of non-reinforced concrete heams with other reinforced polymer fibers were also implemented. Excel-
lent results were obtained by adding two types of polymer fibers to a concrete sample. It was found that the polymer rein-
forced with glass fiber showed better results than the polymer reinforced with carbon fiber when testing samples for bending
strength. However, in splitting strength, the carbon fiber reinforced polymer achieved higher performance than the glass fiber
reinforced polymer. Whereas the results of a group of previous studies conducted to study the effect of fiber additives on the
mechanical properties of concrete proved that their addition led to an increase in compression, tensile and bending resistance
at rates that reached 25, 75 and 80 %, respectively.

Keywords: fiber, carbon fiber, fiberglass, polymer, bending, splitting, samples, beam, alkali resistance, epoxy resin, stress,
composites, mechanical properties, failure
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CpaBHHUTe/IbHOE HCCJIeI0BAHHE M0JIIMepa,
apPMHPOBAHHOI0 CTEKJI0BOJIOKHOM, U NOJIMMepa,
APMHPOBAHHOI0 YIJI€POJIHbIM BOJIOKHOM, HA Ky0e U IMJIHHAPe

Cryn. A. M. 1II. Anb-O6aiixn?, 1okT. Texm. Hayk, npo¢. C. H. JleonoBmu”

1)Ee:nopycaq/lﬁ HaIlMOHAJILHBIA TeXHHUYECKUH yHUBepcuTeT (MuHCK, Pecriybnmka bemapych)

Pedepat. B nmaboparopusix barnana npoBeneH cpaBHUTEINBHBINA aHAN3 MOJIMMEPOB, ApMUPOBAHHBIX CTEKIOBOJIOKHOM, C TI0-
JMMEpaMH, apMUPOBAaHHBIMHU YIJIEPOAHBIM BOJIOKHOM, Ha KyOe M muiauuape. beuio oro6paHo 36 00pa3LoB ¢ MPOLEHTHBIM
conepxanueM BosokHa 1,0, 2,5 u 5,0 % ot Macchl 1leMeHTa. MeToiMKa JaHHOTO UCCIIe0BaHMs BKJIIOYaja MCIOJIb30BaHUE
KOMITO3UIIMOHHBIX MOJIMMEPHBIX BOJIOKOH BO BHEITHEM apMUPOBAHUU OETOHHBIX OanoK Ui MOBBIILICHUS IPOYHOCTH IPU U3-
rube Mpy HAKJICUBAHWU MOJMMEPHBIX BOJOKOH HAa IMOBEPXHOCTH. BHIMOIHEHBI UCTIBITAHHS TPYIIBI A HEapMHPOBAaHHBIX Oe-
TOHHBIX 0aJIOK C APYTUMHU TOJUMEPHBIMUA BOJOKHAMH. OTIMYHbIE PE3yJbTaThl HOTYyYEHBI NPH J0OABIEHUH ABYX THIIOB IO-
JIMMEPHBIX BOJIOKOH B OCTOH. Y CTaHOBIICHO, YTO MOJIMMED, APMUPOBAHHBIN CTEKJIOBOJIOKHOM, UMEET 00Jiee BBICOKHE PE3YIib-
TaThl, YeM IOJIUMEDP, APMUPOBAHHBIN yIJIEPOIHBIM BOJIOKHOM, IIPH UCIIBITAHUM 00pPa3LOB HAa MPOYHOCTH Npu u3rude. OgHako
MPOYHOCTh HA pacKaJbIBAHWE apMUPOBAHHOIO YIJICPOJHBIM BOJOKHOM IIOJIMMEpa JNOCTHTIIAa 0OJiee BBICOKMX ITOKa3aTeseH,
YyeM, ApPMUPOBAHHOTO CTEKJIOBOJIOKHOM. Pe3ynbTaTsl rpynimsl OpeAblAyIIUX HCCIEA0BAaHNH, IPOBEACHHBIX C LENbI0 U3yUCHUS
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BIMSTHUS 100aBOK (UOPHI HA MEXaHUYECKUE CBOMCTBA OETOHA, IIOKa3ajH, YTO UX J00aBKa MPUBOAMIIA K MOBBIIICHUIO COIIPO-
THBJICHUS CXKATUIO, PACTSHKEHUIO M U3rHOY IPH CKOPOCTAX, JocTHraBuiux 25, 75 u 80 % cOOTBETCTBEHHO.

KiroueBble c10Ba: BOJOKHO, YINICIIACTHK, CTEKJIOBOJIOKHO, MOJIMMEp, M3rHO, packajblBaHHe, oOpasipl, Oainka, Iienode-
CTOMKOCTb, IMOKCHIHAS CMOJIA, HAIIPSKEHHE, KOMITIO3UThI, MEXaHUUECKUE CBOMCTBA, OTKA3

Jns mutupoBanus: Anb-ObGaiiau, A. M. I, CpaBHuTENnbHOE HCCIIEAOBAaHKUE MMOJIUMEPa, APMHUPOBAHHOTO CTEKIOBOJIOKHOM,
U TOJIUMepa, apMUPOBAHHOTO YIJIEPOJHBIM BOJIOKHOM, Ha Kybe n mwmuaape / A. M. 1. Anb-O6aiinu, C. H. JleoHosuu //
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Introduction

Polymer fibers have been successfully used for
a long time in the aircraft and vehicle industries.
Currently polymer fibers have found their use
in civil engineering applications [1, 2] where ex-
ternal reinforcement was used to improve the per-
formance of structures, such as strengthening
concrete columns by a collar with polymer fibers
is made around the outer circumference of the shaft
to increase resistance and ductility, as well as it
is used to increase the resistance to bending and
shearing by attaching polymer fibers to the outer
surface of the beams of the bishop [3-5].

There are usually three types of polymer fibers
that are used in civil engineering, namely glass,
aramid, and carbon fibers. Physical and mecha-
nical properties differ not only between the types
of these fibers but also for the same type
of fiber [6-8].

According to the shape and length glass fiber
can be divided into continuous fiber, fixed-length
fiber and glass wool fiber [9-11] and according to
the composition of the glass it can be divided into
non-alkali, chemical resistant, high alkali, me-
dium alkali, high strength, high elastic modulus
and alkali resistant [12-14].

Polymer fibers alone are of limited use in civil
engineering applications because they can transfer
loads from one surface to another, and for this the
matrix material plays a role [15-18].

Important in the function of polymer fibers as it
works to bind polymer fibers together is to enable
them to transporting loads and providing them with

protection against various environmental influ-
ences and damages resulting from handling. Bin-
ders are of several types such as polyester and
epoxy. It is one of the most common polymeric
materials and is usually used with high perfor-
mance fibers [19-21].

Material and method

In this study 36 samples were collected from
laboratories and distributed according to cube
and cylinder with percentage of added fiber (1.0,
2.5, 5.0 %) from weight cement.

Flexural strength is defined as the maximum
stress that the material exhibits at failure due to the
three or four point elastic load. According to litera-
ture review studied bending behavior of concrete
with compressive strength and density ranging
from 10 to 25 MPa. By using the modified polymer
and the test device it is possible to measure the
flexural modulus in polymer composites.

In general, the strength of fiber-reinforced
composites depends on the properties of the com-
ponents and the interactions of the interface. It is
well known that for fiber-reinforced composites,
as the interfacial region plays a leading role in
transferring the load between the fibers and the
matrix, thus affecting mechanical properties such
as strength, the flexural failure depends mainly on
the adhesion of the fibers and the matrix. The tests
were relied on to examine the cubes and the cylin-
der (Fig. 1) where the U-test device was used
to test the samples (Tab. 1).

Fig. 1. U-test device
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Table 1
Results of cylinder 11x15 cm applying splitting strength
Symbol sample Stress, MPa Load, kN _R_ange Time, s Area, mm? Pace, kN/s
of concrete of splitting strength
Without fiber
c1 2.10 57.2 5 050 5 17671.459 11.44
C2 1.95 55.0 ' 5 17671.459 11.00
C3 1.90 52.0 1850 4 17671.459 13.00
C4 1.80 50.0 ' 4 17671.459 12.50
C5 1.80 55.1 1865 4 17671.459 13.70
C6 1.93 53.0 ' 5 17671.459 10.60
Fiber glass reinforced polymer
C1 (1 %) 7.05 124.64 7 080 12 17671.459 10.30
C2 (1 %) 7.11 125.50 ' 12 17671.459 10.45
C3 (2.5 %) 6.93 130.00 7 285 13 17671.459 10.0.
C4 (2.5 %) 7.84 132.00 ' 12 17671.459 11.00
C5 (5 %) 7.90 137.60 7 508 13 17671.459 10.58
C6 (5 %) 7.11 135.00 ' 13 17671.459 10.38
Carbon fiber reinforced polymer
C1 (1 %) 7.11 126 - 11 17671.459 11.4
C2 (1 %) 7.99 127 ' 11 17671.459 11.5
C3 (2.5 %) 7.22 128 728 12 17671.459 10.6
C4 (2.5 %) 7.34 130 ' 12 17671.459 10.8
C5 (5 %) 7.50 132 7 g5 11 17671.459 12.00
C6 (5 %) 8.20 134 ' 11 17671.459 12.18
The diagram below shows the comparison of 18 samples were collected for the flexural
control samples cylinder against glass fiber rein- strength assay, where a comparison was made
forced polymer and carbon fiber reinforced poly- between the control samples and the samples to
mer in splitting strength. The highest value was which fiber was added, and the highest percentage
obtained when carbon fibers were mixed with 5 % was found when fiber glass reinforced polymer
p as shown in (Fig. 2). was added with 5 % (Tab. 2).
9
8
7
6
5
4
3
2
1
0
C1.2 C3.4 C5.C6 | C1.2 C3.4 C5.Cc6 | C12 C34 C5.C6
with with with | with with with
1% 25% 5% | 1% 25% 5%
fiber fiber fiber | fiber fiber fiber
Range splitting of | Range splitting of glass|  Range splitting of
control sample fiber polymer carbon fiber polymer
Fig. 2. Comparison of control samples cylinder against glass fiber reinforced polymer
and carbon fiber reinforced polymer in splitting strength
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Table 2
Results of cube 15x15x45 cm by applying to flexural strength
Symbol sample Stress, MPa Load, kN Range flexural Time, s Area, mm? Pace, kN/s
of concrete strength
Without fiber
C1 4522 34.14 4.375 34 7500 10.040
C2 4.230 33.00 3.2 7500 10.310
C3 5.634 42.90 5 202 5.0 7500 8.580
C4 4.770 40.00 5.0 7500 8.000
C5 4.900 44.70 4.955 4.0 7500 11.175
C6 5.010 41.00 6.0 7500 8.200
Fiber glass reinforced polymer
C1 (1 %) 6.11 55 6.405 6 7500 9.16
C2 (1 %) 6.70 52 6 7500 8.66
C3 (2.5 %) 6.82 58 6.960 6 7500 9.66
C4 (2.5 %) 7.10 56 6 7500 9.33
C5 (5 %) 7.50 57 2690 5 7500 10.60
C6 (5 %) 7.88 57 5 7500 11.40
Carbon fiber reinforced polymer
C1 (1 %) 6.40 52 6.395 6 7500 8.66
C2 (1 %) 6.39 49 5 7500 9.80
C3 (2.5 %) 6.80 56 6.700 7 7500 8.00
C4 (2.5 %) 6.60 50 6 7500 8.33
C5 (5 %) 6.99 57 6.805 7 7500 8.14
C6 (5 %) 6.80 51 6 7500 8.50

Each two samples were collected separately
depending on the added percentage to know the
resulting differences as shown in (Fig. 3).

The mean value was taken to the three samples
with respect to the cylinder and the cube without
the fibers, and the mean value for splitting strength

test for the cylinder samples was 1.92 MPa, while
for the cube was 4.844 MPa (Fig. 4).

The amount of addition was determined during
the examination of the splitting strength samples
and compared with the control samples, and deve-
lopments and increases were found when adding
fibers at all levels as shown (Fig. 5, 6).

9
8
7
6
5
4 |
3 -
2 -
1 -
0 -
C5.C6 c1.2 C3.4 C5.C6 C1.2 C3.4 C5.C6
with1% | With25% | with5% | with1% | with2.5 % with 5%
fiber fiber fiber fiber fiber fiber
Range splitting of control sample| Range splitting of glass fiber Range splitting of carbon fiber
polymer polymer

Fig. 3. Comparison between control samples cubes against fiber glass reinforced polymer
and carbon fiber reinforced polymer in flexural strength
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4.844
1.92

Cube mean value
flexural strength

Cylinder mean value
splitting strength

Fig. 4. Means value of flexural and splitting strength

Discussion

Samples were collected in this study where
they depend on added fibers of carbon polymer and
fiberglass where the percentage of added fibers
was 1.0, 2.5 and 5.0 % and then the samples were
tested by U-test for flexural and splitting strength.
The samples were distributed depending on the
type of examination that was used in this study.
The samples were collected from cylinders and
with dimensions of 11x15 cm, and 18 samples
were collected with dimensions of 15x15x45 cm.

By examining the splitting strength to the cy-
linder, the average value of 6 samples without fiber
was 1.92 MPa, and in the next stage, fiber glass rein-
forced polymer was added with (1.0, 2.5 and 5.0 %),
respectively. Excellent results were obtained when
examining the splitting strength and when adding
fibers with 5 % of the splitting strength (7.505 MPa).

As for the second side of the comparison with
carbon fiber reinforced polymer, the splitting strength

rates were high when they were compared with fiber
glass reinforced polymer, and the rates were the
highest when 5 % was added with 7.85 MPa. Tab. 2
shows the results of cube 15x15x45 cm by applying
to flexural strength at 7 days. Where 18 cubes were
collected, including 6 samples without fibers,
6 samples of fiber glass reinforced polymer,
and 6 samples of carbon fiber reinforced polymer.

The mean value of the cube samples without
fiber was 4.844 MPa, and the flexural strength
value increased when fiber glass reinforced poly-
mer was added, and it achieved the highest rates
of flexural strength to 7.69 MPa with 5 %, and the
same was the case when carbon fiber reinforced
polymer was added and it was higher flexural
strength ratings at 6.895 MPa.

Fig. 5 and 6 show the amount of increase in
splitting strength and flexural strength when ad-
ding types of fiber. A comparison was made be-
tween the two types of fibers with the control
group used in these shapes, and it was noted that
the percenttage of increase in splitting strength was
higher when carbon fiber reinforced polymer was
added when adding the three percentages[18, 22].

But it was not the case when examining the cu-
bes, so the amount of increase in flexural strength
rates when adding fiber glass reinforced polymer is
higher than carbon fiber reinforced polymer (Fig. 3, 4).

6.0

%‘3 5.8

< 5.6

g 5.4

g 52

2 s0

2 48

Q.

@ 46

1% add 2.5 % add 5% add

| glass fiber reinforced polymer 5.16 5.585 5.465
B carbon fiber reinforced polymer 5.63 5.63 5.93

Fig. 5. Amount of increase in splitting strength when add types of fibers

3.0

a

S 25

2.0

1.5
1.0
0.5

0

Flexural strength,

1% add

2.5 % add

5 % add

H glass fiber reinforced polymer 1.561

211

2.846

M carbon fiber reinforced polymer 1.551

1.856

2.051

Fig. 6. Amount of increase in flexural strength when add types of fibers
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CONCLUSION
The conclusion was drawn based on the amount

of evolution in ratio splitting strength of cylinder and
flexural strength to the examination of cubes. When
comparing the two types of fibers, we notice that
splitting strength. It was higher when added carbon
fiber reinforced polymer compare fiberglass rein-
forced polymer [23, 24]. But when examining the
flexural strength, we found that fiberglass reinforced
polymer had achieved higher results than carbon fiber
reinforced polymer [25], although the differences
were slight between the two types of fibers [26-28].
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Pedepar. B crarbe paccmaTpuBaeTcsi BOIPOC PACIIMPEHHs UCIIOIB30BaHUS AIIEKTPOOYCOB IIPH NMEPEBO3KE ITACCAKUPOB PEry-
JSIPHBIMH TOPOJICKMMH MapIIpyTaMy, KOTOPBIE CIIOCOOCTBYIOT 3HAUUTEILHOMY CHIDKEHHIO OOIIEro 3arps3HEHUs OKPYKaro-
el cpenpl aBTOMOOUIBHBIM TpaHCIIOPTOM. IIpoaHanu3upoBaHbl 3aKOHOJATENBHBIE AKThI, MOATBEPKIAIOIINE TOCYAAPCTBEH-
HYI0 MOJJEPXKKY pa3BUTUS AaHHON oTpaciu. [IpuBemeHBl pe3ynbTaThl €310BbIX LUKIOB 3nekTpobycoB AKCM-E321
n AKCM-E433 B Muncke, anektpodycoB JInA3-6274.00 1 KAMA3-6282 B Tromenu u Mockse. BrrsiBiena koppemsius
YIEIBHOTO CPETHEMECSIIHOTO pacxo/ia MEKTPOIHEPTUH U CPETHEMECSIHOI TeMIlepaTyphbl OKPYXKAIOIIEro Bo3Iyxa. Y CTaHOB-
JeHO, 4TO Haubosiee BeCOMBbIM (HaKTOPOM, BIMSIOLIMM Ha PACXOA 3JIEKTPOIHEPIUH 3NeKTpodyca, s MOCKBBI SBISIOTCS
TPaHCHOPTHBIE yCI0BHs, IUIs1 TIOMEHH — TemIepaTypa OKpYy»KalolIero Bo3ayxa. Pe3ynbraTel HccieqoBaHU MO3BOMIAIOT IUIa-
HHUPOBATh HCIIOJIB30BaHUE JJIEKTPOOYCOB HA Pa3IHYHBIX TOPOJCKMX MapHIpyTaX Ha OCHOBE IPOOeroB 0e3 Ioi3apsiiku.
OTO MOXET MO3BOJIUTH Pa3paboTaTh PEKOMEHAAIMU MO NMPUMEHEHUIO HCCIEAYEMBIX MapoK 3JIEKTpOOycOB Ha MapHIpyTax
OTIPE/IENICHHON MPOTSKEHHOCTBIO U CTI0KHOCTBIO.
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Abstract. The paper considers the issue of expanding the use of electric buses when transporting passengers on regular urban
routes, which contribute to a significant reduction in the overall environmental pollution by road transport. Legislative acts
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confirming the state support for the development of this industry are analyzed. The results of driving cycles of electric
buses AKCM-E321 [AKSM-E321] and AKCM-E433 [AKSM-E433] in Minsk, electric buses JTuA3-6274.00 [LiAZ-6274.00]
and KAMA3-6282 [KAMAZ-6282] in Tyumen and Moscow are presented. The correlation of the specific average monthly
electricity consumption and the average monthly ambient temperature is revealed. It has been established that for Moscow,
the most significant factor influencing the electric bus power consumption are transport conditions. The ambient air tempera-
ture was identified as a key factor for the city of Tyumen. The research results make it possible to plan the use of electric
buses on various urban routes based on runs without recharging. This may allow us to develop recommendations for the use
of the studied brands of electric buses on routes of a certain length and complexity.

Keywords: electric bus, urban transport, passenger transportation, low temperatures, operation conditions

For citation: Chikishev E. M., Kapskiy D. V., Semchenkov S. S. (2023) Assessment of Transport, Natural and Climatic
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48-59. https://doi.org/10. 21122/2227-1031-2023-22-1-48-59 (in Russian)

BBenenne

B xonme XX B. OONBIIMHCTBO CTPaH MHpa 3a-
SIBUJIM O HEOOXOAMMOCTH COKpAaLICHUS! BBIOPO-
COB MAPHUKOBBIX T'a30B OT JACATEIbHOCTH YEIOBEKa
B armoctepy. M mepBrIM TIOOATBHBIM TOKYMEH-
TOM, KOTOPBIH PpEryiupoBajl AaHHYIO MpoOieMy,
siBIIsICs. KHOTCKUI POTOKOII, IPUHATHIN B J1eKa0-
pe 1997 r. B SlnoHuMM M BCTYNMUBIIMH B CHUIy B
¢despane 2005 r. C 3TOro BpeMeHH TrocyaapcTBa
Havagl yKecTodaTh TPEOOBaHHMS B TOM YHCIE K
BBEIOpOCAM BpEIHBIX BEIIECTB C OTPAOOTABIITMMH
razamMu aBTOMOOWJIEH, Tak KaKk OHHU SIBJISIOTCS OJI-
HUMH M3 OCHOBHBIX HCTOYHHKOB 3arps3HEHHS
OKpY’KaroIel cpeapl, KOTOPhIE TOTPEOISIFOT OKOJIO
50 % ot Bceit moObiBaemoit B Mupe HedTH (TIpo-
IOYKTHI €€ nepepadoTKu OEH3UH, JU3ebHOE TOIUIU-
BO, MOTOPHOE MacJio U Jip.).

Takum 00pa3oM, BO MHOTHX CTpaHaX, KpoMe
YIIyqIIeHUsT KadecTBa TPAJAWLIMNOHHBIX TOIUIUB —
OeH3MHA U IU3eNsl, HAMEeTWIach TeHISHINS K TIPH-
MEHEHUIO Ha TPaHCIOPTE AJIbTEPHATUBHOW SHEpre-
THUKH — CXKIDKEHHOTO HE(TSIHOTO ra3a, MIPUPOIHOTO
rasa, SJieKTpu4ecTBa u ap. JlaHHOMY BOmpOCYy TIO-
CBSIIICHO MHOTO HcciuemoBanuii [1-17]. Hauwmmas
¢ 2014 r. B Mupe HaOmogaeTcsi CTaOUIIBHBI POCT
anektpomobuneir Bcex tunoB (PHEV u BEV).
Ecmu B 2014 r. ux 6bu10 MeHee 1 MJIH IUT., TO IO
uroram 2021 r. yxe cBoimre 16,5 mura mT. [18].

B 2021 r. iuaepamu 1o mpogakaM KOJECHOTO
anekTpoTpancnopra cranu Kwrait (3,3 MioH 1mIT.),
EBponetickuii coro3 (2,3 mun wrt.) u CoequHEeHHbIE
IIrater Amepukn (630 ThIC. IT.). [0 CocTOsSTHMIO
Ha | saBaps 2022 1. B PecrryOnmke bemapych 65110
3apeructpupoBano 2538 snekrpomooueti (0,08 %
BCEX JIETKOBBIX aBToMoOmiei) u 109 amexkTpoly-
coB (0,26 % Bcex aBToOycoB). Poccuiickas ®ene-
paums moka 3Ha4yMTeNIbHO YCTYIAeT Mo JI0Je AJIeK-
TpoMoOwmye (kak 1Mo oO0meMy MmapKy, Tak W IO

Hayka
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npoaaxam). B P® 3a 2021 r. ux Obuto mpoaaHo
BCEro OKoJjo 2250 wir.

ABTOMOOWIIEHBIE 3aBOJbI, HMMEIOIINE CaMBbIi
0O0JIBIION 00BEM MPOJAXK 3IJICKTPOTPAHCIOPTA, —
Tesla (CILIA), SAIC (Kurait) u Volkswagen (I'ep-
Manwst). HanGonbimmii napk anekrpomoouseit (BEV)
ot obmrero napka Habromaercst B Hopseruu (49 %),
Ucnarmmu (19 %) u Ilsemmm (8 %) [18]. Heooxo-
JUMO OTMETHTh, YTO B JaHHYIO CTaTHCTHKY He
BXOJIAIT TPY30BBIE JJIEKTPOMOOWIN H 3JIEKTPO-
OYCHI.

B Mupe mnpomsBoacTBO 3NEKTPOOYCOB TIpe-
CTaBJICHO TakuMU Kommanusmu, kak: ADL (Iot-
nagus), BYD (Kwuraif), De Lijn (benbsrus),
Ebusco (Tommanmus), Heuliez (®panmms), Irizar
(Ucnanus), «benxkommynmamn (Pecmybnuka be-
napyck), MA3 (Pecnybnuka benapyce), Proterra
(CIIA), Solaris (IToasma), VDL Bus & Coach
(Fomnanmus), Volvo (IlIeeuus), Yutong (Kuraii)
u ap. JlugepoM 1o MPOW3BOACTBY M BHEAPEHHIO
B TOPOJICKHE CETH 3JIEKTPOOYCOB CO 3HAYHTEINb-
HBIM OTpbIBOM siBisieTcs Kutaid. CTpaHa npousBo-
T 6oee 90 % oT obmemupoBoro mapka [19].

CepwuifHBIIl BBITyCK 37eKTpoOycoB B Pecry0-
nuke bemapycs madar B 2017 r. m HamaxeH Ha
JIByX BEIyIUX Npeanpusatusx. Ha ceromusurHui
JIeHb OeNOpYyCCKHU TMPOW3BOJUTEND Ipeiaraet
ANEKTPOOYCHI C YIBTPaOBICTPOU 3apsaKoi (1anee —
0OC), obicTpoii 3apsakoii (nanee — FC) u HouHOM
sapsakoit (mamee — ONC). B HacTosmee Bpemst
B35T YCTOMUYUBBIA KypC Ha PA3BUTHE LIUPOKOrO
MPUMEHEHUS] TPAHCTIOPTHBIX CPEACTB C DIIEKTpUYe-
CKHUM TIPUBOJIOM. JIeHCTBYIOIUMH TOCYIapCTBEH-
HEIMU mporpammamu  PecnyOmmku — bemapych
MPEIyCMaTpPUBACTCST PSIT MEPONPHUATHH, HANpaB-
JICHHBIX Ha VYBEIWYCHHE JIOJIM TPAHCIOPTHBIX
CPEICTB C DIEKTPUYIECKUM MPHBOAOM Kak B oOJia-
CTH TIEPEBO30K MApPIIPYTHBIM  IMAaCCAXKUPCKUM
TPaHCHOPTOM, TaK U B ropozax B uenom. Cienyer
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OTMETUTh, YTO TPUITEPOM TAKOT'O HWHTEHCUBHOI'O
MIPUMEHEHUs] TPAHCIOPTHBIX CPEACTB C BJIEKTPH-
YECKMM IIPUBOJIOM B CTpaHe CTajdd pa3BUTHUE
aTOMHON SHEPreTHKH, CTPOUTEIHCTBO U BBOX B
skcmutyatanuio  benopycckoit ADC. Iloctanos-
neanem CoBera MunnctpoB PecnyOmmku bena-
pychb ot 09.04.2021 Ne 213 (B pexn. ot 20.04.2022)
Obuta yrBepikaeHa KommekcHast mporpamma pas-
BUTHA 3JeKTpoTpaHcnopra Ha 2021-2025 rr.
Peanuzanus naHHOM mporpaMMbl NpeaycMaTpuBa-
€T CO3/laHue MPOMU3BOJCTB I'PY30BOI0, MacCaxup-
CKOT0, CIICLAJIM3UPOBAHHOI0, JIETKOBOTO U MHAU-
BUAYaJIBHOTO 3JIEKTPOTPAHCIOPTA, a TAaKXKE €ro
KOMITOHEHTOB, OpPTaHU3AIlMI0 HAYYHOTO obecreue-
HUSI, CTAHJIAPTU3ALMIO, aTTECTAlMI0 U OLIEHKY CO-
OTBETCTBHUS JIEKTPOTpaHcHopTa (6a30BBIX KOMIIO-
HEHTOB) JUIS €ro Oe30MacHOM HJKcIUTyaTallud Ha
Joporax oOIIero MoJIb30BaHMs, CO3AaHUE 3apsi-
HOU MH(QPACTPYKTYpPbI VIS 3JIEKTPOTPAHCHIOPTa Ha
OCHOBE OOIICHAIIMOHATFHOW CETH 3JIEKTPO3apsii-
Heix cranmuid (manee — O3C), dopmmpoBanue
KOMIUIEKCA MEp MO CTUMYJIMPOBAHHUIO Pa3BUTHUS
anekTporpaHcnopTa. llenbio KOMIIJIEKCHOW TMpo-
rpaMMBl SBJSIIOTCA: CO3[aHue HOBOM 00JIACTH KO-
HOMHYECKOTO pOCTa Ha OCHOBE (HOPMHUPOBAHHSA
OTpaciy MalIMHOCTPOEHUS — IPOU3BOJCTBA 3JIEK-
TPOTPAHCIIOPTA, a TAKXKE YCJIOBUH ISl yBelnde-
HUSI KOJMYECTBA MCIOJIBb3YEMBIX TPaHCIIOPTHBIX
CPEICTB Ha 3JIEKTPUUECKOHN TATEe, paCUIMPEHUs UH-
(pacTpyKTypbl 3JEKTPOTpaHCIIOpPTA M MHUHHMHU-
3allMA HETATUBHBIX BIIMSHUN Ha dKoioruto. Kom-
IUIEKCHAsI TIporpaMMa BKJIIOYAeT: oanporpammy |
«I[Ipou3BOICTBEHHO-TEXHOIOTHYECKass 0a3a dIeK-
TpoTpaHcropTa» U noamporpammy 2 «Co3maHue
3apsiiHOW  MH(PACTPyKTyphl Ul BIEKTPOTpaHC-
nopta». IlocranoBnenuem CoBera MUHHCTPOB
Pecrry6mku benmapycs ot 23.04.2021 Ne 245 (pen.
ot 15.04.2022) Osuta yrBepxkaeHa ['ocymapcTBeH-
Has nporpamma «Haykoemkue TEXHOJIOTHH U TeX-
Huka» Ha 2021-2025 rr., B KOTOpO# HallIu OTpa-
KEHHE TaKKe BOIMPOCHI, CBSI3aHHBIE C Pa3BUTHEM
TPAHCTIOPTHBIX CPEIACTB C JJIEKTPUYECKUM TPH-
BogoM. IlocranoBnenuem CoBeta MUHHUCTPOB
Pecny6nuku benapycs ot 10.12.2021 Ne 710 Obin
npuHAT HannroHanbsHbINM IU1aH AEHCTBUI 110 pa3Bu-
THIO «3€JIeHO» SKOHOMHKH B PecmyGnuke bena-
pyce Ha 2021-2025 rr., mpeaycMmaTpuUBaOLIMK
pa3BUTHE AJIEKTpPOTpaHcHopTa (MHOPACTPYKTYPHI)
U ropoackod MoOwibHOCTH. OIHHUM U3 NPHOPU-
TETHBIX HANpaBICHUN BHEOPEHUs M DPaCIIMPEHUS
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WCTIONB30BAHMUS HHU3KOYTJIEPOAHBIX TEXHOJIOTHH,
CHOCOOCTBYIOIIMX TEpPEXOqy CTpaHbl K YIIepoa-
HOHM HEHTPaAIIbHOCTH, BBIOpaH MEepexoid OT YIIIeBO-
JOPOJTHOTO TPAHCIIOPTa K 3nekTpudeckomy. [Ipu-
HATBIC B TIOCJICTHUE TOJBI MEPHI MO0 CTUMYJIHPOBA-
HHIO TTPHOOPETEHUS IIEKTPOMOOMIICH B Pa3BUTHIO
WH(GPACTPYKTYPHl MPHUBETH K POCTY KOJHMYECTBA
TaKWX TPAHCIOPTHBIX CpeAcTB. Hamum orpaxeHus
BOTIPOCHI AIIEKTPOTPAHCIIOpTa M B | 'ocymapcTBeH-
HOU mporpamme «TpaHCHOPTHBIM KOMIUIEKC» Ha
2021-2025 rr. (nmocranornenne CoBera MuHHCT-
poB Pecniyonmku bemapych ot 23.03.2021 Ne 165).
Pesynprarel peanmzanyu mporpaMMbl, HECOMHEH-
HO, OK&XYyT MO3UTHBHOE BIUSHHE KaK Ha IOKa3a-
Tenu paboThl aBTOMOOMIIEHOTO, TOPOJICKOTO AIIEK-
TPUUYECKOTO TPAHCIIOPTA M METPOIOJIUTEeHa, TaK
W Ha pa3BUTHE CMEXHBIX OTpacieldl SKOHOMHKH
(TpOMBINIIIEHHOCTH, CTPOMTENHCTBA, TOPTOBIIH,
cdepsl ycnyr) U, B KOHEYHOM HUTOTe, Ha MaKpO3KO-
HOMHYECKHUE ITOKA3aTEIH.

Hexortopeie poccuiickue aBTOMOOWIBHBIC 3a-
BOJIBI YK€ MPOU3BOJAT DIIEKTPOMOOWIN, KOTOPEIC
AKCIUTyaTHPYIOTCA Ha goporax ropoaos P®. K Tta-
KHM MOXHO OTHECTH, MPEXJE BCEro, 3JIEKTPoOy-
cel, BoimyckaeMble KAMA3om u JInA3om. Taxxke
B P® nHameueHa TeHEHIMS 110 MPUHATHIO HOpPMa-
TUBHBIX JOKYMEHTOB, KOTOPBIE CIIOCOOCTBYIOT
Pa3BUTHIO DPBIHKA O3JIEKTPOMOOWIICH W 3apsagHON
nH(ppacTpykTyphl. [lmaHupyercsi BHeCTH H3MEHe-
Hust B TP TC 018/2011 «O Ge3omacHocTu Konec-
HBIX TpaHCHOpTHBIX cpeacte» u TP TC 004/2011
«O 0e30macHOCTH HU3KOBOJIETHOTO 000pyA0Ba-
HUS» I COOIONICHUS WX TPeOOBaHWH MpU KOH-
CTPYMPOBAaHMHM M OKCIUTyaTallMd 3JIEKTPOTPaHC-
nopra. B kauecTBe LieneBbIXx Mokazateieit B PD
YCTaHOBJICHBI B YaCTH CO3JIaHUsI MHPPACTPYKTYPHI
TUTSL 3apSIIKA TPAHCTIOPTHBIX CPENICTB € dJIEKTpUde-
CKAM TIPUBOAOM C HCIIOJNB30BaHHEM OBICTPHIX H
MEIUIEHHBIX 3apAJHBIX CTaHIMA Ha THJIOTHBIX
TEPPUTOPHUAX B KOJTUIECTBE HE MeHee 2,9 ThIC. IIIT.
u 6 ThIC. IIT. COOTBETCTBEHHO (10 2024 1.), a Tak-
e TUTAHUPYETCS: HAapacTHTh WX KOJHWYECTBO 0
29 1hIC. 1 44 THIC. WIT. (K 2030 T.), HANAAUTH TIPO-
M3BOJICTBO TATOBBIX aKKyMYJISITOPHBIX OaTaped u
KOMITOHEHTOB K HUM (70 2024 r.), yBeIHUYUTDH J0-
JII0 TPOU3BOAMMBIX B P®d aBroMOOMIIEH C 3Jek-
TPUYECKUM TIPUBOJIOM Ha BHYTPEHHEM pHIHKE B
2030 r. me menee 10 % oOmero o0bema Mpous-
BOJICTBA TPAHCIIOPTHBIX CPEACTB.
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Ilpu aHamm3e OCOOCHHOCTEH OKCILTyaTallH
371eKTpoOyCOB OBLI BEHIABIICH psif paboOT, B KOTO-
PBIX UCCIEIYIOTCS UX KOHCTPYKTHBHBIE 0COOCHHO-
CTH, €3/10BbI¢ YCJIOBUsA, (DYHKITMOHUPOBAHUE U 3a-
psAIKa TATOBBIX aKKyMYJIATOPHBIX Oarapeil, a Tak-
ke 3apsmHas uHpacTpykTypa [21-29]. Omnako
MaJ0 H3Y4YEeH BOIIPOC pacxoja 3JIEKTPOIHEPTUH
3NEeKTPOOYCOB TPHU HKCIUTyaTallid B TOPOACKON
Cpelle C y4YeTOM TPAHCIIOPTHBIX, MPUPOIHO-KIIU-
MaTHYECKHUX U JOPOXKHBIX ycinoBuid. Jlns skcmurya-
TaIui BaXHO 3HATH BIHMSHHUE TEMIIEPATYpPhI OKPY-
JKAIOMIETO0 BO3[yXa, TaK Kak Ha OOJBIIeH YacTu
CTpaHbl OOJbIIE TOJIOBUHBI T0Jia MPEoOIa atoT
Huskue temnepatypst [30, 31]. [Toatomy nens uc-
CJICJIOBaHMS — BBISBUTh 3aKOHOMEPHOCTU HM3MECHE-
HUSl pacxoja 3JIEKTPOIHEPTHH SIEKTPOoOycoB, pa-
OoTaromx Ha TOPOJCKHX PETYIAPHBIX MapHIpy-
Tax, OT BHEIIHUX YCIOBUH dKcuryaTaruu. OObeKT
UCCJICJIOBAHUS — MPOIIECC BIUSHUS TPAHCIIOPTHBIX,
MPUPOJTHO-KIIUMATHYECKUX U JIOPOKHBIX YCIIO-
BUHA Ha pPacxo]| JJIEKTPOIHEPTHH HU3KOIOIBHBIX
TOPOACKUX DBJIEKTPOOYCOB OOJBITION BMECTUMOCTH
AKCM-E321 u ocobo OoJbIIold BMECTUMOCTH —
AKCM-E433 B MuHcke, OOJIBIION BMECTHUMOCTH
JIuA3-6274.00 u KAMA3-6282, skciutyaTupyro-
HIUXCA B YCIOBUAX TroMeHH 1 MOCKBBI.

3ama4n NCCIeIOBaHUS:

1) mpoBecTr aHanu3 (HaKTOPOB, BIHSIONIMX HA
CKOPOCTh pa3psijia TATOBBIX aKKyMYJISTOPHBIX Oa-
Tapewy;

2) BBISIBUTh 3aKOHOMEPHOCTh BIIMSHHS TIPH-
POTHO-KITMMATHYECKUX ¥ TPAHCHOPTHBIX YCIOBUH
Ha CKOPOCTh pa3psjia TIATOBBIX aKKyMYJISTOPHBIX
Oartapeii 37eKTpOOYCOB,;

3) TOCTPOUTL MaTeMaTHYECKUE 3aBUCHMOCTH
Ha OCHOBE ITPOBEJIEHHOTO MCCIIETOBAHMSL.

B pesynbraTe aHanu3a HAy4yHOH JIMTEPATYpPhI
YCTaHOBJICHbI OCHOBHBIC (DAKTOPBI, KOTOPHIC BIUSIOT
Ha WHTEHCUBHOCTH pa3psijia OOPTOBOTO WCTOYHMKA
SHEPrUU (TATOBBIX AKKYMYJISTOPHBIX Oarapeil wim
MOJIEKYJISIPHBIX HAKOIUTENEH) IMPH SKCIUTyaTaluy
B ycnoBHsix ropoga [9, 11, 19-21, 24, 26, 28]:

— TPAHCHOPTHBIC YCJIOBUS U PEXKHUM JIBUKCHHUS
(CKOpPOCTh JBWKCHUS, KOJMYESCTBO TEPEBO3UMBIX
MACCaXXUPOB, MHTEHCUBHOCTh JIBUKCHHSI W ILUIOT-
HOCTH TPAHCIIOPTHOTO ITOTOKA (Pa3rOHBI/TOPMOXKeE-
HUS), KOTMIECTBO OCTAHOBOYHBIX ITYHKTOB H BpeE-
MsI HaXOXKJICHUS Ha HUX);

— MPUPOJTHO-KIIMMATHYSCKUE YCIOBUS (TeMIIe-
paTypa OKpyXaroIlero BO3AyXa, CKOpOCTh W Ha-
MIpaBIIEHUE BETPA);
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— IOPOXXHBIE YCIOBHS (HAIMYHE pEryiupye-
MBIX U HEpEryJupyEeMBIX IEpPEKPECTKOB, IIelle-
XOZHbIE EPEXO0/ibl, KAYECTBO AOPOKHOIO IOJIOTHA,
YKJIOH JOPOTH, HAJIMYME HA JIOPOXKHOM IIOJIOTHE
0CaJIKOB);

— TEXHUYECKHE XapaKTepUCTUKU IEKTpoOyca
(IPOIOIKUTENBHOCTD IKCIUTyaTallud TPaHCIOPT-
HOTO CpEeICTBAa, XapaKTEPUCTUKH OOPTOBBIX HC-
TOYHHKOB JHEPTHH, TATOBBIX aKKyMYJISTOPHBIX
OaTapei, HaKONMTEICH DHEPrHH, cXeMa pPabOTHI
JOTIOJTHUTEIFHOTO 000PYIOBAHUS H 1IP.);

— MCUXO(HU3HOIIOTHIECKUE 0COOEHHOCTH BOIH-
TeNs U JIp.

Tax>xe Ha ypoBeHb 3apsaa OOPTOBBIX UCTOYHH-
KOB HEPrHH BJIHMSET COOTHOLICHHE MPOTSHKEHHO-
CTH YYacTKOB pa3roHa M TopMmokeHus. Ha Bcex
COBPEMEHHBIX 3JIEKTpoOycax TNPUMEHSETCS acHH-
XPOHHBIN NPUBOJ, TATOBBIM HHBEPTOP IpPEAYyCMAaT-
puBaeT (QYHKIMIO peKynepanuu, Ojaromapsi Ko-
TOPOW TIPH SJEKTPOJUHAMHUYECKOM TOPMOXKEHUU
OCYILIECTBIISIETCSL  3apsii OOPTOBBIX HCTOYHUKOB
SHEPTHUH, YTO MO3BOJSIET pekynepuposats 10 30 %
SHEPIuHu, W3PACXOAOBAaHHOM Ha IIycKax M pas-
rOHax.

B pabotax [19, 20, 23, 26] yka3bIBaeTcs, 4TO
K ONpEeACTSIomnM (aKkTopaM OTHOCATCS: CKOPOCTb
JBIDKEHUS, YUCIO OCTAHOBOYHBIX ITyHKTOB, KOJIU-
YECTBO PETYJIMPYEMBIX U HEPETYIHPYEMBIX Iepe-
KPECTKOB M TEMIIepaTypa OKPY>KaloLIero BO3ayXa.
[TosTOMy B NpPOBOAMMOM HCCIEIOBAaHUM OYAyT
YUUTBIBAThCS JaHHBIE (DAKTOPBHI.

XapakTepuCTHKH JIEKTPoOycoB
U IIapaMeTphbl HCCJIeAyEeMbIX MAPIIPYTOB

TexHUueCKHe XapaKTEePUCTUKU HCCIEAyEeMbIX
3IIEKTPOOYCOB MpHBeaeHHI B Tab. 1 [32].

OtnuuutenbHass 0COOEHHOCTH 3IIEKTPOOYCOB
AKCM-E321, AKCM-E433 — npuMeHEHHE CHUCTe-
MBI cynepKoHaeHcaTopoB S585V39-K7-B ¢dupmsr
AOWEI B xauecTBe OOPTOBOTO HAKOMMTEIS SHEP-
I'MH, KOTOPBIN SIBJISETCSI OCHOBHBIM HMCTOYHHKOM
SIIEKTPOIHEPTHH ISl BCEX CHJIOBBIX MOTpeOHTe-
nei. HaxkomieHue 3neKTposIHEPTruu OCYIECTBISET-
Csi B MPOLECCE 3apsIKd OT BHEIIHEH 3apsaHoi
crarnuu (600B/500A) mocpenctBom manTorpada.
HakonuTens cOCTOUT M3: HETIOCPEICTBEHHO MOAY-
7Sl CYNIePKOHCHCATOPa, CUCTEMbI KOHIWIIMOHHPO-
BaHUs (TMOAEPKUBAET TEMIIEPAaTypy BHYTPH MO-
IOyl CYNEepKOHIEHCATOpa B JOMYCTUMBIX Ipere-
Jax, He JOIycKas TIeperpesa), 3JIEKTPOHHOIO
6moka ympasineHuss BMS (6iox koHTpoiiepa 3a-
psina/paspsiia CynepKOHISHCATOPA).
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Tabauya 1
XapaKTepuCTHKH HCCIETyeMbIX MapOK 3JIeKTPOOYCOB
Characteristics of the investigated brands of electric buses
DnexTpobyc
KAMA3 6282 JIuA3-6274 AKCM-E321 AKCM-E433
XapakrepucTuka
T'oponckoi, T'oponackoit, Topoackoii, 6onmbIoi T'opoackoii, oco6o

00JIBIIOTO KITacca 0oJIBIIOTO KIlacca BMECTUMOCTH 0O0JIBIIOI BMECTUMOCTH
Jnuna, MM 12400 12000 12090 18735
HomunanbHast maccaxupo-
BMECTHUMOCTb, IIT. 85 85 83 150
KonnuectBo mect
IUISL CHICHUS, TIIT. 33 30 26 38
ITonnas macca, Kr 18000 18000 18350 28000
DNeKTpoABUraTeNb ZF AVE 130 ZF AVE 130 ATY/-250 JTAH-160-4b
MaxkcumalbHasi MOUTHOCTh
nBurarens, KBt 2x125 2x125 150 160
Hakonurens snepruu Cymnep- Cynep-
(akkymynsTop) Jlutnit-tutanatHeli | JIMTUA-TUTaHATHBINA KOHJEHCATOp KOHJEHCATOp
EmkocTh HakomuTemst
sHepruy, kBr-u 80 77 34 34
3anac xo/1a, KM 50 110 59 20 12,5
Tun 3apsaxu Ilopranbhas Tpexdaznas VisTpabdsicTpast VisrpabdsicTpast

ynbTpalsIcTpas, ynpTpadsIcTpas naHTorpadHas nanTorpadHas

MeieHHass (HOYHasl)

Onucanue IKCIIEPUMEHTA

IIpn 00paboTKe €370BBIX IHKIOB AJIEKTPOOY-
COB HCIIOJIb30BAJINCh JaHHbIE KOMIAHUN-TIEPEBO3-
yrkoB TITATII Ne 1 (Tromens) u I'YII «Mocrop-
Tparc (Mockaa).

B Tromenn snextpobyc JInA3-6274 skcmmya-
TUPOBAJCS Ha PEryJISPHOM TOPOJICKOM Mapuipy-
e Ne 10, a B MockBe KAMA3 6282 Ha mapmipy-
Te Ne M3K.

Mapmpyr Ne 10 mpotrsokeHHOCTBIO 38,5 KM
INPOXOIUT Yepe3 MarucTpajibHyto yi. PecryOnuku
U COeNUHSET TIOMEHCKUH aBTOBOK3aJl — TIOMEH-
CKHH KeJIe3HOIOPOXKHBIN BOK3aJl — MEXAyHapo.-
HeId adporopt Pommuo. B mpsimoM m oGpaTHOM
HalpaBJICHUSIX HACUMTHIBAETCS MO 8 OCTaHOBOY-
HBIX MYHKTOB. B mpsiMOM HampaBleHHH O MYTH
cnenoBanus 31 ceerodopHeiii 00beKT U 12 Hepe-
TYJIHPYEMBIX TENIeXOHBIX TMepexoaoB. B obpart-
HOoM — 30 perymupyembIXx HepeKkpecTkoB U 14 He-
pETYIUpYEeMBIX MEIIEXOAHBIX MepexonoB. JBuxe-
HUE OCYIIECTBISeTCA Mo moporam | karteropuu
C BBIE3/IOM Ha IIPUTOPOJHYIO YaCTh IPH JABKEHUH B
a’ponopT. MapiipyT cleaoBaHUsI COCTOUT B OCHOB-
HOM M3 IIPSIMBIX OTPE3KOB C MaJIbIM KOJINYECTBOM
YKIIOHOB U IIOBOPOTOB, OIACHBIE YYacTKU OTCYT-
ctBytoT. Cpenuii sHeBHOM npooer okono 200 kM.
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Mapupyr Ne M3K mpoTskeHHOCTBIO 15 kM
MPOXOJUT MO HEHTPaIbHONH YacTH Topoja W CO-
eIMHSET MPOCHEKT byaeHHoro co cTanue MeTpo
«Jly0siHka». B mpsiMoM HampaBieHUM HACUWTHI-
BaeTcsi 22 OCTaHOBOYHBIX ITyHKTa, a B 0Opart-
HOM — 21. B mpsiMoM HampaBieHHH TIO TYTH
cnemoBanus 25 cBETOGOPHBIX OOBEKTOB, B 00part-
HOM — 21. JIBXKEHHE OCYILIECTBISICTCS IO JIOPO-
ram | xareropuu. MapuipyT ciieloBaHUSI COCTOUT
B OCHOBHOM M3 NPSIMBIX OTPE3KOB C MaJbIM KOJIU-
YeCTBOM YKJIOHOB W TIOBOPOTOB, OMACHBIE YIaCTKH
orcyTcTBYIOT. Cpennuid THEBHOH mpoOer OKoio
250 xm.

[lony4yeHnHsle naHHble OBUIM 00PabOTaHBI U
CBeJIeHBI B Ta0I. 2.

OObeM BBIOOpKM AAaHHBIX IOCIE YCTPaHEHHUS
rpyObIX OMMOOK COCTAaBIII. Aist Tromenu — 146 3nHa-
yeHuH, 111 Mocksel — 119.

Jnist ycTaHOBJIGHUS YPOBHSI BIUSIHHS TeMIIEpa-
Typbl OKPYKaIOIIETO BO3AyXa M TPAHCHOPTHBIX
yCIOBUH MHUHHMMHU3UPOBaHA IIEPEMEHHOCTb pAla
MIPOYHX ONPEAEIAIOMNX (PaKTOPOB:

— Ha KaXIOM K3 MapLIPyTOB HCCIEIO0BANICS
OIMH W TOT K€ 3JEKTPOoOyC, KOTOPBIM YIIPaBIIsi-
U J1Ba OIpeleNieHHbIX Bomutels (pabora ocy-
HIECTBIISIACH B JIBE CMEHBI);
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®parMeHT €310BbIX JaHHBIX
HA FOPO/ICKUX PeryJIsipHbIX MapIIpyTax

Tabauya 2

Driving data fragment on urban regular routes

Ruemioi| (O exrpommeprn | Pec%02

JHara| npober, Telvi:epaTypa Ha BI: apu.lppyT Ha 100 kM,

KM Bo3ayxa, °C | cnenoBanust, KBT-u kBT

Mapmpyt Ne 10 (Tromens)
22.10, 208 5 230 113
23.10, 208 1 233 115
24.10, 207 6 201 97
25.10, 207 5 236 116
28.10, 197 9 198 96
29.10, 220 -2 238 117
30.10[ 209 -2 239 118
31.10[ 166 -4 185 119
Mapmpyt Ne M3K (Mocksa)
10.01] 245 -5 509 207,8
11.01] 245 -11 513 209,4
12.01] 244 -13 513 210,1
13.01] 244 -11 512 209,8
14.01] 245 1 504 205,7
17.01] 244 -2 507 207,8
18.01] 245 -5 510 208,2
19.01] 245 -7 512 209,0
— YUYTEHBI €3/I0BBIE ITMKIBI TOJIBKO OyIHHX

JHel (c moHeAeNbHUKA 110 YeTBEPT);

— Ha TPOTSDKEHWH BCETO HCCIEAOBAHUS IIPH-
MEHSUIMCH OJIHU U T€ K€ THUIIbI IIIVH,;

— HE YYHUTHIBAIHNCH 3aTpaThl SHEPTUW HA J0-
MOJTHUTENbHOE 000py/IOBaHHE — KOHIUIIHOHED.
OTtomnuTeNny cajJoHOB 3JIEKTPOOYCOB pabOTalOT Ha
ITU3ETHHOM TOILUTUBE, T. €. HE PACXOIYIOT AJIEKTPO-
SHEPTHIO;

— Ha M3YYaeMbIX MapIIPyTax 3JIEKTPOOYChI HE
WMEIOT HYJIEBBIX MPOOETOB IS MOM3APAIAKH, TaK
KaK JIJIEKTPO3apsAIHbIE CTAHIIMK HAXOJSATCS Ha KO-
HEYHBIX OCTAHOBOYHBIX ITyHKTAaX.

PeSyJILTaTbI HCCJIeA0OBAHUA

Ha ocHOBe 00pabOTKH €30BBIX JKCIICPUMEH-
ToB B mporpamme Microsoft Excel moctpoe-
HBl TpadUYecKue 3aBUCHMOCTH, OIHCHIBAIOIIUC
ux (puc. 1, 2).

B pesynbrare 00pabOTKH €3/TOBBIX ITUKJIOB I10
MockBe yCTaHOBJIICHO, YTO JTMAIAa30H TEMIIEPaTyp
BO3/yXa B MCCIEAYEMOM HHTEpBaJIe BPEMEHH, IPH
KOTOPBIX 3KCIUTyaTHPOBAJICS 3JEKTPOOYC, COCTaB-
asn ot —13 mo +27 °C. Pacxom 3ieKTpol’Hep-
rug  m3Mensuics  oT  196,7 xBtu/100 kM o
211,1 kBt-4/100 kM. MuHUManbHBIA ~ pacxon
3a)MKCUPOBaH TpU TEMIIEpPAaType OKpY’Karolie-
ro Bo3ayxa +11 °C, a makcumanesHbIi ipu —12 °C.
Pasnuiia Mexay MakCHMMalbHBIM W MHHAMAJlb-
HBIM 3HAUYEHHWEM PacxXoAa dJIIEKTPOIHEPIUH COCTaB-
nsietr 7 Y.

213,0

N
iy
=
o

1/100 kM

209,0
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< 199,0
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195,0
-15

JICKTPOSHEPTUN

Pacxo,

-10 -5
TemnepaTypa okpyxatomiero Bozayxa, °C

0
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Puc. 1. Pe3ynbTaThl SKCIEPUMEHTA M0 PAcXOJLy SIEKTPOIHEPTHH MIEKTPOOYCOM IIPU IKCILTyaTaluH
B Pa3JIMYHBIX TeMIepaTypHBIX ycsoBusax Ha MapupyTte Ne M3K (Mocksa)

Fig. 1. Results of electric bus power consumption experiment
under various temperature conditions on route No M3K (Moscow)
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Puc. 2. Pe3ynbTaThl SKCHEPUMEHTA [0 PAcXOJLy SJIEKTPOIHEPTHH MIEKTPOOYCOM IIPU IKCILTyaTalluH
B pa3JINYHBIX TEMIEPAaTyPHBIX yCIoBUsIX Ha MapmpyTe Ne 10 (Tromens)

Fig. 2. Results of electric bus power consumption experiment
under various temperature conditions on route No 10 (Tyumen)

B pesynprate 00pabOTKM €3M0BBIX LHKJIOB IO
TroMeHM yCTaHOBIICHO, YTO JAWAIa30H TEMIIEpaTyp
BO3lyXa B HCCIIClyeMOM HHTEpBAJIE BPEMEHH, IPU
KOTOPBIX 3KCIUTYyaTUPOBAJICA 3JIEKTPOOYC, COCTABIISLI
ot =31 go +26 °C. Pacxon 2meKTpo’HEepPTrur H3Me-
wsuicst ot 87,6 kxBu/100 kxm 10 140,4 xB1-1/100 xMm.
MunuManbHeI pacxo] 3a(UKCHpOBaH MpPU TEM-
neparype OKpykaromero Bozayxa +14 °C, a mak-
cumanbhblil ipu —31 °C. PasHuna MexJy Makcu-
MaJIbHBIM ¥ MHHHMAJIbHBIM 3Hau€HHEM pacxoja
3NEKTPO3HEprun coctasisier 38 %.

Ha npeacraBnennsix rpadukax puc. 1 u 2 Bua-
HO, 4TO NPH TEMIEpaTypax OKPY)KaloLIero BO3-
nyxa oT +5 °C u Hwxke HaOMOZAeTCS HEKOTO-
poe yBenuueHHe 3JIEKTPOIHEPTUH, KoTopoe Oojee
BBIPOKEHO AJISl DJEKTpoOyca, SKCIUTyaTHPYyeMOTro
B TromeHu. MOXHO HpeanoyIOKUTh, YTO PACXO]
ANEKTPORHEPTUH TpU TemrepaTypax Humxke +5 °C
YBEITMUMBACTCS, MPEKAC BCEro, 3a CYET CHCTEMBI
MOJOTpeBa aKKyMYJIITOPHBIX OaTapeid (Ha poccuid-
CKUX 3JIEKTpoOycax yCTaHOBJIEHA CHCTEMa TEPMO-
CTaTHpPOBAaHUA JUIsI 000TrpeBa TATOBBIX aKKyMYyJIs-
TOpHBIX Oartapeii). M 4eM HWke 3HAYCHUS TEM-
nepatyp, TeMm Oojiee NPOAOIKUTEIBHOE BpEMS

paboTaeT IaHHAas CUCTEMa M PACXOAYET NOIOIHH-
TENBHYI0 3HEpruto. Takum 00pa3oM, MOXKHO CKa-
3aTh, YTO TEMIIEPATYpPa OKPYKAIOIIETO BO3IyXa
BJIMSIET HA PacXo/l AIEKTPOIHEPTUH HE HaNpsMYIO,
a KOCBEHHO, BCJEJCTBUE (PYHKI[MOHUPOBAHUS CH-
CTEMBI TEPMOCTATHPOBAHMUSL.

Ha ocHoBe mocTpoeHHBIX rpaduyeckux 3aBH-
cumocteit (puc. 1 u 2) B mporpamme Microsoft
Excel paccuntansl perpeccCHOHHbBIE KBaJpaTHIHBIC
MaTeMaTHYECKHe MOJIENN, ONMCHIBAOIINE 3aKOHO-
MEPHOCTh HM3MEHEHMs Pacxolia 3JIEKTPOIHEPTUH
3nIeKTpodycaMu:

JJ1s1 Mapuipyta B Mockse

O kamas = 0,0121t,2 — 0,5527t, + 203,6; (1)
JUIg MapupyTa B TIoMeHU
O a3 = 0,0097t,2 — 0,7958t, + 106,77, (2)

rae t, — ¢pakTnyeckas cpeHeCyTOYHAs TeMIIepaTy-
pa oKpy»aroiero Bo3ayxa, °C.

Hexortopeie cTatucTudeckue XapaKTEpPUCTH-
KM MaTeMaTHueckux mozeneit (1), (2) momydeHs
C WCTIOJB30BaHMEM IporpamMmbl Statistica 8.0 u
MpeacTaBiIeHbl B Ta0I. 3.

Tabauya 3
CTaTHCTHYECKHE XAPAKTEPUCTHKH MaTeMAaTHIECKHX MO/eeil
Statistical characteristics of mathematical models
HoMeb Mapiibya Koaddunuenr Cpennss ommbOka Kpurepuit -
OMEp MapipyT netepmuHaLuH, R? anmpoxkcumanuu, % ®umepa F (0,95) paTep
Oy kAMA3, N M3K 0,89 2,2 360 206
Oon stuaz, Ne 10 0,85 4,7 1009 64
Hayka
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IlpoBoaga aHanu3 3HAYEHUW CTATUCTHYECKHUX
XapaKTEePUCTHK, MPEICTaBICHHBIX B Ta0I. 3, MOX-
HO 3aKJII0YUTh, 9TO KOX(DGUIMEHTH AeTepMHUHA-
muu 0,89 u 0,85 CBHIETENBCTBYIOT O TOM, YTO Ha
JOJI0 BapualMd TEeMIIEPaTypbl OKPYKAroIIEero
BO3/yXa MPUXOIUTCA OONbIIasg 4acTh MO CpPaBHe-
HHUIO C OCTalbHBIMU (DakTOpamMH B MOJEINH, BIHS-
IOIIMMH Ha W3MEHEHHE Pacxofa dJIEKTPOIHEPTUH.
TakuMm 00pa3oM, NOJTy4YEeHHBIE MaTeMaTHUECKHE
MOJIENIM UMEIOT BBICOKOE MPAKTHYECKOE 3HAYCHHUE.
Cratuctudeckass 3HAYMMOCTh  KOI((UITUEHTOB
NOATBEPXKICHA 3HaueHUAMH kputepus CTbhromeH-
ta (t-xpurepus). Mcxomst w3 TOro, 4TO CpemHsS
omnOKa anmnpoKCUMaluy He mpeBblmaeT 5 %, no-
JIYUYCHHBIC MOJECJIM MOXXHO HCIIOJIB30BaTh B Kaydc-
cTBe perpeccud. 3HaueHus kpurepus Pumepa F
IpU YpPOBHE JoBepuTelabHON BepostHocTH 0,95
Oonplie TaONMYHOTO, CIIEOBATEIbHO, perpeccu-
OHHBIC MOJCJIM aACKBATHO OIIMCBIBAIOT BJIWAHUC
TeMIepaTypbl OKPY’KAalOLIEro BO3AyXa Ha pacxon
SHEPTUH.

B 2020 r. B Muncke uccienosaiack pabota
anekrpodycoB  AKCM-E321, AKCM-E433 mpu
9KCIUTyaTallMy Ha TOPOJICKUX MapuipyTtax. JlaHHbie
0 pabore 3eKTpoOycoB 00pabOTaHBI W CIPYII-
MUPOBaHbl (OIpeNeNeH YIAENbHBIN pacxon 3Jek-
TPOBHEPTHH TIO KaXKIOH MOJIECIH, TIPUBEJICHA CPEJI-
HEMeCsYHasi TeMmIepaTypa Bo3ayxa). Pe3ymbrarsl
UCCIeIoBaHus mpeacTaBiensl Ha puc. 3. 1o cxo-
e MeTOJMKe C MPUMEHEHNEM CPEICTB CTaTUCTHU-
YECKOIro aHaln3a TOJIyYeHBI 3aBHCUMOCTH yIEIb-
HOT'O pacxoja 3JIEKTPOIHEPTHH OT CpeaHeMecsd-

%
T,

S,

b

n

HOW TeMIepaTypbl BO3AyXa, pe3yjibTaThl Mpel-
cTtaBieHbl Ha puc. 4. CienyeT ydecTh, 4TO JaHHbIE
MOJIEJIN JEKTPOOYCOB UMEIOT AU3EIBHOE OTOIUIE-
HHE W He OOOpYZOBaHBI CHUCTEMaMH KIMMaT-
KoHTpons. Takum oOpa3oM, BIHSHHE COITYTCT-
Bylommx (haKTOpOB Ha TOIYYCHHBIE YAEIbHBIC
3HAYEHHs] PacxoAa JIIEKTPOSHEPTHH MHHHUMAh-
HO ¥l MBI UMEEM JIEJI0 C yJIENbHBIM PacXOI0M JIIEK-
TPOSHEPTHH Ha TIATY TPAHCHOPTHBIX CPEJICTB
C ANEKTPUYECKUM TIPUBOJIOM (C YUETOM peKymepa-
LMY 3HEPTUN).

[Nockonbky 3mexktpodycst AKCM-E321, AKCM-
E433 peanuzoBansl mo kxonmeniuu OC ynbTpa-
OBICTPOH 3apsiIKK B MpoOLiEcce DKCIUTyaTally MPH
HU3KHUX TeMIepaTypax, BHISIBIEHB HEKOTOPHIE I0-
MTOJTHUTENbHBIE (DAaKTOPHI, BIHSIONINE HA PEKUMBI
WX JKCIutyatanud. K HAM OTHOCHTCS HEIUIOTHOE
MIpUJIETaHAe B TOYKE KOHTAKTa YTOJBHON BCTaBKU
nanTorpad)a K KOHTaKTHBIM IIMHAM 3apsIHON
craniun mozaenu C3A-01(600V/500A), B pe3yib-
TaTe 4Yero IPOUCXOIUT BBITOPAHUE YrOIBHON
BCTaBKH MaHTOrpada, a B 3MMHEE BpEMsI 3TO NpH-
BOJIUT K €€ CKoJIaM. YTOJIbHasl BCTaBKa MaHTOrpa-
(a TpedyeT NONOTHUTEILHOIO BHUMAHHUS, OUUCTKU
OT Harapa, Takhe >Xe JIeHCTBHS HEOOXOAMMBI U
KOHTaKTHBIM IIMHAM 3apsgHoi craHiwu. [loBbI-
LICHWE KOHTaKTHOTO CONPOTHUBIICHHS W MaJCHHUE
HaNpsDKEHUS] B 3MMHEE BPEMsI BBI3BIBAIOT yBeIHYe-
HUE BPEMEHH 3apsIKd, CHIKCHUE €€ KauyecTBa;
00OpyZiOBaHWE 3apsAHBIX CTAaHIWN MOJBEPKECHO
3aMep3aHuI0, HEOOXOUMBI JIOTIOJTHUTEIEHOE Bpe-
Ms M CPEJICTBA JIJIsl €r0 00CITy )KUBAHHUS.

CpepHemecsuHas Temnepartypa, °C
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Puc. 3. Pe3ynbTaThl HcClieIOBaHUS YACIBHOTO PACX0/A MIEKTPOIHEPTUH HIIEKTPOOYCOB
C CYMEepKOHIEHCATOPHBIMH HAKONUTENISIMU 3HEPrun B MHHCKe

Fig. 3. Results of the study of specific electricity consumption of electric buses
with supercapacitor energy storage devices in Minsk
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YaenbHbIR pacxod anexTpoaHeprM, KBT-4/km

y =0,0007x* - 0,0254x + 1,558
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Puc. 4. Pe3ynpTatsl cTaTHCTHUECKONH 00pabOTKH 3aBUCHMOCTH yIEIBHOTO pacXoa IeKTPOIHEPTUI
OT CPEJHEMECSIYHON TeMIIepaTyphl BO3LyXa 3JEKTPOOYCOB C CyNEPKOHIEHCATOPHBIMH HAKONUTENIIMH 3HEPTU B MUHCKe

Fig. 4. Results of statistical processing of dependence of the specific power consumption
from average monthly air temperature of electric buses with supercapacitor energy storage in Minsk

TleperpeB cHUIIOBON 3JIEKTPOHMUKK 3apsAIHOM
CTaHIMH TIPU HETPEPHIBHOM HCIIOJIb30BaHUHU MPH-
BOJUT K cpa0OaThIBAHUIO 3aIUTHI IO IEPETPEBY,
B pe3yJbTaTe 4ero MPOWCXOAWT OTPaHWYCHHE 3a-
PSAHOTO TOKA W YBEIHYEHHE BPEMEHHU 3apsiiKH,
B YCIIOBUSIX CHETOIAJOB pa3MELIeHHE U MO3UIHO-
HUPOBaHUE »JJeKTpoOyca K IIHHAM 3apsAgHON
CTaHIIMH 3aTPYIHEHO.

BbIBO/JbIL

1. YcraHOBNIEHO, YTO IpPU CXOXKHX TEXHHUYE-
CKHX XapaKTepHCTHUKaX dJIEKTpoOycoB (C yueToMm
BBEJICHHBIX OIPAaHUYEHUI 3KCIIEPUMEHTA U B OJH-
HAKOBBIX JIMalla30HaX TeMIlepaTyp) HaOlronaercs
3HAYUTENBHO OOJBIINHA Pacxo]] 3JICKTPOIHEPTUU
Ha Mapuipyte B MockBe 1o cpaBHeHHUIO ¢ Trome-
Hpto. Hampumep, npu temneparype +10 °C anek-
TpoOyc pacxonyer sHepruum Ooinbire Ha 51 %,
a npu —10 °C na 44 %. OTO MOXHO OOBSICHUTDH
Te€M, 4TO MapupyT B MOCKBe MPOXOIUT B IIEH-
TpaJbHOM YacTh ¢ OoJiee TIOTHBIM TPaHCIIOPTHBIM
IIOTOKOM, 4eM B TromeHu. Ha TroMeHCKOM Mmapii-
pyTe ecTh y4acToK (TpH CJIeIOBaHHHU B a3poOIopT
Y U3 HET0) MPOTSLKEHHOCTHI0 8 KM 0e3 peryiupye-
MBIX IEPEKPECTKOB U cBeTodopoB. Takum oOpa-
30M, 42 % sTOro Mapmpyra HpOXOAUT C YyCTa-
HOBHUBILICHCS CKopocThio. Emie omuum dakTopom
ABIISIETCSl KOJMYECTBO OCTAaHOBOYHBIX ITyHKTOB,
pa3roHOB U TOpMOXXKeHUU. Mcxons U3 XapakTepu-
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CTHK MapIIpyTOB YCTaHOBIEHO, YTO B MOCKBe
B cpemHeM Ha Kaxaeie 350 M MpUXOAUTCS OXHA
octaHoBka. B TioMeHu 3TOT mokaszatenb Ha 85 %
BEIIIIE — B CPETHEM PACCTOSHHE MEXAYy OCTaHOB-
kamu cocrtasisietr 2400 m.

2. Kak moka3zai 3KCIepUMEHT, JIJIT MOCKOBCKO-
ro mapmpyTta Ne M3K 3HauuTensHas A0 pacxo-
Jla SICKTPOIHEPTUH, TIPU MPOYUX CXOKHUX YCIOBH-
SIX, TIPUXOJIUTCSI HA CKOPOCTH JIBIDKEHUS B TpPaHC-
MMOPTHOM TOTOKE, & TaKXe KOJUYECTBO Pa3rOHOB
Y TOPMOXXCHHI TPU TOCAJKE U BBICAIKE TACCAKH-
poB. [l Tromenckoro Mapmpyta Ne 10 Gomee Be-
COMOM SIBIISIETCSI TEMIIEPATypa OKPYKAIOIIETO BO3-
nyxa. B oTpumaTtensHOM aManazoHe TeMIEpaTyp
YBEJIMUYCHUE pPAacXojia SHEPTHH OCYIISCTBATCS 3a
c4eT (YHKIHOHHPOBAHHUS CHUCTEMBI TEPMOCTATH-
pOBaHMS, TPEIHA3HAYCHHOW JUIS 00OTpeBa TSro-
BBIX OaTapeii.

3. Tenagenuusa yBenuueHus yAEIbHOTO pacxoa
ANIEKTPOIHEPTUU IO MEPE CHIDKCHUS TEMIIEPATyPhl
OKPY’)KaIOIIero BO37yXa MPOCIEKHBACTCA TaKKe
u urst anektpodycoB AKCM-E321, AKCM-E433.

CraTtbsa nogrotoBrneHa B pamkax peanusauum ocy-
[apCTBEHHOTO 3ajaHus B cpepe Hayku Ha BbINOMHEHWE
KONnekTMBamy HayyHbix nabopaTopuii obpasoBaTesb-
HbIX OpraHM3aLuuii BbicLLEro obpasoBaHusl, NoaBesoM-
CcTBeHHbIX MuHoGpHayku Poccun, no npoekty «HoBble
3aKOHOMEPHOCTU U peLueHuss Ans PyHKLUOHMPOBaHMS
rOPOACKUX TPAHCMOPTHLIX cucTeM B napaaurme “lMepe-
Xo4 OT BMaAEeHWUsi NYHbIM aBTOMOGUNIEM K MOBMMbHO-
cTn kak ycnyre”» (Ne 0825-2020-0014, 2020-2022 rr.).
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CoBpeMeHHOE COCTOSIHNE U MEPCIIEKTUBBI PA3BUTHS
ro0JIOBHOI'0 OCBECIIEHHUS TPAHCIOPTHBIX CPeICTB

Yacrs 1. CTaHuameaunﬂ H OCHOBHbBIC IIPUMEHACMbIC KOHCTPYKIIUH I'OJIOBHOT'0 OCBCIIICHUSA
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Pedepat. OcHOBHOI1 3aaueii ronoBHOrO ocBeleHus ((hap) TPAHCIIOPTHBIX CPEACTB SIBJISIETCS OCBEICHUE TOPOTHU AJist obec-
TedeHust 6e30MaCHOCTH JIOPOXKHOTO ABMOKEHUS. [IpHHIMIIBI KOHCTPYHPOBaHUS (hap TPAHCIIOPTHBIX CPEACTB OCTAIOTCS HEH3-
MCHHBIMH Y)X€ Ha mpoTspkeHnH 50-60 jeT, oJHaKo caMH COBPEMEHHBIE TPAHCIIOPTHBIE CPEACTBA 3HAYUTEIHHO OTIMYAIOTCS
OT CBOMX aHAJOTOB ITOJIyBEKOBOI maBHOCTH. COBpEeMEHHBIC aBTOMOOMIM OBICTpee, HMEIOT MCHBINNE rabapHTHYIO BBICOTY
U Maccy, 4TO YCIOXHSET 3a/ia4y 10 00ecreyeHno OE30IaCHOCTH AOPOXKHOTO JIBWKEHHUS B TEMHOE BPEMs CYTOK: BOAUTEIIIO
HY)KHO BHZETh AaJibllie, YTOOBI BOBPEMS OTPEAarupoBaTh HA M3MEHCHHE JOPOXKHOH OOCTAHOBKH, YTO SBIIIETCS KOCBEHHOM
TIPUYMHON YBEIWYIEHHs CHIIBI cBeTa (ap. M3-3a HH3KOH 1Mocafky BOJUTENH TOpa3/o Jalle ObIBAIOT OCNeIUIeHs! (apamu 1mo-
ITyTHOTO U BCTPEYHOTO TPAHCIOPTA, YTO IPHBOIUT K JOPOKHO-TPAHCIOPTHEIM IIPOUCHIECTBUSIM. Pacpenenenue cuibl cBeta
(dap TpaHCIIOPTHBIX cpeAcTB (0coOeHHO (ap ONMKHEro CBEeTa) MMEET PE3KYI0 CBETOTEHEBYIO IPAHUILY, OJJHAKO H3-3a 0O0Jb-
IO CHJIBI CBeTa (hap U HU3KOIO MX Pa3MELCHHS JlaXe PacCesHHBIA CBET MOXKET BbI3BaTh ocieruieHue. [loatomy TpeGoBaHus
K PE3KOCTH CBETOTEHEBOW I'PaHMIIBI CTAHIAPTHOTO PACIIpe/ieICHUs CHIIBI CBeTa (hap Bce BpeMsi yxkecTodaroTes. Jist ynosie-
TBOpPEHHS 3THX TPeOOBaHMII COBpEMEHHbIE IPOU3BOAUTEINH (Bap MPUMEHSIOT pa3InyHbIe TTOJX0/bI (HCIOIB30BAHHE MPOCKIIU-
OHHBIX CHCTEM, MaTpPHIl CBETOJAMUOMOB U T. I.), HO U3-3a OTCYTCTBHS OOLICNPU3HAHHBIX KpUTEpUEB 3()(GEKTHBHOCTH U CHIIBHO-
ro pasjanvusd ﬂnsar}'ma TPAaHCHIOPTHBIX CPEACTB KOHCTPYKIUHU IMOJTYYAKOTCA CIUIIKOM TSXKEJIBIMU, UMEIOT MaJTYI0 HaJIC)KHOCThH
U pecypc ¥ Hed(p(DEKTHBHBI B MCHONB30BaHUU YHEPIHMU HMCTOYHMKA CBeTa. B JIaHHOM cTaThe MPHUBOIUTCS KpaTKUH 0030p
HanboJIee 4acTo MCIOJb3yEeMbIX KOHCTPYKIHMI TOJOBHOTO OCBELICHUS U CIOCO00B ()OPMHUPOBAHHUS CTaHIApPTHOTO eBpomeii-
CKOTO KOHTHHEHTAJILHOTO pacrpe/erneHus cuibl cBeta dap. Ha ocHOBe 0030pa BBISBISIOTCS OCHOBHBIC MPOOJIEMBI IIHPOKO
MCIOJIb3yeMbIX KOHCTPYKIIUI TOJIOBHOTO OCBEIICHUS M CTaBUTCS 3a4a4a Mo (OpMyIMpOBKe TpeOOBaHUH U pEKOMEHAALM 110
KOHCTPYUPOBAHUIO IIEPCIICKTUBHBIX BUIOB I'OJIOBHOT'O OCBECUICHHWS TPAHCIIOPTHBIX CPEACTB.

Knwu4eBble ¢jioBa: TOJIOBHOE OCBEIICHUE TPaHCIIOPTHOI'O CPEACTBA, pACIPEACICHUE CUJIbI CBETA, Q)OpMHpoBaHI/Ie pacmpeac-
JICHHUs CHUJIbI CB€TA, a1allTUBHOC aBTOMOOHIILHOE OCBCUIICHUC
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Current State and Prospects for Development of Head Lighting for Vehicles
Part 1. Standardization and Generally Used Vehicle Headlamp Designs
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YBelarusian National Technical University (Minsk, Republic of Belarus),
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Abstract. The main task of head lighting (headlights) of vehicles is to illuminate the road in front of it to ensure road safety.
The design principles of vehicle headlights have remained unchanged for 50-60 years, but modern vehicles themselves differ
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significantly from their counterparts half a century ago. Modern cars are faster, have lower overall height and weight, which
makes it difficult for drivers to ensure road safety at night: the driver needs to see farther in order to respond in time to changing
traffic conditions, which is an indirect reason for the increase in headlight intensity. Due to the low landing, drivers are much
more likely to be blinded by the headlights of passing and oncoming vehicles, which leads to traffic accidents. The distribution
of the luminous intensity of headlights of vehicles (especially dipped beam headlights) has a sharp cut-off line, however, due
to the high luminous intensity of the headlights and their low placement, even diffused light can cause blinding. Therefore,
the requirements for the sharpness of the cut-off line of the standard headlight distribution are becoming more stringent all the
time. To meet these requirements, modern headlight manufacturers use different approaches (the use of projection systems,
LED matrices, etc.), but due to the lack of generally accepted efficiency criteria and the strong differences in vehicle design,
the structures turn out to be too heavy, have low reliability and service life, and inefficient in using the energy of light source.
This paper provides a brief overview of the most frequently used headlight designs and how to generate a standard European
continental headlight distribution. Based on the review, the main problems of widely used head lighting designs are identified and
the task is set to formulate requirements and recommendations for the design of promising types of head lighting for vehicles.

Keywords: vehicle headlights, luminous intensity distribution, shaping the distribution of light intensity, adaptive automotive
lighting
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BBenenne

B Hacrosiiiee BpeMsi CKOPOCTb TPaHCIIOPTHBIX
CPEICTB IIOCTOSHHO YBEJIHYUBAETCs, YTO 3acTaB-
JsieT BoauTeNell OblcTpee NPUHMMATh DELICHUE
0 TOpPMOXXE€HUM win noBopote. Ilosromy rpanu-
bl OCBEIIEHHON 00JacTH BIEpey TPaHCIOPTHO-
o CpeAcTBa IOJDKHBI OBITH KaKk MOYHO ILHUpE,
a OCBEIICHHOCTh — BbIIIE [1]. DTO 0COOCHHO Bax-
HO Uit ¢ap OJMKHErO CBETa, KOTOPHIE JOJIKHEI
o0ecrneuynuTh OCBeElleHHe 00JIaCTH, HaxOJsIIeics
HETIOCPEICTBEHHO TIepe]l aBTOMOOMIIEM U CIipaBa
oT Hero (i 0€30MacHOCTH MOBOPOTAa HANpPaBoO U
ocBemieHus: 000unHbI). OHAKO TPU yBETUYECHUU
pasMepoB OCBELIEHHOW 00J1aCTH U CHIIBI cBeTa (ap
BEPOSITHOCTh OCJICIJICHUS! BOJMTENEH BCTPEUHBIX
TPAHCHOPTHBIX CPEACTB 3HAYUTEIBHO BO3PACTAET,
YTO TOBBIIIAET PHUCK JTOPONKHO-TPAHCIOPTHBIX
npouctiectsuit (ATII) [2]. [ToaTromy B HacTosmee
BpeMsI [T YMEHBIICHUS] BEPOSITHOCTH OCJICTUICHHS
BOJIUTENICH BCTPEYHBIX TPAHCIOPTHBIX CPEJICTB
¢apbl (0co0OEHHO OJMKHErO CBETa) MMEHOT CTaH-
JapTHOE pacHpeneieHUe CUIbl CBETa C DPE3KOH
CBETOTCHEBOW I'paHUIIEH M CTPOTMM JOIIYCKOM Ha
«pa3MBITHE» CBETOTEHEBOM I'PAHHMIIBI 33 CUET pac-
CCHBAaHUS CBETA, a TAKXKE y HUX MOTYT MMEThCS
aJlaliTUBHBIC CBOMCTBA, KOTOpBIE TO3BOJISIIOT W3-
MEHSITh paclpesielieHue CUIIbl cBeTa (apbl B 3aBU-
CUMOCTH OT OOCTaHOBKHM Ha jgopore. OqHaKo co-
BpPEMEHHbIE KOHCTPYKIIMM TOJIOBHOTO OCBellle-
HUSI TPAHCIIOPTHBIX CPEACTB UMEIOT Psill MpooiieM,
MIOUCKY PpEIICHUH KOTOpBIX IIOCBSILEHA JaHHas
CTaThsl.
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TpeGoBaHusI K TOJI0BHOMY OCBEIIIEHUIO
TPAHCIOPTHBIX CPEACTB

B mHacrosmiee Bpemsi pabodei Tpymmou 1o
ocsemenanio EC OOH WP 29 mpaktuyecku 3a-
BEpILEHa MHOTOJETHSST paboTa MO pa3paboTke
TpeOOBaHUH, KOTOpbIE IMpPHU3BAaHBI 3aMEHHUTH BCE
MPEIIECTBYIOIINE C YYETOM HOSBUBIINXCS HOBBIX
MOIXOJI0B K KOHCTPYHUPOBAHHUIO CUCTEM T'OJIOBHOTO
OCBEILIEHUS] TPAHCIIOPTHBIX CPEICTB C COBPEMEH-
HBIMH HCTOYHHMKaMHU cBeTa. B uwacTHocTH, mpeny-
CMOTpEHa HOBas MapKHUpOBKa (ap C yKa3aHHUEM
Pa3IMYHBIX HICTOYHUKOB CBeTa (TaJOTCHHBIE JaM-
TBI, CBETOJIMOJIBI U T. T1.), BKIIFOUEHBI (hapbl C TOPH-
30HTaJIBHBIM PACHpeACICHHEM CBETOBOTO IOTOKA,
ucnonszyemsle B CIIIA, uro orpaxkeno B IlpaBu-
nax OOH Ne 149 (kxotopsie AEHCTBYIOT B TOM YHC-
e u Ha Ttepputopun PecnyOnmku bemapycs) [3].
OcCHOBHBIE KaTeropuM U CHMBOJIMKA 0OO3Haue-
HUN (ap 1Mo HOBOW KiaccH(UKAIMUA TIPUBEICHBI
B Tabn. 1 [3].

B cootBerctBum ¢ Ilpammamum OOH Ne 149
pacrpeneneHus CHIbl cBeta ¢ap OMMKHEro CBeTa
WUMEIOT BHJ, MOKa3aHHbIM: HA puc. la — Heaxam-
tuBHBIX Kateropuii C, HC; Ha puc. 1b — agantus-
Hoil kareropuu XC.

Kax BugHO u3 puc. 1, U y amanTHUBHBIX, H Y
HEaJaNTHBHBIX (ap pachpeselieHne CHIIbI CBeTa
COJICPKHT SIPKO BBIPRKEHHYIO CBETOTEHEBYIO Ipa-
HUILy (JIOMaHas JTUHUS ¢ HayayoM B Touke —4L0H,
TOUKOH mepenoma ¢ koopauHatamu OHOL u okoH-
yauueM B Touke 1,5R1,5H). Mmenno ona oGec-
MEYNBAET OTCYTCTBHE OCJEIJICHHUS Y BOAUTENCH
BCTPEYHBIX TPAHCIIOPTHBIX CPEJICTB.
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Tabauya 1
OcHoBHBIC KaTeropuu pap
Main categories of headlights
Oroub ((pyHKIHs) CumBon
Lamp (function) (Symbol)
Driving beam headlamp of Class A dapa jajbHEro cBeTa Kiacca A R
Passing beam headlamp of Class A (asymmetrical) ®apa GukHero cBera kiacca A (aCHMMETPUYHBIH JIyd) C
Driving beam headlamp of Class B ®apa nanpHero cera kiacca B HR
Passing beam headlamp of Class B (asymmetrical) dapa OnmKHEro cBera Kiacca B (acuMMeTpuyHbIi 1yY) HC
Driving beam headlamp of Class D (GDL) dapa panpHero ceera kiacca D (TPJI) DR
Passing beam headlamp of Class D (GDL asymmetrical) fy"f{p)a Ominero epera inacea D (IPJT, acummerpusbIii DC
Adaptive Front lighting System (AFS): basic passing beam Aﬂanmf' Has cucrema nepemero ocsemenns (ACTIO): XC
0a30BBbIi Ty4 OJIMIKHETO CBETa
Adaptive Front lighting System (AFS): motorway passing |AnanrusHas cucrema nepeauero ocsenierus (ACIIO): XCE
beam JIy4d OJIMKHETO CBETa JJIA ABUKCHUSL 110 aBTOMArucTpain
Adaptive Front lighting System (AFS): town passing beam AnanTuBHaz cuctema nepeanero ocsemenus (ACIHOY); XCV
JIy4 OJIMYKHErO CBETA I IBUKEHHUS B 4epTe ropojaa
Adaptive Front lighting System (AFS): adverse weather AnanTuBHas cucTema nepeaero ocseieHns (ACTIO):
) Jyd OJNVDKHETo cBeTa IPU HeOIaronpHsATHRIX OTOJHBIX XCW
passing beam
YCIOBUAX
Adaptive Front lighting System (AFS): driving beam AnanTuBHaz cuctema nepeanero ocsemenus (ACHO): XR
J1y4 JAJIBHETO CBETA
Passing beam headlamp of Class AS (symmetrical) dapa OnmkHEro cBera Kinacca AS (CHMMETPHYHBIHN J1yY) C-AS
Passing beam headlamp of Class BS (symmetrical) ®apa GukHero cBera kiacca BS (cumMerpuanslii 1yq) C-BS
Passing beam headlamp of Class CS (symmetrical) ®apa Gikaero cBera kiacca CS (cHMMETpHYHBIH JTy4) WC-CS
Passing beam headlamp of Class DS (symmetrical) Dapa OnmkHero ceera Kinacca DS (CHMMeTpUYHBIHN J1yY) WC-DS
Passing beam headlamp of Class ES (GDL symmetrical) fyﬁ:{p)a Omuxrero ceera knacca ES (I'PJL, cnmmerpinbiit WC-ES
Driving beam headlamp of Class BS ®apa nansHero cera kinacca BS R-BS
Driving beam headlamp of Class CS dapa panpHero ceera kinacca CS WR-CS
Driving beam headlamp of Class DS dapa panpHero ceera kiacca DS WR-DS
Driving beam headlamp of Class ES (GDL) ®apa nansuero cera kiacca ES (I'PJI) WR-ES
Front fog lamp Class F3 Iepenuss npoTuBoTyMaHHas apa kiacca F3 F3
Cornering lamp OroHb MOJICBETKH MOBOPOTA K
a
6 |
rpaa. B1 B2 B3
4 @ & Y
1 Zonell ! 1
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2 [ ] @
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rpa. S50LL s50! S50RR C KOHTPOJIbHBIMH TOYKAMH JIJII H3MEPEHUS paCIIpEAeICHUs
4 ~|‘- ------ Y0 (gl g e 1 * OCBEILIEHHOCTHU 17151 (hap ONMKHEr0 CBETa B COOTBETCTBUH
2 $100LL iswe $100RR ¢ [IpaBunamu OOH Ne 149 (mpaBocTOpoHHEE JIBIDKCHHE):
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Buj naHHOW rpaHuUIBl B HOUYHBIX YCJIOBHUSIX Ha
JIOPO’KHOM TIOJIOTHE TIOKa3aH Ha puc. 2. CBeToTe-
HEeBas TpaHMIlA TOKa3aHa JIMHWEH Oeyoro IBera.
O6nacth, 0003HaucHHAs «JlaIbHUI CBET», SIBIISCT-
cs paboueit 1 dap AaTbHETO CBETA M MPUBOIUT-
Cs JUTSI CPAaBHCHUS.

JdanbHHI cBeT

B50L - High beam lights
®

///EOL . ]
- /Or:emm CHJIA

/ Axial himinous in

Puc. 2. Bun pacnpeencHus OCBELCHHOCTH Ha JOPOre
13 KaOuHBI BomuTes [4]

Fig. 2. Type of illumination distribution on the road
from the driver’s cab [4]

W3 puc. 2 xopouio BUIHO, YTO TpU PE3KOIl CBe-
TOTEHEBOH I'PaHUILIE OCJICIUIEHHE BCTPEYHbIX BOAU-
Tele MaJoBEpPOSATHO M BO3MOXKHO TOJBKO NpHU
OTPaKEHUU OT BOABI WM JIbJa HA JIOPOKHOM IIO-
KPBITHH.

[Ipoekuus KOHTPONBHBIX TOYEK Ha JOPOIKHOE
HOKPBITHE [IPHUBEACHA Ha puc. 3.

W3 puc. 2 1 3 BUIHO, YTO €CIM TpaHUIA CBETA
U TeHn cpopMHupoBaHa HE PE3KO, YACTh CBeTa Oy-
JIeT HallpaBJIeHa BBIIIE TOPU3OHTAIU. DTO SABISET-
C1 OCHOBHOM IIPUYMHOHN OCIEINIEHUS BOJIUTENEH
BCTPEYHBIX TPAHCIOPTHBIX CPEACTB, YTO OOBIYHO
npuBoaut K TII. IlpuumHOil Hepes3koil cBeToTe-
HEBOH I'PaHULBI SIBJISETCS] B OCHOBHOM UG PaKLus,
OJITHAKO MHOT'Ja CBETOTEHEBAask IPaHNULIA CTAHOBUTCS
HEUYETKOW M3-3a CMEIICHUS! UICTOUHHMKA CBETa (aphl
OT TPOEKTHOIO TIOJIOKEHHUS] WIM HETOYEUHOCTHU
WCTOYHMKA CBETa (HampuMmep, IJIMHHOE TEJI0 Haka-
Jla JIaMIIbl, IMHEWKa CBETOAMOAOB C KpPHCTAJUIaMHU
CPaBHHUTEIBHO OOJNBLIOTO pa3Mepa W/HIH HECHM-
MeTpudHOH (opmbl). Kpome Toro, menecoobdpas-
HBIM SIBIISIETCS JOMOJHUTENLHOE OCBEIIeHHE 000-
YUHBI, B TOM YHCJIE TIPU TIOBOPOTE TPAHCIOPTHOTO
CPEJICTBA, YTO HAIIJIO OTpaK€HHE B KOHCTPYKLUHU

10 20 30

25k
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alanTUBHBIX (ap, MOBOPAYMBAIOIIMX CBOM Jyd
BCJIE]T 33 TOBOPOTOM PYJIsl TPAHCIIOPTHOTO CPEICTBA.

CoBpeMeHHbIE THIIOBbIE KOHCTPYKIUHU
T0JIOBHOTO OCBeLICHUS
TPAHCHOPTHBIX CPEICTB

Koncmpyxyuu ma ocnoee namn uakanusea-
Hus (JIH) SIBISIOTCS TPamWITMOHHBIMHU JIJISI TPaHC-
nopTHBIX cpenactB [5]. B Hacrosimee Bpemst JIH
Han0oJee paclpoCTPaHEHBl B KaueCTBE HMCTOYHHKA
cBera s (ap, 0coOEHHO B OIOPKETHOM CErMEHTE
ABTOMOOHJICH M CENbCKOXO3SMCTBEHHON TEXHHUKH,
TaK Kak JIETKO OO0eCIeYrBaIOT HYKHBIH CBETOBOW
MOTOK ¥ TP 3TOM CPaBHUTEIBHO HEIOpPOTHE, He-
cMoTps Ha pecypc nopsaaka 500 u. Heroueunoe teno
Hakajia JieJlaeT HEBO3MOXKHBIM (DOPMHPOBaHHE pe3-
KO CBETOTEHEBOW I'PaHMILIbI TOJIBKO 3a CYET ONTUYE-
CKHX JIeTaiell, T03TOMy NPUMEHSIOT MHOTOHUTEBBIE
JIH, B KOTOpBIX MpeayCMOTPEHA IITOPKA B BEpXHEH
YaCTH JIaMIIbI VISl 3aTCHEHUS HIDKHEW YacTH CBETO-
Boro notoka JIH. 3a cuer mpuMeHeHHs MeTayUTU3U-
POBaHHOTO WJIM METANTMYECKOro pedrieKkTopa CBeT
JIH nHampaBmsieTcss Ha JOPOXKHOE TOJIOTHO (HIDKE
TOPU30HTAIM), YTO OOECHEeYMBAECT JOCTATOYHO pe3-
KyI0 CBETOTEHEBYIO I'paHHIly. [|JI1 TOMOIHUTENBHON
KOppeKuuH (OpMBI pacrlpeneneHus] CUIIbl CBETa B
JTAHHON KOHCTPYKIIMM MOXET TPHMEHSTHCS BHEII-
HHUI pacceunBarens. Hemoctatkom nanHOro crocoda
(opMHUpOBaHHUS paCIpe/ieNiCHUs] CHJIbI CBETa SIBIIS-
FOTCSI TIOTEPH CBETOBOTO IMOTOKA OT HUTH OJIMKHETO
cBeta, yro npu MaioM KII/I JIH npuBonut k Hu3KOM
cBeToOoTaaYEe (Qapsbl.

Bpewmst napaboTtkn mo otkaza JIH Taxke HeBe-
ko (okoso 500 9) m MOXKET YMEHBIIATHCS OT
ylapoB, BHOpallMOHHBIX BO3JEHCTBUI W HecTa-
OWJIBHOCTH HANpsOKEHUS B OOPTOBOM CETH TpaHC-
MIOPTHOTO CPEJICTBA.

I'anorennsie JIH ucnons3ytoTcs B OMHOHUTEBOM
BapHaHTe 10 MPHUHIHITY, TOKa3aHHOMY Ha pHC. 4.

70 B0 m

25R

75k e

Puc. 3. PacmosiokeHre TOUeK H3MEPEHHS PAaCIpe/IeICHUs OCBEIICHHOCTH Ha MOBEPXHOCTH A0pOTH [4]

Fig. 3. Location of measurement points for illumination distribution on the road surface [4]

Hayka
wrexHuka. T. 22, Ne 1 (2023)

63



Tpancnopm

JlanbHUM CBET BKIIIOYEH, IITOPKA OIyIlEHa
High beam light is on, shutter is lowered

bivoxkHMI CBET BKIIIOUEH, LITOPKA MOAHATA
High beam light is on, shutter is lowered

Puc. 4. KoHctpykuus Gapsl ¢ TaJIOreHHOW OTHOHUTEBOM JIaMIT0il HakaauBaHus [4]

Fig. 4. Headlight design with halogen single-filament incandescent lamp [4]

B dapax ¢ ramorennsiMu JIH cBeToHETpOHH-
1aeMasi ITopKa Jisi JOPMHUPOBAHHS CBETOTEHEBOU
TPaHUIBI UMEETCS BHYTPHU camoil ¢apbl U yIpaB-
JSETCSl MEXaHW4YeCKd. Eciau mTopka HaXOMUTCS
B BEpXHEM IMOJOXEHUH, TO ¢apa paboTaeT B pe-
JKUMe ONKHEr0 CBETa, €CIIM IITOpKa He TOIHS-
Ta — jgaibHero. B kadecTBe Jeraneid BTOPUUYHOM
ONTUKU TPHUMEHSIOTCS PedIeKTop, COOMparomIuii
CBET B MyYOK, 1 MaccHMBHas JHMH3a, KOTOpas I03-
BOJIIET CIIPOEIIUPOBATH CBETOTEHEBYIO TPAaHUILY Ha
nopory. Takum o0pasom, (apa JaHHOH KOHCTPYK-
UM TIPEeCTaBsieT coOO MPOEKIMOHHYIO CHCTe-
My, CO3JAIONIyI0 Ha JA0Opore M300pakeHue Kpas
HITOPKH, KOTOPOE MOBTOPSIET CTAHAAPTHYIO CBETO-
TEHEBYIO TPAHUILY.

Henocratkamu JaHHOW KOHCTPYKLMH SBJISIFOT-
Csl TIOTEpU CBETOBOTO MOTOKa (IITOpKa €ro 3ajiep-
JKUBACT WM PACCEUBACT) U HAJTUYUE JIBHKYITUXCS
JeTaneil BHYTpH (apbl, YTO yYMEHbBIIAeT HaIekK-
HOCTh (bapsl (hapa OTKa3bIBAET, C€CIIM BBIXOIUT U3
CTpOs JIaMIia, IITOPKA WM MEXaHW3M ISl TO/IHS-
TUs/onyckaHus mTopkn). M3-3a Oonpiioil Temme-
patypsl ranoreHoBoit JIH nuH3a nomkHa OBITH M3-
TOTOBJICHA U3 CTEKJIA, YTO YBEITUYNBAET CTOMMOCTD
u maccy dapel. Tarke HaOIIOMaeTCS BHITOpPAHHE
peduiekTopa, 4To yMEHBIIACT CHUITY CBeTa (aphbl.

JaHHas KOHCTPYKLHMSI M3BECTHa JOCTaTOYHO
JTABHO, 3allaTEHTOBAHO MHOXXECTBO €€ THIOB (Ha-
npumep, nareHtr US 8029176 [6], BblmaHHBIN
B 2011 r., KOTOpBI{ OTIAMYAETCS CIELUATBLHON
(hopMOl ITOPKU JUISI KOMITCHCAIMH JU(PAKIIUN
Y yMEHBILIEHUS PacceMBaHMs CBETa), HO MOCTOSH-
HO TIOSIBJISIIOTCSI HOBBIE (HAIIpHIMeEp, 3asBKa Ha Ia-
tent US 2013/0258695 [7], oTiiMyaroiascs 3Jek-
TpOABUTATENEM, CIIOCOOHBIM HE TOJBKO MOAHU-
MaTh M OIYCKAaTh IITOPKY, HO U BPAIllaTh €¢).

Takum 06pa3oM, KOHCTPYKITMU Ha ocHOBe JIH
He SBISIOTCS A((EKTUBHBIM PEIICHUEM, TaK Kak
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y HUX Majas cBeToBas d(h()EKTUBHOCTH (HM3-3a Ma-
noro KIIJI uctounmka) u OonpLive MOTEPH, CBA-
3aHHBIE C HaTHMYUeM HeIP(PEKTUBHO HCIIONB3YIO-
el CBeT MTOPKHU MO0 B MCTOYHUKE CBETA, OO
B (hape.

Koncmpyxkyuu Ha ocuose ceemousnyuarouux
ouooog (CH/]) oTnu4aroTcs OT KOHCTPYKIWA Ha
ocHoBe JIH B OCHOBHOM HampaBj€HHOCTBIO pac-
mpenesyieHns Cuiibl cBeta. KpoMe Toro, cBetommo-
Bl WMEIOT JIydIllee JFOMEH-BAaTTHOE COOTHOIIIe-
HUE, MEHBIIMN pa3Mep M JIyYIly} HaJEXKHOCTb I10
cpaBHeHuto ¢ JIH. IlporHosupyercsi, 4to MHpO-
BOW PBIHOK CBETOAMOIHBIX (ap TPaHCIOPTHBIX
cpenctB k 2024 r. yBenuuutcs Ha 2,34 Mipz IO
CHIA 1o cpaBuenuto ¢ 2020 r. [8]

Hns ucnons3oBanmst CUJ| B kadecTBe MCTOU-
HHKa cBeTa B (hapax ObUTH CO3JaHbI «3p3all-JIaMITbl
HaKaJMBaHU», CXeMa OJTHOW M3 KOTOPHIX MPUBO-
JIUTCS Ha puc. 5.

Puc. 5. JIByxHuTeBas 1amMIia HakaJuBaHUs (CIpaBa)
U €€ CBETOIMOIHBIN aHasor (cieBa). [1ooxeHne HCTOYHUKOB
CBeTa UICHTHYHO y 00enX KOHCTPYKIIUH

Fig. 5. Double-filament incandescent lamp (right)
and its LED counterpart (left). The position
of the light sources is identical for both designs

Takol MoIX0A MO3BOJISIET 3aMEHATh ABYXHUTE-
Beie JIH Ha CHJl Ge3 u3MeHeHHs KOHCTPYKLUH
¢ap (anrm. retrofit), Tak 4T0 OCHOBHBIMU JIETATAMH
BTOPUYHOHN ONITHKH B (hape ocTaroTcs napadonnye-

Hayka
urexHuka. T. 22, Ne 1 (2023)



Transport

CKHil peduiekTop, paccemBaTeNb (JIMH3a) M dKpaH
Ui (hOpMHUpPOBaHUSI CBETOTEHEBOM TpaHULbl (OH
MOXKET OBITh YCTaHOBJIEH NPSAMO Ha CBETOJINOJ
B «@p3am-namiey). CepuifHbIe W3S TaKOTO TH-
ma B HACTOSIIEE BpEeMs BBIMYCKAIOTCS MHOXe-
CTBOM (hHUpM.

Henoctatkn Takoil KOHCTPYKUUH SIBISIOTCA
CYMMOM HEIOCTAaTKOB KOHCTPYKIMH Ha ocHoBe JIH
n CHU/I: motepu CBETOBOTO MOTOKA M3-32 HATUYHUS
JKpaHa, HEPe3KOCTh TPAHUIBI CBET — TEHb, UyB-
CTBHUTEJNBHOCTh K TEPETpeBy (CBETOBOW MOTOK Te-
psieTcs Ha 3KpaHe, modToMy ToK uHxkekuuu CHUJL
YBEIMYUBAIOT ¥ MPOUCXOIUT TIeperpeB), HETOUEU-
HOCTh CBeTsIIeics: obmactu. Kpome Toro, B crek-
Tpe OeNoro CBETOAWMOAA BEJHMKA JIOJIS CHHETO W3-
JMy4eHHsI OT KPUCTaJlIa, ¥ TIO3TOMY TP TPOEIHPO-
BaHUM B pe3yJbTaTe JUCICPCHHM Kpall TIpaHHIIbI
CBET — TeHb OyAET CHHEro LBETa, YTO MPOTHUBOpE-
YUT CTAaHJAPTY W NPUBOIUT K Oojiee MEAJICHHOMY
BOCCTaHOBJICHUIO 3PEHUS Y OCIEIUICHHBIX BCTpEU-
HBIX BOJUTENEH.

Crnenyer OTMETUTH, YTO BOIUTEIH CKJIOHHBI
CaMOCTOSITETIFHO 3aMEHSTh TaJOr€HOBBIE MHOTO-
nuteBble JIH Ha KceHOHOBBIE JaMIlbl WKW Ha OT-
nensHble CU/] (kyctapasie CUl-moxynn) B hapax
MIPUHAISKAIIAX UM TPAHCIOPTHBIX CPEACTB, YTO-
Obl CHU3UTH NOTpEOJIeHHE SHEPTHH M YIy4IIUTb
apdexTrBHOCTh (ap. 3aMeHa, Kak HpaBUIIO, MPO-
M3BOJUTCS KyCTapHBIM CIIOCOOOM, W TTOATOMY FHC-
tounuku cBeta (CH/] mim KCeHOHOBBIC JIAMITBI) HE
pacrnoJiararoTcsi B MICHTUYHBIX HUTSIM Hakana JIH
MecTtax. M3-3a 3TOrO mMEpeoOOpyqOBaHHOE TaKUM
00pa3oM TrOJOBHOE OCBEILCHHE HE TOJBKO HE CO-
OTBETCTBYET TpeOOBAaHUSAM, TPEABIBIAEMBIM K
pacTpeneNneHli0 CHUITBI CBeTa, HO W SBISETCS HC-
TOYHUKOM OIIACHOCTH Ha JOpOre: ero Hepeskas
CBETOTEHEBAsl TPAHUIA MPHUBOJUT K OCIETUICHUIO
BOAMTENEH BCTPEYHOTO M TOIMYTHOTO TPAHCIOPTA.
Jucrniepcusi B TaKUX CaMOJIENIbHBIX KOHCTPYKIHSAX
TaKkKe 3HAYUTENIFHO IMPEBBIIIAET CTaHAapTHOE
3HauYeHHEe, W3-3a Yero NpY BKIIOYCHHOM JATbHEM
cBeTe LBET (apsl Ha PACCTOSIHUH, IPEBHIIIAIO-
meM 50 M, CTAaHOBHUTCS TOYTH YTO CHHHUM, YTO
OPUBOIUT K OoJjiee MEIJIEHHOMY BOCCTaHOBJICHHIO
3peHUsl y OCIEIJIEHHbIX BoauTened. HamexxHocTh
«MOIM(UIMPOBAHHOI» (aphl TakkKe MOHMKAETCS
3a CYeT HEKAuYeCTBEHHOW KyCTapHOW repMeTH3a-
iy Koprryca (apbl mocie ycranoBku CUJL mmm
KCEHOHOBBIX Jamn. B HacTosimee Bpemsi Takas
«MOoIM(pUKaAHL» TOJIOBHOTO OCBEIEHHUS puodpe-
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Jla xapakrtep snujaemun B Poccuiickoit denepairin
(HECMOTpsT Ha 3aKOHOJATEIBHBIN 3ampeT W IMITpa-
({b1), a OTHETBHBIC CITydal OTMEYAIOTCS MOYTH BO
BCEX CTpaHaX C JOCTATOYHO OOJBIION MPOTSKEH-
HOCTBIO MaruCTPAJIbHBIX JOPOT M HAJIUYUEM TEp-
PUTOPHIA, TJIe KOHTPOJIb CBETOTEXHHYECKOTO 000-
PYIOBaHHUS TPAHCIIOPTHBIX CPEACTB HE MPOU3BO-
JUTCST WM TPOoM3BoaUTCs HeperyisipHo (Kuraid,
CHIA, ctpansr HOxHOM Amepuku u mp.). Kpome
3TOTO, COOOIAeTCs 0 HEKaUYeCTBEHHO BBITIOIHEH-
HOW TIPOBOJIKE TakuxX (ap, 4TO HEeu30eKHO BEHIET
3a cO0OM MOHMKEHNE HAISKHOCTH [9].

Hns nukBupanuu npucymux JIH HegocTtaTkoB
co3maHa (apa MOAYJIBHON KOHCTPYKIMH, B KaXK-
JOM MoAyje KOTopod ummeerca otaenbHbid CUJ]
B KaueCTBe MCTOYHMKA CBETAa W INTOPKA, KOTOpas
MPAKTUUECKU TIOBTOPSAET KOHCTPYKIUIO C TaJOreH-
Hoit JIH (puc. 6).

Pednexrop

Reflector

Caeroauon
LED

IHTopka
Shutter

Puc. 6. KOHCTpYKIHsl CBETOAMOAHOM (apsl co mTopkoii [4]
Fig. 6. LED headlight with shutter [4]

JlaHHas1 KOHCTPYKIMSI TaKKe MPEACTaBIAET CO-
00l MPOEKIWOHHYIO CHCTEMY, CO3JAIOIIyI0 Ha
npoexked 4YacTH JOpord H300paxkeHue Kpas
IITOPKH, KOTOPOE U SBJSIETCSI CBETOTEHEBOI rpa-
nuneid. Tak kak TpeGoBaHUs Mo cuje cBeTa (ap
JIOCTaTOYHO BBICOKH, CBETOAMOA paboTaeT mpu
OONBIIOM TOKE HMHXXEKLHH, YTO MPUBOIUT K €ro
HarpeBy, MOCJEYIONIeH JIerpaiallii ero CBETOBO-
T'0 MOTOKA M YMEHBIICHUIO BpEMEHU HapaOOTKH JI0
otkaza. UtoObl wn30ekaTh H3NMIIHETO Harpesa,
CHJ] oxmaxmaaroT aKTUBHO (C MTOMOIIBIO BEHTHUIIS-
Topa, 31eMeHToB llenpThe W Ap.), YTO MPHUBOAUT
K YMCHBIICHUIO HAJIS)KHOCTH (apbl B LEJIOM: IPH
OTKa3e CHUCTEMBl OXJIKICHHS (BpeMs HapabOTKH
1o oTkasa okosio 5000 1) cBeToaro OBICTPO mepe-
rpeBaeTcsl ¥ BBIXOIUT U3 cTpos. OOpasibl cepuitHo
BBINIYCKa€MbIX CBETOJIMOHBIX MOJYJel Takon
KOHCTPYKIIMH [TOKa3aHbl Ha pHC. 7.
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Puc. 7. Cepuiiable Moaynu ¢ap OIMKHEro cBeTa Ha OCHOBE
CBETOAMOIOB C IPUHYAUTEIBHBIM OXJIAKACHUEM
(cneBa HampaBo): Lumisfera — Wide, i-Lens,
Lumisfera — Far [4]

Fig. 7. Standard low-beam headlight modules based on
forced-cooled LEDs (from left to right):
Lumisfera — Wide, i-Lens, Lumisfera — Far [4]

Kpome Toro, mpu BeICOKO# paboucii Temriepa-
Type pedIaeKTOphl M3 METaNIM3MPOBAHHOTO ILIa-
cTika (WM amOMHUHHS) OBICTPO OKHCISIOTCS,
CHW)KAeTCs MX KOIPPUIMEHT OTpaKeHUs, 4YTO
MPUBOANT K YMEHBIICHHIO CHIIBI CBeTa (papsl
JIuH3el CBETOAMOMHBIX (Dap ONMUCHIBAEMON KOH-
CTPYKIIMH U3TOTOBIISIOT METOIOM JIUThSI U3 MAacCH-
Ba CTEKJa (YTO JENaeT JHMH3Y JIOPOTOH M TsHKe-
J0¥) ;b0 W3 MaccuBa TOJIUMEpPA, UTO SBISICTCS
npueMIIeMbIM TI0 Macce M LieHe, HO He T03BOJIs-
€T TOYHO coOrocTh (popMy JTHUH3BI H3-3a YCaIKH
TIPH JIUTHE.

W3-3a Hanmuus B M3ITyYE€HUH CBETOIMOAA Yib-
TpaUONEeTOBON COCTABISIOMICH M TOBBIICHHON
TeMIepaTypsl (papbl MOTUMED JTMH3BI AETPATUPYET,
JIMH3a TIOCTENEHHO JKENTEET W MOXKET Pa3pylIUTh-
cs. Hamuume B Oenom cBeTe cBeToauoAa OOJBIION
JIONTA CHHETrO W3JIYYEHUS TPHUBOJIUT K «IIOCHHE-
HUIO» CBETOTCHEBOW TpaHUIIbI, U3-32 4YEro IMpHu
OCIICTUIEHUH Y BOJMTENEH BCTPEYHOTO TPAHCIIOPTA
MeJJIeHHee BoccTaHaBiuBaeTcsi 3peHue. Crienyer
OTMETHUTh, YTO IUCTepCHsl (3aBHCHMOCTHh KOOP/H-
HAT I[BETHOCTU OT HAampaBiCHUS HaOIIOJACHUS,
[IBETOBOH pacTp) oOycloBIIeHa B OCHOBHOM HalH-
YHEeM MOHOJMTHOM JTMH3BI, TIOKa3aTelb MpeIoMIIe-
HUSl MaTepuaja KOTOPOW 3aBUCHUT OT JUIMHBI BOJI-
Hbl W3Ty4eHUs. Eciiu OTOWTHM OT KOHCTPYKIIUH
Ha 0a3ze MPOEKIIMOHHOW ONTHKH, T. €. MPUMEHUTh
HE HM300pakalollylo JeTanb BTOPUYHOW ONTHKH,
TO MOXXHO CYIIECTBEHHO YMEHBILIUTH IHCIEPCHIO
3a CYET WCIOJB30BaHM CBETOBOTO MOTOKA W3 He-
CKOJIBKMX 00JacTeil pacrpelefieHuss CHIIBI CBETa
cBeroauoa st (hOPMHUPOBAHUS IIEHTPATEHON 00-
JIACTH pacrpeieNieHHsI CHUITbI CBETa MOAYJIS.
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JlocToMHCTBa CBETOAMOIHBIX MOAYJEH cleny-
FOIIHE:

— MOYXHO BCTpamBaTh B KOHCTPYKITMIO HOBBIX
(hap Wi 3aMEHATh UMM IITATHBIC UCTOYHHUKH CBE-
Ta B CylIecTByrOIMX (apax, eciu pasmep dapsl
3TO TO3BOJISIET;

— umerot ayumuit KII, gwem JIH, yto mo3Bo-
JIIeT YKOHOMHTDH DHEPTHI0, OCOOCHHO MPU CTOSTHKE
TPAHCIIOPTHOTO CPEICTBA C 3ariyIICHHBIM JIBHTa-
TeleM, KpoMe TOTo, yiIydiaercs Oamanc B 60pTo-
BOM CETH TPAHCIIOPTHOTO CPENICTBA;

— CBETOJIMOMBI CHOCOOHBI TPOCITYKUTh OKOJIO
10000 4 maxe mpu OONBIIUX TOKAX WHXKEKIUUA U
BBICOKHX TEeMIIepaTypax (€ciau CUCTeMa aKTHBHOTO
OXJTaXKAeHHS paboTaeT IITaTHO).

[Iporpecc B obmactu pa3pabOTKH CBETOMHO-
HbIX MOJYJCH HE OCTaHABIMBACTCS, PETYJISIPHO
MaTEHTYIOTCSI HOBBIC KOHCTPYKIIMH, HAIPUMEp Ta-
tert US 9482404 [10], B koTOpOoM mpejicTaBiIeHa
KOHCTPYKITUS C Pa3/IelICHHBIMU UCTOYHUKAMU CBE-
Ta, MPUYEM ATH UCTOYHHKH Pa3BEPHYTHI JAPYT OT-
HOocHUTENbHO Apyra Ha 180°, 4TO MO3BOJMAET WC-
[0JIb30BaTh OJUH KCTOYHHK I pealu3aiuu
(GYHKIMU JaNbHETo CBeTa, a APYroil — OJmKHero,
TaK 4TO JIy4Hd 3TUX HUCTOYHUKOB JaXKe HE Iepece-
KaroTcs. KOHCTpyKIus mpemycMaTpuBaeT —BO3-
MOKHOCTh COBMECTHOTO MCHOJIb30BAHHS NCTOYHH-
KOB CBETa pa3HOro Turma (puc. 8).

Mounsrit
MHOTI'OKpHUCTaJIbHbIN
CBCTOOUONT

Powerful multichip
LED

JJI1 OMHOKPUCTAJIBHBIX
S CBETOUOIOB
/' #/ A place to mount single-
“~../7 crystal LEDs

Puc. 8. KoHcrpykius Moaysis ¢papbl B COOTBETCTBHU
¢ nmarearoM US 9482404. IIpenycMOTpeHO UCTIOIb30BAHIE
Pa3HOTHUITHBIX HCTOUYHUKOB CBETA

Fig. 8. Headlight module design in accordance
with US 9482404 patent. Light sources
of different types can be used

Ha puc. 8 m3obpaken mMomynb (apsl, B KOTO-
pOM Ha O0IIeM OCHOBaHHWH B OJTHOM KOPITyCE pac-
TTOJIO’KEH MOIIHBIA MHOTOKPUCTAIILHBIA CBETOINOT
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IUTsT o0ecTieueHus] JallbHETO CBETa W IMPEeIyCMOT-
PEHO MECTO Ui YCTaHOBKH OJTHOTO WJIM HECKOJb-
KHX OJHOKPHCTAIBHBIX CBETOAMOMOB JUIi oOectie-
yeHUsl OJNMKHETO CBEeTa. DTO MOXKET 00eCIeYHTh
0oJee PKOHOMHOE MOTPEOJICHUE YHEPTHH TIPU Tie-
PEIBUKEHUU IO POBHBIM YYacTKaM JOPOTHU 3a CUET
UCIIOJIb30BAHUSI CBETOJUOJHOIO NalbHEro CBETA,
a pu He0OXOAUMOCTH BKIIFOUCHHS OJMKHETO CBe-
Ta TO3BOJISIET BOCIOJIB30BATHCS OHOKPUCTABHBI-
MH CBETOJHOIaMH, KOTOPBIC HE TaK CHILHO Harpe-
BafOTCS Tpu paboTe M MOATOMY MOTYT NaTh JIyd-
WA CBETOBOM MOTOK HAa EIUHHILY MOTPEOICHHOMN
MOIIIHOCTH.

BBIBOJIbI

1. OCHOBHOM LIENBIO BCEX IMIMPOKO MpPUMEHSE-
MBIX TOAXOAOB K KOHCTpYMpOBaHMIO (hap Tpanc-
MOPTHBIX CPEJNICTB SABISIETCS (POPMUPOBAHHE pE3-
KOM CBETOTEHEBOW TI'paHUIlbl C MajbiM pPa3MbITH-
eM mia obecriedeHusT O€30MaCHOCTH JTOPOKHOTO
IBWOKCHHUS ITyTeM IMPEeIOTBPAIICHNS OCIEIUICHHUS
€ro y4YaCTHHKOB TPH COXPAaHEHWH JOCTATOYHOU
OCBEIIIEHHOCTH TPOE3KEH YacTH Ha 3aJlaHHOW Ju-
CTaHIIMH TIEpe]] TPAHCTIOPTHBIM CPEIICTBOM.

2. PacnpocTpaHeHHbIe KOHCTPYKLMH TOJIOBHO-
IO OCBELICHUs HE BCErja CIOCOOHBI C(HOPMHPO-
BaThb PE3KYI0 CBETOTEHEBYIO TpaHHMILy, COOTBET-
CTBYIOIIYIO TpeOOBaHHSM COBPEMEHHBIX MEKIY-
HapOAHBbIX CTaHAApPTOB. 9T0 03Ha4acT, 4TO IIpH
HAJIMYMU TIporpecca B 00J1acTH aBTOMOOHUIIECTpOe-
HUS W TIOCIIEAYIONEM YBEIUYEHUH CpeIHeil CKo-
POCTH TPaHCIIOPTHBIX CPEACTB (apbl TeKyIen
KOHCTPYKIIMU HE CMOTYT yAOBJIETBOPSITH TpeOOBa-
HUSIM CIIETYIOIINX BEPCUI MEXIYHAPOJHBIX CTaH-
ApTOB. DTO OYJET MPOUCXOIUTHh HE CTOIBKO U3-32
MIPUMEHEHUST HEeTOAXOAAIer0 U Hed(pPeKTHBHOTO
C TOYKH 3PEHUS MPeoOpa3oBaHUS PHEPTHH HCTOY-
HHUKa CBETa, CKOJBKO M3-3a KOHCTPYKIMU TOJOB-
HOTO OCBCLICHHUS, TEKYIIWE BapHaHTBHl KOTOPOM
HC YYUTBIBAIOT 0COOEHHOCTH COBPEMCHHLIX U IIC€P-
CIICKTUBHBIX UCTOYHUKOB CBETA.

3. Takum 00pa3oM, aKTyaJIbHOM sBISeTCS 3a-
Jlada 1o JajbHEHIIEMY aHAIN3y TEepPCHEeKTUBHBIX
KOHCprKHI/Iﬁ T'OJIOBHOTO OCBCUICHHA TPaHCIOPT-
HBIX CPEICTB JUIsl BBIPAOOTKH TpeOOBaHUN K HHM,
a TaKXKe PEeKOMEHIAIUi M0 WX KOHCTPYHUPOBAHHUIO
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U NPUMCEHCHUIO HC TOJIBKO B YCJIOBHAX COBPCMCH-
HBIX CTAHAAPTOB, HO U C YYCTOM IIpOrpecca B 00-
JJaCTH aBTOMO6I/IJ'Ie-, HpI/I60pOCTpOeHI/I$I n CBCTO-
TCXHHUKU.
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VJIK 332.1

Teopernko-Meroan4eckoe 000CHOBaAHHE OLICHKH
U Pa3BUTHSA JIOTUCTHYECKOH HH(PPACTPYKTYPbI

JloKT. 3K0OH. HAayK, npo¢. P. b. I/IByTbl), KaH/I. TeXH. HayK, aou. II. B. Monos?,

KaH/. 3KOH. HayK, aoul. II. K. .JIamcoscxaﬂl), KaH/. UCT. HaYK, ao11. C. B. HpOKOl’[OBZ)

1)Ee:nopycmq/lﬁ HaIlMOHAJILHBIN TeXHUYECKUH yHUBepcuTeT (MuHCK, Pecniybnmka bemapych),
2)Bonrorpa;[cqunﬁ (umman Poccuiickoro s5koHOMHYECKOTO YHUBepcuTeTa nMeHu 1. B. Tlnexanosa
(Bousrorpan, Poccuiickas ®@eneparnusi)

© Benopycckuii HallMOHAIBHBINA TEXHUYECKUH yHUBepcuTeT, 2023
Belarusian National Technical University, 2023

Pedepar. B crathe mpencraBieHsl pe3ynbTaThl HCCIEIOBAHUS B 00JACTH TEOPETHKO-METOJUIECKOr0 0OOCHOBAHUS OLCHKU
U Pa3BUTHSA JIOTHCTUYECKOH MH(PACTPYKTYpbl, KOTOpas MOXKET (DYHKIMOHMPOBATh Ha PA3JIMYHBIX YPOBHSAX, B TOM YHCIE Ha
PETHOHAILHOM U HAIIMOHAJIBHOM. [IpoBeIeHHEIH aHAIN3 TIO3BOJIMII PA3eNUTh BCE METOIbI OLICHKH HA JIBE TPYIIIBI: OCHOBAH-
HBIE Ha KCIIEPTHHIX OLCHKAX U OCHOBAaHHBIC HA KOJIMYECTBEHHBIX NAHHBIX. B kauecTBe SKCIEPTHBIX METOJOB OLCHKHU JIOTH-
CTHYECKOM MH(PPACTPYKTYPHI ObLIM MCCIIEI0BAHBI TaKWe MEXKIyHApOAHbIe moaxoapl, kak uHaeke LPI (Logistics Performan-
ce Index); mHAEKC II100ATBHON KOHKYPEHTOCIIOCOOHOCTH; MHAEKC KOHKYPEHTOCIIOCOOHOCTH MyTemecTBuid u Typu3ma TTCI
(Travel & Tourism Competitiveness Index), rme B cybungekc «MHbpacTpykTypa» BXOISIT HHIMKATOPBI, OTHOCSIIHECS
U K OCHOBHOH COCTaBIIIOIIEH JOTUCTHYECKON MHPPACTPYKTYpPHI (CBA3aHHBIC C AESATEIFHOCTHIO BO3AYIIHOTO H KEIE3HOMO-
PO’KHOTO TPAHCIIOPTA, a TAKXKE Ka4eCTBOM BO3/YIIHOW M Ha3eMHOW MH(PacTPyKTypbl), U K oOecneunBaromnieil (KOJIM4ecTBo
TOCTUHHYHBIX HOMEpPOB, KOMITaHUH IO apeH[ie aBTOMOOMIIeH, OaHKOMAaTOB), a TakXKe €XKEroJHbIH pedTHHT BecemupHON KOH-
kypentoctocobrnoctr crpan mupa (IMD World Competitiveness Ranking); uHaekc BOBJICYEHHOCTH CTPaH B MEXIYHAPOAHYIO
toprosmo (ETI); MeTonnka oneHKH KadecTBa TPAaHCIIOPTHON HHPPACTPYKTYpPEL, pa3paboTaHHass MUHHCTEPCTBOM TPAHCIIOPTA
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OLIEHKH TPaHCIOPTHOM MHpacTpyKTypsl pernoHa A. M. Kynpsasuesa u JI. H. PynHeBoii, MeToqka MHOTOYpOBHEBOH OIIEH-
KU Pa3BUTHsS TpaHCIOPTHOH mHOpacTpykrypsl 0. B. KaraeBoif, MeToquka OLEHKM HpPUBIEKATEIHHOCTH JOTUCTHYECKON
UHOPACTPYKTYPHI PEruoHa Uil pa3MelieHHs KIIOYEeBBIX O0BEKTOB CKJIAACKOW W TpancmopTHoil cetu A. H. Paxmanrymosa
u O. A. Konbuoso#i, uccinenoBanus F. Carlucci. [Ipu pa3paboTke miaHOB pa3BUTHS JIOTHCTHYECKON HHPPACTPYKTYPBI MPEa-
JIaraeTcsl CIOJIb30BaTh CYIIECTBYIOMNE TOAX0AbI, 00BEANHSS SKCIEPTHBIC ¥ KOJIMIECTBEHHBIC METO/IbI OLICHKH.
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Theoretical and Methodological Substantiation of the Assessment
and Development of Logistics Infrastructure

R. B. lvut?, P. V. Popov?, P. I. Lapkovskaya®, S. V. Prokopov?

YBelarusian National Technical University (Minsk, Republic of Belarus),
2\/olgograd Branch of the Russian Economic University named after G. V. Plekhanov
(Volgograd, Russian Federation)

Abstract. The paper presents the research results in the field of theoretical and methodological substantiation of the asses-
sment and development of a logistics infrastructure that can operate at various levels, including regional and national.
The analysis carried out has made it possible to divide all assessment methods into two groups: those based on expert asses-
sments and those based on quantitative data. As expert methods for assessing the logistics infrastructure, such international
approaches were studied as LPI index (Logistics Performance Index); global competitiveness index; TTCI index (Travel &
Tourism Competitiveness Index), where “Infrastructure” subindex includes indicators related to both the main component of
the logistics infrastructure (related to the activities of air and rail transport, as well as the quality of air and ground infrastruc-
ture), and to the supporting one (number of hotel rooms, car rental companies, ATMs), as well as the annual rating of World
competitiveness of the countries of the world (IMD World Competitiveness Ranking); index of involvement of countries in
international trade (ETI); methodology for assessing the quality of transport infrastructure, developed by the Ministry of
Transport of the Russian Federation within the framework of the program “Development of the transport system”. Studies
have shown that there are few works using quantitative methods for assessing the logistics infrastructure, for example:
a method for a comprehensive assessment of the transport infrastructure of a region by A. M. Kudryavtsev and L. N. Rudneva,
Yu. V. Kataev’s method for a multi-level assessment of the development of transport infrastructure, methodology for
assessing the attractiveness of the region’s logistics infrastructure for accommodating key objects of the warehouse and
transport network developed by A. N. Rakhmangulov and O. A. Kopylova, researches of F. Carlucci. While preparing plans
for the development of logistics infrastructure, it is proposed to use existing approaches, combining expert and quantitative
assessment methods.

Keywords: logistics infrastructure, methodological justification, assessment, development, expert methods, quantitative
methods

For citation: Ivut R. B., Popov P. V., Lapkovskaya P. I., Prokopov S. V. (2023) Theoretical and Methodological Substantia-
tion of the Assessment and Development of Logistics Infrastructure. Science and Technique. 22 (1), 69-78. https://doi.org/10.
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BBenenne

Jloructuueckass MHPpPACTPYKTypa MpeacTaBis-
eT co0oi CHCTEMY B3aMMOCBS3aHHBIX MEXIY CO-
0Ol 3IIEMEHTOB, KOTOPBIE JOJDKHBI 00eCreunBaTh
KaueCTBCHHOE (DYHKIIMOHHUPOBAHHE TPAHCIIOPT-
HBIX, CKJAJICKHX, WH(POPMAIMOHHBIX MOJCUCTEM.
K mambGoiee n3BeCTHBIM 00BEKTaM JIOTUCTUYSCKOM
UHPPACTPYKTYPbl OTHOCST CKJIAJICKUE KOMILIEK-
CBI, JIOTHCTUYECKHE IEHTPBI, Xa0bl, MOTPy30YHO-
pasrpy304yHble TEPMUHAIBI M JPYrHe OOBEKTHI,
KOTOPBIC TIO3BOJISIFOT 00€CIeYnTh TOCTaBKy M 00-
pabOTKy MaTepHalbHBIX IICHHOCTEH M TOTO-
BOH MPOIYKITUH C TOBEJICHUEM UX K TIOTPEOUTEITIO.
Jns >pGPeKTHBHOTO IUIAHUPOBAHUS U PA3BUTHS
JIOTUCTHYECKON HHPPACTPYKTYpHl HEO0OXOIUMO
KOMITJICKCHO HCCJICIOBATh W MPHUMEHSITH Pa3iny-
HBIC TIOJXOJbI U METOJIUKU €€ OICHKH, KOTOPhIC
pa3paboTaHbl MEXAYHAPOJAHBIMH M OTCUECTBEH-
HBIMHU DKCIIEPTaMHU.

70

OcHoBHAf YacTh

Bce Meronpl oLeHKH JOrHCTHYECKOW HHGpa-
CTPYKTYpPBI YCJIOBHO MOXKHO pa3leluTh Ha IBE
0oJpIIMe TPYNIBI: OCHOBaHHBIE HA AKCIEPTHBIX
orieHKax [1—6] m ocHOBaHHBIC Ha KOJTMYCCTBEHHBIX
naHHeIX [7-12]. Hamboiee W3BECTHBIM MEXKIY-
HapOJHBIM PEHTHHIOM, ITO3BOJISIONIUM OIICHUTH
3¢ (HEeKTUBHOCTh JIOTUCTHKH CTpPaH, B TOM YHCIIC
U JIOTUCTUYECKOH HHQPPACTPYKTYPHI, SBISCTCS
naaekc LPI (Logistics Performance Index) [1],
nyOnukyemslii BcemupabiM Oankom. McxomHoit
nHpoOpMaLMe s pacueTa HHOEKCA SBISIOTCS
pe3yIbTaThl ONPoca PYKOBOJUTEICH MEXITyHAPOI-
HBIX JIOTUCTUYECKHX IMPOBaiIepoOB, Tpe/ICTaBHUTE-
JIel MajbIX U CPEeHHX TPAHCIOPTHO-IKCIIETUTOP-
CKUX (HPM, a TakKe CIECIUAINCTOB B 001acTH
JIOTUCTHUKH.

Onpoc mpoBOAWTCS TO WLIECTH KPHUTEPHSM,
IIKaia mATuOauIbHas (MaKCUMaIbHBINA OaJll TSTh):
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— «TaMOXH» — 3PPEKTUBHOCTD MPOXOXKICHHUSI
TaMOXXCHHBIX MTPOIIEYD;

— «uHOPACTPYKTypa» — KauecTBO TPAHCIIOPT-
HOW W HMH(POPMAIIMOHHOM COCTaBISAIOLICH JOTHU-
CTHYECKON MHQPACTPYKTYPHI;

— «OTTPY3KH» — HEMPUHYKIEHHOCTH IKCIIOPT-
HBIX OTTPY30K;

— «Ka4eCTBO JIOTUCTHKHA M KOMIIETEHTHOCTBY —
YPOBEHBb KOMIIETEHTHOCTH CIIELUATUCTOB IO JIOTU-
CTHKE MECTHOTO PHIHKA;

— KKOHTPOJIb» — CIIOCOOHOCTh OTCIIC)KUBATH
MIOCTaBKH;

— «CBOEBPEMEHHOCTB» — 0053aTeILHOCTD M Ha-
JIS)KHOCTh MECTHBIX KOHTPAreHTOB.

Kaiplil pecrioHICHT OIIEHMBAET BOCEMb 3apy-
OCKHBIX PBIHKOB. BBIOOp CTpaH i OICHUBAHUS
3aBUCUT OT Teorpauyeckoro TOJOXKEHHUs TOCY-

JapCTBa PECIIOHIIEHTA W CPEIIHEr0 YPOBHS JI0X0J1a
Ha ojHOTrO *)wutens (tabdm. 1) [1].

[TonmyueHHbsle B pe3yibTaTe ONPOCa JaHHBIC
HOPMAJIM3YIOTCS C TIOMOINBIO METOZa Z-OLEHOK
1 00pabaThIBalOTCS C IPUMEHEHHEM METO/Ia TJIaB-
HBIX KommoHeHT (PCA). Unaexc LPI mo kaxmoit
CTpaHe PacCYUTHIBACTCS MO (hopMyIie

LPI = auKs + 02Kz + 03Ks + 04 K4 + asKs + a6Ks, (1)

rae Ky, K, Ks, Ky, Ks, Kg — HOpMann3oBaHHbIE Oai-
Jbl KPUTEPHEB «TaMOXHS», «HHPPACTPYKTypay,
«OTTPY3KH», «KAYECTBO JIOTUCTUKA U KOMIIETCHT-

HOCTBb», «KOHTPOJIbY,

«CBOCBPCMCHHOCTB» COOT-

BETCTBEHHO; (1.0l — BECa KPUTEPUEB «TaMOXKHS»
(0,4072), «mudpactpykrypa» (0,4130), «oTrpys-
ku» (0,3961), «kauecTBO JTOTUCTUKHA M KOMITETEHT-
HocTh» (0,4166), «xonTponb» (0,4106), «cBoeBpe-
MeHHOCTH» (0,4056) COOTBETCTBEHHO.

Bb160op 3apy0eKHBIX PBIHKOB /151 OLEHKH

Selection of foreign markets for evaluation

Tabauya 1

CpenHuii ypoBeHb A0X0/1a XKHUTENEH CTpaHbl PECIIOHICHTA

Pecnionnent
Huzkuit

Cpenuuit

Bricokuit

W3 cTpaH, MMeOMuX BbIXOX
K MOpIO MapTHEPOB I10 IKCIIOPTY +
+ Tpu HamboIiee BaKHBIC CTpa-

HBI-TAPTHEPA M0 UMIIOPTY

I1sTe HanbGonee BaXKHBIX CTPaH-

Tpu camble BasKHbIE CTPaHbI-
napTHepa 0 SKCIOpTy + camas
Ba)KHAsl CTpaHa-IIapTHEP IO
UMITIOPTY + YEThIPE CTPAHBI
CIy4aifHBIM 00pa3oM, 10 OJTHOU
U3 KaKA0M IPYIIbI CTPaH:

— Adpuxka;

— Boctounas u LlentpanpHas

A3sus;

— Jlatunckas AMmepuka;

— EBpona, 3a BerueToMm Llen-

TpanbHO Asuu u OOCP

U3 crpaH, He MMEIOMIUX BBIXOa -
K MOpIO

Tpu Hanbosee BaKHbIE CTPAHBI-
TapTHepa Mo 3KCHOPTy +
HaunboJjee BaKHas CTpaHa-
TIapTHEP 110 UMIIOPTY + JBE
TpaH3HUTHBIE CTPAHbI + JIBE
CTpaHBI CITydalHBIM 00pa3oMm,
0 OAHOM U3 KaKIOW TPYIIIBI
CTpaH:

— Adpuxa, Bocrounas n

LentpanbHas Asus, Jlatun-

ckast AMepuKa;

— EBpona, 3a BerueToM Llent-

panbHOil A3zun u O9CP

JIBe cTpansl cinydaitHbIM 00pa-
30M U3 CHHCKa ISTH Hanboee
Ba)KHBIX CTpaH-TIAPTHEPOB
T0 3KCTIOPTY U MATH Hauboee
Ba)KHBIX CTpaH-TIAPTHEPOB
0 UMIIOPTY + UEThIPE CTPAHBI
CITy4aifHBIM 00pa3oM, 1Mo OJHOU
U3 KaKA0M IPYIIbI CTPaH:
— Adpuxka;
— Boctounas u LlentpanpHas
A3sus;
— JlaTunckass AMepuka;
— EBpona, 3a uckioueHuem
HenTtpansuoit Azun u O9CP,
+ J1B€ CTpaHbl ClIy4yaiiHbIM
00pa3oM 13 00bEMHCHHBIX
TPYMII CTpaH
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K wmexayHapogHbIM peUTHHTaM, MO3BOJISIO-
MM B TOM YHCJIC OLCHHUTH 3PHEKTUBHOCTD JIOTH-
CTHYECKOH HH(QPACTPyKTYpbl TOCYAapcTB, OTHO-
CUTCSl MHJEKC TI00albHON KOHKYPEHTOCIOCOOHO-
ctu (Global Competitiveness Index, GCI 4.0) [2].
Hcxonnort mHbOpMaIme st ero pacdera SBIIS-
IOTCS KAa4eCTBEHHBIE M KOJMYECTBEHHBIE ITOKa3a-
Tenu, o0beauHeHHbIe B 12 rpynm. OO1ee Konnue-
CTBO MHAMKATOPOB 98, U3 KOTOpBIX 44 mpexncras-
JSIFOT cOOOH KaueCTBEHHBIE TaHHBIE.

KauectBeHnble aaHHBIE COOMpAIOTCS C IO-
MOLIBIO OIPOCa YYACTHUKOB MeEXITyHApOIHOTO
9KOHOMHYECKOTO (popymMa pyKOBOAUTENCH MEKTY-
HapOAHBIX JIOTUCTHYECKUX MpOBalifiepoB, TMpes-
CTaBUTENEH MajblX W CPEIHHUX TPAaHCIOPTHO-
SKCIEAUTOPCKUX (UPM, a TaKKe CHEIHaTNCTOB
B 00JIACTH JIOTUCTHKH. B rpymmy «uH(bpacTpyKTy-
pa» BXOAAT WHAMKATOPHI, CBSI3aHHBIE C KAYECTBOM
JIOPOXKHOM CEeTH, aBUATPAHCIIOPTHBIX W MOPTOBBIX
YCIIyT, >KEIEe3HOJOPOXKHBIX MEPEBO30K, TOCTYIIOM
HACEJIEHUSI K IJIEKTPUYECTBY W Ka4eCTBEHHOW IH-
TheBOM Boje. Illkana usmepenus s nmokasareneu
pasznuyHa. YacTe w3MepseTcs MO CeMHOaib-
HOM mIKase, 9acTh 1o crobamipbHOoi. Kpome sToro,
B TPYINIy BXOJIUT KOJIWUYECTBEHHBIH WHIWUKATOP
«IJIOTHOCTbD JKEJIE3HBIX A0POr».

Ha cnenyromem stamne maercst OLieHKa KaKI0H
Tpymnme T[okKa3aTeiel Kak cpemHee apudMeTH-
yeckoe OayIoB WHAMKATOPOB, B HEE BXOISIIUX.
OO0mui Oamn MHIEKca TI00aJIbHOM KOHKYPEHTO-
criocoonoctn 4.0 (GCI) mpencraBuser coboi
cpelHee 3HauUeHHUE T10 IBEHAAIATH TPYIIaM.

Tpetuil MeXIyHAPOAHBIA MHIEKC OLEHKH JIO-
TUCTUYECKOW MH(PACTPYKTYpHI CTpaHbl — HHIEKC
KOHKYPEHTOCITIOCOOHOCTH TYTEIIECTBUN U TYypH3-
mMa TTCI (Travel & Tourism Competitiveness
Index). CtpykTypa uHAEKca NpEACTaBISAET CO-
6ot 90 MHAMKATOPOB, paclpenelIeHHbIX B YEThIp-
HAAIAaTh HWHTETPUPOBAHHBIX MOKa3aTellel, KOTO-
pBIe, B CBOIO OY€pe/ab, CTPYIIHPOBAHBI B YETHIpE
cyOuHaekca («OJiaronpusiTHasi Cpeay, «IIOJUTHKA
M Cco3laHHe ONaronpusTHBIX YCJIOBUH B HHAY-
ctpun T&T», «uHpacTpykTypa», «IIpUPOIHbIE
U KYJIbTYpHBIE PECYPCHI»).

B cybunzaekc «uHppacTpyKTypa» BXOAAT WH-
JUKATOPBI, OTHOCSIINECS KaK K OCHOBHOM COCTaB-
JSFOILEH JIOTUCTUYECKOM HMHQPAaCTPyKTYpHl (CBS-
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3aHHBIE C JAEATEIBHOCTBIO BO3IYIIHOTO M KeJe3-
HOJJOPOKHOTO TPAHCIOPTA, KAYECTBOM BO3IYLIHOM
W Ha3eMHOU MH(pacTPyKTypbl), Tak U obecrieuu-
BalolIel («KOJMYECTBO TOCTUHHYHBIX HOMEPOBY,
«KOJIMYECTBO KOMIIAaHMH IO apeHnae aBTOMOOu-
Jei», «KOJIMYEeCTBO OaHKOMAaToB»). YacTb HWHAU-
KaToOpOB pPAacCUMTHIBACTCSI Ha OCHOBE [aHHBIX,
MOJYYEeHHBIX B pe3yjbTaTe ONpoca yYacTHUKOB
BcemupHoro skonomuueckoro ¢(opyma. Illkanma
u3MepeHusi ceMuOanabHas (HAaWBBICIIAS OLCHKA
cemb OaiyioB). Mcxoast u3 TOro, 4TO JaHHBIE Mpel-
CTaBJICHBI B Pa3HbBIX LIKaJIaX, BCE [1OKAa3aTeln HOp-
Mau3yrTcs 1o Gopmyiie

valuei . — wpi
score;e = oo ZWhE 40 (2)
frontier, —wp;
rac VaIUEi,c — HUCXOOHOC 3HAUCHUC IIPU3HAKA,
frontierr, — HamOonblnee 3HAYCHHE NPU3HAKA;

WpPi — HAaMMCHBIICEC 3HAYCHUE NJIA JAHHOIO ITOKa-

3aress B BIOOPKE.

HNuanexc TTCI paccunTeiBaeTcss Kak cpemgHee
apudmeTHUecKoe YeThipex cyOmHuekcoB. Kax-
OBl W3 CyOMHIEKCOB — KaK CpeJaHEeB3BEIICH-
HOE COOTBETCTBYIOLIUX WHTETPUPOBAHHBIX MOKa-
3aTeJeH.

Exeronuelii pedTHHr BcemupHON KOHKYpeH-
Tocrtocoonoctr ctpan mupa (IMD World Com-
petitiveness Ranking) mnyGnukyer mBeHnapckuit
HNucturyr menemkmenrta (Institute of Manage-
ment Development, IMD) [4]. B peiitunr Bkitode-
HEl 64 cTpaHBI, KOTOpbIE OTOOpaHBEI HAa OCHOBE
HQJINYMSL CTaTUCTUYECKUX JOCTOBEPHBIX W COIO-
CTaBUMBIX JaHHBIX. B KauecTBe NaHHBIX HCIIOINb-
3yIOTCA KaK pe3yJlbTaThl ONpoca PYKOBOAUTENEH
KPYITHBIX KOPIOpAIlWii, aHAJIUTUKOB, TaK U CTaTH-
CTHYECKHE MJaHHbIE MEXIYHAPOIHBIX OpTaHH3a-
it (OOH, BTO, MB® u np.). Peiitunr BkimtovaeT
B cebOs 334 kpurepus, OObCAMHCHHBIX B IBAIIATh
nokasarenel, KOTOpele, B CBOIO OuYepeib, CrpyIl-
MUPOBaHBl B HYETHIPE CYOMHIEKCA: «COCTOSIHHE
SKOHOMHKHY», <«3(PPEKTUBHOCTh MPABUTEIHCT-
Ba», «COCTOSTHHE JIETIOBOM CPEIbl», «HHPPACTPYK-
Typa» [4].

CyOunaekc «uHGPaCTPyKTypa» COCTOUT U3
AT ToKa3aTened. B mokasarens «ba3oBas WH-
(bpacTpyKTypa» BKIIOUYEHBI KPUTEPUH, CBSI3aHHBIE
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C MMEIOIIUMUCS 3€MENIBHBIMH PECypcaMu, IEMO-
rpadueii, HammarueM u 3(H(HEKTUBHOCTHIO HCIIOIb-
30BaHUSI BOIHBIX PECYpPCOB, YPOBHEM pa3BHUTHS
TPaHCHIOPTHOW M DHEPreTUIECKON HHPPACTPYKTYP.
B moxkazatenp «rexHosioruueckas MHQPacTpyKTy-
pa» BXOIAT KPUTEpHH, CBs3aHHBIE ¢ MH(pOpMAaIU-
OHHOU WH(pacTpykTypor («uHBecTUIMH B WKT»,
«xonmuectBo OBM Ha ayury HaceleHMs», «CKO-
pocts HHurepnera», «odkcnopt yeayr HWKT»
U JIp.), B TapaMeTp «Hay4Has HHQPACTPYKTypa» —
kputepuu, cBs3anasie ¢ HUOKP («oObeM wHBe-
CTHUIIMI», «KOJINYECTBO COTPYIHUKOBY», «KOJIUYE-
CTBO IATEHTOB HA HHTEIJIEKTYaJbHYIO COOCTBEH-
HOCTh» U Ap.). Iloka3zarens «310poBbE U OKpYKa-
olas cpefa» BKIOYAET JaHHBIE IO pacxojaM
Ha 3[paBOOXPAHEHHE W OKPYKAOIIYIO Cpeny,
cpeHel NPOJOKUTEIBHOCTH JKU3HH, 00eCTIeUeH-
HOCTU TIMTHEBOW BOJIOW, MapaMeTp «o0pa3oBa-
HUE» — «pacxolbl Ha OOpa30BaHUE», «IIPOLEHT
Jrojiel, IMEIOINX BBICIIEE 00pa3oBaHUE», «COOT-
HOLICHUE YYUTENIeH W YUYEHHKOBY», «MOOMIBHOCTD
CTYJEHTOBY», «3HAHHE aHTJIUICKOTO S3BIKa» U Jp.

Hcxons u3 TOoro, 4To KpUTEPUN NPEACTABICHBI
B pa3HBIX MIKajaX, OHW HOpMaJM3yloTcs 1o ¢Gop-
Mmyiie [4]

X —X

STD = , 3)
(0}

rAe Xi — 3HAa4YeHHE NepeMeHHOW; X — cpeaHee
apuMeTHYeCKOe 3HAUYCHUE BBIOOPKH; G — CTaH-
JIAPTHOE OTKIIOHEHUE BHIOOPKH.

Kaxnplii mokaszaTenb pacCUMTBIBACTCS Kak
CpelHee 3HAUYCHHE BXOSNINX B HETO KPUTEPHEB,
a CyOMHIEKC — KakK cpeiHee 3HaueHHE BXOIAIINX
B HEro nokasarenie. Pelitunr BcemupHO# KOHKY-
penrocniocoonoctu (WCY) mns ctpansl paccuu-
TBIBa€TCSI KaK CyMMa TPOU3BEACHUHN 3HAYCHUI
cyOMH/IeKca Ha ero Bec. 3Ha4eHHe Beca OJJUHAKOBO
JUTSL BCEX CYOHMHJICKCOB.

K xpynHbIM MEXJIyHapOJHBIM pPEHUTHUHIaM,
MPECTaBISIIOIINM OLIEHKY TPaHCIIOPTHON WH(pa-
CTPYKTYpPHBI, CIEIyeT OTHECTH WHIEKC BOBIICUCH-
HOCTH CTpaH B MEXAyHapoaHyro toprosio (ETI).
OH MO3BOJIAET OICHHUTh, HACKOJIBKO 3((EKTHB-
HO SKOHOMHMYECKHE M IMOJUTUYECKUE HHCTHTYTHI
CTpaHbl CIOCOOCTBYIOT CBOOOJHOMY IepeMeliie-
HUIO TOBApOB Uepe3 rpaHuly [5].
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Peittunr Biarouaer B ce0st 57 mokaszaTeneii, Ko-
TOpbIe 00BEIMHEHBl B CEMb MHAMKATOPOB, CIPYII-
MUPOBAaHHBIX B 4YETBHIpE CYOHWHJIEKCA: «IOCTYI
K PBIHKY», «aIMHHUCTPaTHBHOE YIpaBICHHE Ha
TpaHUIaX», «TPAHCIOPTHAS 1 KOMMYHHUKAITMOHHAS
UHPPACTPYKTYpa» U «ICIOBOH KIUMAT».

B cyOunnekc «TpaHCOpTHass W KOMMYHHKa-
MUOHHAsT WHQPACTPYKTYpa» BXOIAT TPU WHIWKA-
TOpa, BKIIOYAIONIMX JBAALATE TOKa3aTeNei:

— «JOCTYITHOCTb M KaueCTBO TPAHCIOPTHOU
UHPPACTPYKTYphD» (OLIEHKA UMEIOLICHCs aBTOMO-
OWJILHOM, JKEIEe3HOJOPOXKHON, BO3IYITHOW M TOP-
TOBOH MH(PACTPYKTYPBI);

— «IOCTYITHOCTh W KadeCTBO TPAHCIOPTHBIX
ycIryr» (B TOM YHCIE KOJIWYECTBO JOTHCTUYECKUX
KOMITaHHH, 3 (DEKTUBHOCTH TIOYTOBBIX YCIIYT);

— «gocrymHOCTh M KauectBo MKT» (omenka
pabothl coToBOl cetn W VHTepHETa, MpaBHUTEINb-
CTBEHHBIX OHJIAfH-CEPBHCOB, a TaK)X€ BO3MOX-
HocTh ucnonb3oBanuss MKT npnsa genoBeix ome-
paruii).

HcxogupIMu maHHBIMH U pacueTa HHIEKca
SBIIIIOTCSA Pe3yJbTaThl ONMpOca yYacTHHKOB Bce-
MHUPHOTO 3KOHOMHYECKOTO (hopyMa, a Takxke 3Ha-
yenus, B3saThle u3 orTdetoB Global Express
Association, koHdepenuun Opranuzanun OOb-
eauHeHHbIX Hammii mo ToOpromie W pa3BUTHIO,
BcemupHoro Oanka u nap. Kaxnawlii moxaszareib
ydacTHUKaMH (opyma OLEHHMBAeTCSI MO CEMH-
OammpHOW miKaie. [IpuBeneHWEe HCXOMHBIX JIaH-
HBIX B €IMHYIO IIKaJy U3MEPEHHS MPOU3BOAMUTCS
no ¢opmye (2). 3HaueHHe HHAUKATOPA BBIYUCIIS-
eTcs Kak cpenHee apuMeTHUeCKOoe MOoKazaTeleH,
cyOMHIEeKca W MHIEKCa — Kak CyMMa Ipou3Bee-
HUH Beca WHAEKCa/CyOMHIeKca Ha ero 3HaYeHue.

Heo0xoauMo OTMETUTh U POCCHUIHCKYIO METO-
UKy OIIGHKM KadecTBa TPAHCIOPTHOW HHQpa-
CTPYKTYphI, pa3paboTaHHyr0o MUHHCTEPCTBOM
TpaHncniopra P® B pamkax nporpammsl «Pa3Bu-
THE TPAHCIIOPTHOM cucTeMbl» [6]. MHaekc kaue-
CTBa TPAHCIIOPTHOH WHQPPACTPYKTYpBI paccmar-
pHUBaeTCsl Kak HMHTETPaJbHBIM MOKa3aTelb, OTpa-
JKAIOIMI U3MEHEHUE COCTOSTHUA HH(PACTPYKTYPbI
TPaHCIIOPTHOIO KOMIUIEKCA [0 OTHOUIEHHIO K 3a-
JaHHOMY miepuony. OH pacCUMTBIBaeTCS Kak CyM-
Ma MpPOM3BEIEHHUs HHIEKCOB KauyecTBa HH(pa-
CTPYKTYpHl BCEX BHMJOB TpPaHCIOpTa Ha OOBEMBI
UX TpaHCTOPTHOH paboTel. KonmdectBeHHOE 3HA-
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YeHHE WHJIEKCOB IMpEeAroaraeTcsi OnpeAessaTh Ha
OCHOBE 3KCIIEPTHOTO OIpOca CIEHUAINCTOB B 00-
JacTd TPAaHCIOPTa 10 BOMPOCAM, CBS3aHHBIM C
YPOBHEM Da3BUTHUS OOBEKTOB TPAHCHOPTHO-JIOTH-
CTHYECKOH MH(PACTPYKTYPHI.

HecmoTpst Ha U3BECTHOCTH M LIMPOKOE HCIIOIb-
30BaHME JIaHHBIX MHIEKCOB JUIsl OLIEHKH OCHOBHOM
u o0ecreunBaromieil COCTaBISIOUINX JIOTHCTHYE-
CKOM MH(PACTPYKTYpHI CTpaH, HEOOXOAUMO OTMe-
TUTh, YTO MPEICTABICHHBIE METOAMKH OCHOBAHBI
Ha JaHHBIX OMPOCOB, & 3TO HE MCKII0YAEeT CyOBheK-
TUBHOCTH MOJTYYCHHBIX PE3YJIbTaTOB.

AHanmu3 Hay4YHOH JTUTepaTyphl MMOKa3asl He3Ha-
YHUTENbHOE KOJIMYECTBO paboT, B KOTOPBIX Mpeyia-
raroTcs KOJMUYECTBEHHBIC METOABI OLICHKHU OCHOB-
HOH 1 oOecreunBaroIeil COCTaBIAIOIINX JIOTUCTHU-
yecKko mHGpacTpykTypsl [7—12]. bompimas gact
HCCIIEIOBAHUIM OTHECEHAa K OLIEHKE PETMOHAIbHOU
TpaHCIOPTHOM uHppacTpykTyps! [7-9, 11, 12].

B [7] mpemnoxena MeTonnka KOMILIEKCHOM
OLIEHKU TPAaHCIIOPTHON MH(PACTPYKTYphl PETHUOHA,
KOTOpasi BKJIIOYaeT: 1) ompeneneHue XapakTepu-
3YIOIINX €€ TMTOKa3aTeyeii; 2) ee OLeHKY.

B pamkax MeTOIMKM IOKa3aTeld pa3BUTHA
TPaHCHOPTHON MH(PACTPYKTYpbl pernoHa aBTOpa-
MH OOBEAMHEHBl B TpPU TPYHIBI: IPOU3BOACT-
BeHHas (TIOKa3aTenmd ypOBHA OOCITy:KHBaHUS,
IUIOTHOCTh TPAHCIIOPTHOH CETH, pa3BUTUE Ipel-
MIPUHAMATENBCTBA), CONWANbHAS (TpaHCIOPTHAS
HNOJBIKHOCTb, TPAHCIOPTHAS  JUCKPUMHHALMS
HaceneHus, kodddumment OuHrens) m obmepe-
ruoHaNbHast (KO3(pPUIHMEHT VY CIEHCKOTo, Tpy30-
U TMAacCaXUPOHANPSHKEHHOCTb, NOJsS WHBECTULUN
B TPaHCIOPTHYIO WHOpPAcTpyKTypy). Hdns mpose-
JCHHUSI WCCIIEIOBaHUSl BBIOMPAIOTCS MNapaMeTphl
B 3aBHCHMOCTH OT BHJIa TPAHCIIOPTHOTO CPEJICTBA.
Janee Ha OCHOBE METOJa SJKCIEPTHBIX OICHOK
OILICHUBAETCS 3HAYMMOCTD KaXKJIOTO TIOKa3aTelsl.

[Tocne BbIOOpa TMoKa3zaTenell pacCUUTHIBAIOTCS
X KOJUYECTBCHHBbIC 3HAYCHUSA, a 3aTeM OOIIHil
MoKa3areNb pa3BUTHS TPAHCIIOPTHOW MH(paCcTpyK-
TYpBI perHoHa 1o Gpopmylie

Ri=3" Riwj+Y." Riw;, (4)

rae Rj, Rj — eauHWYHBIC TOKa3aTeNn pPa3BUTHS
TPAaHCIIOPTHON MH(PACTPYKTYPHI 1O |-MYy OLCHOY-

74

HOMY mapameTpy; Wj — Ko3h(HUIHMEHT 3HAYUMO-

CTH ITOKa3aTes.

MeTtoiuka MHOTOYPOBHEBOM OIIEHKH pa3BHU-
TUSl TPAHCIOPTHOH HWHQPACTPYKTYpHl, KOTOpas
MIPEAIOoJIaraeT pacyeT UHTETPAILHOIO MTOKA3aTels,
OCHOBaHHOT'O Ha 3HAYCHUSX ero (PaKTOPHBIX TOKa-
3aresiell  (MaTepualbHO-TEXHUYECKHX, HOTpedu-
TEIBCKO-AEMOTrpauIecKnX, MPOU3BOJICTBEHHBIX,
(MHAHCOBBIX, HHCTUTYLHMOHAJIBHBIX W HEraTUB-
HBIX), TIpeyIoxKeHa B [8].

K marepuanbHo-TeXHHUYECKHM (haKTOpaM aBTO-
pBl OTHOCAT TIOKa3aTelH, CBA3aHHbIE C pabo-
TOM TIpy30BOr0O M MACCAKHUPCKOTO TpaHCIOpTa
U C UMEIOIIeHCsS TPaHCTIOPTHOM HHPACTPYKTYPOM
(MJIOTHOCTh M TPOTSDKEHHOCTh aBTOMOOMWIIBHBIX,
JKEJIE3HbIX, TPaMBAaMHBIX JOPOr, BOAHBIX IIyTEH
coobmenus). llorpedurenscko-memorpaduaeckue
(akTOpbl MO3BOJAIOT CIeNaTh BBIBOJ 00 oObeMme
OKa3aHHBIX TPaHCIOPTHBIX YCIYT HACEJICHUI0 WU
YHCICHHOCTH pabOTHUKOB, 3aHATHIX B cdepe
TpaHcnopta. HeraTuBHble (aKTOphl YYHUTHIBAIOT
konmuyectBo [TII u nocrpamgaBmux B HUX, POU3-
BOJACTBEHHBIE — HAJIM4YW€ CTPOMUTEIBHBIX MAIlNH
U 00eCIeueHHOCTh CTPOMTENbCTBA MaTepHajlaMHu,
(hnHAaHCOBBIE — 00BEM OIOKETHBIX CPEIICTB U HH-
BECTHLIMHI B TPAHCIOPTHYIO MHPpACTPyKTypy. UH-
CTUTYLMOHAJIbHBIE (DAKTOPHI BKJIIOYAIOT I10Ka3a-
Tenb «UYMcao opraHuzanyii, OCYIIECTBISIOLINX
NEeSTeNFHOCTh M0 BUAY 3KOHOMHYECKOH JIeATelb-
HocTH “Tpancnopt”».

Pacyer uwHTerpanbHOTO TMOKa3aTeNs pPa3BUTHUS
TPaHCHOPTHOW HH(QPACTPYKTYPHl BKIIOYAET TpPU
mara [8]. Ha mepBomM mpoBoauTCS KOPpENALHOH-
HO-PETPECCHOHHBIN aHalIu3, B paMKax KOTOPOIo
OTIPEIETISIOTCS ITapaMeTphl, OKa3bIBAIOIIE Hanbo-
Jlee CYIIECTBEHHOE BIMSHHE HAa COLUAIBHO-IKO-
HOMMYECKHE JaHHble pernoHa. Ha BTopom miare
paccUMTHIBAlOTCS 3HAueHHs (AKTOPHBIX IIOKa-
3arenen

OIT = )" BcUIlk, (5)

rae Pk — Bec k-ro wactHoro mokasarens; Yllx —
KOI(DPUITMEHT  KOPPEISIIIMOHHO-PETPECCHOHHOTO
aHanm3a Ui K-ro gactHoro mokasareinst K-ro ¢ax-
Topa.
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Ha mnocnemgnem 1mare omnpenensercss WHTe-
TpalbHBIA TOKa3aTeNb Pa3BUTUSl TPAHCIIOPTHOM
COCTABIISIIOICH JIOTHCTHYECKOW HH(PACTPYKTYpHI
peruoHa

TH =) vi®Il;, (6)

rze Yj— Bec J-To (haKTOPHOro MOKa3aTelIsl.

Bec gactHOrO M (hakTOpPHOTO TIOKA3aTENs aBTO-
pamMH METOAWKH TMpeiaraeTcsi pacCUHUTHIBATH C
MOMOIIBIO METOJa IKCIEPTHBIX OIEHOK. B Kadye-
CTBE HENOCTAaTKa JAaHHOW METOIMKH MOXHO OTMe-
TUTh OTCYTCTBHE MPOBEPKH HCXOMHBIX JaHHBIX
Ha U30BITOYHOCTH ¥ MYJIbTUKOJITTHHEAPHOCTH.

OneHka TPHUBIEKATEIBHOCTH JIOTHCTUYECKOH
WHPPACTPYKTYPHI pErHOHA ISl pa3MEIIeHHS KITFO-
YeBBIX 00BEKTOB CKIAJICKOW M TPAHCIIOPTHOM CETH
npemtokena B [9]. Meronrnka ocHOBaHa Ha pacue-
T€ MHTErPUPOBAHHOMN OIEHKH, YUUTHIBAIOIIEH TPU
rpynmsl  ¢akTopoB: reorpaduueckue, wuHMpa-
CTPYKTYpHBIE M TIOKa3aTelIH TPaHCIOPTHOW pabo-
Tbl. K mepBoil OTHECEHBI MOKAa3aTEeNH, CBSI3aHHBIE
¢ reorpadUIeCKUM MECTOPACIIONIOKEHHEM PETHO-
Ha W OJIM30CTHIO K MEXIYHAPOJHBIM TPAHCIOPT-
HBIM KOpPHJ0paM, KO BTOPOI — CBA3aHHBIE C COCTO-
SIHUEM TPAHCIIOPTHBIX KOMMYHUKAIIUN U HAJIAYH-
€M CBOOOIHBIM MPOBO3HBIX MolHOCTeH. Pacuer
HUHTErPaJbHOTO IMOKAa3aTelNs AJiA OLICHKU TpHUBJIE-
KaTEeIbHOCTH PETHOHAIBLHOM JIOTMCTUYECKON WH-
(hpacTpyKTyphI MPOBOIUTCS TI0 POpMYyJIe

2 2 2
S RIS (7)

rme Kf, KZZ, K32 — KOHCOJIUJMUPOBaHHBIE KOADhU-
IUEHTHl TPYyNI (PaKTOPOB: reorpaduuecKkux, HH-
(hbpacTpyKTYpHBIX U TPAHCHOPTHOH PabOTHI COOT-
BETCTBCHHO.

Heo0xomumMo OTMETHTBH, YTO B JaHHOW METO-
JIUKE YYHUTHIBACTCS TOJBKO TPAHCIIOPTHAST COCTaB-
JISIONIAst JIOTUCTHYECKOM nHppacTpykTypsl. Kpome
3TOTO, BBI3BIBACT COMHEHHE HEOOXOAUMOCTh y4eTa
MIPUHAJUICKHOCTU PErHOHa K KIIMMaTUYECKOH 30HE.

Cpemu 3apyOeXHBIX METOIHWK OIICHKH JIOTH-
CTHYECKON WHQPACTPYKTyphl pErvoHa CleqyeT
BbIIETUTH paboTy [10], e mpemiokeHa METOaMKa
OIIEHKH JIOTUCTHYECKOW WHPPACTPYKTYPHI IS 00-
nacteut u paitonoB Mranuu, ocHOBaHHAasl Ha pacye-
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Te unTerpansHoro nokaszarenss ACIT. Ucxonueimu
nanHbiMu s pacdera ACIT saBnstorcs mokasa-
T€JH, UMEIOIINE OTHOIIEHHE KaK K OCHOBHOM, Tak
U K o0ecrevynBaroniell COCTaBIsIOIEH TorucTuye-
ckoii uHdpacTpykTypsl [10].

JJ1g OIeHKH JIOTHCTHYECKON HWH(PPACTPYKTY-
pBI o0NacTeld K OCHOBHOM COCTaBIISIOLICH OTHEce-
HBI II0Ka3aTelly, XapakTepusyromue padoTy aBToO-
MOOMIIBHOTO, XKeJe3HOAOPOKHOTO, BO3AYIIHOTO H
BOJHOTO TpaHCIOpTa (00BEM IEPEBO30K MMAacCaKu-
poB u rpy3oB). ObecneunBaromas mpeacTaBicHa
CTOMMOCTBIO PAaCIOJIOKECHHBIX HAa TEPPUTOPHH JIO-
THCTUYECKUX OOBEKTOB, KOJIMYECTBOM TPAHCIIOP-
Ta (MacCca)XupPCKOTO U TPy30BOTO) M CHEIHATUCTOB
10 JIOTHUCTHKE. Eciu olleHnBaeTcss YpOBEHb pa3BH-
THSl JIOTHCTHYECKOH WHQPPACTPYKTYpHl PaAOHOB,
TO HMCHOJB3YIOTCS MOKa3aTelIn rpy30000poTa Bcex
BHUJOB TPaHCIOPTa, a TAaKKe KOJMYECTBO TOPTOB
1 00beM MHBECTHULIMI B 4YETIOBEYECKUH KamuTall.

st pacaera ACIT ocymiecTBisieTcss HOpMaH-
3alusl UCXOAHBIX JaHHBIX 1o (3). Jlanee Bbruucis-
IOT MHAEKCHl A KaXJ0To BHJA TPaHCIOpPTa Kak
CpeIHEB3BENIEHHOE 00bEMOB TPAHCIIOPTHON pado-
Thl. 3HaueHue HHTerpanbHoro nokaszarens ACIT
OIIPENEISIOT 110 BBIPa)KEHUIO

ACIT = ijlwaq, (8)

rae Wq— 3HAYUMOCTh Q-To WHAekca; lq — 3Haue-
HUE WHJIEKCA.

B [10] 3HaumMOCTh TIPUHSITA OJMHAKOBOM IS
KaKI0ro wuHAeKca. Kpome 3Toro, mpemnoxeHo
OTIpEZIeNIATh €€ OSKCIEPTHBIM ITyTeM MW METO-
JIOM BECOBBIX XapaKTepUCTHK. Takke mpuBeicHA
METOJIMKA OIIEHKHU JIOTHCTHUECKONW MHAPACTPYKTY-
pBl PETHOHA, aNTOPUTM KOTOPOHM TMIpeNCTaBICH
Ha puc. 1.

JlaHHBIN anropuTM mpemxycMaTpuBaeT (GopMU-
poBaHue 0a3bl JaHHBIX, BKIIOYAIOIIEH XapaKTepu-
CTUKH OCHOBHOWM M O0ECTIeUMBAIOIIEH COCTABIISIO-
IIUX JIOTUCTHYECKOW MH(PPACTPYKTYphl 3a 3ajaH-
HBIi WHTEpBaJ BpeMeHU. B OOk «moka3aTtenu
OCHOBHOM COCTaBJISIOIIEH» HEOOXOIUMO OTHECTH
JTAaHHBIE O MACCAKUPCKUX W TPY30BBIX MEPEBO3KAX
BCEMHU BHJAMH TpPAaHCHOPTHBIX CPEACTB, KOJIHUYC-
CTBE TIPEINPUATHH, OKa3bIBAIOIUX TPAHCIIOPTHBIC
Y CKIIAJICKUE YCIYTH, IJIOTHOCTA aBTOMOOMIIBHBIX
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JOPOT U KEJE3HOJAOPOXKHBIX IIyTeH COOOIIEeHUs
u 1p. OGecreunBaiomias COCTaBISIOMIAs JOKHA
ObITH IpEACTaBJICHA [OKA3aTEJIAMHU, XapaKIEpU3y-
IOLIMMHU (PMHAHCOBYIO M HH(OPMALMOHHYIO CEpHI
pernona. K HUM Morytr OBITh OTHECEHBI 00BEM
MHOCTPAHHBIX WHBECTULMH, KOJUYECTBO KOMIIA-
HUM, UCTIONB3YIOMMX B cBoel AesitenbHocTH UKT,
a TaKKe OKAa3bIBAIOIIUX KOHCAITUHIOBBIE W (u-
HAHCOBBIE YCIYTH.

Kpome storo, B MeToauke MpOBOIUTCS IPO-
BEpKa Ha COOTBETCTBUE paclpeeNeHU 3HaUeHUI
B BBIOOpKE JUISL K&XKIOTO MapaMeTpa HOPMaIbHOMY
3aKOHY pacIpeleNeHnus ¢ IMOMOUIbI0 KpUTEpHUs
Konmoroposa — CmupHoBa. Mcxonsg U3 Toro, 4to
JaHHBIE TIPEICTaBJICHbI B PAa3HBIX IIKaJaX M3Mepe-
HUSI, HEOOXOAMMO MPOBECTH MPOLEAYPY HUX CTaH-
naptusanuu. i 3Toro IpeasaraeTcss BOCHOJb30-
BaThCs hopmyIoit (3).

1. Beibop nmokasareneil 0CHOBHOM U oOecrednBaromieit
COCTaBJISIIOIIUX PETMOHAILHON JIOTUCTUYECKOMN

HHPACTPYKTYpHI

2. IIpoBepka BbIOpaHHBIX MOKa3aTeIeh
Ha HOPMaJIbHOCTb JJISI HCCIIEIOBAHMS

Ja

3. Z-npeoOpa3zoBaHne JaHHBIX PETMOHAIBHON JIOTUCTHUECKOH HHPPACTPYKTYPEI

4. ®opMUpPOBAHUE UH/IEKCOB JIOTUCTUYECKOH
HHPACTPYKTYPHI peTHOHA

5. OneHka BHyTpEHHEH COrNIaCOBaHHOCTH
c(OPMHPOBAHHBIX HHJIEKCOB

Her

Ja

6. Onpenenenue GakTOPHBIX HArpy30K CHOPMHUPOBAHHBIX HHIEKCOB

7. Pacyer 3HaU€HUsI UHTErPAJIbHOIO NIOKA3aTeNs YPOBHS
JIOTUCTUYECKOH HH(PPACTPYKTYPHI pernoHa

Puc. 1. Anroput™ OLIEHKH YPOBHS JIOTHCTUYECKOI HHPPACTPYKTYPBI pErHOHA

Fig. 1. Algorithm for assessing the level of the logistics infrastructure of the region
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BaxHbIM 3TanoMm sBisieTcs IIpeoOpa3oBaHUE
TPYNIUPOBKU MoOKazaTesneil B MHAEKChl. MHIIEKChI
(hopMHpYIOTCSl IO BUAAM TPAHCIIOPTA, CKIIAICKOM
JIeSITEIbHOCTH, OO0bekTaM (puHaHCOBOW M MH(OP-
MalMOHHOM JiesiTebHOCTH U T. A. Hanpumep, un-
JIEKC aBTOMOOMIIBHOTO TPaHCIIOPTa PacCUUTHIBACT-
Cs Kak CyMMa CTaHJapTU3UPOBAHHBIX 3HAYCHUM
MO TOAaM TMOKa3aTeled MacCaKUPCKUX H TPY30-
BBIX ABTOINEPEBO30K, IUIOTHOCTH ABTOMOOMIIBHBIX
gopor u T. A. [locme ¢opMmupoBaHHsS HHAECKCOB
HEOOXOIUMO IIPOBECTH OLEHKY MX BHYTpPEH-
HEll COTJIACOBAHHOCTU C TIOMOIIBI0 KOX(PQHUITHECH-
Ta o.-Kponbaxa.

C uenpro ompeaeneHust (HaKTOPHON HaArpy3Kd
UId KaKIOr0 HHAEKca HEOOXOAMMO HpPOBECTH
(hakTopHEI aHanmmM3. B xadecTBe MeToda Mccieno-
BaHMS L1e1ecO00pa3sHO NPUMEHUTh METOJ aHaIU3a
IJIABHBIX KOMIIOHEHT. MeToa BpalleHusi — Bapu-
Makc ¢ Hopmannzanueil Kaitzepa.

Pacuer uHTErpanbHOrO MOKAa3aTelNs ISl PErHo-
HOB MPOBOAUTCSA 10 popmyiie

|=ikiﬁ, )

rae Ki — 3HaYMMOCTh COOTBETCTBYIOLIETO WHIICK-
ca; Fi— naubosmpinee 3HaueHue QaxTOpHONH Ha-
IPY3KH COOTBETCTBYIOIIETO UHJIEKCA.

OTnuune NaHHOW METOJMKU OT PacCMOTPEH-
HBIX BBINIE 3aKIFOYAETCS] B Y4ETe BCEX COCTABIIS-
IONIMX JIOTUCTUYECKON HHQPACTPYKTYPhI M MPO-
BEpKE Ha aJIeKBATHOCTh CXO/HBIX JTAHHBIX.

BBIBOJ]

Takum 00pa3oM, UCCIEAys pa3IMYHbIC MOIXO0-
JIbl U METOJIMKH OLICHKU JIOTUCTUYECKON uH(ppa-
CTPYKTYPBI, KOTOPbIe MOTYT HCIIOJIB30BATHCS JUIS
pa3paboOTKH IJIAHOB €€ Pa3BUTHS W TPUBIICUCHUS
WHBECTHIIMA B OIpEJeNICHHbIE 00BeKTH WH(pa-
CTPYKTYPBI, IeJIeCO0OPa3HO YUHUTHIBATH BHEIIHUE
W BHYTPEHHHE YCIOBUS W (aKTOpsl (PyHKINOHH-
pOBaHUS TaKMX OOBEKTOB, HEOOXOIUMOCTh Pa3BH-
TUS OTIENBHBIX COCTABISIONINX JIOTUCTHYCCKOM
UHQPACTPYKTYPHI IS HCCICIYeMOTO PErHOHa W
COOTBETCTBHE NMPUOPUTECTHBIM HAIPABICHUSAM pa3-
BUTHS JIOTUCTUYECKON CHUCTEMBI CTPAHBI.
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OpraHu3anoHHO-IKOHOMHUYECKHE MeXaHN3Mbl MO/IEPHU3ALUH
peaIbHOTO CeKTOPAa: HA MpUMepe JIErKOi MPOMbIIIJIEHHOCTH
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Pedepar. Llens crateu — pa3paboTka OpraHM3aNMOHHO-?KOHOMHUYECKAX MEXAaHH3MOB MOJAEPHH3AIMH PEaJbHOTO CEKTopa
Ha MpHUMepe JIETKOH MPOMBIIUIEHHOCTH. JIOCTHKEHHIO MOCTABICHHON L€ CHOCOOCTBOBANO PEIICHHE CIEAYIOIMX 3a4ad:
UCCIIEZIOBAaHUE IPEIIOCHUIOK MOJASPHU3ALMU OTEYECTBEHHON IPOMBIIUICHHOCTH; BBIABICHUE PUCKOB LIU(POBOrO Pa3BUTHA
MIPEANPUSTHS; BEIPAOOTKa KOHKPETHBIX MEXaHH3MOB MOJECPHU3AIMH NPEINPUSATHI JITKOH MPOMBIIUIEHHOCTH PecrryOmuku
Benapycs B ycmoBusax mudposusanuu. MarepraaoM JUIsl HAMCAHHS CTaThH MOCITYKIIN HaydHBIE pabOThl OTEYeCTBEHHBIX U
3apy0e)KHBIX YYCHBIX TOCICIHUX JIET, Pe3ybTaThl HAyYHO-HCCIIEI0BATENbCKUX PabOoT, BHIMOJIHIEMBIX aBTOpaMH. [IpumeHs-
JIMCh CUCTEMHBII ¥ HHCTUTYIMOHAIBHBIA MTOIXOABI, aHAIN3 U CHHTe3. Pa3paboTaHbl OpraHu3aiOHHO-3KOHOMIUECKHE MeXa-
HU3MBI MOJICpPHH3AIMH JIETKOI MPOMBIIIIEHHOCTH, PETH3aii KOTOPHIX OYyT CHOCOOCTBOBATH: NPHUMEHEHHE KOMILIEKCHOTO
nojxoja K Tpancdopmaiuu Gu3Hec-MOeIH B YCIOBHAX HU(PPOBU3ALUM; pa3paboTKa CTpaTeru HU(POBOro pa3BUTHS MPEa-
NPHUATHS C YUYETOM PEabHOH M MOTEHLHAIBHOM cTerneHn HU(POBU3ALMH BCEX 3BEHBEB [ETOYKH CO3/IaHUsI CTOMMOCTH; (op-
MHPOBaHUE «IH(PPOBOTO sAApa» (HOKATEHON KOMIIAHUH, BOKPYT KOTOPOTO BBICTPAHBACTCSI CETh THOKHUX JEIEHTPAIN30BaHHBIX
TIPOM3BOJICTBEHHBIX W CEPBUCHBIX IOAPA3JEIeHHH; MepcoHnUKams GyHKIH TUPPOBOTO pa3BUTHSA M O0ECIICUEHHS WH-
(dopManoHHOH 0e30IacHOCTH MPEINPHUATHS; MEPeX0o] K OMHHKaHAIbHOI COBITOBOII CTpaTeruu; MOCTPOCHUE YCTOWYMBBIX
MHTETPUPOBAHHBIX KaHAJOB KOMMYHHKAIMU C MMOTpeduTeneM B HU(POBOW cpesie; MPOU3BOJICTBO KOHTEHTA KaK HHCTPYMEHT
CO3/IaHHS HOBBIX HCTOYHHKOB ITOTPEOUTENBHOI CTOMMOCTH; epeXo K THOPUAHBIM MOJIETSAM, 00BEINHSIIONNM BUPTyaIbHbIE
U peasibHbIC MPOIIECCHl CO3/IaHUSI CTOMMOCTH; NPOopaboTKa MEXaHH3MOB HCIOJIb30BAaHUSI BO3MOXKHOCTEH HAKOIUICHUSI U KOM-
Mepuuaan3auu HHHOPMaIMOHHO-IIM(POBOro KanuTana; HOArOTOBKA CHEHAINCTOB HHXEHEPHO-DKOHOMUUYECKOTO MPpoduIis
B 00J1aCTH IU(POBBIX TEXHOJIOTHI Ha IPOMBIIUICHHOM MPEIIPUATHH.

KnrodeBble cjIoBa: MOJEpHH3AIMS YKOHOMHUKH, JI€TKas IPOMBIIUICHHOCT, IU(POBU3aNUs, IPOMBIIUICHHOE TPEINPUSITHE,
HAIlMOHAJIbHAS SKOHOMHUKA, IIM(poBasi GM3HeC-MoJieNb, U(PPOBas IKOHOMUKA, PUCKU
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Organizational and Economic Mechanisms for Modernization of Real Sector:
on the Example of Light Industry

S.'Y. Solodovnikov?, T. V. Serhiyevich
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The purpose of the paper is to develop organizational and economic mechanisms for the modernization of the real
sector on the example of light industry. The achievement of the set goal was facilitated by the solution of the following tasks:
the study of the prerequisites for the modernization of domestic industry; identification of risks of digital development of
the enterprise; development of specific mechanisms for the modernization of light industry enterprises of the Republic of Be-
larus in the context of digitalization. The material writing the paper was the scientific works of domestic and foreign scien-
tists of recent years, the results of research work carried out by the authors. Systematic and institutional approaches,
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analysis and synthesis have been applied in the research. Organizational and economic mechanisms for the modernization
of light industry have been developed, the implementation of which will be facilitated by: application of an integrated ap-
proach to the transformation of a business model in the context of digitalization; development of an enterprise digital deve-
lopment strategy, taking into account the actual and potential degree of digitalization of all links in the value chain; formation
of a “digital core” of a focal company, around which a network of flexible decentralized production and service units is being
built; personification of the functions of digital development and information security of the enterprise; transition to an omni-
channel marketing strategy; building sustainable integrated channels of communication with the consumer in the digital envi-
ronment; content production as a tool for creating new sources of consumer value; transition to hybrid models that com-
bine virtual and real value creation processes; elaboration of mechanisms for using the opportunities for accumulation
and commercialization of information and digital capital; training of engineering and economic specialists in the field
of digital technologies at an industrial enterprise.

Keywords: modernization of the economy, light industry, digitalization, industrial enterprise, national economy, digital busi-
ness model, digital economy, risks
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BBeagenune

B MexayHapoOHBIX SKOHOMHMYECKHX OTHOIIE-
HUSIX CETOJHs HAOJIoAaeTcs, C OJHOW CTOPOHBI,
yCWJICHHE TII00aIn3aliy, COMPOBOXKAAEMOE pas-
BUTHEM MEXIYHapOIHOW HHTErpanuu, a C Apy-
ro — MHTeHCH(UKALU MPOLECCOB PErMOHAIN3A-
muu. Ha3BaHHBIE NPOTHMBOpEYMBBIE TEHACHIMH
CIOCOOCTBYIOT POCTY KOHBIOHKTYPHON HECTaOMIIb-
HOCTH, TOPOKAAEMOW KaK YCKOpEHHEM Hay4YHO-
TE€XHUYECKOTO DPAa3BUTHUS, TaK M POCTOM 3KOJO-
TMYECKUX, COLMAJIbHBIX, BOEHHO-IIOJUTHUIECKUX
W WHBIX YTPO3 M PUCKOB. B 3THX yclOBUSX LIS
PecrryOnnku benapyck KM3HEHHO BaKHO HAWTH
HOBBIE PECYPChl TEXHUKO-TEXHOJOIMYECKOH MO-
JIEpHU3AIMN PEeabHOr0 CEKTOpa, BXOIUTh B CyILle-
CTBYIOIIME U CO3/1aBaThb HOBBIE MEXIYHapO.-
HBbIE TEXHOJIOTHYECKUE CETH, KOTOpble obecredaT
Hallleil CTpaHe JOTOJHUTENbHbIE BO3MOKHOCTH
IUTS TIONyYEeHUS] HOBEUIIMX TEXHOJOTUH M AOCTYII
Ha 3apyOeXHble TOBapHbBIC PBIHKU. «PemopuHr
YacTH MPOU3BOJICTBA U YCKOPEHHE CYIIECTBYIOIIHX
TEHIEHIMH, BO3HMKIIMX BCJICACTBUE NaHICMUHU
COVID-19, BeposTHO, eme OoJbIIe U3MEHUT TO-
nostoruto ceteit I'LICC (erobanvnvix yenouex co-
30anus cmoumocmu. — C. C., T. C.), — numyT Ku-
Talickue wuccienoBaTend. — SIBHOE HalpaBieHHUE
9TUX W3MEHEHHUH — CHeNaTh CJIOXHbBIE TOPrOBbHIE
cetu I'LICC Gonee pernonansHbeiMmn» [1, c. 561].
Jlokanu3anusi LENOYeK CO3[JaHMs CTOMMOCTH Ha
PETHOHAIILHOM YPOBHE CHMXXAET U3AEP)KKU Opra-
HU3AIMU TPOU3BOJICTBA B KPUZUCHBIN U U3IEPKKH
BOCCTAaHOBJICHUSI TPOM3BOACTBA B MOCTKPH3HC-
HBIH NEPHOABI, @ B PaAMKaxX MHTEIPALlMOHHBIX 00b-
eAMHEHWH JONOJHUTENBHO TIO3BOJIIET CHU3UTH
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PUCKH ONMNOPTYHHUCTUYECKOTO MOBEJECHUSI MapTHE-
POB, OIPENENIIeMOro He TOJBKO HallMOHAJIbHBIMU
3KOHOMUYECKUMH MHTEPECaMH, HO U BHEIIHEOIH-
TUYECKOH KOHBIOHKTYpoi. Kpome Toro, takas
JIOKaJIM3alusl MO3BOJIAET peaqu30BaTh MOTEHIHAI
CPaBHUTEIBHBIX KOHKYPEHTHBIX IPEUMYIICCTB
OTHEJBHBIX MPOU3BOACTBEHHBIX ATANOB U HCIIONb-
30BaTh yyacTHE B IEMOYKaX CO3JIaHUS CTOMMOCTH
KaK MHCTPYMEHT MOJYUYEHHUS OCTYyNa HALMOHAJb-
HBIX POU3BOAUTENEH K SKCIIOPTHBIM PHIHKAM.
becnipeniennienTHOE BHEIIHEE SKOHOMHYECKOE
JABJICHWE Ha Hally CTpaHy akKTyaJu3upyeT Ipo-
OeMy pa3pabOTKH MEXaHW3MOB MOJEPHU3AINU
OTEUYECTBEHHON MPOMBIIIIEHHOCTU KaK CTAHOBOTO
xpeOTa HalMOHAILHOM 3KOHOMUKH. [IpH 3TOM, Kak
nomgepkuBaet 0. B. Mernermiko, «B yclIOBUsX TeX-
HOJIOTUYECKOW  HEONPEIEIEHHOCTH  CMEILICHHE
(hokyca c pa3BUTHS KOHKPETHBIX TEXHOJOTHH Ha
HOBYIO HMHIYCTPHAJIM3ALMIO... JOJDKHO CTaTh OC-
HOBOW DAa3BUTHS MPOMBIIUIEHHOTO IPOU3BOJCT-
Ba. <...> VYBJEUYECHHE HOBEHIIMMH TEXHOJOTHUSIMHU,
KOHLICHTPUPYIOIIUMH HHTEJUIEKTYyalbHbIE, TPYAO-
BbIe ¥ (PUHAHCOBBIE PECYPCHI, MPUBOJUT K OTCTa-
BaHUIO B TPAAWIMOHHBIX YKJIaJax, KOTOPHIE 3ada-
CTYIO JaloT OOJNBIINA 3KOHOMHYECKUH 3PQEKT.
HoBas wunnmycTpuanuzanus >Ke€ HalpaBieHa Ha
noBbIeHre 3(Q(HEKTUBHOCTH BCEX OTpacield mpo-
MBIIUIEHHOCTH 33 CYET HCIIONb30BAaHUS CAMBIX
Pa3HOOOpPAa3HBIX HOBBIX TEXHOJOTHHA, B TEPBYIO
ouepenp udpoBbx» [2, ¢. 359]. Ilo cnpaBemu-
BOMY 3aMEUaHUI0 POCCUICKHMX Y4YEHBIX, Ha IHeEp-
CTIIEKTHBBI U(PPOBU3AINN SKOHOMHUKH BIUSIOT Ta-
Kkue (GaKkTophl, KaK «PE3KHil pOCT IKOHOMHUYECKOH,
MOJUTUYECKON, BOCHHOU, MEKCTPAaHOBOU, MEXpe-
CHOHAJIBHON KOHKYPEHIIMMA Ha TJIO0AThHOM IIPO-
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CTPAHCTBE, BXOXJCHHE CTpPaH B DIIOXY HEOMHIY-
CTpHanu3aluy, 000CTpeHHe KOHPIUKTOB B O0phOe
3a pecypchl M pHIHKH cObITa» [3, c. 4]. B 10 xe
BpeMsI IU(POBU3AINS OTKPHIBACT HOBBIE BO3MOXK-
HOCTH MOJICPHU3AIMN OTpacieil SKOHOMHKH, OT-
HOCHMBIX K TPaJUIHOHHBIM yKinanam. [lpu peann-
3al[MM CTPYKTYPHOH MOJUTHKH TOCYNapcTBa Clie-
IyeT YYWUTBIBaTh, YTO €CIIM OHA HampaBlieHa Ha
HaygYHO OOOCHOBAHHOE OIEpeKaroliee pa3BHTHE
YCIIyT TPOMBIIIIEHHOTO XapakTepa, TO MOAEPHH-
3alUsl peasbHOrO CEKTOpa SKOHOMHUKHU OyJeT mpo-
XOAUTH OBICTpEe, IMocieoBaTeIbHEe U TIOTPEeOyeT
OTHOCHTEIIFHO MEHBIINX U3/IEPIKEK, YeM B CIIydae,
KOTJ]a CTPYKTYpHas TOJIMTHKA OPUEHTHUPYETCS Ha
JOCTHKEHHE MH(OJIOTU3UPOBAHHON (T. €. HAYYHO
He OOOCHOBAaHHOH) e IOCTH)KEHHS IIECTOrO,
CEIBMOr0 WIIM elIe KaKoro-To 0Ooyiee BBICOKOTO
TEXHOJIOTHYECKOI'0 YKJIaZa B CTPEMJICHUN UATHU TI0
YT 3KOHOMHYECKH Pa3BUTHIX cTpaH. C ydeTom
9THX 3aMEUYaHUi TepeiieM K pa3paboTKe OpraHH-
3aLlMOHHO-’KOHOMHYECKUX MEXaHU3MOB MOJEPHU-
3aluy MpoMbIIIIeHHOCTH B PecmyOnmke benapych
B YCIOBUSAX IM(POBH3ALMH, CKOHLEHTPHUPOBAB
BHUMAaHHE Ha TAKOW TPaJULMOHHOW OTpaciu 3KO-
HOMUKH, KaK JIeTKasi IPOMBIIIJICHHOCTb.

OcHoBHAA 4aCTh

[IpoBeneHHBIE aBTOpaMH WCCIIEOBAaHUS TOKa-
3], YTO HOBBIC HMCTOYHUKU MMOTPESOUTEITHHOU
CTOMMOCTH B TIPOMBIIIIEHHOCTH BO3HUKAIOT MO
BIMSIHEEM: ITUGPOBU3AIINU B Pe3yIbTaTe yBeIUde-
HUSl CKOPOCTH Pa3pa0bOTKH, MPOU3BOJCTBA U pac-
MpeneyieHns TOBapOB; KaCTOMH3AIWU TPOU3BOJ-
CTBa; TpaHC(HOPMAIINH ENOYEK CO3TAHHUSI CTOMMO-
CTH U TUHAMHWYECKOW OpraHU3aIly IPOU3BOJICTBA;
WCTIONTE30BAHUS PEMYTAIMOHHOTO KalHTaia cTpa-
Hbl 0a3WpOBaHWS; MPUBIEYCHUS B OTPACIb BBICO-
KOKBaJIU(UIIMPOBAHHBIX KAAPOB; IMepepacrpeie-
JICHWsI TOYEK KalHUTaJIU3alud MEXIY OTAECIbHBIMU
MpoIleccaMyl  CO3JIaHUSl CTOMMOCTH; TIepexoaa K
THOPHUIHBIM MOJEJSM CO3JaHHs. CTOMMOCTH, 00b-
EVHSIOIINM BUPTYaAIbHBIE U PealibHbIE TIPOIIECCHI;
NEUCTBUSI TPHHIUIA JIOMHHO B IU(POBU3ANNN
MPEANPUATHSA U oTpaciu. J[ist Toro 4To0bl HCIIOJNb-
30BaTh BO3MOXKHOCTHA HU(PPOBOM SKOHOMHKH, Ha
YpOBHE TPEANpPUATHS HEOOXOIMMO MPUMEHAThH
KOMIUIEKCHBIN MOAX0 K TpaHcdopMalinu OusHec-
MOJICIM B yCIOBHSIX IU(POBU3ANNH, 3aTParuBaro-
meil Bce ee BHYTPEHHUE MPOU3BOACTBEHHBIE U

Hayka
wrexHuka. T. 22, Ne 1 (2023)

Ou3Hec-TIporiecchl (BKITIOYAsT ITUPPOBHU3AINIO CH-
CTEMOOOpa3yIIIUX 3JIEMEHTOB ON3HEC-MOJIEIHN),
a TakXKe B3aUMOJIEIICTBUE C NPYTUMU yJYaCTHUKAMU
[ETIOYEeK CO3JaHUS CTOMMOCTH, MOTPEOUTEISIMH,
rocygapctBoM. Kak otmewaercs M. A. Jlapuono-
Boii m B. H. BabGemko, «mpeanpusarus, uMeromnmue
0a30BBI ypOBEHb MUQPPOBHU3AIUN, CMOTYT OBICT-
pee pearupoBath Ha JalbHElIIee pa3BUTHE TEXHO-
JIOTMHA HCKYCCTBEHHOIO MHTE/UIEKTa M paHbILe
IPYTUX BHEAPATH UX CaMble NEPEIOBbIE pa3paboT-
KH B CBOIO paboTy U mpoayk™ [4, c. 91]. Dddex-
THBHAas TpaHchopMarysl OM3HEC-MOAETH B yCIO-
BUAX mHppoBu3anuy Tpedyer pa3paboTKH cTpare-
THHA TUPPOBOTO Pa3BUTHSI MPEANPUITHS C yUETOM
pEeaNbHOM M MOTEHIMAIBHON cTeneHn nu(poBH3a-
UM BCEX 3BCHBEB LIEMIOYKH CO3AAaHUSI CTOMMOCTH.
[udposuzanuss UG OTACTBHBIX AJIEMEHTOB IIe-
MOYKM CO3JaHMS CTOMMOCTH WM OM3HEC-MOAEIH
cHmKkaeT 3()(QEeKTHBHOCTh HCIONB3yeMbIX HU(PO-
BBIX HWHCTpyMeHTOB. [Ipu s3TOoM criemyer mpu-
HUMAaTh BO BHHUMAaHHUE CKJIAJbIBAIOLINECS CETOIHS
TEHACHIMA B LEMNOYKaxX CO3JaHHS CTOMMOCTH
B JICTKOW MPOMBIIIICHHOCTH, 4 HMMEHHO TaKHe,
KaK: POCT HEyCTOWYMBOCTU U TUHAMUYHOCTH; H3-
MEHEHHE MOCIE0BATEILHOCTH 3BEHBEB M TPaHC-
dopmanusi OT JIMHEHHOW K CETEeBOH CTPYKTYpE;
JIOKaJIu3auysi B HAIMOHAIBHBIX U PErHMOHATBHBIX
TpaHHLaX; MPOCHIOMEPH3ALs; pacIIUpeHHe MHO-
roo0pasusi BHYTPU- M MEXOTpacieBbIX CBs3ell;
W3MEHEHHUS B paclpeleieHHH TOXOJHOCTH M BIla-
CTHU MEXAy OTIEIbHBIMH 3BEHBbSIMU B IOJb3Y
MH(POPMALMOHHO-aHAIUTHYECKUX, JIOTUCTUIECKUX
CTPYKTYp M 3JEKTPOHHBIX TOPTOBBIX IJIOMIAI0K;
CHI)KCHHE BIIMSIHHMS CTOMMOCTH TPYHOBBIX Pecyp-
COB Kak (akTopa (hparMeHTanny IETOYKH CO3/1a-
HUSI CTOMMOCTH; YBEJIMYCHUE TPO3PAYHOCTH; CHU-
KEHHe NMOTPeOHOCTH B ayTCOPCHHIE U YNPOIIECHUE
LETOYEK CO3AAaHUSI CTOMMOCTHU IOJ BIHSHHEM PO-
o6otuzaumu [5, c. 127]. IIlpoTHBOpEeUUBOCTL HEKO-
TOPBIX TEHACHINN CBHIETEIHCTBYET 00 aKTUBHOU
¢aze CTpyKTypHOH TpaHCc(OpManUM LEHNOYEK CO-
3[aHHUSI CTOUMOCTH B JIETKOH MTPOMBIIIJICHHOCTH.
Crpaterusi uuGpoBOro pa3BUTHS NPenNpuUs-
TUSl JOJDKHA YYUTHIBaTh KaK TPaJWLMOHHBIE, TaK
W HOBBIE, 00YCIIOBJICHHBIC TUPPOBHU3ALINEH PUCKU
(pucku 1udpoBoil yA3BUMOCTH, pOCTa HEOAHOPOI-
HOCTH TEXHOJIOTUYECKOH CTPYKTYPbl, HHBECTULNHA
B HEMPaBWJILHO BHIOpaHHBIC TEXHOJIOTHH, IeHIIU-
Ta WIM HEJOCTOBEPHOCTH WH(OPMALUH, BO3HUK-
HOBEHHUSI «KOJIOJIIEB KOMIIETEHLHUI», HHU3KOTO
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YPOBHS KOMIICTCHIM 0a30BBIX HCIIOTHUTEICH —
pa3paboOTYMKOB KOAa M3 LEHOYKH ayTCOPCEPOB
u np.). CoexyeT yIWTHIBaTh, 9TO HEKOTOPHIE Tpa-
TUITMOHHBIE PUCKH MPHOOPETaroT HOBOE KadecTBO,
HanpuMep: U3MEHEHHE CTPYKTYphl HapacTaroIero
KaJIpoBOTO eUIUTa B pe3yabTare U poBU3aun
TpaHc(pOpMHUPYET XapakTep PHCKOB, CBS3aHHBIX
C TPYAOBBIMHU pecypcamu; B pe3ylibTaTre paciiupe-
HUSl TIPUMEHEHWSI TEXHOJOTHHA aHain3a OOIBIINX
JAHHBIX B TIPOTHO3UPOBAHUH MOJHBIX TEHICHIIMA
MEHSIETCSl XapakTep NCHCTBUS pHCKa Hemoydera
(hakTOpa MOJIBI 1 T. 1.

Tpanchopmanuio OHU3HEC-MOACIH TIPEAIPHSI-
TUSL JIETKOW MPOMBIIIJICHHOCTH CJIEAyeT HadaTh
¢ opmupoBaHus «ITU(POBOTO sAApa» (HOKATHEHOMN
KOMITaHUH, BOKPYT KOTOPOTO Oy/IeT BbICTpanBaTh-
csl ceTh TMOKHMX JEleHTPAIIN30BAHHBIX MPOU3BO/I-
CTBEHHBIX M CEPBHUCHBIX HOJpasfencHuil. «Sapo
OmM3HEC-MOJIEH OIpeNesieTCs] KaK COBOKYIMHOCTh
PECYpCOB, KOTOpBIE IOCPEICTBOM TpaH3aKIUA
CO3/Iaf0T IIEHHOCTH JUIsI KOMITAHUM U €€ KIIMEH-
TOB» [6, c. 383]. Ilox TpaH3aKkIMsAMHU 3/1€CH UMEET-
Cid B BUAY OIIpE€AC/ICHHAsA COBOKYINHOCTL IIpOM3-
BOJICTBEHHBIX M OM3HEC-TIPOIECCOB, B PE3YNbTATE
KOTOPBIX CO3/IaeTCsl MOTPEOUTENbCKAasT CTOUMOCTb.
B ornnume ot knmaccuueckux OU3HEC-MOAeNel mo-
oOHasi CeTh MO3BOJISIET AMOPTHU3UPOBAThH BIIHSIHHC
JIOKAIILHBIX PUCKOB Ha BCIO CHUCTEMY, OHa Ooiee
OTKpLITAa U aJallTUBHA. OTHOCHTENIbHAST HE3ABUCH-
MOCTh OTIEJIBHBIX 3BEHBEB, B3aHMMOJCHCTBHE KO-
TOPBIX C (OKATHHOW KOMIAHHEH MOXET OcCy-
HIECTBISATECS B (DOpME HWHCOPCHUHTA, ITO3BOJISIET
HaXOJUTh JOINOJHHUTENIbHBIE HMCTOYHMKH JI0XO0Ja
BHE (OKATBbHON KOMIIAaHWH, BBICTpaWBaTh COO-
CTBEHHYIO CTPATErWIO IO TOUCKY W YyIAEPKAHUIO
KaJIpoB C HEOOXOIUMBIMH KOMIIETEHIIUSIMH, CaMO-
CTOATEIHHO MPUBJIEKATh HHBECTHUIIHH.

Tpancdopmarnus OuzHec-MoAend, 0OyCIOB-
neHHas nudpoBU3aNyel ee BHEITHEH /WA BHYT-
peHHEH cpenpl, HeM30eKHO BileUeT 3a co0O0i BO3-
HUKHOBEHHE TMOTPEOHOCTH B HOBBIX HaBBIKAX H
komneTeHnusax. [lpobnema moncka W ynepikaHus
KaJpoB C HEOOXOAWMBIMH KOMIIETCHIMSIMUA Kaca-
eTcs KakK TpeacTaBuTeNell pabounx crenuanbHo-
CTeH, Tae MPEeaNPUATHIO MPUXOAUTCS KOHKYPHPO-
BaTh Ha PHIHKE TPYJAa, KOTOPHIH XapaKTepU3yeTcCs
COKpaIaromumMcs 00beMOM  MPEUIOKEHHS, TaK
U WHXXEHEPOB, MPOTPaAMMHCTOB, pPa3pabOTUMKOB,
Ha PBIHKaX TpyJa KOTOPBIX 00BEM CIpoca pacTeT
OTIepeXAIUMH 00beM TPEUIOKEHHUS TEMIIaMH.
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[lepconndukarnus QyHkui mo uudpoBoMy pas-
BUTHIO U 0O€CIedYeHHu0 HH(OPMAIMOHHON 0e3-
OITACHOCTH TPEATIPUSATHS MOKET OBITh TIOCTHTHYTA
3a CYeT BBEACHMS JAOJDKHOCTH AMPEKTOpa 1Mo mud-
POBOMY Pa3BUTHUIO WA WHPOPMAITMOHHBIM TEXHO-
JIOTUSIM B 3aBHCHMOCTH OT CHEUU(UKH AEATETb-
HOCTH TIPENNpPHUATHS W CTpaTeruu ero mudpo-
BOro pas3BuTus. JIMIIb HEKOTOpBIE OENopYyCCKHUE
MPENNpUsITAS JIETKOW TPOMBIIIEHHOCTH — yKe
MMEIOT B COCTaB€ TOI-MEHEHKMEHTa JIHPEKTO-
POB 10 MH()OPMAIMOHHBIM TEXHOJIOTHSM (HAIMPH-
Mep, OO0 «DopMdIby, 00YBHON XOIIUHT «Map-
KO» W Hekoropble Apyrue). [Ipomeccsl mudposu-
3alUd TPEANPHUATHS JIETKOM MPOMBIIUICHHOCTH
TpeOyIOT W TPHUBIEYECHHS CIEIHAINCTOB, OTBE-
YaroIIMX HEMOCPEICTBEHHO 3a pa3paboTKy H pea-
JMU3aMI0 TIPOEKTOB MO IM(POBU3ALMH TMPOU3-
BOJICTBEHHBIX M OW3HEC-TIPOLIECCOB MPEINPHUATHS
(ot BHempeHUs MHTEPHETA BeIei M poOOTH3HPO-
BaHHBIX CHUCTEM B TIPOU3BOJICTBCHHBIC M YIIPaB-
JIEHYEeCKHEe TPOIECCH 10 MH(PPOBOTO MapKETHH-
ra U 3JeKTpoHHOW KomMmeprmu). C dTOH Ienbio B
BenopycckoM HalMoOHAJIBHOM TEXHUYECKOM YHU-
BEpPCHUTETE yXKE€ CErOJHS HadaTa MOATOTOBKA CIIe-
[IHATACTOB MHKEHEPHO-3KOHOMUYIECKOTO MPO(HIIs
B 00JIacTH THU(POBBIX TEXHOJIOTHH Ha MPOMBIIL-
neHHoM mpeanpustud. Kpome 3toro, TpeboBaHUs
K pabOTHWKaM IOJDKHBI OBITH TOTIOTHEHBI HABBI-
KaMW TpPUMEHEHUS WH(POPMAIMOHHBIX TEXHOJIO-
U B MPOo(ecCHOHAIBHON NEATENHHOCTH, B TOM
4Hucie ¢ ydeToM Yrpo3 HH(opManuoHHOH 0e3-
omacHocTH. I{udpoBU3aNKI0 MPOU3BOACTBEHHBIX
1 OW3HEC-TIPOIECCOB HEOOXOIAMMO COIMPOBOXKIATH
JIOTIOJTHUTENHHBIM O0yYEeHHEM TIepCOHaNa, 4TO CIIo-
COOCTBYET HE TOJBKO HAapaIIUBAHHIO YEIOBEUECKO-
TO KanuTalla IpeANpPHUSTHS U TOBBIIICHUIO 33 CUET
3TOTO TOJIOKUTEIBHBIX 3()(HEKTOB MUPPOBHU3ALINH,
HO W TIPEOJOJICHUIO WHEPTHOCTH M HU3KOH ajar-
TUBHOCTH TIEpCOHAJIA.

Ha ypoBHe mpennpusiTHii U OTpaciu clexyer
OCYILECTBIIATH MOCTOSHHOE OOHOBJIEHHE MEXaHH3-
MOB BBIBEJICHUSI TOBAPOB HA PBHIHOK, OCHOBAaHHOE
Ha TEXHOJOTHU3aLUKN TPaJULMOHHOW TUCTPHOYLIUH
U ee IOMOIHeHNH HU(POBBIMU KaHAIAMH MPOJIBU-
XKEeHUsI U cOBITa, 9YTO OOYCIIOBICHO HM3MEHEHHEM
MOBEJICHUS M OKUIAHUH TOTPEOUTEINS B YCIOBHAX
mudpoBuzauuu. Pactymmii moreHnman nudpoBu-
3anUy O0IIecTBa MOXKET OBITh WCIONB30BAH TPHU
MepexoJie K OMHUKAHAIBHON COBITOBOW CTpaTeruu
OPEANPUATANA JIETKOM IPOMBILUIEHHOCTH, OCHO-
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BaHHOW Ha KOMOWHAIIMH TPAJULIHOHHBIX U IH(PO-
BBIX HHCTPYMEHTOB MPOABIKEHHUS U JUCTPUOYLIIH
C 1IETIbI0 YBEIMYECHUS CKOPOCTH BbIBEIEHHS TOBapa
Ha PBIHOK M pOCTa MacmTaboB 0XBaTa MOTpeOnTE-
neii. Kak oTMeualoT UTalbSHCKHE MCCIIeI0BATENH,
«Ha HOBBIe OW3HEC-MOJENH, TIaBHBIM OO0pa3oM
OCHOBAaHHBIC Ha B3aUMOJEIHCTBUU C KIHEHTaMH,
BJIMSCT, B TEPBYIO OuYepellb, U3MEHEHHE KaHAJIOB
cObITa, OPHEHTHMPOBAHHOE HAa MHOIOKAHAJIbHYIO
ctparernro. Ha mytu k morpebutemo mudpoBbe
WHCTPYMEHTBI YIIyUIIAlOT PAa3TUYHBIC aCTICKTHI
KJIMEHTCKOI'O OIIbITa, B YaCTHOCTH HHQOpMa-
TUBHOCTb, PAa3BJICYECHUS] M COLMAIBHOE IPHUCYT-
ctBue» [7, c. 653]. B ycrnoBusix pa3BUTHS WHTEp-
HETa, JIOTUCTUKU U IH(POBOr0 MapKEeTHHIA CIIBU-
raroTCs I'PaHHLBl TOBAPHBIX PBHIHKOB, YTO JIOJKHO
UCIIOJIB30BaThCsl  TPEANPHUATHSIMU JIETKOH — Tpo-
MBIIJICHHOCTU IS PACLIMPEHHUSI CBOETO IMPHUCYT-
cTBUA. [laHHBIC M3MEHEHHUS KacaloTcs KaK KaHAJIOB
JUCTPHOYITUH, TIIE CIeIyeT UCIOJIL30BaTh PacTy-
MUK TOTEHLIHAN BJIEKTPOHHOW KOMMEPLHHU C TO-
MOILBIO COOCTBEHHBIX WJIM BHEIIHMX TOPTOBBIX
IUIOINA/IOK, TaK M TEXHOJOTUH NMPOABWKEHUS, OXBa-
TBHIBAIOIIMX HCIIONB30BAaHUE BO3MOXKHOCTEH COLM-
aNbHBIX ceTeil. B ycnoBusx mudposuzanmu Bo3pac-
TaeT 3HaYeHHWE Takoro ¢akropa 3PPHEKTUBHOCTH
On3Hec-MOzIeNN, KaK CKOPOCTb KOMMEpLHUAIN3alNuK
NPOU3BOIUMON IMPOAYKIMM WM YCIYr, Ha POCT
KOTOPOW JOIDKHO OBITh HamNpaBIICHO OOHOBJICHHUE
MEXaHH3MOB BBIBE/ICHHUS TOBAPOB Ha PHIHOK.

Jis mpennpusTHs CTAaHOBHUTCS BaXKHBIM BbI-
CTpauBaTh yCTOWYMBBIC HHTETPUPOBAHHbIE KAHAJIBI
KOMMYHHKALIUU C TIOTpeOuTeseM B HUPPOBOH cpe-
nie (calTel, conpaibHble ceTh U Aap.). «Ilockombky
UHQOPMAIU O MPOLYKIMH CTAHOBUTCS TaKOW XKe
BRXHOM, KaKk M cama MPOAYKIHs, MOYTH KaKiaas
KOMITaHUS B HACTOALIEE BpeMs 3aHUMAETCs cO31a-
HHEM W TpepocTaBieHueM “kontenta”» [8, c. 17].
3a cueT mpou3BOACTBA KOHTEHTA (IIEPCOHAIU3UPO-
BaHHOM, PEJIEBAHTHOM W JOCTYIHOH AJiA mOTpe-
outenss wH(MOpMAIMU), KOTOPBI HampaBleH Ha
HaJIeJIeHue TIPOU3BOIMMBIX TOBapOB HOBBIMHU 3Ha-
KOBBIMH CBOMCTBaMM, MOTYT CO34aBaThCsl HOBBIC
WCTOYHUKHM MOTPeOUTENbHON cToMMocTH. [Ipoms-
BOJICTBO KOHTEHTa Oyiarojapsi U(QPOBBIM HWHCT-
PYMEHTaM TO3BOJISIET JOMOJHHUTH HPOHU3BOACTBO
NpoayKTa (TOBapa) OKa3zaHWEM LU(POBOH yciy-
TH — IPeIOCTaBIeHHEeM HH(OpMaNny, pa3BieKa-
TEJBHOW YCIIyTH, COLHMAJIbHOTO MPUCYTCTBHUS.
[IpennpusiTuss JIerKOH MPOMBIIUIEHHOCTH MOTYT
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BBICTYIIaTh B KAYECTBE aKTUBHBIX MPOU3BOIUTENCH
COLMAJBHOTO OTHOIICHHUS ((POpMHUpOBaHHE TIO-
TpeOHOCTE W MEXaHWU3MOB TpPHW3HAHUSA W 0O0IIe-
CTBEHHOTO BOCIPOM3BOJICTBA 3HAKOBOW CHCTEMBI,
KOHCTPYUPOBAHHUE CBSI3U MPOU3BOJUMBIX TOBapOB
C OOMIETTPUHATON 3HAKOBOW CHCTEMOW, yIIpaBiie-
HUE MEXaHW3MaMH{ JOCTyNa pa3indHBIX TPYIII
HACEJICHUS K 3HAKOBBIM OJjlaraM) M OCHOBHBIMHU
BEITOAOMONyYaTesiMU. Uepe3 3HAKOBOE MOTPed-
JIeHNE BHIPAXXKAIOTCA COIMAIIbHAS PUHAIEKHOCTh
U COIMAJIbHAs TAKTUKA WHIMBUJIOB, HAIPUMEP TPH-
BEPXKEHHOCTh MOJHBIM TEHJCHIWSM, TOIEePIKKa
9KOJIOTO OPHEHTHUPOBAHHBIX TPEHIOB, MATPUOTHYE-
CKasi TIPUHAJUICKHOCTb, COIMaJbHAs OTBETCTBCH-
HOCTh U T. 1. Kpome Toro, nmmdpoBbie KaHAIBI KOM-
MYHUKaIlAK C TOTPEOUTENSIMH MOTYT HCIOJb-
30BaThCS JUISI CO3MAHUS TIEPCOHATU3UPOBAHHBIX
B COOTBETCTBHHU C MCTOPHEW MPEANIOYTSHUH MOTpe-
Ourens npeIokeHnid. Ha mepBoHavanbHBIX 3Tamax
nuQpoBU3aIMS KOMMYHHKAIIUH C ITOTpEOUTEIEM HEe
TpeOyeT 3HAUYNTEIHHBIX MHBECTHIIUH, IO3TOMY ITH
WHCTPYMEHTHI MOTYT YCIEITHO MMPUMEHSTHCS TAKXKe
MaJbIM U CPeTHIM OM3HECOM.

[IpenmpusiTusiM ~ JIETKOM  MPOMBINUIEHHOCTH
CleyeT PacCMOTPETh BO3MOKHOCTH TMepexonia K
THOPUIHBIM MOJEISIM, 00BEeINHSIIONAM BUPTYaTb-
HbIC W pPEalIbHBIC MPOLECCHl CO3AaHUS CTOMMOCTH.
«/lnst Toro 4ToOBl BUPTyaNM3anus IPOU3BOJICTBA
MIPOMCXOAMIIA HE B yIEpO KOHEUHOMY Pe3yJbTaTy
U C MaKCUMaJbHOW 3KOHOMUYECKOW OTaauei, —
oTMedarT 1o s3toMy mnosoxy H. JI. Kopuuio-
Ba, C. B. Cankyman, A. E. ['openosa u /[. A. Ba-
CWIbEB, — KOMIAHHUSIM HEOOXOIUMBI TEXHOJO-
TUH, OOBEAMHSIOMNE M aBTOMATH3UPYIOIINE BCE
Pa3pO3HEHHBIE JTalbl XU3HEHHOTO IMKJIA W3Ze-
Tusl, CO3AIONIME WHTETPUPOBAHHYIO CpPEAy KO-
JIEKTUBHOW PaOOTHI, T/Ie KaKIBIA YIaCTHUK TPOU3-
BOJCTBEHHOH IEMOYKH HMMEET B peallbHOM Bpe-
MEHHU JIOCTYI K HYXXHOW eMy HHGOpMAIUH I10
m3aenuio» [9, c. 40]. HoBble HICTOYHUKHU CO3JaHUS
MIOTPEOUTETHPHON CTOMMOCTH OH3HEec-Monejei B
JIETKO¥ MPOMBINIIICHHOCTA OCHOBBIBAIOTCSI Ha Cep-
BHCHBIX CTpaTerusix (BBIPYyYKa OT TMOAMHCKH IIO-
TpeOuTeNneli Ha KPaTKOCPOYHYIO apeHAY OICHKIIbI
C BO3MOXXHOCTBIO MOCJIEAYIONIETO BBIKYTA, YCIYTH
CTHIIUCTA TIO BBIOOPY OMEXKBI); TPOU3BOJICTBE
uugposeix yernyr; HUOKP B chepe coznanust ym-
HOH OIS BT, pa3paboTke NHHOBAITMOHHBIX CUCTEM
YIpaBJICHHUS CHPOCOM, OCHOBAaHHBIX Ha TEXHOJIO-
TUSX OONBININX NAHHBIX M UCKYCCTBEHHOTO WHTEIN-
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JIeKTa, JUIS OKa3aHWs BHYTPEHHHX M BHEUTHUX
yeiyr. JluBepcudukaiius mpoayKToBOro nopTdens
pacmmpsieT He TOJBKO UCTOYHUKH (DOPMHUPOBAHUS
JI0OX0/1a, HO M BO3MOKHOCTH TIPHBIICUCHHUS HHBE-
CTHUIIMIA 33 CYeT MHU(POBBIX MPOEKTOB, WHBECTHUIIH-
OHHAas KOHBIOHKTYpa IS KOTOPBIX CETOIHs CKJa-
IBIBaeTCs O0JIee OIarompHusaTHO.

[TosiBieHre Oojee KOMITAKTHBIX, MOIIHBIX H
JIEIIEeBBIX JATYUKOB, pa3BUTHE c(hephl MOOMIBHBIX
MIPUIIOKEHUI OTKPBHIBAIOT HOBBIE HUIIIM HA PBIHKAX
JIETKOW TMPOMBINUICHHOCTH. «Y CUJICHHUE JCUCTBUS
TEXHOJIOTHYECKOro (hakTopa OO0yCIOBIMBAET pac-
MpocTpaHeHue (eHOMEeHa TEXHO-MOJIBI, KOTOPBIN
OTpakaeT TCHJCHIIMIO K JCMOHCTpAIlMM WHJ/IUBH-
JlaMU CBOEW NPUYACTHOCTH K HAyYHO-TEXHUYE-
CKOMY TPOTPECCy MOCPEACTBOM MOTPEOIEHUS TeX-
HOJIOTUYECKMX HOBHUHOK, B TOM YHCJIE U B OJCK-
ne» [10, c. 196]. YMHBIN TEeKCTHITb U YMHAsI OJIEXK-
Ia TpaHCcHOpPMHUPYIOT, MOMHMO c(hepsl TOBapOB
BOCHHOTO Ha3HAYCHMs, TJIABHBIM 00pa3oM IIOTpe-
OWTEeNhbCKE PHIHKA B OONACTH 3IOPOBBS M CIOp-
ta. Hampumep, clOBEHCKHE HCCIeq0BATENN
A. Pymoned, A. Kynap u 3. CrenaHoBuu mosara-
10T, 9TO NU(POBU3AIMS MBEHHON MPOMBIILIEHHO-
CTH OTKPBIBaET HOBBIE «BO3MOXKHOCTH KaCTOMH3a-
UM B MPOM3BOJCTBE OJEKIIbI C MOMOIIBIO OLU(-
POBKHM M BUPTYaTbHOT'O TPOTOTUITMPOBAHUS, B TOM
YyHUClie Ui WHBAIMIOB M JIUI[ C AedopManusMu
MMO3BOHOYHHKA, a TAKXKE Pa3pa00TKU YMHOU OZCK-
Il ¢ TUGPOBEIME (QYHKIMSIMHA ¥ WHTEIUICKTYaJThb-
HBEIMH ycTpoiictBamu» [11, c. 13]. Cpemu orpa-
HUYNATENEH pa3BUTUS pPHIHKA YMHOTO TEKCTHIIS
JKCIICPTHl HA3bIBAIOT TaKHe, KaK: «HU3Kas oOIle-
CTBEHHAsI OCBEJIOMIICHHOCTD; BBITYCK HEJIOCTATOY-
HO CTWJIBHBIX W3JIEIMIA; BBICOKAS CTOMMOCTH ISt
MacCOBOH ayJWTOPUHU; BO3MOXKHAS Yrpo3a JIMYHON
0e30macHOCTH, CBfA3aHHAs C HCIIOJIB30BaHUEM
“yMHOI~ OHEXIOW JUYHBIX ITAHHBIX ITOJb30BaTe-
ns» [12, c. 63]. IIpou3BoACTBO yMHOU OIEKBI
mpenoyaraeT TpaHCHOPMAIMIO MOJIENHA J0X0a
JUTSL TIPEANpUATHS 3a CYET OKa3aHWs JOIOJHH-
TENBHBIX YCIyr (TJaBHBIM 00pa3oM LU(PPOBBIX),
CBSI3aHHBIX C HOLIEHHEM YMHOU ofexnpl. B cBs3u
C TIOSIBJICHHEM PBIHKA TaKUX YCIYT MCCIEAOBATENN
SKOHOMHUKH JICTKOW TNPOMBIIIJICHHOCTH W HMHIY-
CTPUM MOJBl HAYMHAIOT BBICKA3bIBATH COMHEHHS,
«OCTaHeTCs JIM pa3oBas MOKYMNKa OAEKIbl HanOo-
Jiee MHOT0OOEIIAlomel MOJETbI0 MOyYeHUs J0-
xona. Ecnu 1eHHOCTh Ui KIIMEHTa CO3[aeTcs B
pe3ynbTaTe OKa3aHWs YCIIyTH, KOMITAHUW MOTYT,
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HampuMep, MpeJyiarath NPOAYKTHl OECIIaTHO B
COUETAaHMH C COOTBETCTBYIOIIEH 3KOCHCTEMOM
ycIyr (HampuMep, COBETHI MO0 MUTAHHUIO WIH KO-
YUUHT 10 (uTHECY M 00pasy >KM3HH). 3aKazyuK
OIIAYMBAET YCIYTYy M IOJIyYaeT MpeIMeT YMHOH
onexnpl... Takum 00pa3oM, TOX0I MOXKET TeHEPH-
poBaTbcA Ha MPOTSDKEHUH BCETO KU3HEHHOTO IIHK-
J1a TPOJyKTa U MOXET OBITh PACIIUPEH U CKOPPEK-
tupoBan» [13, c. 7]. buzHec-Monenp Mog00HOTO
tunia O. bep mpemnaraer Ha3pBaTh «Opekma Kak
yeayra (CaaS)» (ot anri. Clothes-as-a-Service).
Ha me30ypoBHE B JErkoil IpOMBIILIEHHOCTH
clemyeT mpopaboTaTh MEXaHU3MBI HCITOJIb30BaHUS
BO3MOXHOCTEH HAKOTUICHHUSI 1 KOMMEPIHATU3ALUH
nH(OPMAITMOHHO-TIM(POBOTO KamuTaja, MOTEHITH-
ABHO TPHHOCSIIET0 MU(PPOBYIO PEHTY IS 3aWH-
TepecoBaHHBIX CTOpOH. LludpoBuszauus co3maer
TEXHOJIOTHYECKHE BOSMOXHOCTH CO3JaHHsI IIEHHO-
CTH JUIS KIIMEHTa, OCHOBaHHbIE Ha cOope M aHaIH-
TUKE JaHHBIX, — MEPCOHATU3UPOBAHHBIE MPEIJIO-
JKEHUSI, TTPOTHO3WPOBAaHUE CIIPOCa M YIPABJICHHE
MTOBE/ICHUEM TOTPEOUTENS, PACIIUPEHUE TMPOIYK-
TOBOTO TOPTQensi 3a CYET MPOU3BOJACTBA YMHOM
ONIeXIbl ¥ IU(POBBIX YCIYT, COMPOBOXKIAOIIIX
BeCh XU3HEHHBIN KN m3nenws. COop W aHamu3
OONBIIMX JTAHHBIX TIO3BOJISIET HA CAMBIX PaHHUX
3Tanax BBIABIATH H3MEHEHHUS MOTPEOUTEIbCKHX
MPENOYTEHUI U OTKPBIBATh TEM CaMBIM JIOCTYI K
KOHKYPEHTHBIM NPEUMYIIECTBAM B CKOPOCTH pea-
TUpOBaHUs Ha M3MeHeHus cmpoca. Vccnenosare-
JIM, IPOBOJIMBILINE SMIUPUYECKUNA CPABHUTEIIbHBII
aHaAJIM3 TPAIUIIMOHHBIX HHCTPYMEHTOB IPOTHO3H-
pOBaHMS MOJHBIX TCHIEHIIMH ¥ WHHOBAIMOHHBIX
MHCTPYMEHTOB aHaIH3a OOJBIINX JAHHBIX, IPHXO-
IT K BBIBOAY: HECMOTPS Ha TO YTO «PE3yJIbTaThI
HCCIIEIOBaHUSI CBHJIETEILCTBYIOT O OOJBIIOM TO-
TEHI[aJle WCTOIh30BAHUA WHCTPYMEHTOB OO0b-
IUX JaHHBIX JUIA MPOTHO30B MOJHBIX KOMITAHHUN
U CO3/IaHUS HOBBIX MPOAYKTOB» [14, c. 8], mocKoib-
Ky MHOTHE M3 TAPHBIX MTPOTHO30B AEMOHCTPUPYIOT
BBICOKYIO CTETIEHb CXOJICTBA, OCOOCHHO B OTHOIIIE-
HUM PUCYHKOB W LIBETOB, «TPaIUIIMOHHOE TPOTHO-
3WpPOBAaHWE MOJHBIX TEHACHIMH HE WCYE3HET B
Ommxaifiiee BpeMsi, ¥ OOJNbINE JaHHBIE HUKOTIA
HE CMOT'YT MHOJHOCTBIO 3aMEHHUTh JU3aiHEPOB, KO-
TOpHIE YacTO HE TONBKO IMPEICKa3bIBAIOT, HO W
CIOCOOCTBYIOT CO3aHUI0 OPUTHHANBHBIX, COBEP-
IIIEHHO HOBBIX MOIHBIX TeHaeHIwit» [14, c. 8].
B Ommkalimme pecATWIeTHsS aHATUTHYECKHE WH-
CTPYMEHTHI TIPOTHO3WPOBAHUS CIPOCa XOTS U HE
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3aMEHST TBOPUECKUN TPy AU3AHEPOB, HO BIIOJIHE
MOTYT CIy)KUTh CPEJICTBOM TMOBBIMICHUS 3 heK-
THUBHOCTU M KOPPEKTUPOBKM TOPIOBBIX M Map-
KETHUHIOBBIX CTPATETUH KOMMEPUYECKHX OpraHu-
3alUH.

BBIBO/I

B crathe Ha mpuMepe JIETKOW MPOMBIIIIEHHO-
CTH pa3paboTaHbl OPraHW3alMOHHO-3KOHOMHYE-
CKHE MEXaHH3MbI MOJICPHHU3AINN PEANTbHOIO CEK-
TOpa, pealu3alid KOTOPHIX OYyIyT CHocoOCTBO-
BaTh: IPUMEHEHHE KOMIUIEKCHOTO I0aXoJa K
TpaHchopmanum OU3HEC-MOJICITHU B YCIIOBUSIX IH(]-
poBm3anmu; pa3paboTka cTparerudl muQppoBoro
PasBUTHS NPEANPUATHS C YIETOM peajbHOM U 1Oo-
TEHIUANBHOW CTeTeH! H(POBU3AINN BCEX 3BEHb-
€B LETMOYKH CO3AAHUSI CTOMMOCTH, YUUTHIBAIOLICH
KaK TpaauLMOHHbIC, TaK U HOBbIE, 00YCIIOBJICHHbIE
nudpoBu3anuei, pucku (pUcku UQPOBOH ysI3BU-
MOCTH, POCTa HEOTHOPOAHOCTH TEXHOJOTMYECKOH
CTPYKTYPBl, UHBECTULIMH B HENPABUJILHO BHIOpaH-
HBbIE TEXHOJIOTHH, NeQUINTa WU HEIOCTOBEPHO-
CTH HMH(OpPMAaIUK, BO3HUKHOBEHHUS «KOJIOJLCB
KOMIIETEHIIUH», HHU3KOTO0 YPOBHS KOMIICTCHIIUH
0a30BbIX HCIIOJHHUTENICH — pa3padOTYMKOB KOJa
U3 LEMOYKH ayTcopcepoB); GpopMupoBaHue «uud-
poBoro sapa» (QoKaIbHOW KOMIIAHHH, BOKPYT KO-
TOPOTO BBICTPAaWBAaeTCs CEThb THOKHX JIEICHTpa-
JM30BAaHHBIX MPOM3BOACTBEHHBIX U CEPBHCHBIX
nonpasneneHuii; nepconudukanus GyHkuui uug-
pPOBOTO pa3BUTHA W oOecmedeHHS WH(GOPMAITHOH-
HOW 0€30MacHOCTH MPEINPHUATHS; MEepexol K OM-
HUKaHAJIbHOW COBITOBOW CTpaTeruu, OCHOBAaHHOMN
Ha KOMOWHAIWW TPAAWIMOHHBIX H ITU(GPOBBIX
WHCTPYMEHTOB TMPOJABIDKEHUS W JUCTPHOYLHH;
MOCTPOCHUE YCTOMYMBBIX HHTETPHUPOBAHHBIX Ka-
HAJIOB KOMMYHHKAIINA C TOTpebuTenemM B nupo-
BOW Cpefie; MPOM3BOACTBO KOHTEHTa KaK MHCTPY-
MEHT CO3/1aHHUsI HOBBIX MCTOYHHUKOB IOTPEOUTEIID-
HOH CTOMMOCTH; IIE€PeX0/ K THOPUIHBIM MOJEIIM,
O00BETUHSIOMUM BUPTYANbHBIE W peaJIbHBIE TPO-
LIeCChl CO3JaHUsl CTOMMOCTH (CEpBUCHBIE CTpare-
TUHM; TPou3BoACTBO mu(poBbix ycuyr; HUOKP
B chepe co3maHus YMHOH OIEXKIBI; pa3paboTKa
MHHOBALIMOHHBIX CHCTEM YIPABJIECHUS CIIPOCOM,
OCHOBAaHHBIX Ha TEXHOJOTUSAX OOJBIIMX AaHHBIX
U HUCKYCCTBEHHOTO WHTEIICKTa, JUII OKa3aHHs
BHYTPEHHHUX W BHELIHHUX YCIYT); MpopabOTKa Me-
XaHU3MOB HCIIOJb30BAaHUS BO3MOYKHOCTEH HAKOII-
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JICHUST W KOMMeEpLHaIu3aluu HHGOPMAIUOHHO-
r(pOBOTO KaruTana, MOTeHIIHATHHO MPUHOCSIIE-
ro nu@poBYIO PEHTY JJIs 3aUHTEPECOBAHHBIX CTO-
POH; MOATOTOBKA CIICIHAIIMCTOB HHXEHEPHO-IKO-
HOMHYECKOTO POt B 00JIACTH ITUPPOBBIX TEX-
HOJIOTHH Ha MPOMBIIIICHHOM MPEANPHUITHH.
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