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KOHKYPEHTOCITIOCOBHOCTbD
TPAHCIHHOPTHBIX KOPUJOPOB POCCHUHU B CUCTEME
MEXKAYHAPOIHBIX TPAHCIIOPTHBIX KOPUAOPOB

Pouesa O.A., 3apunosa P.C.,
Mopo3zoea U.I., Xamuoynrruna @.P.

Obwas sxonomudecKas cumyayus 8 20cy0apcmee maxice 6aicHa
ons passumuss CMII. [pesicoe 6cezo, HeobdxoO0umo ommemums Head-
MUBHOE GIUAHUE CHUMCEHUS 00BbEMO8 NPOU3BOOCMEA. SHAUUMENbHA
uacms NPOU3BOOCMEEHHbIX MowHocmell bviia 3akpvima. Oowutl 06b-
em gpyzonomoxa no CesepHomy MOPCKOMY RYMU COKPAMUIICA 6 Ye-
muipe pasa.

Apxmuueckue nopmul — craboe 36eno Ce6epHo20 MOPCKO20 nymu,
He omeeyarouee co8pPeMeHHbIM Mmpebosanusm. dmu 0dbexmyl Obiau
nepeoamnsvl 8 0osepumenbHoe ynpasienue psoom 81aoeivbles, Komo-
pble 6 Hacmosiujee 8pems He 8 COCMOSAHUY 00echeyUums HOPMALbHYIO
pabomy smux 06vexmos.

Llens pabomer: uzyuume ooOWYI0 SKOHOMUUECKYIO CUMYAYUIO 8 20-
cyoapcmee maxaice 8axcua 0aa passumusi CMII. Uzyuums o6vem epy-
30nomoka no CeeepHomy MOPCKOMY nymu.

Memooonozus nposedenus pabomeul: cucmemuslii n00X00 u 0600~
weHue; coOCMEeHHblll HAYYHO-Ne0a202u4ecKull ONbIMm agmopos, aHd-
aumudecKue u cmamucmudecKue Memoovl aHaIu3d.

Pesynvmamui: CesepHulii MOPCKOU nYymy Xapakmepuszyemcs noGol-
WeHHbIM 3HaueHuem 05 cogpemennol Poccuu. inmepec ecezo mupa k
CegepHomy MOPCKOMY HYymuU C6:A3aH C mMeM, 4mo OH GbICIYNAem 6aiC-
HetwumM mpaHCnOpmMHbIM MAPUWPymom, 00ecnevusarouum oceoeHue
Ppecypcos Apkmuueckoz2o pecuona, 8 mom Yucie monaugHo-IHep2emu-
YecKUx, 0CyWecmsisiouuM 6blCOKOOOXOOHbIE MPAH3UMHbIE NEPEeBo3-
KU u Op.
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Oo6nacms npumenenus pe3yibmMamos: noIyYeHHbvle Pe3yibmanmyl
YenecooopPasHo NPUMEHIMb HA 20CYOAPCMEEHHOM YPOBHE OONICHO
ObIMb OCO3HAHUE MO20, YN0 OOHOU U3 KIIOUesbIX 3a0ay Haulell Cmpa-
Hbl HA COBPEMEHHOM dmane s6isemcs paseumue cyooxoocmsa ¢ Ce-
seprom Jledosumom oxeate.

Knroueswvie cnosa: mpancnopmuwiil kopuoop, Apkmuxa, epyzone-
PeBO3KU

COMPETITIVENESS OF RUSSIAN
TRANSPORT CORRIDORS IN THE SYSTEM
OF INTERNATIONAL TRANSPORT CORRIDORS

Rocheva O.A., Zaripova R.S.,
Morozova 1.G., Khamidullina F.R.

The overall economic situation in the state is also important for the
development of the NSR. First of all, it is necessary to note the nega-
tive impact of the decline in production volumes. A significant part of
the production facilities were closed. The total volume of cargo traffic
along the Northern Sea Route has decreased by four times.

Arctic ports are a weak link of the Northern Sea Route that does not
meet modern requirements. These properties have been placed in trust
by a number of owners who are currently unable to ensure the normal
operation of these properties.

The purpose of the work: to study the general economic situation
in the state is also important for the development of the NSR. To study
the volume of cargo traffic along the Northern Sea Route.

The methodology of the work: a systematic approach and gener-
alization; the authors ‘ own scientific and pedagogical experience;
analytical and statistical methods of analysis.

Results: The Northern Sea Route is characterized by an increased
importance for modern Russia. The interest of the whole world in the
Northern Sea Route is connected with the fact that it is the most im-
portant transport route that ensures the development of the resources
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of the Arctic region, including fuel and energy, carrying out high-yield
transit transportation, etc.

Scope of application of the results: it is advisable to apply the re-
sults obtained at the state level, there should be an awareness that one
of the key tasks of our country at the present stage is the development
of navigation in the Arctic Ocean.

Keywords: transport corridor; Arctic; cargo transportation

Beenenne

OcnoBnas npobnema CMII — nHpacTpykTypHass HEpa3BUTOCTh
pOCCUICKOM APKTHUKH, B TOM YHCJIE U CAMOTO TPAHCIOPTHOTO KOPHU-
nopa. Poccuiickas rocynapctBeHHast nporpamMmma «ColuanbHO-9KOHO-
MHYecKoe pa3BuTHe Apkrudeckoi 3061 POy npenmonaraer:

1. cTpOUTENbCTBO U PEKOHCTPYKLUIO MOPCKUX MOPTOB B ApXaH-

renbcke, Jlukcone n Caderre,

2. CTPOUTENBCTBO JBYX KEJIE3HOJOPOKHBIX BETOK OT IMMOOCPEIKbS
CesepHoro JlemoBuToro okeana BITyOb CTpaHBbI IJIsl B3aUMOY-
BSI3KM MOPCKOU H KeJIC3HOIOPOKHOU UHPPACTPYKTYD,

3. pa3paboTKy MECTOPOKIEHUH IPHUPOIHBIX PECYPCOB HAa POCCHIA-
CKOM apKTH4eCKOM Ienbde,

4. mpoBeAeHUE MOHUTOPUHIA COCTOSIHUSI OKPY>KAIOIIEH Cpebl,

5. pa3BUTHE apKTUUECKUX TEXHOJIOTHI.

Llens padompi: ©3y4uTh OONIYIO0 IKOHOMUYECKYIO CUTYAIIHIO B TO-
cynapcTBe Takke BakHa s pasBuTust CMII. M3yunts 06bem rpy3o-
noToka 1o CeBepHOMY MOPCKOMY ITyTH.

Memooonozus nposedenus padomsl: CHCTEMHBIH ITOIX0I U 0000-
LIeHKE; COOCTBEHHBIN HAYYHO-TIEJarOrMueCKUil OTIBIT aBTOPOB; aHAJU-
TUYECKHUE U CTATUCTUUECKUE METObI aHAIU3A.

Pe3yabrarsl

[maBHas nmpobiema-Hepa3BUTOCTh HHPPACTPYKTYPBI POCCUICKOM
ADKTHKH, B TOM YHCJIE€ ¥ CAMOT0 TPAHCIIOPTHOTO Kopuaopa. locynap-
cTBeHHas nporpamMma PO «ConnanbHO-3KOHOMHYECKOE pa3BUTHE Ap-
KTH4ecKol 30HbI Poccuiickoit denepanumn» npeaycMaTpuBaeT CTPOH-
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TEJILCTBO U PEKOHCTPYKLIUIO MOPCKHX TIOPTOB ApXaHrelbck, JuKcoH
n CabeTTa, CTPOUTEIHCTBO JABYX JKEIE3HOMOPOKHBIX JIMHUH OT TI00e-
pexbst CeBepHOTO JIeIOBUTOTO OKEaHa /10 BHYTPEHHUX pailoHOB CcTpa-
HBI J151 COSAMHEHHS MOPCKOH M JKeJIe3HOIOPOKHOM HH(PPACTPYKTYPBI,
OCBOEHHE TIPUPOIHBIX PECYPCOB HA POCCHIICKOM apKTHYECKOM IIEIh-
(e, SKOIOTHUECKUI MOHUTOPHHT, Pa3BUTHE APKTUUECKUX TEXHOJIOTHH.

B 2018-2025 rogax Ha peanu3aluio MPOrpaMMbl INIAHUPYETCA
BBIICTIUTH OKOJIO 3 MHJUIHApAOB AoiiapoB. OJHAKO Ha CEroHsII-
HUH JIeHb 3aIUTaHUPOBAHHBIE CTPOUTEILHBIE PAOOTHI BEIYTCS TOJIBKO
B nopty CabeTTa, 1 1o OOJBIIMHCTBY 3asBICHHBIX MPOeKkTOB Poccus
paccuuThIBACT MPUBJIECYb CPEACTBA U3 BHEOIOIPKETHBIX HCTOYHUKOB, B
TOM YHCIIE PACCUNUTHIBAS HA KATAWCKNE MHBECTHIINH.

OO011as 5KOHOMHUYECKAs CUTyalUsl B TOCYapCTBE TAK)KE BayKHA JUIS
pazsutuss CMII. IIpexme Bcero, HEOOXOMUMO OTMETUTL HETaTHBHOE
BIIMSTHUE CHIDKCHUSI 00BEMOB IMPOU3BOICTBA. 3HAYHUTENbHAS YaCTh IIPO-
W3BOJICTBEHHBIX MPEANpUATHI OblIa 3akpeiTa. OOmMiA 00beM rpy30-
notoka 1o CeBepHOMY MOPCKOMY TTYTH COKPaTHJICS B UETBIpE pa3a.

ApKTHUYECKHE MOPTHI — ciaboe 3BeH0 CeBepHOr0 MOPCKOTO ITYTH,
HE OTBEYarolee COBPEeMEHHBIM TPeOOBaHUAM. DTH 00HEKTHI OBLIH TIe-
penaHbl B JOBEPUTEIHHOE YIIPABICHUE PSAY COOCTBEHHUKOB, KOTOPbIE
B HACTOSAIIEE BPEMs HE B COCTOSHUM 00ECTI€YNTh HOpMaIbHOE (DyHK-
LUOHUPOBAHUE ITHX OOBEKTOB.

HexBatka cpencTs, 0TCyTCTBHE 11€7I€BOTO (PMHAHCHPOBAHUS CO CTO-
POHBI TOCYJIapCTBa MPUBOIUT K TOMY, YTO TIOPTHI IPUXOJAT B TaKoe
COCTOSIHHE, KOTOPOE MeIlIaeT UX HOpMaIbHOMY (YHKIIMOHHPOBAHHUIO.
MopnepHu3zanus TOPTOBBIX MEXaHU3MOB U TEXHHUECKOTO OCHAIICHHS
npakTuecku orcyrerByerT. [locne pacnaga CCCP npouecchl pa3pa-
OOTKH W BHEJPEHHSI HOBBIX TEXHUKO-TEXHOJIOTHYECKHX AJIEMEHTOB
MIOPTOBOT'O XO35CTBA MPAKTUYECKH NPEKPATHIIHUC.

B nepcriektrBe Kntaro Takxke HEOOXOAMMO CO37aTh COOCTBECHHBIN
JICOKONBHBIN (IIOT, CIIOCOOHBIN OCYIIECTBIISTh HABUTALIMIO HE TOIBKO
o CeBepHOMY MOPCKOMY ITyTH, HO U 10 TpaHCTIOISIPHOMY TIPOXOY.
OHaKo IIPU 3TOM HEOOXOAUMO 00ECIICUNTh MAKCUMAIIBHYIO 3arpy3Ky
MapIuipyTa, OCyIIeCTBISIEMYIO CyJaMH B TIEPHOJT HABHUTAIINH, TaK KakK
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CYJIOXO/IHBIN ce30H Ha CeBepHOM MOPCKOM ITyTH JUTUTCS BCETO YETHIpE
MecsIIa, a OCTAIBHOE BpeMs JIOKOIBHBIN (IIOT OyAeT MPOCTauBaTh.

Cpenu TEXHIYECKUX PHCKOB JIJIsI HHOCTPAHHBIX CylnoB Ha CeBepHOM
MOPCKOM ITyTH OCHOBHBIM SIBIISIETCSI HEMPEACKAa3yeMOCTh JIE0BOH 00-
CTAaHOBKH, KOTOpasi IPEACTABIIAET yIPO3y ISl OTACIBHBIX TUIIOB CYJIOB.
o »To0i MpuuKMHE KpYHU3HBIE Cy[a MOTYT OBITh BBIHY)KJICHBI MEHSTh
MapuIpyThl, YTO HETATUBHO CKAXKETCA HA CIIPOCE U MOMYJISIPHOCTH Ta-
KHX KPYH30B CpEIH MOTPEOUTENCH.

B cBs3u ¢ a0l cutyanueil oueBuHa HEOOXOIMMOCTh aHTUMOHO-
MTOJIBHBIX MEp Ha HAI[MOHAIBHOM YPOBHE.

HNHocTpaHHbIe TPAHCIIOPTHBIE CTPYKTYPhI TAKKE B HACTOSIIIEE Bpe-
Ms TIPOSBIISIOT MHTEPEC K TPAH3UTY U TPAHCIIOPTHPOBKE TOILIMBA HA
Cesepe. OiHaKo 3TO HAIPABIEHUE HE MOJIyYaeT JOKHOIO pa3BUTHUSA
13-3a HECOBEPIICHCTBA HOPMATUBHON 0a3bl, PETYyIUPYIOMEH TaHHbIH
MIPOLIECC, U HEIOCTATOYHON rOCyAapCTBEHHOM MOJIEP)KKH dKCILTyaTa-
LMW aBTOMOOMIILHOM JIOPOTH.

Kpome Toro, BasXHBIM NMPEMSATCTBUEM IS PACIIUPEHUS] COTPYIHH-
YecTBa ¢ 3apyOeKHBIMH TPAHCIIOPTHBIMHU CTPYKTYPaMHU SIBIISIETCS HECO-
OTBETCTBUE OTEYECTBEHHBIX HOPM HOPMaM MEKIYHAPOIHOTO MOPCKO-
IO TIpaBa U HU3KUH ypOBEHb 0€30MAaCHOCTH CYI0XOACTBA, XapaKTePHbIH
JUIsl HAILIEH CTpaHsbl.

Ha rocynapcTBeHHOM ypOBHE AOJKHO OBITH OCO3HAHUE TOTO, YTO
OJTHOM M3 KJIFOUEBBIX 3a/1a4 HaIlIed CTPaHbl HA COBPEMEHHOM JTAII€C SIB-
nseTcs pa3BuTHe cynoxonctsa B CesepHoM JlenoButom okeane. Brico-
Kast poib CeBepHOTo MOPCKOTO MyTH 00YyCIIOBJIeHa HEOOXOIMMOCTHIO
TPaHCTIOPTUPOBKU TOOBIBAEMBIX TOIUIMBHO - SHEPTETHYECKUX PECyp-
COB M MUHEPAIBHOTO CHIPhS, JJOOBIBAEMOT0 Ha ATHX TEPPUTOPHUSIX.

Taxum oOpazom, CeBepHBIN MOPCKOH ITyTh XapaKTEPU3YETCS MO~
BBIIIEHHBIM 3HAYEHHEM JJIs coBpeMeHHoN Poccun. MHTEpec Bcero
Mupa k CeBepHOMY MOPCKOMY ITYTH CBSI3aH C TEM, YTO OH BBICTYIIaeT
BaXHEHIITMM TPAHCIOPTHBIM MapIIpyTOM, 00€CTICYMBAIOIIUM OCBO-
€HUE pecypcoB APKTHYECKOTO PETHMOHA, B TOM YHUCJE TOILIMBHO-3-
HEPreTHYeCKUX, OCYIIECTBISIOMNUM BBICOKOAOXOIHbIE TPAaH3UTHBIE
MIEPEBO3KHU U JIp.
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B pamxkax 3toro BuaeHus Poccus sIBISIETCS OTHUM M3 BaXKHEMIINX
MapTHEPOB B APKTHKE, 0COOCHHO YUnTbIBasi, 4T0 Poccust KoHTponupoBa-
JIa TIOYTH TIOJIOBHHY Bcero modepesknsi CeBepHoro JlemoBuroro okeana,
a TaKk¥Ke 3eMJIM U pecypchl Bosb CeBepHOro Mopckoro myTH. Poccus B
LestoM nojuepkuBaeT «I1osic 1 MyTe» U pacCUUTHIBAET HA BKIIOYCHHUE
Kurast u nqpyrux crpan B MHBECTHLIMOHHBIE POEKTHI B APKTHKE U pa3-
BUTHE TPAHCIIOPTHON HH(PacTPyKTyphl HAa CEeBEPHOM MOPCKOM ITyTH.
OpnHako Ha MyTH K YCHENTHOHN peann3aliii HHUIHATUBB « ApKTHYECKUIN
roiy0oi 3KOHOMHUYECKUI KOPUAOP» CYLLECTBYET Psili 0OObEKTHBHBIX IIPO-
O1eM (OrpaHMYEeHHOCTh (PUHAHCOBBIX PECYPCOB, JIOCTYI K ONpe/eiieH-
HBIM TEXHOJIOTHSIM M3-3a CAHKLIUH, CTPYKTYpPHbIE IPOOIEMbI POCCUICKOM
9KOHOMHUKH U JIp. ), PEIIIEHNE KOTOPBIX BUIUTCS TOJIBKO TPH YCIIOBHH B3a-
nMHbIX maroB Poccun, Kutast u npyrux crpan FOro-Bocrounoit Azum.
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TEOPETUYECKHUE NCCIIEJOBAHUSA
BJIUAHUA CKOPOCTH BO3AYIIHOI'O IIOTOKA
HEPEJ ®POHTOM PAAMATOPA HA PACXO/
TOIIVIMBA IBUTATEJIEM ABTOMOBHJIA

Xonvwes H.B., Konosanoe /I.H., /lagpenuenko A.A.

Pocm cmoumocmu monausa 0na agmomoOUIbHbIX MPAHCIOPIMHBIX
cpeocms 6vi3bléaem He MoabKO NOUCK ATbIMEPHAMUGHBIX UCHIOYHUKOG
SHepeUl U NPUMEHEHUSI HOBbIX KOHCMPYKYUll Osueamenell 0isi agmomo-
Ounetl, HO U NOUCK CROCODO8 CHUIICEHUS. PACX00d MONIUBA Y Yice CYlje-
CMBYIOWUX A8MoModUTel ¢ dgueamenem HYMpeHHe20 C2OPaHUs 3a Cuem
cogeputeHcmeosanus ux Konempykyuu. Mownocme, svipabamvieaemast
osueamenem 6HympenHe20 c2opanus, pacxooyemcs He moibko Ha npu-
800 8eOVUUX KOIeC, HO U HA NPUBOO BCHOMOZAMENbHO20 000PYO08aAH LS,
obecneuusarueco 603MOACHOCMb pabomul 08UAMeNs U e20 CUCEM, d
makdice NoguLIUAIUe20 6e30nACHOCb U KOMPOpmM nepeosudiceHus. 3a
cuen CHUICEHUst MOWHOCTIU HA NPUBOO BCHOMO2AMETbHO20 000PY006a-
HUSL UYL BDEMEHU €20 Padombl MONCHO OOCTUYL CHUIICEHUS pACX00d MO-
nauea osueamenem. Q0A3amenbHbIM 1eMeHMoM 1100020 asMoMooOU,
000PYO0BAHN020 O8ULAMENEM BHYIMPEHHE20 C2OPAHUSL, SIGTSEMCS CUCTHE-
M@ OXTLAANCOEHUS, KOMOPAsL 8 CBOEM COCABE COOEPIHCUM PAOUAmop, 0oe-
CReYUBaIOWULL MEenI00moady UTUUHE20 MEeNnia ammocgepe u 6eHmus-
mop, uHmeHcupuUYUPYIowULL Mom npoyecc npu Heodxooumocmu. Bpemst
padomvl 6eHMUAMOPA HENOCPEOCMEEHHO GIUsIeN HA PACX00 MONIUBA
osuzamenem agmomooOusl, cied08ameibHo, CHUUG 8peMsl €20 padombl
MOJICHO YMEHLULUMD PACXO0 MONTUBA. DMO20 MOICHO OOCUYD, Ve~
46 3HAYEHUe NOTHO20 KOIpuyuenma menionepeoadu yepe3 CmeHKu
paouamopa, Komopbwlii 3a6UCUM OM CKOPOCHIU 8030YXd, NPOMEKAIOUe20
uepe3 paouamop. Ckopocmb 8030YUHO20 NOMOKA, 6e3 yeenuuenus no-
mpeonsiemMoll 6eHMUISIMOPOM MOWHOCU, MOJNCHO NOBLICUMb 34 CHem
VMEHbLUEHUS ADPOOUHAMULECKUX CONPOMUBTEHUL B030VULIHO20 MPAKIMA
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aemomoduna. Teopemuueckue npeonocvliku, NOOKPENnIeHHble AHATUIOM
npeoblOYUUX UCCTE008AHUL, HYHCOAIOMCI 8 IKCNEPUMEHMATLHOM NOO-
mMeepocOeHUuU U NPAKMUYECKOU OYeHKe 6eTUYUHbI DKOHOMUU MONUGA NPU
COBEPULEHCINBOBAHUL 6030V UIHO20 MPAKMA ASMOMOOUIA, 0becheuusaro-
wjem yMeHbUuleHue GpemMery pabomul 6eHMUIAMOopa.

Ienv — meopemuueckoe 060cHO8aHUE BNUAHUS CKOPOCHIU 8030YUL-
HO20 nomoka neped (poOHMoOM paouamopa Ha pacxoo Moniusd O8u-
eamenem agmomoOUu.

Memoo unu memoodonozusn npogedenus padomosl: 8 cmamve uc-
NONb30BANIUCH CUCHIEMHDIL NOOXO00, a MAKHCe Memoobl Mamemamuye-
CKO20 MOOENUPOBAHUA.

Pezynomamul: na npumepe KOHKpemHno20 agmomoouis onpeoeneno
GNUAHUE YBeNUYEHUs CKOPOCU 8030YUIHO20 NOMOKA Neped YpOoHmom
paouamopa Ha pacxo0 Monausa 0sucamenem aemomoous.

Oobnacmey npumeHnenus pe3yIbmMamos: noayyeHHbvle pe3yavmanmol
Mo2ym Oblmb UCNONB308AHbL OP2AHUZAYUAMU, OCYUECNENAIOUWUMU
paspabomxy, peMoOHm U MIOHUHS A8MOMOOUNLHBIX MPAHCHOPHHBIX
cpeocme u ux cucmem.

Kniouegvie cnosa: asmomobunvhbwiil paouamop; kosgguyuenm me-
NI00MOayU; CKOPOCMb 8030VUIHO20 NOMOKA

THEORETICAL STUDIES
OF THE INFLUENCE OF THE AIR FLOW RATE
IN FRONT OF THE RADIATOR FRONT ON THE FUEL
CONSUMPTION OF THE CAR ENGINE

Holshev N.V., Lavrenchenko A.A., Konovalov D.N.

The increase in the cost of fuel for motor vehicles causes not only the
search for alternative energy sources and the use of new engine designs
for cars, but also the search for ways to reduce fuel consumption in ex-
isting cars with an internal combustion engine by improving their de-
sign. The power generated by the internal combustion engine is spent not
only on the drive of the driving wheels, but also on the drive of auxiliary
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equipment that provides the ability to operate the engine and its systems,
as well as increasing the safety and comfort of movement. By reducing
the power to drive the auxiliary equipment or its operating time, it is pos-
sible to reduce the fuel consumption of the engine. A mandatory element
of any car equipped with an internal combustion engine is the cooling
system, which in its composition contains a radiator that provides heat
transfer of excess heat to the atmosphere and a fan that intensifies this
process if necessary. The operating time of the fan directly affects the
fuel consumption of the car engine, therefore, by reducing the operating
time of the fan, you can reduce fuel consumption. This can be achieved
by increasing the value of the total heat transfer coefficient through the
radiator walls, which depends on the speed of air flowing through the
radiator. The speed of the air flow, without increasing the power con-
sumed by the fan, can be increased by reducing the aerodynamic resis-
tance of the air path of the car. The theoretical assumptions supported
by the analysis of previous studies need experimental confirmation and
practical assessment of the amount of fuel economy when improving the
air path of the car, which reduces the fan operating time.

Purpose — theoretical justification of the influence of the air flow veloc-
ity in front of the radiator front on the fuel consumption of the car engine.

Methodology the article uses a systematic approach, as well as
methods of mathematical modeling.

Results: on the example of a particular car, the effect of increasing
the air flow velocity in front of the radiator front on the fuel consump-
tion of the car engine is determined.

Practical implications the results obtained can be used by organi-
zations engaged in the development, repair and tuning of motor vehi-
cles and their systems.

Keywords: car radiator; heat transfer coefficient; air flow rate

Brenenmne

[Togneprkanne ONTUMATBEHOTO TETUIOBOTO PeKMMa padOTHI IBUTA-
TeJIsl SIBJISICTCSL 003aTEIIbHBIM YCIOBUEM HAJICKHOM pabOTHI JBUTA-
teiist [19]. OCHOBHBIM AJIEMEHTOM CUCTEMBI OXJIAXKCHUS JBUTATEIs



20 Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International

ABTOMOOMJISL SIBIISIETCSI PAJMATOP, KOTOPBIH 00eCTieunBaeT pacceu-
BaHHE B OKPY)KAIONIYIO Cpelly M3JIHIIHEH TeIJIOTHI, TiepelaBaeMon
€My OT IBUTATEIs OXJIaKmaroriel skunkoctrio [18, 20]. KomudyecTBo
TEIIOTHI, IepeaBacMO¢C IBUTaTEeIIeM OXJIaKIat0IIeH )KUIKOCTH, U3-
MEHSETCS B HIMPOKUX Tpeenax B 3aBUCHMOCTH OT MHOTHX (ak-
TOPOB, ONPEACNIIEMbIX HE TOJbKO KOHCTPYKTUBHBIMU MapamMeTpa-
MH JIBUTATENs, HO M €T0 pabounMH peKUMaMH, a TAKKe PeKUMaMH
JIBIDKEHUsT aBTOMOOMIIS. [Ipy BEICOKOH TeMIeparype OKpYKarIero
BO3/yXa U Mallol CKOPOCTH JBYDKCHHS aBTOMOOWIIS pajguaTrop He
yCIIeBaeT OTJABaTh M3JIMIIHEE TEI0 arMocdepe u3-3a HUZKOTO I0-
TOKa BO3yXa 4epe3 Hero. Jlist TakuX Ciiy4aeB B CHCTEMY OXJIAXJIe-
HUA TOIMOJITHUTECIBHO BCTPAUBACTCA BEHTUIIATOP, 06CCHe‘II/IBaIOH_[I/II‘/'I
JTOMIOJIHUTEIBHBIN MOTOK BO3AyXa uepe3 paauarop. [IpuBon BeHTH-
JIATOPAa MOXKET OBITH BBITOJHEH KOHCTPYKTHUBHO Pa3IMYHBIM OOpa-
30M: 4epe3 PEMEHHYIO Mepeady, Yepe3 rupoMyTy, Py MOMOIIH
anekrpoxsurarens [11, 13]. [locnennuit BapranT Hanboiee 4acTo
MpUMEHSIETCSI B HAacTosiee Bpemsi. Kakoii Obl HM OB BEHTUIISITOPA,
ero paboTa BeIeT K pOCTY pacxojia TOIIMBa aBToMoouaemM. CHuxKas
BpEMs BKIIFOYCHM A BCHTUIIATOPA UJIU MOIIHOCTD HOTpe6J'I${eMyIO M,
MOXHO CHU3UTh PAcX0J] TOIJIUBA, YTO C YUETOM CTOMMOCTH TOILIINBA
ABJISICTCA aKTyaJIbHBIM.

TeopeTnyeckue HCCaeT0BAHUS

DHepreTHUECKUi pacyeT CUCTEMBI OXJIAXICHUS MPOBOIUTCS HA
BCEX peXnMax paboTsl ABurarelrs. Yaie BCero BEIOMPAOT HaMEHeE
OJIaroNPUSATHBIN PEKUM PAOOTHI JIBUTATENISI U JIBUKCHUS aBTOMOOWJIS:
MaKCHMaJIbHO BO3MOYKHOE TEILIOBBIJEICHHUE; TEMITEpaTypa OXJIaK 1a-
FONIEH KUJKOCTH Ha BXOJIE B paAaTOp paBHa MaKCMMAaJIbHO BO3MOXK-
HOU MPH DKCIUTyaTalluyd aBTOMOOHJIST; TEMIIepaTypa BO3/lyxa Ha BXO/IC B
paJMaTop COOTBETCTBYET MAKCUMAJIbHOM JIJIsl IAHHOTO KJIMMAaTHY€ECKO-
ro paiioHa; pexXuM JBMIKCHUS COOTBETCTBYET JTUTEILHOMY MOBEMY
MTOJIHOCTBIO IPYKEHOT0 aBTOMOOMJIS IPpU KpyTU3HE 7,2% ¢ yCTaHOBHB-
meiicst ckopoctbro 50 km/u [3].

Pacder cHCTeMbI OXJIQXKICHHS JBUTATENs IPEAyCMaTPUBACT Te-



International Journal of Advanced Studies: Transport and Information Technologies, Vol. 11, No 1,2021 21

IUIOBOM pacueT, a TakKe a’dpoAMHAMUYECKUIH, OCHOBAHHBIM Ha Te-
IJIOBOM. 3ajiaueil TETUIOBOTO pacuera SBISETCS ONpe/esicHUue Be-
JIMYUHBI TETJIa OTBOAUMOTO oxJaxaaromen cpene O, [1, 2, 7-9, 10,
14, 17, 18]. Ee MO’)XHO HAWTH IO SMIOUPHUYECKUM hopMylaM, yUu-
THIBAIOIIMM TETUIOTBOPHYIO CIIOCOOHOCTH TOIIJIMBA, KOHCTPYKTHB-
HbIE 0COOCHHOCTH M PEKUM PadOTHI ABUTATEINS, €T0 3P (ESKTUBHYIO
MOIIHOCTH TIPU paccMmaTpuBaeMoM pexume [10]. 3aTeM ocymecT-
BIISIETCS PacyeT 00beMa IUPKYIUPYIOIIEH OXJIaXKIa0IIeH HKUJIKOCTH
C YYETOM €€ TeIUIOEMKOCTH U TeMIIepaTyphl Ha BXOJE U BBIXO/E U3
panmatopa [15].
CreayroIiM TarioM pacueTa CHCTEMbI OXJIaXKICHHS JIBUTATENS SIBIIS-
€TCsI OTIpeIeIICHIE TUTOIIA TN TIOBEPXHOCTH oxJakaeHws [ 1, 2, 7-9, 10, 14]:
Fy = k(z Q»—(t Y )
OXJDK OXJIB
rje k — MoyHbIH K03(DPUIMEHT Teruionepeiaun Yepe3 CTCHKU pajiu-
atopa, Br/M>K; ¢ wmt _— cpeanss Temieparypa COOTBETCTBEHHO
OXJIAXKTAOIICH JKUKOCTH B PAJMaTOPE M IMPOXOJISIIEro Yepe3 paua-
TOp BO3ayXa, °K.
Benuunna k& MoxxeT ObITh onpeniesiena mo gopmysie [1, 2, 7]:

1
k= : 2
Joo S ® 1
a, A o,

e o, — Ko3(Q(QUIMEHT TEMIOO0TAa4H OT )KUIKOCTH K CTEHKaM pajiua-
topa, B/M?K; A — K03 GHIHEHT TEIUTONPOBOIHOCTH METaJIIa CTCHOK
(Tpy0OoK) panuaropa, Br/m-K; 8 — Tommuna creHKu TpyOKH, M, 0, — KO-
3¢ GUIUEHT TEIUIO0TIauu OT CTEHOK pajauaropa (TpyOoK) K BO3IYXY,
Br/m*K; f, - KOdpGuIMeHT opeOpeHust TPYOOK PEIIeTKH.

Amnanus Gopmyiisl (2), ¢ y4eToM SKCIIEpUMEHTAIbHBIX 3HAYEHHUI KO-
s¢pdummentos a, (o, =2300...4100 Br/m*K), A (151 natynu A = 84...125
Bt/m'K; nns anmromunueBsix ciwiaBoB A =105...200 Bt/m-K; mist megu
A =330 Br/m'K) u a, (o, =40...300 Br/m*K), a Taxoke 3HaueHHi TONIIH-
HBI CTEHKH TpyOOoK paauaropa (6 =0,0015...0,002 m) u cTenenn opedpe-
HUS (fop =5..11,5)[1,2, 6,7-9, 10], moka3pIBaeT, YTO HANOOJIBIIICE BITH-
SIHUE 3HAYEHHsI TTOJTHOTO KOA(PPHUIMEHT TeIIonepeiadl Yepe3 CTEHKU
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panuaropa OKaszbIBaeT HAMMEHbBIIHH 13 K0P QUITMEHTOB — K0P PHILIHU-
CHT TEIUIOOT/Ia41 OT CTEHOK pajuaropa (TpyooK) K Bo3ayXxy o,. M3pect-

-0
0
HO, YTO BJIMAHHUEC OTHOIICHUA R (TepMI/I‘ICCKOe COHpOTI/IBJ'IeHI/IC) Ha

MOJHBIA K03()(HUIMEHT Terutonepeaady yepe3 CTeHKH pajuaropa JUis
COBPEMEHHBIX pazuaropoB Majio (okoio 0,5%) u npu npakTHIECKUX
pacderax ero MOXXHO HE YYUTHIBaTh [ 7]. B GonbpIInHCTBE CiTydaeB Tak-

7K€ MOYKHO TIPeHeOpeyb U OTHOIIEHHEM - [7]. B TakoM ciTydae MOKHO
o
1
CYHTATh, 4TO k ~ 0, [7]. KoapuimeHT TemiooTaaqn oT CTeHOK pajii-

aTopa K BO3/lyXy 0., MOKHO HalTh 1o popmysie [2]:
ko, ~41v2%, 3)
e v, — CKOPOCTh BO31yXa nepe GpoHTOM paauaropa, M/c.

Ha ocHoBanuu ¢opmyssl (3) TOCTPOUM TEOPETHUECKYIO KPHBYIO
W3MEHEHUS 3HAYEHUH MOTHOTO KO3 GHUIMEHTA TeIIIoNepeiad yepes
CTEHKH pajinaTopa MpH pa3INdHbIX 3HAYCHUAX CKOPOCTH BO3IYIIIHOTO
MOTOKa (PUCYHOK 1).
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CKOpOCTb BO31YIIHOTO NOTOKA Nepea ppoHTOM pagnaropa, M/c

Puc. 1. I'paduk n3MeHeHUS OIHOTO KO PHITHEHTA TeIIoNepeiadn
aBTOMOOMIIBHOTO paifaTopa
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W3 pucynka 1 BuaHO, 4TO HanboIee MHTEHCUBHBIN MPUPOCT 3HaAYE-
HUH TOTHOTO KOA(PHUIMEHTA TEeIIoNepeiady Yepe3 CTEHKH paiuaropa
MIPOUCXOIUT MPH MUHUMAIILHBIX 3HAYEHUSIX CKOPOCTH BO3/YIIIHOTO T10-
TOKa M cocTapisieT 54% npu pocte ckopocT Bo3nyxa ot 0,5 1o 1 m/c.
3areM HHTEHCUBHOCTH IIpHpocTa Ko (HUITHEHTA TITAaBHO CHUKAETCS IO
5% mipu ckopocTH Bo3ayxa 7,5 m/c. JlanbHeliiee yBeTMYeHNUE CKOPOCTH
BO3JIyIITHOTO ITOTOKA BEJIET K HE3HAYUTEITHHOMY, IPAKTHYECKH JITHEHHO-
MY POCTY MOIHOTO KO3 QHUIMEHTA TETIIoNepeiadn Yepe3 CTCHKH pajiua-
Topa 10 2% npu ckopocTy Bozayxa 20 m/c. IIpupoct ckopoct Bo3aym-
HOTO MOTOKA Ha JIJAHHOM YYacTKe 3aBUCUMOCTH B | M/C TIPHBOJIUT K POCTY
kB cpenHeM Ha iBe enuHUIIBL. | lorydeHHbIe 3HaYeHUS OY/Iy T OTIHYAThCS
OT peaTbHBIX, HO 3aBUCUMOCTH OCTAaHETCs IPUMEPHO Takoi ke [1, 7, 9].

W3bickanne crioco00B MOBBIICHUS CKOPOCTH MOTOKA BO3LyXa, POTe-
KaIOITIeTO Yepe3 paruarTop sBISTIOTCS aKTyalTbHOM 3aaveii [4, 5, 17], perre-
HUE KOTOPOH MOJIOKUTENTBHO CKaXKETCsl TIPU AIIEKTPOIPHUBOJIE BEHTUIIITOPA
CHCTEMBI OXJIXK/ICHNS Ha TOIUTMBHYIO SKOHOMIYHOCTH aBTOMOOWJIS TIPH
COBEPILICHCTBOBAHHUH CYIIECTBYIOIIETO OJIOKA «BEHTHIISITOP-PAAUATOPY
ABTOMOOWITA, a TIPH MTPOSKTUPOBAHUN HOBBIX CHCTEM OXJIAJKICHHS ITO3BO-
JIUT CHU3UTh Maccy pajyaropa (3a cueT yMEHBIIICHUS CTeTIleHn opeOpeH-
HOCTH paanarTopa) WM ero IOk, CeIaB 0oyiee KOMITaKTHBIM.

J1g olileHKH BIHMSHUS CKOPOCTH BO3AYIITHOTO MIOTOKA HAa BpeMs pa-
OOTBI BEHTHJISITOPA CUCTEMBI OXJIaXKACHUS HEOOXOOUMO 3HATh BpeMs
ero paboThI IPY HAaYAIbHOM 3HaY€HWH CKOPOCTH BO3IYITHOTO TTOTOKA
1 BEJIMYMHY CHIDKCHUS JaHHOTO BPEMEHH IIPH HOBOM 3HAYE€HHH CKOPO-
cTH Bo3ayxa. Oru3ndeckuii CMBICI TTOTHOTO KA GHUIMEHTa TeTuIonepe-
JTa4l — KOJIMYECTBO TEII0TH (B JI’K) OTBOJMMBIX OT OoJiee HarpeToro
tena ¢ 1mM? 3a 1 CeKyHIy Ipu pa3HOCTH TEMIIEpaTyp MEX Iy TejiaMu B 1
rpaayc. Toraa npu HEM3MEHHOM KOJIMYECTBE TEIUIOTHI U IEPEMEHHOM
3HaYeHNU K0d(pHIreHTa MOTHON TeIuIonepeaayd BpeMs 3a KOTOpoe
OyzeT paccessHo HEKOTOpoe Konnqecgo TEIIOThl () COCTABMT:

T, =——,C. 4
Yk F AL @
rie A7, — pasHOCTh CPEIHUX 3HAYCHUN TEMIIEPATYp OXJIAKIAFOUICH
JKUIKOCTH U Bo3ayxa, °K.
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[Tpu HoBOM 3Ha4eHMH Kod(uuKrenTa k, Bpems OyIeT UHOE U CO-
CTaBUT:

Q)K
kyF, Aty ¢ ©)
rie Az, — pa3HOCTh CPEIHUX 3HAYCHUN TEMIIEPATYp OXJIAKIAFONICH
JKUIKOCTH U Bo3ayxa, °K.
Torma BerurHA U3MEHEHUS BPEMEHH PaOO0THI BEHTHIISITOPA B TOJISIX
€AUHUIIBI COCTABUT OTHOCUTEIHHO UCXOTHOTO COCTABUT:
Q)K

P k,F,At, _ 0, . ki F,At,
T, O, k,F,At, O,
ki F, At

ITocne mpeoOpa3zoBaHMil TOTYYNM BBIPAKCHHE OITHCHIBAIOIIEE W3-
MEHEHHE BPEeMEHHU padOThl BEHTHIISITOPA B 3aBUCUMOCTH OT BEJIMYH-
HBI ITOJIHOTO KO3 dHULIKEHTa TeIUIonepeady 4Yepe3 CTEHKU pajuaropa
kAt 7
k,At,
3Hast MOLIHOCTb, MOTPEONAEMYIO IBUraTENEM BeHTUIATOpAa N, N
BpeMsi pabOThI BEHTUIIATOPA T , COOTBETCTBYOIIEE HCXOHOMY 3HaYe-
HUIO MTOJHOTO K03 uienTa Ternonepeaadn yepe3 CTeHKH paauaTo-
pa k, a TaKoKe y/IeIbHBIA PACXO/l TOTLIMBA JIBUTATENEM aBTOMOOHIIA g ,
KII/] reneparopa aBTOMOGHIIS N ¥ SJIEKTPOJBHIATENsl BEHTHIIATOpA M,
MOKHO HalTH Maccy TOIIJIMBA, PACXOyeMOI'0 Ha IPUBOJ BEHTUILTOPA:
_ 8N 8
mmBl - 3600 . ( )
nannr
1€ g, — YAENbHBIA PACXOJI TOILIMBA IBUTATENIEM aBTOMOOHIIA, I/KBTu;
N, — MOWHOCTb 37eKTpoABUIaTeNs BeHTusaTopa, KBt; n_ — KIIJ| rene-
paropa aBTOMOOWIIS; 1, — SJIEKTPOABHUIATE sl BCHTUIIATOPA aBTOMOOH-
JIs1; T, — BpeMs paboThl BEHTUJIATOPA NPH 3HAYEHHMH TIOJTHOTO KO3 du-

LMEHTA TETUIONEPEIaYn Y€PE3 CTEHKU PauaTopa paBHoOM k , C.
J1J1s HOBOTO 3HAYEHHUS MTOJTHOTO KO (UIIMEHTA TETIONEepeIauu ye-
pe3 CTEHKH paauaropa k, Macca TOIUIMBA, PACXOyEMOIO Ha MPHBOJL

BEHTHJISITOPA COCTABHT:

T

(6)

At
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Nyt
T ©)
n3ﬂnr
IJI€ T, — BpEMsl pabOThI BEHTUIIATOPA IPU 3HAYEHNH MOJHOTO K0d(hu-
LMEHTa TEIUIONEPEIaYn Yepe3 CTEHKU PaJuaTopa paBHOM k., C.
Torja BenMYKMHA U3MEHEHHUST PACX0/ia TOIIMBA B JIOJSX CSIHHHUIIBI
OTHOCHUTEILHO UCXOJHOTO COCTOSTHUSI COCTABUT:
g8 N1,
My _ 3600m,.M, _ 8.NpT, 3600m,,M,
geNBTl 3600naﬂnr chBTI
3600m,,M,

[Tocne mpeobpazoBannii ¥ ¢ y4eToM BbIpaxeHus (7) MOIyInM BbI-
paKeHHE OIICHUBAOIIEE M3MEHEHHS pacxo/ia TOTLTUBA B AOJISIX CIMHHU-
(bl OTHOCUTEILHO UCXOHOTO COCTOSHHS:

T, kAt
Am, =-%2=—"1"1 (11)
T, kAL,

B Takom ciy4ae pacxo ToMIMBa Ha IIPUBOJL BEHTUIIATOPA IPH k, C
yaetoM BeipaxkeHuit (9) u (11) cocraBur:

_ g NpT kA
"im2 = 3600 ke, Aty
nannr 242

(10)

mmBl

(12)

nin ¢ yaeToMm (3):

08
gNgT  An (o

My == ————
™27 36000, M, AL, | o,

Pe3yabrarsl HccieioBanus
Hcnonp3ys momyyeHHbIE BRIPAXKEHUH TIPOU3BEIEM OIICHKY BEITHYH-
HbI PKOHOMHUH TOIIJIMBA 33 CUET U3MEHEHMsI 3HAUE€HUSI CKOPOCTH TIPO-
XOXKICHHS BO3yXa 4epe3 paararop aBTOMOOWIIS, BBI3BIBAIOIIEH pOCT
3HaUEHH MMOJTHOT0 K03 (uIeHTa Teruionepenadn yepes CTeHKH pa-
nuatopa k. Pacuet Oymem BecTH 1o JaHHBIM aBToMOOMIIT BA3-2110.
HormycTum, 4to pasHocTH Af, ¥ Af, paBHbI MEXTy COOOM, TOT/1a BbI-
paxenue (12) ympocTuTcs K BUAY:
m = 8. NpTiky '
3600m,,n, k,

(13)

(14)
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Jns pacuera mpunnmany: g = 300 r/kBru; N, = 0,18 kBT; n3ﬂ=0,9;
n,=0,6 [12]. Bpemst paboThl BEHTUIATOPA PaBHO 1 yacy, a M3MEHEHHE
OTHOIIEHHs KO3 PuIHenToB k /k, uamensm ot 0,1 1o 1 ¢ marom B 0,1.
[lo pe3ynbraram pacueTa HOCTPOMIN rpauK (PUCYHOK 2).

110
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PHCXO][ TOTLIHBA HA TIPHBOJ1 MJIEK TPOBEH THIATOPA CHCTEMBI 0 XJIA3K JICHH S, r/a

10

] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
BeIH9YHHAa OTHOMEHHA KO3()(PHIHEHTOR HOIHOI Ten.Iomepeaadn Yepes CTeHKH pagmaropa,k/k,

Puc. 2. Biusuue oTHomeHus & /k, Ha BETMYMHY pacxoia TOIINBA
Ha IPHUBOJ] BEHTHIISITOPA CUCTEMBI OXJTaXKICHHS

W3 pucynka 2 BHIHO, YTO TIPH UCXOJJHOM COCTOSIHMH TIPH 3HAYCHUH
oJTHOTO Kod(duIeHTa Terionepenadn 4epes3 CTeHKH pajuaropa k =
k, pacxon TorMBa Ha MPUBOJ BEHTWIATOPA cocTasisieT 100 rpamm B
yac. YMEHBIIIEHUE OTHOIIEHUS kl/k2 Ha Kaxxaple 10% BeIeT K CHUYKEHUTO
pacxoqa TOIUTMBa Ha MPHUBOJ ANMEKTpoBeHTIIATOpPa Ha 10 rpaMm B yac
JUIS paccMaTpuBaeMoro cirydas. [l ysenmuenns ko>pduuuenTa k, Ha
10% (k /k, = 0,9) HEOOXOMMM TIPHPOCT CKOPOCTH BO3TYIIHOIO TTOTOKA
Ha 13,15%, a nnsa ysenuuenus koddduimenra k, na 50% (k /k, = 0,5)
HY>K€H MPUPOCT CKOPOCTH BO3AYITHOTO MOTOKA ke Ha 81,6%. Takum
00pa3oM, MOATBEPKAACTCS MOTOKUTENEHOE BIUSHHIE MOBBIIICHUS CKO-
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POCTH BO3IYIIHOTO MIOTOKA, IIPOXO/ISIIETO Yepe3 pagnuarop, Ha CHIKe-
HHUE pacxojia TOIUINBA aBTOMOOUJIICM.

3akiroyeHue

[IpoBeneHHBIC TEOPETUICCKUAE UCCICIOBAHUS 110 U3YUCHUIO BIIHSI-
HUS CKOPOCTH BO3IAYIIHOTO MOTOKA, MPOTEKAIOIIETO Yepe3 paauaTop,
Ha pacxXoll TOTUIMBA JBUTATEIIEM aBTOMOOWJIS, HATJISIIHO TTOKA3bIBAIOT
11e1eCO00Pa3HOCTh €€ YBEIIMYCHUS C 3TOW TOUKH 3PCHHS. DKOHOMHUS
TOTITHBA OYZIET IOCTHTaThCs 32 CYET YMEHBIIEHUH BPEMEHU PaOOTHI
[IPUBOJIa BEHTUIIATOPA, YTO 00CCIIEYMBACTCS POCTOM 3HAYCHHUSI TTOJTHO-
ro Koa(hUIMEeHTA TeTUIoNepeayr Yepe3 CTEHKH pauaropa, BeIHInHa
KOTOPOTO TIPEXAEC BCETO 3aBHCHUT OT CKOPOCTH BO3AYIITHOTO IMOTOKA.
[ToBBICHUTE CKOPOCTh TIOTOKA BO3/yXa, 0€3 YBEIHMUEHHUS MOIITHOCTH Ha
TIPUBOJT BEHTHUIITOPA MOYKHO 32 CUET CHIDKCHHS adpPOAMHAMHICCKUX
CONPOTHUBICHUN BO3AYIIHOTO TPAKTA CUCTEMBI OXJIAXKJICHUS aBTOMO-
Omis. B 9acTHOCTH 3TOTO MOXKHO JTOCTHYB YITydIIasi yCIOBHUS BBIXO/IA
BO3IYIIHOTO TOTOKa u3 panuatopa [11]. Ilpu »ToM HAAO yUUTHIBATH
KOHCTPYKTHBHBIE 0COOCHHOCTH BO3IYIIIHOTO TPAKTa KOHKPETHOTO aB-
TOMOOWIISI, TIPEK/IE BCETO ATO HAIMYHUE KOXKyXa BEHTUIISITOPA, €ro pac-
TOJIOKEHHE U PACCTOSHHUE OT BEHTHIIATOPA J0 IBUTATEIISI aBTOMOOHUIIS.
J1st m3ydeHust parmoHaTbHOCTH U BOZMOXKHOCTH YBEJIMUEHUS CKOPO-
CTH BO3YIIHOTO MOTOKA Yepe3 paauarop, MyTeM COBEPILICHCTBOBAHNUS
A’PONMHAMHYCCKUX XapaKTEPUCTUK BO3MYITHOTO TPAKTa aBTOMOOWIIS
HEOOXO/IMMO IMPOBECTH JIOMIOTHUTEIBHBIC HCCIISIOBAHUS 10 ONpeieyie-
HHTO (DAaKTHUCCKUX 3HAYCHHWHA M PaCIPEICIICHIS] BEKTOPOB CKOPOCTEH
BO3IYIIHOTO MOTOKA MEPel pafuaTopoM U BIUSHUSA HA HUX YCIOBHM
BBIXO/1a BO3yXa U3 Hero [12].
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PEIIEHUE TPAHCIIOPTHOM 3A JAUA
C HEYETKO ONPEJEJEHHBIMA TAPUPAMHU

Azanoea E.I., Ilonosa T.M.

bonvuioe npaxmuueckoe 3nauenue umerom onmumMusayUoOHHbLe 3a0a-
yu, coodepaicawjue 8 ceoetl nOCmanoske Heonpeoerénnocmos. Hanpumep,
ONMUMUZAYUOHHAS 3A0a4d OOCMABKU METKONAPMUOHHBIX 2PY308 8 VC-
JIOBUSIX KPYIHO2O 20P00d MeMOOOM HEYemKUX C-CPeOHUX. Dmom mMemoo
NPeOHA3HAYeH 015 pA3OUEHUSI MHONCECIBA INEMEHIN08 HA HedemKue noo-
MHOdicecmea. Umo 6 c6010 ouepeds daem 803MONCHOCTIb PACHPeOeneHUs
nepughepuiinbix nyHKmMos no patioHam, Ucxo0st U3 OONOTHUMETbHBIX YCL0-
suil. [Ipumenenue annapama meopuu HeuemKux MHONCeCIS ynpowaent
NOCMAHOBKY U onucanue 3aoad. B oannoii cmamve paccmampusaemcst
nocmpoenue OnmuMaIbHO20 NAAHA MPAHCNOPMHOU 3a0all, 8 KOMOpou
VOenbHble 3ampambl Ha NePeBO3KY NPeOCMAGISIoN: COO0U HewemKie MHO-
arcecmea. Ha mooenvrom npumepe nocmpoen nian nepesosox 8 YCioGUusix
usmenstiowgeco mapuga. Peuwtenue dannotl 3a0aqu noseosnsem paspado-
mamv Haubonee payuoHATbHLIe NYMU U CNOCOOBL MPAHCHOPINUPOBAHIUSL
mMosapos, YCMpaHums YpeamepHo 0albHue, CmpedHble, HOSNMOPHbIE Ne-
pesosku. Bce amo coxpawaem epems npoosudicenus moeapos, yMeHvlia-
em 3ampamaul BPeonpPUsIMULL U YUpM, CEsI3aHHbLE C OCYUYECMETIEHUEeM NPO-
1eccos CHAOIICEHUSL CHIPbEM, MAMEPUATAMU, MONTUBOM, 0DOPYOOSAHUEM
U m.0. Aneopumm u memoowvl peutenust mpaHcnopmHou 3a0asu Mo2ym
ObIMb UCNOTL306AHBL NPU PEULEHUU HEKOMOPLIX IKOHOMUYECKUX 3a0aY,
He UMeIWUX HUYe20 0duezo ¢ mpancnopmuposKoll epysa.

Lenv — naxooicoenue onmumMarbHO20 peuenst mpancnopmuoll 3a-
0ayu ¢ HeuemKo onpeodenenHbiMU mapugpamu.

Memoo unu memoodonozusn npogedenus padomsl: 8 Cmamve uc-
NONb30BATUCH MEMOObL TUHEUHO20 NPOSPAMMUPOBANUS, d MAKIICe dle-
MEHMbL MeoPUU HEUEMKUX MHONCECNE.



International Journal of Advanced Studies: Transport and Information Technologies, Vol. 11, No 1, 2021 35

Pe3ynvmameol: nonyuen aneopumm HAxXoxHcOeHUus ONMUMATLHO20 pe-
UIeHUSL MPAHCROPMHOL 3A0AUU C HEYENKO ONPeOeleHHbIMU Mapu@ami.

Oébnacms npumenenus pe3yibmamos: noiyyeHHbvle pe3yibmanvl
YenecoobpasHo NPUMEHIMb NPU NAAHUPOSANUL MPAHCNOPIHBIX Ne-
PEBO30K, A MAKHCe NPU PeuleHUU HEKOMOPLIX IKOHOMUYECKUX 3A0aY.

Knwueewvie cnoea: mpancnopmuas 3aoava; neyemxue MHOICE-
cmea, ONMUMAanbHbIL NAAH

SOLUTION OF THE TRANSPORT TASK
WITH FUZZY DEFINED TARIFFS

Agapova E.G., Popova T.M.

Optimization tasks containing uncertainty in their formulation have
great importance. For example, the optimization problem of delivering
fine-flow cargo in the conditions of a large city by the method of fuzzy
with-medium. This method is designed to break the set of elements on fuzzy
subsets. Which in turn makes it possible to distribute peripheral points
in areas, based on additional conditions. The use of the apparatus of the
theory of fuzzy sets simplifies the formulation and description of the tasks.
This article discusses the construction of the optimal plan of the transport
problem, in which the specific costs of transportation are fuzzy sets. The
model example built a plan for transportation in a changing tariff. The
solution to this task allows you to develop the most rational ways and ways
to transport goods, eliminate excessively distant, counter, re-transport. All
this reduces the time promotion of goods, reduces the costs of enterprises
and firms related to the implementation of the supply processes with raw
materials, materials, fuel, equipment, etc. The algorithm and methods of
solving the transport task can be used in solving some economic tasks that
do not have anything in common with transportation of cargo.

Purpose. Finding the optimal solution of the transport task with
fuzzy specific tariffs.

Methodology in article use linear programming methods, elements
of the theory of fuzzy sets.
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Results: Obtained an algorithm for finding the optimal solution of
the transport problem with unclearly defined tariffs.

Practical implications it is expedient to apply the received results
for transport planning, for solving some economic problems.

Keywords: transport task; fuzzy sets, optimal plan

MHoro4ncIeHHbIe 3aa491 IPUHSITHS PEIICHUH, B TOM YHCIIE H 3a-
JIa4y O TPAHCIIOPTHBIX MEePEeBO3Kax, CBOJATCS K BEIYUCIUTENIbHOM cXe-
Me, THITUYHOM TS 337]a4 MaTeMaTHYeCKOro mporpaMMupoBanus. [Ipu
pEIIeHNH TaKWX 3aja4 pa3IuydaroT Be cuTyaruu. [lepsas: mapameTpol
1eneBol (PyHKIMH 337a49H U OTPAaHUYCHUN — IETEPMUHHPOBAHHBIC BE-
JTUYUHBL. [ pemenns 3TuX 3ajiad MCTONIb3YIOTCS XOPOIIO M3BECT-
HbIC ONTHMHU3ALMOHHBIE MeTObI [2, 6]. Hanpumep, npu cnenuduke
JIOPOXKHOTO JBMYKEHHUS B TOPOJIE C YIETOM IIOTEPH BPEMEHH Ha 3aTOPHI
Ha foporax. [Ipeanoxen onTUManbHBINA MapLIpyT TOProBOTO MpeaCcTa-
BHTEJIS, KOTOPHII 33/1a€T TIOCIIEIOBATEIEHOCTh BCEX TOPTOBBIX TOUEK
OTHCHIBAET ONTHMAJIbHBIE ITyTH CJIE0OBaHMs OT OHOM TOProBOH TOY-
ku K Apyroi [1]. Bo Bropoii cutyanun ucxomHas HHQOpMAaIus couep-
JKUT 2JIEMEHTHI HEONPEACNEHHOCTH, TTapaMeTphl KOTOPBIX SIBIISIOTCS
CIIy4ailHBIMH BEJTMYMHAMU C U3BECTHBIMU 3aKOHAMM paclpeaeIeHMts,
00BETMHEHBI B KJIACC 337a9 CTOXaCTHYECKOTO MTPOrpaMMHUpPOBaHUS |8,
13]. Ha npakTuke 10CTaTOYHO 4acTO BO3HUKAIOT CUTYallld, KOT/a B
pe3yibTaTe HeIOCTaTOYHOTO 00beMa BEIOOPKH NCXOAHBIX JAHHBIX 10~
Jy4eHHe SMIIUPUYECKON IUIOTHOCTH paclpeieeHus CIly4aifHbIX apa-
METpPOB 3a/1aui He TIPEJICTABIAETCS BO3MOKHBIM. [[pyroii moxxon co-
CTOUT B ONMCAHUH HETOYHBIX AIIEMEHTOB 33/]a4H B TEPMUHAX HEUYETKHX
MmHOXecTB [3-5], [7], [9], [11], [15-18]. IIpu sTOM modyuaroT 3aga4y
HEYETKOTO MaTeMaTH4YeCKOTro mporpaMmupoBanus. [[pumenenne anma-
paTa TEOPUH HEYETKHX MHOXKECTB YIIPOIIAET MIOCTAHOBKY M ONHCAaHUE
3a/1ad, HO JeJIaeT HEBO3MOKHBIM HETOCPEICTBEHHOE HCITOIb30BAHME
XOPOIIO M3yYEHHBIX U OTPabOTaHHBIX JETEPMUHHUPOBAHHBIX METOIOB.
Taknm 00pazoM, BO3HUKAET MpobiemMa pa3padOTKH CHEIU(UISCKIX
METOI0B MaTeMaTHYECKOro MPOrpaMMHUPOBAHUS JJIsl peleHHs 3a1ad,
rnapameTpbl KOTOPBIX 3a1aHbl HeueTko [10].
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Paccmorpum 3amauy 0 mepeBo3Ke MPOMYKIUH OT /71 TIOCTABIUKOB
OJTHOPOJTHOW TIPOAYKIIMU C M3BECTHBIMHU 3allacaM¥ 3TOW MPOAYKIIHU
A, i=1,..,m n n norpeduTenen S5TON NPOAYKIMH C 3aJaHHBIMU 00b-
emamu 1noTpednenus B, j = 1,...,n. YIenbHbIE 3aTPaThl Ha MEPEBO3KY
MIPEICTABIIAIOT COOON HEUeTKNE MHOXKeCTBa C ;.

[Tycth cymMMa 00beMOB 3aacoB MPOIYKIIMH paBHA 00BEMY MOTpPE-
OJleHHs Bcex ToTpeOuTenel (3amada Ha3bIBACTCS 3aKPHITOTO THIIA),
paccMoOTpuM 3aja4y ONpeC/ICHUs] 3HAUCHUsI BEKTOpPa JCHCTBUTEIb-
HBIX NCPEMEHHBIX B X;; 2 0,i=1,...,n,j=1...,m, npu yCIIOBUAX CUCTE-

MBI OIPAHUYEHUIN
n nm

injzAi, Xij = Bj, i=1,..,m, j=1,..,n,
j=1 i=1
oOecrnieunBaronux Haubosee 3¢ dexTuBHOE 3HaUeHue Fuzzy-mHoxe-
CTBa LIEeJIeBON (YHKIIUU
_ n_om_ __
F= ZZCg/xl.j —)min,
i=1 =l
e Cy >0 — HedeTKHEe MHOKECTBA.

B kagectBe Fuzzy-mHOXECTB MOKHO paccMaTpHUBaTh KOMITAKT-
HbIE MHOXECTBA ¢ (DyHKIMAMM MPUHANTIEKHOCTH CaMOIo OOILEro
Buza 0<p-(Cy)<1. B yacTHOCTH, MOKHO paccMarpuBarh (HyHKIUH
NPHHAUICKHOCTH, NPEACTaBICHHBIC ABYMsl QyHKUuAMH W, o (Cy)
b 0, (Co) man 1pentst — iy e (Co), By (Co) 1 b (Cy ). Dyt
M, (Ci) — MOHOTOHHO HeyObiBaromasi Ha otpeske [0,1], dyHkius
(Ci) — MOHOTOHHO HeBo3pacTaromas Ha orpeske [0,1], a yHkuus
B, (6)(Cij) = const =1 B IPOTUBHOM CJIy4ae — OTKPBITOM.

ANTOpUTM pEIICHUSI TAaKOW TPAHCIIOPTHOH 33724l HUYEM HE OT-
JIUYAETCS OT aJTOPUTMa C ONpeeSIEHHBIMU Tapru(paMHu U COCTOUT W3
TPEX ATAMOB: MOCTPOCHUE OMIOPHOTO IJIaHA IEPEBO30K, MPOBEPKA €T0
Ha ONTHMAJILHOCTH ¥ YIy4IIEHUE TNIaHA C ONTUMHU3AIHNEH [eJIeBOH
GyHKIHH.

[Ipu mocTpoeHHH OMOPHOTO IUIaHA, HAPUMEP METOAOM MHHH-
MaJbHBIX 3JIEMEHTOB, MOCTaBKa x;; = min {A; B;}, ¢ y4yeToM yKe
IIPOU3BEICHHBIX ITOCTABOK, TO BBIOOP COOTBETCTBYIOIIEH MOCTABKU

p'R(E)
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OCYIIECTBIISICTCS. HA OCHOBE IEPEBOJIa HEYETKOro Tapuda B IeTePMHU-
HUPOBAHHBIN, MIPU 3TOM, PacUeT AETEPMUHHUPOBAHHOTO HKBUBAJICHTA
JUTSL KaXKJI0T0 HEYETKOT'O MHOXKECTBA KOA(D(PHUIIMEHTA [IEIeBOM (PYHKIHH
El-, B BUJE S(a,-) o popmynam R
S(C)= ZOWPLP,

e w, > (0 — BecoBbIE Koa(b(bnunefﬁm CEeUYEeHHNH HEYETKNX MHOMKECTB,
wint L, = 0,5(C + C2) — KOOPAMHATBI CPEHUX TOYEK COOTBETCTBY-
IOIIMX CeYeHUN HedeTKHX MHOXkecTB (C, e Q) - Oy Oy enns Oy peeesOL s
Cy.Ct,.Cphits Cy m Gy ,C .., C .., C ) — COOTBETCTBEHHO KOOP/IMHA-
TBI JIEBBIX U MPABBIX KPaWHUX TOYEK (KOOPIAUHATHI aOCIIMCC BCEX ITHX
CCUCHMIA), TMOCJIC Yero BCe MIArd MOJYYCHUsS] OMOPHOTO PEIICHHUS HU-
YeM HE OTJIMYAIOTCS OT MOCIIEI0BATeIbHOCTH BBIUUCIICHUH B Cilydae
JIeTEPMUHUPOBAHHBIX 3HAYEHUH ¢ .

Ilycth x5 >0 — HETEPMUHUPOBAHHBIC 3HAUCHUS 00BECOB TEpe-
BO30OK, IMOJIYYCHHBIE B HEKOTOPOM JIOITYCTUMOM 0a30BOM pEIICHUH.
Fuzzy-MHOXeCTBO, Onpenesoliee 3Ha9YeHHE EeJICBONU (PYHKIIUHU I10-
JIy4EHHOTO 0a3MCHOTO PELISHHUsI, OonpeeseTcs mo Gopmyie:

Hrq (F(Z))= maX(;1,,;,z,___,;T,i_gwgg(z,){”?(C“)’ R (€2 L (Ci )y o (Com)
e

o o o Womo_

O(Z ) ={(x11, %02 ey Xijyeees X ) | DD iy = Z 35 > 0,i = 1,eoym, j =1,..,m};

; i=l j=I
Z, e[?mm,zmax] — Juana3zoH BOIj‘sMO)KHBIX JIETEPMUHUPOBAHHBIX 3HA-
YEHWH CyMMapHBIX 3aTpaT, CBA3aHHBIX C MepeBO3KOM Tpy30B [13 -14].
Just GyHKIUH NPUHAIISKHOCTH YAEIbHBIX 3aTpar JOCTaBKHU IPy-
30B TPANEMEBUIHOTO M TPEYTOIBHOTO BU/IA BHIPAKEHUE [ (2)(F(2 »))
BBIUHUCIISIETCA 110 SIBHBIM (popmyniam
Heg (F(Zp)) = (4, M1, M2, B)
90071
Uz 2 (F(Z,)) > (4, M, B),
rae .
2 = {ZZa(a/);,y | ;g/ >0,i= 1,...,n,j = l,...,m};
il il
B={Y>"b(Cy)xi|xj>0,i=L,n, j =1,..,m};

i=l j=1
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Mk = {Zka(a,«))_c;,- |)_C(f >0,i 21,...,}1,] =1,...,m},k =12;

i=l j=1

— n m p— p— p—
M= {ZZm(C;;)xij |xi >0,i=1,..,n,j=1..,m}.
i=1 j=1
DTam mpoBepKH IJIaHA HA ONTUMAIBHOCTh U MIPU HEOOXOIUMOCTH

YIIy4lIEHHUE TUIaHa IPOBOAATCS HA OCHOBE METOA IIOTEHIMAJIOB C JIe-
TEPMHUHUPOBAHHBIMU KO3 UITUEHTAMH.

PaccmoTpum MoAenbHBII pUMEp MOCTPOCHHUS IIaHA MEPEBO30K B
YCIIOBHSIX HU3MEHSIIOIIETO Tapuda.

CToMMOCTU TIEPEeBO3KH CAMHUIBI 00beMa TpPy30B 3ajaHbl
Fuzzy-ancnamu ¢ GyHKIUSAMU TPUHAAIEKHOCTH TPEYTOIBHO BUAA
U, (4) = (a,m,b) v npeACTaBICHBI B KIIETKAaX TAOIHUIIBI 1.

Tabnuya 1.
HcxonHble qTaHHbIE 3212491
1 2 3 4 4,
1 (1,5,3) 3,4,2) (3,7,4) (1,2,3) 10
2 (3,6,2) (1,6,3) (1,8,3) (1,4,3) 80
3 (2,4,3) 3,4,4) (1,5,2) (1,6,2) 20
B, 40 15 42 13 110

TpeOyembie 00bEMBbI TIOCTABOK MOTPEOUTEIISIM U 3a1achl IIOCTABIIIH-
KOB 3aJIaHbl COOTBETCTBEHHO B MOCJICIHEH CTPOKE U TIOCIICTHEM CTONO-
e Tabnuisl 1. Heobxoaumo HaliTi HarOosiee 3 GeKTUBHBIN IIJ1aH Tie-
PEBO30K, 00CCIIeUNBAIOIIUT HaMTyYIlIee 3HaUeHHe Fuzzy-MHOXeCTBa,
OTPEICIISIONICTO CyMMapHbIC 3aTPaThl HA BBHIIOJHEHHUE IIJIaHA Tepe-
Bo30K. [lepeonpenensem Tapudbl MepeBO30K MO COOTBETCTBYIOIIUM

(hopmymam, oy4aeM AeTEPMUHAPOBAHHYIO 3a/1a49y:

Tabruya 2.
Bolunc/ieHHbIe 3HAYEHHS
1 2 3 4 A,
1 5,67 3,67 7,33 2,23 10
2 5,67 6,14 8,66 4,26 80
3 4,13 4,33 5,13 6,13 20
B, 40 15 42 13 110
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OnopHbI# T71aH, KOTOPO

10 0 0 O
30 15 35 0
0o 0 7 13

¢ neneBo ¢ynkumein F = 737,6. Herpynno yOenuTcs, 94ToO IJIaH SB-
JSIETCSl HE ONTUMAJIBHBIM M €r0 MOXKHO YIY4IIUTb 32 9 maroB. OnTu-
MAaJIbHBIN TJIaH MIEPEBO30K

0 10 0 O
X=140 5 22 13
0 0 20 O

C YCpETHEHHBIM 3HaYeHHEM IiesieBoi pyHKImn F = 642,7.

Pemenne nanHo# 3a1auu O3BOJISIET pa3padoTaTs Hanboee pauu-
OHAJIbHBIC ITYTH U CTIOCOOBI TPAHCTIOPTUPOBAHMS TOBAPOB, YCTPAHHUTD
Yype3MepHO AaJbHUE, BCTPEUHbIE, TIOBTOPHBIE EPEBO3KU. Bee 310 co-
KpalaeT BpeMst IPOJIBIKEHNUS TOBAPOB, YMEHbBILAET 3aTPaThl MPEApH-
SATUH 1 QUPM, CBA3aHHBIE C OCYIIECTBICHUEM MTPOIIECCOB CHAOKEHUS
CBIPbEM, MaTepHagaMy, TOIUINBOM, O0OPYAOBaHHEM H T.1. AJITOPUTM
Y METOJIBI PELIeHNUS TPAHCTIOPTHOM 3a/1a4u MOTYT OBITh HCIIOJIH30BAHBI
[IPY PELICHUH HEKOTOPBIX SKOHOMHUUYECKHUX 33714, HE UMEIOLINX HUYEro
001I1ero C TPAaHCIIOPTUPOBKOU TPy3a.
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ABTOMATHU3UPOBAHHASI CUCTEMA YIIPABJIEHMUSI
KAMHEJIPOBUJIBHON YCTAHOBKOMN

Macnukoe B.U., Mopoxun /I.B.,
Heanoe A.B., Heanos P.A.

Bonpocwvl asmomamuszayuu npouzeo0cmeeHHbIX NPOYeccos 6 Ha-
cmosuee epems He mepsaom ceoetl akmyanvHocmu. Muoeue cyuye-
cmeylouue YyCmpoucmea u cucmemvl pabomairom 8 py4Hom Ui noiy-
ABMOMAMUYECKOM pedicume, 4mo npueooOUm K U36eCmHuIM NpooemMam.
Cnocobul coedunets 31eMeHmos cucmem ynpaeienus KAMHeopoOub-
HbLMU YCIMAHOBKAMU U 8b100D NPOMOKOI08 NEPEOAd CUSHALO8 MENCOY
HUMU ABTIAIOMCA OOCMAMOYHO YCMOAGUUMUCH, OOHAKO 8 C8A3U C NO-
A6/1€HUEM HOBbIX YCIMPOUCMS U KAHATI08 CEA3U C VIYHUEHHBIMU XAPAaK-
mepucmuKamu 80ONPoOCcsl 8b100POE MeNo008 U AN2OPUMMOE pabombl
Nn000OHBIX cucmem mpeoyom nocmosHHol moouguxayuu. B pabome
npeonazaemcs CmpyKmypa cucmemvl YnpagieHus KamHeopoouibHo2o
Komniekca. B kauecmee kpumepus Kawecmed noCmpoeHHoll cucme-
Mbl UCNOTL3YEMCS OYEHKA HAOEHCHOCTU pAbOmbl CUCTHEMbL NPU YCA0-
8UU BbINOIHEHUS 3A0AHHBIX PEMEHHBIX 0ZPAHUYEHUL HA 8bINOTHEHUE
OCHOBHbIX 340ay. DleMenmamy HO8U3Hbl NPEOCMABNIEHHO20 peuleHUs
ABNAIOMCI UCNOTIb308AHUE 000PYO08AHUS OTNEUeCMBEHHO20 NPOU3B00-
Ccmea Ha 6cex 2manax pabomel cucmemsvl, a MaKx#ce HeKOmopule pe-
ulerusl no 8blOOPY KAHALO08 CEA3U U NPOMOKONI08 Nepedayll CUSHALOS.

Lenv — pazpabomka cmpyKmypuvl a8mMoMamu3upO8aHHOL CUCTEMbL
VAPABLEeHUsL KAMHEOPOOUNLHOU YCMAHOBKU.

Memoo unu memooonozus npogedenus padomol: 6 pabome uc-
NOML3VIOMCSL MEMOObl CUCEMHO20 AHAU3A, Meopul nepedadu cue-
HA08 U MeopuU aneopummos.

Pesynomamot. Vicnonvzoeanue npedcmasieHHo20 peuleHus no360-
JIUNO peanu308ams bonee npocmyro u dQHeKmusHyo annapammyio u
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NPOSPAMMHYIO MOOEIU CUCHEMbl YAPAGLEeHUS NO CPABHEHUIO ¢ aHa-
J102amu, Ymo NO36OMUM YMEHbUUUMb KOIULEeCNE0 OMKA308 PA3TUYHBIX
noocucmem Kamueopoounvbtou ycmanosxku. Kpome mozo, ovliu eHece-
Hbl HEKOMOPbLE HOBbLE PYHKYUU, MAKUE KAK 603MOHCHOCHb YOUTEHHO20
KOHMPOIS U OOMEHA OAHHBIMU C NPOSPAMMAMU OYX2ATMEPCKO20 yuemd.

Oobnacme npumenenus pesynomamos. llonyuennvie pe3ynomanol
yenecooopazno NPUMeHsIMb NPOU3E00CMEECHHBIMU CYObEKMAaMU, 0Cy-
WecmeasIowuUMU 0essmeIbHOCHb, OOHUM U3 ILEMEHINO08 KOMOPO 56-
JISIIOMCS UCHONb306AHUE OPOOUTLHBIX YCMAHOBOK U KOMNIEKCOB.

Kniroueevie cnosa: ACY; IIVIK; Modbus; Ogen, kamnedpobunvhasi
VCMAHOBKA; KOHMPOJLIEp, OPOOUTIbHO20 KOMNIEKC

AUTOMATED CONTROL SYSTEM
FOR STONE CRUSHING PLANT

Mpyasnikov V.I., Morokhin D.V.,
Ivanov A.V., Ivanov R.A.

The issues of automation of production processes are currently not
losing their relevance. Many existing devices and systems operate in
manual or semi-automatic mode, which leads to known problems. The
methods of connecting system elements and the choice of protocols for
transmitting signals between them are quite well-established, howev-
er, due to the emergence of new devices and communication channels
with improved characteristics, the issues of choosing methods and al-
gorithms for the operation of such systems require modification. As a
criterion for the quality of the constructed system, an assessment of
the reliability of the system is used, provided that the specified time
constraints on the performance of the main tasks are met. The ele-
ments of novelty of the presented solution are the use of domestically
produced equipment at all stages of the system operation, as well as
some solutions for the choice of communication channels and signal
transmission protocols. Note that the main elements of novelty relate
to the software implementation of the system, the description of which
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is beyond the scope of this article and is planned to be published in
a separate work.

Purpose. The aim of the work is to develop the structure of an au-
tomated control system for a stone crushing plant.

Methodology. The work uses the methods of systems analysis, the
theory of signal transmission and the theory of algorithms.

Results. The use of the presented solution made it possible to im-
plement a simpler and more efficient hardware and software model of
the control system, which will reduce the number of failures of various
subsystems of the stone crushing plant. In addition, some new features
have been introduced, such as the ability to remotely control and re-
ceiving data to accounting software.

Practical implications. The obtained results are advisable to be ap-
plied by production entities carrying out activities, one of the elements
of which is the use of crushing plants and complexes.

Keywords: ACS; PLC; Modbus, Aries; stone crushing plant; con-
troller; crushing complex

Beenenne

KamuenpoOuibHbIe YCTaHOBKH, COAEPIKAIINE PA3INIHbIX BapHaH-
THI IPOOHIIOK, TPOXOTOB, KOHBEHEPOB M BCTIOMOTaTEIbHBIX MOJICHCTEM,
MPUMEHSIIOTCS B Pa3IMYHBIX o0nacTsx mpousBoactsa [20]. OnHum u3
HaIPaBICHUI MX UCIOIB30BaHU SIBIIAETCS MOMyYEHNE MaTepHaloB
IUIsL TOPO’KHO-CTPOUTENBHBIX padort [4, 15, 16]. Bonpock aBromaru-
3a1uM padOThl TAKMX KOMIUIEKCOB AKTYaJIbHBI HE TOJIBKO C TOUYKH 3pe-
HUSI CHIOKEHHS ce0ECTOMMOCTH ITpoliecca APOOICHUSI, TOBBIILICHHS €r0
MIPOU3BOJUTEIBHOCTH, HO U JJI1 MUHUMH3ALNN BIMSHUS YEJTOBEYECKO-
ro ¢akTopa Ha paboTOCIIOCOOHOCTh YCTAHOBOK, YIYUIICHUS YCIOBHIMA
Tpy/Ja, yAy4llIeHus] 5JKOHOMUYECKHX Tokasarenel [1, 8, 17].

Ha puc. 1 mpuBenena cxema IpoOMIHFHOTO KOMITIEKCA, T Ha CTa-
JH TpoOIeHUsI KCIIONb3YyeTCs HEHTPOOSKHO-ynapHas aApoouika [19].
K BcriomorarenbHOMY 000pyIOBaHUIO OTHOCSITCS: TUTATENb, CEMb KOH-
BEEPOB; JIBa IPOXOTA, a TAKKE MarHuT U BoJAsiHOM Hacoc. [Tutarenu u
IpOX0Ta KOMIUIEKTYIOTCSl BUOparopamu. Kpome Toro, ncnonb3yrorces
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pa3NuYHbIe TAaTYUKH (Beca, CKOPOCTH M T.J.) U UCTIONIHUTEIbHBIC Me-
XaHH3MBI (YCTpOICTBA aBapUITHOTO OTKITIOYCHUS, YCTPOMCTBA yIIpaB-
JICHWs Harpy3KOW JABHUTATENeH U T.11.).

_ Macoc ana soau

Puc. 1. Cxema a1poOHIBHO-COPTUPOBOYHON JIMHUN

O06opynoBaHus CUCTEMBI YIIPABICHHUS:
JJist MOCTpOEHUSI CHCTEMBI yIIPaBIeHUsI POOMIIBHON YCTaHOBKOM
HCTOJIB3YETCs cienylolee 000pyaoBaHue:

[Iporpammupyewmslii torngeckuii kontpomnep OBEH ITIJIK110-
60[MO02]

Cencopnas nmanens onepatopa OBEH CII315

Mogynb aHalIOroBOro BBOAA C YHUBEPCAIbHBIMU BXOJaMHU
OBEH MB110-101

[Ipeobpazosarens yactorsl OBEH ITUB102-2K2

Cereoii nutro3 aiist qocryma k cepucy Owen Cloud [IM210-24
brok mutanus OBEH BIT60K nist koHTpossiepa U maHe u
brnox muranus OBEH BII60b-/14-24 nns nepudepuitHbIx
YCTpPOMCTB

Kak BuHO U3 mepeuHs, UCIOIb3yeTCsl 000PYI0BAHNE OTEUECTBEH-
nHoro npousoautenist OBEH [5]. larroe ob6opynoBanue ornmpoOoBaHO
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BO MHOTHX IMOJOOHBIX CHCTEMax M ABISETCA OJHUM U3 JYYIIHX IO
COOTHOUICHUIO IIeHa-KauecTBO. HecOMHEHHO, CyIIECTBYIOT CUCTEMBI
Y 3JIEMEHTHI ApYyTrux npousBoauteneii [7, 10, 21], Ho ux cpaBHeHUE H
BBIOOp HE SIBISUIMCH 3a/1aueii pa3pabOTUYMKOB, TaK KaK NepeyeHb 000-
PYZIOBaHUsI B JAHHOM IPOEKTE ONPENENIACTCS 3aKa3UHKOM.

CTpyKTypa cucTeMbl YIPaBJIeHHUsA
B 0o61iem, cTpyKTypa CHCTEMBI YIIPaBICHHUS UMEET CIICTYFOIINHN BU/T

(puc. 2).

‘ TUIK ' VnaneHusie
! - TOIB30BATEH
122} g o
2 £
= Qo
S s
= Modbus RS-485
| ITanens onenaTona L Monyns YacToTHslit
AHAJIOroBOrO mpeodpa3oBaTeb
BBOZA

s :
L
ol

Puc. 2. CTpyKTypa CUCTEMBI YIIPABICHHUS

OcHOBHBIM 00paboTYnKoM HHGOPMAIMH B CHCTEME SIBISETCS
[JIK110-60[MO02] [11]. OH npou3BoauT 00pabOTKY CUTHAJIOB OT arpe-
raToB CHCTEMBI, TIOCTYTAIONINX Ha COOCTBEHHBIE TUCKPETHBIE BXOJIBI
U aHAJIOTOBBIE BXOJBI MOAYJIA aHAJIOrOBOTO BBoAa [9]. Takxke OH BHI-
JTaeT YIIPABISAIONINE CUTHAJIBI HA COOCTBEHHBIE AMCKPETHBIC BHIBOJIBI
W 9acTOTHBIN npeodpa3zosarens [10], 3agaromnuii 000pOThI JBUTATENS
KoHBeliepa nuratensi. OCHOBHBIM CPEJICTBOM B3aMMOJICHCTBUSI C OTIe-
patopoM siBsieTcst manenb omneparopa CII315 [11]. Kpome Toro, mms
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YIAJIEHHOTO KOHTPOJISI U yIPaBIEHUS HCIONb3YeTCs CETEBOM IUTI03
[12]. Best 00paboTka BBO/Ia U BBIBOJI JAHHBIX TaKXkKe SBISETCS (PyHK-
umeit [UIK [6, 14].

OTmeTHM, 4TO AJIs Nepeadll CUTHAJIOB BHYTPH CUCTEMBI UCIIOJb-
3YIOTCSI Pa3JINYHBIE CPEABbl. bOIBIIMHCTBO YCTPONCTB MOAKIIOYEHBI IO
JBYXIIPOBOJHOMY Kabemto U TexHonoruu RS-485. [lanens oneparo-
pa cBs3aHa ¢ KOHTposiepoM 1o kabemo Ethernet. Oto pasnenenue,
KpoMme ynoOCTBa IMOIKIIOYCHNUS, CBSI3aHO ¢ opraHu3anuell oomena. B
ceaske [1JIK — manens oneparopa naHesb sIBISIETCS MAaCTEPOM POTO-
kojia Modbus, a /1st oCTaNmbHBIX YCTPOUCTB MacTepoM siBisiercst [TJTK.

[lono6Hoe neneHue MO3BOJSET KOHTPOJUIEPY B PeajbHOM BpeMe-
HU pearupoBaTh Ha M3MEHEHUS COCTOSIHUS yIPABIAIONINX SIEMEHTOB
nanenu. Ecnu nanens paboraer B peskume slave, To [IJIK BoiHyxaeH
OTCJIEKUBATh COCTOSIHHE TIAHEIIN Yepe3 3aJaHHbIE BPEMEHHBIE ITPOMe-
xyTKH (poll time) mnbo n3menenus snauennii (value). 3To MOXKET BbI-
3bIBaTh 33JICPXKKH, BIEKYILHE 32 COOON HEOAHO3HAYHOCTh HHTEPIpe-
Tal¥ BBEJACHHBIX JaHHBIX. Hampuwmep, ObIcTpoe IBOWHOE HakaTHE
KHOIIKM MOKET 00paboTaThCs Kak OJMHAPHOE, YTO MPHUBEIET K pacco-
[JIJACOBAHUIO COCTOSIHUS ITAHEIH U COOTBETCTBYIOIMUX JaHHbIX TTJIK.

Ecnu e nanenp HaXonuTCs B pexxuMme Mactep (master), To Bce U3-
MEHEHHUSI HETIOCPEACTBEHHO BBI3BIBAIOT OOHOBICHHE perucTpoB [1JIK
1, COOTBETCTBEHHO, 00padaThIBAIOTCS POTPaMMOH.

J1st ocTanbHBIX 3JIEMEHTOB CUCTEMbI TAKOH PEXHUM HeoOs3aTelNeH
(1 cnoXHOpeanu3yeM MpH 33JaHHBIX YCIOBUX), TAK KaK OHU padoTa-
0T TM0O0 TOJIBKO B PEXKHUME UTCHHUS, TUOO B PEKUME 3aIHCH.

Takoke B ccTeMe paboTaeT CeTeBO 1LTH03, 00SCIICUMBAIOIIHI CBA3b
1o pajriokanairy (Texaonorus GPRS) ¢ BHENHIMY NOITB30BaTEISIMHE JTST
YAAJIEHHOTO MOHUTOPHHTA, YIIPABJIEHUs 1 cO0pa CTaTUCTUKH.

HNHuTrepdeiic mosb3oBarest

[lo cornacoBanmIoO ¢ 3aKa34MKOM ObLT pa3paboTaH HHTEpQEc Mob-
30BaTeIIsl, pean30BaHHbIN Ha TaHen oreparopa CI1315 [18] (pwuc. 3).

Peanu3oBanbl 1Ba OCHOBHBIX peskiMa padoThl: «Pabota» u «Hanan-
Ka». FIX OCHOBHOE OTIIMYHE B TOM, 4TO pexxuM «Hamaaka» mo3soisier
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BKJIFOUHMTH 000pyI0BaHKE B JIF000# MocieqoBaTebHoCTU. Pexxum «Pa-
60Ta» OmpeeNseT YSTKYIO MOCIeI0BaTeIbHOCT BKIIIOUCHHUS arpera-
ToB. COIIaCHO TEXHUYECKOMY 3a[aHHUI0, OUSPEIHOM arperar JOKeH
BKJTIOUAThCS HE aBTOMATHYCCKH, & TIPU HAKATUH KHOTIKH 3aITycKa orie-
paTopom, eCiIu OO OYePe/Ib COTIACHO MOPSIKY BKItoUeHus. [Tpu
9TOM, €CJTH Yepe3 3aaHHbII MPOMEKYTOK BPEMEHHU HE Oy/IeT MOMyUueH
CHTHAJI, OATBEPXKIAIOIINI 3aIlyCK arperara, CUCTeMa MEPEXOIUT B
cocrosiHue omuoOKu. Jlanee, B 3aBUCHMOCTH OT 33J[aHHBIX YCIOBHA,
CHCTEMa OCTAaHABJIMBACTCS MOJHOCTBIO, JINOO YaCTHYHO.

Hanpsxenue .
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Puc. 3. I'1aBHBIN 3KpaH CHCTEMBI yIIPaBICHUS

OuepenHol arperar s 3aIycKa IIoMeYaeTcs ONpeAeICHHON Mo-
CBETKOI. HekoTophle 311€MEHThI MOTYT BKJIIOUAThCSl HE3aBUCHUMO OT
JPYTHX HOCJIe MOJHOTO 3aiycka cucreMsl. Hanpumep, Hacoc, Bubpa-
TOPBI, MATHUT U T.I. BuOparops! Taxke MOTyT paboTarh B aBTOMAaTH-
YECKOM peXHMMe, BKIIIOUAsCh Yepe3 3aJaHHbIe IEPHO/IbI BpEMEHH.

Kpowme toro, Ha sxpaH BeIBOANTCS MH(OPMALXS, IIOJIyUSHHAsI C 1aT-
YHKOB CHCTEMBI, TAKMX KaK TOATBEpKIeHHE paboThl arperara, TeKy-
1€ JaHHBIE [10 HArpy3Ke, IPOU3BOAUTEIBHOCTH U T.IN.
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BcenomorarensHble OKHa JAIOT BO3MOXKHOCTB BBITTOJIHUTE JIOTION-
HUTEJIbHbIC HACTPOMKH (3a/1epKEK, KPUTHUECKUX 3HAYCHUH, ...) WM
MIPOCMOTPETH 33JJAHHYIO CTATUCTHKY 110 pab0oTe CUCTEMBI U OIIHNOKaM.

Taxske mpeycMOTpeHa 3aInuTa HEKOTOPBIX PEKMMOB U JAHHBIX T10-
CpEACTBOM MapoJei.

B kauecTBe OMOTHUTENEHONW BO3MOKHOCTH pabOThI C CUCTEMOH,
0CcO00EHHO TIPH HACTPOIKE W BOSHUKHOBEHUH HEHCIIPAaBHOCTEH, opra-
HBI yIIpaBleHUsl AyOIUPYIOTCs B CUCTEME ITPOTpaMMHUPOBAHUS, Yepes
nntepderic Codesys HMI (cucrema ncronHerns Busyannsanuii) [2].

B sTOM pexnMe MosBISIOTCS AOMOTHUTEIbHBIE BOSMOKHOCTH TIO
HacTpolike 000pyI0BaHUs, KaTMOPOBKE arperaroB U Ipyrue cepBUC-
HbIe (DYHKIIHH.

BeiBoabl

Takum 0Opa3om, B cTaThe ONKMCaHa CTPYKTypa pa3pabOTaHHOH CH-
CTeMBI YIIpaBJICHUS KaMHEIPOOMIFHONW ycTaHOBKOW. E€ 0CHOBHBIMHU
OCOOEHHOCTSIMH SIBJISIFOTCSI MCIIOJIb30BAHNE OTEYECTBEHHOM amnmapar-
HOM 0a3bl U pasesieHrne YCTPOMCTB M0 IPyMNIiaM C pa3iIndHbIMU MPO-
TOKOJaMH ¥ (hopMaTamMu 0OOMEHa.

Haubosiee nHTEpECHBIC M HOBBIC PELICHUS MMEET MPOrpaMMHast
yacTh cucteMbl. Ee onrcanne OyieT BRITOTHEHO B OT/AEIHHOMN CTaThe.
Hexoropsie 0cOOCHHOCTH OTpaxkeHkI B padoTe [3].

JlarHas cTpykTypa Oblia ommpoOoBaHa Ha OOBEKTE B TECTOBOM pe-
KHME ¥ [oKa3aja cBow padotocnocobHocts. [locne npoBeneHus mc-
IIBITAHUN B PEaIbHOM PexuMe paboThl OyneT MpoBeeHa ee OLECHKA U,
IIpU HEOOXOIMMOCTH, JIopaboTka. Takxke TUIaHupyeTCsl MyOIuKaIus
MIPAKTHYECKUX PE3YJIbTATOB BHEAPEHUS CUCTEMBI.

Eme omHuM BayKHBIM Pe3yJIbTaTOM MOKHO CYMTATh BO3MOYKHOCTb
HCIOJIb30BaHMS PE3yJbTaTOB paboOTHl B y4eOHOM IpoLecce Kak Ha
CTPOMTENHHBIX HAIIPABIEHUIX MOAr0ToBKH, Harpumep 08.03.01 Asro-
MOOWIIBHBIE JOPOTH, TaK U Ha HH)OPMALMOHHBIX, TakuX kKak 09.03.01
Wudopmarnka 1 BEIUUCIUTENbHAS TexHuKa, 27.03.04 Ynpasnenue u
nHPOpPMATHKA B TEXHUYECKUX CHCTEMaXx.
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METO/bI U3MEPEHUW S IJTYBUHBI JIEJJOBOI ABPA3UU
HOBEPXHOCTHU BETOHHBIX OBPA3IIOB

Anoxun I1.B., bexkep A.T., Yeapoea T.3.,
3eepes A.A., bensesa T./1.

Llenvgh muposoco okeana boeam 3anacamiu yeneso00poOHO20 Col-
pos. Bornvwas uwacme wenvgpa Poccuu npuxooumces Ha Mopsi apKkmu-
YeCK020 U OANbHeBOCHOYH020 DACCeln08, 20e Npu NPOEeKMUPOSAHUU
MOPCKUX 1€00CTOUKUX NAAMPOPM, 2PY308bIX MEPMUHATOE U NOPIIOE,
HeoOX00UMO YHUMbIEAMb CYPOGble KAUMAMUUECKUE YC06USL PALIOHOG
CMpoumenbemed U Yoeusims 0co00e 6HUMAHUEe HASPY3KAM U 8030eli-
cmeusm om Opelighyrowe2o 1e0ssHo20 NoKpoea. Pezynomamom e3aumo-
oelicmasust Opeidyrowux 1e0siHbIX NOLel ¢ 2UOPOMEXHUYECKUMU COO-
PYIACEHUSMU ABTIAEMCSL ADPAZUSHBLIL UZHOC NOBEPXHOCIU KOHCIMPYKYUU
(6emona). Ilpobnema 1ed060t abpazuu cmpoumenbHulX MAMepuaios
npueiexaem K cebe nosvluleHHoe GHUMAHUE YYEHbIX MHOSUX CINPAH.
B pamkax ucciedosanus 0anH020 A61€HUL NPOBOOUNCS MHONICECHBO
IKCNEPUMEHMO08, 20e MEeMOOUKA U3MEPeHUs 2TTYOUHbL 1e00601 adpa3uu
MOJICEM 8HECIU 3HAYUMENbHYIO NOSPEUHOCTIb 8 PE3YTbMAMbl IKCHe-
pumenma, umo cnocoocmeyem HeobX0OUMOCU NPUMEHEHUs HOBbIX
MEMOO08 UMepetus U co8epuleHcmeosanus cyuecmeyowux. Tax,
6 Hopgedicckom ynusepcumeme ecmecmeenHbix u mexHuyeckux Hayk
34 6CE BpeMsl IKCNEPUMEHMANbHBIX UCCLEO08AHUL NPUMEHSIACH 00-
pabomka ¢ nomowvio yugdposozo muxpomempa Mitutoyo Corp. 543-
270B, 3D onmuuecxum ceemogom ckanepom ATOS 111 SO u nazeprvim
ckannepom. B Jlanvnesocmounom pedepanvrom ynueepcumeme uzme-
PEHUS NPOBOOUNUCH C NOMOUWBIO MUKPOMEMPULECKO20 UHOUKAMOPA Yd-
cosoeo muna (MY9) 'OCT 577-68 (2002) u yugpposozo muxpomempa. B
cmamwe nPusedeHo ONUCAHUE MeMo008 UMePEHUsL 2LYOUHbL 1e0080U
abpaszuu u 0ausbl XapaKkmepucmuku UsMepumenbHo20 0b0pyo0osatus,
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npeonodicer Memoo usmMepeHus 2LyOuHbl 1e0080l adbpasuu ¢ npumene-
Huem 060pyO008aHUsL C YUCTOBBIM NPOSPAMMHBIM YAPAGTEHUEM.

Knroueevle cnoea: nedosas abpasus bemona, abpasusi; memoobl
uMepenus,; ucmupanue

METHODS FOR MEASURING THE DEPTH OF ICE ABRASIA
ON THE SURFACE OF CONCRETE SAMPLES

Anohin PV,, Bekker A.T., Uvarova T.E.,
Zverev A.A., Belyaeva T.D.

The shelf of the world ocean is rich in hydrocarbon reserves. Most
of the Russian shelf'is located in the Arctic and Far Eastern seas, where
the harsh climatic conditions of the construction areas must be taken
into account when designing offshore ice-resistant platforms, cargo ter-
minals and ports, and designers must pay special attention to the loads
and impacts from the drifting ice cover. The result of the interaction
of drifting ice fields with hydraulic structures is the abrasive wear of
the structure surface (concrete). The problem of ice abrasion of build-
ing materials attracts the attention of scientists in many countries. As
part of the study of this phenomenon, many experiments are conduct-
ed, where the method of measuring the ice abrasion depth may bring a
significant error in the results of the experiment, which contributes to
the need to apply new measurement methods and improve existing ones.
For example, at the Norwegian University of Natural and Technical
Sciences, Mitutoyo Corp. digital micrometer, 3D optical light scanner
ATOS 11 SO and laser scanner processing were used throughout the
experimental studies. At the Far Eastern Federal University, measure-
ments were carried out using a micrometer watch type indicator (WTI)
GOST 577-68 (2002) and a digital micrometer. The article describes
the methods of measuring the ice abrasion depth and gives the char-
acteristics of measuring equipment, a method for measuring the of ice
abrasion depth with numerical control equipment is proposed.

Keywords: concrete ice abrasion, abrasion; measuring methods, wear
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Beenenne

B nocnenuue rojpl mpoodiema JieI0BbIX HCTHPAIOIIUX BO3ICHCTBUIMA
AKTHUBHO U3y4YaeTCsl, 3TO 00yCIOBICHO HEOOXOIUMOCTHIO OCBOCHHS ap-
KTUYECKOro Iielib(ha KaK ¢ IJIbI0 J0ObIYU YITICBOJAOPOIHOTO ChIPbS,
TaK M C IeJbI0 CTPOUTENHCTBA HOBBIX ITOPTOB U I'PY30BBIX TEpPMHUHA-
JIOB TSI OTTPY3KU U TPAHCTIOPTUPOBKU ITOTO CHIPHSI TTOTPEOUTEIIO.
[IpoexTupoBanue, CTPOUTENBCTBO U HKCILTyaTaALUs TUAPOTEXHUYECKUX
COOPYXXCHHUH B apKTUICCKUX YCIOBHSIX CBS3aHO C KOHCTPYHPOBAHUEM
0OETOHOB MOBBINICHHOW H3HOCOCTOWKOCTH. J[JIsl 3TOTO TIIATEIIBHO U3Y-
YaroT MPOIECCHI JIEJOBOM a0pa3uu STHX OETOHOB Ha CHEIHAIBLHO Pa3-
paboTaHHBIX I ATOH 1enu ycranoBkax [1], [3], [5, c. 183].

B HOpMaTHBHO# nUTEparype OTCYTCTBYIOT TPEOOBAaHUS K HU3HOCO-
CTOMKOCTH MaTepHaia, MOABEPKCHHOMY IMPOIIECCY UCTUPAHUS, UTO
00YCJIOBIICHO CIIOKHOCTBIO MPOIIECCOB Pa3pylIeHHUs JIbJa MIPH B3au-
MOJICUCTBHH C COOPYKEHHEM M MHOTOOOpa3ueM XapaKTEPUCTHK JIbA.

Lenpro paboTHI SBASCTCS NPETIOKUTH METOJT OMTPEICIICHUS TITyOH-
HEI JICTOBOW a0pa3uu OeToOHa, KOTOPBIA MOJIKECH OBITh IKOHOMHYHEIM,
MIPOCTHIM B MPUMEHEHUH, MAJIO3aTPaTHBIM 10 BPEMEHHU 1 00JI1aJ1a1 J10-
CTaTOYHOMW CTETIEHBIO TOYHOCTH U3MEPEHHS.

Jlyis TOCTHIKEHUsI TTOCTABJICHHO! 11eJid ObLI BBIMOJIHEH JINTEpaTyp-
HBII 0030p METOTUK M3MEPEHUs TyOHHBI JIeTOBBIN abpasun. Ha ocHo-
BaHWU CPABHUTEJIBHOTO aHAJIM3a CYIIECTBYIOIIMX METOIUK ObLIT pa3pa-
0OTaH HOBBII METO]I, YIOBIETBOPSIOIINI BBIIIICONMCAHHBIM KPHUTEPHUSIM.

0030p cylIecTBYIOLIMX METOA0B ONpee/eHust
IIYOMHBI JIeA0BOIi adpa3uu 6eToHA

B crathe cpaBHUBAIOTCS METOIBI U3MEPEHUS [TTYOHHBI JIEAOBOH
abpa3uu JByX Hay4HBbIX IIKOJI [laibHEBOCTOUHOTO (pefiepanbHOrO YHH-
Bepcurera, Poccus n HOpBEXKCKOro yHUBEPCUTETA €CTECTBEHHBIX U
TEXHUYECKUX Hayk, HopBerus, KoTopble NPpUHUMAIOT aKTUBHOE yYa-
CTHE B U3yUYCHUH ITOTO SIBIICHHS M NIPEICTABIISIOT MOAPOOHBIE OTUYETHI
10 UCIIOJIb30BaHHBIM METOJUKAM M Pe3YyJIbTaTaM HKCIIEPUMEHTOB.

B Poccun 0CHOBHBIE 3KCIIEPUMEHTANIBHBIE UCCIIEIOBAHUS COCPE-
notoueHsl B 1aboparopunt MHOLL « Apkruka» JlansHeBocTouHOTO (e-
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JlepaJIbHOTO YHUBEpCUTETa. B Havane vccienoBaHuii Uit H3MEpEHHs
[TyOWHBI JIeIOBOM a0pa3uu UCTIONb30Balach ycTaHoBka [2], [6, c. 73],
COCTOSIIIIAsI U3 KOOPAWHATHOTO CTOJIA, IPUKPEIJICHHOTO K MAaCCUBHOU
0a3e, MTaTUBa M WHAMKATOPA YaCOBOTO TUIA (PUCYHOK 1).

KoopmiHaTHBII CTON COCTONT U3 BEPXHETO M HIPKHETO CTONA, KOTOPHIE
MOTYT TIEPEMEIAThCS BO B3aUMHO-TICPIICH TUKY/ISIPHBIX HAITPABIICHUSX H
CHAO)KEHBI JITHEHMKaMH JIJTs1 I3MEPEHUH TiepeMeItieHuil. Bepxuuii cTo ¢
Oonramu [yt pUKcalyy 00pasiia NPUKPEIUICH K HKHEMY CTOJTY, 8 HUK-
HUI CTOJN — K 0a3e, Ha KOTOPOH B ONPE/IeNICHHOM ITOJIOKEHUH 3aKPeILIeH
IITaTUB ¢ UHIUKATOPOM, U 3TO IOJIOKCHUE OCTACTCA NOCTOAHHBIM JIJIA
OITpeJIeNICHUsI MHIMKATOPOM YCIIOBHOTO HYJISI B TOUKe oTcyeTa. MHankarop
gacoBoro tura usrorosieH o [OCT 577-68, umeer neny nenenns 0,01
MM, XOJl €r0 U3MEPHUTEIILHOM UIVIBI COCTABIISIET 1 CM, MOTPEITHOCTD BCETO
mpudopa — 0,005 MM, a morpemrHoCTs m3MepeHuid — 0,05 MM.

C MMOMOIIBIO JIMHECK YCTAHABJIMBACTCSA TOYKA OTCHETA YCIIOBHOI'O
HYJIs1, 3aT€M Ha BEpXHEM CTOJIe YCTaHABIIUBaeTCs 00paserl i (PUKCUpy-
€TCsl IO TPeM TOYKaM. MI3MepUTENIbHYIO ULy OIyCKarT Ha IOBEPX-
HOCTh U3MEPEHHS U YCTAHABIMBAIOT 1Ky WHAUKATOPA HA HOJIb.

et ¢ hn
Puc. 1. U3mepurenpHas ycTaHOBKa Puc. 2. ®oro u3mepenus obpasna
C MHAUKATOPOM JaCOBOTO THIA MHIUKAaTOPOM YacOBOTO THUIIA
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Korna HauanbHOE MOJIOKEHUE YCTAHOBJICHO, HAYMHACTCS U3ME-
pEeHHE: Uy WHANKATOpa MPHUIIOHAMAIOT U MePeMEeNaloT OeTOHHBII
oOpa3zer] mo ocaM X U Y ¢ TIOMOIIBIO BpameHus pydek. l3mepenne
MIPOBOJIAT JIBAXK/IBI — JIO M TIOCJIE UCTUPAHHUS, HCIIONB3Ys CXEMY C I10-
nokeHneM 168 Todek W HampaBIeHUEM IBIDKEHUS WIIIBI HHIUKATOpa
(pucynku 3 u 4).

Measured points
Reference point poin

[

D]

TOUKE OTCUETa i 7 \
I I /Meaﬂue direction
-3 ¥
6,7 s : 1
I )
64, Snma I ;
N
l
| ;
Puc. 3. Touka orcyera UIib Puc. 4. Ilonoxenue n3amepsieMbIX TOUEK
HUHIUKaTopa 1 HarpaBJICHUE XOo4a I/I3Mep€HI/Iﬁ

[Tocne nzmepenust noepxuoctu B mporpamme SURFER cTpoumnock
M300paKeHIE UCTEPTOH MOBEPXHOCTH OETOHHOTO 00pas3Iia o TpeM Ko-
OpJIMHATaMH TOUEK MOBEPXHOCTHU (pucyHok 5) [2], [4].

Puc. 5. TIpumMep n300pakeHHs UCTEPTOI MOBEPXHOCTH,
nocrpoeHHoro B SURFER (2]
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B Hopgeruu B Hauase 2010-x ro0B Jij1sl ©3MepeHus JIe/10BOi adpa-
3WH HMCIIONIE30BAJICS METO]] C UCIIOIh30BaHUEM IU(POBOTO MUKPOME-
Tpa Mitutoyo Corp. 543-270B c pazpemennem 0,001 Mmm 1 ykazaHHOM
touHocteio 0,003 mm [9], [10], [7, c. 31]. Ha xoopaunatHoii ceTke,
pa3paboTaHHOH TSI JAHHOTO METoJa, pacronaraioch 110 Touek, kak
yKa3aHo Ha PUCYHKeE 6.
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Puc. 6. Pacnipenienenune Touek i n3MepeHus TTyOHHBI Jie1oBoi adpasuu [9], [10]

[myOuna uctupanus u3Mepsuiack B 00LIEH CIOKHOCTH TPUKIIBI
IUTSL Kakaoro obpasma. Toukn m3mepeHus 1mo JuHuIM X=0 MM 1 x=90
MM pacroJiarajich BHE 30HbI BO3JCHCTBUS Jba M CIY>KHIIA HCXO[-
HBIMH TOYKaMH IS M3MEpEeHN adpa3uBHOTO m3HOca. UToOBI m30e-
KAaTh BO3JCHUCTBHS CO CTOPOHBI YYaCTKOB OETOHHOTO 00pasiia ¢ HU3KOH
MTOJIBEP’KEHHOCTRIO abpa3un (MX Hajgudre 00yCIIOBICHO Cenn(UKOM
AKCIIEPUMEHTAIHFHOTO 000PYIOBaHUs, KOTOpOE OmHchIBaeTcs B [9]), B
KaueCTBE OCHOBBI JUIsl OLCHKH CKOPOCTH MCTUPAHHsI ObUIM BBHIOpAHBI
JIBE TTO/ITPYTIITBI TOYCK M3MEPEHHSI, 8 UMEHHO U3MEPEHUS, TOMEUCHHbIC
CHUMBOJIAaMH O U O.

C nponorKeHreM 3KCIIEPUMEHTAIbHBIX HUCCIIE0OBaHUN TpeOoBa-
JIOCh COBEPUICHCTBOBATH 00OPYAOBaHKE AJIS MONy4YeHus: Ooree mod-
HOH WH(pOpMAIUU 00 HCTEPTON TTOBEPXHOCTH OSTOHA, JJIS 9ero OBLI
rcnonb3oBal 3D ontuueckuii ceetoBoit ckanep ATOS 111 SO (pucyHok
7), KOTOPBIH TO3BOJISIT TIOAYYaTh IUPPOBEIE N300pakeHUsT OETOHHBIX
o0pasios [7, c. 29], [15], [8]. Ou ocHaleH aBymst (hoToKaMepamMu 1
MIPOEKTOPOM, paccTosiHUE MeXAy poTokamepaMu ObIJIO HEOOXOANMO
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IUTsE co3aanmst TpéxMepHoro m3o0paxkenus. [llar mexxmy Toukamu u3-
MEpEHMUsI AJ1s1 3TOro ckanHepa coctasiisut 0,05 MM, a 1 mocneayomei
HMHTEPIOJISAIUOHHON 00pabOTKK PUMEHSUIIOCH IPOrpaMMHOE obecIe-
yenue ATOS u GOM Inspect.

Height of
surface
point

[mm]

015
012
009
006
003
0.00
003
006
008
012
215

sample No 2

Puc. 7. 3D onrtuueckuii ceerosoii ckanep ATOS III SO [15]

JlazepHblil CKaHHEP C BHICOKUM Pa3pelIEHUEM CTall CIEAYIOUIUM
L1aroM B U3Y4YEHHUH JIeJJ0BOW abpa3uu (prucyHOK §). JlazepHsIii ckanep
IIpeacTaBiIsieT co00 KOMOMHALMIO Ja3€pHOro JaT4uKa, CUCTEMBbI JIU-
HEHHOTO MepeMEeNIeHUsI ¢ KOMIIBIOTEPHBIM YIIPABICHUEM U CHUCTEMBI
cOopa JaHHBIX, 00PaOOTKH CHUTHAIOB, 0OpaOOTKH JaHHBIX U Tpadu-
yeckoro npencrasienus| 11], [12], [13], [14]. Jlazep aBuxeTcs mo 00-
pasiy B BUAE «3MeUKN» ¢ paspewmieHueM — 0,01 MM, paccTosiHuE MEX-
Iy TOYKaMH U3MepeHus coctapnseT 50 MKM B HalpaBJIEHUH OCH Y, a
paccTosiHie MEXIy MOJIOCAaMU U3MEPEHHUS B HalpaBJieHHH ocu X — 1
MM. CKOpOCTh MiepeMeleH sl JIa3epHOTro CeHcopa cocTanisiia 10 Mmm/c.
[ToBepxHOCTH M3MepeHHs OETOHHOTO 00pa3la MpeAcTaBiIsieT co0o0i
MaTpuIly ¢ oomuM kommgectBoM Todek 570 000. BerxogHslie maHHbIe
COCTaBJISIIOT 3HAUEHHS BBICOTBHI TOYEK MOBEPXHOCTH (B HapaBlICHUN
ocH Z) BIOJb BCETO MyTH CKaHMpOBaHHA oOpasia. B Teduenue Bcero
polecca CKaHMPOBaHUS JIBH)KEHHUE Jla3epa BBIXOIUT 3a TPEAeIIbl CKa-
HUPYEMOH HOBEPXHOCTH AJIsl yCTPAHECHUS BIUSIHUS yCKOPEHUS, TOPMO-
YKEHHS WM TTOBOPOTA JIA3€PHOTO JIaTIHKA.



66 Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International

<> 50 um
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app. 50 pm
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L 100mm

Concrete sample

Puc. 8. JlazepHblit ckanHep: (OTO U YIIPOIICHHAS cXeMa Tporiecca namepenust [12]

CpaBHUTEJBHBII aHATH3

[TepeuncnenHbIe BEITIE METOBI (TabIHIIa 1) IMEIOT CBOH ITPEUMY-
LIeCTBA U HEJOCTATKH.

Hampumep, 06paboTka JaHHBIX C MTOMOIIBIO WHIWKATOPA 9aco-
BOT'O THIAa OKa3allach OYCHBb CIOXHOH, TpeboBana GOJNBIIOTO KO-
JIMYeCcTBa BPEMEHU Ha U3MEpPEHHE, a IPUCYTCTBHE YEIOBEUYECKOTO
(hakTOpa 3HAYUTEJBHO YBEIUYUBAJIO MOTPEIIHOCTh U3MEpEeHUH. B
HopBexckoM yHUBEpPCUTETE €CTECTBEHHBIX M TEXHUUYECKUX HayK
MeXaHU9eCcKass 00padoTKa JaHHBIX C TTOMOIIBIO MTU(PPOBOTO MUKPO-
MeTrpa Mitutoyo Corp. 543-270B npumensinacey napasiensHo ¢ 3D
ontruecknuM ckanepoM ATOS III SO mns ymydmienus: kauecTBa pe-
3ynbpTaroB. OJHAKO MEXaHMUYECKUH METOA 00pabOTKH yMEHbIIal
TOYHOCTH TIOJNYYEHHBIX M3MEpPEHU, TpeOoBasl OONBIIOTO KOJIHYe-
cTBa BpeMeHH. [locne cpaBHeHUs TU(POBOTO JaTUYWKA U OTITHYE-
CKOTO CKaHepa M XOpOIIeH COTIIaCOBAHHOCTH TOTYyYCHHBIX PE3YIIb-
TaTOB, OBLIO PEIICHO B JATbHEHIIIEM 0TKa3aThCsl OT MEXaHUYECKOTO
MeToja.

OnHako Ha M300pKCHUAX OCTOHHOW TOBEPXHOCTH, MTOTYUCHHBIX
ONTUYCCKUM CKaHEPOM, OBLITU BBISBICHBI «YE€PHBIC TOUKW» — HE 3a-
XBa4eHHBIE YCTPONCTBOM 30HEI. J{JI yCTpaHEeHHS THX MPOMYIIEH-
HBIX 30H HYXHO OBLIO TPOBOAMTH MOBTOPHYIO CHEMKY OCTOHHOM
roBepxHOCTH (1-2 pa3a) 1 MocIeAYNIYI0 HHTEPIOISIIIMOHHYIO 00-
pabotky B nporpamme GOM Inspect. DTH JOMOJHUTEIbHBIE MEPbI
YBEJIIMYUBAIA BPEMs MPOBEACHUS W3MEPEHHI TIIyOWHBI JIeI0BOH
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abpa3uu, MO3TOMY B JAabHEHIIIEM U3MEPEHHUSI BHIMOIHSAIUCH HA Jia-
3EpPHOM CKaHepe.

On o0Omaman GONMBITMMH MMPEUMYIIIECTBAMH IO CPABHEHUIO C TIpe-
JBITYIITAM 000pYy/IOBaHUEM, CIICIIUATBHO JUIS HETO OBLIO pa3padoTaHo
IporpaMMHOE OOecCIIeueHne TSI KOHTPOJIS paboTHl cKaHepa U obpa-
0OTKHM JaHHBIX. Takol METOJ MOXET OKa3aThCsl OUEHB JIOPOTUM ISt
HCCIIEI0BaTENEH.

Tabnuya 1.
CpaBHuUTeJbHAs TA0/INLA VIS METO0B H3MePEeHHs JIe10Boii adpa3uun
Wunukarop 3D omTuye-
VernoiicTso gacoBoro | Mitutoyo Corp. | ckuii cBetoBoit | JlazepHsrit
P tuna ['OCT 543-270B ckanep ATOS CKaHep
577-68 111 SO
Mexanuue- Mexanuue- Aprtomarmye- | ABTOMarude-
Meton o . N .
CKUiA CKUiA CKHi CKUif
- T
})II‘;HSHEHT;;;_ He tpebyercs | He Tpebyercst TpeOyercs (c1§:e6§§;:30
porp (pyunas 06- | (pyunas obpa- | (ATOS, GOM !
HoOe oOecrieye- aboria) Sorxa) Inspect) paspaboran-
HHe P P roe HTHY)
Konnuectso Oxono
TOYEK MOBEPX- 168 110 3300 000 570 000
HOCTH
TOqug]T;; TP 0,005 Mm 0,003 Mm 0,05 Mm 0,01 Mm

B pamMkax skcrepuMeHTaIbHBIX UCCleI0BaHUN B JlaJIbHEBOCTOU-
HOM (peziepaibHOM yHUBEpCUTETE ObLIa pa3padoTaHa METOIMKA H3Me-
peHus TIyOWHBI JISAOBOW abpa3uu ¢ MPUMEHEHHEM 00O0PYIOBaHUS C
YHCIIOBBIM NIPOrpaMMHBIM yrpasienueM (UITY).

ObopynoBaHue COCTOUT U3 U3MEPUTEIbHON MAIIMHBI, TaTIMKA U3~
MEpEeHUsI U YCTpolicTBa (puKcanuu odpasia. MamepurenbHas MamnHa
(pucyHok 9) npencrasisieT co00H KOOPAUHATHBIN CTAHOK C YMCIOBBIM
MIPOrpaMMHBIM YIIPABJICHHEM M aBTOMATUYECKH MEepPEeMelIaeT IaTanK
n3Mepenus. Jarunk usmepenus (pucynok 10) — nudposoii MUKpO-
MeTp ¢ norpemHocThio 0,003 MM, TOTPENTHOCTH U3MEPHUTEITHHON Ma-
muHe — 0,05 MM.
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Cymoj Cynnopr
BepPTHKATBHBIT TOPH3OHTATBHBI
Mukpoerprreckuii < Hanpasnsiomas

tunposoit makatop| 1

VYerpoiictso dukcaruni Buntosoii
obpasua (oGoiima) /7 3aKuM

Opasen |

Puc. 9. O0wwmii Buj Puc. 10. Cxema u3MepuTEIBHOTO
HM3MEPUTETBHOTO 000PYyI0BaHUS o0opynoBaHus

BertonnsIif 06pazer GpuKcHpyeTcst Ha yCTaHOBKE C TTOMOIIIBIO YCTPOii-
cTBa (UKcalyu, 9ToObl PUKCHPOBATH 0Opa3el] U YMECHBIIUTD MOTPeI-
HOCTb B TOPU3OHTAJIBHOM HaripaBieHuH. O01acTh U3MEPEHUsI OTPaHNYH-
Baetcs pazmepamu 131 mm 141 mm u conepxut 2160 Touek. Mcxomnoe
MOJIOKEHHE, OTKY/Ia HAYMHACT JIBUTAThCS IUPPOBOH JaTUUK, TOMEYACT-
Csl IOMETKOH Ha MTOBEPXHOCTH — MapKePOM, ITPX STOM Ha 00pasIie MOXKET
OBbITH OT 1 J10 6 MapKepOB OTHOBPEMEHHO (pUcyHOK 11). Pesynsrupyro-
a5t MOTPENIHOCTh KaK0ro u3Mepenus coctapiseT 0,003 M.
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Puc. 11. O61acTb U3MEpeHNUs IOBEPXHOCTH



International Journal of Advanced Studies: Transport and Information Technologies, Vol. 11, No 1, 2021 69

Jiist 06paOOTKH JaHHBIX, TIOYYEHHBIX B PE3yJIbTaTe U3MEPEHHI, HC-
noJb3yeTcs nporpammuoe obecneuenne Microsoft Office, MathCAD
n MATLAB. B MathCAD pemnraetcst mpo6iiema cMelieHust 0eTOHHOTO
o0pasua B BEPTHUKAILHOM HAIPABICHUH MPH YCTAaHOBKE €ro Ha U3Me-
puTenbpHOE 000pyI0BaHue. J{JIs 3TOTO HCTIOB3yeTCs NPUBSA3KA IIOCKO-
CTH U3MepeHHs K 6230BOI MIIOCKOCTH, KOTOPAst CO3/1AETCs Yepe3 TOUKU
MOBEPXHOCTH, CBOOOJHBIX OT IIOTPEIIHOCTH, M YPAaBHEHHS IUTOCKOCTH.

TIIOCKOCTD I3Me PeHILA

TIIOCKOCTD I3MePeHHA

TIoBepXHOCTE HCXOMHAS
Ba3oead MOBepXHOCTH Bazopas NOBEPXHOCTH

Tlnockocts Gaszopas E IInockocts Gazoeas
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Puc. 12. zmepsiemasi TOBEpXHOCTH 00pasiia a) 10 MPUBA3KH K 0a30BOiT
MOBEPXHOCTH 0) TOCIIE IPUBS3KH K 0a30BOI MMOBEPXHOCTH

PasHuIta Mex 1y MI0CKOCTBIO U3MEPEHUS U 0a30BOH MIIOCKOCTHIO —
ommoOKa, KOTOPYIO OMpPEENsIeT MOTPENTHOCTh MPoIecca N3MEPEHHSI.
Ha pucynoke 12 nmoka3zansl OTKJIOHEHUS MONOKeHUs oopasma «I11» u
«12», «I11» — no nauana uctupanus, «112» — mocae. OObgHO OMIIOKa
HU3MEPEHUS COCTOUT M3 BEPTUKAJIBHOIO CMEIICHHUS 00pasiia U ero Ha-
KJIOHA, TO €CTh, U3 IIOCTOSIHHOM U IIepeMeHHOM cocTaBJstomeit. Kop-
PEKTUPOBKA U3MEPEHNH Kak10¥M TouKM Ha BenWduHBI «I11» 1 «I12»
[I03BOJISIET MOJIYYUTh JIaHHBIC, CBOOOIHBIE OT ITOTPEIIHOCTH:
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{Anli = £A1, 11, 1)
An2; = ZA2; — T12;
e Anl u An2 — 3Ha4eHns OTKJIIOHEHUS TOBEPXHOCTH JI0 U MOCIIE UC-
TUpaHus obpasiua, Y nl u Y n2 — pe3yabrarbl U3MEpeHHsl IITyOUHBI Jie-
JOBOM abpasuu A0 U NOCJe HKCIIEPUMEHTA.
VYpaBHeHHe, IPUBEACHHOE K 0011el 0a3e N3MEPEHUs, TPUMET BUJIL:
Ay =~ x T o(An1; — 4n2)). )
rae N — KOJMM4ecTBO TOUYEK Ha MTOBEPXHOCTH.

OO0paboTKa 1 MOAr0TOBKA JAHHBIX IS TAJIbHEHIIIErO NCTIONb30BaHUS
ripoBoauTcs B MathCAD ¢ mocnemyronmM coxpaHeHHEM MacCHBa 3HAYe-
HUI pe3ynsTaToB m3MepeHni B popmare Excel. [lepponadansHast oneHka
PE3yJIBTaTOB UCTUPAHUS POBOIUTCSI IO M300pa’KEHHSM, IOCTPOCHHBIM B
ANIEKTPOHHBIX TAOIHUIIAX, U MIPEICTABISET COOOM MOJIe TOUYECK, IJIC IIBETOM
0003HavaeTcs TyOMHA UCTEPTOI TOBEPXHOCTH (PUCYHOK 13).

MATLAB wucnonb3yercs Ui HaluCaHust Kojia, KOTOPbIH MOpo0HO
o0OpabarsiBaeT (ailiibl ¢ I3MEPEHUSIMH TIOBEPXHOCTH U BBIIAET OOIITYIO
TaOJIUITy C pe3yabTaTaMy 10 TITyOHHE JISITOBOW adpa3uu U UCXOMHBIMH
JaHHBIMH JUIS1 KKIO0T0 00pasia cooTBeTCTBeHHO. {71 ynobcTBa B 3TOM
MporpamMMe MPOTHCHIBACTCS TOTIOTHUTEIHHBIN KOJT JIIST BRIBEICHHUS H30-
OpakeHHsI UCTEPTOH MMOBEPXHOCTH OETOHHOTO 00pa3ia (pUcyHok 14).

Bennuunna

H3HOCA,

MM

01-1.2
0,8-1
0,6-0,8
0,4-0,6

- 00,2-0,4

& H 00-0,2

i ﬁ 0-0,2-0

0-0,4--0,2

Puc. 13. V3zo6paxxeHne ucreproi Puc. 14. V306paxxenne nucreproi
noBepxHocTH B Microsoft Excel nosepxHoctd B MATLAB

BriBOABI

HecMoTpst Ha 1OMOHUTENBLHOE UCIIOJIB30BAHUE CIIEIIMATIBHO pa3-
pabOTaHHBIX IPOTPAMM JUIsl 00PaOOTKH SKCIIEPUMEHTAIBHBIX JAHHBIX,
METO/I C UCIOJIb30BaHueEM ycTpoiicTa ¢ UITY siBisieTcst SJKOHOMHYECKU
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OINITUMAJIbHBIM PCIICHUEM. BO-HepBbIX, MEPEUYUCIICHHBIC ITPOrpaMMbl
IIPOKO HCIIOTB3YIOTCS B pa3IMYHBIX OpraHU3aIusIX. BO-BTOPBIX, KOIBI
B MATLAB u B MathCAD numnryTcst omHOKpaTHO, najee o0padoTka
OT ITOJTyYeHHUSI (aiyIOB C U3MEPUTEIHLHOTO 000PY/IOBaHHS 10 KOHSUHOU
Pe3YIBTUPYIONIEH TaOMHITHI 3aHUMAET OKOJI0 5 MUHYT. Be€ aTo nemaer
MPEATIOKEHHYI0 METOJIUKY TOCTATOYHO MPOCTOM, JIETKO BOCIIPOHU3BO-
JUMOH, MOHATHOH. J[ONOJHUTENBHBIM IPEUMYILIECTBOM SIBJISIETCS He-
BBICOKas1 CTOUMOCTbD O60pyZ[OBaHI/I$1 1 MUHUMU3ALA BPpEMEHU ITPOBEC-
JICHHSI N3MEPEHU.

Metoaunka mpenctaBisier coO0l 3aKOHYCHHBIX KOMILJIEKC IPO-
IrpaMMHOTO OOECIeUeHHsI U O0OPYIOBAHHS JJIsI U3MEPEHUS TITyOUHBI
JIeZI0OBOY abpas3wu MOBEPXHOCTH 00pa3IoB U OblIa ampoOupoBaHa B
IIPOLIECCE POBEICHUS IKCIIEPUMEHTAIBHBIX HCCIICIOBAHUN IO UCTH-
paHuto OeTOHA JIBAOM [6].
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THE NORTHERN SEA ROUTE:
A SCIENTOMETRIC ANALYSIS OF INFORMATION
ARRAYS IN WEB OF SCIENCE AND SCOPUS DATABASES

Rykova V.V,

The article traces main trends of the scientific research development
on the Northern Sea Route using the international database Web of
Science by Clarivate Analytics and Scopus by Elsevier. Using a
scientometric analysis and analytical tools of DBs, the author shows
countries, institutions and organizations that study this problem, as
well as funds financing them,; names productive periodicals and authors
with high publication activity. In conclusion, the author notes that the
study of the Northern sea Route development is an urgent problem for
the entire world society, not only for the northern countries.

Objective — to carry on a scientometric analysis of information
arrays (IA) in the international scientific citation indices devoted to
studying the Northern Sea Route development.

Methods: scientometric analysis.

Results: countries, institutions and organizations that study this
problem are represented, as well as funds financing them, productive
periodicals and authors with high publication activity are designated;
the main research fields are revealed.

Practical implications: the study should be used as an information
base for further research of scientists and specialists on various aspects
of the Northern Sea Route development.

Keywords: Northern Sea Route, research information support; Web
of Sciences, Scopus, scientometric analysis

CEBEPHBI MOPCKOM NNYTh: HAYKOMETPUUYECKHUU
AHAJIN3 UHOOPMALIMOHHBIX MACCHUBOB BA3
JTAHHBIX WEB OF SCIENCE U SCOPUS

Puvixosa B.B.

B cmamve npocnescervi mpenovt pazeumiuis HayuHvbIX UCCIe008aAHUL
no meme « CegepHulii MOPCKOU NYMbY» C UCNONb308AHUEM OA3 OAHHBIX
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Web of Science (xomnanuu Clarivate Analytics) u Scopus (Elsevier).
B 6azax oannvix ¢ ucnonvzosanuem Oyne6vix onepamopos u Kioue-
8bIX CII06 BbIAGIEHBl OOKYMEHMATbHbIE MACCUBLL NO MeMe, NPOGEOeH
UX CPABHUMENbHBIL HAYKOMEMPUYecKull ananus. Anarumuyeckue cep-
8UCbl 6A3 OAHHBIX NO3GOIUNU HA3ZBAMb CIPAHbL, VUPEICOEHUS U Op-
2aHU3AYUY, 3AHUMAIOWUECS U3YHUeHUeM OaHHOL NPOOIeMbl, a MaKlce
Qunancupyrowue ux ¢onovl. Onpedenensi Hauboree NPOOYKMuUEHbIE
nepuoouteckue u30anus U démopwvl ¢ 8blCOKOU NYOIUKAYUOHHOU aK-
muenocmvlio. [Ilpedcmaesnenvl Hayunvle Meponpusmus, npo8ooUMbLE
no meme. Iloxazana memamuyeckas CIMpyKmypa uH@opMayuoHHbIX
maccugos. Ommeyeno, umo pazeumue Ce8epHO20 MOPCKO20 NYMU 516-
JISIemesi aKmyanbHOU NPoOIeMOoll 8ce20 MUPOBO2O coodujecmaa, d He
MOALKO Ce8EePHbIX CIMPAH. Buluenassanmvle 6a3vl OAHHBIX MOV CITy-
2HCUMb UHDOPMAYUOHHOU OCHOBOU OATbHENULUX UCCTe00B8AHUL PAZTUY-
HuIX acnekmog pazeumust Ce8epHo2o MOPCKO20 NYyMi.

Lenv: nposedenue HaykomMempuuecko2o anaiu3ad UHGOPMAyUoH-
HBIX MACCUBOB U3 MENCOYHAPOOHBIX UHOEKCO8 HAYUHO20 YUMUPOBAHUSL,
nocssaujenHvix uzyueruro CesepHo20 MOpCKo20 nymu.

Memoodwi: naykomempuyeckuil aHaau3.

Pesynvmamol: npedcmasiervl Cmpambl, YupesucoeHus: U OP2anu3a-
yuu, Komopule uzy4arom 3my npoonemy, a maxice Qonovl, unancu-
pyrowue ux, 00603HaweHbl NPOOYKMUBHbIE NePUOOUYECKUe UZOAHUSL U
agmopwbl ¢ 6blCOKOU NYONUKAYUOHHOU AKMUBHOCTBIO, GbISEIEHbL OC-
HOBHbIe HANPABIEeHUS UCCTIC008AHUIL.

Oonacmo npumenenus pe3ybmMamog: Uccie008aHUe MOy CILyHCUMb
UHGOPMAYUOHHOU OCHOBOU OAIbHEUUUUX UCCTICO0BAHULL YHEHbIX U CNeyUd-
JIUCMOB NO paziudHbIM acnekmam pazeumust CesepHo2o MOpCKo2o nyni.

Knrwouesvte cnosa: Cesepruiii mopcroti nymo; Web of Sciences,
Scopus, Hayxomempuueckuil anaius

Introduction

The Russian Federation Presidential Decree dated 05.03.2020 No.
164 “On the State Policy Bases of the Russian Federation in the Arctic for
the Period until 2035 defines foundations of the state policy concerning
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the Russian Federation Arctic regions [2]. The document emphases the
significant role of the Northern Sea Route as a necessary tool for socio-
economic development of the Arctic zone. The incident with the Ever
Given container ship, which ran aground and blocked the Suez Canal,
has confirmed the need to develop logistic routes in the Arctic not only
for the Nordic countries, but also for the entire world community.

The article objective is to carry on a scientometric analysis of the
information arrays (IA) devoted to studying the Northern Sea Route.

Materials and methods

To analyze researches on the Northern Sea Route, two databases
(DBs) have been applied as the most famous and authoritative systems:
Web of Science (WoS) by Clarivate Analytics Co, and Scopus by Else-
vier Co, which are commercial products [1].

Information arrays (IAs) have been selected of the above-mentioned
DBs using keywords and Boolean operators. The volume of [As for
the period 1960-2019 compiled over 2,800 documents in WoS (about
1,000 is Open Access), and nearly 3,000 documents (500 ones in Open
Access) in Scopus on March, 2021.

A scientometric analysis of [As of the international DBs by includes:

1) revealing trends of scientific research development on the topic,

2) representing the countries and institutions involved in the prob-
lem study, as well as organizations funding the researches,

3) nominating the productive periodicals on the issue,

4) identifying authors with high publication activity,

5) designating research topics.

Study results

The dynamics of IAs over a 60-year period is shown in the diagram
(Fig. 1), where the growth in the publications amount can be clearly
seen, growing of the number of publications is especially noticeable
the last decade. The following trends are traced in the IAs dynamics:
1960-70s — publications on the topic are rare; 1980-2000s — insufficient
increase of the information amount; 2000-10s — significant growth of
the document corpus.
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The interest of scientists and specialists to this problem is explained
by the geopolitical and economic competition of the polar states and
the interests of non-Arctic states to include the Northern Sea Route in
their logistic schemes.

B WoS mScopus
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- <
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1961-1970 1971-1980 1981-1990 1991-2000 2001-2010 2011-2020
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1588
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58

Fig. 1. Publication dynamics in DBs Web of Science and Scopus

The analytical tools of DB WoS allow users to identify the partici-
pation of the scientific community representatives from different states,
affiliations of scientists and specialists, funds financing research on a
particular problem.

As seen from the Table 1, the research activity on the Northern Sea
Route is active in the northern states (USA, Russia, Canada, Norway),
which have to develop the northern navigation due to long Arctic sea
coasts and wide aquatoria. Economically developed counties (Chi-
na, UK, Germany, Japan) are interested in studying the Northern Sea
Route as an alternative transportation path.

Many organizations that take part in studies are presented in
Table 2, among them the leaders in the publication amount are the
research institutions of the Russian Academy of Sciences, Nation-
al Centre for Scientific Research of France, Chinese Academy of
Sciences, as well as higher schools of Norway, Finland, Canada,
Germany, USA.



International Journal of Advanced Studies: Transport and Information Technologies, Vol. 11, No 1,2021 81

Table 1.
Countries with high publication activity on the topic
Scopus ‘WoS
Rating Country Publication number Country Publication number
1 USA 565 USA 529
2 Russia 446 Russia 319
3 Canada 310 China 269
4 UK 296 Norway 241
5 China 263 UK 240
6 Norway 261 Germany 236
7 Germany 230 Canada 223
8 Finland 177 Japan 144
9 South Korea 160 Sweden 133
10 Japan 157 Finland 113
Table 2.
Top 10 organizations which authors of articles in Scopus
and WoS databases are affiliated with
Ra- Number Number
ting Scopus of works WoS of works
1 Norwegian University 97 Russian Academy 123
of Science and Technology of Sciences
2 Russian Academy 81 Helmholtz Accosiation 74
of Sciences
3 Aalto Universit 48 Norwegian University 71
Y of Science and Technology
4 Memorial University 46 University of California 60
of Newfoundland (Canada) System (USA)
Alfred Wegener Institute, Alfred Wegener Institute,
5 Helmholtz Centre for Polar 44 Helmholtz Centre for Polar 54
and Marine Research and Marine Research
(Germany) (Germany)
6 National Research Council 53 Stokholm University 54
of Canada
Centre National de la
7 University of Cambridge 42 Recherche Scientifique 48
(CNRS, France)
Chinese Academy Chinese Academy
8 . 41 . 46
of Sciences of Sciences
Korean Maritime National Oceanic
9 and Ocean Universit 40 and Atmospheric Adminis- 43
Y tration (USA)
10 | Stokholm University 37 Memorial University 37

of Newfoundland (Canada)
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The main share of publications in the DBS is represented by En-
glish-language works (from 91% in Scopus to 94% in WoS), but 11 more
languages are in the linguistic structure of the studied IAs, among them
Russian, German, Japan, Chinese, Korean, etc.

Table 3 represents the organizations funding scientific research, in their
midst the most active ones are the National Natural Science Foundation and
National Science Foundation of China, European Commission and others.

Table 3.
Top 5 financing organizations in Scopus and WoS databases

Ra- Number Number
ting Scopus of works WoS of works

1 National Natural Science 36 National Natural Science 99

Foundation of China Foundation of China
2 European Commission 58 European Commission 90
3 National Science 55 National Science ’1
Foundation Foundation
Ministry of Education,
4 UK Researf:h 45 Culture, Sports, Science 44
and Innovation
and Technology of Japan
5 Government of Canada 36 UK Researf:h 40
and Innovation

The IA type-specific structure of DBs WoS and Scopus is similar,
Table 4 demonstrates the ratio of different types of documents in DBs.

Table 4.
Typical composition of the DCs in Scopus and WoS
DB Scopus WoS

Type of documents Documents % Documents %
Articles in periodicals 2267 60.0 1982 74.0
Conference proceedings 1373 355 552 20.6
Reviews 75 1.7 73 2.7

Book chapters 102 2.4 69 2.6
Books 25 0.4 2 0.1

Articles in periodicals and conference proceedings dominate in the
typical structure of documents (74% and 20% in WoS, 60% and 35% in
Scopus). Journals are the most efficient sources of information. Table 5
shows the Top 5 of periodical titles on the number of articles devoted
to studying the Northern Sea Route.
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Table 5.
Ranking journals with the highest publication activity on the topic
in DBs WoS and Scopus

Scopus WoS
. Number of Number of
Rating Source Source
documents documents
Journal of Geophysical
1 Polar Record (UK) 90 Rowe Oceafl’l (%S A) 73
Cold Regions Science
2 Naval Architect (UK) 46 and Technology (the 41
Netherlands)
Cold Regions Science Deep-Sea Research. Pt. 2
3 and Technology (the 44 (the Netherlands) 37
Netherlands)
4 Deep-Sea Research. Pt. 33 Marine Intellectual Tech- 37
2 (the Netherlands) nology (Russia)
5 Atmospheric Chemistry 30 Geophysical Research 35
and Physics (Germany) Letters (USA)

Conference proceedings are no less important for the scholar com-
munity then periodicals, because there is an active exchange of infor-
mation, discussion of topical issues, discussions on pressing issues
during scientific meetings of various ranks. Most forums are held on
an ongoing basis, the following of them should be noted: International
Offshore and Polar Engineering Conference, International Conference
on Port and Ocean Engineering under Arctic Conditions, International
Conference on Collision and Grounding of Ships and Offshore Struc-
tures, International Conference on Ecological Vehicles and Renewable
Energies; Conference on Offshore Mechanics and Arctic Engineering;
Ocean IEEE conference, and others.

A small group of monographic publications is the most important
component of [As as they summarize the results of multi-year research
by teams of scientists. There are books published recently: the one by
T. Pastusiak devoted the history of navigation on the Northern Sea Rote
and vessels ability to overcome ice on the Northern Sea Route, and the
criteria of safe speed and maneuvering vessels on ice [5, 6], as well as
awork edited by F. Lasserre and O. Faury considering the present state
of the Arctic shipping, future trends of maritime transportation [4]. But
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the most cited monograph covering studies of sea ice along the North-
ern Sea Route is written by O. Johannesen and co-authors [3].

Table 6 represents the authors with high publication activity, among
them the most productive authors are K. Choi (Korean Maritime and
Ocean University), S. Ehlers (Hamburg University of Technology), P.
Kujala (Aalto University), K. Riska (Delft University of Technology)
studying ice/structure interactions, maritime structures, icebreaker de-
sign and dealing with ship operations and transportation risks, S. Sand-
ven (Nansen Environmental and Remote Sensing Center) and O. Jo-
hannessen (Nansen Scientific Society), whose research activities are
in the areas of sea ice, oceanographic processes, climate monitoring.

Table 6.
Top 5 authors with high publication activity on the topic in DBs WoS and Scopus
DB Scopus WoS
Rating | Authors’ name Record number Author Record number
1 Choi K. 31 Sandven S. 24
2 Ehlers S. 27 Ehlers S. 23
3 Kujala P. 26 Riska K. 21
4 Riska K. 26 Kujala P. 19
5 Sandven S. 24 Johannessen O.M. 18

Thematically, IAs of databases are structured identically, which indi-
cates the general research trends aimed to solve the following problems:

- engineering issues (ship building, icebreakers, vessels),

- safe navigation and transportation along the Northern Sea Route,

- sea ice cover and ice forecasts,

- Arctic meteorology.

DB Scopus represents keywords most frequently used in articles
(meeting 200 times and more): ice or sea ice — 1015; icebreaker — 573;
ships — 494; Arctic Ocean — 432, Northern Sea Route — 202, transpor-
tation routes — 200.

Conclusion
To summarize the results, it should be noted that studying the Northern
Sea Route is an urgent problem for both the northern countries and world
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community. The amount of information on the topic is steadily growing.
While using a scientometric analysis and analytical tools of DBs, the author
shows countries, institutions and organizations that study this problem, as
well as funds financing them; names productive periodicals and authors
with high publication activity; reveals the main research areas.

Searching filters in both DBs make it easy to find relevant documents
on the topic that can form the basis for further research. Both DBs includes
free access papers, while the others can be read by license agreement.
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PABPABOTKA CUCTEMBI AJIs1 AHAJIN3A
N PA3I'PY3KU JOPOKHOI'O TPA®OUKA C IPUMEHEHUEM
NCKYCCTBEHHOI'O UHTEJIEKTA

Axmemos JI.M., buxoes /I.H., Xamuoynnun M.P.

C kaowcovim 2000M memnsl pocma agmomoodunell 8 Poccuu npooonica-
FOM pacmu, 4mo KpauHe YCI0HCHAEN OP2AHUAUUIO OOPOHCHOLO MPAauKa.
s peweriust 5moti npoonemsl HeodXoOUMbL UHHOBAYUU 8 ABMOMOOUTLHOLL
OmMpacu, maxue Kaxk ymuvle ceemo@opbul, 0 bonee dphexmueHoco pe-
2YIUPOBAHUSL OBUNCEHUS MPAHCHOPMA HA 00PO2aX 00U4e20 NONb308AHUS.

Llenv — paspabomxa cucmemvl 0151 AHATUZA U PA3SPYIKU OOPOIC-
HO20 mpaghuxa Ois YIYUulenus Cumyayuu Ha nepekpecmKax, agmo-
Mamuzayusi nymém 6HeOPeHUs UCKYCCMBEHHO20 UHMeNLeKma, cOoOpKa
pabouezo maxkema ceemoghopa Ha base Arduino.

Memoo unu memooono2us nposedeHus padbomepl: 8 Cmanive pac-
CMOMPEH RPOeKm NO AHANU3Y, OMCIAEHCUBAHUIO U PA3ePY3Ke MPAHCNOP-
ma Ha nepekpecmkax.

Pe3ynomamut: cobpan maxem cgemoghopa Ha 6aze MUKpOKOHMpPOJi-
nepa Arduino UNO u paspabomana neuponnas cemv 015 aHAIU3Aa U
PA32PY3KU OOPOACHO20 MPAPUKA 8 PeaibHOM BDEeMEHU HA A3bIKe NPO-
epammuposanus Python.

Oé6nacme npumeneHus pe3yibmamos: noyYeHHble pe3yibnamyl ye-
J1eCO0bPAa3HO NPUMEHAMb HA HaUbOIee NEPeSPYHCEHHBIX YHACTKAX 00POe.

Kniroueswvie cnosa: Ceemodghop, /lopooscnoe dsusicenue; Arduino;
Aemomamuszayus; Ananus; Hetliponnas cemwo, Python

DEVELOPMENT OF A SYSTEM
FOR ANALYZING AND UNLOADING ROAD TRAFFIC
USING ARTIFICIAL INTELLIGENCE

Akhmetov L.M., Bikov D.I., Khamidullin M.R.

Every year the growth rate of cars in Russia will continue to grow,
which will complicate the organization of road traffic. Therefore, in-
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novations in the automotive industry, such as smart traffic lights, are
needed to regulate traffic more efficiently.

Purpose — development of a system for analyzing and unloading
road traffic to improve the situation at intersections, automating road
traffic by introducing artificial intelligence, assembling a working mod-
el of a traffic light based on Arduino.

Method or methodology of work: the article considers a project to
analyze and track and unload vehicles at an intersection.

Results: a mock-up of a traffic light based on an Arduino UNO mi-
crocontroller was assembled and a neural network was developed for
analyzing and unloading road traffic in real time in Python.

Scope of the results: the results obtained should be applied to the
most congested road sections.

Keywords: Traffic light, Road traffic;, Arduino, Automation; Anal-
ysis, Neural network,; Python

Beenenne

B nanHO# cTathe paccMaTprBaeTCs OXHO U3 BO3MOXKHBIX PELICHHUH
MpoOIIeMbl HU3KOTO YPOBHS QJITOPUTMA PETYIMPOBKU CBETOPOPOB Ha
nepekpectkax. [1oaxoabl, M3n0KeHHbIE B JaHHOM paboTe, OMUCHIBAIOT
MEXaHU3M ONTUMH3AINH MTEPEKPECTKOB C MPUMEHEHNEM HCKYCCTBEH-
HOTO MHTEJUIEKTA 1 aJITOPUTMA pasrpy3ku. JlaHHyI0 cuctemy 1eneco-
00pa3HO NPUMEHSTh Ha HanOoJIee MePErpyKEHHbBIX yUacTKax 10por BO
MHOrux ropoaax Poccun [11].

Paspabotka cuctembl aHaIM3a U pasrpy3K JOPOKHOIO Tpaduka Ha-
TIpaBJIeHa Ha OTCJIEKMBAHNE KOIMYECTBA TPAHCIIOPTA B peabHOM BPEMEHH
Y B3aUMOJICHCTBHS CO CBETO(OPOM C UCTIONB30BaHus Komribiotepa [10].

[IpuHINT QYHKIIMOHUPOBAHUS CHCTEMBI 3aKITI0YAeTCS B TOM, YTO
Yyepes KaMepsl mpeaoOyueHHasi HeHpOHHAsl CeTh Paclio3HaeT TPaHC-
IIOPTHBIE CPENICTBA U aHATIM3UPYET UX. B 3aBHMcHMOCTH OT KONIMuecTBa
TPaHCIOPTa Ha KaXKA0H CTOPOHE TOPOTH, CBETO(POpP MEHsIET IBeT [6].
Hanpumep, eciiv B 0IHON CTOpOHE JOPOTH HAXOAUTCA 6 MalllMH, a B
Ipyroii 2, To TaiiMep cBetodopa BeicTaBuTcs Ha 20 cexyna. nnTens-
HOCTB 3aBHCHUT OT COOTHOILIECHHSI 00OBEKTOB Ha gopore [9].
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MarepuaJjibl 1 METObI

Maker cBerodopa cobpan Ha Arduino UNO — 310 miara MUKpO-
koHTposutepa Ha 0aze ATmega328P [1]. OcHOBHBIE XapaKTePUCTUKH
Arduino UNO, npencraienst B Tabnuie 1.

Tabruya 1.
OCHOBHbBIE XapaKTePUCTUKH MIATHOPMBbI
Muxponporeccop ATmega328
Pabouce HampspkeHUE 5B
BxomHoe HanpshkeHHe(PEeKOMEHIYEMOE) 7-12 B
o e
Ludpossie Bxoasl/Berxoast 14
AHaJOroBbIE BXOJIBI 6
[TocTosHHBII TOK Yepe3 BXOJ/BBIXOT 40MA
[ocrosHHBIHM TOK 17151 BEIBOAa 3.3B S50MA
Onemr-namsTh 32K6
o3y 2K6
EEPROM 1 K6
TakroBas gactora 16Mrg

OcHOBHOH NpUHIHMI pabOTHl YCTPOMCTBA 3aKIII04aeTcsl B Tiepea-
Yye BUCOCHUTHAJIA HA KOMITBIOTEP depe3 2 BeO-KaMephl B HEHPOHHYIO
CeTb, ONPEEIICTCS KOJIMYECTBO TPAHCIIOPTA HA OpOre, Jaiee mpo-
HCXOAUT BU3yaJM3alMsl CUTYallMH Ha MEPEKPECTKE B MPUIOKCHUN U
yepe3z COM-niopt ganHas nHGOpMAaIys repearoTes Ha miary Arduino
Y BKITIO4aeTcs ceetodop [2].

Wnmoctpanmst MmakeTa cBeTopopa mpHUBENeHA HIKE Ha PUCYHKaX
1, 2. MakeT COCTOUT H3:

1) 6 cBeTOAMOAOB

2) 6 pe3uctopos Ha 220 OM

Juis Hagana paboThl MPOTPaMMbI HEOOXOAUMO 2 BeO-KaMephl, KOM-
nploTep U nojkirodenue miarbl Arduino B COM-1opT, nmociie iy ronmm
BKJIFOUEHHUEM CaMOU mporpaMmsl [3].
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MexaHu3m paboThl cBeTOdopa:

* Kpacuslii;

* KpacHsrii + jKenThIif;

*  3CICHBIN,

o Xenrerit;

* IloBTOpeHue.

IIporpammuas peanmu3zaius cBetodopa B cpene Arduino IDE (puc 3).

void- loop() {
if (Serial.available() > -8)

{
datafromUser =-Serial.read():
}
if {datafromUser == "1")
1{
for-{int-i-=-8; i < 45 i++)

ledOn-=-!ledOn;
digitalwrite(led_green, ledOn);
delay(560);
s
digitalWrite{led_green,  LOW);
digitalWrite(led_vyellow, -HIGH):
digitalwrite(led_vellow2, -HIGH)};
delay(2e20);
digitalwWrite{led_vyellow, LOW );
digitalWrite(led_vyellow2, - LOW);
digitalwrite{led_red, HIGH ):
digitalWrite{led_red2, - LOW);
digitalwrite(led green2, HIGH);
ledOn - =-HIGH;
datafromUser=3;

else if (datafromUser ==-"2")
{
for-(int-1i-=-0; -1 -<-4; -i++)
{
ledOn =-!1ledOn;

digitalwWrite(led_green2, -ledOn});
delay(5€8);
¥
digitalwrite(led_green2, - LOW);
digitalWrite{led_yellow2, HIGH};
digitalwrite{led_yellow, HIGH);
delay(2ee8);
digitalwrite{led_vyellow2, - LOW };
digitalwWrite({led_vellow, - LOW);
digitalwrite(led red2, HIGH );
digitalwrite{led_red, - LOW);
digitalWrite{led_green, HIGH);
ledOn - = -HIGH;
datafromUser=3;

Puc. 3. Ilpumep ckerua Arduino paboTsl cBeTOdOpa
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Jiist co3manust ECKTOITHOTO TIPUIIOKEHUS HCTIOIB30BAINCH CIEY-
rorrue Oubmmoreku Python [12]:

OpenCV — 6ubnuoreka, OpUEHTUPOBAHHAS HA TPHUIIOKEHHUS Peatb-
HOTO BPEMEHH, UCTIONB3YEeTCsI AJIsl BUZICOaHaM3a ¢ BeO-KaMephl KO-
YeCTBa MAIIMH, HAaXOMSIINXCS Ha opore [4].

ImageAl — OubnnoTeka Al MPOrHO3UPOBAHUS H300pakeHHH, 00-
HapY>KCHHUS M OTCIICKUBAHNS BHEO00HEKTOB.

PyQt5 — oubnmoreka jyist pa3pabOTKH MOJIb30BATEIIBCKOTO HHTEP-
¢eiica MPUITOKEHHS.

PySerial — 6ubnuoreka st padote ¢ COM-nopramu, HCIOIb3yeT-
cst Ui cBsi3u MukpokoHTpoiuiepa Arduino UNO c Python [13].

PesynbTarsl

PazbepeM ocHOBHBIC TOCTOMHCTBA U MHTEp(EIC MpOTrpaMMBI:
1) BozmoxHoctn

2) UHTYyUTHBHOCTH

CAM1| CAMZl SI‘ART‘

Puc. 4. Unrepodeiic
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,output_type: , minimum_per

dbjectsFrontna on, i : _type= ray", minimum_p

, frame)

Puc. 6. [Ipumep nemMoHCTpanuu 00beKTa

PacmoznaBanne aBTOMOOMIIEH Ha TOPOTE TIPOUCXOIUT TIPH TIOMOTITN
HHCTpyMeHToB Oubnmuotekn ImageAl u 3apanee 00yueHHOH MoAeH
«yolo.h5» [5]. [Iporpamma B kax ot uteparuu mpkiia while mpoeps-
eT U300pakeHue, MOJyUYCHHOE ¢ BeO-KaMep IpU MOMOLIH OUOIHOTEKN
OpenCV u cpaBHHBAET MOTydeHHBIE 00BEKTHI C 3apaHee 00yIeHHBIMU
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Mozensivu yolo [ 14]. Ecriu Mozenu coBmaiatoT, mporpamMMa CoXpaHsieT
TIO3UIIMH X M Y PACIIO3HAHHOTO 00BEKTa M PUCYET BOKPYT HETO MPSMO-
yronsHUK (Puc 5).

[Tocne Bcex MaHUMYISIIMA CKpUNTa, 00paboTaHHOE N300paKEeHUE
JIEMOHCTPHUPYETCS Ha dKpaH MpH MTOMOITH QYHKITHH imshow (puc 6).

BriBoaBI

Bbut cobpan makeT cBeTodopa Ha 6aze MUKpOKOHTpoIuiepa Arduino
UNO comnpspKeHHBIH ¢ KOMITBIOTEPOM, CTIOCOOHBI MMUTHPOBATH U pa3-
IpyXaTth JOPOKHBIN TpauK, pemarb npodieMy HU3KOTO YPOBHS ajl-
TOpPHUTMA PETYJIUPOBKH CBETO(POPOB Ha MEPEKPECTKAX, MO3BOJISIOIHIHA
YCOBEPIICHCTBOBATH JIBIKEHHE TPAHCIIOPTHBIX CPEJICTB HA TIeperpy-
JKEHHBIX YYacTKax J0poru [7].

Paspaborana n HacTpoeHa HEHPOHHAS CEeTh Ha si3bIKe Python crocoo-
Hasl OTCJICKHUBATh BUJICOTIOTOK M aHAITM3UPOBATH KOJTMYESCTBO TPAHCIIOPT-
HBIX CPEJICTB M Pa3TpyKaTh JOPOXKHBINA TpaduK [8]. YUNThIBas BHIIIECKa-
3aHHOE, MOYKHO CJIeJIaTh BBIBOJI, YTO Pa3padoTKa ¢ y4eTOM MOJICPHU3ALIHH,
CIOCOOHA YIOBJIETBOPATH BCEM HEOOXOIMMMBIM HY’KaM U CIIOCOOHA 3Ha-
YHUTENBHO YITyYIIHTh ¥ aBTOMAaTH3UPOBaTh CHTYAIHIO Ha JOPOTax.
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CTPOUTEJIbHbIN PBIHOK
CMOJIEHCKOM OBJACTH B IEPUO]I ®PUHAHCOBOT'O
KPU3UCA U BIIUSHUSA TAHAEMUN

Canoorcnurxosa C.M.

B uccneoosanuu paccmompenvl ocobennocmu pazumusi Cmpou-
MEeNbHOU OMPACHU HA PECUOHAILHOM YPOBHE, ONPeOeileHbl OCHOBHBLE
napamempul COCMOSHUSL U NEPCNEKMUBbL €20 OAIbHeluLe20 QyHKYuo-
HUPOBAHUSL.

Buisenenvt ghakmopul, enusirougue Ha cospementvle meHoeHyuu pas-
BUMUSL CIPOUMENBHOU OMPACU, YePO3bl U OCHOBHbLE NPOOIIEMbL, 0CO-
OeHHO 6 YCIOBUSIX MUPOBO2O IKOHOMUYECKO20 KPUSUCA U NAHOEMULL.
IIposedeno obcredosanue cOCmMosHUS MAMEPUATbHO-MEXHUYLECKOU
6a3zvbl CMPOUMENbHbIX KOMIAHUL U YPOBEHb UX KOHKYDEHYUU, d MAKICe
HA OCHO8E ONPOCA NPEONPUHUMAMENell OMmpaciu ONPeoeieH YPOseHb
UHOEKCA UX DKOHOMUYECKOU AKMUBHOCMU U NePCNeKMUEbl (hopmMupo-
BAHUSL CIPOUMETILHO20 NOPMPENs 8 YCI08UIX KPUSUCA U JIOKOAYHA.
Ha ochosanuu yeeo 6vliu npednodicelvl Mepvl N0 COBEPUICHCMBOBA-
HUIO Pe2yIupo8anuisi CMpOUmMenIbHO20 PbIHKA 8 YCAO0GUSIX IKOHOMUYE-
ckoeo Kpusuca u nanoemuu. OCHOBHOU 861600 UCCIEO08AHUSL COCHOUM
8 MOM, YMO eOUHCMBEHHbIM YCLOBUEM IPDEKMUBHO20 paA38UMUs U
B0CCMANHOBICHUSL 00 NPEOKPUSUCHO20 VPOBHSL IKOHOMUKU PESUOHOE U
ee ompacietl, 6KI0HAS CMPOUMENbHYIO, 8 YCI0GUSX TOKOAYHA AGTIen-
€5l NOTHOYEHHOE 20CYOAPCMEEHHOE Pe2YIUpPosanue, (PUHAHCUposanue,
HayuoHaiuzayus U QUHAHCOBasl, WPUOULECKAs, OUNIOMAMUYECKAs,
UHDOPMAYUOHHAS 3AUUMA O BHEULHE20 He2AMUBHO20 G030 CUCMEUsL
enobanuzayuy u Kpusucd.

Lenv — oyenxa cocmosiHus, CmpoumenbHo20 PolHKA PeCUOHA, GblsiG-
JleHue npodiem u yepo3 u RPeonodiceHue mep no e20 pecyiupo8aHuo 6
VCILOBUSX JIOKOAYHA, CAHKYULL, IKOHOMUYECKO20 KPUSUCA U NAHOEMUU.
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Memoo unu memooonozus nposedeHus padomosl: 6 cmamove uUc-
NONb308AUCH MEMOObL CPABHEHUS, ONPOCA, UHOEKCHBLI, 2paguyeckul,
MeMOoObl CMAMUCMU4ecko2o i (PaKkmopHo2o aHaIu3d.

Pesynvmamol: 6via61eHbl OCHOGHBIE NPOOIEMbL, YePO3bl CHPOU-
MENbHO20 PLIHKA, OAHbl PEKOMEHOAyUl RO UX HeUmpaiu3ayuu @ ycio-
BUAX IKOHOMUUECKO20 KPUSUCA U NAHOEMUU.

Oobnacmv npumenenus pe3yibmMamos: NoIyYeHHble Pe3yiibnanmbl
Yenecooopazno NPUMeHams 05 8blOOPA ONMUMATLHO20 YHPAGTIeHYe-
CKO20 peuleHus npu 8bIpabomKe cmpameuu pa3eumusi PeuoHAIbHOL
CMpOUMenbHOU KOMNAHUU.

Knroueswvie cnosa: cmpoumenscmeo,; pecuoH, no3uyus Ha polHKe;
yeposwl, cmpamezust;, SWOT-ananus; odvem cmpoumenvuwvix pabom,
nopmaens 3aKkaz08; UHOEKC NPEOnPUHUMAMETbCKOU Y8ePeHHOCMU

CONSTRUCTION MARKET
OF SMOLENSK REGION DURING THE PERIOD FINANCIAL
CRISIS AND PANDEMIC IMPACT

Sapozhnikova S.M.

The study examines the features of the development of the construc-
tion industry at the regional level, defines the main parameters of the
state and the prospects for its further functioning.

The factors influencing the current trends in the development of
the construction industry, threats and main problems, especially in the
context of the global economic crisis and pandemic, are identified. A
survey of the state of the material and technical base of construction
companies and the level of their competition was carried out, as well
as a survey of industry entrepreneurs on changes in the level of their
economic activity and the prospects for the formation of a construc-
tion portfolio.

On the basis of this, measures were proposed to improve the regu-
lation of the construction market in the context of the economic crisis
and pandemic. The main conclusion of the study is that the only con-
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dition for effective development and recovery to the pre-crisis level of
the economy of the regions and its industries, including construction,
in a lockdown is full government regulation, financing, nationalization
and financial, legal, diplomatic, information protection from external
negative impact globalization and crisis.

Purpose. The goal is to assess the state of the construction market
in the region, identify problems and threats and propose measures to
regulate it in the face of a lockdown, sanctions, economic crisis and
pandemic.

Methodology: the article used methods of comparison, survey, in-
dex, graphic, methods of statistical and factor analysis.

Results: the main problems and threats to the construction market
were identified, recommendations were given for their neutralization
in the context of the economic crisis and pandemic.

Practical implications: the results obtained should be applied to
select the optimal management solution when working out a develop-
ment strategy for a regional construction company.

Keywords: construction, region, market position; threats, strate-
gv; SWOT analysis, volume of construction work; portfolio of orders;
index of entrepreneurial confidence

CTpOUTENbCTBO — BaXHBIM 3JIEMEHT COBPEMEHHON 3KOHOMMKH,
BKJIFOUAIOIIMH CO37JaHWE HOBOTO OOBEKTa, IPOBEICHUE PEKOHCTPYK-
LIMH, PACUIMPEHUs], JOCTPOHKH, pECTaBpallii U PEMOHTa OOBEKTOB U
BBINOJTHEHNE MOHTAXHBIX PA0OT; XapaKTePU3YIOIIUHCS U TEIbHBIMU
CPOKaMH CO3JIaHMsI MTPOJIYKTa, IPUBSI3KOH K MECTY MOCTPOHKH, OO0JIb-
IIMMH €AMHOBPEMEHHBIMH KallUTAJIbHBIMM 3aTparaMu. Bompocamu
Pa3BUTHSA CTPOUTENBHOTO PHIHKA aKTUBHO 3aHWMAJMCh MHOTHE OTe-
YeCTBEHHBIE U 3apyOeskHbIe aBTOpHI [1-12].

B pernonanbHOM CTPOUTENBCTBE BBIACISIIOTCS CIICIYOLIME BUIbI
TPYAOBOH A€ATENBHOCTH: TIOATOTOBKA I'PaIOCTPOUTENBHBIX PEILIEHUH,
IpafoCTPOUTEIbHOE 30HANPOBAHNUE, INIAHUPOBKA TEPPUTOPUH, HPO-
BeJIEHHE U3bICKaHUH, IPOEKTUPOBaHKE, CTPOUTEIHHOE TPOU3BOJICTBO
W CTPOUTENBHO-MOHTaXxHbIe padoTsl (CMP) 3akitoueHne KOHTpak-
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TOB, (PUHAHCOBOE OOECIeYeHNe, IKCIIEPTH3a, KOHTPOJIb KauecTRa, Iie-
HOBOMW M TEXHOJIOTUYECKUH aylTnuT, THPPACTPYKTYPHOE ¥ KOMMYHHKA-
LIMOHHOE 00eCTIeYeHNE.

B 3aBucuMOCTH OT criennanu3alud CTPOUTEIbHBIE OPraHNu3aluH
(DYHKIIMOHHUPYIOT WK B OTACITFHOM PETHOHE (KIITUIITHO-TPaXKTaHCKOE
CTPOUTENLCTBO), Y3KOCMEIIMATH3UPOBAHHBIC KOMIIAHUK Pa0OTalOT Ha
TEPPUTOPHUH PETHOHA WIIA TEPPUTOPUAX IPYTHX PETHOHOB, COOPYKas
0OBEKTHI B COOTBETCTBYIOIINX OTPACIISIX SKOHOMHUKH (TTPOMBIIIIIIEHHOE
CTPOUTEIBCTBO — DHEPIreTHKA, TPAHCIIOPT, He(Terazono0pIBatomas
MIPOMBIIIUIEHHOCTh ), MEXKPETUOHAIBHO OPraHU30BaHa HHQPACTPYKTY-
pa — MPOU3BOJCTBO CTPOUTEIBHBIX MAaTEPUAJIOB, CTPOUTEIBHBIX Ma-
IIMH 1 000PYIOBaHUA U T.1I.

B nacTos1ee BpeMs CIOKUIICA BBICOKOTEXHOJIOTHYHBIA PErHo-
HAJIBHBIH CTPOUTEIBHBIN PBIHOK, TIPEACTABIISIONIANA COO0OH OTKPHI-
TYI0 OPraHHU3alMOHHO-XO3MCTBEHHYIO CUCTEMY, MEXOTPACIEBOU
XO03SUCTBEHHBIN KOMILIEKC. ETo 3IeMEeHTHl BKIFOYAOT CyOBEKTHI,
00BEeKTBI, HHPPACTPYKTYPY, PHIHOUHBIH MEXaHHU3M, TOCYIapPCTBEH-
HBI KOHTPOJIb, PETYJIUPOBAaHUE U caMoperyaupoBanue (puc. 1). Dd-
(heKTUBHOCTH PA3BUTHS CTPOUTENHLHOTO PhIHKA 3aBUCUT OT COCTOSIHUS
COOTBETCTBYIOIIEIO CETMEHTa PhIHKA, HHBECTHUIIMOHHON IpHUBJICKa-
TeJIHHOCTH PETHOHA, TPUMEHIEMBIX TEXHOJIOTHIA, KBaTU(UKAIINN Ka-
JpOB U BHEUIHHUX (haKTOPOB (HOPMAaTHBHO-TIpaBOBas 06a3a, HaJIOr00-
OJIOKeHIE, KOHKYPEHITUS 1 T.IT.).

Pa3BuTHe pernoHaIbHOrO CTPOUTENBHOTO PHIHKA OIIPEJIEINIIO BbI-
JIeJIEHUE Ha HEM OTIENbHBIX IOJICEKTOPOB: aTOMHOE, TPAHCIIOPTHOE,
[IOJI3€MHOE CTPOUTENBCTBO, CTPOUTENIECTBO OOBEKTOB IEKTPOIHEpPTE-
TUKH, O0IIECTPOUTETHHBIE, THPOTEXHIUECKHUE PAOOTHI, MH)KEHEPHBIC
CeTH, MOHTaX U IIyCKOHanaaka [16].

B Ilpoexte Crparernn pa3BuTus CTpOoUTENbHON oTpaciau PD no
2030 1. oTMEYEHO, UTO CTPOUTEIBHAS OTPACTH HAXOIUTCS TIEPET J0I-
TOBPEMEHHBIMU BBI30BAMH , TAKMMH, KaK: KOHKYPEHIIUS, TEXHOJIOTH-
YecKHe U3MEHEHHS, COCTOsTHHE YEIIOBEUECKOTO KaluTala, iciepraHue
MTOTEHI[MaJIa HKCIIOPTHO-CHIPHEBOI MOJIETT IKOHOMHYECKOTO Pa3BUTHS
cTpansl [15].
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TPAXkKIAHCKOI'O, CEJILCKOXO3ICTBEHHOTO,
TPaHCIIOPTHOTO CTPOUTEILCTEA, BOCHHOTO,
THAPOTEXHIMHMECKOTO, THAPOMEIHOPATHBHOTO T
Ha3HATCHIA) |

Husecrop |

T
‘ Tlo GyHKIHOHATEHOMY IPH3HAKY (3MAHI, |

SacTpoiimux |
|

Tloapsrami

[

coopysrenms)

| Tlo xometp ey 1 R |

Hudpactpykrypa

CTEHOBBIE, OGHLEMHO-GIIOUHBIE, OGOIOUKOBBIC)

Ilo TeXHOIOTHIECKOMY IPH3HAKY (COOPHBIC, | CamMopery mpyeMpIe OpraHu3aIin |
COOPHO-MOHOIITHBIC, MOHOTHTHEIE, IX
MEJIKONITYHHBIX SIEMEHTOR, H3ACIIs 1

QJUIITHBHOTO CTPOHTEHLHOTO HPOU3BOJICTRA)
T ToCyapCTREHHBI CTPOUTETRHBI HAZOP

TTo MaTepHanTLHOMY HPH3HAKY (Jlep Hbte,
KAMEHHEBIe, KUPIIHUHBIE, KeTe300e TOHHbIE,
METaIHIEeCKHE, MOTMMEPHBIX MATEPHATOR,

MErKIX METaIMUECKX KOHCTPYKINii)

Puc. 1. DneMeHThI perHOHANBHOTO CTPOUTEIBHOTO PETMOHAIBHOTO PhIHKA

B pamkax nganno#t CTpareruy mNpoUCXOAUT Pa3BUTHE CTPOUTENb-
HO¥ oTpaciu CMOJIEHCKOM 00JIaCTH, KOTOPOE TIOKAa MMEET JIOCTATOUHO
YCTOWYUBOE TIOJIOKEHHUE U ONIPEICIICHHBIC TIEPCIIEKTUBEI Pa3BUTHA. B
2019 r. nons crpoutennctBa B BPII cocrasnser okono 5%, Torna kak
B2016T.—3,1% (82010 . —.10,2%)[14] (puc. 2).

B OGpabaThiBarONIHe MPOU3BOICTRA

™ ToproBist

® TpaHCIIOPT M CBA3b

" OGecreueHne IeKTPHUESCKON SHEeprHeil, Ta3oM H IapoM,
KOHIMIIHOHUPOBAHUE BO3IyXa

¥ CenbCcKoe U JIECHOE X03ﬂﬁCTBO, oxoTta

¥ CTPOUTEIIBCTBO

L ]Ipyrp[e BHIBI 3SKOHOMHYIECKOU JEATCIIBHOCTH

Puc. 2. CtpykTypa BaJIOBOrO perHOHAIBHOIO IPOLYKTa
Cwmonenckoit oomactu B 2019 1., %

Ha crpoutensHoM peiake CMoreHckoi obmacty B kpuzuc 2020 T. oCHOB-
HBIMH yTPO3aMHU BBICTYIIAHOT HECOOTBETCTBHSI HOPMATUBHBIX aKTOB COBpE-
MEHHBIM pealTisiM (HarprMep, 10 HOPMATUBAM B Pa3MEILICHUHN MapKOBOK,
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o mycoporposoaam B MKJI nipu pasnenbHOM cOope Mycopa), CIIOKHO-
CTH TIpUBIICYeHHs] OAHKOB K (DTHAHCHPOBAHHIO TIPOEKTOB J10 1 Mipa. pyo.
WA HU3KOPEHTAOCTFHBIX CTPOUTEIBHBIX KOMITAHWH ¥ T.11.) U Ap. BrIcokue
YIPO3bI CTPOUTEIILHOMY PBIHKY ITOTPeOOBAITH ITPOBE/ICHHUST KOHCEPBATHB-
HOM CTpaTerudl B YCJIOBHUAX KpHU3KCa (BBITIOIHEHUE paHee B3ATHIX 00s13a-
TENBCTB, IPU OTPAHUUCHUH PUBJICICHUS HOBBIX 3aKa30B U aCCOPTUMEHTA
CTPOHTENHHOTO IPOTYKTa, BEICHNE MEp aHTUKPU3MCHOTO YIIPaBIEHHS, CO-
KpallieHus 3aTpar). B cTpykType 3arpar CTpouTenbHbIX Komnanuii B 2019
I. MaTepralibHbIE 3aTpaThl coCTaBILIIoOT 71,7% (B 2015 1. — 68,4%), orutara
tpyna — 13,2% (17,2%), crpaxoBbie B3HOCHI — 3,8% (5,2%), amopTu3a-
st — 3,8% (2,4%), npoune — 9,2% (6,7%), 4To CBA3aHO ¢ MH(IIAIMOHHBI-
MU TIPOIIECCAMH M TIOBBIIIICHUST CTOMMOCTH CTPOHUTEIILHBIX MaTePHAIIOB.
SWOT — ananu3z ctpoutesnbHoro peiHka B 2020 1. npeacTasieH B Taou. 1.

Tabruya 1.
SWOT - anaiu3 cTpouTe/IbHOr0 pbiika CMo/1eHCKOH 00/1acTH

CUIIbHBIC TIO3ULIMH Cna0ble MO3HIHKI

- Bricokuii cripoc ¥ TOTPEOHOCTH B JKHIIBE U
€T0 KallpeMOHTEe, OOHOBICHUS HHKCHEPHOH
HHPPACTPYKTYPEL;

- BricokonpodeccruonansHbie
rOCYapCTBCHHBIC KOHTPOJIBHBIC OPIaHbL,
CHCTEMa CaMOPETyIHPOBAHUS;

- KonkypenThas 1eHa;

- O6eCreYeHHOCTh CTPOUTEIBHBIMH
Marepuanamu;

- UnmoTeynoe U NpoekTHOE (hHHAHCHPOBAHMUE;
-peruoHalibHOe 00pa3oBaHUE U MOATOTOBKA
CIICHAIUCTOB OTPACIN

- HeBrbIcokast peHTa0eIbHOCTE OTpPACIIH;
- Huskast TexHrveckast BOOPYKEHHOCTb
Y YPOBEHb HCIIOJIb30BAHHSI MOIIHOCTEH,
BBICOKHI M3HOC OCHOBHBIX (DOHJIOB;

- HekavyecTBeHHast cuctemMa peru-
OHAJIBHOTO [UTAHMPOBAHUS, 30H-
JIUPOBAHMS, FPAI0CTPOUTEIEHOTO
3aKOHOIATENHCTRA;

- Henocrarku rocyapcTBeHHBIX / My-
HUIANAIBHBIX 3aKa30B U KOHTPAKTOB;

- [Tagenue 10x0m0B norpeduTenei
CTPOUTEIHHOM IPOAYKIMN

Bo3moxHOCTH

Yrpo3sl

- BoBieuenue B 000poT HEOXBAUEHHBIX
TEPPUTOPUI B KHUJIMIIIHOE CTPOUTEIBCTBO,
BKJIIOYasl CEIIbCKHE TEPPUTOPHH, B TOM YHUCIIE
O] IAYHOE CTPOUTEIBCTBO;

- HeBbIcoKkast 00€CTICYCHHOCTb KHIIIbeM Ha |
YeJl. [0 CPABHEHHIO C PYTHMHU CTPAaHAMH U
peruonamu u Ilpoexkrom Crparernu;

- COBpeMCHHbBIE TEXHOJIOTHU B CTPOUTEITb-
CTBE;

- TocporpamMMeI IO pacceNneHnto U3 BETXOTO
JKUITBST;

- CyOcuaupoBaHue UIIOTEYHBIX CTABOK

- [ToBbIICHNE CTOMMOCTH CTPOUTEIIB-
HO¥ NPOTYKIIMHU ITPU CHI)KEHUH JI0XO-
JIOB NOTpeduTeNel CHIXKAET CIIPOC;

- YMeHbIIIeHNE BIOKEHUI B OCHOBHOM
KaluTa,

- Pocr Ge3paboruis u apyrue hakro-
pbl QUHAHCOBOIO KPU3HKCa;

- KoHKypeHIus co CTOpOHBI KOMITAaHUH
U3 JIPyTUX PETHOHOB, MOTEPSIBILUE CBO-
WX MTOKYTIaTeNei;

- Hemocrarownas npectikHOCTb pado-
TBI B OTPaciu
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Ha crpoutensHoM pbiHke CMOJIGHCKOH 00JIACTH Y4aCTBYIOT KOM-
TIaHUM Pa3HbBIX (OpM COOCTBEHHOCTH, U3 HUX MPEOOIAIat0T YaCTHBIC
npeanpusatus — 98,5% (aa magano 2020 1. m3 1293 en.: rocymapcTBeH-
HbIX — 10, MyHULIUNIATBHBIX — 2, YaCTHBIX — 1273, cMelaHHbIX — 1,
¢ mpoueli hopmoii — 7). B pacopsKeHHE CTPOUTEITHHBIX KOMITAHUHA
HaxXoAATcsl OCHOBHBIE (GOHIBI B pazmepe 2142,7 muH. py6. B 2019 1,
yT0 BhILIE YpoBHs 2005 1. Ha 52,6%. ITpu 3TOM UX CTPYKTypa BKIIIOYa-
et: 11,1% — 3nanus, 49,7% — obopynosanue, 37,1% — TpaHCIIOpTHBIC
cpencrtsa, 0,3: — mpourie. Ho konmn4ecTBo TeXHUKH B COOCTBEHHOCTH
cHIXaeTcs (puc. 3).

150

2011r. 2016rT. 2017r. 2018T. 2019T. 2020T.

SKCKAaBATOPbI CAMOXOAHBIC OJHOKOBIIOBBIC

rpeiaepsl CaMOXOaHbIE
Oymnba03epsl U OEIBA03EPHI C TOBOPOTHBIM OTBAJIOM

ABTOKPAHBI

MOrPY3YHKH OJHOKOBLIOBBIC CAMOXOIHBIC
=== TPAKTOPHI TYCEHHIHBIE

S=—==KaTKH! IOPOKHBIC CAMOXOIHBIC

Puc. 3. J/lunamyKa OCHOBHBIX CTPOUTEIbHBIX MAIIUH B CTPOUTEIBHBIX
opranm3anusx CMOJIEHCKOH 0051acTy, €.

N3HOC OCHOBHBIX (POHIOB B CTPOMUTEIBCTBE JOCTATOYHO BBICOK:
Tak Ha koHel| roga B 2019 1. on coctaBnset 57,9%, 4TO BBIIIC ITOKA-
3arens 2005 . Ha 6,6%. BBox B AeiicTBHE OCHOBHBIX (DOHIOB pacTeT
¢ 153,3 man. py6. B 2005 . 1o 247,1 muH. py6. B 2019 1. (B 20181
388,3 muH. py0.). Ha xoner 2020 1. cpeHMii ypOBEHB HCITOIB30Ba-
HUSI TTPOU3BOJICTBEHHBIX MOIIHOCTEH CTPOUTEIBLHBIX OpraHu3alluii,
no nanHeIM Cmoncrara — 61%. 3a nepuoa ¢ 2005 o 2019 ropa B oT-
paciy MPOUCXOAUIO CTA0UIIBHOE HapaluBaHue 00bema padoT, BbI-
MTOJTHEHHBIX IO BUAY SKOHOMHUYECKOU JeATeNbHOCTH «CTPOUTENh-
ctBo» [13] (puc.4).
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Puc. 4. lunamunka o0bema paboT, BBINOIHICMBIMUA CTPOUTEIbHBIMH KOMITAaHUSIMU
B CMoIeHCcKo 00acTu, MITH. pyo.

MOXHO OTMETHUTD, YTO F'OJ0BOE BBEICHHUE B JCHCTBUE 3TaHUN BbI-
pocio ¢ 866 en. (TUTOIIAAbIO M 00BEMOM COOTBETCTBEHHO, 302,7 THIC.
m? 1 1183,6 Toic.M?) B 2005 1. 10 1872 em. (726,1 m%; 3009,1 m*) B 2019
I., U3 HUX JKAJIOT0 HasHaueHus — ¢ 861 (289,5 teic. M?%; 1158,9 ThIC. MY)
10 1768 (587,7 teic. M?; 2084,3 Toic. M*), HEskmmoro — ¢ 5 (13,2 Teic. M%;
24,7 teic. M*) 10 104 (138,4 Toic. M?; 924,8 ThIC. M*). I3 perrnoHanbHo-
ro npoekTa « Kumsé» ot 10.05.2019 1. mporHo3upyroTcs odbecrnedcHne
BBOJIa FOA0BOr0 00beMa kuibd K 2024 1. He MeHee, yeM 0,734 MiH. M?
[17]. 322019 1. B yCIOBUAX MIPEIKPUIUCHON CUTYAITMH IIPOUCXOIUT He-
0O0JIBIIIOE CHUYKEHUE 00beMa CTPOUTENILCTBA K YPOBHIO TIPEBIIYIIIETO
roma Ha 5,3% (26401,9 muH. py0.), B Tom uncie 3a 1 kBapran — 13,6%,
3a 2 xBaptan — 13,2%, 3a 3 xkBapran — 3,7%, HO 3a 4 KBapTall — POCT
8,8%. B xpuzuc 2020 1. (poct 10 27229,6 mnH. py0.) moTepu peIHKA (K
anajoruaHomy nepuony 2019 r.) cocrasunu B 1 kBaprane — 6,8%, Bo
2 xBaprane — 0%, 3 xBapran — 1,5%, B 4 xkBaprane — yxe poct 1,4%.
Ha 01.10.2020 r. IMOTEYHBIX KUIUIIHBIX KPSIUTOB BhIIaHO 12 882
MJIH. py0., BbIlIe aHamoruyHoro nepuoaa 2019 r. na 28,5%. Hacenenue
obecreueno xkunbeM Ha KoHer 2019 1. 29,4 m? Ha yenoBeka (B Ctpare-
ruu onpezeneH yposens k 2030 1. goctiub 33 m?)[15]. B 2020 r. 66110
noctpoero 5300 HOBBIX KBapTHP, BBEICHO B dKCILTyaTaruio 56 MK]I,
HaceJIeHUuEM MOCTpoeHo 15841 kuibix JoMa, MI0Adb HHANBUAYATb-
HOM TIOCTpO#KH cocTaBmna 233,8 ThIC. M2,
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[Ipu aTom B cpeanem no CMorneHcKoi oOnactu Ha Havano 2020 1.
JI0J11 KOMIUIEKCHO 0J1aroyCTpOEHHBIM KMIbeM o0ecreueHo 57,6% xu-
TeJIel peruoHa, Ha y4eTe Ha MOJyYeHUE KWIbs CTOAT 9,8 ThIC. ded.
[Ipoekt orpacneBoit Crparernn-2030 mpenonaraer, 4To 10515 Hacese-
Hus B PO, y1oBIETBOPEHHOTO KWIHMIITHBIMU YCIIOBHSIMH U yCITyTaMH,
10 2024 rona nomxHa cocTaBUTh He MeHee 60%, a k 2030 rogy — He
menee 70% [13,15].

B 2020 . B CMmoneHCKo# 0061acTu CpeHsisi CTOMMOCTh CTPOUTENTHCTBA
Ha 1 M? 001I1ei TUIOIIaaM 10 BBEAEHHBIM B oKcInTyaTanuio MK cocras-
qsiet 35 532 py6. (B cocenneit bpsinckoii odmactu 31572 py0.), B TOM
YHCIIe B CENbCKON MecTHOCTH — 33 949 py0., B ropozackoii — 34 668 py0.

Hcxons u3 gaHHbIX JlenmaprameHTa S3KOHOMHYECKOTO Pa3BUTUSA
CMOJIEHCKOW 00J1acTH, B PETHOHE CTPOHUTEIHCTBO OCYIIECTBIISICT-
Csl TS TIPEANIPUATUN CIETYIONINX OoTpacieil (MiH. py0.): Ipou3BoOa-
CTBO aTOMHOH 3ekTposHepru (312,05), 6e3amKkoroapHOM NPOLyKIMN
(110), anexrpoTtexungeckoro obopymoanus (30), rpyHTOB, CyOCTpa-
ToB, TyKocMeceii (1700), mBeitHoe npoussoactso (300), nepepadoTka
npeBecHHBI (270), CeTbCKOX03SICTBEHHOE TIPON3BOACTBO (14949,3),
tpancnopt (1500), Toprosns (1630), axBanapk (1206), rocTuHHIIA
(500), ckmanckoe xozsiictBo (300), kynerypa (158), , mpoune (685),
Bcero: 23 650,35 miH. py0.; 3aIUTaHUPOBAHBI MPOCKTHI B OTPACIICBEIC
OOBEKTHI Ha MPEAIPUATHAX CICAYIOMINX OTpaciel: IPOU3BOICTBO YIO0-
Openmutt (22 386), Kb (260), TokonpoBooB (97), CeIbCKOE XO3SHCTBO
(8 870,6), mepeBOOpYyKEHHE U PEKOHCTPYKIHSI MATEpUATIbHO-TEXHHYEC-
ckoif 6a3b1 AO «CMoIeHCKUH aBHaITnOHHbIH 3aBom» (1 112,9), mpons-
BozicTBO TKaH| (800) 1 00yBH (172,5), crekia (500), noObIva u nepepa-
6otka Topda (600), ckmaackoe xo3siicTBo (500), coznanme mapK-oTens
«Canpl omunmabix» (500), Bcero 35 799 mutH. pyo.

Takum 00pa3zoM, B pa3Hble OTPACIH OCYIIECTBISETCS U TUIAHHPYET-
Cs BO3BEJICHUE MIPOU3BOJCTBEHHBIX M COLUATIBHBIX 0OBEKTOB B 00beMe
KanmMTaJbHBIX BIOKEHUH Ha cymMMy 59, 5 Mipa. py0., Tie IPHOPUTETOM
BBICTYTIACT CEIBCKOE XO3SHUCTBO U IepepadoTKa CeTbCKOX03IHCTBEHHOTO
cbIpbs (40%), IPOMBIIIUIEHHOCTD, TPAHCIIOPT U TOPTOBJIS, YTO COOTBET-
CTByeT crieranu3are CMoJIeHCKOH 001acTH B coBeTCKuH mieproy [ 18].
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ITo onpocam npeanpuHUMaTeneil CTPOUTENBHOW OTPACIN B XOI€
WCCIIeIOBaHUS OBUIO BBISBICHO, YTO MHICKC MPEITPHUHUMATEIHCKON
yBepeHHoCTH poc 1o koHna 1 kBaprana 2020 r., 3aTeM ObUTO pe3koe
ero najexue Bo 2 kBapraie 10 30%, HO 3aTeM MOJI0KEHHUE MO UHICKCY
CTA0MIM3UPOBATIOCH HA €KEKBAPTAITHPHOM CHIDKCHHUH TIPH 0a30BOM H
KOHCEPBAaTUBHOM BapHaHTaX OT MOJIOKEHUS K Hauany roja Ha 5—10%,
XOTS OHM PacCMaTPUBAIOT YMEHbBIIIEHHE MPOTHO3ZUPYEMOTO TTOPTQhEs
3aKa30B, KOTOPBIM UMH OIEHUBACTCS B CPEIHEM MECCUMUCTHUUYCCKHU:
najgeHue K kouuy 2021 r. na 20-35%.

Ha ocHOBaHMU OIIEHKH CTPOUTEIHHOTO PHIHKA U CIETAHHBIX MPO-
THO30B MO>KHO BBIJICIUTH CIISAYIOIIHE ITyTH Pa3BUTHUS CTPOUTEIILHOTO
pBIHKA:

— COBEpIICHCTBOBAHHE HOPMATHBHO-3aKOHOIATeIbHON 0a3bl B CO-

OTBETCTBUH C TPEOOBAHISIMHU SYKOHOMHUIECKOTO KPHU3HCa, CAHK-
LMK, COKpaIlleH!s BHEITHETO (DMHAHCUPOBAHUS;

— W3MCHEHHE HAJIOTOOOJIOKEHUS CTPOUTEIBLHBIX KOMIIaHHH (0co-
OeHHO ycioBuii o Hasorooooxenuto HJIC u Hasnora Ha umy-
IIECTBO);

— TIOBBINICHUE KOHTPOJIS 32 KAYECTBOM CIABAEMOTO KBS, 00he-
MaMU HEe3aBEPIICHHOTO CTPOUTENBCTBA;

— W3MCHCHHE CHCTEMBI TOC3aKa3a v 3aKITIOUEHHUS JOTOBOPOB C TO-
CYJIapCTBEHHBIMHU CTPYKTYpPaMH, BKITFOUAs IPUBJICUCHUE HEOOb-
IUX KOMIaHHUH.

B ycrnoBusix yxxectoueHusi KOHKYPEHIIMU, KPU3UCa, II00aTH3aIiu

Y MUPOBOTO OOIIECTBEHHOTO Pa3/eleHHs TPya TONBKO Iepexo]] Ha
rOCY/IapCTBEHHOE PETryJIUPOBaHKUE U (PHUHAHCUPOBAHUE OTCUCCTBEHHOM
SKOHOMHKH MOXKET CITACTH OTPACITH, BKITIOYasi CTPOUTENBHYTO, U pado-
9ue MECTa B PETHOHAX.
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