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€AMHOI HaYIOHANIbHOT CUCTEMM 3B’A3KY CNOBO HAYKOBIY

Y. 0. Brit, V. V. Zhebka, V. O. Koretska, N. A. Trintina, A. G. Zakharzhevsky
PROSPECTS OF USING MODERN MACHINE TRAINING METHODS TO IMPROVE SITTING WORKING CONDITIONS THROUGH
ANALYSIS AND CONTROL OF HUMAN POSTURE

The article presents an analysis of the latest research conducted to monitor the health of workers with a sedentary lifestyle. The
results show that about 75% of all workers in the developed world are in a sedentary position during their professional activities. This
leads to long-term disturbances in a person's sitting posture, which in turn provokes musculoskeletal complications in the back, neck,
shoulders, arms and legs. Chronic back pain is becoming a daily problem for many peaple, and in some cases even an occupational disease.

It is determined that among the ways to combat the negative effects of sedentary lifestyle and work, one of the main ones is posture
control and a cycle of appropriate physical exercises. Both ways require self-control of the individual, for some reminders from different
gadgets. In recent years, «<smart» devices and ancillary software that accompany modern man in trying to control his health have become
more and more developed. One of the areas of research and development in this area is the study of possible ways to use machine learn-
ing in this area.

The creation of the apparatus of machine learning tools and neural networks has been implemented, the main task of which is the
analysis of human posture with images and video streams, output of results in a form acceptable for further use. The goals of the devel-
opment are to create a system that will control a person during his work, reminding him of his posture, minimizing the potential negative
impact on everyone's health.

The created system has enough tools for accurate analysis of human posture from a static image and analysis with an accuracy of
92-94% of the video stream. Google Chrome Web Browser extension has been created for the API to use HTML markup language, CSS
page style language, and JavaScript based on TensorFlow libraries that import pre-built and trained machine learning systems. This allows
the user to control their posture while working on a personal computer at their workplace. The application provides an opportunity to
independently monitor a person's posture and report in case of violations.

Keywords: machine learning methods; neural network; convolutional neural network; human posture; sitting method.
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Hep:xaBHU yHiBEepCUTET TeJleKoMyHiKaIiit, Kuis

MPOBJIEMA MAPLUPYTU3ALI 119 MEPEX MICbKOIO TPAHCMOPTY

Po3rnanyro po6oTy cHcTemMyu KepyBaHHA MapwpyTH3ayicio TpaHcnopTy, NPOBEJEHO OrNaf TeopeTHYHOi MapwpyTH3ayii
Ana inghopmayiinnx mepex. JJano onnc anropuTvie nowyky HakKOPOTWHK WAAKIB Ha rpathan. 3anponoHoBaHo KOHYenyio
KepyBaHHA MapwpyTH3alicio TpaHCNOPTHHA 3acobie gna micokux mepex. llokazano, wo MicbKy TpaHCNOPTHY MEPEexy Mox-
Ha noAatu y BUIAAAI rpatha, a Teopia i MeTogmn, npucBAYeHi MapwpyTH3ayii B iHhopmayiiHnx Mepexax, MoxyTb 6yTH nepe-
HeceHi Ha TpancnopTHi mepexi. 06rpyHTOBaHO po36MTTA 3agavi KepyBaHHA MapWpyTH3ayiclo TPaHCIOPTY Ha ABI YaCTHHH:
CTaTHYHY | AHHAMIYHY.

Kniouogi cnoBa: noToky MaLlvH; KepyBaHHs TPaHCMOPTOM; anropuTM KepyBaHHs MapLUIpyTU3aLieto.

BCTYII

Huni 3i spocTanHAM HaceJeHHA BEJIUMKUX MiCT 3HAUHO 30ijbInumiacad KiJbKicTh aBTOMOOGiJiB Ha mJoporax.
3aBaHTAXKEHICTh MiCbKUX aBTOMAaricTpaJieil IIOCUINIacs, a OT:Ke, HeMUHYyUe 3pocja i iMoBipHicTh aBapiii, 3
BUHU KOTPUX PYX CIOBiJIBHIOETHCA 260 B3araji 3ynuHAeThcA. BogHoUuac JoguHa, IPUPOTHO, XOUe JiCTATUC
Oyab-Kyau TKOMoOra IBuIIe. Bona abo mpocTo i31uTh 3 OMY Ha poOOTY 1 Hasazd i He Xxoue BUTpavaTH CBill uac
Ha «CTOSHHA» B TOPOKHBOMY 3aTOpi, a00 11e Kyp’ep, a00 IpalliBHUK eKCTPeHOol CIy:KOu, MId AKUX BaKJIUBa
KOJKHAa XBUJINHA.

OpHUM i3 BUXOiB MOJKe CTaTU CUCTEeMAa KepyBaHHS MapIIPyTH3allielo TPAHCIIOPTY, III0 Mae HalCBixKimry
iH(opMaIlifo Ipo cTaH JOPIr i 3AaTHA OOUNCINTY HANKOPOTIINII IIIAX Yepes yce Mmicto. OTiKe, aBTOMOGiIicTH
3MOXKYTb YHUKHYTH CKYIIUEHHA aBTiBOK i JOCATTU MicIld IPU3HAUEeHHA B HAWKOPOTIIIL TePMiHHU.

OCHOBHA 9YACTHHA
ITocranoBka 3amaui. 3aBIaHHA MapIIPYTU3aIlii TPAHCIIOPTY B MiCbKUX TPAHCHIOPTHUX Meperkax IysKe CXO-
JKe Ha MapIIpyTH3allilo KOMII I0TepHOro Tpadiky B Mepeskax iHnpopmartifiaux. ['ooBHi BigMinHOCTI Toasara-
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IOTh Y TOMY, III0 B IIePIIIOMY BUIIAAKY AK ITaKET PO3TJIANa€ThCA TPAHCIIOPTHUI 3aci0, a TaKOK iCHYIOTH ITpaBumIa
IOPOKHBOTO PYXY, IIT0 OOMEKYIOTh IepecyBaHHA IaKeTiB. BogHouac 3aBIaHHA MapIIPyTU3allil TPAaHCIOPTY
OXOILTIOE Ty caMy IIPo6JieMy BiAIIIyKaHHA HAHKOPOTIIIOTO IIJIAXY MidK TBOMAa By3JIaMMU.

Posrisaemo ifiero podoTH cucTeMu KepyBaHHA MapIIpyTUsailieio Tpaucoopty (puc. 1).

Kamepu, | =™\

nagavi llenTpanbuuit

74

7R

Puc. 1. Po6oTa cucteMu KepyBaHHSA MapIIPYTU3aLi€l0 TPDAHCIOPTY

ITepen mepexpecTsam Mae Oy TH BCTAHOBJIEHO CIIeIliaIbHi IPUCTPOI IpUMaHHA-IepefaBatuHsd, i e THAHI 10
IeHTpaJbHOTO cepBepa. Ha 1ieHTpanbHUIT cepBep IMePioguYHO HaAXOUTUMe iH(opMallia 3 po3aMileHux Ha 10-
porax Kamep/maBauiB, AKi cTesKaTh 3a CTAHOM JOPOKHBOI Mepeski. I1i kamepu 3maTHI BUBHAUYATH MIBUAKICTD
PYXy IIOTOKY IO OiJAHKaX MOporu. A oTiKe, IIEHTPAJbLHUU cepBep AiBHABATUMETBLCSA IIPO 3MiHY YMOB PYXY
Ha AKilich OiIAHI Joporu i HajgcuIaTUMe BiAMOBiAHY iH(opMaIlliro Ha IpuCTPOl IpUMaHHA-TIepeIaBaHHsd.
Ilepen mepexpecTam, ske PAKTHUYHO € By3JIOM KOMYTAIlil, IPUCTPili npuiiMaHHsA-TIepefaBaHHI 3UUTye iHdOp-
MalIifo ITpo aBTOMOO1JIb, KOTPUM Mae 0yTu 00JaJHAHUY celialbHOI mo3HaYKom. [14 indopmalrisa moxxe 6yTu
s3amn@dpoBaHa y BUTJISAL <HOMEP aBTOMOOiIs, TOUuKa mpusHadeHHs™>. [loTiM aBTOMOOiIb OTPUMY€E HaIIpas-
JIEHHS 0 HACTYIHOTO BY3Jia i MPOJOBIKYE PYX.

Hani My po3rasagaTuMeMO IeHTPaTi30BaHUN aJalITUBHUH aJITOPUTM KePyBaHHA MapIIIPyTU3aIli€l0, OCKiab-
KU I1e Ja€ 3MOT'Y 3HU3UTU BUTPATH Uepes BiZICyTHiCTh MOTPe0! B OCHAIIIEHHI IPUCTPOIO IIPUMaHHA-TIepeaBaH-
HS IPOoIlecopaMy BeJIMKOI MOoTyKHOCTi. Takox MaemMo OpaTu 40 yBaru 3aTpUMKM IIi g uac 00MiHy iH()opmaIliero
Mi’K IDPUCTPOEM MpUIMAHHSA-TIepefaBaHHS i IeHTpaJbHUM cepBepoM. OmHAK MIBUAKICTL PyXy aBTOMOOLIiB
HabaraTo MeHIIIA 3a IMIBUIKICTH IMOMUPEHHA €JeKTPOHA CUTHAJY, TOMY HEIIPUEMHOCTEN MOXKHA YHUKHYTH,
PO3MiCTHBIIN HIPUCTPOI IPUIMaHHA-TIepeJaBaHHs BiAIOBiIHAM YMHOM.

Biok-cxemy poboTu cucTeMu 300paskeHo Ha puc. 2.

Kamepu Ha goporax

ITepioguune

Bimcunanua ingopmarrii
III0JI0 CTaHy Ha Joporax

Y

llentpanbhuii cepeep

V¥ pasi aminnu
curyarlii Ha goposi

Mpucrpoi
npuiiManHa-nepeaBaHna

Bugaua
PEKOMEHJOBAHOI'0
HAUpHMY BignpaBienus cBoro
P imenTudirkaropa
3 HAOJIMKEeHHAM
RAsTomo6inb 10 TIepexpecTs

Puc 2. Biok-cxema po6oTu cucreMu
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Mamemamuuna nocmanoéxka 3adaii

MaremaTnuHO 3amaya MapIIPYTU3allil B3araji i TpaHCIOPTY 30KpeMa 3BOAUTHCA OO0 BiAITyKaHHS HAWKO-
pOTIIIOTO MIIAXY B (He) opieHTOBaHOMY Tpadi.

Busnauenna: Micbka TpaHcopTHa Mepexxa — G = (N,A) — 3BakeHU opieHTOBaHUY rpad, ne N — 6eauriu
BepIuH (mepexpecTsb); A — 6e3Jid AyT (JiIAHOK IOPirT, 110 3’€JHYIOTH ABi BEPIIUHY KOYKHA).

dyukIig ¢ : A > R+ BusHauae Bary KoKHOI nyru (i,j) € A. MeTpUKOIO B HAIIIOMY Pasi € yac MpoXoaKeHHs
makKeTa I1o qy3i.

Oroxe, IiJIbOBa PYHKIIiA HAOMPAE TAKOTO BUTJIALY:

min z(l_,j)eA CijXij»> X € {01},

-n+l,i=r,
Z(j,i)eBS(i)xﬁ _z(i,j)eFS(i)xij - 1 ie N\{r} 1)
" 2

HeAKi mosgCHEeHHA:
BS(i)i FS(i) — me 3ipKu BigmoBifHO BUXiJHUX 1 BXiJHUX NJIAXIiB Y BEPIIUHY i, TOOTO:

BS(i) = {(u,v) €A lv=1i},

FS(i) = {(u,v) €A lu=1i}. @)
Taxum YrMHOM, PO3B’A3YEThCA IIiJIOUKCI0BE 3aBIaHHA OYIbOBOTO JIiHIAHOTO mMporpaMyBaHHsa — MiHiMisa-

I[ifg cyMapHOro uacy LIIJIAXY Bifx BysJja r 1o By3Ja i.

Icuyiors pisHi asropuTMu po3B’ 3Ky TAKOTO THUITY 3aBHaHb. [laii posrisHemMo AesKi 3 HUX.

Memod Heivikcmpu (Dijkstra)
Anroputm [lefiKcTpu — Ie KJIACUUYHUIN aJTOPUTM AJA MOITYKY HAWKOPOTINUX IIJIAXIiB BiJl oxHiel Bepiu-
Hu rpada ro Bcix inmux. Hexait G = (V,E) — 3BakeHUl opieHTOBaHUl rpad 3 HEBiL €eMHUMU BaramMu IyT;
s €V — mxepeio; t — cToK; [(v,w) moBxkuHa nyru (v,w) € E. Toxi MaeMo aJirTOPUTMU TAKOTO BUTJIALY .

Anzopumm 1.

1. Hexatt U — mopo:XHA MHOKUHA, i OoTeHIianu p(v) = +oo 114 KOXKHOIL BepimuHu v € V, kpim p(s) = 0.

2. Momaemo no U BepIiuHy Uy, 0 Mae MinimanbHmii norennian B VA\U. fkimo ¢ € U, To «cTOI».

3. [l kosxHol Bepmunay v € V, Takoi mo (v,,v) € E, axmo p(v,) + I(v,,v) < p(v), BiseMemo p(v):= p(v,) + I(v,,0)
i pyXaemoch 10 BepIIuHU U(V:= V).

4. IlepeiiTu Ha KPOK 2.

MirimManbHui yac poboru aaropurmy € O(|E| + |V] log(|V]), mo Bukopucrosye Mmerox JlefiKkcTpH A HOMIYKY
HaWKOPOTIIIOTO ILIAXY Ha rpadi MisK fBOMA BepIITMHAMU.

Anzopumm A*.

A* («A-3ipouka») — 1e posIupeHHsa MeTony JlefiKCcTpu, eBPUCTUYHUN aJTOPUTM JJIA MOITYKY HATKOPOT-
II0TO IIIAXY MijK IBOMA BepHIinHAMU. BiH BUKOPUCTOBY€E €BPUCTUYHE HAOIMIKEHHS AJIA JOBKUHU HANKOPOT-
II0T0 MIJIAXY BiJf KOXKHOI BEPIITMHY 10 BepIIUHU-TIpusHaueHHda. Hexai h(u,v) — oliHIOBAY JOBKUHU HAWKO-
POTIIIOTO IMLIAXY MiK U Ta U, a t — TOUKa Npu3HaueHHA. Toal aaropuTMm i€ 3a TAKOI CXEMOIO:

Anzopumm 2.

1. Hexaii U — mopo:KHA MHOKMHA, i moTeHIianu p(v) = +eo i KOKHOI Bepiuuu v €V, Kpim p(s) = 0.

2. Monaemo no U BepmmAy v, 171 AKOI p(v) + h(v(,t) minimanbro B V\U. Ko v, = t, TO «cTOI».

3. [lna koxuol Bepmuuu v €V, Takoi mo (v,,v) € E, axmo p(v,) + l(v,y,v) < p(v), BisbMemo p(v):= p(v,) +
+ l(vy,v), TpAMyeMO y BepmuHy U(V:= U,) i Bugassaemo v i V, axmo v V.

4. TTepetiTu HA KPOK 2.

Ao A(v,t) 3amoBoNbHAE O0OMesKeHHA, 1m0 h(v,t) € HMKHBOIO Mexkeo h*(v,t), To 3400yTHIl pe3yabTaT
000B’sI3KOBO 0y/le OIITUMAJbHUM HAXKOPOTIIINM IIJIIXO0M,

Yv eVh(v,t) < h*(v,t). 3)
Cuing 8agHaumTH, 1110 K110 A(v,t) < h*(v,t) Vv €V, To anropurm A* Bigpasy sHalige TiIbKU Ayrd HAXKOPOT-
II0TO0 IILJIAXY Bif AsKepesa 1o cToKy. I[o Toro :k BUAaJeHHAM BepIinuHu 3 U HA KPOIIi 8 aJITOPUTMYy MOKHA 3He-

XTYBaTU, AKINO HAOIMIKEHHS 3aJ0BOJILHSE HACTYIIHE OOMEIKeHH A :
Y (u,v) €E l(u,v) + h(v,t) > h(u,t). 4)

Take oOMesKeHHS JiCTaa0 Ha3BY MOHOTOHHOTO OOME KeHHs.

V¥V npomy BUIAAKY OI[iHIOBAY HA3MBATUMETHCA 3AiMICHeHHUM AJs1 qBoicTol 3amaui (dual feasible estimator).
Hanpuknian, ojd eBKJIiL0BOI BiicTaHi Ha JOPOKHiN Mepeski: oIliHI0OBaY AJId ABOICTOI 3aaui BUKOHAHUMA, TOGTO
nBoicTa 3amaya 3xificuenna. OueBuaHO, 1110 £%(V,t) TAKOXK 3a0BOJIbHAE BepXHE oOMerkenHsa. Cirix 3asHaynTy,
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10 KiJAbKiCTh 3HANAEHUX BEPIINH y [[OMY Pasi 3aBXKAU He IIEPEBUITYE KiJIbKOCTI 3HANIEHUX BEPIITNH METO-
nom Jlerikerpu. @akTuuno meton [leiikcTpu — 11e Mmeton A¥, B axoro h(v,t) = 0 1aa Bcix BepIinH.

Heonanpamnenuti memod (The bidirectional Method)

JBoHANIpAMIIEHNI METOJ TaKOX BUKODPUCTOBYETHCA AJIA IOIIYKY HAXKOPOTIIOrO IIIIAXY MiK JBOMAa Bep-
muHamu rpada. BiH He moTpedye eBPUCTUYHOTO OIiHIOBAaHHSA, ajieé MOKe 3MEHIIUTU KiJbKicTh 3HANIeHUX
BepHINH y O0iJbIIOCTI BUIAAKiB. ¥ IIbOMY aJICOPUTMI IIOIIYK BeAeThCA He TIIbKHU BiJ AyKepesa 0 CTOKY, a i y
3BOPOTHUII OiK. AJITOPUTM IIPAIIOE TaK:

Anzopumm 3.

1. Hexaii U i W — NOpDOKHI MHOKHMHMY, i HeXall moreHmiamu p (v) = +e i p,(v) = +eo 1)1 KOMKHOI BepIITUHY
v eV, zaBunarkom p (s) =01ip,(t) =0.

2. lopaemo o U BepumiuHy v, AKa Ma€ HaliMmeHInii morennian p (v) y VA\W. fkmo v, € U, To nepeiitu Ha
KPOK 7.

3. [l1a KoskHOI BepmmHM U € V, Takoi 1o (v,,v) € E, axmo p (v,) + I(v,,v) < p,(v), mpunyckaemo p (v):=p(v,) +
+ {(vy,V) 1 posTIIAAAEMO TIOTIEPEAHIO § BEPIIUHY V AK V).

4. Tonaemo p0 W Bepimuny v, AKa Ma€ HaliMeHImuii norenian p,(v) y VAW. fdxmo v, € W, To mepetiTu Ha
KPOK 7.

5. [lna kosxHoi BepmuHu v € V, Takoi mo (v,v,) € E, axmo p,(v,) + (v,v,) < p,(v), mpunyctumo p,(v):= p,(v,) +
+ lI(v,v,) 1 posrisiHEMO NOIepeHIO ¢ BepIIuHy V AK V.

6. IlepeiiTu HA KPOK 2.

7. 3maiitu nyry (u,,w,) € E, Aka Mae HalimeHmte sHavuennd p (u) + l(u,w) + p,(w). HafikopoTmuii miax sif
S 10 ¢ CKJIaJa€ThCA 3 HAUKOPOTIIIOTO NIIAXY BiJl 8 10 U, AYTH (U, W) i HANKOPOTIIIOTO MLIAXY BiJ W 10 £.

Onuc pobomu cucmemu Kepy6aHHs MAPULPYMU3AYEI0

IIpomoHy€eThCA PO3OUTH 3aJaUy KePYBaHHA MaPIIPYTU3aIi€i0 TPAHCIIOPTY HAa ABi YACTHUHN: CTATUYHY i Au-
HaMiuHy.

Cmamuyuna wacmuna. SIKIO po3rysgaTy MiCbKY TPAHCIIOPTHY MepeXKy Y BUIVIALL rpada, To 3’ ABIAECTHCA
npobJieMa, IoB’ A3aHa 3 BEJINKOIO po3MipHicTio cucTtemu. IloermmnTy o6UnCII0BAIBLHY 3a4a4y MOYKEe PO30UTTS
MichKOI Meperki Ha MeHIIIi cerMeHTH, 3B’ A3aHi MisK 00010 uepes exuHi Bysau. To6To TaKki By, AKi He MOKHA
OMMHYTH IiJ Yac pyxy 3 OAHiel TOUKM MicTa B iHIITy. 3a TAKOr0 PO3OUTTA HANKOPOTIII MIJIAXY He 3MiHATHCS,
OCKIiJIBKU TYT CIpAaIbOByBaTUMe MIPUHITUII ONITUMAJIbHOCTI.

Hani Ha eTani nepBiCHOTO IPOKJIAJaHHA MaPIIPYTy IPOMOHYETHCA CKOPUCTATUCA CTATUCTUUHNMY JaHUMU.
ITe cepenni MBUAKOCTI TPAHCIIOPTHOTO IIOTOKY Ha BCiX MiIAHKAX JOPIr 3ajie’XHO BiJ JHA THIKHA, yacy nobu,
MOKJIMBO IOTOM. 3a IIUMHU JaHUMU 00UNCII0I0ThC Baru pebep rpada, a HaliKOPOTIINH MapIIIPyT PO3PAXOBY-
€TBhCS 3a TOTIOMOT0I0 Oy Ib-SIKOT0 3 aJITOPUTMIB IIOITYKY HAMKOPOTIIIOTO ILIAXY Ha rpadi.

HAunamivna wacmuna. Y auHaMiuHOl YacTUHM IependadaeTbCsd BJAacHEe KePYBaHHSA MapIIPyTU3alli€lo
TPAHCIIOPTHUX 3aC00iB IIEHTPAJIbHIM CEPBEPOM Y PEKHUMi peasbHOT0 Yacy. IIpu 1iboMy IPOIIOHYETHCS BUKO-
PHCTOBYBAaTH aHAJOT METOAY pesibediB A iHpopMAI[iTHUX MEPEK.

Merox pesnbediB — ne AuHAMiUHUI JeneHTpaATi30BaHMI aTAITHBHAN aJropUTM. VIoTo 3pyUHICTD HOJIATAE
B TOMY, II[0 TYT HaKeTy 3aJa€ThCA HAIIPAM PYXY [0 HACTYIIHOI'O BY3Ja, 10 Ay Ke 3PYUYHO B pasi Mapiipyrusa-
il aBToMO06iIbHOrO TpaHcHopTy. TaKMM YMHOM, BOLIEBI TPAHCIIOPTHOrO 3aco0y Oyae HAZaHO PeKOMEHIAI[il0
11010 BUOOPY IIOAAJBIIIONO HAIPAMY. I mig uac HAOGAMIKEHHA HaCTYIHOT'0 aBTOMOOiIsA He Oyae moTpidHo His-
KMX HOBMX OOUMCJIEHD 32 YMOBH 30€peKeHHs THX CAMUX IIapaMeTpPiB IPONyCKHOI 34aTHOCTI JOpir.

BHCHOBOKR

¢ Y crarTi 6yJ0 31ifiCHEHO OTJIAZ TEOPETUYHOI OCHOBY MapInpyTusarii ana indopmaniiiaux meperx. [lamno
OIIKC QJITOPUTMIiB NOITYKY HAUKOPOTIINX MIJIAXiB HA rpad)ax i cTBOpeHO IporpaMy Ha OCHOBi OZHOTO 3 HUX.

¢ 3aIpPOIIOHOBAHO KOHIIEMITiI0 CUCTEMU KePyBaHHA MaPIIPYyTHU3AIi€i0 TPAHCIIOPTHUX 3aC00iB IJIA MiCHhKUX
TPAHCIIOPTHUX MepexX.

¢ IToxasamo, 1110 MichbKa TpaHCIOPTHA Mepeska Moke OyTu Imofana y BUTJIAAL rpada, a Teopis i meTonu, mpu-
CBAYEHI MapIIpyTusaiii B inopMariiiHux Mepeskax, MOKYTh OyTH ITepeHeceHi Ha TpaHcopTHI mepexi. Ile e
TOTEHITiaJIOM JJIA TONAJbINNX AOCTIMKeHDb ¥ JaHi# chepi.

¢ Y MaiibyTHbOMY mependadaeThCs:

® BUKOHATH JleTaJbHe MOPiBHAHHA HE TiJIbKUM KJIACUYHUX, & 1 HAABHUX HUHI aJTOPUTMIB IOITYKY HAWKO-
poTIIUX MIJIAXiB Ha rpadax;

® CTBOPUTH IEHTPAJII30BaHUN aHAJOT METONY pesbediB AJIA KEPYBAaHHSA MapIIPYTU3aIli€l0 TPAHCIOPTY B
MiCBbKill TOPOMKHIN Mepesxi.
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C. C. Kopotkos, B. A. CocHosbiit, 0. H. Tkauenko, A. B. Jlemeluko, U. A. Byyenko
NPOGJIEMA MAPLIPYTU3ALVN 1S CETEN rOPOJICKOr0 TPAHCNOPTA
PaccmoTpeHa paboTa cycTeMbl yrpaBrieHns MapLupyTU3auvedi TPaHCnopTa, NpoBeaeH 0630p TEOPETUYECKON MapLLPYTU3aLMA /1S MH-
(hopMaLIMOHHBIX ceTedt. [JaHo onvcaHue anropuTMoB novcka KpaTyaniuvx nyTei Ha rpachax. [peanoxeHa KoHLenuyus yrpaBneHns MapLupy-
TU3aLMeNi TPAHCTIOPTHbIX CPEACTB 15 ropofckux ceTeli. [TokasaHo, YTo ropofckast TPaHCOPTHAS CETb MOXET BbITh NPELCTaBIEHa B BULE
rpacha, a Teopus Vi METoLbl, MOCBSILLEHHbIE MaPLLPYTU3ELIMY B MHGOPMALIMOHHBIX CETSX, MOTYT BbiTb MEPEHECEHbI HA TPAHCTOPTHBIE CET.
O6ocHoBaHo pas6nene 3amaqv ynpaBeHns MapLupyT3aUmeri TPaHCIopTa Ha [Be YacTui. CTATUHECKYD 1 JUHAMUYECKYIO.
Knioueebie cnoBa: noToku MalUvH; YNpaBieHNE TPAHCNOPTOM; anropiTM YrpaBreHs MapLUpyT3aLnedt.

S. S. Korotkav, V. O. Sasnovyy, 0. M. Tkachenko, A. V. Lemeshko, I. A. Buchenko
ON A PROBLEM OF TRANSPORT ROUTING FOR URBAN TRANSPORT NETWORKS

The work of the transport routing control system is considered, a review of theoretical routing for information networks is carried
out. A description of algorithms for finding the shortest paths on graphs is given. The concept of vehicle routing control for urban net-
works is presented. It is shown that the urban transport network can be represented in the form of a graph and the theory and methods
on routing in information networks can be transferred to transport networks. Splitting the transport routing control problem into two
parts: static and dynamic. The management of the routing of transport in the city's transport fences is even more similar to the routing
of computer traffic in the information fences. The main points of view are in that, in the first place in the quality of the package, the
transport service is visible, as well as to understand the rules of the road collapse, how to surround the oversupplied packages. At the
same hour, the transport routing is organized, everything will be stored in the most common problems of the best way between two
universities. If an adaptive routing control algorithm is developed for centralization, since it allows the reduction of expenses, there is
no need to equip the add-on reception-transmission with processors of great effort. It is also necessary to provide a connection when
exchanging information from an attachment to receive-transmissions and from a central server. However, the speed of the vehicle is
less than the widening of the electronic signal, so it is possible to eliminate the inappropriateness by placing the attachments of the
reception-transmission in a specific rank. If we consider the urban transport network in the form of a graph, then there is a problem as-
sociated with the large size of the system. The computational task can be facilitated by dividing the city network into smaller segments
connected by single nodes. That is, such nodes that can not be a minute when moving from ane point of the city to another. With such
a breakdown, the shortest paths will not change, because the principle of optimality will work here.

Keywords: heavy traffic; transportation management; routing control algorithm. ~
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