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AHHOTALMUA

BBeaeHue. KpynHble noapsiaHble opraHM3aummy CTPOUTENIbHOTO CeKTopa XapakTepuayTCst HannymeM 3HauMTENbHOTO KO-
YecTBa OAHOBPEMEHHO peanunayeMbix MPOEKTOB, UTO YCIIOXKHSAET paboTy KOMMaHUiA U NoBbILIAET TPEGOBaHMS K OpraHM3aLmnm
crnaxeHHoW paboTbl Bcex ee noapasfeneHuii. B cBssu ¢ Yyem uLenecoobpasHo MCMonb3oBaTb PasfivyHbie UHCTPYMEHTbI
yrnpaBreHnsi NPOU3BOACTBEHHBIMM MPOLIECCaMM, OCHOBAHHLIMU Ha MPUMEHEHUW HarMsAHBIX MHCTPYMEHTOB aHanusa nony-
YeHHbIX AaHHbIX. MeTop kaHbaH, n3HavanbHo pa3paboTaHHbIi Ans ynpaBneHust Npou3BOACTBOM, Nprobpen nonynspHoOCTb
B IT-MHAYCTPUM, OAHAKO €ro NPUMEHEHNE B CTPOUTENBHON OTPachn, B TOM YUCHE B MEHEI)KMEHTE, OCTaeTCsl ManousyyeH-
HbIM U He MOMNyYno oTpaXkeHue B Hay4YHON nuTepartype.

Martepuanbl u metoAbl. [poBefeH aHanMa noToka NPOEKTOB KPYMHOW NOAPALHOW OpraHu3aumu, cneuuanusvpytoLleincs
Ha CTPOUTENBLCTBE UHKEHEPHBIX CETEN, C MPUMEHEHNEM METOAA KaHbaH.

Pesynbrathbl. MpoussBeaeH pacieT OCHOBHbIX METPUK KaHBaH-CMCTeMbI, MOCTPOEHbI AnarpaMMbl Ha OCHOBE AaHHbIX O Bbl-
MOMHEHHbIX 3Tanax peanu3auuny NPOEKTOB B PACCMaTPUBAEMON KOMMaHUN.

BbiBoAbl. PaccmatpuBalotcs npenmyLLecTsa U orpaHuYeHnst UCMonb3oBaHNs MeToda KaHbaH Ans ynpaeneHusi NoTOKOM
CTPOUTENbHBIX NMPOEKTOB B KPYMHOW MOAPSAHON opraHusaumu. Mo utoram NpoBEAEHHOTO UCCMEAOBaHWSI NMOATOTOBIEHbI
npeasiokeHust No oNTUMU3aLuM NPOLIECCOB U YTyYLLEHWIO COrIaCOBaHHOCTM paboT B YCMOBUSX NMOCTOSIHHO PacTYLLEro Ymc-
a NpoeKTOB B KPYMHbIX NOAPSAHBIX OPraHn3aLmMsix CTPOUTENBHOMO CekTopa.
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ABSTRACT

Introduction. Large contracting organizations in the construction sector are characterized by the presence of a significant
number of simultaneously implemented projects, which complicates the work of companies and increases the requirements
for the organization of well-coordinated work of all its departments. In this regard, it is advisable to use various production
process management tools, as well as visual data analysis tools. The kanban method, originally developed for production
management, has gained popularity in the IT industry, but its application in the construction industry remains poorly de-
scribed in the scientific literature.

Materials and methods. A project flow analysis of a large contracting organization specializing in the construction of utility
networks was carried out using the kanban method.

Results. The main metrics of the kanban system were calculated and diagrams were built based on data on the completed
stages of project implementation in the company under consideration.

Conclusions. The advantages and limitations of using the kanban method to manage the flow of construction projects in
a large contracting organization are considered. Based on the results of the study, proposals for optimizing processes and
improving the consistency of work in the context of an ever-increasing number of projects in large contractors in the con-
struction sector are prepared.
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BBEJAEHUE

TpaauIMoHHO CTPOUTENHHOE MPOU3BOJCTBO pac-
CMaTPHUBAETCs KaK COBOKYITHOCTH PadOT, peanu3anus
KOTOPBIX HAlpaBlicHa Ha JOCTIDKCHHE ICNCH MPOCKTa.
OTOT B3I Ha MPOLIECC CTPOUTENHLHOTIO TPOU3BO/ICTBA
NPUCYTCTBYET KaK B TPAJULMOHHBIX METOIAX OpraHH-
3alliU CTPOUTENIHCTBA, TaK U B COBPEMEHHBIX, OIHAKO
TaKOM MoaXoJ UMEET psAll HenocTaTtkoB [1]. AnbTepHa-
THUBOH TPaMIIMOHHOMY IOAXOJY BBICTYNAET PaccMO-
TPEHHE CTPOUTENIEHOTO TPOM3BOACTBA KAaK COBOKYII-
HOCTH TIOTOKOBBIX ITPOIECCOB IO CO3IaHUIO [IEHHOCTEH
U CBSI3aHHBIX C OTHUM H3ICPIKEK.

Peanu3zanusi CTPOUTENBHOTO IPOEKTa BKIFOYAET
JIBa OCHOBHBIX IIpolecca:

* TIOATOTOBUTENBHBIA, TPEACTABIAIOMNNA COOOM
MMOJTAaHOE YTOYHEHHE TEXHHYECKHUX YCIOBHH, T
MOTPEOHOCTH W JKEJIaHWs 3aKa3zunka MpeoOpasyroTcs
B TpeOOBaHMs, a 3aTeM B MOJAPOOHBIE MPOeKThI. OHO-
BPEMEHHO OH SIBJISIETCSI MPOIIECCOM BBISBICHHS MPO-
OJeM M PHUCKOB, CBS3aHHBIX C peann3allfieid MPOeKTa,
a TaKkKe BBIPAOOTKH ITyTEeH UX PEUICHUS;

* IPOLECC pealn3alui IPOEKTa, COCTOSIIHH
U3 HECKOJILKUX THUIIOB TIOTOKOB: MOCTaBKH U 00padoT-
KM MaTepuajoB, paboumMX MPOIECCOB CTPOUTEIHHBIX
Opura, IpyTHX, CBI3aHHBIX C KOHTPOJIEM H TIO/IIepKa-
HUEM OCHOBHBIX IPOIECCOB (aBTOPCKUIT M TEXHAI30p,
yIpaBJIeHHE IPOEKTOM U Jp.).

[lepeuncienHbIe 3Tanbl XapaKTePU3YIOTCS HX CTO-
MMOCTBIO, Ka9€CTBOM H TIPOHOIDKUTEIBHOCTHIO, KOTO-
pble HEOOXOAMMO U3MEPATH U KOHTPOIUPOBATE.

Poct noapsiaHO# CTpOUTENIBHON KOMITAHUM COTIPSI-
JKeH C yBEITMYEHHEM YHCIIa MPOEKTOB, pabOTHI Ha KO-
TOPBIX MIPOUCXOIAT OIHOBPEMEHHO, YTO BJIEYET 3a CO-
60#1 00TBIION MOTOK MH(POPMANU BHYTPH MOJPSAHON
KOMIIaHUH, KOTOPYIO HEOOXOOMMO 00padaThIBaTh.
Ha npaxTrke 4acTo BO3HHKAIOT IPOOJIEMbI ¢ OOMEHOM
nHpOpMannel MeXAy MOAPa3ICICHUIMH KOMITaHUH,
a TakKe OONBIIMM YHUCIIOM PAa3IHYHBIX TaOIAIHBIX
(dopM It XpaHEeHHs ¥ CUCTeMaTH3alKi HH()OpMaIin
0 TIporeccax, Tak Kak OoJblIoi o0beM MH(OpMaIUH
CTAaHOBUTCS CIOKHBIM JUISI 00paOOTKM W BOCIIPHSITHS
corpynHuKaMu. J{ns obnerdenus ooMeHa MHpOpMAIH-
€l CyIIecTByeT JOCTaTOYHOE KOJIMYECTBO IIPOTPaMM-
HBIX [IPOJYKTOB, OJIHAKO MX BHEAPECHUE U ITPUMEHEHHE
B TaKOW KOHCEPBATHBHON 00JaCTH KaK CTPOUTEIHLHOE
MIPOU3BOJICTBO OCTAETCSI HA HU3KOM ypOBHE, 0COOCHHO
B YacCTH YNPaBJICHUS NMPOEKTAMHU U KOHTPOJISI CTOMMO-
cru' [2-14].

! Cepuc AroBOII. URL: https://pik.digital/blog/120

JlocTikenue 0anaHca MeX/y MPOU3BOICTBEHHbI-
MU MOLIHOCTSMM M 3aKa3aMu, a TaKkKe paBHOMEPHOI
3arpy3Kd COTPYIHUKOB SIBISICTCS CIIOKHOW TPaKTH-
yeckoi 3amadeit. TakuM 00pa3oM, BO3HHKAET MOTPEO-
HOCTb B CO3[JaHUU €IUHON U BU3YaJIM3UPOBAHHOW CH-
CTEMBI VIIPABICHUS IMOTOKOM MPOCKTOB B IMOIPSTHOU
OpTaHU3AINH, YTO TIOATBEPKAACT aKTyaTbHOCTh TEMBI
HCCIIIOBAHHUS.

B naHHOI cTaThe paccMaTpUBACTCS OPTaHU3AIUSL
paboTHl O peanmu3ali MPOEKTOB B KPYITHOW ITOI-
psaanoit opranuzarnun (KITO) xak mOTOUHON CHCTEMBI,
2JIEMEHTAMH KOTOPOU CITyKaT 00BEKThI CTPOUTEIILCTRA.
HccrienoBanne MpoBEACHO C LENbI0 OLEHKU MTPUMEHE-
HUS KaHOAH-CHUCTEMBI JJIsl OpTraHU3alny OToKa pabdo-
1ol B KIIO cTpouTensHOro cexropa.

MATEPHUAJIBI U METO/JbI

Merton kanOaH, pa3pabOTaHHBIH AMTOHCKON KOMIIA-
nuelt Toyota B 1950-x rr. ¥ cTaBIIKi OJHUM U3 KIIIOYE-
BBIX 3JICMEHTOB CHCTEMBI OEpEeKITMBOTO CTPOUTEIHCTBA
Lean [14], npexacraBisier co00il CHCTEMHBIH MOIXO
K YIPaBICHUIO MIPOU3BOJACTBOM. DTOT METOA MpPHU3BaH
ONITUMH3UPOBATH TPOM3BOACTBEHHBIC M OW3HEC-TIPO-
LIECChl, yCTpaHssi M30BITOUHBIE PECYPChl U MOBBILIAs
3G PEKTHBHOCTD.

Merton kauOaH, cormacHo pabore [14], — 31O
METOZ JJISl ONpEAETICHUS, YIPABICHHS M COBEPILICH-
CTBOBaHMUsI NPOLECCOB, OH ITUPOKO MPUMEHSETCS C 11ie-
JBI0 CO3MAHMS IMOTOYHBIX CHUCTEM W WX YIPABICHUS.
B cooTBeTcTBHM C HMCCIENOBAHUSIMH, TMPOBEACHHBIMH
B Agile-opranmnzanusix [14], kaHOaH UCTIONB3YETCS KaK
CaMOCTOSITENIbHO, TaK U B COBOKYITHOCTH C JPYTUMHU CH-
CTeMaMH, HaIlpuMep C CUCTEMOH Scrum.

KanOan, xak uH(pOpPMAIMOHHAsI CHCTEMa, M03BO-
nsieT 0ObEIMHNUTE B €IMHOE 1IEJI0€ BCE TOIPa3ICICHHS
KOMITaHHUH, YCTAHOBUTH MEXKIYy HUMH CBS3H, a TaKXKe
CBSI3M MEXAY Pa3IMYHBIMHU TIPOIECCAMH, TOCIE YEro
KOOPJMHUPOBATh MOTOK CO3JaHMS LIEHHOCTH B COOT-
BETCTBHUU C UMEIOLIMMCS cripocoM [14].

B mepeBone ¢ SMOHCKOTO KaHOAH O3HAYAET «3a-
MUChy WK «Tabmuukay. Kommnanus Toyota cosmana
U BHEApUJa B NPAKTUYECKYIO NEATEIbHOCTb CIELH-
ANBHYI0 KAapTOUYKY, BBICTYIAIONIYI0 B POJH CHUTHAIA,
HH(POPMUPYIOIIETO O MOTPEOHOCTH B INPOU3BOJCTBE
JIOTIOJIHATEIILHOTO KoJinuecTBa jaeraiei [14]. Meron,
pa3paboraHHbIii Kommanueil Toyota, momydymn HasBa-
Hue Lean u Hammen mupokoe MPUMEHEHUE B TPOU3BOI-
CTBE, a 3aTeM ObUI aJanTHPOBaH I CTPOUTENHCTBA,
TakuM 00pa3oM, TOSBWICS TepMUH Lean construction
H «OepeKITNBOE CTPOUTEIECTBOY.
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B HayuHoOI JIuTeparype BBLACISIOT Y€ThIPE OCHOB-
HBIC KOHIEMIMH Lean Kak OepexIMBOTO CTPOUTEIh-
CTBA: «TOYHO B CPOK», CO3JaHME HETMPEPHIBHOTO MOTO-
Ka, TTOCTOSIHHOE YIYYIICHUE W OPTaHW3alds CHCTEMBI
«BBITATHBAIOIIETO MTPOM3BOACTBAY [14].

[epBbIil IPUHIIKIT TOYHO B CPOK» O3HAYALT pado-
Ty 63 3amacoB: IPOIECC MPOU3BOICTBA JOIKCH OBITH
obecrieyeH pecypcamMu B HEOOXOAMMOM KOJIMYCCTBE
7 TOTZa, KOTJa 9TO HEOOXOIMMO — TOYHO B CPOK 0e3
co3manus ckiaazos [ 14].

[IpuHIUI HENpPEpBIBHOTO ITOTOKA O3HAYAET, YTO
MIPOU3BOJCTBEHHBIC MOTOKH HE JOJKHBI OCTaHABIH-
BaThCs. Ero HEMpephIBHOCTH TOJKHA OBITH TAPAHTUPO-
BaHAa TOCPEICTBOM CHCTEMATHIECKOTO KPaTKOCPOYHO-
T0, CPEITHECPOUHOTO U JIOJITOCPOYHOTO MIaHUPOBAHHUS,
B XOJI¢ KOTOPOTO OmpeaersieTcss 00beM padoT, KOTOPHIHA
JIOJKEH OBITh ITPOM3BEICH.

CucTeMa «BBITSTUBAIOIICTO MPOU3BOIICTBA» IIPEII-
CTaBIsAET CcOOOM CXeMy OpraHM3AIlUH IMPOU3BOICTBA,
MpH KOTOPOH 00BEM padOT M CPOKH Ha KaxKIOM MpO-
W3BOJICTBCHHOM JTalle YCTaHABIHMBAIOTCSA IOTPEOHO-
CTSIMU TIOCJICAYIOIMX JTAlOB, & B KOHCYHOM HTOre —
MOTPeOHOCTAMHU 3aKa3unka. Tak TIpeIOTBpaIacTcs
HAKOIUICHHE 3allacoB WIIM 33734 JJIS TIONpa3aciICHHs,
YTO NPUBOAUT K ONITHMHU3AINHU paboThl KoMIaHuw [1].

[IpuHIIUTT TIOCTOSHHOTO COBEPIICHCTBOBAHHUS —
9TO CTPEMIICHHE K COBEPIICHCTBY, SIBISICTCS ICHHBIM
WHCTPYMEHTOM TSI KOHTPOJS W YIyYIICHHUS IIPOIeC-
COB, B KOTOPBIH JOJIKHBI OBITH BOBJICUCHBI BCE COTPY/I-
HUKU KOMITaHUH.

Oco0oe BHMMaHHE B KOHIICTIIHU OCpPEKIMBOTO
MPOU3BOJICTBA YICIACTCS U3MECPCHHUSIM M MOHUTOPUH-
Ty, TOCKOJIBKY TIOCTOSIHHBIC U3MEPEHUS Jaf0T BO3ZMOXK-
HOCTh OOCCIIEYUTH MPOIIECC COBCPIICHCTBOBAHUS ITy-
TEM BBISIBJIICHUS TOTEHLMANa ISl yyuuenus [1].

CTOUT OTMETHUTB, YTO KoHIIenus Lean Takke nme-
€T 0COOBII OAXO/T K U3MEPEHUSIM, KOTOPBIY HAIIPABJICH
Ha COKpameHue noteps [2, 3] BpeMEHH W PEecypcoB,
a TaKkKe Ha ONTHUMH3AIUIO MPOIIECCOB U COKpAIICHHE
BPEMEHH Ha Ka)IbIi TIPOIIeCC MPOM3BOACTBEHHOTO I10-
ToKa. JlaHHBIe M3MepeHuil HEOOXOAUMBI JJIsi HECKOIb-
KHX [eJICH: CTUMYIUPOBAHUS BHYTPECHHETO YTy IIICHHS
OpTaHU3aINH U CPAaBHEHHUS IIPOCKTOB, a TAKKE OIpee-
nenus neneit B KI1O.

Merton kaHOaH mTpedycMaTpHBaeT M BHEIPEHHE
[UKJIOB OOPaTHOM CBSI3U Il KOOPJMHAIIUK T10CTAaBKU
W YIydIIeHWs TpenocTaBlIeHUs cepBuca. Hambomee
4acTO HCIOJIb3YeMbIC MHCTPYMEHTBI IS IIUKJIOB 00-
PATHOM CBSI3M — PETYJSPHBIC BCTPEYH H 00CYKICHUS,
KOTOpBIE HA3BIBAIOTCS KaJACHIIUSIMI.

Busyanusayus pabouux npoyeccos. Meron kanOau
Oa3mpyeTcsl Ha BU3yaJH3allMd HEMaTepHaIbHON mes-
TEJIBHOCTH B IEJISIX OPraHU3aIUH MPABUILHON PabOThI
CUCTEMBI, a TaKXe I JOCTIDKCHHS OajlaHca MEKIY
MIPOU3BOJICTBEHHBIMU BO3MOXHOCTSIMHA KOMITAHUH U 3a-
Ka3aMH{ C TIOMOIIBbIO UCIIOTB30BaHMsI BU3yaJbHBIX CHT-
HAJIOB.
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B 3aBucumoctu or macmiraba NpUMEHEHUS Me-
TOAa KaHOAaH-CHCTEMa MOXKET HMPUMEHSITHCS 10 OTHO-
IIEHUIO K OJHOMY IIPOIIECCY MM OXBaThIBATh padoTy
Pa3IMYHBIX TOJPa3/ICICHUH ¢ pa3HbBIMU YPOBHSIMH Jie-
TaJIM3al|K TPOLECCOB U CBSA3EH MEX/Y HUMH.

Jna Busyanmu3amuu paboOTHl IpU BHEIPEHUHU KaH-
0aH-CHCTEMBI B KOMITAHHUSIX HCIIOJIB3YIOT KaPTOUKH, KO-
TOpBIE pa3MeIIaroT Ha kKanOaH-ocke (puc. 1). [To mepe
3aBEpUICHHs TPOLECCOB KapTouka IepeMeriaeTcs
10 CTONIOIaM B KaHOaH-TOCKE clieBa HAMIPaBO JI0 3aBep-
mIeHust paboT Mo Kaprouke. Busyammsamus mporecca
MOXET OBITh peaJM30BaHa Kak Ha (hPU3MUECcKoil Jocke,
Tak 1 B nuppoBoM Qopmare ¢ NPUMEHEHHEM CIELH-
QJILHOT'O POTPAMMHOT0O 00ECTICUEHHMSI.

Puc. 1. [Tpumep dpusnueckoil kKaHOAH-TO0CKH

PE3YJIBTATBI HCCJIEJOBAHNA

B KIIO, BbIOpaHHOH ulsi aHANIN3a, UCIIOIB3YETCs
nH(pOPMALMOHHAS CUCTEMA ATl IUNITAHUPOBAHUS U KOH-
TPOJISL BBITIOJIHEHUSI KITFOYEBBIX COOBITHH IPOEKTOB.
Ha ocHoBe moiyuaeMbIX cBelE€HHMH O 3alljlaHUPOBAH-
HbIX U BBIIIOJIHCHHbIX COGI)ITI/IHX MpoBE€AEM aHaJInu3
JUTUTENBHOCTH 3TAIOB PEaIU3alliK MPOEKTOB C BU3ya-
JIU3anuel TOCPEICTBOM MOCTPOCHUS JHarpaMM.

B kauecTBe MCXOIHBIX JIAaHHBIX, I10 KOTOPBIM MPO-
BOJMJICS aHAJIM3 M KOTOPbIE OTHOCSTCS K OCHOBHBIM
METpHKaM CHCTEMbl KaHOaH, BBICTYHAIOT CIIEAYyIOLIHe
TIPOIIECCHI:

* OIIpE/IETICHNE CPEIHEr0 BPEMEHH MTPOM3BOJCTBA
(Lead Time — LT);

®* YCTAaHOBJICHUC BPEMCHHU OXUAAHUA 3aKa3yuKa
(Customer Lead Time), mepron oT 3aKIIOYCHUS JTOTO-
BOpa JI0 c/1aun O0BEKTa;

* OIIpE/ICIICHUE CKOPOCTH MTOCTABKH;

* [IOCTPOCHUE JHarpaMMbl PAacCEUBAHUS 110 Bpe-
MEHH 3aBepIIeHus padoT;

* IOCTPOCHNE HAKOTIUTEIBHOH AnarpaMMbl MOTOKa.

[To pesynbraram mpoBeAeHUs aHamu3a (GopMyIIH-
PYIOTCSl peKOMEH MK 1o ymydiieHnto padotsl KI1O.

[TpuMeHUTENbHO K OpraHM3alMM IIOTOKA MpOo-
extoB B KIIO kapToukamu SBISIIOTCSI OOBEKTHI CTPO-
UTEJIbCTBA, KOTOPBIE MPOXOJAT ITallbl OT MOIYyYSHHMS
3ampoca OT 3aKa34yHKa, ero o0pabOTKH M pealu3aliny,
a 3areM caaun OOBEKTa.
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Buenpenne metona kan6an B pabdory KI1O Bkito-
4acT OTACJIbHBIC 3Tallbl, MCPEUCHbL U OIMMCAHUC KOTO-
PBIX IPUBE/ICHBI B Ta0. 1.

[TockonbKy Mporecc CTPOUTEIBHOTO POU3BOJ-
CTBa IO CBOCH CYTH ABJIACTCA MMOTOYHBIM, PACCMOTPHUM
npumeHenrne metona kanban s KI1O, koropas cre-
LUATM3HPYETCS] HA CTPOUTENBCTBE HHKEHEPHBIX CETEH.
st peanu3zanuu NOCTaBICHHON LENH [IPOAaHAIU3UPY-
€M TIOZIXO0fbI K opranm3anuu padbots! B KI1O.

[MoppsiiHbIE KOMMAHWUHM BBITIONHSIOT CTPOUTEIH-
HO-MOHTaHBIe paboTel (CMP) U OKa3bIBaIOT ApyTHE
CTEUATIM3UPOBAHHBIC YCIYTH IO JOTOBOPY C 3aKa3uH-
koM. Paboty mag mpoektom B KIIO MOXHO paznenuTh
Ha CIEIYIOIINe ITIOCIICIOBATEIbHBIC ITAMbl MM BEXU
MIPOEKTa, ITPUBE/ICHHBIC B TAOM. 2.

Ta6a. 1. Dranbl BHeAPEHHS KaHOAH-CHCTEMBI

B 3aBucumocTH OT TpeOyeMoli CTeneHH! IeTanun3a-
MU MOXHO BBIJICIIUTH OOJIBIIIC WU MEHBIIE BEX po-
€KTa, a TaKKe€ YCTAHOBUTb HECKOJBKO ypOBHEH J€Ta-
JU3alud U pa3paboTarh IENOYKy MPOILECCOB BTOPOTO
YPOBHSL Ul KaXJIOTO W3 COOBITHH IE€PBOTO YpPOBHSI.
Takum oOpazom, kanOaH-mocka s KIIO Moxer BHI-
IJISLIeTh, KaK MOKa3aHO Ha puc. 2. Yucna, yka3aHHBIE
B CKOOKax, O3HAYaIoOT JIMMHUT HE3aBEPLICHHOH paboThI
JUIA JaHHOTO TIpoliecca.

B naHHO# crarbe aHamu3MpyeTcs NEATENIbHOCTh
KIIO, xotopasi BXOAWUT B COCTaB TPYIIBI KOMITAHHH
[INK — kpynHneiimero 3actpoiiiuka B Poccun. st
IUTAHUPOBAHMSA WM KOHTPOJIS BBIMOIHEHUS KITFOYEBBIX
COOBITHII B TpoIlecce CTPOUTEIhCTBA MPOEKTa — BEX

Dramn HasBanue

Omnucanue

1 HccnenoBanue Tekymero
COCTOSIHHS

II0JIC3HBIM

W3ydenune TeKyero CoCTosHUs OM3HEC-TPOIIECCOB B KOMITAHHHU BKJIFOYAET
aHaJIn3 CYHIECTBYIOIIMX PA0OUHX MPOIECCOB, BBISIBICHUE Y3KUX MECT
U OTIpelieNieHre 00IacTel, I/ie MeToll KaHOaH MOXKeT OBITh HarmOoIee

2 | Busyanu3zanus npoLeccoB

IIPUOPUTETHL

Criey onmm [1aroM siBsieTCsT BU3yallu3aliisi OU3HEC-IIPOLIECCOB

C MOMOIIBIO KaHOaH-10coK. Kaxiblit aTar npoexra nim ouzHec-

npolecca MpeCcTaBIseTcs B BUAE OTACIbHON KOJIOHKH Ha JOCKE, a 3a/1a4u
0003Ha4ar0TCsl KAPTOUYKAMHU. DTOT CHOCOO TTO3BOJISIET BCEM Y4aCTHHKAM
Hporecca BUICTh TEKYIIEe COCTOSHUE MIPOM3BOMMBIX PabOT U ONPEACISTh

3 | YopaBieHue mOTOKOM padoThI

Hcnonb3oBaHue MeTosia KaHOAH JaeT BO3MOKHOCTD THOKO YIIPABIISTh
MIOTOKOM paboThl. Korna HOBBIE 3a/1a4 NOSIBIISFOTCS, UX MOXKHO JT00aBHTh
Ha JIOCKY, ¥ KOMaHJJa Ha4HeT paboTy Hajl HUMH, ITPH STOM YUHUTHIBAs
TIPUOPHUTETHI U TOCTYITHEBIE pecypchl. B kanOaH paboTy B mporiecce
OTPaHMYHBAIOT, YTOOBI COATAHCHPOBATH MCIOIB30BaHIE PECYPCOB

1 TIPH 3TOM 00eCTIeYnBaTh IIOTOK PabOTHI

4 MOHUTOPHUHT ¥ ONTUMU3ALIUS

Taou. 2. DTansl peann3ayy MPOeKTa

MeTOﬂ KaHOaH TakKe OpeaAOCTaBIACT MHCTPYMEHTDI JJI1 MOHUTOPHUHIA
MMPON3BOAUTEIIBHOCTU U OIITUMHU3ALINU 6H3HeC-HpOHeCCOB. HyTeM aHaJim3a
BPCMCHU BBINIOJIHECHUA 3a1a4 U 06pa6OTKI/I JaHHBIX C TOCKHU MOXKHO
BbIABUTH Y3KHMC MCCTAa U BHCCTU YIIYUILICHUA

Hassanwme sTamna

CocraB paboT IpU peaIn3aliy Tara

IToaroroBuTenbHLIN TAI

* y4yacTue B TCHIEpE;

* pacueT 00BEMOB paboT;

* [10JIy4E€HHUE IPOCKTHON JOKYMEHTAIUN;

* OIIpeJieNIEHNE 1IEH Ha MaTepHabl (cO0p KOMMEPUYECKUX MPEATOKEHUN
OT MOCTABIIMKOB) U COCTABJICHHE JIMMUTHO-3a00pHbIX KapT (JI3K);
* COCTaBJIEHHE U COITAaCOBAHUE CMETHOTO Pacyera;

* 3aKJIIOYCHHE OTOBOPA C 3aKa34HKOM,;
* [IO/IFOTOBKA OIO/KETa MPOEKTa

Peanuzauus npoexra
* Hagajso CMP;
* okonyanue CMP;

B OKCILTyaTalluio

° nepeaava riomaaku CTpOUTEIIbLCTBA,

¢ caa4da o0beKTa 1 TIOJIy4€HUEC CIIPABOK O COOTBCTCTBUU U pa3p6HICHPIﬁ Ha BBO/J]
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NPEUIOKEHHS

3akmoueHue
J0ToBOpa

[onyuenue

Obwexr | ObbexT 8

OobexT 2 OonekT 9

ObBekT 6

OonexT 3

3aKasa

Obbexr 7

O6bexT 4

Puc. 2. [Tpumep xandan-gocku st KITO

MpoeKTa B TPYIIE KOMIAHUHA pa3padoTaH mu(pOBOM
cepsuc «ABTobOI» [14].

CucremMa HAIIHO  OTOOpakaeT — IMPOIECCHI
M0 KaXXJIOMY TIPOCKTy C yKa3aHWEM CpPOKOB M OTBET-
CTBCHHBIX COTPYIHUKOB (pHC. 3), 9YTO TIO3BOIISIET OCY-
MICCTBIATh TUTAHUPOBAHHUE CTPOUTEIHECTBA OOBEKTOB,
CO3MIaBaTh CBS3aHHBIC IICTIOUYKHA COOBITHI OOBEKTOB,

Hauano CMP Okonuanne CMP Cpaua obbekrta

a TaKKe JAaeT BO3MOXKHOCTB 3arpy3KH JOKyMEHTAIH
10 COOBITHSIM H €€ cortacoBaHue (Tadi. 3).

[Tpoananu3upyeM BeXH MPOEKTOB METOAOM KaH-
0aH, NCTIONB3YSl TaHHBIE O TUIAHUPYEMBIX W BBITIOIHECH-
HBIX COOBITHSX U3 cucTeMbl «ABTOBOID» mo o0bekTam
KIIO, peanu3anus KOTOpBIX ocymecTBisiack B 2022 1.
(Tabm. 4).

a
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Puc. 3. Cucrema «ABTobOI»
Ta6a. 3. Peectp coObITHIf (BeX MpoeKTa)
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1 |27.07.2022 | 29.07.2022 | 18.08.2022 | 22.09.2022 | 24.09.2022 | 24.09.2022 | 06.10.2022 | 20.07.2023 | 11.08.2022

2 [10.05.2022 | 15.05.2022 | 17.05.2022 | 15.07.2022 | 29.06.2022 | 25.10.2022 | 30.06.2022 | 18.09.2023 -

3 114.03.2022 | 22.03.2022 | 29.03.2022 | 21.09.2022 | 26.05.2022 | 28.11.2022 | 27.05.2022 | 03.03.2023 | 04.09.2023

85 122.06.2022 | 24.06.2022 | 27.06.2022 | 12.11.2022 | 10.11.2022 | 12.11.2022 | 17.11.2022 | 15.06.2023 -
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Taou1. 4. KonnuecTBO BBITOJIHEHHBIX COOBITHI
B paccmarpuBaemoii KI1O B 2022 .

Konngectso
HanmenoBanne coOBITHS BBITIOTHEHHBIX

BeX
[epenada MpoeKTHOM JOKYMEHTAIIH 105
Pacuer o6bema pabot 104
dopmuposanue JI3K 100
[oanucanne 1OroBOpa ¢ 3aKa3YHKOM 90
[MoaroToBka OroKeTa MPOEKTA 95
[NonroroBka 1 COrIacCOBaHUE CMETHOTO 99
pacuera
Hauano CMP 85
Oxonvanne CMP 58
Crnava 00beKTa 1 TIOTy9YeHHE CIIPABOK 27

Kak BumHO U3 Tabm. 4, 3a paccMarpuBaeMbli Te-
puon KIIO Obuto mony4eHo MpOeKTHOW JOKyMEHTa-
uuu it 105 HOBBIX 0OBEKTOB CTPOHMTEIBCTBA, HAYATO
CTPOHTENBCTBO 85, 3aBepIIeHo 58, a 3aKIIFOueHIE O CO-
OTBETCTBHH BBIIIOJIHEHHBIX Pa0OT B OpraHax rocyaap-
CTBEHHOT'O CTPOHMTEIBHOTO HaJ[30pa MOIYyYeHO B pac-
CMaTpPUBAEMBIl IEPUOJT TOJIBKO 1S 27 U3 HUX.

B Tabn. 4 npuBeneHna nHpopmanus O Aarax BbI-
TIOJTHEHMS 3THX COOBITHH, KOTOpBIE MPEACTABISIOT CO-
0011 TIOTOYHYIO CHCTEMY peaJn3alliy MPOEKTa B pac-
cmarpusaemoit KITO.

PabGora Ha/i MPOEKTOM NPOXOAUT Pa3INYHBIC dTa-
TIBI OT MOJTYYEHHs IPOEKTHOM JOKYMEHTAIUH JI0 CIa4un
obbekTa. J{ist Toro 4ToObl JaHHAs TOTOYHAsI CHCTEMa
cTana KaHOaH-CUCTeMOH, B HEll TOJDKHBI OBITH OTIpeie-
JICHBI:

* CUTHAJIBI, ONPEJIEISIONNE JIUMHUT He3aBepIIeH-
Ho#i pabotsl (WiP);

* TOYKa IMPUHSTHUSI 00513aTEIHCTB M TOYKA TOCTABKH.

B Haiewm ciydae TOYKO# MpUHSTHSL 00513aTeNILCTB
SBJIACTCS 3aKJIIOYEHHE JOTOBOpa MOApsIa C 3aKa3uu-
KOM, a TOYKOH MOCTaBKH — cJlada 00bEKTa CTPONUTEIb-
cTBa. B cooTBeTCTBUM C METO/IOM KaHOaH Iepet TOUKOH

MPUHSATHUS 00S13aTCIILCTB (POPMUPYETCS PSIIT 3aIPOCOB
B Ouepear, KOTOPhIE KOMITAaHUS MOXKET MPUHSITH B pa-
00Ty WM OTKA3aThCs OT peau3ali. B cTpourenscTse
9TOT 3Tal, B 3aBUCUMOCTH OT (POPM COOCTBEHHOCTH
KIIO, Ha3piBatoT TeHAEpHOW padOTOIl MITH TTOITrOTOBH-
TEIBHBIM 3TAllOM pPealU3alliil HHBECTUIIHOHHO-CTPOU-
TEJIBHOTO MPOCKTA.

[lepron BpeMeHH, KOTOPBIH 3JIEMEHT CHCTEMBI
MIPOBOJHT B TIPOIIECCE MEXKAY TOUKOH MPUHSTHSA 00s13a-
TEJIHCTB M TOYKOH MTOCTAaBKH, HA3bIBAIOT BPEMEHEM ITPO-
n3BozctBa (Lead Time — LT) nnm BpemeneMm B KaH-
Oan-cucreme. [Ipu 3TOM Bpemsi OXKHJaHUS 3aKa3unKa
(Customer Lead Time) — nepuos, B TEICHNE KOTOPOTO
3aKa3uMK OKHUJACT TTOCTABKH 3JIeMeHTa [ 14].

B crarbe 3a Bpemsi IpOM3BOACTBA TPHHSATO Bpe-
Ms OT Hadaja mpousBojactBa CMP 1m0 uX OkoHUYaHWUS,
BpEMCHEM OXHIAHHUS 3aKa3uhMKa CUUTACTCS TEPHOJ
OT JIaThl 3aKJIIOYCHUS JOTOBOPA MOAPSIA 10 cja4un 00b-
exta. [lepmon HaXxoXIEeHUs OOBEKTa CTPOMTENILCTBA
B KaHOaH-CHCTeMe — OT IOJY4YEeHHs 3ampoca M Mpo-
SKTHOH JOKYMEHTAITIH OT 3aKa3uuKa JI0 cladyl 00bheKTa
B 9KCILTyaTalHUIO.

Jlyist HarIsITHOTO M300paKeHHsT PE3yJIbTaTOB pac-
4YeTa BPEMCHH OXXHIAaHUS 3aKa3dhKa CTPOUTCS [ha-
rpamMMa pacceuBaHus (puc. 4).

Bpewmst oT MOMeHTa 3aKITIOueHHsI JOTOBOPA JI0 C/ia-
gn 00BsekTa cocrasmseT ot 0,2 mo 17,8 mecsmes, cpen-
Hee 3HaueHHe BpeMeHu oxuaanusg — 8,5 mec. OnHa-
KO BpeMs IPOU3BOICTBA pabOT HAXOMUTCS B Ipejeax
0,2-14,8 wmec. (puc. 5). B cpeanem mnpous3BOACTBO
CMP 3arnMmaet 6,7 Mec., a MOATOTOBUTEIFHOTO TIEPH-
ona 7,6 mec. O0miee BpeMs B KaHOaH-cHCTeME 00bEKTa
CTPOMTENHCTBA COCTABIACT 70 23 Mec.

JlmarpaMMBl pacCemBaHUS HATATHO HILTIOCTPH-
pyroT HHPOPMALUIO 0 (HAKTHIECKUX CPOKAX, KOTOpas
MOYKET MCIIONIB30BAThCS ISl IUIAHUPOBAHUS U ONpesie-
JIeHH IeNiel kKoMmaHuu. B paccmarpruBaemMoMm ciydae,
WCXOAS W3 NAHHBIX, NMPUBEICHHBIX Ha PHUC. 5, MOXKHO
cyenarb BBIBOJ O TOM, YTO KOMITAHMM HEOOXOANMO
MIPOBECTH ONTHUMHU3AIMIO JITUTEILHOCTH TIOJITOTOBH-
TEIHHOTO MEPUOa, TaK KaK MEXAY dTAllOM COCTaBie-
HUS CMET ¥ HavajJoM padoT Mo 0OBEKTy MMEET MECTO

Bpems oxuaanug 3akaunka

;20,0
§ 18,0 ®
. 160
g 140 o o e
S 120 5 e 06 *
2 190 * . 8 o f
- * * 4 & ¥ e 8 ,.°
=9 s o e0g @
= 40 o s ;O‘ o’ S .~ »
S 20 e 8 <% 0
2 - »
@ 23.07.2021 31.10.2021 08.02.2022 19.05.2022 27.08.2022 05.12.2022 15.03.2023 23.06.2023 01.10.2023 09.01.2024 18.04.2024

JlaTa nocTaBKH

Puc. 4. Jlnarpamma paccerBaHus BpEMCHH OXKHIAHHUS 3aKa34MKa OT JIaThl 3aKJIFOYCHUS OTOBOPA TOAPSIA 10 CIadl 00beKTa
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Puc. 5. /luarpamma paccenBaHus BpeMeHu npousBoactBa CMP 1 AnuTenbHOCTH OATOTOBUTENIBHOTO IEPUOA

3HAYNUTENIBHBIH MPOMEXYTOK BPEMEHU MO OTHUM 00B-
€KTaM, B TO BpEeMA KaK JJId JPYTUX OH 3aHUMACT HE-
CKOJIBKO JTHEH.

Habop smeMeHTOB, KOTOpbIE B KaXIblii MOMEHT
BPEMCHHU HAXOAATCS B KaHOAH-CHCTEME, a TAKIKE KOJIH-
YECTBO TAKHX JJIEMCHTOB HA3bIBAIOT HeBaBepH_IeHHOI\/'I
pabotoii (WiP). YcraHOBKa JTUMHUTOB Ha KOJIMYECTBO
MPOEKTOB JJIsI KYKIOTO ATara padoThl MO3BOJISIET n30e-
JKaTh TEPErpy3KH MOAPA3IeICHUNA U ONTHMHU3HPOBAThH
paboTy CUCTEMBI B IICJIOM.

CKOpOCTh, ¢ KOTOPOIl BBIMOJHSIOTCS BEXH IPO-
€KTa, Ha3bIBAIOT CKOPOCThIO mocTaBKu. OHa paccym-
TBIBAETCS KaK 0OpaTHas BEIMYMHA KO BPEMEHHU MEKIY
JBYMS TIOCIIEHUMHU COOBITHSMH, & CPETHIOI0 CKOPOCTh
MTOCTABKH 3a OMPENEICHHBIH MEPHOA MOXXHO PacCUH-
TaTh KaK pe3ylIbTaT JENeHHs KOJIWYEeCTBAa ITOCTABOK
Ha JUTUTEIBHOCTh BPEMEHHOTO TIEPHO/Ia.

Ha ocHoBe maHHBIX O Jarax 3aKpBITHS BEX IMPO-
eKTOB (Tab. 4) MOCTPONM HAKOTIUTEIFHYIO AHArPAMMY
notoka (Cumulative Flow Diagram — CFD) (puc. 6).

1o BepTHKaIBbHOM OCH OTKJIAIBIBAETCS KOJIUYECTBO
BBITTOJTHEHHBIX COOBITHH HAKOMUTEIBHBIM HTOTOM, TO-
PH30HTANBHAs OCh Ha Tpaduke — 3TO IIKaja BPEMEHH,
KQXKIBIH 00BEKT paObOT MPOXOJUT BCE BUIBI AKTHBHOCTH
C TCYCHHEM BPEMEHH 1O MOMEHTA 3aBEPIICHHS BCEX
paboT 1Mo 0OBEKTY CTPOUTENBCTBA. JlmarpaMma CITy»KHT
JUTSL HATJISITHOTO M300pa)keHus pabOTHI CHCTEMEI, a TaK-
K€ TaeT BOZMOJKHOCTH OBICTPO OIIEHHUTH TEKYIIIEe COCTO-
SHUE CHCTEMBI M €€ OCHOBHBIC METPHUKU. AHAIM3UPYS
HAKOTIUTEIBHYIO JTHArpaMMy ITOTOKA, MOXKHO BBISIBUTH
MpoOIeMBI U c1adble MECTa, C KOTOPBIMHA MOJKET CTOJI-
kayThCs KI1O, 9TO sIBNISICTCA OMHMM W3 TIABHBIX TIpe-
HMMYIIIECTB UCTIOJIF30BAHMS METO/Ia KaHOAH.

[Ipu oGecnieyeHNN paBHOMEPHOH 3arpy3KH IIUPHU-
Ha obnactell Ha quarpaMme OyIeT OCTaBaThCs OfWHA-
KOBOH, 3TO MICATBHBIA ClIeHapuii pabOTHl KOMITaHHUH,
K KOTOPOMY JIOJKHO CTPEMUTHCSI PyKOBOZICTBO, TEM Ca-
MBIM O00€CTIeUHBas CIAKEHHYIO PabOTy BCEH CHCTEMBI
¥ paBHOMEpPHOE pacIpeienieHne padoThl MEXIY IOJ-
pa3eIeHnsIMH, B TO BpeMs KaKk HepaBHOMEpHAs! IIHPH-
Ha KaKoH-100 007acTH SABISETCS CUTHAJIOM O BO3HHK-
e mpobieMe B 3TOM Iporiecce.

184

Ha mpuBenennoit nuarpamme (puc. 6) MOXXKHO 3a-
METUTh HEPaBHOMEPHOCTh B HIMPUHE 00JacTei, 4To
yKa3bpIBaeT Ha HEAOCTATKH B OPraHW3aIMH PabOTHI CH-
CTEMBI, 3elieHasi 00JacTh, MOKa3bIBAIOIIAS KOJIMYECTBO
CMETHBIX PacdeTOB, PaCIIHPICTCS B TIEPBON TPETH THa-
TpaMMBI, a 3aTeM JUHAMHKY TOBTOPSET JMHUS Hadania
CMP, npu sTOM JIMHUS 3aBeplLIeHHs padoOT ocTaeTcs
paBHOMepHON. TakuM 00pa3oM, UIMEET MECTO TIeperpy3-
Ka MPOU3BOACTBEHHBIX MOIIHOCTEH M3-32 OAHOBPEMEH-
HOW peanu3any OOJBIIOTO YHCIa HOBBIX IIPOCSKTOB,
YTO MPUBENO K YBEINYEHHUIO HArpy3KH Ha OCTaBIIUIICA
MPEXHUM IITaT COTPYAHUKOB. OAHONW M3 BO3MOMKHBIX
MIPUYAH MOXKET SBIATHCS (DAKTOp CE30HHOCTH, KOTO-
PBIil IPUCYTCTBYET B padOTe MOAPSIHBIX OpraHNU3alui
1 (opMHpYeT TPEANOCHUIKH s HepaBHOMEPHOH 3a-
IPY3KH OT/IeNa CTPOUTEIBHOTO MPOU3BO/ICTBA B BECCHHE-
JIETHUH epuo.

B norouHoi#i cucreme, B KOTOPOW BCE 3JIEMEHTHI
rocTaBlieHbl (paOoThl IO KapTOYKaM 3aBEpILICHBI), Ha-
OmromaeTcss MPOCTas 3aBUCHMOCTh MEXKIy CPEIHUMU
3HAUCHUSIMU TIOKa3aresiel 3a OINpEeAesICHHbIA MEepUO.
DTa 3aBUCUMOCTb U3BECTHA Kak 3aKkoH Jluttna [12, 13]:

CxopocTh 3aBeplIeHUs =

_WiP 27 IIPOEKTOB 1
LT 9,93 MecsIl
rae CKOpPOCTh 3aBEpIICHUS — CpeIHEee KOJIMYECTBO

0TpabOTaHHBIX JIEMEHTOB B KaHOAH-CHCTEME Ha €JH-
HULy BpeMeHH, npumenutensHo k KITO — ckopocts
3aBepIIeHUS MPOEKTOB; WiP — KOIM4eCcTBO 2JIEMEHTOB
B pabore 3a nepuox; LT — cpennee Bpemst mponsBoj-
CTBa, B TEUCHNE KOTOPOTO AIIEMEHT MPOXOANUT OT TOUKH
MIPUHSITHUS 00S3aTENILCTB K TOUKE MOCTABKH.

Hcnons3yst 3akoH JIMTTiA, MpoaHAIN3UPyeM I10-
KazaTelu IO COCTABIIAIOINM KaHOAH-CUCTEMBI C HpH-
MeHEeHHEM NaHHBIX 0 BpeMeHu B mporecce (TiP). Tlox
BPEMEHEM B TIPOIIECCe TTOHUMAETCS TIEPUOJ, B TEUCHHE
KOTOPOTO JJIEMEHT HAxXOJUTCS B paccMaTpHUBacMOM
mporecce [14], Hanpumep TpeOyemoe BpeMs s pac-
yeTa 00beMOB PabOT MO TOJTYYEHHOW MPOEKTHOU JI0-
KyMEHTaIlMK. 3Has MOKa3aTesid BPEMEHHU B Ipolecce,
MOKHO OIPENIENIUTD «IPOITYCKHYIO CIIOCOOHOCTB» UIS
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Puc. 6. Haxorutensuas nuarpamma notoka (Cumulative Flow Diagram)

9JIEMEHTOB KaHOaH-cucTeMbl. KommuecTBo paboumx
9JIEMEHTOB KaK 3aBEPILICHHBIX, TaK U OTOPOIICHHBIX
BBIXOJISIILMX M3 CHCTEMbl Ha €IUHUIYYy BpeMeHH (op-
MHPYET HPOITYCKHYIO CITOCOOHOCTH CHCTEMBI, KOTOpast
N3MeEpSIeTCs B KONMYECTBE PAaOOUNX IIEMEHTOB Ha €/TH-
HUILYy BpEeMEHH:

WiP
[pormyckHas crtocoOHOTH = ﬁ . 2)
i

rae [IpomyckHast CllocOOHOCTh — CpeHee KOINIECTBO
pabo4MX 3IEMEHTOB, BBIXOAAIINX U3 Ipollecca CUCTe-
MBI Ha eAMHKILy BpeMeHnu; WiP — cpenHee koinndecTBo
3JIEMEHTOB B paboTe B paccMaTpHBacMOM MPOLECCE;
TiP — cpennee Bpemst B mporiecce.

ITockonbky B CTPOHMTENBCTBE CPOK BBIIOTHEHUS
CMP 3aBucut ot 06beMa padOT, KOTOPBIH OTIIMYACTCS
JUISL KasKI0TO MPOEKTA, IPOaHaIN3UPyeM CKOPOCTb I10-
CTaBKH U MPOIYCKHYIO CIIOCOOHOCTH ISl TOJTOTOBH-
TeJNBHOTO Nieproa B paccmarpusaemoit KI1O (tabm. 5),
KOTOPBII BKJIFOYAET TOJBKO HMHTEJUIEKTYaJIbHBIM TPYZ
U COCTOUT M3 ITAIOB, OMMCAHHBIX BHIIIIE.

Tabu. 5. PacueT ckopocTH MOCTaBKK M MPOIYCKHOM
CIIOCOOHOCTU CHCTEMBI

IIponycknas
[pomecc Ccroco0HOCTh
(TIPOEKTOB B MeCSIIT)

Pacuer o6bema pabot 6,0
®dopmuposanue JI3K 16,9
[oaroToBka OromkeTa MpoeKTa 18,4
CocraBiieHre CMETHOTO pacuera 4,9
[loanucanue norosopa 2,9

Taknum 00pa3oM, MOMY4YMB 3HAYCHUS] CKOPOCTH
B MPOLIECCE W IPOIMYCKHOH CIOCOOHOCTH ISl Kax-
JIOTO Tpolecca, BO3MOXKHO YCTaHOBHUTH JIMMUTHI He-
3aBepIIeHHON paboTel. BBemeHne wu coOmomeHme
WiP-TMMHUTOB TO3BOJISIET 3aMEHHUTH CHCTEMY «IIPO-
TaJKMBAaHMS) MPOU3BOJCTBA HA CHUCTEMBI «BBITATHBA-
o1I1ero Mpou3BoACTBay |14, 15]. Ileperpy3ka cucTeMsl
Ype3MEepHbIM KOJMYECTBOM YaCTHYHO 3aBEPIICHHBIX
IIPOCKTOB YBEIMYMBAET 0OIIee BpeMsi MPOU3BOJICTBA
paboT 1Mo NpoeKTaM U He JIaeT BO3MOXKHOCTh OpraHn3a-
II{ ONEPaTHBHO OTKJIMKAThCs Ha MOTPEOHOCTH 3aKa3-
YMKOB U PearnpoBaTh Ha BO3HHUKAIOMNE puCKH. [TyTem
HaOJII0/IeHNsT HEOOXOAMMO OTPaHUYMBATh U ONITHMHU3U-
poBaTh 00BbEM HE3aBEpIICHHOH PpaboThl, YTO BIOCHEN-
CTBHM TPHBENET K COKPALICHHIO BPEMEHH HPOU3BOI-
CTBA, NMOBBIMICHUIO KaUeCTBA U YBEIMUCHUIO CKOPOCTH
MIOCTaBKH.

SJAKJIIOYEHHUE U OBCYXIAEHHUE

B mocnennue necsatuieTrs MeTo KaHOaH Halel
HIUPOKOE NPHMEHEHHE HE TOJNBKO B IIPOU3BOJCTBE,
HO U B IpyTuX oTpacisx [16—18], Bkiroyas cTpOUTEIh-
CTBO.

Meron kaHOGaH 1o3BoONIIET C(HOPMUPOBATH MOHH-
MaHHe TOr0, KaKhe MPOLECCH MPOXOIAT B KOMITaHHH,
YCTaHOBHUTD B3aWMOCBS3U MKy HUMH, a TAKXKE OIpe-
JICTINTh, C KAaKKMM 00bEMOM 33/1a4 MOT'YT CIIPaBUThCSI CO-
TPYAHUKH 32 €MHUILY BPEMEHU U Kakoid 00beM padoT
MOXXET OBITh C/IaH 3aKa3zdukaM. 1o 1ocTmkeHnn Tako-
TO MOHMUMAHHS MOXKHO IEPEXOIUTh K COBEPIIEHCTBO-
BaHUIO 3aJa4 U IPOLECcCOB Iy Oonee paBHOMEPHOIO
pacnpezeneHus 3a4ad ¥ IUIAHUPOBAHUS PE3yJIBTaTOB.
B Xome cOBepLICHCTBOBAaHHS IPOLIECCOB yCHIMBAET-
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Csl B3aUMOJICHCTBHE MEXKIY COTPYAHHKaMH, a BMECTE
C HUM IOBBIIIAETCS KAYECTBO.

[IpumMeHeHne MeTona KaHOAH B KPYIHBIX IOJI-
PSHBIX OPTaHW3ALMSIX CTPOUTENHEHOTO CEKTOpa MO-
KET 3HAYUTEJIbHO YIYUIIHUTh KaK YIIPaBJICHHUEC ITOTOKOM
MIPOEKTOB, TaK M OM3HEC-MPOIECCaMH, TOBBICHTh (-
(EeKTUBHOCTh MCHOJB30BAHHSI PECYPCOB U YIYUIIHUThH
KOMMYHHMKAIMIO C 3aKa3uMKaMu. DTOT METOA Ipeio-
CTaBJIIET MHCTPYMEHTBI ISl BU3yallU3alllH, yIpaBiie-
HUSI M ONTUMH3ALIH PabOUYHX MPOIIECCOB.

K nmpenmymiectBaM BHEAPEHUS KaHOAH B KaueCTBE
nHpopMannoHHo# cuctemsl B fesrenbrHocTr KI1O cre-
JIyeT OTHECTH:

* BU3yaJIM3alMI0 TIpoLlecca YIPaBICHHUs IPOEK-
TaMH: METOJl KaHOaH oOecnednBaeT HANIAHOE TIPE-
CTaBJICHUEC TCKYIIUX 3aJia4 U 5TAIIOB BBITIOJTHEHUA IIPO-
€KTOB, YTO CLIOCOOCTBYET IPO3PAYHOCTH ¥ HOHUMAaHHIO
craryca pabor;

* ONTUMHM3AIMIO TIPOLIECCOB: MyTEeM aHaJIN3a JaH-
HBIX KaHOAH-CUCTEMbI KOMITAHUU MOTYT BBISIBUTH y3KHE
MecCTa, U30BITOUHBIC ATANbI ¥ Apyrue GpakTopsl, Mena-
formye YPPEKTUBHON peanu3auy mpoekTos [19];

* 'THOKOCTh M aJalTHBHOCTH: KaHOAH TO3BOJISIET
JIETKO BHOCUTH M3MEHEHHUS B HMPHOPUTETHI M PacIpe-
JIeJICHUE PECYpCOB B OTBET Ha HOBBIE TPEOOBAHMS MIIN
MPOOIIEMEBI, YTO OCOOCHHO Ba)KHO B CTPOUTEIBCTBE, HC-
XOZIsl U3 €ro JMHAMUYHOM TPUPO/BL;

* KOHTPOJIb HAJ padOYNMH IMOTOKAMH: METO]] KaH-
0aH JaeT BO3MOXKHOCTH OoJiee 3p(heKTHBHO yIpaBisITh
pabounMH MOTOKaMu, MPEIOTBpaIiasi MeperpysKy co-

TPY/ZHUKOB U oOecreunBasi paBHOMEPHOE pacrpesielie-
HUE 3a/1a4;

* [IOCTOSTHHOE YIYYIICHNE IPOLECCOB YIpaBile-
HUSI: aHaJIW3 METPUK KaHOAH M CHCTEMAaTHYECKOE H3-
YUEHHE IPOIIECCOB MOOMIPSIIOT MOUCK BO3MOXKHOCTEH
JUISL TIOCTOSIHHOTO YiTydnIeHHst 3pEeKTHBHOCTH 1 Kaue-
CTBa YIPaBIJICHHUS MPOCKTAMHU B CTPOUTEIIHCTBE;

* HHCTPYMEHTApUil UId aHATUTHYECKOH pabo-
ThI: HAKOMMTENbHASl JUarpaMMa IOTOKa SIBISIETCS T10-
JIC3HBIM UMHCTPYMCHTOM I HAINIIAHOIO U 6bICTpOFO
aHaJM3a II0TOKa ITPOEKTOB, OTCJIEXKHMBAS W3MECHCHMS
BO BPEMEHH, AHarpaMma o3BOJIsIET paclo3HaTh CUTHA-
JIBI JUISL BMEIIATENBCTBA, ISl TOTO YTOOBI pa3o0parhes
B BO3HHKAIOIIHNX npo6neMax " MPEIATCTBUAX B ITOTOKE
pabotsl. OHa He TOJNBKO TOMOTaeT HaWTH MpoOiiemy,
HO M B INHAMUKE TTOKa3bIBAET, HACKOJIBKO YCIICITHO OHA
pemraercs. Ha ocHOBe muarpaMMbl Takke MOXHO ycTa-
HOBUTb, JUISl KaKUX 3314 CJIEAYET YBEJIUYUTH MPOH3-
BOACTBCHHBIC MOIITHOCTH,

* BO3MOYKHOCTb ONITUMH3AIIH CPOKOB peain3aiuu
OT/ICJIBHBIX MPOLECCOB: MPOIOLKUTEIBHOCTD TPOIIEC-
COB MOXHO aHAJIM3MPOBATh AHAJOTUYHO CTOUMOCTH,
OINITHMU3AIMS BPEMEHH B ITPOIIECCE CHUKACT U3ACPIKKU
CTPOUTEIIBHOTO MPOU3BOJICTBA.

Takum 00pa3om, Ha OCHOBE IOJYYEHHBIX PE3YJb-
TaTOB ONPEJICIICHBI HEOOXOMMBIE YCIIOBHS [UIsl BHEpE-
HUSI CUCTEMBI KaHOAH C LENbI0 TUITAHWPOBAHUS W KOH-
Tpoist motoka mpoektoB B KIIO. IToaroroBka stamon
TJIAaHUPOBAHUA U KOHTPOJIA IIPpU pCain3aliin IMPOCKTOB
B CTPOMTENILCTBE SIBJISICTCS IIEPBBIM IIaroM Ha ITyTH
K JOCTIKEHUIO 3(h(heKTHBHOM pabOTHI KOMITAHHH.
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INTRODUCTION

Traditionally, construction production is con-
sidered as a set of works, the realization of which is
aimed at achieving the project objectives. This view of
the construction production process is present both in
traditional methods of construction organization and
in modern methods, but this approach has a number of
disadvantages [1]. The alternative to the traditional ap-
proach is the consideration of construction production
as a set of flow processes of value creation and associ-
ated costs.

The realization of a construction project involves
two main processes:

* preparatory, which is a step-by-step refinement
of specifications, where the customer’s needs and de-
sires are transformed into requirements and then into
detailed designs. At the same time, it is a process of

identifying problems and risks associated with project
implementation and developing ways to address them;

e project implementation process consisting of
several types of flows: delivery and processing of ma-
terials, work processes of construction teams, others re-
lated to control and maintenance of the main processes
(author’s and technical supervision, project manage-
ment, etc.).

The steps listed are characterized by their cost,
quality and duration, which need to be measured and
monitored.

The growth of a contracting construction company
is associated with an increase in the number of projects
where work is taking place simultaneously, which en-
tails a large flow of information within the contracting
company that needs to be processed. In practice, there
are often problems with the exchange of information
between the company’s divisions, as well as a large
number of different tabular forms for storing and sys-
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tematizing information about processes, as a large
amount of information becomes difficult to process and
perceive by employees. There is a sufficient number of
software products to facilitate information exchange,
but their introduction and application in such a conserv-
ative area as construction production remains at a low
level, especially in terms of project management and
cost control' [2—14].

Achieving a balance between production capaci-
ties and orders, as well as even loading of employees is
a complex practical task. Thus, there is a need to create
a unified and visualized system of project flow man-
agement in a contracting organization, which confirms
the relevance of the research topic.

This paper examines the organization of project
workflow in a large contracting organization (LCO)
as a flow system with construction projects as its ele-
ments. The study was conducted to evaluate the appli-
cation of kanban system to organize workflow in LCO
of the construction sector.

MATERIALS AND METHODS

The kanban method, developed by the Japanese
company Toyota in the 1950s and which became one of
the key elements of the Lean construction system [14],
is a systematic approach to production management.
This method is designed to optimize production and
business processes, eliminating redundant resources
and increasing efficiency.

The kanban method, according to [14], is a method
for defining, managing and improving processes and is
widely used for the purpose of creating and manag-
ing flow systems. According to research conducted in
Agile-organizations [14], kanban is used both indepen-
dently and in conjunction with other systems such as
Scrum.

Kanban, as an information system, makes it pos-
sible to bring together all the company’s departments,
establish links between them, as well as links between
different processes, and then coordinate the flow of
value creation according to the available demand [14].

In Japanese, kanban means “record” or “plate”.
Toyota created and implemented a special card that acts
as a signal informing about the need to produce an ad-
ditional number of parts [14]. The method developed
by Toyota was called Lean and found wide application
in production, and then it was adapted for construction,
thus the term Lean construction or “lean construction”
appeared.

The scientific literature identifies four main con-
cepts of Lean as lean construction: “just-in-time”, cre-
ating a continuous flow, continuous improvement and
organising a “pull production” system [14].

The first just-in-time principle means working
without inventories: the production process should be

" AutoBOP service. URL: https://pik.digital/blog/120
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provided with resources in the right quantity and when
needed just-in-time without creating warehouses [ 14].

The principle of continuous flow means that pro-
duction flows must not stop. Its continuity must be
guaranteed through systematic short-, medium- and
long-term planning, which determines the amount of
work to be produced.

The system of “pull production” is a scheme of
production organization in which the scope of work and
deadlines at each production stage are set by the needs
of subsequent stages, and ultimately by the needs of
the customer. In this way, the accumulation of inven-
tories or tasks for a unit is prevented, which leads to
optimization of the company’s performance [1].

The principle of continuous improvement is
the pursuit of excellence and is a valuable tool for con-
trolling and improving processes, in which all employ-
ees of the company should be involved.

Measurement and monitoring are emphasized in
the concept of lean manufacturing because continuous
measurement enables the process of improvement by
identifying potential for improvement [1].

It is worth noting that the Lean concept also has
a specific approach to measurement, which aims to
reduce wasted [2, 3] time and resources, as well as to
optimize processes and reduce the time per process of
the production flow. Measurement data is needed for
several purposes: to stimulate internal organizational
improvement and project comparison, as well as to de-
fine goals in LCO.

The kanban method involves the implementation
of feedback loops to coordinate delivery and improve
service delivery. The most commonly used tools for
feedback loops are regular meetings and discussions
called cadences.

Visualization of work processes. The kanban meth-
od is based on the visualization of intangible activities
in order to organize the correct operation of the system,
and to achieve a balance between the company’s pro-
duction capabilities and orders using visual cues.

Depending on the scale of application of the meth-
od, the kanban system can be applied to a single process
or cover the work of different departments with differ-
ent levels of detail of processes and links between them.

To visualize the work when implementing a kan-
ban system, companies use cards that are placed on
a kanban board (Fig. 1). As processes are completed,
the card is moved along the columns in the kanban
board from left to right until the work on the card is
completed. Process visualization can be implemented
either on a physical board or digitally using special soft-
ware.

RESEARCH RESULTS

The LCO selected for the analysis uses an infor-
mation system to plan and control the execution of key
project events. Based on the information received on
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Fig. 1. Example of a physical kanban board

planned and executed events, we will analyze the dura-
tion of the project implementation phases and visualize
it through the construction of diagrams.

The following processes serve as the inputs for
which the analysis was conducted and which relate to
the main metrics of the kanban system:

e determination of the average production time
(Lead Time — LT);

* establishment of Customer Lead Time, the pe-
riod from the conclusion of the contract to the delivery
of the facility;

Table 1. Stages of kanban system implementation

¢ determining the speed of delivery;

* construction of a scatter diagram by time of work
completion;

* construction of an accumulative flow diagram.

Based on the results of the analysis, recommenda-
tions are formulated to improve LCO performance.

In the case of project flow organization in LCO,
the cards are construction projects that go from receiv-
ing a request from the customer, to processing and im-
plementing it, and then delivering the project.

Implementation of the kanban method in LCO in-
cludes separate stages, the list and description of which
are given in Table 1.

Since the construction process is inherently flow-
based, let us consider the application of the kanban
method to LCO that specializes in the construction of
utilities. In order to realize this objective, we will ana-
lyze the approaches to work organization in LCO.

Contractors perform construction and installa-
tion works (CIW) and other specialized services under
contract with the client. Project work in LCO can be
divided into the following sequential stages or project
milestones shown in Table 2.

Depending on the level of detail required, more or
fewer project milestones can be identified, and multiple

Stage Title

Description

1 Current status survey

Examining the current state of business processes in the company includes
analyzing existing workflows, identifying bottlenecks and determining areas where
the kanban method can be most useful

2 Process visualization

The next step is to visualize business processes using kanban boards. Each stage
of a project or business process is represented as a separate column on the board,
and tasks are labelled with cards. This method allows all process participants to
see the current state of the work being done and to prioritize tasks

3 | Workflow management

Using the kanban method gives you the flexibility to manage the flow of work.
When new tasks appear, they can be added to the board and the team will start
working on them, while taking into account priorities and available resources. In
kanban, work in process is constrained to balance the use of resources while still
ensuring the flow of work

4 | Monitoring and optimization

Table 2. Stages of project implementation

The kanban method also provides tools to monitor performance and optimize
business processes. By analyzing task times and processing data from the board,
bottlenecks can be identified and improvements can be made

Stage name

Scope of work during the implementation of the stage

Preparatory phase

* participation in the tender;

* obtaining project documentation;

* calculation of the scope of work;

* determination of prices for materials (collection of commercial proposals from suppliers)
and drawing up limit and intake cards (hereinafter referred to as LIC);

* preparation and approval of estimates;

« conclusion of a contract with the customer;
* preparation of the project budget

Project implementation

permits

« transfer of the construction site;

* the beginning of construction and installation work (hereinafter referred to as CIW);

» completion of construction and installation works;

» commissioning of the facility and obtaining certificates of compliance and commissioning

189

(2612 3nSS1 DL 10N gpannseg



Science a[il':lnglll:llll:callllnlll:l “0I' 14- Iss“e 2 [52]

Alexandra E. Lebedeva, Irina V. Karakozova

levels of detail can be established and a second level
process chain can be developed for each of the first
level events. Thus, a kanban board for LCO may look
like the one shown in Fig. 2. The numbers in brackets
denote the work-in-progress limit for the process.

This paper analyzes the activities of LCO, which
is part of the PIK Group of companies — the larg-
est property developer in Russia. To plan and control
the fulfilment of key events in the project construction

Preparation :
Inquiry of a commercial . S::cmiﬁzm
proposal gre

Object 9

Object 6

Object 10

Object 7

Obiject 4

Object 11

Fig. 2. Example of a kanban board for LCO

process — project milestones, the group of companies
has developed a digital service “AutoBOP” [14].

The system visually displays the processes for
each project with indication of deadlines and re-
sponsible employees (Fig. 3), which allows planning
the construction of objects, creating linked chains of
events of objects, as well as provides the ability to
download documentation on events and its coordina-
tion (Table 3).

Start Completion
of construction of construction Project
and installation and installation delivery
works works

Object 12

Object 16

Object 1

|
3 Mo v o o O Mpwun s comsconsase @ B &1 2 @ 3
(] 4 Hamazsing vt Mpousce Crarye Duw Mperasa Maas = Mporion
& Mpocposeime cobume o >
u Potnom
3 SHOST O s 2Bt oy i R i ® * ook san B
ngass Ovcwsanne CTResrsa pafor E?EE::?::':S.W“. L] " m—u;; w;::\; ®
I e S o IR &oOEE R
el v e S wer @ = o e B
w7 m":w‘ﬂ'""wm :";‘::'n_,%m_,.wu_ :‘ "“‘ﬂ'L"w @ " — i
Crpontensa, Qo 1& pr—
Fig. 3. AutoBOP system
Table 3. Register of events (project milestones)
éﬂg ~ B wn © 5 s 2 L‘a é()
22 | 88 | EE | B2 | *® w5 | 38 | BE% |eg3:
-~ <= ELE ‘_‘8 g 2 C:% o% §§ ;:Qg ;O%QH
|31 z S 22 g0 S =2 28 on £ 72 = 2 S 9 4 3888 3E
2| 5% g 9 o % g8 B E £ 5 SE= | B58 |[E2REE
< = = 2 &8 5.2 == =1 SR a5 E 25 £ o
o 5 5 E 8 £ E g5 g2 @ o SEZ | EEE |F2EEZ-
Z g s 2 2 2 & 2 ° 2 Sz 52T @828
E2 | 2 | R | fz | = EE | 95E Tz
= '8 = ﬁ o= =
1 [27.07.2022{29.07.2022| 18.08.2022 | 22.09.2022 | 24.09.2022 | 24.09.2022 | 06.10.2022 | 20.07.2023 | 11.08.2022
2 110.05.2022|15.05.2022| 17.05.2022 | 15.07.2022 | 29.06.2022 | 25.10.2022 | 30.06.2022 | 18.09.2023 —
3 [14.03.2022{22.03.2022{29.03.2022 | 21.09.2022 | 26.05.2022 | 28.11.2022 | 27.05.2022 | 03.03.2023 | 04.09.2023
85 122.06.2022|24.06.2022 | 27.06.2022 | 12.11.2022 | 10.11.2022 | 12.11.2022 | 17.11.2022 | 15.06.2023 -

190




Application of the kanban method to the analysis of project flow
in a large contracting organization of the construction sector

P. 178-194

Let us analyze the project milestones by kanban
method, using data on planned and executed events
from the AutoBOP system for LCO facilities imple-
mented in 2022 (Table 4).

Table 4. Number of executed events in the considered LCO
in 2022

Number
Event name of milestones
completed
Obtaining design documentation 105
Calculation of the scope of work 104
Drawing up limit and intake cards 100
Signing the contract with the customer 90
Preparation of the project budget 95
Preparation and approval of estimates 99
Start of construction and installation works 85
Completion of construction and
) . 58
installation works
Handing over the object and obtaining 27
certificates

As can be seen from Table 4, during the period un-
der review LCO received design documentation for 105
new construction projects, started construction of 85,
completed 58, while the conclusion on compliance of
the performed works with the state construction super-
vision authorities was received during the period under
review only for 27 of them.

Table 4 summarizes the dates of these events,
which represent the flow system of project implementa-
tion in the LCO under consideration.

The project work goes through various stages from
receiving the project documentation to the delivery of
the project. In order for this flow system to become
a kanban system, it must define:

« signals defining the work in progress (WiP) limit;

* the point of commitment and the point of de-
livery.

In our case, the commitment point is the conclu-
sion of the contract with the customer, and the deliv-
ery point is the delivery of the construction project.
In accordance with the kanban method, a number of

queued requests are formed before the commitment
point, which the company can accept into work or re-
fuse to realize. In construction, this stage, depending on
the forms of LCO ownership, is called tender work or
preparatory stage of investment and construction pro-
ject realization.

The period of time that an element of the system
spends in the process between the commitment point
and the delivery point is called Lead Time (LT) or kan-
ban time. At the same time, Customer Lead Time is
the period of time during which the customer waits for
the delivery of an item [14].

In the article, the time from the start of construc-
tion and erection works to their completion is taken as
the production time, the waiting time of the customer is
the period from the date of the contract conclusion to
the commissioning of the object. The period of the con-
struction object being in the kanban system is from
the receipt of the request and project documentation
from the customer to the commissioning of the object.

To visualize the results of the customer waiting time
calculation, a scatter diagram is constructed (Fig. 4).

The time from the moment of contract conclusion
to the object delivery ranges from 0.2 to 17.8 months,
the average waiting time is 8.5 months. However,
the time of works production is within 0.2—14.8 months
(Fig. 5). On average, the production of construction and
erection works takes 6.7 months and the preparation
period takes 7.6 months. The total time in the kanban
system of the construction object is up to 23 months.

Scatter diagrams clearly illustrate information
about actual timelines that can be used for planning
and setting company goals. In the case under considera-
tion, based on the data shown in Fig. 5, it can be con-
cluded that the company needs to optimize the length
of the preparation period, because between the stage
of preparation of estimates and the start of work on
the object there is a significant time lag for some ob-
jects, while for others it takes a few days.

The set of elements that are in the kanban system
at any given time, as well as the number of such ele-
ments is called work in progress (WiP). Setting limits
on the number of projects for each stage of work allows
you to avoid overloading departments and optimize
the work of the system as a whole.

Customer Lead Time

20.0

16.0
14.0
12.0
10.0 o
8.0
6.0 . ? * 4 &
4.0 o
2.0 ®

Production time, months

18.0 @

c". =
&

s 1) “J cegq ® H

23.07.2021 31.10.2021 08.02.2022 19.05.2022 27.08.2022 05.12.202215.03.2023 23.06.2023 01.10.2023 09.01.2024 18.04.2024

Date of delivery

Fig. 4. Scatter diagram of the customer’s waiting time from the date of the contract conclusion to the delivery of the object
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Fig. 5. Scatter diagram of the time of construction and installation works production and duration of the preparatory period

The rate at which project milestones are met is
called the delivery rate. It is calculated as the inverse
of the time between the last two events, and the aver-
age delivery rate for a given period can be calculated
as the result of dividing the number of deliveries by
the length of the time period.

Based on the data on the closing dates of all pro-
jects (Table 4), let us build a Cumulative Flow Diagram
(CFD) (Fig. 6).

The vertical axis shows the number of complet-
ed events by cumulative total, the horizontal axis on
the chart is the time scale, each work item undergoes
all types of activity over time until all work on the con-
struction project is completed. The diagram serves as
a visual representation of the system’s operation and
also provides a quick assessment of the current state of
the system and its key metrics. By analyzing the cumu-
lative flow diagram, it is possible to identify problems
and weaknesses that LCO may face, which is one of
the main advantages of using the kanban method.

While ensuring an even workload, the width of
the areas on the diagram will remain the same, this is

120
M Obtaining design documentation
B Calculation of the scope of work
100 & Drawing up limit and intake cards

"] Preparation of estimates
M Signing a contract
80 [ Start of construction and installation work

I Completion of construction and installation works
B Handing over the object and obtaining certificates

60

40

20

0

Fig. 6. Cumulative Flow Diagram
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the ideal scenario of the company to which the manage-
ment should strive, thereby ensuring smooth function-
ing of the entire system and even distribution of work
among the departments, while an uneven width of any
area is a signal that there is a problem in the process.

In the diagram above (Fig. 6), one can notice
an unevenness in the width of the areas, which indi-
cates deficiencies in the organization of the system’s
work; the green area, showing the number of estimates,
expands in the first third of the diagram, and then
the dynamics is repeated by the line of the beginning
of the construction and assembly works, while the line
of work completion remains uniform. Thus, there is
an overload of production capacity due to the simulta-
neous implementation of a large number of new pro-
jects, which has increased the load on the remaining
staff. One of the possible reasons may be the seasonal-
ity factor, which is present in the work of contracting
organizations and forms the prerequisites for uneven
loading of the construction production department in
the spring and summer period.
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in a large contracting organization of the construction sector

In a flow system, in which all elements are supplied
(card work is completed), there is a simple dependence
between the average values of indicators for a certain pe-
riod. This dependence is known as Little’s law [12, 13]:

Completion rate = W_IP = 27 =3.162% ects
T 993

where Completion rate is the average number of items
worked in the kanban system per unit of time, for LCO
it is the project completion rate; WiP — number of ele-
ments in operation per period; LT — average produc-
tion time during which an element passes from the point
of commitment to the point of delivery.

Using Little’s law, let us analyze the indicators for
the components of the kanban system using time-in-
process (TiP) data. Time in process means the period
during which an element is in the process under consid-
eration [14], for example, the time required to calculate
the amount of work on the received design documenta-
tion. Knowing the indicators of time in process, it is
possible to determine the “throughput” for the elements
of the kanban system. The number of work items both
completed and discarded leaving the system per unit
of time forms the throughput of the system, which is
measured in the number of work items per unit of time:

Throughput = \E’, (2)
TiP
where Throughput is the average number of work items
leaving the system process per unit time; WiP is the aver-
age number of work items in operation in the process un-
der consideration; TiP is the average time in the process.
Since in construction the lead time depends on
the scope of work, which is different for each project,
let us analyze the delivery rate and throughput for
the preparatory period in the considered LCO (Table 5),
which includes only intellectual labour and consists of
the stages described above.
Thus, by obtaining the values of speed in process
and throughput for each process, it is possible to set lim-
its for work in progress. Introducing and enforcing WiP
limits allows replacing the “push production” system
with “pull production” systems [14, 15]. Overloading
the system with an excessive number of partially com-
pleted projects increases the overall project production
time and prevents the organization from being able to
respond quickly to customer needs and react to emerg-
ing risks. Through observation, it is necessary to limit
and optimize the amount of work in progress, which
will subsequently lead to reduced production time, im-
proved quality and increased speed of delivery.

()

month

CONCLUSION AND DISCUSSION

In recent decades, the kanban method has found
wide application not only in manufacturing but also in
other industries [16—18], including construction.

The kanban method helps to develop an under-
standing of what processes are going on in the com-
pany, to establish interrelationships between them, and
to determine how many tasks employees can handle per

Table 5. Calculation of delivery rate and system capacity

Throughput
Process (projects

per month)
Calculation of the scope of work 6.0
Drawing up limit and intake cards 16.9
Preparation of the project budget 18.4
Preparation of estimates 4.9
Signing the contract 2.9

unit of time and how much work can be delivered to
customers. Once this understanding is achieved, you
can move on to improving tasks and processes to more
evenly distribute tasks and plan for results. As process-
es are improved, communication between employees
increases and with it quality.

The application of the kanban method in large
contracting organizations in the construction sector can
significantly improve both project flow and business
process management, increase resource efficiency and
improve communication with customers. This method
provides tools to visualize, manage and optimize work
processes.

The advantages of implementing kanban as an in-
formation system in LCO operations include:

* visualization of the project management process:
the kanban method provides a visual representation of
current tasks and project milestones, which facilitates
transparency and understanding of the status of work;

* process optimization: by analyzing kanban sys-
tem data, companies can identify bottlenecks, redun-
dant steps and other factors that hinder the effective
implementation of projects [19];

« flexibility and adaptability: kanban allows for
easy changes in priorities and resource allocation in
response to new requirements or challenges, which is
particularly important in the construction industry due
to its dynamic nature;

 workflow control: kanban enables more efficient
workflow management, preventing employee overload
and ensuring an even distribution of tasks;

e continuous improvement of management pro-
cesses: kanban metrics analyzes and systematic process
studies encourage the search for opportunities to continu-
ously improve the efficiency and quality of construction
project management;

« analytical tools: the accumulative flow chart is
a useful tool for visually and quickly analyzing the flow
of projects by tracking changes over time, the chart al-
lows you to recognize signals for intervention in order to
understand emerging problems and obstacles in the flow
of work. It not only helps to find the problem, but also dy-
namically shows how well the problem is being solved.
The diagram can also be used to identify for which tasks
the production capacity should be increased;

« the possibility of optimizing the timing of individ-
ual processes: the duration of processes can be analyzed
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in a similar way to cost, optimizing the time in the pro-
cess reduces the costs of construction production.

Thus, based on the results obtained, the necessary
conditions for the implementation of a kanban system to

plan and control the flow of projects in LCO were identi-
fied. Preparation of planning and control stages in the im-
plementation of projects in construction is the first step
towards achieving efficient operation of the company.
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