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Ne Hata KpaTkoe coaepxaHue Bannbi (00)
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cbopke TC. XopoLune npumepbl.
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[1TnaH paboThbl
KomaHgoam BMecTe C  npenogaBaTenemMm  npoaHanmanpoBaTth
nony4yeHHble 3ame4vaHua no TK n KK.

BHECTM KOPPEKTUPOBKM B TEXHONOrMYEeCKNe W KOMIMIIEKTOBOYHYIO
KapTbl.

N3yuntb metoabl «bepexnneoro nponssoacrean.



NMopsaok aencrteun. Noyemy Tak, a He UHa4ve?

JAuckpeyuoHHbIU TUN

(HeobA3aTENbHbLIN)

AmnepamueHbIU TUN IJKCmMepHasibHbIU TUN

(nornyecku BbIHYXAEHHbIN) (KOHTpONUpyeMbIin N3BHE)



CeTeBoe nnaHnpoBaHue NnpoekTa

 Cemeeoe niaHuposaHue — Memoo aHasiu3a CpOK0o8 (paHHUX U
MO30HUX) Ha4aria U OKOHYaHUs1 Hepeariu308aHHbIX Yacmeu
rpoekKkma, rno3eosisiem yesidams 8bINOJTHEHUE pa3fu4dHbIXx pabom u
rpoueccos 80 8pPeEMEHU, osly4us rnpo2Ho3 obwel
rnpooo/mKumerbHocmu pearsu3ayuu 8cez2o rpoekma.
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CeTeBasd Moaenb NpoekKkTa

e CeTeBasi Moaenb NpoekKkTa — 3TO MoAerNb, B KOTOPOWU NPOEKT
npeacTaBfieH MHOXXECTBOM B3aMMOCBA3aHHbIX paboT. [ns Toro, 4Toob!

YCTaHOBUTb CETEBYIO MOAESb MPOEKTAa, HY>KHO onuncaTb, Kakue
B3aMMOCBSI3M N0 BPEMEHU Hayarna n 3aBepLUEHNS CYLLECTBYIOT MeXAy
ero paboramu (naketamu paboT, onepaunamm). YoobHO ceTeByO
MOJErNb NpoeKTa NpeacTaBnaTb rpaddnUyeckn B BUAE CETEBOM
auarpammbl (CeTeBoro rpaduka).

e CeTeBast guarpamma (ceteBou rpacdumk) — oT0 npeacraBrieHne
CETEBOW MOENN C MOMOLLbIO OPUEHTUPOBAHHOIO rpada (B KOTOPOM Bce

pebpa npeacTaBnsaloT cOOON CTPEnKN).

e 'padch — reomeTpunyeckaa urypa, Coctodlliaa n3 MHOXeCcTBa TOYEK
(BepLUMH rpadha) n CoeanHALLKMX 3TN TOYKU NHUK (pebep, ayr).



CeTeBasd Moaenb NpoekKkTa

= Mogenb - «paboTbl HA gyrax»
= Moaenb - «paboTbl B y3rnax»
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OTHOLIEeHUA Mexay Kaxaoun pabor
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Onepauus B (Successor Activity) He moxeT

Ha4yaTbCs 4O 3aBepLieHus onepauvm A
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OnpepeneHue nocrnenoBaTesibHOCTU U B3aUMOCBA3U
paboT

PesynbTaT: ceTteBas guarpamma

« Kaxpgas pabora uMeeT CBsi3b C NPeaLIeCTBYIOLLEN

« Kaxaas pabota MMeeT cBs3b C nocneayoLen

* Het uuknos ceszen

Hauano »| H » F p—» G KoHeu
Ouswws-crapr + 15
Crapr-crapr + 10
—i | ] ]




bepexnneoe Npon3BoaCTBO.
Lean Production

Lean Production, Lean Manufacturing ato
KOHLIenuunsa ynpasfeHnsa npon3BoaCTBEHHbIM
npeanpusatnem. OHa oCcHOBaHa Ha NOCTOSIHHOM
CTPEMSIEHUN YCTPAHNTb BCE BUAbI MOTEPD.
bepexnuBoe Npon3BOACTBO Npeanonaraet
BOBJIEYEHME KaXXQoro CoTpyaHMKa B npouecc
onTUMu3aumm busHeca n MakcumMarsnbHYH
opueHTauuto Ha notpebutenda. OHa nosBmnach
Kak MHTepnpeTauna ngen npom3BoacTBEHHOM
cuctemMmbl Tonota amepuKaHCKUMU
nccnegosaTtenaMmm ee peHomeHa.



Toyota. [pnHuMn pacyeTa UeHbI

MHorve komnaHuu onpeaensitoT LeHy cBoel NpoayKunnm Ha oCHOBE NPUMEHEHUSA OCHOBHOIO
LleHOBOro npuHuuna:

3arparbl + Mpubbinb = MNpoaaxHan yeHa
KomnaHua TonoTa He NpUHUMaAET HU 3TOW (PopMynbl, HU 3TUX apryMeHToB. [10CKONbKY
Haanexalwlyro nNpoAaXXHYH LUeHy Bcerga onpegensieT pbiHOK (notpebutenb), KOMMNaHus
TolioTa npuMeHseT «beasaTpaTHbIn» (non-cost) npuHUMA:

MpopaxHan yeHa — 3arpartbl = [MpUdLINL
Mo aToi hopmyne eAUHCTBEHHbIN NYyTb NOBLILLEHUA NMpubbINKM — CHUXaTb 3aTpartkl. Jltobas
KOMNaHUA MOXET CTPEMUTBLCA YCTPaHATb MOTepu, HO MoKa OHa onpegenseT LeHy
npubaeneHnemM 3artpart K npubbinu, ee ycunua, ckopee Bcero, Oyayt 6esycneluHbIMU.
TonbKo €cnn CHWXEeHWe 3aTpaT CTaHOBWUTCS CPEeACTBOM ANs noaaepXaHus npubbinu,
KoMnaHua ByaeT NoONHOCTLIO MOTUBUPOBaHA ANS YCTPpaHEeHUS NOTepb.

ueHa

3arparthbl

Mpubbinb <




NMovHUKMNbLI NDOU3BOACTBEHHOU cuctemMbl Tovota

[TponsBoacTBeHHaa cuctema Toyota oCHOBbIBaeTCcs Ha
cnefyrLwmx OCHOBHbIX NPUHLUMNAX:

v'yBaXEHMNE K YENOBEKY;

v aBTOHOMU3aALUUS;

v «TOYHO BOBpemMs» (just-in-time);
v'yCTPaHEHne BCEX BUA0B NOTEPL



[TpyHUMN aBTOHOMM3aL U

v CHWKeHne 3aBnucmmocTu paboTbl 0bopyaoBaHus OT oneparopa
v Tnbkas Npoun3BOAUTENBHOCTb

v [Mpo3spayHoe NpPon3BoACTBEHHOE NNaHNPOBaHME

v BbICTpOE peLueHne npobnem

v CaMOCTOATENBbHOCTb B IENCTBUAX MO YITYYLLEHUIO



JiT -Justin Time

[pyHUMN  «TOYHO BOBPEMSI» 3aKMKOYAETCA B TOM, 4YTO BO BpEMS
NPOU3BOACTBEHHOrO npouecca Heobxoaumble Ans  cOOpku  Aetanu
OKa3bIBAKOTCA Ha NPOU3BOACTBEHHOWN NUHUN CTPOro B TOT MOMEHT, KOrga 3To
HY>XHO, U B CTporo Heobxoagumom konu4yecTtee. B pesynbrare, KOMNaHus,
nocneaoBaTenbHO BHeApAlWas NoAOOHbIN NMPUHLUWN, MOXET A00uTbCS
CBEAEHUSA K HYIO CKNajCKux 3anacos.



OAOHO U3 OCHOBHbIX NOHATUN BbepexxnuBoro
Npon3BOACTBA - NOTEPU

Myaa (MUDA) «notepu»
Nobble AencTBUA, yBENUYMBaOLWME U3AEPXKYN, 6e3 yBenuyeHus
LLleHHOCTW NPOAYKTa.

Mypa (MURA) «HepaBHOMEPHOCTb»
A3MeH4YMBOCTbL B MeTOAaX paboThl UNK pesynbraTax npoecca.

Mypu (MURI): «usnuiuex»
HanpsxeHue, neperpyska (CBepxypo4Hasa pabora) yenoseka unu
obopyaoBaHusl, Hepa3yMHOCTb.



AHanus (ayguT) noTepb Ha NpPpoU3BOACTBe

He pobGaesnsaior ;
LEHHOCTb

] : > Mortepu!

1 paHCrnopTupoBKa




Bpems ocyuiecTtBneHus npouecca

EE Bpemsda obpaboTen I lNMoTepu — BCce ocTanbHoOeE Bpema

= __ 1.10
= 100
-

InaBHaa uenb NPMMEHEeHUa UHCTPYMEHTOB bll:
CORpalleHue spemenu florenb




[NencTtBuAa, pobaBnsoLwme LEHHOCTb

B ntobom npouecce ao 95% Bcex onepauumit He 406aBAAOT LLEHHOCTHU:

OeucTBUA, gobasnswowme
LleHHOCTb

[encTBuA, He
pobaBnsiomMe LIeHHOCTb



norepu

Kak 3aKa3uMkK, Bbl MOXETe Nerko onpeaenutb Te
NEeHCTBUSA, KOTOpble HeCyT BaM LIeHHOCTb. Bce ocranbHblie
NEeHCTBUSA, 3a KOTOpbie Bbl HE COrlacHbl MNAaTHUTb, HECYT
noTepu pecropaxy.

B Halei noBcefHeBHoH [AeaTeIbHOCTH
CYLECTBYET MHOXECTBO [eHCTBII,
KOTOPpbIE [TOr/I0L3I0T HalLM Pecypcsbl
(Bpemss min Venns), Ho He NPHHOCAT
LIEHHOCTH. 3T0 — [IOTEPH, KOTOpbIE
cneqyer YCTpaHATh.

Kpyr
eXeHEeBHbIX

3afay

Oencrena, nobasnawuwmne
LI€HHOCTb, COCTaBNAKOT /INLb
5-20% exxeHeBHbIX 33134




3AKA34HUK

Jlwoboe pencrBue, 3Tan WAKM  onepauMs npolecca
NPUMHOCHUT LI€HHOCTDb U1 3aKa34yMKa, TONbKO eCIn:

® OHITOTOB3a HeeIaTHniIb

* B pe3ynbrarte NPOUCXOANUT U3MEHEHHUE XapPaKTepPUCTUKH
NPOAYKTA WK YOIYIM

. npeoﬁpa303anne ocyuwliecrsnsaerca C nepBsoro pasza

Bce, uto He coorBercrByer Xxora Obl ogHOMy wu3
nepeyncieHHbIX KpUTepues, ABNSEeTCA NoTepe.



OcHOBbI «bepeKJINBOro NPOU3BOACTBA

Heuncnoias3o0BaHHBIN
YeJIOBEUYECKUN
MMOTEHIIAAT

He naBatb
BO3MOKHOCTH
COTPYAHUKY
BBICKAa3bIBAaTh CBOH
MPEII0KECHUS

[Tepenpon3BoACTBO

CymecTByrommi
MaTepHUaIbHbIN 3a1ac
MO3BOJISIET 3aMEHSATh
OpakoBaHHYIO JETallb,

HE 3aHUMASICh
pEIICHUEM caMOM
poOIeMbI

Bupe! noreps

[Tepemenienue

Br13Bano
Je30praHu3anuei
NOCJIEA0BATEIIBHOCTH
BBITIOJTHEHUS PaboT U
HEpalMOHAJIbHOU
IIJIAHUPOBKOM
paboueii 30HbI

HedexTs

PemonT nnu
UCIIpaBlieHue Opaka
HE MPEJICTaBIACT
IICHHOCTH JIJISt
3aKa3uyrKa

Oxupanne

Oxunmanue
OKOHYaHUS pabOThI
MAIITUHBI, TPUOBITHS
JIeTaneu, OKuJIaHue
uHbOpMaIIH

3aracel

3amnacel
MIPEeATIoJIararT
3aTparhl peCypcoB
Ha TMO/IJIepKaHNUE UX
LIEHHOCTH

TpancnoprTupoBka

Pe3ynbrarom
SABJISIFOTCS JIOIL.
3arparsl,
ITOBPEXKICHUS,
BpEMs HA MIOUCK,
3aTpyAHEHUE yUdeTa

M30bITOUHAS
00paboTKa

Breimonnenue
OopIIero 00ObeMa
pabort, uem
TpedyeTrcs s
YIOBJICTBOPEHUS
TpeOoBaHU
3aKa34MKa



OcHoBbl bepexnuBoro nponsBoacTBa

v" OCHOBHas Liefib — YBENUYUTb CKOPOCTb NMPOXOXAEHUA MaTepuarnos
yepes3 NPOU3BOACTBO

v Totepu — BCe, YTO He foOaBNAET LIEHHOCTU Ansa norpeourens

v" OCHOBHas 3afja4ya — HAY4YUTbCA LierieHanpaBrieHHO YNpaBnsATh
3KOHOMMUKON NMPOU3BOACTBA, a HE NPOBECTU Pa30BYHO
aKLUIO/KaMNaHUIO NO YIYyYLEeHUIo

v" OCHOBHOM aKLIEHT HA OpraHu3auuIo NPOU3BOACTBA, a HE HA NOKYNKY
HOBOro o6opyaoBaHus

v" OCHOBHasA ABWMXYLLAA cuna — NnPou3BOACTBEHHbIN NepPCcoHan

v" OCHOBHbI€ MeToAbI YNpPaBfeHns — co3gaHue Heobxoaumon
nogaepXxuBaruen cpeabl, BOBrieYeHue COTpyaHUKOB U ynpaBrneHue
U3MEHEHUAMMU



OnpepeneHve «bepexnuesoro nponssBoacTea»

bepexnuBoe NpousBoACTBO 3TO:.

v BusHec-cTparterus, HanpaBneHHas Ha YCTpPaHEeHWEe NoTepb,
YMEHbLLUEHNE BPEMEHU MEXAY 3aKasoM KNuWeHTa wu
OKasaHWeM YCnyru, Ucnonb3yloLlas NPUHUMMNbI YBaXXEHNS K
YenoBeKy, aBTOHOMM3aLUN N KTOYHO BOBPEMS »

“ BU3HEC npouecchbl, TpebywLlue MeHbLUEE KONMUYECTBO
NMIOACKUX PECYPCOB, KanuTarnbHbIX BMOXEHWN, mecta Ans
NPON3BOACTBA, MaTeEpPUanoB N BPEMEHN Ha BCEX CTaANAX
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MeToabl «bepexxnuBoro nponssoacrea»

32 ESSENTIAL LEA
MANUFACTURING
TOOLS

=(QNEWCASTLE

' H-NTEMe

'ﬁ Bottleneck Analysis

Bottleneck Analysis studies a process to identify the step in the
process where the capacity available is less than the capacity
required. That process is known as the constraint. The next step is to
identify ways of removing the constraint. Improves throughput by
strengthening the weakest link in the manufacturing process

a Cellular Manufacturing

Cellular manufacturing is an approach in which all Y
equipment and workstations are arranged based on a

group of different processes located in close proximity to .
manufacture a group of similar products, The primary

purpose of cellular manufacturing is to reduce cycle time

and inventories to meet market response times

ﬁ Continuous Flow

—
— Elimunates many {forms of waste (e.g. inventory, waiting time,

' l\ and transport)
ERP

he following is a collection of 32 essential lean tools and a
short description of the value they bring.

35

SlEminstos wasse hat roncls froon & po sy orgassod wasrk sraa
(0.g wasting 12 aking for 2 ol ERP Systems are Enterprise Resource Planning systems
These large scale computer systems enable information
flow throughout an organization, and with other
organizations. An ERP system provides the processes for
planning, monitoring and reporting on all supply chain,
manufacturing and sales activities,

ABC Inventory
Q Gemba (The Real Place)

The A dema are exrvemedy imparant, and hypiosly hgh volurn o0
=’
[ ah vadue Boms. B rems sre mmoderatoly mmpertant. © Acins 500 4
o pricrity sad sypieally Jow volame ilexs The system is ssed 20

n delize ipventory sock levelx, recrder polnt and oycle countieg

five T = T

Promotes a deep and thorough understanding of real-world
manufacturing issues - by first-hand observation and by talking
with plant floor employees

Andon

Acte 52 & roal-time coraevaricadon el (o iw plant Hoor thal
SOOGS InunGdate AenGor 10 preblens a8 ey eccur - so [hey
can be e landly adkrossnd

Heijunka (Level Scheduling)

Reduces lead times (since each product or varant is
manufactured more frequently) and inventory (since
batches are smaller).




MeToabl «KbepexXnmBoro nponsBoacTBa»

» > .
w Hoshin Kanri (Policy Deployment)
® 4
.” Ensures that progress towards strategic goals is consistent and
thorough - eliminating the waste that comes from poor
communication and inconsistent direction.

Ishikawa (Cause-and-Effect)
Diagram and 5 Whys 9

In the Analyze phase, the absence of concrete statistical r) -~ ')
data sometimes can make the identification of a root cause [ . ®
difficult. In those scenarios, the § Whys asking "Why?" five
times along with a cause-and-effect diagram, can make the
task more manageable. The 5 Whys teol also can help
uncover the process dynamics and the areas that can be
addressed easily.
fter Jidoka, workers can frequently monitor multiple stations

(reducing labor costs) and many quality issues can be detected

immediately (improving quality)

Jidoka (Autonomation)

~

Just-In-Time (JIT)

Highly effective in reducing inventory levels. Improves cash
flow and reduces space requirements

Kaizen (Continuous Improvement)

Combines the collective talents of a company to create an
engine for continually eliminating waste from manufacturing
processes

Kanban (Pull System)

Eliminates waste from inventory and overproduction. Can
eliminate the need for physical inventories (instead relying
on signal cards to indicate when more goods need to be
ordered)

B o O O

"

i

g 8 8 o

KPI (Key Performance Indicator)

The best manufacturing KPls

* Are aligned with top-level strategic goals (thus helping
to achieve those goals)
=N

Il

* Aro effective at exposing and quantifying waste
(OEE is a good example)

* Are readily influenced by plant floor employees
(2o they can drive results)

Level Loading

Level loading is a production scheduling technique where
production is smoothed out over short time horizons to
distribute work evenly, thereby creating a consistent and
achievable production plan.

Mind Maps

Mind maps are a visual tool used to organize and present
interrelated ideas. This tool is similar to cause and effect
diagrams and other mapping tocls. Mind maps offer great
flexibility and can present complex systems in a very easy to
understand format

Muda (Waste)

Eliminating muda (waste) is the primary focus of lean
manufacturing

==

=

Overall Equipment
Effectiveness (OEE)

Provides a benchmark/baseline and a means to track progress
in eliminating waste from a manufacturing process. 100% OEE
means perfect production (manufacturing only good parts, as
fast as possible, with no down time).




MeToabl «bepexnmBoro nponssoacTtea»

#% PDCA (Plan, Do, Check, Act)

Applies a scientific approach to making improvements:

PLAN DO

CHECK ACT
(develop a (run

(evaluate (refine your
hypothesis) experiment) results) experiment, try

again)

-@- Poka-Yoke (Exror Proofing)

It is difficult (and expensive) to find all defects through
inspection, and correcting defects typically gets
significantly more expensive at each stage of production

-
-@ Root Cause Analysis
Helps to ensure that a problem is truly eliminated by applying
Q corrective action to the “root cause” of the problem

Siﬁle Minute Exchange of Die
(SMED)

Enables manufacturing in smaller lots, reduces inventory,
and improves customer responsiveness

@- Six Big Losses

Provides a framework for attacking the most common causes of
waste in manufacturing.

SIMIART Goals

Coals that are: Specific, Measurable, Attainable, Relevant,
and Time-Specific. Helps to ensure that goals are effective.

22,

285
20,

Standardized Work

@ Eliminates waste by consistently applying best practices. Forms a
' ' baseline for future improvement activities.

Takt Time

Provides a simple, consistent and intuitive method of pacing
production. Is easily extended to provide an efficiency goal
for the plant floor (Actual Pieces / Target Pieces).

Total Productive Maintenance
(TPM)

Creates a shared responsibility for equipment that encourages
greater involvement by plant floor workers. In the right
environment this can be very effective in improving productivity
(increasing up time, reducing cycle times, and eliminating
defects).

Value Stream Mapping

Exposes waste in the current processes and provides a
roadmap for improvement through the future state.

Visual Factory

Makes the state and condition of manufacturing processes
easily accessible and very clear - to everyone

Zero Quality Control

Zero quality contrel is a methodology designed to shift
quality to the process and eliminate the need for external
quality inspections. A zero quality control system typically
includes error-proofing, “source inspection” and employee
empowerment as well as other quality initiatives




SMED

bbicTpaga nepeHanagka (SMED) — 310 meToq cokpalleHusi BpeMeHu, Heobxoanmmoro Ha nepexon (¢
onepauumn Ha onepaumio, NPoAyKTa Ha NPoayKT, NpoLecca Ha npouecc n T.4.).

bbicTpasa nepeHanagka npecc-dopm (Single Minute Exchange of Die) BnepBble Obiria npMeHeHa
K npoueccy 3aMmeHbl WwrtamnoB (npecc-dpopm). OgHako SMED npumeHnm ans ntoboro
NPOM3BOACTBEHHOIO UMW HEMPOU3BOACTBEHHOIO NpoLecca.

MeTtoanka SMED npegnonaraet ncnonb3oBaHNUE HECKONbKMX LLArOB:

OnpeneneHne Bcex ornepaumn, NPon3BoaMMbIX BO BpEMS NepeHanagku.

BblageneHne “BHELIHUX” N “BHYTPEHHUX" onepaunmn.

[MpeBpalleHne BHYTPEHHNX onepauuii BO BHELLHME.

CokpallueHne gnuTeribHOCTM U ONTUMKU3aUNs NocreaoBaTeNbHOCTU BHYTPEHHNX onepauni.
CokpalleHne gnuTeribHOCTM U ONTUMKU3aUNs NocrenoBaTeNnbHOCTU BHELLHUX onepauun.

Al



Hauano
npouecca b

3aBepluieHue
npouecca A

/ sunedauQ

G sunedauQ

 sunedauQ

Z sunedauQ

| suhedauQ
9 BunedauQ
¢ sunedauQ

Hauano
npouecca b

/ suhedaup

9 sunedauQ

G sunedauQ

y sunedsuQ

Bpemsa nepexoga

¢ sunedsuQ

Z sunedauQ

| BunedsuQ

1.BblaeneHne BHeLWHUX onepaLuumn

3aBeplieHue
npouecca A




2. «MpeBpaLeHne» BHYTPEHHUX onepaLmn BO
BHeELLUHMe

3aBepLwieHue
npouecca A

Hauyano
npouecca b

Onepauus 1
Onepauus 5
Onepaums 7

Onepauus 4
Onepauus 2
Onepaums 3
Onepauus 6




3. CokpalueHne BpemMeH BHYTPEeHHUX onepaumu u
onTUMmn3auma nx nocrieaoBaTeNIbHOCTHU

3aBepLwieHue

Hauano
npouecca A

npouecca b

Onepauus 1
Onepaumsa 7
Onepauma 5

Onepauus 4
Onepaums 2
Onepauus 3
Onepauus 6




4. CoKkpalleHue BpeMeHM BHELLHUX onepauvumn n
onTUMmn3auma nx nocrieaoBaTeNIbHOCTHU

3aBeplLueHue Havyano

npouecca A npouecca b

Onepauus 1
Onepaums 7
Onepauun 5

Onepaums 2
Onepauus 6
Onepaumsa 3
Onepauus 4




UTOor

3aBeplieHue
npouecca A

3aBeplweHue
npouecca A

pems nepexoga 10

Bpemsa nepexoAa

Hauano
npouecca b

Hauano
npouecca b




KoHTpOnbHbLIE BONPOCHI

Kakue Tunbl yripaBrneHust nocrenoBaTenbHOCTbIO paboT?
Kakne 4 Tnna B3aMMoOTHOLLEHUI MexXay napoun pabdoT?
UT0 Takoe ceteBad gmarpamma npotiecca (npoekra)?

2 Tuna CETEBON MOENU NpoekTa?

[MpuHUKMNBLI BepeXxnmMBOro NpPon3BoacTea?

Yto cobon npeactasnsaet metogq SMED?
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3agaHue K cneayouwemy 3aHaTuo: OnTummMsnpoBaThb
TEeXHOJIOrM4YECKYH KapTy, MICNOMNb3ys NPUHLUNDI
: OGepexnuBoro NPoOou3BoACTBAa AN COKpaLLeHUS BpeMeHU
\ cOopkn mogenu.




