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INDUSTRY 4.0
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Bo Bcem mmpe TpaauumoHHas 00palaThIBAIOMIAs MPOMBIIUICHHOCTh HAXOIUTCS B
nporecce HU(POBOro mnpeodpazoBaHMs, KOTOPOE BBI3BAHO CTPEMHUTEIBHO pPACTYLIMMHU
TEXHOJIOTUSIMH (Hampumep, poOOTHI, aBBTOHOMHBIE OECIIMIIOTHBIE JIeTaTeNIbHBIC anmaparsl, 3D-
neyaTh). KoMnaHuu M MX IpPOM3BOJCTBEHHBIE MPOLECCHl JOJDKHBI MOACTPOUTHCS MOJ 3TH
OBICTPBIE U3MEHEHMS, €CIM OHU HE XOTAT OTCTATh OT PA3BUTHUS UX UHAYCTPHUHU.

Around the world, traditional manufacturing industry is in the throes of a digital
transformation that is accelerated by exponentially growing technologies (e.g. intelligent
robots, autonomous drones, sensors, 3D printing). Companies and their industrial processes
need to adapt to this rapid change if they are not to be left behind by developments in their
sector and by their competitors.

Key words: Industry 4.0, CPPS, Internet of Things, Fourth industrial revolution,
Moore’s Law, Horizontal and vertical system integration.

NudopmanuonHble  TEXHOJOTMM W MOJEJMPOBaHHE B  yNPAaBJIECHHUHU
NPOU3BOACTBEHHBIMH CHCTEMAMH M YNIPABJICHHH IIEPCOHAJIOM.

Tepmun Industry 4.0 oTHOCHTCS K NaNbHEWIIEH CTa UK Pa3BUTUS B OpraHU3alMU U
yIpaBJlIeHUH Bcell  MPOM3BOJACTBEHHO-COBITOBOW  IIETIOYKM  CO3JaHUS  ILIEHHOCTH B
oOpabatbIBaroIie NMPOMBIIUIEHHOCTU. Jlpyroil TepMUH AJsl 3TOrO SBJIEHUS — «4ETBEpTast
IIPOMBIIIJIEHHAS] PEBOJIIOLIMSI.

«Industry 4.0» wu3HaYaIBHO SIBJIAETCS MPOCKTOM HEMEIKOrO IPAaBUTEIbCTBA, M
ONKCHIBAET CIEAYIOIIMM JTall B IPOU3BOJACTBE — TaK Ha3blBAEMYHK) YETBEPTYIO
IIPOMBIIIIEHHYIO PEBOJIOLIUIO.

Uro Takoe ueTBEpTas mNpombllnuieHHas peBostouusa? [lepas Obuta peBosrOLUEH
MapoBbIX MAIllMH, BTOpas — 3JIEKTpUYECKUX cOopouHbIX JuHUM ['enpu Dopaa, Bo Bpems
TpeTbeil THPOPMALMOHHBIE TEXHOJIOTHH BOPBAJIUCH B POU3BOJCTBO. [locienHsas peBononus
npousonuia B 70-X rofax MpoIUIOro BeKa, TOTa K€ MPOUCXOAMIIO MOCTENEHHOE BHEAPEHUE
poboTorexHukd. OgHAKO pOOOTHI, MOSBUBIIMECS HA IPOU3BOACTBE, OBUIM «CIIEIBIMU.
YerBepTasi NpOMBIIIIEHHAS] PEBOJIOIHS JOJKHA 3TO UCIPABUTh — MPOU3BOJCTBEHHBIE CHJIIBI
CTaHyT CaMOOPTaHU3YIOIUMHUCS, CMOTYT IMOJIy4yaTh OOpPaTHYIO CBSA3b OT KOHEYHOT'O M3JENHA,
y37a, cTaHka, ObIToBOro mpubopa. [locie TpeTheil peBONIONMK HE OBLUIO B3aUMOJICHCTBUS
MEXy KOMIIOHEHTaMu COOpKHU U cpeicTBaMM Npou3BozcTBa. Ceifuac cutyarus KapJuHaIbHO
MEHSIeTCs, pa3BUBAETCS KOMIIBIOTEPHOE 3pEHHE, BHEAPSIOTCS TaK Ha3blBaeMble KHOep-
(bu3nUecKrue CUCTEMBI.
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Konnenmuss Mugyctpun 4.0 mmpoxo ucnonbdyercs no Bcelr EBpome, ocobenHo B
cektope oOpabaTeiBaromield mpoMbiuieHHOCTH ['epmanuu. B Coenunennbix Illtatax u B
QHIJIOTOBOPSIINX CTPaHAX TaKXKe HMCHOJb3YITCs TepMuHbl «HTepHeT Bemei» (Internet of
things), «Murepuer Bcero» (Internet of everything) wmm «IIpoMbIIUIEHHBIH HHTEPHET»
(Industrial internet).

Jlyia B3auMojelicTBUS poOOTOB Ha MPOU3BOJICTBE MEXAYy co00i pa3zpabaThIBaroTCs U
NPUMEHSIOTCS  KUOep-(QHU3MUecKue MPOM3BOJICTBEHHBIE CHCTEMBI, 3TO OHJIAHH CeTH
COLIMAJILHBIX MAIIMH, KOTOpPbIE OpraHU30BaHbl TEM K€ 00pa3oM, YTO U COLIMAJbHBIC CETH.
ITpouie roBops, onu cBsA3bIBAIOT UT ¢ ero MeExaHMYECKUMU U 3JIEKTPOHHBIMU KOMIIOHEHTAMM,
KOTOpBIE 3aT€M B3aUMOJICHCTBYIOT APYr € Apyrom uepe3 cerb. OOOpyaOBaHHE MOCTOSHHO
0OMEHMBAETCS IPYT ¢ APYroM MHPOpPMALMEH O TeKyIIUX YPOBHSX 3amacoB, MpoOiieMax Wid
HEUCIPABHOCTSX, a TaKXKe M3MEHEHMX B 3aKa3axX WM YpPOBHSX crmpoca. [Iporecchl u cpoku
COTJIACOBBIBAIOTCS C IEJbI0 MOBBIMIEHUS Y(PPEKTUBHOCTH M ONTUMHU3AIMUHN MPOITYCKHON
CIIOCOOHOCTH.

Takue NpOU3BOJICTBEHHBIE CHUCTEMBI CO3/al0T CEThb HE TOJBKO M3 MEXaHU3MOB U
MaIlIiH, OHU CBSI3BIBAIOT MEXIY co00i BcE oOopymoBanue, ux cBoiictBa, UKT-cuctemsr Ha
IPOTSKEHUH MTOJIHOTO )KU3HEHHOT'O ITUKJIA IPOIYKTa.

[IpombilieHHO pa3BuThie CTpaHbl, Takue Kak ['epmanusa m CIIIA yBepeHbl, uTO
YyeTBepTask IMPOMBILUIEHHAs] PEBOJIIOLMS MPEAOCTAaBUT MHOIO IMPEUMYIIECTB: OT YCHUIICHUS
100aNbHOM KOHKYPEHTOCIIOCOOHOCTH 0 OTKa3a OT IepeHOca MPOU3BOJCTBA B CTPAHBI C
HU3KOW 3apabO0THOM MIaTOW U OTKPBITUE pabOYuX MECT Ha BHYTPEHHEM pbIHKE B EBporne u
CeBepHoii AMepUKe.

HccnenoBanus nokasanu, 4To 3akoH Mypa - B KOTOPOM T'OBOPUTCS, YTO KOJIUYECTBO
TPAH3UCTOPOB HA KPUCTAJJIC MHTETPAJIbHONU CXEMBbI yJIBAUBAETCS Kaxable 24 MecsIa - TakxKe
aKTyaJleH ¥ B JPYIHX TEXHOJOTHYECKMX pa3padOTKax, HE TOJIBKO B pa3paboTKe
MUKPOIIPOIIECCOPOB.

Takue TtexHonoruu, kak 3D-medaTh, CEHCOpPHBIE TEXHOJOTUHU, HCKYCCTBEHHbIN
UHTEIJIEKT, pOOOTOTEXHHUKA, OCCHHUIIOTHBIC JIeTaTelbHbIE anmnaparbl KapJUHAIbHO MEHSIOT
IIPOU3BOJICTBEHHBIE IIPOLIECCHI, YCKOPSIIOT UX U JIeTat0T UX 00see THOKUMHU.

BonbmIMHCTBO W3 A3TUX TEXHOJOTWH HE SBJISETCS HOBBIM M ObLIO, 1O CYTH,
«300pereno» okoio 20 wiu 30 net Ha3zan. TeM He MEHee, B Hallle BpeMsi OHM Topaszio Oosiee
OpUCHOCOOIEHBI JUIsI HCHOJB30BAaHUS B NPOMBIIIJIEHHBIX IENAX B CBA3M C CHHXKECHHEM
CTOMMOCTH U OTPOMHBIM CKauKOM B MOBBILICHUH BBIYMCIUTEIBHON MOLTHOCTH (3aK0H Mypa).

YerBepTas NpOMBIIIJICHHAs! PEBOIIOLINS MTOBJIMSAET Ha BCe cephl HalIel )KU3HH, B TOM
yuciie U Ha chepy xkommepuuu. OnHMMH W3 HanboJjiee 3HAUMMBIX IMyTell HampaBlIeHUN
pa3sBUTHS B JaHHOM 00JacTW SBJSIOTCA yleleHue OOJIbIIer0o BHUMAaHHUA KOHKPETHBIM
KJIMEHTaM, COKpallleHHE BPEMEHM BBIIIOJHEHUS 3aKa3a, a TaKKe IOMCK HOBBIX (QOpM
MapKeTUHTa 1 KaHaJIoB cObITa (0COOEHHO B 00JaCTH AJIEKTPOHHON KOMMEPIIUH).

Wnnycrpust 4.0 sBusiercst emie onHOM obnacteio, rae «HTepHer Bewieil» urpaer
OTPOMHYIO pOJIb Onarojaps OeCUMCIEHHOMY KOJHYECTBY JAaTYMKOB B «BEIIax», KOTOpHIE
MOTyT TepeJaBaTh MHQOpPMAIMI0O M MOTYT TOBIUATH HAa KOHEUHYIO IIEHHOCTb
M3rOTaBIMBAEMOT0 MPOIYKTa.

B koHeyHOM cuere yeTBepTas MPOMBIIUIEHHAs PEBOJIOLUS U3MEHUT HE TOJBKO TO,
4TO JEJIaeT YEJI0BEUECTBO, HO U caMo 4yesoBedecTBO. OHa NMOBIMAET HA UACHTUYHOCTD JIIOAEH
1 BCE, YTO C HEHl CBA3aHO.

KoHeuHo, CyIecTBYIOT U NECCUMUCTUYECKNE CLIEHAPUH Pa3BUTHsI HOBOM PEBOJIIOLIUN.
Cy1iecTByeT MHOTO pa3HbIX CIO)KETOB, HO TI0 CAMOMY MPauyHOMY M3 HUX, OHA «POOOTH3UPYET
YeJI0BEUYECTBO» U <JIUIINT JIOAEH cepAaLa u AyIIn».

C apyroii cTopoHbl, aBTOMaTH3allMsl TPOU3BOACTBA JAaET BO3MOXKHOCTH 3aHSITHCS TEM,
4eM JOJDKEH 3aHMMAaTbCsi 4YEJIOBEK — TBOPYECTBOM, CO3/1aHMEM. bH3HEC MOXKET KIaTh
MOSIBJICHHUST HOBBIX BO3MOXHOCTEH, XOTS W NPUAETCS COOTBETCTBOBATH IMOBBIIIAIOLIIMCS
TpeOOBaHUSAM KIIMEHTOB, KOTOpbIE Temepb OOMEHMBAIOTCS HH(OpManue o MpoayKTax
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obicTpee u 3¢ddexruBHee. IIpaBUTENHCTBAM TOXKE NPUAETCS HAYYUTHCS CHUIIBHO MEHSTHCH,
IIOTOMY 4TO pEAIBHOCTh OymeT MeHATbes emé ObicTpee. K coxaneHnio, MHOTHE U3
TEOPETHUYECKUX  JOCTOMHCTB  PEBOJIOLMH  IPEANOJIAraloT  HEKOTOPYI  COLHUAIbHYIO
HAIpaBJICHHOCTh FOCYAAapPCTBA, YTO B HAIIE BPEMSI HEYACTO BCTPETHILb.

be3pabotuiia — ogHa U3 OCHOBHBIX MpoOJleM JaHHOW peBosouMu. BepHas
OpraHM3anys JICHEKHBIX IOTOKOB IIOHMMAaHHWE O3TOW MpoOJIeMbl KaK HHUKOI/IA BayKHBI.
[TpoAyKTUBHOCTh OCTAaHETCS TAKOHW JK€, CIOKHOCTh OyIeT B pacupeieieHHH (PHHAHCOBBIX
notokoB. Koprmopanuu ToXe AOMKHBI OBITh OpHEHTHPOBaHBI Ha couuyM. CoruanabHas
cucTeMa J0JDKHA MEPEeCTPOUTHCS TaKUM 00pa3oM, YTOOBI — YCIIOBHO — OBIBIIMI Tpy3UUK
ObUT 3aHAT B 3TOH CHUCTEME M MOT NOJIydYaTh HEoOXOoAWMBIE Oilara, B TOM YHCJE 3apIuiaTy.
CrtpyKTypa 3aHATOCTH CUJIBHO IIOMEHSETCS, OYAYyT aKTyajabHbl TYMaHUTAPUU OT TEXHOJIOTHH,
TBOpUecKHe npodeccun.

Octaércs HazmedATbcs Ha JIydllee W pacCUUTHIBATh, YTO 4YETBEPTasl MPOMBIILICHHAs
PEBOJIIOIMS TTO3BOJIUT YEJIOBEYECTBY IOAHATHCS HA HOBBIH YPOBEHb OOILIECTBEHHOTO U
MOPAJIBHOTO CO3HAHMUA.
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CRITICAL CHAIN PLANNING AS A METHOD OF IT PROJECTS

I.K. Skokova, G.N. Chusavitina
(g. Magnitogorsk, Nosov Magnitogorsk State Technical University)

The article describes the characteristics of critical chain project management.
Describes the tools and planning stages. The successful application of the method was not
only in industry but also in other fields - medicine, sales, marketing. IT-sphere is a difficult
area to control where you need to plan the project properly. The article analyses the stage of
the execution of the critical chain method to estimate the scheduling. The application of the
method will reduce the risks of the project and time to complete its implementation.

Key words: Critical Chain, project, buffers, resources, tools
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