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Abstract

Economists and engineers have played a vital role in addressing the challenges
posed by economic and technological progress. Related disciplines have intertwined
with each other, leading to mutual cross-fertilization. However, their roles and rela-
tionships need to be reconsidered in a society increasingly influenced by the cluster
of organizational and market innovations induced by artificial intelligence technolo-
gies. Looking at the history of the intriguing relationships between the two disci-
plines, in this paper three paradigms for the economics-engineering nexus are iden-
tified—economics “for/and/as” engineering—and their dimensions are discussed.
This investigation enables to infer possible disciplinary scenarios in relation to the
contemporary and future society. The paper calls for a new “alliance a la Prigogine”
between economics and engineering driven by a transdisciplinary-oriented change
in the epistemology and methods of the two disciplines and in their way of being
and interacting. The mission of the alliance is to restore a unified perspective of
knowledge and putting the study of complexity in the foreground. The conclusions
emphasize that implementing the alliance implies large investments in human capi-
tal, as well as new bridges among universities and between these and other institu-
tions to develop research programs open to varietv. creativitv. and participation of



Economics&Engineering
Economics for Engineering

INPUT-
OUTPUT
ECONOMICS

Wass;iiy L-éonti-éf

Second Edition




Knaccuyeckumn ngean obpasoBaHust UHXeHepa: Buktop JibBoBUY
Kupnudyes (1845-1913):

* «[lo n3BecTHOMY crnoBapto QpaHUY3CKOro s3blka,
cocTaBfieHHoMy JInTTpe, okasbiBaeTCs, YTO CIOBO UHXEHEP
npoucxoauT OT rnarona «S'ingénier», 0O3HaA4YaloOLEro
YMCTBEHHYIO paboTy, NpeanpuHATYIO C LUEerbio OOCTUTHYTb
ycrnexa B 3agyMaHHOM npeanpuatun. MHXeHep ecTb aylua
TEXHUYECKOro Aena, pykoBoauUTENb €ro, yKkasblBatoLLNUM BCEM
NPOYNUM y4YacTHMUKaAM NPeanpusTUS, YTO N KaK OHWU OOJTKHbI
nenatb ANs OOCTWXKEHUA Haunydlero ycnexa, OH Xe
OUEeHMBaEeT pe3yribTaThl PaboTbl MacTepoB N pabo4nx.

* «B HEM coeaguHAITCA: YYEHbIN, NPaKTUK U XYAOXHUK, U BCE
9T TPWU CTOPOHbI OOMKHbI ObiTb Pa3BUTbl B HACTOSLLEM
NHXeHepe»



['1.J1.Kanuua

«['lo MoemMy MHEHUIO, XOPOLUMX UHXeHepOoB Mano. OHK
OOJKHbI COCTOSATb U3 4-X YyacTen: Ha 25% nHXeHep
AOJKeH ObITb TeopeTnyeckn obpasoBaH, Ha 25% OH
OOJTKEH ObITb XYOO0XXHUKOM (MaLLUUHY HEerb3s
NPOEKTUPOBATb, €€ HYXXHO PUCOBATb — MEHS TakK
YUYUIIN, U A TOXKE TaK cunTtaro). Ha 25% oH gormnxkeH
ObITb 3KCNEPUMEHTATOPOM, TO ECTb UCCNEOOBATb
CBOO MalUUHY, U Ha 25% OH OOmKeH ObITb
n3obpetartenem. BoT Tak OOMmKeH BbITb COCTaBIEH
NHXXEHEP. OTO O4YeHb rpybo, MoryT ObITb BapuaHTbl. HO
BCE 9TU 3NeMeHTbl A0JTKHbI ObITby.



B TeyeHne BocemMHaguaToro Beka
MaTeMaTUKa U MEXaHMKa CTaHOBSATCSH BCe
bonee n bonee abCTpakTHbIMU, N BENUKUN
MaTemMaTuK JlarpaHx Oblrm o4eHb ropa Tem,
YTO €ero KHuUra no MexaHuke He coaepxana
HM OOHOro0 PUCYHKA. OTO OblNla He Ta
MEXaHMKa, KOTopasa HyXHa WHXeHepam, W
NMH)XEHEPHBIE HAayKM pasBuMBarinCb B TO
BpeMda He3aBUCUMO, MO NYyTU YUCTOWU
IMMUPUKN»

C.['1.TumoweHko, 1958 roa



[Io BO3HWUKHOBEHUWN WHXEHEPHbIX HayK B
ceMHaaLaTOM BeKe TaKoro paspbiBa He
cywecTtBoBano. anunen, ObiBWNNK
OAHOBPEMEHHO BblAALWMMCA YYEHbIM WU
NHXXEHEPOM, 3arioXXurm OCHOBbl MEXaHUKU
KaKk Haykm, M B TO Xe BpemMda Hayan
pa3paboTKy WMHXEHEPHOWU HaAYKU O
CONPOTUBMNEHUN MaTepuanoB U ee
NPUNOXEHUN K aHanudy MNPOYHOCTWU
MHXXEHEPHbIX COOPYXEHUN.

C.I'1.TumowieHko, 1958 ron



«MOEA PU3STEXA»

B 'epmaHun: JeatenbHocTb Penukca KnamHa,
Asrycta ®ennq, Jltoasura NpaHaTng,
®epgnHaHpga bpayHa B MioHxeHe, [ eTTUHreHe u
Ctpacbypre B nepBoe aecatunetme XX Beka

hysikalisch-Technische Reichsanstalt



C.-lNeTepbyprckunnm lNonutexHmnvyecknn MHCTYTYT MimnepaTopa
[leTpa Benukoro

H.[N.NeTtpoB n C.KO.Butte, B.J1.Knpnnues,
N.B.Mewepckmnn, B.B.CkobenbLmH,
A.H.Kpbinos, [1.C.PoxagectBeHcknu,

C.IM. TumoweHko, A.®.Nodpde, H.C.KypHakos,

H.H.CaBBuH, [1.0peHdpecT, A.A.Yynpos,
B.N.[3H, N.6.CTtpyBe
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C.N.TUMOLLUEHKO

«Hanbornee BaXHbIM JOCTUXEHUEM
Poccunn B HXeHepHOM 0bpa3oBaHMK
ABMSAETCHA opraHn3auus noaroToBKU
NHXXEHEPOB HOBOIO TUMa, KOTOPbIX Mbl
Ha30BEM UHXXeHepaMum-
uccriegoBartensasMu. 3ATa NoaAroToBka
basnpyeTca Ha LUMPOKOM U3YyYEHUU
Takux pyHOamMeHTanbHbIX HayK, Kak
MaTemMaTuka, MexaHuka, dusnka c
Leribi YCTPaHeHUus pa3pbiBa
MeXay YMCTbIMU U NPUKNaAaHbIMU
HayKaMu».




PEATTN3ALNA

1890 — 1910 cemunHapbl KnanHa, bpanHa v [Npanatng

1899-1930 rr CosgaHue B [leTepbypre
[TOoNNUTEXHNYECKOrO MHCTUTYTA, «puramexar» u
«punarexa»

HNeatenbHocTb 1.Kanuuybl B Kembpunaxe B 20-bie — 30-
ble rogbl XX Beka

NHxeHepHo-pmanyeckue wkosnbl C.IN. TumoLleHKo B

Mwuuurane n CtaHdopae B 20-bie — 30-ble roabl XX
BEKa

«l'ncbmo akagemmkoB» B rasety «l1pasga» 1938 roga

[Mucema [.J1.Kanuubl, C.A.XpuctmnaHoBuya,

A.H.Kpbinoea, A.®.Nodde, A.N.AnnxaHosa CtanuHy,
ManeHkoBy, bepun n MonoTosy

1945 — 1951 Co3pganHune OTO MI'Y, MOTU n MO



C.-lNeTepbyprckunnm lNonutexHmnvyecknn MHCTYTYT MimnepaTopa
[leTpa Benukoro . OKOHOMUYECKOE OTAENEHNE

Ilpemae BCero, OO JIOJIKIO TOACOTOBJATE JIHIVE IAA SAUATLE JOR-
HocTell B'hL THX'L MHOIOUHCJIEHHLXs OTPACIAXS IOCYIapPCTBEHIIAND YIOpa-
BJEHLA, KOTOPHH TPeOYITL GOJBLIAXT SHAIMNN BL 00JACTH SROIOMICCKIIX D
HAYKB, YbMB TE, KOTOPLHE MOCYTH OaTh OPHIHUYeCkie (panyabTernl. Bb

Bropoii  wbiplo, ROTOpY0 CTABHTE celb BKROHOMHUYECKOC OTIIBIICHiC,
ABJIACTCH cozllaHie RJacca MPOCBBIMEHHBIXDL OpelnpHHUMaTeleil, ROTOpbie
MOTIH Obl OBITh" PYROBOJIATCIAMHA RPYITHE XD OPOMBIIIIEHHBIX'D, TOPrOBLIXE
I RPCHRTHHXS npexaaopiariii. Bememie monolnuiXh NMpeaupifATiii #ABIAETCS
B'b HAacTosuee BpeMs ABJIOME JTAJER0 He NMPOCTHIMT H TPpedyeTs OTh CToA-
LIUXG BO Iviayh HXD JHIVL OOMIHPHBIXE 3sHauifi. Yro6m voLBanThea BB



KpynHeniue TexHuueckue By3bl mupa 1913

lllinois Industrial University (CLLA)
MeTepOyprckum NnosIMTEXHNYECKUN UHCTUTYT
Technische Hochschule Wien (ABcTpo-
Technische Hochschule Munchen (F'epmaHus)
Technische Hochschule Berlin-Charlottenburg
UmnepaTtopckoe MockoBcKkoe TexHun4yeckoe
TexHonornyeckmum MHCTUTYT nmn.Hukonas | B
PuXcKknm nonnMtexHN4YeCKNn MHCTUTYT
KueBcknun norimTexHN4YeCKUnU MHCTUTYT
Technische Hochschule Darmstadt (FepmaHus)

Technische Hochschule Hannover (F'epmaHus)
Massachusetts Institute of Technology (CLLA)

Imperial College London (AHrnus)

Ernla Dahtarcrhniciia (Dunauaa)

5523
4977
3193
3062
2943
2666
2276
2084
2033
1768
1741
1957
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CTpykTtypa cneumnanbHocteun u C.-lletepObyprckoro
nonutexHunyeckoro nHctutyta B 1916 roay

OToeneHuns

Kadpenpbol
NHXXEHEPHbIE

Kadpenpbol
9KOHOMUYECKNE



CTpykTypa (hakynbTeToB PYyCCKUX U 3anaaHbIX
UHXXeHepHbIX By30B A0 1917 roaa

ONeKTpoTEXHNYECKoe Electrical Engineering
[ pakgaHCKNX NHXEeHepPOB., Civil and Environmental
NH)XXEeHEepPHO-CTpouTernbHoe Engineering

CenbCKOX03NCTBEHHOE + Bioengineering

+ PU3nNKo-TexHn4Yeckoe, Pusnko- + Engineering Physics, Applied
MexaHn4yeckoe Physics and Applied Mathematics



Academicians and “Big program” of Russian
shipbuilding in 1906-1917 .

TEOPIFE HOPABIA.

Chief Inspector of Shipbuilding
of Imperial Navy Academician
Alexey Krylov

M EYEHOB

i

Chief designer of Russian new
buttleships and submarine, head
of the Admiralty test tank
Prof.Aleksey Bubnov




Golden Age of Russian Mechanics and Aircraft Industry

Prof.N.E.Zhukovsky —leader of Russian
aeromechanic school and Prof.S.P.Timoshenko
maker of strength calculation for Russian aviation
during great War D.P.Ryabushinsky — Haed of
First Aerodynamic Institute

B

Hubert Cance reconstruction of the bigest
airplane of Great War — Russian llya Murometz



MeTannyprusa n Hayka o matepuanax
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H.C.KypHakoB
YepHos Omutpun
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(1839-1921)
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The birth of optical industry

TABAHLIA 1
Hara 1 zaBoa ' II zaBox l\f,;tz:i;‘: Beero [pumenanus E
Maii . . . . . 0,6 | 09 -— 15
HICED . . . . 5,8 I 86 ) — 14,4
HIOAD .« . . . 55 19,3 — 24,8
aBryer . . . . 7,6 E 53 0,2 13,1
cenTabpb . . . 3,2 17,7 — 20,9
. okTAGpPL . . . 4,0 7,6 1,1 12,7
Institut of Physics of Imperial | [ 13 o7 2o
3 3 1917 | amBapn . . . 10,2 18,2 1,1 295 epexenka
Petrograd Uanerslty q)eapf;u: P 7.2 . 129 1,1 21,2 l:lyl;!:\eﬁ
MapT . . . . 58 11,4 — 17,2 Pesononua
anpeas (a0 8-ro) 0,6 49 —_ 55
Beero . 71,4 1B | sz |
léll'lesui.en; gf R.utssw]l;l. thsw;)- et ;l:echnllc.al l_4]‘)1rector of Imperial Optical Workshop of Obuchov
emlc'a ociety, .1rec or Institu ?rce ain Factory Plant of Naval Ministry
of Physics of Imperial Petrograd Nikolay Kachalov
University

Prof.Dmitry Rozhdestvenskii



Tver special radiostation used Bt t 3
for ally’s communication and

LleHTpanbHasa Hay4Ho-
monitoring enemy’s messages
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Prof. Vladimir Lebedinsky(1968-
1937), editor of Jornal of Russian
Phisico-Chemical Society
(Physical pg

Michail Bonch-Bruevich (1888-
1940), late academician, father of
Russian vacuum tube industry

Oleg Losev(1903-1942), inventor
of LED and other first
semiconductor electronic devices

Prof. Leonid Mandelshtam _
(1979-1944) Prof. Nikolay Papalexy
(1979-1944)



1946 rog — Nucbmo N.J1.Kannubl N.B.CtanuHy.
CosgaHne ®TO MI'Y

«TonNnbKO B TOM clnyd4yae, Korpga
opraHmyeckasa CcBHA3b Mexay
HAaYYHBIMU U UHXEHEPHbLIMMU
yypexgeHnamMmm coxpaHunach, Kak,
HanpuMmep, B Cclny4Yae co4YeTaHus
JleHnHrpagckoro PuU3nKO-
TEXHUYECKONO0 WHCTUTYTa U (PU3NKO-
MEeXaHU4YeCcKOro (gakynbTeTa
[TONUTEXHNYECKOIO MHCTUTYTA,
NOAroToBKa Hay4YHbIX Kagpos
oKasarnacb Ha 00fbLLON BbICOTER




CTpykTypa cneumanbHocTteun n Kachegp PTO MI'Y

CneuuanbHOCTH Kadeqpbl Kadeqpsbl
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C ) IbHU

Paounodusunka

OnTtuka

Pagnonokauus

OINEKTPOHHO-CYETHbIE MaLUUHbI

ONEeKTPoHMKa

Cuctemsbl ynpasnenus PC

ApoaunHaMuka U NPo4HOCTb

camMorieTa

SpoaMHaMUKa peakTUBHbIX p—
BUrareneun

VI T SV Ta T

Xnmmn4yeckass KUHETUKA U ropeHne

opeHne B PO

dusnka n MexaHuka B3pPblBa



CTtpyktypa pakynbtetoB MOTU npmn ocHOBaHUU U cenyac

Pagunodusndeckun  OOLwen n npuknagHon dousukn  LLkona doyHoamMeHTansHou u
NpuKriagHon U3nKn

[Mpobnem donsunkum n
SHEepreTukn

A3pOPUN3NKMN U KOCMUYECKUX
nccrnenoBaHnm

PagnotexHnyecknn PagnoTexHukn n kmbepHetukn  LLkona anekTpoHUKN,
dPOTOHUKM U MOJIEKYIAPHOU

Jon3unKkn
Pn3n4eckon n KBaHTOBOM LLikona pagmMoTexHukn u
9JIEKTPOHUKM KOMMNbIOTEPHbIX TEXHOSOMN
YnpaBfieHna n npuknagHou LLikona npuknagHown
MaTeMaTUKN MaTeMaTUKN N MHOPMAaTUKN

AspomexaHndecknn AlapomMexaHukn u netatenbHon LLkona aspoKkocMUYecKmnx
TEXHUKN TEXHOMNOrN

Pusunko- dunsnko-xummyeckom ovonornn  LLkona dbunonornyeckom um
XUMUNYECKUN MeOULUMHCKON OU3UKN



TemaTuka ABYyX BOUH B cneumanumsaumax dusrtexa
ABuauus, onTukKa, pagmoTexHmkKa n B3pbiBYaTKa

+P v v
aKeTHbIU U ATOMHbIN NMPOEKThI eron

Habpannnie TRYIE
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lMetp /leoHnpoBry Kanuua CKOHCTPYMpoBan Camylo MOLHYIO B MUpe
OXIXUTENbHYO ycTaHoBky. OHa Aasana 2000 Kr KWAKOro K1Ciopoja B yac.
Hapsigy ¢ amm MM.J1. Kanuueil npennoxeH 3ddheKTvBHEIN MeTos 6Gopbbel ¢
HepasopBasluMmucs pawmctckumi GomBamn 1 cHapsiiamn, KoTopblii cBoaMncs
K 3aMopaXuBaHuto IeTOHATOPOB-B3pbIBATENEN XUOKIM BO3AYXOM.

M.B. KEJIObILL M

Or koro 1911-1978

Orkyaa
VIHAeKC MecTa oTrpasneHa

Bopwnc Buktoposuy Kom
Y

PAYLWEHBAX
1915-2001 Kypa
PUIUK-MEXAHHK

" M.A. leonToBuy Bo3ne "Toxamaxka

Unnekc mecra Hasm
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MaTtepuarnsbl

Texnpouecc

KOHCTpyKUMS
(OusanH)

MapKeTuHr
(MoTpebuTtenb
N PbIHKW)

OpraHunsauus
n ynpasneHue




dyHOamMeHTanbHbIN
LIMKI:

MaTtemartuka, pumaunka,
XUMUSA. ..

OnepauymoHHbIN
MEHEOXKMEHT,
opraHu3auus
npeanpuaTnn

NHXEeHEepPHbIN LKNK:

[lnzanH, TexHonorus
mMarepuansl

OKOHOMUYECKUN LIUKIT:

cTaTUCTUKA, YJeT,
9KOHOMMYecKast

reorpacus, npaso,
MUKPOSKOHOMMKA

[pakTuka 1 NOEKTHbIEe
KYpPCbl:

Co3naHue
3aKOHYEHHbIX U3aenun
N NMPOU3BOACTB

MwnpoB033peH4eCcKum
LMK
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curriculum builds primarily on the Physics Il and Calculus |l GIRs; not all courses require a GIR as a pre-requisite

inced undergraduate subjects
| on header material; exact pre-

Isites vary

Advanced
Undergraduate
Subject

Undergraduate

Advanced

Subject

|

nts choose three header subjects, which typically rely on a foundation course as a pre-requisite

Communicat
6. UAT or 6.

Course 6
Elective

ctromagnetics
6013

Nancelectronics
6012

Cellular
Neurophysiology
6.021

Signals and
Systems 1
6.011

Electromagnetic
Fields

6.014

Machine
Learning
6.036

Course 6
Elective

lation subjects build
roductory material

AW

ductory subjects introduce
nts to the breadth of our
rtment, and teach

imental skills for electrical
eering and computer

g

Differential Equations
18.03 or 2.087

Circuits Signals Computation Structures
6.002 6.003 6.004
=]
o
l.'l':
L]

Introduction to EECS
6.01 or 6.02 or 603 or 6.08

1

Programming SKkills
6.0001 or

three additic
subjects are
typically take
In the junior
senior year



6-7: Computer Science and Molecular Biology

The 6-7 curriculum builds primarily on the Chemistry and Biology GIRs; not all courses require a GIR as a pre-requisite

Computational Biology Biology Communication
Restricted Elective Restricted Elective 6.UAT or 6.UAR

LY

exact pre-requisites vary

Cell Biology Algorithms
7 06 6.046
\
Biochemistry Genetics Algorithms
7.05 7.03 6.006
Organic Chemistry Introductory Lab Programming #2
6512 7.02, 201091, or 20.129 6.009 or 6.031
Discrete Math f
Thermodynamics 6.042 Programming #1
5.60 or 20.110 6.0001 or 6.009

Biology and Chemistry Subjects Computer Science Subjects
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- 6-14 curriculum builds primarily on the Caleculus Il GIR; not all courses require a GIR as a pre-requisite

Jata Science Economics Theory Data Science or Communication
Elective Elective Theory Elective 6.UAT. 6.UAR, or 15.276

[exact pre-requisites vary

Intermediate Networks and Advanced
Economics Optimization Algorithms
14.05, 14.18, or 14.33 6.207, 6.215, or 15.053 6.046
I &
" 3
exact pre-
requisites vary
Microeconomics Econometrics Algorithms Machine Learning
14.01 or 14.03 14 32 6 006 6.036
Programming #2
. 6.0002 or 6.009
Linear Algebra Probability and Statistics Discrete Math T
18.06 6.041, 14 .30, or 18.600 6.042

Programming #1
6.0001




[MlpuMep cBOAHOro UHXXEeHEepPHOro Kypca
Cambridge University

Materials

engineering
science
processing
dand desiyri
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MakpoCKonNUYecke — B NPOLECCE pocTa {TPeLHbI, Nopb!)
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TOYEYHLIE: BAKAHCHN, MEXA0Y3ENbHLIA ATOM, NPUME CHEIA aTOM
NuHenHsie: Oucnokaumi BeIBaIT KPAeBLIE U BUHTOBLIE




[MepBu4yHOE
dopmoobpasoBaHue

BTopuyHas
MexaHoobpaboTka

CoeguHeHune

Cblpble
MarTepuansi

Michael Ashby, 2007
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UcTopusa oTKpbITUA U UCNONb30BaHMUA MaTepuanoB
no Michael F.Ashby

2020
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As Taught In
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CITE THIS COURSE

LECTURE NOTES

LABS A diagram showing bulk micromachined silicon bonded on top of
pyrex with a back side hole. The membrane deflection is measured
by four piezoresistors forming a Wheatstone bridge to get the

ASSIGNMENTS pressure from the back side hole. {Image courtesy of QCW. )

Course Features

EXAMS

» Selected lecture notes » Assignments: problem sets (no solutions)
» Exams and solutions

DOWNLOAD COURSE

MATERIALS Course Description

This course introduces you to modern manufacturing with four areas of emphasis: manufacturing
processes, equipment/control, systems, and design for manufacturing. The course exposes you
to integration of engineering and management disciplines for determining manufacturing rate,
cost, guality and flexibility. Topics include process physics, egquipment design and
automationfcontrol, quality, design for manufacturing, industrial management, and systems
design and operation. Labs are integral parts of the course, and expose you o various
manufacturing disciplines and practices.
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The ME310 Design Process Tool Kit iterates

Divergent-Convergent Ideation %6

Creating Design Choices

through a cascading, choice structuring process. {9

The project work begins with problem (re)definition, 0/’
followed by benefit finding (in contrast to need Q
finding) and several divergent-convergent ideation
exercises that help create design choices. The heart Rapid Multiple Prototyping
of the ME310 Design Process is rapid, multiple Transforming into the Tangible
prototyping where ideas are transformed into
tangible products. Failure is encouraged as most of
the very best designs begin with a surprise.
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