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LLlekcnup. lamner
Bepcus Nepsoro kBapTto (1603)




LLlekcnup. lamnet
Bepcus Nepsoro kBapTto (1603) (npooomnkeHune)




LLlekcnup. lamnet
Bepcus Nepsoro kBapTto (1603) (npooomnkeHune)

Hamlet.

O that this too much grieved and sallied flesh
Would melt to nothing, or that the universal
Globe of heaven would turn all to a Chaos!
[amner.

O, ecnn 6 ropecTHasA NAOTb MOTa

B HWMYTO pacctanaTb, ecnin 6bl BCENEHCKUI

HebecHbin wap Bce pactonun 6bl B xaoc!

(MepeBoa A. KopyeBcKoro)




XpoHonorua «llamneta»

MpoTto-famnert (??7?)

[MepBoOe KBapTO BTopoe KBapTo MepBoe ¢ponno
(1603) (1605) (1623)




TepmunH «Xaoca» B guckypce lamneta
— BcTpevaeTtcs TOJIbKO B NepBom
KBapTO (HM BO BTopom, HKU B Ponmo

He NPUCYTCTBYET).

“Alas, poor Yorick! I knew him—yet somehow I did not realize that he was a cow.”




Xaoc y Wekcnupa: Hanpumep, B OTtenno...

OTtenno.

Hy uTo 3a npenectb. [ycTb A 6yay NpoKAAT,
Jliobnto 1eba!l A ecnun pasnobnto,

BepHeTcAa xaoc.

Othello. Excellent wretch! Perdition catch my  nepeson M. nosuckoro)
soul,

OTtenno.
But | do love thee! And when | love thee not,  yyaecroe cosgarbe! fa norméher
Chaos iS come again_ Mos ayuwa, Koraa ntob6oBb Mmos

He BcA B Tebe — 1 bbITb ONATb Xaocy,
Koraa teba ntobutb A nepectaHy.
(MepeBogp, b. MacTepHakKa)

OTtenno.

BeaHsKKa yyaHas! CBnaetens ag,
Y10 A ntobnto Tebal A pasntobnto —
N xaoc TyT KaK TyT.

(MepeBop, A. KopyeBcKoro)



Xaoc B rpeyveckon punocodpun: Teopyeckasa be3gHa
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Abstract. Due to the importance of modern science, the appearance of the notion of Chaos in
aricient Greek cosmogonies and phifosophical thought and the evoltion of its meaning has been
studed in this paper. In addition, a comparison has been made with the meaning of this
impartant notion in modern Theory of Chaos.

Key words: Orpheus, Phemes, Cosmogeny, chaos, Chaos Theory, fractals.

1. INTRODUCTION-COSMOLOGICAL VIEWS

In the ancient Greek civilization where the first philosophers attempted to explain the
creation of the Universe, the hymns of mysticist Orpheus proved to be of significant im-
portance, by introducing the term ‘Chaos’. According to Orpheus, Chaos condenses into
the giant Cosmic Egg, whose rupture resulted in the creation of Phanes and Ouranos and
of all the gods who symbolize the creation the Universe.

Later, Greek philosophers supported the view that chaos describes the unformed and
infinite void, from which the Universe is created. So, this void in ancient Greek thought iz
not just an abstract term, but a kind of empty space with cosmogonical characteristics.

In modern physics, the term ‘chaotic’ describes systems whose parameters consist of
many hidden laws, which are difficult to describe and can be changed any time. Due to the
importance of the notion of Chaos in modem science, it is of interest to consider its appear-
ance in ancient Greece and the evolution of its meaning, which is the aim of this paper.
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CornacHo Opdeto, Xaoc KoHAEeHCHpyeTca B
rMraHTcKom Kocmunyeckom Anue, Kotopoe, byaum
NPOKONOTbIM, NPUBOAUT K co3aaHUI0 PaHeTa,
YpaHa u Bcex 60ros, CMMBONMN3NPYIOLLMNX POXKAEHNE
BceneHHowm...

TeopeTnyeckun, Xaoc ato beckoHe4yHoe
NPOCTPaHCTBO, [(6e3aHa)] KoTopoe BKAlOYano, B
dbopme «3epeH», BCe 3INEeMEHTbI, U3 KOTOPbIX
NoN*KHa 6bla 6bITb cO34aHA BceneHHas.

Teopoccuny, KanaxaHuc, MaHumaHuc, lmnmeTpunesny,
2012 (NepeBoa mon)




Xaoc u becnopsaok: Cxoacrtea? Pasnuniuna?

Xaoc: becnopAagok:

KomnneKkcHoe Havyano, coeguHstoLlee CyLlecTBYeT KaK aNibTepHaTMBa YNOpPAA04YEHHOCTH
MHOTOUYMC/IEHHbIE 3/IEMEHTbI

OTHOCUTCA K onpeaeneHHbIM

MIMeeT CNnoXKHYI0 OpraHu3aumio napameTpam/xapakTepucTuKkam

Asnaetca npapoguTenem ynopaaodeHHoCTH MmeeT HeraTMBHYIO KOHHOTALMIO







Tpwn TMNa npoueccos

ﬂ,ETepMMHMCTCKMe

XaoTunyeckme




Tpu TMnNa npoueccoB (1 Koe-4To 0 cBoboOaE)

Xaoc —
ocyLiecTBMmasn
JleTepMUHUCTCKNE csBoboaa’?

CnyyanHble XaoTnyeckune

CnyyamHoCTb —
NCTUHHaA
csobona?




UTo maremaTnka roBopuT 0 Xxaoce?

1. XaoTn4yecknm Ha3sbiBaeTcA noseaeHmne 4eTePMMUHUCTCKON CUCTEMDI,
nposaBaAtoLlLee CBOMCTBA CIYHaNHOrO.

2. XaoTMYyeCcKne CUCTeEMbI NCKAOUYNTENIbHO YYBCTBUTENbHbI K Ha4a/lbHbIM
napameTpam; He3HauyuTeNbHOe U3MEHEHUE NapameTpa BeaeT K
KayeCTBEHHOMY M3MEHEHUIO MOBEeAEHMNA CUCTEMDI.

3. XaoTnyeckme cuctemol NPOABAAIOT CBOMCTBA OPraHM30BaHHOCTH
(Hanpumep, 3To MOryT ObITb «aTTPAKTOPLI» - NpeAenbHble 3HAYEHUA
nnn GopmMbl, a TakKe «dpaKTaabl» - CUMMETPUYHOE

BOCNpoun3sseaeHme ooen Gopmbl CUCTEMbI HA YPOBHE ee
3/1eMEHTOB).




«Jlornctmnyeckasa kapta»: [lpoctas 3aKOHOMEPHOCTb, Ybe
noeBegeHne YyBCTBUTENBHO K BXOAHOMY NapameTpy

Logistic Map Bifurcation Diagram
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Xaoc B TOKCUKornoruu: BpoxxageHHble NOPOKU pa3BUTUA BCeaCTBUE
npuema Tanngomuga

Ef{f

Thalidomide: The Tragedy of Birth Defects and the Effective
Treatment of Disease
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Thalidomide was a widely used drug in the late 19505 and early
1960 for the treatment of nausea in pregnant women. It became
apparent in the 1960s that thalidomide treatment resulted in
severe birth defects in thousands of children. Though the use of
thalidomide was banned im most countries at that time,
thalidomide proved to be a useful treatment for leprosy and later,
multiple myeloma. In rural areas of the world that lack extensive
medical surveillance initiatives, thalidomide treatment of preg-
nallt women with I-,pmsy has i to cause malfor i

h on thalid, hani: of action is leading to
a betla understanding of molecular targets. With an improved
di of these lecular Largets, safer drugs may be
designed. The thalidomide tragedy marked a turning point in
toxicity testing, as it prompted United States and international
regulatory agencies to develop systematic toxicity testing proto-
cols; the use of thalidomide as a tool in devek I biology led
to important discoveries in the biochemical pathways of limb
development. In celebration of the Society of Toxicology’s 50th
Anniversary, which coincides with the 50th anniversary of the
withdrawal of thalidomide from the market, it is appropriate to
revigit the lessonz learned from the thalidomide tragedy of the
1960s.

Key Words: birth defects; teratogen; multiple myeloma; leprosy;

testing.

car, and ocular abnommalities (Miller and Strimland, 1999). 2
The thalidomide tragedy was averted in the United States
because of the hold on its approval by Dr Frances Kelsey of the
U.S. Food and Drug Administration, who was recognized by
President John F. Kennedy as a recipient of the Gold Medal
Award for Distinguished Civilian Service. Dr Kelsey's
decision to hold the approval of thalidomide was not because
of the birth defects, which had not yet been attributed to
thalidomide, but because of her concems about peripheral

y (sc i irreversible) in the patient and the ¢
potential cffects a biologically active drug could have after
treatment of pregnant women. The thalidomide tragedy also =
brought into sharp focus the importance of rigorous and
relevant testing of pharmaceuticals prior to their introduction =
into the marketplace (Kelsey, 1988), Dr Kelsey was awarded 5
an honorary membership to the Socicty of Toxicology in 2
celebration of its 50th Anniversary in 2011,

Josef Warkany, one of the founders of the Teratology
Socicty, doubted in April of 1962 that thalidomide was
responsible for the epidemic of limb defects (Warkany, 1988).
His reasoning was that rat experiments had not produced 3
comparable malformations and that malformations in humans
were lm_nnms:lcnl (i.e., some mothers who were exposed to
ide had nommal children and some malformations

[ZELRENSae

Thalidomide was fist marketed in the late 1950s as
a sedative and was used in the treatment of nausea in pregnant
women (Fig. 1). Within a few years of the widespread use of

occurred in children whose mothers did not knowingly ke =
thalidomide) (Warkany, 1988). The thalidomide episode led to
the d(|ll|11iﬂTI of requi for the ic testing of
phar for de loxicily prior to

thalidomide in Europe, Auwstralia, and Japan, approximately
10,000 children were bomn with phocomelia, leading to the ban
of i ide in most ies in 1961, Some countries
continued to provide access to thalidomide for a couple of
years thereafter (Lenz, 1988). In addition 1o limb ru]u(lum

marketing. The a.dnplmn of these requirements is sometimes
considered 2 benefit of the thalidomide tragedy. The legacy
of thalidomide extends further than the creation of detailed
testing protocols. With thalidomide came, the widespread
rm.ngmtmn that differences in sensitivity between species

anomalics, other effects later attributed 1o
congenital heart discase, malformations of the inner and outer

© The Author 2011, Published by Oxfosel University Press on belalf of the Socsety of Tox
iszions, pleass email: joumnal: i

As a cons devel cnial
lu:uuly testing  for pharmaceuticals  is wndut.u.d in two

icology. All fights ressrved

MNpenapaT Taamgommng, akTUBHO pacnpocTpaHanca B 1950-bie rogbl
KaK yCMoKamnBawLllee CpeacTBo U PEKOMEHAO0BAHHbIN OT TOWHOTbI
6epemeHHbIx B EBpone, ABcTpanu u n AnoHuu;

BCAeACTBMeE AeNcTBUA npenapaTta, okoso 10,000 aeten 6biau
POXAEHbI C YKOPOUYEHHBIMU KOHEYHOCTAMM, YTO NPUBENO K 3aNpeTy
npenapata B 1961 roay;

npenapaTt HMKoraa He bbin paspelleH ana npumeHenums B CLUA
bnarogapsa nepcoHasbHOMY peleHuto goKTopa Kencu mns FDA,
KOTOpas AenCcTBOBa/a N3 ONaceHUi 3a BO3MOKHbIN
HeBpo/siormyeckmin adpdeKT npenapata (He penpoayKTUBHbIN!) — a-p
Kencu 6bina HarpaxkaeHa 3010TOM Meaasnblo 33 BblAatoLLLYOCSA
obuwecTBeHHYO cnyxby;

TaANAOMUA, CErOAHA NPUMEHAETCA ANA NeYeHUNs paaa COCTOSHUM
(Hanpumep, nenpa), He cBA3aHHbIX C 6epeMeHHOCTbIO.



J1eBOCTOPOHHUWX U MPaBOCTOPOHHUN Tanngomna. MnHumManoHoOE OTKIIOHEHUE
MONEKYNAPHON CTPYKTYPbl MNOMHOCTLIO MEHSAET TUM addeKkTa!

O O
(F-Thalidomide (=)-Thalidomide
(sedative) (teratogenic)
Ycnokaumsarouwmm TepaToreHHbIn

spPeKT spPeKT



[Mpumepbl U3 NpuknagHbix Hayk: MonekynsipHas buonorus



YnopagoveHHbIW XaoC B KNETOYHOU CMEPTU: anonTo3 NpoTuB

HeKkpo3a
Normal Col
\ ﬂ\ RS Mo BANAHMEM MHAYLMPYHOLWEro CMepTb CUTHaNa, Pa3/INyHble
’ CLLEHAPMKN KNETOYHON CMEPTU BO3MOXKHbI.
| ] e
_“t’,:;',:,me ‘f’"”';g;g;; T o di"f wf,e AnonTos (HapAaay c aBTodaruei) aBnsaeTca NpoLeccom
-I—/“"“‘“ Vot 0 / —T/—-/ ynopaaoyeHHoum rubenmn, npn KOTOpom NPOoAYKTbl pacnaga
2 At 2, Y- B KNETKN YHUUTOXatoTcA Gparountamu.
2 | g | >/ R =
S - s "o x HanpoTuB, OHKO3 BEAET K XaOTMYECKOMY NpoLeccy ¢
—— HenpeackasyemMbiM PacnpoCcTPaHEHMEM K/IETOYHOIO MaTepuana,
HEKPO30M M BocnaneHnem. NMMMponTos TaKKe BeJeT K
\ RORGI——] S—— BOCMNANMUTE/IbHOMY NPOLECCy.
; ey e p Al g (Mnmogpau,m 143- Fi.nk SL, ;oqkson BT. Apoptosis., pyroptosis,.and
; - Yrorein " -J:‘ ) B necrosis: mechanistic description of dead and dying eukaryotic
- ,*L/ < cells. Infect Immun. 2005;73(4):1907-1916.

doi:10.1128/1A1.73.4.1907-1916.2005)

Inflammatory
cytokines




[Mpumepbl U3 NpuKNagHbIX Hayk: MHoycTpuanbHas rmrmeHa



3arpsisHeHune Bosayxa: CoyeTaHmne TpeHaa v cnyyYyanHoro wyma

3arpasHeHune Bo3ayxa
NEeTYYMMU OpPraHNUYeCcKMMmn
coeaMHEeHMsMM B npoLecce
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[ToBeaeHne cucTtemMbl OkasaHUsa MeagULMHCKON MOMOLLY BeTepaHam

B CLLUA moxeT ObITb OnmncaHo cpeacTsa TEOpMKM Xaoca

Using Complexity Theory to Build Interventions that Improve Health Care Delivery in

Primary Care

David Litaker, MD, PhD,"? Anne Tomolo, MD, MPH,' Vincenzo Liberatore, PhD.?
Kurt C. Stange, MD, PhD,”* David Aron, MD, M5'?
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Previous observational research eonfirms abundant
wariation in primary care practice. While variation IF
viewed as s al

s0 e highly informative in uncovering ways (o enhance
healih care delivery when it reprosents undque ac
tions to the vahies and needs of people within the prac

tive for use in developing
that acknowledges the unigueness of primary
practices and encourages fexibilily in the form of in-

. Cose Compr shves Ceancor Conlor Cose Westen Rosonn

rechuce variation. its application in health care has also tended
i e mechanistic, with undessralbile variation in health service
dhelivery feg.. uniis achbeving outcomes below the group mean)
oftens reggrcded s s alierstion i normal fnctsoning.® * Do
wever, skandardiang core withoul sdentifying desirabile variation
o nigue adaptatbons il ke advantsge of locall opportun
e e strengths fsometimes referred o ans “posithe viristion”™
o “positive devance”™ ") misses a0 important opportunity (o
ideniily and iveestigaie unanticipated crommsianoes or lcally
adapied praciice configurations assockriod with betier heolih
care outeomes. ™ The mportance of (e contest within whic 5
prctice i siuabed is evident when eflors (o apply an inier

. structure, and proc

1 . while mainiaining fidelity
1o ibs essential fu

KEY WORDS delivery; nonl 1

a

DOL: 101 L1525 AT 20060053640, x

J GEN INTERN MED 2006: 21:530-34,

5 2006 by the Authors. No elabm for US Gov
waorks.

he Veterans [ealth Administrtion (VILA), the langest in

teggratesd ealth care system in the United States, provides
ware (o mare Lhan G million veberans, Each veteran is assigned o
prinsuary care provices who is responsibe for coordinasting sooess
b mervices, meeling spealic health core meeds, and provicing
servioes Ul promole wellness amd reduce visk for preventalbe
ilress. " An analysss of care within VIA, hewever, demonstrotes
signilicant mnd soesetines undesinalbibe varation ol the ity
Tewel b ey of e processes and intermediole otoomes of
Dokt ehronie disease management and peevention,®

Pt bzl ives il Vi 1 e
een hased, o o signilicont extent, on U contimsons quality
Iprowenent. (OGN model. This approsch has g
weptund s a beal Neitathons, owever. Firsd, ©

a6 B A o designdngg and implementing
imterventions thel mﬁ o improve pudeomes. ™'

The Plan- Do-Stdy-Act (PDSA) cycle of CO1 s a sequential,
iterative leaming model representative of the scientific method
with some of the charmeleristbes of the mechanistic conceplial
mided described above. In operationalizing this tech
health care seltings, the approach wilhin a single PDSA
however, alten asaumes Uhe presence of a “simgde” cause elfect
refationship between “Plan A” and “Effect 1, by testing | hy
pothesis al a tme. Subsequent changes are typheally formmalal
el wsingg a conse and effect diagram wilh the base asimption
ithat & process can be by s cansal
which in turn o e Lrnced bk or reduced to individual e
mende.'? A relatvely stoplistic interpretation of the analytic
approsch assares Uial Uie ifloesce of olber Bctors can be
refialdy hekd constant. through matTematical modeling bech
ibques pch s lisear regression, " Tnsighis from Qe sockl ond
behavior solences. however. saggest thal the process of ingphe
mentings change or e difusion of innmvation elve socil
Interacthons hal are rrely Nnear and e ollen ungee
dictable, 415 Wing ¢
enily effective across settings may Uerelore b
the medernding s comples. elfects of “veal-workl™ fctons am

Ll lrammewnek for quakiiy , moted in 4 1
) mded, vses 2 view of e ystenia
that humans create and focuses on | change (o

1 i stuacly dessign and aowabyticel mdels
Mlmngl. previous quality ingrovement. inltkatives have

Thee awsthors hawe mo confict of infevest fo declone for this anticle.
Address comespondence and requests fe reprials do v Amone VA
HSMAD Conter Jor Gl Improsesen] Beseorch, Loiis Sokes
{evetand Drpartment of ¥elerares Affirs Modioal Cenes, Bdurion
Nffice 1AW]L IOF00 Bast ed, Cleocdod, O 4406 e mail:
sl e, e o,
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1 valuabde insights and usclil approaches o im
prove: health care, rethinking is hasic assumptions may prove
useful in charting a direction for future efforts. In the sections
that follew, we oulline @ Gmmework using “oomplexity then-
"™ " thid chamolerizes primany care pracioes as oompiles
adaplive sysiems, prvides cxampbes of the components of
Lhese pysiens, ihe ithe
oy I developing interventions b improve care, and suggiests o
different perspective in understanding Uhelr implementation.

ABTOpPbI OTMEYAIOT HECKOJ/IbKO XapPaKTEPUCTUK CUCTEMDbI
OKa3aHuA MeAULMHCKOM NOMOLLM, KOTOPble NPUBOAAT K
Henpeackasyemomy NoBeaeHMIO TeX UIN UHbIX
NapamMeTpoB, XOTA M B paMKax 06 mx
3aKOHOMEpPHOCTEN... TakKe oTmedaeTca dpaKTaibHaA
CTPYKTYpa (Hanpumep, B paboyeit Harpy3sKe Bpayei B
TeYeHue AHA, N B TeYeHue roaa, n ap.).

Litaker, D. et al., “Using complexity theory to build
interventions that improve health care delivery in primary
care,” J Gen Intern Med 21, S30-S34 (2006)
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Xaoc B Teopun vucen

TOYHbIX CTEerneHdax 1 He TOJ1IbKO

A.KOPYEBCKNIA

OKPOBHANTHWIA TEOPHUHWCEN, WITH

aprpMETHIH, Kak 5Ty 00IACTh HasbiBa-
JIH padbine, NOHCTHHE HEHCIepiacMa . Muo-
THE TAHIB TTPOCTHIX WHCE CETOIHA PACKPHI-
Te. Ho mepenecem Jyd ceera ma apyrae
FAMEYATENBHBIC YHCAOBLIE DOCHAS0BATe b~
NOCTH — H 3aTaJIOK ¥ HHX MOXKET GBITh OTII0N:
He MCHBIIE, 9eM ¥ CTAPLIX A00PLIX H TaKHK
HENPOCTHIX €[TPOCTHIXS YHOE.

B mavane 80-x ronom mpomaoro Beka,
GyIyTH YICHHKOM (PH3HKO-MaTeMaTHICCKOH
KO, ABTOD HHTEPCCOBAICH PDASIHYHLBIMH
4PACTTHPENHAMHAS MOHATHA MPOCTHIX THCET.
IpocToie whena (Kak HaIH THTATEH, Geaye-
IIl}MIIHT) — IT0 TC CAMbIC, KOTODLIC HE
MCTATCA TH A 0IN0 TReI0, Kpose 1 1 camons
ce0. M3 TpocThIX THCEN, Kak H3 KHPIHIH-
KOB, CKALIBIBAKTCH BOC OCTANLHLIX YHCIA, H
(:KDC'I'IJIiII()II'[Wﬁ TEMERT — ONEPATTHA YMIOMRKE-
HHsA. YTo eciim MBI IONPOOYeM <CKIEHBATES
PHUL HATY pANBHBIX YHCEST C NIOMOIIBIO ApyTo-
TO PAcTBOpa — I P, OnepanEn
His B crenens? Tak agropoM Gbina mpryMa-
Ha <HI'PpA B 1EJIbIC CTENeHH S, Klm)l)(lii [EE)
MOCRATNEHB JOJTHE Hach! JOCYTa., ”(lJI'hR}’I"‘b
0GPAINOM TIPOCTHIX  WHCEN, MOMKHO TOMb-
TATHCA NOCTPOHTL Ill.‘J'Jblii rOopy] HIH JIasKe
KOPOMERCTRO, /¢ AKAITH 6 WX POICTREHAH-
KH — HaTYPadbiihle THCI, KOTOPHIC HeAbas
NPCICTABHTD B BHAC CTCINCHH @ , Tied H b-
matypaneisie wncaa, b > 1. lparaamacu
WHTATENA TOYIACTEOBATh B oToH Wrpe. Bos-
MOFKHO, KTO-TO CMOMKET BhIYMATD H JAPYTHE
HIPH, TOXOMACHE Ta 9Ty . MumocTn MPOCHAM, a
TOKa...

Ki cTBO [a "
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JICIIOBATCITLIOCTH MOUHBLX CCREHE:
1, 4, 8, 9, 16, 25, 27, 36, ...
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Ecm Xe HaTypansioe SHCI0 He ARIACTCH
TouHOl cTenenbio, GyieM IS KPaTKoCTH
maswwarh ero HEcmenenswo. (Io-anrmmiic-
KH TOYHBIE cTenenw wMenyioTcs perfect
POWETS, 4 YHCAZA, HE SRISIONHECS TOUHLME
crenensiMu, — not perfect powers wm, Gonee
KOPOTEO, Non-powers. Byayun mKOTbHH-
KoM, aBTop nprayMan uia HEctenencii mvua
SONOT, HAK <COHOPHBIC YHCIAs , TAK ¥T0 Hame
KOpOMEBCTRD MOMHO HAIHBATL <KOPOACE-
CTBOM CONOPHBIX 'IHL‘I’.‘,‘l".)

Hrak, HEcrenenn — sro:

2,3,56,7,10, 11, 12,13, ...

He cocrapaseT TPy NOKasaTh, 9T0 CyIe-
creyer Geckonewnoe kommecteo HEcrene-
neii (HanpuMep, NOCKOMBKY KDE/I0e HPoCcToe
wneao aensercs HEcTenensio).

¥opaxnemae 1. a) [loxasure, wro ccan aas
HEROTOPOT IPOCTOTD THCAR [ THCAC 1 ASAHTCA
ACTETCA Ba g, TO OHO HC ABARCTCA
crenenpn. 6) JlokaHTe, 910 MIOKECTBO
cocTapbx HEcrenenedi Geckonesno.

B xaranore NENOYHCACHH WX NOCAca0Ea-
TeTBHOCTER rx‘.is.m’g MOCACAOBATCABITOCTH
ToUmBIX crencheil wmeet wox A0D1597, a
HEcrenenn — wop A007916. B atom xe
KATANOTE MOXKHO HAWTH CCBITKH Ha WATe-
PECHBIE CTATHH O CEOHCTRAX TOCACOBATETb-
HocTel.

OcHoBHaR Teopema

Ocnopnas TeopeMa ApAhMeTHRHE TOBOPHT O
TOM, TTO KaAI0e HaTyparbioe sncao N > 1
MOKET GHTH eAHACTBCHHEM 06pasomM (¢ Tou-
MOCTHIO 10 MOPAAKA COMTOMKHATEACH) TpeL-
crapncno B BAAe N =pps? ..pi, rae
PiePasees Py ABMAIOTCH PASIHYHLIMH  1IPO-
CTHMH YHCIAMHA, a 01'...,3. ~ HaTypaThiThie
HHCTA.

Ananor smoit Teopemst ects u s HEcre-
neneii. Ecom wneno N = pip* . pi= smns-
€TCH TOUHOI £-if CTENeNBIo, TO ¢ I0DKHD OB
JCNHTENeM KOK/I0T0 M3 SHA9eHuil o, .., o, .

BeegeHHble A. KOpueBCKMM COHOpPHbIE Yncna
(nnm «HE-ctenenn») -2, 3,5, 6, 7,10, 11, 12, 13
... — KaykyTcs pacnpeaeneHHbIMM XaOTUYHO, HO
OHM OPraHM3ylT BOKPYr ceba Becb
HaTypPa/ibHbIN PAA:
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[nHamMmuka pasHoCTeN Mexay nocnegoBaTeribHbIMU LENbIMU CTENEHAMMN:
XaoC, HO He opraHmayrwmnm nm ceda B OeCKOHEYHOCTU?
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Cymma BenuymH, obpaTtHbIX KBagpatam LenbiX CTENEHen MUHYC
OOVH
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Kaknx yncen oonblue: CteneHen nnn HE-ctenenen?

OaHako, HE-cteneHun —

Konn4yecTBOo TOYHbIX CTENeHen, He

npesbllaloOWNX X:

10 40

100

1000

10000

100000

1000000
100000000000000
1000000000000000

TONIbKO NINLLb OAHA CTPOKa B
cneayrwouwen tTabauvue:

m 2 13 |s 6 [7 [0 |* |*
m2 4 9 25 36 49 100 * *

13

4.1 m3 8 27 125 216 343 1000 *  *
0.367 mk 2k 3k 5k gk 7k ogok  x
0.00001005 (To ecTb B 6ECKOHEYHOCTHU CTEMEHMU

0.00000317 npeobnagatot Hag HE-cteneHamu)




Xaoc MOXET ObITb ABIIEHNEM BPEMEHHbLIM, a NMOPSAA0K BEYHbIM (U
HaobopoT?)

Tenepb mbl BUAUM KaK bObl
CKBO3b TYCKN0E CTEK/O,
ragatenbHoO, TOrAa e ANUOM K
INLLY; Tenepb A 3HAO OTYACTH, a
TOraa No3Hato, NogobHO Tomy,
KaK A MO3HaH.

1 Kop. 13:8




Mpumepbl 3 NpuknagHbix Hayk: OxpaHa oKkpy»katoLlen cpeabl



W. Brian Arthur: napagokc 6apa Anb ®aporn(1994)

COMPLEXITY IN ECONOMIC THEORY'"

Inductive Reasoning and Bounded Rationality

By W. BriaN ARTHUR*

The type of rationality assumed in eco-
nomics—perfect, logical, deductive ration-
ality—is extremely useful in generating
solutions to theoretical problems. But it de-
mands much of human behavior, much more
in fact than it can usually deliver. If one
were to imagine the vast collection of deci-
sion problems economic agents might con-
ceivably deal with as a sea or an ocean, with
the easier problems on top and more com-
plicated ones at increasing depth, then de-
ductive rationality would describe human
behavior accurately only within a few feet of
the surface. For example, the game tic-tac-
toe is simple, and one can readily find a
perfectly rational, minimax solution to it;
but rational “solutions” are not found at
the depth of checkers; and certainly not at
the still modest depths of chess and go.

There are two reasons for perfect or de-
ductive rationality to break down under
complication. The obvious one is that be-
yond a certain level of complexity human
logical capacity ceases to cope—human ra-
tionality is bounded. The other is that in
interactive situations of complication, agents
cannot rely upon the other agents they are
dealing with to behave under perfect ratio-
nality, and so they are forced to guess their
behavior. This lands them in a world of

"Discussants: W. Brian Arthur, Stanford University
and Santa Fe Institute; Paul Krugman, Massachusetts
Institute  of Technology; Michael Kremer, Mus-
sachusetts Institute of Technology.

*Santa Fe Institute, 1660 Old Pecos Trail, Santa Fe,
NM 87501, and Stanford University. 1 thank particu-
larly John Holland, whose work inspired many of the
ideas here. T also thank Kenneth Arrow, David Lane,
David Rumelhart, Roger Shepard, Glen Swindle, Nick
Vriend, and colleagues at Santa Fe and Stanford for
discussions. A lengthier version is given in Arthur
11992), For parallel work on bounded rationality and
induction, but applicd to macroeconomics, see Thomas
I, Sargent (1994)

subjective beliefs, and subjective beliefs
about subjective beliefs. Objective, well-de-
fined, shared assumptions then cease to ap-
ply. In turn, rational, deductive reasoning
(deriving a conclusion by perfect logical
processes from well-defined premises) itself
cannot apply. The problem becomes ill-
defined.

Economists, of course, are well aware of
this. The question is not whether perfect
rationality works, but rather what to put in
its place. How does one model bounded
rationality in economics? Many ideas have
been suggested in the small but growing
literature on bounded rationality; but there
is not yet much convergence among them.
In the behavioral sciences this is not the
case. Modern psychologists are in reason-
able agreement that in situations that are
complicated or ill-defined, humans use
characteristic and predictable methods of
reasoning. These methods are not deduc-
tive, but inductive.

1. Thinking Inductively

How do humans reason in situations that
are complicated or ill-defined? Modern psy-
chology tells us that as humans we are only
moderately good at deductive logic, and we
make only moderate use of it. But we are
superb at seeing or recognizing or matching
patterns—behaviors that confer obvious
evolutionary benefits. In problems of com-
plication then, we look for patterns; and we
simplify the problem by using these to con-
struct temporary internal models or hy-
potheses or schemata to work with.! We

'For accounts in the psychological literature, see R.
Schank and R. P. Abelson (1977), David Rumelhart
(1980}, Gordon H. Bower and Ernest R. Hilgard (1981),
and John H. Holland et al. (1986). Of course, not all

Huntenb ropoga ckopee BCero NOCETUT NONyAApPHbIN 6ap B Hbto
MeKCUKO, eCnm OH OXKUAaeT, UTo He bonee 60 yenosek byayT
NPUCYTCTBOBATb TaM Beyepom. KaxKabli MCNO/Ib3YeT CBOKO
cobCTBEHHYO MOAENDb, UTOObI NpeAcKa3aTb KOAMYECTBO
noceTuTenem Ha OCHOBaHMKM onNyb/IMKOBAaHHOM MHPOPMaUMK 3a
nocnegHue age Heaenu. XaoTmyeckasa KapTUHa exXeHenebHbIX
noceweHnn NPoABAAETCS, HO NpMeMaeMblii ypoBeHb (60 yenoBek)
NPOABAAETCA B KaYecTBe “ecTecTBEHHOro aTTpakTopa” ana
noBeAeHUsA CUCTEMDI.

Time

FiGURE 1. BAR ATTENDANCE IN THE FIRST
100 WEEKs

The American Economic Review, Vol. 84, No. 2, Papers and Proceedings of the Hundred
and Sixth Annual Meecting of the American Economic Association (May, 1994), 406-411.



[Tpobnema ynpaBneHust Ka4eCcTBOM Cpeabl:
Mcnonb3ysa npumep nprnadackoro bapa...



[opoa ®PanbepBunnb

B ropoae ®anbepcsmnne 100 asTontobutenen.

Topmo3a B KaXA0M M3 MalUMH coaepKaT OnacHbIN
BOJIOKHUCTbIN MmaTepuan «pnbpetr».

doHoBas KoHUeHTpauua pubpetTa B Bo3ayxe 20
CTPYKTYp/Ccm3.

Koraa oaMH aBToM06M/1b MCNONb3YETCA B ropoae B
TeyeHue AHA, KoOHUeHTpauuma ¢pubpeTtTta Bo3pacraeT
Ha 3 CTPYKTypbl/cm3.

[parkaaHe Panmbepcsunna cumntatoT 150 cTpyKTYp
Ha cm3 B KauecTBe YpoBHA 03aboYeHHOCTMW.




CTparterusi CokpalleHuns 3arpa3HEHHOCTI BO34yXa

KaxKaoe yTpo roporxKaHe YntatoT «XpoHKu Panbepcsmnna», 4ytobbl yBUAETb TPEHA
CpeaAHeCcyTOYHOM 3KCNO3MLUUN 3a NOC/IeAHNE ABE Hedenu.

[ToTOM KaXKAbl rOPOXKaHWH NpeacKa3biBaeT ypoBeHb pubpeTTa B BO34yXe Ha NpeacToLni
neHb. Echm npeackasanme 6onble 150 ctp/cm3, utenb octaeTca goma.

MATb cTPATErnin UCNOb3YHOTCA PA3/IMYHbIMU KUTENAMM FrOpoaa:

1) KoHUEeHTpauua 3a BYepaLllHNN AeHb.

2) KoHuUeHTpauma 3a ABe Heaenun Ao 3Toro.

3) CpeaHAA KOHLUEeHTPaumMA 3a nocnegHue Tpu AHA.

4) CpepHAA KOHUEHTpauuaA 3a nocneaHmne 10 aHen.

5) CpeaHAA KOHLUEeHTpauUmMaA 3a nocnegHue ABe HeAeun, UCKAYaa nocaeaHue YeTblpe AHA.




[OnHamuka ypoBHS1 pnbpetTta B Bo3ayxe Panbepceunns
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PekomeHgaunn Ha ocHoBe bandepCcBUIbCKOro NCCneaoBaHuns

1.Ctpaterna MHPOPMUPOBAHUA HACENEHMNA O PUCKAX U BOBJI€YEHMUS
X B NPUHATUE PELLUEHNI MO PUCKY B LLEeJIOM ABISETCA NO3UTUBHOM
(NnpepoTBpalWas cMTyauumto, Koraa 3KCno3mnums octasanach Obl
BCeraa BbICOKOM)

2.He cywectByet moaesin, N0 KOTOPOMY KarxKAablM rpa*KAaHWNH B
OTAEe/IbHOCTU MOT Bbl NpeacKa3aTb 3KCMO3ULMIO TOYHO U
OAHO3HA4HO.

3. KoHUeHTpauma BONOKOH B BO34yXe ABISAETCA AeTEMUHUCTCKOMN, HO
BeaeT ceba Kak cnyvyanHas.

4.B uenom, cpeaHAA KOHUEHTpaumMa CTPeMmnTCA K KYPOBHIO
032604YEHHOCTU Y.




[Tlpnmepbl U3 NpuUKNagHbIX Hayk: JlutepaTtypoBeaeHue



«3onoToe cevyeHnex»: BnoxeHHas CTpyKkTypa NOBTOPSIET cama cebs
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Opranunsauus «llepBoro kBapto» «lamneta» Lekcnupa: lapmoHus
NpOTMB CNy4yanHOCTU?

ToyKa «3010TOro
ceyeHuna»: JOoMKHa

MoHonor «To
be or not to

be” ObITb Ha 29497

OTK/IOHEeHue OT 30/10TOM
Konnyectso cMMBO10B

(6e3 npobenos) B
«[lepsom KBapTto» [amneTa
(Bcero 77226)

nponopumnn 5.6 %




OpraHusaunsa «lamneta» WWekcnupa: NapmoHnsa npotus
CIly4amHoOCTnN?

ToyKa «3010TOro
ceyeHuna»: JOoMKHa

MoHonor «To
be or not to

be” ObITb Ha 54544

OTK/IOHEeHue OT 30/10TOM
Konnyectso cMMBO10B

(6e3 npobenos) B «Ponmo»
[amneTta
(scero 142801)

nponopunn 16 %




[aMnerT: AETEPMUHUNCTCKaA N XaOTU4ECKaA CMCTEMA

Mopaenb «/leTe pMUHNCTCKUMA Mogaenb «XaoTuueckuin lamneTt» (M3smeHeHue
famaeT» Ha4Yya/IbHOro napameTpa)

1. Koponb JaHun npeaatenbckun yout bpatom.
1. Koponb laHnn npepaTtenbCcku 2. MpwHy FamneT y3HaeT 06 ybuiicTee ot

ybuT 6patom. [Tpuspaka.

2 1 r 6 3. MpwuHy FamneT ybuBaeT oTua BO3/1t061€HHOW,
. [IPUAHL, TdMANET Y3HAET O [0BOAMT BO3/1100/IEHHYI0 A0 CyMacCLlecTBUA U

y6l/|l7|CTBe. camoybuincTea, Yem BNEYET B KOHLLE KOHLIOB

3. an”'“—'. [amaeT MCTUT 3a oTUa, CMepTb COBCTBEHHOM MaTepu, AAAM

6muBaeT Aa4t0 (M eHme) y (n3HayanbHas uenb mueHus), bpata
y T A0 - BO3/1106N1E€HHOM, M ero CaMoro, a TaK»Ke NoTepto

3aHMMaeT 3aKOHHbIN TPOH OTUAa. JATCKOM rocyaapCTBEHHOCTM.




BbiBOAbI

1.Xaoc — NpoayKTUBHAA MyAbTUANCUUNIMHAPHAA KOHLEeNUmMA,
KOTOpPaa COXpaHAET aKTyasbHOCTb ANA T'YMAHUTAPHbIX U TOYHbIX
HayK.

2.MMone3Ha maTemaTnyeckas moaenb TEOPUM XaocCa,
MHTEPNPeTUPYIOLLLAA XaoC KaK «AeTEPMUHU3M, NPOABAAIOLNMN
CBOMCTBA C/Iy4aMHOro».

3.Xaoc He aBaAeTca becrnopsaaKkom, HO NpeacTaBaaeT cobou
npeaenbHO CNOXKHYIO YNOPAA0YEHHOCTb.

4.4yBCTBUTENbHOCTb XaOTUYECKUX CUCTEM K Ha4a/IbHbIM YC/IOBUAM
MOXKET bbITb NpocaexXeHa Ha npumepe «famneTta» ... 4obpo

—[O¥aN0BATL B TeaTp «Bepax»!



Bonpock!? [lnckyccua?



Cnacunbo 3a BHMMaHue!



