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Npepucnosue

Hayka 0 CIOXHbIX cUCTeMax — 3TO MeXAWUCUMNAMHAPHas 061acTb Ha CTblKe MaTeMaTWKMU, UHdopMaTH-
KW U eCcTeCTBO3HaHMS, KOTOpas GOKYCUPYETCS Ha CNOXHbIX CUCTEMAX, NPEeACTaBASOLLMX coboii cucTeMsl
CO MHOXeCTBOM B3aMMOAEMNCTBYHOLMX KOMIMOHEHTOB.

OfHUM U3 OCHOBHbIX MHCTPYMEHTOB HAYKM O CIOXKHbIX CUCTEMAX ABASKOTCS AUCKPETHbIE MOAENN, BKAO-
4yas ceTM U rpadsbl, KNETOYHbIE ABTOMATbl U areHTHOe MOAENUPOBAHME. DTU UHCTPYMEHTbI MCMOMb3YHTCS
B €CTECTBEHHbIX U 0OLLECTBEHHbIX HayKaX, a MHorga B UCKYCCTBE U NT'YMaHUTAPHbIX HayKaX.

[na nonyyeHus ob3opa noceTute cTpaHunuy https.//thinkcomplex.com/complex.
MoueMy BaM cnepyeT 3HaTb O HAYKe O CNOXHbIX cUcTeMax? BOT HECKObKO NPUYMH:

* HayKa O C/IOXKHbIX CMCTEMAX None3Ha, 0cobeHHO ecn HeobxoaMMo 0BbACHUTL NOBeAEHWE NPUPOA-
HbIX M COLUManbHbIX cucTeM. HaunMHas ¢ HbtoToHa, MaTeMaTnyeckas @usnka Bbia cocpenoTodeHa
Ha cucTeMax ¢ HeHGONbLUMM KOMYECTBOM KOMIMOHEHTOB U NPOCTbIMU B3aMMOAENCTBUAMU. ITU Mofe-
v 3 dEKTUBHBI A5 HEKOTOPbIX NPUIOXKEHUI, TAKMX Kak HebecHas MexaHuKa, U MeHee nose3sHbl Ans
LPYruX, TaKMX Kak 3KOHOMMKa. Hayka o cnoxHbIX cucTeMax obecrneunBaeT pa3sHoobpasHbli U afanTu-
pyeMBbli i MHCTPYMEHTapUii MOLENMPOBAHHS;

* MHOXECTBO OCHOBHbIX PE3Y/IbTaTOB HayKW O C/IOXKHbIX CMCTEMAX YAMBUTENbHO; TeMa, KOTopasi Mo-
BTOPSIETCS HA NPOTSHKEHUM [AHHOM KHUIM, COCTOWUT B TOM, YTO MOBEAEHWE NPOCTbIX MOLENeil MOXeT
ObITb CIOXKHbIM, @ CNeACTBUEM 3TOTO SBASETCS TO, YTO MHOMAA MOXHO 0ObACHUTL CIOXHOE NoBeAeHue
B peasbHOM MMpe, UCNOMb3Ys NPOCTbie MOLENH;

e KakK g 0bbsicHSIO B mMaBe 1, Hayka O CIOXKHbIX CUCTEMAaX HAXOAMTCA B LEHTpe MeANeHHOro CABWra
B HAY4HOM [esTeNbHOCTU U U3MEHEHUS TOrO, YTO Mbl CHUTAEM HAYKOW;

¢ U3yUYeHME HaYKM O CNIOXKHbIX CUCTEMax AAeT BO3MOXHOCTb Y3HATb O pasHOOOPa3HbIX QU3NUECKUX
M COLMANbHBIX CUCTEMAX, Pa3BUTb U MPUMEHUTb HABbIKM NPOrpaMMUPOBAHMS U MOPa3MbICIUTb Haf
$yHAaMeHTaNbHbIMU BONPOCaMu GrUNocopun Hayku.

MpouunTas 3Ty KHUTY M NOpaboTaB HaL YNpaXHEHUSIMU, y BaC ByAeT LWaHC M3yUYnUTb TeMbl U UAEN, C KOTOPbI-
MU Bbl Bpsif 1 Bbl CTONKHYNMCh, MONPAKTUKOBATLCS B MPOrpaMMmUpoBaHuM Ha Python u y3HaTtb 6onblue
0 CTPYKTYpax LaHHbIX U anropuTMax.

[NlaHHas KHWra BKIKOYAET B ceba cnyayolume pasgens.

TexHuyeckue petanu

BONbIIMHCTBO KHUT, MOCBALLEHHbIX HAYKE O CIOXKHbIX CUCTEMAX, HanucaHo AN WUPOKOro Kpyra JuLL.
B HMX OnyLIEHbl TEXHMYECKME AETanu, YTo paccTpauBaeT Tex, 4/ KOro AaHHOro poja CBedeHMA
He NpeAcTaBAaoT Npobnembl. B 3ToM KHWUre NpUBOAMTCSA KO, MAaTEMaTUYECKME TEKCTbI M MOACHEHMUS,
HeobXoAMMble A8 MOHUMaHMA paboTbl MOAene.

[ononHutenbHaa nuteparypa

Ha npoTsxeHnn BCcen KHUIU 9 Aat0 CCbIIKM HA AOMONHUTENbHYIO IMTEPATYPY, BKAKOYAS OpPUTUHANbHbIE
CTaTbU (601'IbLIJl4HCTBO 13 KOTOPbIX AOCTYMHO B 3/IEKTPOHHOM BVI,EI,G) W COOTBETCTBYHOLLME CTaTbu U3 Bu-
Kunnegun U opyrux UCTO4YHMKOB.

Jupyter Notebook

[ns Kaxnon rnaebl 9 npenocTaBnaAto 6J'IOKHOTJUpyter, KOTOprl‘;I BKJIHOYaeT B ce6s Kop, ﬂpMBe,D,EHHbIVI
B 3TOV rnaBe, LOMNONHUTENbHbIE npmuMmepbl U aHMMauuio, MNO3BONIALLYH YBMAETb MOAENN B fencTeuu.
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YnpaxkHeHus 1 pelieHus

B KOHUe Kax oM rnaBbl s Npeanaratd ynpaxkHeHMs, Hag, KOTOPbIMU Bbl, BO3MOXHO, 3aX0TUTe HOpaGOTaTb,
n pelweHuns.

[lna 6ONbLIMHCTBA CCbINOK B 3TOM KHUre s MCnonb3yto nepeHanpaeneHne URL. 3ToT MexaHW3M MMeeT He-
[LOCTaTOK, 3aK/I0YALIMIACS B TOM, YTO OH CKPbIBAET Ha3HayYeHWe cCbiku, HO aenaet URL-agpeca kopoye
M MeHee HaBs34MBbIMU. KpoMe Toro, U 4To 6osee BaXHO, 3TO MO3BONISIET MHE 0OHOBAATL CCbIIKM, HE 06-
HOBNAS COAEPXXMMOTO KHUMU. Ecnu Bbl HalifeTe HepaboTaroLwyo CCbIKY, MOXanyicTa, AainTe MHe 3HaTb,
1 5 U3MEHI0 NepeHanpasfieHue.

Ina Koro 3Ta KHUra?

[MpuMepbl U BCOMOraTenbHbIi KOA, MpUBEAEHHbIEe B 3TOM KHUIe, HanucaHbl Ha Python. Bbl 4o/mMKHbI 3HATb
a0po Python v 6bITb 3HaKOMbI C €ro 06bEKTHO-OPUEHTUPOBAHHBIMU PYHKLMSIMU, B HACTHOCTM C UCMOb30-
BaHMEM W ONpeAeNeHNeM K1accoB.

Ecnu Bbl ewle He3HakoMbl ¢ Python, To MoxeTe HauaTb € KHUrK Think Python, koTopasi NOAXOAWT ANs to-
[lel, HUKOra Npexe He 3aHMMaBLUMXCS NporpaMMupoBaHueM. Eciim y Bac ecTb onbIT NporpaMMupoBa-
HWS Ha APYroM s3bIKe, eCTb MHOTO XOPOLUMX KHUT No Python, a Takxe oHnaiH-pecypcbl.

1 ncnonb3yto NumPy, SciPy n NetworkX Ha npoTsixxeHun Bcelt KHUrn. Ecim Bbl y>Ke 3HaKoMbI € 3TUMu Bub-
NMOTEKaMM, 3TO 340POBO, HO 8 TaKXKe Oyy pacckasbiBaTb O HUX MO Mepe MUX MOSIBAEHMS.

Sl npennonarato, YTo YMTaTENb MMEET ONpeEEHHbIE NMO3HAHWUS B MaTEMATHKE: B HECKONIbKUX MECTax s UC-
nosib3yo JIorapudMbl, 3 B O4HOM NpUMepe — BEKTOpbI. Ha 3ToM Bce.

U3MeHeHus nocne BbiXoaa nepeoro naaaHusa

Bo BTOpPOM M3OaHUU 4 nobasun aBe rnaebl, oAHY 06 3Bontoumm, a APYryto 06 3BONIOLMM Koonepauuu.

B NnepBoOM U30aHUN KaXOaqa raBa AaBajad CpaBO4YHYH MHd)OpMaLlI/ﬂO no TeMe U npegnarana skcnepu-
MEHTbI, KOTOPbl€ MOXET BbIMOJIHUTb YNTATENb. Bo BTOPOM U3AAHUN 4 MPOBEN 3TN 3KCMEPUMEHTbI. Kaxpas
rnaBa npencraBngaeT peain3aumio 1 pe3ynbTaTbl B KAYeCTBE NPaKTUYECKOro npuMepa, a 3ateM npegnaraert
OOMOJIHUTENbHbIE 3KCMEPUMEHTDbI AN YNTaTeENA.

Bo BTOpOM M34aHUM S 3aMEHWN 4aCTb CBOETO KOAA CTaHAApTHbIMM BUbAMoTekamu, Takumu kak NumPy
n NetworkX. Pe3ynbtat nonyuuncs 6onee KpatkuM U 3PQPEKTUBHBIM, YTO AAET YMTATENSAM BO3MOXKHOCTb
U3YYUTb 3T BUBNMOTEKM.

Kpome Toro, 6n10KHOTbI Jupyter sBastoTcs HOBbIMU. [Ins KaxAoW rnaBbl ecTb ABa GNOKHOTA: OAWH CO-
LLePXWT KoA, MPUBEAEHHBIN B MNaBe, MOSCHUTENbHbIN TEKCT U YNPaXXHEHWUS; [PYroW COLEPXUT peLLeHus
YAPaXKHEHUN.

HakoHeL, Bce nopaepxuBatollee NporpaMMHoe obecneveHue 6bi10 o6HoBNeHO Ao Python 3 (Ho 60nb-
Luas YacTb ero paboTaet 6e3 usMeHeHwuii B Python 2).
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Ucnonb3oBaHue Kopga

Becb Kop, Mcnonb3oBaHHbIM B 3TOW KHUTe, AoCTyneH B Git-peno3utopumn Ha GitHub: https.//thinkcomplex.
com/repo. Ecnu Bbl He3HakoMbl ¢ Git, TO 3TO cMCTEMa KOHTPOAS BepCUA, KOTOpas MO3BONSET OTC/IEXMBATb
dannbl, coctasnstolwme npoekt. Konnekums dainos, HaxoaawWmMxcs nog KoHTponeM Git, HasbiBaeTcs «pe-
nosutopuii». GitHub — 3To XOCTUHT, KOTOPbIM NpefocTaBAseT XxpaHunuile ans Git-penosutopmes u ynob-
Hbli Be6-uHTepdelic.

[omawHsas ctpaHmua GitHub Moero peno3utopums npefocraBnseT HeCKoAbKo cnocoboB paboTskl C KOAOM:

e Bbl MOXETe CO3LaTb KOMWK MOEro Peno3uTopusi, HaXXaB KHOMKY Fork B mpaBoM BepxHeM yrny. Eciu
y Bac elle HeT yyeTHo 3anucu GitHub, BaM HyxHO ee co3natb. [Tocne 3toro y Bac 6yaet cobcTBeHHbIN
peno3utopuii Ha GitHub, KOTOpbIi Bbl CMOXETE MCMONBb30BATH A1 OTCNEXMBAHUS KOAA, HANWCAHHOIO
BaMu BO BpeMsi paboTbl Haf 3TOM KHUIOM. 3aTeM Bbl MOXETE K/IOHMPOBATb PENO3UTOPUIA, YTO 03HaYa-
€T, 4TO Bbl KOMMpyeTe alnbl Ha CBOKM KOMMNbIOTEP;

e Bbl MOXETe KJOHMPOBATb MOV PEno3MTOPUI, HE CO3AaBast OTBETBJIEHMS; TO €CTb MOXHO CAeNaTb Ko-
N0 MOEro pernosuTopus Ha BalleM KoMnbtoTepe. [11s 3Toro BaM He HyXHa y4yeTHast 3anucb GitHub,
O[IHaKO Bbl HE CMOXETe 3anucaTb CBOM M3MeHeHMs obpaTHo B GitHub;

* eCM Bbl BOOOLLE HE XOTUTE MCMoNb30BaTb Git, To MoxeTe 3arpy3uTb daiinsl B ZIP-daiin, Bocnosb3o-
BaBLUMCb 3eNeHOoW KHonKow ¢ Haanucbto Clone or download (KnoHnpoBaTb uau ckayaTth).

Pabotas Hag 3ToM KHMIOM, 9 ucnonb3osan Anaconda u3 Continuum Analytics, aBastowmiics 6ecnnatHbiM
anctpubytreom Python 1 BkntovatoLwmii B cebs Bce nakeTbl, KOTOpble MOHAZ06ATCS BaM AN 3anycka Koaa
(1 MHororo apyroro). 1 Hawen, 4to Anaconda NpocT B ycTaHOBKe. [10 yMONYaHWIO OH BbINOIHAET YCTAaHOBKY
Ha YpOBHE NO/Ib30BaTeNs, a HE HA YPOBHE CUCTEMbI, TO3TOMY BaM HE HY)XXHbl NpaBa aAMMHUCTpaTopa. M oH
nopfepxmsaet kak Python 2, Tak u Python 3. Bbl MoxeTe ckauatb Anaconda c https.//continentuum.io/
downloads.

PenozuTopwit Bkntouaet B ceba Kak cueHapuu Python, Tak 1 6nokHoOThI Jupyter. Ecnu Bbl paHee He nonb-
30BaNUCh Jupyter, TO MOXeTe NMpOYNUTaTb O HEM Ha CTpaHuLe https.//jupyter.org.

CywwecryeT Tpu cnocoba paboTsl ¢ 6GnokHoTamu Jupyter.

3anyck Jupyter Ha cBoeM KoMnbloTepe

Ecnu Bbl YCTaHOBUIN Anaconda, To MoxeTe YCTaHOBUTb Jupyter, BbINO/IHNB NPpUBEOEHHYHD HUXE KO-
MaHAy B TEpMUHANE UM OKHE KOMaHA:

$ conda install jupyter

Mepen TeM Kak 3anycTuTb Jupyter, Bbl 4OMKHbI NEPerTH B KaTaor, COAEepXaLlMi Koa:
$ cd ThinkComplexity2/code

A 3aTeM 3anycTuTb cepBep Jupyter:

$ jupyter notebook

Korpga Bbl 3anyckaeTe cepBep, OH LOMKEH 3aNyCTUTb Be6-6pay3ep No yMONYAHUIO UK CO3AATb HOBYHO
BKJ1a[Ky B OTKPbITOM OKHe Bpay3epa. 3aTeM Bbl MOXETE OTKPbITb U 3aMyCTUTb B10KHOTBI.

3anyck Jupyter Ha Binder

Binder — 310 cepBuc, KoTOpbIM 3anyckaeT Jupyter Ha BUpTyanbHOM MawuHe. Ecan Bbl nepeinge-
Te Mo 3TOW CCblnke, https.//thinkcomplex.com/binder, Bbl [OMKHbI MONACTb HA AOMALLUHIOW CTpaHMLY
Jupyter ¢ 610KHOTaMM f@HHOW KHUIM, BCOMOTaTeNlbHbIMU AAHHBIMU U CLLEHAPUSAMM.
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Bbl MoXeTe 3anyckaTb cLeHapuu U U3MeHSTb UX ANS 3anycka CoBCTBEHHOIO KOAa, HO BUPTYanbHaAa
MallLMHa, Ha KOTOPOW Bbl UX 3anycKaeTe, ABASETCS BpeMeHHOW. Ecnn Bbl ocTaBuTe ee He3neincTayto-
e, BUpPTYyanbHas MallMHa UCHE3HET BMecTe C Nt0ObIMU BHECEHHBIMU BaMW U3MEHEHUSAMMU.

MpocMoTp GnokHoToB Ha GitHub

GitHub ob6ecneunBaeT npocMoTp 610KHOTOB, KOTOPbIN Bbl MOXETE UCMONb30BATh A5 YTEHUS BIOKHO-
TOB M 03HAKOMJIEHUSI CO CFEHEPUPOBAHHBIMU MHOM pe3ynbTaTaMu, HO Bbl HE CMOXETE U3MEHUTb UK
3anycTuTb Koa,.

Ynaum 1 NpusTHOro BpeMsnpoBoXAeHus !
Annen b. layHu (Allen B. Downey)
npogeccop uHgpopmamuku
UrrxenepHolii konnedx um. Ppaxka B. Onuxa
Huodxam, Maccayycemc

0603HaueHus, Ucnonb3yeMble B 3TON KHUre

B 370l KHUre ncnonb3ytoTca cnepytowme Tunorpadckmne 0603HaveHus.

Kypcus

0603HayaeT aKkLeHT, HaXaTus knaswL, napameTpbl MeHto, URL-aapeca 1 aapeca 3n1eKTPOHHOM NoYTbI.
XupHbii wpuepr

Mcnonb3yeTcs Ang 0603Ha4YeHNs HOBbIX TEPMUHOB TaM, A€ OHW ONpeaeneHsl.

MOHOWMPUHHbBIN WPUGT

Mcnonb3yeTcs Ans 3anucu MCTUHIOB MPOrpaMM, a Takke B ab3auax Ans obo3HaueHus UMeH dainos,
paclUMpeHnit hainoB 1 31EMEHTOB NPOrPaMM, TakMX Kak MMeHa NepeMeHHbIX 1 BYHKLMIM, TUMbl JaHHbIX,
onepaTtopbl 1 K/loueBble CI0Ba.

MOHOWMPHHHbLIA XMUPHbIA WPNOT
[Noka3bIBaeT KOMaHabl MU MHOW TEKCT, KOTOPbIA Ao/MKeH 6bITb HAOpaH Nonb3oBaTeneM HyKBaNbHO.

O'Reilly Safari

Safari (paHee Safari Books Online) — 310 ocHOBaHHas Ha 4neHcTBe y4ebHas M cnpaBovHas nnatdopma
LNs NpeanpusTUiA, NpaBUTENbCTBA, PAOOTHMKOB 06Pa30BaHMUS U YACTHBIX JIULL.

Y4yacTHUKM UMET LOCTYN K ThiCS4aM KHWF, 0Oyyatolmx BUAEO, YHEOHbIX MPOrpamM, MHTEpPaKTUBHBIX
y4ebHbIX NoCo6Mii U cneumanbHO OTOOPAHHBIX CMIMCKOB BOCMpou3BeaeHus ot bonee yem 250 uzpa-
TenbcTB, Bktoyas O' Reilly Media, Harvard Business Review, Prentice Hall Professional, Addison-Wesley
Professional, Microsoft Press, Sams, Que, Peachpit Press, Adobe, Focal Press, Cisco Press, John Wiley &
Sons, Syngress, Morgan Kaufmann, IBM Redbooks, Packt, Adobe Press, FT Press, Apress, Manning, New
Riders, McGraw-Hill, Jones & Bartlett n Course Technology. lng nonyyeHus [ononHUTENbHON MHBOPMA-
Luu, MoXanyicra, nocetute http.//oreilly.com/safari.
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Kak ¢ Hamu cBa3aTbCa

Moxanyicra, HanpaBisiTe KOMMEHTapUKU U BONPOChI OTHOCUTENBHO AAHHOM KHUMM U3LaTento:
O'Reilly Media, Inc.
1005 Gravenstein Highway North
Sebastopol, CA 95472
800-998-9938 (B CLUA unu KaHage)
707-829-0515 (MexAyHapOoAHbI MAN MECTHBbIW)
707-829-0104 (dakc)

YT06bI OCTaBUTL KOMMEHTAPWI1 MM 33A4aTb TEXHMYECKME BOMPOCHI MO 3TOM KHUTe, OTNPaBbTe 3N1eKTPOHHOe
nMceMo no aapecy bookquestions@oreilly.com.

[lns nonyyeHus [ONONHUTENBHOM MHDOPMALIMU O HALUMX KHWUTAaX, Kypcax, KOHPEepPeHLMsX U HOBOCTSX Mo-
ceTuTe Hall calT no appecy http.//www.oreilly.com.

MwmTte Hac Ha Facebook: http.//facebook.com/oreilly.
MNoanuwuTtecsk Ha Hac B TBuTTepe: http.//twitter.com/oreillymedia.
CmoTpuTe Hac Ha kaHane YouTube: http.//www.youtube.com/oreillymedia.

Cnuncok nuu, NpUHUMABLLUMX yYacTHe B paboTe Haf KHUroM

Ecnm y Bac ectb npenjiokeHWe WM UCMpaBiEHWE, OTNPaBbTE 3MEKTPOHHOE MUCbMO Ha downey@
allendowney.com. Ecnu 9 BHecy W3MeHEHWUS Ha OCHOBE BalUMX OT3bIBOB, 1 J06aB/0 BaC B CMIMCOK JIUL,
NPUHMMABLLUX y4acTue B paboTe Han KHWUIoM (eC/iM Bbl MONPOCUTE 06 3TOM).

[laiite MHe 3HaTb, C KaKO/ Bepcueit KHUMM Bbl paboTtaeTe 1 B KakoM dhopmarte. Ecnv Bbl npueenete xoTs 6bl
YacTb NPeaJIoKEHNs, B KOTOPOM MOABASETCA OWMOKa, 3T0 06nerynT nomck. HomMepa crtpanuu, M pasaenos
TOXe MOAOMAYT, HO C HUMM He TaK NpoCTo paboTarthb.

Cnacubo!

e [bxoH Xapnu, Dxedd CraHToH, KongeHn Pyno n Keptnk OmanakytTaH (John Harley, Jeff Stanton,
Colden Rouleau u Keerthik Omanakuttan) — cTyaeHTbl, U3yyatolwine BbIYUCIUTENBHOE MOLENUPOBa-
HWe, yKa3anu Ha oneyaTku;

¢ Xoce Ockap Myp-MwupaHnaa (Jose Oscar Mur-Miranda) o6Hapyxui HECKOIbKO OmneyaTok;

e Oununn Jlo, Kopu Jondun, Hoam Pybun u Ixynuan Yerinek (Phillip Loh, Corey Dolphin, Noam Rubin
1 Julian Ceipek) Halwnn oneyaTku u caenanu NonesHble NpeanoXeHus;

e (CebactbsH LéHep (Sebastian Schdner) npucnan aBe cTpaHuubl ¢ ucnpaeneHmamu!

e Owununn Mapek (Philipp Marek) npucnan psaa ncnpasnexmii;

e [DxercoH Byaap (Jason Woodard) BMecTe co MHOM nNpenoaaBan noBefeHue CA0XHbIX cucteM B UH-
XeHepHOM Konnemxe uM. MpaHka B. OnuHa, nosHakoMun MeHs ¢ Mogensmu NK u coenan MHoro
NosIe3HbIX NPEASOXEHWUIA U UCTIPAaBNEHWUN;

e [asu lNoct (Davi Post) npucnan psag ucnpaBneHuin u NpennoxXeHui;

¢ [pam Tennop (Graham Taylor) oTnpaBua 3anpoc Ha NpUHATME M3MeHeHWi Ha GitHub, yto nossonuno
MCNpPaBUTb MHOXECTBO OMeYaTok.
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51 ocobeHHO xoTen 6bl NO6NArOAAPUTL TEXHUYECKMX PELeH3EHTOB 3TOM KHWUIM, KOTOpble BHECAW MHOIO
nonesHbIX NpeaaoxeHuii: BuHcernta Hawta (Vincent Knight) u 3puka Ma (Eric Ma).

B uncne apyrnx nmu, coobmelimx o6 owmbkax: Puyapa Xonnanac, Myxammen Hamkmu 6uH Axmap 3abum-
an, Anekc XaHtMaH 1 [IxxoHataH Xapdopa (Richard Hollands, Muhammad Najmi bin Ahmad Zabidi, Alex
Hantman v Jonathan Harford).

06 aBTOpE

AnneH b.[laynn - npocdeccop uHbopMatukn B Konnepke uMeHn ®panknuHa B. OnuHa v aBTOop cepun
6ecnnaTHbIX y4ebHUKOB C OTKPbITbIM UCXOAHBIM KOAOM, OTHOCALIMXCS K MpOrpaMMHoMy obecrneyeHuto
M HayKe 0 LaHHbIX, BKAtoYasa Think Python, Think Bayes v Think Complexity, u3nanHbix O ' Reilly Media. Ero
6nor «Probably Overthinking It» conepXuT cTaTbm 0 6altecoBCcKoW BepOSTHOCTU U cTaTUCTUKe. OH uMeeT
[LOKTOpCKYto cTeneHb no uHdopmatuke (KanndopHuitckuin yHusepcuTeT B bepknu) u cteneHn maructpa
1 bakanaBpa Hayk (MaccavyceTckuidi TexHonormyeckuii yuusepcuteT). OH XUBET Hepaneko ot bocToHa,
wTaT MaccavyceTc, Co CBOEN XEHOW U ABYMS LOYEPbMU.

KonodoH

Mtvua, nsobpaxeHHas Ha obnoxke Think Complexity, - 3To open-siiuees (Ictinaetus malayensis), eauH-
CTBEHHbINM BMA, B cBoeM pofe. OHM BCTpeyatTcs B Tponuyeckoi A3uu, a UMEHHO B HEKOTOPbIX YacTsX
Bupmbl, Mupun, toxxHoro Kutas, TaiBaHs M Manaiickoro nonyocTpoBa. 3T op/ibl NPeAnoYMTaoT 1eCUCTYHO
rOpUCTY0 MECTHOCTb. OHM OBWTAIOT BBICOKO Ha AepeBbsiX U TaM CTPOST Gosblune rHe3na (LWMPUHOK OT 3
no 4 dyToB.).

Y 3TUX NTUL, YEepHOEe onepeHue (XOTS MONoLble OpJibl TEMHO-KOPUYHEBBIE), KENTble HOMU U KOPOTKMI U30-
rHYTbIK KNtoB. Opnbl-giiLeenbl — KpynHble NTULLbI, B CpeAHEM OT 2 A0 3 GyTOB B AJIMHY, C MaCCUBHBIM pas-
MaXxoM KpbinbeB B 5 dyToB. B nonete opnbl BbIAENSIOTCS HE TONLKO CBOMM LIBETOM WM Pa3MepoM, HO U Mefi-
NEeHHOW CKOPOCTbIO CKONbXXEHUS, C KOTOPOW OHWU ABWUXYTCS HaZ, MONOroM neca.

epvoA pasMHOXKEHMS MPOUCXOAMUT FAE-TO MeXAY HOAGPEM M MaeM (B 3aBMCMMOCTH OT LWUMPOTbI). OpAbl
COBEpLUAOT KPYTOE MUKMPOBaHME B BO3AYXE, @ MOTOM MOAHMMAIOTCS, U BCE 3TO Ha BbICOKOW CKOPOCTH.
BpauHble napsl Takxke 6yayT NpecnenoBath Apyr Apyra cpeayn aepesbes. O6bIYHO OHW OTK/IAAbIBAOT TOMb-
KO 0QHO WM ABA AlLA OAHOBPEMEHHO. [lneTa opna-aiiLeena COCTONUT U3 MENKMX MIEKOMUTAKLLMX (KOTO-
pbIX OHW BYAYT A06bLIBATH C 3€MJIM), @ TAKKE M3 MEJKMX MTUL, U UL,

Ha camom pene Opﬂbl-ﬂﬁuee,ﬂbl ABNAKTCA HEHACbITHbIMM THE3A0BbIMU XUWHUKAMN U UMEKOT YHUKAIb-
HYH OXOTHUYbKO MPUBbLIYKY — 3a6|4paTb uenoe rHe3no U yHoCUTb aila MNK NTEHLOB K cebe, YToObl NOTOM
CbeCTb. nOCKOJ’Ibe KOI'TH opna-ﬂﬁu.ee,u,a He TaK pe3KO U30THYTbI, KaK 'y APYrnMX XULWHbIX NTUL, UM JiIerye 3T0
coenartb.

MHorue Xu1BOTHbIe, U306paxeHHble Ha obnoxkax muspanuit O'Reilly, HaxoaaTca nopa yrpo3on UcuesHo-
BEHUSA; BCE OHM BAXHbI A8 MMpa. YTobbl y3HATb Gonblie 0 TOM, KaK Bbl MOXETe MOMOYb, MOCETUTE CalT
https.//www.oreilly.com/animals.csp.

MN306paxeHne Ha obnoxke B3aTO M3 Meyers Klein Lexicon. lUpudtel ans obnoxkn — URW Typewriter
n Guardian Sans. Lpudt Tekcta - Adobe Minion Pro; wpudT 3aronoska Adobe Myriad Condensed,
a WpKndT IMcTnHros koaa — Ubuntu Mono ot Dalton Maag.

Mpeaucnosne 13



[naBa 1

Hayka 0 CnoXHbIX cucteMax

HayKa O CJIOXHbIX CUCTEMAX OTHOCUTENIBHO HOBA; OHa CTajia y3HaBBEMOl71 Kak 0bnactb, U el 6b10 faHO
ums B 80-x rogax. Ho ee HoBM3Ha COCTOUT He B TOM, YTO OHa NPUMEHAET UHCTPYMEHTblI HAYKM K HOBOMY
npegMeTy,a B TOM, YTO UCMNOJIb3YET pa3Hbl€ UHCTPYMEHTDI, AOMYCKAET pa3jindHbie BULbl pa6OTbI N B KOHEY-
HOM UTOre MeHAeT To, YTO Mbl NOApa3yMeBaeEM MoJ CJIOBOM «HayKa».

YTo6bl NPOLEMOHCTPMPOBATL Pa3HULY, i HAYHY C MPUMepa KNacCMUYeckoi HayKu: NpeanonaoXuMm, KTo-To
CMpaLUMBaET Bac, MoYeMy naaHeTapHble opbuTbl anaunTUYeckue. Bbl MoXeTe Bbi3BaTb 3aKOH BCEMUPHOIO
TAroTEHMS HblOTOHA M MCMOB30BaTh €ro ANs HanUcaHus AMddepeHLUanbHOro ypaBHeHUs, KOTOpPOE Onu-
CbIBAET LBMXEHME MNAHET. 3aTeM Bbl MOXeTe pelwuTb AnddepeHumanbHoe ypaBHeHMe U NoKasaTb, YTO
pelueHue gBAgeTCs anamnncom. Yto n Tpebosanoch Aokasars!

BonbWMHCTBO Ntoaeit HaxoAMT Takoe 0bbsICHEHWE YA0BNETBOPUTENbHbIM. OHO BK/IOYAET B cebs MaTeMa-
TUYECKUIA BbIBOJ, — TAK 4TO OHO MMEET HEKOTOPYH CTPOrOCTb J0KA3aTeNbCTBA — U OOBACHAET KOHKpETHOE
HabnoaeHne, aNANNTUYECKME OpOUTBI, CCbINAsiCh Ha 0OLIMI NPUHLMI, TPaBUTALMIO.

[No3BonbTE MHE CONOCTABMTL 3TO C APYrMM TUNOM 0b6bsiCHEHMS. MpeanonoxuM, Bbl Nepeesxaete B TaKou
ropog, Kak 1eTpoiT, B KOTOPOM CyLLEeCTBYET pacoBasi Cerperaums, U XoTute 3HaTb, No4eMy 3T0 Tak. Ecu Bbl
npoBsefeTe UCCNefoBaHME, TO MOXeTe HalTU cTaTbio ToMaca LWennuHra «JuHaMuueckue Mogenu cerpera-
LUuu», B KOTOPOM NpeafiaraeTcs NpoCTas MOAeb PaCoOBOW cerperauuu.

BoT Moe onucaHue 3Toi Mogenu, KoTopoe NpUBOAUTCS B rMase 9:

Mogenb ropoga WennnHra npeacrasnser coboi MaccuB sveek, rae Kaxaas gyenka npeacrasnser
cobovi foM.

[oMa 3aHaTbl ABYMSI TUMAMM «areHToB», 0603HAaYEHHbIX KPACHbIM U CUMHWMM, B MPUMEPHO PaBHbIX
konuyecrtsax. Okono 10 % gomoB nycTbl. B Nt06oii MOMEHT BpeMEHM areHT MOXET ObITb CYACTIMB
WM HEecYacTeH, B 3aBUCMMOCTM OT ApYrMX areHToB Mo COCeacTBy. B ogHoW Bepcuu Momdenu areHTbl
CYACTNIMBSI, €CIN Y HUX ECTb KaK MUHUMYM [1Ba COCeAa, TakKMX Kak OHW, U HEAOBOJIbHbI, €CIN Y HUX
€CTb OJIMH cocen Unu Honb coceaein. CuMynauns NpoLoMKaeTcs, Bbionpas areHTa Hayraz 1 npoBepss,
CYaCTAMB M OH. ECnun 3T0 Tak, HUYEro He MPOMCXOAMT; €C/IN HET, areHT Cy4YaliHbiM 06pa3oM BbibUpaeT
O[HY M3 HE3AHSTbLIX IYEEK U Nepee3xaeT.

Ecnu Bbl HauHeTe CO CMOAENMPOBAHHOIO rOpoAa, KOTOPbIK MONIHOCTHIO HECETPErMpPOBaH, U 3anycTuTe Mo-
[leNlb Ha KOPOTKOE BPEMS, NMOABATCS K/1AacTepbl MOXOXMX areHToB. Co BpEMEHEM KacTepbl pacTyT U C/IMBa-
I0TCSl, MOKa He 0bpasyeTcs HebOobLIOE KOMHYECTBO KPYMHbIX KNAcTepoB, U BONBLIMHCTBO areHToB He Xu-
BET B OAHOPOAHbIX OKPECTHOCTAX.

CreneHb cerperaumm B MOLENM YAMBUTENbHA, U 3TO NpefnaraeT 0b6bsCHEHUE Cerperaumm B peasbHbIX ro-
poaax. Moxet 6bITb, [JeTpoiT cerpernpoBaH, NoToMy YTO JIOAW MPELNOYUTAIOT HE BbiTb B MEHBLUMHCTBE
1 ByayT ABUIaTbCS, ECIM COCTAB UX OKPECTHOCTEN LLeNaeT MX HECHACTHBIMM.

SBnsetca nu gaHHoe 06bsCHEHWE YA0BNETBOPUTENbBHBIM Tak Xe, KaK U B Cydae C 06bsICHEHMEM ABUXe-
HWS NnaHeT? MHOrMe CKaxyT, YTO HET, HO Moyemy?
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OueBnpHoO, 4To Mogenb LlennnHra oyeHb abcTpakTHA, TO eCTb He peanucTuyHa. Takum OGDaBOM, Yy BacC
MOXET BO3HUKHYTb cobnasH ckasaTb, YTO JIAM CJIOXKHee, YeM MaaHeTbl. Ho 3T0 He MOXeT BbiTb npaBaow.
B KOHLLe KOHLLOB, Ha HEKOTOPbIX MAAHeTaX eCTb 04U, MO3TOMY OHM LOMKHbI ObITb CIOXKHEE, YEeM NiloaM.

06e cucTeMbl CIOXKHBI, U 06e MOAENN OCHOBaHbI Ha ynpoueHusax. Hanpumep, B Mogenu ABUXKEHUS NnaHeT
Mbl BKJIOYAEM CUAbl MEXAY NNAHETOM U ee COMHLEM U UTHOPUPYEM B3aUMOLENCTBUS MEXAY NNaHeTaMu.
B mopenb LennuHra mMbl BKNHOYaEM UHAMBUAYASbHbIE peLIeHMs, OCHOBAHHbIe HAa MECTHOM MHdOopMaLmK,
N UTHOpPUPYEM BCe OCTa/IbHblE aCNeKTbl Ye/I0OBEYECKOTO NoBeaeHUa.

Ho ecTb pa3nnums B cTeneHun. Yto KacaeTcs ABWXKEHUS MAAHET, Mbl MOXEM 3aLUMTUTb MOAESb, MOKA3aB, 4To
UFHOpPUPYEMble HaMU CU/bl MeHbLLE, YeM Te, KOTopble Mbl BKIoYaeM. M Mbl MOXEM pacliMpuTb MOAenb,
YTOObI BKNHOUNTD Lpyrue B3anMOAENCTBMSA M NMOKa3aTb, YTO 3PhEKT HeBENMK.

Yto kacaetca mopenu LLennuHra, To 34eck cnoxHee 060CHOBATb ynpouweHua.

Ewe opgHo otanume coctouT B TOM, 4To Mogenb LlennuHra He 06pau.|,aeTcs| K KakKMM-116o Cbl/I3VI‘-IeCKMM
3aKOHaM U MUCNOJIb3YEeT TOJIbKO MPOCTble BbIYUCNIEHUA, @ HE MaTeMaTM4ecKuii BbIBOA. TakMe MoAenu, kak
Mogzenb LLennuHra, He NOXoXu Ha KNaCCMYECKYH HayKy, U MHOIMe nioan Haxogat ux MeHee yﬁe,D,MTeﬂb-
HbIMU, NO KpaﬁHeﬁ Mepe BHa4ane. Ho s nonbiTatocb NpoOAEMOHCTPUPOBATD, YTO 3TU MOAENN BbINMOJHAKOT
none3Hyrw pa60Ty, B TOM uHucne npenckasaHue, obbscHeHHe u NpOEKTUPpOBaHKE. OpHa 13 uenen 3ToW
KHUIM — 0ObACHUTDL, Kak OHM 3TO AENAHOT.

MeHsgtowmecs KpUuTtepmum Hayku

HayKa O CJZTOXKHbIX CUCTEMAX — 3TO HE NPOCTO ,D.perVl Ha6op Mofenen; 310 TaKXe NocTeneHHoe n3MeHeHue
KpUTEpUEB, NO KOTOPbIM OLEHUBAKOTCA MOLENN, U TUIMOB Mofenen, KOTOpbleé CHUTAKTCA NpUEMIEMbIMU.

Hanpumep, knaccuyeckme Mofenu, Kak npasuio, OCHOBaHbl Ha 3aKOHaXx, BblpaxatoTcs B GopMe ypas-
HEHMI M PeLIalTCcs C MOMOLLbI0 MAaTEMaTMYECKOro BbIBOAA. Moaenu, nonajaiolime B 30Hy NoBeAeHUs
CNIOXHbIX CUCTEM, YaCTO OCHOBAHbI Ha MPaBU/AX, BbIPAXAKTCA B BUAE BbIYMCIEHUIA M MOAENMPYIOTCS,
a He aHaNM3UPYIOTCS.

He Bce cuuTatoT 3TV Modenu yaoBneTsopUTENbHBIMU. HanpuMep, B coelt kKHure «Sync» CtueeH CTporal
MULLET O MOAE/U CMOHTAHHOM CUHXPOHM3aLMK Y HEKOTOPbIX BULOB CBETNSYKOB.

OH npepcTaBnseT MOAeNMPOBaHUE, KOTOPOE AEMOHCTPUPYET AaHHbIA PEHOMEH, HO 3aTeM MULLET:

1 NOBTOPSIN MOLENMPOBaHME LeCATKM pa3 C APYrMMU Cy4alHbIMU HAYanbHbIMK YCIOBUSIMU U ApY-
MMM YUCIOM reHepaTopoB. Kax bl pa3 cMHXpoHuM3auus. [...] 3afaya Tenepb CocTosina B TOM, 4ToObI
A0Ka3aTb 3T0.

Tonbko Xene3Hoe [0Ka3aTeNbCTBO npoaeEMOHCTPUPOBAO Obl, Yero HUKorga He cMor Obl coenatb
HU OOMH KOMMbKOTEP, YTO CMHXPOHU3aLNA HeunsbexHa; u nyqumﬂ BULO NOKa3aTeNbCTBa NMPOACHMUT, No-
4YeMY OHa HeunsbexHa.

Crporau, — MaTeMaTuK, NO3TOMY €ro 3HTy3Ma3M B OTHOLUEHWU [0KA3aTeNbCTB MOHSTEH, HO ero foKasa-
TENbCTBO He KACcaeTcs TOro, YTo, Ha MOV B3NS4, ABNSETCS Haubonee MHTEPECHOM YacTbio AAHHOTO sBle-
HMs. YTo6bI L0Ka3aTh, YTO «CMHXPOHM3ALMA Obina HenzbexHay, CTporal, AenaeT HeCKObKO YNPOLLAOLLIMX
NpeanoNoXeHi, B YaCTHOCTM YTO KaXabli CBETNSYOK MOXET BUAETb BCEX OCTANbHbIX.

Ha Moit B3maa, nHTepecHee 06bsCHUTb, KaK MOXET CMHXPOHM3MPOBATLCA LeNnas A0AWHA CBETNSAYKOB, He-
CMOMpS Ha MO YMO OHU He Mo2ym 8udems dpye Opyea. Kak 3T0T BUA rMo6anbHOro NoBeAeHUs BO3HUKAET
13 JIOKa/NIbHbIX B3aUMOAENCTBUM, SIBNAETCA NPeaMETOM m1asbl 9. [1pyu 06bACHEHUM 3TUX PEHOMEHOB YacTo
MCMONb3YIOT areHTHble MOAENM, KOTOPbIE UCCIIEAYHOT (Cnoco6amm, KOTopble 6biin Bbl 3aTPYAHUTENbHDI UK
HEBO3MOXHbI MPU MATEMATUYECKOM aHau3e) YCI0BUS, pa3peLLaollme Uiu NpeaoTBPaLLatoLmMe CUHXPO-
HU3aLMIO.
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S y4YeHbIi, N0O3TOMY MOV 3HTY3MA3M OTHOCUTENbHO BbIYMCAUTENBHBIX MOAENEN, BEPOSTHO, He YAUBUTENEH.
51 He xou4y ckaszaTb, YyTo CTporal, He nNpas, CKOpee, YTO NHOAM MMEIT pa3Hble MHEHUS MO MOBOAY, Kakue
BOMPOCbI 3aaBaTb U Kakne MHCTpYMEHTbI UCMO/Ib30BaThb, YTOObI OTBETUTH HA HMX. ITU MHEHUS| OCHOBaHbI
Ha OLLEHOYHBIX CY)XAEHUSX, MOSTOMY HET OCHOBAHWIM OXMAATb COrnacus.

TeM He MeHee cpeau y4eHbIx CyllecTBYeT rpyboe efuHoAyLIME B OTHOLIEHUM TOTO, KAaKUe MOLENN CYM-
TAKTCS XOPOLUeH HAYKOM, @ KakmMe — MOrpaHMYHOM HAYKOM, MKEHAYKOM UK He SBASKOTCS HAayKoM BOBCE.

OCHOBHOM TE3MC 3TOM KHUIM COCTOMUT B TOM, YTO KPUTEPUM, HA KOTOPbIX OCHOBAH 3TOT KOHCEHCYC, CO Bpe-
MEHEM MEHSIIOTCS M YTO MOSIBJIEHWE HAaYKM O CIOKHbIX CUCTEMAX OTPaXKaeT MOCTENeHHbIN CABMUI B 3TUX
KpUTEPUAX.

Ocu HayuHbIX MOaenen

51 onucan KnaccMyeckne MOAENM Kak OCHOBaHHble Ha hU3NYEeCKMX 3aKOHaX, BbipaXKeHHble B popMe ypaB-
HEHMWM U peLleHHble C MOMOLLbI MAaTeMaTUUYECKOro aHan3a; HaNnpoTUB, MOLENMN CIOXHbIX CUCTEM YacTo
OCHOBaHbl Ha MPOCTbIX NMPaBUAAX U PeaNnU3yHTCA B BUAE BbIYUCIEHWUN.

MbI MOXeM pacCMaTpUBaTb 3Ty TEHAEHUMIO KaK CABUT BO BpEMEHM MO ABYM OCAM!

Ha 0cHoge ypasHeHUl — Ha ocHoge MOOG/IUPOBGHUFI,’
aHasnau3z — pacdem.

Hayka 0 CNOXHbIX CMCTEMAX OTAIMYAETCS MO HECKOIbKMM HanpaBaeHUsM. S NPUBOXY MX 34eCh, 4TObbI BbI
3Ha/n, YTO Aasblle, HO HEKOTOpPble M3 HUX MOTYT HEe UMETb CMbIC/a, NOKa Bbl HE YyBUAUTE NpUMepbl, Npu-
Be[eHHble B 3TOW KHUre.

HenpepbiBHbIV — AUCKPETHDI

Knaccuyeckne momenu, Kak NpaBuio, OCHOBaHbl HAa HeMpepbIBHOM MaTeMaTUKe, TAaKOW Kak MaTema-
TUYECKUI aHanu3. MoLenu CNoXHbIX CUCTEM YACTO OCHOBaHbI Ha AMCKPETHOM MaTeMaTuKe, BK/I4Yas
rpadbl M KNeTOYHble aBTOMAThI.

JInHeiHbIN — HeNUHEeNHbIN

Knaccuyeckne Mogenu 4acto 6biBatoT IMHENHBIMU UK MCNonb3yrT JINHENHble I'IpVI6}'II/1)KEHIAFI K HeNnun-
HEWHbIM CUCTEMAM. HayKa 0 CNOXHbIX cucTeMax bonee ,U.py)KefllOGHa K HENMHEWHbIM MOLENSAM.

JeTepMMHUCTUUECKUI — CTOXACTUUECKUI

Knaccuueckne mopenn obbluHO LeTepPMUHUPOBAHbI, YTO MOXET OTpaXaTb OCHOBHOM (GUIOCODCKMI
LeTepMUHM3M, 06CYyKAaeMblli B rnase 5; cnoXHble MOAeNy 4acTo BKAOYAIOT B cebs Cy4yaiHOCTb.

AGCTpaKTHbIV — NOAPOGHbII

B knaccuyecknx Mopensix nnaHeTbl NPeCcTaBAstoT COH60M ToUeYHble MacChl, MOCKOCTU HE UMEeIT Tpe-
HMS, @ KOPOBbI MMeLT chepuyeckyto dopMy (cM. https.//thinkcomplex.com/cow). Mopo6Hble ynpoLe-
HMS YacTo HeobXOoAMMbI AN AaHANU3a, HO BbIYMCUTENbHbIE MOAenn MoryT ObiTb Honee peanucTuy-
HbIMU.
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OauH, pBa — MHOro

Knaccuueckne Mofenm 4acto orpaHuyeHbl HeBGoMbLUMM KOIMYECTBOM KOMMOHEHTOB. HanpuMep, B He-
6ecHot MexaHuKe 3adadvy ABYX Tel MOXHO PeLWTb aHaNUTUYECKM; 3adady Tpex Ten — HeT. Hayka
0 C/IOXHBIX CUCTEMAX YacTo paboTaeT ¢ 6O/bLIMM KOIMYECTBOM KOMMOHEHTOB M BO/bLUMM KOIUYECT-
BOM B3aMMOJENCTBUN.

[OMOreHHbIi — reTeporeHHbli

B knaccuyeckux Momensix KOMMOHEHTbl U B3aUMOLENCTBUS MMEIOT TEHAEHLMIO ObITb MAEHTUYHBIMMU;
CNIOXHbIE MOLENM Yallle BKJHoYatoT B cebs HEeOAHOPOAHOCTb.

370 0606LLeHus, MO3TOMY Mbl HE AO/MKHbI OTHOCUTLCS K HUM CJIULLKOM cepbe3Ho. M s He Xouy oCy)aaTb
KNaccuyeckytlo Hayky. bonee cnoxHas mofens He 0653aTelbHO lydlle; HA CaMOM feflie OHA OObIYHO XYyXe.

M 9 He Xxouy CKazaTb, YTO 3TU U3MEHEHUS ABASKOTCA BHE3AMNHbIMK MAW NoNHbIMU. CKopee, NPOMCXOAUT Mo-
CTeNeHHAs MUrpaLms Ha rpaHuLLe TOro, YTO CYMTAETCS NPUEMIEMON, pecneKTa6ean0|?1 pa60T017|.

HekoTopble MHCTPYMEHTbI, K KOTOPbIM pPaHbLLE OTHOCUAUCH C MOJ03PEHUEM, TENEPb LUMPOKO pacnpocTpa-
HEHbI, a8 HEKOTOPble MOAENM, KOTOPbIE MOAYYMAN LWIMPOKOE NPU3HAHUE, TENepb PaCcCMaTPUBAKOTCA CKpyNy-
nesHo.

Hanpumep, koroa Annenb (Appel) n Xaken (Haken) mokasanu TeopeMy o yeTbipex LBeTax B 1976 roay,
OHW UCMONb30BaNN KOMNbLOTEP ANs NepeuncneHns 1936 ocobbix ciyyaes, KOTOpble B HEKOTOPOM CMbIC/e
6blIM NTEMMaMM UX [LOKA3aTeNbCTBA. B TO BpeMsi MHOrMe MaTeMaTUKK He CHUTANU TEOPEMY UCTMHHO [OKa-
3aHHOWA. Tenepb KOMMNbIOTEPHbIE JOKA3aTENbCTBA PACNPOCTPAHEHbI U OBLLENPUHATBLI (HO HE MOBCEMECTHO).

n HaOﬁOpOT, cyuleCctBeHHaa 4acTb 3KOHOMUYECKOro aHam3a OCHOBAaHa Ha MOAeNn 4enoBevyeckoro rnose-
[EHMS, HAa3bIBAEMOW «DKOHOMMUYECKUI YENOBEKY, UK, roBopa MpoHn4yecku, Homo economicus.

MccnepoBaHuMs, OCHOBaHHbIE HA 3TOM MOAENM, BbICOKO LLEHWIUCh B TeYeHMe HEeCKONbKUX AeCSTUNeTww,
0COBGEHHO eC/iM OHM MOoApPa3yMeBaNU MaTeMaTUMUYeCKyt BMPTYo3HOCTb. COBCEM HEAABHO K 3TOW Mopenu
OTHOCM/IUCb CO CKenTMuUM3MOM, a MoAenn, KoTopble BK/KOYAKOT B cebs HecoBepLUEHHYO MHBOPMaLUIO
M OFPaHMYEHHYI PaLMOHANBHOCTb, ABAAIOTCS 310604HEBHBIMU TEMaMM.

PasHble Mopenu ans Pa3HbIX ueneu

CNoXHble MOAE/NM YacTo NOAXOAAT AN Pa3HbIX Liefei U MHTepnpeTaumit.

MpeackasaTenbHblii — 06bACHUTENBHDI

Mopenb cerperaunm LWennuHra moxet NpoNnTb CBET Ha CJIOXKHOE COLUMaNbHOE ABNEHUE, HO OHa 6ec-
nonesHa ona npenckasaHua. C ,D,pyFOVI CTOPOHbI, MpOCTasa MoAenb HebecHOM MexaHWKU MOXeT npen-
CKa3blBaTb COJIHEYHbIE 3aTMEHUA BMN1OTb A0 BTOPOIro roga B 6y,EWLIJ.EM.

Peanusm — MHCTpyMeHTanusm

Knaccuueckve mMonenu nopaatotcs peanmcTuieckoit HTeprnpetauun. Hanpumep, 60/bLUMHCTBO fito-
[lell MPW3HAET, YTO NEKTPOHBI — 3TO peasibHble BELUM, KOTOPbIE CYLLEeCcTBYHOT. MHCTpyMeHTanm3Mm — 3to
MHEHME, YTO MOLENU MOTYT BbiTb MOJE3HbI, AAXKE €C/IU CYLLHOCTH, KOTOPbIE OHU MOCTY/IMPYHOT, HE CY-
wectaytoT. [xxopmx bokc (George Box) Hanucan ¢ppasy, KoTopast MOXeT 6bITb EBU30M UHCTPYMEHTa-
nusma: «Bce Momenu owmnboYHbI, HO HEKOTOPbIE MONE3HbI®.

Pe,qykuuouusm — X0JIU3M

PenyKuMoHW3M — 3TO NpMHLMM, COFNACHO KOTOPOMY NOBeAEHME CUCTEMbI MOXHO 0ObSCHUTb, MOHMMAN
ee KOMMNOHeHTbI. Hanpumep, nepuoamnyeckas Tabnunua 31eMeHTOB ABNSETCS TpUyMPOM peayKLMOHU3-
Ma, NOCKOJIbKY OHa 00bsACHSIET XMMUYECKOE NOBEAEHWE 3/IEMEHTOB C MOMOLLBI MoLenn 3/1eKTPpOHOB
B aTOMaX. XO/M3M — 3TO MHEHME, YTO HEKOTOpbIE SBEHUS, KOTOpble BO3HMKAKT Ha YPOBHE CUCTEMBI,
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He CylwecTBYHT Ha ypOBHE KOMIMOHEHTOB U HE MOryT ObITb 0ObSCHEHDI TEpPMMUHAMKU YPOBHA KOMMNO-
HEHTOB.

MbI BepHeMcS K 06bACHUTENbHBIM MOAENAM B TNaBe 4, MHCTPYMEHTaNN3MY B raBe 6 U X0NU3My B rnaBe 8.

MH)KeHepMSI CNOXHbIX CUCTEM

51 rOBOPMA O CIOXKHbIX CUCTEMAX B KOHTEKCTE HAayKW, HO CNOXHbIE CUCTEMbI TaKXKe SIBASKOTCS MPUYMHOM
N CNeACTBUEM U3MEHEHUIM B UHXXEHEPUM U MPOEKTUPOBAHUM COLMANBHBIX CUCTEM.

LleHTpanu30BaHHbIN — AELeHTPanu30BaHHbIM

LleHTpaﬂl/BOBaHHble CUCTEMbI KOHUENTYasIbHO NPOCTbl, U UX Ner4ye aHain3npoBaTb, HO AELEHTPANIN-
30BaHHblEe CMCTEMbI MOIyT 6bITb 60Nlee HaAEXHbIMMU. HaanMep, BO BCEMMpHOIZ NayTMHE KNAUEHTbI
OTNPaBAAKT 3aMpocCbl Ha LEHTPANIM30BaAHHbIE CEpPBEPDbI; €C/IN CEPBEPLI HE pa60Tar0T, cny>K6a Heno-
CTynHa. B OAHOPAHIOBbIX CEeTAX KaXAabIn y3en ABnaetca U KIMeHTOM, U cepBepoM. Y106bl OTKNIHOUUTD
cepBMC, Bbl 4,0/IKHbI OTKJTOUYUTD KaX bl y3en.

OaMH KO MHOrMM — MHOIMe KO MHOTUM

Bo MHorux cucremax cssu LWMPOKOBELATE/IbHbIE YCTYTM AO0MNOJHAKOTCA, @ UHOIAA U 3aMEHAKOTCA
ycnyraMmu, Kotopbie No3BONAKOT NMOJIb30BaATENAM obuartbcs apyr C gpyrom, cosnaBatb, 0obMeHUBaTbCA
n MO,EI,VId)VILI,VIpOBaTb KOHTEHT.

CBepxy BHM3 —> CHU3Y BBEPX

B coumnanbHbiX, NOAUTUYECKMX U SKOHOMMYECKMX CUCTEMAxX MHOTUE BUAbI AEATENbHOCTH, KOTOpble
06bI4HO 6bInM Bbl LLEHTPANM30BaHHO OpPraHWM30BaHbl, TENepb AeMCTBYIOT KaK MaccoBble ABUMKEHMS.
[laxxe apMuu, SBNAKOLWMECS KAHOHUYECKUM NMPUMEPOM MEPAPXMYECKOMN CTPYKTYPbI, ABUXKYTCS K aBTO-
HOMHOMY YNPaB/EHUIO U KOHTPOIO.

AHanus — pacuert

B Knaccuyeckoil MHXeHepuM MPOCTPAHCTBO BO3MOXHbIX MPOEKTOB OrPaHUYEHO HALWMMMU BO3MOX-
HOCTSMU aHanu3a. Hanpumep, npoekTupoBaHue JiideneBoii 6alHM CTano BO3MOXKHbIM, MOTOMY YTO
ltocTaB 3idenb pazpaboTan HOBble aHANUTUYECKME METOfbI, B YACTHOCTM Ans 6opbbbl C BETPOBOW
Harpy3Kkoi. Tenepb MHCTPYMEHTbI aBTOMAaTU3MPOBAHHOIO NMPOEKTUPOBAHUS U aHaNM3a No3BONSHOT Mo-
CTPOMUTb MPaKTUYECKM BCE, YTO TOJbKO MOXHO B0OOGpasuTb. Myseit [yrreHxeliMa B bunbbao — mMoi
nobuMbIA npumep.

Usonauua — B3anmMogaeicreme

B knaccuyeckoit NHXEHEePUU CNTOXKHOCTb BGONbLUMX CUCTEM ynpasnqaeTca nyTeM n3onaunun KOMNOHeH-
TOB M MUHUMM3ALMM B3aMMOLENCTBUS. DTO BCE elle BaXKHbIM IAH)KeHeprIVI npuHUMN; TeM He Me-
Hee OO0CTYyNHOCTb BbIYMCNIEHWIA fenaeT Bce Honee BO3MOXHbBIM NPOEKTUPOBaHNE CUCTEM CO CJTOXKHbIM
B3aMMoAencTBueM MexXay KOMIMOHEHTaMM.

MpoekTMpoBaHMe — NOUCK

MH)KEHepl/IFI MHOrAa OMUCbIBAETCA KaK MOUCK pEI.IJeHMﬁ B J'IaH,EI,LIJadJTe BO3MOXHbIX MPOEKTOB. Bce
Yaule npouecc rnoncka Moxert ObITb AdBTOMATM3UPOBaH. HaanMep, reHeTu4eckue aaropmTtmbl nccne-
oyt bonbLine NPOCTPAHCTBA NMPOEKTUPOBAHUA N HAXOOAT peLleHNa, KOTOpble MHXEHEPbI-MCUXO0/T0TU
He Moru cebe npencrtaBUTb (VIHM YTO-TO I'IO,EI,O6HO€). OKOHYaTeNbHbI reHeTUYECKUI aNfoOpUTM, 3BO-
NIlouUunA, Kak U3BECTHO, FreHEPUPYET NMPOEKTbl, KOTOPbIE HAPYLWAKT NpaBuia VIH)KEHepHOVI NCUXoNoruun.
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ﬂ,OKTpMHa CNNOXHbIX CUCTEM

Ceiyac Mbl aBuraemcs nanblule, Ho CABUIU, KOTOPbIE 4 MOCTYNUPYO B KPUTEPUAX HAYHYHOIO MOLENUPOBA-
HUA, CBA3aHbI C IBNEHUSAMU B IOTUKE U IMUCTEMONOTUM, OTHOCALWMMUCS K XX BEKY.

ApVICTOTe.ﬂeBCKaﬂ NIOrMKa — MHOro3Ha4Has JIormka

B TpaanumoHHOI noruke ntoboe yTBEpXAEHUE ABASIETC MO0 UCTUHHBIM, MO0 NOXHBbIM. ITa CHU-
CTeMa NoAfaeTcs MaTeMaTM4yeCckUM [0Ka3aTebCTBaM, HO He paboTaeT (ApamMaThyecku) ANsi MHOTMUX
peanbHbiX NPUAOXKEHUIA. ANbTEPHATUBbI BKJIOYAOT B Ce6S1 MHOFO3HAYHYIO JI0TUKY, HEYETKYIO JIOTUKY
¥ Apyrue cucTeMsl, NpefHasHavyeHHble AN 06paboTkM HEOAHO3HAYHOCTM U HeonpeaeneHHocTH. bapt
Kocko (Bart Kosko) obcyxaaeT HekoTopble 13 3TUX CUCTEM B CBOEW KHUTe «HeyeTkoe MblluneHune.

YacToTHaa BepoaTHOCTb — baliecnanusm

baiiecoBckas BeposSITHOCTb CyLLECTBOBaNa BeKaMM, HO 10 HEJAaBHEr0 BPEMEHM LUMPOKO HE UCMOoNb-
30Banach, YeMy CNocobCTBOBaNM LOCTYMHOCTb [LELUEBbIX BbIYMCIEHMIA U HEOXOTHOE NPUHSATUE CYyOb-
eKTUBHOCTU B BEPOSITHOCTHbIX yTBEpXAeHusX. LLlapoH bepTw MaklpaiH (Sharon Bertsch McGrayne)
NpeacTaBfsSeT 3Ty UCTOPULD B KHUTe «Teopus, KOTopas He YMpeT».

O6bLEKTMBHO — CY6bLEKTMBHO

MpocgelleHne n punocoPpckmit MolepHU3M OCHOBAHbI Ha Bepe B 0ObEKTUBHYH UCTUHY, TO eCTb UC-
TUHBbI, KOTOpbIE HE 3aBUCAT OT JILOAEN, KoTopble Ux aepxaT. CobbiTus XX Beka, B TOM YMCIIE KBAHTOBAs
MexaHuKka, TeopeMa [énens o HEMoHOTE M U3yYeHWe UCTOpUM Hayku KyHa, MpUBIEKNU BHUMaHUeE
K Ka3anocb Obl HEM3OEXHON CYOLEKTMBHOCTM AaXe B TBEPAbIX Haykax» M MateMaTuke. Pebekka
lonpwreiiH (Rebecca Goldstein) nmpenctaBnsieT UCTOpUYECKMIA KOHTEKCT AOKasaTenbcTBa [épens
B KHure «HenonHota».

(MDusnyeckuii 3aKoH — Teopus — Moaenb

HekoTopble NtoAM pa3nuyatoT 3aKOoHbI, TEOPUU U Momenu. Ha3biBas UTO-TO «3aKOHOM», Mofpa3syMme-
BAETCA, YTO 3TO OO6BEKTUBHO BEPHO M HEM3MEHHO, KTEOPUA» MPELNONAraeT, YTo OHa NOAJIEXUT Nepe-
CMOTPpY, @ «MOJieNby» [OMYCKAET, YTO 3TO CYyObEKTUBHbIN BbIGOP, OCHOBAHHBIWM HA YMPOLLEHMAX U NPU-
ONUKEHUAX.

S mymato, 4To BCe 3TO OAHO M TO Xe. HekoTopble NOHATUSA, KOTOPbIE HA3bIBAKOTCS 3aKOHAMU, HA CAaMOM
[lene ABNSTCA ONpeaeneHusaMu; Lpyrue, no CyTu, yTBEPXKAALoT, UTO onpefeneHHas Moaesib 0CO6eHHO
XOPOLUO NPeLCKa3blBAET UM 06bICHAET NOBeAeHUe cUCTeMbI. Mbl BepHeMcs K Mpupoae Gpuanyeckmnx
3aKOHOB B pa3genax «ObbscHWUTeNbHble Mofenu» Ha cTp. 56, «4T1o 310 32 Mozenb?» Ha cTp. 67 u «Pe-
LYKLUMOHU3M U X0onu3Mmy» Ha cTp. 105.

DetepMnHusm — UnpeTepMUHUIM

[leTepMUHKU3M — 3TO TOYKA 3PEHMS, COMNACHO KOTOPOW Bce CODbITUS HEM3OEXHO CBA3aHbl C NpefLecT-
BYIOLMMM COObITUAMU. DOPMbI MHAETEPMUHM3MA BKJIKOYAOT B Ceba Cy4alHOCTb, BEPOSTHOCTHYHO
NPUYMHHOCTb U PYHAAMEHTANbHYHO HeonpeaeneHHoCTb. Mbl BepHeMcs K 3Tol TeMe B pasgene «[le-
TEPMUHU3M» Ha CTP. 62 U «DMEPIKEHTHOCTb M cBOGoAA BoM» Ha cTp. 129.

OTM TeHAEHLUMM He ABNAIOTCA YHUBEPCANbHBIMU MK MOMHBIMU, HO LEEHTP MHEHWIi CMeLlaeTcs BAOMb 3TUX
ocel. B kayecTBe f0Ka3aTeNnbCTBa pacCMOTPUM peakumio Ha KHury Tomaca Kyna (Thomas Kuhn) «Crpyk-
Typa Hay4HbIX PEBONIOLMIA», KOTOPYK MOHOCKAM, KOTAQ OHa Obina onybiMKOBaHa, @ B HacTosillee Bpems
KHUra CYMTaeTCs NpakTMYeckm BeccnopHoii.

JTU TEHAEHUNM ABASIOTCA KaK ﬂpMHMHOﬁ,TaK n cnencrtsBueM Hayku O CJIOXKHbIX CUCTEMaAX. HaanMep, Bbl-
COKO aGCTpaFVIpOBaHHbIe Mofenu ceityac 6onee npnemMnembl n3-3a YMEHbWEHHOI0 O0XXUAaHUA TOro, 4YTo
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[LOMKHa BbITb YHUKaNbHas, NpaBuabHas Mofenb Aas Kaxaol cuctembl. U HaOﬁOpOT, pa3BUTUE CNOXHbIX
CUCTeM 6p0C3€‘T BbI30B AETEPMUHU3MY U CBS3AHHOM C HUM KOHLEeNUUn Gpu3nM4eckoro 3akoHa.

JTa rnasa npeacrasaseT coboit 0630p TeM, 06CyKAaeMbIX B KHUTE, HO HE BCE U3 HUX BYAYT UMETb CMbIC/,

npexae 4yem Bbl yBUAMUTE Nnpumepsbl. Koraa Bbl AoWAeTe 40 KOHLA KHUMU, BAM MOXET ObITb NMONE3HO npo-
YUTaTb 3TY MNaBy CHOBa.
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