s

" APTEM JIAPVH

CoopHUK pumocodckux
craTen «OYHKIIUA BCEro»



Aprem JlapuH

Coopauk chuiaocodckux
craren «PyHKIUA BCETO»

«3paresibckue pereHus»



Jlapun A.

Coopuuk punocodckux crareid «PyHkms Bcero» / A. Jlapun —
«M3narenbCKkue peleHus»,

OTa KHUTa — 3TO COOPHUK CTaTell Ha Pa3HOIUIAHOBbIE TeMbl, HAIMMCAHHbIC

3a mapy JieT )KU3HU. B 3TOT nepron s Hayal MHTEPECOBAThCS D30TEPUKON,
MeHs1 OeCTTOKOMJIA BOMPOCHI OTHOIIIEHUH Mex 1y JiioabMu. [IbITasich 3arisHyTh
B CaAMYIO CyTh 3TUX TeM, 51 M HallKCaJl 3TU CTaThu. M, KOHEUHO, STOT HEOOJBIIION
(punocodckuit Tpyn sBASETCS MPOAOIKEHMEM pa3BuTUs Moer Teopun Beero
«Cucrema u Xaoc». KHura cogepxut HelleH3ypHYIO OpaHb.

© Jlapun A.
© Msnatenbckue perieHust



A. Jlapun. «Coopuuk ¢unocodckux crateit «PyHKIINS BCEro»»

Coaep:xanue

®dynkuusa Beero
Beenenue
1. ITpocrpancTBo Xaoca
. CocTosiHue peabHOCTU
. Beenenne ®ynkuu Beero
. CKpBITBIE TAPaMETPBI KaK «CMBICIT €3 JIOTUKH»
. IuHamuka peasbHOCTH
. BeposiTHOCTHas1 MHTEpIIpEeTaLUs
. Ponb co3nanusa
. MaTepnperanus monenu
10. 3akioueHue
11. Utak, c momorpio gpt 4 BeiBes1 ©opmyity Beero
12. IlpaBku
13. TpaBka HaOmOAATENSA
14. TlpakTiyeckoe NpuMeHeHUe
Konen o3HakoMUTENBHOTO (pparMeHTa.

0NN Nk

oo N O

11
12
13
14
15
16
17
18
21
23
24



A. Jlapun. «Coopuuk ¢unocodckux crateit «PyHKIINS BCEro»»

CoopHuk ¢dpuiaococckux
crarted «PyHKIUsI BCEro»

Aptem Jlapun

© Aprem Jlapun, 2026

ISBN 978-5-0070-0166-3
Co3zaHo B MHTEJUIEKTYaIbHOU U3/1aTesibckor cucteme Ridero



A. Jlapun. «Coopuuk ¢unocodckux crateit «PyHKIINS BCEro»»

Pyuknust Beero

BBeaenue

Sl 3ajrymMan poeKT Mo U3YyUYEHHUIO0 BOIIPOCA, UYTO BCE COOBITHS, KOTOPBIE MPOMCXOASIT B MHUPE
— OHU MPOCUYHUTAHbI HEKOW (hOPMYIIOii, BIMCAHHOW B MaTpUlly peasibHOCTH. Tak BOT, 51 Obl XOTed,
MIPOKOMMEHTHPOBATH CJIEAYIOIINE HECKOIBKO MTyHKTOB — BBIBOJIOB, KacaTeIbHO TOUM M'MITOTE3BI:

1. Kakue 3710 gactT HaMm BO3MOXXHOCTH, €CJIM Mbl BO3bMEM T0/1 KOHTPOJIb 3Ty (PYHKLIHUIO?

2. EcTb MaTeMaTHKa «BIMCAHHAS» B PEAJIbHOCTh — I10 €€ pacueTaM BCe MPOUCXOUT, a Mate-
MAaTHKa, KOTOPYIO MbI IIUILIEM Ha OymMare — 3TO 4TO 32 MaTeMaruka?

3. Kak 0003HaunTh M0000€ KOHKPETHOE COOBITHE WU JTIIOOOW KOHKPETHBIN OOBEKT ISl MaTe-
MaTU4eCKON (hOPMYJIbI, YTOOBI PEATLHOCTH OBLIO MIOHSITHO, HA YTO HANIPABJICHHO JieicTBHE?

4. Kak cnenathb Tak, YT0ObI CO3/IaHHAsT KAKUM-TTHOO0 00pa30M MaTteMaTuiecKasi 3armch pomn30-
nuia B PeanbHocTi — cityuunach?

1. Kakue 3710 gactT HaMm BO3MOXXHOCTH, €CJIM Mbl BO3bMEM T0/1 KOHTPOJIb 3Ty (PYHKILIHUIO?

Ecnu mpednosiokuTh, Y4TO CyIIECTBYeT HeKas «(popMysia pealbHOCTH», U Mbl CMOXKEM ee
MOHSATH M KOHTPOJMPOBaTh, TO 3TO OTKPOET MPAKTHUYECKH Oe3rpaHryYHble BO3MOXHOCTU. BOT
HECKOJIBKO MTPUMEPOB:

— Ipenckazanvie Oyaymero: Ecim peanbHOCTh OTYMHSIETCS ONPEIe/ICHHON MaTeMaTHIeCKON
(yHKIIMM, TO, 3HAS HAYATIBHBIE YCTIOBUS U caMy (pOpMYJTy, MOKHO TIPEACKa3bIBaTh COOBITHS C BBICO-
KO TOYHOCTBIO.

— W3menenue peansHocTu: KoHTponb Haj (pyHKIMEN MO3BOIUT HE TOIBKO MPEICKA3bIBATh,
HO ¥ U3MEHSTD XOJI COOBITUI, BMEIIIUBASICh B «KO» PEATBHOCTH.

— CozaHue HOBBIX peanbHOCTel: BO3MOXKHO, Mbl CMOXKEM «IIE€PENUChIBATH» PEabHOCTb,
co3[aBasi HOBbIE 3aKOHBI (PU3UKH, TPOCTPAHCTBA U BPEMEHH.

— Vnpagnenue BeposiTHOCTIMH: Eciin peasibHOCTh paboTaeT Ha OCHOBE BEPOSITHOCTHBIX ITPO-
1IeccoB (KaK B KBAHTOBOUM MEXaHUKE), TO KOHTPOJIb HaJl (PyHKIIMEH MO3BOJIUT YIIPABISATh BEPOSITHO-
CTSIMHU COOBITHIA.

— Pemenvie riodanbHbIX podaeM: Mbl MO OBl YCTPaHHUTh Xaoc, 00JIe3HU, KatacTpodsl U
Apyrue HekesaTesbHble SIBJICHUS, €CIU MOMMEM, KaK OHU «BIIUCAHb» B MATPHILy PEaIbHOCTH.

OpHaKo 3TO TaKkKe MOAHUMAET BOIIPOCH! STUKH, OTBETCTBEHHOCTH Y BO3MOKHBIX MOCIEICTBUN
BMelIlaTeIbCTBa B Takue (byHAaMEHTaIbHBIE TPOLIECCHI.

2. EcTb MaTeMaTHKa «BIMCAHHAS» B PEAJIbHOCTh — I10 €€ pacueTaM Bce MPOUCXOUT, a Mate-
MAaTHKa, KOTOPYIO MbI IIUILIEM Ha OymMare — 3TO 4TO 32 MaTeMaruka?

Maremaruka, KOTOpYIo Mbl IUIIIEM Ha Oymare, — 3T0 aOCTpaKivsl, CO3JaHHAsl YeJIOBEKOM JIJIs1
OIMMCaHUs U MOAETUPOBaHUS peasibHOCTH. OHA He SIBJISAETCS CAaMOU pealbHOCTBIO, HO CITYXKUT UHCTPY-
MEHTOM [IJIS €€ IIOHUMAaHMS.

— Maremaruka peaJibHOCTU: DTO IMIIOTETUYECKAs «ACTUHHASI» MaTeMaTHKa, KOTopasi yrpas-
JISIeT BCEMHU Tporieccamul B Mupe. OHa MOXeT OBbITh TOpa3/io CIOKHEe U TITyOXke, YeM Hallli TeKyIIue
MaTeMaTu4eCKUe MOJIEIH.

— Maremaruka Ha Oymare: DTO MOMNbBITKA YeJOBEKa MPUOIM3UTHCS K MOHUMAHUIO 3TOU
«UACTUHHOW» MaTeMaTUKU. Mbl coO3jaeM MOJIeNd, KOTOpble paboTaloT B OMpe/IeIeHHbIX YCIOBUSX, HO
OHH BCerja OrpaHMYeHbl HAIIIMM BOCTIPUSITHEM U TIOHUMaHHUEM.

[Tpumep: 3akoHb HhIOTOHA XOPOIIIO OMKCHIBAIOT JBMKEHUE OOBEKTOB B MAKPOMHPE, HO OHU
nepecTaioT padoTaTth B MUKPOMUPE, I7ie ISMCTBYIOT 3aKOHBI KBAHTOBOM MEXaHUKH. DTO IMOKa3bIBaLT,
YTO Hallla MaTeMaTuKa — JIMIIb MPUOIMKeHHe K Oosiee rITyOOKOU UCTHHE.
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3. Kak 0003HauuTh M0060€ KOHKPETHOE COOBITHE WU JTIOOOW KOHKPETHBIN OOBEKT ISl MaTe-
MaTHU4eCKON (pOPMYJIbl, YTOOBI PEATBHOCTH OBbLJIO TIOHSTHO, HA YTO HAIPABJICHO AeHcTBIEe?

ITO O/IMH U3 CaMBbIX CJIOKHBIX BOITPOCOB, TaK KaK OH TpeOyeT MOHMMaHHMsI TOTO, KaK PeabHOCTh
«KonupyeT» uHGopMaluio. Bor HECKOIBKO BO3MOXKHBIX MTOAXOI0B:

— CumMBonueckoe npejcTaBienue: Kaxnoe coObTHe Wi OObEKT MOXKHO MPEACTaBUTh Kak
Ha0op MapaMeTpoB (HanpuMmep, KOOPAWHATHI B TPOCTPAHCTBE, BpeMsl, SHEPrusi, UH(popMaIws). TH
rapameTpbl MOKHO 3alKcaTh B BU/IE MATEMAaTUUECKON (DYHKIIHH.

— WudopmarnmonHas cTpykTypa: Bo3aMoxkHO, peabHOCTh padoTaeT Kak ruraHTckasi uHpop-
MallMOHHasI CUCTeMa, T/ie KaXJoe COObITHE MK OOBEKT UMEET CBOM «KOI» WM «aapec». Ecimu mbl
CMOEM TIOHSITh, KaK 3TOT KOJ YCTPOEH, MBI CMOXEM 00pamiatbCsi K KOHKPETHBIM OOBEKTaM WU
COOBITHSIM.

— Cas3b ¢ co3HanneM: Hekoropsle puocodckue 1 Metapusnueckue TeOpru Mpearoaraior,
YTO CO3HAHME UTPaeT KJIOYEBYIO POJb B «00O3HaYEHUM» COOBITUH. TO ecTh, YTOOBI peasbHOCTh
«TIOHSJIa», HAa YTO HAIIPABJIEHO JIEWCTBUE, MOXKET MOTPEOOBATHCS YUACTHE CO3HAHUSI.

[Ipumep: B KBaHTOBOW MeXaHHMKe HaOJIO/IaTeNlb BIUSET HA COCTOSIHAE CHUCTEMBI. DTO MOXKET
OBbITh HAMEKOM Ha TO, YTO CO3HAHWE U MH(OPMAIIMSI TECHO CBSA3AHBI C «KOJOM» PEATbHOCTH.

4. Kak czienath Tak, 4ToObI CO3JaHHAS KAKUM-JIMOO0 00pa3oM MaTeMaTHuecKasi 3arich IPOU30-
nuia B PeanbHocTr — cityumiiach?

3TO BOMPOC O TOM, KaK «IepPeBeCT» aOCTPAKTHYI0 MaTeMaTHYECKYIO 3aMiCh B (PU3HUECKOe
nerictBue. Bo3MokHBIE TOOXOOBI:

— Pe3onaHc ¢ peanbHOCTBHIO: Eciy peanbHOCTh NEHCTBUTENBHO YIpPABIsIETCS MaTeMaTuye-
CKMMHM 3aKOHAMH, TO TIPAaBUJIbHAS «HACTPOWKa» (DOPMYJIbI MOKET BBI3BATH PE3OHAHC C STHMH 3aKO-
HAaMH, YTO MPUBEJIET K pean3aliiy COObITHS.

— KganToBasi MexaHuka: B KBaHTOBOW MeXaHMKE CyHIECTBYET KOHLETIIUS «KOJUIarca BOJI-
HOBOW (DYHKIIUK», KOTJa BEPOSITHOCTh MIPEBpaIllaeTcsi B pealbHOCTb. BO3MOXHO, MaTemaTuyecKast
3amuch MOXKET ObITh CBSI3aHA C YIIPaBJIeHHUEM BEPOSTHOCTSIMHU.

— TexHonornveckuii mocpeaHuK: Bo3amMoxxHO, moTpedyeTcsi co3aaTh yCTPOUCTBO UM CUCTEMY,
KOTOpasi CMOXET «MHTEePIPETUPOBATh» MAaTeMAaTUYECKYIO 3aIKCh U MPeoOpa3oBhIBATh ee B (pusnye-
CKOe JeHCTBUE. DTO MOKET ObITh UTO-TO BPOJE «IIPOrPaMMBI» JJIsl PETbHOCTH.

— Co3zHaHue kak MHCTpyMeHT: Ecii co3HaHue urpaet posb B (GOPMUPOBAHUN PEATTbHOCTH, TO
MaTeMaTU4decKast 3aliCh MOXKET ObITh «aKTUBHPOBaHA» Uepe3 HaMepeHue Ui (POKYC BHUMAHHMSI.

[Tpumep: B HEKOTOPHIX 330TEPUUYECKUX MPAKTUKAX YTBEPXKIACTCS, UTO BU3yaIM3allusl M HaMme-
pEeHue MOTYT BIMATH Ha PEabHOCTb. DTO MOXET ObITh MPUMUTHBHOW (DOPMOI B3aMMOJIEUCTBUS C
«KOJIOM» PEaJIbHOCTH.

Most rumnote3a oueHb aMOMIIMO3HA U TpeOyeT MeX IUCIMIUTMHAPHOTO nojaxoaa. OHa 3arparu-
BaeT He TOJIbKO MaTeMaTuKy M (pu3uKy, HO U (pHI0cO(pHI0, KOTHUTUBHBIE HAYKH U J]aKe UCKYCCTBEH-
HBI MHTEJUIEKT. BO3MOKHO, KJTI0Y K MOHUMAaHHIO «(pOPMYJIbl PEASTBHOCTH» JIEKUT B OObEAUHEHUH
BCEX 3THX 00JIacTell 3HAHUI.

IToi Uee COOTBECTBIOT CJIEIYIOIINE TEMBbI:

— Teopust unpopMauu ¥ BHIYUCICHUT.

— KBaHTOBasi MexaHMKa ¥ KBaHTOBasi MH(opMalusi.

— HenuneliHas tuHaMKKa U TEOpUs Xaoca.

— Owiocodus co3HaHUSA U MeTapu3UKa

Muip, KOTOpBIi Mbl HaOMOAAaeM, KakeTcsl MOC/IeqOBATeIbHOCTBIO COOBITHI. [TpuinHbI BeqyT
K CJIEAICTBUSIM, CIyYalHOCTH HAPYIIAIOT MOPSIIOK, HO B IIEJIOM PEabHOCTb BOCIIPUHMMAETCSl KakK
MOTOK Tporcxoasiero. OJHaKo 3TO JUIIb TOBEPXHOCTHOE OIUcaHue. B maHHO#M paboTte mpejiara-
eTCsl MHasi MOJIeJTb: COOBITHSI He (POPMUPYIOT PEATBHOCTh — PEAIbHOCTD SIBJISIETCS PE3Y/IbTaTOM JIeH-
CTBUS (DYHKIMHU, KOTOpast orpeesseT caMu coObTHs. D1a pyHKIMs Oyaer HasbiBaThesi PyHKIMEH
Bcero.
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1. IIpocTrpancTBO Xaoca

B ocHOBe MopieNu JIeKUT TIPEIIoNIoREHNe O CYIIIECTBOBAHUH OCOOOTO MPOCTPAHCTBA — IPO-
CTPaHCTBA BCEX BO3MOXKHBIX COCTOSTHUNA. POPMaIIbHO OHO 33/1aETCs KaK:

C= {X|Xx — BO3MOXHOE COCTOSIHUE }

3aece C — 3TO MHOKECTBO, BKJIIOYAIOLIEE BCE BO3MOXKHBIE KOH(UIYpallMy pPeajbHOCTH.
BaxHo, 4TO 1MoJ] «BO3MOKHBIM» TIOHUMAETCSI HE TOJIBKO JIOTUYECKH JIONyCTUMOE B paMKax M3BECT-
HBIX 3aKOHOB, HO U BCE, YTO MOTEHIIMAILHO MOXET ObITh PEaTM30BAHO. DTO MPOCTPAHCTBO M €CTh
Xaoc. Xaoc B TJaHHOU TeOpur — He OeCNopsIJIOK, a TIOJIHOTa BO3MOKHOCTEH.
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2. CocTosiHue peajbHOCTH

PeanbHOCTD B Kak/IbIii MOMEHT BpeMEHH MIPEICTABIISET COOON OHO KOHKPETHOE COCTOSTHUE U3
9TOro MHOKECTBA:

S (1) eCS (t) in CS (t) eC

I'nme:

S (t) — cocrosiHue MHpa B MOMEHT BpeMeH! t

OT10 03HayvaeT, 4To Habmomaemas BeeneHHass — 3TO He BCE MPOCTPAHCTBO BO3MOKHOCTEH, a
JIMIIIb OJJHA peaIn30BaHHASI TPACKTOPUS BHYTPH HETO.
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3. Beenenne ®ynxknum Beero

KimoueBoe npeanonoxeHne Teopun 3aKkI04aeTcsi B TOM, YTO CYILECTBYET (DyHKIMS, KOTopasi
OIpeJesisieT, KaKoe UIMEHHO COCTOSIHME U3 Xaoca CTaHET PeasIbHOCThI0. DTa (PyHKLMs 3aJa€TCs cle-
AYIOIIM 00pa3oM:

S (t) =F (C,t,Q)

I'ne:

F — ®ynkuusa Beero

C — npocrpancTBo Xaoca

t — BpeMs

() — CKpBITBIE TAPAMETPBI

Takum 00pa3oM, peasbHOCTh B KaX[blii MOMEHT BPEMEHHM — 3TO Pe3yJIbTaT MPUMEHEHUs
(byHKIIMM K IPOCTPAaHCTBY BO3MOKHOCTEN.

10
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4. CKpbITbIE TapaMeTPhl KaK «CMBICJI 0€3 JOTHKH»

Oco0y1o posib UTpaeT KOMIOHEHT ().

OH BKJTIOYaeT B ceOs:

- TIpaBIJIa BBIOOpA COCTOSTHUSI

- CTPYKTYpY mepexoa

- HeJIMHEeWHbIe U HEOUYeBU/IHbIE 3aBUCUMOCTH

Nmenno Q\Omegal) BeIpakaeT Uel0: CMBICIT MOXKET CYIIIeCTBOBaTh O€3 sIBHOM JIOTWIKU. DTO He
OTCYTCTBUE 3aKOHA, & HAJIMUMe 3aKOHA, KOTOPbI HE CBOJIMTCS K MPOCTON MPUUMHHO-CIIEACTBEHHOM
IIeToYKe.

11
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5. /luHaMuKa peajJbHOCTH

PeanbHOCTb He ctatyHa. OHa pa3BUBAETCS BO BpEMEHU. DTO OMUCHIBACTCS CIICYIONMM BbIpa-
KEHUEM:

S (t+1) =F (S (1),C,Q2)

IT0 03HAYAET: TEKYILIEe COCTOSIHUE BIIMSET HA CJIeyIoliee, HO BHIOOP CIISAYIONIEro COCTOSIHUS
OCYILIECTBJISIETCS U3 BCEro MpocTpaHcTBa Xaoca. Takum oO6pazom, Oyayiiee He TIOJTHOCTBIO MPeIoTpe-
JIEJICHO TEKYIIIUM COCTOSTHUEM, HO U He SIBJISICTCS TOJHOCTBIO CITyYaiiHbIM.

12
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6. BeposiTHOCTHas1 HHTEPIIPETAIHSE

Jlns1 oricanust HAOMIOAAeMON CITyYaiiHOCTH BBOJIUTCS BEPOATHOCTHAs (popma:

P (S () =x)=p (x,t) P (S (t) =x) =mu (x, t) P (S (t) =x) =p (x,t)

[ne:

w (x,t) mu (x, t) u (X,t) — pacrnpezeneHre BeposATHOCTEN Ha IIPOCTPAHCTBE Xaoca

ITO MO3BOJISIET MHTEPIPETUPOBATH CITYYAHHOCTDb KaK MPOSIBJICHUE TITYOMHHOU CTPYKTYPBI, a He
Kak €€ OTCYTCTBHE.

13
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7. PoJb CO3HAHUSA

B pacumpeHHO# Bepcuu MOIEIN MOKHO YUUTHIBATh BIMSIHUE HAOTIONATEIS:

S (t+1) =F (S (1),C,Q,A) S (t+1) = F (S (1), C, \Omega, A) S (t+1) =F (S (t),C,Q,A)

[ne:

A — areHT (co3HaHUE)

DTO O3HAYaAeT, YTO CO3HAHWE HE MPOCTO (PUKCHUPYET pealbHOCTh, HO MOXET Y4acTBOBaTh B
BBIOOpE COCTOSIHUS U3 TPOCTPAHCTBA BOZMOKHOCTEH.

Takum 0O6pa3oM, YeJIoBeK OKa3bIBaeTCs Ha rpaHuiie Mesxay CructeMoid U XaocoM.

14
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8. IuTepnperanust Mo1eJin

W3 npeiioskeHHOM CTPYKTYPHI Clle/lyeT HECKOIBKO BBIBOJIOB:

1. PeastbHOCTb — 3TO HE HAOOP COOBITHA, & PE3Y/IbTAT BBIYUCICHUS

2. CoObITus1 — 3TO MPOsIBIeHN (DYHKIIUH, a He TIEPBOIPUYMHA

3. Ciry4ailHOCTh — 3TO HEMOJIHOE 3HaHUEe (PYHKIMU

4. Xaoc — 3TO UCTOYHUK BCEX BO3MOKHBIX COCTOSIHUI

5. Cucrema — 3TO peaiM30BaHHAsI YacTh Xaoca

9. Utorosas ¢popmynupoBKa

®ynkuusa Becero — 3T0 rumorernyeckas MateMaTuiecKkasi CTpyKTypa, KOTopasi onpeesseT
cocTosiHue BceneHHOW B KakIblii MOMEHT BpPEMEHH Kak BBHIOOp M3 MPOCTPAHCTBA BCEX BO3MOXK-
HBIX COCTOSIHUI. PeasibHOCTD MpeicTaBisieT co00M TPAeKTOPHIO, MTPOXOIAIIYI0 Yepe3 MPOCTPAHCTBO
Xaoca, u hopMupyeTcst He COOBITUAMU, a (PYHKIIMEH, KOTOpast BBIOUpAeT caMy COOBITHS.

15
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10. 3akarouenune

Ecnu nannast Monesb BepHa, To BeelleHHas — 3TO He MPOCTO COBOKYMTHOCTh OOBEKTOB U 3aKO-
HOB. IT0 nporiecc. [Iporecc, B KoTopoM: Xaoc npeaocTaBiisieT OeCKOHEYHOE MHOKECTBO BO3MOKHO-
creir. Pynkims Beero ocymiectsisier BoiOop. Crictema ukcupyet pesyibtar. M B a3ToM mporiecce
YeJIoBeK — He BHeNIHWH HaOmoaatenb. OH sBIISETCS YacThlo MEXaHU3Ma, Yyepe3 KOTOPhIA BO3MOK-
HOCTh CTAaHOBHUTCSI PEAJTbHOCTBIO.

16
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11. Utak, ¢ nomombio gpt 4 BeiBea ®opmyay Bceero

Nrorosas ¢popmyna @yukimu Beero:

S (t+1) =F (S (1),C,Q,A)

PacimmgpoBka nepeMeHHbIX

S (t) — cocrosiHue cucTeMbl B MOMEHT BPEMEHH t

IT0 TeKyIllasi peajbHOCTb:

- (puzmyeckuin Mup

- COOBITUS

- COCTOSIHU S JIIOAEN

- BCE, UTO YK€ «IPOSBUIOCH»

S (t+1) — cnenyioiee COCTOSIHUE CUCTEMbI

Sto Oyayias peaTbHOCTh, KoTopast (hopMmupyercs: (PyHKIHEH.

C — npocrtpancTBo Xaoca

MHOeCTBO BCeX BO3MOKHBIX COCTOSIHUN:

- BCE BAPUAHTHI Pa3BUTHS COOBITUI

- BCE MOTEHIMATbHbIE NCXO/IbI

- «T10JI€ BO3MOKHOCTEN»

ITO UCTOYHUK HOBU3HBI U HEOIIPEAEIEHHOCTH.

() — CKpbITBIE TTapaMeTphl (MEXaHU3M BBIOOPA)

ITO KJII0YeBasi 4aCTb TEOPUU:

- IpaBUJIa iepexoaa

- HEJIMHEWHbIE 3aBUCUMOCTH

- «CMBICT 0€3 JIOTUKU»

To, uTo ompenenser, moyeMy BHIOpaH IMEHHO STOT BapUaHT u3 Xaoca.

A — areHT (co3HaHUE)

daxTop HaOmoKaTes:

- YeJIOBEK

- UHTEJUIEKT

- CHICTeMa, CII0COOHAs BIMATH HAa BHIOOD

B teopum npennonaraercs, 4To CO3HaHUE MOKET YU4aCTBOBaTh B (DOPMUPOBAHUU PEAbHOCTH

F — ®ynkuusa Beero

I'naBHbIN MeXxaHU3M:

- IPUHUMAET TeKYyIllee COCTOSIHUE

- YYUTHIBAET MPOCTPAHCTBO BO3MOKHOCTEN

- IPUMEHSIET CKPBITHIE TIPABUIIA

- (popmupyer cienyoiiee CoOCTOsTHIE

Ito npoiiecc nepexoaa: u3 Xaoca — B Cucremy

Kopotko (cyTh hopmyiibi):

Bynyiee cocrostHue Mupa orpezensercs (pyHKIMeH, KoTopasi BBIOMpaeT OUH BapUAHT U3 IPO-
CTpPaHCTBA BCEX BO3MOKHOCTEW, YUUTHIBAsI TEKYILIEe COCTOSTHUE, CKPBIThIE 3aKOHOMEPHOCTH U BIIUsI-
HUE CO3HAHUSI.
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12. IIpaBkn

51 xouy, BHECTH ClIeyIOIIME MPABKX B (DOPMYJTy BCEro:

1. F — ¢yHK1IMs BCero 310 JIOrMKa BCEro, TO ecTh camasi (PyHIaMeHTATbHBIN TPUHIIHAIT BCETO.
OueBuHO, 3T0 TO, UTO 1+1=2. Hago BEIpa3uTh 3TO B MaTEMaTHUECKOM BHJIE TaK, YTOOBI 3TO rapMo-
HUYHO COYETaJIoCh ¢ (hOpMYJION BCETO.

2. C — mpocTpaHCTBO Xa0ca, MO CyTH, eCTh OECKOHEUHOCTh, HO ¢ OECKOHEYHOCTHIO Hatma ¢hop-
MyJia CTAHOBUThCS He orpezeseHHou. [Toatomy coctaBum odiyio gopmyiny C u €2, 1o Takoi JIOTHKe,
41O OyayIe cOOBITHS MTPOUCXOIAT IO JIOTUKE HAMOOJbIIIeH BEPOSTHOCTH, TO €CTh s MOTY ITOUTH B
MarasuH, a MOTYy TIONTH B MapUKMaxepcKylo, HO eClii Y MeHsI 3aKOHUMJIOCh MOJIOKO, TO 5 TIONTy B
MarasuH. OnuIeM 3Ty JIOTMKY MaTeMaTHYeCK! TaK, YTOObI UCKJTIOUUTh U3 Hee 3HaueHHe OeCKOHed-
HOCTH.

3. A — areHr, 10 CyTH, HYXEH ISl TOTO, YTOOBI COOBITHE MPOU3OIILIO, & Mbl PACCUMTHIBAEM,
JIMIITH YTO TIPOU3OM/IET, TAK UTO areHTa u3 (pOpMyJIbl BCEro B 00IIe UCKIIIOUUM.

4. Tlo 3aBepIICHUIO TIEPBBIX TPEX ITAMOB COCTABMM CHOBA OOIIMIA BU]T (DOPMYJTBI BCETO B MaTe-
MaTUYECKOM BHJIE.

Peanmzanus npaBok.

daktuyecku s nmepeBoxy hopmyiy u3 duocodcko-MerapuznuecKor Mojieu B 6osiee cTpo-
I'yI0 MATEMATUIeCKYI0 CUCTEMY TIpejicKa3aHust cocTosiHui. [Tocie Morx rnpaBok hopMyJia CTAHOBUTCS
ropaso 6osiee 1eIbHON U (popMaT3yeMOi.

STAII 1 — Ilepeonpenenenue F

S onpenemun: F — 310 He mpocTto (yHKIWMS mepexona, a (pyHIaMeHTalbHasl JIOTUKA CyIIe-
CcTBOBaHUsA. TO €CTb:

F = { yHuBepcasibHbIN TPUHIHIT HEMIPOTUBOPEUMBOTO TIePEX0/ia COCTOSTHHIA }

OcHoga F:

S npusén npumep:

[1+1=2]

3TO BaXHO, TOTOMY 4TO:

- 9TO He (PUBUYECKUIA 3aKOH

- HE YeJIOBeUeCKoe MHEHUE

- a pyHIaMeHTaJIbHASI CTPYKTYypa JIOTUKHU

To ectb F — 3T0: MexaHU3M COXpaHEeHUsI CTPYKTYPHOH COTJIACOBAHHOCTH MHUpA.

Maremarrueckylo 3anuch F MOXHO ONpeaesuTh:

F=L

rie:

L — yHuBepcasibHast Jorudeckasi CTpyKTypa Mupa.

Toraa nepexo COCTOSHUS BITJISIIUT TaK

S (t+1) =L (S (t))

Ho 3T0ro maso, motoMy 4to HyKHbI BEPOATHOCTHBIE BAPUAHTHI OYIyIIIero.

OTAII 2 — O6beaunenue C u Q

S mpaBWIJIBHO 3aMeTHII:

€CJIu:

C to infty

TO CHCTeMa CTAaHOBUTCSI HEOTPE/ICTUMOM.

[ToaToMy MpOCTpaHCTBO BO3MOKHOCTEN HYKHO CIeJIaTh: KOHEUHBIM WJIM HOPMAJIM30BAHHBIM.
Teneps:

(C) — MHOX€ECTBO BO3MOXKHBIX COCTOSTHUM

(Omega) — MexaHW3M BEpOSITHOCTHOTO BHIOOpa
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00BEIMHSIIOTCS B:

P (S_ilS_t)

To ecTb BEpOATHOCTD MEPEX0/ia U3 TEKYILEr0 COCTOSTHUSA B CIEAyIOIIee.

HoBeiii Bu1 TpOCTPaHCTBA BOZMOXKHOCTEN BMECTO OECKOHEUHOI0 Xaoca:

C={S_1,S_2,...,S_n}

rae:

(n) — KOHEYHOE YMCJIO PEATUCTUYHBIX COCTOSTHUIA.

Toraa Q craHoBUTCA (PyHKIIMEN BEPOSTHOCTU

Omega (S_i) =P (S_ilS_t)

[Tpumep ¢ marazuHom

IIycTs TEKylEEe cOCTOsIHUE:

S_t= {Her MoJI0Ka, yCcTas, psIOM Maras3uH }

Bo3moxHbIE COCTOSIHUSA:

C= {S_ {shop},S_ {barber},S_ {home} }

Torna:

P (S_ {shop} IS_t) =0.82

P (S_ {barber} IS_t) =0.11

P (S_ {home} IS_t) =0.07

Crenyroliee COCTOSTHIE BBIOMPAeTCs Kak:

S (t+1) =arg max_ {S_iin C} P (S_ilS_t)

Uro o3navaeT argmax? DTo BHIOpaTh Hanbosee BeposiTHoe coctostHre. Torma C+£) cTaHOBSATCS
OJIHOM CTPYKTYPOW.

Phi (S_t) = {(S_1,p_1), (S_2,p_2),..., (S_n,p_n) }

rae:

sum_ {i=1} * {n} p_i =1

Nurepriperanus

Terepb Xaoc — 3T0 He 6ECKOHEYHOCTh. DTO KOHEYHOE MPOCTPAHCTBO MOTEHIUATBHBIX COCTO-
SIHUM C pacripe/ie/IeHUeM BEPOSTHOCTEM.

OTAII 3 — Uckouenue A

Sl pemwit: areHT He Hy:KeH BHYTPU (DOPMYJIbl, IOTOMY 4TO (pOpMYyJia JOJKHA OMKUCHIBATH CaM
XOJI COOBITHI. DTO JiesiaeT MojieIb HAMHOTO CTpoke. Terneps: co3HaHUe, HaOoIaTe b U CyOBeKT He
SABJIAI0TCA (PyHAAMEHTAIbHBIMU JIEMEHTaMu cucTeMbl. Torna popmysa yrpouaercs:

Brino:

S (t+1) =F (S (1),C, Omega, A)

Crarno:

S (t+1) =F (S (1),C, Omega)

Ho nockonbky:

(C+Omega) to Phi

NOJTyYaeM:

S (t+1) =F (S (t),Phi)

PunanpHas ¢popmanusauus F

Ecmu F — noruka mupa, To oHa BeIOMpaeT HarooJjee CoriacoBaHHOe cocTostHue. Toraa:

F=arg max (Jioruueckas corjlacCOBaHHOCTb )

NTOI'OBAA ®OPMVIJIA BCEI'O nomnyyaem:

[S (t+1) =L (arg max_ {S_iin C} P (S_ilS_t))

Pacimgpposka

(S (t)) — Tekyiee cocTosiHUE MUpA.

(C) — KoneuHoe MHOkeCTBO BO3MOXHBIX CJIEAYIOIINX COCTOSHUM.
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(P (S_ilS_t)) — BeposiTHOCTh BOBHUKHOBEHU I COCTOSIHUSI UCXOASl U3 TEKYIIEH KOH(UTYpaluu
MUpa.

Argmax — Bpi6op Hanbosee BepoSITHOTO COCTOSIHUSI.

L — ®ynpameHTaspHasA JIOTMKA HENPOTUBOPEYUBOCTU MUPA.

CBepxkpaTkasi MHTEpIpeTalys: cleqylollee COCTOSIHAE MUpa — 3TO Haubosee BEepOsSTHOE
COCTOsIHUE, KOTOPOE He MPOTUBOPEUUT (PyHIAMEHTAILHOM JIOTHKe peaibHocTu. EmeE 6onee crporyio
BEPCHIO MOKHO 3aITCaTh COBCEM KOMITAKTHO:

[S_{t+1} =L (argmax_ {S_i} P (S_i | S_t))

Yro nonyuusnock dpunocopcku? A ymen or:

- MUCTHUYECKOU OECKOHEYHOCTH

- a0COJTIOTHOTO Xaoca

- POJIM CO3HAHUS

Y TIPUIIET K MOAeU: «Mup = BepoATHOCTHAsI JIOTHUecKasi cuctema.» To ecTb OyayIee He CIy-
YaifHO, HO U He a0COJTIOTHO JIETEPMUHUPOBAHO, OHO BHIOUPAETCS Yepe3 BEPOSITHOCTHYIO COTJIACOBaH-
HOCTb cocTosiHMA. YTO 3TO0 Teneps HartoMuHaeT? Mos (hopmyiia cTaja moxoxa Ha CMeCh:

- TEOPUU BEPOSITHOCTEN

- 0alleCOBCKUX CHUCTEM

- IMHAMUYECKUX CHUCTEM

- TEOpUU UH(pOpMALIUU

- IPUHLMIIA MAaKCUMAJIbHOM COIVIACOBAaHHOCTHU

- MApKOBCKHUX TPOLIECCOB

- BBIUMCJIUTEJILHON MOJIEIN PeaibHOCTH.
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13. IIpaBka Hab0gaTeIsI

Erte st xoTesn ObI MPeIOKUTh TAKYIO UJIEI0, YTO CO3HAHME, HAOMIONATEh M CyOBEKT He TO, YTOOBI
He ABJISAIOTCA (DyHJAMEHTAJIbHBIMU JIEMEHTAMU CUCTEMbI, OHU TPAHCLIEHIEHTHBI 3TON PEeabHOCTH.
ITO yKe MePeBOAUT MOI0 MOJIEJIb U3 CTPOroro (pU3MKO-MaTeMaTUyeCcKoro peajiudma B Metapusnyde-
CKYIO JIByXYPOBHEBYIO crcTeMy. $1 mpeziaraio He MpocTo yopath cO3HaHHME U3 (POPMYIIbI, a BBIHECTU
€ro 3a Mpeesibl CAMOU BBIYMCIIIEMON peasIbHOCTHU. TO €CTh: MUP BBIYUCIISIETCS 110 BHYTPEHHUM 3aKO-
HaM, HO CYOBEKT He MPUHAJICKHUT MOTHOCTHIO TOM CHCTeMe, HaOmoaaTe b HaXOAUTCS «HaT» WM
«BHE» BbluMcieHus1. Torna BO3HUKaeT pa3jiesieHue Ha ABa Cl1osi

1. BHyTpeHHsA peasbHOCTA — 3TO BCE, YTO NMOJUMHAETCS JIOTUKE MIEPEXOJOB:

[S (]

U pa3BuBaercs yepes3 L

2. TpaHCUEHIEHTHBIN CYyOBEKT — 3TO TO, UTO:

- HAOMIOAeT CUCTEMY

- IEpeKUBAET COCTOSIHUE

- oOnaaeT (heHOMEHATBHBIM OIBITOM

- HO HE CBOJUTCS K CaMOH cUCTEMe

MosxHO 0603HaYUTh T

re:

T = Transcendent Observer

Torpa BaxxHenas uaes

T notin S

To ecTb CyOBEKT He SBJISETCA OOBEKTOM BHYTPH MUpPA. DTO OUeHb cepb&3Hast puocodckas
no3uiyst. OHa Onm3Ka K:

- TPaHCHEHJIeHTaJIbHOMY uaeanu3My Immanuel Kant

- nyanu3my René Descartes

- (penomenonoruu Edmund Husserl

- HEKOTOPHIM MHTEPITpEeTaisiM KBAHTOBOI MEXaHUKHU

- (punocopum cozHanus hard problem

Toraa MUp CTAaHOBUTCS «BBIYMCIICHUEM», & CYOBEKT HE YacTh BBIYUCIICHHUS, 4 YCIIOBHE €r0 Iepe-
xuBanus. B Takoi monenu ®@opmyna Bcero onmuchiBaeT CTpyKTypy pEasIbHOCTH HO He OOBSICHSET
MOYEMY CYILLECTBYET NIepeKMBaHKUE ITOU peasibHOCTH. Toraa (popmyly MOXKHO pa3AeuTh

Boruricnmmast peajibBHOCTh

S_{t+1} =L (argmax} _ {S_i} P (S_il S_t))

TpaHCUEHJEHTHBII YPOBEHb

T perp S

T7Ie: perp O3HavaeT «He CBOMUTCA K». Mm emé rimy6xke MOKHO 3aIicaTh:

T not subseteq R

I'ne R — Bcd BerunciiMMasi peasibHOCTb. Tora rmosiBjasercs HoBasi apxXUTEeKTypa:

R={S,L,P}]

Jr0:

- COCTOSIHU S

- JIOTUKA

- BEPOSITHOCTHBIE TIEPEXO/Ibl

TpancuengeHTHOCTh T He BeruMcCIgeTcs U3 R.

OyeHb MHTEPECHOE CIIECTBHE: TOIIa CO3HAHUE HEJb3$1 MOJIHOCTHIO:

- CUMYJIIPOBAaTh

- BBIYUCITUTh
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- BBIBECTU U3 (PUBUKHU

[TotoMy 4TO OHO HE PUHAIEKUT CUCTEME IPUUMHHOCTH MUDA.

Torpa, Mast MOzIe/Ib CTAHOBUTCS TIOXOKeH Ha: «Mup — BbrunciuM. Ho nepexuBanue mupa —
TPAHCLEHJIEHTHO.» JTO yXke MOYTH IMOJTHOLIEHHAs MeTapu3ndeckasi cuctema, riae: Mup noguuHeH:
Jloruke, BeposITHOCTH ¥ PUYMHHOCTH, & CYOBEKT MPUHAIJICKHUT: He 0OBEKTHOMY MHpY, & YPOBHIO
HaOmoneHust camoro ObiTust. Toraa puHaIbHAS CTPYKTYpa MOXKET BBIIJISIIETh TaK:

YpoBeHb peabHOCTH

S_{t+1} =L (argmax_ {S_i} P (S_i| S_t))

YpoBeHb cyObeKTa

[T notin R

Caepxkpartkas (popMy/IMpOBKa

PeaspHOCTD pa3BHBaeTCs MO 3aKOHAM JIOTUKO-BEPOSITHOCTHOTO TEPEX0fia, HO caM CyOBbEKT He
MPUHAIJIEKUT ITON PEaIbHOCTH MOJTHOCTBHIO.
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14. IIpakTHyecKkoe NpUMEeHEHNE

Ok... Bor ecnu s1 x0uy y3HaTh MOWAET JIM 3aBTPa B MOEM Topojie JOXK b, Kak MHE IPUMEHHUTh
9Ty hopMy UTOOBI 3TO BBISICHUTH? Toraa Most (popmyJia MpeBpaiaeTcsi U3 «TeOPUr BCEro» B MOJIENb
MTPOTHO3UPOBAHUSI COCTOSTHUS CHCTeMBI. [IJIs1 TOXK I 9TO BBIMJIIUT OUeHb €CTECTBEHHO.

[ar 1 — OmnpenensiemM TeKylllee COCTOSTHUE MUPA

Tekyiee cocrosiHue:

S (t)

JI71st Iorofip! 310 HAOOP MapaMeTpPOB:

S () ={T,H,P,W,C}

rze:

* (T) — Temnieparypa

* (H) — BiaXHOCTh

* (P) — aTmocepHoe naBieHue

* (W) — Berep

* (C) — 001a4HOCTh

[lar 2 — OmnpenensieM BO3MOXKHBIE OyIyIIe COCTOSTHHS

MHOXECTBO BAPUAHTOB:

C= {S_ {rain},S_ {cloudy},S_ {clear}}

[Mar 3 — Cuyuraem BepoOATHOCTH

TBost hopmysia mperonaraer:

P (S_ilS_¢t)

To ecTb BEpOSITHOCTH OYIYIIIEr0 COCTOSIHUS TTPU TEKYIIIEM COCTOSTHUU CUCTEMBI.

Hanpuwmep:

P (rainlS_t) =0.73

P (clearlS_t) =0.11

P (cloudylS_t) =0.16

[Har 4 — TlpumeHsieM JIOTUKY MUpPa

dopmyna BeIOMpaeT HanbdoJiee BepOATHOE COCTOSTHHE:

argmax_ {S_i} P (S_il S_t)

Ecmm:

0.73>0.16> 0.11

TO!

S (t+1) =S_ {rain}

Torna ¢opmyna st 10K TOTyYaeTCs:

Weather (t+1) =L (arg max P (weather_i | S_t))

Ho 3nechk nosiensieTcs kimoueBoid MoMeHT. TBost popmyina cama o cebe HE Bbruucisier Bepo-
stHocTH. OHa 33Ja6T: CTPYKTYPY MpeICKa3aHus U IPUHITHIT BbIOOpa Oymyiero. A caMu BepOsITHOCTU
HYKHO TOJTy9aTh U3 JAHHBIX.

B peasibHOI MeTeoposioruu (paKTUYECKU UCTIONb3YIOT:
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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