APXUTEKTYPHAS TEOPHUS PeaIbHOCTH: OT KBAHTOBOI'0
KOJLJIAICA 10 HMKJINYECKON KOCMOJIOTHH

AHHOTanus

Hacrosmas pabota npeajiaraet apXuTeKTypHYIO MOJIENb PeaabHOCTH, BBOJASIIYIO YEThIPE
dbynaamenTanpHbIe cymHocTH: MHpOpMannonHyro MaTpuily — BEYHBIH HCTOYHHUK BCEX
BO3MOXKHBIX cocTosiHuit; KBanToBeiil UHTEpdeiic — rpanuily, Ha KOTOPOU 3TH COCTOSHUS
oTtoOpaxaroTcs; ApOuTpa — Oe3MMuHbIA (PU3HMYECKHid 3aKOH ceNeKIun; u Kiraccuieckyro
[Tpoekuuio — HabM0AaEMYI0 peaabHOCTh. Mojienb He 3aMeHsAeT KBAaHTOBYIO MEXaHUKY, a
BCcTpauBaeT e€ kak onucanue Ksanrosoro Murepdeiica.

CdopmynrpoBaHbl BOCEMb apXUTEKTYPHBIX TpeboBaHuil k Oneparopy Apourpa.

[TpemnoxeH MaTeMaTHIECKUI KapKac Ha OCHOBE pacmupeHHoro ¢popmManuima JInuadnana.
BhiBe1eHO COOTHOIIIEHHUE [T SHEPrUK apxuBanuu: E_archive = E - AS.

Monens npeayiaraet pemeHus: npooieMbl KBAaHTOBOIO U3MEpPEHUS (KOoJuIarc Kak padoTa
ApOuTtpa), nHPOPMALIMOHHOTO MapajoKca YEPHBIX JbIp (apxuBanus uHGopManuu B Matpure),
napajiokca ¥Y»00a (3pesible TaTakKTHKU KaK Pe3yJbTaT CeJEKIINMH U3 TIPEAbLAYIITUX [IHKIIOB),
OpUPOBI TEMHOM MaTepuH (IpaBUTALMOHHAS TEHb HEBOCTPEOOBAHHON MH(OpMAIIH).
PenukToBOE M3TydYeHNE HHTEPIIPETUPYETCS KaK SHEPTHSI apXUBAIMH MTPEIBIAYIIETO KA.

['unoresa danscudunmpyema. [pennoxkeHpl KOHKPETHBIE IKCIIEPUMEHTAILHBIE METOTBI
MIPOBEPKH, BKIIIOYASI IOMCK SHEPIeTUUECKOTr0 Clie/la apXUBAIlUU U aHAJIN3 CTATUCTUYECKUX
anomanuii B 1anabix LHC . PaGora agpecoBana pu3nkaM-TeopeTHKaM, CIICIAATNCTAM 10
KBAaHTOBOI MEXaHUKE U KOCMOJIOTHH, a TAaKXKe BCeM, KTO HHTepecyeTcs (yHAaMEeHTaTbHBIMU
OCHOBaMU PEATbHOCTU. ABTOpP pacCMaTpUBaET U3JIOKEHHBIC UJIEH HE KaK JIOTMY, a KaK
MpUriamneHue K JMCKYCCUU, KPUTUKE U — YTO Haubosiee BaXKHO — HKCIIEPUMEHTAIBHOM
MIPOBEPKE.
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I'naBa 1. BBenenue: Kpusuc ocHOBaHMI U apXUTEKTYPHBII MOIX0/

1.1. Hepeménnbie BONPOCHI COBpeMeHHOM pu3uku

CoBpemennas (uszuka Hadana XX| Beka JOCTUTIIA BBIAIOIINXCS YCIIEXOB B OMMMCAHUN
ABJICHUN MUKpPO- 1 Makpomupa. CTangapTHas MOJENb 3JIEMEHTAPHBIX YaCTHL] C
OecrpeneIEeHTHON TOYHOCTBIO IIPEJICKA3BIBAET PE3YIbTAThl SKCIIEPUMEHTOB Ha KOJUIalepax.
OO11ast Teopust OTHOCUTEIBHOCTH OMMCHIBAET I'PABUTALIUMIO KaK T€OMETPUIO IPOCTPAHCTBA-
BPEMEHH, U €€ MpeAcKa3aHus — OT CMEUIEHMsI Tepureians Mepkypus 10 rpaBUTaLlMOHHBIX BOJIH
— MHOT'OKpaTHO ITOATBEP:KIeHbl. KBaHTOBask TEOpUS IOJIA JIEKUT B OCHOBE HALIMX
npecTaBiIeHnui o0 TpEX QyHIaMEeHTaIbHBIX B3aUMOAeHCTBUAX. JIa3ephl, TpaH3UCTOPHI,
MarHUTHO-PE30HAHCHas TOMOrpadusi, CIyTHUKOBAsi HAaBUT AUl — BCE ATU TEXHOJOTHH
paboTatoT 61aroaps HaleMy HOHUMAHHUIO KBAHTOBBIX 3aKOHOB.

OpnHako 3a 3TUM (pacasioM TOUHBIX MPEACKAa3aHUN CKPbIBAECTCS TITyOOKUH
KOHIIETITyalbHbIN Kpu3uc. KiroyeBbie npodiiemMbl, cPOpMYINpOBAaHHBIC NECATHIICTHS HA3a],
OCTAIOTCsl HEPELIEHHBIMHU, a HOBEHIIMe HAOMI0ACHUS JINIIb JOOABIISAIOT K HUM HOBBIE 3ara/IKH.
[lepeuncnum BoceMb MapajoKCOB, KOTOPBIE, IO MHEHUIO aBTOPA, YKAa3bIBAIOT HA
(byHaaMEHTaIBbHYIO HEMOJIHOTY CyIIEeCTBYOMEH pusnueckoil kapTunel Mupa. IMeHHO oHM
MOTHUBHPYIOT IIOMCK HOBOT'O apXUTEKTYPHOT'O MOJAXO0/a.

1.ITpo61eMa KBAHTOBOIO U3MepeHHs (KOJJIANC BOJHOBOH pyHkuun). C MoMeHTa
(bopMyITUPOBKU KBaHTOBOM MexaHHUKHU B 1920-X rofax neHTpaIbHOU 3araJkoi 0cTaércs BOMPOC:
KaKUM 00pa30M U3 MHOKECTBA BO3MOKHBIX COCTOSTHUM, ONIMCHIBAEMBIX BOJIHOBOH (yHKLIMEH,
IIPU U3MEPEHUU peanu3yercs Iuilb oH0? CTaHIapTHBIN (POpMaINU3M MOCTYIUPYET «KOJLIATIC
BOJIHOBOH (DYHKITUH», HO HE HaET (PU3UIECKOT0 MEXaHNW3Ma 3TOTo rnpolecca. KomneHnrarenckas
MHTEpIpeTalys aneJuInpyeT K «HaOII0/1aTeli0», OCTABIs €ro POJib HEOIPeIeIEHHOM.
MHoromupoBasi UHTepIIpeTalys JBepeTTa U30eraeT Kojulanca HeHOW BBEeICHUS
HEHaO0JII0/1aeMOTr0 MHOXKECTBA BCEJICHHBIX. Teopus 1eKorepeHun OecTsine 00bICHsAEeT, Kak
KBAHTOBAsl CUCTEMA TEPSIET KOTEPEHTHOCTD MTPHU B3aUMOJICHCTBUU C OKPYKEHUEM, HO OCTaBJISIET
OTKPBITBIM BOIPOC: MIOYEMY U3 MHOKECTBA BO3MOXKHBIX COCTOSIHUM Peanu3yeTcs JHILIb OJHO?
OuU3NYeCKUil MEXaHU3M CEJIEKIIMH OCTAETCS HEU3BECTHBIM.

2.IMapagokc kora Hlpénunrepa. ChopmynmupoBanHsiid B 1935 roay MbICIEHHBIN
HKCIEPUMEHT OCTAETCS KpacyrojJbHbIM KAMHEM JUCKyccHid. Eciin kBaHTOBas MEXaHUKa
YHHMBEpCalbHa, TO MAKPOCKOIUYECKHI 00BEKT (KOT) JOJKEH HaXOUThCS B CYNEPIIO3ULIUN
cocTosHu# (kUB/MEPTB). OIHAKO MBI HUKOTIJIa HEe HaOII0/1aeM Takux cyneprnosunuii. Bonpoc o
TOM, I'’IC UMCHHO IMPOXOAWT I'paHrIIa MCKAY KBAHTOBBIM M KIIACCUYCCKUM MHPAMHU U IIOUYEMY
MaKpoOOBEKTHI BelyT ceOs MHAUe, YeM MUKPOOOBEKTHI, HE UMEET OOIIECTTPUHATOrO OTBETA.

3.KBaHTOBasi HEJIOKATBHOCTD. DKCIIEPUMEHTHI, HayaThie A. AcniekToM B 1982 roay u
IIPOJIOJKEHHBIE MHOTMMHU I'PYIIIIAMH, HEOIIPOBEPKUMO JOKA3AJIU: [IBE 3AIlyTaHHbIE YaCTULIbI
BEAYT ce0sl Kak eJMHasi CUCTEMa HE3aBHCUMO OT pa3feisIoIIero ux paccrosHus. Msmepenue
COCTOSIHUSI OJTHOM MTHOBEHHO OTpE/IEIsieT COCTOSIHUE IPYTOil, UTO, Ka3aloCh Obl, IPOTUBOPEUUT
CIIEMAJIbHON TEOPUU OTHOCHUTEIBHOCTH U MPHUHINITY JIOKAIBHOCTH. SIBIISIETCS JIN
HEJIOKAJIbHOCTh (hyHAaMEHTAIbHBIM CBOWCTBOM PEATbHOCTH WIIU CIIEACTBUEM OoJiee rTyOOKOro
MIPUHIMUIIA — OCTAETCS OTKPBITHIM BOIIPOCOM.

4. MndopmauuoHHblii napagokc 4épHbIX AbIp. CornacHo oOuiel Teopun
OTHOCHUTENIbHOCTH, HH(OpPMAIUs O BELIECTBE, YIaBIIeM B YEPHYIO AbIPY, 0€3BO3BPATHO



TepsieTcs Ul BHEIIHero Haomronatens. CorylacHO KBaHTOBOM MexaHuKe, MH(popMaius He
MOJKET OBITh YHUYTOXKEHA. DTO MpoTHUBOpeune, chopmynupoBanHoe C. XokuHrom B 1976 rony,
HE Pa3peuIcHo A0 CUX IIOp, HECMOTPs Ha ACCATUIIETHS TeopeTndyeckux ycunid. Kyna ucuesaer
uHpopManus, MoraomeEHHas Y€pHOI IbIPOH, — OJIHA U3 IJIABHBIX 3araJIOK HA CTHIKE KBAHTOBOU
TEOPUHU U TPaBUTALIMH.

5.ITapanokc Y300a (3peJibie rajJakTuku B paHHeii Becesennoii). HaGmonenus,
BBITIOJTHEHHBIE KOCMHYECKUM TesteckoroM «Jlxerime Y260» (JWST) mauunas ¢ 2022 rona,
oOHapyxwm B panHel Beenennolt (kpacHoe cMmetienue Z > 10) mogHoCThI0 chopMUpOBaHHBIC
TaJIaKTUKH, BKJIIOYAsi COIUPaAJIbHBIE CTPYKTYpPhI. COrjacHO CTaHIapTHOM KOCMOJIOTUYECKON
mozaenu ACDM, Bo3pact Beenennoit Ha ToT MOMeHT cocTaBisii 400—500 mutH Jiet, 4yTo, 1o
COBPEMEHHBIM IMPEICTABICHUSIM, HEIOCTATOYHO JIJIsl (JOPMUPOBAHUS TAKUX 0OBEKTOB. ITO
HECOOTBETCTBHE HAOIIOACHUI U TEOPUH TUO0 TpedyeT nepecMoTpa MoJienei
3BE31000pa3oBaHmsl, TMO0 yKa3bIBaeT Ha Oosiee PyHAaMEHTAIBHYIO TPOOJIEMyY B HAIITMX
MpeJICTaBICHUSIX O paHHel BceneHHoi.

6.I1podaema cunryasspuoctu boabmoro B3peiBa. CrangapTHast KOCMOJIOTHYECKAsT
MO/JIeJIb ONMCHIBaeT BeeneHHyro Kak BO3HUKIIYIO U3 CHHTYISIPHOCTH — TOYKU ¢ OECKOHEYHON
IUTIOTHOCTBIO U TEMITEPATypPOH, B KOTOPOW M3BECTHBIE 3aKOHBI (DU3HUKH MepecTaroT padborath. UTo
CYIIECTBOBAJIO «A0» bonbiioro B3pbiBa, 4TO MOCIYXHUIIO €0 MPUYKUHOMN U ToUeMy BOOOIIE
BO3HMKJIA Halla BcesleHHass — 3TH BOIPOCHI HAXOAATCS 3a MPEAeIaMu BO3MOKHOCTEN
coBpeMeHHoM pusuku. Cam Tepmun «bosbiioit B3peiy siBisercs metadopoi, 3a KOTOpol He
CTOUT NOHUMAaHUS (PU3UUECKOTO MEXaHU3MA.

7.Ilpupona TémHOI MaTepuu ¥ TéEMHOI 3Heprum. CoriacHo JaHHBIM HA0II0AaTeIbHON
KOCMOJIOTUH, OOBIYHOE OapMOHHOE BEIIECTBO COCTABIISIET JIULIb OKOJIO 5% MacChl-DHEPTUU
Bcenennoii. Okono 27% npuxoauTcst Ha TEMHYIO MaTepUIo, KOTOpasi MPOSIBISIET c€0sI TONBKO
Yyepe3 IpaBUTALMOHHOE B3aUMOACUCTBHE U IPUPOJa KOTOpoi HensBecTHa. Ocrapmuecs 68%
MPUXOJATCS HAa TEMHYIO SHEPTHIO, OTBETCTBEHHYIO 332 YCKOPEHHOE pacuinpenre BeeneHHo.
HecmoTps Ha necaTuieTus S5KCIepUMEHTOB, HU YacTUIbl TEMHOM MaTepuu, HU (GU3NUECKUI
MeXaHMU3M TEMHOU 3Hepruu He oOHapyxeHbl. Cam (axT Toro, uto 95% coaepKumoro
BceneHHON MMEET HEU3BECTHYIO IPUPOLY, ABIISETCS, BO3MOYKHO, CAMBIM KPaCHOPEUYNBBIM
CBUJIETEJILCTBOM HETIOJIHOTHI HAIIMX 3HAHUH.

8.Ctpena Bpemenu. OyHameHTanbHble ypaBHEHUs (pru3nku — 3akoHbl Hpr0TOHA,
ypaBHeHus MakcBesuia, ypaBHeHue [Ipénunrepa — cuMMETpUYHBI OTHOCUTEIBLHO 0OpaIieHus
BpeMeHHU. Ha MUKpOCKOITMYECKOM YpOBHE HET pa3HUIbl MEXKIY MPOLUIBIM U Oyaymum. OqHaKo
Ha MaKpOCKOIIMYECKOM YPOBHE BpeMsI TEUET TOJIBKO B OJTHOM HAIIPaBIECHUU — OT MPOLUIOTO K
OyayiiemMy, 4To BbIpaXkaeTcsi BTOPHIM HadajoM TepMoauHaMukH. [louemy npu o6paTuMbIx
MUKPOCKOIIUYECKUX 3aKOHAX BO3HUKAET HEOOPATUMBIM MaKpOCKOMMMYECKUI MUP — BOIIPOC, HE
UMEIOIIUH MTOJIHOTO 0OBSCHEHUSI.

1.2. ApxuTeKTypHOe penieHne: YeTbipe (pyHaaMeHTaJIbHbIe CYIIHOCTH

[IepeunciieHHbIE BBIIIE MAPAJOKCHI HE SIBISIOTCA HE3aBUCUMBIMU. KaXk1b1i M3 HUX —
CHUMIITOM OJIHOM U TOH ke rIyOMHHOU poOJIeMbl: OTCYTCTBUS B CTaHAAPTHON (PU3UUECKOM
KapTHHE MHpa MEXaHN3Ma, OTBEYAIOLIETO 33 CEJIEKIUI0 — BBIOOP OJHOTO COCTOSIHUS U3
MHOeCTBa BO3MOXKHbBIX. KBaHTOBas MexaHHKa OMKMCHIBAET BEPOSTHOCTH, HO HE OOBSCHSET, KaK
U3 BEPOSITHOCTEH POXKJIAETCS ONPENENEHHOCTD. JlekorepeHIus 0ObsACHIET, KaKk UCue3aeT
uHTepdepeHIys, Ho He 00bsicHseT BeIOop. KocMmonorus onuckiBaeT 3Bomonuio Beenennoit, HO
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He 00BsICHsET e€ mpoucxoxaeHue. B nannoil pabore npeiaraeTcst apXUTEKTypHast MOJIEThb
peaTbHOCTH, KOTOpasi HE 3aMEHSIET U3BECTHBIC (PU3NYCCKUE 3aKOHBI, 2 BBOJUT KOHICNTYAIbHYIO
HAACTPONKY. MoJienb BKIIIOYaeT YeTblpe GyHIaMeHTaIbHbIE CYIIHOCTH, KaXK/1ask U3 KOTOPBIX
BBITIOJTHSIET CTPOTO OMPEACIEHHYIO ()YHKIIHIO.

Hugppopmayuonnas Mampuya — nepBudHas, pyHaaMeHTaIbHas HHOOPMaIIHOHHAS
cpena, cojeprxaiiias B cede Bce BOZMOKHBIE COCTOSTHUS /1711 BCEX BO3MOXKHBIX CHCTEM BO BCE
BO3MO>KHBIE MOMEHTBI BpeMeHU. MaTpuiia He «reHEPUPYET» BEPOATHOCTH B PEAIbHOM BPEMEHH
— OHH YK€ CYILIECTBYIOT B HEM KaK BEYHBIN, HEU3MEHHBIA MacCUB JaHHbIX. CBOMCTBA
Matpuiibl: BEYHOCTH (OHA HE ObLIa cO3/1aHa M HE MOKET OBITh YHUYTO)KECHA), TACCUBHOCTH (OHA
HE B3aMMO/ICCTBYET C BEUIECTBOM U HEPIHel HAMPsIMYI0), OJHOTA (OHA COJEPIKUT BCE
BO3MOJKHBIE COCTOSIHUSI 0€3 UCKITIOUCHHUS ).

Keanmosviii Hnmepghetic — rpanuua, otaenstomas Muadopmanuonnyro Matpuity ot
Haomoaemoit Kitaccuueckoii [Ipoekuuu. B otnnune oT TpaaiuLiMOHHBIX UHTEPIPETALi,
paccMaTpUBAIOIIMX KBAHTOBBIN MUP KaK CaMOCTOSITENIbHBIN «CII0M» PEaJIbHOCTH, MbI
oTIpenieNsieM ero UMEHHO Kak HHTepdeiic — cpey 0TOOpakeHus! BEPOSITHOCTEH.
Cynepno3unus, BOJTHOBas (PYHKIM, 3aI1yTaHHOCTh — BCE ATH (DEHOMEHBI SBJISIFOTCS HE
CBOICTBAMH MaTepUH KaK TAKOBOM, a cBoiictBamu camoro Murtepdeiica. Kantosrii MuTepdetic
oOnajgaer GyHJaMEHTAIbHOM XapaKTepUCTUKON — MH(OPMAILIMOHHOMN BA3KOCTBIO E, KOTOpas
orpenenseT ConpoTuBiieHHe nepeaayde nupopmanmn n3 Knaccnueckoit [Ipoekunn odpaTHo B
Marpuuny.

Apbump — pyHnaMeHTaIbHBINA PU3NUECKUI 3aKOH CEeJIeKIIUH, KOTOPbIi pa3periaer
KOHKYPEHLMIO MEX 1y aJlbTepHaTUBaMu, oToOpaxaembiMu Ha KBantoBoM UHTepdeiice, u
BbIOMpaeT OAHY U3 HUX Juid nposiieHus B Kimaccuueckoit [Ipoexuuu. [Ipuniun paboTsl
Ap6urpa — Winner-Takes-All (WTA) ¢ ructepe3rcom. ApOUTp He sBIISETCS HAOI01aTeNnem,
CO3HAHUEM MUJIM 00XKECTBOM. DTO OE3IMYHBIN 3aKOH, CTOJIb )K€ (DyHIaMEHTaJIbHBIN, KaK
rpaBUTaLMA WIH 3eKTpomaruetusM. Komanc BosiHOBONM (pyHKIIMK B 3TOH MOJIENH — HE
3araJlouHOe UCUE3HOBEHHE BEPOSITHOCTEH, a paboTa ApOuTpa.

Knaccuueckas Ilpoexyus — HabitogaeMas HAMM MaKpOCKOIMUYECKasi pEallbHOCTb,
MOJUMHSIONIAsACS 3aKOHAM KJIaCCUYEeCKON (PM3UKHU U ONMMChIBaeMasi B TEPMHUHAX ONpeAeIEHHbBIX
COCTOSIHUI. DTO MUP, B KOTOPOM MBI CYIIECTBYEM, IPOBOIUM U3MEPEHUS U (HOPMYIHPYEM
HayuHble Teopun. Knaccuueckas IIpoekius He cymiecTByeT cama o cebe — OHa HEeMPEPBIBHO
«renepupyercs» u3 Mapopmanmonnoit Marpuisl uepe3z Kpanrossiit Mutepdeiic u Apourpa.

Yetbipe kKOMIIOHEHTa 00pa3yroT eauHbli nuki: MHpopmanmonnas Marpuia (MICTOYHUK
BCEX BO3MOXHBIX cocTosiHUI) — KBanToBbII MHTEepdeiic (cpena oToOpaxkeHus: BEpOSITHOCTEN )
— ApOutp (Mexanu3zm WTA-cenekuun) — Knaccuueckas [Ipoexuus (Habmogaemast
peasbHOCTh) — (CUTHAJ 3alliCH O CBepluMBIIeMcs BbiOope) — Mudopmannonnas Marpuua.

OOpaTtuTe BHUMaHKE: JaHHAS cXeMa He SBIIIETCS 3aMKHYTOW Ha ypoBHE dHepruu. Kaxapril Uk
ceeKnuu (KOoJuTarc BOJHOBOM ()YHKIIMH) COTIPOBOXKAACTCS TIepeiaueii CUTHaIa 3aITUCH B
Martpuiry, 1 5TOT TIporecc TpedyeT nmpeonosieHus nahopmannoHHou Bsa3koctu MuTepdeiica.
CootBeTrcTBYIOLIas 3HEPTUS (FHEPTHUS ApXUBAIMH) SBISETCS MPUHIUIHAIBHO HOBBIM
Mpe/ICKa3aHueM Halllel MOJIeIH.



1.3. Kak apxuTreKkTypa pemaer NapagoKchbl

[Ipexae ueM mepelT K JeTabHOMY pa300py KaxJa0ro KOMIOHEHTA apXUTEKTYPHI,
KpaTKO MMOKaKeM, KaK BBEIEHHBIE BBIIIIE YETHIPE CYIIIHOCTH pa3peliatoT KaKIblil U3 BOCbBMHU
MapaoOKCOB. DTO MOCTYKUT YATATEIIO TOPOKHON KapTOH 71l TOHUMAHUS JIOTUKH BCEH PabOTHI.

Pemenue nmpo6ieMbl KBAHTOBOTO U3MepeHusi. Kosurarc BoJTHOBOM (GyHKIIUM — 3TO HE
pe3yibTaT akTa HabmoAeHus, a padbora Apourpa. [Ipu 1OoCTHKEHHH CUCTEMOM KPUTHYECKOTO
MOpOTa CJI0KHOCTH, OMPEEISIEMOr0 CTEINEHbIO €€ IEKOTepeHIINN, APOUTP aKTUBUPYETCS U T10
npuniuny WTA ¢ ructepe3ncoM BEIOUPAET OJHO U3 COCTOSIHHIA, 0TOOpaKaeMbIX depes
KsanToBsiii MaTepdeiic. Pons HabmrogaTenst CBOIUTCS K (PUKCAIIMH YXKE COBEPIIEHHOTO
ApOutpom BbIOOpA.

Pemenne napagoxkca xkora lpéannrepa. Makpockonuyeckue 00bEeKTbI, COCTOSAIIUE U3
OrPOMHOTO0 unciia yacTull (mopsika 10% u Belile), HAXOAATCS B COCTOSIHUU HETIPEPHIBHOTO
B3aMMOJIEHCTBUS C OKPYKEHUEM. DTO B3aUMOJECHCTBUE CO3AaET YPOBEHD JIEKOIEPEHIINH,
MHOT'OKpPATHO MPEBBIIAIONINI KpUTHUECKUH ropor akTuBauuu Apoutpa. B pesyiabrare Apoutp
AKTUBHUPOBAH JUIsl TAKMX OOBEKTOB HEMPEPHIBHO, U OHU BCET/1a HA0JII01al0TCS B OJTHOM
OINpPEeACIEHHOM COCTOSHUU.

Pemenne npodJieMbl KBAHTOBOM HEJOKAJIbHOCTH. 3allyTaHHbIE YACTULIBI — 3TO HE
JIBa HE3aBUCUMBIX 00BEKTA, a €JMHOE HEJIOKaJIbHOE «0KHO» B KBanTOBOM MHTEpdeiice. AKT
CEJIeKLIMH, OCYILECTBIIIEMbIH ApOUTPOM Il TAKOT'O OKHA, SIBJISETCS IN100aIbHBIM U
OJTHOMOMEHTHBIM, YTO U BOCIIPMHUMAETCS] KAK MIHOBEHHAs! KOPPEISALUs P U3MEPEHUH.
[TpuMHHOCTH HE HAPYILIAETCs, IOCKOJIBKY PE3YJIbTAT CEJEKLIIUNA CTAHOBUTCS JOCTYIIEH
HaOJII0AaTeNIAM TOJIBKO Yepe3 KJIaCCHUECKUE KaHaJIbl CBSI3U, CO CKOPOCTBIO, HE NMPEBBIIAIONIEH
CKOpOCTb CBETA.

Pemienue MH(OPMALMOHHOIO NMAPAAOKCA YEPHBIX AbIP. YEpHas aAbIpa NpeICTaBIsET
coboii obmnacTs, re nHpopMalmoHHas Bs3kocTh KBantoBoro MHTepdeiica cTpeMUTCS K HYIIO.
B sTux ycnoBusix ApOUTp OCYyIIECTBISET NPUHYIUTENbHYIO apXUBaLMIO Bcel MH(POpMaIUU O
BEIIIECTBE, HAXOAIIEMCs [10J] TOPU30HTOM coObITuH, B MH(popMmamonHyto Matpuiy.
WNudpopmaniys He yHUUTOXKAETCSI — OHA CTAHOBUTCSI HEJOCTYITHOM /U1 BHELTHET0 HaOI0AaTesl.

Pemenue napagokca ¥Y3066a. Hauano texymiero nukia BeenenHol Ob1T10 HE pOKICHHEM
U3 CHHTYJISIPHOCTH, @ aKTOM MaTepHanu3alui — rpasano3HbiM aktom WTA-cenekiuu. Apoutp
BEIOMpaIT 13 MaTpHIilbl HHPOPMAITMOHHBIE CTPYKTYPHI, apXHUBUPOBAHHBIC TT0 UTOTAM
MPEIbIIYIINX [IUKJIOB, OTAaBasi MpearnouyTeHne Han0oee YCTOMUYUBBIM KOH(PUTYpalusiM. 3penbie
raylakTuku, Haoroaembie JWST, ObUTH TTPOSIBIICHBI B YK€ CHOPMUPOBAHHOM BHJIC.

Pemenne npodJieMbl CMHIYJISIpHOCTH. boibioi B3peIB MHTEpIIpETUpYETCS HE KaK
B3pBIB, a KaK MaTepHalIn3aIus — MepBbIi U HanOoaee macmtabupiii akT WTA-cenexnuu B
TeKyIeM nukie. Hukakoil CHHTyIspHOCTH ¢ O€CKOHEUHBIMU ITapaMeTpaMu He TpeOOoBajIoCh.
Wmen MecTo aKT celneKIuu, MOAUNHSIOIUNCS TeM ke (PyHIaMeHTaIbHBIM 3aKOHaM, KOTOpbIE
YIPABIAIOT KaKABIM €IMHUYHBIM KBAHTOBBIM U3MEPEHUEM.

Pemenne npodJieMbl TEMHOM MaTepuu U TEMHOM JHEPIruu. Y CKOPEHHOE pacIIupEHNe
MHTEPIIPETUPYETCS KaK ecTecTBeHHas (aza HUKINYEeCcKoro mpouecca. ['paButaninoHHbie
3¢ PeKTHI, MPUMHUCHIBAEMbIE TEMHOM MaTepuu, OOBACHIIOTCS BIMSHUEM HEBOCTPEOOBAHHOMN



uH(pOpMalMU U3 MPEbIIYIIEro UuKiIa — UHPOpMaIiK, KOTopasi ObUIa apXMBUPOBaHa, HO HE
MPOSIBJICHA, U MPOI0HKAET OKA3bIBATh I'PABUTAIIMOHHOE BO3/ICUCTBHE.

Pemenue npo6semMsbl cTpesibl BpeMeHU. OTHOHANIPaBICHHOCTh BPEMEHH SIBJISICTCS
CJIEICTBUEM HEYHUTApHOH Npupo sl Apbutpa. Kakaplid akT cesleKIuy HeoOpaTuM: HHPOpMAaIHs
0 CIETTAaHHOM BBIOOpE apXUBHpYeTCsi B MaTpuIle, U 3TOT MPOoIecC HE UMEET 0OpPaTHOTO X0/a.
Ctpena Bpemenn — He (yHIaMEHTaJIbHOE CBOWCTBO MPOCTPAHCTBA-BPEMEHHU, & CTATUCTUYECKOE
CJICJICTBUE HAKOIUICHUSI HEOOPATUMBIX aKTOB CEJICKIIUU.

1.4. CTpyKTypa KHMI'H H JIOTUKA H3JI0KEHUSI

Knura nocrpoena rno npuHIMIY MOCIEI0BATEILHOTO Pa3BEPTHIBAHUS APXUTEKTYPbl — OT
Ha0JI0/1TaeMOi peaibHOCTH K €€ (hyH/1aMEHTaIbHBIM OCHOBaHUSIM.

['naBa 1 (Hacrosimas) popmynupyet rnpodiemy U 1a€T 0030p MpeasaraeéMoro perieHus.

['naBa 2 neranbHO packpsiBaeT KBantoBblil IHTEpdeiic: 0TKa3 OT OHTOJIOIU3alMY KBAHTOBOTO
MUpa, CYNEPHO3ULIUs KaK IPOEKIMs COCTOSIHUNA U3 MaTpulibl, ”HPOPMALIMOHHAS BA3KOCTh KaK
LEHTPaJIbHOE NOHITHE, KBAHTOBAS 3allyTaHHOCTb Kak cBOcTBO MHTEepdeiica, nekorepeHus Kak
MEXaHU3M aKTHBaLUU ApOuTpa.

I'naBa 3 nocesiena MupopmarronHoit Martpuie: 060cHOBaHUE HEOOXOJUMOCTH, CBOMCTBA
(BEUYHOCTb, TACCUBHOCTD, IIOJIHOTA), /1B TUIIA HHPOpMAaLMK (IOTEHLHAIbHAsI U CBEPILMBILIASCS),
MEXaHU3M apXMBaLMU HEPEATN30BAHHBIX alIbTEPHATUB, CBsI3b Marpuua-UHurepdeiic u renesuc
KBaHTOBOW HEONPEIECIEHHOCTH.

['naBa 4 npesicTaBisieT IEHTPaAJIbHbBIN KOMIIOHEHT Moenu — ApOutpa: npuniun WTA ¢
THUCTEPE3UCOM, TOPOTOBbIM XapakTep aKTUBAIMH, CEMb apXUTEKTYPHBIX TpeOOBaHUHN K
MaTeMaTU4YeCcKOl (popManu3aiuu, peleHue npoodaembl Hado1aTeNsd 1 UHHOPMALTMOHHOTO
napajoKkca Y€pHbIX JBIp.

['naBa 5 gaér maremaTudeckuii kapkac: MmoauduimpoBantoe ypapHenue lpéaunrepa,
pacupenHbiit popmanuzm Jluunonana, WTA-unen, onepatop A, BHIBOJI 3HEPTUHU apXUBALIUH
E_archive = = - AS.

['naBa 6 popMysupyeT SKCepUMEHTAIbHBIE IPEICKA3aHUS: [IOUCK SHEPIrEeTUYECKOr0 ClIe/a
apXuBalluH, MOMCK CTATUCTUYECKUX aHOMAJINH, aTTOCEKYH/IHbIE SKCIIEPUMEHTHI, aHAJIU3 KapT
PENUKTOBOIO U3TyYEHUSI.

['maBa 7 pa3BopaynBaeT KOCMOJIOTHYECKHUE CIECICTBUS: IUKIMYECKasi KOCMOJIOTHs, boboi
B3pbIB Kak akT Marepualu3alyy, peTUKTOBOE H3IIyYeHUE KaK YHEPTHs apXUBALIUH
HpebIIYIIero MUKIa, TEMHast MaTepusi Kak HeBOCTpeOOBaHHas HH(OPMAIIUS, PEIIICHUE
napajokca Ys60a.

[TpunokeHrne A N1eMOHCTPUPYET apXUTEKTYPHBIN H30Mop(hr3M Mexay GyHIaMEeHTaIbHON
MO/JIENIBIO PEATBHOCTH U TPEXKOHTYPHOM apXUTEKTYPOil aBTOHOMHBIX CUCTEM, pa3paboTaHHON
aBTOPOM paHee.

Matemaruueckuii annapaT KHUTH TOCTPOEH TaKUM 00pa3oM, YTOObI YUTATEb,
3HAKOMBIH CO CTaHIAPTHBIM (POPMaTM3MOM KBAaHTOBOM MEXAaHUKH, MOT CJI€IOBATH 32

7



U3JI0KEHHEM 0€3 He0OXO0IMMOCTH 00paIaThCs K IOMOJHUTEILHBIM UCTOYHHUKaM. Bee
KITIOUEBBIC YPAaBHEHUS JaHbI B IBHOM BHjIC. 1€ pas/ienbl, KOTOPHIE CoAepKaT HanOoJee CIOKHBII
MaTemarudeckuid anmapar (I1aBa 5), MOTyT ObITh ONYIICHBI IIPH IIEPBOM YTCHHH 0€3 TOTepH
IIOHUMAaHUs APXUTEKTYPHOU JIOTUKH.

ABTOp paccMaTpUBaET U3JI0KEHHbBIC UJIEH HE KaK JJOTMY, a KaK IPUTJIAIICHUE K
TUCKYCCUH, KPUTUKE U — UYTO HanboJiee BaXKHO — 3KCIepUMEHTaIbHOM npoBepke. Hayka
JIBIKETCS HE OTBETAaMH, a BonpocaMu. Eciii BOmpoCkl, MOCTaBICHHBIE B 3TOW KHUTE, OKAXYTCsI
IJI0JJOTBOPHBIMU, aBTOP OyJIET CUUTATh CBOIO 33/1a4y BBIIIOJIHEHHOM.




I'naBa 2. KBanTosbiii UaTep@eiic: rpanumna, a He cJIou

2.1. OTKa3 OT OHTOJIOTU3ALMM KBAHTOBOI0 MHpa

KBaHTOBasi MeXaHUKa TPAJULMOHHO OMUCHIBAETCS KaK (yHAaMEHTaIbHAs TEOpUs
MUKPOMHPA, YIIPABIAIOLIAs [IOBEICHUEM aTOMOB, JJIEMEHTAPHBIX YaCTULl U NIOJIeH. B pamkax
JTOT0 MOAX0/1a KBAHTOBBIC SBJICHUS — CYNEPIO3ULINS, 3aIlyTAHHOCTh, KOPITYCKYJIIPHOBOJIHOBOM
Jyalli3M — PacCMaTpUBAIOTCS KaK HEOThEMJIEMBbIE CBOMCTBA CaMOW MAaTEpHUH HA
MHUKPOCKOIIMYECKOM YPOBHE.

B nannoii pabote npeanaraercst albTepHaTUBHAs TOUKA 3peHUsI. MBI OTKa3bIBaeMcsl OT
MHTEPIPETALUU KBAHTOBOIO MUPA KAK CAMOCTOATENBHOTIO OHTOJIOTHYECKOTO CII0S1 PEATTBHOCTH.
Bwmecro sTtoro mbl BBoauM noHatre KBanrosoro Mnrepgeiica — rpanuiibl, OTIeII0IIEH
WNnpopmannonnyro Matpuny ot Habmogaemoi Knaccuueckoit [lpoexunn. KBanToBbie siBIEHUS
B ATOW MOJIEJIH CYTh HE CBOICTBA MaTEepPHH KaK TaKOBO, a cBoiicTBa camoro Murepdeiica —
Cpelibl, Uepe3 KOTOPYIO BEPOATHOCTH U3 MaTpHIlbl CTAHOBATCS JOCTYITHBIMU JJISI CEJIEKIIMU
ApOuTpoM.

JlaHHbBIN TOXO/ HE SABJSETCS NPOU3BOIbHBIM. OH IIPOJUKTOBAH apXUTEKTYPHOI
JIOTMKOH, KOTOpas y)Ke J0Ka3aja cBor 3(p(peKTUBHOCTH B 00J1aCTH aBTOHOMHBIX CUCTEM
(Tumormenko, 2026). B TpEXKOHTYpHOU apXUTEKType yNpaBICHUS KOHQIUKTYIOLNE CUTHAIbI
KOHKYPHUPYIOT 32 JOCTYI K HCIIOJIHUTEIbHBIM MEXaHU3MaM uepe3 apoutpa. KBaHTOBBIIM
WuTepdeiic BBIMONHAET aHATOTHYHYIO (YHKIIHIO: OH SIBIISIETCS TOW Cpeoil, B KOTOPO#
KOHKYPHPYIOIUE BEPOATHOCTH U3 MaTpHUIbl «IIPEIBbABIAIOTCA» ApOUTPY IS CEJIEKLINU.

Cynepro3uiius, BOIHOBAs (PYHKIIMSI, 3aIllyTAHHOCTh — BCE 3TU (DEHOMEHBI B paMKax
Halllel TUIOTE3bI SBIIAIOTCA HE CBOMCTBAMU MATEPHUH KAK TAKOBOM, a CBOMCTBAMHU CaMOT'0
Wutepdeiica. OHM OMUCHIBAIOT HE TO, «KaK YCTPOECH MUY, & TO, «KaK MUP MPOSBISETCS U3
Oosiee hyHIAMEHTATHFHOTO UCTOYHUKAY. DTO MPUHITUTINATIEHOE CMEIIEHHE OHTOJIOTHYECKOTO
aKICHTA.

2.2. Cynepno3uuus Kak NpoeKIus COCTOAHNH n3 MaTpuubl

B cranaapTHON KBaHTOBON MEXAaHUKE CYNEPIO3ULMS IOCTYIUPYETCS KaK
(GyHIaMEeHTalIbHOE CBOMCTBO MUKPOOOBEKTOB: YACTUIIA MOYKET HAXOJIUTHCS B HECKOJIBKUX
COCTOSIHUSIX OJIHOBPEMEHHO, U 3TO OIMUCHIBACTCS JIMHEHHON KOMOMHAanuell 0a3uCHBIX COCTOSIHUM.
MatemaTHuecKy 3TO BBIPAYKAETCSI UEPE3 BOJHOBYIO (PYHKIIHIO:

[P) = oufyi) + ofy2) + ... Toe |yi) — Ga3ucHbIE COCTOSHUSA, a |02 —
BEPOSITHOCTh OOHAPYKUTh CHCTEMY B COOTBETCTBYIOIIEM COCTOSIHUU TIPU
U3MEPEHUU.

B pamMkax Hamell runoressl 3Ta MaTeMaTHYeCKast KOHCTPYKIIHS MOJIy4aeT HOBYIO
UHTepHnpeTanuo. BomHoBas GyHKIMS HE SBIsSETCS CBOMCTBOM caMoi yacTHuilbl. OHa
npeJcTaBisieT co0oit mpoekiuio coctossHui u3 Mupopmanmonnoit Marpuiisl uepe3 KBaHToBBIiM
Wutepdeiic. Marpuua cojepkut B cede Bce BO3MOKHBIE COCTOSHUS JUIsl JAaHHOM CUCTEMBI.

KBantoBsiit MHTepdeiic nenaer ux 1ocTynHbIMU A1t ApOuTpa Kak Habop KOHKYPUPYIOIIUX
BO3MO>KHOCTEH € COOTBETCTBYIOIIIMMHU BEPOATHOCTHBIMU BECAMH.



HNMeHHO 1To3TOMY 10 MOMEHTA CeNeKIUU (KoJutarca) Mbl HabJto1aemM
uHTephepeHIMoHHbIe () ()EKThI: Bce albTepHATHBHI elIé aKTUBHBI HAa MHTepdetice, 1 ApOuTp
emé He 3aBepIluu mporecc Beioopa. KBaHTOBast Heonpe1en€HHOCTh, TAKUM 00pa3oM, sBISETCS
He (pyHIaMEeHTaJIbHBIM CBOMCTBOM MaTEPUH, a HAOIIOAaEMbIM CTaTyCOM HE3aBEePIIEHHON
OIepaLlu CEeJICKIUH.

2.3. UudopmanuoHHasi BA3KOCTH (£): HEHTPAJbHOE IOHATHE

KBanToBsiii HTEpdEiic HE sBIsSETCS UACATBHO MTPO3pavyHoOi rpanuiiei. OH obagaeT
byHaamMeHTanbHBIM (PU3NYECKUM CBOHCTBOM, KOTOPOE MBI Ha3bIBaeM HH()OPMAITMOHHON
BA3KOCTHIO M 0003HaYaeM CUMBOJIOM =.

NudopmanmonHas BI3KOCTh — 3TO CONMPOTUBIICHUE, KoTopoe KBantoBbIii IHTEpdetic
oKa3bIBaeT nepeaaye nHpopmanuu u3 Kinaccuueckoit [Ipoexiuu o6parno B MHpopmannonnyro
Martpuiy. IMeHHO npeo/1ofieHue 3TOr0 CONPOTUBIICHHS TPeOyeT 3aTpaT IHEPTHH, KOTOpas
cocraBisieT dHepruto apxuBanuu E_archive.

IIpuHIMIIAIBHO, YTO SHEPIUs apXUBALMU TPATUTCA HE HA CTUPAHUE IIPOUTPABIINX
JIbTEpPHATUB (OHU OCTAIOTCs B MaTpulle HEM3MEHHBIMH ), @ UCKIIFOUUTENIBHO Ha Mepeiady B
BEYHBII apXUB OJJHOrO HOBOTO (hakTa: BHIOOP OBLI C/eNaH, peaJbHOCTh CTalla TAKOH.

Ctporoe pa3aenenue HHPOpPMAIMU HA MTOTEHIIUAIBHYIO U CBEPILIUBIIYIOCS 1aHO B
paznene 3.4. 31ech 10CTaTOYHO 3a(PUKCHPOBATH IIIaBHOES: NH(POPMAITMOHHAS BSI3KOCTh =
OIpeNeNsIeT FHEPreTHUECKYIO IIEHY KaXkKIOTO aKTa CEICKITHH.

2.4. HeoqHOPOAHOCTH BA3KOCTH U €€ (pu3nuecKue cjaeCTBUA

WudopmanroHHas BA3KOCTh = He SIBJISETCS YHUBEpCabHOW KOHCTaHTOM. OHa MOXET
BapbUPOBATHCS B 3aBUCUMOCTH OT JIOKAJIbHBIX (PU3NUECKUX yca0BHM. JlaHHOE CBOWCTBO UMEET
psin HaOIroaeMbIX ciecTBUI. B 00bIMHBIX 7a00paTOPHBIX YCIOBUSX 3HaUEHUE =
OTHOCHTEJIBHO CTaOUIIBHO, YTO 00€CIeUYNBAET NPEACKA3yeMOCTh U BOCIIPOU3BOAUMOCTD
KBAHTOBBIX SKCIEPUMEHTOB. OIHAKO BO3MOXKHBI 00J1aCTH MPOCTPAHCTBA-BPEMEHH, I'/1€ BI3KOCTb
CYIIECTBEHHO OTKJIOHSAETCS OT CPETHETO 3HAYCHHUS.

O0J1acTH ¢ aHOMAJIbHO HU3KOM BA3KOCTBHIO. B Takux 00s1acTAX COPOTUBIICHUE NIEpeiaue
uHpopManuu B MaTpuily najaeT noutu 1o Hyis. JJaxe cnaboe Bo3mymenue KBanrosoro
WuTepdeiica MokeT BbI3BaTh CHIOHTAHHYIO aKTHUBAIMI0 ApOUTpa U, KaK CJIe/ICTBUE,
HEMpeHaMEPEHHYIO apXUBaIMI0 MAaKPOCKOIIMUYECKUX 00BEKTOB. JlaHHBII MeXaHu3M npeziaraet
BO3MOXKHOE (pU3NYeCcKoe 00bICHEHUE /IJIsl COOOIEHUIN 00 aHOMaJIbHBIX HCUE3HOBEHMSIX
00BEKTOB, €CIIM pacCMaTpUBaTh TAKUE 30HBI KaK 00JIACTH C JIOKAJIbHO MOHMKEHHOM
MH(OPMALIMOHHOHN BSA3KOCTHIO.

O06J1acTH ¢ aHOMAJIBHO BBICOKOI BA3KOCTBIO. B Takux 0051acTsaX, HAIPOTHUB, JTAXKE MOIITHBIE
BO3JICHICTBUS HE MOTYT 0OecrieuuTh nepeaady unopmanuu uepes Muarepdeiic. Takue obmactu
JTOJIKHBI IPOSIBIISATH UPE3BbIYAHYIO (PU3UUYECKYIO CTAOUIBHOCTb.

CJ'IC,Z[yCT MOAYCPKHYTh: CYHICCTBOBAHHUC o0JacTeil ¢ aHOMAaJIbHOM BS3KOCTBIO SIBIISICTCS

MNpSAMBIM CJIICACTBUEM MOJCIIM, HO KOHKPETHBIC 3HAYCHUA = U CTeneHb ¢€ BapUaTUBHOCTH
nmouICKaT SKCIICPUMCHTAJIbHOMY OIIPCACIICHULO.
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2.5. KBaHTOBa 3allyTAHHOCTH Kak cBOMCTBO UHTepdeiica

KBanrtoBas 3anmyTaHHOCTh — SIBJICHHE, IPU KOTOPOM JIBE WJIH 00JIee YaCTHIIbI
JEMOHCTPUPYIOT KOPPEIISALIMIO CBOUX COCTOSTHUM, HE 3aBUCSIILYIO OT PA3ICIISIIOIIETO UX
paccTosiHus, — B paMKax IpejiaracMoid MOJIeH MOTy4YaeT apXUTEeKTypHOe 00bSICHEHUE, HE
TpeOyrolliee HU HapyIICHUsI PUHIINUIA JTIOKAJLHOCTH, HU BBEJCHUS CKPBITHIX ITapaMETPOB.

JIBe 3aryTaHHbIE YaCTHIIBI HE SBISIFOTCS ABYMS HE3aBUCUMBIMU OOBEKTAMHU C TOUKU
3penust KBanroBoro MHTepderica. OHU NIPEACTABISIOT COO0H eJHHOE HeJIOKAJIbHOE OKHO B
Wutepdeiice. VIx cynepno3unus sBIsETCS HHIXKATOPOM TOTO, YTO ApOHUTp enié He 3aBEPIIHIT
MPOLIECC CEeNeKIUHU A JaHHOM cucteMbl. Korma ApOutp akTUBUPYETCSI U COBEpIIACT
CEJICKIIMIO, 3TOT aKT SIBJISIETCS €IMHBIM III00aJIBHBIM COObITHEM /IS Bcero okHa. CocTosiHue
ONpeeNsAeTCss OJTHOMOMEHTHO JJI BCEM CUCTEMBI, YTO U BOCIIPUHUMAETCSI BHEILIHUM
Ha0JII0/1aTeNIeM KaK MTHOBEHHAs! KOppesLus IPU U3MEPEHUH.

JlaHHBIN MEXaHU3M HE TIPE/IIIoJiaraeT CBEPXCBETOBOM nepenadyn napopmammu. CaMm akT
CeJIEKLIMU HEJIOKAJIeH, OJJTHAKO €ro pe3yabTaT — MH(OpMALUsI O COBEPIIEHHOM BBIOOPE —
CTaHOBUTCA JOCTYNHOM HabmoaatensM B Knaccuueckoit [Ipoekuiny ToapKo mocse Toro, Kak oHa
OyzeT nepesaHa 1o KJIacCU4eCKOMY KaHaJly CBSI3U, CO CKOPOCTbIO, HE MPEBBILIAIONIEH CKOPOCTh
CBETa B BaKyyMe. JTO MOJIHOCTBIO COIIACYETCSI CO CHELMATIbHON TeOprell OTHOCUTEIBLHOCTU U
IIPUHLIMIIOM IIPUYMHHOCTH.

Taxum oOpazom, HemokansHOCTE HTEpdeiica u okansHoCcTh Kitaccuueckoi [Ipoexnmn
HE IpoTUBOpeYaT Apyr Apyry. OHU OTHOCSTCS K Pa3HbIM YPOBHSIM apXUTEKTYPHOU OpraHu3aluu
PEaIbHOCTH.

2.6. /lexkorepeHuus KaKk MeXaHU3M aKTUBAIUM ApOuTpa

Teopus nexoreperunu (Zurek, 2003) onuchiBaeT Ipolecc, MOCPEICTBOM KOTOPOTO
KBaHTOBasl CUCTEMA, B3aMMOJICHCTBYS C OKPYKAIOIIEH CpeIoi, yTpauuBaeT ClioCOOHOCTh K
UHTEepPEPEHIIMY U HAYMHAET IEMOHCTPUPOBATH MTOBEJIEHHUE, XapaKTepHOe /ISl KIIACCHUECKOTO
cTaTucTUYecKOro ancamoOust. CrangapTHas Teopus AEKOTE€PEHLUN YCIIEITHO O0BACHSET
MCYE3HOBEHHE HEAMArOHAJIBHBIX AJIEMEHTOB MAaTPHIIbl INIOTHOCTH, OJHAKO OHA HE Ja€T OTBETA
Ha BOIIPOC O TOM, KaKUM 00pa3oM U3 MHOXECTBA BO3MOXHBIX COCTOSIHUM, OTMCHIBAEMBIX
HOJy4YMBILEICS BEPOATHOCTHON CMEChIO, BBIOMPAETCS 0JTHO KOHKPETHOE.

B paMKax npe;lnaraeMoﬁ MOZCIIN JEKOTEPCHIUA U KOJJIAIIC paCCMaAaTPUBAIOTCH KakK
ABa MOCJIeA0BATECJbHBIX 3Talla €IMHOI0 IMpoiecca.

JlekorepeHMs BHIMOIHSACT (PYHKIMIO aKkTUBaTOpa ApouTtpa. B3aumoseiicteue
KBaHTOBOI CHCTEMbI C MAaKPOCKOITMYECKUM YHCIIOM CTeNeHE cBOOOIbI OKPYKEHUS PUBOIUT K
HaKOIIJICHUIO 3aITyTaHHOCTH U, KaK CJIEJCTBUE, K ITOAABICHUIO HHTEP(HEPEHIIMNOHHBIX YJIEHOB.
Korna crenenp 1eKorepeHIy JOCTUTaeT KpUTHIECKOTO MTOPOTa, JaHHOE COCTOSIHUE Yepes
KBanToBblii MnTepdeiic akTuBupyer ApOutpa. ApOoUTp 3aBepIuaeT BHIOOP, OCYIIECTBIASA
CEJIEKIIMIO OJTHOTO U3 aJIbTePHATUBHBIX cocTosiHUM 1o npunuuny WTA ¢ riucrepe3ncom.

JlauHbIil MeXaHU3M OOBSICHIET (YyH/IAMEHTAIBHOE PA3INYHe MEK/Ty TTOBEICHHEM
MUKPOCKOIIMYECKUX U MAKPOCKOTTMUECKUX OOBEKTOB:

11



« Jlas H30TMPOBAHHBIX MUKPOCKONMUYECKHX CHCTEM (DJIEKTPOHOB, (DOTOHOB, aTOMOB)
CTETICHb JIEKOTCPEHITNH MPEHEOPEIKUMO Malla, KpUTHICCKHIA TTOPOT HE JTOCTUTACTCS, U
ApOutp octa€rcsi B HEAKTUBHOM COCTOSTHUM — CHCTEMa COXPaHSAET CIOCOOHOCTh K
CYIEPIIO3UIIH HEOTPAHUUEHHO JOJITO.

« Jlas MakpocKkonu4ecKnuX 00beKTOB (M3MEPUTENbHBIX TPUOOPOB, OMOTOTHYECKUX
OpFaHI/I3MOB), COCTOAIIUX U3 OTPOMHOTO YHCJIa HaCTUIl U HAXOAAIINXCS B HCIIPCPBIBHOM
B3aMMOJICHCTBUH C OKPYKEHHEM U C CAMUMHU COOOH, IEKOrepeHIUs KOJIOCCaIbHa,
KPUTHUYECKHUM ITOPOI MHOTOKPAaTHO IPEBBIIIEH, U ApOUTP aKTUBUPOBAH IIOCTOSHHO.
VIMeHHO 1T03TOMY MaKpOCKOMHUYECKHe 00BEKThI BCETAa Ha0II01al0TCs B OAHOM
ONpEAECIEHHOM COCTOSTHUH.

2.7. HelokaJIbHOCTH 0€3 HAPpYIIeHUs IPUYMHHOCTH

OpnnuM 13 HanboJiee OCTPHIX BOIIPOCOB, BO3HUKAIOLIUX IIPU 00CYK/IEHUU KBAHTOBOM
HEJIOKAJbHOCTH, SIBJISIETCS €€ KaXyIleecs: MPOTUBOPEUHE CO CIICUATbHON TeOpHei
OTHOCUTENIbHOCTU. Eciin cocTosiHue yacTUIlbl A MEHSIETCSI MTHOBEHHO B PE3YJIbTaTe U3MEPEHUS
yactuubl B, He mpoucxoaut nu nepeaaya nHpopmaiuu ObicTpee cBera?

B pamkax Hamei runores3sl ’TO IPOTUBOPEYHE CHUMAETCS. 3allyTaHHbIE YaCTUIIBI — ATO
enuHoe «okHo» Ha MHTepdeiice. Cenekuus, ocymecTBiusieMas ApOUTpOM, SBISIETCS €IUHBIM,
r7100a1bHBIM COOBITHEM I Beell cucteMbl. OHAKO €€ pe3ysabTaT CTAaHOBUTCS JOCTYITHBIM IS
Habmromareneit B Kimtaccuueckoii [Tpoekuu TOIBKO 1Mociie TOro, Kak nH(GOpMAaus o
IpoM30LIeIeM KoJliance OyieT nepesiaHa oT OJHOM YacTUIlbl K HAaOIr01aTelo Apyron
YaCTUIBI 110 KJIACCUYECKOMY KaHaIly CBSA3H, CO CKOPOCTBIO, HE IIPEBBIIIAIOIIEH CKOPOCTh CBETA.

Takum oOpazom, HemokamsHOCTh MHTEpdeiica u mokansHOCTh Kitaccuaeckoii [Ipoexnnn
HE poTUBOpeYaT Apyr Apyry. OHU OTHOCSTCS K pa3HbIM YPOBHSAM apXUTEKTYPHOU OpraHu3aluu
PCATBHOCTH, U TyTaHWULIA MCKY OSTUMU YPOBHAMMU ABJISICTCA UCTOYHUKOM KaXKYIICTOCA
napajokca.
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I'naBa 3. Uudpopmanuonnass Marpuna: Be4YHbIl apXUB

3.1. Ob6ocHoBanue HeoOXoaMMoOCTH MaTpHubI

B npenpiaymeii rnase 0110 ycTaHOBJIEHO, 4To KBanTOBRIN MHTEpdeEiic He aBnseTcs
TeHEePaTOPOM BEPOSATHOCTEH, a BHIOJIHSAET (DYHKIMIO CPE/Ibl, UEPE3 KOTOPYIO BEPOSATHOCTH
CTaHOBSITCS JOCTYITHBIMU JJIs CeIeKIMU ApOUTpoM. M3 3TOro yTBEp KIeHHUS 3aKOHOMEPHO
ClIelyeT BOIIPOC O IIPOUCXOXKACHUH CaMuX BeposTHOCTEH. [loueMy 11t JaHHOM KBaHTOBOMU
CUCTEMBI CYLIECTBYET MMEHHO TaKOl HA0Op allbTEPHATUBHBIX COCTOSHUM, a He nHOWU? [louemy
BEPOATHOCTH MCXOJ0B MOAUYUHSAIOTCS CTPOrMM KOJIMYECTBEHHBIM 3aKOHOMEPHOCTSIM, a HE
ABJIIOTCS IPOU3BOJILHBIMU?

CranzapTHas KBaHTOBasi MEXaHHUKa IPUHUMAET CYLIECTBOBAHHE CIIEKTPA COCTOSHUHN U
COOTBETCTBYIOIMX UM BEPOSATHOCTHBIX BECOB KaK SMITMPUUYECKHA (DaKT, 3aJI0’)KEHHBIH B
CTpyKTYypy ypaBHeHus [lpénunrepa. OqHako Takol MOAXO/ OCTABISAET OTKPBITHIM BOIIPOC O
(GyHIaMEHTaJIbHOM MPOUCXO0KIEHUH 3TUX 3aKOHOMEPHOCTEH.

B pamkax npeuraraeMoi apXUTEKTYpHOM MOJIEIN MbI IIOCTYJIUPYEM CYLIECTBOBAHHE
HNudopmanuonnoii MaTpunbl — nepBU4HON HHPOPMALIMOHHOM CpeJibl, KOTOPask COACPIKUT
B ce0€ BCE€ BO3MOXKHBIE COCTOSIHUS JIJIs1 BCEX BO3MOKHBIX CHUCTEM BO BCE BO3MOKHbIE
MOMEHTBI BpeMeHH. JIaHHBIN OCTY AT He SBIsAETCs MPOU3BosIbHEIM. OH Ipe/cTaBiseT cooon
JIOTMYECKOE CIIEAICTBUE APXUTEKTYPHOM JIOTUKHU: €CIIU CYLLECTBYET UHTEP(DEIIC,
0TOOpakaroIUi BEPOSTHOCTH, M MEXAHU3M, OCYLIECTBIISIOIINN BBIOOP U3 HUX, TO JOJIKEH
CyILIECTBOBAaTh U UICTOYHUK CAMHUX BEPOSTHOCTEN.

3.2. CBoiicTBa MaTpuiibl: Be4HOCTDH, IACCHBHOCTb, IMMOJHOTA

Nudopmannonnas Martpuia xapakrepusyercs TpeMs QyHIaMeHTaTbHBIMU CBOMCTBAMHU,
OTIIMYAIOIIUMU €€ OT BCEX U3BECTHHIX (PU3NUECKHX OOBEKTOB U MOJICH.

BeunocTb. Marpuiia He UMeeT Hayala BO BPEMEHH U HE MOABEPKEHA YHUUTOKEHHUIO.
OHa cy1iecTByeT BHE BPEMEHHU U MIPOCTPAHCTBA, KOTOPBIE CAMHU SIBJISIOTCS IIPOU3BOIHBIMHU OT
He€. B Matpuie oTcyTCTBYET T€UeHHE BPEMEHH B IPUBBIYHOM OHMMAaHUU: KaTerOpUn
MPOIILJIOTO, HACTOAIIETO U OYIYIIET0 COCYIIECTBYIOT B HEM KaK €IMHBII MacCUB JaHHBIX.
JlanHOE CBOMCTBO 00BSICHSET HAOIIOAAEMYIO CTAOUILHOCTh KBAHTOBBIX BEPOSTHOCTEH: OHU
HEU3MEHHBI, TOCKOJIbKY «3aliCaHbl» B HEU3MEHHOM cyOcTpare. @opMyIupoOBKa «BHE BPEMEHH)
HE JIOJDKHA BBOJAUTD YUTATENs B 3a0mykaeHue. Peus uaét He 0 MUCTHYECKOM Oe3BpEMEHbE, a O
TOM, 4TO B MaTpuile Bpems IPe/ICTaBICHO KaK MOJIHOE MHOKECTBO BCEX COCTOSIHUH JIJIsI BCEX
MomeHTOB t. [TocnenoBaTenbHOCTh BO3HUKAET TONbKO B Kitaccuueckoii [Ipoeknun kak
pe3ynbTaT HEOOPATUMOCTH aKTOB cesieKiuu (cM. ['masy 4).

IMaccuBHOCTH. Matpuiia He y4acTBYET HU B OJTHOM U3 U3BECTHBIX (PyHIaMEHTAIbHBIX
B3auMoJeicTBUIl. OHa HE U3JIy4aeT U HE MOTJIOMAET SHEPTUIO, HE CO3/1aET TPaBUTALMOHHOTO
II0JIsI, HE MTOIBEP>KEHA SJIEKTPOMArHUTHBIM WIIN SIAEPHBIM criaM. E€ BiusiHue Ha Knaccuueckytro
[Tpoexiuio sIBIIsIETCS UCKITIOUUTENBHO OMOCpe0BaHHBIM — uepe3 KpanTossiit IHTepdetic u
MexaHu3M cenekuun Apoutpa. [Ipsimoe sxcnepuMenTanbHOe oOHapy)eHrne MaTpuilbl,
[IOBUMMOMY, HEBO3MOKHO B IIPUHIUIIE; O €€ CYLIECTBOBAHUN MOXKHO CYIUTH JIUILb 10
KOCBEHHBIM IPOSBIICHUSM, TAKUM Kak sHeprus apxusanuu ('nasa 5).
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IToanoTa. MaTpuia coeput B ce0e BCE BO3MOKHBIE COCTOSHUSA AJIS1 BCEX BO3MOXHBIX
du3nueckux cuctem 06e3 Kakux-1M0o UCKIIOUeHHH. JJaHHOE CBOHCTBO JIEKHUT B OCHOBE
BEPOSITHOCTHOI'O XapaKTepa KBAHTOBOM MEXaHUKH. DJIEKTPOH HE HAXOAUTCS B CYNEPHO3ZULIUU
MIOTOMY, YTO OH «pa3Ma3aH» B IPOCTPAHCTBE; OH HAXOJUTCS B CYNEPHO3HUIINU TIOTOMY, UTO BCE
€ro BO3MO’KHBIE IIOJIOKEHHS OJTHOBPEMEHHO CIIPOEMPOBaHbl 13 MaTpuiibl uepe3 KBaHTOBbII
Wutepdeiic, 1 ApouTp emé He 3aBepInI CEIEKIUI0 OJTHOTO U3 HUX.

3.3. Uudopmanunonnass npupoaa Marpuubl

B otnunume oT u3BeCTHBIX (PU3HUECKUX MOJIEH — I'PaBUTALMOHHOTO,
3JIEKTPOMArHUTHOTO, MIFOOHHOTO Ui o Xurrca — WMudopmannonnas Martpuiia He sBisieTcs
[OJIEM B TPAIUIIMOHHOM IMOHMMAHUH 3TOT0 TepMHUHA. MBI MOCTYIIMpyeM e€ Kak CyOCTaHIHIO,
OHTOJIOTMYECKH MPEAIIECTBYIOLIYIO Pa3eICHUI0 HA MAaTEPHIO U SHEPrut0. E€ eIMHCTBEHHBIM
COJIepKaHUEM SIBIIICTCSI HH()OPMAITHSL.

JlaHHBIN OIX0/1 HE SABIIsIETCS OECIPEIe/ICHTHBIM B COBPEMEHHON TEOPETUUYECKON
¢uzuke. Konnenuus unpopmanuu kak GyHAaMeHTaIbHOW OCHOBBI peaJIbHOCTH Pa3BUBAETCS B
psine nanpasienuii. [Ipuniun Jlanaayspa (Landauer, 1961) ycranaBiuBaeT CBsI3b MEXKITY
CTHpaHHEeM UH(POPMALIMU U BbIICTIEHUEM TEIUIOTHI, IEMOHCTPUPYs, YTO UH(OpMaIUsI UMeeT
¢uznueckyto neny. TepmoanHaMuka 4€pHBIX AbIp, pazpaboTanHas bekeHTeHOM U X OKHHIOM

(Bekenstein, 1973; Hawking, 1976), cBsi3bIBacT SHTPOIHIO FTOPU30HTA COOBITHIA C €r0
IUIOMIA/IBIO, YKa3bIBasi HA TO, YTO HH(OPMALHSI O BEIIECTBE, YIIABIIEM B YEPHYIO JbIPY, KAKAM-
TO 00pa3oM coxpansiercs. ['onmorpaduueckuii npuniwm ('t Hooft, 1993; Susskind, 1995)
HPEIoaraet, 4YTo Besi HH(OpMAIHs, coaeprKalascs B 00bEMe MPOCTPAHCTBA, MOXKET ObITh
3aKO/IMPOBaHa Ha €ro TPaHUIIC.

[Ipemyiaraemas runoresa NpooJKAET 3Ty JMHUIO U UAET Aaibiue. Mbl yTBep)KIaeM,
4yTO UH(POPMAIIHS HE TIPOCTO CBsI3aHa ¢ (PU3UIECKUMHU MPOIIECCAMHU, a SABJISIETCS TIEPBUYHOMN 10
OTHOIIEHHIO K HUM. MH(popmarmonHast MaTpuiia B JaHHOH Mo/ien — He MaTeMaTH4ecKas
abcTpakuus U He MeTadopa, a peanbHO CYIIECTBYIOMNNA (pyHIaMEeHTalbHbIH YPOBEHb
OpraHu3alK PeabHOCTH, HEOCTYIHBIN /U1 IPAMOro HAaOIIOACHUs, HO MPOSBISIOIINICS Yepes
paboty Apbutpa u coiictBa KBantosoro MHrtepdeiica.

3.4. /IBa Tuna uHdopManun: NOTEHUUAJIbHAS U CBEPIIUBIIASICS

Jlis moHMMaHus MEXaHU3Ma apXUBaluu, AETAILHO paccMaTpuBaeMoro B I'iase 5, a
TaK)Ke JJI KOPPEKTHOTO IOHUMAaHUS SHEPT€TUKH KBAaHTOBBIX U3MEpPEHUil, He00X0IMMO
IPOBECTU NPUHIHUIHAIBHOE pasrpaHUYCHUE MEXKIY ABYMsI TUIIAaMH WH(OpMAIUU, UMEIOIUMHU
Pa3IMYHBIA OHTOJIOTMYECKUH CTaTyC.

Ilomenyuanvnasn ungopmayus. K J7aHHOMY TUITy OTHOCUTCS BECh MaCCHB BO3MOXKHBIX
COCTOSIHHH, cymiecTByronux B MHbopmarmonHoit Martpuiie BEYHO ¥ HEM3MEHHO.

PannoakTuBHBIN aTOM MOKET HAXOAUTHCS B PACIaBILIEMCsl WIIM HEPACIIaBILIEMCSl COCTOSIHUU;
AJIEKTPOH MOXET 3aHMMATh OJIHO U3 MHOYKECTBA BO3MOJKHBIX IOJIOKEHU; Beenennas Moxker
UMETh pa3InyHble 3HaUeHUs (PyHIaMEHTaIbHBIX KOHCTAHT. Bce 3T BO3MOXKHOCTH CYIIECTBYIOT
B Marpuiie kak abCTpaKTHbIE MaTeMaTHYeCKue CTPYKTypbl. OHM He TpeOyroT SHeprun A
CBOETO CYIIECTBOBAHHS, TOCKOJBKY MPEACTABISAIOT COO0I HE COOBITHS, a JUILb MOTEHLIUN
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coopiTuid. JlanHas uadopmarus He iepecekaeT KpanToBwiii IHTEpdEiic 1 HE MOTEKUT
apXuBalliH, TaK KaK HUKOT/Ia He MOKu1aina MaTpuiry.

Csepwuswasncsa ungopmayus (apxuBupoBanHas). K 1TaHHOMY THITY OTHOCHUTCS
uHpopmanus o ¢pakre BeiOopa. Korma ApOuTp OCyIIECTBIISIET CENEKITUIO U BEIOMPAET OJHY U3
anbTepHATUB 718 nposiBiaeHus B Kitaccuueckoii [Ipoekuyy, B peaqibHOCTH BO3HUKAET COOBITHE,
KOTOPOT'O paHee He CYIIECTBOBAJIO HU B OJHON U3 BO3MOKHBIX BCEJICHHBIX: KOHKPETHBINH BHIOOD
OBLT COBEPIIIEH B KOHKPETHON TOYKE MPOCTpaHCcTBa-BpeMern. Hbopmaiius 06 3ToM coObITHH
— 0 TOM, UTO JIaHHAas aJlbTepHaTHBa ObljIa BRIOpaHa, a BCE MPOYUE OTBEPTHYTHl — SIBIISIETCS
NPUHIUIHAIBHO HOBOW. ApOUTP aKTUBHO OTIIPABIISIET CUTHAJ 3aIIMCH 3TOM HOBOW HH(OpMAITIH
oOpatHo B Marpuity, npeozoieBas HHGopMamoHHyto Bsi3skocTh KBantoBoro Murepdetiica.
BosBpamiaercst B MaTpuily He HCXOIHAsI BEPOSTHOCTD (OHA HUKOT/Ia €€ He MOKuana), a (hakt
CBEPILUBIIETOCS BEIOOPA, KOTOPBI OTHBIHE CTAHOBUTCS YAaCThIO BEYHOI'O apXHUBa.

JlaHHO€ pa3rpaHMYeHUE UMEET MPUHUUIINAIBHOE 3HAUEHUE JUISl TOHUMAHUS SHEPTEeTUKHU
KBaHTOBBIX U3MepeHuil. Dueprus apxusanuu (E_archive = Z - AS, cm. ['naBy 5) 3aTpaunBaercs
UCKJTIOUMTENIFHO Ha Iepeady cBepiuBiieiics napopmanun yepe3 Marepdeiic, HO HE Ha
MaHUNYJSAIUHN ¢ HH(pOpMaluel MOTeHIIMaIbHOM, KOTOpas ocTaércs B MaTpuliie HEM3MEHHOM.

3.5. MexaHu3m apXxuBalMi HepeaJn30BaHHbIX AJIbTEPHATHB

OpuuM 13 HanboJiee BaXKHbBIX CJIEICTBUN HAlllel TUIIOTE3bI SBIIETCS PELIEHUE MPOOIeMbl
«MOTEPSHHBIX» BEPOSITHOCTEH. B cTaHIapTHOM KBaHTOBOW MEXaHHUKE IOCIIE KOJUIANca BOJTHOBON
¢bynkunm nHGOPMAIA 0 HEPEaTHM30BaHHBIX aIbTEPHATHBAX UCYE3aeT. DTO CO3aéT
KOHLIENTYaJIbHYIO TPYIHOCTH: Kyzia JieBaeTcs nHpopmaus? B pamkax Hamieit Moienu OTBeT
oJHO3Ha4YeH: nHpopmanus He ucyesaer. Ona Bo3Bpamaercs B Madopmarmonnyto Marpwuity.

HpOI_ICCC ApXuBalluu MOKHO MPCACTABUTDH KaK IMMOCICAOBATCIIBHOCTD CICAYIOMIUX ITAIIOB:

1. Ha KsantoBom MuTepdeiice oToOpakaercs Habop anbTepHATUB U3 MaTpHIlbI.

2. BsaumojelicTBHE CUCTEMBI C OKPYKEHUEM (JIEKOTCPEHITUS) IOCTUTACT KPUTUIECKOTO
Mopora u aKTUBUpPyeT ApOuTpa.

3. ApOuTp OCYIIECTBIISET CEJICKIINIO: OJTHA AJIbTEPHATHBA CTAHOBHUTCS YacThIO
Knaccnueckoit [Ipoeknumn.

4. HWudopmanus o HepeaTn30BaHHBIX aTbTEPHATHBAX HE YHUUTOXKAETCA, a OCTAETCS B
Martpulie B kauyecTBe apXUBHOM 3aMMCU O TOM, YTO JIaHHbIE aJbTePHATUBBI HE OBLIH
BbIOpaHBbI.

BaxxHo nmoguepKHyTh: apXUBalMsl HEPEaIM30BaHHBIX albTEPHATUB HE TpeOyeT
sHepreTudeckux 3arpar. OHu He nepecekatoT MHTepdelic MOBTOPHO — OHU MPOCTO MEHSIOT
CTaTyC BHYTpH caMOi MaTpuIipl ¢ «aKTUBHOTO» Ha «apXUBHBII». DHEPrUs TPATUTCS TOJIBKO Ha
nepegavy CUrHaia o CBEpIIMBILIEMCS BBIOOPE.

3.6. HempMKOCHOBEHHOCTh BECOB BHYTPH LIUKJIA

B pamkax npejraraeMoi MOJIE€IIM BEPOSITHOCTHBIE BECA aJIbTEPHATUB, 3alIMCAHHbIC B
Martpuie, sSBISIOTCS CTPOro NOCTOSHHBIMA HA MIPOTS)KEHUH BCETO TEKYIETO 1uKJIa BeeneHHOM.
Hu Ap6utp, nu KBanrossiit utepdeiic, Hu kakoii-nu6o npouecc B Knaccuueckoit [poexiyn
HE MO>KET U3MEHHUTh 3T Beca.
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JlaHHOE CBOMCTBO 0OECTIEYMBAET CTAOMIBHOCTh U BOCITPOU3BOAUMOCTD (DU3HMUECKUX
3aKOHOB. 110CTOsSIHHAsI TOHKOM CTPYKTYpPBI, MaCChl 3JIEMEHTAPHBIX YACTHL], BEPOSTHOCTH
KBAaHTOBBIX MIEPEX00B — BCE ATH BEJIMYMHBI CTAOMILHBI MMEHHO ITOTOMY, YTO MX
BEPOSATHOCTHBIE Beca B Marpuile Hen3MeHHbI. KOppeKTHpOBKa BECOB, €CIIU OHA TIPOUCXO/IHNT,
MOYKET UMETh MECTO TOJIBKO MEXY IIMKJIAMH, IIPH 3aBEPIICHUH TEKYIIeH ntepanun BeeaeHHoi
U TIepe]] HauaJioM cliefyroliel (moapoonee cM. ['maBy 7).

3.7. Cesa3b MaTpuna — UHTEep@eiic: reHe3nc KBAHTOBOM HEONPeAeJT¢HHOCTH

Cas3p Mexny Unpopmanmonnoit Marpuueit u Ksantosim MnTepdeiicom HOCUT
XapakTep OJHOHAIIPABJICHHOIO IIPOEKIIMOHHOI0 KaHana. MaTpuia npoenupyeT Bce BO3MOXKHbIE
COCTOSIHUS IaHHOU crcTeMbl uepe3 Murepdeiic, nemnas ux J0CTYIHBIME U1t ApOuTpa.
Wutepdodeiic, B CBOIO ouepesib, ONpeesieT, KaKue UMEHHO COCTOSHUS U ¢ KAKUMU
BEPOSTHOCTHBIMH BecaMH OyIyT MpeAbsBICHB ApOUTpy [uist cenekunn. KBantoBas
HEOIPEeAEIEHHOCTD B JAHHON MOJIENH MTOJIy4aeT CJIEAYIOIYI0 HHTEPIIPETALAIO: OHA SIBIISIETCS HE
¢dyHIaMEeHTATEHBIM CBOWCTBOM MaTEpHH, a HA0II0JaeMbIM CTaTYCOM MpOIlecca, KOTOPBIN eré
He 3aBepluéH. Ecnu cucrema HaxoquTCs B CyNepHo3UIMU, 3TO YKa3bIBAET HA TO, 4YTO ApOUTp
emé He OCYIIECTBUII CEJISKIUIO Ul JaHHOTO Habopa albTepHaTUB.

JlaHHBIN MEXaHU3M OOBACHSAET NPUHLUINAIBHYIO HEBO3MOKHOCTh TOYHOT'O
npejcKa3aHusl HCX0/1a €IMHUYHOr0 KBaHTOBOTO n3MepeHus. Habmonarens He ©MeeT NpsiMOro
nocrtyna Ha K Marpure, Hu k UaTepdeiicy. EMy nocTynen auims pe3yibTaT yKe COBEPIIEHHON
ApOutpom cenekuuu, npossistomuiics B Kiaccuueckoii Ilpoexuu. Jlo MOMEHTa ceneKIuu
HaOJr01aTeNb BUANT JIUIIh HHTEPPEPEHIIMOHHYIO KAPTHHY, OTPAKAIONIYI0 KOHKYPEHIIUIO eIé
HE pa3pelI€HHbIX aJIbTCPHATUB.

3.8. Pazmep MaTpuubl M BOIIPOC SJHTPOIIMHU

ITockonbky Matpuia cofiepkuT B ce0e Bce BO3MOKHBIE COCTOSHUS BCEX BO3MOXKHBIX
cuctem, e€ pa3mep (B TepMUHaAX HHOOPMALIMOHHON EMKOCTH) KOJIOCCAJIEH, HO KOHEYEH IS
KaKI0ro OTEIbHOrO HUKJIa. BaxkHO, 0HAKO, YTO KJIaCCHUYECKask TEPMOANHAMUYECKAS DHTPOIIHS
K MaTpulile HenpuMeHUMa. DHTPONUS B €€ CTaHAapTHOM ONPEJEIEHNN eCTh Mepa Oecropsika B
TEPMOJMHAMHYECKON CUCTEME, KOTOPasi B3aUMOJIEHCTBYET ¢ OKpYKeHHeM. MaTpuna ke He
UMEET «OKPYKEHMsD» — OHa cama siBisieTcs BceM. B Hell HeT «Oecnopsika» B
TEPMOJMHAMHYECKOM CMBICIIE, TOCKOJIBKY BCE COCTOSIHUS B HEH YIIOPSIIOUYEHBI YEPE3
BEPOSATHOCTHBIE BECA U CBSI3U MEKY HUMHU.

Taxum 06pa3om, ornaceHnss OTHOCUTENBHO «TEIJIOBOM cMepTH» MaTpHIlbl WK
HEOTPAaHUYEHHOTO POCTa €€ YPHTPOIINUHU JTULICHBI OCHOBAaHUI. MaTpuila BEUHa HE B CMBICIIE
0eCKOHEYHO! JUIUTEIHHOCTH BO BPEMEHH, @ B CMBICIIE OHTOJIOTUYECKOM MEPBUYHOCTH 10
OTHOLLIEHHUIO KO BPEMEHU U IIPOCTPAHCTBY.

16



I'naBa 4. ApOouTp: pyHgaMeHTANbHBbIN 3aKOH CeJIeKIUU

4.1. Heo0X01uMOCTb 4eTBEPTOr0 KOMIIOHEHTA

B npenpiaymux riaBax ObLUTH MOCIEI0BATEIBLHO BBEACHBI TPH (hyHIaMEHTAIbHbIE
cymuoctu: Uudpopmannonnas Marpuna (I'aBa 3) kak BEUHBII HICTOYHHUK BCEX BO3MOYKHBIX
cocrosinuii; KBantoBeiii MaTepdeiic (I'maBa 2) kak rpaHuia, Ha KOTOPOI 3TH COCTOSTHHS
otobpaxarotcs; 1 Kimaccnueckas [poeknus (I'maBa 1) kak Habmo1aemasi HAMH PEaIbHOCTb.
OpHaKo apXUTEKTYPHBIN aHAIN3 STON TPUAIbl HEMEUIEHHO BBISBIISACT (PYHAaMEHTAIbHBIN
po0et: MpY HaJIM4YUK UCTOYHHUKA JAHHBIX, CPEJIBI U UX OTOOPaKEHUs U Pe3yNbTUPYIOIIeH
CUCTEMBI B JAaHHON KOHCTPYKIIMM OTCYTCTBYET MEXaHU3M, [IOCPEICTBOM KOTOPOI'O OJIHA U3
MHO’KECTBa aJIbTePHATUB, TOCTYNHBIX uepe3 MHrepdelic, cranoButcs snemeHToM Kiaccuueckoi
[Tpoexmuu. ITUM MEXaHU3MOM SBIISICTCS APOUTP — YETBEPTHIN, CBS3YIOLINI KOMIOHEHT
ApPXUTEKTYPHOU MOJeNH, PyHIaMEHTAIbHBIN (PU3NUECKUii 3aKOH cenekuu. Takum o0pa3om,
MOJTHAS APXUTEKTYpa PEeaTbHOCTH BKIIIOYAET YETHIPEe KOMIIOHEHTa, ()YHKIIMOHUPYIOIINX KaK
enuHas cucrteMa: Mapopmannonnas Marpunia — KBanToBeiii MaTepdeiic — Apbutp —
Knaccuueckas [Ipoekuus. Pactipenenenue GyHKIMI MEXTy KOMIIOHEHTAMU SIBIIIETCS CTPOTHUM.

Martpuua xpanut, Untepdeiic otobpaxaer, Apoutp Beidupaer, [Ipoekius dpukcupyer. Tonbko
Apbutp ocyuecTBisieT cenekuuio. Toabko k Hemy npuMeHuM npuHuun WTA. CMenienue atux
byHKIMI BeET K KOHIENTYaIbHBIM OLIMOKaM, HanboJiee U3BECTHON U3 KOTOPBIX SBISETCS
NPUTTUCHIBAHUE CEIIEKTUBHBIX CBOMCTB HAOIIOAATENIO UM CAMOMY aKTy U3MEPEHUSI.

4.2. llpunuun padorsr: WTA ¢ rucrepe3ucom
Apb6utp ¢pyukunonupyet Ha ocaoBe npunimna Winner-Takes-All (WTA) —

«ITobenurens nomydaer Bcéy». JlaHHBINA IPUHIUI XOPOIIO U3BECTEH B TEOPUH HEHPOHHBIX CETEH,
I'Jie JIaTepalbHOe HHIMOMPOBaHNE 00ECIIeYnBAET CEJIEKIMIO OHOTO HEHpOoHa U3
KOHKYpPUPYIOILIEH TPYIIIbI, U B CUCTEMAX MPHUHATHS pelieHuid. B ¢dyHamenTanbHON Qpu3nke
ApOuTp BBHINOJIHSAET aHATOTUYHYIO (YHKIIMIO, HO Ha HECPaBHEHHO 0OoJiee IyOOKOM ypOBHE: OH
paspeliaeT KOHKYPEHIMIO HE CUTHAJIOB, @ BEPOSTHOCTEH, BBIOMpPAst U3 MHOXKECTBA BO3MOXKHBIX
COCTOSIHUHM OJJHO, KOTOPOE CTAaHOBUTCS AEUCTBUTEIBHOCTHIO. [IprHIIMIINanbHO BaxkHO, uTo WTA
ABJIIETCS. YHUKAJIbHOM XapakTepucTukoil umeHHo Apoutpa. Hu Mupopmanmonnas Matpuna, Hu
KBanToBblit MnTepdeiic, nu Knaccuueckas [Ipoekuus He HCIIONB3YIOT STOT NPUHIMIL. MaTtpuia
MACCUBHO XPaHUT cocTosiHUs, HTepdelic maccuBHO oToOpakaeTt ux, [Ipoekiius macCuBHO
¢dukcupyer pe3ynbraT. EAMHCTBEHHBIM aKTHBHBIM KOMIIOHEHTOM apXUTEKTYPBI,
OCYIIIECTBIISIOLIUM CeNeKInIo, aBnsgercs Apoutp. CnenosarenbHo, WTA-useH B
mMaTteMaTHueckoM opmanusme (I'1aBa 5) OMUCHIBAET UCKIIIOUUTENBHO paboTy ApouTpa.

dopManbHO TaHHBIN MPOLIECC MOKET OBITH OMHUCAH cileayonmM odpasom. IlycTs uepes
KBanTtoBbiit UHTEpdEiic T0CTYITHO MHOYKECTBO AJIbTEPHATUBHBIX COCTOSTHUN S = {S1, S2, ..., Sn},
Ka)XJIOMy M3 KOTOPBIX COIIOCTABJICH BEpOSTHOCTHBIN Bec P(s;), mpuyéM cymma Bcex BECOB
HOPMHPOBAHA HA €IUHULLY:

ZP(Si) =1

Ap6I/ITp OIpCaACIIICT HO6CI[I/ITCJ'I${ S_Winner KaK COCTOAHUEC C MAKCUMAJIbHBIM BECOM:
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s winner = argmax P(s;)

Opnako cuctema, OCHOBaHHAsl NUCKIIIOUMTEIBHO HA MTHOBEHHOM CPaBHEHUH TEKYLINX
3Ha4YeHUH, Obl1a ObI MPUHIUIHAIBHO HEYCTOMUMBOW. Maseiimme GayKkTyannun BEpOSITHOCTHBIX
BECOB, HEU30EXKHbIE B JTH000H (Ppu3nuecKkoil cucreMe, MPUBOIMIN Obl K XaOTHUHBIM
NEPEKIIIOUEHUSIM MEXy allbTEpHATUBAMU, 4TO crenano 0vl Kiaccuueckyro Ilpoexiuto
HETPEeICKa3yeMO U Meplaronie.

Jlnst obecriedenust CTabMIIbHOCTH HAa0JII0JaeMoil peaibHOCTH ApOUTp (QYHKIIHOHUPYET C
rucrepesrcoM. BBoaurcs mapamerp rucrepesuca A (1eabTa), TaKOH 4TO MEepeKIroueHue Ha
HOBOE COCTOSIHHE S_NEW MPOUCXOIUT UCKITIOUUTEIHFHO MIPU BBIITOJHEHUN YCIOBUS:

P(s_new) > P(s_current) + A

WupIiMu clioBaMu, HOBas aJlbTEPHATHBA JI0JDKHA HE MPOCTO MPEBOCXOIUThH TEKYIYIO, HO
NPEBOCXOIUTH €€ Ha BEJIMYHHY, IPEBHIIIAIONITYIO TOPOT THCTepe3uca. JJaHHbI MeXaHUu3M
IpeOTBpAIIaeT «Ipede3r» pealbHOCTH U 00ecIieunBaeT e€ MaKpOCKOITMYECKYIO CTaOUIBHOCTb.

Ecnu runoresa BepHa, napamerp A JTOJDKEH SBISATHCS PyHIAMEHTaIbHOU (prusnueckoit
KOHCTaHTOﬁ, onpeﬂensnomeﬁ CTCIICHb I/IHepTHOCTI/I peaﬂbHOCTI/I K UI3BMCHCHUSM. EFO YHUCJIICHHOC
3HAYEHUE SIBJIAETCS MPEIMETOM OYIYIINX TEOPETUUECKUX U IKCIIEPUMEHTATbHBIX
HCCIICIOBAHMMH.

4.3. IloporoBblii XapaKkTep aKTUBALUA

ApOuTp HE HAXOAUTCS B COCTOSIHMM HENPEPbIBHOM akKTUBHOCTU. Ero (hyHKIMOHMpOBaHUE
HOCHUT IOPOTOBBIN XapaKTep: OH aKTUBUPYETCS TOJIBKO MPU JOCTHKEHUH CHCTEMOM
OIPEIEIEHHOTO YPOBHS CI0KHOCTH, KOTOPBII XapaKTepU3yeTCsl CTEIEHBIO IEKOT€PEHIINN —
B3aMMOJICHCTBHS KBAHTOBOW CUCTEMBI C OKpYKeHHUEM. J[aHHBIN MeXaHU3M OOBSICHSIET
(byHaaMEHTaIbHOE PA3IUYKe B MOBEJAEHUU MUKPO- U MAKPOCKOMTUYECKUX OOBEKTOB:

J171st 130TMPOBAHHBIX MUKPOCKOITMYECKUX CUCTEM (OTAETbHBIE aTOMBI, MOJICKYJIBI,
(OTOHBI B BaKyyMe) KOJMYECTBO CTENEeHel CBOOOIbI OKPYKEHUsI, C KOTOPBIMHU CHCTEMa
HAxOJIUTCSA BO B3aUMOJICHCTBUH, TpeHEeOpexkuMo Masio. CTeneHb TEKOTePEHIINN HE TIOCTUTAeT
KPUTHYECKOTO TTOpora, 1 ApOUTp OCTAETCsl B HEAKTUBHOM COCTOSTHUU. CUCTeMa COXpaHseT
CIIOCOOHOCTH K CYNEPHO3UIIMHY HEOTPAHUUEHHO JIOJITO.

JIJ11 MaKpOCKOTIMYECKUX 00BEKTOB (M3MEPUTENIbHBIE TPUOOPHI, OMOIOrHUECKHE
OpraHu3MBl, J1I00bIe 00BEKTHI ITOBCEIHEBHOTO OIBITA), COCTOSIIIUX U3 OTPOMHOI0O YUCIIA YACTHIL
(mopsinka 10% u BeIIIE), B3aUMOJECICTBHE C OKPYKEHHEM U BHYTPEHHUE B3aUMO/IEUCTBUS HOCST
HENPEPBIBHBINA 1 MHTEHCUBHBIN XapakTep. CTeneHb JeKOrepeHIIMM MHOTOKPATHO MTPEBBIILIAET
KPUTHYECKHI 1Opor, 1 ApOUTp aKTUBUPOBAH MOCTOSHHO. VIMEHHO 3TUM 00BsICHSIETCS TOT (PaKT,
YTO MAaKpOCKOIMYECKHE 0OBEKTHI BCEr1a HaOII0JaI0TCS B OJTHOM OTIpeIeIEHHOM COCTOSIHUY, a
HE B CYIEPIIO3HULINN.

4.4. Bocemb Tpe0OBaHMH K MaTeMaTHYECKOM (popMaTH3aALUN
ApoOurpa
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Hwxe chopmynupoBan HaOOp apXUTEKTYPHBIX TPEOOBaHM, KOTOPBIM YIOBIIETBOPSET
Omneparop Apburpa. Kaxxnoe TpeOboBaHHE COPOBOXKIACTCS YKa3aHHUEM HCTOYHUKA, U3 KOTOPOTO
OHO BBIBOJIUTCS, a TAKXK€ 0OOCHOBAHUEM €ro HEOOXOAUMOCTH. SIBHAas MaTeMaTu4ecKas
peanu3anus BceX BOCbMH TpeOoBaHui gaHa B [ aBe 5.

TpedoBanne 1: HeynurapHocrs
HcTouHuk. DMnupruyeckuii pakT HEOOPaTUMOCTH KOJLIarca.

Oneparop A joimkeH GbITh HEYHHTAPHBIM. B OTIHUME OT CTAHAAPTHOrO raMUIbTOHKaHa H,
KOTOPBIii OIMCHIBAECT AETEPMUHUPOBAHHYIO, 0OPATHMYIO 3BOJIIOLHIO 3aMKHYTOH cHCTEMBI, A
JIOJKEH OIUCBIBATh HEOOPATUMBIN MPOLIECC CENEKIMH, TP KOTOPOM MH(POPMALIUS O
CBEpIIMBILIEMCS BEIOOpE OTIpaBisieTcs B Marpuily, a Hepealu30BaHHbIC aJIbTePHATUBEI
apXUBUPYIOTCH.

OGocHoBanme. Eciy Gkl A GbUT YHUTApHBIM, KOJUIAIC GBI GBI 06PATHMBIM. DTO MPOTUBOPEUHT
HKCIIEPUMEHTATBHOMY (PaKTy: CAaMOIPOU3BOJIHLHOE BOCCTAHOBICHUE CYIIEPIIO3HUIINH TTOCIIE
U3MEpeHUsl HUKOT1a He HaOronaeTcs. HeoOpaTuMocCTh KoJuiarnca ecTh SMIUPUIECKUN (akT, U
omepaTop A 10IIKeH ero oTpakarh. KpoMe Toro, HEyHHTApHOCTh A SBIISETCS HCTOYHHKOM
ctpenbl Bpemenu B Kitaccuueckoit [Ipoeknuu (cMm. pasaen 1.3).

TpebGoBanue 2: 3aBUCUMOCTb OT OKPY KeHH S

HcToyHHK. Ha6JIIOIlaGMO€ pasiinuue MEKAy U30JIMPOBAHHBIMU MUKPOCUCTCMAMHU U CUCTCMAaMU,
BSaHMOHCﬁCTBymMHMH C OKPYKCHUCM.

A nomkeH ObITh (PYHKIIMOHAJIOM, 3aBUCSIIIUM HE TOJILKO OT BOJIHOBOW (hyHKIMHU cucTeMbl 'V, HO
U OT cOCTOsiHUA €€ OKpYykeHUs E. PopmaibHO:

A=A, E)
s m3onupoBanHbIx cucteM (E — 0) A 1omkeH cTpeMUTbCs K HYJIIO.
O06ocHoBaHMe. DKCIIEPUMEHTAIBLHO YCTAHOBJIEHO, UTO U30JMPOBAHHBIE KBAHTOBBIE CHCTEMBI
HBOJIFOLIMOHUPYIOT YHUTAPHO U HE JJEMOHCTPUPYIOT CIIOHTaHHOTO Kosutanca. Kosutarc

MPOUCXOIUT TOJIBKO MPU B3aUMOJEHCTBIUN CUCTEMBI C MAaKPOCKOIIUYECKUM OKPYKEHHUEM. ITO
pasyn4ue JOJKHO OBITh OTPa’KEHO B CTPYKTYpE OIeparopa.

TpeodoBanmue 3: Iloporosbiii xapakTep

HcToyHHK. CYU_ICCTBOBH.HI/IC pe31<0171 I'paHulbl MCKY KBAHTOBBIM U KIIACCHUYCCKUM
ITOBCJACHUEM.

A noikeH ObITh MPEeHEOPEKMMO MAJ TSl CUCTEM C HU3KOM CTETIEHBIO IEKOT€PEeHIIUU 1 PE3KO
BO3pAacTaTh MPHU JOCTUKEHUN KPUTUYECKOIO ITOPOra CJI0KHOCTH. MaTeMaTH4ecKH 3TO
BBIpa)KaeTCsl Yepe3 CUTMOUJAIbHYIO (DYHKITHIO:

o(N — N_crit)
IJie 6 — CUTMOM/JIA, cTpeMsmasics K Hyro npu N << N_crit u k equnaune npu N >> N _crit.
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Oo6ocHoBanne. MUKpOCKONTUYECKHE OOBEKTHI COXPAHSIIOT KBAHTOBYIO CYIEPIIO3UIIHIO,
MaKpPOCKOIMUYECKHE — HEeT. MKy STUMU peKUMAMH CYIIECTBYET y3Kas IepeXxo/fHasi 001acThb.
[ToporoBslii xapakTep akTuBauu ApOuTpa 00BACHSET CYIIECTBOBAHKE ITON 00JacTU U
coryacyeT MOJeIb ¢ HAaOII0ICHUSIMHU.

TpeodoBanue 4: CoxpaHeHHe HOPMHPOBKH B CpeIHeM
HcroyHuK. DKCIIEPUMEHTAIBHO TOATBEPKAEHHOE ITpaBuilo bopHa.
XOTs KaXKJIblil OTAEIBHBIA aKT CEJIEKIIUM MOXKET BpDEMEHHO U3MEHATH HOPMY BOJTHOBOM
(GyHKINY, CTATHCTUYECKOE CPEeHEE M0 aHCAMOIIIO UICHTUYHBIX CHCTEM JIOJIKHO COXPaHSTh
npaswio bopua. ®opmainbHo:

(Y|¥) moxet paykryupoBats, Ho ((¥|¥))_ensemble = 1
Oo6ocnoBanue. [IpaBuno bopHa MHOTOKpaTHO MOATBEPKICHO U HE MOJICKUT COMHEHUIO.
JIro6ast HOBast Teopus 00s13aHA BOCIPOM3BOIUTH €I0 Ha CTATUCTUYECKOM YPOBHE.
Muxkpockonuyeckue (IyKTyalluu HOPMbI, BO3HUKAIOIINE TIPU OTIPAaBKE CUTHAJIA 3aIIHCH B
Marpuiy, ycpeaHsoTcs 1o aHcaMOJIIo.

TpeooBanmue 5: IlpeaesbHblil Nepexo K CTAHAAPTHON KBAHTOBOI MeXaHUKe
HUcroynuk. [IpyHIMI COOTBETCTBUS.
s cuctem, 1anékux OT Mopora JeKOrepeHu, A JOIKEH CTPEMUTHCS K HYJII0, U
Mo uduIMpoBanHoe ypaBHeHue [lpéanunrepa 10KHO BOCCTaHABIMBATLCS B CTaHIAPTHOM
BU/IE:

ih - d¥/dt = HY npu N << N_crit
O06ocHoBanme. HoBast Teopust o0s13aHa BKJIIOUATh CTApyIO KaK YacTHBIN ciiydail. KBaHToBas
MEXaHMKa MOATBEPKACHA UI1 MUKPOCKOIIMYECKHUX CUCTEM. MOJIENIb HE OTMEHSET €€, a
JIOTIOJTHSIET MEXaHU3MOM KOJUIAIICa, CYIIECTBEHHBIM TOJIBKO JIJISl MAaKPOCUCTEM.

TpeodoBanue 6: TemnopajbHasi HEJIOKAJIBLHOCTD
Hcrounuk. Buespemennas npupona MudopmarronHoit Marpuuisl (paszzen 3.2).
Omnepatop A npu COBEpILICHUN aKTa CEIEeKINN GUKCUPYET MPUUUHHO-CIIEICTBEHHbIE CBA3U
MEX1y BBIOPaHHBIM COCTOSIHUEM U BCEMU dJieMeHTaMu MaTpHulibl, HE3aBUCUMO OT BPEMEHHOU
MeTKd. CBOMCTBO He HapyiaeT npuunHHOcTH B Knnaccuueckoin [Ipoexknun.
Oo6ocHoBanmne. Matpuiia cylecTByeT BHE BPEMEHHU U COAEPKUT BCE COCTOSHUS IS BCEX
MoMeHTOB. Clie1oBaTesIbHO, BEIOOP B MOMEHT t 10JKEeH (PUKCHPOBATHCS Kak CBSI3aHHBIN ¢ Ooiee
paHHUMHU U OoJiee MO3THUMHU MOMEHTaMH. DTO HE 03Ha4yaeT BIUSHUSA OyAYIIero Ha Mpoluioe B

HpOCKI_II/II/I; CBA3b YCTAHABJIMBACTCA HA YPOBHC ManI/II_U:I, AJI1 BCETO KOHTUHYYMa BPEMCHHU.

TpeGoBanue 7: Ynpap/isieMOCTh (CeJI€KTHBHOCTD)
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HcTounuk. Pusnueckas npupoaa KsanroBoro MuTepdeiica kak cpebl, MOIBEPKEHHON
BHCIHIHUM BO3I[€I>'ICTBI/I$IM.

Onepatop A nomxen JIONyCKaTh IapaMEeTPU30BAHHOE BHELIHEE Bo3AeHcTBUE. DOPMAIIBHO!
A=A(¥ E, V_ext)

501041
N_crit = N_crit(V_ext)

Oo6ocnoBanme. Eciiu KBantoseiii Matepdeiic — pusudeckas cpeia, OH T0KEH ObITh
HOJBEPKEH BO3JeUCTBUAM. BHEIIHNI KOrepeHTHBIN CUIHAT MOXKET MOAYJIMPOBATh MOPOT
aKTUBaMu ApOuTpa, MoBbIIast 3PPEKTUBHBIN BEC OJHON U3 AIbTEPHATHB.

TpedoBanue 8: ®yHaamMmeHTAIbLHASI HEHTPAJIBLHOCTH

Hcrounnk. [IpUHIUN apXUTeKTypHOI 3K0oHOMUH. Orepatop A He JIOIKEH Coep aTh CKPBITHIX
[apaMeTpoB, KOTOPbIE OCYIIECTBIISUIN Obl (PUIBTPALIMIO BXOJHBIX CUTHAJIOB 110 KAKUM-JIH00
KPUTEPUSIM, OTIIMYHBIM OT X (POPMANIbHBIX (PU3NYECKUX XapPAKTEPUCTHUK (aMILIUTY/1a, YaCTOTa,
KOTEPEHTHOCTH). A pearupyer Ha moOble BHEIIHNE CUTHATIBI V_eXt HCKIIOUHTEIBHO KaK Ha
¢buznveckne Bo3ICHCTBHS, MOIYIHPYIOIIIE BEPOATHOCTHBIC BECA AIIbTEPHATHB, U HE IPOBOJIUT
pa3Iuuni MEXy CUTHAJIaMU 110 UX MPOMCXO0KIEHUIO WIH CONEPIKAHHUIO.

Oo0ocHoBanme. /lanHoe TpeboBanue cienyer u3 TpeboBanus 2 (3aBUCUMOCTb OT OKPY>KEHHUS) U
Tpe6osauus 7 (Yupasusemocts). Eciin A = A(, E, V_ext), To V_ext BXOJIUT B ONEPaTop KaK
¢du3nveckas mepeMeHHas1, M e€ BIUSHUE ONPEICISIETCs] HCKITIOUUTEITFHO N3MEPUMBIMU
XapaKTepUCTHKaMH. BBesienne B A 0MOITHUTEIBHBIX KPHTEPHEB 0TOOPA, HE CBOIMMBIX K
dbopMalbHBIM (DU3UYECKUM MTapaMeTpaM CUTHAJIA, TOTPeOoBaIo Obl BBEJECHHUS CKPBITHIX
HNEPEMEHHBIX, YTO MPOTUBOPEUYHUT NPUHIUITY IPOCTOTHI U APXUTEKTYPHON SKOHOMHUU. ApOUTD
KaK (u3ndeckuil 3aKoH He 00Ja/1aeT U He MOXKET 0071a1aTh (QYHKIIMEH OLIEHKU COIep KaHUs
CUTHAJIOB.

4.5. ApouTp 1 npodema HaG0AaTEISI

OI[HI/IM 13 HanOoJIee 3HAUUMBIX CJ'ICI[CTBI/II\/'I npennaraeMoﬁ MOZACIIN ABJIACTCA YCTPAHCHHUEC
KOHIICIIIINN Ha6J'IIOI[aTeH$I KaK IMPUYIUHBI KOJUIAIICa BOJIHOBOI (I)YHKI_II/II/I

B crannaptHO# KoneHrareHckoi HHTEpIIpeTaluy KOJUIAIIC CBSI3bIBACTCS C aKTOM
U3MEPEHUs, 0OIHAKO MPUPOJIa HAOII0JaTeNs, CIOCOOHOTO BBI3BIBATH KOJUIAIIC, OCTAETCS
HeonpeaenéHHon. SBnsercs nu HabmonateneM yenoBek? Cuérunk ['eiirepa? Kommnbrotep? Ota
HEOIPEAEIEHHOCTD MTOPOXKIAET U3BECTHBIE NTapafokchl — KoTa [lIpénunrepa u npyra Burnepa,
— KOTOpbIE IEMOHCTPUPYIOT, UTO anesuIfAlus K HaOII01aTeNto Kak K pU3N4ecKoi IpUuInHe
KOJIJIATICa JIOTHYECKU HECOCTOATEIIbHA.

B npemiaraemoii Mmosienn ApOuTp npeacraBiseT coo6oit 0e3MuHbIN GU3NUECKUH 3aKO0H,
JIEHCTBYIOINY YHUBEPCAIBHO U HEMIPEPBIBHO, HE3ABUCUMO OT ITPUCYTCTBUS WM OTCYTCTBUS
CO3HATeNbHOr0 Habmoaarens. M3mepenue, mpoBOIMMOE YEITOBEKOM, SBJISIETCS JIUIIb OJHUM U3
MHOX€ECTBa MPOLIECCOB, CIOCOOHBIX CO31aTh YCIOBUS IS aKTUBALUMU ApOUTpa yepes
JIEKOTE€PEHIINIO, HO HE €IMHCTBEHHBIM U HE NPUBUIIETMpoBaHHbIM. Kosularc mpoucxoaur Beeraa,
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KOTJ]a CUCTEMa JIOCTUTAeT KPUTUIECKOTO TIOPOTa CIIOKHOCTH, BHE 3aBUCUMOCTH OT TOTO,
3apEeTrUCTPUPOBAH JIM OH KaKUM-JIHM00 HAOIII01aTeNeM.

Takum 00pa3oM, aHTPONOLEHTPUIECKUHN STIEMEHT, IPUCYTCTBYIOMUI B Konenrarenckoi
MHTEpIpEeTaLNH, TOJIHOCTBIO YCTpaHEH. ApOUTp paboTaeT Be3/ie U BCeria, a He TOJIbKO B
busznuecKkux 1ad0paTopHsix.

4.6. ApouTp u uHGOPMAIHOHHBIN MAPAAOKC YEPHBIX AbIP

[Ipennaraemast MOAETb MpeJIaraeT JIEraHTHOE PelIeHne HH(POPMAITMOHHOTO TapaJoKca
YEPHBIX JIBIP.

B oGnactu ropuzonTta coObITHI YEPHOU ABIPBL, TJ€ TPABUTALIMOHHOE 110JI€ JOCTUTaeT
JKCTpeMalibHBIX 3HaueHui, KBanToBbIi HTEpdeiic moaBepraeTcs KpUTUYECKON JepopMarim.
Ero undopmarnrionHas BA3K0oCcTh = B 3TOH 00JIaCTH CTPEMUTCS K HYJIO. B 3TuX ycinoBusax
ApOUTp aKTUBUPYETCS IPUHYIUTEIBHO, U BCS NH(OPMALIKS O BEILIECTBE, HAXOASIIEMCS O]
TOPU30HTOM COOBITHH, IOABEpraercs rinodanbHoi apxusauuu B MHpopmanmonHoi Marpure.

Wudopmanus npu 3TOM HE YHHUTOXKAETCS — OHA nepenaércst B Marpuity, rae u
COXpaHsIeTCs B COCTaBE BEUHOTO apXHMBa CBEPIIMBIINXCS COObITHIA. JIJ1s1 BHEIIHETO HAOMI0AaTeNs
9Ta HHPOPMALIKS CTAHOBUTCS HEIOCTYITHOM, YTO M CO3/1aET MILTIO3HIO €€ MCUE3HOBEHUSI.
["'opu30HT COOBITHIA B TAaHHOW MHTEPIIPETALINU MIPEJICTaBIsIET cOO0I rpaHHuILy, 3a KOTOPOU
IIPOLIECC CEJIEKLIUU MIOJHOCTBIO 3aBEPIIEH, U JalIbHENIIIee N3BJIeUEHUE UHPOPMALIUK U3
Knaccuueckoit [Ipoekiinyu HEBO3MOXKHO.

HaHHOC PEIICHUC HE Tpe6yeT HH MO,Z[I/I(i)I/IKaI_II/II/I 06].].[6171 TCOPUU OTHOCUTCIIBHOCTH, HA
BBCACHHA JOMMOJHUTCIBHBIX IMPOCTPAHCTBECHHBIX I/ISMCpeHI/II\/'I, HU HApYIICHUA ITPUHIUIIOB
KBAaHTOBOM MeXxaHUKH. OHO OCHOBBIBACTCS UCKIIOUUTEIBHO Ha APXUTCKTYPHBIX CBOMCTBaxX
BBGI[éHHBIX CyIIIHOCTeI\/'I M HC BCTYNNACT B MIPOTHUBOPEUYHEC HU C OJHUM M3 U3BCCTHBIX (1)I/I3I/I‘I€CKI/IX
3aKOHOB.
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I'naBa 5. MaTtemaTn4ecKuil Kapkac: oneparop Apourpa

5.1. IlocraHoBKa 3alavdd: 1Ba HECBA3AHHBIX IMOCTYyJIaTa KBAaHTOBOM MeXaHUKH

CranjapTHas KBaHTOBasi MEXaHUKA OIIMPAETCS Ha JBa HE3aBUCHMBIX IIOCTYJIATA.
IlepBblit — yHUTapHas 3BOJIIOLUS, ONKChIBaeMas ypapHenuem llpénunrepa:

ih - d¥/dt = HY (5.1)
rae H — ramunbronnan cucreMsl. JJaHHOE ypaBHEHHUE ONUCHIBAET JETEPMUHUPOBAHHYIO,
00paTUMYIO BOJIIOLIMIO U30JMPOBAHHBIX CUCTEM U MOJITBEPKIEHO SKCIIEPUMEHTAIIBLHO C
BBICOKON TOYHOCTBIO.
Bropoit — nocrynar u3MepeHus, yTBepKIa0IINN, YTO IIPYU U3MEPEHUH CYIIEPIIO3ULIUS
COCTOSIHMI CMEHSIETCSI OTHUM OIPEACIEHHBIM COCTOSIHUEM. DTOT IOCTYJIaT HE BBIBOAUTCS U3
ypaBHeHus (5.1). OH BBOAMUTCS OTEIHHO U HE UMEET (PU3HYECKOTO MEXaHU3MA.

Mesxay STUMU IBYMSI TOCTYJIATAMH CYIIECTBYET (DOPMaNIbHBINA pa3pbiB. PopMaIn3m
Jluna0nana, ONMUCHIBAIOIINIA JEKOT€PEHIINIO, NI YACTUYHO 3aIOIHSET €ro: OH IOKa3bIBaeT,
KaK KOT€pEeHTHasl CYNepHo3ULMs PEBPAILAETCS B KJIACCUUECKYIO0 CMECh BEPOSTHOCTEN, HO HE

OCYHICCTBIIACT BH60pa KOHKPCETHOI'O COCTOSAHUS.

3aaya HaCTOSIIEH TTIaBbl — YCTPAHUTh YKa3aHHBINA pa3pbIB. J{J1s 3TOTO B AUHAMUKY
BBOJIMTCSI HOBBIM 3JIEMEHT — MEXaHH3M CeJIeKIInH, popMam3yeMblii kak Oneparop Apoutpa.

5.2. Ucxoanas runore3a: npunuun WTA
BBonuTcs npeanonokeHue: CeNeKIys COCTOSHUS OCYIIECTBIISETCS 0 IPUHIIUITY
Winner-Takes-All («IToGemurens momy4daet Bcé»). I3 MHOXKECTBa albTepPHATHBHBIX COCTOSIHUIMA

BI)I6I/IpaeTC$I OIHO — COCTOSIHHNEC C MAKCHUMAJIbHBIM BEPOATHOCTHBIM BECOM.

JIaHHBII NPUHLINI U3BECTEH B TEOPUU HEMPOHHBIX CETEW U CHUCTEMAaX yIpaBlieHUs. B
HacTosel paboTe oH 00001IaeTcs 10 ypoBHS (PyHAaMEHTAIBLHOTO (PU3NYECKOT0 3aKOHA.

Ha ocHOBaHuM 3TOr0 NpeAnookKEHUsI B ypaBHEHHE 111 MAaTPHUIbI TUNIOTHOCTH BBOJUTCS
JONOJHUTEILHBIN WwieH W:

dp/dt = -(i/h)[H, p] + D(p) + W(p, V_ext) (5.2)
rae:
-(i/h)[H, p] — yuuTapHas sBomomnus (dieH o Heitmana);
D(p) — muccumnarop JInna6mana, omuCHIBArOIINI IEKOTEPEHITNIO;
W(p, V_ext) — WTA-usien, npeacTaBisitoniuii co00i MaTeMaTHYECKOe BEIPAKEHHE PaOOTHI

ApOutpa.

23



WTA-usieH He sBIIIETCS CaMOCTOSTEIBbHON (u3nuecKkol cymHocThio. OH npeacTaBiseT codoi
(dbopManu3aIuUIo CEICKIIMH, OCYIIECTBISIEMOM APOUTPOM.

5.3. Iuccunarop Jinnadiaaaa: nekorepeHuusi Kak noAroToBKa K BbIOOPY
Huccumarop JInaa0mana uMeeT CTaHAapTHBIA BU:
D(p)=%2 k(L kpL ki —%{L ktL k, p}) (5.3)

rae Lk — oneparopst JIunabnana, onuckiBaronue KaHajabl B3aUMOJICHCTBUS CHCTEMBI C
OKPY>KEHHUEM.

®opmanuzm JIuna61aaa ONMKUCHIBaET 1EKOTEPEHIINI0 — MPOLIECC, TPH KOTOPOM
He/lMaroHaJbHbIE 3JIEMEHThl MaTPUIIbl INIOTHOCTU CTpeMATCs K Hymo. KorepentHas
CYIEPITO3UIIHSI TPEBPAIIACTCS B KIITACCHYECKYIO BEPOSTHOCTHYIO CMECh.

OpHako ekorepeHnus He 3aepmaet nporecc. OHa HOArOTaBIUBAECT CUCTEMY K BEIOODY,
HO camoro BbeIOOpa He ocyuiecTiser. [locie 3aBepiieHus JeKOrepeHMy MaTpulia MII0THOCTH

JuaroHajibHa, HO HU OJJHO COCTOSHHUEC HE ABJIACTCA BbIJICIICHHBIM.

Jns1 3aBepieHus mpoiecca He00X0 UM JOTOTHUTENbHBIN uieH — WTA-useH.
5.4. Crpykrypa WTA-ujiena
WTA-uieH 10KEH yIOBIETBOPSTH TPEM YCIOBUSIM.
IlepBoe ycnoBue — noporosas aktupanus. Cenekuus J0KHA BKIIFOUATHCS TOIBKO MPU

JOCTHIXKXCHHUU CHCTEeMOM KpI/ITI/I‘leCKOI\/’I CTCIICHU B3aHMOHeﬁCTBHﬂ C OKPY’KCHHUCM. Z[J'ISI 9TOro
BBOOUTCA CUI'MOH A IbHAs q)yHKIII/ISII

o(X)=1/(1+eM-kx}),x =N — N_crit (5.4)
rue:
N — 4ucio crerneHeil CBOOOIbI OKPYKEHHSI, 3aITyTAHHBIX C CUCTEMOM,
N_cCrit — KpUTHYECKHIA TIOPOT IEKOTSPEHIINH,
K — mapamMeTp KpyTH3HBI ITOpOTa.

[Tpu N << N_crit curmouia npakTHuiecku paBHa Hymo, U WTA-unen HeaktuseH. [Ipu N >
N_crit curmouia pe3ko BO3pacTaeT J10 €AMHULIBI, aKTUBUPYS CEJIEKIIHUIO.

Bropoe ycioBue — BeiOOp ogHOTO coctosiaus. [locne aktuBamuun WTA-4ieH 10KeH
MpeBpallaTh BEPOSITHOCTHYIO CMECh B YHCTOE COCTOSIHHE, COOTBETCTBYIOIIEE TOOSAUTEITIO.

TpeThe ycaoBue — HCO6paTI/IMOCTB. ITocne Cpa6aTBIBaHI/I}I WTA-uneHa cucrema He MOXKET
CaMOITPOU3BOJIBHO BEPHYTHECA B COCTOAHUE CYIICPITIO3UIINH.
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OTHUM yCTIOBUSM YIOBIETBOPSET CIEAYIOIIAs CTPYKTYpa:
W(p) =-o(N— N_crit) - y - (p — [m}m]) (5.5)
rjae:

Y — KOHCTaHTa CKOPOCTH KoJuiarca (pa3MepHOCTh ¢ '), moAJIexKaIiasi 3KCIepuMEHTaIbHOMY
OIPEICIICHUIO;

|[m) — cocrosiHre-100eANTEND, ONPEaC/IIEMOe C YIETOM rHcTepe3nca (cM. 5.6);
|[m){m| — mpoeKTOp Ha COCTOSAHUE-TTOOEUTEb.

3Hak MUHYC NIEPC/] BBIPAKCHHUEM obecreyuBaeT 3aTYXaHUC CTAPBIX KOMIIOHCHT MAaTPUIbI
IJIOTHOCTHU U YCTAHOBJICHUC HOBOI'O YUCTOI'0 COCTOAHMA.

5.5. Cocrosinue-nodeauTe b M €ro HCTOYHUK
KitroueBoii BOITPOC COCTOWT B CICAYIONIEM: KaKUM 00pa3oM OIPEIeisieTCsl COCTOSTHHC-
nobeautens? B paMkax apXUTEKTYpHOI MOJIENIN COCTOSTHUE-TIOOEIUTENh HE BEIUNCISICTCS
ApbOutpom 3aHOBO, a cuuTbiBaeTcs U3 Mupopmanuonnoit Marpuisl. Kaxaomy Bo3MOxKHOMY
COCTOSTHUIO CUCTEMbI B MaTpuIle COMOCTaBIIEH BEIIECTBEHHBIN BEPOSITHOCTHBIN BEC:

w_k=w_K(E) (5.6)

rae E — cocTosinue okpykeHus. 3aBUCHMOCTb BecoB OT E oTpaxaer ToT (akr, 4To B
Pa3JIMYHBIX BHEIIHUX YCIOBUAX OJHU MUCXOJIbI SBISIOTCS 00JIee BEPOSTHBIMH, YEM JPYTHE.

CocTosHIE ¢ MAKCUMAJIbHLIM BECOM ONpEACIIICTCA CTAHAAPTHBIM o6pa30M:
m_candidate = argmax_k w_Kk(E) (5.7)

Onnako m_candidate He Bcerna cranoButcs nodeauteneM. OKOHYATETbHBIN BHIOOD
OTIpefieNsieTCs C Y4ETOM TUCTEpe3uca.

5.6. I'ucrepe3uc: ycTOMYMBOCTD CeJICKIIUHA

[Mpuntun WTA B uricToM BHJIE JIelaeT CUCTEMY YyBCTBUTEIBLHON K MaJeHIITUM
danykTyanusam BecoB. Eciiu Beca AByX albTepHATUB OJIU3KU, HE3HAYUTEIbHOE U3MEHEHHE
OKPYKEHHSI MOKET MTPUBECTH K MEepeKTIoueHHo nodeaurens. B MakpockonnueckoM macirade
3TO 03Havajo Ob1 HecTabuibHOCTH Knaccuueckoit [Ipoexumu.

Jlns ycrpaHeHus 3TOl HECTaOMIIBHOCTH B MEXAaHU3M CEJIEKIIMM BBOJUTCS TUCTEPE3HC.
®opmanbHO BBOAUTCA NapaMmeTp ructepesuca A > 0. [lepekitodeHre cocTosHUA-M00eTUuTeNs ¢
TEKyILIero m_current Ha kaHauaata m_candidate mpOMCXOIUT TOIBKO MPH BHIMOJIHEHUH

YCIIOBUSI:

w_{m_candidate} >w_{m_current} + A (5.8)
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Ecnu ycnoue (5.8) He BBITIOJIHEHO, COCTOSIHHE-TIOOEAUTENIh HE MEHSIETCS.

Bri6op mobenuTens ¢ yuéToM rucTepesunca 3anuchiBaercs uepes GyHkipio H:
m = H(m_current, w, A) (5.9)

rae H onpexnensiercs cieayronmm oOpa3om:

H = m_candidate, eciu w_{m_candidate} >w_{m_current} + A
H = m_current, unaue

['ucrepesuc 3a0aéT MUHUMAIBHBIN pa3phiB BECOB, HEOOXOTUMBIN IS MTepeKIroueHust. B
dbyHIaMeHTalIbHON (PU3UKE, €ClIi MOJIEeNb BepHa, A TOJKEH SBIATHCS (PyHIaMEHTaIbHOM
KOHCTaHTOH, ONPEAEISIIONIEH CTENIEHb HHEPTHOCTH PEAIBHOCTH K U3MEHEHHUSIM.

Crnenyer noa4epKHyTh, YTO YAEp>KaHUE BHIOOpA B OOJIBIIMHCTBE CIIy4acB
obecrnieunBaeTcs HEe 0COOBIM TapaMeTPOM BPEMEHH, a CAMUMH BECAMU, COCTOSTHUEM OKPY>KEHUS
E n BHemHuMu curnanamu V_ext. [1oka Tekyniee COCTOsSsHAE COXpaHseT JOCTaTOYHbIN BEC,
MEPEKIIIOUEHHUs HE POUCXOAUT €CTECTBEHHBIM 00Pa30M.

OTKpPBITBIM OCTAETCA JUIIb BOMPOC, CYIIECTBYET JIM B (DyHIaMEHTAIbHON (pU3HKe
COOCTBEHHOE BpeMs pellaKkcaliiy T_h, TI0 HICTEYEHUH KOTOPOTO yAepKaHue ocaadeBaeT Jaxe

NIpU HEM3MCEHHBIX Becax. JlaHHBII BOPOC TpeOyeT NaIbHEHIIIEro UCCIICIOBaHUS U B HACTOSIICH
paboTe He pa3periaeTcs.

5.7. sisubiii Bug WTA-4/1eHa ¢ y4éTOM rucrepesuca
C yu€rom ructepesucHoro Beioopa (5.9) WTA-uneH npuHuMaeT BU:
W(p) =-o(N — N_crit) - v - (p — |m_current)(m_current|) (5.10)
Jnst uncteix coctosauuit Oneparop ApOuTpa 3anuchIBaeTCs Kak:
A(¥) = (N — N_crit) - y - (jm_current) — ) (5.11)

ApOuTp HE OCYIIECTBIIAET IIABHOM BOJIIOIMH BOIHOBOM (yHKIMU. OH 3ameniaer eé
COCTOSTHUEM-TIO0€IUTENEM, ONIPEAEIEHHBIM C YUYETOM ITHCTEpE3HUCa.

5.8. CBs13b BeCOB M BOJIHOBOI PyHKINH

BonnoBas ¢ynxkius, orobpakaemast Ha KBantoBom MHTepdetice, nmpeacrapiser coOoi
IIPOEKIMIO BECOB U3 MaTpHIIbI:

Y=% ko klk)(5.12)
TAC KBaApPaThl MO,I[y.)'ICﬁ AMIUIUTYA IPOIMMOPIUOHAIIBHBI BECaM:

lo_ kP2 ~ w_K(E) (5.13)
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[TpaBuiio bopHa coxpansercs. Ha eTMHUYHOM aKTe CeNeKlny TUCTEPE3UC MOKET MPUBOAUTD K
OTKJIOHEHHIO OT BECOBOT'O paclpeesIeH s, OJJHAKO IIPU YCPEIHEHUH 10 aHCaMOJII0
HE3aBHCHUMBIX CUCTEM MpaBuiio bopHa BoccTaHaBiuBaeTCs B MOJHOM 00bEME.

5.9. BeiBoa sigpa K(', E)

OnepaTop ApOuTpa, BBEAEHHBIN B IBHOM BHUJIE JIJIs1 YUCTHIX cocTostHUM (5.11), 3aBucHT
oT BosTHOBOH pyHKIMN W 1 OT cocrossHUs-odeauTens jm_current). OqHAKO COCTOSIHHE-
no0OeuTeNb, B CBOKO 04epelb, onpeensercs okpyxenuem E yepes Beca w_k(E), 3anmucanabie B
Marpune. Bo3HHKaeT ecTeCTBEHHBII BOIPOC: MOXHO JIH MPECTABUTE orepatop A B Gopme, B
KOTOPOM 3aBUCUMOCTB OT OKPYKEHHMSI BBIJIEJIEHA SIBHO?

Takoe npencraBiieHre 1a&TCs HHTETPAIbHON (hOPMOIA:

A(¥) =] K(¥, E) dE (5.14)
rae dynkuusa K(\W, E) nazeiBaercs sapom ApOutpa. E€ pusudeckuii cMbICI COCTOUT B
CJICTYFOIIIEeM: KaK/IbIi AJIEMEHT OKpYXeHHs E 1aét BKIIaJ B aKT CEJICKIIMH, U TIOJTHBIN OrepaTop

A ecTb cymMa (MHTErpai) TUX BKIIQJOB.

Uro6s! HaliT sBHBIN Bug K(W, E), comoctaBum mHTErpansHoe npeacrasieHue (5.14) ¢ panee
BBIBeJIeHHOH (hopmoii (5.11):

A(¥) = (N — N_crit) - y - (jm_current) — )
Jns puxcupoBaHHOTO OKpYKeHUS E MHTErpan CHUMaeTCsl, U MbI ITOTY4aeM:

A(¥)=K(¥, E)
Ortcronia s1po MPUHUMAET BUI:

K(¥, E) = -y - o(N(E) — N_crit) - (jm_current(E)) — ¥) (5.15)
rie:

m_current(E) = H(m_prev, w(E), A) (5.16)
Pa36epém cTpykTypy siapa noapoOHee.
IlepBblii MHOKMTEIb — Y — KOHCTAaHTa CKOPOCTH KoJianca. OHa onpesesnsieT, HaCKOJIbKO
OBICTPO CHCTEMA MEPEXOAUT U3 CYNEPHO3UINH B OAHO ONpPeAeIEHHOE COCTOSHUE TT0Ce
akTuBanuu ApOuTpa. DTa BeIMYMHA HE 3aBUCUT OT OKPY)KEHUS U TOJUICIKUT
HKCIIEPUMEHTAJILHOMY OIpEIEICHHUIO.
Btopoii muoxutenb — curmonsia 6(N(E) — N_crit). OHa peanu3yet mOpOTOBBIid XapaKkTep
aktuBaruu. [Toka yucio 3amyranHbIX creneneit cBo0oap1 N(E) MeHbIIIe KpUTHYECKOTO TTOpoTa

N_crit, curmMounia MpakTUYECKH paBHA HYJIIO, U SAPO UCUYE3aET. DTO COOTBETCTBYET
M30JIMPOBAHHBIM MUKPOCKOITUYECKHUM CHCTEMaM, KOTOPbIE IBOJIIOLIMOHUPYIOT YHUTAPHO.
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Tpernii muoxkutesr — (Jm_current(E)) — ¥). D10 pa3HOCTb MEKIY COCTOSHUEM-
noOenuTeNIeM B TEKYIeH BOIMHOBOU (yHKIMEH. IMEHHO 3TOT 4iieH OCYIIECTBISIET CENEKIUIO:
OH «BBIYMTAET» cTapyto cynepno3unuio ¥ u «zamemaer» e€ cocrosHueM-nodenuTenem. 3HaKk
MHUHYC TIepe]l BCeM BBIpaKEHHUEM 00€CIIeUnBaeT 3aTyXaHUe CTapbIX KOMITIOHEHT.

Takum obpaszom, ssapo K(W, E) ne nocrynupyercs otnenbHo. OHo BeiBoautcs u3 WTA-
MeXaHU3Ma, ONPEEICHUs] COCTOSAHUA-TIOOEIUTENS U TUCTepe3ucHOro mpasuia. Kax bl

AIIEMEHT SApa UMEET SICHBIN (PU3MUYECKHI CMBICI, M €r0 CTPYKTYpPa MOTHOCTHIO COTIIacCOBaHA C
BOCEMbIO apXUTEKTYpHBIMU TpeOOBaHUSIMU, cPopMyIrpoBaHHBIMU B [ 11aBe 4.

5.10. CorsiacoBanue npeacraBJIeHHil
I[J'ISI cily4dasa (bHKCHpOBaHHOFO OKPYIXCHUS, KOraa COCTOSHHUEC E OmnpeaAciICHO OJHO3HAYHO,

uHTerpupoBanue B (5.14) cuumaercs, u Beipaxkenue (5.15) nepexonut B (5.11). UHTerpansHoe
npezcrasieHue U sBHas WTA-popma coryiacoBaHsl.

5.11. BHemunuii curnaga V_ext 1 MOAYJIAALMS TOPOra

TpeboBanus 7 u § mpeanoaaraloT BO3MOKHOCTh BHEIITHETO BO3JICHCTBHUS Ha MPOIECC
CEJISKIIMH MPHU COXpaHEHUH PyHIaMEHTaIbHOU HEUTpaabHOCTH ApOuUTpa.

Bremnee Bo3aeicTBrE pealln3yeTcs 4epe3 MOAYJIALMI0 KPUTHYECKOT O ITopora:
N_crit = N_crit(V_ext) (5.17)
CurnanbHas QYHKIHS IPA TOM MPUHAMAET BHI:
o(N — N_crit(V_ext)) (5.18)
BHemHuit KorepeHTHbIN CUTHAN, CHHXPOHU3UPOBAHHBIN 1O (haze ¢ 0HOM U3 alnbTepHATHB,

CIMOCOOEH KOHCTPYKTHBHO MHTEPPEPUPOBATH C HEH, MOBbINIast €€ 3)PEKTUBHBIN BEC B MPOSKIMH
Ha MHTepdeiic.

5.12. YciaoBue n3MEeHEHHS UCX0/1Aa CeJIeKINN

Hcxon cenexunu onpeaensiercss Becamu B Marpuiie. OJJHaK0O BHEIIHUIN CUTHAI MOXKET
U3MEHUTD 3P PEKTUBHYIO POEKIIHIO BECOB, TEM CaMbIM U3MEHHUB UCXO/.

[TycTh anbTepHaTHBA @ UMEET BEC W_a, aJbTepHaTUBa b — Bec w_b, mpuuém w_a > w_b.
Jlnist Toro uToOsI anbTepHaTHBa b cTana nobdenuTeneM, He0OX0AUMO, YTOObI 3 (heKTUBHAS
MPOEKIHs €€ Beca MPeBhICHIIA MMPOSKIIMIO Beca a ¢ yUE€TOM Iopora rucrepesnca A.
VYciioBHE 3aMUCHIBACTCS CICTYIOIUM 00pa3oM:

w_b eff>w _a eff + A (5.19)

rie 3¢ (HeKTUBHBINA BEC OMpeneseTcs Kak:

w_k eff=w_k +n - A(V_ext, k) (5.20)
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3nech:
N — ko3 durment 3 HEKTUBHOCTH CUTHAIIA,
A(V_ext, k) — ammuintyia curiana, mojjaBacMoro Ha ajlbTepHATUBY K.
Jyist mpeo1oNieHusT pa3HUIIBI BECOB HEOOXO0IUMO:
n-A(V_ext,b)>|w_a—w b|+A(5.21)
Yem Ooutbliie pa3HHIIa BECOB, TEM OOJIbIIAs aMIUIATY/1a CUTHAIa Tpedyercs. Eciu pa3Huna mana
(51/49), nocraTouno cinaboro curnana. Eciu pazauna senuka (99/1), TpedyeMblii curHAI MOKET

OKa3aTbCia HEJOCTHXUMBIM.

ApOuTp pearupyer UCKIIOYUTENbHO Ha (DOPMATBHYIO CTPYKTYPY CUTHANIA —
aMIUIUTYNlY, YaCTOTY U KOT€PEHTHOCTh. dyH1aMeHTalIbHAsl HEUTPaJIbHOCTh COXPAaHSIETCS.

5.13. DHeprusi apxuBaunu

Kaxxaplil akT celeKIUU COMPOBOKIAETCA OTIPABKOW CUTHAJIA 3AIIUCH B
HNudopmanuonnyro Matpuny. [Tepenaua storo curnana uepe3 Ksantossiii Uutepdeiic TpeOyer
peo10JIeHHsI UH(OPMAIIMOHHOH BSI3KOCTH =.
Hcnons3ys npuniun Jlanaayspa, nosnydaem:

E archive =E - AS (5.22)
rae AS — pa3nocTb SHTponuH GoH HeiimaHa cucTeMsbl 10 U TIOCTIE KOJIarnca:

S(p) =-Tr(p In p) (5.23)
Jns kyOuTa ¢ AByMsI paBHOBEPOSTHBIMU aibTepHaTHBaMu AS = In(2), cieqoBaTensHoO:

E archive = E - In(2) (5.24)

JlaHHas BenmM4MHA Ype3BBIYAHO Maa, HO HE paBHA HYJIIO, YTO JIeIaeT MOJEIh
banscupurpyemMon.

5.14. UTtor MmaTeMaTH4eCKOro KapkKaca
B Hacrosiiel rinase nocTpoeH MOJHbIA MATEMATUYECKUI KapKac:
- u3 runote3sl WTA BeiBeneH WTA-uneH;
- OTIPEIENIEHO COCTOSIHUE-TT00eIUTENh Yepe3 Beca MaTpuilsl;,
- (popManm30BaH rucTEPE3nC KaKk MEXaHU3M YCTOMUHUBOCTH;

- YCTaHOBJIEHA CBSI3b BECOB M BOJIHOBOM (DYHKIIHH;
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- BeiBesieHo sipo K(W, E);

- TOKa3aHa COTJIACOBAHHOCTh UHTETPAIBHOTO U SIBHOTO MPECTABICHUN;

- OTIPEJIIICHO YCIIOBHE M3MEHEHHS MCX0/1a TI0]] ICHCTBHEM BHEITHETO CUTHAA;
- BBIBCJICHA SHCPIrUs apXruBalluu.

EnuHCTBEHHAs OCTaBIIAsCS HEM3BECTHAS — KOHKpEeTHBIN BuA pyHkiuu BecoB w_K(E).
OaHO U3 BO3MOXHBIX HallpaBJICHUN:

w_Kk(E) = exp(-B H_int(k, E)) (5.25)

rae H int — sHeprus B3anMoIeCTBHS CUCTEMBI B COCTOSTHUU k ¢ okpyxkenueM E, f —
napameTp, UMEIOIUI CMBICT 00paTHOW TEMIEPaTypHI.

[TpoBepka 3TOro MpeanoiokeHus U Haxoxaenue TouHor popmbl w_k(E) cocTaBistoT mpeamer
MalIbHEUIINX UCCIENOBAHUN.
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I'maBa 6. JxkcnepuMeHTAJIbHbIE METO/IbI IPOBEPKHU IMIOTE3bI

Jlrobas pusmdeckas TuIoTe3a, MPETCHIYIONIAst Ha onrcanre QyHIaMEHTAILHBIX OCHOB
peanbHOCTH, 00s13aHa Tpe/TaraTh KOHKPETHBIE, BOCIPOU3BOAUMBIC U (aibCHDUITPYEMbIC
HKCIIEpUMEHTAIbHbBIE METObI IIPOBEPKU. B 1aHHOI ri1aBe copMynmMpoOBaHbI TAKUE METOIBI,
BBITCKAIOIINE U3 TPEIUIOKECHHON apXUTEKTYpHOU Moaenu. [l KaKa0ro mpecka3aHus yKa3aHbl
TEopeTUYeCKast OCHOBA, 0’KUIACMbIi OPSI0K A deKTa, mpeiaraemas SKCrepruMeHTaIbHas
YCTaHOBKA M METOJIKA aHATU3A.

6.1. ITouck r3neprernyeckoro ciaena apxupamum (E_archive)

TeopeTuyeckasi 0CHOBA.
Kaxk nokazano B pazzaene 5.13, Ka bl aKT CEJIEKIMH COMTPOBOXKIACTCS Nepeiaueii curHaina

—
(=)

3anucu B npopmanmonnyto Marpuny. [Ipeonosnenue nupopMaoHHOH BSI3KOCTH = TpeOyeT
3arpat 3Hepruu. [lonHplil sHEpreTHUecKnii OajlaHC aKkTa U3MEPEHHUS 3alUChIBACTCS Kak:

E_meas = E_collapse + E_archive
B crannaprHoii kBaHTOBOM Mexanuke E_archive = 0. Mozenb npeicka3bIBaer:

E archive=Z - AS
Jlns kyOuTa ¢ AByMSI paBHOBEpPOATHBIMU alibTepHaTUBaMu AS = In(2), cienoBarenbHO:

E archive =Z - In(2)

Oxupaemblii MacuTad 3¢ ¢exra.
@dyHaMeHTaIbHast KOHCTaHTa & HKCIEPUMEHTAIbHO HE onpeieneHa. DPQeKT napaMmeTpusyercs
KaK MaJjiast 107151 O OT XapaKTEepPHON SHEPIUU CUCTEMBI:

E_archive =6 - E_system
W3 pazMepHBIX COOOpaKeHUN:

& ~t_Planck / t_meas
JUis TUIMAYHBIX KBAHTOBBIX U3MepeHuil t meas ~ 107° ¢, yto 1aét 6 ~ 107, D10 HaxXOIUTCA
JTAJIEKO 3a MpeieaMH YyBCTBUTEIbHOCTH COBPEMEHHBIX TPUOOpoB. OTHAKO /711 CUCTEM C
HKCTpEMaNIbHO OBICTPBIMU TpolieccamMt ((pU3MKa BBICOKMX PHEPruil) t meas MOXKeET ObITh Ha
MOPSIKA MEHBIIIE, U O MOXKET 0Ka3aThCsl B MpeiesiaX JOCIraeMOoCTH OYAyIINX SKCIIEPUMEHTOB.

IIpensiaraemast ycraHoBKa.
Haubonee nepcniekTUBHOMN MIaTGOPMOI ABISIOTCS MPELM3UOHHbBIE HHTEPPEPOMETPUUECKUE
HKCIIEPUMEHTHI C OJJUHOYHBIMU (poTOHaMU. [IpuHIMITHANBHAS cXeMa BKIIIOYAeT:
UCTOYHUK OJIMHOYHBIX (DOTOHOB C KOHTPOJIMPYEMOH 3Hepruei (mapamerpuueckuii down-
conversion ¢ HakKaykoi OT CTaOMIM3UPOBAHHOTO Jla3epa);

unteppepomerp Maxa-Llenaepa, obecrieunBarOIMiA CYyNEPIO3UINIO IBYX MPOCTPAHCTBEHHBIX
MO,
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0THO(DOTOHHBIE IETEKTOPHI HA OCHOBE CBEPXIPOBOJISIINX HAHOMPOBOJIOUHBIX CTPYKTYp (SSPD)
WK JTaBUHHBIX (poToaronoB (SPAD) npu KproreHHBIX TeMIieparypax;

CUCTEMY IIPELHU3UOHHON KaIOPUMETPUH UJIH CIIEKTPOCKOIIUU CBEPXBBICOKOTO pa3pelieHus,
CrocoOHYI0 (hMKCHPOBATh SHEpreTudeckuit gedunut nopsiaka 1072 5B u Hinke.

Metoauka anajaun3za.
DKCHEepUMEHT COCTOUT B HAKOIUIEHWU CTATUCTUKU MO MUJUTMOHAM aKTOB U3MEpPEHUs U
MOCTPOCHUHU PACTIPEICIICHUS] pErUCTpUpyeMoii sHepruu GpoTtoHa. CTaHIapTHAS KBAHTOBAs
MeXaHHKa MpeACKa3bIBACT TOUHOE COBIAJICHUE CPEHEN SYHEPTUH C SHEPTUEH UCXOTHOTO
dorona. Mozens npecKa3pIBaeT CHCTEMAaTHIECKUI CIIBUT B CTOPOHY MEHBIITUX YHEPTUI HA
BenuuuHy E archive. KimtoueBoli kputepuii — He ciiydaliHOE OTKJIOHEHUE B OTACIIBHBIX
COOBITHSX, @ CTATUCTUYECKHN 3HAYUMBIN CUCTEMATUUYECKUN C/IBUT, BOCIIPOU3BOISIIIIUIACS B
Pa3IMYHBIX CEPUIX U3MEPECHUIA.

Heo0xonnmble yciioBus.
Temneparypa — MHIUTUKEIILBUHOBBIN Tana3oH. BUOpou30msus u 3JeKTpoMarHuTHOE
HKpaHUPOBAHNE — MaKCHUMaJIbHBIE. BpeMst HaKOTIICHHs CTATHCTUKU — MECSIIbI HETIPEPHIBHOM
paboTHI.

6.2. IloMCK cTATHCTHYECKHX AHOMAJIMI B KBAHTOBBIX IKCIIEPUMEHTAaX

Teopernueckasi ocHOBA.
HudopmarinonHast BI3KOCTh = HE SBIISETCS YHUBEPCAIBHON KOHCTaHTOW. OHA MOXKET
(GIYKTYHpOBaTh B 3aBUCUMOCTH OT JIOKATBHBIX (PH3UYECKHUX YCIOBHMA. DTH (QIyKTyaIruu
BBI3BIBAIOT COOTBETCTBYIONIUE (DIYKTyalluu BEPOSTHOCTHBIX BECOB AJIbTEPHATHB, TOCTYITHBIX
yepe3 KBanTossiit aTepdetic.

O:xnaemMblii NOPAAOK BeJIMYHHBI.
OTKJ’IOHGHI/ISI OXHNIOAKTCA Ha ypOBHe, SHAYUTCIIBHO MCHBIIIEM CTATUCTHUYCCKUX HOFpeHIHOCTCI\/JI
eAMHUYHBIX N3MepeHuid. s ux oOHapyKeHus: HEOOXOJMM aHaJIN3 MAaCCHUBOB JIAHHBIX,
COJIEpXKAIINX MIJITUAP/IBI COOBITH.

HcTounnk TaHHBIX.
HanOonee moaxoasimmM HCTOYHUKOM SIBJISIFOTCS JJaHHbIe BoibIIoro agpoHHOro Koutaiaepa
(LHC), nakoruiennsie nerekropamu ATLAS, CMS u LHCb. OHu peructpupyroT MULIAap/abl
COOBITHH B rOI.

Meroauka anajausa.
[Touck cucreMaTH4ecKX OTKJIOHEHUH HAOII0aeMbIX YaCTOT KBAHTOBBIX IPOIECCOB OT
npenackasanuii CrannaptHoit moaenu. KimodueBol KpuTepuii — KOppemsusl OTKJIOHEHNH C
BPEMEHHBIMHU MJIU MIPOCTPAHCTBEHHBIMU (haKTOpamMH (BpeMeHEeM CYTOK, (a30i JIyHbI, CE€30HHBIMU
BapHalMsIMK ), UYTO YKa3bIBaJI0 Obl HA BapHallUy HH(OPMALIMOHHON BSI3KOCTH =.

IIpoTokosimpoBanue ycJI0BHI.
Ecnn = BapbupyeTcs B IPOCTPAHCTBE, UICHTUUHBIE SIKCIIEPUMEHTHI B pa3HbIX TOUKaX IJIAHETHI
MOT'YT JaBaTb CTATUCTUYCCKU PA3JINYAOIIHUECA PE3YIbTAaThI. HeO6XO)II/IMO JOKYMCHTHUPOBATH
TOYHOE BPEMs1, MECTO, JIOKaJIbHOE TEOMAarHUTHOE I10JI€ U IPaBUTALMOHHBIE AHOMAJIUH.
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6.3. Ilouck paykryanuii BpeMeHH KOJLJIANCA B ATTOCEKYH/IHbIX
IKCIEPUMEHTAX

Teoperuyeckas 0OCHOBA.
Bpewms, Heobxoaumoe ApOuTpy [Utsl 3aBEpILIECHUS aKTa CeNIEKIIUU, OTIPEAeIseTCs] BpeMEeHEM
peoaoaeHIs HHPOPMAIIMOHHOU BSI3KOCTH =. [TocKONbKY E QIIyKTYyupyeT, BpeMs Kojuiarnca
JOJI’KHO J€MOHCTPUPOBATh CTAaTUCTHUUECKUIA pa3opoc.

IIpensnaraemasi yctaHoBKaA.
Heo6xoanMbl METOIbI aTTOCEKYHIHOM (pU3MKH. ATTOCEKYHIHbIE Ja3epHbIC UMITYIIbCHI
HCIIOJIB3YIOTCS ISl CBEPXOBICTPOrO U3MEPEHHS COCTOSIHUSI KBAHTOBOM CHCTEMBI B IpoIiecce
JIEKOTE€PEHIIMH U MTOCIEAYIOLIEro Koulanca. M3Mepsemas BelnuMunHa — 3aJepiKKa MEX1y
JOCTHKEHUEM KPUTUYECKOTO MOpora JeKOrepeHInH U (puKcalrel KJIacCuYecKoro pe3ynbrara.

MeToauka aHaJu3a.
BwmecTo nmoucka ogHOro GMKCHPOBAaHHOT'O BPEMEHH KoJIIarica SKCIEPUMEHT J0KEH U3MEPATh
CTAaTHCTUYECKOE PACTIPEICIICHNE ITHX BPEMEH U UCKATh (UIYKTYAIMH, BEIXO/ISIINE 32 TIPEIEITbI
MHCTPYMEHTAJIbHBIX MOTPEIIHOCTEN.

6.4. Ilouck cjie0B MpeabIAyIIMX HUKJIOB B PEJIUKTOBOM U3JIyUYeHUH

Teopernyeckasi OCHOBA.
PenukToBOE M3IIy4eHNE HHTEPIIPETUPYETCS KaK SHEPTUsl ApXUBALIUU, BBIJCIUBIIASCSA IPU
3aBepieHu” npeapaymiero nukia (I'nasa 7). Kaxaplid akT cenekiun B mpeabayei
Bcenennoii ocraBun suepreruyeckuit ciesi. Ocodo MoIHbIe COOBITHSI — KOJUIATIChI
KPYITHOMACIITA0OHBIX CTPYKTYP — MOTJIM OCTaBUTh 3aMETHBIE OTMETHHBI.

JlaHHbIEC 1 HHCTPYMEHTHI.
Hannbie Planck 1 WMARP, B nepcriektuBe — LiteBIRD 1 CMB-S4.

MeTtoauka aHajn3a.
ITorck ABYX TUIIOB aHOMAJIHA:

- KpYITHOMACIITaOHbIX CTPYKTYP WJIM KOPPENSALUii, He 00BICHUMBIX CTaHJApTHON
MHQISAIMOHHON MOJIETIBIO;

- «rOpsTYMX TOYEK» — 00JacTeil ¢ aHOMaJIbHO BBICOKOI SHEprHel, COOTBETCTBYIOIIMX MECTaM
PacIoIOKeHNs YEPHBIX JbIP WA HEUTPOHHBIX 3BE3] B IPEIBLAYIIEM LIUKIIE.

KiarwueBoe oTiimume 0T CTAaHAAPTHON MO/IeJIH.
[Tpenckas3piBaeTcss HETrayCCOBOCTh (IYKTYaIMil PETMKTOBOTO U3TyUYSHHUSI.

6.5. Ilouck TeMnoOpaJIbHON HEJOKAJIBbHOCTH

Teoperuyeckas 0OCHOBA.
Cornacuo Tpe6oBannio 6 (TeMmopaibHas HENOKATBHOCTE), OTIepaTop A (pUKCHpYET IPHUNHHO-
CJIEZICTBEHHBIE CBSI3U MEXI1Y BHIOPAHHBIM COCTOSTHUEM U BCEMHU dJIEMEHTaMU MaTpulbl,
HE3aBHCHMO OT BPEMEHHON METKHU. AKT KOoJuIarca B MOMEHT ti OCTaBIISIET CJIe] HE TOJIBKO B
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HACTOSIIEM, HO U B CTPYKTYpE KOPPEISIIIUI ¢ COOBITHIMH, KIACCUPHUIIUPYEMBIMH KaK MPOIILIbIC
wim Oyaymue.

CTaTucTU4ECKH 3TO MPOSBIIAETCS KaK HaJIMUKUE KOPPEJSLMA MEXAY pe3ylbTaTaMu
IIOCJIEZI0BATENbHBIX KBAHTOBBIX M3MEPEHUN, BBIXOJALINX 3a IIPEAEibl CTAHIAPTHBIX MAPKOBCKHUX
IIpoLeccoB. B cTaHIapTHON KBAHTOBOM MEXAHUKE PE3YJIbTaThl I0CIEA0BATEIIbHBIX U3MEPEHUN
HaJl HE3aBUCUMO IIPUTOTOBJICHHBIMU CUCTEMaMU CTATUCTUYECKU HE3aBUCUMBIL. B mipearaemoit
MOJIETIH CYIIECTBYET CBepXciaadas, HO IPUHIUINAIBLHO HEHYJIEBask KOPPEIISIIHSL.

IIpensnaraemplii JKCIIEPUMEHT.
JlonroBpeMeHHbBI MOHUTOPUHI CTATUCTUKH KBAaHTOBBIX U3MEPEHUN — pacnagoB
PaAMOAKTUBHBIX U30TOIOB MJIM T€HEpALlMU CIy4alHbIX YMCeI Ha KBAHTOBBIX nponeccax. [lonck
ABTOKOPPEISAMOHHON (DYHKITUH C HEHYJIEBBIMY 3HAYCHUSIMH HA MHTEpPBaIaX, 3HAYUTEIHLHO
MIPEBBIIIAOIINX BPEMsI IEKOTEPEHIUH.

3HAYNMOCTb.
OO6HapykeHue CTaTUCTUYECKH 3HAUMMbIX KOPPEJSLUI CTajo Obl MPSMBIM yKa3aHUEM Ha
TEMIOPATbHYIO HEIOKAIbHOCTh oneparopa A.
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I'nasa 7. KocmoJiornueckue cJiaeacreusa: Becesiennaag Kak
o0yuariasicsi cucreMa

OT apXuTEeKTYpPbI PeaIbHOCTH K apXUTEKTYype KocMoca

[TpennoxxeHnHas B mpeIbIIyIINX ITIaBaxX apXUTEKTypHAsk MOJEIb PEATbHOCTH —
WNudopmannonnas Marpuna, Kanrossiii Uarepdeiic, Apoutp u Knaccuueckas Ipoexiust —
HE OrpaHMYeHa MUKPOCKOIIMYECKHM YPOBHEM KBaHTOBBIX M3MepeHui. Ecnu Hamm moctynaTsl
BEPHBI, Ta K€ APXUTEKTypa JODKHA OMPEEIIATh U KPYITHOMACIITAOHYIO CTPYKTYpPY
MUpO3AaHus. B 1aHHOH ri1aBe Mbl pa3BOpayMBaeM KOCMOJIOTHUYECKUE CIESACTBHS MOJIEIH,
JEMOHCTPHUPYSL, YTO OHA MpeJyIaraeT CBA3HYI0 U BHYTPEHHE HEIPOTUBOPEUNBYIO KAPTHHY
sBOTIONNHU BeenenHoit, cBOOOAHYIO OT psifa GyHIaMEHTANBHBIX TPYIHOCTEH CTaHAAPTHOU
KOCMOJIOTHH.

7.1. Kpu3uc cranaapTHOM KOCMOJIOTMHU

CrannaptHas kocMmonorudeckas mozenb (ACDM) onuceiBaeT Beenennyro kak
BO3HUKIIYIO B pe3ynbrare bonbioro B3peiBa 13 Ha4aIbHON CHHTYJISIPHOCTH TPUOITM3UTEIHLHO
13.8 Muumapa et Hazaj. JlaHHas MOJEINb YCIeIHO OOBSICHSIET MHOYKECTBO HAOIIOAATeITbHBIX
JAHHBIX, BKJIFOYAst KPYITHOMACIITA0OHYIO CTPYKTYPY, IEPBUYHBIA HYKICOCUHTE3 U CIICKTP
baykTyanuii peukToBOro u3nydenus. OqHaKo cTaHIapTHAS MOJIENb CTAIKHUBACTCS C PSAIOM
byHIaMeHTaIbHBIX TPYAHOCTEH:

IIpo6aema cunryasippoctu. Mojienb npeanosaaraeT HayaJlbHOE COCTOSIHUE ¢ OECKOHEUHOU
MJIOTHOCTBIO M TEMITEPATypOi, B KOTOPOM M3BECTHBIE 3aKOHBI (PU3UKHU TEPSIIOT TPUMEHUMOCTD.
Hanuuue cunrysnspHocT B PyHIaMEHTATLHON TEOPUU OOBIYHO pacCMaTPUBAETCS KaK MPU3HAK
e€ HenosiHOTHI. Cam TepmuH «bombioit B3peiBy siBisieTcss Metadopoii, 3a KOTOpOil HE CTOUT
MOHUMAaHUA (PU3MYECKOTO MEXaHU3Ma.

IIpo6saema ropusonra. Paznuunsie obmactu BeeneHHoM, KOTOpble HUKOTIa HE HAXOIUITUCH B
MPUYUHHOM KOHTAKTe APYT C IPYrOM, UMEIOT IPAKTHUECKHU OJIMHAKOBYIO TEMIIEpaTypy
penuKTOBOTO M3NydeHus. [ljis o0bsacHeHus 3Toro (akra cTaHAapTHAs MOJEIb BBOAUT
TUTMOTETUYECKYIO0 MHDISIUOHHYIO CTa/INI0, (DU3MUECKU MEXaHU3M KOTOPO ocTaércs
MPEIMETOM TUCKYCCHIA.

ITpupona Témuoi MmaTepuu u TéMHOI 3Heprun. Oxoino 95% coaepxumoro Beenennoi
MPUIHCBIBACTCA CYIIHOCTAM, IPHUPOJa KOTOPBIX HCU3BCCTHA, HCCMOTPA Ha ACCATUIICTHA
HKCIIEPUMEHTAIbHBIX MOUCKOB. Hu yacTuipl TEMHON MaTepuu, HU GU3HMUECKUN MEXaHU3M
TEMHOM SHEPruu He OOHAPYKEHBI.

IMapanokc Y366a. Haomonenus JWST oOHapyXHBarOT 3peiibie, MOJTHOCTHIO ChOPMHUPOBAHHBIC
raJlakTUKH B paHHell Beenennoii (z > 10), cymecTBoBaHHE KOTOPBIX TPYJHO COTIACOBATH CO
CTaHAAPTHBIMH MOJACIISIMU 3Bé321006p330BaHI/I$I U 3BOJIFOIIUU I'aJIaKTUK.

B nmanHOI TJ1aBe MBI ITOKa3bIBaEM, YTO apPXUTEKTYPHASI MOJICIb TIPe jIaracT pericHme
KaKJIOM U3 ATUX MPOOIIEM.
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7.2. bosb1oil B3pbIB Kak aKT MaTepUaJIn3aluu

B pamkax npemnaraemoit Mmojenu coObITHE, TPATUITMOHHO Ha3bIiBaeMoe bobmm
B3pbeiBoM, HE OBLIIO HU B3PHIBOM B OOBIYHOM MMOHUMAHUU, HU BOSHUKHOBEHHEM BceneHHoi u3
Hudero. OHO MpeAcTaBIsIo co0oil mepBbIii 1 Hauboaee MacTadubli akT WTA-cesekuun B
TEKYIIEM IUKIIE.

Apbutp, cnenys pyrnamenraasHomy npuniny Winner-Takes-All ¢ rucrepesncom,
OCYIIECTBHUII BHIOOP M3 BCEr0 MHOKECTBA BO3MOYKHBIX KOH(HUTYpaluii BeeeHHOM, X paHsmmXcs
B Mndpopmannonnoit Marpuiie. Pe3yibTaToM 3TOr0 BEIOOpA SABMIACH MATEPHATH3AIIHS
Kitaccnueckoit I[Tpoekin — 0JHOMOMEHTHOE MPOSIBIICHHE MPOCTPAHCTBA-BPEMEHH, MAaTEPHHU U
SHEPIHH.

[IpuHIMIMATBEHO Ba)KHO, YTO 3TOT aKT HE OBbLI MPOU3BOJIBLHBIM. Bei6op ApOutpa
omupacs Ha BEpOATHOCTHBIE Beca, CHOPMHUPOBAHHBIE TIO UTOTAM BCEX MPEAbIAYIINX IIUKIOB. Te
KOH(UTYpAIHH, KOTOPBIC B TIPOILIBIX UTEPAIUAX TIOKA3ATIU CBOKO CIIOCOOHOCTH K YCTOWYHUBOMY
CYILIECTBOBAHMIO, MOJTY4YHIIM O0JI€e BHICOKHE BECA U, CIIEOBATEIbHO, ObLIM BHIOPAHBI C OOJIbILIEH
BEPOSATHOCTHIO.

Hukakoli cuHrynsapHocTu ¢ 6€CKOHEYHBIMU TapaMeTpaMu He TpeboBanoch. MiMen mecto
aKT CEJICKIINH, TOTYUHSIONINIICS TeM ke 3aKOHAM, KOTOPbIE YIPABISIOT KaXKIbIM €IMHUYHBIM
KBaHTOBBIM KoJutaricoM (cm. I'laBy 5, ypaBHeHue juist oreparopa A). Pasuuma Mexy
KOJUTAIICOM BOJTHOBOHM (DYHKIIMH 2JICKTPOHA M POXKACHHEM BceneHHOM — He KadeCTBeHHAs, a
KOJIMYECTBEHHAS: MACIITA0 CHUCTEMBI M YHCIIO BOBJICYEHHBIX CTETICHEH CBOOO/TBI.

OpnnopoaHocTh BeeneHHOM B ATON MOJIENH SIBJISIETCS IPSIMbBIM CIIE€ACTBHEM TOTO, UTO
Knaccuueckas [Ipoekius Obuia nposiBiieHa Kak enHoe 1enoe. [Ipobiema ropuzoHTa CHUMaETCst
0e3 npuBIeYEHNS UHOIAUH.

7.3. PesiiKkTOBOC M3/IyUYeHHE KAK JHEPTUs APXUBALMHU NPeAbIAYLIero
M KJIA

B cranagapTHOI KOCMOJIOTUH PETMKTOBOE U3JIyY€HNUE UHTEPIIPETUPYETCS KaK CBET,
BBICBOOOIMBILIUICS B 310Xy pekoMOuHaimu, yepes 380 Toicsay jieT nocie boabiioro B3peisa. B
npeJiaraéMoi MO/IeNu 1aHHbIN ()eHOMEH MOoIy4yaeT NPUHIUIHATIBHO UHYI0 HHTEPIIPETALINIO.
PenukroBoe u3iydeHue npeacTaBiseT co00il IHeprui0 apXuBauuu, BbIJCTUBIIYIOCS IIPH
3aBEpILEHUH MPEJIbIIYIIEero HUKIa U TMepeleanIyio B HOBBII IMKI B KauecTBe (HOHOBOTO
CBOMCTBA.

B I'maBe 5 MbI BBIBEIM COOTHOLICHUE IJIs SHEPTUH, 3aTPAYMBAEMOM Ha apXUBALIUIO
enuHUYHOTO akTa cenekiun: E_archive = E - AS rae E — uHdopmannonHas BI3KOCTh
KBanrtoBoro Mnrepdetica, AS — paznocts suTponuu ¢pon HeliMana cuctemsl 10 U 1ociie

KoJarica.
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[Ipu 3aBepiieHUN UKIIA TPOUCXOIUT II100aIbHAs apXUBalUs Bcel HHPOPMAIIHH O BCEX
COOBITHSIX, MPOU3OILEIIINX B JaHHOM utepanuu Beenennoii. CymmapHas sHeprus,
BBIJICTIMBIIASICS [IPU 3TOM, COCTABIISET:

E CMB=Z"-X cycle AS

Orta 3Heprust He paccenBaercs U He ucuyesaeT. OHa NEPEXOANUT B HOBBIN IIUKI KaK
HeoThemIieMoe (poHOBoe cBoiicTBO HOBOM Knaccnueckoit [Ipoekunn u HabmogaeTcst Kak
PEIMKTOBOE U3JIyYeHHUE ¢ TeMnepaTypoi okoio 2.7 KeiabBuHa.

JlarHast UHTEpHIpETaIs OOBSICHSIET BEICOKYIO CTENIEHb H30TPOIHU PETUKTOBOTO
u3Ny4eHus 0e3 MpUBJIeUCHUs TUIIOTETHUECKON HHPIALMOHHON cTaauu. M3oTponus sBisiercs
€CTECTBEHHBIM CJIEJICTBUEM TOT'O, UTO PEIIMKTOBOE M3IyUCHHE MPEICTABISAET COO0M
MHTETPAIbHBIN SHEPTeTUYEeCKUil clie/l OT 1emnoi npeapiayieit Beenennoii. MenkoMaciraOHbie
daykryaruu (AT/T ~ 107°) MOTYT HHTEPIIPETHPOBATHCS KaK CJICIbI OTACIBHBIX, 0CO00 MOIIHBIX
COOBITHIA B MPEABAYIIEM LUKIIE — TaKUX KaK KOJIJIAChl KPYITHOMACIITAOHBIX CTPYKTYD,
YEPHBIX ABIP U HEUTPOHHBIX 3BE3.

7.4. llukan4yeckas KocMoJiorusi: BecesieHHast kKak 00y4yaroumiascs cucrema

N3 apXuTeKTypHOI MOJIEIHN €CTECTBEHHO BHITEKACT IIUKINYECKAss KOCMOJIOTHS.
Bcenennas He pacuupsieTcsi BEUHO M HE MPUXOJIUT K COCTOSTHUIO TEIIOBOM cMepTu. OHa
MIPOXOUT Yepe3 MOCIEI0BATEIbHOCTD IIUKIIOB, KaXIBIA U3 KOTOPBIX COCTOUT U3 (ha3bl
pacipenus v (pas3bl CxKATUS.

®a3a pacmmpenus. B HacTos1ee BpeMs Mbl HAX0IUMCS B 3TOH (haze. Y CKOpeHue pacluIupeHus,
IIPUMHCHIBAEMOE B CTAHAAPTHONW MOJIETN TEMHOM SHEPTUU, HHTEPIIPETUPYETCS 3/1€Ch KaK
€CTECTBEHHAs TUHAMHUYECKasl XapaKTepUCTUKA JaHHOH (a3bl, a HE pe3ysIbTaT AeUCTBUS 0CO00M
cyOcTaHIIHH.

®a3za cxatus. Korna muiotHocts cBepiuuBLieiicss nuopmanuu B Kiaccuueckoit [poexunun
JIOCTUTHET KPUTUYECKOI0 3HAYECHU, PACIIUPEHUE CMEHUTCS cxkaTheM. 11o mepe cxxaTus
HapacTaeT CTENEeHb JEKOTePEHINH, YTO IPUBOJUT K TOBCEMECTHOM akTHBalUU ApOuTpa.

I'nobanbuas apxuBanus. @rHaAIOM CKaTUA SBISETCS HE KOJUIAINC B CUHTYJISIPHOCTD, a
OJIHOMOMEHTHas Iiepeaya Bcel nHpOopMaIuu O 3aBepIIuBILeMcs ukie B MIHpopMamoHHyo
Marpuny. Cymmaphas sueprus atoro npornecca, E_CMB = E - £AS, craHOBUTCS pelTUKTOBBIM
U3ITy4EHUEM JUIS CIIEAYIOIIEro UKJIA.

OOy4yeHue Me:RIY HUKJIaMH. 31ech BcTynaet B feiictBue TpedoBanue 6 (TemmopansHas
HEJIOKAIBHOCTH), chopmynupoBaHHoe B [ 1aBe 4. Ha nmpoTspkeHHM BCero nukIia onepaTop A He
MIPOCTO OCYIIECTBIISI CEJIEKITUIO0 COCTOSTHUM, HO U (PUKCHUPOBAIT CBSI3U MEKy HUMH —
r100aTbHYIO CETh TPUYUHHO-CIIEICTBEHHBIX OTHOIIIEHUH, OXBATHIBAIOIIYIO BCE
MPOCTPAHCTBOBPEMSI [IUKJIA.

[Ipu 3aBepiIeHNH NUKIIA 3TA CETh apXUBUPYETCS B MaTpule Kak eauHas
nH(popMalmoHHast cTpyKTypa. Ha e€ ocHOBe MpOonCX0auT KOPPEKTUPOBKA BEPOSITHOCTHBIX BECOB

AJId CJICAYIOICTO HKIIA. KOH(I)I/IpraLII/II/I, YbU TPACKTOPUU B CCTU CBsI3ei IMPUBCIIN K
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YCTOHYMBOMY Pa3BUTHIO, TOTYYalOT MOBbIIIEHHbIE Beca. KoHurypauuu, 4bu TpaeKTOpun
IIPUBEJIN K MIPEKICBPEMEHHOMY KOJUIATICY UM TYIMUKOBBIM COCTOSIHUSAM, — MOHMKAIOTCS.

Takum 00pa3om, KaXKablii HOBBIN IIUKJI HE SBIISIETCS TOYHON Komuel npeapiaymiero. O
SBJISIETCS pe3yJbTaTOM 00yueHusi MaTpuIbl Ha ONBITE BCEX MPEIISCTBYIONINX UTEPALIUH.
Bcenennas B esioM mpeicTaBisieT co00i He 3aCTBIBUIYIO JAHHOCTD, @ 3BOJIIOLMOHUPYIOIIYIO,
00y4aroIyIOCs CUCTEMY.

JlaHHBIN MeXaHU3M OOBACHSET TaK Ha3bIBAEMYIO «TOHKYIO HACTPOMKY»
byHIaMeHTalIbHbIX KOHCTaHT. OHU He ObLIN 3aJjaHbl U3HAYAIBHO U HE SBJISIIOTCS CIIy4allHbIMH.
OHu cyTh pe3yibTaT 3BOJIIOIMOHHOTO MPOIIecca, OXBATHIBAIOIIETO0 MHOKECTBO IIUKIIOB, B XO€
KOTOPOT0 OTOMpaNNCh KOH(MUTYpalK, CIOCOOHBIE OJACPKUBATH YCTOMYHUBOE CYIIECTBOBAHUE.

7.5. Pemienune mapagokca yY300a

Kak Obu10 mokazano B pazzaene 1.3, oOHapy»eHHe 3pebIX TajJakTUK B paHHE!
Bcenennoii nony4aeT B paMKax IUKINYECKON MOJIETN €CTECTBEHHOE O0BsICHEHHE. 31€Ch MbI
yrIIyOuM 3TOT pe3ynbTar.

OTH ranakTuku He (OpMUPOBAIKCH TIOCTETIEHHO B TEUSCHHE MIILTHAPAOB JieT. OHU ObUTH
MaTepUaJIM30BaHbI B )K€ 3p€IIOM BUJC IIPHU HaYajie TEKYILLEro LUKJIa.

ApOuTtp, coBepliiasi akT MaTepraIn3aluy, He co3aaBan Beenennyro u3 uudyero. O
OCYIIIECTBIISLT CENEKIIMIO U3 BCET0 MacCuBa MH(GOPMAIMOHHBIX CTPYKTYP, HAKOTUICHHBIX B
ManI/IIIe 10 UTOTraM MpEAbIAYIINX LTUKIIOB. HawuOoiee yCTOfI‘-IPIBLIC 1 ODHCPIre€TUYCCKU BBITOAHBIC
KOH(UTYpalu, JOKa3aBIIHe CBOIO COCTOSTEIILHOCTh B MPEIIIECTBYIOMINX UTEpaIlUiX, —
CIIMPAJIBHBIC U SJITTMIITHYCCKUC I aJIaKTUKH, 3Bé3)1HI)I€ CKOIIVJICHUSA, — ObLIN IMPOSABJICHBI B HOBOM
[UKJIIE B YK€ cpOpMHPOBAHHOM BH/IE, 10 ApXUBUPOBAHHOMY YEPTEKY.

OHHU HE IBOTIOIMOHUPOBATIM 3aHOBO. OHU OBUTH BOCCO37aHbl TAKUMHU, KAKIMH HX
«3anoMHuiIa» Marpuua no uToraM npeablAylero yCnenHoro muKia.

7.6. TémHass MaTepusi KAK TPAaBUTAIIMOHHAS TEHb HEBOCTPEOOBAHHOM
uHopmanuu

Kak Obu10 oT™MeueHo B paszene 1.3, rpaBuTanimonHblie 3G QeKThl, TPUIHUCHIBAEMbIE
TEMHON MaTepuH, MOJYyJal0T B paMKaXx MpeJjiaraeMoi MOJENN aJbTepHATUBHOE O0OBSICHEHUE.
31eck MBI pa3BepHEM ero mojapoOHee.

[Tpu rmo6anbHOM apXUBaIMU B KOHIIE TTPEABIAYINEro UKIa B MaTpuiry Obljia nepenana
uH(popMaIrs 0 Bcex 00bekTax Toi BeenenHoii. OHaKO MpU MaTepuaId3alii HOBOTO IUKJIA
JTaTIeKo He BCs ATa nHopMarus Obljia BocTpeOoBaHa. 3HaUNUTEIbHAS €€ YacTh OCTAach B
Martpuiie B kKauecTBE HEBOCTPeOOBAHHOTO OCTaTKa — MH(OPMAIINH O CTPYKTYpax, KOTOpPbIEe HE
OBLTH TIPOSIBIICHBI B HOBOW UTEpAITUH.

Ota uHbopMaIus IpoAOoKaeT CylecTBOBaTh B Marpuiie. OHa He MPOSIBIIIETCS B
Knaccuueckoit [Ipoekiinu B BUjI€ BEIIECTBA WK U3JIYICHUS, HO, OyTydH SJIEMEHTOM €TMHOU
APXUTEKTYPbI PEATBHOCTH, OKAa3bIBAE€T IPABUTALIMOHHOE BIIMSIHUE HA TKAHb IIPOCTPAHCTBA-
BPEMEHHU TEKYIIETo IUKIa. IMEHHO 3TO BIMSIHUE W PETUCTPUPYETCS aCTPOPU3NIESCKUMHU
HAOIIOIEHUSIMU KaK JOTIOTHUTEIbHAS TPaBUTALIHS.
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Takum oO6pa3om, TEMHas MaTEpHsl B JAHHOM MOJIEIM — 3TO HE HOBBIM THIT YACTHII, a
rpaBUTAlMOHHAS] TCHb HEBOCTPEOOBAHHON MHPOPMAIIMH U3 MPEABIAYIIECTO MUKJIA. ITO
O0OBSCHSET, TOYEMY YaCTHUIIBI TEMHON MaTepuH HE yAaETCsl OOHAPYKUTD B JTAOOPATOPHBIX
AKCIIEPUMEHTAX, HECMOTPS Ha JIECATUIICTHUS TIOMCKOB: UX HE CYIIECTBYET KaK YaCTHII.
Hab6nronaeTcst muinb rpaBUTAMOHHBIN 3P PEeKT 0T HHHOPMAITMOHHBIX CTPYKTYP, HE UMEIOIINX
MaTepUaJIbHOTO BOIUIONICHUS B TEKYIIEM IIUKJIE.

7.7. Cyab6a BeesieHHOIi: He TeNJ10Basi CMePTh, 3 HOBbIH IUKJI

CrangapTHas KOCMOJIOTHUS PECKa3bIBAET TPU BO3MOKHBIX CLIEHApHUs OYAYIIEero
BcenenHoii: 6eckoHEUHOE pacIIUPEHUE U TEILIOBYIO CMEPTh, OCTAHOBKY PACIIUPEHUS U
CTarHaiuto, 100 cxxaThe 0OpaTHO B CUHTYIISIPHOCTb.

[Ipennaraemast Mozenb npeayiaracT YeTBEPTHIM My Th. TEKYIIMNA HUKII 3aBEPILINATCS HE
TEIUIOBOM CMEPTBIO U HE KOJUIAIICOM B CHUHTYJIIPHOCTD, a IJ100aJIbHOM apXuBanuen —
(uHANBHBIM aKTOM, B KOTOPOM ApOUTP €IMHOMOMEHTHO ME€PEAACT BCIO CBEPIINBIIYIOCS
uH(popmanuio o Hawell Beenennoit B Marpuily. DHeprus 3Tol apXuBalliu CTAHET PEITUKTOBBIM
U3IIy4EHUEM JUIS CIEAYIOIIEro UK.

3areM, TIOCTIC aHaTN3a CETH CBI3eH U KOPPEKTUPOBKH BECOB, APOUTP COBEPIITUT HOBBIM
aKkT mMarepuanusauuu. Ponurcs HoBas BeeneHHas — He TOYHAs KONUS HalIEH, HO €€
HACJICTHUIIA, YHACIICAOBABIIIAS JTy4IlIne, Hanboee yCTONINBBIC KOH(PUTYPALIHH.

DTO HE KOHEIl. DTO JIUIIb 3aBEPIICHNE 0UePEIHON UTepallui B OECKOHEUYHOM Tpoliecce
00yu4eHuUsl peaIbHOCTH.
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I'naBa 8. O0cy:kneHue: BepOSATHBIE BONPOCHI U OTBEThI

Hoquy BBCJICHbBI HUMEHHO Y€ThIPE CyHIHOCTI/I? - [ToTomy 4TO Kaxkaast U3 HUX
BBINIOJHSET HeoOXomuMyto GyHkuuio. MaTpuna xpanut coctosiHus. aTEpdeiic orodpaxkaer
ux. Apoutp Beioupaert. [Ipoekuus pukcupyer pe3ynbrat. Y 0epute 100y — cuctema TepsieT
CBSI3HOCTb. YeThIPEXKOMIIOHEHTHASI apXUTEKTYpa MUHUMAaJIbHA U JOCTATOYHA.

He siBasieTcst 1M MoJesib CKPbITOi (pOpPMOi MHOrOMHMPOBOii HHTEepHpeTanuu?

Her. MHOrOoMupoBasi UHTEpIPETALMS YTBEPKIAAET, UTO BCE UCXO/IbI peanu3yrorcs. B Hamen
MOJIEJIM PEAIN3yeTCs TOJIbKO OJJUH, a HEPEATU30BaHHbIE apXUBUPYIOTCA B MaTpuie Kak
uHpopManus, HO He KaK (hu3nyeckre MUpbI. Paznuune npuHIUIHATBHO.

He napymaer jiu Mmogesb npaswiio bopua? - Her. [pasuio Bopua coxpausiercs B
MOJIHOM 00BbEME: BEpOSATHOCTH Mcxoa paBHa |o_k|>. Mojiens He MEHSET mpeICKa3aHmi
KBAHTOBOM MEXAHUKU — OHA OOBICHSIET IMPOUCXOKACHUC aMIIJIMTYd KaK HpOeKIII/Iﬁ BECOB U3
Matpuisr (pasaen 5.8).

Yem MOJI€CJIb OTIHYAECTCH OT TEOPUH CKPBITBIX HapaMeTPOB? -B TCOPHUU CKPBITBIX
MapaMeTpoB YaCTHIIA BCET/Ia UMEET OIpe/ieIEHHOE COCTOSIHUE, & BEPOSATHOCTU — CJIE/ICTBUE
He3HaHus. B Hameil Mmoienu 10 CeleKInu OnpeaeEHHOTO COCTOSHUS HeT. OHO BOSHUKAET B
MOMEHT KoJuiarnca. Beca — He CKpBITbIE MapamMeTphbl YaCTHIIbI, a 3aMKCH B UH()OPMALIMOHHOM
IIPOCTPAHCTBE.

OTtkyna B3sisiuch Beca B Matpuue? - Beca oTkanu6poBaHbl IPEABLIYIMMHA UKIAMH
Bcenennoii. Kongurypauuu, npuBouBIINe K YCTOWYMBOMY Pa3BUTHIO, COXPAHSIIN WU
YBEIUYMBAIM BEC; IPUBOAMBIINE K KOJUIANCY — yMEHbIIAIU. BOmpoc o MpouCcX0xkACHUU BECOB
B [IEPBOM LIMKJIE SIBJIAETCS TPAaHULIEH TPUMEHUMOCTH MOJIEIN U SKBUBAJIIEHTEH BOIIPOCY O
HaYyaJIbHBIX yCIOBUAX BceneHHON.

Yro Takoe HH(POPMALHOHHAA BAZKOCTh =7 - DTO CONPOTHBIICHAE, KOTOPOE
KBanToBblit MHTepdeiic okaspiBaeT nepenade nHpopmanuu u3 Knaccuueckoit [Ipoexuun
oOpatHo B Marpuiy. OHa onpeaensiet suepruto apxuauuu: E_archive = = - AS. Eé
¢du3nyeckas Npupoaa — OTKPBITHINA BOIIPOC, HO caMa BEJTMYMHA MOXKET OBbITh OlleHEHa
HKCIEPUMEHTANIBHO.

Kak npoBepurtsb cymecTrBoBaHue BecoB? - HanpsiMmyro — HeBO3MOXHO. Marpuua
HEJIOCTYIIHA A7 npsiMoro HaOmroaeHus. KocBeHHO — uepes Cile[iCTBUS: aHOMAJIUU B
PEIMKTOBOM M3ITydeHuH (mpenackaszanue Ned) U cCTaTUCTHUECKHE OTKIOHEHUS B KBAHTOBBIX
sKcriepuMenTax (mpenackasanue Ne2). [IposepsitoTcst He caMu Beca, a UX HaOIr0gaeMble
CIIE/ICTBHSL.

He siBasieTcs jim MogeJib (popMoii naHncuxusMa? - Her. Mogens He Hajensier
MaTepuio co3HaHueM. CeNeKINI0 OCYIECTBISIET Oe3TUYHbIN PU3ndYecKuil 3aKk0oH — ApOUTp.
Co3HaHue paccMaTpUBAETCs KakK JIOKAJIbHBIN ClIydail TOro ’e apXUTEKTYpHOIO IPUHIUIA, HO HE
KaK IMpUYMHA KOJUIAIca.
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IMouemy BoIOpan npuHuun WTA? - Winner-Takes-All — eauncrBennbiii npunmm,
KOTOPBIX Ja€T OJTHO OIpeAesIEHHOE COCTOSIHHE MOcie Koyuiarca. [IponopiimoHanbHbIi BIOOD
OCTaBMJI OBl CUCTEMY B CMECH, YTO IPOTHBOPEUYHUT HAOIIOACHUIO YUCTHIX cocTosTHUNA. Kpome
toro, WTA ¢ rucrepe3rncoM — yHUBEPCAIbHBIM apXUTEKTYPHBIN MATTEPH, paOOTAIOIIHNI B
HeﬁpOC@TSIX, MO3Ir€ 1 aBTOHOMHBIX CUCTEMaAX.

Yro Takoe rucTepe3uc U 3a4eM OH HY:KeH? - ['ucrepesnc — 310 nopor A, KOTOPbIH
MPEIOTBpaIIacT MEePEKITI0UYCHUE TOOSUTENs TP MaTbIX QiykTyanusx BecoB. OH obecriednBaeT
yctoitunBocTh Kimaccuueckoii [Ipoexknuu. be3 Hero peanbHOCTh ObLTa ObI HECTAOUIILHOM, 1
MaKPOCKOIMUYECKHE O0BEKTHI «MEPIATHY OBl MEXK/TY COCTOSTHUSIMH.

Mo:KHO 11 H3MEHHUTDh MCXO0/1 CeJIeKIIUN BHEIIHUM Bo3aeHcTBHEeM? - [la, npu
YCJIOBUH, YTO aMILIMTY/Ia BHEITHETO CHUTHAJA JocTaTouHa. TpedoBanue: 1 - A(V_ext) > |w_a—
W_b| + A. Uem Gotbliie pa3HHIIA BECOB, TEM CUIIbHEE HYKCH CUTHAIL. APOUTP pearupyeT TOIbKO
Ha (OpMaTbHbIC XapPaKTEPUCTUKH CHTHANIA, HE HA €r0 CO/ICPIKaHHE.

Kaxk moxesib 00bsicHsIET mapagoKc Y300a? - 3peinbie ranaktuky B paHHel BeeneHnoit
He (popmupoBanuck nocreneHHo. OHM OBUTH MaTEPUATU30BAHbI B YK€ CPOPMHUPOBAHHOM BUJIE

M0 apXUBHPOBAHHBIM YepTekaM mpenpiaymux 1ukios (I'masa 7). Hauano Tekyiero nukia —

9TO aKT CCJICKIIMHU, a4 HC POKACHNUC U3 CUHTYJISIPHOCTH.

Yro Takoe TEMHAsE MaTepHUsl B paMKax MoJesu? - Témuas MaTepus — 3TO
I'paBUTAllMOHHAA TCHb HeBOCTpe6OBaHHOﬁ I/IH(I)OpMaI_II/II/I U3 MIPEABIAYIICTO LUKIIA. DTa
uH(popManus OblIa apXuBHpOBaHa B Matpuiie, HO HE IIPOsABIIEHA B TEKYIIEH UTepaIiH,
MpOoaO0JIKasA OKa3bIBATh I'PABUTAIMOHHOC BIIMAHUC.

Yro npeacrasiisier co00i peJIMKTOBOE U3JIy4YeHHe? - PelnKToBOE H3IIydeHHEe — 3TO
DHEPrus apXUBALUH, BBIACIMBIIASCS IIPU 3aBEPIICHUH IPEIBIAYILErO UKJIIA U NIepele/as B
HOBBII LIUKJI KaK ()OHOBOE CBOMCTBO. Ero n3orpomnust 00bACHAETCS TEM, YTO OHO SIBIISETCS
WHTErPAJILHBIM CIIEI0M LIEI0U Npeaplayiei Beenennoi.

He npuBoauT iu Moesib K 0eCKOHEeYHOM perpeccuu? - Her. Bornpoc o

MPOUCXOKACHUU TTEPBOTO LUKIIA JICKHUT 34 IpCACIIaMU MOICIIN. MO)ICJ'IL OIMUCBIBACT TUHAMUKY
LIUKJIOB, HO HE YTBEPXAAET, UTO 3HAET, KaK BO3HUK CaMblii EPBBIA. ITO CTaHAAPTHAS CUTYaIUs]
JIA JI000I (bH3I/I‘I€CKOI>i TCOpHUU: YPAaBHCHUA OIMMUCBIBAIOT 5BOJIFOIHUIO, 4 HC HAYaJIbHBIC YCIIOBUS.

Kaxk mozesib cBsi3aHa ¢ MCKYCCTBEHHBIM HHTEJIEKTOM? - O1H U TOT e
apxutekTypHbIi puHImn — WTA-cenekuus ¢ rucrepesucom — paboTaeT B TPEXKOHTYPHOU
apxutektype MU, B pyHKkuMoOHaNbHOM opraHu3anuy Mo3ra U B GyHIaMeHTalIbHON Gu3nke. 91O
TpoitHO#M n3oMophu3M, onucanublii B [Tpunoxennu A.

YTo 0cTAJI0CH HEPEIIEHHBIM?
Tpu 3anauu:
1. KonkpertHsiii Bun GpyHkimu BecoB W_K(E).

2. [TpaBms10 OOHOBIICHUS BECOB MEXTY ITUKJIaAMH.
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3. [Ipoucxoxaenne MaTpuiipl.

[TepBble 1BE — MpenMeT AaTbHEHIINX HCCIeA0BaHUN. TpeThs — rpaHuna IPUMEHUMOCTH
(U3UIeCKOro onMcaHusl.

Ipunoxkenne A. ApXUTEKTYpPHbIIl u3oMopdusm

B nanHOM MpUIIOKEHUU MBI IEMOHCTPUPYEM, UTO MPEUIOKEHHAS B OCHOBHOM 4acTH
paboThl apXUTEKTypHAsI MOJIENIb PEAIbHOCTH HE SIBJISICTCS POU3BOJILHON KOHCTpYKIHei. OHa
npeJcTaBisieT co0oil mpssMoe 0000IIeHe TPUHIIUIIOB, KOTOPbIE ObUIM HE3aBUCUMO pa3pabOTaHBbI
aBTOPOM JJIsl CHCTEM UCKYCCTBEHHOI'O MHTEIIJIEKTA M aBTOHOMHOTO yrpaBieHus (TumoreHko,
2026) 1 KOTOpBIC, B CBOIO OYEPE/Ib, SBIISIOTCS WHKECHEPHOU MPOCKIIUEH (PyHKIIMOHATILHON
OpraHu3any OMOJIOTUYECKOTO MO3Ta.

A.l. TpéxxoHTYpHAas apXUTEKTYPAa KAaK YHUBEPCAJIbHbIN NATTEPH

B pabotax aBTopa (Tumorenko, 2026) Oblia npeaioxkeHa 1 000CHOBaHA TPEXKOHTYpHAs
apXUTEKTypa YIpaBJICHHUS aBTOHOMHBIMH CUCTEMaMHK, OCHOBaHHAsl Ha TPEX KOHKYPUPYIOIIUX
KaHaJjaxX BaJCHTHOCTH:

«  Buranabnsiii koHTyp (V_h) — oTBeuaer 3a 6€30MaCHOCTh U BBDKHBAHHE CUCTEMBI,
uMeeT 0e3yCIIOBHBIN IPUOPUTET B KPUTUUECKUX CUTYaALUSAX;

«  Dnucremuyeckuii KOHTYp (V_€) — oTBeyaet 3a O3HAHUE, HABUTALUIO U IOCTHKCHHE
LEJICH;

« Couunanbubiii KoHTYp (V_S) — OTBeYaeT 3a B3aUMOJICHCTBUE C ONEPATOPOM U IPYTUMHU
arcHTamu.

OTH TPH KOHTYpa pabOTAIOT MapaiebHO M KOHKYPUPYIOT 3a YIIpaBJICHHE Yepe3 MEeXaHu3M
apoutpaxka, kotopsiii o npuniumy Winner-Takes-All ¢ ructepesncom BeIOHpaeT modeuTe s B
KaX/Iblii MOMEHT BPEMCHH.

Ta xe apXuTeKTypHas JIOTHKa, Kak ObUIO MIOKa3aHo B paboTe «DyHKIMOHANbHASI apXUTEKTYpa
mo3sray» (Tumomenko, 2026), ynpapiseT moBeileHueM OHOI0rHYeckoro Mo3ra. BuranbHslii
KOHTYp aHaTOMHYECKH NPEACTABIEH AMUTAAJION, TUIIOTAIaMyCOM U THIIOTaJIaMO-
runopu3apHOHANOYEYHUKOBON OCBIO; AMUCTEMUUYECKUI — MpedpOHTaIbHONW KOPOH,
TUIIIOKAaMIIOM U J0()aMHUHOBBIMU ITYTSAMH; COLIMATIbHBIN — 3epKajIbHBIMH HEHPOHAMU, MOSICHON
KOPOH M OKCUTOLIMHOBOM CHCTEMOM. DTH KOHTYpBI KOHKYPHUPYIOT 3a I0CTYIl K MOTOPHOMY
BBIXO/1Y Y€pe3 MEXaHU3MBbI JIATePaIbHOTO HHTMOMPOBAaHUS — HEHPOOHOIOTHYECKU aHaAJIOT
WTA-cenexinu.

Hetpynno 3ameTuTsh, uTo hyHIaMeHTaNbHAsI ApXUTEKTYpa PEaIbHOCTH, MTPEIJIOKEHHAs B

JTAHHOW KHUTE, BOCIIPOM3BOJIUT TOT ke camblil maTTepH. [Ipuniun WTA ¢ rucrepesucom,
YIPaBJISIOUIUI MOBEJEHUEM aBTOHOMHOI'O areHTa U OMOJIOrMYecKOro MO3Tra, YIpaBisieT U
KOJIJIAIICOM BOJTHOBOM (DYHKITHH.
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A.2. 3navyenune usomopduzma

DTOT TPOUHOI M30MOP(H3M HE SIBIISICTCS CIIyIaiiHBIM coBrafeHreM. OH yKa3bIBaeT Ha
to, yto nmpunHuun Winner-Takes-All ¢ rucrepe3ucom siBisieTcss yHHBEPCAIbHBIM
APXHTEKTYPHBIM NATTEPHOM, IPUMEHUMbIM Ha CAMBIX Pa3HBIX YPOBHSAX OpraHU3alMd — OT
HEHUPOHHBIX ceTel 10 (PyHAaMEeHTaIbHON CTPYKTYphI PEAIbHOCTH.

JlanHbIi (aKT UMEET TPU BaKHBIX CIIEJICTBUS.

Bo-nepBbIX, OH CIYKUT KOCBEHHBIM MOJATBEpKAcHIEM pyHAaMeHTaabHoi Moaenu. Ecinu ogna
U Ta K€ apXUTEKTypHasl JIOTHKAa He3aBUCUMO BO3HUKAET B CTOJIb PAa3HBIX 00JACTSIX, ITO
MOBBIIIAET BEPOSITHOCT TOT'O, YTO MBI IMEEM JIEJIO HE C MTPOU3BOJILHOM KOHCTPYKIIUEH, a ¢
OTpa)keHHEeM OOBEKTUBHON CTPYKTYPhl MUPO3/IaHUS.

Bo-BTOpBIX, OH OTKPBIBAET BO3MOKHOCTh B3aUMHOTO oOorameHus oonacreit. lHxenepHbie
pelIeHus, HaliIeHHBIE TIPH IPOSKTUPOBAHUY aBTOHOMHBIX CHCTEM, MOT'YT MOJICKa3bIBaTh HOBBIC
THITOTE3BI 0 paboTe PyHAaMEHTATBHON (PU3UKK — U HA00OPOT, MOHUMaHKE (hyHIaMEHTAIbHOM
(U3UKN MOXKET IPUBECTH K HOBBIM apXUTEKTYPHBIM pemeHusiv B .

B-TpeTrbuX, OH yKa3bIBaeT Ha INTyOMHHYIO CBSI3b MEXY CO3HaHHEM (JIOKaJbHBIA apOUTp B
Mo3re) U GyHIaMEeHTAIbHBIMU 3aKOHAMU (U3UKH (TI100anbHbBIN ApOUTp). DTa CBS3b HE
03HAYaET, YTO CO3HAHUE «CO3MAET PEAIbHOCTBY B BYJIbrapHOM cMblciie. OHa 03HA4YaeT, 4yTo B
OCHOBE U TOT'0, U JAPYrOro JIEXKHUT OJUH U TOT K€ apXUTEKTYPHBIA IPUHIUIT — IPUHIIMII
pa3pelieHnss KOHKYPEHLUN albTEPHATUB Yepe3 CEEKTUBHbBIN MEXaHU3M.

A.3. 3ameyaHue 0 rpaHMIIAX MPUMEHUMOCTH

Crnemyer MOAYEPKHYTH, YTO APXUTEKTYPHBII H30MOP(HU3M, ONIMCAHHBIN B TaHHOM
NPUIIOKEHNH, HE CIIeAYeT MOHUMATh YIPOIEHHO. MBI HE yTBEpK/1aeM, YTO MO3T B TOYHOCTH
BOCIIPOM3BOAMT CTPYKTYPY (pyHIaMeHTaIbHOM peaibHocTH Miu uto M -apoutp ToxxaecTBeH
riobanbHOMY ApoUTpy.

Peub ua€T 0 CTPYKTYPHOM NMOA00MM — M30MOPPHU3ME APXUTEKTYPHBIX PUHIIUIIOB, a
HE O MOJIHOM TOKJiecTBe. [ 106anbHbIil ApOUTp sBiIsIeTCsS O€3TMUYHBIM (PU3NYECKUM 3aKOHOM (CM.
Tpe6osanue 8, ['naBa 4). JlokaneHblil apoutp B M-cucteme siBisieTcss HHKEHEPHBIM
YCTPOMCTBOM, CITPOCKTUPOBAHHBIM YesioBeKoM. HeitpoOuonorudeckuii apOUTp B MO3Te SIBIISETCA
IPOAYKTOM 3BOJOUMK. OHM pa3INyHbI 110 CyOCTpaTy, HO €UHBI IO APXUTEKTYPHOMY
npuHIUIy. IMEHHO 3TO €IMHCTBO NMPUHIHIIA NTPH PAa3IUYUU CyOCTPATOB U JIeTaeT
ApPXUTEKTYPHBIA N30MOP(U3M IBPUCTHUECKHU IIEHHBIM. OHO MO3BOJISET IEPEHOCUTD 3HAHMUS,
MOJIy4YEeHHBIE B OJJTHON 00JIaCTH, Ha IpyTue, He BIaias Py 3TOM B PEIYKIIMOHU3M
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3aKJII04YeHue

[TpennoxxeHHas B TaHHOUW pabOTe apXUTEKTYPHASI MOJCIb PEaTbHOCTH, BKIIOYAIOIIAS
yeTbipe pyHaamMeHnTagbHble cyHocTd — MHbopmannonnyto Matpuily, KBanTosblit
Wurepdeiic, Apoutpa u Knaccuueckyro [Ipoeknnro, — npeacrapisieT coOor (hU3HIecKyro
TEOPHI0, HAXOAIIYIOCS Ha cTaguu popmanu3zanuu. E€ apXUTeKTypHbIN KapKac 3aBepILéH,
MaTeMaTUYECKUH armnapar YaCTUYHO BBIBEJCH, & SKCIIEPUMEHTAJIbHAS IPOBEPKA COCTABIIAET
CJICAYIOIIUI dTall.

YT10 OBLIIO CACTAHO

M cxonHBIM IyHKTOM pabOoThI MOCTYXHJIAa KOHCTATalusl KpU3Hca OCHOBAHUI
coBpeMeHHOU (u3uku. Bocemb pyHIaMEeHTaIBHBIX MAPATOKCOB — OT MPOOIEMBbI KBAHTOBOTO
U3MEpPEHUs J10 IPUPOJIbl TEMHOM MaTepuu — ObLIM WACHTU(GHUIMPOBAHBI HE KaK HE3aBHCHUMBIE
3araJikv, a Kak CHMIITOMBI OJTHOW M TOH K€ TITyOMHHOM POOIEMBbI: OTCYTCTBHSI B CTAHIAPTHOU
KapTHHE MHpa MEXaHNW3Ma, OTBEYAIOIIEro 32 BEIOOP OJHOIO COCTOSHUS U3 MHOKECTBA
BO3MOJKHBIX.

B kauecTBe perienus Obliia IpeiokKeHa YeThIPEXKOMIIOHEHTHAs apXUuTeKTypa. Eé
LEHTpaJIbHas UEsl COCTOUT HE B KOHKPETHOM MEXaHU3ME CEJIEKIIMH, a B CAMOM pa3JieJICHUU
byHKIMI MEeXIy KOMIOHEHTaMU. MaTpuiia macCUBHO XPaHUT BCE BO3ZMOYKHbBIE COCTOSIHHSL.
WuTtepdeiic maccuBHO 0TOOpaKaeT X, JIeNast JOCTYITHBIMHE JUIs BEIOOpa. ApOUTp OCYIIECTBIISIET
ceneknuio. [Ipoexius pukcupyet pe3ynbrar. KBanToBas HeonpeaenéHHOCTh B TOM MOAETH —
HE CBOMCTBO MaTEpHH, a HAOIIOJAEMbII CTaTyC HE3aBEPIIEHHON ONEpaIK CEJICKIINH.

B xone pa3BépThIiBaHUS MOJIENH OBLIU MOIYUYEHBI CIETYIOIINE PE3YIbTAThI.

B ob6s1acTi kBaHTOBOI MexaHuku. Cynepno3uiys, 3allyTaHHOCTb U KOJIJIATIC BOJTHOBOM
(GYHKINY TOTYYHIN €AMHOE apXUTEKTYpHOE 00bsicHeHne. Cynepro3uius — MPOeKIUs
cocrosiHul U3 Marpuisl uepe3 Uurtepdeiic. 3amyranHocTs — cBoiicTBO camoro MHTepdeiica.
Kounane — akr cenekuunu, ocyiecTBiasieMblii ApOUTpOM MpU JOCTHKEHUH CUCTEMON
KPUTHYECKOI0 Topora jJiekorepeHunu. Ponp HaOmogaTens Kak NpUYMHbI KoJllarca ycTpaHeHa:
ApOuTtp AelcTBYeT YHUBEPCAIbHO U OE3ITUYHO.

B o6sacTn maTemaTuueckoi gopmanusanun. [Ipeanoxxeno MoagupuIupoBaHHOE YpaBHEHNE
IIpénunrepa:

ih - dP/dt = HY + A(¥)

CopMymupoBaHbl BOCEMb apXHTEKTYPHBIX TpeGoBanumii k onepatopy A. IToctpoen
MaTeMaTUYeCKU KapKac Ha OCHOBE paciupeHHoro popmanuima Jinnadnana ¢ WTA-uneHOM.
BriBenens! siBHBIN By onepatopa Apourpa u ero sipo K(W, E). [TonyueHo cooTHOIIEHUE 15
SHEPTUH ApXUBALUU:

E archive=Z - AS
B o01acTi kocmoJ10oruu. bombioit B3pbIB MHTEpIIPETHPOBAH KaK aKT MaTepUaIN3alul —

MIEePBBIN ¥ HanboJIee MacIITaOHbIN aKT CEJIEKIIMU B TeKYIeM IUKIIe. PemukToBoe n3nydeHne —
KaK dHEpPrus apXyMBalMU OT 3aBEPLICHUS PEAbIAYIIETO HHUKIIA, IEpenIeAIias B HOBbIM [IUKII B
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KadecTBe OHOBOTO CBOMCTBA. TEMHast MaTepusi — KaK rpaBUTAIIHOHHAS TCHb
HEBOCTPEOOBAHHOM MH(pOpMAIIIH U3 TPeAbIAyIIero mukia. [lapagokc Y2006a momyann
00BSICHEHUE Yepe3 MEXaHU3M MaTepPHATIH3AINN 3PEIBIX CTPYKTYP 110 apXUBUPOBAHHBIM
yepTexxaMm. BeenenHas B 11€J0M MpecTaBiIeHa Kak 00yJaromascsi CHCTeMa, POXOoIsIias yepes
MIOCJIEIOBATEIBHOCTD ITUKJIOB C KOPPEKTUPOBKOH BEPOSTHOCTHBIX BECOB MEXKILy HUMH.

B o6.1acTu 3kcnepumenta. [Ipeanosxkenbl KOHKpETHBIE, (HaTbCUPUIIPYEMbIE METOAbI
MIPOBEPKHU MOJENH: ITOMCK SFHEPTETUUECKOIO CJIE/Ia apXUBALIMU B MPELIU3MOHHBIX
UHTEP(PEPOMETPUUECKHUX IKCIIEPUMEHTAX, aHAIN3 CTATUCTUUYECKUX aHOMaJINi B JaHHBIX
bonpuioro axpoHHOro KoJuanaepa, arrToCEKyHAHbIE U3MEPEHUS JINTEIBHOCTH KOJUIAIICA, IIOUCK
CJI€/I0B MPEABIIYIINX HUKIOB B KAPTaX PEJIMKTOBOIO U3YyYEHHUs, & TAKKE TOMCK TEMIIOPAIbHBIX
KOppEsLHMA B LENMOYKaX KBAHTOBBIX U3MEPEHHUIA.

B o0s1acTn apxuTeKTYpHOro anajam3a. [IpogeMoHcTpupoBaH TPOHHOM H30MOPPU3IM MEXKTY
(GyHIaMEHTaJIbHON MOJIENIbIO PEAIbHOCTH, TPEXKOHTYPHON apXUTEKTYpO aBTOHOMHBIX CUCTEM
U QYHKIMOHAIBHOM opraHu3anueil 6MoI0ruyeckoro Mosra. 9ToT H30MOppH3M yKa3blBaeT Ha
YHUBEPCAIBHOCTh APXUTEKTYPHOT'O IPUHIIMIIA, JIEKAIIETO B OCHOBE MOJIEIH.

Yro ocTaércst HepemEHHBIM

ABTOp 0T/aéT ceOe MOTHBINM OTYET B TOM, UTO MPEIOKESHHAS MOJICITbh HE SBIISCTCS
3aBepmEHHON. KiTtoueBble OTKPBITHIE MPOOJIEMBI BKIFOYAKOT KOHKPETHBIN BUJI (DYHKIIMHA BECOB
w_k(E), mpaBmiio 0OHOBIICHUSI BECOB MEXIY ITUKIAMH B BOIIPOC O MIPOUCXOKICHUH
BEPOATHOCTHBIX BECOB B MIEPBOM IIUKJIE. DTH MPOOIEMbI YeCTHO 0003HAYEHBI B
COOTBETCTBYIOIIIUX TJIaBaX.

Hpurnamenue

Hacrosimias paboTa He mpeTeHayeT Ha CTaTyC UCTUHBI B TTOCJIEIHEW WHCTAaHIIUA. ABTOP
paccMaTpUBAET U3JI0KEHHBIE UJIEH KaK MPUIJIALIeHNE K IUCKYCCUH, K MaTeMaTUYeCKOn
J0paboTKe U — 4TO HanboJiee BaXKHO — K AKCIIEPUMEHTaIbHON IPOBEPKE.

Ecnu geTbipe KOMIIOHEHTA, OITMCAHHBIE B 3TOM KHUTE, AEMCTBUTEIBHO SIBIISIOTCS
(byHAaMEHTaIBHBIMU CYIIHOCTSIMHU PEANBbHOCTH, TO MBI HAXOUMCS JIMIIb B Hayase J0JIroro
nyTU. ApXUTEKTYpPHBIN KapKkac MOCTpoeH. Tenepp Aeo 3a TEMU, KTO HAMOJIHUT €ro TOYHBIMU
YPaBHEHUSIMH U DKCIIEPUMEHTAIHBIMU JaHHBIMHU.
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