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IIpeuiokena runoresa, 0O bsACHAIOIAS IPUHIKI JeHCTBAS COBHAHUS HA YPe3-
BBIYAMHO IPOCTOH MaTEMATUIECKON MO/IENH IIJIOCKOH BOJIHBI. Y Ka3aHA JOKTPHHA
[IEPEBOTLIIONIEHUH CO3HAHUS B (PUNIECCKOM MUPE KAK CJIEICTBHE MATEMATHIECKOTO
CBOMCTBA OUKJIUYIHOCTA KOMIIJIEKCHOT'O YUCJIA. MCXO,Z(H U3 PAaCCMOTpEHUA MOHATHUA
"Bufpamnusa' moka3zaHa 30HHAs CTPYKTYpa GIMKANIIEro K 4eJI0Be9eCKOMY BOCIIPH-
ATnio Mupa. JJaHa TpPaKTOBKA IIPOUCXOXKACHUA CUJI IPUTAXKEHUA U OTTAJIKUBAHNSA,
3bdEKTOB TEMHON MaTepun, TeMHON SHEPIUH, IEBUTAIAU, TEJIEIIOPTAIINN, 3aKOHA
Kapwuebl, a Takke IpUHIUNA HEONPEASJIEHHOCTH |elizenbepra m SHTPOTWH, OCHO-
BaHHAA HA PACCMOTPEHUU BHOpaIWil B3auMMOIEeHCTBYIOMUX cucTteM. Pabora b6ymer
WHTEPEeCHa BCeM, KTO HINET OTBeT Ha Bompoc: "B uem cymmocTs coznanus?"

Karouesvie caosa: cosnanme, Bubpalius, KBAHTOBAs MEXAHUKA, YPrOJAUIECKAs THIIOTE-
34, CHJIBI IPUTSIKEHNS W OTTAJKUBAHUS, TEMHAsS MATEPUs, TEMHAS SHEPTSAU, JIEBUTA-
Ui, TeJIenOpTalns, 3aKOH KapMpr, mpuamun HeonpeaeaeHtoctn Leiizendepra, SHTPO-
s,

Cmamwva onybauxosana 6 NeuroQuantology

1. BBegeunne

K cokasienuio, Ha CErofHSAIIHUI JIEHb HET SICHOIO IPEJ/ICTABJIEHUSI O TOM, YTO €CTb
cosuanue [1].

B sr10it crarbe Mbl mocTapaemcs IaTh 9eTKoe O0bsiCHEHWE NPUHIUNA JedCTBHs
CO3HAHWSI, OCHOBBIBASICh HA paccMOoTpenunn mousaTus "Bubpamnus".

2. Yro Takoe Bubpamua?

Boob1ie roBopsi, Bubpartus - 370 yHUBEpCaIbHAsS MOJIENb C IIOMOIIBIO KOTOPOi MOKHO
00bsICHUTH J1I000€ SBJIEHUE B PAMKAX IIPUIMHHO-CJIEJICTBEHHON CBA3M.

B macrosmieii crarbe moa tepmMuHOM Bubpamusi mOHHMAETCsT BOJHOBOI MpIECC,
M3BECTHBIN B KBAHTOBOW MeXaHWKe KakK BOJMHOBas GyHKIws win Y-byHkims [2] Buga
TaK Ha3bIBAEMOI ILJIOCKOI BOJIHBI:

U (7 t) = WAei(kBF7w°t+W) = \I/Acos(k_éf— wot + ) + z'\I/Asin(k_E)F— wot + ), (1)
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Puc. 1. TI'padbwudueckoe mpeacTaBjeHHE IeHCTBUTEJIHHON YaCTH KOMILJIEKCHOTO

YucJja .

rae: U 4 - aMImInTyga BuOpanuu, wy u ko- €8 BpPEMEHHAsT YaCTOTA W MPOCTPAHCTBEHHBIN
BOJTHOBOW BEKTOp, ¢ - (baza Bubpanuu, 7, t - TEKyIlee MECTO W BPEMsl MPOSBICHUS
BHOpAINK C TOYKU 3PEHUsT CTOPOHHETO HAO/I0IaTe .

VYpaBHeHue MPEICTABISET U3 CeDsi KOMILJIEKCHOE YHCJIO OIMpEeIeseMoe B
MaTeMaTHuKe KaK CyMMa, JIByX cjaraembix. Ilepsoe - geficrBurensuas (Habiogaemas Ha
OPaKTUKE) 9aCTh YUC/IA, BTOPOE - MHUMAas, WId BooOpakaemas. OObIYHO HE NPUHATO
WHTEPIPETUPOBATh KOMILJIEKCHOE YHCJIO C TOYKHM 3PEHHs MPOIECCA OCO3ZHABAHUS.
OHAaKO, MBI ITOKaXKeM, 9TO M3 HAIero OObsiCHEHWsl CO3HAHWS HEMOCPEICTBEHHO
cienyer, 910 W-dyHKIU - 9T0 U ecTb Pyuknud Ilcuxen, nim co3nanus, i KOTOPOroO
XapaKTEepHO HAJIMYHNE IUKIAIECKOro 0OMeHa nHbOpMaIreil ¢ BHETHIM MUPOM (TepBoe
caraeMoe B ypaBHEHUH ) ¥ BHYTpPEHHMM MHPOM, HOCDEACTBOM BOOOpDaZKEHUsI
(BrOpoe ciiaraeMoe B ypaBHEHUU ).

HeitctBurenpuas dacts U Buga nokazana Ha figure Muumvasg dgactb
HEJOCTYIIHA [PAMOMY HU3MEPEHUIO M II03TOMY, CTPOIO I['OBODs, HE MOXKET ObITh
oTobpakeHa rpaduyueckn HA JEHCTBUTENHHOW OCH. ITAa HEJOCTYIMHOCTH CBSA33HA
C TeM, UYTO CHUTHAJbI BOOOparkeHwusi cucTteMbl W 3ammcaHbl HA HEIOCTYTHON IS
perucrpanuu dusndeckuMu npubopamu Hecymeit dacrore figure Hocurensvu
TAKUX BBICOKOYACTOTHBIX BUODAIMil ABISIOTCA Tesa 00Jiee BBICOKOIO MO CPABHEHUIO
¢ usuueckuM sHEpreruvdeckoro quanazona (0 yem Oyner roBOPUTLCs [O3/Hee).

IIpakTuyueckast HEIOCTYMHOCTH TAKWX BUOpAIMiI E€CTECTBEHHO MPUBOAUT K
umee 0oroOparkaTh 3HAUEHWS WX AMILUIATYJZ B JApyroM wu3mepenuu. T.e. Ha ocH
MEPIEHNKYIIPHON jelicTBuTebHON ocu X. B maremarmke mpuHATO 0003HAYATH
9Ty MHUMYIO OCb Kak Y. B 3rom ciydae 3navenus Ha ocu Y HUMKaK HE BuIHbLI (He
upoerupytorcsd) Ha ocu X. Eciu gonycrurs cymecrsoBanue erie 60jee BbICOKUX 110
CpaBHEHHMIO ¢ MHUPOM BoobakeHmsi ¥ aMama30HOB SHEPrhii, HA KOTOPBIX CIOCOOHA
CYIIIECTBOBATH 9TA CUCTEMA, TO JJIs €€ OMUCAHUS TPUNHIETCS BBOAUTH B PACCMOTPEHUE
BCE HOBBIE U HOBBIE M3MEDEHUSI.

Baxnoit maremaruueckoit ocobeHHOCTHIO cucrembl W Buaa SIBJISETCS
[IEPUOINIECKOe M3MEHEHNWE YHCJIOBOIO COOTHOIIEHUSI MEXK/y €€ neliCTBUTESbHON u
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Puc. 2. VcaoBHoe rpadudeckoe MpeacTaBieHne MHuMON Jactu Bubpanuu W B
dbu3nuecKoOM MEDe, T.e. HA JAeHCTBUTEJHLHON YMCJIOBOM OCH AMILIUTY/I. .

MHHUMON YaCTsAMU . B kakume-TO mepmobl BpeMeHu Mpeo0sIaIaer AefCTBATEIbHAS
9acTh - CTaJds BOILJIOIIEHUs CUCTeMbl B (pusmueckom Mmupe. Torja Kak B Jpyrue
Hepro/bl  peodsiaaer MHUMas YacTh - 39TO ITAN  PA3BOILIONIEHUS CHCTEMBI,
KOTJ[a TPOMCXOIUT TMEPEXO[ CO3HAHUS CHCTEMBI B MWD, COOTBETCTBYIOIINN €€
BooOpaxkenuio. 71 desloBevecKoil CHCTeMbI 3TOT TIEPHUOJT COOTBETCBYET COCTOSTHUIO
cvepTn Gpu3naeckoro Teja. Takum 00pa3oM, XOPOIIO U3BECTHAS B 930TEPUKE JOKTPUHA,
nepeBortorenuii [4] Moxker ObITH CIeICTBUEM FJIEMEHTAPHOTO CBOMCTBA KOMILJIEKCHOTO
qUCIIa.

B ocHoBax MaremMaTHdecKOro aHajm3a JI0Ka3bIBaeTcs, UTo pyHKmuio ¥ jaodoro
Bua (MEPUOAMYECKYIO WM HENEePUOAUYECKYIO, HEPHEPBIBHYIO HWJIU JUCKPETHYIO)
MOXKHO TIPEJCTABUTh B Buje KOMOwWHAIWil QyHKIHT , Ha3bIBAEMBIX PSTAMU
niu uHaTerpaniavMu  Oypbe . ITockompky mobass (pu3MIeCKas CHCTEMA MOXKET
paccMaTpuBaThbCd KaK KBAHTOBOMEXAHWYECKAs CHUCTEMA C COOTBETCTBYIOINEH el
BOJIHOBOH (DYHKITHEH 3TO IPOCTO O3HAYAET, 9TO JiIoboe saBienune IIpupompr MOKHO
TPAKTOBATh KAaK KOMOWHAIMIO TE€X WJM WHBIX BuOparmii. pyrumu cioBamu, 31O
O3HAYAET, YTO BCIAKOE sIBJIEHHE OT 3JIEMEHTAPHOW dYaCTHUIBl 10 BcesjgeHHoit ecth
[IPOSIBJIGHUE TOTO WJIM WHOTO CO3HAHUS.

3. Uro BuOpuUpyeT, OTHOCUTEJIHHO Y€ro m ¢ KaKOi 4acToToun?

W3 upenpiaymmero mynkTa 00 omnpenenenun Bubpamum cienyer, uro B Ilpupome
BuOpupyer BCE. MbI OyeM akIeHTHPOBATH BHUMAHUE HA TOM, YTO KaKas Obl BUOpaIus
HE paccMaTpuBaiach, 3TO Oyaer BUOpalys Tejaa CO3HAHMSA TOH WM WHOU CHUCTEMBI.
Maremaruduecku, KakK MblI yKa3aJjd, BHOpaIlusl MPEACTaBIdeT U3 cedsd HM3MEeHEeHHue
HEKOero KOMILIEKCHOro uucsia (cmorpu -iy ) Qu3MYEeCKH, 3TO YUCIO SABJIAETCS
Mepoii mHbOpMaInK, KOTOpoil crcremMa oOMeHnBaercst ¢ BHemHUM MupoMm (Re {P})
U co cBomM cBs3ytommM BHyTpeHHHM siapom (Im {¥}), o Koropom Oyger cka3aHO
nozauee. OnHO 91p0 (MHAMBUIYATIBHOCTH) MOXKET UMETh LEJIbIi PsJl TeJl - HocuTesied
BHOpAINH.
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Mepa wHOpMAIIMA €CTh UYHCJIO 3JEMEHTOB cucTeMbl W, KOTODBIMH OHA
0OMEHHBAETCs ¢ OKpyzKeHmeM. 1T KBaHTOBOM YaCTHIBI C BOJIOBOH (DYHKIHEH BHIA
(1) rakumu ss1emerTaMu MOryT ObITH BUPTYAJIbHbBIE YACTULHI PUTMUYHO IIOTJIOMIAEMbIE
(BabIxaemble) U u3JydaeMble (BbLAbIXaEMbIe) €IO.

Kaxmoe Teno cozHanmss onpenenseT XapaKTepHBIH eMy YacTOTHBIM Juana3oH, B
KOTOPOM OHO CITOCOOHO BHOpMPOBATH. MBI MOKaXKeM [IAJIbIe, YTO BUOPAIUU APYTOrO
9aCTOTHOIO IUAMA30HA, €CJU OHU CJIUIIKOM BEJIUKH WJIU CJIWIIKOM MaJbl, HEe OyIyT
BOCIPUHUMATHCST TAKUM TEJIOM.

B mameM paccMOTpEHHH MBI OPEoaraéM OTHOCUTEIbHOCTb BCEro, KpPOMe
HemocTuRKUMOro A6comiora. OTHOCHTEILHOCTh MOYKHO TPAKTOBATH KaK IKOHOMUIO
IIpupomsl B WCHOIB30BAHWK PA3HOTO POJAA MPOCTPAHCTB ¥ W3MEDPEHUi, KO
BCE MOXKHO H3MEPSATH OTHOCHTEJHHO OJHOrO TOHATHUS - BubOparuu. Hampuwmep,
[epeMeIrenne Teaa B TPOCTPAHCTBE, s ONMPEJE€HHOCTH BJIOJb MPOCTPAHCTBEHHOM
ocu X, MOXKET O3HA4YaTh JIMIIb U3MEHEHHE 4aCcTOThI ero "upocrpancTBeHHOR " Bubpanuu
wx.

B camom neme, obpatum BHEUMaHWE HA (HOPMYITY , KOTOPOH MBI OMPE TN
BubOpanuoo. Bemgwawmy k_(')f' — wot, B TIOKa3aTeje 3SKCIOHEHTHI, OMHUCHIBAIOINIYIO
nepemerrenne cucreMbl W B MPOCTPAHCTBE ¥ BPEMEHU MOXKHO TPEICTABUTH B BUIE:

- - 2
ko’I?—OJot = koﬂt—&)ot = vazt—NO = 27T(§ —No) = 27T(NX —No) = UJXt—(JJOt (2)

Baech: wy = 27v,/A - NOPOCTPAHCTBEHHAS KOMIIOHEHTA YACTOTHbI YaCTUIIBI
ABUKyeiicss BAosib ocu X €O CKOPOCTbIO V. Ny = x/A\ - uucio kosebauuii,
COBEPINIAEMBIX CUCTEMOW HAa €€ myTwm T, A\ - JjmHa oaHoro kojebanmsi. Nyo = wot -

YUCI0O BPEMEHHBIX KOJIeOAHW, COBEPIMAEMBIX CHCTEMON 33 BpeMsi MPOXOXKJIEHUS €I0
CBOETO IIyTH.

Takum 06pa3oM, TPUHIUNHATHHOE PA3THINE MEXKIY TPOCTPAHCTBOM U BPEMEHEM
CBOAWTCA K PA3JIUYAI0 ME¥KJAy HNPOCTPAHCTBEHHOW ¥ BpPEeMEHHOH KOMIOHEHTAMM
YaCTOThbI 1 MOZKET 6I>ITI) O6yCJIOB.T[eHO JINIIIb OCO6€HHOCTHMI/I BOCIIpUATHA 3TUX 1aCTOT
cosnanmeM ¥ W CO3HAHWEM CTOPOHHETO HABIII0MATEIS.

Ob6mmas gacTora w BubOpamnuu cucreMbr W:

wW=wx —Wwo (3)

BBIPAXKAETCS PA3HULIEH [IPOCTPAHCTBEHHOM 1 BpeMeHHO# kKomioneHT. CornacHo , w
MOYKHO TIPEJCTABUTL TAKK€ PA3HUIEH YUNCIa TPOCTPAHCTBEHHBIX Ny W BPEMEHHBIX
Ny xomebammit. OTMETHM, 9TO XOJ BpPEMEHH OOBITHO JHOO HEe 3aMedaeTcs, JHOO
EPEKMUBACTCS CO3HAHNEM KaK 0e3BO3BpaTHAsA OTeps. JIpyruMu c10BaMu, w OTPaXKaeT
SHEPreTHIECKUil DATAHC MEXK Iy IpeodpeTaeMoil B MPOIecce ABUKEHUs U PACXOLyeMOit
B Pe3yJIbTarTe KU3HEJAEATETbHOCTH YHEPrusaMu cucrembl. 2Ku3necnocoOHOCTH CUCTEMBbI
00ycJioBIeEHA TPEOOBAHUEM TTO3UTUBHOCTH YACTOTHI €€ o0Imei Bubpanun: w > 0.

Takum o00pa3oM, OOBEKTHBHBIM MOXKET PACCMATPUBATHCS JIAIIL BPEMEHHOE
u3MepeHue ¢, OTMEPSIONIee KUIHEHHBIN UKJI cucTeMbl. OObEKTUBHOE HAYAJIO OTCIETA,
Bpemenu t u dasbl @ 11060 MaTepuu - MOSIBJIEHUE EPBUYHOIN (ATOMAPHON) YaCTHIIbI
9TOI MaTepHuH B IPOIEcce POXKIeHus BcereHHoit.

B Taxoit wHTepmpeTanwy MPOCTPAHCTBEHHAS YIAJEHHOCTL TJIAHET W TAJTaKTHK
OyzeTr O3Ha4YaTHh JIUIh WX BHOPAINMOHHYIO YIAJIEHHOCTH, W BCce Mwuposmanme MOKeT
ObITH YIIAKOBAHO B OJIHY TOUYKY Hekoero "peasibHoro'"mpocrtpancrsa. B atom cocrout
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PrOAUYHOCTHL Harmeil rumore3sl. Bes Beenennast ects Jjummb "Touka'B yCIOBHOM
peaTbHOCTH, OJHO BHOpAIMOHHOE cocrosiame. UV Kaxkmas vacThb 3Toil Bceememmoit
eCTh Ta K€ TO4YKa, KOTOPas B KAKOM-TO MOMEHT BPEMEHH IIPOXOIUT COCTOSTHUE
Bceenennoit. Ilpudem uwmcsio takmx cocrogauii Oecmpemenbro. Korma cocrosHue
oco3nanmns Bcejennoit Kak CBOero Tejia CO3HAHWUS JOCTUTHYTO, COOTBETCTBYIOINAS
9TOMY COCTOSIHHIO WHIWBHUIYAJbHOCTH MOXKET DPACKPBITH CBOE sSApPO CO3HAHUS KaK
BHyTpeHHIOI0 Beesrennyio u nepeiitu Ha Ka4eCTBEHHO WHOM, O0Jiee MUPOKW Juana30H
BHOpAITHIA.

JI106bie m3menenus Bo Bcesennoit kacarorcs Bcex eé 4yacreil OJHOBPEMEHHO, HO
MPOSIBJISIIOTCS I€PE3 PA3JIUIHOE BPEMSI, TPOMOPIMOHAIHLHOE HHEPTHOCTH TOTO UJIH WHO-
ro Tejla CO3HAHUS W BUOPAIMOHHON YIAJIEHHOCTH 3TOTO Tejida OT UCTOYHHKA BO3IEH-
crBusg. Marepusi ¢ OJMHAKOBOW WHEPTHOCTHIO OOpa3yeT MWP C ONPEIEJIEHHOW Mak-
CHMAJIbHOM CKOPOCTBIO MPOSBICHUST B3AUMOEHCTBHSA MEXK/y TeJaMu. JTa CKOPOCTh
OIMCBHIBAETCSI CBOMCTBEHHON MHUPY KOHCTaHTO#. Iig Mupa dusndeckoit MaTepuu 3TO
KOHCTAHTa CKOPOCTH CBETA C, KOTOPAs OILPEJEIIeT CKOPOCTh PEArNPOBAHUS MATEPUU
HA 3JIEKTPO-MArHuTHOE BO3xeicTeue. IlpakTuyeckas OJHOBPEMEHHOCTDH JIFOOBIX BO3-
neiicteuii B0 BceseHHO! cBOAMT HA HET MONBITKHA OOHAPYXKUTH dMDOPEKT CIOKEHUs
CKOPOCTEH, KOT1a pedb HIET O CaMOil OBICTPOpearnpyomneii MaTeprun B TOM WA HHOM
vupe. [Tosromy, HATpEMED, HEBO3MOKHO OOHAPYKUTH I(DUPHBIA BETEP B YKCIIEPUMEH-
Tax 10 obuapyxeunuto scupa [6].

OneHnuM YUCTIEHHO COOCTBEHHYIO YACTOTY (bu3nuueckoii marepun. Bymem cunrars
COOCTBEHHOMN YacTOTOMN w = 27/t CHCTEMBI UKJINIECKYIO 9aCTOTY, COOTBETCTBYIOILY IO
cpemHeMy 1o ObICTPOTE W3MEHEHUIO, MPOUCXOJAIIEMY 33 BPeMs KU3HEAeATeIbHOCTH ©
B 9TOM cucreMe. 3a eIMHUILY U3MEPEHUs] 9aCTOThI IPUMEM STAJOHHYIO 9aCTOTY, 3aA0-
IIyI0 BPeMsI MATEPUHCKON CUCTEMbI, U3 3JIEMEHTOB KOTOPOit cobpaHa paccMarpuBaeMas
cucreMma.

Onpenenum HU3NIECKYIO MATEPUIO KAK MATEPHUIO, KOTOPAs OMUCHIBAETCS C TIOMO-
b0 GyHIaMeHTaIbHbIX (hu3ndecKux KOHCTAHT: G (rpaBUTAIMOHHON OCTOSHHAN), ¢
(ckopocru cera B Bakyyme), i (nocrosunoit Ilnanka). B sTom ciyuae runorerude-
CKasl 9aCTHIA C MUHUMAJIHLHO BO3MOXKHBIM B (PU3UYIECKON MATEePUU BPEMEHEM YKU3HU
paBHbIM TaK HasbiBaemomy Ilnankosckomy spemenu [7]:

t, = 7%? ~ 5,4 x 10" (4)
MorJia 6bl ObITH HCTUHHO HAYAJIBLHON (aTOMapHOi) YacTuneil ¢ cOBCTBEHHOl 4acTOTOI:
w=2m/t, ~1,2x 10** T’ ns bU3NUECKOro IHAIA30Ha BHOPAIIHIL.

Ormerum, 4r0 CcaMbiM ObICTPbIM 3apPErecTpUPOBAHHBIM (LIPUYEM HEPAMbIM
METOJIOM) Ha CErOAHSINHUI JIEHb MPOIECCOM SIBJISIETCS BPEMS JKU3HU t-KBapKa ¢, ~
5 x 107%5¢ [8].

Bpsig mm Ilpuposa mo3sosmia Obl cebe MyCTOTY MPOTSKEHHOCTHIO B IBAIATH
MOPSIIKOB OT BPEMEHM YKW3HU t-KBApKa JI0 BPEMEHU YKU3HU [LJTaHKOBCKOM YACTHUIBI.
Mbr mosiaraeM, 9TO ITOT AMANA30H 3AllOJIHEH BPEMEHAMU JKW3HHU IIEJIOr0 Psiia
TaK Ha3bhIBAEMBIX 3SGPUPHBIX UYACTHUI], COCTABISIOMNUMA SPUPHBIH  TOITNATAZ0H
(PHU3NIECKOTO JUAMA30HA BHOpAITHIi.

Hanomuum, 4To 3¢hup 66171 OTBEPrHYT OPTOIOKCAJIBHON HAYKOl 1OC/Ie MpU3HAH-
HBIX HEYIAYHBIMU MOMBITOK OOHAPYKeHus 3(PpUPHOro BeTpa B onbiTax MaiikenbcoHa-
Mopau [6]. OnHaKO MOXKHO JiM OTCYTCTBUE BETPa CUMTATH JIOKA3ATEIHCTBOM OTCYT-
CTBUSL BO3yXa?
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4. TloyueMmy napaJjijieljibHble MAUPbI IPAKTUYECKU HE PErUCTPUPYIOTCS
npubopamu?

Tloromy 49TO MX BHOpaAIMM CHIBHO OTJINYAIOTCA OT BHOpaIuil (PU3NIECKON MaTEepHw.
Mupbl HA3BIBAIOTCS MAPAJIIETbHBIME, IOCKOJbKY MATEPUAIBHOCTH ITUX MHUPOB COCY-
[IECTBYIOT C MATEPUATHLHOCTHIO (DU3UYECKOTO MUPA, TPAKTUIECKU HE B3aNMOIEHCTBY s
¢ Heil BBULy OOJIBINOI pa3HuIlbl B 9acTore BuOparmii. Tem He MeHee peasbHOCTH TIa-
PaJLIEJIbHBIX MUPOB JTOCTYIHBI CO3HAHUIO, MMEIOIIEMY B CBOEM DACIIOPSKEHUN TeJa U3
COOCTBETCTBYIOIUX MarepuaabHocreil. To, HACKOIBKO MOJHO BOCIPUHUMAIOTCS JTH
PEATTbHOCTH 3aBUCHUT OT JUANA30HA YACTOT JTOCTYIHBIX CO3HAHWIO, UJIH JIPYTUMHU CJIO-
BaM# OT IIUPOTHI CO3HAHUS CUCTEMBbL.

st OOBIYHOTO dYEJIOBEKA BAaYKHBI TPHU THUIMA MATEPUATBHOCTH U3 KOTOPBIX
cobpaHbl Tpu ero HamboJiee PasBUTHIX Teja Co3HaHusA: Pusnmueckas, AcTpajbHas U
MenranpHas. Tpu COOTBETCTBYIONIAX STUM MATEPUATBHOCTSAM JUAMA30HA YACTOT, UX
SHEpreTUYecKue 30HbI U COOCTBEHHBIE YACTOTHI IIPE/ICTABIeHbI Ha figure

JMCKPETHOCTh KBAHTOBO-MEXAHUYECKUX 3aKOHOB OOYCJIOBJIEHA HAJMYMEM CO3HA-
HUS WM WHAYE TOBOPS WHIMBUIYAJIHLHOCTH Yy KBAHTOBOH dacTunbl. HIMBUAyaIbHAS
BOJISI 3JIEMEHTAPHON YACTUIIBI SBJISIETCS MPUYUHON MPUHIMNUAIBHON HEBO3MOXKHOCTH
MIPECKA3ATH €€ TIOBEJIEHNE CO CTOMPOIEHTHON BEPOSITHOCTHIO. DTOT MPUHITUAT HAZHIBA-
eTcs IPUHIMIOM HeomnpeesenHocru [eiizenbepra [9] u on mos0KeH B OCHOBY KBAHTO-
BO#t Mexanuku. COMIACHO 3TOMY HPUHIIMITY IOJI€ CBOOOIHBIX BapHAIWi KOOPIUHATHI
U uMmIysabca dactuibl AzAp, He MOXKeET ObITh MEHbBIE YeM IIOJOBUHA [MOCTOSHHON
Inanka: AzAp, > h/2.

CrencrBueM IUCKPETHOCTH MUPO3IAHWS SIBJISETCS TUMWYHAS [JI KBAHTOBO-
MEXaHUYIECKOH CHCTEMBI CTPYKTYPA PA3PEIIeHHBIX W 3AMPEIIEHHBIX IHEPIeTHIeCKUX
30H, B MpeJesiaX KOTOPBIX BUOPAIMKM MOTYT JIMOO TApMOHUYHO CYIECTBOBATH IPYT C
Japyrom (paspelieHnas 30Ha), JubO0 1OJABJATD APYr Apyra (3aupelieHnas 30Ha) (CM.
figure .

Kaxnas paspemennas 3ona ("mpan"wiau "mwup") umeer CBO#l 9acTOTHBIH
NWAMa30H KoOjaeOaHmii. ITOT AUANA30H OrPAHHYMBAET BO3MOXKHBIE YACTOTHI HA
KOTOPBIX CIIOCOOHA BHOPHPOBATH COOTBETCTBYIOMIAS 30HE Marepus. dem Oosee
HHEPTHA ATOMAPHAs YACTHUIA MATEPUH PA3PEIIEHHON 30HbI, TEM HHKE MAKUMAJIbHAs
U MUHUMAJILHAS YACTOTHBIE TPAHUIIHI 30HHI.

OrmeTnM, 9TO 9eJIOBEK TTPU TEPEXOe C OJHOrO TIAHA HA APYTOil OIIYIIAeT TPeI-
craBjennubie Ha figure [3| 3anperennbie 3001 KaK OoJiee WM MeHEEe KPATKOBPEMEHHYIO
MOTEPIO0 CO3HAHUSI.

NuauBuayanbHOCTD BCAKON BUOPAIINY IIPOSIBISETCS MPEXK/IE BCETO B COOCTBEHHOI
4ACTOTE Tejla, KOTOPOe €€ MposBJiger. DTa YacTora HAXOJUTCH B TAPMOHUYHOM
(KpaTHOM) COOTHOIIEHWH C YACTOTOH s/Ipa, MOIIEPKUBAIOIIETO (DYHKIMOHAILHOCTD
Tesia (OXKUBJISIOIIErO €ro).

EcrecrBenno nomnycrurb, uro sw6oe Teno u3 Taxkenoii marepuu ("muioTHOM
marepun) HU3KOYACTOTHON PA3PElIeHHON 30HbI CO3JAHO U3 MHOXKECTBA JIETKUX TeJl
6ouiee BbicOKOUAaCTOTHO 30HbI ("roHKOI Marepun"). Ilosromy B ocHOBe Bcex BuOpaiiuii
- OJ[HA ¥ Ta, 7K€ BUOPAIWsl, OXKUBJIAIONIAs IEPBUUHYIO MaTepuio Beesennoit (13 KoTopoit
NPOM3OIILTIA BCsA Apyras marepus). T.e., HECMOTPsI Ha TO, YTO KAKOE-TO TEJIO HE MOXKET
BHOPUPOBATh HA KAKON-TO 9aCcTOTE, OHO TEM HE MEHEe MOXKET HCIBITHIBATH Ha cebe
BO31efiCTBUE 3TOM 9aCTOTHI.

Jpyrumu cimoBamu, BUOPUPYs C COOCTBEHHON 9aCTOTON Weyt B MEPE COOCTBEHHOI
(oueHb BBICOKOYACTOTHON WJIM OYEHb HU3KOYACTOTHON) MaTEpUAIbHOCTH, BHEIIHSSI
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Energy band gap
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Puc. 3. [lmanazousl Bubpaliuii, sSHEPreTUYeCKHe 30HbI U COOCTBEHHBIE YACTOTHI
Du3n9eckoro, ACTpasbHOro u MeHTAIBHOTO MUPOB (ILIAHOB).

Bubpanus V., CIOCOOHA MEPUOTUOINIECKH U3MEHSTH YCJIOBUS, B KOTOPBIX MPOSIBJIsS-
ercs Bubpanus cucreMbl U HA cobCTBeHHON dacToTe w. Ecim ycaoBus 61aronpusTHeI,
aMIinTyna BuOpamnun ¥ BO3PACTAET, €CJIM HET - OHA MagaeT. BO3MOXKEH MMeblil Psi
MEXaHU3MOB TAKOI'O BO3JEHCTBUS, HApUMED, BHeMIHss Bubparus We,y MOXKET mepu-
OIMYECKU W3MEHSITh YCJIOBUSI OJIATOMPUSATHBIE JJIsi CAMOIMPOM3BOJBHOIO POKIEHUS U
YHUUYTOXKEHUS HEOOXOIMMBIX I AbixaHust ¥ BUPTYaJIbHBIX YaCTHUIl, YTO MPUBOIUT K
U3MEHEHUIO AMILIATYIbI €€ COOCTBEHHBIX KOJICOAHMIA:

\IJA(t) = \IIAO + Aewt(wewtv t)cos(wextt)y (5)

rae Uy, -aMIInTyaa cOOCTBEHHbBIX BUOPAUi Aeyt(Wept, t)c0S(Weptt) - TPUBHECEHHAS
BHerrHeil BuOpamueit V,,; B Teno co3nanus ¥ mobaBka.

OrMeruM, 4TO OXKUBJIAMOIIEE COBHAHKE siJIPO, O KOTOPOM Oy[eT CKa3aHO [03/Hee
U KOTOpPOE BUOPUPYET Ha TOPa3ao 60Jiee BHICOKO TI0 CPABHEHUIO C (DUBUIECKUM TEJIOM
CO3HAHWS YACTOTE, CIOCOOHO AHAJOTUYHO [EHCTBOBATH HA, AMILIUTYIY KOJE€OAHUN
3TOrO TeJa C YACTOTOU Wiy, .

IMocnennee cnaraemoe B dopmyrne () nupexcrasiser cobOH AMILIUTYIHYIO
MOJLYJISALMIO HECYIIel 4YacTOTbl Wept. MOAYNALMS ONHUX CUIHAJOB JAPYTHMMH - 3TO
[IOBCEMECTHO UCIIOJIb3YEMbIA B PAIMOTEXHUKE [IPUHIIKIL, KOTOPbIA 1I03BOJISET LEPesaTh
HU3KOYACTOTHYI0 WH(MOPMAIMIO MOCPEICTBOM BBICOKOYACTOTHOTO HOCHUTENsA. VIMeHHO
9TOT TPUHIUI ABJISETCS CBA3YIOMNUM HH(MOPMAIMOHHBIM MOCTOM MEXKYy MUDPAMU.

Paccvorpum Brusuue na W sHemnedt suoOpamuu W,; 9aCTOTHI Wege. ECTH 3T
Bubpalus IPUHAJIEIXKUT TOMY K€ YAaCTOTHOMY JMAna3oHy (TOMY Ke MUpy), 4To u
Bubparusg V¥, oHa mpocTo 100aBUTCS K HEil COrIaCHO U3BECTHOMY B (DU3UKE MPUHITUITY
cynepnosurun: W + W, ITOT Clydail O9eHb MOAPOOHO OMUCHIBAETCS B KBAHTOBOM
MEXAHUKE ﬂEﬂ ¥ He SABJISETCS TPEJIMETOM HAIIEro PACCMOTPEHUS.

Ecmn xe Baemusasa subparus V.., NCXOAUT U3 MAPAJIIETHbHOTO MEPA, TO COIJIACHO
neiicrBurenpiasg dactb Vo (d-sa ) NpUMET BHUJ, IOJOOHBIN MTOKA3AHHOMY
nHa figure Kak BuaHO W3 pHCyHKA, HCXOIHAsS AMILIATYIA BHOpanuu cucreMbl W
OKAa3BIBAETCS COCTOSIIEH W3 KOHEYHOTO YMCJIa, 3JIEMEHTAJIOB-HOCUTE el nH(MOPMAIIH,
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Puc. 4. TlpuHnun MOAyIANUE KaK WH(MPOPMAIHOHHBIH MOCT MEKIY TapaJliie/b-
HBIMH MUPAMHU. AMIJIATYJHAS MOAYJSIUS BBICOKOYACTOTHBIX BHOpauuii OgHOrO
naHa (Ha 9aCTOTE Wegt) HI3KOYACTOTHBIME BUOPAIUAME APYToro IiaHa (Ha 4da-
cToTe W <K wext)- DaemeHTaIbl Ay - HU3KOIACTOTHBIE AUCKPETHI MEPEJAHHON CH-
creme VU Ha BBICOKOH 9acTOTe wezpt WHBOpManuu. Kpome Toro, ajemMeHTaIaMu
Ap MOTYT GBITH HH3KOYACTOTHBIE JMCKPETH MHMOPMAIMU, KOTOPOH OOGMEHUBa-
10rcsa dbusmaeckoe n HepU3MIECKOE Tena CO3HaHUs cucteMbl W (Ha gacToTe sapa
Win 3> w).

[IE€PEeAHHOI OT BHEIIHEro o OTHOmEHUO K U MCTOYHWKA HA HECYIIEH YaCTOTe Weyt.
Kaxapriit u3 siemMenTajoB Oyaydn B TOW WM WHOM Mepe CO3HATEIbHBIM CTAHOBUTCS
3JIEMEHTOM CO3HaHUs cucTeMbl V.

Bosbmem B kadectBe ¥ BOJHOBYIO (DYHKIHIO BUIA POCTOH (DU3UIECKOIH
CHUCTEMBbI, HAIPUMED, CBOOOIHOIO JIEKTPOHA HAXO/ISIIErOCs B MPOU3BOJIHLHOM OObEME
V. Ormnmuunem paccmarpuBaemoil (ByHKIHH OT CTAHIAPTHON (DYHKIMEH CBOOOIHOIO
JIEKTPOHA, LUPUHATON B KBAHTOBOM MEXaHUKE, fABJIAEeTCA HaJIM4Yue BPEMEHHON u
9aCTOTHOM 3aBUCUMOCTH €€ aMILTATYAbI (cM. (5])), obycioBennoit BausaueM BuOpaIuii
MapaJjIIeIbHBIX MUPOB, & Takke (a3bl KosebaHuil , 0 KOTOPOi OyIeT TOBOPUTHCA B
MaTbHEHIeM, U KOTOPYIO MOKA 9YTO I ONPEIEIeHHOCTH MbI MPUMEM PaBHOW HYJTIO
@ =0.

Jlerko mokasarb, 4TO Il cpejamell 3a nabmonaeMbiii nepuox 1 sueprum E
cucrembl ¥ cripaBeinBo:

N OWA(1)
_ T/o E(t)dt = ?/0 ‘//‘I’A(t)athdt+hw0’ (6)

BTOpPOE CJIaraemMoe 311ech: hwy = hzk_(;z /2m - XOpOIIIO W3BECTHAST B KBAHTOBOI Me-
XaHuKe uaMepsieMas (neficTBUTe/bHAsS) KMHETHYECKas IHEPrust CBOOOJHOIO SJIEKTPO-
Ha MacChl M, a IEePBOe CJaraeMoe - HeusMepsieMas (MHUMAasi) SHEPTUs €ro CO3HAHUS.
MuumMoCTb 3TOro ciraraeMoro OOyCJIOBJIeHa MHUMOIN €IUHUIEN ¢, KOTOPas CTOUT IPHU
JEeHCTBUTE/IBHON BE/IMYHHE - HHTErpaJje OT IPOU3BEICHUsS AeCTBUTEIbHON DyHKIUN
W4 (t) u €€ 1pOU3BOJHOI 110 BPEMEHH 8q’£(t).

N3 dopmysst (@ CTIeyeT, 9TO KAKUM OBl 3HAYUTEIHLHBIM HU OBLIO M3MEHEHWE
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aMILUIATYIbl  BOJHOBOH (byHKImu W, BbI3BAHHOE BHOpaIWell U3 MNapaJIeIbHOrO
MHPa C YaCTOTON Weyzy, OHO HE MOXKHT OBITH W3MEPEHO u3BHE Hampsamyo. OHO
BO3ECTBYeT JIMIIb Ha SHEPruio 'BooOparkenus"dactunpl. V1 3T0 mpencraBsgercs
BIIOJIHE E€CTECTBEHHBIM, MOCKOJIbKY HU OJIMH MATEPUAJIbHBI HOCHTE/b BuUOpammii B
nuana3oHe KoJyieOaHuil (PU3NIECKOrO0 MUpa HE CIOCOOEH TEPEHOCUTh JHEPTUI0 HA
Takux gacrorax. /s yesoBeka momo0HOe BHEINTHEE BHICOKOYACTOTHOE BUODPAIIMOHHOE
BO3IEHiCTBUE HA €r0 BHYTPEHHWH MUD OyIeT 03HAYATh BIEUYATICHUE OT 9y¥KON MBICIH
¥ TpU OCOOOH CHJTe€ 3TOM MBICIN - BHYIIIEHHE.

Kaxk 6yzer moka3zaHo JaJibiie, B CIy4asix, KOr/ia BHEIIHeE BO3IEHCTBUE U3MEHSeT
HE TOJIHKO AaMIJIUTYIy, HO ¥ a3y BUOPAINN, HAXOISAIIYIOCS TOI yIPABICHUEM
BHYTPEHHErO siJpa YaCTHUIBI, BO3MOYKHO HEMOCPEJICTBEHHOE MpOosBIeHne (heHOMEHOB
MapaJIeJIbHBIX MUPOB HEMOCPEJICTBEHHO B (PU3UIECKONH MATEPUH.

5. KakoBo 3nadyenue pa3bl mpu B3ammojeiicTBuu BuGpamnmii?

IMponece undopmManuoHHOr0 00MeHa (B3aMMOIEHCTBYS ), ABIAIOIIANCA CYIIHOCTHIO
Jioboit Bubparuu (cM. 11.1) mogo6eH MpoLeccy AbIXaHUs, B XOI€ KOTOPOTO B3aUMO/Ieii-
CTBYIOIIHE CUCTEMBI OOMEHUBAIOTCS BIBIXAEMBIMU W BBIIBIXaeMbIMU dieMentaMu. Jlis
JIIOOBIX CHJIOBBIX B3aMMOJEHCTBUN (DU3MUCKOrO IJIAHA B KAYECTBE TAKHUX JIEMEHTOB
MOI'YT PACCMATPUBATHCS BUPTYAJIbHBIE 9aCTHIIbL.

ITose 3bupHBIX YACTUIT UTPAOIIEE POJIH TTOCPETHIKA B3aUMOIAEHCTBU Ha, (bu3u-
9eCKOM TIJIaHe, 00J1aJaeT COOCTBEHHOM BUOpamueil, xapakrepu3yoleiics HabopoM da-
CTOT (pU3UIECKOrO AUAIMA30HA U €INHOI HaYaIbHOM (pa30it Bcex Koaebamnii. Eauncrso
HAYAIbHOI (pa3bl 06YCIIOBIEHHO MIHOBEHHBIM (110 MepKaM (hU3MIECKOro MUPa) POK 16~
HUEM IePBOATOMOB (DU3UIECKON MaTepuy u3 Haubojiee HHEPTHBIX ATOMOB aCTPATBLHON
Marepuu B mporecce poxkaenusi Beemennoit. ®opMupoBanue B JAJbHEHIIEM BCEX Ya-
crur GU3NIEeCKOH MaTePUH, BKIIIOYas BUPTYaJIbHbIE, TPUBA3AHO K eIMHON (a3e camoi
ObICTPOIt 3UPHON MaTepuu U3 KOTOPOil (hopMupyoTcs 6osee mHEPTHBIE (DUINIECKUE
qactunbl. Takum obpaszom, KocMoc MOKHO yogoOuTh BEICOKOCHHXPOHU3UPOBAHHOMY
YAaCOBOMY MEXAHU3MY, TJI€ POXKJIEHUE WJIH YHHITOXKEHHE Yero-Tnbo MOKET MPOHCXO-
IuTh HaubOJIee BEPOITHO TOJBKO B OTBEJEHHBIE JJIs STONO BPEMEHHbBIE WHTEPBAJIBI,
OTCYUTHIBAEMBIE IO YaCaM MATEPUHCKOW CHCTEMBI.

OrmernMm, 910 camasi ObICTpas MaTepus KaXKJOro ILJIaHA, COCTABJISIONAs MOJIE
B3aUMOJENCTBAA Ha 3TOM ILJIaHE, ABJAAETCd MaTepueil ¢ HaumMeHee IIPOABJIEHHON
CcBODOMHO BOJIEH CBOMX 3JIEMEHTAPHBIX YaCTHIL. BeposiTHO, MOCIYIIHOCTh U BBICOKAs
CHHXPOHUBUPOBAHHOCTH TUX YACTUL ABJISIOTCH MPUIUHON MAKCHMAJIBHOW CKOPOCTH
pearnpoBaHusi Ha B3amMmomelcTeue Ha Tmiane. OOHAKO, C TEYEHWEM BPEMEHH,
EPBOATOMBI TLJIAHA MPOSIBJISIOT CBODOJHYIO BOJIIO BCE DOJIBINE W HAYUHAIOT CTPOUTH
CcOOCTBEHHDbIE Te€jla CO3HAHUS HA ITOM IIJIAHE, MPEBPAINASCh B 0OJI€e TIKEbIE
YACTHUIBI, JUO0 MEPEeXO/AT Ha, BBIMECTOANNN TaaH. Takue BbIsIBIEHUS HE BCETIA
PAPMOHUYHbBI U SIBJISIIOTCS TIPUIUHOM HENPEICKA3yeMbIX QJIyKTYyaluii [OJs, 9TO B CBOIO
04Yepeb, MPOSIBJISETCS KAK SHTPONMUS WM Xa0C HA MJIAHE. DTO TPeOyeT MOCTOSHHON
CUHXPOHU3AIUA TOJIsI CO CTOPOHBI 00JIee PA3BUTHIX CO3HAHWIA, KOTOPhIE COOCTBEHHOM
BuOpanueil ymopsio9nBaloT BUOpAIUio mossd. VHade Tojie CTAHOBUTCS 3aMKHYTOR
U, COIJIACHO BTOPOMY 3aKOHY TEPMOIUHAMHUKH, BCE OOJIEe XAOTHYHON CHCTEMOi, 4TO
3aTpy/IHIET PA3BUTHUE JPYIHUX CHUCTEM Ha miane. Takum 06pa3zoM, IPUIUHON IHTPOIUY
B JII000# crCTeMEe SIBJISIETCS HECUHXPOHU3UPOBAHHOE BOJIEU3bsABJICHUE €€ JacTei.

[Tone 3upHBIX YacTwll yIaCTBYIOMINX B 3JIEKTPO-MATHUTHBIX B3aUMOIEHCTBHUAX
MOXKET PACCMATPUBATHCA KAK OJHA W3 KOMIIOHEHT HEMPU3HAHHOTO 3dupa, KOTopas
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COOTBETCTBYET TAaK HA3bIBAEMOMY B 3JIEKTPOJIMHAMUKE BAKYYMY 3JI€KTPOMArHUTHOTO
nosst [14]. B rTeopum KBaHTOBO# 3JIEKTPOJAMHAMUKH 3TO HENPU3HAHHE OOXOJUTCS
JIOPOTO - COOTBETCTBYIOIIEE KOJEOAHUSIM 3JIEKTPO-MATHUTHONO BAKYyMa CJIaraeMoe
[POCTO BbIYEPKUBACTCH ©3 (DOPMYJIbI SHEPIrUU  JIEKTPOMATHUTHOIO TOJIsSI BBUJLY
oTyTcTBHs "TOJHON JIOrMYecKoil 3aMKHyTOCTH cyinecTByomed Teopun" [14]. Mbr
JKe HaCTauBaeM Ha TOM, 4To 3bup (Berep KOTOPOro OOHAPYKUTh HEBO3MOMKHO, CM.
0.3) SABJISETCs MOCPEIHUKOM BCEX BUJOB B3auMoeiicTBuil Ha (pU3MUecKOM IIaHe, 3a
HCKJTIOYEHUEM CJIaD0T0 U TPABUTAIMOHHONO, O 9eM OyJeT CKa3aHO TMO3/Hee.

Daza BbIIOXa (DU3NIECKON YACTHUIBI COOTBETCTBYET YBEJIUYCHUIO HAOJIHEHOCTH
3dupHOrO MOJSA. DPrOANIHOCTH, T.€. OTCYTCTBUE TPOCTPAHCTBEHHON YIATEHHOCTH,
MpeJnoaraeT MpakTHIeCcK MITHOBEHHOE PACTIPOCTpaHeHne Mo HebU3NIeCKNM TIaHaM
uuadopmammu 00 3ITOM coObiTuu BO Bceit Bceemennoit. Ommako peakius Ha, 3TO
cobbITHe HA (PU3UIECKOM IITaHE 3aBUCHT OT BUOPAIIMOHHON YIAJeHHOCTHA U HHEPTHOCTH
BOCIPUHUMAEMAIONMX dacrull dpusndeckoro miana. CKOpOCTh pearnpoBaHUs, Kak
Mbl YK€ YIOMHHAJIM, B JAHHOM CJIy4ae HE MOXKeT ObITb OOJIbIE CKOPOCTU PEAKIMU
aroMapHOii Marepun (hU3NIECKOro MyaHa (CKOPOCTH CBETA B BAKYYME).

®a3za BOXa OIycTomaer 3(pupHoe moJe.

Ipaduuecku npouece apixanus (BUOPANUIO) MOXKHO WIIIOCTPUPOBATH PAIILYCOM
kpyra R BenmymHa KOTOPOTO COOTBETCTBYET BBLI3BAHHOMY [bIXQHUEM W3MEHEHUIO
HAIIOJIHEHOCTU 110Jisi 3(UPHBIX YaCTUI, KaK [OKa3aHO Ha figure VBenudenue
paJmyca mpH BBIIOXe O3HAYaeT MposiByieHue 3hupHbIX dacTui. Bmox coorBercTByeT
UX TOTJIOIIEHUIO BHYTPEHHUM SI[POM YaCTHUI[BI, TAK YTO YMEHBITAeTCa U pajanyc R.

Besmunna R na rpadukax 4uc/I€eHHO paBHA 3HAYEHUIO PEATIbHON KOMIIOHEHTHhI ¥

(cm. bopmyay ) :

R = Re{¥} =V scos(wt + ¢), (7)

r7e, Kak W PaHbIle w - COOCTBEHHAsd 9acTOTa BUOpAImu, a ¢ - eé dasa.

s mpocTorhl OyaeM CYWTaTh, YTO B3aWMOIEHCTBHE YACTHUIBI C IDUPOM
OCYIIECTBIISIETCS IPEUMYIIECTBEHHO HA YACTOTE JbIXAHUS W 9aCTUIBL. T.e HA 9acTore
eé [IaBHOIO pe3oHaHca ¢ Habopom Kosiebanuil (Jpixanuem) 3(PUPHOIO 1OJI.

ITomo6HO ApyruM KBaHTOBBIM MPOIECCAM CJIEAYET OXKWUIATH HAJUYNE PA3PEIeH-
HBIX ¥ 3aIPEIIEeHHBIX 30H B SHEPTHHU TAKOTO B3auMoIelcTeus, anajoruduo figure 3l 1o
PAHUYHOrO MOPOra HAIOJHEHUs H(DUPHOrO MoJIs (YBEJIUYEHHs €rO IHEPIUU) POKIe-
HUS BUPTYAJbHBIX YACTHUI] U3 HANOJHEHHOTO >pupa He mpoucxomut. I'padbudecku 310
COOTBETCTBYET HE LIEPECEYEHUIO PAJUYCa JbIXaHud [y, 4acTuipl ¢ paJuyCoM JIbIXaHUs
R, sdupuoro nona (na rpadukax s upocrorsl Ry, = Re ). 9T0 3HAYUT, 4TO B Ta-
KOM COCTOSTHUW TIPAKTUYECKU HE TPOUCXOAUT (hU3NIECKOTO B3AUMOIEHCTBUST YaCTUIIHI
C TIOJIEM ¥ COOTBETCTBEHHO C APYTUMU YaCTHUIAME YE€PE3 TO TOJIE.

Hawubosee rapMOHIYHOE COYETAHUE IBIXAHU, KOTIA BBIIOX YACTHUIBI COOTBETCTBY-
eT BJOXY BaKyyMa U HaoBOPOT XapakTepusyercs: caBurom (a3 ux pubparmit Ap = 7.
B srom ciayuae pubpaunuonnble pagmycsl dacrunpl 2, u s¢upnoro nonga R, HUKOrIa
He nepecekaiorcsa (cmorpu figure [5)). Yactunpsr umeromnne casur a3 OTHOCUTETHHO
adupuoro nmosst Ap = 7 ABIAIOTCS JIEKTPUUECKH HEATPATIHHBIMHY.

Kak Buano u3 figure |§| u figure |7| basosbrii casur Ap = =+7/2 upeanosaraer
HAJIMYHE AKTHBHOIO B3aMMOIEHCTBUSI YACTHUILI € (MDUPHBIM MOJEM HA OJHOM W3
nostynepuoioB kKouebanusi (aubo nHa dasze Broxa, Jubo na daze Bbuoxa). B
TAKWX TIOJYNIEPUOAAX JOCTUTAETCS TIOpOr HamojaHeHocTn 3dupa (mepecekarorcs
BUOpanuoHHble paauychl R, u R, dacTumpl U 3()DUPHOro M0Jisi) B PE3Y/AbTATTE Yero
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Ay = 7 phase interaction
Puc. 5. Hawubosee rapMoHu4HOe coveTaHue BuOpanuii, XapakTepHOe [Jisi
3JIEKTPUYECKH HeHTpaJbHBIX YaCTHI, a TaKXKe JJs YacTUIl IPOTHBOIO-

JIO’KHBIX 3HAKOB, oOOpa3yomunx He#fTpambpubili arom. Casur daz Ap =
T 3a2pY3ums 8UICOUAAIOCTTIPAYUIO

Ay = /2 phase interaction

QTN

Puc. 6. l'apmonuunoe coueranune BubOparnuil, XapakKTepHOE [ B3AUMOLEHCTBHA
[IO3UTUBHO 3aPsI?KEHHBIX YaCTHUI] C 3(PUPHBIM II0JIEM, & TAKXKE [JIsl B3AUMOAEHACTBUS
GUUIECKOTO U ACTPATBHOTO TEJ YACTHIl, OJHUM U3 MPOSBIEHUNR KOTOPOTO SBJISI-
forcst cunbl rpasuTanun. Casur Ga3 Ap = 7/2. 3a2py3ums 6UIeOUAMOCNPAUUIO

POXKIAIOTCS BUPTYAJTbHBIE YACTHILI COOTBETCTBYIOMIEH YACTOTHI B3aUMOAEHCTBUS,
KOTOPBIE 33aHUMAIOT PA3PEIIeHHBIE YPOBHHE B 30HE B3aUMOIECHACTBUS.

DHeprernveckas 30Ha B3aUMOJEHCTBUS ONPEJENSieT POJL, POXKIAIONIUXCS BUPTY-
AJIbHBIX YaCTHI U HHTEHCUBHOCTH B3anMmoeiicreus. T.e. npu najgnunn (ha30BOro CIBH-
ra Ap = +7/2 OoTHOCHTEILHO (DUPHOTO MOJIfA, B 3ABUCAMOCTU OT OJU30CTH IMIPO-
CTPAHCTBEHHBIX BHODAIMA BO3HUKAET B3AMMOJEHCTBHE PA3TUIHON WHTEHCHBHOCTH -
9JIEKTPOMArHATHOE B HAYAJIBHON 30HE M CHabHOE B caemytomeii. Kpome Toro, mox-
HO OXKMJIATh CYIECTBOBaHME emié 0Ojiee SHEPIUYHBIX 30H, XaPAKTEPU3YIOMIUXCS eIné


http://www.manas.inf.ua/pi.mp4
http://www.manas.inf.ua/pi_2.mp4
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Ap = —m /2 phase interaction

NN

Puc. 7. lapmonunynoe coueranme BuOpanuil, XapaKTepHOe JJisI B3aUMO-
NeWCTBUS HETATHBHO 3aPSKEHHBIX YaCTUIl ¢ SPUPHBIM TOJNEM, a TaK¥XKe
AJIA B3aHMOAeﬁCTBHH CI)I/I3I/I‘I€CKOI‘O n aCTPaJIbHOTO Te€JI YaCTHUull, OAHUM U3
MPOSIBJIEHUI KOTOPOTO SIBJASIOTCS CHJBI rpaBuraruu. Casur da3z Ap =
—7/2. 3a2py3umv 6UIEOUAAIOCTNPAUUIO

6os1ee MOIIHBIMU BHJIAMU B3auMOjeicTBUs Ha ypoBHsX [1IIaHKOBCKUX 9aCTHIIL.

®asosbiii capur Ap = /2 busnveckoii kommonenTsl Bubpanuu ¥ (geficTBuTennb-
Hag dactb ¥ B d-se (1)), BoIparkaiomasacs KOCMHYCOM) OTHOCHTEIHHO BUOpanuu eé
acTpaJIbHOrO Teja BooOparKkeHus (MHuMas dactb ¥ B (-je , BBIPAYKAIOIIASCS CH-
HYCOM), O3HAYAET, YTO CYIIECTBYET B3aMMOJEHCTBUE HE TOJIBKO MexK1y (hu3nueckoii u
acTpanbHON KOMIOHeHTaMu W, HO ¥ MeXK/y (DU3UUECKUMU YACTUIAMHU, TOCPEICTBOM
ACTPAJIBHOIO TIOJIS.

9T0 Topasmo 6osee caaboe, O CPABHEHUIO C JIEKTPOMATHUTHBIM, TPABUTAIINOH-
Hoe B3amMmogeiicTBue. Takum obOpa3oMm HEHAOMIOJaeMasi B IJIEKTPO-MATHUTHOM [IHa-
ma30He BUOpAIuii TOHKAs MaTepusi BO3AEHCTBYeT Ha (PU3UIECKHUE TEJIA MOCPEICTBOM
rpaBuTanuu. B coBpeMenHON acTpodu3uKe ITON MaTepuu MPUCBOEH TepMUH "TeMHas
marepus" [16], xors oHa npuHaIEKUT K TOPa3a0 6oJiee BLICOKOYACTOTHOMY (CHSAIO-
[IEMY) TUIY MATEPUATLHOCTH IO CPABHEHUIO ¢ (PU3UIECKOI MaTepueii.

Ammnryna kosebanuii  cucrembl W 3aBHCHT OT TOrO, CKOJBKO POXKIEHHBIX
CHUCTEMOM BUPTYAJbHBIX YACTHI] HAIET cebe MECTO HAa YPOBHAX B3AMMOIEHCTBUS C
apupom.

Ecmn na gacts $as3pl BbIIOXA TaCTUIBI BO BpeMs €€ B3auMOIEHCTBHUs ¢ 3(PUPHBIM
oJieM MpHUHAeTCd 9acThb (Pa3bl BLAOXA ITOrO II0Jsl, HACBIMIEHHAS] APYroi dacTureit
¢ Takoit xe dazoit (Ap = 0, cm. figure ,TO YaCTh YPOBHE! 30HBI B3aUMOAEHCTBUS
Oyzner 3amsTa. Kak caeacTBue, KOJIMYECTBO YPOBHEH B3aMMOAEHCTBUS C TIOJEM OyIeT
HEJIOCTATOYHBIM JIJIsi COXPAHEHUS TTOJTHON aMILTUTY/IbI KOJIeOAHU 0DenX YACTHUI] U OHA
OKazkeTcst ofaBieHHoi. Takxke momaBIeHHbIME Oy IyT aMILTHTYAbI 9aCTHIL BO BpeMs
B/IOXa B CJIy4ae COBIAJEHUS BJOXOB OJIMHAKOBBIX II0 YACTOTE YACTHUIl, MOCKOJIBKY
HA YPOBHSIX B3aWMOMEHCTBUs C d(DUPHBIM MOJEM OYIeT HAXOAUTHCSH HEIOCTATOTHOE
JUIsT COXPAHEHUS MOJTHON aMIIATYIbI KOJIEOAHUN KOJTMYIECTBO BUPTYAJIbHBIX YACTHUIIL.
IlosTomMy, m B TOM uW B JAPYrOM CJydae dYacTHUIbI OyIyT CTPEMUTHCH yBEIUIUTH
PA3HUILY B CBOMX IMPOCTPAHCTBEHHBIX YACTOTAX, YTOOLI YMEHBIIUTH B3aUMO/IEHCTBHE,
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Ay = (0 phase interaction

N N\

Puc. 8. [ducrapMonutunoe coueranune BHOpPAIuUil, XapaKTEePHOE AJIS B3AMMOZEii-
CTBHSA 3apA>KEHHBIX YaCTHUI] OJUHAKOBBIX 3HAKOB, BBEIZBIBAIOINEE IePECTPOCHHE HX
IPOCTPAHCTBEHHBIX YaCTOT C LEJIBbI0 YAAJEHHS ADPYr OT Apyra (OTTaJlKUBAHUE).
Casur dha3z Ap = 0. 3a2py3umd 6UIEOUAMOCTNDAUUIO

T.e. BOSHUKHET OTTAJKUBAHUE MEXK/y HUMHU.

Hao6opor, ecun #Ha ¢al3y BbIIOXA TaCTUIBI BO BPEMs B3AMMOIEHCTBHSA C IOJIEM
npuiinerca dasza Baoxa 3¢upHOro noss, obeIHeHHOro APyroil actuneh (Ap = /2,
cum. figure @, b0 (aza BIOXA YACTHUIIHI COBIAIET C OOOTAIEHHBIM IPYTON YaCTUIIEH
BoIIOXOM ToJist (A = —7/2, em. figure [7), To M€Ky HUMHU BO3HHKHET MPUTSYKEHHE,
00yCJIOBJIEHHOE IHEPIE€TUIECKON BBITOHON OT COMMKEHWS CBOMX HTPOCTPAHCTBEHHBIX
yacror. O4eBuaHO, YTO B Pe3yJIbTATE€ TAKOIO B3aMMOIEHCTBHS AMILIMTYIbI YaCTHUIL
OyAyT yBEJIMYMBATHCSH, IIOCKOJIbKY BO BpeMsl B3aMMOLEHCTBUL YACTHUIIBL C IIOJIEM OJIHA,
YACTHUI@R OYyIEeT MPeJOCTaBIATh IJIsi IPYTOil JOMOTHUTEIBHBIE BUPTYAIhHBIE YaCTUIIHI
BO BpEMs BBIJIOXA, TOTIA KAK [Ipyras JJjis IepBoii - JOMOIHUTEIbHBIE YPOBHU BO BPEMs
BJIOXA.

YacTuupl, HACBIAIOIIKE JEKTPOMArHUTHLIA BakyyM Ha pa3e BbLIOXa - 3TO
[IOJIOXKUTEILHO 3aPS2KEHHbIE YAaCTHIIbL. DTO Caydail, Korja KojedaHus 3(PUPHOro 1oJist
CIIBUHYTBI OTHOCUTENBHO KOseGanuii yactunpl Ha Ag = +7/2 (cm.figure @ Yacruubl
HaCKIIaeMble 3(PUPHBIM TojIeM Ha ¢a3e BIOXa - 3TO HeraTwBHbIe dacTHIb. CaBur
dazbr 3¢pupHOrO TONSE OTHOCHTENFHO MX cOOCTBeHHOH (a3l mpu 31oM A = —7/2
(cm.figure . Takum obpazom, capur ¢a3 MexRAy Pa3HOMOJISIPHBIMA YACTHUIIAMUT
cocrapisier Ap = , 9TO TPUBOJUT K BO3MOXKHOCTH 0OPA30BaHUST HEHTPATBHOTO ATOMA
[Ip¥ BUOPAIIMOHHOM COIMKEHUU YACTHIL.

[Mpubnukenne K 3apsokerHoi udactuiie ¥ Bmoab ocu X JApyroi 3apszKeHHON
gacrurpl (T.e. CcONMMXKeHWE 3HAYEHW# uX dYacrTor) Hapymaer pasHoBecue Y. B
pesysnbrare WU MeHZIET CBOK MPOCTPAHCTBEHHOI 4YacTory wx (cMm. -y )
Kejag o yCHJIUTH Pe30HAHCHbIE (IpUTsXKeHue) JUbO HOraCuThb JUCCOHAHCHBIE
(orrasikuBanue) BUOpALMU B3AUMOJECHCTBHS 110 3AKOHY:

dwx 2mdv, 27 F, 8
d X dt A m’ ®

rae F,-nposiBasemas cuctemoit ¥ cusa, a m-Mepa vHEPTHOCTH, ¢ KOTOpoit W crocobHa
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[EPECTPONTDH CBOIO YaCTOTY. M 3/I€Ch - 9TO Macca U3 BToporo 3akona Hbiorona [17].

Benuvuna uneprHocru (Macca) sl 4aCTHUIL PA3HBIX 3HAKOB PA3JIMYHA, IOCKOIBKY
obOycIoBIeHa PA3INIHBIM (PA30BBIM CABUTOM WX BHOpAIlNii OTHOCHUTEIHHO BHOPAIIH
s¢upHOro mossa. Ilo3uTUBHO 3apsizKEHHBIE YACTUIBI B3aUMOIEHCTBYIOT € 3(DUPHBIM
mojieM TOJMBKO Ha a3e BBIIOXA, TOMJA KAK HEraTWBHBIE - TOJBKO Ha dase
Baoxa. llo3uTWBHBIE YACTHUIGI HACHIMAIOT 3JIEKTPOMATHUTHBIH BAaKyyM HOBBIMHU
BUPTYaJIbHBIMU YaCTULAMU (3AI0JIHAIOT YPOBHYU B3aUMOIEHCTBYS ¢ I(DUPHBIM TIOJIEM).
Ho orkyma Oepyrcs sHeprum 3STHX YACTHI, YUIATHIBasg, 9TO Ha ¢ase BHIoXa
[O3UTUBHBIE YACTHUILI HE B3aUMOJEHCTBYIOT € (PUPHBIM HOJeM? YUIUTbIBAs 3aKOH
COXPAHEHUs] YHEPTUN, OHU MOTYT OPaTh STy IHEPTUIO BEPOSTHEE BCETO C OmKairieit
SHEPTeTUYECKOM 30HBI - C ACTPAJBHOTO IIaHa. JIpyruMu CJIOBamMu, MO3WTUBHBIE
YaCTHUIBI BIBIXAIOT MATEPUIO C ACTPAJBHOrO IJIAHA W BBIABIXAIOT HA (PU3UIECKOM.
HaoGopor, B cuiy TOro ke 3aKOHA COXPaHEHHsl MarTepuu (SHEPruM) HEraTUBHbLIE
YACTUIBI BIBIXAIOT HA (PU3UYECKOM ILJIAHE U BBIABIXAIOT Ha acrpajbHOM. [Tosromy,
[O3UTUBHDBIE YACTUIBI BCErJA MMEIOT U30bITOK BBIIOXHYTON uMu 3PUPHON MaTepuw,
KOTOpasi He ObLIa MPUHATA, H(PUPHBIM TIOJIEM, & 3HAYUT U W3OBITOK MAcCChl. HeraTuBubie
9acTUIBl HAOOOPOT, MMEIOT HEKOTOPBIH HEJOCTATOK (IJisi TOJIHON aMILIUTY/IbI)
BBIXaeMbIX (PUPHBIX JaCTHIl U OOJerdeHHOe 3(PpUpHOE TEO.

Kpowme roro, HeraruBHbIE YACTHUIBI HE UMEIOT TAKOTO U30BITKA BBIIOXHYTONW MaTe-
puU, KaK HO3UTUBHbIE, [IOCKOJIbKY B cuily GoJiee BbIcOKO4acTOTHOI ("ToHKOoi") crpyk-
TYpbl YPOBHU B3aMMOIEHCTBUS C ACTPAJbHBIM MOJIEM TOpa3a0 60Jiee MHOTOUHNCIEHHEE
3(UPHBIX U TIOYTHU BCs BBIIOXHYTAs] HETATUBHBIMHU YACTUIAMU MATEPUs TPUHIMAETCS
aCTPAJIbHBIM TOJIEM.

[MpakTraeckas HEHACBIAEMOCTD ACTPATBHBIX YPOBHEH (DU3UYECKUME YACTUTIAMA
(na uebosbiux B Macmrabax BceneHHO# paccTosHuMsX) IPUBOAUT K TOMY, 4UTO
TPABUTAIOHHOE B3aWMOJIECTBIE, KaK pe3yabTaT CABHHYTHIX Ha Ap = +7/2
BuOpanuii (PU3M9IECKUX U ACTPAJbHBIX TEJ CHCTEM WMEET XapaKTep MPUTSXKEHUs,
HECMOTPS HA OJIMHAKOBOCTH (ha3 hU3NIECKUX TeJI OTHOCUTEIHHO ACTPAIBHOIO TIOJIS.

IIpu 6obIIoOHi 6 TM30CTH MTPOCTPAHCTBEHHBIX YaCTOT B3AUMOIEHCTBYIOINX CHCTEM
(MaJIbIX PACCTOSHUAX MEXKJy HUMHU) IPABUTALMOHHOE B3AUMOIEHCTBHE MEPEXOJIET B
60s1e€ BBICOKOIHEPIreTUIHYO 30HY TAK HA3BIBAEMOI'O CJIAOOIO B3aMMOIEHCTBHS.

Opnako mpu OOJBIIUX PA3HUIAX MPOCTPAHCTBEHHBIX YACTOT B3aWMOIEHCTBYIO-
mux cucreMm (Ha Gonbimux B Macmrabax Bcenennoil paccrosuusx) BubpalmoHHbIE
YPOBHHU B3aMMOAEHCTBUsT (DU3WUECKON MATEPUU C ACTPATBHBIM TMOJIeM 0ojiee TycTo
HACEJIEHbI ACTPAJIBbHBIMU BUPTYAJIbHBIMEA YACTUIIAME, 9eM Tpu HeGosbmux. [Ipuanna
9TOr0 B TOM, 4TO 4eM GOJiblle PA3HUIA B 4aCTOTAX, TEM MEHbIIE CUCTeMa (B JAHHOM
cllydae acTpaJsibHOE TOJIe) YYBCTBYET W3MEHEHHE 3TOW pasHullbl. B pesyiabrare, mpu
OOJIBITUX PA3HUIAX B YACTOTAX B3AUMOIEHCTBYIOIINX CHCTEM, KOTOPhIE COOTBETCTBY-
0T KPalo 30HBI B3aNMOIeHCTBYSA (DU3NIECKON MATEPHUH C ACTPAIBHBIM TIOJIEM 9T YACTh
30HBI OKA3BIBAETCS 3AMOJHEHA U MOITOMY OyIeT MPOSBIATHCSI AHTUTIPABUTAIIHOHHBIN
s dexT orramkuBamus. [[porucXoanuT 3TO B CHITy TOrO, 9TO KaK MBI YK€ FOBOPU/IH, (Pu-
3UYECKUE CHCTEMBI UMEIOT OJMHAKOBBIN CABUT (DA3 OTHOCUTEIHHO ACTPAIBLHOTO TOJIS.
Taxum 06pa3om, B3auMoaeiicTBie pU3NIECKONl MATEPUN C ACTPATBHBIM TIOJIEM MOYKET
OBITH OOBSICHEHWEM TAWHCTBEHHON TEMHOH 3HEpPruu, KOTOPOil B COBPEMEHHON acTpo-
dbuszuke npunmchBalOT HABIIOJAEMOE yCKOpsIoleecs: pa3beranue rajakTuk [18].

Dazy Bubpaiuu ¢ rena cosnanus U (cm. d-iy ) MOYKHO TIPEJICTABUTH B BHUJIE:

¥ = ¥o + (pin(Fv t)7 (9)
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rae @o-dasza KojedaHWil Tejga CO3HAHUS CUCTEMBI, TMPHUCYIIAs el OT POXKICHUS U
OIIPEIEIAIONIAs 3HAK 3JEKTPUYECKOTrO 3apsa JJis YACTHILI U IOJ JJis Ye/IOBEKa.
Yin(T,t) - cuur dasbl 00ycJa0BIEHHbII COOCTBEHHON BOJIEH YaCTULDBI, ABIIAIOIIMIACH
LIPUYKMHOM Heolpeie/leHHOCTH B u3Mepenun e€ sHeprun AF 3a ppems T’

AE > (10)

T7
cornacuo npunimiy [eitzentepra 9.

st pa3BUTHIX COZHAHUI MPOTHBOIOJIOXKHBIX MOJIOCOB B3auMojieiicTBrue BUOPa-
muit ¢ Ap = 7 coorBercTByeT JIIOOOBHBIM BiiedeHusiM. Pusnyeckue 4acTUIpl, BUOPa-
UM KOTOPBIX CABHHYTHI OTHOCHUTEIHHO NPYT ApyTa Ha Beananny Ag = 7w nian Ap =0
B3ANMOIEHCTBYIOT 3JIEKTPOMATHUTHBIMHA CHJIAMU MPUTSKEHUS WJIH OTTAJTKABAHUS CO-
OTBETCTBEHHO.

6. IIpu KakKuX yCJIOBHUSIX BO3MOXKHBI (DeHOMEHBI MapaJljieJIbHBIX MUPOB B
dusuydeckoii Mmarepun?

st 3TOoro HEoOGXOAWMO YTOOBI BHEIMHsIsT IO OTHOIIEHUI0 K (DU3UIECKOMY ILIAHY
BUOpAIMS BO3/IEHCTBOBAIA He TOJIHKO Ha aMTUINTYAY KOJIeOaHui HaOII0IaeMOro Tea
co3HaHus, HO U HA a3y ¢ dTux Kojedanuii. V3menenune daspl GU3nIeCKOl JaCTHUIHI,
KOTODYIO OHA OOpeTaeT NpU POXKJIEHWU M KOTOPAsi HAXOJUTCS II0J YIPaBJIEHUEM eé
BHYTPEHHEr0 $/Ipa CBA3aHO C YHEPTHell TBOPEHHUs STOrO siapa.

B caygae desnoBeka BO3zeficTBHE HA PO COOTBETCTBYET YCHJIEHUIO WA
TTOJTABJIEHUIO €70 BOJIH.

JlocTaTouHO pa3BHTOE [AYXOBHOE $IIPO, TOMO00HOE YeIO0BEYECKOMY, CITOCOOHO
cobparh (OIPUTAHYTH) B COCTaB CBOMX PA3HOMATEPUAJIBHBIX TEJI 3HAYUTEIHHYIO 9aCTh
POJICTBEHHBIX 10 AyXy (OJHOPOIHBIX) DJIEMEHTAPHBIX YACTUII, [IOITOMY TaKHe Teja
OyIyT XOPOIIO COIIACOBAHHBIMHU. B 3TOM ciiydae m3MeHenune (pa3bl BHOPAIUK OTHOTO
Tesa OyIeT CKa3bIBaTbCs Ha (hade BUOpAIUU APyroro Teja.

B obmmem ciyuae dazy ¢ cucrembr ¥ MOXKHO 3aIUCATh B BUIE:

@ = @0+ in(7,1) + Pear (7' 1), (11)
LIE Yeqt (7, t)-3a1ePIKKA UK OlIEPEKEHUE KOIeOaHuil Tejla CO3HAHWS, BLI3BAHHOE BHEII-
Heil, b0 O9eHb CHUJIBHOM, TUOO XOPOIIO COTIACOBAHHOM BuOparueii. XOpoIo cormaco-
BAHHBIMU C BUOPAIUSIMU (DUBUIECKON MATEPUH SBJISIOTCS BUOpAIUK, HApuMmep, 3hup-
HOTO WJIM aCTPAJILHOTO TEJI BOMJIOIIEHHOTO MJIM HEeIaBHO PAa3BOIJIONIEHHOTO YeI0BEKA.
Takne BuOparuu CrroCOOHBI BO3IEHCTBOBATH HE TOJBKO HA (DUBUIECKOE TEI0 CAMOTO
YeI0BEKA, HO BCJIEJCTBHUE DOJIBIIONO CPOJACTBA € (PUIUIECKUM ILJIAHOM, TPOU3BOIUTH
deHoMeHbl B (pU3UIECcKOil MaTepun BOOOIIE.
C yderom BBIDAXKEHHE @ JUisl u3MepsieMoit 3a Bpemst T’ sHepruu cBoOOIHOM
YACTHUIBI TPUOOPETAET BUI:

T
E=1 [ B@ud —’h/ /\1/ ()drdt+hwo /8‘%—
0

- %/0 /LIJ’A(t)alI]T‘i(Qdet + hwo — % (@in(T) = pin(0)) — % (Peat(T) = ¢eat(0)).

(12)
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37IeCh JJIsi TPOCTOTHI MPEIMOJIATAETCH, 9TO (PYHKIUU Qi U Peyt PACCMATPUBAEMON
CcBOOOIHOI YaCTHUIBI HE U3MEHSIOTCS C U3MEHEHHeM €€ KOOPAMHATHL 'y T.€. SBJISIOTCS
TOJILKO (PYHKIMAMY BpeMenu t. Takzke /1151 yIpOLIEeHUus PACCMOTPEHMS IIPEIIIOJIOKHIM,
9TO 3aBUCHMOCTD Da3 Py B Pert OT Bpemenu ¢ smueiina. Torga semwaunst @i, (T) —
©in(0) 1 Yert(T) — @ezt(0) TPOCTO MPOMOPIMOHAIILHBI KOIMYECTBY Komebanuii N;, =
Aw;inT/2m 1 Negt = AweqrtT /2™ HA KOTOPBIE MOMKET YCKOPATHCS WM 3aMEIJIATHCS
Bubpanus cucrembl ¥ Bo Bpems usmepenus (Boszeiictsusi) T. Awi, U Aweyt - 3TO
U3MEHEHHUsI 9aCTOThI W CHCTEMbI BCJIEICTBHE U3MEHEHHs €€ BHYTPEHHEH W BHeLIHEeH
¢da3 cooTBETCTBEHHO.

Tperbe ciaaraemoe GbOpMyIbI L (@in(T) = 0in(0)) = hAw;, cooTsercTByeT
pesimuube AFE (cm. ((10)) HeompemeJeHHOCTH W3MEPEHHs SHEPrUM YaCTUIBI. JTa
HEOIPEIEJIEHHOCTh CBsI3aHA C MPOsBJIEHWEM BHUOpAIMU €€ BHYTPEHHEro $aApa u
BbIPaXKaeT CBOOOJHYIO BOJIIO YACTHIIbI

h
win = AE > o, (13)
TOTIa KaK TOCJIegHee CIaraeMoe %((pem(T) — @ert(0)) = hAwey: TPH yCIOBUH:

|Awezt| > 1 MOXKET TPUBOANTH K 3HAYUTEIHHBIM (DEHOMEHAM, BBI3BAHHBIM BHEIITHEH
subpanueii. Hanpumep, B coorsercruu ¢ (12) npu Aw;, = 0 nposBigemas dacTunei
sueprus Re {E} OyIeT OmpenensaTbCs BhIPAKEHHEM:

Re {E} = hwy — hiAwezt, (14)

T.€. TP TOJOKHTEIHHONH BeamamHe Awe,; OHa OymzeT yMeHbImaTrhbcs. Takoe
HOBEJIEHUE XaPAKTEPHO I JeMATEePUAIU3AIMU CUCTEMbI (yMeHbIeHus (PU3UIECKOi
AKTUBHOCTH ), KOI/IA 4acTh €€ Bubpauuu 1nepexoaur Ha 6oJiee BbICOKUIL 110 CPABHEHUIO
¢ PUBMYECKUM NJIAHOM YaCTOTHBIN Juana3oH. B janHoM ciydae Takoii nepexon Oyer
SHEPreTHYECKN BBITOJIEH, TIOCKOIBKY YCJIOBHE |Aweyt| > 1, KOTOpOE 3KBUBAJIEHTHO
[pewt(T) — @ert(0)] > 1 (upu He ucuesarouie Maabix T ) 03HAYAET MHOIOKPATHYIO
nepenosspusanuio WU, 9o gesaer eé pa3puTue (SHePreTuuecKuii pocT) Ha (PU3MIECKOM
ILTAHE 3aTPYTHUTETbHBIM.

Coay4ait: |0ert(T) — pert(0)| K 1 COOTBETCTBYET TPABUTAIIMOHHOMY BO3/AEHCTBHIO,
OKa3bIBaEMyMy Ha (PU3UUECKOE TEJIO CUCTEMBI CO CTOPOHBI TOHKUX TeJI JIPYTUX CHCTEM.

Cayuait: |@in(T) — ¢in(0)] = —7/2 + 7/2 cooTBeTCTBYET CHIIE CBS3M MEXKIY
TOHKUM U (DUBUIECKAM TeOM cucTeMbl V.

JleficTBeHHAST COIMIACOBAHHAS CBA3b MEXKJY 4YEJOBEYECKAMHU TEJIaAMH  JAeT
BO3MOXKHOCTH IEHTPAJBLHOMY JyXOBHOMY $I/IDY OCYHIECTBJIATH YIPABJIEHUE CBOMMHE
bosee rpyboMaTepuaIbHBIMEU 00OJOYKAMHU, TIPU KOTOPOM OHA ODOJIOYKA yIIPABJISIET
npyroii. Takoe ympasieHue OCYIECTBISAETCA MyTeM W3MEHeHWs (a3 TeX WJIN WHBIX
puOpanuii. Bubpanuss n cOOTBETCTBYIOMIASA €ff XMMUIECKass AKTHBHOCTH OTIEIbHBIX
XUMHYIECKUX 3JEMEHTOB U COEIMHEHWIH HU3KOYACTOTHOrO (PU3MIECKOTO TeNIa 3aBUCHT
or ¢a3 KosebaHuii 3JIEMEHTOB BBICOKOYACTOTHOIO (TOHKOr0) Tesa. Jpyrumu ciaoBamu,
KOLJIa MeHsercs BUOpALMOHHOe 110Jie (LIPOCTPAHCTBEHHbIH XUMU3M) B T€X TOHKOM
TeJIe, 3TO BHI3LIBAET M3MEHEHNE B JIEKTPO-XUMUIECKUX PEAKIAAX COOTBETCTBYIOIINX
9JIEMEHTOB TPY0Oro Tesa. JJIEKTPOXUMUIECKUE PEAKIUH, B CBOIO OY€PE/Ib, YIIPABJISIOT
reHepanueii MUKPOMMITYTECOB HEPBOB, Pe(IEKCAMU MBIIII, BLIIECTEHUEM TOPMOHOB W
r.a. [19], [20].

Capur daz Ap = 7/2 mexay teramu (cm (1)) coorsercTByer npuTsakenuo, npu
KOTOPOM (DU3UUECKOE TEJIO MUTAET TOHKOE(BLIIOX (PU3NIECKOTO MPUXOIUTCA Ha, BJIOX
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roukoro). IIpu Ay = —7/2 Haoboport, ToHKOe nuTaer Gbu3ndeckoe (BbIIOX TOHKOTO
Tesia npuxoiuTes Ha BAOX dusndeckoro). [Ipu Ap = 0 Mexay TesamMu BO3HHKAET
OTTAJIKMBAHWE, B PE3YJIBTATE 9€I0 TOHKOE TEJIO MOKET OCBOOOIUTHCS OT (PU3UIECKOTO.

Ecmu paccmarpuBaTh demoBeka Kak AyaabHYIO BHOparmoHHyio cuctemy VU Buaa
(1), To sapom Takoit cucrembr Gyzer eé MHUMAasi 9acTh, COOTBETCTBYIOIIAS TOHKOMY
Tesly desioBeka. lIpm m3menenuwu pasbl TOHKOTO Tejia CO BPEMEHEM, HAIPUMED, II0
3aKOHY:

Yin(Tyt) = Awxt + Awyt + Awgt, (15)

B CHJIy COTJIacOBaHHOCTH (ha3 MPOCTPAHCTBEHHBIE YACTOTHI Wy , Wy , Wz (DU3UIECKOTO
rena  (cMm. -y ) TaK¥Ke WU3MEHSIOTCA Ha Beaududbl Awyx, Awy, Awz
COOTBETCTBEHHO. ODTO O3HAYAET CIOCOOHOCTH (PUBUIECKOTO Tejaa K JIEBUTAIUA U
[IEPEMEIIEHNIO0 B IIPOCTPAHCTEE.

B camowm Jiesie, B 31OM Ciiyudae, IpU OTCYTCTBUU BHELIHEIO BO3AEHCTBUA (Qext =
0) u c yderom , n cucrema V¥ WUCOBITHIBAET MTPOCTPAHCTBEHHYIO
rpaucdopmanuo ¥ — Wy, a UMEHHO:

i — 3 A A A —
\I,Ael(th-‘rwxft-‘rwzt wot+vo) _)\I;Ael((wx-‘r wx )t+(wy +Awy )i+ (wz+Awz)t wot+tpo)7 (16)

rae VU, - ¢ABUHYTas B MPOCTPAHCTBE BOIHOBAS PYHKINA cucTeMbl W,

HeobxoauMo orMerurb, 4ro jpixanue cucreMbl (Bubpalus) - 910 AUCKPETHbI
MPOIIECC, ODYCJIOBIEHHBIN 3aXBATOM U OCBOOOXKIEHUEM SAPOM CHCTEMBI BUPTYAIbHBIX
gacturl. [lomOOHBIM OWCKPETHBIM TIPOIECCOM SIBJISETCS U W3MEHEHWE YaCTOTHI
Bubpanuu, 00yCIOBIEHHOE 3aXBATOM M OCBODOXKIEHUEM YaKpamMu (aHAJIOrHIHBIMU
U nozgcucreMaMu 1)) 3jeMeHTa’toB uHdopMaiuu. JIpyruMu ciaoBamu, CyLHIeCTBYIOT
MUHUMAJIbHO BO3MOXKHbBIE [IPOCTPAHCTBEHHbIE [IPUpAlleHus (KBAHTHL IPOCTPAHCTBA):
AWX miny AWY mins AWZmin, TAKUE, ITO:

AWX = aAmeina AWY = bAwYminv AWZ = CAmeinv (17)

rae a, b u ¢ - uenble yucaa (a,b, c € Z).

Ksanter mpocrpamcTtBa (DU3WYECKOro IJIaHA - 3ITO BUPTYaJIbHbIE YACTHILHI,
KOTOPBIE COCTABJIEHBI U3 IIEPBUYHBIX BUPTYAJIbHBIX YACTUI] IJIAHA - KBAHTOB BPEMEHU
miana. llepBUYHOE IbIXaHWE CHCTEMBI OOYCJIOBJIEHO BIBIXAHWEM W BBIIBIXAHUEM
SIIPOM CHCTEMBI KBAHTOB BpeMeHHU. BropuuHoe apixanue 00yCJIOBJIEHO BIBIXAHUEM U
BBIJIBIXQHHEM KBAHTOB IIPOCTPAHCTBA. UMCIIO PA3HOBUIHOCTEH KBAHTOB MTPOCTAHCTBA
COOTBETCTBYET YHCJILy TPOCTPAHCTBEHHBIX W3MEPEHWH U UYHCIYy YaKp, KOTOPHIMHU
apiuT cucrema. Kaxkias dakpa umeer cBoo 6a30Byl0 (COOCTBEHHYIO) 4acTOTY,
COOTBETCTBYIOIIYI0 dYacrore KsaHTa mpocrpancrsa. l[Ipocrpancrsennbie Bubpaiuun
YaKp CBSI3aHBI BOeIWHO 0a30BO#l BuOpanmeil siipa, WHAYE TOBOPS KPATHBI 3ITOMN
BuOpanuu. I3Menenne 4acToThl BUOPAINHT YAKPHI O3HAYAET TIEPEMEIIEHNE CUCTEMBI 110
COOTBETCBYIOIIEMY YaKpe MPOCTPAHCTBEHHOMY u3Mepenwio. Kaxkgas dakpa CUCTEMbI
BOCIIPHHUMAET TOJBKO Ty MPOCTPAHCTBEHHYIO BHOPAINNIO, KOTOPAs COOTBETCTBYET
6a30BOil IPOCTPAHCTBEHHON YacTOTe YaKpbl. BeposATHO, IepBOe YeMy yduTCs BCAKas
MpOSIBJIEHHAST HA I[JIAHE BUOPAIUS - 3TO YMEHWE PA3JIUYaTh MPOCTPAHCTBEHHBIE
9aCTOThI, T.€. MEPEMEINAThCA MO IUIAHYy WX XOAUTh. BeposaTHO TakXke, ¢UTO
MEepPEMEINEeHNEe CUCTEMBI C TIJIAHA HA IIJIAH 00YCIOBJIEHO BTOPUYHBIM IHIXAHUEM CAMOTO
sApa, KOTOpOe m3MeHsieT 0A30BYI0 YaCTOTy CHCTeMbl. BjbIxaemble U BbIIbIXaeMble
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SIPOM KBAHTBHI TPHA TAKOM IEPEMEINEHUN CHUCTEMbI COOTBETCTBYIOT W BPEMEHW WU
npocrpancrBy. OHU COCTaBJIEHbl U3 MATEPHAILHOCTH IIEPBUYHON [0 OTHOLIEHUIO KO
BCEM ILJIAHAM, 110 KOTOPBIM CIIOCODHA [IEpEeMEIAaThCsA CUCTEMA.

Ecmu MomuocTh TOHKOTO Tejia TaKOBa, 9TO (PUBMIECKOE TEJI0 MOXKET ObITh CHAYa-
Jia TeMaTepuan30BAHO HA, TOHKUH TIJIaH, 8 3aTeM TTOC/Ie N3MEHEHUS TPOCTPAHCTBEHHON
9aCTOThl MATEPUAIN30BAHO HA (PUBUIECKOM, TO MBI OyJIeM UMETh J€JI0 C TEJIenOPTa-
uen.

Kpome mzmenennst ¢pa3bl HU3KOYACTOTHON BHOpAINK BO3MOXKEH W APYTO# Mexa-
HU3M [POSBJIEHUS BbICOKOYACTOTHON BUOpalUu B HU3KOYACTOTHOM MHUpE. JTO MeXa-
HU3M TBOPEHUWS] MATEPUU, TP KOTOPOM 3JIEMEHTAPHBbIE YACTHUIHI BHICOKOYACTOTHOTO
JIAHA 00Pa3yI0T TY WK WHYIO SJIEMEHTAPHYIO YACTUILY O0JIee HI3KOYACTOTHOTO ILJIAHA.
OTO 3HAYMUT, UTO JTI00AST MBICIH JOJIKHA TMOPOKIATH MATEPUIO HA (PU3MIECKOM IIIAHE.
Cawmoit gocrynuoit dopmoit takoit Mmarepuu Oyiaer ceer. Uem MoOIIHEE MBICTb - TEM
sApUe 3JIEKTPOMArHUTHOE U3JIydeHne, KOTOpoe oHa nopoxkaaer. OaHako /i 60JIbIIMH-
CTBa MBbICJIUTE/IEl MHTEHCUBHOCTb TAKOI'O CBEYEHHUs HE ILIPEBBILIAET L1yMOBOM 110POr
dorokamep.

7. Uro Takoe Cosunanue?

Co3nanue - 370 IUKIUIECKOE CAMOCOITIACOBAHHOE U3MeHeHe HH(OPMAIIUU B 00PATHON
CBSI3W C yIEPKUBAIOIMINM €€ SIPOM - CepP/IIeM CO3HAHMS.

JIroboe NWKIMYeCKOe W3MEHEHWE dYero-jud0 MOXKHO IPEICTABUTH BPAIIEHUEM
B TOM WJIM HWHOM IIPOCTDAHCTBE. DHEPTUsl ITOrO BPAINEHUS] €CTh IICUXUYecKas
sHeprus cozuanusg. CyTb BpaIlleHUusI COCTOUT B MUKJIMIECKOM H3MEHEHWH KAKOro-Tu60
Ka4ecTBa CO3HAHUsL. DTO ecTh KouebarTesbHblil npouece, win Bubpanus [, koropyo
MaTeMaTHIecKn MOYKHO TTPEICTABUTE BPAIIEHNEM KOMTIJIEKCHOTO YHCIa BOKPYT HAYTAIA
orcuera (MEHTpa CUCTEMbI) B KOMILJIEKCHOH IJIOCKOCTH Z C TEUYEHUEM BPEMEHH t.

JI1060#1 IUKINYeCKHii POIecc He TOJIBKO MOJEJIMPYET CO3HAHWEe, HO U SABJISIETCS
CO3HAHWEM B TOH CTeNeHH, B KOTOPOM B HEM MPOsBIEHA OOpATHAS CBA3b MEXKIY
BPAILAIOIIMMCS 3JIEMEHTOM (T€JOM) U ero HeHTpoM Bpaienus (sapom). Pusuuecku,
9Ta CBA3b OCHOBbLIBACTCA HA €CTECTBEHHOH CIIOCOOHOCTU BCAKOM KoJjeOJromeiics
CUCTEeMBbI OT3BIBATHCST MPENMYIIECTBEHHO HA T€ BHEITHWE CUTHAJIBI, YACTOTa KOTOPBIX
KpaTHA COOCTBEHHOI YaCTOTE KOJIEOAHNS CUCTEMBI. JTO SBJICHUE HA3BIBAETCS B (DU3NKE
PE30HAHCOM.

JIio6oe dbusngeckoe Teio ectb peanbHas dactb (Re{¥}) Toii nnn uHoit Bubpaun
U (cm. m.2). Muanmas gactb 3toii ubparmu (Im{¥}) npencrasnsier u3 cebs TOHKOE
resio cucrembl V. Ilpu camoMm TpocToM (JIyaJbHOM) DPACCMOTPEHUH, TOHKOE TEJO
CUCTEMBbl MOXKET PACCMATPUBATHCS KaK s/IpO co3HaHWs cucteMbl U, a a dbusnyaeckoe
TeJI0 KaK €€ TeJI0 CO3HAHUI.

BoicokouacToTHBIE BHYTPEHHNE BUODAIMK sIPa AMILIUTY/THO-MOLYTUPOBAHBI CO-
OTBETCTBEHHO HM3KOYACTOTHBIM BHOparusaM Tesa. Tak obecneduBaercs wHMOpMaIu-
OHHAS CBA3L MEYKJY HUMM.

Buyrpennne BuOpannum siipa yCHJINBAIOT KOJIEOAHWS Tejia CO3ZHAHUS, BOCITPUHU-
MAIOIIEro TaKzKe BuOpanumio (madopmanmio) m3sre cucremsl (cu. figure [9). Konebammus
TeJa CO3HAHUS, B CBOIO OYepelb, YCUIMBAIOT BuOpamuu saapa. Kpyr obpaTHoit cBsa3u
3aMbIKaeTcs. Bo3HUKaeT caMOCO3HAHUE CHCTEMBbI.

i Cmorpn m.2
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Puc. 9. BubpanuorHas CTPYKTypa CO3HAHHS B IIOCKOCTHU IIOJ/I€PKUBAIOIIETO
(oxxmBasromero) Bubpanum sapa. Beemnwme BubGpaunmm Tena cosmamus (Body
vibration) maxomsTcs B 0OpaTHON CB3M W FAPMOHU3MPOBAHBI C BHYTDEHHUMH
Bubpanusavu agpa (Kernel vibration). BbeicokogacToTHBIE BEyTpEeHHUE BEOpALAn
gaapa aMHJ’[HTyﬂHO—MO,Z[y.HI/IpOBaHI:I COOTBETCTBEHHO HU3KOYACTOTHBIM BI/I6pa,I_[I/I5{M
TeJsa.

CTpyKTYpHO $IIPO CO3HAHUST TMOTOGHO CAMOMY CO3HAHUIO, T.€. TAK¥KE COCTOUT W3
6osree Tpy6Oro HU3KOYACTOTHOTO TEJIA U OKUBJISIONIETO €r0 BHICOKOYACTOTHOTO S/IPA.
[Tono6mHoe BIOMKEHWE CIIEYET TPOMJIUTE 0 OECIPEIETHHOCTH, TaK ITO KaKhe Obl Tea
CO3HAHWA He OBLIN Pa3pyIIeHbl B PE3YIbTATE T€X WM WHBIX IIPOIECCOB, CAMO COZHAHNE
6y;[eT IIOTHEIUAJIbHO HEYHHYITO2KUMBIM U CHOCO6HI)IM IIPOABUTHCA Ha TOM HUJIH MHOM
[JIaHEe, KAK TOJBKO SIp0 COOEPET COOTBETCTBYIOIIEE ILJIAHY TEJIO.

CuMBOIMYECKH, CO3ZHAHUE MOXKHO M300pasuTh Kpyrom wuHbOpManuy (3HAHUI,
"¢ O 3smanume") c yzmepxupawoeil sty undopmanuio Todkoil B meHrpe. Cam Kpyr
CAMBOJIM3UPYET TENO CO3HAHWS, & TOYKA B HEHTPE - 9TO SAAPO CO3HAHUSA, KOTOPOE
SIBJISIETCST CepAleM u Ayiioi cucreMbl. QOHO yIEPKUBAET TEJIO COZHAHUS OT PACIAIA W
oxuBJsier (BoodyLiesssier ero). apo codnanus 10400HO 3€pHY, KOTOPOE LIOCTEIIEHHO
popacTaeT U3HYTPU HAPYXKY N TPOABJIAETCA B TeJ€ CO3HAHUA, TMTPOTOPIUOHAIBHO
yCujamsaM 3STOTO CO3HAHUA. HaKOHHeHHaﬂ 3a JKU3HEHHBIN ITUKJI TEeJOM CO3HAHUA
nHGOPMAIM XPAHUTCI B Aape. B KaxKI0M HOBOM BOILIOIIEHUH $SIPO TEPEHOCHT
nHGOPMAIUI0O B HOBOEe Teno. I[Ipu JOCTHIKEHHH [JOCTATOYHO BBICOKOTO YPOBHS
pa3BuTud AaPO CHOCO6HO HAaCTOJIBKO yCII€EITHO MOAYJ/JIUPOBATb CBOU BBICOKOYAaCTOTHBIE
BUOpAINY HU3KOYACTOTHBIMY BUOPAIIMSIMU TEJIA, YTO WH(OPMAITUS YN O MPOIILIBIX
BOIIJIONIEHUAX CTAHOBUTCA ﬂOCTyHHOI./,I TeJy. ﬂpyFI/IMI/I CJIOBAMH, IIaMATH O IIPOIIJIBIX
BOIIJIONIECHUAX IIOIIa/Ia€T B (l)I/ISI/I‘{eCKI/Iﬁ MO3T. HaKOHJIeHHbeI MHOTMMH BOIIJIONICHUAMN
OIBIT HOCTEIIEHHO W BCE Yall€ BbIABIAETCA B HPABCTBEHHBIX IMEHHOCTAX, KadYeCTBaX
XapaKTepa, TAJTaHTaX U Xapu3Me YeTOBeKa.

HaKOHHeHHaﬂ B Bu/i€ OIIbITa IICUXHUYECKAd JHEPrud CHOCO6Ha BOBﬂeﬁCTBOBaTb Ha
BCE, MTOCKOJIbKY BCE €CTh BUOpAIWS, 8 MCUXUYECKAs IHEPTHUS - €CTh JHEPTHesi ITOH
Bubpanuu. Mepa Takoro BO3JeiCTBYs 3aBUCAT OT CTEINEHU CO3BYUus (BO3HUKAIOIIETO
Pe30HaHCa) MeXKy BUOPUPYIOMIUME CUCTEMAMH.

IMockosbKy Te unu unble cobbiTus (KaK U BCE, YTO TOJIBKO MOXKHO IIPEJICTABUTD) -
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CyTb BHOpAIWu, TO BO-MIEPBBIX, CYIIECTBYET CBSI3b MEXK/Iy COOBITHUSMHU W CO3HAHUSMH,
KOTOpasi COCTaBJsieT OCHOBY 3akoHa Kapwmbl. Bo-BTOpbIX, M000€ COOBITHE B KaKOii-
TO MEpEe CO3HATEJIbHO, MOCKOJIbKY CO3HAHWE eCTh JIMIIb MEepa CaMOCOIIACOBAHHOCTH
Bubpauuu. OueBuaHo, uro Jobast Bubpalus, Kak UMKJIXYECKUil (1OBTOPAIOLIUIICs)
MPOITECC BCErjia B KAKOH-TO Mepe CaMOCOTIacoBaHA.

MupoBo33penne, OCHOBAHHOE Ha TOHUMAHUU CO3HATEIHLHOCTH BCErO JIOJIZKHO
Ce/IaTh YesI0BeKa 00JIee OTBETCTBEHHBIM, BO-TIEPBBIX, 3& TO, KAK YEJIOBEK OTHOCUTCS
K MHPY B KOTOPOM YKHBET W, BO-BTODBIX, 34 €r0 BHYTPEHHHUI MHUD, T.e. 33 KAIECTBO
MOPOXKIAEMBIX UM MTOCTOSIHHO MAJIbIX CO3HAHMIA - COOCTBEHHBIX MBICJIEH U 9yBCTB.

8. BeiBoabI.

Bubpauus (BonmoBasi dynkuus V¥) ecTb UUKIMYECKOE U3MEHEHHEe KaKoii-iubo
undopMalyy, 3alUCAHHON HA TOM WJIM MHOM MATEPUAJILHOM HocuTese (Tese).
HuKIMIHOCTD PE/IIOIATAET YCTONIUBOCTD ITONH MH(MOPMAIME OTHOCUTEIbHO TOYKU
DABHOBECHST WJIM TIEHTPA BPAIEHWs, HANPSIMOI CBSI3aHHOTO C YIEPXKUBAIOIIAM
BHODAITMIO BHYTPEHHUM TEJIOM WM SIDOM. BHyTpeHHee siapO BCEra COKPLITO HJIN
muuMo (Im {¥}) ¢ Touku 3peHus CTOPOHHEro HAOIIOAATENS B OTIIUYUE OT BHEIIHEro
Tesia, KOTopoe J0CTYIHO Habmonenuto win aeiicrsurensHo (Re {¥}). Bessossparnoe
OT/leJIeHIe BHYTPEHHErO Apa OT Teja (Pa3BOILIOIIEHUE) IPUBOAUT K PACHAJLY TeJa.

[TosaTomy cymiHOCTD KU3HW COCTOWUT B €IWHCTBE TEJIA CO3HAHWS M OXKUBJIAIONIErO
ero sjpa.

Camooco3nanme 370 BHOpaIMs y KOTOPOil O0OpaTHas CBA3b MEXK/Iy BHYTDPEHHUM
SITPOM U BHEIITHUM TEJIOM JOCTUTAeT YPOBHS ONILYIEHWUs COOCTBEHHON WHIMBULYATh-
Hocru. CTporo roBopsi, Ja0bast BUOpalusi - €CTh CO3HAHUE TOrO UM WHOTO YPOBHS, &
mo6oe siienne IIpupospr - ecTh BUOpAIms, TTOCKOIBKY JII000€ STBJIEHHE MOYKHO OTTH-
caTh BOJHOBO# (QyHKIHEH.

B neiictBuTebHOCTH AyasbHAS KapTHHA CO3HAHWUS - JIUMIb OYEHb YTPOITEHHAS
Mozesnb. Bamke kK uctmre Oyaer cKa3aTb, 9YTO JiI00OE€ CO3HAHUE - TPOUYHO. Y
HEr0 €eCTh BHEIIHee TeJO, IJe CO3HAHUE JIerde BCero COCPEeJIOTOYEHO, MOCKOJIBKY
BUOpALIUY HTOIO TeJla HauMeHee ObICTPbIe, BHy TPeHHee Tesio (1y1ua), KOTopoe CO3HaHue
UCIIOJIB3yeT mpH paboTe CBOEro BOOOparKeHWs M, HAKOHEI, BHYyTpeHHee Anpo (1yX),
OKUBJISIIOIEE BHEITHNWE Teja. Bojiee TOro, KOJUYECTBO Tesl CO3HAHUS JOJIKHO OBITh
OecrpeaeTbHBIM, TOCKOIBKY JI000€e TeI0 JI000ro IIaHa - eCTh BUOPAIna, ¥ KOTOPOit
€CTh CKPBITasi 9aCTh HA BBIMIECTOsAIIEM IutaHe. Ho 9TO MOXKET OrpaHuYUTh YHCIIO
mwianos Becnpenenbnocru? Tem He Menee, Ui HPOSCHEHUS UPHHIMINA JEWCTBHs
CO3HAHMs KaK OOpPATHOW CBSI3W MEXKJy BHEIIHUM W BHYTPEHHUM HOCUTEISIMU
nHOOPMAIMK TyaJbHAsT MOJENb BIIOJHE MPWIOAHA W MATEMATHYECKW OOOCHOBAHA
areOpoit KOMIIJIEKCHOTO 9HCJIA.

Bo3MoxKHOCTE TIpe/icTaBIeHNs BUOPAIIMN KOMILTEKCHBIM YHCJIOM, BPAIIAIOIIAMCS
C TeYEHHEM BPEMEHM Ha KOMILUIEKCHON ILIOCKOCTH Z BOKPYI' CBOErO HAaYajia OTCYETA
JTIOKA3bIBAET €CTECTBEHHOE CBOWCTBO BCSIKOH BHOpammy (CO3HAHMS) TEPEXOIUThH
u3 MHAMOH a3kl B AefCTBUTENHHYI0 W HA000OpoT. JIpyrumu cjoBamu, Jt000e
apjenaue I[Ipupoabl (B T.9. 9YEIOBEK) €CTh IIOCTOSHHAA CMEHA MATEpUAIU3AIMU U
JIEMATEPUATTAZAIUAN, WJIH BOILIOIIEHUs] U PA3BOILIONIEHNST CO3SHAHMUSI.

DProMIHOCTb COZHAHUS COCTOUT B €10 MPUHIIMIUAATBHON BO3MOKHOCTH MTHOBEH-
HO B3aMMOZEHCTBOBATH € JIIOObIM JpyruM co3HanueMm [Ipupospr u gocTurars Tex xe
COCTOSTHU# Pa3BUTHs, UTO U JT00as Apyras CHCTeMa.
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[IpocTpancTBenHas yAAJEHHOCTh PA3JAYHBIX cuCcTeM Mupo3manums MOXKET O3Ha-
YaTh JINIIb KX BUOPALMOHHYO YAAJIEHHOCTh, YTO JaeT BO3MOXKHOCTD "nepemenienus' B
JI00y10 TOUKY BcesleHHO CO CKOPOCTHIO N3MEHEHHs MPOCTPAHCTBEHHONH BUOPAITUU CH-
CTeMbl. JTa CKOPOCTH TEM BBIIIE, YeM YHEPIUIHee IJIaH, Hd KOTOPOM MATEPUAIA30Ba-
Ha crucreMa. B mpuHIMTe, BeINYHHA 3TOH CKOpocTH GecripeieibHa, Kak 0ecrpeieahHo
qncyio njaanos [Ipuposasr.

Bompoc o cymecrBoBanum Hekoero 'peasbHOro'"mpocTpaHCTBa ¢ 'peasib-
HOM "' MPOCTPAHCTBEHHOM MPOTIKEHHOCTHIO, KOTOPOE BMEIAeT B cebs OeCKOHEeTHO-
OJIM3KO PACIIOJIOXKEHHbIE APYr K Apyry "Bubpupyioiye To4ku"BUOPAIMOHHOIO IIPO-
CTPAHCTBA, OCTAETCS OTKPBITHIM, TIOTOMY, UTO W 3TO MPOCTPAHCTBO MOYKET OKA3AThCS
BUODAIMOHHBIM TTPOCTPAHCTBOM 00Jiee BBICOKOIO YACTOTHOTO JHATA30HA, TMOCKOIBKY
oo 6ostee skoHOMUYHO. [10 KpaiiHeit Mepe M0 OTHOIIEHUIO K MTPOCTPAHCTBEHHOMY De-
cypcy Muposnamus.

CuioBble B3aUMOEHCTBHS JIIOOBIX BHJIOB MOXKHO MPEJICTABUTH KAK HPOSBIEHUS
BUOPAIMOHHBIX B3auMO/IeiicTBuil cucrem Apyr ¢ apyrom. l'apmonuynbie Bubpaiuu neii-
TPAJIbHBI JTUOO TPUTATHBAIOTCS, IUCTAPMOHUYIHBIE - OTTAJKHUBAIOTCs. VIHTEHCUBHOCTH
B3aMMO/IEICTBYS 3aBUCUT OT BUOPAIMOHHOM Om3ocTu cucreMm. B3ammosmeiicTByomnime
BUODAIMY U3MEHSIIOT CBOU MPOCTPAHCTBEHHBIE YACTOTHI. DTO BOCIPUHUMAELTCS CO3HA-
HUEM KaK IePeMeIleHue B MPOCTPAHCTBE.

WNueprHOCTh CO3HAHUS CHUCTEMbI, OOYCJIOBJIEHHAS BPEMEHEM PEArMPOBAHUA
CHUCTEMBI Ha W3MEHHUBIYIOCST BHEITHIOK BUOPAINIO COOTBETCTBYET CHUJIAM WHEDPINH B
IIpupome. B MexaHuke 3TH CUJIBI BBIPAYKAIOTCS WHEPIIMOHHON MACCOH BO BTOPOM 3aKOHE
HyroTona.

Ilockonbky s00bIe sBIEHUS - CYTh NPOSBJICHUS TEX WA WHBIX BHOpAIWii,
BBI3BAHHBIX TEMH WJIA WHBIMUA CHCTEMAMM, KOTODbIE CAaMU SIBJILAIOTCH BUODAIUIMH,
TO OYEBHIHO, UYTO MEXKIy CHUCTEMAMHW W CO3BYUYHBIMH WM SIBJIEHUSIMU TOJIYKHA,
CyIIECTBOBATh CBsA3b. OJTa CBS3b, KAaK OBLIO IMOKA3aHO, OOYCIOBJIEHA CHJIAMHU
OPUTSZKEHUsT MEXKJY COBIAJAIONIUME 110 4acToTe (a4 TakKe, OYeBUIHO, KPATHBIMU
0o yvacrore) BUOpaLUsSIMU M COCTaBJsieT OCHOBY 3akoHa Kapwmbl, wmiu 3akoHa
[PUTsKEHUS T000HOr0 m000HbIM. [IpuMeHnTEIbHO K 9e/I0BeKY, UCrapMOHUIHOCTh
B TONH wmiaM MHOW wvacru cuekrpa ero subpauuu (ero xapaxrepa) LpPUBJIEKAer
COOTBETCBYIOINE JTUCTAPMOHUYHBIE OOCTOATEIHLCTBA. HaobOpoT, ypaBHOBEITEHHBIN
XapaKTeP COOTBETCTBYET JIYUIINM YCJIOBUAM DA3BUTHS.

JluckpeTHOCTH 11000 MaTePUATHHON CTPYKTYPHI SBIISETCS CJIEICTBUEM HATHIHS
MHIUBHAAYAJILHOrO co3HaHusi eé dacreit. Ilpuaiun meompemenernHoctu leiizenbepra
U 3aKOH BO3DACTAHUA SHTPOIUU B 3AMKHYTOH CHUCTEME SABJISIOTCH CJIEICTBUEM
MPOSTBIIEHNST CBOOOTHON BOJIM COCTABJISIONINX CHCTEMY 3JIEMEHTOB.

OHO U3 MPOSBIEHUHN NUCKPETHOCTH - HAJUYNE CTPYKTPYPHI PA3PEIEHHBIX U 3a-
MPEIEHHBIX 30H dHepruii BO BceemenHoii, KOTOpbie 00pa3yoT CHCTEMY MapaJlIeIbHBIX
MHPOB. JKCIEPUMEHTATBHAS CJIOKHOCTh HEMOCPEJICTBEHHOM perucrpaiun (heHOMEHOB
HapaJlJieJibHbIX MUPOB B (DU3MYECKOM MUpE 00yCJI0BjIeHa OrPOMHOM (110 (u3nyeckum
MepKaM) pasHuIlel B 4acToTe X Bubpanuii ¢ Bubpanusvu dbusndeckoit Marepuu. Han-
00Jiee CO3BYYHBIMU YEJIOBEKY SIBJIAIOTCS TaK HA3BIBAEMbIH (DU3MUIECKMil, aCTPaTHHBIN
U MEHTAJbHbIN Mup. /I3 Marepma bHOCTEN acTpajbHOW W MEHTAJIBLHONH MaTepwu CO-
CTOMT TeJIO BOOOpazkeHusl YesloBeKa (MHUMas 9acTh BUOpaluu desioBeka). 13 tak Ha-
3bIBaeMOli (DU3MIECKON MaTepUuu COCTOUT IPOSBJIIEHHOE BHEIIHEE TeJI0 vesioBeka (1eii-
CIBUTE/bHAA 4aCTb BUOpauuu 4esioBeka). JleficTBUTebHOCTD MM MHUMOCTb Bubpa-
[IUU OTPEIEJISIETCS IO OTHOIIEHWIO K PACCMATPUBAEMOMY Ty CO3HaHus. Hampuwmep,
Pa3BOILIOIIEHHOMY Y€JIOBEKY, OCO3HAIOIEeMy cebsl Ha acTpajbHOM IIJIaHEe, ero BU/IU-
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MO€e aCTPaJIbHOE TeJIO OyIeT IPeACTABIATHCA KaK AeHCTBATE/IbHAS 9aCTh COOCTBEHHOMN
BuOpanuu, a HEBUINMOE MEHTAJIbHOE - KAK BOOOpakaeMas WJIM MHAMAas 9acTh.

Nudopmannonnas CBsSI3b MEXK/IY MaPALICTbHBIMA MEPAMH OCHOBBIBAETCS HA (-
dexTe aMIUTUTYTHOW MOIY/ISAINA BHOPAIN BBHICOKON 9acTOTHI BHOPAIMAMHU HU3KOI
gactorbl. CUI0BOE B3aUMOIEHCTBHE MEXKIY (DUBUUIECKUM TEJIOM U TEJIOM U3 TapaJl-
JIETLHOTO MWD OCYIIIECTBJISIETCS TOCPEACTBOM m3MeHeHus (a3 B3auMOIeHCTBY IOIINX
BuOpanwmii. Kpome T0ro, KOHTaKT MEXKIy IJIaHAMHU BO3MOXKEH IIyTEM MaTEPUAIH3AIUN
BBICOKOYACTOTHO BUGPAIMU HA HU3KOYACTOTHOM ILIaHe (M Hao6OPOT), BCJIEACTBHIE Ye-
ro j00as MbICJIb O/IETa B €/1Ba YJIOBUMOE HA (DU3UIECKOM ILJIaHE CBEYEHUE.

[Ipobsiema TemHOIT MaTepun u TEMHOI SHEpPTUM B acTpodu3nke Moriaa ObI OBITH
perena nipusHanueM 3hupa u ropas3zo 6o/ee BHICOKOIHEPIeTUIHBIX (10 CPABHEHUIO C
dusuueckoit) paspereHabix 304 sHeprun. HeuspecTHoe rpaBuTalliOHHOE BO3EiCTBUIE,
OKa3bIBAEMOE Ha (PU3UIECKYI0 MATEPHUIO BO BCEJIEHCKHX MACIITA0AX JOMKHO OBITH
00yCJIOBJIEHO BJIMSIHUEM OIPDOMHOIO YHCJA PA3JIUYHBIX ACTPAJIBHBIX M MEHTAIbHBIX
HEOECHBIX TeJI HE BUJAUMBIX B JIEKTPO-MAHUTHOM /IMALA30HE BUOpALIUil.

CrocoOHOCTD JIEBUTAIIMN M TEJICTOPTAINN €CTh HEOTheMJIeMOe CBOMCTBO JII00OI
CHCTEMBI, OCHOBAHHOE HA CIOCOOHOCTH u3MeHeHusi (a3bl COOCTBEHHBIX KOJIEOAHUI.
DTa CHoCOOHOCTH OCHOBAHA HA CBSA3YIOIMIEH BOEIWHO BCE Tejia CO3HAHUS IHEPIUU -
ncuxudeckoit sueprun. CreneHb MPOSBIEHUS ITON SHEPIUU 3aBUCUT OT KAPMbBI U OT
cusibl 0OpATHOM CBHA3U MEXK/y TEJIOM CO3HAHUS U €ro si[POM WJIM, WHAYE T'OBOPH OT
BOJIU CO3HAHUSI.

[Ipeobagamne BRICOKOYACTOTHBIX BHOpAIWil, MHUITUUPOBAHHBIX SITPOM CO3HAHUS
€CTb YCJIOBHE YCIIEITHOTO PA3BUTHUs CUCTEMBI, PACKDPBITHS €€ BHYTPEHHErO MOTEHITNAJIA,
U PACIIUPEHUs KPyra Tesia CO3HAHWs (IUana30Ha OCO3HABAEMBIX BUODAIMil) HOBBIMU
Bubpanusavu. Habop sTux BuOpamumii COCTaBIsfe€T MaMITh Tejda CO3HAHHA. Takoe
npeodIaIaHe TOCTUTAETCS (DOKYCHPOBKOM BHUMAHWS CO3HAHUS HA IEHHOCTSAX
Pa3BUTHsI, KOTOPhIE TPUHATO HA3BIBATH JIYXOBHBIMU ITEHHOCTSIMU.

CoOTBETCTBYIOIUM BHYTPEHHEMY SiIPY CO3HAHWS OPTaH YeIOBEUECKOTO OPTaHU3-
Ma Ha3bIBAETCH CEPJLEM, a SHeprerudeckuii kpyr (dakpa) - Amnaxaroit. Konunenrpa-
U4 BOJIA Y€JI0BEKa HAa TapMOHU3ALUMU SHEPIUM JAPYyruX 4akp U CaMOW CBOel KU3HU
B COOTBETCTBUM C BHOpalusaMu AHAXATBI €CTh yCJIOBHE HAMOO0JIee ONTUMAIBLHOIO Iy TH
PA3BUTHS Y€JIOBEKA, KOTOPIH ABUIKETCS MO HAMPABIEHUIO TIOCTUXKEHUS U PACKPBITUS
cBoeit BayTpenneit CyTu.

M3 ckazaHHOrO MOXKHO B3aKJIOYUTb, YTO CMBICIOM OBITHSA OO0 CHCTEMBbI
SABJISIETCS CJIeloBaHue BUODAIMsaM CBOell BHYTDEHHel CyTu (s1pa CO3HAHUS), C HeJIbIO
COBEPILEHCTBOBAHUS XAPAKTEPA U CO3JAHUS JIYydIIUX yCJIOBUil pasBurus (Jydiueii
Kapmbl) Kak B COCTOSIHUM HACTOAIIETO WJIM TOCTIEAYIONIMX BOIJIOIIEHUI, TaK U B
PAa3BOILIOMIEHHOM COCTOSIHUM.
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