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IIpeaucaosue

Jlns1 yero yenoBek KUBET Ha IJIaHeTe 3eMJis U KaKoe OH MMeeT Ha Hell SBOJIOLMOHHOE Tpejl-
HaszHaueHue? A 3HaeT JIM OH, YTO OHO CYILIECTBYET, U jKeJaeT JIU ero 3HATh?

OOBIYHBIN YENIOBEK COBEPINEHHO 3a0bLT O CBOEH SBOMIOIMOHHOW TEJM M MPOCTO «IUIBIBET
T10 TEYCHUIO PEKU KU3HU», BBITIOMHSS OT POKAEHUS 10 CMEPTH KEM-TO MOCTABJICHHYIO MY KHU3HEH-
HyI0 3a1a4y. OH [Ja)e He 3HaeT TOro, KTo eMy e€ IMOCTaBUI U KaKylo BOMIOIIMOHHYIO 11eJIb MpeIHa-
3Havyaer?

He napoeno iu 6biTh pabom sKU3HU?

Yariie Bcero 4esnoBeK MOJHOCTHIO 3a0bIBAET O TOM, UTO MIPUIIIEN HA TUIaHeTy 3eMJIs 1151 CBOEero
Pa3yMHOrO COBEPIIIEHCTBA, YTO MpeIHA3HAYEH JIJIsl BHIIIOIHEHUsI CBOe MHAUBUIYABHOW SBOJIONM-
oHHOM 11es. OH 0 Hell 1axke He 3ayMbIBAaeTCs: Be/lb €My M Tak xopouo! Peqko kakoi yenoBek eé
3HAET U CaM CTAPAETCsl BHIIIOJTHUTb.

M5l ke MPOCTO THXO «IUTBIBEM IO )KU3HM» M HaM OoJiee HUYero He HyXKHO!

IToka 3a Hac MHAMBUAYATBHYIO SBOMIOLIMOHHYIO paboTy BhIMONHsET BHelIHssA [Ipupoaa, gaxe
He cripamuBasi Hac 00 3ToM. KpyroBopoTh! KM3HM BpaIaioT Hac 0€3 OCTAHOBKU KaK «IeCTEPEHKU»
e€ «MexaHu3Ma», He Mpekpaias padorath HU Ha MUHYTY. OHU TaK CHMJIBHO 3aTSATUBAIOT B ceOs HAIIl
pasyM, UTO MbI MIOJTHOCTBIO 320bIBA€M O CBOEM IBOJIOIIMOHHOM IpeJHA3HAYEHUH.

MBb! HauMHaeM 3aIlyMbIBaThCsl O )KU3HU TOJIBKO Torna, koraa [Ipupoaa gaér Ham nuHKa, Kormna
yepes rope M CTpaJaHusl 3aCTaBJIsIeT HAC MTOYYBCTBOBATh CBOE HEMOCPECTBEHHOE YUacTHe B BOJIO-
1un. TONBKO TOrIa HaM MPUXOASIT B TOJIOBY MBICIIU O KU3HU U O TOM, KTO €€ (hOpMHUpYET 3a HaC, KTO
3aCTaBJIsIET HAC €€ MPOXKUBATh, CTPAAaTh U TOpeBaTh, CO3/1aBasi HAM Hallle HacTosIee?

Ecnu Ham 3agath Bompoc, 4To coO0o# MpeacTaBiseT 1odanbHas SBOMIONUOHHAS Leb KU3HU
YyeJIoBeKa, TO OTBEeTa Ha HEro Mbl BOOOIIE MOXKEM He MOITy4uTh. Takod BOMPOC ObUT 3a/1aH BBIMYCK-
HOW I'pyIITe CTYAEHTOB F'YMaHUTAPHOTO YHUBEPCUTETA, KOTOPBIE U3y4asId SBOIIOLIMOHHBIE TPOLIECCHI.
Komy sxe nmyuiie ux 3HaTh Ha Hero oTrBeT. Kak okazanoch, CTyIeHTHl ceOe TakoW BOMPOC HU pazy
HE 3a/1aBJIM ¥ OTBETOB Ha Hero He MMenu. K OOoJbIioMy coXkasieHHIo, OHH MEHS IPOCTO MOPa3KIIH
CBOEH HEKOMIIETEHTHOCTBIO: HUKTO U3 HUX JaKe He MOMbITAICA OTBETUTh Ha 3TOT BOMPOC; HUKAKUX
YCUJIMH U JIa)Ke HaMEKA Ha OTBET He ObUIO. A BeJlb 3TO MPAKTUYECKH BBICIINI pa3yMHbIH CJIOW HAIIETO
obmecTBa! A 4TO TOT/Ia TOBOPHUTH O MPOCTHIX JIIOAAX ?

He Hackyum10 J111 JTIOSIM, COBEPITIEHHBIM B Pa3yMe, BHITIOJHSATH B CBOEH JKM3HU, IIOJOOHO KYKJIe
Ha TeaTpaJibHOM ClieHe, UbE-To 3a1aHue? He mopa 1 um noHsTh CBOE SBOMIOLIMOHHOE Mpe/IHa3HaAYe-
HUE U Jlajiee CO3HATENIbHO ClIeIoBaTh eMy?

Ho 4to6s1 310 crienarh, HaM HEOOXOIUMO TOTYYUTh HOBBIE 3HAHUSI O TOM, UTO HA CaMOM JIeJie
npezcTaBisieT codor spomonusa? Kakve oHa B cebe MMeeT MeXaHW3MBbl, 3aKOHOMEPHOCTH U TTPO-
teccel? Ham Hy:KHO HaliTh €€ «KOpHU», OT KOTOPbIX OHA Pa3BUBAETCS, BBIYUCIUTH €€ 3aKOHOMEPHO-
CTH, KOTOpbIE BPAILIAIOT HAC MO KPyraM >KU3HU, U jajiee cieJoBaTh UM. Tora yenoBeky, yke oHuMasi
CBOIO 9BOJIIOLIMOHHYIO T1eJ1b, HY’KHO Oy/IeT HauaTh PyKOBOJICTBOBAThCSI €11 B CBOEH JKHM3HU, a HE ITPOCTO
«IUIBITh TIO PYCITy TE€UEHHUsI €€ PeKu», MPOKJIaabiBaeMoi BHelHer [1pupomnoi.

Ho ecnu yenoBek 0CO3HAET CBOIO SBOJIOIMOHHYIO 11eJTb U OyJIeT ClieloBaTh €i, TOr1a BHELTHen
[Tpupone He Hy)HO OyIeT MOATAIKUBATE ero. Toraa oH caM CMOXET CJIe/IOBaTh CBOCH MH/IUBU/TyalTb-
HOW 3BOJTIOIIMOHHOM 11711, yOrpasi Bce Te MPEeMTCTBUSI, KOTOPbIe OH HEOCO3HAHHO U JIa)Ke OCO3HAHHO
cTaBUT eil cerogns. Yem MeHbllle OyAeT NMPensATCTBUI, TeM ObICTpee YeIOBEeK OCYIIECTBUT CBOE IBO-
JIOIIMOHHOE COBEPIIEHCTBO U BOCXOK/IeHHE Ha OoJiee BHICOKHI YPOBEHb pa3yma.

MBbI cerogHs yxe CTajar HeMHOro OoJiee pa3yMHBIMU M CBOUM YMOM OBICTpee CMOKEM TIOCTHT -
HYTh MEXaHU3MbI paOoThI BHelTHe# [Tpuponpl. A eciiv Ml erié Oosiee HanpsKEMCSI B CBOEM pasyMe,
JOCTUTHYB €ro IMOJHOTO COBEPIIEHCTBA, TO Jae HAuHEM MoBesieBaTh efl. Toraa 4yenoBek yxe cam
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CTaHeT e€ MOITOHSATH IO/l CBOM SBOJIOIMOHHBIE LSS U ke, yepe3 He€, ake CMOXET HauaThb yIpaB-
JISITh CBOMM HACTOSIIIIVIM.

Ho noka yenoBek — 370 TOJIBKO MHCTPYMEHT BHeltHe# [Ipupos! v HUKak He HaoOOpOT.

3ajava Hariero 3BOJIOIMOHHOTO MCCIIEIOBAHUS COCTOUT B TOM, YTOOBI TIOMYyYUTh KaK MOXKHO
OoJiee MOTHbIE 3HAHKS O MPOIECcCaX IBOTIONUHI. DTO TOMOKET HallleMy MOHMMAHMIO CBOETO Tpe/iHa-
3HAUEHUs B )KU3HU M HAIIPABUT B HEH B HY)KHYIO CTOPOHY, YTO 3HAYUTEIHHO YCKOPUT HaIlle SBOMIOLH-
OHHOE COBepIIeHCTBO. [ToKa ke MblI Jake He 3HaeM TOr0, HACKOJIBKO TOYHO CJIEAYyeM BOTIOLIMOHHBIM
ABWXKEHUSIM U HE TPENSITCTBYeM JI1 UM CBOMMH HEpa3yMHBIMU JCUCTBUSIMU?

CoBpeMeHHBIN YeIOBEK YK€ MMEET HEKOTOPBIN SBOJIOIMOHHBIN BHIOOP: OH MOXET BBIOpAThH
JENCTBHS COOTBETCTBYIOIIHE SBOMIOIIMOHHOMY JIBUKEHHIO, UYTO YCKOPHUT €ro COBEPIIEHCTBO; MOKET
BBIOpATh ICHCTBUSI HEUTPAIBHOTO XapaKTepa, YTO HU YCKOPHUT, HU 3aTOPMO3HUT €ro UHANBUIYaJIbHYIO
SBOJIOLIMIO, ¥ TOT/IA OH MPOCTO «TOIUIBIBET MO TEUEHHUIO PEKH JKU3HU»; MOXKET MPOTUBOCTOSTD €€
JEUCTBUSIM, 3HAYUTEIBHO TOPMO3s1 €€ MPOIIeCChl, MOCTENEHHO JIerpajupys B cBoEéM pasyme. Hare
9BOJIIOLIMOHHOE COBEPIIIEHCTBO BPOJIe Obl 3aBUCHUT TOJIBKO OT HAC CAMHUX U HAIIIETO BHIOOPA, HO TaK JIN
3TO Ha CaMoM JeJie?

CeromHs J1a)e caMblil TIPOCTOM BHIOOP YeJIOBEK HE OCYIIECTBIISIET CaM, a OTIAET ero Ha OTKYI
BHemHe# [Ipupone. 1o oHa BIOMpaeT 3a Hac. YesnoBek ke Mo0oi BEIOOp JenaeT Oojee aBTOMAaTH-
YeCKH, YeM OCO3HaHHO. Tak emMy, HU 0 4€M He Jymasi ¥ He TIOHUMasi CBOETO SBOJIIOIMOHHOTO TpeI-
Ha3HAYEHMsI, HAMHOTO JIerye KUTh. A eCJM YeJIOBEK HAUYMHAET 3aJyMbIBaThCsl O BBIOOpE, TO 00si3a-
TEJIbHO CBOMM HECOBEPIIEHHBIM Pa3yMOM CJeJIaeT ero 6ojee HeBEPHBIM, YeM BEPHbIM.

A Kakoii emé MOXeT c/ienaTh BHIOOp HeCOBEpIIeHHBIH pa3yM? TombKko HECOBEPIIEHHBIN U, CKO-
pee Bcero, onmMOOYHBIH.

UYroObl MOHATH CBOE IBOMIOIMOHHOE TIPeIHA3HAYEHNE, HAM HYXKHO MPOJOJIKUTh UCCIIEI0Ba-
HUE 3BOJIIOLIMOHHBIX MPOLECCOB, KOTOPOE MbI yke Hayanu panee [1]. Hamu yxe mccrnenoBanbsl Tpu
KapTUHBI-BEPCUH IBOJIONMN: OnOIeicKkas, ckazouHas 1 Beaquueckas. OHU XOPOIIO JOTOMHSIOT APYT
apyra. Mbl He HAIlUTA ME3K/1y HUMH KaKUX-JIM00 CephE3HBIX MPOTHBOpedril. C MX IOMOIIIBIO MBI IaKe
Cymesu OOHApYKUTb OObEIUHSIONIEE X 3HAHUS, KOTOPOE PACKPOEM HEMHOT'O MO3/IHEE.

Bonee Bcero Ham Momoriia MOHATH SBOIOIMOHHBIE TIPOLIECCH BeJMUECcKasi KapTUHA-BEpCHs,
CepbE3HO JIOMONHSAS cOO0M JIBe Apyrue Bepcun. OHa ajia HaM YeThIpe SBOTIOIMOHHBIX IUKJIA OO0JTh-
mrero 1ukia Maxa-lOra! u naxe onpeneniia ux o BpeMeHu JercTBUs. TOIbKO MBI HE CBS3aJTH €10
KOHKPETHO CO BpEMEHEM 3BOJIIOLUK YeJIOBeKa, OMpe/IesisieMOro HayKoil. BepHee, OHO MOKa HUKaK
HE CBSI3BIBAETCS C HAIIMMU HAYYHBIMH JIOCTHKEHUSIMU B APXEOJIOTUH, B UICTOPUH, B OMOJIOTHH U T. TI.

ToJsbKO BpeMsi JOBOJIIBHO TPYAHO OINpPEAeInuTh. Bpems — 9T0 Tako# ke JUHAMUYECKUI SBOJTIO-
IIMOHHBIN TIPOLIECC, Kak M BCE ocTtanbHOe. OHO He ObIBAET MOCTOSIHHBIM, KaK MBI ce0e TO CEeroiHs
MIPE/ICTABIISIEM, U Pa3BUBAETCS TI0 CBOMM COOCTBEHHBIM SBOJIOIIMOHHBIM 3aKOHAM. MBI BEAMYECKYIO
KapTUHY-BEPCHIO 10 BPEMEHU OCTaBWJIM TAKOW, KaK OMMCHIBAIOT €€ B CBOMX CHMBOJIAX JPEBHHUE
MHIUICKUE TPAAUIIH, TOJBKO YACTUYHO MPUBSA3aB €€ K HAIIUM HAyYHBIM JOCTHKEHUSIM.

JL7151 IPOAOIKEeHU S MCCIe/IOBaHM s HAM MHTEPECHBI BCE YeThIpe BeJuuecKkux 1ukia Maxa-lO0ru.
VX cuMBOIIBI yKe MO3BOJIMIIM HAM CAENATh CEPhE3HbIE MPEATIONOKEHHS 0 MTaHeTapHOMY (DOpMHU-
POBAHUIO U PA3BUTHIO CBOWCTBEHHBIX UM THITMYECKUX MHPOB CO CBOMMH (DOPMAMU U CYITIECTBAMH.
B onwmcanum KaxI0ro UKJIa Mbl OMMPATMCh HA YPOBHHU M3MEPEHUN pa3dyma, CTPYKTYpy HX (opm
u cymectB. Ham fnaxe ynanoch HailTH mepexoaHsie (pOpMBbI U CYIIECTB, KOTOPbIE SIBJISUIUCH SBOJIO-
[IMOHHBIMH COEIMHUTEISIMU TUITMYECKUX MUPOB U IIUKJIOB MEK]Ly COOOM.

Ham ynanock momy4uTs onvcaHue mociieoBaTelIbHOrO M HEMPEPHIBHOTO Tpoliecca IaHeTap-
HOH 9BOJIONMM M Halledl nMBWIN3anuu. Ero HempephlBHOCTh OT HUKJA K IUKIY OOecreurBaIM
niepexonHbie BUbl. OCHOBHBIE e BUJIbl TUITMUECKMX MUPOB KaxI0ro IikiIa Maxa-lOru cosepiien-

! ik n Maxa-FOru Bimouaer B ce6st yeTeipe 1ukaa: Cates-IO0ra; Tpeta-IOra; JIpanapa-fOra u Kamm-IOra [1], kotopble HaunHAIOT
Y 3aKaH4YMBAIOT HAILly TUIAHETAPHYIO SBOJIOLIMIO ¥ BOJIIOLMIO YeJIOBEKa.
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CTBOBAJIMCh BHYTPU CBOMX LMKJIOB. IToiydyeHHas 9BOMOLMOHHAA 3aKOHOMEPHOCTD MO3BOJINAJIA HAaM
3arsHYTh B OyayIee, Kak B OJvokaiiiiee, Tak U B TJI00aIbHOE.

CrpoiiHas KapTvHa 3BOMIOLMY YEJIOBEKA U [IMBUIM3ALMY JAET HAM YBEPEHHOCTh B TOYHOCTH
OIMCAHUSI SBOTIOLIMOHHBIX MTPOIIECCOB, CAETaHHBIX HaMU. TONBKO O0JIee TOYHBIX €ro I0Ka3aTesbCTB,
C HAyYHOUW TOUYKH 3PEHUSsI, MbI ITOKA TaK ¥ He MPeICcTaBWId. Mbl HE CMOIIIM MCIOIb30BaTh OOBIYHbIE
MaTepuasIbHbIe 3HAHUSI, €CIU TOJbKO YaCTUYHO, KOTOPBIE CyMeJu Obl JaTh OoJiee cepbE3HbIe JOKa3a-
TEJILCTBA HAILIMM IPEATIOIOKEHUAM.

JlokazaTenbCTBa peajsbHOCTH TPEX MEPBBIX KAPTUH-BEPCUI Mbl IIOIBITAJIMCH IPUBECTH, OMUPA-
sICb HA OCHOBHBIE CTPYKTYpbl Marepuu B 1ukJjiax. Hanpumep, kaxasiil u3 4eTbpéx 1ukI0B Maxa-
IOru mumen cBoil TMI OCHOBHOM CTPYKTYpbl Matepuu. Mbl pUBSI3a/ld OCHOBHBIE THIIbI MAaTEpPHUU:
IJ1a3My, a3, )KUJKOCTb ¥ OPraHUKY, K YETBIPEM BEAMYECKHAM LIMKJIAM 3BOTIOLUH, YTO MIO3BOIWIIO HAM
6oree cepbE3HO MCCIeJOBaTh CBOWCTBA MX TUITMYECKUX MUPOB.

OcHoBHbIE CTPYKTYpbl MaTepuu B YETBIPEX LIMKJIAX SBOJIIOLMY ITO3BOJIMIIM HaM OIPEAETUTHCS
C MEepPeXOJHbIMM BUIAMHU M C UX NEPEXOJAHBIMU TUIIAMM CMEIIaHHOW CTPYKTypbl Marepuu. Onu
JOJKHBI OBUTH BOOpATh B ceOst KaK CTPYKTYPY OCHOBHOM Matepuu npebIyIero UKIa, TaK U CTPyK-
TYpYy OCHOBHON Matepuy HOBOTO LMKJIA. DTO MO3BOJIMIO HAM BBIUMCIUTL M [JAXKe MPEINONOKUTD
peajibHble TIepeXOIHbIE BUIBI MEXay BceMu IMKiIaMu Maxa-lOru, uMeromyecss cerofts B HalleM
MHpE.

Tpy KapTHHBI-BEPCUM SBOJIONWY MO3BOJIMIIN TIOMYUYHTh CIEAYIOIIAE THITBI CTPYKTYpP 2 TOYeU-
HYIO a’, JIMHEVHYIO al, IUIOCKOCTHYIO a?, 00BbEMHYIO a1 Jake CBEPXOOBEMHYIO a>* [1]. Onu poron-
HWIN ONHCaHUS BENYECKUX LIUKJIOB U MO3BOJIWIN ONPENEIUTHCA BHYTPU HUX C OCHOBHBIM CTPYK-
TYPHBIM ITOCTPOEHUEM UX TUITMYECKUX MUPOB.

Ho naxe 3TMX cepbE3HBIX JOKA3aTeIbCTB HAM IOKA MOKA3aJ0Ch Maso. MBI Tak ¥ HE CyMenn
OOHApYKUTb HEUTO, YTO MOCITYKHMJIO Obl TOUHBIM M MOYTH HAYYHBIM JJOKA3aTeIbCTBOM HAIMX Ipe/-
nosnoxeHun. IlonmyyeHHble HaMKM 3HaHWSA IIPA MCCIIENOBAHWM IIPOLIECCOB SBOJIIOLMM HAaBEJIM HAC
Ha MBICJIb O CYIIIECTBOBAHMM YETO-TO OOLLIEro JUIsl HUX BeeX. TOMBKO MOKa Mbl HE CYMEJIM TOYHO 3TO
OIPEIEIIUTb.

Bo Bpems nccnenoBaHus Mbl IOCTOSIHHO «HATBIKAJIMCh» B CBOMX MBICIISIX HA KBAHTOBYIO TEO-
PHIO SBOJIOLIUHM, IO KOTOPO# MOKa TaK M He J0Opasich. MBI Jake CyMeNr B OITUCAHUSIX BEJUUECKUX
LIMKJIOB HAMEKHYTb Ha KBAaHTOBOE IMPOUCXOKIEHUE CUJI, paOOTAIOLIMX B HUX, — 9TO JIEKTpUUECKast
Y MarHWTHAas1 CWIBI C Pa3HbIMU 3HaKamMu cocTostHuK. Ham naxe yganock cBA3aTh UX CO CTPYKTYpaMu
OCHOBHBIX TUNOB UX Marepuid. HO TyT ke BO3ZHMKAaeT BOIPOC, a KAKOE MOXET MMETh OTHOLLEHHE
K 9BOJTIOLIMY OOBIYHBIN KBaHT cBeTa?

Ho 4em riryGke Mbl BHUKAaeM B ITPOLIECCH BOJIOLUH, TeM Oosiee mpuxoquM K CBeTy?, KOTOpBIi
no bubmmu u ectb «Bor-TBoper», ¢ KOTOPOro Bcé Ha4aioch:

«[la, oymet Ceet!»

JlaBaiiTe MpOBEPUM U CEPBE3HO MCCIIEAYEM KBAHTOBYIO KAPTUHY-BEPCHUIO 3BOMIOLMUA. Moxer
OBITh OHA HaM JacT OoJiee CephE3HbIe HayUHbIEe JOKA3aTeIbCTBA MPOLIECCOB HAIlIeH SBOMIONUH, KaK
VHAVBU/1YyaJIbHOU, TaK U BCEJIEHCKOW?

Ham Huvero He ocraércs nenarb, Kak TOJIBKO BOCKJIMKHYTB!

2 OGo3HaueHue TuIa CTPYKTYpBI, KaK M M3MEPEHHE YPOBHs Pa3yMa, Mbl CIENAIM Ha OCHOBE (popmyis a™: T1e, a — 9TO Hekas
€IMHUIIA U3MEPEeHNUs pa3yMa WU CTPYKTYphl, a 1 — HOMEp U3MEepEeHuUs pa3yMa WU ero cTpyKTypsl. Hanpumep, a” — equHmuHOE M3Me-
penue pasyma (Sup); al— NepBoe JIMHEHOE U3MepeHne pasyma (Iu1a3Ma-MUHEpaJbl); a’- BTOpOE IJIOCKOCTHOE U3MEPEHHE pasyMa
(pactenmusi); a’ - TpeTbe 00BLEMHOE U3MEPEeHHsI pasyMa (KHBOTHBIE); a*t - TpeThe U3MEpPEHUe pasyma, HO C JOOABJICHUEM MEHTANIb-
HOTO pa3yMa, Ha YTO YKa3bIBaeT IUTIOCUK (OOBIYHBIN YeIOBEK); a>™ —a10 YPOBEHb MEHTAJIBHOI'O OOBIYHOTO pa3yMma ¢ JJoOaBJIeHUEM
Ha4aJIbHOTO YPOBHSI yXOBHOH CHJIbI BepxoBHOTO pasyma (4enoBeK-UHINTO); at— YeTBEPTHIH yXOBHHIN YpOBEHb BepXoBHOro pazyma
(omyxoTBOpEHHBIH Yenosek); a’ — st CyNpaMeHTaIbHBIN ypoBeHb CBepxpa3yma (cynpamMeHTaabHEIN Yenosek) [1].

3 Cer ¢ 3arnaBHOl GyKBbI MBI GylleM 0G03HAYATH Kak BCe/leHCKHMil 1 Jake Kak BOKeCTBEHHBIA, KOTOPBIA ONPEE/seT 3aKOHbI
3BoOIMK BeenleHHOH, a CBeT ¢ MPOMMCHON OyKBbI — Kak Halll OOBIUHBIN CBET.
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— 1a, 6yner Cgert!
«...n cran Ceer!»
Tak, B CBeTe, HAYAJIOCh UCCJIEIOBaHUE KBAHTOBOW KapTHUHBI-BEPCUU IBOJTIOIUH.
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Yacts 1. KBanTOBasi KapTHHA-BEPCHUSA IBOJIOINH

I'maBa 1. BimsiHue KBaHTa cBeTa Ha BOJIOIMOHHbIE IPOLECCHI

[Mpeapiayiye KapTHHBI-BEPCUU SBOJTIONMN ObLTA COCTaBJICHBI HAMH Ha TUIaTdOpMe TyXOBHBIX
3HaHuM [lepBoii MoceeBort Knuru beitve (nanee Kxura), Muctuueckux 3HaHu#M MpoBUaleB Ben
Y CKa304HbIX 3HaHUU cka3ku «llapeBHa-nsrymika» (nasee Ckaska) [1]. Mbl NbITAIMCh COEIMHUTD
MX MOTYCTOPOHHUE 3HAHUS C MATEpUaJbHbIMU 3HAHMAMM, HO MOKa 3TO MaJIo 4TO HaM jano. Ham
TOJIBKO YAAJIOCh BBISIBUTh HEKOTOPBIE NIEPBUYHBIE IBOIOLMOHHBIE 3aKOHOMEPHOCTH M MEXaHU3MBbI
1 HaOpocaTh «aOpKC» IBOJIOIIMOHHOTO MPOIIIOr0, HACTOSINETO U JAaXe CBEPXUEIOBEYECKOro OyIy-
miero. Ho He Kax/iplid 4eJJOBEK MOXKET MOJTHOCTBIO MOBEPUTh STUM MOTYCTOPOHHUM 3HAHUSIM, XOTS
MBI X U TIOATBEPAWIA HECKOIBKUMH Pa3HbIMU UCTOYHUKAMU, KaK 3TO TpeOyeT COBpeMeHHas HayKa.

MarepuanpHOoe OnMcaHue MPOLECCOB IBOJIIOLUN CBOIUTCS, B OCHOBHOM, K CTPYKTYpPHOM 3BO-
JIOLMU MaTE€pUAJIbHBIX BUJOB U TUIOB MX pa3yMoB. CoBpeMeHHasl HayKa [1a)ke He MbITAETCS COB-
MECTUTD BOJIIOLIMOHHBIE ITPOLIECCH C HALIMMU Pa3yMHBIMU JOCTUKEHUSMU U UX JIaJIbHEUIIINM I1PO-
rpeccom. B Mupe cyIecTByeT Kakoe-To HerJlacHoe Tady: He TpOraTh Hallle SBOIOIMOHHOE pa3yMHOe
Oymymiee. Kak Oyato Obl OOBIUHBIN YEJIOBEK TAKUM, KaK €CTh CErOfHs, JOJKEH OCTaThCsl HaBCer/a.
Hac kak Obl crieniMaibHO CIEPKUBAIOT M HE MTYCKAIOT B SBOJIOINY JlaJiee HETo.

MpbI yxe paHee TOBOPHJIM O JIBYX pa3HbIX pacax OOBIYHOIO YeJloBeKa: Oubeiickor pace Anama
(mo Knure) u ckazounon pace MBana-uapesuya (o Ckaske) [1]. Ham naxe yganock qjokasarb, 4TO
paca Ajgama HUKaK He CMOXKET MOWTH Jiajiee OOBIYHOTO YeJIoBeKa, a BOT paca VBaHa-11apeBruya, 3BO-
JIOIIMIOHHO, HOBBIM «JIEPEBOM KU3HU» U €ro «Iuiofgom» (1o Kuure) Hukak He oopemeHeHa. Bugumo
910 Taly Ha Oy/yIliee OOBIYHOTO YesIOBeKa CrielraibHO (hopmupyercs pacoit Anama. OHY OHUMAIOT,
YTO MOTYT OECCJIe/IHO UCUe3HYTh, Korja paca MiBaHa-11apeBruyYa MPeBbICUT Pa3yM OOBIYHOTO YeJIOBEeKa
Y MOMAET J1ajiee ero, oopeTst HoBbIi Tull BepxoBHOro pazyma [2]. Bonee BbIcOKUH U cUibHBIN BepxoB-
HBII pa3yM u, TeM Oosiee, cieaytomuii 3a HuM CBepxpa3yM 00s13aTesIbHO MOAUMHST ceOe Bee HU3INNE
pasyMbl, TO €CTb OOBIYHOTO YEJIOBEKa, €C/IM OH eIl OCTAHeTCsl CYIECTBOBATh Ha TUIaHeTe 3eMJls.
ITOro OHU U MbITAIOTCS U30eXkKaTh, BCAYECKH CACPKUBAS IBOMIOLUIO LIMBUIA3ALIUH.

Ho pasBe paca Agama MOKET OCTaHOBUTH JeCTBUA BHeIIHEN [Iprupoibl, CBA3aHHBIE C HOBBIMU
9BOJIIOIIMOHHBIMU 3aBOeBaHUsIMU? Pa3Be OObIUHBINA YelOBeK crocoOeH el ynpapisaTh? Pa3se oH
MOKET U3MEHSATh 3aKOHBI SBOJIIOLIMY U YIIPABJIATH €€ MEXaHU3MaMHU U riporieccaMu ? Ero MeHTasbHblIi
pasyM Jyis 3TOro eni€ HeIOCTaTOYHO CUJIEH.

OOBIYHBII YEJIOBEK — 3TO BCE eIlE MOy KUBOTHOE-TIOTYYeJIOBEUEeCKOe CYIECTBO, 00Mafaolee

YIYUYII€HHbIM THUIIOM OOBIYHOTO pasyma TPETLETO JKUBOTHOI'O U3MEPECHUA a3+, HaIr1OJIHEHHOI'O TOHKO-

MaTepUaIbHOM MEHTaJIbHON cujio. OH TaKMM M OCTAHETCSI, €CIM SBOJIIOIIMOHHO HE MONAET j1ajee

3+

o + o
YEPE3 NMEPEXOIHOU THUII pa3dyMa YEJIOBEKA-UHANTO YPOBHA a , KOTOPBIX YK€ IMOAKIIOYEH K HaYaJIb-

HOMY YPOBHIO BepXxOBHOro pazyma ypoBHs at [2]. Haxe ero HUBIIMI ypOBeHb paca AjaMa JOCTUT-
HYTbh HUKAK HE CMOXeET.

Ho kakum xe o6pazom paca MBana-tiapeBrya (1o Ckaske) MpOJOIKHUT CBOIO SBOJIOLUIO, ECITH
el He OyJieT HyKeH OMOJISHCKHIA «ILIOJ C iepeBa u3Hu» (1o Kuure)?

Panee Mb1 Bc€ Bpemst roBopuiin 0 Cete, KOTOpbii siBjsieTcs VictounnkoMm sBomonuy B Marte-
pun. MoxeT ObITb, 17151 UCCIIEI0BAHMSI TIPOLIECCOB IBOJIOIMM, HAM MOMBITAThCS 00paTuThCs K «KBaH-
TOBOW MEXaHUKe» W YK€ MpPU MOMOIIU €€ COCAUHUTH MPOLECCH SBOIOIMU C OOBIYHBIM KBAHTOM
CBeTa, KOTOPHI OyzieT, ckopee, HeoObIYHBIM CBETOM, YeM OOBIYHBIM.

JlaBaiite ucciaenyeM coeJMHEHUE YEeTHIPEX LIMKJIOB 3BomoMU Maxa-Ora v yeThpéx nepuojoB
KBaHTa OOBIYHOTO CBETA, CTPYKTYpa KOTOPOTr0 HaM XOPOIIO U3BeCTHA. MOKET ObITh, TOTJ]A OHH Y HAC
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cioxarcs B eiuHoi nesnoe? Ham Hudero He ocraércs Jesarh, Kak IMOCMOTPETb, UTO Y HAC U3 ITOTO
MOTy4uTCs?

CTpykTypa u CBOIICTBa KBAaHTA CBETA

UroObl HaYaTh UCCIIEA0BAHME COOTBETCTBUS NIEPHOJOB KBaHTA CBETA YETHIPEM LMKJIaM Maxa-
IOrn, HaMm HeoOXOOMMO B 3TOM IUIaHE BHMMATEJIBHO MCCIIEOBAaTh CTPYKTYpY KBaHTa CBETa U €ro
coiicTBa. Ham Ba)XHO MOHAThH, KAK KBAHT CBETa MOXET OCYILECTBJIATh IBOIOLMIO M IOCPEICTBOM
yero? JlJ1s1 3TOro MccaeqoBaHus Mbl IPUBEAEM €ro MOJHYI0 CTPYKTYpPY, KOTOpasi IOKa3aHa Ha pUCYHKe
1. OHa noCyKUT HaM ONOPHOM Il HayaJla TAKOTO MCCIIeIOBAHUS.

KBaHT 0bbluHOro cBeTa

E S
A = |
- QD

3CH

-E
E - anekTpuyeckan aHeprua, Bpemsa
H - MarHMTHas 3Heprua, NPOCTPaHCTBO

Puc. 1

N MmbI cpa3y ke BUIMM IEPBOE TOXKIECTBO B KOJIMYecTBe HMKJIOB Maxa-lOru u nepruonon
KBaHTa cBeTa. Ha pricyHke 1 KBaHT cBeTa pacnonaraercsi B AByX IJIOCKOCTSIX: JIEKTPUYECKOM, U Mar-
HUTHOU. DJeKTpUUECKasi MIOCKOCTh COOTBETCTBYET IJIOCKOCTH BPEMEHH, & MarHUTHAsI — IJIOCKOCTU
MPOCTPAHCTBA [3]. DT MJIOCKOCTA UMEIOT Pa3HYIO MOJISIPHOCTD, IUIIOC K MUHYC. Bcero Mbl nonyvyaem
YeTblpe BHYTPEHHUE IJIOCKOCTU COCTOSIHUS KBAHTA CBETA.

3aech Mbl BUIMM TOJHOE COOTBETCTBHE MO IJIOCKOCTSIM KBaHTa CBETA M YETHIPEX IMKJIOB
Maxa-IOru [1]. B Haiiem Mupe Mbl MOKEM BUAETH TOJBKO IIOCKOCTb MOJIOKHUTEIBHOIO MPOCTPaH-
CTBa, B KOTOPOM U KUBEM. TpH APYrux IIOCKOCTU TaKKe PealbHO CYIIECTBYIOT, HO OHU OyayT JJIs
Hac HeBUIUMBIMU [3]. ToMbKO MIOCKOCTh OTPUIIATEBHOIO MPOCTPAHCTBA MBI €IIIE MOXEM KaK-TO
YaCTUYHO HAOMOaTh Yepe3 0ObIYHOE 3ePKaIo.

Bce Hamm opraHsl 4yBCTB «3aTOUYEHBI» TOJBKO Ha TIOJOKUTEIBHYIO IJIOCKOCTh IMPOCTPAHCTRA.
[TnockocT BpeMeHU Mbl COBCEM HE OIIYIIIAaeM M HUKAK IOYyBCTBOBAThH HE MOXeM. VX Haila Hayka,
KaK MHCTHKY, naxke orpuiaetr. [IpubopoB 1si X HaOMOIeHNsI Y HAC HUKAaKUX HeT. MBI u3MepsieM
BpeMsl B CBOEM MUpPE U UMEEM JUIsl STOTO COOTBETCTBYIOIIHE MPUOOPHI, HATTPUMEDP YaChl, CEKYHIO-
Mepbl U T. 1. Ho Mbl U3mMepsieM He caMO BpeMs B €ro IJIOCKOCTH BPEMEHH, a TOJIbKO €ro JIMHEH-
HYIO ITPOEKIIMIO Ha TUIOCKOCTD MOJOKHUTENIBHOTO MPOCTPaHCTBA. [103TOMY MBI iMeeM y ceOsl TOJIbKO
MIPOEKIIMOHHOE JINHEHHOE BpeMsl, a He BCIO €r0 TOHOTY. Bpemsi MoxeT ObITh HEe TOJIBKO JTMHEWHBIM
¥ TUIOCKOCTHBIM, a JJake OOBbEMHBIM, UTO BIIOJTHE PEaTbHO.
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KBaHT 0OBIYHOTO CBETa MOJTyYaeTcs MOCeI0BaTeIbHBIM 110 BPEMEHH AEHCTBHS WM Pa3BEPTHI-
BaHus. Ero miockoctu (popMHpyIOTCS 31€KTPOMArHUTHBIMM CUJIAMHU, C UX MaKCUMyMaMH U MUHU-
MyMaMH, [OCJIeA0BATENBHO JIPYT 32 ApyroM. Takoil KBaHT CBETA MOTHOCTBIO OIUCHIBAETCS «3JIEMEH-
TapHO# cTpykrypoil HaBu» (manee DCH) [1]. Takas DCH noka3ana Ha pucyHke 1, B ero npaBom
BepxHeM yriny. OHa COCTOMT U3 MATH KOJIEL-KPYIOB: YEThIPE MaJIbIX Kpyra — 3TO NEepHO/Ibl KBaHTa
CBETa, a IEHTPAJIbHBIN KPyT 00beAMHseT UX B enunoe 1ieoe. DCH noiaHocThIo oTpaxaeTr co0oi BCIo
MIOJTHOTY CTPYKTYpHI KBaHTa cBeTa. OHa yxke XOpOIlo HaMu U3Y4YeHa, U Mbl HE CTaHEM €€ 3]1eCh OIU-
coiBaTh [3]. DCH nomoskeT Ham Jiydllie MOHSATh MPUHIUI Pa3BEPTHIBAHUS KBAHTA CBETA.

Tonbko Hac TaKOM PUCYHOK KBAaHTA CBETA JJISl UCCJEJOBAHUS MTPOLIECCOB SBOJIIOLIMU HEMHOTO
He ycTpauBaeT. OH HaM He MO3BOJISIET KaK-TO COEJUHUTH €T0 C IBOTIOLMOHHBIMYU IIPOLIECCAMU, OIH-
CaHHBIMU HAMU paHee B BeJUuUecKo KapTuHe-Bepcuu [1]. [laBaiite ero ympocTum M J1j1si IPOCTOTHI
MOHVMAHMSI CXeMaTUIEeCKH M300pa3vM BCE €ro CHJIbl B OJHOW TUIOCKOCTU U B OJHOM TOJISIPHOCTH.
ITocmoTpuM, 4TO 3TO HaMm act?

Takoe cxemMaTH4YHOE MPE/ICTaBIEHUE KBaHTa CBETA IPEJICTAaBIEHO HA PUCYHKE 2. 3/1eCh MBI ke
HaIJIs1JHO BUJIUM YEThIpE NEPUOAA MOC/IEI0BATELHOTO (DOPMUPOBAHKS KBAaHTA CBETA, YTO CXOAUTCS
y Hac ¢ NEpUOAAMH YETHIPEX MeHbIIMX LUKJIOB Maxa-tOru [1]. YeTsipe cuibl KBaHTa CBETA: SJIEK-
Tpuyeckas, rmoc u munyc (+E, -E), u marautHas, wmoc u munyc (+H, -H), ¢popmupyior BHyTpu
KBaHTa CBETA YeThIpe IIOCKOCTH ero coctosiHust: +71, +S, -T, -S. DT cuiibl noyvyaioTcs: TuHAMU-
YECKUMHM, UMEIOIIMMU NOIBbEMBI U criabl. [TogbéM XapakTepu3yeT HaM MMPOLECC YBETUUEHUS! CUJTbI,
a cnaj — e€ yMEHbIIICHHE.

CxemaTuyHOE NpeacTaBNeHMe KBaHTa cBeTa
Cuna

-H!-
s

|

|

|
v
k1|
E.
]

> EE}EMH
il AeEWCTBHA

an EKTpUYECKaA Cna, Bpema

= = NMarHuTHaa cuna, NPoCTPaHCTBO
Puc. 2

MBbI 1axe MOKeM IPEATONOKUTh, YTO CUJIa KBAHTa CBETA MOKET ObITh €MHCTBEHHOM, KOTOPast
AENCTBYET MOC/IEIOBATEIbHO CEKTOP 32 CEKTOPOM, IUIOCKOCTh 32 IUIOCKOCTBIO, UMes 3[eCh B BUJLY
nocnegoBaresibHylo padoty DCH no kpyry [3]. Kaxaplil U3 e€ 4eTbIpéx CeKTOpoB 00JajaeT CBOMM
THUIIOM CWJIBI U PaCHIOJIO)KEHUEM B IUIOCKOCTU. Harpumep, nepBblii ceKTOp-NIepUo KBaHTa CBeTa JAaET
HaM IOJIOKUTEIbHYIO IEKTPUUECKYIo cuily +E 1 onoxuTenbHyI0 III0CKOCTh BpeMeHu + T, a nocnen-
HUH CEKTOp — OTpULIATENIbHbIE MArHUTHYIO cuily -H 1 oTpuLiaTesbHyI0 IIJIOCKOCTh ITPOCTPAHCTBA -S.

KBaHT cBeTa mocsenoBartebHO pacKpbiBaeT U3 ce0sl YeThIpe MIOCKOCTH, HO €ro CUjla MOXKET
OBbITh €IMHCTBEHHOI, KaK Mbl CKa3zaiu paHee. E€ neficTBue B pa3HBIX IUIOCKOCTSIX PaCKPhIBAET B HEW
TOJIBKO T€ CBOKMCTBA, KOTOPbIE COOTBETCTBYIOT ITOM INIOCKOCTU. MBI [TOJTyyaeM B KBaHTE CBETa YEThIpe
rockocTy (Masble kpyru DCH) u equncTBeHHYyI0 cuity (Oonbiuoit kpyr DCH). Ty ke HanpaluuBa-
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I0TCSI BOITPOC, @ OTKY/Ia B HEM OepyTCsl 9TH IJIOCKOCTH, €CJIY €r0 CHJIa — OfIHA M UX B cebe M3HAYATbHO
HE collepkuT uin coaepxut? OTKyaa oHr Bo3HUKaT? Kakoe TpeTbe CBOMCTBO KBaHTa CBETa, KOTO-
pOe MBI elI€ He OIUCAIU, PACKPHIBAET B HEM 3TU YEThIPEe TJIOCKOCTH?

OTBer Ha 3TOT BONPOC YK€ UMEETCS: MNIOCKOCTH M3HAYajIbHO copepxkarcs B camoil «CTpyk-
Type» KBaHTa cBeTa, B ero DCH. Mbl ciertnasibHO e€ Iponvcaiy ¢ 3arjaBHOM OYKBbI, YTOOBI TOKA3aTh
e€ MepBUYHOCTh M BaKHOCTh. Eci U3 KBaHTa cBeTa pucyHka | yoparh BCe YaCTHIIbI-KOPITYCKYJIbI,
TO YTO TOrAa OT Hero octaHercsi? OH, KOHEYHO, HE MCYE3HET, a OCTAHETCS CYHIECTBOBATh, TO TOJIBKO
B Bujie «1myctoii» CtpykTypbl, JCH. OH cBepHETCS B TOUKY U OyJIeT CYIIECTBOBATh B TAKOM €MHUY-

HOM BHJ€E, KOTOPBI Mbl MOXEM OOO3HAuUTh YPOBHEM €ro pa3dyma Kak a’=1 (eqmHmunas vacruia
S¢upa [1]). UmenHo ero Ctpykrypa (opMHUpyeT, CKOpee, pacKpbIBaeT U3 ce0sl ITU YeThIpe IJI0C-
KOCTH, KOTOpBIE YK€ Jajiee ero CUJIOW PacKpblBalOTCsA, 0OpeTasl YaCTULbI-KOPIYCKYJIbl B Matepun
Y HaTIOJHASACh UMM.

JlaBaiiTe MoKa OCTaBUM 3TO NEPBUYHOE OMMCAHUE KBaHTA CBETA IPU €ro pa3BEPTHIBAHUU
B Marepun. Tonbko Ham yxke cTajlo NOHATHO, 4To CTpyKTypa KBaHTa CBETA UTPAET IVIABHYIO POJIb
B IIpOLIECCE €r0 BOSHUKHOBEHM S, PACKPBITUS U SBOJIOLIMOHHOIO CTaHOBJIeHUs1. IMeHHO OHa 3acTaB-
JISIeT CHITy KBAaHTa CBETa HAIOMHATDH ceOsl, Kak Obl pa3BEPTHIBasCh B MaTepun, HUCXOs B He€. ITO
HaM OUYeHb Ba)KHO, IOTOMY YTO IIPOLIECC IBOMIOLIMHI MOKET UIMETh IMEHHO TaKYyIO K€ 3aKOHOMEPHOCTb
B [10CJIEIOBATEIbHOM Pa3BEPTHIBAHUM CTPYKTYP THUITMYECKUX MUpoB MuHepasos, Pactenuii, Kusor-
HBIX 1 OOBIYHOT'O YeJIoBeKa.

Ternepb HaM TOJIBKO OCTAJIOCh COEIMHUTD €r0 C HAILIMMU IPeIbIIyIIMMU KapTUHAMU-BEPCUAMU
9BOJIIOLIMM U TIOCMOTPETh, UTO Y HAC U3 TOro nojyuutcs. [Japaiite nornpodyem 310 cliearh.

IIpoTS:KEHHOCTDH MUKJIOB

PaccmarpuBast Bequueckyio KapTUHY-BEpPCHIO, HAM paHee yIajioch MOHSTh, YTO TPOBUILIH Bex
KaKMUM-TO 00pa3oM CyMeJIi M3MEPHUTh U OMKCATh MPOTSKEHHOCTh YeTHIPEX IUKJIOB TIOJIHOTO IMKJIa
Maxa-IOru [4]. Onu gaxxe NpUBOAST JJIMTETBHOCTb CTAHOBJIEHHUSI €r0 YETHIPEX 1IUKJIOB B TOJIaX, MPo-
TSOKEHHOCTh KOTOPBIX MBI IIOMecTH/IN B Tabnuity 1. [laBaiite paccMorpum Tadmuiny 1 6osee cepbE3HO.

Tabnuua 1

Ha3BaHuA LMKNOB Bpems | [ecaTuyHoe

IBONKOUMK B rogax OTHOWeHue
CaTba-lOra 1.728.000 | 4/10
Tpeta-lOra 1.296.000 | 3/10
[eanapa-lOra 864.000 | 2/10
Kanu-tOra 432.000 | 1/10
Mtoro: Maxa-tOra . 4.320.000 | 10/10

[Tony4yaetcs 10BOJILHO MHTEpECHAs! KAPTUHA: Y HAC BO3HUKJIA MPOTSKEHHOCTh YETHIPEX ITUK-
JIOB, IMEIOIAsI OTHOIIIEHHE K 00IIei mpoTsok€HHOoCcTH 1ukia Maxa-10ra B 4.320.000 siet. BoT Tos1bKO
MPOTSKEHHOCTh TOJa Y HUX MOYeMy-TO cocTaBisieT Bcero 360 nueid (tabmuua 1 [1]) B omimume
OT Halllero BpeMeHu — B 365 nHer. Heyxenu 3a nsATb-1€CATh THICAY JIET NPOTSKEHHOCTh IO/IA Y HAC
BO3pOC/ia Ha LEJbIX MATh JHEM?

KoneuHo, Ham HeT cMbIC/Ia KPUTUKOBATH UMEIOIIMECs BeIMYeCKHe 3HaHUS1, KOTOPbIE U3MEPSIIOT
BpEMs Halllell 3BOJIIOLIMA B MWLUIMOHAX JieT. TONbKO KaKuX JIeT, eclnd 3eMJyisl Hadala Bpalarbes
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BOKpyr CoJHIIa TOJIBKO B CAMOM KOPOTKOM 4eTBEpTOM 1ukjie Maxa-FOru, To ectb noHsTHE Mecsia
Y TOJ]a BO3HUKJIO TOJILKO B coBpeMeHHOM IukJie Kamu-l0ru?

CHoOBa MBI TPUXOJIMM K TOMY, YTO BPeMsI SBOJIIOIIUU TIOYyYaeTCsl He CTAaTUYECKUM, a TUHAMMU-
yeckuM. OHO Tak’ke SBOIOIMOHMPOBAJIO BMecTe ¢ HaMu. Kakoe BpeMsi MOXeT OBbITh y IJIa3MEHHOU
TJTAHETHI, KOrJja OTCYTCTBYET U JI€Hb, U HOYb, HE TOBOPS yXke O roje, Xors 3ToT Uk Carbsa-l0ru
CUUTAETCS CAaMbIM MPOAOKUTETBHBIM? Kakue MoryT ObITh TOJa B 9TO BpeMsi?

Hpyrue nukisl Maxa-lOru B aTOM 1uiane OyayT He Jiydille, Belb JieHb U HOUb IMOSIBHIIUCH
TOJIBKO B IpearnocienHem nukiie Ipanapa-kOru, korja rnjiaHera crajia BpanarbCcsi BOKPYT CBOE OCH.
[Toatomy pasroBopbl 0O KaKOM-TO TaM BPEMEHM SBOJIOIMM, STO TMOJHAS WJUTIO3Us U JaXe YTOIHS.
Bpewmsi, kak ¥ MPOCTPaHCTBO, — IMHAMUYHO U MOABUKHO. OHO IBOIOIUOHUPYET OT «KOPOTKOTO»
K CBOEMY «JIMHHOMY» TIEPUOLY.

VrBepkaeHusa npoBuaLeB Bex O NMPOTAKEHHOCTH INEPUOLOB BPEMEHU 3BOMIOLMM B TOAAX
MO’HO MOCTABUTh TIO]T COMHEHHE, TOJIbKO MBI HE 3HAaeM, Kakoe BpeMsi OHU UMeJTi B BUIy. Tem Gonee,
YTO HAC MHTEPECYeT He caMa MPOTSHKEHHOCTh BPEMEHU MX IIMKJIOB, 4 OTHOILIEHUE YacTell BpeMeHU
Me:Kly HUMH ¥ BHYTpY HUX. MBI ocTaBUM TaOnuIty 1 TAKOBOW U MPOIOIIKUM Jajiee e€ CClieIoBaHue.

Urak, mbl uMeeM jiecTh yacteir Bpemenu B 1ukJje Maxa-FOra. Otcioga Mbl MOkeM TTpeInoo-
JKUTb BCETO JIECAThH ITANOB PA3BUTUS IIUBIIIM3ALIMIA, KaK MBI 3TO yXke cliesaiu paHee [1]: MmuHepasst
MOJTyYaloT YeThIpe dTara, paCTeHUs — TPU dTarla, JKUBOTHBIEC — JIBA ITAra, a OOBIYHBIA YeJIOBEK MpPo-
XOIUT CBOE pa3BUTHE TOJILKO 3a ofguH dtan. OkoHvyanus 4, 7, 9 u 10 3TanoB — 3T0 MUKW pa3BUTHS
UX [IUBUJIU3ALIAN:

0—4 — mukn Carps-HOrM — 3TO pacuBeT HMBUIM3AIMU «IUJIA3MEHHBIX JIIOJEH-MUHEpa-
JIOB» (4 3r1amna);

5—7 — mukn Tpera-lOrm — 3T0 pacliBeT NUBUIM3AIMU «Ta3000pa3HBIX JIIOAEH-pacTte-
Hui» (3 3Tamna);

8—9 — mukn [IBamapa-FOru — 3T0 paciBeT NMBUIM3AIMUU <«KUAKOCTHBIX JO/IEH-KUBOT-
HBIX» (JIBa 3Tara);

10 — mukn Kamu-l0ru — 310 paciiBeT NMBMIM3AIIMN OOBIYHOTO MEHTATBHOTO YesIoBeKa, eIe
HE JIOCTUTIIIErO CBOETO BBICIIIEr0 COCTOSTHHS OAyXOTBOpEHHOTrO Yenoreka* Mupa BepxoBHoro pasyma.

Mbl ocTaBUM Ha3BaHUs IUBWIM3ALMI TAKUMU, KAKUMU OHU onucaHbl paHee [1]. Toabko mMbl
MperosaraeM, 4To JIIOI1 TOrIa COOTBETCTBOBAIM TeM TUITMUYECKUM MUPaM, KOTOPBIE OCYIIECTBIISIIN
CBOE CTAaHOBJICHUE B 9TUX LIUKJIAX.

Tenepb MOXXHO MOJBECTU HEKOTOPBIN MPOMEKYTOUHBII UTOT: TIOJTHBIN LIUKJI SBOJTIOLINH SKUBBIX
¢opm Ha 3emie B iukiie Maxa-FOra 3anumaet no nponposkurtesibHocT 10 stanoB. Ho 3to He equn-
CTBEHHBIH IIMKJI, KOTOPBIN ObI Cpasy ke Jajl HaM COBPEMEHHBIN MUP OOBIYHOTO UesioBeKa. Beero nuk-
noB Maxa-Oru nomkHo 66110 6bITH 1000 [1]. TonbKO B 9TOM Cilydae Mbl MOKEM KaK-TO TOBOPUTb
0 JTOCTHKEHUM YPOBHSI COCTOSIHUSI 9BOJTIOLIMM COBPEMEHHOTO MUPA.

Uro 310 3a 1uhphl STAnoB (Tadnuia 1) 1 moyemy OHU Tak YETKO YMEHBIIIAIOTCS B pa3mMepax
OT IIMKJIA K IMKJIy HA OAUH dTar?

Ceftyac BO3HUKJIO OIIYIIEHUE TOTO, YTO Mbl CHOBA IJIe-TO OIMIMOJIKCH WM YTO-TO TPO3EBaIIH,
KOI/1a OnMchIBaIM (popMHUpOBaHuUe I1aHeTapHoro Tesna B Marepuu [1]. KonnyectBo neprosos roso-
PAT HaM, BEpOSITHO, UMEHHO 00 3TOM Tpoliecce. Y Hac MOJMydyaeTcsl, 9YTO MUHEepaJIbl Pa3BUBATUCH
YETBIPbMsI ITallaMu, PACTEHUS — TPEMSI, ’KUBOTHbBIE — JIBYMSI, 2 YEJIOBEK — OJIHUM.

Yro na€rt 1 KBAHTOBOW KapTUHBI-BEPCUM TaKoe JieJIeHue mpoiiecca 3Bomonmu Ha 10 staroB?
K tomy ke, 10 3TOrO MBI UMeNN «ceMb JHei» bora nmo Kuure, «nsath nHei» no Cka3ke U 4eThipe
1MKJa BHyTpH 1iuki1a Maxa-FOru ot nposuneB Ben? Ouu B kontie mukia Kanmu-¥0ru ajis okoHuaHust

* Yestoek ¢ 3ar1aBHOI GyKBbI Oy/IET O3HAYATH VIS HAC STAIOHHOTO Ye/IOBEKA C GOJIee BRHICOKMM YPOBHEM Pa3yMa, K KOTOPOMY MbI
COBEPILIEHCTBYEMCI, @ C IIPOMKUCHOI OyKBbI — OOBIYHOTO YeJIOBEKA.
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['. KpusenikoB. «/HTErpabHbIA B3I Ha 9BOMONMIO YeoBeka — [I. YerBéproe nznanve»

Trporiecca BOIIONUYU JT00aBISOT enié oquH HoBbil UK Carbsa-FOru [1]. Torma u oHu jaloT Ham
T€ K€ «IISATh» LIUKJIOB, YTO MOJHOCTBIO COOTBETCTBYET CKA30UHBIM «IISITU JAHIM».

Ho ecnu omun «/lens Bpambr» (Tadmuma 1 [1]) paen 1000 ko Maxa-lOra, To 310 MOXeT
OBITH BIOJTHE peasibHBbIM. Torya BCs MPOTSKEHHOCTh HAIlleH «THEBHOM» SBOJIOIMM MOTIJIa COCTaB-
aate 5000 nukiioB Maxa-lOru («mste anei» no 1000 nukiIoB). A eciid K HAM elé MpUILIIoco-
BaTh U «Houb Bpamel», KoTOpas OyaeT Takou ke MPOTSKEHHOMU, TO MONHAS MTPOTSHKEHHOCTh BpEMEHH
Hamiet sBomoin yxe norsHer Ha 10000 mukioB Maxa-lOru. A 310 yxe OyaeT MpOTsSKEHHOCTb
Bpemenu B 43.200.000.000 ner. CymectByert em€ rog bpamsl B 360 yxe ero «/Ineit ¢ Houamm».
PeanbHO 71 9T0 BpeMs /17151 IOJIHOTO MIPOLIECCa IBOJIIOLUM TPAHCIIEHAEHTAIBHOrO YesnoBeka ¢ ypoB-
HEM pa3yMa a’?

Bo3MoOKHO, 3TO Bpemsi 9BOJIONUY OYy/IET JIIsl HETO peasibHbIM, HO UTO-TO Y HAC B HEM BBI3bIBACT
comuenre. Ham nipusércst 6osee cepbE3HO MCCIeI0BaTh BPeMsl SBOJIONNH, YTOObI JTydllle TIOHSTh e€
MIPOIIECCHI.

TO)KIICCTBGHHOCTI) NnepnoaoB KBAaHTa CB€Ta BEAUYCCKHUM NUKJIaM

JaBaiiTe mornpoOyeM OTHICKATh CBS3b MEXIy KBAHTOM CBETa M CTAHOBJICHHUEM TUIIMUYECKUX
MHUPOB B Pa3IMYHBIX BEINYECKUX IMKJIAX 3€MHOU BOMIOLIMH, TeM OoJiee UTO y HAC yXke eCTb BpeMs
ux 3Bomonuu (Tadmuna 1). Takux OCHOBHBIX TUITMYECKUX MUPOB OBLIO YeThIpe, O YEM Mbl TOBOPHIIU
panee. Bce oHM MEIOT onpenenéHHOe BpeMsl CBOETO pa3BUTHUsI, CTAOMIBHOCTH M «UCYE3HOBEHUS»,
KOTJ]a OHU He ucye3aa OeccieHo, a TIOJIOMIATNCH BHICIIIMM HUCXOASAIIMM MUPOM. XOTSI Mbl ¥ TIPH-
MEHWIH CJIOBO «UCYE3HOBEHHME», HO OHU, KaK TAKOBBIE, HE MCUE3AJIM, & BXOJWIA B COCTaB HOBOTO
MHpa U Jajee MPOoA0JIKAIN B HEM CyILIECTBOBATD.

Kaxpas uyBnim3anys passiBaia COOTBETCTBYIOILYIO CBOEMY IIUKJIY CTPYKTYpPY KU3HU U CBOM
Tunuyeckuil Mup [1]. TO Hac HaBeJIO HA MBICIIb, YTO BEJUYECKHE ITUKJIbl PA3BUTHU S IIUBUIA3AIIMIA
MOT'YT COBIAJATh C MEPUOIaMH KBaHTa cBeTa. [laBaiite mornpodyem UX COBMECTUTD C €ro CTPYKTYPOd,
11l 4ero coctaBUM pUCYHOK 3. IlepronoB KBaHTa CBeTa MO PUCYHKY 3, Kak U BEJUUECKUX LIMKJIOB,
Takke OyZieT YeThIpe.

c YeTbipe UMKNa pa3BEépTbiBaHWA KBAHTa CBeTa
nna
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Ha PUCYHKE 3 MBI IMEEM YCTBIPE MOJIYyIEpUOda CUHYCOUAbl KBAHTA CBETA, PACIIOIOKCHHBIC
MOCJICAOBATE/IbHO APYT 3a APYyIr'OM. I'mana na HUX, MOKHO CI€JIaTh BbIBOJ O TOM, YTO PACTYIIUE IJICK-
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I'. KpusenkoB. «VHTerpabHblil B3IJIAA HA 9BOMIOLMIO yestoBeka — II. YerBéproe uznanue»

TPUYECKHUE NI MarHUTHBIE KOJIeOaHMsI KBAHTA CBETa JIOOH MOJISIPHOCTH COOTBETCTBYIOT CBOUM ITHK-
JIaM 3BOJIOLIMY UBWIN3ALIA, a HUCTIAAAIOIINE KPUBBIE — «IIOIJIOIIEHUE» ITUX LUBUIN3ALUIL.

Ha pucynke 3 nokasans! 10 3tanoB pa3BépThiBaHMS KBaHTa CBETA, KaK yKa3aHo B Tabmuie 1.
MBbI ux 1noka, 11 IPOCTOTHI TIOHMMAaHUsI, IOKa3aId paBHBIMU BpEMEHHbIMU OoTpe3kamu. Ha camom
7ene, OHU He OyAyT TAKOBBIMHU. MBI 3TO B peaIbHOM BpEeMEHH MX ITATOB IMOKakeM no3Hee. B kaxaom
Nepyo/ie KBaHTa CBETa pa3BEPTHIBAETCS TOJIBKO OMH LMKJI Maxa-FOru, KoTopblil CBSI3aH CO CBOE
COOCTBEHHOU THIUYECKON UBIIIN3AIIMEH.

Hanee Mbl mpeanosaraeM BO3MOXHOCTh NapajljIeSIbHOIO CYIECTBOBAHUSI HEKOTOPOE BpeMs
yracamoieil 1 BHOBb Pa3BUBAIOLIECNCS LMBWIM3ALMI. DBOMONMA LUBWIN3ALMA — 3TO pacTylias
YacTh MEPUOIOB KoNieOaHuil KBaHTa cBeTa. Hucnamaromas 4acTh nmepruosioB ero KoineOaHuid Hac MoKa
He uHTepecyeT. BeposTHO, OHa CBsi3aHA C YaCTUYHOW «MHBOJIIOIMEN» nuBuUian3anuii. Ho roBops
O HeW, Mbl TIOJ[pa3yMeBaeM, CKopee, X HEKOe OCTaTOUYHOe CTaOWJIbHOE COCTOSIHME, a TO Obl y Hac
Torza He ObUIO HU PACTEHHIA, HU )KUBOTHBIX.

KoneuHo, 310 mpenmnosnokeHue cOOTBETCTBUS MEPUOJOB KBaHTa cBeTa LukjaaM Maxa-lO0ru
JOBOJIBHO cepbe3Hoe. OHO Ja€T HaM BO3MOXXHOCTb IPOJOJKUTh MCCIIEIOBAHUS Pa3IMYHbIX TUIIOB
LUMBWIM3ALUI, TIPEALIECTBYIOUIMX YeIOBEKY. MBI UX yXke MOXEM U3ydyaTb KaueCTBEHHO U B COOTBET-
CTBUM C TEMH CUJIaMH, KOTOpble paboTaI0T B MEHbIMX NUKJIax Maxa-t0ru, anekTprueckoii uim mar-
HUTHOM. [laBaiiTe MpoBepUM 3TO Ha SBOMIOLIUY TUIAHETAPHBIX CUCTEM.

Panee Mbl paccMoTpenM IUIaHETApHYIO BOJIOLMIO B COOTBETCTBUU € IMKjIamMu Maxa-lOru:
JIMHEWHYI0, MJIOCKOCTHYI0, 00BbEMHYIO U cBepx00bEMHYIO [ 1]. Tereps, uepe3 3HaHUsI O KBAHTE CBETa,
MBI MOXEM KOHKPETHO CKa3aTbh, Kakas ero cuwia Obula 33/IeliCTBOBAHA B 3TOM IOC/IEIOBATEILHOM
3BOJIOLIMOHHOM TTporiecce. [1o Xxony MoaenrpoBaHus BOIIOLIMOHHBIX IPOLIECCOB 10 PUCYHKY 3, HAM
YZIAJIOCh HAWTU HOBYIO 9BOJIIOIIMOHHYIO 3aKOHOMEPHOCTh: B KOHIIE IMKjIa Maxa-lOra nomkHsl oOpa-
30BaThCsl CTAOMIIbHBIE TJIAHETAPHBIE CHUCTEMBI, KOTOpble C(hOPMHUPOBAIMCH M CTAOMIN3UPOBAIIHCH
B CBOEM pazBuTuu (Touka 10 pucyHka 3).

Tonbko Ha pucyHKe 3 HET MpPOIOIKEHUs JEHCTBUSI CHJI KBAaHTA CBETa Jajiee 3TOW JecATou
Toukn. OHO, CKOpee BCero, MOkeT ObITh OOPATHBIM MJIM YTO-TO JIOJKHO HAaBEYHO OCTAHOBUTH STOT
MpoLiecC BpalleHusl KBaHTa cBeTa. MOXeT MPOM30MTH WM CBEPTHIBAHUE U yracaHWe 4eJIOBEYECKOn
IVBWIM3ALUN WM €€ CTaOMTN3alvsl Ha STOM YPOBHE.

JaBaiite 31ech He OygeM TOPONUTHCS. MBI TOJBKO-TOJIBKO MPUIILTH K TOHUMAHHUIO TOTO, YTO
9BOJIIOLMS KAaK-TO 3aBsi3aHa HA MEXaHU3Max KPyroBopoTa CHJI BHYTPY KBaHTa cBeTa. YeTslpe MeHb-
nmx nukia Maxa-lOru Ha pucyHke 3 0Ka3bIBaIOTCS KECTKO CBSI3aHHBIMM C [IEPUOIAMHU €T0 CIIEI0Ba-
HUS$1, XOTS 3TO NPEATOJIOKEHNE e1E HYKHO JOKa3aTh. ENMHCTBEHHOE, YTO HAC MOKa 3/1€Ch CMYILIAET,
3TO pa3Hasi IPOTSKEHHOCTh NIEPUOIOB KBAHTA CBETA.

[Touemy tmkibl Maxa-lOru garot pasHyio NpoTs:KEHHOCTb 110 BPEMEHH CIIE/I0BaHN S, & IEPUO/IbI
KBaHTa CBETa MBI IMeeM Kak Obl paBHbIME ? [Touemy npoBuis! Be pacniicany eme BHyTpH KakI0ro
LIMKJIa [10 HECKOJIBKY 3TAIOB 3BOMIOLMY M YKa3aJId HaM, YTO UX — JIECATh?

Ha pucynke 3 mbl oka storo He BUIuM. OTKy/Ja OHU B3SUJTHCh, €CJIM B KBAHTE CBETA UX BPOJIE Obl
HET ¥ 10 CBOEH MPOTSKEHHOCTH BCE €ro MEpUOAbl AOJUKHBI ObITh PABHBIMU MJIM HET, M TOT/IA MBI
ommbaemcsi B 3Tom?

Hucxo:xxaenune kBaHTa ceera B Marepuio

JlpeBHenHaAuicKas Beguueckast (puiocodusi HEOKMIAHHO TMO/IBENA HAC K JIPyroMy SHEpreTu-
YECKOMY TOJIKOBAHHUIO (DOPMHUPOBAHMS IJIaHETAPHOW MaTepUu U3 KBaHTa cBeTa. Be€ 1eso B ToM, 4TO
MBI TI0Ka HE 3HaeM, YTO IPOUCXOIUT C €r0 CUJIAMU U TIEpUOAAaMHU TIPU ero MnorpyxkeHuu B Marepuio,
Be/lb IMEHHO 3TO MPOUCXOAUT C HUM B IPOLIECCE ero MaTeprain3alyy npu (hOpMUPOBAHUM TIaHe-
TAPHOW CHUCTEMBI.
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I'. KpuBenkoB. «/HTerpanbHbIi B3I Ha SBOMONIIO YenoBeka — [1. YerBéproe nznanve»

Mpl nokazayiv Ha pucyHke 3 ujieasibHblid KBaHT CBeTa ¢ paBHbIMU mnepuoaamu. Kak okasbiBa-
€TCsl, MPOJOKUTEILHOCTD €r0 MEPUOJIOB 10 BPEMEHU 3aBUCUT OT BEJMUYMHBI CUJIBI U KOJUYECTBA
MaTepUaTbHBIX YaCTHUIl, KOTOPbIE OHa MOXET B HEero MpUTAHYTH [3]. Yem Oonee Oyaer B HEM MaTepu-
QJILHBIX YaCTHII, TeM OOJIBIIYI0 OH Oy/IeT MMEeTh MPOTSHKEHHOCTH Tieproia U HaooopoT. KomudecTBo
MaTepUaIbHBIX YaCTHUI[ B KBAHTE CBETA HANIPSIMYIO 3aBUCHUT OT €ro cuJjibl. IMEHHO Takue 3akOHOMeEp-
HOCTHU B CBOEM IPOLIECCEe MaTepyuan3alii UMeeT KBaHT cBeta [3].

Torpa cTaHOBUTKLCS MMOHATHBIM, TTOYEMY MepUobl IMKJI0B Maxa-lOru tak cuibHO MOryT pas-
JIMYAIOTCS 10 MPOTSKEHHOCTH JIPYT OT Jpyra. JlaBaiite, HICXOAs U3 BEIMYECKHUX 3HAHUH, MOMPoOyeM
pa3ouTh Mepuoibl KBAHTA CBETa HE HA YEThIpe PaBHBIX MEpHOIa, KaK Ha MOKAa3aHO Ha PHUCYHKE 2,

a Ha JiecsTh 3TANoB W 4YeThipe nepuona. Jlaaiite monpodyeM MOCTPOUTH ISl HUX HOBBIA Ipaduk
(pucyHOK 4).

HucxomaeHWe KBaHTa cBeTa B Matepuio
YpoBeHb

IHEpPrum
A MaTepunbHan aHeprus

LyxoeHan aHeprua

—————— —_——— = = ==
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E, T -- anekTpuyeckas cmna, Bpems
H, S -- MariuTHaA cuna, NpocTPaHCTBO

Puc. 4

Ha pucynke 4 mbl BUIMM, YTO Ha4ajo NEPBOrO Tala BOMIOLUM COAEpKUT 4/4 yactu Bee
SHEpruM KBaHTa CBETa — 3TO €ro MosiHas sHeprus. MarnutHas cuna -H, kotopas cpa3sy ke Bo3pac-
TaeT 0 CBOEH MaKCUMAaJIbHOM BEIMYMHBI, JAET HaM Kak Obl B3pbIB CBETA, KAaK MbI OIIPE/ICNIUIIN paHee
MOCPEACTBOM BEAMUECKMX CUMBOJIOB (prcyHOK 4 [1]). [lajiee 0Ha MOCTENEHHO HUCTIAAAET, TOJTHOCTBIO
OTZIaBasl CBOIO SHEPTHIO BO3PACTAIOLLEH IEKTPUUYECKON cujie (Touka 4 pucyHka 4). Dnekrpuueckas
cuia +E, MoTHOCThIO 3a0upasi SHEPTrUi0 y MArHUTHOM CHITBI -H, pacTér 4 stama 10 Takoi ke MakCcH-
MaJIbHOU BeTmuuHbI 4/4. Bpems e€ neiicTBrs B YeThIpe 3Tana OyJeT caMmbIM MPOAOKUTeNbHBIM. OHa
umeet B niepoM 1ukJje Carbs-I0Ora 100% sHeprum KBaHTa CBETa.

Ha pucynke 4 B koH1Ie 4-0r0 3Tana HaMm MPUILLIOCh NTOKAa3aTh PE3KOoe MaJeHue SHEPruu KBaHTa
cera Ha 1/4 yactb. Ha 3TOM najieHny 1eKTpruyecKoi CUJIbl KBaHTa CBETa 3aKaHUMBAIOTCS IIEpBbIe 4-
e orana nukiaa Carba-lOra. Tak co3paBanachk m1a3MeHHO-MUHEpaibHasa UUBWIM3aUus. YacTpb asiek-
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I". KpuBenkos. «VHTerpanbHbIi B3I HA 9BOOIMIO yesoBeka — [1. UerBéproe uznanue»

TPUYECKOM CHJIBI MOIILIa Ha (POPMUPOBAHUE TUITMUECKOTO IJIA3MEHHOI'O MHpa MUHEPAJIOB, KOTOPBIN
aajee OCTaJICs CyLIeCTBOBaTh, BOOpaB B ceds 1/4 4acTh SHEpruu KBaHTA CBETA.

Bropoit nukn Tpera-FOra HaunHaetcs yxe ¢ 3/4 yacrtell sHeprum KBaHTta cBeta. M3-3a atoro
ero Nepuoy cokparaercss Ha 1 3tam ot mTenbHOCTH niepBoro. OH yxke odperaeT mpoTsKEHHOCTD
10 BpEMEHU JieiicTBUSA B 3-U 3Tana. Dnekrpuueckas cuia +E ocraBuna 1/4 yacte cBoell sHepruu
B 1iukJjie Catbsi-IOra u Tenepb oHa, HUCTIaAas1, OTAAET CBOIO SHEPTHI0 BO3PACTAIOIIEH MAarHUTHOW CHJIe
+H. Dta marauTHas cua pacTeT U JOCTUraeT BeJIMYMHbI 9Hepruu 3/4 yactu ot e€ makcumyma. OHa
TaK ke ocrariysieT 1/4 yacth cBoeit Hepruu B 1ukie Tpera-lOru. D1o Mbl HaOMOAaeM Ha PUCYHKE
4 B KoHIIe 7-oro tana. Bropas 1/4 yactb SHeprum KBaHTa cBeTa Moluia Ha (popMUPOBaHUE TUTTUYE-
ckoro Mupa Pacrenuii. Tak cozgaBasnace I10CKOCTHAsA, Bpallamouasacs BOKPYT CBOEH OcH, IIaHeTap-
Hasl MaTepusi pacCTUTEILHOTO MUpa.

Tperuit iukn [IBanapa-IOra HaunHaeTcs yxe ¢ 2/4 yacteit OT MaKCUMaJIbHOM SHEPriuy KBaHTa
ceta, ¢ 50% ero sueprum. EctectBenHo, cieayonmii nukia JIpanapa-lOra ymensiaercst B cBoei
MPOTSKEHHOCTH 110 BpeMeHu enl€ Ha 1 srtan. IlpogomkurensHocTs TpeThero nukia JIpanapa-lOra
COCTaBJISIET BCETo 2-a 9Tana 1 uMeeT B cede TONbKO 2/4 yacTu SHeprum KBaHTa ceeta. U on 3abupaer
1/4 gacTp SHEpruM KBaHTa cBeTa Ha (POPMUPOBAHUE THUITUYECKOro Mupa ’KUBOTHBIX, 00pa3yst HOBbIN
TUN 0OBEMHOM TIAHETAPHOW MaTepHH.

UYersepthiil tuka Kanu-IO0ra yxe ykopoTtuics o Bpemenu Ha 3/4 4acTu OT NPOAOJIKUTEIBHO-
cru niepsoro nukia Carba-lOru. OH umeer o BpeMeHU AEeUCTBUS BCETO OJUH 3Tall SBOJIIOLUM 715
(bopMUpPOBaHUS TUMTMYECKOTO MUPA OOBIYHOTO YEJIOBEKA U €r0 COCTOSIHUS TUIAaHETAPHOW MaTepuH,
KOTOPYIO MBI IMEEM CETO/IHsI. DHEeprusi KBaHTa CBeTa B 9TOM IMKJIe OyzeT paBHa 1/4 yactu ot ero
TIOJTHOM 3Hepruu. B KoH1e 4-0ro LukJIa IpOM30MAET MOTHOE HUCXOXIEHUE KBaHTa cBeTa B Marepuio
C Tiepe/iaveli el Bcell cBoel sHepruu. B Matepru U3 HUCXOASAIIEr0 KBaHTa CBETa 00pasyeTcs yxe
CBOI KBaHT MaTepUH, TIOJHOCTBIO OOPAIIEHHBIA OTHOCHUTEIIBHO €rO.

Mbl yXe BUAMM 3TOT KBAaHT MaTe€puu, Kak Halll OObIYHBIA MHp, HAXOHSACh Kak Obl BHYTpH
Hero. KBanTt matepuu copmupoBat Haily COTHEUHYIO CUCTEMY U IIJTAHETY 3eMJIsl C €€ TUITUYECKUM
MHUPOM OOBIYHOTO Pa3yMHOT'O YeJIOBeKa, KOTOPhI BOOpasl B cedsl BCe MpeAblaylue UBUIM3AUN
Munepaiios, Pacrennii 1 JKuBOTHBIX.

Tenepb Bc€ BcTaslo Ha CBOM MecTa. [IpeBHEMHAMKCKUE MUCTEPUM TIOMOIVIM HaM IMOHSTh IPO-
uecc (pOpMUPOBaHUS TUIAHETAPHOM MaTepuu M3 KBaHTAa CBETA, KaK IPOLIECC €r0 HUCXOXKAECHUS
u norpysxenust B Marepuio. Ha pucyHke 4 BUIHO, Kak IOCTENIEHHO OT LIMKJIA K IIUKJTy YMEHbILAETCs
KOJIMUECTBO SHEPIUY KBaHTa CBETA Ha OJJHY YETBEPTYIO YacTb. [leprosibl ero KonebaHuii, u3mepsieMble
KOJIMYECTBOM 3TAIlOB, TaKK€ YMEHBIIATCS OT LIMKJIA K LIMKJIy HA OJUH 3Tall. A BOT YPOBEHb CHJIbI
B KBaHTE MaTepHUM MOCTETIEHHO PACTET TOYHO TakK ke Ha 1/4 yacTh B KakI0M MOCIIEAYIOIIEM 1IUKJIE.

[potsoxk€nnocTh BpeMeHn B Matepru OyeT 0OpaTHOI, TO €CTh, YeM IUIOTHee CTpyKTypa Marte-
puu, Tem Gosiee OyaeT e€ cuiia U TeM MeHblllee oHa Oy/leT UMeTh IPOTSKEHHOCTD 110 BpeMeHH JIeH-
crBusl. B konie 10-oro sTana KBaHT Matepuu 3a0MpaeT cede BCIo CUTy KBaHTa cBeTa. [loaTomy Kax-
aasi ocyeAyoIas IUBIIN3AlIMsI OKa3bIBACTCSI CUJIbHEE U pasyMHee npeabayieid. OHa umeet Oosnee
YIJIOTHEHHYIO CTPYKTYpY OCHOBHOI Marepuu.

B npuHuune, B Haleld KBaHTOBOYM KapTUHE-BEPCUM HUYETO HOBOT'O He NMOsIBUIIOCh. OHa MPOCTO
YTOYHHUJIA HaM TIPOILIECC IBOIOIMHY U OoJiee peasibHO, C MaTepPUAIbHOW TOUKH 3pEHHs], HAM €ro OITH-
casa. [TocmoTpuTe BHUMaTeIbHO Ha pUCYHOK 4. Ha HEM MOSIBUIOCH HEKOTOPOE OTIIMYME OT HAIIUX
MpeabIIyIMX pa3MblllIeHuil. PaHee Ha pucyHKe 3 Mbl IPEATONOKUIN, YTO IJIAHETapHAsl MaTepusl
pa3BUBAETCSl PABHOMEPHO C OJMHAKOBBIMU IEPUOAAMU 3BOMIOLMU. Tenepp ke Mbl YTOUHWIHU, YTO
3TO HE COBCEM TakK, YTO Pa3BUTHE U MaTepUaIM3alis YeThIpeX 1UKI0B Maxa-tOru uaér no Kpusoil.
JlaBaiite 310 OOJIee HATISITHO TIOKAXKeM Ha PUCYHKE 5.
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padmK nepexona KBaHTa CBETa B KBAHT MaTepuu

YpoBeHb
EHEerH 'Y ".l'rPClBE‘Hb IHEPIrvM KBaHTa CBETa
4/4 |
i
3/4 ; i
g R L
i 5 K : YpoBeHb IHepruu
i e e s i - : KBAHTa MaTepun
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| E e 3Tansl
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"
Puc. 5

Ha sToM pucyHke 5 Mbl BUIMM, KaK IMOCTENIEHHO HUCMAAAeT SHEPrusl KBaHTa CBETa, KOTOpasi
MepexXoAUT B BO3pACTalOIIMi KBAaHT Marepuu. B koHne nukia Maxa-FOru KBaHT cBeTa MOJTHOCTBIO
MIepEeXOIUT B KBAHT MaTepHH, KOTOPHIA CTAHOBHUTCS 3€PKaJbHO OOpPAIIEHHBIM, OTHOCHTEIIBHO €ro.
EcrecTBeHHO, TUMMYECKUI MUP OOBIYHOTO YeNIOBEKa, KaK 3aKJII0UMTETbHBIN MUp IHKIa Maxa-FOru,
Oynet HanboJee SHEPreTUIeCKU CUITbHBIM, OTHOCUTETBHO BCEX MPEAIeCTBYIONNX eMy THITMIeCKUX
MupoB MunepasioB, Pactennii n JKUBOTHBIX, KOTOpBIE OH BOOpas B cebsl. [laBaiite Tereph nonsengm
HEKOTOpbIE UTOTH UCCIIEIOBAHUS TIOTPY:KeHUsI KBaHTa cBeTa B Marepuio.

Wrtak, NUK pacuBera YeThIPEX MUBMIM3ALMI MPUXOAUTCS HA MAKCUMYM YETHIPEX CHJI KBaHTA
cBeTa. 3aTeM HACTyIMaeT MX CHajl M CTaOUIM3AaITHsl, BOSMOKHO C HEKOTOPHIM OTCKOKOM Hazan. L{uBu-
JU3ALMSIM B KQXKJOM IIMKJIe OCTa€Tcs ToNbKO 1/4 yacTh sHepruu kBaHTa cBeta. [1o pucyHky 4 naxe
MOXHO TIPOCJIE/IUTh, KaK¥e IUBWIM3AIMN TIepeceKaich Mexay codoit. Hampumep, miasmeHHast
IMBWIM3ALMs HUCHIAala B CBOEW CUJIE B HAPACTAIOIIEM PacTUTEIbHOM IMKJEe. TOJIbKO B HEM OHa
OKOHYaTeJIbHO MaTephaIn30Baiack. B pacTUTEIbHOM IMKJIE BCE €IIE€ MOIJIO MPOXOAUTh COBEPILIEH-
CTBOBaHME JIa3MEHHbIX MUHEPaJIbHBIX (hopM. PacTuTenbHas HMBIUIM3AIMS YACTUYHO JI0YCOBEPILEH-
CTBOBAJIACh YK€ B )KMBOTHOM IIMKJe. TOJIbKO B 9TOM IIMKJIE €€ CHUJia MOJTHOCTBIO MCUepIiaiach, Kak
3TO BUJHO 1O pUCYHKY 4. ToJbKO K KOHITY 9-0ro 3Tarna oHa MOJTHOCThIO MaTepraIn30Bajiach U aajee
yke CyILIECTBOBaJIa B OKOHUATEIbHOM BH/JIE. 371€Ch Mbl TOBOPUM O MOJTHOI TOTOBHOCTH 1 MaTepUasIu-
3alUU UBWIN3AIMNA U X TUIIMYECKUX MUPOB. B Halllem yenoBeueckoM IUKJIEe KUBOTHBIE BCE eIlIé
YACTUYHO U B HEOOJBINUX Tpeiesiax MOTYT 3BOIOIIMOHUPOBaTh. ToNMbKo K KoHITy 1uka Kamm-FOra
OHU JIOJKHBI OYAyT CTaTh IMOJTHOCTHIO COBEPIIEHHBIMH.

YestoBeK 3aKOHUUT CBOE COBEPILIEHCTBOBAHME TOJNBLKO B HOBOM HMKJe Carbsi-FOra, KoTopsiit
MBI Ha3BaJIM TyXOBHO# 3Bomoued. TONBKO 3/1eCh €CTh OIHO TIPOTUBOPEUHE, MO0 CHJa KBaHTA CBETA
yke 3aKOHYMJIACh, KaK 3TO BUIHO HA pUCYHKe 5. UTO MOCTYKUT HAaM HOBBIM UCTOYHUKOM J|J1s1 HOBOTO
nukJia Carpsi-FOra, 0 KOTOpoM roBopsT BequuecKre MCTOYHUKY uH(popmatum? Ha 3ToT Bonpoc y Hac
MOKa OTBETA HET.

CoBepllleHHO HEOXMAAHHO HaM YJAJIOCh YCTAaHOBUTh 3aKOHOMEPHOCTb MaTepualn3aluu
KBaHTa CBETa, JIJIMTEJIbHOCTh MEPHOIOB KOTOPOTrO HAMPSMYIO 3aBUCHUT OT BEJIMYUHBI €0 SHEPTHUH.
«KBanTOBasi MexaHWKa» MOATBEPAMIA HAM TOYHOCTh MPEABITYIINX KapTUH-Bepcuit [1].
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IlepexoaHble MePHOaAbI M UX BU/IbI

PucyHok 3 momor Ham MOHSATH U CBSI3aTh MEPUO/bI BO3PACTAHUS CHJI KBaHTa CBeTa ¢ (popMu-
pOBaHMEM LIMBWIM3ALMI U UX YETHIPEX TUIMYECKUX MUPOB. PaHee Mbl FOBOPHIIM O MEPEXOIHBIX
BUJIaX [IMBUJIN3AINAI, KOTOPbIE UX CBA3BIBATIA MEXy co00i [1]. ¥ Hac moka BO3HHUKIIO TP NIepexol-
HBIX TIeproJa MeXy STUMHU LIMBUIN3ALIMSAMU: MUHEPAJIbI-PACTEHHUSI; PACTEHUsI-)KUBOTHBIE; KUBOT-
Hble-yesioBeK. TOMbKO HaM HEMOHSATHO, KaK KBaHT CBETa MOT uX c()OpMUpPOBaThH?

[epexonHbie nepuoAbl U UX MEPEXOIHbIE BU/BI SIBHO JIOJKHBI CyIIiecTBOBaTh [1]. OHM sBs-
I0TCS1 CBA3YIOIIMMU 3BEHbSIMU ME3K/1y [IMBUIM3ALMSIMU, KOTOPbIE MO3BOJISIIOT UM 9BOJIIOLIMOHUPOBATD
6e3 pa3pbIBOB JIpyr OT Apyra. Mbl paHee nokasaiu (popMHpOBaHUE IUBUJIM3ALIMNA HA PUCYHKE 3,
COBECTUB UX C IepUoJaMH KBaHTa cBeTa. [laBaiite cCHoBa BEpHEMCS K PUCYHKY 3, HO /7151 HATJISTHOCTU
0003HaUMM Ha HEM CEPBIM IIBETOM MepEXOIHbIE TIEPHOIbI, KOT/Ia JIBE CHJIbI KBaHTa CBeTa paboTaioT
OHOBpPEMEHHO. MBI 3TO MIOKaXKeM Ha PUCYHKE 6.

Bo3sHWKHOBEHME NepexogHbliX BWAOB

?pGEEHb Catena-Hra Tpera-f0ra [Oeanapa-Ora HKanu-Kra

BHEermM”HEpa”hl Pacrermnn HUBOTHBIE Yenosek
-H +E 2 T -H'-S
3¢H|:| T, s " '#I
. 34| aEH-

1
._' |
L0

1 > Jtansl

0 10 3IBONOUMK

MepexodHble BUAbI
a" -- ypoBeHb M3MepeHunA pasyma

Puc. 6

Ha pucynke 6 oka3aHsl YeThIpe TIepeXOIHbIE 00JIACTH, B KOTOPBIX MIEPECEKAIOTCS CHITbI KBAaHTA
ceera. OHM 0003HAYECHBI HA 3TOM PUCYHKE cepbIM 1BeToM. OJ1Ha CHJTa TPUHAJIICKHUT YXOAAIICH [TMBH-
JIM3AIUH, pyras — BOCXOIAIIeH. YXoasiasi MUBIIN3AUA Kak Obl JOPOPMHUPOBHIBAETCSI B CBOEM
y’e TIOYTH TOTOBOM THUITMYECKOM MUpE, Apyras — TOJIbKO HaYMHAET ero (pOpMHUpPOBaTh. ITa OIHO-
BPEMEHHOCTDH CYIIECTBOBAHUA ITO3BOJIAET BO3HHUKATh NNEPEXOAHOMY BHUY, KOTOprﬁ B Ha4vaJie CBOEro
dopmupoBaHus sABIsAETCS OOJIee COOTBETCTBYIONIMM MPEIbIIyIIIeMYy BUITY.

ITo Mepe BO3pacTaHUsI HOBOU CHJIBI KBAaHTA CBETA TIEPEXOIHON BUJI BCE Oojiee oOpeTaeT YepThl
HOBOW IIMBWJIN3AlIMK. 3aTe€M OJIHA YacTb MEePEXOJHOTO BU/A MOTHOCTHIO TIEPEXOIUT Ha HOBBIN ypoO-
BEHb 3BOJIIONVMHU B HOBYIO IUBUJIM3AllUIO, a Apyrad 4aCTb — OCTaETCs BBICIIIM YPOBHEM npenbmymeﬁ
uBrM3aiun. [loatoMmy HaMm paHee ObLIIO 3aTPYIHUTETBHO OTBICKUBATh TIEPEXOHbIE BU/IBI B COBpE-
MeHHOM mupe [1].

Ha pucynke 6 MbI 1axe 0003HAUWIIM YPOBEHb pa3yMa IWBUIM3ALMHN U €ro TIEPEeXOIHOM THIIL.
Hawm ynanoch cBs3aTh ux ¢ nepuoiaMy KBaHTa CBETa, 4TO eIIE pa3 JI0Ka3bIBaeT BEPHOCTh KBAHTOBOM
KapTUHBI-BEPCUU.

— IlepBoiii iepexoqHOM Niepuoa Mexay DPUpoM U MUHEpAJTaMH UMeeT YPOBEHb U3MEPEHU s

+ (=]
pasyma a”". TImocKK 03HaYaeT HOKIIoYeHHE K HU3ILEMY YPOBHIO pa3syma U CTPYKTYpe HOBOM MUHe-
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paJIbHOM LIMBUJIM3AIUH. DTOT NIEPEXOIHON YPOBEHb padyMa MO3BOJISET COEAMHUTD €IMHUYHYIO [IUBU-
r3anuio Ddupa ¥ HOBYIO MUHEPATbHYIO IMBUIA3AIIUI0 MEXIY COOOM.
— Bropoii nepexoqHol neproa Mexy MUHEpaJllaMyd M PacTeHUsIMUA MMEET YPOBEHb U3Mepe-

HUS pasyma al*. ror NepeXOJHOI YPOBEHb pa3yMa IMO3BOJISIET COEMHUTh CTApyl0 MUHEPAJIbHYIO
Y HOBYIO PacTUTEJIbHYIO HUBUIM3ALUN MEXY COOOM.

— Tpetuil nepexoqHON NEPUON YKe CBSA3BIBAET MEK/Ly COOOM CTapylo PaCTUTEIbHYIO U HOBYIO
’KMBOTHYIO IMBUJIM3AIIMH. Y POBEHb U3MEPEHUS Pa3yMa 3TOr0 MePeXOAHOro Buyia OyeT COOTBETCTBO-

Bath 2", TITIOCHK O3HAUaeT MOAKJTIIOYEHNE K HU3IIEMY YPOBHIO pa3ymMa U CTPYKTYpe HOBOM KUBOT-
HOH [TUBUJIA3AIINN.
— YeTBEPTHI MEPeXOTHON MepHo/] MEK/IY KUBOTHBIM M YEJIOBEKOM OKa3aJicss HEMHOTO OoJjiee

CJIOKHBIM. MBI NIOKa MPEACTaBUIM YPOBEHb U3MEPEHHs IEPEXOJHOIO BUAA PAaBHBIM a>*, kakum o
¥ oDKeH ObiTh. [LMocKK 03HavYaeT NogKIoYeHre K HU3IIeMY YPOBHIO MEHTAJIBHOTO pa3syMa M CTPYK-
Type HOBOH YeJIOBEYECKON LIMBUIN3ALIUH.

B yeTBEpPTOM NIEPEXOHOM IEPHOJE, IOUTH MOJTHOCTBIO HAPYILIAETCs 3aKOHOMEPHOCTh B U3Me-
PEHUSAX pa3yma, BbISBIECHHAs HaMM paHee B TPEX MpelblIylIMX NepexoaHsix nepuogax. [lomyya-
eTCs1, YTO COBPEMEHHBIN MEHTAJIbHBIN YEJIOBEK MOKA TAK ¥ OCTAETCS MEPEXOIHBIM CYLLIECTBOM MEK1y

KUBOTHBIM U YesoBekoM. [lasiee 3TOro nepexogHoro MEHTAIBHOIO YPOBHS pa3yma a>* oGbrumbIi
YeJIOBEK IMOKa He nowmei. Ero pazym, Kak v OH cam, Tak U OCTaETCS IEPEXOAHBIM.
Msl noHnMMaeM, 4To ypoBeHb pazymMa YenoBeka npu okoH4YaHuM nukia Kamu-FOra nomken

4
COOTBETCTBOBATH, KAK MUHHUMYM, YPOBHIO 4 , YTO UI HAC TTOKA ABJIACTCA HEAOCTUKUMBIM HOHCECH-
COM. O6LI‘IHBIfI YCJIOBEK IIPpA BCEM CBOEM JKeJIAaHUM HUKAK HE CMOJKET €ro O6pCCTI/I. )Ia>1<e Huccienys

YeJIOBEKa-UH/IUTO Mbl TOBOPUM TOJIBKO O HOBOM MEPEXOJHOM yMe-UHAUIO YPOBHS a>**. Ho ato0 yKe
Oy/leT ypOBeHb MEePEeXOTHOr0 pa3yMa B CJIEAYIOIIEM MEPEXOTHOM MEPUoae MKy OOBIYHBIM Yello-
BEKOM M OyXOTBOpPEHHBIM YesioBekoM Mupa BepxoBHOro pazyma, Kak CjaeIyoLIEro HOBOro Mupa
Haten spomonud [ 1] HoBoro nukiaa Catesa-tO0ru.

BoiBoa 1151 Harel UMBUIM3AIMY BOBHUKAET HE OYEHb MPUSATHBIN: Mbl HE CMOXEM B HallleM

OOBIYHOM MU pe 0OpECTH yPOBEHb pazyMa at, Vposenb pazyma nukia Kam-FOra ocranercst Ha MeH-
TaJIbHOM ypPOBHE a>", kak ero Biciee octikenue. Ho ator YPOBEHb pa3yma OyJeT A0CTaTOYHBIM,

o o ++ o
YTOOBI MOJIYYUTb HOBBIU IIEPEXOAHOU YM-UHIUTO C YPOBHEM 33 , KOTOPBIKM CMOXKET HAC IIEPEBEC-
CTA B HOBBIA MUD BCpXOBHOFO pa3yma. 3IICCB HaM 0c000 BOJHOBATLCA HEUEero: OOBIYHBINA YeNO-

BEK B COBEPILICHCTBE CBOETO PasyMa 4> CMOXKET JOCTHUb [IEPEXOIHOIO yMa a> ™ 1 ¢ ero MoMoLbo
MEpEeNTU B HOBBI MUP.

HaBaiite oTaenpHO pa30epéM NMpUMep OFHOTO TAKOrO MEPEXOIHOro MepUoAa MeXIy LUBUIU-
3aIUsAMH, HallpUMep, PACTEHUH U KUBOTHBIX. MBI TIOKakeM ero oTaenabHoO Ha pucyHke 7. C neBoit
CTOPOHBI PUCYHKA 7 Mbl BUIUM pacTyIIMK TUITMYEeCKUi MUp Pactenuil, koTopslil (popmMupyercst Mar-

HUTHOM CUJION NOJIOKUTENNbHOM nonsipHocTy +H. Korga on gocturaer ypoBHs pasyma a**, 10 HaunHa-
ercs1 nepexoiHoy nepuof. OH MOKa3aH Ha pUCYHKe 7 CBETJIO-CEpbIM LIBETOM. B 3T0 Bpems HauMHaer
CBOIO paboTy OTpULIaTeIbHAsA TIeKTpUdecKas cuia -E, koropas Oyaer ¢hoopmupoBaTs MUp ’KUBOTHBIX.
B nepexogHoMm niepriofe o6e CHIIbI ISHCTBYIOT OIHOBPEMEHHO, YTO U MO3BOJISIET C(hOPMUPOBATHCS
CMEIIaHHOMY TIEPEXOJHOMY BUJLY.
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lpaduk nepexogHoro nepuoaa
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Puc. 7

PucyHok 7 nokasbiBaeT Ham, 4TO B [IEPEXOJHOM MEPHUOIE IJIOCKOCTU MPOCTPAHCTBA U BpEMEHU
OJIHOBPEMEHHO CTaHOBATCS JOCTYIHBIMU /17151 9BOJIIOLIMOHUPYIOIIMX BUI0B. DTa JOCTYHOCTh U M03-
BOJISIET MM U3 OJIHOTO BHJA CTaTh IpyruM. Korma o6e cuibl OymyT paBHBI IO CBOE BEJTMUUHE, TOTAA
HOBBII Mup KHMBOTHBIX TIOJTHOCTBIO BOUpaeT B ceOs cTapblil Mup PacTeHnil M HaYMHAET UM yIIpaB-
ns7Th. Torga MosIBIISIOTCS TIEPBble CaMOCTOSITENIbHbIE KUBOTHBIE BUIIBI CITIOCOOHBIE OOPECTH HOBBIH

YPOBEHb pazyma a>. Taxoit MEPEXO/1 HA HOBbII YPOBEHb IBOJIIOLIMU MEX/1y PACTEHUSIMU U )KUBOTHBIMU
OCYIIECTBIISIETCS] TIOCPEICTBOM MeTaMop03a, KOTOPhIM 00Naal0T HACEKOMbIE, TTPECMBIKAIOIINECS
Y 3eMHOBOJIHbIE cylecTBa [1].

MBpl noka3aiu Ha pUCyHKe 7 TOJIbKO OJVH TUII IEPEXOJHOro nepuoa. Bee octaibHble nepexo-
HBIE TIEPUO/IBI OYAYT CTPOUTCS MO AHAJIOTMYHOM CXeMe, TOJIbKO MIPUHIIMIT UX Tepexoia OyaeT HEeMHOTO
APYTUM, BO3MOKHO, 9TO yke OyaeT He MeTamopo3, a IiaBHas peodpaszyoiias MyTalys u3 OAHOTO
BUJA B Apyrou. [1aBHast 3aKOHOMEPHOCTh MEPEXOAHOrO MEPUOJa COCTOUT B TOM, UYTO B HEM OJIHO-
BPEMEHHO JIEHCTBYIOT [IBE€ CHJIbl, YTO MO3BOJISIET BUAAM HAXOJUTHCS Cpa3y ke B IByX MUPaX: CTAPOM
Y HOBOM, TOJIKO YTO HAPOXKJAIOIIUMCS.

Mpl goKa3zaiy, 4To MepexoAHble MEPUObl MEXAY LMKJIaMu 3o Maxa-KOru Bo3HUKalOT
HE MPOCTO TaK, a KaK CJIEACTBUE MepeceueHust Cuil KBaHTa cBeTta. OHM COOTHOCATCS CO CMEUIaHHbIM
JeWCTBUEM CWJI KBaHTA CBETa U SIBJISIIOTCA KaK Obl MX OObEAMHSIONIEN 3aKOHOMEPHOCTHIO. Terepb
HAM OCTAJIOCh COEJJMHUTH LUKJIbI U TIePEXOIHBIE MEPUOIbl BMeCTe, YTOOBI Oojiee MOIHO 0pOPMUTH
KBaHTOBYIO KaPTHUHY-BEPCHIO.
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HecsaTh cTylleHell MaTepUuaJbHbIX (popM

MBbI noATBEpOMIIM U aXe NOKA3ald Ha MpUMepe KBaHTa CBETa PUCYHKA 4, UTO CYIIECTBYIOT
B HaIllell BOMIOLUY JAECATh TANOB U YeThlpe IMKJIa eanHoro Iukia Maxa-lOru. Ho tenepb Bcraér
BOIMPOC UCCIIEIOBAHUS TOTO, Kakue (POPMBI CYITIECTB MOIJIM BOTIOIMOHUPOBATH B ITUX JIECSATH 3Ta-
nax? Benp 3TH 3Tansl NosiBUIIMCH He TPOcTo Tak. OHU HaM SIBHO YKa3bIBAIOT HA TO, YTO B HUX KaK-
TO MOIJIa MEHATHCS CTPYKTYpa MaTepUaIbHBIX (hOPM U UX MUPOB.

MBbI He cTaHeM TporaTh arperaTHoe COCTOsSIHUE OCHOBHOM CTPYKTYpbl Matepuu, KOTOpoe umMeeT
OTHOIIIEHUE TOJBbKO K YETBIPEM MeHbIIMM LUKJIaM Maxa-FOru. Dtansl 3BOMIOIUH, KOTOPBIE Y HAC
MPOSIBWJIKCh, — 9TO CTYIEHU JIECTHUIIBI, IO KOTOPOH B3OMPAIIMCH SBOMIOIMOHUPYIOIIUE MaTepUallb-
Hble (hopMbl, OONaa0IIKE ONPeIeIEHHON CTPYKTYpOoi OCHOBHOTO Tura Matepuu. OCHOBHAsI CTPYK-
Typa Matepuu BHYTpHY [IUKJIa HE U3MEHSIETCs1, HO TAITbI [IUKJIa YACTUYHO U3MEHSLTU CTPYKTYpY hopM
U CYILIECTB, HE Mepexo/sl 3a e€ Mpeesbl.

Ceituac, paccmarpuBasi BOSMOKHbBIE STAlbl SBOIONUM [TUBMIM3AIUN, Mbl MMOTYYUIN HOBOE
npeanonoxeHre. OHO sIBJsIETCS JOBOJIBHO UHTEPECHBIM U JIa)Ke HEMHOTO (haHTACTUYECKUM: HAIPH-
Mep, ITU JIECATh ITAINOB IBOMIOIMU AaXke MOTYT MPUHAJIekKATh TOIBKO MocieaHeMy 1ukiay Kamm-
IOra (pucynok 4). Mbl gaxe 3TOT LIUKJI MOXEM pa3OUTh HA CBOU JIECSATh ITANOB M YEThIPE LIUKJIA.
ITOT XK€ PUCYHOK 4 MOKET OMMCBIBATh IBOJIOIMIO JIIOOOTrO IMKJIA U JJaXe BoJonuio BeeneHHow,
a He Tonbko ConmHeuHol cucteMbl. OH paBHOIIPAaBEH ISl BCEX YPOBHEW U IIMKJIOB, I7le KBaHT CBETa
Hucxogut B Marepuio [3].

[Touemy MbI BAPYT B3sUIH 1)1 PUMepa KOHKPETHYIO IPUHAIEKHOCTh pucyHKa 4 nukiy Kanm-
IOra? [leno B ToM, 4TO TOJBKO B TOM IIMKJIE CTAJO BO3MOXHBIM BO3HMKHOBEHHUE OPraHMUYECKUX
dbopm Matepuu, KOTOpble Mbl UMeeM cerofst. OHM HUKaK He MOIIIM BO3HMKHYThH B OoJiee paHHUX
UKJax sBomoruu. [TosTomy Ham 37ech HAIO cAeiaTh HEKOTOPYI0 OrOBOPKY, YTO TOJIBKO B 3TOM
TMOCJIE/IHEM ITUKJIe MaTepualibHble (hOpMBbl OOpEsH CBOI0 UCTMHHYIO COBPEMEHHYIO CTPYKTYpY Opra-
HUYECKON MaTepun. XOTs 371eCh MBI MOKEM M OIIHOAThCSI, €CITA TOJIBKO YaCTHYHO.

JlaBaiiTe BepHEMCS K HallleMy equHOMY UKy Maxa-lOra u nmonpoOyem HaiiTu Te JecsATh OTIU-
4yuil B CTPYyKTypax ¢opM Marepuu, (popMupyeMbIXx UM. MOXeM JId Mbl 3TO MOATBEPIUTb CBOUMU
MaTepUaTbHBIMU 3HAHUSIMU ?

MBbI nonbITaNUCh 3TO MPUOTU3UTEIbHOE U3MEHEHHe BUIOB B MEHbIIMX IukiIax Maxa-lOru
oToOpa3uTh B Tabnuie 2.

Ntak, MuHepaibl MOTYT UMETh CIIEIyIOIUe YeThIpe dTara U3MEHEeHUsI BUIIOB MPU CBOEM CTa-
HOBJIEHMU B Marepuu:

1. ITpocTeie BeliecTBa, CAMOPOHBIE JIEMEHTHI.

2. buHapHble coeJUHEHHS C AaHUOHOM.

3. ConeobpaszHble COeAMHEHU S C KOMIUIEKCHBIMU aHUOHAMM.

4. [lenutcs Ha IBE CTYNEHU:

— OCHOBHOM 3Tarl, BBICIIIE TOYEYHO-JIMHEWHBIE COETUHEHUS (MUHEPAJIbI, IPUOBI);

— MepexOolHOW MepHuol, OTHOKJIETOYHblE M MHOTOKJIETOUHBIE MHHEPATIbHO-PACTUTENIbHbIC
(bOpMBI — 3TO TPUOBI-pACTeHUs], KaK BbICIIHE (hOPMbI TPHOOB.

MBI TyT ke HallUTA TOATBEPXKICHHUE SBOIOLIMU MUHEPAJIOB YETHIPhMSI 3TAlaMu C TIEPEXOAHBIM
MIEPUOJIOM.

Tenepp monpoOyeM To ke camoe c/ieNiaTh ¢ MUpoM PacteHwuii:
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Tabauua 2

5 LYRARL ileyce- Mpegnonaraemeble BUAbI MUBLIX CYLLECTB
aTana tOru )

1 MpocTele BeWwecTsa, CaMmOpPOAHbIE 3/1EMEHTbI.

2 EI‘IHEIprIE coegHeHWA C aHHWOHOM.

LUmkn Catea-
3 lOra ConeobpasHble, C KOMNASKCHBIMK aHWOHaMM.
p OAHOKNETOYHbIE U MHOTOKNETOYHbIE
coeauHeHuA (rpubsi).

MHOroKkneTo4Hble MMHEPANbBHO-PacTUTENBHBIE
dopmbl (rpubbi-pacteHun).
5 MpocTeiwme pacTeHuUA

NepexoaHoi nepuog,

CNnomHbIe 0AHONONBIE PACTEHWUA
(xBOWHBbIE)
CnoHble 04HONO/NbIE U ABYNO/bIE PAacTEHMA
(nucTBEHHBIE)

b Uukn TpeTa-
HOra

Hacekomble ¥ 3eMHOBOAHLIE CYLLECTEa,

MNepexoaHoi nepuo
REREP EREY obnapawowme metamopdoszom

8 Liukn sanapa- XONOAHOKPOBHbIE MUBOTHbIE

g Ora TennoKpoBHbIe }MBOTHbIE
MepexoaHo nepuog, MNepBObLITHLIM HWUBOTHLIMA YenoBeK
10 | Lukn Kanu-Ora MeHTanbHbIN YenoBex
NepexoAHO nepuog, Yenosek-uHANUro

1. IIpocreime pacteHus.

2. Cl10’HBIE OIHOTIOJIbIE PACTEHUSI (XBOMHBIE).

3. C10HbIe OTHOIIONBIE U BYIIOJIbIE PACTEHHUS (JIUCTBEHHBIE).

— TlepexomHo¥ BHJ HACEKOMBIX, MPECMBIKAIOIINXCSA WU 36MHOBOJIHBIX CYIIECTB, OOJIaJaONIIX
MeTaMopgO30M.

CHoBa y HaC BO3HUKAET MOJTHOE COOTBETCTBUE C TPEMsI IEPUOAAMHU Pa3BUTHUSI PACTEHUM.

JlaBaiiTe IpOIOKMM 3TO ONMCAHME M3MEHEHUs1 BUIOB B LMKJIe IBanapa-tOru mupa Kupor-
HbIX. IX MBI ITOOEIMIM Ha ABa STara:

1. X0lOOHOKPOBHBIE KUBOTHBIE.

2. TerIoKpOBHBIE KUBOTHBIE.

— Ilepexonnoil nmepuon — MepBOOBITHBIN KUBOTHBIN yesioBeK (Mo KHure «myx4uHa U keH-
IIMHA», COTBOPEHHBIE HA «6-01 IEHb» ).

KoHneuHo, Hare JiefieHue Ha OCHOBHBIE STAllbl SBOJIIOIMUA MOXKET ObITh M HE COBCEM BEPHBIM,
HO OHU JaI0T O Hell Oosiee MoyHOe TpejicTaBieHrue. OCHOBBIBasiCh HA HEM, Mbl MOXEM TIPE/ICTABUTH
ceOe M COCTOsIHUE TIJIAHETAPHOU MaTepuu, U Pa3BUTHE caMOy IIMBUIN3AIMU Toro Bpemenu. [locren-
HuM 10-plid 3Tan y Hac Noayvaercs ToJabKO ofvH. OH SIBHO MPUHAJIEKUAT COBPEMEHHOMY MEHTAJIb-
HOMY 4YeJIOBEKY, KOTOPBI BOOpal B ceOsl BCe MPEIbIIyIIue MHUPBI, KOTOPhIE MaTepUaN30BaJIHCh
Ha 0oJiee paHHUX Tarax SBOJIOLUH.

Mex 1y IUKJIaMK 00SI3aTeTbHO CYIIECTBYIOT MEPEXOIHbIE MEPHOMIBI, KOTOPHIE MO3BOJISIIOT MaTe-
pUAIBHBIM (pOpMaM aAaNTUPOBATHCS K HOBOMY OCHOBHOMY COCTOSIHMI0O Matepuu. OHU COeTUHSIOT

MEsK/1y COOOH MpebI YN 1 TIOCIIe YOI IIAKJIBI BOTIONMY. be3 Takoro eInHeHus MUPOB B Tiepe-
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XOJIHOM TIepHOJie HEBO3MOKEH HUKAKOW IBOJIOMOHHBIN Tiepexol. [103TomMy B epexoiHOM Teprojie
O6H3aTeJI])HO IMPUCYTCTBYIOT CTApbI€ M HOBLIC BHUJbl ODTHOBPEMEHHO, KaK HGpCXOIIHOI';I BU: TIJIa3MO-

+ 1+ 2+
MHHEPAJIbL 8.0 , FpI/I6LI—paCTeHI/IH a , HACCKOMLIC, ITPECMBIKAIOIUECT U 3EMHOBOAHBIC CylIeCTBa a4,

0ObIUHbII ueoBek a>'. He MUHYET OH M Hally UBWJIM3ALMIO, B KOTOPOM MBI IIPEAIOIaraéM HOBBII

3+

o + ..
NEePEXOJHOU BU[I YEJIOBEKA-UHIUTO a . Imenno on OOJIKECH 6yneT IMPUBECTU HAC K OAYXOTBOPEH-

Homy YenoBeky mupa BepxoBHoro pazyma at.

Vike co31a€Tcs CUIbHOE BIEYATIEHUE TOrO, YTO HOBBIM MEPEXOJHON MEpUOL a>*™ [u1s 06bIU-
HOTO yeJioBeKa yxe Hayaiicsi. O0 3TOM IpsAMO FOBOPUT MACCOBOE TOSIBIEHUE JIETEH-UHIUIO U JIaXe
KpUCTaJIbHBIX JeTeid. KocBeHHO, Mbl ellé BUAMM CTarHaluio pa3ymMa UUBUIM3ALUMA U MOCTENIEHHOE
MOBBIIIIEHNE SHEPreTUKH IITAaHETHl, YTO BJIEYET 32 COOOHM KOJIMYECTBEHHBI POCT U OOJBIIYIO CHITY
KaracTpod U APYrux Ype3BbIYANHBIX CUTYaIIU.

PeajibHOCTH KBAHTOBOM KAPTHHBI-BEPCUH

KBaHTOBast KapTHHa-BepcHs J0BOJIBHO TOUYHO COEAMHMIIA KBAHT CBETA C BEAWYECKUMHU LIUK-
Jamu 3Bommormy. OHU JIOTIONHWIM JIPYT JIpyra W Jaivd HaMm Oojiee TIOMHYI0 KapTHHY CTaHOBJICHUS
MHUPOB U1 UX [IMBUIM3ALMI. Ternepb HaM OCTaJI0Ch TOJIBKO MOBECTH UTOT HAILIETO KBAHTOBOIO UCCIe-
JOBaHUS M C/IeNIaTh 3Ty KApTUHY-BEPCHIO emE 0oJiee peaTucCTUIHOM.

INoka Bce Hamm M300paXkeHrs KBaHTa CBETa ObUIH, AJIs1 IIPOCTOTHI MOHUMAaHHM 1, UCKaXKEHHBIMU
1 ynpomEéHHbIMU. OHU TOMOTJIM HAM COEAMHUTD BEINYECKHE IUKJIbI SBOJIIOLIMY C IEPUOJaMU KBaHTa
cBeTa (pucyHku 3, 6). PucyHok 5 Ham J1axe nokas3a, Kak 9Heprusi KBaHTa CBETa MEePEXOAUT B KBaHT
Marepuu, (popMUpys TUIAaHETAPHYIO CTPYKTYPY CO BCEMHU €€ TUIMYECKUMU Mupamu MuHnepaios, Pac-
TeHUH, JKMBOTHBIA ¥ OOBIYHOIO YeJIOBEKA.

TosnbKO HaM HE COBCEM IMOHATHO, KaK MOCJeI0oBaTebHbIe TepUoibl KBaHTa CBeTa 00beau-
HAIOTCS B €AMHBIN MapaJUlebHbI MUp TulaHeTsl 3emiisi? Bce TMnMueckue MUphl Ha HeW nepeme-
IIaHbI MEXJy COOOM U SIBJISIOTCS] €MHBIMU COBpeMeHHbIM MUpoM. Kak Takoe mapasuiesnibHOe Hapa-
IIMBAaHUE TUIIMYECKUX MHPOB OKa3bIBa€TCsl BO3MOXHBIM? JlaBaiiTe mombITaeMcsl MpeACTaBUTh 3TO
Ha pUCyHKe 8.

EoMHEHMe TUNMYECKUX MMPOB KBaHTaMM CBeTa
-
YpoBeHb ’
Cuibl CynpameHTanbHbli4 Yenosek 4

77 JSETRS PR sl ia —4

OayxoTBOpPEHHbI YenoBek

4/4 | . N
OB6biuHbIN Yenosek ;7 ;
3.-"4'-——-- - N ;‘ — .
. ! ; ] o 1 }UBOTHbIE
2/4 |-————— Py e e F At
m , / 1 PacteHus
S—— : : HE U
T8 ; J '( ! MuHepansl
IE[;/’_ i; }"/ ‘.:i 100 f; sl
KeauT cBeta 1l — l+=—HKBaHT cBeTa 2 BRI
lMpocTapHCTBO +5 Bpema +T
Puc. 8
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Ha pucynke 8 yxe nokazaHo B3aMMOJEWUCTBUE ABYX KBAHTOB CBETa, KOTOPOE MBI €ILE paHee
He uccaenoBaan. JJo cux mop Mel UCCIIEIOBAJIN TOJIBKO KBaHT CBeTa 1, KOTOpbI c(hopMHPOBa HaM
yeThipe IuBrIM3anun. KBaHT cBeta 2 mpogomkaer qeicTBUe KBaHTa cBeTa 1 1 J00aBIIsieT K HUM elé
aBe OymaylMX LMBIIM3AIMY WK JBa HOBBIX THITMYECKUX MHpa: MUp BepXoBHOro pasyma, KOTOPHIit

o . 4 o o
JacT HOBbIM BHJ OOyXOTBOpPEHHOrO Yenoseka a, 1 Mup CBepxpa3dyma, KOTOPbIA JACT HOBBIM BH[

CylpaMeHTabHOro Yesnopeka a’.Onn YK€ U3BECTHBI HaM 1 TTOTOMY MbI 1 TOBOPHM O JBYX OyIyIIHX
[IUKJIaX SBOJIIONWY [2], nO0 e€ Apyrue MUKl HaM MOKa HEM3BECTHBI.

JlaBaiiTe cHOBa BepHEMCS K KBaHTY cBeTa 1 pucyHka 8. OH o0bequHseT cOO0! YeThipe THITU-
YecKrxX Mupa. Mbl BUIUM, Kak oOIIasi CHjia MUPOB TOCTENeHHO HaparuBaercsi. CaMbIM CUJTbHBIM
U3 HUX OKa3bIBAETCSI COBPEMEHHBII MUP OOBIYHOTO YeJI0OBEKa, KOTOPBIN paCIIoaraeTcsi o CBoei MeH-
TaJIbHOM CHJIE BBIIIIE IPYTHX MPOsIBIEHHBIX B Martepru MupoB. OH 0OpeTaeT MOTHYI0 SHEPTUIO0 KBaHTA
ceera 1. Mup JKuBOTHBIX UMeET €€ TOJIBKO Ha ypoBHE 3/4 4acTy OT MOJTHOM SHEPrUy KBaHTa CBETa
1 u 1. 0. Bece TMMMYecKre MUPHI OKA3bIBAIOTCS KaK Obl HAJIOXKEHHBIMU JIPYT Ha Jipyra. Kaxpiii mocre-
AYIOIIUM MUpP BOUpaeT B ceOs Bce MPeIblIyIe MUPbL. DTO MBI SIBHO HaOTIONAeM U B CBOEH KU3HH.

PucyHok 8 mo3Bosvi HaMm 3ariisiHyTh Jlajiee Hallero oObidHOro Mupa. Ecim cerogts Mbl yxe
BEIEM peub O ABYX ciefylolux mupax BepxoBHoro pasyma u CBepxpasyma, TO 3TO O3HAYaeT, UTo
KBaHT CBETa 2 YK€ HUCXOJUT B HAlll MUP U Ha4yaJl B HEM CBOIO MaTepHaIn3alyio. TO NOATBEPKIAET
HaM peasibHOCTb JIBYX OyIyIIMX HOBBIX BUAOB. EctecTBeHHO, 00a Mupa BOEpyT B ce0si Bce Mpeablay-
II€ MUPBI ¥ 00Pa3yIoT €IUHBINA CBEPXPa3yMHBI MUP IITaHETHI 3eMJIsl.

Mbl fjake TPEeAroNnoXUiId, YTO BpeMsl NEWCTBUSI KBaHTa cBeTa 2 OyleT Takke pas/ielieHO
Ha 4 nukia u 10 stanos. Ha pucynke 8 mbl nokazanu Toibsko nepsblil 1uki Carbsa-10ru («3omnotoro
BeKa») HOBOro Iukia Maxa-tOru, koTopeiii OyeT HUCXOOUTh B YEThIpe dTara. ITO MOATBEP/KAAI0T
BE/IMYECKUE 3HAHMSI O HACTYTUICHUHM B HaIlleM OJvpKaiiieM OyayIneM HOBOTO «30JI0TOr0 BeKa», YTo
Y MoKa3aHo Ha pucyHke 8. Hucxoxnenne mupa CBepxpazyma MpoOM30MIET B HOBOM IMKJe Tpeta-
IOru. OH yxe Oyaer HUCXOOUTh B TP 3Tara.

PucyHok 8 mokassiBaeT Ham, 4TO KBAaHT cBeTa 1 jaedicTByer B GombiiieM mupe I[IpocTpaHcTBe
+S, a KBaHT cBeTa 2 — B OosnbiieM mupe Bpemern +T. Yto 310 Ham gaét?

Hucxoxnenue kBaHnTa ceera 2 OyaeT nmporcxoauTs B mupe Bpemenu +T. O Oyaer ucrosb30-
BaTh Mup [IpocTpaHcTBa Kak (pyHIAMEHT 151 paCKpbITUs U (POPMUPOBAHUS CBOMX TOHKMX TUITAYE-
CKMX MHUpPOB. B 3TOM MBI yike yoeammuch panee. Ham mup [IpoctpancTBa, chopMUpOBaHHBIN KBaH-
TOM cBeTa |, HUKyza He ucuesHeT. K ero mpocrpaHCTBEHHBIM MUpPaM T0OABATCS JyXOBHbIE MHPBI
Bpemenu, chopmupoBaHHBIE KBAaHTOM CcBeTa 2. Bymymmii cBepxpasyMHblii YenoBek Oyaer BOCIpH-
HUMaTh 00a MUpPa OTHOBPEMEHHO, UTO JACT €My HOBbIE 3HAHUS M HOBBIE TEXHOJIOTUH.

['oBOpPSI 0 HUCXOXKAEHUM ITUX JBYX HOBBIX IyXOBHBIX MUPOB, MOKHO CKa3aThb CJIEIYIOLIHUE, YTO
OHH JIJIsI HAC MTOKA SIBJISIOTCS] HEIOCTYITHBIMU. MBI CBOUM OOBIYHBIM MaTepUAJIbHBIIA 3peHeM, HACTPO-
eHHBIM TOJIbKO Ha Mup [IpocTpaHcTBa, HE MOXeM BUAETh padOTy KBaHTa cBeTa 2 B Mupe BpemeHu.
[TosToMy OOBIYHBIN YEIOBEK MOKa OTPHUIAET U caM 3TOT Mup Bpemenw, u ero cymects (Boros).
ToNbKO 3TO HUKAK HE CMOXET OCTAHOBUTbH HUCXOJK/IEHHE HOBOTO KBaHTa cBeTa 2 B Mup Bpemenu,
coefinHsAA ero ¢ HamM mupoM [pocrpancTsa.

Bort takue HeoxuJaHHbIE OTKPHITUS [IO3BOJIMIIA HAM C/Ie/IaTh KBAHTOBAsl KAPTUHA-BEPCHUS IBO-
monyu. LIKIIbl MHAUACKOM TyXOBHOM TPAJAWIMK U KBAHTHI CBeTa 1 1 2 MO3BOJIMIM HaM OoJiee TOYHO
BBISIBUTH HOBBIE 3aKOHOMEPHOCTH B TIPOLIECCE HaIllel SBOJTIOIMY U Iake YBUIETh e€ Oyayiee. Tenepb
MBI Ha OCHOBE 9TOI «KBAHTOBON MEXaHUKU» CMOKEM PACCMOTPETh BOJIIOLUIO JTI0OO0W TUBUIM3ALIUH,
KOTOpbIE MbI YKa3aJIM paHee U KOTOpbIe IPOSIBAT ceOs1 B OyAyILEeM.

Ho Ha 3TOT MOMEHT HaMm ObLJI0 OBl HHTEpECHee MOMpPOOOBaTh NEPEJIOKUThH BBISBICHHYIO 3aKO-
HOMEPHOCTh Ha BOJIOIMIO camMoii Marepru, 4ToObl TIOHSTh, KaK SBOMIOLMOHUPOBAIN €€ 3JIeMeH-
TapHbIE YaCTULBI U, TOKAECTBEHHO UM, IIJIAHETApHbIE CCTEMBI. JlaBaiiTe MOIbITaeMCs UCCIIeN0BaTh
9BOJIIOLMIO CTPYKTYP JIEMEHTapHBIX YacTHIl, U3 KOTOpbIXx Marepus co3maér ceou opmbl. Toraa,
BO3MOXHO, MBI TIONMEM U TO, KAKOW CJIOKHOCTH OYAYT UX CTPYKTYpbI?
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I'naBa 2. Bo3HukHoBeHne yacTuil 1 MUPOB B Martepun

Hpemne, qyem HOﬁTH aaJjie€e B HUCCIICOIOBAHUU KBaHTOBOﬁ KapTI/IHbI-BepCI/II/I SBOJIIOLIMNU, HaAM
HEoOX0IUMO OoJiee CephE3HO OMpEICUTHCI C OCHOBHBIMU THIaMU Matepuu B € IUKJIaX U C TeM,
KaK OHH paBBI/IBaJII/ICI) " COBepIHCHCTBOBaJII/ICb B HHUX. Mzl IIOKa OaX€ HE OTBCTUJIX HaA BOHpOC,
a OTKyaa BooOIe Bo3HMKasIa Martepus? YTo MocyKuio /i He€ BOSHUKHOBEHUS HeKUM V3Havasb-
HbIM Bemecreom?

Hawm cHOBa 1 CHOBa MPUXOIUTCS BO3BPAIIATHCS K arperaTHOMY COCTOSTHUIO MaTepuu v K CTPYK-
TYPHOM 3BOJTIOIUY €€ YaCTHI], YTOOBI JIyUllle TIOHATh, Kakasi €€ OCHOBHAsI CTPYKTypa CYIIIeCTBOBaja
BO BpCMH pa3BI/ITI/IH oqepenHoﬁ IUBUJIN3AallUN U eé TUITNTYECKOI'O MI/Ipa? OTKyIIa B3AJINCh YaCTULIbI
Marepuu, KOTOpbIE MBI CETO/IHSI Ha3bIBa€M aTOMaMH, JICKTPOHAMU, HEUTPOHAMM U T.IT.?

JaBaiite mpocie M BOZHUKHOBEHUE U HAYAJIBHYIO SBOJIOLUIO YACTHII TIO YeTHIPEM MEHBIIIM
IMUKJIaM MaX&-IOFI/I, KOTOp]:»IC BO3HHUKAJIA B HpOHCCCI/II/I HUCXOXIEHNA KBaHTa CBETAa B MaTepI/IIO.

OcHOBHbBIE 3aKOHOMEPHOCTH CTPYKTYPHOI1 3BOJIIONNHA

TakuX OCHOBHBIX CTPYKTYPHBIX LIMKJIOB, [0 HAIIKMM MPENOI0KEHUAM, ObIO BCETO YeThIpe:
Carpa-I0ra, Tpera-IOra, [Isanapa-fOra u Kamu-IOra. Bo Bcex nukiax ocHOBHas cTpykrypa Mare-
UM HOJTHOCTBIO BUJOM3MEHSIACh: €€ CTPYKTYpPa CTAHOBUJIACh Bee OoJ1ee MIIOTHOW. MBI e1lié He IO
10 KoH11a cBoero nukJia Kanu-O0ra, Ho yxe MokeM 0003HauuTh Ty CTPYKTYpY OCHOBHOTO THIla Mare-
puH, KoTopylo nMeeM cerofHs. OHa SIBHO OyieT OpraHW4ecKoi «ImHoi» (1o Kuure).

JlaBaiiTe OKa OCTaBUM MaTeMaTHYECKH CUMBOJI YPOBHS CTPYKTYpPbl TAKUM K€, KAKUM paHee

0003HAYAIIM CTPYKTYPY YPOBHS pazyma —a", IJie, a — 9TO HeKas OCTOSAHHAS BEJIMUKMHA yPOBHS CTPYK-

TypsI (pa3yma), KOTOPYIO MbI, K COKaJICHUIO, [TOKA HE 3HAeM, a N — 3TO CTeTeHb e€ ITyOrHbI (M3Mepe-

HUe pazyma). Hanpumep, crpykrypa a® — 910 eMHMIHas CTPYKTYpa, KOTOPYIO MOKHO Jja’ke Ha3BaTh

TOYeuHOIt; a' — 310 JMHeliHAs CTPYKTYDPa; a? — IIOCKOCTHAs CTPYKTYPa; a® — 06béMHas CTPYKTYDPa;

+ o . e ++
3.3 — 3TO JIMHENHO-00BEMHAA CTPYKTYpa, KOrga OOBEMEI BBICTPAUBAIOTCA B JIMHUIO; 33 — 9TO YK€,

BO3MOXHO, IJIOCKOCTHAsI-0ObEMHAS CTPYKTYpa, KOrAa 00bEMBI BHICTPAUBAIOTCS B TUIOCKOCTD, 00pa-
o o . 4 .. o .
3ysl HOBBIT OOJIBININI 00BEM; 2 — 3TO CBepXOOBEMHAS CTPYKTYpa, Koraa 0ot 00sEM, (hopMupy-

eMblii MEHBIIMMU 00bEMAMH, BpaILlA€TCsl BOKPYT YIAJIEHHOTO LIEHTPa CUCTEMBI; a® - 310 CcynepoOb-
€MHasl CTPYKTYpa, O KOTOPOM Mbl BOOOILIE HUYETO He 3HaeM. MBI e€ MOXeM IpeIoIOKUTh MO3/IHEE,
OCHOBBIBASICh Ha TO 3aKOHOMEPHOCTH Pa3BUTH S ITTyOMHBI CTPYKTYP, KOTOPYIO MBI TOJIBKO YTO IOJY-
YUJIU.

Ecnu teneps pa3dupatbes ¢ arperaTHbIM COCTostHueM Matepuu, TO ypOBeHb €IMHUYHON CTPYK-

TYpHBI a® naér Ddup; TMHEHHOU al — 1a3My; MJIOCKOCTHOM a% — ras; OGbEMHON a° — KUAKOCTS;

) . < + . o ++
JIMHEMHO-00BEMHOMN 33 — OPraHUYeCKY10 MaTepuUlo; [IOCKOCTHO-OOBEMHOMN 213 — VJIYUIICHHYIO

opraHuyeckyio Marepuio. OHM Bce MpUHAIeXAT HallleMy MUPY M BCE «IeperieTeHbl» B HEM ApYT
C ApyroM. DTo el ojiHa 3aKOHOMEPHOCTh, TOBOPAIasi O PA3BUTUM ITyOMHBI CTPYKTYpbl, KOTOpas
3aKJII0YAeTCsl B IOCTOSIHHOM YIIPOYHEHMH M YTOHUYEHUH OCHOBHOHM CTPYKTYpBl MaTepuH. YIpOYHe-
HHE JIOCTUTaeTCsl OTKPHITUEM B OCHOBHBIX CTPYKTypax Martepru Bc€ Ooree TOHKHMX JIEMEHTOB: YeM
TOHBIILIE YPOBEHb JIEMEHTOB U BBIIIIE CTENIEHb UX APOOJIEHHsI, TEM IPOYHEee OHU OYIyT.

Msl yxe Jaxke MOXeM HpPEeAIoNoKUTh OyAylLIylo CTPyKTypy Mupa BepxoBHOro pasyma moka
HEM3BECTHOI'O HaM HOBOTI'O arperaTHoro coctosiiuss Marepun. E€ MoxkHO Oyaer Ha3BaTh CBEPXTBEp-

J0H, KpUCTAJIO-OPraHUYECKOW CTPYKTYpOil YETBEPTOrO YPOBHS a*. Ecm uamu em@ nanee B Oymy-

111ee, TO OCHOBHas1 CTpPYKTypa Mupa CBepxpa3yma JOJIKHa ObITh I10 CBOEMY YPOBHIO HE MEHee a>. Ml
e€ Jaxe MBICJIEHHO MPE/IIOIOKHUTh HE CMOKEM, HO MOKEM OMpenenuThb e€ Oynymmue cBoiictBa. OHa
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JOJDKHA OBITH TBEPIKE ajiMasa, Ho OoJiee TMOKOW U MOJBUKHOM, JIETKO U Jake MTHOBEHHO TiepecTpa-
MBAeMO B CBOMX TOHKHX CTPYKTypax, oOnagaiomieii orpoMabiM MorymectBom Cuibl. [lpu sToM
OHA MOXXET OCTaBaThCsl B CBOEW CTPYKType, He pa3pyiasich, OECKOHEYHO JIONTrO, YTO 0OECTIeunT e
BEYHYIO KU3Hb.

Mp1 yxe ceituac BCE OoJbliie 1 OOJIbIIe HCIONb3yeM B HAIllel HAyYHOUW AesITeTbHOCTU Pajiho-
aKTHUBHBIE MaTepHasibl, KOTOpbIe 0OJIAAAIOT TIOBBIIIEHHON SHepreTukoi. Eciu nepeBect ux sHepre-
THUYECKHE CBOMCTBA HA SI3bIK SBOJIOIMHU, TO MBI BIIOJIHE MOKEM IMOITYyYUTh U3 HUX HOBYIO MATEpHIO,
KoTOpasi OyaeT u3iydatsb Hepruio cama (?). HoBast matepusi, KOTOpyIo MbI TIbITaeMcsi cebe TpeJicTa-
BUTb BEHIIOM HAIllei SBOJIOIMY, BO3MOXKHO, OyJeT emé UMeTh U CIIeIyIoIIre XapaKTepUCTUKHU: OHa
OyzeT mpo3payvHasi UIsi BBICOKUX SHEPruid M U3JIydaloliasi SHEPruio cama; OHa JOJDKHa OyneT cBe-
TUTBHCSI CBOMM BHYTPEHHHM CBETOM M U3JIy4yaTh €r0 BO BHEIIIHKE MPOCTPAHCTBO U BPEMSI.

Ham nHTEpecHO 3HaTh, U3 KaKUX JIEMEHTOB OyleT C/eNaH HOBBIA TUII OCHOBHOM CTPYKTYpBI
Marepuu, HanipumMep, Mupa BepxoBHOTo pasyma, HIyIIero Ha CMeHy HaieMy OObIYHOMY MUPY?

UYroObl OTBETUTh HA 3TOT BOIMPOC, HAM MPEJCTOUT MOHSTH BECh MPOLIECC IBOJIOIHMU IEMEH-
TapHbIX YaCTUI], COCTABJIAIONIMX HAllly MAaTepUAJIbHYI0 (POPMY, U BBIUMCIUTH €0 3aKOHOMEPHOCTH.
KoneuHo, 310 HE0OOXOIUMO ceaTh, HO KTO MOXET CKa3aTh, KAKMMH ObUIM SJIEMEHTapHbIE YaCTUIIbI
B HayaJle Halllell BOJIOUMM M KaKoe BpPeMs 3BOJIOLMM IPOILIO /10 MOSBJIEHUS MEPBOro aroma?
B kakom 1uksie o6pa3oBaiach epBasi aTOMHasi CTPYKTYpa, U3 KOTOPOM CTPOSITCSI COBPEMEHHbBIE MaTe-
puasibHble hOpMBbI?

Ceituac HaM CHOBa MPUJETCA MpeIonaraTb BO3MOXKHbIE BAPUAHTHI IBOMIOLIUN JIEMEHTAPHbBIX
YaCTHUII, HO OHH Y:Xe OyIyT MOCTPOEHBI Ha UMEIOIINXCS Y HAC 3HAHUAX ¥ Mofessix [3]. [laBaiiTe morbl-
TaeMcsl CMOZIEJIMPOBATh TaKOW MPOLIECC IBOJIOLMH JIEMEHTAPHBIX YacTUIl B pa3HbIX LMKJIax Maxa-
IOrm, B yeThIpéx nepuogax KBaHTa CBETa pUCyHKa 3.

HyJieBoil IIUKJ 3B OJIIOIHA

JlaBaiiTe HAUHEM C TOrO, YTO CTPYKTYpa caMoi epBoy yacTulibl Marepuu 10KHa UMETh U3Me-

peHue He MeHee a’=1. 10 eMHMUHAS TOUEUHAS CTPYKTypa, KOTOPYIO MBI MOXXeM TMOCUYUTATh OoJiee
HeJIeIMMON, MO0 Jlajiee eMUHMIIL e€ IeTUTh YKe, Bpoae Obl, HeKyna. Mbl e€ BBesM B coctaB Ddupa
[1], KOTOpBIT AOIKEH COCTOSITH UMEHHO U3 TAaKMX €AMHUYHBIX YacTHll. MIX MbI yKe MOKeM Ha3BaTb
yactuuamu Marepun.

TonbKo HyJIEBOH IMKJT BOJTIOIUH JIaXke UX B ceOe MMEeTh He JJOJDKeH. B HéM yacTuiia o ypoBHIo
OpoOieHNs T0JKHA OBITh HYJICBOM, a HE eqMHUYHON. MBI J1ake MOXeM FOBOPHUTH O UX HECYIIIECTBO-
BaHWUM, KaK YacTUI]. B Hy/lIeBOM IMKJIe SBOIOIMK BOOOITe HET HUKAKUX YacTull. CBOMM OOBIYHBIM
pa3yMoM MBI Jake He MOxeM ceOe 3To npenacraButh. Camo noHsATHe «Martepun» B HYJIEBOM ITHKJIE
emé He cymiectByeT. [loaTomy [yisi onucaHusl HYJIEBOIO COCTOSIHUSI YaCTHUI] Mbl U BBEJIM TIOHSTHE
N3navansHoro Bemecrsa [1].

Mpl paHee yxe NPeAroNoKUIA HyJIeBble YacTULbl M3HavansHOro BemecrBa. TosabKko Halmm
OOBIYHBIM Pa3yMOM TaKOE WX COCTOSIHME Jiake HEeBO3MOXHO ceOe TpejcTaBuTh. JlaBaiite, BCE xe,
pPacCMOTPUM HX C MO3UIMK MaTeMaTHKU. MoxeT ObITh OHa MOJACKaKEeT HaM, YTO OHM COOOH Tpe/-
CTaBJISIOT?

Wrak, HyneBoi ypoBeHb YaCTHI] — 3TO UX MUHUMAJIbHAS CTPYKTYPHAst OECKOHEYHOCTh YPOBHS

0°, nipu a=0. MaTemMaTK1 3TO Ha3bIBAIOT HEOIIPEIEIEHHOCTBIO, KOTOPasi HE UMeeT peleHus1. B onHux
Clly4asix OHHU JIOKa3bIBAIOT, YTO 0°=1, B OPYyTUx — 0°=0. MbI %e ¢ TOUKH 3pEHUS IBOJIIOLUU TIOHU-
maem, uto 0°=1 GbITh MPOCTO He MOXkeT, noo B M3HauanbHOM BeliecTBe, KOTOpBIN MpeaIecTByeT

Marepuu [1], eAMHUYHBIX CTPYKTYP MPOCTO HE MOXKET ObITh. Eciin MbI TpUHIMaeM 0°=0, Toraa msI
JEUCTBUTEIHLHO MosTydaeM cBorcTBa M3HauansHoro BerectBa, KOTOphie yke HAC yCTpanuBaloT.
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Tonbko TakoW Hy/IEBOW ypoBEeHb CTPYKTYp 4yacTull M3HavanbHOro Bemectsa Haiiemy pasymy
Oyner HepoctyneH. O — 3TO MPaKTUYECKHU TOJTHOE OTCYTCTBUE BCETO, TO ecTh B V3HauansHOM Belre-
CTBE HMYEro He JOIKHO ObiTh. HO 4TO e Torna B HEM ecTh, €CJIM MBI €r0 Ha3biBaeM VI3HauaIbHbIM
BemectBom 1 rae oHo HaxoauTCs ?

HazBatb-TO MBI €ro Ha3BaM, HO €ro ke MPOCTO HE CYLIECTBYET HU IJI€ U HU B YEM — 3TO HOJb
Wi «HAYTO». OHO He UMeeT B cebe KaKMX-JIMOO YacTHll, CTPYKTYp, CHII U SHepruil. OHO He uMeeT
oTHoleHus Hu K [IpocrpancTBy, HU K BpemeHu. B HEM uX ITPOCTO HET, Jake B €AMHUYHOM MCIIOJ-
HEHUU.

Ho moxem u Mbl HazBath M3HauanbHoe BeriectBo (anee BerectBo) «mycToToii»?

[Tog TepMUHOM «ITYCTOTBI» MBI TIOHMMAeT TMOJTHOE OTCYTCTBHE uero-imbo. Ho mompasyme-
BaeM JIM MBI 3Ty «ITycTOTy» BemectBom? Eciu 661 OHO OBUIO «ITYCTOTOI», TO Kak Obl B HEM JaJiee
BO3HUKJIa Matepusi? 3HauuT, Mbl €r0 HE MOXEM MPU3HATh «IIycTOTOi»? Ho ecnu oHO He siBnsercs
«ITyCTOTOW», TO YEM TOI/Ia OHO HAIOJIHEHO?

HaBaiite pa3zdepém oOpaTHOe «ITycToTe» JeiicTBre. Ecim BerecTBo He mycToe, TO 4TO TOTrIa

B HeM rpucytcTByer? Mbl cHOBa Bo3BpalaeMcs K Hymo. Eciu B enuHnuyHoil Marepun a'=1 mbI
NOJIyyaeM eJUHUYHOE COCTOSIHUE CTPYKTYpbl, TO KAaKO€ COCTOSIHME CTPYKTYpPbl Mbl UMEEM Ipu e
HyJIeBoM cocTostHum? Ho 3T0 SIBHO He e€ OTCyTCTBHe, MO0 OHA CYIIECTBYET, TOJIBKO B KAaKOM BUjie?
Hamero pasyma yke He XBaTaer JUIsl TAKOTO YPOBHS OHUMaHUS COCTOSIHUSL CTPYKTYphl. E€
Bpozie Obl HeT, HO oHa cymiecTByeT! Kak Takoe MoxeT ObITh?
Xopoluo, AaBaiiTe CHOBa MOMIEM OT MPOTUBHOTO: Mbl MIMeeM B Martepuu eIMHUYHYIO CTPYK-

TYpY a’=1 conepkallyio B cebe eTMHUYHYIO YACTHUILY ¥ €AMHIYHBIE TPOCTPAHCTBO U BpeMsl. A Terepb
JaBaiiTe nepeBeiéM 3Ty (pasy Ha HY/IEBOM YpOBEHb: Mbl MMeeM B BeliecTBe Hy/IeBYIO CTPYKTYpY
0 coneprkarinyio B cebe HyJeBYIO YaCTHUILy M HyJIEBbIE IIPOCTPAHCTBO M BPEMS. 3/1€Ch CIIOBO «HYJIEBOE»
TOBOPUT HaM He 00 OTCYTCTBUH Yero-JIM00, a HAXOXKICHHE TOTO Yero-mdo B HyJIeBOM (MUHUMAIIBHO
BO3MOXHOM) cOCTOSIHUM. OHO /151 HAC O3HAYaeT Kak Obl OTCYTCTBHE YEro-T100, KOTOPOE Ha CaMOM
JeJie IpUCyTCTBYeT B BeliecTBe B HYJIEBOM COCTOSIHMM, KOTOPOE HaM HEMOCTMKUMO. MBI 3TO Aaxe
ce0e MPeJICTaBUTh HE MOKEM.

Ecnu Mbl ipenicTaBiisieM eAMHIYHOE COCTOsTHIE MaTepuu Kak TOueuHOe, TOT/Ia YTO MOXKET ObITh
MeHbIne Toukn? JlaBaiite 3Ty TOUKy cheiaeM OeCKOHEYHO MaJIoW M YTO MbI Toraa nomyuum? OHa,
€CTECTBEHHO, OCTAHETCs CYIIIECTBOBATh, HO IS HAC OHA MOJTHOCTHIO UCYE3HET, KOO OyJIeT HACTONBKO
MAJIOH, UTO MBI €€ MPOCTO He CMOKEM MO3HABATH Jake KaK «MaTeMaTHUECKyI0 TOUKY». Harr oObraHbIi
pa3yM HUXe eIMHUYHBIX CTPYKTYp Matepuu OImyCTUTHCSI B CBOMX 3HAHUSIX HUKAK HE CMOXET: H0o
TaM y’e HeT HU ITPOCTPaHCTBA, HU BPEMEHHU.

JlaBaiite nogBeIEM UTOT HAIIETO UCCIIEJOBAHUS HYJIEBOTO LIMKJIA SBOIOLIMU, KOTOPBIN MbI ykKe
umeeM. OH HaumHaeTcs B M3HavanbHOM BemectBe, koTopoe umeeT B ceOe HyJeBble TapaMeTphl
YacTHll, CTPYKTYp, pa3yma, cui U 3Hepruil. OHO He M3JlyyaeT Hepruu u He norvomaer e€. Ecnu
BermiecTBO OCBETHTH OOBIYHBIM CBETOM, TO OH MPOKMIET CKBO3b HETO, HE MPEJIOMIISISICh, HE UCKAaXKasICh
M Kak Obl He 3ameuas ero. [{s Hamero pasyma oHO OyJeT HecyniecTBYIOIIMM. TOJNBKO B HEM BcE
OylleT CyIecTBOBaTh B HYJIEBBIX Mapamerpax!

Ecnu Ha BemectBo Bo3zaeiictBoBath boxectBeHHbIM CBeTOM (KBaHTOM cBeTa 1), mapameTpsl
KOTOPOTO MBI HE 3HAeM, TO OHO HAYMHAET MM TOJISIPU30BATLCS U TYT K€ 00peTaeT eqMHUYHBIE Mapa-
METpBI, yke cTaHoBsich Matepueit. OOBIUHBIN CBET HE MOXET BO3[IEHCTBOBAThH Ha 3TO BelecTBo, Kak
MBI CKa3anu panee. Ero mapameTpsl He MO3BOJISIOT 3TOTO CAEJaTh, MO0 OH yKe SIBJISETCS MaTepUallb-
HbIM. 3HAYUT BO3/IEICTBOBATh Ha BelecTBO MOKHO TOJILKO TAKUM K€ «HYJIEBBIM» CBETOM, KOTOPBIiA
JOyXOBHBIE UCTOUHWKY 3HAHU Ha3bIBAlOT BoxecTBeHHBIM? [1].

5> M1 octaBim 910 HasBauue BoskectBenHbIl CBET M He CTaHeM KMcKaTh HoBoe. Takoke Ml ocraBuM Bora, Kak CymectBo 6oree
BBICOKOTO YPOBHsI MUpa BepxoBHOro pasyma.
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Bo3nnkHoBeHne equHUYHON MaTtepun

MblI 1oKa He CTaHeM OIyCKaTbCsl Ha TaKOM HU3KMM, HyJEeBOW ypoBeHb BelecTtBa, a mepei-

IEM K eIMHUYHOM CTpyKType Marepuu a’. JlaBaiiTe pacCMOTpUM camMoO€e Ha4asio SBOJIIOLMU YACTHUII
Marepui ¢ €€ eTUHUYHOIO COCTOSTHUS TOYEYHOM CTPYKTYpbl. MBI yiKe YaCTUYHO NOHUMAeM, Kak OHU
Moru oOpa3oBaTbesi B BemectBe. Tonbko HaM CHOBa MPUAETCS BEPHYTHCS K CUMBOJIAM TTPOBH/I-
1ieB Beipl, 4TOOBI Uepe3 HUX MCCIeOBaTh PACKPBHITHAE W CTAHOBJICHUE CTPYKTYp YacTull B Matepum.
JlaBaiiTe MX CHOBa IPUBEAEM Ha PUCYHKE 9, HO JOMOJIHUB UX cuMBOJIoM M3HauanpHOro Bermecrsa.
T BeIMYECKHE CUMBOJIbI PUCYHKA 9 TOMOT'YT HaM JIyudlIlle OHATh TPUHLMIIBI (DOPMUPOBAHUS
CTPYKTYp uactur] Marepuu oT IuKJa K 1ukiay. Ha HEM yxe 0003HaYeHBI M3MepeHus e€ OymayIux
CTPYKTYP U UX FeOMeTpruecKue onucanusi. Bcé 3To cBA3aHO ¢ Ha3BaHMAMM MEHBILMX LIMKJIOB Maxa-
IOru, xoTopble y Hac HanpsAMYIO 3aBsI3aHbl Ha IEpUO/IB! KBaHTa cBeTa pucyHka 3 (+T, +S, -T, -S). Ham
Oosiee HUYEro He OCTaéTcs, Kak HayaTh TAKOE OMMUCAHUE CTPYKTYPHOM SBOJIOIMY YacTUll B Matepum.

BeAMuyecKkre CMMBONbI ANA CTPYKTYP YacTul, MaTtepum
0 12 41 +5 X -5 ?

i i T

WaHauanbHoe {Hauano, | Catba- | Tpeta- flsanapa | CaTbA-
BewecTeo 3dup Ora Wra | -tOra Kanu- ' Ora
0 a0 % B e I R I{}ra+: 3t
NAOCKOCTL at
TOUYKE  NIHWHMA obtém ceepx ?
obbém
Puc. 9

IIJ'IH HaydaJla TaKOIro OInMCaHuA CHOBA BepHéMCH K HUCTOKY TJIa3MEHHON MaTepun HA4YaJIbHOI'O
JTalla IUKJIa CaTLH-IOFa, IIEpBOIro n3 ‘-ICTI)IpéX BEINYCCKHUX NUKJIOB 3BOJIIOITNN 3emmm. Mbt YK€ paHee
MPEAIIOIOKUINA, YTO HepBbeI BC,HI/I"ICCKI/Iﬁ CUMBOJI «CBETJIBIA Kpyr» ABJIIACTCA €AMHUYHBIM COCTOA-

HUEM vacTul] Matepun ypoBHs a’, KOTOpBII BO3HUKaeT B M3HauanpHOM Bemecte. 910 cocrosiHMe

MbI Ha3BaJI1 9(pr0M, B KOTOPOM BC€ YaCTUIIbI 6y,IIyT CAVMHUYHBIMA U TOUYCYHBIMU C YPOBHEM LTy~

OVHBI CTPYKTYPBI M U3MEPEHUEM pa3yMa a’.

Ha sToM ypoBHe yactuiiel Matepun yxe UMeloT B cede MpocTpaHCcTBO M BpeMs. OHu OyayT
TOYHO TAKUMM k€ eAUHUYHBIMUA M TOYEYHbIMU, KaK ¥ CaMU YacTulbl. MbI MoTy4aem yactuiipl Mare-
puM Kak Obl paBHO3HAYHBIMHM OTHOCHUTENIBHO JIPYT JIPyTa, XOTs, Ha CAMOM JieJie, OHU He Oy/IyT Tako-
BbIMH. Jlaxke MX eIMHIYHbBIE COCTOSHUSI TUIOCKOCTEH yXe OyayT MMEeTh CBOIO NMPUHAIJICKHOCTD VITH
K IIPOCTPAHCTBY, WJIM K BPEMEHHU CO CBOMMM 3HAKaMU COCTOSIHUN. MbI UX Ha3blBaeM €AMHUYHBIMU
M Kak Obl He MMEIOIMMHU MIPOCTPAHCTBA U BPEMEHH, HO Ha CaMOM JieJie OHU BHYTpH ceOsi 00si3a-
TEJIbHO OyAyT MMETh TaKylo eAMHUYHYIO IIPOCTPAHCTBEHHO-BPEMEHHYIO TIPUHAIICKHOCTh W 3HAKO-
BOCTb CBOMX €IUHUYHBIX CHJI.

B takom ciryuae Ddup moiydaercss He TAKUM PaBHO3HAYHBIM B CBOMCTBAX YaCTHII, a Oolee
CJIOXHBIM TIO MIX BHYTpeHHUM KadectBaM. OHU Bce OyIyT eIMHMYHBIMUA M TOUYEYHBIMH, HO 00s13a-
TeJIbHO OYIyT NMPUBS3aHBl K CBOMM THIIAM ITPOCTPAHCTBA UM BPEMEHU CO CBOMMU 3HAKaMH COCTOSI-
HUM, TUIIOC WM MUHYC. Torna KoJIM4ecTBO TUIIOB €IMHUYHBIX YacTULl B DpUpe Mbl MOTyYUM, Kak
MUHUMYM, YEThIpe: JBa TUIIA TPOCTPAHCTBEHHBIX YACTUI], IUTIOC U MUHYC; 1BA TUIIA YaCTHUI] BpeMEHH,
TUTIOC ¥ MUHYC.

Panee MbI OTpeIeNTIINCh, 9TO BCe eMHUYHBIE YacTUIIBI Dupa MpeICTaBISIOT COO0 CBEPHY-
ThIE B TOUKY 71eMeHTapHble cTpyKTypbl HaBu (9CH) [3], kak 310 nokazano Ha pucyHke 10. Ha stom
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pucynke DCH npunagiexut O60sblIeMy eAMHUYHOMY IOJIOKUTEIBHOMY IPOCTPAHCTBY +S°, koro-

poe opmupyercst kBaHTOM cBeTa 1. Bee e€ cektopa 0003HaYeHbI eqMHUYHBIMU ITPOCTPAHCTBAMU

Y BpEMEHAMHU C pa3HBIMU 3HAKaMU cOCTOSIHUI. OHM 3all0HAI0TCS HYJIEBBIMU YacThLiaMu Berectsa.
0 ..

EnyauyHas ctpykTypa a- OyneT (hbopMHpPOBATLCS U3 YETHIPEX HYJIEBBIX CTPYKTYP, KOTOPBIE ITOCTyXKaT

el IepBbIMU YaCTULIAMM.

EamMHuyHans cTpyktypa 3dumpa

Puc. 10

Koneuno, mbl Buium 31y DCH pa3BépHYTOM CTPYKTYpOMl, HO JIaBaiiTe MpeacTaBuM cede, uTo
MBI €€ C:KaJId 0 TAKOTO COCTOSIHUSI, UYTO OHA MPEeBpaTuiach B TOUKY. OHa JeMCTBUTEbHO CBEPHETCS
B TOUKY, BeJlb €€ YacTUI[aMu OyyT TOJIBKO HyJIEBbIE CTPYKTYpbI BelliecTBa, KOTOPBIX 1J1s1 HAC HE CyILle-
ctByloT. Korna oHa eif craHer, TO e€ NMpUHAJIEKHOCTh K MPOCTPAHCTBY WJIM BPEMEHH HaMm Oyner
JOBOJILHO TpyAaHO onpeaenuts. Ho, tem He mMeHee, DCH cymecTByeT B CBOEM BUAE, NTOKa3aHHOM
Ha pucyHke 10, 1axe B TaKOM CBEPHYTOM B TOUKY €UHUYHOM COCTOSIHUU.

Kak ™Mbl ckazanm paHee, a71eMeHTapHasi CTpykTypa HaBu — HeyOuMBaemasi U CyIIECTBYIOIIAS
BEYHO. MBI TOJIBKO MOXEM MEHSITh B Hel MapamMeTpbl IPOCTPAHCTBA U BPEMEHH, UTO CKaKeTCsl Ha e€
BHYTPEHHEM 3arojiHeHnH Yactuiiamu Marepun. B Hammem ciydae, 9CH pucynka 10 O6ymet conep-
kaTb B ce0e MUHMMYM HYJIEBBIX YacTUI] MaTepuu. YeTblpe HYJIEBbIX YACTHIl M JAIOT TOJBKO OIHY

enuHUuYHyI0 yactuily DCH ypoBHs aO, YTO U JeJIaeT € TAKOM eJUHUYHON U TOYEUHOM.

Panee mbl roBopmim 06 M3HavansHOM BerectBe, B KOTOpoi BOOOINE HUKAKUX YaCTHII HET.
Ecnu B Ddupe mbl yixe umeem ennanunbie DCH, To B Beriectse gaxe u oqHou yactuiibl O B ceKTope
ICH He Oygmer, kak u camoro e€ cekropa. Bce DCH BerectBa OyyT «IyCTHIMUA» M «HYJIEBBIMU».
JlaBaiiTe 310 Mokaxem Ha pucyHke 11. Ho 4to xe Torma OymeT sBIATbCS HYJIEBBIMUA «9aCTUIIAMU»
MzunavansHoro Bemmectsa?
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Hynesan cTpyKkTypa M3HayanbHoro BeuwecTBa

3ech Mbl IPUXOIUM K MOHUMAaHHMIO, uTO Hy/eBble DCH kak Obl caMy epecTaloT CyIeCTBOBATh,
HO CTPYKTYpHO OHU Bc€ paBHO ocTaiorcss DCH. X cTpyKTypHBIE CBSI3U HE PBYTCS, & YMEHBLIAOTCS
10 HyJIs, KaK ¥ MoKa3aHo Ha pucyHke 11. OHu Kak Obl CTAaHOBSITCSI OT/IEJIbHBIMU HYJIEBBIMH YaCTH-
[IaMH, KOTOpbIe yke He MoryT oopa3oBark DCH. Ilpu 3TOM OHM COXpaHSIOT BCE CBOM CTPYKTYpPHBIE
CBSI3H, MIEPEBO/IS X Ha HYJIEBOW ypoBeHb. VX Kak Obl HeT, HO HyJeBble DCH pucynka 11, Bc€ paBHo,
CYILIECTBYIOT B CBOMX O€CKOHEUHbIX MUHMMYyMax. Ham faxe TpyaHO AaTh UM omnpesesenue, uoo s
HAac OHM MaTepHaJIbHO U Jake CTPYKTYPHO He CyllecTByIOT. BHyTpu atux HyneBbix DCH HeT HuKa-
KMX YaCTHUIl, KaK HeT U caMux 4dactull. B M3HauanpHOM BenecrBe HeT HMKakux yactull Marepuu,
KaK He CyIlecTByeT U camoil Marepuu.

Ms! yxe paHee NpUIUIM K MOHMMaHMIo Toro, uro M3HavansHOe BemiecTBo 1u1s Hac He cylie-
ctByeT. OHO Tpe/iCTaBsAeT cCOOOM TOBKO uncThie HyneBble DCH pucyHka 11, koTopele He coaepkar
B cebe yactuil Marepuu. Ho Toraa BO3HMKaeT BOMPOC, a OTKY/JA K€ BOSHUKAIOT €JMHUYHBIE YaCTULIbI
Marepuu, eciu ux HeT B Bemecrse?

Teneppb Mbl BIUIOTHYIO ITOAOILIA K MOMEHTY BO3HUKHOBeHU: B MI3HauanbHOM Beliectse mate-
PUAIBHBIX YaCTHL, KOTOPBIX paHee B HEM He OblI0. Tak OTKy/a ke OHU B HEM BOZHHMKAIOT?

Wrak, N3HavanbHOe BerectBo npeactasisier codoi ckorienue «iycteix» DCH pucynka 11,
KOTOpbIe Mbl HUKAK HEe MOeM cuuTaTh Martepueid u naxe e€ Dpupom. [lasee Ha HETO BO3JEUCTBYET
BoxecrBennsiii CBet (kBaHT cBeta 1 prucyHka 3) oudneiickoro [lyxa Boxbero (o Kaure), KOTopbiii
BhICBeunBaeT cBoerd Cuiio B 3ToM BelliecTBe HEKOTOPYIO 00acTh (CBET/IbIN KPYr Ha Y€pHOM (hOHE
pucyHka 9). B atoii cBersieiics 061acTu cpasy ke BO3HHMKAeT MaTepuaibHbIi Ddup co cBoUMU

eMHUYHBIMU yacTuliamu Matepun [1]. Bpoie Ob1 HUuUero marepuaibHOro He Obu1o, HO CBET TYT ke

peBpaTUuI BCH_ICCTBO B CIMHUYHYIO 9(pI/IpHy10 MaTCpI/IIO CO CBOMMHM €IUMHMUYHBIMHU YaCTHLaMH 8.0.

Ham HUHTEPECHO 3HATh, KAK OH 3TO CI[GJ'IEUI?

MBbI paHee yxe cKazajid, YTO €IMHUYHAs CTPYKTypa Marepuun a’ COZIEPAKUT B KaXJOM CBOEM

CeKTope XOTs Obl OfHY HYJEBYIO CTPyKTypy M3nauanpHoro BemectBa. Ho ecniu B M3HauanbHOM
Bemectse no pucyHKy 11 HET HUKaKMX 4acTHII, TO OTKY/a B HEM BAPYI BO3HMKJIA 3Ta €IMHUYHAS

SCH a° pucynka 10?
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Crpykrypa U3HauaabHbix BemecrBa n CBera

IIpouiecc BOBHMKHOBEHU I €AMHUYHBIX MaTepHaIbHBIX YaCTUL] XapaKTePeH AJIs HYJIEBOro Tara
nukia Caresa-I0ru. Ero cuMBosioM no pucyHky 9 OyaeT cBeTIblil Kpyr Ha TEMHOM ¢oHe. OH NosiBUJICS
13-3a BO3/IeHicTBUA KBaHTa cBeTa | Ha M3HavanbHoe Bemectso. Ha pucyHke 4 Mbl BUIMM Ha Hyle-
BOW OTMETKE Hayajla ero HUCXOxJAeHUs B V3HauasibHOE BeliecTBO MTHOBEHHBIN pOCT MarHUTHOM
cuibl -H 0 nonHo# BesimurHbI 9HEpruu KBaHTa cBerta 1. iMeHHo oHa, Bo3zaeicTBys Ha M3HavasibHOE

BemiectBo, hopmupyeT B HEM 001acTh Dpupa ¢ IUHUYHBIMU CTPYKTYpaMu Marepun a°. Bonee eé
usruecku (popMUpoOBaTh IPOCTO HEKOMY.

3HauuT, B nosiBiieHny Ddupa Marteprn BUHOBaTa MarHUTHas CUJla KBaHTa ceta -H, kotopas
KakUM-TO 00pa3oM BO3JEWCTBOBajIa Ha BeriecTBo, 0Opa3oBaB B HEM €AMHUYHbBIC YaCTHUIIB Ddupa
Marepun? UToObI 3TO MOHATH HAM HEOOXOAMMO BEPHYThCS K 3HAHKAM O KBAaHTE CBETA M TIOHATD, YTO
OH COOOM MpEJICTaBIIsIeT B CBOEH CTPyKType?

Mai BoxectBennsiii CBet, Bo3nelcTByoMii Ha M3HavasibHOE BeriecTBo, cuntaeMm CTpyKTY-
PUPOBaHHBIM KBaHTOM cBeTa 1. OH o0s3aTenbHO HeceT B cebe Hekylo CTpyKTypy, KOTOpYyIO ocie-
J0BaTeJIbHO WM MapalIeIbHO pacKpbiBaeT B MaTepuu, MOCTENIEHHO HaloMHAs e€ yacTuuamu. Panee
MBI OITUCHIBAJIM KBAHT CBETa 1 Kak CTpyKTypupoBaHHbIi M3Havanshblil Ceet ([lyx Boxwuii o Knure),
KOTOPbIA MOXET UMETh B ceOe BCEe TOTOBbIE THUIMUYECKUE CTPYKTYpbl MUpOB [1]. OH comepkuT ux
B ce0e B CBEPHYTOM BH/[E, TIOCTETIEHHO PACKpbIBasi UX U3 ceOsl.

31ech MBI MOkeM omubdaThes: 100 KBaHT boxkecTBeHHOro CBeta umeeT B ceOe nonHyio CTpyk-

Typy Tunnueckoro Mupa Bcero TpaHcueHIeHTa, eciii Mbl paccMarpuBaeM ero kak Iyx Boxwii

no Kunure. OH oOnajgaer ero noiHoi MHOroypoBHeBoil CTpyKTypoi, Kak MUHHUMYM YPOBHS a’.

Ho tpancimpyet oH e€ B M3HauasibHOE BelecTBo TOJNBKO MOC/IEI0BATENbHO YPOBEHb 32 YPOBHEM,
KBaHT 32 KBAHTOM, Iepuof 3a neprogom. IlepBolil packpbiBaeMblil ypoBeHb M3HauanpHOro Caera,

KaK pas, COICPKUT B cebe eqUHUYHBIE CTPYKTYPBI a’, KOTOpBI€ 3acTaBiisioT VM3HauansHoe BemectBo

OTpaxarb UX B ceOe, (hopMUpYs yke eIMHUYHbIE YacTuLbl Dpupa Marepun ypoBHS a’ (pucynok 10).

Camast MeHbllIasi CTPYKTYpa, KOTOPYI0O OH MOXeT cpopMUpoBath, Oyrner equHuyHord DCH,
KOTOpasi M Moka3aHa Ha pucyHke 10. Mbl He MOxeM IMpeArnoIokUTh B CTpyKType V3HayaabHOro
Cgeta MenbIMX cTpyKTYp (7). Toraa on cam u3 ceds mpocTo He cMoXkeT c(hOPMUPOBATh €AVHIYHbIE

CTPYKTYPBHI a". Ecu Mbl yOepéM U3 HEero STH eAMHUIHbBIE CTPYKTYPhI aO, TO OH TYT e MPEBPATUTCS
B nonooue M3navanpHOro BelecTsa, 4T0 HUKAK HE MOKET OBITh WJIH, BCE XKe, MOXKET OBITh?

Msi cuutaeM, uto M3HavyanbHbell CBET 00SI3aTeIbHO JIOJKEH OBITh TIOJTHOCTHIO CTPYKTYPHUPO-
BaHHBIM. XOTsI, OH BIIOJITHE MOXET UMeTh B cebe, oodHo M3HavansHOMY BeriecTBy, TOJBKO HyJle-
Bble CTPYKTYpHI. TOJIBKO 3a4eM TpaHCIMPOBaTh B BelllecTBO HyseBble CTPYKTYPHI, €CIIA OHO yKe UX
B cede comepxut? [Tosromy Mbl 1 cuutaeM, 4to CBET W3HAYAIBHO, TIOCIIE COSUHEHUS ¢ VI3HAYaIh-

HBIM BelecTtBoM, J0O/KEH TPAHCIMPOBATh B HETO TOJIBKO €AMHUYHBIE CTPYKTYPbI a’.

MB!I yke MOHMMAEM, 4TO 3allIM B CBOEM UCCIIEAOBAaHUN CIIMIIKOM JAJIEKO, HO TEM HE MEHee
N3navyansHble BemectBo u CeeT OyayT, MpU MX pa3fesibHOM cylecTBoBaHMM, EnunbiM «Huuro»,
B KOTOPOM OHU OyIyT CYILECTBOBATh TOX/IECTBEHHBIMU IO CBOEW CYTH B HYJIEBBIX CTPYKTYpax, MOJI-
HOCTBIO 3€pKaJIbHBIMU APYr Apyry. Msl npuxogum k noHumanuio Enunoro «Huuro», kak Enunon
CrpykTypsl, pa3zaenéHHon Ha MzHayanpHble BemectBo n CBeT, KOTOpBIE IO CBOEU CYTH — OIHO!
Nwmenno stor Equnoii «Huuto» (o Kuure bor) camo u3 cedst hopmupyert u crpyktypupyetr Marte-
pHUI0, KOTOPYIO caMmy ke U3 ceOsl U CO311acT.

Bce ectp Crpykrypa!

Knura HasbiBaetr e€ borom u naém Emy onpenenenue, kotopoe Harpsamylo cBA3aHo co CTpyk-
typou. Hanpumep, Bech mup — 310 bor (Ctpykrypa)! Passe 310 onpenenenue mupa He BepHO? OH

33



I". KpuBenkos. «VHTerpanbHbIi B3I HA 9BOOIMIO yesoBeka — [1. UerBéproe uznanue»

JEWCTBUTENBHO packpsiBaeTcs U popmupyercss Ctpykrypoit (borom). B HEM He cymiecTByeT HUYEro
6e3 He€. [laxe camasi Menpyaiiliasi yacTuiia — 3TO yke OyZeT oHa.

Panee na pucynke 11 Mbl okaszanu HyJeBble «dacTUUKu» M3HavasnbHONM CTPYKTYpBI, KOTO-
pble SIBJISIIOTCS HYJIEBBIMH WM M3HAYATIbHBIMU M KaK Obl CYIIECTBYIOIIMMH OTAEIBHO IPYT OT JApyra.
VIMeHHO U3 TaKuX HYJIEBBIX YacTUL (pOPMHUPYIOTCS BCE MUPBI, CYIIECTBA U (DOPMBI, KOTOPBIE B HUX
oduratot. [axe Dup Marepuu dopmupyercs U3 HUX. MOKHO Jaxke cka3arh, YTo Marepus — 310
nipon3BofHas hopma ot CTPYKTYypHI, CO3/IaHHAS el ke B caMoii ceOe 1 caMoi U3 cedsl.

Ho ecnu Bce yactunpl B CTpyKType HyJIEBbIE, TO KaK OHU caMy (DOPMHUPYIOT, HAIIPUMEP, HALLy
Bcenennyio u camu sm?

MBI ke IoKa IpeficTaBisieM cede, uto M3HavyanbsHoe BerectBo u MiznayansHbiil CBeT He conep-
Kat B ceOe Hruero kpome HysieBbix DCH pucynka 11. Mi3HauanbHOe BeriecTBo Mbl cuMTaeM HeCTpyK-
TYPUPOBAHHBIM U COAEPXKAIIUM B ceOe TONBKO HYyJEBble CTPYKTYpPbl, KOTOpbIE YBEPEHHO MOXKHO
Ha3BaTh HYJIEBBIMM YacTUIIAMHU, Pa3 Mbl UMeeM JeJio ¢ BemecTBom.

Mznavaneabiil Ceet (yx Boxkuil) HaM Bcera npeicTaBiisieTcsl MOJHOCTBIO CTPYKTYPUPOBAH-
HBIM, TO €CTh COAEPKaIIMM B cede Bce CTPyKTypbl BeenenHoit u naxe TpancuenaenTa. OH conepKuT
B ceOe Takue ke HyJIeBble CTPYKTYPbI, KOTOPbIE YK€ He SIBJISIIOTCS MOJOOHBIMU HYJIEBBIM CTPYKTYpam
BemectBa. Ero HyneBble CTpyKTypbl HECYT B ceOe BCI0 «MH(MOPMALIUIO» TI0 SHEPTETUIECKUM CBS3SIM
BHYTpU Enunoit CtpykTypsl BoxectBenHoro Ceera, Kak Obl (hOpMUPYS 3TUM CaMbIM €r0 COOCTBEH-
Hylo Cuny. Bee ero HyneBble cTpykTyphl o0bequnensl B Enqunyio Ctpyktypy Hdyxa Boxkbero, uro
1 TIO3BOJISIET MY UMETh Takylo ke Equnyio Cuity. 3epkansHocTs Mex 1y Bemectsom u CBetom nof-
TBEPIKAAeT HaM 3TO: €CJIM OJIHO — CTPYKTYPUPOBAHO U HAMOJIHEHO CO3HaTebHON CHIION, TO Ipyroe —
HE JIOJDKHO B ce0e colepkaTh KaKMX-TMOO CTPYKTYp U He uMeTh CUJIbl WJIM UMETh MX TOJTHOCTHIO
HEUTpaIM30BaHHBIMHU.

BemiectBo, Bcé xe, nmeeT B cede Crity U 1axke orpoMHoe MoryiecTBo, HO OHa Kak Obl «pac-
TACKMBAETCS] HA KYCOYKHM» IO HYJIEBBIM YacCTUI[AM HUKAK HE B3aMMOAEHCTBYIOIIMMH MEXIYy COOOM.
B urore, B MIzHayansHOM Bemecte BeE ero MoryiiecTBo OyeT Kak Obl TIOJIHOCTBIO HEUTPaTM30BaHO
1o HyseBoro ypoBHsi. C ero Enqunoit CTpyKTypoil poUcXoguT To ke camoe. OHa pacTacKUBaeTCs
10 BCEM HYJIEBBIM CTPYKTypaMm, KOTOpbIe MeXay cOOOW He OObeIMHEHbI M HUKAK He CBsi3aHbl. OHU
He MoryT aath EquncrBa CTpyKTyphl, KOTOpOe ecTh B M3HavansHOM CBere.

Ho ecnu MBI 31€ch IpUHMMaeM CBOMCTBA MX TOXJIECTBEHHOCTU U MPOTHBOIIONIOKHOCTH, TO
OHHU IO3BOJISIIOT HaM IMPEeNONI0KUTh HanruKe U B MzHayansHoMm Bemectse, u B I3HauansHOM CBete
nonHo# CTpyKTyphl BeeneHnHoit, koTopsie OymyT 3epkayibHbiME ApyT apyry. Ho eciu Cer i Hac —
crpyktypupoBaH B lyx Boxwuii, To ctpykrypsl Beenennoii B Bemecte («Boga» no Kuure) ot Hac
CKPBITBI 1 HAXOASATCS] B HYJIEBOM COCTOSIHMM: MX Kak Obl HeT. Ho eciiu oHM B HEM eCTb, TO KTO WU
yTO uX cKkpbiBaeT? Eciau B CBeTe HET HyJIeBbIX YaCTHLI, & CYLIECTBYET TOJbKO HYJIEBBIE CTPYKTYPBI,
TO KTO WJIA YTO CKPBIBAET B HEM YaCTUILIbI?

Nrak, M3nauanebHoe BelecTBO comepkuT B ceOe Kak Obl HYJIEBBIE «YaCTHIIB», KOTOpPbIC
He CTpyKTypupoBaHbl B Enqunyio CTpyKTypy U KOTOpble Kak Obl He oOmagaiot ero Cuioii; Mi3Hauauib-
HBII CBET cofepXuT B cebe HYJIEBbIe «CTPYKTYPbl», KOTOpble oObeauHeHbl B Equnyio CTpyKTypy
1 kotopsie oomanaoT ExuHoit Cutoii. [Tonydaetcs, uto «yacTuiibl» BermecTBa — 310 3epkaibHO 00pa-
HIEHHBIE «CTPYKTYpbl» CBeTa, KOTOpbIE MBI 1aK€ MOXKEM ITOCUMTATh U CUMTAEM TOXKIECTBEHHBIMU.

Kak nHTEepecHo y Hac nosy4aeTcs: Mbl IPUIIUIM K HEKOHM cKpbITol boxkectBeHHo CylHOCTH,
KOTOpasi KaKUM-TO 00pa3oM MpUCYTCTBYeT U B M3HauansHOM Berectse, u B M3HauasisHoM Caere.
1y ckpoiTyio boxectBeHHyio CymHocts Kuura HaseiBaet «borom-TBopiiom», KOTOpbIA M TBOPUT
Hawy Beenennywo. Koneuno, sta boxectsennas CymHoctbh ecth U BemectBo, u Cer onHOBpe-
MEHHO!

MpI npUXOaUM K CIIMIIKOM IITyOOKMM 3HaHUsSIM 0 Mupo3nanuu BcenieHHOM, KOTOpbIe yke
HE BBIIEPKMBAET HAlll MO3T, HO, TEM HE MEHee, Mbl IPOJOIKUM Aajiee. Mbl IPUXOJUM K BBIBOAY,
yro CTpPYKTYypa sIBJISETCS CaMOPACKPbIBAEMOM Kak U3 Ooublneil B MeHbInyio (CBeT), Tak U U3 MEHb-
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nreid B 6osnbinyio (BerectBo). OHa padoTaeT Kak HampsMYyIo 4epe3 BOCXOKAeHHUe 1Mo ypoBHAM Enu-
Houi CtpykTypsl (BemiecTBo), Tak 1 0OpaTHO yepe3 HucxoxaeHue u3 Heé (Ceert). [Tomyvaercs, 4to
B Crpykrype CBera coaepkarcsi Bce MEHbIIME CTPYKTYphbl BCEX TUIMYECKMX MUPOB BceneHHOI,
a B CtpykType BerectBa — 60sbIme CTPYKTYpHI €€ ke TUITMYECKUX MUPOB.

Msi emé mnipencrabiisieM ceOe HyJeBble CTPYKTYpbl V3HauanbHOro BeliecTBa MHOKECTBEH-
HbIMH. Bce oHM 00pa3yioT Mex 1y coOoi HeKre OOJbIINE CTPYKTYPbI, KOTOpbIE B CBOEH COBOKYTHOCTH
ckpbiTo (popmupytor CTpykTypy BeliectBa OT MHOKECTBEHHOCTU «MEHBIITUX» HYJIEBBIX CTPYKTYP
K MX «OOJBIIMM» HYJIEBBIM CTpyKTypaM. OHH Kak Obl CYIIECTBYIOT B CBOEM OECKOHEYHO OOJIBIIIOM
MHOECTBE, HO TOJIbKO B HYJIEBOM COCTOSIHUU.

B ero e nporuBononoxHocTy, Hys1eBass Ctpyktypa Ceera Oyner apyroid. Buyrpu He€ Oynet
pacronaraTbcsi MHOXECTBO MeHbIHMX CTpyKTyp. Ero Enunass Ctpykrypa oOsi3atenibHO OyaeT Hyre-
BOI4, HO B Hell yxe OyIyT colepaThCsl Bce CTPYKTYphl BeelleHHOM, HO B TaKOM ke HYJIEBOM COCTO-
sann. OHU, TOYHO TaK Xke, B CBOel COBOKYIHOCTH oOpa3yioT Enunyio Ctpykrypy CBera oT «00ib-
11ei» HYJIE€BOU CTPYKTYPBl K MHOKECTBEHHOCTHU €TO «MEHBILINX» TAKUX k€ HYJEBbIX CTPYKTYD.

ITo ornensHocTn M3HauanbHoe BemectBo u BoxectBenHsil Cet, kak [yx Boxwuii, Moryt
CyIlecTBOBaTh OeckOHeuHO noiro. OHM Tak U OyayT BeuyHO ocTaBaThesl M3HauasbHbIM BermmectBoM
u boxectBenHbiM CBeTtoM. Ho Korja oHM coeJuHATCS IPYT € IPyroM Kak, HallpuMmep, ClIepMaTo301/1
C SMLIEKJIETKOH, TOI/la BO3HUKAET UX €JUHEHHE APYT C JPYyroM M 3aIlyCKaeTcsl MPOLIECC IBOMIOLUN
WM CTaHOBJIeHUS. VIX equHeHne Mex Iy coOOr Kak pa3 3aIyCKaeT MEXaHU3M PaCKPBITHUS U CTAaHOB-
nenust Bcex UX CTpykTyp. [IepBbiii I1ar B UX COBMECTHOM PACKPBITHH M CTAHOBJICHUH — 9TO 00pa3o-

BaHMe Dpupa Marepuu ¢ ypoBHEM YaCTHIL a’, KOTOPBIN M €CTh HAYaJIbHbII Pe3y/IbTaT UX €AUHEHUS
apyr ¢ apyroM. Tonbko Torga hopmupyercs cBeTsasics 00aacTb dgpupa ¢ eJMHUYHBIMUA YaCTULIAMU

Marepun a’.
Takum obpazom, popmupys Ddup Marepun, KBaHT cBeTa | 3aIrmycKaer Mmporece CBOero HUC-
xokieHns B M3HauabHOe BerecTBo, OTKpbIBasi NEepBbIil 9BOMIOUMOHHBINA UK Carbsa-t0ru.

dopmupoBaHne eJMHUYHLIX YacTul Jdupa

JaBaiite 3agaamumcs BOIPOCOM: OTKya BO3HUKaIOT einHnyHble DCH pucynka 10, ecnm ux Her
B MznavaneroM Bemecte? OTkyna onu 6epyres? Equnmansie CH 101KHB HAOTHUATBCS XOTSI OBl
OJIHOM YacCTULEW B Kak/JI0M ceKTope. Mbl ke BOOOIIe He BUIUM TOTO, OTKYJa 3TH 4acTulbl Dpupa
MOTYT BO3HUKATh?

M5l 1oKa He MOKeM TOBOPHUTH 00 3upHOi Martepuu, moroMy uto e€ B M3HauaipHOM Bertie-
cTBe e HeT. E€ MoHATHE BO3HMKAET TOJIBKO C BO3HMKHOBEHHEM D(pUpa, KOTOPBIN YXKE IOJKEH

coziepXkaTh B ce0e eIMHUIHbIC YACTHIIHI a’. ['oBopst 0 enunennu boxectBenHoro Ceera u M3Hauaib-
Horo BemiectBa, Mbl Ipe/ionaraeM 3aryck Mpolecca pacKpbITUsI U CTaHOBJIEHUsT CTPYKTyp CBeta
B yactunax MznavansHoro Bemecta. Camoe niepoe UX eJUHEHUE MO3BOJISET B HEM MOJIyUUTh €U-

HWYHBIE YaCTHUIIBI a’ pucyHka 10 1 HaM MHTEPECHO 3HATh, KAK OHM B HEM BO3HUKAIOT, €CJIM UX paHee
B HEM He ObLIO?

UYro BHyTpu M3HauvasnbHOro BemectBa packpoercss v NMOSABUTCA B BUIE €AVMHUYHBIX YAaCTHI]
a’, o0pasys apupHy0 Matepuio, kKoTopoi em€é Her? PackpbiThe TepBOW €JUHUYHON CTPYKTYPHI
BoxectBenHoro CBerta, Kak ero rnepexoj ¢ HyJIeBOro ypoBHsI Ha €IMHUYHBIN, OPraHU3yeTCsl KBAHTOM
ceeta 1. OH, npu HUcxoxaeHuu B M3HauanbHOe BerecTBo, packpbiBaeT B HEM TaKUe ke eIUHUY-

Hble YacTUIE a°. EHndHas yacTuia pucynka 10 6yner nuis MsnavansHoro Bemectsa cremyiorneit
I10 YPOBHIO CTPYKTYpoy oTHOcuTe bHO HysieBor DCH pucynka 11. Ecim nia boxecrsennoro Ceera
HyJIeBasi CTPyKTypa — 3TO, HalpuMmep, rodayibHas CTpyKTypa BeeneHHOM, To e€ HoBasi eIMHUYHAs
CTpyKTYypa OyneT, HanpuMmep, rajaktiudeckoil. OHa qactT Martepuu nepBblil I1a3MEeHHbIN THITYECKUH

MUP CAMHUYIHBIX YaCTHUILL aO.
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Tak, OTKyJa e Bo3bMyTCs 9T equHuuHbie SCH a Ha HOBOM YPOBHe CTpPYKTYphbl bokecTBeH-
Horo Ceerta? Ham HEOOXOAMMO MOHATH OTKYAa OHH TOSIBJISIIOTCS B HEM?

IIpexne, yeM Ha HEro OTBETUTh, Mbl CHauasla HalOMHUM, 4TO boxectBeHHblil CBer u M3Ha-
yanbHoe BerectBo OyayT MOMHOCTBIO TOXIECTBEHHBIMH, HO 3€PKAJbHBIMU OTHOCHTENBHO IpPYT
apyra. Ho eciin M3HauansHoe BerectBo He umeer B ceOe enuHnyHbiX DCH, T0 BoxectBenHbiil CBer
UX B ceOe yke M3HAYaIbHO UMEET, HO B CBEPHYTOM, HyJIeBOM McnonHeHuH. [Ipy mepBoM ke KOHTaKTe
¢ MI3HavasibHbIM BelecTBOM OH TYT ke pacKpblBaeT U3 ceOs1, HalpuMmep, NepBYI0 eAMHUYHYIO CTPYK-

TYpY a’, KaKk Mbl yTBEpKIanu paHee. Ham TONbKO OCTaoCh BBISICHUTD, OTKY/A OH UX OepeT?

EcrectBenHo, onu B boxxectBeHHOM CBeTe yxke A0JIKHBI M3HAYAJIbHO CYIIECTBOBATb, HO B CBEP-
HYTOM BHJE, KaK HYJIeBble «CTPYKTYpbl». EnuiHas Teopust muposnanus [3] ga€r Ham Oosniee JOCTOM-
HBII OTBET Ha 3TOT BoIlpoc. Jleno B ToM, YTo eqUHUYHbIMU cTpyKTypamu 1uisi DCH BoxectBeHHOTO
Cgera OyayT Te xe camble HysieBbie DCH, KoTOpble OH pacKpbiBaeT u3 ceds asiee, Kak 3TO MOKa3aHO
Ha pucyHke 10.

Uro MBI HOHMMAEM MOl STUM PACKPBHITUEM HOBBIX CTPYKTYp boxectBeHHoro Csera?

Ecnu B HEM M3HAYaIBbHO CYHIECTBYIOT TOJIbKO HyJeBble DCH pucynka 11, To, YT0ObI pacKphITh
u3 ce0s1 HOBBIE €JMHUYHBIE CTPYKTYPbI, X HYKHO KaK-TO OObeIMHUTH MEX Ty c000i. To ecTh ueThipe
HyJieBbIX DCH 10/KHBI OKa3aThCsl Kak Obl BHYTPH €r0 HOBOM, TOJIBKO UTO PACKPBITOM U3 TaKOH ke
HyneBoid DCH, enunnunoii ICH, cTaHOBACH yke 4acThl0 3TOM HOBOM CTPYKTYphl BokecTBEHHOTO
Cgera (pucyHok 10). Mbl moHuMaeM, 4TO CHayajla HOBbBI YPOBEHb CTPYKTYP JOIKEH BO3HUKHYTb
B CBete u ToNbKO 3aTeM — B M3HauanbHOM BemectBe. boxecTBeHHbI CBET, SHEPreTUUecKu, rnepe-
IaéT HOBYIO CTPYKTYpy B MI3HauanmbHOe BerecTBo, KOTOpHI €€ KonupyeT B cede.

Hanpumep, Hekas nyneBas yactuiia M3HauansHoro BerectBa, moja geiicTBUEM CUJbl HOBOM
cTpyKTyphl BoxectBenHoro CBerta, pacKpbiBaeT U3 ceOsl, KONHUpPYsi €€, HOBYIO CTPYKTYPY yXKe eJUHIY-
Hoit DCH, 3acTaBJisisi yeTbipe HYJIeBbIX YaCTUIIbI BOUTH B e€ cocTaB. [lonyvaercs, 4rto oqHa U3 HyJe-
Boix DCH Bemecta non Bo3zeiicteuem boxkectBeHHOro CBeTa pacKkphiBaeT B ceOe HOBYIO CTPYK-
Typy equHnyHoit DCH, kotopyio 3anonsser apyrumu HyjaesbiMu DCH. Tak, BO3MOXHO, BO3HUKAET
nepBasi eIMHUYHas yactuna ddupa Marepuu.

Torpa mbl omyvyaem, uto yetbipe HylneBbix DCH M3nauanbHoro BemectBa naioT HaM OfHY
HoBylo equHUUHYI0 DCH pucynka 10. OHa yxe cTaHOBUTCS NIEPBOIl TOUeUHOW yacTulenn Marepuu.
C nosiBiieHHEM NIepBOY €IMHUYHON YaCTULIbI Mbl YK€ MOXKEM BECTH pedb O NMOoHATUM Ddupa. boxe-
cTBeHHBIN CBET pacKpbiBaeT n3 cest MHOkeCTBOM enuHIIHbIX DCH, 3anonHsembix HyneBbiMu DCH,

KOTOPBIE CIIeJIAI0T CTPYKTYpY V3HauanpHOTro BerectBa Oosee ClIoXHOI 1 yke AByXYpOBHEBOI — 0-a 0.

Yactuiel Ddpupa Marepun yxe 001a1al0T eAMHUIHON CTPYKTYpOW C YPOBHEM a". Koneuo,
KOJIMYECTBO €AMHUYHBIX CTPYKTYp OyIeT TOJIBKO pacTu, BcE€ Oonee BOMpasi B ceOsl HYJEeBbIX CTPYK-
Typ U3HavasisHOro BemectBa. TosbKO Kak BO3HUKAET 9TO MHOKECTBO EAMHUYHBIN CTPYKTYp Dupa,
Besib boxecTBeHHBIN CBET MOXKET CliesiaTh TOJIBKO OIHY HOBYIO €AIMHUYHYIO CTPYKTYpY, Win Oosee?

Hasaiite paccMoTpum pucyHoK 11 mogpodHee. UToObI 3aNI0IHUTD EIMHUYHYIO CTPYKTYPY HyJIe-
BoiMU DCH HykHO, Kak MUHUMYM, yeTblpe Takux DCH. 3naunt boxkecTBeHHplii CBET HE CMOXET
PacKpbITh U3 cedst Oonee YeThipéx HOBBIX HyJeBbIX DCH. OH pacKpbIBaeT TOMBKO OIHY €JMHUYHYIO
9CH pucyska 10, kotopylo 3epkaibHO oTpaxkaet B M3nayasibHoM Berectse. boxkectBenHbiii Cet
CBOEH €JMHUYHOI CTPYKTYpOW BO3AEUCTBYET Ha HETO.

BemiectBo 00aaeT CBOMCTBOM COIPOTHUBIIATHCS JIIOOOMY CHJIOBOMY BO3JICHCTBHIO Ha ceos,
YTO 3aCTaBJISIET €ro JyOIMpoBaTh STO BHEIIHEE BO3/IEHCTBUE Kak Obl C 0OpaTHBIM 3HAKOM, YTOOBI €10
TMIOJIHOCTBIO HeWTpanu3oBath. Emy npuxonutcst (popmupoBars B cede equauunyio DCH mogHocTho
TOXJEeCTBeHHYI0 boxkecTtBeHHOMY CBeTy, HO 3epKaJIbHO OOpaméHHyo eid. B atom cinyyae B M3Ha-
yanpHOM BemectBe BosHuKaeT HoBast DCH, kotopas yxe OyeT ero eIMHUYHON YaCTUIIEH C ypOBHEM

a’. Aty 3epkanbHylo boxecreennomy Ceery equanunyio DCH M3HauansHoro Belectsa yxke MOKHO
Oyner Ha3BaTh nepBoil yactueit Marepuu. Msl yxe nokasanm e€ DCH Ha pucynke 10.
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Ecmu Bce DCH yactunr Matepun OyayT OAMHAKOBBIMH, HO Pa3HBIMU 10 YPOBHIO PACKphbI-
THSI ¥ CTQHOBJICHUS, TO MBI YK€ MOXeM 0OOOImUTh UX B HeKylo yHuBepcaibHylo DCH Marepun
u naxe boxecrBennoro Ceera. JlaBaiiTe nokaxem 3Ty yHuBepcaibHylo DCH Ha pucynke 12. [Ipu
n=0 u a=0 mbI noayunm B e€ cektopax HyjeBble DCH. Ilpu 3Tux nmapamerpax 3Ta yHUBEPCAJIb-
Hasi DCH nonHoCThI0 COOTBETCTBYET €AMHUYHON YacThlie Dpupa. Tonbko Ha €AMHUYHOM YpOBHE

a’ TPYIHO OPUEHTUPOBATHCS B HYJIEBBIX 3HAYEHUsIX, Be/lb HA HOBOM €JMHUYHOM YPOBHE «a» yXke
Oyner MMeTh He HyseBoe 3HaueHue. Ha Oompimx ypoBHsX 3Ta yHUBepcanbHass DCH Oyaer momiHo-
CTBIO BEpHa.

dopmUpOBaHKME MaTepManbHOM YacTULbI

roe n -- CTeneéHb M3MEPEHHMA

Puc.12

n+1

Ha pucynke 12 mbl Bugum, uto 6ombiass JCHa " popmupyercst yetsipbMs MeHbiumu DCH

a", KOTOpblE CofiepkKaTh B cebe elie 1o yetbipe Menbime JCH a™! 1 Tak 0 GecKOHeUHOCTH Kak
B CTOPOHY OOJIBIIIETO YPOBHS CTPYKTYpBI, TAK M B CTOPOHY €€ MEHbIIIero yposHs. Yto Ham U Tpe-
6oBajIoCh JI0Ka3aTh. MBI HAIIM TOT TUN yHUBepcaibHO DCH, KOTOPBIN BIOJHE MOXET SIBIISTHCS
Crpykrypoit boxxectBenHoro Ceera. Ho Ham 1oka HENOHATHO, Kak Jajiee pacTET YMCIIO HOBBIX €U-
HUuyHbIX DCH B Ddupe?

Ha Beauyeckom cuMmBone pucyHKa 9 rokaszaHa OuYeHb Oofblnasi 0OJMacTh CBETa C yPOBHEM

a’, KoTOpasi (hOpMUpYETCsI TIOTHOM MarHMTHOM cuiiol -H kBaHTa cBeta, HUCXO/slero B BeliecTBo
B COOTBETCTBUM C PUCYHKOM 4. VIMEHHO B 3TOH 00acTH U BO3HUKAET D(Up, UMEIONIHNA B CBOEM
COCTaBe €IMHUYHBIE CTPYKTYPbl YacTull Matepuu, CBEpHYTHIE B TOUKY. 3/1€Ch Mbl IIOKA HE TOBOPUM
HU O IPOCTPAHCTBE, HU O BPEMEHU, €CIIM TOJIBKO O UX €AMHUYHBIX MapamMerpax. XOTs Mbl 3HAEM,
YTO MarHuTHas cuia -H opraHusyer II0CKOCTh MPOCTPAHCTBA, B HAILIEM CJIyvae, OTPULATEILHOTO
3HauYeHUs -S, Torna U yactuipl dgupa y Hac OyayT MPOCTPAHCTBEHHBIMHU.

Tonbko Mbl Ja)ke HE 3HAaeM, IPU KAKOU TEMIIEpPaType BCE TO MPOUCXOIUT U CYLLECTBYET JIU
oHa? MpbI He 3HaeM, Kakue (pU3MUecKue ycjoBUs BO3HUKaOT B MI3HauanbHOM Beniectse npu Bo3aei-
cTBuM Ha Hero boxecteenHoro Ceera. OHM HUT/IE HE ONIMCAHbI, ¥ Mbl HE MOKEM UX CaMOCTOSITEIbHO
BBIYMCIIUTB. Y Hac HeT Takoi V3HauanbHON Pu3nKU.

MBbI 1OKa OCTaBUM 3TH BOIPOCH 0€3 OTBETa U Jajiee MPOJOJIKUM MCCIIeAOBAHUE SBOMIOLUM
yactul] Matepun. Moxket ObITh 3TO IOMOKET HaM TMOHATh (PU3NYECKUE MapaMeTphl MpoIecca HUC-
xoxaeHueM boxecrsennoro Ceera B M3HauanbHOe BeniectBo ¢ Bo3HUKHOBeHUEM Ddupa?
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BzanmonericrBue CBera u BemecrBa

Panee mbl «nonmyunnn» HyneBylo cTpykTypy M3HauansHoro BemectBa (pucynok 11) u eau-
HUuHy10 DCH D¢upa (pucynok 10). Dpup Bo3Huk B M3HauansHOM Benectse B 00macTu 1eiicTBUs

KkBaHTa cBera. Ero nepsas equnuunas DCH copepxut B cebe HyneBble DCH deThIpéx TUMOB: +T°,

+8°, .10, -s° (pucynok 10). TToyuaercs, uto, n3Ha4YaIbHO, HyJeBble DCH MOryT OBITH TIOJTHOCTBIO
HEWTpaJIbHbIMU. 3aMoyHsAs OO0 OAMH U3 ceKTopoB eaquHu4HOM DCH, oHM TYT ke oOpeTaloT ero
coucrBa. Kaxapii cekrop equanuHon JCH dopmupyer cBoit tun miockoctu. Inockoctu BHyTpH
DCH 6yayT cOOTBETCTBOBATh PUCYHKY 12, KaK M YaCTHIIBl MX 3aOJHSIONIE, CBOEMY YPOBHIO CTPYK-
Typsl. Enanansie CH, o6pazoBaHHble MAarHUTHOM critol -H, 00pa3yioT nepBbIil € JMHIYHBIN TUTIH-

yeckuit mup [IpocrpancrBa -s°.

Ham panee oOs3atenbHO TOTpeOyeTcsl Takoe pasfieieHue eIMHWYHBIX 4YacTull Matepuu
M0 TUIOCKOCTsIM. Terepb Ham OCTaJloch OTBETUTH Ha BOMIPOC O MHOXecTBe eanHuIHbX DCH B 00na-
cru aeiictBusl boxecrBeHHoro Ceera: OTKy4a OHU BO3HUKAIOT?

Ham teopernyeckn noka yznanaoch CIIpOEKTUPOBaTh TOJILKO OAHY eanHn4Hyo DCH a’ B VsHa-
yansHoM Bemectse (prucyHok 10). B BoxkectBeHHom CBete, M3HaYaJIbHO, JOJIKHO OBITh OECKOHEY-
Hoe MHOxecTBO HyJeBbix DCH pucynka 11. Bee Bmecte onu garor B Boxecrsennom Ceere Enu-
Hylo CtpykTypy TpaHcleHAeHTa Ha HyJeBOM YpPOBHE, KOTOopasl Aajiee, pacKpbliBast U3 ceOs MepBblil

HUBIIUN YPOBEHb a’ (BCEJICHCKUI ypOBEHb), MO3BOJIMJIA TOTYYUTh MHOXECTBO eluHuYHbIX DCH
pucyHka 10. Bonee UM B34TbCS MPOCTO HETAE WM MbI 3[€Ch UTO-TO HE IO KOHIA oHnMaeMm. Kak
HaM KaxeTcs, boxecTBeHHbIN CBeT Kak-TO JOJIKEH HayaTh UX IUIOAUTh, KOMUpPYs uxX B MI3HauanbHOM
Bemectse B Oonbiom konudectse. Ho kak?

BoxectBennniii CBeT mpencrapiser coooit Enunyio Ctpykrypy Tpancuengenta, kak Iyx
Boxwuii. Dta CTpyKTypa, Bpozae Obl, JOJKHA COCTOSITh U3 MHOMKECTBA MEHBIIMX CTPYKTYpP Pa3HOro
ypoBHs. Ho Bc€ neno B ToMm, yto HM3mMe ypoBHU BokectBeHHOro Ceera moka emgé He OyayT pac-
KpbIThl. Ha 5TOM Hy/eBOM ypOBHE OKa3bIBAaIOTCS BCE «HAayajla» OyAyIMX HU3IIUX CTPYKTYp, KOTO-
pble U MPECTABISIOT COOO0M ero HyJIeBble CTPYKTYPBI. A Terepb MpeACTaBbTe ce0e, CKOIBKO HYJIEBBIX
CTPYKTYP MOXET coliepkarth B ceOe, Hanpumep, Hama Beenennas? Mx Oyner 6eckoHeuHO-OecKOHeu-
HOE MHOXECTBO.

B HavasibHBII MOMEHT HUCXOX/JEHUSI KBaHTA CBeTa | NMpM MakCMMyMe MarHUTHOM cujbl -H

pUCYHKa 4 OH pacKpbIBaeT U3 ce0s1 BCe BOZMOXKHbBIE €IMHUYHbIE CTPYKTYPbI a’, KOTOpBIE TOJIbKO MOTYT
obIThb. Ecri 310 CTpyKTYypa BeeneHHoil, To mpescTaBbTe ceOe BCE 9TO MHOKECTBO, KOTIa CAMH aTOMBI,
3JIEKTPOHBI M MEHBIIME UX YacTUIlbl (POPMUPYIOTCA U3 ITUX CTPYKTYyp. Ero maxe Boodpasuth cede
CJIOKHO. Y Hac uudp IS TOrO He XBaTHUT.

3/1ech Mbl OTKPBIBAEM HOBBIN SBOJIIOIMOHHBIN «3aKOH 3€pKaJbHOCTH €TUHCTBAa-MHOKECTBa».
OH 3akJ1I04aeTcs B ClIeyIOIIeM: OlHa pacKpbiTas cTpykTypa boxecrBeHHoro Ceera (popmupyer Bcé
MHOXECTBO 4acTul B M3HavanbHOM BerectBe. Mbl nosty4aem eJUHCTBO, Nepexojsiiee BO MHOXe-
cTtBO. Bo3Hukaer kak Obl 0OpatHoe JeiictBue boxxectBeHHOMY CBeTy: OfiHa €ro CTPYKTYpa pacKpbl-
BaeT BCE MHOXECTBO 4YacTull B BeliecTBe; Be ero CTpyKTypbl YMEHBIIAIOT 3TO MHOXECTBO B/IBOE
u T. 1. YeMm Gosiee OyleT MHOXECTBO PAaCKPBITHIX CTPYKTYp B boxkectBeHHOM CBeTe, TeM MeHblIee
MHOXECTBO YaCTUL MbI IOJTy4uM B M3HauansHOM Berectse. ITotHOe MHOKECTBO pacCKPBITHIX CTPYK-
Typ boxecrBenHoro CBera fanyT Beero ofHy 4actuily M3HauansHoro Berecrtsa.

ITpu Havane koHTakTa BoxectBeHHoro Ceera ¢ M3HavanbHbIM BerectBoM ofiHa €ro eAuHuY-
Hast DCH MrHOBEHHO pacKpbIBaeTCsl B HEM IOJHBIM MHOXECTBOM TaKHMX K€ €AMHUYHBIX YaCTHII.
310 AefCTBUTENIBHO OyZIeT OrpoOMHasi cBeTsIascs oonactb ddupa Marepun, KOTopas BO3HUKAET IMOJL
AefictBreM MarHuTHOM -H cuitoii kBaHTa cBeTa pucyHka 4 B Mi3HayanbHOM Berectse.
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Enunnunas 9CH BoxectBennoro CBeta TOUHO 3HAET, KEM OHA CTaHET Jjajiee v Kak Jjajiee pac-
KpoeT u3 cebst HoBble CTPYKTYphl BeeneHHoM. OHa Oy/ieT MOJMHOCTBIO CO3HATEIPHOW 1 Oy/IeT 3HATh
Bcio ictuny BeenenHoit, o6naiast noiaHeiM 3HaHueM 0 Hell. OHa conepkuT B cede Beio e€ CTpyKTypy,
HO TOKa TOJIbKO B BUjie 3Tol equHnyHoil DCH, koTopoi sBisiercs cama.

Ecnu Teneps uccienoBars CBETAILYIOCS 00nacTh equHUYHbIX DCH a’ B VzHauaibHOM Beme-
CTBE, TO 3/IECh UX MHOXECTBO yike He OyJIeT TaKUM ke co3HaTesbHbIM. Ero enquanansie DCH He OymyT
3HaTh, KeM OyIyT CTaHOBUThCA Jasiee. OHU Bce OyayT Kak OyaTo Obl paBHBIMU OTHOCHTEIBHO JPYT
Apyra: Harpumep, Kax/1as U3 HUX B Oy/1yIlieM MOXET cTaTh rajakTukoil. Bee equnnunsie 9CH W3Ha-
yasipHOro BelllectBa Bpoje Obl MMEIOT PaBHbIE SBOMIOLIMOHHBIE BOZMOKHOCTH, KOTOPBIE, HA CAaMOM
Jese, N3HAYaJIbHO OnpeesioTces kBaHToM cBeToM 1. Ho kak xe M3HauanbHoe BeliectBo kKonupyet
ennHnyHylo DCH BoxecrsenHoro Ceera B cede, GopMUPYst UX MHOKECTBO?

Heno B ToM, yto DCH — 3T0 Kak Obl CTaHIApTHASI CTPYKTYpa prCYHKa 12, KoTopas Bcerjia ocTa-
€rcs Tou ke camoid. [Ipu ToueuHoM sHepreTuueckom Bozaeicteuu eanHnuHor DCH boxkectBeHHOrO

Cgera 2’ Ha 3HauansHoe BeriectBo, B HEM BO3HUKaET HAYaJIbHOE IMTPOTUBOJEHCTBUE UMEHHO B TOM
TOYeYHOM MecTe. B HEM TyT ke 13 HyJIeBbIX 0Opa3yiotcs rneppas eaunuvynas DCH. Ona u 3ammyckaer
MeXaHU3M KonupoBaHus B M3HauanbHOM Beliectse, 3actaBiss ero (hoopMupoBarh UX MOJTHOE MHO-
JKECTBO, TOKa He OyJeT U3pacxofoBaHa BCs CHJla KBaHTa cBeTa 1. 31ech mosyvaeTcs, 4To eIMHIYHas
9CH BboxecrsenHoro Cpera aaét HyjaeBbiM DCH M3HauansHoro BerecTBa CBOIO MOJHYIO SHEPTHUIO.
NmenHo ona nozBosisieT MHOXeCTBY ero HyneBbix DCH nonHAThCS Ha ypoBeHb enHUYHbIX DCH,
KOTOPBIE 3aiMYT BCIO CBETSIIYIOCS 001acTh Dupa.

Tenepp, eciu Jaxe KBaHT CBET 1 MPEKpaTUT CBOE SHEPreTUUECKOe BO3AENUCTBUE, TO 3TO MHO-
xectBo enuHMYHBIX DCH Ddupa Marepun ocranercs cymiectBoBarh BedHo. Ho He 3abbIBaiite, 4TO
enuHuHbIe DCH Ddupa noaHoCThI0 IPOTUBONOIOKHEL U 3epKaibHbl equHUYHON DCH KBaHTa cBeTa
1. OHM 00pa3yIoT JBa Pa3HOMOJSAPHBIX MOJIOCA, MKy KOTOPHIMHA BO3HUKAET KPYTOBOPOT SHEPrHil.

STOT KpPYroBOpOT Ha YPOBHE a? OyZIeT 10CTaTOYHO CUJIbHBIM, IOTOMY uTO einHu4YHble DCH Dupa,
MPaKTUYECKH, OyIyT MOTHOCTBIO TOXAeCTBeHHbIMU eauHyHOl DCH KBanTa cBeta 1 — nomoca OymyT
paBHBIMU. 3[1eCh, IPU KOMMpOBaHUM, M3HauansHOMY BelecTBy, mpakTU4ecKH, HUKAK OIIMOUTHCS
HeJIb3s1, Y HEero 3TO MpoCTO He noiayduTcs. CHIIbHBI KPYyrOBOPOT HEPIUil MEXy KBAaHTOM CBETa
1 1 MI3HavanpHbIM BeliecTBOM roBOpUT HaM O MX MOJIHOM 3epKaJIbHOM ToxAecTBe. Ho Mbl He MOxxeM
[IOKa TOBOPUTB O BEJIMYMHE UX pa3yMa, KOTopasi BCE ellE OCTaETcs JOBOJIbHO HU3KOH, UMes! TOJIbKO

€ro eIMHUYHBIN YPOBEHb a’.

Ha pucynke 12 nokazana DCH 6ombIiero nojxouTeIbHOro mpoctpanctsa +S. Ho cymectByior
emé npyrue DCH: oTpuniatesbHOro mpoCTpaHCTBa -S, MOJIOKUTELHOTO BpeMeHH + 1T, oTpuliaTesb-
Horo BpeMeHU -T. Mbl MOXeM MOTy4uTh, KAK MUHUMYM, YEThIpE pa3HbIX TUIa equHuyHbx DCH
B Ddupe Marepuu. IToro Mel y:xke MokeM rOBOPUTH O BOCBMU BO3MOXKHBIX THUTAX €r0 eAMHUYHBIX

CH a°.

[Tpu Bo3nevicTBur MarHUTHOM cuutbl -H kBaHTa cBeta 1 Ha Mi3HauanbHOe BeiiectBo B HEM 00pa-
3y1orcs Tonpko DCH+H nonoxurenbHoro nmpocrpancrsa +S, Kak M nokasaHo Ha pucyHke 10. Tax
KaK MarHWTHasi cuiia o0Jia/laeT MOJIHOW SHepruel KBaHTa CBeTa, Kak 9TO MOKa3aHO Ha pUCYHKe 4, TO
BCs CBATSAMAsACS 001acTh Dupa Oyaer CoCTOATh TOIBKO U3 3THX MpocTpaHcTBeHHBbIX Yactui DCH
+H. Mpbl nocuntaeM MMEHHO X HayaJoM 3BOJIIOLMH YacTUL] MaTtepuu.

UccnenoBanne npouecca opmupoBanus eauHuuHbix DCH 1ano HaMm 3HAaHUSA O 4YacTHULIAX
Ddupa Marepun. Terepb Mbl MOKEM MOWTH JIajiee, YTOOBI TITyOke MOHSTH Mporiecc (popMUPOBAHUS
MHpa MUHEPAJIOB HerocpeACcTBEHHO B 1MKJIe Carbsa-FOra. Mbl TOJIBKO YTO ONUCAIN HAYQJIbHBIE €1-
HUYHbIE YCIIOBUA B Ddupe Marepun 115 ClIe1y0IIero BeIu4eckoro CMMBoJa (Kpyr ¢ TOYKOU B cepe-
auHe). Ham Hy)XHO ¢ HUM 0oJiee TOYHO OIPeIeUThCS.

Wrak, marauTHas cuna -H pucyHka 4 neicTByeT, MpakTUYECKH, MTHOBEHHO U J1aXke, MOXKHO
CKazarp, ygapHo. OHa ymapsier 1o crpykrypam M3HavansHOro BemecTsa, MOTHOCTBIO pa3pyliast
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B oOmactu JievictBusi BoxkectBeHHOro CBeTa Bce JIOXKHBIE WA CTapble CTPYKTYpBI, €CIIU OHHU eIlé

TaM CYIIECTBYIOT, 10BoAs ux A0 eauHu4HbXx DCH+H ypoBHs a’. Boree 3Ta cuma HUYEro caenathb
He MoeT. Mbl cudTaeM, 4To MMEHHO OHa MOJISIpU3YeT Bce eqUHUYHbIE YacTHLIbl Dupa U JenaeT ux
Bce, moj1 cedst, mpocrpanctBeHHbIME DCH+H. E€ nienb — 310 Gosiee paspyiieHre BceX OCTaTOYHBIX
crpyktyp M3HavanbpHOro BeliectBa, yem ero nojsipu3arusi.

Hawm, Bcé-Taku, He0OXOAMMO 10 KOHIIA OMPEAETUTHCS C HEUTPAIbHOCTBIO WU TONsIpU3aien
yactuil Ddupa. Mbl He CMOXeM UJITH jajiee B UCCIeIOBAHUU MPOLIECCOB TIAHETAPHON SBOJIOLUH,
€CJIM C 9TUM He OIPeeTUMCS MTOTHOCTBHIO.

Urak, mbl umeem enquanynbie DCH+H ypoBHs a’, KOTOpBIE Bpojie Obl UMEIOT HEKOTOPOE OTHO-

LIEHUE K TaKUM K€ €IUHUYHOMY IIPOCTPAHCTBY +S°, pucyHOK 10. Ml 31€Ch yKe MOKEM BECTH PEUb
0 MX MNOJISIPU3ALUU B TUIOCKOCTH MOJIOKUTEIBHOIO IPOCTPAHCTBA, KAK MOKA3aHO HA TOM PUCYHKE.
Tonbko TM eJUHIYHBbIE TJIOCKOCTH MPOCTPAHCTBA HACTOIBKO MaJjbl, YTO MOXKHO T'OBOPHTH 00 MX
OTCYTCTBHUH, UTO JeJIaeT YacTHIbl Dpupa Kak Obl HEUTPaJIbHBIMHU.

MB!I yke paHee ONpeleNIACh C YETHIPbMSA BO3MOXKHBIMU TUIIAMU YacTull Ddupa (+S, +T, -S,
-T). Ecnut oHU yke UMEIOT €AMHUYHYIO NOJISIPU3aLnIo, TOTAa OHU CMOTYT pearipoBaTh TOJIbKO C TOW
CUJION KBaHTa cBeTa 1, Kotopast paboTaeT B MX IUIOCKOCTH. B Havase sBommonuu npu padoTe MarHuT-
HOH cuitbl -H, nmeroliyio B cebe NOJIHYI0 CUly KBaHTa cBeTa 1, MOTyT BOBHUKHYTh TOJIBKO IIPOTUBO-
OJIOKHBIE €U enuHrYHble yacTulpl Ddupa ICH+H. Iloatomy MBI cunTaem, 4TO BCS CBETALIAACS
obracth OyneT (hOpMUPOBATHCS STUMH YacTUAMK Dpupa.

JaBaiite onpenennmcs ¢ 3TUM OoJiee JeTaabHO IPH PACCMOTPEHUH (POPMHUPOBAHUS TUIAHETap-
HBIX CHUCTEM JIpyrMMHU CWJIaMU KBaHTa cBeTa. TOJIBKO TOrza Mbl CMOXEM [0 KOHLA MOHATh WM UX
HEWUTPaIbHOCTh, WU UX IJIOCKOCTHYIO MOJISI PU3ALMIO.

Ilepexoanoi nepuoa nukjaa Carpa-lOrn

Benuueckuii cMMBOI «CBETJIBIA KPYT Ha TEMHOM (pOHE» MBI yXke MOIHOCThIO pazoOpaiu. OH
ornucai HaM camoe Haudaso 1ukia Catbs-I0ru, korna Boznuk Ddup Matepun. Bo BTopom cumBosie
pUCYHKa 9 B IIEHTpe CBETJIOr0 Kpyra NosiBisieTcst TEMHast Touka. Ham Hy’KHO MOHSITh, YTO MOCITYKHUIIO
e€ BOBHUKHOBEHUIO B CBET/ION oOnactu Ddupa?

Ha pucynke 4 n3o0paxeHO morpyxeHue KBaHTa cBeta B Martepuio. Ha HysneBoll oTMeTke
3TOro rpauka Mbl BUIMM MaKCUMyM MarHUTHOW cuJibl -H, KoTopast u chpopmupoBaa cBeTsIyocs
oOnacTb, nonsipu3oBas codou MznayansHoe BermecTBo v peBpaTuB ero B Dpup MpoCTpaHCTBEHHON

Marepuu ¢ equanysbiMA YactuiaMu DCH+H ypoBH:A a’. Hanee 3ta MarHuTHasA cwia -H HaunHaer
CNaJaTh ¥ NEPEXOAUTH B MOJIOKUTEIIBHYIO IEKTPAUECKYIO CUTy +E.

BosHukaer camblii IEpBBIN NEPEXOTHON MEPUOT a%". OH MO3BONAET OT EIMHUYHBIX YACTHI]

Ddupa a’ MEPEUTH K JIMHEMHBIM YacTULIAM al. Dta HoBas cua HauMHaer meficTBOBATH B LEHTpe
cBeToi oonactu Dpupa. OHa obnagaeT MOITHOM CUIION KBaHTa CBeTa 1, Kak 9TO OKa3aHO Ha PUCYHKE
4. VIMeHHO OHa MPUTATUBAET B LIHTP CHCTEMBI YacThIlbl Dupa, 06pasys B CUIMBOJIE CBETJIOTO Kpyra
pucyHKa 9 TémMHYI0 TOuKy. TEéMHas TOYKa TOBOPHUT O TOM, YTO €€ YacTHIbI OyayT OOpaIiEéHHBIMU
OTHOCHUTEJIBHO YacTuLl dupa.

B niepexonHoii nepuos; ¢ MepexofHbIM YPOBHEM pa3yMa U CTPYKTYpPbI %" wactunpl SCH+H
HAYMHAIOT NePEeNoIsIpU30BbIBATHCS IIPY IOMOLIM HOBOM MeKTpruieckor cuiibl +E B yactuipl DCH-
E. o mMepe Bo3pacTaHus 37eKTpudeckor ciitbl +E 1 yObIBaHMSI MarHUTHOM cuJtbl -H, Bo3HHMKaeT Bcé
Oorpinas nepernomocoBka yactul] dgupa ¢ DCH+H B DCH-E. Pa3 sta HoBas cuia obnagaeT noni-
HOU CHJION KBaHTa CBeTa |, TO TOCTENEHHO BCsl MPOCTPAHCTBEHHAs1 00acTh D¢upa B KOHIE UKJIA
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Carps-I0Oru obpamaercs B snepreruueckue yactuibsl DCH-E Bpemenn mupa [IpocrpanctBa®. Onu
BCE OKa3bIBAIOTCS B IIEHTPE CBETsALIEICS 00/1acTH, KOTOpasi Kak Obl MCue3aerT.

IepexonHoi nepuos ¢ ypoBHEM CTPYKTYPbI %" nossonsier 9CH+H n3 MIPOCTPAHCTBA NIEPEXO-
IUTh BO BpeMs U craHoBUThes yactuuamu DCH-E. [Ipu ymeHbieHny MarauTHoi cuiibl -H ymeHb-
I1aeTCs ¥ €€ MPOCTPAHCTBO JIEUCTBUA -S, a IIPU YBEJIMUEHUH J1eKTpU4ecKoi cuiibl +E yBennuuBaercs
obOmacth e€ Bpemenu +7T. IIpocTpaHCcTBO BMecCTe ¢ CBOMMM YacTHIIAMHU Kak Obl MCUe3aeT U TMocTe-
MIEHHO MEPEXOAUT B TUIOCKOCTh BpeMeHHU. B mepexonHoii mepron JefCcTBYIOT 00e CHITBI KBaHTa CBETa
1 pucyHKa 4 OJHOBPEMEHHO, YTO U MO3BOJISIET IPOCTPAHCTBEHHBIM YacTHLIaM Dupa OCYIIECTBUTD
TAaKOW Nepexo]] U3 OJHON IUIOCKOCTHU B IPYIYIO.

Ecnu marautHas cuna -H chopmupoBana Sdup ¢ ypoBHeM a°, 10 anekTpuieckas cuia +E yxe
(opmupyeT HOBYIO IJIOCKOCTh BpEMEHU C HOBBIM YPOBHEM a ! Ho ue Bee wactnupt SCH Y niepexojie
113 OJIHOM TUIOCKOCTH B JIPYTyI0 BOCXOIAT B CBOEii CTPYKTYpe Ha YPOBEHDb a . MHOIHe JacTHLbI TaK

u ocranytcs yactuamMu DCH-E ¢ eAMHUYHBIM YpOBHEM a°. B ikie Carbsi-FOru mbl HOJIyYaeM yxe

0

apounylo crpykrypy DCH-E ypoBHs a -a! Mupa BpemeHu (TU1a3MEHHO-MHUHEPAJIBHBIE CTPYKTYPBI

3TOr0 MUpA).

Ho kak Bce yactunsl DCH+H a® cTanoBaTcs AByXypoBHeBbIMH yacThiiaMu DCH-E a%al wm

He Bce?

[Tonyuaercs, yto yacTuipl DPrpa IPOCTPAaHCTBEHHOW Marepun SIBIAIOTCA MOTHOCTHIO HEM-
TpaJbHBIMU. TOJNBKO TaK Mbl MOXEM MPEANOIOKUTh CMEHY UX MOJSIPHOCTA C MAarHUTHOW Ha 3JIeK-
TPUYECKYIO, C IPOCTPAHCTBA HA BpeMsi. OHU OOPETAIOT TOJIBKO TY MOJISIPU3AIINI0, KOTOPask BO3HUKAET
IpU JEeWCTBUM OIIPeeIEHHOM CUITHI KBaHTA cBeTa. MarHuTHasi crsia o00pa3oBajia MarHUTHbIE YaCTHIIbI
9CH+H, HO npu €€ ncYe3HOBEHNH U BOSHUKHOBEHHUH JIEKTPUYECKON CUIIbI +E OHM TYT K€ MEHSIOT
CBOIO MOJISIpU3aLMIo, cTaHOBsACh Yyactuiamu DCH-E.

ITa 3aKOHOMEPHOCTD TMOJISIPU3AIMY YACTUI] CUJIAMH KBaHTA CBETa HaM MOTpeOyeTcs U Jlajiee.
MBbI noka paccMOTpesu TONbKO CMEHY ABYX CHUJI KBaHTa CBeTa 1 M TOJNBKO OJUH €ro MepexoaHou

rnepuon . JlanbHeliliee HUCXOXKAEHUE KBaHTa cBeTa | B Marepuio AacT emi€é HeCKOIbKO TaKUX Ke
nepexofHbIX nepronos. Torma HaMm yxe mporiie ux OyIeT pacCMaTpuBarTh.

+
A 4TO O3HaYaeT CUMBOJI YPOBHS CTPYKTYpPbI M pa3yma a%*?

OH roBOpUT HaM O TOM, YTO yactuna Ddupa a’ oOpesia KOHTAKT C HOBOW 3JIEKTPUUYECKON

0

o + o
cunoit +E kBanTa cBeta. Yactua DCH+H c ypoBHem a™ " siBisieTcs nepexonHoil. OHa CTaHOBUTBCS

JBOWMHOM, UTO AejIaeT e€ Kak Obl HEUTpaTbHOW. HeUTpaTbHOCTh YacTuIl a%* — 510 nx Hekoe cpenHee
COCTOsIHUE, KOTJIa OHU MOTYT HAXOAUTCS CPa3y ke B JBYX MJIOCKOCTSIX U TIOIBEPraThCsl BO3ACUCTBUIO
Cpasy *ke IByX CMEKHBIX CHJI KBaHTa CBeTa 1. DTO e HeUTpaIbHOE COCTOSTHUE TIO3BOJISIET UM OCYIIIe-
CTBUTbH MEPEXO]] HA HOBBII YPOBEHb CTPYKTYPBI al. [Nonyyaercs, YTO B CBOEM HENTPAILHOM COCTOSI-
HUM YaCTUIIb 1aXe MOTYT BUIOM3MEHSTHCSI B CBOUX CTPYKTYpax, YTO HEBO3MOXKHO Oy/IeT clenaTh
MpY OKOHYAHUM JEUCTBUS UX TiepexonHoro nepuoaa. Toraa yactuisl, Harpumep, DCH-E ypoBHs al
OymyT cTporo (PMKCUPOBAHHBIMY CUJION KBaHTA cBeTa +E, UTO yxke He TIO3BOJIUT MPOU3BOAUTH C HUMU
Kakue-1M00 U3MEHEHU .

Ho ecnu Bce yactuiipl oOpeTyT 3TOT ypoBeHb a!, Torna He ocrasercs acruy ¢ YPOBHEM a%?

Bce i yactunpt Ddpupa a’ NepeiyT B HOBBII NEPUOJ JEVUCTBUS KBaHTa cBeTa?

® Mup ITpocrpascrsa KBanTa cBeta | MMeeT B ceGe JBE IIOCKOCTH COCTOAHUSA: TUIOCKOCTh BHYTPEHHErO IPOCTPAHCTBA H IJIOC-
KOCTh BHYTPEHHEro BpeMeHH. Jlanee Mbl UX yHPOCTHM U CTaHeM 0003HaYaTh Kak MPOCTPAHCTBO M BPeMsl C MPOIMCHBIX OyKB. Mup
BpemMenu kBaHTa cBeTa 2 Tak XKe UMeeT B ceOe BHyTpeHHee BpeMsi M BHYTPEHHee IIPOCTPAHCTBO, TOJILKO OH CaM PacIionaraercsi B py-
TOii IIJIOCKOCTH COCTOSTHMSI OTHOCHTENBHO Mupa ITpocTpancta. Camu Mupst IIpocTpaHcTBa 1t BpemeHy, rie OHU pacrionaraiorcs ynem
0003Ha4ath ¢ 3armaBHbIX OykB. Ceifyac peub HAET 0 kBaHTe cBeTa 1 Mupa IIpocTpaHcTBa.

41



I'. KpusenkoB. «VHTerpabHblil B3IJIAA HA 9BOMIOLMIO yestoBeka — II. YerBéproe uznanue»

Ha puicynke 4 BUIHO, YTO MarHUTHas cuia -H MOMTHOCTBIO MEPEXOAUT B MEKTPUUECKYIO CUITY
+E, 6e3 ocraTka. 910 03HaYaeT, 4To Bee YacTHilbl MarHuTHOU cvitbl DCH+H nepeiinyT Ha ypoBeHb
JEWCTBUS JIEKTPUUECKON CUJIbl, cTaHOBsICh YacThliamMu DCH-E. CmeHa cuil KBaHTa cBeTa O3HavyaeT
s yactul] DCH, k ToMy ke, 1 CMeHY IJIOCKOCTEN C IMPOCTpaHCTBa Ha BpeMsl. Bee nmpocTpaHcTBeH-
Hble yactuipl dpupa DCH+H torga craHoBATCS 3HEpreTnyeckuMu vacruamu Bpemenu DCH-E.
ITO MPOUCXOAUT MPH MAKCUMYMe JEKTpHUecKoi cuiibl +E.

1
Ham Teneppb ocTanock NOHATh, Kak YacTHUILIbl YPOBHS a’ o0peTaloT ypoBeHb a7
Mpl yxe paHee yTBEp:KAaJIM, YTO KBAHT CBETa 1 CBOEW HOBOM 3MeKTpuueckon cuion +E pac-
KPBIBA€T U HOBBI YPOBEHb CTPYKTYpHI, IOAHUMAs €€ Ha OJHO U3MepeHue Bbille. B Hamem ciyyae

IIPU CMEHE €TI0 CUJI U3 CTPYKTYPBI a’ PacKpLIBAETCS HOBAs CTPYKTypa a'. Ho packpbiBaThesi OHa Gyer

He BO BCEX CTPYKTypax a’, a TONBKO B Tex, KOTOpbIE N3HAYAJIbHO 3aJI0KEHBI B CTPYKTYpE KBaHTa CBETa
1, B ero anektpuyeckoit cuiie +E, KoTopas 1 OyaeT CTpyKTypupoBaHa UMH.
Ha stom ypoBHe nepexona boxxectBeHHblii CBET packpbIBaeT U3 ce0sl HOBbIE CTPYKTYpa YPOBHS

a!. Ecim ero eqpananas CTPYKTypa a’ 1aBaja HAM MHCTBEHHOTO TpaHclieHaeHTa, To KOTM4eCTBO

1
HOBBIX CTPYKTYp @ PacKpbIBAaIOT HaM KOJIMYECTBO BCEJIEHHBIX, KOTOPbIE Oy/IyT CyIIECTBOBATh BHYTPU
Hero. EcrecTBeHHO, nX OoJblliee KOMMYECTBO B KBaHTE CBeTa | yMeHbIaeT BEeIMYMHY CHJIBI U151 KakK-

JOH TaKoW CTPYKTYPBbI, UTO CO3/IAET yKE CBOE MHOKECTBO ITUX CTPYKTYP alB Ddupe Marepun.

Ha pucynke 12 Mbl BUIUM, 4TO JJIs1 OTHON CTPYKTYPHI al TpeOyeTcsl YeThIpe CTPYKTYpHI a’.
B sTOM cityyae Mbl IoJIy4aeM COOTHOIIEHHE MexAy 3TUMH cTpykTypamu 1:4. To ects Bcero ogHa
nATast 4yacTb CTPYKTYP, [P CMEHE CUJI KBaHTa CBETa, IEPEXOJUT Ha HOBbIM YPOBEHb IBOMIOLIUH. DT
SBOJIIOIIMOHHAS apr(PMETHKA [Tl HAC — OYeHb 3aHATHas1. Mbl 00s13aTeIbHO MTPOBEPUM €€ JIeHiCTBEeH-
HOCTb B clielytoumM 1ukie Maxa-FOru.

Hawm ynanoch nosmy4uTh HOBbIE 3HaHUS O MIEPEXOAHOM MEpUOJIe B caMOM Havasie 1ukJia Carbs-
IOru. Tenepb HaM NPEICTOUT UCCIEIOBATh IMHAMUKY €TI0 CTAHOBJICHHUS.

HMuHamuka cranoBJieHus nukiaa Carpa-I0ru

JlaBaiiTe Mbl 371eCh CHOBA OTIPEAEIUMCS, KOO MBI )KUBEM B ABYXIIOISIPHOM MHUpE. DTO O3HAYAET,
YTO 3T MEKTpUuIecKas cuia +E KBaHTa cBeTa JOIKHA MMETh JBa MOMI0ca ISHCTBUS: IEPBbIN MOJIIOC
TMOJIOKUTENIBHOTO 3HaKa +E — 310 1meHTp cBemion obnactu Ddupa; BTOPOU MOMIOC OTPUIIATETHHOTO
3HaKa -E — 310 TéMHas rpaHuia ero cBeTIon oonactu. MIMeHHO Meky HUMH U BO3HUKAET pa3psif
SHEPruy 3TOM MEKTPUUECKON cuiibl +E, HalpaBiIeHHBIN K IIEHTPY cBeTserncs oonactu. [laBaiite
UCCTIEAyeM JEUCTBUE MOJI0KUTEIbHON EKTPUIYECKON cuilbl +E, KOTOpasi BO3HUKAET B LIEHTPE CBe-
Tamecs oomactu Ddupa.

[To 3akoHaM (PU3MKHU K MONOKUTENBHON IEKTPUUYECKO cuie +E HauMHaIoT NpUTAruBaThCs

. +
OTpULIATENIbHBIE JIEKTPUUECKUE YACTULIBI, TTOyUYEHHbIE B IIEPEXOIHON NEPUOT a%. 1o OynyT enu-
HuuHble DCH-E B mutockoctu Bpemenu -T (pucyHok 12, HO B Oombiueii miockoct -T). DCH+S
pucyHka 12 ommuaercs or DCH-T Tonpko HavambHOM (pa3oyt cBoero coctosHuA. Cama yHMBEpCaIIb-

Hast DCH ocraércs Toii ke caMoi, TOJIbKO OHa OyJeT MOBEPHYTA Ha 90°.

Bce vactunpl d¢pupa DCH+H OyayT npuTsSHYTH 9TOM CHIION K IIEHTPY CBETSINEHCs: 00IacTH
1 OynyT et xe nonsipusoBanbl B DCH-E. D10 Oyaer mporcxoauTh 10 TeX Mop, MoKa IeKTpruecKast
cuia +E He nocTurueT cBoero MakcuMyMa, Kak Mbl OIMCBIBAJIM 3TO paHee. OTpULIaTeIbHbIE YaCTHLIbI
ICH-E ¢ pocrom anekTprueckoii cuiisl +E Bce mocteneHHo OyayT MpUTSHYTH K IIEHTPY 3TOM CBe-
Tsreiics: oonmactu. OHM Bce OKaXyTCs B LIGHTpe cUCTeMBlL. [[jist 3Toro Oynet ucnosip3oBaHa BCsl CUJIa
kBaHTa cBeta 1. Ho uto onu 3neck o6pazyior?

TodeuHble eIMHIYHBIC YaCTUIIBI JOIDKHBI 00pa30BaTh TAKYIO K€ TOUEUHYIO eIMHIYHYIO «I1j1a-
HETy» OTpHIaTeNbHOro BpeMenu -T, Benp yacturpl DCH OyayT UMeTh OTpUIIaTesIbHbINA JIeKTpHYe-
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ckui 3apsin -E, kotopsie hopmupyioT Bpems -T. 31ech Mbl TOJTy4aeM UHTEPECHYIO KAPTUHY: YaCTHUIIbI
BpemeHu DCH-E npu cBoEéM CKOIIEHUN B IEHTPE CUCTEMBI (POPMUPYIOT CBOE CyMMapHoe Bpems -T.
UYem ux Oymer Oosiee, Tem Oosbiliee BpeMst OHU cMOTYT ccpopmupoBath. Bosnbiniee Bpemst B Matepuu

1 .
OylIeT TaKUM kK€ eIMHUYHBIM, & C PACKPBITUEM B 3TOM IIMKJIE YACTHILl YPOBHS 2 — JaKe JIMHEHHbIM.
AnexkTpuyeckas cuia +E KBaHTa cBeTa pucyHKa 4 IeACTBYET JIMHEWHO. DTO TOBOPUT HAaM O TOM,

YTO KBAHT CBeTa | pacKpbIBaeT yepe3 He€ HOBbIN JMHEWHBII YPOBEHb a! B wactunax SCH-E. Jleno
B TOM, YTO Mbl pacCMaTpUBaeM MPOLIECC SBOJIIOLMU CO CBOEW NMPOCTPAHCTBEHHON TOUKU 3PEHUS.
B mupe IlpoctpancTBa cuiia BpeMeHM, KakOBOH SIBJIsieTCs eKTpuueckas cuwia +E, tepser onHo
M3MepeHNe 1 ISUCTBYET TOJIBKO KakK ero JIMHEeHas mpoeKius. Bot oTkyna 6epeTcst TMHEHOCTD SMeK-
TPUYECKOUN CUIIBL.

Ecnu snexkrpuueckas cuna +E aeicTByeT JTMHENHO U3 LIEHTPA CUCTEMBI BO BCE CTOPOHBI, TO
MBI MojTydaem cepudeckyio Toueunyio miaHery. Cuia nputspkenus: yactun DCH-E nanpasiieHa
K LIEHTPY cBeTsIeics oonactu. E€ MoxHO Oy/ieT Ha3BaTh MOJIOKUTEIIBHOM CHIION MpUTsikeHus. OHa
MOCTETNIEHHO MPUTATUBAET BCE YacTUIIbl Dupa K LEHTPY CBETAIIeNcs 00IacTH.

Bokpyr ToueuyHoii 11aHeTHl B HavYase [UKJIa OyJeT pacrnoaraTbCs CBEeTIasiCs 00NIacTh YacTHUI]
Ddupa ¢ JOBOIBHO OOJBINON SHEpreTHKoN — « CoTHIe» BOKPYT TU1aHeThl. [TocTernmeHHO Bce YaCTHIIbI
DCH-E niepeiiiyT B IIEHTp CUCTEMBI, a CBETSAIIasICS 00JIacTh TIepecTaHeT CYIIeCTBOBaTh. Toraa B 1ieH-

TPE CUCTEMBI MBI MTOY4aEM TOYEUHO-JIMHENHYIO «IIJIAHETY» C YPOBHEM a%-a', xax SHEPreTUYeCKUi
cryctok yactull DCH-E Bo Bpemenu mupa [IpoctpaHcTBa. 10 Npon30iET Ha MaKCUMyMe JECTBUSA
JIeKTprUecKoi cubl +E.

Hanee, no pucyHky 4, anekTpuyeckas cuia +E HauMHaeT criajaTh U MOSBJIAETCS HOBas Mar-

HuTHas cuia +H kBaHTa cBeTa 1. Bo3HMKaeT HOBBI NEPEXOAHON TEpUO] al* Me:xay Iukiaamu CaTbs-
IOru u Tpera-IOru. Tonbko B HEM He BCs 2eKTpUyecKas cuia +E nepexogut B MarHUTHYIO CHITY
+H. Ha stom pucynke 4 BUJHO, 4TO TOJIBKO 3/4 4acTy 3TOU CUIIbl IEPEXOAAT B HOBBIM LIUKJI Tpera-
IOru, a B nukiie Catbs-I0ru ocraércs e€ 1/4 yactb. ITO TOBOPUT HaM O TOM, UTO U HE BCE YACTUIIBI

9CH-E nepeiiiyT B HOBBII UK.

1
Yacruuamu 9CH-E yposusa a’-a ocTaHyTcsl 1/4 yacTh OT BCEX 3THUX YACTHII, KaK OCTAHETCS

CYIIIECTBOBATh TaKasl ke 4acTh eKTpruueckoi cuiibl +E. OHM 1 nanee O6yayT cyiiecTBoBaTh 10 TeX
Top, TOKa 3Ta eKTpudeckas cuia +E kBaHTa cBeta 1 Oyner ux ynep:xuBarh coooit. HoBbie Bo3iei-
CTBUS IPYTUX CWJI, KOTOpbIe OYAyT MPOXOAUTh B APYTOM ITUIOCKOCTU UKJIOB Maxa-tOru, nux Hukak
He 3aTpoHyT. OHU HE CMOTYT C HUMH padoTaTh, MO0 UX MOJsIpU3alus Tak u ocranercs kak DCH-E.
[Mpouzoinér kak Ol BeIOOpKa 1/4 actuir DCH-E u3 o0iiero MHOXeCTBa Takux ke yactuil. OcraB-
mmecs 3/4 yactu yactuy DCH-E nepeiiayT B HOBbIM LIMKJI, CHOBa CMEHUB CBOIO NOJISIPU3ALMIO.
bnaronaps ocraBmmmces yactuiiam DCH-E, Mbl onydaeM B HEHTpe CUCTEMBI (PUKCUPOBAHHYIO

TOUCUHO-TMHEIHYIO TLIA3MEHHYIO [UIAHETY C yPOBHEM CTPYKTYPHI a-a' 1 ¢ e8 THIMYeCKUM MUpOM
MuHepasioB, KOTOpeI U OyneT oOpa3oBaH STUMHU yYacTHIAMH Tuia3Mbl. OH OyAeT CyIecTBOBaTh
B TAaKOM BHjIe 10 KoHIA Iukia Maxa-lOru u, Bo3MoxHO, fanee. Mbl rony4yaem IJ1a3MeHHO-MUHe-
pasibhblid MK Catbsa-I0ru Tunnueckoro Mupa MuHepasios.

Marepuanu3anus cTpyktyp B nukJiae Carbs-IOra

HaBaﬁTe B 3TOM IINIa3ME€HHOM IUKJIE nonp06yeM CMOZCIIMPOBATDb 3BOJIIOITMOHHOE PA3BUTHUE dJIC-
MCHTApPHbIX YaCTUL, ITPUCYHIUX EMY. HavanbHbpIMU YacTULIAMM TOTO IIMKJIA OKa3bIBAIOTCS eIUHUY-

Hble yactuupl Dprpa ICH-E ¢ ypoBHEM CTPYKTYphI a®, KaK YacTHLBI IUTA3MBbI, KOTOpPbIE UMEIOT MUHHU-
MaJIbHbIE €IMHUYHBIE TapaMeTpbl BpeMeHH - T.

Mbl paHee 3TU TUIa3MEHHbIE YAaCTUIIBI YKe OMHUCATM KaK aHTreJIONOAOOHBIX CYIECTB, MMEI0-
mux mapoodpasnyio ¢popmy [1]. KoneuHo, 3T0 TOJBKO MpeanonokeHre, Ho OHO UCXOAUT U3 TOro,
YTO YeJIOBeK KaK-TO JOJKEH OBbITh TOKIECTBEHEH MM: Belb Kakas-TO eAMHMYHAs yacTuia Ddupa
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B Oy/IyIeM J0o/KHa OyJeT cTaTh YeoBeKOM. Takasi yacTHIia MOXKET CoflepkaTh B ceOe BCIo OyayIIyio

CTPYKTYpPY YeJIOBEKa BIUIOTh JI0 €r0 MHIMBUIYaJIbHOTO TPAHCIIEH/IEHTa C YPOBHEM pa3yma a’. Torna
noueMy Obl HEKOTOPBIM YacTuiiaM pupa He ObITh aHTEIIONOAOOHBIMH CYILIECTBAMH, APYTHM — aTo-
MaMH, TPETbUM — TaJIaKTUKaMU U T. . TOJIBKO OHU en€é 00 9TOM He 3HaloT. YacTHIIbl TUITMYECKOTO

Mupa MuHepanoB B koHle ukia Carbsa-tOru umeror 1Ba ypoBHs a%-a! Toueuno-mmneitHoit CTpPYK-
TYpbl. DTO BIIOJIHE BO3ZMOKHO U JJa’Ke PEaIbHO.

[Tna3meHHas raHeTa B Havase JEHCTBUS MEKTPUUIECKON cuiibl +E pacimpsaTbes, Bce Oomee
BOupas B ceOe yactury DCH-E. EcrectBenHo, Temnieparypa 3ToH M1a3MeHHON MaTepuu Oy/ieT OYeHb
BBICOKOH, IIOTOMY UTO BCs1 9Heprus Cera OyJeT cocpeloToueHa BOKPYT 3TOM HEHTPAIbHOM «TOUKU»,
Kak cBeTsmasics oonacts Ddupa. [nasmenHas miuaHeta Kak Obl okasbiBaeTcsi BHyTpU «CoHIA»,
KOTOpBII UMeJI B ceOe BCIO SHEPruio KBaHTa cBeTa 1 pucyHka 4. OHa MOCTENeHHO MepeTeKaeT B LIEHTP
9TOM CBETSIIENCS 001aCTU. DTH YaCTULIBI MOTYT HAXOAUTHCS B «TOpsTYE» TUIa3Me TOJBKO B CBOOO-
HOM COCTOSIHUM HA OIPE/ICNIEHHOM PACCTOSIHUM JIPYT OT Ipyra, HOTOMY YTO OHU MMEIOT OTHOMMEH-
Hble 3apanpl -E.

B camom Hauasie neiictBus anexrpudeckoit cuiisl +E equnnyneie DCH-E nmeror 3HaueHue a’,
Kak 3To noka3aHo Ha pucyHke 10. Ho k konity e€ aeiictBus 3t DCH npuoOpeTtaioT nepBble Koye-
CTBEHHbIE 3HAYEHUS BpeMeHU. VX CTPYKTYpBI, Kak MBI CKa3aJli paHee, PaCK PbIBAIOTCS] KBAHTOM CBETA

1 no ypoBHsa a'. Omu panee MOTYT «BBICTPAUBAaThCSI» 10 JIMHUSM JEUCTBUS NEKTPUIECKOr cuiibl +E

. 1
1 00pa3oBbIBaTh CBOU JIMHEIHBIE COOOIIECTBA, KOTOpBIE U OyIyT MMeTh 3TO u3MepeHue a . Ho uro
n3 ce0s1 MPeJCTaBIAI0T HOBbIE JIMHEMHBIE CTPYKTYPbI?

OHu He MOryT OBITh POCTO KAKMM-TO TaM CIy4YallHbIM JIMHEHHBIM COOOIIECTBOM €IMHIY-

HBIX CTPYKTYp a’. OHM OMKHDBI GBITb COCAMHEHBI KEM-TO M YeM-TO B HOBBIC JIMHEIHbIC CTpYK-

1 o
TYpbI @ , KOTOPBIC OOJLKHBI B TOYHOCTU COOTBETCTBOBATH CTPYKTYpaM KBAHTa CBETA 1. CJ'IyLIaI/IHO—
CTHU 34€Ch HE 6I>IBaCT, 100 BCE M3HAYAIBHO IMpeaonpeaesICHO KBAHTOM CBETa 1. M noapasymMmeBacm

3[IECh PACKPbITUE HEKOTOPBIX €IMHUYHBIX CTPYKTYD a® 10 YPOBHSI a' 1 3alOJHEHUE UX CIMHAY-
by yactriamu SCH-E a°, kak 910 nokasaso Ha pucyHke 12. HoBas nuHeliHast CTpyKTypa BOM-

paet B ce0s1 HEOOXOOMMOE KOJTMUECTBO €TUHUIHBIX CTPYKTYP a, sanonHss uMu Masbie kpyru 9CH
HEHTPAIBHOTO KPyTa, a HyJIeBble CTPYKTYPHI 3aIOHAT cOO0H yke e€ majble Kpyru. [loatomy roBo-
PUTh O KAKOM-TO CITy4ailHOM COOOIIECTBE €IUHUYHBIX CTPYKTYP MBI HE MOXEM. 3/1eCb HE MOXKET
OBITH CITYYallHOTO WX €AMHEHUsI, TIOTOMY 4TO MIET PAacKphITHE M3 ceOsl KBAaHTOM CBeTa | pucyHKa

4 TUIMMYECKOro MUpa WHIMBUIVAIBHOIO TPAHCIEHIEHTA®, KOTOPHIM PACKPHIBAETCA UM Ha IIEPBBIX
y

ABYX YPOBHSX a’-a! kax mup Munepano. ImenHo BoxectBennblii CeeT ([lyx) uepe3 CBOM CTpYK-

TYpbl YIPaBJIsieT MIPOLIECCOM HUCXOXKIEHUS KBaHTa cBeTa 1 B Matepuio.
Ho ne Bce equnnunblie yactuupl CH-E BoinyT B IMHeNHbIE CTPYKTYpBl MUHEPAIoB. Ha sToi

IJIa3MEHHOI IJIaHETE, KpOME JIMHEWHBIX MHHEPAJIOB YPOBHA al, OCTAHETCA CyHIECTBOBATH U CaMa

IUIa3Ma U3 eMHIYHBIX YacTIl a°. JIeiCTBIE MI0IOKHTEIBHOM aNeKTpuueckoil cuiibl +E KBaHTa cBeTa
(bopMupyeT TOUeUHYIO IUIAHETY B LIEHTPE CBETALIENCs 001aCTH C U3MEPEHNEM MaTepPUAJIbHBIX YaCTHIL

a’-a'. o yxke OyleT TOYeYHO-JIMHEWHOEe U3MEpEeHHe, YTO MO3BOJISIET MOTyJyarh JUHEHHbIE CTPYK-
TYpbl aMOpP(HBIX (POPM U CYIIECTB HA ITOM IUIA3MEHHOM IJIAHETe, Kak U €€ caMmy cleJlaTb TOYEYHO-
JIMHENHOIA.

7 ConHIla B TOM BHUJIE, KOTOPBI MBI IMEEM CErofiHs, Toraa enié He Obuto. Bhula Hekas orpomHasi obmacte Ceera («ComHiie»
B KaBbIUKax), BHYTPH KOTOPOH B €€ IIeHTpe 00pa30BajIach IIa3MEeHHasI TUIaHeTa. DTa CBETAIAsCs 00acTh, IO HAIUM MepKaM, 3aHU-
MaJia BCE IPOCTPAHCTBO coBpeMeHHOM COHEYHO! CHCTEMBI JI0 €€ BHEITHEH I'PaHUIIbL.

8 TpaHcLeHIeHT ¢ 3arIaBHON GYKBBI OyIeT 03Ha4YaTh BCEJICHCKOro TpaHCLeH/IeHTa, a ¢ IPOINMCHON — MHIMBUYaIbHOTO TPaHCIIeH-
JICHTa YeJIoBeKa.
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37ech Hy:KHO OroBOpuThCs: Bpems Mupa [IpocTpaHcTBa 1 ero anekTpuyeckas cuia +E ¢popmu-

o o 1
pyeT B BHUJIE TOYEYHO-TMHEMHON IUIAHEThl CTPYKTYPUPOBAHHYIO SHEPIUIO STHX JIByX YPOBHEN a%al.

ITosromy nuka Carps-lOru — 310 MK NoTyyeHus 3TOi sHepruu B Matepuu, KOTopylo oOecrieyuu-
BaloT 1/4 yactp yactun Dpupa. IMEHHO OHM 00Pa3yIOT CTYCTOK TOM CUJIBI B BUJIE IJIA3MEHHO-MHHE-
PAJILHOM «IUIAHETbI». DTa cujla OyleT Maja M B HallleM MUpPE OHA TOYTH He olyuaercsa. E€ MoxHo
Ha3BaTh CHJION «KJIETOYHOI'O pa3ymMa» YeJIOBEKa, €C/IU MEPETH Ha ero pa3yMHbIN YPOBEHb.

O1a 1uiaHeta OyleT UMETh JBa CJIOSI CBOEW OOOJIOUKM: IJIa3MEHHBIN a’ u MUHEPAJIBHBI a'.

o " 1

Ha nnanere ¢dopmupyeTcss TOYEUHO-TMHEWHBI TUIMYECKUN MUP a%-a IUIA3MEHHO-MHUHEPAJIbHBIX
amMopHBIX (POPM U TaKMX ke cyliecTs. [laBaiiTe mpoaHaiu3upyeMm rnporecc (POpMUPOBAHUS TUIIH-
yeckoro Mupa MuHepasios.

Tunnyecknit Mup MunepaJioB

B kowrie mukiia Catbs-FOra nmpoucxonut nosHast epegaya BCeX YacTHIl U3 CBETSIIecs: oOma-
ctu Ddupa 3Toi MIa3MeHHON 1iaHeTe Bpemenu - 1. Bmecte ¢ Humu eit nepena€res 4/4 yactb sHep-
I'MU KBaHTa cBeTa 1, KoTopasi UAET Ha 0Opa30BaHUE TUITMUYECKOro MUpa MuHepasioB U TU1a3MeHHOM
ruaneThl. Terneph Besi cBeTsasicss 00acTb CTAaHOBUTCS 3ToM 11aHeTol. Bee yactuis CH-E ob6pa-
3YI0T €€.

DJeKkTpyuyecKas cuia Mpy CBOEM MakcumMyMme (popMHUpYyeT 3Ty IUiaHeTy. B e€ 1eHTpe cxartue
OJOCTUTHET MaKCHMaJILHOM BEJIMYMHBI, YTO HpI/IBGI[éT K YaCTUYHOMY OCTBIBAHMIO I1JIa3MBI. 9to Ipu-
BOJIUT K MOCTENIEHHOMY YMEHBIIIEHUIO TEMIIEPATyphbl B LIEHTpe 3TOW IiaHeThl. OHa, OCThIBasi, BCE
OOJIbIIIe CKMMAET YaCTHIIBI MEXKy COOOM M PACCTOSTHHUE MEK/y HUIMU YMEHbINAEeTCsl. DTO JaBJIeHNe

o 1
Ha eHIaHbIe YacTriel a° SCH-E PACKpbIBaeT U3 HUX HOBBIN YPOBEHb CTPYKTYPHI A .

[Tna3sma ocThIBa€T HEPABHOMEPHO, OONACTAMH. DTO CO3AAET B HEWl pa3Hble TeMIepaTypHbIC
obnacti. TH 00NaCTH U SBJISIOTCS TEPBBIMU T'PYOBIMU CTPYKTYpaMy THITHYECKOro mupa MuHe-

pasioB. Bce enuHUYHbBIE YaCTUIIbI TUIA3MBbI a’, Haxomswmecs nanee ot LIEHTpa IJIAHEThl, OCTAIOTCS
B CBOOOZHOM COCTOSTHHMH, ITOTOMY UTO 3IeCh TeMIlepaTypa cpefibl BCE emme OyaeT JOBOJIBHO BHICOKOM,

a JIaBJICHHE CHIbI — HUBKUM. JIMHEAHbIe YacTrIb a' 00pasyIoTcs Tam, rae TeMIieparypa cpebl OHH-
’kaercs. 1o OyAeT BHYTPEHHUH CIIOW TUIa3MEHHOM IIaHEeThl, TeMIepaTypa KOToporo Oy/ieT MeHblle
TeMIlepaTypbl BHEIHETO CJIOS1.

MBs1, B Havaste onucanus nukia Carpsa-FOru, ckazanm o ToM, 4TO BO3HUKJIO [1Ba MOMIOCA, MEXIY
kotopeiMu Yactuiel DCH-E 13 cBetioit obnactu nepeTekaiu B e€ IeHTp Ha TUIa3MEHHYIO TUIAHETY.
JlaBaiTe 3T0 NoKaxeM Ha pucyHke 13.

MNnasmeHHbIM TUNUYECKWIA MUP

W3HavanoHoe ObnacTtb
BewecTtBO CeeTta
Paspaabl +E 3dup
IHeprum MnasmeHHan
CeeTa nnavera
Puc. 13

Pucynok 13 HarmoMuHaeT HaM BEIUYECKUI CUMBOJI «CBETJIBI KPYT C TOYKOM B €r0 LIEHTPE»,
NoKa3aHHbIM Ha pucyHke 9. Ha pucynke 13 mbl BuanMm, uro DCH-E ycrpeMisoTcs Kk HEHTpy CBETA-
mieficst obnacti Ddupa. OHK GOPMUPYIOT TaM IJIA3MEHHYIO TUIaHeTy BpeMeHH -T. XOTs Mbl B 1IeH-
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Tpe 00JIACTU UMEEeM TOJIOKUTENIBHYIO EKTPUIECKYI0 CUTy +E, HO OHa MpUTATUBAET K ceGe TOIbKO
oTpuIatesbHble ekTprueckre yactuiiel DCH-E, uTo 1 Mo3BoJIsSeT HaM yTBEpXkKIaTh, YTO TUIAHETa
OyzeT uMeTh oIApHOCTH -E 1 Oyet o6magats BpemerneM -T.

B stom nuksie chopmupyetcst Heuto OecpopMeHHOoe U aMopghHOE BO BpeMeHHU, KOO0 JIEKTPH-
yeckast cuiia (pOpMHUPYET TOJIBKO CTYCTOK SHEpruu BpeMeHH. MBI Jake MOXKeM HPeIoNoKUTh, YTO
BpeMs Oyzet orpunatebHbM - T, kak 1 gactuipl DCH-E ero opmupyionme. Paspsa snepruu, kak
nepenaya yactii DCH-E neHTpy cBeTsimericsi 001acTy, MOT BO3HUKHYTh TOJIBKO B T€X MECTax, I7e
9TU YaCTUIIBI HAXOAMIUCH OJIMKE BCETO K LIEHTPY CUCTEMBbl. BOZHHKHYB B TAKMX MECTax, pa3psil eK-
Tpuieckol sHeprum nepenaét yactunpl DCH-E u3 ceersmeriics obmactu Ddupa ria3MeHHOH Tuia-
Hete, (popmupys e€. EcTecTBeHHO, S3bIKM «I1JITAMEHW» SHEPTUH I1JIa3MEHHOM IJIAHEThI BHITATMBAIUCDH
B CTOPOHY OOJIBIIIErO KOJIMYECTBA STUX YACTHII, HAPAIIUBAS KOJIMUYECTBO YACTHII B HAITPABJICHUH pa3-
psana. Tak, BO3MOHO, (popMUpOBaIach CTPYKTypa MOBEPXHOCTU ITOM IJIAHETHI.

INocmotpute Ha TUIAMsl OTHSI OOBIYHOTO KOCTpa. MBI BUAMM SI3BIKM €rO IJIAMEHH, KOTOpHIE
MOXHO YCJIIOBHO Ha3BaTh JIMHEHHBIMH. TemrepaTypa IulaMeHH TOYHO Tak ke OylneT pa3Hoi. DTo
BBIZIAET ero 1BeT. [1mamMs orHs noxyyaercsi HOOAHOPOAHBIM, HO eMHBIM. [111a3MeHHast 1y1aHeTa sBJisi-
€TCsI TAaKOU K& HEOJHOPOAHOM, HO €TMHOM.

MBbI OO K TOMY, YTO, BO3MOXKHO, TUIa3MEHHas TUIaHeTa Oblla MoJo0Ha «TOYKe C HeOOIb-
MU UTOJIKaMHU (TOpaMHM)», TOPYAIIMMH B pa3Hble CTOPOHBI. JIMHEHHbIe YaCTUIIBI CTAHOBSTCS MPO-
00pa3oM OyIyIIMX JeKTPOHOB, ME30HOB, OAPMOHOB, YeJIOBEKa U Jake TAJIAKTHK | T. M. 3a Bpems
JINHEWHOM 3BOJIIOLIAY OHH ITIOCTENEHHO MOJIHEIOT, HO COEANHEHMS UX B aTOMBI II0KA €I1E, 13-3a BBICO-
KOW TeMIepaTypsl Cpe/ibl, He TPOUCXOIUT. ATOMHAsI CTPYKTYpa KBaHTOM cBeTa | emié He pacKphbl-

Baercsi. Ha 3ToM m1a3MeHHO-MHUHepaJIbHOM YPOBHE a%-a' Hukax He MOTYT 00pa30BaThCs T€ IeMeH-
TApHBIE YACTHIIbI, KOTOPBIE MBI CETO/IHS 3HAECM.

[Tna3meHHas maHeTa — 3TO He MPOCTO CIIyyailHOE 0OPAa30BaHUE «TOUYEK» U «JIMHHUI», KaK 3TO
MOXET TMOKa3aThCsl Ha MepBblid B3MIsAA. Jliobas yactuia riasmMel Marepuu, Kotopasi 00pa3oBanach
B 3ToM 1MKJIe CaTbs-FOru, uMeer cBOE MeCcTo B €AMHOM CTPYKTYPE TUITMUECKOro Mrupa MUHEpaioB.
Kak Ham KaxeTcs, mo0asi yacTHIa 30eCh MOKET 3aHATH JII0O0E MECTO B CTPYKTYpPe TUITUYECKOT0 MUpa
MuHepasoB, O3TOMY MBI 3[I€Ch MOKET BECTH Peub O MX BHIOOpPE CBOETO MeCTa, KeM OHH B OyayIeM
cTaHyT. MBI HE CUMTAeM 3TOT BHIOOP KaK-TO (PMKCUPOBAHHBIM M CTATUYHBIM, A MPEIIOaraeM ero
AVHAMHUYHBIM, TO €CTh YacTHUIIA IJTa3Mbl cama BHIOMpaeT cede MecTo B Oyaymien crpykrype. boree
COBEPILEHHBIE YaCTHULIBI MOTYT 3aHATh OoJiee I7100aIbHOE MECTO B CTPYKTYPE.

ITH YacTULIBI [1J1a3Mbl HE UMEIOT B cee, Jake B CBEPHYTOM BHJE, CBOIO OYIyIIyI0 CTPYKTYPY,
KeM WJIM YeM OHHM JOJDKHBI CTaTh. TOJNBKO OHHM OOJafaloT MouTH Beeil McTuHOM, KoTopast AaéT um
Hy)XHble 3HaHUs1. OHM IMEIOT 3HaHUS, KEM OHHM MOTYT CTaTh B OyIyIleM, HO IOKa He UMEIOT B cebe
3THX OyaymuMX cTpyKTyp. Hampumep, Mbl 3HaeM, 4TO SIBJISIEMCS YEJIOBEKOM U YTO Mbl MOKEM COBEp-
IIEHCTBOBATHCSI B CBOEM pa3yMe, HO Mbl HE 3HaeM, KeM MBI MOJKEM CTaTh B Oy/IyIlleM M KaKOTro YPOBHS
9BOJIIOLIUM CMOXEM JI0CTUYb?

B omitnumne ot Marepun, boxkectBeHHbIl CBET B CBOMX TOUEUHO-JIMHEHHBIX CTPYKTYPax KBaHTa
cBeTa | MMeeT BHYTPU HUX BCIO UX OyIyILYIO CTPYKTYpY, KOTOPYIO OH Jajiee OyJeT, IBOITOLUOHUPYS,
packpbiBaTh B Martepuu B He4UTO Oosibliiee, 0 4YEM Mbl roBopuiv paHee. [lostomy B Marepun no6ast

CTpyKTypa a' B Gy/IyIeM MOKET CTaTh KEM YIOHO, KAK 3T0 OyJET YroHO KBAHTY cBeTa | prcyHKa 6.

o 1

ITonyuyennsle suHenHble yacTiibl DCH-E ypoBHA a' — 310 yxe Oosiee ClokHble CTPYKTYPHI,
HanpuMep Oynymux atoMoB. OHM MOKa €€ CBEPHYTH B JIMHUIO, HO 3[ECh YK€ MOIJIa YaCTUYHO
HAMETUTbCA MX Oyaylias CTpyKTypa. Tak 4To Bech TUIIMYECKUI MUP IJ1a3MEHHO-MUHEPAJIbHOM I1a-

HETHI — 3TO MpooOpa3, Ha ypoBHe yactull CH-E Marepun a%-al, Oymy1iel mIaHeTapHON CUCTEMBI.
ITO TOJBKO €€ rpyOblil TOYEYHO-TTMHEUHBIN T1a3MEHHO-MUHEPAILHBINA a0puC.
Tenepb HaM HY)KHO MOHSATSH, KyJa aeBaercs 1/4 yactb Mctunsbl, kKak onvcaHo B Begax?
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Kyna neBaercs Uctuna?

Kganr cBera 1, Hucxonsumii B Mareputo, oo1agaer Beeil nonHotor Victunbl. B HEM kaxnas
CTPYKTYpa, Jaxe HyJIeBOro YpOBHsI, oOnanaet Bcelt MictuHoi. OHM Bee CBSI3aHBI MEX Ty COOO0M 1 00pa-
3y1oT enuHyio Mctuny. Bee cTpykTypbl KBaHTa cBeTa | He oTaeneHbl OT VICTUHBI U CBSI3aHbI C HEWl.
Bragenue eil He 3aBUCUT OT YPOBHS CTPYKTYP 9TOr0 KBaHTa CBETA.

UroObl JTydille 9TO MOHATH, JaBalTe MPUBEIEM CUMBOIMYECKUN IPUMEP U3 HAlllell OOBIYHON
KU3HU, TOKA3BIBAIOIIKHI 3T0. Bo3bMEM 00BIYHOE 3epKaIO U MOCMOTPUMCS B HEr0. Mbl yBUIUM B HEM
CBOE MOJIHOE N300pakeHNe CO BCEMH MEJKUMHU JeTalsIMU. A Ternepb JaBaiTe pa3o0bEéM ero Ha MeJ-
KHe Kycouku. Ecii Mbl Terepb HAaYHEM CMOTPETbCS B HUX, TO B KaK/IOM KyCOUKe Mbl Oy/ieM BUIIETh
CBOE MOJIHOE U300pakeHHe CO BCEMU MEeJTKUMU AeTansiMu. TOYHO Tak ke v ¢ VICTUHOM B KBaHTe cBeTa

1: ecni MBI €€ pa3apoOKM /10 YPOBHSI, HAITPUMED, a’, To Kaxkas eqMHUIHAs CTPYKTypa OyaeT UMeTh
B cebe Bco McTrHy, BCE e€ «m300paxeHre», a He TOIBbKO KaKylo-TO €€ MaJIylo 4acTb.

Marepusi, npu OrpyKEHUU B HEE KBAHTA CBETA 1, KOMMUPYET €ro CTPYKTYpPbl, KOTOPbIE B HEW
yxe craHoBaTcs yactuiiamu DCH. Ho, B omimunm ot cTpyKTyp KBaHTa cBeta 1, yactuipl Martepuu
He umeloT B cebe Mctunbl. Ecin cHOBa 00paTuUThCs K CUMBOJMYECKOMY 3€pKaily, TO Tellepb B HEM
Y B €ro OCKOJIKax He OyAeT BUAHO BCE M300pakeHre CO BCeMU MEJIKUMU JIeTalsiMUA. B 3ToM 3epkaiie
0TOOpAa3ATCs TOJBKO Te CTPYKTYpbl MaTepuu, KOTOpbIe OHa TMOy4ryIa OT KBaHTa cBeTa 1.

CumBonumueckuil mpumep 3HaHus VctuHbl Matepueil MOXeT ObITh CIICTYIONUM: Harpumep,
eci pazopBaTh poTorpadrio Ha MHOXKECTBO YacTei, TO B KakXA0OW e€ JacTh OyJeT TONbKO 4YacThb
a0l (potorpacum, a He e€ nonHoe nzoopakenue. Touno tak u ¢ Ucrunoit B Marepuu. Eciu 310

oyner equauyHas yactuua DCH-E a’, 10 B Heit 0TOOpa3ATCA TOJBKO CTPYKTYPHI €€ YPOBHS, a HE BCA
HMcrrHa, Kak B TakO# ke CTPYKType KBaHTa cBeTa 1.

Hanpumep, Bcsa Mctrna pacniosiaraercs B KBaHTe cBeTa 1 110 BceM ypOBHAM OT a® noa**. B kax-
noii ero DCH Oynert Bcst MictrHa. Ha Beex ypoBHSIX M BO BceX CTPYKTYpax OHa OyJeT OJIHOM 1 TOH Ke.
[Tpu Hucxox1eHun kBaHTa cBeta 1 B Marepuio, OH B Hell 3epKajIbHO OMPOKUABIBAETCS U (POPMUPYET
KBaHT MaTepuu 1, Kak 3To nmoka3aHo Ha pucyHke 4. Eci kBaHT cBeta 1 nmeet B cebe nonHyio Mctuny
CO 3HAKOM ILTIOC, TO TIPU €€ ONMPOKUAbIBAHUM B KBaHTe MaTepuu 1 oHa craHoBUTCs1 VIcTUHOM €O 3HA-
koM MuHyc. OHa B Matepuu craHOBUTCs HeBeneHuem, Kak Obl oTpuliaTeibHoN VICTHHON.

Ecnm mbI Tenieps 6epém vactuisl Marepuu, To DCH ypoBHs a’ B ikie Carpsi-FOru yxe Oyaer

MMETh Kak Obl CBOE CAMHUYHOEC HEBCICHHUC. OCTaJIbHYIO yacth MICTUHBI OT al a0 a3+ 9Ta 4YaCTunla

noka uMethb He OyzaeT. Eciim Mpl B Matepun JjocturaeM ypoBHS 4acTuL, Hallpumep, a>*, Torna Mbl
OJTy4aeM IoJIHOe onpokuasiBanve Mcrunbl kBaHTa cBeta 1 B HeBenenue kBanta marepuu 1, 4ro
Y TIPUBOJMT €€ K IOJTHOMY 3aKPBITHIO B HEM.

Ecmm Mpl Ha (popMHpOBaHUE TUIA3MEHHOW IUIAHETHI 33J€MCTBOBAIM 1/4 4acTh BCeX YacTHIL
Adupa Marepuu, TO Ha TaKylo ke BeJIMUMHYy oHa notepsiet Mcruny. Jlesno B Tom, uyto yactuusl DCH-E

Marepuu, Harpumep, EAMHAYHOTO YPOBHS a’ OyILyT IMETh pa3yM TOJIBKO TOTO €JMHUYHOTO YPOBHSI.
Ecnu panee HyseBble YacTHIIBI 3HAIM BCIO McTHHY, TO OOpaTUBIIUCH B €IMHUYHbIE YaCTUIBI Marte-

puM OHU TepsioT e€ Ha 1/4 vacte, oOpamias e€ B HeBenenue. Eciin onvicath 3T0 CHMBOJIMYECKH, TO

MBI OyZieT UMeTh «4acTh (oTorpacdun» MaTepin TOIBKO 3TOTO €IMHUYHOTO YPOBHS a’ 1 He cmo-

JKeM B HEM YBUICTD e€ MmoJyiHoe 1/1306pa>1<eHI/Ie. T10 I/I306pa)KCHI/IC, CKOopee 6y,HCT IIOXOXKE Ha «IIATHaA»,

B KOTOPBIX MOXET BO3HUKHYTb, HAIIPUMEP, TOJIBKO I'PyOblil CUITY3T OyayILEero n300pakeHusl.
C nosiBneHMEeM HOBOW CTPYKTYpbl 4acTull Marepuu a%a', ma KOTOpBIE MPUIIJIOCh POBHO

1/4 gactp Beex yactunl Ddupa, MicTuHa 3aKphIBaeTCSl pOBHO Ha 3Ty ke BEJIMYMHY, 0Opaniasich MU

(3/4 Uctunsl u 1/4 Heenenus). Iomyuaercs, 4to HOBast CTPyKTypa al Marepuu He COOTBETCTBYET
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TAaKOM ke CTPYKTYype a! Boxecrsennoro Caera. OHa Kak Gbl «3aropaxuBaeT» co00i 4acTh VICTHHBI,
OIPOKU/IbIBAs €€ U JeJ1ast OTPULIATENIbHOM.

PaHee MBI yke TOBOPHIIM O 3€PKaJIbHOCTU CTPYKTYp Matepun OTHOCUTENIbHO CTPYKTYp boke-
crBeHHoro Ceeta. Bugumo oHa 1 mo3Bosisier onpokuHyTh VctrHy, myTéM oOparieHust B IpOTHBOIIO-

JIO)KHOCTb CTPYKTYP al Matepuu. OHu 3a6upatoT Ha ceOst 1/4 yactb sneprun boxectBenHoro Caera,
YTO MPENATCTBYET €0 MPOXOKAESHUIO Yepe3 HUX. DHEPrusi Kpyroopora Mex 1y boxxectBeHHbiM Ce-
ToM U Marepueil ymeHblaeTcsi 10 ypoBHs 3/4 OT Bcell CHJIbI KBaHTa cBeTa 1, YTO PaBHOCHIIBHO
YMEHBIIEHHUIO Ha BeJnunHy 1/4 ypoBHs VcTHUHBL

[epsbrii 1k 3Bomomy Catbsi-FOra ObUT HUKIIOM TOUYEUYHO-TMHEWHOM SBOMIOLUK HEKHX Tep-

BUYHBIX JIEMECHTAPHBIX YaCTHULL MaTepI/II/I. HCPBLIC «TOYKHN» 9(1)1/1[)8. aO 9BOIIOIUOHUPOBAJIA B MATEC-

pHaJIbHBIE «TUHUN» a'. DTOT LUK/ 3aKOHUNTCS TOYCUHO-TMHEAHBIMU CYIIECTBAMU Ha IUIa3MEH-
HOW TUTaHeTe BpeMeHH -T. Bes mpenonaraemast «kKu3Hb» Ha TUIA3MEHHOM TJTaHeTe Oy/IeT TaKou ke
TOYEYHO-JIMHEWHOM.

MBs! oncanu popmupoBanue B Marepun nepBoro TMIMYeCKoro Mupa MuHepaioB Ha ypoBHE
TOYEYHO-JIMHEHHBIX (DOPM U CYILECTB, OOJIaJAIONINX SHEPruel ria3Msl. Ternepb HaM HAMHOTO TPOIIE
OyleT MOHUMATh MPOIECCHl B OCTANBHBIX UKJIax Maxa-Oru.
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I'naBa 3. 9BoJIOIIMOHHBIE MPOIECCHI
CTAHOBJIEHU:A yacTull B MaTepuu

Harte matepuasibHOe BUIeHHE U BOOOpaKeHHE MOKA He MO3BOJISIET HaM B IOJTHOW Mepe MOHSIThH
WCTHHY TUIA3MEHHOH TUIaHeThl. MBI BUIUM €€ OMHOOOKO 1 TOJBKO CO CBOEH MaTepraIbHON CTOPOHBI,
Kak hopmupyemyio maHery. Ha camom fene, BC€ odcrout HamHOro cioxksee. OHa Oosee mpeJcTas-
JISieTCs HaM CI'YCTKOM 3HepreThyeckoil cuibl +E BHyTpeHHero Bpemenu +1 mupa Ilpocrpancrsa,
KOTOPBII MBI HE BUIUM M JaXe BOOOPA3UTh ceOe He MOXKEM.

CerofHst MBI BUIUM TUIA3MEHHBI MUp MuHEpaioB B cBOEM oObraHOM Mupe [IpocTpaHcTBa,

o o 1 o o
KakK OOBIYHBIA MaTe€pUuaibHbI MUP: MUHEPAJIbHAA ITOBEPXHOCTD IJIAHETHI 4 , 4 MO HEU CJIOU TIJIa3Mbl

a’. Tonbko oHu B mukie Kamn-F0ru yke CTaJli MPOCTPAHCTBEHHBIMU U MaTepUasIbHbIMU, NEepens
B HEro B IIPOIIECCe CTAHOBJIEHUS U3 BHYTpPEHHEro BpeMeHu mupa IIpocrpaHctBa. Mbl MX MoxeM
BUZETh 3[1€Ch, BO BHYTPEHHEM IIpocTpaHCcTBe Mupa [IpocTpaHcTBa, HO HE MOXEM BUJETh UX BO BHYT-
PEHHEM BPEMEHHU 3TOTO K€ MUPA. ITO ABE Pa3Hble IUNIOCKOCTU COCTOSAHUSA BHYTpH Mupa IIpocrpan-
CTBa.

MBbI cyMesTH MOHSATB, KK MOSIBUIUCH NIEPBbIE JTMHEWHBIE YACTULIBI al Matepuu DCH-E, kotopsie
MMEIOT OTHOLIEHUE K 7eKTpuueckoit cuiie +E. OHu npuHaaiexar Matepuu U sIBJISIIOTCS SHEPreTH-
YECKMMHU YaCTULIaMU BHYyTpeHHero BpeMeHH -1 mupa [IpocTpaHcTBa, KOTOpoe OHU caMu (hOPMUPYIOT
B 1ukJie Carbg-HOru. Mbl ke mpeacTaBisieM 3TOT TUMWYECKUI MUp MHHepasloB TOJIBKO CO CBOEH
IIPOCTPAHCTBEHHOI CTOPOHBI, KaK ero npoekuuio Ha Mup Ilpoctpancrsa. Tak Mbl ero 1 onuceiBaeMm.
KoHeuHO, MBI MOXXeM MOIBITAThCS OnucaTh (POPMUPOBAHUE TUIA3MEHHOM IUIAHETHl U3 BHYTPEHHETO
BpeMeHu mupa [IpocTpaHcTBa, HO JiesiaTh 9TOro He CTaHeM. DTO HaC OKOHYATENIbHO 3aIlyTaeT.

Tenepb HaM MPeJCTOUT MPOAOTKUTEH CBOE UCCIIe0BaHNE (DOPMUPOBAHUS YACTULL U IIaHETap-
HOH Matepuu B HOBOM LiuKJe Tpera-lOru, KoTopslil, Kak 0ObIYHO, HAUMHAETCS C HOBOT'O IEPEXOIHOTO

nepuoza a'*, oKa3aHHOM Ha pUCYHKE 6.

CtpykTypHbIi nepexoa B HOBbIN MK Tpera-FOrn

Hogwiii ikt Tpera-lOra HaunHaeTcs ¢ Bo3pacTaHus MarHUTHOM cuitbl +H 1 yObIBaHHEM 3J1eK-

Tpuueckout cuibl +E (pucyHOK 6). DTO MO3BOJISIET HAM FTOBOPUTH O TIEPEXOTHOM TEPUOJIE alt MEKITY
nukiamu Carpsi-lFOru u Tpera-lOru. B uém 3/4 vactuir CH-E BHyTpennero Bpemenu mupa [Ipo-
crpaHctBa 1UKJa Catbsa-FOru marautHoi cuor +H nocrenenno nepeojastcs B yactuisl DCH-H
npocrpancTBa LukJa Tpera-lOru. OHu cHOBa MEHSIOT CBOIO MOJISIPHOCTD.

Kaxk mbI onipegenmuce panee, 1/4 yactes snepreruyeckux yactur CH-E Bpemenu Tak 1 octa-
I0TCsI Ha BCE BpeMsl JICUCTBUS IeKTpudecKko cuibl +E B cocTaBe 11a3MeHHON 11aHeTsl. OHU yike
He OynyT Bxomuth B coctaB DCH-H, a Tak u ocraiorcs B Heit yactuniamu DCH-E Bpemenn ypoBHs

a-a nepBruyHO Marepun BpemeHH -T.

DnekTpuyeckasi cuna +E neficTByeT B mpoCcTpaHCTBe CBETIOH obnactu Ddupa JMHEHHO, a Mar-
HUTHasA cuia +H MMeeT II0CKOCTHOM XapaKTep U SABJISIETCS paCIIMPSAIOIIENCS CUIION, BPAILAIOLIENCS
BOKpYT cBoel ocH. B koHie 1ukiia Catbs-FOru Mbl noyyaeM Kak Obl HOBYIO «CBETSILIYIOCS 00aCThb»,
B KOTOpYIO BOUAYT 3/4 act «mmHUX» dactur, DCH-E, koTopble 1 00pa3yloT HOBYIO «CBETSIILY-
10cs1 00J1aCTh» KaK MPOJOJDKEHHE TUIa3MEHHOH IIaHeThl BpeMEHH, U TUIAHETY, B KOTOPOI OCTaHYTCS
1/4 gacTp 3THX YacTHIL.

Heno B ToM, uTO Bee 4/4 yactuny DCH-E okaxyTcs NPUTAHYTBIMHU 9TON IEKTPUYECKON CHIION
+E K nieHTpy cBeTsmerics obnacty, rae u popMupyeTcs IiIa3MeHHasl ianeTa. B kone mukiia Carbs-
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IOru Mbl mosydaem JI0BOJILHO OOJIBIIYIO TUIA3MEHHYIO TUIAHETY CO MHOTMMH «JIMIITHUMM» SJIeMEH-
TamMu, 3/4 4acTb KOTOPBIX AOJDKHBI OylyT mepeiTy B HOBbIM 1K Tpeta-tOru.

Ternepb, U3BJIEKas U3 ITOW OOJIACTHU «JIMIITHKUE» JIEMEHThI, MarHUTHAsI cuia +H, MeHss moss-
pusatmio 3/4 vactury DCH-E Bpemenn Ha DCH-H npoctpancTBa, Oyaer oOpa3oBbIBaTh B IIEHTPE
CHCTeMbl Kak Obl HOBBIN CJIOW 3TOM TulaHeThl. OH yke OyIeT UMeTh OTHOINEHUE K MPOCTPAHCTBY.
B nienTpe rutaneTsl HoBast MarHuTHas cuia +H HaunHaeT 0Opa3oBBIBATH HOBBI €€ CJIOH YiKe U3 CBOUX
yactull DCH-H. OHa ke packpy4nBaeT Ux B IUIOCKOCTb, @ BMECTE C HUMHM U IUIa3MEHHYIO IIJIaHeTy,
BHITATUBAs €€ B TJIOCKUM AUCK. OH, NOJ JENCTBUEM ITOU CHJIbI, HAUMHAET BPAIaThCsl BOKPYT CBOEH
ocu. JlaBaiiTe 3TO MOKakeM Ha pucyHke 14.

MnockocTHOM UMK Tpeta-Horu

NepBuyHan Bpawenue

I B nnanerss  [1NOCKOCHaA
MaTepus |a° >
b nnaHeTa

Bropu4yHan
0
Marepus|a™-a’-a’fp

PazpRaw BpaweHue
PAA i 5 - i
MarHWTHORN Hebo" CBETNO
CHABI ’ obnactu

Puc. 14

Ha pucynke 14 mMbl BUAUM, 4TO B LIEHTPE CUCTEMBI ykKe JIEHCTBYET MOJOKUTEIbHAS MATHUTHAS
cuina +H. OHa HauMHAEeT NPUTSTUBATH K ceOe OTpUIIaTe IbHbIE eJMHUYHbIe MarHUTHBIE YacTuipl DCH-
H, o6paménnsie u3 yactuir ICH-E. Dta cuna geiictByeT 3 nieHTpa cucteMbl. OHa jKe IPUTSTHBAET
Kk Hemy vactuiibl DCH-H, packpyuuBas v 4acTHIIbl, U TUIAHETY, UMH (DOPMUPYEMYIO, BOKPYT CBOEH
ocH. [110ckOoCTh NENCTBUSI MATHUTHOM CHITBI OTJIMYAETCS OT IJIOCKOCTH IJTa3MEHHOM TUIAHETHI U Oy/ieT
eil B3aMMHO-TIEPIIeHJUKYJISIPHOM.

[InaHera HauMHaeT TOW CHWJION pacKpyduBaThCcsl BOKpPYr cBoedd ocu. Ho oHa, Bpone Owl,
He MokeT packpyTuTh dactuibl DCH-E. Ona packpyumuBaer tospko vactuibl DCH-H. Koneuno,
TUIa3MeHHas TUIaHeTa He JOJDKHA Obl el Bpamatbest, Ho yacturibl DCH-E u vactuiel 9CH-H Haun-
HAIOT B3aMMOJIEHICTBOBATh MEX/Iy COOOM, KaK B3aMMOJECHUCTBYIOT MEXKIY COOOM JIeKTPOMarHUTHBIE
CUJIBL. DTO U 3aCTaBJISIET €€ HauaTh CBOE BpallleHUE.

Bokpyr miaHeThl CyliecTBYIOT MJIa3MEHHO-MUHEPAJIbHbIE JIMHENHBIE YaCTUIIbI ao—alnemeqHOﬁ
Marepuu. imeHHO OHM, HO HE Bce, O] IMCTBUEM KBaHTa CBeTa | 1 ero MarHUTHOM cuiibl +H Haum-

HAIOT PACKPBIBATLCA B YACTULIBI YPOBHSA CTPYKTYPBI a”. Ml IOJIy4aeM JOBOJIBHO MHTEPECHYIO Kap-
TUHY IPOLIECCa CTPYKTYPHOI'O 3BOJIIOLIMOHHOIO craHoBieHus. Ho mpexne, yem ero onucarb, Ham
HEOOXOIMMO ONpeeInThCs ¢ 0003HAUSHUSIMH YPOBHEH Martepuu.

Y nac eosnuxno npeononodcenue obosnauame Mamepuio no evlcuieil Cmenenu UMepeHus.

e¢ cmpyxmyp, Hanpumep, Mamepus a’ - smo oyoem Dgbup, oHa dnce ¢ YposHem CmpyKmypol al

OyOem nepeuuHol, ¢ YposHEM CIMpPYKMypbl a° — eMopuuHoil, a° — mpemuunoi, a® — wemeepuunoi
u m. 0. /lasaiime npumem 3mo obo3Hauerue CmpykmypHelx ceoticme Mamepuu npu anvHetiuem onu-
CaHUU HAWE20 UCCNE008AHUSI.

Ha pucynke 14 mbl «smnmHue» actuibl DCH-E (3/4 yactp yactuiy Matepun) 0003HaYMIN Kak

nepBUUHyI0 Martepuio ¢ ypoBHEM a%-al a caMy ILJIaHETY B €r0 LIEHTPe, y&Ke Kak BTOpuuHylo Marepuio
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C YPOBHEM a’. Sdup a’ y Hac OCTAa€Tcsl B COCTABE BBICIIUX CTPYKTYP, @ O HYJIEBBIX CTPYKTypax WA
YacTULAX Mbl IOKA BOOOILE MOkEM 3a0bITh, HACTOJIBKO OHU Oy/yT HYJIEBBIMU.

WTtak, Mbpl ©IMeeM MOCIIe10BATEIbHYIO SBOIIOLMIO IO PACKPBITHIO CTPYKTYP M OOPETEHUI0 UMU
CBOEro ypoBHs padyma. MaruutHas cuia +H npursarusaer k cede yactuupl DCH-H npoctpancTsa
nepBrUYHON Marepuu, nomydeHHsIx u3 e€ ke yactul] DCH-E Bpemenu. OHa mpocTo He MOXET Ipu-
TAHYTb K ceOe Apyroil Tl yactuil. Eciu Mbl MMeeM NocieaoBaTesbHYI0 SBOJIOLMIO YacTull, TOrAa

[0/ YAETCs, UTO TOUCUHO-TMHEHHbIE YACTHLIB 2°-a' [10CIICI0BATE BHO JOIKHBI IePEiiTH Ha e HOBBIL
ypoBeHb B ikl Tpera-tOru?

o . 1
NmeHnHO Tak u mpoucxonuT. JIMHElHble yYacTHIbl MEepBUYHOW Marepuu a , MOJNy4YeHHbIE
B 1ukJje Carbs-lOru, packpeiBaior U3 cedsi oj AeHCTBUEM KBaHTa CBETa | HOBBIN CTPYKTYPHBIH ypo-

BeHb yactull DCH-H npocrpancTBa aZ, camu niepexoisl Ha HETo, a €TUHUYHbBIE CTPYKTYPbl a’ pacKpsl-
BAIOT U3 Ce0s1 HOBBIE CTPYKTYPbI al, Takxe nepexozs Ha Hero. Enunnunsie yactunp DCH-H ypoBHs

a’, KOTOpbIE HE MMEePEXOSAT Ha HOBBII YPOBEHb, TOT/IA OKA3bIBAIOTCS] HA CAMOM HM3IIIEM CTPYKTYPHOM
YPOBHE, 3aIoJHSAs ero coOOH, Mepexois B MPOCTPaHCTBO. TOUHO Tak *ke, He BCe YaCTUIIbl YPOBHS

al NIEPEXOIAT Ha YPOBEHb a’. Bee 3/4 yactu wactur; SCH-E BpEeMeHHU NepBUYHON Martepun 06s13a-
TEJILHO NEPENAYT B IPOCTPAHCTBO, cTaHOBACH YacThuamu DCH-H Bropuunont Marepun.

IIpu cmeHe MOOBIX LMKJIOB BOJIIOLMU 00pa3yeTcss HEKUil CTPYKTYpPHBI CIABUI B YacTHUIIAX
Marepun B CTOpOHY BbIcIIel (Oojiee TOHKOM) CTPYKTyphl. B Hamem ciydyae TOYEUHO-JTMHEWHbIE

0,1 1.2

CTpyKTyphl Tpensiaymiero mukia Cares-lOrm a™-a' packpbiBailoT M3 ceOsi HOBBIE YPOBHU a -a°,
1

HO He BCe, YTO MO3BOJISET HU3IIMM YacTHLIAMH, HaIllpumep, a’ i a' ocraBarses B cBOMX YPOBHSIX

CTPYKTYP, He IIepexo/sl Ha e€ HOBBII ypoBeHb. Torna nosyyaercs, 4To OHU, OJHUMASCh Ha CIelyI0-

IIyI0 CTYTIeHb SBOJTIOINH, PACKPHIBAIOT B ce0e HOBBIE CTPYKTYPHI YPOBHEH a a2 (6BUTO ao-al). Bwmecre

1 o
C CAMHUYHBIMUA YaCTHULaMU aO " a , KOTOPbIC HE MNEPEHIJIM Ha HOBbIK YPOBCHb, OHU YK€ O6p3.3y10T

Goltee CIIOKHYIO CTPYKTYPY yKe U3 Tpéx ypoBHeii: a’-a'-a”.

1

Torpa Mbl onyyaem crienymoinyo GopMyly nepexona (a%a') + (a'-a?) =a’-a'-a%. B neit mbi

Bpoae Obl MOoJIydaeM YABOCHUEC YaCTHUIL al , HO, Ha CaMOM [I€JI€, YaCTb 9THUX YaCTUII IICPEXOJUT Ha ypO-

2
BeHb a°, (hOpPMUPYs €ro U TOTAa TAaKOro YBOEHUs He noiy4vaercs. Bropuunas Marepust umeeT oTHO-
IIEHUE TOJIbKO K BHYTPEHHEMY NMPOCTpaHCcTBY Mupa [IpocTpaHcTBa, B KOTOPOM M paboTaeT MarHuT-

Has cwia +H. Ona Bce 311 ypoBHU YacTull a’-al-a’ yXke OyJeT UMeTh IPOCTPAHCTBEHHBIMHU.

Ha pucynke 15 Mbl cXeMaTH4HO TOKa3aJIi MOAOOHBIN MPOIECC PACKPBITUSL CTPYKTYpP. 371ech
BoxectBeHHbli CBET pacKpbIBaeT CTPYKTYphl OT Oosbllield K MeHbller, a Matepus, Hao60poT, —
OT MeHblIIIel K Oonbieid. BoxectBenHbIi CBeT HUCXOAUT B Marepuio, a OHa BOCXOIUT K HEMY. DTOT

MPOLIECC PACKPBITHSI CTPYKTYP OCYILECTBIIsSIETCS MocieoBaresibHo. KoneuHo, Ha pucyHke 15 Boxke-

0

o 2 o
ctBeHHBIN CBer PaCKpPbIBACT CTPYKTYPHI OT 8.0 [0 a , HO B €Io ClIy4ac a — 3TO 6y,IlCT BBICIIIMHA €0U-

HUYHBIA YPOBEHb CTPYKTYPbI, KOTOPbII1 COOTBETCTBYET MaTepUaIbHOMY YPOBHIO a’B Marepuu. 910
U €CTh 3€pKAJIbHOCTh YPOBHS CTPYKTYp Mex 1y Matepueit u boxecrBeHHbIM CBETOM.

Brnaromapst marautHou cuine +H mpocTpaHcTBa, B IIEHTpe CBeTsIIeics oOnactu (majee
cucrtema) popMupyercsi BTOPOU TJIOCKOCTHOW CJIOW TIJIAHETHI C MPOCTPAHCTBEHHBIMU YaCTUILIAMU
SCH-H. DBoOIMOHHO MOJAHMMASICh HAa HOBBI YPOBEHb M3 BpeMEHU B (popMuUpyeMoe MpOCTpaH-
cTBO, uactuup! mukia Carbst-F0rn a’-a! cranosres B nukie Tpeta-lOru yxe npocTpaHCTBEHHBIMU

vyactuamu JCH -H yposusa a’-a'-a%, nogHumasce na OHY CTYIIEHb IO CTPYKTYPE BBILLE.
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PackpbiTue CTPYKTYp

[Nonyyaercs, uto B mukie Tpera-lOru Mbl Kak Obl MMeeM B SBOJIOLIMOHHOM CTAHOBJICHUM
TOJIBKO IIPOCTPAHCTBEHHYI0 BTOpruHyl0 Marepuio DCH-H ¢ TpoliHbIM ypOBHEM CTPYKTYpPBI a%-al-

a’. 3ech IUIasMa u MUHEPAJIbl MOJTHOCTHIO CTAHOBSITCS MPOCTPAHCTBEHHBIMU. MarnuTtHas cuia +H
yAepAKHBaET X, (POPMUPYS IUIOCKOCTHOM CJION IJIAHETHI, BpallAlOILEcsl BOKPYT CBOEI OCH, KOTOPBI
OKa3bIBAaeTCsl BHYTPU IIa3MEHHOTO ciiosi. [lepexoqut Ha 3ToT ypoBeHb u3 ukia Carbs-lOru Tonbko
3/4 yactu yactun DCH-E.

MBbI He JOJIKHBI 3a0bIBaTh, UTO IEKTpUYEcKas cuia +E KBaHTa cBeTa, AEHCTBYIOIIAs B LIUKJIE
Carps-10ru, ocraéres cymiecTBoBath B MaTtepun BO BpeMEHH, yAEPKUBasi B SHEPreTHUECKO TIaHeTe
ceon vactuipl DCH-E, koTopble 00pa3yloT e€ nepBblil SHEPreTUUECKMid cIoil. Mbl paHee cKa3al,
4TO OHa OyleT MMEeTh SHepruio 1/4 ot MoMHOI SHepruM KBaHTa cBeTa 1.

MarnautHast cuna +H mo3BosisieT MOMy4uTh ABOWHYIO TUIOCKYIO JMCKOIOAOOHYIO TUIAHETY,
cocTosNIyo U3 ciosi sHepreTnyeckux yactull DCH-E BpemMeHH U cliosi TPOCTPaHCTBEHHBIX Marte-
puanphbix yactun, DCH-H. Ona yxe Oyger cocTosTh M3 ABYX CJIOEB: MEPBbIH, MIA3MEHHO-MHHE-
paJbHBII criol BpeMeHu, oopazoBanHblil yactramu DCH-E, conepxut B cebe 1/4 vacth yacTuil
BpeMeHr Marepuu; BTOPOM, MJIOCKOCTHOHM CJIOM MPOCTpaHCTBa, 0Opa3oBaHHbIN yactuiiamu DCH-
H, moka OyzmeT comepxath B cebe 3/4 dactu Bcex yacTuil Matepuu. 3[1ech «JTMITHUMU» yxe Oyaer
2/4 vactu e€ yactui,. Oba cios OyayT CyIecTBOBATh BMECTe. DHEPreTUIeCKUil CJIo BpeMEHHU OKa-
XKETCs1 CHapy KU IJTAHETHI, KOO MarHUTHAS CHJIa ISHCTBYET U3 LIEHTPA CUCTEMBI, KaK Obl BHYTPH IJ1a3-
MEHHO-MHUHEPATIBHON IJIaHeThl. BHyTpH Heé Temmeparypa OyneT emé Oojiee TOHMKAThCS, YTO T03-

o 2
BOJIUT PACKPBITLCA HOBBIM IVIOCKOCTHBIM CTPYKTYpPaM BTOPUYHOU MaTepI/II/I a .

JMMHAMHMKA PACKPBITHS HOBBIX CTPYKTYP

B nepexognom nepuone mexay nukiaamu Catbs-I0ru u Tpera-tOru mbl npegnonaraem nepe-
xop yactull nepsuuHor Marepun DCH-E Bpemenu B yactuipl CH-H npoctpancrsa. Ilpu takom
Nepexoie Mbl MOAPA3yMEBAEM CTPYKTYPHBIM NOABEM NEPBUYHON Marepun Ha €€ BTOPUYHBIN ypo-

1+
B€Hb. JTO MpOUCXOOUT UMEHHO B 9TOM IIEPEXOAHOM IIEPUOAC a , HO Kak?
JleiCTBUTENIBHO BO3HUKAET BOMPOC, & KAK K€ MPOU30MIET CTPYKTYPHBIN MEPEX0] IEPBUYHON

Marepun a%-a! Ha ypOBeHb BTOp4HOW Marepuu a%-a'-a%? Kak wacruupl nepsu4HoOil Marepuu Bpe-
MeHHU OyJeT mpeoOpa3oBaHbl B YaCTUIIbI BTOPUYHON Matepun mpocTpaHcTBa?
Onextpuueckas cwia -E, yaepxuBabomas B cede vactuiiel niepeuynoit Marepun DCH-E,

B MEPEXOAHOM Iepuozie a'* nocrenenso yObIBaeT U B KoHle 1ukia Tpera-lOru mpocto nepecraér
cylecTBoBarh (pucyHokK 6). [Tpu 3ToM Bo3pacraeT HoBast MarHuTHasA cuja +H npocrpaHcTBa, KOTo-
past 3abupaet cebe ocBodokaomwmecs yactuipl CH-E Bpemenn, nepeopmatupys ux B 4aCTHIIBI
DCH-H mpocrpanctBa. OHM fajnee oOpa3yloT BTOPUUYHYI0 Matepuio MpOCTpaHCTBa HOBOTO IIMKJIA
Tpera-IOru.
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[Ipu cmene cun kBaHTa cBeTa | B CTPyKTypy Martepun o0si3aTesibHO 100aBIsAeTCs eIe OIHO
HoBoe u3MepeHue. Ero naér HoBas Hucxoismas cuia KBaHTa csera 1. B nukiie Tpera-lOru stoit
cusioit Oyaer ero HoBast MarHuTHas cuia +H. VimeHHo nipu niepexope vactull nepBuyHoi Marepru
Ha e€ HOBBII YPOBEHb, OHA JJOOABJISIET CBOE HOBOE U3MEPEHHE K CTPYKTYpaM e€ JacTHIl, TIepeBOJIsI UX
Ha ypoBeHb BTOpu4yHOW Marepun. Kak Mbl moHMMaeM, 3T0 aaxe Oojiee aBTOMATHUECKHIA MPOIIecc,
KOTOPBII BO3HMKAET IPU HUCXOXKJEHUU KBaHTa cBera 1 B Marepwuio.

MB!I 10110 JIOMaJIY TOJIOBY HaJl TEM, KaK 3TO POMCXOIUT, HO BCE k€ PELLIMIIU 3Ty 3a/1a4y U OTBE-
TWIA Ha 3TOT Borpoc. [eno B Tom, uto niepexon u3 BpeMeHu 1ukiaa Carbsa-lOru B nmpocTpaHcTBO
rukJia Tpera-lOru o6s13aTeIbHO TPOU30UIET, HO OH OYZIET «XUTPbIM» . MBI TIOJTy4aeM OTHOBPEMEHHO
Kak Obl JIBa CTPYKTYPHBIX YPOBHS pa3BeIEHHBIX MKy COOOM B 3TUX IUIOCKOCTSIX: TIepBUYHast Mare-

1 1.2
pua ao—a IJIOCKOCTU BPEMCHU ITUKJIA Catpa-10ru n BTOpHUYHAA MaTCpI/I}I ao—a -a IINIOCKOCTH IIPO-

crpaHcTBa 1MKJia Tpera-fOru. B nepexoqHom nepuoze a'* oHm OyIyT CyIIECTBOBATh OJIHOBPEMEHHO
Y Kak Obl €JHBIMH, YTO TIO3BOJISIET OCYIIECTBUTh TAKOM MEPEX0]] YaCTHUI] U3 BPEMEHHU B MPOCTPaH-

crBo. Ilnasmennas mianera a’-a’ BPEMEHHU TaK U OCTAETCs CYLIECTBOBATb CO CBOMUM TUITMYECKUM
MIpoM MuHepasioB, 3a6upast Ha ce0s1 1/4 yactb Bcex yactun Matepun. Ho k Heli 100aBisieTcst HOBBIN
CJION MPOCTPAHCTBEHHBIX YACTHUI] BTOPUYHON Martepum.

B sTOM nepexosHOM nepuose, Moj BO3IEHCTBUEM HOBOW MarHUTHOM cwiibl +H, nosBisercs

HOBasi IPOCTPAHCTBEHHAsl CTPYKTypa BTOpUYHOW Matepuu a%-a'-a%, KoTOopast (pOPMHUPYET HOBHIM

tunmveckuil mup Pacrenmii. B 1mukne Tpera-lOru mbl yxe nonydyaem JIBYXCIOHHYIO MPOCTpaH-

CTBEHHO-BPEMCECHHYIO TIVIAHCTY: HepBbeI CJION — 3TO SHCpFCTI/I‘ICCKI/Iﬁ CJION TIIa3MBI 8.0 U MUHEPAJIOB

al BpeMeHM nepBUYHON Marepun aal; BTOPOH — 3TO MaTe€pUaIbHBII CJION TUIA3MBbl a’, MUHEpaJIoB

al n pacTeHui a’ IIPOCTPAHCTBAa BTOPUYHOM Martepuu a%a'-a’ Bropoii cioil oka3biBaeTcs BHyTpU
IUIAaHEThl Ha €€ BHYTPEHHEN CTOpoHe, Onmke K e€ 1ieHTpy. Ha HéM u (popMupyercs npocTpaHCTBEH-
HBII TUIIMYECKUI MUp PacTenuid.

Kak ™Mbl moHMMaem, 3TOH HOBOW MarHuTHOU cuiionn +H kBaHT cBeT 1 packpbiBaeT B cebe

(B CBerte) u3 yacruil a’ yacTh HOBBIX CTPYKTYP a! ¥ 13 TMHEAHBIX CTPYKTYD a! — HoBbIe CTPYKTYPBI a2,

, 1
J0BOJIS UX JI0 YPOBHS IUIOCKOCTHBIX CTPYKTYP BTOpUYHOM Marepuu. YacTh 4acTull ypOBHS a%ua

OCTalOTCs PEXHUMHU, HO 00513aTe/IbHO MEPeXoasT B MpocTpaHcTBO. CHavasta BCE 3TO MPOUCXOIUT
BHYTPM KBaHTa cBeTa 1. be3 Hero aTot nporiecc nepexona OyaeT HeBo3MoskeH. [laee OH TpaHcaupyeT
3TU HOBbIE CTPYKTYphl B MaTtepuio BMecTe ¢ HOBOM MarHUTHOM cuiioit +H.

[Mukn Tpera-FOru nomyvaer oT KBaHTa cBeTa | HOBYIO BTOPUYHYIO CTPYKTYpy 4actul Mate-

pun a%-a'-a’. MarautHas cuta +H, nefictBys B Matepuu, 3a0upaet Ha ceOs1 B IIepexXOIHON TIepHOJT

u3 1ukiaa Catba-lOru 3/4 YacTi OCTaBIIMXCS YacTHIl MEpBUYHONM Matepuu W mpeodpasyeTr ux

n3 DCH-E Bpemenun B DCH-H npocrpancTtBa. OHa k€ pacKpbIBaeT B HUX HOBbIE CTPYKTYPBI a’.
Yactuue! neppuunon Marepun 9CH-H nonHumarorcs B cBOel CTPYKTYpe Ha OfIHY CTYIIEHb BBIIIIE

Ha ypOBEeHb YacTHILl BTopruHOi Matepun. Bece BMecTe oHM 00pa3yioT MOIHOCTHIO TPOCTPAHCTBEHHYIO

CTPYKTYpY 4acTull BTOpuuHOU Marepuu a%-a'-a’® tummueckoro mupa Pacrenwmii (riazma a°, mune-

paJibl al u pacTeHus a?).

Takoe onycaHue CTPYKTYpPHOIO Iiepexoja nepBUYHOi MaTtepuu Ha €€ HOBBIil BTOPUYHBII ypo-
BEHb HAc BIOJIHE ycTpauBaeT. TONBKO Tenepb HaM He HYXKHO 3a0biBaTh, 4TO B 1MKJe Catbsa-IOru
paHee OblTa chopMHpOBaHa TUIA3MEHHO-MUHEpaJIbHas TJIaHETa BPEMEHHU, KOTOpasi TaK U OCTAETCs
cyllecTBOBaTh. TOJIBKO TeNeph OHA OKAa3bIBAETCS, KAK 3TO HAMM IPEoJaraeTcsi, BHEIIHUM CJIOEM
ABOIHOM 1aHeThl. E€ BHYyTpeHHUM ciioeM OyzeT ciioil MaTepuasibHbix yactl DCH-H npocrpancTsa
BTOPUYHON Marepuu, Bpallalouics BOKPYT CBOEN OCH.

JaBaiite ogBenémM HeOOMBIION UTOT (POPMUPOBAHKS MAaTePUATIBHBIX YaCTHIl B IBYX INEPBbIX
ukiaax Maxa-IOru. Mrak, Mmakcumym MarauTHou cuitel -H B Havane nukna Carea-IOru popmupyer
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u3 Ddupa a’ CBETIYIO 00JIaCTh CHCTEMBI, BE/Ib OHA JIEUCTBYET Ha ypOBHe 4/4 sHepruu KBaHTa CBETa
1. Hanee B nukie Carbsa-Oru Bece yactuipl D¢urpa B NEepBblil NEPEXOAHON TIEPHOLL at NIEPEXOAAT
Ha ypoBeHb NlepBUYHONM Matepun a%-a BpeMmeHu. B konue nukia Carpg-I0ru, korna Bce yacTuipsl

NepelyI B MepBUYHYI0 MaTtepuio BpeMEeHH, HAuMHAETCSl HOBBIM MEPEXOJHON NepHOL alt MEXIy
mukiamu Catbsi-l0Oru u Tpera-lOru. Teneps kak TakoBoro D¢upa y Hac yxe Ooee CyIecTBOBaTh
He OyzeT, a mosiBiisieTcs: nepBryHasi Marepust, noinydeHHas B ke Carbsi-lOru, B KOTOpyIo cTpyK-

TYPHO M BOWIEN U DPUp, KaK eIUHUYHbIE YACTHILIBI a’. Best cBeTsmasics o6MacTh S¢upa B KOHILE
1ukia Carbs-FOru NoHOCTBIO NEPEXOUT B COCTAB IIa3MEHHO-MUHEPaIbHOM I1aHeThl. Ternepb oHa

Bcs1 Oynet o0agaTh ABOMHOW CTPYKTYpOM YacTHIl epBUYHON Martepuu a%-a! BpEMEHU. ITO UCXOJI-

HbII BApMAHT HavyaJla epPEeXoIHOro nepruoaa a]+, PUCYHOK 6.

C HayaJioM JIEMCTBUS MAarHUTHOM cuiibl +H «IniIHMe» yacTullpl IEPBUYHON MaTtepuu ¢ 3Tou
TUIaHEeThl TIEPEXOASAT B COCTaB BTOPUYHOM Martepuu, (popMuUpysi MPOCTPAHCTBEHHBIN MIOCKOCTHOM
CJION TUTaHeThl U Jenas e€ quckononodHoit. 3/4 yactun DCH-E mnockoct Bpemenu -T U3 1ukiia
Cartpa-IOru nepeBonsTcs B INIOCKOCTb MPOCTpaHCTBa -S nukia Tpera-lOru. BeiBoa MOxHO caenatb
TaKoOW, 4TO OcTaBIIMecs 1/4 dacTb yacTul] NepBUYHOM Matepuu IJIa3MEHHOM IIJIAHEThl HOBOM Mar-
HUTHOM cwiioi +H Hukak He 3arparuBaiorcsa. OHU Tak M OCTAIOTCS SHEPreTUYECKUMM YaCTUIIAMU

nepBuyHO Marepuu a%-al BpeMeHHU, (popMUpPys CBOH IJIa3MEHHO-MUHEPAJIbHBIN SHEPreTUUeCKUi
CJION TUIAHETBHI.

JaBaiite Ternepb opoOHee paccMoTpuM pusrdeckue mporecch IukiIa Tpera-tOru. Ero mar-
HUTHas cuia +H, Bpamasce B MIOCKOCTH JENCTBUS, (pOpMUPYET HOBBIN MaTepUaIbHBIN CJIOH Ij1a-
HETHI, coOupasi B Hero yactuibl BropuuHoii Marepuu DCH-H npoctpanctBa. OHa HaumHaeT pac-
KpY4MBaTh TUIA3MEHHYIO TUIAHETY BOKPYT CBOEH OCH, 00pa3yst BHYTpH He€, OMke K IEHTPY, OTKyAa
JEVCTBYET 3Ta CUJIa, HOBBIM CJIOW MPOCTPAHCTBEHHBIX YACTHII, BHITATUBASICH B INTIOCKUI «IUCK». Kak
MBI paHee OMpeesIIICh, BHYTPHU IJTAHETHI TEMIIEPATypa Cpesibl OyAeT HUXKe, YeM CHAPYXKHU ITaHETHI.
370 ¥ NMO3BOJISIET MPOCTpaHCTBeHHBIM YacTuiiaM YCH-H packpbiTh u3 cebst HOBBIN ypOBEHb CTPYK-
TYpBbl a’.

[Tnanera, BcE Oosiee pacKpyuuBasiCh, MOCTENIEHHO BBITATMBAETCA B IUIOCKUI JUCK, Bpallalo-
IIMICS BOKPYT CBOEH OCH M LIEHTPA CHCTEMBI, KOTOpbIE ITOKa COBMaAaioT. PopMupyemasi jiaHeTapHast
CHUCTEMa, NOKa3aHHAas Ha pUCYHKe 14, ocTa€rcs TO ke caMoil: B €€ LIEHTPe HaXOAUTCS IIOCKOCTHAs
IUIAaHETa, KOTOpasi MOCTENEHHO PacUIMpsIeTCsl B CBOMX MPOCTPAHCTBEHHBIX MapaMeTpax, Bpallasch
BOKpYT cBOel ocy; 2/4 yacty yactun nepsrnuHoil Marepun 9CH-H, koTopele e1E He BOILLIM B COCTaB
TUIAHETHI, 00pa3ysl HEeKyl0 OOJIACTh «JIMIIHMX 4YacTHil». OHM Takke pacKpy4yMBalOTCS MarHUTHOW
CHJIOM.

ITouemy mbI ocraBnsgem 2/4 vacte yactul DCH-H «mmHumm»? 10T BONPOC NpPEACTaBIseT
HEKOTOPYIO CJIOKHOCTb. MBI Iperosaraem, 4To ToJbKO 1/4 yacTh yacTuil OWAET Ha (popMUpOBaHue
IIPOCTPAHCTBEHHOTO CJI0A IJTAHETH, a 2/4 4yacTU YacTULl BTOPUYHON Matepun, KOTOpbIe OKa3bIBAIOTCS
Kak Obl «JIMIITHAMM», TIOKA BIIOJIHE MOTYT BXOIUTh B COCTaB IJIOCKOCTHOM I1aHeThl. OHK 00513aTeNIbHO
Oy/lyT IPUTSHYTHI K Heli MarHUTHOM cuyioi +H.

3/1ech Mbl MOKEM COCJIAaThCSl HA KBAHT CBeTa 1, KOTOPBIA CTPYKTYPHO OCYILLECTBIISIET TOT MPO-
tecc. K Tomy xke, 3aueM BHEIPST «JIUIIIHUE» JEMEHTHI B CTPYKTYpy M1aHeThl? VIX sIBHO Jydliie aep-
’KaTb BHE HOBOTO CJI0s TuiaHeThl. [TnaHeta oOnagaer cBoeil COOCTBEHHOM CTPYKTYpPOid, KOTOPYIO OHa
MIOCTENEHHO 3allONHsET Pa3HbIMU 0 CBOMCTBa yacTULaMu Matepun. «JIuiHue» 37eMeHThl B Heé
IIPOCTO HE CMOT'YT BOWTH. MBI IOCUMTAEM, YTO OHHM MOKA 00Pa3yIOT «JIOKHBII» CJIOH IJIAaHETHI.

A nHavane mukia Tpera-lOru, npu Bo3pacTaHMM MarHUTHOM CHJIBI MBI TIOJydaeM Kak Obl 1Ba
cios yactul, DCH: BHelHUI ¥ BHYTpeHHMI. BHemHuid coil 00pa3oBaH «JIMIIHUMUA» YacTULAMU
9CH-E, a Baytpennuii cinoit — DCH-H. U y Hac Bo3HuKaeT Borpoc, a koraa u rae yactuipl DCH-E
BpeMeHu nepexonAr B yactuusl DCH-H npocrpancrea?

54



I'. KpusenkoB. «VHTerpabHblil B3IJIAA HA 9BOMIOLMIO yestoBeka — II. YerBéproe uznanue»

SIBHO MarHuTHas cuiia +H He cMoskeT cpa3y ke JecTBoBaTh BO Beell cucreMe. OHa HaUMHAeT
JefCTBOBATh U3 e€ IIEHTPa, TIOCTETICHHO paciupsisich U BcE Oosee 3axBarbiBast yactui] JCH-E. Mei
MO’KEM IPEONOKUTD, YTO MOJTHAS IEPENOIIpU3aIMs ITUX YACTUL] MOKET OCYLIECTBIATHCS TOJIBKO
Ha rpaHulLIe AENCTBUSI MarHUTHOU cuiibl +H.

Bort 371ech 1 BO3HMKAIOT /1Ba CJI0S1 B CUCTEME: CJION NMEPBUYHON MaTtepru BpeMeHU U3 «JIUIII-
Hux» yactull DCH-E, KoTopblil UMeeT TeHIEHINIO K YMEHBIIIEHUIO0, 1 CJION BTOpuuHOM Matepuu rnpo-
CTPAHCTBA, KOTOPBIN pacimpsiercs, ooparias ux B yactuiipl mpocrpancrsa DCH-H. MarautHas cuia
+H nocrenenno npursner Bee yactuipl DCH-H npoctpancTBa yxe BTopuyHOil Marepuu B LIEHTP
CHUCTEMBI, TPOJIOIIKast HAPAIIMBATh CBOM MPOCTPAHCTBEHHBIN CJIOM MJIOCKOCTHOH TUIAHETHI, BCE Oonee
pacimpsisi €€ IpOCTPAHCTBEHHbIE MTapaMETPBbI.

2
37ech Mbl YK€ MOXEM TOBOPUTh O BTOPOM IIJIOCKOCTHOM M3MEpPEHUH CTPYKTyp Martepuu a”,
. o o 1 ..
KOTOpOE U JefaeT e€ BTOpuuHOi. [lepBoe JIMHeHOe n3MepeHne a Ja€T HaM JIEKTpUYecKas Cuia
o 1 o
+E 1 yxe cBo€ m3mepenue a  nobapiseT K Held MarautHas cuia +H. Kaxnas cuna mo6oro kBaHta

cBeTa J00ABNACT K CTPyKTypaM Matepun 1o ogHoMy m3Mepenmio a'. Ho oHa ke B KakIoM IHKIe

3akpbiBaeT no 1/4 vactu Mctunsl. B konue mukiia Tpeta-tOru yxe Oyner 3akpbito 2/4 yacti ICTUHBL.

1

o 1 2 o
COCI[I/IHCHI/IC HN3MCPEHUM OBYX CHJI KBaHTa CBE€TA 4 Xa =a [OacT HaM IIJIOCKOCTHOE U3MEPECHHE BTO-

puuHON Marepuun a. Bonbluero U3MepeHus B CTPYKTypax Marepuu B 3TOM LIMKJIE 9BOJIOLUN MBI
MOJTy4YUTh HE CMOKEM.
Tunmuecknii Mup Pactenuii OymeT MOTHOCTBIO IJIOCKOCTHBIM. OH Oynmer umerh B ceOe

TPU YPOBHSI MAaT€pUAIbHOW CTPYKTYpBhI a%-a'-a? NPOCTPaHCTBA -S, KOTOpoe oOpa3yeTcsi JacTu-
namu BropuuHoil Martepun DCH-H. [lapameTpsl npocTpaHcTBa JUCKONOIOOHOW IUTAHETHl OyayT
HAMHOTO OOJIBIIMMM, YeM MapaMeTpbl BpeMEHH IJIA3MEHHOTO CJIOSl TOYEYHOH TUIaHEeThl. DTO rOBO-
PUT HaM O IIOCTENIEHHOM HapalllMBaHUM POCTPAHCTBEHHO-BPEMEHHBIX I1apaMeTPOB KBaHTA MaTepUU
1 pucyHka 4.

ITnockocTHble (hOpMBI TUITUECKOTO MUpa PacTeHnii oOpeTaioT ypoBeHb pa3yMa BTOPOTo U3Me-

peHust a2, 410 MO3BONIAET UM yXe UMeTh Irpyoble MaTepraibHbie (POPMBI: TIOKA TOJIBKO MX «aOpHC»,

100 OoJiee TOHKUX CTPYKTYp B HUX eIE pacKkphito He Oynetr. Bropoe nsmepenne a’ OyIeT BBICIIUM
ypoBHeM pa3yma 3toro nukia Tpera-FOru. Temneparypa cpeabl popMUpyeMOl TIOCKOCTHOM Tia-
HETHl, B €€ LIeHTpe, B Havasle Lukia Tpera-Oru u, Tem 6osee, B €ro KOHLIE, KAK Mbl OIIMCAJIU paHee,
Oyner Bc€ Oosiee yMEHbILAThCS, YTO NMO3BOJISAET C(hOPMHUPOBATHCS MEPBBIM ATOMaM BOIOPO/IA.

®opmupoBaHue NePBbIX AaTOMOB

B Harem uccrienoBaHUM Mbl PENIVIIN CEPbE3HO OCTAHOBUTHLCS Ha BOMIPOCE 0OPa30BaHUs Tep-
BBIX aTOMHBIX CTPYKTyp. MMeHHo 1wk Tpera-lOru naér Ham nepBbie ra3o00pa3Hble CTPYKTYpHI
MaTepuaibHbIX (POPM, YTO YKa3bIBa€T HAM Ha CYIIECTBOBaHME B HEM rasa. JTUM IEPBbIM ra3oM
MOXET OBITh TOJIBKO BOJOPOJ, KaK CaMblii HU3IIUI 1 MPOCTOi meMeHT «[lepronuueckoit Tabmumipl
anemenToB [l. 1. MenneneeBa» (nanee Tadmura). OTKyga OH MOXeT BO3HUKHYThH?

Jleno B TOM, YTO B 3TOM IMKJIE MBI yXk€ MMeeT jABa pas3HbiX Tvna yactul, DCH-E Bpemenu
n DCH-H npocrpanctBa. OHU pacrosaraioTcsi B pa3HbIX IJIOCKOCTSIX U C JIPYT IPYTrOM Kak Obl HE KOH-
TakTUpyIoT. Ha camom fiesie MarHuTHasI cujla HUKAaK HE MOXKET CYIIECTBOBATh O€3 JEKTPUYECKOM
CUJTBI 1 HA0OOPOT. MBI HMKaK He MOXEM OTPHUIIATh OTCYTCTBUSI KAKOTO-JIMOO0 B3aMMOJEHCTBHS MEKTy
HUMHU. OHO SIBHO JJOJKHO CYIIECTBOBATD.

B Havaze mukiia Temrieparypa cpejibl enieé MoxeT OBbITh JIOBOJIBHO BBICOKOH, UTO HE MO3BOJISIET
9TUM ByM pa3HbiM TrnaM DCH momHocThio B3auMoeicTBoBaTh Mex Ly coOoil. 1o mMepe e€ nmonu-
JKEHUsI YacTUIB BcE OoJiee MPUTATUBAIOTCS APYT C APYTOM, UTO YBEJIMUYMBAET UX B3AUMHYIO CHITY
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NPUTSIKEHUS. YacTHIIBI OTHOM MOJSIPU3ALIIH MEKIAY COOOM HE MOTYT KOHTaKTUPOBATh, OTTAIKUBASICH
apyr ot apyra. OHM B3aMMOJEWCTBYIOT TOJIBKO C YaCTULIAMU JPYTOM MOJISPU3ALHH.

OnsTh e aTOMbI BOIOPOA HE MOT'YT BOHUKATh camu 1o cebe. OHU SIBHO CTPYKTYPHO COnep-
JKarcs B KBaHTe cBeTa 1. X0oTd 3TOT mpouecc X BOBHMKHOBEHU A MOXKET 6bITL IIOJIHOCTBIO aBTOMATU-
YECKUM, HO 9TOT aBTOMATH3M, OISITh ke, JIOJDKeH ObITh 3ayI0keH B HEM. Ham octaércest TonbKo mpe-
CTaBUTB ceOe, KaK BO3HHMKAET TIePBbI aTOM Bogopoaa?

Wrtak, cHauasa HaM HEOOXOOMMO BCIIOMHMTH, KaK YCTPOEH aToM Bopopona. TOJNBKO MBI €ro
OIMUIIIEM HEMHOI'O HE TaK, KaK €ro OlMChIBAET Hallla HayKa. MBI ero ornvcaHue rnpeacTaBuM Kak OIu-
canue qBoitHoi DCH [3], To ecTb aTOM BOIOpO/IA BKJIIOUAET B CBOM COCTaB JiBe pazHonossspHbix JCH:
9CH-H npocrpaHcTBa, Kak aToM IPOCTPaHCTBA (EKTPOoH U 1poToH) U DCH-E BpemeHnu, kak atom
BpeMeHU (HEUTPOH U ... ). [Tomyyaercs, 4To aToM BOJOPOa UMEET B CBOEM COCTABE JBA IJIOCKOCTHBIX
aToMa: aToM MPOCTPAHCTBA U aToM BpeMeHU. OHM pacronaralotcsi Mexy coOO B3aMMHO-TIEPIIeH-
IOUKYJsIpHO. [laBaiiTe 3T0 CXeMaTU4HO MOKaXeM Ha pucyHke 15a.

CTtpyKkTypa aToma BOAOpPOA3
IHEepPreTUYECKHA
HOHTAKT

ATom
BpEMEHMW
(HeUTpPOH + NO3MTPOH)

ATOoMm
NPOCTPaHCTBA
(NpOTOH + 3neKTpoH)

3CH -H 3CH -E
Puc. 15a

Ha pucynke 15a nokaszansl 1se 9CH, npoctpaHcTBa -S 1 BpeMeHu -T, B3auMOIeicTByOLIME
Mex Iy coOoit. IMeHHO oHU 00pa3yIoT MOJTHYI0 CTPYKTYpy atoMa Bogopona. lasaiire astu DCH wuccre-
ayeM Ooliee cepbE3HO, Kak 3TO ke cienaHo paHee [3]. Ham ocTaércst TONbKO MOBTOPUTH ITO OIMUCA-
HUE.

Urak, 9CH-H pga€r HaM npocTpaHCTBEHHYIO 4acTh aromMa Bojopoaa. OHa COCTOUT U3 TPEX
KBapKOB IIPOTOHA U OJIHOTO 371eKTpoHa. Toraa Mbl nonmyvyaeM nosnHyo crpykrypy DCH-H npocrpan-
CTBa, COCTOSIIIYIO U3 YETBIPEX MaJIbIX KPYI'OB, KOTOPbIE, KaK pa3, ¥ Jal0T HaM 3TU YEThIpe JIEMEHTa
aToMa BOJIOpOAA: TPU KBapKa IIPOTOHA U OJUH 3MEeKTPoH. A BOT co Broporl DCH-E Bpemenu y Hac
3TO HEMHOI'O HE TOJIyYaeTcsl.

Jleno B TOM, 4TO B aTOME BOJOPO/IA OCTAJICS TOJIBKO OJWUH HEUTPOH, KOTOPBIA COCTOUT U3 TPEX
KkBapkoB (Tpu Masblx Kpyra DCH-E). Ognoro kBapka, Kak 3J€KTpOHa B aTOMe ITPOCTPaHCTBa, HaM
31ech SIBHO He XBaTaeT. Ho Mbl He cTaHeM HafieAThCsl Ha HayKy U camu 100aBuM B 3Ty DCH-E noszu-
TPOH, 3epKaJIbHBIN 71eKTpoHy. Ternepb 31a DCH-E Oyaer momHOCTHIO 3epKabHON U TOXAECTBEHHOU
10 cBoeM cTpyKType npocrpaHcTBeHHo DCH-H. Ha nx 3epkanbHOM TOXJIECTBE Mbl U OCHOBBIBAEM
00s13aTe/IbHOE TIPUCYTCTBUE TIO3UTPOHA B aTOME BOIOPO/IA.

Jlesio B TOM, YTO MO3UTPOH, KaK OBICTPO JIBUraloIIasicsi 4acTULla BPEMEHM, BIIOJHE MOXKET
OBbITh HE 3aMeUeHA HAIIMMU TIPOCTPAHCTBEHHBIMU MprOOpaMu. Mbl IOHaZieeMcsl Ha 3TO U BBEJEM e€
B coctaB DCH-E Bpemenu, 4yto0bl 0Ha cTajia nonHocteio 3epkaibHoil DCH-H npoctpancty. Toraa
y Hac TYT ke BCE BCTAE€T HAa CBOU MECTA, U MbI TYT ke nonydaem Bropyto DCH-E c yeTsipbms 211eMeH-
TaMy (MaJIbIMM KpyraMu): Tpy KBapKa HEMTpoHa U OuH No3uTpoH. Ha pucynke 15 a mMbl nokazanu
UX B3aUMOJEWCTBUE JIPYT C JPYTOM.
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Korga temmieparypa cpeabl yMEHbIIAETCS, TO 9TO B3aUMOJEWUCTBHE CTAaHOBHUTHCS emié Oolee
NoMHBIM. MBI He CTaHeM 37ech pa3dupaTh YpOBEHb CTPYKTYP 3TOTO aTOMa U €ro CTPYKTYPHYIO Ieo-
meTputo. OH SIBHO JOJIKEH, CTPYKTYPHO, OIlepekarh BOJIONUI0O caMoro 1ukia Tpera-tOru tunm-
yeckoro mupa Pacrenuii. Ham HUYero He octaércs, Kak NMPUHSATH TaKOUW mporiecc (popMupoBaHus
CaMoro MepBoro aToma BoJopoaa. Bo3HUKaeT Bompoc, a Kak ke Toraa oopasyercs, HapuMep, aToM
renus?

Atom reus Bkimodaet B ceOe yxke detbipe DCH. Ecnu pricyHOK 15a yIBOWTE, TO MBI TIOTy4IUM
aToM resivst. TO TOBOPUT HAM O TOM, UYTO JIBa aTOMa BOJOPO/A BIIOJIHE MOTYT, IIPY OOJIBIIIEM CKATUH,
1aTh OOUH aToM reus. Toabko Ui 3Toro enié Oosee Hy’KHO TOHU3UTH TEMIIEPATypy CPelibl U e
TUIOTHEE CKaTh YaCTHIIBI BTOpUYHOM Marepuu Mexay coooid. Torma oH cMOXeT 3/1ech 00pa30BaThCs.
YUroOBl MONYYUTh CIIEAYIOMUI 7eMEeHT TaOMUIbl HY’)KHO JOOABUThH €IIE OAWH TaKOW pUCYHOK 15a
u T. 1. [lomyyaercst, 94to atoM Bogoposa OyleT SBIAThCS OCHOBHOM YacTHIIEH BTOPUYHON Matepuu

2

YPOBHS CTPYKTYpbI a°.
JlaBaiiTe moka Ha STOM OCTaHOBUMCs. MBI yke BIJIOTHYIO IOIOLUTN K OKOHYaHMIO 1KKJIa Tperta-
IOru. OH 1o3BOJIMIT HaM TOJTYYUTh B CBOMX CTPYKTypax BTOPOE U3MEPEHUE pa3yMa U CTPYKTYp BTO-

puaHOi Matepun a2, ClIeJaB MX IUIOCKOCTHBIMH 1 BpallAlOIIMMUCS BOKPYT CBOEW OCH.

Oxonuanue mukjaa Tpera-IOra

Hakonen-to Mbl joOpanuch 10 okoH4YaHus 1nukiaa Tpera-tOru. «BeiTsruBaercsi» B MIOCKOCT-

HOU JHUCK BECb TUITAYECKUI MHUp MI/IHCpaJ'IOB, INOCTENEHHO ITOIJ10maACh IMJIOCKOCTHBIM THUITMYECKUM

0

mupoM Pacrenuii. JIuneliHas CTpyKTypa nepBu4YHO Martepuu ctaporo Mupa BpeMeHH! a -a! npeoo-

. 1
pasyercs B IJIOCKOCTHYIO, TPOCTPAHCTBEHHYIO, BTOPUUHYI0 Matepuio HoBoro mupa Pactenuit al-al-

a2, OHa CTAHOBUTCS! ABOHHOIT: ra3000pa3HoOM a’u J1a3MEHHO-MUHEPAIbHOM a%al.

Ecnu BHUMaTEIbHO OCMOTPETh HAa PUCYHOK 14, TO MOKHO YBUJETh, YTO TOJBKO Kpal JAWCKa
TUIA3MEHHOH TUIaHeThI OM30K K 0071acTi nepBudHON Marepuu, emg He Bomeuryio B Hero. [loimyya-
eTCs1, YTO OH 3HAUMTENILHO OOJIee pa3orpeBaeTcs, YeM BHYTPEHHUH LIEHTP AUCKOOOPA3HOH IIaHETHI.

IIna3zma ao, CKOpEE BCETO, 6yneT CyHIECTBOBATH TOJIBKO CHAPYKHN ILPICKOO6P3.3HOIZ IJIaHETbI, MUHEPAJIbI

al OKaXKyTCsl Ha €€ BHYTPEHHEH CTOpPOHe, a ra3000pa3Has cpena a’ oOpazyercsi e BHyTpU He€, (pop-
MUpYs «He00», TIie TeMIlepaTypa Cpelibl sIBHO JOJIKHA ObITh emE Hrke. Toraa rmiaHera y Hac Kak Obl
MOJTyYaeTcsi «BOTHyTasi» ¢ HeOecamu BHYTpH He€. JKM3Hb TUIOCKOCTHBIX CYIIECTB 3/1€Ch MPOXOAUT
HE CHapyH, a BHYTPH IUIaHEThl. MbI IOKa OCTaBUM 3TOT BbIBOJL U IOCMOTPUM Ha TO, KaK «BOTHYTasI»
TUIAaHeTa TIPEBPATUTCS 1ajiee B «BBITYKIIYI0», BE[Jb Mbl CETO/IHSI IMEEM €€ TaKOBO.

EmE MoXHO mpeArnonokuTh, YTO HAIIM PACTUTENIBHBIE MPEIKH MMETH ra3000pasHble Tea
Y KWIM B ra3000pa3HOM IUIOCKOCTHOM THNUYecKkoM mupe Pactenuit. Ix pasym yxe cran Oonee
COBEPLIEHHBIM OTHOCUTEJIBHO pa3yMa MUHEpasoB. Ero ypoBeHb MOAHSIICSA IO TOYEYHO-JIMHEWHO-

2
IUIOCKOCTHOTO pa3yMa BTOpOro uamepeHusi a“. OH BKJIIOYaeT B ceOe BCE TPU YPOBHS pa3yMHBIX CTPYK-

Typ a-a'-a%, Kak nokasaHo Ha pucyke 15.

ITOT MJIOCKOCTHOM MUpP OYEHb XOPOIIO BUJCH Ha TpUMEpPe COBPEMEHHBIX pacTeHuil. OHU
UMEIOT CTeONM B BUJIE JIMHWM, a JIUCThA B BHJE TIOCKOcTel. Ho maxke ux creOu co3ianbl U3 TpyooK,
KOTOpbIE €CTh HM YTO MHOE, KaK TUIOCKOCTH, CBEPHYTHIE B TPyOKy. PacTeHus mo cBoeil cTpyKType
TMOJTYYaI0TCS TMOTHOCTBIO JTMHEHHO-TIJIOCKOCTHBIMU.

CylecTByeT CHMBOJIMYECKUI U Jake PeaibHbIi pUMep To0OHON ra3000pa3HON ITMBIIIN3A-
un. Eciiu mocMoTpets Ha Haiie oOblYHOe He0O, TO MBI B HEM YBUJIUM OOJIaKa, KOTOpPbIE W SIBJISI-
0TCSI TPEJCTABUTENISIMU TOH JAIEKOHN LIMBIITU3AIIMY Ta3000pa3HbIX CyIIeCcTB. TONBKO TOrIa OHU ObLIH
TJIOCKUMH, 2 He 00BEMHBIMU, KaK y HAC cerofHs. 7K13Hb MJIOCKOCTHBIX CYITIECTB ObLIa IIOTOOHOM VM.
O0maka MOTYT pOK/IaThCs, PACTH, COSAUHSATLCS U 0OPa30BBIBATH OOJIBIINE «Teja», MOIJIONIaTh cede

57



['. KpusenikoB. «/HTErpabHbIA B3I Ha 9BOMONMIO YeoBeka — [I. YerBéproe nznanve»

MOIOOHBIX, yMUpPaTh. HO MBI €I1€ He BUANM caM BO3JIyX, a 3TO yKe ra3oo0pa3Hasi cpefa OOMTaHMUSI.
MBbi 1ake MOXEM TPEAIONOKUTh, YTO ra3000pa3HbIe CYIIeCTBa MOTYT YIIPABJIATh yparaHoM, Taidy-
HOM, Oypeii, TPOCTBIM BETPOM WJIH, BOOOITIE, OT/IBIXaTh HE MIEBEJISACH.

ITo Mepe ocThIBaHUS TIAHETHI 3TH Ta3000pa3HbIe CYIIECTBA, BCE OoJiee MOMOTHSISACh HOBBIMU

97IEMEHTAMH a°, CTAHOBSITCS GoJIee TSKETBIMIA. OHU JaJIee TIOCTETIEHHO OITyCKAIOTCS K MMHEPAJIbHOU
MIOBEPXHOCTH IUIAHETHI, KOTOpasi BCE OOJiee OCTHIBAET, IIe U «ITyCKAl0T KOPHW», IPEeBpaIlasich B 1ep-
BbI€ pacTEHUS.

JaBaiiTe 1 3/1€Ch ONpe/IeIUMCS: Mbl ke MMEeM I1a3MEHHO-MUHEPAJIbHYIO IIJIAHETY BPEMEHH,
oOpa3oBaHHYI0 dKJIeKTHYecKoit cuioi +E B ke Catbs-10ru; B ukiie Tpera-tOru Mel yxke nmeem

TPU YPOBHS POCTPAHCTBEHHOM CTPYKTYPBbI a%-a'-a% uro TOBOPUT HaM O TOM, UYTO 3TU MaTepHaJb-
HbIEe YPOBHH 00pa3yIoT yXke CBOIO TIa3My a’, cBom MUHEpPAJIbI al u opmupytor pusnyeckyio popmy

pacteHuit a’.

HHaBMeHHO-MI/IHGPEUIbHaH IJIaHETAa, KaK MbI OIPEAC/ININCDG pPaHEE, MOIYYacTCA Y HAC JBYX-

0

o o o o 1 o o 1
CJIOMHOM: O[IUH €€ CJION a -a IMPUHALJIC)KUT BPEMEHU, a IPYyrou CJIon ao—a — [IPOCTPAHCTBY. Pacre-

HUs1 a2 [OMYYAI0TCS B 9TOM LIKJIE TONBKO IPOCTPAHCTBEHHBIMH. OHH «IIPOPACTAIOT» TOMIBKO HA [IPO-
CTPaHCTBEHHOM CJIO€ 3TOM I1a3MEHHO-MUHEPaJIbHOM T1aHeThl. CTpyKTypa (hopMUpYyeMOil KBAHTOM
cBera | TutaHeTsl Hac BCE Oosiee u OoJiee yaUBIIseT.

Bo3MOXHO, IMEHHO 371€Ch BO3HUKJIM MEPBbIE PACTUTENbHBIE (POPMBI C TA3000pa3HBIMU CTEO-
JSIMU 1 OoJiee «TBEPIBIMU» KOPHSIMU, KOTOPBIE TIPOHUKJIA BHYTPh MUHEPATLHOM MOBEPXHOCTH OCTHI-
BaloIlel ra3MeHHo TutaHeThl. [loctenenHo, Kk KoHiy mukiaa Tpera-HOru, arperatHoe cocrosiHue
TUIOCKOCTHBIX Ta3000pa3HbIX YaCTHIl MOIJIO U3MEHUTHCsL. MBI TIpeAnonaraeM 37ech MosiBJIeHHe nep-
BBIX aTOMOB BOJIOPOJIa U Tejvsl, KaKk OMUCcaHo Hamu paHee. B konue mmkiia Tpera-lOru u B Havane

CJIEIYIOIIErO MePEeXOIHOro Mepruoaa a* cTano BO3MOKHBIM MposiBJICHUE OoJiee CJIOKHBIX AaTOMHBIX
9JIEMEHTOB. DTH HOBBIE YK€ OOBEMHBIE «TBEPIbIC» YACTHIIBI, OTJIMYHBIC OT rasa, jajee oO0pa3yoT
MUHEPAJIBHYIO CYIIy U BoAHble MOps. OHM ke MMOCTENEHHO HAUYMHAIOT BXOIUTh U B CTPYKTYpPY pac-
TUTEJIBHBIX (DOPM.

DTO MPEANONOKEHUE O MOCIEJOBATENLHON IBOMIOUUN CTPYKTYP JIEMEHTOB Marepuu, KOTo-
past OyzeT uaTH napajienbHo oOimel 3Bosory COMHEYHOH CUCTEMBI, MOXET OBITh BEPHBIM, €CITH
WCXOJIUTb U3 IEHCTBUS OMpeNeNIEHHBIX CUIT B IIMKJIaX. JlaBaiite monpoOyeM oKa3aTh MPaBUIbHOCTD
3TOro MpeAroJIoKeHus], AJIsl Yero npuBeaéM omnucanve popMmupoBaHus BeeneHHOH, 1aHHOE B pas-
nene «Kocmonorus» [5]:

«Cnycmsi 3 MUHYmMul nocae Hauana pacuuperust memnepamypa 6o Beeaennoii
Ynana npumMepHo 00 MUNAUAPOA 2pAdycos, U CIANU NPOUCXOOUMb SIOEPHbBIE PeaKUUU
00BeOUHEHUsL NPOMOHO8 U HEMPOHO8 8 siope amomos zeausi. B peayavmame nocae
5 munym pacuupenusi naazma Beenenrnoii cocmosina na 30% u3 s.0ep amomoa 2enust
u Ha 70% u3 si0ep amomos 6000poda. Aoeprvie peakuui K 3mMomy 8pemeHu 3amyx.nu,
U XUMUUECKULL COCMAB NAA3MbL OCIAANCS, HEUSMEHHBIM C NeX Nop, 6N10Mb 00 HAULe20
6PEMEHU» .

KoneuHo, 3T0 TOJIbKO NpeanonokeHus, yrBepkIEHHbIE Hallel Haykoil. Ho uto Ham ermié Hajgo
TSI TOKA3aTeNIbCTBA OIMTUCAHHOTO HaMu ra3000pasHoro 1ukia Tpera-l0ra? Tonbko Bpems SBOMIOUM
TaM yKa3aHo He BepHO. He Morm Tak ObICTPO HauaThCs siiepHbIe peakiuy ¢ BOSHUKHOBEHUEM SIIep
aTOMOB Boiopofa ¥ refust. i 3Toro TpeOoBaIMCh MIJUTMOHBI JIET 9BOJIONNH, YTO OATBEPKAACTCS
aasee.

«Cnycmst Munauon nem memnepamypa e€ (naazmvl) Yynana NPUMEPHO

00 4000 K. B smy 3noxy npouzouino npegpauierue naa3mvl 8 HelmpanvHblil 23 —

INEKMPOHBL 3AX6AMBIBANC AMOMHBIMU S0pamu... [Jo smoeo nepuoda, naazma

OblLAa HENPO3PAUHASL ONsl PeAUKMo8o2o uzayuenus. [locae pexombunayuu 2az cman
58



['. KpusenikoB. «/HTErpabHbIA B3I Ha 9BOMONMIO YeoBeka — [I. YerBéproe nznanve»

npo3pavHsim. ... oaenerue 6 Henp03palm0ﬁ naasme meuwano cunam mseomeHus
co6upamb eeulecmeo 6 omoenvHble ccycmeku u 06p(1306bl€61mb omoenvHble meaa u ux
CUCnemsl».

[IpakTryecku onsATh MOJHOE MOATBEPKACHUE HAIIMX Ipeanonoxenuid. Ilocne miazmeHHOro
Mupa 00pazoBajics ra3000pa3HbIil MUP, a €r0 HEMPO3PaYHOCTh B HAYAJIbHBII MOMEHT TOBOPHT O TOM,
4TO Jajiee IIa ero peKoMOMHAIMS MoJ CTPYKTYphl KBaHTa cBeta 1. Ilocne pekomOMHaimum ra3o-
oOpa3Horo mupa B KoHIe 1ukia Tpera-FOru, Korma Bce CTPYKTYphl B Fa30BOU [TUBUIIM3AIIUM pac-
CTaBJISUIUCh 110 CBOMM MECTaM, MPOU30ILIO €I0 OYMILEHNUE OT «IPA3HBIX» U HETATUBHBIX CTPYKTYP.
Toraa n HayaaM (OpMUPOBATLCS «MAJICHbKUE EpBOHAYaJIbHbIE CTYLIEHUs» B Martepuu 11 cneny-
roero nukJa. [lomyyaercs, 4yTo, B 4aCTHOCTH, (PU3MKA U KU3Hb UIEHTUYHBL. PaccMaTpuBarh (pU3HKY
1 JKU3Hb OTJEJIBbHO HEJb34.

Oo6parrMcsi CHOBa K TOMY € UCTOUHHKY, TJie TOBOPHUTCS O Haie [anaktuke:

«... Hawa I'anakmuka npedcmaensiem co6oli OUCKONOO0OHOe 00pazosarie,
ymoauaroweecsi K ueHmpy. Imom OUCK HEOOHOPOOEH: OH UMeen CRUPAAbHYHO
CMpYKmypy U 8pauiaemcsi ¢ NEPeMEeHHOL Yen080l CKOpocmbvio, Oonvuieli
8 UEHMPANLHBIX 001ACMSX OUCKA, MeHbUell HA e20 nepudbepui.

...lanakmuky modxcHo paccmampueamv KAk O4eHb pAa3PsHCEHHblL 2da3,
8 KOMOpPOM PONb MONEKYN UZPAarom 36¢30bl.

...Mup 2anaxmuk 6o Bcenernnoii 0080nvHo paznoobpazen. Takux eanrakmuk,
Kak Hawa (cnupanvhvix), npuoausumenvto 80%...»

JuckooOpas3Hast hopma 1 ra3000pa3HOE COCTOSTHHE TPUCYTCTBYIOT U B ONTUCAHUU [ aJlakTHKY.
ITO ONMUCaHUe HATAJIKMBAET HAC Ha OMpeNesIEHHYI0 MBIC/Ib: a 4To, eciy HUKJIbl Maxa-FOru pacro-
JIaraioTcsl He TOJIBbKO BHYTPHU HAIIMX 7-MU ypoBHE# 3Bomolu COTHEYHOUM CUCTEMBI, HO U «Iapajl-
JensHO» MM B KocMoce Beenennon?

TosnbKO Ha HETO MBI OTBETHUM ITO3IHEE.

Oo0bémuas nuBuian3anus nukJia /Isanmapa-IOra

[TnockoctHas nuBmm3anms nukia Tpera-lOra u Bropuunas Marepusi moMOITIM HaM HalTH
Y TIPENONIOKUTh HOBbIE 3aKOHOMEPHOCTH BOJIIOLIMM HE TOJIBKO BHYTPH HEE, HO M CHApykH, HA CEMU
r1aHeTapHbIX ypoBHsX [1]. [IBa nepBbix mukiaa Maxa-FOru no3ponwiv HaMm ONpeaeuThCs B TOM,
yro Marepusi MocjieioBaTeIbHO OT LMKJIa K LMKJTy HapalllMBaeT CBOIO ITyOMHY B CTPYKTYpax ¢opm
Y YPOBHSIX I3MEPEHUI1 B padyme cyiuecTB. JInHeika riryOuHbI CTPYKTYp YacTul] Matepuu rosnyvaercs
CJIEIYIOIIEH:

— 0 — N3navansHOEe BeltiecTBo;

— a° — euHnYHas, ToueuHas CTpyKTypa Ddupa (ruazma);

—a! - nuneitnas CTpyKTypa nepsuuHoit Matepuu, uuki Carbsi-FOra (MuHepasibl);

— a% — IocKoCTHAS CTpyKTypa BropuuHor Marepuu, 1iuki Tpeta-lOra (pacrenus).

OHna no3BoJIsSieT HaM OIpPeAeIUTh 3aKOHOMEPHOCTH CTPYKTYpUpOBaHUsl MaTtepun B IIUKJIaX e€
9BOJIOLMUA. MBI BUJUM, UTO CTENEHb €€ U3MEPEeHUI OT LIMKJIA K IUKJTY [MOCTOSIHHO PAcTET Ha OJIHY
€IMHUILY. DTO MO3BOJISIET HAM CIIOKOMHO MPEIONIOKUTh CIIEIYIONUe CTPYKTYPhl IBYX OCTaBIIMXCS
k0B Maxa-IOrn.

JlaBaiite, 4TOOHI emg Oosee yOeIUThCs B 9TOM, MEPEeHIEM K CIEAyIIeMy TPETheMy ITUKITY

HBanapa-tOru. Hac B 3TOM 1MKJIE yKe OKMAAET TpeTUuHasl CTpyKTypa Marepun a>. EcrectenHo,

o o 24 o
CHa4aJla BOBHUKACT HOBbIM IIEPEXOJHOU IIEPHUOL A . OH no3BOJISET BTOPUYHOU MaTepI/II/I IMpOCTpaH-
CTBa Hepef/iTI/I Ha YpOBEHb TpeTI/I‘IHOfI MaTepI/II/I BpEMCHMU. OnaTb Hac OXNOaeT CMEHA IJIOCKOCTEN
COCTOAHUA MUDPa HpOCTpaHCTBa KBaHTa cBeTa 1.
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Tperuit ik [panapa-lOra siBHO Oyner packpbiBath B cebe 00bEMHBIE CTPYKTYPbl BpEMEHH

C U3MepeHneM a>. 1o yke OyzieT ypoBeHb TpeTHuHOi Matepru a%a'-a’a’. Iukn HBanapa-tOru —

9TO IMKJI TUITUYECKOrO 0OBEMHOTO MUpa BUTAJIBHBIX (KUBOTHBIX) CyIIECTB. B cOOTBETCTBIY CTPYK-
TypO¥ KBaHTa cBeTa | pucyHka 6 OH MpOXOAMT BO BpeMeHu Mupa [IpocTpancTBa nmpu padoTe ero yiex-
Tpuueckoil cuisl -E. Tlpesxze, yem HayaTh €ro onvcaHue, HaM HeOOXOMMO OIPENEIUThCs C OKOH-

yanueM nukia Tpera-lOru u Hayanom nepexonHoro nepuoaa a’".

o )

B ero Havasie Mbl UMeeM IJIOCKOCTHBIE YaCTHILIbl BTOPUYHOU Matepun a%-a'-a® u mockocrHbIe
pactutenbHble (POPMbI Ha TUIOCKOM AMCKOINOAOOHOM IIaHeTe, MOKa3aHHOU Ha pucyHke 14. B atom
IMKJIE OHA OOpeJa IJIOCKOCTHBIE ra3000pa3Hble (hOPMBI M TAKOW Ke THIMUYecKuid Mup Pactenmii.

Iepexonnoii nepron a’t k uukiy [IBanapa-lOra BpemeHu OTKpbIBaeT NEPCIEKTUBY JIs1 OSIBICHUS

OOBEMHBIX CTPYKTYP a’.
Crnenyromii MaTeMaTU4eCKUA CUMBOJI, MITYLIHI 32 IJIOCKOCTBIO, — 3TO 00BEMHOE U3MEpEeHre

YPOBHA a>. TII0oCKOCTHAS! LIMBIIM3ALMS PacTeHuit u3 BTOpUYHON Marepum 3akaHuYMBaeT CBOE CyIIle-
CTBOBaHME M JIOJKHA MOSIBUTHCS HOBASl LMBIIM3AIMsI OOBEMHOTO KHUBOTHOTO MHpa BPEeMEHHU Tpe-
tyHON Matepuu. Ecim Mbl ripecTaBuM cebe MUp AMHO3aBPOB, TO OH SIBHO OyZeT CHJIbHO OOBEM-
HBIM, CYs I10 UX OFPOMHBIM U CUJIBHO pa3fyThiM (hOpMaMm.

KBanr cBera 1 npozpomxkaer cBo€ HUCXOKAeHUE B MaTepuio (pUCYHOK 6) U Ha MECTO MarHUT-
HOM crutbl +H CHOBa PUXOIUT MeKTpUYecKast Cujla, TONBKO OHa yxe OyaeT orpuriarenbHou -E. Mbl
noyyaeM HOBbIH UK [Banapa-kOru, o0pa3oBaHHbIH 3JIeKTprUecKoit ciitoll -E, koTopast yxe nveer
OTHOILICHUE K BPEMEHH, a He MPOCTPAHCTBY, KaknM ObLT UK Tpera-l0ru.

o 24 ©
Ilepexonnoi neprog a~ HaYMHAETCA ¢ MAKCUMyMa MarHUTHOU cviibl +H 1 MuHEMYyMa a51ek-
Tprueckou cuibl -E (pucyHok 6). 1/4 wacte yactui BTopuuHor Marepun 0cTa€rcs B COCTaBE JUCKO-

MOI00HOM TUIAHETHI BO BTOPOM €€ Clloe, a 2/4 «JIUIIHUe» 4acTh a%-a'-a’ B 91OM NIEPEXOIHOM IEepH-

2+
o€ a  TOCTCIIEHHO IEPEXOIAT B INIOCKOCTh BPEMCEHMU. OHM cHOBa PACKPBIBAIOTCA B CBOUX TOHKHUX
CTPYKTYpPax, YBEJIMUMBAas CBOM CTPYKTYPHBI YPOBEHb HA OJJHO U3MEPEHHUE.

CHOBa BO3HUKAET mpouecce rnepexoaa U3 miIoCKOCTU MPOCTPAHCTBA B TNIOCKOCTb BPEMCEHMU. 910

IIPOUCXOAUT B 9TOM IEPEXOAHOM MEPUOLIE a”*. B HéM uacTuipl BropuuHoil Marepun 9CH-H npo-

CTpPaHCTBa CTaHOBATCA yacThliamu TpetuyHol Matepun DCH+E Bpemenu. VX cTpyKkTypbl U3 Mate-

o o 1
PHUAJIBHBIX CHOBA CTAHOBATCA SHCPIrUC€HU BPEMEHU, NIEPEXOAA HAa YPOBCHb TPETUYHOU MaTCpI/II/I ao—a -

2.3
a“-a’.

B nwmkne [panapa-FOrm Mbl mosyyaéM HOBBIM, TPETHI SHEPrEeTUYECKUN CJIOM IIJ1aHETh
a’, yacThibl KOTOPOro TNpHHAIeKaT BpeMeHH. [laBaiite 0003HAYMM TOTyYEHHBIE CIIOW TUIAHETHI

10 YPOBHSAM UX CTPYKTYpHI M THITy Matepuu:
— IlepBblii 0¥ — MJIA3MEHHO-MHUHEPAJIbHBINA C YPOBHEM CTPYKTYPbl SHEPTETHUECKUX YACTHUL]

al-a! OTPHLIATENILHOIO BpeMeHH - T, nepBuuHas Marepusi.
— Bropoii cioii — 11a3MeHHO-MUHEPaJIbHO-PACTUTENbHBII, C YPOBHEM CTPYKTYPBl MaTepHaJIb-

1.2
HBIX 4aCTHUIl ao—a -4 OTpULATEJIBHOTI'O IIPOCTPAHCTBA —S, BTOPpUYHAA MaTepI/IH.

— Tperuil cnoll, MiIa3MeHHO-MUHEPaIbHO-PACTUTENBHO-KMBOTHBII, C YPOBHEM CTPYKTYPHI

SHEpPreTUYeCKUX YacTHUIl a%-a'-a%-a® nonoxurensroro BpemeHnu +T, Tpetnunas Marepusi.

B mukiie [Iganapa-tOru sanekrpuueckas cuna -E HaurHaeT npuTaruBaTh K IMCKOOOPa3HOM I1a-

HeTe 13 00JIACTH «JIMIIHUX» YyacTull equHuaHbsie CH-H Bropuunoii Matepuu, nepeBojis ux U3 mpo-

CTPaHCTBa B IUNIOCKOCTb BpeMeHU. 2/4 yactul] BropuuyHoit Marepun DCH-H nepexoasT B HOBBII LIUKJI

HBanapa-tOru. dto no3ponser nonyuuts BropuuHylo Marepuio DCH+E Bpemenu. 1/4 e€ yactun
9CH-H ocraércst B mpoCTpaHCTBE B COCTaBE BTOPOTO CJIOSI TUIAHETHI.

Hanee mporiecc padotsl ¢ Marepueii OyaeT aHaJOrd4eH MpeapaymuM ukiam Maxa-lO0ru.

2/4 yactuy BTOpuuHON Martepun nepexonsT Ha HOBbIY YPOBEHb CTPYKTYPBI M CTAHOBATCS TPETUUHOM
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Marepueid. 9To O3BOJIAET NMOTYYUTH MOJIHYIO CTPYKTYpy MUpa JKUBOTHBIX a%a'-a%-a’. Tomsko 3mech
€CTh OJIHA OCOOEHHOCTb B TOM, YTO 3TOT LIMKJ MPOXOAUT B IJIOCKOCTH BPEMEHH, a HE B INIOCKOCTU
npocrpadcTBa Mupa [IpocrpancTBa. Bo Bpemenu popMupyercsi TOIbKO BUTaJIbHAs CUJIA, KaK SHEp-
I'Uisl, KOTOpasi MO3BOJISAET YaCTH BBICUIMM PaCTEHUSAM HavaTh ABUIaThCs, TPAHC(OPMUPYS UX B )KUBOT-
HBIX.

Iepexon yacTui M3 IPOCTPAHCTBA BO BPeMsI BOZMOXEH TOJIBKO Yepe3 TpaHc(opMalUIo Mpo-
CTPAHCTBEHHBIX MaTepUAJIbHBIX (POpPM B 3Heprernyeckue (popMbl BpeMeHU. Mbl 3TOT 3HepreTuye-
CKMI1 MUD Jae Mpe/ICTaBUTh cede He MokeM. Ho Hallle rccinejoBaHue NPUBOJUT HAC UMEHHO K HEMY.
KBaHT cBeta 1, XOTUM MBI 3TOTO WJIM HE XOTHM, NEPEBOAUT MPOCTPAHCTBEHHBIN MEPUOJ IEHCTBUS
MarHuTHo# cuiiel +H B mepros BpeMeHH, KOTOpbIil 00eCreunBaeTcs ero JeKTpruueckoi cuiion -E.
JaBaite paccMOTpuM €€ nercTBue B ke JIpanapa-fOru.

EcrectBeHHO, aekTpuyeckas cuia -E MoxkeT B3auMOJeCTBOBATh TOJIBKO C JIEKTPUYECKOM
cuioil +E, kotopas panee copMupoBasa IIa3MEHHO-MUHEpaJIbHYIO IJ1aHeTy. E€ ciioil muiaHeTsl

COCTOMT U3 NepBUYHON Martepuu a%-a'! 9CH-E, KOTOpPBIX OHA K cebe nputsiHyaa. HoBast anekTpuue-
ckas cuia -E Kak Obl JeHCTBYET M3 LIEHTPa CUCTEMbI, KOTOPBIN MMOKA OKa3bIBAETCSl ABOMHBIM. DTO
MIPUBOJIUT K BBHITAJIKMBAHUIO TUIAHETHI, coiepxkatiyio B cede yactuibl DCH-E nepsuunoit Marepun,
U3 LIEHTpa CUCTEMBI K €€ Kpalo, YTO Pa3BOAMT JIBa IEHTPA CUCTEMBI APYT OT Apyra.

BHyTpu 1muiaHeTsl, BTOpOM LIEHTpE, TaK ke AEUCTBYET 3Ta cuia. Mbl IPUXOIUM K TOMY, UTO
BHYTPH TUIAHETHI JIOJKHA JISHCTBOBATh 1/4 dacthb 31oi cvitsl -E, a emé 1/4 e€ yactsb OymyT AeHCTBO-
BaTh CHAPY’ KM IJIAHETHI B IIEPBOM LIEHTPE CUCTEMBI. [leficTBUE /eKTpuyecKkoi cuibl -E BHYTpU mia-
HETHl IPUBOUT K TOMY, UTO OHa «pasmayBaercs» B map. Yactuupsl DCH-E BbITanKuBaloTCs 3TOM

o o o 2
CUJION U3 €€ LEHTpA, YTO U NPHUBOOUT K <<pa36YXaHI/IIO>> miaHeTsl. 13 I[I/ICKOHOIIO6HOI/I a  IIJIaHETa

CTAaHOBHUTCS MIAPOOOPA3HOU a’. BHyTpH rianeTsl 00pasyercs MmycroTa.

[Tnanera yxe craner uMmets Tpu ciosi: 1Ba BHyTpeHHUX (DCH-E u 9CH-H) u ogun — BHel-
Huil (9CH+E). K BHyTpeHHnM ciosim Mbl MoxkeM oTHecTH nepBblii DCH-E u Bropoi cion 9CH-H
IUIAaHETH, @ K BHEIIIHEMY CJIOI0 — HOBBIW, TPETHI c10i U3 3Hepretndeckux yactul DCH+E tperny-
Hoii Marepuu, popM M CyILLIECTB TUIMUYECKOTO MHUpa ’KMBOTHBIX. DBOMIOLIMS TENEPb MPOAOIKAETCS
B IUIOCKOCTH BPEMEHH.

OpnHoBpeMeHHO, 1/4 JacTb 37eKTpruiecKol cuitbl -E NeiicTBYeT B IGHTPE CUCTEMBI, BBITAJIKUBAS
9Ty IJIaHETy U3 e€ IeHTpa Ha Oyayiryo opouty. B aToM ke anextpudeckas cuia -E Oyger Bo3-
JEMCTBOBATh HA BCIO TUIOCKOCTHYIO MaTE€pUIO U €€ YacTHIIbl, «pa3ayBasi» BCE MJIOCKOCTHbIE (hOPMBI
BTOpPUYHOW Matepun B 00bEMHBIE CTPYKTYpPbI TPETUYHOW Matepui.

BekTop HanpaBneHus e€ neiictBus Oyner oOpaTHbIM snekTpudeckon cuie +E mukia Carbs-
IOru. Drta cuna, HaoOopoT, AedicTByeT He Ha mputsikeHue dactun, DCH-E Kk meHTpy riaHeTsl,
a Ha OTTAJIKMUBAHUE U paclivpeHue u3 Hero. OHa, IefCTBYSl BHYTPU BCeX (POPM U CYIIECTB IIIOCKOCT-
HOT'O MHpa, PaCIIMpsIeT MX U MpeBpaliaeT B 00bEMHbIE (hopMbl TpeTnuHOi Matepun. Ho 310 mpouc-
XOIMT HE BO BCeX €€ (hopMax M CYIIECTBAX, @ TOJIbKO BHYTPHU TeX, B KOTOPbIX CBETOM pacKpbIBAIOTCS
HOBBIe 00BbEMHBIE CTPYKTYphl. He Bce pacTutesnbHble (POPMBI CTAHOBATCS )KUBOTHBIMU.

KoneuHo, 3T0T nporecc pacimpenusi IpoUCcXOAUT rocTeneHHo. B koHue nukia [Isanapa-l0ru
oOpasyeTcs mapooOpasHasi IJIaHeTa, KOTopas 3aHUMaeT CBOE MeCTo Ha OyayIed opouTe, HO KOTO-
pas 1o Hey noka He Bpaiuaercs. [lnaHera Meer OTpuLATENBHBINA IEKTpUYECKU 3apsf -E, urto
Y BHITAJIKMBAET €€ U3 IIeHTpa JEUCTBUS EKTPUIECKOU CHJTbl -E K Kpaio CUCTeMBbI, Ha CBOIO OYIYIIyIO
opOuTy. DnekTpuieckas cuia -E eiicTByeT TonbKo JuHerHo. [aneta mpogomkaeT Bpalarbes, pac-
KpyuYeHHast MarHUTHOM cujioi +H, moka Toibko BOKpyT cBoe ocu. JlaBaiite 3TOT mporiecc n3oopa-
3UM Ha pUcyHke 16.
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ObvémHbln uuKn feanapa-tOra
(Mup BpemeHn)

BropuyHan E R TS
i Ll ConHue
% wome |
CBOEH OCH +E
[MnaHeTa
CACTEMBI™
CeeTawanca TpeTuuHan
obBnacTb

Matepusa
’-al.a’a’| BbiTankueanme

Ha pucynke 16 mMbl BuimmM okonvanue 1uk;ia Ipamapa-tOru. [llapoodpa3Hast riaHeTa BHITOJK-
HyTa Ha CBOIO OpPOMTY, TI0 KOTOPOH TIOKa He Bparaercs. B meHTpe cucTeMbl JeHCTBYET JIeKTpHUe-
ckas cwia -E, kotopas nputsarusaet k cede yacturipl JCH+E Broprunoi Marepun. B sTOM 1ukIte
oopasyetcst Conniie, 160 1/4 gactb €€ yacTuil OyeT MPUTAHYTH K IIEHTPY CHCTEMBI, @ BTOpasi 4acThb
yacTuIl — K rianere. OHu o0pasyioT e€ Tpetuii cioid YCH+E tpernunoit Matepuu Bpemenu. OH yxe
oOpa3zyeTcsi CHapy K1 TUIAHETHI.

Ileso B TOM, 4TO B NEPBBIX IBYX IMkaax Maxa-FOru Bce dactuipl MaTtepuu pacnonarajivch
BOKpYT LIeHTpa cucTeMbl. IMEHHO MO3TOMY OHM C KaXIOH HOBOW CHJION HAIOJHSUIM 4YacTUIAMU
BHyTpeHHHE cJiou Ti1aHeThl. B rukie [IBanapa-FOru yactuiiel BroppyHoi Marepun HaxonsTcs B €€
IIEHTpe, KOTOPbII YK€ OKa3bIBAeTCSl CHAPYKM IUIAHETHI, a He BHYTPHU He€, Kak 3TO ObLJIO paHee.
1/4 gactp yactri DCH+E unér Ha (hoopMrpoBaHre BHEIITHETO SHEPTETUUECKOTO CJIOS TIIAHETHI, a JIPY-
rast 1/4 gactb €€ yacTuil OCTa€rcs B IEHTPE, CTAHOBSCH « COTHIIEM>.

Tenepb Mbl MOJTyyaeM TPEXCIOMHYIO IIJIaHETY, TPUYEM, JIBa CIIOSI TJIa3Mbl, COCTOSIIIMX U3 Pa3-
Honosipabix DCH Bpemenu OymyT Kak Obl IPHKAMATBCS APYT K JIPYTY, HO MX CHIIBI OyIeT pa3HOHa-
MPABJIEHHBIMU, KaK 3TO MOKA3aHO HA MPaBOW 4acTU pUCyHKa 16.

Yactuel 9CH-E u 9CH+E mexy coboit KOHTaKTUpoBaTh He OymyT. OHM MMEIOT pa3HbIe
3HAKOBbIE COCTOSIHMSI CBOMX IJIOCKOCTEH, TO €CThb OHU HAXOMASTCSl B Pa3HbIX IUIOCKOCTSIX BpPEMEHU
mupa [IpoctpancTsa. OHU ObI IOJDKHBI K APYT IPYTY MPUTSHYTHCS, HO 3TOTO HEe TIPOM30MAET. Mex 1y
HUMH OyJIET CYIIIECTBOBATh «IIPOMACTh>», KOTOPYIO OHH, UMesl pa3HbIe TUIOCKOCTU COCTOSTHUM, IEPEUTH
HE CMOT'YT.

Wrak, kBaHT cBeTa 1 packpbiBaeT U3 ceOsi HOBBIN YPOBEHDb CTPYKTYP YaCTHUI] TPETHUHOM Mate-
U, HO PACKPBIBAET UX YK€ B INIOCKOCTH BpeMeHH + T, koTopasi (popMHUpyeTCs IMEKTPUIECKON CHIION
-E, nytém nputskenus yactunl Bropuddont Marepun DCH+E k 1rianeTe v K eHTpy cucteMbl. Mbl
MoJTy4aeM nepexoj Tunudeckoro Mupa Pacrenuit BropuuHoi Matepun IpoCcTpaHCTBA B TUITMYECKUIA
mup KuBOTHBIX TpeTnyHOil Matepuu BpemeHu. Ternepb Bce 3TU «JIMIIHKUE» IEMEHTb Matepuu
(2/4 vactn) mukia Tperta-FOru nepexonsaT B IIOCKOCTh BPEMEHU U CTAHOBSITCS YK€ €r0 YaCTUIIAMM.

B stoMm 1ukiie Bo3Hukaet CorHile, KOTOpoe NepeaeT IaHeTe, OCPEACTBOM SHEPreTUIeCKon
CBs13M ¢ He, 1/4 vactb yactur DCH+E Tpernuynoit Marepuu. bes Takoi mepeiaun 4acTuil TPETUYHON

Marepun ot ConHila K TuiaHete, oOpa3oBaHue e€ HOBOTO CJIosl OyieT HeBO3MOXHO. Terephb riryonHa

CTPYKTYP TUIIMUYECKOTO MHUpa KMBOTHBIX CTAHOBUTCS OOBEMHOI Ha yPOBHE a’.

HaBaiite cHoBa BepHEMCs K VcTtuHe. Bo BHeIIHEM cJl0€ IUIaHETHI, MMOCAe OKOHYAHUS IUKJIa
JBanapa-tOru u ero oOpa3zoBaHusi, CYIIECTBYET OCTATOK «JIMIITHUX» YACTHUI] TPETUYHOW Martepuu,
KOTOpbIY paBeH 1/4 yacTul oT 001Iero KoauyecTBa e€ yacTuil. VICTUHBI B KOHIIE 9TOTO LIUKJIa OCTaETCs
POBHO cTobKO *ke. [Tomydaercs, uto Mctuny 1 TpeTndHyio Matepuio MOKHO OTOXIECTBUTh, MO0 OHA
MOJTHOCTBIO 3aBUCUT OT KosmuecTBa «JmmHux» DCH+E B cucreme. B konie nukia JIsanapa-lOru
Tonbko 1/4 wacts yactun DCH+E oka3biBaloTCs 3a€iCTBOBAaHHBIMUM B (DOPMUPOBAHUM ILUIAHETHI,
HO B IIGHTpe CUCTeMBI elE ocTaneTcs 1/4 yacthb OT Beex yacTuil Martepun, kotopbie OynyT ConHiieM
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IUTsI 3TOM TuTaHeThl. «JIumHss» 1/4 yacth yactur Tpernadoit Matepuu DCH+E OynyT ganee oopa-

+
LIEHBI B HOBOM IIEPEXOIHOM IIEPUOLE a’ pUCyHKa 6.
Toraa 3/4 wactu Martepuu, KoTopble yxke nepeiui u3 uukiaa Tpera-lOru B tunueckut Mup

JKMBOTHBIX, CTAaHOBATCS TPETUYHOW Matepuell 1 oOpeTaioT B HEel BUTAIBHBINA pa3yM YpOBHS a’.
Ato BeleT K norepu Mctunsl B KoHIle 1ukia Ipanapa-FOru Ha Takylo ke BelW4yuHy, Ha 3/4 yactb
oT He€. McTuHa, OT IMKJIA K LUKy, IOCTENIEHHO 3aKPBIBAETCS, 4 YPOBEHb pa3dymMa MaTe€pHUasIbHBIX
(opm u cyiecTB Bo3pacraer.

Ha pucynke 16 ¢ nmpaBoil CTOpOHBI MbI TTOKa3au (hopMUpyeMylo TulaHeTy B pa3pese. E€ BHel-
HUI C/IOW Kak pa3 oOpa3oBaiu 4yacTuisl TpetuuHor Matepun DCH+E npu nomorm snekTpuye-
ckoit cuitbl -E, koTOopast padotaer ¢ HUIMH Ha IPUTSKEHUE B CTOPOHY IIeHTpa. E€ BHYTpEeHHIO CTO-
pony oOpasytor yactuisl Marepuu DCH-E. OHu, rpr IOMOIIH STOH ke JEKTPUIeCKO CUJIbI -E,
paboTaIOT Ha pacUIMpeHre Yepe3 OTTAIKMBAHUE UX OT IIeHTpa IUlaHeThl. MBI ToJTy4aeM BCTPEYHOe
neuicTBue 3TuX AByX ekTpuieckux JCH BpeMeHu, KoTopbie (POPMUPYET TOHKYIO SHEPreTUYECKYIO
MOBEPXHOCTD YK€ ITyCTOTEJION IJIaHETHI.

[1nanera Teneppb OKa3pIBaeTCs JBOMHOW, MMEIOIIEH KaK BHELIHIOW, TAK M BHYTPEHHIOIO MOBEPX-
Hoctu. Ecnu B34TH U1 mpuMepa TutaHeTy 3emJlsi, TO OHa OyleT aHaJOTMYHOHM 10 CBOEMY CTpOe-
Huto [3]. C HayaioM JAENCTBUS MEKTPUUYECKON CUilbl -E B LIEHTpe CUCTEMBI CIIOW OTpULIATEIbHBIX
yactull DCH-E muiaHeTs!, NPUTSAHYTHIX paHee MOJIOKUTENbHOM 1eKTpUuUueckol cuiioil +E B 1ukie
Carps-I0ru, Kak Obl «pa3ayBaeTcsi» OT €€ BHYTPEHHETO IIEHTPa U TOTOB PasJieTeThCs Ha OT/ebHbIe
yacTuisl o0patHo B Kocmoc. Be€ tak Obl M IpOM30IILI0, HO 3Ta Xke cuia -E HauMHaeT mpuTSIruBaTh
K ceOe u3 BropuuHoit Marepun yactuipl DCH+E, koTopble ycTpeMIIsioTcs K IUIaHeTe U MPUTSITH-
BaloTCcs K €€ ueHTpy. MimenHo onu He natot yactuuam JCH-E nokuHyTh muiaHeTy, ypaBHOBEIIM-
Bas ux. Ecim vactunpl DCH-E Boitankusaiorces cunoit -E, To yactuupsl DCH+E eii nputsarusatorcs
00paTHO, 4TO U (POPMHUPYET TOHKUI CJIOW U3 ITHX JBYX THUIIOB YACTHII, KAK 9TO MOKA3aHO B MPaBO
yactu pucyHka 16. Yactuiel mianetsl DCH-H mnoka octatotest Ha tutaHete 6e3 IBHXeHus1, (PopMu-
py# B cBsizke ¢ yactuiaMmu DCH-E BHyTpeHHI010 TOBEpXHOCTD TU1aHeThl. Ha Hux 31a anekrpuueckas
cuna -E Hukak He Bnusiet. [Tnanera, 6iarogapst MarHuTHOM custe +H, mpoorskaeT Bpammarbesi BOKpYT
CBOEH OCH.

OTtkyna Bo3nukaet CoJHie?

¥V Hac BO3HMKJIa MHTEPECHAS CUTYals B OIIMCaHNWY 9BOMIOLMH B LKJIe [IBanapa-IOru: nmMeHHO
3nech, o Kuwre, nomxHo BO3HMKHYTh CosHie. MeXaHuW3M €ro nosBJIECHUS Mbl YK€ YaCTHYHO
onucany, rae 1/4 Jactb OoTpuLATENbHOW JEKTPUYECKON cuibl -E, KoTopast JeiCTBYET B LIEHTpE
cuctemsl, mputarusaet k cede yactuil YCH+E, kotopeie 1 oOpa3zyior ConHIle, Kak 3TO MMOKa3aHO
Ha pucyHKe 16.

Jnaamuka ero (popmupoBanusi OyaeT ciefyomei: pactymas 1/4 yacTb 71eKTpPHUeCcKON CHITBI
-E cobupaer B LeHTpe cHCTeMBI Takoe e KonuuecTBO vactuil Tpermunorn Marepun DCH+E,
YAaCTUYHO IepesaBas ux IulaHete. VIMEHHO OHM OylyT M3J1y4yarbCsl B CTOPOHY IUIaHETHI, KaK CBET
Connua. Ho nutanera cmoxeTt 3a0path B ceds1 Tobko 1/4 yactuil ero TperuyHoit Marepun. B nepe-

XOJTHOW MepHO/] %t CoJtHIIEe TOBKO-TOJILKO HAUHET (POPMUPOBATHCS U K KOHITY IMKJIa [IBanapa-l0ru
MBI TIOJTyYMM B IIEHTPE CUCTEMBI «JTUIITHUE» YaCTUIBI BpeMeHr Martepuu, KOTOphIe ajiee MepenayT
B HOBBI MK Kamu-10ru.
3nanue EnunHoit Teopun Muposnanus [3] nmoackaspiBaeT Ham, YTO HEHTP CUCTEMBI U LIEHTP
T1aHeThl OYIyT IBYMSI ICHTPAMHK €IMHON IJIAHETAPHOU CUCTEMBI, YTO HAMU JJOBOJILHO TPY/IHO Tpe/I-
crapysietcs. PaHee Mbl oripeniesisiig, 4To 7eKTpuyeckas cuia -E geficTByeT OqHOBPEMEHHO U B PaB-
HBIX JIOJISIX KaK B IIEHTPE CHCTEMbI, TaK WU BHYTPH IUTAHETHI, KOTOpasi OyleT €€ BTOPHIM IIEHTPOM.
[Mocre BBITATKMBAHUS TITAHETHI HA OPOUTY, OHA JTOJKHA OKA3aThCsl BO BTOPOM IIEHTpPe, KOTOPHIH el
Y TIpeJHa3HAYaeTCs.
63



I'. KpusenkoB. «VHTerpabHblil B3IJIAA HA 9BOMIOLMIO yestoBeka — II. YerBéproe uznanue»

MBbI camu pa3zensieM 3T JBa LIEHTPa CUCTEMbI CBOMM Pa3yMOM, a, Ha CAMOM Jiesie, OHU OyayT
eIMHON CUCTEMOM, KoTopast umMeeT cBoi LIeHTp Macc cucteMbl, OObeAUHSIONNN UX. DIeKTprUecKas
cuna -E kBaHTa cBeTa 1 OyeT ofHOBPEMEHHO IEWCTBOBATH KaK CHAPY:KH TUIAHETHI B LIECHTPE CHCTEMBI,
TaK ¥ BHYTpHU B e€ neHtpe. OHa OyzeT AeiicTBOBaTh BO BCeX YacTUIaX TpetnyHor Marepun. [lpu
TaKOM JJBOMHOM pacKJiaJie CUJIbl, IIEHTP CUCTeMbI B KOHIIe ITMKIa [IBanapa-lOru Oyner nmets B cebe
TOJIBKO «JIMIIHKE» YacTullbl TpetnyHoit Marepun DCH+E, kotopble He nepeiiayT Ha miianety. OHu
Tak v octanytcss ComHIeM, KoTopoe o0si3aTesbHO TiepeineT B ki Kamu-10ru.

Knura ykasbiBaer Ham Ha nosieiienue ConHua u JIyHbl «Ha 4YeTBEPTHIA JEHb», KOrja eIe
He ObUIO KMBOTHBIX, TO €CTh Mepe] MOSBICHUEM UX LMBWIM3AlMU. MBI Kak pa3 MOATBEpKAaeM

3TO CBOUM HCCJIEJOBaHuEM. B nepexoqHon nepuon a’*, kak pa3, Bo3HUKaeT COJHIIE U3 «JIUIITHUX>»
yacTull BTOpuuHOM Marepuu, kotopble nepexopar u3 nukia Tpera-lOrm B nuka JIBanapa-fOru.
Onu Bce OKa3bIBAIOTCA B LIEHTPE cucTeMbl, (popmupys CosHIle, a IJIaHeTa JIeKTpUIecKor cuiion -E
BBITAJIKUBAETCS Ha CBOIO OpOUTY. Jlasiee U3 HEHTpa CUCTEMBI B CTOPOHY IUIAHEThl HAYMHAIOT TiepeTe-
Karb 1/4 wacte yactui BropuuHor Matepun. OHu (pOPMUPYIOT €€ BHEIIIHUN SHEPTETUYECKUAN CIION
n3 DCH+E, nokasaHHblii Ha pucyHke 16.

B HOBBIII nepexoaHoi nepros a>" Mbl nonydaem Conune ¢ 1/4 yacteio yactun, Marepun.
Hawm nipupércs nanee 3arisHyTs B 1uki1 Kamu-FOru, 94to0bl 10 KOHIIA TIOHSTh AUHAMUKY «PabOThI»
Comnuua. Ileno B Tom, uto Conaile nukiia JIsanapa-tOru otHocuTCs K Bpemenw, a 1k Kamu-F0ru —
9TO MPOCTPAHCTBEHHBIN 1UKJI, rae ConHIle yXke JOKHO UMETh OTHOIIEHHE K MPOCTPAHCTBEHHOM
Marepuu. 3nech HaMm rccaenoBarh COJHIIE rOpa3zio MPOIIE: MbI IO HEMY yKe UMeeM OIpe/Ie/IEHHbIE
3HaHM. [laBaiiTe 3Ty YacTh MCClieIoBaHus pa3depéM mogpooHee.

Nrak, Conniie numeet B cebe yactuiibl TpetnaHorr Marepun DCH+E. OHu nepexonst B UK
Kamu-I0Oru m npeanaszHavaiotcst asi (pOpMHUPOBAHMsSI HOBOTO, MPOCTPAHCTBEHHOTO CJIOS TUIAHETHI
3 DCH+H. Connue cocrout u3 1/4 gactu yactuir Marepunt DCH+E. OHr nOMTKHBL KaK-TO MPeoo-
pazoBatbes B yactuilbl DCH+H. Mbl yxxe umeem onucanue 3toro mporecca [8]. OH 3akiouaercs
B TOM, yTO camo COJTHIIe HaM He BUJHO, a Mbl BUJJMIM TOJIBKO €T0 TEPMOSIIEPHBIN CJI0i, KOTOPBIH OCY-
ecTBIIsIeT epBoe npeodpazoBanue yactur] ICH+E B Hekue HeliTpanbHble yactuilsl DCH, KoTopbie
MBI Ha3bIBAET «€r0 CBETOM». DTOT CBeT, nmpuxo/s ot CosHIla Ha TUIaHeTy 3eMJlsl, CHOBa Ipeodpasy-
etcs yxe B yactuiibl DCH+H. MmenHo oHM (hOPMUPYIOT HOBBIH CJIOM TUIAHETHI 3eMUIsl.

31ech Mbl IPUXOIUM K TOMY BbIBOLY BuOmu, KOTopsiil roBOpHUT 0 ToM, uTo COJTHIIE TOTKHO
noracHyTbh. B kon1ie nukia Kamu-l0Oru Bee gactumpt DCH4E ot ConHila T07KHBI OYIyT MOTHOCTHIO
MIepeiTH Ha TUTaHeTy 3eMJIsl. A KOT/ia MOCTIe/IH SISl €T0 YaCTUIIa MOKUHET ero, TO COJHITY MPOCTO HeueM
Oynert cBeTuTh. BrioHe 3akOHOMEPHO TO, YTO OHO 00s3aTeTbHO MOTACHET, YTO Oy/IeT O3HAYaTh KOHEIl
nevictBus KBaHTa cBeta 1. Torga mup morpy3utcs B KpoMmeniHyio TbMy, HO BeJJb M1 OHA OTKY/Aa-TO
JoJDKHA OynieT B3SThCs? A 9TO MBI UCCIIeAyeM HEMHOTO TIO3THee.

Ho cymectByer emé onuH Bapuant Bo3HMKHOBeHHs1 Conuija. [laBaiite cHoBa pazOepém 3Ty
CUTYalMIO Ha TpuMepe Hatein ColHeuHO! cucTeMsl. M Kak TOJIBKO MBI €€ KacaeMcsl, TAK HaM Cpazy ke
CTaHOBUTCSI OYEBUIHON MpuurHa nosiejienus: CosHila B 1ieHTpe cuctemsl. leno B Tom, uto B Cor-
HEYHOMI crcTeMe padoTaloT OJHOBPEMEHHO /IBa KBaHTa cBeTa: Mupa [IpocTpaHcTBa (resimoreHTprye-
ckas cucreMa KonepHuka) u mupa Bpemenu (reonientpuyeckas cucrem IItonemest). A Mbl paccmar-
priBaeM HUCXOKIEHHE TOJIBKO OIHOTO M3 HUX, KOTOPBIM (hopMHpYeT IIaHeTy 3eMJsl Ha e€ opouTe.
MosxeT ObITh, UMEHHO TIOTOMY Y HAC BO3HMKAET JBA Pa3HbIX IIEHTPa CUCTEMBI, IJie OJHOBPEMEHHO
JEWCTBYET IeKTpruyeckas cuia -E:

— neHtp cucreMsl ColHIE — 9TO reolneHTpuuecKas IuiaHeTapHas cucrema KornepHuka mupa
IIpocrpancTBa;

— LIEHTp IJIaHEeTH 3eMJIsl — 3TO TeIMOLICHTpUYecKas TuiaHeTapHasi cuctema [ltonemest mupa
Bpemenn?

[Nonyyaercs, 4YT0 Ha pacCMOTPEHHE HAMHM IPOIIECCca SBOMIOIUK YACTHIL BIMSET HAIlla TOYKA
3peHusl, ¢ KaKo IJIOCKOCTU €€ paccMaTpuBarh: uian Mupa [IpocrpancTBa, nnm mupa Bpemenu.
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PaccmarpuBast popmupoBanme uiaHeTsl 3emiist Ha OpouTe, Mbl Kak Obl paccMaTpuBaeM 3TO
¢ no3uuuu mupa IlpocrpaHcTBa, ¢ Mo3uLMU renvoLeHTpuYeckor cucteMbl KomepHuka, a ecnu
MBI CTaHEM paccMaTpuBaTh (POPMUPOBAHME IUIAHETHl B LIEHTPE CUCTEMBI PUCYHKa 16, TO 3TO yxke
Oyner reotieHTpuieckas cucrema [Itonemes mupa Bpemenu, B KOTOpo# KauecTBa CHJI IOMEHSIIOTCS
Mectamu. Toraa anekTpuyeckas cuiia 0OpeTaeT CBOMCTBA MArHUTHOM CHITBI M HA000poT. [Toka cBoé
OIMCAHUE IBOJIOIMU IUIAHEThl PUCYHKA 16 MBI [1elaéM Ha OCHOBE T'eJIMOLEHTPUYECKON CHCTEMBI
KormepHuka, Kora riaHeTa HaxoauTcs Ha e€ opouTe.

C IBOMHBIM HEHTPOM CHCTEMBI pUCYHKa 16 Mbl Bpoae Obl pa3oOpasiuch: OH CTajl IBOWHBIM
HE IPOCTO TaK, & BO3HUK B 3aBUCHUMOCTH OT pacCMaTpUBAaeMbIX IJIOCKocTel MupoB IIpocTpaHcTBa
um Bpemenu. [IBoitHas crpykrypa CoTHEYHON CHUCTEMbl HABOAUT HAC HA MBIC/Ib O TAKOM € JTBOU-
HOM KBaHTe CBETa, O/IMH U3 KOTOPBIX (DOPMUPYET IUIAHETY Ha OpOUTE CHCTEMBI, a apyroil — ConHile
B €€ LIEeHTpe, KOTOpOe SIBJISIETCS JIJIs1 IPYTOil CUCTEMBI TaKOM ke Ii1aHeTor. Hanpumep, remonenTpu-
yeckas cucrema Kornepauka popmupyet CosHile B CBOEM LIEHTpPE, a reolieHTpudeckas cucrema [1to-
JemMesi — I1aHeTy 3emuist B CBOEM LIEHTPeE, & OTHOCHTEITLHO MEPBOM CHCTEMbI OHa OKaKETCsI Ha OpOHTe.
Ho ecnu MbI TOUKy 3peHUs IEPEKMHEM U3 T'€OLIEHTPUYECKON B TEIMOLEHTPUUECKYIO CUCTEMY, TOT/IA
I1aHeTa 3eMiIsl OKaKeTCsl YK€ He B LIEHTpe reolieHTpudeckoil cuctemsl [Itonemes:, a B npenenax
rapaMeTpoB CBOEH OPOUTHI B TeJIMOLIEHTpUYecKor cucteme KomnepHuka.

O6e cucreMsl (hOPMHUPYIOTCSI CBOMMHU KBAaHTAMU CBETA, KOTOPHIE SIBJISIOTCS TOK/IECTBEHHBIMH,
HO TOJIHOCTBIO 3epKasIbHbIMU Apyr apyry. Eciu ogun u3 Hux ¢opmupyer mup IlpocrpancTsa, TO
apyroii — mup Bpemenu. Ecnu cHOBa 0OpaTUThCS K PUCYHKY 16, TO OH HaM TOKa3bIBaeT, uTo Iiia-
HeTa MoXeM (pOpMUpPOBaThCs KaK B IIEHTPE CUCTEMBI, TaK M Ha e€ opOuTe, HO TOJIBKO TOCIE ABYX
nepBbix LMKJI0B Maxa-Oru. B nukie [Isanapa-lOru 310 cTaHOBUTCS IBOMICTBEHHBIM AEHUCTBUEM, KaK
1 JIBOIICTBEHHOW CTaHOBUTCS CIOMCTast cTpyKTypa miaHets (+E u -E, -H).

MozkHo noaecTy HeKOTOpbIi uTor: CosHile 1 3eMJist GOpMUPYIOTCS IBYMSI Pa3HBIMM, T10 MTapa-
MeTpaM HayaJIbHOU (pa3bl COCTOSIHMS, KBAHTAMU CBeTa. Bee cucTeMbl 271eMEeHTapHBIX YacTHULL B IIUKJIE
HBanapa-lOru u gasiee noayvaioTcsi ABOUCTBEHHBIMU, TO €CTh C(DOPMUPOBAHHBIMU, KAK MUHUMYM,
ABYMsl KBaHTaMM CBETa, HAXOAAIIMXCS B PAa3HBbIX IJIOCKOCTSIX, KaK MOKa3aHO Ha pUCyHKe 15a nns
aroma Bogopona [3].

ITO JAEUCTBUTEIBHO TaK, HO B TOM KBaHTe CBeTa 1, KOTOPbI NoKa3aH Ha pucyHke 6, CosHile
JEUCTBUTENILHO (POPMUPYETCS «IMIITHUMU» YacTUIIaMU Martepuu, KOTOpble MOCTENEHHO MEPeXOsT
B cocTaB TuiaHeTsl. O0a BapuaHTa Bo3HUKHOBeHUs ConHIa OymyT BepHbIMH. VX 1axe MOKHO 00b-
eIMHUTD, YTOOBI MOTYUYUTh OOJIee peasbHyl0 KAPTUHY €ro BOSHUKHOBEHHsI, HO MbI 3TOT'O JIe/IaTh MOKa
HE CTaHEeM.

dopmupoBaHue YacTUIl-IJIaHeT B ukJe /IBanapa-IOru

[MpuHIMn opMUpOBaHKS YaCTHIL M TUIAHET Beszie OyJeT OMMHAKOBBIM, HO ITPU 3TOM Yepe/o-
BaHHWE CHJI ¥ YacTHIl OyzieT pa3HbIM. Bcé Oynet 3aBrceTh OT IIOCKOCTH COCTOsTHUA nuKi1a Maxa-lOru.
Cam mexaHu3M (popMHPOBaHUA OT ITOTO He U3MeHseTcs. JlapaiTe NPOJOIKUM paCCMOTPEHUE JEU-
CTBHS 9TOTO0 MEXaHW3Ma (POPMHUPOBAHUSA TUIAHETHI OTPULIATEIBHON JIEKTPUUECKOM CUITHL -E B 11KIIe
JBanapa-IOru, kak 310 okazaHo Ha pucyHKe 16.

Wrak, nianera ¢opmupyercs B uukie [Ipanapa-FOru Ha cBoeil opouTte, HO MO HEll OHa MoKa
He Bpaiaerca. K ToMy BpeMeHu OHa y:xe UMeeT B CBOEM cocTase ABa ci10s1 yactull DCH-E nepsuunon
Marepuu u DCH-H Bropuunoit Marepun. B aTom 1iuksie k HuMm j100aBiisieTcst e 0OaqHO MHOKECTBO
yactul, DCH+E yxe tpernunon Marepuu, Kotopoe (pOpMUPYET €€ HOBBIM SHEPTETUUECKUNA CIIOU
BPEMEHU.

Bor 31ech k (hOpMUPOBaHMIO IUIAHETHI HY’KHO OTHECTUCH OCTOpOkHO. Hamna ¢pusuka rosopur
O TOM, 4TO YacTulsl -E 1 +E nomkHb Jpyr Apyra HEUTpaau30BaTh WM KoMIleHcupoBars: +E-E=0.
Ho 3a€eck 3T0r0 HE MPOU30MAET, MOTOMY UTO Yactuua -E Haxonutea B miockocty -T, a yactuua +E —
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B ttockocT +T. OHM Oy/1yT pa3Be/ieHbl MeXk1y COOOM 1O TUIOCKOCTSIM COCTOSIHUS, KaK MbI TOBOPHJIU
paHee. DTO He MO3BOJUT UM JPYr Jpyra HeWTpaam3oBaTh. Ho sHepreTyeckn B3aMMOJICHCTBOBATh
MeXIy COO0 OHM 00s3aTeNTbHO OYIyT, KaK TUTIOC U MUHYC.

Torna MBbI ITOJTy4a€M HaJIM4re TpéX THUIIOB YaCTHUII B COCTAaBE€ IJIAHETHI B IIUKJIC I[Banapa-IOrI/I:

-E, -H, +E. OHu naiot HaMm, Kax/jasi, 1o OJHOMY U3MEPEHHI0. DTO MPUBOAUT K TOMY, YTO BCE BMECTE

1o 1.1 o o
OHHU YX€ OAIOT TPHU U3MCPEHHUA: a Xa Xa =8.3. A\ 13 npearoaraéM, 410 BHEHNIHUM MOBEPXHOCTHBIU

cJION 6y,I[eT IOKa COCTOATDb HE U3 IBYX OTACIIbHBIX CJIOEB ITUX YaCTUll, Kak BHYTpeHHI/Iﬁ CJIOfI, a [TIOKa
TONBKO U3 ofHoro cios yactull DCH+E. On siBHO OyzeT HenomHbIM. B HEM Noka He XBaTaeT 4acTHIl
OCH+H.

Mur YK€ paHEE ITpeAriojarajiv, 4To TeMIeparypa IjiaHEeThl 6yneT IIOCTECIIEHHO ITaJaTh, TAK KaK
OHa BCE Aajiee ynaiadeTcsd OT HEHTPA CUCTEMbBI, IIOCTOAHHO BpallladCb BOKPYT CBOEN OCH. Y,Ila)IeHI/Ie
OT LEHTpPa CUCTEMBI, B KOTOPOM YK€ UMECT MECTO CO)’IHLIC, HO emé HE C(pOpMI/IpOBaHHOC 0 KOHIIa,
MO3BOJIACT 3HAYUTEIIbHO CHU3UTH TEMIICPATYPY NOBEPXHOCTU IJIAHCTHI. HOBCpXHOCTb IUTAHETHI BCE
60)’[66 OCTBIBA€T M rasbl, emé 6onee OoXJIaXXaadacCh, CO34al0T HOBbBIE COCOMHECHNA. Tloasnserca BOOda
1 BO3HUKACT MUHEPAJIbHAA CyIllld C TUIIMICCKUM KUJIKOCTHBIM MHUPOM JKUBOTHBIX.

Bona Ha mmanete OyaeT BCE ellié CUIbHO pa3orpeToil, B OTAENbHBIX MeCTax Jaxe KHUIISIIeH,
HO OHa YK€ MO3BOJIACT IMOABUTHCA HOBBIM BUIaM KUBBIX CYHIECCTB — JKUJIKOCTHBIM CYHICCTBAM, KOTO-
pbI€ CTAJIU UMH U3 Fa3006pa3HLIX CyHICCTB. Tlosasnserca HoBad 06"béMHaﬂ TPETUYIHAA MaTepI/IH, KOTO-
pasi yke U3MEeHsIeT CBOMCTBA (pOpM U CylIecTB craporo mupa. Kpome Toro, *uakocTb 1Mo3Bosiuia
M3MEHUTh HEKOTOPbIE Ta3000pa3Hble pacTUTEIbHbIe (DOPMBI, TPAHC(DOPMUPOBAB UX MTYyTEM METAMOP-
(po3a B KUIKOCTHBIE )KUBOTHBIE (DOPMBI, KOTOPbIE CTAIN oOnazare aBrkeHuem [1].

9T0 6LIJ'II/I MNEPBLIC XOJIOAHOKPOBHBIE KMBOTHBIE, KOTOPBIC JKWUJIKX Ha ropﬂqef/i mwranere. im
HE 6I>IJ'IO HCO6XOJII/IMOCTI/I NoAACPKHUBATD IIOCTOAHHYIO TEMIIEPATYPY TEJIa IJIA CBOEU KUBHEOCATCIIb-
HOCTU. ECTCCTBCHHO, um 6BIJ'IO AOCTATOYHO TCIUIa SHEPIrUuu COJ'IHI_Ia U TUIAHETBI U1 CBOCTO CYyIIE-
CTBOBAHU <.

Tperunn muka [eanapa-lOra — 310 nmBUIM3anUs OOBEMHBIX JKHAIKOCTHBIX CYLLECTB THUIIN-
yeckoro Mupa KMBOTHBIX, CYIIECTBYIOIIMX BO BpeMeHU. Mbl BCE ke Mpearnosaraem, 4to hOpMbl
JKUBOTHBIX OBLTH TpaHC(OOPMHUPOBaHbBI U3 (hOPM PACTEHHI, KOTOPbIE OTIEPENIIA OCTAILHBIE UX THTIBI
B CBOEH 3BOJIIOLMH, MYTEM MeTamopdosza. DToT MeTamopdo3 OblT OCYLIECTBIIEH, HUCXOASIIMM
Ha [UIAaHETy BMECTe ¢ 3JIeKTpudeckoi cuioi -E tunmyeckum Mupom KuBotHbIX. OH BoOpasl B ceds
ABa IEPBBIX TUIIMYECKUX MHUPaA MI/IHepaHOB u Pacrenui.

DBOMOLMS CTPYKTYP MaTepUaJIbHBIX YaCTHUI] NPOIILIa HOBBIH BUTOK. OHU CTAM OOBEMHBIM.
Bechb MHUPp U BECb Kocmoc COJIHC‘IHOfI CUCTEMBI TECTIEPL CTAJI O6’béMHbIM. He HaJ0 33.6BIBaTI> O TOM,
YTO KOJIMYECTBO YacTull Marepuu 1 ypoBeHb €€ CTPYKTYP B CUCTEME IIOCTOSIHHO pacTyT. Pactér oHo
1 B MAaTCPUAJIbHBIX (pOpMaX. C)IO)KHOCTB ATOMOB TaKIK€ ITOCTOAHHO BO3PACTACT, TdK KaK TEMIIEpATypa
IUIAHETBI IaJacT, 4YTO IMO3BOJIAECT UM Bce 60nee YCIIOXKHATD CBOIO CTPYKTYPY, paCKpbIBasd €€ moJiHee
B TOHKHUX ICTAJIAX.

B KOHIIEC TPETHETrO LHUKJIA Mbl UMEEM IIOJHOCTbIO O6’béMHbIe YaCTULbl TpCTI/I‘{HOﬁ Mare-

pun DCH+E. VX cTpyKTypa BO3pacTaeT IIyOMHOW TPEThEero M3MepeHus a’, Ho BpallleHus IUIa-
HET W YacTHI] 10 opOuTaM emg He cymecTByeT. Tak, mpuOIM3UTeIbHO, 3aKaHIMBaeTCs UK Ba-
napa-f0ra — UK BOIIOIIMOHHOTO CTAHOBJICHUS] OOBEMHBIX YACTHII, CYIIECTB, IIAHETAPHBIX (hOpM
Y UX TUIIMYECKOro Mupa KHUBOTHBIX.

o o + o
Ilanee HACTyla€T HOBBIU MEPEXOIHOU MEPHUO[ 8.3 , KOTOPBIK HE BIIMCBIBACTCA B 06H_II/IC 3aKOHO-

MEPHOCTH IIEPEXOAHBIX IEPUOAOB. [IeJ10 B TOM, UTO OH JAOJKEH MMETh IEPEXOJHYIO CTPYKTYPY YPOBHS

a>*, TonbKo OHA MOYEMY-TO OKa3bIBAETCS] OCHOBHOM CTPYKTYPOM YacTHI] TpOCcTpaHCcTBa ukKJiIa Kanu-

o o +
IOrn. ,HaBaI/ITC HCCIIEAYEM ITO UCKIIIOUUTEIIBHOE CBOMCTBO HOBOT'O TIEPEXOAHOI'O TIEPUOIA 8.3 .
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HoBas crpykrypa nukjaa Kaaun-IOru

Tenepb Mbl BIUIOTHYIO MOJOILIM K HAaIlleMy YeJIOBEUECKOMY IIUKJIy — 3TO UYETBEPTBIA LIUKJI
Kamu-I0ru. Kyga panee noBen€r Hac 3BOIOLIMS, KaKOW CEIYyIOIIANA MaTeMaTUYECKU CUMBOJ Hac
oxugaer?

OOBEMHBIE CTPYKTYPHI TPETHEr0 M3MEPEHHS YKe NOJKHBI 3aKOHYUTh CBOIO SBOJIOIMIO VLITH
TOJILKO 3aKaH4YMBaloT e€. Ternepb Bliepeard HAC KAET BEUUECKUN CHUMBOJ YETBEPTOrO M3MEpPEHUSs
ukia Kami-FOru (pucyHok 9) — Ha30BEM ero noka ceepxo0beéMoM. [lomyyaercs, 4To B 3TOM LIUKJIE
00BEM JIOJIKEH SBOJTIOIIMOHUPOBATH B CBEPXOOBEM, HO KaK HaM 3TO MOHSATH HAIIIMM, BCE elié 00bEM-
HBIM, JKUBOTHBIM Pa3yMOM TPEThEero U3MepeHus?

MpbI yke paHee OCTaHABJIMBAIMCh Ha TOM, 4TO B 3TOM IuKJie Kamu-FOru Mel omkHBI ObUTH ObI

MOJTYYUTh YETBEPTOE U3MEPEHUE CTPYKTYP a*, Ho ero He uMeem, xoTs YK€ 3aKaHYMBAEM CBOIO 3BO-

JIIOOUIO. Tomnbko paHee Mbl YK€ IMPUIIIM K BbIBOAY, YTO MBI €10 UMETH-TO U HE CMOKEM. 9BOJIIOIII/IH

+
HaM JaJia TOJIbKO YJIYYIICHHOEC TPETbE MEHTAJIbHOC N3MEPEHUC 8.3 " JaJjie€ €ro noka HE ITyCKacT.

Mpbl yke paccMaTpUBajy STOT BOMPOC OTCYTCTBUS YETBEPTOrO U3MEPEHH S a* paHee u 6osee B HErO
YITyOJATHCS HE CTAaHEM.

HaBaiite cHOoBa BepHEMCs K 1UKJY JIBanapa-lOru u ornpenenumcst B ToM, YeM OH 3aKOHUMJICS.
EcrecTBeHHO, B 9TOM LIMKJIe OblTa TIOJTydeHa TpeTrnuHast Martepusi BpeMeHH. B ero KoHiie, pu Mak-
CUMYyMe 3JIeKTpuuecKor cuibl -E, 1/4 yactu 3Toii TpernyHoil Marepun BolllIa B COCTaB IJIaHETHI,
a BTopas 1/4 yacTh octasachk B ieHTpe cuctembl, kak Connile. Ha nianete oHr oOpa3oBaiv e€ BHEIII-

HI0I0 nIoBepXHOCTh 13 yactull DCH+E. [lanee HacTynaeT nepexoaHoi nepuos a>t,

B stoMm nepexoqHoM mniepuosie neKkTpuyeckas cuia -E HauMHaeT crnajath, a MarHUTHAS CHJIa
-H Bo3pacrate. 910 nozponser yactnuaMm DCH+E, HaxonsmmMces B LeHTpe cucteMsl (1/4 yacte
Bcex yactull Marepun), nocrerneHHo nepexoquts B yacTuiibl DCH+H 1 u3MeHATh MII0CKOCTh CBOETO
COCTOSIHUSI C BPEMEHM Ha MPOCTPAHCTBO. DTa CUJIA HAYMHAET PACKPBIBATH HOBBIE TOHKUE CTPYKTYPBbI

u ¢opmuposars yactuipl DCH+H npocTpaHcTBa ¢ ypoBHEM CTPYKTYPBI a’t, KOTOPBIE YKE UMEIOT
YaCTMYHOE OTHOILIEHHE K YeTBEpUYHOW Martepuu, HO eii oKa He sABsoTcs. E€ noka Henb3s Ha3BaTh

yeTBepuyHOM Marepuen ypoBHs a4, 100 3TOT YpOBEHb CTPYKTYPHI a’t JI0 He€ SIBHO HE IOTSTHBAET.
[ToaTomMy MBI HA30BEM €€ «KBa3WUeTBEPUYHOI» Marepuen.

Teneps, Korga Mbl ONPEAETWIACH CO CTPYKTYPAMM YACTHILL KBa3MUETBEPUUHOW MaTepun [IMKJIa
Kanu-FOru, Ham MOXHO MepeiTy K OMMCaHWI0 paOOThl HOBOWM MarHUTHOW cuiibl -H KBaHTa cBeTa
1 B 3TOM 1MIKJIE 3BOMOIMY. [laBaiiTe cXeMaTUIHO N300pa3uM e€ paboTy Ha pucyHke 17.

MopmupoBaHMe YacTul B unkne Kanu-tOrm

TpetnuiHan KeasuuyeTsepuyHan
Martepusa Matepusa Cxatue BHewHAn

[a%al-a%ata L+E obonouka

» +E, +H

Obonoyka
nAaHeTbl T

&
UeHTp
nAaHeTsl

) ':"\BH';T[JEHHHH
-E obono4ka
Pacwupenne -E, -H

CHUCTeMbI
MnaHeTa

Puc. 17
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B HOBOM nepexonHoM nepuose U B Havasie 1ukia Kamu-lOru aeiictByiomas MarHuTHas cuia
-H Bc€ Gonee HaumHaeT pacKpyuyMBaTh IUIAHETY BOKPYT LEHTPA CHUCTEMBI, 3aCTaBJIsAs €€ JBUTaThCs
o opoute. OHa monyyaercs i He€ BHemmHe# cwior. OcraBmiascs 1/4 yacTh 4acTUI] TPETUIHON
Marepun DCH+E Bpemenu u3 ueHrpa cucteMsl, oT CoJHIIa, MOCTENEHHO MEPEXOIAT B MPOCTPaH-
CTBO, craHoBsich yactuiamu DCH+H. [Ipyras 1/4 yacte 1ux xe yacrui DCH+E ocraiorcs B cocTaBe
BHEIITHEH MOBEPXHOCTH IJIAHETHI, pUCYHOK 16. Hac Gosiee MHTEpeCyIOT Te YacTuIlbl, KOTOphIE Tepe-
XOIAAT B POCTPAHCTBO, Ile AEUCTBYeT MarHuTHas cuia -H.

Ora cuia -H HanonHseT BHENIHIOW NOBEPXHOCTh IUIaHeThl HOBbIMU YacTuuamu DCH+H kBa-

3uueTBepuuHOi Matepuu, dpopmupys e€. Eciau paHee TpernuHasi Matepusi nukia [IBanapa-lOru

2
MMeJla B CBOEM COCTaBe CTPYKTYPHBIE YPOBHH aO a -a 33 TO TEIEPb YaCTHUIbI KBa31/IquBepI/I‘IHOI/I

3+
Marepuu nosy4aroT HOBBIY YPOBEHb A~ , CBS3aHHBIM C MEHTAJIbHBIM Pa3yMOM YeJIOBEKa, YTO U M03-
BOJISIET €l TaKOW CTaHOBUThCS. HOBBINI OCHOBHOI THIT KBa3MUeTBEpUYHOU Matepuu pocTpaHCTBa

Ternepb OyAeT opraHuyeckoi. Ternepb oHa OyAeT cOCTOATh U3 CJAEAYIOIIMX YPOBHEN CTPYKTYP: al-al-

a’-a>-a>", Ho pacrionaratbcsi B IPOCTPAHCTBE, YTO MOIpa3yMeBaeT Mepexoyl B Hero TpetnyHoil Mare-

pyU BpEMEHHU.

. . o e + . .
Ho 310 €I HE BCE TO, YTO MPOU3OUIECT B MEPEXOOHOM IIEPUOLEC 33 . B HEM CI€ MEHAIOTCA

TJIOCKOCTU coCcTOsIHUE [11s1 yactuil Marepuu. OcraBiuecs: yactuiibl DCH+H kBasuueTBepruiHON

Marepun a’-a'-a%-a’-a>" Bce CTaHyT IPOCTPAHCTBEHHBIMU. Torna Bce paHHUE TUIMYECKUE MUPbI

Munepainos, Pactenuii u JKUBOTHBIX IIEpeiAyT B IPOCTPAHCTBO, 00pa3ysl B HEM eAMHbINA TUITUIECKHUI
MHP OOBIYHOTO YeJIOBEKa, KOTOPbII Mbl IMEEM CETOfIHSI.
[Tnanera oOpeTET eme oaMH BHEIIHUI MpocTpaHcTBeHHbIN cioil u3 yactuil DCH+H. Teneps

OHa 6y,ZleT HNMCTDb YCTBIPE CJIOA:

o o 1
— BHYTPEHHHHU CJION TUITMIECKOI'O INIa3MEHHO-MUHEPAJIbHOI'O MUPA BO BPEMEHU -T - ao—a )

— BHYTPEHHMI CJIOW TUITMYECKOTO PACTUTEJIBHOTO MUPA B npOCTpaHCTBe S-a%al-a?

2
— BHEIITHUH CJION TUMMMYECKOro KUBOTHOTO MHpa BO BpEMCHU +T — ao -a -a - 3

— BHEIITHUH CJIOW TUTTMYECKOTO MHPa OOBIYHOTO YeJIOBEKa B TPOCTPAHCTBE +S — a%-a'-a’-a-a’".

YV Hac BO3HMKAaEeT OueHb MHTEPECHAs KapTHHA B 10X (POpMUpPYEMOi Tu1aHeThl. YacTh eé 060-
JIOUKM TOKa3aHa B MpaBoi CTOpoHe pucyHka 17. Ha HEM moka3aHo JBe OCHOBHBIE OOOJIOUKU: IBYX-
cioriHas BHewHAS +E u +H u nByxcnoitHas BHyTpeHHss -E u -H. Kaxaplii e€ cioil nonyyaercs
COOTBETCTBYIOLIMM CBOEMY TUIIMUYECKOMY MHUpPY U CBOEMY YPOBHIO CTpyKTyp Matepuu. Bee ciow,
KaK Mbl BUJIUM, OOBEUHSIOTCS] B TUITMYECKOM MHUPE OOBIYHOTO YeJIOBeKa B €r0 KBa3UUETBEPHUUHOM
Marepuu. Panee Mpl TOBOPUIM O MOIVIOMIEHUH MPEIIECTBYIOIEr0 MUpa MOCAEIYIOIUM, YTO Mbl
Y BUAVM HasIBY.

Terneps rutaneTa OyeT UMETh YeThipe cliosd. E€ mocneiHuil ¢ioii n3 KBa3uueTBepuaHor Mate-
pvu BMECTUT B ceOsl BCce mperiecTByomnme Mupsl MunepanoB, Pactenuit u JKuBotabix. X 00b-
eIMHUT YeJIOBEUeCKas IIMBUIM3AINS U KKABIN YeIOBeK OOBEJUHUT B cede, 10 OTAETbHOCTH, CBOU
yacTy 3TUX MUPOB. OH MoJy4yaeTcsl y Hac IIaBHbIM, UHAMBUIYAJIbHBIM, Pa3yMHBIM UHCTPYMEHTOM
sBomou. OH U CCTL 3Ta KBa3uueTBepuuHasi Marepus. Toiabko B HEM OHa MOXKET PaCKPBIThCS MOJ-

HOCTBIO 1O YPOBHA a I/I60 0oJiee Ha TUIAHETE HUKTO HE MMEET B ceOe MEHTAJILHOIO pasyma, eCii
TOJIBKO B CBepHYTOM COCTOsAHMH, KaK JKUBOTHBIC.

CranoBJieHue mjiaHeTsl 1 Mmupa B nukJjiae Kaau-IOrn

Harnie viccieoBanre KBaHTOBOW KapTHHBI-BEPCUH YKe TOCTABJISIET HaM OOJIbIIIUE TPYTHOCTH.
Bce cubl kBaHTa cBeTa, YacTHIlbl, CTPYKTYpbl, DCH pa3Horo kaymopa yxe mepernoHsIoT Halll pa3yM.
Ho Ham HMuero He ocTa€rcs JesaTh, Kak MPOAO/DKUT €ro B TAKOM ke pakypce. Ham HeoOxommmo
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UCCIIEe0BaTh AMHAMMKY SBOJIIOLIMOHHOTO CTAHOBJIEHMsI KBa3WUETBEPUYHON Martepuu B MocjaeJHeM
ke Kamu-l0ru.

Wrak, nevictBue marautHO# cvitbl -H B nmkiie Kamu-I0ra Bc€ Gonee yBenmmunBaetcs. [Tnanera
HaronHsieTcst yacturiamu DCH+H 1 nocteneHHo HauMHAET pacKpyduBaThCs O opouTe, coorpast ux
B cebOs. Ha pucynke 17 BujmHO, uTo ocTaBmmecs ot 1ukia JIpanapa-tOru 1/4 vacte vactuiy CH
+E, npeoOpasyiorcs B MmarautHble Yactuiisl DCH+H u nepenatorcs rmanere. OHn 006pasyioT A01o-
HUTEJILHBIN MTPOCTPAHCTBEHHBIH CJIOM Ha BHEIIHEH 000JIOUKE TUIAHETHI +S, KaK 3TO paHee clesasu
anektpudeckre dactuilbl JCH+E Ha pucynke 16 B nukiie [Ipanapa-tOru, oOpa3oBaB Ha Hell CBOM
sHepreTuyeckuit ciou +T.

Otr HOBbIe 1S TwiaHeThl yacTuibl DCH+H 106aBsior eme ogHO u3MepeHre K e€ CTPyKTY-

pam: a'xa'xa'xa™=a’". ['myOuHa cTpyKTypsl peapiayinero ukia JIpanapa-tOru panee Obuia ciemy-

omeit: a’-a'-a%-a’, Ternepb 3TU CTPYKTYpBl IEPEXOAAT HAa HOBBIY YPOBEHb U3 BPEMEHU B IPOCTPaH-

CTBO, IIOJIy4ad AOIOJHUTEIbHOC NU3MEPEHUE, HO MOJIYYalOT €r0 HE MOJIHBIM IIGTBépTI)IM HN3MEPCHUEM

4 . + o
a , 4 KBa3NW4€TBECPThIM U3MECPCHUCM 33 . TCHCPL OHU NTOAHUMAIOTCA Ha CJIEAYIOIUHN YPOBEHb CTPYK-

TYp: a’-a'-a%-a®-a>", Ho omsTe ke He Bee, a TOMBKO Te, KOTOPBIE PACKPHIBAIOT U3 ceOsl HOBBI MeH-

o + ..
TaJIbHBII YPOBEHb CTPYKTYPBI a>*. YacTb 9THX YaCTHIL TAK M OCTAETCS HUBIIAMHU CTpyKTypamu Mare-
pYH, KOTOPBIMH OHU OBUTH paHee, 1 Ha HOBBIA yPOBEHb CTPYKTYPhI HE MIEPEXOIAT — 3TO MUHEPAJIHL,
pacTeHHs U )KUBOTHbIE, KOTOPbIE UMU U OCTAJTUCh.

BpameHI/Ie IJIAaHETBI BOKPYT HEHTPA CUCTEMBI 110 0p6HTC B IINTOCKOCTHU SKJIMIITUKHU U €CTb ITIOHA-

THE CBEpX0OBbEMa KBAa3UUETBEPTOrO M3MEPEHUS a>*. Mbl Kak Gbl 3acTaBIIsieM TPEThE U3MEPEHUE a’

BpalllaThCsl BOKPYT LIEHTPa CUCTEMBI 110 OpOUTE, co3[aBasi TAKUM 00pa30M KBa3U4eTBEPTOe U3Mepe-
Hue. Hamr pa3ym noka He MOXeT OXBAaTHTh BCIO OPOUTY IJTAHETHI IIEIMKOM, KOTOpasi U Ta€T YeTBEp-

4 o + .. +

TO€ U3MEPCHUE a . MenranbpHbI pa3ym 33 BBIXBATbIBACT U3 HEE TOJIbKO MaJIyl0 4aCThb a , KakK 6bI
o 3

Jenasi 3TO BpallleHHe TI0 OpOuTe JIMHEWHBIM, Uepe3 paBHbIE OTPE3KU BPEMEHHU: CYTKH (a°~), Hellelu

+ ++ o o
1 MECSIIBI (a3 ), BpeMeHa rojia (Tpu Mecsa) (a3 ). TOJNBKO MOJHBIN OXBAT pa3yMOM BCel OpOUTHI
TJIaHEThl MTPOIOKUTENBHOCTBIO B OJIMH TOf 1acT HaMm 4eTBEpToe u3Mepenue. [loka xe y Hac pazym

Gonee MeCAUHbIIA a-F, yem rofoBoii a”.
B Hamem oOBYHOM MHpE JI0 CHX TIOp JIeHCTBYeT OTpHIlaTebHas MarHuTHas cuia -H, xoro-
pas MMeeT OTHONIEHHE K TIPOCTPAHCTBY -S. OHa 106ABIIAET HAM CBOE IIPOCTPAHCTBEHHOE N3MEPEHHE

+ 4
a , KOTOPO€ HUKAK HE MOXKET OBITh HU3MEPCHUEM MHUDa BpeMeHI/I. I/I3MepeHHe a Mbl YK€ OTHOCUM
K Mupy Bpemennu, a He k mupy IIpocrpanctBa. imeHHO nostomy mbl B 1ukie Kamu-tOru moxem
VMMETh TOJIKO MPOCTPAHCTBEHHOE, MaTepUAIbHOE KBAa3UUYETBEPTOE M3MEPEHUE B CTPYKTYype (hopM

U CYILIECTB, M UX pa3yma Ha ypOBHE a>". TlonHoe YEeTBEPTOE U3MEPEHUE at yXke OJKHO OyleT MMeThb
OTHOITIeHUe K Mupy Bpemenu k ero mupy BepxoBHoro pasyma (k HeGecam).

. 4
3)1er BO3HHUKACT BOIIPOC, a IMOYEMY, M3HAYAJIbHO, IEPEXO[d K YETBECPTOMY HU3MCPCHUIO a
OKa3aJIC4d 'y HaC TaKUM HBOﬁHLIM uepe3 KBaSquTBépTOC MPOCTPAHCTBEHHO-MATCPHUAJIBHOC U3MEPE-

He a>* 1 gake CMELIAHHOE [IPOCTPAHCTBEHHO-BPEMEHHOE M3MEPEHHe IIEPEXOIHOIO PasyMa Yeio-

++ = 4

BEKa-UHOUTO YPOBHHA 33 ? Hoquy MbI Cpa3y K€ HE MOXKEM IIOJTYUUTh YETBEPTOIroO UBMEPEHUA a ,
BElb IOJIYUYCHHBIC HAMHU 3BOJIIOIIMOHHBIE 3aKOHOMEPHOCTH TOBOPAT O TaKOM BO3MOXKHOCTHU?

KBanT cBera 1 nmMeer Bcero uetsipe nonyneprona cuibl (pucyHok 6). IlonmyueHue Tperbero

U3MEpEHNUs a’ IPOXOAMJIO MOCPEICTBOM JIEKTPUYECKOM CUJIHL -E, MMelolelt OTHOLLIEHUE K BpEMEHH.

YeTBEpTOE M3MEpeHHe a®, Kak MBI TOHsUH paHee, UMeeT OTHOIIEHHE TOJIBKO K MUpy BpemeHu,
TO €CTb €r0 MOXKHO MOJYYUTh TOJBKO MPU MOMOIIM HOBOM JIEKTpUUECKOi cuibl +E KBaHTa cBeTa
2 pucyHka 8, KOTOpoil B KBaHTe cBeTa 1 Oosee HeT. B HEM ocTanach TOJBKO MarHUTHas cuia -H,
KOTOpasi 00s13aTeNIbHO JA0KHA oTpadoTtath ¢ Marepueit, HO OHa (hOPMHUPYET TOIBKO MPOCTPAHCTBO -
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S mupa IIpocrpancTBa, a He HOBBII Mup Bpemenu. Ilomyyaercs, 4To Mbl HUKaK HE CMOXEM 4epe3
HEE MPOCKOYMTb.

B stom nmkne Kami-FOru mmanera 3emuis, Kak v jio0as Apyrast YacTUIA, HAUMHAET BpaIaThCs
BoKpyr CoJHIIa 1Mo cBoel OpOHTe, BOZMOXKHO BCE elIe yIaISIoIIencs OT IIeHTpa cucTeMbl. Mbl TONTy-

.. + o
YaeM IUIOCKOCTHYIO OPOUTAIBHYIO CUCTEMY KBa3HUETBEPTOTO U3MEPEHUS a’t, KOTOPOH yKe sIBJIseTCS
Haua ConHeuyHas cuctema. Mbl MOxeM HasiBy, Ha npuMepe COTHEYHON CUCTEMBI, BUIIETh CTPYKTYPY

Marepuu a’t, CeronHsi Mbl U3y4aeM 3Ty TeJIMOIIEHTPUYECKYIO TUlaHeTapHylo cuctemy KorepHuka,
B KOTOPOH BCE IIAHETHI BPAINAIOTCS 10 CBOMM OpOUTAM B OJHOW IJIOCKOCTH SKJIUNTUKH B MUpE
[TpocTpancTBa. D1a crictema BCE elle pacupsieTcs B IPOCTPAHCTBE, YTO TOBOPUT HAM O MPOAOJIKA-
IOIIMMCS IEUCTBUM MarHUTHOM cuJibl -H kBanTa cBeta 1 pucynka 6 u npucytcrBun CoHIIA.
OOparuMcs K Halemy pa3yMy )KMBOTHOTO ITPOUCXOKACHUS, KOTOPBII B HAYaJIe HAIIETO ITUKJIA

YK€ NOJIKECH OBITh OO BEMHBIM 213, d B KOHII€ NUKJIA JOJDKEH CTaTb CBCpXO6"béMHbIM, KBa3I/I‘~IeTBépTOFO

U3MEpEeHus a>". Mbl OJIKHBI OT KUIKOCTHOIO KUBOTHOIO pasyma NepeiTy K MEHTAJIbHOMY pa3yMy,
CO3JJaHHOTO U3 «TBEPION» OPraHUYECKOU CTPYKTYpbl MaTepuu, KOTopas ellé He 3aKOHYMIIA CBOE
CTPYKTYPHOI1 9BOJIIOLIUM.

Opranuueckas MaTepusi HaIllero Mupa Bcé eneé —HecoBepieHHas. JlajpbHeiiiee e€ coBeplieH-
CTBO (PEKOMOMHAIIVSI) TIPUBEJET, BOZMOXKHO, K TIOSIBJICHUIO YJTyUIIIEHHOW CTPYKTYPBl OpraHMueCcKOn
MaTepuu, KoTopas OyaeT Mpo3pavHoi AJ1sl SHEPruid 1 OyJeT caMa U3JydaTh CBOIO BHYTPEHHIOI SHEp-
ruio B Mupsl [Ipoctpanctsa u Bpemenu. C Heii 10TKHO TPOU3OMTH TO K€ caMoe, UTO M € ra3000pas-
HOW aTMocepolt U BOJION, KOTOPBIE B KOHIIE CBOMX ITUKJIOB, ITOCTIe MOJOOHBIX PeKOMOWHAIINH, CTaIN
Mpo3pavyHbIMK. BO3HUKAET MpeArnosokeHre 0 TOM, YTO HOBasi MaTepusi OyayIiero OyaeT CTpOUThCS
U3 KaKUX-TO JPYTMX, BO3MOKHO JaK€ U3 HOBBIX ATOMHBIX 3JIEMEHTOB.

Ouepretuka 3emun B 1ukie Kamu-FOru nocreneHHo Bo3pacraer, Benb 1/4 yacte sHeprum
KBaHTa cBeTa | JomkHa nepeilty B Hail Mup. Korna nocneiaue yactuiipl TpeTuyHoi Matepuu nepeit-
OyT B KBazuueTBepruuHyto Mareputo, To Haite CosHie noracHeT. Bmecrte ¢ HUMU 151 HAC TTOJTHOCTBIO

3akpoercst Mictuna. Torga cuia kBaHTa cBeta 1 OyJeT MOJTHOCTBIO McdepriaHa. TOJbKO YeJIOBeK yke

o + o
oOpeTaeT MEHTAJIBHBII Pa3yM ypOBHS a’*, KOTOPBII TIO3BOJISIET €My CaMOMY TOJTy4aTh (JOOBIBATH)

3Hanus u3 1ol Vctunbl. C notepeit cTrHBI MBI, 000I09KaM# OOBIYHOTO MATEPUAIBHOTO pa3yma,
TMOJTHOCTBIO OTTOPOAMMCS M OT ocTasibHOro Kocmoca BceeneHHoi.

Kaxpiii HOBBIM THUIT pa3yma, OT LIMKJIA K IMKJIYy, 00JIa/laeT Ha MOPSAAOK OOJbIei SHepruet,
YeM ero npeapAyluil ypoBeHsb. Bee matepualibibie (pOpMbI MPEAIIECTBYIOIIETO TUITMYECKOTO MUpPa
JKUBOTHBIX JIOJKHBI OBUTH OBITH TOTOBBIMH K MEPEXOy B TUITMUYECKUNA MUP YeJIOBeKa, YTO CBSI3aHO
C TMOBBIIIIEHNEM SHEPreTUKH IUIAHEThI, KOTOpOe J1ajia MarHuTHas cuia -H. 1o Oyaer o3Havath, 4to
Oymy1iee Haled UBUIM3AIK OyeT OoJiee BHICOKOIHEPTETUIECKUM, YeM COBPEMEHHOE HACTOSIIIIEE.

DHeprus KBaHTAa cBeTa 2 00s13aTeNIbHO OCYIIECTBHT TO Oy/ylllee MOBBIIIEHNE SHEPTreTUKY TIa-
HETBl. DTO JJOKa3bIBaeT HEOOXOMMMOCTh OOPETEHUsI COBPEMEHHBIM UeJIOBEKOM HOBOM, Oojiee coBep-
IIIEHHOW CTPYKTYpPhl MaTepuM, KOTOpas JOJDKHA OyIdeT BBIIEPXaTh 3Ty BHICOKYIO SHEPIrUi0 KBaHTA
cBeta 2 u OBITh JUIs He€ Mpo3pavyHou. [IJisg 3TOro HEOOXOAMMO OYMCTHTH CBOW Pa3yM OT TEMHBIX,
HECOBEPIIIEHHBIX CTPYKTYp MaT€pUU U OCTaBUTh B HEM TOJIbKO TAPMOHUYHbIE COBEPILIEHHbIE CTPYK-
TYpbI, YTO U Ha3bIBACTCSl PEKOMOMHALIMEN pa3yMHON MaTepHH.

B Oynymem Ham oOsi3aTenibHO MPUAETCS M30aBIATHCS OT BCEX TEHeW Kak B pasyme, Tak
u B (usuueckoM Tene. OT peKOMOMHAIIMM CTPYKTYp KBa3W4yeTBepUYHOM Marepuu HaMm HHUKaK

He yiuTh. YToOBl 00pecTy UCTUHHYIO YeTBEpUUHYI0 Matepuio a®, nam OyzeT HeoOXOOUMO 3TO clie-
natb. Ho 310 y)e He umeet oTHoueHus K nukiy Kamu-I0Oru. Ero niesb — 310 MakcMMaiibHO pacKpbITh

o +
TUIMAYECKUU MUP MEHTAJIBHOI'O pa3dymMa U pa3BUTb €ro 10 YpPOBHHA 8.3 . Hepexon Ha YPOBEHb YC€TBEC-

puuHOM Matepuu a* obecrieunt cienytomuil Hopblid MK Catbsa-I0ru kBaHTa cBeta 2 pucyHka 8.

70



['. KpusenikoB. «/HTErpabHbIA B3I Ha 9BOMONMIO YeoBeka — [I. YerBéproe nznanve»

CTyneHy 3J1eMeHTOB U YPOBHU HUX IBOJIONNHU

HccnenoBanrie 3BOMIOLMY 3JIEMEHTAPHBIX YACTUIL U TUIAHETAPHBIX CUCTEM B LMKJe Maxa-lOru
MOMOIVIO HaM TMOHATh HalpapJieHus Ipouecca ux ¢gopMupoBaHus. Ham yke cTaHOBUTCS U3BECTHO,
YTO C KaXbIM HOBBIM ITMKJIOM Oy/IeT BOHMKATh HOBOE M3MEPEHHUE B CTPYKTYpax JIEMEHTOB, eCTe-
CTBEHHO, BMECTE C PACKpPBITHEM HOBOI'O, 0OJiee CI0KHOTO YPOBHSI TUIMUYECKOr0 MUpa B Matepuu.
Ho, kpome 3Toii 3akOHOMEPHOCTH HapalllMBaHUsI U3MEPEeHUI BCE OoJiee TOHKUX CTPYKTYp M pa3yma
B Matepuu, Mbl BIpYT OOHAPYKIJIH, YTO TIpoliecc (POpMHUPOBaHHMS IEMEHTOB KaK-TO CBsi3aH ¢ Tao-
e J1. 1. Menneneesa.

Cama TaGnuiia HaMm He PacKpbIBAET ITOTO, €CIIU TOJIBLKO YACTUYHO HAMeKask HaM KOJIMYECTBOM
TIEPHOJIOB U PSIJIOB, B KOTOPHIX PACCTABIISAET XMMUYECKUE JIeMEHTHl. MOKET ObITh, HAM 3T TIEPHOIbI
Y pAIbI KaK-TO MOMOTYT MOHSITh, KAKUM 00pa30M 3BOJTIOIMOHHO BO3HUKAJIM T€ WU JIPyTUe XUMUYe-
CKHE 3JIEMEHTHI?

Jlst OTBeTa Ha STOT BOIPOC HaM JIydIlle pacCMOTpeTh 3Ty TaOnuily B IECTHUYHOM Ipe/ICTaBIe-
Huu. Tora B Hell CTaHOBUTCS OoJiee 3aMETHBIM CTYIIEHUaThIN Tipotiecc (POPMUPOBAHUST XUMHUYECKUX
9JIeMeHTOB. MBI €ro moka3ajm Ha puUcyHke 18, mononHuB cryrneHn TaOnuibl Ha3BaHUSIMH BeUe-
CKHUX LIMKJIOB, UX U3MEPEHUSIMU CTPYKTYP U COCTOsIHMEM Marepuu.

Nrak, N3nauansHoe BemiectBo B TaOnuiie pucyHka 18 umeer HysneBoe usmepenue — (0. OHO
Kak Obl «OTCYTCTBYET» U HE UMeeT B ceOe Kakoi-1moo cTpykTypsl. Ho, TeM He MeHee, 310 MI3Hauauib-
Hoe BeriecTBo cylecTByeT U SBJISAETCS TEM «MECTOM>», C KOTOPOrO Havalach 3BOMOLMSA BeeneHHon.
Jlanee 3 HEro BO3HUKAIOT €AUHUYHBIE YacTULbl MaTteprn, KOTOpblE Mbl OTOXAECTBUIMA C MEHAEIE-
eBckuM DpupoM. Ero matepuasbHble yacTulpl yxke OyneT uMeTh eqUHUYHOE U3MEPEHUE CTPYKTYPbI

a’. Do Oyner mepBasi eiMHUYHasI CTpyKTypa Marepun. imeHHo ¢ D¢upa HaUMHAETCS BOMIOLUS
e€ cTpyKkTyp u yactuil. Yactuiel Dupa OyIyT UMETh TOUHO TaKHe K€ eIUHUIHBIE TPOCTPAHCTBO

Y BpeMsl Pa3HbIX 3HAKOB COCTOSIHUH, IUTIOC U MUHYC. C HEro Ha4YMHaeTcsl BOMOLUS LuKiIa Maxa-
IOru.
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PacKpbiTie XMMHUYECKMX INeMeHTOB No unknam Maxa-tHoru
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Puc. 18

/

[epsoiit nuka Catba-lOru gaér HaM y:xe JIMHelHble CTPYKTYPbl CBOMX YacTHI] — al, KOTOpbIE
MIPE/ICTABIISIOT COOO0M NepBUUHYI0 Matepuio. D10 OyaeT M1a3MeHHBIH UKL, B KOTOPOM H3-32 BBICO-
KOI1 TemIepaTypbl BHELIHEN CPe/ibl €11IE€ HE MOT'YT BO3HUKATh IIEPBbIE aTOMbI, HO KOTOPbIE CTPYKTYPHO
yke 3aJI0€eHbl B yacTulax Iua3Mbl. OHU yKe CTPYKTYPHO CYLIECTBYIOT BHYTPU HUX, HO B CBEpHY-
TOM COCTOSIHMM. Bbicokasi Temneparypa cpelbl He Ja€T BO3MOKHOCTH YacTUIAM ILJIa3Mbl PACKPbITh
u3 ce0s1 aTOMHBIE CTPYKTYPBI.

[lepBbie aTOMBI BO3HUKAIOT TONBKO B 1MKJIE Tpera-lOru, korna temneparypa BHEIIHEN I1a3-
MEHHOM cpefibl IOHMXkaetcs. Torna HauMHaeTcesl poliecc 0ObeJMHEHUsT YaCTHUI] I1J1a3Mbl B IIEPBbIC
ATOMHBIE CTPYKTYPHI, KOTOpPbIE OHM PACKpPBIBAIOT U3 ceOsi. OHM CTAHOBSITCS TIEPBBIMU SJIEMEHTAMHU
Ta6mumpt [1. . Menpeneena (pucyHoK 18) —3To aTOMBI BOIOPO/IA U TeJIHsl, KOTOPhIe BXOISIT B COCTaB
BTOpUYHOW Matepuu. I1o OyzeT e€ mepBasi CTyleHb, HO TIOKa OHa B 3ToM 1ukJiIe Tpera-lOru momy-
YyaeTcsl MJIOCKOU.

Kak Mbl BuiuM, JeCTHUYHOE TNpeacTaBieHre TaOmuilbl MOJTHOCTHIO COOTBETCTBYET IMKJIAM
Maxa-lOru u ux cTpykTypHOI 3BOMIOLIMM YacTull B Marepuu, Kak 3TO MOKa3aHO Ha pUCyHKe 18.
ITo e€ cryneHsiM MOXHO OINpeeuTb, Kakue XMMUYECKHE JIEMEHTbI U B KAKMX LIMKJIaX MOSBIISIINCD.
Bce crynenn Tabmuiibl CyMMUPYIOTCS B TIPOIIECCE SBOJTIOIUH.

Teneppr HaM HEOOXOAMMO OTPENETUThCS B TOM, ObUIM JM B 3ToM Inkie Tpera-lOra atomsr
TUIOCKUMU, OOBEMHBIMU WJTH J]a’ke CBEPXOOBEMHBIMY, YK€ 3aKOHUYMBIIMMHE CBOIO SBOJIOLUIO?

ATOMHOE BpeMsl SBOJIIOLIMU HA OJUH LIMKJI, €CJIM HE HA JBa, MOKET ONepexkaTbh BPeMsl SBOJIIO-
umu CosHeuHOU cucteMbl U e€ tuiaHeT. [losatomy B mukie Tpeta-lOru B cranoBnennu CoTHEUHOM
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CHUCTEMbI OHM YK€ MOTJI MMETh U Jlake 3aKOHYMTb CBOW coOcTBeHHBIH 1Mk Kanu-FOru, kotopbiii
Ha J1Ba [opsi/iKa M0 BpEMEHH ONepe:kaeT e€ IIUKJI. 31eCh HaM HYKHO OIPEJEIUTLCS: MX, KOHEUHO, yKe
MO’KHO MPU3HATh AaTOMaMH, IIPOLLEIIIMMHU CBOIO BOIOLMIO, KAK BOJIOPOA, U TeJIUi, HO TEMIIEpaTypa
IJIAHEThl MOKET HE JaTh UM CTaTh TAKOBBIMU WJIU J1aTh?

Ms1 Bc€ ke mpennonaraeM, 4to B KoHie 1mkiaa Carbs-lOra atombl yxe Morim ObiTh 00b-
€MHBIMHU, onepexas HMKJI COJTHEYHOUM CHUCTEMBl TOJIBKO Ha OIMH LMKJ. DTO M JAJIO0 BO3MOKHOCTb
B 1nukJe Tpera-FOru momy4uTh MIOCKOCTHOM ra3000pa3Hblil TUMMYECKUil Mup Pactenuii. A koHIe
9TOrO IUKJIA XMMUYECKUE JIEMEHTHI YK€ BIOJIHE MOIJIA CTaTh CBEPXOOBEMHBIMH, UTO MO3BOJIUIIO
Hayarb CJeIYIOUMIA HUKJ 3BOIOUUU CONHEYHON CUCTEMBI.

Kak Tonbko BHemHss cpeaa ColnHeYHOM CUCTEMBI TO3BOJIMT XUMUYECKUM JIEMEHTaM NepeiTu
Ha X HOBBI/ 3BOJIIOLIMOHHBIN YPOBEHb, TO OHH, 10 HAILIUM MEpKaM, TO C/ENAIOT IOYTH MIHOBEHHO.
CHauasia Mbl IOJIy4YaéM MHOXXECTBO aTOMOB, Harnpumep, Bogopozaa. Jlajgee U3 HUX BO3HUKAIOT WIIH,
TOYHEE, pacCKpbIBAIOTCS aTOMBI resius. [lonmyyaercs, 4To B HEKOTOPBIX aTOMax BOAOPOAA N3HAYAIBHO
OyleT 3ajiokeHa CTPYKTypa aToMa Teusi, Kak Mbl TOBOpWIIM paHee. Toraa 3ToT atoM BOJOpoaa rpu
OMaronpusTHON BHEIITHEN Cpejie TYT jKe PacKpbhIBaeT U3 ceOsl CTPYKTYpPY aToMa Testusl.

37aech NpocMaTpUBaeTCsl HOBasi 3aKOHOMEPHOCTD IBOJTIOLIMH: MHOXKECTBO IIEPBBIX aTOMOB BOJO-
poIa MOCTENeHHO M TIOCIIeAOBATEeNIbHO PacKphIBaeT U3 cedsi Bce MOCIenyIone CTPYKTypsl Ooee
CJIOKHBIX XUMHYECKUX 371eMeHTOB. OHU HE PacKpBIBAIOTCS BCE Cpa3y TOJIBKO MOTOMY, YTO PacKpbl-
THE HOBBIX CTyreHel TaOauIibl COOTBETCTBYET CBOEMY THITYy M YPOBHIO CHJIBI OIIPE/IENIEHHOTO LIUKJIA
Maxa-IOru.

Wrak, nponomxkas ganee, B Hauasie Broporo 1nukia Tpera-lOra remneparypa cpesibl mo3Bosnia
TMOSIBUTBHCS TOJIBKO aTOMaM JIBYX TUTIOB: BOIOPOJLY U rejivio (riepBasi cryneHb Taomuiisl). Brionne Bo3-
MOXHO, 4TO 3TU TEPBbIE AaTOMBI MOIJIM OBITh IEHCTBUTEIBHO OOBEMHBIMH, HO B CJIEIYIOIIMM IHKJIE,
32 KOPOTKUI MPOMEKYTOK BPEMEHH, BIIOJIHE MOIJIM O0pecTd yxke cBepxoObéMHYI0 (hopmy. Hamm
MPEIMOJIOKEHHS cefiuac BOILIM B HEKHMI CJIOKHBIN MEPUOJ, KOrJa TPYAHO TOYHO yTBEPXKIaTbh, UTO
SBOJIOLUST «T€OMETPHM» IEMEHTOB TaOHIIBI 1IJIa UMEHHO TaKUM ITyTEM, TIOTHOCTBIO COOTBETCTBY-
IOLM CTaHOBJIEHNIO COJIHEUHOM CHUCTEMBI.

Yersipe 1ukia Maxa-FOru v KBaHTOBbIE KapTHHA-BEPCHS IBOJIOLMU IOMOTal0T HaM IOJIHEE
U TIyOXe TOHATH MPOIIECChl PACKPBITHS JIEMEHTOB B CBOMX TUIHMUYECKMX MUpax. OHM HaM TOKa-
3bIBAIOT, YTO B KaXA0M LMKJIe Maxa-tOru neiictByer cBOW TUI CHJIBI WJIM SHEPIUH, KOTOpasl paBHa
OJIHOM YeTBEPTOM YacTy eJUHOU 3Hepruu nukia Maxa-IOra. DTo em€ pa3 noarsepkaaeT HaMm To,
YTO Ka)KAbI HUKJI 3BoIOLMN CONHEYHON CUCTEMBI IOJUMHSIETCS] CBOEH CHJle KBaHTa cBeTa 1.

Bce npenpinyiiye BOMIOIMOHHBIE 3aBOEBAHMUS STHX CUJ B IMKJIAX OCTAIOTCS O€3 M3MEHEHU
Ja’ke TPy BO3JEMCTBUU APYTOW CUJIbL, Clieyloleid 3a Hell. HoBas cuiia yke He AefCTBYeT B MX I1JI0C-
KOCTH U UX HE 3aTparuBaeT, a TOJIbKO BOMpaeT ux B ceOsl U JIOTONHSIET HOBBIMHU CBOWCTBAaMHU. 371eCh
BCTYNaeT B CHJIy 3aKOH NamsaATd Marepun. Harpumep, «TOYKH-TMHUM» TEPBOTO IUKJIA OCTAIOTCS
TaKUMH K€ BO BTOPOM LIMKJIE, HO TOJILKO OHU PACKPYUYMBAIOTCS B IIJIOCKOCTU € IIOCTENIEHHBIM Hapallu-
BaHMEM KOJIM4ecTBa 4acTull. [110CKOCTHBIE 271eMEHTHI BTOPOTO IIMKJIa OCTAHYTCSl TOYHO TAKUMU ke
B CJIEJYIOIIEM LIMKJIe, TOJIbKO BO3AEHCTBIE CUJIbI STOTO IIMKJIA CHIeNIaeT UX CTPYKTYpY ApYrou, Oonee
CJIOXKHOU U OOBEMHOM, pacIMpsIsi UX U3 LIEHTPA JICHCTBUSA HOBOW CHJIBI.

PucyHok 18 rmoka3piBaeT Ham eIng OJJHy MHTEPECHYIO IBOJIOIMOHHYIO 3aKOHOMEPHOCTh. B Tad-
JMLIE YKa3aHhl s, p, d, f anementsl. [Ipuuém, OHM CTPOro COOTBETCTBYIOT YETHIPEM LiMKJIamM Maxa-
IOru. OHM NOABNSIMCH MOCTENIEHHO JIEMEHT 3a 3JIEMEHTOM M KaKAbld U3 HHUX BO3HUKAJ TOJIBKO
B OIIpeeIEHHOM U1 Hero 1ukJie. Hanpumep, s-aneMeHT Bo3HMKaeT B iukJje Tpera-FOra coBmecTHO
WM TOXJIECTBEHHO BOSHMKHOBEHUIO ATOMOB BOAOPOJA U Te/Usl; P-3JIEMEHT BO3HUKAET B CJIEAYIOLIEM
muksie [Isanapa-tOru u cymmupyetcs ¢ S-3JIeMeHTOM, 00pa3ysi BTOPYIO CTyTeHb TaOuIibl, U T. 1. DTH
YeThIpe JIEMEHTA €1lE pa3 JOKa3bIBAIOT HaM ITOCTENIEHHOE Pa3BUTHE CIIOKHOCTU CTPYKTYPBI B YaCTH-
1[ax OT [IUKJI1a K IMKJIy. MOXXHO Ha3BaTh 3T JIEMEHTH! Y POBHSIMU WJIM U3MEPEHUSIMU aTOMHBIX CTPYK-

TYyp.
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JlectanuHoe nipeacrapnenue Taomwiet [I. . MenneneeBa (pucyHok 18) MOJHOCTBIO COBMAJIO
C pe3yjibTaTaMu I/ICCJIGIIOBaHI/Iﬁ KBaHTOBOU KapTHUHBI-BEPCUU U BEAUYCCKUMMA LUKJIAMU 2BOJIIOLIMN
(pucynok 9). OHa ononHWIA UX U J1ake MoKa3aia, Kak MOIVIa Pa3BUBATLCS CJI0KHOCTb CTPYKTYP
YaCTUIl OT IIUKJIA K IUKJIY WM OT OIHOTO MIEpUojia KBaHTa CBETa K IPyromy (pPUCYHOK 6).

IlapanieabHas 3Boaonus Beceaennon

Harne uccneiopanue 3BooLuu CTpykTyp Martepry B OCHOBHOM IMOCTPOEHO Ha JIBYX OCHOBHBIX
BEPCHSAX: BEIMYECKUX LIMKJIaX SBOJIOLMY C UX CUMBOJIAMU Y KBAHTOBOM KapTUHE-BEPCUU BOJIOLIUM.
MBbI 0Ty YMJIM IOBOJIBHO CTPOMHOE OMUCAHUE IBOJIIOLMU CTPYKTYp yacTull Martepuu u axe e€ mia-
HeTapHbIX cUCTeM, HaripuMep Hateil ConHeuHoit cucteMbl. KoHEUHO, HAM OUeHb XOUeTCsl 3aKPEeNUTh
9TU HOBBIE 3HAHMSI HAIIMMH OOBIYHBIMU MaTepUATbHBIMU 3HAHUSMH, KOTOPBIE YK€ U3BECTHBI HAyKe.

V Hac, nepesi HAIIMMU OOBIYHBIMHU TJIa3aMH, €CTh SIBHBIE TIPUMEPHI TeX ONMMCAHUI MO CTPYK-
TypaM YacTHll, KOTOpble MBI TOJIBKO 4TO caenani. Hampumep, auckoo6pasHasi cTpykTypa Marepun
OYEeHb IIOXOKa Ha CTPYKTYpY coBpeMeHHOH "anaktuku MedHoro mytu. OHa, pacKpy4nBasich U pac-

LMPSISCh CIIMPAJIC0OPa3HO, Pa3BOPAYMBACTCS U3 «TOUKH-JIMHAM» a' B IUIOCKOCTh a’. Crenyrommii

SIBHBIN ITpUMep — 370 Hatla ColHevHast cucTeMa, KoTopast 10 CUX MOop elIE UMEET SIBHbIN IIOCKOCTHOM

xapakTtep. E€ mIocKoCTh SKIMNTUKY MOKA He BpaIllaeTcsi BOKPYT cOOCTBeHHOM oc. O0bEM a® - s10

e€ IUIaHeThl, BpalIAIoIIMecss BOKPYr COOCTBEHHOI ocH. VX ke BpaleHre BOKPYT YAAJIEHHOTO LIeH-

tpa (ConHia), 1aéT yxe cBepxoObEM a>*. MBI [0Ka IMeeM MOJHOE COBIANeHHSX CTPYKTYP 4aCTHI]
U 11aHeTapHbix cucteM Kocmoca ¢ mukinamu Maxa-FOru. JlaBaiite paccMOTpUM 3Ty TOX/IECTBEH-
HOCTb JjaJiee.

Harmmra Beenennast, eciiu MICXOAUTH U3 OOHAPYKEHHON 3aKOHOMEPHOCTH Pa3BUTHSI IJTAHETAPHBIX

o 1 o
CUCTEM, €CTb HA YTO MHOC KAK TOUYCYHO-JIMHENHAA IIJIa3MEHHAA CTPYKTYpa ao—a NEPBUYHOU Mare-
puyu. Ecmu OITYCTUTBCA 1O aTOMHOI'O YPOBHA, TO B CBOU MUKPOCKOIIBI MbI YK€ BUIUM HEKYIO HOBYIO
CTPYKTYPY aTOMOB: UX IIJIOCKOCTb SKJIMIITUKHU YKC BpPAIIA€TCA BOKPYT CBOEN OCH, YTO, OJHO3HA4YHO,

. o . 4 .. o

Ia€T aToMy HEKHi CBEpXOOBEM ypOBHS a ', KOToporo emé HeT B COTHEYHOM cucTeMe, eciii He Horee
4

TOro. ITO K€ U O3HAYAET, YTO OHU YK€ paHee OKHBI ObUIM MOTYYUTh CTPYKTYpPY M, BOSMOKHO,

OHHU Y€ MOIJIM MEPEUTH Ha YPOBEHb a’, ecrm mup CBepxpasyma yke HUCXoAUT K Ham. OH cBoei
CyNpaMeHTaIbHOW CHJION YK€ CIOCOOEH MTHOBEHHO, IO HallliM BPEMEHHBIM MepKaM, MepeBecTd

aTOMHBIE CTPYKTYpBl Ha YPOBEHb IIATOTO U3MEPEHUS a>. Ho 10 OyyT TOJILKO T€ aTOMBbI, KOTOpbIE
JOJDKHBI PACKPBITh U3 ce0s1 HOBbIE XUMHUECKHE JIEMEHTBI, KOTOPBIE MTOKA y HAC elIE€ HE OTKPHITHI.

Ha ocHoBanuM 3THX BBIBOIOB M0 «I1apaJIJIEIbHOMY» MEKYPOBHEBOMY Pa3BUTHUIO 3BOJIOLUN
YK€ MOKHO COCTaBHUTh TaONMMIly 3 AJIsl CTPYKTYp Martepuu U e€ IMKJIOB SBOJIOIMH B 3aBHCHMOCTH
OT IJIAHETApHOTO YPOBHA [1].
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Tabnuua 3
No s HazeaHue
- nAaHeTapHoro CtpykTypa Matepum
YPOBHA TUTHE!
YPOBHA
- Tpeta-Ora .
1 Cy6AMMMHaNbHbII 5 e ...06bEmHan (a°), (a°)
(HOBbIWM)
. Catba-H0ra . :
2 ATOMHbBIN B ...0bbEmHan (a°)
(HOBbIN)
3 Cuctema Qywm Kanu-l0ra Ceepxobbvémuan (a*)
FrennoueHTpuYecKan
4 nnaHeTapHas Kanu-tOra | CeepxobbémHan (a')
cucTema
Banapa- . :
? ? A P 06bémHan (a’)
HOra
5 FanakTvMKa Tpeta-lOra MnockocTHan (a?)
ToyeuyHo-NMHEWHan
6 BceneHHan Catba-tOra (a))
) TpaHcueHaeHT Catba-Hra Toueuynan (a%

WTak, 1-blii cyOIMMHUHAIBHBIN ypOBEHh HAM HUYETO B TUIAHE UCCIIEI0BAHMS HE JAET: MBI MAJIO
41O 0 HEM 3HaeM. Ho MMeHHO 3TOT ypoBeHb (hopMUpYET IUIAHETApHYIO cucTeMy JlyIy, Hallv MBICIIH,
JKeJaHUs U BCE, YTO CBA3aHO C Pa3yMHBIMHU CTPyKTypaMm. VIMEHHO OH HaloJHSIET MBICIA CBOUMU
OHEPIreTUHYCCKUMU YaCTULIaMU, JaBad UM BO3MOXHOCTb PACKPBIBATbLCA B MI)ICJIe(l)OpMI)I.

ATOMHBII YPOBEHb HaM Y€ XOPOILIO M3BECTEH. ATOMBI SIBHO HEIUIOCKME U MMEIOT Bpallalo-
HIyIOCSI TUIOCKOCTb SKJIUNTHKU. OHU MOTYYaloTCsl Y HAC KAKUMHU-TO CYNepoObEMHBIMU (BO3MOXKHO,

2’ ). 31ech He TOJNBKO, HAIPUMEDP, JEKTPOH BPAIIAETC BOKPYT YAAIEHHOTO LIEHTpa (a4), HO M cama

IJIOCKOCTh SKJIMITUKYU BpalaeTcst BOKPYT cBoer och. C 3TUM MBI KaK-TO €HIE MOXEM COITIACUTHCS.
[lmanerapnas cucrema Jymm HaMm Takke Majo usBecTHa [7]. Eciau ucxogurb U3 u3MepeHus

pa3yMa 4esioBeKa, Kak MPeACTaBUTENSA 3TOM CUCTEMBI, TO MBI ITOJTYy4YaeM Y HErO HAJIMYME MEHTAJIbHOTO

pasyma, a 3TO yKe CBepXoObEM (a3+). BosmozkHo, uTo mtaneta 3emutst Ly, kak u 3emiis, yxke Bpa-
IIaeTCs1 BOKPYT CBOEro conHia. Ho Haima 1uBMIM3anis siBHO HE UMEET B CBOEM pazyMe OOJIBIIEro

U3MEPEHHUs], YeM a>. Pa3zym naxke ypoBHs a>t y Hac Oosnblasi peaKocTb. Takux Jozel Mbl Ha3bl-
BaeM YeJIOBEKOM-MHANTO. BpaleHns miockocTy SKJIMNTUKA BOKPYT CBOEH OCH Ha 3TOM IJIaHeTap-
HOM ypoBHe [lyIm Moka IBHO OTCYTCTBYET, YTO HE MO3BOJISIET HaM TOBOPUTh O CylPaMEHTAJIbHOM
pasyme. [ToaToMy LIMKJIOM 3TOro ypoBH# Hanpammsaercs Tonbko uki1 Kanu-FOra. Mel gaxe Moxem

BECTH p€Yb O HOBOM II€PEXOAHOM IIEPUOALC MEXKAY HUM U HOBBIM HHUKJIOM CaTLH—IOFa, 4TO U JAET

HAM YPOBEHb pasyma a> ',

Conneunas cuctema Takxke IBHO OTHOcuTcs K 1ukiy Kamu-lOra. Ona y Hac Ha BUIy U MMeeT

TUIaHeTy 3eMUIs, BPAILAIoILyI0Csl BOKPYT YAAJIEHHOTO LIEHTpa — U3MEpEeHNe a’t, cBepxoOBEM. Bparme-
HUS TUIOCKOCTH SKJIMIITUKY BOKPYT CBOEW OCH 3[€Ch SIBHO OTCYTCTBYET.

Jlanee BO3HMKaeT HECTHIKOBKA: ['alakTHKa MMeeT SIBHO TUIOCKOCTHOM M ra3000pa3HbIi Xapak-
Tep, YTO MBI ¥ 1ToKa3any B Tabmure 3. OHa, 1o Beei BuamMocTH, uMeeT 1k Tpera-IO0ra ¢ mrockoct-

HBIM U3MEPEHUEM a’. BeelleHHast — 9T0 IUIa3MeHHasl «[UiaHeTa» — a' wukna Carbsi-FOru. Ot Tasak-
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TUKU B CTOPOHY YBEJIMUCHHUS TTAHETAPHOTO YPOBHS B TaOMMIIe 3 Moy4yaeTcsl BCE BEpHBIM, HO IJIe-TO
BhINas1 nukJ [IBanapa-lOra u ero o6bEMHOE U3MepeHne a’. B Ta0IuLE 3 MBI CHELIMAIEHO OCTABUIIN

MyCTBIMU JIBE STYEHKH, KOTOPBIE M JOJKHBI COIEPkKATh B ceOe HeUuTo, UTo JaET U3MepeHre a’.

Takast HECTHIKOBKA B CTPYKTYpax yke BO3HUKasia paHee [6, 8]. Toraa u ynanock npeanonoxuTh
U Jaxe AoKasath, yTo CojiHeYHas cucteMa UMEeT JBOMHYIO CTPYKTYpY: F€OLIEHTPUYECKYI0 CUCTEMY
[TTonemes mupa Bpemenu ¢ mpocTpaHCTBEHHBIM LIEHTPOM IUIAHETON 3eMJIsl ¥ TeJIMOLEHTPUUYECKYIO
cucremy Konepauka mupa IIpoctpancrsa ¢ nieHTpoM Bpemenu 1uianeroit Comaile. [TpoctpancTBen-
HbIE [JIAHETHI B TeJIMOLIEHTpUUecKo cucteMe KonepHuka yxe BIOJHE MOTYT UMETh YETBEPTOE U3Me-
peHue a*, 1 oo Hamu B TaGmuLe 3 YK€ YKa3aHO KaK KBa3UUYETBEPTOE U3MEpPEHHE a’".
Cama muanera Bpemenu CoJHIIE HAM HE BUJHA M CKPBITA 34 €r0 TEPMOSIIEPHON 0OOJIIOUKOM.

Ho nmMeHHO OHa HampsMyIo cBs3aHa C pasyMOM LMBHIM3aIMu [6]. Mbl 10 cux nop emeE He uMeeM
B HEM YETBEPTOrO U3MEPEHUS at HOJIb3YEMCS TOJIBKO YIyYIIEHHbIM TPEXMEPHBIM MEHTAJIbHBIM
pasymMoM a>*. Do yKa3blBaeT HaM Ha TO, YTO 3Ta IjiaHeTa BpeMeHH COJHLE JO CHUX MOp JOJDKHA
UMETh 3TO U3MEPEHUE a’, K KOTOpPOMY U Harpammsaercs ik Jsanapa-IOru. [Ina Hac ona croutr

Ha MECTE U Bpallla€TCs TOJIbKO BOKPYT CBOEH OCH, UYTO U JaeT en TPETbE U3MEPCHUC 8.3. HOHy‘IaeTCH,
4TO, 1O aHAaJIOTUH, MbI 10 CUX IIOP ele HCIIOJIb3YEM TOJIBKO y.]'[y“IH_ICHHHﬁ JKMBOTHBIN pa3yM TpETLETO

M3MepeHns a°.

.. 4 . .
[lepexon k 4eTBEPTOMY M3MEPEHMIO 4 Y HAC elmE He mpousoien. B atom cinyvyae ConHue BMe-
cre ¢ 3eMJIEN IOJDKHBI HauaTh BPALAThCsl BOKPYT YIAJIEHHOIO LIEHTPA CUCTEMbl. BO3MOXKHO, OHM yxke

U ceruac Bpala€TCA BOKpPYI' HETr0, HO Mbl TO BUJUM €I'0 CTOAIIMM Ha MECTE U TOJIBKO KakK 00BEM a3.

. +
HpOCTpaHCTBCHHaH 3emisa BpalacTcd BOKPYT YIAJIECHHOI'O HEHTPA 33 , d COJ'IHI_[C oJId HaC 10 CHUX

MOP Bpalla€TCs TOJIbKO BOKPYT cOOCTBEHHOM OCH. DTO JIMIITHUI Ppa3 AOKa3bIBACT HAM, YTO OHO UMCET

TOJIKO TPEThE U3MEPEHUE pa3yMa a’.

Mpb1 He Oyniem jiajee BAaBaThCsl B 9TU IUIAHETApHbIE «APSA3rU», HO YTOYHUM, YTO KPOME TeJIOo-
LeHTpuueckon cucteMbl KonepHuka cyiecTtByer eme reoueHTpuueckas cucrema [Ironemes ¢ uen-

TpoM IutaHeToil 3emuis. CosHLE B Hell sBJIsieTCsl OObIYHOM IUTaHeTol BpemeHu ¢ uamepeHueM at,
KOTOpasi BpalllaeTcsi BOKPYT yaauéHHoro neHtpa [3]. O0e 3TH cucTeMbl cCaMu BpAILAIOTCS BOKPYT
HEKOETo €/IMHOro LIeHTpa cucteMsl. [ emorieHTpryeckas cucremMa — 3To CUCTeMa MaTepUaibHOM 9BO-
oy Mupa [IpocTpaHcTBa, a reoLieHTpruYecKas CUCTeMa — IyXOBHOM 3BostioLy Mupa Bpemenu. Mx

eIMHEHNEM CTaHeT oyxoTBOpEHHast COTHEeYHasi CUCTeMa C M3MEPEHHEM pa3yMa a*. 910 BosmokHOE
Hale cBepxpasymHoe Oyayiee. TombKo 37ech MBI y’Ke UMEEM B BULY JlaKe IJIaHeTaApHbIE CHUCTEMBI
Jyim desioBeka, Befib UMEHHO OHU «JIAl0T» HaM OOBIYHBIN Pa3yM.

Hawm ynanock HailTu TpeTbe U3MepeHue a® B Hammeil COHEYHON crcTeMe. Tenepb Mbl MOkEM
YTOUYHUTD Hallly TaOIMLYy 3, 3all0JHUB B HEH MyCThIE STYEHKH N€OLEHTPUYECKOH MIaHETApHON CHUCTe-
Mot [Tronemes. [JaBaiite 3TH yToUHEeHUs TPOM3BEIEM B Tabuue 4.
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Tadauua 4

Haszeanue
No Haspanue .
JIAHETAPHOTIO Crpykrypa Martepuu
YPOBHA IHHE]Id
- YPOBHS
- o Tpera-10ra e ;
I Cy0nMMHHANBHBIN i ...00bEMHan (a), (a°)
(HOBBII )
A o Carpa-HOra o 5
2 ATOMHBIH 3 ...00BEMHAA (a')
(HOBBIH)
3 Cucrema Jlyum Kanu-10ra CrepxoObémuan (a')
| ennouenTpuueckasn
4a riaHerapHas Kanmn-10ra | CeepxoOnémuas (a’')
cucrema Konepuuka
[ eouentpuueckas
" ; Jlpanapa- — .
J Clc I
40 niaHeTapHas [Ora OObémHuan (a’)
r:
cucrema llronemes
3 [‘asiakThKa Tpera-10ra I iockocTHasn (a”)
, Toueuno-nuneiinasn
6 Beenennas Carpa-H0ra (a")
7 Tpaucuenaent Jdup Toueunas (a”)

Tenepb y Hac OTHOCUTENBHO PACTyIMX WU3MEpPEHU CTPYKTyp Marepuu Ha IUlaHEeTapHBIX
ypoBHsIX BceneHHo# Bcé comuioch. Bece n3MepeHust craim mocieioBaTe/IbHBIMA M HapaCTaIOIMMU
oT ypOBHH K ypOBHIO. 3IIer HE Hy)KHO HU quy yIII/IBJIHTbCH, BEb, KaK MbI yTBep)KIIEUII/I paHee, MBI
HE MOeM BHJIETb W uccienoBarh Mup Bpemenu. ConHile siBiisieTcs TiaHeTol BpemMeHu v motomy
TMOKa SIBJISIETCS JIJIs1 HAC CaKpasibHOW TaltHOM. TOJIbKO OHA, CKPBITO OT HAC U Yepe3 Hac, OIpe/ieisieT
pa3yM Bcel MBIIM3aIy. Tak 9To MBI IOKA HAXOAMMCS Ha JKUBOTHOM YPOBHE pa3yma, HO CaM Yejio-

BEK YK€ [ePeXOIUT K €r0o HOBOMY YETHIPEXMEPHOMY THITY a*.

B 101 Tabnuiie 4 BO3HMKAET HEKOTOPast HECTHIKOBKA. 3-Mi U 4a TUIaHeTapHbIe YPOBHU UMEIOT
oauH U ToT e 1ukJI Kanu-I0ru. 3-uil ypoBeHs, 110 aHaJIOrMU ¢ OCTaJIbBHBIMU YPOBHSIMH, KaK-TO A0JI-
JeH onepexarb ypoBeHb 4a. Ha camoM zene 310 Tak U ecTh. Jleo B TOM, YTO COBPEMEHHBIN Yeo-
BEK, B JIMLIE YeJIOBeKa-UHIUTO, yke MPUCTYIIII K HoBoMy LUKy Catbsa-FOru, a ConHeuHas cucrema
TOJIBKO-TOJIBKO 3akaHuMBaeT 1Mk Kanu-IOru. 3neck sBHO yenoBek onepexkaer craHoBieHue Coi-
HEYHOI CHUCTEMBI, HO Jajiee €€ COBEpILEeHCTBA, 3HAUUTENIbHO Orepexasl e€ 3BOJIOLMIO, OH MPOJIBU-
HYTbCSl He cMOXeT. Ero TuImmyeckuii Mup JOJIKeH el COOTBETCTBOBATh, & OH — €r0 pa3yMHasi 4acTuLa.

JlyXOBHOCTb MMeET OTHOLIIeHHe K MUpy Bpemenu. iMeHHO 1yxoBHas 3BOIOLMSA Aajiee 1mocJie-

AyeT 3a MaTepuasIbHOM 9BOMIOIMEN U MEPEBEAET HAlll pa3yM B UCTUHHOE YETBEPTOE U3MEpPEHHE at,
OHa u ecTb TO YETBEPTOE U3MEpEHHE MHpa BpemeHu, OT KOTOporo Mbl 0 CMX TIOP CaMM ke U I1apa-
xaemcsl. Mbl cuuTaeM JyXOBHOCTb UEM-TO HEpEAJIbHbIM U J1a)K€ BPEJHBIM, CBSI3bIBASI €€ C PEIUTUSIMU.
[lepexon K JyXOBHOCTH U, uepe3 He€, K MUpy BpemeHu gact HaM BO3MOKHOCTb 3aKOHUUTh IBOJIO-
[0 Pa3yMHOT'O YeJIOBEKA M MOJTHOCTHI0 0OPECT MEHTAJIbHBIN OyXOTBOPEHHBIN Pa3yM W3MEpEeHUsI

4
a’, KAKUM OH U JIOJKEH OBITh.

TOJIBKO € IyXOBHOCTBIO MBI Y>K€ OIa3/IbIBa€M U MPUILLJIO BpeMsI CKa3aTh OOJIbIlIe: PeabHOCTHIO
yKe CTaJl ClIeyIOIIMI TUIT pa3yMa — CyllpaMeHTaJIbHbIN pa3syM Mupa CBepxpa3yMa, KOTOPbIii epeBe-

JET HaC yXke B €ro MaToe u3MepeHue a°. TOJIbKO OH CIIOCOGEH COSMHUTD 06e IJIaHETapHBIE CUCTEMBI
Connua u 3emuu B eivHoe 11e10e. OH y:ke IPUCYTCTBYET B HAIlleM MHUPE U B HAIlIEM pa3yMe, TOJIbKO
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B 3a4aTOYHOM cocTossHuU. CBepxpa3ym — yiKe 37ech Ha IUIaHeTe, O YEM Mbl TOBOPUJIM paHee [2].
KBanr cBera 2 yxe nepeaai ero crpykTypbl Matepuu, a Ta — Hauiel Jlyiie, HO OHU B Hell elE He pac-
KPHITBL. Ero HOBBIE CTPYKTYpHI B HAIlleM pa3yMe HaXOISATCS B CBEPHYTOM COCTOSIHUM, HO €ro Cyrpa-
MEHTaJIbHAS CHJIA YKe CIIOCOOHA HavyaTh MX B HAC pacKpbiBaTh. OHA yKe CKPBITO C HAMU padoTaerT.
Ecnmu mbI cerogns BMecTe ¢ rtaHeTon 3emiis Bpamaemcst BOKpyr ColHIa, Jaroiiee Ham, B Oyiry-
1IeM, YETBEPTOE MU3MEpPEHHe, TO OHO caMo [yl HAlllero pa3ymMa IOKa CTOUT Ha MeCTe, Bpaullasich

TOJIBKO BOKPYI' CBOEH OCH, YTO O3HAYaeT TPEThbe U3MEpEHUe a®. M, yepe3 Hero, Mo3HaéM MOKa
TOJIBKO MaTepuio Mupa [IpocTpaHcTBa 1 MMeeM MaTepualibHBIN pa3yM KBa3MUETBEPTOrO M3MEPEHHU S

a>". Jlanee Hamma 3agaya COCTOMT B TOM, YTOOBI CBOE CO3HAHME NIEPEHECTH B HEKUU €IMHOU IIEHTP
IJTAaHETApHOW CUCTEMBI [7], UTO MO3BOJIMUT HaM yxe uMeTh Bparfaiomieecss CoiHile BOKPYT IHEHTpa
€IMHOM CUCTEMBI, UTO HaM TYT ke JacT YETBEPTOE U3MEPEHUE, U, OITHOBPEMEHHO C 3TUM, UMETb I1J1a-
HeTy 3eMJis TaKke BPAIAOLIYI0Cs BOKPYT TOTO Ke LIEHTPA CUCTEMBI.

Ecnu marepuasibHbIA OOBIYHBIA Pa3yM CBSI3aH C IJIaHETON 3eMJIsl, TO JAyXOBHBIM pa3ym CBs-
3aH ¢ riaHeroid ComnHile. Panee Mbl TOBOpMIIM, UTO BUTAJIBHBIN )KMBOTHBIN pa3yM MMEET OTHOILIEHHE
K BpemeHu mupy IIpoctpaHcTBa, B KOTOPOM OH U cyiiecTByeT. OH UMEET TOJIbKO TPEThe U3MEpPEHHE

3.3, TO €CTb BUTAJIBHBIN pa3yM UMEET CBOUM OCHOBAHUEM IUIAHETY CO)'IHL[C, a He 3emumo. Eciii HOBBIT

BepxoBHblii pazym a* TOYHO TaK ke MMeeT OTHOLIeHHE K Mupy BpemeHu, ToO UMEHHO OH TMO3BOJIUT
HAaIlleMy CO3HaHMIO TIEpEeNTH Ha ypoBeHb I1aHeThl CosHIle.

Ho 1yt e Bo3HMKaeT Boripoc, HO Benb CorHile B KoHue 1ukia Kamm-FOru nmoracHer u mpe-
KpaTuT cBOE cymecTBoBaHue? JefCTBUTENIHHO 9TO Tak U OyHEeT, TOJBbKO MepeCcTaHeT CYIIeCTBOBATh
He miadera ConHie, a Te yactuiibl DCH+H, KoTopele MOKHBI B 9TOM 1IMKJIE MEepelTH Ha Iia-
Hery 3emuist. Botr oHM 1 co3nanyT BuaAUMOcTh, yto CosHIIe MCUEe3HET, niepectaB cBeTuTh. Ha camom
nenie, ecu rianeta 3emist (popMupyercsl TeMoleHTpruYeckoi cucteMoit KonepHuka, To rianera
ConHuie — reonieHTpuyecko cucremon [ltonemes. Mol yxe paHee roBOpUJIM O IBYyX B3AaUMHBIX KBaH-
Tax CBeTa, KOTopble ux 1 (popmupyiot. [loatomy rnanera CosHile 00s13aTeIbHO OCTAaHETCsI CYITIeCTBO-
BaTh B coctaBe CONHEYHOM cCUCTEMe, TO OHA Il Hac OyJeT TEMHOM, Kak SHeprusi BpeMeHH, KOTopast
1 eCcTb BcE Haie TéMHOoe He0o. A TO OTKyza Obl B3slach BCE Ta TEMHOTA, Be/lb OHA JJOJDKHA UMETh
CBOI MCTOYHMK BO3HUKHOBeHMs. E€ cTouHnkoM u OyzeT sHeprusi Mupa Bpemenu kBaHTa cBeta 2,
KOTOpasi Jist Hac OyAeT TEMHOM, €CIM He TIOTHOCThIO YEpHOM. [Toka MBI He pacKpoeM CBOM BHYTpPEH-
HHE OpraHbl YyBCTB, MBI HE CMOXeM BujieTh ThMmy Mupa Bpemenu kak Caer.

BeiBop HarparmvBaeTcst pocTou, ey HoBbIH Uk Catbsi-lOru Oyaet mpoxomuTs B Mupe Bpe-
MEHH, TO MBI Kak-TO JOJDKHBI OyJeT okaszarbes Ha rutaHete Connile. Ham kak-Tto nmpuaéres ocyime-
CTBUTH Takol nepexof u3 mupa [Ipoctpancts B Mupe Bpemenu. Ecnu Haiie BHeliHee MaTepuasibHOE
CYILIECTBO XKUBET B BUJIe OOBIYHOTO YeJIOBEeKa Ha IJIaHeTe 3eMJlsl, TO Hallle BHyTPEHHEe CYIIeCTBO —
Ha rutaete CosHile. TonbKko Mbl CBOE BHYTPEHHEE CYIIECTBO MOKA HUKAK B ceOe He onpe/iesisieM.

[Nepexon kK AyXOBHOMY pa3ymy Mupa BepxoBHOro pazyma Kak pa3 rmogpasymeBaet Ioj coOoit
PACKpbITHE U COBEPIICHCTBO HAIIETO BHYTPEHHETO CYIIECTBA, KOTOPHIH IMOKa B HAC HE paCKPBIBAETCS,
HE pa3BMBAeTCs M He 3BOMOLMOHMpYeT. Ho mMeHHo OHO cymiecTByeT B Mupe Bpemenu Ha miiaHere
CotHIle U JKUBET TaM.

JlyxOBHBIE 3HAHUS TOBOPSIT HAM O TOM, YTO MBI HE IOJKHBI OTKa3bIBAThCSI OT CBOETO BHEIITHETO
CYILECTBA. DTO MOJCKA3bIBAET HAM, UTO MBI C IIJIAHETHl 3eMJIsl HE YI/IEM, Be[Jb UMEHHO OHA Ja€T HaM
MPOCTPAHCTBEHHOE (PU3NYECKOE TeJIO ¥ OOBIYHBIN pa3yM, HO CBOMM CO3HAHHMEM MBI JOJDKHBI OylieM
NepeNTH U3 BHEIIHETO HA BHYTPEHHUI pa3yM, YTO U O3HAYAET pa3BUTHE TyXOBHOrO pazyMa. TosbKo,
pa3BuBasi €ro, Mbl He JOJKHBI Oy[eM MOTepsiTh CBOE BHEIIHEE CYIIECTBO. BOT K TaKUM «4yJOBHIII-
HBIM» (OT CJIOBA «4Y/0» ) IPEABAPUTEIIHHBIM BHIBOJAM MbI IPUIILTH B CBOEH KBAHTOBOW KapTHUHE BEp-
CHUU 3BOJTIOLHH.
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Ilepexoxa k AyxoBHOCTH MHpa Bpemenu

He HYXHO 3a6bIBaTb, YTO, OIIMChIBAsA COJ'IHL[C n 3CMJIIO, KOTOPBIC BJIWAKOT CBOUMH TUITNYC-
CKMMH MHPpAMU Ha HAlll pa3yM U COBCPUICHCTBO, Mbl OITMCbIBAEM U CBOU MHAWBU1YAJIbHBIC COJIHLIC
M 3EMJIIO HHaHCTapHOfI CHUCTEMBI ,HYI_HI/I yeJIoBeKa 3-ero IJIAHETAPHOI'O YPOBHSA COITIACHO T216)'II/ILIC 4.
HMMeHHO OHM U JAIOT HaM €ro. HOSTOMy CBOUM CO3HAHHUEM, 4TOOBI HAYaTh CTAHOBJIEHUE AYXOBHOI'O
pasyma, Mbl JOJI’KHBL 6y,IlCM MNEPEKIIIOINUTHCA € 3EMJIK Ha COJIHOE CUCTEMbBI HYI_HI/I Tonbko Tak MbI

CMOXeM 0OpecTH YeTBeprUHyI0 MaTepuio 1 pa3ym ypOBHS a*.

Hawm yxe nopa «pa30yauTh» TyXOBHBIA pa3yM M HayaTh PacKpbiBaTh B ceOe €ro CTPyKTYpHI.
CBOMM CO3HaHMEM MBI JOJKHBI Oy/leM MEepeKIIOUMThCS ¢ IPOCTPAHCTBEHHOW TeTMOIIEHTPUUYECKON
cucteMbl KonepHuka, ¢ 3emiu [lyim, Ha TeOLeHTPUYECKYIO TUIaHETApHYI0 cucteMy Bpemenu [Itone-
Mesl, Ha e€ cosHLIEe. TOIbKO TaK Mbl CMOKEM COBEPIIEHCTBOBATHLCS Jlajiee B [yXOBHOM pa3yMe U Of1y-
XOTBOpUTH ceOsi. TOIbKO 3TO MO3BOJIUT HAM OT KBaHTa CBeTa | mepelTu K Havyajly JyXOBHOW Marte-
pUanM3alyy KBaHTa cBeTa 2 (PUCYHOK §), YTO MO3BOJIMT HaM MOTYYUTh IBOIOLMOHHBIM ITyTEM €I11E
OoJblliie U3MepeHust CTPYKTyp Matepuu B CBOEM CYIIIECTBe.

MBb! yxe cepbE3HO paccMaTpUBaeM peabHOCTD ABYX HOBBIX IIMKJI0B Maxa-FOru kBaHTa cBera
2 pucynka 8 mupoB BepxoBHoro pazyma u Ceepxpasyma. OHM CTaHyT B OyayIieM IpoAo/KeHUEM
Hatuei sBomonuu. Eciu 11 craHoBeHUs B MUpe BepXoBHOTO pa3yMa Mbl I0JIKHBI [IEPEKJIIOUUTHCS
CBOMM CO3HaHKEM Ha coiHie [y, To 118 ctaHoBieHus B Mupe CBepxpa3yma — Ha €MHBIN LIEHTP
e€ TUIAaHEeTApHOM CHCTEMBbI, KOTOPBIM MO3BOJUT HaM OOBEJVHUTH 3TH JBE TUIAHETAPHBIE CHUCTEMBI
B €/IMHOE 1IeJI0E.

CeronHsi MBI yke 00pesu MaTepraIbHOE TeJIO M 3AIOJHUINA €r0 OOBIYHBIM pa3yMoOM. DTO TO,
YTO MOYTH YK€ CIEJIaHO MPU MOMOIIM KBaHTa cBeTa | Ha ruiaHere 3emiis. Jlanee HacTynaeT HoBasi
CTYyII€Hb BOJIIOLMM — 3TO JyXOBHAsl 9BOJIOLMS, KOTOPYIO HaM jAacT HoBbIM IMKJ Carbsa-IOru kBaHrta
CBeTa 2, IOKa3aHHbII Ha pucyHke 19. be3 Hero HaM 4eTBEPTOro U3MEpEeHHs B pa3yme He MOIyUYUTb.
OH yxe co3HaTenbHO OyaeT MpoxonuTh Ha TuiaHete CosHile.

Ha pucynke 19 n300paxén kBaHT cBeta 2. ToJbKO 3/1€Ch MBI IIOKa3aJi rpayK SHEPruil KBaHTa
CBeTa 2, nepexoJslMx B KBaHT Martepuu 2. Kak Mbl BUIMM, OH HUKAKOTrO OTHOILIEHUS] HE UMEET HU
K peJIMIrusiM, HU K MoraM, HU K JPYI'MM AYXOBHBIM KOH(eccHsIM. DTO HEUTO COBCEM JpPYyroe, uTo
MBI Ha3bIBA€M IPOLIECCOM TyXOBHOM 3BOTIOIMH. OH MPEACTaBIIsIeT COOO0M CTaHAAPTHHINA KBAHT CBETA,
HO pacriofaraiomyiicss B OonbiieM mupe Bpemenn +T. OH umeeT B cBoéM craHoByieHHH 10 3Tanos
YEThIPEX MEHBIIMX LIUKJIOB HOBOro LukJa Maxa-lOru. OH 1o cBoey cTpyKType NpakTUYeCK! HU4eM
He OTJIMYaeTcs OT KBaHTa cBeTa | (pucyHka 4), KOTopslil pacrionaraercsi B Oonbiiem mupe [Ipoctpan-
crBa. [laBaiiTe onuiieM KBaHT CBeTa 2 TIOIpoOHee, B COOTBETCTBUU C PUCYHKOM 19.
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dopmMpoBaHUe TPaHCUEHAEHTHOro YenoseKka KBaHTOM cBeTa 2

YpoBeHb Mup TpaHcueHaeHTa
CHhnebl
a Mup BepxosHoro Mup Mup ! KBaHT
pazyma |Caepxpas-,.-ma ? |
_._1_1_“_:‘-_-_,_ — s oy o ¢ ey e e MaTepHH2
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0 Al 4" p1 7 B19,j0A2 4
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»| = KeauT ceeTa 2 ——+ 10 +—
ceTa 1 ceeta 3
Puc. 19

Nrak, Hoewiii ki Carpsa-I0rm (Al) Oymer mpoxomauth B 4 3tama. Mbl UX yXke XOPOIIO
3HaeM [9]:

1. Dran BosseienHoro paszyma (0—1).

2. Dtan O3apénHoro paszyma (1—2).

3. Dran UHTYyHTHBHOTO pasyma (2—3).

4. Dtan ['nodanpHOTrO (BepxoBHOro) pazyma (3—4).

Bce oHu umeloT oTHoIIeHe K 3Bomonuu Mupa BepxoBHoro pazyma. KBaHT cBera 2 nokasbl-
BaeT HaM peasIbHOCTh 0OpeTeHrst BepxoBHoro pasyma. B atom HoBoM 1mkJie Catbsi-FOra Mbl JOJIKHBI
K CBOEH COBEpIIEHHOW MaTepuasibHOM (hopMe OOBIYHOTO BHEITHErO YesoBeKa, KOTOPHIM CEeroqHsI
SIBJISIEMCs1, T0OABUTD lyXOBHYIO (hOpPMY U pa3yM BHYTPEHHEIO YeIOBEeKa, paCKphIBas U pa3BUBAS €0
B ceOe. DTO Mo3BOIUT HaM oOpecTr BepXxOBHBII pa3yM M CTaThb HOBBIM BHIIOM OyXOTBOPEHHOTO
YenoBeka, CyIIECTBYIOIIEr0 OIHOBPEMEHHO M Ha IJ1aHeTe 3emiis (BHEITHee CYIIeCTBO) U Ha IJIaHeTe
ConHile (BHyTpeHHEe CYIIECTBO), HO 0e3 UX eMHEHHS.

3T0, KOHEYHO, HE TaK MPOCTO C/eNaTh, MOTOMY UYTO Jake HU3IIMK YpPOBEHb BO3BBIIIEHHOTO
pasyma mmpa BepxoBHOro pasyma oOnamaer OOJBINON JAYXOBHOW CHJIOHN, CIIOCOOHOW pa3pylUTh
pasyM OOBIYHOTO YesloBeKa. MBI He TOJBKO TOJKHBI TIO3BOJUTH ceOe HANONHUTBHCS €r0 TyXOBHOM
CUJIOH, HO M eIlE, TIPU MOMOIIH e€, clesath OoJiee MPOYHOW U MPO3PAvyHOil MaTepHaTbHYIO0 CTPYK-
TYPY CBOETO TeJia, 3HAYMTEJILHO €r0 YKPEIHB, YTOOB OHO OBLIIO CITIOCOOHO BBIJIEPXKATh HOBBI Pa3yM.
ToJMBKO 3TO MO3BOJIMT HAM HAIOJTHUTH ceOsi HOBBIM JyXOBHBIM pa3symoM +E mupa Bpemenu +T
KBaHTa CBETa 2 W MPU 3TOM COXPAHUTHh OOBIYHBIN pa3sym mupa IlpocTpancTBa, chopMUPOBAHHBIH
KBAaHTOM cBeTa 1.

Omryiaere pa3HUITy MeXIy pPaOOTOM TyXOBHBIX KOH(eccHid M KBaHTOM cBeTa 27 Kak myXxoBHbIE
KOH(ECCHU MOTYT 3TO OCyIIecTBUTh? OHM axke 00 STOM HOBOM KBaHTe CBETa 2 HUYETrO He 3HAIOT.
Ero pabora o HUCXOXJEHUI0 B Matepuio — 3TO peaibHasi JyxOBHasi pad0Ta MEKTPUIECKON CHJIbI
+E ¢ MarepuasbHBIM YeJIOBEKOM MO OJYXOTBOPEHMIO €T0 POCTPAHCTBEHHOM MaTepuu U OOBIYHOTO
pasyma, KOTOpO# paHee ABAJIATOro Beka He Obuto. [1st 3Toro u BKiIoyaercsi B paboTy HOBBIA KBaHT
cBera 2 pricyHKa 19. Be3 Hero Ham MOXHO OyJeT 3a0bITh O CBOSH IMBIJIN3AIMH, KOO Jlajiee HAUHETCS
OOpaTHBII OTCUET B KBAHTE CBeTa 1, KOTOPBIA MBI Ha3bIBaeM KOHIIOM CBeTa.

[Iponenaiite caMu MBICTUTENBHBIA IKCIIEPUMEHT, 711 YEro MpOWAMUTE MO KBAHTY MaTepuu
1 pucyHka 4 ot KoHna k ero Havyany. [lorpoOyiiTe npencraButh cede, Kak OH OyleT «BBIXOTUTh»
oOpaTHO U3 Marepuu TemH ke JeThippbMs mukjamu Maxa-lOru. Crenaiite 3T0 TOYHO TaK ke, Kak
MBI TIPE/ICTABIISLIA ceOe ero HUCXOXAeHne B Martepuio. Mbl y&ke MOXeM OnvcaTh OKOHYaHUE ITOTO
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rporiecca, Koraa 3TOT KBaHT MaTepuu 1 0OpaTUThCS U CTAHET MOJOOUEM «UEPHOU JBIPBI», IIOTHOCTHIO
noryiomasi cooboit Bce yactuiibl Matepuu u gaxke e€ Ddup [8]. OH kak Obl OTOESPET BECh CBOM CBET
(cBoM Dpup) 0OpaTHO B ceOs1, CHOBA CTAHOBSCH «ITyCTHIM» KBaHTOM cBeTa 1. DTo u OymeT /s Hac
armoOKaJIMIICHCOM, KOT/Ia IIMBMJIM3AIIMSI TIOTHOCTBIO UCYE3HET B ITOU «YEPHOM JbIpe», YTOOBI HavyaTh
BCE CHayasa ¢ HOBOH BcIblIKM boxkecTBeHHoro Caera.

Tonbko Hauasno pa3BEPTHIBAHMUS KBaHTa cBeTa 2 B Marepuu Mo3BOJIUT HaM MPOAOJIKUTH CBOIO
9BOJTIONMIO JlaJiee, a He 00paTUThCS B TIPaxX M HE MPOMACTh B «UEPHOM JIIPe», KOTOpast HAC TMOTJIOTHT.
K Hamemy cyacTeio OH yke Hadaa CBOIO pa®oTy C Halleill nuBuwiIusanuei. B mpotuBHOM ciyuae,
MBI ObI TOrJJa O HEM HUYEro He 3Hanu. Ecim yke mosiBUiICs pUcyHOK 19, TO MOXKHO TOBOPHUTD, UTO
9TOT KBAHT cBeTa 2 yxke Hucxomut B Marepuio. [losiBieHre o HEM 3HaHWI B HallleM MUpE Kak Obl
TO/ICKa3bIBAET HaM, YTO 3TO yXke CIyUUIIOCh.

W3 sToro HoBoro mnporecca HUCXOK/IEHUS KBaHTa cBeTa 2 B MaTepuio BO3ZHMKAeT HOBasl 9BO-
JIOIVIOHHAS 11eJ1b IS HaIllel IMBUJIN3AIMKA: HAM HEOOXOIMMO COCVHUTHCS C HUM BHYTpU ceds,
160 oH OyJeT NerCTBOBATh KaK CHApyKH HAC B HallleM OOBIYHOM MHpE, TaK U BHYTPU HAC, MEHSsS
HAC ¥ HaIll TUMYECKUi Mup mof ceds1. TyT ke BO3HUKAET BOMPOC: a MOTYT JIM HAM B STOM ITOMOYb
IOyXOBHBIE KOH(DECCUH, UCTIONb3Ysl CBOM COBPEMEHHbIE YXOBHbBIE JOCTUKEHUS U MPAKTUKU?

ITO BIIOJHE BO3MOXXHO, HO TOJIBKO HA HAYAJIBHOM 3Tare, 100 TOUTH BCE JyXOBHBIE KOHec-
cum OEryT OT HAIllero MaTepUaIbHOTO TeJla M MHpa, CUMTast X WUTIO3UEH, a HaM OHH, KaK OKa3bIBa-
eTcsl, — OYeHb HYKHbI. be3 HUX HeBO3MOXHO HUCXOXEHUE KBaHTa cBeTa 2 B Matepuio. EMy Tornia
MPOCTO HeKyna OyneT Hucxoauth. EMy OynaeT HeoOXOAMM COBEPIICHHBI OOBIYHBIA YeJIOBEK C €ro
Pa3BUTHIM OOBIYHBIM Pa3yMOM M JIaXe €r0 TUITMYECKHA MUP OOBIYHOrO pasyma. Tonbko oHu OyayT
CIIOCOOHBI IPUHSATDH B ce0s1 ero HOBYI0 AyxoBHYIO cuity +E. Tonbko Torna oH cMoxer Ha Ga3e TUIH-
YEeCKOro MHpa OOBIYHOTO YeJIOBEKa PaCKPHITh HOBBIM, OoJiee TOHKUI TUIIMYecKnid Mup BepxoBHOro
pasyma. Mimenno Oymynmii HoBbIi 1K Catbsi-I0ru (Al pucynka 19) Oyznet a/IeKTpruecKoi CHIIOM
+E kBaHTa cBeTa 2 nmpeoOpa3oBhIBaTh MaTEpUAIbHBIE CTPYKTYPHI TeJa U pa3yMa OOBIYHOTO YeIOBeKa
Y O/IyXOTBOPSTH MX.

+ (=]
KBa3zuuerBepuunas Marepus mupa IIpocrpancTBa a®* jomkna OyIeT mepeiTi B YeTBepUd-

Hy10 Matepuio at mupa Bpemenu, uro e€ u omyxorBoput. OHU MOKa OyIyT COCyIIIeCTBOBATh BMECTE,
HO Kak JJBE€ IPOTUBOIIOJIOKHOCTU. BEepXOBHBIN pa3yM IOKa HE CMOXET X COeIMHUTh BMecTe. Ero
LIeJIb — 3TO HAYaJIO0 PACKPHITUSI U CTAHOBJIEHUsI HOBOW JAYXOBHOU Matepuu mupa BpemeHu ypoBHs

4 .
a . HpI/I 9TOM, MHUD HpOCTpaHCTBa IMOKa OCTACTCA CyHIECTBOBATb CO CBOMM YPOBHEM MCEHTAJIbHOT'O

pasyma a>*, a He NIePEXO/IUT Ha HOBBIA YPOBEHb CTPYKTYp. K HeMy 100aBIISIIOTCS HOBBIE CTPYKTYPBI
JOYXOBHOT'O pa3yma, KOTOpPbIE €ro MOJHUMAIOT Ha CBOM YPOBEHb, HO OCTABJISIsI MaTepUAJIbHBIM YeJIo-
BekoM mupa [Ipocrpancrsa.

B3pbiB ayxoBHoro Ceera B Marepuu

OcwmbIcMBast HOBYIO JYXOBHYIO 1I€JIb, MBI IOHUMAeM, YTO KBAaHT CBETa 2 JOJIKEH JaTh HaM
HEYTO HOBOE, KOTOPOE MO3BOJIMT €€ OCYILECTBUTh. MBI YK€ UMEEeM 3HaHUS O HUCXOXKAECHUM KBaHTA
ceera 1 B Marepuio. HaM TOJIBKO OCTasioch MepesiokuTbh UX Ha KBaHT cBeTa 2. JlaBaiiTe HauHEM
C BOMpOCa: KaK KBaHT CBETa 2 HAUHET CBOE HUCXOXk IeHUe B MaTtepHio, oI00HO HUCXOKICHUIO KBAHTA
cera 1?

Co B3peiBa CBeTa, KOTOPBIY MBI MOKEM AAJIEE€ Ha3BaTh AYXOBHBIM D(PUPOM.

Ho Cgert B Mupe Bpemenu Oyzer 111 Hac, IPOCTPAHCTBEHHBIX CYIIECTB, KPOMEIITHOM ThMOM.
KHnra kak pa3 rooput Ham o noraciem CostHile, Korja IUIaHeTy 3eMJis HakpoeT KpoMeliHas Tema.
Ota Tema (nyxoBHBII CBeT) 00s3aTebHO BO3HUKHET B CAMOM Hayajle HUCXOXKJEHUS KBaHTa CBETA
2, IpU €ro yxke HEeroCpeACTBEHHbIM KOHTaKTe ¢ HaluM MUpoM. [Ioka ke 3TOT AyXOBHBI KOHTAKT
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MMeeTCsl TOJIBKO Ha SHEPreTUYECKOM YPOBHE, UTO TO3BOJISIET OOBIYHOMY YEJIOBEKY CTaTh 4esloBe-
KOM-HUH/NIO, HO JJaJiee 3TOro MOKa He UJIET.

Kpomeninas Tema no3BoauT Ham MOHSATS, UTO IpoLece Nepexoaa B Mup BepxoBHoro pazyma
yXke peasbHO Havyascs ¥ YTO TOTOBUThCS K HeMy yxke Oyzet no3aHo. Kak ckazano B Kuure, uto nocrne
ToMbI IOSIBATCS HA HeOe HOBbIE 3BE3/1bI 1 CoNHIIE, KOTOpBIE HaM elié Oosiee OATBEPISAT ero Hauaso.
Jleno B TOM, 4TO, pacKpbiBasi B cebe BHyTpPEeHHEE CYIIECTBO, Mbl CMOXEM YBHIETh STOT JyXOBHBIH
CBer yxe Kak cam CBeT, a He Kak TbMYy. Torja Mbl CBOMM BHYTPEHHUM 3pEHUEM (TPETHUM IJIa30M)
yBUAMM 3Ty 1uiaHeTy COJHIe, ONMCAaHHYI0 HAMH paHee, KoTopast OblIa CIIpsiTaHa 3a ero TepMosiaep-
HbIM crtoeM. EctecTBeHHO, UTO BMeCTO cTapbix 3B€311 Mupa [IpocTpaHcTBa, Mbl 3TUM e BHYTPEHHUM
3peHreM YBHUJIUM Te HOBBIE 3BE3/IbI MUPa BpeMeHu, KOTopble paHee ObUTM OT Hac CKpBITHL. OnvicaHue
Knuru 15 Hac, B CKOpOM BpeMEHHU, CTAaHET PEaIbHOCTHIO U IMOTHOCTHIO MOATBEPKIAET HAIITY BHIBOJIbI
T10 KBaHTY CBeTa 2.

[Tpu HammeM co3HaTebHOM Iepexofe B Mup BpeMeHu, Mbl HAaUHEM pacKpeiBaTh B ceOe CBOE
BHYTPEHHEE CYyILECTBO, OOpeTaTh HOBble BHYTPEHHHE OpraHbl UyBCTB, KOTOpble 3Ty ThMy mocTe-
MIEHHO HAUYHYT BOCIpMHMMATh Kak CBeT. BHelHue opraHsl 4yBCTB OOBIYHOTO CYIIIECTBA YeIOBEKa
TaK 1 OyayT BOCIIPUHMMATh OOBIYHBIA MaTepPUAIbHBIN CBET, & BHYTPEHHUE OPTraHbl YyBCTB €TI0 BHYT-
PEHHero cyiectBa — AyXoBHbII CBeT. TakuM Mbl BUIMM MTPOIOIKEHUE HALLIETO 9BOTIOLMOHHOTO CTa-
HOBJICHHSI OyXOTBOPEHHBIM YenoBekoM B Mupe BepxoBHoro paszyma.

Onextpuueckas cwia +E kBaHTa cBera 2 copMupyeT HOBbE €JUHUYHBIE YACTUIBI JyXOB-

Horo «ddupa» mupa Bpemenn’ 1°. On OTKpOeT i yejioBeka MUp BpemeHu c ero nyXxoBHO-
CTBIO Ha €IMHUYHOM ypoBHe. YacTuiipl tyxoBHOTO «pupa» B HoBoM Iukie Carbsa-lOru cranyr

HOBBIMU TOYEYHO-JIMHEUHBIMU AYXOBHBIMU CTPYKTYpaMu n0-n, KOTOpbIe Oy/IyT B3aUMO-TIepIIeHU-
KYJISIPHBIMU CTPYKTYpaM pa3yma OOBIYHOTO 4esioBeKa. ECTeCTBEHHO, OHM pacKpoIOTCs B YeJIOBEKe,
B €ro BHYTPEHHEM CYIIECTBE, YTO MO3BOJIUT OOBIYHOMY YeJIOBEKY 00pecTy 4eTBepruuHylo Marepuio

Mupa Bpemenu ¢ ypoBHeM pazyma a*. Vx o6uwmii pa3yMm OyJeT CyMMHUPOBAThCS B CBOMX U3MEPEHUSIX,

Harpumep a>+n'=a*. Yactuupr Marepuu, koTopble (POPMUPYIOT HalllM MaTepUajIbHbIE TeJla U Pa3yM,
CTaHyT eIng 6oJiee CIOKHBIMHA B CBOMX TOHKHMX Pa3yMHBIX U (PU3MYECKUX CTPYKTYpax, HAMOIHSISACH
OyXOBHBIMM yacTuliamMu. Kak Mbl moHMMaem, B 3TOM Cllydae OCHOBHasl CTpPyKTypa MaTtepuy HauHET
oOpeTaTh HOBbIE IyXOBHBIE CTPYKTYPBI, KOTOpbIE 3HAYMTEIHHO U3MEHSAT €€ OCHOBHBIE CBOWCTBA.
ITO MOXET MPOU30UTU TOJMbKO B HOBOM IMkjie Carbsa-lOra kBaHTa cBera 2, B KOTOPOM
OyaeT npoBeJIeHO MOJTHOE PeoOpa3oBaHKe CTPYKTYpbl OCHOBHON Marepun yesnoBeka 1 mupa. Torna

TIOSIBUTCSI HOBBIH 9JIEMEHT B CTPYKTYpe yacTuil MaTtepuu, KOTOPBIN OKax)eTcsi, Bpoze Obl Kak, YeTBEp-

TBIM 3JIEMCHTOM, KOTOpLIfI 6y,IICT ILBOfIHbIMZ MaTe€pHuaJibHbIM — C YPOBHEM 213 " JYXOBHBIM — C YPOB-

3++

mavn 101’ JlyXOBHBIII ypOBEHb 1° noxHumer pasyM 4YeIoOBEeKa Ha ypOBEHb 4~ ', a YPOBECHb n -

10 YPOBHSA a®. Takas IBOWCTBEHHOCTH cHCTEM BHYTPHM 4acTUI] MPOSBUTCA HA BCEX IUIAHETAPHBIX
ypoBHsix Bcenennoit (tabnuua 4).

Ho kakue e MUpBI MOXET AaTh HAM KBaHT CBETa 2 puUcyHKa 197

JaBaiite onpezaenumes ¢ ero OyIylnMMU TUMAYECKUMHU MUPAaMH, KOTOPbIE MOC/IEJ0BATEIBHO
OylyT HUCXOOUTh Ha HAIlly IUIAHETy BMeCTe C KBAaHTOM cBeTa 2. MBI MX yke YaCTUYHO PaCKpbLIU
Ha pucyHke 19:

1. Hukn Carpsa-lOra — mup BepxoBHoro pazyma 1-n! (a4).
2. Huka Tpera-IOra — mup Ceepxpasyma % (a°).
3. Huku JIBanmapa-IOra moxHO HazBaTb MMpOM VICTMHBEI, HO MBI IIOKa TOYHO HE 3HAEM €rO

Ha3HAYCHUS — 113 (a6).

¥ MBI 0G03HAYMM HOBBIC TyXOBHBIE YACTHIIB KaK A", TJIe JI — 3TO KOJIMUECTBEHHbII OKA3aTe b IyXOBHOM YACTHIIbL, 4 N — CTENCHb
€€ U3MepeHus.
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4. Hukn Kanu-FOra — mup TpaHcuenaeHTa, kak Mup biaxkeHncrsa, — Il4 (a7).

IlepBeie aBa MMpa HaM YK€ PeabHO JOCTYIHBI. Y HAc AaXe €CThb IPEAIIONOKEHUE, YTO €CIIN
KBaHT cBeTa 1 —3To KBaHT cBeTa Mupa Oosbliero [TpoctpaHcTBa, TO KBaHT CBeTa 2 — 9TO KBAHT CBETA
mupa 6onbiiero Bpemenu [7]. Eciu nepBblil KBaHT cBeTa 1 pa3BEpThIBaeT cebsl MOCIEI0BATENbHO,
HO KBaHT CBeTa 2 — NnapajuiebHO, YTO FTOBOPUT HaM 00 OIHOBPEMEHHOM JIEMCTBUU BCEX €ro CUIL

371€ech HY’)KHO OTOBOPHUTCS: XOTS €r0 CUJIbI IEMCTBYIOT BCE OJHOBPEMEHHO, HO OHU IO CBOEMY
MorymecTBy OyayT pa3HBIMU U IaKe MOCIIe0BaTeIbHBIMU. To ecTb, oka MorymiectBo BepxoBHoro
pasyma He MpOsIBUT ceOsl MOJHOCTBIO, Mbl HE NOYyBCTBYeM MoryiectBa CBepxpa3yMa, XOTsi OHO
yke OyJeT 3BOIOIMOHUPOBATh COBMECTHO C BepXOBHBIM pa3syMoM Ha CBOMX Oojiee HU3IIMX YpOB-
HAX CyIpaMEHTaJbHOM CHIIbl. bosbime MoryiiecTsa He CMOTYT O KOHLIA HU30MTH IOKa ISl HUX
He MOsABATCS HEOOXOAMMBIE YCIIOBUSI.

PackpsiTrie HOBOM CTPYKTYPBl MATEPUH, CBA3aHHOM C MUpOM BpemeHu, o3BoJIMT HaM NiepenTr
K HOBOMY THITy YacTHll. Torga oHr oOpeTyT HOBbIE CBOICTBA CBOEH OLyXOTBOPEHHOM CTPYKTYPBI.
HoBasi cTpyKTypa AyXOBHOTO pa3zyma JacT HaM BO3MOXKHOCTh 0OpecTH BepXoBHBI pa3syM, KOTOPHIT
OyzeT Ha opsAAOK OoJiee BHICOKMM U CHIIBHBIM, YeM Halll OObIUHBbIA yM. MBI Toka MomuuM o CBepx-
pasyme, KOTOPBIH €I1IE Ha MOPsAJOK MoryuectseHHee BepxoBHoro pazyma. OH NpUBEET HAC K €11
Oosiee CoOBEpILIEHHOMY CylpaMeHTalbHOMY Yenoseky [2].

IlonBonsa urorn UcciaenoBaHUA KBAaHTOBOM KapTHHBI-BEPCUH, MOKHO CKa3aTh, YTO HaM yAa-
JIOCh HAUTA OCHOBHBIE HAIIPaBJICHN HAILlEW SBOJIIOLIMH B CTPYKTYpE JIEMEHTapHbIX yacTull Martepun
B COOTBETCTBHE C OMMCAHHBIMU IMKJIaMi Maxa-lOra 1 1ae nmpoiTi 3a HUX B Hallle r1yOoKoe Oyy-
niee. B3aMonencTBYA 3JIEMEHTOB B HAILIEW KU3HU OT 3JIEMEHTAPHBIX YaCTHULL 10 BceneHHON U KUBBIX
CYILECTB JIOKa3bIBAET HaM, YTO Mbl CTOMM Ha ITPABUJILHOM HallpaBJIEHUH ITOMCKOB 3HAHUW O HALIeW
9BOJIIOLIUM, KOTOpast BCE OoJiee CBOAMTCSA K COTBOPEHMIO yesioBeka 1 mupa EnuneiM KBantom Boxe-
creeHHoro Ceera (Jlyxom boxbum) uepe3 Ero MHOxeCTBEHHbIE KBaHTHI CBeTa | pUCYHKa 4 M KBaHTBI
cBeTa 2 pucyHka 19.

MOoKHO ae CKa3aThb, YTO HaM y/aJIoCh TIOATBEPOMTH Hallle Oikaiiliee pa3BUTHE IMBUIN3A-

LM K CylIpaMEeHTaJIbHOMY pasyMmy Mupa CBepxpa3yma JI0 ypOBHS a® u naxe manee ero. Ham oGbru-

HBIA Pa3yM YpPOBH: a>" nomken NIEPEBECTU HAC C OKOHYaHUA yeTBEpToro nukia Kanmm-fOra Ha Hauano
HOBOTO yXOBHOTO IiikJia Catbsi-lOru, kak HOBOTO «30JI0TOrO BeKa» 4YeJIOBeYeCTBa, Ha OoJiee BBICO-
KYIO CTYIIEHb HAILETO Pa3BUTHA.

Hogast rio6asbHast 11e1b 9BOTIOLUH HUBUIN3AIMH — 3TO OOpETeHUE YeTIOBEKOM CYIIPaMEHTalb-
Horo pasyma mupa Ceepxpasyma. Ho 310 He mOBTOpEeHME ITPOMIEHHOTO HAMU IIyTH C HavyaJla 9BO-
JIOLIMHM, a 3TO peasyibHOe, HOBOE JYXOBHOE BOCXOXK/ICHHE Ha €€ Oosiee BRICOKMI YpOBEHb. JTO OyneT
yXke Bocxoxk/JieHueM K Mctune, ckopee, BO3BpallleHUeM K Hell, HO Ha OoJiee BBICOKOM YPOBHE pa3yma
1 6oJ1ee TITyOOKOI CO3HATEIIbHOCTH, KOTOPBIE M JaayT, C 0OOpeTeHreM NOoMHOW VICTHHBI, HOBBIE CTPYK-
Typbl OOHOBJIEHHOM Matepumu.
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I'naBa 4. 9Bomonust Pazyma u uaBomonusa Ctpykryp /lyxa

Mps1 Bcé Gornee HaYMHAEM MOHMMAaTh, 4To VMcTHHA BOIOIIMOHHOIO Tporecca — OECKOHEeYHa
B CBOMX 3HaHUWsX. Ham, 1yis1 e€ GoJblero moHMMaHus, CHOBa M CHOBA MPUXOAUTCS BO3BPAIATHCS
K caMOMY HaJajty Ipoliecca BOJIOIHH, YTOObI BHISIBUTH BCE MPOLIECCHI, MEXAHIU3MBbI M CHITBI, KOTOPBIE
MPUHUMAIOT B HEM ydactue. Ho camoe, nmoxaiyii, BasKHOE BO BCEM 9TOM HCCIIEIOBAHUU — ITO Oosiee
TIOJIHO TIOHSATh PAbOTy «MEXaHU3MOB» SBOJIIOIHH.

Co3paércs BrnevatTieHue, YTo TOT TUIMYECKU MUP, KOTOPBI Mbl CETO/IHS MUMEEM, MPOXOs
yepes3 Bce LMKJIbI IBOMIOLINY, TIPOSBISAETCS Kak (poTorpadusi B (pOTONPOSBUTENIE: OT KPYIHBIX — KO
BcE Oonee MeskuM fetaisam. [TogoOHBIN Mpoliece «IMpOsIBIICHUS» COOTBETCTBYET U pasymy, U (pu3u-
YEeCKOMY Telly YeJIOBeKa. YPOBEHb pa3dyMa MpOosIBIISAETCs yepe3 BCE OOJIbIIYI0, TTOCTOSHHO PacTYIIYIO
OT LIMKJIA K [IUKJIY CJIOKHOCTb €TI0 CTPYKTYP, KOTOPbIE MEPEKJIAAbIBAIOTCS HA MaTepualibHble (DOPMBHI,
nojiepkuBatoiye ero. Yem cioxHee OyaeT CTpyKTypa MaTtepraibHON (popMBI, TeM OoJiee BHICOKIM
YPOBHEM M3MEPEHHsI CTaHeT 00J1a/1aTh €€ pasyM.

B MsnauansHom BeiiectBe, KOTOphI M ecTh cam «0», HUKAKOro pasyma HeT — 3TO TMOJHOE
Hesenenuve u Hecosznanue ¢ yposHem 0. B Ddupe y:xe nosipiisieTcs neppas npocreiias CTpyKTypa,

KOTOpas SIBJISIETCS €JUHUYHON U TOYEYHOM C yPOBHEM pa3zyma a’. B iiasmenroM ke Catbsi-FOra
PasyM BCE ell€ CUJIbHO paccesiH M HesICEH. YPOBEHb pa3yMa 3[ech YK€ NOIHUMAETCS JI0 JTMHEHHOro

U3MEpEHUs al. B razoo0pa3HoM coctosiHue 1ukJa Tpera-IO0ra yxe nposiBisioTcs nepBble pa3syMHble
MatepuasbHble TeHU-(popMbl. OHM TIOKA BO3HUKAIOT TOJIBKO B KPYIHBIX AETAJISAX €ro IpyobIX CTPYyK-

2 o . .
TYp € ypoBHeM u3Mepenus a”. JKuBoTHeiil nuki Jpanapa-IOra genaet ero emi€ 6onee 4ETKUM U 00b-

éMHBIM — a°. B Hame BpeMs MOSIBUINCh Y€ TaKUe MEJIKME MEHTAJIbHBIE AeTalli, 4To (poTorpadus
yiKe TPaAKTUYECKHU HAXOAUTCS B CTAAUKU OKOHYATEJILHOTO MPOSIBJIEHU . TONBKO €IE HE BCE MPOSBICHO

B CaMbIX MCJIKUX JYXOBHBIX OCTAJIAX. ypOBeHb pasyma B MEHTAJIbHOM IHKJIC Kam-KOru JOCTUTaCT

+
YPOBHSA U3MEPEHUSA TOJILKO 213 .

Ornucanue XKW3HW LMBUJIM3ALMU TUIA3MEHHBIX CYHIECTB COOTBETCTBOBAIU (PU3MKE IUIA3MBbI,
M3y4aeMol Halllell HayKo#; IMBUIM3AlMsl ra3000pa3HbIX CYILECTB XKIJIa 110 3aKOHAM ra30BOM Marte-
YU U T1a3Mbl; [IUBUIN3ALMS )KUBOTHBIX CYILIECTB — 10 3aKOHY KUAKOCTHU, Ia3a U TUIa3Mbl; YeJIOBEK —
IO 3aKOHY OpraHMYEeCcKON MaTepuu, )KUAKOCTHU, Ta3a U Mia3Mbl. EcTecTBeHHO, Mbl CTOMM Ha Mopore
KaKOI-TO HOBOH CTPYKTYpbl Matepuu, KOTopasi POAOJIKUT 3Ty JIMHEHKY CTPYKTYpP M JIMHEWKY pac-
KPBITHSI U3MEPEHUI pa3yma.

JaBaiite AJis MOMTHOTHI MOHUMAHUS CBSI3M CTPYKTYpPbl MaTepuajibHON (pOpMBI C YPOBHEM €€
pasyma, TombITaeMcsl MPeICcTaBUTh cede, KaKuM OOpa3oM pa3BUBAJICS Pa3yM HAIMX pPACTEHUN
B 1ukJie Tpera-FOru? [Janee Mbl nepeiEM K ;KkMBOTHOM LMBUIM3auK Lukia [Ipanapa-tOru u cpas-
HUM e€ ¢ MmupoM Pacrenuii. Ham HeoOxoqumo Oostee cepbE3HO MOHSATh, KaK IPOUCXOIUT CMEHa THITOB
Pa3yMOB MEk]Iy IIUKJIAMH, YTO STOMY CIIOCOOCTBYET M UTO 3aCTaBJISICT [IMBUJIN3AIMNA OCYIIIECTBUTh
MEPEXOJ] Ha €€ HOBBIN YPOBEHb?

CeropHs 3TOT Mpoliece Mepexoaa ¢ OJHOTO YPOBHS pa3yma K Jpyromy, Oojee BBICOKOMY €ro
YPOBHIO IJIsl HAC YK€ CTaJsl, SBOMIOIIMOHHO, OYeHb BaKHbIM. HaM HEoOX0AMMO MOHSAThH, KaK MOKHO
OyZIeT ero OCyIIeCTBUTh CErOAHS U MOKHO JIM HaM CAMUM 3TO C/IeNaTh?

OoOpaTHoe TOK/1eCTBO CTPYKTYP

Ms! yxe paHee UCCIe0BaJIM SBOMIOLIMOHHOE Pa3BUTHE U3MEPEHUI pasyMa U Jake yKa3aliu

Ha €ero nepexoaHsie nepuonsl [1], HO HaM Tak ¥ He yAAIOCh MOHATh, KAK Pa3BUBAJICA pa3yM mare-
pUajbHBIX (POPM CO BCEMM CBOMMM M3MEPEHUSIMU, TUIABHO MEpeXos OT ofHoro K apyromy? Kak,
HalpUMep, HEUTO U3 PaCTEHUI C YPOBHEM pazyma a® CTAHOBIJIOCH KMBOTHBIM C YPOBHEM pa3yMa a’?
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MbI yxe IMeeM OITUCAHMSI Pa3HBIX TUIOB Pa3syMoB [9] 0OBIYHOTO YenoBeKa M JIake MPOIILTH
B HUX Jlasiee OOBIYHOTO pa3dyma k BepxoBHoMy pasymy u k CBepxpa3ymy. B ux ornucanny Mpl HaXOIUM
MHTEpECHbIE 151 Hac 3HaHM . Kak oka3bIBaeTcs, pa3syM CUIJIbHO IPUBSA3aH K CTPYKTYpPE MaTepUaIbHOW
dbopme i Hao60poT. CIOKHOCTH CTPYKTYPhI (DOPMBI OTpeaesisieT CIOKHOCTh pasymMa U YPOBEHb
€ro BbICILIETO U3MepeHus. [laBaiiTe B TAKOM pakypce X TOXAECTBa CHOBA MPOUIEMCSA MO IUKJIaM
9BOMIOLIUH U O0JIee CepbE3HO PACCMOTPUM X 10 YPOBHIO CIIOKHOCTH MAaTePUAIbHBIX (DOPM U CTPYK-
TYp UX pa3yma.

Urak, nukn Carpsa-HOru (pucyHok 6) 3akaHUYMBaeTCsi B TOT MOMEHT, Korja c(hOpMUPOBAHBI
IUIa3MEHHbIE CYIIECTBA KaK TOYEYHO-JIMHEWHbIE (POPMBI CO CBOMM TOYEYHO-JTMHEHHBIM pa3yMoM

o 1 o
YPOBH# NepBUYHON Martepun a%-a!. Cnoxnocts CTPYKTYPBI MaTepUaibHOIi (hopMbl OyeT eMy aHa-
JIOTMYHOH U, MpaKTU4ecKu, rnpocreimieil. Ho 31ech y Hac BO3HHMKaeT HEKOTOPOE HECOOTBETCTBHE.

Jlesno B TOM, 4TO €IMHUYHOW CTPYKTYpOM a’ Oyzer oOnajarh. ..
JlaBaiiTe, YTOOBI HE IyTaTh CTPYKTYPBI pa3yMa M MaTepUaIbHOW (POPMBI, MBI CTPYKTYPY (DOPMBI

0003HAYMM CHMBOJIOM «0'», T/ie 6 — 3TO KOJIMYECTBEHHAs BEJIMUMHA APOOJIEHNSI CTPYKTYPbI (hOPMBI,

an — creneHs eé npoonenus. Torma Mel osTy4aeM, 4To eqUHUYHON CTPYKTYpOi 6° nomkHa Gbr 06a-
nath yactuna ddupa, Kak nokazaHo Ha pucyHke 18. Ho 3to He Tak.

Yactuia Ddupa obmagaeT camMoil MEHBIIIEH M TPOCTEHINed CTPYKTYpOM, KOTOpasi TOJIBKO
MokeT ObITh. Camoit OoJIbITIel CTPYKTYpOU, KOTopasi M OyAeT eIuHON CTPYKTYpOH TpaHclieHaeHTa '

C YpOBHEM JpoOJIeHUS 6, oOlaaeT TONBKO OH CaM, MMest YPOBEHb pa3yma a’. Torma BO3HH-
KaeT BOIPOC, KAKUM YPOBHEM JIpOOJICHUS CTPYKTYpbl (pOpMbI OyzieT o0agaTh eIMHNYHAS YaCcTHIA

Ddupa a%?
Panee MBI peasioknIM Beero 7 ypoBHEW M3MEPEHUS pa3yma OT a’ (yacruna Sdmupa) no al
(MHOVBUAYaTIbHBIA TpaHceHaeHT). OTciofa clieayer, YTo CTPYKTypa JIpoOJIeHHs] MaTepuasibHOM

dbopmbi Oyaet um oOpaTHOM OT 6’ (dacruua Ddupa) K 6" (enuuas CTPYKTypa TpaHCIieHieHTa). Bo3Hu-
KaeT el OIHa HEOIIPEIEIEHHOCTD: CTPYKTypa «0"» Beerga Oyer coorsercrBoBath SCH [3] pucyHka
12, TONBKO B HEM pasyM «a'» HyKHO 3aMEHHUTh CTPYKTYpOii «0"». OHa OyeT Takoii ke ¥ Ha ypOBHE

6", u Ha ypOBHE 6'. Crenenu (ot 0 10 7) B CTPYKType «0™» yKas3blBAlOT HE Ha JEJIEHUE BHYTPH
9CH, a Ha KOMUYeCTBO CIIOEB cTPYKTYpbl BHYTpU He€ (DCH Bcerna aenutes TONBKO Ha camy cest),
Y Ha €€ MPOCTPaHCTBEHHO-BPEMEHHBIE MTapaMeTPbl, COOTBETCTBYIOLIME CBOEMY CJIOI0. MBI 1oTydaem
Kak Obl 0OpaTHYIO MPOMOPLMIO MEXAYy YPOBHEM pa3dyma M YPOBHEM JpOOJIEHUsI CTPYKTYp MaTepu-
aJIbHOU (POPMBI.

Pa3 yx Mbl onpeziesisieMcs co CTpyKTypaMy MaTepUasibHbIX (DOPM I10 UX YPOBHSM ApOOJIEHHS,
TO HaM HYKHO ITOIBITAaThCS TPUBA3ATh UX K TEM CEMH YPOBHSAM U3MEPEHUS pa3syMa, KOTOPBIE MBI yKe
umeeM. Tosbko 1aBaiiTe CHavasa 3TO CAENAEM U1 CTPYKTYpP pa3yMa, KOTOpbIe MOKaKeM B TaluLe S.

10 Tpascuenent (Bce BeeneHHbIe) ¢ 3arIaBHOl GYKBH GyIeT O3HAUYATH BCENIEHCKOro TPAHCLIEHIEHTa, 4 TPAHCLIGHIGHT ¢ IPOITHCHO
GYKBBI — HHAMBHYAJILHOTO TPAHCLIEHACHTA YeI0BEKa, KOTOPOrO OH JAOJIKEH SBOJIOLIOHHO JOCTHYb B CBOEM Oymyiuem [6].
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Tabanua 5
YPOBHM

YpPOBHM P—— Cumson Limkn

MWpOB pasyma MmUpa IBOMOUMK
. 0+ ao O MaTtepuansHbii 3dup
= ] al _ O | MuHepaibHbIH
E 2 as £ _ PacTuTebHBII
5 3 al o HKupoTHBIH
- 3+ a3 +O) MeHTabHBI
" 3++ ad _ O LyxoBHblIiA Idup
E A a Q . BepxosHbli
§ 5 as S} | CBepxpasyMHBIH
& 6 a¢ b B1 (pucyHok 19)
- 7 a’ +(O) ' TpaHcueHaeHT

B Tabnmuiie 5 Mbl BUOUM, KaK OT IMKJIA K LUKIY PacTéT HOMep M3MepeHus pasyma. Bcs
JIMHENKA ero U3MEPEeHUi MoTy4yaeTcs MPOTSKEHHOCTHIO OT a® 10 a’. OHa He BbI3bIBacT y HaC KaKMX-

60 BopocoB. Ml 371eCh Jaxe MoKasaiu Oyaylliue U3MepeHus: pasyma a*-a’, KOTOpbIE MBI TOKa
He umeeM. OHM (POPMUPYIOTCSI HOBBIM KBAaHTOM CBeTa 2, MOKAa3aHHOM Ha pucyHke 19. B Tabnuie
5 MBI Jaxe MOoKa3aad BeJWYECKHe CUMBOJIBI IIMKJIOB KBAaHTA CBETa 2, KOTOPbIE MOJHOCTHIO TOXIE-
CTBEHHBI BEJMUECKHE CMBOJIBI ITMKJIAM KBaHTa CBeTa 1, TOJIBKO OHU OYOyT JyXOBHBIMH M CBSI3aH-
HBIMU ¢ MUpOM Bpemenu. D1o noka Bce U3MepeHus pa3yma, 0 KOTOPBIX Mbl IMEEM Kakue-1uoo rpej-
craBieHusl. B aToil Tabnuiie 5 Mbl MOKa3aaM HaJaMuKe TyXOBHOTO Ddupa, KOTOPHI COOTBETCTBYET

YPOBHIO pa3yMa YeJIOBEKa-UHANUTO a>™*. OH KaK Gbl CTABHT HA MECTO BCE HALIIN pa3yMHBbIEe U3MEPEHHUS.

JlaBaiite Tenepb M3MEHUM TaOIUILy S, HEMHOTO €€ YIPOCTHB, U BMECTE C YPOBHSMH pasyMa
pa3MecTUM Ha Heil ypOBHU IpOOJIEHH S CTPYKTYP MaTepraibHbIX (hopM. [171s1 HArTSITHOCTH pa3sMecTUM
9TH CTOJIOLBI B TAOIMIE 6 PAIOM, JUTS Yero yoepeéM BeIMUecKre CUMBOJIBI IIUKJIOB.
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Tabawnua 6
YpoBHM YpoBHM YpoBHuK Lmkn
MWUpOB pasyma dopm 3IBONOUMK
Hauano - | 6° EMaTepuanthnﬁ Idmp
1 a' | 6 MHHepasbHblil
Z a . 6° . PacTurenbHbli
3 _ = _ 6° | KusoTHbiii
3+ d 6’ MenTaabHBIH
4 _ at . i BepxoBHblil
5 a’ 6" CeBepxpasyMHblii
6 a" | 6’ | B1 (pucynok 19)
7 a’ | 6' TpaHCcueHAeHT
Konen | a | 6" s

B tabmurie 6, kak ¥ B Tabnuile 5, HaM MPUILIOCH YPOBEHb 4 caesaTh ABONMHBIM (3+ U 4), Kak
OH Y Hac paHee MOKa3aH B CTPYKTypax pazyma. AHAJIOTMYHO UM MbI 3¢PKAJIbHO COCTABUIIN YPOBEHb
APOOJIEHUS CTPYKTYP MaTepUasibHbIX (DOPM, CBSI3aB MX C ITUKJIaMK IBOJTIOIMH. Tabsmiia 6 OTKpbIBaeT
niepeji HAMU HOBYIO 3aKOHOMEPHOCTb IBOJTIOLINHU, CBSI3aHHYIO C IPOOJIEHHEM CTPYKTYP MaTepUaIbHBIX
(bopM U ¢ YPOBHSIMU U3MEpEHHs UX pa3syMa. BbIBoj HampaimBaeTcst cam coOOM: YeM BhIIle u3Mepe-
HUE pa3yMa, TeM 0oJiee CIIOKHYIO CTPYKTYPy MaTepHaibHOW (POPMBI OH MOKET MMETh M TeM OOJIbIIiee
3HAHUE MOXKET IMOTyYHTh.

87



['. KpusenikoB. «/HTErpabHbIA B3I Ha 9BOMONMIO YeoBeka — [I. YerBéproe nznanve»

KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

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

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