UITOCTACHU COTBOPEHHOI'O MUPA...
E/INHCTBO MHOTOOBPA3UA?

PasmpbllieHUA BCIIyX

2KusHnb BecenaeHHOU 8bipadceHa yeaegoll onpedeaéHHOCMbIO O
O6YyOdywem ceoeém bblmue npu ecell ceoell npoucmexarouleil
delicmeumenbHOCMU, MBOPUMOLL Uepe3 Yynpasasemble
UCNO/IHUMeAbCKUEe NPOoUecChbl 8 210001 MouKe MUKPO U
Maxpo npocmpaHcmaa; obssmHa, m.e. udmepsiema u
camMoxoHmMpoaupyema ceoetl YHUKaAbHOU MePHOCMbIO 015
amotl mouku npocmpaHcmaeda; HadeneHa uHOUBUOYANbHOIL U
accoyuuposaHHoll Nnpo2pammHoll (8eKMmMopHOIL) CYuHOCbIO
015 obpemenus eto (uau uepes Heé) ueaecoodpPasHvLx
(3adasaemvix) 2apMOHUUHBLX COCIMOAHULL Mamepuil
2/1eKMpuUecK020 U MA2HUMHO20 NoAell, KaK Hauana Ha1an
€80€e20 KOHCMPYKMUBHO20 He cay4atinozo (ueaesoeo,
dyHKyuoHanrvbHoz20) ycmpoerus «Comeoperroz2o Mupa».

b. B. Makos

Hauasio

OtcyrctBue Mcetunabix 3HaHUU 0 COTBOpEHHOM Mupe — CepbE3HOE
MIPENSATCTBYE JIJIs1 IOHUMAaHUA ITPOUCXO/IAIIEro Bo BeesleHHON 1 0OpeTeHus
IyTell TAPMOHUYHOTO COCTOSHUS MaTePUU JEUCTBYIONIUX 3JIEKTPUYECKUX
U MAarHuTHBIX Tosiell. CpeAcTBaMHM JIOCTHIKEHUSA TapMOHHUU CIIYKUT
dopMupoBaHre KOHKPETHO-IIEJIEBBIX U MOTPEOHBIX COCTOSHUN MaTepUu B
JII000M TOYKEe MHUKPO- M MAaKpO MPOCTPAHCTBA, a4 TAKXKE€ B MUPE 3aHATOM
JIIOABMU. A cCTeleHb IOHUMAHUA UM BO3MOXKHOCTEW [IBUXKEHUSA —
MIPOU3BO/IHASA TEKYyIIero CcocToAHUA Pazyma u JIOCTUTHYTOTO YPOBHA
[To3HaHUA KAaK OCMBICJIEHHOTO BOCHPUATUA U sACHOCTU «Bepbl B
KOHKPETHYIO UCTUHHYIO POJIb U MecTO YestoBeka u HesioBeuecTBa Ha 3emiie
U 3a e€ mpeJleslaMd B paMkax ob6miei HMepapxuum pa3BUBAIONIUXCA
[uBunmuzanuii PagymeHHOU OpUeHTaINY, a TAKXKe B IO3TAMMHBIX IIpOIieccax
BOILJIOIIAEMOTO ITUBUJIU3AIIMOHHOTO PAa3BUTHUA, KAaK HA Hallled IUIaHETE,
TaK 1 BOBHE €€»,

ObpeteHne HOBOW Bephl KakAbIM HWHTETPUPYEMBIM B Oyayliee
WH/INBU/IYYMOM, SIBJIEHHON 4epe3 CO3HATeJbHBI CAMOKOHTPOJIb BO BCEX
7leJlax MHPCKOTO M JYXOBHOTO TapMOHUYHOTO OBITHS KaK BOIUIOIIEHUS
WHIVBU/IyaJIbHOTO U aCCOIIMUPOBAHHOTO (PYHKITMOHAJIPHOTO HAaJleJIEHUS
kak YesioBeka 3emJuiM, BpAJ JIU BO3MOXKHO 0e3 ycBoeHHs VICTHHHBIX

' b. B. MaxkoB. «Yto ectb cythb «CoBeprieHHblii Pazym YesoBeka» (cepus
MmarepuasioB o Co3Hanum, Pazyme, Matepuu u HeKOTOPOil cyTu YKU3HU ceroHANIHEN).
1



dHaHui. OjHako crenuduKa IMepeXuBaeMoro 3emJied MepPexX0oHOTO
Iepuosia OTPAHUUYUBAET BO3MOXKHOCTU OOpeTeHHs MOJHBIX 3HAaHUU O
CorBopeHHOM Mupe, cBOAA UX K Kpynunam VcTuHbI, copaeprkalieica B
tpyznax H. B. JleBamoBa, A. M. XaTeiO0Ba, IMMOKPBHITHIX K TOMY K€ BYaJIbIO
CyOBEKTUBHOTO BOCOPUATUA U OTPAaHUYEHHOTO  JIOCTylla K
IIEPBOMCTOYHUKAM.

OpHa 13 BO3MOXKHOCTEN HAIOJTHUTH COCY/, S3HAHUM - YepnaTh BOAY U3
kosoaues nH@opmanuu o Coznanuu, Pazyme u Marepuu.

3akoH EnmHcerBa MHOTOOOpasus. OT U BOT...

[lossBIeHWE Yesl0OBEKA W 3apOKJAeHUE y HEero CO3HAHUA CBA3aHBI C
MONBITKAaMHU ITPOHUKHYTHh B TaWHbBI 371eMeHTOB Tpuazabl Co3HaHue, Pa3zym u
Marepusi, B IepByl0 ouepenb Marepuu, Kak Hambojiee AOCTYIHOU JIJIA
U3y4YeHUA YEJIOBEKY B €r0 «OCTAaTOYHBIX» BO3MOXKHOCTAX. UeI0BEUeCTBO
COXpPaHWJIO KaK BeXd HJTOro IyTH HMeHa W HUJeu JIpeBHerpedecKux
dunocodboB daneca, AHakcumMaHApa U AHakcuMeHa, ['epakiura,
Kcenodana, I[lapmenuna, Jlekunna, Ilaatona, Apucroresnsa, CUMILIALUA,
Hemoxputa, [Iudaropa. OTMeueH U BKJIAJ B Oe3ycCIEINIHbIE MOIBITKU
YCTAaHOBUTH IIEPBONPUYUHY, KOTOpas MOIJIX Obl OOBSICHUTH BCE
b6eckoHeuHOe MHOrooOpasue TIPUPOJHBIX SBJIEHUM, AaHIJIMYaHUHA
HrioToHa, HeMelnKuXx yu€HbIX Jletibaua, Kanra, I'ereis.

OxBaTUThb €INMHBIMHA 3aKOHAMU MPOUCXOJSAIEe B MUKPO- U
MaKpOMHUPE B YCJIOBUSIX BMEHEHHBIX 50DOBCKON CHCTEMOU 3HAHUU He
yAQJI0Ch, 1a U He IIpeanosiarajoch mHTepBeHTCKUM Bekrtopom Ilenu. C
aTou 3ajauei Osectsie crpabuwianuch H. B. JlepamoB u A. M. XaTbiOOB,
BBIPBaBIIIMECSA N3 B0POBCKUX OKOB U OTKPBHIBIIME MHPY 3aKOH €IUHCTBA
MHOroo6pasus obpa3oBaHUA, Pa3BUTUA U CyIlleCTBOBaHUA MarTepuu Ha
BCEX YPOBHSX, & TAKKE JIPYTHUE 3aKOHBI 1 3aKOHOMEPHOCTH.

[TocmoTpuM IIOBHUMAaTEJIbHEE Ha IIPOSIBJIEHUE 3aKOHa
MHOT000pa3us.

[Ipuposa He TEPHUT IMYCTOTHI, HUBJIUIIHEN CJIOKHOCTU U
MHOT000pa3usl KOHCTPYKIIMH, OCHOBAHHOTO HA PAa3JIMYHBIX ITPUHITAIIAX
CO3JaHUA.

ATOMBI ¥ MOJIEKYJIBI, KaK Telepb XOPOIIO H3BECTHO Ojarojiaps

H. B. JleBamioBy, OObeAUHSIOTCA C IIOMOIIBIO BHEIIHUX 3JIEKTPOHOB C
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IIPOTHUBOMOJIOKHBIMI CITMHAMU: «COeJUHEHHE AaTOMOB B MOJIEKYJIBI,
KpUCTAJUINUECKHE PEIIETKH BO3HHKAET, KaK CJIeJCTBUE U3MEHEHUs
MEPHOCTH MHKPOKOCMOCA 3TUX aTOMOB TEMH WJIHM HWHBIMH BHEITHUMHU
BO3JI€CTBUSIMU.

YkazaHHBIN Mpoliecc oOpa3oBaHUs JJIEKTPOHHBIX IIAp XOPOIIO
IOKa3aH Ha puc. 1, BeIosHeHHBIM H.B. JleBamoBbiM (OpUTrHMHAJIBHBIN
HOMeEp ITO3BOJISET JIETKO Pa300paThCs € HCIIOJIb30BAHHBIMH HA PUCYHKE
0003HAUEHUSIMH).

CausiHue CTAaHOBUTCA BO3MOXKHBIM IIpu OZ[PIHaKOBOﬁ KPpHUBHU3HE
MEPHOCTH MHKPOKOCMOCA AaTOMOB MW HAJIMYKWMHK BHEITHHX J3JIEKTPOHOB C
IIPOTHUBOIIOJIOXKHBIMH CIIMHAMM.

3,0001<A 55, <3,00017 (1)



3,00017< Ason. <3,00024»1. (2)

Kak BuzmHO m3 cooTHomeHud (1) u (2), AomycTmMas MepHOCTb
AJIEKTPOHOB MOJKET JIeKaTh B OIIPEEeIEHHBIX AHalla30HaX OJNHAKOBOIO
«pa3mepa». 13 tpymoB H. B. JleBamoBa MBI 3Haem, 4To OH OOpa30BaH
CEMBI0 MAaTepHUSIMH, W BO3HHKAET KaK CJIEJCTBHE JIOTIOJHHUTEIHHOTO
HWCKPUBJIEHHUSI MEPHOCTH MHUKPOIIPOCTPAHCTBA, BBHI3BIBAEMOr0 (poTOHAMHU
Pa3HBIX JJTUH BOJIH, COU3MEPHUMBIX C pa3zMepaMu 30H AedopMaIimn>

P

3,00024 e

3,0001

3,000%

Puc.2

(MoxkeT, mo3ToMy (DOTOH KBAHTYeTCS MO IOPIUAM DHEPTrUH, KaK IMOKa3al
ato 1. M. Konapakos!). PacnazieTcsa mpu u3aMeHeHUH MePHOCTH Ha Te Ke
«COCTABJIAIOIINE».

' H.B. JleBamoB. «IlocyienHee obpaiieHue k YeroBeuecTBy», I1. 10.
2 H. B. JleBamos. «HeopgHopoaHasa Beenennasa», ri1.3.
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«IT0JI0KUTENbHBIN» BJIEKTPOH HMeeT MEPHOCTh HEMHOTO BBIIIIE
MepHOCTHU Haiell BcesreHHON U MepHOCTH THOpUIHON POopMBI MaTEPUU —
BeIlleCTBA UETBEPTOU MeHTAJIbHOMI cdepshl (2.97996 - 3.00017). OueBuiHAA
IpUYMHA — HEeOOXOAMMOCTh WHBIX YCJIOBUUM 0O0Opa3oBaHUA, JIeKAIUX 3a
npefeyiaMu BO3MOKHOcCTel Hamield BcesenHoil. BeposiTHoe cienctBue —
60sbIast «IJIOTHOCTh YIIAKOBKU» YACTHII, COCTABJIAIOIINX €ro (MX HHOE
KOJIMYECTBO).

Tox/iecTBeHHbIE SIBJIEHUs] 00pa30BaHUA CUCTEM B CPEIUHHOM MHPE
— CymIpy»Keckue mapbl. B ocHOBe mpoliecca TO, YTO y MY?KCKOH CYIITHOCTH
IIOTOKY TIEPBUYHBIX MaTePU ABMKYTCA OT KOIMUMKA K TOJIOBE, B TO BPeMsI
KaK y JKEHCKOH! CyITHOCTH JIBMKEHUE ITPOUCXOJIUT OT TOJIOBBI K KOITYHUKY.
My»KcKasti ~ CYIIHOCTb  IPU  CBOEM  3BOJIIOIMOHHOM  Pa3BUTUU
«IIPO/IABJINBAET» MEPHOCTH OKPY’KAIOIIEro IIPOCTPAHCTBA, B TO BPEMs KakK
JKEHCKasi CYIIHOCTh TIPU CBOEM pa3BUTUM Kak OBl «3aIOJHIET»
ITPOCTPAHCTBEHHYIO
Puc.65 | HEOTHOPOJHOCTD HU3HYTpU2
(puc.3).

OnuceiBasgs MOpOUCXOASALIEE,
H. B. JleBalloB HCII0JIb30BaJI
TEpMUH «1mpojasausaer». Cynsd
II0 ero pHUCYHKAaM U OCHOBHOU

byHKIINU «TIPOJABIUBAHUA »,
MY>KCKasd CYILIHOCTb BBIMIOJIHSAET
pOJIb TI0JIOKUTEJILHO

«3apsKEHHOTO» 3JIEKTpPoHA (ermné
He XBaTaJjio, YTOOBbI OHA OKa3aJiach
«IIPOAYKTOM» IIPOCTPAHCTBA C

boJiee BBICOKUM yPOBHEM
MEPHOCTH, wWyYym.), >KeHCKasa -—
«OTPULIATEJILHO». BosmoxHan
¢usuka mporecca — yBeJIudeHUE
Puc3 MIOJIOKUTETbHBIM 3JIEKTPOHOM

30HBI HEOHOPOJHOCTU (sIMBI), B
KOTOPYIO U «I1aJilaeT» OTPHUIIATEJIbHBIN «cobpar». «JlocTaTh» ero u3 3Tou
AMBI (POTOHAM CTAHOBUTCA CJIOKHEE.

1 NI. M KonzipakoB. «@OTOH - 4aCTHUIIA UJIX BOJIHA? »
2 H.B. JleBaioB. «CyIIiHOCTb ¥ pa3yM», T.1, TJ1.4.
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B koHTekcTe 0OCy:kIaeMoro, WHTEPECHBI HEKOTOPbIE Pe3yJIbTaThl
JeATeJbHOCTH «y4E€HBIX», HMeEIOINe OTHOIIEHHE K paccMaTpHUBaeMOU
TeMe. IM Kak-TO yJaJoCh NOACYUATATh CPEJHUU BeEC XKUTeJed PA3HBIX
crpaH. [loyyumsiace KapTuHA, MPUBEAEHHAS B TAO/IUIIE 1.

Tabsaumna 1

Crpana, Bec JKUTeJIeN B KT

Poccus | bpasunua | Auriua | CIIA | Anonusa | I'epmanusa

My>KUMHBI 73 73 84 88 61 82

JKeHnuHbBI 69 63 69 75 51 68

JIlerko 3aMeTHTh, UTO B CPEAHEM MYKUYHHBI BO BCEX CTPAHAX TsKeJIee
>KeHITUH. fIBHO, J1A TOro, 4TOOBI «IIPO/IABJIMBATH» IIPOCTPAHCTBO (OIATH
wym., HO ¢dU3UKA Mpollecca HaBepHsAKA IMOHATHA). VIMEHHO mIO3TOMY,
BUIIMO, BC€ JKEHIIIUHBI MUPBI «OJIEPKUMbBI» O0pPH0OOI ¢ BecOM. A ecau B
nape obpaTHoe cooTHOIIIeHHe Beca?... Torzia, HaBepHOe, TeM OoJiee.

BeposiTHO, NOM00HOE «MIpOJlaBJMBaHHE» UMeeT MECTO U Ha
MHUKPOYPOBHE, YUUTHIBasI PA3HUILY B MEPHOCTH 3JIEKTPOHOB.

Hy a 9To ’Ke MpOUCXOAUT Ha MaKpPOypPOBHE?

«B HamemM MaTpUYHOM MIPOCTPAHCTBE BCTPEUHOE CMbBIKAHUE,
BO3HHKIIIEE BCJIEICTBHE BJIMAHUA METABCEJEHHBIX HAa MEPHOCTH
MaTPHUYHOTO ITPOCTPAHCTBA, BOBHUKAET B MeTaBCEJIEHHBIX 00pPa30BaHHBIX
neBAThI0 hopmamu matepuli. CyleprnpocTpaHCTBO HNPU 5TOM CMbIKaeTcs,
KaK CTBOPKHM PAKOBUHBI MOJUTIOCKA. IlepeTekaoliine uepe3 30Hy CMbIKAHUA
MaTPUYHBIX MMPOCTPAHCTB (DOPMBI MaTepuU, He UMEIOT OUePeHOU 30HbI
HUCKPUBJIEHUSI MEPHOCTU MAaTPUUHOTO MIPOCTPAHCTBA, B KOTOPOM OHU MOTJIU
661 cauThcsA. Takuve 30HBI BOZHUKAIOT JIMIIL B CJIy4dae, KOTZAa JBE 30HBI
CMBbIKAHWA MATPUYHBIX IPOCTPAHCTB OJHOIO 3HAKa BO3HUKAIOT
OTHOCHUTEJIPHO «HEAATIEKO» APYT OT Apyra»! (puc.4 u 5).

' H.B JleBamoB. «HeoyiHOpOoiHAast BeesienHasi», ['1aBa 2.
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[Io aHasioruu ¢ MPOUCXOMAINEM HAa MUKPOYPOBHE, B OJIHOM CJIydae
JO/KHA ~ o0pa3oBaThCsl ~ MeTaBceJIeHHAasA € «IIPAaBOCTOPOHHUMU»
BCEJIEHHBIMU, B JIDYTOM — C «JIEBOCTOPOHHUMI ».

[Toxoxkxum 06pa3oM, BEPOATHO, CYIEPIPOCTPAHCTBO IIEPBOTO
mopsifika, 0Opa3oBaHHOE M3 «IIPABOCTOPOHHUX» METaBCEJIEHHBIX, OyjieT
«IIPAaBOCTOPOHHUM», U3 «JIEBOCTOPOHHUX» - JIEBOCTOPOHHUM. BO3MOKHBIN
MeXaHU3M «paclpejieJIeHUsA»: «KOrjla Ha HEeOAHOPOJHOE IPOCTPAHCTBO
HaKJIQ/IbIBaeTCA HEOJHOPOZHaA AedopManusa MaTPUYHOIO IIPOCTPAHCTBA,
BO3HUKAIOWIASA [IPU CYNIEPB3PBIBE, IPOUCXOAUT (DOPMUPOBAHUE JBYX TUIIOB
30H AedopMali MaTpPUYHOrO mpocTpaHcrBa. OpHa 30HA CUHTE3a
rUOpUIHBIX MaTepPUU IIpejCcTaBIsAeT cobol «sAMy», Apyras — «Oyrop». B
OJHOM CJIy4yae BO3HUKAIOT MeTaBCeJIEHHbIE CO BCEJICHHBIMU BO « BHEIITHUX»
obbeMaM, B JPYrOM — BO «BHYTPEHHHX». YCJIOBHO B OJHOM CJIy4ae
MIPOCTPAHCTBA UMEIOT IOJIOKUTEJbHBIN, a B JAPYrOM — OTPHUIATEIbHBIN
CIIUHBI.

A e TIpUMEHUTH Tenepb IIPUHIMII €JWHCTBA 3aKOHOB H
«IIepeHeCcTh» 3aKOHbl MAKPOCHUCTEM Ha MHUKpPO-, HAIpUMeEP, BJIEKTPOH?
Torpa, mo aHaAJIOTUU C MMPOUCXOIAIIMM HAa MAaKPOYPOBHE, JIJIs1 BCTPEYHOTO
CMbIKAHUS YaCTUI] HEOOXOAUMBI «KUPIIHYHKH», 00pa30BaHHbBIE IEBSITHIO
¢dopmamu matepuu. Ho, kak xopoio usBectHo u3 TpyzioB H. B. JleBaiiiona,
Hallle TPOCTPAHCTBO O0Opa30BaHO CIUSHUEM CEMU MEPBUYHBIX MaTEPHU.
[Tosrygaercsi, YTO CMBIKAHUE U CJIUSHUE MaTepUuil B 30HE «COJIMIKEHUSI»
DJIEKTPOHOB  MPOUBOUTH He MOXKeT? A ecu  «epeTUYecKUue»
npeanosoxkenus A. B. PexTuHa o nmoBosy Hajmu4usA B Halled BceseHHOU
JIEBSITH MaTeEPU BEPHBI, OTPAKEHNE UEr0o — HaJIMUHeE eIl JeBITON HOThI
NoNa?2 U «IpsiBOJI» — B CJIOBE «CJIUSIHUE»: IMPOCTO JIJI IByX MaTepUn B
HallleM IIPOCTPAaHCTBE HET VYCJIoOBUM JuiA artoro? Toraa JIo/KeH
CYIIIECTBOBATh KAKOUN-TO «MeXaHH3M», 00eCIIeUMBAIOIIUN WX BJIUSHHE Ha
«TSKECThb» MPHUHATOTO K PAacCMOTPEHHUIO 3JIeKTpOHA. Beap B Halem
CyIIepOpOCTPAHCTBE CYIIEeCTBYIOT BcesieHHble, CcO3/laHHbIE W3 MEHBIIIETro,
yeM Hallla, KojauuecTBa MaTepuii. Ho moka 3TO JIMIIb IIPEJIOJIOKEHME,
OCHOBAaHHO€ Ha BO3MOXXHOM II€pexO/ie CUCTEMBbl B HOBOE€ KauyeCTBEHHOE
COCTOSIHUE, OTPA’KEHNEM KOTOPOTO ABJIAETCA YUCIIO JIEBATD.

1 A. B. Pextusn. «®opmyna 3osororo CeetJIa, u.2. EpeTnueckuil B3I/IA1 HA
Hosble 3HaHUA».
? A. B. Pextun. «®opmysa 3osororo CeerJla, u.1,2,3. Eperuyeckuii B3IJ1s/1 HA
Hosple 3HaHuA».
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JIpyroii  «BBIXO/I» — HEOOXOAUMAas  «TSKECTb»  BJIEKTPOHA
«HabupaeTcsa» UWHBIMHM  cmocobaMu  ero  Co3ZlaHus, HaIpPUMED,
«CTPYKTYPHBIMU ».

IToka ocTaBUM 3TOT BOIPOC U BEPHEMCA K HEMy HEMHOTO IIO37HEe.
3adukcupyeM JUIIb cCaMy BO3MOKHOCTb TAKOTO CMBIKAHUA U CAUAHUA. Eé
cefcTBHE — 00pa3oBaHHE BOKPYT «Iapbl» Pa3HOCIUHOBBIX 3JIEKTPOHOB
JIBYX CTBOPOK paKyIIeK II0 TUIy W300paKEHHBIX HA pHC.6 (C YCIOBHO
JIBYMSI 5JIEKTPOHAMMU )

Puc.6



Eciun HeckoabKO JJIEKTPOHOB C OJAHWHAKOBBIM CIIMHOM OKaXYyTCA
«OTHOCHUTEJIbHO HEAATIEKO» (BI/I,I[I/IMO, Ha paCCTOAHHNHU MEHBIIIE UX pazmyca)
APYT OT ApyTa, TO IIOABUTCA 30HAa CMbIKAaHHUA U CJINAHUA.

[Ipy 3TOM OTJIMUME  CO3JAIOLIUXCA  «IIOJIOKUTEJBHBIX» U
«OTPHUIATEJIbHBIX» CHUCTEM 3JIEKTPOHOB — B HANPABJIEHUU MPOXOXKAEHUS
IEPBUYHBIX MaTepUil 4Yepe3 IEHTPAJIbHYI0O 30HYy (CHCTEMBI U
aHTHCUCTEeMBI). 1 B CBOHCTBAX: CHCTEMA «IIOJIOKUTEIHHBIX» 3JIEKTPOHOB
CO3ZIa€TCSI HA OCHOBE 4YacTUI[ ¢ OoJiblllell MEPHOCThIO, YeEM V
OTpHULIATEJIbHBIX.

Bompoc o ¢opme, KOTOPYIO MOKET «00OpecTH» I10/io0Has cucrema, 1
KOJIMYECTBA 3JIEKTPOHOB TOKE IMOKa OITyCTHM.

EcTecTBEHHO IIpeANONIOKUTh obOpa3oBaHme u 0Oojlee MEJIKUX
MUKPOCHCTEM Ha  IIOJIOOHBIX  OPUHIUIIAX  («IIOJIOKUTEJTbHBIX»,
«OTPUIIATEIbHBIX» U HEUTPaJbHBIX). Kakyllleeca  BO3MOKHBIM
MHOTr0o00Opa3re BapHaHTOB 00pa30BaHUs JIOJKHO HAJIOJITO HE OCTaBUTH Oe3
paborbl wuccienoBatesnieii Ha I[EPHe. Tem 6ojsiee 4To BpeMs >KU3HU
«He3aIUIIEHHBIX » CTPYKTYPHO CHUCTEM MOKET OKa3aThCA
HEe3HA4YUTEeJIbHbIM.

Bo3HuKaeT BOIpOC O YaCTUIle MHHUMAJIBHOTO «pasMepa» HJIH O
IepBOOCHOBE. BeposATHBIN OTBET — B MUHUMAJIBHOU MEPHOCTU
MIPOCTPAHCTBA, IIPHM KOTOPOUM BO3MOXKHO VAep>KaHUS MHHHUMAaJIbHOTO
3apsaga (9acTuIpl) XoTsi ObI M3 OJIHONM MaTepwu (MU 3a CUET CIIUSHUS

JIBYX).

He MeHee WHTepeCHBII BOIPOC O «KyXHe», KOTOPYIO coO3jiajia
MIPUPO/A JUIA TOTO, YTOOBI TOTOBUTH ITOZIOOHBIE «OsIt0/1a». EAUHCTBEHHBIN
Ha CEroJIHA BO3MOKHBIN OTBET — «UEPHBIE JIBIPhI». VIMEHHO B HUX MOXKET
MIPOUCXOJAUTh pacmaji aToMa /A0 CaMOUW »dJIEMEHTAPHOU YacCTUIbl U3
MaTPHUYHOTO MPOCTPAHCTBa 00JbIlell MepHOCTU (71 HAOII0ZATENA ¢ ATON
CTOPOHBI — «4YepHas JbIpa») U UX cOOpPKa «C JAPYTrOM CTOPOHBI» JJIA
MaTPUYHOTO ITPOCTPAHCTBA C MEHBIIEH MEPHOCTHIO (171 HabJromaTess C
9TOU CTOPOHBI — «3Be3zia»). ¥ H. B. JleamoBa 310 choOpMyIMpPOBAHO
caemayromuM oopa3om: «IIpu cMBIKAHUHY IPOCTPAHCTB-BCEJIEHHBIX C A8 11 A7
MeKTly HUMU oOpasyeTcs KaHas (Kak U y sAzep KiIeTok). [To aTomy kaHay
MaTepUN U3 IIPOCTPAHCTBA-BCEJIEHHOM ¢ A8 HAYMHAIOT IlepeTeKaTh B
IPOCTPAHCTBO-BCeJIEHHYI0 C¢ A7. [Ipm 3TOM CyIllecTByeT KadeCcTBEHHOE
OT/INYHE BEIeCcTBa BCEJIEHHOU ¢ A8 U BellecTBa BceJleHHOU ¢ A7. [ToaTomy,
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B 30HE CMBIKAHHS O3THX MOPOCTPAHCTB, ITPOHUCXOJUT Ppacnaji BellecTBa
IIPOCTPAHCTBA-BCEJIEHHONH ¢ A8 W M3 Marepuili ero o0pasyIoIux
IIPOMCXOJIUT CHHTE3 BEIECTBA IPOCTPAHCTBA-BCEJIEHHOU ¢ A7. JIpyrumu
CJIOBaMH, BeIeCTBO, 00pa30BaHHOE BOCHBMBIO (opMaMH MaTepuu,
pacrajilaeTcss U CUHTE3UPYyeTCsl BellecTBO U3 ceMu opM MaTepuil. 3oHa
CMbBIKAHUSA 3THX IIPOCTPAHCTB HMEET MEPHOCTh, JIeXKaIyl0 B HHTepBaJe:
3,00017 < Acp. < 3,020373236. ITosToMy ocBoOOXKaaromasicsa BOChbMas
dopMma mpojioKaeT HaXOAUTHCA B 3TOU 30HE, HE CTAHOBUTCS CBOOOHOM.
Co BpeMeHeM OHa HaKaIJIUBaeTCs B 30HE CMbIKaHUA U HAUWMHAET BJIUATDH B
HEKOTOPBIX IIpefiejilax Ha MEPHOCTh JTOM B30HBIL. ITO MPUBOAUT K
YBEJIMUEHUIO KaHaJIa MeKAy IIPOCTPAHCTBAaMU BCEJIEHHBIMU U BbI3HIBAET
elé OOJIBIIMU OTTOK BeEIeCTBA C MEPHOCThIO 8. A 3TO IPUBOAUT K
BO3HUKHOBEHHIO YCJIOBUH, IIPH KOTOPBIX YaCTh BEIIECTBA C MEPHOCTBIO A7
CTAaHOBUTCS HEYCTOMUMBON W HAYMHAET PacCIaZaThbCs HA COCTaBJISIOIINE
YyacTH; BO3HUKAaeT, TaK HasblBaeMas, TepMosjepHas peaknusa. Tak
«BaXKUTAIOTCS» 3BE3/BI... »1.

Puc. 155

Puc.7

1 H.B. JleBamos. «Ilocieanee obpamenue k YenoBeuectBy». [J1. 10.
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A Temepb mopa CHOBa BEPHYTbCSI K MakpocucremaMm. OOpazoBaHue
IIIECTUJTyYeBUKA JIOCTATOUYHO MO/IpOOHO onrcaHo B Tpyzax H. B. JlearoBa
«ITocnennee obparenue kK  YesoBeuecTBy» U «HeomHoposHas
Bcenennass». B memm 9 — 10 - 11 - 12 - 13 - 12 HauboJee HWHTEpPeC
npeanocaeHui nepexos: «IIaTh cynepnpocTpaHCTB YETBEPTOTO MOPSIKA,
OAHO N3 KOTOPLIX HAXOAUTCA HA OTJIMYHOM OT APYI'UX
ITPOCTPAHCTBEHHOM YPOBHE, cozzator ycioBus Jiid 00pa30BaHUS
METaBCeJIEHHBIX W3 TpuHaAnatu ¢opm wmarepuii»!. OO0bscCHEHUE
IIPOUCXOJIAIIIEMY JaHbl B «Ypokax no3HaHus» W.M. KonpgpakoBa2 u
BBITVIAZIAT CJIEAYIONINM 00pa3oM:

dopmupoBaHme CynepnpocTpaHCTB BTOPOro-4eTeEpToro NOpAAKoOs

1. O6pazosanme cynep- 2. O6pazosanue cynep- 3. Obpazosanue cynep- 4.00pazosanme cynepnpoct-

NPOCTPAHCTE emMOopozo NPOCTPAHCTE Mpemvezo NOPCTPAHCTE pancre  wemeépmozo’

nopﬂaxa M3 A[AECATH nopaodka W3 OAMHHAAUA yemeepmoeo nopﬁdxa nopAadxa ni mpanadyamu
.~ -~ U3 ABeHauaTH opM

dopm marepui ™ $opmM MaTepmui A A Pop popm marepum

Marepmn

Puc. 17.12.¢0pMMPOBaHMe CynepnpocCcTpPaHCTB BTOPOro - 4eTBepPTOro NnOpAaakoB

Puc.8

C u3JI03KeHHBIM TPY/THO HE COTJIACUTHCS, TOJIBKO MOXKET OHO HE CTOJIb
HarJs/iHO. Tak ueTBepThId STan OyAeT moHsATHee (puc.9)?

1 H.B. JleBamos. «Heogunopoanasa Becesiennaa». I'1.2.
2. M. Konpapaxkos. «Ypoku Ilo3Hanusa». Ypok N217.
12



Puc.9

Yro xe mnpoucxoautT? Bo3MoOKHOCTH  pa3BUTHE  CUCTEMBI
METaBCEJIEHHBIX B IJIOCKOCTU MCUEPIBIBAIOTCSA, CJAEyeT MepPexo]i B HOBOE
KauecTBO IO JIMHUM MOHO — OuM — moau' ¢ obpeTeHMeM HOBOTO
KaueCTBEHHOT'0 COCTOSHHUSA CHCTEMBbI, KOTOpO€ BbIpa)kaeTcsi B TOM, YTO
«BO3HUKAET OuepeZlHas CHUCTeMa MeTaBCeJEHHBIX, IO CBOEU CTPYKType
TOXKJIECTBEHHAsI CyIEepPIPOCTPAHCTBY UETBEPTOTO TIOPS/IKA, HO Y¥Ke
obpa3oBaHHasA JBeHaAlaTbi0 ¢GopMaMuU MaTepuil» U  IMPOUCXOTUT
U3MeHeHVe HalpaBIeH!s1 YPOBHS CMbIKAHUS METaBCEJIEHHbBIX».

Ba)xHOCTh B5TOr0O MOMEHTA CBsI3aHA C MPOSABJIEHUEM NPUHIUIA
1epexo/la KOJUYECTBEHHBIX H3MeHEeHUM B KadeCTBEHHble, fBHO
CBOMCTBEHHOTO 1 MUKPOYPOBHIO.

3airimeéMcsa popMmamMu. MHOTOTpAaHHUKHU

Eme pas B3misiHeM Ha KOHEYHBIM pe3yJabTaT OpraHu3auu
CYIIEPIIPOCTPAHCTB PA3JIUYHOTO MOPsAAKA — MIECTHUIIyYEBUK (PUCYHOK B3ST
u3 kauru H. B. JleBamoBa «HeomHOopoaHas BeesteHHaAs»).

1 VHTEpecyoIuMcs PEKOMEHYeTCsl O3HAKOMUTBHCA C BOJHOBOH MOJIETBHIO
ABOJIIOINU CUCTeM, ontcaHHOU B Tpyaax M. M. Kouapakosa u C. H. IllapurioBoii.
13



W monpobyeM COeJIMHUTH ero KpalHUe TOUKH.
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Puc.11

TouHOe coOTBeTCTBHE IOJIYYHBIIErocAd OKTad[pa IPaBUJIBHOMY —
npeaMeT JUiA  JAUCKYCCHH, CBA3AHHOM B OCHOBHOM € LEHTPAIbHOU
«(dopMon».

JIJ11 Hac Ba:KHO HNOHATH HACKOJIBKO (pOpMa CyIlleCTBEHHA U yTOYHUTD
ele€ OAWH MOMEHT, KacalolUiCsAd MHOTOJIYUEeBUKOB (Takoe Ha3BaHUE,
BUJIMO, OyzeT Oosiee o0IIIM).

«MaTtpuuHble TPOCTPAHCTBA HE SBJAIOTCA KOHEYHBIMH CHCTEMAaMU
Kocmoca, a, Bcero jaumib, sjeMeHTaMHu bosemioro Kocmoca. Bosbmioi
Kocmoc, kak u Masbiii KocMoc HeOZHOPOJAEH, II03TOMY KOHEYHOCTH
MaTepUH, JIOKAJIM30BAaHHON IO O0JIacTsIM, T/iE COBIAJIAIOT KadyecTBa W
CBOMCTBA TUIIOB MaTepUil M IPOCTPAHCTBA, IPUBOJUT K TOMY, UTO
crcTeMHbIe 0Opa30BaHUs CyIIEPBCEJIEHHBIX B BHUJIE JIeHThI MéEbuyca Takke

15



00OBEIUHSIOTCSI B HOBBIE CHCTEMHBbIE OOpa30BaHUS...», - OTMeYaeTrcs B
pabore M. M. KongpakoBal. A B Kakue oOpa30oBaHHs M Ha OCHOBE KaKHX
«KAPHUYHUKOB»? IllecTU/IydeBUK — «IIPOAYKT» Hamiero uucsia . CI0KHO
cebe MpeACTaBUTh, YTO MPHU BCEM MHOTOOOpa3Wy MEPBUYHBIX MaTEPUU
CJIUTHCA B PA3JIUYHOU IIPOMOPIIMH B 3aBUCHUMOCTH OT KO3(PQPHUIEHTA
KBaHTOBaHUA B bosbimom KocMoce MOTyT TOJIBKO ceMb. To ecTh, YHCIO0 T

'Paapea -1 ‘

MarpuuHbie )
cynepnpocrpaHcrea 3] MpocrpancreoC

Puc. 17.22. DopmupoBaHue "cnoeHoro nupora" us MaTpuyHbIX NPOCTPAHCTE
B BuAe neHTbl MéOnyca ¢ pasHbiM ypoOBHEM MEPHOCTH.

Puc.12

MOKeT HPUHHMATh B JIDYTUX MATPHYHBIX IIPOCTPAHCTBaX U OOJIBIIIHE
3HaUEHUA. A 3TO 3HAUUT, YTO KOJIMUECTBO JIyUel BO3PACTET U MEHTPAIbHAS
30HA CMbIKaHUs Oy/ieT 00pa30oBbIBaTbCS X OOJBIINM KOJAYECTBOM.
CoOTBEeTCTBEHHO, Oy/IeT U3MeHATbCs U (OpMa MHOTOYTOJIbHUKA, BUAUMO B
TIOPSIJIKE POCTA CJ0KHOCTH ILJIATOHOBBIX TeJl. M 20 BepIIWH A0AeKasIpa,
BO3MOXKHO, IIpeJies1 HAIIUX CErOJHAIIHUX IPEJICTaBJIEHUN O «IIPaBHJIaX»
boabmoro Kocmoca, U3 KOTOPBIX MBI IIOKA TOJIBKO HAayaJid yCBauBaTh
«30JI0TOe cedeHHe». Tak UYTO KUPIUYMKAaMHU JIeHT MeOuyca wWiIu ux
Pa3HOBUIHOCTEM, BUIIMO, IIPAaBUJIbHEE CUNTATh MHOTOYTOJIbHUKH.

WTak, MblI IIOJIONLIN K BBISICHEHUIO BOIIPOCA CYIIECTBEHHOCTHU (POPMBI.
CobcTBEeHHO, Jake He K CcaMOH CyYIIECTBEHHOCTH, IIOKa3aHHON B
MHOTOUYHCJIEHHBIX paboTax A. M. XaTbIO0Ba, a K TOMY, UTO MOKET CTOAITH 3a
npuganueM GopMa pas3JIudHbIM COETUHEHUAM.

'U. M. Kongpakos. «Ypoku [Toznanus» Ypok No17
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BepHémcs k ucrokaMm. [171aTOHOBBI M apXUMeAOBBI Tesla

Kak mucan Bepuep I'efizenOepr, «pa3BuTue (PU3WKU BBITJIAIUT TaK,
CJIOBHO B KOHIIe KOHIIOB OYZ[yT HaliJleHbl OUY€Hb IPOCThIe 3aKOHBI TPUPO/IbI
— Takue, KAKUMU UX Hajedascsa yBuzeTh [lnaton». He uckitodeHo, 4To 3TN
3aKOHBI OKKYTCA CBA3AHHBIMU C IPABUJIBHBIMH MHOTOTPaHHUKaMU. Jlaske
Korja 3HaHWA O (UBHUECKOU peasibHOCTH ObLIU elle OuYeHb CKY/IHBI,
Haxoawanch MbicauTenn (I[lmaton, Kemnep), BuzeBimme B 3Tux (purypax
KJII0Y K ee moHuMaHuio. HaBepHOoe, OHU COCTaBJIAIOT, TOT apbeprap,
KOTOPBIN BCET/IA BIIEPEIU».

Cornamascy B 3ToM ¢ B. T'eiizenOeprom, OCHOBHOE BHUMAaHUE U
yZIeJUM IUIATOHOBBIM TesaM. IlepBoe Ha UTo oOpaljaer BHUMAHUE
MaTeMaTHKa, - UCKJIIOUNTETbHOCTh CBOUCTB UX cuMMeTpuu. [Ipoiziem mo
aTOMy mOyTH. [IJI1  XapaKTepUCTUKU CHUMMETPUH  BOCIIOJIb3yeMCH
COCTABJIEHHOU CIIeITUAJINCTAMU IIOJTHOU COBOKYITHOCTBIO €€ 3JIEMEHTOB.

C 5TOU TOUYKH 3pEHMs TpyIla CUMMETPUU CHEKUHKU HMeEET BU]I
L66P. 9T0 03HAUaeT, 4YTO CHEXKMHKA UMEET OJIHY OChb CUMMETPHUH IIECTOrO
nopsaka L6, To ectb, MOXKeT 6 pa3 «CaMOCOBMEILATHCA» IIPA MOBOPOTE
BOKpPYT' OcH, U 6 IUIOCKOCTEM cUMMeTpuu. ['pymra cuMMeTpuu IBeTKa
pOMaAIIIKUA, UMEIOILEro 24 JienecTka, uMmeer BuUja 1L.2424P, To ecTh, IIBETOK
HMeEeT OZTHY OCh 24-TO TOPSAJIKA U 24 IIOCKOCTU cuMMeTpuu. B Tabiure 2
MIPUBE/IEHBI TPYIIIBI cCUMMeTpUl BeexX «IlmaToHoBbIx Tem».

Tabauna 2
MHoOrorpaHHukK dopma rpaneu dopmysia cMiMMeTpUUR
Tetpaszap PaBHOCTOpOHHUE TPEYTrOJIbHUKHA | 4.3 3L2 6P
Ky6 KBasipaTsl 314 413 612 9P C
OkTasap PaBHOCTOpOHHUE TpeyroabHUKN | 314 41.3 612 9P C
WNkocasap PaBHOCTOpOHHUE TpeyrosibHUKU | 61.5 1013 151.2 15P C
Jonekasap PaBHOCTOpOHHUE ATUYTOJIBHUKHU | 615 1013 1512 15P C

JlanHble, npuBefeHHble B Tabsuile 2, IMOKA3bIBAIOT, UTO TPYIIIIBI
CUMMETPUH Ky0a U OKTaj3Zpa, a TakKXKe JIoJleKasZjpa U HKOcadapa
COBITQZIaIOT. ATO TOBOPHUT O TOM, UTO Ky0 AyasieH oktasjipy. Ecim y ogHOTO

1 Anekcert CraxoB, Basmepman BiagmmupoB. «IlnaToHOBBI Teta (MX DHTPOIHS,
peKypcuu, CUMMeTPHU, CBA3b C «30JIOTBIM CeYeHHEeM», UCKJIIOUUTEJIbHAA POJIb B HAyKe
MIPOIIIBIX BEKOB U B COBDEMEHHOM HayKe)»
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U3 HUX COEJUHUTH IIOMAPHO IEHTPHI T'PaHEN, MMEIoIUX o0Ilnee pedpo,
MIOJIyYUM JPYTOe B3aUMHOe Tesio. MOKHO BOOOpa3uTh cebe OECKOHEUHYIO
«MAaTpEIIKy»: B OKTa3AP BJIOXKEH Ky0, B TOT Ky0 BJIOXKEH JIPYTOH OKTa’Ap,
¥ CHOBA BJIOJKEH Ky0, B HETO OKTad/Ip...

B3anMHBI Tak:Ke UKOCAB3/IP U A0JeKadp.

W TonpKO TeTpasAp B3auMeH caM C coboi (TouHee, ¢ ApPyrUM
TeTpaszpoM). Ecim cepenuHbl TpaHell OJHOTO TeTpadApa CIIyKaT
BEPIIIMHAMH JAPYTrOr0 MHOTOTPAHHUKA, TO 3TOT HOBBI MHOTOTPDAHHUK HeE
MPUHOCUT HUKAaKOW HOBONM HHPopmanuu, UO0 OH — TOXKE TeTpPa’3aAp.
Hpyroro takoro [lnaToHOBa Tesa HeT. B 3TOM BbIparkaeTcs ero npezesibHasd
IIPOCTOTAa U YIOPSAZI0OUeHHOCTh. Kak HeT MHOTOYTrOJIbHUKA IIPOIIEe
TPEYroJIbHMKA, TaK HeT MHOTOTpaHHUKa Tpolle TeTpasdzpa. VIMeHHO
IIOTOMY TeTpas/[p — CHMBOJI IIOJHOCTBIO YHOPAAOYEHHOW HPOCTeUIIen
IIPOCTPAHCTBEHHOU CTPYKTYPhI, MEpPa Xaoca U SHTPONUA KOTOPOM paBHA
HYJIIO.

Jonekasap ¥ UKOCA3[p BBIJEJAKTCA CBOMUMU CBOHMCTBAMU
cumMerpun cpeau Apyrux llnaTtonoBbeix Tes. W1 He Tosbko. Emie dBkimg
II0Ka3aJl, 4YTO OHU IIOCTPOEHBI HA 30JI0TOM CEYEHUU.

B sTOoM cMmbIcsie HauboJiee UHTEPECEH /I0/IEKA3/Ip, BHYTPEHHUU YToJl
KOTOPOTO paBeH 108° a OTHOIIEHWE [UAaroOHaJu [PaBUJIbHOTO
S IIATUYTOJIbBHUKA K  CTOPOHE  PaBHO

30710TOMy cedeHU10. [IpumeHUTENBHO K

BAXKHOCTU TAKOTO IIOCTPOEHHS C TOYKHU

3peHus MPUPO/Ibl IPUBEJEM TOJIBKO OJHO

obocHoBaHue @. /I. [llkpyauesa (Puc.13).

«B KauecTBe pUMepa pacCMOTPUM
N MIPOCTEeNIINN y3eJl aToma,
108 IIPEO0/I0JIEBa€MbIH cOpMHUPOBAHHBIM
G zapsmom. DTOT y3enm mMMeeTcst BO Beex
ATOMHBIX CTPYKTYpax, pasjInyune — TOJIbKO

Puc.13

B yrilax Mexay BekTopamu. CTaHIApTHBIA Yros paBeH 108°, TO ecTb
IIOJIOBUHE IIPEJIeJIPHOTO yIJIa JJIsi MPOTOHHOM CTPYKTYphl. PaccMoTpum
pUcyHok (13, — npum. asmopa): TOJy4YeHHBId WiIn cHOPMHUPOBAHHBIU
ayekTpuueckui 3apsaa (E — npum. agmopa) COBMeINAaeTcsi ¢ MarHUTHBIM
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umIryabcom (M — npum. asmopa) v rpaBUTAIMOHHON YacTtoTou (G — npum.
asmopa), B pe3yJbTaTe UMeeM Pe3yJbTHPYIOIILYI0 S, BpallleHue KOTOPOM
3a71a€TCsS CTPYKTYPOU aToMa.

34ech Ke 3aMeTUM, 4YTO [ABUKEHHE CTPYKTYPbl S BO BHENIHEM
KOHType 00ecreunBaeTcsl pEemIETKOM, W HWMEHHO OJTO COYeTaHWEe U
dbopMupyeT BCE TO MHOKECTBO 3aPAA0BbIX (DOPM, IMOJTYUYEHHBIX U3 CBOMCTB
COCTABJAIOIINX. BpallleHue MoxeT OBITh KaK JieBO-, TaK U
IIPaBOCIINPAJIBHBIM, IIPH 3TOM HMeeTcsl U «Oouka JluoreHa», U CIUpaIb
Apxumena (¢ MOATOPHOM IUIONIAZIKOM), U COOTBETCTBYIOIUE KOHCTAHTHI.
[To mepe ABMKEHUA B CTPYKTYpe aTroMa (B MPOCTPAHCTBE aTOMa) CTPYKTypa
S nomnosiHsAeTcsA cocTapasAomuMU M u G ¥ Ipu OCTUKEHUN PaBHOBECHOTO
COCTOSTHUS SIBJISIETCS aBTOHOMHOM »1.

YTo MaéT MOCTpOEHHE CTPYKTYP Ha IIJIATOHOBBIX TEJIAX XOPOIIIO BUHO
Ha HAIJISHBIX MPHUPOJIHBIX NMpUMepax. Bo3bMEM BUpYC IOJMOMHUETUTA.
MenunuHCcKass Hayka J0 CUX IIOP He HAIIa CrocoO0B JieYeHUS STOU
6osie3nu. Buaumo, Bca mpobsema B TOM, YTO €€ BUPYC HMeeT (opmy
J0/1eKaspa.

MHorue BUpYyCHI, HallpuMep repmneca, UMeT (HOpMy MPaBUIbHOTO
nkocaszipa. Cuurtaercs, YTO OHU CTPOATCA U3 MOBTOPAEMBIX IPOTENHOBBIX
cyOBeAUHUI, W HKocadAp — camasg noxaxoxadmas ¢opma i
BOCIIPOU3BEJIEHUSA ITUX CTPYKTYP.

CBolicTBa CMMMETPUM IIATOHOBBIX T€JI OTKPBIBAIOT IIYTh K CO3/IJAaHUIO
CJIO’)KHBIX CHUMMETPUYHBIX CHCTEM, MOCTPOEHHBIX B TOM 4YHCJIE Ha
NPUHIUNAX 30JI0TOTO CEYeHHs C IIOMOIIBI0 METOZa BJOXKeHu:d. [[Be
1o/1o0HbIE SIBHBIE JINHUM — Ky0 1 OKTad/Ip, a TaK»Ke J0JeKas3Ip U UKOCAdIP.
Tpetbss — TeTpasapasipbHas. [yiyOmHa BiIOKeHUN — QYHKIHS Pa3MepoB
3apsAJa U UX KOJIMYECTBA B y3J1aX COOTBETCTBYIOIIUX IVIATOHOBBIX TeJl.

[ToMuMO YyKa3aHHBIX TPEX SABHBIX IIyTed MaTeMaTUYeCKH C
COXpaHEHHEM CBOMCTB CHMMETPHH BO3MOKHO HCIIOJIb30BAaHHE MEHEE
«IJIyOOKHX» BJIOKEHHM OKTas/ipa WJIM HKocasjpa B Kyb, kKyba wiu
OKTas/Apa B UKOCA3IP.

B Teopernueckux nmocrpoenusx A. M. Xarsioosa u ®. /. IllkpyiHeBa
BCTPEYAIOTCA KaK YKa3aHbl CXEMBbl, TaK U WHBbIe BAapUAHTHI, JUKTyeMble
pr3mUecKUMU CBOMCTBAMHU IJIATOHOBBIX TEJ.

1 @. I. HlxpynueB. «Cser/Ibiit Benuk» H. JleBamoBa B «banHom [lene»
A. Xatbe1i00Ba u TpynoBas Jlonara». Kaura 3.I71aBa 2
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CBoiicTBa CHMMETPUHM HKOCA’/APa, AOAeKasapa, Kyba, OKTaszpa U
HMKOCad/Apa UCHob30BaHbl A. M. XaThIO0BBIM JIJIs1 IIOCTPOEHUSI CTPYKTYPhI
aToMa. B Hel, Kak XOpOIIIO U3BECTHO, 8 /07eKa’ApoB (Mo yryiaM KyOuka),
12 TEeTpPa’ApoB CBA3BM © 1 KyOuk (IleHTpaspbHBbIN). Bea cucrema
yZIEP>KUBAETCs €IMHON KyOm4yecKou pemeTkou. [[eHTpasbHbIi KyOUK - 3TO
CHCTEMA U3 OKTa’3/pOB U HKOCA3JPOB, BJIOKEHHBIX JIPYT B aApyra (16
BJIO>KeHU). OTHOCHUTEBHO JOJIEKAd/IpOB KYyOMK — 3TO aBTOHOMHAas
cTpykTypa. Kaxxpiii u3 8 moaekasapoB cofep:kuT ukocaszp (mapa). Yucsto
TaKUX BJIOJKEHHBIX Map — 44.

Puc. 14
[To aHAJIOTUYHOMY IIPUHITUILY ITOCTPOEHA U PEIIETKA OOIIEeN maMsaTH .

Kocmoc, mo A. M. XaTbl00By, HUMe€eT CTPYKTYPy PEIIETKI
OZIeKa3APATbHO-UKOCA3/IPAJIbHYIO ¢ HYyJIEBBIM MIOTEHITAATIOM,
o0paMJIEHHYIO0 KyOMUEeCKOU CTPYKTYPOU U3 HEUTPUHO U aHTUHEUTPUHO?2.

boJiee c10:kHO OpraHu30BaHa CTpyKTypa penietku Hoocdepsnl.

1 A. M. Xatbi60B. « PemHKapHAIHAA»
2 A. M. Xatp160B. «TpuTHii — HEU3BECTHOE HAYAIIO»
20



Di-ctpykTtypa — 8 mojaekasapaibHO-uKocasapanbHbx (DI) 6J1oKa,
KaKJpIl 0JI0K mMeeT BaoxkeHHBbIE DI Os10ka (Bcero B ogHoM DI Os10Ke 44
BJIO’KEHHUS). ITO — TeHEepaTop aTOMHOU CTPYKTyphl. Pabora reHeparopa
3asiaérca CucremMol YpaBieHUs 3eMJIN.

t- cTpykTypa — 12 6JI0KOB TETPa3APOB. ITO CBA3b BCEX TeHEPaTOPOB B
OJTHO IIeJioe. JTa CBA3b UMEET MPAMOE OTHOIIIEHUE KO BCEM U3MEHEHUSIM B
aTOMHOU CTPYKTYPE.

k- cTpykTypa — 1 GJIOK OKTas/IpajbHO-UKOCAdApaJIbHAs CTPYKTYPa,
nMeeT 16 OJMHAKOBBIX OJIOKOB (BiokeHuit). IlocTpoeHa Ha IIPOCTHIX
yucaax. Ha k - erpykrype moctpoena tabsuma Menaeneea (®iéposa), HO
TaM HAYETO He JIETAET, eCTh TOJILKO KoJIebaTeTbHBIN ITpoIiecct.

WHas koHCTpyKIuA obecreunBaeT 3¢GdEKT rpaBUTAIUU — CBOMCTBA
BJIEKTPUUECKOTO 3aps/a.

B oOmiem Buzie 3apsy HMeeT IeHTPAJIbHYI0 4YacTh U PyOaIiKy
(koHTYp). 3apsa JABUTAETCS MEXAy y3JlaMU HKOcasJipa, HMes YToJI
CKOJIbJKEHUS W TOTEHITHaN. B CTpPyKType HMKocasjipa pyballika He HYKHA,
BEKTOP CTPYKTYPbl HalpaBjeH K IIEHTPY 3apsijia U caM 3apsij IIoJABEP:KeH
BO3JEUCTBUIO BHEIIHUX CcHJI. [l obecreueHusl YCTOMYHUBOTO COCTOSHUS
3apsaa KaKJIbId UKOCadAp «00paMJIEH» IBYMS JI0JIeKadIpaMH.

Jlonekasipbl — 5TO CTAOUIU3UPYIOIINE CTPYKTYPhI. 3aps/i HE MOXKET
CYILIECTBOBATh O/IVH.

OtmernM: pebpa BHEITHETO JIOZleKas/ipa W BIHCAHHOTO HKOCA37pa
paBHBI, a pebpo BHYTPEHHETO JI07leKas/Ipa MEHbIIIE Ha KBAaJpPaT 30JI0TOTO
ceueHusA. ApGeKT pa3HOCTH PEOEP U CO3/IAET OCHOBBI TpaBuTanuu. Pebpa
oieKasipa UMeIoT (paHTOM 3apsijia, TO eCThb TOT Ke 3aps/l, HO ¢ UHBIM
kBapueBaHnueM (mo 2). Atotr haHTOM UMeeT OOpaTHBIN 3HAK U OOpaMJIEH
pybalkoi A5 obecrieueHUs He paccenBaHus paHTOMA.

1 A. M. Xatb100B. «IIpuHITUIIBI YIIDaBJICHUS »
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Tab6suma 3

N q'IfICJIO Yucno |IloreHnman Yron Cwmernenue | Yucio
pEbep | ysJyOB 3apsiia | CKOJIbKEHUSA | TaKTa 3aps/I0B
1 Egggﬁgﬁp 30 20 2 39.6 - 64 Ho 30
2 il 3012 zean | 3ig 1| Jloso
3 Egggg:?;pﬂﬁ 30 20 221-222 21.2 + 64 Jlo 30

Bcero nmeem 22 KOHTYpa, KaXKAbIU CJIeAYIONINN BIUCAHHBINA TPOUHOMN
KOHTYP MMeeT WHYI0 YacTOTy KBapllieBaHUsI, IOTOMY BHENTHUHN AOJeKadap
CJIeAYIOIIEr0 BIIMCAHHOTO KOHTYypa MMeeT XapaKTEPUCTUKU MPEAbIYIIEro
BHEIIITHETO KOHTypa IPU MHOM KBaplieBaHUU.

MeeT MecTO POCT IICEBJOOKTAaBBbI, U MOTOMY €CJIM B3ATb BHEITHUU
KOHTYD 3a 1, TO 22 KOHTYP COOTBETCTBYET 2.

I'paBUTAIIOHHBIE YACTOTHI MOTYT OBITH ITOJIYUEHBI B JIIOOOM KOHTYPE,
HO 6A30BBIN KOHTYP UMeEET UX IMOCTOSHHO.!

Vcnosb30BaHME IJIATOHOBBIX TEJ — TETPA3APOB — MOXKHO HAUTU Y
®. /I. HlxkpynHeBa: «Kaxpada «kieTouyka» moreHmuagabHO nuMeeT HBOJIEE
300 TeTpa’fpoB. BOT HACKOJIBKO KJeTKa NOTeHIWajbHO MolnHa. Ho
npobiema B ToM, uro HE BCE Terpasgprsl akTtuBupoBaHbl. KieTka,
JOIyCTUM, Ha IOJOIIBE aKTUBUPOBAHA TOJIBKO IIO0 5-7 TeTpasApaM...
KiieTka medyeHU OKOJIO 200 TeTPad3/pOB, a KJIETKA CepPJ/IEUHOU MBIIIIBI —
IIOYTHU 300 TeTpas’ApoB. BOT ueM OT/IMYAIOTCA KJIETKU B OJHOM OpTaHU3Me
U, COOTBETCTBEHHO, (DYHKIIMU y HUX — pa3Hble. A ecjid O TeTpasdzpe —
[TPUHUMAIOIIE-3AJTAIOIIIAA cyTh 3THX KOHCTPYKIIMUA B TOM (3THIX
«TaHTeJeW», COCTOSAIIUX U3 ABYX JIOJDKA3POB U OJTHOTO TETpas/ipa), UTO
terpasap ITPYUHUMAET suepruo, Ho u OTJIAET. Ilpencraswre cebe,
Hackonpko CJIOXKHEWIITNI ITPOITECC npoucxoauT! »2,

A BOT KakK BBIIVIAAUT CTPYKTypa CO3HAHUA HA HEHMHEPIHMATIHLHOM
YPOBHE (sIUercTas CTPyKTypa Ha J0/IeKas/IpajIbHOM OCHOBE)S3.

t A. M. XaTpi60B. « XpOHOKAIICyIa»
2@. 1. lllpynues. «Cser/Ipiit Benuk» H.JleBamoBa B «banHom [lene»
A. Xarpi60Ba u Tpynosas Jlomara»
*®. 1. llIxkpynuep «CsetrJIbiii Benuk» H.JlepamoBa B «banHom [lene»
A. Xatre1i00Ba u TpynoBas Jlonara». Kaura 2. I'1aBa 6
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Bosiee pazHooOpa3Ha B CBOMX KOHCTPYKIIUAX MPHPOJIA, HATIPUMED,
Bosa. OHA MMeeT pelIeTKy. PemeTka BOAbI - 3TO HENPEPBHIBHO CBA3AHHAA
CTPYKTypa. Pa3Mmep pemeéTKu — HECKOJIbBKO aHrcTpeM. B orimune ot
pelIETKU atMocdepbl, PelIETKA BOJIbI UMeEET TETPa3IPaJIbHYyI0 CTPYKTYPY.

CropoHsl y TeTpasapa pa3uble. CTopoHa anb@da IpUMEPHO 2, CTOPOHA
BeTa MPUMEPHO 2.4, CTOPOHA raMMa npuMepHO 2.8. B TeTpaszp BnucaH
Ky0, B KOTOPOM HaXOAATCA IOZeKa3APbl 1 UKOCA3/IPHI.

['71aBHOM CTPYKTypou sBJjsieTcsd KyO. Panbiiie KyO uMesn cBolcCTBa
TOJIbKO MH(POPMAITMOHHON PEIIETKH O COCTOSHUM HAIOJIHEHUS W HE MOT
OBITH yIIpaBJIiEM, TO €CTh CBOMCTBA HAIIOJHEHHs He JIOJDKHBI OBITh
W3MeHEeHBI.

Emé ozmHa uHTEpecHasd il U3yUYeHUs TPyIIa Tejl — apXUMeOBBbI.
CylecTByeT HECKOJIBKO I'PYHII apXUMeEJIOBBIX TeJ, epBad U3 KOTOPBIX —
IATh MHOTOTPAHHUKOB — TIOJIy4aeTcd U3 IIATH IJIATOHOBBIX TeJ B
pe3yJibTaTe UX yceueHUs. YCedeHHeM B JIaHHOM CJIydyae Ha3bIBaeTCs
yAaJieHrue dYacTell MHOTOTPaHHUKA, PAaCHOJIOKEHHBIX OKOJIO BEPIIUHBI,
BMeCTe C CaMOU BePIINHOU. [[Jif IJIATOHOBBIX TeJ 3Ty HPOILeAYPY MOKHO
IIPOBECTHU TaK, YTO U IOJy4YaKOIUecs HOBble TPAHU, U OCTAIOIIVECA YacTU
CTapbIX I'paHel OyAyT NMPaBUILHBIMU MHOTOYTOJIbHUKaMU. Tak MOTYT OBbITh

1t A. M. Xartp160B. «Boma»
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TIOJIyYeHBbI CJIEAYIONIUE TeJla: YCEeUeHHBIU TeTpasJlp, YCEUeHHBIH KyoO,
yCEeUeHHBIN OKTa3/Ip, YCeUeHHBIN JOAeKadIp U YCeUeHHBIN UKOCAIP.

YcnokHeHNE — «KOHCTPYKIIMH»  apXUMEJOBBIX TeX COXpaHAET
CUMMETPHUIO IUIATOHOBBIX «OPUTMHAJIOB». sKeslaHve BBIACHUTDH IIPEEsIbl
YCJIOKHEHUs IIPUBEJIO0 MAaTEeMAaTUKOB K COCTaBJICHUIO IIOJIHOTO CIIHCKAa
TUIIOB CUMMETPUU, KOTOPBIX, Kak BbisicHWI EBrpad Cremanosuu ®enopon
(1853-1919 rT.) OKazasoch 230. Ha ux ocHOBe Temeph IIOCTPOEHA BCs
KpUcTasuiorpadus.

Haubosbpiuii ©HTEpPEC, B TOM YHCJe JJId JIAHHOTO HCCIeI0BaHUAA,
BBIBBIBAET YCEUEHHBIN MKOcasp/. Ha ero moBepxXHOCTH — 12 IIEHTaTOHOB,
YTO, BMECTE C UICXOTHOU CTPYKTYPOU, C/I€JIAJIO €T0 «€EIE OOJIBIIE 30JI0THIM »
(B cMBICIIE TPOTIOPITHIL). ATOMBI YIJIEPO/ia, PACIIOJIOKUBIITUECS B BEPIITHHAX
20 MPaBWJIbHBIX INECTHYTOJbHUKOB M 12 HPABUJIBHBIX MATHYTOJLHUKOB
TaK, UTO KaXKAbIH IIECTUYTOJbHUK TPAHUYHUT C TPEMs IIECTUYTOJIbHUKAMU
U TpeMs MATUYTOJbHUKAMHU, a KaKIAbIM MATUYTOJBHUK TPAaHUYHUT C
IIIECTUYTOJIbHUKAMU, CO3/IaIu MOJIeEKYTy U3 60 aromoB C60, 0061a1a10IITYI0
HaubOoJIbIIIeN CTaOUIBHOCTBIO B PAAY (yJIepeHOB, Aa)Ke MPEBOCXOIAIIUX
ero KOJIM4ecTBOM aTOMOB.

A. M. XaTpI00B yCTaHOBWJI, UTO HapyIllleHUE CBA3EN B KOHCTPYKIINU

JIOJIEK3ZIP — UKOCad[p — JOJeKas/lp HIPUBOAUT K OOBeJUHEHUIO 12
BHEIIHUX JOJEKA3JPAJIbHBIX CTPYKTYp B OJHY C 0oOpa3oBaHUEM
«IyCTBINIKKU» — (paHTOMA «Illapa KU3HU», KOTOPBIU 00JIaZiaeT TOJIHKO

nmapasuTHbIMU cBolicTBamMu. ObGpa3oBaBIlasicsi CUCTEMa IO CTPYKType —
MoJiekysia yriepoaa C60 (y momoxo3sek HazBaHa «CIT/[»Y).

O6paszoBaHNe CJIIOXKHBIX CHCTEM — MOJIEKYyJl — Ha OCHOBE
apXuMeJIOBbIX TeJl IPOUCXOJAUT TMOCJIEJOBATEIbHBIM  COeqUHEHUEM
OT/ZleJIbHBIX aTOMOB, KaK Ha OZTHOM, TaK U Ha Pa3HbIX YPOBHAX. ¥YCJIOBUEM
JUId O5TOrO0, KakK Mbl IIOMHUM, SBJS€TCA HaJu4dhe Pa3HOCIUHOBBIX
9JIEKTPOHOB Ha BHeIIHUX opburax. Tak, HampuMmep, OpraHu30BaHa
nBoiiHass HUTH crnupanu JIHK (ukocasap — ozekasap, 3aTeM OIATh
nKocasqp, U Tak gaysee, Dan Winter, Heartmath). ®opmbl yriiepomgHbIx
CcOeJINHEHUU XOPOIII0 U3BECTHHI U BPSAJ, JIU HYKJAAIOTCA B KOMMEHTaPHUAX.

' A. M. Xatb160B. «ITpocTpaHCTBO U BpeMs Ha 3emJie»
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CTpyKTypu3alus IpoCTPaHCTB

Bompochkl CTPYKTypu3allMd IIPOCTPAHCTBA VIKE PACCMOTPEHBI B
paborax . M. KongpakoBa («»¥Ypoxku ITosdnanusi») u ®@. /. [lIkpyaHesa
(«Cet/JIpii Benuk» H. JleBamoBa B «banHom Jlese» A. XaTrpiOoBa H
Tpynosas JlonaTa») ¥ B U'TOTOBOM BH/IE IIPE/ICTaBJIEHBI Ha PHC.16.

MukpoypoBeHb
Hanpasneuma CTPYKTypU3aumu BLIACNECHHOMO NPOCTPAHCTBA
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B cBeTe BBIIIIEN3IOKEHHOTO 1 C YYETOM 3aKOH €IMHO00pas3us cxema
CTPYKTYPHUPOBAHUS IMPOCTPAHCTB MOXKET BBITVIAETH CJIEAYIONIUM 0O6pa3oM
(puc.17).

[/ P <E

Puc.17

To ecTh, pa3BUTHE HA KAXKJOM YPOBHE HJET C YCAOKHEHNEM (DOPMBI
70 JIOCTHMKEHUS IIPEEIbHOTO KOJMUYECTBEHHOTO 3HaueHHs (BO3MOIKHO,
YTO UYHCJIO JIOCTYHOHBIX (OpM OOJIbllle O3HAUEHHBIX) IIOCJIE YEero
MIPOUCXOIUT KaUueCTBEHHBIN CKAUYOK U Iepexo]i Ha 60Jiee BHICOKUN YPOBEHD
C TIOBTOPEHHEM  DJBOJIIOIMOHHOU  IEMOYKH €  «HAIOJHEHUEM »
BJIEMEHTAPHBIX y3JI0B, COOTBETCTBYIOIIHNX JOCTUTHYTOMY Ha IPEbIIYIIEM
YPOBHE. B 3TOM KOHTEKCTE MOXKET He 3ps aToM sl 3eMJId UMEET CEMb
IrPaBUTAIIMOHHBIX IMOBEPXHOCTEH, OFHY IIPOTOHHYIO IIOBEPXHOCTH, JBE
3JIEKTPOHHBIX TOBEPXHOCTH, OJHY HEUTPOHHYIO IIOBEPXHOCTh U OHY
HEUTPUHHYIO MMOBEPXHOCTH!. TO ecTh MATHh BUJAOB IMOBEPXHOCTEH IO UHCITY
IIATOHOBBIX TEJI.

1 A. M. XaTpI00B. «3epKajsio COBpeMEHHON HAYKH»
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ITomumo pasBuTuA
«BBEPX» BO3MO>KHO 5
JIBIDKEHNE «BIIUPb». BoT M
aTOMBI I10 OZHOMY HE

cobmpatorcss. VM3 3aKOHOB
CUMMETPUH  CJEAyeT,  4YTO
MHHUMAJIBHOE KOJIMYECTBO

aTOMOB, COOpAaBIINXCS BMECTE,
paBHO 4. Cxema cOOpKH
MHHUMAaJIBHOTO KOJINYECTBA
aTOMOB  TIpeJiCTaBjieHa  Ha
pucynke 18! (rpynma wus 4

aTOMOB Ha PpHUCYHKe — Tak
Ha3bIBAEMbIH «MeTA/UINUYECKUN
Bojopoa» — Hg4). Bomopon

ctpyktypbl H5, H6, H7 , H8 wim H9, «IIOCTpOUTh» II0 5TOMY MPHUHITUAILY
BPA/JI JIU COCTAaBUT TPY/iaA.

Kpome Toro, BO3MOKHBI KOMOUHAIIUU PA3IUUYHBIX BJIOKEHHBIX JPYT
B zipyra ¢opM, MPUMEPHI KOTOPHIX pacCMaTPUBAINCH BbIIe. «300mtme»
KyOMYecKux CTPYKTYp —  «Hacjeaue» HHTEPBEHTCKOM  CHCTEMBbI
yIIpaBJeHUsA U MOTOJIKA PAa3BUTUA B BHUJE 128 OKTaBbl. BepoATHO, U B
IIOCTPOEHUH BCEX ATOMHBIX CTPYKTYP 110 U3BecTHOU cxeme A. M. XaTbiboBa:
BBICOKOOPTaHMU30BaHHAA IUIa3Ma — MaTepUaJbHOE TeJI0 — KUJKOCTh —
ras, TO eCTh IIocJIeloBaTeIbHOCTD OKTaB ((128) — (126-74) — (72-66)) — —
(62-34) — (32-28) — (24-26) — (22-16)2. ATOMHas CTPYKTypa — 3TO CBOETO
poxaa nmupamuza (He o ¢popMe, a 1Mo co/iep:KaHuio). BepinHa nupaMuasl —
okTaBa 128 (aTOMHBIE CTPYKTYPHI BCETO KUBOTO, OT 128 OKTaBHI /10 16).

Hrak:

1. 3aKOH eJUHCTBA MHOT000Opa3us MPOsIBIAET cebs Ha BCEeX YPOBHAX
MIPOCTPAHCTBA.

2. JKuznp BceseHHOU, OCHOBaHHAsi Ha TapMOHUU MATrHUTHBIX H
BJIEKTPUUECKUX II0JIeH, CO3[4AETCsI OTPAHUYEHHBIM KOJIUYECTBOM YacCTHII,

'@, 1. HIkpyaueB. «CserJIbiii Benuk» H. JleBamoBa B «banHom [lene»
A. Xarpi60Ba u TpyznoBas JlomaTa».
2 A. M. Xatpi60B. «IIporynka mo ¢uszmyeckuMm NOHATUAM. CKOJIBKO 00K HAJI0
HMMeTb Ha JiepeBe JIJ1A CMeHbl MUPOBO33PDEHUA? »
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IIpOCThIM HabopoM GHOpM UX OOBEAMHEHUSA U «BJIOKEHUU» APYT B APyTa, a
TaKXKe  COeJIMHEHWHM ¢  IIOMOIIbI0  YHHBEPCAJIBHOrO  crocoba
B3aMMO/IENCTBUS PAa3HOCIIMHOBBIX 5JIEMEHTOB.

CoBnazieHue TPYII CUMMETPHUHN Ky0a U OKTa3/ipa, a TaKXKe UKOocaspa
U JOZeKas/pa CO3JAal0T HAWIy4IlMe YCJIOBUA JUIA CO3JAHUA CJIOKHBIX
CTPYKTYpP, OTBEUAIOIUX IIPABUJIY «30JI0TOTO CEeYeHHs». A B3aUMHOCTb
TeTpasApa C CaMUM cO0OM — K IIOCTPOEHMIO CJIOKHBIX CHUCTEM Ha
MPUHIIUIIAX «30JI0TOTO CEUeHUsI» TOJIBKO Ha €er0 OCHOBE.

He meHee «BbIpa3suTeJbHBIMU» CBOWCTBAMHU 00JIaZAaIOT CTPYKTYPBHI,
CO3/IaHHBIE HA apXUMEZOBHIX Tejlax. OHM elle TOJIbKO HadaJiu MPUBJIEKATD
BHUMaHUEe TEOPETUKOB U MPAKTUKOB (ysiepeHsbl, cpeu «/I0MOX035eK» —
CIIN/I), B 4aCTHOCTH, U3-32 YHUKAJIBbHBIX «IIPOYHOCTHBIX» XapPAKTEPUCTHUK.

A.HukoHOBUUY

MockBa
22.09.2017
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OT35BIB

. Ha crarpio Hukonosuua A.C. <UTIOCTACHN
COTBOPEHHOI'O MUPA... EINMHCTBO MHOI'OOBPA3UA?
«(Pa3MplIILIEHUS BCIIYX).

JIOCTOMHCTBOM JIaHHOI pabOTHI SBISETCS JKEJaHUE aBTOpa pa3o0paThbCs U
HOHSTHh HEKOTOPBIE 3araJKu, KOTOpble HAaM CTaBUT caMma MPUPOJIA, U BBIPA3UTh 3TO
Ha YpOBHE COOCTBEHHOI'O IOHUMAaHMs, a HE LUTHUPOBAHUEM OOJIBIIMMU OJIOKaAMH
OCHOBOITOJIO)KHUKOB HOBBIX 3HaHUiA. [Ipr 3TOM OH paccmaTpuBaeT camy mpooieMy
c ¢umocodckux mnozunmii. B maHHOM cinyyae OH MpuUBIEK 3aKOH €JUHCTBA
MHOTr000pa3usa oOpa3oBaHUs, Pa3BUTUSA U CyllleCTBOBaHMU MaTepuu Ha Bcex
€€ YPOBHSX, a TaK:Ke JIPyrye 3aKOHBbI U 3aKOHOMEPHOCTHU. ABTOP IPOBOJUT
rapajuiesd MeKy 3aKOHOMEPHOCTAMMU, IIPOABJIAIOIINECT HA MaKpO-, Me30-
U MUKPOYPOBHAX. Ha NpOTsS:KeHNU Bcell CTaTbU OH IOATBEPKAAET MBICIIb
JleBamosa H.B. 0 equHCTBEe 3aKOHOB MaKpO- U MUKPOMUPA U IIBITAETCA C
HOBBIX ITO3UIINU MPEJICTABUTD €€.

Pasmpmiszs o nmapajuieiiix MCKIAY BSaHMOHGﬁCTBHCM QJICKTPOHOB H
0COOCHHOCTSIMU Hale BeeneHnnoil, aBTop otMedaeT: «Ho, kak Xopouo uzeecmHo
uz mpyooe H. B. Jlesawosa, nawe nNpocmpaHcmeo obpas3o8aHo CAUSHUEM
cemu nepsuuHbvlx mamepuil. Iloayuaemcs, 4mo CMblKAHUE U CAUSHUE
Mmamepuil 8 30He «COAUNCEHUS» 2/1eKMPOHO8 Npou3oimu He moxcem? A
ecau «epemuueckue» npeonoaoxceHus A. B. Pexmuna no nogody Haauvus
8 Hauwlell BcenenHoll dessimu mamepuil 8epHbl, ompadceHue ue20 —
Haauvue ewe dessimoil Homvt NoNa?2 U «0b2804» — 8 CA08€ «CAUSHUE» !
npocmo 045 08Yyx mamepuil 8 HauleM NPocmMpaHcmee Hem Ycaosuil 01
amoeo? Toz0da Odo/eH cywecmsosams KAKOU-MO  «MEXaAHU3M»,
obecneuusarowull uUx BAUSAHUE HA «MAXCECMb» NPUHAMO20 K
paccmompeHuro 31eKmpoHa. Bedv 8 Hawem mMampuuHOM NPOCMPAaHcImaee
cywecmsyom BceaeHHble, co30aHHble U3 MeHbUWE20, YeM Hawd,
Koauuecmsa mamepuil. Ho noka amo auwws npednonodxceHue, 0CHOBAHHOe
HA 803MOXCHOM nepexode cucmembvl 8 HOB0€ KaueCcmeeHHOe COCMOosHuUe,
ompanceHuem Komopoz20 A8A9€Mces YUCA0 0e8Mb».

371ech clienyeT OTMETUTD, YTO Hallla MeTaBceseHHas u3 7-mu [IM Haxonutcs B
cyneprnpocTpaHcTBe 1-ro mopsaka u3 9-tu marepuid (cM. Hibke puc.). Tak 4To y
aBTOpA BCE MPABUJIBHO B CTaThE OTPAKEHO (ITO JJIs TE€X, KTO 33J1aCT BOIPOC O TOM,
4TO MBI ke B ipocTpaHcTBe u3 7 [IM, a y aBropa - u3 9-tn). Ha Besikuii cnyyait ene
ccbuika - C. 80. Heognoponnast Becenennasi.


https://docviewer.yandex.ru/view/0/?*=4bUu9rJ2S7lVaxwXzxBKVQOPKSR7InVybCI6InlhLWRpc2stcHVibGljOi8vTU5hV2tVOGN1VkUvN0RDNlZkRFlRNks0L2R4ZG1CVU1Bd3N6OEx5ek5YOD0iLCJ0aXRsZSI6ItCV0LTQuNC90YHRgtCy0L4g0LzQvdC%2B0LPQvtC%2B0LHRgNCw0LfQuNGPLmRvY3giLCJ1aWQiOiIwIiwieXUiOiI5MjcyNTIyNjQxNTA0NTA4Mjg0Iiwibm9pZnJhbWUiOmZhbHNlLCJ0cyI6MTUwNTkyODYyNzAxN30%3D#sdfootnote8sym

Kpome Toro, (opmbl Marepuii, KBaHTYIOIIHUECS NaHHBIM KO3(DPHUITEHTOM
KBAaHTOBaHMUS TPOCTPAHCTBA 7Yi, B CBOIO OUYEpedb, BIUSIIOT HAa MEPHOCTh
npoctpancTBa. [loaToMy, B miporiecce GopMUPOBaHUS MATPUIHOTO TPOCTPAHCTBA,
KOJIMYECTBO OJTHOTUITHBIX IEPBUYHBIX (POPM MaATEpUil MOKET OBITH OOJIBITIE, YEM HX
qHCII0, 00pasyroliee JaHHOe MaTpudHoe rpoctpancTBo. (I'masa 2. HeogHopoaHOCTH
IIPOCTPAHCTBA, C. 79).

N

|
3,q>b Mbl

ABTOp TOYHO OOpaTWJ BHMMaHHE Ha CaMy BO3MOXKHOCTh CMBIKAHUA U
CIUAAHUA 3JIEKTPOHOB. Ha puc. 6. mpencraBieHo oOpa3oBaHuEe mapbl W3
PA3HOCIIMHOBBIX JJIEKTPOHOB (KymepoBbl maphl). B
TUX YCJIOBHUSAX TIPOUCXOJUT CIApUBAaHUE JBYX
AeKTpOoHOB B P-opOutans (cM. puc.). Kak u3BectHo,
OpUTagh — OTO TIPOCTPAHCTBO, B KOTOPOM C
BEPOSATHOCTHIO 95% MOXKET HaXOAUThCS JIEKTPOH. B
JTAHHOM CJIy4ae CIIapUBAIOIINECS DIICKTPOHBI.

P - OnONTEE Jlasiee aBTOp IMOJHUMAET BOIIPOC O 3HAUYCHUU
¢gopMBbI 1A TOCTPOEHUA  KOCMUYECKUX
obpaszoBanuii. [eiictButesbHO, ¢opMa, a 3HAUAT U TOJIOKEHHE
COCTABJIAIOIINX €€ TeJl B IPOCTPAHCTBE UTPAET CYIIECTBEHHYIO POJIb, YTO B
cBoe BpeMs noka3an Hukosait BuktopoBuu. /la U B mpoliecce MO3HAHUSA
OKPY>KaIOIero MUpa camMu IMPOoIece UAET 110 JJUHUU: onpedeseHue cocmasda
— CMpYKmMypul — NOAO}CEHUSA J/1eMeHmMo8 6 npocmpaHcmee -—
JuHamusayusa cmpykmypsl — 3eoaoyus. IlapannenbHO HAET TaKXKe




IIPOIIECC MEPEX0/a KOJINUYECTBEHHBIX U3MEHEHUH B KAUECTBEHHBIE 110 JIMHUU
MOHO-0U-NOAU-CNAOHCHBLE COeOUHEHUAL.

371ech cieAyeT MOACHUTb, T.K. MHOTHE CUYUTAIOT, UTO B HPUPOJE
CYIIIECTBYIOT 0Opa3oBaHHs B BHJIE€ IJIATOHOBBIX TeJl TaKUX, KaK OHU
Tpe/icTaBJIeHbl HA PUCYHKAX B BUJIe TETPA3IPa, OKTA3/PA, JOAEKasApa U Ap.
[11aTOHOBBI Tejla — CTPYKTYPhI, OOpasyroluecs IIPU COeJUHEHUH Psja
aTOMOB, KOTOPbIE U PACIIOJIATAIOTCS B BEPIIUHAX STUX «Tes». Ho, yauTbsiBas
3aKOH €JUHCTBA MHOTrOoO0Opa3us Ha YPOBHE MUKPO- U MAKPO- IMPUXOAUM K
BBIBOJY, YTO B 3TUX y3J1aX MOTYT HAXOJIUThCS CTPYKTYPHBbIE 00pa30BaHUSA
COOTBETCTBYIOIIETO HEPAPXUYECKOTO YPOBHA: 3J€MeHTapHble YaCTUIbl —
aTOMBI — MOJIEKYJIBI - ... - JIOMEHBI - ...- CM. pHC. 16. ¥ 17. — UTO U MMOKA3aHO
B CTaThe.

B 1iesiloM B craThe MHTEpPeCcHas, B HeW MpejcTaBjieHa TOUYKAa 3PEHUS
aBTOpa Ha PsJ BOIIPOCOB, HA KOTOPbIe aBTOP He OOUTCSA OoTBeuaTh. Tak U
JIOJDKEH IIOCTYNATh HACTOSAIIUM WccaenoBaTesib. CTaThbd MOXKeET OBITh
TIpe/icTaB/ieHa IIUPOKOMY KpyTy 4YHUTaTeJiel, KOTOpble HHTEPECYIOTCS
HoBbIMU 3HAHUSIMU.

22.09.2017T. .M. Konjipakos





