YPOK 17: MHOIOOBPA3MUE U TAPMOHNA MAKPOKOCMOCA
(pacwmpeHHas Bepcun)

[ 1705 Ha Hounoe Hebo, 10O0U uenosex
0uaposvIBaAemcs HeOeCHOU KapmuHoU, eé Kpacomou
u 3a0aem cebe 80NPOC: KAK 8Ce MO BO3HUKIO UIU
COMBOPEHO, U KaKUe 3aKOHbl 2APMOHUU NPUYACTHDI
k omomy? Ilouemy @6pemsi meuém 8 OOHOM
HanpaeieHuyu u MOXCHO au yshams Ilpouinoe u
byoywee? U m. o.

Oxpyoicarowuil.  Hac — Mup  MHO2000pa3eH,
KpacoueH u 3azadoden. Mvi wacmo eocxuwjaemcst mpyoamu npupoosvl-uzoopemames,
He GHUKAsl 8 eé «meopuecKyioy nabopamoputo. Ho cecoons mel 3aznanem 6 neé c
nomowvro konyenyuu H.B. Jlesauiosa.

Yyenuii mHozo, ucmuna ooHa
Doctrina multiplex, veritas una

YacTtb 1. Manbii KOCMOC
1.1. O6pa3oBaHMe nnaHeTbl 3eMns

IIpex e uem KOCHYTBhCSI BOIIPOCOB, CBA3aHHBIX ¢ bOJIBIIMM KOCMOCOM, OTBETUM
Ha CIEAYIOIIUE BOIIPOCHI:

Kaxk o6pa3zoBanach mianeta 3emiist — Haill jom? M3 yero ona o6pa3zoBayiach?

UtoObl moHATH BCE (Miau TouyHee, MHoroe), kak mumimer H.B. Jlepamos, -
HEO0X0MMO KAPAMHAJIBHO W3MEHHUTh (YHAAMEHT 3HAHWI, Ha KOTOPBIH
ONMpaercs 4ejJ0BeK B CBOEM mo3HaHuu BceesienHou. Hy)xHO 3HATh M MOHMMATDH
3aKOHbI OOpa3oBaHus BcesieHHOi, €€ pa3BUTHHA, OCMBICIUTH 3aKOHbI KHU3HH
I'anakTuk, 3B€3/1 M MJIAHET.

N3 xonnenuuu Jlepamona H.B. uzBectHo, uto B bonbsmom Kocmoce cymectByer
O0eckoHeuHOe unciio opM MaTepuii, KOTOPbIe UMEIOT pa3HbIE CBOMCTBA U KaueCcTBa U
B 3TOM CJIy4ae MOKHO pacCOpPTUPOBATH UX MO COBMECTUMOCTH APYT ¢ Jpyrom. OHH
MOTYT B3aMMO/JICHCTBOBATH JIPYT C IPYTrOM B OOJIBIIICH UM MEHBIIICH CTETICHH, UITH HE
B3aMMOJICHCTBOBATH MEXKIy c000# BooOIIe. UTOOBI B3aUMOIEHCTBIE OBLIO BO3MOKHO,
CBOMCTBA M KaueCTBa B3aWMMOJICHCTBYIOIINX MAaTePU U TIPOCTPAHCTBA JIOJKHBI OBIThH
nonrocThio (Ha 100%) coBMecTuMBbI® Ipyr ¢ apyroM (kak pe3nba Gonra ¢ pe3nOoi,
HAKPYYCHHOW Ha HEro TaiKoM), 10 BCEM CBOMCTBAM W KayeCTBaM, T.€. JIOJDKHBI OBITh

1 Nesawos H.B. HeogHopoaHa BceneHHan. ApxaHrenbck, 2006. — c. 146-147.
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TOXKJECTBEHHBI ApYT Apyry. [Ipu sTOM Apyrue maTepuu Kak Obl, HE CYLIECTBYIOT APYT
IUIA pyra, OHM CBOOOJHO NPOHU3BIBAIOT BCE MPOCTPAHCTBA M BCE MaTEpUH, HE
B3aMMOJEICTBY ¢ HUMH. U, ecnu creneHp BiIMsAHUA OJHOW (OPMBI MaTepuu Ha
IPYIYIO OIIpEACsieTces, Kak KO3(p(puuuenT B3auMoAeCTBUA, TOIZIa MOXXHO CKa3arh,
91O KO3((PUIUEHT B3auMOAeiicTBUA A/l ITHX ABYX (OpM MaTepHu paBeH HYJIIO,
YTO O3HAYaeT, YTO y HUX HET OOIIMX Ka4eCTB M CBOMCTB, T.€. HET TaKUX JIBYyX
«KUPIAYUKOBY», KOTOPbIE BXOAWJIM Obl B COCTAaB KaK OMHOM, TaK M JIpyroil Gpopmsl
MaTepuHu.

CrnenyeT yuuThIBaTh, YTO KOA((ULIUEHT B3aUMOICHCTBUS HEOJUHAKOB JTAXKe JJIs
AByX (opM Marepuu B pa3HbIX TOYKax IPOCTPAHCTBA, IOTOMY 4YTO CaMO
NPOCTPAHCTBO HEOAHOPOAHO. B CcBOIO ouYepenb HEOTHOPOIHOCTH BIMAET Ha
KA4YeCTBECHHYI0 CTPYKTYPY MaTepPHd, YTO M CO34AET yCJI0BUSA IS UX CAMSAHUA H
00pa3oBaHMs HOBOI'O Ka4yecTBa.

O B3aUMOJEHCTBUM MaTEpPHl MEXIy COOOM MOYKHO TOBOPHUTH TOJIBKO TOT[A,
KOI'/Ia B3aMMO/JIEHCTBHE pACCMATPUBAETCS B KOHKPETHOM OOBEME 3TOTO MPOCTPAHCTBA.
CymiecTByOT 00BbEMBI IPOCTPAHCTBA, I/I€ B3aUMOCICTBIE MaTEpUl MaKCUMAJILHO
U 00BEMBI, I/I€ 3TO B3aUMOJICHCTBUE HEBO3MOKHO B NPHUHIMIE WU MaTepUU
B3aMMOJEHCTBYIOT MEXy COOOM YaCTHUYHO, IO TOMY WX IPYrOMY 00IIEMYy KaueCTBY
(c™. Puc.E17.1. 11. 1).

@u3nvecku  IJIOTHOE

@ METpMHHbIE npraHUBB'E[EﬂEHHhIE @ BemeCTBO - TOJ‘IBKO OJIHa H3

L Lis 17 dopMm, Tak Ha3BIBACMBIX,
‘ ruOpuanbix marepuii (IIM),
BOCIIPUHUMAEMasl 4€JIOBEKOM
4yepe3 €ro Opra’sl YyBCTB.
IlepBuuHble MaTepuu

Puc. 17.1. MaTpuyHkle NpoCTPpaHCcTBA: poxeHue "38834" U "4EpHLIX AbIp” (COCT&BJ‘IHIOHII/IG IopsaKa 90

% Bcelt marepun BcenenHol) — cyOcTaHius (aHaJIOT CBETa), CBOMCTBA U KayecTBa
KOTOPOM MEHSIOTCS B MIMPOKHX TIpenesax, MPUYeM OTH KadecTBa IMOMJIeKar
KBAHTOBAHNIO (TTPOIIEType TOCTPOCHUS YETO-THOO0 C TOMOIIBIO TUCKPETHOTO Habopa
Benu4uH). Hanmpumep, CrieKTp 3JEKTPOMATHUTHBIX BOJIH MPECTABISET COOON CTIEKTP
MEePBUYHBIX MAaTEpPHUil, COOTBETCTBYIONIMX CIEKTPYy 3Ha4eHU KO3 UIIMEeHTA
KBAHTOBAHUS POCTPAHCTBA Yi’, 3HAYEHHS] KOTOPBIX OJIU3KH APYT K APYTY, HO KaXKIbIii
U3 HUX 00pasyeT CBOIO rpymmy. MTak, mepBUYHBIE MaTEpUU MPEACTABISAIOT COOOMU
CIICKTP AJICKTPOMArHUTHBIX BOJH (crnexmp 91eKmpoMAacHUmMHbIX G0JH ONPEOeleHHOU
0KMaewl®) ¢ pa3HBIMH YaCTOTAMH, T.€. KOJICOAHUAMY Ha Pa3HbIX OKTABAaX.

2 Jleamos H.B. Heognoponna Beenennas. Apxanrensck, 2006. — c. 150.

8 Oxrasa - OkraBa (0T mart. octéva «BoCbMash») — My3bIKaIbHBIH HHTEPBAN, B KOTOPOM COOTHOIICHHE YaCTOT MEXIYy 3ByKaMu cocTaBiseT 1 k 2 (To
€CTh 4acTOTa BBICOKOTO 3ByKa B 2 pa3a 6oJble Hu3koro). [IpeacraBum BosHy, HMEHOILyTo 2 KoneOaHus B ceKyHay. CTEIeHH 3TOro YUCia M €CTh OKTaBa.
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http://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D0%B2%D0%B0%D0%BB_%28%D0%BC%D1%83%D0%B7%D1%8B%D0%BA%D0%B0%29
http://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
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Mmatpuity Pycckoro Beemepa (KonnpakoB M.M. Taiiusr [IpeBHepycckoro Beemepa),
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IpenensHoe cocTosiHue - 54 okTaBa. Hanpumep, mIaHeTsl COTHEYHON CHCTEMBI YKIIAABIBAIOTCS B ceMb OKTaB. OkTaBa 54.375 - 3T0 raMMa - H3ITydeHHe.
48 oKTaBa - COJTHEYHBIH CBET U TaK Jajee.
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A mpu KaXIOM W3MEHEHWM MEPHOCTH HAa BEIMYMHY Yi YUCIO THOPHIIHBIX
MaTepuil yBEIMYHMBACTCS HA OAHY, T.6. CUHTE3 ouepeaHor rudpuanor marepun I'Mn

MO>KHO OMHCaTh CIEAYIONIeH (popMyIIo:
I'Mn=TMn1 + i
Hanpumep, 'Ms = I'Ms + 0,020203236 = 2,9597635 + 0,020203236 = 2,979966736

Hpyrum atpulyToM OKpykaromero mupa sipisercs npocrpancrso (Ilp.). Ono
HENPEPBIBHO, HEOHOPOIHO, 0ECKOHEYHO U HAXOAUTCS B MOCTOSTHHOM /IBHKEHUM —
3TO BUOpalMM C pa3HbIMM 4YacTOTaMM M aMIuMTygamu. KadectBa M cBOICTBa
IPOCTPAHCTBA MEHSIOTCS HENPEPBIBHO.

Kak ObUI0 OTMEYEHO, CYIIECTBYET MHOXECTBO TUIOB WM (OPM MaTepuu,

KaXJasi M3 KOTOPBIX OTJIMYAETCA OT JIPYrod CBOMMHM CBOMCTBAMHU M Ka4eCTBaMU
YaCTUYHO WJIM MOJHOCTBI0. Kpome Toro, 3Tu (popMbl MaTepuu «HAKJIAIBIBAIOTCS» Ha
IIPOCTPAHCTBO C HEMPEPHIBHO M3MEHSIOIIMMUCS CBOMCTBAMH M KadyeCTBaAMHU. OTH
MaTepud B COOTBETCTBUM CO CBOMMM KOA(PQPUUIMEHTAMH KBAaHTOBAaHHUS i
paclpenensorcss N0 MPOCTPAHCTBY IO NPUHLUITY TOXKIECTBA MEXAY CBOWCTBAMU
pocTpaHcTBa M (¢GopM Marepuil. B pesynbrate (Qopmupyercs Hekas ClIoucTas
CTPYKTypa — MaTpPU4YHOE NMPOCTPAHCTBO. MATpUYHBIX MPOCTPAHCTB MOXKET OBITH
HEOTpaHMYEHHOE YHCIO, HO JJs ONpelesN€HHOro Ko3(@uiMeHTa KBaHTOBAHUS
IIPOCTPAHCTBA, Yi BO3MOXHO TOJIKO OJTHO MaTPUYHOE MPOCTPAHCTBO. M KayecTBEHHAs
CTPYKTypa 3TOTO MAaTPUYHOTO MPOCTPAHCTBA OMpEAENsieTcs TUIIOM (GOpM MaTepuil u
CTEIEHbI0 UX OOpAaTHOTO (BTOPUYHOTO) BIMSHUS Ha mpocTpaHcTBa. IIpocTpancTBO
BJIMSIET HA MaTepPUI0, HO M MaTepusl BJMSET HA MPOCTPAHCTBO. MOXXHO NMpOBECTH
Takylo aHajoruto. Kuakoctb npuHUMaeT GopMy TOrO COCYNa, B KOTOPBIN €€ 3aJIniIu.
Hampuwmep, Bona. [Ipu 3amep3anun Bona negopmupyet cocyn (ero popmy) U MEHSET
cBOIO (popMy. VI3MeHEeHHE KaueCTBEHHOTO COCTOSIHUS MPOCTPAHCTBA, MPOSIBIISIETCS B
M3MEHEHUHM Kauye€CTBEHHOIO COCTOSIHHUSI MAaTE€pPUH, KOTOpas BIUSET Ha Kau€CTBEHHOE
COCTOSIHUE MPOCTPAHCTBA C OOpaTHbIM 3HAKOM. B pe3ynbTare Haauuus MeExAy
MPOCTPAHCTBOM M MaTepueil OOpaTHOW CBS3M, MPOSIBISIIONICHCS B MX B3aUMHOM
BJIMSHUM JApYyr Ha Jpyra, BO3HUKAECT KOMIICHCAMOHHOE pPAaBHOBECHE MEXKAY
IPOCTPAaHCTBOM M MaTrepuel, Haxomsllelcs B 3ToM mpocrpaHcTse®. Hampumep,
BO3YIIHBIN IAPUK OyIeT UMETh Ty PopMy, KOTOpYIO oOecreyaT KayeCTBO Marepuaa,

M3 KOTOPOrO OH M3IOTOBJIEH U JaBj€HHUE BO3Ayxa B HEM. Iloka naBiieHue BHYTpHU

4 Nesawos H.B. HeoaHopogHas BceneHHasn. ApxaHrenbck, 2006. —c.103.
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mapuka OyJIeT paBHO JaBJICHUIO BHE €T0, OH OyJIeT UMEeTh OHY U Ty ke dhopmy. Ecim
M3MEHUTCS BHEIIHEE JaBJICHUE, OH OyJleT UMETh HOBYIO (OopMy, KOTOpast 0OECIeuuT

PaBHOBCCHEC C BHCIIHUM AABJICHUECM, IIPX OJJHOM U TOM K€ KOJIMYCCTBC BO3AYyXA.

Hama Bceenennas umeeT MEpHOCTh O4eHB OMu3Kyro K uuciy tpu (L=3,00017...),
YTO U SIBJISIETCS] IPUYMHON BCEOOIEro 3a0IyKAeHUs 0 TPEXMEPHOCTHU MTPOCTPAHCTRA.
Kak y>xe oTMeuanoce Bbllle, MATPUYHOE TPOCTPAHCTBO HEOAHOPOIHO [0 MEPHOCTH U
MpeACTaBIsAeT coOO0M MHOXKECTBO CJIOEB C TOXKJIESCTBEHHOW MEPHOCTHIO. MepHOCTh
KQ)KJIOTO CJI0s OTinmyaeTcs ot apyroro Ha BennunHy AL=0,020203236... u onpenenser
KOJTM4ECTBO (POpPM Marepuil, 00pa3yrouux 3TOT cloii-Bcenennyto (cMm. Puc. 17.1. o3

1.). B xauecTBe aHanora MOXKHO NMPUBECTU HAOOP IBETHBIX TMOKUX IJIACTHH Pa3HOM
TOJIIIMHBI, KQXK/1asl U3 KOTOPBIX OTIIMYACTCS OT HUKEEXKAaIeH Mo TONIUHE Ha HEKYIO
BennunHy AL 1 xpaTHa eil.

Hpyrumu CJIOBaMH,

ManMqule nNpocTpaHcTBa-BCeaNeHHble
Q) ‘ 0) U3MEHEHHE MEpPHOCTH
Lin Lin

MaTpU4YHOIO  IPOCTPAHCTBA
Ha AL  npuBomur K
KaueCTBEHHOMY H3MEHEHHUIO
U 00pa30BaHUIO MPOCTPaH-

CTBa-BCEJIICHHOM HOBOI'O

Puc. 17.1. MaTpuyHble NpocTpaHCTBa: poxeHune "38834" U "4yépHbIx gblp"

Ka4CCTBCHHOI'O COCTAaBaA.
PaCCMOTpI/IM, KakK 06p213y}OTC$I B OTUX YCJIOBHAX INIAHCTAPHLIC CUCTEMBI.

[Ipu cMbIKaHUM TO KakoW-TMOO MpUYHMHE (HAMPUMEpP, BO3MYILEHHS) HAILIEro
MIPOCTPAHCTBA-BCEIICHHON C MEPHOCTHIO (L;) ¢ TPOCTPaHCTBOM-BCEIICHHOM ¢ OOJIBITICH
MepHOCTHIO (Li+7), Bo3HUKAET 3Be3aa (puc. 17.1 no3.2). «CnpoBOLIMPOBAHHBIC» ITUM
BO3MYILEHUEM MTPOCTPAHCTBA IPUXOAAT K TOMY, UTO CJIOU TOKIECTBEHHOW MEPHOCTH
IIPOCTPAHCTBA B HEKOTOPBIX 30HAX CMBIKAIOTCS APYT C APYTOM, IPHYEM, 80 MHOUX
moukax. IIpu CMBIKAaHUM CJIOS TPOCTPAHCTBA-BCEJIICHHOM CO CJIOEM MEHBIIEH
TOXJECTBEHHOM MEpPHOCTH, B 30HE CMBbIKAHUS (POPMHUPYETCS «4YepHasi AbIpa» (CM.
puc. 17.1, mo3.2).

B Hauane cBoeil XKM3HM 3Be3/la UMEET OallaHC MEeXAy €€ pa3MepoM, KaHAJIOM
MEXIy NpPOCTPAaHCTBAMU C MepHOCTIMU L; m Lg M KOJIMYECTBOM BEIIECTBa,
MEPETEKAIOILIETO Yepe3 ATy 3BE3/1y U3 MPOCTPAHCTBA C MEPHOCTHIO Lg B IpOCTpaHCTBO-
BCEJICHHYI0 ¢ MEpHOCThIO L;. A nanee, B pe3ysbTaTe TEPMOSIACPHBIX PEAKUUA U
noTepe MPOCTHIX aTOMOB pa3Mephl 00JIACTH CMBIKAHUS — 3BE3/Ibl YMEHBIIAIOTCS, U OHA
HE B COCTOSIHUHU MPOITYCTUTh BCIO MAaTEPUIO, TEKYIILYIO U3 IPOCTPAHCTBA C MEPHOCTHIO
Ls B mpocTpaHCTBO C MEPHOCTHIO L.
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B pesynbrare Hapymenus OanaHca
IPUTOKA Marepuii HPOUCXOTUT

KOJIOCCAJIbHBIN B3PbIB CBEPXHOBOM 3BE3/IbI,
KoTopasi cOpachlBaeT BELIECTBO BEpXHEH
000JI0YKHM B OKpY’Karollee MpOCTPaHCTBO,
UCKPHUBIISISI €r0 M CO3/aBasi MPOAOJIbHBIC
BOJHBI  jAeopMaliud  TPOCTPAHCTBA,
UMEIoIle  PasHyld  MEpPHOCTh,  —
YBEJIIMYUBAIOLIYIOCS 110 MEpE YAAJIECHUS OT
3Be31bl. B 30Hax HUCKpUBIEHUS U

Puc. 17.2.®opMupoBaHue NNaHeT CONHEYHON CUCTEMBI MPOUCXOAUT CUHTER 11E€JIOTO CIIEKTpa
B0 "BnaguHax" BonH gecopMaLMm NPOCTPaHCTBa

pa3IMYHBIX  BJEMEHTOB  (rMOPUAHOM
marepun). [Ipu 3ToM Maccel MaTepuu, BHIOPOIIICHHBIE TIPY B3pPHIBE, 3aIONHSAIOT BCE
HEOJTHOPOAHOCTH MEPHOCTH MPOCTPAHCTBA BOKPYT 3Be3lbl. M3 3THX Macc (a He u3
MbUIA, KaK IPUHATO CYUTaTh B KJIACCHYECKOM Hayke) oOpa3yroTcsi IUIAHETHI,
KOMITEHCUPYSI BOSHUKIIIYIO ITPHU B3pbIBE HEOAHOPOAHOCTH (puc. 17.2.).

Paccmotpum 310t nponecc noapoOHee. [Ipu MakcHMaIbHOM B3aUMOeiiCTBHHI
ABYX MaTepuii (0003Ha4YMM OAHY M3 HUX OyKBOU A, Ipyryto — B), OHM MOJHOCTHIO
CJMBAKOTCHA JAPYr ¢ APYroM M BO3HHMKAaeT HoBas, ruOpuaHass ¢gopma — AB
MepHOCTHIO 2,89915382 (puc. 17.3. 1. 2), KOTOpast 3aMOJHIET COO00 HEOJHOPOIHOCTH
MIPOCTPAHCTBA, BBIPOXKIAACh B HEM (T.€. BbIMaJas B «0cagok»). Ilpu aToM cnusHue
dbopM mMarepuii BOSMOXXHO TOJIBKO B Mpenenax 00bEMa, I CTAHOBATCS OJWHAKOBBIMHU
BCE MapaMeTpbl 3TUX MaTepuil. HEeoMHOpOIHOCTh IPOCTPAaHCTBA BIMSIET MO-PA3HOMY
Ha (OpMBbI MaTepuUil, KOTOPbIE MPOHU3BIBAIOT ITY HEOJHOPOJHOCTb.

Jyig Toro 4toObl CAMIUCH BoeAMHO Tpu Marepuu A, B u C, HyxHO, 4TOOBI
MEPHOCTb MPOCTPAHCTBA, I7I€ OHU OyAYT BBIPOXKIATHCSI, U3BMEHUIIACH €111 HAa BEIUYUHY
AL=0,020203236, a cama MEpHOCTh MPOCTpaHCTBa cTana paBHou 2,9193570. Ilpu
aTOM 0Opa3yercs rudpuaHas matepust A + B + C (cMm. puc. 17.3. n.3), kotopast Oyaet
3aHHMaTh 00bEM MPOCTPAHCTBA MEHBIINH, dem rubpuaHas marepus AB. [lpudewm,
oOpa3oBaHHbIE Ccepbl HUMEIOT YETKHUE TPaHUIlbl, B MpeAesiax KOTOPBIX MEPHOCTh
IIPOCTPAHCTBA OOHOpoAHA. IIpu ouepenHOM M3MEHEHWHM MEPHOCTH BHYTPH
HeoaHoponHocT Ha BennunHy AL = 0,020203236, BO3MOXXHO CHMSIHUE YETHIPEX
Mmarepuil u obpazoBanue rudbpuanoi Mmatepun A+B+C+D (cm. puc. 17.3. . 4). [dns
cnusinus niatu hopm matepuit A, B, C, D u E u oOpazoBanust rubpugHoit marepuu A
+ B+ C + D + E, Heo0x0a1MO ONsiTh U3BMEHEHHE MEPHOCTH BHYTPU HEOJTHOPOAHOCTH
Ha BenuunHy AL=0,020203236 (cm. puc. 17.3. m. 5). AHaJIOTUYHO IJIsSI CIUSHUS
mectu popm marepuit A, B, C, D, E u F u o6pa3oBanus rubpuaHoit marepuu A + B
+ C + D + E +F, HeoOxomuMo oOYepeqHOEe H3MEHEHHE MEpPHOCTH BHYTpHU
HEOTHOPOAHOCTH Ha BETMYHUHY «KBaHTa MepHOCTI» - AL=0,020203236 (cMm. puc. 17.3.
6



1. 6). OuepenHOe W3MEHEHHME MEPHOCTH MNPOCTPAHCTBA BHYTPU HEOIHOPOAHOCTH
MPUBOJIUT K CIUAHUIO ceAbMoil ¢opMbl marepud G U 00pa30BaHUIO THOPUIHOM
matepui A+ B+ C+ D+ E + F+ G (cm. puc. 17.3. n.7). naye roBops, npu
MOCJIeI0BAaTEIbHOM HM3MEHEHUM MEPHOCTU BHYTPU HEOJHOPOJHOCTH MPOCTPAHCTBA
IpHUBENI0 K 00pa30BaHUIO MIECTH c(ep, BIOKEHHBIX OAHA B JIPYTyio (MO MPUHIUITY
«MaTpelKkn») U o0pa3yolux TO, YTO Mbl Ha3plBaeM IIaHeTa 3emuid. BHyTpeHHss
chepa u3 cemu GhopM MaTepuid SABIACTCS (PU3NIECKH TIIOTHON THOPUIHON MaTepuen
WM NepBOil MaTepuaabHO cdepoii (cM. puc. 17.3. 0. §), BEmecTBO KOTOPOl ©UMEET
YeThIPE arperaTHbIX COCTOSHMUS, O1arofapst U3MEHEHUIO MEPHOCTH B Mpeesiax KBaHTa
MEPHOCTH.

O6pasosanue Muarapa-3emnm

©

A+B+C+D+E A+B+C+D+E+F A+B+C+D+E+F+G

Puc. 17.3. 3ransi hopmuposanus Muarapa-3emnu

Bropas marepuanbHas chepa u3 mectu GopMm MaTepuil Ha3bIBAaeTCs I(PUPHOI
cepoii. TpeTbs matepuanbHas cepa u3 natu GopM MaTepuii — acTpaabHOM cdepoii.
YerBeprast marepuanbHas cepbl U3 4eThipex (HopM MaTepuii - NePpBOH MEHTAJbLHOI
cepoii. [Iatas maTepuanbhas cdepa u3 Tpex GopM MaTepuii — BTOPOii MEHTAIbHOM
cepoii. [llecras marepuanbHas cdepbl U3 IBYX (GopM Marepuii — TpeTrbei
MeHTAJbHOW cdepoii. 1, HakoHel, «ceapmas» - COCTOsIIas U3 OAHOU (opMbI
MaTepuu, CJIMBAETCS C OKPYkKAIOIIMM KOCMOCOM, MEPHOCTh KOTOPOT'O paBHA MEPHOCTH
MPOCTPAaHCTBA 70 B3pbiBa cBepxHOBOU - 3.00017. Bce cdepnl omuyaroTcs apyr oT
Jpyra Ka4eCTBEHHBIM M KOJIMYECTBEHHBIM COCTABOM NEPBUYHBIX MaTepuil. B menom
Bce cdephl TOJHOCTHIO KOMICHCHUPYIOT (HEUTpaIM3ylT) HEOJHOPOMHOCTD
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MPOCTPAHCTBA, KOTOPasi BOZHUKIIA MPU B3PbIBE CBEPXHOBOM 3BE3/1bl U MPUBOJAT €TI0 K
NepBOHaYaIbHOM MEPHOCTH — JI0 B3phIBa (cM. puc. 17.4.).

1. Du3nyeckun nNoTHan ciepa
2. 3cdupHan cepa.

3. ActpanbHan cepa.

4. MNepean MeHTanbHan chepa
5. Bropaa meHTanbHan cepa.
6. TpeTbR MeHTanbHan chepa.

Puc. 17.4. HeTpanusauua nepBUYHOro
WCKDUBMEHUA NPOCTPAHCTBA 0BPa30BaHMEM LIECTH

MaTepuanbHbIX cep.

Takum  obOpazom, mpu
CIIUSIHUY TIEPBUYHBIX MaTepHil B
30HE€  HCKPHUBIEHUS  MPOCT-
paHcTBa, ceMb (OpM MaTepuit
o0pa3zyroT IECTh BUJIOB
BemecTBa (cm. puc. 1717.3.m.m.
2-7), oTIMYAIONIMXCS JPYr OT
apyra KaueCTBEHHBIM U
KOJIMYECTBEHHBIM COCTaBOM.
Hanwuue »THX ImIecTd THUIOB
TUOpPUTHBIX MaTrepuu,
BJIO)KEHHBIX OJ[HA B JPYTYIO TIO

IMPUHIUITY ((ManéH_IKI/I», ABIICTCA HE TOJIBKO 3TAllOM B PA3BUTHU MATCpUH, HO U

HGO6XOI[I/IMBIM IICPBUYHBIM YCJIIOBHCM, YTOOBI IIpu OIIPCACIICHHBIX YCIOBHUAX HaA

IUTAHETE MOIJIa 3apOAMUTHCs KU3Hb. CPopMHUpOoBaHHasE TaKUM 00pa3oM CHCTEMa U3
niecT cep M ecThb nepBudHast cucrema yrpanienus 3emiieit (CY3).
[Ipouecc popmMupoBaHus Hallel TUIAHETHI 3aBEPIIMIICS ECTh MUJIUAPAOB JET

Haza/l. 9To ObLI MEPBBIN HUKJI 3BOIIOLNUN MATEPUH, CBI3aHHBIN C BOIIOLMEN HEKUBOU

Mmatepuu (cM. Ypok Ne 13: Kak yeTpoeH 3TOT Mup?).

YacTtb 2. bosibwon KOCMOC
2.1. MaTpuuHbIe NPOCTPaHCTBA

MarpuuHoe npocTpaHCTBO (pucC.
17.1) — uro ato Takoe?!. [Ipexne, uem
MPOJBUTATHCS Jlaibllie B TO3HAHUE
MaKpOKOCMOCa, JaBaiiTe C BaMH €Il
pa3 BCIIOMHHM U ONPEICTUMCS C 3THM
MOHATHEM... MBI YK€ OTMEYaH, YTO
JUTSI TOTO YTOOBI BOSHUKIIM YCIIOBUS IS
CIHSIHUSL OuepenHor (opmbl mMarepuu
HAIIETO THUIIA, HEOOXOAMMO M3MEHEHHE

MEpPHOCTH MPOCTPAHCTBA HA HEKOTOPYIO XAPAKTEPHYI0 MMEHHO [JIi HTOr0 THMA
Marepuii 6osbiioro Kocmoca, Benununny, paBayro AA = 0,020203236...


http://www.ruskolan.info/downloads/article-r25_urok_13.zip

OuepenHoe U3BMEHEHNE MEPHOCTH HA 3TY BEJIMUUHY AL IPUBOJIUT K CIUSHUIO €111E
OJTHOM (hOpPMBI MaTEepHH, KOTOpasi TOYHO YKIIABIBAECTCS B «IPOKPYCTOBO JIOXKE) ITOTO
K03 dUIIMEeHTa KBAHTOBAHUSI MEPHOCTHU MTPOCTPAHCTBA.

Kcraru, yacto 3a1at0T BOIpocC — OTKyJ1a OepeTcst Takoe 0O0JIbIIOE KOJIMYECTBO 30H
CMBIKAHUS MaTPUYHBIX TPOCTPAHCTB, eciii B KHUTe «HeomHopomHas BceleHHas
YKa3aHO TOJIbKO OJHO CMBbIKaHHE?

Bcé ouenp npocto. B xaure «Heognoponnas Beenennas» H.B. JleBamos nan
OCHOBY M CaM TIPUHITUII 00pa30BaHUSI METABCEJICHHBIX, YTOOBI HE YCIOXHSTH M HE
Meperpy’kathb KHUTY HOAPOOHOCTSIMHU, B KOTOPBIX YUTATENIb IPOCTO yTOHET. [loaTomy
YUTaTeN, u3lyvawmouero kouuenuutro Jlesamosa H.B. caMoOMy HEO00XOJIUMO
MPWIOKHUTh COOTBETCTBYIOLIME YMCTBEHHBIC YCUJIUS, YTOOBI MOHSATH M Pa3BUTh
JaJIbIIEe MBICITh aBTOpA.

30HbI CMbIKAHWA
npoctpaHcTB € Ly Lyu cLg

Puc. 17.5. lMpouecc BOSHUKHOBEHUA LIEHTPOB 06pa3oBaHus
NPOCTPAHCTB-BCENEHHbIX C AaHHLIM TUNOM KBaHTOBaHUSA

[IpencraBpre cebe, YTO HMMEETCSI MHOTO OYEHb MSTBHIX NPOCTBIHEW (aHanor
MaTPHUYHBIX MPOCTPAHCTB), KOTOPBIE YIOKEHBI B CTONKY (KpacHas, )KeJTas, 3eJI€Hast 1



cuHss). Kaxaas mpoCThIHS UMEET BBICTYIBI M BOaJAuHbL. [IpOCTBIHM KacaroTcs Apyr
Apyra TOJBKO B T€X MECTA, I7I€ IPOU3O0IILIO CMBIKAHNE BHICTYIAIOLIUX YacTeH (CM. puC.
17.5.) - ¢ onHOM CTOPOHBI, U BIAJIUH (OHM K€ BBICTYIIBI) — ¢ Apyrou. [IpumepHo Tak
IPOUCXONAUT W CMBIKAHWE MAaTPUYHBIX IPOCTPAaHCTB. TOYEK CMBIKAHMS OTPOMHOE
KOJINYECTBO, IIOITOMY B MTOI€ BO3HHMKAET OrPOMHOE KOJIMYECTBO B3PBIBOB 30H
CMBIKaHUs, C 00pa30BaHUEM 3BE3[] U «YEPHBIX ABIPY.

Wrak, nmeercsd rpynia MaTepuil JaHHOTO THUIA, CHHTE3 BELIECTBA U3 KOTOPBIX
BO3MOYKEH IIPU U3MEHEHUU MEPHOCTHU IIPOCTPAHCTBA HA BENMUYMHY AL IS KaXA0U U3
3TUX HOPM.

ITpu aTOM 00pa3zyercsi cucTemMa MPOCTPAHCTB, 00OPa30BaHHBIX CUHTE30M MaTepUil
nanHoro tuna. Koagduunent AL MoXeT IpUHUMATh CaMble pa3Hble 3HaUeHud. [laxe
M3MEHEHHE €T0 HA HUYTOKHYIO BEJTMYMHY IPUBOAUT K TOMY, YTO MaTepHsi HAILIETO TUIA
HE MOXET CJIIMThCS B BenlecTBe (BbIpoauThes). [Ipu npyroM 3HaueHnn AA BOZHHKAIOT
YCJHOBUS ISl CIUSHHS BOSAUHO MATEPHUM APYTroro TUIA, OTIIMYHOIO OT HAIIErO. DTO
MPUBOJIUT K OOpPa30BaHUIO KAYECTBEHHO JIPYrOd CUCTEMBbI MPOCTPAHCTB — JAPYIHX
MATPUYHBIX IPOCTPAHCTB.

Kaxxnoe MmarpuiHOE NpOCTPaHCTBO HEOHOPOIHO 110 MEPHOCTH. DTU KoeOaHus
MEpPHOCTH MAaTpUYHOIO IPOCTPAHCTBA MPUBOLAT K TOMY, YTO B HEKOTOPBIX €TI0
001acTsIX MPOUCXOIUT CMBIKAHHUE C JIPYTUMU MAaTpUYHBIMH IPOCTPAHCTBAMH,
MMEIOIIMMHU B 3THX 001aCTIX TaKylO K€ MEPHOCTh. BO3HUKAIOT 30HBI IEPETEKAHUS U3
MaTPUYHOTO MPOCTPAHCTBA C OJHUM KOI(P(PULIHMEHTOM MEPHOCTU Yi B MATPUYHOE
MPOCTPAHCTBO € APYTUM KO3 PULIEHTOM.

N ecnu B ciayuae oOpa3oBaHust 3BE3M U «UEPHBIX IBIP» BCE OMPEACIISIIOCH JTUITh
KOJIMYECTBOM MarepHii, 00pa3yromux IpOCTPAHCTBA-BCEJICHHBIE B 30HE CMBIKAHUS U
MaTepu ObLIM OJHOIO THIA, T.€. KBAHTOBAJIUCH KOA(P(ULUEHTOM MEPHOCTH Y =
0,020203236..., TO TpU CMBIKAHUM MATPUYHBIX MPOCTPAHCTB BO3HUKAIOT 30HBI
IEpEeTEeKaHusl MaTepuil, UMEIOINX Pa3JIuYHbIA KOIQPUUMEHT Yi MATEpUNA Pa3HBIX
THIIOB, KOTOPBIE HE MOT'YT ObIThH COBMECTUMbBIMHU HU NMPHU Kakux ycjaoBusax. Ho gyro
IPOMCXOUT B 3TUX 30HAX CMBIKAHWS MaTPUYHBIX MHPOCTPAHCTB? A TNPOUCXOAUT
pacnaj BEIIECTBE KaK OJHOIO THMA, TAK U APYroro tumna. A ganeiie? A nanpuie Ha
IIPOLIECCHI, TPOUCXOIAIINE B 3TUX 30HAX CMBIKAHUS, BIUAKOT TPU YCIOBHSL:

1) xonuuecTBO (HOpM MaTepHil JAHHOTO TUIA, OOPA3YIOLIUX KaXJA0€ MATPUUHOE
IIPOCTPAHCTBO B 30HE MX CMBIKaHWA. DBO3HMKAalOT 1Ba BCTPEUYHBIX IIOTOKA, YTO
MPUBOJIUT K 00pa30BaHUIO MOUIHBIX BUXPEBBIX MOTOKOB (DOPM MaTepuil ABYX TUIIOB B
30He ux nepecedenus. [Ipu 3Tom Oosiee MOIIHBIN MOTOK Pa3BEPHET CIA0bIN BCIATh, U
BO3HHMKHET MOIIHBIN BUXPEBOU (DOHTAH MaTepuii IBYyX TUIIOB.

2) Ha MOIIHOCTh NOTOKOB MAaT€pHil W3 MaTPUYHBIX MPOCTPAHCTB OKA3BIBAET
BJIMSIHE MEPHOCTH 30HBI CMBIKAHUS IByX MaTPUYHBIX POCTPAHCTB, OHA MOXKET OBITh
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Oosee OMM3KOW K TUITY MEPHOCTH OJHOTO WJIM JPYTOTO THIIA, YTO TTOKA3aHO Pa3HBIMU
uetamu (cMm. Puc. 17.6. m.m. 1 u 2).

HmeeT 3HaYEHHE 3HAK ITOTO TIepernaja — MOJOKUTEIbHBIN WIIH OTPUIIATEITHLHBIMN.
OTpunarenbHbIil Iepenaa o3HadaeT Oosiee ONaronpusTHBIC YCIOBUS JIJISi BHITEKAHUS
MaTepHuil U3 TaHHOTO MaTPUYHOTO IMPOCTPAHCTBRA.

3) K KaKOMy TUITy KBAaHTOBaHUSI MEPHOCTH MAaTPUYHBIX IPOCTPAHCTB OKA3bIBACTCS
Omke MEPHOCTh 30HBI CMBIKAHMSI MaTpPUYHBIX MPOCTpaHCTB. Hinke mpuBeneHbI
[IPUMEPBI BOBMOXKHBIX CICACTBUI B 3aBUCUMOCTH OT TE€X WU UHBIX YCIOBUM.

Ona 0co60 nob603HaTENbHbIX

PaccMOTprM HECKOJIBKO BapHAHTOB CMBIKAHHSI MATPUYHBIX IMPOCTPAHCTB C
pazNTUYHBIMU KOA(PGUIIMEHTaAMH KBAaHTOBAHUS Y1’ U Y2’. 371€Ch BO3MOKHO HECKOJIBKO
BApUAHTOB CJICJICTBUNA TAaKOTO CMBIKAHUS TPU HUCXOJHBIX YCIOBHUSAX, KOTOpPbHIC
OTpa)KeHbI Ha puc. 17.6.

1. IMo3. 1 mn 2. I'panuna MepHOCTH L'12 ve MOXKET OBITh TADMOHUYHON C THIIOM
MEPHOCTH Ka)/10r0 MaTpUYHOTO MPOCTPAHCTBA, [IOATOMY OHa Bceraa OJMKe K OJJHOU
u3 HUX — K MepHocTH L' (puc. 17.6, mo3. 1) unu x mepHoctu L'2(puc. 17.6. o3 2),
MEXKTy KOTOPBIMH M BO3HUKAET Meperna MepHocTr L ’12°,

|IL’1 — L’12| <|L%2 — L71g|

Ecmu 3Hak nepenana, Hanpumep, y (L’1— L’12) oTpunaTensHelid, TO 3TO 3HAYUT,
4TO CO3/aHbl Ooyiee OJIAarONpUSATHBIE YCIOBHS JJISi BBITEKAHWS MAaTepUd W3
MIPOCTPAHCTBA MEPHOCTHIO L 1.

37ech BO3MOXKHO HECKOJIBKO BAPUAHTOB B3aUMOACWCTBHUS JBYX MAaTPHYHBIX
MIPOCTPAHCTB.

2. IMo3. 3. Ecnu rpanuiia 30HbI CMBIKaHUSI TIPOCTPAHCTB ¢ MEPHOCTHIO L’17 €
KO3 PUIIMEHTOM MEPHOCTH Y1’ HAXOAUTCS BbILIE YPOBHS MepHOCTH L ’1, HO Onmxke K
HEH, MO03TOMY pa3HHMIlAa MEPHOCTEH OTpulLaTeNbHas, YTO O3HavyaeT Oosee
ONaronpusTHBIE YCIOBHUS Ui BbITEKAHUSI MaTepuil U3 JAHHOTO MAaTPUYHOTO
IIPOCTPaHCTBA. B 3TOM ciiydae BO3HHMKAET LEHTP pacnaja MpOCTPAHCTB-BCEJIEHHBIX C

°L’12~ 3TO MEPHOCTb 30HBI CMBIKAHHMS MATPUYHBIX TPOCTPAHCTB C Pa3NUuHbIMH Kod(duimentamu kBantoBanus. 3Hak (') OTIMYAET MEPHOCTH
MAaTPHUYHBIX POCTPAHCTB C PA3HBIM TUIIOM MEPHOCTH OT MATPUYHBIX IPOCTPAHCTB C OJMHAKOBOI MEPHOCTBIO.
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JAHHBIMU TUIIOM KBAaHTOBAaHUS M TPOUCXOJIUT pacnaja MaTepuil Tumna mepHoctu L (cM.
puc. 17.6., n.3), oOpa3yeTcsi cynepaHaJor «4epHOil IbIPbD).

|IL’1 — L’1o|/L"1<0

@ ® @PECI’IE,D, MH.'IE]?I'II'I THNA
. 1 meprocTH L .
L, L
i
LI
12
Y, .
1 L
| AN 2 -ay'1|—>0 1
YcnoBHan rpaHuua, Heodxoguman YCnoBHaA rpaHAUa, Heobxoguman
@ Pacnag METEIPHH THNA ANA PIIMEWEHHA B NPEAENAX ﬂh;z [NA PASMELEHHA B NPELENAX ﬂ.h;?
mepHocTr L |_'2 WENOro YMcna (a) MaTepuu THNa Y] LEMIOro YMCNa [a) MAaTEPUM THNE A |
1
—_— S 3
. . . LI12 I le --\.LI
M12 LI 2 1
LI ;12 L1
| AN 12 - bylz|—=>0 ! #L-] R N —
CHHTEZ MaTepuii TMNa MEPHOCTH L'1 CHHTES MaTEPHIl THNA MEPHOCTH L'2
) |AAk z-ay, | < 0 |AK'12-by2| < O
Puc. 17.6. CMbIKaHWe MaTPU4HLIX NPOCTPAHCTB C MaTEPUAMM C PasHbIMMU
KoathpMLUMEHTAMH V' MATEPUAMM Pas3NMYHbIX TUNOB.

Ecnu e B npejiesiax nepenajga MEPHOCTH AL 12 YKIIaAbIBAaeTCs LEeoe 9nuciio (a)
K03 GUIIHEHTOB Y1°, TO MPOUCXOINUT TAK)KE pacraj MaTepuid TUIIa MEPHOCTH L %,

| AN'1z - asy:’| — 0

3. Tlo3. 4. Ecnu rpaHuiia 30HBI CMBIKAHUSI MPOCTPAHCTB C MEPHOCTHIO L’1p
HaxOJIUTCA HMXKE YpPOBHS MepHOCTH L%, HO Onmmxe K HeH, MO3TOMYy pa3HHIA
MEpPHOCTEH MOJIOKUTETbHAS, TO IPOUCXOUT pacnaja MaTepuil Tumna mepHoctu L1 (cm.
puc. 17.6, m.4), yto 0o3HavaeT OoJiee OIArONPUSITHBIC YCIOBUS JIJIsl BTEKAHUST MaTEPHiA
B JAaHHOE MATPUYHOE TMPOCTPAHCTBO. 3/1€Ch BO3HUKAET ILIEHTP OOpa30BaHUsA
IPOCTPAHCTB-BCEJICHHBIX C  JaHHBIMH  TUIIOM  KBAHTOBaHUS Y2 MEPHOCTH
MPOCTPAHCTBA, T.€. K POKIACHHUIO CYNEePaHaJIora 3Be3/bl.

AHAJIOTMYHO, €CIM B IIPEEIax mepenaga MeEpHOCTH AL 12 YKIaIbIBAETCS LEI0e
yrcito (b) ko3 duIueHToB Y2, TO MPOUCXOAUT pacra MaTepHil Tha MmepHocTH L1,
T.K. OHH — OTH MaTepHH — 3arOJHSIIOT MPAKTHYECKH BCE MPOCTPAHCTBO Tepernaja

mepHocTH L 12
| AN1z - b‘72’| — 0
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Co BpeMeHeM H30bITOUHASI KOHIIEHTPAIUS CTAHOBUTCS] KPUTUYECKOM U HAUMHAET
MEIIaTh BTEKAHUIO MaTepuidl B 30HY, 4YTO [PUBOJAUT K BO3HUKHOBEHUIO
HEYCTOMYMBOCTH MEPHOCTH 3TOM 30HBI U, KaK PE3yJIbTaT, — IPOUCXOAUT CYNEPB3PHIB
U U30BITOK CHHTE3UpYEeMbIX (OpM MaTepuil BbIOpACHIBAETCS M3 30HBI CMBIKAHUA,
co3/aBasi KojeOaHusi MEPHOCTH BHYTPH KaXKJOTO U3 MATPUYHBIX MPOCTPAHCTB (CM.
puc. 17.6. no3. 3). [Ipu 3T0M B 30HaX BHYTPEHHETO KOJI€OaHNs MEPHOCTH MATPUUHOTO
IPOCTPAHCTBA HAUMHAETCS Mpoliecc 00pa30BaHUS METABCEIEHHBIX

IL’1— L’ 1o|/L>>0

4. IMo3.5. Ecnu rpanuiia 30HbI CMbIKaHUS TPOCTPAHCTB € PA3HBIMU MEPHOCTSIMU
L’ u L’ pacnonokeHa Tak, Kak MOKa3aHO Ha PUCYHKE (COBCEM OJM3KO K I'paHUIIEe
MepHOCTH L’1), 1 MMEIT KOA(QPHUIMEHT KBAaHTOBAaHUS Y1’, TO MPOHUCXOIUT pacIaj
Marepuil Tuna MepHocTd L’ (T.K. OHa B OCHOBHOM IPUCYTCTBYIOT B Mpejeiax
nepenanga AL'12 Marepur tuna mepaocts L %) u cunres marepuit tTnna mepaoctu L'y
(cm. puc. 17.6. 1.5).
| AN1z - asy:’| <0

5. ITo3. 6. Ecnu rpanuiia MepHoCTH 30HBI cMblkaHusi L'12 HaxoauTest Oimke K
TrpaHuUIIe MPOCTPAHCTBA ¢ MEpHOCTHIO L', u uia pasmenenns B npenenax AA'12 wesoro
yycna (b) KBaHTOB MEpPHOCTU MAaTe€pUU TUIA Y'2, TO MPOUCXOJUT paciaj MaTepuid TUMa
MepHOCTH L’1, (T.K. OHU — 3TH MaTepuu — 3aTNOJTHSIOT TPAKTUICSCKH BCE MPOCTPAHCTBO
nepenaaa MmepHoctu L’12) u cuaTe3 Marepuii tTuna Mmepaoctu L'z (cm. puc. 17.6. 1. 6

| AN'12 - bey2’| <0

3neck a u b 0003HaUaeT, Kakoe KOJIMUECTBO pa3 KOAPPUIIUEHT Vi JIOMEIIAETCS» B
30He AedhopMalMid MEPHOCTH IPOCTPAHCTRA.

JpyruMu cioBamMu, B 30He CMBIKAHHSI MOKET BO3HHUKHYTh CHHTe3 (hopMm
MaTepuil KAaKoro-HuOy/ab 13 ABYX TUIIOB MEPHOCTEl MATPUYHBIX MPOCTPAHCTB 32
CYéT paculeruieHusi MaTepuii APyroro Tumna.

B 3aBucumocTtu OT TOrO, Kak B3aWMOJCHUCTBYIOT TEPEUMCICHHBIC BBIIIE TPH
YCIJIOBHUSI, B 30HE CMBIKAHUS JIBYX MaTPUYHBIX MPOCTPAHCTB MOXKET BOSHUKHYTH 30HA
CHUHTE3a MaTepuil JaHHOTO TUIA WM 30HA pacrnaja 3Thx Marepuil. B ogHoM ciyuae
BO3HUKAET IIEHTP O0Opa30BaHMsI MPOCTPAHCTB-BCEJIICHHBIX C JIAHHBIM THUIIOM
KBaHTOBAaHMSI MEPHOCTH MPOCTPAHCTBA (cymepaHaJjor 3Be3abl). B npyrom ciydae
BO3ZHHMKAET IIEHTP pacrajia MpOCTPAHCTB-BCEIEHHBIX C JTaHHBIM TUIIOM KBAaHTOBAaHMUSI
MEpPHOCTH MPOCTPAHCTBA (CyNepPaHAJIOrT «4€épHOM AbIpbDY) (cM. Puc. 17.7. 1. 1). [Ipu

9TOM FH6pI/II[HBIe MAarCpuu AAaHHOI'O THIIA KBAHTOBAHMA MCPHOCTH HAYMHAKOT
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CKaIJIMBaThCSl B 30HE CMBIKAHKSI MATPUYHBIX IPOCTPAaHCTB. [Ipu Hapymenun 6ananca
BBITEKAIOIIUX M CHHTE3UPYEMBbIX MaTepHil B 30HE CMBbIKAHUSA, B HEW BO3HHUKACT
M30bITOYHAS] KOHIIEHTpalus Marepuu. [Ipu JOCTHKEHUH €10 KPUTUUYECKOTO 3HAYEHUS,
KOT/1a M30bITOYHAS KOHIEHTpAIUsl HAYMHAET MEIaTh BTEKAHUIO MAaTEPUH B ATY 30HY,
Co3/1aBasi HEYyCTOMYMBOCTH MEPHOCTH B HEH, MPOUCXOAUT CYNEPB3PHIB, IPU KOTOPOM
M30BITOK CHHTE3UPYEMBIX (HOpPM Marepuil BRIOpAchIBa€TCS M3 30HBI CMbIKaHUA. [Ipu
ATOM BO3HHMKAIOT KOJICOAHUS MEPHOCTH BHYTPH KaXKI0TO U3 MATPUIHBIX TIPOCTPAHCTB
(cm. Puc. 17.7. 1.2).

B 3Tux 30Hax BHYTpEHHEro KojieOaHWS MEPHOCTH MaTPUYHOIO MPOCTPAHCTBA
HauMHAETCsl Tpolecc o0pa3oBaHUS MPOCTPAHCTB-BCEJIEHHBIX, M3 KOTOPBIX
(hOpPMUPYIOTCSI CUCTEMBI IPOCTPAHCTB-BCEJICHHBIX (MeTaBceieHHbIe (M. puc. 17.8.))

B 30HaX BHYTPEHHETO KOJeOaHusI MEPHOCTH mpocTpancTsa (cm. Puc. 17.7., m.3).

Yem gasnpliie OT HEHTPa 30HBI CMBIKAHUSI MATPUYHBIX MIPOCTPAHCTB, TEM OOJIbIIIEe
KOJIMYECTBO (hOpPM MaTepHii MOTYT CIUTHCSA U 00pa3oBaTh BemecTBo (cm. Puc. 17.8).

CnuBmmecs BoeIMHO Be (DOpMBbI MaTepuil B MEPBOM 30HE OT LICHTPA 00pa3yIoT
MeTaBCeJeHHYI0 U3 0JJHOI0 NPOCTPAHCTBA-BCEeJICHHOI.

O06pasoBaHne METABCENEHHbIX B 30HaX
HEO[HOPOLHOCTH MEPHOCTH NPOCTPAHCTEA.
1. 3063, ra2 HeT YCNOBHIA ANA OMMAHKA MaTEePUA.

30H3, FAe MOMYT CMTeCH ABe dopMb MaTEPUIt,
30M3, rAe MOTyT CUMTECH TPU GOpHb MATEPIst.
30Ha, rAe MOTYT UMTRA YeThipe hopMyl MaTEPUR.
3043, A8 MOMYT CMTLCA NATL HOPM MITEPHit.
, TA2 MOTYT UMTEOA W eCTs GOopM MaTEepHi. )

30H3, FA2 MOMYT UMTLGR CeMb GOPM MaTEepPMit, }
30M3, MR8 MOMYT CMTLCA BoCeMs OPM MATEDMA.

-
e
—
9 O NN W
w
2
[

30Ha, rAe MOMYT UMTLCA AeBATe OpPM MaTept.
. 30H2 CIEKIHHMA MATPHUUHLIX NPOCTPIHCTS,

b
- O

. MeTascenexiu e,

—
N

. 3066 22 DOPMIUMN MEDHOCTH,

12 1a

Puc. 17.8.06pasoBaHne MeTaBCeNeHHbIX B 30HaX HEOAHOPOAHOCTU MEPHOCTH
~ NPOCTPaHCTBa —

Tpu cnuBmwmecs Gopmbl  MaTepuii  (QOPMUPYIOT B CIEAYIOIIEH 30HE
METABCEJEHHYI0 U3 TPEX MPOCTPAHCTB-BCEJIEHHBIX.

[Ipu cousHuM 4eThIpéx hopm Marepuit, oOpazyeTcs MeTaBceJeHHAsI U3 CeMU
NPOCTPAHCTB-BCeleHHbIX. CIUsSHNE NMATH, COOTBETCTBEHHO, NAET ABAAUATH MSATh.
CnusiHue mecTy — HIeCThAeCAT ecTh. [Ipu causHun ceMu — €TO AeBATHAIATD,
BOCbMH — JIBECTH COPOK MIECTh, AEBATH — 4YeThbIpPecTa MATHAECAT [AeBATH
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NMPOCTPAHCTB-BCEJIEHHBIX, (POPMUPYIOMIUX METABCEICHHYI0 B COOTBETCTBYIOIIEH
30HE BHYTPEHHETO KOoJieOaHMsI MEPHOCTH JaHHOTO MaTPUYHOTO IPOCTPAHCTBA

VYcinoBusi KBaHTOBAaHHWST MEPHOCTHM JAHHOW 30HBI (KoJeOaHUSI MEPHOCTH)
ABIIAIOTCS JUIIb HEOOXOAUMBIMHM YCJIOBUSIMHU [JIi 00pa3oBaHMs MPOCTPAHCTB-
BCeJIEHHBIX.

JIoCTaTOYHBIM 3TO YCIOBHE CTAaHOBUTCA TOJBKO TOTJA, KOTJAa B JTY 30HY
BHYTPEHHETO KoJicOaHUSI MEPHOCTH MATPUYHOTO TMPOCTPAHCTBA  IMOMAJACT
HeoOXoaMMasi Macca MaTepuii 1Jisi CHHTe3a 3TUX MPOCTPAHCTB-BCETEHHBIX. XOTS
Macca Marepuil, «BbIOPOIIEHHBIX» U3 30HBI CMBIKAHUS MAaTPUYHBIX MPOCTPAHCTB BO
BpeMs CBEpPXB3phIBa, O'POMHAs, HO BCerga — KOHeYHasi BeJMYMHA. JTOW MaCChI
XBaraeT /Il 00pa30BaHUsl KOHEUHOTO YKCIa TPOCTPAHCTB-BCEICHHBIX.

B pesynprate cBepxB3phIBa, 00pa3zyeTcs CHCTEMa METAaBCEJIEHHBIX, KOTOpas
MONyyuiia yCIOBHOE Ha3BaHHWE CYNEPHPOCTPAHCTBO IEPBOr0  MOPSiAKa,
oOpazyromieecs ciausHueMm aeBsatu ¢opm marepuii (cm. Puc. 17.9. rne 1 — 30Ha
CMBIKaHUSI MAaTPUYHBIX MPOCTPAHCTB, 2 - METABCEIICHHEBIE).

14 [MpocmpaHcmea ¢ MOXGECMEEHHOU MEPHOCMbIO

— 4

2 R,

Hawano npouecca obpazosaHna
NPOCTPaHCTB-8CeNeHHbIX (Mmera-
BCENEHHbIX) B 30HAX BHYTPEHHEro
xoneBaHuA MEepHOCTH NPOCTPaNCTaa

Puc. 17.9. ®opmupoBaHue cynepnpocTpaHCcTBa NepBoro Nopsaaka

Cnenyer oOpaTUTh BHUMaHUE Ha TO, YTO CYNEPIPOCTPAHCTBO OOpaszyeTcsi B
pe3yJIbTaTe CMBIKAHUSI METABCEJICHHBIX C TOXKJIECTBEHHOU MEPHOCTHIO (cM. puc. 17.9.
rae 10 — 30Ha CMbBIKaHWS MAaTPUYHBIX MPOCTPAHCTB, 11 — MeTaBceneHHbIe, 1 2- 30HbBI
aedopMalii MEPHOCTH), KaK 10 «TOPU30HTAJIN», TaK U M0 «BepTUKamu». [lpu stom
KaXKJasi CHUCTEMa METaBCEJIEHHBIX OOpa3yeTcsi B MpeAesiax CBOEro CIos, MO3TOMY
MIPOUCXOJUT UX CMBIKaHHE B TOPU30HTAJILHOM HampasieHuu (cm. puc. 17.9. m.11). Ho
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B KaxaoM cioe (GOPMHUPYIOTCS METaBCEJIEHHBIE, HWMEIOIMINE TOXICCTBEHHBIC
MEpPHOCTH, YTO NIPUBOJUT HX K CMBIKAHHIO €II€ W MO BEPTUKAIH, T.€. BIOJIb
HeHTpaibHou ocu (cM. puc. 17.10. .. 3 u 4), Tae MeTaBCeIeHHBIE C TOXIECTBEHHOM
MEPHOCTBIO MOXO0KM Ha CTBOPKU PAKOBUHBI MOJUIIOCKA). JTO CBSI3aHO C TE€M, YTO OT
M€CTa CMBbIKaHUSI POCTPAHCTB U3-3a UX HEOJJHOPOJHOCTH IO BCEM HaAIPaBJIEHUSM (I10
TOPU30HTAJIH ¥ TI0 BEPTUKAIIN) MEHSIETCS MEPHOCTh, YTO U IPUBOJIUT K OOBEIUHEHUIO

METABCEJICHHBIX C OJMHAKOBOM MEPHOCTh KaK MO BEPTHKAIU, TaK U MO TOPU3OHTAIU
(puc. 17.10. mo3.4)

Ceepxe3pbiB (1-2) u o6pasoBaHue cynepnpocTpPaHCcTB Nepsoro
nopaaka (3) 8 Buage cucrembl metasceneHHbix 1-9 (4)

Puc. 17.10. Ot cynepB3pkiBa [0 CynepnpocTpaHCTBa NepBoro nopsagka

Ha puc. 17.10. mm. 1 - 4 ortoOpakeHa TOCIEIOBATEIIBHOCTh 00pa30BaHUS
CYIEepIpOCTPaHCTBA TEPBOTO TOpsAKa mocie cyneps3pbiBa. Criemyer oOparuth
BHHMAaHHE Ha TO, YTO CYNEPIPOCTPAHCTBO MEPBOTO MOPsIKAa 00pa3yeTcs MPU CIUSTHUU
nesatu (popm marepmii®. IlpocTpaHcTBa, 06pa30BaHHBIC CHHTE30M IEBATH (HOpM
MaTepuli MakCHMMAlbHO YCTOMYMBBEI U MAKCMMAJIbHO MHEpUMOHHBI. C HHUX, Kak
HanOoJsiee YCTOMYMBBIX 00pa30BaHUN U HAYMHAETCS (POPMUPOBAHUE CYNIEPCUCTEMBI —
HIECTUIIYyYeBUKAa. A MPOCTPAHCTBA, 0OpAa30BaHHBIE U3 JABYX U TpexX (opm marepui,

MMEIOT MaKCUMaJIbHYI0 HECTAOMJIBHOCTb U B TO K€ BpeMsi OOJBIIYI0 aKTUBHOCTH
CTPYKTYP.

6 lesawos H.B. HeogHopoaHas BceneHHas. ApxaHrenbck, 2006. —c.97. C. 88.
7 Nesawwos H.B. NocneaHee obpaleHne K yenoseyectsy. — CaHkT-MNetepbypr, NM: «Mutpakos», 2012. — c.344.
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Crnenyet Takke OTMETHTb, UTO MOCje 00pa3oBaHus cOATaHCUPOBAHHON CUCTEMBI
(cM. Puc. 17.9), B kOTOpoil OAHO MPOCTPAHCTBO-BCEJIEHHAs! MO MEPE YMEHBIICHHUS
MEPHOCTH IIEpeX0o] B Jpyroe IIPOCTPAaHCTBO-BCEJIEHHYI. M B Tex 30Hax, rue
YMEHBIICHUE MEPHOCTH CTAHOBUTCS KPUTUYECKMM JUII BCEX IIPOCTPAHCTB-
BCEJICHHBIX, OHU CJIMBAIOTCS B OJHO 1en0e. MepHOCTh B 3THX 30HAX OAMHAKOBASl —
2,878950584...7 D10 TakKe MEPHOCTH MPOCTPAHCTBA M3 OAHOM (HOpMBI Marepuu. B
AHTUIIECTWIYYEBUKE 3TO LEHTP — MECTO CXOJa BCEX Jyded B OZHOM Mecte. B
HIECTUIYYEBUKE — OTO KOHEL Jiyda — MECTO BBIXOJa IIOTOKOB MaTepuid U3
IIECTUIIYYEBUKA M KOHIIEBAsl 30HA CMBIKaHUS €ro ¢ APyTMMHU NpocTpaHcTBaMu. MHage
rOBOPSI, OCh JIy4a B IIECTHIIYYEBUKE WM aHTULIECTUIIYYEBUKE UMEET OAHY U Ty K€
MEpPHOCTb - 2,878950584..., HO MEPHOCTb «IOMEPEK)», a TAKKE BAOJb JIydad MEHSIETCS
OT JJaHHOM MEPHOCTH (XapaKTepHOW MJisi JAHHON CHUCTEMbI METAaBCEJIEHHBIX) JI0 T =
3,14—mepHocCTH.

Ho, npexne yemM NOpoOAOIKHTH aHAIW3 CUHTE3a CYNEPHPOCTPAHCTB Pa3HbIX
MOPSIIKOB, PACCMOTPUM Y€M BbI3BaHA YCTOMUMBOCTH CYNEPIPOCTAPHCTBA U3 I€BATH
dbopm MaTepuii.

2.2. NapMoHusa bonbLIOro KocMoca:
«30510TOE CeyeHne>» MaKpoKoCcMoca

B xonnernmmuu H.B. JleBamoBa oOparaercss BHUMaHHE Ha TO, YTO UIMEHHO J€BSITh
NepBUYHBIX MaTepuil 00pa3yoT Hanboyee YCTOMYMBYIO CUCTEMY METABCEJICHHBIX.
ITouemy umenHo neBsaTh? Ilpu 3TOM HM3BECTHO, YTO HaubOOJIEe HEYCTOMUYMBHIMU
00pa30BaHUsAMH, SIBIISIIOTCS TaKUE, KOTOPbIE CUHTE3UPYIOTCA U3 JBYX M TpEX Gopm
MaTepHuil.

W3BecTHO Takke, 4TO B MPUPOJIE BCE MOIAUYMHACTCS 3aKOHaM FapMOHHHU (3aKOHaM
«30JI0TOTO CEYEHHs», KAYECTBEHHOM CHUMMETPHUM M HApyIIEHHONM CUMMETPHUM), HA
KOTOpbIE€ COBpEMEHHasi Hayka He o0palaeT BHUMaHHUE, OYEBUIHO CUMTAs HX
gactHOCTAMU®. Tapmonmsi (o rped. CBsA3b, CTPOMHOCTH, COPA3MEPHOCTE) -
COpPa3MEpPHOCTh YacTel W IIeJIOro, CIUSHUE PA3TUYHBIX KOMIIOHEHTOB OOBEKTOB B
€ANHOE LENOE.

['apMOHHIO MOXHO paccMarpuBarh, aHAJIOTWYHO [epakiinTy, Kak €IHHCTBO
IIPOTUBONOJIOKHOCTEN: JBUKEHHUE OT Xa0Ca, JUCTAPMOHUU K YCTOMYMBOCTH, ITOKOIO,
KOTOPBIE U3-3a HEOJHOPOAHOCTH IPOCTPAHCTBA BHOBb CMEHSIOTCSI HEYCTOMYMBOCTHIO,
T.€. AUCTApMOHHEN U T.1. DTO B OOLIEM BUE CXEMAaTUYHO MPEICTABICHO HA PUCYHKE,
OTpaXaroIEM LUKII TAPMOHUYECKOTO PA3BUTHUS CUCTEMBI (CM. HUXKE).

8 1. Kongpaxos. Taiinsl Jlpesnepycckoro Beemepa. http://www.ruskolan.info/article/78/
17



http://www.ruskolan.info/article/78/

Oenxenne

OBuKEHHE K rapMOHMKM TapMOHKA HapyweHne rapMoHnn

HeopHopogHocte c AL, HEEEHDDDHHOCTE- cAL,
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MeyC TOWIHBICTE

.
0,618

Ferofrmpotm

Aprmerae \ Rpvimerase

rapMoHuA

Nepenag MEPHOCTH Ao

Cxema uMKna rapMmoHU4eCcKoro pasBwUTHUA

Hcxonst 3 3TOro mpeamnoyiokuM, YTO UMEHHO 3aKOHbI TAPMOHUU OTPEACIISIIOT
MOPSIIOK U TOCIIEN0BAaTEIHbHOCTh 00pa3oBaHUsl CyNeprnpocTpancTB. Jljigs 3Toro
BCIIOMHUM KaK TMPOUCXOIUT 00pa306aHue wecmuiyiegukd, XO0Td H3BECTHO Macca
npuMepoB  (HOPMHUPOBAHUS KOCMHUYECKHUX CTPYKTYp TI0 3aKOHAM TapMOHHH:
pacIooKEHNE TUIAHET COJIHEYHOM CHCTEMBbI B Mpelesiax CeMU OKTaB, CIHUPaJIb
TATAKTUKU «3aKpPYYHBAETCS» MO 3aKOHY «30JI0TOTO CEUECHHUS» U JP.

[Ipu 5TOM Bce XapakTepHble NapaMeTpbl CHUCTEMbl B3aMMOCBSI3aHBI uepe3
30JI0TYK0 TPOMNOPLIMI0, KOTOpas HNEJIUT 3aJaHHBbIM HMHTEPBAJ, NPUHAMAEMbIA 34
eauHuily Ha nee yactu: 0,618 u 0,382, a nasiee TM 4acTH HA JBE B TE€X K€ MPOMOPILIUAX
U T.1. win oopasyet psag Oudonayuu: 1-1-2-3-5-8-13... Hampumep, mycts Ny = 2 —
HAaWMEHBIIIEEe YUCJIO MEPBUYHBIX MAaTEPHil, CIIOCOOHBIX CHUHTE3UPOBATH THOPHUIHYIO
MaTreputo, Toraa XxapakrepHbiMu Toukamu OyayT: Nj= Ny x @; No=N; x @; N3= Nz X ¢;
N4 =N;x ¢. Mmm: N = Nj x ¢; No= N x ¢% N3 =Ny x ¢*; Ny =Ny x ¢* 3mecs ¢ = 1,618
=1/0,618.

CornacHo 3akoHy «3ojoTtoro cedeHus» N; = 2 x 1.618 = 323 = 3
(MakcuMajibHAsi HEYCTOMYMBOCTH CHCTeMbl W HaMOOJIbIIAS AKTUBHOCTH
cTPYKTYpPHI); N2 =2 x2.618=5.2 =5 (onTMMaibHAsl yCTOHYHUBOCTH U AKTUBHOCTh
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cTPYKTYpBI); N3 = 2 x 4,236 = 8,47 = 8§ — 9 (MakcMMaJIbHasA CTA0MJIBHOCTH U
MAaKCHMMAJIbHASI MHEPIUOHHOCTh — HEAKTUBHOCTH CTPYKTYPHI); Ny = 2 X 6,854 =
13,7 =13- 14 (mpenejbHO JAOMYCTHMAasi MAKCHMMAJbHAsi CTA0MJIBHOCTL U
HHEPUUOHHOCTh CTPYKTYpbI). OTu uucina u3 psga DubOoHayuw, oTpaxkaroT
XapaKTEePHBIE «TOYKWY, SBOIIOLMIO CUCTEMBI MIPU €€ CTpeMJICHUHU K rapmonuu. [Ipu
ATOM OTHOIIEHWE TMPEABIAYIIEro 3HAYEHUs K cleayrmeMy B psaxy DPuOoHaqun
MPUOTMKACTCS K «30JIOTOMY CEUCHUION.

OOpa3oBaHue MECTUIYYEBHKA — I3TO O0Opa30BaHUE IEIIOCTHON CHCTEMBI BIOJb
«ryday (u3 2-x [IM — go 14-tu IIM). Tlepexon ot cunrtesa nByx [IM k cuntesy 14 [IM
MIPOUCXOJIAT TMOCIIEOBATEIBHO C YBEJIMUEHUEM MEPHOCTH Ha KBAaHT MepHOCTU AL u
CIIy4allHOCTH 3/1€Ch UCKI0YeHbl. MepHocTh I'M BO3pacTaer niaBHO ¢ OAMHAKOBBIMU
maraMmu KBaHTa MepHocTu — AL Brons jiyya ot MmepHocty 2,87895058 no mepHoctu
3,1415926 wu nomepek Jyya ot MepHoctn 2,87895058 1o mepHocTH
COOTBETCTBYIOIIETO CYNEPIPOCTPAHCTBA, HAPUMEP, U3 ACBATH (DOPM MaTepwid, T.c. -
3,040576472.

AKTHMBHOCTL C X
CTPYKTYpbI 3aBMCUMOCTb YCTOMYMBOCTH rTMBPUAHDBIX MaTepuis or
oASpasoBamm KONMYECTBA CUHTe3MPYeMbiX MaTtepui
A
10 — p———
9
8 o~
7 / \
6 -
s Vd |
i y
s J YcrohumusocTs
2 p rubpuaHbIX
1 1/ marepmn
T e Y
0 0,25 0,5 0,618 0,75 1,0
r N a
= >
' r— '
% iy = n
—~ s 3 = —
& = 5.
] 1 I 1 ] ] 1 1 L 1 I L] 1 ] 1 ) N
0 1 2 3 & § .6 17 9.30 11 12 313 18 380
l { / Vs - g \ MaTePHAR
|/ [ S S o G : 5 Yo
. ATt
| J\ J
! |
8/13=0,618 5/13=0,382
Puc. 17.11. NpossneHune 3akoHa "3onoTtoro ceyeHus" npn hopmmposaHnmn
WecTuny4YeBuKa U aHTULLECTUNYYEeBUKA
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[Tpumem aecsaTHOANBHYIO CUCTEMY JJISl OLEHKHA YCTOWYUBOCTH Y M aKTUBHOCTHU
A CTpPYKTypbl 0oOpa3yeMoOil METaBCEJIEHHON M3 TOTO0 WJIM HWHOTO KoluyecTBa (HhopMm
Marepuil. YUuThiBas, YTO MHUpP CTPEMUTCS K pABHOBECHUIO U YCTOMYMBOCTU XOTSI ObI B
KaXJ0€ MIHOBEHHE, BBIPa3UM  YCTOMYMBOCTH M AKTUBHOCTb CTPYKTYpBI B
0e3pa3MepHBIX SAMHUIIAX.

WUrtak, nns TNOATBEPKIAEHUS BBIABUHYTOW THUIIOTE3bl PACCMOTPUM  Dsif
CYNEpHPOCTPAHCTB U3 YETHIPHAALIATH IEPBUUHBIX MaTEPUiA, U3 KOTOPBIX U 00pa3oBaHa
CHUCTEMAa METABCEIIEHHBIX € MeEpHOCThIO 7 = 3,14. Eciu rumoresa BepHa, TO
CYNEpPIPOCTPAHCTBO M3 JEBATH (OpPM MaTepuil JOIKHA HAXOIUTBCA B 0OCOOOM
MIOJIOKEHUH, T.€. ObITh HAauOOJIEE YCTONUNBOM.

OnpenenuM  auana3oH MEpHOCTH ALjsa MEXIy CyneprnpoCTpaHCTBAMM U3
YETBIPHAALIATH U OAHOW Marepuil, T.e. Mexay 3,1415926 u 2,87895058.

AL141=3,1415926 -2,87895058 =0,2626368

PaznenuM 3TOT quana3oH Ha YacCTH B COOTBETCTBUU C «30JIOTHIM CEYECHUEM», a
JUTSI 5TOTO YMHOXKUM jauana3oH ALi4.1 Ha 0,618 u nmpubaBuM nosmyueHHoe ynciio K AL

AL1+0,2626368 x 0,618 = 2,87895058 + 0,162309542 = 3,041260122 ~ L.

Cpasnure: Lo = 3,040576472 (MEPHOCTH CyNEpPIPOCTPAHCTBA U3 JIEBATH THUIIOB
Marepuil) ¢ MoJIydeHHbIM pe3ysbraTtoM - 3,041260122 ~ 3,040576472 = Lo.

OnsATh mosiy4aeM MEPHOCTHb CYyNEPIPOCTPAHCTB, CUHTE3MPOBAHHBIX W3 JEBATH
TUIIOB Matepuil. [IpoBepuM 3Ty runore3y u Ipyrum myTeM.

YcTOWYMBOCTH 00ECIIEUNBACTCS TAPMOHUEH MEXTY BCEMH DJIEMEHTaMU CUCTEMBI.

[Ipumem 14 marepuii 3a enunuily. CornacHO 3aKOHY «30J10TOT0 CEYeHHS»,
OTPE30K W3 YETHIPHAALATA MATEPUN JTOJKEH NennuTh Ha ABe yactu — 0,618 n 0,382.
Cunre3 popm Marepuili HauMHAEeTCd MUHUMYM C JIByX marepuid. [Ipu atom kaxxaom
«11are» MEpPHOCTU JOJDKEH NpHUCYTCTBOBaTh nepenan AL, 4ToObl mMarepuud CMOIVIH
BBIPOJAUTHCS B COOTBETCTBYIOIIEM MPOCTPAHCTBE, II€ KAY€CTBA B3aUMOJICHCTBYOLIUX
MaTepuii W MPOCTPAHCTBA IOJHOCTBIO COBMECTUMBL. (ClIeI0BaTeIbHO, TaKUX
nepenaaoB A0HKHO ObITh 14 - 1 = 13. YMuoxwus 13 Ha 0,618, momyuyum 8 nepenaos
no AL, T.e. 8-if mepenaj nomajgaeT Ha y4acTOK, TMOPUIHBIE MAaTEPUN CUHTE3UPYIOTCS
u3 9 hopm Marepuii mOCTpoUM rpaduk 3aBUCUMOCTU YCTOMUYMBOCTH (VY) rHOpHUIAHBIX
Marepuit oT cooTHomeHus: /N U aKTUBHOCTH A CTPYKTYp, NPUHSIB ACCATUOATBHYIO
CUCTEMY JIJIsl OLICHKH YCTOMUYHMBOCTH 00pa3yeMoOil METaBCEJICHHON U3 TOTO WU UHOTO
kommyectBa ¢Gopm wmarepuit. U3 rpaduka BHIHO, YTO CamMbiM HEYCTONYHMBBIM
o0pa3oBaHHEM U CaMOW aKTUBHOMW CTPYKTYPOH SIBISIFOTCSI CYNIEPIIPOCTPAHCTBA U3 IBYX
u Tpex Gopm marepuil. [loaToMy Ha KOHIIAX HMIECTHIIYYEBHK MMEET MAaKCUMAJbHYIO
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AKTUBHOCTh ¥ MUHUMAJIbHYIO YCTOMYHUBOCTH, YTO CO3/ACT YCIOBUS JIJII aKTUBHOTO
3BAaMMOJICHCTBUS C IPYTUMHU IPOCTPAHCTBAMH - BCEICHHBIMU. CaMbIMU YCTOMYUBBIMU
¥ HEaKTUBHBIMH OOPa30BaHUSMH SIBIISIOTCS CTPYKTYpBI, 0OpazoBaHHBIC W3 14-TH
dhopm nepBUYHBIX MaTtepuii (cM. puc. 17.11.).

Takum 06pa3zom, runoTesa MoATBEPKACHA.

2.3. O6pa3oBaHue CynepnpocTpaHCTB BTOPOro — WeCcToro nopsigkos

[locne OrpoMHOTO KOJMYECTBA CYNEPB3PBHIBOB CO3MAIOTCS YCJIOBHS, KOrja
CYIEepIPOCTPAHCTBA MEPBOTO MOPSAKA PACIONAratoTCs APYyT OT Apyra Ha PacCTOSHUU
MPUMEPHO paBHOM HUX paszMepy. OOpa3yroTcsi BCTpEUYHBbIE BOJHBI BHYTPEHHETO
MCKPUBJICHUS MEPHOCTH MAaTPUYHOTO TMPOCTPAHCTBA, IMPU PE30OHAHCE KOTOPHIX

dopmupoBaHme CynepnpocTpPaHCTe BTOPOro-4eTsépToro NopAAKos

1. O6paszosanue cynep- 2. O6pazosamue cynep- 3. Obpasoeanne cynep- 4.00paszosanue cynepnpocr-

NPOCTPAHCTE €mopo20 NPOCTPAMCTE Mpembe2o NOPCTPAHCTB paHcrs  uemeépmozo’

nopAadxka w3 p[ecatn MAOpAOKa W3 ogMHHaAUa Yemeépmozo nopadxa nopadka w3 mpaxadyamu
A o u3 geenanuari hopm

dopm marepuid ™ dopm maTepuit A Au thop Popm matepum

Marepmun

Puc. 17.12.¢OpMMpOBaHMe CynepnpocTpaHCTB BTOPOro - 4eTBEPTOro NOpAAKoB

BO3HUKAIOT JOIIOJIHUTCIIbHBIC 30HBbI BHYTPCHHCTO HNCKPUBJICHUA MCPHOCTH
MaTpruiHOTIO IMMPOCTPAaHCTBA. B »>Tux 30HaxX O6p3,3yIOTCSI MCTaBCCJICHHBIC, BOBHUKIIIHNEC
IIPU CIUSHUU AecaATH (OpM MaTepuil, KOTOPBIE, B CBOKO OYEPENb, BHOBb BBI3BIBAIOT
BCTPCUHOC CMBIKAHHC OTHUX MCTABCCIICHHBIX, KaK CJICACTBUC BIMWAHUA OTHUX
MCTABCCJICHHBIX HAa MCPHOCTb MAaTPHUYIHOI'0 ITPOCTPAHCTBA, B KOTOPOM OHH HAXOIATCA.
OO0pazyeTcs cynepnpocTpPaHCTBO BTOPOro MOPSAKa U3 fAeciatu ¢GopM mMarepuid (cum.
17.12._1.1).

JIist BO3MOXHOCTH OOpa3oBaHUSI METABCEJICHHBIX W3 OAMHHAAUATH (opM
MaTepuii He00X0UMO YTOOBI TP CYNEPHPOCTPAHCTBA BTOPOTO MOPSIKA HAXOAUIUCH
APYT OT Ipyra Ha pacCTOSHUU He OoJiee COOCTBEHHOTO pa3mepa. [Ipu 37ToM BO3ZHHUKAIOT
TP BCTPCUHBLIC BOJIHbBI BHYTPCHHCTO HWCKPHUBJICHHA MATPUYHOI0 IPOCTPAHCTBA,
KOTOPLIC ITPHU PE30HAHCC CO3AaI0T AOIMOJHHUTCIIBbHBIC 30HbI HCKPUBJICHU . B stux 3onax
MPOUCXOANT CUHTE3 METABCEJEHHBIX W3 ONMHHAAUAaTH (opm Marepuii. BHOBB
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BO3HHMKAET BCTPEYHOE CMBIKAHUE METABCEICHHBIX, HO YK€ Ha JIPYroM OaJaHCHOM
YpOBHE MaTpuyHOro mpocTpancTtBa. OOpaszyeTcss 3aMKHyTas MpOCTPAHCTBEHHAS
CUCTEMA — CYNEePNPOCTPAHCTBO TPeThero nopsiaka (cm. Puc. 17.12. 1. 2).

J1J1st BO3MOXKHOCTH CIIUSIHUS IBeHaauaTu ¢popm mMarepuii, He0OOX0IUMO UYTOObI

ObUIO YeThIpe BCTPEUHBIE BOJHBI BHYTPEHHEr0 HCKPHUBICHUS MaTPUYHOTO
MPOCTPAHCTBA, KOTOPbIE B PE30HAHCHBIX 30HAX CO3JAIOT YCIOBHS Ui 00pa30BaHUs
METABCEJICHHBIX M3 JABeHaauatru ¢gopm marepuil. [Ipm >TOM, BHOBb BO3HHMKAET
BCTPEYHOE CMBIKaHHE Ha JAPYyroM OallaHCHOM YpPOBHE MEPHOCTH MaTPUYHOTO
IpOCTpaHCTBa M 00pa3yeTcsi HOBasi OYEHb YCTOMYMBAsl CUCTEMA METABCEJIEHHBIX —
CYNepnpoCTPAHCTBO YeTBEPTOro nopsiaka (cm. Puc. 17.12., 1. 4).

IIATH cynmepnpocTpaHcTB OGpaszosaHue CynepnpocTpaHCcTea, TOKAECTBEHHOTO

% CYynepnpocTpaHcTey YeTs&pTroro Nopaaxa,
4eTBEPTOro MOPSAKA, OTHO M3 Y F:aopy»«? s 12V¢OPM Nf’arep“ﬁp A

KOTOpBIX HaxXoOaUuTCA Ha
OTJINYHOM oT I[pyFI/IX

Cynepnpocrpancrea
HpOCTpaHCTBeHHOM ypOBHe, ueTSEpTOro NOpRAKS
CO34aK0T YCJI10BHUA JJI1

o0pa3oBaHus METAaBCEICHHBIX U3
TpUHAAUATH (opM MaTepui
(em.  Puc. 17.12. n. 4).

Bo3nukaer BCTPEYHOE
CMBIKaHUE, pu KOTOPOM
obOpazyercs cucrema

MCTABCCJICHHBIX, KOTOpad CTOJIb
CUJIbHO BJIMACT Ha MCPHOCTH
MaTpu4dHOIrO IMpOCTpaHCTBA, 4YTO
BO3HHUKACT ovYepeaHass CUCTEMA

Puc. 17.13. Obpazoeanue cynepnpocTpaHcTea

MeTaBCeJeHHBIX, TII0 CBO€EH -
’ u3 12 cdhopm marepui

CTPYKTYype TOX/JIeCTBEHHAsI
CYnEepnpoCcmpancmaey 4emeépmozo nopsadka, HO yxe oOpa3oBaHHAs JIBEHAALIATHIO

dbopmamu marepuit (cm. puc. 17.13.).

JIBe 3TH CHCTEMBI CO3JAIOT YCIIOBHUS Ui OOpa3oBaHHUs CIEAYIOUIEH CHUCTEMbI
METaBCEJICHHBIX BJOJb OOIIEH OCH, HO yXe U3 OAMHHAAUATH (opM MaTepuii.
YMeHbIleHHe KojudecTBa (opMm marepuii, 00pas3yromuX KaxkJoe IMOCIeAYIoIee
MPOCTPAHCTBEHHOE OO0pa3oBaHUE CBA3AHO C TEM, UYTO YPOBeHb CMbIKAHHA
METABCEJEHHbIX MeHsieT cBoW 3Hak (puc. 17.13.1). pyrumu crioBamu,
WCKPUBJIEHUE MEpPHOCTM MAaTPUYHOIO TMPOCTPAHCTBA HE YBEJIWYMBAETCA, a
YMEHBIIAETCSA. OBOJIOLMA 3TOT0 MpoLecca MNPUBOAUT K IOCIEI0BATEIILHOMY
oOpa3oBaHHI0 BAOJL OOIIEH OCH CHCTeM MeTaBCeleHHbIX (cMm. puc. 17.13.1).
KonmnuectBo marepuii, 00pa3yronux Ux Mpu TOM BBIPOKIACTCS A0 OJHOM (CM. 17.14.
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n. 1) u mepHocts npoctpanctea ¢ 3,1211389 ymensmaercs no 2,87895058. Oro
HaIVISAHO TOKa3aHo Ha puc. 17.13.2. O6pa3yerca He4TO MoA0OHOE OCTOBY EJKH, TJIe
OCh JIy4a - «CTBOJI ETKW» c(HopMUpOBaHA U3 OAHOW MATEPHUH, a OCU «BETOK EIKU» -
MEHSIOT CBOIO MEpPHOCTh OT 2,87895058 (y «cTBOma») A0 TrpaHUIl, TAE MEPHOCTh
3aBUCUT OT KOJW4YecTBa (OPM TMEPBUUYHBIX MAaTepUid, BBIPOAUBIIHUXCS B OSTOM
cyrneprpocTpancTBe. Ha ypoBHE cynepnpocTpaHCTB NEPBOrO MOPSAJIKA, U3 KOTOPBIX
00pa3yloTcs CyNnepnpoCTPAHCTBA BBICHIETO MOPAIKA TaKKe 00pa3yloTCs CBOETO poja
OTBETBJICHUS («BETOUKU») OT «BETBEW», TA€ IEHTpajdbHas 4YacTh TaKXE HMEET
MepHOCTh 2,87895058. B urtore ckener Jjydya MIECTUWIYYEBHMKA MOXHO CPaBHUTH C
OOBIYHOMU ETTKOM.

OTnuure BapuaHTOB CMBIKAHUS MAaTPUYHBIX MPOCTPAHCTB OYEHb BAXXHO IS
MMOHUMAaHUsl BO3HUKHOBEHHUS JBYX THUIIOB CYNEPHPOCTPAHCTB LIECTOrO MOpSAKA —
mectuiaydyeBuka (puc. 117.14. n. 2) U aHTHIIECTWIYy4YeBUKA, NPUHIMINAIBHOE

OTIIMYMC KOTOPBIX 3aKITIOYACTCS JIMIIb

2,87895058

§ ocs nyua wecrunyvesmka B HaTpaBJICHUH nepeTeKaHUs
G T 2,87895058 MaTepHil.
@ - \ B omHoM ciydyae marepum u3
b v g ror MAaTPUYHOTI
il 4_1_4 Z’_\X\MeTcheneHHble pr oro p oro
i 1 %

i
o

15 / LA A NPOCTPAHCTBA TNPUTEKAIOT Yepe3

/ HEHTPAJIbHYH) 30HY CMBIKaHUS
\ MATPUYHBIX MPOCTPAHCTB n
BBITEKAIOT U3 HAIIIEr0 MaTPUYHOTO

3,040576472
NMPOCTPAHCTBA 4Yepe3 30HbI Ha
KOHIIAX «Iy4eun». B
AHTHLIECTUIYYEBHKE MaTepuu

MepeTekaT B IPOTHBOIOJJIOKHOM
_ HAINIPABJICHUM.
(3]
- Marepun u3 HAILIETO
MaTpUYHOTO IIPOCTPAHCTBA
Puc. 17.13.2. "Enka" MEpHOCTEN NyYa WeCTUNy4YeBUKa:
MEPHOCTb MO OCU NyYa - 2,87895058; MEPHOCTL NONEPEK

3
i

3,1213894

BBITCKAIOT YCPC3 HNCHTPAJIbHYIO 30HY,

ocu-1-Ni -oT2,87895058 oo 2,87895058 + (Ni-”XAL; a MaTepI/II/I u3 I[pyroro ManI/IqHOFO
Ni=1-:-13 - KONU4ecTBO (POPM NepBUYHbLIX MaTepun B
COOTBETCTBYHLLEM CynepnpocTpaHCTEBe. HpOCTpaHCTBa BTCKAIOT ‘-Iep63

«JTy4yeBbIe» 30HBI CMbIKaHUSA. YTO e KacaeTcs mecTH/Iy4eBHKa, TO OH oOpa3yercs
CMBIKaHMEM IIECTH aHAJIOTMYHBIX «J1ydei» (puc. 17.14. n. 2) B ogHOM HIEHTpaIbHOMN
30He. [Ipr 3TOM BOKpYT IIEHTpa BO3HUKAIOT 30HbI ICKPUBIICHUS] MEPHOCTH MaTPUYHOTO
MPOCTPAHCTBA, B KOTOPBIX OOpa3yloTCs METaBCEIICHHbIE W3 YeThIpHAAUATH (OopM
marepuii. Jlanee oHU, B CBOIO OY€pelb, CMBIKAIOTCS U 00pa3yloT 3aMKHYTYIO CUCTEMY
METaBCEJICHHBIX, KOTOpas OObEAUHSET HIECTh Jy4yell B OJIHY OOIIyI0 CHUCTEMY —
mecTuiaydeBuk (cm. Puc. 17.14. m. 2).
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Y

LieHTpansHan 20Ha CHMBIKaHHA MaTPHYH LD N POCT PEHCTE.
Metascenexnesie, 0bpazosaHHBle CAMAKKEM TPHHAAUATH (hOpM HMETED M.
MeTaeceneHnsie, 0bpazoBaHHEIE CIMAHKEM ABSHAALATH (hopM HMaTepHil.
Metascenexnsie, obpazosaHHBIe CTMAHMEM OMMHHAOAUATH OpP M MaTEpHH.
MeTasceneHHEIe, 0Dpaz0BaHHEIE CAMAHKEM OecATH qropM MaTap i,
MeTaeceneHHsig, 0Dpaz0BaHHEIR CIHAHKEM ABBATH (HOPM MaTep .
MeTaeceneHHbe, 00paz0BaHHBIE CAMAHKEM BOCkMH HopM MaTEpH.
MeTaecensHHele, 00paz0BaHHEIS CTHAHKEM CeMH opM MaTEpHH.
MeTaeceneHHbIe, 00paz0BaHHBIE CAMARKEM WeCTH o pr MaTepH i,

10. MeTagcensHH e, 0b paz0 BaHH L CIMAHWEM NATH dHOpM MaTSpHi.

11. MeTaeceneHH k2, 00 pazZ0 BaHH LI CIHAHHEM YeTEIpEX dropM MaTep .

12, MeTagcaeneHH e, ob pazo BaHH be CIHAHKEM TPEX drp M MaTepHi.

13. MeTasceneHH &2, of pazZ0o BaHH L CAIHAHREM ABYX opM MaTepH M.

14, KoH UeB3RA 3 0HA CMBIKEHWA MATPHYH B N OCT PIHCTE.

W NmN AN

Puc. 17.14. DopMUpOBaHMe WeCTUNYYEBMKa - CYNepnpocTpaHCcTBa
WecToro nopsgka

[TpruéMm, KOMMUECTBO «JIy4yeil» Ompeiensercs TeM, YTO B HaIleM MaTPHYHOM
MPOCTPAHCTBE MOTYT CIUTHCS MPU 00pa30BaHUM MAaKCHMaJbHO YETHIPHAIIATh (HhOpM
Marepuil JaHHOTO THma. I[lpw 3TOM MEPHOCTHP BO3HHUKILIETO OOBEAMHEHUS
METaBCeJIeHHbIX paBHa 7 (7 = 3.141532654...).

VY AHTHIIECTHITYYEeBHKA [UPKYISLIUS Marepuu UAET B 0OpaTHOM HAIpaBIICHUH,
OT TpaHMI] B3TOTO CYNEpPHpPOCTpaHCTBa K ero ueHtpy. [lpuuém, uckpuBieHue
MaTPUYHOIO MPOCTPAHCTBA MAaKCUMAJIbHO B IPAHUYHBIX 00NACTAX U MUHUMAJIBbHO B
LEHTPE 3TOTr0 MPOCTPAHCTBEHHOTO 0Opa3zoBanus (cM. Puc. 17.15. I1. 2 u puc. 17.16.).

Craguu (opMUpOBaHMS CyHEpNPOCTPAHCTB BBICIIUX IMOPSAKOB OTPAXEHBI Ha
puc. 17.17. rne roayOpIM IBETOM MOKa3aH MOPSAOK 0OBEIUHEHHS CYIIEPIPOCTPAHCTB
HU3IIKX HOPSIKOB B CYIIEPIPOCTPAHCTBA BBICILIUX MOPSIKOB.

24


http://www.levashov.info/Books/Last-appeal/Fig-177.jpg

® el

14 13 12 1110 98 7654321

KoHLEeEaA 20HE CMEBIKAHHA MATPHYH LB NP OCTPaHCT B.
MeTagcensHHeie, of pazoEaHHEIE CTMAHNEM OBYX GHOpM MaTEpHAH.
MeTaeceneHHEle, 0b pazoEaH HEIe CAMARKeM TPEX dropM HMaTep i,
MeTaeceneHHEle, 0b paz0BaH HEIe CIHAHK M 4 eThIpEx drop M MaTepH i,
MeTaeceneHHEle, ob paz0BaH HEIe CAMAHKEM NATH dHopM MaTep i,
MeTagceneHHEIe, 00 paz0BEaH IS CIHAHH M WeCTH o PrH MaTepH .

. MeTaeceneHHkle, ob pazoEaHHLIE CIMAHHEM CeMH (ropM MaTepHiH.

. MeTaeceneHHkle, ob pazoBaHH LIS CIMAHHEM BOCEMH OopM HMaTep i,
. MeTaeceneHHkIe, ob pazoBaHH LIS CIMAHHEM OSBATH OpM MaTep i,
10, MeTaecenerH ke, 00pazoBaHH e CTHAHWEM OECATH Hop M MaTep i,

11. MeTasceneHH ke, 0HpazoBanH e CTHAHWEM OOWHHAAUATH BopH MaTepHil.
12. MeTaeceneHH s, 00pazo BEaHH B CIHAHHEM OBSH 3AUaTH (o pr MaTepH .
13. MeTaeceneHH s, 00pazo BEaHH L CIHAHHEM TPHHIALETH opM HMaTepHi.
14, LiaHT pankH 3R 30H3 CMEIKGHWA MaT P4 B N POCTPaH CTE.

WENDUAWN R

Puc. 17.15. ®opMUpOBaHMUe aHTULIECTUNY4EBMKa - CYyNepnpoCTPaHCTEA
WecToro nopamKa

[ly4u aHmuwecmunyyesuxa
N

Mecmo CMbIKaHUs
nyyell ("yepHas” dbipa)

a) (hopMuposaKUe aHmuLecmunyYesuKa 6) amuwecmunyyesux

Puc. 17.16. ®opMmupoBaHue aHTUILIECTUNYYEBUKA

YcnoBueM yCTOMYMBOTO COCTOSIHUSI AHTHUIIECTUITYYEBUKA SIBIISIETCS TAPMOHUSA
MeXKAY BBITEKAWIIUMH MaTepUsMHU Yepe3 UEHTPAJIbHYIO 30HY CMBIKAHUS
MaTpUYHBIX MPOCTPAHCTB M CHHTE3HMPYEMbIMH B TPAHUYHBIX 30HAX CMBIKAHMS
(BHEUIHMX) MaTEpUSIMH TAaHHOTO THIAa KBAHTOBAHUSI MEPHOCTH.
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CynepnpocTpaHcTBo
nepsoro nopsgKa

CynepnpocTpaHcTso
BTOPOro NOPAAKaE

CynepnpocTpaHcTso
4YeTsEpTOoro NOpaAKa

Wecrnnyyesmk m
aHTULLECTUNYYEBUK

Puc. 17.17. Ctaguu hopMmupoBaHusa cynepnpocTtpaHcTs 1-6-ro nopsgkos

2.4. «KBaHT» MepHOCTH

Odenb 9acTo 3a/1al0T BOMPOC: KakuM oOpa3oM Hwukomnait BUktopoBud momydut
3HaueHue O6e3pazMepHoro kBanta MepHocTH - AL = 0,020203236? Yk o4eHb OHO «HE
Kpyrioe» ... OQHaKo HAYEro JIMIIHETO U CIyYalHOTO B BEIYUCICHUAX U WH(MOPMAIINH
H.B. JleBamona Het. [lompoOyem 3T0 mokaszarb. UurTaTenn MOTYT BOCIPHUHSTH ITU
pacCyJeHUs KaK TUIIOTE3y aBTOPa CTAThU U MPEIIOKUATH HEUTO CBOE.

Kak u3BectHo, MepHOCTh Hamiedt Bcenennoit paBHa 3,00017, a oObenuHeHUs
METaBCEJICHHBIX HAIIEr0 MAaKPOKOCMOCA M3 YeThIPHAAIATH (Now = 14) TUTIOB MaTepuid
— m=3,1415926. Huxonaii BuKTopoBHY MCIIOIb30Bal 3HaYeHKE 7 = 3,141532654°.
Jiist cuaTe3a rudbpuHON MaTepun B Hatiel BeenenHnoit Heooxoaumo ceMb (ng = 7) pas
co3naBath nepenan MepHoctu BenmuumHou AL = 0,02023236. CnemoarenbHO,
MEpPHOCTh OOBEAWHEHUsS] METaBCEJICHHBIX JIOJDKHA ObITh paBHoit: 3,00017 +
0,02023236 x 7 = 3,1415926.

[lecTunydeBUK M aHTUILIECTHITY4YeBUK UMEIOT 1o N = 6 stydeit (Bcero Nog = 12).
Bwmecte Bce sydun KOMIIEHCUPYIOT AedopMaiinio IpoCTpaHCTBA, KOTOPOE 3aHUMAIOT

® Jlesamos H.B. ITocnennee obpamenue k uenopedecTsy/Hukonait Bukroposuu Jleamos. Caunkr-Tlerep6ypr. U/I.: «Murpakos», 2012. — 512 c.,
c.369.
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HIECTUIYYEBUK U aHTHILIECTHIIyYeBUK. B kaxaom syde - 13 nepenanoB mepHoctu (k
= now — 1 = 13) mo AL, nocTaTouHbIX JUIs CIUSHUS C O4epeaHON Marepueii. B Mecte
CMBIKaHUS IECTH JIy4eld MEpHOCTh YMeHbIaeTcs Ha AL/2, T.K. IPOUCXOUT CMbIKAHUE
¢ aHTUIIECTHIIY4YeBUKOM. (ClenoBarebHO, MEpHOCTh BeenenHoit Ly:
L=2xNxkxAL-AL2=ALQ2xNxk-%)=n=n
AL=Ls/2xNx k—-1)=n (2x6x13 -'2)=3,1416926/(156-0.5)=
=3,1416926/155,5 = 0,020203168
AL =7 /155,5=3,1415926535 : 155,5 =0,020203168
Ommb6ka: 0,0202023236 - 0,020203168 = 0,000029224 wnm 0,144 %.
Ecnu B3sTh 3HaueHue yncna ® Hukonas BukrtopoBruya, TO MOTy4YUM:

AL =7 /155,5 = 3,141532654/155,5 = 0.020202782

Omuoka = 0.000000454 = 0,0022 %

YuuThIBasi, YTO YUCIO «IH» HUPPAIMOHATIBLHOE U UMEET HECKOJbKO 3HAYEHUH,
MOTOMY KBaHT MEpHOCTH, mnojydeHHbld H.B. JleBamioBeiM, HMeeT 3Ha4YeHUE
0,020203236, BHIYUCICHHOE UM U TIPUHSITOE 32 OCHOBY.

Yactb 3. EAMHCTBO MMKPO- U MaKpOKOCMOCa

3aKoHbI COXpaHeHHMsI MAaTepuW He HapymawTcAd Ha J0O00M YpOBHE
MIPOCTPAHCTBEHHBIX 00pa3oBaHuii. OT MHKPOKOCMOCA /0 MAKPOKOCMOCA OHH
o0mue. EquHCTBO 3aKOHOB, KOTOPOE CIEAYET, XOTS OBl YK€ U3 TOTO, YTO MUKPOKOCMOC
SBJISIETCS CTPYKTYpHOU 0a30i1 MmakpokocMoca. O0 3ToM ObLIO CKa3aHO B KOHIICHIUU
H.B. JleBamioBa u emgé B ypoke Ne 13 (cm. puc. 17.18.). EAMHCTBO 3aKOHOB MOXKHO
HaOmonars Ha mpumepax ot PHK no bonbmoro Kocmoca (puc. 17.19.).

Crpykrypa Mukpokocmoca. Crpyktypa Makpokocmoca

Puc. 17.18. EAWHCTBO 3aKOHOB pa3BvUTUS MUKPO- U MaKpoKocMoca
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MUKpPO- #“ MaKpoKocmMoca:
ot PHK no Mmarpu4HbiX NpoOCTpaHCTB

PO—

o

B monexynme PHK wnmm JIHK, kneTrke, MHOTOKJIETOYHOM OpraHU3ME WU TPHU
CMBIKaHUU MaTPUIHBIX TPOCTPAHCTB BAOIb OCH CHMMETPHH (POPMUPYETCS KAHAJ (CM.
puc. 17.19.). IlepBuuHble Marepuu, MpU CBOEM JBHKEHUU BIOJIb OOIIEr0 KaHala,
Pa3BOPAYMBAIOTCSL BCTPEUHBIMH MOTOKamMu. [Ipu 3TOM MX ABUIKEHHUHM HANpPaBJICHO
BIOJIb 30Hbl MCKPHUBICHHS MHUKPO- WJIH MaKpONPOCTPAHCTBA, CO3/1aBAEMOI0
cniupaneBuaHon Moiekynoit PHK wnmn JIHK, kiieTkoil, MHOTOKJIETOYHBIM OPTraHU3MOM
(TOJIOBHBIM M CHUHHBIM MO3rOM (DU3WYECKU IUIOTHOTO Tejia) M 30HOM CMBIKaHMS
MaTPUYHBIX TPOCTPAHCTB. B pesyaprare BOKPYr NEPEUUCICHHBIX (PH3NYECKIX
O0OBEKTOB TIEPBUYHBIE MATEPUU CO3[AIOT WU30JHUPOBAHHYI0 YCTOMYHMBYIO 30HY.
OOpazyeTcs CBOETO poja TWHAMHUYECKas 3aluTHas 000049ka Monekynsl PHK wmm
JTHK, kneTku, opraHu3Ma Wik 30Hbl CMbIKAHUS MATPUYHBIX IPOCTPAHCTB.

A Tenepb pacCMOTPUM MaKpPOKOCMOC Ha YPOBHE MAaTPUYHOIO IMTPOCTPAHCTBA.

MarpudHOoe IpOCTPaHCTBO — HEOJHOPOAHO (AaHU3O0TPOIHO) MO MEPHOCTH. JTO
MIPUBOAUT K CMBIKAHUIO C JPYTMMHM MATPUYHBIMU NPOCTPAHCTBAMHM B JTHUX 30HAX
HEOJTHOPOAHOCTH M  00pa3oBaHMIO cymepmnpocTpaHcTB. Jlig  ycTOMYMBOCTH
MaTpPUYHOTO NPOCTPAHCTBA HEOOXOAMM OAaJJAHC MEXIY KOJIMYECTBOM MAaTEpHH,
CUHTE3UPYEMOU B MOJIOKUTEIbHBIX 30HAX CMBIKAHUS MPOCTPAHCTB U KOJIMYECTBOM
MAaTE€pHH, BHITEKAONIEH U3 OTPULATEIbHbIX 30H.

B pe3ynprare 3THX NOpPOLIECCOB, BO3HHUKAET HEKOTOPOE  KOJUYECTBO
CYNEpHPOCTPAHCTB TUNA MIECTUIYYEBUKA (N1) M AHTULIECTHIIy4YEBHKA (N2).
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OTH 30HBI CMBIKAHUS MaTpHUYHbIX IIPOCTPAHCTB UMCIOT CJIICAYIOIINC MCPHOCTHU!

3,141532654 <iy+) <3,16179589 3,16179589
Mﬂ:*: 3,141532654
I 2,87995058

Aag)
2,850747348
2,850747348

L) -
2,859747348 <iy) <2,87995058 + 2,87995058

2,859747348 <in( <2,87995058

U COOTBCTCTBCHHO.

1 3,141532604

3,141532654 <\ ) <3,16179589 T =

3,16179589

Hcxoas u3 Toro, 4To MECTUIYYEBUK U AaHTUIIIECTUITYUYEBUK aHTUIIO/BI U CBSI3aHBI
MEXK]1y COOOM, a /I KOHKPETHOTO MAaTPUYHOTO MTPOCTPAHCTBA MOTYT MPEACTABISATHCS
«CYTIEP3BE3/0M» U CyIep «UEPHOU JBIPOI», MOKHO TTOCTPOUTH, KaK MPEACTaBISETCS
aBTOPY, €IUHCTBEHHYIO CTPYKTYypy (cM. puc. K-4, K-5 u 17.8), kotopas B uTore
npeoOpa3zyercs B JieHTy Mébuyca.

Mexny minockoctsimu 1-3 (puc. K-4), Ha Kak10#1 U3 KOTOPBIX «JIEKAT» MO YETHIPE
Jyda KaXJ0ro IIECTUIYYEeBUKA M CBA3aHHOTO C HUM AHTUIIECTHUIYYEBHKA, BMECTE
coznaroirue moaodue Kprucraumyeckon permérku, Hanpumep, Tuna NaCl (puc. 17.18).

"BeH30onbHOE KonbLo" Bup caepy

AHTUWECTHNYYEEBUKOB

'8
LV A
p
Qj\

TR
\
Ath

Puc. K-4. NpoctpadcreedHan ("Kpucrannu - Puc. K-5.D0pMuposanmne CTpyKTypbl MaKpOKOCMOCA M3
WECTHNYHEBUKOB M aHTHLWECTUNYHEBHKOB.

yeckan" ?
) CTPYKTypa MaKpOKOCMOCa ( 1-2-3-4-5:6-7+ - BOPWHHBI AYCHKH COTOBON CTPYKTYPSI).

[IlecTunydeBUK ¥ AHTUIIECTUIYYEBUK IPUMEPHO COM3MEPUMBI, HO Ha PUCYHKE
MPECTaBICHbI B Pa3HbIX MacliTabax, YTOObl HAIVISIAHEE MOKa3aTh KPUCTAJUIMYECKYIO
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pemeTky. Ecnu aHTHUIIECTHIIYy4eBUKH (WM IIECTUIYYEBUKH) COCAVMHUTH MEXKITY
co6o10 ((proneToBas CBs3b), TO 00pa3yeTcs nmoaodue 6EH30ILHOTO KOJIbIIA, H3BECTHOTO
B XUMUH, Wi coThl (puc. K-5).

HlecTHiiy4eBUKH ¥ aHTHIIECTHJIYYeBHKH OOpa3ylOT COTOBYIO CTPYKTYpPYy B
MaTpUYHOM MPOCTPAHCTBE U CO3JAIOT «CKEJIET» — «KPUCTALIHYECKYI0 PEelIETKY»
MaTpu4HOro mnpoctpancrBa (cm. puc. 17.20.). IMeHHO Ha ypOBHE MaTpUYHOIO
MIPOCTPAHCTBA BO3MOXHO YBHJIETh HanOOJIee IPKO TOKIECTBEHHOCTh MAaKPOKOCMOCA U

MHUKPOKOCMOCA.
,/ Asmuwecmunyyeeuxu
3
Wecmunyyeeuku / f“’.

30Hb! CMbIKaHUSA 8
wecmunyyesuxe

npocmpaHcmea
5

PN

\ BOHbI CMbIKaHU
 30HbI CMbIKaHUs @
2y @HMUWeCMuUnyyeeuKax

- ‘.s. - - el M ”
3 /s QOPMUPOGaHUO comoeou
- E 3 fAYeUuKku npocmpaHcmea
& s i *2 - H
vy 2 2V

Puc. 17.20. "CoTtoBas CTpyKTypa MakpoKocMmoca

3.2. KoHeyHass 6e3KOHeYHOCTb

[loMHUTE MIKOJIBHYIO 3ajady, Korga Wu3
nyHkta A B nyHKr b ormpasusercs
nyTemecTBeHHUK. CrpaimBaercsi, CKOJIBKO
eMy ToTpeOyeTcsi BpeMEHH, €Clid OH Oyaer
UJITH CO CKOPOCTHIO V U JTOJDKEH OyzieT mponuTr
IyTh JJIUHON S?
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Bcé Bpone Ob1 mpocTO: pa3aenui myTh Ha CKOPOCTh ABUKEHUS U MOTYYHII HCKOMOE
BpeMs. A ecliM IyTh Oy/IET IPECTABIATH co00it 1eHTy Mébnycal’?

DTO yHUKalbHasg TeOMETpPUYEcKash CTPYKTypa, KOTopas MpEeICTaBIseT coO0oit
OJTHOMEpHYIO (OJHOCTOPOHHIOK) TOBEpXHOCTh. B Heit mm. A u B coBmagaror.
[TosTOMY, ecii MyTeNnIeCTBEHHUK OTIPABUTCS BIIEpEd, TO OH JIOJDKEH OyIeT MpOrTH
IyTh B JIBa pa3a JJIMHHEE MOJIOCKHU, U3 KOTOPOU €€ CKIEWIIH, U OH PUJET B TY KE TOUKY,
13 KOTOpOoH BhIIen (cM. puc. 17.21.). A ecnu HOUTH BCISATh, HE C/IEJIAB U LIATY, MOKHO
cpa3dy OKa3zaTbCd B HYKHOM Touke. B pa3BepHyroM Buzae «ieHta MeéEOuycay
npencrasieHa Ha puc. K-6. Marpruynbie IpOCTpaHCTBA — TOXKE 3aMKHYThIE CUCTEMBI.
DTO CBA3aHO C TEM, YTO YCIIOBHUS AOIMYCTUMOW MEPHOCTH JJII TAKUX IPOCTPAHCTB
BBITIOJIHAIOTCS. He Be3/le B MPOCTPAHCTBE HEMPEPHIBHOM MEPHOCTH, MOATOMY OHHU U
3aMBIKAIOTCS B TAKME TOMIOJIOTUYECKHUE CTPYKTYPHL, T.€. A B3aumoaeuctsyer c L;, A,
— ¢ I, 1 T.11., YTO MPUBOAMT K MEPEKPYIUBAHHIO «JICHTHD Ha OIMH 00OPOT, MpeBpaIas
e€ B JeHTY MEOMyca, B KOTOPOi 00ecrieunBaeTcsi CTaOMILHOCTD ATUX 00pa30BaHHIA.

GopMuposaxue CmpyXMypb! MaMPuUsHbIX npocmpaxcems 6 sude nexms! Mebuyca - odwocmoporkel nosepxwocmu; [Wecmunyveeux L1 coedursemen ¢
aHmuwecmunyvesurom AT um.d,m.e. "nepexpyyusas” nesmy xa odu ofopom 8dons eé ocu, mx. Imo nossansem coedurums Gonsiee xonuvecmeo
nyvel wecmunyyesuxra ¢ “aHmuUnyyaMu” aRmuUWeCMUnyYesura.

Puc. 17.21. opMupoBaHne CTPYKTypbl MaTPUYHbLIX NPOCTPAHCTE B Buge nenThbl Mébuyca

Kaxxmoe marpuyHOe MPOCTPAHCTBO JAHHOTO THIA MPEACTABIACT COOON JIEHTY
Mébyca - 0oTHOCTOPOHHIOIO MOBEPXHOCTH (cM. puc. 17.22.). Ha puc. 17.22. nokazano
KaK 3TO IPOUCXO/IUT.

MarpuyHble IPOCTPAHCTBA He ABJISIIOTCS KOHeuHbIMU cucTemMaMu Kocmoca, a,
BCero Jiuilb, 3jeMeHTamMu boabinoro Kocmoca. bonbiioit Kocmoc, kak u Manbiit
KocMmoc HeogHOpOIEH, TOATOMY KOHEUHOCTh MaT€PUH, JJOKATHN30BAaHHOM IO 001aCTsIM,
IJIe€ COBNAJA0T KaueCTBa M CBOWCTBA TUIIOB MaTE€pUil U MPOCTPAHCTBA, MPUBOJUT K
TOMY, YTO CUCTEMHBIE 00pa30BaHUs CYIEPBCEIICHHBIX B BUIE JICHTH MEOUyca Takke

1 OnHoMepHas IOBEPXHOCTH ObLia OTKpHITa B 1858 rony Matemarnkom u3 epmanuu, u 38amu ero Asryct ®epuunany Méduyc.
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OOBbETUHSIOTCS B HOBBIE CHUCTEMHbIE 0Opa3zoBaHus... Ho u 31€ch MOBTOPSIOTCS
MHOTHE 3aKOHOMEPHOCTH, YK€ U3BECTHBIE HAM.

— Paspes |- | ; _
,‘»:'--#- - Npocrpancrso A ) |
D
(7% Mpocrpancreo B
- : A\ MpocrpaHcTeo A
;e «~MpocTpancreo C —
A
2 Al
=1 I E=
&/
MaTtpuuHbie =
CynepnpocTpaHcTsea " : ;,' = MpocrpaHcTeo C
Puc. 17.22. DopMupoBaHue "croeHoro nupora" u3 MaTpuy4HbIX NPOCTPAHCTB
B BuAe neHtel Mébuyca c pasHbiM ypOBHEM MEPHOCTM.

CMbIKaHWE MaTPUYHBIX CYNEPHPOCTPAHCTB MPOUCXOAUT TAKXKE IO Mepenamy
MEpPHOCTH: IIECTWIYYEBUK — aHaAJOr cymep3Be3[bl OrPOMHBIX MAacIITabOB C
MepHOCTBIO  3,1415926 B3aMMOAEHCTBYET «CBEPXY» C CYNEPIPOCTPAHCTBAMU
Oombiieit MmepHocTH, T.e. 3,14 + AL = 3,16179, oTKyna mpUTEKaeT B HETO MaTepus,

Puc. K-6. ®opmuposanmne neHtel MEOnyca u3 wecTtu-u
AdHTUWECTUNYHEBUKOB; lectunyyeenk L1 coequuneTca c

aHTHWwecTHny4Yeemkom A-1,a -2 - c A-2.
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ABISSICH I8 HEr0 AHTHUIIECTUIIYYEBUKOM — «4YepHOM JAbIpoit». «CHuzy»
MIECTUIYYEBUK B3aUMOJICCTBYET C MHPOCTPAHCTBOM € MepHOCThio 3,14 — AL =
2,93955, ¢ CynepaHTUIICCTUIYYCBUKOM (QHAJIOTOM «YepPHOH JBIPbI»), Kyaa
NEPETEKAET MAaTEpHsi, COIIACHO 3aKOHY COXPAHECHHS MAaTepuu. 3AECh TaKKe
IIPOUCXOANT B3AUMOEHCTBUE, HO YK€ MEKy cinosiMu Méduyca (cm. puc. 17.22.). Ilpu
ATOM ClIeyeT 0OpaTUTh BHUMAHHUE Ha TO, YTO TOJBKO CpenHuil cinoil B mpencrasiser
co6oii terTy Mébuyca, a cioun A u C npeacTapisior codoit Adranckyro Jenryt! (nus
HaIAIHOCTH MOXHO CKJEUTh Mojenb u3 Oymaru). Ho mocrienHee TOIBKO
IPEANOJIOKEHUE aBTOPA.

Kak mnpoucxomuT B3auMONEWCTBHE C JOPYTHUMHU CJIOSIMH, MOXHO TOJBKO
npeanojararb, U, CKOpee BCEro, HET CMbICIa €€ pacCMaTpuBaTh Ha 3TOM 3Tarie
Pa3BUTHUSI KOHIICIMY 1 HAIIIUX 3HAHUH.

[To3nakoMuBIIUCH ¢ yCTpOUCTBOM bosbiioi BeernenHo# y HaC cpa3y BO3ZHUKAET
BOIIPOC: a KaK MOXHO OCBOUTH 3TH HEOOBSATHBIE, a JJIsl YEJIOBEKA — OECKOHEUYHBIE
npocTtpaHcTBa? M Mbl 3a7105)KHUKH KOcMoca?

Macmrabel KocMoca — kosoccalibHbl, €CIM OpUEHTHUPOBATHCS HAa YEJIOBEUECKHE
Mepkd. Tonbko pa3BuB cBoii Mo3r, cBoro CymmHoCTh, cBO€ Co3HaHMe, KAK OTMEYAET
Huxonaii BUKTOpOBHY,- YEIIOBEK MOXKET IMOMNBITAThCA MPOHUKHYTH Aajibiie. ToIbKo
PA3YM B cOCTOSITHUM JBUTAThCA BOEPEN, OT OAHOTO TOPU30HTA K IpyroMy. [ TaBHOE —
HE OCTAaHOBUTH CBOE pasBurhe. llepeMerneHue CcO3HAHHMSA €CTh EIUHCTBEHHO
neiictBeHHbIM cmocod mno3HaHusa Kocmoca. Camas ayumas B Kocmoce
TEXHOJIOTUA He CII0CO0HA CO3/1aTh CPEICTBO NepeMelleHus], He HMelolee mpeaeJa.
N mo mepe mocneaoBareabHON BOMOIMOHHON HAPAOOTKH ATHX TENl MCUE3al0T YKe
Oapbepbl HE TOJIKO IJIAHETAPHOTO MaciiTada, HO U KadeCTBEHHbIe Oapbepbl
MeTaBceleHHOM, CYNEepIpPOCTPAHCTB M MATPUYHBIX HpocTpaHcTB. M sTOT
ponecc — 0eCKOHE4YeH. .

Bo3saencTere NOTOKOB, UAYIINX U3BHE, B IEPBYIO OUEPEIb BBI3BIBAET U3MEHEHNUS
Ha MEHTAJIbHBIX, IOTOM HAa aCTPAJbHOM M 3(UPHOM YpoBHsX. 1 TOnbko mocie
3TOro — Ha (usnyeckoMm. V3MeHeHHE, BO3HUKILEE HAa BHEIIHUX IUIAHAX HaIleu
IJIAHETHI, IIOCIEAOBATENIBHO MPOXOAs Yepe3 IMpeAblIyliue YypPOBHH, JOCTUIHET
€CTECTBEHHO (PU3UYECKOr0 YpoBHS M mIposiBUTCS Ha HEM. Celfyac Mbl MOJOLLIM K
MOHUMAHUIO BO3MOXKHOCTH BMJeHUsi Oyayuiero... MakcuManpHas TIIyOMHa
MIPOHUKHOBEHUS B Oy/IyIliee Hallel MiIaHeThl BO3MOXKHA, TIPU MBICJICHHOM CMEIICHUH
HAa YETBEPTHIN MEHTAJILHBIN YPOBEHD IUIAHETHI. [Ipy 3TOM MOXXHO 3amIsiHYTh Ha COTHH,
TBICSAYH JIET BIiepéan. MUHMMAabHOE CMeleHne — Ha 3()UPHBINA YPOBEHD, KOTJ1a MOKHO

1 JInunnas JenTa ¢ AByMs noayobopoTamu (adranckas jienta). Eciu paspesats qenty Mebuyca B0 110 IMHUM, PABHOYIANEHHOI OT KpaéB, BMECTO
ZBYX JIeHT MEOuyca MoMy4uTcs OfHA IJIMHHAs JBYXCTOPOHHSs (BABOE OOIbllie 3aKpydeHHas, 4yeM JieHTa MEOuyca) JeHTa, KOTOPYIO Ha3bIBAIOT
«adranckas neHTa» ( ABYCTOPOHHSS TIOBEPXHOCTD).
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YBUAETH Oynyinee Onmxaiimux AHel, MecsAleB U JeT. ITO ke KacaeTcsi BO3MOXKHOCTU
Busienus IIpouwioro...

Bynymee u Ilpouioe — mMarepuajJbHbI M PeaJibHbI, U ABJISAIOTCH YaCTAMHU
OHOT0 HepPa3pPbIBHOIO MPoOLEeCCca

M3meHeHne KadyeCTBEHHOTO COCTOSHHAS MAaTepuM BIMSIET Ha KaueCTBEHHOE
COCTOSIHUE MPOCTPAHCTBA C OOpaTHBIM 3HAKOM. B pe3yinbTare Haauuus MExAy
MPOCTPAHCTBOM W MaTepued oOpaTHOM CBSI3M, MPOSBIAIONICHCS B HUX B3aUMHOM
BIMSHUM Jpyr HA Jpyra, BO3HUKAET KOMIICHCALlUOHHOE pPABHOBECHUE MEKIY
IPOCTPAHCTBOM U Marepuei, HaxXOAAENCS B 3TOM IIPOCTPAHCTBE.

B pesynbrare mnposiBIEHUS ATOT0 KOMIICHCAIIMOHHOTO PABHOBECHUS MEXKAY
IPOCTPAHCTBOM W MATEpPUEH, KaKI0€ KOHKPETHOE MATPH4YHOE IMPOCTPAHCTBO, C
3a/IaHHBIM KO3(Q(UIIMEHTOM KBaHTOBaHUsS MpocTpaHcTBa Gi, SBISETCS KOHEYHBIM,
KaK [0 pa3MepaM, TaK 4 1o popmMam.

Tenepb MbI 3HaeM, YTO UMeETCSl OTHO HAIIPABJICHHE, B KOTOPOM IPOMCXOAUT
NocJie0BaTe/IbHAs Lellb COObITHI B HALLICH METaBCEeJIEHHOH — OT MPOCTPAHCTB-
BCEJICHHBIX, 00pa30oBaHHBLIX ABYMs (opMaMH MaTepHid, K MPOCTPAHCTBAM-
BCeJIEHHBIM, 00Pa30BAHHBIM CHHTE30M JieBATH (popM maTepuii (cM. Puc. 17.10).

[loaToMy B Halle MPOCTPAHCTBO-BCEJIEHHYIO COOBITME BO3MYIICHUS MaTepuil
MPUXOJUT U3 MIPOCTPAHCTB-BCEIEHHBIX, 00pAa30BaHHBIX IECTHIO (hopMaMu Marepuid. U
MPOMAS JTal HSBOJIOLMOHHOTO PA3BUTHS B HAIIEM IPOCTPAHCTBE-BCEIICHHOW,
«IEepeTeKanT» B cleAyrollee, 00pa30oBaHHOE CIUSHUEM BOCBMHU (POpM MaTrepuil u
AHAJIOTUYHO JOCTUTAET LIEHTPa HaIlled METABCEJIEHHOW — MPOCTPAHCTBA-BCEICHHOM
U3 JEBATH POpM MaTepuil. DTO U ABJISAETCS MPUUUHOM TOTO, UYTO BPeMs T€4ET B 0OJHOM
HANPABJICHUMN.

Takum 00pa3oM, MbI TO3HAKOMIJINCH C MHOTOOOpa3ueM U TapMOHHEH
MakpokocMoOca, MHOTHE 3arajku KOTOPOTO Mbl CMOXEM pasrajarb, u3ydas
MHKPOKOCMOC, IIOKa BO3MO>KHOCTH HAIlIMX CYITHOCTEN OrpaHUYeHbl. KOCHYIMCh MBI 1
HEKOTOPBIX CEKPETOB TBOpUECKOW Jabopatopuu e€ BenuuectBa I[Ipupoasl. Ha
CIENYIOIIEM YPOKE MbI MO3HAKOMUMCS C KOHILENIMEH JOPYyroro BbIIAFOLIETOCS
pycckoro yuyéHoro XarbiOoBa A.M. M yBUAUM, 4TO 00€ KOHIEMIMH HE TOJBKO
JOTOJIHAIOT APYT APYra, HO U TO3BOJISIIOT OTKPBITH Psii TallH, O KOTOPBIX MBI JAX€E HE
uMenu TpenctaBiaeHus. 0o odunuanekHas Hayka JaBHO YK€ HUAET JIOKHBIMU
MYTSIMHU. ..
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