Ypok Nel7: MHoroodpa3ue u rapMOHUSI MAKPOKOCMOCA

Ina0s Ha HouHoe Hebo, 000U uenosex 0uaposvlBAemcs HebeCHOU
KapmuHoU, e€é Kpacomou u 3adaem cebe 8OnNpoc: KaxK 8ce MmO 603HUKIO UNU
COMBOPEHOo, U Kaxue 3aKOHbl 2apMonuu npudacmusvl k smomy? I[louemy epems
meuém 6 0OHOM HANPABIEHUU U MOJICHO Jiu y3uamo Ilpowinoe u byoywee? U m. 0

OKpysrcarowutl Hac Mup MHO2000paseH, Kpacoyer u 3azadodeHr. Mot yacmo
B0CXUWACMCSL MPYOAMU NPUPOObI-U300pemamens, He BHUKAsL 8 €€ «MBOPUEeCKYIO»
nabopamoputro. Ho ceeoOus mul 3aenamnem 6 Heé ¢ nomowvio xonuyenyuu H.B.
Jlesawosa.

OoOpa3oBaHue mianeTbl 3eMJis

[Ipexxe 4yeM KOCHYThCS BOINPOCOB, CBSI3aHHBIX € bBoibmmM KOCMOCOM,
OTBETUM Ha CIIEAYIOLINAE BOMPOCHI:

Kaxk o6pa3zoBanace mianera 3emiist — Hail jom? W3 uero ona o6pa3zoBasiach?

UtoOnl TOHATH BCE (Mnu TouHee, MHoroe), kak mumer H.B. JleBamios, -
He00X0AUMO KAPAUHAJIBHO H3MEHHMTHb (PYHAAMEHT 3HAHUN, HAa KOTOPBIH
OnMpaercs 4YeJOBeK B CBOEéM mno3HaHuu Bceesennoii. HyxHO 3HaTh H
NMOHUMATh 3aKOHbI o0pa3oBaHusi BcejneHHoO#, e¢ pa3sBUTHSH, OCMBICJIUTH
3aKOHbBI xKU3HM ["atakTHK, 3BE3/1 U IUIAHET.

B bonsmom Kocmoce cyiectByer OeckOHEUHOE 4MClIO (GopM MaTepuid,
KOTOpBIE B3aUMOJCHCTBYIOT APYr C APYroM B OOJIbIIEH WJIM MEHbIIEH CTENeHU
WU HE B3aMMOJICHCTBYIOT MeXIy coOoi BooOuie. YToObl B3auMoieicTBUE ObLIO
BO3MO>KHO, CBOMCTBA U KAa4€CTBA B3aUMOJECHUCTBYIOLIUX MAaTEpPUX U MPOCTPAHCTBA
JIOJKHBI OBITh MOJHOCTHIO COBMECTHUMBI JIPYT C JAPYroM, Kak OOJT ¢ rallkoi, mo
BCEM CBOMCTBAM U KauecTBaMm. J[pyrue Marepuu Kak Obl, HE CYIIECTBYIOT IPYT ISt



Jpyra, OHU CBOOOJHO NPOHMU3BIBAIOT BCE MPOCTPAHCTBA U BCE MaTEpHUH, HE
B3aUMOJICUCTBYsI ¢ HUMH. W, eclnu cTeneHb BAUSHUS OJHON (QopMbl MaTepuu Ha
IPYTYI0 ONpeAeinM, Kak KOI(P(PUIUEeHT B3aMMOAEHCTBUA, TOrJa MOXKHO
CKa3aTh, 4YTO KOI(pPUUMEHT B3aUMOAEHCTBUS ISl ITHUX ABYX (pOpM MaTepum
PaBeH HYJI0, YTO O3HAYAET, UTO Y HUX HET OONIMX KAueCcTB U CBOMCTB, T.€. HET
TaKuX JBYX «KHUPIHUYUKOBY», KOTOPbIE BXOAMWJIM Obl B COCTAaB KaK OJHOM, Tak U
npyroit GopmMbl MaTEPUH.

KoaddunrenT B3auMoaeicTBUS HEOAUHAKOB Aake JJisl ABYX opM mMaTepuu
B Pa3HBIX TOUYKAX MPOCTPAHCTBA, TOTOMY UTO CaMO MPOCTPAHCTBO HEOAHOPOAHO. B
CBOIO OY€pe]lb HEOJHOPOJHOCTh BJIMSIET Ha KAYECTBEHHYIO CTPYKTYpYy MaTepui,
YTO U CO3AAET YCIOBUS JJIS UX CIUSAHUS U 00pa30BaHUSI HOBOTO KauecTBa.

O B3auMOJENCTBUM MaTEepU MEXIy COOOM MOKHO FOBOPUTH TOIBKO TOT/A,
KOTJla B3aMMOJICHCTBUE pPACCMATPUBAETCI B KOHKPETHOM 00BEME ATOro
npocTtpancTBa. CyiecTByloT 0OBEMBI MPOCTPAHCTBA, T/€ B3aUMOJICUCTBUE
MaTepuil MakCUMajJbHO U OOBEMBI, T€ ATO B3aUMOJCHCTBHE HEBO3MOXKHO B
MIPUHIINUIE WU MAaTePUH B3aUMOJIEHCTBYIOT MEXIY COOON YaCTUYHO, [0 TOMY WJIU
npyromy oOuieMy kadecTtBy (cm. Puc.17.1., m. 1).

du3nuecKy MIOTHOE BEHIECTBO — TOJBKO OJIHA U3 (OPM, TaK Ha3bIBAEMBIX,
nepBuuHblx Martepuit (IIM), BocmpuHHMaemasi 4YeOBEKOM 4Yepe3 €ro OpraHbl

JyBCTB.
[lepBuunbie Matepuu (coctaBisiomue mnopsaka 90 % Bceld marepuu
Bcenennoit) — cyOcraHnus (aHajor cBeTa), CBOMCTBAa W KadecTBa KOTOPOU

MEHSIOTCSl B MIUPOKUX TIpeneax, MPUYeM 3TH KauecTBa MOJIeKAaT KBAHTOBAHUIO
(mpouenype MOCTpOSHUsI 4ero-1udo ¢ MOMOIIBIO JUCKPETHOTO Habopa BEIUYHUH).
Hanpumep, cHekTp >IEKTPOMArHUTHBIX BOJIH TMPEJCTaBISIET COOOM CHEKTp
MEPBUYHBIX MaTEpUd, COOTBETCTBYIOIIMX CIEKTPY 3HaueHU Kodpduimenta
KBAHTOBAHUS TPOCTPAHCTBA 1.

Hpyrum atpubyToM OKpyXaroliero mupa spisiercss mpoctpanctso (IIp.).
OHO HeNnpepbrIBHO, HEOJHOPOJIHO, OECKOHEYHO W HAXOJUTCSI B IIOCTOSHHOM
JIBMKEHUW — BUOpAIMM ¢ Pa3HBIMH YaCTOTaMH M aMIUTUTynaMu. Ero kadecTBa u
CBOMCTBA MEHSAIOTCS HEMPEPHIBHO.

MoOXHO MpeaNnonaoXKUTh, YTO CYIIECTBYET MHOXKECTBO THUIIOB WUIU (HOopM
MaTepuu, KaxKJaas M3 KOTOPHIX OTJIMYAETCS OT JIPYyrod CBOMMHU CBOMCTBAMH U
KaueCcTBaMM YacTMYHO WM TONHOCThIO. Kpome Toro, stu (opmbl marepuu
«HAKJAJbIBAIOTCSA» HA MPOCTPAHCTBO C  HEMPEPBIBHO  HM3MEHSIOIIUMUCS
CBOMCTBAaMU U KadyecTBaMH. B 3TOM ciydae BO3HHMKHET paclpelelieHue STHUX
CBOOOMHBIX (POPM MaTepuil MO MPOCTPAHCTBY, MO MPUHIUITY TOXKAECTBA MEXKIY
CBOMCTBaMU TpocTpaHcTBa M (Qopm Marepuil. OOpaszyercss Hekas ClouUCTas
CTPYKTypa — MaTPUYHOE MPOCTPAHCTBO. MAaTpUUHBIX MPOCTPAHCTB MOMKET OBITh
HEOTPAHUYEHHOE YHWCIIO0, HO ISl ONpeAea€éHHOTO Kod(h@uiMeHTa KBaHTOBaHUS
MPOCTPAHCTBA, YiI BO3MOXKHO TOJBKO OJIHO MAaTPUYHOE NpocTpaHcTBO. U
KaueCTBEHHAsI CTPYKTypa 3TOTO MAaTPUYHOTO MPOCTPAHCTBA OMPENEAETCS TUIIOM
dbopM Marepuili U CTENEHBIO UX OOpaTHOTO (BTOPUYHOTO) BIUSHHUS Ha
npocTpancTBa. [IpocTpaHCTBO BiMsIET HAa MaTepUi0, HO W MaTepusl BIUSET Ha
MPOCTPAHCTBO. MOXHO MPOBECTH TaKyl0 aHajIoruto. JKuakocts mpuHUMAET Gopmy
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TOro cocyjaa, B KOTopbld €€ 3anunu. Hanpumep, Boma. IIpu 3ameps3anunm Bozaa
nedopmupyer cocya (ero d¢opmy) U MeHseT cBowo Qopmy. HM3meHenue
KaueCTBEHHOTO  COCTOSIHUS ~ MPOCTPAHCTBA, MPOSABISIETCS B M3MEHEHUU
KaueCTBEHHOI'O0 COCTOSIHUSI MAaTEPHUU.

M3MeHeHne KaueCTBEHHOI'O COCTOSHHUSI MAaTepUM BJIUSET HAa KaueCTBEHHOE
COCTOSIHUE TPOCTPAHCTBA C OOpaTHBIM 3HAKOM. B pe3ynbrare Hamuuus MEXIy
MPOCTPAHCTBOM M MaTepueid OOpaTHOM CBSI3M, MPOSBISIONICHCS B UX B3aMMHOM
BIUSIHUU JPYr Ha Jpyra, BO3HUKAET KOMIICHCAIIUOHHOE PABHOBECHUE MEXKIY
MPOCTPAHCTBOM U MaTepHUel, HaxoHsIieiics B 3TOM mpocTpaHcTBe. Hampumep,
BO3AYIIHBIM IIapuk OyaeT umeTbh Ty (opMy, KOTOpyr obecnedaT KadecTBO
Marepuana, M3 KOTOPOrO OH M3rOTOBJIEH W JaBlieHHe Bo3ayxa B HEM. Ecnu
o0ojouka mapuka OyJIeT TOHKOHM, TO U MapuK OyJeT UMETh Ipyryro dhopmy mpu
OJIHOM U TOM K€ 00beMe BO3AyXa.

Hama Bcenennas wuMeeT MEpPHOCTb OYE€Hb OJIM3KYI0 K YHCIy TpHU
(L=3,00017...), yTto u sBIsAETCS MPUYUHOM BCEOOIIETO 3a0MYXKICHHUS O
Tpé€xMepHOCTH TmpocTpaHcTBa. Kak yke oOTMeudanoch BbIllle, MATPUYHOE
MPOCTPAHCTBO HEOJHOPOJHO IO MEPHOCTH MU MPEACTABISET COOOMl MHOMXKECTBO
CIOEB C TOXAECTBEHHOM MEpPHOCThbIO. MEpHOCTh KaXJOro CJIOSl OTJIUYaeTCsl OT
npyroro Ha BenuunHy AL=0,020203236... u ompeaensieT KOIUYecTBO (opMm
Martepuii, 00pa3yromux 3TOT cloi-Bcenennyo (cMm. Puc. 17.1., mo3 1.). Ananor -
CJIOM TIPOCTBIHEW PA3HOW TOJIIMHBI, KOKAasd U3 KOTOPBIX OTJIIMYAETCS 10 TOIIUHE
OT HIDKEJIeKAIEeW Ha HEKYIO BeanuuHy AL u xpaTHa eil.

@ MaTtpuuHble NPOCTPaHCTBa-BCeNeHHble

®

Lin Lin

Puc. 17.1. MaTpuyHble npocTpaHCcTBa: poxaeHune "38é34" U "4épHbIX gbIp”

Hpyrumu ciioBamu, U3MEHEHHE MEPHOCTH MaTPUYHOTO IpocTpancTBa HA AL
MPUBOJUT K KAYECTBEHHOMY U3MEHEHUI0 M O00pa30BaHUIO MMPOCTPAHCTBA-
BCEJICHHOM HOBOTO KaU€CTBEHHOI'O COCTaBa.

PaccmoTpum, kak 00pa3yroTCs B 3TUX YCIOBUSX MJIaHETAPHBIE CUCTEMBI.

[Ipu cMmbIKaHUM TIO KaKOU-IMOO MPUUYKMHE MPOCTPAHCTBA-BCEIICHHOW HaIlei
MmepHoctu (Li) ¢ mpocTtpaHcTBOM-BcelleHHOM Oounbinedt MepHocTu (Lit+1),
BO3HUKaeT 3Be3Aa (puc. 17.1 mo3.2). «CrnpoBOIMPOBAHHBIE» 3TUM BO3MYIICHUEM
MPOCTPAHCTBA MPHUBOIAT K TOMY, YTO CJIOM TOXICCTBEHHOM MEpPHOCTHU
MPOCTPAHCTBA B HEKOTOPBIX 30HAX CMBIKAIOTCSA JPYr € JPYyroM, MpUYEM, BO
MHOTUX ToukaX. [IpM CMBIKaHUU CJIOS MPOCTPAHCTBA-BCEJIEHHOM CO CIIOEM
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MEHBIIIEH TOKIECTBEHHONW MEPHOCTH, B 30HE CMBIKaHUS (DOPMUPYETCS «4YepHas
abipa» (cm. puc. 17.1, mo3.2).

Puc. 17.2.®0opMupoBaHue NnaHeT CONHEYHON CUCTEMBI
BO "BnaguHax” BonH aechopmauum NpocTpaHCTBa

B Hauane cBoell ®U3HM 3B€3/1a UMEET OAJTAHC MEKIY €€ pa3sMepoM, KaHAIOM
MEXIYy MPOCTPAHCTBAMU € MepHOCTAMHM L7 m L8 M KOIMYECTBOM BEIIECTBA,
IIEPETEKAIOIIEr0 4Yepe3 ATy 3Be3ly M3 MNpPOCTpaHCTBA C MepHOCThiO L8 B
MPOCTPAHCTBO-BCEJIEHHYID ¢ MepHocThio L7. A pmamee, B pe3ynbrare
TEPMOSIJIEPHBIX PEaKIUi U MOTEPE MPOCTHIX aTOMOB pa3Mepbl 00JaCTU CMBIKAHUS
— 3BE3/Ibl YMEHBIIAIOTCSA, U OHA HE B COCTOSIHUM MPOIYCTUTh BCIKO MAaTEpHIO,
TEKYLIYIO U3 IMPOCTPAHCTBA ¢ MEPHOCTHIO L8 B mpocTtpancTBO ¢ MepHOCTHIO L7. B
pe3yibTare HapylleHus OanaHca TMPUTOKA MaTEepUd MPOUCXOJIUT B3PHIB
CBEPXHOBOHW 3Be3/bI, KOTOpasi cOpachbiBaeT BEIIECTBO BEpXHEH O0OO0JOYKH B
OKpyKarolee npoctpancTBo. OOpasyromuecs: BOIHbI AeQopMaluy IpOCTPaHCTBA,
HMMEIOIINE PA3HYI0 MEPHOCTD, — YBEJIMYUBAIOLIYIOCS 0 MEPE YAAJIEHHUS OT 3BE31bI,
HAYMHAIOT 3aMloJIHATHCS THOPUAHOM MaTepued, MOCTENEHHO KOMIIEHCUPYS
BO3HUKIIYI HEOJHOPOJHOCTb. VIMEHHO BO «BNaAWHAX» HJTUX BOJH W
dbopmupytores mianeTs (puc. 17.2.).

Paccmorpum  stOoT  mpomecc  moapoOuee.  Ilpu  makcumanbHOM
B3aMMOJICUCTBUU JABYX MaTepuil (0003HAYUM OAHY M3 HUX OYKBOU A, Ipyryr —
B) mpoucxonut moiHoe CIUSHHUE aHHBIX MATEpUM APYr ¢ APYroM M BO3HUKAET
HoBas, rubpuanas gopma — AB (puc. 17.3., n. 2). [Ipoucxoaur 3amnojaHeHue
HEOJHOPOJHOCTU TUOpuAHON Matepueilt AB u e€ BblpokaeHue (BbIlaJIcHHE B
«ocanok»). Cnusinue GopM Matepuil BO3MOKHO TOJBKO B mpenenax o0bEma, rie
CTAHOBSITCSI OJWHAKOBBIMM BCE IMAapameTpbl ATUX Marepuil. HeogHopoaHOCTh
MPOCTPAHCTBA BIIUSIET MO-pa3HOMY Ha (POPMBI MATEPHil, KOTOPbIE MPOHU3BIBAIOT
ATy HEOJHOPOAHOCTb.

Jnst Toro yToObl cnuiauck BoenuHo Tpu Marepun A, B u C, Hy»KXHO, 4TOOBI
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MEpPHOCTh MPOCTPAHCTBA, TJI€ OHU OYAYT BBIPOXKAATHCS, U3MEHUJIACh €lIe Ha
Benuuuny AL=0,020203236. [Ipu sTtom o6pa3yercsa rubpuanas marepus A + B +
C (cMm. puc. 17.3., n.3), koTopast OyJeT 3aHuMaTh 00bEM MPOCTPAHCTBA MEHBIIIUH,
yeM rubOpunnas marepuss AB. Ilpuuem o0OpazoBaHHbie cepbl UMEIOT UYETKHE
IpaHUIBl, B TpeJesiax KOTOPhIX MEPHOCTh MPOCTpaHCTBA ojHOponHa. [lpu
OYepeTHOM H3MEHEHUM MEPHOCTH BHYTPU HEOJHOPOJHOCTH Ha BEIUYUHY
AL=0,020203236, BO3MOXXHO CIUSHHE 4YETBHIpEX MaTepuili U 0Opa3zoBaHHE
rubpunnoit matepuu A+B+C+D (cm. puc. 17.3., n. 4). lnsa cnustHus nsata Gopm
Mmarepuii A, B, C, D u E u o6pazoBanus rubpuanoit marepuu A+ B+ C+ D + E,
HEOOXOJIMMO ONSATh U3MEHEHUE MEPHOCTH BHYTPU HEOJHOPOIHOCTH HA BEIUYUHY
AL=0,020203236 (cMm. puc. 17.3., . 5). AHQJIOTUYHO ISl CAUSAHUS ecTh HopMm
marepuii A, B, C, D, E u F u obpazoBanust rubpunnoit matepun A + B +C+ D +
E +F, HeoOxoauMo ouepeaHOE M3MEHEHHE MEPHOCTU BHYTPU HEOJHOPOJAHOCTH Ha
BEJIIMUMHY «KBaHTa MepHocTu» - AL=0,020203236 (cm. puc. 17.3., m. 6).
OuepenHoe W3MEHEHHE MEPHOCTH MPOCTPAHCTBA BHYTPU HEOAHOPOIHOCTHU
MPUBOJUT K CIUSAHUIO celbMoil (popmbl Matepuu G U 00pa3zoBaHUIO THOPUIHOU
marepun A + B+ C+ D+ E + F + G (cMm. puc. 17.3., n.7). naue rosops, npu
MOCJIeA0BaTEIbHOM U3MEHEHUE MEPHOCTH BHYTPU HEOJHOPOIHOCTH MPOCTPAHCTBA
MIPUBEJIO K 00pa30BaHUIO IECTU cPep, BIOKEHHBIX OJIHA B APYTYIO U 00pa3yIomIUX
TO, YTO MBI Ha3bIBaET MIaHeTa 3emisi. BuyTpenuss chepa u3 cemu popm marepuid
aBisieTcs (GU3UYECKH TUIOTHOW TMOpUIHOM MaTepuel Wiy MepBOM MaTepuaibHOU
chepoit (cMm. puc. 17.3., m. 8) , BEMIECTBO KOTOPOM MMEET YEThIpE arperaTHbIX
COCTOSIHUS, O1arojjapsi U3MEHEHHIO MEPHOCTH B MpeJiefiax KBaHTa MEPHOCTH.

O6pasosauue Muarapa-3emnu

>

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

Puc. 17.3. 3tansbl hopmuposanua Muarapa-3emnu




Bropas wmarepuanbHas cdepa u3 mectd (GopM MaTepuil HazbIBaeTCs
sdupHoii cdepoit. Tperbsi matepuanbHas chepa w3 nsatu GhopMm MaTepuil —
acTpanbHO# cepoid. UeTBepTas maTepuanbHas chepbl U3 4eThipex popM maTepuit
- mepBod MeHTanbHOU cdepoit. [lsaras martepuanbHas chepa u3z Tpex Gopm
Matepuil — BTopoil MeHTalbHOU cepoit. Illectas marepuanbHast chepbl U3 IByxX
dbopm Marepuil — TpeTbed MeHTanbHOU cdepoil. M, HakoHen «cenbpmasy» -
cocTosiasi U3 OJHOU (OPMBI MAaTEPHUH, CIMBAETCS C OKPYXKAIOIIMM KOCMOCOM,
MEpPHOCTh KOTOPOTrO paBHA MEPHOCTH MPOCTPAHCTBA 1O B3pbIBA CBEPXHOBOHU -
3.00017. Bce cdepsl oTauyaroTCs JApPYyr OT JApyra KadyeCTBEHHBIM H
KOJIMYECTBEHHBIM COCTaBOM TME€pBUUYHBIX MaTepuil. B 1emom Bce cdepsl
MOJTHOCTBIO KOMIIEHCUPYIOT (HEUTPaNU3ylOT) HEOJHOPOJHOCTh MPOCTPAHCTBA,
KOTOpasi BO3HHMKJA TP B3pPbIBE CBEPXHOBOW 3BE3/Ibl M MPUBOMASIT €ro K
TepBOHAYATLHOM MEPHOCTH — JI0 B3phIBa (cM. puc. 17.4.).

1. Ou3nyecku nnoTHan coepa
2. OchupHan coepa.

3. ActpanbHan ccepa.

4. NepBan MeHTanbHan ciepa
5. Bropas MmeHTanbHan coepa.
6. TpeTba MeHTanbHan coepa.

Puc. 17.4. HeiiTpanusauus nepBUYHOrO
WCKDUBNEHUA NPOCTPaHCTBA 0Dpa3oBaHUeM WeCTy

MaTepuanbHbIX ciep.

Taxkum oOpa3om, P CIHUSIHUU TIEPBUY-HBIX MaTEpPUil B 30HE MCKPUBIICHUS
MIPOCT-PAHCTBA, ceMb (POpM MaTepuil 00pa3yroT MIECTh BUIOB BELIECT-BA (CM. pUC.
17.3., n.m. 2-7), OTIWYamuXcs APYT OT IPyTra KaYeCTBEHHBIM U KOJIWYECTBEHHBIM
COCTABOM.

[Tpomecc popmMupoBaHuUs HAIIECH TUTAHETHI 3aBEPIITUIICS IIECTh MIJLIHAPIOB
JeT Ha3ad. DTO OBbUI MEPBBINA IIUKII YBOJIOIUN MATEPHUH, CBSI3aHHBIN C IBOIOIUEH
HexxuBor Matepuu (cM. Ypok Ne 13: Kak yctpoeH 3ToT mup?)




MaTpuyHbie MPOCTPAHCTBA
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Martpuunoe npoctpanctBo (puc. 17.1) — uto 310 Takoe?!.. Ilpexne, yem
MPOABUIAThCA Jajbllle B IO3HAHUE MAaKpOKOCMOCa, /1aBalTe C BaMU €IIE pPa3
BCIIOMHHMM U ONPEAEIUMCS C ITUM MOHITUEM... MBI YK€ OTMEYaJIH, 4TO JJIsI TOTO
yTOOBl BO3HUKIM YCJIOBUS MJIA CIUSHUS OdepelHOW (OpMbl MaTepuud HAIIEro
TUMA, HEOOXOJAMMO W3MEHEHHE MEPHOCTH MPOCTPAHCTBA HAa HEKOTOPYIO
XapaKkTepHYI0 MMEHHO JUIsl 3TOro Tuia mMarepuil Oosbmioro Kocmoca, Benuuuny,
paBuyo AA =0,020203236...

OuepenHoe M3MEHEHHWE MEPHOCTHM Ha O3TYy BEIMYMHY AL TPUBOIUT K
CIUSHUIO em€ OoaHOW (OpPMBI MaTepuH, KOTOpass TOYHO YKIIJIbIBA€TCS B
«MPOKPYCTOBO  JIOXKE»  ATOr0  Ko3h(duIMeHTa  KBAaHTOBAaHUS  MEPHOCTHU
MIPOCTPAHCTBA.

Kcratu, 4acto 3amaroT Bompoc — OTKyJa Oepercsi Takoe OOoJbIoe
KOJIMYECTBO 30H CMBIKAHUSI MATPUYHBIX MPOCTPAHCTB, €CIM B KHHIE
«HeonHopoaHas BCeNEHHAs» YKA3aHO TOJBKO OJHO CMBIKaHUE?

Bcé ouenp npocto. B xkuure «Heognoponnas Bceenennas» H.B. JleBamos
Jla’l OCHOBY U caM MPUHIUIT 00pa30BaHUSI METABCEIEHHBIX, YTOOBI HE YCIOXHSTh U
HE TEeperpyxarb KHUTY MOAPOOHOCTSIMU, B KOTOPBIX YHUTATENh MPOCTO YTOHET.
[Tootomy w4uraremo, wusyvarouero kKonuenuuto Jlesamosa H.B. camomy
HEO0OXOJIUMO MPUIIOKUTH COOTBETCTBYIOIIUE YMCTBEHHBIE YCHIIHS, YTOOBI MOHSTH
Y Pa3BUTH JaJbILIE MBICIIb AaBTOPA.



30Hbl CMbIKAHKA
npoctpaHcte € Lg Lym cLg

Puc. 17.5. lpouecc BOSHUKHOBEHUA LUEHTPOB 0OpaszoBaHua
NPOCTPaHCTB-BCENEHHbIX C aHHbIM TUNOM KBaHTOBaHUA

[IpencraBbTe cebe, YTO UMEETCSI MHOTO OY€Hb MATHIX MPOCTHIHEW (aHajor
MaTPUYHBIX MPOCTPAHCTB), KOTOPBIE YJIOKEHBI B CTONKY. Kaxkaas mpocThiHs nMeeT
BBICTYIIBI U BOaAWHBL. [IpOCThIHU KacaroTCs PYT pyra TOJbKO B T€X MeECTa, IJie
MPOU30IIO CMBIKAHHWE BBICTYHAIOIINUX YacTen (cMm. puc. 17.5.) ¢ 0aHOM CTOPOHBI U
BMaJWH (OHU K€ BBICTYIIBI) — ¢ Apyroi. [IpumMepHo Tak MPOUCXOIUT U CMBIKAHUE
MaTpPUYHBIX MPOCTPAHCTB. TOUEK CMBIKAHUS OTPOMHOE KOJIMYECTBO, MOITOMY B
UTOT€ BO3HUKAET OTPOMHOE KOJMWYECTBO B3PHIBOB 30H CMbIKaHUS, ¢ 00pa3oBaHue
3BE3/1 U «YEPHBIX JBIPY.

Wrtak, umeercda rpynmna maTepuil JaHHOTO THUIA, CUHTE3 BEIIECTBA U3
KOTOPBIX BO3MOXEH MPU U3MEHEHWU MEPHOCTH MPOCTPAHCTBA HA BEIUYMHY AL
JUISL KQXK0M U3 3TUX (HOpM.

[Ipu sToM 00pa3zyercsi cucrema MPOCTPAHCTB, OOPA30BAHHBIX CHUHTE30M
Marepuil manHoro Ttuma. KoaddumueHt AAX MoXeT NpUHUMATh caMble pa3HbIe
3HaueHus. Jake u3MEeHEeHHEe ero Ha HUYTOXHYIO BEIMYMHY NMPUBOJIUT K TOMY, YTO
MaTepus HalIero TUIa HE MOXKET CIUTHCS B BellecTBE (BbIpoauThes). [Ipu npyrom
3Ha4eHUU AL BO3ZHUKAIOT YCJIOBUS JUISl CIIUSIHUSL BOSMHO MaTE€pUi APYyroro TUIIA,
OTJIMYHOTO OT HaIllero. JTO MNPUBOAUT K OOpa30BaHUIO KAueCTBEHHO IPYroi
CUCTEMBI ITPOCTPAHCTB — JAPYTUX MATPUUHBIX TPOCTPAHCTB.

Kaxnoe wmarpudHoe NpOCTPAHCTBO HEOAHOPOAHO IO MEPHOCTU. ITHU
KOoJieOaHUSI MEPHOCTH MATPUYHOTO MPOCTPAHCTBA NPUBOASAT K TOMY, UYTO B
HEKOTOPBIX €ro 00JacTAX MPOUCXOJUT CMBIKAHHE C JPYTUMH MAaTPUYHBIMU
MPOCTPAHCTBAMH, UMEIOIUMH B 3THX 00JIACTIX TAKyIO € MEPHOCTh. BO3HMKAIOT
30HBl TMEPETEKAHUs] U3 MATPUYHOTO MPOCTPAHCTBA C OAHUM KOIDDUIIMEHTOM
MEPHOCTH Y1 B MaTPUYHOE MPOCTPAHCTBO C APYTUM KO3 DUITUEHTOM.

W ecnu B cnydae 0O0pa3oBaHus 3BE3 U «UEPHBIX JBIP» BCE OMPENEsIOCh
JUIIb KOJIMYECTBOM MaTepui, 0O0pa3yrolux IPOCTPAHCTBA-BCEIICHHBIE B 30HE
3aMBbIKaHHUSI U MaTE€pUU OBbUIM OJHOTO THUIIA, T.€. KBAHTOBAIUCH KOA(DPUIIMEHTOM
MepHoctu Y = 0,020203236..., TO NpU CMBIKAHUA MATPUYHBIX MPOCTPAHCTB
BO3HUKAIOT 30HBI MEPETEKAHUsI MAaTePU, UMEIOIIUX Pa3IUYHbIA KOIPDUIIMEHT Y1



MaTepuil pa3HbIX TUIOB, KOTOPbIE HE MOTYT ObITh COBMECTUMBIMU HU MPHU KaKUX
ycinoBusix. Ho 4YTo mpoucxogut B ATUX 30HAX CMBIKAHHUS MaTPUYHBIX
MPOCTPAHCTB? A MPOUCXOAUT PacCIaj BEUIECTBE KaK OJHOTO THUIIA, TAK U JAPYTOro
tiuna. A pganpme? A Janblie Ha TPOLECCHI, MPOUCXOASIINE B ITHUX 30HAX
CMBIKAHHSI, BIIUSIIOT TPHU YCIIOBUS:

1) xomuuectBO (opM Marepuil JAHHOTO THUIA, OOPA3YIOIIUX KaxXI0e
MAaTPUYHOE MNPOCTPAHCTBO B 30HE€ HMX CMBIKaHUS. BO3HUKAIOT 1Ba BCTPEUHBIX
MOTOKA, YTO MPUBOJUT K OOpPa30BAHUIO MOIIHBIX BHUXPEBBIX IMOTOKOB (opMm
MaTepuil ABYyX THUIIOB B 30HE MX mepecedyeHusd. [Ipu 3ToM Oojee MOIIHBIA TOTOK
pa3BepHET ciadblii BCHATh, U BO3HUKHET MOIIHBIM BUXPEBON (OHTAH MaTepuid
JIBYX THUIIOB.

2) Ha MOUIHOCTh MTOTOKOB MaT€pUil U3 MATPUUYHBIX MPOCTPAHCTB OKA3BIBAET
BIIMSIHUE MEPHOCTH 30HBI CMBIKAHUS JBYX MATPUYHBIX MPOCTPAHCTB, OHA MOXET
ObITH O0siee OJU3KOW K TUIY MEPHOCTH OJHOTO WJIM JAPYroro THIA, YTO MOKa3aHO
pa3zHbiMu 11BeTamu (cMm. Puc. 17.6., n.o. 1 u 2).

Nmeer 3HaueHHWe 3HAK JTOr0 MEpenaga — IOJOXKUTEIbHBIA WU
oTpuliaTeNbHbii. OTpUIlaTEAbHBIN Tepenaj o3HadaeT Oosiee OJarompusiTHBIE
YCIIOBHS JUISl BBITEKAHUSI MAaTEPUN U3 JAHHOTO MATPUYHOTO MPOCTPAHCTBA.

3) K KakoMy THUIy KBAHTOBAaHUS MEPHOCTH MATPUYHBIX MPOCTPAHCTB
OKa3bIBAETCA OJIMkKE MEPHOCTh 30HBI CMBIKAHUSI MATPUYHBIX MPOCTPAHCTB:

st 0c000 1r0003HATENBLHBIX

a. Ecim rpanuma MepHOCTH 30HBI cMblkaHus L'12 HaxomuTcs Onmke K
rpaHulle MPOCTPAHCTBA C MEPHOCTHIO L'l, TO mpoucxoaut pacnaj MaTepuid TUIIA
MepHoctu L’2 (cm. puc. 17.6., 1.3).

0. Ecnu rpanuiia MepHoCcTH 30HBI cMbIKaHus L'12 Haxomutcs Ommke K
rpaHuIle MPOCTPAHCTBA C MEPHOCTHIO L'2, TO mpoucxoauT pacnaj MaTepuid TUIIA
mepHoctu L’1 (cm. puc. 17.6, m.4).

B. Ecau rpanunia mepHocTH 30HBI cMbIKaHus L'12 HaxomuTcs Ommke K
rpaHuUIle MPOCTPAHCTBA ¢ MepHOCThIO L'l, u mis pasmemenus B npeaenax AL'12
1eJI0T0 uKcia (a) KBAaHTOB MEPHOCTH MaTepuu Tuma y'l, TO MpOUCXOAUT CUHTE3
Matepuit Tuna mepaoctu L'1 (cMm. puc. 17.6., i.5).

r. Ecau rpanuna mepHocTu 30HBI cMbikaHusi L'12 waxoauTcs Onuxe K
rpaHuUIle MIPOCTPAHCTBA C MEPHOCThIO L2, u mis pasmemenus B npeaenax AL'12
nenoro uucia (b) KBAaHTOB MEPHOCTH MaTEpUU THUMA Y'2, TO MPOUCXOAUT CUHTE3
Matepuit Tuna mepHoct L'2 (cMm. puc. 17.6., 1. 6).
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Puc. 17.6. CMbikaHue MaTpUY4HbIX NPOCTPAHCTB C MaTEPUAMMU C PasHbIMK
KoachhuLUMEeHTaMN V' MaTepUAMMU PasnNUYHbIX TUMNOB.

3nece a U b o0003HayaeT, Kakoe KOJUYECTBO pa3 KodpuuueHt vyi
«TOMEIIAETCs» B 30HE JIeopMaIiiu MEPHOCTH MTPOCTPAHCTBRA.

Hpyrumu ciioBamu, B 30HE CMBIKaHHMSI MOXXET BO3HMKHYTh CHHTE3 (hopMm
MaTepuil Kakoro-HUOYAb U3 JBYX THUIIOB MEPHOCTEH MATPUUYHBIX MPOCTPAHCTB 3a
CYET paCLICIUIEHUSI MATEPUM APYTrOTO THUIIA.

B 3aBHCHMOCTH OT TOr0, KaK B3aUMOJIEUCTBYIOT NIEPEUUCIICHHBIE BBIIIEC TPU
YCJIOBUS, B 30HE CMBIKAHHUS JIBYX MATPUUYHBIX MPOCTPAHCTB MOKET BO3HUKHYTH
30Ha CHMHTE3a MaTepuil TaHHOTO THUIA WIM 30HA pacnaja 3Tux Marepuil. B onqnom
Cllyyae BO3HHMKAET IIEHTP 00pa30BaHUs MPOCTPAHCTB-BCEICHHBIX C JJAHHBIM TUIIOM
KBAaHTOBAHUSI MEPHOCTH MPOCTpPAHCTBa (CymepaHajor 3Be3nibl). B npyrom ciyuae
BO3HUKAET IEHTP pacnajga MNpOCTPAHCTB-BCEJIEHHBIX C JaHHBIM  THUIIOM
KBAHTOBAHUSI MEPHOCTH MPOCTPAHCTBA (CymepaHaior «4épHoil abIpbl») (cM. Puc.
17.7., 1. 1).

[Ipoucxoaut cymepB3pbiB, MPU KOTOPOM H30OBITOK CHUHTE3UPYEMBIX (HopM
MaTepuil BHIOPAChIBAE€TCSI U3 30HBI CMBIKAHUS, U MPU 3TOM BO3HHUKAIOT KOJIEOaHUs
MEpPHOCTHU BHYTPHU KaXJ0T0 U3 MATPUUHBIX IpocTpaHcTB (cM. Puc. 17.7., m.2).

B »sTux 30Hax BHYTpEeHHEro KoJieOaHUSI MEPHOCTH MATPUYHOTO
MPOCTPAHCTBA HAYMHAETCS MpoliecC 00pa30BaHUS MPOCTPAHCTB-BCEIICHHBIX, W3
KOTOPBIX (DOPMUPYIOTCSI CUCTEMBI MPOCTPAHCTB-BCEIICHHBIX (METAaBCEJIEHHBIE (CM.
puc. 17.8.)) B 30HaX BHYTPEHHETO KoJie0aHUsI MEPHOCTHU MpocTpaHcTBa (cM. Puc.
17.7., m.3).
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O6pasoBaHue NPOCTPAHCTB-BCENIEHHbIX C aHHbIM TUNOM KBaHTOBaHUA
MEpPHOCTU NPOCTPaHCTBa

CMbIKaHHE  MaTPHUUYHbBIX Cyneps3pbiB ¥ BbiGpoc u3bbiTKa Havano npouyecca obpa3zoBauua
NPOCTPAHCTE M BO3HWKHOBEHHE CHHTE3MPYEMOH MATEPHK U3 30HbI NPOCTPAHCTB-BCENEHHbIX (MmeTa-
yeHTpa o6pazoBaHUA NPOCTPAHCTS- CMbIKaHUA BCENEHHbIX) B 30HAX BHYTPEHHEro
BCENEeHHbIX (CynepaHanor 3se3fbl KonebGaHua MepHOCTH NPOCTPaHCTBa

WK cynepananor "uepHon asipsl™)

Puc.17.7. ObpasoBaHue NPOCTPaHCTB-BCENEHHbIX

Uem panbliie OT LEHTPAa 30HBI CMBIKAHUS MATPUYHBIX MPOCTPAHCTB, TEM
0oJibllIee KOTMYECTBO (POPM MaTEepuil MOTYT CIUTHCS U 00pPa30BaTh BEIIECTBO (CM.
Puc. 17.8).

CnuBminecss BO€IUHO JBE€ (OpMBI MaTepHuil B MEpBOWM 30HE OT IEHTpa
00pa3yroT METAaBCEIEHHYIO U3 OJIHOTO MPOCTPAHCTBA-BCEIECHHOM.

Tpu cauBmmecs QopMbl Marepuil (OpPMHUPYIOT B CIEAYIOIIEH 30HE
METABCEJIECHHYIO U3 TPEX MPOCTPAHCTB-BCEICHHBIX.

06pa308anne METaBCENIEHHbIX B 30HaX

HEOHOPOSHOCTH MEPHOCT M NPOCTPAHCTEA.
1. 30H3, Qe HeT YCNOBHA ANA CIMFAHKRA MATEPH.

. 30H3, FAe MOMYT UMTLGA ABe DOPMbI MATEPHIA,

. 3043, rQe MOrYT CMTECA TpU HOpPME MATePI.

30Ha, rAe MOryT UMTeCA YeTbipe GopMul MaTepHit.

. 30H3, MR MOMYT CMTECA NATL HOPM MATEPMIA.

. 30H3, M2 MOryT CUMTBOA W eCTe OpM MATepPHi.

. 30H3, MR MOMYT CUMTLGA CeMb HOPM MaTEPIA.

. 30M3, rRe MOMYT CMTECA BOCeME OPM MaTepIsd.

. 30H3, rAe MOMYT UMTeCA AesATe GOopM MaTepui.

10. 3043 QILIKIHUA MATPUUHLIX NPOCTPIHCTE.

11. MeTaBcenexis e.

12. 30Hp A2 DOPMAUMK MEDHOCTH.

O NOWUVAEWN

12

Puc. 17.8.00paszoBaHune MeTaBCeNeHHbIX B 30HaX HEOAHOPOAHOCTU MEPHOCTH
~ NPOCTPaHCTBa

[Tpu cnustHum 4eTbIp€X GpopM Matepuii, 00pazyeTcsi METaBCEJIEHHAs U3 CEMU
IIPOCTPAHCTB-BCENEHHbIX. CNusHUE MATH, COOTBETCTBEHHO, AAE€T ABAaALATh IATh.
CrnusiHue 1mecTu — 1ecTbaecAar mectb. [Ipu cnusHum ceMu — CTO AeBATHAAUATH,
BOCBMU — JIBECTU COpPOK IIE€CThb, JEBATH — YEThIpECTa NATHIAECCAT JEBITh

11



MPOCTPAHCTB-BCEIICHHBIX, (DOPMUPYIOLIUX METABCEJICHHYI0 B COOTBETCTBYIOLIEH
30HE BHYTPEHHETO KOJIeOaHHsI MEPHOCTH JAaHHOTO MAaTPUYHOI'O MPOCTPAHCTBA

uw  Mpocmpayecmea ¢ moxdecmeeHHoe MepHOCMbIO

Om ¢popmupoearus npocmaHeme-BeenerHbix (MemaecenexHbix) yepes
KeaHmoeaHue npocmpaHcmea do cynepnpocmpaxHcmea 1-20 nopsidka

Puc. 17.9. ®opmupoBaHue cynepnpocTpaHCcTBa NepBoro nopsaka

VYcnoBusi KBaHTOBAaHUSI MEPHOCTH JAHHOM 30HBI (KOJIEOAHUST MEPHOCTH)
SABJISIIOTCS. JIUIIb HEOOXOJIUMBIMHM YCIOBUSIMU 1Ji1 OOpa3oBaHUsl MPOCTPAHCTB-
BCEJICHHBIX.

JlocTaTOYHBIM 3TO YCIOBUE CTAHOBUTCSI TOJIBKO TOT/Aa, KOTJAa B ATy 30HY
BHYTPEHHETO KOJeOaHusi MEPHOCTM MATPUYHOTO TMPOCTPAHCTBA MOMAJAET
HEeoOXo/IMMasi Macca MaTepui JJisi CUHTE3a ATUX MPOCTPAHCTB-BCEIEHHBIX. XOTS
Macca MaTepuii, «BbIOPOIIEHHBIX» M3 30HbI CMBIKAHUSI MAaTPUUYHBIX MPOCTPAHCTB
BO BpEeMs CBEpPXB3pbIBa, OIPOMHAsi, HO BCErJja — KOHEYHas BEJIWYMHA. JTOU
Macchl XBaTaeT JJisi 00pa30BaHKs KOHEUHOI'O YKCIia TPOCTPAHCTB-BCEIICHHBIX.
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Ceepxs3pbis (1-2) u o6pasoBaHMe CynepnpocTpaHCTB Nepeoro
nopsaaka (3) 8 Buae cucrembl metasceneHHbix 1-9 (4)

Puc. 17.10. Ot cynepB3pbiBa 40 CynepnpocTpaHCTBa NEpBOro nopaaka

B pesynbrate cBepXB3pbiBa, 00pa3yeTcs CUCTEMa METAaBCEJICHHBIX, KOTOpas
MOJy4Yusia  yCJIOBHOE  Ha3BaHUE CYNEPHIPOCTPAHCTBO  MEPBOTO  MOPSAKA,
oOpasyromieecs cinusauem AeBatu Gopm marepuit (cm. Puc. 17.9., rne 1 — 30Ha
CMBIKaHUSI MATPUYHBIX MPOCTPAHCTB, 2 - MeTaBceseHHble). CienyeT oO0paTUTh
BHUMAaHHUE Ha TO, YTO CYNEPIPOCTPAHCTBO OOpa3zyeTcs B pe3yJibTaTe CMBIKaHUS
METaBCEJICHHBIX C TOXJECTBEHHOW MepHOCThIO (cMm. puc. 17.9., rne 10 — 30Ha
CMBIKaHUSI MATPUYHBIX MPOCTPAHCTB, 11 — MeTaBcenennsie, 12- 30HbI neopmaru
MEPHOCTH), KaK IO «TOPU30HTAIN», TaK W MO «BepTHKaIm». [Ipm sTomM Kaxmas
CHUCTEMa METABCEJIICHHBIX 00pa3yeTcs B MpejeliaXx CBOEro Cjosi, MO3TOMY
MPOUCXOJIUT UX CMBIKAHUE B TOPU3OHTAIIHLHOM HarpaBiieHUH (cM. puc. 17.9. m.11).
Ho B kaxaom cioe (HopMUPYIOTCSI METaBCEJECHHbIE, UMEIOIINE TOXKIECTBEHHbIE
MEpPHOCTH, YTO MPUBOJUT MX K CMBIKAHHMIO €II€ M IO BEPTHKAIW, T.. BAOJb
neHTpanbHoi ocu (cm. puc. 17.10., mm. 3 u 4), rae MeTaBCEICHHBIE C
TOXJECTBEHHOW MEPHOCTHIO MOX0KH HAa CTBOPKU PAKOBUHBI MOJLTIOCKA).

Ha puc. 17.10., m.m. 1 - 4 oToOpakeHa MOCAEI0BATEILHOCTh 00pa30BaHUS
CyHepHpoCTpaHCTBA MEPBOro Mopsaka mocie cyneps3pbiBa. Ho, mpexne yem
MPOJOIKUTh aHAJIN3 CUHTE3a CYNEPIPOCTPAHCTB PA3HBIX MOPSIKOB, PACCMOTPUM
YeM BbI3BaHA YCTOMYMBOCTD CYINEPIPOCTAPHCTBA U3 AEBATH (POPM MaTEPUil.

«30J10TOE CeUeHnEe» MaKpOKOCMOCa

WTak, moyeMy MMEHHO JE€BITh NEPBUYHBIX MAaTepuil 00pa3yroT Hauboiiee
YCTOMUYMBYIO cHUCTEMY MeTaBceldeHHbIX? Ilpu 3TOoM wH3BecTHO, 4yTO Haubolee
HEYCTONYMBBIMU OOpPa30BAHUSAMH, SIBISIFOTCS TaKHe, KOTOpPbIE CHHTE3UPYIOTCS H3
IBYX U TpEX (popM MaTepuii.

13



N3BecTHO, 4TO B MPUPOJIC BCE MOMAUMHSACTCS 3aKOHAM TapMOHHUHU (3aKOHAM
«30JIOTOTO CEUYEHHUs», KAUeCTBEHHOW CUMMETPUM U HAPYIIEHHON CHUMMETPHUN),
MOATOMY MPEAMNOJI0NKUM, YTO UMEHHO 3aKOHBI TAPMOHHUU OMPEIETSAIOT MOPSIAOK U
MOCJEeA0BaTEIbHOCT, 00pa3oBaHus cynepnpoctpanctB. Hanpumep, cnupanb
raJlaKTUKU MOAYUHSIETCS 3aKOHY «30J0TOT0 CEUCHUS.

Wtak, s MOATBEPKIEHUSI BBIIBUHYTOM THIOTE3bl PACCMOTPUM PSJ U3
YETHIPHAJIIATH TIEPBUYHBIX MaTepHii, M3 KOTOPHIX M OOpa3oBaHa CHCTEMaA
METaBCEJIIEHHBIX ¢ MepHocThl0 m = 3,14, Ecim rumore3a BepHa, TO
CYyHEepHpOCTPAHCTBO M3 AEBITH (HOpPM MaTEepuil JOJKHA HAXOIUTHCS B 0COOOM
MOJIOXKEHUH, T.€. ObITh HanboJIee yCTOMUNBOM.

YcronumBoctb  3aBMCMMOCTb YCTOMYMBOCTU TMOPUAHBIX MaTepuii oT

rMépuaHbIX KONMYeCcTBa CUHTE3UPYEMbIX MaTepuit
Y A marepwit

[
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marepum
1 |

8/13=0,618 5/13 =0,382

Puc. 17.11. "3onoToe ce4yeHne" npu hopMMpOBaHMM NyHeN WeCTUNy4eBUKa U
aHTULWeCTUNVYeBMUKa

A yCTOMYMBOCTh OO€CIIEUMBAETCS TapMOHHUEH MEXIy BCEMHU dJIEMEHTaMu
CHUCTEMBI.

[Ipumem 14 martepuii 3a enuHuny. COrIacHO 3aKOHY «30JIOTOTO CEYCHUS»,
OTPE30K U3 YETHIPHAAUATH MATEPUI JOJDKEH AeIUTh Ha ABe yactu — 0,618 u 0,382.
Cunrte3 popm mMaTepuil HAUMHAETCS MUHUMYM C IBYX Matepuid. [Ipu 3ToM nomkeH
npucyTcTtBoBaTh nepenan AL, 49ToObl MarepuM CMOTJIM  BBIPOJUTHCS B
COOTBETCTBYIOIIEM MTPOCTPAHCTBE, T/I€ KAUECTBA B3aUMOJICCTBYIOIINX MAaTEpUl U
MPOCTPAHCTBA TMOJHOCTBIO COBMECTHMBI. (CIeI0OBaTENbHO, TAaKUX MEPENAIOB
noJKHO ObITh 14 - 1 = 13. YMuoxuB 13 Ha 0,618, nmonyunum 8 nepenanos no AL,
T.€. 8-i1 mepenan nomnanaet Ha 9 popm marepuii (cm. puc. 17.11.).

Takum oOpa3zoM, runore3a noarBepxkaeHa. [loctpoum rpaduk 3aBUCUMOCTH
ycroitunBoctd (YY) rTHOpUIHBIX Matepuil OT cooTHomieHust /N, npuHSB
NecATUOAIbHYIO CUCTEMY JUISl OLIEHKH YCTOMUYMBOCTH 00pa3yeMoil MeTaBCeIeHHON
M3 TOTO WJIM MHOTO KoindecTBa Gopm marepuid. M3 rpaduka BUIHO, YTO caMbIM
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HEYCTOWYMBBIM OOpPa30BaHMEM SIBJSICTCS CYIEPIPOCTPAHCTBA W3 JBYX U TpPEX
dbopm mMaTepuid.

OO0pa3oBaHue CynepnpocTPAHCTB BTOPOT0 — IIECTOr0 NMOPSI/IKOB

[Tocie OrpOMHOTO KOJWYECTBA CYNEPB3PHIBOB CO3MAIOTCS YCIOBHS, KOTNA
CYMepIPOCTApHCTBA TEPBOTO TIOPSAIKA paclojiaraloTcs Jpyr OT Jpyra Ha
pPacCTOSIHUM TIPUMEPHO pPaBHOM HX pasmepy. OOpa3yroTcsi BCTpPEUHBIE BOJHBI
BHYTPEHHETO MCKPUBJICHUS MEPHOCTH MATPUIHOTO MPOCTPAHCTBA, TIPHU PE30HAHCE
KOTOPBIX BO3HUKAIOT JOIOJHHUTEIbHBIE 30HBI BHYTPEHHETO HCKPHUBJICHUS
MEPHOCTH MaTPUYHOTO TIPOCTPAHCTBA. B 3THX 30HaX 00pa3yroTCs METaBCEICHHBIE,
BO3ZHHKIIINE TIPU CIUSHUU JeCATH (HOPM MaTepuid, KOTOPHIE, B CBOIO OUYEpEb,
BHOBb BBI3BIBAIOT BCTPEUYHOE CMBIKAHHWE JITHX METABCEICHHBIX, KAaK CICIACTBUE
BIIUSHUAS JTHX METABCEJICHHBIX Ha MEPHOCTh MATPUYHOTO MPOCTPAHCTBA, B
KOTOpoM OHHM HaxozsaTcsi. OOpaszyercss CymepnpoCTpaHCTBO BTOPOTO TOPSIKA W3
necsatu hopm matepuit (cm. Puc. 17.12., m.1).

¢OpMMp083HMe cynepnpocTpaHCcTe B'roporo-qe‘rséproro nopagxkos

© @

1. O6pazoeanue cynep- 2. O6pazosanue cynep- 3. Obpaszoeanue cynep- 4.006pasosaHme cynepnpoct-

NPOCTPAHCTE €mopo20 NPOCTPAHCTE Mpembezo MNOPCTPAHCTE paucre  uemeépmozo’
nopadxka w3 p[ecatm MOPAOKG W3 OfMHHAAUA- Yemeépmozo nopsdka nopadka wi mpaxaduamu
dopm marepmii ™ popm marepuii "3 neexanuaTH popu bopm marepun

Marepmin

Puc. 17.12.0opmMupoBaHmne cynepnpocTpaHCTB BTOPOTO - 4eTBEPTOro NOPAJKOB

JIist BO3MOXKHOCTH 0Opa30BaHMsI METABCEJICHHBIX W3 OJWHHAMIATH (HOPM
MaTepuii HEOOXOIWMO dYTOOBI TPH CYNEPHPOCTPAHCTBA BTOPOTO IMOPSAKA
HaxXOJWINCH JIPYT OT Apyra Ha paccTOsIHUU He Oosiee coOCTBeHHOro pasmepa. [Ipu
ATOM BO3HUKAIOT TPH BCTPEUHBIC BOJHBI BHYTPEHHETO MCKPUBIICHHUS MAaTPUIHOTO
MPOCTPAHCTBA, KOTOPBIC TMPU PE30HAHCE CO3MAI0T JOMOJTHHUTEIBHBIE 30HBI
WCKPUBIICHUS. B 3THX 30HaX MPOUCXOIUT CUHTE3 METABCEIICHHBIX U3 OJTMHHAIATH
dbopm Matepuii. BHOBh BO3HHUKAET BCTPEYHOE CMBIKAHHE METABCEIICHHBIX, HO yKe
Ha JApyrom OallaHCHOM YypOBHE MAaTpPUYHOTO TmpocTpancTBa. OOpazyercs
3aMKHYTasl MPOCTPAHCTBEHHAS] CHCTEMa — CYMEPIPOCTPAHCTBO TPETHETO MOPSIIKA
(cm. Puc. 17.12., 1. 2).

JIst BOBMOKHOCTH CIMSIHHSI JIBEHamNatu ¢GopM MaTepuil, HEoOXOIUMO
9TOOBI OBIJIO YETHIPE BCTPEUYHBIC BOJIHBI BHYTPEHHETO MCKPUBJIICHUS MATPUUHOTO
MPOCTPAHCTBA, KOTOPhIE B PE30HAHCHBIX 30HAX CO3MAIOT YCJIOBHS IS
oOpa3oBaHMsSI METaBCEIICHHBIX M3 NBeHaanatu ¢Gopm marepuid. [Ipm 3TOM, BHOBB
BO3HHMKAET BCTPEYHOE CMBIKAHWE Ha JPyroM OajJaHCHOM YpPOBHE MEpPHOCTH
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MaTpUYHOIO MPOCTPAHCTBA U O0pa3yeTcsi HOBask OYEHb YCTOWYMBAS CHUCTEMA
METaBCEJIEHHBIX — CYNEPIPOCTPAHCTBO YeTBEPTOro mopsiaka (cm. Puc. 17.12.; m.
4).

O6paszoBaHue CynepnpocTpPaHCTBea, TOXKAECTBEHHOIO
CYyNnepnpoCcTPaHCTBY YeTsépToro NOpPAAKa,
HO yXe 13 12 popm marepui

Cynepnpocrpancrea
4eTedproro NopRAKa )

Puc. 17.13. O6pazoBaHue cynepnpocTpaHcTea
u3 12 c¢opm martepun

[1aTh cynepnpocTpaHCTB YETBEPTOrO MOPSAAKA, OJHO U3 KOTOPBIX HAXOIUTCA
Ha OTJIMYHOM OT JPYTUX NPOCTPAHCTBEHHOM YPOBHE, CO3AAIOT YCIIOBUSA JUIS
0o0pa30BaHMs METABCEJIEHHBIX U3 TpuHaauatu ¢popm marepuid (cm. Puc. 17.12.; .
4). Bo3HHMKaeT BCTpPEYHOE CMBIKAHUWE, MpPHU KOTOpPOM oOpaszyercs cucrema
METaBCEJIEHHbIX, KOTOpas CTOJb CHJIBHO BIIMSIET HAa MEPHOCTh MATPUYHOIO
IIPOCTPAHCTBA, YTO BO3HUKAET OuYepeAHas CHUCTEMa METAaBCEJIEHHBIX, IO CBOEH
CTPYKTYpE TOXKJIECTBEHHAS] CYNepnpoCmpancmey 4emeeépmozo nopsokd, HO yxKe
oOpa3oBaHHas ABeHaANAThiO (popmamu maTepuit (cm. puc. 17.13.).

JIBe 3TH CUCTEMBI CO3/1at0T YCIOBUS 151 00pa30BaHUS CIEIYIOUIEH CUCTEMBI
METaBCEJIEHHbIX BJOJb OOLIEH OCH, HO YK€ M3 OAMHHAALATH (POpM MAaTEepUl.
YMeHbIIeHHE KONIMYecTBA (POpM MaTepuid, 0Opa3yloINX KaxKJI0e€ MOocIeayrolee
IIPOCTPAHCTBEHHOE O0O0pa30BaHUE CBSA3aHO C TEM, YTO YPOBEHb CMBIKaHUS
METaBCEJIEHHbIX MEHSAET CBOM 3HaK. /[pyrumu ciioBaMu, UCKPUBIEHUE MEPHOCTU
MaTPUYHOI'O MPOCTPAHCTBA HE YBEIMYMUBAETCS, a YMEHBIIAETCS. DBOIIOLUS ITOTO
mpolecca MNPUBOJUT K TIOCIEJOBATEIBHOMY OOpa30BaHUIO BAOJb OOLIEH OCH
cucteM MeTaBceleHHbIX. KoaumdecTBo Marepuil, oOpa3ylollUx HX IpU 3TOM
BBIpOXKIaeTcs A0 AByX (cMm. Puc. 17.14., . 1).

OTnMyre BapuaHTOB CMBIKaHUS MaTPUYHBIX IPOCTPAHCTB OYEHBb BAXKHO JIJIS
MOHUMAaHUsl BO3HUKHOBEHUS JIBYX THUIIOB CYyHEPIPOCTPAHCTB LIECTOrO MOPSAKA —
mectunydeBuka (puc. 117.14., n. 2) u aHTUIIECTUIyYEeBUKA, MPUHIIUIIHAAILHOE
OTJIMYME KOTOPBIX 3AKIHOYAETCS JIUIIb B HAIPABJIECHUHU NIEPETEKAHUsI MaTEPUHL.

B oagHom ciywae wmaTtepuM M3 JpYyroro MaTpPUYHOTO IPOCTPAHCTBA
MPUTEKAIOT Y€pe3 LEHTPAIbHYIO 30HY CMBIKaHHWS MATPUYHBIX HPOCTPAHCTB U
BBITEKAIOT U3 HALLIEIr0 MATPUYHOIO MIPOCTPAHCTBA YEPE3 30HBI HA KOHLAX «JTydei».
B anTHmIECTHITyUeBUKE MAaTEpPUH NIEPETEKAIOT B MPOTHBOIOJIOKHOM HANPABIECHUU.
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Marepun U3 HaIero MaTpUYHOIO MPOCTPAHCTBA BBITEKAIOT YEpPE3 LEHTPAIbHYIO
30HYy, a Marepuu W3 JAPYroro MaTPUYHOIO MPOCTPAHCTBA BTEKAIOT YEpe3
«JTy4EBbIE» 30HbI CMBIKAHHUSI.

®

SRS DS e ®w ~ ww wewm @ -

Lies TpanbHan 20Ha CMbIKAHHA MAaTPH4H bIX N POCT PaHCTE.
MeTaecenennbie, obpazoBanHble UmMAHKeM TpHHaaUaT dopm MaTepmit.
MeTasceneunnsie, 0bpazosanHble UMAHKeM ABeHaAUATH GopM MaTephit.
MeTaeceneunHbie, 0bpazosaHHbIe UMAHNEM O HH3AUATH GOpPM MaTepHit.
MeTtaecenenHbie, obpazosanHble cmannem aecati GopM MaTepmit.
MeTaecenennsbie, 0bpazosanHble maHneM AeBATH GOpPM MaTepHit.
MeTascenexnbie, 0bpazosaHHble UMAHNEM BOCLMH (HOPM MaTepHit.

. Metaecenenubie, obpazosanHble mannem cerm Gopm MaTepmi.

. MeraBcenenusie, obpazosanublie comannem wecrtn Gopm MaTepHit.

10. MeTtaecenexH b, 06 pazosanH e cnAHKEM NATH GopM MaTepmit.

11. MeTtaeceneHH bie, 00 pazoBaHH bIe CAMAHKEM YeThIpEX hopM MaTepHi.

12. MeTtaeceneHH bie, o0 pazoBaHH bIe CAnAHKEM TPEx (op M MaTepmit.

13. MeTtaeceneHH bie, 00 pazosanHbie cinaHnem asyx Gopm MaTepuit.

14. KoHueBan 30Ha CMbLIKaH WA MaTpPW4YH bIX N POCT PAHCTE.

CONOUAWNR

Puc. 17.14. DopMupoBaHue WeCcTUNy4YeBKKa - CyNnepnpoCcTPaHCTBa
WecToro nopagka

Urto xe KacaeTcs IIECTHIYyYeBHKa, TO OH 00pa3yeTcsi CMBbIKAHUEM IIECTU
aHAJIOTUYHBIX «JTydei» (puc. 17.14., n. 2) B oaHOM LeHTpanbHOU 30HE. [Ipu sTOM
BOKPYI' IIEHTpa BO3HUKAIOT 30HbI HCKPUBIEHUS MEPHOCTH MATPUYHOTO
MPOCTPAHCTBA, B KOTOPBIX OOPa3yIOTCS METAaBCEJIEHHBbIE M3 YEThIpHAAUATH (opM
Marepuii. Jlasee OHU, B CBOIO OYEpEdb, CMBIKAIOTCS U OOpa3yrOT 3aMKHYTYIO
CHUCTEMY METABCEJICHHBIX, KOTOpas OOBEIUHSIET IIECTh JIydyeld B OJHY OOIIYIO
cuctemy — mectuinydeBuk (cm. Puc. 17.14., . 2).

[Tpu4éM, KOJIMUECTBO «JIydEN» ONPEAEIAECTCA TEM, UTO B HAILIEM MATPUUYHOM
MPOCTPAHCTBE MOTYT CIUTHCS MPU OOpPa30BAaHUM MaKCHUMaJIbHO YETHIPHAIIATh
dbopm matepuii ganHoro tumna. [Ipu 3TOM MEpPHOCTH BO3HUKIIETO OOBEIUHEHUS
MeTaBCeJIeHHBIX paBHa T (= 3.141532654...).
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. KoHUeBan 30Ha CMBIKaH A MAaTPH4H bIX NPOCTPAHCTB.

. MeTaecenenusie, ob pazosanHble maHneM ABYX (OpM MaTepHit.
MeTaecenenusie, 06 pazosaHHble M aAHKeM Tpéx dhopm MaTepuit.
MeTtaecenenHble, 06 pazoBaHHbIe C/MAHNEM Y eTbIPEX (hop M MaTepHit.
Metaecenenusie, 06 pazosaHHble cmannem naTh Gopm MmaTepuit.
MeTaecenenHsie, 06 pazosaHHble cmaHKeM wectH o pM MaTepmit.

. MeTaecenenusie, o pazosanHbie cmannem cerm GopM MaTepHit.

. MeTtaecenennbie, 06 pazosanHble M AHNEM BOCEMM (GOPM MaTepuit.
. MeTaeceneuusie, o pazosanHble maHnem aesaT GopM MaTepmi.
10. MeTtaecenenH bie, 0 OpazosanHbie cuaHneM pecaTh op M MaTepHit.

11. Metaecenenn bk, 0 Opazosannbe cinaHneM oanHHaauaTh Gopm maTepmit.
12. MetaeceneHnH bie, 0 Opazosannbie cinaHneM asedaauat Gopm MaTepmit.
13. MeTtaeceneHH bk, 0OpazosanH be CAHKEM TPHHAALETH (HOpM MATEpPHit.
14, LleHT panbHan 20Ha CMBIKaHMA MaT PU4 HbBIX NPOCTPaHCTB.

VONOUAWNK

Puc. 17.15. ®opMuUpoBaH1e aHTULIECTMITy4eBMKa - CyNepnpoCTpaHCTBa
WecToro nopsAaka

Y AHTHIIECTWIy4eBMKA UUPKYJSALMS MaTepud HUIAET B 0oOpaTHOM
HaIpaBJICHUH, OT TPAHUI[ ITOTO CYNEPHPOCTPaHCTBA K ero ueHtpy. [lpuuéwm,
HCKPUBJIEHHE MAaTPUYHOTO MPOCTPAHCTBA MAKCUMAJIBHO B TPAaHUYHBIX 00JIACTIX U
MUHHUMAJIBHO B LIEHTPE 3TOr0 MPOCTPAHCTBEHHOTO 0Opa3oBanus (cMm. Puc. 17.15.,
I1. 2).

Craguu GhopMuUpOBaHUS CYyNEPHPOCTPAHCTB BBICHIUX MOPSIAKOB OTPAXKEHBI
Ha puc. 117.17., rme roiyObIM 1BETOM TMOKa3aH MOPSIAOK OObEeIUHEHUS
CYyHepHpOCTPAHCTB HUBIIKUX MOPSIIKOB B CYNEPIPOCTPAHCTBA BBICIIUX MOPSIIKOB.
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Puc. 17.16. ®opMupoBaH1e aHTUILECTUNYYeBUKa

MeCcmo CMbIKaHUs
nyyel (“4epHasn” dbipa)

CynepnpocTpaHcTBo
nepsoro nopsagxa

CynepnpocTpaHcTBo
BTOPOro NopaaKa

CynepnpocTpaHcTso
YyeTBépTOoro nopagka

CynepnpocTpaHCcTBo
AATONrO NOPAAKa

LWectunyyesmk m
aHTULLECTUNYYEBUK

Puc. 17.17. Craguu hopmupoBaHus cynepnpOCTpaHCTB'1 -6-ro nopsigKkos

VYcioBueM  yCTOMYMBOTO  COCTOSIHHASL ~AHTHUIIECTHIIYYEBUKA  SIBISETCS
FapMOHHSI MEXJY BBITEKAIOIMIMMUA MATEPUSMHU 4Y€pe3 LEHTPAIBbHYI 30HY
CMBIKAHHUSI MATPUYHBIX MNPOCTPAHCTB U CHHTE3UPYEMBIMH B TPAHUYHBIX 30HAX
CMBIKaHMS (BHEITHUX ) MAaTePHUSIMH JTaHHOTO THUIIa KBAHTOBAHUS MEPHOCTH.



«KBaHnT» MepHOCTH

Ouyenb wyacToO 3aalOT BoOMpoc: KakuMm oOpasom Hukonaiti BukropoBuu
MOJIy4YnJ 3HaueHue Oe3pa3MepHoro kBanta mepHoctu - AL = 0,0202032367 Yx
O4YEHb OHO «HE Kpyrjgoe»... OAHAKO HHUYEro JHUIIHETO0 M CIYy4allHOTO B
BhluncieHusx u uHpopmauun H.B. JleBamona Het. IlonmpoOyem 3TO moKa3aTh.
Yurarenn MOTYT BOCIIPUHSTD 3TH PACCYKAEHUS KAK TUIIOTE3Y aBTOPA CTAThH.

Kak u3BectHO, MepHOCTH Hamiel Beenennoit pagua 3,00017, a o0benuHeHNS
METABCEJIECHHBIX HaIllEr0 MaKpOKOCMOca M3 4eTbipHaauatu (nom = 14) Tunos
marepu — n© = 3,1415926. Hukxonaii BUKTOpOBUY HCHOJIB30Bal 3HAYCHUE T =
3,141532654'. Jlna cunTesa rubpuaHo wmatepuu B Hamed Bcenennoit
HeoOxoauMo ceMb (nB = 7) pa3 co3maBath Inepenaj MEPHOCTH BelWUuHON AL =
0,02023236. CnemoBatelnbHO, MEPHOCTh OOBEAMHEHHUS METABCEICHHBIX OJKHA
ObITh paBHOIL: 3,00017 + 0,02023236 x 7 = 3,1415926.

[llecTnnyueBUK 1 aHTUIIECTUITYYEBUK UMEIOT 110 N = 6 nyueii (Bcero Nob =
12). Bmecte Bce Jyuyd KOMIEHCHUPYIOT Je(opMaIiio MPOCTPAaHCTBA, KOTOPOE
3aHMMAIOT IIECTUIYYEBUK M AHTUILIECTUIYUYEBUK. B kaxxaom nyue - 13 mepemnaios
MepHocTd (kK = mom — 1 = 13) no AL, 10CcTaTOYHBIX ISl CIUSHUS C OUEPEIHOU
Martepueil. B Mecte cMbIkaHU 1IECTH JTy4yeld MEpHOCTh yMeHbIuaeTcs Ha AL/2, T.k.
MPOUCXOOUT CMBIKAHUE C aHTUIIECTUIY4eBUKOM. CleqoBaTebHO, MEPHOCTH
Bcenennoii LB:

LB=2xNxkxAL-AL2=AL2xNxk-%)=nxn

AL=1B/2xNxk—-")="na"/(2x6x13 - 52) =3,1416926/(156-0.5)=

=3,1416926/155,5 = 0,020203168

AL =7 /155,5 =3,1415926535 : 155,5=0,020203168

Ommoka: 0,0202023236 - 0,020203168 = 0,000029224 unu 0,144 %.

Ecnu B3sTh 3HaueHue uncna © Hukonas BukropoBuua, To monyunm: AL =
/155,5 =3,141532654/155,5 = 0.020202782 Ommodka = 0.000000454 = 0,0022 %

YuureiBas, YTO YHCIO «IW» HPPALMUOHATBHOE M HMEET HECKOJIBKO
3HAQ4YEHUM, MO3TOMY KBAaHT MEPHOCTH, noaydeHHbli H.B. JleBamoBbiM, umeer
3HaueHue 0,020203236, BBIYUCIEHHOE UM U IPUHATOE 32 OCHOBY.

EauHcTBO MUKPO- 1 MAKPOKOCMOCA

3aKOHbl COXpAaHEHUs MaTepUu HE HapylIalTCs Ha JIOOM YpPOBHE
MPOCTPAHCTBEHHBIX oOOpa3zoBaHuil. OT MHUKpOKOCMOCAa JI0 MaKpOKOCMOCa OHHU
obOmue. EQuHCTBO 3aKOHOB, KOTOPOE CIEAyeT, XOTs Obl yXXe M3 TOro, 4To
MUKPOKOCMOC SIBIISIETCSI CTPYKTYpHOU 0a3o0il makpokocmoca. OO0 3ToM ObLIO
ckazaHo emié B ypoke Ne 13 (cm. puc. 17.18.). D10 MoxHO HabmOAaTH Ha
npumepax ot PHK no bonbemoro Kocmoca.
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CrpykTtypa Mukpokocmoca. Crpyktypa Makpokocmoca

Puc. 17.18. EQUHCTBO 3aKOHOB Pa3BUTUA MUKPO- M MaKPOKOCMOCa

B monexyne PHK wnn JIHK, kiieTke, MHOTOKJIETOUHOM OpPraHW3ME WU MPU
CMBIKAHUU MATPUYHBIX MPOCTPAHCTB BJIOJb OCH CUMMETPUU (DOPMUPYETCS KaHal
(cm. puc. 17.19.). IlepBuuHble MaTtepuu, MPU CBOEM IBUKEHHHU BIOJb OOIIETO
KaHajla, pa3BOPAYMBAIOTCS BCTPEYHBIMHU MOTOKamMu. lIpm 3TOM HX ABHKEHUH
HanpaBJI€HO BJIOJb 30HBI HCKPUBIIEHUS MHKPO- WIM MaKpOIPOCTPAHCTBA,
cozmaBaemoro crnupaneBuaHon monekyinon PHK  wmm  [JHK, knerkoi,
MHOTOKJIETOYHBIM OPTraHU3MOM (TOJIOBHBIM M CIOUHHBIM MO3TOM (PU3HYECKU
IJIOTHOTO TeJa) W 30HOM CMBIKaHUSI MATPUYHBIX MPOCTPAHCTB. B pesynbrare
BOKPYT TMEPEUUCICHHBIX (PU3UYECKUX OOBEKTOB MEPBUYHBIE MATEPUH CO3/AIOT
M30JIMPOBAHHYIO yCTONYMBYIO 30HY. OOpasyercsi CBOero poja JAuHaMU4yecKas
3amuTHas obonouka Monekyiasl PHK wimn JIHK, knetku, opranu3Ma uiaM 30HbI
CMBIKaHHSI MATPUYHBIX MPOCTPAHCTB.
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Pnc.17.19. EAMHCTBO 3aKOHOB Pa3BUTUSA
MUKpPO- #“ MaKpoOKoCMoOCa:
ot PHK 0o marpuuHbIX NpoCcTpaHCTB

: ’ AHmuwecmunyveeuxu

30Hb! CMbIKaHUS €
wecmunyyeeuke

L \ bOHbl CMbIKaHus e

' M@ \mnmuwecmunyqeeumx

- -
®opmupoeaHue comoeoll

fAYeUKu npocmpaHcmea

Puc. 17.20. "CoToBas CTpyKTypa MakpoKocMoca
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MatpuyHoe nMpoCTPaHCTBO — HEOAHOPOJHO (AHU3OTPOIHO) MO MEPHOCTH.
DTO NMPUBOJIUT K CMBIKAHUIO C JIPYTMMU MATPUYHBIMU MPOCTPAHCTBAMU B ITUX
30HaX HEOJHOPOAHOCTH M OOpa30BAHMIO CYNEPHPOCTPAHCTB. i1 yCTOWYMBOCTH
MaTPUYHOTO TMPOCTPAHCTBA HEOOXOAUM OajaHC MEXIy KOJWYECTBOM MAaTEpuH,
CUHTE3UPYEMOI B MOJOXKUTENBHBIX 30HAX CMBIKAHUS TPOCTPAHCTB U KOJIMYECTBOM
MaTepuu, BHITEKAIOIIEH U3 OTPUIIATEIbHBIX 30H.

B pesynbraTe H3THX MPOIECCOB, BO3HUKAET HEKOTOPOE KOJIUYECTBO
CYyHepHpOCTPAHCTB TUIA HIECTUIYyUYeBUKa (nl) 1 aHTUIIECTUITyUYeBUKA (Nn2).

Ax(ﬁj:

Aac) ‘ I

Ax) -

|

Aoy *‘

3,16179589

3,141532654

2,87995058

2,859747348

2,859747348

2,87995058

3,141532654

3,16179589

MHUKPOKOCMOCA.

OTU 30HBI CMBIKAaHHMSI MaTPUYHBIX
MPOCTPAHCTB UMEIOT CIEAYIOIINE MEPHOCTH:

3,141532654 < Ax(+) <
3,16179589 2,859747348 < nm(-) <
2,87995058 wu coorBeTcTBEHHO: 2,859747348
< Ax(-) < 2,87995058 3,141532654 < A n(+) <
3,16179589

[lectunyyeBuku 51
AHTUIIECTUIIYYEBUKH  O0pa3ylOT  COTOBYIO
CTPYKTYpY B MATPUYHOM MPOCTPAHCTBE U
CO3MIAIOT «CKEJIET» — «KPUCTAJUIMYECKYIO
PEIETKY» MaTPUYHOTO MPOCTpPaHCTBA (CM.
puc. 17.20.). IMeHHO Ha ypOBHE MaTPUYHOTO
MPOCTPAHCTBA BO3MOXKHO YBHUJETh HamOoiee
APKO TOXIECTBEHHOCTh MAaKpOKOCMOCa H

KoHeuHast 0€3KOHEYHOCTH

nB MUasn.Asn.B

[ToMHUTE MIKOJIBHYIO 3a/1a49y, KOTJa U3 MyHKTa A B MyHKT b oTmpaBnsercs
myTenecTBeHHUK. CIpalmBaeTcsi, CKOJIBKO eMy MOTpeOyeTcsi BpeMEHH, €CIH OH
OyJleT UJITU CO CKOPOCTHIO V U AO0JIKEH OyAeT NPOUTH MyTh IIUHON S?

Bcé Bpome Obl IpOCTO: pa3faenwil myTh Ha CKOPOCTh JIBIKCHUS M TIOJTYYHIT
FICKOMOE BpeMs. A ecli IyTh OY/eT IPeCTaBIaTh co6oii neHty Mébmyca?

23



®opuuposaue cmpyxmyps! MaMPUYHbIX Npocmpakeme & eude nexmsl Mebuyca - odHocmoporwed nosepxsocmu: (Weemunyvesux L1 coedursemes ¢
aumuwecmunyyesuxom Af u m.d.m.e. "nepexpyyueas” nexmy xa odux oopom 830Nk eé ocu, m.X. 3mo nossonsem coedusums Gonslwee xonuYecmeo
nysel wecmunyyesuka ¢ “aHmunyyaMu” aHmUWecTunyeeura.

Puc. 17.21. opMupoBaHue CTPYKTypbl MaTPUYHbIX NPOCTPAHCTB B BuAe neHTbl Mébuyca

DTO yHUKaJIbHAsl TEOMETPUYECKAsl CTPYKTypa, KOTOpasi Mpe/iCTaBIsieT co00i
OJIHOMEPHYIO (OJHOCTOPOHHIOI) MOBEPXHOCTh. B Heil m.m. A u B coBmanaror.
[TosToMy, eciau MyTENIECTBEHHUK OTMIPABUTCA BIEpPEN, TO OH JOJDKEH Oyner
MPOMTH MYTh B JIBA pa3a JJIMHHEE MOJIOCKHU, U3 KOTOPOU €€ CKIICWIIN, U OH IPUIET B
Ty &€ TOYKYy, U3 KOTOpoH Bbimen (cM. puc. 17.21.). A ecnu moilTu BCHsATh, HE
C/eJiaB U 1Iary, MOXHO Cpa3y OKa3aThCs B HY>KHOM TOUKE.

Kaxnoe maTpuyHO€ NPOCTPAHCTBO JAHHOIO THUIA MPEACTABISET COO0O0M
JeHTy Mébdyca - 0JJHOCTOPOHHIOIO MOBEPXHOCTHh (cM. puc. 17.22.). Matpuunslie
MPOCTPAHCTBA — TOXKE 3aMKHYThIE€ CUCTEMBI. DTO CBSI3aHO C TE€M, YTO YCJIOBUS
JOMYCTUMON MEPHOCTU [IJIi TaKUX MPOCTPAHCTB BBIMOJHAIOTCA HE BeE3JE B
MPOCTPAHCTBE HEMPEPHIBHOW MEPHOCTH, MOSTOMY OHHM U 3aMBIKAIOTCSI B TaKue
TOMOJIOTUYECKUE CTPYKTYpPbl, B KOTOPBIX OOECIeUUBaETCA CTAOUIBHOCTh 3THUX
00pa3oBaHU.

% *- ~ Mpocrpancrso A

Paspes |- |

lMpocTtpaHcTeo A

MartpuuHbie
cynepnpocTpaHcTsea

Puc. 17.22. ®opmupoBaHue "cnoeHoro nupora" 3 MaTpu4HbIX NPOCTPAHCTB
B BuAe neHTbl MéGnyca ¢ pasHbIM yPOBHEM MEPHOCTH.

Ha puc. 17.22. noka3zaHo Kak 3TO IPOUCXOIUT.
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Marpuunbie TPOCTpPaHCTBA HE ABJISIOTCA KOHEUYHbIMU cuctemaMu Kocmoca,
a, BCEro JIMIIb, 3nemMenTaMu bonbmoro Kocmoca. bomabioit KocMmoc, kak 1 Manblit
KocMoc HeomHOpOAEH, MO3TOMY KOHEYHOCTh MATEpPUHU, JIOKAIW30BAHHOW IO
o0JnacTsiM, e COBMAJAl0T KAaYeCTBAa U CBOWCTBA TUIIOB MaTEpUN U MPOCTPAHCTBA,
MPUBOJUT K TOMY, YTO CUCTEMHBIE 00Opa30BaHUSI CYIIEPBCEIICHHBIX B BUJIE JICHTHI
MéOuyca Takxe oObEIUHSIIOTCS B HOBbIE CUCTeMHbIe oOpa3zoBaHusi... Ho u 31ech
MOBTOPSIFOTCSL MHOTME 3aKOHOMEPHOCTH, YK€ H3BECTHble HaMm. (CMbIKaHUe
MATPUYHBIX CYNEPIPOCTPAHCTB MPOUCXOJUT TAKXKE IO MEPENnaagy MEPHOCTHU:
IIECTUIYYEBUK — aHaAJOr CYyNep3BE3Jbl OrPOMHBIX MAaCIITa0OB C MEPHOCTHIO
3,1415926 B3auMOJIEUCTBYET «CBEPXY» C CYNEPHPOCTPAHCTBAMH OOJbIIEH
MepHOCTH, T.€. 3,14 + AL = 3,16179, oTKyna mpuTeKaeT B HEr0 MaTepus, SBJISISICh
JUISL HETO AHTHUIIECTUIYYEBUKOM — «YEPHOM ABIPOW». «CHU3Y» WIECTHIYYEBHK
B3aMMOJICHCTBYET C MPOCTPAHCTBOM C MepHocThio 3,14 — AA = 293955, ¢
CYyHEPaHTUIIECTUIYYEBUKOM (aHAJIOTOM «4YePHOMl AbIPbI»), KyJa IepeTeKaeT
MAaTepusl, COTJIACHO 3aKOHY COXPAHECHUS MaTepUHu. 3JIeChb TAKKE MPOUCXOIUT
B3aMMOJICHCTBUE, HO YK€ Mexay ciosimu Mébuyca (cM. puc. 17.22.). IIpu stom
cieayer oOpaTuTh BHUMAHHE Ha TO, YTO TOJILKO cpelHuil cimoil B mpencrasisier
coboii ety Mébuyca, a cion A u C npeactaBisior co6oit AQraHcKyio JIeHTy
(A1 HATTIITHOCTU MOYKHO CKJIEUTh MOJIENIb U3 Oymarm).

Kak mpoucxoauT B3aMMOJEHUCTBHE C JPYTUMH CIOSIMH, MOXHO TOJIBKO
MpeaIoaaratb, U, CKOpee BCEro, HET CMbICIA €€ pacCMaTpUBaTh HAa 3TOM JTalle
Pa3BUTHUSL KOHUEIILUU.

Macmtaber  KocMoca —  KoJOCCanbHBI, €CIUM OPUEHTUPOBATHCS Ha
yejnoBeuecknue Mepku. Tosbko pa3BuB cBOM Mo3sr, cBowo CymIHOCTh, CBOE
CosHanue, kak otMeudaeT Hukomait BUKTOpOBHY,- YETOBEK MOXKET IMOIBITATHCS
MPOHUKHYTH Aanbie. Tonbko PA3YM B coCcTOSSHUM ABUTAaThCA BIEPED, OT OAHOTO
TOpPU30HTA K ApyroMy. I'1aBHOE — HE OCTaHOBUTH CBOE pa3Burtue. llepemenieHue
CO3HAHMS €CTh E€JAMHCTBEHHO JeHCTBEHHBINM crnocoO mo3Hanus Kocmoca. Camas
nyumast B KocMoce TexHonorust He CocoOHa co3/1aTh CPEACTBO MEPEMEILICHHUS, HE
nMeromee mnpeaena. M mo Mepe mocieaoBaTelbHON 3BOIIOIMOHHON HapabOTKH
ATUX TEJ HCYe3aloT YK€ Oapbepbl HE TOJBKO IUJIAaHETApHOIro MmaciTaba, HO U
KaueCTBEHHbIE Oapbepbl MeTaBCceleHHOM, CyNMeprnpoCTPaHCTB U MaTPUYHBIX
npocTpancTB. U 3TOT mpoliecc — OECKOHEUEH...

Bo3geiicTBue NOTOKOB, WAYIIMX HW3BHE, B IEPBYKD OYEPEIb BBI3BIBACT
M3MEHEHMS] Ha MEHTAJbHBIX, MOTOM Ha acTpajibHOM M 3QupHOM YpoBHsIX. U
TOJBKO MOCIIE 3TOr0 — Ha (uU3NYecKOM. V3MeHeHue, BO3HUKIIEE Ha BHEIIHUX
[JIaHAX HAIIEH TUIaHEThI, TOCIEA0BATEIBHO MPOXO/s YEpPE3 MPEAbIIYIINE YPOBHH,
JIOCTUTHET €CTECTBEHHO (DU3UYECKOTO YPOBHSA W MPOsSIBUTCS Ha HEM. Ceiluac Mbl
MOJONLIM K IMOHUMAaHUI0O BO3MOXHOCTH BHUJIEHHS Oynaymiero... MakcumanbHas
riyOrMHa MPOHUKHOBEHHUS B Oyaylliee Halllel MIaHeThl BO3MOXHA, IIPU MBICJIEHHOM
CMEIIICHUA HA YETBEPTHIMA MEHTAJIbHBIA YPOBEHb IUIAHETHL. [Ipm 3TOM MOKHO
3arJIsIHyTh Ha COTHHU, THICSYM JIET BOEPEN. MUHHMAIbHOE CMEIIEHWE — Ha
3(UpHBIN YPOBEHB, KOTJIa MOKHO YBUJIETh OyIyIlee ONmKalnxX QHEH, MecAleB 1
JeT. DTO )Ke KacaeTcsl BO3MOKHOCTH BueHus [Ipomwioro...

bynymee u Ilponuioe — marepuanbHbl U PEaNbHbL, U SIBISIOTCS YAaCTAMHU
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OJIHOTO HEPA3PBIBHOTO MpolLecca

N3MeHeHne KaueCTBEHHOI'O COCTOSIHUSI MaTE€PUU BIMAET HA KAYECTBEHHOE
COCTOSIHUE TPOCTPAHCTBA C OOpaTHBIM 3HAKOM. B pe3ynbrare Hamuuus MEXIy
MPOCTPAHCTBOM U MaTepuel OOpaTHOM CBS3U, MPOSIBISAIONICHCS B UX B3aUMHOM
BIIMSIHAM JAPYr Ha JAPYyra, BO3HUKAET KOMIICHCAIMOHHOE PABHOBECHE MEXKIY
MPOCTPAHCTBOM M MAaTE€PUEH, HAXOAALIEUCSA B 3TOM IIPOCTPAHCTBE.

B pesynbraTe mposiBIIEHUS 3TOTO KOMIIEHCAIMOHHOTO PAaBHOBECHUS MEKIY
MPOCTPAHCTBOM W MATEPUEH, KAXKI0€ KOHKPETHOE MATPUYHOE MPOCTPAHCTBO, C
3aIaHHBIM KO3(P(DUITMEHTOM KBaHTOBaHUs npocTpaHcTBa Gi, ABJISETCS KOHEUHBIM,
KakK 0 pa3Mepam, Tak U 1o Gopmam.

Teneps MbI 3Ha€M, UTO UMEETCSI OJHO HAMPABJIECHHUE, B KOTOPOM ITPOUCXOAUT
nocjieAoBaTelbHas 1EMb COOBITUM B Hallle METABCEJIEHHOWM — OT MPOCTPAHCTB-
BCEJICHHBIX, OOpa30BaHHBIX JAByMs (opMamMu Marepuil, K HPOCTPAHCTBAM-
BCEJICHHBIM, 00pa30BaHHBIM CUHTE30M JieBATU PopM MaTepuil (cm. Puc. 17.10).

[lopToMy B Hame MOpPOCTPAHCTBO-BCEICHHYIO COOBITHE BO3MYILICHUS
MaTepuil MPUXOAUT U3 MPOCTPAHCTB-BCEIEHHBIX, OOPa30BAHHBIX IIECTHIO
dbopmamu matepuii. M mpoias dTam  ABOJIOIMOHHOTO PAa3BUTHS B HaIllEM
MIPOCTPAHCTBE-BCEIICHHOM, «IIEPETEKAIOT» B ClieIyIollee, 00pa3oBaHHOE CIUSHUEM
BOCbMH (DOpM MaTepuil U aHAJIOTUYHO JOCTUTAET LIEHTPA Hallel MeTaBCEIECHHOU
— TPOCTPAHCTBA-BCEJICHHOW U3 JneBATH (opM wmaTtepuil. OTO U sBIsSETCA
MIPUYUHOMN TOTO, YTO BPEMS T€UET B OJJHOM HANPABJICHHH.

Takum o00pa3oM, MbI MO3HAKOMUJIKUCH C MHOTOOOpa3ueM U TapMOHHEH
Makpokocmoca, MHOTME 3araJkd KOTOPOTO Mbl CMOXKEM pas3rajaTh, H3ydas
MHKPOKOCMOC, ITOKa BO3MOXHOCTH HAaIllUX CYIIHOCTEN orpaHuyeHbl. KocHynuch
MBI 1 HEKOTOPBIX CEKPETOB TBOPUYECKOW JlabopaTopuu e€¢ BenmdectBa [Ipupossl.
Ha cnenyromem ypoke Mbl TO3HAKOMUMCS ¢ KOHUEMIUEN TPYTOro BbIIAKOIIETOCA
pycckoro yuéHoro XatblooBa A.M. u yBUIMM, 4TO 00€ KOHUEMIIMH HE TOJHKO
JOTOJHSIOT IPYT APYTa, HO U MO3BOJISIFOT OTKPBITH PSJT TAllH, O KOTOPBIX MBI JIaKe
HE UMenu npencraBieHus. 1100 opuunanbHas Hayka JIaBHO YK€ UJIET JIOKHBIMU
MyTAMH. ..

' Jlesamos H.B. TIlocimenmee obpamenne Kk uenosedecTBy/Hukomaii
Bukroposuu JleBamon. Cankt-IlerepOypr. U.: «Mutpako», 2012. — 512 c.,
c.369.

. OnHnoMepHast MOBEPXHOCTh ObLTa OTKpHITa B 1858 romy mareMaTtukom u3
['epmanuu, u 3Banu ero Asryct @epaunang Méoduyc.

 JIMHHAsS JIeHTa C nByMs noimyoboporamu (adranckas senta). Eciaum
pa3pesaTh JieHTy Mebuyca BAOJb MO JIMHUHU, PABHOYJAJIEHHON OT Kpa€B, BMECTO
IByX JieHT Mé&Ouyca moiayduTcss oAHa JUIMHHAs JIBYXCTOPOHHSA (BABOE OOJIbIIIE
3aKpydeHHas, 4yeMm JieHTa MeEOuyca) JieHTa, KOTOPYIO Ha3bIBalOT «adraHckas
neHTa» ( IByCTOPOHHSISI IOBEPXHOCTD ).

N.M. Konapakos
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