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IIpeaucaosue

YenoBek, Kak U JII0OOH Jpyroy npeicTaBUTe b APCTBA KUBBIX CYIIECTB, KUBET B IOCTOSTHHO
M3MEHSIOIMXCS YCIOBUSX, CO3/1aBAEMbIX OKpPYXKaloIIel ero cpeoi, U MHCTUHKTUBHO, MCIOJb3Ys
CpelcTBa CaMOCOXPAHEHUs1, CTPEMUTCS K JIOJITOJIETHIO U IIYTEM PAa3MHOKEHUS — K MPOJJIEHUIO CBO-
ero pora. OHaKo, B OTJIMUME OT BCEX JAPYrMX MpPeACTaBUTesel ApCTBa KUBBIX CYLIECTB, YEJIOBEK
TaK’ke M CTaBUT Mepes] cOO0H MHOKECTBO BOIPOCOB, HA KOTOPBIE IBITAETCS HAWTH OTBETHI. MIHBIMU
CJIOBAaMH, YE€JIOBEK CO3HATEJIbHO WJIM HEOCO3HAHHO UILET UCTUHY.

Ilomumo camocoxpaHeHHsI M TPOAJIEHUS pojia YesloBeKa TakKe MHTEPECyIOT U Cledylolue
BOIIPOCBI:

— KaK YCTpOeHa OKpYKalolllasi Hac Cpesa;

— M3 Yero M Kak o0pa3oBaiach M pa3BUBAIIACH OKPYKAIOIIAs CPEa;

— YTO XKAET OKPYKAIOIIYIO HAC Cpe/ly B OyayIieMm;

— 4YTO TaKoe MpUpoJa;

— KaKoBa CyTb IPUPOIbI;

— KaK CBs3aHa MaTepualibHasi PUPOA C JyXOBHOM;

— Kak oOpa3oBasiach 3eMJIsl ¥ KU3Hb Ha Hel;

— KaK MOSIBUJIMChH JIOOU Ha 3eMJie;

— KTO MBI;

— OT Yero 3aBHUCUT Hallle 3/I0POBbE U CYACTHE;

— B 4éM CMBICJI Hallleil XU3HHU;

— KaKk MOXHO oOpecTtr 6eccmeprie?

COBOKYIHOCTb MpeJCTaBIeHU, 00pa30BaHHBIX U3 OTBETOB HA 3TH BOIPOCHI, U COCTaBJISET
MHUPOBO33peHue yesoBeka. [lonbiraemcsi paccMOTpeTh 3TU BOIPOCH MOAPOOHEe.
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1. Kak oOpa3oBaJjach U pa3BuBaJach
OKPpY:Kamou[asi HaC cpeja

1.1. YUTo Takoe OKpPYy KaIasda cpeaa 1 U3 4€ro oHa CoCcrtourT

UroObl OTBETUTH HA BOIPOC, YTO MBI MOPa3yMeBaeM MO OKPY:Kalolllell Hac Cpellou, AaBaiTe
orisTHeMcsl BOKPYT ceOs1. OIJISTHYBIIUCh BOKPYT, Mbl YBHIVM MHOXECTBO Pa3jIMUHBIX OOBEKTOB U
MTPOUCXOJAIINX BOKPYT HAC MPOLIECCOB.

Cpeny 0OBbEKTOB MBIl YBUJUM MOMHUMO TaKUX K€, KaK U Mbl JIIOJel, OTPOMHOE MHOXKECTBO
JKUBBIX CYIIIECTB, TO €CTh Pa3HOOOPA3HBIX BUJIOB KMBOTHBIX M PACTEHHH, & TAK)KE MHOXECTBO 00b-
€KTOB TaK Ha3bIBAEMOW HEKXUBOW MPUPOJIbL:

— OKeaHBbl, MOpsl, 3aJIMBbI, PEKH, 03€pa, Pyl U O0JIOTA;

— MaTepUKH, OCTPOBA U MOIYOCTPOBA C UX MYCTBIHSMU, CTENSIMH, IOJTMHAMU, XOJIMAaMU, TOPaMU
U Teliepamu;

— BO3JYIIIHBIA OKeaH ¢ 00JaKaMH, TYMaHaMH U OCaJIKaMH;

— COJIHIIE, JIyHY U APYTrHe TUIAHEThl COTHEYHON CUCTEMBI;

— 3BE3/IbI U TAJIAKTHKH.

A ¢ TIOMOIIIBI0 COBPEMEHHON TEXHUKHU Mbl, 3aIJISIHYB BIJIyOb MaTepuH, U B JAJIEKUl KOCMOC,
MOKEM HCCIIEI0OBaTh MUKPOMMUP (10 pa3MEPOB MEHBIIMX MUHUMAJIBHO BUAMMBIX 1a3oM B 100 Mui-
JIMAPIOB Pa3) U MAKPOMHUP ([0 pa3MepoB OGIBIIMX 3eMJIM B MIUJUIMAp] MAJUTMAPAOB pas).

Cpenu npoucxoasux BOKPYT HAC MPOLIECCOB Mbl YBUIVM:

— XKW3Hb U JESTEILHOCTD JIIOfIeH (IETCKUe WIphl, BOCIUTATENbHAS, 00pa3oBaTe/ibHasl, IPOU3-
BOJICTBEHHAsI, HAY4YHAsl U PEJIMIMO3HAs AEATEIbHOCTh, UCKYCCTBO, CIIOPT, pa3BJIeYeHus U T. 1.);

— *KU3Hb )KUBOTHBIX (UTPBI, OXOTa, MaCThOA, OTIBIX U T. [.) U pacTeHU (I[BETCHUE, TLIOIOHO-
IICHUE, JINCTOTIAA U T. 11.);

— armocdepHble (001aka, 0caKu, poca, MeTeslb, Oypsl, Fpo3a, paayra, 3apsi, CMepd 1 Tak Jajiee)
U Ipyrue IpupoHble siBlieHUs (IPUIKMBBL U OTJIMBBI, U3BEP:KEHUE BYJIKAHOB, 3eMJIETPSICEHUS, COJI-
HEYHble U JTyHHbIE 3aTMEHUs1, CMEHa YacTell CyTOK U BPeMEH rojia u T.j.).

A coBpeMeHHasi TEXHUKA MO3BOJISIET HaM YBHUJIETh MPOLIECCHI, TPOUCXOASAIINE B MUKPOMUPE
(C IPOMEKYTKOM BpeMEeHH MEHBIIINM, YeM CEeKYH/a, B TPUJUIMOH TPUJUIMOHOB pa3) U MaKpoMupe (¢
MIPOMEXYTKOM BpeMEHH OOJIbIIINM, YeM CeKYH/a, B MAJUTHAPI MUJLTUAPIOB Pa3).

3a MHOIMe rojibl CBOEro CylIeCTBOBAaHMSI COBPEMEHHAs MaTepUaicTUYecKas HayKa ycresa
YACTUYHO OTBETUTDb Ha MOCTAaBJIEHHBIE BOIPOCH. B COOTBETCTBUU C HAYKOM, BCE, YTO HAC OKPYXKAET,
coctouT u3 10 crabunbHbIX U Oonee 340 pacraaoIIuXcst TUTIOB 3JieMeHTapHbIX Jactuil [10]. Dre-
MEHTapHbIE YaCTUIIBI MOTYT OObETUHATHCS B ATOMbBI OTPAHIMUEHHOTO KOJIMYECTBA TUITOB XUMHUYECKHX
35ieMeHTOB (TI0Ka u3BecTHO Beero 118) [9], koTopbie B CBOO 04epeb MOTyT OObEIMHATHCS B MOJIE-
KYJIbl OTPOMHOT'O MHOKECTBA (M3MEPSEMOro MIUTMOHAME) Pa3HOOOPA3HBIX XMMUUYECKUX BEIIECTB.

CoBpeMeHHas1 HayKa IOKa HE MOXKET OTBETUTh Ha BOMPOC, U3 YETro COCTOST JIEMEHTApHbIE
yactuipl. [IpaBaa, cymiecTByeT B (pU3MKe J€MEHTAPHBIX YaCTUIl TEOPETUYeCKass KOHCTPYKLMS,
HasbpiBaeMasi CTaHJapTHOM MOJEJbI0. B COOTBETCTBUM C 9TOM MOJENBIO BCE BEIECTBO COCTOMUT U3 13
(byHIaMEeHTAIbHBIX KBAHTOBBIX I0JIeH, KBAHTAMU KOTOPBIX SBJSAIOTCS (DyHIAMEHTAJIbHbIE YaCTHIIbI-
(pepmuoHnsI (6 1eNTOHOB, 6 KBApKOB U 12 COOTBETCTBYIONIMX UM aHTHYacTHLl) [7]. OnHako, Aaxe 3Ta
TeOpeTHUYeCcKast KOHCTPYKIIMS HE OMKCHIBAET HU IPaBUTAIIMIO, HU TaK Ha3bIBaeMble TEMHYIO MATEPUIO
¥ TEMHYIO SHEPI U0, KOTOPbIE COCTABIISIOT 3HAUMTEIIbHYIO YacTh (6oree 95%) cocraBa BceneHHOH [§].
OueBuHO, yTo CTaHJApTHASA MOJEb HE MOKET SIBJIATHCS MOCIIEHAM CJIOBOM B (PU3UKE SJIEMEHTAp-
HBIX YACTHII.
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Takum 06pazom, BOIIPOC, KaK YCTPOSHA OKPY:KaloIas Hac cpefia, ocTaércst OTKphIThiM. Ha 3ToT
BOMPOC Morja Obl OTBETHTH €IMHAs TeOpus IOJIsA, Ha CO3[aHue KOTOpoH yaypeaTsl HobeneBckoi
npemun A. DitHTeiH u B. [eiizen6epr 6e3pesysbraTHo notpatuim nocienaue 30 u 20 jger cBoux
KU3HEN cooTBEeTCTBEHHO [2]. K coxaieHuio, HECMOTpsI Ha TPyAbl MHOTUX MX TOCJIeJOBaTelel, Mpo-
Oema co3JaHus eqUHON TEOPHH TOJIS M TIO Cel JIeHb OCTAETCsl HEPEIEHHOM.

[NonbiTKa perieHus 3Tor MpodieMbl MpUBeIa K pa3padoTKe TUIOTe3bl, HA3BaHHOW HaMu Bce-
oOIIMM B3auMofecTBUeM. [lanee MpUBOISATCS OMUCAHUE U aHAJI3 STOM TMITOTE3bL.
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1.2. IIpeasaraemMelii MOAX0/ K pelIeHHIO MPO06JaeMbl

B Hacrosiiee Bpemst paznuyaior 4 (hopMbl MO3HAHKS: HAYYHOE, XyI0KEeCTBEHHOE, (Pritocod-
ckoe u Mmugonoruueckoe [4]. OgHako, Ha HaIl B3IJIsAJ UMEET MPaBO Ha CAMOCTOSITESIbHOE CYIIe-
CTBOBaHME U MsiTast (popma Mo3HaHM S, KOTOPYIO0 MOXKHO Ha3BaTh Hay4HO-(puiiocodckoi. dta hopma
TMO3HAHUS ¥ ObUIA UCTIONB30BaHA MPU pa3paboTKe M3IaraeMoi Huxke runotesbl. CyTh 3T0i (hOpMBI
MO3HAHMS 3aKJoyaeTcs: B cienymomeM. Kak m HayuyHoe mo3HaHue Hay4dHO-(uocodckas dopma
MO3HAHUSI — 3TO MPOLIECC MOTyYeHUs] OObEKTUBHOTO 3HAHMSI, HAITPABJIEHHOTO HAa OTPaXEHUE 3aKO-
HOMEpHOCTeW MaTepuaibHOW mpuponsl. Ho ecn 06a ypoBHSI HAyYHOTO MO3HAHMST: SMITUPUIECKHUI
Y TEOPETUYECKUI 0a3UPYIOTCS UCKITIOUUTEIEHO Ha SKCTIEPUMEHTAJIbHBIX JIAHHBIX, TO HAY4YHO-(UIIO-
cobckoe Mo3HaHKe TaK ke Kak U (uocodckoe mo3HaHue Oazupyercsi He Ha SKCIEePUMEHTATBHBIX
JaHHBIX, a JIUIIb Ha (PyHIAMEHTAIbHBIX TPUHIIMIIAX CYIIIECTBOBAHUS MATEPUH.

Enunas Teopusi monsi cauTaeTcsi mpoOaeMoi UCKITIOUUTeNbHO (prsnueckoid. Ho no Beelt Buau-
MOCTH, pa3padoTtars rurnote3y BeeoOiero B3anMoaeiicTBIsI MOXHO JIMIIIb HA OCHOBE CHHTe3a (puJio-
couu 1 (pU3MKH, TO ECTh ITyTEM IIPUBJIEYEHU I HEKOTOPBIX (PUIOCO(PCKUX UIe (TPUHLUIIOB), KOTO-
pble MO3BOJIAT HE TOJIBKO YETKO C(hOPMYIMPOBATH LeJTb, HO ¥ 0003HAUUTD OOIINE KOHTYPbI THIIOTE3bI
BceoOrero B3anumMonencTeus.

BrisiBIEHHIO ¥ UCTIONB30BAHUIO STUX MPHUHIIUIIOB B CTaThe yAEIsIeTcss 0co00e BHUMAHUE, TaK
KaK Ha UX OCHOBE OyIyT orpe/esieHbl MpUIrHbl BeeoOiero B3auMoieiicTBUSI U 3HAYSHUST CUJT, AeH-
CTBYIOIIMX B CaMBIX pa3HBIX 0ONACTSAX MaTepralbHOro mupa. [IpuHATHIE B JAHHOM HCCIIEI0BaHUU
YCJIOBHBIE 00O3HAYECHUsI TIPUBEICHBI B MPUJIOKeHNH 1. BbIBOIBI (hopMys Ui pa3iMuHBIX CITy4YacB
B3aMMOJICUCTBHUSI MaTepHaIbHBIX TeJl MPECTaBICHbI B IPUIOKEHUSX 2 1 3.

1.2.1. BoisiBJIeHHEe KOMILIEKCA OCHOBOMOJIAralmuX NPUHIMIIOB

OO0rmue MpUHILKUIIEL, KOTOpbIe OyIyT MPUHSATHI 1J1s1 CO3aHusI TUroTe3bl Beeodmero B3anmonei-
CTBUS1, MOKHO C(hOPMHPOBATh HA OCHOBE HUKETIPUBEAEHHOTO UCCIeI0OBaHUS (PHIIOCO(PCKUX KaTero-
puii. [1aBHYI0 pOJb B 3TOM HCCJIEIOBAaHUM OYIyT UrpaTh KaTteropuu aOCOMIOTHOCTH M OTHOCHTEITb-
HOCTH.

K coxanenuro, B prstocopckort Iureparype HeT eqUHCTBA B onpeesieHH (puiocoCKUX Karte-
ropuii aOCOMIOTHOCTU M OTHOCUTENIBHOCTH. [laxke B mpejenax ofHoi (priiocopcKoil MIKOJIBI onpejie-
JIEHUS 3a4acTylo 3aBHCAT OT aBTopa. [103TOMy NMpaBMIIBHOCTB TE€X WJIM MHBIX OIpPE/ENICHUN MOKET
OBITh JIOKA3aHa JIMIIb B TOM CIIy4ae, eclii Ha UX OCHOBe OyzieT pa3paboTaHa HeKasl MpUKJIaaHas (He
(pritocopckast) Teopusi, XOpoIIO COMIACYIOLIASCA C TPAKTUKOM.

IIpu pa3paboTke ONMUCHIBAEMOI HUKE MIIOTE3bl ObLIM MPUHATHI CIELYIOLINE MTPEACTABICHNUS
KaTeropuii abCOMIIOTHOCTH ¥ OTHOCUTENIBHOCTH. Ecin Kakoe-To Ka4ecTBO MpUCyIe a0COMIOTHO BCEM
0e3 MCKJII0YeHUs] OObEKTaM MaTepuajbHOIO MHpa, TO 3TO KayeCTBO Mbl Ha3blBaeM aOCOTIOTHBIM.
Takum 00pa3oM, 1oj1 abCOMOTHOCTBIO MBI IOHMMAEM SIBHYIO BCEOOLITHOCTB OTAEIBHOTO KauecTBa, IS
BBISIBJICHUSI KOTOPOTO HET HEOOXOAMMOCTH CPaBHHMBATh J]Ba OOBEKTA, TAK KaK 9TO KAUYeCTBO y BCEX
OOBEKTOB MAEHTHYHOE. VIHBIMU CJIOBaMU aOCOMIOTHOCTD SIBJISIETCS] OE30THOCUTEIBHON KaTeropuen,
TO €CTh IPOTUBOIOJIOKHON OTHOCUTEIBHOCTH.

B ommume ot aGCOMOTHOrO KayecTBa OTHOCHTENBHBIM B KHHWIE Ha3blBAEM TaKOE KayeCTBO
MaTeprUaIbHOro 0OBEKTa, KOTOPOE MOKET TIOSIBUTHCS JIUIIIb B PE3YJIbTaTe CPABHEHHUSI IBYX OOBEKTOB.
Hanpumep, npu cpaBHeHHN 00beMa JJAaHHOTO OOBEKTA C IBYMsI APYTMMHU OOBEKTAMU B OJHOM CITydae
00BEM MOXET OKa3aThcsl OOJIbIIE, a B IPyroM — MeHbie. CieloBaTesIbHO, OTHOCUTENIBHOCTh BCEra
IpeAronaraeT HaJuuKe AByX CPABHUBAEMBIX HEUTO, U TOJIBKO B X CPAaBHEHHU MOXHO BBISIBUTH TO,
WJIM MIHOE OTHOCUTEJIbHOE Ka4eCTBO KakJI0rO U3 HUX.


https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B7%D0%BD%D0%B0%D0%BD%D0%B8%D0%B5
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Takum 00pa3om, aOCOIIOTHOCTh U OTHOCUTEIBHOCTD SIBJISIOTCS AUAMETPATLHO TIPOTHUBOIIONOK-
HBIMU ¥ B3aUMOMCKJTIOUAIOIIMMU KateropusimMu. [103ToMy, eclii Kakoe-To KauyecTBO SBJISAeTCs abco-
JIIOTHBIM, TO TIPOTUBOIIOJIOKHOE €My Ka4eCTBO 0053aTeIbHO OyIeT OTHOCUTETBHBIM U HA00OPOT.

Kak u3BecTHO, Kaxa0i (prUI0codpcKoi KaTeropuu MOXKHO COIIOCTABUTH JIPYTYI0, KOTOpas o0pa-
3yeT ¢ Hell mapy u Oy[eT BO BceX OTHOIICHUSIX ITPOTUBOIOJIOKHA eil. PaccMoTpum ¢ mosurwmii abco-
JIIOTHOCTH W OTHOCHUTEJIBHOCTH CJIeyIoIIue ceMb nap (puaocopCKUX KaTeropuii:

— KOHEYHOCTbh U 6GCKOHC‘IHOCTI),

— OPraHM30BaHHOCTb K XaOTUYHOCTD,

— IACKPETHOCTh U HENIPEPBIBHOCTD,

— B3aUMOCBSI3aHHOCTh U HE3aBUCHUMOCTb,

— Pa3IBOEHHOCTD U IIeJILHOCTD,

— MaTepUaIbHOCTh U U/ICATHOCTD,

— CXOXECTh U pa3JInyiue.

1.2.1.1. KoHeYHOCTh U 0€CKOHEeYHOCTh

KoHeuHOCTh — 3TO KaTeropus, XapakTepusyomas orpaHIYeHHOCTb MPOTSHKEHHOCTH JII0O0TO
THIIA:

— IPOTSAKEHHOCTU IBUKEHUSA (ITPOLIECCOB),

— MPOTSKEHHOCTH MPOCTPAHCTBA,

— IIPOTSAKEHHOCTU BPEMEHHU.

KoHeuHOCTh MpOTSIKEHHOCTH IBMKEHUST O3HAYAET HAJIMUKE y JOOBIX MaTeprabHbIX MpoIec-
COB MOMEHTOB MX Havajia 1 KOHIa. KOHeUHOCTh POCTPaHCTBEHHOM MPOTSKEHHOCTH O3HAYAET Orpa-
HUYEHHOCTh pa3MepOB MaTepUaIbHBIX OOBEKTOB (BITpeab OyleM Ha3bIBaTh MX MPOCTO OOBEKTAMHU).
A KOHEUHOCTh BPEMEHHOW MPOTSKEHHOCTH CBUJIETENILCTBYET O HAIMYMHU Y OOBEKTOB MOMEHTOB HX
oOpa3zoBaHus (pOXKICHUS) U pacmaja (CMepTu).

B npoTHBONONOKHOCTS KOHEYHOCTH KATeropusi OECKOHEYHOCTH O3HAYAeT PeaslbHOCTh TaKHUX
MaTepraJbHBIX MPOLIECCOB, Y KOTOPBIX OTCYTCTBYIOT MOMEHTHI MX Hauasia ¥ KoHua. Kareropus 6ec-
KOHEYHOCTHY O3HAYaeT TaKXkKe PeaTbHOCTh M TAKUX OOBEKTOB, Y KOTOPBIX OTCYTCTBYIOT KOHEUHbIE pa3-
Mepbl 1 MOMEHTHI UX 00pa30BaHMs U PacIajia.

HNcxonst u3 BCEOOITHOCTH KaTeropuu aOCOMIOTHOCTH, TO €CTh €€ MMPUMEHUMOCTH KO BceMy 0e3
KaKHUX-TMOO OTpaHMUYCHUH, ¥ YUUTHIBasl CYIIECTBOBAHME OrPOMHOIO MHOXKECTBA SIBHO KOHEUYHBIX
MPOIIECCOB M MHOXECTBA OOBEKTOB, UMEIOIINX OrPaHIMYEHHBIE Pa3Mephbl M CPOKH CYIIECTBOBAHUS,
HEBO3MOXXHO TIPU3HATh, YTO OECKOHEUHOCTD SIBJISIETCS aOCOMIOTHOW KaTeropuei. VIHBIMU CIIOBaMH,
OECKOHEYHOCTb SIBJISIETCS] OTHOCUTENIBHOM KaTeropue v MpOsIBIISETCS JIUIIb MTPY MOIBITKE CPABHUTD
SIBHO HECOTIOCTABUMBIE 10 3HAUYEHUIO TPOCTPAHCTBEHHBIE U BPEMEHHBIE MPOTSKEHHOCTH, OOIIbITIAS
13 KOTOPBIX HaM IMPEACTABIISIETCS Kak OeCKOHEYHOCTh. [IpruMepoM MOXKET CITyKUTh BCEIEHHAS, TIIsIIs
Ha KOTOPYIO, TPYIHO TIPE/ICTaBUTh ceOe e€ pa3sMepsl, IO3TOMY CpaBHUBAsI BCEJICHHYIO, HATIPUMED, C
MECYMHKOM, Mbl TIPUHAMAEM €€ 32 HeYTO OECKOHEUHOe.

[NockonbKy G€CKOHEYHOCTD SIBJISIETCS OTHOCUTEIIBHOM KaTeropueid, KOHEYHOCTh Kak MPOTHBO-
TMIOJIOKHOCTh OECKOHEYHOCTH JTOMKHA OBITh a0COMOTHOU. Takum 00pa3oM, MbI ONpeIesiIN MePBbIi
(byHIaMEHTATBHBIN TPUHIUIT — MPUHIIT KOHEYHOCTU. DTOT MPUHLIMI OTPAXKEH B CJIOBAaX JAPEBHUX
BOCTOUHBIX MyApeloB "HuuTto He Be4HO Moj JyHOW", KOTOpHIA cTasl ahOprU3MOM M TMO3[Hee ObLT
niepeckasad B pa3nuuHbiX Bepersax Conomonom, M6n Cunoit, llekcnupom v ApyruMu U3BECTHBIMU
JObMHU.

1.2.1.2. Opranu30BaHHOCTb U Xa0TUYHOCTh

Oprann30BaHHOCTD — KaTETOPHS, XapaKTepU3yIoIas CTPYKTYpUpPOBaHHOCTh 00bEKTOB. B mpo-
THBOTMOJIO)KHOCTh OPraHU30BAaHHOCTH KATErOpHsl XaOTMYHOCTU O3HAYAET OTCYTCTBHE y OOBEKTOB
10
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KaKOU-TMO0 CTPYKTyphl. KpoMe TOro, XaoTMYHOCTh MPEIIoiaracT Takoe COCTOSTHUE MaTepuu, Tpu
KOTOPOM OTCYTCTBYET BO3MOXHOCTb BBISIBJICHUSI U3 OOIIIel MacChl MaTepUH KaKUX-JIMOO YETKO 000-
3HAYEHHBIX OOBEKTOB.

HNcxonst u3 BCEOOITHOCTH KaTeropuu aOCOMIOTHOCTH, TO €CTh €€ MMPUMEHUMOCTH KO BceMy 0e3
KaKUX-JIMOO OrpaHWUCHHIA, U YIUTHIBAST HAJIMYKE OPraHN30BAHHOCTH (CTPYKTYPhI) Y OTPOMHOTO MHO-
KEeCTBa 00BEKTOB KaK B MAaKPOMHUPE, TAK U B MUKPOMHUPE, HEBO3ZMOKHO IMPU3HATH, YTO XaOTUYHOCTD
sBJisieTcsl aOCOMIOTHOM KaTteroprieid. VIHBIME CJIOBaMHM XaOTHYHOCTh SIBJISIETCS OTHOCUTEJIBHON KaTe-
rOpyel 1 IPOSIBJISAETCS JIUIIH ITPH TIOTBITKE CPABHEHUS SIBHO HECOIIOCTABUMBIX 1O CTETIEHH OpraHU-
3anuu 00beKTOB. [IprMepoM MOKET CITYKUTh 3BE3HOE HEOO, IS Ha KOTOPOE TPYIHO MPEICTAaBUTh
ceOe CTPYKTYpy Halllel TaJIaKTHKH, T03TOMY CpaBHHMBAs 3BE3HOE HEOO, HAIPUMEp, C MOJICKYJION,
MbI IPUHIMAEM €0 32 HEUTO XaOTHYHOE.

[TockonbKy XaOTUYHOCTD SIBJISIETCS OTHOCHTENLHON KaTeropueid, TO OPraHM30BaHHOCTh Kak
MIPOTHBOMOIOKHOCTh XaOTUYHOCTH JIOJI)KHA OBITh aOCOMOTHOM. TakuM 00pa3oM, MbI BHISIBUIIH BTO-
PO¥ OCHOBOIIOJIAT ANV TTPUHITUTT — TIPUHITAIT OPraHU30BAaHHOCTH.

1.2.1.3. /IucKpeTHOCTH U HENPEPbLIBHOCTh

Ha ocHOBaHMM MpUHIMIIA OPraHU30BAHHOCTA MOXHO 3aKJIIOYHTh, YTO COCTABHBIE YaCTH 00b-
eKTOB TaKKe UMEIOT ONpeeéHHYI0 OpPraHu3alfio U TaKKe COCTOSIT U3 CBOMX COCTaBHBIX YacTed U
TaK jajnee, Briyob MaTepuu. OIHaKO, B COOTBETCTBUH C MPUHITUIIOM KOHEUHOCTH, MTPOLIECC JICNICHUSI
mMoO0ro 0ObEeKTa Ha €ro COCTABHBIE YaCTH He MOXET ObITh OeckoHeuHbIM. [109TOMY Takoii mporiecc
AeneHnsi OObEKTa Ha €ro COCTaBHbIC YaCTH MPEKPATUTCS, KOTIa MBI JIOWAEM 10 COOTBETCTBYIOIIETO
JAaHHOMY OOBEKTY KBaHTa (MOJIEKYJIbl, aTOMa, JIEMEHTAPHOW YaCTHUIIbl, MATEPUN).

HWcxonst u3 BCEOOITHOCTH KaTeropuu aOCOMIOTHOCTH, TO €CTh €€ MMPUMEHUMOCTH KO BceMy 0e3
KaKHUX-7TMOO OrpaHUYEHNI, U YUUTHIBASK HAJTMUYKE AUCKPETHOCTH (KBAaHTOB) Y BCeX 0€3 MCKITIOUeHUsI
0OBEKTOB, HEBO3MOXHO MTPU3HATH, YTO HETIPEPHIBHOCTD SIBJIsIETCS aOCOMOTHOM Kateropueid. IHbIMu
CJIOBAaMHU, HETIPEPHIBHOCTD SIBJISIETCS] OTHOCUTENIBHOW KaTeropuen, a AUCKPETHOCTh KaK MPOTHUBOIIO-
JIO’KHOCTh HETIPEPHIBHOCTH JAOJKHA OBITh AOCOMIOTHOM.

W3 cka3aHHOTO BBIIIE MOXKHO 3aKJIOUUTh, YTO BCE O€3 UCKIOUeHUsT (DOPMBI CYILIECTBOBAHUS
MaTepuu (JBUKEHUE, IPOCTPAHCTBO U BpeMsl) U CBOWCTBA MaTepuu (Macca, SHEprus, MHepLus, Tpe-
HUE U T. /I.) UMEIOT CBOoU KBaHTHL. ClieIoBaTeIbHO, JII0ObIe OECKOHEYHO MaJible BeJTMUUHBI (OyIb TO
MaccChl, IBHKEHUSI, TPOCTPAHCTBA WM BPEMEHH) SIBJISIOTCS KaKyIIUMHKCS, MHUMBIMHU, BOOOpaxae-
MbIMH. TakuM 00pa3oM, Mbl BBISIBUJIM TPETUH OCHOBOIIOJNATAIONIMIA TPUHIIT — MPUHIIMI AUCKPET-
HOCTHU WJIM KBaHTOBAaHHOCTH.

1.2.1.4. B3auMoCBA3aHHOCTH M HE3aBUCUMOCTD

B3auMoCBSI3aHHOCTh — 3TO KaTeropusi, o3Havarolas HaIMuue ONpeJeSIeHHbIX CBSI3ed MEeX1y
00BbEeKTaMH U TpolleccaMi. B MPOTUBOIOIOKXHOCTh B3aUMOCBS3AHHOCTH KaTeropvsi HE3aBUCHUMO-
CTU O3HAYaeT OTCYTCTBHE KaKMX-JIMOO CBSA3el Mexkay oObeKTamu U mporieccamu. OHAKO U3BECTHO
CYIIECTBOBaHME TTPUIMHHO-CIIC/ICTBEHHON CBSA3M MEXAy OoObeKTaMH U Tiporieccamu. He 3pst roBo-
putcst: "Her apimMa 6e3 orasa” u "Yto moceelb, TO ¥ MOKHENTH"'. Hamuure mpuunHHO-CIIeICTBEHHOM
CBSI3Y TIO3BOJISIET 3aKJIIOUUTh, YTO HE3aBUCUMOCTh MOXET OBITh TOJTBKO OTHOCHTEILHON KaTeropuei.
ITO MPOSBISETCS JIMIIb B CPABHEHUHM TECHO CBSI3AHHBIX OOBEKTOB (HAIpUMEp, MPOTOHOB B spe
aToMa) ¢ CHJIBHO yIaJIeHHBIMU JPYT OT APYyra MaJIbIMU OOBEKTaMM, KOTJIA CBSA3b MEXIY IMOCTeIHUMU
KaXeTCsl OTCYTCTBYIOIICH.

Takum 06pa3oM, MbI BHISIBUJI Y€TBEPTHIN OCHOBOTIOJIATAIOIINAI MPUHIIUATT — TIPUHITAIT B3aUMO-
CBSI3aHHOCTHU, WJIM KaK €ro Ha3BaJIu JAPEBHUE MBICIUTEIN — eJUHCTBO Mupa. Mes eauHcTBa Mupa
Bcenmwia B A. DiiHmTeriHa u B. I'efizeHOepra yBepeHHOCTh B BO3MOKHOCTH TIOCTPOEHU S €AMHOM TEO-
puu nosist. Y XOTst HU UM caMUM, HU MX TTOCJIEIOBATEISIM He YAAJIOCh MTOKa CO3AaTh TaKyIo TEOPUIO, UX
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3acjiyra 3aKjIo4actcd B TOM, YTO OHHU IIEPBBIMU IMOCTABUJIM 3a/la4y CO3JaHUA GJII/IHOﬁ TEOpHUH I10JI4,
KaK IMPaKTUICCKU OCYIIECTBUMYIO.

1.2.1.5. Pa31BOEHHOCTH M IEJbHOCTDH

Kareropust pa3gBOeHHOCTH O3HAYAET HAJTMUKE Y JII0OOro 00BbEeKTa He TOJIBKO sIpa C SIBHO BhIPa-
JKEHHBIMH TPaHUIIAMH, HO U OKPYXKAIOIIEro ero Mnosis, ociadeBaioliero no Mepe yaajieHus ot sijapa. B
OTJIMYME OT Pa3JBOSHHOCTH KAaTEeropHs IeJbHOCTH O3HAYAET OTCYTCTBHE Y OOBEKTa MOJs U IPU3Ha-
HUE HAJIMYMSA TOJIBKO spa.

Wcxons n3 HanmuMs B IPpUPOAE MHOKECTBA PA3IMUHBIX (PU3MUECKUX TOJIEH, HEeJb3sl IPU3HATD
KaTeropyio LEJbHOCTUA BCEOOIel, To ecTh abcomoTHOM. [1oaToMy KaTteropusi HeJbHOCTH SIBIISIETCS
JIMIIb OTHOCUTENIBHOW ¥ TIPOSIBIISIETCS JIMIIb B CPABHEHUU SIBHO BBIPAXKEHHOTO Pa3IBOEHHOTO 00B-
€KTa, HallpuMep, 3apsKEHHOW YaCcTHUIIbI C HEUTPAJIbHOM YaCTULIEH, T10JIe KOTOPOH KakeTcsl OTCYTCTBY-
IOLLUM.

Takum 0Opa3oM, KaTeropvsi pa3BOSHHOCTHU SIBJISAETCS aOCOMIOTHOW KaTeropuer, a MpUHIIHIT
Pa3IBOEHHOCTH SIBJISAETCS MATHIM OCHOBOIIOJIArAIOLIUM ITPUHLIUIIOM.

1.2.1.6. MaTepuaabHOCTb 1 UAEAJbHOCTD

MarepuasibHOCTb — 3TO KaTeropusi, O3Havalollas HaJlMuue Kak BHyTpEeHHEN Npuposl y (pusu-
YEeCKOro Tejla YesioBeKa, TaK M BHEITHEH M0 OTHOIIEHHWIO K HeMy TIPUPOJIbl. B MPOTHBOIONIOKHOCTD
MaTepUAILHOCTH TOJl KaTeropren UAeabHOCTU MOAPa3yMEBAETCsl CYIECTBYIOIIME B UEIOBEKE €ro
HEBHUIUMbIC KAYeCTBA, CBOMCTBA U MIPOSIBICHUS (MHTEJUIEKT, 370, MBIC/IA ¥ UyBCTBA).

CylliecTBOBaHME MAaTepUAIbHOTO MHUpa HE TI03BOJISIeT TPU3HATh BCEOOIIHOCTh, TO €CTh
aOCOIOTHOCTh MJICATBHOCTH, CJIeJJOBATEIbHO, UICATLHOCTD SIBJISIETCS] OTHOCHTENILHON KaTeropuei.
WupiMu clioBaMu, TOJTBKO B CPABHEHUH C HEUTO rpy00-MaTepruaibHBIM OOBEKTOM OUeHb TOHKO-MaTe-
pHATBHBIT OOBEKT (HAIPUMEp, MBICIIb) MOXKET ITPEACTABUTHCS HaM Kak UjeaibHOe.

Takum 06pa3oM, MaTepraIbHOCTh, KaK KaTeropvs IPOTUBOMOJIOKHAS UICATbHOCTH, SIBJISCTCS
abcomotHoi. CieIoBaTeNIbHO, HAIITK MBICIIM, YyBCTBA U T. JI. TOXKE ABJISIOTCS OObEKTAaMH, HO B OTJIH-
Yyhe OT JPYrux OObEKTOB OHM HECPaBHEHHO Oojsiee TOHKHWE. MTak, MIECTBIM MPUHIMIIOM SIBJISIETCS
TIPUHITUTT MAaTePUATTBHOCTH.

1.2.1.7. Cxo:xecTh U pa3andue

4k} IMpUHOUIIA B3AUMOCBA3AHHOCTU WM €AUMHCTBA MHUPAa MOKXHO BbIBECTU BAKHYIO [JIS HAILICTO
MCCIeIOBaHMSI MJeI0 BceoOrero noaoous. JeicTBUTENbHO, CXOKECTh — 3TO KaTeropusi, XapakTepu-
3ylomas mogooue CTpPyKTyp OObEKTOB, MPUHAIEKAITMX Pa3HbIM 10 MacTaby MupaM (MakpoMUpy
¥ MHUKpoMupy). [IpuMepomM MOXET CIIyXUTh CXOKECTb CTPYKTYp aTOMa M COJHEYHOH cuUcTeMbl. B
MIPOTUBOIIONIOKHOCTb CXOKECTH KaTerOpHsl pa3iNuus 03HAYaeT OTCYTCTBHE CXOKECTU CTPYKTYP 00b-
CKTOB U3 PA3HbIX MHUPOB.

Ha ocHoBaHMM nyien eMUHCTBA MHpa U MPUMEPOB aHATIOTMYHOCTH YCTPONCTBA OOBEKTOB, MPHU-
HaJIeKAIHX K COBEPIIEHHO pa3HbIM chepaM MaTepuaIbHOTO MUpa (HAIpUMep, KPUCTAILIBI U KUBbIE
KJIETKM), HEJIb3sl TIPU3HATh KATETOPHIO Pa3iIMums BCeoOIIel, To ecTh abcomoTHou. ClienoBaTesibHo,
aOCOJTIOTHOM SIBJISIETCS] KATETOPUsI CXOKECTH.

Takum 00pa3oM, MbI BBISIBUIIN 1)1 TAHHOTO MCCTIeOBAHMS TIOCJIETHUN (CeIbMOI) OCHOBOIIO-
JIAraloNiA TIPUHIIAIT — TPUHITAIT CXOKECTH WM MPUHLUT rofgoous. EmeE apeBHue myapelisl oopa-
THJIM BHUMaHUE HA HAJTMYME TaKOroO TIOI00MS U BBIPA3UJIM 3TO cjioBaMu: "UTO HaBepxy, TO M BHU3Y.
Uro BHM3Y, TO M HaBepxy'. DTa uies Kak IMyTeBOAHAsS 3B€3/a MOMOXKET HaM COCTaBUTH MPABUIIb-
HOE TPEJICTaBJIEHNE O TOM, KaK YCTPOEH KOCMOC Ha OCHOBAHWY aHAJIOTMYHOTO YCTPOMCTBA YeJIOBeKa.
Henapowm uesoBeka Ha3pIBAIOT "MUKPOKOCMOCOM".
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1.2.2. YTBep:KaeHusl, BbITeKAONUe U3 NPUHSTHIX PUHIIUIIOB

1.2.2.1. ITpyHIIUN KOHEYHOCTH

Ha ocHoBaHuM MpUHIMITA KOHEYHOCTH MOXKHO 3aKJIIOUUTh, YTO BCSI HAllla MaTepUaibHas MeTa-
rajJlakTUKa XOTb U KaXeTcss HaM OECKOHEYHOM, HO BCE ke e€ pa3mepsl orpaHudeHbl. IHbIMU clioBamH,
Halll MUP OTPaHUYEH B MPOCTPAHCTBE. [IPUHINIT KOHEUHOCTH CBUJIETENILCTBYET TaKXkKe M 00 OrpaHu-
YEHHOCTH BO BPEMEHHU He TOJIBKO BCEX MPOUCXOASIIMX B MUPE MPOLIECCOB, HO U BCETO HAIIIEr0 MUpPa
B LIEJIOM.

1.2.2.2. IIpuHIUII OPraHU30BAHHOCTH

Ha ocHOBaHMM 3TOro NMpHUHIMIIA MOXHO 3aKJIIOUMTh, YTO HAa BCEX YPOBHAX MaTepUaIbHOIO
MUpa, HAUMHAsA ¢ MUKPOMHUPA, TO €CTh MUPA JIEMEHTAPHBIX YaCTHLl M aTOMOB, U KOHYas] MAaKPOMHU-
POM, TO €CTb MUPOM 3BE3[] U TAIAKTUK, UMEETCsl OIPEeeEHHAsl OPraHM30BaHHOCTb, TO €CTh XaocC
OTCYTCTBYET.

1.2.2.3. IlpuHIMI JUCKPETHOCTH

Ha ocHoBaHMM mpHHLMNA AUCKPETHOCTH MOXHO 3aKJIIOYUTh, YTO BCE YPOBHU OpraHU3aLUM
MaTepuH 1 Bce (hOpMbl €€ CyIIeCTBOBAHUS, TO €CTh JBUKEHNE, IPOCTPAHCTBO U BpeMsl, UMEIOT KBaH-
TOBYIO CTPYKTYPY, TO €CTh TaKyl0 OpPraHU3alMIo, P KOTOPOW MX MeJbYailliie YacTULbl, TO €CTh
KBaHTBI, HE JIJIATCS Ha enlé Oosiee MeJKue yacTu Oe3 rmotepu KadyectBa. Harmpumep, Bee BemecTBa
COCTOSAT U3 MOJIEKYJ1, U TIPU paciiajie MOJIEKYJI Ha aTOMbI BeILleCTBA MCUYE3aI0T. AHAJIOTMYHO UCYE3al0T
Y XMMUYECKHUE JIEMEHThI IIPU paciiajie aTOMOB Ha JIEMEHTAPHbIE YaCTULIBL.

1.2.2.4. IIpuHIUI B3aMOCBSI3aHHOCTH

DTOT IMPUHIOUIT CBUACTEIILCTBYET HE TOJIBKO O B3aMMOCBA3U 0OBEKTOB BHYTpPH OOHOI'O U TOT'O
7K€ YpOBHSA OpraHU3allul MaT€puu, TO €CTb CBA3U aTOMOB U MOJICKYJI, paCTCHI/Iﬁ M JKMBOTHBIX, 3BE3]
U IIJIaHET, HO MU, YTO OYEHb BA’KHO, O CBA3H, CYIJ_[CCTBYIOH_[Cﬁ MEKAY O6’bCKTaMI/I, MMpUHAJICKAITUMUA
K pa3HbIM YPOBHSAM OpPraHU3alliv MaT€pUH, TO €CTb O CBA3U MEKIAY HeOECHBIMU TEJAMU U KUBBIMU
OpraHn3MamMu U Jaxe MEXAY JIECMCHTAPHbIMHA YaCTULIAMU U T'AJIAKTUKAMMU.

1.2.2.5. IIpuHIun pa3ABOeHHOCTH

Ha ocnoBanumu MpUHIOHUIIA PA3ABOCHHOCTU MOXHO 3aKJIIOYUTD, YTO Y OOBEKTOB UMEETCS HE
TOJIBKO CKOHLICHTPUPOBAHHAS B OHpCILCJ’IéHHOM oObeMe MMpOCTPAHCTBA BUANMAA ee 4aCTb, HO 1 HCBU-
AUMOE TIOJIE, OKpPYKaloIIee ILaHHLIfI 00bekT. 1 910 KacaeTrcsa He TOIBKO IJICKTPUYICCKU 3APAKCHHBIX
YacCTull, MArnHuToOB WJIN CBETAIIUXCA TCJI C UX IJICKTPUICCKUMU, MATHUTHBIMU WUJIU JICKTPOMAIHUT-
HBIMH IIOJIAMH, HO M BCEX 0e3 UCKJII0YEHUS O6T>CKTOB, BKJIIO4YasAa HefITpaJILHLIC TEJAa W 4aCTHULEBI, a
TaKKE€ BKJIIOYad U BCE JKUBbLIC CYIIECTBA.

1.2.2.6. IlpuHiun MmaTepuaJibHOCTH

STOT NPUHLMI CBUJIETENILCTBYET O MAaTEPUAIILHOCTH HE TOJIBKO BUAMMBIX WM (PUKCUPYEMBIX
Hay4YHbIMU MPUOOpPaMU OOBEKTOB M MX MOJIEN, HO TaKke U O MATEPUAIBHOCTH BCeX 03 UCKITIOUEHHU S
SIBJIEHUH U MTPOLIECCOB, IPOUCXOIALIMX B MaTEPUAIIbLHOM MUPE, B TOM YUCJIE U TAKUX, KOTOPBIE MOKA
HE MOTYT OBITh 3a(pMKCHPOBAHBI COBPEMEHHBIMU HayYHBIMH TIprOopamu. K HUM oTHOCATCS 9HEprust
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JKW3HU WM JKU3HCHHAaA CUJjia, Halllkd SMOLIMKA M MBICJIN. ToT IMPUHIMUIT ITO3BOJIACT TAKKE 3aKIIOUUTD,
YTO IMYCTOTA — INOHATHUE NACATIBHOC, TO €CTh pC€aJIbHO IIYCTOTA HE CYHICCTBYCT.

1.2.2.7. ITpuHIun noao0ust

[puHIMN NOnOOUs CBUETENLCTBYET O HATMYMU CXOKECTH B OPraHU3aly OObEKTOB Ha pas-
HBIX YPOBHSIX. BbIIlie yxe oTMeuyasioch, YTO TOT MPUHLMUI KaK IMyTeBOJHAs 3Be3/1a MIOMOXKET HaM
COCTaBUTH MPABUIILHOE IMPEICTABICHUE O TOM, KaK YCTPOEH KOCMOC Ha OCHOBAaHMM aHAJIOTMYHOTO
ycTpoicTsa yenobeka. Ecnu ncxoauts u3 naen "UTo HaBepxy, TO M BHU3Y. UTO BHU3Y, TO U HaBepxy',
TO MOJKHO TOTIBITATLCS MPEACTaBUTD cede, UTO e TaM — HaBEepXy IO TeM IMPEICTABICHUSIM, KOTOpPbIE
y HAaC UMEIOTCS O TOM, UTO 3[€Ch — BHHU3Y.

OueBuIHO, YTO BHU3Y HAXOUTCS YEJIOBEK, a HABEPXY — KOCMOC, 1 Hallla 3a7a4a OyleT 3aKJIo-
YarbCs B TOM, YTOOBI BO3MOXHO Oojiee JAeTATM3UPOBAHO MPEJICTaBUTh ceOe YCTPOSHHBIN TOI00HO
YeJIOBeKYy KOCMOC.
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1.3. Ye10BEeK 1 KOCMOC

K coxanenuio, mpejicTaBieHUs O YeJIOBeKe Pa3IUYHBIX (PUIOCO(PCKUX MIKOJI JOCTATOYHO
CHJILHO PacXosTCsl, OCOOCHHO B OTHOIIICHUU TICUXMKH YeJIOBEeKa, MO3TOMY HaM MPHUJIETCA HadaTh
(opMupoBaHe NpeCTaBICHUI 0 KOCMOCE, YCTPOSHHOM aHAJIOTMYHO YeJIOBEKY, Ha OCHOBE JIMIIIb
OYEBHIHBIX, HE BBI3BIBAIOIINX COMHeHM (pakToB. Ho ecnu 3Ta onmceiBaeMasi Turore3a OyaeT Moj-
TBEpXk/ICHA TIPAKTUKOW U TIPEBPATUTCS B TUIOJOTBOPHYIO TeOpuio BeeoOiero B3auMoaeiicTBYS, TO y
HAC TIOSIBUTCSI BOBMOXHOCTh IIPOBEPUTH MPABUIBHOCTD JAJTbHEHIICH JIeTaTN3aliy HAIlIMX TTPECTaB-
JIEHWI O YeJIOBEeKe M KOCMOCE TI0 CTETIeHH COOTBETCTBHSI ISTaIM3UPOBaHHON Teopru Beeoobiero B3a-
VMMOJICHCTBU S SKCTIEPUMEHTATIBHBIM JIAHHBIM.

1.3.1. YesaoBek

Hecmotps Ha Gosbllive pa3avuus B HAIMX MPEICTABIEHUSX O YEJIOBEKE, Mbl TEM HE MEHee
COIJIACHBI C TEM, UTO YEJIOBEK, KaK M JII0O0i 00BbEKT, UMEET CBOM OCOOEHHOCTH B TpeX hopMax cyIie-
CTBOBAHMS MaTEepUU:

— CyLIECTBOBAaHUE B JABUKEHUH,

— CyLIECTBOBAHUE B IPOCTPAHCTBE,

— CyLIECTBOBAHUE BO BPEMEHH.

Kak y nBukyliueiics Matepuu y 4yesloBeKa MOKHO BbIIETUTH CIELYIOLIE TPU OCOOEHHOCTH:

— YeJIOBEK MOXKET CYIECTBOBATh TOJIBKO B OIpPENeSIEHHON cpefe, 00ecreurBaoniell BO3MOX-
HOCTb AbIXaHW S, MUTaHUSA, IEpEMEILEHUs] U OCYILECTBIICHU s IPYIUX )KU3HEHHO HEOOXOIMMBIX (DyHK-
LHid;

— HaJIM4YMe y YesI0BeKa HapsiLy C BUAUMBIM (PU3UYECKUM TEJIOM HEBUIMMOM ICUXUKH, O€3 KOTO-
oW YeJIOBEeK MpeBpaniaercs B ":)KUBOM Tpym";

— TOCTYIIKM YeJIOBEKa MPEIONPEAEISIOTC €ro MbICISMUA U YYBCTBAMH, TO €CTb NCHUXUKOH,
MHave 1 "KUBOH Tpym" ObLT ObI CIIOCOOEH COBEPIIIATh MOCTYITKH.

Kax y npocTpaHCTBEHHON MaTepuM y 4elI0BEKa MOKHO BBIIEJHUTH CJAEAYIOIIUE CEMb YPOBHEM
OpraHu3alyu:

— KOCMHUYeCKasl IMBWIM3ALMsA (B MPEINOJOKEHUH YTO 3eMHAsl LIMBWIM3AlUsl HE sIBJISAETCS
eIMHCTBEHHOI BO BCEH BCEJIEHHOM) COCTOUT U3 COBOKYIHOCTH TUIAHETAPHBIX LIMBUIN3ALINN;

— IUIaHeTapHast [IMBUIIN3ALIUS COCTOUT U3 COOOIIECTB JIO/EH;

— cOOOIIECTBA COCTOSAT U3 UHIUBHUYYMOB;

— (puznmyeckoe Teao MHAMBHUyYMa COCTOUT U3 YacTer (CUCTEM, OPraHOB U TKAHEN);

— OpraHbl ¥ TKaHU COCTOSAIT U3 MEJIbYANIINX KMUBbIX OPraHU3MOB — KJIETOK;

— KJIETKHM COCTOSIT U3 OPraHUYeCKUX MOJIEKYJI U MMEIOT ONPEENICHHYI0 OpraHM3alHio, Criocoo-
HYIO K JI€JIEHUIO U POCTY;

— OpraHMYecKre MOJIEKYJIbl COCTOST U3 aTOMOB PA3IMYHBIX XUMHUYECKUX JIEMEHTOB, HanOosee
MIPOCTBIM U3 KOTOPBIX SIBJISIETCS aTOM BOIOPO/A.

Kak y BpeMeHHOH MaTepu y 4esioBeKa MOKHO BBIIEJIUTh CJEIYIOIIME CEMb ITAlOB KU3HEH-
HOTO LIMKJIA:

— MpeJ3apoABIIIEBOE COCTOSHUE;

— 3apOXJEHHUE 3apOJbIILIa;

— YyTpoOHOE pa3BUTHE;

— pOXJeHueE;

— POCT U pa3BUTHE;

— CTapeHue;

— CMEepTb.
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1.3.2. Kocmoc

Tenepb Ha OCHOBaHMM TPUHIIMAIIA TIONOOMS MOTBITAEMCS COCTABUTB XOTsI OBl OOI1Iee Tpe/ICTaB-
JIeHHe O KOCMOcCe, KaK O HeuTO MOJ0OHOM YeJIOBeKYy. B COOTBETCTBUM ¢ STUM NMPHUHIIMIIOM HEOOXO-
AMMO MIPU3HATH ClIeyIolIee.

Kak y nBmkyineiics Matepun y KOCMOCa MO>KHO BbIIETUTH CIIEYIOLIME TP OCOOEHHOCTH:

— KaK ¥ 4eJIOBEeK KOCMOC MOJKET CYIIIEeCTBOBATh TOJIBKO B ONPENETIEHHON cpejie, 00ecreunBaro-
11efl KOCMOCY BO3MOXKHOCTh JIBMKEHHS U Pa3BUTHS;

— KaK IICUXMKa y YeJI0BEeKa Y KOCMOCca ITOMUMO BUIMMOI YacTU €CTh eIlE U HEBUIUMasl YacTb,
KOTOPYIO JUIsl yIOoOCTBa M3JIOKEHHsI Ha30BEM SHEPreTHYECKMM MoJieM KocMoca (6e3 3TOro mojst
COBPEMEHHBII aKTUBHBII KOCMOC TIPeBpaTHJICS Obl B TACCUBHBIN KOCMOC, KaK YeJIOBeK 0e3 NMCUXUKH
npeBpamaercs B "KUBOM Tpymn");

— BCE, YTO MIPOUCXOIUT B KOCMOCE, MpeJonpeeserTcs JeUCTBUEM Ha HETO SHEPreTUYECKOro
T0JISI KOCMOCA, KaK MOCTYIKH YeJI0OBeKa MPEeAONPeAesioTCsl €ro MCUXUKOM.

Kak y nmpocTpaHCTBEHHON MaTepuy y KOCMOCA MOXHO BbIIETNUTh ClIEJYIOIIME CEMb YPOBHEM
OpraHu3alyu:

— KOCMOC WJIM METarajJakTUKa COCTOUT U3 FaJlakTUK, KaK KOCMUYecKask HIUBUIM3aLus — U3 I1a-
HETapHBbIX;

— TJIAKTUKKU COCTOAT U3 COBOKYITHOCTH 3BE3[] M 3BE3HBIX CHCTEM, MOJOOHO IUIAHETAPHBIM
LIMBUJIM3ALIUSAM, COCTOSIIIIUM U3 COBOKYITHOCTH COOOILIECTB;

— 3BE3/IHBIE CUCTEMBI COCTOAT U3 KOCMUYECKHUX Tell (3B€3[1, IUIaHET, KOMET, METEOPUTOB U Jpy-
I'MX) KaK COOOLIECTBA COCTOAT U3 UHAVBU/YYMOB;

— KOCMHMUECKOE TeJIO COCTOUT U3 CBOMX COCTaBHBIX YacTel — BELIECTB, HAXOAIIMXCS B TBEP-
JIOM, KUJIKOM, Ta3000pa3HOM WIIM TUTA3MEHHOM COCTOSIHUSIX, KaK (PM3MUYECKOE TeJO YeJloBeKa — 13
CHUCTEM, OPTaHOB U TKaHEW;

— BELIECTBA COCTOAT U3 MOJIEKY/I M aTOMOB, KaK OpraHbl M TKaHHU (PU3MUYECKOTO TeJla YesloBeKa
COCTOSAIT U3 KJIETOK;

— aTOMBI COCTOSIT U3 JIEMEHTAPHBIX YACTHII, KaK KMBblE KJIETKU U3 OPraHUYECKUX MOJIEKYII,
¥ TIONOOHO KJIETKaM, MMEIOT OIpe/IeNIEHHYI0 OpPraHU3alrio, 00eCIeUuMBaIoIIyl0 BOSMOKXHOCTh pOCTa
atoma B OoJsiee KpyITHbIE U €r0 JeieHHsT Ha Oojiee MeJKue;

— 3JIleMEHTapHbIE YaCTHILIbI T000HO OPraHNYEeCKUM MOJIEKYJIaM, COCTOSIIIUM M3 aTOMOB, TaKXke
COCTOAT U3 O0JIee MEJIKMX YaCTUUEK MaTepruu, HanOoJiee MPOCTHIM M3 KOTOPBIX TOJOOHO aTOMy BOJIO-
pora sABIseTcs KBaHT MaTepuH.

Kax y BpeMeHHO MaTepry y KocMoca (ITPUYEM Kak Y KakI0ro KOCMUYECKOro 0ObeKTa, TaK 1
y BCEll MaTepuu B 11€JIOM) MOKHO BBIAEIUTD CJIEJYIOIINE CEMb STAIOB KU3HEHHOTO LIMKJIA:

— COCTOSTHME JI0 3apOsK/IEHUSI MaTEepUM, KOTOPOEe MOXKHO Ha3BaTh Ipa-MaTepueil;

— 3apOXJEHUE 3apoJbIlleld KOCMUUYECKHX TeJl, TO €CTh 00pa30BaHNe KBAHTOB MaTepUM;

— yTpoOHOE pa3BHUTHE, TO €CTh 0OpPa30BaHME COCTABHBIX YaCTei OYIyIIMX KOCMHUYECKUX Tell
(71IeMEHTapHBIX YaCTHILl, aTOMOB ¥ MOJIEKY);

— POXJIEHUE, TO €CTh 00pa30BaHKUE ra3000pa3HbIX U KUAKUX KOCMUUECKHX TeJl (7151 BCer xke
MaTepyM B LIEJIOM POXKJEHUE — 3TO MOSIBJIEHUE NIEPBbIX 3HAUUTEJILHO PA3PSKEHHBIX (PUPHBIX I1APOB
BOKPYT IMOSIBUBIINXCS KOCMUYECKHUX TeN);

— POCT U pa3BUTHE, TO €CTh CIMSHNE KOCMHYECKUX TeJl M 00pa3oBaHue OONbINMX (TBEPABIX U
IUIA3MEHHBIX) KOCMUYECKUX TeJl: IUIAHET, 3BE3/ U 3BE3/IHBIX CUCTEM (POCT U pa3BUTHE MaTEpUH B
LIEJIOM COIPOBOXIAETCS U POCTOM pa3psKEeHHBIX 3(PUPHBIX ILIAPOB BOKPYT PACTYILIMX KOCMUYECKUX
TEem);
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— CTapeHue, TO eCTh JATBHEHIINI pOCT 3B€3]] M 00pa30BaHKe CBEPXMACCHBHBIX, HECTAOUIIbHBIX
KOCMHYCCKUX TECJI TUIIA 3BE3A-TUTAHTOB U Y€PHBIX ObIP (a IJIA MaTepruu B LIEJIOM 9TO naaneﬁmnﬁ
POCT pa3psiKEHHBIX I(PUPHBIX 1IAPOB BOKPYI CBEPXMACCUBHBIX KOCMUUYECKUX TEN);

— CMEpTb, TO €CTh pacra/] HeCTaOMIbHBIX KOCMUYECKHX TeJl B IIpoLiecce JabHEHIIero ux pocra
(a U1 MaTepuM B LIEJIOM 3TO IIPEBPALEHUE BCEJIEHHOW B OIMH OIPOMHBIN Pa3psKEHHbIN (PUPHBII
11ap, OKPYyKeHHBIN CJI0EM MaTepUH, JTUIIEHHON BO3MOXKHOCTH JBUKEHUS U3-3a MOJTHOTO OTCYTCTBUS
a¢upa, Kak ykazaHo B naparpade 3.1.2. Ddup).

Ha ocHOBe M3J105K€HHOTO BHBIIIE OOIIEro MpeCcTaBIeHUsI O KOCMOCE MOMBITAeMCS IeTATM3UPO-
BaTh [EPEYNCIICHHbIE BBIIIE CEMb STAIOB KU3HEHHOTO IMKJIa MaTepPUAIbHOTO KOCMOCA.
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1.4. D9Tanpl )KN3HU KOCMOCA

B cmty oco6oii BaKHOCTH /17151 THIIOTE3bl BeeoOiero B3auMoIeicTBUsI TIEPBBIX TPEX ITAIOB,
OHHM OyIyT M3JIOKEHBI JOCTATOYHO TMOAPOOHO B CIEAYIOIIMX TPEX CaMOCTOSITENIBHBIX paszenax, a
MOCJIeJHYE YEeThIpe dTara OyayT U3JI0KEeHBl BECbMa KOPOTKO U B OTHOM OOIIIEM pasjierne.

1.4.1. IIpa-maTepus

Bo-miepBbIX, Ha/I0 MOMBITATHCS MPEICTABUTH ceOe, YeM sIBISIeTCsl Ta cpesia, 0e3 KOTOpoy Koc-
MOC CYIIECTBOBATh He MOXeT. [1o-BUaMOMYy, Kak IJI0] HYKAaeTCsl B YpeBe MaTepH, TaK 1 3apok/ia-
IOLIMICS KOCMOC, HYKJIaeTcsl B aHAJIOTMYHOM cpefie. axe nocie poxIeHus1 peOEHOK HYKAaeTcs B
MaTepH, OCOOEHHO B MEpBbIE NMEPHO/BI XKU3HH, TaK U 3Ta Cpejia SBJIAETCs 151 KocMoca HEOOXOIMMO
U 1I0CJIE €r0 3apOXKICHUS.

ITosTomy 3Ty cpeiy o mpaBy MOXXHO Ha3BaTh Ipa-MaTepuei, TO €CTb TeM, YTO MPeAIecTBO-
BaJIO U MOPOIWJIO MaTepUaibHBIil KOCMOC, WJIM MPOCTO MaTepuio. TyT HeoOXOAMMO OTOBOPHUTHCS,
YTO [0/l MaTepUel B JAHHOM MCCJIEOBAHUM NOAPa3yMeBalOTCs Bee IpyOo-MaTepuaibHble OObEKThI,
HayMHasl ¢ KBAHTOB MaTepuM. A TOHKO-MaTepHasbHble OOBEKThl: UHTEJUIEKT, MBICIIU, YyBCTBA U JIAXKe
npaHa 1 npa-3¢pup (c KBaHTaMH 3(Upa U MPOCTPAHCTBA) MOl MaTepUeil 31eCh He MOAPa3yMEBAIOTCS.

HasBanue 310l pa-mMaTepuu He MMEeT CyLIECTBEHHOrO 3HaueHus. i U3JI0)KeHusl JTaHHOTO
MaTtepuasa Mbl UCIIOIb3yeM MPUHATOE APEBHUMM MBICIUTENIMU Ha3BaHue — 3¢up. Ha Ham B3z,
cocrapisonias okoso 70% cocraBa Bcell BCENEHHOW TEMHAsl SHEprus, CyIIECTBOBAHME KOTOPOW
HayKa npeanosioxuia B Konre 1990 ronos [7], sBiseTcsa HUYeM UHBIM, KakK [Tpa-MaTepusi Wi 3pup,
a To4yHee rpa-3pup.

1.4.1.1. IIpana

OuyeBUIHO, YTO O€3 HEUTO BHEITHETO MO OTHOIIEHHIO K 3(pUpy MaTepusi He MOXKET 3apPOJUThCS,
KaK He MOXeT o0pa3oBaTbcs miof 6e3 orua. [loaroMmy MOKHO MPeanoNokKUTh, YTO "OTLHOM" MaTepuu
SIBJISIETCS] Ta HEBUJMMAs 4aCTh KOCMOCA, KOTOPYIO Mbl Ha3BaIM SHEPreTUYECKUM I0JIeM KOCMOcaA.
Jlnst yrporreHust OyneM Ha3bIBaTh €ro MpaHo, YTO B COOTBETCTBUM € (priiocoduert HOrop o3HavyaeT
KU3HEHHYI0 crty. TakuM 00pa3oM, MOKHO CKa3aTh, UTO TpaHa SIBJISETCS OTIIOM Matepuu, Spup —
MaTepblo, a MaTepysi ecTh IETUIIe TPaHbl U dpupa.

31ech crefiyer el pa3 OroBOPUTHCS, YTO, B COOTBETCTBUU C MPUHLMIIOM MaTepUabHOCTH,
Marepueil SBIsieTcs He TOIbKO KOCMOC, HO U 3(up, MpaHa U Jaxke YyBCTBA, MBICIU U UHTEJLIEKT.
Onpenenenne kKocMoca Kak MpOosIBIIEHHAS MaTepusl ABJISIETCSA OTHOCUTENIbHBIM, ITOCKOJIbKY OCTaJIbHAS
MaTepusi OCTaETCsl HEMPOSIBJICHHOM JIUIIIb 1Sl YesoBeka. OObEeKTUBHO JKe OHA TaK:Ke MPOsIBJIEHA, KaK
1 KocMoc. Pa3Huiia Mex 1y HUMU 3aKJII0YaeTCsl JIUIIb B TOM, YTO JIeMEHTAPHBIE YaCTUIIbl HETOMEPHO
rpyOBl HE TOJIBKO TIO CPaBHEHUIO C MHTEJIEKTOM, MBICJISIMUA M YYBCTBAMH, HO U JIAXKe C IMPAHOW U
acpupom. OHAKO U3-32 OTCYTCTBUS MOIXOASIIETO CIOBA, a TAKKe U3-32 HETOUHOCTU U HEYI0OCTBA
UCTIOJIb30BAHUS CJIOBOCOYETAHUS "TIPOSIBJICHHASI MaTeprsl ', B IAHHOW paboTe MaTepUaIbHbIA KOCMOC,
TO €CTh TPyOyI0 MaTepuIo, Mbl YCIIOBHO OyJIeM Ha3bIBaTh IPOCTO MaTEPUCH.

Jns1 cTositeit nepes HaMmu 3a4a4u TI0CTATOYHO 3HATh, YTO MPaHa €CTh BHEUIHSS 110 OTHOIIEHUIO
K 3upy cuia, noja Bo3jeicTBUEM KOTOpPOH B adupe 3apoxaaercs Marepus. Yto kacaetcs adpupa,
TO €r0 HAJIO NIPE/ICTABUTH cebe Oosiee NeTaM3UPOBAHO, YeM MPaHy.

1.4.1.2. cpup

B otimume ot oObIX 00BEKTOB, XapaKTEPU3YIOLIUXCS OIPAHUYEHHBIMU ITPOCTPAHCTBEHHBIMU
pa3Mepamu, 3Up 3aronHsAeT co00i BCE peasibHOEe MPOCTPaHCTBO. Ha ocHOBaHMM mpuHIMMIA JuC-
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KPETHOCTU MOKHO 3aKJIIOYUTh, UTO (PUP, TO €CTh peasibHOE MPOCTPAHCTBO, UMEET KBAHTOBYIO CTPYK-
Typy. DpUp MOKHO CPABHUTH C HEOUMILIEHHBIM OT cOT MEIOM. Kak coThl siBsiioTCs: (hOpMOiA, a MEN
COZIEpKaHUEM, TaK U peasibHOE MPOCTPAHCTBO sBJIsAETCS (POPMOM, a 3(pUp ero conepkaHueM.

1.4.1.2.1. KBaHTBI IPOCTPAHCTBA U PACCTOSIHUS

KBaHTBI IpOCTpaHCTBa, IO BCEW BEPOSTHOCTH, JOJKHBI OOECIIEUMBATh BBIIOIHEHHE CIIEIYIO-
IIUX TPEX YCIOBUM:

— TOXJECTBEHHOCTh (POPMBI 1 pa3MEpPOB KBAaHTOB,

— BO3MOKHOCTB 3aIlOTHEHHS KBAHTaMH BCE peaslbHOe MPOCTPAHCTBO Oe3 IyCToT,

— obecrieueHrne KOHTAKTUPOBAHMSI KBAHTOB C BO3MOKHO OOJBIIMM KOJMYECTBOM COCEIHUX
KBaHTOB.

J17151 BBISIBJIEHUS1 KBAHTA [TPOCTPAHCTBA, YJOBJIETBOPSIOLIEIO BCEM MEPEYHUCIIEHHBIM YCJIOBUAM,

npeacTaBuM NMpOCTPAHCTBO, TNIOTHO 3alIOJTHEHHOEC OAMHAKOBBIMU HIApaMH, KaK IMOKa3daHO Ha PUCYHKE
1.

.
.J
' )

\.."L‘
A
-

Pucynok 1. IIpocTpaHCTBO, 3alI0JIHEHHOE LIIapaMu

B takom ciyyae kaxaplid map OyaeT KOHTAKTUPOBATh € 12 —10 COCEAHUMM IapaMH, HO MEXIY
HUMHU, pazyMeercsi, OyIyT U MyCTOThI (CM. PUCYHOK 2).
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PucyHok 2. 12 cmexHbIX cep, conpukacaroimxcs co cepoi

Ecnu Bo31eiicTBOBATh CO BCEX CTOPOH OIMHAKOBBHIM BHEIIHUM JIaBJIEHHEM Ha Takoe 0Opa3oBa-
HUEC, HO U3 IJIaCTUYHBIX HIapOB, TO 6]IaF oapA UX IMJIaCTUIHOCTHU, ITYCTOTHI UCYE3HYT, a MIapbl IIPH-
00peTyT hopMy TBEHAIIIATUTPAHHUKA C PAaBHBIMU I'paHsAMU B (hopMe poMOOB, TO eCTh (popMy poM-
6ononeKaspa, Kak MoKa3aHo Ha PUCYHKe 3.
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Pucynok 3. KBaHTOBaHHOE MPOCTPAHCTBO

3anoHATH TPOCTPAHCTBO O€3 MyCTOT MOKHO U IPYTMMHU OJMHAKOBBIMU (DUTYpaMU, HAIIpIMEp
KyO0amu, mapasuiesierureIaMy WM UX 9acTsSIMH, OTHAKO TOJIBKO pOMOOIOAEKadIP MOKET 00ECIIeUNTh
KOHTaKTUpPOBaHUE C 12-10 coceMHMMU pOMOOIOIEKadApaMu, UTO SIBJISETCS MAKCUMAIIBHO BO3MOK-
HBIM KOJIMYECTBOM KOHTAKTOB IPU MEPEUUCIIEHHBIX BbIIIE YCIOBUSIX.

Ecnu pacrionoxutb poMOogoaeKasp TakuM 00pa3oM, 4TOObI IBE €ro MPOTHUBOIIOTIOKHBIE BEP-
IIIMHBI, SIBJISIONIMECS OOIIEeH TOUKOW YETHIPEX TPaHel, OKa3aJIiCh Ha BEPTHUKAILHOM JIMHUH (CM. PUCY-
HOK 4), TO y HETO MOXHO BbIEJIUTDb TP 30HBI, KaXkJas U3 KOTOPbIX COCTOUT U3 YETHIPEX I'PaHe:

— BEPXHIOIO 30HY (Ha IIBETHOM PUCYHKE OHa KpacHas), HA30BEM €€ CEeBEpHOM, WU TOJIOXKHU-
TEJILHOM;

— CPeJHIOI0 30HY (Ha IIBETHOM PHCYHKE OHA XKENTasi), HA30BEM €€ IKBATOPUATIbHOU, UM Hel-
TpaJIbHOM;

— HIDKHIOIO 30HY (Ha IIBETHOM PHCYHKE OHa 3€JI€Has ), HA30BEM €€ 10)KHOM, WM OTPULIATETbHON
30HOM.
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PucyHok 4. 30Hbl KBaHTa POCTPAHCTBA

Paccrosinne Mexay LIeHTpaMu JByX CONPHUKACAIOIIMXCS BEPXHEW U HUKHEW 30HaMU KBAaHTOB
IIPOCTPAHCTBA SBJIAETCS MUHUMAJIBHO BO3MOKHBIM PACCTOSTHUEM U Ha3bIBAETCs KBAHTOM PacCTOs-
HUsA. Ha pucyHke 5 KBaHT paccTOsIHMS MMOKa3aH NpsAMOM JIMHKUEH ¢ IapaMH Ha €€ KOHLax (Ha 11BeT-
HOM PHUCYHKE 3Ta JIMHUS KPACHOTO 1IBETA).
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PucyHnok 5. KBanT paccrosnus

1.4.1.2.2. CeTni KBaHTOB NPOCTPAHCTBA

AHAJIOrMYHO MUYETUHBIM COTaM, COCTOSIIIIUM U3 PAAOB sTYEEK, U30JIMPOBAHHBIX JAPYT OT Apyra
IpaHsMH, peajbHOE MPOCTPAHCTBO COCTOUT U3 PSAIAOB KBAHTOB MPOCTPAHCTBA, KX bl KBAHT KOTO-
POro U30JIMPOBAH OT COCEAHUX KBAHTOB I'PaHSIMU. P51l KBAHTOB, HAXOSIIUECS B OIHOU MJIOCKOCTH,
00pasyloT CJI0i, B KOTOPOM BCE KBAaHTBI KACAIOTCS COCETHUX KBAHTOB 3TOTO CJIOSI TPAHSIMH CBOEH
CpeIHe, TO eCTh SKBATOPUAIbHOW, 30Hb. Ha OCHOBaHMM MPUHIIMIA Pa3IBOSHHOCTH MOXKHO Mpe/-
MOJIOKUTh, YTO CYIIECTBYIOT JIBa THUIIAa KBAaHTOB MPOCTPAHCTBA (YCJIOBHO HAa30BEM WX, HAIIpUMED,
OeJIbIMH 1 YEPHBIMI) M BO BCEX CJIOSAX MTPOCTPAHCTBA OHU PACTIONIOKEHBI B IIAXMATHOM TIOPSIJIKE.

Kak BuiHO 13 pucyHka 6, B rpejiesiax BCero cJiosi OMTHOTUITHBIE KBAHTHI MPOCTPAHCTBA HE KOH-
TaKTUPYIOT APYT C APYrOM CBOMMH I'PaHsIMU, & KOHTAKTUPYIOT UCKITIOYUTEIBHO C KBAHTAMU TIPOTH-
BOIOJIOKHOTO THUTIA.
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Pucynok 6. Cioii KBaHTOB IPOCTPaHCTBA

O4yeBUIHO, YTO B JABYX COCETHHMX CJIOSIX KBAaHTOB MPOCTPAHCTBA BEPXHUI CJIOM I0KHBIMU
30HAMU CBOMX KBAaHTOB KOHTAKTUPYET C CEBEPHBIMU 30HAMU KBAHTOB HIKHETO cyiosl. B aToMm ciyyae
HEMHMHYEMO KaXJIblii KBaHT OJHOTO CJI0osi OyJeT KOHTAaKTUPOBAaTh CBOMMHU T'PaHSIMU C ABYMSI OIHO-
TUITHBIMM KBaHTaMU JPYToro cJiosi, 00pa3ys JIBe CETH COOOMIAIONIMXCS KBAHTOB MIPOCTPAHCTBA (CM.
PUCYHOK 7).

PI/ICYHOK 7. CBa3b MEXKY KBaHTaMH OJHOI'O THIIA B IBYX CMEKHbBIX CJIOAX

Ecmu B nepBeIX IBYX ClIOSIX KBAaHTOB IPOCTPAHCTBA L[BETA KBAaHTOB M3MEHUTh HA IPOTHBO-
TMOJIOXKHBIE ¥ JOOABUTh UX K MEPBBIM JIBYyM B KQUECTBE TPEThEro M YETBEPTOrO CIIOEB, TO MOITYUUM
YETBIPEXCIIONHBIN (PparMeHT MpocTpaHcTBa. B TakoM (pparmMeHTe NpoCcTpaHCTBA Kak bl KBAHT BHYT-
PEHHHX CJIOEB KBAHTOB IIPOCTPAHCTBA OyJeT KOHTAKTUPOBATh CBOMMU I'PAHSIMU C YETHIPbMSI OJJHO-
TUIHBIMY KBaHTAMU: IByMsI U3 BEPXHETO CJI0S1 M ABYMs U3 HMKHETO CJI0S, KaK BUJIHO Ha PUCYHKE 8.
PeasibHOE k€ TIPOCTPAHCTBO COCTOUT U3 MHOKECTBA TAKUX YETBIPEXCIOMHBIX (DpArMEHTOB, PACIIONO-
’KEHHBIX OJIHAa HA IPYTOM KaK MHOTOCJIOWHBIN IHPOT.
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Pucynok 8. YeTbipexcioiHblil (pparMeHT NpOCTPaHCTBA

Takum 00pa3oM, peasibHOe IPOCTPAHCTBO COCTOUT U3 IBYX MEPEIUIETAIOLIUXCS CeTell KBAHTOB
IIPOCTPaHCTBA (Jlajiee HasbiBaeMbIx ceTsimMu). Ha pucyHke 9 n3o0paxkeHsl ABe CETH, B KOTOPOM pajau
HalIAJHOCTY KBAaHTBl IIPOCTPAHCTBA 3aMEHEHbl KBAaHTAMM PACCTOSIHUA (Ha LIBETHOM PHCYHKE OHU
TMOKa3aHbl KPACHBIM M CHHUM LIBETAMH, a Ha Y€PHO-OEJIOM PUCYHKE KPACHbIE IMHUM MOXKHO OIpejie-
JIUTB 110 IIIapaM Ha X KOHLAX). YCJIOBHO MX TaK’ke€ MOKHO Ha3BaTh [10JIOKUTEIBHOM M OTPULIATENIbHOM
CeTsIMU, XOTsI OHM HUYEM He OTJIMYAIOTCSI APYT OT APYra, KpoMe MPOCTPAHCTBEHHON Pa300IIEHHOCTH.
Tak Kak 3TH JIBe MPOCTPAHCTBEHHBIE CETH HE MMEIOT HU OIHOro OOIIEro KBaHTa MPOCTPAHCTBA, TO
TIOTACTh JBUKYIIENCS TOUKE U3 OJHOU TPOCTPAHCTBEHHOM CETH B JIPYTyI0 HEBO3MOXKHO.
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Pucynok 9. IlpoctpancTBeHHbIE ceTH

Ecnu 1ieHTphl KBaHTOB ITPOCTPAHCTBA STUX TPOCTPAHCTBEHHBIX CETEN COETMHUTD IIAaBHOM IPO-
CTpaHCTBGHHOﬁ HHHHeﬁ, TO BMECTO JIOMAHBIX JINHUN MOJIy4aTCA BOJIHOBBIE 1 BUHTOBBIC JIMHWUU, KaK
9T0 BUAHO U3 pucyHka 10. [Iys Gonpined HarmsiTHOCTH Ha pucyHke 10 mpejcTaBieHa JUIlb OiHA U3
ABYX ceTell C IByMs BOJIHOBBIMU JIMHUSIMU: KPACHOTO (TIPOXOJSAIIIET0 Yepes Iapbl) U YEPHOTO LIBETOB
W IBYyMA BUHTOBBIMH JIMHUSAMU: OPAHIKEBOI'O (HpOXO)IHHI@I‘O qepe3 I]_Iapbl) M CUHETO LIBETOB, PACIIO-
JIOJKEHHBIMU BO B3aMMHO IEPICHANKYJIAPHLIX HAITPABJICHUAX.
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Pucynok 10. Bo3aMoxkHbIe TpaeKTOpUU IBUKEHHUS TOUKU B TPOCTPAHCTBEHHOM CETH

B npocTpaHcTBEHHBIX CETSIX HE MOTYT pa3MellaTbes MpsAMble JIMHUK. [Ipu3HaHue Takoi CTpyK-
TYpBl PEAIBHOTO ITPOCTPAHCTBA MO3BOJIAET 3aKJIIOUNTh, YTO MPAMBIE JIMHUU B IPUPOAE ABJIAIOTCA
JIMIIb Weaau3alyiell BOJTHOBBIX UM BUHTOBBIX JIMHUI.

1.4.1.2.3. KBanTbl 3hupa v NoTeHINAJIbHOI SHEPIruu

Kak Mén cocrout u3 Masbix MOPIMIA, 3aKJIIOYEHHBIX B sTYEHKaX MUETUHBIX COT, TaK U 3(PUp
COCTOMUT M3 KBaHTOB 3(hupa, 3aKJIOYEHHBIX B KBaHTaxX MpocTpaHcTBa. KBaHT adupa npencrapisier
cOOOH TOHKYI0 BUOPHPYIOIILYI0 MaTepHIo, 0OaJA0NTyI0 BHICOKOW MOTEHIIMAIBHON SHEprue, aHalo-
TMYHO YIPYromy Iiapy, CkaroMmy B JafioHu. Kak u map JaBuT Ha JaloHb, KBaHT 3(HUpa BbI3bIBAET
JaBJIEHUE (| HA COCEIHUE KBAHThI 3(pupa. DTO JaBJICHUE CTPEMUTCS NIEPEMECTUTh COCEHUE KBAHThI
acupa B Oosiee ynanEéHHbIe KBAaHThI POCTPAHCTRA.

Kak B muenmHbIX coTax MOXKHO OOHAPYKUTH ITYCThIe STYEUKH, TaK U B 3(pUpe MOTYT BCTPETUTHCS
KBaHTBI ITPOCTPAHCTBA, HE COoNlepXkalliyue KBaHTOB 3(pupa, TO ecTh C HyJIeBOl dHepruei. HazoBém ux
BBIPOKJIEHHBIMU KBAaHTaMH MPOCTPAHCTBA.

Ecnmu mox miotHOCThIO 3(hupa mogpasymeBaTh OTHOIIEHHWE CYMMApHOW HEPrMHd KBAaHTOB
a¢upa K 3aHUMaeMOMY STUMHU KBaHTaMU 3(pupa 00bEMY MPOCTPAHCTBA, TO 10 3aPOKAECHUS MaTepUU
B peaIbHOM MPOCTPAHCTBE TIOTHOCTH 3(hUPa UMeia MAaKCUMAJIbHOE 3HAYEHUE P, TaK KaK BCe KBAHTHI
MIPOCTPAHCTBA cofiepkasii KBaHThl apupa ¢ sueprueit EQ. [Toatomy, HecMOTpsi HA OTPOMHOE B3aUM-
HOE JaBJIeHHWe KBAaHTOB 3(pUpa, y HUX He ObUIO BO3MOKHOCTU TMEpEeMelaThCsl B COCEIHNE KBAHTHI
npoctpaHcTBa. KBaHTHI 3hupa He 001aJal0T KUHETUIECKOW SHEepruel, Tak Kak OHU He TiepeMernia-
I0TCSI M HE MIMEIOT MacChl B OOBIYHOM €€ MpeJIcTaBIeHnH (Macca B KBaHTe 3(upa CyIecTByeT JIUIIIb
MOTEHIAJILHO ).

DHeprus KBaHTa 3(pupa ABJAETCS UCKITIOYUTETBHO MOTEHLIUAIBHOW, AHAJIOTUYHO KU3HU, 3J10-
JKEHHOM B stilliekJieTke. BenrunHa 3Toi SHepruy paBHa MUHUMATbHO BO3MOKHOMY 3HAYEHUIO TTOTEH-
LMaJIbHOW 3Hepruu. Ha3oBEM 3Ty BEJIMUMHY KBAaHTOM MOTEHIMAIBHOM SHEPrUU. JTa SHEPIUs Mpo-
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ABJIACTCA, TO €CTh MPEBpAIACTCd B KMHETUYCCKYIO, TOJILKO I1OCJIE BO3IL€I7[CTBI/IH Ha Heé ITpaHbI,
AHAJIOTUYHO IOSIBJICHUIO HOBOM JKU3HHU TOJILKO ITOCIIE OIUIOAOTBOPEHUA HﬁH@KHCTKI/I.

1.4.2. O0pa3oBaHue KBAaHTOB MaTepuu

1.4.2.1. KBaHTbl MaTepuM, MacChl 1 KHHETUYECKOHN SHEPTUH

ITpoOy:x€HHBI MpaHOW KBaHT 3(bUpa, PACIONOKEHHBIA B KBAHTE MPOCTPAHCTBA, CHUJIBHO
YIUIOTHSETCS, NPeBpaliasich B KBAHT MaTepyu, IPU 3TOM 3Heprus kBaHTa a¢upa EQ npeodpasyercs
B Maccy KBaHTa Matepuu m(). 3HaueHHe Macchl KBaHTa MaTepyy SBJISETCS MUHUMAJIBHO BO3MOK-
Holl. Ha3oBéMm e€ kBaHnToM Maccel. Ho Ha 3TOM AeiicTBre npaHbl Ha 3¢up He 3akaHuuBaercs. [IpaHa
NPUAAET KBAHTY MaTepUM KMHETUYECKYIO SHEPTUI0 C MUHUMAJILHO BO3MOKHBIM 3HAUYEHUEM PaBHBIM
O/IHOMY KBaHTy KMHeTHu4eckoil sHepruu e(). Micnonb3ys popmyiy DifHIITEiHA 00 S5KBUBAJIEHTHOCTH
Macchl M SHEPruM, Mbl MOXKEM CZENATh BBIBOJ, YTO CyMMapHas SHEprus npaxsl U KBaHTa 3¢upa E,
Macca KBaHTa BemiecTBa m( M ero kuHeTnueckasi sHeprusi e() cBs3aHbl C MOMOLIBIO CIIEIYIOLIErO
yPaBHEHHUS:

E=mi{*c 2+ el

Jpyrumu cioBamu, CyMMapHasi SHeprus npasbl 4 kKBaHTa 3¢upa E yactuuHo nmpespartaercs
B Maccy m() ¥ YaCTUYHO B KUHETUYECKYIO SHepruio e() KBaHTa BEIIeCTBa.

ITockonpKy NpaHa Beerja MMeeT Kakoe-TO HalpaBJIeHUe, TO OHAa B ITPOCTPAHCTBEHHOH CETH 110
TPaeKTOPUH, COOTBETCTBYIOIIEH STOMY HAIPABJIECHUIO, HAXOAUT CIIETYIOIINIA OMVKalIINiA HEBBIPOXK-
JICHHBIA KBaHT MMPOCTPAHCTBA 1 OJ1aroiapsi KBaHTY KMHETHYECKOM SHEPIUy 32 HUYTOKHO MAaJIbIi IPO-
MEKyTOK BPEMEHH OCYILECTBIISIET KpaiiHe HeOOXOAMMOe 151 KM3HM KOCMOcCa JICHCTBHE.

CyTb 3TOro JeHCTBHS 3aKTI0YAETCsl B OIHOBPEMEHHOM IPEe0Opa30BaHUK COCTOSTHUSI COAEPKH-
MOI'O B JIByX KBaHTax IPOCTPAHCTBA. B HailleHHOM HEBBIPOXKIEHHOM KBAaHTE ITPOCTPAHCTBA IIpaHa
npeoOpasyeT KBaHT 3(upa B KBaHT MaTepyrH, a B IEPBOM — KBaHT MaTepuy peodpasyeTcsi 00paTHO B
KBaHT 3(prpa. 3aTeM NPOUCXOAUT aHAJIOTMYHBIN MPOLIECC OTHOBPEMEHHOTO IPeo0pa30BaHusI COep-
’KMMOTO MEX[y BTOPbIM KBAaHTOM M CJIEYIOLIMM HEBBIPOKJAEHHBIM KBAaHTOM IIPOCTPAHCTBA U TaK
nanee. [Ipu 3TOM co3maércs BrieyaTieHne 0OMeHa COIEPKMMBIM B IByX KBaHTAX MTPOCTPAHCTBA, XOTS
Ha CaMOM JIeJie, UCXO/isl U3 TIPUHIIMIA IUCKPETHOCTH, TaKO OOMEH IMPOUCXOUTh HE MOXKET.

1.4.2.2. IIpupoaa nBUKEHUs

Ecnu nocnenoBaTenbHO BKJIIOYATh U BBIKJIIOYATh IEKTPUYECKHE JJAMIIOYKH, PaclONOKEHHBIE
M0 HEKOTOPO JIMHUM OJIM3KO JIPYT K JPYTY, TO CO3AETCS BreUaT/IeHNe JBKEHUS MO STOW JIMHUN
CBETALIENCS TOUKUA. AHAJIOTMYHO TIOCTIEIOBATeNIbHOE MPe00pa30BaHNe COEPKUMOTrO KBAaHTOB TIPO-
CTPAHCTBA CO3JAET BIEUaTJIEHHE OBIKEHUs KBaHTa Martepuu. Kpome Toro, 3To mpeoOpa3zoBaHue
IIPOUCXOUT B TEUEHUE YPE3BBIYAIHO MAJIOro MPOMEXKYTKAa BPEMEHH, IO3TOMY CO3JAETcs el U
BIIEYaTJIEHUE HENTPEPbIBHOCTU JBUKEHHS KBaHTa MaTepuu. [IoCKO/IbKY caMo IBUKEHUE U ero Herpe-
PBIBHOCTD HE SIBJISIIOTCS pealbHBIMU, TO B JaJbHEHINEM O[] ABMKEHHEM MBI OylieM IMopa3yMeBaTh
JMUIb Kaxylieecs ABUxkeHre. TOUHO Takke KaXkyTcsl HEPEPhIBHBIMU (HE TUCKPETHBIMM) U ApPYTUe
(bopMBI CyI1IECTBOBAHUS MAaTEPUU U €€ CBOICTBA: IPOCTPAHCTBO, SHEPIUsl, BpeMsl, TPEHUE, UHEPLIUS
U TaK Jasee.

28



. Kuka. «Yenosek u ero BceneHHas1. Mzganue Bropoe miepepadOTaHHOE»

CrpyKTypa npoctpaHcTBa 3¢pupa Mo3BoJseT KBAHTY MaTePUU JIBUTAThCS B JIIOOOM HarpaBie-
HUM, OTHAKO B 3aBCUMOCTH OT HaIlPaBJIeHUS JBMKCHU S Oy/IeT MEHATHCS TPASKTOPHUS €T0O IBHIKCHUS.
KBanTt marepun "nomnaznaer” B Kax/bplil KBaHT MPOCTPAHCTBA U3 OJHOTO U3 YETHIPEX OJHOTUITHBIX
KBAaHTOB MPOCTPAHCTBA, COOOIMIAIOIIMXCS ¢ HUM. 3aTeéM 3TOT KBaHT MaTepuM "TepexoauT’' B OIUH
U3 TPEX JIPYTUX OTHOTHITHBIX KBAaHTOB MPOCTPAHCTBA, @ UMEHHO B TOT, "Tiepexo’ B KOTOpPHIN obec-
MEYUT HAMEHbIIIee OTKJIOHEHHE OT 33/IaHHOW TPaeKTOpuu ABWkeHus. VIHbIMU clioBamu, "miepexon”
MPOM30UJET B TOT KBAHT MPOCTPAHCTBA, IIPU KOTOPOM MPOEKIMS OTpe3Ka MPsSMO, COeTUHSIONIEN
HEHTPBl STUX KBAHTOB MPOCTPAHCTBA, HA HAIIpaBJIeHUE JABWXEeHUs OyJeT HauOombIast U3 TPEX BO3-
MO’KHBIX IPOEKLIUM.

B obmem cinyvae TpaekTopusi JBMKEHHS] KBaHTa MaTE€PUU MPEICTABISAET COO0I0 HEKOTOPYIO
IIPOCTPAHCTBEHHYIO KPUBYIO, COCTOSIIIYIO U3 YEPEIYIOLINXCS yYaCTKOB BUHTOBOM Y BOJIHOBOM JIMHUIA.
B yacTHBIX cilydasix TpaeKToOpusi IBUKEHHUSI MOXET OKa3aThCsl UCKIIOYMTETbHO BUHTOBOM JIMHUEH,
OO0 — UCKJTIOYUTENTLHO BOJTHOBOMW JIMHKEH. 3 BHIIIEU3/I0KEHHOTO MOXHO CZeIaTh OYeHb BaXKHBIN
BBIBOJI O TOM, UTO JIJIs1 JTIOOOTO IBUXKEHUST HEOOXOAMMa Cpefia:

Kak nem sienenus 6e3 cymu,
Tax nem Ogudicenust 6e3 cpeovl.

1.4.2.3. KBaHT BpemeHHn

KBaHT BpeMeHt — 3T0 MUHUMAaJIbHBI HHTEPBaJ BpEMEHU, KOTOPBIH TpeOyeTcsl 1Jist OCYIIECTB-
JIeHHsI CaMOT0 KPaTKOBPEMEHHOTO Ipoliecca B MaTepranbHoM Mupe. Hu ogHo nieficTBre B Matepu-
aJIBHOM MHPE He MOXKET ObITh OCYILIECTBJICHO 3a BPEMs, MEHbIIIee YeM OIMH KBAaHT BpeMeHU. 3a OiluH
KBAaHT BPEMEHH MPOMCXOAUT CMEHA COCTOSTHHS B JIBYX COCEIHMX KBaHTaX MPOCTpaHCTBA. B oqHOM
KBaHTEe MPOCTPAHCTBA KBAHT MaTEepUM IMPEBpAIllaeTCcsl B KBAaHT 3(pupa, a B APyrom, OMkaiineM o
TPAEKTOPHMHM JIBUKEHUSI KBAHTA MaTepyy, KBaHT 3(pupa npeppaiaercs B KBaHT Matepu. [1pu oTcyT-
CTBUM BBIPOJK/IEHHBIX KBAHTOB IPOCTPAHCTBA, CKOPOCTh KBAHTA MAaTEPUH MO TPACKTOPHUY JIBUKCHUS
Y €r0 KMHETUYECKast SHEPTUsl SIBJISIOTCS TOCTOSTHHBIMH.

Tak Kak Npy pa3HbIX HANPABJIEHUX JBUKEHUS TPAEKTOPUN OTIIMYAIOTCS, TO MPU TTOCTOSIHHOM
CKOPOCTH KBaHTa MaTE€PUH MO TPAEKTOPUH €r0 CKOPOCTD TI0 HAMIPABJICHUIO OKAKETCS 3aBUCSINEH OT
HanpasieHus. Hanbosnbias cKopocTh M0 HANpaBJIeHUIO MOJMYYaeTcsl IPH BOJIHOBOM TPAeKTOpPHH, a
HaVMEeHbIIask — IIPY BUHTOBOM. DTO CBUIETEILCTBYET 00 aHU30TPOITHOCTH MPOCTPAHCTBA.

OnHako aHM30TPONHOCTh MPOCTPAHCTBA IKCIIEPUMEHTAIBHO He MoaTepxkaaercs. Haoboport,
OIBIT TIOKA3bIBAET, YTO MPOCTPAHCTBO OYATO SIBJSAETCS M30TPOMHBIM. DTa WIUTIO3US U30TPOIHOCTU
HYX/IaeTCsl B OOBSICHEHUM.

1.4.2.4. AHM30TPONIHOCTH NMPOCTPAHCTBA

M30TpornHBIM MPOCTPAHCTBO HE MOXKET OBITh M3-32 €ro KBAHTOBOW CTPYKTYphl. UTO Kaca-
eTCsl PAKTUKKU BOCHIPUATHS MPOCTPAHCTBA U3OTPOIHBIM, TO OOBSCHSETCS 3TO CIEAYOIUM 00pa-
30M. [lockonbKy Macca KBaHTOB MaTepuy MOCTOSIHHA, TO CKOPOCTh JBMKEHUSI KBaHTA MaTepUU IO
€ro TPaeKTOPUU 3aBUCUT UCKJIIOUMTEIBHO OT KMHETUYECKOM sHepruu. B mponecce Matepranuzanyu
KBaHTbl MaTE€pUH MOIYYalOT OAMHAKOBYIO IO BEJIMUYMHE KUHETUUECKYIO SHepruio. Ho oHu B 3aBucH-
MOCTH OT TPAEKTOPUHU JIBUKEHUS TPATAT Pa3IMUHBIE JOJIU CBOEH SHEPTUU Ha IIPEOA0JICHUE NHEPLIMH.
MuHMMaIbHBIE 3aTPaThl SHEPTUH TOTYYAI0TCS IPY IBMKEHUM KBAaHTA MaTepUU 110 BUHTOBOW JIMHUM,
TaK Kak B 9TOM ClIy4yae IPOUCXOAUT MUHUMAIBHOE U3MEHEHHE BEKTOpa CKOPOCTU. A HanOoJblNe
3aTpaThl SHEPIUM MOJIYYaAIOTCS [P JBUKEHUU 110 BOJIHOBOM JIMHUU, TIOCKOJIBbKY ITPU TAKON TPAeKTO-
pUU ABUKEHUS U3MEHEHHUsI BEKTOpa CKOPOCTH 3HAYUTENIBHBI.
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[TockomnbKy MpH pa3HbIX TPAEKTOPUSAX JABUKEHHUS KBAHTHI MaT€pPUU TPATAT pa3Hble 3HAUYEHUS
CBOEH SHEPruM, TO 3aBUCSILASL OT OCTABLIEHCS] SHEPTUU CKOPOCTb KBAHTOB IO TPAEKTOPUM UX JBU-
JKEHMS OKa3bIBAETCSl PA3HOM, YTO MPUBOAUT K OJMHAKOBBIM CKOPOCTSIM JABHKEHHS 10 BCEM HarlpaB-
JIEHUSIM TIPOCTPAHCTBA. DTO OOCTOATEIBCTBO M CO3AAET MIUTIO3UIO0 M30TPOITHOCTH MTPOCTPAHCTBA.

1.4.2.5. KBaHT TpeHust

B nporiecce marepuanuzaiiu, Korja rnpaHa BO3JEHCTBYET Ha KBAHT 3¢upa, KBaHT 3(pupa oka-
3bIBaE€T HEKOTOPOE COMPOTHBIICHHE MPaHe, MOJ0OHO TPEHUIO, KOTOPOE UCTIBITHIBAET JABUXKYIICECS B
MaTepUaIbHOM Cpejie TeJI0. DTO MUHUMAJIbHOE COITPOTUBJIEHHUE SIBJISIETCS] KBAaHTOM TpeHusl. Hannune
TPEHUA HE IMO3BOJIACT KBAHTY MAaTCPUN ABUTATHCA MO TPACKTOPHUU CBOETO IBUKECHUSA C 6GCKOHe‘lHOI>'I
CKOPOCTBIO, TOSTOMY MaKCUMaJIbHasl CKOPOCTh JIBUKEHUsI KBAHTa MAaTEPUU U MaTepUAIbHBIX YaCTHUII
OrpaHuyYeHa.

Kpowme Toro, TpeHre npuBOJUT U K TIOTEPE SHEPTUU KBAHTA MaTEPUH, a CJIeIOBATEILHO U SHEp-
' CBETA.

1.4.3. O6pa3oBaHue MaTepPHAJbHBIX YACTHI M TeJ

1.4.3.1. KileTouHasi CTPYKTypa MaTepun

Ecnu nBa nBukymmxcs KBaHTa MaTepud B COOTBETCTBUU C TPAEKTOPUSIMHU MX JBUKEHUS
JOJDKHBl OJHOBPEMEHHO '"MOMAacTh" B OJUH U TOT K€ KBAHT MPOCTPAHCTBA, B KOTOPOM HAaXOOUTCS
KBaHT 3(Upa, TO B ITOM KBAHTE MPOCTPAHCTBA MOSBUTCS MaTepUasibHasA YaCTULIA C YABOSHHON Mac-
coit. CKOpOCTb 9TOW MaTepHaIbHON YacTUIIbI OyJeT paBHA BEKTOPHOIH CyMMe CKOPOCTEH CIIMBIIMXCS
KBaHTOB MaTepuu. B COOTBETCTBUM C 3aKOHOM COXPaHEHUsI SHEPTrUH, KBaHT 3(pripa MOKET BOCCTAHO-
BUTHCSI TOJILKO B OJHOM U3 JIByX KBAaHTOB MPOCTPAHCTBA, IIe HAXOAWIUCH KBAHThI MATEPHH, a IPYTron
KBAaHT IIPOCTPAHCTBA OCTAETCsI CBOOOTHBIM, TO €CTh O3 KBAaHTOB MaTepuH U KBaHTa 3¢upa. MHpMu
CJIOBaMU, OH CTAHOBUTCS Pa3psKEHHBIM UM BHIPOXKIEHHBIM. Tak 0Opa3yeTrcs: BhIPOKAEHHbIH KBAHT
MIPOCTPAHCTBA, MPUMBIKAOIIUNA K KBaHTY MPOCTPAHCTBA C yABOEHHOW maccou. [Ipu nanpHeiiem
JBUKEHUM MaTepUAIbHOM YACTHILIbI C YABOCHHOW MAacCOM MPOUCXOOUT "TepeXo YaCTULIbI C YIBO-
€HHOI Maccoil B CJIEIYIOLINI MO TPAEKTOPUM JIBUKEHHS KBaHT MPOCTPAHCTBA, KBAHT 3(hupa BOCCTa-
HABJIMBAETCS B BBIPOKIEHHOM KBaHTE IMPOCTPAHCTBA, & KBAHT IMTPOCTPAHCTBA, B KOTOPOM HAXOIWJIACh
MaTepuaibHas YacTUIla C YIBOEHHOW MacCOM, CTAHOBUTCSI BBIPOKIEHHBIM.

Takum 0Opa3oM, BHIPOXIECHHBIA KBAaHT IMPOCTPAHCTBA OKA3BIBACTCS PSJIOM C ABHXKYIIEHCS
MaTepUaJIbHOM YacTULIEN ¢ yABOEHHOU Maccoi. C JaJbHEMIIMM POCTOM MAaccChl IBUKYILENCS MaTe-
pUAIbHOM YaCTULIBl 00Pa3yIoTCsl BCE HOBbIE U HOBBIE BBIPO3K/IEHHbIE KBAHTHI IIPOCTPAHCTBA, IIPUMBbI-
Kalolye K YBEJIMUEHHOW MaTepUaibHOM YacTuIle, co3/1aBast BCE OoJIbliee pa3psukeHue 3pupa BOKPYT
He€. Kak Oynmer nmokasaHo jiajiee, 9T0 pa3psikeHue 3(pupa sIBIsSeTCsl eIMHCTBEHHOMN PUYMHON B3au-
MOJICHCTBUSI MEX/TY JTIOOBIMU 00BbEKTaMHU (YaCTHIIAMM MUKPOMHUpPA U TEIaMH MaKPOMHUPA).

Hakoweri, HacTynaeT Takoii MOMEHT, KOTjia 00pa30BaBIIasiCsi MaTepUaTbHAS YaCTHIIA HE MOKET
pa3MeCTUThCS B KBaHTE MPOCTPAHCTBA. Toraa mocaeayonuii pocT MaTepuaIbHON YacTHUIIbI COMPO-
BOJK/IaeTCsl 3aM0JTHEHNeM KBaHTAMU MaTepUH COCEIHEro KBaHTa MPOCTPAHCTBA, YTO B CBOIO OUepe/ib
3aMeIJIUT JBMKEHUE TIOTyYEeHHOW MaTepraIbHOW YaCTHIIbl, TaK KaK /sl e€ ABUKEHUsI HEOOXOIUMO
OCYIIECTBIISITh CMEHY COCTOSIHUSI HE B OJJHOM, a yKe B IBYX Iapax KBaHTOB IPOCTPAHCTBA.

Tak ¢ pocToM MaTepuaIbHOW YACTUIBI CHUKAETCSI MAaKCUMAJBbHO JIOMYCTUMAsi CKOPOCTh €€
OBIKEHUsI U 0Opa3yeTcsl KJIETOUHasl CTPYKTypa MaTepuH, B KOTOPOH POJib MAaTepUAIbHON KJIETKU
BBITIOJTHSIET KBAHT MPOCTPAHCTBA, 3all0JTHEHHbIN KBaHTaMu MaTtepuu. [Ipu gasbHeieM pocte Macchl
MaTepUaTbHON YaCTUIBI PACTET U KOJTMYECTBO MaTepUasIbHBIX KJIETOK, 3aHUMAEMbIX YBEJIMYEHHOU
YaCTHIIEeH, aHAJIOTMYHO POCTY KOJIMYECTBAa KJIETOK B JIIOOOM KMBOM pactyiieMm opranusme. OmHo-
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BPEMEHHO C 3TUM IPOUCXOAUT U JAJIbHENIIEE CHUKEHUE MaKCUMAJIbHO JIOIYCTUMOM CKOPOCTH JJBU-
KEHUS 1JIs STOM YBEJIMUYEHHOW MaTepuasibHOM yacTulbl. [locneayomuil pocT Macchl MPUBOIUT K
TIOSIBJIEHHIO KPYITHBIX MaTepHaIbHbBIX TeJI C emE OCIBIINM KOJTUYECTBOM MaTepUAJIbHBIX KJIETOK U CO
3HAUUTEJbHO CHUKEHHOM MAaKCUMAJIBHO JIOIYCTUMOW CKOPOCTBIO JBHKEHUS.

1.4.3.2. KBanT nHepuum

Kak u3BecTHO, MHEpIUS — 9TO CONMPOTUBJIEHUE MAaCChl OOBEKTAa ICHCTBHIO BHEIITHE CHUTBI, CTpe-
MSIIIENCS U3MEHUTh BEKTOP CKOPOCTH ero aBrskeHus1. ClieoBaTe/IbHO, MHEPIIUs CBsI3aHa C MacCoOi,
TO eCTb MPHCYINA JIKIIb MaTepun. UTo Kacaercs 3¢upa, TO y HEro M3-3a OTCYTCTBUSI MACChl HET U
WHEpLUU.

3aposk/ieHUe KBAHTOB MaTePHH COIIPOBOJKIACTCS MOSBIICHUEM KBAHTAa MAcChl M KBAaHTA KMHETH-
yeckoi sHeprun. Cuiia, ¢ KOTOpOM OIMH KBAHT MACChl, 00JIaJAl0IIiA OMHIUM KBAaHTOM KUHETUIECKOM
9HEPIruu, COIMPOTUBJIIACTCA BHGHIHeﬁ CcuJjie, CTpeM}IHICI'/JICH HN3MCEHUTDb BEKTOP CKOPOCTHU ee OBUXCECHU A,
SIBJISIETCS] KBAaHTOM MHepIun. Takum o0pa3oM, ecii 00beKT 00saiaeT 5 KBaHTaMU KUHETUIECKOU
9HEPIruu, TO U UHEPUHA STOI'O O6”beKTa COCTaBUT TOXKE 5 KBAaHTOB MHEPLIUH.

Bzanmonencrere 00ObEKTOB MOKET UMETh IIATh BAIOB ITOCJIEICTBUN:

— HCU3MCHHOCTD HAITpaBJICHUA IBUXKCHUSA O6’beKTOB, Korjga cuja nx B3aMMHOI'O C6JII/I>K€HI/IH HE
IMPEBBIIACT OAHOIO KBaAHTA MHCPUHU;

— U3MCHCHUE HAITpaBJICHUA OBUKCHUA O6T)€KTOB, Korjga cujia uXx B3anMHOI'O C6HI/I)KGHI/IH npe-
BBIIIACT OJJUH KBAHT MHEPLIMU, HO 3HAYUTE/IbHO MCHBIIIC CHUJIbI MHEPLIUH,

— co3/1aHKe CTaOMIIBHOIO OOBEKTA CO CIIOKHOM CTPYKTYpOU (aTOMBI, TJIAaHETAPHBIE CUCTEMBI
THUIA COJTHEYHOM, TBOMHBIE 3BE3/IbI U JIP.), KOT/IA CHJIa B3aMMHOTO COMMKeHHsI OOBEKTOB U CHJIa UX
WHEPIIUU COU3MEPUMBI;

— co3maHue 0co0oro CTadMIbHOrO 00BbeKTa (MAarHMTHOIO AMIIONS), KOIJa CUjia B3aMMHOIO
cONMMKeHUs1 OOBEKTOB U CHJIA MX UHEPIIUU PaBHBI;

— CJIMAHUC OBYX O6T>CKTOB B OJUH, KOrjga cujia B3BauMHOI'O C6JII/I)K€HI/IH O6T)€KTOB SHAYUTECIIBHO
MPEBBIIACT CUTY UX UHCPLUU.

1.4.3.3. IIpa-a3cpup

Takum 06pa3om, B COOTBETCTBUM C MOTYyUYSHHBIMH MPEICTABICHUSME, 3(UP NMEPBOHAYAIBHO
ObLT OTHOPOIHBIM TIOJIEM, COCTOSIIIIMM U3 MEJTbUANIIINX KBAHTOB (U pa, 00IaAaI0NIUX BHICOKOW SHEP-
rueil — EQ 1 paBHOMEPHO pacnpesieieHHbIX B 110J1€ 3(prpa ¢ BBICOKOW TUIOTHOCTHIO — P. VIHBIMH Cllo-
BaMM, 3TO I0JIe MOKHO Ha3BaTh U Mpa-3(pHUpoM, TO eCTh IPEIIECTBEHHUKOM He TOJIBKO BCEH Mate-
pHH, HO U COBPEMEHHOT'0 3(pupa.

K stomy mpa-acupy coBepiieHHO HENPUMEHUMbI TaKWe IMPUBBIYHBIE HAM TOHATHUS Kak
YacTUIla, TeJIo, CUCTEMA U CBSI3aHHBIE C HUMU TIOHSTHSI: Macca, IBUKEHUE, BpeMsi, CKOPOCTb, YCKO-
penue, 1 Tak aainee. [loatomy npa-3¢pup 1isi COBpeMEHHON HayKM BOCTIPUHUMAETCsI Kak aOCOIIOT-
Hoe HMYTO. Eciu coBpeMeHHas Hayka OOHapyXUT 00acTh mpa-aupa, T0 oHa OyIeT BOCHPUHU-
MaTbcs Kak "pIpa” B kocMoce. 1o 1 npousonuio B 2007 rogy, korjga acTpoHOMbI 13 MUHHECOTCKOTO
ynuBepcuteta (CIIIA) oOHapyXuiu ImycToe MPOCTPAHCTBO MPOTSKEHHOCTBIO 1 MIIPA CBETOBBIX JIET,
Ha3BaHHOE JKypHAJIHMCTaMH "OesloN JbIpoi” M3-3a OTCYTCTBHS B HEM KaKHUX-JTUOO OOBEKTOB.

Ecnmu kpome npa-3cupa HUYEro He CyIIecTBOBaJIO Obl, TO HUUEro He CMOIJIO Obl M3MEHUTHCS.
Ho nockosbky BCE cTasnio Ipyrum, ToO MOKHO CeJIaTh BHIBO, YTO MO OTHOIIEHUIO K ITpa-3¢upy cylie-
CTBOBAJIO U, MOHBIHE CYILIECTBYET HEUTO JPyroe.ITO HEUTO, BO3/EUCTBYS Ha Mpa-3¢up, U3MEHUIIO
€ro ¥ MpeBpaTUIO B COBPEMEHHOE COCTOSIHAE, KOTOPOE MbI HA3bIBAEM KOCMOCOM.

CreoBatebHO, KOCMOC €CTh pe3yJIbTaT BO3/IEHCTBUS HA TIpa-3(Up BHEUTHEH CUIIbI, KOTOpast
MpUBEJIa K HApyUIEHUI0 OAHOPOAHOCTH Ipa-3dupa. [lon neiicTBreM 3ToW BHEUIHEW CUJIbl (TIpaHbl)
BBICOKOSHEPIMYHbIe KBAHTHI 3(pHpa CTaIM YIUIOTHATHCS, Pe0Opa30OBLIBASCh B KBAHTHI MATEPUH, C

31



. Kuka. «Yenosek u ero BceneHHas. Mznanue BTopoe nepepaboTaHHOS»

MAaccoil paBHOW OHOMY KBaHTY. VIHbIMM cJIOBaMU HauaJicsl MPOLIECC MaTepuai3aluu npa-3gpupa,
COIPOBOXKTAIOIINICS pa3psikeHreM Npa-3¢upa B 30He 00pa30BaHUs MaTEpUU.

B cooTBeTcTBHM C TIpe/iCTaBIIeHUEeM COBPEMEHHON HAYKH, BCSI MaTepysi COCTABIISACT MPUOIA3H-
TesbHO 30% OT cocraBa BCell BCeJIEeHHOM, a ocTayibHble 70% COCTaB/IsIET TaK HasbIBaeMasl TEMHAs
SHEprusi, TO ecThb npa-3cpup. M3 Bceit MaTepun HaOmonaeMasi M u3yyaeMasi HAyKord MaTepusi COCTaB-
nset guiib 15% (1o ecth 0koso 5% OT cocTaBa BCEeU BCEIEHHOM), a OKOJIO 85% OT Bcell MaTepuu
SIBJISIETCS TaK Ha3biBaeMasi TEMHAsI MaTepHsi, KOTOpasi He UCITyCKaeT JIEKTPOMAarHUTHOTO U3Ty4YeHUSI
Y He B3aMMOJICHCTBYET C HUM, 4UTO JIeJIaeT HeBO3MOXKHBIM e€ ipsiMoe HaOmonerue [7]. Ha Haim B3risi,
TEMHAsI MaTepHsl 9TO MOKA HEM3yUeHHbIEe COBPEMEHHOM HAyKOW MEJIKME YaCTHIIbI BIUIOTh JJO KBaHTA
MaTepHHU.

1.4.3.4. PazpsizkeHHble 3(pyipHbIE HIAPbI

B ommmume oT KBaHTOB 3(hMpa YaCTUIBI MATePUX HAXOMSATCS B TOCTOSHHOM JBWKEHUH, TO
eCcTh 00J1aJal0T KHHETUIECKOW SHepruei, Oarogapst KOTOpOi MOSBUIACh BOZMOXKHOCTh OOBEIUHE-
HUS MEJIKHMX YacTHIl B Oosiee KpyIHbIe ¢ OOJbIIIEN MacCcor, HO MEHBIIIe CKOPOCTHIO ABMKeHus. [1pu
00beIMHEHNH MaTepUAIbHBIX YacTHIl B OoJiee KPYIHbIE U CJIOKHbIE OOBEKTHI (AaTOMBI M1 MOJICKYJTbI)
PacCTOSIHUS MEX]Ty COCTABHBIMU YACTSIMH ITUX OOBEKTOB YBEJIMUMBAJIHCH, & TUIOTHOCTh 3(pHpa CHU-
’KaJach 10 CPABHEHUIO C MEPBOHAYAILHBIM 3HAUEHHEM — P.

C nosiBieHneM BHIPOKIEHHBIX KBAaHTOB MPOCTPAHCTBA MEPBOHAYAIBHOE PABHOBECHE COCETHUX
C HUMM KBaHTOB 3(pupa CTajJ0 HapylIaThCs, YTO MPUBEJIO K "Miepexody” KBaHTOB 3(upa U3 OIHUX
KBAaHTOB MPOCTPAHCTBA B JIpyrue. Tak pa3psKeHHbIE YYaCTKH Mpa-d(prpa YaCTUYHO 3aTOTHUIIHCH
KBaHTaMU 3(pupa U3 COCeTHNX OoJiee TUIOTHBIX 00acTel, M TAKMM 00pa30oM IePBOHAYAIBHBINA OJHO-
POIHBIN Mpa-3pUp MpeBpaTUiICS B COBPEMEHHBIN 3(pUp, B KOTOPOM KaX/IbIi OOBEKT HAXOOUTCS B
LIEHTpe pa3psiKeHHOro 3(pUpHOro mapa. Paguyc mapa yBenuurBaeTcsi ¢ yBeJIMYEHHEM MacChl 00b-
eKTa, a CTeNeHb Pa3psHKEHHOCTH 3(Hpa B IIape CHUKAETCS C yJaJeHUeM OT LIEHTpa Iapa.

Ha nam B3r1s171, ¢ GOJIBIION CTENEHbI0 BEPOATHOCTH MOKHO MPEIONOKHUTh, YTO B Pa3psiKeH-
HOM 3(pUPHOM IIIape IIOTHOCTh 3(prpa Ha pacCTOsiHUM t OT LeHTpa 00beKTa — pt, Macca 0ObeKTa —
m ¥ pacCTosiHUE OT IIeHTpa 00beKTa — t CBSA3aHbI CIIeAYIOIIEH 3aBUCUMOCTBIO:

pt=p*({1-1/¢e (t m))

I'padpmyecku 3Ta 3aBUCUMOCTS Npe/ICTaBIeHa Ha pucyHke 11.
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Pucynok 11. 3aBUCMMOCTD TUIOTHOCTH 3pupa — pt OT PacCTOSTHKA JI0 TIEHTpa 00BEeKTa — t IS
pasHBIX 3HAYEHHUH €ro MacChl — m

W3 pucyHKa BUAHO, YTO YeM OOJIbIlie Macca 0OBEKTa, TeM MelIeHHee pacTET IJIOTHOCTD dupa
MY yIAJIGHUH OT LIEHTpa apa. B mpenenbHbIX ciyvasx: Mpu Macce 0ObeKTa — m, CTpeMsIIieics K
HYJTIO, IJIOTHOCTB 3¢prpa — pt CTPEMUTCS K P, a IPU M, CTpeMsIIencs K 06CKOHEUHOCTH, TUIOTHOCTb
— pt CTpEMHUTCA K HYIIO.

1.4.3.5. YckopeHue ABMKeHHMSI MaTePUAJbLHON
YacTUIlbI B pa3pskeHHOM 3(UPHOM IIape

CKOpOCTb IBKEHUS B 3apSHKEHHOM 3(PMPHOM MPOCTPAHCTBE MaTepHaIbHON YaCTUIIBI, yMe-
IIAIoMIENCs B OTHOM KBaHTE MPOCTPAHCTBA, SBJISIETCS BEIMYMHOM IMOCTOSTHHOM JUTST JII0OOTO HATIPaB-
JIEHWS] IBUKEHUSI 1 HE 3aBHCUT OT MAcChl yacTHIbl. [Tpy mpuOmmkeHnn MaTepuaabHON YaCTUITHI K
ApyroMy OoOBEKTY OHa TIOMAJaeT B OKpYXalollee STOT 00BEKT MPOCTPAHCTBO Pa3psKEHHOTO dup-
HOTO I1apa, CTEeNeHb pa3psKEHHsI KOTOPOTO YBEJIMUYMBAETCS TI0 Mepe PUOIMKEHHUS K €ro IIEHTPY.

[NockombKy ABMXKEHUE €CTh TOCTeIoBaTebHAsl CMeHa COCTOSIHUSI COCEIHUX MO TPaeKTOPUH
JBWKEHUS] MAaTEPUAJIbHON YaCTHIIl KBAHTOB MIPOCTPAHCTBA, a B TOJIE Pa3psHKEHHOTO (upa Haxo-
ISTCS U BHIPOKAEHHbIE KBAHTHI IIPOCTPAHCTBA, TO ABWKEHUE MaTepHaIbHON YaCTHUIIbI IIPEBpaIaeTCsI
B CMEHY COCTOSIHUSI HE COCEJHUX KBAaHTOB IIPOCTPAHCTBA, a YAAJIEHHBIX IPYyT OT Apyra Ha OWH WJIH
HECKOJIbKO KBAaHTOB IIPOCTPAHCTBA IO TPAESKTOPUH JBHKEHH ST YacTUIlbl. OOpa3HO BHIPAKasiCh, MOKHO
CKa3arh, 4To "mMaru" mMarepuaabHOM YacTUIBl OT KBAaHTA MPOCTPAHCTBA K COCETHEMY KBAHTY IPO-
CTPAHCTBA MPEBPAIIAIOTCSA B "MIPbIKKU" HA IBA WJIM HECKOJILKO "HIArOB" MO TPACKTOPUU ABUKEHUS.

Takum 06pa3oM, CKOPOCTh ABWKEHUSI MaTepHaIbHON YaCTUIIBI B TIOJIe Pa3psiKeHHOTo 3¢up-
HOTO IIIapa HAYMHAET yYBEJIWIUBATHCS, U TI0 Mepe MPUONVKEHHST YaCTUIIBI K TIEHTPY Pa3psiKEHHOTO
a¢upHOTrO Mmapa, To eCTh K Apyromy oObeKTy, OHa BCE Ootee u Oostee Bo3pactaeT. Ecim yactuia He
COJILETCSI C STUM OOBEKTOM, TO HAMOOJBIIIEH CKOPOCTH OHA JOCTUTHET B TOUKE TPAEKTOPHH, Hanbosee
MPUOJTMKEHHOM K TIEHTPY 3TOro 00bekTa. Yem OoJbllie Macca 00ObeKTa, a CJIeJOBaTeIbHO U pa3Mephl
Pa3psKeHHOTO 3(PUPHOTO MIapa, TeM OGJBINYIO CTeleHb Pa3psUKeHUs MCTIBITHIBACT YacTHIA, U TeM
OOJIbIIIE OHA YCKOPSAETCS TIPY TPUOTMKEHUHN K OOBEKTY.
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1.4.3.6. /IBm:xeHne MaTepraJbHONA YaCTUIIHI B
JBHZKYIIEMCSI pa3psizKeHHOM 3(DHPHOM miape

[pu nBMKEHUM pa3psKEHHOTO 3(PMPHOTO IIapa HABCTPEUY K MaTepUAIbHOM YacTUIe OTHOCHU-
TeJIbHAsi CKOPOCTh MX JIBMKEHHS CTAHET PaBHOM CyMMe CKOpOCTel MX JBrkeHHs. OIHAKO MPH STOM
HAJ0 YYUTHIBATh, YTO MPU BCTPEYHOM JBMKEHUU KBAHTOB 3(Upa pa3psuKeHHOro 3(hUMpHOro miapa
JJIMHA "TIPBIKKOB" MaTeprabHOM YaCTULIbl COKPAIAETCS, UTO PUBOAUT K CHUKEHMIO U CKOPOCTH €€
nprokeHus. Takum 0O6pa3oM, TIOCTUTHYB 00beKTa, YacTUIa He TIPUOOpETaeT TOW CKOPOCTU, KOTOPYIO
OHa mproOpesia Obl TIPU HETIOABUKHOM pa3psiKeHHOM 3(pHpHOM Imape.

CrneoBatenbHO, XOTSI TPH BCTPEYHOM ABWKEHUM MaTepHaIbHOM YaCTHIBl U Pa3psKEHHOTO
3(pMpPHOTO IIapa ¥ POUCXOIUT CIIOKEHUE CKOPOCTEH MX ABUKEHHUSI, OTHOCUTEIIbHASI CKOPOCTD JIBUXKe-
HUS YaCTUIIBI IPAKTHYECKH HE YBEIMIMBAETCS U3-32 CHIKEHHSI CKOPOCTH €€ IBIIKEHHS BO BCTPEYHO
JBUKYILEMCS pa3psiKeHHOM 3(PUPHOM IHape.

[Tpu oIy THOM ABMKEHUU MATEPUAIbHON YaCTHILIBI U Pa3psKEHHOTO 3(PHPHOTO 1Iapa OTHOCHU-
TeJIbHAsI CKOPOCTh YACTHIIbI YMEHBINIAETCS HA BEJIMYMHY CKOPOCTH TOIYTHOTO JBIKEHUS pa3psiKeH-
HOT0 3(pMPHOTO 1mapa, HO camMa CKOPOCTh YaCTHIIB B Pa3psiKeHHOM (DUPHOM IIape YBETHMUUBACTCS
U3-32 YBEJIMYEHUS JJIMHBI €€ "TIPBIKKOB'", UTO KOMIIEHCUPYET CHUKEHHE OTHOCUTEJIbHOM CKOPOCTU
YACTHUIIBL.

Takum 00pa3oM, HE3aBUCHMO OT HATPABJICHU I BMKEHH S Pa3psiKEHHOTO 3(PMPHOTO IIapa CKo-
POCTB, C KOTOPO# IOCTUTaeT MaTepuaibHast 4YacTUIIA IPYTroro 0ObeKTa, MPaKTHUECKH OCTAETCS HEU3-
MeHHOU. VIHbIMU ciToBaMH, PHOOP, (PUKCUPYIOIINI 3TY CKOPOCTh, TO €CTh HAOMIONATEIh, He OOHAPY-
KHMBaeT U3MEHEHHEe CKOPOCTH, UTO U OBLIO MOATBEPKAeHO onbiToM Maiikenscona-Mopiu. [Toatomy
MOXHO TIPEINOIIOKUTh, YTO OCHOBAaHHOE Ha omnbiTe MaiikenbcoHa-Mopiu yTBepkIeHrue 00 OTCyT-
CTBUM 3(pUpa SBISAETCS OIUOOUHBIM.

1.4.3.7. IBm:xeHne MaTepuaJdbHON YaCTHIIbI,
HCIyCKaeMO# JBHKYIIUMCS 00bEeKTOM

Ecnu 006BbeKT pacripocTpaHsieT B OKpysKalollee MPOCTPAHCTBO MaTepPUAIbHbIE YaCTHUIIBI U TIPH
3TOM caM HaxOAWTCSl B JIBUKEHWM, TO JUIMHA "TIPBDKKOB", a CJIEJOBATEJIbHO M CKOPOCTh JBUKE-
HUSI MaTepUAJIbHON YaCTHUIIbI, IBUXKYIIENCS HABCTPEUy JBUKEHUIO pa3psi’keHHOro 3(pUpHOro Iiapa,
YMEHbIIIaeTcCs, a JJIMHA "TIPBIKKOB", U, CJIEIOBATEIbHO, CKOPOCTb IBUKEHHUSI MATEPUATTbHON YaCTHIIbI,
ABVKYILEICS MOIMYTHO JIBUXKEHUIO pa3psiKeHHOro 3(pMPHOrO 11apa, YBEJUUMBAETCS N0 CPAaBHEHUIO
C JUIMHOM "NIPBIKKOB" M CKOPOCTBIO ABMKEHHUSI YACTHIIBI B HEMOJABMKHOM Pa3psiKEHHOM (PUPHOM
niape.

OpHako, Ipy JOCTUKEHUU T'PaHULBI Pa3psKEHHOro 3(PUPHOTO 1Iapa, UX CKOPOCTH MpaKTHye-
CKHU CTaHOBATCSl paBHbIMU U JIaJIbHEWIIee UX ABUKEHUE B I10JI€ 3apsKEHHOIo 3(pupa MPOUCXOAMT C
OIMHAKOBOI CKOPOCTBIO BO BCEX HAIIPABJIEHU X, HE3aBUCUMMO OT HAIlPaBJIEHUsI U CKOPOCTH AIBUKEHUS
00BEKTa, CIYCKAIOIIEro paccMaTpuBaeMble MaTepUAIbHbIE YACTHIIBL.

Takum 0Opa3oM, CIOXKEHHUE WM BHIYMTAHME CKOPOCTEH IBMKEHHS YaCTHIl M UCITYCKAIOIIETro
UX 00BEKTa, TO €CTh MX UCTOYHHKA, TIPOUCXOIUT UCKIIOUMTEIBHO B Mpeesiax pa3psikeHHOro apup-
HOTO0 11apa. 3a rnpejejaMy pa3pskeHHOTO (PUPHOTO 1apa, CO3AAHHOIO UICTOYHUKOM MaTepUasIbHBIX
YacTHIl, CKOPOCTb JBMKEHHUSI YACTHUI] HE 3aBUCUT OT CKOPOCTH U HAIlpaBJIEHUs IBUKEHUS UX UCTOYU-
HUKA, YTO SIBUJIOCH IIPHYMHON OIMIMOOYHOTO 3aKJII0YEeHHS 00 aOCOMOTHON HE3aBUCUMOCTH CKOPOCTH
CBETa OT HallpaBJICHUs] U CKOPOCTU JBMKEHHUSI €r0 UCTOYHMKA, B TOM YHCIIE U B HENIOCPEICTBEHHOM
OJIM30CTH OT UCTOUHHKA.
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1.4.3.8. IIpupoaa rpaButanyuu

B ciydae Oonbinoro yaaneHus 0ObeKTa OT IpYyruX OOBEKTOB OH MPAKTUYECKU HAXOOWUTCS B
PABHOBECUU C OKPYKAIOIIUM ero 3(pMpoM, Tak Kak pa3pskeHHOCTb 3(upa, co3aBaeMasi OObEKTOM,
CUMMETPUYHA TI0 OTHOIIEHUIO K 00OBEKTY, HAXOASIIIUMCS B LIEHTPE Pa3psiKEHHOro 3(pUpHOro 1mapa.
Ho mockomnbKy 0OBEKT IBUraercs, To HEMHHYEMO BO3HHMKAET CHTYallusl, KOTJa OH OKaKeTcs B pa3-
PSUKEHHOM 30HE, CO3[JaHHOM JPYTMM OOBEKTOM. B TakoM cityyae paBHOBecHe OOBbeKTa ¢ 3(UpPOM
HapymIaeTcs, Tak Kak 0ObeKT HAaUMHAET VCIIBITHIBATH Pa3IMYHbIC JIaBICHUS C Pa3HBIX CTOPOH OT pa3-
PSKEHHOM 30HBI, CO3JJAHHOM JAPYTMM OOBEKTOM. TakiuM 0Opa3oM BOZHHMKAET CHJIA, HAIPABJISIOIAs
JaHHBI OOBEKT K LIEHTPY pa3psiKeHHOW (DUPHOM 30HBI, CO3JAHHOU JAPYTUM OOBEKTOM, TO €CTh K
3TOMY JIpyroMy OOBEKTY.

IT0 00CTOATENHCTBO OOBSCHSIET MPUPOY T'PABUTAIIMU U M3BECTHO HAyKe KaK 3aKOH BCEMHP-
HOTO TAroTeHus, oTKpbIThiil M. HpioToHOM B 1687 I. Ha OCHOBE YMCTO SKCHEPUMEHTAJIbHBIX J1aH-
HbIX. Ha Ham B3, npaBusibHee ObLIo OBl €10 Ha3BaTh 3aKOHOM BCEMHUPHOTO COMMKEHUs, TaK KakK
HUKAKOTO TATOTEHUS WM MPUTSKEHU ST Mek/Ty 0ObeKTaMK He cyiecTByeT. CTporo roBopsi, TepMHUHBI
"TaroteHre” M "TIPUTSDKeHUE" CIIeNOBao Obl MCTIONIL30BATh B KABBIUKAX, OJJHAKO MBI 3TU KaBBIUKH
OyneM JIMIIb Moipa3syMeBaTh. 3aKOH BCEMUPHOTO TATOTEHMS, XOTS ¥ MPUOIMKEHHO, HO JI0CTATOYHO
MIPUEMJIEMO OTPAXKAET TOJBKO OIUH U3 YETHIPEX M3BECTHBIX HAyKe TUIIOB B3aMMOJEWCTBUS MEXKIY
00BbEeKTaMH, a IMEHHO, caMoe c1aboe, UMEHYeMOe T'PaBUTAIIIOHHBIM B3aUMOJIEHICTBUAEM.

Uem MeHbIIIe pacCTOSTHAE MEK]Ty LIEHTPaMH OOBEKTOB, TEM CHJIbHEE B3aMMOCHCTBIE MEXKIY
HUMM OTJIMYAETCS] OT 3aKOHA BCEMUPHOI'O TATOTEHHUS], I03TOMY 3TOT 3aKOH HE MOKET IIPETeH0BaTh
Ha BCEOOLTHOCTh. DTO 0OCTOATEILCTBO MPUBENIO K HEOOXOAMMOCTH Pa3padOTKU TEOPUM IS IPYTHX
THUIIOB B3aUMOJICUICTBUI, KOTOPBIE UMEIOT MECTO B MUKpoMupe. Tak MosiBrjiach HEOOXOTUMOCTb ITPH-
BJICUEHHMS /17151 OOBSCHEHHS B3AMMOZCHCTBHSI B MUKPOMHPE TaK HAa3bIBAEMbIX JIEKTPUIECKUX 3apsi-
JI0B, B3aUMOJICHCTBYIOIIMX MEKIy cOOOM IMOo 3aKOHY, OTKphIToMy KyioHom B 1785 r. u Tak Ha3bIBa-
eMBIX SJIePHBIX CHJI, KOTOPBIE JOJKHBI OBLUTH OTBEUaTh 3a:

— CWJIbHOE $SIIEPHOE B3aMMOJIENCTBUE, YIEPKUBAIOLIEE TOJIOKUTEIBHO 3apsKeHHbIE TIPOTOHBI
B HENOCPEJCTBEHHOW OJIM30CTH BHYTPH aTOMHOTIO sIpa U BIEPBbIE KOJMUYECTBEHHO OMHUCAHHOE X.
IOxkaBoii B 1935 1.;

— KOPOTKOJIEHCTBYIOITIee (OHO MPOSIBIISIETCS Ha paccTostHUU rpromusuTesbHo B 1000 pa3 MeHb-
IIeM, YeM pa3Mep aTOMHOTO sifipa) cnadoe sAepHOe B3aMMOJICHCTBHE, BBI3BIBAIOIIEE, B YACTHOCTH,
OeTa-pacriaji sapa, BIepBble KOJIMYeCTBeHHO omucanHoe D. ®epmu B 1933 1.

Kak u B ciydae ¢ TepmuHamu "TAroteHue” U "MIPUTSKEHUE'', TEPMUHBL "3apsapl’ U "saepHble
CUJIBL" CJ1e10BajIo OBl MCTIONBb30BATh B KABBIUKAX, OIHAKO 3TH KABBIYKU MbI TAKKe Oy/IeM JIUIIb MO~
pa3ymeBarb.

Crnenyer OTMETUTb, UTO, B COOTBETCTBUM C IPUHIMIIOM B3aMMOCBS3aHHOCTH, a TaKke U C
MpeJCTaBJeHHbIM Ha pucyHKe 11 rpadukoMm, pa3pskeHHOCTb 3(pupa HE OrpaHUYMBAETCS Ipeje-
JaMu cepbl pa3psKEHHbIX I(PUPHBIX IAPOB, TO3TOMY B3aUMOIEHCTBUE JOIKHO ITPOUCXOIUTD U IO
CONPUKOCHOBEHUSI Pa3psKeHHBIX I(PUPHBIX ITAPOB BYX 00BEKTOB. OJJHAKO BEJIMYMHA CHUIBI, JCH-
CTBYIOIIICH B 9TOM CJIy4ae B COOTBETCTBHUHM C TMIIOTE30 BceoOiero B3anMojieficTBIsA, He B COCTOSI-
HUHM [TPEOAOJIETh MHEPIIMIO JBIKYIIUXCS 00bEeKTOB. [103TOMY IpakTHUecKku cONMMKEeHUE TeJl HAUMHAST
MIPOMCXOIUTB JIMIIb TOJIBKO TIOCTIE TiepeceueHnsi cpep pa3pskeHHBIX S(OUPHBIX MApOB OObEKTOB.

1.4.3.9. [Ipupoga 3j1eKTpUIeCKUX 3apsi10B

[Tpu oOpa3zoBaHNM MaTepUaTbHBIX YACTUIl C OJMHAKOBOM Maccoil M OIHOBPEMEHHO B JBYX
COCECOHUX KBAHTaX MPOCTPAHCTBA, MPUHAJICKAIINX PAa3HBIM IIPOCTPAHCTBCHHBIM CETAM, Pa3PAKCH-
HbIe 3(pHPHBIE MIAPhI KAKIOM U3 MATEPUATIBHBIX YaCTHIl OyAyT UMETh CBOM LIEHTPBI B COCETHUX KBaH-
Tax MPOCTPAHCTBA, TO €CTh MPAKTHUYECKU COBMAIYT, M B TOM CITy4ae MOKHO 3TH YaCTHIIBI paccMar-
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pUBaTh KaK OfIHY YaCTHILy C MacCOl PaBHOM IBYM M U ¢ OOIIUM pa3psiKEHHBIM 3(PUPHBIM [IAPOM.
Takue yacTHIIbl I3BECTHBI HAyKe KaK CTAOMJIbHBIE JIEKTPUUECKU HEUTPAIIbHBIE, TO €CTh He3apsKeH-
Hble (Harpumep, (POTOH).

Ecnu sxe Macchl MaTepuasibHbIX YacTUL, HAXOASIIMXCS B PA3HbIX IPOCTPAHCTBEHHBIX CETSX,
OymyT paznuunsl, Hanpumep, m1 1 m2 (m1 > m2), To Takue YacTHUIIBI C MACCOM, paBHOU cymme m1
1 m2, He OyayT CTaOMIIBHBIMU M CTPOTO HEUTPAIbHBIMU (HAIIPUMED, HEUTPOH).

Ecnu ke marepuasbHasi yacTuiia 00pa3oBajach TOJIBKO B OTHOM M3 ABYX COCEJHUX KBAaHTOB
MIPOCTPAHCTBA, MPUHAIJIEKAIIMX PA3HBIM POCTPAHCTBEHHBIM CETSIM, a B IpPYyTOM KBaHTE IPOCTPaH-
CTBa OCTAJICS KBAHT 3(pupa, TO pa3psKeHHbIA (PUPHBIN 1IAP CO3JACTCS TOJBKO B OJHOM, a UMEHHO
B TOW MPOCTPAHCTBEHHOW CETH, B KOTOPOW 0Opa3oBasiach MaTepuasibHas yactuna. [Ipu nBuxeHun
Takasi MaTepuabHasl YacTuila OyIeT yBJIeKaTh 3a cOOOI0 HE TOJNBKO CBOW Pa3psiKEHHBIA (pUPHBIH
I1ap, CO3/IaHHBIN B CBOEH MPOCTPAHCTBEHHOM CETH, HO M YaCTh 3(PMPHOT0 MPOCTPAHCTBA B BUJIE I11apa,
COBIA/IAIOIIETO C Pa3PsKEHHBIM I(PUPHBIM IAPOM IO pa3Mepy M MECTOHAXOXKJCHUIO IEHTPaA, IPU-
HaJIJIEKAIIero APYrol MpOCTPaHCTBEHHOW CETH, B KOTOPOM He MPOU30IILIO pa3psikeHue aupa.

[Tpoucxoaut 310 MOTOMY, UTO COIJIACHO MPUHLMITY Pa3iBOEHHOCTH Y KBAaHTOB (pupa UMeeTcs
nosie. KBaHT mpocTpaHCcTBa, B KOTOPOM HaXOOUTCS KBAHT 3(pUpa, OKPYKEH KBAHTAMU IIPOCTPAHCTBA
APYroil MPOCTPaHCTBEHHOMN CETH. A B 3TOW CETU HAXOAATCS JBUKYIIMECS B OIHOM HallpaBJIeHUU
KBaHTHI 3(pupa pa3psukeHHOro 3(pupHOro mapa. [IBrkyiuecs KBaHTH 3(upa YBIEKAOT 32 COOOM
HENOJIBWKHBIN KBaHT 3¢upa yepes ero mnosie.

Ecnu Takas marepualipHast yacTuua ABUKETCS B 3apsKEHHOM 3(DMPHOM ITPOCTPAHCTBE, TO IPO-
ucxXoauT "oOMeH" MeXIy COCEHUMH COOOINAIIMMICS KBAaHTAMU MPOCTPAHCTBA UX CONCP/KMMBIX
HE TOJIBKO B TOW MPOCTPAHCTBEHHOW CETH, r1e 00pa3oBajach MaTepuaibHasi 4acTuIla, HO U B JIPY-
IOl MPOCTPAHCTBEHHOM CETH, Tie 3(pup octacs 3apsikeHHbIM. [IpaBaa, mpu "oOMeHe" coepKuMbIM
B 3apsKEHHOHN MPOCTPAHCTBEHHON CETHM HUYErO BUAMMOIO HE MPOUCXOAUT, TaK KaK COAEpKHUMbIE
COCEIHUX COOOIIAIOIIMXCS KBAHTOB MTPOCTPAHCTBA 3apsKEHHOM MTPOCTPAHCTBEHHOM CETH He OT/IhYa-
I0TCS1 APYT OT Jpyra, MOCKOJIbKY OHU SIBJISIIOTCS] OIMHAKOBBIMU KBaHTaMu 3¢pupa. OJHaKO 3TOT Ipo-
LIECC BCE-TaKU ITPOUCXOMMT.

Paccmotpum Ba cityuasi cOnmkeHnst MaTepUasIbHBIX YacTuil. B mepBom ciydae obe matepu-
QJIbHBIE YACTHUIIBl HAXOSATCS B OHOM 1 TOM ke MPpOoCTpaHCTBEeHHOM ceTu. [Tocse B3auMHoro repeceye-
HUS UX pa3psiKEeHHBIX (PUPHBIX HIAPOB KBAHTHI TPOCTPAHCTBA Pa3ps’KEHHOTO 3(PUPHOTO 11apa OIHOW
yacTuibl OymayT "0OMEHHUBAThCS'' CBOMM COJIepXKaHHMEeM C KBAaHTAMM TPOCTPAHCTBA Pa3psKEHHOTO
3¢upHOro 1mapa Ipyroi MaTepuaabHOW YaCTUIbI, a KBAHTHI d(purpa 3apskeHHbIX I(PUPHBIX 1IAPOB,
YBJIEKAEMBbIX BYMS YaCTUI[AMH, OylyT OIXHOBPEMEHHO CTPEMHTHLCS 3aHSTh OTHO U TO K€ MECTO B
IIPOCTPAHCTBE, YTO HEBO3MOXKHO OCYILECTBUTH, TaK KaK B OJHOM KBaHTE ITPOCTPAHCTBA MOKET yMe-
CTUTBCS JIMILIb OJIMH KBaHT 3(upa.

OTa KapTHHA HAIIOMUHAET CUTYalMIO, KOrJa JBa COMPUKOCHYBIIMXCS YIPYTUX Teja CIaBIu-
BAaIOTCS, YTO IPUBOAMT K UX YIPYyroi aedopmalui 1 BOSHUKHOBEHUIO PEAKTUBHOU CUJIbI, CTPEMSI-
meics yoanuTh UX Apyr oT japyra. HeuTo momoOHOe MPOMCXOAUT U C 3apsKEHHBIMU S(UPHBIMU
11apaMy, yBJ€KaeMbIMU ABYMSI CTPEMSIIMMUCS HABCTpeuy ApPYyr K APYry MaTepuaslbHbIMUA YacTH-
uamu. B pesynbrare 31U 3apsikeHHbIEe 3(pUpHbIE 1Iapbl YIIUPATCS APYT B ApYyra, HE UMesl BOZMOX-
HOCTH 3aHSTh OJIHO U TO K€ MECTO B IIPOCTPAHCTBE, Ky/la OHU OJHOBPEMEHHO cTpemsTcs. Tak Bo3-
HUKaeT OoJbllasi peakTHBHAsS CUJIA, COOTBETCTBYIOIAS CUJIe OTTAIKMBaHUS B 3akoHe KyrmoHa nis
cllyyasi OIHOUMEHHBIX IEKTPUUECKUX 3apSI/IOB.

AHanornyHasi KapTvHa BO3HHMKAET U NpU COMMKEHUM HEeCTAOWIIbHOW HEWTPAIbHOW YaCTHUIIbI
(Hanpumep, HEUTpoHa), ¢ MaccaMy m1 1 M2, HaXOAAIMIMMUCS B Pa3HBIX IPOCTPAHCTBEHHBIX CETSIX, C
JPyror MaTepuagIbHOUN YacTUIIEH ¢ MacCcol m, HaXOJSAIIEHCS B TOM MPOCTPAHCTBEHHOM CETH, B KOTO-
poil HaxoauTcsl OOJbIIas Yacth Macchl m1 HecTaOMIIbHOM HEUTpasibHOW YacTHIbl. OJJHAKO B 3TOM
CIy4ae BeJIMYMHA PEaKTUBHOW CHJTbI OyJIeT HUKE TOM, YTO BOHMKJIA Obl PH COMMKEHUH JIBYyX Mate-
pHaJIbHBIX YacTull ¢ MaccaMd m1 1 m, HaAXOOAIIMXCS B OIHOW U TOM € IMPOCTPAHCTBEHHOU CETH,
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TaKk Kak B 9TOM Cllyyae KBaHThI 3pupa 3apskeHHOro 3(pUPHOro Iapa, yBJIEKaeMOro MaTepuaabHON
YacTUIIel ¢ Maccor m, OyAyT NMPEeTeHA0BATh Ha OJJVH U TOT e KBaHT MPOCTPAHCTBA JIUIIIb C PEIKUMHU
KBaHTaMU 3(upa pa3pskeHHOro 3(pMPHOTO Iapa, CO3AAHHOTO MAcCOi M2 HeCTaOMITbHOW HEUTpaib-
HOU YaCTHLIBL.

B ciiyuyae xe cOnmkeHUs IBYX MaTepUaibHBIX YAaCTHIl, HAXOMSIIMXCS B Pa3HBIX IMPOCTpaH-
CTBEHHBIX CETSIX, 10CJIE IEPECEUEHU S UX Pa3psKEHHBIX (PUPHBIX IIAPOB APYT C IPYroM, KBaHTbI pa3-
PSKEHHOTO 3(PMPHOTO IIapa OJHOM YacTHIIBl HAYHYT "0OMEHMBATHCS" CBOMM COJIEPKUMBIM C KBaH-
TaMU 3apsKEHHOTO 3(upa, yBJIEKaeMbIMU ApYyroil yactuiei. PeakTuBHas cuiia, BO3HUKAIOIIAS BO
BTOPOM cilyuae, OyAeT 3HAYMTEIbHO HUKE TOW, YTO BO3HUKAJIA B IEPBOM CITy4ae, U3-3a HU3KOH TUIOT-
HOCTH 3(pupa B pa3psiKeHHbIX 2(UPHBIX mapax. M 3Ta cnabdasi peakTMBHAs CHJIa HE CMOXKET YAepKaTh
JajbHerIero cOMmKkeHus: MateprainbHbix yactul. [lox BussHueM cui BeeoOriero B3anmMoeiicTus
YaCTHIIbl HAYHYT JBUTaThCSl HABCTPEUy JIPYT K APYry [0 TeX Mop, MOKAa MaTepUabHbIE YaCTHIIbI HE
OKaXXyTCsI B COCEIHUX KBAHTaX IMPOCTPAHCTBA, 00pa3ysi TEM CaMbIM HEUTPAIBbHYIO YaCTHILy, KOTOpast
nasnee OyleT ABUTaThCsl KaK OJHA YacTuIa. BeKTop cKopocTH e€ ABMKeHusl OyleT paBeH BEKTOPHOM
CYMME CKOPOCTE! ABUKEHUS CIIUBIIMXCS YACTHIL.

OnucaHHast KapTUHA B3aMMOJEVICTBUS JIByX MaT€pUaJIbHBIX YACTUL] HAXOJUT CBOE OTpaKeHUE
B 3akoHe KysoHa 11 ciydas B3aMMOJEUCTBUS Pa3HOUMEHHBIX JIEKTPUUECKUX 3aps0B, KOIJla OHU
MPUTSTHBAIOTCS, COIMKAIOTCS U, €CJT OKAXKYTCS HA JOCTATOYHO OJTM3KOM PACCTOSIHUM JIPYT OT APYTa,
CJIMBAsSICh, 00PA3yIOT HENTPAJILHYIO YaCTHUILY.

Takum 06pazoMm, NPUTSIKEHUE PA3SHOMMEHHBIX ¥ OTTAIKUBAHUE OMHOUMEHHBIX AIEKTPHUUECKUX
3apsiIoB €CTh HUYTO MHOE, KaK COMMKEHNE MaTepralbHbIX YaCTUIl, HAXOASAIIMXCS B Pa3HBIX WU B
OJIHOM U TOM %€ IPOCTPAHCTBEHHOM CETH.

1.4.3.10. IIpupoa sigepHBIX CHJI

OnwcaHHas BbIIllle TPUPOJA TMEKTPUIECKUX 3apsI0B OOBSCHSET U MPUPOIY SIICPHBIX cuil. B
ClIy4ae CUJIbHOTO SIIEPHOTO B3aMMOJEHCTBUSI OHU YIEPKUBAIOT TMOJOXKUTEIbHBIE MMPOTOHBI B sIIpe
aroMa. OOBsICHsIETCS 3TO clieaylomuM oopa3oM. Ha camom Jieie HeT HUKAKMX OTTaIKMBAIOIIUXCS
APYT OT Jpyra OJHOMMEHHBIX MEKTPUYECKUX 3apsI0B, & €CTh JIMIIb YIUPAIOIINEcs APYr B Ipyra
3apspKeHHbIe (pUpPHbIE Iapbl. TH MIapbl, HECCMOTPSI HA HAIMYME CONMMKAIOIUX UX CHJI, HE MOTYT
3aHATh OJJHO U TO K€ MECTO B MpocTpaHcTBe. [109TOMy 1 HEeT HeOOXOIMMOCTH B MTPUBJICYEHUH 3ara-
JOYHBIX SIEPHBIX CHJI, KOTOPBIE IOJKHBI YIEPKUBATH SKOOBI OTTAJIKUBAIOIIMECS JIPYT OT Ipyra OqHO-
MMEHHBIE IEKTPUYECKHE 3apsifibl, & UMEHHO — ITPOTOHBI B siipe aroMa. Cuiia, CTpeMsIasics yIaauTh
UX APYT OT Apyra, sIBJISIETCS BCEro JIMIIb PEAKTUBHOM CHJION OT JISMCTBUSI HA YIUPAIOIIUECs IPYT B
Apyra 3apsiKeHHbIe (PUpHBIE APl BHEITHUX AKTUBHBIX CHJI, JEUCTBYIOIIUX B COOTBETCTBUH C TUIIO-
Te30i Beeobrero B3anMonencTBusI.

B ciyuae ke crmaboro siiepHOro B3aMMOIEHUCTBUS sSAEPHBIE CHJIBI IPUBOAAT K OeTa-pacnay,
Py KOTOPOM HEUTPOH MpeBpaiiaercsi B mpotoH. OObsCHSIETCS 3TO cheAymum odpazoM. B mpo-
recce 0Opa3oBaHUs HECTAOWJIBHOW MaTepUaibHOM YacTHUIlbl (HAarpuMep, HEUTPOHA) MPOMCXOAUIIO
cOMmmkeHre MaTepuaIbHON YacTuIpl ¢ Maccoi ml ¢ MatepuasbHOM YacTUICH ¢ MEHBINEH Maccoin
m2, HaxoJsALIEWCs B JPYroll MPOCTPAHCTBEHHOM ceT. I10CKONbKY pa3psiKeHHblE S(PUPHBIE IIAPbI
9TUX MaTePUATBHBIX YACTHIl UMENM pa3Hble pa3Mephl, TO Ha MIEPBOM 3Tare COMMKEeHUs, C MOMEHTa
KacaHusl pa3psHKeHHBIX (PUPHBIX [IAPOB 10 MOMEHTa BHEPEHMSI TIOJIOBMHBI MAJIOr0 9(hUPHOTO 1apa
B 0071aCTh OOJIBINIOTO, CUJIA, JEUCTBYIONIAs] HA MEHBIIYI0 MATEPUATbHYIO YACTHILY YBEJIMUUBAIACH, A
MIOTOM CTaJla yMEHBINATHCS, TIOKA BOBCE HE MCcUe3/ia. A CONPOBOK/AAIOIIAS TOT MPOLIECC peaKTUBHAS
CHJIa TOJIBKO YBEJTMUMBAIACh. DTOT IUCOATIAHC CHJI MIPUBOOUT CIIEPBA K OCTAHOBKE MaTe€pPUAIbHOU
YaCTUIIBI C MACCOM M2, a 3aTeM U K 0OpaTHOMY e€ IBHKEHHIO, YTO M BOCIPUHUMAETCS KaK pacraj
HEWTpPOHA Ha MPOTOH U EKTPOH.
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1.4.3.11. IIpupoxa marneTuzma

Kak ykaspiBasioch Bbittie (cM. nmaparpad 1.4.3.2. KBaHT uHepIuu), OIHAM U3 MSATH BO3MOKHBIX
BHUIOB IOCJIEACTBUI B3aUMOIENCTBUS OOBEKTOB ABJISIETCA CO3JAHHE 0COO0r0o CTAOMILHOIO OOBEKTA.
ITO MPOUCXOAUT B CITydae, KOrja Chjia B3aMMHOTO COMVMKEHHS YaCTHIl M CUJIa MX WHEPIMH OKa3bl-
BaIOTCS PaBHBIMH.

Tako# 0coObIi CTAOWITBHBI 00BEKT, U3BECTHOE HAayKe KaK MArHUTHBIN JTUTIONb, COCTOUT U3
JBYX MaTepUATbHBIX YACTHI], PACIIOJIIOKEHHBIX B HETIOCPEACTBEHHOW OJM30CTH JPYT OT Jpyra, HO B
Pa3HBIX MPOCTPAHCTBEHHBIX ceTsAX. OCOOSHHOCTh JUTIONS 3aKJII0YaeTCsl B TOM, YTO OH B COOTBET-
CTBUM C TUTIOTe30 BceoOiero B3anMoIeicTBIs MOXET Kak MapasuiesIbHO, TaK M IMOCIeJOBATETIbHO
O00BEAMHATHCSA ¢ ceOe TOTOOHBIMU, 00pasyst OOJBIION OCOObIA OOBEKT, N3BECTHBI HAyKe KaK Mar-
HUT. B3aumoyeiicTBre 3Toro 60JIBIIOro 0co0oro 00beKTa ¢ OTACTBHBIMA MATHUTHBIMU JUTIOJISIMU B
COOTBETCTBUM C TMIOTe30i BceoOiero B3aumMoieiicTBUS IPUBOANT K BUIMMOCTH HATUYUS Y HETO
MIPUTTICHIBAEMBIX MAarHUTY MAarHUTHBIX CUJIOBBIX JIMHUM, KOTOPBIE HA CAMOM JieJie OTCYTCTBYIOT.

CrnenoBare/ibHO, B3aMMOJCHUCTBHE TeJT TI0 3aKOHY BCEMHPHOTO TATOTEHUSI, B3aUMOJCHCTBUE
MIEKTPUYECKUX 3aps/IOB 10 3aKoHY KyroHa, cuibHOE siiepHOe B3aMMOJIENCTBUE, POTUBOIEHCTRY-
I0llee CHJIaM OTTAJIKUBAHUSI OMHOMMEHHBIX JIEKTPUIECKHX 3aps/IOB B si/Ipe aToma, ciiadoe siiepHoe
B3aUMOJICVICTBUE, CIIOCOOCTBYIOIIEe pacriaay HEMTPOHa, M MarHeTU3M MOKHO OOBSCHUTH MPOSIBIIC-
HUEM OJJHOUM W TOW K€ CHWJIBbI, ISHCTBYIOIIEH B COOTBETCTBHMHU C TMITOTE30i Bceoliero B3aumoei-
CTBUSI.

MupiMu ciioBaMu, runore3oi BeeoOlero B3anMoIeNcTBASA MOKHO OOBACHUTH BCE N3BECTHBIE
HayKe TUITBl B3aUMOJICHCTBUS:

— MEX[y TeJJaMU B KOCMOCE U Ha 3eMJI€;

— MEX/Iy MOJICKYJIaMU ¥ aTOMaMH B TeJiax;

— MEK/Iy IEMEHTapHBIMH YaCTUIIAMU B sIpaX aTOMOB.

Bce 31 TUTIBI B3aMMOIEHCTBYSI CBOMISITCS K OMTHOMY M TOMY K€ B3aUMOJICVICTBUIO, 3aBUCSIIIEMY
JIMIITH OT MacC OOBEKTOB, PACCTOSIHUS MEX/Iy LIEHTPAMH UX MAacC U PacIoOKeHUEeM 3THX Macc B
OJTHOM U TOM K€ WJIM B Pa3HbBIX MPOCTPAHCTBEHHBIX CETSX.

1.4.4. O6pa3oBaHue u pacnajg KOCMUYeCKHX
TeJl. PazBuTHE M cMepTh MaTepHH

B kocmoce Haxomutcs OI'pOMHO€ pa3H006pa3I/Ie KOCMHNYECKUX TEI, O6pa3OBaHHbIX CaMbIMH
Ppa3JIMYHbIMU crocooamu. O,JIHaKO, INEPBOHAYAJIbHO OHU OBLIN O6pa30BaHLI OITMCaHHBbIM HMXKE CIIO-
cooom. B MocaeaywmeM, B IMpouecce nx B3aHMOHefICTBHH, CTOJIKHOBCHUA U pacliala HOBbIE KOCMU-
YECKUE TCJIa CTaJIn 06pa3OBbIBaTLCH " COBEPHICHHO NPYIrUMU CIrIocodaMu.

1.4.4.1. O6pa3oBanue kocMudeckux Tej. OdpaszoBanne
3HAYHTEJbHO Pa3PsAKeHHBIX (PUPHBIX IAPOB

Ilon BIUsAHUEM BCCO6H_ICFO B3aHMOHeﬁCTBHH MAaTEpUAJIbHBIC YaCTULIbI (SJ'ICMCHTapHLIC
YacCTUlibl, aTOMHBIC A/1pa, aTOMbI 1 MOJ'ICKYJ'IBI) C6JII/I)K8.IOTC}I, 06p8.3y}l HEYTO IMOXOXKEE Ha pa3PAKEH-
HOE ra3oo6pa3Hoe 06.]'[3.1(0, KOTOPOE€ CO BpEMEHEM BCE OOJIbIIIE U OOJIBIIIE VIUIOTHACETCA, IIOKA HE o6pa—
3yeTcA ra3006pa3Hoe KOCMHUYECCKOE TECJIO B BUJIC IIApd, COCTOALIEC B OCHOBHOM U3 aTOMOB BOAOPOAA.

HO,HBCPF&HCB n gajie€ BINAHUIO BCCO6I_HCFO B3aI/IMO,HCI>JICTBI/IH, 9TO MIEPBOEC KOCMHUYIECCKOE TEJIO
paCTéT 3a CYET MAaTEpUAJIbHBIX YaCTUL], HAXOOAMIUXCA B OKPYKAOIIEM HTAaHHOEC KOCMUYECKOC TEJIO
MPOCTPAHCTBE, U YIUIOTHACTCA OO TEX IIOP, IIOKAa B LICHTPE ITOI'O IIapa HE 06pa3y10Tc;1 Kaljiy Kua-
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KOCTU. B manpHeieM 3T Kariv pacTyT B pa3Mepax U, CIUBasich APYT C IpyroM, o0Opa3yioT BHYTpU
ra3000pa3HOro KOCMHUYECKOro Tesa KUAKoe AApo. Tak MOABIAIOTCS KUJKUE KOCMUYECKHUE Tea.

Bokpyr 311X ra3000pa3HbIX ¥ KUIKAX KOCMUYECKUX Tel 00pa3yloTcs TIepBble 3HAYNTETbHBIC
B MaciTade KocMoca pa3psikeHHbIEe S(PUPHBIE MIAphI.

1.4.4.2. O0pa3oBaHue IJIAHET U 3BE3 1.
Poct pa3pszkeHHBIX (PUPHBIX IAPOB

CranKuBasch B Ipoliecce ABMKEeHH I, WM OKa3aBIIKMCh B HETIOCPEICTBEHHOU OJTM30CTU JPYT OT
Apyra, Korja Ha4YMHaeT 3aMETHO MPOSIBIIAThCS BiMsiHUe BeeoOiero B3anMoaencTBis, KOCMUYeCKue
TeJIa CIMBAIOTCS B Oosiee KPYITHbIE, B IIEHTPE KOTOPHIX 00pa3yeTcs MOBBIIIEHHOE JaBjeHHe, CrIoco0-
CTBYyIOIIIee 00pa30BaHMIO O0JIee KPYITHBIX aTOMOB PA3IMYHbIX JIEMEHTOB. POCT KonuecTBa KPyIHBIX
aTOMOB TPUBOIUT K 0OPAa30BaHUIO B IIEHTPE KOCMUYECKOro Tena TBEpaoro sapa. [locreneHnsiii poct
TBEPIOTO sIIpa MPUBOAUT K 0OPA30BaHMUIO TBEPIOr0 KOCMHUYECKOTO Teja, Ha TIOBEPXHOCTH KOTOPOTO
BCE elIE OCTAITCS KUAKHE MacChl. DTU TBEPIO-KUIKHUE KOCMUUECKHUE TeJla TPOJOIKAIT COXPAHSTh
BOKPYT ce0s ra3000pa3Hyo 0005I0uKy — atMocdepy. Tak oOpa3yloTcs nepBbie IIaHEThl TIONOOHbIS
3emue.

Haxonsich B MOCTOSTHHOM JIBMKEHMHU U TIOJ, BIUsiHUEeM BceoOlero B3anMoieiicTBysl, TBEpIIbIe
KOCMHUYECKHeE TeJa, 00BbeAUHSISICh APYT C IPYTOM U TOTJIONIAs ra3000pa3Hble U KUAKIE KOCMUYECKUe
TeJla, HAYMHAIOT PacTH, NIOKa 3a CYET YPE3MEPHO BO3POCLIETO JABJEHUS B MX LIEHTPE HE HAUHETCS
MPOLIECC pa3pyIIeHHs] JEKTPOHHBIX 000JI0UEK aTOMOB C BBIJIEJIEHHEM OIPOMHOIO KOJMYECTBA Tell-
JIOBOW 3HEpruu. Tak MosIBISIOTCA IJIa3MEHHbIE si/ipa Y TBEPABIX KOCMUYECKHUX Tell.

JlanbHEUMiA pOCT IUIAHET, CONPOBOKAAIOLIUICS AAJbHEHIINM YBEJIMYEHUEM BHYTPEHHETO
JaBJIeHMs], PUBOJMT K CIUSHUIO sEp B IJIA3MEHHOM SI/Ipe TUIAHETHI C BBIICICHUEM eIIE OOJIBIIIEro
KOJIMYECTBA SHEPTUH, YeM NPU 00pa30BaHUM IJIa3Mbl. DTa SHEPIUsl TaK pa3orpeBaeT IUIAHETy, YTO
OHa HAYMHAET UCIYCKATh B OKPY’KaloIllee MPOCTPAHCTBO MeJIbYaMIIIe 3JIEMEHTAPHBIE YaCTULIBI, B TOM
yrcrie U (POTOHBI, co3ainue cBeueHue. Tak 00pa3yloTcs epBble 3BE3/bI.

OnucaHHbIi BBIIIE TPOLIECC COMPOBOXAAETCS POCTOM Pa3psiKEHHBIX (PUPHBIX IIAPOB BOKPYT
pacCTylMX KOCMUYECKUX TeJ (IJIaHET, 3BE3]1 U 3BE3IHBIX CUCTEM).

1.4.4.3. O6pa3oBaHue HeCTaOMJIbLHBIX KOCMUYECKHX TeJl.
JHajbHeHIINi POCT pa3psizKeHHbIX 3 (PUPHBIX HIAPOB

JlanbHEUMiA poCcT Macchl 3BE3/1 3a CUET CIUSIHUS C IPYTUMU KOCMUYECKMMHU TeJIaMU TPUBO-
JWT K 00pa30BaHMIO CBEPXMACCHUBHBIX 3BE3, C OTPOMHBIM BHYTPEHHUM JIaBJICHUEM M CBEPXBBICOKUM
paspsikeHreM 3pupa B OOJIBIIOM 00bEME OKPYKAIOIIETO X MPOCTPAHCTBA.

[MoceHee 0OCTOATENLCTBO CIIOCOOCTBYET MPOIOKEHUI0 POCTa MACCHI 3BE3 3a CUET JIPYTrUX
KOCMHMYECKUX TECJI, HAXOOAIIMUXCA Ha JOCTATOYHO 6OHLH_IOM PacCTOAHNU OT HUX. " HaCTymnact TaKOU
MOMEHT, KOTJIa U3Ty4aeMble 3Be3101 (DOTOHBI OKA3bIBAIOTCSI HE B COCTOSIHUU JABUTAThCSl B HAIIPaBJie-
HUU OT CWJIBHO Pa3psiKEHHOro 3(upa K riioTHoMy. Takasi 3Be3/1a epecTaéT UCIyCKaTh B MPOCTPaH-
CTBO CBET M CTAHOBHTCSI HEBUIMMOW. Tak 00pa3yioTcst YEPHBIE JBIPHI.

DTOT MPOIECC COMPOBOKIAETCS JATLHEUIITUM POCTOM Pa3PsKEHHBIX 3(PUPHBIX IIAPOB BOKPYT
CBEPXMACCHUBHBIX KOCMHUYCCKUX TEJT (3B€3)1-FI/IFaHTOB N YCPHLIX III)Ip).

1.4.4.4. Pacnag kocMnueckux teJ. CmepTh MaTepuu

CBepxMacCHBHBIE 3BE31BI U OCOOCHHO UYEpHBIE JBIPHI SBJISAIOTCS HECTAOMJIBHBIMH KOCMHYE-
CKMMH TeJIaMH, TaK Kak MX OrPOMHAsi Macca CO3JaeT pa3psKeHHbIE d(pUpHBIE 1Iapbl TAKUX pa3Me-
poB, B chepy KOTOPBIX MOMaAaeT OrpoMHasl Macca KocMuieckoil Marepuu. Ilog BiusiHuem Beeoo-
I1IEr0 B3aMOJICHCTBHUS B KOHEUHOM MTOTE BCs 9Ta Macca KOCMUUECKON MaTepyul CJIMBAETCS ¢ YEPHON
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IBIPOH, YTO MPUBOIUT K TAKOMY POCTY BHYTPEHHETO JaBJIEHUsI, KOTOPOE HE BBIIEPKUBAIOT KPYITHBIE
sIIpa aTOMOB, HAXOSIIMECS B LIEHTPE YEPHOM JIBIPHI.

[Tpu paspyieHnu siiep aTOMOB BBICBOOOJK/IAETCSI TAKOE KOIMYECTBO SHEPrvU, KOTOPOE IMpH-
BOJIMT K B3pbIBY YEPHOU ABIPHI, B PE3Y/IbTaTe Y€r0 BMECTO OIHOIO OTPOMHOIO KOCMUYECKOTO Telia B
KOCMHYECKOE IMPOCTPAHCTBO PA3JIETAIOTCS OT IEHTpa ObIBIIEN YEPHOM IBIPHI OTPOMHOE KOJMYECTBO
e€ OCKOJIKOB. Tak 3aBepiiaeT CBOM KM3HEHHBIN IIMKJI HECTAOMIBHOE KOCMUYECKOE TeJIO.

A nns MaTepud B 11€JI0M KapTHHA BBINISAUT CAEAYOIIUM 00pa3oM. B cOOTBETCTBUM C MpHH-
IIUIIOM KOHEYHOCTH, HAIll MUP OrPaHUYEH B MPOCTPAHCTBE. DTO OOCTOSATEILCTBO UMEET JBa MOCIIE -
CTBUSL.

[NepBoe 13 HUX 3TO TO, YTO B KAKOM OBl HATTPABJICHUY HU JABUTAJICS OOBEKT, B KOHEYHOM HMTOTE,
OH JIOCTUTHET TPaHUIIbl HAILIETO MUPA, ¥ CO BpeMEHEM BCE OoJbIlie ¥ OOJIbIIIe CO3IAETCs BIIeYaTIeHe
OyITO BCSI MaTepusl pa3jieTaeTcsl OT KaKOro-TO B3PHIBA.

Btopoe mocneacTBrue orpaHUYEHHOCTH HAIIIEro MHpa 3aKJII04aeTcsi B TOM, YTO B 00euX Mpo-
CTPAHCTBEHHBIX CETSIX CYIIECTBYIOT 'PaHMYHbIC KBAHTHI IIPOCTPAHCTBA, UMEIOIIME BMECTO YETBIPEX
COCEIHMX KBAaHTOB MTPOCTPAHCTBA B CBOEH MPOCTPAHCTBEHHOMW CETHU TOJIBKO /IBa. DTO OOCTOSITEILCTBO
MIPUBOJIUT K TOMY, UTO, JOCTUTHYB IPAaHUYHOTO KBAaHTA IIPOCTPAHCTBA, OOBEKT HE CMOKET IBUTAThCS
Jajbllle B HANPaBJIEHUM CBOETO JBIIKEHMS, a Oy[deT MCKaTh OMMKafIIuil KBaHT (upa sl CBOETO
JaJIbHEUIIIero ABMKEeHUs B JTIOOOM, TOJIBKO HE B TIPOTHUBOMOJIOKHOM HAIPaBJICHUM.

Takoe OBMXEHUE, HAIOMHUHAIOLIEE MPEACMEPTHbIE CYJOPOrd, BO3MOXKHO 10 TE€X IOp, MOKa
B ONmkaiilieM OKpYKeHHHM OT IPAaHWYHOTO KBAHTA MPOCTPAHCTBA eI MMEIOTCS KBAHTHI dupa.
OnHako ¢ mpuOIMXeHNeM K I'paHuIle Halllero MUpa MOCeAYOIUX OObEKTOB TAKMX KBAaHTOB (upa
CTAHOBUTCSI BCE MeHblIe U MeHblle. [103ToMy cO BpemMeHeM HAacTyNUT Takod MOMEHT, KOIja OHU
BOBCE UCUYE3HYT, YTO MPHUBEAET K HEBO3MOKHOCTH JATBHEHIIETO IBUKEHU ST OOBEKTOB Y Kpasi HaIllero
MUpa.

UYro kacaetcst oOacTeil, JaN€KMX OT Kpas HaIllero MUpa, TO U TaM B MPOIIecce HempeKpalia-
IOIIecs MaTepranu3ayu 3Gupa co BpeMeHeM He OCTaHEeTCs HM OJIHOTO KBaHTa d¢upa, 6e3 KOTo-
PbIX IBH)KEHHE HEMBICIIMMO. B KOHEYHOM MTOTe HAIll MUAP MPEBPATUTCS B OJJH OTPOMHBIN pa3psiKeH-
HBII 9(PUPHBII AP C TUIOTHOCTBIO MATePHH, YBETMUYHMBAIOIIEHCS TI0 Mepe MPUOIKEHUS K TPaHUIIAM
Hatero mupa. Ho Bcst Mmatepust niieHa BO3MOXKHOCTH ABUKEHUSI U3-3a ITOJTHOTO OTCYTCTBUSA 3upa.
Tak HacTynaetr cMepTbh MaTepuu.

1.4.5. CBeT naJéKNX rajJakTukK

TpyaHo nepeoLeHUTh 3HaYeHUe MHMOpMAaLIK, TOTy4aeMOi HAMM OT CBETA JAJIEKUX TalaKTHK.
Ha ocHoBanuM 3T10i1 MH(OpMAaLIMK HayKa ONpeJesseT He TOJIbKO pa3Mepbl M COCTOSIHUE JOCTYITHOM
HaM 4acTy BCEJIEHHOW, HO U MOJyYaeT Mpe/cTaBlieHne 00 NCTOPUM U BO3PACTe BCEJIEHHOM.

Jnst atoro B 1990 romy Ha 3eMHOI opOuTe ObUT pa3MeIIéH KOCMUYECKUil Teseckor Xaooi,
JAIOLIMIA BOZMOXKHOCTb PErMCTPUPOBATh MH(PPaKpPaCHBIN JUANa30H JIEKTPOMAIHUTHOTO U3TyUeHHU ],
KOTOpbII M3-3a aTMOC(epsl HE JOCTUTaeT 3eMHOW MOBEpXHOCTU. biiarogaps OTCYTCTBUIO BIMSHUS
aTMocepsl, €ro pasperamoias CloCOOHOCTb Ha MOPAAOK OOJbILE, YeEM Y aHAJIOTUYHOI'O TeJIECKOIa,
PAacIONOKEHHOTO Ha 3eMJIe.

Ha ocHoBanuu cBeTa, MoyyaeMoro ot JaIEKUX rajakTHK, ObLIIO OOHAPYKEHO U pacIIMpeHue
BCEJIEHHOM, KOTOPOE JIENIO B OCHOBY TeopuH bospioro B3peiBa. OHAKO, KaK YKa3blBaJOCh BBIIIE
(cm. pazgen 1.4.4.4. Pacnian kocmudeckux tein. CMepTh MaTepui), B KAKOM Obl HAIIPABJICHUH HU JIBU-
rasicsi OObeKT, B KOHEUHOM UTOre, OH JIOCTUTHET TPaHMIIbI HAILIETO MHPa, U CO BpEMEHEM BCE OObIIIe
u Oosblle co3aagrcs BrieyaTieHne OyATO BCS MaTepysl passieTaeTcsl OT KaKOro-To B3pbiBa. [loatomy
(bakT pacmmpeHus: BCEIEHHOW He SIBJISETCS] JOCTATOUYHBIM OCHOBAaHMEM JUISI OOOCHOBAHUSI TEOPUH
Bonsioro B3peiBa. Ero B paBHOI Mepe MOXHO MCHOJIb30BaTh U AJ1s1 HOATBEPKIeHU s TUoTe3sl Bee-
00II1ero B3aMMOJICHICTBHSI.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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