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IIpeaucaoBue

B kHure npejcraBieHO yriyOJeHHOe MOHSTUE CBOWCTB Ma-
TepuU U npocTpaHcTBa. Ha ocHOBe cMonempoBaHHON CHCTEMBI
IIPOBEACH aHAJIM3 UX B3aUMOJACHCTBUA. Pe3ysbraThl MpoBEcH-
HBIX MCCIIEIOBAaHUN U3JI0KEHBI B KHUATAX: Pr3KKa mpocTpaHCTBa,
TauncTBeHHas rpaBuTaius U B COOpHUKax crareil o (pU3MKe
npoctpancTBa. CTaTbyl OMyOIMKOBaHBI B COOPHUKAX KOH(pepeH-
1M, koropbie npoxoauau B 2013—2018 rr. B CIIA, Kanane,
I'epmanuu, Poccun (MockBa, Cankt — IlerepOypr, benaropon,
Kanuuunrpan, Bonrorpan).

B Hacrosiiee Bpemsi (pU3MKM MPU CO3IaHUM HOBBIX TEOPUI
UCTIONB3YIOT BCEe B OOJIBIIEN CTETIEHN MaTeMaTHYeCKre ypaBHe-
HUS, a 17151 TPOBEPKHU MOTYYEHHBIX TEOPETUUECKUX JAHHBIX MPH-
MEHSIOT BBICOKOTOUYHOE 000py/ioBaHKe. Bc€ 3T0 B COBOKYITHOCTH
NIO3BOJIMJIO UM B NIOCJIE/IHEE BPEMSI ClIENIaTh PsAfl BaXKHEUIINX OT-
KPBITUH. BpUH OTKPBITHL 0030H XWITCA U TPAaBUTAIIMOHHBIE BOJI-
HBl. YQJIOCh TPAKTUYECKH OCTAaHOBUTH (DOTOHBI CBETA, CAEIATh
(pororpaduio aroma 1 3amITHYTh B OKPECTHOCTH YEPHOM JIBIPHI.
B Toxe BpeMs ceayeT OTMETUTD, UTO TAKOE YEPE3 MEPHOE YBJIe-
YEHHE TIOCTPOEHUEM 3aMBICJIOBATHIX TEOPUH, TIE «LapAT» yPaB-
HEHUs Bce Jajiblile U Aajibllle YBOIUT UX OT pelleHUs] «3acTape-
JIbIX» Mpo0seM OeslbIX MATeH (PU3MUECKON HAyKH.

Tak, HanpuMep, OO CUX MOP 0 KOHLA HE PACKpbITa (pU3nve-
CKas CyLIHOCTb MarHUTHOT'O TOJIS, & €€ CUJIOBBIE XapaKTEPUCTH-



KU OINPENENSIOTCS ONBbITHBIM MyTeM. OT/AENbHBIE YUEHbIE CUU-
TalOT, YTO O MPUPOJIE MATHETU3MA B HACTOSIIIEE BPEMSI U3BECT-
HO CTOJIbKO, CKOJIBKO O Hell ObUIO M3BECTHO BO BpemeHa Papa-
nes u Amnepa. be3 ornpeneneHHOro oTBeTa OCTaauCh BOMPOCHI.
Uro Takoe MOCTOSIHHBIA MarHUT? YTO MpOUCXOOUT BHYTPHU €r0
MPY B3aMMOAEVCTBUY C IPYTUMU IMOCTOSIHHBIMA MarHAUTaMU WA
KOHTypamu ¢ TokoM? Ilouemy He co3zaHa Teopusl B3aUMOJEH-
CTBUSI IOCTOSIHHBIX MarHUTOB? HekoTopble yueHbie BOOOIIe OT-
PUILIAIOT SIBJIEHKSI MarHETU3Ma, CChLIAsICh HA BHICKa3bIBAaHUE AM-
nepa «MarseTusma HeT, eCTb OJHO 3eKTpruyecTtBo. Her omHO-
3HAYHOTO, MOJIHOTO ¥ TOYHOTO OOBSICHEHHSI MEXaHU3Ma B3auMO-
JEeVCTBUSA JIEKTpUYeCcKUX 3apsanoB. [louemy cymectByer aBa 3a-
psjia ¥, YeM OTIIMYAETCs TIOIOKUTEIbHBIN 3apsiji OT OTpULIATENb-
Horo 3apsiia? [louemy KBapKu UMEIOT JPOOHBIN NIEKTPUIECKUNA
3apsan? Ilouemy npu nepeceyeHUUd MPOBOJHUKOM MArHUTHBIX
CWJIOBBIX JIMHUI, B HEM BO3HHUKAET /eKTpuueckuil Tok? Tloue-
My (DOTOHBI pa3IMUHBIX SHEPTUI B BaKyyMe UMEIOT OIMHAKOBYIO
CKOpPOCTb?

Takke He pacCKpbIT MEXaHU3M I'PaBUTALIMOHHOTO B3aUMOJIEH-
CTBHS MaTEpUAJIbHBIX TeJ, YAAJEHHbIX HAa 3HAUUTEJIbHOE pacCTO-
sTHME JApPYr OT Jpyra. Y Y4YeHbIX HET €MHOTO MHEHHUSI O TOM,
KaKMMH CUATATh IPABUTALIMOHHBIE CUJIbI JAIbHOACUCTBYIOUMU
WJIM KOPOTKOAEUCTBYIOIMMU. OCTaeTcsi OTKPBHITHIM BOIPOC, MO-
yeMy Bce cpeprueckue Tena BeayT ceds Tak, Kak OyaTo BCs UX
Macca CoCpe/IoTOUeHa B LIEHTPE.

Cpeny y4eHbIX HET €AUHOIO MHEHMSI O PEalbHOCTH CYIIe-



CTBOBaHMUSI CBETOHOCHOTO 3upa. HecMoTpst Ha JyMTe bHBIN Tie-
PHOJ UCCIIEIOBATENILCKUX padoT, MPOBEIEHHBIX HAa BBICOKOM,
npoheCCUOHATbHOM YPOBHE YYEHBIMH Pa3HBIX CTPaH, OAHO3HAY-
HOT'O OTBeTa 0 3TOMY Borpocy HeT. [lyOnukanuu Ha 3Ty Temy
MIPOJIOJIKAIOTCS J10 cux mop. Tak, ['amaeB B cBoux padorax cooo-
maeT 00 OTKPHITUU (PUPHOTO BETPa B OKOJIO3EMHOM ITPOCTPaAH-
ctBe, a Ky3uueB yTBepxkaaeT, uto HbloTOH, DUHIITENHH U UX TIO-
clieoBaTeM U3rHaiy 3pup U3 BceX TEOpHid, HO B IPUPOJE OH
He ucue3. Bce ux Teopun — 310 panbcudukaimsa HaydyHbIX 3Ha-
HUI TIyTEM MOJIMEHBI PEATbHBIX SIBJICHUH BOOOPAKAEMBIMH $IB-
JICHUSIMU.

[MonbITKa MOMYYUTH OINpeeSIeHHbIe OTBETHI Ha BhIIIIEYKA3aH-
HbIE BOIIPOCHI SIBIJIACh IOOYAUTETbHBIM MOTUBOM MOJIETPOBA-
HUsI CUCTEMBbI B3AUMOJICVCTBUSI MATEPUU U TTPOCTPAHCTBA.

B maHHO¥ KHHTE M3/I0)KeH 0000MIAIONTNI MaTepyasl UCCIe0-
BaHUU, KOTOPBI MPeACTaBIsAeT COOOM 3aBepIIAIONTUI Tal T0-
CTPOEHMSI TUTIOTE3bl B3aMMOJICUCTBUSI MaTepUH U TIPOCTPAHCTBA
Ha OCHOBE CMOJIEJIMPOBAHHOW CHCTEMBI.



BBenenune

du3nka HayKa, OCHOBaHHas Ha OIbITaX, SKCIEPUMEHTAaX, JO-
CTOBEPHO YCTAHOBJIEHHBIX (pakrax. CMonenrMpoBaHHasA CHCTe-
Ma, KOTOpasi MoJIO’KeHa B OCHOBY JIaHHOW paboThI, Oa3upyeTcs
Ha MPEeToOKEHUN CYILIECTBOBAHMUSI CHJIOBBIX HUTEH MPOCTPaH-
CTBAa, OOBEKTUBHYIO PEabHOCTh KOTOPBIX B HACTOSIILEE BpeMs
9KCIIEPUMEHTAIbHO HEBO3MOKHO YCTaHOBUTh. B TO ke Bpems
CIeyeT OTMETHTh, YTO B TIONOOHBIX CITy4asix AJIsl MOATBEepK/e-
HUSl TEOPETHMUYECKUX OOOCHOBAHWII MPOLIECCOB, MPOTEKAIOIIUX
B HEJJOCTYIIHBIX [UISl UX U3MEPEHUS MECTAX, UCIIONB3YIOTCS KOC-
BEHHBIE JI0Ka3aresbeTBa. Harpumep, Henpa 38e34. DTOT IpueM
WCTIONIB30BaH U B JaHHOH padote. Tak, Hampumep, pe3y IbTaThl
MOJEJIMPOBAHUS HAXOAAT KOCBEHHOE MMOATBEPKICHNUE B PEAJIbHO
NpoTEKaINIMX (PU3MYECKUX TTpoueccax U sABieHusax. CMoaenm-
pOBaHHasA CUCTEMA IO3BOJISIET BHECTU ONPE/IEIEHHYIO SICHOCTD
B CYIIHOCTb (PM3MYECKUX MPOLIECCOB, SIBJIEHUI U B MOBEICHNUE
OT/IEJIbHBIX JIEMEHTapHBIX YacTHUIl, O KOTOPbIX B HAayKe A0 CUX
NIOp HET OJHO3HAYHBIX OTBETOB. BBIBO/IBI MOJEIMPOBAaHUSA T103-
BOJISIIOT C/I€JIaTh MPOTHO3BI PEIICHHSI TPOOJIEM 1 Iy Tel pa3BUTHS
MO3HaHUs (PUBUYECKUX CBOMCTB MAaTEPUAIIbHBIX TEJ, ITPOLIECCOB
Y X B3aUMOJIEICTBHIA B CBETE€ COBPEMEHHBIX O HUX IMpeCTaBIe-
HUSX.

['mnore3a B3aMMOJENCTBUSA MaTEPUU U ITPOCTPAHCTBA HE MPO-
TUBOPEYUT OCHOBHBIM (PYH/JIaMEHTAIbHBIM (PUBMYECKUM U XH-



MUYECKHM 3aKOHaM, [TI03TOMY MMEET MPaBoO Ha CyLIECTBOBAHME.
OHa He onpoBepraer Hu Kakue pusndeckue teopuu. B e€ pam-
KaxX CHUMaeTcs IpooyiemMa 3aKOHa COXpaHEHH S SHEPTUH B TEOPUH
OTHOCUTEJILHOCTH. I10 HOBOMY, MCXOZSl U3 PEAJIBHOTO paclpeie-
JIEHU 1 XUMAYECKMX 3JIEMEHTOB B IIPEJIEJIaX COTHEUHOM CUCTEMBI,
OOBSICHSIETCS] MeXaHU3M 00pa30BaHUs X B HEApax 3Be31, (pu3u-
YyecKasl CYIIIHOCTb JIEKTPUUYECKUX U LIBETHBIX 3aps10B. Packpbl-
Thl MEXAHU3M TI'PAaBUTALIMOHHOIO B3aUMOIEMCTBUSA MaTepUasib-
HBIX TeJI, yJAJIEHHBIX HAa 3HAYUTEJIbHBIE PACCTOSIHUS APYT OT JpY-
ra U MEXaHU3M B3aUMOJEUCTBUS MAarHUTHOTO TIOJIS IIOCTOSTHHBIX
MarHuTOB C 3JIEKTPUYECKMMU 3apsaaMu. Ha npuHumnmaibHO
HOBOM OCHOBE PacCMOTPEHO ABUKEHUE HEUTpUHO. IIpuBeneHsl
KOCBEHHBIE JI0KAa3aTeJIbCTBA PEAIbHOCTU CYLIECTBOBAHUS CHIIO-
BBIX HATEU MMPOCTPAHCTBA

OCHOBO¥ TMMNOTE3bI SABJSIOTCS Oa30BbIE MONOKEHUS CMOJIENH-
POBaHHOU CHCTEMBI:

R =W + P rne W — marepus, P — npocrpancTBo

T — Bpems popMa B3aMMOIEMCTBUS MATEPUU U IIPOCTPAHCTBA.

E — sneprus ¢popma B3aMMOCBSA3M MATEPUU U IIPOCTPAHCTB

PopMyIHPOBKA OCHOBHBIX IOCTYJ1aTOB

1. Peamuu (R) okpyxaromiero Mupa siBsioTCsl pe3yIbTaToM
B3aMMOJIEMCTBUA MaTepuu U rpoctpaHcTea [locnennent Hepenu-
MOW YacCTULEW MATEPUM SABJISETCS MONOKUTEIBHO 3apsKEHHbIN
I'PaBUTOH, a TPOCTPAHCTBA OTPULIATENIBHBIN ITPOCTOH.

2. PopMOM HMX B3aMMOCBSI3U SBISAETCA HEPrUs, KOTOpas



3[1ECh BBICTYINIAET B ABYX MIIOCTacsAX — 3Hepruu marepun (Ep,)
¥ SHEPIMH MPOCTPaHCTBa ( — Ep.), KOTOPBIE B3AUMHO MEPEXOAAT
JpyT B Apyra.

3. IIpocTpaHCTBO B CMOAICTIMPOBAHHOM CHCTEMe Tpe/ICTaBie-
HO COBOKYITHOCTSIMU ITPOCTOHOB, COOPAHHBIX B «CHJIOBBIE HUTH>,
KOTOpbIEe, B CBOIO OYepe/ib, 00pa3yloT CBOSOOPA3HYIO «CETh»,
PABHOMEPHO HANPSKEHHYIO BO BCEX HAMPABJICHUSX 32 CUET CHIT
OTTAJIKUBAHUSI OJHOMMEHHBIX 3apsi/IOB.

4 Marepusi B CMOAEIMPOBAHHON CUCTEME MPEACTABIISAET CO-
00l COBOKYITHOCTh I'DAaBUTOHOB, Pa3MEIIEHHbBIX OMpee/IeHHbIM
00pa3oM Mexk]1y CHJIOBBIMU HUTSIMU TIPOCTPAHCTBA.

['paBUTOH (g) 3TO CryCTOK HEPrUM Marepuu, a MPOCTOH
9TO () CTYCTOK 3Hepruu npocrpaHcTBa. CrycTku 00pa3oBaIvCh
B HaYJILHOH cTaauu oOpa3oBaHus BeenenHnoi. YacTuirsl oquHa-
KOBBI 110 MOYJTIO M1 OOpATHBI 110 3HAKY

Bce marepuasnbHble Tena (0T YacTHIL 10 TAJITAKTUK) JABHKYTCS
B CWJIOBBIX HUTSX IMPOCTPaHCTBA U AedopMupyioT ux. I[Ipoton
C)KMMAET, a JIEKTPOH paclliupsieT CUJIOBbIE HUTHU ITPOCTPAHCTBRA,
B 9TOM MX (PyHAAMEHTAJIBHOE CXOACTBO M pasnnuue. Hecmorpsa
Ha TO, YTO MPOTOH Tsikesee veKkTpoHa B 1840 pa3, y vactun
OJVHAKOBBIE 110 BEJIMUMHE, HO Pa3HbIE 10 3HAKY 3apsi/bl.

B coBpemenHOM Mupe Bee pusrueckue, XuMuieckue, O1oso-
TMYECKUE, SiAepHbIE MPOLIECCHI, SIBJICHUSI, B3AUMOJIEICTBUSI MPO-
UCXOAAT TMPH HENOCPEJCTBEHHOM YYaCTUM SHEPruu MaTepuu
Y 3Hepruu npoctpHcTBa. OHU B3aMMHO MEPEXOAT IPYT B ApY-
ra M CIy)XaT OCHOBOM 1Jist (hOPMUPOBAHMSI BCETO MHOTOOOpa3us



Pa3JINYHBIX BUJIOB MATEPUATBHOM SHEPIHU U CIIOCOOOB UX Tepe-
XOJ1a OTHOTO BHUJIA B APYTOM.



I'naBa 1. O6pa3oBanue BceeHHomn

1.1. Oo6pa3oBanus
MaTepud H aHTHMAaTEePHH

OnHuM U3 HauOoJIee BAKHBIX 3araiok (PU3UKU SIBJISETCS BO-
poc, IoYeMy BO BCell BUAMMOM YacT BceleHHOW MPUCYTCTBY-
€T OJJHA JINIIb MaTepusi. XOTsl COIIACHO (PyHIaMEHTAJIbHBIM 3a-
KOHaM (PU3WKH B MOMEHT pOXJIeHHS BcemeHHON NOKHO OBLIO
BO3HUKHYTh OMUHAKOBOE KOJIMUYECTBO MaTePUU U AaHTMATEPHU.
Kyna B Takom citydae nenach antumatepusi?. [1o atomy Bompocy
cpeny (PU3MKOB TEOPETUKOB HET eAMHOro MHeHus. OJHU 00b-
SICHSIIOT OTCYTCTBME BO BcesleHHON aHTHMBeIecTBa aCUMMETPU-
el MeK/Iy Helo ¥ BelIeCTBOM, KOTOpasi BOBHUKJIA ykKe B IPOIIEC-
ce Bonbrroro B3peiBa. JIpyrue oOBbACHAIOT HApPYIICHUE JAUCTIPO-
HOPLIMU MEXly HUIMU TeM, YTO U3HAYaJIbHOE KOJIMUECTBO Belle-
cTBa (OaprioHHasi MaTepus) M aHTHMBEIECTBAa (aHTUOAPUOHHAS
Martepusi) ObLJIO OMMHAKOBBIM, HO, BCJICICTBUE HECUMMETPUIHO-
CTU peaKIii OTHOCHUTENILHO YaCTHII (MaTepUy U aHTUMATEPHH )
¥ [TPOM30IIUIO YBEIMUYEHUE MEPBOM U yMeHbllleHue BTopoil. Tpe-
ThU CYUTAIOT, YTO BO BeesreHHOM nmeroTcst 001acT, r/e B OTHUX
JOMHUHUPYET MaTepusi, a B APYTUX aHTUMATEPHUSI.

CornacHo 0a30BBIM TIPUHIIMIIAM CMOJIEIMPOBAHHOM CHCTe-



Mbl, MaTEPUsi U AaHTUMAaTEPUsl COCYLLIECTBYIOT BMECTE, HO TOJIbKO
B PasHbIX IJIOCKOCTSIX. DTO MPEANOJIOKEHUE apryMEHTUPYeTCs
CIeYIOIUM 00pa3oM.

OOIeNpUHATO CUUTATh, YTO MaTEepHsl U MIPOCTPAHCTBO 00pa-
30BAJIMCh U3 3Hepruu bosbioro B3peiBa. B cmMonenvpoBaHHOM
CUCTeMe SHeprusi Mpe/CTaBjIeHa Kak MPOAYKT B3aUMOAEUCTBUS
SHEpruy MaTepuH W SHEPruu MpocTpaHCcTBa. M3 3TOro MOXHO
NPEATNONIOKUTb, YTO 00pa30BaHKUe MPOUCXOIUIO B JBYX BapH-
a"Tax. B mepBoM BapuaHTe U3 HEPrUur MaTepuu 0OPa30BAIUChH
T'PaBUTOHBI, a U3 HUX Matepus. W3 sHeprum mpoctpaHcTBa 00-
Pa30BAIMCh TPOCTOHBI, @ U3 HUX MUpOBasi CETh U3 CHJIOBBIX HU-
Teit (mpocTpaHcTBO). To ecTh 0OpazoBascs Hail Mup. Bo BTopom
BapUaHTe U3 MPOCTOHOB 0Opa30BajIach aHTUMATEPHS, a U3 Tpa-
BUTOHOB 00Pa30BajiaCh aHTH MHUPOBAsi CETh U3 CHJIOBBIX HUTEH,
cocTosmx u3 rpaBuToHoB. To ectb AHTUMUpP. O0a Mupa cyiie-
CTBYIOT BMECTE, HO TOJIbKO B Pa3HbIX IUIOCKOCTAAX. WumocTpariu-
el K 3TOMY MPEAINOIOKEHUIO MOTYT CIIY:KUTh cieaymolue pu-
3UUYECKUE MPOLIECCH, MPOUCXOASIINE B PEAIbHOCTU: POXKICHUE
JIEKTPOHA Y MO3UTPOHA, YaCTHIIBI M aHTUYACTHULIBI, IPH BCTpPe-
YU JIByX KBAHTOB 3Hepruu (puc. 1a).a Takke aHHUTWJISLINAS JIEK-
TPOHA MPU BCTPEUM ¢ MO3UTpoHOM (puc. 1b). B nepBom Bapu-
aHTe 711 00pa30BaHUs JIEKTPOH TO3UTPOHHOU TMapbl HEOOXO-
JMMO CTOJIKHOBEHME NBYX (poToHOB. OOImas sHeprusi (pOTOHOB
JIOJKHBI OBITh HE MeHee IBYX Macc 371eKTpoHOB 1,02 M3B. Drek-
TPOH 00pa3yercsi U3 CBOOOIHBIX IPOCTOHOB, a TIO3UTPOH U3 CBO-
OOMHBIX IpaBUTOHOB. O0O€ YacTHUIIHI B HEOOXOAMMOM KOJIMUECTBE



BCerja HaxonsATcs B (pM3NYECKOM BakyyMe. BricBoOoauBIIasics
B PE3YJIbTATE CTOJIKHOBEHUS (POTOHOB SHEPrUs JIOKAJIBHO CKH-
MaeT CWJIOBBIE HUTU IPOCTPAHCTBA A0 CTENEHM, MPEBOCXOIs-
IEW CTENEeHb CKaTUsl UX BHYTPHU IEKTPOHA U MO3UTpoHa. [Ipu
9TOM MaTepuasbHas SHeprusi GOTOHOB PACXOMYETCsI Ha 00pa3o-
BaHME SHEPreTUYECKUX CBSI3el BHYTPU MO3UTPOHA, a SHEPrus
NPOCTPAHCTBAa Ha 00pa30BaHKME SHEPreTHUECKUX CBSI3el BHYT-
pu anekTpoHa. [Tocie o6pazoBaHus YaCTUIIBI HE AHHUTHIIMPYIOT,
a pasJjieralTcsl B pa3Hble MI0CKOocTH. Bo BTOpom BapuaHTe 4a-
CTUILBI BCTPEYAIOTCS B OHOM IUIOCKOCTH U B3aMMHO YHUYTOXA-
10TCA. B 3TOM Ciyyae BHYTpH NO3UTPOHA U JIEKTPOHA pa3pylla-
I0TCS1 SHEPreTUYECKUE CBSI3U, COEAMHSIONINE TPABUTOHBI U MPO-
CTOHBI. 3aKOHCEPBUPOBAHHBIE B YHEPTETUUECKUX CBA3SIX SHEP-
TMU MaTepU ¥ SHEPTUHM IIPOCTPAHCTBA BHICBOOOKIAIOTCS, a CBO-
OOIHbIE TPABUTOHBI M MPOCTOHBI BO3BPAIIAIOTCS B (PU3NYECKUI
BaKyyM.

puc. 1. Cxema pOJfC@@HMﬂ napsl yacmuua — ammuuacmuud



U3 dHepeun ceema
U UX AHHUZUNAUUS
a — podcOeHue INEKMPOH — NOUMPOHHOU napwvl, b — ux annu-
UNAYUSL..



1.2. O6pa3oBaHue 3Be3]

Paccmorpum 310 Ha nnpumepe ComnHIla.

[To coBpemenHbiM TipencTaBieHusM (u3ukoB ConHile BO3-
HUKJIO U3 TIBUIEra30BOro 06j1aka, 00pa3oBaBIlIerocs B pe3y/ibrare
B3pbIBa CBEPXHOBOI IPOTO3BE3/1bl. B paMkax cMonempoBaHHOM
CHCTEMBI MPEATNOoNaraeTcsi, YT0 3TO MPOUCXOAUJIO B TPU JTara.

[Tpu B3pBIBE MPOTO3BE3/bI BO3HUKIIA MOIIHAS yAapHas BOJI-
Ha, KOTOopas MOBBICUJIA B Pa3bl CTETICHb CKATHSI CUJIOBBIX HUTEN
MIPOCTPAHCTBA B SMUIIEHTPe B3pbiBa. Ha mepBom 3tare odpaszo-
BaHUs 3BE3/Ibl, TPABUTOHBI YACTHUII TA30B W MBUIM HAYaIM TO-
CTynatesibHOe JABM)XKEHHUE B CUJIOBBIX HUTSIX MPOCTPAHCTBA B Ha-
TIpaBJICHUH OOJIBIIIEH CTETeH! UX CKATHsI, TO €CTh OT Neprdepun
K IIEHTpY B3pbiBa. B pesynbrare creneHb cxxarvs NpojosKaia
pactu. [Ipu 3TOM BRICBOOOK 1aJ1aCh SHEPrHs MPOCTpaHcTBa, OHa
Tiepexouia B SHEPIUI0 MaTepuH, KOTopasi 3aTeM, MOIIomanach
YacTUIAMM Ta3a U MbUTK. MIX KUHETUYeCcKas SHEpPrust Bo3pacTa-
JIa, a CJIeIOBATeJIbHO POCia U TeMIiepaTypa oonaka. YCKOPEHHO
JBVDKYIIMECS YaCTUIKU B OOJIBIIICH CTETICHN CKUMAJTU CUJIOBBIC
HUTH TTPOCTPAHCTBA BOKPYT ceOsl, HEXENIN MeJIEHHO JBVIKYIIIH-
€Csl YacTHIbl, a TaK KaK TPABUTOHBI JBUKYTCS B HaIpaBJICHUU
MOBBIILIEHHON CTENEeHU CKATUsl CUJIOBBIX HUTEN MPOCTPAHCTBA,
TO STU YACTHIIBI OOBETUHSIIUCH. B pe3ysbrare 00pa30BhIBAIMCH
MECTHBIE YIJIOTHEHUS TIbUIEra30BoOl cMecH, Takux yIIOTHeHUN
Ha paHHeW CTaJuM pa3BUTUH 3Be3/Ibl ObLI0O MHOXeCcTBO. OHHU 3a-



TeM OOBETUHSIOTCS] B OHO eluHOe yruioTHeHne. CTerneHb cka-
TUS CWJIOBBIX HUTEW MPOCTPAHCTBA BOKPYT ITOrO YIUIOTHEHUS
Y JTaJIbHOCTh €r0 PaciHpoOCTPAHEHWs] MHOTOKPATHO YyBEJIMYMBa-
nock. Ilpu 3TOM Macca ero MHOroKpatHo Bo3pacrana, a ¢op-
Ma JUHAMUYHO U3MeHs1ach. JJuHammnueckoe nameHeHue (popMsl
YIUIOTHEHUSI BJIEKJIO 32 OO0 M3MEHEHNE BEJIMUMH Pe3YJIbTUDY-
IOIIMX CWI, TPWIOKEHHBIX K PA3JIMYHbIM YaCTSIM YIUIOTHEHHMSI.
[Ipu nocTrkeHur Macchl YIIJIOTHEHUS] KPUTUYECKON BETMUMHBI
JOMUHUPYIOIIAs CUJIA U3 BCEX PE3Y/IbTUPYIOIINUX CUJT COBEpIlaa
MOBOPOT BCEM MAcCChl YIUIOTHEHWS B HAITPaBJICHUX CBOETO JIEeW-
CTBUs., B pesynbprare yrloTHEHHE Hayajao BPalllaThCsl MPOTUB
4acoBOM CTpeJiKU (puc. 2).

Fa
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puc. 2. Cxema Hauana 8pauieHust Ha paiHeli cmaouu pa3eu-
mus Connua.

F1 _cuia, HeﬁCTByIOLHaH Ha COJTHECYHYIO OCb U3 00J1aCTH C BHI-



COKOM CTEMNEHbIO CXKATHSI CUJIOBBIX HUTEW MpocTpaHcTBa. Fo — cu-
J1a, AEUCTBYIOIIAsl HA COTHEYHYIO OCh U3 OOJIACTU C HU3KOM CTe-
TIHBIO CKaTUsI CUJIOBBIX HUTEN mpocTtpaHcTBa. F3 — cuina, onpe-
Jensionas HarpapjieHUe BpallleHrs COJTHEYHOU OCU

Ha Bropom 3tane pa3sutus mosonoro ConHia ¢ yBeauyeHu-
€M CKOPOCTH BpallleHusI Hayajioch (popMUpoBaHUe ero cepu-
geckoit (hopmbl. OHO OBICTPO 0OPACTAIIO TPABUTAIIMOHHON Mac-
COM 3a CYeT MPUTSIKEHHUS YaCTHII U3 OKPYXKAIOIIETO 3Be3/1y Tbl-
nera3oBoil cMecu. OHOBPEMEHHO C 3TUM BO3pacTalia CTerleHb
CKaTUsl CUJIOBBIX HUTEW BHYTPH 3BE3[IHOTO U OKPYXKAIOIIETO e
NPOCTPAHCTBA. DTO BIMSHUE PACHPOCTPAHSIIOCh HA BCE OOJb-
1Iee u OOJIbIIIee PaCCTOSTHUE.

C pocToM IpaBUTAIIMIOHHOTO CXKaTHsl B HEApax 3Be3/bl YBEIU-
YKrBaJach CTeneHs AeopMalnu (CKaTusl) CUIIOBBIX HUTEH BHYT-
Y 3BE3[THOTO MTPOCTPAHCTBA. M Kak TOJIBKO OHA MPEBBICUIIA CTe-
NeHb iepopMaIiu CUJIOBBIX HUTEH BO BHYTPUATOMHOM IIPO-
CTPaHCTBE aTOMa BOIOPO/A, JEKTPOHBI MPEOAOICBATN MPUTSI-
JKEeHHe siJiep U «BbUIeTAIU «U3 atoMa, [Iporcxoauno 3To moto-
My, UTO JIEKTPOHBI ABWXKYTCS B HAIIPABJIEHUHN Oojiee BBICOKOW
crerieHn cxatusi. B pesynmbrate oOpa3zoBascs «OyJbOH «U3 BbI-
COKOHEPIMYHBIX M CKOPOCTHBIX MPOTOHOB, U 3JIeKTPOHOB. [1pu
JaJIbHENIIEM YBEIMUSHUH CTETIEHH CKATHs CUJIOBBIX HUTEH TTPO-
CTPAHCTBA MPOTOHBI HAYAJIM TOTJIOMIATh IEKTPOHBI U TIPEBpa-
IIaThCs B HEUTPOHBI.

Ha Ttpetbem stane pasputust ConHile npuHsiio ¢opmy raso-
BOTO I1apa, BPAIIAIOIIErocs: MPOTUB YacoBou cTpesiku. OHO Je-



(popMHpoBanO (MCKPUBUIIO) CHUJIOBBIE HUTH OKPYXKAIOILIETO €ro
IPOCTPAHCTBA B HAITPABJIEHUH CBOETO BPAIlIEHUS HA PACCTOSIHUN
6osee 2400 a. e. CteneHb c:KaTusl CUIIOBBIX JIMHUM IPOCTPAHCTBA
B HEZIpax 3Be3/1bl IPOA0JIKAJIO HEYKJIOHHO pacTh. [Ipu noctuxke-
HUM €€ paBHOU CTENEHM CKAaTUsl CUIIOBBIX HUTEH IIPOCTPAHCTBA
BO BHYTPHSIEPHOM IPOCTPAHCTBE aToMa rejivs Hayajaach Tep-
MosiiepHasi peakius. YeTsipe MpoToHa OOBEAUHSIIUCH M 00pa-
30BBIBIN PO I'eJIMsA C BBIAEIEHUEM SIEPHOM SHEPIUN.



1.3. PuznyecKkuil BaKyym

CorracHO COBpEMEHHOMY IOHUMAHUIO (PU3NYECKON KAPTUHBI
MHUpPa BaKyyM He eCTb IyCTOTa, a 3TO OMpejiesieHHasi CyOCTaH-
1151, B KOTOPOW 3aKJIIOUYEHO BellecTBO. [laxke BHYTpYU MacCUBHO-
r0 TBEPJIOrO Tejia BAKyyM COCTaBJIsIeT OOJBIIYIO YacTh, HEXKEIN
BenlecTBo. B atome Ha ero nomo npuxoaurcs okono 90% BHyT-
pU aTOMHOTO MPOCTPAHCTBA, a JEKTPOHHOE 00JIAKO U SIIPO 3a-
HuMaiot He 6onee 10%..

B cmonenupoBanHO#M cucteMe (DU3MUYECKUN BaKyyM Ipen-
CTaBJIsIeT OO0 OTPULIATEIbHO 3apsikeHHYI0 MUPOBYIO «CEThb»,
KoTOpas copMrpoBajiack B pe3ynbTare bosbinoro B3pbiBa.

Bcenennas nocrosgHHO yBennuuBaercs B pazmepax. Ho cko-
pOCTh €€ paciMpeHusi He Bcerja Oblla OfIMHAKOBOW. B wHs-
IIMOHHBIN TIepro]] OHa OblTa HanOoJee BBICOKOW, 3aTeM 3HAYM-
TEJIbHO YMEHBIIINIIACh, 4 B HACTOSIIIEE BPEMS PACIIMPEHNE BHOBb
yckopuiiack. B paMkax cMOOeTMpOBaHHOW CHCTEMBI TO 00Y-
CJIOBJICHO CJIEAYIOIIMMHU MpAYMHAMu. Pasneraiommecs rajlaktu-
KM PacTATMBalOT MUPOBYIO CETh M TEM CaMBbIM CKUMAIOT €€ CH-
noBble HUTU. [Ipy 3TOM BBICBOOOXKIAETCS SHEPrusi MpOCTpaH-
CTBa, 3aTpavy€HHasl Ha UX paclIUpeHue. DHeprus NpoCTpaHCTBa
npeoOpa3yeTcsi B SHEPrUi0 MaTepHuu, KOTOpast MOPOKAAET CHITY,
JEVCTBYIOIYIO B HAallPaBJICHUU JABWKEHUS TajakTuk. Kommue-
CTBO BBICBOOOXKAAIOLIEHCS] SHEPTUM MPOCTPAHCTBA OIpeesseT-
Cs1 OTHOUIIEHUEM, Pa3HUIIb MEX 1y IEPBOHAYAILHOM U KOHEUYHOMN



CTETEHSIMU CKaTWsl CUJIOBBIX HUTEW MPOCTPAHCTBA U PA3HULIEH
KBaJPAaTOB PACCTOSIHUM MEXIY JIBYMs CUJIOBBIMU HUTSIMH ITPO-
CTPaHCTBA.

Z
Ep= 2.2
Th ="k

rje 7 - pasHuia Mex 1y KOHeYHoH U NepBoHAYaNbHOI cTerneHAMH cxaTHA
'y = PACCTOAHHE MEHY CHJIOBBIMH HHTAMH JI0 HAYaa CKATHA

Iy - PACCTOAHHE MEXY HHMH NMoc/ie OKOHYaHHA CKaTHA

Yem BbllIIe pa3HULIA MEk/ly KOHEUHOH 1 IIEpBOHAYAJIbHOM CTe-
NEHsIMU CKaTHs CUJIOBBIX HUTEH MPOCTPAHCTBA, TeM Ooblie Oy-
JeT BBICBOOOXKAAThCs SHEpruM mpocTtpaHcTBa. CrienoBaTtesnbHo,
Oostpllast cuiia Oy/IeT 1efiCTBOBATh Ha FAJIAKTUKU, BbI3bIBAs YCKO-
PEHHOE UX JIBUKECHUE.

B cunoBbix HUTSIX MUPOBO# CETH MPUCYTCTBYIOT I'PABUTOHBI
Y TIPOCTOHBI B CBOOOJHOM COCTOSIHUY. YaCTHIIBI HAXOASTCS B TIO-
CTOSIHHOM JIBUKEHHHU 32 CUET e€ MepUOANYECKOrO CxKaTHs U pac-
mupenus. Konebanuss MupoBoil cetu 0OyClIOBJIEHBI TEM, UTO
B HEll COCPeJOTOUEH HEeHcCuepraeMblil OKeaH SHEepPruu, Hepre-
TUYECKasl MJIOTHOCTh KOTOPOro MeHsieTcs: BO BpeMeHU. OCHOB-
HBbIM MCTOYHMKOM SHEPIrMu 3TOr0 OKeaHa SIBJISIETCS] KUHETUYe-
ckas sHeprus bonbioro B3psiBa, npeoOpa3oBaHHast B SHEPIHIO
IPOCTPAHCTBA U 3aKOHCEPBUPOBAaHHAsI B CUJIOBBIX HHUTSX Mu-
poson cetr. OHa npeTeHayeT Ha TMIOTETUYECKUIA BUJL SHEPTUN
C OTpULIATEIbHBIM AABJIEHUEM, KOTOpasi HOCUT Ha3BaHUE TEM-



HOW SHEPryu M 10 MOCIEAHUM pacueTaMm (PU3UKOB COCTaBJISET
okoso 70% ot obrei Macchl — SHepruu Hadmonaemont Beenen-
HOM. [JIOTHOCTh SHEPruM MPOCTPAHCTBA B CUJIOBBIX HUTSIX Mu-
POBOIi CETU MEPUOANYECKH U3MeHsieTcsl. MatepuanibHasi SHep-
T'Ysl JIEKTPOMArHUTHBIX U3Ty4YEeHUI 3Be3]] U, MoTyvaemasi B pe-
3y/IbTaTe aHHUTWISAIIMY Tap YacTHIa — aHTHYACTHUIIA TTpeodpa-
3yeTCsl B SHEPIUI0 MPOCTPAHCTBA W YBEJIMUMBAET €€ TUIOTHOCTb.
Ha yckopeHHOe ABUKEHME TajlakTUK U 00pa30oBaHue Map 4acTh-
112 — AHTUYACTHUIIA PACXOYETCSI SHEPIHs MATEPUU, KOTOpast rpe-
oOpa3zyeTcs U3 SHEPruy MPOCTPAHCTBA, B PE3YJIbTAaTe TUIOTHOCTh
9TOUW SHEPTrUM YMEHbIIACeTCS.

C no3uimuy cMoIeTIMpOBaHHOM cucTeMbl MupoBasi ceThb sIBJIsI-
eTcs (PyHIaMEHTaIbHOW OCHOBOM BCeX (PU3MYECKUX MPOLIECCOB
U SBJICHUA. JTO TMHAMUYECKasl CUCTeMa, 00Jagaonas NHTeH-
cuBHBIMU (pirykTyarsiMu. CHUIIOBbIe HUTH IPOHU3BIBAIOT MUpO-
BOE€ MPOCTPAHCTBO U BCE HAXOASIIMECS B HEM HOCHUTENIU MaTe-
pun. BHyTpu TBep/1oro MacCUBHOTO TeJa 3aHUMAaeMBbIid UMY 00b-
€M B pa3bl OoJbilie 0OBEMa, 3AHUMAEMOTO MaTepUe, TPy STOM
3HAYMTEIbHAS UX YaCTh HAXOOUTCS B CBOOOTHOM OT MaTepUH CO-
crosiHuy. HenocpecTBeHHO CUJIOBBIE HUTH B HACTOSIIIIEE BpEMsI
HeJb3s1 OOHAPYKUTh, TAK KaK JJIsl 9TOTO HET COOTBETCTBYIOIIUX
npuOOpOB, HO B SKCIEPUMEHTAX, MPOIIECCaX MOKHO HAOMOAATH
NposIBJIEHUE UX CBOKCTB. Tak, Oarogapsi OTpUIIaTeIbHOMY 3apsi-
1y OHM COEJIMHSIOT B OIpeesieHHbIe CTPYKTYPbI, OJIOKUTEIb-
HO 3apsiKEHHBIE YACTHUIIBl MATEPUH U YIEPKHUBAIOT UX OT pacra-
na. Eciu Obl cHJIOBbIe HUTH HE TTPOXOAMIA Obl CKBO3b JIAMITHI



HaKaJIMBAHUA, TO HUKAKOI'O CIIOHTAHHOI'O U3JTY4YCHUA HE ITPOUC-
X0ouJ0, 1 OHHU OBl HE CBETHJINCH. IIITIOTHOCTD BCIIICCTBA B HE-

pax CosnHua cocrapisieT okono 150 r/em>. Ho, Bcnencreue Ha-
JIMYMST B TAKOM CBEPXIUIOTHOM COJTHEYHOM BEIECTBE CHUJIOBBIX
HHUTEW CBOOOIHBIX OT MAaTepPUALHBIX HOCUTENEH, JEKTPOHHBIE
HEUTPUHO, POXKJAIOIIMECS B pe3yJibTaTe TEPMOSIIEPHBIX peaKIIy-
x B eHTpe CosHLa, 6ecnpensaTCTBEHHO JOCTUTAIOT €ro MOBEepX-
HocTHu. B TO Bpems kak poToHam 11t 9TOro TpedyloTCss MHOTHE
TOJIBL.

[pucyTcTByIOIIME B CUJIOBBIX HUTSAX MUPOBOI CETH B CBO-
OOHOM COCTOSTHUM T'PaBUTOHBI M MIPOCTOHBI U SIBJISIIOTCS TEM,
«HUUYTO» KOTOPOE, KaK CYMTAIOT MHOTHE (PU3MKH, 0OpaIaercs
BO MHOKECTBO Iap YacTHIIA — AHTUYACTUIA. DTU YACTHILIbI CITy-
KaT «KUPIUUUKAMU» JJ1s1 00pa30BaHUs PA3TUYHBIX Map YacTH-
[a — aHTUYACTULA, HO TOJIBKO NMPH OJarorpusTHBIX YCIOBHUSIX.
K HMM OTHOCATCS: BeTMUMHA CTETIEHU CXKATWsI CUJIOBBIX HUTEH
IIPOCTPAHCTBA, COOTBETCTBYIOIIAS TOW CTENEHU CKATHsl, TP KO-
TOPOH JaHHasl 4yacTHila oOpa3oBaiach U3 MaTepUabHON IHEP-
rum nocje bonbinoro B3pbiBa, a Tak:ke ooliee KOIMYeCTBO SHep-
TMU B3aUMOJEUCTBYIOMMX (POTOHOB, KOTOpasi JOJKHA COCTaB-
JISATh HE MEHee CyMMBbI Macc TIOKOSI POK/JIAIOIIEHCs Mapbl YacTH-
na — antTryactuna. Hanmpumep, 171 poxIeHus napbl MPOTOH —
AQHTUITPOTOH HEOOXOAUMO, YTOOBI CTAJIKMBAJIMCH BHICOKOIHEPIe-
Tueckre (potonsl. OOIIee KOIMIECTBO HECYILIE UMH SHEPTrUH
JOJKHO OBITh HE MEHEe CYMMBI MacC MOKOSI 3THX YaCTHII, TO €CTh
1,8766 x3B. Crenenb cxartus CUJIOBBIX HUTEN MPOCTPAHCTBA



B MOMEHT B3aMMOJEWCTBUS (POTOHOB JIOJI’KHA COOTBETCTBOBATD
CTEIIEHM UX CKaTWs BHYTpU NpoToHA. Ecnu ke 0HO U3 ycaoBun
HE BBINOJIHAETCS, TO MOABJIAITCA U TYT k€ UCUE3AI0T, TaK Ha3bl-
BaeMble «BUPTYaJibHblE YaCTUIIbl» [Ipy BBIMOTHEHUH BCEX YCIIO-
BUI POXKJAIOTCA PeajbHblE YacTHLBl. B mpupone Takue ycio-
BUS CO3JAI0TCSI BOKPYT MAaCCUBHBIX KOCMUYECKHUX TEJl B sIpax
layakTHK. 3apoxkgaimuecs TaM aHTUYACTULBI JOCTUTAIOT 3€M-
. B Hacrosiiiee BpeMsi B KOCMMUYECKHMX M3JIy4eHUsX HaOuo-
JAI0TCS TIO3UTPOHBI, AHTUITPOTOHBI M AHTUHEUTPOHBI. OcoOeH-
HO ONTUMAJIbHBIE YCIIOBUSA ISl POKICHUS aHTUYACTHUL] CO3AAI0T-
cs1 BOMM3M yepHbIX Jplp. CTeneHb CkaTvs CUIIOBBIX HUTEH Mpo-
CTPAaHCTBA BOKPYT' 9TUX KOCMHUYECKMX OOBEKTOB JIOCTUTaeT Ta-
KHMX BEJIMYMH, YTO Mapbl YaCTHLIA — AHTMYACTULA POXKIATCA
HETIPEPBIBHO U B OTPOMHOM KonmdecTse. [Ipu 31oMm ogHa u3 va-
CTHUII 3aXBaThIBACTCS YEPHOM JIBIPOM, a BTOpas yJleTaeT OT HeE,
o0pasys, Tak Ha3blBaeMoe u3ydyeHre XokuHra. B nadoparopun
CO3[JaHNE TAKMX YCIOBUM COIPSIKEHO C OOJBIIMMH TPYJHOCTSI-
mu. Heo6xommMo KCIONb30BaHNE BBICOKOMHTEHCUBHBIX JIa3ep-
HBIX JIy4eHl U CUCTEMbI MATHUTOB, OTKJIOHAIONMX yacTulsl. Cyns
TI0 CTaThsAM B HAy4HBIX KypHaJIax 331241 [OTy4YEHU S Pa3IMUHbIX
nap YacTuua — aHTU4acTULA PeIaloTCs YCIEHO.



1.4. ®enomeH BpeMeHH

CoBpemMeHHbIe yu€Hble (PU3UKHM YCHJIEHHO 3aHUMAIOTCS U3Y-
yeHreM (peHOMeHa BpeMeHU. B (pu3nyeckux teopusx: KJIaccu-
YyecKkol (pusrke U MexaHuKe, OOIIeH TeOpUU OTHOCUTEIIbHOCTH,
KBAHTOBOW MEXaHUKE U PEIATUBUCTCKON (PU3UKE BPEMSI BXOAUT
BO Bce (popmyibl. [Tpr TOM, OHO BXOAUT B HUX Kak (PU3UYECKUI
napaMeTp 1 UCKJII0YAeT Pas3Iyusi MEXy MPOLUIBIM U Oy M.
OpHako, B KaKAOW U3 9TUX TEOPUU MOHATHE CMbICTa (peHOMe-
Ha BPEMEHHU pa3/IM4Hblid. Y MEXaHUKa BpeMs OTOXKJECTBISAETCS
C IBMKEHUEM, Y OMOJIora ¢ )U3HEeHHBIMH LIUKJIaMH. ACTpopu3u-
KU CBSI3BIBAIOT BpeMsl C paciivpeHreM BceneHHoM, i icuxo-
Jiora Bpemsi 310 cozHanue. OCHOBHOU 3aauei nu3yyeHus peHo-
MEHa BPEMEHU Ha COBPEMEHHOM 3Tarle pa3BUTHS HAyKU O Bpe-
MEHH SIBJISIIOTCS TIOMCKH OTBETOB Ha clieaylomye Bonpockl. O0-
patumo BpeMsi win HeT? OHOHANPABIEHHO OHO WM UMEET pa3-
Hble HampajieHus1? JIUCKpeTHO OHO WM HerpepbiBHO? PaBHO-
MEPEH WIA HEPABHOMEPEH €ro X0f? MOKHO i1 yIpaByATh Bpe-
MeHeM? PeasibHO 1 CylIecTBYIOT KBAaHTHI BpEMEHU ?

AHanu3 JMTEpaTypHbIX UCTOYHUKOB, MOCBSIIIEHHBIX HU3yye-
HUI0 (DEHOMEHA BPEMEHU MIOKA3bIBAET, HECMOTPS Ha TO, UTO Y4€-
HbIE YCWJIEHHO 3aHMMAIOTCS U3yYE€HHEM 3TOrO BONpPOCA, B HEM
OCTaeTcs eIé MHOTO HepeléHHbIX mpodieM. OcHoBatenb Mex-
JQyHapoiHOro oOlecTBa Mo u3ydyeHuio Bpemenu. Il. Ppeiizep
YKa3bIBAET, YTO HEJb35l pacCMaTpUBATh (PU3NYECKHUE, XUMUYE-



CKHe 1 OMOJIOTMYeCKHe KOHIIETIIIMYA BPEMEHHM C OTHOW TOUKH 3pe-
HUsA. HeoOxomMMo Ha TaHHOM 3Tarie MCCIIeIOBAaHUI KapIuHAaIIb-
HO MPOAHATIM3UPOBATh UMEIOIINECs (DAKTHI, BHIBOJBI U MPEIIO-
JIO)KEHUSI, KOTOPbIe TIO3BOJISAT B KOHEYHOM MTOT€ OTKPBITh YHH-
BepcaJibHble UCTUHBI (peHOMeHa BpeMmeHu. OrpesieneHHyIo sic-
HOCTb B yIJTyOJIeHUM MOHSTUS (heHOMEHA BPeMEHH JIAI0T UCCIe-
JIOBaHU I C TIOMOIIbIO CUCTEMBI B3AUMOJICHCTBU I MATEPUU U MTPO-
CTpaHCTBA.

B cooTtBercTBUM ¢ 0a30BBIMU TPUHIIMIIAM MOJIETMPOBAHHUS
peaibHBIMU OOBEKTaMU (PU3UUECKOTO MHpa SIBJISIOTCS MaTepHsl
U IpocTpaHcTBO. OO KOMITIOHEHTHI HAXOASTCS B HEMPEPHIBHOM
B3auMoieiicTBrU. Bee peanmu (pu3naeckoro Mupa, ecTh pesyiib-
TaT 3TOr0 B3aUMOIENCTBUA. [IOHATUWHBIA CMBICI CJIOBA B3au-
MOJICUICTBHE MOApPa3yMeBaeT ABUKEHHE, TeUeHUE, KOTOPOe Xa-
pakTepu3yeTcsi CKopocThio. CKOPOCTh B3aUMOICUCTBIE MATEPUN
Y MPOCTPAHCTBA, & B 3TOUM UTIOCTACH B CMOJICJIMPOBAHHON CHUCTe-
Me BBICTYIIaeT BpeMs, UMeeT OIpe/Ie/IeHHYI0 HaIllpaBJICHHOCTb.
Paznuuatorcst cremyonyie BUIBI 3TUX B3aMMOJEWCTBUM: OOIIIe
BCEJIEHCKOE T€YeHHE BPEMEHU U JIOKAJIbHbIE TeYeHUsI BPEMEHHU.
JlokaJsibHBIe B3aMMOICHCTBUS TIOAPA3ICISIOTCS Ha (PU3UUECKOe,
OMOJIOrMYECKOE U TICUXOJIOTMYECKOE B3aMMOJIEHCTBIE.

Oo61mee BceJIeHCKOE BpeMs

OO1enpuHATO cUUTaTh, YTO Halia Beenennas ob6pasoBanach
B pesyibrate bonbmoro B3peiBa. PU3MKKM TEOPETUKH CUUTAIOT,
YTO BHE3AITHO U3 HUYEro, BOZHUK OTHEHHBIN IIap C TeMIlepary-



pOM B JIeCcSITh B TPUALIATON CTENEHU IpagycoB Mo ikaie Kesb-
BuHA. JIo MomeHTa B3pbiBa BpeMsi ObUIO paBHO HYJTIO

B pamkax cMonempoBaHHOM CUCTEMBI, BpeMs BO BcesleHHON
BO3HHMKJIA C MOMEHTA Hayajla B3aMMOJEWCTBUS MATEPUU U TPO-
cTpaHcTBa. Bpems B cucreme nposiBisieTcst Kak (popma B3aumo-
JEVUCTBUSA MAaTepuM C IPOCTPAHCTBOM, a B3aUMOJEUCTBUE MPEJ-
CTaBJIsieT coOoM onpeneneHHyo ¢popMy ABMkeHus. [ 1aBHOI co-
CTaBJISIIOILEN YACThIO JBUKEHUS SIBJISIETCS CKOpPOCTh. B MaciiTa-
0ax BceseHHOIN B pa3inyHble MEePHOJIbl e€ Pa3BUTHSI CKOPOCTh
B3aMMOJICHCTBHSI MaTepy C MPOCTPAHCTBOM OBUIO Pa3IUYHBIM.
Tak, B MHQUIALIMOHHBIN NEPUOJ, KOTAA MPOUCXOAWIIO pacTsikKe-
HUE CUJIOBBIX HUTEW B MUPOBYIO, a CKOPOCTh paciiMpenus Bee-
JIEHHOU ObLJ1a BHIITIE CKOPOCTH CBETA, TEUCHHUE Ke BPEMEHH B 9TOT
neprof OblTa HUYTOKHO MaJIol. 3aTeM Ha4ajioch CKaThe CHJIO-
BBIX HUTEU IMPOCTPAHCTBA, CKOPOCTh pacluupeHus BceneHHou
PE3KO CHU3MJIACh, CKOPOCTh B3aUMOJEUCTBUSI MAaTepUM C IPO-
CTPAHCTBOM 3HAUYMTEJILHO BO3pOC/a, a, CJIeJOBATENIbHO, U yBe-
JIMYMAJIACh CKOPOCTh TEUEHUs BpeMEHU. B Hacrosmiee Bpems
CTEIEHb C)KaTHUs CUJIOBBIX HUTEW MPOCTPAHCTBA YBEJINYMBAET-
csl, CKOPOCTb paciivpeHusi BceneHHOM pacTeT, CKOpOCTb B3au-
MOJEUCTBUSI MAaTEPUU C IPOCTPAHCTBOM YMEHBIIAETCS. TEUYEHUE
BpeMeHH 3ameiserca. Bee 91 (pakThl, MPOUCXOAAIINE B peab-
HOCTH, CBUETENILCTBYIOT O TOM, YTO CKOPOCTD (V) TEYEHUS Bpe-
Menu (T) oOpaTHO MPOMOPIMOHATBHO CKOPOCTH IBUKEHHUS Ma-
TepUU B IPOCTPAHCTBE.



[To coBpeMeHHbIM HAOMIOICHUSIM aCTPO(U3UKOB TOJIBKO B BU-
JVMOM 4acTH KOCMOCa, a OHA COCTaBJISIET BCETO OJIHY JBYXCOT
IATUECATYIO YacThb OT Bced BcesleHHOH, HaxoouTcsl JECSATKU
TPUJUIMOHOB ['aNlakTHK, B KaKA0M U3 KOTOPHIX HACUMUTBIBAIOTCS
MUJLIMAPAbI 3B€3]] 1 KOCMUUECKUX ITbUIEra3oBbix o0nakoB. U Best
9Ta rpOMajia MaTepUU IABUKETCS B CWJIOBBIX HUTAX IPOCTPaH-
CTBa, PACTATMBAs UX B HAIIPABJIEHUM CBOETO JABUKEHUS, HETIpe-
PBIBHO B3aUMOJEHCTBYIOT C HUMH, U TEM CAMBIM OIPENENIAIOT
CKOPOCTb T€YEHUS O0LIe BCEJIEHCKOTO BPEMEHH.

Ho yckopeHHoOe ABMKEeHUE TalakTHK He Oy/eT MPOUCXOAUTh
Be4YHO. OHO IIPEKPATUTBCS, KOIIa PACCTOSIHUE MEXKAY ABYMS CO-
CETHUMU CWJIOBBIMU HUTAM ITPOCTPAHCTBA CTAaHET MEHBILIE pa3-
Mepa rpasutoHa. Hactynur Takoe cocrossHue BceneHHou 4ve-
pe3 JecATh B TpUALATH BTOPOM CTENEHM JIET mnocie bosbiioro
BapeiBa. B pe3ynbrare cruioBble HUTH IPOCTPAHCTBA PACTafyTCs
Ha MPOCTOHBI. VIcue3HyT (pyHAaMEeHTAIbHbIE B3aUMOICUCTBUA,
YTO MPUBEJET K pacnajgy MPOTOHOB, U3 KOTOPBIX COCTOAT fAApa
aTOMOB XMMMYECKHX JIEMEHTOB OOBIYHOIO BEILECTBA JI0 Hejle-
JIMMBIX YacTHI] IPaBUTOHOB. BceneHHast OyzeT cocTosTh U3 Xao-
TUYECKOM CMECH M3 IIPOCTOHOB M I'PABUTOHOB C TEMIIEPATYpPOU
HOJIb TpajycoB Mo mkajie KeiabBuHa, TO ecTb SHTporus Oyaer
BO3pacTarb. B uTore marepus v nmpocTpaHcTBO He OyayT B3au-



MOJIEHICTBOBATh MEXy COOOH, UCUE3HET TeUeHUe OOITIe BCEJIeH-
CKOTO BpeMeHU

JlokanbHbIE CTIOCOOBI TEYEHHSI BpEMEHH!

®Pusznyeckoe TeueHue BpeMeHUu. OHO IPOUCXOOUT Kak
Ha MUKPOYPOBHE, TaK U HA MAKPOYPOBHE

MuKpOoypoBEHb 3TO MUP JIEMEHTAPHBIX YacTull. 37eCh B3a-
MMOJIEIICTBYE MAaTEPUU U TTPOCTPAHCTBA MPOUCXOAUT KaK B Mpsi-
MOM, TaK ¥ B 0OpaTHOM HaIlpaBJICHUH. DTO XOPOIIIO UJUTIOCTPH-
pyercs Ha CeqyIoIUX TpUMepax:

1. AHHUTWJIALIMA TTap YacTUIla — AaHTUYACTHUIIA.

[1pu BcTpeye nap yacTuiia — AHTUYACTUIIA OHU B3AUMHO YHU-
yroxatotcsi. [Ipr 3ToM pa3pelBalOTCS CBSI3U MEX/y YaCTULIAMU,
COCTaBJISIOIIMMHU UX, IPOCTOHAMHU Y TPAaBUTOHAMHU, C BbIJENE-
HUEM SHepruu cBs3u. [Ipu paspylieHrn 4acTUIbl BbIIEISETCS
SHEprusi MaTepuu, a MpU Pa3pylICHUH aHTUYACTHUIIbl HEPrusi
npocTpaHcTBa. B utore BCs BoIAEIMBIIASCS SHEPIUs IEPEXOIUT
B SHEPIUIO IBYX KBAaHTOB, PA3JIETAIOIIMXCS, B IPOTUBOIOJIOKHBIE
CTOPOHBL. DTO CBUJETEJBCTBYET O TOM, UTO (DOTOHBI MPEACTABIISI-
10T COOO0 COBOKYITHOCTb SHEPIMU MaTePUH 1 SHEPTUU MPOCTPAH-
CTBa, KOTOPBIE B3aMMHO MEPEXOIAT IPYT B Apyra. B aTom ciyyae
CTPYKTYpPUPOBAHHbBIE YACTUIBl Pa3pylIAOTCSA OO MEJKHUX He/le-
JMbIX Yyactuil. CrienoBaTesbHO, TPOMCXOIUT YBeInYeHue oec-
MopsiJIKa ¥ SHTPOMNUs BO3pACTET, DTO CBUAETEIbCTBYET O TOM,
YTO B JIAHHOM IPOIIeCCe B3aMMOAECUCTBUSI MATEPUM U TTPOCTPAH-
CTBa BpeMsl IBUKETCS BIEPEN.



2. PoxJieHre 37eKTPOH-TIO3UTPOHHBIX TIAp B pe3y/ibTare B3a-
MMOJIEMCTBHSA (POTOHA C BHELTHUM JIEKTPAYECKHUM MOJIEM

Kpome nporieccoB aHHUTMIISILIMY TIAP YacTUIa-aHTUYACTHIIA,
TaK)ke U3BECTEH OOpPATHBIN MpoIlecC poxAeHUsT (POTOHOM JIeK-
TPOH — MNO3UTPOHHBIX Map. [IporcxoauT 310 NMOA BO3/IENCTBUEM
Ha (POTOH BHEUIHETO JIEKTPUYECKOrO IMOJIs UM APYroro poTo-
Ha. XOpOIIO U3yYeH ITOT MPOIECC B KYJOHOBCKOM TOJIe aTOM-
HOro sapa. Breraomuii B 310 nosie (pOTOH B3aUMOAEWCTBYET
(untepdepupyer) ¢ poToHaMH (MePEeHOCUNKAMU MaTepUaIbHON
SHEPruM ITOTro Mojist. B pe3ynbrare oOpa3yercsi BHICOKOSHEpre-
Tudeckui (potoH. Ecim ero sHeprus CoCTaBJIsIeT HE MEHEE CyM-
Mbl MacC IMOKOsI 3JIEKTPOH — MO3UTPOHHOU mapsl 1,02M»3B, TO
OHA pacxofyeTcss Ha 00Opa3oBaHME CBSI3eH MEXAy MPOCTOHAMU
Y TPAaBUTOHAMHM WM POKJIAeTCs 3Ta mapa. B atom cirydae, Ha000-
POT, U3 O0JIee MEIKUX HeISTMMbIX YacTUIl (POPMUPYIOTCSI CTPYK-
TYpUpPOBaHHbIE YaCTULIbl. B pe3ysibTaTe MpOMCXOOUT YNOpsiI0-
YEHHOCTb CUCTEMBI, ¥ SHTPOIIUSI yMEHBIIAETCS],  3TO CBUJIETEb-
CTBYET O TOM, B 9TOM KCIEPUMEHTE MPU B3aMMOJEUCTBUM Ma-
TEpUU C TPOCTPAHCTBOM BpPEMSI JIBUKETCS HAa3a/l.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npenocraBieH OO0 «JIutPec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha JIutPec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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