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AHHOTaAMSA

Ha ocHOBaHuM cMONEIMPOBaHHOM CHCTEMBI B KHUTE MPECTABIICH
HOBBIH B3IV HA (PU3MUECKUE TPOLIECCHI, SIBIEHH S, 3aKOHOMEPHOCTH.
Ero HOBM3Ha B TOM, YTO OHM PacCMaTpPHBAIOTCS OJHOBPEMEHHO
C TMO3MILIMM MaTepuu W TpocTpaHcTBa. CucteMa He MPOTHBOPEUMT
3aKOHaM (PUBUKH, a YDIyOJseT MOHSTUE MEXaHU3MOB WX JICHCTBUS,
Oa€T omnpeneNeHHble OTBETH HAa BOIPOCHI, HESICHOCTH, COMHEHUS,
CYyIIEeCTByIOIIME B coBpeMeHHON ¢usuke. Kak BcE HOBoe, OHa
COACPKUT CIIOPHBIE TTOJIOKEHUA, ICTUHHOCTD UJIN JIOJKKHOCTb KOTOPBIX
OyZIeT yCTaHOBJIEHA CO BpEMEHEM.
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IIpeaucaoBue

BaxHoe MecTo B COBPEMEHHOM ITOHUMaHUU (PU3NYECKUX pe-
MUl 3aHMMAET TIOHSATHE O CO3UIATEIbHOW PO B3aMMOJEH-
CTBUSI TPOTUBOIIONIOKHOCTEH B OpraHU3aluy U (pOPMUPOBAHUM
OKpyaromiero Hac mupa. IMeHHO 3TOT (pakTop MMeeT IJIaBeH-
CTBYIOIIIEE 3HAYEHUE B €r0 Pa3BUTHUH, CTAOMJIBHOCTU U PaBHO-
Becur. MHOXECTBO TOMY NPHUMEPOB MOXHO HAlTU B KUBOU
Y HE )KMBOW MPUPOJIE, a TAKKE B JyXOBHOM IUIAHE.

Tak B pe3yabrare B3auMOJEHCTBUS MOJTOKUTENbHBIX U OTPU-
[aTeJIbHBIX 3aps/I0B BO3HUKAET IEKTpUYEcKast Heprus, a 6o-
peHue XoJ0a U Teria MOpokKAaeT KIMMaTUIecKrue pasHooOpa-
31l [JIAHETHI.

MsuorooGpasue ¢opm BaskHoe MecTO B COBpEMEHHOM TOHU-
MAaHUM KUBBIX OPFAaHU3MOB CYIIIECTBOBABIIMX U CYIIECTBYIOLIUX
Ha 3emJie — 3TO MPOAYKT COSAMHEHUs KEHCKUX U MYKCKHUX Ha-
Yaj, a poXAeHHe U CMEepTh, JeXKallie B OCHOBE OECKOHEUHOM
yepeabl CMEH MOKOJIEHUIl, SIBJISIeTCsl rapaHTueil cTaOuIbHOCTU
¥ MIPOLIBETaHUs1 OMOJIOTMYECKUX BUJIOB.

CTONKHOBEHME PA3IMYHbIX MUPOBO33PEHHI U B3IJISI0B POXK-
JaeT UCTHHY, a TIOKa3aTesib O0pbhOBI 100pa 1 3714 SIBJISIETCS MEpHU-
JIOM MOPAJIbHBIX YCTOEB YeJIOBEYECKOro OOIIECTBA.

OpnHako cieayer OTMETUTb, YTO JIOMUHMPYIOILEH OCHOBOM
B CO3UAATENILHON POJIM B3aUMOAEWCTBUS IPOTUBOMOJIOKHOCTEN
B INIYOMHHBIX MTpolieccax (pU3NIECKOro MUpa SIBIISIETCS B3aUMO-



JEeWCTBUE er0 OCHOBHBIX KOMIIOHEHT — MaTepUH U MPOCTPAHCTBA.

W3noxeHue marepuajioB B KHUTa MOCTPOEHO B CJIEAYIOIIEM
nopsijike. BHauasie npuBeieHb 001en3BecTHbIe (hU3NIEeCKHe 3a-
KOHBI, TPOLIECCHI, SIBIEHUS, U3JIOKEHHbIE B YUYEOHBIX MOCOOU-
ax (A.A.Ilunckwmii I'.YO I'pakoBckuit), KypHasiax, mporpammax,
OITyOJIMKOBAaHHBIX B JIOCTYITHOH JIUTepaType. 3aTeM Ha OCHOBE
0a30BbIX MTPUHIIUIIOB CMOJIEIMPOBAHHON CUCTEMBI C(POPMYITUPO-
BaHbl MEXaHU3MbI UX JIEHCTBUS B COOTBETCTBUY €IUHCTBA B3au-
MOJIEHICTBUSI MATEPUU U TTPOCTPAHCTBA.

dusmka HayKa, OCHOBAHHAs HA OIBITaX, IKCIIEPUMEHTAX, J10-
CTOBEPHO YCTaHOBJIEHHbIX (pakrax. CMoOenupoBaHHasi CUCTe-
Ma, KOTOpasi MOJIO)KeHa B OCHOBY JaHHOW paloThl, Oa3upyercs
Ha MPEATONIOKEeHUH CYIIIECTBOBAHUSI CUJIOBBIX JIMHUIA POCTPaH-
CTBa, OOBEKTHBHYIO PEaIbHOCTh KOTOPHIX IKCIIEPUMEHTATHHO
HEBO3MOXHO YCTaHOBUTh. B TO ke BpeMs cjeayer OTMETHTb,
YTO B MOJOOHBIX CAyYasiX [UIsl MOATBEPKICHUS] TEOPETUUECKUX
00OCHOBaHMI MTPOIECCOB, MPOTEKAIOIIUX B HENOCTYITHBIX TSI X
U3MEPEHUS1 MECTaX, UCTIOJIB3YIOTCSI KOCBEHHBIE JI0Ka3aTe/IbCTBA.
Harnpumep, Heapa 3Be3. DTOT MpUEM KCMOIb30BAH U B JIaH-
HoM padore. Tak, Hanpumep, pe3y/IbTaThl MOJEIMPOBAHUS HAXO-
JSIT KOCBEHHOE TOATBEPXKJICHNE B PEabHO MpOTEKaNmx hu-
3UYECKMX Ipoueccax U sBjeHusax. CMoaeaMpoBaHHas cUCTEMa
MO3BOJISIET BHECTHU OIPEIeIEHHYIO SICHOCTb B CYITHOCTh (bU3U-
YEeCKHX IPOIECCOB, SIBJICHUI U B MOBEIEHUE OTIEIbHBIX 3Jie-
MEHTapHBIX YACTHI], O KOTOPHIX B HAyKe /IO CHX IOp HET OJIHO-
3HAYHBIX OTBETOB. BBIBO/IBI MOZIETMPOBAHUSI IO3BOJISIIOT CAETIATh



MIPOTHO3HI PellieHrs] MPOOJeM U TyTel pa3BUTHsI MO3HAHUS (Ppu-
3MYECKUX CBOWCTB MAaTEPUAJIbHBIX TEJI, IPOLIECCOB U UX B3aUMO-
JCVICTBUI B CBETE COBPEMEHHBIX O HUX MPEACTABICHUN

C nmo3uuuM CMOJEIMPOBAHHOM CHCTEMBI aBTOPOM HAITMCaH
P/ cTaTteil. KOTophle OMyOJIMKOBaHBI B COOpPHUKAX KOH(EpEeH-
1M, npoxoguBmux B 2013—2015 rr. B CIIA, Kanane, ['epma-
HuM Poccun. npocrpancTBa. HoBu3Ha 3THX cTaTten 3aKm04aeTcs
B TOM, UTO B HUX (PU3NYECKUE MOJIs1, 3aKOHBI, SIBJICHUS U ITPOLIEC-
ChI PACCMAaTPUBAIOTCS ¢ Oa30BBIX IPUHIIUIIOB CMOJIETMPOBAHHON
CHCTEMBI, COINIACHO KOTOPBIX MaTepHs Y POCTPAHCTBO B3aUMO-
CBSI3aHbl M HAXOIATCS B HENPEPHIBHOM B3aumoaeuctsuu. Pop-
MOW B3aMMOCBSI3M MaT€pUM M MPOCTPAHCTBA SIBJISETCS BpEMS,
a B3aUMOJIEVICTBUE MEXAY HUMH OCYILIECTBJISIETCS] C MOMOIIbIO
SHEPrUY MaTepUM U SHEPTUU IIPOCTPAHCTBA, KOTOPbIE HE MOTYT
CYLIECTBOBATh OT/IEJIBHO, & HEMIPEPHIBHO MEPEXOAAT IPYT B APY-
ra, MMEHHO B 3TOM U COCTOMT (PyHAAMEHTAJIbHOCTb 3aKOHA CO-
XPAHEHUS SHEPIUH



Yacts 1.
du3ndecKne CBONCTBA
NPOCTPAHCTBA U MaTePUH NPH UX
B3alIMO/IeICTBMHU M B3aMOCBA3H

I'nmaBa 1.
Cucrema MoaeJIMp OBaHHUSI
B3alMO,1elICTBUS
MaTepuH U MPOCTPaHCTBa

1.1. IIpuHIMIBI MOAEJINPOBAHUS
B3aMMOI€CTBUSI MAaTEPUM U MPOCTPAHCTBA

dusznyeckue peaauu oKpyxkawoiiero Hac mupa (R) mMoxHO
onucarh MPocTor hopMyJIOii:

R=W+P, e

W — marepus;
P — npocrpancTBO;



T — Bpems hopma B3aMMOJIENCTBUSI MATEPUU U POCTPAHCTBA;

E— sHeprust ¢popma B3aMMOCBSI3U MaTepUU U TPOCTPAHCTB.

O0e 3T KOMITOHEHTHI PABHO3HAYHBI, B3AUMOCBSI3aHbI U B3a-
MMOJIEUCTBYIOT JIPYT C APYTOM.

WX Henb3s CIIOKUTD, UX HENb3$1 pa3JeuTh, X HAI0 paccMar-
pUBaTh, KAK PABHO3HAYHBIE YACTH €IMHOTO MIPOIIecca, XOTs Hay-
Ka B OCHOBHOM M3y4aeT MaTepuabHYIO YacTh ITOTO Mpoliecca.

[1o MHEeHMIO aBTOpA, 3TO CBA3AHO C TEM, UTO MATEPUIO MOXKHO
U3MEpUThb, B3BECUTD, PACILIABUTh, OXJIaJUTh, YBUAETh, IPUAAThH
el IBUXEHWE U T. 1.

[IpocTpaHCTBO, Kak MpaBWIO, MPEACTABISAETCS KaK TeMHasi
MYCTOTa, B KOTOPOU MPOTEKAIOT BCEBO3MOKHBIE MPOLIECCHI, CO-
OBITHS, SIBJICHUS.

[omBbITKY OCMBICTIUTH B3AaUMOCBSI3b MATEPUU U MPOCTPAHCTBA
MpePUHUMATICH MHOTUMH UCCJIEIOBATENISIMU, HO IO HACTOSI-
IEr0 BpEMEHU B 3TOM BOIIPOCE MHOTO HESICHOCTEN Y COMHEHUM.

OpHUM U3 TOMUHUPYIOUIMX KaMHEW PETKHOBEHU S 3/1€Ch SIB-
JISIETCSI XapaKTep B3aUMOJEUCTBUS MEXK Ty KOCMUUECKUMU Tesa-
MH, PacIoyiOXKEHHBIMU Ha 3HAYUTEILHOM YAQJIEHUH IPYT OT ApPY-
ra.

VY yueHbIX 10 cuMX MOpP HET €IMHOrO MHEHUs O IPUPOJE NIEN-
CTBUSI CUJI TSTOTEHUs, «OJIM3KOTO» WM «JAJILHET0» OHM JIeH-
CTBUSL.

Haubosnpinmii BKJ1aJ B OCMBICIIEHUH TJAHHOTO BOIIPOCa BHEC-
i Ucaak Hetoton u Ans6ept Dumreiin. [lepBoiii MmatemaTuue-
CKH OIKCAJ 3aKOH BCEMHUPHOTO TSTOTEHUSI, & BTOPOU YCTAHOBILI



CBSI3b MEKAY T€OMETPUUECKUMHU XapaKTEPUCTUKAMU MPOCTPaH-
CTBA M (PU3BMYECKUMM CBOMCTBaMU MaTepuu. OQHAKO MPSMOro
OTBETA O MEXaHU3ME BO3JIEMCTBUS OIHOTO T'PABUTHPYIOILIETO Ma-
TEpUAJILHOTO TeJa Ha Ipyroe MaTepuasibHOE TeJI0 OHU HE JIaJIH.

[1o MHEHMIO aBTOPA, UCUEPITBIBAIOIIIME OTBETHI B TOM Cllyyae
MOKHO MOJTYYUTbh, €CJIM PACCMATPUBATh MATEPUI0 U MIPOCTPAH-
CTBO, KaK PaBHOITPABHBIX YYACTHUKOB B (DOPMHUPOBAHUU (PU3U-
YEeCKHMX CBOICTB MaTe€pUaNIbHBIX TeJl, BCEX MPOIIECCOB, COOBITHIA
U SIBJIEHUH, MPOUCXOIAIIUX B OKpYy:KawolieM mupe. s storo
CMOJIEJIUPYEM CJIELYIOIIYI0 CUCTEMY.

Bynem paccmarpuBaTh Marepuio U MPOCTPAHCTBO, KakK [IBE
MIPOTUBOIIOJIOKHOCTH, OT B3AaUMOJIEMCTBUS KOTOPBIX 3aBUCST BCE
MPOLIECCHI, POUCXOJSAIIME BO BCEX MATEPUAIbHBIX TeJlaX, HAaUM-
Hasl OT JIEMEHTAPHBIX YACTUII U KOHYAS FAJIAKTUKAMHU.

YrtoObl r1yOXe MOHSTh POJib KaXJI0W M3 KOMIIOHEHT, pasjie-
JIMM MaTepUIO U MPOCTPAHCTBO JI0 MOCIEAHUX HEIENUMBIX (I'H-
MOTETUYECKUX ) METPUUYECKUX BEJIMYUH U

0003HAYMM UX CJIETYIONTIM 00pa3oM:

g+ — TIOJIOKUTEIbHO 3apshKeHHAsl YacTullia Matepuu (TpaBu-
TOH);

P- — OTpULIATENIBHO 3aPsIKEHHAs] YaCTHIIA POCTPAHCTBA (TIpo-
CTOH).

["paBUTOH 3TO («TOPsUMIA» ) CTYCTOK SHEPTUM MaTEPUH, a IPO-
CTOH 3TO («XOJIOAHBIN») CTYCTOK 3Hepruv mpocrpaHctBa Oda
CrycTKa 00pa30BajMCh B HAYAJBbHOM cTagum oopa3oBanus Bcee-



JIEHHOW.

YacTuipl paBHOZHAYHBI TI0 BEJIMYMHE U OOPATHBI MO 3HAKY.

Martepust B cMOJEIMPOBAHHON CUCTEME MPE/CTaBIIsAET COOOM
COBOKYITHOCTh TPaBUTOHOB, Pa3MEIIEHHbIX ONpeaeseHHbIM 00-
pPa3oM B MPOCTPAHCTBE, A MPOCTPAHCTBO — COBOKYITHOCTH IPO-
CTOHOB, pa3MEUIEHHbIX MEX/1y I'PaBUTOHAMH U PEaIbHO CyIlle-
CTBYIOUIMX O€3 HUX.

Hamuue 3apsiga y MpOCTOHOB JaeT MPaBO MPEACTaBUTh Op-
raHU3allMI0 IPOCTPAHCTBA B BUJE CUJIOBBIX JIMHUIA, COCTOSIIIUX
U3 MIPOETOHOB, PABHOMEPHO HAMPSIKEHHbIX BO BCEX HaIlpaBJie-
HMSX 32 CYET CHJI OTTAJIKUBAHMSL.

Eciu nmomecTuTh IpaBUTOHBI MEXAY CHJIOBBIMU JIMHUSMU
IPOCTPAHCTBA, TO B CUJIy UX Pa3HOPOIHOCTH 3apsIOB, MOCIE]-
HUe OyayT UCTIBITHIBATH epopmariuio (puc. 1.).



Puc. 1. Cxema B3auMOAEWCTBUS TPAaBUTOHA (g) C CUJIOBBIMU
JMHUAMU (S) IPOCTPAaHCTBA

Hedopmarus (cOnuxeHre) CUIOBBIX JMHUN MPOCTPAHCTBA
Oy/IeT COIPOBOXKIATHCS BhIJIEJIEHUEM SHEPIUH, MPU 3TOM OyJeT
coBepIIaThcsl padboTa Mo NepeMelIeHUI0 TPABUTOHA B CHUJIOBBIX
JIMHUSIX TTPOCTPAHCTBA:

A =Fxd

Coracno Broporo 3akoHa Heiotona F =gxa. CnenoBatesnbHo,
Ha 'paBUTOH Oy/IeT JefCTBOBATh CHJIa B HAIIPABJICHUH JBMKEHM S,
npuaaBasi EMy YCKOpPEHHUE.

[Mpu 3TOM nepopmarvisi CUIOBBIX JIMHUNA OyAeT YBEINIMBATh-
cd, a BBIACJICHHE SHEPruM Bo3pacrarb. Bmecrte ¢ Tem criemyer



TaK)Xe OTMETUTh, UTO TMPOIECC TOT OyleT MOCTOSHHO 3aMefl-
JIATHCSI U3-32 HAPACTAIOIIETO CONMPOTUBIIEHUS edopmaliiy cu-
JIOBBIX JIMHUI MPOCTPAHCTBA.

B mpenyiaraemoii MofenM B3aMMOJCHCTBUS MaTepUU U TIPO-
CTpaHCTBa BCE MaTepHasIbHbIE TeJa MPEJICTABIISIOT COOOM COBO-
KYIHOCTb TPAaBUTOHOB, Pa3MEIIEHHbIX B OMPEIEIeHHON Moce-
JIOBAaTEeJIbHOCTU B CUJIOBBIX JIMHUSX MPOCTpaHcTBa. VIMEHHO 3TH
nBa (pakTopa — OpraHu3aIys v pa3MelieHue MaTeprr B CUIIOBBIX
JIMHUSX TIPOCTPAHCTBA U ONpenesaioT (h)OpMy U CBOMCTBA MaTe-
pUAIbHBIX TeJI, a TaK K€ BCE MPOILIECCHI, MPOTEKAIOIIUE B HUX,
opmupyoT Bce MHOrooOpasue peajibHoro Mupa.

B Takoii cMonenMpoBaHHOM CHCTEME Y BCeX MaTepuasibHBIX
Tes1 OyJeT MPOCMAaTPUBATKLCS OfIHA 00IIasi 3aKOHOMEPHOCTh. Han-
Ooubinieit recpopmaru OyIyT MOABEPKEHBI CUJIOBBIC JTMHUY, Ha-
XOJISIIIMECS B UX LIEHTPATBbHON YacTu (puc. 2).

Puc. 2. Hapacranue nedpopmaniny CUIOBBIX JIMHUM TPOCTPaH-
CTBa OT nepudepuu K UEHTPY MaTEpPUAJIbHOIO TeJa.



[Tpu sTOoM Oyner mposBAAThCS PHEKT MHIMOCTH, TO €CTh
Kak Oy/ITo BCSI Macca MaTepUaibHOTO TeJla COCPEIOTOUeHA B €0
LEHTpeE.

Crenenb nedopmaliii CUJIOBBIX JIMHUI MTPOCTPAHCTBA, OKPY-
JKAIOILEr0 MAaTEpUaIbHOE TEJIO SKBUBAJIEHTHA Macce Tella, a ee
BeJIMYMHA (U) TPONOPLUUOHAIbHA KOIUYECTBY I'PABUTOHOB, MPH-
XOIAIMXCS HAa OIHY CHJIOBYIO JIMHUIO IIPOCTPAHCTBA BHYTPY Ma-
TepUAJILHOTO TeJIa U HAPACTAEeT OT nepudepuu K LIEHTPY.

U=kxS/n, roe

U - crenenb aedopMaiiivi CUJIOBBIX JIMHUUM MPOCTPAHCTBA,
OKPYKaIOLIEro MaTepraIbHOE TeJIO;

k — KonMuecTBO TpaBUTOHOB B 1 rpaMMe BelecTBa;

N — KOJIMYECTBO CUJIOBBIX JIMHUI TPOCTPAHCTBA B | cM.

KaxaoMmy marepuaabHOMY Telly COOTBETCTBYET CBOE I'DaBM-
TALIMOHHO-TIPOCTPAHCTBEHHOE MOJIE C ONPEAEICHHOU CTETIEHBIO
CKaTHs CUJIOBBIX JIMHUM MPOCTPAHCTBA, OKPYXKAIOIIUX TaHHOE
TeJIO.

[Ipn B3aMMOIEUCTBUM IByX MAaTepUAJIbHBIX TEJ1 UX I'PAaBUTa-
LIMOHHO-ITPOCTPAHCTBEHHBIE I10JI1 HAKJIAIbIBAIOTCSA IPYT Ha ApY-
ra, 4TO MPOUCXOIUT IIPU ITOM C MO3ULIMK CMOJIETUPOBAHHOU CH-
CTEMBbI, IPEACTaBIEHO HA PUCYHKE 3.



Puc. 3. ConuxeHrie CUIIOBBIX JIMHUI B OKPYKAIOIIEM MaTepu-
QJIBHOE TEJIO MTPOCTPAHCTBE B 3aBUCUMOCTH OT MAcChl Tejla

[Mycts macca Tema A Gomblie mMaccel Tena B, ciemoBatesns-
HO — U,> Uy, [lomecTrim o 0THOMY I'PaBUTOHY MEXK]Yy CUJIOBBI-
MU JIMHUSIMUA IIPOCTPAHCTBA, OKPYKAIOLIETO MaTepUAasIbHBIE TENIA
Ha OAMHAKOBOM PAcCTOSIHUM (S) OT MX LEHTPOB. B rpaBuTanivioH-
HO-TIPOCTPAHCTBEHHOM II0JIE Tesla A CUJIOBbIE JIMHUM Ooliee Jie-
(hopmupoBansl (cOMMKEHBI), YeM B I'PaBUTAIIMOHHO-TIPOCTPAH-
CTBEHHOM MoJie Tesia B, mosTomy 371ech B3aMMOAENCTBUE MEX-
1y TPaBUTOHOM U CUJIOBBIMU JIMHUSIMU OyAyT OoJjiee MHTEHCHUB-
HBIMM, YEM B I'PaBUTALIMOHHO-IIPOCTPAHCTBEHHOM NoJie Tesa B.
3nech OyzeT BbIACIATHCS OOJbIle SHEPTUM, B pe3y/ibTaTe 4ero
CKOPOCTb JIBUKEHUS IPABUTOHA YBEIMUUTCS. .

YckopeHre IBUKEHUS TPaBUTOHA B CHUJIOBBIX JIMHMAX IPO-
CTPaHCTBA IIPUBENIET K NOABJIEHUIO IONOJHUTEIBHOW CUJIBL, IEU-
CTBYIOILIEV HA TPAaBUTOH B HAIIPaBJIEHU! €TO JABUXKEHMUS.



F110[1. = gxa
a =dS¥dt?

Takum 00pa3oM, cuiibl BO3JEUCTBUS T'PAaBUTALIMOHHO-IIPO-
CTPAHCTBEHHOTO MOJIs, OKPYKAIOIIEro MaTeprajibHoe Tesno A Oy-
AayT OOJbIle CHJIBI BO3/EHCTBUS TPABUTAIMIOHHO-TIPOCTPaH-
CTBEHHOT'O TOJIS1 MATEPUATLHOTO T0NIsI B 11 Oy/IyT cOCTaBATh:

Fpo=Fp + gxa

O0600111as1 BCe BBIINIECKA3aHHOE, MOKHO C/IENaTh CIIEAYIOUT
BBIBOJ:

UYem maccuBHee MaTepHalibHOE TeJlo, TeM CUJIbHEE BO3JIEH-
CTBHE CUJIOBBIX JIMHUK OKPYXKAIOIIETO ero I'paBUTAllMOHHO-TTPO-
CTPAHCTBEHHOT'O TOJIsI Ha IBUKEHUE B HUX TPAaBUTOHOB. BekTop
JBVDKEHUsI TPABUTOHOB B CHJIOBBIX JIMHUSIX IPOCTPAHCTBA Ha-
MIpaBJieH B CTOPOHY MX OoJbliiel aecopmarun

PaccMoTpuM B pamMKax CMOJEIMPOBAHHOW CHUCTEMbI MeXa-
HU3M B3aMMOJICHCTBUS [IBYX MATEpUAIBHBIX TeJl, yIaJeHHBIX
Ha 3HAUMTEJIBHOE PACCTOSIHUE APYT OT APYra, Ha mpuMepe 3eM-
1 Cos™ria.

030

Macca Comxna cocraBnsger 2x1 KI, a Macca 3eMin —

6x10%* kr. Paccrosaue MeX/1y HUMU cocTaBisieT 1,6 X 108 k.



Macca Conama B 330 Teicsiu pa3 Oosbliie Macchl 3eMJIH,
CJIEOBATENIBHO €€ T'PABUTALMOHHO-ITPOCTPAHCTBEHHBIN TMOTEH-
[[MaJ1 3HAUYUTENILHO MPEBBIIAeT aHAJIOTUYHBIN MOTEHIIUAT 3eM-
JIM, a 3T0 o3HayaeT, yto CoJjiHie B OOJIbIIIEH CTENEHU U Ha OoJlee
JaJibHee paccTosiHue 1epOpMUpPYET CUIIOBBIE JIMHUM OKPYXKalo-
HIErO €ro MPOCTPAHCTBA, YEM 3EeMIISl.

IIpu B3aumopeiictBun CosHila U 3eMJIM UX TPaBUTALIMOH-
HO-TIPOCTPAHCTBEHHbIE TOJISI HAKJIAJBIBAIOTCS Pyl Ha Jpyra.
B cuity Toro, 4To rpaBUTAIIMOHHO-IIPOCTPAHCTBEHHBIN IMOTEHIIN-
an CoJHIIa BHIIIE, YeM Y 3eMJTH, BEKTOP HAMTPSKEHHOCTH UX 00-
HIEero MoJisl HallpaBJIeH K LIEHTPY 3BE€3/1bl, HO HE Ha BCEU MpPOTsI-
’KEHHOCTU pa3JeIIoNIero ux mpocrpaHcTaa (puc. 4).

Puc. 4 BzaumozeiicTBre rpaBUTAIIMOHHO-TIPOCTPAHCTBEHHBIX
noneit 3emuin v CoHIa;

L —rouka Jlarpanxa, Fis— nerxkyinas cuna, F3 — nonepeuynas



cuia.

Touka, rae cuibl JepopMaluy CUIOBBIX JIMHUKM MPOCTpaH-
CTBa JBYX B3aMMOJEHICTBYIOIIMX MaTepUAJIbHBIX T€J1 ypaBHOBE-
HIMBAIOTCSI, HOCUT Ha3BaHWe TOukU JlarpaHxka, B 4aCTHOCTH 11
Tangema 3emiis — CostHIe OHa HAXOAUTCS Ha pacCcTosAHMM 1 Mut-
JIMOHA KUJIOMETPOB OT 3eMJIN.

CuJbl, IEUCTBYIOIIME B TPABUTAIIMOHHO-IIPOCTPAHCTBEHHBIX
MOJISIX BCEX MAaTepPUAIbHBIX TeJl YHUBEPCAJIbHBI, [IOTOMY UTO IEP-
BOMCTOYHHMKOM HMX JEUCTBHUS SIBJISIOTCS B3aAUMOJIEUCTBUS TOJIO-
KUTEJIbHO 3aPSIKEHHBIX TPABUTOHOB C OTPUIIATEIBHO 3apsiKEeH-
HBIMU ITpoeToHaMu. VX AeWCTBUS CyMMUPYIOTCS B OHY PE3YJlb-
TUPYIOILYIO CUIIY U B 3aBUCUMOCTH OT HalPaBJIEHUs UX AEUCTBUS
OHH YCHJIMBAIOT WJIM OCTAONSIOT APYT JIpyTa.

Tak B npuMepe rpaBUTAIMOHHO-IIPOCTPAHCTBEHHOTO B3aUMO-
nevictBusl CosHua 1 3eMJIM OHU MTPOSIBIISIIOTCS MO-Pa3HOMY.

C ocBellleHHOM CTOPOHBI 3€MJIM BEKTOP HAPSKEHHOCTU CH-
JIOBBIX JIMHUU MMPOCTPAHCTBA B IPaBUTALIMOHHO-ITPOCTPAHCTBEH-
HbIX NON1sAX 3emui ¥ ColtHIa UMEIOT MOJIOKUTEIbHOE HalpaBJie-
HUE U 3[IeCb OHU OyayT OciadnsATh Apyr aApyra. Ix pesyabrupy-
1o11asi, XOTs ¥ OyJieT HarpaBjieHa K nieHTpy 3emiu. Ho o Besnm-
YrHEe OHA Oy/IeT 3HAUUTEIBHO YCTYNATh Pe3yIbTHPYIOIIel BeKTO-
POB C TEMHOM CTOPOHBI 3€MJIH, I7Ieé OHU COBIMAJAIOT N0 HAIIPAB-
JICHHUIO.

B utore B HanpaBiieHUM 1IeHTpa 3eMJI JIEUCTBYIOT JIBE MPO-
TUBOMNOJIOKHBIE CUJIBI, OJHA U3 KOTOPBIX, JCUCTBYIOIIAS C Te-



HEBOU CTOPOHBI, BHAYUTECJIbHO ITPEBOCXOIUT ITPOTHUBOITOJIOKHYIO

(puc. 5).

Fg FS

Puc. 5. JleiicTBue JBUKYIIMX CUJI Ha 3€MHYIO OChb B 3aBUCH-
MOCTHU

or opueHTalmy K COJHIy MOBEPXHOCTH 3€MHOIO Iapa: a)
C OCBEILEHHOW CTOPOHBI; B) C TEHEBOW CTOPOHBI.

ITon nenictBuem 3tou cuiibl 3emiida nagaeT Ha CosHIEe, HO W3-
3a HAJIMYMS y Hee MONEePEeYHOl CKOPOCTH OHA JABMKETCS TIO J1-
JIMIITHYECKON OpOuTe, coBepinas 000poTsl BOKpyr ComHIa.

B pesynbrare BpaieHust 3emiid ee OCBEllleHHasl U TeHeBas
CTOPOHBI TOCTOSTHHO MeHsIoTcsl Mectamu. [11oTHOCTB *ke cro-
JKEHMsI 3eMHOTO IIapa HepaBHOMEPHA, IOITOMY JBHKEHHUE CHITBI
B HanpapjieHnu 1ieHTpa ColHIIa, KOTOpasi B OCHOBHOM 3aBUCHUT
OT MAacChl COCPEOTOUEHHOI Ha TEHEBOU CTOPOHE 3eMJIY, TaKxke
MIOCTOSIHHO MEHSIeTCsl 10 BeJIMuMHe. Benencreue storo apuxke-
HIe 3eMIii 10 OpOUTe MPOUCXOOUT XAaOTUYHO M OpOHTa y Hee
HE 3aMKHYTA.



1.2 Pa3zMepeHHOCTH IIPOCTPAHCTBA

Pa3MepeHHOCTh MPOCTPaHCTBA B CMOJETUPOBAHHON CHCTEME
paccMaTpuBaETCsl C TOUKU 3PEHUS] PACCTOSIHUI MEXIY €€ CUIIO-

BBIMM JIMHUSIMU. MakcuMabHOE ee 3HaueHue cocrapisier 10

1 o o
8. (pamuyc AedcTBUs CHUJI Caboro B3aMMOICHCTBHS ). MUHU-

MaJIbHOE — PaBHO pa3Mepam I'PaBUTOHA.
Paznuualor cnenyioiye BUabl TPOCTPAHCTBA:
Meoczanakmuueckue npocmpancmea. PaccrtosiHusi 34€Ch

MEX/1y OTIECIbHBIMU TaJJAKTUKAMU U3MEPSIIOTCS CBETOBBIMU TO-

pamu — 101 u napcekamu — 3,26 x 10'6m. BekTops! HanpsxKeH-
HOCTH CWJIOBBIX JIMHUM ITPOCTPAHCTBA HAIIPABJIEHBI K LIEHTPaM
TaJJaKTUK. PACCTOSIHUE MEkKAY CUJIOBBIMU JIMHUAMU HAXOAUTCS

B BEPXHEM IIpeleiie (10~"8m) 11 He MIPEACTABJISAET MPENSATCTBUNA
IUIs1 IBUKEHUS 110 CUJIOBBIM JIMHUSIM (POTOHOB 3JIEKTPOMArHUT-
HOT'O U3JTy4YEHUs.

Medsxc3ee30nble npocmpancmea — Mex1y OTAETbHBIMU 3BE3-
JaMu. BeKTop HarpskeHHOCTH CUJIOBBIX JIMHUI MTPOCTPAHCTBA
HarpaBJieH K LIEHTPY TrajlaKTUKU. Bce ocTaibHble mapameTpsl
AQHAJIOTMYHBl MEKTAJIAKTUYECKHUM.

IIpocmpancmea enympu 36e30Hblx cucmem. ITO IPOCTPAH-
CTBa MEXJ1y LIEHTPAJIbHOUN 3BE3[I0M U IUIAaHETaMH, CITyTHUKAMU
IUIAaHET, KOMEeTaMHU, acTepoujaMu. PaccTosinue 31ech n3mepsieT-

CA B KUJIOMETpax (0T 10° 10 10°). BekTop HanpsKeHHOCTH CUJIO-



BBIX JIMHUY HaIpaBJieH K LIeHTPY 3Be3/1bl. OCTalIbHBIE TTapaMeT-
Pbl AHAJIOTUYHBI MEK3BE3/IHBIM.

Ipocmpancmea mexncoy 0moenvbHLIMU MAKPOMeNamu,
PACNONONHCEHHBIMU HA NO8epXHOCMU naanemwl. PacctosiHue

MEX1y HUMU U3MEpsieTcsl B MeTpax (OT 10° 1o 10>m). Bek-
TOP HaNPsKEHHOCTH CUJIOBBIX JIMHUIM MPOCTPAHCTBA HAIPaBJICH
K IIEHTPY IJIAHEThl OCTaJIbHbIE NMapaMeTPbl AHAJIOTUYHBI TTPEbI-
TyIIVM.

Ilpocmpancmeo mexcoy omoeabHbIMU COCOUHEHUSIMU Be-
wecms, moaekyaamu u amomamu. PacctosHus Mex1y HUMU

U3MEPSAIOTCA B HAHOMETpax (10—"m), HO BapbUPYET B LINPOKUX
npeenax U B OCHOBHOM 3aBHCUT OT (pa30BOTIO COCTOSIHUS Be-
mectBa. B ra3000pa3HbIX cpejax paccTossHUE Mek1y MOJIeKyJla-
MU M aTOMaMH 3HAYMTENIBHO BBIILLIE, YEM B KUJKOCTAX M TBEP-
apIx Tesax. Takas jke 3aBUCMMOCTb KOCBEHHO HAOMIOAAETCS B U3-
MEHEHUSAX PACCTOSSHUM MEX/ly CHJIOBBIMHU JIMHUAMU MPOCTPaH-
CTBa B 9THUX cpeflax. Tak B ra3000pa3HbIX cpefax (hOTOHbI JeK-
TPOMArHUTHBIX M3JIyYEHUI ABUAKYTCS C MIPEJEIbHON CKOPOCTBIO

cBera— 3 x 10° km/c. D10 TOBOPUT O TOM, YTO PACCTOSIHUSI MEX-
1y CUJIOBBIMU JIMHUSIMU IIPOCTPAHCTBA 3/1€Ch 3aHUMAIOT BEPXHUIA

npenesn (lO_lsM) Y HE MPEIATCTBYIOT UX JBUXEHUIO. B TO *ke
BpeMs NP MPOXOKIEHUN ITPO3PAUYHbIX Cpell, TAKMX, KaK BOja
(’KMIKOCTB) M CTEKJIO (TBEPAOE TEJIO) CKOPOCTh JIEKTPOMArHUT-
HBIX M3JIyYE€HHI YMEHBIIAeTCs Ha BEJIMYMHY OOpaTHO MpPOIOp-
LIMOHAJIbHYIO ITOKA3aTeJII0 IPEJIOMIIEHUSA Cpepl (n):



c! =c/n,roe

1 o
¢ — CKOpOCTb CBETa B MPO3PAYHON CpEJIE;
¢ — CKOPOCTb CBETa B BaKyyMe;

N — MoKa3arteJib MPeJIOMJICHUS CPEbL.

B cBere cmopmenMpoBaHHOW CHCTEMbl CHUKEHHE CKOPOCTH
CBETa IPH NIepexo/ie U3 ra3000pa3HOM cpejibl (BO3IyX) B ONITHYE-
CKM OoJtee TJIOTHBIE Cpefibl (BOIa, CTEKJIO) OOBSICHSETCS] YMEHb-
IIEHMEM B HUX PACCTOSIHUI MEkKAy CHUJIOBBIMU JIMHUSIMH MPO-
crpaHctBa. [Ipu 3TOM yacToTa BOJIHBI HE U3MEHsieTCs. A JIMHA
BOJTHBI CTAHOBUTCSI MEHBIIIE.

Buympuamomnoe npocmpancmeo — 310 IPOCTPAHCTBO 3a-
KJIIOYEHHOE MEXAY SAPOM U JIEKTPUUECKON 000IOUKON aToMa.
CuuioBble JIMHUM MPOCTPAHCTBA 3/1eCh lepopMUpoBaHbl. Bektop
nedopMaliuy HarpapJieH OT JIEKTPOHHOW 0OOJIOUKH K aTOMHO-
My sIpy.

Buympusioeproe npocmpancmeo — NMPOCTPAHCTBO, OTIEJISIO-
11ee Jpyr OT Ipyra MPOTOHbI K HEUTPOHBI, COCTABJISIONINE AaTOM-
Hoe s11po. CHIIOBbIE IMHUY MPOCTPAHCTBA 3/1ECh CUIIBHO Jiehop-
MUPOBaHbl, paCCTOSIHUS MEX/y HUMU HalMEHbLIee 110 CpaBHE-
HMIO C JPYTMMHU BU/IaMU IPOCTPAHCTB.



1.3 DHeprust npocTpaHcTBa

[ToHsiTMe HepruM OJHO M3 OCHOBHBIX TMOHATUU B (pU3MKeE,
a 3aKOH COXPAHEHWs] SHEPTUU — OJIMH U3 BAKHEHUIIUX 3aKOHOB
nipupozbl. COrIacHO TOro 3aKOHA SHEPTH S HE BO3HUKAET, HE UC-
Ye3aeT, a epexoquT U3 OIHOTO BUAA B IPYTOM.

OaHuM U3 BaKHEWIIMX MPUHIIUIIOB OTHOCUTEIBHON TEOPUU
DHINTEWHA SIBJISIETCS] BBIBOJ O CBSI3U SHEPIUU C MACCOIA.

E=mc2

Koa(ppuumentom cBsa3u 31€ch CIyKUT KBaapaT CKOPOCTU
CBETAa. DTUM DHUITEHH NOAYEPKHYII, YTO SHEPIUA — ITO HE YTO
MHOE, a IBUXKyIlas macca.

B cMmonennpoBaHHOM CUCTEME B pe3y/ibTaTe IBUXEHUS I'pa-
BUTOHOB B CUJIOBBIX JIMHMSAX ITPOCTPAHCTBA OHU Je(POPMUPYIOT-
cs1 (cONMMKAIOTCS), B pe3y/IbTaTe Yero BhIIENISIETCS SHEPrUsl Mpo-
cpanctia (Ep), 3aTpayeHHOE Ha UX PaCTSKEHKE.

CrnepoBaresibHO, MOKHO 3aIACATh!

E,, =-E, rnie E,;, —3Heprus Marepuu;- F, — SHEprus npocTpax-
CTBa.

DHeprus Mokos rpasutoHa (E,). oHa paBHa E, = gc2

DHeprus nokos npocrona (-E,): -k, = -pxo’ e x° — K03(ppu-
LIUEHT CBSI3U C MPOCTPAHCTBOM.



1o ycnoBusam MOILGJII/IpOBaHI/IH' g=-p

CJIEA0OBATCIIbHO gC = —pXO CZ—XO

PaccmoTpuM MexaHM3M Iepexoja SHEPruu U3 OIHOrO BHJA
B IPYroM C NO3ULIMYA B3aUMOJEMCTBUS MAaTEPUU 1 IIPOCTPAHCTBA
Ha MpUMEPE C MAATHUKOM.

MasiTHUK B cpefie ¢ TPEHUEM, KaYHYBIIUCh HECKOJIBKO pas,
OCTaHaBJIMBAaeTCA. MexaHnuyecKas HEprus MasiTHUKA IEepEXo-
JUT BO BHYTPEHHIOIO SHEPIUIO TPYILIMXCA TEJl U UX TEMIIEpary-
pa NOBbIIIAETCs. 3aTeM B pe3yJbTare TeriooOMeHa BHYTPEHH SIS
SHEprusi HarpeThiX TeJl IEPEXOAUT BO BHYTPEHHIOI SHEPTHUIO Ya-
CTHII, OKPY’KAIOIIEro MX MPOCTPaHCTBa ¢ Oojiee HU3KOW TeMIle-
parypomu.

Cuuraetcsi, 4TO 3TOT MPOLIECC HEOOPATUM U HEOOXOAUMOCTb
OIpeNIeNsIeTCs] He 3aKOHOM COXPAHEHMs] SHEpruu, a JpPYyruMu
HEU3BECTHBIMM 3aKOHAMU ITPUPOJIBL.

Hcnonp30BaHMEe CMOJEIMPOBAHHOM CUCTEMBI B 3TOM Cllyvae,
yOexaaeT B TOM, 4TO STOT MPOLIECC OMPEIeNSIeTCs] 3aKOHOM CO-
XpaHEeHU s SHEPTUu.

MasTHUK mpencTaBisieT coOOM COBOKYMHOCTh I'DaBUTOHOB,
pa3MEILEHHBIX B OINPEEJIEHHON IOCJEI0BATEILHOCTH B CHUJIO-
BBIX JIMHUSIX IIPOCTPAHCTBA.

B pesynbrare npunoxennoil k Hemy cwibl (F) oH nonyvaer
kuHetndeckyio 3Hepruio (T) u coBepiaer konedaTenbHbIE IBU-
KEHUS.

KuHeTnueckas sHeprus pacxomyercsi Ha yCKOpEHHe I'paBUTO-



HOB MasITHUKA B CHJIOBBIX JIMHUSIX OKPY’KAIOIIETO MPOCTPAHCTBA.
B pesynbrare yero onu aeopmMupyrorcst (COMMKAIOTCS) C BhIIE-
JenueM sHepruu. Ho KuHeTnueckas SHeprusi — 9To SHeprus Ma-
Tepuu (IBMXKYIIAsICsl Macca), a BbIEJICHUE SHEPIUU — ITO HEP-
T'Ysl IPOCTPAHCTBA, YTO TOBOPUT O MEPEXofie OAHOTO BU/IA SHEP-
T'MU B APYTOM.

C pocToM 3Hepruu B CUJIOBBIX JIMHUSIX MPOCTPAHCTBA YyBe-
JIMYUBAETCSl YaCTOTa M aMIUIMTYJa UX KOJeOaHWid, a 9TO BeleT
K YMEHBIIICHUIO PACCTOSTHUS MEK/1y HUMH.

JIBrKylecs B HUX I'PAaBUTOHBI MOJIEKYJl MAasiTHUKA U BO3-
JYIITHOM Cpejibl, B KOTOPOW MPOUCXOIUT KoJleOaTeIbHOe BHIKE-
HUE MasiTHUKA, B pe3y/ibTaTe COMMKEHUs] CHJIOBBIX JIMHUIA MPO-
CTPAHCTBA YBEJIMUMBAIOT CKOPOCTh CBOETO JIBUKEHUS. YBeanye-
HHE K€ CKOPOCTHU JBMKEHHUsI MOJIEKYJ Ta30BOM CpeJlbl U CKOPO-
CTU KoJIe0aHUI MOJIEKYJT B KPUCTAJUIMYECKON peleTKe TBePIbIX
TeJI IPUBOIUT K MOBBIIIEHUIO UX TEMIIEPATYPHI.

CrnepoBaresibHO, B JAHHOM CJIy4dae MMEEeT MECTO OOpaTHBIN
NIepeXo/1 SHEPTMU MTPOCTPAHCTBA B SHEPTUI0 MATEPUH.

VBenuyeHne 4acTOThl M aMILTUTY/IB KOJIeOaHUI CUITOBBIX JIH-
HUI1 IPOCTPAHCTBA MPOUCXOIUT JIOKAIBHO — B MEXMOJIEKYJISP-
HOE MTPOCTPAHCTBO MasITHUKA M BO3/AYIITHOM cpefibl. [Tocre okoH-
YaHUsI KOJIeOaTeTbHbIX JBMKEHUN MasiTHUKA TTPUTOK JIOTIONTHH-
TeJIbHOM MPOCTPAHCTBEHHOW SHEPIUU B 3Ty 00J1aCTh 3aKaHYMBA-
etcs1 MI30bITOK MOCTynaromien SHeprum U3 3Toi 00JIacTH Mepexo-
IWUT B OKpYyXkalollee ee MEeKMOJIEKYISIPHOE TTPOCTPAHCTBO BO3-
AyIIHOM cpenbl. YacToTa M aMIumMTyaa KoneOaHUid CUITOBBIX JIH-



HUI MPOCTPAHCTBA BHIPABHUBAETCS, a BMECTE C HEW YPaBHUBA-
I0TCSI CKOPOCTH JIBUKEHHUSI MOJIEKYJT BO3/yXa U Ma/IaeT CKOPOCTb
KOJIeOaHMsT MOJIEKYJl B KPUCTAJUTMYECKON pelIeTKe MasiTHUKA.
[Tporcxoaut TermnooOMeH, ¥ TeMIeparypa MassTHUKA U BO3IYIII-
HOU CcpeJibl BHIPAaBHUBAIOTCSI.



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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