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AHHOTANUA

B craTbke pa3BuBaeTcs NpUMEHEHHE MAaTEMATUYECKOW MOJIENN, OTTMCHIBAIOLIEH
(bu3HYecKuil BAKyyM U MaTepulo, TBYXKOMIIOHEHTHBIMU CHUCTeMaMu. B oTiauduu ot
HproToHOBCKOM (hM3UKH, TIPH ONIMCAHUM SHEPTHUH TeJIa, YIUTHIBACTCS €r0 00BbEM.
Mogenb Mo3BoJIIET MPEACTAaBUTh MAaTEPHUI0, KaK CPETUHHOE COCTOSIHUE MEXKTY
«UEPHBIMHU» JIBIPAMH U MPOCTPaHCTBOM. Ha mpuMepax u3MeHEHUs YHEPTUHU MATEPHH,
MOKa3aHO BO3HUKHOBEHHE JIEKTPUUECKOTO 3apsiia U MarHUTHBIX moJjeil. [loka3zana
B3aMMOCBSI3b MAaTEPHH, C Tporieccamu 3Botonuu BeenenHoit. O60CHOBaH BBIBOJ, UTO
JIBIKEHUE BPEMEHH HEBO3MOKHO 0€3 M3MEHEHUs TeMIIa BpEMEHHU. 3aBUCUMOCTh
M3MEHEHHUS TeMITa TBUKECHUS BPEMEHH, OT TIPOMEXYTKA BPEMEHHU, UCKAKAET JTAHHBIE O
cKopocTH pacimmpenusi Becenennoit. CrenaH BbIBOJI, YTO ABUKEHHE BPEMEHH €CTh
Tpanchopmarusa Oyaymero B mpouuioe. OOBSICHEHO CUPaIbHOE IBIKCHUE (POTOHOB.
PaccmoTtpeno o6ocHOBaHUE onrcanus GU3HMUECKON CYTH SIBJICHUH, UCTIONB3Ys
MIPSIMOYTOJIbHBIE KOOPJAUHATHI.
KiroueBsie cioBa: TeMi BpeMeHH; (pU3NYecKuil BaKyyM; 3apsiji; MarHUTHOE TOJIE;
HacrosIee; Tpanchopmarus.

Abstract

The paper develops the application of a mathematical model describing the
physical vacuum and matter by two-component systems. In contrast to Newtonian
physics, when describing the energy of a body, its volume is taken into account. The
model allows representing matter as a middle state between "black™ holes and space.
Using examples of matter energy changes, the appearance of electric charge and
magnetic fields is shown. The interconnection of matter with the processes of the
Universe evolution is shown. The conclusion that the motion of time is impossible
without a change in the rate of time is substantiated. The dependence of the change in
the rate of time motion, on the interval of time, distorts the data on the rate of expansion
of the Universe. It is concluded that the movement of time is a transformation of the
future into the past. The spiral motion of photons is explained.
The justification of the description of the physical essence of phenomena using
rectangular coordinates is considered.
Key words: rate of time; physical vacuum; charge; magnetic field; present;
transformation.
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MaremaTnueckasi aHaJIOTUYHOCTD 3JIEKTPOMArHeTU3Ma, KJIaCCUUYE€CKOM U KBAaHTOBOM
(¢u3MKH, YKa3bIBaeT Ha CYLIECTBOBAHUH OOIIMX 3aKOHOB B (pusuke. O0ne
XapaKTEPUCTUKH (31E€MEHTAPHBIN AIEKTPUUECKUM 3aps]l, Macca IEMEHTAPHbIX YaCTHII,
¢u3nvecKre NOCTOSHHBIC), YKa3bIBAIOT HAa MOYMHEHNE MAaTEPUU €IMHBIM IPOIIECCaM B
[Ipupone. Bo3nukaer napaokc: 3akOHbI €CTh, HO OHM HEW3BeCTHBI. EquHbIN nporecc
€CTb, HO €r0 BJIMSHUE HAa MAaTEPHIO (UM HA000POT) HEU3BECTHO. PU3MKa, ONUCHIBAsS
okpyxaromyro [Ipuponay, Hu Kak HE XOUET CTAaHOBUTCS €IMHOW HayKoul. [TonumManue u
00beTMHEHNE 3aperuCTPUPOBAHHBIX (PAKTOB, pemaercs: 6oyee CI0KHONW CHCTEMON —
MaTeMaTHKOM. 3/1eCh BOBHUKAET NapaJOKC: YBEIMUYEHNE NPUMEHEHNE MaTEMATUKH
«YBOJMT OT (PU3MUECKON CYTH Mpolecca — TOUHEE OMUCHIBAET (PU3HMUECKUN MTPOLIECCH.
[Tapamokcel co31at0T «TyMaH» B IOHUMaHUHU mpouecca. [l yxona oT «TyMaHa
Heo0xoIuMo pemnTh napajgokc. [lapagoke pemraercst npuMeHeHreM 0oJiee CII0KHOMN
cucteMbl. Eciiu uaTu no Kpyry, TO yClo)KHEHHE IPUMEHEHHUs MaTeMaTHKHU 1acT HaM
OTBET. DTO MyTh, KOTOPBII peann3yroT OOJIbIIMHCTBO (U3HUKOB. Perienne 3ToT nyTh He
Jall, CO3aB OTPbIB OT (pu3nueckoil cyru. CTpemiieHue MOHATh (PU3NUECKYIO CYTh,
MMOUCKOM (PYHAaMEHTaIbHBIX «KUPIUUYMUKOBY MaTepUH, 3aLIUKIIUICS HA KPOMCAaHUU
AJIEMEHTAPHBIX YaCTHUII, B HAZIEKJE IMOJYUYUTh CaMYIO AJIEMEHTAPHYIO YaCTUILY
[Tpupoast. (Heyxenu TpyIHO MOHATH, YTO EIUTHh MOKHO O€CKOHEYHO?). DTOT BapUaHT
MIPUBEJI K 3allMKIMBAaHUIO HAa Bce 00JIee MOIIHbIE CUCTEMbI YCKOPEHHS AJIEMEHTapPHbBIX
yactull. Coxpanstonieecs HemOHUMaHue (YMTail MPOTUBOPEUHS) IBITAIOTCS PEIIUTh
HCCKYCTBEHHO co3/aBasi 0oJiee CI0kKHYIO0 CUCTEMY Mo3HaHus. B HacTosiiee Bpems
ycnoxHs0T [Ipupoy, BBOJOM HOBBIX CYIIIHOCTEH, TUIIA «TEMHBIX» CyOCTaHIIHIA.
«TemHBIe» CyOCTAaHIIUU HYKHBI TSI OOBSICHEHHS pErUCTPUPYEMbIX (DaKTOB U HE Ooiee.
HukTo He HilleT HOCUTENe TEMHON SHEPTUU U HE N3y4aeT XUMUYECKUE CBOMCTBA
«remHOM» Marepuu. UM XO Kormky B TeMHO#T KOMHaTe OyyT HCKaTh, TTOKa Ha €
MOUCKHU OynyT BhIACHAThCA NeHbI'M. Eciiu 00a BapuaHnTa pa3BuTHs GU3MKU, HE BEAYT K
nonumanuio Enunctsa [Ipupoasl, TO MOKHO MPENOI0KUTh, YTO TOHUMAaHNE
ocylLecTBiseTcs 0osiee MPOCThHIM MaTeMaTHUYECKUM alllapaToM, Ipu 060Jiee CI0KHOU
Mo3HaBaTeIbHOU cucTeMe. B ctaThe paccmarpuBaeTcsi BApUaHT YCIOKHEHHUS CUCTEMBI,
y4eToOM TeMIla BpeMEHH, B KOTOPOM OCYIIECTBIISIOTCS Bce mpoiiecchl B [Ipupone. B
KadecTBe GyHIaMeHTa npuMenuM teopemy Herep. 13 teopemsr Noether[1 ¢.27], mis
CYIIIECTBOBaHMS const, Hy)KHa MepeMeHHas BennurHa. OO01el nepeMeHHO, BO BCeX
mpoleccax, SBJseTCs ABMKEHUE BpeMEHU. JBIbkeHne BpeMeH! CIIOCOOHO ObITh
(bakTopoM, 0GecreunBaroIUM, CyIlIeCTBOBaHNE (PU3NYECKUX KOHCTAHT. /s aHanmm3a
ucrnoJib3yeMm cootHouenue [2, c.3], rae M, V, T, E cootBeTcTBEeHHO Macca, 00beM,
TEeMIT BpEMEHH | SHEprus MatepuaibHoii cucteMbl. M, V, T, E 0600menHo Ha3oBeM
SAsnenusamu [Ipuponst.

Jlia cuctemsl ET =MV =const , npaBeie 1 JieBasi 4aCTb COOTHOILIEHUS

BSaHMOHCﬁCTBYIOT, CO3/J1aBas COOTBCTCTBYIOIINEC U3BMCHCHHA B BCJIMYMHC KOMIIOHCHTA.
PazoBrie H3MeHeHU COXPAaHAIOTCA B IOCJICACTBUU. HerepLIBHHC U3MCHCHHUA CO30ar0T
HEMIPCPBIBHOC CYIECCTBOBAHUC HSMCHGHHﬁ, T.€C IBHXXCHHC. I[BI/I)KCHI/Ie BO3HUKACT B
YaCTH WK BO BCECM CYIICCTBYIOMIEM SBneHun HpI/IpO,Z[LI 1 HC MOXKCT IPCBBICUTH

BennuuHy SBnenus [pupossl. 3to TpeboBaHKe orpaHMYUBaeT 3P PEKT, Co3AaBaeMbli



neuxeHueM Ssnennii [Tpuponpl. TepMuH Osudicenue UMeET MMUPOKOE MPUMEHEHNUE U
JUI KOHKPETU3alluKi, Ha30BEM HENPEephIBHOE 3MeHeHue B fBienuu [lpupoel,
aeexrom. [dedexr 310 nBrkeHne yacTu win Beero SBienus [Ipuponast B
aHaJIM3UpyeMOi cucteme. Bo3aMOXKHO MaTeMaTUYECKOE OMMCAaHUE MPOLIECCOB OyIeT
BBIIVISAETh HEKOPPEKTHO, HO JIPYrOro BapuaHTa ONMCAHMS IIpoLeca 1 He BUXKY. [[ns
YCTpaHEHUS TPYAHOCTEH, B TOHUMAaHUH HOHATHS «Ie(EKT», IEPUOTUICCKU OyIeT
MIPUMEHSTHCS TyOINpPOBAaHUE, B BUJIE «HEIIPEPHIBHOE U3MEHEHUE) I «IABHXKCHUEY.
Bo3nukmuii fe@exT co3naer HOBYro xapaktepuctuky Ssnenuto [Ipupoast. ITo cBoum
CBOMCTBaM, NeeKT A0KEH ObITh o 00eH SBnenuto [lpupoasl u He ObITh UM. [ledekT
BO3HHUKAET, KaK pe3yJbTaT BHYTPEHHUX U3MEHEHUN B CHCTEME, TaK U MOJ ICUCTBUEM
BHEIIHMX NIpUYKH. B3anMHas 3aBucuMocts Mexay ABinenusmu [Ipuposl,
IIpeICTaBICHHAs COOTHOIIEHneM ET =MV =const, co3maeT B3auMHYI0 KOMIICHCAIUIO
n3MeHeHni B ABnenusax [Ipupoasl. B cooTHOmEHNN, TEMII BpEMEHU SBIISAETCSA
XapaKTEepUCTUKOM MaTepuH, aHAIOTUYHOU Macce, SHepruu U 00beMy. COOTHOIIIEHHE
IT03BOJIAECT IPUMEHUTH JIOTUKY U MaTEMaTUYECKUM aHAIIN3, CO3/1aBasi IPOCTOP IS
O0O0BSICHEHUI U OTrpaHUYMBas BOZMOKHOCTh HEOOOCHOBAHHBIX HHTEPIPETALIUH.

B cootHomiennn, MV =TE npupoaHbIii TEMIT BpEMEHU SIBIIIETCA KaTETOPUEN BO BCEH
Bcenennoii. DHeprusi, Mmacca, TEMI BpEMEHHU U 00BEM Tela SIBISIETCS XapaKTePUCTUKOM
tena. BeiBoa. TE tena pe3ynbrar B3auMoeiicTBust Marepuu co Beenennoi. s
B3aMMOJICHCTBUSA MaTepu ¢ (PU3MIECKUM BaKyyMOM, JOJDKHA ObITh cyoctanius ToEo
BO BCEM MPOCTpPAHCTBE. J[BryKeHNEe MaTepuH, OTHOCUTENILHO (PU3NYECKOTO BaKyyMa
CO3/1aeT U3MEHEHUs, ONKChIBaeMble TpeoOpazoBanueM Jlopenua. [l ocyiecTBieHus
npeoOpazoBanuii JlopeHia, Hy)Ha Touka otcyera. Toukoil oTcyera sBiseTCs
noxosiascs B mpocrpanctse Beenennoit, cyocranms ToEo. Hasosem ToEo
Bcenennoii, D¢upom.

HproTOHOBCKas MEXaHUKA MPEIO0JIAraeT , 4YTO Macca Tejla COCPEeI0TOUEHA B TOUKE,
npeHedperas pazmepamu U popmoii Tena [3]. Kakue BbIBOIBI TTO3BOJISET CIETIATh OTXO
OT HBIOTOHOBCKOU (U3UKN?

a) BzaumoelicTBrue MmaTepuu u ToEo Bcenennoii, co3aaeT B3auMOACHCTBUE MEXIY
MaTepuei, Haxoasueics B puzndeckoM Bakyyme. B3anumoeiicTBue MaTepun, MeXIy
cOOOM, MPOUCXOAUT MO JIMHUHM U3MEHEHHsI TEMIIa BpEMEHHU B MaTepuu. TemMn BpeMeH!
U3MEHSETCS CKOPOCThIO (KHHETHYECKask SHEPTUs) U IpaBUTalMel (MOTEHIaIbHAas
sHeprus). O61mas 3aBUCMOCTb, OT TEMIIa BPEMEHH, CII0OCOOCTBYET TpaHchopMauu

KUHETHYECKOM OHEPTrUHU B NIOTCHIUAJIbHYIO U HaOGOpOT. CJ'IC,[[OBB.TCJ'IBHO, T'paBUTAlUA



€CTh B3aUMO/ICUCTBUE MEXIY MaTEpHE, MO TMHUHM B3aUMHOTO U3MEHEHHUS TeMIIa
BPEMEHH.

b) ITo cyru, Temn BpemeHu T OMUCHIBACT JUIUTEIILHOCTHIO CTAHAAPTHOMN ¢TUHHIIBI
BpeMen (to), P Pa3IMYHBIX CKOPOCTSIX ABIDKCHHS 00bekTa. B mokoe u mpu T/To=V1-
V?/C? ~ 1 (v<<C), ypaBHEHHe, ONICHIBAET KIACCHIECKYI0 GH3HKy. [Iph ABMKEHUH CO
CKOPOCTBIO CBETa, ABIDKCHHE BpeMeHH ocTaHoBIeHo T/ To=V1-v?/C? = 0 u ypaBHCHHE
OTIMCBHIBAET KBAaHTOBYIO (hu3uKy. [Ipr cKOpOCTAX OIM3KMX K CKOPOCTH CBETA,
COM3MEPHUMBI BAHTOBAs U KJIACCHUYECKasi COCTABJIAIOLIHE.

MOYHO YTBEP/IaTh, 4T (hopmyna V1-v2/C? mokaspiBaeT A0MIO KIaCCHIECKOM
COCTAaBJIAIOLIEH, B MATEPHH.

¢) Temneparypa cBsizaHa ¢ SIEKTPOMArHUTHBIM U3ITYYCHHEM. DJIEKTPOMArHUTHOE
U3ITy4yeHUe MPOUCXOIUT IIPU MEPEX0/ie EKTPOHA C BBICOKOM, Ha HU3KYIO OpOUTY.
CrnenoBarenbHO, TeMIIepaTypa Tejla euHa, ¢ SHEprueil BpalieHus 3JeKTPOHOB aToMa.
PaccmoTpuM paznuuns Mexay TEIIOBOM, KHHETUYECKOW W MOTEHIIMAIbHON SHEPTrUei
tena. Kunerndeckast 1 moTeHIMaNbHas S3HEPTHUsl - BeKTop. TemmepaTypa, cKajasipHas
xapakrepuctuka. O0nanaTh SJHEPrUel IBUKEHHS, U HE UMETh BEKTOPA, O3BOJISIET
BpaueHue. BeiBoa: Temneparypa 3To 3HEprus BpalleHus dJIEKTPOHOB U s/Ipa aTOMA.
Bekrtop, TpancopMupyeTcst Bo BpallleHHe, €ClIM BEKTOP «IPUBSI3aTh» K TOUKE,
IBUKYIIEHca MeuieHHee Tena. TopMoXkeHue, co3aeT MpoLecc NpuoopeTeH s
aTOMaMU BpallaTeJIbHOTO JBWKEHUS, 10 TUIOIIAAA KOHTAKTA, CO3AaBasi poCT
TEMIIEPaTypbl y IOBEPXHOCTH. Y Jap CO3/1a€T MEKATOMHOE B3aUMOJECHCTBUE U
TpaHcpopManusi KHHETHYECKON YHEPTHH, B TEIUIOBYIO, IPOUCXOIUT BO BCEM 00beMe

TCIa.

MaremaTn4yeckuii aHAJNA3 MOJEJIHN
Jlns aHanu3a, npuMeM 3HEPrui0, OCHOBHBIM [TApaMETPOM COOTHOIIIECHUS
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Hedexts SABnennii [puponsr 0603HaunM Kak: aedext maccel — dM , oobema - dV
sneprun — dE , Temna Bpemenu — dT .

I[Tpu onucanmu matepuu Gopmynoit MV, od6veM u Gpopma Tem, 3aBHCUT OT MHOTUX
¢akTopoB. s ycTpaHeHUS BIMSAHUS BHEIIHUX (paKTOPOB, IPUMEM 3a BEJIMUUHY V,

TaKoi 00beM MaTcpuu, KOTOpBIﬁ MPAKTUYCCKU IOCTOAHCH B CYHICCTBYIOIIUX YCIIOBUAX.

OTUM TpC6OBaHI/I}IM YAOBJICTBOPACT 3JICMCHTAPHBIC YaCTHUIIBI aTOMOB TCJIA. <1>opMyJ1a



M,V, omuchiBaeT MaTepHio 6€3 yueTa MarHUTHBIX U 2JIEKTPUYECKUX CBOMCTB,

TeMIepaTypsl U (U3NYECKOH TyanbHOCTH. B 3TOM ciydae aneMeHTapHO# yacTulei
MaTepHUH JI0JDKHA OBITh YacTHUIIA, HE UMEIOIIAs AIEKTPUYECKUX U MAarHUTHBIX CBOMCTB.
OTHUM YCIIOBHSIM yJIOBJIETBOPSET YaCTUIA HEUTPOH.

Onpenennm usznueckuii cmbicn nedexroB Asnennit [pupoapr.

1. I3MeHeHne sHEpTruN MaTepUanbHOI CUCTEMBI IpH JedekTe o0bema.

~ MV, £dV)

dE,
TO

(1)

JIro6as nedopmarins MaTepUaIbHONW CUCTEMBI SIBJISIETCS ehopMaluel ee MOJIeKyI,
aTOMOB B MOJIEKYJIE U JjajJiee 3JIEKTPOHOB aToMa u aapa. Jlehopmanus atoma co3naer
M3MEHEHHE HIEKTPHUECKOTO B3aMMOJICHCTBHSI BHYTpU aroMa. Ciie1oBaTeNbHO, NedeKT
o0beMa MaTepraIbHON CUCTEMbI XapaKTepU3yeT B3aUMOJICHCTBUE 3apsHKEHHBIX YaCTHUIL
Y JICKTPUYECKUX TI0JIel BHYTpH MaTepuu. Y paBHeHnue (1) onuchiBaeT M3MEHEHHE
SHEpTuu OT AedekTa oObeMa: CKaTHe, PACTDKEHUE, XUMUYECKHE PEeaKIIu, N3MEHEHHE

(hopMBI, B3aUMOJICHCTBUE 3aPSKEHHBIX YACTHI] U CHCTEM.

Eciu popmyna M, (V, £dV') onuceiBaeT B3anMoeiicTBUE 3apsHKEHHBIX YaCTUIL U

OJICKTPHUYCCKUX HOJ'ICfI, TO OHA A0JI’)KHA OIMUCBIBATH U CaMU 3apsHKCHHBIC YaCTHUIIbI.

CrnenoBarenbHO, CyliecTByeT 1eeKT 00beMa MaTepuu B BUJIE JIEMEHTAPHOTO

3JIeKTpuuecKoro 3apsaa. Ero matemarnueckuit Bug £M,dV, .

[Iupokoe 3HaueHue cootHomeHus (1) BO3MOXKHO B MaTeMaTHKe, HO TpeOyeT
KOHKpeTHOCTH B ¢usuke. Onucanue ogHou GopMyIioi 3apsiioB, X B3aUMOACHCTBUE U
U3MEHEeHHEe 00beMa Tella, BO3MOYKHO TPH CYIIIECTBOBAHUU B MPHUPOE MIN IBYX BUIOB
nedexToB oObema Matepun. BenuunHa nepBoro nedexra enrHa B IPUPOJIE U CBSI3aHa C
mporeccamu Bo Beeii Beenennoii. Bropoii Bull, ecth U3MEeHEHHEe MPUPOIHOTO JiedeKTa
o0bema, 1o IeHCTBUEM JIOKATbHBIX, OTHOCUTENILHO Beenenno, mpuuuH u
HaO0aeTCs B JIOKAJIbHBIX YCIoBUAX. JIokanbHbI nedekT oobeMa MaTepuu co3/1aeT
M3MEHEHHE TOJIBKO B MaTepUH, MOABEPTrHYTOM BO3IeiCTBUIO. C y4eTOM JOKaIbHBIX
Bo3eiicTBuil cooTHomenne (1) mprobperer BU:

M, (V, +dV £ AV +dV,)

dE, =
TO

@)

dEy —nedekT (M3MEHEeHUE) SHEPTHUH MaTepHH, CO3IaHHbIH Ae(heKTOM 00beMa MaTePUH.
AV, - nedext o6bemMa MaTepuu, BOZHUKAIOIIUN TIPU pacrajie/CUHTe3e MaTepHH;
dV1 — BiIMSHHME BHEUIHUX BO3JICHCTBUIA U AIEKTPUUYECKUX TTOJICH;

dVo — [Ipupoansiii neekt o0beMa MaTepHH.
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Ecnu npupoasstii nedexkt o6beMa paBeH 00beMy YaCTHIIBI, TO CTAHOBUTCS

HCBO3MOXHBIM pasaCJICHUC UJIU pacClia/l 31O qaCcTuUlbl, HA CTaOUJIbLHBIC YaCTH.

BHyTpH cKOOOK BO3HHUKAET ayIATHBHOCT jaedekToB. IIpu dE, = const

aJIUTUBHOCTb CO3J1aCT B MATE€PHUH MPOLIECCHI:

- pacnaji HeUTPaAIBHBIX CHCTEM [4] COMTPOBOXKTaETCSl 0Opa30BaHUEM 3aPSIKEHHBIX
YaCTHULl U CUCTEM;

- QJIEKTPUYECKHUE SBIICHUS MTPH 3eMJICTPSICEHUSAX €CTh CIIE/ICTBHE N3MEHEHHS 00bheMa
CKaTOM MaTepHUU B 3€MHOU KODE;

- IBIKEHUE U3MeHseT 00beM Tena. Mi3Menenne o0bemMa 4aCTUUHO KOMITIEHCUPYETCS
MPHOOPETEHUEM TEJIOM 3JIEKTPUUYECKOTO 3apsiia. Eciau Teno quianeKkTpuk uim
M30JIMPOBAHO, TO B HEM HAKaIUIMBAETCs CTaTHUECKOE DJIEKTPUUECTBO [5];

- ObIcTpasi KOHAEHCAIUS TapOB BOJIbI, CO3JAET YCIOBUS AJIsl TPO3 U TUAPOYAAPOB;

- CILJIaBbl, YBEJMYUBAIOIINE CYMMapHYIO0 KOMIIAKTHOCTh UCXOIHBIX KOMIIOHEHTOB,
YBEJIMYUBAIOT XUMHUYECKYIO TACCUBHOCTh KOMIIOHEHTOB CILIaBa6];

- mbe303¢(HeKT ecTh KOMIEHCAlUsI BO3HUKILETO AedekTa 00beMa, pa3aesieHueM
3apsSKEHHBIX YACTHI] B CUCTEME;

- IepeMEeHHbIN ANIEKTPUUECKU TOK, co3/1aBast 1eeKT 0ObeMa B MPOBOJIHUKE, CO3/1aET
3BYKOBBIE KOJICOaHNS,

- TaBJICHUE U BO3JICHCTBHUE 3JIEKTPUUECKOTO OIS U3MEHSIOT CKOPOCTh UCTIAPEHUS U

XUMHUYECKUX peakiuit [7].

Ipu dE, # 0 BeIIENIepeyrCIICHHBIC TIPOIIECCHI BHIPAKEHBI c1abee, KOMITECH CAIHEH

z[e(beKTa O6’B€Ma, HU3MCHCHHUEM SHEPIruu MaTCpuru.

Yactuna + M dV, nomkHa 061a1aTh Maccoil 1 OTCYTCTBUEM 00BbEMa MOKOSL.

OtcyrcTBUE 00BEMa MOKOS HAOIIOAAEeTCs Y BOJH M MOTOKOB. 3apsKEHHON YacTHUILICH,
obnanaroieit Maccoi, CltocCOOHOCTHIO CO3/1aBaTh MOTOK U 00J1a1at011asi BOJTHOBBIMH
CBOMCTBaMH, ABIsIETCS 3MeKTPOH [8 ctp.17]. IIpu paBeHCTBE U3MEHEHUS SHEPTUH, YEM
00JIbIIIe Macca YacTHIl, TeM ciiadee BhIpaXKEHbI CBOMCTBA BOJIHBI U MOTOKA. [ToaTomy B
MIPOTOHE MEHEee BhIpaKEHBI BOJIHOBBIE CBOIiCTBaA. [IpenenbHblil JedekT o0bema B
MIPOTOHE U AJEKTPOHE, 3aIPeaeT UX JajJbHEHIINI pacall.
2. VI3MeHeHne SHEpTUHU CUCTeMBI 1e(heKTOM MacChl MaTepHUH.

Vo(M, £dM £+ AM +dM,)
m To

dE 3)

dEm— M3MEeHEHHe SHEPTHU MaTepUH NPHU IePEKTe MaCChl MaTepUH,

+dM — npupoaHbIi AeeKT MacChl MaTEPHU;
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+ M1 — BIMsIHUE BHEITHUX IOJICH, CO3aHHBIX Ae(EKTOM MacChl MaTCPHH;

AM - nedexT macchl, 00pa30BaBIIUICS IPU pacmaje/cuaTe3e MaTepun.dPpPexT
HaOJI01aeTCsl TOJIBKO BO BpEeMs paclaia;

+VodM — snemMeHTapHas 4acThIa ¢ MPUPOTHBIM JeheKTOM Macchl Matepuu. [Ipu dM
=Mo, nedeKT Macchl YaCTHIIBI HEe TIOIBEPIKEH BIMSIHUIO BHEIIHUX YCIOBHH, T.€.
HEBO3MOXKHO Pa3/IeJICHUE WM paciaj, Ha CTA0MIIbHBIE YAaCTHULIbI;

JU1st CyIiecTBOBaHHMS MOJIEH U YaCTHUIl HEOOXOIUM HENPEPHIBHBIN 1e(heKT MacChl
Matepun. HenpepriBHbIHN 1eeKT Macchl MaTEPUH JOCTUTAETCS IBYMsI BapUaHTaMU:
YCKOpEHHEM MaTepUu U HETIPEPHIBHO U3MEHss Maccy Matepun. HempepbiBHOE
M3MEHEHHE MacChl MaTEPUN 3aKOHYUTCSI OOHYJIEHHEM MacChl MM BO3SHUKHOBEHHEM
OTPOMHOM Macchl. DTOT BapUAHT TYIUKOBBIH. /[BUkeHNE ¢ TMHEMHBIM YCKOPEHUEM
TpeOyeT HEeMPEPHIBHOTO MPUXOa/BbIJICIICHNUS SHEPITUU — BapuaHT HepeasieH. Ocraercs
BApUAHT JIBKEHUS MaTepUU C YCKOpeHUeM, 0e3 U3MEHEHUsI SHEPIruu MaTepuu -
JBUKEHHE MaTEePUH C EHTPOCTPEMUTENIBHBIM YCKOPEHHEM - IIUPKYisinus. B marepun,
JUINTENBHOCTh IHUPKYJIALHUNA MacChl, OTpaHNYEHA CHJIaMU BHYTPEHHETO
B3auMoiecTBUS. HenpepbIBHAS IUPKYIISIIUMA MacChl BO3MOXKHA BHE MaTepuu. Kakoi
J0JDKHA OBITH (popMa y upKymupytomieid Maccel Mmatepun? Chepudeckas popma He
MO3BOJISIET CO3J]aTh PAaBHOMEPHYIO LIUPKYJISALHUIO MO BCE Mmomanau cgepsl.
Hupkynsuuio gedexra Mmacchl MaTepUU MO3BOJISET CO3/1aTh (PUTypa TOP.

JInst HUpKyAsSUMy Macchl JOJDKHBI CYILIECTBOBATh AIEMEHTAPHbBIC YACTHILIBI.
CoracHo ypaBHEHHIO (3) 3TH yacTHUIBI 00J1a1a0T KOHKPETHBIM 00beMoM. Ho
KOHKpETHBIA 00BEM C KOHKPETHOM Maccoil ecTh MaTepualibHas 4YacTUIIA.
CrnenoBarenbHO, Ae(heKT MacChl CO3/IaeTCsl YaCTUIIAMH, HE UMEIOIINX MacChl MOKOSI U
obnanaromux 06beMoM. YacTulibl T0JKHBI UMETH PopMy Topa. B Tope Bo3MOKHO
BpallleHHE BHYTPHU U 110 OKPYKHOCTHU. BpalieHue no okpyxHOCTH, TIO3BOJISIET
HabmoaaTh (ppeKT Bpamaronierocs nois. Bpaienne BHyTpU cO3aeT 1yalbHOCTh
«BXOJI — BBIXO/1», PETUCTPUPYEMYIO, KaK MoJiroca. BuxpeBoii MoTok yepes nojroca,
HEJIb3s pa30pBaTh HA IBE€ MPOTUBOIMOJOKHO ABUTAOIIMECS YacTU. Pa3opBaHHbIN TOp
paspymaercs Wik o0pa3yeT TOpbl MEHBILIETO pa3Mepa, T.€. pa3JeuTh pa3HOUMEHHbIE
IIOJIFOCA OJHOTO TOJIS HET BO3MOKHOCTH. JJaHHOMY OITMCaHUIO COOTBETCTBYIOT
CBOMCTBA MarHUTHOTO NOJIsA. 113 N3BECTHBIX B IPUPOJIE IIEMEHTAPHBIX YaCTHULL,

ONMHNCAaHHBIM YCJIOBUAM YIOBJICTBOPAIOT HeﬁTpHHO, MaTEMaTUYICCKU NPCACTABJICHHLIC

dopmymoit +V,dM, . CienoBarenbHo, HEHTPHHO MPEACTABISIET CO00# TOp €3 MacChl

IIOKO4. HpOTI/IBOHOJIO)KHBIC HaIllpaBJICHUA BpalllCHUA ;[e(beKTa MaccChl, IO JUaAMETPY

TOpa, OTHOCUTCIIbHO ITOJIFOCOB, CO3AAar0T 3HAKU Y HeﬁTpHHO.
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Yactuiipl, He UMEIOLIME MACCy NTOKOS, IPU U3JIyY€HUU U NOTJIOIIEHUH, CO3/1al0T
MUTI'palluiO MacCChbl. MI/II‘paLII/IH MAacCChbl B MArouTe MpuBciia 6]31 K UIBMCHCHUIO IIJIOTHOCTHU
MaTepuH Ha MOJIocax MarauTa. OJHOBpeMeHHast MUrpamus GopMel u3MeHsieT Gopmy
TeJa Ha MarHUTHBIX MOJIIOCAX, IPU COXpaHEHUH MI0THOCTH. Ha oHOM mosntoce
MarHuTa JOJDKHO 00pa30BbIBAThCS YriIyOJIeHUE, Ha IPYTOM I0JIF0CE BOZHUKAET
BBIITYKJIOCTD. IT1OT BbIBOJl MOKHO ITPOBCPUTD.

Martepwus, ¢ HyJIeBOI Maccoi mokosi, 3To aHaior Gopmsel. Eciu mupkymupyer hopma, To
MarHUTHOE T0JIe U3MEHSET OKpYKarollee (pru3nueckoe NpocTpancTBo. M3meHenue
IMPOCTPaHCTBA BJIMACT HA MIOBEACHUEC ABMKYIINUXCA YaCTHUL, ITOJTYUYUBIINUX CBOIICTBA OT
M3MEHEHHUs (PU3MUECKOTo MPOCTPAHCTBA - YACTHUI] 00JI1aJaI0IIKX 3apsIoM. DTO
OOBSICHSIET MNPUYNHY OTKJIOHCHHA ABMXKYIIHUXCSA 3apsAKCHHBIX YaCTHUIl B MAarHUTHOM

I10JI€.

Ipu dE,, =const, aqmutiuBHOCTH 1e(heKTOB Macchl, B ypaBHEeHUH (3), BBI30OBET

PEaAKIUIO HpOTHBO}IeﬁCTBHH B BUJIC O6pa3OBaHI/I${ MarduTHBIX HOJIEeH NN HU3JTy4CHUA

HEeHUTPHHO, TIPH TIpolieccax pasaenenus/cunte3a Marepuu. [Ipu dE  # 0 ammuruBHOCTD

nedeKTOB MacChl MaTepuu OyIeT ociiabieHa HatndueM JaedeKTa SHEPTHH MaTEPHH.

PaBencTBo addekra, oT ABMKEHHS AePEKTa MaCChl U IBHKEHHUS CaMO MaTepuH,

CO3/Ia€T U3MEHEHHSI MAarHUTHOTO TIOJISL, TIPY JIBMYKEHUH MarHuTa.

ITo ananoruu ¢ gedexrom oobeMa:

- OTCYTCTBHUE JIe)eKTa MacChl MITU €r0 He3HAUYUTEIbHOCTh |£dM| <<M ,omuchiBacT

KJIACCUYECKYIO (DU3HUKY;

- OTCYTCTBHE MAacChl MoKost £dM=(), onuchIBacT KBAHTOBYIO (DU3HKY;

- PETUCTPUPYEMBIi TEPEKT MACChI OMUCHIBACTCS PEISITHBUCTCKOM (PU3UKOM.

3. H3MmeHeHMe SHEPTUU MaTePHATIBHON CUCTEMBI MPH JIePEKTE TEMIIAa BPEMEHHU B

MV, (T, £d7T £dT))
T,?

4)

cucteme. dE, =—

dEt— u3MeHeHne SHEPTUU MaTePUAIbHOM CHCTEMBI ITpU eeKTe TeMIIa BPEMEHH.
dT — HenpepbIBHOE U3MEHEHUE PHPOJIHOTO TEMIIA BPEMEHH;
d T1 — BIMsIHUE BHENIHUX JIeEKTOB TEMIIa BPEMEHHU;
BHyTpu cko60k coOmoiaeTcst aiJMTHBHOCTb.

JU1g poI0JDKEHMS aHaIu3a HY»KHO JaTh OTBET Ha Bompoc: «HTo Takoe
JBUKEHHE BpeMeHU ?». J|BUJKEHUE CO3/1aeT U3MEHEHNE KOOPIMHAT B CHCTEME OTCUETA.
Hedekt, 370 nBMKEHHE YacTH WK Beero SBnenus [pupoast. s M13MeHEHUs: BpeMEeHH,

IIpu ABMKCHUHU BPEMCHU, JOJDKCH U3MCHATHLCS I10KAa3aTCJIb BPCMCHHU. ITokazaTenem
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BpeMeHHU sBisieTcs ero temn. ClieJoBaTeNbHO, IBUKEHUE BPEMEHU 3TO U3MEHEHHE
TEMIIa BPEMEHH, IIPU ABMKEHUU BpEMEHU. [Ipyrumu cioBaMu, 4To Obl BpeMsi ABUTajIoCh
HEIPEPBIBHO, €r0 TEMII BPEMEHH JI0JDKEH HENPEPHIBHO U3MEHSTHCS. OTBIEKYCh.
JBuraercst y HaC HacTosIee, U Mbl B HeM. J[J1s1 Hac HacTosIee HEMOIBUKHO, T.€.
Bpewmsi, kak peanbHOCTb, CyIIECTBYET TOJIBKO B HEITOJABIKHOM Bue. Bapuanra niBa:
HACTosIIIee 1 OCTAHOBJIEHHOEe BpeMs (Kak B poToHE).

Pasznenum ypaBuetnue (4)na ase yactu. [lpu d7, =0

MoV (dT)
T T

0 0

~dE, = )

MoVo omuchIBaeT XapaKTePUCTHKU MaTepuu B okoe. Bennunna 1/7,, xapakrepusyer

JUINTEIBHOCTh HACTOSIIIETO - MPOJIOJLKUTEILHOCTD MIEPHOJa BPEMEHHU «Ceiuacy.
JUIMTenbHOCTh COOBITHSI COCTOUT U3 CYMMbI MHOKeCTBa nepuoioB //7To . Jlo MomeHTa
«ceituacy Haxoautcs Oymaymiee. [Tocme MoMeHTa «ceiyacy, BpeMsi CTAHOBHUTCSI
npouuikiM. CrieoBarenbHO, Mponuioe odpasyercs u3 Oyaymiero 3a nepuon //To wim

1/To siBAsieTCs epro oM TpaHcpopmaruu Oyaymiero B nponuioe. B aToMm ciyuae,

OVO

dbopmyna OTHCHIBAET HaXOKJeHUE MaTepuu B HacTosimeM. CymMmMa MOMEHTOB

0

«ceryacy, perucTpupyercs, Kak ABH)KEHHE MaTEepPUU BO BPEMEHHU.

(dT)

OTHOImEHNe ——= OIMCHIBACT U3MECHCHHUE TEMIIa BPECMCHH.
0

Temn BpeMeHU U3MEHSIOT, IPUIaB MaTepUU CKOPOCTh (KUHETUYECKYIO
SHEPrUI0) WIN POCT KHHETHUECKON SHEPTUH 3aMe uIseT Temn Bpemenu. [Ipu obpatHom
rpolecce, MPOUCXOAUT YCKOPEHHE TeMIIa BPEMEHHU U O0TJjaua KUHETUYECKOM SHEPTrUuu
MaTepHUaIbHBIM TEJIOM B BUJE 3JIEKTPOMArHUTHOMH (TEII0, CBET) SHEPTUH.
CrnenoBarenbHO, YCKOPEHHE TEMIIa BPEMEHU CO3aeT MPOIECC BbIICICHUS MaTepuen
AIIEKTPOMArHUTHOTO U3TyueHus. Eclii u3MeHeHue TeMia BpeMeHH B MaTepHH
MIPOUCXOIUT MPU MOTYYCHUN KUHETUYECKOM SHEPTUHU WM COMPOBOKIAACTCS
BBIJICJICHUEM BJIEKTPOMAarHUTHOM HEPTUH, TO IPUPOJHOE U3MEHEHUE TEMIIA BPEMEHHU
CO3JIa€T B MAaTEPHUH aHAJIOTMYHBIN Ipouecc. B aTom citydae, npu ecTeCTBEHHOM
YCKOPEHUH IPUPOJHOTO TEMIIAa BPEMEHHN, MACCUBHBIE MaTEpHAJIbHBIE TEJIA U3TY4atOT
AIIEKTPOMArHUTHYIO SHEPTHIO, & MEHEe MACCUBHBIE UMEIOT BHYTPH ce0sl HarpeToe win
pacruiaBiaeHHoe sApo. Y 3emiu sapo paciiasieHo. CatypH u FOnurep usinydaror B

MMPpOCTPaHCTBO SHCPIHUU 60J'IBH_IC, YCM IOJIYy4arOT OT COJ’IHLIEL COJ'IHI.[C " 3BEC3 b1



U3JIy4yaroT 3JIEKTPOMAarHUTHYO 3Hepruto. Kakast yacTs 3Hepruu, u3iaydaemast 3B€3101,
IIPUHAUIEKUT SHEPTUM OT IBUKEHUS 3BE3/bl BO BpEMEHU?

W3 dpopmysel (4) cremyer, 4TO KOJIMYECTBO DHEPTHHU, H3ITy4aeMON MaTepUei, pH
M3MEHEHHUH TeMIIa BPEMEHH, PaBHO MPOU3BEIACHUIO MACChl MAaTEPUH Ha 00BEM
aJIeMEHTapHBIX YacTull Matepun. O0beM MaTepHUH MPOTIOPIIMOHATICH €€ Macce.
CnenoBarenbHO, BbIJICIICHUE SHEPTUU 3BE€3/1aMU, IPU U3MEHEHUH TEMIIa BPEMEHH,
MIPOIMOPLIMOHAIIBHO KBAJPaTy MacChl 3B€3/Ibl WU YAEIbHOE BbIJECIEHUE SHEPTUN
3Be€3J]aMH MPONOPIHOHATIBHO Macce 3Be3/1. Koppekiuio B nu3iydeHre SHEpruu BHOCUT
XMUMHMUYECKUN COCTaB 3BE€3]l, HO 00 3TOM IO3/IHEE.

YBenuueHue IIOTHOCTU AJIEMEHTAPHBIX YaCTUIl MAaTEPUH C IITyOMHOW HE3HAYUTENBHO.
[Toutn paBHOMEpHOE BbIJIETICHUE SHEPTUU, MaTEpHUE 3BE3]], HE CIOCOOHO CO3/1aTh
OO0JIBIION rpaiueHT TEMIEPATYPbl, MEX/TY TOBEPXHOCTHIO U LIEHTPOM 3BE3/bI. DTOT
(akT noATBEp:KAAETCS IMpU aHAIK3e Kojebanui nosepxHoctu ConHiua. Xapakrep
Kojebanuit nosepxHoctu CoJiHIIa TOBOPUT O TOM, uTO COJIHIIE, TOYTH PABHOMEPHO
Harpetoe Teno. [IpoBepky MOXKHO clienarh, U3Mepsis TEMIOBOE U3ITyYEHHE C
noBepxHocTH JIyHbI, B TyHHYIO HOUb. M30bITOUHOE N3TydeHHE TOATBEPIUT TaHHBIE
BBIBOJIBI.

B doTonax coxpansiercs TeMin BpeMeHn BceneHHoM, CynecTBOBaBIIN IPH €T0
BO3HUKHOBEHMH. VI3MeHeHne TeMIia BpeMeHH BO BeeneHHoM, co31acT «KpacHOe) Uin
«(puoneroBoey cMernieHue crekTpa uznydeHus y goronos. Hannuue B [Ipupone
«KpacHOTO0» CMeUIeHHs crieKTpa GOTOHOB, YKa3bIBACT Ha MOJIOKUTEILHOE YCKOPEHUE
temma Bpemenu B [Ipupoge. [IpakTuuecku 3To0 MpOBEPUTH TPYIHO, T.K. aHATIOTUYHBIM
sBisieTcst addekt Jomepa.

Ecnu Hacrosiee 3To nepuoa Tpanchopmanuu Oyayiiero B mpousioe, To
BO3HHKAaeT Bompoc: «Uto, u BO 4To TpaHchopMupyercs?

B3siTh yacTuily BpeMeHH MOXHO TOJIbKO U3 adupa ToEg. Ddup, ormaet yacts cBoero
Bpemenu 1/To, Ha oOpa3zoBaHNE HOBOTO MOMEHTA «ceiiuacy. D¢up, 0TaaB 4acTUILY
BpeMeHH, u3Mensiet cootHouienue TE, coznaBas TpeOOBaHHUS U3MEHEHUSI SHEPTUH.
N30biTOK 3Hepruu dE, nzinydaercs B OKpyxarolee mpoctpancTso. ClienoBaTenbHo,
MOMEHT "ceifuac" cymecTByeT HelpepbIBHO, MOTOMY, uTo Ddup Beenennoit
HeNpepbIBHO TpaHchopmupyeTcs. BeiBos. Ddup, cyOcTannus, odecreunBaronias
[Ipupone Oymymiee.

UYro tpanchopmupyet apup, cozaaBasi HaCTOsAIIEE, U Jajiee MPOILIoe, C BbIICICHUEM

sHeprun? B cootnomennu (5), yem 6ompure BennunHa MV, , Tem Gonblue BeIgemseTcs
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SHEPI'UU MIPU U3MEHEHUH TeMIla BpeMeHu. Bennunna MV, nokasbiBaeT KOJIMYECTBO

Matepun. CreoBareinbHO, Matepusi, Tpanchopmupys Ddup, co3aaer Bpems "ceituac',
T.€. MaTepusl sBIsiETCS MpeodpazoBareneM Oynymiero B npouuioe. Bo Beenennoii, 6e3
MaTCpuu, ABUXKCHMA BPEMCHH HC BOSHUKHET U HACTOAIICTO — MOMCHTA «cenyacy He
BO3HHUKHCT.

Ho xyna ucuesaer npenpinyiee "ceiiuac"? CoxpaHeHHE HACTOSILETO CO3/1aCT
BO3MOXHOCTB IIEPEMEIICHHUA B ITPOIIJIBIE MOMCHTBI «ceryacy. Takue coObITHS HE
3aperucTpupoBaHbl. Ecim HacTosee He COXpaHseTcs, TO BO YTO OHO
TpaHcpopmupyercs?

Jlnst oTBeTa paccMOTpuUM puc. |

E

ey

Puc. 1

[TokazanHoe Ha ¢urype nepeceueHue mIOCKOCTEN, UMEET CBOMCTBO "TEPSITh" OJHY OCh
IJTIOCKOCTEM, COBMeEIIIast IBa BEKTOpa B 0AHOM. O1HA OCh CTAHOBUTBLCS ABOMHOMA.
Kaxxnas och umeeT KOHKpeTHOE Qu3nueckoe 1 HHPOPMAIIMOHHOE 3HAYEHHE.
O6benuHeHne IByX oceil co3aaeT noTepro nHGOpMaLuu.

Kaxkue nBe ocu o0beauHmmmch? M3 n3BectHrix SBnennii [Ipupoapl TeMn BpeMeHu He
peructpupyercs. CienoBarenbHo, Tpadguuecku "ucue3HyBIICH" OCBIO SBIISAETCS TEMIT
BpemeHu. C kakoi oceto "caBomiics" TemMn BpeMeHH? C OChbIO SHEPIUU HET, TaK Kak
TE sBnsieTcs OAHOM IIIOCKOCThI0. Clie0BaTeNbHO, OCh TEMIIA BPEMEHU COBMECTHIIACH
C OCBIO MacCChl HJTH OChI0 00beMa MaTepuu. Martepust IBUKETCS BO BpEMEHH, UMest
pa3zHoe KoJu4ecTBO 3Hepruu. Ciaen0BaTesibHO, C BEKTOPOM TEMIIa BPEMEHHU COBMA/IAET
BEKTOp Macchl MaTepu. COBMENIEHHbBIE OCH MOTYT COBIAAATh IO HAIIPABICHUIO WU
OBITH IPOTUBOIOJIOKHBIMU. ECIT BEKTOpa COBMAIAIOT MO HAIMIPABJICHUIO, TEMI BPEMEHU
1 Macca JOJDKHBI Ky/la TO UcUe3aTh WM U3 YEro TO MOSBIATHCS, UTO HE PEaIbHO.
Jpyroii BapuaHT: OCbh TEMIIa BPEMEHU U OCh MACChl HAPABJIEHBI BCTPEYHO.
[IpoTHBOMOJI0KHOE HANIPABIEHUE OCEM MOKHO OMUCATH KaK COOTHOLIEHUE:
M=1f(-T) (umuM +T =const ) (6)

DTOT BapuaHT NOKA3bIBAET YBEIMUYECHHE MacChl MaTepuu Bo BeeneHnHoil,

tpancopmanuein TE Bceenennoii, B Maccy matepun. Poct macchl Bo BeeneHnHol,
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YBEIMUMBAET KOJMYECTBO MpeoOpa3oBaHHOr0 Dpupa 1 yCKOPsIET TEMIT BpEMEHHU.
Tpanchopmanus 3¢upa B SHEPTUto, U «ceiiuacy, Hapymiaet pasHoBecue MV =ET ,
CJIEI0BATENIbHO, TAHHOE PAaBHOBECHE BEPHO Il JAHHOI'O MOMEHTA «Cerndac.

C TOuKM 3peHus PeACTaBICHHON TpaduKy, d3bup Hame Oyayiiee, MaTepHsl Hallle
npouuioe. BpeMs cyiecTByeT TOJIBKO B MOMEHTE «Celdacy - MOMEHTE MEXY
MPOLUIBIM U OyayiiuM. AOCTpaKTHOE MHOKECTBO MOMEHTOB «Ceiuacy co3/1aroT
JUTUTENTEHOCTH COOBITHS MIIH IPOMEXYTOK MeX1y coObITusiMu. Bpemenu, 3a
Mpe/iellaMH HACTOSIIEro = MOMEHTa «celyacy HeT. 3a mpejesiaMu «cerddacy) Bpemst
CYIIIECTBYET KaK KOMIIOHEHT Ddupa (OyayIIero) uiu B BUI€ MaCChl MaTEPUH
(mpomnoe). «Ceitdacy yxe He Dup u elle He MaTepusi, Co cBorcTBamMu Jdupa u
MaTepHuu. ITa CPeIUHHOCTD MO3BOJISIET COBMECTHO MPUCYTCTBOBATh B MOMEHTE
«ceiuacy mpouuiomy (Matepun) u Oyaymemy (3¢upy).

BeimosiHeHue ypaBaeHust (6) BO3MOXKHO, €ClIM B3auMHas CBsi3b SIBiieHuit [Iprpoipt
MPEeCTaBICHA CIEAYIONMM cooTHOeHneM M =iV =—E=-T .

Tpanchopmanusg Ddupa B MaTepuio CONMPOBOKIAECTCS BbIICICHUEM
AIIEKTPOMArHUTHOM SHEpruu. UTo MPOUCXOAUT € IEKTPOMArHUTHBIM U3TydeHHuEM ?
DJIEKTPOMArHUTHOE U3JTyYEHHUE MOTJIONIAETC MaTepHUeil, B3aUMOJICHCTBYET MEXKIY
co00ii. DTH mpoLecchl BEAYT K MOTEPe FJHEPTHUH, Y AIIEKTPOMArHUTHOTO U3IIy4EHUs, U
00pa3oBaHUIO U3ITyUYeHHUs ¢ OECKOHEUHBIM NIeproI0oM Kosiebanus. Yem sasiercs OMU
¢ 6ECKOHEYHBIM Mepro oM Kosiebanust? OTBeToM OyzeT aHamor cooTHolneHus (6) B

BHUjIe mapbl «00beM — sueprus» V = f (—E), DnexktpoMaruutHas SHEpPrus

TpaHCPOpPMUPYETCS B «CTPYHY» MPOCTpaHCTBA WK Beenennas pacmupsercs,
Tpanchopmanueir MU B mpocTpaHCTBO.

Tpanchopmupys >¢up, MarepraibHbIe TEIa CO3JAI0T MEXKIY CO00i pazpsukeHHe
adupa. [lox neiictBueM pa3pspkeHUs Telna MPUTITUBAIOTCA, U BO3HUKAET AP PEeKT
rpaBuTauuu. CieaoBaTesbHO, TPABUTALIMOHHOE B3aMMOIEUCTBUE CO3/1aHO
CYIIECTBOBaHHEM HACTOSIILIETO, T.€. ABIKEHHUEM BpeMeHU. PaszpsikeHue a¢upa CHUKAET
WHTEHCUBHOCTB MPeoOpa3oBaHus dGupa B SHEPTHUIO, T.€. TPABUTAIMS OCIA0ISIET
nporecc Tpanchopmanuu d3pupa B SHEPTHUIO.

[Ipeo6pazoBanue rpupa moa00HO Mpolieccy BcackiBaHUs dpUpa MaTEpUE, 4TO
CO37acT BpallaTeIbHbIi MOMEHT B MaTepuu. JHEPrus, sl 00pa3oBaHUs

BpAaIlaTEIbHOTO MOMEHTA, IPONOPLMOHAIIbHA BO3HUKAIOIIEH dSHEPIUY, T.€.
norunHseTCs 3aBucuMocTH E = f(M?). DHeprus BpareHus MaTepuanbHOI TOUKH,

IMponopHnuoHalibHa KBaapaTy er'IOBOﬁ CKOPOCTH. PaBHBIE 3aBUCUMOCTH, BBIJICTISIEMOH U
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MOTJIOIIAEMOHN YHEPTUH, CO3AayT 3 (HEeKT IMHEHHOTO YBEeIUYSHHS YIII0BOI CKOPOCTH,
B CJIOSIX TUTAHET U 3BE3[l, IPH NMPUOIMKEHUN K IICHTPY. YBEJIUYEHHUE YIIIOBOH CKOPOCTH,
OT [TOBEPXHOCTHU K LIEHTPY, CO3JaeT HAIIPSHDKEHUS CABUTA, B TBEP/BIX CIIOSIX U BpallleHUE
XKUAKOTO sizipa. SAnpo 3emin BpaiaeTcs ObICTpee ee MOBEPXHOCTHBIX clloeB [9].
Hanpspokenus casura, B TBEpABIX CIIOSX IJIAHETHI, CO3/1aCT YCIOBHUS Ul CMEIICHMUS
CJIOEB OTHOCHUTEIBHO APYT Apyra. CMemeHne CI0eB MPOSBUTCS Kak Apeid MaTepukoB u
3eMJIETPSICEHHUS.

Wznydenue sHeprun matepuei, ot Tpanchopmannu Idupa B MaTEpPHIO, CO3JACT B
MaTepuu MPOTUBOIECHCTBYOIMH ITporecc. [[poTMBOAEHCTBYIOIMM IPOLECCOM
CTAaHOBUTCS IOTJIOIICHNE SHEpruu Matepuei. [lormomenue s3Hepruy, o CBOEH CyTH,
siBiIsieTCst TpaHchopMmanueit suepruu. CnocoOHOCTh TpaHCHOPMUPOBATH FSHEPTHUIO,
peasin30BaoCh MO JIBYM HAlpaBJIeHUSIM: «TpaHchopmalys sHepruu GoTOHOB —
n3MeHeHue (POTOHOB, HE TpaHCHOPMUPYS UX dSHEPTHIO». «3MeHeHne HOTOHOB, HE
TpaHCPOPMUPYS X FHEPTHIO» PEATU30BAIACH, KaK CIIOCOOHOCTh MATEPUH OTPaXKaTh
(boToHBI — TpaHchopMalus Mo HarpasiieHuo. « Tpancgopmarnus s3Heprun HOTOHOBY
peann3oBagachk B CIOCOOHOCTh MaTepUH TPAHCPOPMHUPOBATH YHEPTHIO (POTOHOB B
JOpyroi BUJ SHEPruu. J{pyruM BUAOM 3HEPTUHU CTajla SHEPTUsI KWHETUYECKas U
TEII0Bas.

[Iposepka. JIBi:keHUE 3epKal JOJKHO U3MEHSTh UX OTPa)KaTeIbHYIO ClIOCOOHOCTb.

Marepus, TpanchopMupys 3Heprur0 GOTOHOB, B KHHETUYECKYIO SHEPTHUIO,
co3zalia MpOTUBOICHCTBYIONIME IPOLECCH IO HAMIPABICHUIO U KOJIUYECTBY.
Tpanchopmanuio o HanpaBIeHHUIO MPUBEIa K BOSHUKHOBEHHUIO BPAIATEILHOTO
nsuxkeHus. KoamdectBenHas tpanchopmaius co3aana yCKOpEHHeE.

DBOJIOIMOHHOE PA3BUTHE CIOCOOHOCTH M3JIy4aTh (POTOHBI IPUBEIO K POCTY
noTeHnuana u3nydeHus. [loreHnnan usnydeHus pacnaics KauyeCTBEHHO U
KoJnmuecTBeHHO. KoruecTBeHHBIN pacaj] co3/1ail HHTEHCUBHOCTD U3ITyYEHHUS.
KauecTtBeHHslii pacmnaj co3nai crnekrp. Jlanee MHTEHCUBHOCTD U IIUPUHA CIIEKTPa
yBennuuBaIuch. CreoBaTeabHO, PETUKTOBOE U3YYEHHUE JTOJIKHO OBITH CIa0BIM I10
WHTEHCUBHOCTH U «CHKATBIMY IO CIIEKTPY, AAKE C YUETOM «KPaCHOTO CMELICHUS».

Ha pucl. B3aumopeiicteue kBaapantoB MV u TE coznaet cootHomenust M:E u V:T.
J171s B3aUMHOM CBSI3H, HE3aBHCUMBIX CUCTEM, HEOOXOJUMO MECTO KOHTAKTa WU
nocpenHuk. IlocpeHUK OMDKeH 00J1aAaTh pa3MEPHOCThIO 000MX HE3aBUCUMBIX
cucreM. [yt mpocTpaHCcTBa M BPEMEHH, Pa3MEPHOCTD MOCPEIHUKA JOJDKHA COIEPIKATh
pa3MepHOCTH BpEMEHH U MpocTpaHcTBa. [locpenHuK He ToKeH ObITh HU BpEMEHEM HU

MMpOCTPaHCTBOM U 06J13.IlaTB XapaKTCpUCTUKAMU BPEMCHH U IIPOCTPAHCTBA.
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XapaKkTepUCTUKON BPEMEHU SBIISICTCS HENPEPBIBHOE JBUKEHUE. Il pOCTpaHCTBa
XapaKTepHO cocTosiHue Nokosl. [locpeaHuk 1omkeH ObITh B IOKOE BO BPEMEHHU U
IIepEMEILATHCS B IPOCTPAHCTBE. BpeMs v IPOCTPaHCTBO peabHbl, HO HE MaTEPHAJIbHBI.
[TocpenHuk AByX HeMaTepHUaIbHBIX CYIIHOCTEH JOJDKEH OBITh HE MaTepHaabHbIM. [1pn
JIMHEIHOM JIBUKEHUH, JJI1 KOHTAKTa B IIape «BPEMs — IPOCTPAHCTBOY, IOCPETHUK
JOJKEH OBITH OJIMH M UMETh Pa3MEPHOCTh M/CeK. V3 M3BECTHBIX SIBICHUH, STHM
rapaMeTpaM COOTBETCTBYET CKOpOCTb. [Ipu ocTaHOBKE ABM)KEHUSI BDEMEHU HACTYIAET
¢uKcalus MOMEHTa «ceiluacy, Ha KOHKPETHOH (IJIaHKOBCKO) BennunHe. KoHkpeTHast
JUINTEIHHOCTh MOMEHTA «ceilvacy 3a7aeT KOHKPETHBIH Mpeies CKOPOCTH — CKOPOCTh
ceta B cpene. [Ipu TakoM BapraHTe, IOCTYJIAT O MOCTOSIHCTBE CKOPOCTH CBETA,
MOJIy4aeT MaTeMaTUYECKOE U JIOTHYECKOE OOBSICHEHHE.
CooTHomenne M:E, 06mafaeT pa3sMepHOCTBIO KK U BapupyeTcst oT Hyiis 10 MC2.
[Tocpenauk HEe MOKET OBITH A0COTIOTHBIM HYJIEM (TOYKOM Ha OCH KOOPJIMHAT).
Bmecrto Touku, 00beIMHSAIONIEH 1yaTbHOCTh U KOMIUIEKCHOCTh, OCHOBHbIE KOMIIOHEHTBI
MIPUPO/IbI 00bETMHEHBI KOHKPETHBIMU AHana3oHaMu. OO0beMHas cpeJuHHast
Touka/cdepa, Mo3BOJSET MPOUCXOIUTH MPEOOPa30BAHUSIM MEXK Ty SIBICHHUSIMU B
IIPUPOJIE U CO3/1aBaTh HENPEPBIBHOCTh: (POPMBI; IBUXKEHUS B IPOCTPAHCTBE;
CYLICCTBOBaHHS BO BPEMEHHU.
4. MW3menenue sHepruu, npu aedexrax Maccel, 00beMa U BpeMEHH B cucTemMe. B
MaTepuu TpU Je(eKTa BO3ZHUKAIOT MPH paclajie/CHHTE3€ MaTepUaIbHbIX CUCTEM U IIPU

(M £diM)(V £diV)(T +diT)

newkennn matepun. dE, , = = (7)

0
dE,, — M3MEHEHHE SHEPrHU CUCTEMBI IPH Je()eKTax Macchl, 00beMa 1 BPEMEHH B
cucreme.

di — nedexT BO3HMKAIOMMIT OT ABMKECHUS, HATMYUS TOJIS, 3apsaa U MarHUTHBIX MOJICH,
IIPOLIECCOB pa3/IeNCHHsI/CUHTE3a, BIMSIHUE BHEIIHUX MOJIEH.

Pacnian marepun conpoBosxaaeTcsi IpuoOpeTeHHEM CKOPOCTH y ee yacTeil. [l cuHTe3a
HE00X0/AMMO HAJIMYME CKOPOCTH Y KOMIIOHEHTOB. M3MeHeHue moboro nedexra
BBI30BET OTBETHYIO PEAKIIMIO B OCTAJIBHBIX JedekTax. Peakius HanpaBieHa Ha
CHIDKEHHME U3MEHEeHHUs nepBoro aedexra. [IpoTruBoeicTBys BOZHUKHOBEHUIO
nedekroB, Mmatepus u3MeHseT GopMy, JIEKTPUUIECKHE U MArHUTHbIE CBONCTBA,
pearupyer U3MEHEHUEM CKOPOCTH UJIM TEMIIEPATYPBHI.

B maTepun nBukyieiics, npu oTCyTCTBUM pacrnaja, npoussenenue MV=const, T.e.
BapupyeTcs TOJbKO nepeMeHHast 07 1 SHeprus IBUKYLICHCS CUCTEMBI,

nponopuuoHajlibHa U3MCHCHUIO TCMIIA BPEMCHH. CKOpOCTL €CTb IIOKa3aTeCjib
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KMHETUYECKOU 3Hepruu tena. Temneparypa cBsa3aHa ¢ 3JIEKTPOMarHUTHBIM
U3JIy4eHHEM, T.€. TEMIepaTypa eCTb KBAHTOBAs COCTABIIAIOIIAs B 00IIeM fedeKTe

BpPCMCHU MATCPUH.

Koportko.

1.  Ha Temm BpeMeHH BIHUSIOT MPOLIECCHI, TOPMO3SIINE XOT BPEMEHH.
CnenoBarenbHO, 4eM 0O0JIbIlIE Macca U CKOPOCTh IUIAHETHI, TEM BBILIE HA HEH
TeMIieparypa abCcoI0THOTO HYJIS.

2. 'paBuTanns MPOTHBOICHCTBYET MBUKECHHUIO BpeMeHH. MOXKHO cKa3ath, 4to dT
HaIpaBJICHO HABCTPEUY IPaBUTAINH, T.€. JHEPTHUS H3ITyUYCHHE 3BE3/1 BIHUSICT HA
T'PaBUTAIIMOHHYIO IMOCTOSHHYIO TUIAHET (3aBUCUMOCTH OT BPEMEHH CYTOK).

3. CKOpoCTb 3aMeIseT TeMI BpeMeHH. [Ipu CKOpOCTH CBeTa, N3ITydeHUS SHEPTHH
CHCTEMOM HEeT U (POTOHBI HE M3ITyJaroT SHEpTHio. [109TOMY, POTOHBI, TPOXOIAIIHE
MHUMO, HE BUJMMEI, T.€. [IpOoCTpaHCTBO MOJIHO CBETAa U HE CBETUTHCHL.

4. Ilpu cKOpOCTH CBETa HACTYIAET OCTAHOBKA JIBWKCHHUSI BPEMEHH, T.€. U3MEHECHUE
TeMIa BpeMeHH npekpamaercs. [Ipekpaienre n3MeHeHns TeMia BpeMeH! (pukcupyer
HacTosIee, HA KOHKPETHOM MHUHHUMAIbHOM 3HaYE€HUH, OTIINYAIOLIEMCS OT HYJISL.
KoHkpeTHas Benu4rHa AIUTEIBHOCTH HACTOSILET0, HE MIO3BOJIAET ABHKYILEHCS
cucteMe obyagaTh OECKOHEYHOM MacCOl M HYJIEBBIM 00bEMOM, TIPH IBHXKCHUH CO

CKOPOCTBIO CBCTA.

Baunsinue negexroB Marepuu Ha Tpanchopmaumnio Ipupa.

Pa3nenenuie Marepun Ha AyalibHbIE YaCTH U3MEHSET Mpoliecc MpeoOpa3oBaHus
adupa B MaTepuio 1 sHepruto. JlyalbHOCTh CO3/1aeT 0OpaTHBII Mmpolecc —
TpaHcPOpMAaIUIO BPEMEHH «celdacy U SHEPrHH B dQuUp.

1. Helitpuno paBHbI 110 AeeKTy Maccchl, 00beMy U TPOTUBOMOIOKHBI MO
HaIpPAaBJICHUIO BpallleHUs. JTO cO3[aeT HyleBoi O6ananc. CienoBaTenbHO, HEUTPUHO HE
CO3/al0T U3MEHEHHE CKOPOCTHU TpaHchopMaiuu 3¢pupa.

2. 3apsKeHHBIE YaCTHIIbI UMEIOT CYILIECTBEHHYIO pa3Hully B Macce. Dpdext Komntona
[10 cTp 157] moka3bIBaeT, UTO IEKTPOH MOHMKAET SHEPTUio (GoToHOB. [IpoToH
TpaHchopMupyeT 3pUp B 3HEPTHUIO U BpeMsl «ceidacy. DIEeKTPOH TpaHCHOPMHUPYET
SHEPTHUI0 U BpeMs «ceituacy B adup. KonnuectBenHo (6o0sibiie 00beM U Macca), IPOTOH
paspymaet 3¢upa 60ble, YeM NIEKTPOH co3aeT. Bo3HMKaeT U30bITOK BhIACICHHS
SHEepruu aToMoM. HerpepbiBHOE MOTIOIHEHHE SHEPTUH HIIEKTPOHA, OT S/Ipa aToMa,

CcOo31acT CTaOUJIBLHOCTD 9JICKTPOHA B aTOMC. UeMm OosibIiie QJICKTPOHOB B aTOMC, TCM
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s dexTrBHEE 00pPATHBIN MPOIIECC M ATOM MEHBIIE BBIACISIECT SHEPTUH, IIPH JBIKECHUH
BO BpeMeHH. DTOT 3(p(hekT 0OBIICHIET BIMSIHNE COCTaBa 3BE3/1, HA UHTCHCUBHOCTh
BBIJICJICHUS. MU DHEPIUU.

3. Hammmume B Ilpupoae Heckoabpkux aedexToB oanoro siueHus [Ipupos, coznaer
B3aMMHYIO 3aBUCMOCTb COCTaBHBIX YacTel ypaBHenus (5). ['paButanms 3ameyiset
IIPUPOIHBIN TEMIT BpeMEHH. 3aMelJIeHHE TeMIIa BpDEMEHH BEJIET K YMEHbBILIECHUIO
BBIJICJICHUS DHEPTUU MAaTEPUAIIBHOW CHUCTEMOM, YTO MOKHO IIPEACTABUTD ABOMCTBEHHO:
- YMEHBIIIEHHE IIPUPOTHOTO TEMIIa BpeMeHH, pu MV = const ;

- u3MeHeHuu npoussenenus MV, npu  1/T = const=1/T,

B peanbHOCTH nTpoucxoasT 00a npouecca. B maTepuu, rpaBUTaliMOHHOE BO3ICHCTBHE,
W3MEHSIET TeMI BpeMeHU. V3MeHeHue TeMna BpeMeHH, U3MEHSIET BETUUYUHY
npousBeaenus MV marepuu. [Iporieccsl B mpupoie, Npu U3MEHEHUH NMPOU3BEACHUS
MV , u3MeHsIOT B OCHOBHOM 00beM Matepuu. [ledext oObema MaTepuu HarpaBjieH Ha
CHIDKEHHE BIMSHUS JedeKTa BpeMeHH Ha cucteMy. Clie1oBaTeNbHO, MJIOTHOCTD
MaTepHUH 3aBUCHUT OT KO3((ULIMEHTa UCTIOIb30BAHUS MPUPOTHOTO JedeKTa BpEMEHU B
cucreme. B snpe aToma, INIOTHOCTh MaTEpUU 00YCIIOBIIEHA IPUPOIHBIM Ae(hEKTOM
BpeMeHU. B atome, BiusHuE nedexra BpeMeHU 0cnabiieHo JeKTpoHaMu. B Mosekynax,
nporiecc ociadyieHust BIUsHUS AedekTa BpeMeHH, 3 (HEeKTUBHEE, UeM B aTOMaXx.
[ToaTOMy XMMHUYECKHE COETUHEHNS UMEIOT INIOTHOCTh HUXKE, CPEAHEHN MIIIOTHOCTH
COCTABJISIFOIIUX UX ATOMOB.

4. SIBnenue [Ipupopl, Npu MakCUMaJIbHOM 3HAYEHUH JI€PEKTa, CYIIECTBYET TOJIBKO B
BuJe nedexra. B 3ToM coCTOsTHMM y MaTepUH HET MACcChl IOKOSI U OCTAHOBJIEHO
M3MEHEHHE TeMIIa BpeMEeHU. DTUMU CBOMCTBaMU 00a1at0T (poToHbI. Clie10BaTeNbHO,
SHEPrHUI0 (POTOHOB ONHUCHIBAET COOTHOIIECHUE

_ —dMdvdT _ —dMdv _ dT

E = =
™ Toz T T

= hv 8)

h — Plank’s const.

V —4yacToTa HU3JTyUCHUA (bOTOHa.

1/To — pa3Mep/cTanapT TeMIa BpEMEHH.

9Hepr1/m (I)OTOHa 3alaHa yCJIIOBUSMU IIPU €TO0 BOSHUKHOBCHUH. 3TI/IMI/I YCIOBUSAMH

ABJISICTCS 4aCTOTA U3TTYUCHU. YacroTa H3JTYYCHHUA 3a4aCTCA XapaKTepHCTHKOﬁ dMdv

¢orona. Cnenosarensro, dT /T, omuceiBaet nocrosiauyto [Tnanka. [Ipumem Bennauny

MOTEHIMaa BpeMeHn D(dupa paBHON cTaHAAPTHOMY IPOMEXYTKY BpeMeHH - 1

CCKYHIC. yI-II/ITBIBa}I, 4yTO Bce SIBIeHUs HpI/IpO,Z[LI 00beMHEL. B sTOM CJIydyac, SOHEpIusia
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¢dusnueckoro Bakyyma (3pup B mpocTpaHcTBE), 00paTHO MPOTOPIHOHATHHA
nocrosiHHOM ITnanka u paBHa 2,88x10% 0xc / m° . Takas MIOTHOCTH SHEPTHH TO3BOIAET

MaTepUH JIBUTATHCS B PU3MUECKOM Bakyyme, 6e3 conpoTtuBnenus [11 ctp27].

. . 3h _
BeruncnnM nuHeliHyto BennuuHy nocrosHHoi [Inanka G, = 3/_ 4—: 1,08*10*
T

G, -nuHeliHas BeIU4YMHA OCTOSHHOM [1nanka.
Matemarnueckn G, omnmceiBaet pamuyc cdepsr oobemom h. YmMuoxum G, Ha 2T,

MOJIy4YUM JHaMeTp cepbl U YUCIIO PaBHOE TPABUTALIMOHHOM MOCTOSIHHOM ¢
oTkJIoOHeHUeM 2%. V13 3Toro cienyer, 4To KBaHT 3JEKTPOMAarHUTHON SHEPTUH B CBOEM
JBUKEHHUH Bpaliaercs, o0pa3ys TOHHENb C OKPYKHOCTbIO UNCIIEHHO PaBHOM
rPaBUTAIMOHHON MOCTOSTHHOW. CriupalibHOE (TYHHENBHOE) JBUKEHUE
AIIEKTPOMArHUTHOTO U3JIyUYEHUS CO3/aeT YCIOBHS MEPEHOCAa KBAaHTA SHEPTUU B
KOHLIEHTPUPOBAHHOM BUJE HE 3aBUCUMO OT paccTosiHUS 10 oObekTa [12]. Takoe
JIBUKEHHE MO3BOJISIET PETUCTPUPOBATh (POTOHBI OT JAaJIbHETO UCTOYHHUKA U3ITy4EHUs,
9TO 0OBSICHSET (POTOMETPUUECKHI Mapa oK.

DKCIepUMEHTAIIBHO JI0Ka3aHO, YTO (DOTOHBI B CBOEM JABMKEHUHU BpalllaloTcs, 00pas3ys
CBOMM BpalleHueM ToHHeNb. Pannyc Bpamenus GoTOHOB B myOaukamuu He yka3aH[13].
5. [IpocTpancTBO 3TO TOUYKA HA CTpelie BpeMeHH, T.e. [IpocTpaHcTBO, HAXOAUTHCA B
MOMeEHTE «ceryacy. Kak cienctBue, naMeHeHue Temia Bpemenu B [IpoctpaHcTse,
MIPaKTUYECKU OJJHOMOMEHTHO, Jij1s Bcero ¢usndeckoro [Ipoctpancrsa. Takas ckopocTh
JBUKEHHS BpeMEHHU B (PU3UYECKOM MPOCTPAHCTBE, CO3AE€T CHHXPOHHU3AIMIO BPEMEHU
«ceryacy Bo BceM (PpU3ndeckoM MpocTpaHcTBe. CHHXpOHU3ALNS BPEMEHH B
(bu3MYecKOM MPOCTPAHCTBE, ONpeeNsIeT cyuiectBoBanme 3ddexra Jomnepa u cozgaer
OJIMHAKOBYIO BEJIMYMHY NTOCTOsIHHOM [li1anka, 3aBHcAILel OT KOJIMYeCTBa MaTEPUU, BO
Bcel BeeneHnnon.

6. Pacniag cucrem co3znaet nedekt maccel 1 00beMa y yacteit cuctemsl. C yueTom
MIPUPOJIHOTO XOJa BpEMEHH, B MaTepUH BO3HUKAeET Tpu Jedekra. JedekTs
peanu3yroTcs: IpuoOpeTeHueM CKOPOCTH, U3MEHEHUEM TeMIIepaTyphl,
BO3HUKHOBEHHUEM 3JIEKTPOMAarHUTHOTO U3iaydeHus. M, Hao60poT. YBennueHue
CKOPOCTH YBEIMUYUBAET BO3MOKHOCTh CUHTE3a. CHHTE3 CO3/1a€T BO3MOYKHOCTD
«CIunaTtbes» yacTuaMm. Eciiv BO3HUKIINE YacTHUIbl HEYCTOWUYUBBI, TO € MOCIEAYIOIIUM
pacriagoM. CiieZioBaTeNIbHO, YBEIMYEHUE SHEPTUU YaCcTHII (B KOJUIaiiepax), HOBOTO, B

MO3HAaHUHU CYTHU IMPUPOAbI, HC JACT. I[J'ISI NMOHUMAHUA CYTHU ITPUPOIbL HCO6XOI[I/IMO
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MIPOBECTH BCTPEYHOE JIBUKECHUE OT KBAHTOBOM, K KJIaccuuecko ¢uzuke. J{ist aToro,

HCCIIEI0BATh MPOLIECChI, U3MEHEHUsI dHepruu DM Ha a1eKTpoHaxX U NPOTOHAX.

7. dE=MVAT /T?=hv.MVh/T =hv. U3 M /T =const, 06beM B ypaBHEHHH
nokasbiBaeT yactory. [log naBnenuem, oobeM Matepun ymeHnslaercs. CiaenoBareinbHo,
110/ JaBJICHUEM, IIpU PABHOU TEMIIEpAType, MaTEPHsl U3TydaeT JIEKTPOMATHUTHYIO
SHEPruio 00JIee BHICOKOW YaCTOTHI.

HedexTn SABiaennii [Ipupoasl U cTadNIBLHOCTH MaTepPUH.

JedexT He MoxeT ObITh OoJibIIe SBiIEHNUS, T.€. CYIIECTBYET IPEEI U CyMMBbI
OJTHOTUMHBIX JedekToB. Eciau B cucteme neeKT 1oCTUr MaKCUMaJIbHOM BEJIUYUHBI, TO
npyrue aedextsl 3toro SABnenus [Ipupossl, paBHbl Hymo. Hannuue npenena cyMmmbl
Ne(QEeKTOB BIMSET HAa CBOMCTBA CUCTEM.

a) Jlepext o6bema MaTepuu, B BUJIE 3aps/ia AIEKTPUUECKOTO, TIOBHIIIAET YCTOMYUBOCTD
MaTepHH K pacnaay U JepopManusiM, CiocoOCTBYsI COXpaHEHUIO MacChl CUCTEMBI. B
AIIEKTPOHE, y/iebHasl BeInYMHa J1e()eKTa, BhIIIE, YeM B IPOTOHE U 3JIEKTPOH
cTaOuibHee MPOTOHA 10 pachamy.

Hanuuue pedexta BpemMeHH — co3gaeT CTaOMIIBHOCTH CYIIECTBOBAHUM MAaTepHH.
Hanmnuune nedexra Macchl MO3BOISIET MAaTepUN COXPaHATh CBOIO opMy. Y HEHWTpoHA B
nokoe, HeT Ae(eKToB Macchl U o0beMa, YTO JENIaeT 3Ty JJIEMEHTapHYIO YacTHILY
HeCTaOMIBbHON B CBOOOJHOM COCTOSTHUM. HEHTpOH MOBBINIAET CBOIO CTaOMIBLHOCTH, C
YBEIMYEHUEM CKOPOCTM M HAxOJIsiCh B €IUHCTBE C HMEKIOIIUMHUCA B sjpe
nportoHamu| 12].

b) Camoii cTaOUIIBHOM, M3 MAaTEPHATBHBIX YACTHII, ABJISIETCS (POTOH, KaK YyacTHUIIA,
cocrosiias ToJIbko u3 nedextoB SABnenuii [Ipupoap. DOTOH HU HA YTO HE pacmagacTCs
9TO UJealibHas CTAOUIBHOCTD Ui CJI0KHOU CUCTEMBI. DJIEKTPOMArHuTHOE U3ITy4eHHeE,
MOTEPSB SHEPTHUI0, CTAaHOBUTCS [IpocTpancTBOM, KOTOpOoe MHOTO cTabuiIbHEe POTOHOB.
c¢) HenpepbiBHBIIM cuHTE3 HOBOW MaTepuu TpeOyeT BO3ZHUKHOBEHUS
MIPOTUBOACUCTBYIOLIErO Ipouecca. TakuM mpoueccoM CTAHOBUTCS paciiajl MaTepuu Ha
IyalbHble yacTU. Marepusi, CBOMM BO3HHUKHOBEHHEM, 00pazys Je(eKThl MacChl U

o0beMa, crabunu3upyer GU3NYEeCKuil BakyyM, OT pacraja Ha JyalbHbIe YacTH.

Koportko.
a) B ocraHOBIEHHOM MOMEHTE «ceifuacy» (KBaHTOBOM MEXaHHKE), BO3HUKAET MPUHIIHI
I'eiizen6epra.llpu aBrKyIeMcss MOMEHTE «celdac» MOKHO TOUHO 3HAaTh MECTO U
CKOpOCTh B IIPOCTPAHCTBE. B KBaHTOBOI MEXaHUKe, CTpeia HUKOT/1a HEe MOPA3UT MTHUILY.

N306BITOK OHEPruu CTpPCIIbl YﬁIlCT Ha UBMCHCHUC YaCTOThI CTPCIILI.
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b) [Touemy 4enoBeKk BUs «ceidacy He BUAMT mpolnioe u oyaymiee? [IpuynHa B
OTPOMHOM pa3HHULIE B BHEPTUU MEXKAY «Ceiuac» U MpouibiM — OyaymuM. [Iponuioe 3to
«ceituacy 6e3 sneprun. OTIaB YHEPTHUIO, «Ceyac) CTAaHOBUTCS YEPHBIM/BCE
MOTJIOLIAIOUINM MPOILIBbIM. byyiiiee, umest U30BbITOK 3HEPTUN OTHOCUTENIBHO «Celyacy,
SIBJIIETCS IIPO3PAYHbIM JJIsl HAC.

C) ®u3nueckuil BakyyM 00J1a7jaeT KOHKPETHOM SHEPreTHUECKOM INIOTHOCTBIO, IO ATOH
IIPUYMHE OH JIOJDKEH 00J1a/1aTh KOHKPETHON MaTepualbHON INIOTHOCTHI0. PU3NYECKUi
BAaKyyM KOMIUIEKCEH MaTepHH, CII€JOBATENbHO, €ro INIOTHOCTh BEIMYMHA 00OpaTHas
IJIOTHOCTH HEUTPOHA.

d) Cymepro3uius — BO3MOKHOCTb OBITh MEXKIY «eCTh-HET». [IprMephbl BHE KBAHTOBOW
(U3UKN: MOMEHT «ceidac» MEXy MPOLUIBIM U OyAyIIUM, KUAKOCTh MEX]Ty TBEPIbIM
U Ta3, LeHTPOCTPEMUTEIBHOE YCKOPEHUE (M3MEHEHNE CKOPOCTH 110 HalpaBJIeHHIO, T.€.
M3MEHEHHE BEKTOPA €CTh U JIMHEIHOT0 N3MEHEHHUs BeKTopa HeT). [Ipyrumu cioBamu
CYIIEPIIO3HIIMS €CTh HOPMAJb K JyaJbHOCTH «eCThb-HET». CyNepno3ulys ecTh
CIIEICTBUE TUXOTOMUYHOCTH [Ipupoas.

€) MoskHO 1 BpeMsl TOBepHYTh Hazan? JIJist 3TOro Hajao U3MEHHUTH MPOIIECC
JBIKEHUSI BpEMEHH B OymyIiee, KoTopbiit uaet Bo Beenennoii. Kak ¢ myremecTBusiMu B
oynymee u nporuutoe? OnacHo! BeicTphiii mepexo u3 ""ceituac" B 0TAaIeHHOE BpeMs
(npyroe «ceituac») OyaeT conmpoBoXaaTbest 3HPEKTOM 3aIMOBOTO
BBIJICJICHUS/TIOTJIONICHHUS AIEKTPOMArHUTHO M SHEPTrU 00BHEKTOM ITyTEIICCTBHS,
KOTOPBII CrOpPUT, IoNaB B Oyayllee, Wik 3aMEepP3HET, BEPHYBILUCH B MPOLLIOE.
Crnenyromas onacCHOCTb— B IIPOCTPAHCTBE HAJIO MONACTh OYEHb TOUYHO B HYKHYIO TOUKY.
Ommbka 1Mo ypoBHIO Ha SM U BbIcasika Oyzaet SM mop 3emiieid. Jla u SM Haj 3emieit He
CJIaJIKO. 3aIpeT, Ha MyTelIeCTBUE MAaTEPUAIIBHBIX TEJl BO BPEMEHH, HE CO3JAET 3alpeT
Ha JBIDKEHHE WH(GOPMAIIUH, YTO MO3BOJISIET HAOIIOJATh CBET 3BE3 /.

f) Pacnian u cuHTe3 3dupa, 4aCTUIIAMU UMEIOIIIUMHE 3apsi]l, CO3/1aeT COCTOSHHE
paBHOBECHS MKy AePEKTOM TeMIia BpeMeHH U JeGekToM 00beMa. MOXKHO CKa3aTh,
4TO B aToMe JeeKT o0bemMa KoMIeHcupyeT nedekt BpeMenu. CienoBaTelbHoO,
OTHOIIIEHHE TUIOTHOCTH S7jpa aTOMa K IJIOTHOCTH aTOMa €CTh OTHOLLIEHUE
JIEMEHTAPHOI0 MIEKTPUUECKOTO 3apsaa K nocrossHHou [lnanka:

p/pa=e/h
p- NIOMHOCMb CUCIEMbL, d- AMOoM, Z- 10p0 amoma.
g) O cusbHBIX U c1a0bIX B3aUMOJCHCTBUSAX B SpE aTOMA.
OOBenuHAI0TCS, KOT/1a TOTPEOIAIOT TO, YTO B IOCTATOYHOM KOJIMYECTBE — MaTepHs

MNPUTATUBACTCA CUJIAMU I'paBUTAIUU, T.K. HOTpCGJ’IﬁeT 3(1)1/1p HpI/I HEAO0CTATKE
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KoJn4ecTBa 3upa, BOZHUKACT KOHKYPEHIIHS, YTO OCIA0NSICT CHUIIBl IPUTSHKEHUS U

0OBSICHSIETCS BOSHUKHOBEHHEM CHUJI OTTAJIKUBAHHUS.
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