I'eoMeTpus MHBIX H3MEPEHUI.

BBenenue

B codeTaHusIX ¢ MO3HAHUSIMU O pa3yMe M aCleKTax YeJIOBEUSCKOTro MPOMBICIIA, TyTEM MPETBOPEHHS B
JKHM3Hb 33lyMaHHOTO Yepe3 HETO — €CTh BBICIICE MTPOSIBJICHUE MBICIH, HO KOHEYHAs! CTPYKTYpa CBOAUTCS K
pa3/IelCHUIO Ha YaCTHOCTHU | €€ aCleKThl, B CBOIO 0UYepe]ib JICIATCS OHHM Ha enié MEHbBIITNE MOPSIKHA U TaK
JI0 TeX TIOp, MOKa He OyIyT Hepa3IM4uMuMbl IPYT OT Apyra — 3TO IpoOJieHHEe HAa YACTHOCTH €CTh IPHHIIHII,
OCHOBaHHBIN Ha BCEOOIIEM M HE OT/ICIUMOM JPYT OT Jpyra LUEIbHBIX IeMEHTOB. T0, 4TO sBIIseTCS Ha
MOBEPXHOCTH, TEM YTO MBI BUJIUM — 3TO JIMIIH JPOOJICHIE HA YacTH ¢ 1eNbio enquaenus. CoOpaB Bce
YacTH Ma3jia BO €JJMHO MbI HE MTOIYYNM KaPTHHBI, OOBSICHSIONIYIO CYTh SIBJICHHUS TOJBKO JTHIIb
NpPE/ICTaBUB €€, a JIUIIb HA MHTYUTUBHOM ypoBHE. IHTYHUIIMS U €€ IPOTHBOIOIIOKHOCTH JIOTHKA
HEepasJIeNIbHO CBSI3aHbI B X YACTHBIX MPOSBICHUAX, CYTH 3THX MPOSBICHHUI SBJISETCS OHO LIENOC.
CoenuHsisl TH YaCTH B OJTHO I1€JI0€ MBI C BAMH OCO3HAEM HX Pa3/eibHOCTh HAa Pa3HbIC SBICHUS, a
paszersisi Ha YacTH OCO3HAEM UX LENIOCTHOCTh. B TeoMeTpruieckoM CMBICIIE BCErO CKa3aHHOTO XOUeTCs
OTMETHUTH, BCE KOH(PUTYpAIIUU COCAUHSIOTCS B TOUKY, @ U3 CAMON TOYKH HAYMHACTCS JTr00ast
KoH(urypanus, Oyab OHa MaTeMaTHIeCKOU, MeTahu3nIecKor, (PN3NIecKoi, OMOIIOTUIECKON WIIH WHOTO
pona kKoHdurypamueii. beckoHeuHoe ynaneHue — 3TO ToUKa, 0eCKOHEUHOE MPUOIKEHNE TOUKA B 3TO
HETOCTHXHUMO. B TOoUuke MOXeT poxkaatbes Jiodast opma 1 M000i 3aK0H, a TakKe MopsAoK u3 Hero. Ha
OCHOBaHHWH MOPSIKA MOXKHO CYUTH 00 00IIEH CTPYKType MPOUCXOAANICTO, MMOJIOKEHHUHN 3Be3]] Ha Hebe,
WX yJOAICHUH JAPYT OT JAPYyra U COUCTAHHUHU TOTO, YTO SBJISETCS MPOTHUBOMOCTABICHUE IPYT ApYTa.
[Jasaiite npeacraBuM cebe CUCTEMY B KOTOPOW BpeMs He OTHOCHTENIBHO, a MaTepHsl Wiutto3opHa. Toraa
MBI MOXEM ceOe MPECTaBUTh, YTO MPOCTPAHCTBO, KOTOPOE JIBUTACTCSI BMECTE CO BPEMEHEM — 3TO
yckopenue.. UToObl cebe 3T0 MpeCTaBUTh, JOCTATOYHO Pa3ACiIuTh CTPYKTYPY H3HAYAIBHYIO,
OTIPEISIISIONIYIO Hallle IPOUCX0KICHNE — 3eMITIO, HA €€ OTAEIbHBIC COCTABIISIONINE, KaK HAIIpUMEp Ha
KIIMMAaT WJIA OTACIIbHBIC aTOMbI BCIICCTBA, NJIKM UX KBAHTOBA IIpUpoaa C 6CCKOHC‘IHLIMI/I MHUpUaJaMnu
YyacTull. B KOHEYHOM cUeT npu OECKOHEYHOM YAAJICHUU OT CAMOTO MOHSTHUS [IETHHOTO MBI
NpUOIKaeMCst UMEHHO K TOUKE, TOTOMY KakK BCerja OyayT CyNIeCTBOBATh BUIUMbIC HAYYHBIC
npo0JIeMBbl, CBSI3aHHBIE C TOCTHYKEHUEM MeNTbYalIInX CTPYKTYp. B nTore Bce cBOIUTCS K TOMY, YTO
YTOOBI MOMMATh TY TOUKY CIeIyeT e€ OSCKOHEYHO MPHOJIM3UTH U TaK JI0 TEX MOp, MOKa MBI HE YBHIUM
YTO-TO, YTO HE MOIJAETCS OOBSICHEHUIO MyTEM aHAIN3a JIUIIb (PaKTOB, TOILKO HHTYUTHBHO TOHHUMAs 3TO
MBI pa3fieuMcst BO MHeHHH. U Te, 1 pyrue n3 KOTOPBIX OYAYT INIaroJIMTh OJHO U TOXKE, HO
CYIIECTBEHHO Pa3HUTHLCS. B 3TOM acniekTe U MposBIISIeTCsl LEJIOCTHOCTh TOTO, YTO HETIOHSATHO.

Onpez[e.ﬂe}me BPEMCHHU U OCHOBHBLIX THIIOB B3aHMOHeﬁCTBHH.
BpeMmst He OTHOCHUTENIBHO, a MPOCTPAHCTBO C HUM pa3fieibHO. BaHO MOHUMATh, YTO MPOSIBICHUEM
JBYKEHUSI B IPOCTPAHCTBE SIBJISIETCS] BPEMsL, a IBM)KEHHEM BO BPEeMEHH — YYBCTBO HEU30EKHOM CMEPTH
CHCTEMBI, KaK €JJHOTO IEJIOTO U pacnaja Ha e€ COCTABJISIONINE YACTHIIbI U aTOMBI — €CTh CKOPOCTh
MPOTEKAHUS MPOIECCOB, a IBMKEHHE BO BPEMEHH €CTh YCKOPEHHUE.
Tak pokJIaeTcst M0I00HbBIE CUCTEMBI:

h=to>L=154=2

2 t

rzie t — eCTh BpeMs OTBeZIeHHOE CHCTeMe, B CBOIO OU€epe/Ib: a — YCKOPEHUe CHCTEMBI BO BpeMeHU U
oIlpefiesigieT KOHEYHYIO BBICOTY, KOTOPYIO YCIOBHO MOXHO IIPUHATH 3a 1
Eciu BeIcOTa B KM3HU O3HAYaeT BpeMs el OTBeJleHHOe, TO YCKOPeHHe — eCTh OJJHOBPEMEHHO CKOPOCTb
JKU3HU ITPOTE€KAHUA U OJHOBPEMEHHO C 3TUM CKOPOCTh IIPOTEKAHHA IIPOLECCOB. 2 B CBOIO odgepenpb

MOXHO IIpeACTaBUTh IIPU ITIOMOIIU OIIpeAe/IEHHBIX TPUTOHOMETPHUIECKUX TOXKIECTB!:
sin 63,46

" cos 63,46
I'me yron B 63,46 rpagyca — 9TO reoMeTpUYecKoe ITpe/icTaBIeHue JBOUKY, eé MHTepIIpeTalusa — 3TO
TPEYTOJBHUK CO BTOPBIM YTJIOM IIPUMEPHO B 26,54 rpamycos. TpeyroasHIK ONICEIBaeT HaM JBOHKY,
KaK COBOKYITHYIO CKOPOCTb, He MMEOIYI0 BeJIMIMHEI, a JIUIIb, XapAKTePU3YIONIyI0 KOHCTAHTY
IBIDKEHHS IIPOCTPAHCTBA BO BpEMEHM, TAKUM 00pa3oM MbI UMeeM BBHUJY, TO YTO YCKOpeHHe
IBIDKEHIe XXI3HH BO BpeMeHHU eCTh HUYTO MHOe KaK BUXPb, UMEIONIM HalpaBIeHue JBIDKeHNU,
TOJIBKO B ABIDKEHHH BUXPS IIPOUCXOIUT B KOHEYHOM CUETe YCKOpeHHe IBIDKEHHA CaMOTO BpeMeHH.
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COCTOBJIAIONINE eT0 DJIeMeHTEHL.

, TZle t — BpeMs OTBeJeHHOEe CHCTEME, MOXXHO CUYMUTATh €TI0 YCJIOBHO Bpe€M: pacCliaja Ha

Taxum 06pa3oM BceM M3BeCTHAS KAPTHHKA, IPUPOAA YCKOPEHUS ABIDKEHUA BpeMEeHU C ABIDKEHUEM
IIPOCTPAHCTBA B DHEPreTUYECKOM IUIaHe O3HAaYaeT BUXPEBYIO IpUpony sHepruu.. Eciu orépocTutsh
MeTapHU3HMIECKYIO IPUPOAY XKXHU3HH, TO MOXHO CKa3aTh, YTO J000e YCKOPEeHMe eCTh pe3yIbTaT
COBOKYITHOTO U JBIDKYILETOCS C IIOCTOSHHOM CKOPOCTBIO YYacTKa IPOCTPAHCTBA, BPAlasCh IIPU DTOM
BOKPYT 4€T0-TO, HO ABIDKEIIyeTocs JIMHEHHO B HallleM MUpe, IPUBBIYHOM HaM. Takoe ABIKeHUe
y4acTKa IIPOCTPAHCTBA Pe3yIbTATOM KOTOPOTO ABJIAETCA B Hallle MUPe IMHEHHOe JABIDKEHHE, MOXKHO
XapaKTepU30BaTh, KaK ABIDKEHUE 110 KPYTY, Iafas C TOPbI, MBI IIPU BCEM JKeJIAaHUU He CMOXKEM
OCTaHOBUTH BpallleHHe 3eMJIU, IOTOMY IIafjas MOXHO CKa3aTh MbI COBepIIaeM KPyTOBO€ JBIDKEHUE.
PoBHBIM cueTOM Kak BepHO 0OpaTHOE, M000€e IBIDKEHNe TUHEeHHOe BO BpeMeHH, He BUXPEBOe,
CO37]aeT BUXPEBOe IBIDKEeHUE HeOeCHBIX Tesl. Takoe yTBepXKIeHue CMeIoe, XOTsA U 00YCIOBIEHHO
¢daxrom. OHAKO yIUTHIBAA MeTaQU3MIECKUH aCIeKT Cy>KIeHUH — MHTYUIIHNIO, MBI C BAMH CMOXeM
IIOHATH, YTO 3TO BepHO. IIpescraBuTh cebe cuCTEMY, UTO JBMXKETCS JIMHEHHO BO BpeMEHHU MbI MOXKEM
TOJIBKO B TOM CJIy4ae, eCJIU YCKOPeHHe IIPOMCXOJUT B CUCTEME [BIKEHUI TOPU3OHTAIBHO, IZie
BePTUKAJIBHOE ABIDKEHVEe HeM30eXXHO IPUBOAUT K YCKOPEHUIO JIBIKEHHA IIPOCTPAHCTBA BO BpeMeHM!.
ITox mpocTpaHCTBOM MOXKHO ITOHMMATh MAaTEPUIO MU TOYKY OECKOHEYHO MajIOH BeJTMYUHBI, HO
ABJIAIONIYIOCS MaTepranbHOM. TakuM 06pasoM 3eMJIs ABIXKETCS KaK IO KPYTy, BOKPYT CBETHJIA, TAK U
JIMHEWHO B IIPOCTPAHCTBE CaMOr0 BpeMeHH. Y CJIOBHO TOBOPS, CYILIeCTBYeT JIUIIb /1BA BU/A JBIDKEHU
B IIPOCTPAHCTBE CAMOTO BpeMEeHU BepTHKATbHOE ¥ TOPU3OHTAIBHOE, ABIDKEHIE BBEPX — OTO IABIDKEHUE
IIPOTUB €CTECTBEHHOTO TeUEHMU I XU3HH, IBIDKEHIE BJI€BO WK BIIPABO — BpallleHHe II0 YaCOBOH
CTpeJIKe WX IPOTUB Heé. MBI 3HaeM, 4TO 3eMJIf, Ha KOTOPYIO BO3ZIefICTBYIOT BHENTHUE (PaKTOPhI
IBIDKETCS 110 OpOUTe He COBCEM IIO KPYTY, a IO CHHYCOH/Ie, TAKUM 00pa3oM MbI HIMeeM JIeJIO YXKe C
BHEUTHUM (aKTOPOM, IIPOLUPYIOIINM TaKOe ABIDKEHNE BO IPOCTPAHCTBE CAMOTO BpeMEHH, Ha30BeM
€ro0 IIPOCTO TeTTa-u3MepeHue. T.e. BHEIIHN (HAaKTOp BIMEsAET Ha ABIDKEHUE BO BpEMEHU TaKUM
06pa3oM, U4TO IPOABJIAIONIAS caMy ce0s CTPYKTypa ITOBeleHUsS MaTepuu B HeM pOPMUPYeT 3aMKHYTYIO
IIJIOCKOCTD — KPYT U ABIDKEHUE IIPOUCXOIUT yKe He IT0 BePTUKAIX UIU TOPU3OHTAH, a 110 KPYTy,
3aCTaBJIsAs MAaTEpPHUIO ABUTATHCSA BO BpEMEHU LIMKJINYHO, COBEpIIas IIPX STOM B HaIlleM MUpe JIUHEeHHOe
IBIDKEHUE K cCucTeMe co3Be3gus [epKyseca, YTo IOATBEPKAeT MOU IIPeBIAyILINe CYXKIAEHHUI O
JIMHEeMHOCTH IBIDKEHUS MaTepUU B HAIlleM MUpPe U eé BUXPeBOr0o, KPYTOBOTO JBIKEHU.
CoOTBETCBEHHO B TeTTa-U3MEPHUHU MBI BUAUM yKe 6 BUIOB IBIDKEHUS, 110 YaCOBOI CTpEIKe
OTHOCHUTEIBHO JBIDKEHUS MaTEePUH, IIPOTUB YaCOBOI CTPEIKHU, IT0 BEPTUKAJIe BBEpPX, BHU3, BIIPABO U
BJIEBO IIO TOpH30HTasTe. M HakoHel pOpMUPYS U3 3TOTO YMO3aKIIOUeHHEe O TOM, YTO eCTh eIlé Ba
BHUJIA €CTECTBEHHOTO [JBI)KEHUA BO BpEMEHH — 9TO BpallleHHe CaMOro Kpyra II0 YacOBOil CTpeJIKe MJIH
IIPOTHB Heé U TOrO 8 37eMeHTapHBIX ABIDKEHU B TeTTa-U3MepeHnu. B cBOIO ouepens Te BOCEMb
IBIDKeHUH (popMuUpyIo yxKe 8 dIeMeHTapHbIX ABIKEHUI MaTepUH B HallleM MUpe, OTHAKO CTOUT
OTMETHTH TOT (aKT, YTO ABIDKEHUE B TETTA-U3MEPHUHU CBSI3aHO HAIIPAMYIO ¢ MeTapU3UIeCKIM



aCIIeKTOM Te4YeHH KU3HEHHOTO IIPoliecca, KOTOPBIH 00yCIOBIeH BOCIIPUATHEM pasyMa BpeMeHH.
XapakTepHsle ABWKeHU JJIg KPyTOTo ABIKeHUA KPyTa B TeTTa-U3MEepPHUHU B HallleM YXKe JIOTHYeCKHM
IIyTeM He BBIBeCTH, JINIIb MHTYUTHBHO MOXXHO IT0JIaraTh, YTO 3TO IPOLecC, IpX KOTOPOM MaTepusd
3aMHpaeT B TeTTa-U3MePeHUH U He JBUTAeTCH, B HallleM XKe MUpe IIPOABIeHU He UMeeT, YTO TOBOPUT
0 TOM, YTO peayJbHBI! aCIEeKT ABIDKEHUA BOOOpaXkaeMOil TPaeKTOPUH ABIDKEHHUA MAaTePUU ABILIETCSA
Cyro00 IIpUHIUIINAIBHO HOBBIM BUIOM ABIDKeHU. [Ipu Gersiom paccCMOTpeHHH TaKOTo [BIDKEHUS
MO>KHO IIPeII0I0KUTh, YTO YTOLHO, HO IIPU IIePBOM MOEM MHTYUTHUBHOM PacCMOTPEHUU MOXXHO
IIPeAIIONOXUTD, YTO 3TO JABIDKEHUe 10 CIIMpaIu BHYTPh Heé U BO BHe e€, BIeBO CIIMPaJIU MU BIIPaBO
CIIMpajIy, TaKUM 00pa3oM MBI 33ZlaeM IIPOCTPAHCTBEHHYIO KOOPAUHATY U IOJIOXXEeHHe MaTepUU B TeTTa
u3MepeHnH, GOpMUPY: e€ TpexXMepHBIH BUJ, — Iap, IOBOPOT CIIMPaJX B HallleM IIPOCTPAHCTBe 33/1aeT
y>Ke IpyTyio GUTYPY — TOP, a B 3aBUCMMOCTH OT HAaKJIOHA er0 HeTUIINYHbIe KpUBble (OPMBI U €T
HAaKJIOHA B TeTTa-U3MepPeHUH, IpU BCE IIPU 9TOM TOP MJIM IIAP OCTAIOTCSI He3PUMBIMU AJIT
HabJTIofaTeIs BHE 5TOTO IPOCTPAHCTBA U BHYTPH HETO, TAKMM 00pPa3oM MBI IIEPEXOJUM OT
YeTHIPEXMEPHOTO IUIOCKOTO TeTTa-U3MePeHH, K IATUMEPHOMY OTOOpaXXeHHIO. Teneps 0 GU3MIeCcKOM
CMBICJIe CKa3aHHOTO: TOJIBKO OJWH THUII ABIDKEHUA ABJIIETCSI Pe3yJIbTaTaTOM, eCJIM PACCMOTPeTh eTO BO
BCeX aCIeKTaX, BO3ZefiCTBUA BHEIIHeTo (paKTopa — 5TO Pe3yJIbTaT ABIDKEHHUA II0 CHHyCOe/le B HallleM
MUpe, 4TO ABJIAETCA Pe3yIbTaTOM JBIDKEHH II0 3aMKHYTOM KPyTOBOIl OpOuTe B TeTTa-U3MepeHuu. B
CBOIO OYepelb CTOUT OTMETUTE, UTO ABIDKEHUe B TeTTa-U3MepeHHUHU 110 CHHYCOefie — 9TO Pe3yJIbTaT
JI060TO IMHEHHOTO [BIDKEHNUA, TAKUM 00pa3oM BpallleHue 3eMJIK BOKPYT MHUMOI OCH — €CTh
pesyJbTaT JBMXKEHHS caMoii 3eMJIM JieHeifHO B IIPOCTPaHCTBe B CTOPOHY co3Benus I'epkyseca u Toro
yke 9 IBIDKeHU, OTHAKO ABIDKEHME TYT PACCMOTPEHO B PABHOBECHH U IIOCTYIATeIbHO, €CITH
CHCTeMa JBIDKETCS C YIJIOBBIM YCKOPeHHe B TeTTa-U3MepeHUH IIYCTh Ja)ke He3HaUUTeJIbHOM, MBI
nMeeM JeJI0 C IMHeHHBIM YCKOpeHHeM ero ABIDKeHMA B HallleM IIPOCTPAaHCTBe U COOTBETCBEHHO
XapaKTepHBIM [IJI IOBeJUHNe JBYX I'PaBUTAllMOHHBIX aCIIeKTOB. Bo IepBhIX- MBI IMeeM JeJio C
yCKOpeHUeM [IBIKeHHA MaTepUHU 3a CUeT JeHCTBYIOLeH yKe ollpe/ileIeHHOM HaM CHJIBL. A BO-BTOPBIX
IOBIDKEHME C HeXapaKTepHBIMU Hallleil MaTepUU CBOMCTBAMU, HAIIPUMeP C GOIbILIeH CKOPOCTHIO, YeM

Hama cOOCTBEHHAs SHePrusd, TAKUM 00pa3oM uMes J1ei0 C TEeMHOM MaTeprei.
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OTO XapaKTepHO I HAIleTO MUPA, HO YTO IIPOUCXOUT B TEeTTa-U3MEPEeHUMU:

C=2nt=t->1=2m
Yro yCcI0BHO O3HAYaeT, YTO JII000H e IMHIYHEIH KPYT — 9TO ero 3aMKHYTOCTh Ha 360 rpazycos
MaTepuaJbHOM THHHUeH. UTo ¢ TOUKM 3peHusA GUOJOTHH O3HAYAeT, YTO JII00asA CHCTeMaA JBIDKYIIAACH
IO CHHYCOe/le COBepIIaeT IIPU BCEM IIPU 3TOM KPYTOBOE M IMKJIMYHOE ABIDKEHHE OT )XU3HU K HOBOM
XKM3HH, a TI00as CHCTeMa, KaKoii ObI OHAa 3aMKHYTOI He GbLIA B ICTUPUH y>Ke O3HAYaeT IUKINIHOCTD
BCeX IIPOIIeCCoB, B puocobun oTpaxkaeT ke MeTapu3UIeCcKUil IIpoliecc IO3HaHUA, YTO BCE YTO UMeeT
HAYajIo UMeeT HOBOe HAaJaJso, eCJIX TOP Y)Ke, IBIDKUMBIN YeM K00 IepeMenaeTcs BMecTe ¢ MaTepHe
emé 15 aBKeHMIl: BpaleHue BOKPYT CBOel OCH, BOKPYT MHIMOM OCH, BpallleHHe C IlepeMeHOMH
IIOJIIPHOCTH, B3aJ], BIlepe/l, BIIPAaBO, BJIEBO U BBEPX MJIM BHU3 U 000 BO3/eICTBHE HA TOP, CO
CTOPOHBI BHENTHHX CHJI, KaK MBI y>Ke YCBOMJIHU, YTO 3TO CHHYCOM/Ia, TAKMM 00pa30M BOJHOM JIHMHEHHO
WJIU TI0 KPYTY BOKPYT JPYTOrO TOpa WK CHCTeMBI 13 TOPOB. B cBOIO 04epesns ABIbKeHMe IO CIIMPAIH B
TeTTa-U3MepPeHUHU HeIlOBIDKHOCTh MaTePUH OTHOCHUTEIBHO OOIIEeTO ABKEHH MaTePUU JAPYT
OTHOCHUTEJIBHO JIpyTa B HalleM MUpe, KaK UTOT BCero 16 ABIKeHui U3BeCTHRIX B Ipupoze. Mzl 3HaeM
TOJIBKO JIBa TTOKA YTO THUIIA BO3AEHCTBYA Ha MaTePUIO B TeTTa-U3MEPEHMH : 3TO TPaBUTALMA U TeMHAasd
MaTepus, MHTYUTUBHO MOXXHO IIPUMTH K TpPeTheM TUILY BO3JeHCTBUA K TeMHOM SHepTUH,
3aCTaBJIAIONIETO IeIbHYIO CHCTeMY M3 TOPOB MJIM LIaPOB pasjieTaThcsa B CTOPOHEL. MTak, yriosoe



yCKOpeHHe BpallleHHsI MaTepHUH B TeTTa-U3MepPHUM eCTh pe3y/IbTaT YCKOPeHH B HallleM U3MepeHUH,
pe3yabTaT IMHEHHOrO YCKOPEHMU, T.€. IIPOLeCca yBAJaHUA MaTepUH, e€ CTapeHUA U MCIe3HOBeHHE —
3TO eIlé ONUH THII ABMXEHUA, KPYTOTO B HAllleM MHUpE, T.e. O0lilee X OTHOCUTEIBHOE BpeMs MUpa —
MUPOBEIE 9aChl, B CBOIO OYepe/ib MOKA3hIBAIOT HAaM, YTO YTJI0BOE YCKOPEHHE — 3TO Pe3yabTaT
YCKOpeHHS B T€TTa-U3MEPEHUH — ell€ OJHO BO3/eHCTBHE Ha HEro U3BHE, OJHAKO B IIPe/CTaBIeHUN
KJIACCHYeCKOM U 00Jiee IOHATHOM €CTh BCETO /Ba THUIIA BO3ZEICTBUA BHYTPH TeTTa-U3MEPEHU —
TeMHOU MaTepHUH ¥ TEMHOM 3HEPIUH, X BHE €T0 : BCero TP THIIa YCKOPeHHU MATepHH, U
COOTBTECTBEHHO DHEPIHH, B HallleM MHpe. TakuM 06pa3oM yCKOpeHUe 1000l SHePruy B HallleM MUpe
IIPOBOIIMIPYyeT BO3/leICTBHe Ha TeTTa-M3MepeHue, T.e. IBIDKeHHe ¢ ycKopeHreM. OZHaKoO MBI 3HaeM
JIMIIG BUXPEBYIO CTPYKTYPY SHEPIuH, HEBUXpeBasA CTPYKTypa SHEePIuHU — JIMHEHHasA WIN Kpyropas
IIPOBOLIMPYET APYroe IOBeZieHre MaTepyUH B TeTTa-u3Mepenun. Kiaccuyeckoii tnHeHOH
CTPYKTYPOI SHEepruHu ABJIIeTCA IBIDKeHNe OTHOCUTE/IbHO TOPU30HTAIe, BePTUKAIb — €T0 BUXpeBasd
IIPUPOJA, a KPyrosas — gBUAeHUe 110 KpyTy. OGBeKT, YTO HEIOBIDKEH B IIPOCTPAHCTBE He 06IazaeT
COOCTBEHHOM dHeprueil, a 3HAYUT HEe3PUM B HallleM MUpPe, OLHAKO B TETTa-U3MEePEeHUHN OH ellé Kak
3pHM U OCA3aeM — 3TO M eCTh MUP BHYTPH MHUPa, MUP IIATUMepHHIX cymecTs. OH He IBUTAeTCA, U Ha
HETO He BO3JeHCTBYeT HUYTO U3BHE, BO3MOXKHO JIMIIb BHYTPH, OFHAKO IIPOSABIIAA JTIOOOIBITCBO, a
HMeeT JIM STU MepHBII MUP CBOE BpeMs YBAAAHUA UIU BedeH? JTOT BOIIPOC eCIU IIOAYMATh, YBOGUT B
IpyTHe U3MepeHUs, OTJIUYHBIe OT Halllero IIpeJiCTaBlIeHNd M HaM HUKOI/Ia He IIOHATH II0Ka MBI He
OKa)XeMCA B 5TOM M3MEPEHUH.

BoszBpamiasace kK TeMe 0 BO3MYIIAIOLINX OCHOBAX MAaTEPHU B TeTTa-U3MEPEeHUHU MBI C BAMU IIPOHUKAEM B
riIy6b IIpolecca, YToObl YCKOPUTH UJIH 3aMeJIUTh YBAAaHUA CUCTEMBI HY)XXHa BHELIHAS BUXPeBast
9HePrHUs, YTO SABJIAET COO0H PeIMKTOBOE U3/TydeHue, TMHeHasA SHEPTUA — 9TO JABIKEHUE JIMHEHHO B
HallleM IIPOCTPAHCTBe KOPAOJIA MIM MHOHM (HOPMBI MaTepPUH C yCKOPeHUeM, a ABIKEeHHe 110 KPYTy , T.e.
BU3PEeBOe JBIDKEHUE CaMOM MaTepUU POXKZAET KPYTOBYIO (POpMy S9HEPTUU — STH SHEPIHH, CII0CO0
BO3/eiCTBYA Ha MaTepUIO B TeTTa-U3MepeHUH. TeMHas sHeprus, TeMHas MaTepusi U
COOTBETCTBYIOIIUI MM Pe3yJIbTaT COMIDKEHNA TOPOB U UX IOC/IeAyIollee CIUIHUE Y)Ke Pe3ysIbTaT
HOBOTO THIIA D9HEPrUU U MaTepuu. Ipu sHeprum BHEIIHOTO BO3ZEeHCTBUA, TPU SHEPTUU BHYTPEeHHETo
BO37IeHCTBUA, €CJTH TaK IIOLyMaTh, TO B IPUPOJie OHU OOYCJIOBIIEHBI OJHUM OOIIM 3BEHOM —
rpasutanuei. OflHaKoO B CBOIO O4Yepesb TeMHas SHePrus — 3TO pe3yJIbTaT JBIDKEHH Topa
OTHOCHTEJIBHO APYTOTO TOPa C YCKOPEHHEM B TeTTa-U3MEePeHHUH, COOTBETCBEHHO JTI00ast
YCKOPSAIOWAACA CHCTeMa OTHOCHTEIBHO APYTOTro TOPa, YTO ABJAET IO, OO0 ABIbKeHUe 160 1Mo
CIIMpay, 160 1O OKPYXXHOCTH BO BCEX HAIIPABJIEHUAX OT MCTOYHHKA U3TyYeHH — Pe3yJIbTaTOM 4eTo
Oyzer aHOMaJIbHAsg CKOPOCTh BpalleHUs OOBEKTa, TEMHAsA SHEPTUsA — OTO Pe3yJIbTaT TaK Ha3bIBAEMOTO
pacuIupeHusa MPOCTPAHCTBA, KOTOPOE BO3SHUKAET KaK B pe3ysIbTaTe BHEITHETO BO3JeHCTBIA Ha CUCTEMY
TOPOB, TaK U yAAJIEHUA CAaMHUX TOPOB JPyT OTHOCHTEILHO JPyra B Pe3yJbTaTe €CTeCTBeHHBIX IPUYNH
— TpaBUTAallMU BO BHEIIHEM MHPe, YTO XapaKTePHO yKe JIJIA paCIIMpeHNUA IIPOCTPAaHCTBa — 3TO CaMO
Hallle BMDKEHHE B CTOPOHY OOJIBIIOTO aTTPAKTOPa, YTO U ABJIAETCA TaK Ha3bIBAEMBIM JOIIJIEPOBCKUM
CMellleHHeM B KBAaHTOBOM Mupe. B cBoo ouepezns HOBBIII THII MaTepPUU U S9HEPTUHU, ITO KOIJa B
pesyJbTaTe TOTO JKe CaMOT0 BHeNIHEeTO BO3/eliCTBUA SHEePIUH Ha TeTTa-U3MepeHHe IPUBOAUT K
(bOpMHUPOBAHUIO CIMAHUA TOPOB, IIPOEKIHA TAKOTO IIOBEIeHN B HallleM MUPe — 3TO Pe3yJIbTaT
KOJUIAIICHPOBAHUA 3Be37bI B YUEPHYIO ABIPY, YTO IIPUBOSUT K HEM30XKHOMY CIMAHUIO TOPOB WU
IIAPOB, COCTOSIIUX BCE TAKH BCETO JIUIIb U3 MaTepHUATbHBIX JIMHUI U He 60Jee, SBISLACH IIPU BCE TIpU
3TOM YCJIOBHOU CTPYKTYPOM.

Kaxk wmror, MpI mMeeM 3 BHZIa SHEPIHH B HallleM MUpe, 3 BU/a SHEPTHH B TeTTa-U3MepPeHUU U HaKOHeT]
15 ¢pop™M BO3MOXKHBIX IBIDKEHUH B TETTA-MUpe U § sleMeHTapHBIX [JBIDKeHUH B HameM Mupe. OfHaKo
CTOUT OTMETHUTH TO, Yero A He CKa3aJl, YTO pe3ysIbTaT BO3ZeHCTBUA TeMHOIl SHepruu Ha Halll MUp —
BO30Yy KJeHre KBAaHTOBOTO MHPA, JOIJIEPOBCKOe CMeNTHNe, Pe3y IbTaT IOBeleHUA CIUIHUL TOPOB —
€CTh pe3yJIbTaT KOJUIAIICUPOBAHUSA MJIH HEIIPEPBIBHOTO CKATHA, TAKUM 00pa3oM Jto0as MaTepHs BO
BCEJIEHHOH, CTPEMAINASACEH CXKAThCA B TOYKY IIPH YJaJeHUH OT Heé 3a CUeT CAaMOM CTPYKTYPHI
KOCMMYEeCKOH CpeZpl IMO3BOJIAeT HaM CKa3aTh, YTO IPAaBUTALYA JIEXKUT B OCHOBE U3yYeHUI



IIPOCTPAHCTBA, T.€. CPe/Ibl KOCMMYeCKOTo BaKyyMa.. He macca ABigeTca pesyIbTaToOM IPOABIHUA
rpaBUTAIlMH, A BHEIIHee JaBjleHNe B TeTTa-U3MepHHUH 3(Upa Ha IIyCTOTHI MeXAY TOpaMU HJIN
mapamu, 3Gup e — 3TO eCTh OKeaH, B KOTOPOM COBepIIaeTCs ABIKeHHe B TeTTa-U3MepeHUH,
IIposBIeHHeM e 3bupa B TpeXMEePHOM IIPOCTPAHCTBE ABJIACTCA JUIIOJbHBIN OTTaJIKUBaTeIb,
nedpakrTop, T.e 3bup MoIajas B Hallle U3MepeHHe HellpePhIBHO CO3/IaeT IIyCTOTy B HEM OTTaJIKUBAsdg
MaTepHuIO, B CBOIO OY€peb OH ABJIAETCA CPeJOU KaK BHEIIHEeH, TaK U BHyTPEHHEN U IIPOCTPAHCTBO
3aIIOTHAIONee TeTTa-U3MepHIe OCHOBAHO Ha JPyToi Mojesu, MojerH 3dupa, 9TO ITOKa He IIOIACTh B
3TO IIPOCTPAHCTBO He IIPEJCTABIIAETCSA BO3MOXKHBIM K €r0 (PU3MueCKOMY BOILIALIEHUIO B KaKyIO TH00
MoZesb, 6e3 YeTKOTrO ITIOHNMAaHUsA BCell eTo II0TyCTOPOHHEH CTPYKTYPHI.

Kaxk uror: Bce pesynpTaTs! coBpeMeHHO#H (PU3HKKM OCHOBAaHbI HA IIPeJICTaBIeHUH O Hepa3phIBHOCTH
IIPOCTPAHCTBA U BpeMeHHU, g XKe pa3sopBaB 5TO IIpe/iCTaBlIeHNe OTKPhIBAl0 MUPY 40e IIockoe u Soe
0OBeMHbIE U3MEPHU.

‘Teopusa BpeMAHHOrO IIOTOKA:

Coracuo IIpeaIlOJIOKEHHNIO O TOM, YTO BpeMA U IIPOCTPAHCTBO pa3AeIbHbBI, Ha OCHOBE 3TOTO
yTBepX/IeHUA IOCTPOeHa IpeAbiAye HabmogeHusa. O KaKA0M BUe MaTepUU MbI IIOTOBOPUM B
OT,HEHLHOfI TJIaBe, d IIOKa cjIedyeT JOBOJIbCTBOBATHCA TEM, 9YTO Y BAC €CTh.

OTa TjaBa IOCBAIlaHa BpeMIHHOMY IIOTOKY, AaBaiiTe BBe/leM OIlpeieIeHHe.

BpemarmOH I0TOK — 5TO IOTOK XapaKTePHBIH A/IA yIaCTKA ABIDKYIEroCA MPOCTPAHCTBA C
IIOCTOAHHOH CKOPOCTBIO, YTO HEH30E€XKHO IIPHBOLHT K IIOABIEHHIO Y CKOPEHHA.

Yckoperrme — ecrs HHUTO HHOE, Kak 6e3pa3MepPHBIH KOIQOHIHEHT, XapaKTHPH3YOI[HH H3MeHEeHHe
IMOBEZEHHA MATEPHAILHBIX TeJI, PE3YIbTATOM 9€ro AB/IA€TCA yBEIHIEHHA CKOPOCTH.

W nepsoe, 1 BTopoe yTBepXeHNe OCHOBBIBAETCS HA TOM, YTO IIPOCTPAHCTBO HAXOAUTCS B IBIDKEHUH
U IIOTOMY TaKOe IIPOCTPAHCTBO MOXKHO CYMTATh JINOO 3aMKHYTHIM IIPOCTPAHCTBOM, TUOO HET — T.€.
IIOTOKOM.

B xaccuyeckoM IpesicTaBIeHUY IOTOK XapaKTePHU3yeTCs Yepe3 eJUHUITY IUIONAH, OJHAKO eCIU
IIOTOK HAXOZUTCA B IBYDKEHUH, TO MBI IMeeM JeJIO C eT0 U3MeHeHUAMU. B ayrekTpoMarauTHON
TEOPHUU eCTh TOJIBKO OAMH BUJ, U3MEHEHU A IOTOKA: BO BpeMeHH. OJHAKO MOXXET OH U3MEHATHCS U B
mpocTpaHcTBe. VI3 BBOZHOM IJIaBBI MBI C BAMHU OIIPeZeINIIN, YTO IOBUIeHHe MaTepPUU B TOT MJIH MHOU
IIPOMEKYTOK BpeMeHU OIlpe/ie/I1eTCs HaIMYreM JOIOIHUTETBHOTO U3MEPEeHH, B CBOIO O4epesb,
KOTOpOe OOBACHAET ITOBeleHe MaTePUH U SHEPTUHU B HAllleM MUPE, TaK U B ZOIOJIHUTETFHOM
nsMepenuy. CTOUT TakKe BBECTU IOHATHE OOBEMHAsI SHEPru.

Ob6BemHag SHEPIrHA — 3TO HHYTO HHOE, KdK COBOKYIIHAA SHEPIHA BCEX COCTAB/IAFOIIHX MATEPHIO
SJIEMEHTOB, B CBOIO O9€PESDb, OHA 3dK/TIOY€HAd B KAKOM-TO 065€M€, HO COCpELOTOYEHHE CBOE HMEeeT
TOJIBKO HAa IIVTOCKOCTH.

YTo6BI MOHATH YTO K YeMY, PEKOMEH/IYIO eIl pa3 IlepeYnTaTh BBOJHYIO IJIaBY.

HauHeM ¢ pacKpsITHA IOHATHA YCKOPEHU:

WTak, MBI OIIpe/ie THIIN, YTO YCKOPEHHe — 5TO IIpeX/e Bcero Ge3pasMepHas BeJTMYMHA, OHA HUYTO
POBHBIM CYETOM He OOBACHAET, KpoMe KaK ITOBeMHYe MaTePHUH, eCJIM MBI IIPeJICTaBUM cebe, 4TO
XapaKTepHBIMU OCOOEHHOCTSIMU YCKOPEHHUS B HallleM IIPOCTPAHCTBE SBJIAIOTCS PEalbHO TOJIBKO BaM
IIOHATHBIE BeJIMYWHBI IPeJIOKHUTe IIPUMep.. Y YUTHIBasd, YTO yCKOPeHHe — 5TO IPUINHA yBeInIeHue
CKOPOCTH, TO B CJTy4Yae JOTIOJIHUTeIbHOTO U3MepeHus Y CKOpeHHe — CIe/ICTBHe ITOBeJleHUA MaTePHH.
Ho B ciryyae BpeMAHHOTO IIOTOKA, T.€. €CJIM 3aMKHYTBIH y4aCcTOK ITPOCTPAHCTBA JIBIKETCS, MbI UMeeM
KaK IPAMYIO CBA3b, TaK U IPUYNHHYIO. T.e. ec/Id 3aCTaBUTh yIACTOK IIPOCTPAHCTBA JBUTATHCSA, TO MBI
IIOJIyYUM BPeMSHHOI IIOTOK, a €CJIM MBI IIOJTyYUM BpeMAHHOM IIOTOK — MBI 3aCTaBHUM Y4acTOK



IIPOCTPAHCTBA ABUTATECA. JIpyruM YacTHBIM CIydJaeM OyZeT ABM)KeHUe OOBeMHOM SHepruw, C
yCKOpeHueM uiu 6e3 Hero.
Wrak, Bcem usBecTHasA popmyia:
AV

Y
BBeZienune muakprUTHYECKOTO 3HaKa BEKTOpa HaJ, BpoJe ObI CKaISIPHBIM 3HaYeHHUEM BpeMeHU
IIOZIpa3yMeBaeT TO, YTO YCKOPeHHe — eCTh BeKTOP, HO OH HeOIIpeZesieH, TaKXKe XapaKTepu3yeT BBIIIe
CKa3aHHOE — BPeMAHHOH IOTOK.

58S
T dt
I/IS 9TOTO ypaBHeHI/IH XaPaKTepHLIM ABIdAeTCdA TO, YTO BeKTOp CKOPOCTI/I OHpe,Z[eJIHeTCH JII/I60 34 CUeT
IBIDKEHUS y9acTKa IIPOCTPAHCTBA BO BpeMeHH, JTH0O0 JBIDKeHHEM BpeMeH!, KOTOPOe BBI3bIBAET
ABHMIKEHUE HpOCTpaHCTBa, TOragd MOXXHO H36aBI/ITC}I OT TIOHATHUA BEKTOPa, HOCTO.T[BKY HOCKOJIBKY OH He
0OBACHSET peaIbHON KapTUHBI IIPOUCXOASIIET0, OZHAKO UMeeT HAllpaBIeHNe BO BCe CTOPOHBI OT
HNCTOYHUKA MaTePI/II/I O,ILHOBPeMeHHO, I‘OBOPH O TOM 4YTO CKOPOCTB — eCTh HUYTO NHOE KAdK <<y6eraHHe>>
BPEMEHI/I n HPOCTpaHCTBa OT UCTOYHHKA:

Il — 3TO TeJIO UJIM MaTepUaIbHasA TOUKA, Ty4u 0003HAYAIOT «yGeraHue» y4acTKa IIPOCTPAHCTBA BO BCEX
HaIpaBleHUAX, T.e. B JAHHOM ClIydae MBI IMeeM [IeJI0 C BpeMeHHBIM H3TydeHUeM.

Torza yckopeHHe COHAIIPaBIeHO C BEKTOPOM CKOPOCTH U 3TO eIMHCTBEHHBIHM peabHBIH CIIydald ero
ompegesneHus. T.e. ecin MBI IMeeM JieJI0 C BEeKTOPOM CKOPOCTH, TO MBI IMeeM KaK C BeKTOPOM
IOBIDKEHUS BpEMEHH, TaK U C BEKTOPOM yCKOPEHU, OHAKO 0e3pa3MepPHOCTb BeIMYUHBI IIPOUCXOAUT
TOJIBKO B CJIy4ae, €CJIM MbI OIIpefle/INM, YTO TaKOe IIPaCTPaHCTBO. 3aJJaTh €T0 MOXHO C IIOMOIIBIO BCE
TOI JKe CKOPOCTH TejIa B CaMOM IIPOCTPaHCTBe — T.e. €0 KOOpAMHAaTaMH B HEM, TOIJa CKOPOCTh B 9TOM
CJIydae eCTb U3MEHEHHU TeJIOM IIOJIOXKeHNe BO BpeMeHU. [IHade roBops IPOCTPaHCTBO — 3TO
CTaTUYeCKoe, T.e. BpeMsd, KOTOpOe He HAayaJO CBOETO JBIDKEHHI U TOTAA OOIEIPUHATAA TEOPHI
IaHHOCTG. IIpeAnonoxuM, 4TO TeI0 Ha4auo CBoe ABrKeHUe. Torza Mel mMeeM [eJI0 C HOHATHBIMHU
HaM ABJI€HUAMHU, T.e. C TeMH, KOTOPBIMU ceifuac I0Ib3yeTca COBpeMeHHas HayKa, OLHAaKO B 9TOM
CIy4ae CKOpPOCTh M3MEHEHN IIOJIOXKeHHU Tejla BO BpeMeHH eCTh CKOPOCTE B peaIbHOM MUpe.

vt = /yf - ¥
2 2 2 2
ds Yi—Yo Yi—Yo
Takkak v = > > dS=Y—"—"dr > 5= ["X_q¢
dt t to
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210 TOBOPHUT O TOM, 4TO IIyTh €CTh OHPEI[GHEHHBIﬁ HWHTerpas, a €CjI MBI BO3bMEM 3a IIPpEAII0JI0XKeHue,

YTO Pa3HOCTH KOOPAMHAT — 3TO KaTeT IPAMOYTOJIBHOTO TPEYTOJIbHUKA, TO Pe3yIbTaToM OymeT
CylenyIOWMil BUJ B 001IEeM BUeE:



t
S=b21n(t)+C—>S=bln(t—1)+C
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Yro Taxke mMeeT Oe3pazMepPHYIO BeJIUYNHY WX TPAeKTOPHIO, KOTOPas onpeseieHa

JToTapuMIYeCcKOii CIIUPATHIO U3 BpeMeHH.
Torzia MBI MOXeM C YBePEeHHOCTBIO CKa3aTh, UTO JKe TaKoe YCKOpeHHe:

a=S"=p b

t

To ecTs mONOXKeHUE Tesla B IPOCTPAHCTBE, XapaKTepusyIollee U3MeHEeHHe er0 CKOPOCTH, €CTh HUYTO
MHOe KaK yCKOpeHHe. BblieTuM KOHeYHy10 KOOPMHATY B IPOCTPAHCTBe, YIUTHIBAs 4TO b — 3TO
paccTosiHMe, HO OHO XapaKTepusyeT BoBce He To. HauanbHOe MOJI0MXeH e Tesia — 5TO OTPE30K B 3TOM
ciTydae, a He TOYKa, IIPUYeM OTPe30K Y OCHOBaHHUS TPeyTONbHHUKA, a Y eCTh HMUTO HHOe, KaK
rHHHOTeHyBa 9TOTrO TpeYI'OJIbHI/IKa 1 TOTr'La MBI HE CMOXKEeM HO]IY‘II/ITB AdaHHbIE, OAHAKO TOJIBKO B
ciydae, ecjiu b — KOOpZMHATA TOT/IA ¥ TOIBKO TOTZIA MBI CMOYKEM TIOMTYYHTh OTBET, @ UMEHHO TaKoii:

Yckoperwne — 1o KOOpAHHATA HA BPEMEHHOM IIPOMEXYTKE, I4e Ha1aIo OEPETCA 3a HyJIb, 4 KOHEYHAA
KOOpJHHATA ONpeReadeT IIOT0KEeHHE TOYKH B KAKOH-TO IIDOMEXYTOK BPEMEHH, I,je CKOPOCTb
H3MEHHJIACH.

,Z[PYI‘OG, Gosee ,HEfICTBHTEHBHOE OoIpenejieHue:

Y CROpeHHe boree peayIbHad IIPDHYIHHA Z[/I1 BO3HHKHOBEHHA MATEPHH, €C/IH €I'0 HET, TO HET H
MAaTEPHH.

OTOT BBIBOZ, HAIIPAIIMBAETCSA CaM COOOM, TPUYNHA TAKOTO YMO3AKIIOUEHNU JIEKHUT B PEIIEHUU STOTO
yPaBHEHHUs, eCJIU eCTh YCKOPeHHUe, TO eCTh KaKOH-To OTpe30K IpocrpancTsa b. To ects, eciu ects
pesyJIbTaT M3MEeHeHUs CKOPOCTH, TO €CTh U JorapudMudecKas IpsaMasd.
Takum 06pasoM MbI IOZOLLIH K TEPMUHY 0O0BeMHas sHeprusi. Kakas sHeprus s3akiioueHa B OTpe3Ke
IpocTpaHcTBa? B 1aHHOM KOHKPETHOM CIIydae — 5TO IPOeKIUsA. Y IUTHIBAS II00bIe YMO3AKIIOUeHUA
KacaTeJbHO TOTO CKOJIBKO BECUT OTPE30K MbI HaTaJIKUBaeMCs Ha OIpe/e/ieHre SHEPIUU, OHO
9KBHBAJIETHO Macce, CJI-HO PaCCTOSHUE MeX/Y ABYMS TOYKaMH B IIPOCTPAHCTBE HUYETO He BECHT,
OZIHAKO Macca, Jifobast, XOTh CKOJIBKO-HUOY/ b He3HAYNTeIbHA, TIONABIIAsA HA 3TOT YYaCTOK IIyTH yXKe
ob6azaeT sHeprueii 1 OHa He IPOCTO 00JIaZaeT SHEPrHe, a U3MEHAETCA BO BpeMeHH, YKa3bIBas HaM
GoJtee peabHbIE TPUYUHBL:

to
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Eciu cucrema HaXOAUTCA B IIOKO€, TO HET HUKAKOTO IPaJilieHTa SHEPIUU, POBHBIM CYETOM, €C/IH HeT

HUKAKOTO IIpolecca. To ecTs, eCiii MBI JIEXXUM Ha TpaBe, UMes IVIOTHOCTH TeJjla, HEOOXOAUMYIO /I
TOTO, YTOOBI 33epPKaThCsA Ha Hell, TO MBI He 001ajaeM HUKaKUM U3MeHeHHeM SHePruH, X OHO BEPHO,
IIOCTOJIBKY IIOCKOJIBKY IUIOTHOCTD 33IaéT HaM KOHeUYHBIe YCIOBUA A GOPMUPOBAHUA IIPUIIATCTBUA.
Cr-HO MBI He IIPUTATHBAEMCS K 3eMJIe, Ha HaC HUYTO He JaBUT U B OTOT CAMBI MOMEHT HeT HUKaKOTO
yCKOpeHUs, 0OBACHAIONIETO II0YeMy MbI CTOMM Ha ITOBEPXHOCTH.
Hamwuwm Team mpocTo ImpuzaeTca HEKOTOPOe 3HaYeHHe SHePIUH, ONlpeZeIseMbIM UMEHHO
BpeMeHHBIM IIOTOKOM.
Torza ypaBHeHMe 5Hepruu 3aKII0UYeHHOH B OTpe3Ke IIPOCTPaHCTBa OymeT:

dE =mb t—o dh
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EcTpb ouH 1y Th pelleHus JaHHOTO YpaBHEHHU:

3
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e 3



JTO U eCThb SHEeprud, KOTopad 3aK/JII09€Hd B OTpE3Ke IIYTH, I'/leé U3MEHNJIACh CKOPOCTH, MHAYIE I'OBOP,
rae eCTb YyCKOpEHHE. Ecan IIepeHeCTH MaCCy B JIEBYIO 9dCTh YPABHEHMU, TO MBI IIOJTYIHUM
Ka9eCTBEHHYIO XapaKTE€PHUCTUKY Y4daCTKa IIPOCTPAHCTBA, KOTOpasd OIIpeAeaaeT CKOJIbKO MMEHHO
BBIZEIACTCA SHEPTHUHY Ha KUJIOI'PaMM Beca.
3 3
g B _ 0 Of—y0)* _ tob?
m ty 3 t,3
Kak BuziHO MOXHO IIpuUAaTh TI000€ 3HAaUeHNe KOOPAMHATE, XOTh METPHI, XOTh CEKYH/IBI, XOTh PKOYJIb

IleTUTh Ha KMUJIOTPAaMM, IIOTOMY 5Ta BeJIMUWHA YHUBEPCAIBHAA U MBI JINIIb 3HAeM e€ 3HaUeHue
yucieHHoe. JlaBaiiTe BBeJleM OIIpesie/IeHUe

Amra — 5T0 HHYTO HHOE KaK KOJIHIeCTBEHHOE OIpeeIeHHE CKOJIBKO BBIAETHIOCH SHEPIHH HA OQHH
KHJIOTPaMM , YTOOBI H3MEHHIOCH €0 IIOJ0KEHHE B IIPOCTPAHCTBE.

Eé MOXHO cBA3aTh C JIIOOBIM CBOMCTBOM pa6OTI>I ABHUTaTeId NN KOHCTPYKIINH, HO HUKAK He
KBAHTOBATDh ITOKd MBI HE HAyIHMMC: OIIPpENETIATh BpDEMA.

W MO:xHO CKa3aTh, YTO 5TO BEKTOP, 110 IPUMePY PUCYHKA 2, IyTh BBIIIE, MBI UMeeM JeJIO C ABYM
BEKTOpaMM BpeMeHH U OHHU -TO U 33Jjal0T BEKTOp AIITa, OH MOXKET ObITh HAIIpaBJIeH KaK BHYTPb, TaK U
HapY’Xy, a YTOOBI €T0 OIpefeIuTh TpeOyeTcs (PU3NIeCKUil DKCIIEpUMEHT U OIIpefieieT BEKTOP
HallpaBjIeHHe JBIDKEeHHA U BCerjia COHAIIpaBjIeH C JBIDKeHUeM.

) OH O0H O0H

VH =a;divH = —+—+—

dx dy 0z
3HaueHNE TUBEPreHIIH MOXKET OBITh TOJIBKO Ha ONPEIeIEHHOM YJacTKe IIPOCTPAHCTBA U XapaKTEPH3yeT
OHa MOBEICHNE MAaTePHH, B HAIMX KOHKPETHBIX CIy4asx 3HaYCHHE AUBEPIEeHIINU MOXKET OBITh TOIBKO MO

OJIHOM OCH, a 3HA4UU JBa APYTUX 3HAYCHUS HYJIb.

1

. oH tob2

divH = —=m——
dx ty

Hampumep no ocu OX, a 3HaueHUe HaM U3BECTHO.

Taxum 06P830M OTPE30K BCerAa ABIAETCI HCTOTHUKOM. Y0651 CKOMIIEHCHPOBATh CTOK C
HMCTOYHUKOM, M3HAYAJIbHO tO = 0. Tor,n;a Ha4aJIbHOE IIOJIOXEHME Teld MOXXET PAaBHATHCA HYJIIO, T.€.
Ha4aJIOM OTCYE€Td, HO HE MOXKET tO = O, OHO BCe€TrJd IIPHHHNMAET KaKOe€-TO 3Hd9e€HHEe, B CI1y4de
ABIIKEHNS TeJIa C YCKOPpEeHHEM OT Te€Jjld Mbl MMEEM eJI0 C €TO OTPUILATEIbPHBIM 3HAY€HMEM.

Wrak mbI OIlpeneTnIn BPEMHHHOﬁ IIOTOK.

OcobeHHOCTH 4eI0BeYeCKOro BOCIIpHATHA

Ha 410 crmoco6GHO 4eaoBeYecKoe TeI0 MBI UTaK 3HAEM, a Ha 9TO crocobeH Mo3r? OTcioma OYeBUIHBIM
BOIIPOC, @ HA YTO OH He CIIocobeH?

Oprans! BOCIPUATHA KOHTPOJIUPYIOTCSA BBIYUCIUTENBHBIM IEHTPOM, MBI OLYLIAEM /IaBlIeHUE, BUAUM
CBeT, CITOCOOHBI IIOYyBCTBOBATh TATOTEHME MU YBeIHM4eHHe CKopocTy. Ho 4To MBI He cItocOOHBI
nenats? — OTBeT OueBUIEH: MBI He CIIOCOOHBI BOCIIPHHUMATh NH(OPMAIIUIO OT APYTUX UCTOYHUKOB,
HaIIpUMep OT HEUTPHUHO, OZHAKO MBI TAK)Ke HE MOXKEM yBUAUTH YTO HAXOAUTCS Jajblie 5-7
KHJIOMETPOB, a BCE YTO MBI YBUUIM DTO BCETO JIMIIb TOPU30HT, IIOTOMY 3eMJIA — 3TO IIPeX/ie BCero
IIJIOCKOCTD M CTOUT €€ PacCMaTpUBATh KaK LIAp TOJIBKO B KAKUX-TO HEOIIPeleIeHHBIX CIydaax, eé
¢dbopma uMeeT OTPOMHOE 3HAYEHMUE.

PaccMoTpuM II0CKOCTB KpyTa, OTpaHUYeHHYIO HAIIM BOCIIPUATHEM, T.€. €TO PASHYC JOJDKEH
COCTaBJIATH OT 5 10 7 KM. Bo3pMeM cpenHee 3HaueHUe B 6 KM.



VimeHHO Ha TaKOM pacCTOSHME BUIHEETCA TOPU30HT Ha MOpe, HO modeMy? 3eMiisd xe Kpyriaasa? Jaxe
B KOCMOCe MbI OyZieM BUJIeTh JIMIIb OTPaHUYeHHbII Kycodek quamerpoM B 10-14 kM, ocTasbHOe HaIl
MO3I' HE BOCIIPMHUMAET 1 IIOTOMY B pacCYeTaX HY>KHO OTTa/IKHMBATh UMEHHO OT TOT'O, 9TO 3TO
ILJIOCKOCTB, a He cepuiecKoe Teao. DTO He TO YTOOBI ZAHHOCTD, U3 (PMIBMOB M KHUT MBI 3HaeM, UTO
IIOBEPXHOCTH-TO CpepruecKas, OZHAKO B 3TOM IIPOLIECCE YIACTBYeT aHAIN3. 3eMJI CTAHOBUTCS
KPYI‘)IOﬁ JIUIIHh B MOMEHT, KOI'Zlda HaIll aHaJIUTUYeCKU IIeHTp He CKaXXe€T HaM XBAaTHUT, T.€. Ha CAMOM
Kparo TOPU30HTA.

K cnoBy o ToM, uTO MBI 3HaeM 0 GpOTOHAX:

Hacxonpko MbI GbI HUGBLIM JaJIeKO OT UCTOYHUKA U3Ty4eHUs (OTOHOB, KBAHTOBAsA IIPUPOZA KOCMOCa
He II03BOJIUT HaM YBUJETh TOUKY, IJI YeJI0BEYeCKOTIO IJ1a3a — 3TO OyIeT 4eM-TO He3HaYUTEeTbHBIM, HO
He TOYKOH.

1 h ) 2
CK. — __n(a + ay + aal)

3ty 7
B marHOM KOHKpeTHOM ciaydae N = 4 — 3To BceM M3BeCTHas IMpaMuAa
Torpa MbI 3HaeM Kak HaifiTM UCKOMYIO BBICOTY. B 5TOM KOHKpeTHOM ITpuMepe HaM He TpeOyeTcs
BBIYHCIIUTH KaK TAKOBOI 00BbeM KOHYCa, JIMIIb TpeOyeTcs BBIYUCIUTH IapaMeTp h, omaTs Taku
IpUGIU3UTETBHO MOXKHO CUUTATh, ITO:
Vot o Vew _ 1 _ (a22+ afz + aa,)
Ve  mtg I (r*+17 +111)

I'maBHAsA 0COGEHHOCTH ZAHHOTO BEIPAXKEHHA:

Vo 1
Ve ntg%
Tonpko B OLHOM CJIy‘Iae ABJIAETCA pellaeMbIM, KOrJa % = 1 u gaBiagercs IIpaBUJIBHBIM
1 1
COOTHOIIIE€HHEM. O,ZLHaKO He 3TO MBI MCKaJ/IN, HO 3TO HaM IIPUTOSUTHCA IIO3JHEE, MBI UIIEM h .
3V

(r2+ 12 +1rry)
MEI 3HaeM, 4TO COJTHIIe Ha HeGOCK/IOHE 3aHMMAeT BCEro OKOJIO HeCKOJBKUX CAHTUMETPOB B CBOEM

pazuyce. Takum 06pa3oM MOXKXHO CUUTATh CJIeAYIOIIYE ABe CYMMBI He3HAYUTeITbHBIMU, TOTAA:
nh

h=—=uV, =——=(a?+a}+aa;) npun >
12 12tg—
n
BepHeMcs K 3TOMY UyTh MO3/IHEe, a TI0KA BEIYUCIMM ellé HeCKOTBKO TapaMeTpPOB:
T
t95  (a® +af +aay)
n 144

n=o-

[TepeBepHéM maHHOE BEIpaXKEHMe:
n 144 T 144

= - nctg— =
th (a% + a? + aay) 9% (a% + a? + aay)
n




144 144
—= WK 00 =
(a? + a? + aay) (a? + a? + aay)
Yro 5T0 3HAUMT? A DTO 3HAUMT, UTO TI0G0E 3HAYEHHUE, B3ATOE HAMH B JIEBOM YaCTH, T.e. JTI06YI0

6eCKOHEYHOCTh B KOHEWHOM UTOTe MOXKHO ITpe0Opa3oBaTh K STOMY BHULY.
OTO MMeeT CMBIC]I TOJIBKO IIPH OIIpeeIeHHBIX 3HAaYeHHAX IIapaMeTPOB CTOPOH YCeYeHHOMH
N-yTOJBHOM MUPaMU/IbI:
(a? + a? + aay) = O0unu (a + a;)? = aa,
EnmHcTBeHHOe pelleHMe JaHHOTO ypaBHeHuA axdercaa = 0ua; =0
Ognaxko ecTs U IpyTroe pellleHue AaHHBIX YPaBHEHUH.
ng Havana npogeddupuHIpyeM 06a YpaBHEHHU IO X:

xsin (2—”) + 27
X 5 =0wmecnua =x — 2my. 2
x(1 —cos (7)) x(1 — cos (7)) )

B mepBoM cryuae MBI IOy IHM:

xsin (Zx—”) +2n 144

T VA
N .
270749929209 — 5,06725655803

Ectp u OTpHUIATEJIbHbIC 3HAYE€HH A, KOTOPhIE€ HAC HE MHTEPECYIOT. X-B AdaHHOM CJIyd4de, 3TO

x # 2wk, x =

KOJINYEeCTBO YTJIOB Y MUPaMUJBbL.
Tpetbe penrenue 6ojee ONTUMATBHOE, TOT/IA KAK MMPAMUZA IOTyIUTCS HEIIPaBUIBHOM:

xsin (2x_7r) +2m 144

x(1 —cos (Zx_n)) 2x

Y sToro YpaBHEHUA 4 pemenud B IIOJIOKUTEIBHBIX YHCIdX, HO HaM IIOAXOJHUT BCE 4, OJHAKO CaMoOe

6oJIBIIOE [JIA HAC ¥ caMOe IIOAXOIsIlee 3TO:
x =11,028 1072
MBI BBIACHUIH, YTO GECKOHEYHOCTD BCE TaKH MOXKHO IIPECTABUTD B YHCIIAX.
OpHako MBI He MOXKeM IIPeZICTaBUTh cebe MIPaMUAY, KOJUIECTBO YIJIOB KOTOPOI PaBHO 3TOMY
sHaueHu1o. OZHAKO eCTh U ApyToe T106anbHOe OObACHEHHE:

sin (Z—H) + Zx_n

X x—2n =72
1 — cos (7)
IloxcraBisem sHaueHMe X = 00:
0 72
o — =
0

0
MaTeMaTI/I‘-IeCKI/I, €CJIN MBI IIpeACTaBUM COOTHOILIEHNE 6 = 1, POBHBIM CHE€TOM KaK U IIPOU3BELEHNE

IBYX 6€CKOHEYHOCTEeH MU BCE BMecTe OyeT PaBHO STOMY YHCIY.
Torza mpr UMeeM ZiesIo CO cIey oM 3HaUeHUeM:

a; = %(\/Saz + 8 —3a)

Y Torza MbI MOXKeM HOACTAaBUTh 3HaUeHHe B a = 5 - 103
a, = 27855,33 m

OTO MaKCHMaJIbHO BO3MOXKHBIN OOBEKT, KOTOPBIM MBI YBUJUM Ha HeGe, COOTBETCTBEHHO BO3PaIaeMCs
K y’Ke U3BECTHBIM HaM (popMyJiaM, MBI MOXXeM YBHUETh TOJIBKO Te 3HaYeHU: h , KOTOpbIe CBA3aHBI C
COJIHIIEM WJIX JIYHOH, OTHOCUTEIBPHO KOTOPBIX MOXKHO ITOCUUTATh BBICOTY.
[ly1st Toro, YTOGBI IOCYUTATh BBICOTY 3aKPOWTEe PyKOI JIeBBIi MJIH IIPaBblii I1a3 pykoi. Torzaa yroa
063opa cocraBut 90 rpasycoB, BbI BCer/ia HAXOAUTECH B IEHTPE OKPY>KHOCTH PaZUyCcOM 5KM, BTOpOe
OCHOBaHMe HaM u3BecTHO. [lory4aercsa takas durypa:



-

Bricora:
r

h = i 14xm
JTo BBICOTA, KOTOPAasi HAMU OMpe/IesAeTCI HOYbIO, B OTCYTCTBHE COMHLA. MHBIMU CJI0BAaMH 06BEKT
Ha BbicOTe 14 KM Oy/leT HaMHU 3aMeYeH, KakK 28 KM TeJIo U 3TO MaKCUMaJIbHbIN ero paJinyc,
KOTOpPBIN MBI MOXKEM OLIeHUTb. TeM BpeMeHeM COJIHIle BCEro JIUIb Iapy CAHTUMETPOB B paJiuyce.
OfHako BbICOTa OyZeT UHOU.

t (R“)
a=arctg(=
R,

BHEUI YI'OJI MOXXHO OHPe,ZLe.T[I/ITB TO‘IHYIO BBICOTY:
iR,

c T 1—sina
= —= 2—R2 =
h sina \° "~ h | - R, 1

(1 —sina)i
BHEUI BCe Hpe,II;BI,II;yU];I/Ie BBIYMCJICHMA:

CpenHee 3HaUeHMEe OJHAKO OyeT:

Taxum o6pasom MbI ToTyyaeM GOpMyIy:
144

(a? + a? + aa,)
h =

n
Jl1Sl POCTOTHI MOXKHO OCTaBUTh MePBbIi ¥ MOC/AeJHUH YJIeH 3TOT0 ypaBHEHHS.
Taxke c/lelyl0eT yYuThIBaTh ONpe/ie/leHHbIH GaKT, a UMEHHO:

1
a; ==(/5a% + 8 —3a)

2
J3TO 3HAYHUT TOJILKO TO, YTO HA KaXK/[OU IJIaHeTe OyIeT CBOE paccTOsTHUE 0630pa:

a
a=1= ZRSinE Ja =2,82941-10722

+ o+ 144

-103Mm

ITomcraBuM 5TO 3HaYeHUE B ypaBHEHUE BBICOTHI:
h =
144

+ oo+ 144

<4R2sin2 5 +%(J20stin2% +8 — 6Rsiny)? + Rsin%(\/ZOstinz% +8-— 6Rsin%)>

n
VYron anbda Ham u3BecTeH 1o ycroBuio. OcTaeTcs TOIBKO OACTAaBUTh 3HAYEHUA BBIOPAaHHOM HAMHU

IJIaHeTHI ¥ KOJIMYECTBO CjlaraeMbiX. BHMMaHMe Ha KOJIHYECTBO cjaraeMsbIX, OHO 6y,u;eT HE
IIOCTOAHHBIM, BBIYMCIUTD N1 IIOMOI'YT TOJIBKO SKCIIEPHMMEHTA/IbHbIE JaHHBIE, OLHAKO ceifuac
CTAHOBUTCA IIOHATHO, YTO Il 3aBHMCHUT OT O6].LL€I‘O KOJIM49eCTBa BCeX M3BECTHBIX BBHHMO,Z[efICTBYIOILLI/IX



MEXIy IpyT ZPyTOM TeJl, KOTOpbIe MbI YYHTHIBA€M B pacCUeTax, ¥ TOTja HY>KHO YUUTHIBATh BCe
M3BECTHBIE PaUyChI TeJl, TOTrAa h 6yzeT paBHO COTHEYHOI BBICOTE, T.e. BRICOTA nepexosa oT CosiHIa K
KOCMHY€eCKOMY IIPOCTPAHCTBY.

ME1 onpesieTyiy, 9TO BBICOTA HAJ, IOBEPXHOCTBHIO TeJIa 3aHUMAeT OIpeZie/ieHHOe 3HaYeHUe 1
O3HAYaeT IIepexoJ, OT, yCIOBHO TOBOPS, TBEPAU K KOCMUYECKOMY IIPOCTPAHCTBY, Ile HAUMHAETCS
MUKPOT'PaBUTALIMA — OTO He yCToitunBasg opoura, ogHako MKC seraer mMeHHO Ha Heil.

4-oe TeTTa-U3MEpeHUE, IUIOCKOE U3MEPEHNE, K KOTOPOMY MBI BEPHYJIUCh BHE3AITHO, 5TO HUYTO HHOE,
KaK IIOAIIPOCTPAHCTBO, Jajiee MbI OyZieM IT0JIb30BaThCA UMEHHO STUM TEPMUHOM. 5-0e TeTTa-
UsMepeHUe — THIIePIPOCTPAHCTBO, YTO COOTBETCTBYET OIIpeieIeHHbIM peanuiaM. IloroBopum o HUX B
crenyolei riase.

IlogmpocTpancTBO

INopmpocTpaHcTBeHHAA Iepeiada — 9TO Ilepejiada CUTHAIAa B KOMILIEKCHOI IIJIOCKOCTH, OTHOCUTEIBHO
ropusoHTa. JI106as II0cKas BOJIHA, MOBEPHYTAasd B KOMILIEKCHOH 1tockocTu Ha 90 rpazycoB
OTHOCHTENIBHO TOPU30HTA, T.€. JI00ast IpsMas MK KOMILIEKCHAS BOJIHA, CIIOCOOHA IIPOMTH 9TO
Hn3MepeHne Ha CKBO3b. Ho AJIA Haddjlad OIlpeneInMCA CKOJIBKO BCE TaKU 3aHHUMaeT OoHWH KOMILJIEKCHBIM
MeTp B HalleM IIPOCTPAHCTBe.

[lns aTOro o6paTuMCs K yxKe U3BeCTHOH HaM (GOPMYJIBI, OTHOCUTEIBHO MAacChI IIJIAHETHI, @ TOUHee eé
pazuyca:

a, —a

Tnhzsin[)’-c,[)’=45°

HO,E[CTaBI/IM 3HAa4Y€HHUA BbICOTHI B YK€ U3BECTHYIO HaM KOHCl)I/II‘yan,I/II-O H NOJIYYH M.

\/ZOstinz% +8— 8Rsin%
2

HO,II;CTEIBI/IM 3Ha4YEeHMNe CZI/I BO3BeeM hs KBazpar, YTOOBI IIOJTy9IUTDh HeO6XO,HI/IMBIe HaM OaHHBIE:

h= [c?- ,a = 2,82941- 10722

. a A
B2 JZOstinz% +8—8RsinZ Jzostmz > +8—8Rsiny

2
2sin?p — 2

hz - = d h = (
Taxum 06p330M OTHOCUTEJIBHO .TIIO6OI‘O KOMILJIEKCHOT'O 3HAYE€HHNA PaCCTOAHUSA B ME€TpaX, Mbl MOXKEM

sin?f8 2 Sin*g) -

IIOCTPOUTH PeaIbHYIO IPAMYIO M TAKUM 00pa3soM MbI ITOJTY IHM:

= + o+ 144
2
4RZsin? G + 3 \/ZOstinZ% +8— 6Rsin | +Rsiny \/ZORZSinz% + 8- 6Rsin®
n
/ JZORZsinZ% +8 — 8Rsiny \
~| 2sin?f — 2 sin®p |- i,B =45, a=2,82941-107%2 pan.

Taxum o6pasom m060My peasbBHOMY 3HAY€HUIO B MEeTPaX COOTBETCTBYeT KOMIUIEKCHOE 3HaUeHUe, JJII
Haleil C BAMHU IIJIAHEThI OHO IIPUGIU3UTENIFHO PaBHO:
108xkm = 741,5i m
TakuM 06pa3oM BCS BbICOTA 10 KOCMHUY€ECKOT'0 MPOCTPAHCTBA 3aHUMaeT MPUGJIU3UTENBHO 1
KOMILJIEKCHBIA KUJIOMET], BCE OCTAJIbHbIE COOTHONIEHUS JJIs1 IPYTHUX MJIaHET MOXKHO BBIYUCIUTD
Takke. TakuM 06pas3oMm:
1lim = 145,65 M



W 3T0 COOTHOIIEHNE 3aBUCUT JIMIIb OT PaJiiyca BBIOPAaHHOTO HAMH C BAMH 00'bEKTa, a He OT MaccChl,
HO He3HAYMUTEJIbHO OTJIMYAETCH OT 3TUX 3HAUYEHHUH, OJJHAKO 5 MPeJICTaBUJI GOPMYJIy BhIlIE B
0611eM BH/IE AJIS1 HArJISIIHOCTH.
*By/ibTe BHHMATEJbHDI, BO Bce/IeHHOH BCE MOXET ObITh, I03TOMY HEH3BECTHO KAKOH B KOHETHOM
cyere yroJi 3, Begp MbI He 3HaeM, 9TO B HTOTe€ BO3AEHCTBYeT Ha STOT yTIOJI, OFHAKO OTKPBITHE TOIO,
YTO B)THAEeT Ha STOT)/FOJI ITO3BOJIHT HAM B 6)/KBH/IBHOM CMbICTE mpfpe BSFJIHH}/TE Ha BeIllJH. _B
TerIHYHBIX }/'C]IOBH}IX HAaIIeH C BAMH pO,ZZHOﬁ IIV/IaHEeTHhI 3TOT }/TOJI HPHHHMHGT TOJIFKO TAKOH BAsm,
Tp&HGI[H}I - HPHBHJIBHHE, HHPHMI/I,ZZH — C YeTHAIM YHC/TOM H—}/I'JIOB, KOH)/C C OJTpe,ZZ'e]IeHHLIM /VI’]IOM
IIDH OCHOBAHHH.
Pemapxka BsIe 06s3aTeIbHA A1 OYAyLIMX HCCIe0BaTelel B 9TOM 06I1aCTH, CTOUT HEMHOTO
IIOPacCyKIaTh O KOMIUIEKCHOM IlepexoJie ¥ KOMILIEKCHOII CKOPOCTH.
st aTOro BeIBemeM popMysry B o6uieM BHe:
m , 2 , 2
m=——=-mi|l-——=]|=mig->|1-—|c"=v

v? ¢ my

c2
HPI/I YMeHI)H.IEHI/II/I KOHEYHOH MaCChl MbL nonyqaeM KOMH)ICKCHYIO CKOPOCT]) — 9TO I‘OBOpI/IT O TOM, 4YTO
JIIO60€ HN3MEHEHME MACChI HOPO)K,ZI;EIET OTPI/IHBTEJIBHYIO SHEPI‘I/IIO, TAKVM o6pa30M MOXXHO HPI/IHHTB BOT

TaKOM 00Kt BUJ, A1 GOPMYJIBI KOMILIEKCHOM CKOPOCTH:

MaremarruyeckoMy HaIIpaBJIeHHIO CKOPOCTH COOTBETCTBYeT peasbHasd BeJIUYHHA, B CIydae IIoTepu
MacChI PaKeTOH MbI UMeeM BBUY, YTO CKOPOCTb HMeeT IIPOTUBOIIOIOKHOE MaTeMAaTHIeCKOMY
3HAUYEeHHIO U ITPU BO3BeeHUH B KBa/IpaT OHA ObLIA ¥ OCTAETCS MOJIOXKUTEIBHOM.

v=-— -—c

2 2
D=2 -1)=i |[=2-
my my

Torzga uneH 1oz 3HAKOM KOPHS MOXHO CIUTATh «K0d(PHuIeHTOM HedeKTa MacChl», a caM 3 dexT
«[lebdext Maccer»
Ecnu gBuratbcsa B CTOPOHY OT IIJIaHETHI, TO MBI IIOJTy4YHUM IIOJIOXUTeIbHOe ABIDKeHUe, T.e.
KOMILIEKCHYIO CKOPOCTh C OTpUIIATeIbHBIM 3HaUeHHeM:
[ .
v=—i||l——1|c= —iAMc

2
my

JIBI>XeHUE B CTOPOHY /pa IIaHEThl OYAET HOJIOKUTEIbHBIM:
v =1iAMc

I'ne AM - xoadbdunueHT geddexra MacChl.

Bsezem mBa ompezneneHus:

K 03¢¢PIHPI€H T /zegbel( Td MACChI — 3TO HHYTO HHOE€, KaK pEe3Y/IbTdT H3MEHECHHA KOHE YHOH MacCkl
MEXAHHYC€CKHM JT}/TEJW, T.e. IpumMepom 6}/,ZZ€T ABJIATHCA MEXAHHYE€CKO€ H3MEHEHHE MACChI HITH K€

BBIOPOC TOILIHBA PAKETOH.

epperT Macc — 3T0 IPOTHBOIIOIOKHBIH (eHOMEH oIy YeHHA KOMITJIEKCHOH CKOPOCTH, ITyTeM
MaHHITYJIALHeH MacCcoH Ha KBAHTOBOM YPOBHE.

W nepBsIii c1toco6 UIMPOKO UCIIONB3YeTC Ha IPAKTHUKe, U BTOPOH CII0co6 MOXKHO HCIIOTb30BAaTh.



Bropoii crioco6 3akIo4aeTcs B IBYX CBOMCTBAX ABIKEHUA:

Ecti moTHOCTBO OCTAHOBHTE JBH)KE€HHE OTHOCHTETBHO JBIDKEHHA HEOECHOTO TeJId, TO eCTh
JBHIATECA B OIPEJeTeHHYIO CTOPOHY C ONpPeJeTeHHOH CKOPOCTBIO, TO MOXHO CO34aTh OECKOHETHYIO
KOMITJIEKCHYIO CKOPOCTE, Pe3yIbTaTOM TAKOIO JBIDKEHHA Oy €T IpeobpasoBaHHe TI0O0H KOHETHOH
MAacChI B HyJIb — 3TO BO3MOXKHO, HO TAKOH IIPBIKOK 3aBEAET HAC B KAKHE-TO HeBEZOMBIE «JaIH», K TOMY
JKe «IIPBDKOK» HEBO3MOXHO pacCYHTATh, OFHAKO 3TO Iepexos B AHTH-BCE/IEHHYTO O YeM MBI
roropopum mosgHeell!

Ecnm npoBecrn MaHHITYIALHIO € 5JIEKTPOHOM B ATOME BOZOPOJAA TAKHM 00pa3oM, YTOOBI OH H3MEHHII
CBOIO COOCTBEHHYIO SHEPTHIO H B 3TOT MOMEHT OTOPBATE €I'0 OT 54pa , H HAIPABHUTE B JIFOOYIO CTOPOHY
CBeTa, TO MOXXHO CO34aTh 3JIEKTPOMATHATHYIO BOJIHY KOMILJIEKCHOH IPHPOJEI, T.e. MePESAaTh TAKYI0
BOJIHY 110 MOZIPOCTPAHCTBY, TAKYI0 S9HEPIHIO MOXHO KOHTPOJIHPOBATE, 4 COOTBETCTBEHHO
KOHTPOJIHPOBATh H CKOPOCTH II€PEMEILEHHA, 3HAA YEMY PABHAETCA OFHH KOMILTEKCHBIEH MEeTDP B TAKOM
npocrparcTse. [lpudem gBrKeHHe B KOMIVIEKCHOM IIOCKOM IPOCTPAHCTBE B BHZE€ KOMILIEKCHOH
IIOCKOH BOJIHBI MOXET OBITh O€CKOHEeYHO GOJIBLUIHM, BILIOTh 4O TOI'O, YTOOKBI IIOJIHOCTHIO JIHIIHTH €0
Maccsl, Ha 9T0 TpeOyeTcsa OTPOMHOe KOTHYECTBO JIeKTPOMAarHATHOH SHEPTHH, K Y€MYy MbI BEDHEMCA B
cregyromes 171aBe.

BsrireM Ha rpaduk:

Ilo ropusoHTase MbI NMeeM 3HaUeHHe MAcChI IIPU pasTOHe, IYHKTHUPHAA JIMHUA 110 CepeuHe
0603HaYaeT pasphIB U yCTAHABIMBAET 3HAYeHMe B CKOPOCTh CBeTa, CIIPaBa BCE YTO GOJIBbIIE CKOPOCTH
CBeTa MJIY ero KOMILJIEKCHOe 3HaYeHHe, CJIeBa [0 CBEeTOBbIe 3HaueHnA. Kak MBI BUIUM U3 5TOTO
rpadmKa pa3psIB IPUOIKAeT 3HAYeHHUA MAcChI K ITIOJTHOM OCTaHOBKE BpeMeHH, TOT/Ia KaK ABIDKEHUe C
60sbIIeil CKOPOCTBIO, YeM CBETOBAsA, OTHOCUTEIFHO KOMILIEKCHOM IIJIOCKOCTH — 3TO yXKe
KOMILJIEKCHAs CKOPOCTb, MBI IM€eM YCKOPeHUe IBIDKeHH I BpeMeHH. CieZjoBaTeIbHO, B
THIIepIIPOCTPAHCTBE BpeMs He MMeeT 3Ha4eHHd BOoOIIe, 1 Te4éT oueHb Op1cTpo. [y Toro, 4To0s!
M30JIMPOBATH Ce0s OT TAKOTO yCKOPEHUSA TeUeHUs NIPOIIeCCOB WK BpeMeHH, HHade TOBOps, TpebyeTcs
CO37aTh CHJIOBOE IIOJIE, /I STOTO TpeOyeTcs JOKAJIbHO CO37aTh HEOOXOAMMYIO HaM MacCy MU
BUXPEBOI IIy4eK SHePrHY, TAKOH ITy4eK aBTOMaTUYECKU CO37aeT HeOOXOAMMbIe HaM IIapaMeTpPhI
CHJIOBOTO IIOJI, TOTZA BHYTPH TAaKOTO IIOJIA BpeMs OyZieT Te4b eCTeCTBEHHBIM 00pa3oM.

Toma MbI MOXEM CAeJIaTh cjleAylonlee YIBEpXKAeHNEe, KOTOpOoe ABIAETCSI OKOHYATE/IbHbIM!

TnmepnpocTpaHCTBO — 5T0 IPOCTPAHCTBO, I4€ TPEXMEPHBIH OOBEKT JBHTA€TCA C KOMILTEKCHOH
CBETOBOH CKOPOCTEIO B KOMILIEKCHOM TPEXMEPHOM IIPOCTPAHCTBE.



IlognpocrparcTBo — 5T0 MIOCKOE IPOCTPAHCTBO, I4€ BO3MOXXHO JBH)KEHHE TOJIBKO TOT€YHOI'O
2/IeKTPOHA, y KOTOPOI'O H3MEHH/IACh MACCA, H/IH TOYE€YHOI'0 3JIEKTPOHA C Je@@eKToM MaCcC HIIH €ro
COOCTBEHHOH 2HEPrHH OTHOCHTEIBHO A4Pa BCE TOI0 JKe aT0Ma BOZOPOJA.

IlyremecTBre 3a mpezesl CHHIYIIPHOCTH — 3TO TaKaA QOpMa JBHXKEHHA OTHOCHTETEHO O0Iero
JBIDKEHHA MATEPHH B HALIEM H3MEPEHHH, IIDH KOTOPOM OOBEKT CTATHYEH H HE JBHTAETCA
OTHOCHTEIFHO OOLIEro JBHXXEHHA BCEH MaCCEI BCEJTCHHOH.

[ly1st moceiHero eCcTh HECKOJIBKO CBOMCTB:
CobcrBerHHOH sHEprues taKkoe Tej10 He 067134a€T.

Tegvernne BpeMeHH — HET, OHO He OCTAHAB/IHBAETCA IIOJIHOCTBIO, 4 HAYHHAET TeYb B 0OPaTHOM
HaIpap/IeHHH, TIPH TAKOM CKa9Ke MBI aBTOMATHYECKH ITONIa4aeM 3a MPELEIBI CHHIYIAPHOCTH B
APYIYVIO CHHIYIAPHOCTS — 3TOT THII JBH)KEHHA, BO3MOXKHO, ABIAETCA KIFOYEBEIM JJIA IIEPEXOLA
mexzy Bcenernmsivmm, kax o Mexzy peajasHoCTIMH!!!

Tpebyercs mOITHOCTBI0 AHYIHPOBATH 3HAT€HHE MACCHL, 4 eC/TH 3T0 TaK, TO TpeOyeTca becKOHeTHOoe
KOJHYECTBO SHEPTHH, ITO HE IPECTABIAETCA BOIMOXHBIM O€3 JeTaTbHOTO H3Y IeHHA.

Ognaxo, cOryacHO OZHOMY OYeHb H3BECTHOMY ITpe/ICTaBIeHHIO O BcereHHOM, CcymecTByeT
MHOXXeCTBO peaJIbHOCTel, a BcesenHbIx Bcero age: Hama BeesleHHas, ¢ MOTOXUTETPHBIM IBIDKEHIEM
BpemeHu 1 AHTH-BcenenHas ¢ 06paTHBIM X0ZI0OM BpeMeHHU.

Ilomacts B APYTYIO p€aJIbHOCTh CKOPp€€ BCEro HEBO3MOXXHO, OHAKO A He MCKJII09di0 TaKoM
BEPOATHOCTHU CO6I:ITI/II>'I, d BOT IIOIIACTh B aHTH-BCEJIEHHYIO BO3MOXXHO, HO YIHNTBHIBAA TPETHE CBOMCTBO
Ha 3TO HOTPE6yeTCH dCTPOHOMMIECKAT umbpa SHepruu, 4TOOBI BBI3BATh TAKOE IIoBeZleHe MATepUH.

W 510 He KacaeTcs HaIllero ¢ BaMu BOIIpOCa, KOTOPBII‘/JI MBI IIOAHAJIN.

JeddexT macc 1 s1eMeHTapHEIE IIOHATHA 00 aTOMe.

B aT0i1 T71aBe MBI IIOTOBOPUM O CBOMCTBE MaT€PHH HU3MEHATH CBOIO DHEPTHUIO, YTO fie (haKTO O3HAYaeT
IIepexo/ TO4€9IHOI0 3JIEKTPOHA MJINM TPEXMEPHOI'O KOCMHYECKOI'O Te€Jjld B IIOAIIPOCTPAHCTBO 1
TUIIEPIIPOCTPAHCTBO COOTBETCTBEHHO.

Ecin SJIEKTPOH H3MEHAET CBOIO SHEPIUIO OTHOCUTEIBHO AZpd, TO II0 3daKOHY COXPAaHEHUA SHEPTHUHN
APO NOJDKHO CKOMIIEHCHPOBATH CBOE COOCTBEHHOE 3HAUEHNUe SHEPIUH U Yep>KaTh TaKOH 3JIeKTPOH,
HO MBI 3HAa€M, 4TO CHOCO6HBI €r0 OTOPBATh OT A pa IIPpY ITOMOIINU MEXaHUYIECKUX CUJI,
TPaBUTATVMOHHBIX CHJI WJIHM K€ C IIOMOIIbIO CbOTOB(i)(bEKTa. OTO IOKa TpH BH4d BOB,HEfICTBI/IH Ha
9JIEKTPOH, BO3MOKHO K HEMY dBTOMATU9€CKHU IIPUPABHUBAETCA CHOCO6 MaHI/IHyJISILI;I/IefI
DJIEKTPOCTATUYIECKUM II0JIEM, U3MEHEHUE 3apAa 3JIEKTPOHA, 3TO BEPOATHEE BCETO HEBO3MOKHO, HO
OIIATH TaKH 4 HE MCKJIIO4YAdI0 HO,Z[O6HOI>’I KOHq)I/II‘yPaHI/II/I.

,ZI;JIH TOTO, x-ITO6I:I IIOHATH, YTO TAKOE 3JIEKTPOH MOXXHO O6P3TI/ITBCH K JaHHBIM COBPeMEHHOﬁ HAyKH —
3TO TOYKA B IIPOCTPAHCTBE, VI II0JIe OTPHUIIATEIbHOM 3JIeKTPOMAarHUTHON SHePTUuu. Y YUTHIBAA
pa60Ty MOMX KOJIJIET B 9TOM BOIIpOCeE: I10JIe OTPI/IHaTEJIBHOﬁ 9HEPIUH IIOABIAETCA IIPU BpallleHNH W
ABWKEHHWH 3JIEKTPUIECKOI'O I10JIA B IIPOCTPAHCTBE, TAKMM O6P330M MOXKXHO CAeJIaTh BBIBO/J,, YTO
9JIEKTPOH IIOJIydaeT CBOIO 3JIeKTPOMAarHUTHYIO SHEPIHIO, 3apAKasgCh OTPUILIATEIFHO ITyTeM BpalleHus
COOCTBEHHOI'O DJIEKTPHUYIECKOTO II0JIA B IIPOCTPAHCTBE OTHOCHUTEJIPHO COOCTBEHHOM OCHU U
OTHOCHUTEJIBHO A/1pad, CaMO AP0 MaTEMATUIE€CKU MOXET OBITH 3apAXKeHO IIOJIOXKUTEIBHO, 3a CUET
IBIDKEHUS DJIeKTPOHA BOKPYT fAZpa GopMHUpyeTcs obliee 3IeKTpUIecKoe II0JIe CaMOoTo ALpa, T.e. B
IIeHTpe BpallleHHsd, OAHAKO M3HAYaJIbHO HE ABIIETCSI TAKOBBIM.



Yro Takoe 351eKTPOH? — 3TO (POTOH, ITOIHOCTHIO OCTAHOBJIEHHBIH B CBOEM IBIDKEHUH, OH HAUMHAET
BUOpaILMIO BHYTPH TaK Ha3bIBaeMOM I'PaBUTALIMOHHOMN SYeHKH U TAKMM 00pa3soM IOTydaeTcs
3JIeKTpHIecKoe II0JIe, a 33 CIeT TOTO, YTO OH ellé 1 BpallaeTCs B IIPOCTPAHCTBE IIPOUCXOAUT
IOIIOTHUTEeIbHOE yBeledeHHe DJIeKTPUIeCKOro IO U I0IyIaeTcss OTPUIATeIbHBIN 3apsy,
Bpamrenue takoro ¢oToHa B IIPOCTPaHCTBe BOKPYT MHHMOTO LIEHTpPa 3apsKaeT Apo
IIPOTHUBOIIOJIOXKHBIM 3HAKOM, IpHUYeM ABIDKeHHE B aTOMe HIET 110 9aCOBOMH MJIU, eCJIU 3TO MO3UTPOH,
IIPOTHB YacOBOIl CTpeJiKe, WX Ha000poT. Paccyer MoXeT MOATBEpAUTH STy TUIIOTe3y. A IIOKa BBeleM
oIpesie/leHHbIe TOHATH:

Bubparna mo/IHOCTBIO OCTAHOBIEHHOTO QOTOHA IIPHBOAHT K POPMHPOBAHHIO 3aPALA H
S/IeKTPOMArHHTHBIX BOJIH TOT'O CIIEKTPA, KOTOPBIH OIIpeAeIdeT 3IeKTPHIeCKOe II0Te.

Bpamernne pubpupyromniero ¢poTora BOKpyI MHHMOTO IJeHTPAa HIIH AAPA MPHBOJHT K ITOAB/IEHHIO
S/IeKTPOMArHHTHBIX BOJTH, (POPMHPYA TAKHM 00pasoM IMPOTHBOIIOIOKHBIH 3apAX B A7Pe, a CaMO
B3aHMOZEHCTBHE JBYX 3apAZ0B QOPMHPYeT yke 3JIeKTPOCTaATHYECKoe I10/I€ aTOMA.

Or COBOKYITHOIO 31€KTPOCTATHYECKOIO ITOJIA ATOMA 3aBHCHT PACCTOAHHE MEXY 000JI0IKaMH
COCeHHX aTOMOB, QOPMHPYA IIDH 3TOM OIIPEJEeTeHHOI'0 CBOHCTBA MOJIEKYIY.

Or obmjero 2/1eKTPOCTaTHIeCKOro MOJIA, B KOMOHHALIHH C ZPYTHMH OOLEAOCTYIIHFIMH I1apaMeTPaMH,
KOTOpBIe MOXKHO HAHTH B HHTEPHETE YOPMHPYETCA Y Ke CBOHCTBA MATEPHH.

CBolicTBa MaTepUy MOTYT OBITh Pa3IMYHBIMU, HO KOJUIMOPOBOYHOM YacTUIIEH, OIpe e IsIoneit
CBOIICTBA MaTepUU SABJIAETCA HEHTPUHO, ecyid ObI UX He ObLIO, He IIPOMCXOAKIa ObI BUOpaLUs caMoi
MaTePHUH, IIOCTOJIbKY IOCKOJIBKY HX IIEPUOAUIECKOe JBIDKeHNEe CKBO3b MaTepUIO HE3SHAYUTEIHHO
MeHseT X CBONCTBA, IIOCTOJIBKY IIOCKOJIBKY M3MEHAeTCA HECKOJIBKO IIapaMeTpOB, B TOM YHCJIe U
COBOKYyIIHAasA SHEPTHA, IIPHU IPOXOXKIAEeHUN HEUTPUHO Yepe3 MaTepHIO.

Taxum 06pa30M MBI BBeIEM eme OOHO ITIOHATHE:

HeﬁTpPIHHHﬂ' BH6P3HHX — 3TO COBORYIIHAA ITYJ/IbCAIIHA COBOI(/VIIHOHU' SHEPIHH dTOMAa IIDH
IIDOXO’KT€HHH HEIIOCTOAHHOIO IIOTOKAa HeﬁTPHHO gepes3 O4HH dTOM.

Ognako Takas BUOpalLys IO CBOEH IIPUPO/ie HEBO3MOXKHA, O HAKO, KaK 5 JII00II0 TOBOPUTH, HET
HUYero HeBO3MOXXHOTO. Eciiu BemecTBO OCTaTOYHO CHUIIBHOM INIOTHOCTH, TO €CTh BEPOATHOCTb, YTO
HeHTpUHO OyAyT CO3/laBaTh HEHTPUHHYIO BUOPAIUIO TAKOTO BEI[ECTBa, YTO ITOBJIEYET 32 COO0It
M3MEHEeHMe DHEPIrUH BellleCTBa, U €CJIM B 3TOT MOMEHT OTOPBAaTh 3JIEKTPOH OT aTOMa C IIOMOIIBIO
doroaddexTa, TO MOKHO IOTYIUTh KOMIIJIEKCHYIO CKOPOCTb.

Taxum 06pas3om, 3TOT 3P deKT SIBIAETCS OIPeNeITIONNM B CO3LAaHIHU TaKOTO PoZia KOMMYHHUKAIINY 1
TaKOTO POJa IlepeMelleHu .

MBI Bce U3 Kypca COBpeMeHHOH HEHTPUHHOM GU3NKY 3HAaeM, YTO IIPH B3aUMOJEUCTBUHY C ZOCTATOTHO
IIJIOTHBIM M30TOIIOM BOZOPOJIA, TSDKEIOH BOJOM, OABJIAIOTCA TOTyOoBaThIe chepuiecKre BOIHBL,
HUCXOJAIINe OT OJHOTO MJIM HeCKOJIBKUX aTOMOB TSeJI0i BOIbI B COBOKYITHOCTH.

Ognaxo, aT0 coBceM He TOT 3 deKT, KOTOPHIH MBI HIeM, HO yKe OJTH3KO0, ecii OBl TaKKe JaCTUIIBI OB
CYIeCTBOBAJIH, TO Hallla MaTepys He3aMeAIUTeIHO GBI CylecTBOBaIa GBI B [PyTOM H3MEPEeHUH, U
HEHN3BEeCTHO KaK 3TO HPOI/ICXO,Z[I/IJIO 651. E,ZLI/IHCTBGHHBIM CJIy‘IHEM, Korzaa MaTepI/I}I H3MEeHHNJIa CBOIO
MacCy MBI BBeJleM celiyac:



I paBuTOH — 3T0 TOYEeYHBIH 3/IEKTPOH, KOTOPSIH H3IMEHHI CBOIO MACCY H OTOPBAICA OT ATOMa IO
BO3ZeHCTBHEM SHEPTHH.

Takoit MyTaHT ABUTaeTCA C KOMIIJIEKCHON CKOPOCTBIO BO BCeX HAIIpaBJIeHUAX U (GOPMUPYeT BceM
M3BECTHBIN TPEXMePHBII MUp, a 6;1aroZiapsi TOMY, YTO OH eIlé U BIUAET Ha CKOPOCTh IIPOTEKaHUA
IIPOIIECCOB, U YeTHIPEXMEPHBIH. JTO eIMHCTBEHHAs YaCTUIA, KOTOpPas CBOOOLHO MOXET
IepeMemaThbCsA MEeX/Y BCeJIEHHOM U aHTH-BCEJI€HHOMH, B CIy4ae YePHOM IBIPBI, MEXIY

IO ITPOCTPAHCTBOM U THUIIEPIIPOCTPAHCTBOM, BO BCeX HAIIPaBJIEHUAX II0 JIOTapUPMHIYeCKOi CIUpatu
HapyXy, GopMupys KIaccudeckoe mapoo6pasHoe IPaBUTAIIFIOHHOE TI0JIe 32 CUeT TAKOTO JABIDKEeHM,
IIyTeM U3MeHeHUs TedeHUs BpeMeHU U COBOKYIIHOTO M3MeHeHUs 9HePruU IIpOoTeKaHuA IIPOLeCcCoB,
TaK 1 TOpPPOMJAIbHOE II0JIe, IyTeM ABIDKEHUA IO CIIMpaju BHYTPh, OTBedalollee 3a TaK Ha3hbIBaeMYIO
KBaHTOBYIO 3aIIyTAHHOCTb.

Boob6ue, MBI ¢ BaMH BO BTOPOIi TJIaBe OIIpe/iesINIH, YTO JBIDKEHHe 110 CIIMPAIX UIN BHYTPb CIIMPAIH
— eCTb [IBa TUIIA JBIDKEHNA, KOTOPble OAHO3HAYHO BCTPEYAIOTCA B IPUPOAE U ITUPOKO
pacIpocTpaHeHsl, U OIIPeie/ITIOTCA HaTyPaJIbHBIM JIOTapr(dMOM IO COOTHOLIEHHUIO BpeMeH.

Boo61ueM-To, TOIBKO 3a CYET TOTO, YTO CYILIECTBYIOT 3Be3/bI Ha FaJJAKTHYECKOM JUCKEe, MBI C BAMU
MMeeM IIpOTeKaHMe IIPOLeCCOB B IPUHIIUIIE, a TaK, eCIX ObI 5TO ObLIA KIacCHYecKas YepHas JbIpa, TO
BpeM:A GBI BOOOIIe He U3MEHAIOCH OBI, a TeYeHHUe IIPOI[eCCOB OCTaHABINBAIOCH OBL.

Takum 06pa3oM, B IleHTpe TaJTaKTUKK CYIIeCTBYeT KPOTOBas HOPA, BeAyluas B TAKyIO JKe TaJIAKTHKY B
AHTUBCEJIeHHOM!.

OTH yTBEPXKIeHUA MOXXHO PAaCKPBITh U MIOACHUTH IIPYU ITOMOIIY PaccueToB. Takike CTOUT yUUTHIBATH
3TOT (akKT:

Kaxzas wepras gpipa B feHTpe KA KAOH raTaKTHKH IIOPOXAAET TaKyI0 (QOpMY BeleCcTBa
OTHOCHTE/IPHO JPYTOTO BEIWECTBA, IYTO OHO BO3AEHCTBYET HA TKAHb H IIPOCTPAHCTBA, H BPEMEHH,
@opmMHpYy A OoIIpeAeTeHHOrO popmMa AMKH, KOTOPEIE MOXKHO OIIHCATh C ITOMOLI5I0 KBAHTOBOH TEOPHH —
TaKHe II0TeHIHA/IPHBIE AMKH HMEIOT DA3HY 10 KOHQHIYPAL[HIO H PA3HBIE YPABHEHHA HCKPHBIEHHA
IIPOCTPAHCTBA, 4 COOTBETCBEHHO PA3HbI€ CBOHCTBA TAKOTO IIPOCTPAHCTBA.

W HeCKOJIBKO BaKHBIX CHe,ILCTBHfIZ

Kaxzasg ramaxruka yHHKaTbHA H HMeeT OeCKOHeYHOe KOJTHIeCTB0 KOHQUIYpAI[HH 1T0 BCer
BCeJIeHHOH H COOTBETCTBEHHO, KK YEPHAA JbIPA — 3TO OTAe/IbHAA IPABHTA[HOHHAA TEOPHAL.

Kaxzgas vepras gpipa MoXXeT pOpMHPOBATE KaK MPABOCIHPAIBHYIO, TaK H JIEBOCIIHPAIBHY IO
MAaTepHIO, YTO XapaKTEPHO, KaK /I AHTHBELeCTBA, TAK H JJIA BEeLjeCTBa.

Korgurypanmnsa g¢ororna, Bce H3BecTHbIe 3aKOHBI QH3HKH, OCHOBAHHBIE HA YETHIPEX B3AHMOLEHCTBHAX
H BO3MOXHBIX B3aHMOZEHCTBHH, B TOM YHCJIE 3apA7 5/IEKTPOHA, OIIPELE/IEHHE TOr0, KAKHE 3BE3AbI H
KaKOH OHH CBETHMOCTH, a TAK)Ke BCe BHABI TIOOOH, HallleH, IPHBFITHOH HaM MaTEPHH H
B3aHMOZEHCTBHH, B DA3HBIX TATAKTHKAX, 34 CI€T OCOO0H KOH@HUTYPaLHH MPOCTPAHCTBA, DA3/IHIHBI.

BEILIGCTBO IIpH CTHAHHH C dHTHBEIJ€CTBOM BbI3bIBA€T OIPOMHOE KOJIH9€CTBO SHEPIHH, OJHAKO BO BCEX
YV C/IOBHAX TE€IIVTHIH OFf HaM BCeJIEHHOH TAKOTO CJTHAHHA He IIDOHCXOZHT.



Bcé 3T0 MOXHO pacCYXUTaTh U COIIOCTABHUTH C YK€ M3BECTHBIMU JAHHBIMU HAYKH, JaXKe TeOPHUsI CTPYH
— 3TO pe3yJIbTaT TOTO, YTO (GOPMUPYIOTCA TAKOTO POZia IMKU B CTPyKType MaTepuH, U IoNaaHue B
HUX (POTOHOB BIMAET Ha OOIIYI0 KOH(PUTYPAIUIO BCETO IIPOCTPAHCTBA BCEJIEHHOMH, ABISETCI TaKIM
o6paszoM GyHAAMEeHTaIbHON TeOpHe IIpU U3yYeHU! CIUIHUA U pazbesreHus Bcex 10tu
KJIACCUYeCKHUX KOH(MUTYpaIii IPOCTPAHCTBA U UX BapHalluii BO BCEM MUPO3JaHuH, GopMUpys
o0Iye IPUHIIUIIBI OTHOCUTEIBHO HALIETO C BAMU IIPUBBIYHOTO MUPA PU3NIECKUX ABIEHUH U
3aKOHOB B HUX.

C reopueii Bcé, mepeiimeM K GU3MIECKUM IIPHHITUATIAM:

mv?
hv = Appx + ——
2
Ilepen mamu xraccuueckuii poroaddext. Ilpuiem oH ocymecTBaAETCA IPU KPACHOMH IPaHUIIe

doroaddexTa B Hamelt KIacCUIECKOH KOHGUTYPAIHH IIPOCTPAHCTBA.

B = ~Jw?
k—ij

EcTb kuHeTHYecKast JHeprud BpallleHHd, OJHAKO B CJiy4ae C OCTAHOBUBUIEMCA (l)OTOHOM B
IIPOCTPAHCTBE, M10I1aB B HEKOTOPYIO IOTEHLIHAJIbBHYIO AMKY ocoboi KOH(l)I/IpraI_II/II/I, I10 3aKOHY
COXpaHEHHUA 3HEPIUU ITPOUCXOJUT CleAyroliee.

hv = Jw?
Ecitu, yC/IOBHO TOBOPS, MaTeMaTH4eCKH, Macca (pOTOHa — 3TO:

_hc  hv
m=y=a
Torpa:
1 1
hv =Jw? > w= icro_i, rje 1’0_E — paccTosiHue OT Apa

Taxum o6pasoM, sHeprus GoToHA IePeXOAUT B IUKINIECKYIO BUOpanuio caMoro ¢GoToHa, GopMUPY
TaKUM 00Pa30M 3JIeKTPHYECKOe II0JIe U 3apA/,. 3HaK IPOTHBOIIOIOXHOCTH, YKa3bIBaeT Ha TO, UTO B
IIPHPO/ie Ha3bIBAeTCS IO3UTPOHOM. B Hamrell KOHGUTYpanuy YepPHOM ABIPHI B IEHTPe MJIEYHOTO IIYTH
€CTh 0COOBIN ITYHKTUK Ha IIOJIIPHOCTD BpallleHUsA, COOTBETCTBEHHO JII000€e aHTUBEIECTBO B HAIIEM
IIOHVMaHWH He CMOXKeT IIPICYTCTBOBATh B Halllel TaJIaKTUKU B eCTeCTBEHHOH GopMe, IIOTOMY UTO
€CTb OIIpefieJIeHHOe COIIPOTHBIIEHNE IIUKINYeCKOH Bubpauuu (oToHA BHYTPH TAKOTO pofa
IIPOCTPAaHCTBEHHON KOH(PUIYPaLK U OIIATh TAKK 3TO CBA3AHO U C TeOpHel OTHOCUTEIBHOCTH, U C
TeOpHel CTPYH, U C KBAHTOBOM I'paBUTaLei.

Ho xax >xe MbI TOBOPHUM, 9TO (I)OTOH OCTaHOBMIJICA, €CJIN €CTh B BBIPA’KEHUNH CKOPOCTh CBETd KaK
TaKOBOTI'O, 4 BOT B 9TOM-TO M KPO€TCI OCHOBHA pa3raZiKd, IIO9YeMY CKOPOCTb CBE€TA COXPAaHAETCA B 9TOM
CiIydade, KaK B MATEMATHI€CKOM dCII€KTE, TdK K B (bI/IBI/I‘IeCKOM. I_[I/IKIII/I‘IeCKa}I 9aCTOTa Bn6pau1/m
q)OTOHa Hen3BeXHOo IIpUBOAUT K (I)OPMI/IPOBB.HI/IIO BpallleHMsd BOKPYT IIPOTOHA. OTO U €CTh OCHOBHAS
IIpUYMHAa II0YeEMY BCE TaKu CKOPOCTh COXpPaHAETCHA, OAJHAKO COOTHOIIEHME HEe COBCEM HAEHTHIHOE.

BsIpasum cBeTOBYIO CKOPOCT depe3 IIOCTOSHHYIO TOHKOI CTPYKTYPBL:
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l",z;e 3HaK ITPOTHBOIIOJOKHOCTH €CTh HUYTO MHOE KAaK 3HAK IIOJIIPHOCTH Bpalll€HM .



Tax:xe MbI 3HaEM q)OPMYJIy DJIEKTPHUYIECKOTO II0JIA 3JIEKTPOHA:
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I'me 7,- paguyc ycIOBHOTO 3JIEKTPOHA, HO TaK KaK MBI 3HaeM, UTO STOT 3JIeKTPOH 3aKJII0UeH B
IIPOCTPAHCTBE U ABJAETCS TOYKOM IIPOCTPAHCTBA, TO MBI IMeEM JIeJI0 C 0ObeMHOM dHeprueit u
CJIeJOBATEIFHO C 00'bEMOM, CKOJIBKO B OTHOM 00BeMe KOHIIEHTPUPYeTCS SHEPTUU MBI 3HAeM U3
COOTHOIIEHUA:

— .3
V=r

OroBoproch 3apaHee, 4TO €CJIU IT0JIe TOPOUAAIBHON (HOPMBL, TO 1 06BeM OyZeT COOTBETCTBYIONIUIA,
eciu 06beM cheprudecKuii, TO U OYZEeT COOTBETCTBEHHBIN KO3 PHUIMEHT IPOIOPIIMOHAIBHOCTH. B
COBOKYITHOCTH BCE 3TO 3aBUCHUT OT HAYaJIbHBIX yCJIOBUH TOTO IIPOCTPAHCTBA B KOTOPOM MBI
HAXOAUMCS, COOTBETCTBEHHO OT KOH(QUTYPALUK Y€PHOI ABIPHI.

MaI MOXXeM BBIYHC/IUTH TOJIBKO OIWH 1 TOJIPKO OAHH BH/J, II0JI1, HA MOMEHT OIIpeZe/IeHHN A, B3AB 3d
IIpeaIIOIOXKEeHHEe, 9TO II0JI€ BOKPYT TOY€9IHOI'O 3dapsi/d, «6e3 ,HBIPKI/I»*, €CTh HUYTO MHOE, KdK IIIdp.
1 3

V=§nr0

B3sB 3a T, 4TO mMOJIE 63 ABIPKH, a POPMUPYET HAeaTbHBIN TOP, TO €CTh PACCTOSHUE OT LIeHTpa TOpa K
pasuyCy 3/1eKTPOHA PaBHBIL.

Taxum o6pa30M SHepIruid OAHOI'O 3JIEKTPOHA B dTOME 6y,u;eT PpaBHA:

A Kax M3BeCTHO 5TO BCE CBA3AHO C TEM YK€ CAMBIM DJIEKTPUYIECKUM IIOJIEM JJIEKTPOHA:
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[MTopcTaBsia BCE 3TO B BRIBOJ, MOXKHO ITOHATH KAKUM XK€ 00pa3oM MeHseTCsl KOHeYHas Macca U OT Yero
OHa 3aBUCHT. Tak KaK MaTeMaTHYeCKH BCE CBSI3aHO, ClIelyeT OOBSICHUTD, YTO CKOPOCTh CBETa, TOH,
KaKoil OHa 6bLIa [0 IIpe0Opa30BaHus, BKIALbIBAETCS B Pe3yJIbTaT IIPOLieCca, B CBOIO O4Yepeb CKOPOCTh
CBeTa HEIIOCTOSHHA U 3aBHCUT OT TOI KOH(MUTYpPAI[UU IIPOCTPAHCTBA B KOTOPOI MbI HAXOZUMCA, O YEM
MBI TOBOPHJIH, COOTBETCTBEHHO 3TO BIMSIET KAK HA SHEPTHIO DIEKTPOHA, TaK U Ha DJIEKTPUIECKYIO
sHepruio snekTpoHa. OTCI0/a e[UHCTBEHHBIN CII0CO6 eCTeCTBeHHON MaHUITY NN SIEKTPOHOM — 3TO
CO37aBaTh CONMPOTHUBIIEHNE K ABIKEHHIO, MEHASA €r0 KOHEYHYIO MacCy, OZHAKO OTO CTAHOBUTCS
BO3MOYXHBIM TOJIBKO B TOM CJIy4ae, eC/IM MBI YMeHbIIaeM YacTOTy OOpallleHUs SIeKTPOHa BOKPYT
IIPOTOHA. A eC/IX MBI YCJIOBUJIKCh, YTO CKOPOCTh CBETa He KOHCTAHTA, TO YeM OOJIbIle MBI
yBeJIHN4MBaeM IUKINYECKYIO YaCTOTy JIEKTPOHA, TeM MEeHbIIe eTr0 Macca, IIPX STOM U3MEeHIeTCA U
ycioBus GoTtoaddekra, KpacHOe CTAaHOBUTCS GOjiee KPAaCHBIM U TaK fajiee, YeM BBIIIe CKOPOCTb, TEM
6ospure myrHA GOTOHA HEOOXOAMMA [T BRIOMBAHUA TAKOTO DJIEKTPOHA U3 aTOMA, JOITYCTHM
BOZIOPO/A.



mZ~w3
MEI 3HaeM, 9TO Bpal[aTh OGBEKT BHYTPU MBI MOYKeM C 6eCKOHEYHOI CKOPOCTBIO, OHAKO /IO TeX TIOp,
IIOKa DIeKTPOH He TepeiijieT B MPOTOH, ero SHePrUs IIPH TaKOM CIMAHUY — 9TO CKOPOCTh
PacIpoCTpaHeHNUs NOHOB B CPeJie, a BepHee UX MMITYJIbC, OHAKO, YIUThIBasA QyHIaMEHTAIBHYIO
IIPUPOZY MBI C BAMHU MOYKEM IIOJIOKUTh, YTO LEHTPOOEKHAS CUJIa, UMEHHO LeHTPOOeXKHAs, He
HeHTPOCTPeMI/ITeHBHaﬂ, B OTOM CJIy‘Iae caMa BBIPBeT SﬂeKTPOH, OJHAKO CTOUT IIOMHUTH O TOM, YTO IIO
3aKOHY COXpaHeHWUs SHepPTUH TTPOTOH Gy/IeT MEeHATH CBOIO CKOPOCTb, OHAKO TIPH 3aMe/IIeHUH
5JIeKTPOHA OH yJAPUTCS O TIPOTOH U CBOEH SHeprHeil BRITOJKHET ero, IpeBpaTus ero B VIoH, yem
Me/JJIeHHee BblIeTaeT MOH, TeM CHJIbHEe TATa:

E 1
Ty
COOTBeTCTBEHHO, YeM MeJ/leHHee 3IeKTPOH TafiaeT Ha Spo, TeM GoJiee Me I TeHHbIH HOH TIOTyYaeTcs,
U TaKUM O6p330M BBIIIIE CHUJIA TATY UOHHBIX ,Z[BI/II‘aTe.JIei?I.

Ortcroza MBI TOJTy9MJIM OCHOBY JIJIA JajibHelIIero u3y4eHus Toro, Kak GopMupyeTcs KOMIUIeKCHAs
CKOPOCTH M YTO HaIlpaBJIeHHE KOMIUIEKCHOM CKOPOCTH €CTh HMYTO MHOE, KaK TeOMeTPHUIECKOoe
oIpeieieHre — TM00 OT CIIUPAJIH, JIU6O II0 CIIUPAIN BHYTPb, OT 0OBEKTa MM BHYTPh
COOTBETCTBEHHO.

Eciy MBI XOTH CKOJIBKO-TO He3HAUYHUTeIbHO YMEHBIININ MACCY 3JIEKTPOHA, TO MBI YMEHBIIINA U
COBOKYTIHYIO MacCy aToMa, PaCIIMpssA ero IPH 9TOM. JTO CJIeTKa HapyllaeT 3aKOH COXpaHeHUd
9HEepTUH, HO Ha BBIXOZe MBI II0JTy4aeM CBEPXCBETOBYIO CKOPOCTh (KOMILJIEKCHO), YTO TOBOPHT O TOM,
YTO OH COXPAHAETCH, IIPOCTO SHEPrus IIepexXofuT B UHYIO GopMmy.

Otcroma MOXXHO JiesIaTh U IpyTHe He MeHee MHTepeCHbIe BBIBOJBI, OTHOCUTEIBHO JPYTHX
B3aMMOJIeMCTBUI, HalpuMep:
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I'paBuTaniiOHHAsA pe30HAHCHAA YaCTOTA.
Cremaem cienyromiee:

1 PaBHTAITHOHHAA PE30OHAHCHAA 9aCTOTd — 3TO 9dCTOTd CHHXPDOHH3AI[HH MATEPHH, €C/IH OHd BbIIIIE
OTHOCHTEJIbHOH YaCTOTHI COTHIIA, TO IVIAHETA yA4d/I1€TCA, €C/TH MEHbIIIE, TO COIHRAETCA.

[Toromy mpoToH cBoeit Maccoit GopMHUpPyeT IpaBUTAI[IOHHO-PE30HAHCHYIO YaCTOTY, €CIU OHa
Goblle, TO 3IEKTPOH yOeraeT, ecIi MeHBbIIIe, TO COIDKAeTC s, eCJIU e€ HeT, TO Iafaer.
CooTBeTCTBEeHHO B II060M aTOMe Pe30HAHCHAsA IPAaBUTAIIMOHHASL YaCTOTA COBIIAAET C IMKINIeCKOH
BUOPAIMOHHOM YaCTOTOM M 3TO ABJIAETCSA 30JI0TOH CepeIMHOM, MIM NHAYe TOBOPS CTAGMIBHBIM
yCJIOBHEM.

CrabnisHoe YC/IOBHE€ HJTH 30/I10Ta4 CEPEAHHA — 3TO Y C/IOBHE, KOTOPO€ DO’KZAETCA IIDH COBIIdZ[€HHH
YacToT IIPpOTOHA C YaCcTOTOH SJIEKTPOHA B ATOM€ BOZAOpOJa.

WY emié ogHo cieacreue:

Tax KaKk, 3IeKTPOH — 3TO SHEPIHA IPOIOPIIHOHA/IBPHAA €r0 MACCe, TO COBOKYIIHAA SHEPTHA,
DOXZEeHHAA IIyTeM CIOXEHHA BCEX SHEPIHH OT MPOTOHA H 3/IEKTPOHA, HJIH €0 YMHOXEHHA, DABHA
COBOKYTIHOH 3HEeprHH 3JI€KTPOHA CIEAYIOL[ero YPOBHA H IIPOTOHA — 3T0 HeOOXOZHMOe yCIOBHE JIT
3aKOHA COXPAHEHHA SHEPIHH, TIPH 3TOM MeHAETCA pe30HAHCHAA YaCTOTa IIPOTOHA H 3TeKTPOHA
BTOPOTO YPOBHA, OPMHPYA IIPH 5TOM OIIpEAETEHHbIE CBOHCTBA ATOMA, B JHHAMHKE.



Taxum 06pa3oM caM IIPOTOH U €T0 Macca 3aBUCUT HAIIPAMYIO OT Pe30HAHCHOH YaCTOTHI, KOTOpasd
MeHfAeTCA OT aToMa K aTOMY, OT OJHOTO JIeKTPOHHOTO YPOBHA K JPyTOMY.

3ame;meHHe BpaleHnvs 1 YCKOp€HHEe BpallleHWsI 3JIEKTPOHA B aTOME.
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OTO eJUHCTBEHHOE BO3MOXKHOE M3MeHeHMe B KOHPUTyparuy aToMa. TakuM 06pa3oM MbI MOXKEM
IIOHATD, YYUTHIBAA, YTO 3TO BeKTOPHI, COBOKYIIHBIH pe3yIbTaT IPU I'PaBUTAIlMOHHOM B3aUMOAeHcTBII
CIIMpajsb, THOO BHYTPSH, TUO0 HAPYXKY, YIUTHIBAL DTO MBI IMeeM JIeJIO C HallpaBJIeHUueM yTIOBOTO
YCKOPeHHUs, OHO BCETJa CO-HaIIPaBIeHa CO CKOPOCTEIO.
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OTO MBI OIIpeeININ BO BTOPOIi TJIaBe, TAKUM 00pa3oM Ji000e BeKTOPHOE JieieHHe OIlpeesiieT
CKOPOCTb ¥ BEKTOP CO-HAIIPaBJIeH CO CKOPOCTBIO ABIDKEHUA MaTEPHUU U ABJIAET COOOH CIIMPATBHYIO
TPaeKTOPHIO.

MosxHo BBIBOAMTD NUKIINYIECKYIO 9dCTOTY CKOJIPKO YTOJZHO 9€pe3 SOHEPIUIO 1 3JIEKTPHIECKYIO
SHEPTHH 3JIEKTPOHA, HO 3TO BCET'O JIUIIb YCIO0BHE PE30HAHCA YdCTOT 1 HUYETO 60)Iee, KpoOMe KaK 3TO
HEe O3HA4YaroT.

O,Z[HB.KO, €CJIN MbI YAJIUHIEM IIPOCTPAHCTBEHHYIO XdPAKTE€PHUCTHKY, yBEJIMIMBaAI I10JI€ MBI MEHIEM BCE
IIapaMeTphI, €CJIN MBI YMEHBIIdE€M IIPOCTPAHCTBEHHYIO XdPAKTEPHUCTHKY, TO COOTBETCTBEHHO
YMEHBIId€M MACCY 3JIEKTPOHA, €TI0 0P6I/ITy " eCJIx BO BpeME€HHU 3TO IIPOUCXOANUT JTHHAMHUYIECKH, TO U
II0ABJIEHNE MEJIEHHOIO HOHA He 3d TOpAMH.

Taxum o6pasoM ciaexmyeT BBIBOJ;

DNeKTpIIeCKOe ToIe MPIMOIPOITOPIHOHATBHO MPOCTPAHCTBOHHO XapaKTePHCTHKH T

Orcroza cienyert, uro r000€ BO3ZeiCTBHE Ha 3Ty XapaKTEePUCTUKY IIOBJIedYeT 3a cO00H HeMeIeHHOe
HU3MeHeHUe BCeX IIapaMeTpOB [0 Hey3HaBaeMOCTH, a 3aKOH COXpaHeHUs SHePTUHU B 9TOM CIIydae,
BO3MOXXHO, He paboTaeT. II0CTOIBKY IIOCKOJIBKY, €C/IX 9TO IPOUCXOAUT B IUHAMUKE, TO IIPOTOH-
HeHTPOH IIPOCTO He CKOMIIEHCHPYeT CBOIO MacCy, 3JIeKTpUUecKoe M MarHUTHOE II0JIA U He CMOXeT
COXPaHUTH BJIEKTPOH Ha OpOUTe, YTO IPUBELET K ITOSIBIEHUIO MeAJIEHHOTO HOHA.

BBezem moHsATHE MeAIeHHBIN MOH:

Mezgrernssrif HOH — 5TO TaKOH HOH, CKOPOCTb BELIETAHHA H3 IIOTEHI[HATbHOH AMbI KOTOPOIO
3HAYHTETBHO PA3HHTCA CO CKOPOCTBIO OCBOOOXKAEHHA OOBIYHOTO HOHA.

Ecu MBI BBeJIH 9TH [1Ba IIOHATHA, TO MOXKHO CMeJIO UATH B HAallpaBJIeHUYU U3MeHeHUHU
IIPOCTPAaHCTBEHHOU XapaKTEPUCTUKN aTOMHOM CTPYKTYPBI.

[Tpocreiimym mpuMepoM U3MeHEeHH AaTOMHOM CTPYKTYPbI ABJIAETCA OOBIYHBIN JTUQT.

Ho ma ceiiyac He 06 aTOM. A 0 TOM, 4TO /IBMKeHIE BpeMeHH XapaKTePHO MeHAeT COIPOTHUBIeHUe
IBIDKEHHIO MaTepuH, Kak ObI co3ziaBas oOpaTHsIi 5ddeKT.

Ecnu pBrxeHue BpeMeHHU - KOJIBIIO, TO MBI IMeeM JIeJI0 CO CXKaTHeM, COOTBeTCTBEHHO KOCMUYecKoe
IIPOCTPAHCTBO BpeMEeHHO BIKSeT Ha MaTepHUIO, CKUMasA €€, KOMIIEHCHPYeTCs 9TO C IIOMOIIBIO
eCTeCTBeHHBIX IPUYMH — IUIOTHOCTH, ¥ U3MeHeHUs BpeMeH!U B IIOIIPOCTPAHCTBe.



Ecnu meHsAeTcs BpeMs TaM, XapaKTepHu3ys CXKaTHe IIPOCTPAHCTBA, TO MeHIeTCS BpeMA U 37eCh U
IIpekJie BCero MoBeJieHue 5JIeKTPOHa B aTOMe, 33 UTO OTBeJaeT 3(Up U3 SHePTUU B TOM U3MepeHHH. B
OTJIMYHU OT HaIlleTO U3MepeHus, SQUp IPOABIIeT HETUIIMYHBIe CBOMCTBA MaTepUU B HEM:

Hzrygernne B IOAIPOCTPaHCTBE — 5TO HUYTO HHOE, KaK H3/IyI9€HHE OOIYHOH MaTeEPHH, KOTOPYIO
3acoca’yio B YepHYIO JbIPY H3 HAIIETo IPOCTPAHCTBA, TAK KaK IVIOCKAA BETHIHHA COOTBETCTBYET
IIOCKOMY IIOAIIPOCTPAHCTBY, TO ZBIDKEHHE H3/IyIeHHA B HEM IIPAMOe, YT0 IIOPOXKAAET B HAIIEM
IPOCTPAHCTBE BPALjeHHE MATEPHH.

HsmeHeHne AIHHBI BOTHBI B IIOZIPOCTPAHCTBE HJIH THIIEPIPOCTPAHCTBE — 9TO HHYTO HHOE, KAK
H3MeHeHHe CKOPOCTH BPaleHHA HJIH HHKIHIECKOH JacTtorsl. OT OZHOH IIaHeTe K ZPYTOok IIAHeTe,
B OCHOBAHHH (POPMYJIBI H3 BTOPOH I/IABBI, MBI ACHO MIOHHMA€EM, YTO KOMILTEKCHOE PACCTOAHHIE HMEET
CBOHCTBO JIHOO COKHMATHCA, THOO PaCIIHPATSCA, B 00PaTHOIPOIOPLHOHATEHOH 3aBHCHMOCTH OT
pagHyca IIaHeTsI HIH 10 ZPYTOMY 00BeMHOK SHEPIHH, CKOHIEHTPHPOBAHHOK B IIOTEHI[HAIEHOH
AMe, yIHThIBAA QPAKTAIBHO IPeoOpasyIoLyI0 PearbHOCTs KOHPHTYPAIIHIO, IEPEXOLA OT OZHOH

CpEZBI, B PYTYIO.

Y4uuThIBad, 4TO BUXpeBas CIIMPATh SHEPTrO-MaTepUH, UMeIoas COOCTBEHHOEe BpeMs KU3HU B HallleM
MUpe JBIDKETCA, KaK ObI IIepIeHIUKYIIPHO TOPU3OHTY BHU3, OTHOCUTEIBHO 3TOTO K€ TOPH30HTA C
OIIpefleJIeHHBIM YCKOpPeHHEeM, YTO MbI BELICHVJIM B II€PBOM IJIaBe, TO MBI IMeeM JieJIO C IMHEHHBIM
IlepeMellleHUeM MaTepUH BOJIb IIPAMOH, a He II0 CIIMPAJIH, YTO TOBOPUT O TOM, UTO U3MEHEHHA
MAacCCBHI 3aJI03K€HO B IOAIIPOCTPaHCTBeHHON Mozenn. OfHaKo, ABIKeHUe BJIOJIb IIPAMOI, B KBAHTOBOM
MUpe HeKOTOPOTO IIOAIIPOCTPAHCTBEHHOTO U3TyYeHHA — 9TO HUYTO WHOe KaK BpallleHHe 110 KPyTy
3JIeKTPOHA BOKPYT IIPOTOHA, TaKOe U3JIydeHle, eCJIM YBeJIMIUTh eT0 OTHOCUTEIbHYIO CKOPOCTH,
CIIOCOOHO JTH60 CXKATh MOTEHITUAIBHYIO IMY, U3MEHS IIPH 5TOM IIPOCTPAHCTBEHHYIO XapaKTEePUCTHKY
9JIEKTPUYECKOTO IO, CO BCEMHU BBITEKAIOIMMU IIapaMeTPaMU, JIN00 YBETHYUTh IOTEHIIUATBHYIO
SHEPTHUIO MBI, C IOIJIOLIeHNeM (POTOHOB 3JIEKTPOHAMH, YTO IIPUBOAUT K HEN30EKHOMY U3MEHEHUIO
Mmaccsl. IIpexze Bcero ciefyeT OTMeTHTD, YTO IIOKA YTO Hallel ¢ BAMU «HayKHU» U3BECTHO JIMIIb
IIoBeJleHHe MaTepPHU OTHOCUTEIBHO IOAIIPOCTPAHCTBA, A He eTr0 U3IydeHNUs.

H3zyvenrne B IOAIPOCTPAHCTBE TAKXKe BAHAET HAa XapaKTEPHCTHKH IT0JIA, TOBOPA O TOM, ITO 3TO H
eCTb TeMHAad 3HEPIHA, 4 pe3y/IbTaTOM H3MEeHEHHA J/IMHEI BOJIHBI TAKOTO H3/IyYeHH AB/IT€TCA
IpaBHTALHA, COOTBETCTBEHHO H3MEHAA J/IHHY BOJIHEI — MBI MeHAeM xapaxrepucruru TOJIBKO
KBaHTOBOTO MHPpA.

Mareprsa B mogmpocTparcrse u €€ ¢opma JBIKEHHA B THIIEPIIPOCTPAHCTBE AB/IAET COOOH H3MEHEeHHE
cxopocru Bpamerns Actporomudeckux OOBeKTOB, TOBOPA O TOM, ITO 3TO TEMHAA MATEPHA.

Takum 06pa3oM MbI paCKpBLIN IOHATHE TEMHOIM MaTePUH U TEMHOM SHepruu. TeMHas SHeprust
BIMAET Ha PaCIIMPEHUE WX CXKaTHe IIOTE€HIIUAJIbHOM AMBI, YTO IIPUBOAUT K HHTEHCUBHOMY
HIOTJIOLIEHUIO (POTOHOB, @ TEMHAs MaTePUs — 3TO Pe3yJIbTaT U3MeHEeHUs SHEPTUHU 3a CYeT 60
IIOBeJIeHUA MaTePHH, TU00 3a CUeT TOH e CaMOil TeMHOM SHEPrHUU.

Taxum o6pasom, 100 MBI ZBUTAEMCA C YCKOpeHueM B tudTe, 1160 Ml BiugeMm Ha I[IPAMOE
U3TydeHVe, MHaYe TOBOPSA IO IIPAMOI TPaeKTOPHH, OTHOCHTEIBHO IO IIPOCTPAHCTBEHHOM
XapaKTepUCTUKU O3BY4YEHHOU B II€PBOM IIaBe, MOACHUAM:

ITlogmpocTpancTBeHHAs XapaKTEPHCTHKA — 3TO TaKaAA QOPMA JBIXKEHHA H3/IyY€HHA, OTIHYHAA OT
CIIHpAaJIH, T.€. II0 IPAMOH, OZHAKO 3aKpyYeHHAad B CIIHPa/Ib OTHOCHTEIBHO BPAI€HHA BOKPYT MHHMOH
JIHHHH, ITO TOBODHT O BHXDEBOM JBIDKeHHH. Takum 006pasoM B ieHTpe K KZOH YaCTHIFI MATEPHH,
ABIDKYINEHCA 110 IPAMOH eCTh CBOA YepHAad AbIpa Hallerf raJlakTHKH, T.€. OHA CYILEeCTBYeT B
IOATPOCTPAHCTBE OTHOCHTEIPHO KaXKAOH TaCTHI[BI MATEPHH H HMEHHO TAKHM 00pa3oM QOpMHPYeTC



Macca — 370 BEPHO, KaK B KBAHTOBOM MHDE B IOJIPOCIPAHCTBE, TAK H B OOBITHOM IIPOCTPAHCTBE JJIL
MaTepHH, OZHAKO OHA JBIKETCA B OFHY CTOPOHY B IOAIIPOCTPAHCTBE.

ITpocTeIM mpuMepoM ABJIAEeTCA anbda-dacTUIA, OLHAKO II00aA YaCTHIIA MOXKET OBITh B 9TOM
COCTOSHUH, HO 3TO Pe3yJIbTaT JaJIbHEHIIero NCCIeJOBAaHUA B CIeYIOIIUX IIaBax.

[anpHeliee CKIaABIBAETCA U3 TOTO, KAK MBI MOXKEM IIOBIUATH Ha IOJIIPOCTPAHCTBO U3 HAIIETO
HM3MePeHHs, He 3aTparuBas IIPXA dTOM Halll MUP, a BIXAA TOJbKO Ha KBAHTOBBII U TOJBKO JIOKAJIBHO,
IJIS 9TOTO BBeZleM HOBbIe TOHATHUA hOPMYJIOH:

0%Y(r) 2

W + F(H(T) — U(T))l/)(‘[) =0

ITycts Uy K U,, 9TO 3HAYUT, YTO MOTEHIUAIBHAS SHEPIHsl YACTHUIIBI MHOTO MEHBIIE BBICOTHI
[TOTEHI[UATBHON MBI, IIPEAIIOI0XKIM, ITO MbI OTPaHUYeHbI Juilb X = 0 U X = T, TZe T -eCTh HUITO
MHOE KaK BeJMYMHA XapaKTePHasi JJI CKOPOCTH BPAIeHHUs YaCTULBI BOKPYT mpoToHa (B atome
BOZIOpPO/A)

Orcroza NIpuxoAuM K y>Ke U3BeCTHOMY yPaBHEHUIO U3 TEOPUU KOJIeGaHUil, YTO TaKXKe TOBOPUT O
Kose6aHuu GOTOHA B IOTEHLIMAIBHOM AMe:

Y(t) = asin(kt +a) =0

Jta popma ABIgeTcsa BO3MOXKHOM 1ipu a = 0 u kT = +nn npun = 0 — MBI UMeeM CIUAHUE YaCTUIBI
9JIEKTPOHA C IIPOTOHOM, BEICBOOOX/IEHUIO KBaHTA CBeTa M (POPMUPOBAHUIO MeJIEHHOTO HOHA.

Ws OIlpeneI€eHHbIX YCJIOBI/Iﬁ HOTEHLI;I/IaJIBHofI SMBI BOAOPOJ4d, IIOJTYIHNM:

2
a= |-
T

OTmeTnM, uTO COGCTBeHHAA QYHKIMA OyZeT paBHA CIeyoleMy 3Ha4eHHIO:

nmix

2
Ynl0) = |sin(—

Taxum 06pasom, MBI ITOTydaeM:

Yn(x) = %sin (nndx) = %sin (nnb In (Z—l))

0

I'me b = 1y = 1, ¢ BEICBOOOXZeHUEM (HOTOHA, a B CIIydae C OOpaTHBIM U3MEeHEeHHEM, TO MBI IMeeM
OTpHLIaTeIFHOE 3HAUEHUE.

KoaddpumuenT n = 0 mwiu moboMy ApyroMy 3HaUeHHIO, HO B CIydae aTOMa BOJOPOJa MbI IMeeM
BBUJY, YTO . = 2, TOTJja IOTeHIAIbHAA AMa Iayounoit h = U, > U, o npeomoneBaercs.

Temeps ompezieuM JByMs CIIOCOGaMH OT 4eTO 3aBUCHUT Nl — TeOMETPUYeCKU U (PU3NIeCcKu.



l'eomeTpuyecku MbI IMeeM TaKOH XOJ CIIMPAJIX, YTO OTHOCHUTEIbHAA CKOPOCTh YBeITNIUBAeTCS,
OTHOCHUTEILHO TOPU30OHTAIIbHOE JIMHUY, KOTJa KaK 4aCTOTY OIIpefesideM IIPX IOMOIIM MaCChl YePHOM
I BIPBL:

2
w=-
t

I'me t — ecTb cOGCTBEHHOE 3HAYeHHE BpEMEHHU /I Y€PHOM JBIPHI OIpesieIeHHOM MacChl.

CoOTBeTCTBEHHO B IIOAIPOCTPAHCTBE 3TA XapaKTEPUCTUKA BIUAET TAKKe U Ha YCKOPeHUe 110
TOPU30HTAJIH, OTCIOA MOXXHO CJIeJIaTh BBIBOJ, 4TO t = T

2
T

Torga ckopocTs gBIKeHHUe arbda YacTUIBI 0OpaTHO IponopIuoHanbHO T. OTCIofa clemyeT, YTo
4yepHasd [JbIpa BIKUAeT Ha 06pa3oBaHue CKOPOCTH CBOETO K€ COOCTBEHHOTO U3JTy4YeHHUs, U TOJIBKO eé
OTHOCHUTEJIbHOE BpeMs KU3HU BIUAET Ha XapaKTEePUCTUKY JII000ro u3rydeHus. /IBa BapuaHTa CiemyeT
u3 sroro: JIn6o yepHas ApIpa PaCUIMPUTCA U HAYHET IOTJIOMATh BCIO OCTAIBHYIO MaTePHIO, INO0 OHA
«COXXMEeTCA» U UCIIAPUTCS, OJHAKO CTOUT YIUTHIBATh, YTO YepHAsd AbIpa B Hallleil TaJlaKTUKe — 9TO
KporoBas Hopa. M3mydyeHue u3 Heé ecTh IIpAMOe JOKA3aTEIbCTBO TOTO, YTO OHA UMeeT CBO& BpeM /10
CXJIOIIBIBAaHUA, POBHBIM CUETOM KaK M COBEPIIEHHO APYTOe.

TakuM 06pa3oM U3JTydeHUe ABIKETCA C yCKOPEHHEM OTHOCHUTEIBHO ABM)XEHUS CaMOTo TeJla, a
u3IydeHue 100 BHYTpH, TUO0 BHE €T0, IepPeBO/IA ero B Hallle U3MepeHHe.

Takum o6pasom m0b60e u3TydeHne, KOTOpoe ABIKETCA C YCKOPeHHeM B HallleM IIPOCTPaHCTBe, 110
KPYTY, ABIXXETCA ¥ C YCKOPEHME B MMOAIIPOCTPAHCTBE JIMHEWHO, YBeININBasA XA YMEHBIIAA MACCy B
3aBHCHMOCTH OT THIIA JABIDKEHU, 100 BHYTPh CIIHPAIH, IUO0 HAPYXKYy.

Takum 06pa3oM CBeT, 3aKpyYeHHBIH B CIIMPaIb OTHOCUTEIBHO HAIIETO IIPOCTPAHCTBA CO3/aeT IT0JIe
BpeMeHHU B IIO/IIPOCTPAHCTBE, OTCIO/A CJIeyeT BBIBOJ, O TOM, YTO 3aKPyYeHHHIH CBET B CIIHPAIb TH60
oT Heé, OO BHYTPb Heé co3jaeT JM6O0 ITapeHre B BO3ZyXe, T.e MeJJIeHHbIe HOHBI, TN00 Ha000pOoT
yMeHBbIIeHHe MacChl. T.e. eCT MBI XOTHM, YTOOBI aTOM YMEHBIIMII CBOIO MacCy, HaMm TpebyeTc,
9TOOBI 3JIEKTPOH, a CJIeZloBaTeIbHO (POTOH ABHUTAJICA IO CIIHMPAIK HAPYXKY, COOTBETCTBEHHO BHYTPS €€,
€CJIM MBI XOTUM IIOJTyYUTh HOBBIH THII IBUTATeJIeH.

Oznnako 3T0 JOJDKHO IPOUCXOUTSH, ABIDKEHUE, C YCKOPeHHeM OT TeJla MJIN BHYTPb Teja.
EcTp nBe BO3MOXXHBIE KOHGUTYPALMH TaKOTO (OPMUPOBAHUA: TNO0 GOTOH, 16O DIEKTPOH.

Ecnu a0 doTOH, TO TpebGyeTcs IOCTOSHHO YMEHBIIATh MU YBeJINYUBATh IIJIOTHOCTh BHYTPH HEKOe
TPyOKM OTHOCHTEIBHO KOTOPOH HIET ABIKeHMe GOTOHA, a €CIIU DJIeKTPOH, TO ero HYXKHO
IIOCTENIeHHO YBeJIMYUBATh, OTHOCUTEIBHO CKOPOCTH PAaCcIIPOCTPAaHEHHUA B TPyOKe, BIHAA Ha CKOPOCTh
npeiida, COOTBETCTBEHHO Bpamas caMy TPyOKy B IIPOCTPAHCTBE BMeCTe C HCTOYHHUKOM JIH60
CTaTHYeCKH, THOO C yCKOpeHueM, IIPU 5TOM yCKOPAA JBIDKeHHe caMoro di1eKTpoHa. Kak moHATHO 13
3TUX yTBepKJleHUI BHYTPb CIIMPAJIU IpuBeJeT K GOpMUPOBAHUIO Me/IIEHHBIX HOHOB, BHE CITMPaIU
mpuBesieT K GOPMUPOBAHHUIO IIOJIOCTH HEKOTOPOTO OTPUILIATEIHHOTO JaBIeHus B IIPOCTPAHCTBE, YTO
mpuBesieT K GOPMUPOBAHUIO HYXXKHBIX HaM 3 (}eKToB.



Ecnu B crydae GoToHOB, HaM TpebyeTcsa UTPaThCsA C KOHAEeHCATOM 60o3e-diHIITeifHa, TO BO BTOPOM
cJTydae ¢ 3JIeKTPOMAarHUTHBIM II0JIEM M CKOPOCTBIO BpallleHUA KaK0r0 y4acTKa TPyOKH B
sorapudMHUIeCcKOH U NHTEIPAaJIbHOM AUHAMUKE.
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Bot cxema Takoit MesHO# TpyOKu. IIpruem ckopocTs Apetida 57eKTPOHOB 3aBUCUT OT 3aBOPAYMBAHUA
3TOI1 TPyOKM BHYTpPH CebsA, OZHAKO 3TO He IIPeICTABIIAETCA BO3MOXKXHBIM C MH)KeHEPHON TOYKU 3PeHHUS.

OTO BCeM M3BeCTHAs CIIMpasb ToTa u3 ycrpoiicTa Tora. Tak HaspiBaeMas B OOIeCTBEHHOII cpefe.
37iech CIIMpaIb — 3TO JorapudMudecKas CIUpab JejeHHs ABYX BpeMeH WIHN COKpalleHHO
sorapudmudeckas cnupans JJIB.

ITpocreiimuii mpuMep TaKoii CIIMpaIy — 6apaHuil por, HHaYe TOBOPS C WH)KEHEPHOM TOYKU 3PEHH
CO3JlaHMe TAaKOH CIIMPaIH ABIAETCA HEBO3MOXHBIM, OJHAKO ¢ (GOTOHAMH U U3MeHeHUeM IJIOTHOCTH
KoHZeHcara bose-DiiHIITeliHa BO3MOXKHA, TaKas TPyOKa, IOJOGHO HarpeBaTeIio, ZO/DKHA ITOMENaThCS
B €MKOCTb C BOZOPOZIOM, B IIEHTPEe TaKOi TPyOKH BO3HUKHET JOCTATOYHBIIN «MaIOTIOABIDKHBII»
HMIIYJIbC MOHA BOZOPO/A, HEOOXOAMMBIH /I BBICBOOOXKAEHUIO (POTOHA, ITyTeM CYXKeHUS
IIOTeHIINAIbHON MBI , YTO IIPUBEZeT K HeMeIJIEHHOMY BBICBOOOX€HUIO IIOTeHIINAIbHOM TATH.
Ognaxo , 5TO BCero JINIIb IPOCTeHIINIA TPUMeDP.

Pacmupenue atoma, 3a c4eT MaHUIYJIAIMeH ¢ OTeHIMATbHON AMOM IPUBOJUT K CAeAYIOLIIM
IIOHATHUAM, @ UMeHHO reoMerpudeckuM. PopmrpoBanue ABIbKeHUA POTOHA IO CIIUPAIBHOMN
TPaeKTOPHUHU B CTOPOHY LPyroro GOTOHA, OAMHOYHOTO DJIEKTPOHA, BIedeT 3a COO0i IOABIeHNe
Heo0X0ZUMOT0 HaM JedeKTa MacC ¥ YBeJIMUYEHUIO BCeX U3BECTHBIX KOHCTAHT, YTO HEMEJIEHHO B
o6BeMe OZHOTO KOpabiii, BO3AEUCTBYA Ha KOKAYIO YACTUILYy KaXA0T0 aTOMa BHYTPH KaKJOTO
00BEKTa, BKJIIOYAS YeJI0BeKa IIPUBeJIeT K MOSIBIeHHIO HY>KHOM HaM KOMILIEKCHOH CKOPOCTH, a
HMMEeHHO II0JIOKUTeIbHOM, OTHOCUTEIbHO HEKOTOPOI I'PaBUTAllIOHHON MacChl, HalIpuMep JIYHbI WU
COOCTBEHHOM MacChl THIIEPBUTATe A, lajlee CMOTPUTE «IIPUHIIUIINAIBHbBIE CXEMBI YCTPOMCTB».

A cobcTBenHas 9HEeprusd, OTJINYHAA OT HYJIA, THIIEPpABUTATEIA IIPUBEAET K HY>KHOMY IIOJTIIO
3aMe/IJIeHUs Te9eHUs TIPOILeCCOB, 8 UMEHHO (OPMUPOBAHUIO COOCTBEHHOTO IIOJIST, OTJIMYHOTO OT
YepHOI ABIPHI, KOTOpPOe MpHUBeeT K GOPMUPOBAHUIO 3aIUTHOTO IO/ B 06JIaCTH HEKOTOPOTO TOpa
IIPOIIOPLIMOHATIBHOIO MacCe TUIIepABHUraTesist, KoTopoe: a)PopMupyeT cCOGCTBEHHOE TI0JIe PACTKEHUI
BpeMeHH, U oblee IBIDKEHNE MaTePUU B THIIEPIPOCTPAHCTBE HUKAK He OTPAXKAETCA Ha TeKylee
BpeMs oKoJio rutepgsurarens. 6) Popmupyer nose, B KOTOpOe 3aMbIKAIOTCS BCe U3BECTHBIE (POPMBI
9HEPTHH, B CBOIO OY€peZb KOTOPbIe MOL00HO anbda-yacTuie GOpMHUPYIOT OIpefieIeHHbIE TapaMeTphI
MaTepuu, B T.49. paguanuga U (bOPMI/IPOBaHI/Ie HNCKYCCTBEHHOI'O PaZHallMIOHHOTIO II0ACd BOKPYT
KOpabia. A oTpHUIlaTeIbHOE DIeKTPOCTaTHIeCKOoe Ioie GOpMHUPYeT YCIOBHO FOBOPS IPUTKEHHeE.



OrpuunarensHOe 3IEKTPOCTaTUYECKOe IToJIe POPMUPYETCS IIPU ABIDKEHUH DIeKTPUIECKU
3apsKeHHOH YacTHUIlbl, 1 GOPMUPYyeTCS BOKPYT Heé.

B oT0i1 cTaThe MBI OIIpeie/IUIX OCHOBHEIE IIOJIOXEHUs, KOTOphIe IIOMOTYT B AajlbHeHIIeM U3yIeHUHN
Hallero u3MepeHus, KOCMUYeCKOIo IIPOCTPaHCTBa, U B 1IeJIOM U3y4YeHHe JIByX HOBBIX U3MepeHN:
l'unepmpocrpanctso u [loampocTpascTBO, a Taxke U3yYeHHUA CaMOT0 BpeMeHHU.

Cregyromas riasa [lpuannnnarsasie Texramyeckne CxeMbl H HHXEHEPHBIE PEIIEHHA BEIHET IV Th
Ho3jHee.
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