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Hawie npocTpaHCTBO MOXHO CPAaBHUTH G KPAROM MOHHUTODA.
Ha MoHHTOpe BEICOXOrO Ka4uecTsa PaITHYMME] IHHHH Ha PACCTORHHH
moneit MHuAEMeTpa. B To BpeMs Kak Ha IIOXOM MOHWTODE TaKie
JMHHH “pasMeiBaloTca” B omdy. Hame npocTpaHcTBO — 3TO
“moHuTOp” BEICOuaHIuero xnacca. Ho Bec€ ke oHO ne uueansHo. Ha
Manbix paccTOAHMAX (MOpAika pa3Mepa aroMa) TpaeKTOPHH
JABIKEHMA 4YacTHILl pa3Ma3ssiBaloTca. Bcenencreue sroro amekTpon
(xoTOpHIH ABNAETCA HEACAHMOH YacTHIEH) MOXKET MPOIHTH Yepes IBa
Onu3ko  pacnofioKeHHBIX OTBepcTHA  oaHospemeHHo! Fmenno
TIO3TOMY MHKPOMHP HA3BIBAIOT CTPAHHBIM,

Kak H3BecTHO, KayecTBO MOHHTOpAa onpefensercA paboToi
(OKyCHPYIOIHX CHCTEM, HAMPABIAIOLIMX MNYYKH DINCKTPOHOB Ha
9KpaH. B npocIpaHCTBE POk TakuX CHCTEM MIpaloT 3BE3ABI H
raNaKkTHKH, 3anonHgomue nHanry Bceenennyro. Bozpeficteys cBoei
OTPOMHOH MAacCoi Ha 3I€MEHTAPHbIE YACTHLE!, 3BE3OE H TANAKTHKH
OrpaHHYHBAIOT HEONPEACNIEHHOCTE H NPOU3BO/I B HX ABKeRuH. H
Onarogaps 3TOMY NPOTOHE], HEHTPOHBI M 3MEKTPOHE], H3 KOTOPHIX
COCTONT BCEé (B TOM MHCNE H MBI C BaMH), He pa3Ma3blBalOTCA M0
MPOCTPAHCTBY, KaK 10 9KpaHy [LI0X0ro MOHHTOPA.

B paMkax HOBOH TeopHnm 3PQEKT TIpaBHTAUWH - 3TO
HCKJIIOTHTENBHO KBaHTOBHH a@dext: 6onsmas Macca OrpaHHYHBaET
HeoNnpelenEéHHOCTE B JABHKCHHH YacTHUsl H B pe3ysibTare
NpHTArHBaeT ¢€,
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Tpm mpofmeMkl
PyEIEMCHTANLHOL (PE3EIE

Jns Toro 4robbl mytuie NMOHATh, © Y4€M MOWAET peds B KHHTE,
IaBaiTe 03HAKOMHMCA C TPEMSA OYEHL HHTEPECHBIMH H HEPEIUEHHBIMH
npobaeMaMi pyHAAMEHTaNbHOH DHIHKH.

f1poGaema 1. Npunnnn Maxa.

Ewé HetoToH 0OpaTHI BHHMAHHE Ha TOT (DAKT, UTO CYUIECTBYET
NBa BHAA JBHXEHMH: OTHOCUTENBHOE M abcomothoc. IlpsaMomu-
HeliRoe NBHKCHHME Tella ABNAETCA OTHOCHTEIBHBIM JABIKEHHEM, a
BpailaTenbHoe — A0CONIOTHEIM.

Met HE CMOXKCM CKa3aTh, C KakKOH CKOPOCTBIO Mbl ABHKEMCA
(HanpuMep, C© KaKoi CKOPOCTBIO ABHXETCA TUIAHETa 3eMiA), €CH He
YK&XKEM JIpyro¢ TejIo, OTHOCHTENEHO KoToporo Oyem paccMaTpHBaTh
Halie ABHKCHHE.

Ho Mbl BCErna CMOXEM Y3HaTh, C KaKOiW CKOPOCTBIO Mbl
Bpaulaemca (HarpHMep, C KakoH CKOPOCTBIO BpatiaeTca 3emin). 1o
BOIMOXKHO TIOTOMY, YTO BO BpAalUAlOIEMCA Tele BO3HHKAIOT
neHTpobexHEIe CHIBI, KOTOpBie AchopMHpYIOT Teno. Ilo Bemiunue
HCHTPOOEKULIX CHNl HAHM MO BBIIBAHHOH MMH AedopMauuH BCerza
MGKHO CIPCACTHTE CKOPOCTS BPAILICHUA TENA.

Ilpy 3TOM BO3HMKAET BONPOC: a OTHOCHTENLHO HEro,
cobcTBEHHO rOROPA, TEN0 BpamaeTen?

B KOHIE AEBATHAUATOTO BEKA ABCTPHICKAH pHINK DpHCT Max
BBIABHHYN HHTEPECHYIO TIHNOTE3y (Ha3BAHHYIO BMOCHEACTBHH
npuHuHnomM Maxa): Teno BpalaeTCA OTHOCHTENBHO HENOABHXHBIX
38€34. H BchencTBMe Kakoif-10 mMoka HEBLIACHEHHOW CBA3ZH MEXKITY
OrpoMioil Maccoit 3IBE3A H BPAMAIOLIMMCA TEIIOM H BO3HHKAIOT
HERTPObEKHBIE CHITHI,

Ho kak nposeputsh Takoe npexnonoxetxe? Bot yro nucan of
3TOM, HalpHMep, TAKOH M3BSCTHHIH (u3uK, kak Puuapn Peiimart



8 Tpu npobremvi gpyHoamenmansno dusuxu

«B macrosmce BpeMd Y Hac HeT criocoba y3HATh, CyulecTBOBaja 051
neHTpobexKBag cuna, eciad OB He ObUIO 3Bé3g ¥ TyMauHocreli. He 8
HalllHX CHJIaX CRENaTh TAROH KCIIEPHMEHT — ybpath Bce TYMaHHOCTH,
a 3aTEM M3MEPHUTh Hallle BpaUlcHHe; 3HAYMT, TYT MBI HHYEro CKa3aTh
He Moxem» [7,¢.286].

B 1979 romy B Bepnure coCTOANACE MEXIYHAPOJAHAA HayTHaA
KoRbepeHuns, noceaménnad 100-neTHIO co AHs poxaenHs AnsOepra
Onnamreitna. Ha #eit ofcyxumanwce HambGonee dyHIaMcHTANBEHEIE
npobneMbl coBpeMeHHOH ¢dusnku. B ToMm umcne rosoprnoce H 06
OTHOWEeHMH NpHHOKNIa Maxa K obuieil TeOpUH OTHOCHTENBEHOCTH. BoT
HECKOJBLKO CTPOK M3 Pe3loMe Mo JaHHOMY Bompocy: «HM3eectHo, uTo
DHHWTEHH He TOABKO TPHHUMAN 3TOT HEOPTOAOKCANBHBIM NPHHIHIT B
BOCXHILAACA UM, HO H HaJieasicd DPHBECTH CBOIO TEOPHIO B COTJIacHE €
cucremoi HieH Maxa. DHHITEHA NHITAICA BCEMH BO3MOXHBIMH
CpEeJICTBAMH BKIIYHTH OOIYIO TEOPHIO OTHOCHTENBHOCTH B IPHHLN
Maxa, mnmu Haobopor. I[loaroMy OH BHIOMIMEWHI NEPBYHO
Knaccuveckyio (GopMynHpoBky obuel TeopHH oTHocHTensHOCTH. B
5TOM HANpaBJICHHH H MO Ceil AeHb NMPEATIPHHHMAIOTCH NOMNLITKH, —
HEYCTaHHO, MOpoil ¢ 00eckypaXHBAIOIMMH pe3yJIhTaTaMH, 4acTo ¢
HOMOINBI) BECHMa OCTPOYMHBIX MaHHIYRAUHHE, — AOCTHYBL LENMH, X
KOTOpOH cTpemuica DHHTeH [15;¢.293].

Y Bcé-Takn npolremy, CBA3AHHYIO C IpHHOHMITIOM Maxa, MOXHO
pemuts! Ho aJia 3T0TO HYXHO NpOAENaTe clIeAylomee.

Bo-nepBeix, packphITs ero usuueckoe copepxanne (KoTopoe
moKa He ACHO).

Bo-BTOpBIX, HOCTPOUTH HO8YI0 (PH3HYECKYIO TEOPHIO, KOTOpas
coxepxana Obl B cebe, KpOME HIBECTHEIX QHIHUECKHX 3AKOHOB, TAKKE
 npuunpn Maxa. o BacTosmero BpeMeHy TakoH Teoprs e Oplmo.

B-tperbux, paccuwTath (a 3HAYMT, M  TPEACKa3aTh)
NPUHLUNUARLHO HOBbIE CAedcmgusa, KOTOPBIE BBITEKAKT M3 HOBOH
TEOPHH W KOTOpEIE MOXHO 3KCIIEPAMEHTANBHO NMPOBEPHUTE B 3EMHLIX
yCIOBHAX {€CTECTREHHO, He Tporas HenoABHXHbIC 3BE3apl). U B
pe3yALTaTe ONPERETHTD, BEPEH WIH HET IpuHuMI Maxa.



Tpu npobremsl Qynoamermarvnoii uszuxu 9

IIpo6nema 2. KoprycKy/fpHO-BOJTHOBOH Iyanu3m.

B ¢n3uke CymecTBYIOT TakKHe MOHATHA KaK YacTHI@ W BOJHA.
ITH NOHATHA — aHTaroHUCTHL. CBOHCTBA YaCTHLbI H CBOHCTBA BONHEI
B3aHMOMCKTIOHAIOT Apyr #pyra. TeMm He MeHee, KBaHTORBE OOBEKTHI
BeAyT ceOf TO KaK BOMHEIL, & TO KaK 4aCTHUBI.

Hanpumep, 3nexTpoH, ¢ OAHOH CTOPOHLL (TO €CTh MPH ONBHX
YCIOBHAX TPOBEACHHA JKCIICPHMEHTA), ARISETCA 4acTHUeH. Bosee
TOro, HeAemHMOlM uactried. HHKTO HUMKoOrma He HabGmonam, ckaxem,
NON-3JIEKTPOHA HIHM KaKyIo-THO0 €ro 4acTh.

Ho, ¢ pgpyrodi cropoHsl (TO ecTh TIpH MpPYr#X YCIOBHAX
MPOBEACHHA OJKCIEepHMEHTa), 3MEKTPOH 3alpocTO MOXKET TPOHTH
cpa3y 4depes Asa (4 Gonee) oTBepcTH:!

Tor, KTo 3T0r0 CME HE 3HAET, CKOPEE BCEro, B 3TO HEe NMOBEPHT.
Huyero ymusHTensroro! B cBoé Bpems TakoH BblOalOIMUACH (H3MK
Kak Anpbepr DHHmTEHH (KOTOPHIi, KCTaTH, OYeHb MHOTO CACIIAN AN
CO3MAaHMA KBAHTOBOH MEXaHHKH) TaK M He TpPUHAIT [0 KOHUA
KBAaHTOBYI0 Mexaswky. OH CuMran, 49To {Quindeckas TEOpHA He
AGIDKHA TaK paAHKaNIBHO PAaCXOOHTECA CO 3[PABBIM CMBICIIOM.

B Hacroslliee BpeMA BOJNHOBAA NPHpoJa SNEKTPOHA — XOPOMIO
MPOBEPEHHBIH JKCIEpHMEHTAILBNE (akr. XKemaiomme npouyuTarh
y€TKMA M ACHBIH pacckas o0 JToM MoryT ofpaTHTeCE X
deiAnMaHoBCKHM JIeKIHAM no dm3uke, T.3.4, rm. 37: «KsaHTOBOE
MOBEACHHEY.

HyXHO OTMETHTBH, YTO KBAaHTOBaA MEXaHHKd [PEKPACHO
OITACEIBAET “‘cTpaHHOe” TNOBeJcHWe KRAHTOBHX o0bexros. Ho
ONMKCATE — He o3Hayaer o0BACHUTH. Jlo CHMX NOp HHKTO HE 3HAET,
OTKYZa B MHKPOMHPE B3AJJaCh HEONPEAENEHHOCTh, H KaK HEJSTHMBII
INEKTPOH YXHUTPAETCA TPOHTH uYepe3 EBa OTBEPCTHA ONHOBPEMEHHO.
Bot 910 nucan ¢ TakoM “cTpaHHOM” MTOBEACHHH KBAHTOBhIX OOLEKTOB
Puuapy QeitaMan; «Ho MHe KakeTcs, s CMeNo MOry CKasaTh, 4TO
KBaHTOBOH MEXaHUKH HAKTO He onkMaeT» [11;¢.117]

IIpoGsiema 3. papuranus ¥ KBAHTOBAN MEXaAHHKA. “
" Bcé, 4T0 CymeCTBYET B IPHPOIE, IPHTAFHBAETCS APYT K APYTY.
C npyroH cTOpoHEI, BCE, YTO CYNIECTBYET B MpHpOAE, IOAYHHACTCH
3aKOHAM KBaHTOBOH MEXAHHKH, B OCHOBE KOTODOH IICKHT NMPHHIHI
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HeomnpeeAEHHOCTH. bnarogaps »ToMy OpHHIHNY KaxAaf 4YacTHua
obnagaeT BONHOBBIMH cBOMcTBamMM. Ho B coBpeMeHHOM TeopuH
rpaBUTAUHH — TEOPHH TATOTeHHS O#HITeHHA (BIpodeM, Kak H B
TEOpHH TAroTeHHs HiloToHA} — HHCKONBKO HE YYUTHIBACTCA ITOT
({yHZaMEHTATBHBIH TIPHRIHI, TO €CTh COBCEM He YHYHTBIRAETCHA TO,
4TO HAcTHI 00najaloT BONMHOBHIMH  cBodcTeamu. [loatomy
ECTECTBEHHBIM 00PAa30M BOZHWKAET CHeXYIOWMH BOMpoc. MOXKHO nH
oOBEAMHUTh TEOPHIO TPaBHTALMM H KBAHTOBYI0 MEXaHMKY TaKHM
obpazom, 4TOOBI TpPH  [PABUTALMOHHOM  B3aHMOZAEHCTBHH
YUYMTHIBAJIUCh BONHOBRIC CBodcTsa uacTHU? Ha cerogHsamuuit XeHB
Takol KBaHTOROH TEOPHH FPaBHTALIHY HE CYLIECTBYET.

Kak 6yner BuAHO B AANLHCHILIEM, BCe 3TH TpH NpoOIeMbl
CBR3aUbl MEKAY coboi. M xorjga HaM ynacTcs MIOHATH (PHIHUECKHi
cMBICH npuHOHma Maxa, Mbl Do¥iMéM, OTKyda  B3471acCh
HeonpeeNnéHHOCTh B MHKPOMHpE. A, [OHSB  [IPHUHHY
TPOHCKOKACHUA HEONpeJeHEHHOCTH B MUKDOMHpE, MBI TMOHAMEM,
novemy Tena npUTArMBalOTCA APYT K Apyry. Pemenuro 3THX npobiem
H MOCBAILCHA 3Ta KHUTa.

3aberas Bnepén, MOKHO CKa3aTh, YTO, OKA3bIBAETCH, B OCHOBE
rpaBUTAIIHOHAONO B3aHMOJCHCTBHA JIEKHMT NPUBUMI HEONpeAenén-
HOCTH, TO €CTh TpaBHTallHA — 3TO HCKIIOYHTENBHO KBAHTOBLIH

adPexr!

Bce BOMpOCE M IIPEMUIOKEHHS MOMKHO HANPABAATE IO
INEKTPOHHOMY AJpecy:

yanchilin@mail.ru

http://yanchilin. hut.ru



06N NtnaH KHUMKM

Ilepsoe nosoe yparHeHue (HoBblii 3akon) BBOauTCA B § 2.6, H
Bcé fanpHelee MOCTPOCHHE HOBOH TCOPHH ABMETCA MO CBOEH CYTH
CNEACTBUEM 3TOr0 YpaBHeHHA. OCHOBRLIC 11OI0KECHHA HOBOH TEOPHH
noapodHo M3nokennl B 3-i rnase. U na wx ocHose B §§4.6-4.9
PACCUMTRIBACTCA YPABHEHHE JBHXKCHHA CBETA B TIDAaBHTAIIHOHHOM
Mojie, B TOM YHC/NE ONPEREAfIOTCA YIOJ OTKIIOHEHHA ¥ BEITHYHHA
TPaBHTALHOHHOIO CMEIMICHHA CIEKTPANBHEIX THHHE.

B 7-#f rnaee Ha oOCHOBe HOBOji TeopHH (OpMynHpyeTCA
K8aHmosaa TCOPHA TpaBuTaumu. IIpu  oTOM  pacKpwiBaercs
(usHyeckuii CMBICA “HCKPHMBIEHHOTO” MPOCTPAHCTBA-BPEMEHH: B
TPaBHTAUMOHHOM HOJE H3MEHAIOTCA pasMepsl aTomoB (pamHych!
MEKTPOHHLIX  obonouek), HM3MEHAIOTCA  JHEPrHH  Tlepexofa
ICKTPOHOB C OJHOTO YPOBHA HA JApPYroi, H3MCHAIOTCH YacTOTHI
H3MYYEHMs] H JTHHB! BOJH CHEKTpanbHeIX nHnui. MMenHo 370 H
ABNAECTCA NPHUHAOH TOrO, YTO B IPaBHTANHOHHOM TIOJIE HIMEHACTCA
MacwTaG BpeMeHH B MacmTa® AnuHBT (MCKPHBIEHHE NPOCTPaHCTBA-
BpeMeHn BGAH3n GONBIIHX Macc).

Hexona W3 Toro, uro 4vactHua oO0NanaeT BONHOBBIMH
cBoHcTBaMH, B § 7.4 paccuMTLIBAcTCA ypaBHCHME €€ MABWKEHHA B
rpaBHTALIHOHHOM TIONE.

B § 7.7 nokaszano, B 9€M COCTOHT NMPHHLHNHANBHOE OTIHYHE
KBAHTOBOH TEOPHH TPABHTALIHK OT 0OLIEH TEOPHH OTHOCHTEABHOCTH.
H B §8.3 npennaraercd npocTol 3KCHEpPHMEHT, WO pe3yJibTaTam
KOTOPOTO MOXHO OyNeT caenaTe ONHO3HAYABLIA BHIOODP MeEXRY
KBaHTOBOH TCOpHEH rPARHTANHH K 00ILei Teoprel OTHOCHTENLHOCTH,

B §8.7 Ha OpocTOM NpHMEpe MOKA3aHO NPUHUHAMAILHOES
npoTHBOpeYHe Mexay obmeil Teopdeil OTHOCHTENBHOCTH H
KBaHTOBOH MEXaHHKOH.

B 6-ii rnaBe naérca wWarnsaHoe OOBACHCHHE KBAaHTOBO-
MEXaHM4EeCKHM NapajokcaM ¢ HOBOH Toykn 3pennd, a B 10-rmase
NpeanaracTcd  peuleHHe  HEKOTOpHIX  npoGneM  coBpeMeHnoi
KOCMOMNOTHH.



Hoca o i oicene Pupioze

Frnasa 1
IpapuTamed H
CoBpemennas

Ota rmasa BBogHad. B meil BxpaTue pacckasnBaerca 006
OCHOBHBIX MIEAX, JIOKAMHUX B PYHAAMEHTE COBPEMEHHOH dHIHKH.
Hpu roM ocoboe BHHMaHHE yAENACTCS HEPEIEHHEIM Ipobaemam.

§ 1.1. TaroteHne

Bce Tena mpurtaruBatotcs Apyr K Apyry. Yem Gonsme Macca
TeNa, TeM CHIBHEE OHO MPUTATHBAET ApPYTHe Tema, TO eCTh TEM
CHNBHEE  TpaBHTAlMOHHOE Tose, co3gaBaeMoe HM. Ciia
TPaBATALHOHHOTO NPHTAKEHHA MEXIy  OBYMA  TeIaMH
nporopiMoHanbHa UX MaccaM (M u m) u 0OpaTHO NPONOPUHOHANBHA
KBaZpaTy pacCTOSHHA r MeXAy HuMu. Maremarndyeckn 3akoH
BCEMHPROIO TATOTEHHA BLITISAMT TAK:
Mm
r)
3nech G = 6,67-107" k2'cea’c? - rpasuTanonHas nocrosnHas.
Bropoit 3axox HeioToHa yTBEpXKAACET, 4TO:

F=ma (1.2)
JT0 03uauaeT, YTO NOA AcHCcTBHEM CHOBL F TeNo macchl m OynmeT
JIBUTATHCH C YCKOPEHHEM:!

F=G a.n

a=F/m
IMosromy u3 ypashenua (1.1} clemyer, uto TeNo Maccesl m
Oyner ABWraTeCid HaBCTpEuy TeNy MAcChl M ¢ YCKOpeHHeM 4,
BE/IMYHHA KOTOPOrO PaBHa: '
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a= GMJ— (1.3)
r
To ects YCKOpeHHe TeNa B TPABHTALHOHHOM IION€ HE 3aBHCHUT OT €ro
Macchl.

Boofue roBops, cnemyeT oTIMYaTh Maccy, KOTopas BXOAHT B
3aKOH BCEMHPHOIO TATOTEHHA (OHR HA3bIBACTCA TI'DABHTANHOHHO,
HITH TKETOH Maccoit), OT MacChl, koTopas BXOZHMT BO BTopoi#t 3akoH
HeloToHa (0Ha Ha3bIBAETCA HHEPTHOM, WM HHEPLMANLHOH MaccoH).
Ho ewmé HuioTmoH obGHapyx#/, 4TO AIA PAa3dAMYHBIX BEHIECTE 3TH
MacCHl € Xopouel CTEHEHBI TOYHOCTH {IPOTIOPUHOHAIBHBL IPYT
apyry. Tako#dl seiBox Hei0TOH cienan, OCHOBBIBAACE HA CIEAYIOMIEM
HaGmonenwns. Iepuon xonebauuit slIHKa, MOABEMISHHOIO HA BepEBKe,
He 3qaucum QT Cro COACPHKHMOI0. A TaKoe BO3MOXKHO TONBKCG B TOM
cyvae, eclid WHepTHas Macca AIHKA BCErJd NMponoplHoHaNhbHa ero
FPaBUTALINORHOH Macce.

_ Cywecrsyome CHCTEMBI CGAMHHI H3MEPEHHMA CMENHAIBHO
Beifpanbl Tak, urobBl B HMX KOXQ]HIHEHT NPONOPLHOHANLHOCTH
MEXIy HHEPTHOH H IPaBHTaLMOHHON Maccamu OB paBeH elMHMIIE.
TakuM 06pa3oM, B CYDICCTBYIONIHX CHCTEMAX CAMHHU H3MEPEHH
HHEPTHAX Macca paBHA TPABUTALMOHHOH Macce.

B obmeM cirysae TpaBHTALHOHHOE HOJIE, CO31aBAECMOE Maccoi
M Ha paccTOSHMM r, MOXKHO OXapaKTEpH30BATh TPEMs (PH3HHCCKUMH
BENTHYHHAMY.

Bo-nepBrix, 3TO ycKopenue g, ¢ KoTopbiM OyAeT ABHraThes
moboe TeNno B 3TOM Ione. JT0 BEKTOPHAs BEMHYHHA, H HMEHHO OHa
OORIYHO HA3BIBACTCA MPABHTALIHOHIIEIM 10JIEM.

Bo-BTOpPBIX, 3TO CKOPOCTh PacupOCTPAaHEHHA IPaBHTAIHOHHOTO
nons Vg,, Hanpumep, mMer capunynu maccy M. Uepes kakoe spems
TENO, HAXOMAMIEECA HA PACCTOSHUH ¥ OT 3TOH Macchl, “TIOYYBCTBYET”
H3MEHEHHE TPaBUTALMOHHOro noaa? CKOpOCTH pacnpoCTpaHeHHs
IPaBHTALIHOHHOrO NOMSA PaBHA CKOPOCTH CBETA:

Varay = € = 300.000 xm/c (1.4)

B  teopum Tarorenmmn Hploroma npeanonaraercs, 9TO
TPaBHTALHOHHOE B3AHMOJCHCTBHE paclpOCTPAHAETCA MIHOBEHHO, A
B TCOPHH TATOTEHHA OHHUITERHa Npeamoiaraetcs, 4TO CKOPOCTH
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pacnpoCTPaHEHUA [PaBHTALIMOHAOND TONIA BCErAA H Be3e OHHHAKOBA
u pasua 300.000 km/c.

W, HakoHen, TpeTbeA BENHYHHOH, KOTOpad XapaKTEpH3YeT
rPaBHTAUHMOHHOE  B3aMMOACHCTBHE, ABIAETCA [PABHTANHOHHEIH
NOTCHIHAN @

p=-C M (1.5)
r

IpasuTanionsbiil noTeHnMan ¥meer cnegyioupii duzHuecinit
CMBICH. D70 pabGoTa, KOTOPYH) HYXKHO COBEPIUMTE HAl €OHHUYHOIL
Maccoi, yToObl yaanuTh €€ H3 NaHHOTO MONA TAroTeHUd. 3HaK MHHYC
KaK pa3 rOBOPHT O TOM, 9TC paboTy NpHIAETCA COBEPINIATL HaM, a He
TIONM0, TO €CTh MOTCHUMANLHAA 3Hepruy TeMa U B rpaBHTALMOHHOM
none BCeraa oTpHiarensna, s Tena Macchl /# ORa paBHa:

U=mep -

O0ulgsi0 TPK  W3YYEHHH TpaBHTauu# Oonbule BHHMAHHA
YACHAIOT TpaBATanHoHHelM nomaM. Ho B 3Tofl keHre HMesnno
rpaBHTAUMOHHBY OTEHIHAN Oy €T HIPaTh CaMylo BRXKHYIO POfib.

HarmoMHHM, 9TO rpasHTAITHOHHEIH ITOTEHLHAN HA TOBEPXHOCTH
OAHOPOAHOTO Iapa Macchl M u papuyca R paReH:

M
= G—
PETER
IGM
A B UeHTpE IApa MOTEHIMAN PABEH. @ = — R

To ecte B nonTopa paza Gomplue. B To BpeMa kax rpasHTanHoHHOE
I107T1€ B [IEHTPE IIapa PaBHO HYJIIO.

B o6uiem cnyvae rpapuTallROHHEI MOTEHMAN BHYTPH KAKOTO-
HuGyar obwpexra Maccsi M € HEKOTOPBIM CPEAHMM pagMycoM R
MOXHO NPHOAVKERHO (C TOYHOCTBIO A0 YHCAEHHOro Koy (druunenTa,
KOTOPHIH 3aBHCHT OT KOHKPETHOIQ pAacTpeneNncHis TNMOTHOCTH)
OLEHHTS T10 (popmyTe:

¢=—G% (1.6)
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§ 1.2. paBuTaunoHHBLIN NoTeHunan BceeneHHoM

Bce Mu1 mputaruBaemca X 3emne. Macca 3emnn o Mepkam
YeNIoBeKa OrpoMHa:

M = 6-10%x2 = 6 000 000 000 000 000 H00 000 000 2

JAns Toro urobsl nmpeoAoneTh NPHUTAXEHHEe 3eMiH, YeloBeKy
TNOHAHOOHNOCH JOCTHYE EKOPOCTH HECKOIBKO KHITOMETPOB B CEKYHIY!
8 xm/c ~ 370 MHHWUMAankHad CKOPOCTh, C KOTOPOH TENMO MOIDKHO
JBUTaTLCS BOKPYT 3emin, 4ToOH He ynacTh Ha Heé. Ona HaswbiBaeTcs
nepBoit  xocMmmueckodl ckopoctbio. [ km/c— 5TO MHHHManbHaA
CKOPOCTh, KOTOPYK? JODKHO HMETh Teio, uToOBl BEUIETCTH M3
TpaBUTAUMOHHOIO Tioyix 3eMJH. 3TO TaK Ha3blBaeMas BTOpas
KOCMH'ECKas CKOPOCTb.

Ho no xocMuueckuM MepKaM Macca 3eMiiM Yype3phivaiHo mana!
Hanpumep, mMacca CollEua, BOKPYT KOTOPOTO BpaiuaeTcA 3emis, B
TpHCTa TeicAY pa3 Gomblue u cocraBaser Ms= 210" ke. Urobur
BBIIETETE W3 TpaBHTauMoHHOro mojis ConHoa, HYXHO pa3BHThL
ckopocTh Gonee 4{) xm/e.

H d9em panenle 4enoBeKk NMPOHHKAET B myﬁmm Beenennoi,
HCIONL3YA MOUIHeHIIHe Teneckonsl, TeM Gomee FpaHIHO3HBIE MHPH
packpuiBalotca nepes HHM. Harpumep, Hama [amaktHxa cOCTOMT
mpuMepao 43 100 munnuapacs 3BE3A W HMMeeT Maccy nDopfika
Mgy =~ 10" k2m pasmepsl okono [0 000 ceeroBwix ner. Yrobe
BRIIETETh W3 €€ NONA TPHUTIHKEHHA, HYXKHO pPa3BHTL CKOPOCTh
Sonee 200 km/c.

HMop neiicTeiieM CHiA rpaBUTALWOHHOIO MPHTMKEHHA TATIAKTAKH
00pasyloT CKONNMenHa. A CKOTIEHHS TaJaKTHK, B CBOIO OYEPERb, NOA
JCHCTBHEM  TIDaBHTALMOHHBIX  cHN  o0pa3yloT  I'HTaHTCKHE
csepxckonneHus. Hanmpumep, cBepxckonnenue B co3pespnn JleBbl,
Kyna BXOXHT Hawsa 'anakTuka, COCTOHT npuMepuo M3 2 500 ranakTHk.
Owo umeeT Maccy nopaaka Me =~ 10% k2 u paamepsr okomo 50 man.
CBETOBBIX JIET. UT0OBI BBUICTETH M3 €0 MONA NMPUTAKEHHA, HYKHO
Pa3BHTE CKOPOCTE OKONO SO0 xm/c.

Ho # Macca Takoro cBepxCKOMICHHA HAMTOKHA [0 CPABHEIHIO
¢ octamenoi Maccoit Bcenenwoit. Maccy Beemennoit My, MOXHO
npHOIHKEHHO OLEHHTD TIO dopMye:
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4 )
My, ~ E:er"R,f.,, (1.7)

rae pun = 10 **xa/m’ ~ cpenuas nnoTHoCTH BemecTRa Bo BeeneHHOI,
a Ry, pamuyc Beenennod. [ns npuOnuk€HHOH OUEHKH paanycd
BceeneHHoH MOKHO HCMIOMP30BATD BEAHYHHY: '
RUu A CTU"
30ece ¢— CKOpOCTh cBeta, a Iy, =15 Mmap. aem =5 10"c — BpEMS
Au3Hy BeeneHHO#, TO ecTh BpemA, npouieauwee ¢ TOTO MOMEHTa,
Korfa Marepus BO DBceleHHOH Haxoawnack B CBEPXIUIOTHOM
coctosary. TakuM o8pa3oM, nomy4daeM: Ry, = 10%u. TloacTasnad 310
3Havenye B ypapHense (1.7), monygaem:
My. =4-107 k2 (1.8)
OTO cOCTaBNAET NOYTH TPHILIHOH ranakTHk! MaTepecHo, Kakyio
HYXHO DAa3BHTB CKOPOCTh, 4TOOLI BBUIETETH U3 [PABHTANHOHHOIO
nons BeeneHro#l? B npHHLIKIE, 3T0 HETPYAHO PACCYHTATh.
T'paBuTatmonnnii noreHuman @Oy, cOINABAEMEIH BCeH Maccoil
Beenennoft  (rpasuTaumMoHHGIA  [OTEHUHAN, cozlaBaeMerfi  Bcelt
Maccoil Bcenenno#, 3ech 1 ganee Mul GyacM obo3Hayarh Kak Pyy)
MOXKHO OUSHHTE 10 opmyne (1.6):
Dy & — GMuw/Run (1.9
MoacraBmaa B 3TO YPARBHEHWE 3HAYCHUA A MacCH M paguyca
Bceneynoi, nomy4daeM:
Dy ~ =310 48/ (1.10)
Yto6sl TENO MACCHl 1 CMOTNIO BBINETETH W3 rPaBHTALHOHHOTO
nons Bcenacnuoit (3a npenenst Beenernoi), eMy HY>XHO COBEpIUNTH
pabory: A=- m®y, A [1g 310r0 OHO AOMKHEO oOmagath
my?

KUHETYYECKOH JHeprued: K= = —mPy, 0X

U, Ce/lOBATENBHO, CKOPOCTBI: ¥ = [~ 2@, =2,5-10° m/ic
MBl DOAY9MITH, ¥TO [IH UPEOAONEHHS TIPaBRTAIIMOHHOIO
npuTexenns BeeneHHOR Tes0 JOMKIO ABUraTthes € OKONOCBETOBO

ckopocteio! Pazymeercs, B aTom cinydae QopMyna and KHHETHHECKOH
sueprun K = m¥ %/2 yxe ne sepna. Ho Ang Hac 5To He Tak BaKHO, Mbl
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BENlh CACIANH TONBKO KAaUeCTReHHBIC OUeHKH. Oumbku B pacuérax B
AAHHOM CliydJae BHOCHT M 3Ha4YEHME CpeJReH IOTHocTH BeeneHnuod,
¥ 3HadeHHe eé paguyca. 3HAUEHHE ITHX BEAMYAH M3BECTHO C OYEHb
[IOX0H TOUYHOCTLIO. HO ONHO MBI MOXEM CKa3aTh HaBEPHAKA: ANA
TOrO 4TOBBI BLIIETETL 33 TIPEACHbl TPABHTALHOHHOIO IOJA
Bcenennoit, #yxHa 04eHb DOJIbIIAst, OKONOCBETOBAR CKOPOCTS.

Japadite BO3BEAEM B KBajpaT  CKOpPOCTB  CBETA!
&8 = (3-10° w/c)? = 9-10'° M’/c’. Tlonyuaetcs, 9TO rpaBHTAHOHHELH
NIOTEHIHAN, co3NanaemMplii Bcell maccoil Beenennoi (1.10), npumepHo
paBeH KBaJpaTy CKOPOCTH cBeta!

A uTo ecnW 3TO He ciy4aiHoe cosnanenue? H xmampar
CKOpPOCTH CBETa, BIMTHI CO 3HAKOM MHHYC, OKAXETCH B TOHHOCTH
PaBHBIM TPAaBATALMOHHOMY noTennuany Beenennoii? Ilo xpafiHeH
Mepe, TOYHOCTL COBPEMEHHEIX JAHHBIX O Macce ¥ pasMepax
Bcenennoiil e HCKITIOUAET TAKOH BO3MOKHOCTH!

Dy = - = -10"7 M/ (1.11)

[paBHTaUHOHHAn JHEPrMA Tema Maccsl m B OONE C
noreHuManoMm @y, paena: U= mdy,.

C ppyrol xe CTOpoHBI, COrnacHo (opmyne DHHIUTEHHA TONHAas
>Heprua Tena parna: £ = mc’. Uecmt @y, = —¢” , TO OKAKETCA YTO!
E+U=0 (1.12)
B oaromM c¢nywae mia moforo Tena cyMmMa €ro HONHOH M
rpaBHTAHOHHO! SHEPIHH TOXKIECTBEHHO PaBHA HYMo!

Tloxoxse oucHky NpHBOAMN, Hanpumep, Pwgapa (Deiinmad B
CBOMX JIEKIMAX WO TpaBWTaiMK¥. BoT urto on nmcan o6 sTom:
«ITone3ysce 3Tof OUEHKOH, MBI IONY4acM Ype3nbitalino HHTEPeCHBIH
PE3YNBTAT, 4TO NONHAA 3Heprin Beenennoit papHa Hymio. TToyemy Tak
IODKHG OBITh, ABIAETCA OXHOH M3 BenwualmuX TaidH — W,
CREAOBATENILHO, OOHHM K3 BaxHEHWHX Bompocos usuku. [locme
BCETO 3TOr0 MOKHO 3aJaTh BONPOC, YTO MBI HOMKHEl Ot OB
H3y4aTh B (HIMKE, €C/H NonoOHbIC TaiHEI He HABAAIOTCH CTOTb
BAXHBIMH, 4T00H MX Hccaemosathy [10;c.68]. Mer npuciylaeMcs
coreTy @eitnmana, OyaeM uccienoBaTs 3TOT BOMPOC W BO BTOPOH
rnase HAHAEM na Hero oreer. [lpuuém mel HaiinéMm Tako#l oTser,
HCTHHHOCTH KOTOPOro Moxio OyACT MPOBEPHTL DKCTIEPUMEHTAIBHO.
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I'paBUTAUMOHHEIE CHIBl (rpaBWTAMOHMLIE TONA)  GHICTPO
yOBIBaIOT ¢ paccTosHHMeM — TNPONOPUHOHANBHO KBAa#paTy paccTo-
auna (1.1). A u3-3a toro, 910 Marepua Bo Beenennoif pacnpenenena
NPAKTHYECKH PAaBHOMEPHO, TPABHTAUHOHHEIC CHIIBI, C031aBacMBIC
pa3smHYHBIMH  TafNaKTWKaMH, YPaBHOBCINMBAT IpYyT  Apyra.
Hanpumep, cCHAsl TpaBHTALHH, KOTOpBIE ACHCTBYIOT HA KAXKABIHA aToM
HAIETo TeNd CO CTOPOHEL OIPOMUEIX Mace Beeneuroll, Haxonsunxca,
cKaXeM, B HanpasneHnd IlonspHoit 3Be3gwl, ypaBHOBEIIMBAKOTCA
rpaBHTALMOHHLIMH CHAAMH, CO3aBaEMBIMH MacCaMH, HAXOAAUIHMHUCH
B NPOTHRONONONKHOM HaNpaB/ICHHH.

CorceM HHOE JeNo — rPABHTANHOHHBIH TOTeHIHAN.

Bo-nepsiIXx, TrpaBHTALOHHELIE TOTEHLUHAN, CO3JaBaeMbli
KaKkpM-Au0yap TenoM,  MelneHHO YOBIBAET ¢ pacCTOAHHEM —
NPONIOPIHOHANLHO MEpBOH cTeneHK paccTosHuA (1.5). Bo-sTophix, 8
OTIIHYHE OT TPaBHTAHHOHHOH CHIBI T'PDaBHTAUHMOHHEIH NOTEHIHAN
ABAETCA CckamApoM, a He BekropoM. IlosToMy rpasmTanMoHHBIE
MOTEHIHANEI, CO3/IABAEMBIE PA3HYHBIMH TeNaMh B KaKo#H-HHOYIb
TOMKE NIPOCTPABCTBA, NPOCTO CKIAABIBAIOTCH MeXAY cobol. Beé aTo H
NPHBOAHT K TOMY, YTO BEJHYHHA FPaBHTAUHOHHOIO TOTEHLKanNa,
co3laBaeMoro  BceH  Maccodt  BeenemHOH B OKOMO3CMHOM
npocTpaHcTee, Takad orpoMHas (1.10). B npoTHBOHONOKHOCTE
rpasHTannonHoMy mnomo Bcenennoil, kotopoe B cpemHEM paBHO
HYJIO H CYLIECTBEHHO BO3PACTAET NMIUG BOIH3Y GONBIIAX Macc.

Oxpyxaioiiice Hac NPOCTPAHCTBO MOXHO o00pazHo HazBaTh
OTPOMHEIM TPAaBHTALHOHHEIM OKEAHOM, B KOTOPLIH NOIpy)KeHa Haia
Beenenyas. ['pasuTalHoHBLIe HOAA MOMKHO CPaBHKUTE ¢ NOJBOAHBIMU
TEYCHHAMH, a POJIb CIYOHHBI B 3TOM OKEAaHE UrPAET IPaBHTALTHONHBIH
NOTEHLHAN, CO3LaBaEMblii BCEMH MAacCamH, CYLIECTBYIOIHMH BO
Beenennod. T'nyOuHa 3TOTO OKEaHa OTpPOMHa H  COCTABIAET
npumepno (1.10): @y, = ~10" ’/c’. 3nak MuHyc Kak pas noKazsI-
BACT, YTO TPaBHTANMOHHBIH TOTEHUMAN ABNAETCA TIyOHHOM.
BeawdnHa TayOHHEI MMeeT nNpocTod (HU3MYECKHH CMBICE — 3TO
IHEPrHA, KOTOPYIO NODKHA HMETh Macca B Jx2, 4TOORI BHIPBATHCA M3
3TOTO OKeaHa.

Hrak, d¢msugeckoe Teno, ABHXKYWIEECS B NPOCTPAHCTBE,
JBIKETCA B rpaBUTALIHOHHOM okeane. To ecth ono é3aumodeticmeyem
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co gcemu ocmanbHeimu menamu 60 Beerennoli. I'urantckag rny0una
JTOr0 OKEaHa Kak pPa3 M O3HAYAeT OZPOMHYIO  3HEPZUIO
2pasumayuonnozo  83auModeicmaus  0anHo20  Mela co  Gremu
ocmanbHbiMu menamu 60 Beenennoi.

§1.3. OHHOPOAHOCTB rpaBUTaALMOHHONO NOTEHUNana

Mbul 3HaeM, 4TO ABHXKEHHE TEI MOXHO ONHCATE € MOMOIIBIO
H3MIECKHX 3aKOHOB. ITO 3aKOHBI KIACCHICCKOH MEXAHHMKH, TCOPHH
OTHOCHTEABHOCTH M KBAaHTOROH MexaHukd. Ho MEI HE 3HacM, modeMy
ABWKEHHUE TEN MOJUMHACTCA 3THM 33KkoRaM. Takoil BOMpoc Jaxke He
MPHHATO 331aBATh.

A 49T0 ecar HaOMIO#aeMOE JIBIKEHHE TENA €CTh PE3VIbmam
2PASUMAYUOHHOZ0 — 63AUMOOCUCEUA  3MO20 Med Co  BCeMU
ocmanbhvimi Mmaccamu Bcenennodl? Torpa agswxenwe Tena Oyaer
3aBHCETh OT €r0 TPAaBHTALMOHHOHM JHEPrHH, TO €CTh 3aBHCCTH OT
BENMHYHHBI TDAaBHTALMOHHOrC mNoTcHUMana BceeaeHHOH B JaHHOM
TOYKE IIPOCTPAHCTBA. A 3T0 B CBOHO oTepenb 6}’,E(CT 03HAa4YaTL, 94TO H
3aKOHBI (MIMKH  33BHCAT OT BeTHYHHBI  TPABHTAIIHOHHOTO
TIOTEHNHAIIA.

W3 paunnsix actpoHoMuYecKux HaOmogeHMit MBI 3HaeM, 4TO
du3MYECKHe 3aKOHBL OOHH W Te e BO Bcel Beenennoi. B panéxux
rafaKTHKax JeHCTBYIOT TE Xe caMble (MM, 110 KpaliHeHd mepe, 1104TH
Te e caMble) (H3HYECKME 3aKOHE, YT0 M Ha 3emne. A
TPaBHTALHOHHBIA MOTEHLHAN, K4K M3BECTHO, CHIBHO H3MEHACTCH
ponu3M  Gomplmx wMacc. He upoTusopeudt M 3TO  HAWIEMY
APEANONONKEHHIO O TOM, YTO (HU3HYECKHE 3aKOHBI MOTYT 3aBHCETS OT
BENTHYHHBI IPABHTALHOHHOr'O [10TERIHANA?

Hapaiite [DOCMOTPMM, KaK CuabHO H3MEHAETCH IPaBH-
TAUMOHHBIK MOTEHUMan BOMH3H Oomeliux Macc., HM3meHcHHe
TPaBUTALMONBOTO NOTEHUMANa A@ Ha NOBEPXHOCTH 3eMIH 10
CPaBHEHHIO C NOTCHLHANOM OKDPYXKAIOUIETQ NPOCTPAHCTBA COCTABHT
senmnanny: Ap = ~GM /R, tne R =~6,4-10° » — panuyc 3ewm, a
M = 6-10°ke — eé Macca. B pe3ynbTare MBI DOTy9aeM:

Ap = — 6107/ (1.13)
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I'paBuTaunonHei noteHuvan BceemeHHOH Ha MOBEPXHOCTH
Conmuna GyneT omMYaThcA OT TIPaBHTALHOHHONO TOTEHIHAaNa Ha
TOREPXHOCTH 3¢MITH NMpHMEpHO HA Beanumny: Ags~— GMoRs TAC
Re 710 m - pamnyc Comnnma, g Ms ~2-10°% k2~ ero Macca.
[Ipoaenas npocThle BHIYHCIEHHS, MBI ITOTYYHM!

Aps~~2-10" M

Jto ovent Gonknas BenHuHHA. Ho ona upessbyaiino Mana no
CpaBHCHUIO ¢ REMHYMHOH IrPABMTALMOHHOTO NOTeHIMaNa Beenenno
@Un (1 . 10)

|Apd « | Dyl 0 Aps /Dy, ~6-107° (1.14)
JTO 03HAYaeT, 9TO E€CNH YCNROBHO TPHHATE CPEAHIOI TIiayGuRy
TPABHTAIMOAHOTO oOkeada Bcenensnodf, ckaxem, 3a 1 xu, 1o BOmH3M
Conuna rmyOHH2 YBENHYHBAETCH BCETO Ha § MM.

PaccyrraeM, HACKONBKO TDABHTAUHOHHEIH TOTCHUMAN BHYTDH
nameit ['anakTHKH rayOixe, 4eM B MEKTANAKTHIECKOM IIPOCTPAHCTBE:
APea & — GMai/Ria, 30€Ch Ry =50 000 ceemossix nem = 5-10°"m —
panuyc nameil [anakTnkm, a Moy ~ 10" k2 — eé macca. B pesyns-
TaTe MOJydacM:

Agy = <107/ (1.15)
i A@ga /Dy #3107

Ecnv  npaxe mpeanonNOXHTh, YTO 3HayMTeNbHag YacTh
rafakTHYECKONH MacChl MpHXOAuTces Ha €€ Aapo, CocTapifoniee
npuMepHo 100 cBeTOBBIX seT (TO ecTh pa3Mephl AApa B THICAYY pa3
MEHBIIE, YEM pa3sMepsl [ alakTHKH), TO B 3TOM CIydae H3MEHCHHe
rPABHTALHOHHOTO MOTEHNMAN3 BOAH3H raNakTHYecKOTo eHTpa Oyer
TIPHMEPHO B THICAYY pa3 bonslle, 4eM A@Pgy W COCTABHT BENHHHHY:

Aeac ~1074/c

Ho u »ra BenHuuHa TaKxke O4YEAb Majia Mo CPaBHEHMIO CO
cpennelt rmydHHOE KOCMHYECKOTO MPaBHTAIMQHHOrO OKeaHa:

AQgaic /Dy, ~ 1077 (1.16)

I'paBRTanmoHHEIA  [OTEHUMANl  BHYTPH  IanadKTHUECKOTO
CBEPXCKOIUICHHA B co3ee3guu Jlepwl Oyaer rinybxke, +wem B
IPOCTPaHCTBE  MEXKAY  CBEPXCKOIUIGHHAMU  (CBEPXCKOILICHHA
pasjieneHbl OTPOMHBIMH PACCTOSHHAMH nopaaka 300 man. ceemosslx
fem) Ha BENHYUHY: A@c ~ — GMci/Rey, the R 50 man. ceemosoix
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rem =~ 5-10°m— pasmep cBepxckomnenus, a Mg~ [0* k2 — ero
macca. [Ipoaenas seruucnenns, momyaum:
Apc & ~10"m/? (1.17)

M o>1a BEnMUMAA TakXKe OYEHE Mana IO CPaBHEHHIO ¢
BETHIHHON rpapUTALMOHHOrO0 roTeHnuana Beenennoit (1.10).

Wrak, MBI BBIACHHIM, 4TO 21VOuUHA 2ZPAGUMAUUONHO20
nomenyuala Beenernnoi RPAKMUYECKU . RORHOCH BN
onpedenRemca yoanéHuLLMu 0ZpOMHbIMU Maccamu Beerennot,

B 7o BpeMa kak OmM3KO pacrionoXeHHBIE K HaM 3BE3RBl H
rajjakTHKU YBENUYHMBAIOT IMyOMHY TIDaBHTAlIHOHHOIC OKeaHa Ha
OYEHb HESHAYUTEIBHYEY B IPOLECHTHOM OTHOLIEHHH BETHYHHY.

H ecnu npeanomoxuTh, 410 QH3HUECKHE 3AKOHEl 3aBHCAT OT
BENHMHHB! IPAaBHUTAIIMOHHOTO IIOTERUHana, TO, WO KpalineH wepe,
CTAHOBUTCH HCHO, TOMEMY 3TH 3aKOHBl OJHH M Te Xe BO Bcelt
BeenenHodt. 3OTo  ecrk  CHeAcTBHME  TOrO, YTO  BEJHYHMHA
rPaBHTALHOHHOIO [IOTCHIHANA ¢ XOPOIIeH TOYHOCTHIO OJHA M Ta Xe
BO Beeil BeenexHoi. ‘ i %

A 9TO Xe BCE-TAKH MOXET O3HAUATH HAWle NPEITIONOKEHHE O
TOM, HTO  (U3HYEeCKHe  3aKOHbI  3aBHCAT OT  BEIHYHHbBI
rpaBUTalHoOHHOTO  moreHumana? Kakolh  dmsmueckmit  cMbicn
COIEPKUTCA B TAKOM MPERTIONOKEHHH?

Hanpumep, p6mmsm ConHila rpaBHTAIHOHHBIH NOTEHIHAN, XOTh
H HEIHA4YTeJIbHO, HO BCE e H3MeHAeTcd. Kakue HMIMEHEHMA 3TO
MOMET BeI3BaTE B dH3udeckux 3axorHax?

A'Ha okpauuax BeenenHolt (ecim, xonewno, y Beenenno# ects
OKpauHbl) TNyOHHA TPaBUTALHOHHOIO IIOTEHIMANa  JOJDKHA
3HAYMTENEHO YMCHbIIATECA. Kakue B dTOoM ciydae Tam OyayT
IeHCTBOBATE 3aKOHK HBHXKEHHA? A MoXeT OHITE GH3HYECKHE 33KOHEI
TamM Boobure He OynyT aelicTBoBaTE?

B naneneifmenm (1. 2 1 3) Mbl HaiéM OTBETBI Ha 3TH BONPOCHL.
U, uro camoe CYMIECTBEHHOE, MCTHHHOCTEL 3THX OTBETOB MOXHO'
Oyaer npoBepUT IKCIIEPHMEHTANLHO.
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§ 1.4. OcobGeHHOCTH rpaBUTaLUK

['papuTaunoHHOE B3auMOAeCTBHE 00naxacTt onpeacnéHHBIMH
XapaKTEePHBIMH HepTaMH, KOTOpBIE NENaloT ero HEMOX0XHM Ha ApyTrue
B3aHMOJICHCTBHA (WanpHmep, Ha anexTpoMarnuTHoe). M B aTOoM
naparpae Mbl BKpaTlle paccMOTPHM Hanbonee BaXHBIE 0COOEHHOCTH
rpaBUTALHH.

Bo-nepepix, yckopeHHe TeNa B [PAaBHTALMOHHOM TNone ie
s3asucum o1 ero Maccel. IlooToMy Bce Tena JABIDKYTCA B
IPaBMTALMOHHOM MOJIE C OAWHAKOBRIM YckopeHueM. C  onxHo¥W
CTOpPOHBI, YCKOpPeHKe TeJla NPONOPIHOHATEHO AEHCTBYIOWIEH HA HEro
CHJIE W, CICAOBATEALHO, NPOMOPLHOHANLHO €0 IPaBUTALMOHHOM
macce (1.1). Ho ¢ xpyrod cropoHsl, yckopenue Ttesna obpaTHo
MponopuHoHanbHO ero nuepTHoH Mmacce (1.2). Takum obpasom, kak
nucan Puuapn QeffHMal B CBOMX JIEKUHAX MO IPaBHTALIMM, «EPBbIH
H3YMHTEABHBIA (aKT, CBA3AHHBIA C rPaBHTALIHEH, 3aKII0YACTCA B TOM,
YTO OTHONIEHHE HHEPIHANLHOA H  TPABHTALUHOHHOH  Macchl
MOCTOAHIO, I/ie Ob1 MBI ero He npopepsaimn» [10;c.62].

«BTopol H3yMHTENbHBIH (aKT, CBA3ZAHHBI C rpaBHTAUHEI,
JaKIloMaeTcs B TOM, MTO  3TO  B3aUMOJCHCTBHE  OHMEHb
cnaboe» [10;c.62]. PaccMoTpuM B Ka4ecTBe IIpUMeEpa JBa HJIEKTPOHA.
C oaHOH cTOpOHBI, MEKXLY HHMH AEHCTBYET CHIA EKTPHYECKOro
oTTankusanus F,. A ¢ apyro# CTOPOHBI, MEXKAY HHMH AeicTRYeT cuna
rPaBMTAUHOHHOTO NPHTAKEHHS Fp. HETPYIHO MocuuTaTh, ATO:

{Tf ~ 4107 (1.18)
&

Teneps npeanonokuM, uto B Oyayuiem Oyimer nocrpocHa
(uznyeckas Teopus, oOLEAHHAIOLIAN TPABUTALMIO H MEKTPHUECTBO
(Taxk HazplBaeMmas enMHas TEOpHA MOAA, Hal CO3JaHHEM KOTOPOH
paboran emé Dimnrein). Takas TeopHus nomkna OYAET Taioke
O0BLACHUTDL ¥ TIPOHCXOMACHHE THranTekoro uncna (1.18).

Hanpumep, mns toro utoOB! 0OBACHUTD TIPOHCXOXKICHHE ITOro
yucia, [ons Jupax nocrapancs Ha#iTH emE ogHo Takoe #e Oonbwoe
upcno. OH ofpaTun BHHMaHHE Ha TO, 9TO OTHOUIGHWE BO3pACTa
BeenenHol ko BpeMeHH, 33 KOTOPOE CBET MPOXOIMT aTOMHOE ApO,
npumepo pasto yueny (1.18). IoaromMy oH Npelronoxun, 9T0 9T0
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HHCIO Kak-TO CBA3aHO ¢ Bo3pacToM Bcesennoil W, cleAoBarellbho,
YBEIIHUHBAETCH BMECTC ¢ HHM. B CBA3W ¢ HTHM OH Jake BBIABHHYN
OpPCAMONOKEHHE O TOM, YTO MPaBHTAIIHOHHAN NOCTOAHHAN 3aBHCHUT OT
Bodpacta BcenennoH W ymeHbliaerca c¢0 BpemeHeM. Ho, mno-
BHIHMOMY, 3TO He BepHO (cM. BospaxenHs Puuapna  deiinmana
B § 1.11).

K 3arajike rpaBaTandM MOXHO OTHeCTH H TO (00 3TOM MBI yHe
nucany B § 1.2), yrto cyMMa nonHoit sHepruu Hauie# Beerdennoit o eé
TPaBHTALMOHHON JHEPruM (B Npejenax TOYHOCTH acTPO(H3HYECKHUX
nabniofenwii) pasna nyIo.

CymecTBenHoH 0COOEHHOCTBIO IPABHTALMM SBAETCA H €&
YHHBEPCAIBHBI Xapaktep — 6Cé, 4TO CYNIECTBYeT B MNpHPOAE,
YYACTBYET B TrpaBUTALHOHHOM B3auMojeiicTeud. Kpome Toro,
rPAaBHTALHA — TO BCErJA MOALKO npumaxncenue, a paBUTAlHOHHOTO
OTTATKHBAHHA NPOCTO He cyuyecmeyem.

H, nakosen, MOXHO OTMETHTH CHCAyIOliee. 3aKOHB,
YIPABNAIONIHE HANIHM MHDOM, B CaMOH CBOEH OCHOBE — 3TO 3aKOHMI
KBaNTOBOH MexaHWku. Huwaue rosopa, & ¢vndamenme 6cex
Quzuveckux g3ausodelicmeutl aedcum nPuAYUN HeonpeoenénHocmu.

Ho HH 3akoH TaroTenna HeloToHa, HM ero mogHQuKaLus,
ciaemanHas DHHwTeHHOM B 00IMeH TEOPHHM OTHOCHTENBHOCTH,
COBEPIICHHO HE YYHTHIBAIOT 3TOT (pyHAAMCHTANBHEIH npuHLAn. Bor
4yTO, K mpuMepy, nHmer o006 3rtom Puuapa Defaman: @A
MOCAEAOBATENIBHOCTH HAIOMX (H3HYECKHX Teopwil Geino Obl BakHO
NOHATE, AOMKeH X 3aKkoH HeloToHa ¢ BHeCEHHBIM SHHIUTEHHOM
BHIOH3MCHCHHEM OBITE HW3MCHEH U Janele ¢ Tem, 4ToGbl
COrNACOBLIBATHCA C IIPHHLMMOM HeonpeAentHHOCTH. DT nocneaHee
BHIOH3MEHCHHE TOKa He caenanoy [7;c.141].

B npanemeiituem, ocHOBEIBasch Ha ‘“‘ciyuaiinoM” cosrajge-
Huy (1.11), MBIl MOCTPOUM KeanmoeyIc TCOPHIO IPaBHUTAIHH, KOTOpas
NMO3BONMUT OOBACHATL 6ce NEPCYHCICHHBIC BBHILIE OCOOEHHOCTH
TPaBHTALHOHHOTO B3AHMOACHCTBHA.

Ho npexae uem NpHCTYNHTB K ITOCTPOCHHIO HOBOH TEOpHH,
nasaiiTe BKpaTUe pPacCMOTPHM OCHOBHEIE 3aKONEBI, NEXKal(HC B
(byHnaMeHTe COBpEeMCHHOH (H3HKe, a TaK:Ke CBA3AHHBIE C HHMH
npolneMsl.
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§ 1.5. 3akoH MHepyuyn

OcnoBoll  knaccuveckoit MexaHuku (Mexanuku HeroToHa)
ABIACTCA 34KOH HHEPUHM, KOTOPBIH TIACHT. CKOPOCTH CBOOOIHO
ABIXYyWIETacd Tena ocTaérca nmocTosHHoH. HMuaue rosops, ecnd Ha
TENO He AeHCTBYIOT HUKAKKHE CHIBI (MJIH XOTA Ol paBHOgeHCTBYIOLLAA
BCEX CHJI PAaBHA HYJHIO), TO Tejio OYAET JABMIaTLCA B OAHOM H TOM XK€
HanpaBjIeHMH, ¢ ONHOH H TOH XE CKOPOCTBIO CKOJL YTOAHO IOJIO.
Hanpuwmep, ofnoMok kakoii-HuOyAR 3BE€34bI MOMET NBHraThCd B
MEKTATAKTHYESCKOM TIPOCTPaHCTBE ¢ OAHOH M TOH e CKOpOCTBIO
MHIIMOHE! €T TOKAa HE CTONKHETCHS ¢ KakuM-HUOYABL NpYyrHM
00NOMKOM.

Ha meppeiél B3rnsz, 3aKOH HMHEPIHH TPOCT H odeBHAeH. Ho
3TO He Tak. Eciu Obl 3akoH MHepHHH OBIT oveBHOCH, ero Obl
OTKpBITH 3aponro no lanuanes. Hackonpko cefiwac m3secTHo,
Fanunei ObI MEPBEIM, KTO HE TOJBKO Pa3MBILLTL Had HpobneMoi
JBUWKCHHMS, HO ¥ NPOBOIHI ONBITH ¢ Pa3NuyHbIMU TenaMu. OH
3aMeTHA, 4YTO TeJa, ABIXKYIMMECH 110 3€MHOH TOBEPXHOCTH,
OCTaHABIHBAIOTCA D04 AcHCTBHEM cHA TpeHHA. YeM MeHsIIe
TpEHUE, TEM Aojbiie Tedo Asmwxercd. lanuneit gorapancs, 910 B
OTCYTCTBHH TPEHMA TENO MOXET IBHTATBCA CKOJIb YI'ORHO Ionro. M
crenas BRIBOJ, YTO €CTECTBEHHoe cocToanue Moboro reja — 310
LIBHXKEHHE, a HE IOKOI1.

Ognnako DO CHX [Op 3aKOH HMHEPOHMH HE HMEET HUKaKoro
Teoperudeckoro obocHoBanua. BoT uro muwmer, HanpuMep, Puuapa
Qeduman 110 DTOMy moeoay: «Ho cBobomwoe gBikenue He UMeEET
HHKaKOH BHAMMON npuuuHel. Ilouemy npeaMerst cnocoORs! BEHHO
JEeTeTs 0O NMpAMOH HHHH, Mbl HE 3HaeM. [IpoHcxomEenne 3axoHa
HHEPUHH IC CHX NOp octadresd 3aragkoiy [11;c.14].

Urobel 1OKa3aTh, YTO 3aKOH WHEPLMH HE TaKk NpocT, Kak
Ka)KeTCs Ha NCPBHI B3, A0OCTATOUHO 3aaTh ClneayIollii Boupoc.
OTHOCHTENBIIO YEr0 CKOPOCTh Tella octaércd  NOCTOAHHOH?
O4eBHAHO, UTO CKOPOCTH TEMa MOKET OCTABATLCHA FOCTOSHHONH TONBKO
OTHOCHTENIBHO APYTOrg Tema, CKOPOCTh ABHKEHHA KOTOPOro TaKXe
nocroadBa. Ho oTxyaa MBI 3HaeM, YTO CKOpPOCTH JAPYroro Tena
TMOCTOAHHA?
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Jns toro wrobnl BLIPBATECA M3 3TOTO 3aMKHYTOTO KpyTa, B
(pH3HKC BBOAWTCH TAKOE TIOHATHE, KAK WHEPUHANLHAN CHCTEMA
orcuéra. [lo onpepenensio uuepuHadsHas cHcTeMa oTcu€ra — ITO
TaKad CHCTEMa oTcYETa, B KOTOPOH BHINOIHACICA 3aKOH HiepLHH. TO
eCTb OTHOCHTENEHO HHEPIMANBHOH CHCTeMBb! oOTcuéra cBoOoXHO
JABHXYLIeeCA Teno OyJer NBHTaThCA C MOCTOAHHOH CKOPOCTHEO.
[MoptepknéM, 4TO 3TO — BCETO JHLIB ONpPENCICHHE.

A saTem gaétes cnexyioman GopMyTHPOBKA 3aKOHY WHEPLHH.
Cywiecmayem xoma Ovi 00na uHepyuanbuas cucmema omcuémda. A
BOT 310 — yXe¢ axkcuoMa. OHa HocuT HasBaHHe [lepBoro 3akona
Heiorona. MoxkHO OTMETHTh, 4YTO JI00a®% CHCTeMa OTCYETa,
HABHKYMancs C TOCTOAHHOH CKOPOCTRIO OTHOCHTEILHO HHEPUHANLHOH
CHCTEMBI OTCYETA, TAKIKE ABAACTCS HHEPIHAIBHOM.

TakuM obpasom, cBoOOAHO ABMXYINEESCA Temo ABMKETCH C
MOCTOSIHHOM CKOPOCTBIO OTHOCHTENEHO HHEPUMANBHOR CHCTEME!
orcuéra. [lomywaerca, 4YTO [BHXKEHHE Tena KakuM-To obpazom
CBA3dHO ¢ HHepUHaNnkHOH cHcTemoit oTcuéra. Ho Beas uHepunanpHas
cHCTEMa oTCYETa ~ DTO TONbKO abcTpakTHoe oHATHE! OHO BBE/IeHO B
Gu3AKy ang yRoGCTBa ONMCAHUA ABHKeHHA. Kak e IBHXeHHE Tena
MOXeT ORITH CBA3AHO ¢ aBCTPAKTHEIM NORATHEM?

KoneyHo, MHEpUHAABHYIO CHCTEMY OTCUETa MOXKHO pEanbHO
co3/ath. Hanpumep, kocMHUYeCKHH kopabne, TETAUMIT Mex 3BE3N C
BRIKIIOYEHHBIMH JBHTATEeAMH, SIBNAETCH HHEPUMANBHOM cHcTeMoOM
OTCUYETA € BBICOKOH CTEMEHBLIO TOUHOCTA., B 3T0M Cnyuae ceobogmo
JBHKymeeca Teho OyJer JOBHraThCA C . HOCTOSHHOH CKOPOCTBIO
OTHOCUTENRHO 3T0T0 Kopadnsi. Ho 31o cumé Sonee HenonaTHO, TaK KaK
TCHEPH TONYYAETCA, YTO JBHKEHHE TEIa KaKHM-To 05pa3oM cBsf3ano ¢
ABHKEHHEM Kopaln!

IMepseiit 3axod HpIOTOHA TONBKO YTBEPXKIAAET, MITO CYIIECTBYET
xoTa OBl OfjHa HHEpUHanbHas cHcTeMa orcuéra. Ho 3ror 3akon
HHYETO HE TOBOPHT HaM O TOM, royesy oHa cyuectsyer. OH Takke
HHYEro HE FOBOPUT HAM O TOM, KaK @u3suvecku OCYIIECTBIAETCA CBA3b
MEXIY CBOCOAHO ABWKYIMHMCA TENOM M MHEPLMANLHOA CHCTEMOI
otcyéra. CylecTBOBaHHE WHEPLMANBHOW CHCTEMBI OTCUETR — 3TO
OTKPHITHIH BOMPOC B COBPEMEHHOH GH3uUKe.
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H3 SkcnepuMeHTa TaloKe HM3BECTHO, YTO CHCTeMa OTcuéra,
CBA3AHHAA ¢ HEMOABHKHBIMU 3BE3AaMH, ABISETCA HHEpUMANbLHOH ¢
O4€Hb BBHICOKOH CTENmeHBI0 TOYHOCTH. KOHeWHO, Ha caMoM Jele,
3B€3ABl HE SBAAIOTCA HENOABWKHBIMU. OHM JIBHKYTCA C O4YEHb
GOMBIIHME CKOPOCTAMH ~ 3TO COTHH KHJIOMETpPOB B CekyHRy. Ho us-
3a TOTO, 9YTO OHM HAaXOJATCA OYEHB JANeKO OT HAcC, WX ABHKEHHE
NpPaKTHIECKH HE 3AMETHO. |

Tak MOXET OBITh, dsudicenie meaa no UHEPYUY KAK-MO CEAZAHO
€ HEROOBUNCHBIMU 38E30aMU

ObcyXAeHHIO 3TOH TEMB! NOCBAWEH cHEeNYIOIHH maparpag.

§ 1.6. Mpununn Maxa

Hrak, Teno B OTCYTCTBHE ACHCTBYIOMKX HA HErO CHI JIBHXKETCH
PaBHOMEPHO H OPAMONHMHEHHO. A uTO0B! OHO OTKMIOHWUIOCE OT CBOETO
MyTH, HYKHO OPUIOKHTh cHNy. Yem §Hosiee MAacCHBHBIM ABJISETCR
TENo, TEM TPyAHEe H3MEHHTL ero aBwkeHue, lAs TOoro 4rodwi Teay
Macchl M COOOUMTH YCKOPEHUE A, HYKHO IPHIJIOKHTL cHiry: F = ma.
Tak yrBepxmaer Bropoii 3akoH Heiorona. Takum ofpasom, mobas
Macca OKa3piBAET CONPOTHBIEHHE YyckopeHMIo. OnaTh BO3HHKAET
BOTPOC: YCKOPEHHIO OTHOCHTENBHO 4ero?

INMpapinpHeii OTBET Takod (ero MOXHO NPOHHTATE B THOOOM
yuelunke $HU3NKH): OTHOCHTENBHO HHEDIHANBLHOH CHCTEMEI OTCHETA.
Ho xak ye 0TMeuaIoch, HHEPLHAILHAR CHCTEMA OTCHETAa — ITO BCETO
mmnie yao6Hoe monatne. Kakas ¢usuuecxkas CBA3L MOXKET ObITh
MEXJY TEIOM M MHEPLIHANLHOH cHCTeMo# oTcuéra?

B konue 19-ro Bexka aBcTpuiickui ¢usuk  ODpucT Max
BRIABHHYN CNCAYIONIYI0 THMOTe3y (Ha3BaHHYI0 BHOCIEACTBHH
npuuHitAnoM  Maxa).  Huepyuanwnvte  cucmembi  omcuéma
Cyuecmeyiom  monbko  61az00aps  HEMOOBUNCHLIM  36€30am  —
yoaaénunuvism Maccam Bceenennod. IIpu 3TOM HEHTp Macc Beenentoi
SBNAETCS ECTECTBCHHOW MHEpUMaNbHOM CHCTeMOH oTcuéra. A
cBOGOAHO ABHXYIUEECA TEJI0 UBHMIKETCA C MOCTOAHHOH CKOPOCTBKO
OTHOCHUTENBHO LIEHTPA Macc BeceAeHHOH - OTHOCHTENABHO yNalE€HHBIX
MaccuBHEIX oObexToB. B 3TOM cnywae mero  oxaswleaem
CONPOMUBRENUE YCKOPEHUI) MOAbKO HOMOMY, YMO YCKOpAemcA

S " | S
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3aeck MOXKHO NIPHBECTH cleAylomee cpaBHeHKe. CylLIECTBYIOT
noJi, JeHCTBYIOLME HA TENO HE33aBHCHMO OT TOTO, IBUKETCA OHO IR
HET. 3TO, HAalpuMep, TPABHTALUHOHKEDBIE M 3MekTpHueckHe nons. Ho,
CKa)KeM, MarduTHOE foJie AeHCTBYET TONBKO Ha JBKKYLIHMHCS 3apaA.
CHiiel HHEPOHY MOXKHO B KAKOM-TO CMBICIE CDABHHTE ¢ MATHUTHBIME
cunami. OHH BO3HMKAIOT TOJNLKO B TOM Clydae, Keria Macca
HBHACTCA ¢ YCKOPCHHEM OTHOCHTENBEHO HEMOOBWKHEIX 3BE3N. 38E31H
cBOeii OTPOMHOI Maccoif kak GBI CO3Ja10T NOME HHEPUHANBHBIX CHIT.

Gduskky cnpameBany Maxa: BeIxoguT, ecnn yOpath 3BE3AHL, TO
TeNo yke He OyleT OKa3plBaTe COMPOTHBICHHE YCKOPEHHIO U
notepaer ceoto paepruio? Ho Max yxoaun ot npaMoro oTeera.

Topasgo nmocnenoparensied B oToM Bompoce Oerm Anebepr
DitHwiTeiid, ¢ OonbpLIOH CHMNAaTHEH OTHOCHMBILMECA K NPHHUMILY
Maxa. B mepuoa co3gaHus oOmiel TEOpUHM OTHOCHTENLHOCTH OH
HANCANCA, 9T0 TNPUHUMI Maxa Hala€r cBoE BOILIONICHWE B €ro
Teopud. BoT 4To OH mHCan B TO BpeM:A: «...B MOCHEZOBAaTeNbHOH
TCOPHH  OTHOCHTEABHOCTH HENAB3A ONpEleNiAT MHEpPUHI0 No
OTHOILEHHIO K “MPOCTPaHCTBY’, HO MOXHO ONpEACNATE HMHEPLMIO
MacC OTHOCHTENBRO Apyr Apyra. Ilooromy ecnM f yHamo Kakyio-
HuOYaE Maccy Ha JOCTaTO4HO GONBILOE PACCTOAHME OT BCEX APYTHX
macc BceenenHol, To MHEPUMA 3T0H Macchl JOMIKHA CTPEMHTRCH K
Hymo. TlomnbiraeMcs cQOpMYNHPOBATE 3TO YCIOBHE MATCMaTH-
gecku» [1;¢.605]. To ecte JiiHmuTelR yTBEPXKAAT, YTO HA JOCTATOYHO
OonbuioM yAalNeHWHM oOT BCeX Macc BceenenHoil Tefo He Oyner
obnagare wuHepuweil. C srtoit mosuuned JdnmTelina OL BronHE
comuaapen H Taynn: «llockonbky Max ACHO OCO3HABAJI HMEHHO 3TOT
YKa3aHHBIH BHIIIE HENOCTAaTOK MeXaHWku HbioToHa u 3ameHmn
a0COMIOTHOE YCKOPEHHE YCKOPEHHEM OTHOCHTEABHO OCTANbHBIX Mace
Beenennoii, J¥uurreiid [1;c.613] Hassan 9TOT HOCTYNaT NMPHHIHIIOM
Maxa. 3ToT DpHHUWI, B 9acTHOCTH TpeOyeT, 4TOOH HHEpIHA
MATEPHH ONPeLEeNAAACcCh TONLKO OKPYKAIOMIHMH €70 MacCaMH H TaKHM
obpaloM ucyesana, ecliH BCE OCTANbHBIE MAacchl OyAyT yCTpaHEHb,
TaK KaK ¢ PpeTATHBHCTCKOH TOYKH 3PEHUA HE HMEET HHKAKOIO CMBICIIA
rOBOPMTH O COUPOTHBACHHH abComomuoMy YCKOpPEHHIO. (omHocu-
meavHocmob unepyuu)» [49;¢.250).
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Tem He Meree, Koraa obLIas TEOPHA OTHOCHTCALHOCTH Oblla
HOCTPOEHA, OKa310Ch, 9T0 OHA HE YIOBIETBOPAET HPHHUKHNY Maxa.

U wa nporsxeHMH BCer0 JABAAUATOrO BeKa pPazyTUYHBEIMH
YYEHBIMH MPEINPHHHMANKCE, VONBITKH HOCTPOHTE (PUIHIECKYIO
TEOPHIO Ha OCHOBe npHHIKNA Maxa. Ho 3TH NONRITKH He yBeHYAITHCh
yenexoM. Co3maéresa BriedaT/eHue, 4To NpyHUHMD Maxa npocto ue
BIIMCEIBACTCA B COBPEMEHRYIO (DUBHKY.

Bor, HanpumMep, 4To nanucano o6 3ToM npudummne B 15-M Tome
Bonewoit Coserckoli Juumknonennd, wiganHoM B 1974 Tomy:
«..NpHHIHT Maxa TDIpoJONKAeT IUMPOKO TPHUBICKATBCH B
TEOpeTHUeCKHX paboTax, CTaBALHX UENbIO BLISCHEHHE CTPOCHHA H
cBoiicTB BeeneHnoii B IIeNIOM; IIpH 3ToM mpodiieMa eTo cOTAacoBaHHa
¢ BBRIBOJAMHM KOCMOMOI'HH, HCXOAAmed Kak w3 oOweid Teopww
OTHOCHTEABLHOCTH JiHINTelina, TAK M U3 APYIHX TEOPHH TATOTEHHA,
CTANKUBAETCA C CephE3ubiMY TMPOTHBOPEYWAMH, HABOAALWMMH Ha
MEICTB, 4TO npupuMn Maxa muGo nesepew, nubo HemnposepAeM
IKcnepumenTansro» [19;¢.519].

A BOT YTO HATIMCAHO TIO ITOMY nosBoay B BepkneenckoM Kypce
¢u3ukd: «CyIecTBOBAHHE HHEPLUHATBHBIX CHCTCM OTCYETA TPUBOIHT
K CNOXHOMY BOTpOCY, OCTaloiieMyca Oe3 orTBera: Kakoe BIMsSHHE
OKa3pIBAET BCA Npouad Marepus B0 BeeneHHoH Ha  onmIT,
npousBoAuMEHi B naGoparopud Ha 3emne?» [12;¢.81]. W nanee:
«...TOYKA 3peHHf O TOM, YTO HMEET 3HAYEHHE TOIBKO YCKOPCHHE
OTHOCHTEJILHO HEMOJBMAKHBIX 3BC3A, NpeAcTaBnger coGoH runmoresy,
ODBIYHO HalBBaeMylo npuHUMNOM Maxa. Xora He HMEeTcA HH
IKCIIEPHMEHTANLHONO TOATBEPKACHHA, HY ONPOBCPKEHHA ITOH
TOYKH 3PEHHS, HEKOTOpBIC (U3MKH, BKIIOYAR DHHMTeiiHa, HaINH,
9TO 9TOT TPMHUHI & Priort NpelCTaBaseT upTepec. Jpyrue GH3HKH
NPHAECPKHUBAIOTCY NPOTHBONONOXKHOIO MHEHHA. JTOT BOTPOC HMeEeT
3HaUeHHe JUIA TCOPETHYECKOH Kocmonorud. Ecmm cumrate, uTO
cpenHee ABMXKEHHE BCeii ocTanbHoOlft wacTh BeencHHOW BnWaeT Ha
cocTosHHe JI000H OMMHOYHOR YaCTHUBL, TO BO3HWKAET UCIHBIA D,
CBA32HHBIX C JTHM BOMPOCOB, H NyTeH K OTBETY Ha WHX IIOKA He
BHAHO. WMelotcs nH KakHe-ymbO IpyrHe B3aHMHBIE CBA3H MEXLY
CBOHCTBAMH OJWHOYHOH YaCTHNB! M COCTOSHHEM OCTaNsHOH wacTw
Beenennoit? HM3meHuTCs AM 3apAN NEKTPOHA HIH €r0 Macca Had
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JHEPTHA B3aUMOICHCTBHA MEXKIAY HYKITOHamH, ecnd OBl Kak-To
H3MEHHIOCh YHCIIO 4acTHU Bo BceefAewHO# HWIM MIOTHOCTE HX
pacnpenenenns? Jlo HacTOAmIEro BpPEMEHH HET OTBETA Ha 3TOT
CIyQOKHH BONpOC O COOTHOILEHMM MexIy nanékoit BceeneHHoH u
CBOMCTBAMI OTACTLHEIX wacTHi [12;¢.82].

Takum oOpazomM, B HacToALlCe BPEMA HEM3RECTHO, CMIPABENTIHB
Hin HerT npuAuMn Maxa. He AcHO Takxke, Kak NIPOBEPHTE €ro
DKCTIEPHMEHTAIBHO.

TeM He MeHee, BCE-TaKH CYIMECTBYET OJHO IKCIICPUMEHTAIBHOE
CBHIETENLCTBO B NONB3Y NpHIHIa Maxa. 3To daxT paBeHCTBa HYJIIO
YIIIOBOH CKOPQCTH BpallleRHA BceneHHOH, KOTOpPbIH YCTaHOBIEH C
BBLICOKOIIl CTENeHbl0 TOMHOCTH (IO KpaiHeH Mepe, nepHoj BpalleHHA
Bcenenroii  Gonemie wem 107 mer) B oumiTax DO M3MEpEHHMIO
aHM30TpONHH penHkroBoro wamyueHus [20,21]. C ToYkH 3peHHA
TeOpHH rpasurausd HeloToHa (Taloke Kak ¥ ¢ TOYKH 3PCHHA oDwIeH
TEOPHH OTHOCHTEABHOCTH) D3TOT (PaKT ABAAETCA HEBEPOATHOH
CIY4aHHOCTRIO. A M3 NpHHIMNA Maxa cpasy crenyer, 4to BeeneHHan
H¢ MOXKET BpAaATECH OTHOCHTENBHO HHEPUHAIBHOM CHCTEMB
OTCHETA, TIOTOMY YTO B ITOM C/IYNA€ HHEPUHANBHEIE CHCTEMBI 0TCUETa
Bpal@AnHck OB BMeCTe ¢ HEM,

Cnenyet Taxxe OTMETHTE, 4TO NpuHuHn Maxa Obut BRIZBHHYT
B KOHLE OeBATHAAUATOIO BEKa W NMO3TOMY CHOPMYAHPOBAH B pamMKax
KJIacCHUECKOi MexaHHKH HeloToHa. A B ABajAUATOM BEKE NIOABHJIMCE
TakHe  QYHJAMCHTAIBHBIE  pa3gensl  (QM3MKH, KAk  TeOpHA
OTHOCHTCABHOCTH M KBAHTOBaA MeXaHHKa. Ilo3ToMy uToOHI HalTh
MecTO NpHHOMNY Maxa B COBPEMCHHOH ()H3HKe, HYXHO YUECThb
AOCTHKEHHA KaK TCOPHH OTHOCHTCIBHOCTH, TdK H KBa&HTOBOMH
MEXAHHKH.

JapaiiTe cefidac pacCMOTPHM OCHOBBI 3THX TEOpHH. A 3aTem,
BO 2-# TaBe CHOBa BepHEMca K ofcyxpuenwio npuHomna Maxa H
HOCMOTPHM, KaKHE BRIBOJB! JOJKHBI BEITCKATH H3 HETO.

§ 1.7. CneunanbHaa TeOpMA OTHOCKMTENTLHOCTH

Ocnosot cnenvanbnod TEOPHH OTHOCHTENBHOCTH ABIAETCA
TIPHHIHIT HOCTOAHCTBA CKOPOCTH cBera. CMEBICH €ro B TOM, 4TO
BETHYHHA CKOPOCTH CBETA HE 3aBUCHT OT JBMKERHA Habmromartens.
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Mbut Moacem dsuzameca ¢ 1oOGOY cKOPOCBIO HAGCMpPEYY CBemy
un, Haobopom, @ MPOMUBONORONCHOM MaAnpasieHuu — 8 nobom
crynvae ceem Oydem npOHOCHMbCR MuMOe nac ¢ oOHOU u moi xce
ckopocmbio — 300.000 km/c!

H aT10 — 3KCIIepHMEHTANbHBIH (axT.

B Havane psaaparoro BeKa MHOTHE YHEHBIE TPOCTO
OTKA3LIBAMUCH B 3TO TIOBCDHTb. 3arafky peuwns HHKOMY WHe
H3BECTHBIH B TO BpeMs MOJIONoit yenoBek AnsbepT DHHITEHH.

Ho DifiHiureiina HErNAacHO NOAPA’yMEBaNoCch, YTO CKOPOCTH
Te4eHHs BPEMEHH BCerfa M Be3le OjHHakoBa. I[loatoMy Obino
HETOHATHO, KakMM 00pa3soM CKOpOCTh CBETa MOMKET OCTaBaThCA
OJHOM ¥ TOH JKe B Pa3sHEIX CHCTEMaX OTCHETA.

OHHATIEAH ROTANANCA, 4YTO BPeMA B "IBMKYUICHCHS CHCTCME
orcuéra Oyaer Teus NO-Apyromy. IIpHuéM, CKOpOCTb TE4EHHS
BpEMEHH H3MEHWUTCA TakuM 06pa3oM, 4TOOBI CKOPOCTE CBETa B HeH
ocrasanack Toi xe camoit! Jlostomy DHHIITEHH NpUHAT B KAaYECTBE
HOBOTO 3aKOH2 TO, UTO CKOPOCTHL CBETa OJJHHAKOBA BO BCEX CHCTEMAX
orcyéra. ¥, wcxops w3  ITOrO, paccydran, Kak Oynmer
npeofpa30oBBIBATECH BPEMsi M DACCTOAHHME TIPH MEpPEXoje W3 OAHO#H
CHCTCME! OTCUETA B IPYTYIO.

Hmax, macumab epemenu u pacCmosHus 6 Qeulcywetics
cucmeme OMCHéma uMensemcsa ace20a maxum 06pazom, umobbi
ceem dguzanca omuocumensio weé co ckopocmoio 300.000 kat/c.

3mech MOXKHO CAEAATh CHCAYIOIIeE 3amMedanue. DHHIITeHH
JOTAfUICA, YIO MPH Mepexoae U3 OJ(HOH CHCTEMB! OTCyéTa B APYTYIO
OyneT MEHATHECA MPOCTPAHCTBEHHO-BPEMEHHON MaciuTal, a CKopocTh
CBETA — OCTABATLCH HEM3MeHHOH, Ho ou He OOBACHHMI, nouesy Tak
npoucxoanT. [loueMy HMMEHHO CKOpOCTh CBeTa (CKOPOCTE B
300.000 km/c) vmeeT TaKyio TIPHEHICTHIO B (H3HYECKOM MHpE, 9TO
OHA He 308UCUM OT CKOPOCTH IBWKCHHA CUCTEMEH! OTCHETA.

OTBET Ha BOMPOC, noueMmy CKOPOCHb CéeMma He 3a6UCUM om
dsuxcenusa nabrodamens, Mbl HAIEM BO BTOPOJ rnase.

3akoH, TI0 KOTOPOMY TIpeofdpasyercd BpEMA H PacCTOAHHUE IIpU
nepexone M3 OJHOM CHCTeMBI OTCHETA B JPYrYH, Ha3bIBaeTCA
npeobpasopanuamu Jlopenua. Tlpeobpa3zoBanua ud3BaHBl B 4YECThb
Jiopenna, Tak Kak OH WX OTKpLIN pambllle JiHWTeiina, vccnenys
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coBEpwieRHO Apyroi pasaen Qusuxu (oH Hawién npeobpaszoBanius,
NPH KOTOPHX ypaBueHHd MakcBenna 0CTaloTC MHBApHAHTHBIMH).

CyTh HX B TOM, YTO C TOYKH 3pEHHA HEMOABHXHON CHCTEMbI
oTcu€ra, BpeMsd B ABHIKYLIEHCA CHCTEME OTCYETa TEYET METICHHEE B
pa3, a WIHHBLI BCEX TEN COKPALIAIOTCS B HANPABIECHHH ABHKEHHS
TaKke B ¥ pa3. [ae y — E:Jle,uylomax BEIWYHHA:

)

y = (1.19)

-
o

3aeck V — ckOpOCTh JABMIKSHHS CHCTEMBI OTCHETA, A C ~ CKOPOCTB
cBeTA. -

Ipn 3TOM HEOOXOAHMO MOAUEPKUYTEH, UTC ¢ PHIHYECKOH TOUKH
3peHus obe cHcTeMsl OTCUETA (M “HemoABHKHAA M “IBHKYWmancA’)
abcomoTno paswionpaBubi. W ecau Me1 OyAeM HAaXONUTLCA B
JBHKYIHEHCA cHCTeMe OTcuéra, TO ¢ Hamle TOUYKM 3pEcHHA OGymeT
IIBHIATECA "HEMOABWKHAN ™ CHCTEMa OTCHETA, i MBI 06HapyXHM, 4TO
yX€e B Hel BpeMsa 3aMcaageTci B Y pa3’, & MJIHHBEL Bcex Ten
COXpAILAIOTCA B ¥ pa3.

Kak BuaHo m3 YpgBHEHHS (1.19), ecin ¥V « ¢, To 3HaUeHHE ¥
MPAKTHYECKH DPARHO ENHHHUE. A BCe PENATHBHCTCKHE aexTrr
(cokpaiiteHre AMHIbLI, 32MEATEHIE BpeMeHl‘[t) SYWECTBEHHBL IHIIb MPH
OKONIOCBETOBBIX CKOPOCTAX.

Hrak, B TEOpHH OTHOCHTENLHOCTH (B OTNHYUE OT KIACCHYCSCKOR
MEXaHUKH) W BPEMA, H PACCTOAMHE HIMEHAIOTCA NPH NEPexXoge M3
OJHON CHCTeMBl OTCuéTa B Apyryo. TeM He MeHee, B TEOpHH
OTHOCHTENBHOCTH BCE-TAKY CYIIECTBYET BEIKYHHA, KOTOpasd OCTAéTCa
0JHOH M TOH XC BO BCEX HHEPUHANBHBIX CHCTeMax orcuéra. IT0
urTepBan s Mexay cooeitiaMu. Ilo onpenenenmio ksaapar narepaana
MeXAy coOBITHEM, MMEBIIMM MECTO B TOYKE (X, ), Z;) B MOMEHT
BPEMEHH f;, M COObITHEM, HMEBIIHM MCCTO B TOYKE (X7 Yz Z;) B
MOMCHT BPEMEHH [;, paBCH:

=8 —1) —o-x) — -vif - (2-z) (1.20)

Hcxoas u3 10r0, UTO BEAHYHHA CKOPOCTH cBeTa OYNET OAHON W TOWH
JKE BO BCEX MHEPUWANBHBIX CHCTeMax OTCHETa, HETPYAHO IMOKA3aTh,
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4TO H BEIMYHHA KBaJpaTa HATEpBaNA GyneT 0AHOH K TOH Xe BO BCex
HHEPLHANEHEIX CHCTeMax oTeyéra [5;§2].

C MaremarTHueckolf TOUKM  3pEHHA MHTEPBAN  MOXHO
paccMaTpHBaTE Kak pAcCTOSHHE MEXKAY AByMs TOYKAMH B
BooOpaxkaeMoOM YeThIpEXMEPHOM ApPOCTPAHCTEE {koTopoe
npeictagager coboit  oObluHoe  TpEXMepHOE  MPOCTPAHCTBO,
JOMOJIHEHHOE BPEMEHHOH KOODAWHATOH, YMHAOXKEHHOH HAa CKOpOCTSH
cBeta cf). [eoMeTpus TaKOro WYETHIPEXMCPHOTO MNPOCTPAHCTBa
Ha3bIBAETCA TICCBROEBKIMZOBON, TAK KAK OHA NOXOXKa Ha OOBIUHYIO
€BKIHMAOBY TCOMETPHIO, B KOTOPOH KBAJpaT pacCTOAHMA r MEXIY
IBYMS TQUKAMY PABEH:

ri=(-x) + (y:—y:)z + (2 - z;)°

§ 1.8. Macca n a3Heprusa

TMon nme#ictBueM cHael F Teno maccel m  npHoOpeTaeT
yckopenue a = F/m. Ho ycxopenme Tema OyAET pasHeIM B pa3HBIX
CUCTEMAX OTCHETA (Tak Kak Maciural BpEMEHH M paccTOSHHA PAsHLIA
B pasHuLIX cHCcTeMax ofcuéra). CnelnoBatesbHO, B HHEPTHAs Macca
Tena (KaKk Mepa CONpOTHBIENHA Tela yckopenwio) 6yldeT pasHoil B
pazuuix cucremax orcuéra. Hemoneays npeobpasosanus Jloperua,
D#amTeitd NpUwEN Kk BHBOAY, YTO MHEPTHAA Macca Tena m OynAer
HIMEHATECA B 3aBHCHMOCTH OT CKOPOCTH Tena V cAenyowHM
obpasom:

(1.21)

3neCh M, — Macca NoKoALerocs Te¢ia.

Tak Kax Macca Tena M3MEITSETCA B 3ABHCHMOCTH OT CKOPOCTH
Tena, To Bropoit 3akon HetoTona B croém ofuranom euae (1.2) yxe
HenpuMennM. Tem ue Menee, Bropoid 3axon Heworona ocraércs
CITPABEAIMBLIM H B CMEUHANBHOH TEOPHH OTHOCHTEALHOCTH, €CNHU €r0
Tpe/IcTaBHTS B BHJE [7,¢.264];
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d(mV) d

"I:n

(=)
LN V’/ d

Kak Buano uz ypasnenus (1.21), npu yBenHYeHHH CKOPOCTH
Tena ero Macca (MHeplM:A) so3pacraeT. [IpH 3TOM YacThb 3HEPTHH,
HanpaBNeHHOH Ha YCKOPCHHE Teld, PACXOAYETcH Ha YBENUUeHHe
Macchl Tela. ¥iHavye roRopA, 3HEPrHd MOXET NPEBPALIATLCA B MACCY, H
Haobopor. IMosroMy OHHWITCHH NpHIDén K BHBORY, 4To niobas
sHeprua oOnmazacT WMHepTHOH Maccol, a mobag HHepTHas Macca
DOTEHUHAILHO COJEPKHT B cede IHSPTHIO,

Bor 3naMermTas ¢dopmyna DiminTeiiHa, KOTOpas CBA3BIBAET
Maccy Telia m ¢ ero mondoi sHepruei £

2z
E=me® =2 _ (1.22)
V?
j P
CZ

B obmeM cmydae nomnas SHeprua  aioboro  $msmyeckoro
obrexta (TBEpHOTO TeEMa, OJNIEMEHTAPHOH .UACTHLEI, DJEKTPOMAr-
HHTHOTO H3AYYEHHA U T. 1.} OyHeT paBHa:

E = mj,c? (1.23)
ke m;,— HHCpTiad Macca jganHoro obnexta. Ilonwaam sHeprHA
MTOKOAWETOCH Tea £,, COOTBETCTBEHHO, Gy,uer papna:

E, =my* (1.24)
Hs3 3toit dopMynsl, HampuMep, CICRyeT, YTO NONHAR DHEPIHA Tenla
maccoi B [ k2 npumepro paska 100 000 000 000 000 000 Hxc!

Ilpn sToM BO3HHKAET ECTECTBCHHBIM BOTIPOC, Ha KOTODHI B
paMKax TeOpHM OTHOCHTENBROCTH oTBeTa HeT. [lodemy wmacca
obnanaer rakoit konoccankHo# 3Hepruei? OTBET Ha 3TOT BOIPOC Mbl
HAHEM B TPETLEH IIaBe.

§ 1.9. Obujan TeopUs OTHOCUTENLHOCTH

B  rteopum Taroteuus Heworona mnpeanonaracrea, 4ToO
EIAHMOJICHCTRHE MEKITY TellaMM IINDOACXOANT MTHOBeHHO. OgHako
Moc/e cO3NaHHs CMEHANLHON TeOpHH OTHOCHTENBHOCTH CTANO SCHO,
yro mMoboe B3aMMOACICTBHE NepemaéTcs ¢ KOHEHMHOH CKOpOCTBLIO.
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Taknm  06pasom, mHOABWIACE HEOOXOAMMOCTL  BHJIOH3MEHHTH
ypaBHeHMA TAroTeHHs HeoToHa.

Kpome Toro, B Teopuu TAroreHHs HouioToHa npegronaraercs,
YTO PaBUTALIOHHAA H HHEPTHAA MAcCCHI TeNla PaBHLL. JTO BHIHO XOTA
OBl 1IOTOMY, YTO OHA H Ta K& Macca BXOAMT H B 3akoH Bcemmpuoro
tarorenus (1.1) w Bo Bropoit 3zakon Hwiorona (1.2). Ho w3
CTEIMAILHON TEOPUH OTHOCUTENBHOCTH CHEAYCT, §TO HHepTHas
Macca Tena BO3pPacTaeT ¢ Bo3pacTaHuem ero ckopoctH. [ostomy
€CTECTBEHHBIM 00pa30M BO3HHUKAET CNENyroluil BONpOC: BO3pacTaeT
7Y TpaBATALMONNAY MacCa Tela ¢ BO3PACTaHHEM CKOPOCTH Tena?

TOYHOCTE 9SKCNEPHMEHTOB BO BpeMeHa OiupiuTelina He
No3BOMNANA JaTk ORHO3HAYHLIA OTBET HA 3TOT Bompoc. TeM He MeHee,
OWHIWITEHH TNPEANONOKHN, HYTO H B PETATHRHCICKOM ChyHae
rpaBMTAL{HOHHAA W MHEPTHas Macchl Tena OyayT pasnw [15c.167]. U
OKa3ancs Npas.

Henonp3ys paBeHCTBO HHCPTION ¥ IpaBHTaLMOHHON Macc,
Diiuwrrein cymMen 060bmuTH CeMansHyI0 TEOPHIO
OTHOCHTENTBHOCTH HA CITy4ad IpaBMTAlHOHHOTO MONS M TOCTPOMII
TEOPHIO PaBHTALMHU — OOLIYIO TEOPUIO OTHocHTENBHOCTH. JToapobuce
Mbl 0OCYIHM OOUIYI0 TEOPHIO OTHOCHTENEHOCTYH B 4-if riase.

B mHacroamee Bpems, Onarojaps  MHOrOYHCIICHHBIM
3KcTepuMenTaM ycratosieno [18,1.5;c.192], ¥ro wuueprHat m;, H
TPaBHTALMOHHASA Mg, MACCH TENA PABHbI C OICHb BBICOKOHR CTENMEHBIO

TOYHOCTH: | i _ g | <1077 . TloaToMy oGWwenpuHATO, uTo WHEpTHas
or
Macca Tena B TOYHOCTH paBHa €ro rPaBHTANMONHOI Macce:
Min = My, (I 25)
Ho Teopernyeckoro 060CHOBAHMA 3TO paBeHcTBO He umeeT. To
€CTh Ha CEro/IHALIHHI XEHb HE M3BECTHO, ROYEMy WHEPTHAA Macca
Tena Beerpa  paBHa  rpaBuTanvonnoit  macce.  TeoperHueckoe
obocnosaune paserctTsa (1.25) mbl naiiaém B 3-# riase.
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§ 1.10. KranTOBass MexaHuka

TeopHA OTHOCUTENBHOCTH BHECIA CYIIECTBEHHBIE HIMCHEHUA B
KIaCCHYECKYH0 KapTuHy MHApa. Ho BCE-TakM NOXAHBHYIO PEBOMOIHIO
B (pu3HKe TPOH3BENA HMEHHO KBAHTOBAsA MEXAHHKA.

KsaHTOoBas M¢XaHHKa «OCHOBAHA Ha OpPCACTABACHHAX O
JBMKCHMH, TNPHHUMITHANBHO  OTAHYHLIX  OT  TIPEACTABJICHHH
KNAaCCH4eCKOH MEXaHUKH. B KBaHTOBOH MEXaHHKE HE CYWIECTRYCT
NOHATHA TPACKTOPHM HacTHLU. 3DTO OOCTOATENHCTBO COCTABIIACT
COZCpKaHME TaK HAa3bIBAEMOTO npuUiiyHng ueonper)eﬂém:ocmu -
OJHOI0 H3 OCHOBHBIX IPHHUMIIOB KBAHTOBOH MEXAHWKH, OTKPHITOTO
Feizenbeprom» [6,c.14].

Onextponr (Hnu MoOOH ApyTOil KBAHTOBEIA 0OBEKT) ABMIKETCR
HE IO HENPEPBIBHON MUHHAM (TPACKTOPHH), 4 KaK-TO WHaYe. B xamabii
MOMEHT BPEMCHH JSMCKTPOH HE HMEeT HH  ONpPEACHEHHAOTO
MECTOIOIOKEHNA, HE QTpefenéHHeH ckopocTu. «EcH B pelynsraTte
H3MEPEHNA 3JEeKTPOH TOTYUnl ONpelenEHHbIe KOOPAHHATEI, TO MPH
3TOM OH BOOONmE He ofnafnaeT HUKAKOH ONpefenéHHOH CKOPOCTHIO.
Haob6opor, otnagas onpeAcnéBHOR CROPOCTHIO, MICKTPOH HE MOXKET
HMETH ONIPEAETEHHOrO MECTOMOMOKEHHA B fIpocTpaHcTRey [6,¢.17].

Kak xe ou apuxerca?

Jpekenne dnekrpona (kKak W ABHXCHue Moboro Apyroro
KBAHTOBOTO OOBEKTA) ONMCHIBACTCH KOMILIEKCHOH  BOMHOBOH
¥-bynxumneii. B ofiem cayuae uis OZHOTO 3NMEKTPOHA BOJIHOBAS -
Y~OyHKuHA 3aBHCHT OT YETEIPEX MHEpeMEHHBIX — I3T0 TpH
NPOCTPAHCTREHHBIE KOOPAMHATHL ¥ BpeMaA. JJOMyCcTHM, MBI XOTHM
y3HaTh, HAXOANTCA ITH 3NEKTPOH B JaHHBIA MOMEHT BPEMEHH f, B
DAHHOW TOUKE NPOCTPAHCTRA (X} Ve; Z,). EcCnu H3BECTHA BOMHOBASA
OYHKIOHA 37CKTPOHA, TO OTBRET TaKOH: B MOMEHT BpEMEHH I,
MNOTHOCTb BEPOATHOCTH Py 0OHAPYXKHUTE JACKTPOH B TOUKE (X,; Vo Zo)
PaBRa KBajpaTy MOIYJst BONHOBOH PyHKIHH:

Pw=| Hts; X Yor 2l (1.26)

Taxum obpasoM, XBaWTOBag MexaHuka, B OTIHYHE OT
KNACCHYECKOH, Aa€T TONBKO BEPOATHOCTHOE OITUCAHHE JBRHMKEHHUA,
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B obmieM ciyyae HeoupeaeNnéHHOCTb B ABMKEHHH JMIEKTPOHA
MOXHO OXapakTepH30BaTh, BO-NMEPBHIX, HEOUPENENEHHOCTRIO B €r0
MECTOTIONOXEHUH (Ax; Ay, Az), a BO-BTOPEIX, HEOIPEAENEHHOCTRIO B
ero uMnynece (4p.; 4p,. Ap:).

Tak Bor, Ans snexTpona (MaH NOOOTO APYroro KBaHTOBOTQ
00BeKTa) gce2da BHHIOMHATOTCA CICAYIOWHE HepapescTBa [6,c.68]:

AxAp, 2 h/2 Avdp, 2H2,  Azdp, 2h2 (127

rae kh ~1,055-10 'j‘ﬂofc-c — moctoasiHag [Inmanka. D1d HEpaBEHCTBA,
MII¥ KaK MX HHAYe Ha3BIBAIOT «COOTHOWIEHHS HEOTPENENENHOCTEH»,
6vi1n ycTanosneus [efizenbeprom » 1927 roay. _

Wworna MoxHo ycanmars MHeHHe (KCTATH, BechbMa
pacnpocTpaHéHHoe), YTO  IMEeKTPOH  JIBMKETCA [0  BIIONHE
onpenenéHHol TpaekTopHH. U B KaXablifi MOMEHT BpEMEHH
HaXOMMTCA B OMpPEIeneHHON Todke npocrpaHcrsa. Tlpocto mbi he
3HaEM, TAC OH HAXOJUTCA. A KOTAAa MBI XOTHM Y3HaTk €ro
MECTONONOKEHHE TIPH [OMOLIH  KAKoTO-HHOYAR  (PH3HUECKOTO
npudopa, TO TeM CaMBIM BO3IEHCTBYEM Ha 3MCKTPOH, H B pe3y/IbTaTe
TepAeM BO3MOMKHOCTE TPEACKa3aTh €ro gambHeHiuee apuxenHe. C
3TOM TOYKM 3DPEHHS COOTHOWEHHA Heonpeaenéunocteil [Nedsenbepra
OTPAKAKT AU HaWe HESHAHHE HCTHHHOR TPAEKTOPHH ABHKEHHA.

D10 He Tak. CoBEpPINEHHO HE BRKHO, 3HASM JIH MBI, TAe
HAXOOUTCA 3NCKTPOH HWiIM Re 3HaeM. B mobom cmyvae nBimkeHue
EKTPOHA APURYUNUANLHO OTIHYAETCA OT JBMKEHHA, CKAXEM,
KamHg. JudpakuHg 3NeKTPOHOB HA KPHCTAIE — XOpOIUO H3BECTHBIH
IKCTIEpHMEHTANLHBIH akT. HO MOXKHO CKOJNBKO YTrOAHO KHIATh
KaMHH CHy4dalineIM oOpaloM uepe3 OTKPRITLIE OKHa — HHKAKoH
uHTEpepeAUHOHHOR KapTHHEI IIpH 3ToM He Oyzer. OuesHaHO, 41O
HAllE FIE3HAHHE MECTOHAXOKIEHHA JNIGKTPOHZ HE MOXET OBITh
OPHIHHON €TO HEODLIYHOTO IIOBE/ICHHA.

Bor, Hampumep, 4910 mnmHcan o HeoOLIMHOM HOBEJSHHMH
KBaHTOBBIX 00BeKTOB Puyapn @eiinman: «[loBeaenne Tena oveHs
MA@JIOro pasMepa HEe MOXOKE HH Ha YTO, ¢ 4YeM BB TTOBCEJHEBHO
CTANKHBACTECh. JTH Tena He BeayT cedd HH KaK BOJNHBL, HH KaK
YACTHLBI, WU Kak 00maka, wn¥ OUNBADRHBIE WIAPBI, WIH IPY3bI,
NOABEIIEHHEIE Ha NPYIKHBAX, — CIIOBOM, OHHM HE MOXOXH HH HA YTO U3
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TOrO, YTC BaM XOTh KOTAa-HHOYIE Npuxoauiiocs BuaAerb» [8;c.202]. U
nanee: «Pa3 noseAcHHe aTOMOB TaK He MOXOXKe Ha HalWl OOLITEHHBIA
OnsIT, TO K HEMY OYEHB TPYJHO TIPHBBIKHYTh. 1 HOBHUKY B HayKe, H
OMBITHOMY (PU3HKY — BCEM OHO KaxeTcs CBOcOOpa3HBIM H TYMaHHbIM.
Jaxe Oonpmwwe y4éHble HE TNOHHMAIOT €0 HACTONBKO, KaK HM
xoTenock OB, M COBEPILIEHHO ecTeCTBEHHO, IOTOMY UYTO BECh
HEMOCPENACTBEHHBIH OIBIT 4YENOBEKa, BCA €ro MHTYHOMA — BCE 9TO
ofpaweHo K KpynHeIM Team. Mel 3HaeM, 910 OyAeT ¢ OONBHIHM
NpeAMeToM; HO HMEHHO Tak wMenbuaiimpe Tenmsa #H - He
nocrynawm [8;c.203).

Hmax, dguncenue vacmuy 6 MUKpoMupe npuHyuUNUARbHO
CMAUNQEMCA oM OBUNCEHUI MAKPOCKONUHCCKUX men. B murpoiupe
yacmuybl OGUNCYMCA He no HenpepuleHou mpaexkmopui. B ux
JeUNCEHUU ecmb HeonpederéHHOCMb, U3-3G KOMOPOU  A8UNCEHUE
YacmuYy HOCUM CAYMAHNBIE U HenpedCKazyeMuli xapaxmep.

Mrnl e pepHéMCA K CTpAaHHOMY TIOBEIIEHHIO KBAHTOBBIX
o0ReKTOB B 5-Hf ThnaBe, KoTopas LEITHKOM MOCBALICHA OTHCAHHIO
KBAHTOBO-MEXAHHYECKMX TNapajokcoB. A B 6-H rnase Oyaer
NpeAnokeHa HOBafx MOJACHL  JABIKCHHA KBaHTOBOTO OObBeKTa,
HarmsAHO 0OBACHAIONIAA 3TH NapaJoKCHL.

§ 1.11. PyHaameHTanbHLIE NOCTOAHHbLIE

B §1.3 MBI BRICKa3aMH TIPEANIONOKCHHE O TOM, YTO (GH3HHECKHE
3aKOHB! MOTYT 33BHCETh OT BEIHYHHE! IPABHTAUHOHHOTO MOTSHIMANR
Beenennoil Py,, TO ecTB 3aBHCETh OT paclpeficleHHs BeeH
ocTanbHOll Matepun Bo Bceenewnod, Tloxa ne comcem scHo, ymo
MOXKET O3HAYaThb TAKOE TNpeAnonoxeHue. Hanpumep, npu
pacwHpennd BceenenHoit co3gaBaeMblil €0 TPaBHTALKOHHLIA
MOTeHUHAN yMeRbluaeTca. Kakpne M3MEHEHHS 3TC MOXET BLI3BATh B
¢u3znecknx 3aKonax?

C Apyroit CTOpOHBI, B (hOpMYIHl QUIHIECKHX 33KOIIOB BXOAT
pasmuiHble NOCTOANNEIE Bennuunbl. Hanpumep, B 3axon Beemnpnoro
TaroTedns HpioToRa BXOAHT IpaBHTAnMOHHAA NOCTOAHHAA; B TEOPHH
OTHOCHTEILHOCTH BAXKHYIO PONb HTpaeT CKOPOCTh CBETA; B KBAHTOROH
MeXanHke — mnocrofsHRas Ilnanka u» 1. A Tak moxer OwITh
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@ynoamenmansrble QUIULECKIE NOCMOAKNBIE KAK-MO 3Q6UCAM oM
pacnpederenus ocmaisHou mamepuy ao Beeaennoi?

[Ipeanonoxenus O TOM, 4YTO BEMHUMHE! HYHAAMEHTATBHBIX
(GU3HYECKHX  KOHCTAaHT (CKOPOCTH CBera, 3apsfa JMeKTPOHA,
TpaBMTAalIMOHHOH HocTosiHhof, mocrosnroi Ilmanka, mocTOAHHOH
TOHKOH CTPYKTYpHI, MACChl DNEKTPOHA...} MOTYT H3MEHATHCA B
3aBHCHUMOCTH OT YCNIOBHHA 3KCMEPHMEHTR, HE Pa3 BHICKA3LIBATIMCH HA
MPOTHKEHHH ABAJNIATOTO Beka. BOT HeKoTopLle MpuMeEpH.

B Tpupuarelx rogax asajguaroro cronetnd Ilérp Kanwnua
co3an OYEeHH CHABHBIE MATHUTHBIC NTONS, B ACCATEH Pa3 CHIBHES TeX,
KOTOpBIE CO3JaBajlH #0 Hero. B ¢BasH c . 3TUM MHOTHE YuEHBIE
COBETOBAJIH €My IPOBECTH ONBITHI [0 HCCIEHOBAHHIO BIMSHMS
CIJIBHOTO MarHWTHOTC MONA Ha CKOPOCTH cBeTa. HacToiiuneeid Bcex
TOBOPHI ¢ HuM 00 3ToM AJebepT DHHWITeHH, Tak KaK oOH
UpeanoNaraji, 4T0 B CHIBHOM MAarHUTHOM MOJSIE BEAHYMHa CKOPOCTH
CBETa MOYXKET U3MeHuTECH [22;¢.317,318].

A BOT 4YTO mMCal © IOCTOJHCTBE CKOPOCTH CBETa CaM
DHHINTERH: «MHE KaKeTed HEBEPOATHBIM, 9TOOLI X0 Kakoro-HHOYIb
npouecca (Hanpumep, paclpoCTPaHEHHA CBETA B MYCTOTE) MOXKHO
06110 OB CYMTATH HE3ABHCHMEBIM OT BCEX OCTANBHBIX NPOUECCOB B
mupe» {1;¢.319,320].

B 1999 roay B xypHaie «Physical Review» Opum
onyOINKOBaHb! CTAThH, B KOTOPBIX 00CYXAanack THIOTE3a O TOM, YTO
Ha paHHeH cTagud H3BomOUMH DBceneHHoH cKkOpocTs ceeTa Oblna
cymectseHHO Oonbiie, Yem B HacTositee BpeMA. 110 MHECHHIO
aBTOPOB TAKOE NPEANONOKEHHE TO3BOJMNIO OBl pa3pellliTh MHOrHE
KOCMOJIoTHUECKHE TIpodiemn [23,24]).

Kak yxe ormevanoce B § 1.4, Ilonms Jupax B cBOE Bpems
BBIABHHYN THIOTE3Y O TOM, YTO MPaBHTAIHOHHAA TIOCTOAHHAA MOXET
YMEHBIIATECA C  TeueHHeM BpeMend. OH  #M310XKHAD  3To
npenronoxeHue B cBocH meknnn «KocMomords M rpaBuTalHOHHAN
nocroannasy [25;¢.178-188]. Puvapaz deituMan Bo3paxkan emy B
cBonx neknusx no ¢usmke: «Bot onui W3 cnocofoB MPOBEPHTH ITY
MBICAL. 3a0aHM BOTIPOC: YTO HPH YTOM AOMKHO OBUIO H3MEHHTBCA 32
nocnegune 70° 1T (BpeMma NOARNEHUA KH3HH Ha 3eMne), TO €CTh 3a
1/10 Bospacra Bcenennoit? Oka3spIBacTcs, YTO €CIM PaccMOTPeTh
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crpykrypy ConHua, — To npu pocre Tskecerd ma /0% Coanie
okaszanock Ok He na /0% sapve, a 3RaYHTenRHO GONBUIC: APKOCTH €F0
BO3pocia Owl Kak wecmas cmenewnb MOCTOSHHON TAroTeHua! MoxHo
NOJICYHTATL M TO, HA CKOJIBKO TIPH TAKOM W3MCHEHUH THKECTH 3eMIis
npubaH3uTes X Connny. B wrore BeiscHAeTcs, uTo 3emiia ctama Ol
Bonee qeM Ha /00° ropsdee H, CICAOBATENbHO, BCA BOAA U3 Mopeit
upeppatunace Osl B map. [losToMy MBI ceifuac we 6epum, 9TO
MOCTOSHHAA TATOTEHUA M3MEHAETCA 10 MEpe Toro, KaKk Mup crapeer.
Bcé ke npUBegEHHBIN HAMH apTyMenT He O4YeHb YOSMUTENeH, H
BOIIPOC AO KOHIE He BEscHeH» [7;c.139].

dG 1

ITo cospeMennsM aansbi [18,1.5;¢.193]: b 107 nem ™

Pobept Muxxe cuMran, 4Te OrpOMHEIC Maccel BcemeHHOMH
MOTYT KakK-TO BRHATH Ha mpoleccel B maboparopuu. B cBa3u ¢ 3THM
oH noApo0HO oOCY)KAACT BOHPOC O BOIMOMKHOH 3aBHCHMOCTH
dyHAAMEHTANBHRIX KOHCTAHT OT paclpeaciedHs BEIIECTRA BO
Beenennoit [26,¢.31-42]. )

Oasako, CAeRyeT OTMETHTH, UTO CYIIECTBYIMIME PHIHUECKHE
HabmioneHua  (Hanpumep, JAaHHBIE MO0 TOHKOH  CTPYKTYpe
paclienieHHs CNEeKTPanbHBIX JIMHHMH KBa3apoB M PagvoTaJakTHK)
MO3BONAKOT YTBEPKZATH, YTO JaKe B TAIEKOM NPONUIOM BEIMYMHA
MOCTOAHHON TOHKOW CTPYKTYpHI @ CYNIECTBCHHO HE OTNHYANACE OT
COBpPeMEHHOTO 3HaueHus [27,1.3;¢.303]:

e 1

a=—=
ch 137
rae ¢ — BEMHYHHA 3apAfa HJICKTPOHa.

§ 1.12. Bonpockl coBpemMeHHOR (BU3UKN

B zammouenve 3ToH riaBel NepedwucnuM HanboAEe BaNHEBIC
BOMPOCH! COBPEMEHHOH QH3UKH, KOTOPEIe MBI yike 00CYIKAAIH paHee.

|. Biuger wnam HWer pacnpedenense BceH MATE€pHH  BO
Bcenennoil (HampHMep, BENHYHHA TIPABHTALHOUHOTO TIOTEHLHAIA
Dy,) Ha IpoTEKaHHE PUINIECKHX TIpoueccoB?
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2. SflBnAeTcd MM CAy4adubpIM TOT (PAKT, 97O KBAAPAT CKOPOCTH
cReTa paBeH (B mpeaenax  OorpemHOCTH  Habniodenwuit)
TPaBMTAllMOHHOMY IOTeHUHany BeeneHuoii:

Cz = - (Du,,

3. CBA3aHO MIM HET CYIUECTBOBAHME HHEPUHAILHEIX CHCTEM
orcuéra ¢ yAanéHHEIMH MaccaMi Beenennoi?

4. Iouemy npu nepexone U3 OOHOH CHCTEMEI OTCUETA B APYTYIO
HMEHHO CKOPOCTh CBETA OCTAETCA NOCTOAHHOH BEMHUHIOH?

5. OTkyga B MOKOALIEMCHR TENE B3ANACH Taka# KONOCCANLHa%
IHEPTHA:

E, = m,,cz

6. [ToueMy HMHepTHaa wmacca Tena C OYEHb  BLICOKOH
TOYHOCTHIO (ToUHEE, yeM /0 - 2) paBlia €ro rpaBUTalHOHHOI Macce?

7. OTKyna B34IaCh HEONpPEeJENEHHOCTE B MHKPOMHpE, H3-33
KOTOpoi IBwKeHHE CYOaTOMNEIX 4YacTHU HOCHT cnydadHBIH W
HENpencKa3zyeMbiid xapakTep?

8. Cymectsyer WM HeT Kkakas-ymGo CBA3L  Mexay
rpaBHTalHOHHBIM B3aHMOJEHCTBYEM 74 NPHALHAIOM
HEONpPERCNEHHOCTH?

Koneuno, B coBpemenHol (M3MKE CYWIECTBYIOT H IpYTHE
BONOPOCHI, HA KOTOpbie NOKAa HeT oTeera. B »Tom e maparpade
fepedrclieHbl Te BONPOCH, Ha KOTOPbIe OyIyT JaHBl OTBETH B KHHTE.
H u3 kascdozo omeema Oydym svimexams RPUHYUNUATLHO HOBbIE
CREOCMBUA, UCMUHHOCML KOMOPSLIX MOJICHO Gydem npodepums
IKCNEPUMEHMATBHO.

Moxno Taicke OoIMETATH cieayiomee. B aTom maparpade
niepevHcneHo BoceMb sonpocos. Ho peansno ux mensnre. Hortomy
49TO Kak OyaeT BHOHO B JATBHCHIIEM, 3TH BOOPOCHI B3aUMOCBA3ANLL.
Ho 06 aToM B clie IyHOIMHX rIasax.
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Bee

Jns Toro uToBwl pewMTh NpobaeMy, CBA3EHHYW C
upupaunoM Maxa, Heo0X0ZHMO HNOCTPOMTh Ha €T0 OCHORE
TEOPMIO, 4 3aTeM PacCMOTPETh CICICTBHSA, BHITEKAIOMHE U3 HEE.
DKCIEpUMEHTANLEAS OpoBepka TAKHX CAEACTBHA  HO3ROIAT
BBIACHHTH, BEPEH H/IM HET NpHHIHI Maxa.

§ 2.1. NMocraHoBKa 3apayun

Htax, mama uens — IIOCTPOMTH 108Yio (DU3HYECKYIO TEODHIO,
koTopas Oymer ynosnerBopsars TpuHUuMNy Maxa. Camo coboit
pasyMeeTcs, YTO HOBas TEOpMsA JOJLKHA TAKKE HE NMPOTHBOPEYMTH H
BCEM M3BECTHHIM B HACTOAUISE BPEMA IKCTIEPHMCHTANBHBIM JAHHIM.

A 49ro, cobcTBeHHO TOBODA, O3HAYAET YTBEPKIEHHE: TeOpHs
ynosnersopaer npuuunmy Maxa? Jasaiite pasbepéM 3TOT Bonpoc.

Tpusuun Maxa yTBepkaaeT, 4T0 JBMKCHHE Tena 10 HHCPHHR
KaK-TO CBA3aHO C HEMOABIKHBIMH 3B€zgamMH. HHTYMTHRHO 3TO
yTBED)KAEHHE MOXHO OpHHATS. Ho Kakoii B HéEM comepXuTcs
huzuyeckuti cMpici, NOKa HE COBCEM SCHO.

HoBasg TeopHs [HOMKHAa packpeith ¢husuueckuii  cmuich
npuHoura Maxa. Jna aToro oHa noivkHa OOBACHHMTE, KGK UMEHHO
BIHAIOT HEMOABMKHBIE 3BE3ABI HA ABMMKEHHE Tea mo WHepuud. Kax
BIIMAET HA [BHXKCHHE TCHA KAXCOAA OMOCIbHO e3amdsa  3ge3dq,
nanpumep Comrne? Hosas Teopus momkua GBITG TAKOM, 9T00L! M3 Hed
MOKHO OBINIC KOJIHIECTBEHHO PACCYHTATH BKJIAJ OT KaXI0i 38e315l B
JABHXKEHHE TENa MO MHEPUWH. A 3HaYdT, HaM HYXHO MOAYYHTEH
MaTeMaTHYECKYI0 (HOPMyNy, KOTOpast MO3BONHT PACCYHMTATL BAMAHHE
KaXIOH 3Be3/bl HA 3aKOH HHepUuu. H umobsl u3 smof gopmyibi
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66110 ACHO 6UOKO, MO MEA0 OGUNCEMCA N0 UNEPYUR MOALKO
BRG200APA COBMECMHBIM YCUTUAM 6CEX HENOOBUNCHBIX 36E30.

M3 HoBoll TeopuM RODKHO TaKkkKe CJIeloBaTb, 4TO Ha
JAOCTaTOYHOM YAAJEHHM OT BceX 3Bé3n (DoABIIMX Macc) 3aKoH
HHEPLUUH feficTBoBaTE He 6yaet. IToka He scHO, 4TO O3HAYaeT (pasza:
«3aKOH MHEpLMH AelicTBOBaTL He Oyaer». Tak BOT, HOBas TeopHA
DOJKHA PacKphITh CMBICA H 3T0# Ppassi.

PaccMoTpuM KOHKpeTHHH mpHMep. IlycTs ABa KOCMHYECKHX
Kopabis MeTAT Mex 3BE3] 1O MApPAIENEHBIM KYPCaM ¢ OMHAKOBEIMH
CKODOCTAMH H BBIKIIOYEHHBIMH JBuratenaMu. Ilpw 3tom opun
kopalne BpalliacTCs BOKPYT CBOEH ocu, a Apyroii — Re ppautaerca. To
€cTh TepBBIH KopabGlleb npeacTaBniaeT CcoDOH HEHHEPHHAILHYIO
CHCTEMY OTCUETa, 2 BTOPOil — HHepuHamsHyro. C TOYKHM 3peHHA
npuHOuAa Maxa pasmHumne Mexny KOpaOnsMH COCTOHT MOAbKC 6
Mo, 4T0 OOUE H3 HUX 6DaUGEMC OMAHOCUMERbHO 36630, a IPYTOH —
HE BpaLaeTca.

TIpenmonoxumM, YTo Uepe3 KaKoH-TO JAMTENBHEIH NPOMEKYTOK
BpEMCHH 3TH B Kopabis yaeTelM HaCTONBKO JANEKO OT BCEX 3BE3N,
4TO RIMAHHEM 3BE3X MOXHO NpeHeOpeus. KomeuHo, Ha rpakruke
TaKoe BPAJL JH BO3MOXKHO. HO TEOpETHYECKH, TO €CTh MBIC/ICHHO,
MNPEICTABUTE 3TO HETPYIHO.

M ecmn npunuun Maxa BepeH, TO B 9TOM CIYHae HUKAKOZ20
Pusuneckozo pazauyua Mexay xopabnsmu He Oyaer. To ecTe 3aronb
osudicenun cmanym oOHU u me Jce Ha 06oux kopabasx.

A Takoe BOIMOXKHO TONBKO B TOM Cly4ae, €ClH 10 Mepe
yHaleHHs OT Bcex 3Bé3nm Oyner Kakum-To obOpasoM “‘cTuparses”
Quzuveckoe paziuyue MEXAY HUEPUHANEHOH H HEHHEpHHATbLHOH
CHCTEMAMH OTCUETA.

YuygTeiBas BCE BRIINC CKA3AHHOS, MOKHO CHETATh BBIBOH, YTO
3ajava MOCTPOEHHS HOBOH (H3AHUECKOH TEOPHH Ha OCHOBE IIPHHNHNIE
Maxa cocrout B cneayroweM. Hyoicno nanucamv Ho8oe ypasheiue,
yuumsleaioujee SaUAHUE KAdCOoil 36€30b1 Ha 3aKoH unepyuy. H umobsi
U3 9MO20 YPagHeHUA CAe008ann, Mo Npu yoarenuu om 8cex 3630
fydem cmupambca Qusuueckoe paziutue Mencoy UHEpYUANbHOU U
HEUNEpRUANbHOR cucmeMamu omcyéma. 4 maxxce credoeano, Ymo Ha
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docmamoyHoM yoareHuu om ecex 36630 3axoH unepyuu e Oydem
Oeticmeoeams.

Brionse BO3MOMXHO, YTO U3 HOBOTO YPaBHCHKA OYIYT BEITEKATH
IIPHHITHTIHANEHO HOBEIE cnencteus. lIpoBepuB 9TH  CAeNCTBHA
IKCTIEPUMEHTATBHO, MOXKHO OYJeT y38aTh, BEPEH MM HET NPHHUMI
Maxa.

§ 2.2. JkcnepumeHT 3a npepenamn BcecenenHHon

Jns toro 4TobBI MOHATE QHIUYUCCKHI CMBICT NpHHLMNa Maxa,
HaM CIeayeT NPOBECTH 3KCTIEPHMEHT 3a npenenamu Beenennod. B
3TOM 3KCnepHMeHTe Mbl Oynem HabmiomaTh, xax OynyT IOBUrarthes
npo6HLIE TENa B TOM CY4ae, KOTAa 32K0H MHEPUMH HE ONpeaenéH.

Koneuno, peanbHO Takof  SKCIEPHMEHT  HEBO3MOXKHO
OCymeCTBHTh. HeBO3MOKHO YJETETh HACTONBKO AJICKO OT BCEX
3r€3q, YToOB MX BRHAHWEM MOXHO Obuio nperebpeus. Ho muputo ne
MENIaeT HaM NPOBECTH ITOT 3KCIEPHMEHT MBICTIEHHO. 31€Ch MOKET,
KONEYHO, BO3HHKAYTEL BONPOC: a He HecCMBICIEHHO M paccykAaTh 00
AKCTIEPHMEHTE, €CIIH Ha IPakTHKE OR HeBo3MOXKEH? Bcé zaBpucHT ot
nocTaBneHHOH uenn. Ilelk JaHHOTO MBICIEHHOTO DKCIIEPHMEHTA -
NOHATE NpHHUMN Maxa. K ToMy ke 310 npocTo HHTEpecHo.

Hrak, npeamonoxk#M, UT0 Te caMbie [JBAa THIOTETHUECKHUX
KOCMMYECKHMX Kopabiii u3 npeamaymerc naparpada JAOCTHrIH,
HaKoHell, kpaid Beenennod — Toli camoit obmacthm npoctpaHcTsa,
HACTONLKO yAanéHHOH or BCex OGompniMx Macc BceneH#HoH, UTO HX
BO3/EiiCTBHEM YXKE€ MOXHO npeHedpeus. To ecTe B 3To#t obnacTh
TPaBHTAIHOHHBIH NoTeHUHan Bceenennod @y, NpPakTHYECKH DaBEH
HYMTED.

[TycTh, HaNpEMep, KOCMOHABT OJHOrO U3 xopabiell BbWET B
oKpyxaiomee npocrpancrso. OH JepKHT B pPYKax KHPIHY M XOYer
ero 6pocures. C KAKHM YCKOPEHHEM TONETHT KUpIu4? - 2CTd HCXOOHTh
u3 Broporo sakona Heiorona, TO yckopeune kupnuga a Oyger
paBHO: a = F/m. 3neck F — CHIa, ¢ KOTOpPOH KOCMOHaBT OpOCHT
KHPITHY, 111 — KHEPTHAA MACCca KHPITHYA,

Ho Beab KHPIHY OKa3kIBAET CONPOTHBIICHHE YCKOPEHHIO
TONBLKO KOTr4d YCKOPACTCA OTHOCHTEIBHO HENOABHXKHEIX 3BE3M.
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HUmenno 3To yTRepkgaeT npHHLuy Maxa. A naHHBI KHprTHY
HaxOMUTCS Mmax datexo OT BCEX 3BE3J, YTO HX BO3zeilcTBHEM HA HETO
MOXHO TIpeHeOpeus. CnemoBaTensHO, KHPNHY He OyieT OKa3bIBATE
CONPOTHBJICHHE YCKOPEHHIO, TO €CTh MOTEPAET CBOI HHEPLHIO.
Hnaue rosops, 3a npeaenamu BeenenHo# HHepTHAS Macca KMpIHYa m
Oyner paBHa HyTIO:
m=10

B § 1.6 Mr yxke DpHBOAWIIH [peANoNOkeHHe DHHWITEHHa ©
TOM, 4TO HAa JOCTATOYHOM YJaNeHWH OT Bcex Macc Bceenemsoii
HHEPLUHA Teda AQDKHA YMEHBINHTECS J0 Hyms. Takum oDpazom,
YCKOpeHHE Kupmuya Oyxer paBHO: a=%=-{7= oo, Tlonydaeres,
KUPTIHY MOJIETHT ¢ BeckoHewHBIM yckoperueM! UTo-To 3aeck He Tax.
A ecnd Ha KMpPNHY HE' JeHCTBYCT CHUNA, TO C KAKHM YCKOPDEHHEM OH
Torga Oymer meurathea? B sToMm cnywae ow Oyner ABHTAThCH ©
YCKOpDEHHEM:

a= % = ~g— =7

Ho ecrm HOIb TOAETHTE HA HOMb, TO MOXKET ONYUHTECE NMoboe
uncno. Takas apudiMeTHyecKas ONEpaUUs NPOCTO HE ONpPeAeneHa.
Bemxoaur, kHprmud  OyaeT  ABuraTbecad  C  HeompenenEHHBIM
yckopenneM? Ho, 3mauwr, Torna od Oyaer ABHTAaTkCcd H C
HEONpeenéNHO CKOPOCTRE) M, 9YTQ caMoe HENpHATHOE, B
HeonpeenEHHOM HATIPABNIEHNH. DTO 0O3HAYACT, UTO KHPITHY MOXHO
byner oOHapy:xuth B moOOM MecTe mNPOCTPaHCTBA € pPaBHOM
BEPOATHOCTRIO,

Hrak, ucxoas 3 npuHimna Maxa, MeI IPHILTH K BEIBOAY, 4TO
Ha JOCTaTO4HO OOJBIIOM YAANCHHH OT BCeX OONBIIMX Macc
Beenendoil 3axoH JBwKeHWA mpoOGHOro Tena (kmpnnua) Oyaer
Heonpeaenéx.

§ 2.3. BupTyanoHbld Kupnuy

A Temeps MdaBaliTeé TNOCMOTPHM, Kak OylIeT BHIVIAAETH
IOBHXEHHE KUpIHYa ¢ TOYKH 3pERMs Kaxaoro M3 Kopabuei.
HanomuumM, 910 onHH 13 ABYX Kopabneit (HasoBéM ero A) Bpauraercs
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OTHOCHTEIIBHO HENOABWXKHBIX 3BE3A, a Apyrod Kopabis (HazoBEM
ero B) — ne spauaercs.

Korna kopaOny emé HaxomRWMHCh BHYTpH BceneHHOH. TO BO
BpamalomemMca kopabie A AelcTBOBATH NEHTpOOEKHBIE cunbl [
ecrr OBl BO BpaiaromeMcs kopabie KOCMOHABT BRITTYCTHI H3 pyK
KMpIHY, TO kupnuyd Onin Obi oTOpouieH ueHTpoOexkHOH cunoil K
HapyXHOH cTeHke kopahag (cMm. pHc.1). A ecnu Gb BEIMYCTHI KHPIHY
M3 PYK KOCMOHAaBT HE BpPaIlAIoulerocs Kopabms, TO 3TOT KHPIHY
“napuir’”’ Gkl BOANE KOCMOHABTA.,

C Touxs 3penns npuHouna Maxa Bo BpamjawomeMcs kopabne
NeHCcTROBaNH UeHTpoDeXKHBIE CHIB moRbko Onaromaps ToMy, 910
Kopabne Bpamiancs OTHOCMTENBHO HENMOABKXHBIX 3Rézn. HMmenno
BO3/¢HcTBHE 3BE3A KAKUM-TO 00pa3oM U BRISEIBANIO LIEHTPOOEKHEIE
CHJIB! BO BpalLaomemcs kopabue.

kopabne B

xopabrin A

Puc.1. Cxema, wuacbpaxawowan kopabmnu. O0a kopabna ewd
Haxo[ATCA BHYTPU BoenenHoi, B okpyweHuy 3edag. Kopabns A spatuaeTcs
OTHOCHTENBHO HENOABWKHBIX 38834 C YIMOBOW CKOROCTLIY (¢ BOKPYF GBOETD
ueHTpa macc — Todkn (4. Bnaronapa BO3ASACTEMIO 38834 BO BPAWAIGLLIEMCS
xopabne A pelcTeyioT ueHtpoBexHble cuntt. Ha nioGoe Teno maccwt m,
HaxopAtleecs B kopabne A, gelictayer uewrpobGexwan cuna F = mcozr,
rae ¥ - PACCTOSHWE OT Tena 4o ocu spaleHun (Todka J,).

A Ha kopabne B Bce tena HaxoAaTCcs B COCTOSHWW HEBECOMOGTH.
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Curyauns CYWECTREHHO M3MEHMnach, koraa  kopabnu
BBUIETENM 3a mpefiensl BceneHHoH, TO ecTh YHANMAHCH HACTOILKO
JANeKO OT Bcex 3BEé3f, 49TO BO3JeiicTBMeM 3BE3N Ha Kopabm yxke
MOXKHO Obino npenebpeds (OHH YAQIHIMCh B MECTO, HACTOJBKO
manékoe oT Beex Macc BeeneHHo#l, 9TO B 3TOM  MeECTE
rpasHTANOHHEIA moTeHnnan Bceenmennoit @y, NpakTHYECKH paBeH
Hynw). [Hoamomy yenmpobedscuvie cunvt 80 epawjaiowemca xopabne
nepecmant Oercmaoeams. 7

Taxum  ofpazom, kopabme A npodOMKaeT BpalATECA
OTHOCHTENbHO HeoUBIKubIX 38831, HO ueHTpoOGEeXHEIE CHITHI B HEM
yoce He NEMCTRYIOT, TAaK KaK 3BE3NBI HAXOIATCA CAULUKOM Oanexko, W
MX BO3AEHCTBME HEZOCTATOMHO JJIA TOro, 4YTOOB  BBI3BATL
ueHTpobexHble cHIEL M ecau menepo KOCMOHABM SPAUAIOUE20CA
Kopabns euiAYCIMUmM U3 pyx Kupnuy, mo kupnuy bydem napumse eo3ne
xocmonaema. Beoo yenmpobexcnvie cunvt yyce ne deticmeyiom!

HTal(, KP[pl'[H‘l BO BpaIawimemMcsa Kopaﬁne AOJIXKEeH OCTaBaThbCA
BCE BpeMA HEMOABHXHBIM OTHOCHTENBHO Kopabna. To ecTs on Oyaer
BpalIATECH BMECTE € KOpabnéM A OTHOCHTENBHO €10 OCH.

A Tenmephk MPEANONOXKHM, YTO KOCMOHABT BO BPAILAIILEMCH
Kopabje NpocyHyNl pyKY uepe3s RILTIOMHHATOp B OKPYXKArOIEeecs
TIPOCTPAHCTBO M BLUTYCTHI H3 PYKH KHpUHY (cMOTpH pHC. 2). Tak kak
HEHTPOOEKHBIX CHJ HET, TO KHPNHY JOJIKEH OCTaBaTLCA BCE Bpems
HEMNONBHXKHBIM OTHOCHTCARHO Kopaﬁ.rm A, Bpaiasco BMecTe C HHM
BoKkpyr Touku O, [IlodToMy KHpOWY RODKEH IBHIATBCA MO
OKPY>KHOCTH ¢ UEHTpPOM B Touke (J, B€lb TOMBEKO IPH TaKOM
JBMZKEHHH OH OCTAHETCH HENIOABHHEIM OTHOCHTENBHO Kopabiis.

Ho ¢ apyroii cropotisl, koraa KOCMOHABT KOPabng A BINYCTHI
H3 pPYK KHDIIHY, TO KHPITHY HAaXOAWICA B TOKOE OTHOCHTENBHO
Kkopabng A. A 3TO 3HAYHT, 4YTO OH ABHraJcA OTHOCHTENBHO Kopabna
B co ckopoctrio V, paRHOK:

V=or
rAe @ — YrIoRas CKOPOCTH BpauleHus Kopadas A, a r — paccroaune
OT KHpNH4a 20 To4kH O, (och Bpamenus kopabnst A). H tak xak na
KHPITHY  HUKAKHE CHIABI He AeHCTBYIOT, TG OH JOJKEH TAKKe
ABUTATECA PABHOMEPHO M MPAMONHHEHHO OTHOCHTENLHO Kopabns B.
To ecTe momkeH ABHraTecd no npsmoi CB.
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Iomy4aercd, YTo, ¢ OOHOW CTOPOHBI, KHPIIHY JOIKEH
IBHCAaTbCA [0 OKPYKHOCTH, a, C ApYrod CTOpOIIL, OH JO/KEH
JBUTATECH [0 IPAMOH.

RB
\

A \\
N
- -~
P ~< \
\\\
AN
w
-

kopabne B

kopabne A

Puc. 2. Cxema, naoSpaxaowlas kopabnu, Korga OHM yxe BbNeTenu
3a npegens BcenenHoi. Boapeictevem 3p834 MOMHG  TNONHOCTHID
npeHebpedb, ¥ noamoMy 60 epaiyaioweMca kopabne A yenmpobexHsie
cunst e delicmeyrom.

KocmoHaaT kopaBna A 0CTaBun B OKPYMAOWEM NPOCTPAHCTBE KUPNWY
(rouka C). C OQHOM CTOPOHBI, KMPNWY AGMKEH OCTaBaThCA BCE BPEMA
HeNoABWKHLIM OTHOCUTENBHO Kopabna A, Tak Kak UeHTpoGeXHHIE CUnbl Ha
Hero we pnewcteyioT. W, creposarencHO, OH  gonked ABWATLCA NO

OKPYXHOCTH C LBHTPOM B Touke O, (no ayre CA).
Ha ¢ Apyrod CTOPOHKI, KOFAA KOCMOMABT OCTABUIT KMPrind B OTKDLITOM
NPOGTPAHCTBE, KMPIMY ABRMFANCA C HEKOTOPOW CKOPOCTLIO OTHOCWTENLHO

xopabna B. Ho Beak B cucteme orvcudrta, ceaszanHoill ¢ xopabném B,
uentpobexHuie cantt TOXe He pedcTeyloT. [1OITOMY KMpMMY  [OIT¥KEeH
ABUIBTHCA PEBHOMEPHO W NPAMONNHERHO TAKKE W OTHOCUTENLHO KopaGna B,
TO €CTh OH AOMKEH ABUraTLCR Tawke 1 no npsmoi CB.
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Huave roeops, opun ¥ TOT K€ KHPIIY JOMKEH OJHOBPEMECHHO
ABMTATBCA B pasAeIX HanpaeneHuax! M wuepes Hexoropoe Bpems
OKa3aThCsl CPa3y B PasHLIX TOYKax npoctpaHcTea! Moxer mp kHUpIHY
TaK JIBUraTeCA?

Yrobel nydwe NOHATE OTBET HA 3TOT RONPOC, AaBaiiTe
MOBTODHM BKpAaTLle HawH paccyXKAcHHA. Mexay HHepuHansHOR H
HEHHEPUMANTBHOH CHCTeMaMH OTCYéTa CYLUECTBYET MPHHUIHITHAABHAL
pa3HHIlA. B HHEpLHMaAbHO# cHCTeMe OTCcY&Ta BLIMONHAETCS 3aKOH
HHEPUMH, a B HeHHEPUHANLHOA CHCTEMe OTCYETa — HE BBINOJHACTCA.
B MHepUHANBHOH cHCTEME OTCYETa CBET JBHXKETCA HO IMPAMOH, a B
HEHHEPIMANLHOH CHCTEME OTCHUETA IYTH CRETAa MCKPHRIEH. MoxkHO
CKa3aTh, YTO CYIWECTBYET HEKOTOPAS aCHMMETPHA MEXIY Pa3HBIMH
cucTeMaMH oTcuéra. B uéM npuusHa oToH acHMMETpHH?

ITpunoun Maxa yTeep:kaaer, 9To $M3HYCCKOH TNPHYHHON
TAKOH acHMMETpHM sBIMOTCA 3BE3Anl. Hanpumep, xopabias A
BpaulaeTcs OTHOCHTENLHO 38834, U Tonpko Gnarogapsa stomy (To ecThb
KaKOMY-TO, [10Ka HE BLIACHEHHOMY, BO3NCHCTBHIO 3BE3]1) B Kopabne A
BOZHHKAIOT UEHTPOOEKHEIE CHITEL. '

Ho koraa xopabnu souieTenn 3a npegens: BeemeHBOH Tax
JANEKO, MTO BO3JISHCTBHEM 3BE3] MOXHO TIOAHOCTEIO MpeHedpeds, To
CHTYallHd CYNIECTBEHHO n3MmcHHnach. Tenepy oba kxopabas ¢
Qusuneckoi mouxu 3penun abcomommuo pasnonpaenst. [Tosmony,
ecau  Kupnuy Oyoem 06uUsamvCs  PABHOMEDHO U RPAMOAUHEUHO
omnocumensio kopabna B, mo on maxaxce Ooaxcen Oguzambcs
DABHOMEPHO U NPAMOMUHEINO omilocumensio kopabna A.

Hnaue rosops, oOMH M TOT XK€ KMPNHY LOMKEH IBHIAThCH B
Pa3HBIX HAMPABICHHAX 0OHOGpeMerno. MOXeT M OH Tak BBHraThea?
MosxeT, HO TONLKO B TOM CIIyvuae, eclH 3a npenenamd Bcenexnofl
KHPIHY 10 KAKOH-THOO0 NpHYsiHe IPEBPATHTCA B BOHY.

IMpy kakkx YCnoBHAX TaKoE MpeBpaliecHne posMokHO? OTBET
caenyoumi, C TOUKW 3peHHs KBAHTOBOH MeXaMHKH roboc Teno
ofnajaer HEKOTOPOH  HEeONpeIeAEHHOCTBIO B JABW)KCHHH M,
CIIEAOBATCNBHO, BONHOBEIMA CBOHCTBAMH. 3Ta HEONpenenéHHOCTE B
JABHDKCHHW  XapaKTEpPH3YeTCA OYeHb MAICHBKOH BEMMYMHOH —
BeNHUHHOK nDocToandoil [Inawka., HMeHHo NDOTOMy BONHOBBIG
CBOHCTBA KHpOH4A B OOBIUHMX YCIOBHAX MPaKTHYeCKH He
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npossnsiotca. Ho ecau #eonmpeAenéHHocTh B ABIGKEHHH Tel 3a
npenenamd  BeenenHod  3HAUHTENHHO  BO3PAcTET  (3HAUYHTENBHO
BOIPACTET BEMUYHHA TOCTOSHHOH [Inamka), TO BONHOBHIE CBOHCTBA
KHpIHYa CTaHyT Habmromaemel. M KHPNHY  3anpocTo  CMOXKET
NIPONETETh MO PANMYHLIM NMyTAM OofHOBpeMeHHO. Kak nemaer 3to
3NMEKTPOH NpH OOBIYHLIX YCNOBHAX (MMAPafoOKCaAbHOMY IIOBEAECHHIO
KBAHTOBEIX 00BEKTOR OYAET LICAUKOM MOCBANMICHA 5-A rmaBa).

YuuTeIBas BCE BEBIMICCKA3AHHOE, MOMKHO CHAENaTh CICAVIOWIHH
BeiBoE. B coormerctBHH ¢ Tpebosammem mnpHHOHMA Maxa 3a
npefenamu  Beoemewnoit — rAC 3883l HE OKa3blBAKIT CBOSTO
BosAeictrua — Bropoit sakon HeloTora Oyner neonpedenén (To ecTh
He Oyner ompeAcncHa CHCTEMA OTCYETa, OTHOCHTENLHO KOTOpPO#
MIMEPACTCR YCKOPEHHE, KOTOpoe cofiepxurcs B dopmyme 3roro
3akoHa). ¥ noatoMy TaMm mena 6yoym deuzambca ¢ HeonpeoenénnpIMu
yekoperusmy. BCIEACTEHE 3TOT0C CKOPOCMU MeR U HANDABNEHUA uX
deuNcenus Gyoym maxice Heonpeoenénibl.

Ho Benw ¥ aneMeHTapHsie YacTHIIBI, W3 KOTOPLIX COCTOAT TeNa,
TakKe OyAyT IOBHraTeCA C HEONpENCNEHHBIMM CKOPOCTAMH H B
HeolPCHenéHHEIX HATPABACHHAX. [loamoMmy ace MaxpockonuvecKkue
mena pacnaCymca Ha snemenmaphsle wacmuysi. Takas XKe ydacTb
noctHrna 6s1 M HamHK ABa xopabns, 6yAe OHM HE THIIOTETHYECKHMH,
a peansHEIMH.

Hmaxk, 3a npedenamu Bceenennou ece Makpockonuveckue mena
pacnadymca Ha JleMewmapubie Nacmuyvl, Komopbie Oyoym
O8UZAMLCA C HEONPEOENEHNBIMU  YCKODEHUAMU U  CKOPOCMAMU 6
Heonpedenénunvlx Hanpaenenuax. Hx oJeudicenue 6yoem Hocumb
abcoriomico CIYHaunbIl U HENPEOcxasyemplli XApaxmep.

MoxHo nH B TakMX YCAOBHAX CO3AaTh Kakymo-nubo
Quzuieciyio cucremy otcuéta? MOKHO JH Kak-TC H3MEPATh B TAKHX
ycnoeuax  paccroaaua?  Moxmo nm walith | kakoH-HuOYAER
NePHORHIECKHH NMPOUECT, AMHTEALHOCTE KOTOPOTO MOXHO Obuio OB
B3ATh B KAY€CTBE CHHHHIILI BpeMeHH? O4eBHAHO, YTO HET.

Ho ecnu 3a npeneaamu Beenennoit HEBO3MOXHO H3MEDHTH HU
BpeMA, HH PacCTONHKE, TO UMEET JIH KAKOH-HHOY/AB CMBICT TOBOPHTH
06 nx cymecteorannn? Tlo-BraUMOMY, TOXKE HET.
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MoKu0 OTMETUTE, YTO MOX0XKHE MBICIH 110 NOBOLY MPUHLMIA
Maxa ssickazmiBan Yaymu: «B coeepuenno nycmom npocmpancmee
eoobuje He Moxcem Boims HUKAKO20 ZPAGUMAYUOHKOZO ROJS, B ITOM
cily4ae He Obt70 OBl BO3MOXHO HHM paclipOCTpPaHCHHE CBETa, HH
CyWecTBOBaHHEe MaciiTaboR H wacoB. C I3THM CBA32HO TaKke
BLINONHEHHE MOCTYNaTa OTHOCHTENbHOCTH HHepuwnn [49;¢.253] K
COXANEHHID, 3TH MBICITH octanuct y [layin Hepa3paboTaHHEIMK,

Hmax, na docmamouno Gonrvuiom yoarenuu om 8Cex Macc
Bcenennoii u apema u paccmonnue mepaiom Quauueckusi CMbiCa.

Takoe HeqOBITHOE COCTOSHHME NPOCTPAHCTBA MBI OyjleM B
AanbHeidmeM HadeiBaTh XaocoM. MOXKHO OTMCTHTB, HTO B
COBpPEMEHHOH (PH3MKEe CYILECTBYET TIOHATHE Xaoca KaK Mephl
HEYTIOPAMOUEHHOrO [BWKCHUS Tell. A BBOAMMOE HAMM IIOHATHE
Xaoca OTHOCHTCA K COCMOANUIO HPOCMPAaHcmeéd, B KOTODOM &
npunyune HEBOIMOKHO KaKOe-THOO YNOPATOYCHHOE ABHIKEHUE.

§ 2.4. Habpocok HoBoW KapTuHb! Mupa

VuuTbiBas CKa3aHHOE B OpeABIAyIUeM Tnaparpade, MOXHO
HApHCOBaTE KOHTYPH HOBOH KapTHREI Mupa.

Ha pocTtarovuoM yaanenHu ot Beex Gonsiunx mace Beenensod,
TAe WX BNHAHHEM MOXHO TIpeHebpeus (Ha TakOM yHaNeHHH, TAe
TPaBUTALIHOHHBIN  TOTEHIIHA/), CO3JABac¢Mblii BCEMH MAacCaMH
Bceenenno#t @y, NpakTHYECKH PaBeH HYJIO), 33KOHLI JBHKEHMA TeN
OyayT HeompemenéHHBL DNEMEHTApHBIC YacTHIL OyXytr HBHraTECA
TaM COBEPUICHHO CNy4YaHHLIM o0pa3oM, ¢ HeoNpeAenéHHLIMA
CKOPOCTAMH K YCKOpeHusiMH. [103TOMY TaM He MOTyT CYHECTBOBATh
HR MaKPOCKONMHYECKHE TeNa, HA Ja)KC aTOMEL _

ITouamue cucmemel omcuéma (8 MOM ulcRe ¥ UHEPYUARbHOL),
Q@ makxce 8DEMRA U PACCMOAHUE NPU MAKUX YCAOSUAX MeEpsiom
QustyecKuil CMbICA.

A mo mepe npubnwkenns k GombmuM Maccam Beenennoii (To
ecth 110 Mepe Toro, Kax Oyzer yBemMuWBaThcs TIIyOHHA
TPaBHTALMOHHONO MOTeHIHaNa @y,, CO35aBAEMOT0 HMH) BO3ASHCTBHE
ITHX GONBIUMX MACC HAYHET BO3PACTATH. ITO NPOABHTCA B TOM, YTO
Oonbirne Maccst BeeleHHOW HavyHYT OkazpiBaThk Beé Gonmee cunbHOE
COTNPOTHBIICHHE XAOTHYECKOMY H HEOnpeAENEHHOMY YCKOPECHHIO
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SNEMEHTAPHRIX vacTHl. B pesyneTare Takoro cCHepKHBRIOLIErO
BO3ZEHUCTBHA HEONPCAENEHHOCTD B JBIKEHHM JMEMEHTAPHEIX YaCTHL
CTAHET MEHBILIE,

H, wakownen, BHYTpH Hameii Beenerno# 6narozaps cuibHOMY
CHEPKHBAIONIEMY BO3ACHCTBHIO OKPYXKAIOIMMX 3BE3 U TaJakTHK (3TO
BO3JCHCTBHE XapaKTEPH3YETCs, HAMpHMep, OrPOMHOR BeIHYMHON
rPaBUTAlHOHHOTO TIOTeHuwana BcenemHoit: @y, ~ - 107 7,442/02)
HeolpenenséHHOCTs H XAOTHYHOCTE B YCKOPEHHAX H CKOPOCTAX
3ACMERTAPHAIX HaCTHH OYCHB Malla. 3T0 H NMPUBOAUT K TOMY, 4TO (B
OObIMHBEIX YCTOBUAX) cBOOOAHAA JNEMEHTAPHAN YAcTHLA IBHXKETCH
“moyTH” 1o NpAMOi MMHUK ¥ “IOMTH” ¢ IOCTOSHHOH CKOPOCTHIO.

M ecnu BHIIEH3NTOXKEHHBIE NPEANONOXeHHs 06 ycTpoHCTBE
MHPO3JaHHA BEPHBI, TO CTAHOBHTCA HCHO, OTKYAa B MHKpPOMHpE
BIANACH HEONPENENEHHOCTh B ABHKEHHH YACTHIL.

Oma neonpedeaé'ﬁuocmb ecmb CCmMAamoK om Xaomudnocmu
OGUNCEHA INEMERMAPHBIX HACMUY NOCAE HAAONCEHUA OZPARUYUBANIO-
ufe20 sozdeiicmeusn ozpomuou Maccul Beerennou.

VIMeHHO 6aaroaaps cAePKUBAIOIEMY BOICHCTBHIO OTPOMHBIX
Mace Beenewnoif B JBIDKCHHHE 3NCMEHTApHBIX YACTHL NOABIAETCA
onpenenépabmt nopagox. KM rToneke Onaromapa onpenenéHHOMY
TOPAJKY B ABMMKEHWH 4YacTHIEI B MOTYT 00pa3sOBEIBATh CHAOXKHBIE H
yCTOHUMBBIE OOBLEKTHI, TAKHE KaK aTOMEI, MOJIEKYJBl H, HaKOHEL,
MAaKpOCKOITHYECKHE Tela, BKTIoYas Hac ¢ BaMu,

Wrak, OrpoMHble Macchl, 3aNONHAOILHE DBCeleHRYIo,
B3aHMOACHCTBYIOT MeXDy co0oil M, TeM CcaMbIM, OIpaHHYMBAFOT
cBo0OAy M HeompefeNéHHOCTs B [IBWXKeHHm aApyr aApyra. U B
pe3ysIbTaTe B MHPO3INAHHH HAOMOOaeTCs onperenéHHb NOpaaAoK. A
3a8KOHHl QU3HKM KaK pa3 ¥ BBHPAKAIOT JTOT 0NOPANOK Ha
MATEMATHSIECKOM A3IBIKE.

CoOOTBETCTBEHHO, MEpel HaMM Teleps CTOMT Cleayiolas
sanaya. HaM RYXHO BBIDa3sUTh HM3IIOXKCHHBIM B >TOM naparpade
Habpocok HOBOH KapTMHEI MHpa B BHIOE CTPOIMX MAaTeMATHHECKHX

(opMym.
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§ 2.5. Heobxoaumoe 3ameuanue

B crenyromem naparpade Mel copMymHpyeM HOBBIH 3aKOH
npHpoabl. ¥ wHMeHHo 3TOoT 3aKOH OGyaeT (yHaaMeHTOM AnA
NOCTPOCHMA HOBOH TeOpHH. 3[IECE MOXKET BOZHHMKHYTH BOTIPOC:
HEYXENH TAKOH CHIpOH MaTrepuan, KOTOpeIH ObUT H3INOKEH B
npeasayminX naparpadax 3ToH THaBbi, MOXHO HCHONB30BATH B
xa4yecTe PyHAAMEHTA HOBOH HInICCKOH TeopHy?

Bo u3fexanye pasHEIX HeaopasyMeHHH HeoOXOAHMO CHENaTh
cnelyromee 3amMedanne. Beé HaIHCaHHOE B mpeABLAYTIHX naparpagax
He MMEET HMKAKoTO OTHOMIEHHA K 202UYECKOMY NOCMPOEHUK® HOBOH
TeoprH. HHa4¢ robops, NMPH OCTPOSHHH HOBOIH (QH3MYeCKOH TEOpHH
MBEl He Oy/leM onHparscsd HH Ha. MBICASHHEIE JKCIEPUMEHTHI 33
npenenamu Beenennod, uu gaxe va npunnun Maxa. M sot nodemy.

Bo3emém, ¥ npumepy, npmHoun Maxa. He cymecteyer
eAWHOr0 MHEHHA B Hayke o 3ToM oprHnune. He cymecTByer gaxke
ofmenpunsaToit popMyJIHPOBKH 3TOTO NPHHUMNA, TaK KAaK HE SICHO,
KaKkoH (u3ndeckuit cMbicn B HEM cofepxuTcea. Uto ke Kacaercs
camoro Maxa, o «3gece Qu3IHKM H acTpodH3MKH BBHIHYXAEHH C
COMANEHHEM KOHCTAaTHPOBATh, 4T0 Max CITMMKOM YacTO BHICKA3bIBa
AMINE  BECEMAa  PAcCIBIBYATHIE M HETOUHLIC CYXIOEHHA K
NpEANOACKENHA. ITH HECBONCTBEHHHE (H3IWKE YMO3PHTEIBHEIC
TIOCTPOCHHA, HE NMOAJAFOLIHECH BEIPAKEHHIO HA CTPOroM QOopMansHoO-
HaYUYHOM H3BIKE HITH C NOMOLILK) MAaTEMaTHYECKHX CHMBOJIOB, TONBKQ
Onarojiaps DHHIITEHHY CTajJd MPEAMETOM THTENBAOr0 BCECTOPOH-
Hero (M YacTo pa3oyapOBBIBAIONMIEro) ODCYKACHHA, NPERPATHIIHCE B
JIEHCTBHTEALHYI0, XOTA WHOCAA M HENpPRATHYIO NipobmeMy, MpHTOM
npobnemy upesnsIuaiino passeTBRéRnylo» [15;¢.293].

B 3701 KH¥Te MEI paccMaTpHBAaeM NpHHUMI Maxa mox omuHm
YrIoM 3peHMs, M Jamee Mpl TI0CTapaeMcA  BIOKHTE B HETO
onpenenéHybi pu3nveckuit cMuicn. Ho xro-Hubyas apyro# umeer
HOJTHOE MPAaBO PACCMOTPETh MPHHIMIT Maxa nos coBepieHHO ApYTHM
YrJOM 3pDCHUA H BJIOXKHTE B HECO COBEPIUEHHO APYrai CMBICH.
IMosTomy uToOB! 136eXaTE HEHYXHBIX CIIOpOB 00 ONMpeneNeHHUAX, MBI
opocTo He OyaeM HCHONB30BaTh NpUIMN Maxa npu aocuuecxom
nocmpoenuw HOBOW (QHU3MYeCKOH Teopuu. TeM He MeHee, HoBas
Teopusa OyaeT ymoBNETBOpATH NpHHLMIY Maxa B TOM cMEICE, KaK
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3t Obu10 packpeiro B § 2.1. KpoMe Toro, u3 HoBoi Teopum Oyaer
BBITEKATH KapTHHa MHpa, HaOpocok kotopoi 0wl caenaH B § 2.4.
Xors nd 2roT HaOpocox, H¥ zawe npuHuuu Maxa mne OGynyr

HCIIONB30BATECA KaK MaTepPHall M J02UHECKO20 NOCMpoeria HOBOH

TEOPHH.

B ocHoBy HoBOH (H3HYECKOH TEOPHH Mbl MOJOXKHM HEHTO
fonee KOHKPETHOE, 2 MMEBHO, OJKCNEPHMEHTAIbHbIE JaHHEE
cospeMeHHO# actpodusukH. Ho 06 aToM B crietytonieM naparpage.

§ 2.6. HoBhi® 3aKoH npuUpoOAbI

Hrak, B aToM naparpade Mb! COOpPMYyNHpyeM HOBBIH 3aKOH
npupoxsl. Umenno 3toT 3akoH ¥ 6yJeT ABNATLCA NEPBLIM [IArOM IIf
OCTPOEHHA HOBO GHIUIECKOH TEOpHH.

B xadectse 2KcmepuUMeHTanbHOH 6a3zel mny (OPMYJIHPOBKH
HOBOIQ 3aKOHA MK BO3LMEM NaHHBIe HaOMIONEHMH COBpeMEHHOH
acTPOI3UKH. A WMEHHO, COBPEMEHHEIE ACTPOOHINYECKHE JaHHBIE O
BeMMuMHe cpenned mnotroctH  BceemenHod, o ckopoctH  eé
paciuupeHus H o e€ Bospacre. Ha OCHOBAHHMHM 3THX JaHHEIX, KaK OBIIO
noxazaHo B § 1.2, MOXKHO cIenaTh CASNyIOUIHH BLIBOA.

Cymmapubiii  2pasumayuonnetli  NOMERWYUas, Co30dedembii
gcemu maccamu Bcenennoti @y, npumepno pagen no Mooymo
K8adpamy cKopocmti céema.

Taxoe cosnagene ABYX pasTMYHBIX H, Kasamock Obl,
COBEPINEHHO HE CBA3AHHBIX MEXAy CODOH BeTHUHH HE pa3s
obcyxnanocs B nayuHoi nuteparype. Y 8 § 1.2 Ms1 yke npuBo Uy
yuraty PeliHMana 0 TOM, 4TO TOL00HOE PABEHCTBO ABTACTCH ONHOH

3 BenMUAMUIHX 3arafiok TPHPOAE. B MaHHOH caTyaumu MoxHo

BwbpaTe OAMH K3 ABYX MYTER.

Tlymeé nmepeviir. Cumtars nogoOHOE pAaBEHCTBO CNyuYaHHBIM
COBIMAICHHEM H, CIICAOBATENbHO, HE JeMaTb H3 HEro HHKAKHX
BEIBOJIOB.

Ilyme emopou. Ifpuname smo pasencmeao 3a Hoewiit 3axon
RpupooOB U nocMompems, Kaxue ebiodbl u3 3mozo Oyoym
credosams.

-,
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Takum o0pazom, nepBbii MyTh HUCKONBKO HE MPHOMHKAET HaC
K pasrajike Taunel. A BTOPOH NMyTh OTKPBIBACT HOBBIE MEPCNEKTHBD!
Juis e€ ncenepopanun. [losromy Mel noiaéM No BTOPOMY HYTH.

Hrak, mbl moctyanpyem Hoeblli 3aKoK npupoodwsl, CyTh
KOTOPOro B TOM, YTO K6aopam cKopocmu ceema ece2o0a u eesode
pasen  MOOYAI0 — CYMMApPHOZ0  ZpagumayuoHH020 — NOMeHyuana
Beenennou:

e? = Sis Dy, (2.1)

Wnaue roBopd, MBI [OCTYNHPYEM, YTO BEIHYHHA CKOPOCTH
cBeTa oOnpejaenscTcs BENHYHMHON CYMMapHOrO rpaBHTALHOHHOTO
norerunana Beenewno#. 37eck MOMET BOIHMKHYTH CHEAYIOWHI
BOMPOC: @ Kaka® MOKET OBITh CBA3b MEKIAY CKOPOCTLIO CBETa
(CKOPOCTBI) pPacrpocTpaHeHua OJNEKTPOMATHWTHRIX KoneGanuH) H
rpasutanpeii? Oteer caenyowmii. B § 1.1 MBI yXe rOBOPHIH O TOM,
YTO FPABHTALHOHHOE B3AHMMOJIEHCTBHE B KaXKAO0H TOYKE NIPOCTPAHCTBEA
MOMKHO OXapaKTepH3OBATh TPeMs BENMUYMHAMM — T[PABHTALHOHHBIM
[OJIEM, TPAaBHTALUHOHHBIM MOTEHUMANIOM H, HAKOHEL, CKOPOCTBIO
pacrpocTpaHeHUs rpaBHTALHOHHOTO MOMNA.

I'pasuTaunonuoe none BHyTpH Beenennoit B cpegHeM papHO
Hyn10. B TO BpeMs Kak H rpaBHTALHOHHBIH MOTCHNHAN, H CKOPOCTh
pacnpoCTPAHEHHA IPABUTALHONHOIO MONA OTHHYNE OT Hynd. Kpome
TOr0, KBaJAPAT CKOPOCTH MONA M rpaBHTALMOHHLIH MOTEHIHAN HMEFOT
OJHY H Ty Xe (WIHYECKYyr pasMmepHocTe. Bonee Toro, mackomsko
MO3BOMAOT  CYAHTh JaHHBIE COBPEMEHHBIX  acTPOQHIMUECKHX
HADIIOAeH I, ITH BEIHYHHEI IPHMEPHO PABHBL MEXKAY COOOH.

- Tlostomy  (m3nueckuit  cmeicn  Homoro  3akona (2.1)
cneayroumi.  CKOPOCTE  PAcHpOCTPAHEHHS  IPABHTALHOHHOIO

”

nons Ve BRYTPH Bceneunoit onpeaenserca BeAHYHHOH TpaBH-

anuonHoro noteduuana Beenennoi Py, Vg':w = — @, CxopocThk

pacnpoCcTpaneHns NONA JBNAETCA NPEACibHO BOIMOMKHON CKOPOCTLIO
ABHKEHHA, M HMEHHO 1102TOMY (DOTOH, KOTOpBI HE HMEeT Macchl
TOKOS, JABHMKETCH C TaKoil CKOpOCTBIO: ¢ = V. [lonyuaerca, wro
CYMMAapHLI rpaBuTaLHMOHHBIN noTenunan Beenennoil onpenpenser
BEITHYMHY CKOPOCTH PACTPOCTPAHEHHA IPABHTALHOHHOTO [MOAA H,
CIe/I0BATENBIIO, BENHYHHY CKOPOCTH cBeTa. MMEHHO 3TO M BRIPAXKCHO
B Hosom 3akone (2.1).
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Onvaxae: Puuapy definman HTan NCKIHIO O TOM, KaK CTPOAT
HOTalAKH M OTKPHIBAIOT HOBBIC QHIHUECKHE 3aKoHB. B 3TOH NexuHH
hejinman HE NMpEaao:KHil HHKaKOro pelcenTa Anfd OTKPBITHA HOBLIX
33aKOHOB, HO 3aTO OH OGLHC-HHII, KAK MOAUHO OTIHYATE HCTHHHYH
rHnoTesy oT moxnoil. Bot ero paccyxaenus Ha oty Temy: «Boobiue
roBOpA, MOHCK HOBOTO 3aKOHA BeZéTca cnenyrommuM obpazom.
Ilpexae Bcero o HEM AOTagLIBAIOTCA. 3aTeM BRIMHCIAIOT CAEICTBHA
ITOH JOFaJIKH W BEIACHAIOT, YTO NOBAeYET 32 cofoil 3TOT 3aK0oH, echy
OKaXXETCA, 4YTO OH CrpaBeannB. 3aTeM pe3ynbTaThl  PACHETOB
CPaBHHBAIOT ¢ TEM, 4TO HADJIIMASTCE B MPHPOLE, ¢ PE3YILTATAMH
CHEIHATEHBIX J3KCMNEPHMCHTOBR HIH C HallHM ONBITOM, H [0
pe3ynrTaTdM TAKHX llaﬁﬂl()ﬂt‘-l'ﬂ[ﬁ BBIACHAIOT, TAK 23TO HJIH HE Tar.
Ecim pacqé'rbl pacxoaarca C IJKCOEPHMCHTAIEHLIMHE JAHHBIME, TO
JAKOH HernpaewicH. B 3ToM MIpoCcTOM YTREPKACHHH CaMOe 3CpHO
Hayk#. HeBaxuo, HaCKONBKO ThI YMEH, KTO aBTOp AOTAAKH, H3BECTCH
OH MAM HET — ECNH TEOPHA PAacXOAHTCHA C 3IKCTICPHMEHTOM, 3Ha9uT
Teopus weeepha. Bor u Beén [11;c.142]. H aanee: «Hawe Bcero
y3HaTH, NMPABMNLHA BAWA NOraAKa HAM HET, HETPYIHO Yike [ocie
IBYX-TPEX JJIEMCHTAPHBIX pacuCTOR, MO3BONAIOIHMX YOCAHTHCH B TOM,
YTO OHA HE QUEBHANO ICTIPAaBHALHA. ECTH BAM MOBE3ID, 3TO cpaly
OpocaeTca B rnasa (N0 kpaiiHei Mepe, eClli Y Bac €CTh OMBIT), TaK Kak
Yale BCEro DPHXOAMTCH He CTONRKO J00aRmsTh, CKOMBKO
oTOpaceBaTs. Bawa jporagka, B CYLIHOCTH, COCTOMT B TOM, YTO
HEYTO — OdYeHb npocroe. EcnM BBl HE BHAHTE €pasy e, HTO 3TO
HCBCPHO, H €CNH TAK OKa3biBacTCA OPOUIC, HMEM pAHBLIE, — JHAYAT, 2TO
BepHo, [Ipaeaa, NpocTbie TEOPHH NPELAATAIOT It HEOMBITHBIE IO
v OesyaepaHele (anTa3épsl, HO 34EChL CPasy ACHO, 4TO OHH
HEBCPHBI, Tak 4ro 3T0 B cuér He uadr. [pyrie we, HanmpHmep
HEONBITHLIC CTYACHTEI, BRICKAZBIBAICT OMTHL CHOXKHBIC JOTAAKH, H HM
KaKETCA, YTO BCE NPaBUIBHO, HO f 3HAKD, UTO 3TO He TaK, H00 HCTHHA
BCErJia OKA3EIRACTCA MPOLLE, ueM MOKHO Ohio OBl MPEANONOKHTE.
Yto wam ACHCTBHTENBHO HYKHO, TaK 23TO BOOOpPaKEHHE, HO
BOODpaXeHHe B Halu€xHOH cMupHTensHod pybamke. Ham HyxHO
HAaHTH HOBYWD TOYKY 3peHHA Ha MupP, KOTopas [JOJDKHA
COTNIACOBBIBATECS CO DBCCM, YTO YKE M3BCCTHO, HO KO€ B 4éM
PACXO/UITCA € HAIIHMH YCTAHOBHBIIMMHUCA MPEACTABIAEHHAMH, HHAYe



56 I'naga 2. Hocmpoenue nosoit meopuu

310 OyacT He HHTepecHO. 11 pacxoxnesna ROMAHB] COOTBETCTBOBATE
TOMY, 4TO NPOUCXOANT B npupoge» [11;¢.157].

Hrak, mb1 noctynuposann Hoswii 3akon npuponsl (2.1), ¥ Ha
ero ocHoBe OymeM CTpOMTE HOBYIO QuanyecKylo TeopH. U ecnn
BAPYT Ham HoBLIH 3aKOH OKaXeTCA HEBEPHBIM, TO PAHO HIIM MO3MHO
MBI JOJKHEI TPHATH K IPOTHBOPEYHIO.

§ 2.7. MocTOAHCTBO CKOPOCTH cBeTa

BemyuyHa TpaBHTAHOHHOTO NOTEHUMANa B Pa3sHBIX TOYKax
ITPOCTPAHCTBA MOXeT Db pasHoi. B TakoM cmyvwae, xak cieayer u3
Hoporo 3akosa (2.1), ckopocTh cBeTa TakkKe GyIeT pa3HoOH B pasHbIX
TouKax npocrpancTea. Hanpumep, B6nu3n Gonsiuoit maccer senmyuna
MOAYNA TpaBUTalHOHHOTO INOTEHIHAaNa DBceemreHHOH yBENMUHTCH
(yBenuYHTCH TNyGHHA BCEICHCKOTO TPABHTAUHOHHOIO OKeaMa), H,
CICAOBATENBHO, BEIIMYHHA CKOPOCTH CBETA TAKOKE YBEHIUTCA.

Hrnaue rosops, uz Hosoro saxona (2.1) cneayet, 4to csem
Gydem ycxopamecs 6 2pasumayuonnom nore! A B CORPEMEHHOI
$HINKE CKOPOCTE CBETA cUMTAETCH abCOMOTHON KoHCTaHTOH. To ecTh
CYUTAETCH, MTO BEAHYHHA CKOPOCTH CBETAa OCTAETCA OJHOI M TOH e
npu nobwix ycaosusax NPoBEICHHS 2KCIEPHMENTA.

Japajite mocMOTpHM Ha IOCTOSHCTBO CKOPOCTH CBeTa ¢
ucTopuueckoii Touxyu 3penus. Bo Bpemena Hulotona cuntanocs, 410
cBeT mpeacrasiAer coboil norox yactum. H ecnm 6st B TO BpeMs
oOHApYHMAM, YTO CBET YCKOPAETCA B rPABHTALIOHHOM ITONIE, TO 3TOT
(axT coeepieHHo HHKoro Okl He yauswi. M HaobopoT, B TO Bpems
HHUKTO OB HC [I0BEPHI, YTO CYIHECTBYIOT KaKHe-10 0cO0Lle HacTHLE]
((oToHEY), KOTOPEIE NOUEMY-TO HE YCKOPAIOTCA B TPABHTALHOHHOM
none. CuTyanMs W3MeHWJack B NBaJuUaTOM Beke, [TOCNE CO3JlaHuA
CHEUHANBHOW TEOpHH OTHOCHTEABRHOCTH. Ho Begs cneumanesHasn
TEOPHUs OTHOCHTENBHOCTH COBCEM HE YTBEPkKIACT, YTO CKOPOCTE CBETA
asnsetcs abconmoThoil KoscTanToi. OHa yTBEpHKAaeT TOMLKO TO, YTO
BEAHYUHA CKOPOCTH CBETA /€ 3a8UCHM Om JGUMCEeHUs HAOII0O0amens.
MeHHO peanonoxeHyue o TOM, YTO BEIH4MHAA CKOPOCTH CBETA OyAeT
OJHOH W TOH e B Pa3HBIX CHCTEMaX OTc4€Ta, H JIEKHT B OCHOBE
CHeUHAILHOH TEOPHH OTHOCHTE/IBHOCTH.
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Tor napamokcaNpHEIM  IKCTIEPUMEHTANBHHIA  (akT, 4TO
BEMHIHAA CKOPOCTH CBETA HE 33aBHCHT OT ABHXKCHHA HabNoxaTend,
NO-BHAMMOMY, OYCHB CHIBGHO TIOPasui BOODpakeHHE COBPEMEHHHKOR
D#iHwreiina. M B pe3ynIsTare OHH petiMIM: pa3 CKOPOCThH CBETa HE
3aBHCHT AaxKe OT JBMXKeHHA HabnoaaTena, To oHa Boobiie HH OT yero
He 3aBHCHT. X0Ts cam DEHUITCHH He BEPAN B TO, MTO CKOPOCTh CBETA
ABIAETCA ADCOMOTHOH KOHCTAHTOM (cM. ero ourary B § 1.11).

K BeitmeckasanHOMY CAeAYET TaKke A0GABHTD, UTO HUKM @ He
nBIMARCA IKCNEPUMERMAABHO NPOGEPUMb, YCKODAEMCA C8€m &
2pasumayuontom noae ww Hem. HukTO, NO-BHAMMOMY, AdKe He
MHTEPECOBANCA 3ITHM. A ecAM TNpPeANOIOXHTh, YTC BEMHYHHA
CKOPOCTH CBETa ONpeAesAeTcd BENHYAHOH  FPaBMTALMOHHOTO
noteHuuana Bceenennoii (2.1), 1o, mo kpalimeli Mepe, CTaHOBHTCH
ACHO, MOYEMY CKOpPOCTh CBEeTa HE 33aBHCHT OT JIBHXCHHA
nabmoaarens. Beas B kaxnoii Touke TPocTPaHCTEA MPABHTALHOHHELH
NOTeHIHAN HMeeT BIOJIHE ONPeACNEHHYIO BEMHYHHEY, H 3Ta BeNMNA
COBCEM He 3aBUCHT OT TOr0, ABHXETECH BB I HeT. Y pa3 BeJTHYHHA
CKOPOCTH CBeTa OMPEIENACSTCA BENHYHHOH  IPABHTALMOHHONC
MOTEHIHANA, TO OTCIOAA Cpa3y CAEAYET, YTO BEMHYHHA CKOPOCTH
CBeTa, TaKke KAK M IpPaBHTALHOHHBEIA MOTEHIHAN, HE 3aBHCHT OT
IBHKeHHs HabmoaaTens.

Hrax, Bo-nepseix, u3 Hosoro 3akona (2.1) cneayer, uyrto
poronsr OyNyT YCKOpATECA B IpaBUTalMOHHOM mone. W oaro
HEYAMBHTENRHO, BEL M3BECTHO, YTO &C¢ HAacCTHOLI YCKOPAIOTCH B
TPaBHTAHOHHOM MOJie, H, CIEXOBATENLHO, €CTeCTBEHHO OXHJIATH,
uTo H (GOTOHBI Taxoke OYAYT YCKOPATHCA B rPaBHTAIHOHHOM Tone. A
s Toro 49robel yrBepxaaTe ofpaTHoe (TO €CTh YTBEPXKIATh, [TO
CKOpOCTh CBETA HE H3MEHAETCS B TPABHTALMOHHOM IOIE), HYMXHBI
ocroranus. Ho B coBpemeHHOM PusHKe HA CErOMHAITHUIT AeHE Hem
01 9MO20  MUKAGKUX  OCHOBAHUY — HU  MEOPEMUYECKux, Hu
IKCNEPUMEHMATHBIX.

Bo-gropeix, H3 Hoporo zakona (2.1} BuaHO, 4TO BETHUMHA
CKOPOCTH CBCTa ONpeAensercd BeMWMHHOH  T[PABHTAHOHHOrO
TOTEHIMANA. A M3 JTOTO CNEAyeT, YTO BeAHIWHA CKOPOCTH CBera HE
6yner 3aBHCETh OT NBMXeHHA HaOnMonarend, NOTOMY YTO BETHYWHA
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FPaBHTALIMOHHOTO NOTEHLMAIA He 3a@8MCUM  OT JBHXEHHA
nHabmonatens. Taxum oOpazoM, ocrosnoi nocmynam cneyuarbrou
meopiu omHocumenbrocmu seanemca creocmatem Hoeozo 3axona.

§ 2.8. 3xcnepumenTansHan npoeepka HoBoro 3akoxa

H3 Hosoro 3akona (2.1) ciegyer He TONBKO TO, ¥TO CBET OyaeT
YCKOPATHCA B TPABHTALHOHHOM I1O/C, HO M TO, HTO BEIUYHHA
CKOPOCTH CBeTa OyAeT H3MEHATECA CO BPEMECHEM BMeECTE ¢
M3MEHEHHEM BETHIMHBI I'DABHTATHOHHOTO MOTEHIHAIIA.

Bo-neperix, Tak xak Hama Bceerenyas pacumHpsaerca, To npy eé
PaCIIHPEHHH BEJHUYHHA TPABUTALMOHHOTO TMOTEHUMANR 110 MOAYMIIO
Oyaer ymessiuathes. M3 Hororo 3akona (2.1) cnemyer, 4To NpH 3T0M
BENHYUHA CKOPOCTH CBETA TAKOKe OYACT YMEHBIIATECH, '

Bo-sTophix, 3emna aemxkerca Bokpyr ConHma no 3JUIMICY.
Beneacteue 3TOrO  TpaBHTALMOHHBIN  TOTEHHMAM, CO3AaBaeMbIH
ConHueM HAa [OBEPXHOCTH 3eMNH, H3MEHACTCH B TeucHHe Troja.
[TosToMy BEIHYWHA CKOPOCTH CBETa TAKXKe JOMKHA H3MEHATHCA B
TEUeHHE roJa.

C npyroff CIOpOHBI, JKCHEPUMEHTRILHO YCTAHOBIEHO, YTO
CKOpOCTb CBETa B 3EMHRIX YCNOBMAX ¢CTh BENWYHHA MOCTOAHHAH C
TouMHOCTEIO 0 1,2 Mi/c [18;1.4,¢.549];

¢ =299.792.458 + 1,2 m/c (2.2)

M3 Hosoro 3akona (2.1) MBI MOKCM pacCHUuTaTh, Ha KaKywo
MaKCHMANLHYI0 BETHYHAY HM3MEHAETCH CKOPOCTh CBETA B TeYeHHE
roga. M ecyim u3 Hosoro 3akona (2.1) 6yaeT cnefoBats, 94TO CKOPOCTh
CBET3 WIMEHAETCA B TEYEHHE roja Ha BenuynHy Oonblle, ueM /,2 M/c,
ckaKeM, Ha penuIury 10 m/c umm 1000 m/c, To 370 6yAET O3HAYATD,
uto Hosgni 3akon (2.1) He Bepen. IMosromy nasaiire paccuuTaeM M3
HoBoro 3akoHa (2.1), ma Kakyl MaxkCHMAIBHYIO BENHYHHY Ac
NOINKHA H3MCHATHCA CKOPOCTE CBETA B TEHCHHE I0ja.

Paccrosane or 3emmu mo ConHua COCTABNAEY BETHUHHY
L=1,570" m. Tipn geumxennu 3emau Bokpyr CoNHUE MAKCHMANBHOE
H3MEHEHHE 3TOro paccrosnus pasHo AL = 5-70° m. Mimeueuwne
paccrosuus AL mexny 3emnél v ConHieM (HanoMuuM, 4to AL « L)
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OPHBOAHT K TOMY, 4TO TPaBHTaRHOHHLIN MOTEHUWAT, CO3JaBAEMBbIH
ComnileM Ha NOBEPXHOCTH 3eMNH, H3MEHACTCHA HA Benuuuny A@:

M
40 = G—r AL (2.3)

rae M ~2-10"" k2 — macca Connua. VisMeneHHe rpaBHTaUHORHOTO
noreHuHana AQ@  BBI30BET B CBOK QYePENlb WIMEHEHHE CKOPOCTH
ceeta Adc. M3 Hosoro saxona (2.1) HeTpysHO paccuyHTaTE, 4TO B TOM
cnyqae, ecnmu |AP| « |Dy,| , H3MeHeHHe CKOPOCTH CBETA COCTABHT
BEIHUHHY:

Ac = -AD 2c (2.4)
Moncrasaan AP 13 ypasuenus (2.3) 8 ypastenue (2.4), mosyyum:
GM
Ac| = AL 2.5
el = —— (2.5)
[Moncraenas B ypaBHenHe (2.5) 3HAUCHHS BETMYMH, MONYTHM:
|dc| = 0,05 m/c . (2.6)

Hrak, n3 Hosoro 3axkona (2.1) MW nojayuuiy, uyTO
MAaKCAMANBIIOE H3IMEHEHHE CKOPOCTH CBeTa B TCUCHHE Toga
coctarnaer Benuuudy (,05 m/c. B §3.5 MBI HecKOABKO YTOYHHM
ToMyueHHBIH pesyneTaT. Haubonbluee 3HayeHHe CKOPOCTH CBETa
Oynaer 3umoil, xoraa 3emna Ombxe Bcero noxxoant K Conmily. A
HAHMEHbIEe, COOTBETCTBEHHO, TETOM.

IMony«ennblit HaMu pe3ynbTaT NoKasbiBaeT, uyT0 Hoewili 3axon
He nPOMUBOPEUUN COGPEMEHHDIM IKCREPUMENMATLHBIM OOHNBLIM
0 HOCMOARHCMEE CKOpocmu céema, TaK Kak:

0,05 m/c < 1,2 M/c

C npyro#t CTOPOHBI, MONYYECHHBIH Pe3yNLTAT TTOKA3BIBALT, YTO
Hoewiti 3aK0H MOICHO Nposepums IKCREPUMEHMANLHO 6 3EMHLIX
yenoeusx. JIIA 3TOTO JOCTATOYHO YBEJIMYHTH TOYHOCTL H3MEPEHMA
CKOPOCTH cBeTa Ha /-2 nopsaaxa. A 370 ¢liefath e Tak TpyaHo. K sor
nouyemy. ToaHOCTh, ¢ KOTOPOH H3MepeHa CkopocTs caeTa (2.2) Guira
AocTHrHyTa eme B 1976 roay! Hmenno B 1976 rony MewayHaponHas
KOMHCCHA HAa  OCHOBAHWH  CYIICCTBYIOWHX B  TO  Bpems
IKCMEPUMEHTANBHRIX  AaHHBIX  YCTAHOBHIA  paseHcTBo  (2.2)
[18;1.4,c.548]. H mocme 3TOr0 3KCHEPHMEHTHI [0 UIMEPEHHIO
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CKOPOCTH CBET3 IepecTamy npoBoautecd. M po cux nop, mo-
BHIUMOMY, CYHTaeTCs HenenecooOpa3HbIM TPaTHTEL CHITBI M CPEACTRA
Ha JaTbHeHIIee NOBLILICHHE TOUHOCTH H3IMEpEHHA CKOPOCTH CBETA.

MOXHO OTMETHTh, YTO 3a TOCIEEHHUC dCTEEPTL BeEKa
TPOW30MEN 3HAYHTENBHRIM NIPOTpecc B TEXHHKe (H3HYECKOro
aKcnepuMenTa. ¥ ecnM Ol DKCHEPUMEHTB! MO H3MEPEHHIO CKOPOCTH
CBETA HE NPEKPAaTHIHCH, TO BNONHE BOIMOXHO, YTO K HACTOAUIEMY
BpEMEHH CKOPOCTh CBETa yKe Obuta Obl M3MEpEHa C TOYHOCTHIO
1o Icase. Takxe BIONHE BO3MOXHO, YTO B 3TOM chyvae Owima Onl
IKCMEePHMEHTATEHO 00Hapy KeHa BAPHALIMA CKOPOCTH CBETa B TEYCHHE
rofa (3Ta TeMa 6yzet nponomkena B § 8.1).

JxcnepuMenTansHas Tposepka Hoeoro 3akona (2.1) otkpoer
HOBbIE NEPCIEKTHRH B Hecledopanun Beenennoit. Tak kak B cnyudae
noaTeepxacHud HoBoro 3akoHa omKpoOemcA 603MONCHOCHID
usmepums cxopocms pacwiupenun Bcenennoidi 3xcnepu-
Menmansho! (cM. § 10.10).

§ 2.9. [locToAHHAsA TOHKOW CTPYKTYPLI

Hrak, Me1 nocrymHposanH HoBwlii 3akon npupoast (2.1):
c?=- &, I3 5TOTO 3aK0HA, B YACTHOCTH, CNCAYET, YTO B JANEKOM
UPOWAOM (HECKOALKO MWMNHAPAOR AET Ha3al®), KOrha MaTepHs BO
Beenennofi Haxozmnack B 6Gojce MAOTHOM COCTOAHHH, CKOPOCTH
cBeTa Ohlya CYLIECTBEHHD BHINIC, YEM B HACTOSINECE BPEMA.

Ho xak yxe otmeuanock B § 1.11, gaxe B janékoM npoiinom
BEIMMYMHE NOCTORHHOH TOHKOH CTPYKTYPH CYHJECTBEHHO He
OTIIHYaNnachk 0T COBDCMEHHOTO 3HAYCHHA. BTO, HanpuMep, CIeayeT 13
agam3a JaHHBIX 110 TOMKOHA CTPYKTYpE PacUICTUIEHHA CIEKTPAALHBIX
MHHKIT xBa3lapoB. bnaromaps ToOMy, YTO KBa3apol HAXOUATCA Ha
OTPOMHBIX PRCCTOSHHAX OT HAC — JTO MWUIHAPAK CBETOBBIX JIET, —
MBI MOXEM HCCAENOBATh CMEKTP JNMEeKTPOMarHWTHOTO H3MYYCHHA,
BOSHHKIIErO MHJUTHAPAB! TET Ha3aj.

Wrak, Bennynna NOCTOMHHON TOHKON CTPYKIYpEl & pasHas:

& !
= 137 @7
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HE M3MEHACTCA CO BpeMeHeM H, 3HAYMT, HE 3aBHCHT OT BEJIMYUHBI
FPaBHTANMOHHOTO NOTEHNHANA Py,

CyuwecTBYIOT TaKKe OCHOBAaHHA CYMTaTh, YTO H BEAHYHHA
3apsAga 9NEKTpoHa (DNIEMEHTAPHOTO JIEKTPHYECKOTO 3apafia) He
33BHCHT OT BEIMYHHEI MPABHTALIMOHHOIO IOTEHIAANRA Dy,

Bo-nepsbix, ecnu Obl BEAKYHHA 3apA/a IEKTPOHA 3aBHCEna Okl
OT BEMHYHHGI MPAaBHTAUHOHHOI'0 TIOTEHLHANa, TO OTCIOAA CIe0BAIO
OBI, 4YTO OSNEKTPHYECKHE 3apsl 3aMKHYTOH CHCTEMBI MOXET
CaMOITPOM3BONLHO MCHATE CBOH 3HaK (cMoTpH pHC. 3). OueBnAHO, YTO
IpH 3TOM BO3HHKHYT NPOOIEME] ¢ 3aKOHOM COXpaHeHHs SHEPTHH.

Puc. 3. Bokpyr nnaHeTsl, o CUNSHO BBITAHYTCH opbBuTe asuxeTcs
CNyTHHK. FlyCTh nnasera wMeeT HEeKOTOPLIA 3nexTpudeckwid 3apay Qs a
cnyThHMK 2apan Q:. MpeanonoXum, YTo KOTga CNYTHUK HAXoAWTCH B T. A, To
MONHLIA 3apag, BCeil cucTemMb! paged Hyn: Gy + Q; = 0. Ecnu Owl BenW4MHa
3apaaa INeKTpoHa 3aBUCena OT BENWYWHLI TPABMTALMOHHOID MOTeHLMana,
TO NIpW ABKEHWK CYTHUKA NO OpbuTe BeNUYUHA 3apsaga Q2 U3MEeHsNack Ok,
®, CNeaoBarencHo, NOAHLIA 3apAn BCEH CHcTeMbl Buin Gbl ywe He paBeH
HynIo. Hanpumep, cnyTHWK HaxopWTes B T. B (nepurenvin} n nonubtil sapsg
BCelt cucTembl Menblwe Hyng: Qr + Q2 < 0. B atom cnydyae, korpa cnyTHUK
okzkerca 8 T.C (adenuid), nonHoid 3apan Bced cuctemsl  Gyager,
cooTaeTcTBeHHO, Gonblue Hyns Qr + G > 0. Takum oGpa3oM, INEKTPUHECKUH
3apag 3aMKHYTOR CUCTEMbl MOT Bibl CaMONPOWU3BONLHO MEHATL CBOH 3HaK.
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Bo-BTOPBIX, U3 3NEKTPOAHHAMHUYCCKHX ypaBHeHHH Makcerenna
TaKke CIASAYeT, YTO BENTHYHHA 3NEKTPHYECKOTO 3apAAa 3aMKHYTOH
CUCTEMEI JIOIKHA OCTABaThC HEH3MEHHOI.

[ToaroMy MBI IpeanonaraeM, 4TO BEIHYHHA 3apsia CKTpOHA
He 3a6ucurn 0T BeHYHHbI TPARHTAUMOHHOTO NOTEHUMAA,

YuuThIBad BCE BIIECK3aHHOE (TO €CTh TO, 4TO HH NOCTOAHHAS
TOHKOH CTPYKTYpb!, HH 3apAR 3JCKTPOHA HE 3aBHUCAT OT BETHYHHBI
I'PABHTAHHOHHOTO TIOTEHI[HANA), MBI GHHYNCOEHBI, UCXONA H3
Hosoro 3axona (2.1) caenarth Cleayiomui BeIBo.

Beauwuna nocmosunoi finauxa h dondcna 3asucemv  om
SERUUUHBE Zpasumalonio2o nomenyuana Beerennoii Dy,

3nect HeoOXOMHMO CAENATE CASAYIONEE 3AMEUAHHE.

Mol noctyimposaiu  ypasuenue (2.1} B wadecrse Hororo
3aKkoHa Npupoasl. H nodsToMy MBI 1pocTo 006A3aHLI HCClIEA0BATh BCE
CNEeNCTBHS, KOTOPBIC BEITEKAIOT U3 HEero. MBI HE JIOIKHLL 60ATBCA TEX
CNeACTBHIH, KOTOPEC, Ha ITEPBBIH B3MMAA, MOrYT INOKa3zaTHCH
MATOBEPOATHEIMH HTH Aake HenpasgonofodubiMu. M ecmn Hoswiit
33aKOH HE BCPEH, TO PAHO WIHM MO3OHO MEI 00A3aTenbHO NMPHAEM K
npotuBopedno. W HaolopoT, ecnM, HCCIEnys pasHele oOIacTH
¢H3ukH ¢ AoMomEel0 HoBoro 3akoHwa, MBI HE TIpPHAEM K
ApoTHBOpeYrio, Oonee TOro, CMOKEM C HOBOH TOYKM 3pEHMA
paspelliTs MHOTHE CYWECTBYIOMIHE npodnemsl, To0 3T0 OyaeT c
OONBIIOH BEPOATHOCTHIO 03HAYaTh, YTO MOCTYNHPOBAHHBIA HaMH
HoBuii 3aK0H ABIHETCA HCTHHHBIM 3aKOHOM [PAPOAHL.

§ 2.10. NocTosaxxan MNnaxka B rpaBUTayUOHHOM None

B npespinymieM maparpabe Mbl NMPHDIMM K BBIBONY, HTO
BEMHUHHa mocTogHHOE [lnanmka A O/DKHA 33BHCETH OT BENHYHHEL
TpaBUTalHONHOTO oTeHlnana Beenenuod @y,

PaccyuTaeM KOHKPETHBIA BUAO 3TOH 3ABHCHMOCTH.

Tak xak @ = e>/ch, W YUMTHIBai, YTO HU BENHYMHA zapsaa
IMEKTPOHA e, HH BEJIHYHHA MOCTOAHHOH TOHXOH CTPYKTYpW & He
3aBUCAT OT BETHYHHEI TPABHTAIHOHHOTO MOTCHIIHANA, MBI TONyYaeM:

ch = é'/a = const (2.8)



§ 2.10. Mocmosnuan flrauxa ¢ zpasumayuonnom none 63

To ecTh BEMHUWHA NMPOWIBEREHNS ¢l HE 3ABHUCHT OT BETHIHHBI
TPaBUTALMOHHOIO  MOTeHUMana BceeaeHHol Py,. ITloacrarnas
CKOpOCTB CBeTa ¢ W3 ypasHerus (2.1) B ypaguenne (2.8), nomyvaem:

2
b=t (2.9)
] a;i— Dy

Hrax, MBI NONySuaH, 91O YedM Gonsine abconoTHAN BEIHYHHA
IPaBMTAUMOHHOTO TOTeRUHAnNA Beenennodt @y, (4em Oonbie
IIyOMHa BCENEHCKOTO TpPaBUTALMOHHOTO OKCaHA), TeM MEHbIle
sHavenwe nocrosnHoi [lnanxa 4.

Ho mear Benuunpa noctosdHod IlvaHka xapakTepHsyer
HeonpeNenéHIOCTE B JBMXEHHM vacTHI. Yem Oonwlle BeAHYWHA
rocroguHoil ITmanka, TeM Boaplic HEONPCACAEHAOCTL B JOBHKCHUR
gactan (1.24). Takum obpazoM, Heonmpelen&€HHOCThR B JIBHXKCHHM
GACTHIL YBEAUYHBACTCA TIPY YMEHBIISHHH MOAYAA TPAaBUTALHOHHOrO
rmoreHuuana Beenenuo.

Vpaerenue (2.9) nmeet npocToit pusgueckuil cMeicn. [{ng Toro
yTobh! BneKTpoH wWMen onpenenédHoe MONOXEHHE, ero HY#&HBO
AOKANU30BaTE B OKPECTHOCTH HEKOTOpOH ToukH. M uyem meHonre
OKpPECTHOCTh, B KOTOPOH JIOKJIH30BAaH DJAEKTPOH, TeM Oolblle
JHEPruA 3MEKTPOMAarHWTHOrO TONA, collasaeMoro uM (a B npenene
JNEKTPOMATHUTHAA  3HEPTHA TOYCYHOTO 3apsfla CTPEMMTCA K
Gecxoneunocty [5;¢.1261). W, 3nauuT, ans Gonieil onpeaenéunocTi
MecTononmkenns HeoGxoauma GOnpwas speprus. Takum obpazom,
HEOMpPEeAENEHHOCTE B [BMIKCHWH 3NEKIpoHa OMpeIenseTcd, ¢
ONTHOH CTOPOHEI, BEMMYHMHOM €ro 3apsna (e€), a, ¢ Apyro#f cCTOPOHH,
Hepruelfl €ro B3AUMONCHCTBHA Co Beell OCTanbHOH Mareprell Bo
Beenennoit (@y,).

TMony4aeTcg, 9T0 OrpoMHBIC Maccol BceeneHHofl  cBOMM
Bo3feficTBieM (KOTOpOE XapaKTepH3yeIcs OTPOMHOH BETMYMHOH HX
CYMMapHOTO [paBWTallMOHHOTO WoTeHuWana @Py,) yatenviwaiom
1eonpedenéunocmp, a, 3HAYUM, 1t XAOMULHOCI, 8 OGUICEHUN Uacmuy.
UYem Ooyemie rayOMHA TPaBWTALMOHHOrO OKCAHA, TEM MEHBILE
HEONPEJeNIEHHOCTD B JBIKEHHH MacTHIL

B oM Criyuae, ecnu M3MEHCHHE TPABATAUHORHOMO NIOTEHIMANA
A® mano 1o cpaBHEHHIO ¢ BETHYHHOH Dy, TO ecThb |AP| « |Dy,|, TO
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n3 ypaBuenua (2.8) cmeayer: AWk = —Ac/c. W, yuutbibas (2.4),
nonyyaem:
;_ 4o
R 2

JonycTsm, MBI NOJHANMCE HAX 3€MHOM MOBEPXHOCTBIO Ha
BeicoTy & = 200 m. Kak cHTBHO BO3pacTET NpH 3TOM BENHYHHA
nocroanno#t [lnanka? Henonesys ypamuenwe (2.10), 310 HeTpyanO
paccuuTaTe. YuuThigas 4to AP =gh (rae g ~ [0 m/c’ — yckopenne
cBOOOZHOrO NajeHHa), HOMYJaeM:

Ah/k = gh/2c? (2.11)

B § 3.5 MBI HECKONBKO YTOUHHM YpPasHEHHE A H3MEHEHHS
BeNTHYHHE! IPAaBHTALHORHOIO NMOTeHUHaNA AD.

[MoacraBnas B ypaBHenwe (2.11) cooTBeTCTBYIOMIHE 3HAYEHHA
BCJIMYHH, B PE3YIILTATE MONYYaEM:

Ahi/h =107 (2.12)

Hrak, npeamonaras, 4TO BemMYHHa CKOPOCTH  CBETa
ONpefieNAeTcs  CYMMapHbIM  TPaBUTALMOHHBIM  [OTEHLIHANOM
Beenennoit (2.1), MBI nNpUILIIM K BBIBOAY, 4YTO M BENHYHHA
nocrofnnoil  [Inawka Takke 3aBHCHT OT TPaBHTALHOHHOIO
notexxana (2.9).

Onnaxo, Kak ciegyer u3 ypaBnenui (2.4) u (2.10), 3nauenns
CKOpOCTH CBeTa H MNocToANHOK IInaHka W3IMEHAIOTCA B 3EMHBIX
YCNOBHSX O4YEHb HE3IHAYMTENBHO, 9TO W mo3monfeT (B mpejenax
TOYHOCTH COBPEMEHHOTO IKCIEPHMEHTA) CYHTATH HX
QyHIaMCHTANBHBIMH NOCTOAHHBIMH.

B cnemyiouieh rnaBe MBI TIPOJOJDKHM  PACCMOTPEHHE
CIENCTBUH, BRITCKAIOWMX HX MOCTynHpoBannoro HamH Hosoro
32KOHA MPUPO.BI.

(2.10)

L)



B 970l rmaBe Mbl PacCMOTDHM OCHOBHLIC TONOXEHWA,
KOTOpbIe NexaT B GyHIAaMeHTe HOBOH TEOPHH, a Takxke Hanbonee
BayKHBIE CIEJICTBHA, BEITCKAIOWIME H3 HUX.

§ 3.1. HoBan mopent npocTpaHCTBa-BpeMeHK

Hrtak, B ravecrse HOBOro 3akoHa NpPHPOABI MBI TNPHHAIH
CNIEYIOIIEE YTBEPXKICHHE: ;

CkopocTs pactpoCTpaHeHus TPABMTALHOHHOTO NORA Vi,
onpejendeTcs  BeIWYMHOH TIpaBHTALIMOHHOTO  MoTeHuuana Dy,
CO3JaHHOrO BCEMH MacCaMH, CYINECTBYIOIMMHA Bo Beenennoi (2.1):

Verav = € = | @y, |
YyuThIBas, 9TO HH 3apA[ MEKTPOHA €, HH NOCTOAHHAS TOHKOM
CTPYKTYPHl @ HE 3aBHCAT OT BEAHYHHBI TPAaBUTAUHOHHOIO
noteHuHana (cM. § 2.8), Mb! HPHULIH K CJIEAYIOMEMY BEIBOIY.

Benuunna noctosuuoi [lmanka k Takke 3aBHCHT OT BETHIHHBI
rpaBHTALHOHHOrO MoTeHuHana Beenennoit @y, (2.9):

hyl @y, | = const = ela

Takum oOpa3zoM, CyTb HOBOH MONENH NPOCTPAHCTBA-BpPEMEHH
COCTOMT B ClleOYIOLSM:

Beauyuns ckopocmu caema c(r,t) u nocmoaunoti Haanka hr,1)
8 OGHHOU MOYKe NPOCMPANHCINGA T M 8 OGHMbIL MOMERM §peMenu !
3q6ucam om GeluNUHbLL 2PAsUMAlUONHO20 homexyuana Beenennou
Dun(T,t) 6 3MOli mouke npocmpancmea caedyIoujum odpasom.
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) + Dy(rty =0
4
hefr)- Dyrt) = - % = const

3akolipl, Onpefensloulie ABHXKEHHC T, 3aBHCAT W OT
BCJMYHHBI [10cTOAHBOH [l1anka, W 0T BENMYMHBI CKOPOCTH CBETA.
IMosToMY OCHOBHOM BBHIBOA HOBOUH TEOPHH COCTOUT B TOM, YTO 3KOHBI
ABFKCHUA  TeN  ONPeACISiOTCS  BEMWYMHOH  IpaBHTAUMOHHOIO
notenunana Becenenwoéi @y, (3aBHCAT OT TTYOHHBI KOCMHYECKOTO
IPABHTALHOHHOIO OkeaHa). A 3TO, B CBOIO O4Cpedb, 03HAYACT, YTO
JRANCHUE TEJa OnpcaeiseTca BHCPFHB‘F[ €Yo  TPABUTALHOHHOTO
B?;BHMOJ.IGI‘:ICTBHﬂ CO0 BCCMH OCTaNLHBIMHA TENaMH, CYIIECTRBYHOIIHMH
so Bcenennoii.

W3 ypasuennii (2.1) n (2.9) chenyert, uTo co BpeMelleM (Tak Kak
Hawa Beeacuuas paciiHpsaeTcs) BENHYWHA CKOpOCTH cpeTa Oyser
YMEHbIIATECA, A BEMHYHHA MoCTOANHON [Inanka ysennuusarbes. Ha
OCHOBAaHWM 3TOTC B |0-/i TnaBe OyAeT MpeJLioxeHa HOBad MOAEIL
IBONIOLMK  Bceenennoit, xoropas [O3BOJIMT paspellnTs MHOTHE
npodAeMBl COBpEMEHHOI acTpoPH3HKH.

Tawke W3 3THX ypaBHEHHH cHemyer, Yre Ha JAOCTaTOYHOM
YIAaNCHHH OT BeeX Macc BeeeARo# (e BeMHYHHA [PABHTALHOHHOIO
notelnynana @y, CTPEMHTCA K HYIIO) BCIWYKHA CKOPOCTH CBeTa ¢
yMeHplIAeTCS /A0 HyNmsd, a BeluyrHa pocroswuod [lmanka A
HCOrpatnMYCHIIQ BO3pacTacT.

DTO 03HAYALT, YTO MO MEpe YAaJeHHs 0T Beex Mace Beenenno#
BO3PaCTaeT HEOHPEACNEHHOCTL B IBHKEHHH TeN H HEOTIPEACNTEHHOCTD
B ABHXKEHHH 3JIEMEHTAPHEIX YaCTHU, U3 KOTOPBIX COCTOAT BCE Teqa.
Beneacreae 3TOr0 Ha  JOCTATOYHOM  YJaicUMH OT BCEX Macc
Beencanoi MAaKpOCKOITHYECKHE Teaa pacriaiyred Ha JACMEHTapHbIE
JacTHUEL A Heonpe,ucnémm(:'r[. B ABMXKCIIIHN MICMCHTAPIIBIX HaCTHU
GyHET CTO1Ib  BBLICOKa, 4YTO HYWaCTHUBI HE 6)/,[1}”1“ NMCTh  JAXKEe
HpI‘IGHH}Kél[HOﬁ TPASKTOPHH JABHKCIINA, O'—leBH,LlHO, YTO TIOHATHE
CHCTEMDBI OTCYETA B TAKWX YCIOBHAX TCPHET (DU3HYSCKHE CMEBICT.
TTosTomMy 1NOHSTHA BpeMeHH U DAcCCTOAHHMA  TAKKE TEpsioT
(u3nYecKuii CMBICT.

A eaytpu named BceenenHoft  Omarofapa CMALHOMY
TPABUTALNIOHIIOMY BO3IEHCTBHIO 3BE3) W ranakTHi (9TO BO3AEHCTBHE
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MPOABNACTCA B OTPOMHOI BERMYHHE I'PABHTAIMOHHOIO MOTEHIMAJa
Beenennoit  (@y,| = 10" a’/c’)  neonpenmenénpocts B mRMKEHMH
AIEMEHTAPHBIX YACTHI 3NHAYHTENBHO YymelbmaeTcad. I BHyTpu
Beenenno#t ceoboaAan sneMeHTapHas 9acTHIA XBYDKETCA «TIOUTHY 10
HpﬂMOﬁ JTHHUH H «TIOUTHY) C ﬂOCTO)IHHOﬁ CKOPOCTBIO.

Tlomyuaetcs, yTo croOOAHAA YaCTHLA JABHKETCS O HHEPHHH
TOABKO ONlaroaaps COBMECTHRIM YCUITHAM BeeX 3BE31. Tak kak kaxpas
3BE302 BHOCUT CROH HeGONBIOH BKIIAJ B 3HAUCHHE TPaBHTANHOHHOTC
nOTeHIHana Beemenno#t @y,, M, CIeJOBATENBHO, HECKONIBKO
yMeHpIiaeT aHavense nocrosuuod Ilnanxa. Taxum oOpaszom, HoBas
MOAEIH TIPOCTPAHCTEA-BPEMEHH YIOBIETBOPAET NPHHIKMNY Maxa.

HTtak, cyTe HOBOU TEOPHH COCTOHT B TOM, 9TO I'PABHTALHOHHOE
BO3NelcTBHE 3BE3N W TrajaKTMK  CY[ICCTBEHHO  yMCHBILUAET
HCOTIPEJSAEHHOCTh B ABHMEHUH YacTHIl, W BCICACTBHE 3TOTO 3dideKT
HeonpeaenéHHOCTH HaONI00aeTCs TONRKD B MUKPOMHDE,

§ 3.2. UHepuua 1 rpaBaTauMs

M3 sxcnepuMenTa M3BECTHO, YTO MHEPTHAA M IPaBHTALIMOHHAA
MacChl T€la PABHE C BEICOKOH CTENEHBIO TOYHOCTH. B § 1.9 MBI yxe
roBOpHIH 06 ITOM. DKCTIepHMEHTANBHDIH (PAKT PaBEHCTBA HHEPTHOMH
W TPaBRHTAllMOHHOH MacCc JCKHT B OCHOBE oOOWEH TeopHH
oTHocHTeNnsHOoCTH. Ho TeoperHueckoro oDOCHORAHHS DTO PABEHCTREO
HE HMEeT.

Muaue roBops, He M3BECTHO, novemy HHepTHas Macca TeJa B
TOYHOCTH PAaBHA €r0 IPaBHTALMOHRON Macce.

C ¢u3MyecKkofl TOYKM 3IPCHHA HHEPTHAA M TPABUTALHONMAA
MaCChl XapakTepH3YIOT COBEPHIEHHO pa3Hble CBOMICTBA TEAA.

Benumauna TpﬁBHTaHHOHHOﬁ MACCEl (TIQKA3LIBAET, KaAK CURLHO
YJacTBYET MHAHHOE TCIO B TPaBUTALHOIHLIX B3aI/IMO,I[6ﬁCTBHﬂX.
Moxno ckazark, UTO 3Ta Macca HRTIETCH  “‘TPaBHTARHOHHBIM
sapsagom’” Tona [18,1.1:¢.524].

A BENHYMHA HHEPTHOH MaccL! NOKA3LIBAET, KAK CHAbHO NAHHOE
Teno Oyner okasbBaTh CONPOTHBIEHHE YCKOPEHHIO.

C dmisuveckolt TOUKK 3peHHs MEXAy HHCPTHOH Mmaccolt H
rpaBUTAGHOHHON MUCCOH obruero He §o/bIIe, YeM, HANPUMEP, MEXY
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HHEPTHOH MaccoH U 3AeKTPUHCCKAM 3apdaaoM. TeM He MeHee, Bese K
BCETJa WHEPTHa® Macca TeNa paBHa €ro TPaBHTAUMOHHOH Macce.
TTouemy?

JapaiiTe paccMOTPHM 3TO PaBEHCTBO C TORKH 3PECHHA HOBOH
TEOPHH.

W3 Hosoro zakona (2.1) cinegyer, uTo IpPH APHOMDKEHHH K
rpanaue BceenenHo#t (moa rpauwnuei Bceenewnodi MM OyaeM
nojpasyMesaTs o0OmacTe, rie BO3UCHCTBHEM 3BE3  MOXKHO
npeHebpeus, TO ecTe raoe @y, — ) ckopocts cBera Oyaer
YMEeHBIIATHCA BILTOTE 0 HYJIA. 3TC 03HAYAET cleayrouiee.

Bo-nepeeix, H3 tdopmynst J#HmTelina (1.22) cremyer, u€To
noiHas SHepruA moboro ¢uismdeckoro obbexta (TREpIOro Tena,
IMEMERTapHOM YaCcTHIBl, 3NEKTPOMArHHTHOTQ H3MyYeHHA ...) Ha
rpanvue BeeneHHoM GYAET paBHAa HYJNIO, TAK KAk TaM PasHa HYIHO
BEJIMYMHA CKOPOCTH cBera. To ecth HH OAMH (pu3MdeckHi obBLEKT He
CMOXKET CyIIECTROBATE 334 HpPEACIaMH TpaBATAUHOHHOFO TIOMA
Beenenneoil. M, crenoBaTenpHo, HE CMOXET BBUISTETH 3a Npeacibl
BeenenHoi.

Bo-BTOpBIX, CBET TaKKEe HE CMOXKET BEINETETH 33 TIPEACITHI
Bceenmennoit, Tak Kak OH OCTAHOBUTCH Y CaMoit €€ rpasuisl.

B ofwem crnyyae npousBonbHbIH (pH3Myeckui o6bexT obnagaer
HEKOTOPOH HHepTHOH Maccoit m;,. M, cnegosarensho, mo opmyne
JitHiuTeiina oH obnanaer nonnoH 3Hepruci E, pasHoH:

E=myc’ (3.1)

C ppyroit cropoHsl, 3TOT O0BEKT MMEeT HEKOTOPYIO
FPABUTaHOHHYKY Maccy M, M Tax Kak OH B3aHMOACHCTBYET CO
BCEMH MaccaMHM Bcenennoif, TO, cilenoBarensHo, OH oOmanaer
nOoTEeHUHAABHOHN dHeprucii U, paBHoit:

U = m,, Py, (3.2)
Tak xax @y, < 0, To NoTeBUMANILHAS SHeprus U oTpHIAaTENbHA:
U<0

CnpaumnBaercs, kKakas Benuuuna 6omeme, E wim |U|?

OueBHOHO, YTQO BeAW4BHA £ He MOXeT ObTh OONBlNe, HYeM
BeayyHHa |U|, Tak XaKk HH ofgHOMY (uandecKkoMy o0BbeKTY He XBATHT
SHEPTHHM Ha TO, YTOOH! BHUTETETH 3a Npefcsl MPaBHTALUNOHHOIO NOMA
Bcenensoi.
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Ho c apyro# cropods!, ¢cny AaHALH OOLEKT NPEBpaTHTH B
ny4ok (OTOHOB (HanNpHMep, MPOM30OHAET AHHHTWIAIHMA JAHHOTO
ob6reKTa NpH ero B3AMMONCHCTBHH C AHTHBEIIECTBOM), TO MOJHOH
3HEprHH 00BEKTa KaK pas XBaTHT HA TO, YTOObI 3TOMY NTy4Ky (JOTOHOB
JoAeTeTh 0 rpaHuus! BeeneHHoH.

Taxum 00pa3oM, MBI MPHXONUM K BBIBOAY, YTO NOAHAS IHEPIUA
Mobo2o obvexma & MOYHOCIU PAGHA €20 NOMEHYUANBHOU IHEPull 8
2pasumayuonrom noae Beenennoil.

JlapafiTe Temeps 3anMUieM HAINH PpacCyKACHHSE HA A3BIKE
MmaTemaTHkH. [lpn nerxenmd moGoro ¢manmgeckoro ofkekra B
TPABHTALIHOHHOM TOJIe COXpaHACTCA CyMMa €ro MoJHOH JYHEPTHH M
€r0 NOTEHIHANEHON SHEPIHH, TO €CTh:

E + U= const 3.3

Ecmn &y, 50, To U—>0. KU, xak cneayer u3 Hoeoro
sakona (2.1), E= myc’ — 0. Taxum oBpazoM, OKa3bIBaeTcs, uTO
KOHCTaHTa B ypaBHeHHH (3.3) pasna Hymwo: const=0. M mMu
NOMY4aeM, YTo JA Mo6oro oOBEKTa BCETJa BHIMTONHACTCH PABEHCTBO!

E+U=¢ 34)
C yuérom (3.1) B (3.2) u3 ypasHenus (3.4) nomysaem:
M ¢’ + mg®y, = 0 (3.5)
A yuureisas Hoseii 3akoH (2.1): c? = — @y, nonyuaem:
Min = My,

Taxum obpazom, uz Hoeoeo 3axona (2.1) evimexaem
PAGEHCME0 UHEPMHKOL U 2pAGIMAYUONROU MACC.

§ 3.3. ®opmyna InHwWrenHa

B npeasiaymem naparpade Mel momydunu ypasHenwe (3.4),

npuMeHnMoe s moboro dpusnueckoro obvekTa:
E+U=0

ageck E — mosnHad 3Heprus odwvexta, a U — ero NoTeHIHalbHAsA
3HEPTHA B rPaBHTALHOHHOM TioNe Beenennoi.

Ou3uveckuii CMEICT 3TOTO ypaBHEHHs cheayroumi. Jioboe
meno obradaem dHepzuel MOALKO ROMOMY, Yymo HAXCOUMCA 6
ZpasumayuonnoM 83auModeticmeuy ¢ Opyaumu menamu Beenennoil.
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A BHE 3TOTO B3aMMOJNEHCTBHA caMmo To cebe Teno He MOXKET
obnanare snepruei. Tax kak ecm Py, -0, To U= m, Py, -0 n
E = my, c? >0

Tlonwas smeprusa Tena E Kak pas paBHA e€ro NOTeHUHAnbHOR
JHEPr'HH B TpaBHTalHOHHOM moJie Beenernoi:

E=14

B § 1.8, ucnoneaysa dopmyay DAHIITERRA, MBI BEMHCITHITH, 4TO
JHEPIHA TIOKOA TENa MAacCoH [ k2 MpUMepHO paBHa /[ 0" Jinc. Tam xe
MBIl 32]1alTH BONPOC, Ha KOTOPEI B paMKax TEOPHH OTHOCHTENBHOCTH
OTBETA HET: MovYeMy Macca 00aanaeT TaKOH KONOCCATBHOM SHEPTHEH?

Cejiuac MBI MOXKEM JATH OTBET [a 3TOT Bompoc. Macca
ofaaeT TaKoH KoNoccanpAOH JIHEprHeH NOTOMY, YTO HaxOOUTCH B
TPABUTAUHOHHOM B3AUMOACHCTBHM CO BCEMM OCTANBHBIMH TENaMH,
cymecTByouiEMH B0 Beenmenno. W sTo  B3ammoneiicTeie
XAPAKTEPHIYETCA OFPOMHON BEIMYHHOH TPaBHTALUMOHHOIO IMOTEH-
nHana Beenenroil: @y, = —c’~— 10" M/?

ITonnasn suepaun, xomopoti obradaem mobax maccam, 6
MOYHOCMY PAgNa €€ NOMENYUANbHOU INEP2UU 8 ZPABUMAYUOHHOM
none Beenennoti: mc’ = —mdy,,

§ 3.4. Macca B rpaBuTalMOHHOM None

Tipn pBHxeHWH Tena (MAH YacTHIB) B FPABHTALIKOHHOM roJE
HAIl HUM coBepilacTces pabota dA, pasaad: dA = —mg,d®. 3nece dP —
fecroneyno Mamoe M3MEHCHWE [PABHTAUHOHHOTO MNOTEHIWAJIA
Beeneunot @ (8 gamsHedimueM — MEL OyieM  obo3HauaTh
rpaBHTaUMOAHEIH noreHuman Bceenennoi 3armasHo#l Oyxsoit @ Ges
MHJICKCA BHH3Y), 4 M, — PaBHTAllHONHAA Macca Tenma. Ona Bceraa
paBHA WHEPTHOM Macce TeNa my, K MOITOMY 3ABHCHT OT CKOPOCTH T€ia
V' 4 ero Maccel IOKOS my cReRyoumum obpazoM:

mgr :mr'n :}4?10=

(3.6)

Hamenenne nonnoil SHepruu Ttena dE, B COOTBETCTBHMH C
3aKOHOM COXpaHeHHs 3HepThH, Oyner paBuo: dE =dd =



$ 3.4. Macca e zpasumayuonHoM noae A

d(m,c’) = - mg,d@. Yuntsiran ypasHenue (3.6), nonyuaem:
C d(met) = —md® = ymdc® + Cd(m,) = —pmdd®
M3 Hosoro 3akona (2.1) cnenyer:

ymodc’ + pmod® = ymyd(c? + @) =0

B pesynerate noaydaem: c’d(ym,) = 0, W, CIEAOBATENHHO:

2]

m, = e const (3.7)
VZ

7

Taxum obpazom, ucxoda u3z Hogozo 3axona, mor norywunu, umo
npu Qdeudcenuu mena (vacmuyel) 8 2SPUSHMAYUOHKOM NORE €20
UHEPMHAA (2DABUMAYUORHAR) MACCA OCMAEMER ROCMOAIHON,

Ho 3ro o3Hauaer, 9ro npd ABHXKEHUH Tella (4acTHILI) B
TPABHTALHOHHOM TONE €r0 Macca MOKOA m, M3MEHACTCH, Tak Kak B
3aBHCHMOCTH OT CKOPOCTH Telia ¥ H3MeHACTCA BENHIHHA ¥,

Ipu V « ¢, y~I, 1 H3MeReRUE M, NPAKTHYSCKH HE 3aMETHO.
HanpuMep, ecnH Tejno, YCKOPAACH B I[IOJIC TAKECTH, OpHOOpEno
cxopocTe ¥ = 500 m/c, To:

yal + 1074

H, crnemoBarenbHO, OTHOCHTENBHOE H3IMEHEHHE  MacChl
moKOA Am, COCTARUT BEIHUHHY:

Am,/m, = 1077

W3 ypaeuesna (3.7) cueayer, 4TO TNpH ABMXKEHHM TEna
{4aCTHILIBI) Ero Macca IOKOS 3aBHCHT OT BEJIHYMHBI I'PABHTANHOHHOIO
noreHnuana Beenennoi cnenyoninm o6pazomM:

Mg(@) = YD )m (DPo)/ D) (3.8)

HanmpuMep, €CnM DNEMEHTApHAA YACTHL@ YCKOpAeTcH B
IPaBHTALHOBHOM NONE (NBMXETCH B HANDPABISHUH YMEHBLICHHA
rpasMTalHORHOrO NoTeHIHana: @ < @,, Ho (D > |@,]), TO:

AP) > {D.)

H cormacho ypaBHenuio (3.7) eé Macca NOKOS YMEHBIIAETCH.

Taxum obpasoM, wmacca mOKOS DIEMEHTAPHOH  HACTHILI
3a6uUCUM Om GEAUMUHDE ZPAsUMayLONN020 nomenyuaaa Beerennot, To
€CThb 3asucum 0T PACHPCAENEHHS 0CTaNBHOH MaTepuy BO BeerreHHO#H.
KoHKpeTHbI# BHA 3TO#H 3aBHCHMOCTH MBI IONY4HM B §3.6.
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H3BCCTHO, YTO TIPH YBENHUCHHH CKOPOCTH TENa €ro HHEpUHs
(vHepTHaa Macca) Bospacraer (3.6). Ho pas Toro 4rolm yBENTHYMTE
CKOpPOCTH Te€Jla, eMy HY)XXHO nepeaaTh SHEprHio. A Tak Kak Jobas
aHeprua AF obnanaer Huepimen;

Am = AE/C
TO BMECTE C JHeprueH Teay mepefaéTcs M HHepTHax Macca. Takum
obpasoM, HHEpLNA TENa BO3PACTAET 33 CUET nepedaiy emy uHepmHou
Maccet (BMecTe ¢ YHepruel).

A KXOrfia Temo pAaIrOHACTCA B T[PAaBHTAHOHHOM IOTe, €ro
HHeprHad (a 3HAYHT H IPaBHTANHOHHANA) Macca He wuamensemcAa. Tak
KaK B 3TOM CJIy4ae 3HEPIug TeNd BO3PacTacT He 338 CYET yBeITHUCHHA
HHEPTHOH MaccEl, a 3a CHET YBeNBUEHHA CKOPOCTH CBETA:

AE = mA(C)

ITOMY MOXKHO JaTh CITIC IYIOIIHHA KOMMCHTAPHIA,
[papuTaniMonnas Macca Tena (0Ha paBHA MHEPTHOH) ABNAETCH, B
KaKOM-TO CMBICAE, PaBHTALHOHHRIM 3apsaaoM Tena [18,1.1;¢.524] u
[I03TOMY [PH TPABHTALHOHHOM B3aHMORCHCTBHH HEC H3MEHAETCH.

B cnyyae pBuxendHa (OTOHZ B TIPaBHTAUMOHHOM TIONE
ypaBHeHHe (3.7) HempHMeHHMO, TaK Kak (hOTOH He HMMEET MacChl
noxos. [TosToMy, yunThiBag, uto E= my,c’, ypasuenme (3.7) MoxHO
HpPEJICTABHTE B BHAE:

c£2 = const (3.9)

MHrax, npe npHxkeHHH xakoro-rmbo obwekra (TBEpAOro Tena,
nyuKa GOTOHOB, HICMEHTaPHON YaCTHIEL. ..} B TPARHTALIHOHHOM T0JIE
COXpaHAeTCA  MHEPTHAS  Macca  JAHHOr0 OOBEKTa, TO eCTh
OTHOILUCHHE ET0 TIONHOH >HEPrH# K KBaNpATY CKOPOCTH CBETA.

§ 3.5. Hemy paBHa NoTeHUMANbLHAA IHEPrUA?

HpenmonoxuM, 410 TEN0 Maccoil m MOAHSUTH HA BEICOTY A HAX
3eMHOI OBEPXHOCTHIO. UeMy paBHO M3MEHEHHE ero MOTEHIHAILHON
sneprun? Kasanocs 01, oTBeT ouepmzacH. 3MeHeHHE TIOTCHUMANLHOM
JHEPIHH PaBHO!

AU = mgh
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roe g=I10 M - yckoperne c¢soboaHoro niajeHus. Beab ecnd Teno
yHajér ¢ BEICOTHI /1, TO OHO COBEpIIMT paboty:

A = mgh
A cosepuénHai paboTa Kak pa3 H paBHAa H3MEHEHHIO NIOTEHIHANLHOH
sHeprui. M reé-raku 3T0 paccyxuesue HepepHo!

He cnepyer 3absizath, 4To moboe Teno oOmajaeT Takke H
BHYTPEHHEH FHEprUe — sHeprueil nokos:

E, = mocz

D1a 3Heprua orpompa. Echm Teno Maccod [ ke ynapér c
BBICOTE! /00 M, TO OHO coBepiuHT paGoty B [000 oOxc. A sueprus
mokos Tenma Maccoit I ke pasua /0! 9o, To ecTs Ha /4 mopaKoB
tonbme! TIosToMy, €c/iM NpH NAACHUH TeNa €r0 BHYTPEHHASR 3HEpPrus
HW3MEHATCA XOTA OBl Ha OYEHb HEIHAMHTENBHYK) B MPOLUECHTHOM
OTHOWEHMH BENHYHHY, TO 3THM H3MEHEHHEM IpcHeOpedb HEmb3d.
CnenoBaTenbHO, MBI JOMKHE! 3aITHCATh 3aKOH COXPAHEHHHA JHEPIHH
Tax:

E, + K+ U= const (3.10)

Ipn  perokeHuH Tena B TPABHT4UMOHHOM Ione Oyzer
COXPAaHATECA CYMMa €ro BHYTpeHHel F,, kHHerudeckod K H
noreHuManLHoH U 3HEpTHil.

KpoMe Toro, mpH IBHXEHHH Tela B TPABHTALHOHHOM MOJE
ocTaércs [IOCTOAHHOM €ro pelasTHBHCTCKaw Macca (3.7). A Tak Kak
CKOpOCTE Tena V yBe/[HYHMBAeTCH, TO, CNEIOBATENbHO, Macca MOKOA
yMmenpuiaercs. [1oaToMy kakuM-To 06pa3oM H3MEHSETCH W BHYTpEH-
HadA aneprud. U s obweM ciyyae:

[AU] = 4K + AE, (3.11)

my?

HsBectHo, uto: AK = = mgh. A tak xak AE, #(), To:

) 14U) =mgh.
Yemy ke TOrAa pPaBHO HIMCHEHHWE NMOTSHUHANBHOH 3HEPTHU?
Jlng oTBETa Ha 3TOT BOIPOC HATIOMHHM CIIEAYIOIIEE.
Bo-nepBeIX, (QH3MYECKHe NPOIECCH, MPOHUCXOAAIIHE BHYTDH
NAagaoIiero Tea, He MOrYT HU YCKOPHTE, HH 3aMEAJIUTE ero MaJeHHs.
JTO ecTh CNENCTBHE PABEHCTBA HHEPTHOM M MPABHTALMOHHOM Macc.
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Bo-sropeix, Teno Gyaer namats ¢ yckopeHneM cBobomHoro
NajeHHs g, Mo KpaiHel Mepe B TOM clyuae, KOrfia ero cKopocts V
MHOTO MEHBILIE CKODOCTH CBETA. ‘

PacemotpuM ky6 ¢ 3epKalbHBIMH BHYTPEHHUMH CTEHKaMH,
KOTOpLIH cBOGOIHO NagaeT B Nofe THKECTH ¢ YCKOPEHHEM g (CMOoTpH
pHC. 4). B MomeuT BpeMmeHH f, (MOMEHT Havana maneHus Kyba) u3
TOYKH A NepneHAHKYNAPHO NOMI0 TMKECTH BblIeTaeT (OTOH €O
CKOPOCTBIO C,. M3-3a CHALI TAXeECTH GOTOH JETHT K NMPOTHBOMONOX-
HOH cTenke KyOa (Todka B) mo clerka MCKPHBIEHHOH TPacKTOpPHH.
Ilpn merxenuH OTOHA B TONIE THKECTH €FO CKOPOCTh H3IMEHAETCA
cornacHo Hosomy 3axony (2.1):

C npyroli cTopoHsl, Macca $oToHa (oA Maccoi GOTOHA MBI
mofipasyMeBacM Maccy 4 = &c’, rae £ — sHeprus (oToHa) He
nimensierca  (3.9). He wn3Menserca Takke M TOPH3OHTAJIBHAA
cocTaBnAromias MMmmynbca ¢oroHa p.=pc,. CnemoparencHo, He
H3MEHACTCA H FOPH3OHTAIBHAA COCTABAAIONIAA €10 CKOPOCTH Cy!

Cy= CONSt = ¢,

[TosToMy ckopocTs (OTOHa W3MEHAETCA TONBKO 33 CHET

BEPTHKAILHON COCTABALIOWEH €ro CKOPOCTH ¢y,

C=-@=—@, -4 =+ |AD| (3.12)

Pwc. 4

Co
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Tak kak: ¢ = ¢ + ¢ =¢” + ¢, 10, ¢ yuérom ypaBweHHs
(3.12), nony4aem:
¢’ = | AD| (3.13)
Ecnw BepTHkaTbHaA cOCTaBAsOMAd ckopocTH GoToHa ¢, ByneT
YBENHYHBATLCA ORICTpEE, YeM CKOpOCTh Nazenus Kyba, To horoH
Oymer “napgats” OnicTpee, ueM xy6. B peaynerare sTOTO OH CO
BPEMEHEM NOTOHHMT HWXKHIOIO CTeHKY Kyba, ynaputed o6 Heé w TeM
caMbIM YCKOPHT mafieHHe Kyba. A 3To HeBo3moxHo. Ecirn xe ¢, 6yner
BO3DACTaTH MEAJICHHEE, YeM CKOPOCTh MajeHHs Kyba, To ky6 Oyaer
naaath BHHA3 Onictpee, yeM oToH. B pesymstaTte sTOr0 mpomsoiaér
coynapeHHe BepxHei crenkd Kyba u dotona. IIpu sToM KyO niepenact
(OTOHY HacTh CBOEro MMIYJbCa M HECKOJBKO 3ame;mm‘ cBOg
MafIeHHE. A 3TO TaKKe HEBOIMOXKHO,
Takum oOpa3oM, MBl NIPHXOZHM K BRIBOJY, YTO CKOPOCTH
“nagenus” GoTOHZ c, pABHA CKOPOCTH naneHm{ Kyba V: ¢, = V.
A 13K KaK U3BECTHO, tn:o V' = 2gh, 1o cy =2gh.
C npyroii CTOPOHEL: cy =-A®D. H B peaynrTaTe I10My4acM:
-AD = 2gh (3.14)
TO €CTE!
|AU| = m|AP| = 2mgh (3.15)
ME! mOSTy4YHNH, YTO H3MEHEHHE TIOTEHIMANLHOM IHEPTHH Tena
pasHO 2mgh! A coBcem He mgh, Kak OpunsTo cuMtath. HMimexenne
Ke KHHETHYCCKOH DHEpTHH Tena paBHO AK = mgh, H modsTomy, Kak
BUAHO M3 yparHenud (3.11), uiMenenue BHyTpeHHEH DHEPrHA Tena
TAKKe PABHO:
AE, = mgh
PaccmoTpumM noapobHee IOMYYSHHEH pe3ynsTar, Teno macco
m ITAJIAET C BBICOTHI A B 1I0AE TAXECTH g. VU3Menene NoTeHIHANBHOH
3HEPTHH Teaa paBHo |AU| = 2mgh. 3To waMEeHEenHe NOTEHUNAIBHOH
JHEPTHH TIEPEXOMHT B KHHETHUECKYIO OJHCPIMIO Teda M B ero
BHYTPEHHIOK JHepruio (9Heprui mokos). Ilpm stoM Toneko
MONOBUHA MOTEHUWANHHOH 3HEPIUX [IEPEXOAHT B KUHETHUECKYIO, a
BTOPAS NMONOBUHA — BO BHYTPEIHIOIO IHEPTHIO.
BHyTpeuuss SHEPras Tema — JTO 3Heprud, Haxojlsiasci B
ckpuiTOoif  (popme. EE€ Hens3a HabnoaTe HENOCPEACTBREHHO.
KnueTHuecKky1o e JHEPrHIO Tela MOKHO HCIIONL3OBaTh, HallpHMED,
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A coBepieHus paborel. IlosToMy TpH nmafieHHH Tena yYUTHIBAIOT
TOABLKO M3MEHEHME €ro KHHeTHUECKOH JSHEPTHH M IENalT OTCiona
HEBEPHEIA BBIBOA 00 W3MEHEHHH ITOTEHUHMAIBHOH - BHEPrHM.
H3aMenenue moTeduHansAOA DHEPTHH 3aHMIKACTCK POBHO B ABA pa3a.

Taxum obpasom, ucxeos u3z Hoeoco szaxona (2.1), Mu
YCMAROBUAU, YMO OeliCTHEUMERbHOEC UIMENENUEe ZPAGUMAYHOHNOZ0
nomenyuana AP posne 6 oOaa paza bHonviwe, Hem omo
npednorazaemcs 8 meoputi mazomenus Holomona.

3T0 03HaMaeT, 4YTO eC’HM ¢; — 3HaYeHHE HLIOTOHOBCKOTO
MOTEHUMIIA B OOHOH TOYKe NMpOCTPAHCTBA (3UECk M Jallee MBI OyaeM
0603HaYaTs HLIOTOHOBCKHH mOTeHuuan Oykmoll @), a ¢ — ero
3HavCHHE B APYTOH TOUKE, TO:

Q- Dy =2pr- @) (3.16)

Hanpumep, #H3MeHeHHe HBIOTOHOBCKOIO HOTeHumama Ag,

CO3IaBAaCMOTO TOYCYHONH Maccoil M Ha paccToAHHH r, paBho (1.5):

M
Ap=~G—
r

H, s3Ha'mt, AcHCIBHTCIBHOE M3IMEHEHWE TpPaBHTalHOHHOIO
noTennHana Ad, co3MaBacMOTO TOH e Maccol, paBHO:

aw=-20M (3.17)
r

Jlo Tex mop noka CKOpPOCTE Tella Mala Mo CPaBHEHHIO CO
CHOPOCTBIO CBET&, MCMONLIOBAHHE HMBIOTOHOECKOrO MOTEHUMANA He
NpHBOONT K oOwWwwbKe, TaKk Kak BCErAa TOJLBKO ITOJOBHHA
MOTEHUMATEHOH YHEPTHY TTEPEX0IHT B KHHETHUCCKYIO!

AK = —mAD/2 = —~mAgp

OjHaKO, NPH BBIYHCIEHWH TPAaeKTOPHH IUIA PENATHBHCTCKOH
YacTHUM Teopuda TAroTeHHA HeroToHAa npuBeffr yxe K HEBEPHOMY
pe3ynpTaty. HanpuMep, ¢oton He HMeer sHeprud nokod. Iloatomy
NpH IBHKEHHH B N0JIC TAKECTH 6CA NIOTEHUHANBHad 3HepruA GoToHa
TIEPEXOINT B KMHETHYECKYlo. Tlompobree Mul noroopHM of sToM
B § 4.6.

A cefivac neobxonumo oTMmeTHTe cnepyiomee. B § 2.8 ans
BBIYHCICHHUA W3MEHCHHA CKODOCTH CBETa MBI BOCIOIB30BAIHCH
BLIpaKEHMEM AJia IpasdrauuoHAoro norenpdana (1.5). Ho reneps,



§ 3.6, Macca saemenmaphoi uvacmuym 77

y4yuTeiBas HoBbli 3akoH (2.1), MBI IpHIINK K BEIBOMY, YTO U3MEHCHHE
rPaBHTALHOHHOIO MOTCHUWANa poBHO B JABa pasza Ooublue,
CrnenoBaTensHO, MAKCHMANLHOE HM3MEHEHHE BEIHYHMHBI CKODOCTH
cBeta B TedeHHe Tofa (2.6) Oynmer takxke B nBa pasa Conpe
COCTaBHT BeMMuMAY |Ac| = 0,1 a/ec.

§ 3.6. Macca 3fneMeHTapHOW YacTWUbI

B naparpade § 3.4 MBI cHenamH BRIBOA O TOM, YTO IpH
OBHXCHHH TEMEHTAPHOK HACTHIIN B IPABHTALHOHHOM MMoNe ¢€ Macca
MOKOA H3MERJETCH B 3aBHCHMOCTH OT BENHYHAHB TPAaBHTAIMOHHOTO
nmotennuana (3.8). Jlaesaiite paccuMTaeM KOHKDETHBI BHJ 3TOi
3aBUCHMOCTH.

[IpennionoxHuM, 9YTO B MOMEHT BPEMCHH f, YACTHLA C Maccoi
TOKOA M, OKa3LIBAETCK B TPaBHTAMOHHOM fIONE ¢ NMOTeHUuaioM @.
Ton aeiicTBHEM TIONA OHAa HAYMHACT JIBUIaTHCA € YCKOpeHHeM. IlpH
3TOM, KaK yYX¢ OTMEJaNock panee, HHEPTHAA Macch JacTHLW ocTaéTc
nocToAHHOH. A €€ cKopocTh {4 3HAYHT H 3HAYCHHME }) H3meHaeTcd. H
MO3TOMY Macca TIOKOA m, CNeAYIOLHM 06pa3oM 3aBHCHT OT BPEMEHH!

mo(t) = mo(ta) Wto)/MY) (3.18)
Echd ckopocTe YacTHUB! yBEAMYHBACTCA, TO MI>Ht,). Orciopa
CIEHYET, UTC: M,(1)< my,ft,). TlpeanonoxuM, CKOpOCTE YacTHupl V
Mana 00 CpaBHEHHIO cO ckopocTeio cBera (V«c¢). Kak Owino
YCTaHOB/ICHO B NpPEeRBIAYINEM naparpade, yBEAHUCHHUE KHHETHYECKOH
3HepriH dK paBHO NMONOBHHE HIMEHEHHA MOTCHUHANBEHOW SHEPriu
dU, B3aToii ¢ 0OpaTHEIM 3HAKOM:
dK = -dU/2 = —md®/2 (3.19)

IycTs 9acTHLA HAYMHAGT JBHTATECA TOJ AEHCTBHEM CHITEL
TAkecTM, #  dK — 3T0 8cn e xuHeTHHeckan dHeprus. EcmH Mbl
3abepéM y vacTHIBl KHWHeTHHecKylo sHepruio dK, TO BMecte ¢
sHepruell Ml 3aBepéM M sHepTHYIO Macey  dm = dK/c’.
CnenoparelbHO, H3MEHEHHE MACCH MOKOA YaCTHIIL OyAeT paBHO:

dm = _9K mdd m,d(c’)
e et 2 2¢?
Orciona creayer:  dmy/m, = — d(c’)/2¢’. B3sp MHTerpan or 3Toro
Boipaenns (Hanomimm, uto [dr/x = In(x)+ const), nonysum:
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d 2
% = —I (CZ) =hm,= —-‘% Inc® + const = in {myc) = const =
mg 2c
m,C = const (3.20)
Hnu:
My +f— @ = const (3.21)

MH  MOIyYHiM 3aBHCHMOCTE MAacChl NOKOA YacTHUB! OT
BEJHYHHB T'PABHTAIHOHHOTO IIOTEHLIHATIA.

Wz ypauenns (3.21) cnenyer, 4To B OMeHE JATEKOM HPOILIIOM,
KOTAa rpaBUTAUHOHHEA noteniuat Beenewmnoit Oetn B /00 pas
foxpmie, Macch NOKOA MWIEMEHTApHMX YacTuy Omim B J0 pas
MeHbe!

C TOYKH 3pEHUS COBPEMEHHOH (PH3UKM HHICTO HE H3BECTHO O
TOM, B3aBHCAT WM HET MacChl 3JEMEHTApHLIX YacTHU OT
pachpefieieHHs ocTanbHoil Matepux Bo Beenennodl, Ha a1y Temy
B §1.6 O6nwra npuseaeHa LHUTaTa H3 bepkieeBcKoro xKypca (QH3IMKH.
[Torromy 10 yMONYaHHK) DPEATIONATaeTca, YTO MAcCsl [OKOH
ANEMEHTAPHBIX YaCTHI — abconITHO HEN3MEHHBIE BEJITHYHHEL. '

B TtoM, 4TO0 Macchi NOKOS DAEMEHTaPHBIX YacTHI, MOTYT
32aBHCETh OT BENHYHHBI MPaBHTALHOHHOIO MOTCHUHANA, HET HHYETO
poTHBOecTECTBEHHOTO, Cxopee HaoGopoT, ecnH ObI Maccw Mokod
3JIEMEHTAPHBIX YACTHL He 3aBHCCIM OT BEIHYHHE IPABUTALHOHHOTO
NOTeHHMANA, TO WMEHHO TOTAa BO3HHKIM OBl  HEKOTOpEIE
laTpynueHus. PaccMOTpHM B KadeCTee npuMepa paspexentoe obnaxo
aneMeHTapHeIx 4acTHll. [loa AcAcCTBHeM B3aHMHOIO IDABHTAIIMOH-
HOTO NpPHTSKEHHA Takoe 00NaKo HAuHET NOCTENEHHO CXKHMAThCA.
IIpn stoM ckopocT wacTHi OyRyT BO3pactaTth. ECam MacCH nokoa
GaCTHI OCTAHYTCH HEH3MEHHBIMY, TO HX HHEPTHBIE MAcChl BO3PACTYT
H3-33 YBETHYEHHA CKOPOCTEH YacTHU, JTO 03HAYAET, UTO BO3IPACTET H
uHepig Bcero o0maka. Ecmu oOnmako ABHXKETCH KaK UeAoe Co
CKOpoCcTBI0 V, TO u3-32 YBENMHYEHHA HHCPTHOH Macchl oOmaka
B03pacTéT M ere MMIynsC. A 3TO HEBO3MOKHO.

MoxHo, XOHEeYHO, NPEANON0KHTD, YTO TPABHTAUHOHHOE INONe
ckaroro obnaka ofsagaeTr OTPHUATENEHOR NOTEHIHANEHOR SHEPruei,
a, 3MayMT, ¥ OTpHUaTeNnsHol Maccod, DTa oTpHIATENbHAS Macca Kak
Pa3 ¥ KOMIIEHCHPYET NPHPOCT HHEPTHOR Maccsl y yacTl. Ho Ha Haw
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B3N, NPEANIOAOKEHHE O HATHYKE OTPHLATENLHOH MACChl ¥ Hero OB
TO HH OBIIO HE KMEeT AOCTATOYHOTO OCHOBAHHA.

Me1 xe, ucxoas u3 Hosoro 3akona (2.1), noayumunm, 4yto npH
JABHKCHHMH B IDaBHTAlHOHHOM II0JIe COXPAHAETCR HHEpPTHad Macca
Tena. 1 moabko nosmomy TPHHUIH K BBIBOAY, YTO Macca TOKOA
JOMKHA 33BUCETE OT BETUTHHE] IPABMTAYHOHHOTO TOTCHI[HANA.

B 10-it rnase MBI nokaxeM, Kak ypasHeHue (3.21) nossomut
HaM pa3peliuTh HEKOTOPLle KOCMOJIOTHIECKHE MPobIeMbl.

§ 3.7. CoBpemenHas tuauka ¥ npuuuun Maxa

Japaiite emé pa3s BKpaTue paccMOTpUM QyHIaMEHTATLHBIE
NPHHIMILI, KOTOPHIE JIEKAT B OCHOBE COBPEMEHHO# (DH3HKH.

l. Ocuoboli Mexanrku HBIOTOHA ABNACTCA 3aKOH WHEDLHH,
KOTOPHI  [AACHT: CKOpocmb CB0BOONO  OBU2AIOWE20CA  MERd
ocmaémca nocmosnKod. 3TOT 3aKOH TIONYHeH Ha OCHOBE OITbITa, 01l
HE HMeeT TeopeTnyeckoro obbacHenns [11;c.14].

2. OcHorol cnenHansHOH TEOPHH OTHOCHTENBNOCTH ABAACTCA
OPHHIHT DOCTOAHCTBA CKOPOCTH CRETA. Cumulcn ezo 8 mom, Ymo
BENUNUHA CKOPOCMY C8ema He 3asucum om 0euiicenus Habmooamens.
DT0 Ha mepBBIE BIIVIAA NapajoKcalbHOE YTIBepXkIeHHe o0BACHAETC
TeM, YTO MacliTal BPEeMEHH H PacCTOAHHA B JBHXKYILEHCA CHCTEME
OTCUETA HIMEHAETCA BCEFAA TAaKUM 06pasoM, YTOOH CKOPOCTS CBETA B
Hel ocTaBanach oqHOH H TOH xe — 300 000 km/c.

3. Ocuopoii o00IeH TeOpuH OTHOCHTENBHOCTH ABIACTCA
NPHHUMI 3KBHBANCHTHOCTH, KOTOPHIH MMACHT: ZPAGUMAYUOHIOE NOAE
AOKARLHO HEOMAUNUMO OM HEuHepyuanbhol cucmemsvt omcyéma. B
OCHOBE 3TOTQ NIPHHLMIIA ASKNAT FKCHEPHMENTANLHEIH (aKT PaBERCTBA
HWHEDPTHOH M TpapHTaHROHHOK Macc. Ho sonpoc, roveMy HHEpTHas
Macca Tela BCerla paBHAa TIPaBUTALMOHHON Macce, B paMKax
coBpeMeHHO# {HuKn ocTaércs 6e3 orsera.

4. OcHOBY XBAaHTOBOM MEXaHHKH COCTABJACT NpPHHLHMI
HEOMpeAeNneHHOCTH. CMbiCh €20 &€ moM, umo Keaumoguii obvexm
(Hanpumep, 2eKMpon) NPy OBUNCEHUL HE UMeem OnpedenéHHol
mpaexmopuy [6;¢.15]. Heonpenenéuuocts ABMKEHUA 3ISKTPOHE (Kak
H moboro Ipyroro KpanroBorg o0BLEKTA) XapakTepW3yeTCH
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BefIAYMHOA noctoannoil Ilnanka. C TOMKH 3peHHs CORpeMEHHO#H
GH3MKY  OCTAETCA 3arafkoH, MoveMy 3aKOHEI MHMKPOMMpa HOCHT
BEPOATHOCTHBIR XapakTep.

[NepeuncreHnbie BEIIIE NPHHANHITEL HE3ABHCHMSI APYT OT ApyTa,
MEXAYy HHMH OTCYTCIBYET CIWHCTBO H B3aHMOCBA3b, XOTA OHHK
OTPAXalOT CBOMCTBa OfHOro WM TOro xe Mupa. Kakaa, nanpumep,
CYWICCTBYET CBA3: MEXXY 3AKOHOM HHEPOMH H MPHHIMIOM
HeonpeaenénnocTH? M Mexny TOCTOSHCTBOM CKOPOCTH CBETa H
PaBEHCTBOM HHEPTHOH W IPaBHTalMOHHOH Macc? C TOUKH 3peHHA
COBPEMEHHOM QHINKH ITO HEACHO.

Jlns Tore 4roOWl Kak-To OOBACHHUTL 33aKOH WHEPUHH, MBI
PAacCMOTPENH THIOTE3Y O TOM, YTO HHEPLHMANLHBIC CHCTEMB! OTCHETa,
CYUIECTRYIOIMME B OKPYXaIODIEM HAC NPOCTPAHCTRE, MOTYT OBITh
K3aKHM-TO 00pazoM cessamsl nNpUYuURNG CO BCEMH  Maccamm,
zanonHsomMi Beenennylo. 3Ta ramoTesa H3IBeCTHA KAK MPHHIMM
Maxa. Kax npasufo, emy NpHNAIOT CHEAYIOWMHH CMBICT. npu
yoarenuu om Oonvwux macc uumepyus npobnozo mena Oydem
ymenvuiamsca [1,¢.605]. Onraxo B 5TOM MaNpaBIeHNH KO CHX NOp HE
YIATOCH AONYYHMTE Kakux-mubo pesymeraros {15;¢.293].

Mb xe chopMyTHpORaNH NPHHUWNHUIBHO HORYX TOUKY
3peHHs Ha npHHuMn Maxa: apu ydarewuu om Gorvwux macc
HeonpedeaénHocmb ¢ Osixcenuy npobro2o mera Gydem eozpacmams.
C 9Tolf To4KH 3peHHA 33 TpEeJenaMH TPaBHTALMOHHOrO IT0JA
Bcenennoii HeolpeaeNEHHOCT, B JBHOXKEHHU TENT HACTONBKO BBICOXA,
4To TepAeT GQHINYECKWH CMBICT HOHATHE CHCTEMBI OTCYETA.
CooTBeTCTBEHAO, TepReT (M3HUECKHH CMBICT H PasiiHYHE MEXKIY
HHEPIHAILHON M HeHHepUManbHOR cucTeMamMH orcuéta. Taxkum
o0pa3oM (B COOTBETCTBHE € NpPHHIMOOM Maxa), pasnHyne Mexmy
WHEPUMANEHEIMH ¥ HCHHEPUMANBHBIMH  CHCTEMaMH  OTcuéra
BO3HHKAET TOAbKO Onaroaapd rpaBHTAHOHHOMY BO3ACHCTBHIO Macc,
3anonuAlNmMx Beenentyio. '

Tak xak 3a npegenamy rpaBHTanHORHOrO noanx Bcenennoit
(tam, rae @y, — 0) NOHATHE CHCTEMBI OTCHUETAa TepAET (QUIMUECKM
CMBICNI, TO, CAEHOBATENBHO, TAKXKE TepAIoT GWIHUECKHH CMBICH
IIOHATHS BPEMEHH H PaccTOAHMA. TO ecTé ¢ HOBOH TOMKH 3pEHMA
Hauia Beenennas okpyscena XaocoMm. M Takum ofpazom, ne TombKo
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HHEPUHATbHBIE CHCTEMBI OTCUETa, HO M CAMO IPOCTPAHCTBO-BpPEMSA
00432H0 CBOHM CYUIECTBOBaZHHEM OOTRIMIHM MaccaM, 3aNOJHANUIHM
Bcenennyio.

Kak yxe otMeuanocek B § 1.2, JRHKECHHE MATCPHANLHBIX TEN B
OKPYXaIOIleM MHpPE [NpPOHMCXOAUT B TPaBHTALWOHHOM TIOJNE,
co3fayHOM  orpoMHoH  Maccod  Bceenennoii.  CymmapHhIid
rPaBHTAIMOHHEIH  MOTEHUHAJ, CO3NABacMBIH BCEMH  MaccaMu
BceneHHOR B OKONO3EMHOM  TNPOCTPaHCTBE, TAKXe OQIrPOMEH:
Gy ~— 107 4%’ B cBam ¢ stum B §1.3 6bUT0 BEABHAYTO
MPEANONAMKEHNHE,  4TO  Osudicenue  Qusuueckux  obovexmos
(onuchiGaeMoe KRACCUHECKOU MEXAHUKON, MEeopuel oOmuocument-
HOCMU 1t KBAHMOBOU MEXAHUKOU) eCMb Pe3VIbMAm 2pasumayloRHOZ0
g2auMOCelicmeus  OaHHbIX  00BEKMO8 Co  BCeMl  MAccami,
cywecmeyoujuimu 6o Bceeaennoiu. A Bo 2-if rmaBe MBI OPHIITH K
BBIBOAY, 4TO ¢(yHIaMEHTaNLHBIC XapaKTEPHCTHKH HNpPOCTPaHCTBa-
BPEMEHH (CKOPOCTE cBeTa H MOCTOAHHAA [1maHKa, KOTOpBIe BXOAST BO
BCE 3aKOHHl JBMKCHMS) AOMKHBI 3aBHCETH OT PACTIPCHCNIEHHA BCEX
Mmacc Bo Beenenno# — ypasHeHHA (2.1) 1 (2.9).

Wrak, BNoXHB HECKOJILKO HHOH (Pu3myeckuif CMBICT B IPHHOHN
Maxa, MB TONYYHIH BO3MOXKHOCTH, BO-IEPBBIX, AaTh HOBYIO

HHTEPIPETAIMI0 KEAHTOBOH MEXaHWKE - HEOnpedeaéHHoCmb,
HabrooaemMans 8 MuKpomupe, ecmb OCMAMOK OM XAOMUNHOCMU
dguNCenus IREMEHMADIIbIX yacmuy nocre HAAOHCEHU

ozpanuNusaoufez0  gozldeticmeus  o2pomHoti  maccel  Bceenennoii.
Hoapo6Ho 31a TeMa Oyaet paccMoTpena B 6-it rnase. Bo-BTOpEIX, MBI
CMOTTIH 060CHOBATE NPHHIUI NOCTOSHCTBA CKOPOCTH CBETA, KOTOPELHA
JIEXHT B OCHOBE CriellHaNbHOH TEOPHH OTHOCHTENbHOCTH (§ 2.6). H,
HAKOHeN, B-TPETBHX, — TEOPCTHIECKM OOOCHOBANIH DAaBEHCTRO
HHEPTHOM W IPaBUTAITHOAHOE MACC, KOTOPOE AEKHUT B OCHOBE 0bIueH
TEOpPHU oTHocHTENbHOCTH (§ 3.2).

Takum obpasom, B pamMKax HOBOHl TeopHU OOBeauHAIOTCA 6ce
OCHOBHBIC MPUHIHIIB, ICHKALHE B OCHOBAHHH COBPEMEHHOA QHINKH.

Onuako HauGolee CyuIecTBEHHOE B JAHHOM CIy4a€ — 3TO TO,
YTO HOBYIO TEOPHIO MOXXHO MPOBEPUTE IKCIICPHMEHTANLHO, IPHYEM B
3eMHBIX ycnosusaX. [IpyHIHMHATEHO HOBLIH PE3yNBTAT, BRITEKAIOWHH
U3 HEE, COCTOMT B TOM, YTO APU VEeMUHeHUl GblCOmMbl HAO 3eMiol
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ROGEPXHOCMbIO 8eauNuna cKopocmu ceema ymenswaemcs (2.1), a
3uauenue nocmosnnou Iaauxa, naobopom, sospacmaem (2.9).

TaxuM oOpasoM, IPeJOCTABIAETCA BO3MOXHOCTh (BOEpBbIE!)
npogepume npunyun Maxa sxcnepumenmansho.

§ 3.8. Pestome

[ToBTOpHM BKpaTIle OCHOBHEIE MOTOKEHHA W CIEACTBHA HOBOH
TEOPHH.

1. B xauecTre dynnaMeHTa JUI% OCTPOSHHA HOBOM TEOPHH MBI
HCTIOJIL30BANTH COBPEMEHHBIE acTpO(H3UYECKHE JaHHBIE O BEIUYHHE
cpeaBelt TMOTHOCTH M Bo3pacTe Bceenennoll. Ha ocHoBaHMM 3THX
LAHHBIX MOXKHO CHENATh BRIBOM, YTO KBAJAPAT CKOPOCTH CBETa paBeH
(8 nmpenenax morpemiHocTH —HaOmiomeHHWH) TpPaBHTALHOHHOMY
MOTEHUHATY CO3JaBaéMOMY BCEMHM MAaccaMH, CYLIECCTBYIOIIHMH BO
Bceenennoii. '

IMo3ToMy M NPEANONOAKHNH, YTO BENHYHHA CKOPOCTH CBETa
onpedennemca rPaBHTANHOHHRIM TOTeHIMAaNoM Beenennofi {2,1):

C;' = - @U,,

9710 ypaBrernue umeeT npoctoll dusmueckui cmuica. [lonnan
sHeprds moOOro Tena MacCel m  ONPEACAACTCS €r0 IHEPrHed
TPaBHTalHOHHOTO B3aHMOAEHCTBHA CO BCEMHM OCTAIBHBIMM TEIAMH
Bceenennoii:

mc’ = —mdy,

Ypaprenne (2.1), ¢ opHo#t cTopoHel, OOBACHAET, nOYEMY
CKOpOCTE CBETa He 3aBHUCHT OT ABWXERHA Habaozarensa (MOTOMY 49TO
BCIHYMHA FPABHTALHOHHOrO NOTEHIHMAIA HE 3ABHCUT OT JBHXEHHA
Habmogarend). A ¢ Apyroi CTOPOHBI, H3 HETO CleAyeT PaBeHCTBO
MHEPTHOH M TPaBHTAUMOHHOHM Macc (TaK KaK myc’ = - Mg Pyy U
=~ Dy, 10 my, = Mgr).

2. VyHTHIBaA HEW3IMEHHOCTH NMOCTOSHHOH TOHKOH CTPYXTYpBI,
Mbl C/ICHANK BLIBOX, YTO BenHuWHa noctoauaod I[Inanmka Ttaxxke
3aBMCHT OT BENTHYHMHBI FPABHTAUMOHHOIO MoTeHuana (2.9):
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Hcexons u3 aToro, Mel NIPALIUIH K BLIBOIY, YTO Haula BeerenHas
okpyxena Xaocom. Ilpu npubGmxenuu k Xaocy CKOpPOCTB CBETa
6yner crpeMHTBCA K HYJIIO, a MocTodHHaAs IInaHka HeorpaHHYEHHO
BO3pacTaTh. BeneacTerne wero B Xaoce TepaeT (PUIMYECKHH CMBICT
NOHATHE CHCTEMBI OTCUETA, a, 3HAYHT, TakKe TepAl0T (H3HYECKHit
CMBICTT IOHATHA BPEMEHH H-PAcCTOAHHUA.

Takaa  MoRzens  IPOCTPAHCTBA-BPEMEHKM  YAOBIETBOpAET
npuHuMny Maxa #H  gaét  BOSMOMHOCTE  MPOBEPHTL  €T0
IKCNePUMENRTANBHO. [UId 3TOro HyXHO HIMEPATE BEJTH4MHY CKOPOCTH
cBeTa M noctoARHoH Ilmanka ¢ Beicokoil crenenbio TounoctH. H ecin
Oymer ofmapyxeHa cnabad BapuMauWA 53THX (QyHIaBMEeHTANBHBIX
TIOCTOAHHBIX B COOTBETCTBMHM ¢ ypaBHeHHAMH (2.1) M (2.9), TO 370
Oyaer sxcnepumenmanvhbiM noomeepxcoenuem NpHHUUNA Maxa u
doKazamenbcmeoM  cywjecmeoganus  Xaoca  3a  NpeAcHaMH
IPaBHTALMOHHOTO TI0AA BeeneHHoi.

TakuM oOpasom, e BouUleTad 3a mpenensl BeeaeHHOH (4To B
ApHHLHKIE HEBO3MOXKHO), Mbl BCE-TAKH CMOXKEM Y3HATE, YTO TaMm
HaXORHTHCH!

3. Ilpu apuKeHHM Tesa B MPABHTAIIMOHHOM I0JI€ H3MEHAETCA
He TOJBKO €ro KMHETHYECKad JHEPrud, HO TAK)Ke H BHYTPEHHAA.
HosToMy notrenunanbHas SHeprus Tena [, MOAHATOrO Ha BBICOTY A
HaJ 3eMHOH NOBEPXHOCTEIO, HE paBHa mgh.

Kax 65110 BBIACHEHO B §3.5, OHa paBHa:

U= 2mgh.

IIpH mapeHHH Tena B None THKECTH (€CNH €ro CKOPOCTh Mala,
V& c) TOMbkO TONOBHHZ TOTEHUMANSHOM DSHEPrMH NepexoIuT B
KMHETHYECKYIO:

AK = AU/2 = 2mgh/2= mgh
A BTOpas NMOMOBHHA NEPEXOIUT BO BHYTPEHHIOK JHEPTHIO!
AE, = A(m,c’) = AU/2 = mgh

4, M3 ypasnenua (2.1) Takke cnemyer, YTO NpPH ABIKCHHH
YacTHULl B I'PaBHTAIIHOHHOM [ONE coxpaHAercs e€ HHeprHas (a
3HAYKT H TpaBuTauuoHHan) mMacca (3.7). Ho oTo takxe o3naqaer, uto
Macca MOKOA SNIEMEHTAPHOW MacTHLBl H3MEHACTCs npH €€ JTRMKEeHHH
B IPaBHTALIHOKHOM TI071E, TO €CTh MaCCa IOKOH 3aBHCHT OT BETHIHHBI
[pPasNTaLHOHHOTO noTennyana {3.21).
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Yem “enyboce” naxoOumcs dnemewmapuas vacmuya 6
2PasUMAYUOKHOM NONE, MEM MEHbULE €€ MACCa NOKOA.

Taxnm 0OpazoM, cyTh HOBOH TEOpMM COCTOMT B CIEAYIOLIEM,
Beruyuner ckopocmu ceema, nocmosunoti Iinanka, a maxxce maccul
NOKOS DAEeMEHMAPHBIX Yacmuly 3asucam Om pacnpedenerus eceli
ocmaneHol Mamepuu ¢o Beenennoti (OT BENHYHMHB TPABHTALHOHHOTO
HOTEHIMANA). '

HoBasg Teopus mo3BOJSET OTBETHTE HA 8Ce BOTPOCH], KOTOPHIE
Oemmm  chopMynupoBansl B § 112 (wa 8-if Bompoc Oyner Aan
passépHyTEIt orer B 7-if riase). Ho nauGonee cywiecTECHHBIM B
HOBOH TEOpHH ABNYETCA TO, UTO €€ MOXKHO IPOBEPHTH
OKCIIEPHMEHTATBHO B 3eMHOH nmalopaTopHH, MpUYéM YXe B
Hacrosmee speMa. B § 8.3 u § 10.10 6yayT npeanokeHbl MpOCThIE
IKCMIEPUMEHTHI 10 IPOBEPKE HOBOH TCOPHH.

Hpunyunuansno hHOGUE pe3ynbmam, GbIMEKAOWUE U3 HeE,
cocmoum 8 moM, Ymao cKOpoCmb ceema 3umou (koz0a 3emnn 6auxce
scez0 nooxedum k Coanyy) Ha 0,1 m/c bonsuie, yem remont.



Iizssa 4

B o6uieii TeopHH OTHOCUTENBEHOCTH, KOTOpPas B HACTOMAINIEe
BpeMA  fABIAETCA  OOLIenpu3HaHHOH Teopuel  rpaBHTanMH,
NpeANnoNaraeTcs, 4TO B IPABHTALHOHHOM MONE MPOCTPAHCTBO-
BpeMd uckpuaidemcs. TO €cTh NPOCTPaHCTBEHHO-BPEMEHHO
MaciTad H3MEHACTCA IPH JNEpEXOAe OT ORHOH TOMKHM MO K
apyroii. Ho uro 310 o3Hauaer? B uéM cocTOMT ¢usuveckoe
OTAIHYHE OHOH TOYKH IPaBUTALIMOHHOIO HOMI OT APYTO#?

B pamkax HOBOH Teopun MOXKHO JATh CNEAYIOWAA OTBET Ha
10T Bompoc. B zpasumayuonnom none cxopocmb ceema u
nrocmosurnas Flianka uzmensromes npu nepexode om 0OHOU
mouKu npocmpancmea k opyzou. H & nepeom npubauxcenuu (T0
ecte korna Ak « h Ac « ¢} amom apghekm moxcHO
paccmampusame Kax UCKPUBIEHUE NPOCMPAHCMBA-GPDEMERU.

§ 4.1. OcHoBbl obuwen Teopuyu OTHOCUTENILHOCTHU

HAn4a (HHIHYECKHX MPOLIECCOB, MPOHCXOIALIUX B
aCTPOHOMHYECKHX MacmTabax, CYLIECTBEHHY poOlb  WIpaeT
TpaBHTAIMOHHOE B3aHMoOIeiicTaHe. B HacTodllee BpeMsa B KauecTBe
TEOPHH TpaBHTAUMH WPHHATa 00mWag TeopHd OTHOCHTEIBHOCTH.
PaccMOTpHM OCHOBEI 3TOH TEOpHHU.
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Ewé Tamineo Tanuneli  nepBeiM  3KCNICPHMEHTANBLHO
00Hapy XK TOT HaKT, YTO BCE TENA NAJAIOT B MONE TAXKECTH 3EMITH C
OJHHAKOBBIM YCKOpEHHeM g (YCKOpeHHEM CBOOOMHOTO MaJEHHA).
3arem Mcaax HblOTOH mocTpounl Teopuio IPaBUTALUMH, B3 KOTQPOH
TaloKe cnegoBano (MpH yC/NOBHH, YTO HHEPTHAs H PaBHTalHOHHAA
Maccsl PaBHEI), WTQ BCE TEla B I'PABHTAUHOHHOM none OGyayt
IOBHIaThCA C ONWHAKOBLIM YCKODEHHeM. A C JApyroii CTOPOHHI, B
CHCTEMe OTCYETA, KOTOpan ABHXETCA C YCKODEHHEM a = — g, BCE Tena
Oyayr nmBHraTbCA € OZMHAKOBLIM  ycKopennweM g. I[loatomy
CYLIECTBYET HEKOTOpAad aHaNOorua MeEXHYy JABHXKEHHEM Tea B 1oNe
TAKECTH H HX ABMXKCHHEM B HEMHEPIHANLHOM CHCTEMe oTcHéTa.

[lociie co3maHHR clEUMANBHOA TEOPHH OTHOCHTENBHOCTH CTAN0
ACHO, YTO BPEMA ¥ PAacCTOAHHE He a0COMIOTHBL B TOM CMBLIC]E, YTO
OHH 3aBHCAT OT BhIOPaHHOI CACTEMBI 0TCc4ETa. B HenHepnHanbHOH xe
cucTeMe OTcuéra Maciutal BpeMeHH H PacCTOSHHA HW3MECHAECTCA MpH
nepexoae oT OJHOM TOYKH NpOCTPAHCTBA K ApyroH. B radectse
npuMepa MOXHO pAcCMOTPeTh MIATdopMy, KOTOpad BpPAIACTCA C
VYIJIOBOH CKOPOCTEK & OTHOCHTENBHO ToukH (. B Takod cucreme
orcuéra 4Wacel OyAyT HATH TEM MedNieHHee, 4YeM [JANBIIE OHH
HaXxOAATCA OT HEHTPA BPAILCHHMA: '

2.2

Atr) = Ay 1 -2
c

3aeck Aty— MHTepBalN BpeMEHH, IPOMEAIIHHA 110 YacaM, HaXORAMAMCH
B Touke O, a At(r) — HHTEpBAl BpeMEHH, NPOEIIUHA MO Yacam,
HaXOJSIWMCA Ha PAcCTOSHHM ¥ OT LEHTpa BpaweHHs. Macwtab
IMHHBI Takke Oylner MeHATBCS B 3aBHCHMOCTH OT PACCTOAHHA OO
IeHTpa Bpanlesus [5;¢.296].

VuuThiBasg aHANOTHIO MeXKAY TPABHTALHOHHBIM TIOAEM H
HEWHEPUMANBHOH CHCTeMOH oTcuyéTa, JHHIITEHH NPEANONoKUI, HMTO
IPaBHTAlHOHHOE MOJIC — DTO HCKPHUBIICHHE NPOCTPAHCTRBA-BPCMEHH: 6
2PAGUMAYUORHOM ROAE RPOCMPAHCMEEHHO-8PEMERHOU  Macwmal
(Mempuxa) usmensemcs npu nepexode om 0OHOU MOUKU RpOCH-
paxcmea Kk opyzoti. Ha ocHOBe 3TOro npeanosoMeHUs OH MmoIy4dui
YpaBHEHHS, CBAILIBAIOUIME TEOMETPHI0 MPOCTPAHCTBA-BPEMEHH C
pacrpenieieHHeM B IIPOCTPAHCTBE JBHXKYILEHCA MaTepHH.
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B uckpuBnéHHOM  (HGEBKNHIAOBOM)  MPOCTPAaHCTBE  He
CYIIECTBYET NMOHATHA NpAMoH nuEMH. Pome  “npaMoli muumM” B
T4KOM TNPOCTPRHCTBE HIpPacT Teofe3uHecKad JTHHUA — KpaTyaiiiiee
(3KCTpEMaNBHOE) pacCTOSHUE MEXAY AByMs TodkamH. Hanpumep, Ha
3eMHO# TOBEPXHOCTH IE0AC3HYECKHMH JIHHHAMH ABIAIOTCA JKBATOP H
mepuananel. TakuMm 00pa3oM, MacCel HCKPHBIAIOT YCTHIPEXMEPHOES
HpOCTPAHCTBO-BPEMA W JBIXKYTCA B TaKOM  MCKDHBIEHHOM
NpPOCTPAHCTRE-BPEMEHH [0 TeolesuydeckuM nHAMaM [5;c.317]. B
obiem ciyvae ¢ TOUKM 3peHus oOmIeH TCODHH OTHOCHTENBHOCTH
3¢ deKT rpaBHTAUMH COCTOUT B CNEOYIOMEM. Bbausu maccususlx men
UBMEHAEMCA NpoCMpancmeenno-epemennod macwmat. Hampumep,
3aMeIfeTcA TeueHHe BpeMeHH [5;6.322]. Ha docmamounom oxce
yoaneHuy oM 8CexX Mea 6 nycmoM npocmpancmee OetiCmeyiom 3aKoHb!
creyuanbHol meopuu omuocumeaviocmu [5; ¢.388].

- §4.2. KpususHa RpocTpaHcTBa-BpeMeHU

Cpob0aHO ABHXKYILESCHA TENO IBHKCTCA MO NPAMOH JIMHMH, TO
€CTh 110 KparyaHiueMy MyTH MEXIY ABYMA TO4KaMH. MaTemaTHuecKH
ITO YTBEPHKACHHE MOXKHO JAITHCATH TaK:

B
£ = dl=min
4

To ecTh U3 TO4KH A B TOUKY B Teno ABHXKETCH TaKuM oOpasoM, YTo0b!
npoiiacHHEB NmyTs £ ,; HMEN MHHMMAILHYIO HIHHY. B yeThIpéx-
MEpPHOM IICEBAOCBKIIHIOBOM IIPOCTPaHCTBE-BPEMEHH, B KOTOPOM POIIb
pAacCTOAHKA HTPAET HHTEPBAN §, TAKOE TENO Takxke OYIAET ABMTaThCA
no npAMoH nuHHK. Ho H3-3a Toro, 4T0 B BRIpAKCHHE ANA KBaApaTa
uuTepsana (1.20) npocTpaHCTBEHHbIE KOOPAHHATEL BXOAAT CO 3HAKOM
MHHYC, NIPAMaA B NICEBROEBKIRAOBOM IIPOCTPAHCTBE-BPEMEHH HMEET
HEe MHHHMANBITYIO, @ MAKCHMAIBHYIO ATTUHY;

B
[ ds =max 4.1}

A

OcHoBuas uaes oOuieH TEOPHH OTHOCHTONBHOCTH COCTOMT B
TOM, 9TO H OPH HAIHYHH TIPasHTaUMOHHOTO Nond Temo Oyner
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ABHTaTHCA H3 TOYKM 4 B TOUKY B B COOTBETCTBHH C ypaBHenueM (4.1).
W epuHcTBEHHOE OTIMYHE TI'PABHTALMOHHOIO NOJA OT MYyCTOIO
IIPOCTPAHCTBA COCTOHT B CIEAYIOMEM. B pasnHUleIX TOYKaX MycTOro
[POCTPaHCTBa OAMH M TOT K€ IPOCTPAHCTBEHHO-BPEMEHHOH
MacmrTad. A B TPABHTAUWOHHOM fIOIIE NIPOCTPAHCTREHHO-BPEMEHHOMH
MacITad H3MERAeTcs T[pd Iepexolle OT OJHOH TOYKH K
Apyroi# {5;¢.317].

YtoOBl Nyqlle NOHATE (PM3HYECKHH CMBICT HCKPHBJIEHHOTO
TIPOCTPAHCTBA, PACCMOTPHM B KavecTBe npuMepa raodyc, caeaaHHbIH
H3 TORKOH pe3unsnl. JomycTHM, MBI BEIpe3and 13 Hero THxuil okean, a
3d4Te€M pACTAHYIIH BO BCE CTOPOHBI BHIPE3aHHBIH KyCOK H HAKICHIH
€r0 Ha IUTOCKMi CTOJN (UpUMEpHO Tak H AENalT reorpadHYeckue
kaptal). Temeps HaM, K T[pHMEpy, HYXKHO Wa4Y€PTHTL Ha
nmony4uBineiica kapre kparvaimuit myts u3 IOxHo-Caxamacka Io
octposa [lacxu, Ma-3a Toro, ¥MTO B pa3sHBIX MECTaX KApTEl pa3HBIH
MacmTab  (mo-pasHOMY pacTAHYTA pe3pHa), npAMas JIHHHA,
npoBeaéHHAs Ha KapTe Mexay ABYMA TOYKaMH, yxe He Oyaer
KpaTyaiiIHM paccTOSHMEM MEXKIy HHMH. Tak, HallpHMED, MEPHIHAH
ABIACTCA KparTdalIUHM PpacCTONHHEM MEXJy TOUKaMH Ha 3eMHOH
HOBEPXHOCTH, A Ha TeorpadiHYecKMX KapTraX MepHAHAHBI, Kak
NpaB#I0, MCKPHBAEHH. [ paBHTAalHOHHOE Hole MOXHO 00pasHO
CP4BHHTE ¢ TaKOA KapToi. B painHuHEIX TOYKaX FpaBHTaUHONHOTO
NONA MpPOCTPAHCTBO-BPEMA  ‘‘pacTsHyTo”  noO-pazHOMy. Takum
ofpasom, ¢ TOYKH 3peHHA OOulell TEOPHH OTHOCHTENLHOCTH d(hdekT
I'paBHTAllHM  ICJIMKOM CBOAMICA K MCKPHBJIEHHW NPOCTPAHCTBa-
BpPEMEHH, KOTOpoe COCTOMT B TOM, YTC ANS KBaupara HWHTepsaia
H3MenseTca seipaxenue (1.20). '

VYpaBHeHHA TATOTeHHA OHWHINTEHHa — 3TO  TEH3OpHBIC
YPaBHEHHS, CBJ3LIBAIOIIME pACOpElENeHHe MATepHH (IHEPrHH) ¢
KPHBU3HOH NpocTpaHcTBa-BpeMeny [5;¢.357]:

I S G
R, _EgikR = ] T (4.2)

3meck T — TEH30DP JHEPIHU-UMIIYILCA, g4 — METPHUYECKHHA TeH30p, OH
CBA3LIBACT BENHYHHY KBajpaTa HHTEPBAIa C MPOCTPAHCTBEHHO-
BPEMEHHRIMK KOOpAHHatamu, Rz — TeHzop Puyum, R - ckanspnas
KPHBHM3HA TIPOCTPAHCTBa-BpeMeBH. Bemuunusl R; 1 R Henocpenct-
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BCHHO CBA3AHB! C BENHYHHAMHM g YpasHAeHHs OfiniuTedHa, B
NPHHUHKTIE, TIO3BONAIOT ONPENENHTh BEIHUHHEI gx H B pelynbrare
paccyTaTs BBIPAKCHHMC JANA KBajpara wWHTepkana. Ho pawxe B
HpocreiiuleM  CTyyae rpPaBHTALlHOHHOIO MNOJA,  CO3A3aBAEGMOTO
TOYEYHOH Maccod, pelreHHe 3THX YpaBHEHHH COTpOBOXIAaeTcs
IPOMO3AKHMH MATEMATHYECKHMM BBIKNAAKAMH, [UIA TOHHMAHHA
KOTOPHIX HEOBXOIHMO BIaJeTe TEH3ODHHIM AHATM3OM B paMKax
PHMaHOBOI reoMeTpHH.

Kak yxe 6smno oTMedeno B § 1.3, Bce rpaBHTAl{HOHHEIE MONA
BHYTpH Haweii BceneHno#f asnarorcs cna®eiMH (IpaBHTALIHOHHOE
Tosie cuMTaeTCA CAalHM, eclu B HEM |Ag) « ¢7). TTooToMmy ypaBHerHs
D#HmTeHHA IKCIIEPUMEHTAIBEHO TIPOBEPEHEI TOJILKO B ClTy4ae cnaduIx
rpaBUTALHOHHBIX NoNed. Hanpumep, B TpaBHTAHMOHHOM [101I€
Connua, rae |dpl/c’ <107% Ho B cnaboM rpaBHTAMOHHOM MOTe
YpaBHEHHA JHHWITEHHA NPHBOAAT TIPAKTHYECKH K TEM XE CAMEIM
YPaBHEHHSM JBHXKCHHA, YTO0 M HBIOTOHOBCKHMI 3aKkoH BcemupHoro
TAroTeHNnd. Tem He MeHee, BCE-TAKH CYINECTRYET PAMA NOIOTHHTENE-
Hbtx 3¢deKToB, BRTEKAOMHAX H3 06ER TEOpHM CTHOCHTENBHOCTH,
KOTOpble ©ObUIH JKCHEDHMEHTANLHO [OATBEPKACHBL JTO  Tak
HA3LIBACMEIE DPENATHBHCTCKHE rpasuTanuosieie 3Qdektel. Mx Mm
pPacCMOTPHM B CIENyIOlieM maparpade.

§ 4.3. PenaTuBuCTCKUe rpaBUTauMoHHbIe 3 peKTsl

W3 ypasrenmit (4.2) MOXHO paccYWTaTh, 9YTO KBajpaT
uHTepBana B cialoM TPaBHTALHOHHOM NOJE, CO3aBacMOM TOUEYHOH
Maccoit M, H3MeHAeTcR B 3aBHCHMOCTH OT pacCTOfHHS ¢ A0 Heé
CllemyoLHM 00pasom [5;¢.393]:

ds? =| 1~ 23;{ car - 1+ 2:’1"'2’[ (d’ +dy’ +dz’)  (4.3)

Tax xak KBaApaT HHTEpBala B Pa3HEIX TOUKAX TPaBHTALAOHHOTO TION
HMEET PA3HOC 3HAYEHWE, TO MMCET CMEICT TONBKO BBIPLKCHHE ATA
KBaApara OeCKOAEYHO MaJoro HHTEpBala ds. 3TO YpaBHEHHE BMECTE
¢ obmumM niprHIHIOM (4.1) TOTHOCTHIO ONPEaENACT ABIKEHHE Tl B
IPaBUTAIHOHHOM NOJE Maccsl M.
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M3 ypaeHenms (4.3) BeiTekaroT Heckoasko  3ddexros,
HabmoJaeMeIX B rpaBuTauioHHOM nosie ConHIa ¥ NOATBEPK AR LIAX
o0myi0 TEOPHI0 OTHOCMTENBHOCTH. JT0 TAK  Ha3hbIBaeMLIe
KNACCHYECKHE  PENNTHBHCTCKHE  IPaBHTAUHOHHBIE  3QDeKTH:
OBHXEHHE TICPHrelHA MepKypHus, TpPaBUTALHOHHOE CMEIIEHHE
CHEKTPANLHBIX JIHHAK W OTKIOHCHHE CBETOBBIX Ny4eH, mPOXOAMIUHX
80mu3u Conuua. Bo sTopoit nomoenie 20-ro Bexa K HuM nobasasercs
€INE OAHH rpaBHTALHOHHEIH 2 dexT — addext Wamupo [36;¢.191).

1. Asuxenue nepurejua Mepkypus. C To4KH 3peHHA TeOpHH
taroreHua HooToHa gBHMXCHHE NNAHETHI TIPOHCXOMMT TIO JUIHICY, B
ogHOM W3 $okycom koToporo Haxogutcd Comuue. Tak kak nnanera
UPHTATHBAETCA He TonbKo K CONHIY, HO M X OCTANBHBIM TEaaM
ConHeyHOM CHCTEMbI, TO 3JITHIIC, N0 KOTOPOMY ABHXETCH ILTaHETa,
MEAJIEHHO IIOBOPAYHBAETCA B MPOCTPARCTBE. JTOT MPPEKT OYEHb
HE3HAYMTENBHEIA. NEPHIETHA INNaHETsl CMEINAeTCs BCEro  Ha
HECKOJIBKO YTJIOBBIX MHHYT B CTOJIETHE.

C noMousio TEOpHH TAroTeHHA HiioTOHa yaanock paccuHTaTh
H OOBACHUTH CMEWICHHE NEpHTENHA WiA Beex naaner ConmeuHod
cHcreMel kpoMe Mepkypua. Ilepurennfi Mepkypnsa cmewmaerca Ha
575 yrnoBeIX CeKYHI B CTONETHE, U3 HHX BosMymawowuH s¢dexr or
APYTHX IUT2HET COCTaBaseT J32 yraoBbiX CEKyHIbI, 8 OcTaBlIkecs 43
CeKyHAB HE OOBACHHMEI C TOYKH 3pEHHA TEOPHH THIOTEHHS
Hsrorona [16;¢.98].

C ToukH ke 3peHus obweH TEOPHH OTHOCHTENBHOCTH H3-3a
HCKPHENEHHA NPOCTPAHCTBA-BPEMEHH DOIUIMIIC, IO  KOTOPOMY
OBMKETCA [UTaHeTa, HOIKEH MEMIEHHO TOBOPAYHBATBECA B
npoctpanctee. U ayin Mepkyprs 310T 3Q@eKT KaKk pa3 H COCTaBAAET
43 cexyHAH B CTONETHE.

[IpaBna BRICKA3LIBANMKCE NPEAIIONOKEHHA, HYTO CMEIIEHHE
nepureas Mepkypus Moxer ObITh BBI3BAHO CIUIIOCHYTOCTHIO
Connna [18,1.5;c.193]. Jdns ocrancHeix xe mna#er ConneyHo#
CHCTEMBI 3TOT PENATHBHCTCKHI 3({eKT HACTONBKO Mal, 4TO €ro
TPYIHO 00HAPYKHTE IKCTIEPHMEHTATBHO. '

2. T'paBuTaunoNNOe CMeUleHHe CHEKTPAJILHBIX JIHHHI.
Cnenyromnii  3ddexT, KoTopblif BeITekaer H3 ofwme#t Teopunu
OTHOCHTENBHOCTH — 3TO I'DABHTAIHOHHOE CMEILEHHE CTIEKTPAILHBIX
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nyauii. C TOYkM 3peHHR OOLIEH TEOPHH OTHOCHTENBHOCTH «CHEKTP,
HCITYCKaeMELH KaKUMH-THOO aTOMAaMH, HAXONAIMMHCS, HAlIpUMep, Ha
Conuue, BRIIISIHT TAM TOYHO TaK e, KAK BLINISOHT Ha 3eMie
CMEKTP, HCIYCKAEMBIH HAXOASUIHMHCA HAa HeH TaKMMH K¢ aTOMaMH.
Ecnu ke Ha 3emne HabmiogaeTcd CHEKTp, MCIMYCKAEMBIH aTOMaMH,
RaxoIswumecd Ra ConHue, TO ero MHHHH OKaKyTCHd CMELIEHHBIMH IO
CPABHEHHIO C THHHSAMH TAKOT'O JKE CTIIEKTpa, HCITYCKAEMOT'O Ha SeMIIe,
HiMeHHO KaXias NHHHMA ¢ YacTOTOH @ OyAeT cMeuleHa Ha MHTepBa
Aw, onpenenaeMui u3 hopMynLL

_AE — q’[ 2?2 (4 4)

@ c

rhae @ H @; — HOTEHNMATH TPaBUTAUOHHOFO N0/ COOTBETCTBEHHO B
MECTE HCIyCKaHHA ¥ B MecTe HabmoneHuA criekTpay [5;c.324].

Cnenyer Mmom4epKkHYTB, YTO ¢ M §; — TO HBITOHOBCKHE
IPaBHTALMOHHEIE TOTCRUMANEL, TO ecTh 2- (@ — @) = @, — @, (3.16).

Tak xax ¢y — ¢; < 0, 10 Aw < (, TO €CTh CMEIIeHHe IPOHCXOIHT
B CTOPOHY MEHBHIMX YAacTOT. 3TO TaK H43bIBacMOE KpPACHOE
CMELIEHHE.

C TouxH 3penud obmeii TcopuH OTHOCHTENBHOCTH DHIHYECKHH
CMBICH 3TOr0 ABJNEHHS caeayomui. [IpH HaTHUHK rpaBaTaOHOAHOTO
noas B PasHsIX TOYKAX NMPOCTPAHCTBA BpEMA TEUET no-pasHomy. B
JaHHOM Cly"ae 3HaueHHEe rpaBHTAlHOHHOTO moTeHimana Ha ComHie
HIDKe, 4eM Ha 3emie, B moaroMy BpeMs Ha Coniie TeYET MeUIeHHEe,
geM Ha 3JeMne. JTO O3Hayaer, 4TO ¢ TOYKHA 3DPEHHA 3EMHOrO
Habmoxatens Bce npouecch, npoMcxojsmue Ha Comnne (B Tom
YHCAE H INEKTPOMArHHTHRIE KoneOaHHa), NPOHCXOAST MENICHHEE,
yeM Ha 3emiie. [ToaToMy W TPOMCXOOUT CMEIEHHE CNEKTPATBHBIX
Ausdd B HHOpakpacHyio cTopoHy [3;c.324]. B HacTosniee Bpems
ypaBHEHHE (4.4) mpoBepeHo ¢ ToYHOCTRIO okomo 0,1 %5 [18,1.5;¢.192].

3. OrvknoHeHHe CBeTOBLIX Jydeil, MpoXoAAUIHX BOAHIKM
Coamua. C TOouKHM 3peHHAs 0OweH TSOpHH OTHOCHTENBHOCTH
npocTparcTBo-BpeMs  BOmm3u  Commuma  wekpusiaexo.  [lostomy
HCKPHBILAIOTCE H TPAackTOPHH cBeToBRIX Nydeil. Hanpamep, ecim Jyy
CBETA NPOXOUMT Ha paccToAHWH » oT ucHTpa Conxua, To OH
OTKJIOHHTCA Ha yront & [5;c.398]:
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4GM
a=""25 (4.5)
rc

Ecnu syy ceera npoxomut B6mu3u ConHng, To r — paamyc
Conuua, u momywaeM «a = 1,75 yraoselX cekyHApl. B pamkax
HBIOTOHOBCKOH TEOpHM TATOTEHHA TaKKe MOKHO PpacCYHTATh
OTKJIOHEHHE Iy4a cBeTa, mnpoxoadmero eomusn Conusua. Ecim
paccMaTpuBaTh (POTOH Kak 4acTHHy, KOTOpas WPHTATHBAcTCA K
Conmnly, TO MONy4YUM CIESAYIOMEE 3HAYCHHE I YTII2 OTKIIOHCHHA o

a= E—G—A:LS (4.6)
rc

Bripaxcenne (4.6) Ans OTKIOHEHHS CBETOBHIX Jyd4eH Obwio
monydeno ewé B 1801 rogy [16;c.120]). Takum obpasom, mig
OTKJIOHEHHS CBETOBEIX Jyded, npoxoasuimx BOnu3H Conana, obmas
TEOPHS OTHOCHTENBLHOCTH JaéT POBHO B JIBa pa3a GoNbINCE 3HAYCHHE,
4eM HBIOTOHOBCKad Teopus Tarorenusa. B 1919 roxy Bo Bpems
MOJHOTO  COJIHEYHOrO  3aTMCHMR  OBUTO  IKCMEPHMCHTANBHO
TOATBEpKIEeHC ypaBHeHde (4.5), M, TeM CaMBIM, BMEpBBIC cAETaHA
DKCIEPUMEHTANTEHAS TIpOBepka oOwIeH TEOpHM OTHOCHTENLHOCTH. B
HACTOALlee BpeMs ypaBHeHue {4.5) NMPOBEPEHO C TOYHUOCTRIO OKOMQ
0,1 % [18;1.5,¢.193].

Cnenyet OTMETHTD, YTO UMEHHO 3KCNEPUMEHMATbHAA NPOSEPKY
ypasnenus (4.5) seasemca OcHOGHBIM hoomeepicOeliuem obujeu
THEOPUU GMHOCUMERbHOCLL,

Jenro 3nece B TOM, 4TO TPaBHTAUHOHHOE CMEILCHHE
CTICKTPANLHLIX MUHHA MOXET ObiTh OOBACHHMO H C TOYKM 3PEHHS
HBIOTOHOBCKOM TEOpHH TATOTCHHA: (POTOHB! TEpAIOT 3HEPTHIO Ha
peonoNeHHe TpaBHTAUHOAHOTO npuTsxeHus. Ho yparuenwe (4.5)
Jaér 8 nea paza Oonvulee 3HaucHue, deM ypaBHenne (4.6), H 3TOT
adbdekT coBepmIeHHO HCOOBACHHM B pPaMKaX TEOPHH TATOTEHHA
Herotona.

4. Dddexr Mapupo. C Touku 3pesus obuicH Teopnu
OTHOCHTENLHOCTH BpeMA BONM3M OONBILOH MAacchl 3aMeIfeTcA.
ToaToMy CBET ABMKETCA B IPaBHTALMOHHOM TONE MEJUIEHHEE, 9EM B
MycToM npoctpancrse. Ana nyya, npoxoasuiero Bonnsu Colnua, 3Ta
JOTIONHUTENhLHAS 3aJ€PKKa COCTARNLET OKONO 2-10"*c. B 50-x rogax



§ 4.4. F'panuyel 06welt meopuu ommnocumersbnocmu 93

20-ro Beka ObIN BRIIOJIHEH 3KCOCPHMEHT [0 HIMEPEHHIO BPEeMEHHOMH
Jaep;KKM PafapHoro CHrHama, oTpaxénHoroe ot Connua [35]. OJtot
IKCIIEPHMEHT TAKXKE I[IOATBEPAHI mNpelcKasaHMa oOmweH TeopHH
OTHOCHTENBHOCTH, H B HacTosmee Bpemd [18,1.5;¢.193] on nposepen
¢ TOYHOCThIO okoio 0, 1%.

Ha nepsetif BIrAQ MOXKET NOKa3aTBCS, UTO 3TOT IKCAEPHMEHT
OMpOBEPraeT NOCTYNIHpOBaHHBIH Hamu HoBeii 3axoH (2.1), u3
KOTOpOro CIIeAiyeT, 4TO cKopocTh ceeta BOmH3H ConHua, HaobopoT,
Bospactaer. Opuaxo, kak Oyaer nokxazano B §4.11, ssHOTO
TPOTHRBOPEYHA 3AECh HET.

§ 4.4. Npanuubl 0BULeH Teopunu OTHOCHTENBHOCTK

Vpapneuus (4.2) oOmei TeopHH OTHOCHTENLHOCTH He
COAEpXaT B ABHOM BHje HH MAcCH BcelieHHOH, HHM ILUTOTHOCTH €€
pacnipenenenua. C 2ToH TOYKM 3peHHS 8cA macca Bceeaennoi
| npaxmuvecky HuKax He GAuAem Hu Ha@ MO, UMO RPoucxooum &
OKONOIEMHOM NPOCMPAHCMEE, HU HA MO, YMO HPOUCXodum 20e-aubo
8 opveom mecme Bcenennoti. VlHade roBOpf, MPOCTPAHCTBO-BpeMA
CYHECTBYeT HEe3aBHCHMO OT HaxonduieHcs B HEM MaTepuH, a
MaTepHaNbHbIC TENIA BIMAIOT MONbKO HA ETO TEOMETPHIO.

Ilpt »ToM TakXke MO YMONYAHHK I[PEANOJATaeTcA, 4YT0 HH
CKOpOCTEL CBETa, HU NocToAHHaA [1anka, HE Macca TOKOA JJIEKTPOHa
(MM MacchH NOKOA JIPYIHX 3NEMEHTapHLIX YacTHIl) He 3aBHCAT OT
BETHYMHEl PABHTALMHOHHOIQ NMOTEHUHANA, TO €CTh HE 34BHCAT OT
TUTOTHOCTH pacrpeienenus scefl octanpHON Marepun Bo Beenennoi.
Bot 4To numer 06 3ToM W3BECTHHIH cmermManucT 1o obweH Teopun
oTHOCHTENBHOCTH Pobept Jlukke: «B TeopHM TAroTeHHs DHHIITEHHA
OpPMEHTALUA HHEPLHANLHOH CHCTEMBI 0TCYETA OTHOCHTENBHO 0bmero
pacnpencneHus Mace o0ycnobieHa stum pacnpeaeicauem. Ho B stoi
TEOPHH, MOMHUMO YKa3aHHON HECKOJIBKO TPHBHATBHOH B3aHMOCBA3H,
pacnpelelienme MaTepHu Bo BcenenHoH BIamM or MaGopaTopHH He
opeBoaMT K JApyruM  oddextam, HaOmopaembiM B maboparo-
pam» [26;c.14).

[NpepnonoXxenne 0 TOM, YTO BCL MaTEpus BO BeenleHHOH HHKak
HE BITMACT Ha NpOTeKaHHe QH3HYECKAX MPOUECCOB, IPEACTaBIAETCA,



)

94 T'nasea 4. Hosas unmepnpemayus OTO

no KpaHHed Mepe, ManoBepOATHHIM. M MOXHO OTMETHTH, YTO B
Hay4YHOH NHTCPATYPE HE Pa3 BHICKA3BIBANTHCEH NIPEANONOKEHHS O TOM,
4yro o0uas TeOpHA OTHOCHTENBHOCTH He INpHMEHHMa B clydae
CHIBHBIX I'PABHTAUHOHHLIX nonel. CMoTpl, Hanpumep [50;¢.40,41].

A © TOYKM 3PEHHA HOBOH TEOPHH TPABHTALMOHHLIA ITOTEHNHAN
Bcenennol onpenenser Takwe (PyHAAMEHTallbHBIE HapaMeTphl
NPOCTPaHCTBAa-BPEMEHH, KaK CKOPOCTE CBETA M MOCTOsHHAA [Imanka.
IToaroMy ypaBHEHHA OOLIeH TEOPHH OTHOCHTENBHOCTH MPUMEHHMBI
TOJBKO B CNlydae HeOONBINMX HM3MEHEHHH TIDaBHTALHOHHOIO
ROTEeHUHANA:

|A®| « |@] = ¢’
KOT[a H3MEHEHHEM BENHYHMHEI CKOPOCTH CBETA H MOCTOSHHOH
[inanka MOXHO npetedpeys. :

I'paBUTALHOHHBIH NOTEHIIMAJN, CO3MABACMBIH BCEH Maccoi
BceneHHON M ONpEAENAIOWIME BENUMHHY CKOPOCTH CBeTa B
OKOJIO3EMHOM IPOCTPAHCTBE, PABEH: '

@] = = 910" s’c™?

A B rpapurauuonnoM nofie ConHua CcKOpOCTe CBeTa
M3MCHAETCA Ha OYEHDb HE3HAYHTENLHYIO B NPOLEHTHOM OTHOLICHHH
BenyudHy. W aaxe Ha nosepxnocTH CoNHLE, KaK HETPYAHO
PaccYHTAThL H3 ypapHenud (2.4), H3MEHEHHE CKOPOCTH CBETA COCTABUT
BemuunHy Ac = 600 m/c, T0 ects Ac/c = 2-107°,

TouHOCTL K€ OSKCEPHMEHTOB, TOATBEpKAalOMHX obmyio
TEOPHIO OTHOCHTENHHOCTH (HanpuMep, ANA peIATHBHCTCKMX IPaBHTa-
IIMOHHBIX TecTOB B CONHEUHOH CHCTEME), CYIICCTREHHO HHXE H
cocTapifeT npHoan3uTensmo 0, /% [18,1.5;¢.192,193).

Taxum ofpazoM, no cywecmeyiowum IKCHEPUMEHMANBHbIM
OanubiM (8 moM vuucie u no npogepkc obujeii meopuu
omHOCUMETLHOCMY)  HeTb3n  cOoename  GbI600 O MOM, Ymo
pacnpedenenue mamepuu 60 Bceneniou ne emnem na Genuuuny
cropocmu ceéema.

Kak ywe ormevanoce B§1.3, B MeKranakTHieckoM
NMDOCTPAHCTBE  OTHOCHTENBHOE  H3IMEHEHWE  I'PABHTAIMOHHOTO
POTEHIHANIA Takxke MNpeHeOpeKHMO Mano, Tak Kak BelHYHHA
rpaBHTAIHOHHOTO noTeniHana TIPaKTHYECKH TIONMHOCTAIO
onpenensercs yRanéHHeiMH Maccamu Bcenennoi. Oapako npu
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pacmupeHuH BeeneHHoM H3MeHEHWE IPaBHTALMOHHOTO MOTCHUHANA
Oynmer oueHB cyulecTmeHHBIM. [loaToMy B STOM chyuyae cneayer
YYUTBIBATE H3IMCHCHHe CKopocrH cBeta(2.1) H  mocroAHHOM
Tlnanka (2.9), a Taxwe H3IMEHEHHE MacC ANeMeEHTapHBIX YacTyy (3.21).
MOXHO OTMETHTB, WTO B COBPEMEHHAIX KOCMOJIOTHYECKHX
MOZeJNSX HMKaKk HC YYHTBIBACTCA BIMAHHC DACNpPENEencHHS Macchl
Bcenensoli ra npoTeKaHue acTpoH3IHYECKHX npoleccos. BosMoxHo,
HMEHHO MO3TOMY H BO3ZHAKAIOT MHOTOYMCNCHHBIC KOCMOMOTHYCCKHE
npobnemel. Hekoropele u3 atix mpobieM MBI paccMoTpuM B 9-H
T7aBe, a 3aTeM OOBACHHM HX ¢ HOBOH To4ku 3peHus B 10-i rnase.

§ 4.5. NpuHuKn 2KBUBANEHTHOCTKH

H3-3a Toro, 4To HHEpTHas Macca Teaa TOXAECTBEHHO PaBHa ero
TPaBHTAUHOHBOM Macce, ARHKEHHME TEN B TPABHTAlLMOHHOM IIOJE
NIOXOKE Ha ABHXCHHE TEN B HEHHCPUHANBLHOH cHCcTeMe oTcuéTa. Y ¢
TOYKH 3PCHHA OOMEeH TEOpHH OTHOCHTENSHOCTH 3TO NPOHCXOOUT
NOTOMY, UTO TPAaBHTAHOHHOC NONC H HCHHéPUHanBHaﬁ CHCTEMA
OTCHETA TOKASCTBEHHBI IO CBOCH CYTH.

C TOYKH 3peHHA HOBOH TEOPHH 3TO He Tak. [ paBHTaLMOHHOS
nofie BceneHnoHl cozdaém okpyxaiomlee Hac NPOCTPAHCTBO-BPEMA.
Benu4yHHB CKOPOCTH CBETa H TNOCTOsHHOH [lnaHka 3aBHCAT OT
BEMHIUHBl I'PABHTAUHOHHOrO noTeHHHama. B #ewmHeprManchoit xe
CHCTEME OTCUETA BEJIMYWHEI CKOPOCTH CBETa M MOCTOSHWOH I[namka
HE H3IMEHNIOTCS. T103TOMY TpAaBWTAIHOHHOE NONC NPHHIHMHATBHO
OTNHYAETCA OT HEHHEPIHATHOH CHCTEMBI OTCYETA.

Hal'lpHMCp, TPH CBOGDI[HDM OABHXKEHHH YacTHUH B
HEHHEPUHANEHOH CHCTeMe OTcuéTa e Macca MoKoa  ocTaéres
MOCTORHHOH, 2 WHEPTHAX MAacca HWIMEHACTCAd B 3aBHCHMOCTH OT
cxopocTH yacTHuw (1.21).

CopepmenHo HHaYe TNPOHCXOAWT CBOGOAHOC ABMXKCHHE
HACTHUR! B IPABHTAlMOTIHOM Tone. B aTtoM caydae ocraérca
HEW3IMEHHOH HHCPTHAfA Macca vactulm (3.7), a eé Macca nokod
WIMEHASTCA B 3aBUCHMOCTH 0T BefAWYHHLI TPABHTAMUOHHOTO
norcrunana (3.21).
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CymecTByloT H APYTHE OTIHYHA MEXAY I'DAaBMTaUHONHBIM
HojeM M HeHHepUWanbHOH cHcreMod otcuéra. Hampwmep, eciu
JMEKTPHYECKH 3apsai ABHXKETCA C YCKOpEHHEeM, To OH Oyxer
H3TYYaTh 3NE€KTPOMArHUTHEIE BONHB, [losTOMY 3apan, mOKoAUHACA B
HEHHepuHanbHol cucteMe otcyéTa, Oymer wanywars. Ho 3apsaa,
KOTOPSIA MOKOUTCA B IPaBHT2IHOHHOM TIOJIE — HE U3ayNaent.

C mpyroit cropousl, w3 ¢opmym: (2.1), kak GeL10 nokaszaHo
B § 3.2, cnepyeT paBeHCTBO HHEDPTHOM W rpaBHTanHoHuONW Macc. U
TOJIBKO BCIIENCTBHE 3TOTO JBHKCHHE TEA B HEHHEPIHANLHOH CHCTEMe
oTCHETa TON0OHO ABIDKEHHWIO TEH B cnaboM rpasHTALHOHHOM ROINIE,
KOTJI2 H3MEHECHHEM ¢ H A MOXHO NpeHebpeys.

B ofulell TeopuE OTHOCHTENLHOCTH TPEANMOAAracTCA, HTO
TPaBHTalMA TONBKO HCKDPHBIAET TMPOCTPAHCTBO-BPEMA. A ¢ TOYKH
3peHHs  HOBOM  TEOPMH  TpaRMTALHA  ONpejeNdeT  TakKHe
dyHpaMeHTanLHele  I@paMeTpPel  NPOCTPAHCTBAa-BPEMEHH,  Kak
CKOpPOCTL CBeTa ¥ rocToaunas [Inanka, M okaskiBaeTca, ¥TO © 3TOH
TOYKH 3PSHHS MOXHO Jars NPHHOHNAANBHO HOBOE TOJIKOBaHME
ofmeii TeOpHH OTHOCHTENLHOCTH.

B epasumayuonnom none crxopocme ceéema u nOCMOAHHAA
Tnanka usmenalomes npu nepexooe Om OOHOU MOYKY NPOCMPAHCMEA
Kk opyzoli. H @ nepgom npubruncenuy (To ecTs korna Ak « b, Ac « c)
smom agpexm Modcno  paccmampueamv  KAK  UCKpuUGReHue
HPOCMPDAHCMEa-8PeMeHy.

§ 4.6. OTKnoOHeHHe CBETOBLIX Ny4vewn

KpuBuina npocTpaHCcTBa-8peMEHH NPOABNACTCA IIPEXKAE BCEro
B TOM, YTO HCKDHBJAIOTCA TPacKTOPHH CBETOBHIX JY4ei, a TaKkke
NPOMCXOANUT I'PABHTALHOHHOS CMENICHHE CNEKTPanbHBIX THHANR. OTH
a¢deKTsl OTCYTCTBYIOT B IUIOCKOM NPOCTPAHCTBE-BpeMeHH. To
€CTh OCHOBHOH  XapakTepuCTHKOH, onpeienaLIel  KpHBH3HY
OpOCTpaHCTBA-BPEMEHH, ABJIAIQTCA TPAeKTOPHH CBETOBBIX
mydeit [17;¢.232].

PaccmoTpum gBrkeHre (OTOHA B TpaBHTALHOHHOM MOME C
HOBO#i ToukH 3perda. CeeToBble NyuH, npoxonasmue Bonusu Connia,
OTKJIOHAKOTCA HA YToJl ¢ cornacHo ypaeHenio (4.5). Benuuuua 3Toro
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yIfla OTK/IOHEHHS POBHO B JBa Pasa NPESBOCXONHUT BCJIHIHHY yria
OTKJIOHEHHSA CBET4, PACCYHTAHHOIO B PaMKaX HBIOTOHOBCKOH TEOpHH
TAroTeHUA (4.6). C TouKH 3peHms ofileil TeOpHH OTHOCHTENLHOCTH B
ABaz pasa Oombinee OTKIOHEHHC CBETOBOIO Jiyda oOOBACHNETCH
KPUBHIHOH NPOCTPAHCTBA-BPEMEHH,

A ¢ TOUKH 3peHHA HOBOH Teopuu olnacHenHe droro dddexta
crienyroniee. B § 3.5, uconesya ¢opMymy (2.1), MBI yCTaHOBHNH, YTO
OpH ABWKEHHH Tena B TPaBHTAOMOHBOM NONC (ECHM €ro CKOpocTh
Mana V«c) TOmbKO TIONIOBHHA MOTEHLHATbHOH JHEPTHH  Teka
IIepexouT B KHAHETHYECKYK) O3Hepruio. Bropas ke mnonosuHa
MEPEXOAHT BO BHYTPEHHIOK DHEPIHIO (DHEPTHIC MOKOA) TEIIA.

B Mexannke HploToHa OTCYTCTBYET Takoe TIOHATHE, Kak
aHeprus nokos. [TosroMy npH ABH)KEHH# Tela B TPaBUTALMOHHOM
HOJIe YHHTBIBAIOT TONRKO M3MEHEHHE €ro KHHETHIECKOH aHeprun. U
OTCIORA Nenaercd MEBEPHEBIN BHEIBOJ 006 HM3IMEHEHHUH MOTEHUHAIBHON
JHEPrdM H O BEIMYHMHE TPABHTALHOHHOTO MoTeHNMana. Bemwunna
TPaBHTALHOHHOTO MOTEHUHANA 3aHMKAESTCs POBHO B JBA pasa.

®oTOH He WMeer IMEPrvd Mokod. [TodToOMYy OpH ABHKEHHH
¢oTora B TIPABHTAUHOHHOM TIONE 6CH TOTCHIWAMBHAA OHEPTHA
(OToHA TMEPEXONUMT B €ro KHHETHYECKYIo SHeprHro. MMeHHo 3T0 M
OPHBOIAMT K TOMY, YTO (OTOH OTKINOHACTCA Ha yroiu, B JBa -pa3a
Conmemmii, vyeM chnenyer u3 ypaesenus (4.6), 4ro Kak pa3 o
COOTBETCTBYET YPaBHEHHIO {4.5).

MoxHO Takke OTMeTHTH ciienyiomee. @ortoH (Kak u moboi
Apyroii xBaHTOBRI OOLCKT} 00JamaeT ABOMCTBEHHOH NpUpOIOil.
ToatoMy, C OfHO# CTOPOHBI, CBET MOXKHO PACCMATPHBATH KAK [TOTOK
4acTHI, HO, ¢ JAPYrod CTOPOHBI, CBET — DTO 3JIEKTPOMArHUTHBIE
Bonubl. U B crexylomux maparpagax MBI paccuHTaeM OTKIOHEHHE
Myda CBETa B CPaBHTAUHOHHOM TIONE, paccMaTpUBas CBET Kak
JBHKEHHE MEKTPOMATHHTHBIX BOJIH.

§ 4.7. PacnpocrpaHeHue 31eKTpOMarHMTHLIX BOMH

B oanopomHo# cpeje cBeT (PIEKTPOMAarHWTHBIC BOMHBI)
JBIKETCSA H3 OFHOH TOUYKM B APYIyi0 10 KpaT4aHIeMy MyTH, TO €CTb
O MPAMOi. A B HEOOHOPOJHOH Cpele MYTh CBETA HCKPHBAEH, TO €CTh
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CBET ABKXXETCA HE MO Kpardaimemy myTtH. B kauecTse eamHMIBI
Y3MEPEHHA TPOAIEHAOrO CBETOM HYTH MBI MOXKeEM BEIOpaTh Mobyio
semauuny. Ho ecau Mei 6yteM H3IMEPATE NPOHACHHRLIH CBETOM NYTH B
€MHANIAX JUTHHBI CBETOBOH BOJHEI A({ ) (kOTOpas MOXET H3MEHATHCA
BAOJE TPACKTOPHM J1yua f), TO OKaXETCA, YT0 H B HEOAHOPONHOH
cpelc CBCT ABYMKETCA U3 TOYKH A B TOuKy B Tarke no kparvaimemy
NyTH:
td
2 ML)
To ectb cBeT OyneT NBUraThcA W3 TOYKH A B TOUKY B TakuM

min (4.8)

ofpa3zomM, 9TOOBI HHTETpAN OT , B3ATBIH BAO/B TPAEKTOPHH JIy4a
HMeJT MHHHMANBHOE 3HaveHHe, JTHHA nyTH, ITPOHACHHOro CBETOM K
H3MEPECHHAA B EOWHHIAX [UIMHBL CBETOBOH BONHbI, HA3bIBAETCA
onTHYeCKoH MHHOH myTH. [TosToMy H3 ypasHeHHA (4.8) cniemyer, uro
CBET ABHXKETCA TaK, YTOOK! ONTHYECKAA JIHHA NPOHACHHOTO HM NYTH
Gblta MHHHMARBHA.

Hanpumep, cBeT nBukercsa U3 To4Kn 4 B To4Ky B 1o kpuBoii L
(cMotpu puc. 5). B 3ToM cnydge onTauecKas DIMHA NoOoH NHEMH,
npoxoAameii yepes ToukH A u B, nanpusep nunnn L', Gyner Sonslue,

YeM ONTHYECKas JUINHA NHHHH L:

B B

dr’ dL
7 > J =min
TAML) L AL)

Puc. 5
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Tak xak onTHueckad [AMHHA JHHHHM [ MHHHMANBHZ, TO ONTHYECKAd
nnvna oottt nuuumn, GeckoHewHo 6mM3KO pacmonoxennoi x L,
Oyner B8 nepaoM npuOmwkeHuH Taxkad xe, kak H y L. [lostomy
ypaBacHHe (4.8) MOXHO NPEICTABHTE B RAPHAIIHOHHOM BHIC!

B
At =0 (4.9)
7 A0
3T0 YpaBHEHHE O3HAYALT, 4TO NpPH DECKOHEWHO MANOM OTKIIOHEHHH
(BapuallHHM) NMOREIHTErPANLHOTO BRIPAXCHHA OT HCTHHHOH TpaeKTo-
PHH ABHXKCHHA M3MEHEHHE 3HAYECHUSA HHTETPaNa PaBHO HYO.
Bapunaunonuoe ypasuenue (4.9), onuchiBaiomee pacnipocTpa-
HEHHE BOAHB B HEONHOPONHOH cpele, HMEET CIEAYHOUIHH
¢manuecknii cumeicn. Ilycts HexoTopas BonHA pacnpocTpanRseTcs
BAONL MHHUH L (cMOTpH puC.6).

4,

'...1 /

Puc. 6. B otnuuMe oT MaTepUanbHOR TOYKM BONHA [BUXKETCA
cpasy no BCeMy CEMEWCTBY numwi L, KOTOpble SNW3Ko pacnonoxXeHst K
miud L. M ecnu B Toukax A u B MaKCUMYM MHTEHCMBHOGTH, TO,
CNeAoBaTensHo, M B TouKax A, 1 B, NeXawumx Ha nuHum L,,, Tawcke Byner
MaKCUMyM WHTEHCMBHOCTW. JTO O3Hadaey, Yto Bachb MoGoi numaw L,
6nMako pacnonoxeHHon K L, cofepmuTcs 0oHO ¥ TOME YWCRO ASMH BONH

{opwa v Ta xe pasHocTk haa). To ecTb ONTUYECKas pnUHa Beex rnkuin L,
OQWHAKOBA. MIMEHHO 3TO U OTPAXEHO B YpasHeHuu (4.9),
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PaccMoTpHM Touku 4 U B, nexkamue Ha L ¥ COOTRETCTBYIOMIHE
MaKCHMYMaM HHTeHCHBHOCTH. B oTnmyne or matepHanbHoil TOUKM
BOJIAA JBUKCTCA HE N0 MATEMATHYECKOH THHHHK L, a cpa3y no Bcemy
CeMeACTBY MHHUI L,, KOTOpEIE JocTarouHO BIIKH3KO pacnonoKeHsl K
L. W ecnmu B toukax 4 W B MaKcHMyM MHTEHCHBHOCTH, TO,
CNICZIOBATENbHO, M B TOoukax A, W B, takke Oymer MakcHMmyMm
uaTencuBHocTH. Ho 910 Kak pa3s W o3Hauaer, 4To BONHa Oyuer
JBHCATLCA [10 TAKOMY CEMEHCTRY JIHHHH L,, Y KOTOPBIX OJHa H Ta XKe
ONTHYECKaA JJIHHA (OAHA M Ta KE Pa3sHOCTEL a3 MexIdy ToukaMH B u
A), B COOTBETCTBHH C ypaBHEHHEM (4.9).

2
YuuteiBas uto  A({) =%§f) , Tme ¢ff) — ckopocth
@

pacupocrTpaneHHa pouisl, a @(f) = 2x - v({) — UMKIHYeCKasn JacToTa

xoneGanuii BOMHBI (v — 00BIYHAA yacToTa KoneOGanwuii), ypasHeHHE
(4.8) MOXHO IpesCTaBHTE B BHAE: '
B
j' 2O 4t = min (4.10)
it
MoXHO OTMETHTB, HTO NpPH ABHXEHHMM DICKTPOMArHHTHOH
BO/IHB! B KaKOH-HHOYIb Cpelie CKOPOCTh €€ PAaCTIPOCTPAHEHHA MOXKET
H3MEHATECH, HO HACTOTA BCErd OCTAETCA NOCTOAHHOH, M MO3TOMY €&
MOYHO BHIHECTH M3-TIOK 3HAKA HHTETPANA:

I—zmin (4.11)

HEuTerpan B 3ToM ypaBHEHHH — 3TO BpeMs, KoTopoe rpedyercs
CBETY, YTOORI ITOTTACTh H3 TOYKH A B TOYKY B BRONB TpackTopHu £ .
To ecTb cBET ABUXKETCA W3 TOUKH A B TOUKY B TakuM 06pa3oM, 4ToOb!
3aTpaTHTh Ha CBOH nyrs MuHHMyM BpeMenu. [loatomy ypasrHeHHe
(4.11) HasbiBaeTCH NPUHTIANOM HAWMEHBIOETO BpPEMEHH (MM
npuauHnoM @epma). Ecnu 310 ypaBHEHHE YMHOXKHTh HA [TOCTOAHHYIO
BEJIHYAHY ¢, (CKOPOCTH CBETA B BAKYYME B 3€MHBIX YCIOBHAX), TO €T0
MOMHO [IPEACTABKTD B BHAE:
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B B
j' c‘;‘;) dt = j’ n(£) d€ = min 4.12)
A A

Bennyuna n(f)}=c,/c(f) mnasbBaerca mnokalateneM mpe-

JTOMIEHHA CPESEL.

Ho npH OBMKEHWM  ONEKTPOMAarHHTHOH  BOJNIHBI B
IPaBUTAIIHOHHOM NOJIE €€ YacTOTA H3MEHAETCA, ¥ NO3TOMY TPHHLHIN
HauMeHpwero BpeMeHH (4.11) yxe HenpHMEHHM Ui HaXOXACHUA
TPacKTOPHH JBIKEHAA. B 3TOM ciryvae s HaXokAeHUA TPaeKTOPHH
HYXHO BOCTIONB30BATLCS Ooslee GYyHIAMEHTaNbHBIM MPHHUHATIOM,
BBIpPAXEHHEBIM B BUAIC YpaBHeHus (4.9) un (4.10).

N3 ypaeHenms (3.9) cnexyer, 4YTO TpH  JIBWKCHHH
MCKTPOMATHHTHOH BONHEl B  IPaBHTAIHOHHOM none  OyxeT

how
OCTABATHCA IMMOCTOAHHOH BeNHUMHHA —2 A Tak KaK BeJIHYHHA
¢

moctosunoi Ilmaska wm3MeHsetca ofpaTHO  MPONOPUUOHATILHO
BenuuHHe CcKopocTH cBeta (2.8), To, ciemoBaTeneHo, Oyner

. @ w 2
OCTABaTHECA TOCTOAHHOH BeNMUMHA —; . Takum obpasom: —~c¢", H
(44 C

ypasHenue (4.10) MOXIO NPEeACTABUTE B BHAE:
8

jc’de = min (4.13)
A
Hmu taxoke, yauTosas {(2.1), B BUAe:

B
~s|@dt=0 (4.14)
A

B rpasuTaMoOHHOM T0J€, CO3/IABACMOM MacCOoM M, ypaBHeHHE
(4.14) MOXXHO TIPEACTABHTE B BUJE:

- ajrp de = —5](@0 + ADYdE=§ cjj(f L 20M

e =0 =
re,

26M
Gz Ydt =0 (4.15)

re,

5_[(1+
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3aece ¢,, @, — CKOPOCTH CBEYA # rPaBHTAUHOHHGI TIOTEHIMAN
Bceenennoit Ha nocTaTouHo OOABIIOM YAANECHHH OT MAcCh M.
Coz == cprJ

Hrak, ucxons m3 ofmero npuHnana (4.9), onpemensrouero
pacnpoCTpaHeHle BOAHEBI, MEI NONYYHIH ypaBHeHua (4.13), (4.14) u
(4.15), onpejensaoMKX pacpOCTPaHeHHE 3NEKTPOMarHUTHRIX BONH B
TPaBHTAUHOHHOM mone. B cienyiomem naparpade, HCMONb3YA 3TH
YPaBHEHHMA, MBI DPACCUHTACM OTKJIOHEHHE CBETA B IPAaBHTAIHOHHOM
none ComHoa M CpaBHHM  MOJYHYEHHBIH  pe3ymeTar ¢
SKCHEPHMEHTANEHEIMH JAHHBIMH.

§ 4.8. Nokasarenb npenoMneHunn

VpaeacaHe (4.12) onHCEBAET pacnpocTpaHEHHE CBe1a B
HeogHOpoAHo#  cpede, a  ypaeHemue (4.13)  onmHceIBaeT
PacnpoCTpaHENHE CBETA B FPAaBMTALHOHHOM Tone, TeM He MeHee, ¢
MaTEMaTHYECKO# TOYKHM 3pEHHA OHHM MONHOCTLIO SKBUBANECHTHEL
H03TOMy BCIITHYHAY 6‘2, CTORIOY0 TII0A 3HAKOM HHATErpana =B
ypasueHHH (4.13), MOXHO paccMaTpHBaTe KakK 3(QPQPEKTHBHEIA
MOKa3aTeNb TIPSIOMICHHA,

HamoMHuM, YTO NPH HEPEXORE K3 CpeAbl C IOKa3aTelneM
NpenoMIeHHa 7; B CpPefly C IIOKa3aTeleM MNPETOMICHHA M) CBET
oTionserca (cMoTpH pue. 7). [Ipu srom:

n;sin@; = n;sintd, (4.16)

ny

Puc. 7. lpw nepexoge U3 cpeaw ¢
nokaaatenem NPenoMneHwa n; 8 cpepy ¢

noxKasateneM mMpericMIeHna 7, nyJd ceeta
OTKNOHAGTCA.
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3necs yrnnl & ¥ &, OTCYHTHIBAIOTCS OT HOPMANH K TIOBEPXHOCTH,
pasnendiomeH ase cpeabl. YpasHenue (4.16) HoCHT Ha3BaHHE 3ax0Ha
Cuenna, 0HO 1erko BBIBOAUTCA H3 NPHHUHNR HAUMEHBIIETO BPEMEHH
GepMa [8;c.9-13). ‘

IIpocrpancTeo, oOKpyxaitomee CoylHNE, MOMXKHO MBICTIEHHO
pasbuTe Ha cHCTEMy paBHOyZaméHEEIX 0T ueutpa ConHoa
GeckoHeuHO TOHKHX cdep TOMMUHOHA dr (cM. puc. 8).

Puc. 8. Ilyy ceeTa npoxogut Ha paccToAHMM O OT UeHTpa
Conxua. OW ABMKETCA npakyvMuecku Mo NpAMOA v AB. Tem wHe
wMeHee, KaxObld pa3, Korja ny4 npoxoaut noa yrmom @ Seckonedno
TOHXUA cnod cthepbl dr, HAXOQALMACA HA PACCTOAHWA r OT UEHTPa
ConHua, oK OTKROHAETCR Ha GECKOHEYHO Manei yron da. I dexTusrbid

nokasarenk NPenoMNeHUA Ha Kaxaoh chepe paseH:
n(r) = ci’ + 2GM/r
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INMokasatenns npenomnenns Ha Takoi chepe Gyner paseH:
n(r) = ) = ¢, +2GM/r

TAC €, — CKOPOCTh CBETA HA AOCTarodHO OONBUIOM YAANCHHH OT
Connua, a r - pamyc cepst.

I'papuranmonnoe nose Connoa senserca cnawviM, TO €CTb B
HéM AD/D, « I, n, caepoearensno, dc/c « . B pezymprare, ceer
JBIKETCA NPakTHYeCKH no npsMoit yuamn  AB. Tem He MeHee,
Kaxpli pa3 npH nepexone u3 chepsl ¢ nokasareleM NPETOMIICHHS 1
B CHeyrlIylo chepy ¢ IokazaTeneM ImpenomAeHus n+dn cseT
OTKIIOHAETCA Ha DeckoHedyHo Maneiil yron da. Y4YHTEIBaA YpaBHCHHE
(4.16), nomygaem:

#sind = (n + dn)sin(0+ da)

Tak kax  sin(@+ daj) = sin6 + sin’6da = sin@ + cosfda,
TO, CENOBATENBHO: 1 sinf = (n + dn)(sin@ + cosfda} =
=nsin@+ sin@dn + ncos@da + cos8dn da.
IMpenebperas 4nenoM BTOporo mnopanaka Manoctd (cos&dn da),
nonyvaem: sinBdn = -ncosfda =

da= —rg&'?id—’y1 @.17
n
2
dn_de) L a2My_ L 42 iney =2 cos0 as
n ¢ ¢ r ¢ Yo pec

3neck yuTeHO, YTO r = p/5in6, Toe O — NPHIENbHBIA NapaMeTp, TO
eCcTh MUHAManbHoe paccTosarue ot uentpa Connua go npamoii AB. H,
CNENOBATEBHO:

da = -2 sing ao

pc

3Hax MHHYC O3HAauaeT, 9TO BO3PACTAHHE yINIa O yMerbiuaem yrou 6,

TO ecTh NyY cBeTa “npurarnsaercs” K Counuy. [Ipu apexenun jtyya

yron ¢ wmewserca 0T HyIs 00 7, H, CACAOBaTeNsHo, B o0med
CNOKHOCTH IYY CBETa OTKIOHHTCA HA YToN & paBHBI:

=
26M sinf
- +—dd
P, ¢
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Tak Kak CKOpOCTh CBETa M3MEHAETCH B TPABHTANMOHIIOM HOJIE
ConHna Ha OYCHH HEIHAYMTEIBHYIO B TPOIEHTHOM OTHOMIEHHH
BEIHYHHY, TO €€ MOKHO BBIHECTH H3-TIOJl 3HAKa HHTErpama. A

E
yuuteisasg, uyro [sin€ df =—(cosm—cos0)=2, B pesynmprate
! :

NOAY4aEM:
4GM
pc

Honcrasnaa B (4.18) uncieHAble 3HAYEHNA BeNHYMH (Tak Kak

ny4 npoxoauT BOAW3n CosdLa, TO BMECTO £ NOACTABIACM BENUIHHY
paauyca ColrHna), moayyaem:
4-67 107" ke me™? . 2. 107k
|a|= ] 3 7
710 m- (310" Mic) )
To ecre npu npoxoxaenuy pGau3n CosHUA J1y9 cBeTa OTKIOHHTCA
Bcero Ha 1,75 yrnoseix cexysznl. DTO O4YEHL HE3HaTHTENLHOE
OTKICHEHHE.

WTak, npeAmonarad, uTo B rPABHTAIMONHOM TF0A€ H3MEHAIOTCA
BEJIHMHMHLI CKOPOCTH CBETa M IOCTOAHHOH Ilmanka, Mel momywHmn
ypasseHue (4.14), OMACHBaomee pacupocTpaHeHHe INEKTPOMATHHT-
HBIX BOJIH. A B ciyqae¢ ¢j1a0oro rpaBHTALMOHHOIO MO8 Mbl HAILUIH
BeNnUYMHY yrma otkinouerud (4.18), xoropoe, Kak yxe OTMEHANOCH
paHee, TPOBEPEHC B IpaBUTAUMOHHOM mojie COnHUa ¢ TOYHOCTBIO
okono 0,1%.

(4.18)

=0,85-107 pad = 1,75 cex

§ 4.9. CmelneHne cnexkTpanbHbIX NUHWA

H3 skcoepuMedTa M3BECTHO, 4YTO cymectByeT addekT
rPaBHTANHOHHOIO CMEIIECHHA CrekTpanbHblx muuai (4.4). C Touku
IpeHus OOIICH TEOPHH OTHOCHTENBHOCTH OTOT HPQeKT BLI3BAH TEM,
4YT0 B Pa3sHBLIX TOYKAX TIPABHTALHOHHOIO WONA BpeMA TeuET no-
pasHOMY.

Mel ke npemnojaracM, 4YI0 B pa3HBIX  TOYKAX
2pasumayuonno20 TIONS PasiIHbl BEIHYMHEI CKOPOCTH CBETAa H
noctosrHoM [lnanka. Kpome TOro, macca mnokos 3mE€MeHTapHOM
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YACTHOBI TAKKES 3ABHCHT OT  BENMYMHE!  TPaBUTALHOHHOIO
notenuHana (3.21). /lasaiite paccudTaeM rpaBHTAUHOHHGE CMENICHHE
CTEKTPaNbHEIX THHKHA C HOBOH TOYKH 3PCHHA.

VporaH 3HepruM E, atomMa BOAOpoJa MMEOT IHCKPETHbIHA
CIIeKTp 3HaYeHHi 1 onpeaeastorca popmynoit bopa [6;c.306]:

me"

207 ([+m/mp) - n’
34ECH 1M — MAacCa JIICKTOHA, 4 Mp — MACCA NPOTOHA.

Ilpu mepexoxne anexTpoHa c ypoBHA £, HA ypoBeHs-Ey (n > k)
H3Iy4Yaercs GOTOH ¢ FHCPrUeH:

(4.19)

n—

e=hw=E,- F;
¥ 4acCTOTO#H:
@ = (E,— EJ/h
Beeném obosnaueHue:
e! 1 {

¥ NONY4YHM:
= Zm/¥’
Taroe obo3HayeHune g1 Hac yAOOHO, TaK Kak BeNHYMHa £ HE
3@8BHCHT OT FPAaBHTALHOHHOIO NOTEHIIHana.
B ofnacTax npocrpancTBa ¢ IPaBHTALHOHHBIM MOTEHIHANOM

&b, u @; cooTBeTCTREHHO OyneT: @) = Zm AP W @y = Zmyky

=)

W3 ypasrenns (3.21) cnenyer:  m, = mif
— @2

ars

A u3 ypaBHenud (1.2) cnenyer:  h; = fj~——
P ) Y 2 I‘/E

B pesynnTaTe nomyvaem:
/) (4.20)
w, P
Kax sBuaHo u3 ypasHeHus (4.20), yactora H3Ay4EHHA aroMa
Oyaer Tem BhIIE, gem “rayfke” HAXOOUTCS aTOM B TPABHTAHOHHOM
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nole. Hanpumep, na Connne (@) yacToTLl HUIYYEHHS aTOMOB BLINIE,
4yeM Ha 3emne (D). ,

Oxrnako B JaHHOM ciay4ae Hac uHTepecyeT cnenymwomee. Kakan
qacToTa OyAeT y dortoua, ucnymensoro va Conxie (notenuuan @),
KOTJa OH yXe aoneTuT A0 3emnu (notenuuan P;)? Beas nmoka dpoton
JIETHT B I'paBHTaLlHOHHOM nojie, €ro 4acrora H3MCHACTCA.

Kak cnreayer n3 ypasnenna (3.9), npu nsmxenHH (oTona B
rpaBUTAUMOHHOM TTone GyNeT COXPAaHATECH €ro MHEPTHAL Macca, To
ecTb BennumHa: havc® =const. W, cnepoparensno, Koraa GoToH
JocTHruet 3eMITH, on yxe 6yaeT HMers 9acToTy @;. [1pH 3TOM:

h}(d;/(,‘]z = hgﬂ)u/é‘zz

7
2 2
By _ hic _ @,
w, h, Cf D,
Bripaxad @; yepes w,, w3 ypapHenns (4.20) noxyuaem:

@, = o, ﬂ . 4.21)
(Dl
HanmoMuuM, 4T0 @) -— 4acToTa M3MyHeHHs CIEKTPANbHOH JIHHHH B
oOnmacTy ¢ noreHUManoM @; A @;; — 4acTOTA TOH XK€ CIeKTPaabHOH
THHHH, HO HcmylleHHod B obmacts ¢ noreHoHamoM @) o
HabmonaeMoii B 06JacTH ¢ NOTEHUHAIOM D),
M3 yparHenusn (4.21) cnexyer, ro ecnu |, < @, umw, uro
TO *e camoe ;> @,, To!

YuaureiBas (2.1) u (2.9), nomygaem:

@< @
370 o3HAYaET, UTO 3eMHOI HabNOMaTeNns YBHANT CTEKTp HM3NydeHus
aTOMa BOJOPOJA, RaxoaAmerocs Ha CoaHoe, CMemEHHBIM B CTOPOHY
KPACHBIX 9aCTOT.
PaccunTaeM HW3MEHeHHEe 4acToTHl cBera B cnydae cnaboro
rpaBuTagHoOHHOro nosid, QbosHawnm AP = O, — D, u Aw = w;; — @,
TOTHA:

.4_6‘_’:“’#_1= ?; —l= “__A_g__]
a, @, D, @,

VuntBas, 4To | 4P| « ¢, monydaem:
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do AP  AD 422

@, 2@, 2 (4.22)
A Tak Kak —AD =@, - @, = 2(p, — ¢,), TO TOAyyaeTcd, 9TO
YpaBHEHHe Jjid  FpaBHTAllHOHHOTO  CMEIIEeHHd  CIEKTPANBHBIX
nunnit (4.22) skBHBANEHTHO ypaBHEHMIO {4.4), KOTOpPOE SKCNEPUMEH-
TaneHO MPOBEPEHO C TOYHOCTBIO OKoo (,7%.

YuyThiBas CKa3aHHOE B MpENBIyWMX naparpadax, MOMKHO
COENATH CHeNyioUmpH BRIBOA. B cnabbix rpaBHTALMOHHEIX ITONAX,
koraa |AP| « ¢’, noBas MOMIETs TPOCTPAHCTRA-BPEMEIH MIPHBOIMT K
TEM JKE YPABHCHHHM YTO M OOWAA TEOPHA OTHOCHTENBHOCTH IJA
OTKJIOHEHHS JTy¥a CBETa M [UIA CMEIEHUA CICKTPATBHBIX JTHHEHH.

§ 4.10. YépHuie gbipbl

B o6mieit TeopHH OTHOCHTENIPHOCTH BENIMYMHA CKOPOCTH CBETa
ectb abcomoTHast KoHcranta. MMEHHO TO3TOMY  BO3MOKHO
CYILECTRORAHHE MACCHBHBIX OOBEKTOB, H3 ITONA TATOTEHHA KOTOPHIX
HE MOXET BBUIETETH [AaXE CBET. TakHe OOLEKThl HA3RIBANOTCA
yépHBIMH ApipamMB. CaeqyeT OTMETHTb, 9T0 B KIACCHYECKO
MEXaHHMKE TaKe CYECTBYeT HOMATHE UEPHOH ABIPH — MAcCUBHOIO
Tela, Ha TOBEPXHOCTH KOTOPOTO BTOPas KOCMM'ecKas CKOPOCTh
bonswe, 1eM ckopocTs cBeTa [18,1.5;¢.452].

A ¢ TOYKM 3peHHMA HOBOH TEODHH uépubie Obipbl He
cywiecmayom, TAK KaK BENHYHHAa CKODOCTH CBETa €03pdcmaem
BOMH3M MaccuBHBIX Ten (2.1).

Pa3Gepém astor Bompoc noapobuee. Ilommas sHeprus Tena,
HMEIOMETQ HWHEPTHYI) Maccy My, paBHa FE =m;, ¢’. 1 ana toro
qro0Bl TENy BBUICTETH M3 MOJA IPUTSKEHHS OONBIIOH MaCChl, eMy
HYXHO 3aTpaTuTh 4acTh cBoed dHepruu. [loatoMy ecim sneprus
rpaBUTALHOHHOTO MPHTHKEHHA Oonbile, 9eM MONHAA 2HEPrHA Tea,
TO TEJI0 HW NPH KaKHX YCJOBHAX HE CMOXKET BBIIETCTb M3 TAKOro
nona. Jaxe eciu, HAPUMEDP, B PE3yNbTaTe BHYTPEHHHX NPOUECCOR
TEJI0 aHHHTHIIHPYET, TO €CTh MPEBPATHTCA B CBET, TO ITOT CBET TAKXKe
He BBUIETHT 3a MNpenenikl FpaBMTalHOHHOTC mond. EMy npocto He
XBaTHT IHEPIUH LI 3TOTO.
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C HOBOI1 XKe TOUKH 3pEeHHS CHTYaliMd B KOpHE MeHaercs. Bens
mofoe Teno obmajaer sHeprueH TONBKO NMOTOMY, YTO HAXOIWICH B
okpyxeHuy Macc Beenennon. M wem “rayGmxe” Haxomures reno B
rPaBHTANMOHHOM TOJIE, MeM Hosbue BHYTPECHHAN SHCPIHA Tena.

IMonnas sueprus Tena B TOYHOCTH PAaBHA €r0 IPaBHTALHOHHOMN
HEPIUH TPHDOKEHHS KO° BCEM OCTambHBIM rtemaM  Beenenuo#.
[lo3romy omHa Bcerfa Gosblile, 9€M JHEPrHa NPHTHKEeHHS K KaKOMY-TO
ONHOMY, TCTEL H OUCHE GONBIIOMY, TeITy.

PaccMoTpuM, HanmpuMep, oblacTh NPOCTPaHCTBA C rpaBHTaIIHOH—
gpiM norenuuanom @, IlycTe Ha HEKOTOPOM yZHaneHHHM ot Heé
HaXOAMTCA OrpOMHag Macca M, Ha TIOBEPXHOCTH KOTOPOH BEIIMYHHA
TPaBHTAHORHOTO NOTeHIHana parHa @ (@ < &y, (D] > [Dy|).

[Tpy kakoM 3HaveHHH MoTeHUMana @ (POTOH CMOXKET BHLIETETH
H3 MPaBHTAMONHOIC MO Maccel M 7

®oron ¢bnagaer sHeprHel £ a4, 3HAuUMT, OH 0DNAazaer H
MHEpTHOM, ¥ TPaBUTALMOHHON Maccofi papHoii: u = &¢’. i Toro

- 4T00bLI OTOHY BBUIETCTH W3 OONACTH C NMOTEHIHAAOM @ H NONAcTh B
0BacTh C IOTEHUKATOM Py, €MY HYKHO COBEPUIMTE PaboTy:

A=y (O~ D) =;‘i— (p— ) (4.23)

1

B obuielt TeOpH¥ OTHOCHTENBHOCTH (Kak M B MEXaHUKE
HeroToHa) ckOpocTb CBeTa CuMTAeTCd [TOCTOSHHOM BENHUHHOM.
Tlostomy U3 ypasHenns (4.23) crenyer, ¥To ecmu: () — @) > ¢, To:

A>e
J10 03Hadaer, uro paboTa, KOTOPYI0 HYXKHOQ 3aTPaTHThL (OTOHY Ha
MPCOSONEHHE CUIl NPHTIKEHHH, OOJbIle, YeM BCA €ro DHEPrus.
Cnenoatensio, B 2T1oM ciayuac QOTOH HE CMOKET BLUIETETH K3
TPaBUTAIHOHHOIO 1108 Macchl M.

C HOBOI e TOUXH 3PeHHA HA HOBEPXHOCTH MACCEl M CKOPOCTE

csera Gyner paua:. ¢ = |D|. ITo 03HAYEET, YTO:
Dy — D =c"—coz<cz
[ToatoMy, xak BHANO W3 ypaBHeHus (4.23), npr MoOOM 3HaueHER ¢
A<¢g
DTo o3Havyaer, 4TO (GOTOHY XBaTAT IHEPrHH, YTOOBI NPEOACNETH
[PHTSKEREHE MOOOT0 IPaBUTALHOHHOTO TOJA.
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HOBTOMy MOTYT CYLICCTROBATE OrPOMHBIE MAacChl — HCTOUYHHKH
MOIIHOI0 3/IEKTPOMArHUTHOTO u3nyueHus. Hampumep, B aAapax
AKTHBHEIX TranakTHK. CrexTpel TaKOro H3Ny4eHHs OyAyT CHIBHO
CMEUIEHEL B HHGpaKpacHyi obnacTe.

§ 4.11. 3apepxka paguocurHana

B §§ 4.6-4.9 Mu1 paccMOTpeny IBWKEHHE DCKTPOMATHHTHBIX
BOJH (QOTOHOB) B TpaBHTALMOHHOM M[ONE ¢ TOYKH 3PEHHA HOBOMH
teopuu. B peayaerare mua cmaboro mona (|AP| « c?) nomysunn
YpaBHEHHA IUI1 OTKIOHeHMA Nygya cBeTa (4.18) u 1na cMemeHus
CIIEKTPANBHBIX THHHH (4.22), cOBmajaloiHe ¢ COOTBETCTBYIOLIHMH
ypasHeHunAMM ofled TeopuH oTHocurensHocTH. M Tak  Kak
«ypaBHCHHE pacmpocTpaHeHWs (GpOHTa BONHH ABIACTCA OCHOBHOH
XapAaKTEPUCTHKOH CBONHCTB MpocTpaHcTBa W BpeMenu» [17:¢.232], To
MOXHO cCICnaTh CIEAYIOIUE BeBOA. B zpasumayuontom none
cxopocmb ceema u nocmoaxnas Hnanxa uzmensiomea npu nepexooe
om O00HOU mMGOuUKYU npoCcMpancmead K Opyaol. H ¢ nepsom
npubnuxcenuu (To ecth korna Ak « b, Ac « ¢) omom s¢hehexm MoocHo
paccmampueanms Kak uCKpueieHue npocmpanCmed-espemeny.

Yro kxacaercs apdexra llanupo, To mo aTOMY NOBOLY MOXKHO
CKasaTe chedyromee, Ecnu 681 B JaHHOM  DKCHEpPHMEHTE
HEMOCPEACTBCHHO CPaBHHBAIMCE MeXmy co0oif cKopocTh cBera
O3 Connua W BAAMH OT HEro, TO TOTJa H3 IKCMEPHMEHTa MOXKHO
Hb110 OBF cOENaTh OAHO3HAYHLIA BEIBOJ O TOM, 4TO CKOPOCTh CBETa B
TPaBUTALHOHHOM Iole yMeHbInacTcd. Ho B nanHOM JkcnepumMente
BpeMa tonéra paguocHraana g0 Conrua 1 ofparHo cpaBHHBAIOCSH ¢
pacyémustm  BpeMeHeM  TION€Ta  pajAMOCHTHAIa B IIYCTOM
IpOCTPaHCTBE.

JapaiiTe BHHUMaTeNns,HO pa3zOepéM 3TOT 3KCNEpHMEHT {ero
OllHCAaHME MNpHBoguTcA, Hanpumep, B kuure C. BeknbGepra
«'paButanua u xocMonorus»). Korna 3emns, Connue 1 MepkypHit
HAXOAWIKCh NPAKTHYECKH Ha OXHOH mnpaMol (npa atoM ConHue
HaXOOunocs Mexay 3emaéi 1 Mepxypuem), ¢ 3emnd Ha Mepkypuit
OwI mocnan pamHocHrHan. JTtoT curhan upowén sbnusy ConHua,
AOCTHT TIOBEPXHOCTH MepKypHA M, OTPa3sWBIIMCE OT HETO, BEPHYIICH
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06parHo na 3emnio. Bpems monéra panocHrHana MOXKHO HIMEPHTS C
OYEHb RBICOKOH CTENMEHBIO TOYHOCTH. HO kax M3IMepHTE ¢ BBICOKOH
CTENEHBIO TOYHACTH paccTOAHHe oT 3eMii 1o Mepkypua?

IMorpemsocTs, ¢ KOTOpOH HeoOXxomuMo OLUIO 3HATH 3TO
paccToAHHE B JAHHOM JKCIIEPHMEHTE, He NOMKHA Oblfia NpesbIlaTh
1,5 xm! Hauném c TOro, 4TO CHTHAI OTPAXAJCA HEe OT OJHOM
3epKaJIbHOH TOYKH Ha TNOBEPXHOCTH MepKypHs, a OT MIIOWAJIKY
BIIONHE OIpeHenEHHOro pasMepa, NOITOMY MOMEHT TIPHOBITHA
CHTHaNa2 OwuT H3BECTEH ¢ TOMYHOCIBIO [0 HECKOABKHX COT
MEKpocekyHz [36;¢.220]. Ho naxe ne 3T0 ABIAIOCH TIPHHIMIHANL-
HOH TpYOHOCTHIO A4 TNpPOBEAEHHA [JAHHOIO OKCICPUMEHTA.
IpunmunuansHad  TpyAHOCTE 3akimodarace B ApyroM. Kak
ONpemenHTE “UCTHHHOE” paccTofHHe oT 3emnu A0 CoNlHOA H OT
Connua po Mepkypus? Kak y3HaTh ¢ BEICOKOH CTEMEHBIO TOUHOCTH
BpeMs, 3a KOTOpOe DPaAHOCHTHAN INpomén Gbi 3THM DACCTOAHHA B
OTCYTCTBHE rpaBuTanmuoHBOro nosis Coanuna? Mel Beas He MoxeM
“BRIKIIOYWTE” IpaBUTalHOAHOE 1one CONHIA M HIMEPHTH BpPEMSA,
HeoOXxoauMoe CBETY AnA TOro, 4ToOw gJoneTers A0 CoiHUA H
BEPHYThCA oOparHo.

A Tak xax “McTHHHBIE” paccTosHkA oT 3emnu qo ComHua # oT
Comuma o Mepxypua B 1aHHOM SKCTIEPUMEHTE He ObLIH M3BECTHEL,
TO BMECTO HHX B Pacy€rTax HCIONB3OBANUCH PA3MHIHLIE [IAPAMETPHL.
«JTH TiapaMerpnl ObIM 3aTeM onpefeNeHbl TOAroHKoH Habnionae-
MOI'0 BpeMeHH ABHKCHUR PAJHOCHTHAIA B0 Mepkypus u ofpatHo no
TeopeTHYECKHM $opmynam» [36;c.221].

IloaroMy H3 JAHHOTO OKCOCPUMEHTa Helb3d CHENATh
OIHO3HAYHBIHM BBIBOJ, O TOM, YTO CKOPOCTH CBETA B TPaBHTALHOHHOM
none ymenbliaetca. U3 Hero MOXHO TONBLKO CHeNaTe BBIBOZ, 4TO
ypaBHeHHA o0mieH TeopuM OTHOCHTENBHOCTH (4.3) BEIMOMHAKWTICA B
rpaBHTaloHHOM none CosTHIA ¢ TOYHOCTBIO okono 0, [ %.

Crenyer OTMETHTh, 9TO UMEHHO H3 ypaBHeHHA (4.3) B paMkax
oOmeH TEeOPHH OTHOCHTENBHOCTH Jenaercs BBIBOA, 4YTO B
rpaBHTaHOHHOM II0JIe CKOPOCTh CBeTa YMeHbIIaeTeA. B 7-if rnase Ha
OCHOBE HOBOH TEODHH, B TOM YHCIE HCMONB3YA NPEATNIONONKEHHE O
TOM, YTO CKOPOCTE CBET2 B TPABHTAUHOHHOM IOJE YBEHMYABALTCA,
MBI cHOpMYIHpyeM Keawmogyro Teopuio rpasuranuu. Ilpu srom
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BRIpOXKCHUE ANIA KBaApaTa HHTEpBaNa, KOTOPOE MhI PacciWTaeM Ha
OCHOBE HOBOH Teopwu B cnaGoM TIpaBHTallHOHHOM mone, Oyner
COBNaAaTh C BHIPAXSHHEM AUIF KBAJpaTa MHIEpBana B ofwwel TeopHH
OTHOCHTENBROCTH (4.3) € TOYHOCTBIO 10 WieHoB nopanxa AP/ ¢*. U,
TakWM 006pa3oM, H3 pe3yNpTATOB JKCICPHMEHTA, IIPOBENEHHOTO
Hlanupo, B paMkax KBaHTOBOH TCOPHH IpasHTalMH yXe MOXHO Oyaer
cIleTaTh BEIBOJ, O TOM, YTO CKOPOCTh CBETA B TPaBHTALMOHHOM IIOJIe,
HaoOopoT, Bo3pacTaeT.

Ho npexpme vem npucTymnTs K GOPMYTHPOBKE KBAaHTOBOH
TEOPHH TPaBHTAUKH, Mbl BHHMATelNbHO HCCledyeM ‘‘cTpaHHOe”
MoBeCHUE KBAHTOBEIX 00BEKTOB. JToMmy OyayT MOCBAMIEHHI ABe
NOCNEAYIOMME TTIABEL



i maza %

llapagores
KBamToBol Mexammn

JTa rnasa LCIUKOM IMMOCBANICHA ONNHCAHHUIO Haubomee APKHX
KBAHTOBO-MECXAHHYCCKITX l'IElpa,ILOKCOB, 4 TaK¥xe Ka4deCTBCHHOMY
AHANUZY OCHOBHRIX TIOHATHI, AEKAMUX B $YUIaMeNTe KBAHTOROM
mexapukd. llens oToM  INaBel —  HAardAAHO  00KAa3aTh
RPUHYURUATOHOE OTIIHYHC (1)H3HKPI MHKpOMHpA OT T]p]’lBLI‘lHOﬁ
Jtg Hac QH3HMKH MAKPOMHDA.

§ 5.1. UcTtopusa KBaAHTOBOMK MEXAHWKHU

B 1900 romzy Maxkc [Ilnmank, wccnenys — pasnHuHbie
IMITHPUYCCKUE (HOPMYNEI ANA W3AYHUEHHA, CMOT UHTYHTHBHO YrajgaTh
33KOH mantydenus abcomornio yépHoro Tena. i Toro 4robsl Kak-TO
TEOPETHYECKH 0DOCHOBaTh 5TOT 3aKoH, IIMaHK INpEeanoNomuiI, 49To
3HEPrHa u3fIyuyaercs KkBanramu (mopruamu). [Ipn stom sueprus
KaXA0rQe KpadHTa paBHa: £ = il ¥, TAC V—YacTOTa M3IgyveHHs, a
h=6,6310 7 o -c— nopas MOCTOAHHAA BEMMYMHA, HMEHOUIAL
Pa3MEpHOCTL EHCTBHA ¥ I1a3BaHUAd BNOCICACTBHH TIOCTOSHIION
Ilnanka. B ceasu ¢ 3tuM 1900 roa cuuraercs roAoM POMKAECHAS
KBaHTOBOI‘/‘I MCXaHHKH. B HACTOALWICE BPCMH Bb[pa}KCHHG A BHEpFHH
dorona o0bIMHO NHWeTCH B BHAE: & = Ao, TI¢ @ — TAaK HA3bIBACMas
UMKITHYECKAs YacTOTd, OHa paBHA @ = 27V, a BenwunHa A = h/lx —
TAKXKC Ha3bIBAETCSA MOCTOSHHOH ITmanka.

9 3ax 106
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Creaywonmit war B pa3BHTHH KBaUTOBOH MeXaHHKH Owin
caenad 8 1905 roay Aunsbeprom 3iinwreiinom. Hayvas 3akon
nanydenuss  [lnauka, Oiiawmrelin npuwén K pHBOAY, UTO
WIEKTPOMATIIMTHOS M3NYYEHHE HE TONBKO H3TYyYacTCs KBaHTAMH, HO
TaKXKE MEPEeHOCHTCA W noroaercs xkpauTamu. Huaue rosops, ceer
npeAcTaenser coboil norok uactHn — (oronoB. Henombsys ato
OpeanonoKeHne, SUHWTeHH CMOT O4eHbL NPOcTo OOBACHUTL M
KONHYCCTBEHHO OMUCATh Takoe MNeoOBMHOE MNA TOr0 BpeMERH
sipreHue kak oroaddext.

Cyts doroadderra cOCTOHT B TOM, YTO CBET, MANaroNIHA Ha
KaKoif-nd0 METa, BbIOMBACT JJICKTPOHBI M3 CTO IIOBEPXHOCTH. JITOT
ekt Ouin caywadino orkpeir I'epnem B 1887 romy, xorma oH
MCCIICIOBAN IEKTPOMArHUTHBIC BOJHBI, NpPEACKA3aHHble Teopuell
Makcsenna, Kak mokasaid KCHEPUMCHTHI, KHHETHUECKAs IHEPIUA
BEIOHTBIX DJCKTPOHOB [1€ 3aBHCHT OT HHTEHCHMBHOCTH MAJAIONIErO HA
METANl HM3AYYeHWs, HO BO3PACTAET ¢ YREIMUEHHEM YaCTOThI
H3ny4eHHs. 3710 cBoiicTeo Qortoddderta He oOBICHHMO B pamMkax
KJIACCHMECKOH 3JCKTPOOMIIAMUKH, HO OHO JETKO 0GLACHHMO, eciy
MpeNoNOKHTE, 4TO CBET TpeacTarnseT coboil norox vacruu. Bor
ypaBHeHHe, KOTOpoe OBUIO OpeinoxeHo DJHHWTCHHOM A
obbacuenna goroddexta [14;¢.81]:

K=ho-W (5.1)
3aece A — OHeprMs MmamamoUlero Ha Merani dortoua, K-
KHHETHYECKas SHEPTHA BRIOHTOro aMeKkTpona, a W — paboTa Boixofa,
TO €CThb MHIMMAJBHAA  OHEeprus, HeoOXoLuMas and BhIOHBAHHA
JNCKTPOHA 32 [IPEAENLl NOBCPXHOCTH MeTAIAA (OHA 3aBHCHT OT THMA
META/UIA H COCTOSHHUSA €0 HOBEPXHOCTH).

Moxkno oTMeTuTh, uTo emwé Mcaax HrproToH cusTan, 9To CBET
npencrasiser cobolf notek wactud. M3-3a apropurera Herotoua 3to
TIPEANONOKEHHE AOBONBHO JOATO CYLICCTBOBANO B ¢msuke. Ho B
JEBATHAANATOM BeKe OblIo JKCNePHMCHTANBHO YCTAHOBJIEHO, HTO
CBET MMECT BONHOBYI Ipupoay. Kpome Toro, M3 mnoOmyUYEHHBIX
MakcBennoM 3IeKTpOJAHHAMHYIECKHX VPaBHEHHI cnenosano, 4To
konedaHWs JEKTPOMATHUTHOTO NONS JONKIILL PACNPOCTPAHATLCA B
IIYCTOTE CO CKOPOCTBIO ¢BeTa. M BCKOpC BieKkTpoMarHuTHbIE BOIHBL
OBINK IKCIIepHMeHTaNnbHO 0Onapyxennl [epuem. IlosToMy B Hauane
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IBANIATOTO BEKAa HHKTO M3 YYEHBIX HC COMHEBAICA B TOM, 4TC CBET
UMEeT BONHOBYK npupony. WM sukto, naxe IlnaHk, He UpPHHIN
BCEphE3 MUMOTE3y DAHINTEHHA ¢ TOM, YTO CBET COCTOMT U3 YACTHIL
OTpHuuarentHoe OTHOLWIECHHE (H3HKOE H3MEHMIOCH ML B 1922
rofy, nocae oTkpuTHS »Ppexta Komnrona (W3MEHEHHS THHBI
BOJIHBl PEHTTEHOBCKHX JyueH, 00YC/I0BIEHIIOE YIIPYTHM paccesHHeM
¢oTOHOB Ha AMekTpoHax) [28;c.45].

B 1909 rony Dpuct Pesepdopn mposén psi ONBITOB MO
PAacCEAHHI0 O—YACTHI, OueHb TOHKOM 30)0TOH donsron. Ity
3HAMEHHTHIE SKCIIEPHMEHTHI JajiH ocroBanHue Pescpdopny BBICKA3aTh
CNeAYIOLIEE TIPEANIONMKeHHE 00 YCTPOHCTRE aToMa, ATOM COCTOHT M3
O4eHb MANCHBKOTO MONOXKUTENGHO 3apPAKEHHOTO Anpa (NpHMEpHO
107" ), B XOTOPOM COCPENOTOUEHA IPAKTHIECKH BCA MACCa aToMa, |
3T0  AAPO OKpYkKeHo o0NakoM U3 OTPHIATENEHO  3APKEHHLIX
ANEKTPOHOR (puMepHo /0 0 51},

Otkpritie Pesepdopra nocTtaBuno mepen H3Mkamy HOBYIO
mpobneMy: modemy aToMBl craOuneHbl? [eno 8 TOM, uTO ¢ TOYKH
IPEHHA  KIACCHIECKOH DNEKTPOMUHAMHKH  DJICKTPONLI, BpALLAfACh
BOKpYF #4pa, JAOMKHEL Oblmd OB HEMpepwlBHO  MIIYYaTh
JIEKTPOMArHHTHEIE BONTHBL «M3myuas, MekTpOHEl Tepanu OB CBOO
SHEPTHIO, YTO NOIKHO Obie OB TpHBECTH, B KOHIE KOHLOB, K HX
NajeHHile Ha aAapo. TakuM 00pas3oM, COTNACHO KIIACCHYECKOH
IMEKTPOUAMHAMHKE, aToM OBIM OBl HEYCTOHUHBEIM, UTO HM B KakoM
CTENEeNH HC COOTBETCTRYET AeficTBUTEnbHOCTHY [65C.13].

B 1913 romy Hwmiec Bop jgms oObscHeHus {eHOMeHa
YCTOHYHBOCTH aTOMOB MPEANOXKHMI MOJETHs aTOMA, OCHOBAHHYI0 Ha
CIEYIWHX NOCTYIaTax.

1) SnexTpoH ABMKETCH BOKPYT S7pa N0 KPYroBOH OpOMTC Iiog
JOEHCTBHEM KYJIOHOBCKOW CHNBI ¥ B COOTBETCTBHU C 3aKOHaMH
HeioTona.

2) DnexTpoH MOXET JBHraThes TOJNLKO MO TakoH opOHTe, Ha
KOTOpOH MOMEHT MMIIYJIECA JMEKTpoHa [ papBeH LCIOMY 4YHCIy,
YMHOKECHHOMY Ha ntocTosuHyo [lnanka:

L=mVr=nh n=171234d.. (5.2
3aecs m - Macca dHEKTPOHA, V' — CKOPOCTD C KOTOPOH OH JIBUKETCS 110
opbure, a r — pamuyc OpOUTHI.
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3) Jlpurascs no Takoi opOHTE, ANMESKTPOH ne uzryuaem.

4) Tlpu nepexofe 3MEKTPOHA ¢ OPOUTEI € TIOPAAKOBBIM
HOMepoM £ Ha opbury ¢ HoMmcpoMm f (k> /) manyudaercsa (OTOH ¢
YACTOTOW @

w= %2 (5.3)

3necs £ — 3meprus 3MeKTpOna HA opbute K, a £, — ero sHeprus Ha

opbure £

Mogpene aroma, npexanoxkeHHas Bopom, xopowmo o00bsScHsIIa
CBOHCTBa ¥ CHEKTP arOMa BOJAOpOJA, a TaKXE BOJOPONOTICACOHBIX
aTOMOB (TO €CTh aTOMOB, Y KOTOPBIX Ha BHCIIHE! 3neKTpOHHOH
ofomouKke HaXOAMTCE TONBKO ONUH snekTpor). Ho mocTynars,
TexarHe B OCHOBE OTOH MOJENH, He WMEeNH HHKAKOTO
TEOpeTHIecKoro 00OCHOBAHMA, H, KPOME TOro, NPOTHBOPEYMIH
33KOHAM K1AaCCHYECKOH aneKTpoanHaMuky. IlosToMy OONBUIMHCTBO
GH3MKOB OTHCCHOCE K HOBOW MOACITH CKEUTHYSCKH,

Creayromuit  RaKHBIH Qlar B CTaHOBNCIIHM  KBAHTOBOH
mMexanukw Orin coenad B 1923 romy flym ne Bpoitnem. Mexond u3
TOTO, TG CBETOBBIE BOJNHBI HMEKT KOPHOYCKYIAPHYIO TPUPOLY, a
TAKKE NPeANonaras CHMMETPHIO B IIPHPOJe, OH NPEANONoKIIT, 4TO 1
YACTHIIBI, HANPUMEP OBNEKTPOH, MJOKHEL TIPOABIATH BOJTHOBBIE
cpoiictea. Hanpumep, ¢oTor ofnamaer >Hepriel &=hw u
UMAyNecoM p =g&'c = have. C Apyro# cTOpOHE, ¢ OTOHOM CBA3aH
HEKOTOPEIH BONHOROH HpoOLECC € JUIWHOH BOJSHBI A, paBHOH
A=c¢/v=2rc/w = 2rhp. Tlodromy Jlyu me Bpoiims npeanosoxmnm,
4TO HE TONMBKO ¢ (hoToHOM, HO M ¢ MoGoH YacTHueH, HMEHLEH
UMIYAEC p, CBA3AH HEKOTOpHIl BONHOBOH Npomcce ¢ ANHHOM
BonHEr A, [IpH aToM:

B 2rh

P
H yxe uepes nBa roma runoTesa g¢ bpofns Gbna IKCIePUMEHTANBHO
MOATBEPKICHA B OTBITAX 110 JHGPaKuuy MEeKTPOHOB.
Hexons u3 Toro, uTto 2aekIpon  00najaerT BOJHOBBIMH
ceoiictBamn  (5.4), nme DbBpofine ouedb npocto  oOmRACHMR

i (5.4)
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CYIIECTBOBAaHKME CTalMONapneIX OpOHT B OOPOBCKOH Mojenn aToMa.
Craunuonapnas opfura - OT0 Takas opOWTa, Ha KOTODOH
VKJIAJILBAETCA IeN0e YUCHo BOJMH., 10 €cTh BIEeKTPOH, Bpalldfch
BOKpYr sipa, oOpasyeT kak Obl CTOSuyK BomHy. «Immoresa ae
Bpoiiing, ycTaHABAUBAWONAR CBA3b MEKAY HaCTHLAMW M BOIHOBBIMH
npoleccaMy, opakana CBOEGH IPOCTOTOH M IOBH3HOH NOAXoJa K
PEHICHHK} [IPDOTHBOPEHHS BONMHA-TaCTHIA. Ora nacAa ObU1a HACTOJIBEKO
HOBa, 4YTO, HCCMOTPA HA DJBKCOCPUMCHTANBHOC THOUATBCPHACHHMC,
KOTOpOE {I0CNIEI0BANO OMEHb ORICTPO, MOTPeOOBATOCH ONPE/ICNEHHOE
BpeMst, u4TOOB! OHZ TIOMyuuaa Beeobitiee TNPHIHAHKE CPCAM
tusukos» [ 14;¢.107).

OcHoppiBasics Ha HIedx jae bpoitna, B 1926 roay 3psuH
lilpénuurep wamucam cBOE 3HAMEHUTOE BONMHOBOE YpPaBHEWWE,
ONHCHIBAIOTICE BHKeHHe YacTHHe B mone Ugx,yv.z) |6;c.72]:

LoY K (o'W v v
th——=—— Tttt 33
ot 2mi dx* a8y o0z
3mece m - Macca 4acTHURL, | — MHMMad canmunua, a Fxpzt) —
IWIPEAUHTEPOBCKAS BONHORAS KOMOAGKCHAz (QyHKuHA {(aMIVIMTYAa
BONHE e Bpoling). BepoATHOCTE K€ 0DHAPYKUTE WACTHLY B Manoi
yact obnémMa dV = dxdydz B MOMEHT BpEMEHH { paBua
dw = IY’(x,y,z,tjl"dxdydz. To ecTh NIOTHOCTE  BEPOATHOCTH
NpoNoOpUHOHAILHA KBAAPATY MOIYAA BouHoBOH (yHxuuM. [Ipu >Tom:
/4 | vzt dxdydz = |. MOKHO OTMETHIb, YTO BEPOATHOCTD
OOHAPYKHTb YaCTHIY B KakoH-HUOYAR JaHHOH TOYKC JIPOCTPAaHCTBa
BCETa paBHa HyJ, AOTOMY 4TO 00héM TOUKK paseH Hynio. To coTb
HMEET CMBICT TOBOPUTL TOJABKO O AAOMHOCMU  GEPOAMHOCTU
HAXOKISHHA HaCTHIIEI B AAHIIOA TOYKE.

Ecan ¥-(QyHKUMA H3BECTHA B HAYATBHBIH MOMEHT BPEMEHH, TO
u3 ypasHeuwsa Hlipéaunrepa wmoxHO HalfiTh  F-Qyukuuo B
MOCHeIYIOUIHE MOMCHTEL BpeMeHH, M B mpunmune 310 ypastieHHE
crocoBHO OOBACHMTEL BCE ATOMHBIC ABJIEHHS, KPOME TEX, KOTOPBIE
CBA3aHBI C MArHETH3IMOM M TEOPHEH OTHOCHTENLHOCTH. QHO MOXKeT
O6ITh MPUMENMMO M N CHCTEMBI, COCTOALICH M3 MHOTHX YacTHIL,
Bonnosyro ¥-GyHKUHIO, KOTOpas OT/IHYHA OT HYIS TOMLKO B

+U(x,y,2) ¥ (5.5)
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HekoTopoit HebompIION 00MacTH MPOCTPAHCTRA, MHOT/A HA3LIBAIOT
BOIMTHOBBIM TTAKETOM. :

Hakowen, ® 1927 roay Bepnep [eiizenbepr, mnwiTascs
YCTPaHWTh  APOTHBOpeYHEe  ‘BONHA-9acTHUA”,  chopMymHpoBan
NPHHLOUI HEONpeJeNEHHOCTH (COOTHOLICHUE HeolpeacnénnocTel).
ITOT NPUHITAT BRIPaXKAET QyHIAMEHTATLHEIH Npeael BO3MOXKHOCTH
OJTHORPEMCHHOTO  M3MEpPEHMS  TONOKEHHs  4YacTHULI MW ef
UMITyILCa [6;c.68]:

Ax-Ap. = /2 (5.6)
3neck Ax — HeonpeNeNéHHOCTE B MNONOKEHWH 4YacTHUBl, a Ap,—
HEOTPeACTEHHOCTD B TPOEKIMY ¢€ UMITY)IBCA B0 OCH X,

He cpasy crano scHO, 4YTO WMEHHO BblpakaeT 23TO
cooTHOUICHHE. TONBKO IH NPHHLMOHAANBHYH) IEBO3MOKHOCTE
NONMYyYATh ©OoNee IOoNHOe 3HAHUE O [BMKECHWUM YacTHUbl WIH JKE
obvermuenyio neonpedenénnocmp B €€ IBHKCHHH.

Anagorndne  coordomicHud  (5.6) Teiisenbepr  Taxxe
YCTAHOBUA COOTHOLICHHC [N HEONPCACHEHHOCTH B H3IMEPEeHMH
INCPTHH TacTHIR AL W TIpOMEyTKa BpeMeHH Af, B TeueHHe
KOTOPOTO [IPOH3ROJMTCS JAHHOE H3MEPEHHE,

At-AE > h/2 )

§ 5.2. BonHoBaa Y-thyHkuuA

B ocuosc Mcxanuku HeioTomma AckHT npeacrasicHue o Tene
KaK 0 MaTcpHansHoi Todke (B TOM ciydae, KOTJAZ pa3McpamMH Tena
MOXKHO NpeHeOpeys), KOTOpas ABFKCTCA B NPOCTPAHCTRE MO BIOJIHE
OnpeAenéHHON TPaeKTOPHU — MAaTEMAaTHYeCKOH JHHMH (TO ecTh
0ecKOHEYHO TOHKOH 7AMHHH). A 3akoHB HBHOTOHA TO3BONAIOT
HAMWCaTk ypaBHEHHe TpaekTopuit. Lcnn pasmepamu teia npenebpes
HeNe3f, TO MOXHO PAaccMaTpWBalL UCHTP MAacc Tena, KOTOPHUT B
KOKABIA  MOMCUT BpPeMEHHM HAxomutcs B ompeaenéiaHoi Touke
npocrpaHcTBa. M ABHKCHHE LeHTpa Mace TPOHUCXOLAT IO
UCIIPEPLIBHOA TPAEKTOPHH B COOTBCTCTBHHM ¢ 3akoHamu HelotoHa.
Mexannka HetoToHa BNONHE MIACNAAHA M B OTOM CMBICJC IPOCTA 15
MOHHMaHHA.
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A ¢ TOYKM 3peHHS KBaHTOBOH MCXAHHKM ABWKCHHE INEKTPOHA
(M Apyrod 4acTHLBI) HCIOB3S paccMaTpHBATh KaK JBHXKCHHE IO
KakoH-mubo Tpaexropun [6;c.14,15]. C TOYKHM 3pEHHA KBAHTOBOM
MEXAHNKHM OBHXKEHHUE ICKTPOHA MOXKET OLITh [TOJIHOCTBIO OMUCAHO €
TTOMOUIBLIO BONHOBOH V—dyHKITAH.

Hagaiite pa3OcpéM ITOT BONpOC Ha KOHKPETHOM NpPHMepe.
ITpennonoxuM, POEKTPOH ABIDKEICA B NPOCTPAHCTBE W IPOXOAMT
CHauana TOUKy A4, a 3aTeM Touky B {cmorpu pue. 9). JTo 03HavacT,
YTO [0 KaKoTO-TO MOMEHT2 BPEMEHH BEPOATHOCTL OBHAPYXUTH
JNIEKTPOH B OKPECTHOCTH TOYKH A4 OBINa paBHa HymIO. 3aTeM, HauHHasA
¢ HEKOTOPOTO MOMEHTA BPEMCHH, BEPOATHOCTE 0OHAPYIKUTE JJIEKTPOH
B OKPECTHOCTH TOWKH A Crana OTAUYHA OT HyIsd, M B TeYeHHE
HECKOTOPOro NPOMEXYTKa BPEMCIIM OHA BO3pACTaNa 10 MAKCHMYyMa. A
3aTe€M, B TEYEHHE HEKOTOPOIo BPEMEHM, BEPOATHOCTb OOHAPYXKHTB
WIEKTPOH B OKPECTHOCTH TOYXKH A OIMSITh YMEHBLIIMIACL JO HYJA.
Obnice BpeMa Afy; NPOXOKICHAA 3NCKTPOHOM TOUYKH 4  MOMKHO
OLICHUTH TaK: :

(5.8)

Puc. 9. [svxeHue 3NekTpoHa MOXHO CXeMaTtWuHO uzobpasuts B
eufe pgpukeHua obnaka (pasmepbl obnaka onpepensioTcAa 0GbEMOM
MpoCTpaHcTBa, B KOTOPOM BOMHOBaA ‘V-(yHKUMA OTNWMHA OT Hynsa),
COCTOALUErD U3 BUPTYanbHbIX 3NEKTPOHOR, M ¢ TOMKU 3peHvs KBAHTOBORA
MEXaHWKU HEBO3MOXHO ONpPeAenUTL, B KAKOKH MOMEHT BPEMEHU 2NEKTPOH
npoweén Touky 4. MOXHO TONBKO paccuMTaTh WHTEpBan Bpemedn Al B
TeHeHWe KOTOPOrO CyLIeCTBYET BEpOATHOCTL OBHApYKUTL 3NEekTPoH B
QKpecTHoOCTH ToukM 4. Moka o6nako aeuxeTtca 13 Touxu 4 B Touky B, ero
pa3Meptl YBENUMMBAIOTCA, NPOMCXDAWT Tak HasbIBAeMOE pPacnibiBaHWE
BGIMHOBOIO NakeTa.
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31¢Ch Ay — pasyep o6nacTH, B KOTOpon V—hyHELMS, onnceBaowas
JABIKSHIE DICKTPONA, OFIMYHA OT HY:IH (B IO BPCMA, RO WICKTPON
UPOXOIRT TOUKY {): (V) ~ Cpenss CKOPOCTh FICKTPONA BAOME OCH X

(BIONL Hanpapienns JBHIKCHHAY, OHA OCTALTCH TEH3MCIION mpd
JABHOKEHHH LIEKTPOHA.

ARanOIuUHLN 00pa3oM AMEKTPON NMpoxo T Touky K. Ilpn
OTOM, [OKa WICKTPOH ABWKCTCH 33 Toykll 4 B rouky B, pasmepnl
odnacry, B KoTopoid W-yHIKIua OT/11YHA OT HYIs., YRETNUNBAIOTCA,
TPOHCXOUHT Tak HA3BIRASMOC PACIUTLIBAIINE BOTHOBOIO MAKETa.

Pacrurprsadiie  BOTHOBOCO [AKCTa TPOHCXOAHT [OTOMY, UTO
DIEKTPOR (1w odad Ipyras 9acTHua) He TONBKO e HMEeT TOYHOI]
KOOPIHATB CBOETO MECTOMOIOKEHN B IPOCTPANCTBE, 110 OH TAKKS
HE MMECT 11 OrpeaeTéHHoll ckopocTh jBirkerm. [ 8 kancabii MOMEHT
BPEneHI DeKTROH 00nanaeT HeNpepLIBHLIM CIICKTPOM CKOPOCTEH B
HEKOTOpoM umrepsanc {(cmorpn pic. 10). Ha preynke ycnosno
u300pawén rpadux 2 (%) — pacnpele]ieliie [IJJOTHOCTH BePOATHOCTH
TOTQ, HYTO 7JMEKTPOH OKZKETCA B TOAKC X, 11 rpaguis  pu(Fy) -
pacnpeneneHke NNOTHOCTH BCPOSTHOCTH TOTO. 4i0 DNEKTPOH O¥ACT
HMETh CKOPOCTR Py {CKOPOCTE ZIEKTPOIIA BOJL OCH Y},

A () A PV
3 ]
t ]
t ]
1 1)
1 i
1 1
1 I
] 1
] 1
] |
1 1
i 1
{ 1
1 1
1 1
S T R R, > G T v-——-

Pue. 10 B kamasii MOMERT BDEMEHW 3NEKTPOH HEe WMEET HU
TOYHOW KDOPAWHATEl CBOETO MEeCTONONCHKEHWS, HW TOYHO OnpeaeleHHCH
CKOPOCTY apvKeHwa O kak Ot "paamasan” v B 0ObIMHOM NpOCTPaHCTRE
{cnema), U B NPOCTPAHCTBE CKOPOCTER (cnpasa)
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Beposriiocts W(x,x;) OOGHaDYyAKHTH 3MeKTPOH B NPOMEKYTKE
MENAY TOUKAMH X; U X; paBHa:

X,
Wixnx) = [ p (x)dx (5.9)
X5
A BepoatHocTs W(V;,, Vyy) TOTO, 4TO dNEKTPOH DYAET HMETH CKOpPOCTD
B HHTEpBaNE cKopocTedt (Vs Viz) pabna:
¥

WV Ver) = VI Py (V. )dv, (5.10)

3nas  BonHOBYI0 ‘Y—(YHKUMIO, ONWCHIBAOWYIO OABHMKEHHE
SNEKTPOHa, BCErJa MOMKHO PACCUUTATE HE TOMBKG pachpefeicHHe
ofx), HO wm pacnipemenenne (V). To ecTe MOxno paccqHHTaTh
pacmpene/ieHHe  TJIOTHOCTH  BEPOATHOCTH — MeCTOHAXOMKICHUA
SNCKTPOHA U B OOBIYHOM NpOCTPAHCTBE, W B NPOCTPARCTBE CKQPQCTGI‘,‘]_
BooGlue ToBOpA, B KBAaHTOBOH MCXaHHKe IPHHNTO FOBOPHTL O
pacnpeaeneHHy [IMOTHOCTH BEPOITHOCTH MeCTOHAXKICHUA
MICKTPOHA B $a3osBoM NPOCTPAHCTRE — NPOCTPABCRe KOODAHHET ¥
HMAYNBCOR (X, V,Z,Dx, Py Ps)-

Ivpuna pacnpeneniends gfx) M IHPHHA pacTipeAcAeHHA
sV CBA3AHBI  MEXAY coboit yepe3  COOTHOMENHE
neonpenenéunocte Ieisenbepra (5.6).

DexTpoH MOMKET NOTYHHTL BONEE TOUHYIO KOOp/IMHATY CBOETO
MECTOMONIONEHHA TONBKO B pesylibTare  BlaymMoAeHCTBHA ¢
KnaccHyeckum  npubGopom  (0OBEKTOM, HEONPefcHéHHOCTL B
MECTOTIONOXEHHH KOTOPOro AOCTATOUHO Mana). T »ToM pasMepsl
BHPTYaNBHOrO o00faka YMEHBIIAIOTCA NPakKTHUCCKH OO  HYJA,
IPONCXOAUT TaK HA3LIBAEMAA PENYKUHA BOMHOBOH (hyHKImMH. DTOT
npouecc 6yner paccMotpeH B § 6.5,

§ 5.3. e uHTepnpetayun KBAHTOBOW MEXaHUKK

Cpazy e c MoMenTa 3aBEpINEHES CO3Mapus  KBaHTOBOH
MEXAHHKH B HAY4YHOM MHPE pasropenHch OKECTOMRHIRIE Crnopsl no
nopongy e€ wpureprnperaudu: Urto B HcHCTBHTENBHQCTH ONMHCHIBAET
sontosas V-pyuxkuns? To mH obvexmusnyio HeOhpederénHocms B

8 3a. 106
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JBIXKEHHY 3MEKTPoHA (MIW OpPYroif YacTHUE), TO JIH OHA OTPAXKAET
THLIE Hauie Hezanue HCTHHHOH TPaeKTOpHH IBHXEHHS 31eKTpoHa?

B pe3ynbrareé BOZHMKNH OB€ PasliMyHbie TOYKK 3PEHHR Ha
BOJIHOBYH (hYHKIIHIO,

1) Cmamucmuveckas unmepnpemayus. B xaxastii MoMeHT
BPEMEHH ONEeKTpOH (MM Zpyras YacTHIa) Haxomguics B
onpesienéHHOM MeCTe npocTpaHcTsa. BonHopat ke  QYHKUHA
ONKCBHIBAET TONBKO BO3MOXKHYIO BEPOATHOCTE €0 HAXOXACHHA B TOM
WIM MHOM MECTe M He JAéT 3HAHMA O peanbHOM MECTOIIONOXKEHHK
3nekTpona. M B 3TOM CMEICTIE KBAaHTOBAA MEXaHHKA HE MONHA.

2) Konenzazencxan ummepnpemayua. B xakIoeii MOMEHT
BPEMEHH IEKTPOH HE MMeET ONpeAeNéHHOro MecromonoxeHna. Ox
deticmeumensho HAXOMUTCH C Pa3IHMHOH IIOTHOCTBIO BEPOATHOCTH
(a ¥MEHHO, [‘P’iz) B pa3HBIX TO4KaX Hekotopoit obnactn. To ects
BONHOBaA QyHKIHA NAET MONHOE OMWCAHME JBMMKCHHA NAXe OXHOTO
3IIEKTPOHA.

TpuHIMNHATEHOE pa3iHyHe 3THX HHTepnperauuil Opino
cipopmynuporaHo DHHIITEHHOM Ha MATOM CONbBEEBCKOM KOHIpecce.
¥Xe¢ Toria OH BBICKa3BIBAL BO3ZDAXKCHUS MOPOTHB BTOPOH TOYKH
3peHna [2;¢.528-530].

C TOYKH 3pEHMA CTATHCTHYECKOH HHTEPHpETAUHH IBHXKEHHE
3NIEKTPOHa HE OTAHYAeTCA IPHHUHNHAIBLHO OT IBHMKEHHS, CKaMeM
kamHs. [TpocTo KBaHTOBaA MEXaHUKA €lE HE JOCTATOYHO Pa3BHTA (He
nonHa), 49To0Bl paccuHTaThE ero ABMkeHue. [lo3ToMy KBaHTOBast
MEXAHHKd TIpMMCHHMA JIHIIbE KaK CTATHCTHYCCKOE OIHACAHUEC
IBMxKennd OONBUIOTO KONHYECTBA HIEKTPOHOB. A HEONPEAENEHHOCTD
MECTONHOIOKEHHA IMEKTPoHa (a 3HAYMT M €ro BOJHOBLIE CBONHCTBA)
€CTh  HpPOCTO DE3YNBTAT HAWEZ0 HEINQHUA €T0  HCTHHHOIO
Mmectononoxenus. Hanprumep, BupTyansHoe obnako pacupelJeneHHS
MJIOTHOCTH BEPOATHOCTH MECTOHAXOXKAEHHMA 3JIEKTpoHa (puc.9) B
JeHCTBATETTLHOCTH HE CYMIECTBYET.

Takas TOYKa 3peHHS NPOCTa U HArNAAHE, TaK KaK OHa OCHOBaHA
Ha uugesx xnaccuyeckod ¢usukn. Ho ¢ ot Touku 3penud
COBEPLIEHHO He 00BICHNMO, IOYEMY 3EKTPOH B aTOME HE IIaJaeT Ha
sApo. Heyxenu Halle HE3HAHHC MECTOHAXOKLEHHHA HNEKTPOHA B
aToMe yIOepXHBaeT ero o7 najgeHds? A kak OBITB €
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JIKCNEPHMEHTANGHEIM (pakToM aubpaknuy snekrponos? W uto rakoe
(GbOTOH: 3TO YACTHIA WM BOTHA?

C TOYKH JK€ 3pEHHA KONEHTArencKoll HMHTepnpeTauMy
NepedrcneHHble BEIIE BONpocH Jerko oOssicHuMB. Ho cymecrsyior
IpYrHE BOMNpOCH, Ha KOTOPHIE HET OTBETA B paMmkax ATOH
uHTepnperaniy. HanomuuMm emé pas, 9T0 C TOYKH 3pEHHA
KOIICHrareHCKOH WHTEpHpeTAldH BONHOBad V—-yuxuys nomnocmuio
¥ OOHO3HAYHO OTIMCBIBAET peancHoe NBHKECHUE 3NEKTPOHA. A 3TO B
CBOK0 oOdepeAb O3HAYaeT, 4YTO HEACNHMBI{ DJIEKTPOH MOXMKCET
HAXOAWUTHCA OOHOBPEMCHHO B Pa3HBIX TOHKAaX MPOCTPAHCTRA. ITO
TAKXKE O3HAY4€T, YTO HENCTHMMBIH JMeKTPOH MOJMKET IBHMTaThCA C
Pa3IHYHBIMH CKOPOCTAMH OJIHOBPEMEHHO. A Bellb B CHCTEMe OTcuéTa,
KOTOpas JABHXCTCA CO CKOPOCTBIO, PABHCOH CpeAHed CKOpOCTH
JABHKEHUA 3NEKTPOHA, DNEKTPOH yxxe Oyjer ABUraTbCAd OQHOBPEMEHHO
BO BCe CTOpoHB. MoxHO mnpencraBuTe cebe 3aMeIUATENBECTBO
¢u3nkoB (BOIMOXKHO, nepexoaspiee B OypHOE HETOMOBaHHE), KOTIA
HM 6!:1}13 NPEANOXKEHA TaKas TeOpHH. -

Tenepp HacTano caMoe BpeM: HANOMHUTE O TOM, YTO (hH3MKa —
3TO HayKa IKCTECPHMEHTAbHAA, W Hame HEOHHMAHHe KaKoro-mnoo
GHIMYECKOT0  ABNICHUA HE MOXKET CUHMTATHRCA  JOCTATOYHBIM
OCHOBaHHEM i OTPHUAHHA 3TOTO ABNeHHA. M ana Toro urobBl
OTBETHTH HA BONIPOC 00 HCTHHHOCTH TOH HIIM HHOH MHTEPTIPETAUHH B
JaHHOM ClIydae, HeOOXO0OHMO ITPOBECTH CIENY FOLUIHI JKCTIEPHMEHT.

Tlepen nBuxkymmmcs o0nakoM BHPTYANEHBIX 3IEKTPOHOB
HYXXHO [TOCTaBHTE DKpPaH C ZIBYMA OTBEPCTHAMH, @ 334 SKpaHOM
[OCTABUTE IUTACTHHKY, HOTTIOMAIYIO 2NeKTPoHEL {cMOTpH puc. 11).

Ecmia BepHa craTHCTHUeCKAs HHTEPOPETAlHs, TO HHKAKOI'o
ofmaka BHpPTYalbHBLIX JNEKTPOHOB B  JEHCTBUTCABHOCTH HE
CYLWIECTBYET. A CYyWECTBYET TONMBKO OJMH 3JIEKTPOH, KOTOPBIA
HaXOOHUTCH B ONPENEIEHHOM MecTe 3Toro ofsiaka (HaM He H3BECTHOM)
M KOTOPEIH NPOHAET TOMBKO 4epe3 OJHO OTBEPCTHE HA IKpaHe, Mocje
HET0 HONARET Ha MIACTHHKY.

IlpoBons TakOH OMNBIT MAOTOKPATHO {FPH HTOM KaxIBIH HOBBIH
3MEKTPOH, BHUICTAOMIHA K3 HMCTOYHMKA, Oymer ¢ paBHOH
BEPOATHOCTEHIC HPOXOIUTH MO0 Yepes nepsoe orsepeTue, 1ubo depes
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BTOpOE), MEl TONYYHM HA NNACTHHKE HEKOTOpPOe ClydaifHoe
pacmpejenetue NoNapMmnX Ha Aeé 2IICKTPOHOB.

A Temepnr NMOCMOTPHM, KAKOH CIefyeT OXHIATh pe3yILTaT
JAHHOIO JKCIEPUMEHTa B TOM CITyuae, eclM BEPHA KONEHTAreHCKas
WHTepnperanyd. B sToM ciyuae KawABIHA ANCKTPOH, BRITETAIOMME U3
HCTOYHHKA, OyAeT TOAXONWTE K DJKpaHy B BHAS PeanbHo
CYWECTBYIOUIEro BUPTYaNbHOTo oOnaka anextpoHos. M, maxoasch
ONHOBPEMEHHO BO BCEX TOYKAX NAHHOrO 00/1aka, KaXAblH S/MeKTpoH
OyneT OUHOBDEMEHHO TPOXOAHTh ueped oba oreepcTa. TakuMm
o6pazoM, Kakag-TO TacTe BHPTyanbHoro ofnaka OyaeT MpoXOAHTE
yepes NEepPBOE OTBEPCTHE, H Kakas-TO ¥acTh — depes Bropoe. (Iloka
OCTAaBHM B CTOpPOHE BOMNPOC O TOM, KaKOH MEXaHH3M I[1O3BOJHT
HEeNEeMUMOMY  NIEKTPOHY TPOHTH OZHOBpPEMEHHO dHepe3  JBa
OTBEPCTH:, TAKOH MexaHn3M 6yaer npeyioxeH B 6-1 rmase).

MCTONHUK
3NEKTPOHOB

AKpaH NACTURHKa

Pnc. 11. W3 ucrouHuka nc oAHOMY BhINETAIOT SNEKTPOHLI U B BUAE
BUpTyanbHoro obnaka NpoxogsT Yepea aga oTBepcTMs Ha akpaHe. [locne
YErg nonagawT HAa NNacTUHKY — OeTekTop. MexaHum NpoxoxaeHus
obnakoM fAsyX OTBEpCTWA 33BMCUT QT WMCTMHHOCTM OAHOA M3  ABYX
WHTepNpeTayui KBAHTOBOM MEXaHWKW. EChW BepHa CTATWCTUMECKAR
WHTEPNPeTauus, TG Kaxabii anekTpoH GyaeT NPOXOAUTs TONBLKO Yepes OAHO
OTEEPCTUE, B PEaYNLTaTe Yero Ha nnacTuHke Gyaer HekoTopoe cnyyaiHoe
pacnpggensHMe MONaBLMX Ha Heé anextporos. Ho ecmt  Bepwa
KONEHTAreHCKAR  WHTEPNpPETatusA, TO Kaxabill JeXTpoH B BuAe
BUpTYankHoro obnaka Gyner npoxoauTk cpazy vepes o6a oTBepcTA. U 8
pe3ynbTaTe 3TOMG Ha MIACTUHKE MOXKET MOSIBUTLCA WHTERbEepeHUNWOHHAA
KAPTHHA.
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H npn onpenenéHHBIX YCHOBMAX TPOBEAECHHS 3KCOCPHMEHTA
MOKET NPOW30HTH WHTEpEPEHNUUA MEKIY TeM, YTO IMPOUUIO Yepes
NepBoe OTBEPCTHE W TeM, 4YTo mpouuio uepes Bropoe. Ilopropss
AaHHSIH OMBIT MHOTOKPATHO, MOXHO OYJET MONYYHTh Ha INACTHHKE
UHTEPPEPCHUMOHHYIIO KapTuHY. HHTepdepeHHONIIYIO KapTHHY HH C
YEM He¢ COYyTaellb, TAK KAaK 3TO OMeHb cnenMdHyYHasds KapTHHA, B
KOTOPO#H MHHHMYMB] ¥ MaKCHMYMBI PE3KO CMEHATOT JIPYT XpyTa.

Mrtak, 4YTOOBI BBIICHHTB, Kakas H3 JBYX mrrepnpefauuﬁ
HUCTHHHA, HEODXOJMMO MPOBECTH AaHHLIA IkcrnepuMent. OMHCAHHIY
pe3yIbTaTOB 3TOr'0 YKCHEPHMEHTA [TOCBAWEH CIISAYIOLMH Haparpad.

§ 5.4. UnTtepchepeHumn anekTpoHoB

Ceffyac MBI pacCMOTPHM YIOOMSAHYTHIE B TNpeNBIAYLIEM
naparpade SKCHEPUMEHT, B KOTOpPOM Haubonee spxo HpOABIAETCA
oTnHM4He QHIMKH MHUKPOMHpa oT (H3HKH Makpomupa. M kotopeiit
MO3BOJIMT BHIACHHTE, Kakas M3 JAByX HHTCPTIpETallHA KBaTOBOH
MEXaHMKH FBIAETCS MCTHHHON. 2JTO, YXe CTABINHH KTACCHYCCKMM,
IKCIIEPHMENT, B KOTOPOM JAEKTPOH NMPOXOAMT YEPE3 1Ba OTBEPCTHA
(cMoTpH prc. 12).

H3 ueTouHHKa B 3a4aHHOM HATIPABIICHUH HO 0OHOMY BBLIETalOT
MEKTPOHLL. B BHle BHpTYaNnsHOro o6iaka OHH NPOAETA0T YEpe3 ABa
ONHUZKOPACTIONIOKEHHEIX Ha SKPAHE OTBEPCTHA, 3a 9KPAHOM HAXOIHTCH
OETCKTOP 3NCKTPOHOB. B DKCMEPHUMEHTE ONpeAenIeTea BEPOATHOCTDL
P, nonajanus 2/ieKTpoHa HA ACTEKTOP IPH ero TMPOXOXIACHUH Yepes
nepBoe OTBEPCTHE (BTOpOE OTBEPCTHE [IPH FTOM 3aKpHITO). s aToro
H3 HUCTOYHMKA MCNYCKAeTCs HEKOTOPOE KOJMYECTBO JICKTPOUOB.
Yncno 3apervcTpUpOBasHBIX HA JETEKTOPE 3NIEKTPOHOB ACIUTCA Ha
ofee YHCIO BEIACTERMINX 3JICKTPOHOB (3TO M ecTk P;). AHANOIHYHO
OTIpEenseTcA BEPOATHOCTE P; nomniajaHus 3eKTpOHa Ha JIETEKTOP
OPH ero NPOXOKACHUH Hepe3 BTOPOE OTBEPCTHE (MEPBOE OTBEPCTHE
NpH  5TOM 3aKpbITO). 3areM OmpeAenAeTcs BEPOATHOCTE Pjp
AONafanHA 3MEKTPOHA Ha JCTEKTOp, KOT/I2 OTKPHITE 00a OTBEPCTHAL.
MecTononoxeHie AETEKTOPA MOXKHO M3MEHATH M BHOBbL ONPCACIATH
P; Py, Pp,.
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Kak BuAHO M3 pucyHKa, KpHBas P;; ABHO HC COBMAJaeT ¢
cymmoit P; + P, 310 03HauaeT, Yro NMPOHCXOONT HHTepdepeHLHs
2IEKTPOHA C caMuM coboi,

C oaHOH CTOPOHHI, HNEKTPOH ABISETCA HEACIHMOH YaCTHIEH.
Ho ¢ apyro#t croponsl, wHTepdepeHIMs BO3MOXKHA TONBKO B TOM
CAlyHdae, KOrjia 371eKTPOH MPOXOANT Cpasy uepes ABa oTBepcTHA. Eciu
Obl Ka)KZBIH 3JIEKTPOH NPOXOAHN TONBKO Yepe3 OJHO OTBEPCTHE, TO
BCEI /1A BRIOMHANOCH OBl pABEHCTRBO Py = Py + Py,

OETEKTOP

WCTOYHUK
aneKTPoHoB -
3KpaH NOrNOTUTENb
Puc. 12. MGTOMHUK  3NexTpoHOB  COCTOMT U3 BONbGPaAMOBOA

NPOBOIOYKH, HAMPEBAEMOIR TOKOM U NOMEWEHHOW B MaTannuMuecky) kopobky
¢ oTeepcTveM, ECIM Ha nNpoBonoyky NOAAHO QTPUUATENBHOE HARPsKEHUE, a
Ha KOpOBKY — NONODXMTENBHOE, TO SNEKIPOHLI, MCNYLIEHHLIE NPEBONCYXOH,
ByayT pasrOHATLCA CTEHKaMU KOPOBKM, U HEKDTOPEIE K3 HUX NPOCKOYAT CKBO3b
oreepcTue. Mepe UCTOUHWKOM CTOMT METANNMYECKAA NNACTUHKA C ABYMA
OTBEPCTUAMY — 3KPaH. 32 HEW CTOWUT Apyrad NNactuHka — nornotutens. o
Hell MOXeT ABMTaTbCA AETEKTOP — 3NEKTPOHHLIA YMHOXMTENb, K KOTOpoMY
npucoeAuHEH guHaMuK. Mpu nonagaHuy 3NexTPoHa B AeTeKTOp #3 AUHAMMKA
poHocutes "uienyox” [8;¢.207].
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Kpome Toro, ecrr Takue TOYKH Ha TOTTNOTHTENE,
COOTBETCTBYIONIHE MHHHMYMaM KpHBOH P;;, B KOTOpEIE MOMagaeTr
OYEeHb Malo 3JIEKTPOHOB, KOTAAa OTKPHITH 00a oTRepcTHA. A Koraa
OJHO OTBEPCTHE 3aKpeITO, TO HX TMOHNa#aeT ropasgo Oonblie.
[lomyuaercss, 9ro, OTKPLIR BTOpOE OTBEPCTUE, BRL TEM CAMBIM
YMEHBIIAETE IHCTIO JIEKTPOHOR, MPOXOAMMHX Yyepe3 nepeoe. Kak ato
MOXHO OOBACHUTE?

A BOT cepeguHa KpHBOH Pj; 3HaUHTENIBHO NPEBBILIACT CYMMY
P; + P, 3pech, OTKpBIB BTOpOE OTBEPCTHE, Bhl TEM CaMBIM
YBENMYHRACTE YHCHO 3NEKTPOHOR, TPOXOAAIINX YEpes MTEPBOL.

3aBHCHMOCTD, CBA3BIBAIOINAA KPUBYIO P, ¢ KpHBBIMM P; 1 P;,
o4enb npocra. Ilycte ¥, — 3T0 aMnmuTyRa BEPOATHOCTH TOTO, 4TO
3MEKTPOH TIPOHAET CKBO3B OTBepcTHEe ! W momaiér B TOWKY X Ha
norsorurene. A ¥; — aMIIuTyAa BEPOATHOCTH TOTO, UTO NEKTPOH
NpoHIET CKBO3b OTBEPCTHE 2 M TaKke nonanér B Touky x. IToaromy

= ¥, a P, = |¥,)]. AMIIHTYza ke BEpOATHOCTH TOTrO, 4TO
3JIEKTPOH NpoHAET Yepes 00a OTBEPCTHA M NONAET B TOYKY X PaBHa
W;z = W] + 5”2, H [I03TOMY P;; = |!.p1 + g’g |2;~“P; '*'-Pz.

Ecnu e Mbl BCE-TaKM NONBITAEMCA ONPEICITHTE, Yepe3 Kakoe
HMEHHO OTBEPCTHE MNpPOIIEN 3NEKTPOH (HanpuMep, HpH TOMOUIH
HCTOYHUKXA BBICOKOIHEPTETHYHEIX (DOTOHOB, PacHONOKEHHOTO Cpaly
3a 3KpaHOM), TO OOHAPYXHM, YTO BNEKTPOH NPOXOAHT TONBKO qepes
oo oteepethe, [Ipu 3TOM MATepdeperuns He HabmonaeTcA.

IlpuBeagHHbIi JKCTIEpHMEHT B JeTaniax omucan Puvapa
®eiinMan. Bot ero kommeHTapHii k Hemy: «Bc€ 3T0 BRITHAAMT BEChMA
TauHCTBEeHHO, U TeM TaHHCTBEHHEH, yem Donbile 06 3TOM ayMaeiusy»
[8;c.210]. 1 mamee: «BoT Kak MBl O0A3aHLI PacCyXNaTh, 4TOOLI He
Ienate OMMOOYHEIX mpeackasanu#. Ecnm  BH  caeguTe  3a
OTBEPCTHAMH, @ TOYHEE, €CNM Y Bac €CTe npubop, CrocoOHBIH
Y3HaBATh, CKBO3b KaKOE OTBEPCTHE K3 ABYX MPOIWEN 3JEKTPOH, TO BB
MOX€eTe FOBOPHTH, YTO OH IPOIIEN CKBO3b orTBepcTHe | (min 2). Ho
€CNH BBl HE TLITAAHMCH Y3HATh, [AE TIPOIIEN 3NEKTPOH, €CiH B OMbITE
He OBUIO HHYETO BO3IMYINAIOINETO 3ACKTPOHBI, TO BbI HE CMEeTe
OyMaTh, YTO 3MEKTpoH MMpowén nubo ckeo3b orBepcTve /, aubo
CKBO3b OTBEpcTHe 2. ECiM BRI BCE ke HayHETe TaK AyMaTh B 3aTeM
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JenaTe palIMHHEIE BBIBOAGI, TO, HECOMHEHHO, RATBOPHUTE OmMMOOK B
anamse» {8;¢.215,216].

Takum o06pa3oM, HAHHBIH O3KCMEPUMEHT IIOKA3BIBAET, 9YTO
3NEKTPOH NEHCTBHTENLHO CYIIECTBYET B BUAEC BUPTYaisHOro obnaka,
H, TIPOXO/IA Jepe3 JKPaH ¢ ABYMs OTBEPCTHAMM, OR B3aMMOJEHCTBYET
caM ¢ coboi, Takoro B3ammoaeHcTBHa ne OBINo OB, eciim Om
BUPTYanmsHOe 0bnako (unu BonHoBad W—(yHKUws, ONTHCHIBAIOILAA ETO
IBKEHHE) B  OTPAXKANO  Hallle  He3HaHHWe  HCTHHHOTO
MECTONONOKERHA  3MeKTpoHa. CreJoBaTeNhbHO, CTaTHCTHYECKas
HHTEpIIpETaLHA HE BEpHA.

Ha Beskuil cnygal MOKHO OTMETHTB, 4YTO B 3alHTY
CTAaTHCTHYECKON  HHTEPIPETAllU¥  BHICKA3bIBAlOCh  CIEAYHOLiee
NPEJNONOKEHHe., DNEKTPOH NMPOXOAHT BCerda TOMBKO 9epe3 OHO
OTBEPCTHE, HO JNIEKTPOMArHHTHOE II0JIE, CO3JABACMOEC DJIEKTPOHOM,
KaKHM-TO 0DpazoM OTpaxaeTcd OT BIOPOrC OTBEPCTHA M BIMSET Ha
OBWIKEHHE DACKTPOHA, H B PE3YNBTATE MPOUCXOMHT HHTEphepeHIiHs.
JTO MHTEpECHOE MPCANONONKEHHE, HO OHO BCE Xe He BepHo. [leno B
TOM, YTO pasMepel 3AEKTpOHa, Io Kpakncit Mepe, MeHbIe
yem 10 **m [18,1,5;c.545]. A pacCTOSHWE MEXRY OTREPCTHAMH, IO
KpadHeH wmepe, Oonsle 4YeM pa3Mep aToMa, To ecTk Oonkelle,
yem 10 '’m. Y ecnm ewd ywecTb, 4TO 3IEKTPOMATHHTHOE TOJE
yOBIBa€T MPOTOPIMOHATLHO KBAafpaTy pPacCTOSHHA, TO CTAHOBHICA
ACHO, HACKOJIBKO HE3HAYUTENILHO BIHAHHE APYTOTO OTBEPCTHA B TOM
cIydae, eclid 06l 31eKTPOH IPOXOJHA TONBKO Mepe3 OfHO OTBEPCTHE.

§ 5.5. Cnop 3wHwTenHa u Bopa

urioTesa o BOMHOBOH MPUPOAE JNIEXTPOHA, BHIABHHYTAA JIyH
ne bpoiinem, Opina BOCHpHAATA HENBIM  panoM  (H3MKOB
oTpHuaTeisro. «OTpuuatensuo K el otnécca w Ulpéannrep. Korza
Mebail nonpocun ero pacckazarh monoaéxu o pabotax e bpotins,
1lipénuurep cHayana orkasancs» [22;¢.203].

B To Bpemsa kak Anmpbepr DfHmMTEHH cpasy noanepxanl 3Ty
THNOTE3y. A yXe 4epe3 fBa rofa OHa Oblia 3KCIEpPHMEHTAJBHO
NOATBEPXKIAEHA B OMBITaX N0 XHOPAKUMH 27IeKTpoHoB. OaHako
JinmreiiH He coOrNAacHACA C KONEHrarcHCKoH HWHTepRpeTaluHeH
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KBAHTOBOH MEXaHWKH, CUHTaA HOBYK TEOPHIO HEMOMHOW. A 3alHIan
KBaHTOBYIO MexaHWKy B To BpeMs Hunbc bop. B pesymerare BOZHHK
HHTEPECHBIH  HMCTOPHYECKHH CIIOp JABYX  BEIHKHX  YYEHBIX,
saTpardpaoumii Hambojdee TOHKHE BONPOCH (H3HKH MHKpOMHpA.
CmoTpH, Hanpumep, craTbio bopa «Juckyccnu ¢ DHuureitHoM no
npoGiieMaM TeOpHH O3HAHUA B aTOMHON PH3nke» [3;¢.399-433].

Kynimumanug cnopa ®actymwia B 1935 roay, xorja
Ditamtelin (coeMecTHO ¢ PoseHoM u [IONOMRCKUM) TIPEATOKHN
CreTyIIIKii MBICTIEHHBIH 3kciepuMenT [2;c.604-611]. Jonyctum, a10
HEKOTOpasd CHCTEMa, COCTOAIAsS W3 JABYX dHactet 4 u B H
onMMCbIBaeMas  BONHOBOH  QyHkmuedr  ¥p, CaMONpoHIBOIEHO
pacnagaercs. Hampusep, JABa TIpOTOHA, HAXOOSIIHECH  BO
B3aUMOICHCTBHY APYT € APYTOM, Pa3feraioTci B PAasHBIE CTOPOHEL
Yeper HekoTOPOE BpeMs PACCTOSHHE MEKAY HUMH CTAHET HACTONBKO
OONBIIWM, YTO WX B3aUMoZeHdcTBHEM MOXHO Oyner npcHedpeys.

KpanToBas MexaHHKa HC MOXET TOYHO TIPE/ICKA3aTh, B KaKWX
HanparJICHUAX pa3iersTcs nporTossl. OHAa .MO3BOJAET  TONBKO
PacCUHTATE BEPOATHOCTE TOr0 MAH HHOTO HanpapineHus. OoHako eciu
HaM yaacTcs oOHApYXKHTE OJUMH IPOTOH, ABHKYILHMCH, HalpuMep, B
CCBEPHOM HANpAaBJICHUH, TO OTCIONA ClefyeT, Ha OCHOBAHHH 3aKOHA
COXpaHeHHs HUMIIYNBCa, YTO BTOPOH HPOTOH IBIKCTCH B HOXKHOM
nanpasienun. Mexogs W3 3Toro, MOXHO CAENATh ABA PA3THUHBIX
MpeITIONIONKEHAA,

HepBoe mpelnonNoXeHHEe, CcHENAHHOE C TOYKH 3peHAA
CTATHCTHYECKOH HWHTEpHpeTanMH ¥ OCHOBAHHOE Ha “30paBov
cMEIcne”. Bmopott npomow cpazy e RNOCAE G3aUMOOCHCMEUA
08U2ANCA 8 I0XHCHOM HOARPAGIEHUU, U Mbl VIHAAU 00 2moM, Kozda
oBRApyHCUIU NEPEBII RPOMON.

Bropoe npeanosnoxeHue, cleNaHHOE ¢ TOYKH 3peHHS
KOIICHrareHCKO# HMHTEPIpeTallid #  OCHOBAaHIOE HA TOM, dTO
¥-bpynkuus Jar NomHOE ONMCAHME JBWKEHWA. Hsatepenue
COCMOAHUSA NEPEO20 NPOMOHA M2HOBEHHO uimenuno Fig—yurywo, a
IHAYUUM, U COCMORHUE 6MOpPo20 npomona. To ecmob émopou npomown
cman 08U2ambCs 8 I0JCHOM HANPASAEHUY MOIBKO NOCIKE MOZ0, KaK Mbl
“nosimanu” nepeviil.
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TakuMm o06pazoM, KBaHTOBAS MEXaHHKa [PEACKa3BIRaET
BOSMOXHOCTE  M2HOGewHO20  Oeticmeus Ha paccmosvuu. ITa
TApaJOKCAIbHAA  4CpTa KBaHTOBOH  Mexawukd (emé OGonee
HCMOHATHAA, HeM WHTCp(epeHIlHs 3NMeKTPOHOB) MONYYHIIA HA3BAHHE
“HedoKanbHOCTE”, MeXanusm, HarngaHo OOLACHSIOUNHA HenoKanb-
HOCTB KBaHTOBOH MeXaHuku, OyAeT npeioxen B 6-d riase.

DHHwTeifH OTPHIIaN BO3MOXHOCTL MIHOBEHHOIO [CHCTBHA Ha
PACCTOSHHH W FO3TOMY OTBEPr BTOpoe mpeanosioxenne. OH caenan
BBIBOJ, UTO BTOPOIT IPOTOH cpasy Ke M0Cie B3aUMO/CHCTBHA JETEN B
KOKHOM HATIpABJIEHHH. A TAK Kak KRAHTOBas MEXaHHKa He MOIJa
MpeACKalaTe ITOrO 3apaHee, TO, CNeNOBATENEHO, 0OHA SBIACTCA JIHUIb
BEPOATHOCTHHIM (CTATHCTHYECKMM) OTIMCAHHEM ABHXKEHWMA H HE AAET
HONHOTO [PEXCTABICHHA 0 peanbHOCTH. ['oBOpA JPYTHMH CIOBaMH,
KOTIGHTarcHCKas MHTEpHpeTalMa He BepHa. Bor 4ro on numer o6
3TOM B cTathe «BBOOHEIE 3aMedanus 06 OCHOBHBLIX NOHATHAX»: «Ecin
Obl F-pyHKUMR JaBana IOAHOS ONHCAHHE PEallbHOTO COCTOAHUSA, TO
aT0 OBl 03HAYamo, 4TO W3IMEPCHHE, TPOH3BOAHMOE HAal BTOpOMH
MOACHCTEMOMH, OKa3blBaeT BIMAHHME HA PEANbHOE COCTOAHWE IIepBOi
MOACHCTEMBI. JTO COOTBETCTBOBANO OBl CYUIECTBOBAHHIO KaKOU-TO
HEMOCPEACTBEHHOH  CBA3M  MEXIOY  OBYMS  OPOCTPaHCTBEHHO
pa3fenéHHLIMHE COOBITHAMH. QAHAKO ITOT Cyyad TAKXKE OTREPTaeTcH
uHTYHUKeH. TakuM 00pa3oM, U B 3TOM ClIydae IPHXOAHM K BBIBOLY,
4TO ONHCAHHUE COCTOAHMA C MOMOWIBI0 ¥-(YHKUUH ClEIyeT CUKTAaTh
HeTonHEIM» [2;¢.625].

Hunksc bop He cormachmics ¢ TakdM  BelRogoM., B
IapafOKCAThHOCTH KBAHTOBOH MEXAHHKH OH BHIEN OTPAXKEHHE
napagoKcaTBHOCTH, HabmogaemMol B MUKpoMupe. Takum obpa3om, 3
€ro TOYKH 3PEHMS CIeJOBaN0, YTO HEOOBIYHOCTH KBAHTOBOM
MEXaHHKH ABNAECTCH KOCBEHHBIM TNONTBEPK/ICHUEM €€ HCTHHHOCTH H
NONHOTEL. OH CYHMTAN, YTO PACCyXNEHHA, TPHBOIUMEIE DHHIITCHHOM
H OCHOBZHHBIE HA MOHATHAX KJIACCHYECKOH (H3UKM, HE PHMEHHMBI
IUIi OUMCAHHMA KBaHTOBEIX ©00BLex1oB. Bo wn3bexkanune momoOHBIX
“mapamoxcos” bop nmpemmaran  oTkasaTeCA 0T  HANIAAHOIO
HpeAcTaRIcHUs KBAHTOBO-MEXaHWYECKHX TporeccoB. Bor kak od
BO3pakajl JUHIUTEAHY B OTBETHOH cTathe «MOXHO I CYHTATh, YTO
KBAHTOBO-MEXAHHYECKOE  ONHCaHWe  (QHUIHYCCKOH  peanbHOCTH
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ABIACTCA NOMHEIM?»: «{J/IHAKO Takoro poja apryMeHTallHs elsa Ju
TpHTONHA Jid TOro, 9TOOEI MOAOPBATE HAAEKHOCTh KBaHTOBO-
MEXAHHYEeCKOr0  ONMCAHHMs,  OCHOBAHHOIO  Ha  CTPOHHOH
MaTeMaTHYeCKOH TEeopHM, KOTOpas aBTOMAaTHYECKH OXBAaTHIBAET BCE
cnyyan — H3MepeHus, mofoOHele  ykazanHoMy.  Kaxymeecs
IPOTUBOpPEYHE HA CAMOM JE€fle BCKDHIBAET TONBLKO CYMIECTBEHHYIO
HENPUrOAHOCTE OOBIYHOM TOYKH 3peHHs HarypansHo# dunocodun
A omucanug (UINYECKHX SBICHHH TOTO THIA, C KOTOPHIME MBI
HMeeM JeNo B KBaHToBoH MexaHuxey [3;¢.181,182].

Otser Bopa mo cBoelt C©yTH #ABJAAETCH BEPHRIM, HO
HeJocTaToOuHO yOenmTenabHbIM. BepHBIM moToMy, 4TO AanbHeinee
pa3sBHTHE (DHIMKH, a TAKXKC WU3AUIHBIE DKCIIEPUMEHTHI IOCTEAHHX JET
NOATBEPIMNY HENOKaNbHBIA Xapakrep H TIIOJHOTY KBAaHTOBOH
MEXAHHKH. A HEAOCTATOYHO YOCIHTENEHEIM NIOTOMY, YTO 3TOT OTBET
nokazancs HeyOeUTENBHBIM H HEMOHATHBIM Jaxe OHHITEHY.
Opucr Pesepdopa, y kKoToporo ogHo BpeMs yuuncs bop, rosopui, 1o
€CIIH TeopHd NpecTapIaeT cobol XoTh Kakyr-nabo eHROCTL, TO e
MOXKHO OOBACHHTL Aaxe Oyderumme [29;¢.110]. Bopa wmoxuo
YIpeKHYTb B TOM, 4TO OH HE CMOr fACHO H TIPOCTO OOBACHHTH
KBAHTOBYIO MEXaHHKY XOTA 051 JAHITEHHY.

Jiake B Haple BpeMsa HEKOTOpHe YuéHble, TAKKE KaK M
DiHmTe, TPHASPKUBAIOTCA CTATHCTHYECKOW  WHTEPIPETalnH
KBGHTOBOH MEXaHWKH H  OTBEpraioT KOMeHrareuckyw. Ouu
[IpeAnoNarawT, YTC¢ YacTHUA@ JBHEXKEICA II0  ONpeJeléHHOH
TPaeKTOpPHH, HO e€ [BH)KEHHME 3aBMCHT OT KaKHMX-TO TIOKa
HEH3BECTHBIX CKPBITBIX TapameTpoB. OHH HAAEHOTCA BBECTH B
KBAHTOBYI0O MEXaHMKY O3TH IOMOJIHHTENBHBIE [IaPAMETPhbl, YTOOH
MOXKHO OBIMO OJHO3HAYHO NPEACKa3aTh JABmxenne HacTHUw. C aToi
TOMKH 3peHHs o0BCKTHBHONW HeompeJenéHHOCTH W cayuafinocTn He
cymectByer. IIpocTo HaM mMoKa HeH3BECTHB! 3HAYEHHS CKPBITHIX
TapaMeTpoB.

[lpeanonaraercs, 4TO HoBasd TeopHA OylleT HMETs JOKaNbHBIH
XapakTep, B OTIHUY#E OT KBAHTOBOH MexaHukH. Kak yxe roBopHiocs,
KBAHTOBaA MEXaHHKA CUHTACTCA HENOKAIIBHOH TEOpHEH, IOTOMY YTO B
Hell u3MepenHs, CHEHaHHbIC HAl OAHOH YacThl0 CHCTEMBI, MOTYT
MIHOBEHHO M3MEHHTH COCTOSHHE JAPYIrOH YaCTH CHCTEMEI.
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Ha nepBEIil B3TAA MOXET ITOKA3aTHCS CTPAHHBIM, YTO ECTh IlE
yaéHple, KOTOPbIE MPUAEPKHUBAIOTCA CTATHCTHICCKON HHTESPIPCTALIH
H OTBEPraloT KOIEHTareHCKYIo. Belb JKCnepHMeHTH Kak  pas
NOATREPHNAIOT TIPENCKAIAHUA KONCHIATEHCKOH HHTEPNPETAUMH H
MOKA3LIBAIOT TIONHYI0 HECOCTOATENLHOCTh CTAaTHCTHueckoH. Taxomy
NPeANOYTEHHI0O MOKHO AaTk chefytouee obOpfscHeHuE. JIma Mmorux
mogel, No-BHAHMOMY, ICHXONOTHYECKH Jerde NPHAEPKHBATHCH
MYCTh HEBEPHOMH, HO 3aTO MOHATHOW TeopHH (B Hamexie, 4To B
OyayuleM, BOSMOKHO, YIACTCA €€ YCOBepWIeHCTBOBATE), €M IPHHATE
BEPHYIO, HO HETIOHATHYIO.

B 1964 romy Jx. DBenn nokasan, UYTO NpencKasaHHA
BO3MOXHBIX TOKaNbHBIX TEOPHH CO CKPBITBIMH NapaMeTpaMH OynyT
CYIIECTBEHHO OT/IHYATLCA OT NPEACKAIAHHE KBaHTOBOH MexaHHKH. H
B TIPUHLHIIE MOMXHO DKCIEPHMEHTANBHO ONpeAeNHTh, Kakad M3
1‘eopm‘i BCpPHA — KBAHTOBaA MEXaHHMKA HIHU JIOKANLHBIC TCOPHH COQ
CKPBITBIMH I1apaMeTPaMH,

Cneyer OTMETHTB, YTO NOHOOHBIH 3KCHEpHMERT peansio (1)
oposemt B 1982 roay A. Acnexr, XK. [lamubap v XK. Poxe u3
OntHyeckoro HHcTHTYTa [lapuxkckoro YHurepcutera. Ilo uponuu
CyspOBl 4BTOPH! — CTOPOHHHKHA JOKAILHBIX TEOPHH €O CKPBITEIMH
napaMeTpaM (adbTepHATHBHBIX KBaHTOBOM Mexamuke). OxHako,
BOMpEKH 3aMEICTY aBTOPOB, JKCHEPHMEHT MONTBEPIHN «OAHC H3
CaMBIX CTpaHHBIX CBOWCTR KBARHTORBOTO MUpa - HEJTOKAJIBHOCTE)
[30;c.26]. «lloiydennble pe3ynbIaTBI OTHETIHBEE, YEM Koraa-nubo
NOKA3BIBAT, YTO MBI KHUBEM B CTPAaHHOM “KBaHTOBOM MHpe”, He
noanarmeMcs HHTCPIpETAlHH Ha OCHOBE OUEBRAHOIO 3ApaBoro
cMBIcia.  BOT  Heckobko  HOBBIX — HeoOBIYHBIX — BBIBOZAOB,
CIIPAaBEUIHBOCTE KOTOPHIX MBI BHIHYKACHB npusnarb. Bo-mepseix,
IOBa OOBEKTA, PA3ACTIEHABIC MHOIOMETPOBBLIM PACCTONHHEM H HHKAK
Mexny coboit He CBA3aHHBIE, TEM HE MEHee “‘UYBCTBYWOT'
TpUCyTCTBUE Apyr apyra. HUx nosemenne mopasuTenbHbIM 00pa3zoM
CKODPPEIUPOBAHO, TAK 4TO U3MEPEHHA, BEINONHEHHBE Hal ONHHAM U3
HMX, MTHOBEHHO BJIMAIOT Ha pe3yNbTaThl H3MEPEHHH, BBIMOIHACMbIX
HAJ APYrMM. 3TOT BHIBOX HEBO3IMOKHO OOBACHHTE C TOUKH 3PCHHA
KTacCHYECKOH HAyKHW, HO OH TIOJNHOCTBIO COrNIACyeTcsi ¢ KBAHTOBOM
MEXaHHKOH. Bo-BTOpEIX, GOTOH - KBaHT 3NCKTPOMArHHTHOIO
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HITYUEHHS — MOKET BECTH cedf U Kak 4acTHIa, U Kak BolHa. B Takom
HEONpPeAeNEHHOM COCTOAHHH O CYLIECTBYET JIO T€X MOp, MOKa HaR
HHM HE MPOBEAYT Kakoro-1¢ {u3nueckoro Hiamepesms» [30;c.22].
Cmorpu Take [53].

B HacToAmEee BpeMA HENOKaNBHBIA XapaxkTep KBaHTOBBIX
NIPOLECCOB — STO MHOTOKPATHO NMPOBEPEHHBIH IKCTICPHMEHTAIBHbBIH
daxt. Hanpumep, rpymmoit I'mauma (N. Gisin) B JKewese Obut
MPOBeNEH KOPPENAUHOHHBIA oOneT [54]), B KOTOpPOM KBAaHTOBHIC
ofbeKTHl, OMHMChIBacMple oOwWeH BonHOBOH P-dyHKuMeH, ObUH
pasjenensl pacctoaHdem B /O xm! 11 TeM He MeHee, H3MEpCHHA,
NpoH3BeAERHBIE HAaj OOHMM KBAaHTOBEIM ODBEKTOM, MIHOBEHHO
H3MCHAJH COCTOAHHE JIpYrore KsauroBoro oOnekra. B HIoABCKOM
HOMepe XKypHana «Ycmexu (usnyeckux nayk» 3a 2000 rox Ovuia
HaneuaTaHa o030PHAA CTATeA HA 3Ty TeMy: «KBaHTOBas MEXaHHKa:
HOBBIC JKCIIEPHMEHTEI, HOBHIE TIPIIOKEHHA ¥ HOBRbie HOPMYHPOBKA
CTapeIX ROIPOCOB». BOT BHJSPKKa U3  Hef: «H3MEpCHHE,
TpOBENEHHOE HAJ OAHOH W3 HacTHO, OIPGIENseT pe3ydasTaT
H3MEpeNHsa Hal BTOPOH yvacTHieHd, KOTopoe NPOBOIMTCH B TOT XK€
MOMEHT BPEMEHH B JPYroil TOYKE IpOCTpaHCTBAa. [lBa COOBRITHA
(M3MepeHie NepBoi JacTHUH M H3MEPEHHE BTOPOH YacTHIIBI) MOTYT
OLITE pa3aenedhl TPOCTPAHCTBEHHO-NOL00HEIM HHTEPBANIOM H, TEM HE
MeHee, OBHO U3 HHX IpegonpeaeiseT sropoen [52).

§ 5.6. BuptyaneHbie ¢OTOHBI

Cefiyac MBI pPacCMOTPHM JKCHCPHMEHT, pACKPBIBAIOIUMH B
HOJHOH MEpe BCK HeoOBIYHOCTL MOBENEHHA KBAHTOBBIX OOBLEXTOB.
Onucanye nogobHeX (2 Tarke Honee IKIOTHIECKHX) IKCIIEPHMEHTOB,
KaK pealbiblx, TAK H MEICIIEHHBIX, TPHBOAUTCA B cTaThe «KBaHToBas
¢unocodua», onydaKoBanHoH B KypHale «B Mupe Hayku» 3a 1992
rog B Ne9,10. JlawHble onoiTe! OBUTH TpOBEACHBI ¢ (DOTOHAMH, HO
«Jeno B TOM, YTO NEKTPOHBI BCAYT ce0A B TOUHOCTH noaobHO creTy.
KBaHTOBOE mNOBENEHHE BCEX ATOMHLIX OOBEKTOB (3JIEKTPOHOB,
OPOTOHOB, HEHTPOHOB, (POTOHOB M T.A.) OAHHAKOBO: BCEX HX MOKHO
Ha3BaTh “yacTHLAMKU-BOJHAMHK™ (TOAATCA, BOpOUeM, W moeboe pyroe
Ha3gaHHe)» [8;¢.202].
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Bot onncanve skcnepumenta (cMoTpH puc. 13). Jlyy nmaszepa
HANPapIAeTCd Ha CBETOJCHHTEAR — 3€PKaNi0o, TNOKPLITOE CJIOEM
cepebpa Takoii TOMIMHEL, 9TOOR [ONOBHHA MANAKIIUX Ha HETO
doTOHOB OTpakanace, a J[APYTads MONIOBHHA TNpPOXOAHNA CKBO3b
sepkano. Ilocne paciuemsieAMs Ha CBETOfienuTene oba Jydya ¢
[IOMOIIBI0  CHCTEMBl  3epKkal HalpaBNAOTC] X JACTEKTOpY H
COECNUHAIOTCH Ha NEM,

B naHHOM 3KCIIEPHMEHTE A Kax1oro (oToHa CyLIECTBYET
BCET0 TPH BO3MOXKHOCTH. BO-NIepBBIX, OTPA3HTBECA OT CBETOAEITHTENA
H TIOIMACTh Y€PE3 CHCTEMY 3epKal Ha INeTeKTop. Bo-BTOpbIX, [IpOiTH
CBETONCHUTEAS HACKBO3b M TAKOKE [IONACTh HA JETEKTOp, HO Npoija
y¥e Ipyro#t nyrs. Y, HakoHell, B-TpeThHX, [IPOABHB CBOIO BOJHOBYIO
GPHPOIY, PACUIENIUTLCA Ha& CRETOJCIIHTENC Ha JBe BOJIHE M MOMAcTh
Ha JETEKTOpP cpa3y Fo o0ouM My TAM.

k4 OCHOBHO#
" "“-.,‘ netexTop

ceeTogenvTens .~

C——/ AONONHATENbHBIR
3epxano OEeTexTop
Puc. 13.
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Ecnu HuTo He Memano uaTH GoToHY No o8ouM MyTSM, TO OH
BEN ceds KaK BONTHA W PacUICTUIANCA Ha CBETONE/INTENE Ha IBE BOMHBI,
KOTOpHle HHTepdepHpoRaM Ipyr ¢ ApyroM Ha geTextope. Ho ecnn
OfUH [OYTh OBIN HEpeKpHIT (ero IePEKpHIBAIH NONONHHTCIHHBIM
JNETEKTOPOM), TO KKl GOoTOH BEN cebs Kak WacTHOa M JIeTe.l
TONBKO TIO OAHOMY TWYTH, Nonaaas jJHOO Ha OCHOBHOH, mubo Ha
JIOTIONHHTENBHEIH AeTEKTOD.

C opHo¥t CTOpOHBI, Kax[biH (OTOH Tomagan Ha HNETEKTOp,
HPHHOCA OPEeNeNEHHYI0 FHEPTHIO (BCEra OQHY H TY XKE), TO ¢CTh BEN
ceba kak wactuna. Ho ¢ npyro#t cropoHbs ecmn oba mytw OpuiH
OTKPBITH, TO (JOTOH, pacllieNUBIUHCE HA JBE BOJHEL, IEN Ccpasy Mo
oGouM myTaM (OMHC3HAYHO TAKOH BHIBOJM MOKHO CENaTh, HAOIONAd
HHTephepeRtHIo Ha ACTEKTOpe), TO eCTh BEN cebs KaK BONHA.

MosroMy sKCTIEpHMEHTATOPH pelliiaH “oOXHTpUTE” (OTOH,
BpPEMs OT BPEMENY NEPeKphiBas OfUH W3 NYTEH yoice ROCRe MD20, KaK
ghomon npowén uepez ceemoderumeinh, HO RPEINCOE, YEM OH JOCMuUZ
demexmopa. Tem ne menee, GOTOH cHOBa BEN cels KaK 4acTHHA B TOM
CJIydae, eclid OJHH MyTh ObLI [IEPEKPHIT, H kKak BONHA (Ién cpaly no
00ouM nyTaM), eciiit 06a My TH OBUTH OTKPHITEL.

A yr0 ecnu chenats uaTepdepometp pasmepom ¢ ConHEYHYIO
cucteMy (B cratee mnpepnaraerca emé OGolee TpaHAHO3HBIR
akcnepuMedT)? CkaxkeM, maszep H CBETONENTHTENb YCTaHOBHTH Ha
HOnurepe, a gerektop — nHa 3emue. Ilpu 3TOM caenarts Tak, YToOH
oAMH Jtyd mén Ha 3eMII0 Yepe3 CHcreMy 3epkan Ha Mapee, a
Jpyroil — depe3 cAcTeMy 3epkalt Ha Benepe.

Tipeanonoxum Teneps, 410 Ny4oK GOTOHOR yIKE NPOIIEN YEPES
CBETOAENHTENE H JIETHT K 3emie, 4 OSKCHEPHMEHTAarop BcE ewé
Aymaer: HaOmojars & HWHTep(epeHNuIe Ha JCTEKTope WM
NEPEKPHITh ONMH H3 ITyTeHd ZONONHHUTENbHbIM AetextopoM? Ho senp
KOKIbH  (OTOH  HaXQAWICH YK€  AOCTATOYHO  JANEKO  OT
cperopenntend. OH mubo Kak 4acTHUA yiKe JETHT TONBKO N0 OJHOMY
myTH, M0 Kak BOJIHA — CPa3y IO JBYM. A M3 YP2BHEHHI KBaHTOBOH
MEXAHHKH CHEAYCT, Yo CCIM IKCOEPHMEHTATOP OCTaBUT 00a MYTH
OTKPBITHIMH, TO OK2)XeTCH, YTO KaIblH (POTOH NpoJeTen cpasy Mo
JABYM IYTAM, H HA AETEKTODE NMPOH30HAET uHTepdEepesuns. A ecin
Ke OIKCHEPHMEHTATOP NEPEKPOeT OOWH IIyTb, TO OKa)ercsd, YTo
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KaKAplH oToH mponeren, moZoOHO YacTHUE, TONLKO MO OLHOMY
nytH. [Tonyqaercs, yTo OeHCTBHS YKCTIEPHMEHTATOPA, BHIIIONHEHHbIE
“ceHyac”, crocoOHH MOBMUATE HAa “BHIGOP” (oTOHA, KOTOPEHIH yXe
MPOH30IIEN B JIOCTATOYHO AANEKOM HPOILITOM.

BOT 9TO HamMcaHo B CTATBE O TAKOM CTPAHHOM MOBEXEHHH
KBAHTOBBIX 00BexTOB: «Biiors 10 HacToAmero BpeMeHH dKCHEpH-
MEHTBE [IOATBEPKAAIOT XyAmue onaceHus IJHnmrTeHHa. DoToHEI,
HE{TpOHbE, H Oaxe IIeNble aTOMbI HHOFAA BERYT ce0f Kak BOJNHEI, 4
HHOI/Ia — KAK YacTHIIbI, OAHAKO B NCHCTBHTEIBHOCTH OHH HE UMEKT
HYKako# onpelenéHHo#i GopMbl RO TEX 10p, NOKa HX HE NOABEPraioT
H3MEepeHHAM... UM3aMepeHHe OJHOTO KBaHTOBOrO O0BLEKTA MOXKET
MIrHOBEHHO NOBIUATH HA APYroil, paciiONoXEeHHBIH AANEKO OT HETO,
Takoe cTpanmoe MOBEJSHHE MOMKET BCTpelaThcAd HE TONBKO B
MHUKpPOMHpE, HO W Yy [OCTaTouHO OONBIIHX O0OBEKYOB, BUIMMBIX
HEBOOPYXKEHHEIM I71a30M. ODTH OTKPBITHS CTHMYNHPOBANH BO3POK-
JeHHEe HMHTEepeca K ONMpeNenéHHOH TpaKkTOBKE (MNTEPNpEeTaltH)
KBAHTOBOH MEXaHHKH, I/le JeNakoTCs NOMEITKH BBECTH €€ B pa3yMHBIE
pamMku. Ho cymecrsyromue B HacTosmee BpeMs HMHTEPIPETALHU
BBIMVIAAAT KAKHMH YTOOHO, TONBKO HE pa3syMHBIMH. B HeKOTOPHIX H3
HUX [IPE/NIaraeTCd KQHUENLUHA “MHOXKCCTBEHHOCTH MHPOB”, B IPYTHX
TpefyeTcH MOBEPHTL B JIOTHKY, JONYCKAIONIYI0, 4TOOk! ABA NPOTHBO-
IOMOKHBIX 110 CMEICTY YTBEePX¥IEHHA Op HCTHHHE [31;C.72].

Cnenyer oTMeTHTh, uTo AmsOepT DHHIITEHH B JHCKYCCHH C
HuwimcoM bBopoM yxe TPUBOMMNT MBICAEHHBEIH DKCIICPUMEHT ¢
$oTOHOM, UTOOB! MOKA3aTh MAPaJOKCATBHOCTE KBAHTOBOH MEXaHHUKH:
«[ycTe HAa TyTH (OTOHA [OMEIUEHO NONYNpO3pauHoe 3epKalo,
HpeHOCTaBHHIOU.[Ce EMy A HanpaBiaCHHA €TI0 ,IlEUIBHCﬁUJBFD
PACIIPOCTpaHEHNs [ABE BOIMOKHOCTH. Torma ¢GOTOH MOXKeT OBITh
33DETHCTPUPOBAH Ha OJHOH M TONBKO Ha OAHOH M3 OBYX
dororpadiHecKHX  ONACTHHOK,  HAXOOAIMHXCA HA . OonelioM
PacCTORHHH JIPYT OT ApPYra Ha YIOMAHYTHIX HANPaBICHHSX; €CITH Ke
MBI 3aMEHHM IUIACTUHKH 3¢pPKaNaMH, TO Mbl CMOXeM HabJI0JaTe
ABNIEHHA, [OKa3blBalowne, 49T0 00e  OTpaXEHHBIE  BOJHBI
uaTepdepupyioT. Ilpn Beakoif NOTBITKE HATAAIHO NIPEACTABUTE cede
TOBCIICHUC OTOHA MBI, CTANO OBITH, BCTPETIINCH OBl CO CHECAYIOMMM
3aTPYAHEHHUEM: C OJHOH CTOPOHEI, MBI HOJKHEI OBINH OBl CKA3aTh, UTO
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¢oTou Beeraa BuIbnpaeT oduy U3 ABYX ILYTEH, C IPYIoil e CTOPOHSI,
on Bed€r cebdA Tak, Kak ecnd OB OH MOMIEN 10 oboum MyTAM
cpasy» [3;c.417]. Yrtobst m3bexars nogobusix mporueopeuuii, Bop
OTpHUAN CaMy BO3MOKHOCTh HArfAAMHOIO NPENICTARICHNS KBAHTOBBIX
nporeccoB: «(Tkas OT HATAARMOTO MPEACTABIEHHA ATOMHbIX ABICHUEH
00YCIOBIEH HEBOIMOIKHOCTHIO NOAPA3ACTHTD HX W TE€M CaAMBIM
TPOCNEANTL UX Bonee netanpion [3;c.417].

HyXHO OTMETHTL, 9T0 H3 ypPaBHCHHA KBAHTOBOH MEXAHHKH
JNEHCTBHTENBHO BBHITCKAET “IUM30O(pPEHHYEcKii’” (TEPMHH H3 CTAThM)
XapakTep KBAHTOBRIX TpotleccoB. M B 3TOM CMBIciIe KEaHTOBasA
MEXaHMKa ABITFCTCA BIOJIE 3aKOHYEUHOIT TeopHell, B NOIHOH Mepe
OTHCHIBAKOLIEH BCH 11e00BIYHOCTL MOBCACHHA KBAHTOBHIX 0OBCKTOB.
Tem He MeHee, BOIPOC 0 (PU3UYCCKOM CMBICIE KBAHTOBEIX ABJICHHH
0 TIPHYHHAX CTPAHHOIrO MOBEJCHHA KBAHTOBBIX OOBLEKTOR A0 CHX [IOP
0CT4ETCS OTKPLITRIM, OcTalTes TakkKe OTKPLITHIM BOIPOC O TOM, YTG
guszunecku NpeacTapaseT cobol KBaHTOBBIH 0OBEKT A0 Tex Mop, NoKa
Ha/T HHM He MPOU3ReAeHO HaMepeHue (HadnoeHe).

§ 5.7. KBaHToBas MmexaHuKa u 3QpaBbin CMbICNH

YroGsl siyuine  pasobparscd B 0COOGHHOCTAX KBaHTOBOM
MEXaHHKH, CNeAyeT BBIACUMTb, YEM HMCHHO KBAHTOBAA MeEXanuKa
OTNUYAETCA OT KNACCHYIECKOH M 4TO B Hell Haubonee NpOoTHBOPCYNT
3/IPaBOMY CMBICTY.

1. 3akoHOMepHOCTE M CAYTARHOCTB: BEPOATHOCTHBIH
XApaKTep KBAHTOBO-MEXaHUIeCKHUX 3aK01I0B.

CyIUCCTREHHOH OCOOEHHOCTEIO KBAHTOBOH MEXaHHKH ABIAETCH
BCPOXTHOCTIIBIH XapaKiep NpOHEccOB, NPOUCXONMINX B MHKPOMUDE.
TloanocThIo 3Ha8 HAYANBHOE COCTOAHNE KakoH-THOO CHCTEMBI, MBI He
CMOKCM TOUHO MpeicKa3zare ©f aanbliciwee noeepenne. H npeno
3J€CL HE B TOM, YTO HAluW 3ilaHuA O HAHHOH CHCTEME HEnoaHLI.
Beposmuocmiumii  xapakmep  agiAemcs 0ObexmugHoU  Hepmou
KSaHMOGLIX NPOYECCOE.

A ¢ TOYKHM 3pEHUA KIIACCHUCCKOH MEXaHHKH B MHpC [apuT
KECTKAss OPHIYHHHO-CNENCTBEHHAX CBA3E  COOBITMH.  3HAadcHHd
KOOPJHHAT W CKOPOCTEH ITONHOCTRH)  OOPEACNAIOT  COCTORUME
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KNacCHYeckoH CHCTeMBI W IO3BONAIOT, B HPUHIMAE, HPCIACKAa3aTh
nansHehutee e nmikedne. 1O, 4TO UPOHCXOAMAO B YIPOLUIOM,
OAHO3NAYHO OMPENEIHIIO HACTOAWEE. A HACTOAILEE, B CBOIO OYEPEas,
MOAHOCTEI onpefenser Oyayiuee. Takoli B3risa Ha npHpoay
HauGonee apxo woipasan Haruac: «Jafire Mae HavaneHble YCIOBUS, U
A paccyuTa Bek BeeTeHRYION.

Honmyuaercst, HampuMep, 4YTO paciipclUelleHHE 4YacTHIl B
rajomeiieBod TyMawHOCTH (M3 KoOTopoit obpaszoBanack Conrcuynad
CHCTEMa) TIONHOCTBRIO TPEAONPENETHIIO BClO Janbieiilyio HCTOPHIO
pasputus CoNHEUHOH CHCTEME!, B TOM HHCIIE W UCTOPHIO pa3sBUTUA
geoBedecTBa, T0, UTO MPOMCXOAMT ceHdac B MUPE, OKa3bIBaeTCd,
ObUT0 OZHO3HAUHO MPEIONpedeNieHO B JANEKOM NpolutoM. Tpyamno
npraymate qro-mudo Honee abcypiHOE ¥ IPOTUBOPEYAITES 3APABOMY
CMEBICITY,

[ostoMy B DTOM BOnpoce (CNy4aHHOCTE M 3aKOHOMEPHOCTE)
KaK pa3 KIACCHYCCKAs MCXAHNWKA M POTHBOPCHUUT 3IPABOMY CMBICTY.
U HaobopoT, kBaHTOBAK MeXaHWHKka ABNseTcH Gonec MoONHOH TeopHueH,
OIMMCKIBAILCH Ialml MHp, TAK KaK OHA OTPaXaeT He TONLKO
3aKOHOMEPHOCTL, HO ¥ cHyqafiHOCTL, KOTOpas Tawxe Habmrogaercs B
(PHIHYSCKUX TIpoLIeccax.

2. OnpezenéHHOCTL H HEOMPEAEIEHHOCTD.,

B oTmuumne 0T KIACCHYECKOH MEXaHHKH B KBAHTOBOW MEXaHHKe
OTCYTCTBYET TAKOE€ ITOHATHE, KAK TPACKTODPHUS JBIJKEHHA JacTHUs!. B
OauHbIE  MOMeEHI  GPEMeHu  Keanmosbli  obvexm  (ranpumep,
INEKMPOH} HAXOOUMCA C PAZAUYHOW NAOMHOCMBIO GEPOAMHOCTU &
PAa3HBIX MOUKGX HEKOmOpou obracmu.

B wraccHyeckofl MexaHWKE hpejilloNaraeTes, 470 LEHTP Macc
HCKOTOpOra Tefdd B [J4HHBH MOMEHT BPeMEHH HAXOJAUTCH B
onpeAcaéHol Touke npocrpadcTea. M gBMOKeHME LCHTPa Mace
MPONCXOJNT MO NenpepeisHON NHHHH - Tpackropun. Oanako
MATEMATHEICCKOE IIOHATHE TOYKH HE HMMCET HenocpelCTBEHHOIO
¢uznyeckoro cMruicna. loaToMy mpemitonokeHue o CylecTROBAHHH
TPAEKTOPHH (HCIPCPBIBHOH MATEMATHUCCKOH JNHHHH) ABIGKCHUS HE
CTCAYET M3 DKCNEPAMEHTAILHBIX JaHHLIX, @ SBIAETCH MWL yA0GHOM
mareMaTHucckoil abctpakumed. Iloapobuo 3ty Temy obcymazaer
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Maxkc bopn B cratee  «HenpepelBHOCTb,  JCTEPMHHHIM,
peansniocTey [32;¢.162].

3. Kopriyckyaspno-BoNHOBO# AYATHIM,

B ocHoBe kRanTOBOH MeXaHWKM IEKMT NPEANONONKCHHE O
JNBOACTBEHHON KOPIYCKYISPHO-BOIHOBOH NPHPOJE BEMECTRA H MO,
INEKMPOMAZHUMHOE NOAE UIAVHAEMCA U NO2IOWAEMCA NOPYUAMU
(pomonamu), To ecTh TpogBNAET cBoiicTBa yactun, C mpyroi
CTOPOHGI, YACTHUIBL ODNAMAOT RONHOBBIMH CBOHCTBAMH, Ckaxcen,
IAEKMPOH  (Untt pomor) Asasemcs HEOeqUMON YaCmuyed, HO OH
MODICEm RPOUMU 0OHOBPEMERILO YEDE3 080 OMBEPCMUA.

Noapobuo 21a Tema  obcyxpaercd,  HanpuMep, B
«beprneeRckoM Kypce huzmkHy, ToM 4, Kpantosas (hu3nka, NyHKTH:
«MoxHO N pacuerruts Gotou?» u «MOoXKHO nH paclienyTh BOARE!
matepuu?» [13;¢.168,¢.203].

KopryckynspHo-BoOTHOBOM Zyanu3sm sRisercs nmaubonee mapa-
JOKCANBIION yepToil KBaHTOBOI MexaHukH. (OnHaxo 5Ta yepra AMIb
OTPAMAET MAPANOKCATIEHOE MOBEAeHUE KBAHTOBEIX 00BEKTOR.

4. HeloKansHOCTH KBAHTORBOH MEXAHHKH.

W3 ypaBHCHWIT KBAIITOBOH MEXAHUKH CIEAYET, 4TO H3MEPEHN,
NpojeNanykie Haj OJNHOH 4acThl0 CHCTeMbi {omuchizagMoll ofuieit
BOMHOBOH  (yHKIMEH), Menosenno emotiom Ha  PE3YNBTATHI
H3MCPEHUH, poAcalHbIX Hal APYroW uacTelo. Bot, nanpumep, yrto
Hamcano o0 aovoM B ®uznueckol sHImknoneauw [18,1.4;¢.550]:
«AOCTaBIeHHBIE B  pAAe nabopaTopuit  Mupa  IKCMEPHMEHTHI
HOATBEPIAWIN MPEACKA3aHHs KBAHTOBOW MEXaHWKH O CYINECTBOBAHHH
fosec CHITBHBIX KOPPemsnuil Mexay JaCTHIIAME, UeM ITpeJICKa3bIBAal0T
moGele NOKANLIbIE TEOPHUH CO CKPLITHIMK Hapamerpami. CormacHo
3THM TEOPHAM, PE3YLTATH! IKCIEPHMEHTA, PUBCAEHHOrO HAA OAHOR
U3 YACTUIL, ONPEREIAIOTCH TOABKO ITHUM IKCIIEPUMEHTOM H HE 3aBUCAT
OT PE3YNLTATOB DKCIICPHMCHTA, KOTOPBIH MOMET NPOBOAHTLCA HAl
APYroHW  4acTHUEH, HC  CBA3AIIOH ¢ MMepBOH  CUIIOBBLIMH
B3AUMOJAEUCTBHIMH.

MoseT noKazaTecs, 4TO MIHOBEHHOE [JeiCTBHE Ha PACCTOSHHH
NPOTHBOPEURT TCOPHH OTHOCHTENBHOCTH. OIHAKO H3-3a BEPOATHOCT-
HOrQ Xapaktepa BOAHOBOH (QYHKIMM UPOTHBODEYMA 31eCh HET,
Togpobuee sror Bonpoc Oyner pacemotpen B § 6.7. Tem ne mence,
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ocTaércA HEACHBIM, KakuM o0pa3oM @uanvecku QCYUICCTBIAETCH
MCXaliu3M “AanpHOACHCTRHA .

B nenom xe cicayeT OTMeTMTB, YTO OTCYTCTBHE HBarjAaloro
OTMCAHHA KBAHTOBBIX IIPOUECCOB JeNaeT KBAHTOBYIQ MEXaHUKY
upesBsiyaiino Tpyanol Mis noHMMaHHA. Panee yxe NpUBOAMIACH
unrata Puuapna (eiirMana 1o 10BOAY HCOOBIYMHOCTH KBaHTOBOH
MeXalHKH: «Ho MHe Kaxercs, § CMeao MOTy CKalaTh, YTO KBaHTOBOI
MEXaHHKH HUKTO He monumaen: [11;¢.117]. Tloosromy xovencck Obl
JOTIOIHHTE KOMNEHTareHCKY0 HHTeppeTaluiG NOHITHOH 1 HarIAoHOH
WINIOCTpaIKe. A Tak¥e NPENIOKHTE MOAETb ABHKEHHA KBAHTOBOTO
00beKkTa, OOBACHAKLIYI), C OJHOH CTOPOHEI, KAK Hedenumbli
INEKMPON MONCEM NPOUMU OOHOBPEMENHO Hepe3 06a Omeepcmus, a ¢
ApYTo# CTOPOHBL, KaK Qusuvecku ocywjecmasiemcs darpiiooeicmeue.

Takum o6pazoM, alla 3a8a4a COCTOHT B TOM, HTOOBI OTBETHTH
Ha JiBa Bofipoca. Bo-lepBbiX, YTO SBAACTCH MPHUHHOI HeOOBIMHOTO
NOBEICHHA KBAHTOBBIX 00hewtoB? M, BO-BTOpBIX, Kax osudxcemcs u
mo cobot npedcmacinem KBAHTOBBIH OOBEKT, KOTHA Hall HAM He
npousBonnTcAa uaMepenue (nabuonenuce)? IroMmy OyAeT noceaAleHa
2fleqylomas ruaga.



B ocHORe HOBOH TEOPHH JICKHMT IHPEIANONOMKEHHE O
CYLIECTBOBAHHMH Xaoca 3a npeacnaMu IpaBATAINIHOHNOIO TOIA
Beenennoii. € oTo#i TOYKH  3peHHS  HEONPEACNEHHOCTD,
HabmogacMas B MHKPOMHpeE, €CTh OCTaTOK " OT XaoTHYecKoro
NBMXEHHL, OIPAHHYCHHOTO Bo3AcHcTBHeM 3BE37. Fexoms w3
ITOrQ, B 3TOH rmame BEOJHTCA HOBOE (bHBH‘-IeCKOC MNMOHATHE —
NOHATHE JHCKPETHOTO (XAa0THYCCKOTO) ABMKeHMs. Mcnonpsys aTo
MOHATHE, Kak OyNeT moKa3ano HHKE, MOXKHO HAITIATHO O0GACHUTh
BCC INpOOECCHI, IPOHCXO4AIIHC B MHKPOMHPE,

§ 6.1. Xaoc - rpaHnLa NPOCTPaAHCTBA U BPEMEHN

Oxpyxarowee HAC [IPOCTPAHCTBO-BpEMY obnagaer
COBOKYITHOCTLIO pa3iioofpasHeiX cBoiicrs. Bot manbonee Baknmic M3
HHX.

1) Maxkpockonnueckne Tena ABMKYTCS B NPOCTPaHCTBE-
BPEMEHH N0 OTPeAeNEHHLIM TPACKTOPHAM.

2) B npocTpaHCTBE CYWIECTBYKT HHEPLManbHble (WM
NIOKATIEHO WHEPIHANBHbIE) CHCTEMEI OTCUETa.

3) CymecTByeT mpefiensHasds CKOPOCTh  PACTIPOCTPAHEHMS
B3aUMOIEHCTRHN, OJTMHAKOBAA A1 BCEX HabmomaTenei.

4) CyniecTByeT HEONPeAENEHHOCTL B JABMKEHHH CyOaTOMHBIX
YaCTHIL
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5)  IlpoctpancTRO-BpeMs — 007afaeT  TeOMCTPHYCCKHMH
CBOHCTBAMH.

6) Jlwboe Teno, Haxomsuleecs B IPOCTPAHCTBE-BPEMEHM,
00ajaer sHepruen.

Takum 06pa3oM, TpOCTPAHCTRO-BpPEMS HBIAETCS NOCTATOUHO
CIIOXKHBIM  OOBLEKTOM Hamero wupa. Ho 0JHO M3  OCHOBHBIX
NPEAIOIOKEHUH, ASKAIUX B CcaMoM  (QYHIAMEHTE COBPEMEHHOMH
GH3MKE — 3TO TO, YTO BCE OTH pa3zHoOOpasHele CBOHCTRA
MPOCTPAHCTBA-BPEMENH CYLLIECTRYIOT HE3ABUCHMO OF HaXOIALIHXCH B
HEM MaTepHaIbHBIX Ted. MCKIrOUCHHAE COCTABISICT TOMLKO TEOMETPHA,
KOTOpas ToA JCHCTBHEM TPABHTAIIMN CTAHOBHTCA HEEBKUIHA0BOH. Bee
)K€ OCTANIbHBIE CBOHCTBA NMPOCTPAHCTBA-BPEMEHH PacCMaTPHRATOTCS
KaK HEM3MEHHBIC M He 3aBHCAUIME OT pachpefelieHHss Mace BO
Bceenenro#.

B HOROil TeopHM wW3naraeTcs amLTepHATMBHAA TOYKA 3PeHMA:
BCE CROMCTBA [POCTPAHCTBA-BPEMEHH  ABIAIOTCA  PC3YJIBTATOM
B3AUMOJICHCTBHA Haxongmiuxcs B HEM wactuu ¥ nmofaeil. Hampumep,
1000e Temo, CYILECTBYIOIEE B IIPOCTPAHCTBE-BPEMEHH, ODIajaer
JHEPrHCH noKos: E, = m,c’. DHeprus Tema — 7To NOTCHUMANbHAA
cnocoGHOCTS TeJA COBEpIUHTL padoTy HAX APYTHMH TEJIAMH.

Ho novemy nokosmieecs Teno 061a0aeT TaKoH CIIOCOGHOCTEIO?
A noToMy, 4TO HaXQOWTCH B rPaBHTALIMOHHOM none Beenewnod, To
€CTh HAXOAUTCS BO B3aMMOAEHCIBHU ¢ ApyruMu tenamu. [lomHas
9HEPTHA Tena Kak pa3 H OnpelcliieTcs STHM B3auMOJclHiCTBHEM —
BEIMYHHOH rPABHTAHOHHOTO [IOTEHINaNa Dy, (2.1):

Eo = mocz = _mo(DUn

Bue rpaButammonHoro nona Bceenewno#l teno He Oyaer
obnagaTe sHeprieH, a, 3HAUNT, U HE CMOXKET CYWICCTBOBATE TaM. To
€CTh TENO MOKET CYNIECTBOBATH, TOXHKO B3AHMOAEHCTRYS ¢ APYTMMH
TETAMH.

Bosbmém, Hampumep, MaKpPOCKONHYCCKOE Telno. TaKkoe Tello
JBWKETCA [0 BIOMHE ONpeieNEHNoN TpackTOpUH — HCMpPCPBIBHOR
npeuy, Ho Bens cyluecTByer GECKOHCYHOE MHOMKECTBO pa3noolpas-
HBIX BApPHAHTOB JBMIKCHUS, KOTOpPHBIE TOIBKO MOXKHO MBICTIEHHO
NpeAcTaBuTh. MHOKECTBO HENPEPHIBHRIX (YHKUHH €CTh TONBKO
Manas 9acTh Beex dyHruui BooOue.
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Moyemy e Torga MAKpOCKOMMYECKOC TCNO ABUMNKETCS TONLKO
10 HenpepbiBHOM TpackTopun? Kakags DpHYMHA Tak CHABHO
orpanuyupact spibop B ero ABmKenHH? TakoH npuunHOi ABNASIOTCS
Bce Macckl Beencunoit. HMERHO OHH IIOCPEACTBOM IPABHTALUOHHOIO
BO3A€HCTBAA OIrpaHHUHBAIOT HEONPENENEHHOCTE B ABHKEHAN TENa.

Huorna MosHO YCNEILIATE CeAyHlee: HeonpelenéHHOCTh B
JABIDKCHHY Tel orpanuueHa Gu3HuecKUuMU 3akoHamu. HHaue ropops,
3aKOHbI JIBHKEHHS — BOT IIPHYHHA, [I0U4eMYy Tela OBMKYTCSA TaK, a He
uHaYe. JTO HEBCPHO. 3AKOHBI IBHIKCHHUS ABIAKOTCH JIHIIE OMHCAHUEM
JABHEHHS T (00ec Wil MEHEe [IPABHIEHBIM) H [TO3TOMY HE MOTYT
OBITH MPHYMHOH, OTPAHUYKMBAIOWICH TIPOU3BON (HEOMPELCAEHHOCTS) B
JBHXeHUH. TouHO TakiKe, HANpPUMEpP, pPAacllUcaHHE JABMIKCHAS
arTobycoB (ITyCTh M RBepHoOe) He ABIACTCA [IPHMUHHOH ABIXEHHS
apTo0yCcoB.

Wtak, Bce Maccs! BeenenHoi, B3aHMOAEHCTBYS APYT C ApPYIOM
NOCPENCTBOM  €IMHOTO  [PaBMTANMOHHOIO MO/, OrPaHHYABAIOT
HEONPEACHEHHOCTD B JBHKEHHH TeN. A CYMECTBYIOWHE PH3UTCCKHE
3aKOHbI ABJIAIOTCA JIHIUB BBIPAXKEHHUEM 3TOTO OTPAHHYCHHA (TTOPAIKA),
CACTaHHEIM Ha A3BIKC MATCMATHKH.

Tloatomy 10 mepe yranends or Bcex Mace Beenennoil u3-3a
yMEHbIIEHHS a0COMIOTHONH BEJHYHHEI IPABHTALHOHHOIO TIoTEIMANa
3aKOHBI JBHKECHHA OYIyT CTAHOBHTBCA BCE MEHEC ONPEACHEHHRIMU, A
CBOHCTRA 1POCTPAHCTBA-BPCMEHH OYAYT IOCTCNEHHO BLIPOMIATHCA.
IIpenenbHas CTENEHL BRIPOKACHHOTO NPOCTPAHCTBA-BPEMENH H €CTh
Xaoc. H3-3a Toro, uto mpH npubnmKeHUH K Xaocy CKOPOCTbL CBETa
Oyoer yMeHblIaTeCA BILUIOTE 1O HYAS, Oydem paspyuambscs U
NPUYLHHO-CTEOCMBERHAR, U HPOCMPAHCINGEHHO-BPEMEHHAA 636
MENCOY PAZAULHBIMY CODBIMUAMIL.

Tak Kak ®B  HalleM  MNPOCTPAHCTBE-BPEMEHH  TOYKH
ONpEACTAIOTCA ¢ MOMOIMIEBID MaTEPHANBHBIX Tell (MACTHI), pa3sMepaMH
KOTOPBIX ~ MOXHO  npeHeDpeub, TO #3-30  HEO2DAHUYEHHO20
BO3PACMAKUS HEONPEOERENNOCHI 6 OBUNCEHUN NOHAMUE NMOUKU UAH
MECTMONOLOHCERUA 68 Xaoce nomepaem (pusuveckuit cMbIca.

Honarua paccroAlnd # BpeMeHH (OMIDke — JaNbile HITH
paHbLUE — MMO3KE) HMEIOT CMBICT TOJBKO 1A TCJI, IBYKEHUE KOTOPBIX
NoQuHHACTCA onpeAenésHeIM 3akonam. [looromy npu npubnmxerun
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K Xaocy [IOHATHS pAaCCTOSHHA M BPEMCHW TaKKE [OTCPAIOT
$H3IMYICCKHH CMBICT.

Takum oOpazom, Xaoc, ¢ ORHOH CTOPOHBL, CYWIECTBYET BIG
BPCMEHW M 3a NpeieNaMW NMPOCTPAHCTBA, a C APYTOH CTOPOHEL,
ABNACTCA €CTECTBEIHBIM BMECTHUNHIeM Hamed Beeneunoit. C atoi
TOYKH 3pCHHs NMPOCTPAHCTBO M BPEMS ©CTH PE3YNBTAT HATOMKEHUS
TpaBHTALUOHITOTO NoNs BeenenHol wa Xaoc.

A nabmopmaemoe aBikeHne  QUIMUecKHX  o0BLEKTOB B
NpOCTpaucIBe M BO BPEMEHH echib Pesyabmam OZpanitienus ux
XAOMUHECKOZ0 OBUNCCHUS OZPOMHBIM 2PASUIMALUOUNLIN NOMEHYU-
aom Beenennoii (@y, = —9-10’° M?/c?). Umenno Onaromaps stomy
orpaHuueHHc  Xaoc npeofpasyercd B OKpPyXamwllee  Hac
APOCTPAHCTBO H BPEMS.

§ 6.2. [luckpeTHoe ABMXeHUe

1. Xaornueckoe apmxweHHe. B coBpeMecHHOW  Qu3Mke
CYMIECTBYCT BCEro jBa poja 0OBEKTOB. JTO YaCTHUBI W IIOJA.
CooTBeTCTBEIIIO, CYMIECTBYET W JBA THIA JABWKCHMHA., 3TO, BO-
[ePBbIX, JABHKCHHE MATEPHAIBHON TOUKH BAOJE HETIPEPHIBHON JIMHBK
B npocTpanctee. M, BO-BTOPBIX, ABHKEHHE BOIHEI.

C ofHOI CTOPOHBI, 3TeKTPOH {MITH APYroH KBAHTORKIT 0OBCKT)
ABIIAETCA HE BO/LIOH, @ vacTHIe, 6ojee TOTO, HelennMOoH JacTHIEH.
Ho, ¢ apyroit cToponsi, npH ONpPEAENEHHBLIX YCIOBHAX SIEKTPOH
BenérT ceds Kak BOIMA H MOXKET OJHOBPEMCHHO IIPOMTH uepe3 fBa
oreepeTHa. (JueBHIO, 4TO IEKTPOU HE ABMKETCH B IPOCTPAHCTBE
Mo HeTIpepeiBHOH MHHHA, Kak e oH asuxerca?

B roBo# uATEpNpCTANIMY KBAHTOBOH MCXaHUKH, kortopas byact
TOCNEeIOBATENBHO HIOMEHA B OJTOH IJAaBC, ML ApELIaraeM
HPUHYURUATLHO HOABIH THIL IBHKCHHA, KOTOPEIH MO3BOJIUT HAITALHO
O0OBACHNTE §Ce KBAUTOBO-MEXaHHYECKUE NapajOKChl, B TOM 4YHCIE H
HEMOKATBHOCTE KBAH TOBOH MEXaHHKH. TO JUCKpemHoe d8UdICelue.

PaccMoTpEM  20eKTpOH, KOTOPBHI  IBIDKETCA B BHJIE
BUPTYaNbHOTO oOnaka (cM. puc. 9). Kak yxe oTMevanoch, obném
obuaka —~ 310 00bEM TOM 00nacTH MPOCTPaHCTBA, B KOTOPOM BOJHOBA
Y—hyHKUUSA OTIUYHA OT HYJIA.
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H mut mpednoaazaem, 4mo Guympu dmo20 0OIAKA 3AEKMPON
O6uUNCEMCA OUCKPEMKO, A UMEHHQ: 6 MOMEHIT BPeMENU | DAEKMPOH
HAXOOUMCA 8 HeKOMOPOIl mouKe 0DAaKa, 3AMeM o1 HCHe3Aem 13 JMol
MOYKU U Hepes Geckonediio maroe epema dt noagisemcs € Opy2ol,
COBEPUIENHO RPOUIBOABHOU MOYKE, MAKICE NAXOOAUEHCA Grympu
amozo obaaKa. -

Hrak, snexTpol McYesaeT u3 OALOH TOUKH 00MaKka M €cpes
OECKOHETHO Majioe BPCMA [IOBAACTCA B Apyroi Touke obnaka, Taknm
obpazoM, 3a no0ol, CKONL YrogHo Mankti, HO KOHEYHBIil
MPOMEKYTOK BpemelH (CKaxeM, 3a BpeMa Ar < 107 - BpemMs, 34
KOTOPOE CBET NPOXOAHUT PACCTOSHHE, PAaBIOS APy aTOMa) NIEKTPOH
YCTICBACT HCUE3HYTh H TIOABMTECH BO BCEX TOYKAX BHUPTYankHOTO
obnaka. bormee toro, B Kaxzao# Toyke maHHOTO 007aKa OH YCTEBaeT
NIOSBUTECT M HCHE3HYTH DECKOHEYHOe YHCIIO pas, WMes KOKIEIH pas
TIPM 3TOM PA3HBIL MMIYILC (4ACTOTA MOABICKHUA MEKTPORA B AAHHOI
Touke 0014Ka MPOTOPTIHOHANLIA  BeAHUHHE 7). llootomy B
KaX/IBIH, CKONIb YTOAHO MaJIIH, HO KOHEUHBIA [IPOMEIKYTOK BPEMCHH
JNMEKTPOH HAXOIAHTCA Cpa3y BO BCEX TOYKAX HEKOTOPOR obmactu
¢ha30BOrO NPOCTPAHCTBA — MPOCTPAHCTBA (X, V, Z, Py Py P:)-

W ecnu, HanprMep, HaM yaacTes “nofiMate” INEKTPOH B KAKOH-
HUOYEL TOUKe 00MaKa, To ol OyAer HMeTb IIPH 9TOM Pa3IHUILIE
3HaveHns uMnyneca. 1 HaobopoT, B MoGoi, CKONb YTOMHO MAJLIH, HO
KOHEYHBI TOPOMEKYTOK  BPEMEHH  ONPCACHEHHOMY  3HAYEHHKIO
HUMITyIbCa 3NCKTPOHA COOTBCTCTRYET OECKOHEUHOT MHOMXKECTEO €ro
MECTOTIONMKEHHIA BHYTPH HaHEoTo 00aka,

HMuaue roeops, s Jr000Or0 MOMEHTAE BPEMCHM fp HE
CYUIECTBYET HH IIpefiena /im v(t) Opu t — #y, HU npedena /lim p(t) npw
t =>4 To ecTlsb Xa0THMECKOE HEBHJKCIHC WICKTPOIA BHYTPH
BHPTYATbHOIO o©O0maxka Mo CBOEH CyTH ABISICTCH  OGUICEHUEM
PA3PLIGHDIM 6 KAXCOOU MoYKe.

34ech MOTYT BO3HHKHYTD, IO KpalHel Mepe, Tpu Borpoca. Bo-
NepBEIX, KakoW (PUINYECKHUI CMBICH MMeeT JMCKPCTHOE IBiuKeHHe?
Bo-BTOpLIX, B TCUENHE KAKOTO BPEMEHH IPOHCXOAHT OAUH TIPBDKOK
anckrpona? W, B-TpeTbHX, ycneer JIM 3MeKIpOIl 34 CTONL KOPOTKOS
Bpema (At < /07 °c) noGwisaTe BO BCEX Touwkax Jganmoil obmacru
¢azosoro npocrpancTea?
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Oreer ma nepewiit Bompoc. Kak yxe ormewanocs, B Xaoce
TMOHATHE PACCTORHHKA TepseT (usmdeckuil cmsicn. [lostomy B Xaoce
HE MOXKET CYLIECTBOBATL HENMPEpPRIBHOE JBMIKEHHWE, a MOKeT
CYWIECTBOBATE TONBKO ABHKCHHE, Pa3phIBHOC B KakI0H TOuke, TO
€CThb AucKpeTHoe. Heollpenen€HHOCTs B ABMKCHHUH 3NEKTpOHA €CTh
OCTATOK  OT €r0  XAOTHUECKOTO  JBWKCHHWA, OTPAalHYEHHOID
BO3acHCTBHEM 3B€3X. ITo3TOMY B rpanmuax 3ToH HeonpcAe)EHHOCTH
(B mpeenax BUPTYAILIOTO 00NaKa) YMEKTPOH ABHKETCHA JHCKPETHO.

OteeT Ha Bropoil Bompoc. B Xaoce MOHNTHE BpeMEHH TAKKE
TepseT qmmtiecxﬁﬁ cmeicnt. [ToaToMmy BIONHE BO3MOXHO, 4YTO
XA0THYECKHE “NPBIKKK DJIEKTPOHA TIPOMCXOAAT [IC B PealdbHOM
¢rzHueckoM BpeMmeHHd. To ecTh GUIHUECKHH CMBICT HMCET HE BpeMs
OJHOTO TPBDKKA, 4 JIMINL BpeMs, B TEUEHHE KOTOPOTO HIMEHAETCH
COCTOfIHHE BUPTYAIBHOIO oOOMaxka Kak uenol'd. Hanpumep, Bpems
nepeMeLleHns W pacTulbiBanns obmaxa.

OTeeT Ha TpeTyd BOMpoC. MOMKHO HAIIOMIHTE, YTO KOMHYECTBO
TOUYCK, PACMONIOKEHHEIX Ha JIO0OM, CKOJIL YTOAI0 MaloM OTpe3Ke
HEHYNICBOH JAAMHBL PABHO KONUYECTRY TOUEK, HAXOAMLMXCA B
fecKoHeuIIOM n-MepHoM mpocTpancTee. MaTemarnueckn Oonee
NpABUNEHG TOBOPUTH TAK: MOLIHOCTE MHOMXECTBAZ BCEX TOWUEK,
pacroNOMKEeHHBX 14 OTpe3ke (HEeBaKHO KaxoH [IMHBI), paBHA
MOLINIOCTH MHOKECTBA BCEX TOUEK, HAXOASNIMXCA B H-MEpPHOM
[poCTpaHCTBE (NHUIL OB 1 OBUIO KOHEYHRIM uHCAOM). MOIIHOCTE
TOTO H JIPYrore MHOMECTBA paBHA MOUTHOCTH KOHTHHYYMa —
MOUIHOCTH MHEOKECTBA JeHCTBUTENbHBIX YHCEN. JTO 03HAYALT, 4TO
MEKIY TOUKAMHM MAaleHNpkoro oTpeska (M < I1077c) um Touxamu
n—MCPHOTO TPOCTPANCTBA MOXKHO OCYILIECTBUTH B3aMMOOAHO3HAYHOR
otobpaxkenne. [lodToMy, ABHrasch GHCKPETHO, 3MEKTPOH yCMeeT (3a
moboi, CKOMb YyroaHO MANBIH, HO KOHETHBI MPOMEKYTOK BPEMEeHH)
NoOLIBaTHL BO BLeX TOYKax (a3zoBOro APOCTpaHcTBa. bolee Torg, ou
ycrneer noOuBaTh BO  BCEX TOUKAX (azosoro  (IpOCTPAHCTBA
beckoHeqHOe YHCI0 pas. [Ipy 9ToM yacToTa €ro NOABAEHHS B KA IO
TOYKE M OTIPEACNAET KONKPETHBIH BHI BONHOBOA ¥-(QywkIuy,

Koneuno, Moo 3a1ate en1é MHOKECTBO BOMPOCOR MO MOBOY
000CHOBAaHHOCTH BBeJeHHS B (H3HKY TOHATHA JHCKPCTHOTO
newkeHus. Ho Bear B CBOE BpeMs Takke MOXIIO ObLIO 333aTb
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MHOCCTBO BONPOCOB 110 NOBOAY OOOCHOBAINOCTH BREACHHN B
QH3HKY IOHATUA  HEMpPEpHIBIOTO  ABWXKEHMA. EnuHCTBEHHBIM
O0OCHOBAHHEM ANS BBEAECHHR B (UIMKY HOUATHR HEAPEPHIBHOTO
ABWXEHNA ABIAETCH TO, UTO, UCIIONL3YA ITQ NOHATHE, MOKHO OMHCATh
OI'POMHOE KOIMYECTBO PAZTHUHEIX (JH3MYCCKHX TIPOLICCCOB.

TIp1 noMolIM NOHATHS HEMPEPHIBHOr0 ABHKCHNA HEBOIMOKHO
OIHCATH TOJIBLKO IIPOLECCH], NPOUCXOsImMe B MEKpomupe. [TosTomy,
€CIIH HaM YJACTCS ONMUCATH TIPOUCXOOANINE B MUKPOMUPE MTPOUECCH,
HCNIOJB3YA TIOHSTHE IUCKPCTHOIO IBMKEHMSA, TO 9To W Oyjer
JOCTaTOYHBIM OCHOBAHHEM [JTA BBEJCHUA B (PUIHKY TAKOTO NOHATHA.

2. Henpepoisnoe asuikeude. PacCMOTpUM, KaK NPOHCXOAHT
IBHKCHHE KAACCHYCCKOre 00BeKTa Mo kakoii-mudo onpenciéuHoi
TpaekTopui. TIpeanosoixuM, UTO pasmepaMH  OOBEKTA4  MOXKHO
npenebpeus, # 6yaeM paccMATPHBATE €r0 KAk ToueHUb (Mo xe
GymeM paccMaTpHRATh JBIKeHHe lUeHTpa Macc). [Tycth B momenr
BPEMEHH ¢, OOBEKT HAXOIUICA B TOUKE I'(?;). A B MOMEHT BDEMCHH {; —
B TOYKE T{t2). Ecau Mbl BO3BMEM OnM3KHe 3HAYSHHA BPEMEH ¢, U {3, TO
TOYKH T{1) W rff;) OynyT Takke ONU3KO pacroNiONKCHBI.
[peanonaraeTcs, 4TO CYIIECTRYET Tpeuen [int v(tz) = r(1;) pu £,—>4).
D10 03HAYaeT, UTO JABIDKEHHE KIACCHYCCKOTO o0bexra B
TIPOCTPAHCTRE-BPEMCHH TTPOMCXOANT BAOJIL HENPEPLIBHOH THHHH
(TpaexTopun).

[lpennonoxkenHe © CYWECTBOBAHHH Y TENa OMNpeAerEHHOH
TPACKTOPHH IBMEHHA NEXUT B caMoM (QyHmaMedTe KIaccH4eckoi
MeXaHHKH. V1 HMeHHD fOOTOMY J3TO [NpENMOIOMKEeHHe He HMeeT
TCOpeTHYEeCKOre  0DOCHOBAHMA, 4  MBASETCA  JIHIUL  BIOJHE
eCcTecTREHHOM (M o4ens YA0OHOR) MaTeMaTHYECKOH alnpokcuManneH
IKCIEPUMEHTATBHEIX JTAHHEIX.

Onmuako KIacCHUYeCKOe BMKEHHE YacTHUB! (MaTepHamhioiH
TOYKH) 1O ONpeRenéHIiofl TPaeKTOPHM JONYCKACT TAIGKE HECKONLKO
WHYI0 QU3HUECKYIO MHTEprpeTauuio. A MMCHIIO, YaCTUIA ABHKCTCS
caexyromumM 00pazoM: B MOMCHT BpPEMEHH ! OHA IIAXOIUTCS B
TOYKE T(?), 3aTeM OHa HCHC3aCT M3 DTOH TOUKH M depes OSCKOHEUHO
Mafoe BpeMa df MONBAACICA B OeckORCUHO OAM3KO pPacHONoKeHHOH
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TOUKE Y{t+dt)=r+dr. 3ateMm oHa Hcue3aeT W3 ITOH  TOYKH
MPOCTPANCTBa ¥ NOABISSICA B CIIeNyTOUCH.

Hrak, npeanaraeTcs paccMaTpHBATL HETPEPLIBHOE ABIKEHWE
KaK JUCKPCTHOE NBIKEHME: YACMUUA UCHC3aem U3 OOHOU MOYKU
npocmpanemen U uepe: BeCKOHeUNo MAnoe epems RoAGHIemcs 6
dpveoll,  Heckoneynt  Oau3KO  pacnoaovcennor  mouxe.  Takas
WHTEPIPETALHS KIACCHYECKOTO IBWKCHWA BIOJHE IONYCTMMa, TaKk
K&K OHa SRNACTCA MHIUb APYTUM CMOCODOM OnACAlNSE HEUPEPLIBHOTO
apikenysd. TakuM oOpasoM, HEPEPHIBHOE (KNACCHULCKOE) ABUIKEIINE
TAKKE MOXKIO PACCMATPUBAThL KAK UACTHBIH chydail UHCKPEeTHOTro
IBHKEHNS,

§ 6.3. CooTHOWEHWe HeonpenenékHocTen

PacemoTrpniM moBeaeHHC DICKTPOIIA, KOTOPHIH HAXOAUTCA B
NPUTrPAHUTHONE K Xaocy 00JacTi HPOCTPalCTBA, TG €CTh NPAKTHYECKH
RHE FpaBUTaUHOHHOrO Nouia Beencunoid. Tak kak HEONpeaeNEéHROCTD
B JIBHKEHHW TEN OrpalMycHa TONBKQ CYLICCTBYIOLMMM  BO
Beemncunoi GonbuiMu MaccaMH (CO3NABACMBIM HMH [PAaBHTALHOI-
UBIM IIOTEHUHAIOM), TO B JaHHOM CJydae HEONpPeReaEHHOCTb B
NBIXKECHHY WIEKTPOHA TIPAKTHUECKH HWYeM He 0YyIET OrpaHHYcEHa.
DTO 03HAYACT, YTC 2MEKTPOH MOKET IBUTATBCH XaOTHYECKH
(muckpeTnio) no  Bcell  paccmaTpuBaeMoil  HamM  oOjacTa
mpocTpaicTea. To ecrs 3a mo0ofl, cKONe yromHo Mankeld, HO
KOHEUHBIH NPOMEKYTOK BPEMEHH OH YCHEET nobLRaTh (MCHe3yTh 1
MOSABHTHECA CHOBA) BO BCeX TOYKAX AAHIOW 0ONACTH MpOCTpaHcTBa.
I'oBOpUTE 0 KakoMm-n#00 3HAYCHWM CKOPOCTM HJIM KOOpIHHATAX
MECTOMONOKEHHA JJIEKTPOHA B TAKOM COCTOMIIHH HE HMEET CMBICIIA.
Ou xak Obl “paszMmaszan” 1o BCeMY NPOCTPAHCTBY (HAXOAHTCA cpasy
BO BCCX TOUK4X IIPOCTPEHCTBA). JHEPIHA MSKTPOMArHUTHONO MO,
CO3]3aBAEMOTO ICKTPOHOM, MPAKTHIECKH PaBHA MY, TAK KaK oHa
00paTHO TPOIOPIIHOHATbHA Pa3Mepy obacTH, B KOTOpOii pa3Mazad
EKTPOH.

Tenepr paccMOTPUM cNyuaid, KOTAa 3MeKTPOH HaXOJHTCA B
rpapTaunonuoM mone Bceemennoil. Mi-za  Ttoro, wro  macce
Beenemiofi  orpaHudiBai0T  XaOTHYECKOE IBIKEHHC DIICKTPOHA
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NIOCPEACTBOM TPABHTALHOHHOrG NOTEHTHANA, HCOHIPEIenEHIOCTh B
ero JOBHXKEHHH bymer KOHe'Ia, Tipu 3ITOM SHEPrus
IMEKTPOMATTIHTHONO NOJ%, COZMABAEMOr0 WICKTPOHOM, OYIUCT yxKe
OTIIH'IHA OT HYJS H IPHMEDHO papHa: & =~ 2/r, THE 1 — XapaKTepHeIi
pasmep oOnacTH, B KOTOPOH 9JIEKTPOH COBCPUIAET JNCKPETHOE
JBHAECHHE  (HCONPENENEHHOCTHL  €r0  MECTONONOXEHWHd B
npoctpancTRe), Uem MeubLic o6nacTh, B KOTOPOH JOKATM30BAH
ANEKTPOH, TEM donbiue JHEPTHA, CO3XABAEMOTO UM
IMEKTPOMATHHTHOTO TOAA, DTa ieprus o0pa3zyercs B pe3ylbTare
paGoThl, COBCPWICHHOH  Hal  SAEKIPOHOM  APYIUMH  TelaMH
Bceenennofi. Takum obpazom, onpegenéHHOCTh B MECTONOIMKEHHH
AMEKTPOHA (WM Kakoi#-mubo mpyrodl 4YacTUubl) BO3HHKAET B
Pe3YNLTATE CORCPIUEHION HAM 1TUM pPaboTHI.

Jing Toro UTOOH OKATH30BATE 3MCKTPOH B KakKOH-mHOO
ONpeaenéHHOH TOYKE, HYHIIO COBEPHIHT: HAX HAM OECKOHEYHO
Qonpluylo paboTy, TaKk KaK T4 TOMCHLOIQ  3apsaia  JHEprus
JNEKTPOMArIIMTHOTO ToNd OyneT cTpeMAThed K Oeckoneydoctd, Ho
copepiIéunas pabora Beerga koHewna. YfodToMy Beerjia CyImecTByet
OCTATOTHAA HEOMPEHSNEHHOCTE B MECTOMONOKEHNN 3TeKTpoHa. ITOo
03HAYAET, YTO B JAHHDIH, CKOAR YIOAHO MANLIA IMPOMEXYTOK RPEeMEHH
JAEKTPOH HAXOAUTCH ¢ PA3AHYHOH MIIOTUOCIHIC BEPOATHOCTH Cpasy
BO BCEX TOYKAX HEKOTOPOH 001acTH NPOCTPAHCTRA (BO BCEX TOUKAX
BUPTYaN&sHOTC 00aKa).

Yrobel OIIPEACANTE MECTORONOKEHIE IICKTPOHA Goee TOHO,
MOYHO BBICTPEAHMTH N0 OONAKY, B KOTOPOM JUCKPETHO ABWKCTCH
IAEKTPOH, BBICOKOSUEPreTHUIbiM  GOTOHOM HIH  KakoH-HUOYIE
APYTOil 9acTHIEH, HMEIOMIeH TOCTaToSHo Manylo iy sonnsl [Tpn
3TOM CYUWECTBYET BEPOATHOCTE B3AHUMOJCHCTBHA INCKTPOHA C
OPONeTAOIWMM (OTOHOM. B TOT MOMEHT, KOIAd NPOH3OHIET 3TO
B3IAHMOACHCTBHE, BEPOATHOCTE HAXOMACHHS WICKTDOHA B KakoH-TH60
ApYyTOli TOUKE BUPTYalbHOre o0NaKa, B KOTOPOM OH TOJNBKO MTO
JBUTANICA JUCKPETItO, CTaHeT pasBliod Hymo. A anst Toro uTtodnl
BEPOSTHOCTh €r0 HAaXOKIASHHA B Kakoi-mubo Apyrod Touke cHOBA
Craja oTIHYHA OT HWyns, TpebyeTcs Bpemsl, Tak Kak CKOPOCTE
repeMenIeHia 3NeKTpoHa OTPaHnIeHa CKOPOCTLIO CBeTA.
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Taxum o00pazoM, 3NEKTpoU TNOJMYYaeT TOYNYI0 KOOPAHHATY
CBOErO  MECTOMONOXKEHHs  (npaBWiRHER ropopute -~  Oosice
OIPCIENEHHY0 KOOPIHHATY, Tak Kak jHHA BONHBI (POTOHA BCerAa
OTIHYHA OT HYNA} TONEKO B MPOUECCE B3AHMOACHCTBHA ¢ ODLEKTOM,
HMEIONIMM  A0CTATOYHO Manyio JJHHY BOJHBL, @, 3HAYHT, W
AOCTATOUHO DOILUIYIO INEPTHIO.

Hy®H0 OTMETUTDL, 4TO HEOLPENENENNIOCTE B MECTONONOKETIHH
3NIEKTpOIIa  BHYTPHM  BHPTYalbHOro  0bOJaKka  NPHBOAMT K
HECUPCACNEHHOCTH B CHIE WICKTPOMATHHTHOTO B3aMMOASHCTBHA
MEKTpONa  ¢0  CBOHM HOJEM. A HeompeaenéHHOCTH
AMEKTPOMArHUTHOH CHJIBL, ¢ KOTOPO# JIeKTPOH B3aUMOAECHCTBYET O
CBOMM TONeM, MPHBOAHT K HCONPEAENEHNOCTH B UMILYJIBCE
anekrpoia. Ho, ¢ Apyroif cropousl, YeM 6onsine o6nacTs, B KOTOPOH
pa3Mazal  TeKTpon, TeM  csiabee  INCKTpOMAarHHTHOE  ToNe,
CO3IaBaeMOE MM, H, 3HAYHT, TeM cilabee cHIa, ¢ KOTOPOH /IEKTPOH
B3AUMOIEHCTBYET CO CBOMM ITONIEM. 3TO B CBOIO OYEPEIb IIPHROINT K
YMEHBIIGHNIO  HCONPeleNéHHOCTH B HMMIYIBCE  3MEKTPOHA.
[omywaercs, YTo HeoUpeACACHHOCTE B HMILY.IECE DIEKTPOHA 00paTHO
IPOTIOPUAOHANEHA HEONPENENEHHOCTH B er0 MECTOTIONOKEHUH,

TakuM 00pa3oM, MBI JaTH  KauecTBEHHOC OOBACHEHHE
COOTHOIIEHHID HeonpeaenéHdocted [efizenbepra: AxAp, 2 h/2.
HeobxonuMo nogUepKHYTh, YTC HEONPEAENEHHOCTS B JABWUKCIHH H
MECTOTIONIOEHHH EKTPOHA CYIUECTBYET HE3ABUCHMO OT MpOlEcca
H3MEPEHHA COCTOAHNA BnekTpona.  ApyroH Cropoubl, TIPOLECC
H3MEpPCHUS COCTOAHHH DNEKTPOHA BCErJa HIMEHACT ero cocToAlHe,
TAK Kak [OPOUCXOZAT ODMEH JHeprHeH MeXIY JNeKTPOHOM H
npubopom [6;¢.16].

§ 6.4. Moaenb anekTpoHa

B xnaccuueckoft  3neKTpOAMHaMHKE  HE  CYIHECTBYeT
YIOBICTBOPHTENEHOH MOJENH aMeKTpoHa. Hanpuaep, H3iBecTHO, HTO
NpH YCKOPEHHH 3apf] UBAYHAeT JMCKTPOMATrHHTILIC BOJNHBI U TEPHET
npy 2TOM 3Hepruio. IlosToMy ycxopenue zapsaa Tpebyer Gompuiei
CMIIBI, YEM YCKOpeHie HEeHTpanbHOro o0nexta TOH K€ Maccel, D10
O3HAYACT, YTO HdaCTh MACCHI FACKTPOHA HMCCT JNCKTPOMArHHTHOE
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IPOUCXOMKIEHHE, BHIZBAHHOC B3aMMOJEHCTBHEM 3MEKTPOHA CO CBOMM
nosem. Ho ecnm anekTpoH B3awMoJeHCTBYCT €O CBOUM IIOJIEM, TO
HENOHATHO, KaKue CHJIRI YAS[KHBAIOT €ro 0T pasphiea. Takue CHUNBI
HEW3IBECTHHI,

B xmaccudeckodl  DICKTPOAHHAMHKE JNEKTPOH  CYHTAETCH
TOYEUHBIM [5;¢.69]. A nomuas sneprns 3NeKTPOMATHUTHOTO TIOJM,
CO3/IaBaEMOTO TOUCHUIIBIM 3apAnoM, pasHa OeckoHeurocTH. [loaTomy,
COTNIACHO KJIaCCHYECKOH DIICKTPOAUHAMHKE, 3IIEKTPOH' JAOMKEH
obmamate  Takke M OeckoHeyrOH — Maccoit.  Duznueckas
0eCCMEICIEHHOCTE ATOr0 Pe3yibTaTa MOKA3BIBAET, ¥TO K/IACCHYECKAs
WIEKTPOAUHAMUKA, KAK NOTHYECKH 3aMKIyTas TCOpPHA, CTAHOBUTCK
BHYTPCHHE [POTHBOPEYMHBOH TPH TMEPCXOAC K JOCTATOYLO MANbIM
paccroanusamM [5;c.126].

B KBAHTOBOH 3MEKTPOAWHAMMKE TICKTPOH TAKKE CUHTACTCSA
ToYedHblM. BoT 4TO HamkcaHo o6 3toM B 5-m ToMe Duzudeckoi
Ouuuronennd: «OauH H3 BMKHHIX BHIBOJAOB, BHITEKAOIIMHA M3
NMPOBEPOK  KBAHTOBOH SNEKTPOJMHAMHMKH, CBA3aH C  pa3Mepamy
anexkTpoHa. KBaHTORAs ITEKTPOJMHAMMEA HPCANONATACT MICKTPOH
TouedHEIM. Hi B ogHOM adihekTe pacXoskieHHs ¢ 3THM JONYILEHHEM
obuapyxcHO He Obmo. DU3HMYECKH 3TO 03HAYAECT, YTO Pa3MCPhbl
IMEKTPOHA Meubiue [ AT [18;1.5,c.545]. Onuako, uecMOTpA Ha
TO, 4TO KBAHTOBas INCKTPOJMHAMHKA CYINIECTBEHHO OTIMUACTCH OT
KITAcCHUECKOW, B Hel Talke CyuwecTsyeT apobnema OeckoueyHOI
coBCTBEHHON JHEPTHM TOUEUHOre 3apana. TakuM obpazom, npobrema
octaérea ncpeménnioi. IToapoGHo o1y Temy obcysxmaeT Puuapa
Gelinman B ¢BOMX nekuasx no ¢isuke [9;r1.28].

JUtA 0OBACHEHUA NMAPAZOKCANBHOCTH KBAITOBBIX MPOLUECCOB MBI
BEEJIH HOBOE MOHATHE — JHCKpETHOE Apuwienune. [lpeanaraerca
CUUTATE 3MEKTPOH JUCKPETHO ABIDKYIUSHCA TOYKOH W TIOJITOMY
HAXOAIMCHCS B JAnMbli, CKONb YrOAHO Maibiff, HO KOHEYHBIH
TPOMEXYTOK BPEMEHH B  ONpeaenéHHod obnactn  asosoro
npoctpaHcTRa.  Kpagpat ke Moayns  BOJNHOBOH  F-(yHKUUH
MOK43bIBACT INTOTHOCTE BEPOATHOCTH OOHAPYKUTE 3NTEKTPOH B KaKoH-
nuGo Touke oOLIMHOTO TpocTpancTsa. [lomyyaeTrcs, 9TO TOYEHHBIH
TEKTPOH TIAXOOMTCK ONHOBPEMEHHO BO BCEX TOHUKaX HEKOTOPOH
00nacTH NPOCTPaHCTBa (BUPTYANLHOTO o0liaKka) U IIPH 3TOM B KaX10#
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TOUKE UMeeT pa3nHYHLIE 3HAYCHHAA CKOpocTH. Pacupeaesienue oTHx
ckopocTel Bo Bcell obmacty M onpexpenser asuwkeHde (B obuiem
cIytae, epeMellicHHe W PACTUIbIBAHKE) AanHoro obraka.

Taxum 0Opa3oM, B KOk Pranuecknii Mmoment spemenu (1oa
(u3UYecKkUM MOMEHTOM BpeMeRU MBl  OyiaeM  noapasymesaTb
JIOCTATOUHO MANLIA NPOMEXKYTOK Bpemeln, Hanpumep, At < /) e
BpeMA, 33 KOTOPOE CBET HPOXOAHT PACCTOAHMC, PABHOE ATOMHOMY
ApY)  NUCKpeTHOE  IBMIKCHME  DJIEKTPOHa  XAPAKTepH3YeTCH
onpencnEéHEIM HeNpephIBHbIM HA00POM KOOPAHHAT U UMITyabCoB. C
BTOM TOYKH 3PEHHM OYEBHAMO, UTO BOMHOBaA Y-dyHKuua gaér
OONHO¢ ONMHCAHWE JBH)KEHHA DIEKTpOoHAa WA mio0oro Apyroro
KBAHTOBOTO 00Bekta. A ypasnenue Hlpéaunrepa oxuosnavno
onpeaesser u3meHenne Y-(yHKUMH BO BpeMcliM M [03TOMY Jadt
IIONHOE IPCACTARTICIHE O ABHKCHAH.

Cny4galiHblii  XapakTep KBAHTOBBIX MHPOIECCOB HPOABIAETCS
TONBKO NPH B3AUMOACHCTBNH, KOIA4, B 3aBHCHMOCTH OT KOHKPETHBIX
YCIOBHH, KBAHTOBHIH o0bexT npuodperaer Oomee onpenenéunoe
3HAYEHHE MECTOTONOXCIHA WA MMIYJIbCA. 3Mom npoyecc umeem
HPUHYUARLATEHO sepoamiocmitblil xapakmep, O GyJleT paccMOTpeH B
cnenylouicM naparpade.

Takum  obpazomM, 9NCKTPOH  ABJNASTCA  TOMEUHBIM M
B3aHMOJEHCTBYET co CcBOMM ToncMm. Ho assexrpoMarHdTHoe none,
co3gaBaeMoe JHCKPETHO ABIDKYH(MMSH TOUYEUHLIM  MIEKTPOHOM,
COOTBETCTBYET TIONI0, CO3ABAEMOMY DAcRpeAcnEénibiM B KOHEYHOU
obmact npoctpancTsa sapsnoM. M monHas  aucprus  Takoro
ANCKTPOMATHHTHOrO mona koreuna. I[lostoMy ornamact npodmcma
OeckorreuHO BONBIIOH SHEPruy ToueHoTo dReKTpoHa. B nanpueiiniem
MBI YBHIOWM, 4HTC 110Bad MOIAgdb DNEKTPOHA MO3BONHT HATIAIHO
OOBACHHTD BCIO MAPA0KCATEHOCTE KBAHTORBIX MPOIECCOR.

§ 6.5. Penykuna BonHoBoW Y-thyHkumn

YroOel HarnagHo npeactaBuTh cebe NOBemcHHE KBAHTOBLIX
O00BEKTOB, PACCMOTPHM JETATRHO, KakuM 00paszoM [POHCXOAMT
npolcce PeAYKIIWH ROAHOBOH ‘F—pyurunu. UMenno 3Tor npolece
ABJSIETCA KIIOUOM K [TOHHMAHWIO TAKOTO KBAlTOBOTO DNAPAUOKCa, KAK
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“REACTBHE 1A pacCTOSHMH”, HAM HENOKANLHOCTH  KBANTOBOW
MexaHukd. [Ing y1o6cTea ONMUMCAHUA OPEMITONOKHM, 4TO 00NacTh, B
KOTOPOH 3neKTpoH (MM ApYTroii KBalToBBIH 0OBEKT) coBepliaeT
JUCKPETHOE IBWKEeHHe, JNocTaTouHo OoNblliad, HalpHMep KOMHATA,
Kak Opmmo oTmeueHo B § 6.3, 3aKOH COXpaHEHHS DHEPIrHW He
[O3BOJIAET 3NEKTPOHY HMETh ONPeACNEHHOE MECTONONONKeHHe, Tak
KaK B 3TOM CIIY4ae JUCPTHA JIEKTPOMArHUTHOTO NOJIA, CO3RaBAEMOro
uM, OyAeT o'leHb BBICOKA. B MaHHOM K¢ Clydae, KakoH, CKOJIb YTOIHO
Mallblf, POMEKYTOK BpeMEHH MBI OLI HH B3471H, DNEKTPOH yCIEer
HCYE3HYTH U NOIBHTHCA BO BCEX TOUKAX KOMHATEL

MoskeT BOSHUKHYTb BOIPOC: & HC POTHBOPEYUT MU ABHKEHHE
MEKTPOHA TEOPHH oTHocHTeNbHOCTH? lHer, He mpoTHROpeYHT, Tak
KaKk HHM Macca, HM 3aps], HH DHEPLHA HE JIEpeMeLIaloTca co
CKOPOCTBID, TIPEREIIAIONICH CKOPOCTh cBeTa. TaiKe HEeBO3MOKHO,
UCIIONR3YA  HEOMpedeNEHHOCTE B MECTOTONIOKEHUH  JISKTPOHA,
nepemath curHan  (MHGopMauuw) OHCTpee  CKOPOCTH  CBETa.
[Monpatuo mel pasdepém 3ToT Bonpoc B § 6.7. HywHo oTMeTHTE, UTO
TEOPHs OTHOCUTIEABHOCTH HAKIAIBIBACT OTPAaHMUYCHHE TONBKO Ha
KNACCHYCCKYIO CKOPOCTH  NBHMenus (uindeckux o0nexkToB. A
X40THYECKOE (JIHCKpeTHOE) ABHMKEHHE 3ICKTPOHA He NPUBOANT K
OeCcKOHeUHOH CKOPOCTH B KITACCHYECKOM  CMBICTIE, TaK Kak
TPOSIBIISETCS TONBKO B HEQAPEOeAEHHOCmY CrO IBHKEHHA.

[pennonoxuM, Mbl BCE JKe DENIHIM Y3HATL, [J1€ HAXOIUTCA
eKTpoH, W ans 3Toro B KOMHATY BeinycTWk Qoror. Ilyers nis
paragHocTd GoroH Oyaer uMeTh pasmep (TO €CTh AMHHY BONHEI),
npumepHo, GyrooasHOro Mada. 10T QyrOONBHLIH MY [IPONETaeT
Yepe3 KOMHATY, H CYLIECCTBYET BEPOATHOCTH €70 B3aMMOAEHCTBHS C
2IeKTpoHOM. [TycTh B NpOMEXYTOK BpeMeHH [fy;fy+Af] npon3ouuio
aT0 R3aumozeiicreue, To ecTh B NPOMEKYTOK BpEMEHH [f5;f;+Al]
9MEeKTPOH H (POTOH OKA3ANUCEH B OJIIOM H TOM XK€ MECTE KOMHATHL (C
TOYHOCTBK 10 pasmepa PyTboasnoro msaua). Heobxoanmo otMeTHTs,
4TO OIMEKTPOH HE HAXOAHICA B STOM MECTe TEped CambiM
B3auMoaeiicTeieM. ITlepea caMbIM B3auMoOzeilicTBHeM OH BCE emid
[AXOMUIICA Cpa3zy BO BCeX TOYKAX KOMHATBl. TaK BOT, B IIPOMEXKYTOK
BpeMenn [{g2p+ Af] naM yzanock 3nekTpo “nofiMars”. Mel kak Owi
COIPOBOIMPOBANIM €0 Ha MIHOBEHHME TIPHHATL ONpPCAgnéHHOe

10 3ax. 106
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MecTononoyMeHne., TONMBKO BO BPeMS B3aUMOJCHCTBHA y 3NCKTPOHA
nosenserca Gofiee TodHoe mecTononoxerue. Ilpu atom obnacte ero
NOKATWIATUH TIPAKTMYECKN MUHOBEHHO YMEHBIUAETCA OT PA3MEpOB
KOMHaTBl a0 pasmepoB (ytbomsHore wmsma. [lpomcxoauT Tax
naspiBaeMas peTyKIUa BOJHOBOA (hyHKUHH.

CnefyeT OTMETWTh, YTO yMEHBIIEHHe 0ONacTW nOKATH3aLNH
ANCKTPOHA BBLIILIBACT BO3PACTAHME BEJIHYWHBEI OSNEKTPOMATHHTHOIO
NONA, CO3AABAEMOIO WM. OTO, B CBOKW OYEpels, NPHBOIHT K
YBEIHYCHUIO HEOTIPEAENEHHOCTH B UMIYJIbCE HNEKTPOHA.

FoBops © PEAYKLMH BOJHOBOH (PYHKIHH, MBI HCTOJIBE30RAIH
TepMyH “MrHoBeRHO”. Ho Beak abconOTHO MTIIOBEHHO HHYETO HE
TIpoucXoauT. Boersia BCE NpOMCXOANT B KaKOH-TO OTIHYHBIH OT HYNA
TMPOMEXYTOK BpeMeHH. B jaHHOM Ke Cnhydde Hac HHTEPECYET
CIICOYIOUIEE: €CTH B3aHMOAEHCTRUC [TPOH30HIET JOCTATOMHO DLICTPO,
MOKET M CKOPOCThL PeAYKUMH (CXNanbiBapyud) BOTHOBOrO NAaKeTa
ORITE DoNMLILC CKOpOCTH cBeTa?

CkaxkeM, pasMepsl KOMHATBI L, BpeMs B3anmopeiictBua A (B
IPUHLNIE, DTO BPEMA MOXKHO CKONb YrOAHO YMEHBIIATE). BoiMoxno
m L/At » ¢? [a, sosmoxuno. Ckopocmb pedykyuu (Cxaanbiéanus)
eonno6oli  W—hynryuu (soanoeo20 naxemaj moocem Ovims CKOAb
yeoouo boavuwie ckopocmu ceema. IIpOTUBOpEHHT MM 3TO TEOPHH
oTHocHTENsHOCTH? HeT, He NpOTHBOPCUHT, [OTOMY 4YTO B JaHHOM
CIIYuae HU IHEprud, IIH 3apsi, HH Macca He mepeMemiaorcs ObicTpee
cseta. bonee TOro, HeoOXOZHMO OTMETHTB, YTO €ClH Obl PEAYKLIHA
BONTHOBOH W—(YNKIENY NPOHCKOAMIA CO CKOPOCTHIO MEHLUIEH, weM
CKOPOCTE CBET4, TO MMCHHO TOT/la BOZHHUKIM OBl MPOTHBOPEUHS C
Teopuel OTHOCHTEMBHOCTH.

JeficTBUTensHO,  IOYCTh  IPOM3OWNO  B3aUMOACHCTBME
anextpoHa ¢ QoroHom. Ecnu 6w B 2TOT NPOMEXYTOK BPCMEHH
CYILICCTBOBANA OTNHYHAA OT HyNf BCPOATUOCTE HAXOKJASHHH €ro B
Kakoif-IHbo Jpyroi Touke KOMHATHI, 3HAUUT, B NPHHIMIIE,
CYUIECTBOBANA Obl BO3ZMOXIOCTE TaM O0OHapyxWTs 31extpon. Ho
ICKTPOIl KaK Hel0e He MOXCT MepeMelaThcs B TIPOCTHCTBE
GeicTpee ceera. [loaTomy, ecmm BpeMst B3auMojeicTBHA Af, TO
BCPOATIIOCTS HAXOMICHMA 3IIEKTpPOHA HA pacCTOSHMH OONbLICM,
deM ¥ = ¢t OT MeCTa B3aHMOAeHCTRHA, PABHA ITYJNO.
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§ 6.6. PacwenneHre BOMIHOBOro NakeTa

Hasaitte cmé pa3 paccMOTPHMM 3IEKTPON, KOTOPLIA COBCPLUAET
DUCKPETNOe (XaOTHMECKOe) ABMXKEHHWE B OTpaRudcHnoi obnacTH
TPOCTPAaHCTBa, HAmpUMeEp B KOMHaTe. B KaxIwid, CKOML yromHo
MBI, HO KOHEUHBIH, NMPOMEKYTOK BPCMCHH NICKTPOH YCUeBacT
noObLIBaTE (MCYE3HYTH M NOABUTLCA) BO BCEX TOWKAX KOMIIATHI.

Telieps TIPeANONOKUM, YTC Mbl PATUETUIH KOMIIATY NOI0NAM
HETMPOHHULUACMOH N4 ANMCKTPOHA NEPEropo/Ikoi (FEPeropoika Tak JKe,
KaK H CTCHLI KOMHATHI, K€ B3aUMOIEHCTBYET ¢ 2ICKTpoHOM). YTo B
3TOM CAyYac M3MENWTCH B JIBMKeHHR oanektpouwa? Hwuaro ne
usmcHuTcA. Ileperopoaxa e OyAeT MELIATL DNEKTPOIY JIBUTATHCA 110
BCcCH KOMHATe, TaKk KaK DNEKTPOH IBMXKETCA He To WCHpCpbBUOH
TPaekTOpHH, & JUCKPCTHO: HCHE3AET W3 OJTHOM TOMKH W HOABJIACTCA B
apyroit.  (ITpumepom Taxoro IJHCKPETHOTO JBMXKEHMA B JBYX
H30IMPOBAHHBIX APYT OT Apyra ofractiax MoxeT CAyXHTh ABHKEHHE
JNCKTPOHE B aTOMe — cMOTpu puc. 14). ObmacTb e, B KOTOpoH
ICKTPOH COBEPIIAET AUCKPCTIIOS (XA0THUUECKOE) IBIGKCHHC, MOMKET
FEPEMEIATLCA W PACIUTRIBATECE B MPOCTPAHCTRE TOILKG HETTPEPLIBIO,
TAK KaK CKOpOCTL €€ DEPEMCLICHMA M pachnelBauuf OTpaHMNEHA
CKOPOCTRIO CBETA.

Htak, y Hac moAydInInch ABC W3OJMPOBAHHBIE JPYT OT Apyra
KOMHATBI, BHYTPH KOTOQEIX [JIBHXKCTCA JHCKPETHO (XAOTHUCCKH)
TONBKQ 00uH aexmpor. M ecni MBI wauHéM OTOABHIaTh APYT OT
Ipyra 3TH KOMHATBl, TO 3NcKTpoH OydeT NPOJOIKATE IBHIATHCA
XaOTHYECKW, HAXOIACh MO-TpeskHeMy B o0enx KomHaTtax. Paccrosmwe
MEKIY KOMHATEZMH MOXIO COCNATh CKONB Yroano GONbIHM —
MEKTPOI OYAET NpOJOIKATh MNBHTATBCA OJHOBPEMEHHO B ABYX
KOMHATax.

Taxum 0bpasom, ccnu BonHoBON naket (BUpTYatsHOE obnako),
B KOTOpPOM JNCKTPOH COBEplIaeT Xa0THYCCKOE {/IMCKPETHOE)
NBHXEHUE, HMCET BOIMOXHOCTL PACIECHUTECA 112 JIBE TIONOBHULI, TO
OH, DaCLIEIMBINHCL HA JiBa BOMIIOBHIX [AKETA, MOKCT JIBHIATLCH B
PasIUYHBIX HApaBACHUNX. DNIEKTPOH, COBEPIan XaOTHYECKOE
JNBHXKEIME B OTUX MAKETAX, TakKe OyOET MBHTATLCH OJHOBPEMEHHO B
PAsTMYHBIX HalPaBIeHHAX.



156 Inaga 6. Hosas unmepapemayua KM
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Puc. 14. CxemaTwunoe unaoBpaxenwe pacnpegeneHya NNOTHOCTY
BEPOATHOCTH MECTOHAXOXAEHUA 3NEKTPOHA B aToMe ana 2p—COCTOAHWUA
[14;c.229]. Ha pucynxke n3o6paxéH paspea B Nnockoctu XZ. Pacnpegeneqne
MNOTHOCTW BEPOSITHOCTM CUMMETPHYHO OTHOCUTENEHO Oci Z, NOITaMY TOUHO
Takow xe rpadmk pacnpeaenedun Byget W B nnockoctn YZ. Haubonbiuas
BEPOATHOCTE MECTOHAXOXAEHUA MEKTPOHA — B LEHTPE KAXKAO0ro “nenecr«a’,
a 8 nnockocT XY .OHa pagHa Hynio.

C  TOMKM  3pEHMA  KNAcCH4eCKOro  (HenpepeiBHOTO)  ABUDKEHUA
HEBBOIMOXHO OOBLACHATL, KakUmM OBPa3OM BMNEKTPOH MOXET HaX0QWTLCA B
oboux nenecTkax, He NEpecekan APW 3TOM NNIOCKeCTsL XY,
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Hampumep, OH CMOXKET [POHTH Hepe3 JBa OTBEPCTHS
oaHoBpeMerHO {cM. puc. 12). Ecan npu pansueimem ABWKCHHN 3TH
BOJMHOBBIC MAKEThl COSOHHATCS HA JETEKTOpPe, TO IPOM3OMIET MX
uurepdepeHunsa, XoTa MMEKTPOH NP 3TOM TONBEKO ONMi, JIBHMKCHHE
moforo Apyroro KBaHTOBOIC oObekTa (HampHmep, GoToHa) Oyier
TMPOUCXOIHTE AHAIOIMYIIO.

PaccmoTpum Teneph “napafokcanbhoe” nogesieHue (hOTOHOB B
aKcriepumenTe, ofiucaHHoM B § 5.6. C Touxu 3penus OHCKPETHOTO
JABHKCUHS TAKOMY NOBCHEHUI0 (QOTONOR MOMXHO NaTh CICHYIOUIEE
ofpiacHene. B annoM  OKCNCPHMEHTC  KaxCoblilh  (omoH,
PACHERUBLILCY HA CBEMOOENUmene, J8UNCEMCA RO PASTIYHBIM NYIMAM
(6 6ude Oeyx 8oaROGELIX Rakemoes) Kk demexmopy. M Ha AeTEKTOpC DTH
BOJTHOBLIE [IAKETE HUTEpQepHpPYIOT MCKTY coloii.

PacemoTpum Terncps, YTO OPOH3OHAET, €CITH JKCIEPHMEHTATOD
MepekpoeT  OfHB W3  JABYX LYTeH (N0 KOTOpBEIM  JABMIKETCA
pacieIEHHBIH BOJIHOBOM NaKeT) JOMOAHHUTENLHBIM ACTEKTOPOM, TO
ecth NMpHOOpPOM, KOTOpHIH BiammopeiicTByeT ¢ doToHoM. B rannoM
crydae ansa HoToHA OYIYT ABE BOSMOKHOCTH.

Bo-neperix, cyuwecTByer BCPOATIOCTH, YTC  NPOH3OAAET
B3aHMOJCHCcTRHEe  (OTOHZ ¢  JONOJHHTETBHBIM jJeTekTopoMm. B
pe3ynsTaTe ITOre B3aMMOAEHCTBHA (OTOH NOMYYHT ONpenenénaoe
MECTOMONOKEHHE U, TakHM o0pasoM, [OTepReT BO3MOMKHOCTE
ABMIATRCA 10 APYTOMY TTYTH.

Bo-BTOpPBIX, CYILECTBYET BEPOATHOCTE, YTO B3aUMOIEHCTBHE He
Opou3oHIeT, U B 3TOM cllydae (OTOH, [OTCPAB BO3MOXKHOCTH
JBHTATLCH (10 IePBOMY IyTH, OYACT ABHIATHCS TOJBKO 110 BTOPOMY.

Honryuaemcs, wmo, nepexpslé nymos 0OHOMY GOAOBOMY HAKEMY
(mpu  3IMOM  GIAUMOOEHCIMEUE ¢  OORGIHIMEALHBM  OCMEKMODOM
MOJCEm IUO0 npouzoimu, b0 Hem), IKCREPUMERMANOP M2ZHOBEHHO
U3MEHAEM BOTNOBYIO EYHUKYUIO OPYI020 BORHOS020 RAKEMA.

Bosuuxaer sonpoc: a He MPOTHROPSHHT JIH Takoe “MIHOBESHHOC
NefCcTBHE Ha PacCTOAHHH” (HEMOKATBHOCTE KBAHTOBOH MEXAIIHKH)
TEOPHH  OTHOCHTCILHOCTH, salpellaiouiell nepepady  CHraaia
6rictpee  cpera? BosMomHOCTh, TAaKOH “MIHOBEHNON” IIcpelaun
CHIHAaNA, HCIONAL3YA HEJOKAMLHOCTE KBAHTOBOH MEXAIIMKH, MEI
paccMOTPIM B CHEAYIOWIEM Naparpage.
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§ 6.7. HenokanbHOCTL KBAaHTOBOW MeXaHUXK

Ceffuac MBI PaCCMOTPHM THIOTCTHYCCKHH CITyUati, B KOTOPOM,
OOHAKO, HEeT H{Yero IPHHIWMHAIBIO HEBO3MOXKHOTO. [iBa
OKCIIepUMeHTaTOpa  (YCIHOBHO  HAasoBEM WX “3eMISHHH® M
“MapcHaHUH”), KeNlad HCHOMB30BaTh HEJOKANBHOCTh KBAaHTOBOH
MEXAHWKHM A7 MPHOBEHHOH TICpelauyW  CHTHANOB,  PEILHIH
ocylecTBUTE cnegyommi oner. Ha IOnutepe oM yCTaHOBHIH
na3ep M CBETOAENUTENS, a Wa 3emiie H Ha Mapce — no mabopatopnn.
CreToseAnTENb PACHICINIFET BOAHOBOH NakeT (B KOTOPOM JIMCKPETHO
nBUKeTcs (OTOH) HA IBe HepaBHele uacTH. V ckakeM, BEPOATHOCTH
06Hapy»kuTs (OTOH B BONHOBOM [IAKETe HA 3eMiec pasHa 607%, a Ha
Mapce — 40%.

[MpuHUHMMIEATREHAS WAEs dKcnepuMenTa Ipocra. M3 masepa na
KOmirepe B m3BecTHOE I 00OMX 3SKCHOEPUMEHTATOPOB BpeMms
BBUIETACT OJIMH (HOTOH, 3aTEM OH [ONAJaeT HA CBETOJAENUTENE H,
PACLLETHRIIMCE Ha IBA BOTHOBLIX [TAKETa, ABWKETCH OJHOBPEMEHHO K
3emne u Mapey. [Iputém, B nabopaTopHio Ha 3emiie BOJHOBOH ITaKeT
JIOMKCH PHICTETE Ha OJHY CeKYHyY paHbIe, 4eM B nabopatopuio Ha
Mapce. Bpems 0%H/1aeMOro NpuOpITHA BONHOBOIO MAKeTa H3BECTHO C
BBICOKQIT CTEMEHBI0 TOYIIOCTH.

HWrax, (oTOH, TUCKPETHO ABUIdfACh B JBYX BOJHOBEHIX Takerax,
JBIKeTcs onHoBpeMeHno k 3emne m Mapey., Ilepen Ttem xak
BONHOBOH NaKeT LOCTHIHET 3eMIIH, 3eMJISHUH NEPEKPOLT ACTEKTOPOM
CMY T1yTh. 371cCE BOBMOXKHEI AB& BAPHAHTA.

Bo-neperix, 1npoH30H8T B3aMMONEHCTBHE (OTOHA C 3EMHBIM
JACTEKTOPOM  (BEpOATHOCTh TAKOre Tportecca — 60%), rtorna
BEPOSTHOCTh OOHAPYXUTL (POTOH B MAPCHAHCKOM BOJIHOBOM [MAKeTe
cpasy ynajaéT o Hynd.

Bo-propsix, B3auMonclicrBue He npou3olioém (BepOATHOCTH
Takoro nporecca — 409). Torga seposTEOCTE OOHAPYXHTH (oTOH B
MAapCHAaHCKOM BOJHOBOM fakeTe cpaly BospacTéT- ae [00%. W B
mofoM cilyyae COCTOAHHME BONHOBOH (DYHKIMH MapCHAHCKOrO
BOJIHOBOTO TIAKETa H3MEHHTCA.

Takum obpasoM, nepekpbisan NYMb GOTHOBOMY haKemy Ha
3emae, 3emATHUN  MIHOGENNUQ  UIMEHAEM COCMOAHUE 80AN0BO20
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naxkema xHa Mapce. U ecii MAPCHAHWH CMOWKET Kak-T0 o0HApyXHUTH
3TC H3MEHEHWe, TO 3TO O31a4acT, 4To B I[IPHHNMIE BO3MOXKHA
MTHOBEHHAs Mepeiada CUrHaa.

Hanprmep, ecnm z2eMissHHH HE TeEpPEKpHBAET TNYThH CBOEMY
BOJTHOBOMY [akeTy (TeM CaMblM OH HE H3MEHSET COCTOAHHE
MapCHAHCKOIQ), TO 3TQ O3HawaeT ‘“‘HoNp”. A CCAH  3EMIIHHH
MEepeKpsIBACT BOJIHOBOMY HaKeTy OYTh {TeM CaMBIM MTHOBEHIO
HM3MCHSSl COCTOSHHE MapCHaHCKOTO Takera), TO 3T0 03uadaeT
“emHHHITY .

3agaua MapCHAHMHA COCTOMT B TOM, HYTOOBI TI0 COCTOAHHIO
CBOETO BOJHOBOTO MAKETA ONPCACNHTD, NePEKPLIT HIH HET 3eMIAHUH
OyTh CBOEMY BOJIHOBOMY nakery. H B pesynrTaTe y3HaTh, KaKyio
nadgopMmanuo  (“emMHMIY” WM “HONML") 3eMISHHH XOTed eMy
tepenats.  HasHaueHwe JaHHOTO 3KCAGPMMEHTa Kak pa3 o
3AKNIOUAETCS B TOM, 9TOOB BBISCHHTH, BO3MOXKHA HIH HET nepenaya
CHTHAINa TAKMM cocoboM.

Hrak, oskcnepuMmeHnT pauancs. MapcHaHHH 3HAeT BpeMs,
OXUHAEMOTO NpuORITHA BOTHORRIX DAKCTOB Ha 3emino # Mape. Op
3HACT, 410 MAHCOB “‘moiiMaTs” hOTOH Yy ero xomneryu Ha 3emne — 60%.
Ho oH 3apatiee He 3HAaeT, KAK [OCTYIHT 3eMIAHMH (TIEPEKPOET UIH
HET MYTh BONHOBOMY mHakeTy). M B Oxupaemoe BpeMs MapCMaHHMH
MePEKPHIBAET NMYTh CROSMY BOJNHOBOMY IIaKeTy M XOHET M3BIIEHb [10
Pe3yIBTaTaM 3TOro MpoLecca KaAKY0-TH00 HH(OPMAIHIO.

Ecnu MapcHaHMH He MOHMacT DOTOH, TO OH CMOMET CIenaThb
ABa BBIBOAA. Bo-mepBhiX, ero 3eMHOH Koera IEepekpoll NyTh
BOIHOBOMY ITAaKETY W NOAMAan $OTOH. A BO-BTOPHIX, €TO KOJINIETA HE
NEePEeKpBUI YTk BOJIHOBOMY [AKETY, HO MAapCHAHMH BCE PAaBHO HE
moiimMan GoOToH (BEAL B 9TOM CIyYae BEpOATHOCThL [MOHMAaTh OTOH —
40%), u ceiivac OTOH, BOSMOXKHO, IIPOAOMKAET JICTETh JATBLIE 110
kypey HOmurep-3emas.

Ecnu xe MapcHanuH “nokiMaer” (QOTOH, TO OH CMOXET CACNATE
OJHO3HAYHBLIA BBIBOJ O TOM, YTO 3eMISHHH {oTon He “moiiMan”. Ho
OH HHUKAK He CMOJKET Y3HATh, MEepPeKphIBad NW €ro Komiera IyTh
BOJIHOBOMY NAKETy MM HET. A Belb MY HY)KHO Y3HaTh UMEHHO 3TO.
Taknm  oOpazoM, MapcHaWMH BCE-TAKM HE TIONYUHT HHKAKOH
HHOPMAITHH.
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[lopasmeiciuB  Haj  HeyJdaueHd  IKCIEpPHMCHTA,  MOXKNO
NPEINONOKUTL cneaytomee. IlepekpbiBas nyTs omioMy BONHOBOMY
MaKeTy, MBI MTHOBEHHO M3MEHAEM BOTHORYI0 Y—tynkuuio BTOporo
BOMHOBOIO naxeTa. (MHAKO H3-3@ BEPOATHOCTHArO Xapakiepa
BONHOBOH ‘W—(hyHKUHH DTO H3MEHCHME Tpyane ODHapyXHTb.
[TorroMy MEI HECKONBKO YCIMKHHM akcriepument. IlycTer Tenmeps
KaKIYI0 CeKyHAY OT cBerofemmTens Ha HOnuTepe BRureTact
pacwenusiuniics GotoH. C TOYHOCTRIO A0 JIONEH CeKYHABI M3BECTHO
BpeMs NpPHOBITHA  KAKJOr0 BOJHOBOTO TakeTa B KAXIYIO
nabopatopurd (Ha 3emMne W wa Mapce). U Teneps 3¢MISHUH
MOMBITAETCA NEPENaTh MapcHanwny onnH OHT nrpOpMAlNH, yke
HUCTIONB3YA KAKOH-HROYTh CAOKIEBIN KO (Pa3yMeeTcs, HIBECTHEIH ero
komnere). HanpuMep, cHavalla oF mepekpuIBacT 1y Th NCPBLIM AECATH
BOTHOBEIM HaKeTaM. 3aTeéM OTKpHIBAET MyTh CNENYIOMNM JABaALATH.
3atcM CHOBA NEPEKPBIBAET NMYTEH CIAEAYIOMWINM JecaTH H T. 4. Takas
ClImKHas kKoMOWHaUMA, HanpHMep, OyJeT o3HavaTe “‘eIHHULY .

CBOMMH [eHCTBHAMM 3CMIIAHHH B TEYEHHE MUHYTHI H3MEHSET
cocTosHre OGONBIIOIO 4YUClla MAPCHAHCKAX BOJTHOBBIX IIAKETOB.
Moxer, B 2TOM .ClTyMae MapcHanuH 4To-aubyas 3amerut? Ecmw on
3aMETHT  XOTb  4TO-HMOYAb, 3HAYHT, CYILECTBYCT peanbuas
BO3MOXKHOCTE IIcpeiaTh nHOpMaunio ObicTpee cBeTa.

Meway pesynbTaramMu AeHCTBHH 3€MIITHHHA H MapcHaHUHA
Oyner yérkas cBa3b (kKoppenauus). Ecau semnsanun noiimaer dotod,
TO CTo Komrera ofmo3HadHo GoToH He moHMaeT. A ecny 3eMIAHWH
fydem nogumb ¥ HE NOHMAET (OTOH, TO €0 KONNera OJHOZHAYHO
$oToH noitmaeT. O HAKO MAPCHAHHH BCE PABHO HE IONYYHT HHKAKOH
HHOPMALIHH.

JleHcTRATENBHO, 3eMIAHHH TNOHMaeT pPOBHO 6% oT Beex
(OTOHOB, KOTOPBIC OH IOMLITaCICA NOHMATh. ffo Hezasucumo -om
deticmeun 3eMASHUNA, MAPCUAHUN 6 TI0DoM CIyuae ROUMaem pPoeho
40% om ecex gomonos, komopeie on nonsimaemcs noimams. To
€CTh OH [TQHMAET CTONBKO K¢ GOTOHOB, CKONBKO OBl OH MOMAN, €CHH
OBl 3eMIATIMH NPOCTO CHIEN CHOXKA pyKH (MEPEeKpeiB HAH HE
NIEPEKPBIB TIPH ITOM ITYTH BOJTHOBLIM MAKETaM).
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Tak kax 3eMISHUR He Modcem ynpagrans Pe3yapTATAMM CBOHX
H3MEPEHHI, TO OH, CHeJOBATEILHO, U HEC MOXKET fIOCHATL HHKAKOH
HHGOPMAIIIH MAPCHAHKHY.

Takum 00pa3soM, HecMOIps Ha  CYUIECTBYIOUIYIO CBA3L
(KOppeIUHIO) MEXIY pe3ylbTalaMH HaboAeHHA IKCIIEPHMEHTa-
TOpOB, KaxAblil W3 HUX OyneT nHabmiogaTh COBEPILEHTIO CIYYAHHBIHA
(3eMISHHH — C BEPOATHOCTRIO (%, @ MAPCHAHUH — C BEPOATHOCTHIO
40%) mpouecc B3aMMOJEWHCTBUS BOTHOBOrO MakeTa ¢ ASTEKTOPOM.
Huxakoi nepenaun uadopMaliiig 34ech He Oy aeT.

Hmak, darvuodeticmeue cyuyecmayem, Ho OHO, ¢ MOYKIU 3PeHus
vdaréunoeo  nabmoedamens, RPURRURUAABHO 1e  1abriodaemo.
TlosToMy JMWCKpETHOE HOBHMXEHUE KBAHTOBOTO OORCKTAa BUYTPH
BOJIHOBBIX [1AKETOB HE [POTHBOPEYHT TCOPHH OTUOCHTENLHOCTH,
3anpeaoweil nepeaady cHrHanos OBICTPEC CBETA.

§ 6.8. Napapokc AnHwrenHa-NMogonsckoro—PoseHa

PaccMoTpuM ¢ HOBOIl TOYKH 3peHMA Iapajoxc JifHwredina —
Tononwckore — Posena, wanoxkennwii B § 5.5. Cncrema, cocrosmas
H3 JBYX KBAHTOBBIX 00BeKTOB A W B H ONHCHIBacMas eIHHOH
BOMHOBOH ¥yp—~dyHKNMEH, caMOmpoH3BONEHO  pacmamaeted. H
KBaHTOBEIE O0BEKTHI PA3JICTAIOTCA B NPOTHBONOIIOMNHBIE CTOPOHBI,

B oroM cnydae xawxamil KBaHTOBBIH 00LexkT OyaeT OBHraThen
JUCKPCTHO, YOanfafce OOHOGPEMENHO 80 BCE CHIOPUItbL OM Mecmda
pacrada. COrAacHO 3aKOHAM COXpAaHeHHA JHEPIMHM, MMIYIbCa MU
MOMCHTA HMIYJbCa JAMCKPETHOE JBWKEHHC OANOTO KBAHTOBOIO
00neKTa OY/AEeT B3aMMOCBA3aHO (CKOPPENHPOBRHO) C AMCKPETHBIM
IBHXKEeHHEeM Jipyroro. MoxHo OTMETHTB, YTO 3Ta B3aMMOCEA3L €CTh
TaK®¥e CNEACTBHE TOTO, YTO M CHCTeMa /B nepea pacnaaom JBHranach
JAHCKPETHO.

Koppenauus mexay mauusiMu ofbvexramu OyaeT CyIecTBoBaTh
CKONML YTOMHO JOMro, MOKa He MpOH30HAET B3aMMOACHCTBME M Kak
CNEJICTBHE JTOM0 — PEAYKUMA BOTHOBOH (yHKIMHM Pup. Tlpu srom
OCYMIECTBHTCA KakKoe-HHOyZb COCTOsHHE, OINCHIBAEMOE oO0LieH
BONHOBOR ¥ys—tyukoueit. Tonpke B 3TOM C/Ny4YaC KBAHTOREIE
00BEKTHI 4 H B CTaHYT ACHCTBUTENBHO HE 3aBHCHMBIMH.
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Taxum ofpazoM, TpoH3BOIA USMEPENNE HAA OAHUM KBalTOBBIM
00kekTOM (B JEeHCTBUTEALIIOCTH, MBI [TPOW3BOAHM H3MEPEHHE Hal
BCCil CHCTEMOH, TAK XaK ODBEKTH HE Pa3beIHHEHBI), MBI MIHOBEHHO
W3MEHeM COCTONHHE JPYTOro KBAHTOBOTO 00BEKTA.

M3-3a Toro, wro mpolecc M3MEPEHHs COCTOSHHA KBAHTOBOIO
offEeKTa MMEeT TIPUHTIMIFANLII0 BEPOATHOCTHBIH Xapakrep, TAKoe
“HeficTRHe Ha pacCTOSHHW” ¢ TOYKH 3pCHUA  YAadEHHOTO
HabmomaTtens B npuduune He HaOmomaemo. Tem He mecHeEe, memcdy
pezyavmamamu  uimepenwii 0syx pasumx nabmooameneti byoem
CYUeCmEos8ams ORPENeAEHHUs KOPPeSYUA (G3AUMOCEA3b).

§ 6.9. MNouemy BpemA HeobpatTumo?

Bee ypasuenus (yHAAMEHTATBHOH (QHIMKM CHMMETPHYHEL
OTHOCHUTENLHO HAIIPaRJIeHNs BpeMeHH. He ABNSeTCS MCKMIOUEHHEM U
ypapueune Ilpémuarepa. Jto o3mawaer, wuto ecmw  modoi
(busnyecknit mpomece oOpaTHTL BO BPEMEHHU, TO Takoil, oOpamEHHbLi
BO BpeMeHK mnpotecc, OYAeT TaKKe YIOBIECTBOPATH YPaBHEHUAM
¢uznku. Tem He MeHee, TPOMCCCH, MPOHCXOMAIUKC B IPHPOJE, YaCTO
neobpatumsl. [louemy?

B cospemennoil ¢uznke cylecTByioT o0biCHEHMA TOTO (aKTa,
4T0 HPOIECCH, NPOHCXOASIIKE ¢ yJacTHeM Rocratouyno Oonemoro
YMCIa YACcTHII, HeoOpaTHME Bo BpemcHH. Hampumep, npu nepenade
Tenna o7 Goliee HAarPETOro Tena K MeHce Harpetomy. Heobpatumocts
TaKMX [IPOIECCOB HMEET BEpOATHOCTHBIA XapakTep. DTo O3HA4aer,
4TO OOpPATHEI BO BPEMEHH NpoUECe, B IPHHLNNE, BO3MOXEH (10 €CTh
Ol HE MPOTHBOPEYHT YPABHCHMAM M 3aKonam (M3HKu), HO KpaHHe
MAJIOBEPOATEH.

OnHako He CYILUCCTBYET Hu odnoezo oOhacneuns Heobpa-
THMOCTH BNIEMEHTApHHIX  (m3Mueckux mnpoueccos. Hanpumep,
OPOLECCOB, MPOUCXOAAIIAX MPH  B3AUMOJCHCTBHH TORBKO JABYX
ACTHLL :

Bor, k mpumcpy, 4ro rmer npo HeoOpaTHMOCThH BpEMEHH
Qeiaman B CBOMX JIEKIHAX no gusnke: «Hackonpko Ham ceivac
H3BECTHO, NPUYHHOH ITOH NeoOPATHMOCTH ABIAETCA OIPOMIIOE 9HCIIO
YACTHL, NPHIMMAIOIINX YyacTue B 0Gp1uHbLIX nponeccax. Ho comu Obl
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MBI BHJEMH OTACIbHBIE MOJIEKYIIBI, TO 1€ MOFTH OBl ckazaTh, paboTaer
av BCA MamHHA Brepén win Hasam [8;c.475]. W manee: «llpen-
MONOKWUM, YTO Mbl 34aCHSNH HAa KHHONCHTY KakoH-To mponecc,
NPOHCXOMAINNK ¢ BEUECTBOM, H 32NYCTHUMH NINEHKY 3a10M Hamnepén.
Torna HY oMK W3 GHIHKOB Me MOT ORI CKA3aTh: “3TO NPOTHBOPEYHT
(QU3HUECKUM 32KOMaM, TIPOUCXOIUT 9T0-T0 He T0”. Ecnu petane#f ue
BUMHO, TO BCE CTAHOBHTCH COBEpUIeHHO Acio. Hampumep, xoraa ra
TPOTYyap manaer siuo u pazbuBaeTcs COBEPHICHIO BApeOe3ry, TO B
cpasy ckaxere: “JTOT Iponecc HeoOpaTHM; eCilH MBI 3aCHHMCM €ero
Ha KMHONIEHTY M POXpYTHM e€ HaoOOpoT, To AH1l0 caMo cobepércs B
CKOPITYMY, KOTOPAsA TYT kK¢ CKneutcs 00paTHo, a o1o becembicnuual”
Ho ecnu MB BHAKWM OTACNTBHEIE aTOMBI, TO BCE KaXKeTcf HaM
MONMHOCTLIO 06paTimMeM. OTKPHITE OTY CHMMETPHIO OBITO, KOHEHIIO,
TOPa3[o TPYAHEE, YeM ApYTHe, HO BCE-TaKH To, YTO GYHIAaMEUTANb-
Hble 3JaKOHBl (H3UKH, YIPABIAIONIME aTOMaMH U MONEKYIaMH,
oOpatTiMs! BO BPEMEHH, TO-BHAMMOMY, Bepro» [8;c.476].

QOpuako, HecMOTPA Ha TO, 4To (QyHIaMEHTAIbHbIE 3aKOHb)
duzHKH OOpaTHMBT BO BPEMEHH, TEM HE MgHee, BCE-TAKH CYLLECTBYIOT
DNCMEHTAPHEIE  (MI3HUECKHME TNPOLCCCHI, KOTOPLIE HEODPaTHMBL
Hanpuwmep, mpouecc peayxkumy sonHosoit ‘V-~dynkuwu, M Hosas
MOACIL AMCKPCTHOTO ABWXKEHHA HAa€T HarJiQHOE OpENICTABIEHHE O
lI€O6paTI/lMOCTH TAKHUX I[IpOLECCOB, TO ECTe O HﬁOﬁpaTHMOCTH
BpeMeHU 12 caMoM PyRAaMCHTRITRHOM yporHe, C TOUKH 3penna 3ToH
MOJIENIM CPa3y CTAHOBHTCS ACHO, IOYEMY PEAVKIMS BOTHOBOTO MAKCTa
ABJIACTCSA HEOGpaTHMbIM OpOHeCCOM HIIHM, HHAYE TOBOPA, NTPpOUCCCOM
HCCHUMMETPHIHBIM OTHOCHTCARHO HANTPABIICHUT BPCMEHH.

B kauectBe puUMCpa DPACCMOTPHM  3MEKTPOH, KOTODPKIH
COBEpIIAET JUCKPETHOE (XAOTHYECKOE) ABHKEHHE B HEKOTOPOi
obmacTu mpocTpaHcTad. To €CTh OH CYMIECTBYET B BHAEC BUPTYAIBHOIO
obnmaka {cMotpw puc. 15). M ecnm, Hanpumep, NPOM3OHAET
B3aMMOIENCTBHE YIEKTPOHA € HPONETARIMUM GOTOHOM, TO pa3Mepsl
BUPTY&1bHOTO 00/1aka MOTYT YMEHBIIHTECA NPAKTHHECKH 10 HYNA 32
CKOMB YTOMHO Manoe BpemA. OYERMIOHO, YTO 00PATHLIR BO BpeMeHH
npouece GuU3HYECKH HEBO3MOXEH, TaK KaK CKOPOCTh PaCILIBIBAHHA
BHpTYanbHOro ofiaka OIpAaHHMYCHA, 110 Kpaitreil Mepe, CKOpOCTBIO
cBETA.
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Takum  oOpazoM, ecnd TpoUecCe pPelyKUHH  BOTHOBOWM
‘V—dyurknuu  (BupTyampHOro 004aKa) oOpaTHTL BO BpeMEHH, TO
TakoH, oOpamCuHbiii BO BpeMelld, npouece Gydem npomusopevunts
3AKOHAM MEOPUU OMHROCUMERBHOCIMUY.

IlosTomy mpounecc peaykUMH BOJMHOBOH “—gyukiwd aenacr
(H3MYECKOe B3AUMOIEHCTRHE HeOOpaTHMBIM BO Bpemenu. OcobeHno
Harxapio H€06paTHMOCTB KBAHTOBBIX NpONECCOB TNPOABITACTCA NMPH
PENYKITN PaCIIEINIEHHOTO BOJIHOBOTO TIAKETA,

MOXHO OTMETWTL, YTO MPH BIAHMOACHCTBHHM KIACCHYECKHX
0OBCKTOR pelyKITHA BOTHOBOH W—(yHKONH NpaKTHUeCKn TIe3aMeTHa,
TAK KAaK HEOMpPEICNEHHOCTL B MX JABHNKEHUHM NpeHeOpexuMo Mana.
[MoosroMy HEOOPaTHMOCTE BpeMEHH B KJIACCHYECKON MEXAHHKE MOYKHO
HC YYHTHIBATS.

7T npouecc pegykuuu

Puc. 15. Harnagnasa wnmocTpauwa HeoBpaTumMocTu BpeMeHn,

JneKkTpoH COBEPWAET AUCKPETHOE [BWXKeHWe B HEeKOoTopoh obnactu
NPOCTPAHCTRA, CYWECTBYS B BuAe BupTyansHoro obnaka (cneea). Jonyctum,
NPOM3oWNoG  B3auMOAEHCTBUE OSNEKTPOHA ¢ hv3udeckum  oObexToMm,
UMMM ACCTATOUHO Manyio ONUHY BONHLI, HanpUMep ¢ y—kBaHToM. B
pesynocTate 3NeKTPOH nonyyuT ©Ooneé TOuHYK KOOpAMHaty CBOBro
MEcCTOMONOXEHWA, W paaMepbl  BWPTYanbHoro ofnaKa YMeHbllarca
NPaKTUHECKM MFHOBEHHO 00 0MeHb Manoil BerrwduHbl {cnpasa). OuYeBuaHO,
410 ofpaTHLIA BO BpEeMeHW npouece hu3mMyeckn HeBoaIMOXEH. MoTomy uto
ONA ero OCyLIecTBNeHusi NoTpebyeTcA onpefenéHHOe BPEMSA, TaK Kak
CKOPOCTb pacrnbiBasvn  BUpTyanoHOre ofnaka orpaHuyeHa CKOPOCTbio
cgera.
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§ 6.10. KopnyckynapHo — BONHOBOW Ayanuim

B npeaelaymmx maparpadax MBI PacCMOTPENB  NpHMEpH
HEQORIYHOTO TIOBEACHHA KBAHTOBLIX 00BEKTOB ¢ HOBOH TOUKH IpeHMs,
CyTh 3TOH TOUKH 3peHHA (MHTEPNPETaLKH) COCTOHT B CNETYOIIEM.

Oxkpysxkawollge Hac [OPOCTPAHCTBO-BPeMA €CTb  PE3YILTAT
HATOXEHHs TpaBHTalHONHOTO nons BceenenHoi na Xaoc (§ 6.1).
['pasuTauiMonHRl  nmoTeHNMan,  co3gaBaeMbli  BCEH  Maccoi
BeeneHHo#, OTpARUMHBACT HEONPENETEHHOCTE B XAOTHYECKOM
(NHCKpeTHOM) IBHKEHWH Tel.

Tax xak macca BceeneHHOH BCE XK€ KOHEYHA, TO CYIIECTBYET
ocTaBmadcs OorT Xaoca HEONPCACNEHHOCTHL B JIBIXEHUH. IlosToMy
KBAHTOBBIH OOBEKT ABMXKETCS XAOTHYECKH (AHCKPETHO)! B MOMEHT
BPCMCHH { OH HcYezaeT U3 TOUKM r(}) M yepes OeckOHEWHO ManbIH
HPOMEXYTOK BPEMCHH df 1OABAgeTcd B TOUKe It + df), KoTopas B
ofiieM cnyvag MoKeT HaXOLWTBCA CKOJNb YIOJHO JaineKko OT
TOUKH rft). B peiyavrate, 3a JOOOH, CKONB Yromo Maiblil, Ho
KOHEYHBIH, [POMEXYTOK BPEMEHH KBAHTOBBIH ODBCKT ycmeeT
HCUCIHYTh M IIOABMTBCH BO BCEX TOYKAX HEKOTOPOH obmacTH
IIPOCTPAHCTBA (BoNHOBOTO makera) (§ 6.2).

TakuMm 00pa3oM, KBAHTOBBIH OOBEKT ABNACTCH OHCKPEMHO
dsuxcyeca wacmuyen.

CKOpOCTh TIepeMEUICHHA ¥ CKOPOCTh PACILTBIBAHHA BOMHOBOTD
TaKeTa OTPAHHYEHA CKOPOCTHIO CBETa, NOYTOMY IBHKEHHE BOJHOBOTO
naxketa (BHPTyalsHOro ofiaka) ABNACTCA HeNpepeiBHEIM. B obiiem
ciyyae BOJIHOBOH MAaKeT MOMKET PAcIUEMUTHCH (Pas3/e/UTLCA) Ha JiBe
Ay Gonee gacTeH (BOMHOBBIX NakeToB). OGpazoBaBIiecs BOJIHOBbIE
IIaKeThl MOTYT ABHIaThCA B PA3IHYHLIX HANPABACHUIX CKOJNB YIOLHO
Jonro (§ 6.6). Ilpu 3TOM KBaHTOBBIH 00beKT Oyner cosepwats
JMUCKPETHOE JBMKCHME: 3a CKOIb YTOAHO MaNbIi, HO KOHEYHBbIM,
NPOMCKYTOK BPEMCHM OH YCTICeT NOIBUTHCA M MCUE3HYTH BO BCEX
TOYKAX, HAXOIAWHXCA BHYTPH dTHX BONHOBLIX TTAKETOB.

Flnaue rosops, odux kBaHTOBGI 00beKT (HANpUMep, IAEKTPOH
il QOTOH) Modcem OgU2aMbCA  OOHOBPEMECHHO 8 HECKOMbKUX
pazuunbix HanpaciexyAx. TO ccTh BOJHOBOM makeT (B KOTOPOM
JHUCKPETHO IBWHKETCA KBAHTOBBIH 00BeKT) BeaéT cehs Kxak BoaHA,
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IMpu BRAUMOAEHCTBHU C KTACCHYSCKHM O0BOKTOM ((PH3HHECKHUM
O0BEKTOM, HEOTMPEACNEHHOCTE B MECTONONOXKEHHH  KOTOPOTO
upeHebpe;kuMoO  Mana) HEeONpCACIE€HHOCTE B MECTOMOJIOKEHHH
KBAHTOBOI'O OO0bEKTa YMEHBIIAETCA MNPAKTHHCCKH MIHOBEHHC J0
CKONIb YTOMIHO Maiol senuvnpbl. [IpOMCXOOHT Tak HaskiBacMasd
penyxuusa BonHoBoH F-dyukmue (§ 6.5). JTOoT npouece npunyi-
nuanbro neobpamum 8o epemen (§ 6.9).

Taksm oOpazoM, B HOBCH HUTCPNpeTALMH TpeaTaracTes
PaccMaTpHUBaTh JIBWXKEHHWE KBAHTOROIO OOBEKTA KaK KOMOUHAYUIO
dayx deudicenuti: WeNPEpPLIBHOTO JBHKCHMS BOINHOBBLIX NAKETOB M
OQUCKpemHo20 NBHKEHUS KBAHTOBOTO 0OBEKTa BHYTPH ITHX BOTHOBBIX
nakeroB. Kax Oeo nokasano B § 6.7, AMCKpeTHOE ABHAKEHHE HE
NPOTHROPEYHT TECPHH OTHOCHTEIRHOCTH.

Hrak, Hopas meTEpUPETALHAS KBAHTOBOH MEXAHUKH MO3BOJISET
OOBACHUTE, BO-TICPBBIX, OTKYAQ B3ANACE HEOIPEICHEHHOCIB B
MHKpOMHpPE. Bo-BTOpLIX, KaK HeZENUMBIH JJICKIPOH YXHTPAETCH
OpOHTH uepe3 1Ba OTBEPCTHA OJHOBPEMEHHO. B-TpeThHX, XKak
(BHIHTECKH OCYUIECTEIAETCA MCXAaHH3M AATSHOACHCTBHA
(HEIOKATBHOCTE KBAHTOBOH MEXaHWKH). B-4ermcpThIX, umo B
JeHCTBHTEABHOCTH  ONMHCHIBaeT BOJHOBas F-pyHKIMA, H Kax
MPOUCXOIKT lpollece €€ PeayKuMH. B-TIATHIX, nouemy KBaHTOBGLIHA
00BeKT BeAET cels TO KaK YACTHIN, 4 TO KAK BOJMHA (KOPNYCKYJIAPHO-
BONMHOBOH nyanu3M). M, HakoHen, B-IIECTBIX, HOBax HHTEpHpETALHA
o0bacHaeT HeoOpaTHMOCTH BpEMEHH Ha CaMOM (YHAAMEHTAABHOM
ypoBHE (HanpuMmep, UIA TNPOLECCOB MPOUCXOIANMX TIPH YYIACTHH
TOJIBKO IIBYX YACTHIL).

Ho naubomee BakkHO B paHHOM CNydae TO, YTO H3 HOBOM
UHTEPNpPETAlWH KBAHTOBOH MEXAHHKH BBITEKACT APDUHYURUAILHO
Ho8oe credcmeue, KOTOPOE HENOCPEICTBEHHO HE COAEPKUICH B
KBAaHTOBOH MEXaHHKE. A HMMEHHO, HpPH NPHOMIKEHHH K OONpIuoH
Macce HeonpeaenéHHOCTh B ABHKEHHH KBAHTOBOrO O0OBEKTa fOiydem
YMeHbuamsca, W, CIeJOBATENLHO, Oydem yMeHbHIAMBCA 3HAYEHUE
nocmoannou Iranka. 310 oTpaxeHo B ypasHeHusX (2.9) u (2.10). H
IKCUCPUMEHTANBHC IPOBEPHB 3TH YPABHCHHA, MOKHO YCT2HOBMTE,
BEpPHA HIM HET HOBAaA UHTEPITPETAINIL. .



Fmasa 7

B
eupas Lpammamym

Ucxons w3 npuanuna Maxa, Bo 2-if riaBe Mbl NPHINTH K
BHIBOAY, 4YTo BONH3H  OOJBIIOW  Macchl  yYMenbuidemcs
HeonpeaeEHHOCTh B JIBUXKCIMH YACTHITEL. A M3 3TOr0, B CBOK
04epeb, CHAeAYET, HTO BONMU3HM OONEIIOR MacCwLl Mpaekmopuid
dsuxcenuna wacmuybn 6yoem uckpusiena. [loaromy B pamkax
HOBOW  TCOPUM TPaRMTAUHOHHOE  B3AMMOAEHCTBHE  MOXHO
paccMATpHUBaTh KaK HCKAIOWUMERsHO Kéanmosbitl 3phexm. TaxoH
I0X0/] K TPABHTALMHA H OYIET TOCNEACBATCIAII0 HANOKEH B ITOH
TIaBe.

§ 7.1. MaBHbLIW HemOCTATOK OOLIE TEOPUU OTHOCHU-

TeNbHOCTA C TOYKW Ipennn KBAHTOBOM MEXaHMK#

C Toukn 3peHna oOWeH TEOpHH  OTHOCUTENBHOCTH
LHpeANONaraeTca, YTO B TPABHTAUHOHHOM TI0Me  W3MEHAETCs
NMPOCTPAHCTREIIHO-BPEMEHHON MCTITad (COOTBETCTREHHO, U3MEHACT-
Cd M BHIpAKEHHE [NA KBAJApaTa WHTepnana). HanEuMep, BOAM3N
Gonbmof  Maccel  3aMelUIAETCS  TEYCHHE BPEMEHH, a  Takke
H3IMEHMIOTCR PAa3MEpSI TER.

PaccMorpuM kOHKpeTHBIX npuMep. B cospemennoit ¢gusnie
MPOMEXKYTOK  BPEMEHH  AAMTENBHOCTBIO B ONHY  CEKYHAY
onpemensercs CHeAyIomaM o0pazoM. «ATOMHAS CEeKYHAa paBda
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9192631770 nepnonaM M3Nyue€HMs, COOTBETCTBYIOWIETO HIIEPreTH-
YeCKOMY TIEPEXOY MEXIY ABYMS YPOBHSIMHU CBCPXTOHKOH CTPYKTYPEL
QCHOBHOTO COCTOsIMA atoMa uesns |, Cs» [18,1.4;c.484). Taxum

o0pazoM, 3TanOH BpeMEUM ONPEAENAeTcs uepe3 MEepHON W3TYyUCHHS
ONpEACNEHHON CICKTPANLHON TNHUH 2TOMAa LE3HA, A C TOUKH 3PEHUS
o0Ieil TcoprH OTHOCHTENBHOCTY BONU3W DONLLION MAcchl CKOPOCTH
TeyelHs BpeMeHH 3amennsercad. CxameM, CCAH HA  JOCTATOYHO
Gombwiom yaamenuu or Gonemioll maccel npoiinér / cekyHaa, TO
BOMH3N OONBLIOH MAacChl TPOHAYT TOMBKO JO0MM  CEKYHIbBI.
CricnoBarensHO, BORM3IM MACCHT YBOIMYMTCA UEPHOA HINYYeHHA
CHCKTPANLHOR JIMHMM ATOMa LE€3M4, TO €CTh NOHH3UTCA 94CTOTa
W3JIYYCHHS JaHHOH cneKTpanbHod TMHEHU. COOTBETCTBEHHO, B TOM e
caMoii IPONOPIMH MOHUIATCA H YACTOTE HITYTCHHA IPYIHX aTOMOB.

B 1o ke Bpems B 00wmeH TEOpPHH OTHOCHTENBHOCTH
nupeanonaraercs, 4t0 (QyHAAMeHTANBHBIC (H3HYECKHE MOCTOAHHEIC
(¢, B, m, e ..) BOmu3n Gogpwoil Macckl He HiaMmenstorcs. UM 3gech
BO3HUKAET CICAYIOIIEE NMPOTHBOPEYHE € KBAHTOBOH MexaHukoH. C
TOUKM 3penus KBAHTOBOH MEXZHMKM 4YacTOTa H3NTYyUYeHHA aroma
MOJIHOCTRIO  ONPCHCHASTCS  BENMuUIamMu ¢, F, e, m., m,, m, (31ech
M, My, M, — COOTBCTCTBEIHO MACChl MOKOH DJIEKTPOHA, MpOTONa M
HeHTpoHa). A ¢CIIM BCE ITH BENUYHHK! OCTAIOTCS B MPABUTALUONHOM
[OE€ TEMH K& CAMBIMH, TO, CNEjOBATENRHO, YacTOTHl HIY4EHHH
ATOMOB TAKXKE OOIDKHLI OCTABATBCHA TEMHM e caMemit. [Modemy xe
TorAa BpeMs BOMN3M GobLIoi Macce! 3aMeanaerca? :

TakuM oOpa3oM, TNaBHBI  HeJoCTATOK OONICH © TEOpUH
OTHOCHTENBHOCTH € TOYKH 3PCHHA KBAHTOBOH MEXAHHKH COCTOMT B
cneayiomeM. B pamkax ofiuell T€OpHH OTHOCHTEINBHOCTH RBpeMs
paccMaTpuUBaeTCA KAK  CaMOCTOATEHbHAs (PU3HYecKad BeMHIKNa,
HOAHOCTBIO HE3ABHCHMAA QT APOTEKANMSA KOHKPCTHBIX (PUIHMIECKHX
npoLeccoB. XoTs, ¢ APYTOH CTOPOHLI, COBPEMEHHEIH ITAI0H BPEMEHH
OTIpEAENAETCA  4epe3  NEPHON  HaIydenus  onpeaeléiaHon
COEeXTpansHON AHHHIL.

AHAJIOTWYHEIM HEJOCTATKOM 00IIeH TeopuH OTHOCHTENLHOCTH
ABNACTCA TaKkKe TO, YTO B Heil M paccTOSHUE PaCcCMaTpHBAeTCA KaK
CaMOCTOATCAbHAA (U3NUECKas BEIHUHHA, IONHOCTRIO HE3aBHCHMAS
OT peIbHBIX (QUBUYCeCKHX 00BCKTOB. XOTdA, HANpPHMEpP, B Ka4ueCTBE
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ITAIOHA JNWHBE B COBPEMEHIION (DH3IHKE NPUIIATA BEIHYHIIA B QUM
METp, KoTopas, Hauunad ¢ 1983 roma, onpenenserca cneayrouium
obpazom. «B 1983 17-a T'enepanbHas KoHpepermyis 10 MepaM H
BECAM NPUNAAA ONPEACIICHUE METPa KaK paccTofulis, NPOXOgHMOr0 B
BAKYYME TIOCKOH DIeKTPOMAraHTHON BONHON 32 [/299792 458 nomo
cexyHAel» [18,1.3;c.124]. Takum obpazom, JTancH JUIMHBl OuUpeie-
JIACTCA “epe3 ITATIOH BPEMCHN H BEIUYHHY ckopocTy ceeta. [o 1983
roja MeTp ONpEASNsAics uepe3 /MUIWHY BOMHBl  Orpeacadudok
CNEKTpankHOH NHHMKM aToMa kKpHuTOHa. A po 1960 roga — kak
PAcCTOSIHUE MEXAY [BYyMs INTPHXAMH HA TNATHHO-UPHAMCBOM
Opycke, TO eCTh ITANOH MCTPa OkUT CBAZAH C PA3MEpPaMH aTOMa.
YKa3aHHBI RbIE HEN0CTaTOK OOLICH TCOPHH OTHOCHTENL-
nocTH ObIT BRONHE AccH yxe DUATUTCHHY. BoT 410 o1 mucam o atoM
B cBoeil aproOnorpadun: «(CacnaeM Teneps KpHTHHECKOE 3aMEHaHHE
0 TEOPHHW B TOM BHAC, KaK OHA OXapakrcpuiosaua Beuue, MokHO
3aMETHTB, YTO TCOPHS  BROJUT  ({IOMHMOQ  UCTHIPEXMEPHOTO
TPOCTPaHCTBa) fABa poAa (HIWHYECKHX NPEAMCTOB, a HMEHHO:
1) Macrabpl H vacel, 2) Be€ ocTanLHOe, HallpHMED DACKTPOMAriHT-
HOC [0JIE, MAaTEPHATBHYI0 TOUKY B T. A, DTO B H3BECTHOM CMBIC/IS
MENOCHYHY; COBCTBEHHO TOBOPA, TCOPHID MACITADOB M YacoB
cnenopano Obt BHIBOAMTE W3  penleHuil  OCHOBHRIX  YpaBHEHHH
(yuurvigag, 4rQ 3TH UpEIMETHl HMEIOT aTOMHYI CTpPyKTypy H
JBIKYTCA), 2 HC CUHTATh e He3aBHcHMON oT HHX. O0bIMHEIH 00pas
JefiCTBHS HMMEET, O/IHAKO0, CBOC ONpaBIAllME, HOCKOMBKY C CaMmoro
Ha9ana ACHA  HeJOCTATOYHOCTH  UPMHATLIX  [IOCTYNATOB A
00OCHOBAHHA TeOpPHUM MaclITabOR M 4acoB. OJTH 1OCTYNATHl HE
BACTONBKO CHIbHEL, ITOOR H3 HHX MOXKHO ORUIO BRIBECTH AOCTATOMNO
nonnsie ypapHenus And Quingecknx npoueccor. Ecnu Boobuie He
OTKAZLIBATLCH OT PUBHHCCKOYO TOJKOBAHMA KOOPAHHAT {4TO caMo 110
cebc Opo OBl BO3IMOXHC), TO JyYIDE YK MOOYCTHTE TaKyio
HEMOCICAOBATCILHACTE, 110 ¢ 00A34TENBCTBOM H30ABHTRCA OT HEé Ha
JannHeRmcH cragup paseuTus Tcophu, (OJHAKO DTOT Ipex HEenb3s
Y3aKOUMBATh, J0 TAKOH CTeleNM, 4ToObl paspewtaTh, HAIPHMED,
NOMB30BATBCA PEACTABIIEHHEM O PACCTOAHMH, KAK 0 Q#A3HYecKoi
CYUIHOCTH ©CO0Or0 pPoJa, CYLIECTBEHHO OTJIHYHOMR OT APYTHX
Gu3meckux  BenuunH  (CBOAMTE  (M3HMKY K TCOMCIpHH H
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T. n.)» [16;¢54,55]. To ecTs SHHLUTERH IPAMO TOBOPWIL, UTO HENb3R
CBOAMTL (PMBWKY K TEOMETPHU, TO €CTh HENb3s DPACCMATPUBATL
“maciuTadel 4 9acel” OTHENBHO OT (rsHuecKux npoucccos. OH TaKKe
BbIpaKall HRASKAY HA TO, YTO B JaNpHeeM TeOpHID “MaclitaboB U
yacos” MOXKHNO OyIeT BBIBCCTH, YYMTRIBAT TO, YTO OHH MMEIDT
ATOMHYIO CTPYKTYDY.

Q0wwas TCOpHA OTHOCUTEIBHOCTH CORIaBanack JHHINTEHHOM B
1906-1916 rogax, TO ecTh pailblie, yeM Owima c037aHa KBAHTORAN
Mexaneka. Bo Bpems coszganmg o0lieil TeopHM OTHOCHTENBHOCTH
aTOMHas CTPYKTYpa BELIECCTBA €lIé HaXOAWIACch TOMLKO HA CTAIWH
usydenua. [loaroMy ¢ HCTOpUYECKOl TOYKH 3pEHUS  BNONHC
OnpaBAaHo To, ¥T0 B OOIUCH TCOPHH OTHOCHTENBUOCTH “MaclUTadbl K
Yacel” NEPROHAYANGHO PACCMaTPHBAIIHCE OTACTBHO (HE3aBHCHMO) OT
peanbHelX Gr3udecknx o0bekToB. ONHAKO B HACTOALLEE BPEMS, KOIa
ATOMHAAd CTPYKTypa BSWECTBA XOPOINO M3y4eNa, OYEBMIHO, YTO
HeNp3f HH  BpEeMA, HHM  DaccTOA(Ne  pPAcCMaTpHBalb  Kak
caMoCTOATERBHBIE QU3INUECKMEe CYUIHOCTH B OTPLIBE OT NMPOTEKanus
KOHKDETHBIX (MM3HUECKHX TIPOLECCOR.

WMenHo Takoil MOOXOA K IPABUTAIIMOHHOMY B3aMMOIEHCTBMIO
n Oyaer npennoxeH B 9T0M rnase. Boausu Goswuiot  maccsl
USMeHAIOMCR  CcRopocmb  céema, nocmosnnas flhhanka, a maxowe
Maccet Hokoa daemenmapnunix vacmuy. M owumenno smo, 6 c60i0
ouepedb, NPUGOOUM K USMENEHUIO NPOCMPAHCMECHHO-BDEMEUHOZ0
Macwmaba.

B nexuwsx no rpapHTauMM (DeffHMaH TAKKC BRICKA3BIBAI
MBICTE O TOM, HTO, BO3MOKHO, €CTECTBEHHLIH NpOCTPAaHCTBEHHO-
BPEMEHHOH MAaCIUTad, TO €CTh MAclTad, BEIPAXKEHIIBIH B BEAMYHHAX
¢, B, m (3aeCh m — Macca MOKOA EKTPOHA MK Kakoi-mH6o apyrof
TACTHLE), ONIPEAENaeTCd paciipeaeaeHneM Bcex Mace o Beenenrnoi,
W, CACHOBATEJBIIO, I[CMHOTO H3MCHRETCA BOMMZM OONBIIOH Macchl
Wcxons U3 ypapnenuii obiueH Teopuu oTHOCHTENBAOCTH, (MeifrniMan
JBITAICA  yragarbh, KAk OOANCEH 3ABHCETH  NPOCTPAHCTBCHHO-
BPCMEHHOH MaciuTad OT pacnpeaciieHHA BCeX Mace Bo BeemenHoi,
uytoBpl B pe3yabTaTe NPHAUTH K ypaBHeHWaM ofmed  reopun
orrOCHTENBHOCTH. Ho ero NousIiTka He yaanach. TeM He Menee, erd
pacckas 00 orom poctatouHo wHTepeceH [10;n.5.4].
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Mpt e He crapunm nepen coboi Lens cornacoBaTh ypaBHeHHs
o0mEeN TCOPUH OTHOCHTENBHOCTH ¢ KBAHTOBOH MexaHHMKoH. Y nac
6vura Apyras neas — MOCTPOMTh HOBYK (HIMUECKYHO TCOPHIO Ha
OocHOBE npuHuMna Maxa. M npu nocTpoeHHMH Tako# TEOpUH MBI
NpUIIAY K BHIBOAY, YTO CKOPOCTh cBeTa, nocTosHuas [Inanka, a
TAKKE MAcChl TOKOA INMEMEHTAPHLIX YACTHI JIOKHBL 3aBUCETH OT
pacrpeACncHu Reel MaTrepun Bo Beenennod.

Taxum 06pa3oM, MBI MPHIIITH K BEIBOJY, YTO NPOCTPAaHCTBEHHO-
BpeMenHoi MaciTal (KOTOPBIK ¢ TOYKH 3PEHMS KBAaHTOBOH MEXAHUKH
BCCTAA MOXIIO BBIPa3UTh B BHAC HEKOTOpOH  koMOMHanuH
BEJTMYHH ¢, A, m) BHYTpH HamieH BcesieRNOH NOAHOCTRIO ONpeenAet-
CA pacnpcienenieM Bcedl matepuy e Beemennoii. M ¢ oToH Toukn
3pERnsa MOXHO CHOPMYNHPOBATH NPHHUNNNAALHO HOBBI NOAXOA K
rpaBuTalMu.  [pasumayus —  omo  Idexm  ucKpureHus
RPOCIMPAHCMBA-BPEMERY  (KOMOPOe RPOAGIAEMCA 6 MOM, YMO
usMeHIIOMes  eequdunsl ¢, h,om),  gerzsanuplii  AOKAALHBIMU
neoonopodioCmAMIY 8 pacnapedeienuu mMamepuu Ha obwen one
pacapeoderenus mamepuu 60 Beerennod,

§ 7.2. Mexannam BceMupHOro TAroTeHus

HsBectHO, yr0 BCE TCHA OPUTATHBAKOT ApPYr Apyra, HO He
U3BECTHO, HoYemy OSTO NPOUCXoaut. 3axoR BceMuproro TaroreHusa
Hrerorona (vnu ero moaudukauus, caenannas JHAMITeHHOM B 0DLIei
TEOpUY OTHOCHTENBHOCTY) [IO3BONNET pACCTHTaTh, KAk Oyaer
ABHTATBECA TO HITH HHOEC TEMO B TPABHTAUHOHHOM TOJC. ITOT 3aK0H
O4YEHh XOPOWIO ONHCHIBAET, KaK MPOHCXOANT IPABHIALHOHHOE
B3aumoackcTere, Ho oH HH ¢I0Ba 1€ TOBOPHT O TOM, ROYEMYy Teld
NPUTArKMBAIOT Apyr apyra. HWuaue rosops, xaxol Qusnucckuit
“MexaHi3M” HMeeT I'PABHTAlMOHHOE MPHTSHKEHUC?

Bort aro mucan 06 3toM, Hanpumep, Pugapa deiinman B cBOUX
JEKIHAX Mo Qu3HKe: «lo CHX TTop MBI TOJIBKO OITMCHIBANE, KaK 3eMiA
oOpawaercs Bokpyr ConHua, KO HU CHOBA HE CKas3alk O TOM, 4mo
sacmaeinem eé dsucambca. HuloTol He CTPOMN joranok of 3ToMm;
eMy OBUIO [OCTATOUHO OTKPBITH, WMo [PCHCXOUMT, II€ BXOJd B
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MexanmsM npodcxopsuero. Ho u wuxmo opyzoli ¢ mex nop nuxarxozo
mexanusna ne omrpoian [T:2.137].

A B paMKax HOBOH TEOPHH MOKHO JATEH TIPOCTOE M HACIAIHOC
00BACHEHHE MCXAHH3MY TPABHTATIHOHNOrO B3aNMOACHCTBIA.

PaccMoTpum noeeAeHne anekTpona (waw 000To  Apyroro
KBAHTOBOro o00BeKTa) B TpaBHTalponHoM none. Jonyctum, od
JIOKATH30BAH B OKPeCTHOCTH TOUKH A. CylISCTBYET BEPOSTHOCTD, YTO
yepe3 HEKOTOpPOE RpeMs OH OKAXKETCE B OKPeCTHOCTH TOYKH B
CymecTByeT Takke BEpoATHOCTE  olpartHoro nepexonda. B
MPOCTPAHCTBE ¢ TIOCTOAHHBIM TPABUTANMONIILIM TTOTSIILHANOM 3TH
BEPOSTHOCTH PABHBI.

EcnH ke BeSHIHHA IPaBUTRUHOHHOTO NOTEHIHajia B Touke &
Menblue (cMoTpe pHc. 10), ueM 8 Touke 4 (Pp < @y, a |Dp|>1D,)),
TO, KaK CIICAYET U3 ypaBHeHus (2.9), sHadeHue nocroanyoil [1manka B
TouKe B MeHblue, 4eM B Touke 4. JTO, B CBOIO 0Y€pedb, 03HAUAET, 4TO
H HEONPEACHEMIOCTs ABHIKEHHA JICKTPOHA B TOUKe 5 Menblle, YeM B
Touke A. CnenoBarcmeHO, BCPOATHOCTL MEPEXOda MICKTPOHA H3
OKPECTHOCTH TO4YKH A B OKPECTHOCTE Touku B Hoasuwe, 9eMm
obpato.

TMosroMy ¢ TGUKH 3pPCHHS HOBOH TEOpHK IPABHTALIMOHHOE
B3aUMOJCHCTBHE MOXKHO PacCMAaTpHBaTb K4K KBAUTOBbIH 3@exT.
BOmm3n Gonbiioit Maccet HeompeaenEHHOCTL B IBHKCSHHH TEKTPOHA

M

Bt

Puc. 16. Mexannam rpasyTauuOHHOTO NPUTSKEHNA.
MpeanonoxwWM, YacTUUa HaxoguTCH B OKPEcTROCTM Touku A. CyulecTByeT
BEPOATHOCTb, YTO YEPE3 HEeKOTOPOe BPEMA OHA OKEKETCA B OKPECTHOCTH
Touxn B. CywecteyeT Take BepOATHOCTL 0BpaTHOrO nepexoga. M ecnu
Touka B Haxogutca Brvxe K macce M, TO HEONPELen&HHOCTL ABUKEHUS
YACTHUB B 3TOR TOMKE HEMHOTO MeHblue, 4eM B Touke A. lNoatomy
BEPOATHOCTb Mepexoaa wacTuUbl 13 OKPECTHOCTW TOUKM A B OKPECTHOCTR
Toukn B Bonblue, Yem obpaTHo.
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(I ApyTOH YacTUUBI) VMEHbIHAERncs, BCIENCTBHE YEro IEKTPOI
deuNcemes & CHIOPOHY BONLIOT MACCHI.

[TpeanoxcHueIi MEXaHM3M TPABHTAIIHOHHOTO B3auMOACHCTBYA
HE TOJBKO NO3BONMAET OOBACHHUTH, MOYCMY BCE Tejd MPUTATHBAIOT
apyr  apyra. OH  Takke mospomsieT  O0BACHKTE,  TOUEMy
TPaBMTALMOHHOC B3aMMOJCHCTRHE Takoe ¢iaboe. D10 eCcTh CIEACTRHE
TATO, YTO HEONPEAENEHROCTh B ABIKENH dfexrpona (i mobdoit
OpYyrofl YaCTUIB) OrpaHutuera, B OCHOBHOM, YiAanéiuiubiMy Maccamu
Beeneruol. A OMM3KO  pacnoNOKeHNLIE  Teia  yMeHBWAIOT
HEONpeaeJEHHOCTE B ero NBMKEHHH Ha ovclb 11e3nadantelbHylo B
IPOIICHTIIOM OTHOLICHUH BENHYHHY.

OOBIYHO CYMTAeTCH, YTO MEXKIY TEOPHeH TpaBHTAllMH U
KBAHTOBOM MEXaHHKON HeT nuuero obuero. A B pamKax HOBOH
TEOPHH TIPaBHTALMOHNOE B3AMMOIEHCTBHE — STO HCKIIOUHTENLIIO
KBAHTOBLI 3dibexT!

KBaHToBbH MeXaWu3M rpPaBUTAHOHHOTO B34HMOACICTBHA
MOYMHO PaccMOTpPeTE B ¢ JApYToif TOUKH 3peHus. B kayecTBe npumMepa
onsTh PacCMOTPHM ABIKyumiics omekrpod. Ms-sa toro, 4ro B
ORIDKCHNM  JICKTPOHA €CTh HEONPeAeNI€HHOCTH, ©OH  obmanact
BONHOBHIMH  cpoiictBaMd. To  ecTh  ABMKYmMHHCS  JJIEKTPOH
npexcrapngeT co0oi ABMIKYIIYIOCH BOJY, KOTOpas MOXKET ORITH
OITICAlIa € MOMOUILIO BONMHOBON ‘V—{ryHKIIY,

B 0AHOpOAROM HPOCTPAHCTBE (B MPOCTPAHCTEE ¢ ONMHAKOBBIM
rPABHTALMOHHBIM MOTEHUHAIOM) BOSHA OyAeT pacipoCTpaHATBCA 110
npaMoii nuunn. Ho BOim3n Gonwinoil Macckl HeonpeacaélHocTh B
JBHKEITHH 3IEKTPOHA YMEHBIIHTCA, H, CNEA0BATEILI0, YMCUBIUMTCA
ero ANUHa BONHLL B pe3ynpraTeé TPacKTOpHA JBWKEHHA 3JIEKTpolia
OyAeT MCKPHBIEHA,

Jlanee B 3708 rfage Mpl pACCYHTACM RBHXKEHNC MIEKTPOHA (UITH
Apyroil  4acTHIR) B TIpPABHTAUMOINOM  1OJIe, HCX0OA 13
NPEANOKENTHOTO BLIUC KBAHTOBOTO MEXanH3Ma TPaBHTALONIIOTO
R3AUMOACHCTBHA. A  3aTeM CpaBHUM MNOJYYEHHOE YpaBHEHHE
JBHXEtNMA ¢ yPABHEHMSMH TEOPHH TpaBuTaiku HeioToHa u Teopuwn
rPaBHTALTHH HHMITEHHA.
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§ 7.3. MNpyHUUN HauMeHbUIero AeUCTBUA

B naubomee oOmeit ¢opMe QyHAAMEHTANBHBIE 3AKOHBI
OBIKEHHA MOTYT OBITB BBIPRXKEHB! B BHAC MPHHOMITE HAMMCIILILETO
Aekicteya (W npuHnuna [amunerona) [4;¢.10].

HanpuMep, nBUKEHHE HaCTHULUBI MAcCH i B TOTEHIMANLIIOM
none Ufx,y,z) B pamkax mexadukn HeloTOHa MOXkET OBITB ONHMCAHO
CNENYIONIHMH TPEMA YPaBHCHUAMH:

dv, ou dv, ot/ dV, ou
m—=—-—, m—=——; m—=-—— (7.1)
dt Ox dit dy dt oz
& - - y
Wnu B BekTOpnOM BUIE: mE =-VU, rae V tak "a3niBacMBIH
g 0

TpajHeHT — BEKTOPHBIH oneparop: % =(—, —, —).
ox oy oz

Ho, c apyroft croposbl, ABMKEHHE YACTHUBI MOXET OLITh
OMHCAHO C MOMOUIBK NPHHIMIE HAUMEHALINCTO AeicTBHA. CyTh ITOrO
HPUHIANE  COCTOWT B clenywumem. [IpeAmonomms, B MOMEHT
BPEMEHH f; YACTHLIA HAXOIMIACE B TOUKE (X,y;,z;), 4 B MOMEHT
BPEMEHHU {; OHA HAXOUHTACE B TOUKC (X2,V1Z3). JIBHIKEHHE YACTHLIBI
MOKHO H300pa3suTe B BHAE NHHHHM (rpaduka) B 9eTHIPEXMEPHOM
OPOCTPaHCTBE (X,),z,1), TIPOXOAAWElt Hepe3 TOUKH o = (X.,VnzZpl) H
b =(x3,vaz3t). Tak BOT, UPHHUMI HAWMEHLUICTO HCHCTEHA
YTBEPIAAET, 4TO Teno OYNeT LBMUraThCAd W3 TOYKH ¢ B TOMKY b MO
TaKkoH TpPacKTOpHH, BAONL KOTOpoH Oymer wWMeTb MHHUMYM
cnenywuiasd BEMMYHHA S (OHA H Ha3LIBAETCA JSHCTBHEM):

1, 2
S = j ’"j _U(x, y,z):| dt = min (7.2)
]
OT0 ypaBHEHHE MOKHO NPEACTABHTL H B BAPHALHOHHOM BHJE!
3] 2
58 = aj ’"j —U(x,p,2) |dt =0 (7.3)
17

BenuuuHa, crofmas B KBaUPATHBIX CKOOKAax MNOA 3HAKOM
3
HHTErpana, Haspisaercs Gynxuuci Jlarpaska, Unn narpamKHaHOM:
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mi?
2

C wmaremaTHveckoll TOUKM 3peHUs cHcTeMa ypakuenwi (7.1)
NOJIHOCTBIO JKBHBANSHTHA BADHALMOHHOMY YpaBHeHHIO (7.3). KpaTko
ITa TeMa h3maracred B Kypee Teoperndeckoi Quankn J M. Jlannay u
E.M. JInpuruua [4;¢.10-13]. bonee monpobuo — B (elinmanoBekux
JAEKUHAX 1o duzmke [9;r1.19].

B pensTuBucTCKOM chydae AeHcTBHE Amsg cBOOOHON HacTULLI
UMeeT creayiolHit B [5;c.44]:

L= '*U()C,_V,Z)

b
S = -—me[ds (7.4)

Yuurteieas soipawkeirne (1.20), unTepsal 4s MOXHO TIPENCTARMTEL B
BHE:

/3

ds =\/c2dr2 —dx? —dy? - dZ? =~fc‘7dr2 —Vid =cdi 1—1—2
¢

M, choemoraTenpbHO, BRIpakeHuwe ans  pacitersus (7.4)  MoxnHo
npeacTaBHTE B BHAE MHTErpama mo spemenn or ¢ynkuun Jlarpamka
CNEAYIOTHM 00pasoM:

(7.5)

B camom o0mem Buzae neicTBHE MOXKET OLITL TPENCTABICHO B
BHAE CNeAyIOUIEro HNTeIPana, B3ATOTC BAONE  TPAaCKTOPUM
nsroxennd [4;c.180]:

S:j(ﬁ-dﬁ-m) (7.6)

3aech p— HMIYILC HacTunsl, a £ — e€ nonnad 3Heprus (npeaeinsl

MHTEIpHPOBAHUA Mbl OylleM AJs KpaTKOCTH OIYCKATh).

Jdo  co3napus KBaHTOBOH  MEXAHMKM  CYMTANIOCH,  HTO
OpPC/ACTABICHHE  YPABUCHHH  JIBIOKCHHS B BHJE  [PHHIIHTA
HAMMCHBLIEro JeHCTBIA — 3TO y100ubIH MaTemMaTHYecKHi ipuéM. Ho
NHMEB  HOCHC CO34HHA KBAaHTOBOH MEXAdHWKH CTal ACEH Cro
Gr3uuccKui cMbiciL JIBMKEHHE 4acTHMUBl B KBAHTOROH Mexanuke
OIMHCBLIBAETCA BONMHOBOW Y¥-dyHxuwell, xoTopad B obuieM cinyuae
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MOXET OBITh UPEACTABICHA KaK CyMMa (BITM HHTETPAN) IOCKHX BOTH
BHAA:

A-exp [—-(Et 7))

3}1805 BensuuHa A —  9TO aMIIMTYa BOJIHBEIL, 2 BEIHYHHA
@ = —(Et - p-F)/h — e€ taza, Tpaexropus pactipocTpaneHiHsg BONHEL,
Kak M3BCCTHO, OTIPEALTACTCA CISHYOTMM YCIOBHEM: pasriochit (has &
KOHYE 1 NgYAIC nymit doancHa Goimo MuUntaaiIpiiad, WHa4Ye TOBOPHA,
JONKEA OBITH MHIMMAJILHA OIITHUECKAS THHA My TH [6;¢.36] (cMoTpH
Tarke § 4.7). D10 yCIOBYC MOKTIO MIPEICTABHTE B BHAC YPABUCIIAS,

_[ Edt- p-dv

h

= min (7.7)

Hnu B papuauuouHoM Buje:

sp==0[ Edi—p-dr _, (7.8)
h
Ecnu nocrosnnas [lnaHka ie¢ MeHserTca Opu  ABHIKEUMH
YACTHOBI, TO €€. MOKHO BBIHCCTH H3-110 3RAQKL MHTETpAIR. A
YUUTHIBAR BRIPAKEHNE N8 AciicTBrA (7.6), B pe3yanTate nonydacm:

5p= L6((p-dF - Ediy= L as=0 (7.9)
h h

Taxum  oOpasoM,  KRANTOBAX  MCXAUMKAa  PacKphIBaeT
($U3HIECKHH CMBICT NPUHIILNA HAWMEHBLICTO AeHCTBYS. [Jeudicenue
yacmuybl npedcmagigem coboi Ogunceiue ROINLL, ONUCHIGHEMOE
goanoeoti Wpyuryueld. A eoana Osudicemcn max, umodbl pazrocms
haz 6 kouye w Havase nymu b amununaanita. M mar kar deticmeue
UIMEHACMCA NPONOPUHONAALHG (hase, Mo INo 1 NPUGOOm K MOAY,
Wno  MACMUYAG  OBHICEMCH RO MPAeKinopuu,  Komopas
COUMGEIMCMEYEN HGUMENBIENY OelicmanIp.

Ecim ke nocrosunaa Tlnanka uH3MeHACTCA TIPH  ABHIKEHHH
yactuubl, TO ypaesienne (7.8) nmpuBoauT k cne,'lyromen opMyne 1
IIPUHIKIE HaUMEHBIIETO AeHCTBRA:

S = aj S_g . (7.10)

h
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To ects wacTnua byjaeT ABMTATLCA TO TaKoW TpaekTopwH, B0
KOTOpOit HMEET MWHMMYM ACHCTBMEe, H3IMEPCHHOE B eNUHHIAX A.
Hanomuum, 4to mocroannas [Tnanka MMeeT pasMepHOCTE NEHCTBHA.

§ 7.4. YpaBHenne ABWKEHWS B KBaHTOBOW Teopuu

rpaBvuTalunu

PaccmoTpum yacTiny, XoTopas HAXOJHTCH B IPaBHTALMOHTIOM
ntone. [l Toro yTo0kr paccudTaTh TPASKTOPHIO e€ ABHKeHMH, Oynem
HCXOMWTA M3 TOr0, UTO yacTdua muperacrasnser coboil BomRy,
JBWOKEHKHE KOTOpOH B camom  ofmeM Bujle  OMMCHIBAETCS
ypasHeHreM (7.8).

me
Ilonnasg sweprus yacTHue! £ pasna: £ =
2
I-—
¢
s = ) - mV
A €€ HMOyNBC [ PABCH!: p= —
I-—
c

Yuutsigag, gro d7 = Vdt, B peynpTare nonyyacM:

5_[ Edi - pdr 5_[1 mcdt ~ mV -Vt
2 2
iz
¢ ¢
me’ e
it=—-4¢ -~ dt=
¢ j =

o)
s

Y N P T SV ) B DU N RS BT B
= ajhdcd: vidi 5J'hchz d’ —dy’ — dz

—5I££ds—

HIaK, Mb] TTONYUHIIH, qTo ABHKCIINE HaCTHIIB! B
TPAaBHTAUHOHHOM ITONE ONPEAC/IACTCA CNCAYIOITHM YDABIIEHHEM
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Sp=-6 i’é‘idpo 711

Tak xak npn ABIKEHHWH YACTHUBI B IPABUTAUHOHHOM RONE
BEMMYHHA mc/f W3MEHACTCH JOCTATOYHO MEJANEHHO (110 CPABHEHMIO C
u3MerienneM (hasnl), TO €& MOKHO BBIHECTH W3-TIOJ 3HAKA WHTErpana,
H s pesynbrate noagyyaem cieaylollee ypaBHEHHE, OTHCBHIBAKOIIEE
IBHXEHHE YaCTHUBL B IPABHTALMOHHOM TIOTE:

-5 [ds=0 (7.12)

HanoMmupM, yro durepsan ds Wrpact pofib 3MEMEHTA JTHHBL B
JEeTRIPEXMEPHOM LIPOCTPANCTBE-BPEMENIH:

ds = Jedi? —de? (7.13)

I'ie df — >NeMenT ANHHEL B OOLIYHOM TPEXMCPHOM NPOCTPAHCTBE:

db = Jd +dy’ + d2’

TakuM 00pa3oM UBWKEHHE YACTHLBI B IPABHTAIHOHHOM [TOJIC
ONpefeNAeTCs TOYHO TaKHM (K€ YPRBHEHHEM, HTO M JABHXCHHE
cBoOoRHON 4YacThue! {7.4), TO €CThb YacTHia ABIKETCA 1O TPAMOH
JWUHY B YeTBIPEXMEDHOM  IICCBIOEBKNHAOBOM  NPOCTPAHCTBE-
BpemenH. JlapailTe Temeps, HCXOAA H3 ITOTO, PACCYHTAEM ypaBIICIHE
OBWKEHMS YacTHUbLl B TPaBHTAHOHHOM IMONE, CO3AaRAEMOM
Mmaccoi M.

C  Toukn 3penus KBAHTOBOH MEXAHUKH 000
MPOCTPAHCTBEIHO-BPEMEHTIOH MacITal (pazmep aroMa, ATHHY BOJHEI
CTIEKTPANBHON NHHHY, YACTOTY HINYYEHHSE aToMa W T. 4.) Bceraa
MOKHO BHIPA3HTh B BHIE HEKOTOPOIt KOMOURAUWH BCIRYnn ¢, A, m. A
TAK KaK 9TH BEAMYUHDLI U3MCHAOTCA BOMM3M Oonblioi maccel, ToO,
COOTBETCTBEHHO, M3MEHHETCI H  TIPOCTPAHCTBEHHO-BPEMEHHOM
macimralb. [TooToMy ¢ TodYKM 3pEHMA HEMOARWKHOrO HaOmwjaTens
TPaeKTOpPHA ABWKEHMA JacTULbl OYIET HCKPHBISHA.

PaccuuraeM BoipameHue AN GeckoHEYHO Mayoro KBaapara
MHTEpBana ds’ B 3aBHCHMOCTH OT PACCTOSHUSA r A0 Macchl M ¢ TO4KH
3peHHs HaONOAaTeNns, HAXOOMIETOCS Ha JIOCTATOUHO OOTBIIOM
YOATeHHH OT Macchl M.,

HanoMiM, 4To HHTCPBAN BpeMEHU Af MMECT CIeAYIOLIUH
QusHUeCKHE CMBICT, Mo Geawnung, pasHas  Hucty nepuodos
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OnPeOenERHO20 NEPUOOUYECKOZO RPOYLCCA, DIUMETLHOCTL KOMOPO20
BIAMA 8 KAYECMEe IMAR0HA ppeMelti.

Jdmutensoctts  mobGoro  du3ubeckoro  Opounecca i,
BLIPAKCHDIAS B EAMHALAX ¢, A, m, ByaeT nponopuuonaibua hi/me’. U3

ypaeHenus (2.8) cneayer, uro: A ~ i A u3 ypasaeHus (3.20)
C

1
caemyert, 1to: m ~ — . W B pesynorare nonyyaem: df ~ — .
c c

Harpumep,  uactora  M3iaydeHda  aroma  (cMm. § 4.9.)
IpONOpUMOHANbHA BemHuune m/i’, W, crenoareibHo, € yuéroMm
ypasneAnd (2.8) u (3.20), mepwon msnyuenws T Oyaoer obGpaTno
NPOTIOPUMOHASEH KBAAPATY CKOPOCTH CBETA:

IMoaroMy BOMW3M Macchl M Bce  MHTEPBATHL  BPCMEHH

COKpPATATCH B (C/c,)° pas:
2

c
de (r) =dt,—° (7.14)
cfr,
3neck df, — HHTEPBAT BPCMENM, TPOWEAITHH HR JI0CTaTOYHO

OoNBIIOM YAATEHMM OT Maccel M, a  difr) — MuTepRan BPCMCHH,
TIPOINEIIHH HA PACCTOSIMM r OT Macchl M; ¢, — CKOPOCTL CBeTa Ha
JOCTATOYHO OONBIIOM ymanenud or maccel M, a ¢fr) — ckopocTh
CBETA HA PACCTOSHUH ¥ OT Macchl M.

Kak uzBecTHo, paccrofnue Al MemOy OBYMS TOUKAMH HMMEeT
CIEAYIOITHA (DUBHYECKHIT CMBICIL: 270 GeMnyUNa, PASHAR  HUCAY
EOUHUYHBIX IMANOHO8 OAUKBL A, KOMOPBIE MOJNCHO PACNONOICUMD
MENCOY IMUMU MOYKAM.

JTroOoil ITanoH JUTMHBL A, BRIp@OXEHHBIA B eQMHuLax ¢, A, m,
byner nponoptyionanen A/mc. Ecam ydects ypasueuua (2.8) u

(3.20), To nonyuum:; A ~ ! .
¢

{loatomy BOH3M Maccst M (B 3aBHCHMOCTH OT PACCTOsHKS ¥ 1O
HEE) BCE DTANICHBI AJIHHBI YMCHBINATECA B ¢(F)/C, pas:
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7.15
2 () (7.15)

3necs A, — ANMAA KAHHOTO JTAAOHA, HAXOAADIErOcd Ha AOCTATOYHO
DOTLIIIOM yaATeHH 0T Macchl M, a A{r) — AMHHA 3TOrO 3Ke ITANoHa,
HAXONAINETOCH Ha PACCTOAHNH 7 OT Macchl M.

U, cOOTBETCTREHIO, BCE PACCTOANMSA MCKIY TOMKaMH ¢ (M3MEpeHHRIe
C TTOMOTIIBIO JAIHETX DTAJ0HOB) BO3PACTYT B cf¥)/c, pas:

dify) = di, ~~~ <t) (7.16)

CU
Taxum  oOpasoM, BLIPAKEHHE [INA  KBajgpaTa WHTEpBaia,
BEIPOKEHHOE B CAMMHIAX (o, di,, dl, (TO eCTh B CcHcTEMe eNITHMIT
HA0MH0OIATENA, KOTOPLIH HAXOANTCA Ha ROCTATOUHO DONBIIOM

VAICHAN OT Macchl Af), ByaeT UMeTs CIICAY IO BHIL

4 2
2 23,2 2 2,2C 2 €
ds” =c°dt” —di” =cdt, j’_ —di] — (7.17)

o

M
Yuntsisas ypasnecime (3.17); A@ =— 2G—, a Takxe ypaBUCHUC
r

M
(2.1} & =~ @, nonyuaem: cz(r) = cj + 2G -— . loncTaBnss U3 9Toro
v

YpABHEHHS KBAApatr CKOPOCTH cBeTa B ypasuenwe (7.17), B
PesyiLTaTe TONyHUacM  CNeAYIOIUEC BBRIPAMCHHE [UIA  KBaZpaTa
WHTEPBANA;
2,2
codt M
2 o9 2
ds’ = ———— — (1+2G;;2—)dla (718)
(I+2G6—3) o
rc,
Taxkum o0pa3om, Mbl MPHXOAMM K CIEAYIOUIEMY YPAaBHEHHIO,
ONMCEIBAIOLICMY IBIKCHHE 4YACTHLIE B TPAaBHTAUHOHHOM TIOJIE,
CO3TANHOM TOUeuHeH Maccoli A

5¢»=-5[ds=—5j jﬂ—(n‘?(mwﬂ =0 (7.19)
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§ 7.5. 3akoH TAroreHua HbroTOHA

B npenmaymem mnaparpade Mpl TPHILIH K BBIBOAY, 4TO
YacTHIA ABMKETCSA B IPaBUTALHOHHOM TIONE MO NPAMOi tuuun (7.12)
B YETHRIPEXMEPHOM TIPOCTPAHCTBE-BPEMEHH. A Tak Kak macwrad
BpeMerH (7.14) n macmtab anuusl (7.16) BOMM3A Oonburoil Maccsl M
U3MEHSIOTCA, TO TIpAMas NHlIMA B TaKOM TIPOCTPAHCTRE-BPEMEHH ©
TOYKH 3pEHHUst HEMOABHKHOTO OTHOCHTEIBHO Macchl A HabmonaTens
OyacT uckpurieda. M pa vabmonarens, ya1anéuioroe Ha JocTaTouHo
0ORIIOe PACCTOSHHE OT Macchl M, TPACKTOpHs TakoH HCKPHBIEHHOI
“mpaMoii” (ona HazeIBaeTCd reoAe3uuecKol) OyAeT onpelnensTeed
ypasHcHHEM (7.19).

B oroM naparpadie Mel HafiiéM pelue¢Hue J2HHON0 YPABHEHUS B
cnyuae  cnaGoro TpaButamMowsoro noms (GMAc « 1) wu  mas
MEANEHHo ABKyIeiics yacTunm (V « ¢).

HanoMHuM, 4YTO ecmM £« I, TO € TOUHOCTLIO MO0 4WICHOB
nopsKa &° cnpaBeaTMBO CIIEYIONIEE BBIPAKCHIC:

(1+g)" = I+ne (7.20)

[TpeoGpasyem  BerpaxeHue (7.19), BBead o0o03nauenue
£=2GM/rc,’ « I, a Taroke yauTHIBAA, UT0 df . =Vt :

2

clde? , ! 4
~O | == +&)dt, =—8|c,,|——-(I+e)— dt =
J\/1+£ (I+ £)dt, IC" I+¢ ( g)cj ¢

VZ VZ
=-d|c, jl-c——5—c— dt, =0
J.GJi Cj Cj 0

Mpencbperas uieHoMm BToporo nopaaka manoctu &V %/c,’, a takxe
yuanuTbIBas (7.20), B peayneTaTe NomyqacM:

ce V¢
“ofe, g

Tak kax Baprauns NOCTOAHHON BCAMYMHBI PABHA HYTIO, TO, OIMycKas
TICPBOE CNATAEMOE Cy, TTOMYIACM:

of| %5

dt, =
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Tax xak V' « ¢, TO ¢ XOpOMEH CTENCHBID TOYHOCTH MOMXHO CYHTATD,
4TO Macca NOKoA YacTHUB # ocTaéred noctosAuoi, [losromy MoxHO
YMHOMHTE BHIPAXEHHE B Kaanpamux CKOOKaxX Ha NPOH3IBEACHME MC,:

V}
b-[ mc&‘ m dt =0

V2+GMm

[ToxgcraBnas sBavenue & nonydaem: c)j de, =0

I

B pesynsTate Mm NONyYWJIH ypaBHEHHWE, KOTOPOE COOTBETCTBYET
ypaBHeHEIO (7.3), ONMUCHBAIOWIEMY KIIACCHYECKOS (HEPEIATHRHCTC-
Ko€) JBWKEHHE JACTULIBI MACCHE 7 B nioTenunanbiom noae Ufr), roe:

Mm
Utr)=- G—
>
PewietneM 3TOro BapHaUMOHHOTO YPABHEHUS, KAK YXe OTMEUANOCh,
ABNSETCH BEKTOPHOE YPaBHCHHE!

m%:—v Uy =¥ (GM)

=y I . »
Tak wax V~—= T rA¢ €, —~€AURNYHBI BEKTOp B Hampasle-
v
HWH 7, TO B PE3YILTATE MONYy1acM 3akoH BceMUpHOTO TATOTEHH:
dv Mm_
m-— = -
dt o

Hrax, pewas ypasnenue (7.19) B cnywae cmadoro
TPRBATAIIMOHHONO YIONAS INA  HMEPENATHBUCTCKOH YacTHUBI, Mbl
NMPHIUIAH K HBIOTOHOBCKOMY 3aKOHY BCﬁM!‘IpHO]‘O TATOTEHHA.

§ 7.6. Teopua TAroTeHUA DWHWTEeWHA

Kak ymxe ormedanocs B 4-if TIaBe, € TOUKW 3penus obuieH
TEOPHH OTHOCUTCIBMOCTH JACTHUBl B TPaBHTALMOHHOM  [IQJI€
HBMXKYTCS TIO  TCOUCIHUCCKUM  JIHHHUAM B HCTLIPEXMEPHOM
npocrpanctre-ppemenn (4.1). Tlpy sTomM KBampaT uHTEpRaTa ds’
(KOTOPEIM WIrPAcT PONb JAEMEHTA JUTHIIR) H3MEHIETCA B 3aBHCHMOCTT
0T PACcCTONHMA F 1o Macchl M cneaywomum obpalom (4.3):
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ds’ = (1-glcldl — (1 + gd ¢’ 4.3y
saech & = 2GM/re,). A B paMKaX KBalTOBOH TCOPHH TpABHTALHH
KBAIPAT HHTCPBANA H3MEHAETCA B 3aBMCHMOCTH OT PACCTOSHMA » 10
Maccel M crepytonum obpazom (7.18):
2.2
ds’ = %M (14 pyar? (7.18)"
1+«
Hanomuum, uto yparHeHue (4.3) oOulel TeopuM OTHOCHTENLHOCTH
MPOBEPEHO TOMBKO B cHydae cladoro rpaBUTAUHOHHOIO TMIONA,
Hampumep, B rpasutaiimoHsoM noic  Connoa, B KOTOPOM
& = 2GM/re,’ <2GMy/Rgc, =~ 107, roe Ms— macca Connua, a Rg—
€ro PajiHyc.
Tak Kak ¢ TOYHOCTBIO O WICHOR TOPANKA £ BHINONHAAETCH

{ .
PaBCHCTRO; Tzlée, To ypaeHeuue (7.18) ornmuvaeTc oT
£

YpaBUCHHS (4.3) B rpasurauponsom noic CONHIA Ha BENHIHAY
nopsiaka & <107

TakuM 00pasoM, KBAHTOBAS TEOpHA TDABMTALMM COBIAI2eT C
o0me#  TeopHcH  OTHOCHTENBHOCTH B ciaydae  cnaboro
TPABUTALMOHHOTO L0 ¢ TOUHOCTHLIO 70 €°. M, ClICAOBATEIbHO, B
cmygae  rpaguTanpoHHoro mons ConHma oHa TpencKassiBacT
HOOPAaBKH K PENITHEUCTCKUM IPABHTALHOHHBIM 3(pdekTaM (KoTophle
nopaaka £x/07) mopanka oxmoit MHANHOHHOHW. A TOWHOCTh, €
KOTOpOi 3TH 3¢)eKTsr MpoBepersl, cocTarngeT npuMepHo 0,7 %. To
ecTpb B TIpeieslaX TOYHOCTH 3KCNEePHMEHTOB, MPOBENEHHEIX B
rpapuTalHoHHOM Toic Comuua, KBAaHTOBAA TEOPHA TIPABHTALMH
coBmasaer ¢ o0mei TeopHelt OTHOCUTENBHOCTH.

B cnyuae CcHABHBIX TIPAaBHTAIMOHHLIX MOJEH CHTyailus
CYUICCTBEHHO — MeHseTcd. B BeIpaxkeHMM AN KBajpata
uirepsana (7.18) OTCYTCTBYET CHHTYNAPHOCTH, KOTOPAA NOABIAETCA
B BRIpaKeHHH (4.3) npu &= 1.

B pavkax oOwcH TeoprH OTHOCHTEIBHQCTH 3TQ O3HAYaeT
crenyiomee. Ecam o0bexT Maceel M HMeeT panuyc r = 2GM/E, 1o Ha
NIOBEPXHOCTH TAKOTO 00bEKTa BpeMa (C TOYKH 3peHHs YRANEHHOrO
HaOnIOAaTeNnd) MORHOCTLIO ocTaHaBiauBactea. (OOpasyerca Tak
Ha3wIBAEMAad “EPHAL IbIPA.
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A B paMKax KBaHTOBOH Teopud rpaBuTaumu kod(durment
npu dr’ um IpH KAKHX YCIOBUAX He ofparaercss B HYNb, JTO
03HAYAET, YTO YEPHBIE AKPBI 6 APURYUAE He CYuecmayion (CMOTpH o6
atoM B § 4.10).

IIpeacrappm BenuuHRy / + £ B CIACAYIOWEM BUAE!

J+g=1+261§4 =¢—(r)
re, @,

W rtencpe, urofel Obuwl nyuille BHASH (QHIHUECKHH CMBICH
ypasrenns (7.18) , opeobpasyem ero cnenyromuM obpaszom:

ds® = a%—cjdrj _ D0 42 (7.21)
¥} @

W3 storo ypaBHeHHs BHUOMO, YTO KPHMBH3HA MPOCTPAHCTRA-
BpPEMEHH ONpeaeideTcad OTHOIIEHHEM MpaBHTAUHOHHOIO NOTEHURKaIa
BO/U3H MAcChl K IDPABMTRLMOLNOMY MOTEHOHANY 11a JAOCTATOYHO
bonpiroM yranenns oT He€. To CCTh KpHBHU3HA TIPOCTPaHCTBa-
BpEeMEHH BBI3BAaHA TOKATLHBEIMH HEO/THOPOIHOCTAMU B
pacnopeneneHdd  wmartepuu (P = @, +AD) Ha obwmem doue
pacTpenciIcHus MaTepun Bo BeeneaHol (@,). ‘

§ 7.7. OTnuumMe KBaHTOBOW TEeOpPWW fpaBuTaLK OT

obuen TeopynM OTHOCUTENIBHOCTU

B ciyuae cnaboro rpaBHTAHOHHOIO [IOXF KBAHTOBAS TCOPHA
TPaBATAUNY TIPUBOJANT K TCM JKE CaAMBbIM YPAaBHEHHAM JBIKCHUA, 4TO
¥ ofwas Teopus OTHOCHTeNEHOCTH. HecMoTps Ha 3TO, OCHOBIbIE
TONOAHCHUA KBaHTOBOH TCOpHH TpaBHTALIHH TMPHHIUITHAIIBEHO
OTHHYAIOTCH  OT  OCHOBHHIX  IIOJOeuuiE  obued  TeopHH
OTHOCHTENREHOCTH,  Hawubornec  CYILECTBEHHBE  OTIHYMA MBI
paccMOTPHM B 3TOM fiaparpage.

C TOUKH 3pCHHA KBAHTOBOH TEOPUM TIpABHTAIHMM BOAM3IH
QoneITOH Macchl H3MEHTIOTCA BCAHYUMHDBL ¢, A, m (Kak ObIO [10Ka3aHo
B0 2-if u 3-if TnaBax, 3Ha4YCHHA ITHX BEIMIHH CBA3AHLI MEXKIY COO0H).
Hanpumep, BOau3u OONEIOH Macch! BO3PACTAET BEIHYHIIA CKOPOCTH
CBeTa W yMeHbilacTcH 3Hauenne nocrostHrol TInawmka, Kpowme rtoro,
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BO3pacTaeT w4actoTa kosedauuil @ mo00il CHCKTpanbHOR TMHHH
(4.20), Tak Kak @ ~m/h’. To ecTh ROIPACTACT CKOPOCTH MPOTEKAHHS
DH3HYCCKHX NIPOLECCOB.

Tax kax nwbolf JTanmoH BpeMeHW WM ONHHEL (TIEPHOA
KoIcOanmMid  CIeKTPANLHOM  JTMOMH, JNMHA BOJHBL  CTIEKTPAIBHOMN
JMHWM, pasMep aroMa ¥ T. 1) HM3MEHAeTcs B 3aBMCHMOCTH OT
SHAYEHHA BETH4HH ¢, /i, m (i MOOOH 3TANOH MOXHO BEIPAZUTE B B/
IEKOTOPOH KOMOMHATIMH 3TUX BETMYRH), TO, CNEIOBATENLHO, BOMH3H
GonpIiOH Macchl M3MCHSIOTCH 6¢e DTANIOHBI BPEMEHH M JUHBL To
€CTh W3MEHASTICA NPOCTPAHCTBCHHO-BpeMeHHOH MacinTad. VimenHo
3TO M TPHBOAMT K HCKPHBACHMIO TPACKTOPHH JABHXKYHIEHCSA HaCTHLBL,
YTO M OKA3bIBAIOT yparHeHus (7.18) 1 (7.19).

B ocHoBe o61el Teopu OTHOCHTENBITOCTH AekKaT COBEPIICHNIO
unpic  npegnonoxenua. C Toukd  3peHHE  o0meld  TeopHH
OTHOCHTCIRHOCTH BOSMH3H OONBIIOH MAacChl NOHMKACTCH YacToTa
konebGanui mofoil cuoexTpanbHOH JWHHM, BCITENCTBHE YEro BCE
¢dm3HUCCKHe  Tpouecchl  3aMenArTcsa.  Hanpumep, 3amenndAercs
CKOPOCTE  PaclpOCTPaHEHHA  DJIEKTPOMATHUTHBIX  KojdeDaHuit
(ckopocts cBetra). TeM HE MeHee, YPaBHEHUS JBHIKEHHA YacTHUB B
obIuell  TCOpMH OTHOCHTENMBIIOCTH COBIANAIOT C  YPABHEHMAMH
JBIDKEHHA B KBAaHTOBOH TEOPHM IPABUTALHH C TOYHOCTBEO J0 YNIEHOB
nopgaKa iAQD|2/c4 (4.3} u (7.18). D10 npeAcTaBMACICA CTPaHHBIM M
HYKIAETCS B OOBACHCHNN.

PaccmoTpuM OTNMYHE KBAHTOBOH TEOPHH TpaBUTALHH OT
obmnie TeopHH OTIIOCHTENBHOCTH HA KOHKPETHBIX TPHMEpax.

HzBecTHo, uTo 3eMII0H HAOMIONATENE BUANT CNEKTP H3JLYHCHHA
atoMoB, HaxoaswmuxcAd Ha Conuue, CcMEWEHHBIM B  CTOPOHY
MH(PAKpPacHEIX YacTOT. B pamkax oOmicit TeOpHH OTHOCHTCIBHOCTH
o0bacHEnHE dTOMY adperTy cnenytomee. Bo-nepsrix, Mpeanonaraer-
cA, 970 noKa GoToH yeTHT oT CoaHua K 3eMIC ero YacToTa ocmaémcn
nocmosniod. Bo-eropolx, npeanonaractes, uto Bpems na Coanue
meuém mediesnee, yeM Ha 3emie, M BCIGACTBHC 3TOrO YacTOTHL
H3nyJyeHaws aromMor na CosHLe ¢ TOMKH 3peHns 3eMHOTo HabmoaaTens
CABHHYTHI B wuH(pakpacuylo obnacts [5;c.324]. Taxkum obpazom,
NMpUYYHOH “nmOKpacueHMs” (OTOHA HABJETCA pasHads  CKOPOCThb
TeUeHHs BPCMEHIL.
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C ToYKM 3peHUd KBAUTOBOH TEOPHH TIPABHTAUMH HACTOTHI
maayueting atomoB Ha ConHue sbite, YeM Ha 3emie (4.20). DTo ecrp
cneacTRue Toro, uTo Ha Comnue wuce 3Havenwe TOCTOANHOH
Tlnamka A. Ho noka (oTOH JIETUT K 3eMITe, 80 YACTOTE NOHUNCAEMCA.
370 eCTb CJIGJICTBHE TOrO, 4YTO YMEHbddemcs CKOPOCTh CBETA M
go3pacmaem 3Hauenue noctoannod [Tmanka. B pesynnrare 3eMHOH
HabmoJaTens Takke BHIUT CHOSKTP HIMYYCHHSA HAXOJAUHXCA HA
Connlle aT0MOB CMEIUEHUBIM 8 HHDPAKPACHYIO 00NaCTh,

Taxum obpasom, coBepuleHO pazHBIE NOAXOAL K ONHOMY M
TOMY ke SIBIEHHIO, TEM He MEHee, IPUBONAT B cayyae cnaboro 1oas x
OJHOMY W TOMY JK€ YPaBHEHWK JUIS BeIHYMIlb) IPABATAIIMOHHOTO
CMELICHMS CIEKTPANbHEIX THHAH (4.22).

PaccmoTpum npyro#i mpuMmep. B reomerpuueckoift onTHKe
TpPaexTOpUM CBRETOBHIX Myucii B caMoM o0lIeM BHIe onpereimeTcs

ypasHennenm (4.8) nnu (4.10):

8 B
J'dg _[2® = min

dage) T ame(ny

3pecs  BenuuHHa- [/A WnH @/c WrpaeT poib OQPEKTHBHOTO
NIoKa3aTelNs HPeNOMICHHS.

C Ttoukn 3peHps oOlied TEopHM OTHOCHTENBHOCTH BOIH3H
OGonmbmON Macchl yMembuwiaemca CKOpPOCTH CBETa, a €ro 4acroTa
OCIMAEMCA HeusMeHHOE. D10 IPUBOIAT K TOMY, 4To BOAM3M DONBIONM
Macchl BospacTaeT >ipeKTHBHAIH Nokazatess npenomaenns (17;§59].
H B pesynbraTe 1yd ceeTa orudaeT Maccy (HpUTATHBAaeTCA K HEH).

C Touxm 3penHs KBAaHTOBOM TEOPHM TrpaBuTtaunn BOIM3M
OonpIION Macchl Go3pdcmaen CKODOCTh CBETAa, HO ero tacroTa
gospacmaem 6 APOYeHMHOM OmuowieHuy ewé cunvieid. U B
pesynpTate BOIH3N OO/BUION MACChl TAKKE BO3pacTaeT dfdexTHRHLLI
MOKa3aTens npenoMnenusd. Jus cnaboro rpaRETALMOHIOre Ions 0oda
MOAXOAA IPHBOAAT K OJAMHAKOBOMY YIJIY OTKJIOHENWA [IA8 JIyda
ceera (4.18).

Takum oOpa3om, OTIIHYME KBAHTOBOH TCOPHH rpaBUTALHH OT
obuicif TEOPHM OTHOCHTENIBHOCTH COCTOHT B chieayronieM. C TOYKH
3peHMA 00LIeH Teoprn OTHOCKTENBHOCTH BONU3K GOMBILIOH Macchl BCE
(ranueckne npoueccel sanedagiomes (BpeMa “teuér”’ melIcHnei) H,
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B YACTHOCTH, pMenbluaemcs CKOPOCTb CBCTA. A C TOYKH 3PCHMA
KBAHTOBOH TEOPHM TpaBHTalMM BOMM3uM Oonpluolt Macchl CKOPOCThH
cBeTa, Haobopor, guspacmaem. KpoMe Toro, rossiuaromes 4acToThl
UTYYCHUS CIIEKTPAbHBIX JIHHHH (BpeMs “Teyer” OhlCTpei).

Ho, teM me MeHee, HeCMOTPs HA TakHe COBEPMICIHO
OPOTHBOTIONOXHEIC MOTOKEHHSA, H ODIIas TeOPHs OTHOCHTEILHOCTA,
# KBAHTOBAA TCOPHS MPABATALIMM B Cliyuae cmaloro rpasHTalONHOTO
NIOJIS [IPHBOAAT K OLHHM H TeM e YpPaBHEHWAM M JUIA TPaBHTaIlHOA-
HOTO CMENIEHMA CHOSKTPambHBIX JHAMA (4.4) m (4.22), n
OTKIIOHEHMT Jy4a ceeta (4.5) u (4.18), w Ama BeNHYMHBL KBANPaTa
uateppana (4.3) u (7.18). To ecTh MPHBOAAT K OJHHM H TEM MKC
YPaBHEHHSM ABHIKEHWA.

§ 7.8. MpenmyulecTBa KBAHTOROM TEOPKU rpaBUTaL Mk

KBautoBad Teopus [IpPaBHTAMM — 3T0 HOBas TEOPHA,
ansTepHATHBHA O00WEH TEOPUH OTHOCHTENBHOCTH, KOTOpas B
HACTOSINEE BpeMs MPH3HAHA B KAuecTBE EAMHCTREHHOH TeopHH
rpaBUTAnKH. B CBA3M ¢ 3TMM HMMEET CMBICA NOKa3aTh NPEeHMYyDIecTRa
KBAHTOBGI TEOpUM IpaBHTAlMH H YKalaTb §ia pAl HEJOCTATKOB,
NpUCYILHX 0bmel TeoprH OTHOCHTENBIIOCTH.

Bo-nepsbix, nepsoyauaibio 00mas TEOpHs OTHOCHTEILHOCTH
3agyMeIBaiack OHHUITEHHOM Kak Teopuda, B Kortopoil Oyner
BOIIOIIEH NpuHOMN Maxa. Ilpaktiyeckd BO BCEX CBOMX DaHHHX
paboTtax JHHIITEHH nmucan 0 BAXKHOCTH 3TOTe npuHuuma. O TawKe
nHcan o (u3MYeckoil HECOCTOATEIBHOCTH TdKHX TEOpHIl, Kak
Mexanuka HEIoToHa M CHCHHANTRHAA TEOPHs OTHOCHTEIBHOCTH TONBKO
MOTOMY, YTO B HAX HE COJEPKHTCA 3TOT npuHumn. CMoTpw,
Hanpumep, ero Krury «O crneuuansHod A ofmei Teopuu OTHO-
cHTeNbHOCTH», § 21 «HackoJBKO HEmONHbI OCHORBI KIACCHUECKOH
MEXAHUKH ¥ CIEUHATBHONA TCOpHYU OTHOCHTENpHOCTHY [1;¢.565,566].
CMOTpH TAKKE €r0 3HAMEHHUTHIH MBICAERHBIH SKCIICPHMCHT ¢ ABYMSA
KHMAKWMH 1HapamMu | 1,c.455-457].

Tem He MeHee, Koraa o0mas TeopHs OTHOCHTENBHOCTH Obina
[IOCTPOEHd, OKA3aloch, YTO B Hell TaKKe HE COAEPXMTCH NPMHIMI
Maxa. Bor yto nucan o6 3tom [Naynn: «Ilpu paccmoTpenny gompoca
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00 OTHOCHTCNBIOCTH UEHTPOOEIKHOMN CHIIBL 3Ta TPYAHOCTH Jdama celdx
3HaTh 0CcOOCRHO cuibHO. XOTS NoAobHOE BBIACTEHHE HEKOTOPEIX
CHCTCM KOOPAMNAT € NOMOMEI TPaHHYHBIX YCNOBHH, BOOOIIE
rOBOpA, HE COBMECTHMO JOTHUYECKM € TIOCTYnatoM OOIiekoBa-
PHAHTHOCTH, OHAKO MPOTHBOPEUHT NYXY PENSTHBUCTCKOH TCOPWH U
JIODKHO PACCMATPHBATECST KaK TSHKENBIH TCOpeTHKO-NO3HABATCILHDLN
HEJOCTaToOK. DHHINTEHH TMOPA3NTENBEHO OCBETHN €10 C NOMOILLI
MBICTIEHHOTO  DKCHEPWMEHTA € ABYMS  KUIKUMH  ILAPaMH,
BPAATOUIMMHCA OTHOCHTEILHO IPYr OPYTa BOKPYT COSRHBAIOMIEN MX
apaue [1;0.455-457). DTor HeAOCTATOK OCTAaéTed He TONBKO B
KIACCHYECKOH MEXAIUKE ¥ B CICUHANLIOH TEOPHY OTHOCHTENRHOCTH,
HO U B pa3BHTOI Bblue, HazupyrOwWEiica Ha ypapHeHNAX (4.2) TeopHH
Tarorenus» [49;¢.249,250].

A B KBAHTOBOH TEOPHH TPABHTAUHWH HE TOIBKQ COZEPIKHTCH
npuHarn Maxa, Ho H DORHOCTER PACKPEIT ero QU3HYCCKUH cMbicl. B
PC3yNBLTATC UETO pacKpLIT U HU3HYECKHH CMBICHT HEonpeaenéHHOCTH,
koTopas sabmogaercs B Mukpomipe (cm. § 3.1).

Bo-pTophix, B o0wWeH TCOPHA OTIIOCHTENBHOCTH IPABHTALN
CBOIHUTCS K F€OMETPHIL, H B HEH BpeMS A PACCTOAHKE BHICTYNADT K4K
CAMOCTOATCNBbHBIE  (DH3WYeckHe  CYNIHOCTH, OTOpBaHHLIE  OT
KOHKPETILIX (h3iueckux poueccos. JUeBHIHO, YTO TAKOH MOAXO0M
ABNSACTCH IICNIOC/HCAOBATENLIBIM, TaK Kak J100ags reoMeTpus, B
JEHCTBATERHOCTH,  OCHOBaHA  HAa  KOHKPETHBIX  CBOMCTBax
¢uznucckux odvekroB. Hanpumep, B KauccTBE €WHHUBI ANHHBL
MoxeT OBITh BHIOpan pasmep kaxoro-yub0 aToMa MIH AJIHHA BOSTHEI
onpeaenéHHol cuextpanpaoi nuruy. [osToMy aberpakTHOC TorATHE
eanannpl Jnupnl (fe3 CBA3M € pasMepamMu PeIblIbIX Ted) JHILEHO
KAKOro-indo  (PH3uYecKoro CMEICHA. DTO INPEKPAacHO MouyMan H
Oiinigteiil (cM. ero nutaTy o sToM B § 7.1).

B-Tperbux, ofuias Teopus OTHOCHTENRHOCTU e HMECT HH
ManeHIlero OTHOIICHHMA K KBAHTOBOH MEXaHMKe, H B HEH COBCEM HE
YUYHTBIBAIOTCA ROJHOBLIE CBOHCTBA vacTull. B TO BpeMA Kax B
KBAaHTOBOH TEOPHM TPABMTALMH TPABHTAUHMOHHOE B3aHMOOEHCTBUE
paccMaTpHBASTCH KAK KBaHTOBLIA et (oM. § 7.2,7.4).

B-yerslpTeIX, ¢ O0AHOH cTOpOHLL, B o0uied TeopHu
OTHOCHTENLHOCTH  IPENONAraercy,  UTQ0  NPOCTPaHCTBEHNHO-
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BpEMeHNOR MacluTad u3MeHsercs BOAMIM Oonslofd Maccwl, Ho ¢
ApYroit CTOPOHBI, MPEANOAArdeTcs, UTO MPOTEKANME (BU3HUECKUX
HPOLECCOB HE 3aBUCHT OT aBCONIOTHOH BENWYHHBI TPABUTALHOHHOID
notenuuana. Ilostomy B mMoOOOM MeCTe TpaBHUTRLMOHIOLO MOJIA
MOXHO OPUHATH IPOCTPALUCTBEHHO-BpeMeHHON MaciuTal yCioBHO 3a
“enwHHUY”. W B pe3yanTate nmosydaercd BECEMA CTPAITHAA Belh: €
OfHOH cToponsl, BOAM3N OOMBNION MacCHl TTPOCTPAHCTBCHIIO-
BPCMEHHOH MAcITad W3MCUSeTCs, HO, ¢ APYTOR CTOPONLL, Cro M Tam
MOKHO TIPHHATE 32 Ty ke “enuHuuy”. Mmenno nostomy B obuici
TCOPHI OTHOCHTENBHOCTH M BO3ZHMKAKT CHHIYJIAPLOCTH — BOJIN3H
4EPHOI ABIPHL BpeMs ONHOCTRIO ocTanasiueaercs. [loxoxne mpican
BhICKa3eIBaNl Puuapa @eiinvaHd B JIEKIUAX 110 rpaBHTaupm: «lpyras
BO3MOKHOCTb COCTOMT B TOM, UTO /, KOTOpas NOABIAETCA B (hopmyre
U1 3aMeUIeHHS BpeMeHH, eCTe omubka B paccykaeHWH. Mel
samucasd QopMyily, KOTOpas TIPUMEHASTCH TONBKO B TOM CIlydae,
KOTAa Pa3HOCTh [IOTEHLUMANOB ¢ MHOIO Meuslie /. Tak 4To
KOHCTaHTa / MO¥eT KakMM-THO0 00pa30M UPCACTABIATE HOPMa-
TH30BAHHBIA  BKSafd B PACTIPEACNCHWE  Macchl  yIwI€HHBIX
cromendi» [10;¢.131]. Cmorpu Takxke [10;c.129].

B paMkax KBaHTOBOH TEOPHM TpaBHTallMH, KOHCUHO, TAKKE
MOXIO YCIOBHO NPHHATL THOOO0H MPOCTPalCTREHHO-BPEMEHHOM
Mmacurra® 3a eguauiy. Hanpumep, ynoO0RO TpHHSTL 32 eXHMHHLY
Macurrad OKQJI03CMHOrG NPOCTPANCTBA-BpeMeHHd. Ho B 9TOM Ciayudae
Macwitab rOnm3H Comiya HelmL3s IPHHUMATE 33 eAHHHLY, TaK KaKk ol
Oyzer yxe apyrum. M tem Gonce Oyzxer Apyram, anpuMep, maciurad
Ha paHHeH ctaguy asomonud Beenedtodl. A ¢ Todxu 3penus obuick
TEOPHH OTHOCHTCIBHOCTH HPOCTPAHCTBCHHO-BPEMCHHOH MaciuTad Ha
paHHeil cTagum 3somonrn Beemennol (Bennuuuer ¢, i, m) OBIT TOT
JKe CaMBblit, HTO U B HACTOAUICE BpeMi. BO3MOKHO, HMEHHO [TOITOMY H
BO3HHKAIOT  MHOTOUHCIEHHBIC ~ KOCMONOTHYECKHE  npofiemsl
(npoGiema Bospacta Beenennoii, npobneMa cKpuivoii Macesl B T, Ji.),
KOTOpbIE HENb3d Pa3pelluTh B paMKax OOIeH TCOPHH OTHOCHTEND-
HocTH. PELIeHHIO KOCMONOTHYECKUX NPodJIeM B pamMKax KBalToBoil
Teopuw rpasutaiiviy 6y et moceamena 10-1 rnasa.

N naxowen, B-nATLIX, oO0WA@s TEOPHUS OTHOCHTENBHOCTH
HECMOTPA Ha TO, YTO SIBAAETCA TCOpHEH MpaBMTALMH, HUCKONBEKO HE
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ofmiAcHdeT MeXamM3M TIpaBUTALHOHHOrO B3auMoacicTsua. OHa He
OOBACHACT, [10YCMY [PaBHTAMMOHHOE B3aMMOJCHCTBHE Takoe ciraboe
M [OYCMY CYIUECTBYCT MOabKO [PABHTALHOHHOE [IPHTAXKCHHE,
Hakoneu, B pamkax oOmeldl TeopwH OTHOCHTENBHOCTH OCTAE€TCA
3aragkoH, MOYCMY TPaBUTAUHOHHLIH NOTEHLMAT, CO34aBacMblii BeeH
maccoii BceeneHBOW, paBeH B mpelenax TOHIIOCTH HadiuogeHwi
KB&IpaTy CKOPOCTH CBCTA.

A B paMKax KBAHTOBOW TEOpPHH TPaBUTAIMH JaETcad IIPOCTOE
obwscHenne scem 0COBEHHOCTAM IPABUTALIMOHIIONO B3aUMOAEHCTRBHA.

Konewno, pewanouyw poiis B Bebope ToH WM MHOH Teopnu
urpaer skcriepuMmentT. ¥ B caemyiome# rtnase (§8.3) Oynmer
npeanokelt [POCTOR IKCTIEPHMCHT, KOTOPBIH MO3BOMAMT CHACJIATL
OJHO3HAYHBI BEIOOp Meway OOwen TeopHedl OTHOCHTENBHOCTH M
KBAaHTOBOH TeOpHEH TpaBUTALMY.



FTmamsa 8

pem o [pesuTamg

B cnyyae cnaGoro rpaBHTalimOHUOrO MONS eAHHCTBEHHBIM
M TPHHITHTIHATBHEIM OTIHYHEM KBAHTOBOH TEOPHH MPABHTAIHH OT
ofiieit TcOpMM OTHOCHTENBLHOCTH SBISETCA TO, YTO € TOYKH
spetnsl oduiel TeopHU OTHOCHTENBHOCTH BONH3NM Macchl Bpems
“saMeJIIeTCA”, a ¢ TOUKH 3PEHHA KBAHTOBOH TEOPHY IPABHTALMH,
HaoGopot, — “yckopsierca”. B aToil rnase MBI TOpoOIHO pasdepém
3TOT BOMIPOC M PAcCMOTPMM FOBOAB B TONB3Y TOH Wi apyToif
TOYKH 3PEHUA.

§ 8.1. MpocTpaHCTBEHHO-BPEMEHHOW MaclTad

B oOmeilt TeopuH OTHOCHTENBHOCTH TNPEANOJAraeTcs, YTo
OKPYXKAIOLIEEC HAC [POCTPAHCTBO HMEET TOT JKC  CaMBIi
HPOCTPAHCTBCHHO-BPEMEHHOR MacmTab (6ol pOCTPAHCTBECHHO-
BpEMEHHONH MaciuTad BCeraa MOXXHO BBIPA3UTH B BMIE HEXOTOPOH
xoMOunanwn BeanyuH ¢, A, m [10,c.133]), yro u nycroe npocT-
paHctBo. C 3TOH TOUKM 3PCHMA  NPOCTPAHCTBEHHO-BPEMEHHOR
mMacwTad UpH paclWHpelmy  BeeneHHOH He uzMmenAemcA. 3T
03HAYAET, YTO pacTpeAeneHre Martepun BO BeeneHuoH Huxax He
BIIHAET Ha [IPOLIECCH], MPORCXOAIIME HA 3eMae.

A ¢ TOYKH 3peHMa KBAHTOBOI TEOpUM  TPaBHTALHH
RPOCMPAnCIMEeHHO-8pEMeRHON Macumab eHympu nauwieti Beerennoi
onpedensiemes  pacnpedenctuem scett mamepuu 6o Bceenewnon. U
3{eKT rpaBuTaIiH — 9TO H3MCICIIHE NPOCTPAaHCTBEHHO-BPEMEHHOTO
macmtaba,  BRI3BAHHOC  JIOK&JLHBIMH ~ HCOUHOPOAHOCTAMH B
pacrnipefeneHuy Marepud na obieM (QOHE pacrnpeseNeHHs MaTepHH
B0 Bceenennoit (7.21). W ¢ 570l TOYKM 3pEeHMA NpOCTPaHCTBEHHO-
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BpCMEHNOH Macwrrad oOydem usseHAamses W MPH PACIIHPCHWU
Beenernol, u  Opd  M3MEHCHMH TPABUTAUHOHHOTO NOTCHLIMAIA.
Hanpumep, koraa 3emns nogxoanT Onuwxe k Conmmy (waxoamics B
MepUreNvu) CKOpOCTE CBeTa Bospactaer (2.1), nocroauuas Ilnanka
yMmenbwaerca (2.9), macchl TOKOS 3JEeMENTapHhIX 4acTWIl TakkKe
ymenbaTtes (3.21). B yactHocTh, kak Opwno Bhisicueno B § 2.8 (u
yrounero B § 3.5), ckOpOCTh CBCTA H3MCNACTCA B TCHEHHE 'O HA
BEANYHHY |Ac| 0,1 m/c.

Tem He MeHee, eclid Mpl OyaeM H3MepaTb CKODOCTE CBETA B
TeHeHHE Toja Jake ¢ TOYHOCTLIY [ cM/C, MBI BCE PABHO He
oOHapyxmm  e€ m3menenns. 1o DpousoHAér noToMy, UTO &ce
9MaA0He!l JNMHBI U BPEMEHM Tarke OYIyT M3MEHATBCA B TEUYCHME
roja.

Hanpumep, npennonoxuM, YTO BENHYHHA CKOPOCTH CRCTA
ro3pocia B k pas. Tlpu oTom, kak cneayer w3 ypasreund (7.15), Bce
ITATIOHBl UTMHBI YMeHbIIATECS B & pa3. M, 3uauuT, ceer Oyamet
UpONETATh METPUBLIA ITANOH B k? pas Onictpee. Ho u3 ypapuenus
(7.14) cnenyer, 4TO ANHTENHHOCTE OTHON CEKYHAR YMCHBILHTCH
Taxke B k° pa3, H B PE3YNBTATE CKOPOCTb CBETA, M3MEPEHHAS &
Mempax 8 cekyndy, OCTAHETCH TOH e CaMOH.

Nostomy Ans  TOoro 9TOOBI  BLIACHUHTR, KK H3MELRETCH
(BO3pacTacT MK yMEHBINAETCA) CKOPOCTL CBCTA 8 TPaBHTALNOHHOM
MoJie, HYXKHO HelOCPeACTBEHHO CPABHHTL CKOPOCTL paclupocTpa-
HCHMA CBET2 B pasluudbX o0nacTaX TPAaBHTALMOHUOIO TOJIS.
Hampumep, ¢ TOYKH 3pEHNs KBAHTOBOW TEOPHH TPABHTALHE Ha
BRICOTE 3} kvt Hal 3eMHOH NOBEPXHOCTEIO BEMYHHA CKOPOCTH CBETA
Oyzer Ha ! am/c MenbHle, WeM Ha 3¢MHOH noeepxnocTH. Ho Takoe
[HE3UAYUTCNIBHOE  M3MEHEHHe  ouenb  TPYAHo  obuapyXkurb
IKCTICPUMENTANBHO.

Tem ne MeHee, B 3EMHBIX YCIOBHAX MOKHO DPOBECTH
OTHOCUTENILHO  NPOCTOl  JKCNEpUMEHT,  KOTOPEIH  [O3BONWY
ONU03BAYHO ONPEASTHTE, Kakas MX ABYX TeopHit rpasutanmu (odmas
TEOPUA  OTIIOCHTENBROCTH MOM  KBAHTOBAA TEOPHA TIPaBHTALMK)
spiscTes BepHOit. Tonbko JAAA 3TOr0 HYIKHO H3MEPATL HE CKOPOCTB
CBETA, a “‘CKOpOCTh BpeMenH”. OQUHcaNHe STOro 3KcnepuMenTa Oyaer
usnoxero B § 8.3,
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§ 8.2. HeogHopoaHOCTL BpEeMEHW

B §3.6 Ml npumiM K BHIBOAY, YTO Macchl HOKOA
IMEMCHTAPHEIX  94CTHI  3aBHCAT 0T abCONIOTHOH  BCAMYMHBI
TpaBHTAIMOHHOTO noteHuuana (3.21). A Wto B ICHCTBHICNBHOCTH
9710 o3HawaeT? Benw ecay, kK npuMepy, Mbl Gyaem ceoboaHo nagath
BMecTe ¢ QMaMvecKoi nmadopatopHeil B TPaBUTALMOHIIOM TIQRE, TO
MBl HE 3aMETHM, YTO MAaccChl MOKOS JINEMCHTAPHBIX HACTHIL KAK-TO
WIMEHHIINChL, DTO OPOH30HAET TOTOMY, UTO BCC HAWYW 3TANOHL
Macehbl TAKKE H3MEHATCA B TOM e camMoil IPonopuHH, HTO H MaCChl
INEMCHTAPILIX YACTHIL A B OPEAbIZyUIeM maparpahe BBIACIMIH,
YTO CCHM MDL OYIEM ABHIATHCSA B TPABHTANHOHHOM IIOJIE, TO CBET BCE
parHO OYICT NIPOHOCUTHCA MHMO HAac ¢ OJHOH H TOH K& CKOPOCTRIO
- 300 000 xm/c! W 210 mpon3ofAET NOTOMY, UTO BCE HALUH DTAOHE
IVIHNLL M BpEMeUd Taoke OYAyT H3IMEHATHCA B IPABHTALMOHHOM
none,

Kako#t xe torga Qu3uucekuil CMsICH HMEWT YypaBHeHus,
CBA3BIBAIONTHE ReNHUHHY cKOpOCTH creta (2.1), mocrosnHod [Lianka
(2.9), maccel mokoa 3neMenTapHmIX uacTHn (3.21) ¢ Benunnol
rpaBHTAUKHOHHOrC MoTeHuuana? B kakoi cucreme otcuéra onu OyayT
seironuaThea? Oreer mpocroii: oHu OyAYT BBHIONHATBCH B CHCTEME
0TCcYETa, B KOTOPOil NpOCTPAHCTBCHHO-BPEMEHHOH MacITad ocTaéres
HEeHs3MeH-HhIM. A CYUIECTBYIOT I'M B TPUPOAC TAKHE CHCTEMbI
orcuéta? CTporo rosBops, TAKHE CHCTEMbl OTCYETA R NpUpOOE lre
CIICCTBYIOT, TAK  Kak  H3-3a  pacnmpenus  BeenenHoi
NIPOCTPAHCTBEHHO-BPEMEHHOH ~ MacliTad  HM3MeHserea  KaKIYIo
CEKYHDY.

Takoe nonoXenne pBewicH oueliL MOXMKEC Ha TO, KOTOPOC
CyWecTBYET B MexaHHKe Hurotona. C onHoil CTOPOHEI, 3aKOHEI
HpioToHa BRIMOTAAKTCA TONBKO B HHEPHHATLUON clCTeMe 0TCUET], a,
C APYro# CropoHEl, HHEPUNANBHEIE CHCTEMBI OTCUETa, CTPOTO MOBOPH,
B UpHpOJE He cywecTsyioT. Taxaf, kazanoce OLl, HepaspemmuMas
CUTY4IIMA, B JEWCTBHTEIBHOCTH, pa3peulaercs QYEHE [pOCTo
CHEAYOIIHM 00pazoM. 3agada GopMagbHO peuaeTcs B HEKOTOpOil
40CTPAKTION, HO HICAIBHOI, HHSPIMAILHON CHCTCME OTCHETa, 3aTeM
HyTéM MATeMaTHYECKHX IpeodpasoBaiiil COBEpILAeTCH IIEPCXOA K
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AAHHOHN HEMHEPUHANBHONH cucTeme otcuéra. Ilpw 9ToM  3aKOHE
HpioToHA HECKONBKO MOACPHH3MPYIOTCA (BBOJATCA HOMNPABKH Ha
uentTpofekKHbIiC Cuibl, CHIB KopuomHca W T. 1), M B TaKOM
MOJEPHU3HPOBAHHOM BHIE OHM CTAHOBATCA COPABEMNHBRY M B
HedUepuraILbHOi cucreMe orcuéra, M, HaobOpoT, eciv B HEKOTOPOM
cHCTeMe OTcqéTa HAaOMoaeTea OTKIOHEHHE OT 1aKOHOS HRKITOHE, TO
[0 BENIHYMIE DTHX OTKIIOHCHWH MOXKHO CJIENath BLIROX O TOM, KK
JaHHasg cHCTeMa OTeddra JBMIKETCH OTHOCHTE/ILHO HHEPLIHANLHOM
CHCTEMBI OTCYCTa,

[Tonobnas curyaums WMeeT MecTO H B HauieM ciydgae. Jns
TOro 9rodBl WCTOIE30BaTL ypaBHeHuA (2.1), (2.9), (3.21), cnenyer
BRIOPATE  HEKOTOPYW — cucTeMy — orcu€ra, B KOTopoil
POCTPALICTBEUHO-BpeMenHoi MaciuTab ue uzmensemca. Ha camom
Jeile Mbl TaK BCerad M poctymamu. U yxme HCXOAR H3 3TOTO MOMKHO
OyZaeT paccuHTaTh, KakHe Ha0mMoOgaeMele 3 PeKILl cneJyeT OXHIATh
B TOM Clyyae, KOrga NpOCTPAHCTBEHHO-BpeMeniTol Macurtad Oyzer
usmenamaca. W, waodopor, eciiu B HEKOTOPOH CUcTeMe OTCHETA ME
IKCREPHMEH-TANLHO 0OHAPYKHM Takue MPOeKTh, TO Mbl CMDMKEM
CHENaTh BEIBOJ O TOM, YTO HPOCTPAHCTBEHHO-BpEMENHOH MacuTad B
Helt u3mennercs. bonee Toro, Mbl CMOXEM PAcCYHTaTh CKOPOCTE, C
KOTOpOl u3MeraeT-ca MacmTab, TO ecThb CMOMEM Y3HATh, Kak
OLICTPO B HAaHHOH cHcTeme OTcdETa H3MeHsercs abconloTHBIH
TpaBUTALHOHHBIH FOTEHITHAT.

Japatite pa3zbepém gonxperopii npumep. Hama Bcecnennas
pacmupsaeTes (mo kpaliHed mcpe, 3To npeinofaraeres). Iootomy,
CCITM MCXOOUTE W3 KBARTOROH TEOPHH TPABHTALHM, POCTPAHCTREIIHO-
BPCMEHHOH MacluTad JO/DKeH MAMEHATBCA KAKAYIO CCKYHIY. To ¢CTh
KakAyI0 cexyuay OyayT W3MeHSTBCA BelTHYMHA CKOPOCTH CBETa,
nocrosmaoi Ilnanka, mMacca noxos saexTpoHa (MM moOoH apyroH
YacTHIBI). A 5T0 O3HauaeT, 4TO KaKIYIO CeKyBAY H3MEHAHTCH
pasMeprl aTOMOB, IMEPrHH NEPEX0/a DISKTPOHA € OAHOTO YPOBHA Ha
APYTOH, JIMIME] BONH CNEKTPANLABIX JIMHUH U T, 1.

MokHO ckasaTh, 4TO H3-3a pacHiMpeHHs BcencHHoll B HaleM
MUDE HapywieHd oonopednocms 6peMeny, TAK KAk  pamINIHbIe
MOMETITE] BPEMEHH 1i¢ IKBHBaNeHTHLl. K RaMm Kak pa3 HywHO 3Ty
HEOMHOPOAHOCTh BPEMEHH 3apErHCTPUPORATH IKCNIEPUMENTANBHO. A
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AIA 3TOTO JOCTATOMHO CPABHHUTH MEXAy colol AnKWHBI BONH ABYX
ayuei, HCMYIIEHHBIX W3 OJHOTO M TOTO KE Ja3epa NMpu OJHMX H TexX
K€ YCTOBHAX, HO B PA3HRIC MOMEHTH! BPEMEHH. DTOT, OTHOCHTEIHHO
NpOCTOM  3KCTEpUMEHT  (KOTOphlHE  MoueMy-TO  HHKOTAA  He
PaccMaTpPHBANICA B HAYWHOMW JHTEPATYpE, TaK KaK, IO-BUIHMOMY, BCE
yOexIeHEl B TOM, YTO BPEMS OJHOPOIHO), MBI pacecMoTpim B § 10.10.

§ 8.3. 3KkcnepumenT nNO NpoBepKe KBAHTOBOW TEOpUM

rpasutTauuu

Mg Toro qrobpl BLIACHHTE, Kakas M3 JBYX Teopuil (oOmas
TCOpl/lﬂ OTHOCHUTENTBHOCTH HWNIH KBAHTOBAA TeopHA ]"pElBHTaLlHH)
ABJIAETCH HCTUHHOH, HeoOXOAuMO TIPOBECTH CNEAYIOWHI, OUEHb
IPOCTOH IKCITEPUMEHT.

,HBOC TOYHBIX 4aCOB (Hy‘-ll.l.lﬂe COBPCMEHHBIC QTOMHEIC Yachl,
OCHIOBAHHBIE HA M3MCPCHUSX ATOMHEIX DPAINHOIEPeX0/0B, HMEIOY
OTHOCHTENLHYIO — Morpemsocts  okomo 2707 [S1])  cneayer
YCTAHOBHTH HA PA3MUYHEIX BEICOTAX {CMOTPH pre. 17).

Puc. 17. OpuHakoBbie uvackl pacnonoXeHbl Ha pasfyHbX
BLICOTAX HAL 3ISMHOW NOBEPXHOCTHIO. Ecnv BepHa obwaa Teopus
OTHOCHTENLHOCTW, T ByayT OTCTaBaTh Yackl, HAXOAALUMECA BHU3Y. A ecnu
BEpHa KBAHTOBZS TEOPWA IPaBvTauwy, TO QTCTAHYT 4ackl, HAXO4AWMErs
HaBEpXy.
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Hanpusmep, oanM d4acel ycraHoBUTh B J1aDOPaTopHd  Ha
paBHHHE, @ BTOphIE — B NabOpPaTOpHH, PACIONOXKCHHOH BEICOKO B
ropax, CKaXeM, Ha BRICOTE A =5 xu OTHOCHTENLHO TIEPBOM
nmaboparopH.

Ecni pepHa ofmmas Teopus OTHOCHTENBHOCTH, TO OyayT
OTCTABATh Yachl, HAXOAAIMeCA Ha pasurHe. M OTHOCUTENBHOE
OTCTABAHHE COCTABUT BENHYHMHY [5;c.322];

gh 10 me? 5100 m
e 10" mie™?
To ecTb KaXIyi0 CEKYHIY Hachl, HAXOIAIMECA HA paBHHHE, OYRYT
OTCTaBaThL OT HAcOB Ha rope Ha 570 3. U, cnejoBaTensHO, yepes /.2
Jiei (TTpHMepIio MIITHOH CeKYHI) OHH OTCTallyT Ha (,5 mc.

A ccndl BepHA KBAHTOBAA TEOPWSA TPaBUTAlMH, To OyIyT
OTCTAaBATE 4YacLl, HAXOJAW(MECS BBICOKO B Topax. M Herpyano
paccumTarh, WCLOAL3YS ypasheHue (7.14), 4TO OTHOCHTENBHOE
OTCTaBaHUE COCTABHT BEINYHHY;

e (h) jqcz(0)+.2gh 228k
() () -

To ecrs KaxAYIO CeKyily Wachl, Haxoadwuecs ga rope, 0ynyT
OTCTaBaTh OT ACOB Ha PaBHMHE Ha [{) 2. K, criepoBaTenso, qcpes
12 preil oru oTcTa”yT Ha [ ac.

Taxum obpazom, ecnu BCPHA obwas TCOpHA
OTHOCHTENBHOCTH, TO depe3z [2 JHell UYacH, HAXOAAUIHECH Ha
PaBHHHC, OTCTaHyT Ha (,5 mc. A eclM BEPHA KBAHTOBas TEOpHA
rpapuTaLHd, TO OHH, HaoGopoT, yHAyT Bnepér Ha [ mc no
CPABHEHHIO C 4YacaMmK, HaxOJfMMMHES 1a Tope. 10 ecTh To
pesyiabTaTaM  JaHHOIO JKCOePHMEHTa MOXHO Oyaer Cclenars
ono3nayneii BRIOOp Meway obwmell TeopHed OTHOCHTEILHOCTH H
KBAHTOBOH TeOpUEH rPaBUTALHH. )

Hns Toro uto0Bl y4ecth CHCTEMATHYECKYH OWMOKY (oHa
MoO¥eT ObiTh BHI3BAMA TEM, YTO CKOPOCTh XOZa (IEPBLIX H BTOPLIX
YACOB, BO3MOYKHO, HE3HAYHTENBHO PaTHYAETCA), HYXKHO MOPOBECTH
AHATOTHYHLI JKCHEPHMEHT, B KOTOPOM TIEPBLIC M BTODBIE Yach!
cnexyet nomeHaTh MectamH. Kpome Toro, cheayeT cpasiuthk

~5-107" (8.1)

107 (8.2)
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CKOPOCTH X0/1a 1IEPBEIX 1 BTOPLIX YaCOB NMPH OMHAKOBLIX YCIOBUSX H
BRIACHHTH, KAKKC U3 HUX MAYT ObICTPEE M HACKONLKO ObICTpEe.

Hna  roro uTo0nl  yCTpadHuTe CHyudaiHele  omMOKH B
IKCICPUMETe, clenyeT HMCNQNL3IOBATE HE [BOe, a Dolsuiee
KOJTHYECTBO YacoB. A 3aTCM IIPON3BECTH CTATHCTHYECKYIO 0bpaboTKy
MOAYYCIIHBIX  PE3YNBTATOB. TONBKO Tocne yuéra cnyyalHbiX H
CHCTEMATHUECKMX OWHOOK MOXHO OYAeT caefaTh oMpefenéHHbIe
BBIBOJIBY MO PE3YNbTaTaM JaHHOTO SKCHEPHMEHTA.

MOKHO TakkKe OTMETHTB, YTO C TOUKM 3PCHHA CTIENHANBHOMN
TCOPHH OTHOCHTENBHOCTH (HCTHHHOCTB KOTOPOH YCTAHOBIEHA ¢
BBICOKOH CTENEeHBI0 TOYHOCTH) 4€ACHI, PACIOJNOKEUHLIC HA Tope,
JOJDKHBI HATH HECKOAbKO MEMUICHHEE, YeM 9ackl HA paBHHHC. JTOT
3PPCKT BBHIZBAH TEM, YTO CKOPOCTE JBHNKEHHMS YacoB 11a rope,
BBI3RAHHAA BPAEHHEM JeMIAH BOKPYT CBOCH OCH, HECKOIBKO Doinblie,
TaK Kak OHM PacTiOJIOMEHBl Jansiie oT Uentpa 3emnn. Ilycrs V —
CKOPOCTb BpPAWICHHS 3eMHOIl II0BEpXHOCTM B TOM MecCTe, TIie
pacmonokernsl nepsrie Yackl, OHa 3aBHCHT OT MPPOTH MECTHOCTH H
Ha CPeAHMX IMPOTAX NpuMcpHo paBHa: ¥ &~ 300 u/c. B atom cinydae
YACK, HAXO/ALMECT Ha rope, OyyT ABHIATLCA GRICTPEE MPHUMCPHO HA
Benmnanny: AV = Vi/R =0,3 av/c, rae R — paguye 3emnu. Hcnonssys
ypaeueHue (1.19) choepuamsHONH TCOPUH OTHOCHTCIBHOCTH OIS
3ameAnienns BpeMeHH (Ul ero npBMeHenus HeoOXomumo BHOpuTh
Kakyto-nuby/(h  MICPUMAIbHYID CHCTEMY OTCY£Ta, HampuUMEp,
CBA3AHIOYK ¢ LeUTpOoM 3eMIH), HETPYIII0 pACCHUTaTh, 9TO
OTHOCHUTEIBHOE OTCTABAHWE HACOB, DPAcHoNOXKEUHBIX Ha  TOpe,
COCTABHT CIIEAYIONIYIO BEIHIHILY:

-15
r ———=x [0

!

To ects oToT >dPdekT Ha TpH OOPAAKa Meublme, 4eM 3dderT
OTHOCHTENLHOTO  3aMEUICHMSL BPEMEHH, BBI3BATIHBIH  JeHACTRHCM
TPABHMTAUHOHHOTO TIORA 3eMITH.

H B sakmowenuc Tore maparpada 1eo0XOUMMO OTMETHTD
cnenyronee. C TOUKH 3PCHAN KBAHTOBO! TEOPHH rpaBUTalMK BOTHIH
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Gompmioit  maccst  Oyner  momBImIAThes  wactota  moGoro
NEPHOAMNECKOTO  TIPOUECCd,  BLI3BAHHOTO  3NEKTPOMArHHTHBIMU
cunamu. M Toneko moaToMy MoXkHO cKasars, uTo BOMH3M Oonbuoit
MaccH “CKOPOCTL” TEUEHHR BpeMelld BospacTaeT. OnHAaKkO He Bce
(dH3HYeCKHe MPOUCCCH OYAYT YCKOPATHCA B TPABHTALMOHHOM [OITeE.
Hanpumep, TpOUECCH, CBA3aHILIE C pacnajoM siapa, Oyayr,
HaoOopoT, 3aMEANATHCA HM3-3a YMEHBUICHHS 3HAUCHHA ITOCTOAHHOM
Ilnanka (cmotpu § 10.4). Tlostomy B o0O0meM cioyvae, 4ToOBI
BBISICHHTB, KAK W3MEHHUTCH CKOPOCTb TIPOTEKAHHS Kakoro-aubo
nmpoLecca B IPAaBHTALHOHHOM TIONE, HYKHO MOCMOTpET: Ha
YPAaBHEHUC, OITHCHIBAIOLWISE TOT mpouecc. B 910 ypaBHeHWe BXOOAT
Kakge-u00 u3 BEIHYHH ¢, /i, m. PaccUHTaR H3MEHEHHE ITHX BeTHYHH,
Henonpdys ypasHenus (2.1), (2.9) u (3.21), MOXHO RBIACHUTh, KAK
M3MEHUTCA CKOPOCTh UPOTCKaHWA JIaHHOTO mpoltecca  BONB3U
GomBIIOH MACCHI

§ 8.4. 3KcnepuUMeHTbI NO NpoBepku obGuled Teopuwn

OTHOCUTENBLHOCTH

C ToukH 3penAds o0meH TeOpHMM OTHOCHTENBHOCTH BpPEMs
BOMM3K OoLINOH Macehl 3aMeAITeTCs (3aMEeIIII0TCS sce PUIHIYESCKHE
npotiecchl). Y 310 0IHO H3 KITIOYEBLIX MOJIOKESHHUM, JISKAIHX B CAMOM
tyHmaMenTe oOLIEH TEOPHH OTHOCHTENLHOCTH. IlO3TOMY oOuveHb
BAKHO YOEmUTHCA B €ro MCTHHHOCTH 3KcnepuMentansao. M B 70-x
rogax 20-ro Beka OBUTH IMPOBEAEHHI 3KCTIEPHMEHTHI MO NPOBEPKE
BNHAHHA FPABUTALMOHHOrO TMOTEHIMana Ha pasHOCTL TOKa3anui
aroMibix dacoB. [lepBeiii Takolt 3kcrepuMeHT OB TIpOBEAEH
Xatidene u KUTHHIOM, KOTOpBIE OCYILECTBUIH HONET BOKPYT 3eMiu
Ha caMonérax B NPOTHBOMONOXKHLIX HApaBJACHHAX HECKOTRKHX
HacoB Ha Mapax pyOuaus W CPaBHWIM WX TIOKa3aHus JI0 H Tocne
NOJETOB ¢ TIOKAa3aHWAMH YacoB, OCTABICHITLIX Ha 3Jemne. «B
yacTHocTH, XDHdene u  KHIMHI OINpPCAENHIH  OTHOCHTENBHBIE
Pa3HOCTH MEKIY HIMEPEUHAMH H npeaACKa3alHAMH AN
rPABUTAOMOHHBIX M KHHEMATHYeCKkHX  3(QdexToB,  paBHEIE
npubnusntensHo — 0,01 #0,09 ans MONETOR HA 3anay M OKOJIO —
0,04 20,4 ana nonéros Ha Bocrok» [50;c.219]. TakmM abpasom,
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HOIPEOIHOCTE B JAHHOM 3KCHEPHMEHTE 3HAYUTCILHO I1TpeBRINTAia
oxuaaemslil 3ddexr.

B 1976 roay BogopoAHBIA Maieplbli CTAHNAPT 9acToThl Ohul
AOMEIIEH HA pakeTy M REIBENEH Ha OKONOICMHYIO opbury. [lia
CpaBHEHUS TIOKA33HWH BOAOPOAHOrO Ma3zepHOro CTAHAAPTA HA paKeTe
C TOKa3aHWAMHM AHATOTHYHOTO YCTPOHMCTBA, PACTOIMKEIHOro Ha
3emie, WCTONB3OBANHChL PAAHOCHTHANEL [lOrpcmHOCTE B RaHHOM
JKCTIEPUMENTE B ABa pa3a MpeBblana oxuaaeMoiif opgext[50;c.220].

B 1977 rogy ObimH NpOBEEHB! IKCIEPUMEHTH, B KOTOPEHIX
OLUTH  MCITONIB3OBAHET TPOE TE3HEBRIX YacoB. JTH Yachl Taike
COBECPIUHJIM HECKONBKO MOJIETOB Ha camonérax. «B 3THX 3KcnepH-
MEITax Na3eplbie CUTHANGI I0CLUIATHNCh © 3eMITH H OTpaailuch OT
KyOMYECKHX YIOJKOBEIX OTpaxKarenefl Ha camonére, peanHsys TeM
CaMBIM Ha OPaKTHKE DHHIUTCHHOBCKHH MBICTIEHHBIH IKCIIEPHMEHT 110
CHHXPONM3ALHH Pa3AcEHILIX YACOR C NOMOLIBKY 0OMEIA CBETOBBIMH
curHagamMu» [50;¢.219].

Wrtak, B MeprROM W BTOPOM DKCIICPHMEUTAX HOTPEILIHOCTE
NpeBBINATA  OKHAaeMbld  adibext. B TpeThem  3KCTepHMEHTE
CHHXPORHM3ALKA  9ACOB, JIETALIMX HA  CAMOJNETAaX, 3a4eM-TO
TIPOM3BOANNACE NTA3EPHLIMU MMIYJLCAMH, NOCBUIAEMBIMH C 3EMIH.
Yro, poobuie TOBOpSA, CTaBUT 004 COMHEHHC OIIO3HAYHOCTE
HHTEPOPETAIMM MONYYCHHBIX PE3yNBIaToB. MOXIIO OTMCTHTh, YTO
YCTAHOBKA TacOB Ha camMoNérax (MK Ha pakeTe) JORMIBHO TIOXas
MICA BO BCEX OTHOIUCHHAX: YCKOpEeHHE, CKOPOCTh, BUOPALMH — BCe
3TH MOMEXM CHIBHO MEWIAlT NPOBEASHHID JKcTepuMeHTa. Kpome
Toro, B 70-x romax 20-ro Beka OTIIOCHTE/IBHAA NOIPCILHOCTE X043
NYYUIMX ATOMHBIX 4acoB cocraBmma £ 7-10 7' [18,1.4;c.484], uro
ABHO HEJIOCTATOUHO JNA NPOBEACHHS NOJIOOHEIX IKCIICPUMEHTOB,

J1s nonyucHHS OJHO3HAYHOTO OTBETAa HAa BOIPOC O CKOPOCTH
BPCMEHK  HYXHO CPaBHHTD TOKA3AHUA JIBYX  HENOOBUDICHLLX
OTHOCHTENIBHO JAPYr JApyra 4YacoB, HaxOMILINXCA B 0JuUNAKOSHIX
YCIOBUAX, HO Ha pa3noi BBICOTC. TO CCTH NpOBECTH IIPOCTOM
9KCIIEpPUMENT, ONHCAHHBIN B mnpeppiymeM naparpade. Takoit
SKCAEPHMEHT OyfleT ropas/lo AelUeBe, 1 110 CTO Pe3yibTaTaM MOXKHO
Oyner ciaenaTe odno3HauHbUL BBIBOA O TOM, K&K BIIHACT PABHTALHA
Ha CKOpOCTB MPOTEKAHHA (PU3HYECKKX HPOLIECCOB.
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3TOT TNpPOCTOR DKCIIEPHMEHT IHKOTO HE 3aUHTEDECORA,
BO3MOXKHO, HOTOMY, 4TO B CI'G MCXOUC, TO-BUAMMOMY, HHUKTO IE
coMHesacTcd. Bee abcoromuo yOexIcnbl B TOM, UTO BpeMA B
rpAaBMTAUMONHOM none Teuér wmeameHrnee. Taxoe ydexaenue
OCHOBLIBACTCH, BO-TICPBLIX, Hid IIPHHITHITE IKBUBATIEHTHOCTH, KOTOpb]f"I
NeXUT B (pyspaMenre obmell TEOpHH OTHOCHTENBHOCTH M KOTOPBIH
OCHOBAH fa PaBCHCTBE WHEPTHOH H TAKENOH MacC. A D10 paBeHCTBO,
B CBOIO OYEPCHABL, DKCMEPHMEHTAIBHO IPOBCPCHO C OUEHE BRICOKOH
CTENCHBIO TOUHOCTH. H, BO-BTOPEBIX, M3 NMPHHUMI& DKBHBANIEHTHOCTH
BuITeKaeT OQQeKT IpaBHTAlHOBIIOrO CMCUICHHA  CICKTPILHBIX
JIHHHH, TAKKe TTPOBEPCHHEIN JKCIIEPHMEHTANEIO, A TOT 3dthexT, Kak
IIPHHATC AYMATh, ABIACTCA 3KCNCPHMEHTANBHBIM TI0/[TBEPHACHHUEM
TOro, 4T0 Bpema pOmw3aM Oonpmoii Maccel 3amennserca. WU B
cnenyromeM maparpadie Mel pazdepéM OROIBI, KOTOpPLIE IPHBOAATCA
A% JOKa3aT1¢IbCTBa 1ol TOUKH Ipeuu.

§ 8.5. ®oTOHbI B rpaBMTALMOHHOM none

B obmeill TeopHM OTHOCHTENBHOCTH MPEMONATraetcs, 4YTO
BPEMA B IPABUTALIAOHIIOM none 3aMemmactes. M ama Aokazarcnpcrea
3TOTO NPEATONONKCHNA IPHBOAHTCH CIEUYIOIINE XOPOMIO H3BeCTHLIH

B

Puc. 18. W3 Toukn 4 BuineTaoT hoOToOHbI U
OBwkyTCa K Todke B, HaGnwpartens, Haxoaawmiica Ha

sepxy bawhu, B Touke B, oBHapyxuBaeT, 4To vacToTa
npuneTeBwwx thOTOHGB HECKOMLKO NOHM3WNACK,

3TOT 3KCNEPUMEHTANLHO NpoBepeHHLid adpexT
CHMTREETCA B paMkax oBLEeR TeopuM DTHOCWTENLHOCTH
AOKE3aTEeNbCTBOM TOTC, YTO BPEeMS Ha Bepxy Galudu
TeqET HeCkoNbKo “BbicTpee”, Yem BHUZY.
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npumep (cMotpu pue.18). Houyctum, nabmopatens Haxoanres Ha
pepxy OawnH (rouka B), @ UCTOYHHK CBETA — Y €€ OCHOBAIMA
(Touxa A). B aToM cnyuae Habmonarens 0OHAPYMHT, YTO CHEKTP
H3IyJeHUS [IECKOALKO CABHHYT B MH(pakpacHylo cTopouy. UMeHHO
a1oT 3okt M HuTepripeTHpyeTes B 00LweH TCOPHH OTHOCHTCILHOCTH
KaKk To, 4TO BpeMsa Ha Bepxy Oauwrnu TeuéT OnicTpee, HeM BHH3Y.
APryMenTsl cneayomue.

[penmonoxum, 4TO y OCHOBafMs OULIHW CTOWUT HeNOBEeK U
KasIbi uac yaapscT B Komokon. M ecnu Habmogatens HABEpPXY
OymeT caslmaTh KOTOKOTBHEIH 3BOH TOILKO ONHII pa3 B JIBa aca, TO
OH Brpare OymeT ciciaaTh BLIBOM, UTO HACLI Y 3BOHAPA WAYT B 1Ba
Paza MeIeHHee, UCM Y HETO.

Teneps NpegnonmKHM, YTG Yy OCHOBANHA OALIHH HMECTCA
2BYKOBas MeMOpada, KoTopas kosnebnercs ¢ uacToroil, cKameM,
10 klMy (o uacam, HaxozawkMed BHU3Y). M ecnu Ow1 wabnogaTens,
HAXOIMAWMNCH HAREPXY, YCILIIAN 3BYKOBBIE Konebanus ¢ dacToToH
9 &l y, TO oH ¢aenai Obl BBIBOM, YT0 YACI, HAXOJAIHCCA ¥ OCHOBAHUS
GantHy, Mo KAKOH-TO OPUYHIC YT MCAIGHHEE, YEM Y HETO.

A TaKk Kak CBeT IpelcTaBisaer co00il 3MEKTPOMATHHTHBIC
koneGanusa, u HabAwOaTenb, HaxoOdwuiics HaBepxy, BHAHT, YTO
9acToTa ATHX KoncDalui NOHH3UTACE, TO OH, HCX0AA M3 ITOr0, TAKKE
JISTACT BLIROJ, YTO YACH! Y OCHOBAHHSA Oatuii UIYT MEJUICHHCE, YeM Y
HETO.

JlaHHBIH apryMedT BucpBbie 6bUT Npueaén elwé DAnuTeHOM.
A 3areM MHOTOKPATHO WCTIOJB30BAICA B HAyunoil JidTepaType.
HauGousee fACHO OH H3M0XKCH B 3-X ToMHOM ydeDHHKe «[ paBvTaumsy»
Musuepa, Topua u Yunepa. [Ipuseniém seicpaxky u3 nero: «Huxaimi
IKCTIEPUMEHTATOP MCIYCKAET HIEKTPOMATHHTHEIA CHriai (UKCRpO-
BAHHOH CTARMAPTHOH YACTOTH (yumy, IPHHUMAECMBLT nabmonaTeneM
Hapepxy. Jns onpenenéHROCTH MONOKHM, YTO CHTHAN NPEJCTABISET
coboit uMnynec, coaepkawmii Touno N konedanuit. Torsa narepean
BPCMEHM O Tyypen, B TEUSHHE KOTOPOIO HCIYCKACTCS HMITYJIIRC, 3a7a8TCs
BoIpOKEHHEM 27N = Wumen Olwumy. DEPXHWH HaOMIQOATENh JOMWKEH
NpHHATE Te ke N KonebDaHuidl JMeKTPOMardHHTHOTO BOJINIOBOTO
HMIYJECA M H3MEPHTD BPEMS Oy, KOTOPOE I OTOTO NOTpelyerca.
Cormacuo  ompeacnesidto  “4acToThl”  UMEEM 27N = Waepry OTuepne
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DddexT KPAacHOTO CMEUICHWS, YCTAHOBIEHHBIH 3KCNIEPHMEHTAIBHO
(s HAC) MM M3 3aKOHA COXPadeHWA 3Hepruu (ana DHHmTelna),
CBHMJAETEARCTBYET O TOM, HYTO  (heprn < Guunews CNCAOBATENBLHO,
HWHTEPBABL BPCMEH HMCIOT pasHyro JUTHTC/IBHOCTD:
Oluepen = Olwuaew» [27,7.1;6.237,238].

Wrax, nabmogatens, HaxoAATIHAICS HaBepxy, Ha0MIONAET HEKO-
TOPBIA NEPHOAHYECKHH TIPOIICCC © TACTOTOH (husey, MPOHCXOAALLUH Y
ochosanua Oamnu. M ow o0HapyXkusaer, uTOo ITOT MNpouece
NPOHCXOAUT € YaCTOTOH @Woepry < Whunen- M B PE3yNIBTaTE OH JBENIACT
BLIBO/L, YTO BPEMSA Y OCHOBAHHA OQIIHE TeYET MEJNEHHEE, YEM Y HEro.

Onnako, TakoH BuIBOJT HeoOOCHOBaH, W BOT itodeMy. Cmer
CYLIECTBENHO OTIAHYACTCA OT 3BYKA. 3BYK npeactapisicT coboi
MexaHHyeckne KoneOaHws B cpege, 3BYK He S614emcH TNOTOKOM
YACTHIL. A BOT CBET — 3TO MOTOK YacTHL — (JOTOHOR. ITH YACTHIIBI —
nedeaunrtl, CROIbKO POTOHOB BBINETENO CHU3Y BBEPX, CTOMBKO HX M
OyAeT 3aperucTpupoBano agepxy.

Ecnn y ocnopamna 0amau konebinercs 3rykopas membpana, To
0T Hef Mo BO3AYyXy Oydyr pacnpoCTPaHATBCH 3BYKOBRIE BOIHEL.
[Teyromy  wabmiozaTens,  HAXOAANWMIACA  HABEPXy,  CMOXKET
3apErucTPHPOBATEL Kaxjaoe konebanye memGpans. M B sToM coyuae
0 Y3CTOTe BOCIPUHHMACMEIX KONeOaHHH OH CMOXET CAC/ATH
OJHO3HAYHBIA BLIBOL O CKOPOCTH BPEMEHH Y OCHOBAHHA OaUIHU.

A Tenepb NPEANONOKHM, YTO Y OCHOBAlMA OalMy coBEpLLaeT
konchanus anekTpuueckuit sapsia. 3apan Oyaer msayuarh (oTOHBI,
HBUKEHUE KOTOPBIX MOMXHO TOMLKO NpPHOMDKENHO ONMUCATE Kak
ABWXKEHHC BONHLI B NMpoctpancTee. M naGmonarent Hamepxy Oyaer
pCTMCTPHPOBATL HE KakAOE OTAENbHOE Konebawme 3apsaa (kak B
CITydae co 3ByKoBOH MeMmOpanoit), a KaxaLid oTACTEHEH QoToH.

Habnwopatens RaBepxy  permeTpupyer ©$HoTon, €acToTa
KOTOPOTO MHCCKONBKO TOHH3MNAck, UTO OH BOpaBe NMpelnoNoXHIBb,
uexons u3  ororo? Toapko TO, UTOT Toxa QoTow Jeren B
TPaBHTALMOHHOM MOJIE, €M0 CBOHCTBA HECKONBLKO MU3MCIIMUCh, OH He
BNPaBE CACNATh BBIBOJ, YTO BpeMsl BHU3Y “‘Teuér McluienHee”. Bot
€civ Ob CHH3Y BBEPX Kaicaylo cekynay eouierano /000 ¢gortoHog, a
HaOMoJaTens HABEPXY PErHCIPHPOBAN OBl Kaxaylwo cekynay 999
(OTOHOB (4MCNa YCNOBHBIE), TO TOTAA OH BOpaBe GHUT OBl CHCIATH
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BBLIBOJL, MTO BPEMA BHU3Y “‘TCYET MeTIEHHES” Ha OAHY THICAUHYIO, YeM
y Hero.

Hanpumep, ¢ TOUKM 3pEHUS KBalTOBOW TEOPHH IpPaBHTALMA
BPCMA Y OCHOBaHMs OallHH Tey€T HeCKONbKO “OblcTpee” uHem
HaBepXy. M ecniM CHH3Y BBEPX KamAYW CEKYHAY OyIeT BuUIeTaTh N
¢oToHOB, To HabMWaaTeNs Hasepxy Oyner perHcTpupoBartek Te xe N
¢oTOHOR 33 BpeMH HECKONBLKO MEHBLUCE, YeM ofHa cexyhaa. Ho npu
3TOM YacToTa KAKAOTo (oToHa GyAET HECKONBKO 1MIKE, TO ecTh
nabmoRatens Takke OOHApYKHT 3pdexT KpacHOro CMEleHHs
CHEKTPATBHBIX JIMHHH.

TakuM obpazom, ucxoas H3 3(pdekTa TIpaBHMTAUNOHHOTO
CMCILCHUA CMEKTPATLHAIX JIMHMH, HEmb3s CAENaTh OTHO3HAYHBIN
BGLIBOJ O “3aMemmenHu” HIH “yCKOPEHUH’ BPEMCHH,

§ 8.6. Bpems v 061an Teopus OTHOCUTENHLHOCTH

B otom mnaparpade MBI paccMOTPHM  NOBOAbI, KOTOphlE
UCTIONBL3YIOTCA B 00U1Ed TCOPHH OTHOCHTEIIBHOCTH [l 000CHOBAHHSA
eé OCIIOBHEIX Nonoxenuid. TlpH srom raubonpinec Biumanne Oyaem
YIIeJIATE BOMPOCY ¢ “CKOPOCTH BpeMeHH™ B IPABUTALIHONHOM TIOJTe.

Xopowo M3BECTHO, UTO YCKOPCHHE TEiad B NOJNE THKECTH He
3aBHCHT OT €T0 HHEPTHOH MACCHI, TO €CTh IPaBHTALMOIIHAA Macca
Tena 6cezda TPOMOPUMOHANBHA €ro HHeprHoii Macce. llostomy
OBHAKEHHE TEX B TOJE THKECTH [OXOKE Ha IBIKEHHE Ten B
HeHlieplHansAOH cucTeMe orcuéra. Hexoas M3 aroro, DHMHIITEHH
cthOpPMYITHPOEBAN MPHRIKII SKBHBANIEHTHOCTH, CYTh KOTOPOr® COCTOUT
B CIIE/lYIOLIEM.

Paccmorpum are naGopatopun. OaHAa M3 HYMX HAXOIUTCA Ha
3emne, e nelcTBYET CHNA TXKECTH g . A ApYTas ABHKETCS B NYCTOM

NPOCTPaHCTBE € YCKOpeHHeM —g . [IpMHLOHO 2KBMBANEHTHOCTH

YTBEPIKAACT, 4TO 6ce GHU3IHYECKHE mpolecchl 6YNyT MpOTEKaTh B
00cHX Mad0opaTopHaAX OUHIAKOBO.

Temepp paccMOTPM B KadecTBe [PHMEPA  SKCHEPHMEHT,
myobpaxkénnpiii Ha puc. 18, Ecmm  ucXOAMIE M3 OPHHIMIG
IKBUBANCHTHOCTH, TO MOXHO CHHTATH, YTO HHKEKOTO ITOMA TAMECTH
HeT, HO Bcé, uTo H300pakeHO Ha PHCYHKE, ABHXKETCH BBEpX ¢
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yckopeuueM g. M B 9ToM citydac 3a spemd, 1oka (pOTOH TETHT CHH3Y

BB¢pX (Bpems noaéra Qoroma t =L/, rac L - Beicota Oawyn),

HaluonaTe:b, HAXOAAMMHACA UABEPXY, MONY4aeT AONOTHUTCIBITYIO

ckopocts AV = gf (oH Belh JIBIDKETCS BBEPX € yckopeHuem g). H,

TAKUM 00pazoM, oH OOHAPYXMT, UTQ CIOCKTP H3NYUIEHMA CABHIIYT B

HH(PAKPACHYIO CTOPOHY, H BENHIHHA KPACHOr0 CMEIIEHHS Z paBlia:
z=AV/c=gLlic? = Ap/c?

Henonb3ys npuHALHN 3KBUBANCHTHOCTH, MOXIIO DAacCHHTaTh,
KaKkHe U3 4acoB, U300paxénuex Ha puc.17, Oyayr orcTaBarh. M ecnm
ITOT HPIHUHI BepeH, TO OYAyT OTCTABATL HACHl, HAXOAAMHECH BHH3Y.

ChopMymipyem Temeph emé pa3 BKpaTue CyTh JAOBOJOB,
NPHBOMMMEIX B paMKkax o0uell TeopHH OTHOCHTENLHOCTH B MONB3Y
TOrD, YTC BPEMS B IPABUTAIIMOHHOM ITONE 3aMETIeTCs.

1. YCTanoBNEHHOE C BBICOKOH CTETMEHEI0 TOUIOCTH PABEHCTBO
HHEPTHOH M TPaBHTAHOHHOH MACC CUHTAETCS JKCNEPHMEHTAIBHBIM
MOATBEPKACHUEM TPYHLINA JXBHBATEHTHOCTH.

2. YcranosncnHeld (PAKT TPABUTALHMONHOIC CMEILEHHA CHIEKT-
PANBLHBIX THHHH TaKKE CYMTACTCS DKCTICPHMCIITAILHBIM NOATBEPKIC-
HHUEM NPUHLHAITA YKBHBATEHTHOCTH.

3. M3 npudmpna SKBHBUIEHTHOCTH CHEAYCT, 9YTO BpeMA B
FPABUTALTHOHHOM [10N€ 3aMENACHCA.

4. Kpome Toro, u3 3kcnepuMeEHTANLHO YCTAHOBACHHOIO ¢akra
IPABHTAIIMOHION0 CMELUEHWS CHCKTPaNbHBIX JTHHUH QCHOZHAUHO
NemaeTcd BRIBOL (CM. INpeasldyuwimd naparpad), 9To BpeMmHd B
IPABHTALIHOHHOM MOJIC TAKKC 3aMETIAETCA,

Bce 3TH JOBOAR! BRIFIAAAT TOCTATOUHO YOCAUTCITHHBIMH, H
HY>XHO ObUI0 NOCTPOHTE HOBYKD TEOPHIO (KBAHTOBYH TEOPHIO
rpaBUTAIMK), YTOOBI NOIATE, TAE B HUX JONYLUCHB! OLIHOKH.

Ilepeaa ounbra (MoxHO cxasare Gosnee MATKO: NOrHUecKas
HETOYHOCTB, HO OT 3TOTO CyTb HE MCHsCTCH). PaBeHCTBO HHEPTHOH H
TPABHTAIIHOHHOH MAcc He MBIACTCH [IOATBEPKICHUEM [IPHHIMIIA
sxpuBaneaTHOCTH, Hanpumep, u3z Hosoro 3aiona (2.1) Taxxke cienyer
paBeHCTBO HIICPTUOH M rpaBHTaUMOHHOR Macc (§ 3.2), u mosTomy
IKCTICPUMEHTANLHBIH  (akT JTOr0 paBeHCTBA MOXHO  TaKXKe
paccMaTpHRaTh M Kak monrsepxacnue Hosoro sakoHa. A Hoshiid
3aKOH MMPOTHROPEUUT NPHHLHUINY IKBUBAJICHTIOCTH.
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Tarxe wens3s pacemarpieate  3QEEKT TPaBHUTAUMOHHOIO
CMEIIEHHA CHEKTPanRHRIX JUNHH Kak MOATBEP#IeHWe TNpHHIMNA
DKBHBANCHTHOCTH. [loTOMy dTO 3TOT 3Q(eKT ¢ paBHBIM MPABOM
MOXHO PaccMATPHBATh M KAaK MOITBCKACHUE KBAaHTOBOR TeopHu
rpaBuTaiiuH (§ 4.9), xoTopas uenHkoM noctpoena Ha HopoM 3akone.

Bmopas  cwubxa. Hexoms  u3 abdexkta  Kpacworo
IPABUTALUOHHOTO cMmetlenns (pHC.18) Henmb3d caenats BBIBOA, YTO
BpeMs BHHAZY OawmHu “Teuér meineHree”. Hanpumep, ¢ TOYKY 3peHns
KBaHTOBOH TEOPHH TpaBUTAUMM BpeMa pHM3y Oammm  “reuét
OnictTpee”, HO HecMOTps Ha 310 nabnoaarens, HaxoAAWHHACS 11aBepxy,
obHapyxHnT, uto $oToPH “nokpacmenn” (CMOTPH TIPEALIAYILHH
maparpad).

TaxkuM 06pazoM, U3 BCEX DKCIEPHMEHTOB, NOITBEPKIAIOMMKK
00y TEeopHI0 QTHOCHTENGHOCTH (rPaBHTALNUONLOE CMCIOEHHE
CHEKTPANLHBIX JIHHHA; pPaBEHCTBO HHEPTHOM H TKENOH Mace;
OTKICHEHHE Nyda ¢Berd, npoxoadmero sonuin Comnua; “zanepisa’
pagHoCHIHANA; CMeweHHe nepurends MepkypHd) Henw3s cAEnaTs
OJHOYHAYHEIM BBIBOA © 3aMellTeHUW BpemenH BOmuzM OONBINOH
MACChLL M O CHIPABEUTHROCTH NPHHUHUIEA JKEUBATCHTHOCTH, A TIPAMBIE
IKCIIEPUMEHTEI IO MPOBEPKE HENOCPEICTBCHHOTO RITHSHAA BETHUHIIBE
TPABUTAUWOHHOI'O MOTCHIWANIZA Ha CKOPOCTE BpemeHH (puc.17)
MIOYeMY~TO 1 IPOBOIHIIACE.

Bo3paxkeHHst TPOTUB NPHILIMIE JKBHBATEHTHOCTH He pa3s
BLLIBUTATHCE B HAyuHoil JMTepaType (mpaB;a, 1O JAPYTHM
nprurHaM). CmoTtpu, sanpumep [17;§61]). IpeanararoT paxe copcem
OTKA3aTbCs OT TOTO NMPHUHLIMNA, @ YPABHEHWS TATOTEHHS DHHIITEHHA
(4.2) DOAYHHTH, HCXOAM M3 NPEANCIMKEHHS, YTO NPOCTPAHCTBO-
Bpems MCKpMBnseTca BOMM3M Macc. Takoi nyTh OCTpoCHHS odweH
TEOPHH OTHOCHTCJIBIIOCTH BO3MOKeH. Chorpu, dampumep [17;§52].
OpHako M B 3TOM ClIydYac lIENB3s CAENATh OJHO3ZHAUHEBIA BLIBOI O
JAMEIIEHHU EpeMetd BOI3n Oonewoil maccwl, [defictBuTentno, U3
ypasuenui (4.2) cneayet [5;¢.393), 4ro KRagpat MHTEpPBANa B cnaboM
IPABUTAMOHHOM TI0fi€, CO3RABAEMOM TOUedHOH Maccoil M, mmeer
CIenyomui B (4.3):

@ cdt’ - 1+ZG"§! dr?

re rc

2

ds* =|1-
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M 5T0 BBIpaKEHHS [IPAKTHUECKH TIQTHOCTBIO (C TOUHOCTBIO 110 WIEHOB
nopazka (GM/rc?)?) copnanaer ¢ BHRIpaKCHHEM ANA KBaAPaTd MHTED-
BAJI4, PACCYUTAHHOM B PAMKax KBaITOBOM TeopHH rpaBHTalmu (7.18):
cldi’ , Mo,
o -~ (142G m—z)dz;
- o

(I+2G ” j)

Bripaskerue (7.18) Opu10 paccuyTao, HCX0DA H3 MPEANOFoxe-
HEA, uTo BORM3IW GONBIION Maccel Bpems “Teudr OwicTpee” (4.20),
(7.14). TToaToMy, HCXOZS H3 BeIpaxenus (4.3), HCIb3A CAETATEL BHIBOJ
0 TOM, 4TO BpeMA BOMH3H OOMKIION MaCcCH 3aMCUIIETCA.

[Meperiii unen pripaxkenus (7.18) B paMKax KBaHTOBOH TeOpHH
rpaBUTANMH HUMeEeT MPOCToN du3nueckud cMeicy. BOmmsu Honsuioi
MacChl HEONPeJeNéHHOCTh B JBIXEHHH WaCTHI[ YMeHRINAeTCH,
BCAENCTBHE O5TOr0 pa3Mepsl aTOMOB TaKke yMeHblawTca. B
PE3YNBTATE BO3PACTAET OJHEPIUA TNEPexoAa IMEKTPOHA ¢ OAHOrO
YPOBHA Ha Apyro# (4.19), 1, 3HAYHT, IOBLIUAETCA HACTOTA U3IYYEHHA
moboit cnexkTparsHOi muHME (4.20), TO ecTh AAMTENBHOCTH JHOOOTO
NMEePUOANYCCKOro Hpollecca BOMM3H OONBIIOH MACCHl CoXpaaemes, u,
CIEI0BATENBI0, CKOPOCTh €ro IIPOTEKAHNS gospacmaen,

A kakol (a3HMYCCKMH CMBICK MMEET IepBBII WiEH B
BelpaskeHMH (4.3) B pamxax oD0leHd TeopHH OTHOCHTENBHOCTH?
OunbouyHOCT (MMM, JIyUIIE CKa3aTh, (PUIMYECKAT HECOCTOATEINb-
HOCTB) 0OImelf TeopuH OTHOCHTEARHOCTH 3AKNIOYAETCA B TOM, 4TO B
HeH HeT 4€TKOro OnpeiccHus HU BPEMEHH, BN paccroaHus. I Bpems,
u paccrosfke B 00mei TEOPHH OTHOCHTEIBHOCTH PACCMATPHBAIOTCS B
OTPBIBE OT KOHKPETHLIX {UIHMICCKUX [POIECCOB, TO €CTb HOCHT
abcTpakTHBIH  Xapaxrep. 3TOT HeJOCTaTOK  ofmedl  Teopun
OTHOCHTENbHOCTH ORI ykazaH emé Oitnwreiiniom (cm. § 7.1) n
paccMaTpuBalics WM KAk BpeMeHHbIH. OpOnaxko, mo npowmecTsny
MHOIHMX JIET HecMOTpPss Ha 3HAYHTENBHBIE YCIEXH KBAHTOBOM
MCXaHHKH, CHTYaLHA HUCKONBKO He H3McHMnack. M B crexymouem
maparpae MBl pacCMOTPHM TPACKTOPMIO ABHXKEHUA YACTHLBI B
I'PABHTAIIHOHHOM TIOINC ¢ TOYKH 3pCHUM KBAHTOBOH MexaHHKH. I
IIOKAXKEM, 4YTO [IPEANONOKeHYe O 3aMEJIeHHH BpPEMeHH BOIu3M
GOJBIIOH MAcCBl B KOPHE HEBEPHO,

ds? =



$ 8.7 Hacmuya & epagumayuoninom noue 207

§ 8.7. YactTuya B rpaBMTaLMOHHOM Rone

Xopowo H3IBECTHO, 9T0 BCe 4HacTwuel (TAK JKC Kak W Tena)
UpUTATHBatOTCH ¥ 3emne. MOXKHO cka3aTh, 4TO CO CTOPOHBI 3eMJH Ha
YacTHIY JAeHCTBYET CHIa, B II09TOMY OHa NMPWTATHBACTCA K 3emile
(Takoit noaxom ¥ TpPaBUTALMHM TNpPHMEHAETCR B TEOPHH TATOTEHHS
HeloToHa). A MOXHO CKa3aTh, 4TO YaCTHUA ABHAKETCA NO “NpaMOi
THHEH” {Te0;1e3MIeCKoil) B HCKPHBIEHHOM NpOCTPaHCTBe-BpeMenn. U
TaK KakK MPOCTPAHCTBCHHO-BPeMeHHOH macmrad WIMEHSCTCH B
3aBHCHMOCTH OT BBICOTHI Hall IOBEPXHOCTHIO 3JeMIIM, TO ¢ TOUKH
3peHus  HenoaBwikHOTe Halugatens Takas  “‘npamas”  Oyner
HCKpHBIeHa. IMeHHO Takol NOLX0a K IPARHTAUMH MpHMEHIETCA Kak
B 00leHd TEopuH OTHOCHTE/ILHOCTH, TaK M B KBAHTOBOH TeOpHH
rPaBHTALIHH.

HanoMuuM, 4YTO € TOYKH 3pEHHA KBAaHTOBOW MEXAHHKH
JIBIDKYILAACA YACTHIA (IpeAcTaBiseT Co00il ABHKYWYIOCA BOIHY. A
BOMMIA JIBIOKCTCS W3 OAHOR TOUKY B APYTYIO Tax, urofbl pazHocTs (al
B KOHIIE W Hauane nyrtH Onima MHHHManeHa [6;¢.36] (cMOTpH Takxe
§4.7), To ecTp BOJHA [ABMHKETCA Tak, dTOOB 3aTpaTHTh Ha
OpOHASHHDBI My Ts MunuMysm COOCTBEHHEIX Konebannii. A 370, B CBOKO
oYepesb, 0311a4aeT, YTO YACTHIA ABUIKETCH U3 OAHOH TOUYKH B JPYTYHO
TaK, 4ToOBI 3aTpaTHTL Ha NPOHAEHHDIH [IyTe MHHMMYM BPEMEHH,
UBMEPEHHO20 RO cOBCMAaeHHbIM Hacam (TO €CTh B EMMHHLIAX BPEMENH
KpAaTHBIX COOCTBEHHOMY MePHOAY KosteOaumil).

[Mpennonoxum, 49T0 HUKAKOrO TPABHTAITMOHHOTO NONA 1IET, 1
4acTHOA ABHIKETCA H3 TO4YKH 4 B TOYKy B 1o mpiaMod (cMOTpu
prc. 19). To ecTh YacTHOa ABHXKCTCA TaK, 4YTOOBI 3aTPaTHTH Ha
MpoHAEHHBIA NMYTE MHOWMMYM BpeMcHH. llycTh OHa 3aTpadyMBaeT Ha
ITOT TMyTh, K npuMepy, /00 cekyrn, Tcneps NpeiionokKAM, UTO B
BepXHeil momynnockocTd {(Hag npaMoi AB) Bpemsa cTano Teuh
MeaneHuee, ckakeM Ha 10%, vem Ha upamod AB, a B HWKHEH
nosnyiockoct — Ha [0% OwicTpeH. Bonpoc: Kak B 3TOM crydae
OyJer ABHTaTbCA HACTHHA — MO TpAMOMY OTpe3ky AB, o KpuBoii
ACB uan no xpusoit ADB?

Ji1st npocToThl UPCATIONGKAM, 4TO OTKJIOHCHME YACTHULI OT
NpSMOH NTHHWH HE3HAYHTCNBHO. TO ¢CTh 3T0 031avaeT, YTo NO YacaM
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HaOIroaTens, HaXOAMUErocs HA UpaMod AB, JacTMna 3aTpaTur
TIPUMEPHO OIHIAKOBOE BpeMs U na nyTs ACE, # Ha nyte ADB, v na
nyThL N0 npaMoMy otpesky AB. Ho Bens wactvia Jsmkercs Tak,
qroful 3aTpaTHTE Ha OpOAACHULI NYyTE MUHHMYM BPEMCHHM HO
cobemeennviat wacanm. Jlag Gonuuell HarmATROCTI NPSAONOKUM, YTO
macTula He cTaOMnbHa, W BpemA e€ SKM3HM Kak pa3 cocTapnset [0
cekyH/. M juia wacTHUL! TI0 BpeMenu OydeT Kopode ToT ITyTh, Ha
KOTOPHIH 0114 3ATPATHT MCHBITYIO YACTh CBOEGH KU3HMN.

Ecny 6u1 yacTHua JIRHTanack 1o kpusoil 428, rae spems Teuér
ua [(% Gsictpee, 10 eil moTpedosanocs OBl 3aTparuTh Ha CROI OYTH
no co0cTeernsM vacaM (KOTOpele B 9TOM clitydae mn Ovl Ha 0%
fnicTpee) Gonpine Bpemenu — /0 cexymp. To ecTs uyacThmia we
noseTena 6sl 10 TOYKH B. A ecan 6b1 HacTHIA BHTANACH NO KPHBOH
ACB, tae pems 1euér meanennce Ha /0%, 10 oMa 3arpatuiia 6u1 Ha
CBOM MyTh N0 cOOCTBEHIBIM YacaM, cOOTBeTcTReNHo, 90 cexyna. To
£CTEL OHA 3aFpaTHAa Bel 113 NyTh M3 ToYKU A B TOuKy B Tonsxo 90%
ceoei  xm3uw. Cremorarenblio, 4YacTHua OyAeT ABHTATRCA  HO
KpuBoil ACH.

HWrak, ytoObl npadTH M3 TOYKHM A B TOMKY B Kak MOXKIO
GuicTpee (0 cOOCTBEWHEIM wacaM) HaCTHUA HEeMHOI'O 3aRepHET B TY
0bmacTh MPOCTPAHCTEA, T BpeMs TedET Me/leiice.

Xopomo H3BECTHO, YTO B IPAaBUTAIIMONHOM TONE 3eMau
yacTuua aBHxeTea o napabone. M tpu nemkennu w3 toukn A B

C

A 7 7 spema meuem melnennes - . B
gpems meusm Bbicmpee

D

Puc. 19.  Ecnu Bpems 80 BLEX TOWKax MPOCTPAHCTBA TEuET

opuHakoso BoicTpo, To vacThya ByaeT ABUraTbeA U3 ToukM A B Touky B no
NpAMOR. HO ecnu B HMXHEH NONYNNOCKOCTM BPeMs Teqér GuicTpee, a B
Bepxueli, HaobopoT, megneHHee, TO 4YacTWLa TPk [BWKEHUA HEMHOro
3aBepHET B BEPXHIOW NONYTNNOCKOCTb, YTODbl 3aTPaTWTL Ha MPOAOEHHBIA
NyTH MEHLLIYIO HaCTE CBOER JKU3HU.
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TOUKY 8 OHA HEMHOIO 3aBOPayMBaAET B 0ONACTE, HAXOAMYIOCA BLIIEC
OT TIOBEPXHOCTYH JeMiH (cmoTrpy puc. 20). Ho 7To xax pa3 u oznavaeT,
4To Ha GonpUIcH BRICOTE BpeMsA TeuéT MELIeHHee. 1o eCTh I1a
Ooabliedl BBICOTC CKOPOCTE NPOTEKAHHS (PHU3HYECKHX TIPOLECCOB
HECKOIBbKO yMennlraeTcd. M, cooTBeTcTBeHHO, dacTOTa KoNebaHHI
Mo0oT0 MepHOAHICCKOTO MPONEcca HECKOMBKO NoHKaeTes (4.20),

DTOT BHIBOL IOAHOCTHIO cOTfacyerca ¢ KBaHTOBOW TeopHei
TPaBuTalMM W noxasuBaerT omubounocTs  obumell  Teopnm
OTHOCHTEABHOCTH.

Takum 00pasoM, HECIHOXHBIL 2ZHATHI TPACKTOPUH ABYKEHHS
YACTHITHL B TIOJIE TSHKECTH 3EMJIH, BHITTONHEHHBIH B PaMKax KBaHTOBOH
MEXAHUKH, MOKA3bIBACT, YTO OAHO M3 OCHOBHLIX ITONOKEHHH obniei
TEOPHH OTITOCHTEILHOCTH (0 3aMeNellHi BpeMeHN BOJH3U 6OMBIIOIH
MACCHI) B KOPHE HEBEPHO.

Beuny oco0oil BaKHOCTH 3TOr0 BBIBOAA, @ TAKKE YUHTHIBAA TO,
4TO TAKOE BO3PAKEHKE NPOTHE OCHOBHBIX HOAMKCHHH oDueH Teopun
OTHOCHTENBHOCTH, MO-BHAHMOMY, [HKOIZA paluellle B  Hay'Ho#
JUTEPATYpE He paccMaTpHBanmoch, jaBaliTe emé pa3s  KpaTko
chOpMYTHPYCM €ro CyTh.

C ToukH 3peHus OOLICH TEOpHH OTHOCUTENBEHOCTH Ha DONLIICH
BeICOTE BpeMs Ted€T GwicTpee. M nrobbie vace! (@, 3HAYHT, W NHOOLIC
hU3HUECKHE TIPOLECCH), CBA3JAHHBIE C ABMKYIISHCA M3 TOUKH A B
touky B wactuuedt (pyc.20), OyiyT uatH OsicTpee, HYem robbie Hach,
IBHKyIIHecs no npsmoit 48, bonee toro, «ucrunnas opOHTA 4acos

C

Puc. 20. Xopowec W3BecTHD, YTO B NONe TAXECTH 3emnu
vacTvua ABvKeTcs U3 Toum A B Touxy B no napatone 4CB. To ects gna
Torg, 4robbl  3aTpatiTe Ha NyTb W3 Tovku A B Touky 5 MeHbiliee spemn

(N0 CBOMM uacaM), 4acTMUa 3IABOPAYMBAET HEMHOTO BBEpXx. W aTo
o3HayaeT, uTo Ha GoNLLIeN BLICOTE BPEMA TEYET MEQNeHHee,
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370 Ta, KOTOpas COOTBETCTBYET MAKCHUMAIIBHOMY COOCTBEIIHOMY
spemenu» [10;¢.158]. Oto oaHo w3 wmoveBblx monoxeHud obweh
TEOPHU OTHOCHTENBHOCTH.

Ho, ¢ npyroil cTopoHHl, ¢ TOYKH 3pEHHA KBAHTOBOW MEXAHWKN
JBHKEHHE HaCTHIB! MOXKET OBITE TOAHOCTRKY OMHCAHO HPH TIOMOLUH
BONHOBOH ‘V—yHKLINH, KOTOpas ONpenenseT aMILIHTYIy TIIOTHOCTH
BEPOATHOCTH €€ MECTOHMAXOKIEHHS B MPOCTPaHCTRe. A mrobas BOJTHA
gcezda ABHIXETCA MO KpaTuaiilleMy ONTHYECKOMY TTyTH, TO €CTh Tak,
4T700E1 ObUTa MHHUMAEHA Pa3HOCTh (a2 B KOHIlE B Hadane MyTH (B
HIPOTUBHOM cllydae Bce ONMH3KOPACIIONONKEHHBIE K TPAEKTOPHH TYTH
npuxoauny Ool B Touky B ¢ pasHoil $a3oif, W B pe3ynbTare
BEPOATHOCTb OOHAPYKHTH YACTHLY B OKPECTHOCTH 3TOH TOUKe Oblna
Osl paBua Hy/f0). ITO 03HAYAET, 4TO BOJHA NPHU ABWIKEHWH W3
TOUKH A B TOYKY B IBWKeTcs Tak, 9T00b! COBEPNINTE 38 BPEMS CBOETO
OyTH KaK MOXKHO MeHbiee MNCIo coOCTBEHHBIX kKomebanni. To ecTs
JacTHia OyIeT ABHraTtecsa Tak, 4TOOBl 3aTPaTHTh Ha IPOHACHHBIH
nyTs Mutiumym COBCTBEHHOTO BPEMEBH.

Wrak, ¢ TOYKH 3pedus o0OIeill TCOPHH OTHOCHMTENEHOCTH
YacTHLA ABMIKETCA M3 TOUYKH A B TOUKy B Tak, yT0oOwl 3aTpaTuTh 114a
LPOHACHHBIA OYTh MaKxcumym cOOCTBEHHOTC BpeMeHH. W3 3Toil Touku
3peHHd CIENYECT, YTO BpeMaA Ha Ooabuiel BEIcoTe OYIeT Teys OblcTpee.
A ¢ TOYKH 3pEeHMA KBAHTOBOH MEXAaHHKW YacTHLIA ABHKETCA U3 TOUKH
A B Toury B Tak, 4uTo0ni 3aTpaTHTh HAa MPOHJIEHHLIA TIyTh MUHHUMYM
cofcTeennoro Bpemenn. M3 370l ToUkk 3peHHA chaeayeT, 4TO Bpem:
Ha 60onbWO BEICOTE BYIET TEYh MEIICHHEE.

‘Taxnum o0pa3oM, OCHOBIOE TTOJIOKECHHE KBAHTOBOH MEXAHHKH O
TOM, 4YTO u4acTHIa o0JajaeT BOTHOBHIMH CBOWCTBAMH, B KOpHE
OPOTHBOPEYMT  OCHOBHOMY  TOJIOKEHHI0O  oDumie  Teopnm
OTHOCHTENBHOCTH O TOM, YTO Bpemsa BOmM3n Oonbirol macen
3aMEIITAETCS. ]

Tak Kak HCTHHHOCTE KBANTOBOH MEXaHMKH NPOBEpENa B
MHOTOUHCIIEHHBIX DJKCIOEPHMEHTaX ¢ OYEHb BBHICOKOH CTCNEHBIO
TOYHOCTH, TO MOKHO CAENATh BLIBOA, YTO OumMOKa 3a10KCHA B
bynmamenTe o6 TeOpHH OTHOCHTENBHOCTH, M, cienosareiniio, u3
JBYX ONHHAKOBEIX HacOB OTCTAHYT T€, KOTOPBIC PACTIONMKEHTI Bbltide
Haf 3eMHOH 1oBepxnocTeio (puc. 17).



Fmasa 9

B os10i rmaBe Mpl paccMOTpHM Hau@onee HHTEpeCHbIE
NpobaeMEl COBPEMCITHOM KOCMOINOIUH, KOTOPHIC SBHLIM 00pasom
HE BIHCLIBAKOYTCA B CTaHI[apTIIyIO MOJIENTE pElCHIHpHIOIL[GﬁCH

BceenenHol, oOcHOBaHHYI0O Ha ypaBHeHWsX ofneit  Teopuu
OTHOCHTENBEHOCTH.

yom |

§ 9.1. UamepeHue paccTonHUK

dns toro 4rofm COCTABUTH HCKOTOPOC IMPEACTABICHUC 0D
ycTpoicTse Beenentiol, nHeo0X0AMMO YMCTh ONPEICAATE PACCTOAHHS
IO pa3THYHLIX HebecHBIX OOBEKTOB (3BE3N, TAMAKTHK, KHA3apOB...).
Ceiliyac MEI pPaccMOTPMM HEKOTOpLIE H3 OCHOBHHIX cmocofoB
ompegenerns pacCcTOAHAH.

1. Tpnaronomerpuwecknii napamnake. Kaxupie noaroaa
3eMna mepeMemjaeTcas B mpoctpancree na 300 MMNNIHOEOB
kunomerpoB. Ms-za oToro mHampasnewwie wa OIH3KYI0  3BC3ay
cMmewaetcd Ha Heboinburoi  yrom. Yroa, pasHel NOJNOBWHE Yria
CMelieHus, HA3kIBaeTCA NapanmakeoM 3Be3ael, Jaxke mus Onmxaifwnx
3831 maparutake MeneIue [ cekyHAasl (3600 cexylln cocTaBaaIoT OOMH
rpaayc). 3Has yroid CMEWCHMA H LHAaMeTp 3eMHOH OpOMTHI, nerko
oupenenuTh paccToAHue N0 3Be3npl. [Iph 2TOM napanmakc B OOHYy
CEKYHAY COOTBETCTBYET PacCTOAHHIO OKOJAO TPEX CBETOBLIX JET.
Takoe paccTofnHe Ha3BIBAETCH HAPCEKOM. [1apCeK HMCTONLIVIOT B
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ACTPOIOMUH B KaueCTBe ENUHHNLI  H3MepeHHs  pPacCTOAHHIH
(/ nx = 3,262 ceerostix roaa). MeToAoM TPHTOHOMETPHYECKOTO
mapanIakca MOKHO ONpedendTbh PacCTosIMiA TONBKO 10 OIM3KHX
38E31, HAXOMAIHXCS HA PACCTOAHHAX (IOPHIKA THICAYN CRETOBRIX JICT.

2. MeTton asnkyuerocs ckonnednsn.  [lpn  aeuskenuy
3BE3AHATO CKOMIEHHA M0 TANaKTHKE BCC BXOISINIE B HEro 3pE3abl
[EPEeMELIAOTC B NPOCTPAACTRE TPAKTHYCCKH MO  [ApanIenbliniM
TpaekTopuam. ECTi BEeKTOPB! CKOPOCTEH BMANMOIrG RBHMEHHA 38831
HanCCTH 1a KapTy neda, To JIMHNY, ABISIOUHECA MPOOIKEHUEM ITHX
BEKTOPOB, #3-32 JQQCKTa NEPCIEKTHBBI COHTYTCH B 00ILCH TOIKE Ha
Hebe — TOUKe CXOMACHHA (Talkoke KAk MapaiiefbHbIE PENLCH
cxomsarcs ma ropu3onte B oanod  rouxe). llo  u3MepeHuro
JOITEPOBCKOTO CMEILICHMA THHWI B CIEKTPE 3Be3jlbl OlpPeneststorT ef
JYMERYIO CKOPOCThL, TO €CTh COCTABIAIOILYK CKOPOCTH BAOIL JTyd4a
3peung {(BAOAs HAIIPABACHHT HAa 3Be3AY). LCITH IYYEBYHO CKOPOCTH
YMHOKUTE Ha  1g@ (Tac 6 ~ yroa Mexay MOTOKCHHEM 3BE3ALI K
TOYKOH CXMKAECHHA), TO NOJYSHM CKOPOCTR 3BC3Bl, NEpReHaniKy-
JAPHYIO Ayqy 3penns. A pasfenHB Ty CKOPOCTL Ha YITIOBYIO
CKOPOCTL BHMMOFO [EPEMEIICHHS 3BE3AbI lia Hebe, onpeieinmM
paccTosHMe d0 Hed. MeTom msMwyllerocs CKOIUIEHHA NOIBOASET
ONPCHCINTR PACcCTOSHHA 0 3BE3MHEIX CKOMACHUH, HAXOAAUMXCA B
npefenax Hawel [anaktuku, umMeiowield auaMeTp okoao 100 Teicay
CBETORBIX JIET.

3. Uedrenupl. CyurecTy10T MHraTCKHUE 3BE3ARI ¢ TIEPCMCHIION
cBeTUMOCTB0. (HU HaspBaloTCH nedengami. B cpeHeM cBETUMOCTD
uehenny B 10000 paz  apeBocxoAMT  ceeTHMOCTE  Connna.
OTtHocHTensHO  MHOTO  Hedeua  HAaXOAWTCH B MareananoBelx
O0uakax — MaNCUbKHX TAMAKTHKAX, BPAMAIOMINXCH BOKPYr Haniei
Fanaxrreu. B 1908 rony I'enpuerra unur, uzydan 3s€san Manoro
Marennanororo O0naka, o0bpaTuia BHAMAHHEG HA  HWHTCpPECHOE
cpoifcTBOo ucdeun. Ona obrapyxuna, HT0 BHAMMAA SAPKOCTH 3THX
3B€3 CBA3AHA C HX NEPHOIOM M3MElCHHA cBeTuMocTH. Yem sapuc
3pesna, TeM Donbwe y Hed NCpHOJ HM3MEHCHHS CBETHMMOCTH. Bcee
3BE34s1 Masoro Marennanoeoro OQbnaka HaxoJiaTcs NPHMEPHC 1A
O/HAHAKOBOM PAcCTOAHHY OT HAC, TaK KaK paiMepsl 007aKa Mansl no
CPaBHENHIO C pPACCTOYHUCM A0 HEro. ITO O3HAYAET, YTO M
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abCcOMoTHAS  CBETMMOCTE LcpeMI TaKKe cCufi3and ¢ NeprUOaOM
H3MEHCHHL  BuguMoro ©uiecka, Jlma Toro dToOLI  QOOHO3ZHAUHO
OTIPE/IENHTEL  3aKOH  JTOH CBA3M, HYKHO KAKHM-JUO0 JAPYyrHM
CTIOCODOM HM3MEPHTH paccTosline N0 Gau3kux uedend. Dro ynainoch
CleNaTh MeTOA0M TPHTOMOMETPHYECKOro napainakca. Hamcpus
OepHa;l M3MeHen s Grecka nedennl, HaXondnedcs B Kakoi-nudy
ranaktike, oupcaensior e afcomornylo ceetuMocts. CpaBHuBas
BHAMMYI0 W a0CONIOTHYIO CBETHMOCTH, BEIMHUCIIIOT PAaccTOSHWE J10
meGCeHunl, a TaMYUT MO0 TIAKTHKH. 3TOT METOA  [O03BOJSCT
ONPENe/IATE PAcCTOAAMS 00 TAIAKTHK, YIUIEHHBIX Ha COTHW
MHIUTHOHOB CBETOBBIX TICT.

4. 3axkon Xad6aa B 1929 roay Dasnn Xadbn obnapyxni,
YTO KPAcHQE CMCIIEHWE B CIICKTPE M3NYYUCHUS [AIAKTHKH HANPAMYIO
3ABUCHT OT paccrosnud 10 ned. Yem janpilie waxoantea oT Hac
TafJaKTHK2, TeM OONLILE BEJIMYWHA KPACHOro CMCIHICHHMA z B €
cnekrpe. [lo onpepenenuto: z = AAA, rne 1 — aanua RO
CTEKTPAIEHOH NMHHHH, a A4 — A3MeHEAUE JTOH JIMHEE BOMIBL B
CTIEKTPEe H3TYUeHHS TanakTHkw. [lpegmomaraercd, 9TO KpACHEIS
CMEMCHHMA BLI3BAHLI TEM, YTO TamakTHKU YAMAWTCS OT Hac ¢
PasmuuilblMH  CKOpOCTAMH.  XaO0m  pacrmonaran — 3HadenHAMH
PACCTOAHWH TPHUMEPHO 10 25 rajakTHK H cAenasl CICHYOHA BhiBOI.
Kaxkaad ranakTyka YAUISCTCS OT HAC ¢O CKOPOCTLIO V Tem GobILCH,
qeM JAanLIlIe OHA HAXOJHUTCS:

V = Hr {9.1)
3Aech I — paccToalne A0 TanaxThku, /1 — noctoanuas Xabdona. ITo
COBPEMCHHBIM JaHHLIM, OCIIOBAHIBIM Ha HIMEPEHHH aHH3O0TPOMHH
PENMKTOBOTG  HMTYUEHMH  (DKCUEPHMEHT ByMepaHl)  CKOpOCTb
VAUICHHS TATAKTHK BO3PACTAET HA 6545 kM/C HA KaKIBIH MHIUIHOH
napcek [43;¢.859), To ecTs:

H=652%5 xu/lc-Mnx) (9.2)

Ilo apyruM gaAHBIM, OCHOBannsiM ua  Habmonenuu 800

nedenn, naxoasumxcs B /8 pandkux ranakrHkax (KOCMHYCCKMi

Teneckon  Xadbn), DpABOAMTCA  CACUYIOIEE  3HAYCHHE O
nocrosituol XabOia [45,46]: H = 71 £6 xu/(c-Mnx).

3axon Xabbna pO3BONSCT HANPAMYIO BbIAHCIHTD DACCTOSHME #

10 FAAKTHKH 110 W3MEPCHHTIO BCIUYHHBL KPACHOIO CMELICHUA = B ¢é
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cuektpe. Ecam ckopocts ramaxtakw Ve, 10 z = Vic=Hr/e n,
CNenOBaTENLHO. F = zc/H.

B ofwem cnydae cBA3p MEKIY KpacHblM CMeIlEHHEM H
CKOPOCTBIO  yRANEHWUA HCTOYHHKA  ONPCAENACTCA  CASTYIOLLIAM
ypaBHeRHeM (pelIATHBHCTCKAH gonnepoBekHid addext) [17;¢.57]:

(9.3)

Yucnutens B 3TOM YPaBHCHHK — 3T0 KIIacCUYEeCKHH
Jonneposckui  >¢dexr, BLHI3BAHHBIA  CKOPOCTBK  yJAaleHHs
HCTOYHMKA, 4 3HAMEHaredh — 3T0 pPENATHBUCTCKAS MONPABKA,

BRI3BAHHAA 3aMEUICHHEM BPCMENH 114 JBHAKYWIAMCT HCTOUHHKE.
Jina  darnsgHOCTH  mpWeenéM  TaONMuy, CBA3IBIBAIOIELYED
BEJTHTHHY KPacHOTO CMETIEHHA €O CKOPOCTBIO YAaNeHHA HCTOYHHAKA:

Vielo11 02103104105 |06 0809092094 | 096|098

’

z=lorloz2lo4oslo7| 1 | 2133039 45| 6 | 89

5. CaepxHopbie 3pé30b1. Bpemsa or epemenn Bo Beenenmoit
NIPOMCXOOST B3PLIBEI 3BE34 HeBepoATHOH chinbl. Takue 3BE3abI
HA3BLIBAKOTCA CBEPXHOBRIMHM. braromaps orpoMHOMY KOIHYECTBY
JHCPrHY, BLIICIAIONEHCS I[IPY B3PBIBE, CBEPXHOBBIE BHIAUBI HA
OIPOMHBIX paccTofHHAX. bblio o0HapykeHo, uTo INpPH B3pbIBax
CBEPXHOBRIX oupeaenéHnore THna la ¢ xopouleii cTenenbio TOWIOCTH
BBIACIISCTCS O/IIA H TA XKe IHEPrust, TO €CTh OHH HMEIOT OJJAHAKOBYIO
abCcomoOTAYI0 cBeTUMOCTh. [l03TOMY Takue CBEpXHOBLIE MOMKHO
HCMOMB30BATE B KAYECTBe “CTaHJAPTHOH cBeud” H, HIMEPAA HX
suOUMYI0 CBETHMOCTb, ONpEeneNATh PACCTOAHUA 0 HHX, a, 3HAYMT, H
PACCTOSHHA Z0 IANAKTHK, B KOTOPBIX OHU HAXOIATCA.

CyllecTBYeT TAKKC MHOKECTBO JPYIHX KOCBEIIIBIX METOLOR
onpexenenna pacctostuii Ao Aanéxnx obwvekros. [Moapoduee yauarth
o0 a3ToM MoXkHO, nanpuMep, M3 MoHorpadun C. MurroHa
«Hcenemoranve ramakrug» [33;11.3].
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§ 9.2. Pacuupenne BceneHHon

Kak yxe oTMewanoch B ApenbiiyuleM mnaparpade, CKOpoOCTb
pacukpenys BeeleHHOH XapakTepH3yeTcd BCAHTHHOH (IOCTOSHHOR
Xabbna. U «ogun w3z Haubomnee HHTEPCCHEIX KOCMOJOTHYECKHX
BOMPOCOB COCTOMT B TOM, fABIAeTcd TN Hama Beenenmas
HEOTPAHHYEHHOH M paclUMpAoweiics  BeYHO HITH OHa
orpadugenar [10;c.243).

MoxHo — paccyuTaTh  KpPHTHYECKOE  3HAueHWe  CpelHei
INOTHOCTH MaTepuu BO DBcenenHoH (moxg Marepueir Mul Oylem
IOIPa3yMeBaTk H BELIECTRO, H H3MYUYEHHE), IPH KOTOPOM TPaBHTALMA
cnocodHa OCTaHOBHTB pacmMpeHue. [ng oToro paccMoTpHM obmacts
MPOCTPAHCTRA paanyca r {cMoTpH puc. 21). O0was Macca MaTepuu m,
HaXOASweiica BHYTPH JTOH 00JacTH, paBHa:

m"iﬂ' ~
3 o

3neck p — cpeuuss TIOTHOCTH MaTepHd Bo Bceenenmnoil. CkopocTb
pactuHpeHHa BHCIel rpanyiel obmact papna V= Hr.

Puc. 21. PaccmoTpum ofnacts npocTpadcTea paguyca ». B
COOTBETCTBMKW C 33KOHOM Xabbna BEUWECTBD, HAaxXOARLWEEeCH HA BHelHeA
rpanule ofnactu, ABMNKETCA Co CkopocTsk ¥ = Hy. Bnargnapa rpasuta-
LUMOHHOMY B3aWMOOEVCTBMIO MATEpPWa, HAXCAAWAACA BHYTPWM [3HHOW
ofnacTu, 3aMegnaeTt CKOpacTs €8 pacnperus.
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Mur HPC,IIHO.HE)I’B.BM, YT1TO BHE ,ﬂaHHOﬁ 06J’I£1CTH BPOCTPAHCTBA
Marepus 3o BceeneHHoi#l pacnpemeneHa H30TPOTIHO, W II0ITCMY Ha
BHCLIHIOW rpaHAny obmacti OyAyT AeHCTROBATL IPaBHTALNOHHKIE
CHIILL TOJIBKG CO CTOPCHBI MATCPHH, HaXOﬂ}!II[CﬁCH BHYTPH OGHBCTH.
CrnenosaTensHo,  TPABMTAIMOHHGBIE  CHIBI  OYAYT  CMOCOOHBI
OCTAHOBHUTL PACHTHPEHHE NTPH CICAYIONEM YCJIOBHH:

2 2.2
V—SGE = Hr Siﬁrp(}'rz
2 v 2 3
W B pe3yneTaTe nony4aeM cIcMyIouee BIPAKEHHE U KPUTHUCCKOH

MAOTHOCTH o, [5:¢.476]:

_3H?
8aG
Ecau cpeanss nuortHocte MaTepud BO BceenenHoil Gonsine,
YEM g, TO roBopaT, 4to Bcermewnas zamkHyTa, B oTom cnyuae eé
MaKCAMAIBILIH pa3Mep KolieueH, 8 KpHBH3HA NMPOCTPAHCTBA B LEROM
TTOMOKHTENbHA, ECHH KC CpelHis [JIOTHOCTE MaTEPHH MEHBIIIE,
geM p,, TO roropaT o0 oTkpoitoit Beepemioi. B aToMm cnydae
PaccTOsTHUE MKy TamakTHKamy OyACT HeOrpaHWYEIIO BO3PAcTATh,
a IPOCTPAHCTRO B TIENOM OY/IeT HMCTh OTpHULATENLHYI0 KpuBu3iy. H,
HakoHer, Beenennas OyneT NnockoH, ecin ¢f NIOTHOCTE B TOUHOCTH
paBia KpUTHYeCKoKh. B o1oM ocoboM ciydae MpOCTPAaHCTBG HMEET
eBIIHI0BY TecomeTpHto, M3 ypasnenus (9.4) momyyaem:
p.~ 107 eiear’ 9.5)
Ecm akcrpanonupoBate pacwnperne Beenemnol B npomnoe,
TO OK&XKETCA, YTO HECKONMBKO MHIUTHAPAOR JNEeT Ha3al GCSA MaTepds BO
Bceenennoil naxoaunacs B O4YEHL IUIOTHOM COCTOSHMHU. Bpems,
KOTOPOE TPOIIAQ € JTOM0 MOMEHTA, Ha3bIBAETCH  BOIPACTOM
Bcenennoit. Tak xak rpasuranronroe none Beenennodl saMensier o
pacuIHpeHye, TO JTO 3HAYHT, YT0 B ITPOILIOM CKOPOCTE pazderanns
ranakruk Owma emé Gombme. [lodromy u3 ypasHerns (9.1) moxHO
OLCHHTD BEPXHIOI MpaHrLy BospacTta Beesyiennoi 7;
T<r¥V=H" (9.6)

Pe (9.4)
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Hapajite  paccuMTaeM = 3aBHCHMOCTH  MEKIOY  BO3PACTOM
Beenennoii # Benmummo# moctosunoi XaG6na, e€ciam MIoTHOCTbL
MAaTEPHH paBHA KPUTHYECKOH. B 9ToM cayyae (cM. puc. 21):

2
V_:Gﬁ = V:j—::,‘ZGﬁ = J\/;dr:_[v2Gmdt =
¥ r

2
2 3
}-r/*’ =~2CGm T + const

Tax kak mpu T =0, r = 0, T0 const = 0, 1, CICNOBATENBHO:
4 3 2 4 5 4 8 5
—r' =2Gm-T* =2G—np r’T° = —=—mp,GT
9 37 9~ 3

[onctapmas B  TNOAYyYeHHOE  BHIDOKCHHE 3HAYEHHC P, M3
ypaBHeHHS (9.4), B pe3ysbTate NonydaeM:

T:i {9.7)
3H
Hrak, MB NOIYYHIH 3aBHCAMOCTR, CBA3LIBAIOINYID BO3PACT
Beenennol ¢ BennuuHol nocrognHol Xabbma npH yCIOBMH, HTO
ILTOTHOCTL  MATepMH BO BeenedHOH paBHa KpHTHYECKOH. Ecmnm
TUIOTHOCT,  MaTepuu Bo Bceenennoll Gormsllle  KPUTHYECKOH, TO,
OMEBHIHO, OYET BLIMOMHATLCA CASAYIONee HepaBeHeTBo [5;¢.477]:

2
T <—
3H
A ecnu AOTHOCTE MEHBINE KPUTHYECKOI, TO, COOTBETCTBEHHO, Oy aeT
BLIIONHATECS CIEAYIONIEE HepaBeH TR [5;¢.476]:

£—<T<-1—
3H H

§9.3. A—unen

OnucaHMe  KOCMOMOrHYECKHX  OpalleM,  CBA3BAHUBIX  C
pacmimpenuem Beenennoif, Oyner nenonHeiM, €CIH NPEABApHATCIBHO
1€ YNOMAHYTh O TAK HA3LIBACMOM A—UTeHe.

Vpasuenusa Taroresms Diinmreiina  (4.2) wmoryT  ObiTe
BUIOH3IMEHEHB! TIYTEM BBEJEHHS B HUX 1I0BOH KOCMONOrHYCCKOR

nocToaHHOH A (nambaa—unena) [5;c.457]:

1A 2o 10
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! 8:1' G
Ry “‘Z‘é’m—R =

DOuzngecKoi BaeeH BBEJICHNA A—vnena ABNACTCH
PEANONOKEHHE O TOM, YTO DYCTO¢ TIPOCTPAHCTBO {BAKYyM) MOIKCT
obnamarp  CBOMCTROM  rpaBMTallMH MM aHTHIPaBHTALIHH.
KocMonornyeckas IOCTOSHHAA ONMHCHIBAET CHIILI NPHTMKEHHA (CCITH
A<0)} wmm  orrangumanva (e A >0),  gBasomMecs
DOMOTIHUTENBHBMH  TI0  OTHOUICHUIO K TPABUTALMOHHBIM CHIAM,
cO3NMaBaeMbBIM  OOBIUTION MaTcpueit. OTH  AONONHHTENLNBIE  CHITHI
MPONOPLUHOHATILHEL  PACCTOAHMIO MEKIY TeAaMH M HX  4acTo
HA3LIBAIOT FpaBHTALMCH BaKyyMa,

Briepeble B ypaBHeHMs TArorcuus A—wien OulT BBenéH ewwé
DHAmTERHOM,. JT0 ORITO COENaiio ¢ UEIBI0 FOCTPONTL CTAalHMONAp-
HYW MozZenk BcemeHHOH, B KOTOpOH CHIBI TPABUTAIHOHIIOIO
NPUTAAKEHHA Ha GONBIIMX PAcCTOSHHAX YPAaBHOBCILMBAIOTCA CHJIAMME
orrankaBanuia. Ho korpa 6mno obmapy:keHno, uto Hama BeenenHas
PACTIUPSETCH, TO, COOTBETCTREHHO, OTIANA M HanoOHOCTE B A—4NeHe.

TeM He Merdge, Ha MpoTHKEHHMH Beere 20-ro  Beka
HEOMHOKPATHO TVIPSATPHUMMANYCE MOMBITKYM BBECTH A—UJeH B
ypasHeHus Jiinmreilna. 3o 261210Ch C UENBID 0OBACHHTH KaKYIO-
Hy0yaL HOBYIO KOCMONorsdeckyto npodsemy. Jeno 3mecek B ToM, uTo
«ECITH TIPUITHCATL “KOCMOJOIrHUCCKOM NOCTOAHHON” A o4eHB Maloc
3WATEHe, TO HalWuue DJYoro uieHa e OymeT CKa3bsaThes
CYMIECTBEHHBIM 06Pa30M HA TPaBHTALHOIMLIX [HOJAX B HE CIHHIKOM
QonbmiHX  06MACTAX  NPOCTPAHCTRA-BPEMEHH, HO  OPHBERET K
MOSBIGHAIO HOBEIX THIIOB “KOCMOJIOTHYECKHX PEMeHHid”, KOTOopble
Mornu OBl onMCEIBATE MUp B uenom» [5:c.457]. U 8 pesynbrate
«KocMoNOTHs  ObL1a  “HcropyeHa” TPYOHOCTAMMU, CBA3AHHBEIMH ¢
OnpeaenecHHEM 3HAYEHHA KOCMOIOTHYECKOH MoCToAHHONY [10;¢.216].

B nactodniee Bpems, mo KpaiHei MCpe, MONKHO YTBEPHKAATD,
uro [18,1.2:c.475]: |A| < 107 cm

DopMaNBEHO 1(0CM0nochcmﬁ yneH B ypasrenmax (9.8)
JKBUBAJICHTCH AOHONEMTENBHOMY UYNCHY B TEH30pe JHEPrHu-
HMIOYITRCA, ITOT YneH AAET CAEAYIOUIEE 3HAYEHHE ANA KOMIOOHSHTHE

JHEPIUH £4 M JABIEHUL P 4!

I, +Ag, (9.8)
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c'A
SnG

ITO  O37a4aeT, UTO E€CIM  KOCMOJIOTHYCCKAas TMOCTOAHHAYL
OTNHYHA OT HYNA, TO (PU3MUECKHI BAKYYM (TTyCTOE MPOCTPAHCTBO)
obiamaer  HeKOTOpPBIM  AaBIeHWeM W omepruedt.  Takoe
OPEANQIIOKEeHHe, BO3MOXKHO, HHTSPCCHO ¢ JIOPHYECKOH HIIH
MaTeMATHYECKOH TOYEK 3pEeHHs, 10 OHO HE HMEST HHKAKHX
OCHOBaHHUH ¢ @ustyeckod TOUKH 3perus. BoT uyTo Manycano no stoMy
noBogy B Kypce Teopernueckoil dusukn J1. Jlanaay w E. Trdmmua:
«B HacToAmee BpeMs, OJHAKO, HET HUKAKNX HACTOATENIBHEIX W
yOeqUTENBHHX  oCHOBAHHA — Kak ©0abmojaTencHeIX, Tak WU
TEOPETHYECKUX — JIJIA TAKOI0 BU/IOH3IMCHEHHS OCHOBHBEIX YPaBHCHHHA
teopnn. Iloguepkrém, uto peyp muta 65 00 MIMEHEHHH, UMEIOUIEM
riayboxuil Guzpveckuil CMBICII BBEACHNME B ILIOTHOCTH JIATPAHKEBOH
(YHKUMH DOCTOSHHOIO 4leHa, BOOOMIE HE 3aBUCANICTO OT COCTOSHHS
nonsg, o3Hadano Obl  NPHITHCHIBAHHC  TIPOCTPAIICTBY-BPEMEHU
NPHHLUMHANBHO HEYCTPAHUMOH KpPWRHM3HEI, HC CBA3AHHON 1K ¢
MaTepHel, HA ¢ rPABUTAlHOHHBIMY BOITHAMM» [5;¢.457].

EnuHCTBEHHOE OCHOBAHME 1N BBEACHMS A-4neHa — 370 TO,
qT0 € €ro NOMOIIBIO MOMKIIO OOBACHUTE HEKOTOPBIE KOCMOIOTHYECKHE
upobnemp. ¥ B pesympTarc 00 1HENONATHOE — ABJIECHHE
“oOBACHACTCA” Yepes BBEACHHE JIpyTOro, euié Honee HEMOHATHOTO,

(9.9)

{_:A:_pAz

§ 9.4. CkpbiTans macca

Onpeaenenre noaHOH Macch BeenendoH — 3a1a9a AoCTaTOYHO
TpyaHas, C OJHOH CTOPOHEBI, TpeOyeTcs OHEHMTh MAcCy BCEX
BUAHUMETX TATaKTHK, H3MEPAA WX BUAUMYIO CBETUMOCTb H YYHTEIBAA
npH 3TOM paccrosaHe mo Hux. C napyro#l cTopousi, B0 Beenennou
CYIUECTBYET HEBMAHMMAA MAaTepHs, ONPEAEINTh Maccy KOTOpoH
3HAYHTENBHO CIIOKHEE,

MpuumManeHOe 3Ha4YeHHe cpegHel MIOTHOCTH Beenmennoi
MOXKHO HAHTH, C/IOXHB MONHOE KOJMHYECTBO BHAMMOTO BEIIECTBA,
Oxa3biBaercs, 4T0 €0 NNOTHOCTE INIPUMEpHO paBHa 3 % oT
KPHTHYECKOH TmoTHOCTH. Heunmmoe e BEUIECTBO MOXHO, B
NPHHINING, pErHCTPHPOBATh KOCBEHHO, [0  IPABHTAHOHHBIM

41 A¥
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appextam. Hanmpumep, ramakTuku 3a CU€T  TPABHTALHONHOTO
B3anMmofeiicTeHst  oOpaszopeiBatoT  ckonnenna.  [IposoaunHch
VCCIEN0BAHUA CKOPOCTEH raTaKTHE, BXOLIIUUX B TAKUC CKOMICHHA.
MHOTHE TATAKTHKH ABIKYTCS TaK OBICTPO, 4TO CKOMNCHHA B LETOM
JOMKHEL Obli Gb1 pacmacThed. [ToaTOMY TMpefnofaraeics, 4To OHH
COUEPMAl  3HAYKTENbHOE KOMHYECTRO HEBUIUMOTO  BEUICCTBA.
Cyuwecrsyer MHO¥ECTBO METOI0DB, NO3BONAIOIIMX  ONPeiciuaTs
HEBHIHMOE BEWIECTBO MO TparuTanuodnsiM  dpdekraM.  Onp
OOCTATOYHO XOPOWIO COTMAcyroTcs Mexkay coboi H  Toe3Bodor
C/€JIaTh BLIBO, 4T MEBRHAHMOrG BEIMESCTBA BO Beenenmol npumMepHo
E JICCSTDH P23 DOMILINE, 9eM CBETAIIErocs.

Mpupona atoro nesuIMMoro BeLIeCTBa, MIM, Kak ceidac
MPHUHATO TOBOPUTh ckpuiToii Maccol (dark matter) corepurerHo
HensseerHa, M3pecTio Tonmko To, YTO 3TO TéMHasA, HO a0COMOTHO
TIpO3patiHas MaTcphs. 10 ecTh OLa He H3NYYAeT WM CBETA, HH JIPYTHX
INEKTPOMArHHTHRIX BONH H, BOOOLIE, MPAKTHHECKU He BIaUMOACHCT-
BYeT ¢ 3NEKTPOMATHHTHEIM namyuenuem [39]. Ona nmeet Hebaphos-
HOE APOUCXOXKAEHHE, TO CTh HE MMEET HUYero OOILCro ¢ o0LMHLIM
BEIIECTBOM (OCHOBHYH) Maccy OOBIYHOIO BeIIECTBA COCTaBRAAIOT
GapHOHBI — TAKENBIC YACTHIEL TPOTOIRL, HeHTpoHBL U T. A.). OHa
ABJIAETCA [PABUTALMOHHO He CKYYMBAIOMICHCH, TO ¢CTh He odpasyeT
noJ AelCTBHEM cCHA IPABMTANHONIONO INPHTAXKECHUA KOMHAKTHBIE
MACCHBHbIE O0BLEKTH, XOTS M YUacTBYCT B I'DaBHTALHOHHOM
B3anMoueHCTBIMH. OMHUM CTOBOM, CKPBITas MAcca — 10 HeH3BecToe
HayKe pemectso. BoT BEIEp/KKa Ha OTY TEMY W3 anmpeILCKOro HoMepa
KypHaIa «Ycnexu ¢usndeckux nayk» 3a 2000 ron: «K pacroswemy
BPEMEHH TBEPIO YCTAROBIICHO, Y10 BceleHHAs COCTOMT B OCHOBHOM
He W3 3BE37, rasd W MBUIH, & U3 BClUECTBA HEHM3IBECTHOH TIPHpOXBL,
KOTOpoe  TpossnseT  cebf  saub  uepe3  IpaBUTAlLlHOHHOE
B3aUMOIEHCTBHE ¢ OOBITHOH MAaTCPUCH. JTO BEIUICCTBO HA3LIBAIOT
“rémHOH MaTepicH”, M “ckprIToil Maccoit» [40].

TakaM 00pa3oM, Cpemmia INOTHOCTL Matepui BO BeenenHob
cocTapnfgeT okono 30 % oT KPUTHUCCKOH, B U3 HUX TONBKO JECATYIO
YaCcTh COCTABJAET OObIYHOE BCINECTBO, 4 BCE OCTABHOE — OTO
HEH3BECTHAN MATEPUA.
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B 2000 roay ¢ nmoMOIUbIO TENECKOMOB, YCTAHOBIEHHBIX Ha
BO3AVIIHBIX liapax, ObUT NPOBEAEH MEXKAYNAPOAHKIT IKCOCPUMENT
“Bymepanr” (Boomerang), B KOTOPOM OBINH BEITOTHCHB! H3MEPEHHSA
YTAOBBIX  (UYKTyardidi  TeMIepaTypsl  PENMKTOBOro  WiNY4YeHUd
Beenendoit. M mo pesynbraraM TaHHOro skcrmepumMenTa OB Ciuenan
ciaenyroumit Beieon. [IpocTpancrBenHas reoMeTpus BceenenHoit
fauska Kk eexiuO00BUW, A CyMMapHas TNOTHOCTL MATEPHH BO
Beenenno#t dauska k kpumuvecxoii [41].

VM no panaeiM  wabmomenwii 3a 2000 rox [43:¢.859]
VIPHBOAMTCH  CHAEAYIOU[ce 3HAueHHe [ BelivuiHbl  cpeaHed
IDIOTHOCTA MaTepud Bo BoenennoH () (B eIuIMNIax KPUTHHECKOH
MNOTHOCTH, TO ecTh £ = p/p.):

£ =109 £ 007 (9.10)

W B cRA3M ¢ THM BOZHHKAIOT ABE TPOGIEMBbI.

[pobrema 1. CrnyyaBnioe DTO COBUAACHHE WM HET, "ITO
TUIOTBOCTE MaTepul Bo Beenenuo# 6nnska k kputnyeckoi? Ecan ato
COBNAACTIHC CITYUaifHOe, TO ET0 BePOATHOCTh HUUTONKHO Malla. A ecin
HE cnyuainoe, To ymo ABJIIeTCH ero NIPHHHHOA?

fIpobaena 2. Kak yxe TOBOPHIOCEH, CYMMapHAas THIOTHOCTL
oOBIYHOTO BEHICCTBA W TEMHOM Marepuu cocTarnseT oxkono 30 %6 ot
KpHUTHHECKOH. Tak 4To Xe DTO 3a “HoBag MaTepHs’, KoTopas Maér
HEJOCTAIOIEUH BKIIad BelMHYMHOU 7 %7

B nmpeabiiyweM naparpade roBopuiocs 0 TOM, YTO YpaBieHus
DHHWTEHRA QOPMANBHO MOXKHO BWACH3MEHHTh NYTEM BBCACHHS
A-unena. M 8 atom cnyusac dusuueckuil Bakyym Oyzer obnamate
HEKOTOPOH IUIOTHOCTERY a3miepruu (9.9). Tak BOT, B CORPEMCHHOH
KOCMOJIOTHH NpeAnonaraeTes, 4T 3TH HepocTawonue 70 %4 crI3aHEL ©
JHEpred Bakyyma, TO ecTs ¢ A—unenom. WM B oO0iuem cnyuae
BEIWYUHY CpeIHEH IUIOTHOCTH MatepuM Bo Beemednoidl () mpuusTo
TPeACTaBNATD B COCAyoweM BuAe [39]:

Q = Qg + QD + QA
3aecs (O — Brag HapHOHOB, TO €CTh OOBLIYHOTC BEIIECTBA:
Qp =002 0,01 (9.11)
Qp — BKNaj TEMHON MATCPHH:
Qp=03£0] (9.12)
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Q, — BKAAT “BaKyYMHOM 3HEPTHH
Qa=07+01 {9.13)
Ilo coBpemeHHBIM MaHHBIM, OCHOBAHHBIM HAa MCCIEJOBAHHH
KpynHoMacwtabHoro — pacnpefieNieHHss — TanakTHK,  NPHBOJATCA
HECKOJILKO HHbIe ontleHkH [47,48]:
Qp =062, Qp~ 0,33, Qp=005 (9.14)

§ 9.5. Bo3pacTt BceneHHoit

Kak yxe orMeuasock B mpenelnyiieM naparpade Hama
Beenennast ¢ xopotnel CTENEHLIO TOUHOCTH SBIASTCS TUTOCKOH, H €€
MTIOTHOCTH OJIH3KA K KpUTHUeckoH. M Tak kak NNOTHOCTL BeeneHHoM
Onu3ka K KpUTHYecKoH, To, chefoBatensHo, e€ pospacT T
olpeaenaeTca Bepakenued (9.7):

2
3
[logcTarass B 3T0 BWpamenue snadcumue moctosnioi Xabona (9.2),
NoJy4HaeM, 410 Bo3pacT BeeneHHOH paBeH:
T'= 1021 mapo. nem (9.15)

H B cBA3M C 5TUM BO3HMKAET CNCAYIOLIEE [IPOTHBOPEHHE.
Ilonyuennent  pospact DBeesennoi  okaszalcs  Medeile, 4HeM
TCOpETHYECKAs OlleHKa BO3pacTa CTaphix 3BE3MHBIX  CHCTEM,
Ha3bIBAEMBIX IAPOBLIMH CKOTUICHHAMME,

Waposrte crkonmeHus Oblmd B YHCIC TEPBEIX OOLEKTOE,
obpazoBaBlIKXcs B Hamieid [anakTHke, H HX BO3pPacT OLUCHHBAETCH
NpPUMEPHO B {2 MUITHApAOB JeT. XOTS SACHO, ITO BO3pacT HMIAPOBBIX
CKOIUICHUH He MOJKeT NpeBENMUAaTE Bo3pacT Beenennoit. TlonpoGuee
06 3TOM MOXKHO y3HaTh, Hanpumep, H3 cTaTeu «CKOpOCTH
paclMpenus v pasmepsl BeenenHoily, HamewaTaHHOH B 1-M HOMepe
xypHana «B mupe nayxu» 3a 1993 rog [42;c.24].

ITo mopoay JAHHOrO NPOTHBOPEYHA B PAMKAX COBPEMEHHOM
KOCMOJIOTHH Npeanaraercs cnepyomee odnacHenne, EclnH BBECTH B
ypasHenus JiiHureina A—unen (9.8), To M3-3a CHIL HONONHMTENb-
HOTO OTTAIKHBAHI MEKRY FAJIAKTHKAMH, Bo3pacT BeenenHoll yxe He
Oyner onpeaenstscd seipakenueM (9.7). Y npu nannom 3paveHuM
nocrodHHoi Xabbmna Bcerza MOXHO BeIOpaTe Takylo BCIHUYMHY
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A—uanena, urobbl Bozpact BceenenHoH NONyYWIcs CKONB  YTOO
BONAILIHM.

§ 9.6. bapuonHaa acummeTpuss BceneHHon

C duavgecxolt TOMKH 3peHMA BEIMECTBO M aHTHBELICCTBO
abcomoTHO CHMMeTpHuHbl. OIHAKO B OKPYXKAKOIIEM 1ac Mupe
CYIECTRYET TOJIBKO BCIIECTBO, 4 AHTHBEILECTBA — HeT. Mower
BO3HMKHYTh BOIpOC: KyJla Jenoch aHTHBeWlecTRo? Mnu: nouemy
CYIIECTBYET TOJNBKO  BEIIECCTBO?  ACHMMETPHIO  BEUICCTBE H
AHTHBEWICCTBA BO BeCneHHol MHOIAA TAKKe HA3LIRAFOT OApHOHHOH
acummMerpueit Beenennoit. CnenyeT Takie OTMETHTE, UTO NMPH MH00LIX
(HIMHECKHX TIPOIECCAX COXPAHAETCA PasHOCTh MEXAy YHCIOM
OapHoHOB M YHCAOM AHTHOAPHOHOB. DTO ABNEHHE HOCHT HA3panue
3aK0Ha COXpaHeHM 0apHOHHOTO 3apAna.

Bot uro HanucaHo o OapHOHHOH acMMMETpUMH B 1-M ToMe
Dusuveckoin  Juumknonmenuu  3a 1988  roa:  «OOnscHenwe
TIPORCXOXKACHHA OapuOHHON acHUMMeTpHKM DBeencnnod — oaHa H3
KTIOUEBRIX  1polrieM  COBpeMEHHOR  KOCMosoTUH  H  QUIHKH
eMeHTapHLX qacTUL. KoHeulo, MO0 CTaTh HA TOUKY 3PCHHS, 4TO
Beenemias ¢ caMoro Hagyana Ouuia rnobansHo acummeTpuunoi. Takoe
“o0BACHEHHE”  HHIEMY  HC  NpPOTHBOpPEUHT, OAHAKO 000
[pEACTARIAETCS HEY IOBNETROpHTENEHEIMY [ [8,T.15¢.178].

A momer OwWTh Bceenesiiags we sgsaseTca  rrodanwHO
ACHMMETPWYHOH NO OTHOIISHHI0 K BEUIECTBY H AHTHBELIECTBY?
CkaxewM, Haila o0xacts Beenenno#l cocToMT U3 BeleCTBa, a ApYTHE,
JOCTATO4UHO yALIEHHEIE OT HAC OOJIACTH, COCTOAT H3 alTARCLIECTBAT

Ho Bcé gemo B TOM, 4TO ¢ TOYKH 3PEHUS COBPEMEHHOH QHINKH
HEBO3MOXKHO O0BACHHTE, KAKMM 00pa3OM aHTHBEUIECTBO MOIIO OBl
OTAENUTECS OT BeluecTBa. BoT, nanpumMep, yrto mucan o atoMm Sxos
3enpnoBua: «CIHAKO, HECMOTPA HA YCHNHA MHOTHX TEOPETHKOB, HE
YJal0CE HAHTH MEXaHW3M, KOTOpelH paznenan Ol GapHOHBI H
aHTHOApUOHHBI B acTpOHOMHYeckuX MacmTabax» [34;¢.168].
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§ 9.7. Keazapsl

B 1960 rony Oeur obnapyxer HeoObIHBIH ACTPOHOMUYECKHH
0OBEKT, CMIEKTP KOTOPOro He MoAmasancd OOBACHEHHIO, TaK Kak He
COOTBETCTBOBAN HM OJHOMY H3 W3BECTHHIX 3TeMeHToB. B 1963 roay
aTa 3aragka Oblia paspeuwrena. Oxazamochk, UTO €CHH TIPEIIOIOKHTE
HanuuHe OONBLIIOro KPacHOro CMEIIEHHA B CTeKTpe ofbeKTa, TO BCE
JIVHHE CHEKTpd COBIIAAYT C YXKe M3BeCTHhIMH. B pawencimem Obuio
o0HapyXeHo MHOKECTRO nogoOHBIX 006bexTos. OHp GblIM HA3BaHBI
KBazapamMu. BOT 410 mmwer mo 3ToMy moBeay B MoHorpadun
«Hccneporanne ranaxrur»  C. Mutror: «Camoll  ynWBHTEILHOI
0coDeHHOCTBIO KBa3apoOR SRIMIOTCA HX aHOMaNbHO DONbINHIE KpAcHBIE
eMmenenns. Jdpyrie npoGmemsl, 0BBIMHO CBA3LIBAEMEBIE C KBAa3apaMH,
MPOUCTEKAIOT B [TEPBYIO QUepeah W3 3TOro croficTran {33;c.195].

OGuienpuuATO, 4TO B pacnmpsiomeiica Beenennoll BeaHuunb
CKOPOCTH cBeTa M IocTosvHOM IlmaHka ocCTarOTCd HCH3MEHRBIMH.
[TooTomy KpacHBIE CMEILEHMs, HAOMOIACMBIE B CIIEKTPaX H3dyYelns
KBA3apoB, MOIYT OOBACHATBCA TONLKO JOTUIEPOBCKMM 3dderTom,
BRI3RAHHEIM pa3beranmem ramaktuk, K 1990 romy ywxe Obiin
oOHapyKEHBI KBa3apsl ¢ KPACHBIM cMelelueM z > 4 [18,1.2;¢.250].

Ecny npuuats 3akon Xa00na jurs CBA3H KpacHOTO CMELIElH ¢
PACCTOAHHEM, TO KPACHLIE CMEIEHHA KBA3APOB COOTBETCTBYIOT
PAaccTOANMAM B HECKONLKO MWUIHAPAOB CBETOBBIX JIeT. 3Has
pPaccTOSHHE [0 KBalapa H €ro BHIAWMYH CBETHMOCTB, MOMKHO
paccuuTath cro abcomoTayw ceetHmocts. M okasamoce, uTO
MOIIHOCTE H3/YYEHHA KBa3apoB MPEeBOCXOAHT MOILHOCTE H3TYyY€HHA
HanOoTee APKHX TaaKTHK B COTIH pas.

Bot, HanpHMep, 4TO HamWcano o KBasapax B (DU3WYECKOH
anpuKioneaun: «JanHole HaOMOAeHHH KBA3APOB BO BCEM [HaIa3oHe
9acTOT PACKTPOMACHUTIHOIO H3TYYeHHT WHTEPAPETHPYIOTCA CIeyo-
umM obpasom. Keazapor npeacraBnstioT coboit adpa canaxkmux, B
KOTOPDBIX HPOUCXOAMT MOLIHO¢ BBLACJICHHE JHEPruH H3 obnactd ¢
XapaKTepHbIME pasMepamu mence 107 car. HHTerpansias ceeTHMOCTh
kBazapos coctasnaer 107 -10% ope/c, 1. . wa HeckonbKo mopAAKOB
MpPeBOCXOAUT ONTHYECKYK) CBETHMOCTE 3BE3AHOA COCTaBIAIONICH
Hanbonee ApKHX ranakTHiy [18,1.2;¢.250].
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Hepenxu cnyuaum, koria sipkocTh KBa3apa MOMXKET H3MEHSThCA
Ha 3HAYUTENLHYIO BENHUYHHY C NEPHOAOM BCEro ICCKONBKO CYTOK.
DTO  o3uavaer, 4Yro pasMepbl Kpaszapa (pasmepel o0sacTH, rae
IIPOMCXOOMT WHTEHCHBHOE DHCPTOBRUIC/ICHUE) 1€ MOIYT HAMHOIO
MPCBBILATE ONHH CBETOBBIE CYTKH, TO €CTh COCTABIAIOT JIONH
mapceka. J[o cux nop HCH3BECTHO, KAKUE 32KOHLI QU3UKH [O3BONALOT
BTHCHYTh TaKy!0 KOJOCCanblyld MOIIHOCTH B TAKON MAJCHBKHIL
00BEM!

§ 9.8. YcKOpeHue ranaktuk

B 1998 roay 0s1:10 00napy®eHO HHTEPCCHOE acTPOPH3IHICTKOE
ABIECHHE, KOTOPOC HE YKNAABBAJOCE B paMKH  CTaHJAPTHON
KOCMOROTHYECKOH MOJeNy, OCHOBAHIOH Ha ypasHeHuAx oOweit
TEOPHH  oTnocHTensnocrn. W nmaMnoe  apnenne  Obino
HHTEPIIPETHPOBALO  CIEeNyloWHM  obpasoM.  Hawwa  Beesennas
pacuupnemes ¢ yekopewuesm! To ecTb CkOpocTH, ¢ KOTOPRIMH
FANaKTHKH YOAIAIOTCA APYT OT APYTA, IC YMCHBLILAIOTCA ¢ TEYCHMEM
BPCMEHM HM3-33 UPABHTAHOHHOID TPUTHNKCHHA MEXAy HHMH, a,
HaoGopOT, YBENNUMBAIOTCA BOIIPEKH 3aKOHY BceMHpPHOTO TATOTEHH.
B ¢BA3U ¢ 31MM B HAY4YHOM MuUpe HIYT pa3roBOPEI O PEBCIIOUHH B
KOCMOJIOTHH,

Ha a1y temy 8 2001 roay Gruta Hameuatana of3opnas crated B
AypHaie «Yconexs GU3HISCKHX NayKy». YTobul Nyylne HOHATD, YTO XKe
B NEHCTBUTEIBHOCTH OBUIO OOHAPYXEHO, IPHBEAEM BLIACPKKY H3
ne¢: «lleppas rpynna nabmonareneii [37,38], coobwabmias o cronx
pesynbTaTax B 1998 r., pacnonarasa JaHdBIME O BCEr0 HECKOTBKHX
CBEPXHOBBIX HYKIIOTO THITA HA HYXKHEIX PACCTOSHHAX, HO YIKE H OTOTO
OBUTO [OCTATOHHO, YTOOBI 3aMETHTb KOCMOJNOTHYCCKHH 3((ekT B
33KOHC YOBIBaHMA BUIHMOM APKOCTH C PacCTOSHUCM; TOMHCE, y4lie
CMOTPETH HH HA PAcCTOAKMSA, & HA KPAcHLIC CMCUICHHA, KAK JT0
00BIYHO M genacTcd B Clyuae NAjJEKux HCTO4NHKOB. OKasalock, 4To
yObIBaNNC APKOCTH B CPEAHEM POHCXOAUT 3aMETHO OwbICTpee, YeM
3TOTO CACROBRWIO OB OXKHIATE 110 KOCMONOTHUECKOH TEOPHH, KOTOpas
TPH rofla Hazal cuuTanack cTagjaptHoi. Takoe aononHHTeABHOE
HOTYCKHCIUE  03HAYAST, YTO JAAHAOMY KpacHOMY CMEICHUO
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COOTBCTCTRYET NiekoTopast 3phekrupHas nobaska paccroanng. Ho ato
BOSMOKHO TOT/Ia (M, KAK ceHuac AyMAwT, TOJIBKO TOrja), Kormga
KOCMONOTHYECKOE pacUIMPEHHC INIPOMCXOAMT € YCKOPEHueM, T. €.
KOTHd CKOPOCTH YJAANeHHS OT Hac HWCTOYNUKa He yOpBaeT, a
BO3pACTaeT ¢O BpeMeremy [39;c.1154].

Hrax, npu HCCNEN0BANNH B3PBIBOB CBEPXHOBBIX THIIA I3 (Takas
CBEPXHOBAA, Kak Yy:ke oTMcyanock B § 9.1, sBiseTca ¢ xopolleit
CTEMEHBIO TOYHOCTH CTAHAAPTHOH cBeudil) OpuI0 0OHAPYKEHO, YTO
3aBHCHMOCTE HMX BHAMMOH HPKOCTH OT BEIHYHHBL  KPAcloro
CMEILEHUH HECKONILKO He COOTBETCTRYET 3akauy Xalbia., A UMCHHO,
BHAMMES APKOCTH YORIBAET C POCTOM KPACHOTO CMEIICHUS HECKOTRKO
OwicTpelt, 4YeM BTO crieayeT W3 zakona Xabbna. Drtor adhdext
CTAHOBUTCH 3aMETHEIM MPH KPACHEIX cMeweHusxX z =~ {1 [38;p.568]. M,
IHAYUT, KPACHOE CMEIEHHE BOIPACTaET HECKONLKO MENCHHEe, ueM
3TO CleayeT n3 3akona Xabbna.

Janee HaET OpUMEPHO Takas TOTHKA paccyxaeHuid. Korga mal
CMOTPHM HA JanEKde TATAKTHKH, Mbl CMOTPHM B MPOLLTOS M BHIHM,
4TO KPACHOE CMEIIEHHE B CIEKTPaxX H3JTYYEeHHd TanakTHK HECKOMBKO
MeHblIe OKHAACMOT0. TO CCTh CKOPOCTH TAIAaKTHK B TPONUIOM OBITH
HECKONEKO MEHBILE, YCM CHejiyeT w3 3akoua Xabbna, W, smauwr,
CKOPOCTb paclMpeHds Bceexenaol B rpounioM OwTa  Takke
HECKONBKO MEHBIIE, MM 3TO CICAyeT U3 ¢f CKOPOCTH PACUIHPCHHA B
racToalgil MomeuT. Ho 3TO o3mHauaer, 4TO CKOPOCTL PACHIHPCHUA
Beenenuoii nonyunna HeKoTopoe ACIIOMHUTENLHOE YCKOpEHHE.

MoKNo MM Ha OCHOBRHHM TAKHX PACCYMICHWH cHeNaTh BHBOA,
YTO CKOPOCTH YAadenus TANakTHK BO3PAacTaloT ¢o  BpeMeHeM?
Oapo3navng TakoH BLIBOA cAcath Henb3a. Creayer BATOMHHTE, 9TO
YCKOpPEHHE Kakoro-aufo Tema —~ JTO BO3PACTAHHE ero CKOPOCTH €O
BpemeHeM. BoT ecry 651 110 yCTAHOBNCHO, YTO BETHYHHBI KPACHOTO
CMEILeHH B CIEKTPaX M3NYuYCHUH TalaKTHK 603pacmaiom  co
gpemeneat, TO TOraa (M TO NPH YCAOBHH, YTO UX BO3PACTAHUE BRIZBAHO
TOABKO AOIIICPOBCKUM 3hdexTomM) Moxno ObIo OBl CAcnaTh BRIBOA,
4yT10 Wama BeeslenHas pacmypserca ¢ yckopeHnem. Ho B mannom
cnyqae Oblo  oOHAapyXeHO HeuTo Apyroe. A umMeHHo, ObLio
obHAPYXEHO #BICHHE, KOTOPOC ABHEIM 00PA30OM HE BIMCHIBACTCA B
CTAHZAPTHYIO  KOCMONOTHYECKYEO  MOICTb, OCHOBAHHYIO  Ha
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ypaBHeHuAX 00ueH TEOPHH OTHOCHTENBHOCTH, A U3 3TOTO JIOTHYECKH
MOYHO CA€NaTh He OJWH, a ABa BEIBO/A.

Buvieod |. Ypasnenus obuieit TeOPHH OTHOCHTENBEHOCTH MOTYT
OBITH IPUMEHHMBI AN OTIMCAHUSA KOCMOIOIHYECKHX ABIEHUN TOIBKO
B TOM ciyuae, ¢cni B HUX pecTH A—unen. Tlpuuém, A >0, To ecrp
BaAKyyM Jo/okeH o0najaTh CBOHCTBOM aHTHIPAaBHTALMH, H B
pesyAbTaTe 91070 Halla BeenenHas pacurMpaeTcs ¢ yckopenuemM.

Beigod 2. YpasHeHus oOImIeH TCOPHH OTHOCHTENBHOCTH le
npuMmenimsl A1 OMUCAHHA KOCMONOTHYECKUX SABJICHHH.

Tenmepe  cneayer  HanoMHWTL, uTOo  obmads  Teopud
OTHOCHTENBHOCTH  BHCCHA  HEKOTOPblE  YTOWHEHHR B 3dKOH
BeemupHoro tarorenns HeloTona, HO OHA He omMenuaa 3TOT 3aKOH.
C apyro# croponsl, 00uias TEOPHA OTHOCHTENBHOCTH, KAK W mobas
Apyras dusuueckas TeOpus, HMEST OrpaHHuYeHnYI0  obnacTb
MpUMEHEHHA, XOTH [PAHALL] 86 MPHMEHHMOCTH OYAYT BITOJIHE HACHBI
TOMILKO TIOCNE NOCTpoeHus apyrol, Gonee Nonuoil teopHu (B aHHOM
Clly4ac HAa pOnb TaKOH TeOpMM NpeTEeRAyeT KBAHTOBAX TeOpHA
rpaputarmi). llostomy Haubonee mnpaEAONONOOHBIM U3 JBYX
BHIBOAOB ABJISETCH BTOPOH.

§ 9.9. NHdnsuua

Bcé nepedyncicnsoe B 9TOH rfiaBe — 3TO AANCKO HE IONABIM
nepevens CYLICCTBYIOIUMX KOCMONOrHYecknx mpobnem. Teopus
ropsdell Beenenroit (Teopust Boneinoro BiapeRa), OCHOBAHHAA Ha
YpAaBHEHHAX OOImMEH TEOPHH OTHOCHTEIBHOCTH, CTOIKHYNACh C
GOABIIHM KOMMYECTBOM TPYUHOCTEN npH o0bicueHHn acTpodHinyec-
KHX HaOmoacHWi. BoT WMTO HAMHMCAaHO HA 3TY TeMy B (PH3MYCCKOH
anunknoneaun: «Teopns ropsaqel Beenmenuod ne gadr OTBETOB Ha
ponpocel: 4ro Obuio g0 bonsworo BaphiBa; moueMy puMaHOBa
rCOMETPHA,  OMHCHIBAIOUIAA  CBOHCTBA  NPOCTPAHCTBA  HaweH
BceneHnOH, ¢ TakoH OTpPOMHOR CTEMEHBIO TOYHOCTH OnH3Ka K
€BKNHAOBOH FEOMETPHH IMIIOCKOT0 Mupa; nodemMy pabniofacmas 4acThb
BceneHHOH B cpegHeM SIBISIETCS OJHOPOAHON; OTKyAad B 3TOM
OZHOPOAHOM  MHDE  B3SUIMCL  HAYaNBHLIE  HEOAHOPOIHOCTH,
HeoOxoauMeple i OOpasOBanHA ranakTHK; NTOYeMy pa3HBIe 9YacTH
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Beenennoif, chopMmupoBapIIHecs HE3aBHCHMO JApYr OT ApYyrd, B
HACTOALLEE BPeMs BLIMIALAT MPAaKTHYECKH OJMHAKOBO, fOUEMY BCE
4acTH GecKOHEeUHOH, INTOCKOW 1 OTKpbIToH BeeneunoH Aoinkiibl 06y
HA4aTL CBOE pacutnpeduc ogHospemcuno. FEcnu xe Beenermax
3aMKHYTa, TO OBUIO HENOHATHO, KAaK OHd MOIIA NPOKWTE = / 0" ner,
HECMOTPA HA TO, 9TO THIHIHOC BPEMS XU3HW aMKHYTO# ropsadei
Beeaennoit ne pomxgo Ou0 OBl CHIBHO MPEBOCXOAUTL  Tak
Ha3KTBAEMOE TLIAKOBCKOE BpeM &p ~ 10 %oy [18,1.4;¢.240].

Kazamoce 6Bl, W3 BCero 3TOI0 MOXKHO CHeNaTh CREAYIOLIHI
BeiBoA. (Q0uias Teopus OTHOCHTCIBHOCIH He HpuMenuMa A
OMUCAHHA  KOCMOJIOCHYECKHX — Tpoueccos  (MTo, BRpOYEM, HE
VAMBHTENLHO, BREAb €€ YPaBHEHHS IKCICPHMEHTAIBHO IPOBEPEHBI
TOTBKO JUNA ¢NadbIX rPaBUTALMONNBIX [ONIEH, H TO ¢ HE3HAUHTEIBLHOR
TOTHOCTBIO & (1, /%),

Onnako BMecto atoro mpumepHo ¢ 1980 rona B actpodmusvke
HAYMHAIOT BCEPHE3 PACCMATPHBATH pasNytHLIE MOACNH pa3jlyBalo-
ureiics (nrdaauuonnoit) Beenennoi. CyTe Moaenu pa3zpysatomeiics
BceeneHHOH cocTonT B TOM [18,1.4,6.239-242] 4TO Ha panHEM 3Tamne
3BONMIONMHN Beonennoi eé pacuupeniie npoucxeouno co Ckopocmbio,
RPesbILaIOWEns Hi MHOZO NOPAOKOE CKOPOCHb Coemd.

To ecTb conu npeanomoXuTh, YTO paclivpenue BeenesHoi
MPOHCXOMHIIO Tak OBICTPO, TO MO¥KHO QOOHTH Tenbtd  pan
KOCMONOrHvecKux Bompocos. CHpamuBaeTcs, Kakue ecTh OCHOBAHWY,
utobe! NpAiiTH K MpIsHOBHON Moaenu?

Jloruka paccymmeHHil 3neck cnenyouas. Eciid npeanonoxuTs,
yte A-vnen Gonsle Hynsg, 10, KaK y:ke oTMevanock B § 9.3, aro
OpHBEAET K HBEKOTOPOMY OTTRAKHBAHHUIO MEKIy JOOBIMU OBYMs
TOYKAMH B TIPOCTPAHCTBE (OTpHUATENkRHOE “INaBICIHC BakyyMa' ).
Ilpsn onpenendauoll (ouens GONBIIOH) BENHHIRHE A—WIeHa MOXHO
HOGUTHCK TOTO, UTO pacluuperne BeemeHHOR OyRCT MPOHCXOIUTE 1O
SKCMIOHSHUHATPHOMY 3aKoHy. Takoe pacluMpende H HasblBacrca
uudasnneii. [Ipu janbHedilnem pacluUvpeHHH BelHuHHa A-dnena
MOTa KaKHM-THOO 00pa3oM yMEHBIIUTHCS OYEHb CHIIBIO, H B HAIIS
ppeMA A-WICH [PAaKTUMCCKH pPaBcH HYOO, XoTd BeE Xe naér
OCHOBHO# BKNA/T B BEJIIMYHAY CpenHei nnoTHocTH Beenennoit (9.13).
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CripalumBacTcs, ¢CTh JH BO BCEM DTOM (A—unere u AH@uamm)
Kakoii-mnoo ghuzuyeckusd cMuicn? Yrobpl nvulile MOHATE OTBET HA
ATOT BOMPOC, CHCAYET BCMOMHWThH, YeM (JM3MYecKas TeopHd
OTIUUAETCS, CKANEM, OT XUPOMAauTHH. DHIHYECKYIO TEODHIO MONCHE
nposepume  3Kkchepumenmanvio. W moyromy dumsudeckas Teopus
Moxcenm GEITH GIIPOBEPrHYTA JkcrepumMentoMm. Ho Hukakas xnpoman-
TS He MOXKET OBITh ONPOBEPTHYTA 3KCNcpUMenToM [ 1 1;¢.145].

PacemoTpum KouKpeTHberii nipumMep. [lpeanonoxumM, HEKOTOPBIA
dusHgeCKyit  MHCTHTYT B pE3YNBT4TC  [IPOBCAEHUA  pAxa
IKCOEpUMENITOB pa3padoTal TeopHro, 00bsAcHarOUy10 MX. OnHaKO mpH
MPOBEAENYH HOBBIX 3KCTIEPHMEHTOR, ObLIM 0OHApY:KEHBI ABIECHHA,
onposeprawuwMe 3Ty Teopmio, Ytebn “cnacti” TeopHio  (moid
MHOTOJIETHMX  YCHAHH  WHCTHTYTAa), TCOPCTHKH  BBIIBHTAIOT
CIEAYIOMYE0 THIIOTC3Y: B XOJ€ OPOBEACHHA HOBLIX 3KCTIEPHMEHTOB
[IPOH3OLUNIO BMEWATEABCTBO “‘BRICIAX ¢HA. [IpaBaa, KTo-TO IIpH
3TOM coo0pasua, 4YTO HABPAJ K TaKylo FHNOTE3y HAMeyartarT B
CephE3HOM HAYYHOM KYPHATE M TIPEANOKHI HECKOMLKO M3MEHNTE 66
GOpPMYIHPOBKY: B HOBBLIX 3KCIEPHMEHTAX CKASHBACTCH “BAHAHHE
4eTBEPTOro M3mMepeHna”. 3atem QOPMYITMPOBKY CINE pas M3MEIHIN, U
B PE3yNbTATE B HAYYHOM KYpPHANE NOSBWNACK CTATHY, CYTH KOTOPOH
GBOAHMNACE K cnefywimenmy. HoBple DKCIEpHMEHTH, TPOBEIEHHBIE B
HHCTHTYTE, MOATBSPOHIN MpeJCKA3aHMA TEOPETHKOB O CYMECTROBA-
HUH YCTBEPTOrO HIMEPEHHA,

Koraa yckopeHue ranaktik “ofpacusercs’” anTUrpaBUTALKOH-
HBLIMH CBOMCTBAMM BaKyyMa, TO YEM Takoe OOBACHEHME OTIIHYASTCA
OT NPEeRNONOKEeHAS O BMEIIATENLCTRE “BHICHINX cHIt T C ghusuveckoti
TOYK¥ 3penna nndeM. HanomunM, uto dusnka — oTo Hayka, koTopas
M3yYacT BNHMAHHE OJHOr0 Habaodaemozo SBISHHS HA LPyroe
nabatodaemoe apiaenne. Oua ne U3y4aeT TO, ¥T0 Heldb3s HabIIOAaTD.

Hauprmep, eciiu Mpl mipepnionaraeM, YTO YCKOPEHHE OJHOIO
TE€/a BRI3BALO NPHCYTCTBHEM ARYTOTO TENA, TO TAKOC NIPEANONI0KEHHE
UMeeT QUIMUCCKHH CMBICT (B JANHOM CIYUAe HE BAXKHO, BEPHO OHO
MM HET), TaK KAK €r0 MOXKHO VIPOBEPUTH SKCHEpHMMeHTambHo., Ho
€CJIM Mbl NPEANICIATacM, YT YCKOPEHHE TEMA BRI3BAHO “neficTBHeM”
BaKyyMa, TO Kak 3To npoBepHTh! MBI Beap He  Mowem
BO3ACACTBOBATH N2 BAKYYM. A ecii Obl MOTITH, TO Ta 4aCTh BAKYYMA,
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Ha KOTOPYI0O MBI Mormu Obl BO3MEHCTBOBATH, HA3LIBAMIChL OBl YiKE
HHAYe,

MosroMy WH A—uneH, HH, TeM Oonee, pasHYHBIC MOJIENH
HEQISEHORNOH BeenenHoil He HMEOT HU Maneditero GUIMYECKOro
cmpicna, He cnywalimo Bce 3nauMMble GH3MKM  OTBEPIasIH
KOCMOJIOTHYECKYIO TIOCTOAHEYI0. BOT uyro mmcan o Heli Puwapn
Oeitnman: «PaceMoTtpenne fiperensHO GONbLIOrO paguyca ACHCTBUA
IPaBUTALMOHHLIX CHII AGIAET AOBOALHO OCCCMBICICHHBIM BBCIEHHE
TAKOTO CHaraeMoTo B NeilcTBHe, Aaxe ecnM O 3TC NPHBOAHIO K
cornacoBaHHod Teopuw» [10;¢.216]. A Diumreitn soobme cumtan
BBeAcHHE A—dnena cpoeil Benukoit OmmoOkoii. V ecnn Obl 0H HE
clienan 3To, To cMor Obl caM npenckazaTh pacluupcuyie BeeaeiHoH,
OTKPBITOE BIOCICACTBHY Xab6moM.

MoXHO ¢Ka3aTh, YT0 WHGIALHORHEIE MOJAEIH B KAKOH-TO Mepe
CBHAETEIBCTBYIOT 00 MHQIAIMYE B caMoii (PH3HKH: 9TO MPOSBAIETCH B
0OHIHH pasIHyHBIX HAeH, THINEHHBIX (PH3HYECKOrD CMBICAA (CTPYHB,
CYNEPCTPYHBI, CYNMEPCHMMETPHA, CYIICPIPaBUTallus, DOMBILOE YHCIIO
ZOTMOAHHTENBHAIX POCTPAHCTBEHHBIX H3MEPEHHH, TOPCHORHRIE TIOMA
H T. 4.). 1 B peaynsrare, HECMOTPR Ha 3HAUMTENBHBIH NMPOTPECe B
TEXHHKE (M3HUECKOrO HKCTIEPUMEHTA M B HCCIENOBaHHH KOCMOCA,
HUKaKAX QYHANAMEIITANBHBIX H3MEHEHA {IaKEe He3HAYMTENbHRIX) 32
NOCIERITHE CCMBIECAT JIeT B (DH3auke HeT. «PakTnyeckHM HOeHHLIM
UTOroM, TIPHBHECEWHBIM B (HMIUKY MYUUTENBEHLIMH IOHCKaMH
NOCAEAHETO IATHASCATHIETH, CTAjl0 BBIABAEHHE CXOACTBA B
OMUCaHUH TPEX (PYHRAAMCHTAILHBIX B3aUMOIACHCTBHI. B ocTanbHOM
COBpEMEHHAs TEOPHA NPEICTABAACT CoDOH COUCTAHNE PeIATHBH3MA H
KBAHTOBOHI MeEXaHHKH. HH4ero HOpHHUHIHAILHO HOBOIO B HEH
HeT» [34;¢.138].

B cnepyromeii miase Mbl pacCMOTPUM 2BONIOLHIO BcenerHo#
C HOBOE TOUKM 3PEHHS, YIUTHIBaA BAHAHUE BCeH Macchl BeeneHHo
Ha MpoTekaHue @u3Hyecknx npoueccoB. lipn sToM  MHOrHe
KOCMOMOrHaeckue  npobremsr  nonydar  cBO€  ECTECTREHHOE
paspeleHHe.



Tnaza 10

o)
Almosd T Do,

B a70#f rmame Mbl paccMOTpMM 3BoIOUKMIO BceenenHoit B
paMKax KBaHTOBOM TEOPHH IPAaBUTALNM, TO €CTh, YUHTLIBAR BAHAHUE
pacnipeneneHds Matepuu Bo Beenehiolt Ha nporekaine PH3HIecknx
npoteccoB, [Ipu 2ToM GONBIUIMHCTBO KOCMOAOIHYECKHX MpobiieM
NOJYINT CBOC €CTECTBCHNOE paspeileH e,

i
\Y

§ 10.1. 3sonwouua BceneHHoM

Ecni ocHOBHEIC TONOXEHUA KBAHTOBOH TCOPHM IpaBUTALMy
MOJTREPAATCA  SKCHCPHMEHTAILHO, a4 TOYHOCTH  COBPCMEHHBIX
(HIUHECKUX  DKCIIEPUMEHTOB II03BONACT OCYIIECTBHTE ITPOBEPKY
HOBOH TeOpHM yxe B Hactosulee Bpems (cM. § 8.3), 1o oat0
KapAWHATLHBIM  00p230M  M3MEHRT HawWM  UPEACTAaBIeHUs O
nrabmonaemoll Beenennoil. Jlapaiite sxpaTiie paccMoTpHM Haubosece
CYWISCTBEHHEBIE HM3MCHEHMs, BHOCHMEIE YpaBHeHWAMH (2.1), (2.9),
(3.9) v (3.21) B CyLIECTBYIOWYIO KAPTHHY MHpA.

1. Cxopocrs cBeTa u mocrosnsas Ilaanxka. B aanékom
MPOIUMTOM PACCTOAHHE MEXKIY IaNakTHKaMU ObIN0 CyILEeCTBEHHO
MCHBUIC, YEM B HACTOAMmIeE BpeMs. 3TO O3HAYACT, UTO BEUIECTBO RO
Bceenennoii Haxonunocs 8 6onee nnotHoM cocrosuuu. [Tosromy, Kak
BHMAIIO H2 ypaBHerwi (2.1) # (2.9), geruvuna cropocmu caema Onina
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SHAYUMEIbHo dulie, a nocmoaniiol Haanka nunce, Yen 8 Hacmosniyee
apesa. Nuave romops, B npowsom nawa BeesicHnas Oulia Oonee
“gnaccuyeckoit”. A B byayem dyact doree “KRaHTOBON”.

2. Macca DBeenenmoit. s ypasuenus (3.9) cnenyer, yro npu
OEWKeHNN  moboro  gusaueckoro  obwexta  (TREpAOre  Teda,
JNEKTPOMATUHTHOFO — HMIYYCHHA...) B IDABHTALIHONHOM  HONE
coxpansercs ero Macca. [Ipruém He Macca moxos, a TIONAAN Macca m =
g, W M = E/e, tae E - nonwax JHEPTHA Aandoro o0bekTa. Hoaromy
ROAHAA MACCA Beerennon 0cmaémea nocmoanol npu e€ pacuiupenrui.

3. Jucprua Beenennoii. B panékoM npowmoM 1oiias macca
Bcenennoii 0bma Takoif ke, KaK W B HACTOsUIES BPEMS, d BENHYHHA
CKOPOCTH CBETa Obla CYIMECTBEHRO BbIIE., DTO O3HAYACT, TLO MOJIHAA
aHeprig BeeneHHOW B Aan€koM TPOUUIoM ObITa TaKke CYUICCTBEHHO
BBILLE. A npu pacuiupenuu BeeleHnol eé noanas snep2us YMenoiaemes.

4. Beeaennayn zaminyta. [Tonras sneprus moboro Tena pasua
no aGCOMOTHOW  BOIHYMHE ero  HOTCHUHanbHOH JHEPTHH B
rpasuTalHonnOM losie Beenennol (2.1). A wuueTnueckas sHeprud
TEma - 3TO TOARKO HacTh ero noaroil xnepran. Hoomony awodoay
MERY, HE3QBUCUMD O €20 CKOPOCHN, HE XGAMUM KUNeHmuNeckol
SHepauy, umobul  nPeodoiemy  ZPAGUMAYUONIIOE  RPUMAdNCENE
Bceaennor, 310 03H4HAET, HTO CO BPEMeHCM pacluHpenye BeenenHoi
NPEKPaTHTCH, H HAYHETCA CKATHE.

5. DaemenTapHbie uacTHubL M3 ypashenus (3.7) cnenyer,
YTO MPH JBHKEIHH 3IEMCHTAPHOH YacTHUS B TNABHTAHOHHOM (1071
€€ Macca MOKOS M3MEHSCTCA. DTO 03HA4aeT, HTO MAacca [OKOH
IAEMEATAPHOM JACTHLL! 33BHCHT OT BENHYIHHBE! I'DABUTANYOIHOIO
potenuuana Beenenno#t (3.21). B atoMm neT HHuero neoOLIMHOUO.
JICHCTBHTENBHO, MACCa NOKOA YACTHIEI PABHA DHEPIHM TIOKOSIIEHCS
YacTUIlhl, ACICHHOA Ma KBAZPAT CKOPOCTH CBCra. A oneprus
NOKOALEHCH YacTHLE ONPEACIAETCS B TOM YHCIC M BEAHYMHON ef
TPABHTAIIMOHHOrO B3GUMOACHCTBHA €O BCEH ocTajblioH MaTepHeH,
CYIIECTBYIOMEH BO BeenelHoii.

Tlpu nanenuu onextpoHa (wan d0GOH ApyroH 4YacTHUBI) B
IPAaBHTALFIORHOM TIQJIE €TI0 CKOPOCTR YBENMUMBAETCH, a MOJHAR Macca
acraéres nocrogaroi (3.7). Orcroaa ciaenyer, 4ro macca Tioxos Dyer
YMCHBINATECA.  HMacTe  MacChl  OOKOS  [EpexX0adT  MpH  3TOM B
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KMHETHIECKYK) BHEprur0 JBuxenns. KM Haobopor. kak creayer w3
dopmyier  (3.21), npn  pacupeHur  Beenewrodl  macca  mokos
AMEMEHTAPHON YACTHITRT YBENHUUBACTCA, [T02Mony & O0a1ékom Rpowaom
MACCH! ITCMEHMAPHBIX YACTNIY GOLIN CYUECIIBERHD MEHDINE.

6. Bemecrso u HaTygenne. DHEPI#s, CYLIECTBYIOWAA BO
Beenentoit, HaxomuTea B pazaugHsiX GOPMAX H MOKET IEPeXOIHTh H3
onnoit Qopmul B apyryio. B wactosimee Bpems Oduibnzas  wacTh
Haby0RaeMoit 3HeprUl Bo Beenennol cyIIeCTRYeT B BHAe HEPTHA
MIOKOA PA3NHUALIX Tel, TO €CTh HAXOAHTCA B cKpbiToit dopme. M npu
COBPEMEHHEIX YCIOBHAX B AKTHEHYO (popMy (ManyteHite, KnHeTH1HecKas
IHEPTHA, TEUAO H T. A.) MGKET MEPeXCAWTh TONBKO HE3HaqUTENbHAN
YaCTE DHEPrur. Hampumep, npi TepMOZACPHOM CHHTE3C TONBKO OKOMIO
1% HHEPrin NOKOK NICPEXOTHT B AKTHBILYIC 3HEPTHIO.

OpHako s ganékosm upotunoM seé Opinoe uuade. [lonnas macea
Beenennoii B To Bpema Orlia Takol e, KaK 1 cCHMac, a Macca IoKoA
BCCX BIEMEHTAPHBIX YaCTHIL (4 3HAYHAT H BCeX Tel) Oblla Bo MEOTO pa3
McHbUIE, TakuM oOpazoM, HA paHIieM 3Talle JBOTIOLMY BecaeHnol
O0nbIad 4acTh €€ MONMHOH MACCH!, a, JHAUMT, d OOTRWAN 4acTh
TIONHOA SHEPTHH NaX0JAWiack B AKTHBHOH (opMe, B TOM 4HCIE H B
BHJIC W3MYHEHHA.

§ 10.2. Kypa vcyesno aHTUBEL{ECTBO?

Kax Ouimo oTMedueHO B KOHIE Mpeablaywiero naparpaga, Ha
paHHeM JTane 3Bomounr BeenenHoi NoJapisionas YacTk DHEPriH
Beenennoii naxoannach B BWIE HITYYEHMS, TO €CTb B AKTHBHOM
dbopme. Y TONBKO Manas 4acTh — B BALE BEUICCTRA.

Ho ecni p3nydenHe HaxOMUTCA B CHIBHO CHKATOM COCTOSHHH,
TO, KaK W3IBECTHO, OHO MOXET [IPEeBpaIaThcA B BEUECTBO H
aHTHEENICCTBO. MHavwe ToBopA, B OYCHB MANEKOM IIPOIIIOM BO
Beenetnoit OBUIO BEMIECTRO, AHTHBELICCTBO H H3NYIEHHE.

[IpeanonoxkM, YTO B HacloAlee Bpemsa olliee 4o
- GapuoHoB M aHTUOApHOHOB, CYWECTBYIOIMHX Bo Beeneunod,
pasHO N,, TO ecTb N, COCTABNIAET NPIKTHUCCKH BCIO Maccy (KM 110
Kpaiigeil Mepe 3HAYHTCBHYEQ YacTh) BEHIECTEA BO Beenennoit (mg —
3TO HeKad yCPeAHEHHAst Macca MOKOA oJIHOTo DapHOoHA).
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Ho B nanékom mnpowom wmacca N,mp COCTaBnAna O4CHhL
HE3HAYMTENBIYIO Y4CTh OT NOAHOH Maccht Beenennoit. Hampumep,
xorpa Bceenewnas Owpina B MMIIHOH pa3 MeHbINe, macca FOKOS
Gapuoiia Obina B THICAYY pa3d MeHBIHE M Macca N, Gapuolion (Mid
anTubapuonoB) cocTaBnANa IpUMEpHO (1,/% OT CORpeMCHHOTO
3HAYCHHA. DTO CleayeT u3 ypaBHeHus (3.21).

Takum o6pasom, B Aa€KOM NPOILIOM BeecTBa ObLI0 THIIE Ha
KAKHE-TO [JOJHM NPOLUEHT2 Qoblle, YeM AHTHRCHECTBA. BemecTeo H
AUTHBCILECTBO AHHUTHWIHPOBAIM JAPYT € [APYTOM C BhIACITEHHEM
GoNnpMIOr0  KONMYECTBAZ  BHICOKOSHepreTwuHeix QotoHos. Ilpu
CTONKHOBEHWH  TakMX  (POTOHOB  CHOBA  POMLANHCH  TIApPH
JACTHIE—aHTHYACTHLIA.

PacemoTpuM  Tenepp, 4TO NPOM3OIINQ  TIPH  PACIIHMPEHHH
Beeneunoii.

Mycrs N; — xomwyecTBe OapuoHoB BO BeenewHoH, N, —
Konu4decTso anrtHdapuonos. M N, =N,

Tlpeamonoxkwm,  Bapuounl N, w  autTubapHoHsl N,
NPOaHHUTHIIHPOBATTH JIPYT ¢ APYTOM, H BLIAETHIACE DUEPTHN:

E = (N, + Nymy ¢ (10.1)

[pontecc awHUrUAAIMHE — OOpATHMBIH fpoilece, W H3Ty4eHue
MOXKET BEOBb NIPEBPATHTLCH B BEMECTBO 1 aHTUBCUECTBO.

lIpu pacmmpennn Beenennoit ocTaéresa nocTOAHHON BesipyHNA
E/” = const (3.9). A Macca nokoa GapnoHa my BO3DACTAET {3.21).
Hosromy, kak Bupno w3 ypasuenwms (10.1), cymma N+ N,
YMCHBILACTCA TPy pacwHpelnd BceneHHOH. A TaKk Kak pa3HOCTh
N;— N, ocraéica nocToAHHON (3aKOH COXpaHeHHs OapHOHHOTD
3apAAa), TO B PE3YABTATC YBEIHIHBAETCA PA3HOCTL MEXIOY NONHOH
Maccoii 0apHOHOB N g H ITOTIOH MACCOH aHTHOAPHOHOB Ny,

Hrak, mpu pacmupendn BceeneHHnoll yBemTHYMBANHCE MAaCCH
[IOKOA D3ITEeMEHTAPHL(X YacTull. BcellenecTBHC 3ITOre JHEprHA U3
AKTHBHOM (QOpMBI IOCTENEHHO TEPCXOMMia B CKPHTYIO opMy —
JHEPTHIO TIOKOS BeliecTsa. B pesynnTate BEiieCTBa CTAHOBHUIOCH B
npouenTHoM oTHOWeHMKM Bed Gonbime u Oompwme. M, uakownen,
AHTUBEUICCTBO TIOMHOCTHIO HCUR3Io U3 BeelenHok.

Ecny e HexXoauTh M3 CHMMETPHH BCIHECTBA H aHTHBCINCCTRA,
TO MOXKHO NPCATIONOKHTb HECKONBKO Opyroi, 0once BeposTHBII
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cueHapufi. Ha paHHem »rane 3BOMOLMHA Beenennoll BewiecTea M
anTusellecTsa ObII0 B TOYHOCTH MopoBUY. OAHAKO CO BpEMEHEM
BOZUKKAH  HE3HAYHTENLHble QUIYKTyaudu: B ORHOH  obsmactH
BceseHHoH  cTamo YyTh-4yTh OoONeINE BCUIECTBA, a B JAPYTOi
naobopor — aHTuBeulecTBa. [lpn pacumpedun  Beenendoit 3th
obnacTH mepecranM KOHTAKTHPOBaTe Jpyr ¢ apyrom. Y B
JanphekmeM Hebonemoi nepesec B Kakoi-nubo o0smacth setuecTsa
NPUBOAMI K TOMY, 4TO B HEH OCTABanOCh TONBKC BCUICCTRO, H
Hao0opoT. DTO O3HAYACT, YTO MBI HAXOAHMMCA B OAHOH W3 TaKux
obnacteif, rae CymecTBYET Tenepb YXKE TOILKO BEINECTBO, a
aHTYIBEILECTBA HET. A fpyrue ynanéasele obnacru Bo Beemenwnoit
COCTOAT HCKAOYHUTENLHO 13 aHTHREILECTBRA.

§ 10.3. UcToununk 3aHeprun KsazapoB

Kak 6emme ormeueno B § 9.7, MOUHOCTE H3MY4YCHHA
KBAa3dap0OB HAaCTONBKO BBICOKA, YTO HCH3BECTHO, KAaKHE l'I)H3H'-ICCKH€
npoucceel Mornn Obl obDecneunTs Takoe OrpOMHOE  BBIAETEHHE
ageprun. M npome Beero  oObIcHUTE  e€  NPOMCXOXKAEHME,
MPEANONOKUB, YTO Ha KBasapax HAYT NpOUECChl ARHHTHARLHK
pemecTsa U anTHBeniectsa [10;¢.253]. Tlouemy e Torma Takoe
NpeinoNokeHHe paxe HC paccMarpusactes? OTBET NPOCTOIL
JleHCTBUTENBHO, TNPEANONOKAB, YTO Ha KBa3apax MPOHCXOAAT
AHHHUTHIALHOHHbIS IPOUECODI, MOKHO OOLACHHTD HCTOMHHMK
KonoccanpHOH MolHOCTH kBazapoB. Ho kak B TakoMm cCiyvae
o0BACHNTD, OTKYIa B3A/IOCHh HA KBA3apaxX BEIECTBO H aHTHBCIICCTBO?
Kax yxe orMeqanoch, B paMKax COBPCMEHHON (M3MKH HEBOIMOKHO
00BLACHHTE, KAKIM 06pa3oM aHTHBEIECTRO MOTNO OBl OTAEIHTECH OT
BEIIECTBA B aCTPOHOMHUUCCKHX MacwTabax [34;c.168].

A B pamxax KBaHTOBOH TeOpHM [paBHTALIHH MpoLecc
pa3AcneHdn BEIUECTBA H AHTHBEIIECTBA HE MPOCTO BO3MOXEH, HO, KaK
ObUIO flOKA3aHO B IpelBNyDieM naparpade, ¢ HEU3OEKHOCTHIO
JOIDIKeH NPOHCXOAHTS HAa pauHEM 3Tane 3Boolnu Beestennoi.

Beray oco6oi BAKHOCTH 9TOTO MPORECC?, a TAKKE YUNTHIBAA
TO, YTO OH, MO-BMAMMOMY, HHKOTJA paHbille HE pacCMaTpHBAICH,
naraiTe BKPaTUC HOBTOPUM €I0 CYTh.
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Ha panncii crammum spomounn Beenemioit Bes mMarepus B nei
HAXOANNACh B BHAE HIAYHCHWA, KOTOPOE, HAXOQACH B CWILHO CXHATOM
COCTOSIHMM, TPCBPalla/loch B BEMIECTBO M aRTHBewiecTpo. [Ipouecc
obpaszopaned  BEMICCTBA M AHTHBEINECTBA € NOCHCAYIOLEH
ANAMTASAIHCH BPOMCXOANS HerpepsiBHO. TIpu 3TOM ¢ HeH30CKIOCTLIO
BO3HHKANH QnyKTyalldu, cnyqaiHbIe OTKIOHEHHS TNOTHOCTH BCUIECTRA
(arrrdBeviecTBa) OT CPSAHETO 3HAUYCHHUS., 3T QIYKTYAITMH NPHBOIMIH K
TOMY, 4TQ B OLFIOH 0OMactH poCTpaHcTBa OBINO YYTh-UYTH OONBLIC
BCILCCTBA, 4 B JPYToi, Hao00pOT, — aHTHBEILECTBA.

H3-3a pacivpenma Beenemioit B xakoff-ro MOMEHT BpeMEHH
3TH 00JTacTH TIEPECTali KOHTAKTHPOBATh: Apyr ¢ apyrom. M mu3-3a
TOTO, YTO Macca nmokox Qapuwosa npH pacwHpennd BceneHHoil
Bozpactana (3.21), a wonuoiil OAPUONNLIHR 3apsii COXpAUSLICA, TO
HeOONBILOH MepeBec BellecTBa B HEKOTOPOH 0ONACTH NpOCTpPaHCTBA
NPHBOIHIL K TOMY, 4TO B HeH oCTaBaloCch TOILKO BCIICCTBO. H Takum
oOpazom, Bo Beeneuroii obpasoBanuck o0nacTH, COCTOALHE TONBKO
H3 BEMISCTRA HUITH, naoﬁopm:, AHTHBEINECTRA,

B I[aJTbHE:ﬁUIeM, crnycta COTHH MHIITHOHOB JNET, HEKOTOPEIE
CKOTOICHUSA BCILECTBA H AllTHBCIICCTRA 6]13[‘0,[12[])51 rpaBpHTAUHOHHOMY
[PHTAKEHHIO MOTIIH BHOBL BCTYIIUTE B KOIITAKT JPYr C JApYTroMm.
Komoccansuasn JHEPrHd, BBIACJIHBIIANCA NpM HX AHHHIHAAIIHH, KakK
pa3 W maéT HAM BO3MOXKHOCTE HalGMmONaTe 5TH IKIOTHUECKHE
00BCKTHI - KBa3apbl, HaXOOAUHECA OT HaC Ha PACCTOAHHAX HECKONBKO
MHUTHAPAOB CBETOBLIX JICT.

§ 10.4. NponcxoxgeHne PagNOAKTUBHBLIX INEMEHTOB

Appa  XHMHYECKMX ICMEHTOB <COCTOAT H3 MPOTOHOBR H
HCHTPOLOB, 00LUce HA3BAIHE KOTOPLIX — HYKNOHBL. [IpoToHBl uMetoT
TIONOMUTENLHBIA MEKTPHUICCKUl 3apsill ¥ OTTANKMBAIOTCA LPYr OT
npyra. Ho ¢ apyroil cropoiisl, MeXAy HYKAOHAMH CYIECTBYET
ANEpHOE  npuTaKelMe.  facpHbie  CHARl  [Opa3no  CHITBHEE
AMEKTPOMATHHUTHBIX, H NIO3TOMY OHH YACPKHBAIOT AAPO OT paclaja.
CymecTrennoii 0COOCHHOCTBIO SIAEPHBIX CUN ABAAETCA JOCTATOUHO
Manblil paanyc ux HeHCTBHA » & 107 em. Vmenno panHyc ZefcTBUS
ANEPHBIX CHN ¥ ONpENeIgeT MakKCHMANBHO BO3MOKHRI pasMmep Anpa,
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& 3HAYUT, H MAKCUMANBLHO BO3MOXKHOE KOMMYECTBO NPOTOHOB H
HEHTPOHOB, CTOCOOHEIX 00Pa’0BATL OTHOCHTENBIIO YCTOHYHBOE DO,
[oaTtoMy sAnpa XHMHHECKHX 3JEMEHTOB € OOIBIIMM NOPSIKOBLIM
HOMEPOM, HauHnad € ypaHa, HeycToHyupsl. OHM caMOIPOH3BONLHO
pacnajaloTes ¢ BBLAENEHHEM OONBIIOTO KOJIHYECTBA ITIEPTHH. 3TO
ABJI¢HUE HAZBLIBAETCA PATHOAKTHBHEIM PacafioM.

HyKAOIE], cOCTaBNAIONIVE ANPO, XAOTHUECKH ABMKYTCH B HEM.
H ecan neonpenen€yHocTs B ABWKEHHM HYKIOHA YMCHBUIMTCH, TO
ero oaddexkTurHEIA  pasMmep Tawke YMEHBIDHTCA. A 00béMm,
JAHUMAEMbIH WM, YMEHBIUHTCA [POLOPIHOHANEHO I—H CTENCHH OT
apdexTHBHOTO pa3Mepa. 10 O3HAYAeT, 9T0 & O0BEME, KOTODPLIH
3aHHUMAET AP0 ypata (3T0 MAKCHMaIbHBI 00BEM, TIPH KOTOPOM AP0
OTHOCHTENBHO CTadUIBHO), MOXCHO OYACT pasMCCTUTh B HECKONBKO
pas ©Gomemre mpoToHoB u  neHrponos. TloaToMy  CKOPOCTE
PAJHOAKTHBHOTO PACTafia OTpPSAEnieTcsS B TOM 4HCIE W BeTHUHHOH
nocrosnHoi [Inanka.

Ecnn nocrosnnas [Inaska Bo3pactér, TO COOTBETCTBEHHO
YBCIIMYUTCH W HEOTPEJENEHHOCTH B JABWMKEHHH TMpPOTOHOB H
HelTpoHoB B agpe. M B pesyasTate  nepuoJ  noaypacuana
paauoaKTHBHOTO IeMcHTa yMeHpunTes. [lepuon monypacnaga — sro
BpeMsd, 34 KOTOpOE KOIHYeCTBO PajMOAKTMBHOTO  BEIIECTRA
yMeHbWACTCA 8 ABa paza. M mHaoOopor, eciau mocrosmnyr [[nanka
YMCHBHIUTE, TO MEPHOJ MOAYPacnaia PpaZHOaKTHBHLIX JEMEHTOB
yeeanuurca. ITlostoMy B panékoM NpouuIoM, KOTAa 3HayeHne
nocroaunoi [Inanka OpUI10 CYyLIECTBEHHO HIKE, MOTTH CYHIECTBOBATE
¢TaOUILHBIE TPANCYPAHOBLIE SIEMEHTEL

OOWEnpUHATO, YTO AApa CYMCCIBYIOMMX  XUMHYECKHX
3MEMEHTOB O0pazoBailCh B TIPOMECCE TEPMOSICPHOTO CHHTE3A B
Hegpax ropsuMx 3Bé€3a. OOHAKO MNMPH COBPEMEHHBIX YCHOBHAX
00pazoBaHue A71ep TOKENBIX IEMEHTOB IHEPreTHYECKH HEBLIFOIHO.
ITooromy HC coBceM sScHO, KakHM obpazoM oOpazomannch supa
TOKENBIX U 0COOCHHO PaTHOAKTHBHEIX 3TeMEeHTOB, BOT 4To HanHcaHo
06 aToM B Pusnueckoil 3rMKNONe A, «OHOHA M3 OCHOBHBIX 337134
AIEepioi  acTpoM3NKYN, TIOMHMO OOBIACHCHHS JHEPTOBLIAENENHS B
CTAUMOHAPHBIX 3BE3MAaX W TIPH B3PLIBAX CBEPXHOBBEIX {DTH TPOTIECCH]
COPOBOKIAKOTCS CHHTE3OM NIEMEHTOB BIIOTH 10 KeJle3a), ABNAETCS
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0o0BACHEHHE TMPOUCXONKAEHHA XHMHUCCKHX DJICMEITOB THXKelee
wenesan (18,1.5;¢.654].

A ecmw ke B mpounioMm nocTosnuas llmanka  Opima
CYILECTBEHHO MEHbIUe, TO YCIoBAg obpasosanus saep Gbun npyrue,
TepmosaepHBIil CHHTES TSXKENEIX M Aake TPAHCYDAHOBBIX JJIEMEHTOB
Obin Bnoane Bo3MoOkew. IlpH pacwinpennn BcenenHol NOCTOAHHas
Inanka yeemnuMBamach, TPARCYPAHOBHIE DIICMEHTH CTAHOBHIIHCH
PanHOaKTHBHEIMH H pacrajantce. C ITOH TOYKH 3pEHAA
COBPEMEHHEIC PATHOAKTHBHLIC JTEMEHTEI — 3TO OCTATKH, OCTABLUIHCCA
OT pacliaga Koraa-To ctabUIEHEIX TPAHCYPAHOBBIX JIEMEHTOB.

§ 10.5. noTHoCcTL Marepun Bo BeeneHHoOW

Kax yxe oTmeuanoce padee, 3HAUYMTEIBHAS 4ACTh YCHUAHIA B
acTpoH3HKe BO BTOPOl DNOJOBHHE [BaJuHATOre Beka OblIa
HalpaeneHa Na To, 4TO0B! OUPEAENHTh ¢ JOCTAaTOYHO BBICOKOH
CTEMEHBID TOYHOCTH BEIHWYHNY CpeAHeH INJOTHOCTH MaTepHH BO
Beenctnoi. TpyAHOCTE 5TOM 337a9M OCIMKHAIACE elE H TeM, 9TO BO
Bceenewuoi, BO3MOXHO, CYLWECTBYET TaK [a3bpiRACMAA  CKPRITas
Macca — TEMHaA MaTepHs, HMEIOMat HeOapHOHHOE MPOUCXOKICHHUE.
Tounoe onpenencHne cpeiHedl NAOTHOCTH MarepHd Bo BcemeHHoH
NO3BOJIMIG OBl TIpeJicKa3aTh fanbHEeHNIyi) 9BONIOLMIO  Hamehl
Bceeneunoit. To ects onpenemuts, Oyaer mu pacluupenve Beenennoi
NPOJOIAATLCA HEOrPAHHYEHHO JIONrO, MIM €O BPEMCHEM OHO
OCTAHOBHTLCA, H HAYHETCA CXKATHE,

A B paMKax KBaHTOBOH TEOPHH IPAaBHTAlHH MOXHO Cpasy
OTBETHTb Ha BOTMPOC O TOM, 3aMKHYTA MM OTKpBITAa Hama Beenennas
M O BENWYHHE CPEJIHEH MIOTHOCTH MAaTCPHU B HEH.

[lonnas o3meprus uroboro Tenma, kak cienyer w3 Hosoro
3akoHa (2.1), B TOYHOCTH paBH3 €ro IOTCHIMAIBHON OJHEPIMH B
TpaBHTALHOHHOM IT0ie BeemeRHoM. A TaK kak KHHETHUIECKAS 3HEPTUs
moboro Tena MEHBIIE €ro [IOIHOH JHEPTHH, TO HH OXHO TeJO He
cmodicem BRUISTETb 3a “Tipesiennt Bceenennoit”. CrenoBaTenbHO,
Bcenennas 3aMKHYTA, U €€ [LTOTHOCTE © OOJIBIIIE KPHTHIECKOI:

P> P (10.2)
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Tenlepp OoTBCTMM Ha cueaylowMi Bonpoc. Ha  cxonwko
mroTHocTs Beenennoit Gonplue KpHTHYECKOH MIOTHOCTH?

Ecnu 6b1 Bo Beementoit He GBUIO BelliecTa, a ObLTO TONBKO
MINY4EHHE, TO IUIOTHOCTE MaTepHH Bo BcenenHoll B TOHHOCTH
paBHanach OBl KputHdeckoil. 1 B a3rom cayYae pacwupense
Bcenennoft nnunock OBl HEOTPAHWHEHHO JOJTO BO BPEMCHH W B
npocrpaucrse. Ho frarogaps ToMy, 4o Bo BeeneHHOI cyimecTyet
BEUCCTBO (MM aHTHBEIIECTBO), KOTOpOe 061aaaeT SHEPrucH Mmokos,
CyMMapHad KHMHETHYECKas DHCPrHA MarepHd Bo  Beenennoi
HECKOJIBKO MEHBILE, HeM ¢€ 31eprud B3AUMHOrC IPaBUTAHOHHOIO
nputsokenns. [lpowe rosops, ecim “ybpate” u3 Bceenenno#t ncé
BEIIECTBO U aHTUBEWIECTRO, TO &€ [IOTHOCTE OYeT B TOYHOCTH paBswa
kpuTHdeckoit. M, 3HAUMT, miIoTHOCT MaTepuy Bo Bceeneunoi pasHa
KPUTHYECKOH MIOTHOCTH TUTHC [NIOTHOCTE BCLICCTBA:

p=p.+ P (10.3)
3IECh Pp — CPSHAR ITOTHOCTE BemecTsa (Gapuonor) o Beenennoif.

Kak ©Owto Besicieno B §10.2 w  §10.3, Bemectso
(anTusewrecTro) BO BeeneHHoll cymiecTBYeT TONEKO TOTOMY, UTO Ha
paHHell cragyd BontonuM Bceeneurnod OpuM  lIe3HaYMTENBHEIE
JAOKaNBHEIE QUIYKTYAIMK BEIECTBA W auTHBEWecTsa. I ecan Obi aTHX
duykTyaruii He Oputo, TO BO BeencHHOH cymecTsoRano Opl TONLKO
H3IyJdeHHE.

He BaaBasce B JeTad NpOIECCOB, MPOHCXONHBIIHX B TO
BpeMs, TPYJHO CKa3aTh, KakOH OblIa cpedeKkBaipaTHIHAA BETHYHHA
takux Qayxryanuii. Ho, o kpafneli mepe, MOAKHO YTBEPXAATh, UTO
BENTMYMHA ITHX ¢uiyKTyauui cocrtapnana le Oonee yem 510 %, a,
ckopee Bcero, emé menbme. [lo coBpemennsiM acTpodH3HYecKHM
JAHHBIM BENHMYMHA TalakTHHCCKHX HEOJHOPOMNOCTEH Ha panuei
cTaany spomonny Beerennoll Onina npuMepHo pasHa 5 % [43;¢.859].
¥, 3naunt, Ba nomo GapuoHOB (OOBIMHOTO BEWIECTBa) NPHUXOAHTCH
BCEr0 TOJNIBKO 0KOJ0 J % MPOUEHTOB (@, BO3MMKHO, H MEHBIIC) OT
o0urero konH4ecTBA MatTepuH Bo BeeneHHOM:

Qy <005 (10.4)

CrepoBarensto, 3Ha4eHHWEe CpefHell IUIOTHOCTH MaTepHH BO
BeeneHinod HaxomuTes B cieAyIOMHX TTpeactax:

2 =] + 105 (10.5)
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Taxum oOpazom, coBpeMenuble ACTPOYH3HYCCKHE MaHHBIE O
cpemneil nioTHoCTH MaTepuy 8o BecneHHod M o cpeliHell MNOTHOCTH
o0bivdoro seuectsa (Gapuouos) (§ 9.4) NOJMIOCTBIO MOATBEPKAAOT
BRIBOJBI, CACMNAHHbIC B PAMKAX KBAUTOBON TEOPHH IPABHTANHH. JTH
BBIBOJIHI HETIOCPEACTBCHIIO DCHOBAMET Ha HosoM 3axonie (2.1) 4 wa ero
pAMOM CTIENCTBHY — ypasreiH (3.21).

B saxmoucrue naparpaga ciié pas NoJHCPKHEM, YTO C TOUKH
3pEHHA KBAHTOBOH TCOPHH I'PAaBUTALUH TIOAABJIAIOMAR 4acTe (9526
um pake Goree) Matepus Bo BceeneHAOH HAXOJHTCA B BHAC
H3TYYEIHsl, TO €CTh OCHOBHOH BKIJIAJ B 3HAa4YeHHE cpedHcH MIoTHOCTH
BHOCHT CBET (MICKTPOMArHUTHOE W3syueHre). Kctath, MMeHHO cBeT
Ny4ite BCero UOAXOMAT 0oi onpeacicime TéMioil marepun (dark
matter). Bo-nepsoix, 110iHas Macca CBETA BO MHOTO Pa3 OPEBOCXOAHUT
Maccy ofbprgHOoro BeulecTBa, BO-BTOPHIX, CBCT MMeEET He DapuonHoe
UPOHCXOKIeHHe. B-TpeTbix, CBET yvacTByeI R TDaBHTAIIMOHHIOM
B3auMoaciicTeum. B-ueTr8pTeIX, creT aBmgcrca abcomwoTno e
CKyuMBamlciica Matepued. M, Haxoweu, B-MATHIX, Kak 3TO HH
MAPaNoKCATLII0  3BYYHT, CBET SBINCTCA  A0COIIOTHO HERUIMMOIT
MatepueH. JlefCcTBUTENbHO, MOV MATePHIO, KOTOPas HaxOMuTes 0T
HAC [a HEKOTOPOM PACCTOSHHH, Mbl MOXeM HaOIIONATh Mo KO 1IpH
NOMOMK CBETA (NIEKTPOMATHHTHBRIX BonH). Ho cam ceeT (doroiisr)
MBI MOXKEM ODHAPYXHTE TOJBKO B TOM CIIYUac, SCIH O TIONaasT Ham
B rma3 wsu Oymer sapeructpupoBan npubopom. Ho eciau cuer,
HponeTas B (POCTPaNCTBE, HEe NORALET B Haul TNa3 HIH He Oymper
3dPETUCTPHPOBAH nOpHOOpPOM, TO Taxod CBET B TPHHIHOE HE
HabmogaeM (ero MOXKHO OOHAPYXKUTE TONBKO 110 TPABHTAUHONHOMY
BO3AeHCTEUIO, TO €CTE KOCREHHO).

§ 10.6. KpacHoe cmeuleHue

ObwenprudTo, 4T0 B paciApswuleiica Beenennoli ocraorcs
HCH3MCHHBIMH CKOPOCTL CBETA, II0CTOSHAAA 1InaHKa, a TAKKe MACCH
NOKod JIAEMEHTAPHLIX 9acTHI, C aroH TOYKH 3penHa  KpacCHBIC
cMeuiernd, HablloaaeMble B CIEKTPax H3ydeniid Ranékix ramakTok,
MOTYT OOBACHATLCA TOTLKO AOIICPOBCKHM I(PPCKTOM, BBI3BAUHBIM
TEM, YTO rajlakTHKH YAANSIoTCH oT dac (9.1).
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C 170BO# TOUKH 3peHHs 570 He Tak. [loka GOTOH NETHT K HaM U3
nanéxod ranaxTukH, BcencHHas pacluHpAeTCA, ¥ BCIEIACTEHE 3TOT0
M3MEHAECTCA M CKOPOCTb CBETa, W mocrosHHas l[inamka. Tlosromy
yactota (orona Takke maMensercs. Hampumep, uz dopmyner (3.9)
crefyet, 910 dHeprus OTOHa, ABMTAIOWIETOCs B PRCIIMPSIOMIEHCH
Bcenennoif, 6yleT yMEHLIATECA BOTEACTBHE YMEHBUIEH U BETHYHITB]
CKOPOCTH ¢BCTA. ITOT PE3YNETAT HMEET APOCTOil PH3UTECKHH CMBICI!
$OTOH, YYACTBYA B TPABHTAIIMOHHOM R3aMMOIEHCTBHH, “TOpMO3UT
pactunpenye Beenermol. OTcroma cliefyer, YTO KOCMOJOTHYECKoe
Kpacnoe CMCUICHHC TONBKO YACTHYHO BRI3BAND JOIICPOBCKHM
sdpdexrom. CnenoparensHo, CKOpOCTh pa3OCraHHs ramakTHK, a,
IHAYHT, H BEJIMYHHA MOCTOAHNOH Xab0ha MeHbIne, Yem wpeiniona-
ragTcs B COBpeMeHHoil kocmonmorud. A Bodpact Beencurod,
COOTBETCTBEHHO, DONbIIIE.

PaccunraeM BeIMYHUHY JOTNONHUTCILHOTO KPACHOTO KOCMO-
JOTHYECKOTO CMEILEHHs, BEISBAHHOIO #E donaeposckui IPPEKTOM.

Hpeﬂnom)xmm, YTO HEKOTOpasA TalaKTHKa 71 HETOIBHMAKHA
OTHOCHTC/IBHO 3eMnu. B arom cnydae, Kak cleAyeT M3 YpaBHEHHA
(3.17), n3MeleHne TPaBUTANIMOHHOTO MTOTeRNHaNa AD,, co3nasaeMoro
€10 B OKOITQ3CMHOM TPOCTPaHCTRE, OyAeT pasHo:

AP, = -2GM,/ ¢ (10.6)

rge M, — Macca ranaxivku, a |~ paccTosHue o Hek.

Echyd e ranakTyka ABIDKETCH, TO 3TO YpPaBHEHME CIelyeT
HECKOJTLKO YTOUHHMTE, YUHTHIBAS 3aIa3ALIBRIHE, BH3BAHHOC TEM, UTO
CKOPOCTh  PaclpOCTpaHeHHs I'PaBHTALMONLHOIO  B3aHMOJCHCTBUSA
KonewHa:

AD (1) = -2GM, /¢ (t-1)

IJIe T~ BpeMsl, HCOOXOAHMOE rpaBUTALHOHHOMY B3dHMOICHCTBHIO,
4T00BI PACHPOCTPAHHTECA OT FANAKTHKA J0 3eMJIH,
A TaKk KaK TPABHTANMONNOE NOJAC pPactpocIpagderca co

CKOpPOCTBIO CBCTA, TO ( (¢-T7) —3TO ECThH HAYITO HIIOE, KAK PACCTOSHHE
JIO TANAKTHKH, eudumoe ¢ 3eMIN B MOMEHT BPEMEIH £,

Takum o0pasom, 4TOOBl Y4ecTs 3aMA3BBAIINE, BHI3BANHOE
KOHEUIOH CKOPOCTBIO PACHpOCTPAHENHA TPaBHTAalHM, B YpaBHEHHH
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(10.6) BMeCTO MCTHHHOTO PACCTONHHMS A0 TanakTHKH (KOTOpoe,
BoOOIIE TOBOPSA, HaM HE W3BECTHO) CIEAYET IOCTABHTEL GUOUMOE
paccrosune. CrnefoBaTemsbHO, TPABHTAIMOHHLIH moTenuHan 1),
co3faBaeMblil Bceid BeenenHo# B OKONO3EMHOM IIpOCTpaHCTBE, Oyner
paBeH:

D) =-2G ;"’m

rae L.(t) — eudumoe ¢ 3eMnn B MOMEHT BPEeMEHH { PACCTOSHHE L0
FTaKTHKA FUTH 10 M1000T0 Apyroro 00BeKTa, UMeroluero Macey M,.

B §4.9, yuurteiRag TO, uTO BEIHUYMHA CKOPOCTH CBeTa,
nocrosnpoi IInalika, a Takxe Macca IOKOS 3MeKTPOHA (MiH 10001
JAPYroi YacTHLBI) 3aBHCHT OT IPABUTALHOHHOTO TMOTEHIIMANA, MBI
BBIBECITH ypaBHeuHe (4.21):

(10.7)

_ @,

0, = W, g]
3neck @ — 4acTOTa HIMYYEHHS CTeKTPANbHOH ITHHWM B obnacty ¢
poTenunanom @, (Tam, TAe HaXOAMTCA HalMIOaaTeNs), @y - 1acTOTa
TOH 3Ke€ CIEeKTPaNbHOH JMINHM, HO HCIIYIUMeHHOH B 0071acTH C

moteHuHanoM &; u xHabmonaeMoii B 06IacTH ¢ noTeHuyanoMm @;.

CrepoBateanHo, RETHYHHA KPACHOTO CMETEIHs z OyeT paBHa:
SPECR Y St N N e Ry L N (10.8)
A A, A, @y, @,
Takum o0pa3oM, B CHEKTpe H3NyUCHHS TanakTukk Oyler
JOMOMHHTENLHAS K JOTIIEPOBCKOMY 3((PEKTY BEMHUHMHA KPACHOTO
CMELIECHHS Zg, BEI3BAHHAs TeM, YIO NMpPH paclHpeHHd BceeneHHoit

W3MENACTCA TPABUTALMOHHDIH [TOTEHIHAI:

Zp = (D(t——r)—l - (10.9)
&(1)
3nece &Yi-1) — moreHiman BHyTpM BecleHHON B MOMEHT BHIIETA
(oTOHA W3 ramakTHKH, @) — moTeHUMan BHyTpH BceemenHoll B
MOMERT NpnOBITHs oTOHA Ha 3eMITio; T — Bpem: 1onéTa GoTona.
B cooTeercTBHE ¢ 3akoHoM XabOma (9.1) suduman ¢ 3eMnm
CKOpOCTh YAQANCHHUA [ANAKTHKR V, TPOTOPLUOHATBHA SHOUMOMY C
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3eman paccrosnuio L, no "eé. U, cnepoBatennuo, Bee BHAMMBIE C
3eman JuHEHHbIe pazMepbl BHYTPH BceencHNON yBENHYHBAKOTCH €O
BpeMENeM B ONHOH M TOH ke mponopuyu. PaccuuTaem 3aBHCHMOCTE
AuHEHHBIX PasMepoR L B 3aBHCHMOCTH OT BO3pacTa Beenenuoii 7.

InorHoers mMatepun Bo Bceemennoif 6mn3ka K KpUTHHYECKOH.
IMoaromy nocrosumas XalOma 3aBMCHT 0T Bo3pacTa Bcenennoi
cneayommM obpazom (9.6):

oot
3T
U, cneqosaTenbHo:
:L—HLH—— J Zdt lnL:—?—lnT+conSt:>
dt 3
L~T A (10.10)

TaknMm o0pazoM, BCe BHAMMBIC ¢ 3eMNHA DACCTOSHHA A0
ranaKTHK YBEMHYHBAIOTCA NPOTTOPIMOHANLHO Bo3pacty Beeneunoii s
CTCIEHHN 4.

I'paBuTaLHOHHEH NOTeHUHAT Boenenyoil n3MeHaeTca obpaTho
NPONOPHMOAANEHO €€ guoumbiM JHHEHHBIM pasmepam (10.7), u,
CIIEA0BATENEHO!

@(T—r)_j_ LD =3 T
o) VL(T-v  NT-t
3aece L, — BHAMMOE © 3eMIIM PACCTOTHHE OO IUIAKTHKH B MOMEHT
Bpemenu 7 (Bpemsa npuboitus Qortona ua 3emmio). A L,(T-1) -
BHAHMOC ¢ 3€MH PACCTOZHUC A0 TalakTHKH B MOMEHT BPEMEHH 17
(BpeMs BriteTa QroToHa W3 TanaktHkH). M B pelynsTdare nonmysaeMm

CNeqyIONee 3HAYCHUE AN% JONOJHUTEIBHOTO (HE AOILIEPOBCKOIO)
KpaCHOFO CMeELlIcHHA B CHEKTpElX I/I3lequHH TamTaKTHK:

L (10.12)

N S
M oy

iy (10.11)
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§ 10.7. NocTosHHan Xabbna

B npeamigymem maparpade MBI TMPHIINY K BHIBOAY, UTO
KpacHoe cMmemlleHde B CTEeKTpax HITydenus Janékux obbexrosn
BEI3BANO He MoabKo AONNepoBckuM ddhdextom. [ToatoMy ckopocTh
YIANCHHA OT HAC TalakKTHK HECKONBKO MEHBILE, UeM Npeanonaracres
B COBpeMCHHOWK kocMmonoruu. M, 3HAUMT, 3HaucHHE nocTosHiol
Xa6bna rawxke Menbe, Paccunraem snadenne nocrosHrond Xabsa ¢
HOBOH TOTKH IPCHIA.

Ecinu cxopocrs ranaktv¥ ¥ o« ¢, To H3-32 JCILIEPOBCKOTO
oppecKkTa BENMUNHA KPACHOTO CMEWIEHHA zp pasHa: zy = F/e. Eciu
PACCTOSHHNEC A0 PANAKTHKH L, TO GOTOH HAXOTHICH B TTYTH BPeMS:

r =LA

YunreiBasg, 4uto r« T, n3 ypapuenns (10.12) nonyvaem

CHeNYIONICe 3HAUCKHME JOMONHHTEIBHOTO KPACHOTG CMEIICHUS Zg!

T

Zp T 10.13
‘ ° 57 (10.13)
H yuwtpisas ypasiienve (9.0), nonyqaem:
} -
tom ==L _LH _V (10.14)

3r 2 c 2 2
Tak xaK zy, Zp « 1, 10 nabarogaeMblil 3peKT KpacHOro CMELIenHS z,
OyueT paBen CyMME: z, = zy + zq. M, cnenoBatensho:

o= =S (10.15)

[lonyucnnoe 3HaUeHHE BeMHYHHBEI KPAacHoro CMEUleHus z,
okazamock B [, pasza Oonmpmie  JONACPOBCKOTO  ahdexra.
CrieloBaTensHO, CKOPOCTE palleraHus TATAKTHE, 4 3HAURT, W
3Hauenne nocTtosnnoi  Xabbna g .5 paza  meubuie, YeMm
TpeAnonaraeTcs B CORpPCMEHUOI kocmonoruu (9.2), M cocraBifeT
CNENYIOIIEE JHAYEHHC:

H =~ 43 kni(c-Mnx) (10.16)

M3 ypasreumsa (9.6) nosnywaem, uto Bo3pact BeenenHoid T
COCTABIIACT CNEAYIONYI0 BETHIUHY:

T = 15 aapd. aem (10.17)
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Hmax, moabko 2/3 om  eeauduusl  udumozo KpacHozo
CMEUERUA 6 CREKMPAX UITYUCHUA DAUIKO PACTOAONCEIIBIX 2ANAKMUK
60136aH0 Oonieposcrkum phexmomn. [lodtomy pospact Beeaewnoit
coctasuact He [f), a I5spd. mem. M Takwm oBpasom, ornagaer
npobnemMa Bo3pacra Beenentoi, uanoskenHas 8 § 9.4.

§ 10.8. ®duanyecknit Bakyym

Kak y&e OTMEHATOCH paHee ANl PENICHUN psfa KOCMONOTH-
yeckdX TpobneM B HayyHOM nMTEepaType He pa3 BELIBHIANoCL
NPeATIONONKEHHE O TOM, YTO IIYCTOE MpOCTPaHCTRO (BAKYYM)} MOMKET
obnagaTe crofcTROM  anTHTpaBHTamuH (A >0). A B paMKax
KBAHTOBOH  TeOpHU TpaBHTAUNK  VPEANAraeTCs  COBEPILEHIID
NIPOTHBOTIONOXHEIR TIOAX0A. C HOBOH TOUKH 3peliusg KOCMOJOTHICC-
KHe [1IpoOIeMbl BOSHHKAIOT HE NOTOMY, YTO MBI He YYMTEIBACM KaKHe-
TO JK3OTHYECKME CBOHCTBA BaKyyma, LI CBA3AUNBIE ¢ OOBIYHBIM
BELIECTBOM, a, Hao0OPOT, TIOTOMY, UTO MBIl HE YUYHTBIBAEM BIIHAHHC
BEICCTBA Ha BaKyyM. 1O CCTh CHUTaeM H3BCCTHLIE CBOHCTBA BaKyyMa
9eM-TO aOCOMIOTHO NEesaMelipiM M He3aBHCHMLIM OT pacnpelencHus
MarepuH Bo Beenewnod. B pamkax HoBOH TeopHM gce CBONCTBA
BAaKyyMa OUpCASNAIITCH pacupesefieHueM MATepHH M [10DTOMY
H3MeusioTcs npy paciinpesuy Beenennoi. W ecam oro yunroipats,
TO GOIBUIHHCTRO KOCMOMOTHIECKHX MpodIeM uede3neT camo cobDofi.

Hanpumep, npu pacinupenun BeeneHHOM HyKHO YUWTHIBATL
M3MEHEHHNE TIPOCTPAHCTBEHHO-BPEMEHHOTO MacluTada, a, 3HAYMT, H
BEI3BAHHYIO 3THM HAMEHEHHEM JOMONHUTCUBLHY BETHIHHY KPACIIOro
KocMoJiornueckoro cmewends (9.12). C yuérom oToro, NOCTOSHHAN
Xa60bnma nosyuaerca B [,5 paza MeHblne, a BospacT Bceenennoi,
cootpeTcTBENHO, B [/,5 pasa Gonbwe, # cama coOofl ornagaer
npobrema  Bospacta  Bceemenuod, wwmoxenuas s §9.5.
Cnenoparense, OTOAfaeT M BLIgBapHad  210H  podIeMoi
HeobOX0ANMOCTh B A—4/ICHC,

A cenu snagenne nocrosuuoi Xab0na okuzbiaerca B 1,5 paza
MEHbIUE, TO KPHTHYECKAA [JIOTHOCTL MaTepun BO Beenenhoii (9.4),
(9.5) Oyiter, cooTBeTcTBENHO, B 2,25 paza MEHbLIE:

0o 20,4407 2/em’ (10.18)
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H, smauuTt, onaTh OTNANAcT HCOOXOMHMOCTE B A—dJIelie H CBA3AHIION
C HHM HEPIHEH W IIOTHOCTHIO BaKyYyMa (2, (8.13).

Termeps uTo KacaeTcs “yckopeHWs” ramakTHK (§ 9.8).
HamoMmim, uto B 1998 rogy Owim oOHapyked cnegyloummi
acTpopusndeckHi s(dext. Buaumas ApkocTs CBEPXHOBBIX THNA la
yOBIBaNa B 32RMCHMOCTH OT BENHWUHHBL KpPacHOTO CMCIICHHS
HecKoneko  OkIcTpee, 4HeM  3TO  chmeflyer W3  CTARJApTHO
Kocmonoruueckoil Teopun [37,38].

PaccMoTpuM 2T0 ABIEHHE © HOBON TOYKH 3penus. Bo-nepasix,
BE/IMYHHA KPACHOTO CMELUCHMH BEI3BAHA HE TONBKO JOTIEPOBCKHM
atdexToM, H 3T0 HYXKHO YuHTHIRaTh, Ho B JaHHOM cmygae HanGonee
BaxHo apyroe. Ilpn Gonswol CKOPOCTH ABHKEHHS HMCTOYHHKA B
BEIIMYHHY HOIUICPOBCKOTO KPACHOTO CMeIHeHWA (9.3) 3HauuTentHnIA
BKJIaJ BHOCHT PEJIITMBHCTCKAA IIONPaBKa (3HaMeHATeNb). B3pHIBBI
CBCPXHOBBIX, HMCIOUIMX KpAacHOe CMEIIeHHe z &~ /, KaK HeTpyIHO
OLICHUTH, IIPOMCXOLMWIH TOrAa, Koraa pazMepnl Bceenewroit Oblan
NpUMEpHO pa3a B JIBA MENLIIE, 4eM ced4ac. A CKOpOCTb CBeETa,

COOTBETCTBEHHO, Obla B J2 pas Oonpwre. M u3-3a ToTO, 9TO B
IPOLUTOM CKOPOCTH CBeTa ObIa CyNIECTBEHHO Donblle, BEIHMYMIIA
KPAacHOro CMELIEHNA B CIEKTpax W3ayueHud Aanékux o0sexTo Oyact
MEHbBILE, YeM ITO ClieAyer H3 ypaBHenns (9.3) (0¢3 yuéta HIMECHEHHA
ckopocTH ¢eeta). M naoGopoT, JanHOMY KpacHOMY CMELIeHHE0 OyneT
COOTBETCTBOBATE OONBIIAK CKOPOCTL yAAJICHHS O6BeKTa, a, 3HAYHUT, H
Gonpuiee pacCTOSHHE 0 HErO H, COOTBETCTBEHHO, (OJIce CUNBHOE ero
norycknenne (“sddextnrHag nodasxa paccTogHus”, HEOGBACHHMAA B
paMKax CTanJapTHOH KocMomnoruyeckod teopuu). Takum obGpazom, u
B 3TOM CIIydae Takke OTnajaeT HeobXoAuMOCTs B A—1JicHe.

§ 10.9. Macca n pasmepbl BceneHHoM

OaHa U3 BAKHEHUIMX 3313 COBPEMCHHOH acTpoM3HKH — JTO
JOCTATOYHO TOYIIOE onpeleNieilue MOomHo Maccwl HabmogacMoi
Bcecnennod. Tpyanocts 3T0H 3agauu emé H B TOM, TTO BO3MOXKHO
CYLLUECTBOBAHME TaK HA3BIBACMOH CKPHITOH Macchl, TO €CTb MAacchl
HEeJOCTYNLOH NPAMOMY HAOIIOACIIHID.
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Paccmarpusas  sBomonuie  BeeneHHOH ¢ TOYKM  3peHus
KBAHTOBOH TeopuW TpaBHTALUM (TO €CTh, YYWTHIBaf TO, 4TC IIPH
pacuupenny BceeneHHOH M3MEHSHOTCA  BENHYHIBE ¢ A, m), Mbl
MPHILLH K cnefyoneMy BeiBoay. IlnoTHocTs MaTepu Bo Beenensoi
Onnaka x wpuTHaeckoit (10.5), a nocrognnas Xabbma B 1,5 pasa
mensuie (10.16), wem npeanonaraeTcs B COBpeMEHHOW KOCMOJIOTHH
(ecnu LPEAINONOKHUTE, HTO KOCMONOTHYECKOS KpAacHOE CMENICHHE
BLI3BAHO WCKIIOYHTENRHC JAoILIEpoBekHM 3ddexTom). Hexoms uz
3TOI0, MEI Celidac coenaeM OIEHKY MONHoN maces! Beenennoit M, a
Takke e€ paugmyca R. C ofHOH CTOPOHBL, YYHTHIRAS ypaeHedue (9.4),
4 13H° RH’

nony4yaem: M =ifrp,Rj =—x
3 °F 3 8zG  2G

C nmpyroii cToponst, yuuTeisas ypasHers (2.1} 1 (3.17), momydaem:
2
e—p=26M o y-ER
R 2G
H B pesyasrate nmosyuaem cleqylonMe YpaBHCHMA AAS paanyca H
Macchl Beenennoi:

c
R= o (10.19)
o
=3GH (10.20)
IToncrapnad YHCASHHEIE 3HAUCHUS BEIHTHH, MOIYHAEM:
R ~22,5 sapo. ce. nem = 2-107% u (10.21)
M=1510" ke (10.22)

Monyyennoc 3Ha4eHHe MacCHl Beenennoi MOXHO CPaBHUTE C JAHHBI-
MM, IpUBeAEHHBIMH B «Ta0nuie dusndecknx senwinny [44;¢.987):
M=~ 10" + 3007 ke

Hrak, pacemarpusas 3somouuio Beenenwoit ¢ HOBOH TouKM
IpEHHA, MBI TONYYWId ypasHenus aa Maceel (10.20) u s paauyca
(10.19) Bcenennod. IHpu stom nanboaswylo mnorpemHocts B
onpeacieiine ITHX BENHUHH BHOCHT 3MaUeHHe NocTosHHoH Xaboma.
Tpyanocts B onpeaeneHni TOYHOrO 3UAYEHUE TOCTOSRAON Xab6na
BBIZBAHA, C OIHOH CTOPOHB!, TEM, YTO HYKHO C BLICOKOH CTENEHBIO
TOYHOCTH YMETh OIPEAENATh PACCTOAIHMA N0 NANEKUK TATAKTHK, a 3TO
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MOXKHO CHENaTh TOABKO KOCBEHHBIMH METOQUAMH., A ¢ JApyroii
CTOPOHBI, TCM, 9TO B JICHCTBUTENLHOCTH MBI H3MEDPAEM HC CKOPOCTH
yaajeiua CamakTHKM OT Hac (KOTOPYHO HeOoOXO[MMO 3HaTe Ang
BEIYMCIEHUR MNocTOAHHOH Xabbnma), a TOMBKO IHIIE BEIHYHHY
BHAMMOTO KpPacHOTO CMENICHMA B CTeKTpe e€ H3NIyJYeHus, TO ecTh
JcniaeM BBIBOX O CKOPOCTH YJIANeHMs TalakTHKH 10 KOCBEHHBIM
TIpH3TTAKaM.

B ciuemyromem naparpatde OyaeT onucaH OKCTIEPHMEHT,
KOTOPBIil TI03BOJTMT H3MEPHTH CKOPOCTh pacluupenus BceneHHOH
Henocpedcmeenno. [lpuyém, i €ro NpoBeaeHMA HAM JaKe 1C
HY#HO OyJeT cMoTpeTh Ha uebo.

§ 10.10. 3KcnepMMeHT NO U3MEPEHUIO CKOPOCTH

pacuimpeHnna BcenedHown

At Toro 4ToOBl B 3eMHBIX YCNOBMSX HETOCPEACTBCHHO
H3MCPHTh CKOPOCTH PACIUMPEHHA BCelneHHROM 10CTaTouHO NPOBECTH
CTEIYIOWNI NPOCTOH JKcrepuMeHT (0 HEM yXKe YNOMMHANOCH
B §8.2). :

JIya nasepa (cmortpn pwc. 22) pasaendercs ma IBa Jyua Tak,
YTO OJMIX JIyd Cpa3y TIOTaflaeT Ha AETEKTOp, a BTOpOH Nyd cHavana
ABHKETCA HEKOTOPOC BPEMA MEXAY JBYMA UApa/lieTBHbIMH 3EpKa-
AaMH H TONBKO MOCHIE 3TOrQ IIONAJAET Ha neTexTop. 1axkuM obpasoM,
BTOpOH Jyd IONafacT Ha JIeTeKTOp ¢ BPCMEHUOH 3aiCDKKOH T
(neckompko MHHYT). M Ha NeTeKTope cpaBlMBAIOTCS IUTHHBL BOJI
ABYX ITy4eH, NCITYIIEHHBIX B MOMEHTEl BpEMCHH {—T U .

Himenenne AnHALL BOMHBEI  BTOPOTO  JIyHa OTHOCHTENBIIO
NepBoro CileyeT OXMAATL H3-32 pacliupenus BoemennoH, Tax xak
MNP 3TOM H3MEHACTCS MPOCTPauCTBEHHO-BpeMeHHoi Macuitab. W3
ypasneuna (10.9) cnegyer, 4To ANMHA BONHBI JTyda, MPULIENUICrO HA
HNEeTEeKTOP ¢ BPCMEHHOH 3amepikkodl Oyper Oonblue, H BelMYHHA
KpacHoro cMellenus z('7) Gyer pasHa:

D(t—-1)
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3necy P(f~1) — BEIHUUIA TPABUTANMOHHOTO NoTeHunana Beenennoi
B MOMCHT BpeMeHU (—7, a D(t) ~ ero BeMUUHWHA B MOMEHT BPEMEHH I,
TIpeobpasyem 210 ypapHEHHE CIeAYIOMHM obpasom:

aepkana 3

3epkano 2

3epkano 1

nonynpoapavuHoe
aepkano

AeTeKTop

Y

Puc. 22, MNpudymnuansHan cxema 3KCNEePMMEHTS N0 UAMEPEHIND
CKOPOCTW pacwwpeHyst BcenenHow. Jlyd nazepa HanpaBnRETCA Ha
nonynpo3padHoe 3epkano. MNpu 3ToM 0aHa YacTe Nyya NpoOXORWUT CKBO3hL
3epKano ¥ No KpardJanwemy Nyt Nonanaet Ha AeTekTop. A BTopas 4acTb
ny4a, oTpasMBLIKCb OT 3epkana U npoigs 4epes cucTemy sepkan 1, 2. 3,
nenagaer Ha [EeTeKTOp ¢ HeKoTOpoR 3aepXKoW no spemeHn. W B
peynsTate Ha [JeTeKTope CPaBHUBANTCH AMMHEl BONH ABYX Ny4eid,
UCIYIEHHBIX B PA3HBIE MOMEHTbI BPEMEHW.

~7) B
Z() W 1=

d t r d@
_1/1+————w1:1+—_—~1
di ¢’ 2¢ di

U B pesyasTare noayvaem:
d 175 o z(7)
dr 7

(10.24)
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I'paeuTannosneiil notenunan Beenemol wiamensetca obpatHo
NPONOPUUOHANBHO €€ BHOWMBIM JIHHCHHLIM pasmepam L (10.7), 1o
€CTb €ro MOMKHO NPEACTABHTEL B CICAYKILEM BHJIE:

& = A/L
I'ioc A — HeKOTOpas TGOCTOAHHAH BEJIHYMHA, 3ABHCAILAA OT NAHHOrO
pacnpeReneHus Matepuu 8o Beenennoi. U, cnenoparenpHo:

do__Adl

1 dL
ST a a, yuuTBIBasg, 4t0 —— = H |, nonyvaem:
{

L dt

A
9@ Ay _on=cu

dt L
Hs Pe3yABTATE MOMYYaAEM CHCOYIOLIES YPaBHCHHUE JIIA ONpEACIICHNHA

BEMUYHMHEL NocTossHHOH Xab0na:
z(7)
T i

Taknm  ofpa3zoM, W3MEPHB  BEIHMHIY  OTHOCHTENBHOrO
KpacHOro cMetlleHusn  JAByX nydedt  (pHc.22), MBl CMOMEM
HEOCPEJICTBEHHO OMPENENIHTh U CKOPOCTh H3MEHEHHS CYMMapHOTO
rpapdTauHenIore noréuguasa Beeneunoii (10.24), n senuywny
nocroAaHHoi XaG6na (10.25). A, 3HaYHT, CMOXKEM paccuUWTaTk M
Maccy (10.20) u pagnyc (10.19) Beexennroi.

H naobopor, ucronn3yd 3HaueHue s MoctoanHoH Xabbua
(10.16), MO%HO ONCHUTL BENHUHHY KpacllioTo cMewweHHs z(7),
OKHA2EMYIO B JaHHOM 3Kcnepumente. Hanmpumep, ccnm 7=/ 0 cex,
T0 2(7) = AV/A = 1077,

W3 npuBeneHHON OLEHKN CIEAYET, HTO [ TIPOBEICHMS
JAHHOTO IKCOEPHMEHTA HEOOXOONM JTa3ep, CIOCOOHBIE FreHepHUPORATH
MOHOXPOMATHYECKHH Ty4 C OTHOCHTEABHOH IOTPeuIHOCTRIO TacTOThI
nsyuennn: Am/om < 107'° (MOKHO 0TMETHTS, 4TO B HacTOAMIEE BpEMs
pa3paboOTaHa METOMHKA W3MEPEHHH 4YACTOTHI BHAUMOTO CBETa C
oTHOCHTENBHOH TorpemHocThio 37077 [51]). Takke nHeobXommMl
3epKalla ¢ OUeHb BRICOKUM KO3(hQUIHEHTOM oTpakenus: k > 1107,
TO €CTh NPaKTHICCKU Maeanbisie. Kak pa3s Hepasio ObUT M3roTORNTEH
oneITuB obpazen Takoro sepkana: «Cospauusiii B M 1T onmbITHRIH
ofpasen HaeanbHOrO 3epkana paboraeT B MH(ppaKpacHOM JTHANAZOHE,
Kak cunTaloT wccnegoparesid, HACANbHOE 3epKaio HAHIET MHOMNKECTBO

H=2 (10.25)
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HAyuHbIX H TEXHHYECKUX TpumeHeHwil. Hanprmep, B NONOCTH co
CTEHKAMI, H3TOTOBIEHHBIMHA M3 MICANBHOTO 3€pKAJia, CBET MOXKHO
YAECPKHBATh B TEUCHHE JTUTENBHOTO BpeMEHM» [55].

HyXHO TaxKe OTMETHTE, YTO IKCTIEPHMEHT CIEYET MPOBOIUTh
B [ONAEHs (TIOJNIHOYL) B B TO BPEMs, KOTNa 3eMIS HAaXOIWUTCH B
nepurenud (adesru) cBoeH OpOMTH, 4TOOB WCKNIOUMTL BIWAHNAE
HU3MEHEHUA rPAaBHTAHOHHOIC NOTCHHUAIA, CO3ZABAEMOTO ComHiem
Ha 3¢MHOH TTOBEPXHOCTH B MECTE IIPOBEACHHS DKCIIEPHMEHTA.

JaHBBIA SKCTICPHMENT TT0 H3MEPEHKIO CKOPOCTH PacuIHpeHns
Beentennoét  mmeer  mpoctod  Qusnueckdit  cmbicn. Ecnu
pacrpeneicHue MaTepuu ro BeenenHol kaknM-To 00pa3oM BIHSET Ha
(hUIMICCKHE MPOTECCH (MMEHHO 3TC H yTBEepKAaeT NpHHOHN Maxa),
TO CICHYET OXHWAATh, UTO 3TO PACMpeNieleHNHe KaK-TO BIHACT M Ha
Opolieccel, MPOUCXONANME B aroMe. A, 3HAYUT, OHO BAMACT H HA
JacTOTHl M3NyHeHHA aToMoB. M B 3TOM cryvae 9acTOTHl H3TYUCHHA
ATOMOB JOIDKHBI H3MEHATHECH KaXAYID CCKYHIY, TAK Kak Kakayio
CEeKYHIY M3MCHASTCH pachpereNiceHHe MaTeprM Bo BceencHHOH. 3a
BpeMs 7 OTHOCHTENIBHOE H3MEHEHHE TIIOTHOCTH MAaTepHH BO
BceneHHOH cocraBlifeT OpuMepHO BenuwvknHy 7H. CnenoBaTenbHO,
OTHOCHTENBRHOE H3MCHEHHE YAaCTOTRI H3NYYCHHA Gy,ﬂ,eT TAKXE
NpHMEPHO PaBHO TH.

§ 10.11. JKcnepumeHTanbHas acTpoduinka

AcTpohH3HKa ABAAETCA YACTbi0 (M3UKH, Ille HEBO3MOKHBI
TIpAMBIE SKCTIEPHMEHTB]. UeaoBek MOKET HabMOAATh 33 NPOIeccaMy,
TIPOMCXOAALIMME B 4CTPOHOMHYECKHX MaciiTadax, HO OH HC MOMKET
aKTHBHO BMEILHBATLCA B 3TH mponeccsl. Iloatomy cymecrByromne
mMoaenH Beenennod AensioTes B OobmIeH MEpe TOMBKO HAayYHRIMU
runote3zamMy.  HoBylo ke MomEIb NPOCTPAHCTB2-BPEMEHH H
OCHOBAHHYI) Ha HEil KBallTOBOID TEOPRIO [PABHTAIIHH MOXHO
[POBEPUTE JKCICPHMENTANbRO B 3eMHOit nabopatopuu. W Takas
npoBepka Io3poauna Obl  OAHO3HAYHO OTBETHTE HA  MHOIHE
acTpoH3UMECKHE BOITPOCHL.

PaccMOTpHM KOUKPETHBIE TIPHMEpEL.



252 Taaea 10. Kocmonocun ¢ mouwwxu spenun KITT

[. Cropocrs pacmnpenun Beenenwoii. B cospemerrdoi
actpobuinke upeanonaraercs, uro Beenennas pacumpaercd. OToT
BBIBOJ CAENAH Hi OCHOBAHMH TOro (axta, 4T CYWeCTsyer 3¢dext
KPacHOro CMELCUUs B CHCKTPAX H3IYUeHHS ranakTik, Yem panslue
HAXOANTCR rallakTHKa, TeM OOJbIIE BCIMYNHA KPACHOTO CMCIICHHS B
eé cuexrpe. KOHCUHO, C TOUKH 3peHHS COBPEMCHHON HayKH Hanboec
npaBaonoaobHO  OOBACHHTE  KPACHOE  CMEIEHHE  MOMKHO
JOINEPOBCKHM  3(PMEKTOM, BbI3BAINHBIM TCM, 4YTO TallAKTHKH
yIATAIOTCS OT HAC.

Ho s10 00bscHERME ABIACTCH TOJABKO HAY4liOH TUITOTE30H.
IMoaromMy Ha MPOTHKEHHH JABAANATOrG BEKA BBHICKA3RIRAINCE H JAPYTHC
oOBacHeHNA 3(dexTa KpacHoro cmemenyd. Hanpumep, tunoresa
“crapenus csera” [33;¢.200].

[fpocToil  JKCMEPUMEHT,  ONHCAHUBIA B TIPCABIAYILEM
unaparpade, [NO2BOJSICT  [POBEPUTH HIOTE3Y O  PACIIHPEHNH
Bceenennoit sxcuepumeHTaneno. Bonee Toro, o Jaér BO3MOKHOCTH
HENOCPEOCMEENIIO USMEPUMb CKOPOCMb €8 PACULUPEHUA.

3To, B CBOK) O4epeib, MO3BONHT DONee TOWHO ONpeaennTh
BOAHYHAY NOCTOANHGH Xa0Oma. A 3Has BEeMHYHUY MOCTOAHHOH
Xa00sa, MOXHO YTOUNHTL PACCTORHKE 110 FATIAKTHK.

2. HowrckM uépHuix AeIp. Hccnenosanuio CBOHCTB 4€piblx
JBIp nmocBsAmeHa o0mupHan NHTepatypa. CyILIecTBYCT Jawe TakOH
pazacn GH3IUKH, Kak «AcTpodHadka u€pnpix aslps. Ha nouckw
YEPHKIX JBIP TPATATCA IHAUHTCIBHEE CHIIBI U CPEACTRA. A B TCUCHHE
MOCHeIHUX TPRALATH JIET [IEPUOAMUYCCKH TIOABIAIOTCA COQOMEHHA O
TOM, 4TO “004TH” ofHapyxkeHa u€pHad geipa. OIHAKO, HECMOTPA HA
3HAYHTENRHEIE YCIOEXH acTpOM3HKH B UCCICAOBAHHHM KOCMOCA,
y€pHpIe ABIPB! 40 CHX nop He obmapyxensl. CMOTPH Ha 5Ty TEMy
ctaThio «llonckn 4EpHBIX AbIP: HOBESHIIKC NAHHLICY), HaNEYATAHHYIO
B 8-M HoMepe xypHana «Ycnexs {Quizmuecknmx Hayk» 3a 2001
ron [43;c.864-8646]. '

[IpeanonoxumM, 9T0 B HEKOTOPOH TamakTHKe oOHapy:KeH
MAacCHBHBIN 00BEKT — xanaunar s 4€pHyto Aspy. Kak ycTanoBHTS,
ABJISETCA 3TOT OObeKT 4EPHOH ABIpOH uiau Her? MaxkcuMym, uTo
MOXKHO y3HaTh 00 3T0M 00bEKTE, — 310 YeMY NMpHOIUIHTENBERO paBHa
€ro Macca, H NPUMEPHO KakoH 00BEM B TPOCTPAIICTRE OH 3alMMACT.
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Mocne 3Toro ¢ TOYKM 3peHHA OOILEH TeopHd OTHOCHTEIBLHOCTH
MOMHO CHENATh BLIBOA © TOM, XBILETCH JM JNAHHLIH 00BekT
JIOCTaTOYHO MACCUBHBM, YTOOL! OBITE HEPHOH NLIPOI.

OfHAKO BOTIPOC COCTOMT HE B TOM, CYLICCTBYIOT AM BO
BeenenHoil o6pertol ¢ SONbWOH MaccoH. A B TOM, ACHCTBHTENRHO JIH
OHU ABNANTCA 9EPHBIMH AbIpaMKM Wiy HeT. M3 ypasHenmus (4.23)
CenyeT, 4YTO CCMH CKOpPOCTh CBETZ V¢ 3aBHCHT OT BEHYHHBI
rpaBUTAUMOHHOTO  MOTEGHIHANA, TO  4YE€PHBIE  JBIPHl  MOTYT
cyniectBoBare. M HaoGopoT, €CIH KRAAPAT CKOPOCTH CBETa pacrér
nponopuHONanbHo  a0COMIOTHOH — BENMHWUMHE  [PABHTAIMOHHOIO
NOTEHLMANA, TO YEPHBIE ABIPE! HE CYIIECTRYIOT.

B § 8.3 Op10 noxkazano, 9TO AN OPOBEPKH KBAHTOBOM Teophu
I'PaBMTALIHH JIOCTATOUHO CPABHHTL CKOPOCTH XOA4a ABYX 4acos.,
PACMONONKEHHLIX HA pa3Hoit BeicOTe. M CCaH BBIACHUTCA, YTO MacChl
pGIU3KN OONBEIOH MaccHl MAYT ObICTpee (BOMPEKW YTBEPKASHHUIO
o01uei TEOpHH OTHOCHTENBHOCTH), TO YEPHBIC HbIPHI e CYWIECTBYIOT
(¢ TOuKM 3peHUsA OOWECH TECOpPHH OTHOCHTEMRHOCTH BONWSH 4épHBIX
IBIp Bpemd, HaoGOPOT, OCTAHARIHBAETCH ).

Mooromy  uenecoobpa3Ho  YacTh  YCHIMHA,  KOTOPBIC
TIPHJIAratOTCs HA MOWCKH YEPHBIX JLIP, HanpaBHTL 11a NPOBEIEHHE
OPOCTOTO AKCIICPUMEHTa, onucanHoro B § 8.3

3. IMnporaects  Beemenwmoit. OmuuM w3 BaKHBIX
KOCMOJIOTHYECKHX BOMPOCOB JBISETCA BONPOC O BENHYHIE cpefnel
TIOTHIOCTH MaTepud BO Bceemenroit, B 3aBUCHMOCTM OT BENHYHHBI
atoil mnotnoctu Beenennas Oymer mubo orkpeiToil, 160 3aMKHYTOH.
IlnothocTe BEWECTBA BO Beenennodl Onn3ka K KPHTHYECKOH.
TownocTes %e, ¢ KOTOpoH OHAa W3MEpEHa, 04Ye¢Hb HelHauxTeNpHa. W
JaXe eCHH 3Td TGHHOCTE CYWIECTBEHHO NMOBLICHTCS, BCE paBuo Oyuer
OCTABATLCH  BOIMOKIOCTH TOrQ, 4ro IIOTHOCTh  DBceenenwoi
HECKONBKO OOMbIUE WM MeHBIIe KpuTHIeckoil. TaknM obpazoM, mul
HUKAK HE CMOKEM Y3HATh, 3AMKHYTa HJIH OTKpbITa Hawla Beenennas.

A KBAHTOBAS TEOPHSA IPABUTANMM XAéT OFHO3MAYHBIN OTRET Ha
stor gonpoc. C HOBOK Touku 3peuns Beencispas samkiyTa (10.2), o
ed nnmoTmocts Osmska ¥ kputhueckoil (10.5). TlootoMy mnsa rtoro
q700BI Y311aTh, OTKPHITA WM 3aMKHYTA Ramia Beenennas, nocrarouno
IKCOEPUMEHTANLHO [IPOREPUTE HOBYIO TEOPHIO.
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CNCHMANH3UPYCTCA Ha BLITyCcKe y4eBHOR M HAYUHOI AKTCpaTYpLl, B TOM UHCHS
MOHOrpagHH, XKYpHAIOB, TPYAOB YueHBIX PoccHiickoi AKaICMHH  Hayk,
Hay' HO-HCCNEAORATENLCKHX HHCTHTYTOB K y4eOHLIX 3aBEAEHHA.

HA3parenscrso YPCC %

YBaxaemole ynTaTenu! YpaxaeMmbie aBropot!
OCHOBLIBANCH Hil LWIAPOKOM H NITOSOTBOPHOM COTPYIHMUECTHe ¢ PocculickuM
oHaoM  dYILTAMEHTANBHEX NCCAenoBaHUE M POCCHHACKMM ryMAHMTADHBIM  HAYUHBIM
HoHAOM, MBI NIPEATATAEM AHTOPAM CBOH YCAYIH HA BRITOMIBIX GKOHOMMMECKHX YCNOBHAX
Mpu 3toM Mo GepeM Ha cebA BCw paboTy MO NOArOTOBKE W3gaHus — oT Habopa,
PEAAKTHPOBRAHHA W BEPCTKH A0 THPAXMPOBRHMA H PACAPOCTPAHECHMA.
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