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CoBpeMeHHOe 3KOHOMUYeckoe pasBuTME OOLecTBa C Cepbe3HbIMU JKOSTOMMYECKUMU U
9HepreTU4ecKMMM Kpmuamcamm ykasbiBaeT Ha cnaboCTb OCHOB eCTeCTBO3HaHWs, BeayLlen
OVCUMNIIMHON KOTOPOro siBnsieTca oumsmka. TeopeTnyeckass ousnka He B cunax pelunTb
MHOrne npobnemsbl, OTHECS UX K paspsiay aHomanbHbiX. ABTopuTeTbl PAH, oTkasaBlmch
OT AeMOKpaTMYecKuX MNPWHUUNOB OMarnoroB C aBTOpaMyn MNPOTMBOMOSIOXKHbBIX TMNOTES,
MCNONb3YT NPUHUMN 3anpeTa U 3alnTbl CBOEro MOfoXeHus, NpuberHyB K o6bABNEHUIO
B6opbbbl C «mKeHaykon». [Ons Bcex, KTO MWET WCTUHbI Hayku npegnaraem paborTy,

npeacTaBnsoLLY0 KpaTkuii 0630p MHOMONETHUX TPY4OB aBTOPOB.

BTOPAA ®OPMA MATEPUU - HOBOE NMPO 3®UP
(HoBas Teopus B husunke)
Bpycun C.[, bpycun J1.1.
E-mail: brusins@mail.ru

AHHOTAUUA. Ommeyaemcsi, ymo meopuom obuienpusHaHHoOU nepeol
gopmbl Mamepuu (8 sude yacmuuy) sensemces Jemokpum. Ha ocHosaHuu pabom
Apucmomerisi NoKa3bligaemcs Hanu4ue emopol ¢hopmMbl Mamepuu, Haxoosuweucs
mex0y ecemu menamu BceneHHol u 4Yacmuuamu e6cex mersi U Ha3eaHHOoU
agpupom. Packpbigaemcsi cbusudeckasi cyuwHocmb agupa U €20 OCHOBHbIe
ceolicmea. Packpbieaemcsi nepeomamepusi BceneHHou, npuHyunuarbHO HOB0€
rMoHUMaHuUe mernnoeou 3Hepauu, OaernieHusi 8 2asax, npupoda SI0epHbIX curl,
HernaHemapHasi mModeslb amoma, peweHue npobrnemMbl HeUmMpPUHO, a makxe
CywHoCcmb ripoueccos8 8 Kornaudepe u 6eccMbICrieHHOCMb 3KCEPUMEHMO8 Ha
Hem. Kpome 3moeo, rnpusodsimcs npuHyuUnuaribHO HO8ble OCHO8bI MazHemu3ma u

OCHOBbI MUKPOCKOMUYECKOU meopuu ceepxrnposooumMocmu.

Laemcss  Kpumu4yeckul  aHanu3  meopuu  omHocumernbHocmu U
rokasblgaemcsi ee HecocmosimesibHOCMb.
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§2. dusnyeckas cyLHOCTb aghupa
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YACTb |. BA3OBbIE NMONOXEHUA TEOPUN

81. Bropas cbopma matepum n acpup

bonee paByx Tbicad net anutca 6opbba OBYX MNOCOMCKUX KOHUENUUn B
NOHUMaHUN MUPO3LaHuSA. TBOPLOM MNEepBOM KOHLUENUUU SABNSETCA W3BECTHbIN
apeBHerpedeckun dunocod Ademokput. OH nonaran, 4To BCe B MUPE COCTOUT U3
MenbYanwmx Yactuy, (aToMoB) M NYCTOThbl, Haxoddweucs mexagy Humu. BTopasd
KoHUenuns 6asnpyeTcs Ha Tpydax Apyroro, He MeHee U3BEeCTHOro ApeBHerpevyecKkoro
dunocoda Apuctotend. OH nonaran, 4Yto Bcs BceneHHas 3anonHeHa cybGcTpaTom
(MaTepuen) n He cyllecTByeT Aaxe Manenwero obbema nyctoTbl. Kak nucan Benukum
MakcBenn, ABe Teopun CTpOoeHus BellecTBa BoproTcs Apyr ¢ APYroM C NepeMeHHbIM
yCcnexom: Teopusa 3anosiHeHns BceneHHom n Teopus aTOMOB U NMYCTOTHI.

Takum obpasom, TBOpLOM oOLLenpmn3HaHHOM nepBon chopMbl MaTepumn (B BUAe

‘-IaCTMLI,) ABJIAETCA ,D,eMOKpI/IT. Bca coBpeMeHHad HayKa 6a3VIpyeTCF| Ha paCCMOTPEHUN
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NMOMUCK MpadacTuubl, KOTopasa gaBndeTcs nepsBomartepuen BceneHnHHown. [pomagHble
npocTtopbl BceneHHoM BocnpuvHUMalrOTCA B BuAe nosien (9nekTrpoMarHUTHoe norne,
rpaBuTaLMOHHOE Mofie U Ap.), B KOTOPbIX HabnogatTcss COTBETCTBYIOLLNE ABMEHMS.
Ho ocTaeTca HEenoHATHbIM M3 Yero COCTOAT 3TU nons. B cBoux Tpygax ApuctoTerb
ybeauTernbHO nokasan, 4To Bo Bcen BceneHHon HeT HM manenwero obbema nycToTbl
OHa 3anornHeHa cybctpatom (maTtepmen) [1, 2]. CnegoBaTtenbHO, Mexagy BCeMu
Tenamu BceneHHom u yacTuuamm BcexX Ten Haxogutcs BTopas dopma matepum,
XapakTepHass TeM, 4TO B HeW He [OrmKHO ObiTb nyctotbl. C OpeBHMX BpeMeH
cumTanocb, YTo Bcs BceneHHada 3anoriHeHa a(hupom M NO3TOMy 3a BTOPOU POpMOM
MaTepumn coxpaHmm HasBaHune acpup, Tem bonee, YTO 3TO OYEHb YAOOHO B N3NOXKEHUN
TekcTa. CywecTBYylOT pasHble npeacTaBneHnsa acoupa. B ganbHenwem nog acoupom
Hago NMOHMMaTb BTOpyk ¢hopmy MaTepuum, NpeacTaBnsOLWY0 MaTepuanbHYH
cpeay, HaxoaALWYyKCA MeXay TerlaMmm U X Yactuuamm N He cogepallyro B cebe
HU Manenwnx o6bLEMOB NYCTOTbl. Tenepb NMPOBEAEM PACKPbITUE CYLLHOCTU 3TOro
adompa.
§2. Pusmnyeckan cywHocTb acpupa

Hwke npuBegem Teopetudeckoe o06OCHOBaHWE  CyWHOCTM admpa W

9KCnepuMeHTanbHbl€ AaHHbIE.
1. TeopeTnyeckoe obocHoBaHme

Mpexge Bcero, Kak oTMeYanocb Bblle, 3dup NpeacrtaBnsieT MaTtepuanbHyHo
cpeny W, cnepoBaTtenbHo, obnagaeT mMaccon. Tak Kak B 3TOW MaTepun HET Hu
Manenwero obbemMa MNycToThbl, TO €€ MOXHO MpeacTaBuTb B BuUOE CRJSIOLIHOW
6ecyacTU4yHOM Macchl (YacTuy BbITb HE MOXET, TaK Kak Mexgy HUMU OOSMPKHA ObITb

nycToTa, 4To Hep,OHyCTVIMO). Takoe becyacTnyHoe npegcrtaBlieHne 3d)|/1pa ABNAETCA
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SICHOrO npefAcTaBneHns agupa Aobasum, YTO MNOTHOCTb €ro MMEET BeCcbMa Maroe
3Ha4yeHne No CpaBHEHMIO C NMPUBLIYHBIMW A1 HAC 3HA4YEHNAMM NIIOTHOCTEN BELLECTB.
Hwke (cm. 88) OGyaeT nokasaHo, YTO MAOTHOCTb 3dhupa, HaxoAswerocs Mexay
MOneKynamu rasa npuv gasneHun B 1 atMm. n obpasoBaHHass Monekynamu rasa, umeet
nopsigok 10 r/iem®

He oTkasblBasiCb OT HanM4usi YacTtuu, Mbl AOTKHbI NPU3HAaTb, YTO MaTepuarnbHbIN
Mup BceneHHOM npeacTaBnsieTcs COCTOSAWMM M3 OBYX (popM mMaTepun: a) YacTuubl
(wactnyHas) n 6) adoup, npeacrtaBndaoWn BecyacTnyHyo opmy MaTepUn.

Mbl yTBEpXKOaem "ra3oobpasHoe” CTpoeHne agupa, KoTopoe Obino OTBEPrHYTO
HayKomn, HO He 000CHOBaHO (CM. NpuroXxeHue 1).

Macca adupa, nogobHO rasdy, CTpeMuTCHa 3aHATb Hambonbwnin obbem, HO Npwu
9TOM B 3TOM Macce He MOXeT noaABuTbCA nyctoTta. [loaTomy adump, yBenuumsas
obbeM, ymeHbllaeT CBOK MNIOTHOCTb. ATO CBOMCTBO U3MEHATb MMOTHOCTb NpU
OTCYTCTBUU NMYCTOTbl ABNAETCA rMaBHbIM U YAUBUTENbHbLIM; OHO OTNM4YaeTcs oT
CBOWCTBA rasa U3MEeHATb NIOTHOCTb, NPOMCXosiliee 3a CHET UBMEHEHMUST PACCTOSHUSA
MeXay MoreKkyrnamu rasa.

M3BeCcTHO, 4TO, aHanM3npysi MHOMOYUCIIEHHbIE AaHHble HabniaeHUn OBUMXKEHUS
nnaHeT, HbOTOH OTKPbLIT 3aKOH BCEMWUPHOIO TAFOTEHMS, COrMAacHO KOTOPOMY
onpegensieTca cuna B3anMoaencTems HebecHbix Ten. B ganbHenwem B COOTBETCTBMN
C 9TMM 3aKOHOM ObIfNo 3KCMEpPUMEHTANbHO NOATBEPXKAEHO B3auMmogencTeme nobblix
Ten Ha 3emne. B cBoemM TBOpYecTBe HLIOTOH cucTeEMaTU4eckn BO3BpaLLanca K aToMy
BOMPOCY, CTPEMSACb OaTb TeopeTuyeckoe oboCHoBaHwe rpasutauuun. [pm aTOM OH
BO3naran OonbluvMe Hagexabl Ha 3adup U cuuTar, YTo packpbiTUEe CYLLHOCTU adupa

No3BOSINNO Obl nonyynTb pewieHne n 3Toro Ba)XHeEWLLEro BoOnpoca. OpgHako HbPOTOHy
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TeopeTnyeckoe obocHoBaHMe rpaBuTauum 6e3ycnewHo npogormkarTcs U Ao
HacTosWwero BpeMeHW. Mbl e nocTynum no-gpyromy:. Oyaem cuyuTaTb SABREHUe
rpaBMTaUMmM Kak CBOMCTBO, nNpucyliee nobbIM MaccamM MaTepun, B TOM Yucne u
Macce 3cpupa. ITOT NocTynaT NO3BOSIUT HaM pellaTb BaXKHeKWLMe BOMPOCbl HayKu.
Mbl Hageemcs, 4TO B AasibHENLLEM NO Mepe packpbiTUs CBOMCTB adompa yaacTtes AaThb
TeopeTnyeckoe obocHoBaHWe aToMy noctynaty. Cunbl rpaBuTauumn, 4ENCTBYOLWLME HA
3(hup CO CTOPOHbI Ten, MPUBOAAT K CXKaTUK €ero ChAfoWHOM Macchl, YTO cosdaet
onpeaeneHHyo NIoTHOCTL adupa. Ecnm no kakon - nMbo npuynHe NNOTHOCTL admpa
oKaxeTcsa Oonblue NNOTHOCTWU, COOTBETCTBYIOLLEN AENCTBYIOLWNM Ha adhup cunam, To
acup (nogobHo rasy) OymeTr pacnpocTpaHATbCA MO BCEMY AOCTYNHOMY AN HEro
NPOCTPAHCTBY, YMEHbLUAs MMOTHOCTb A0 COOTBETCTBYKOLWEro 3HadeHusi. O4eBngHo,
YTO [JOCTYNHbLIM A4S PacnpoCTpaHEeHUs MpPOCTPaHCTBOM OydeT MpPOCTPaHCTBO C
MEHbLLEWN NIOTHOCTLIO adumpa.

Ha ocHOBaHMM BbILLIEN3NOXEHHOIO MOXHO CHOPMYNMPOBaTb OCHOBHOE CBOMCTBO
ahupa: "ddwmp, npeacTaBnNAOWMA CRSIOWHYO Maccy 6ecyacTtudyHonm hopMmbl
MaTepum U He coaepxallyro B cebe nycToty, ctpeMmuTcAa (NoaobHO rasy) 3aHATb
Hanbonbwnn o6 bLEM, yMeHbLLasi NPy 3TOM CBOKO NJIOTHOCTb, U XapaKTepusyeTcs
cunamMum rpaBMTauMOHHOIo B3aMMOAEMUCTBUA C YacTMLaMM M Tenamm .

Mepeuncnum To HOBOE, YTO BHOCUT packpbiBaeMOe CBOMCTBO B HaAYKY:

a) packpblBaeT CcTpoeHne adupa, Kak OBecyacTU4HOE C  MIOTHOCTLH,
COOTBETCTBYIOLLEN OENCTBYIOWMM Ha achmup cunam;

b) achup siBnsieTcs "razoobpasHbiM';

C) odup obnagaer Mmacconm (Takoe nNpeanosioKeHne paHee B Hayke

paCCManMBaJ'IOCb) N K 3TON Macce npuMeHeH 3aKOH BCEMUPHOIO TATOTEHUA KaK 3aKOH
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Odmp HenpepbiBeH, T.e. nobas ero 4yactb He MOXeT ObiTb "M3onupoBaHa" oOT
OCTanbHOro acmpa B OTANYUKM OT YacTul, "M30NMPOBaHHbIX" Opyr OT Apyra 3aupom.
OTmMeTMM, 4YTO pacCMOTPEHHOE OCHOBHOE CBOWCTBO 3dhmpa, KacaeTcs Ivb €ero
U3NKO-MEXaHNYECKOTO CTpoeHns. OpHako 4epe3 KOCMUYECKMA adup npoxoanT
HeorpaHn4yeHHbln 06beM MHOpMaLUKU, MOITOMY OYEHb BaXKHble WMHAOPMALMOHHbIE
cBoKicTBa achmpa elle NpeacTomT paccMoTpeTb B ByayLuem.

2. QKcnepuMmeHTarnbHble AaHHbIe

NpuBeaem aKkcnepumeHThbl, NoATBEPXaaloLmne 0OCHOBHOE CBOUCTBO adhupa.

1. OnbITbl P30 U MarikenbcoHa (CM. Nnpunoxexue 2).

2. 3aBUCMMOCTb MacCbl YacTuLbl OT CKOPOCTU ee ABMXKeHUs (CM. npunoxeHue 3).

3. YBenu4yeHne maccbl Tena npu nogade B Hero maccbl agupa (cm. 87)

4. lameHeHne obbema 1 gaBneHna rasa npu nogade B HEro Macchl aupa

(cm. 88).

5. YBenuyeHne BpPEMEHU >XMU3HW YacTuubl MpPU yBENIMYEHUN CKOPOCTU ee
aswxkeHna (85, n. 1.2.4).

6. CylHOCTb Nnpouncxoasilero Ha 6onblom agpoHom konnanaepe (89).

83. CBA3b achupa ¢ Tenamm n Yyactuuamu. Ahmp OKONO3eMHOro Bakyyma v
achup BelwecTBa

CBa3b admpa C TenamuM M YacTuuamum OCYLLECTBISIETCA rpaBUTALMOHHbBIM
B3aMMOOENCTBMEM B COOTBETCTBMM C OCHOBHbIM CBOWCTBOM 3chupa. Hwuxe
paccMOTPUM 3TO B3aUMOLENCTBUE.

1. Bsanmogewnctaume 3emnu ¢ aompom. Sdmp OKONIO3EMHOIO Bakyyma

CHavana yTo4yHMM MNOHATME BaKyyMHOro MpOCTPaHCTBa, ANA Yero npounuTupyem

N3 3HUMKIONEANN COBPEMEHHOE MOHATUE Bakyyma: “Bakyym (om namuHCcKo20 vacuum
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ammocghepHoeo0...Hacmo eaKyym ornpedesisiom KakK COCMmOsiHUe, 8 KOMmOopOM
omcymcmeyrom kakue-rubo peasbHblie Yacmuupsi® [3]. Bbllwe Hamu 6bino nokasaHo,
4yTO MaTepuanbHbin MUp BceneHHom cocTouT M3 AByX popM MaTepuun: adupa wu
yactuy. CnepgosaTenbHO, MoA BakKyymMoOM MpaBuSibHO MOHMMaTb cpeay, B
KOTOPOW OTCYTCTBYKT 4acTuubl, HO coxpaHseTca 3dmp, a nycroTta
XapakTepu3syeTcsl OTCyTCTBMEM Nob6on popmMbl MaTepum.

PaccmoTtpum B3ammopencTteue agmpa ¢ 3emnen. Beibepem Ha paccTtosHun R oT
3emMnn TO4YKy, B KOTOPOW 3dhup 3aHMMaeET He3Ha4yuMTenbHbIn 00bLEM V,, B npeaenax
KOTOPOro nioTHOCTb adupa byaem cuntatb paBHOMEPHON U MMEKLLEN 3HAYEHUNE Po;

TOrga Mmacca my QCbMpa B oObeme Vo COCTaBuT
My = Po * Vo. (1)

Cuna Fg rpaBMTaunmoHHOro BO34encTBna 3emMrm Ha Maccy Mgy COrflacHO  3aKOHY
HbloTOHa onpenenuTcs:

Fe=mo-gs (2)

roe ge — HanpsbKeHHOCTb Nosis rpaBuTaumu, co3gaBaemas 3emnen B BbIbpaHHON
TOYKe.

Tak Kak ge obpartHonponopuuoHanbHa KBagpaTty pacctosHus R, 1o cuna Fg
yMeHbLUaeTCca No mepe yganeHus oT 3emnu. Jta cuna nNpuBoguT K onpeaesieHHHON
NIOTHOCTN 3admpa, B pesynbraTe 4Yero BOKpPYr 3emMnun cosgaetcsa adupHas obonoyka
(aypa 3emnu), NAOTHOCTL a¢hupa B KOTOPOW NIIaBHO YMEHbLLAETCS MO Mepe yaaneHus
oT 3emnun. NMoatomy achup OKoNo3emHoro Bakyyma (T.e. He coaeplKallero yactuu)
MMeEeT onpeaesieHHY0 MAOTHOCTb. JATOT 3dup, NPWKMMAAChL CUMOW rpaBuTaunmn K

3emne, OBWKETCA BMeCcTe C Hen B ee paBwkeHun Bokpyr ConHua. 370
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AHaNOrM4yHO MOXXHO roBopuUTb 06 aypax fbbIX MUKPO 1 MaKpo Tes, Tak Xe Kak n
06 aype XuBblx CyObeKTOB. M3BecTHa, Hanpumep, aupHas aypa 4YernioBeka, KOTOpyH
HasblBalOT 3HepreTnyecknm nonem (E) n yxe mmeetca annapartypa, Kotopasa no
metogy KupnuaH nossonsieT nonyyaTb dgootorpacpuio aypbl yernoBeka. Mbl nuulb
nobaBuMm, 4TO 3TO 3HepreTmyeckoe none E MoXHO xapaktepusoBatb Maccon adumpa
m (M3BECTHO CooTHOLLEHMe E = mc?).

MoBopsa 06 admpHbIX 06onoykax (aypax) nobbiX Kak MUKPO, Tak U Makpo Ter, Mbl
AOJTKHbI SICHO NMOHUMATb, YTO 3T 0BOMOYKM NPUHALNEXaT CBOMM Teram M OBUXKYTCS
BMECTE C HUMM B MPOCTPAHCTBE. DTO OTHOCUTCH U KO BCEM MaKpoTenam KOCMUYECKOro
npoctpaHctBa. Okono3emHbin achup AOBMXKETCA BMecTe C 3emMnen B 3aupHom
obonoyke ConHua, koTtopass BMecTe ¢ ConHuem nOBwkeTcsas B adupHom cpeae
Manaktukn. OTCl0ga ACHO, YTO MUPOBOIO NoKosiWweroca adgupa He cyllecTByeT.

2. BsanmopgencTteume YacTtuubl ¢ adhmpom. pup BeLlecTsa

AHanorn4yHo npueegeHHomy B n.1, rpaBuTaLMOHHOE B3aMMOLENCTBME YacTulbl C
3(h1poM NpMBOAUT K CO34aHMI0 BOKPYr YacTuLbl ahupHOM 060N0YKkn (aypbl YacTubl),
NMOTHOCTb 3dmpa B KOTOPOW MNaBHO YMEHbLUAETCHA NO Mepe yaaneHust OT YacTuubl.
CoBOKynHOCTb 4acTuy (atomoB, MOMekyn) ¢ uX 3dupHbiMM  0bBorioukamm
npeacTaBnsieT BELLECTBO, B KaXXOOW TOYKE KOTOPOro MeXxay 4YacTuuamum HaxoamTcs
admp COOTBETCTBYHOLLEN NIOTHOCTU (3¢pUp BeLLecTBa).

OTmeTMMm, 4TO BCe Haxogswumecsas Ha 3emne BellecTBa BMECTe CO CBOUMMU
3(PUpHLIMM  0BOMOYKaMN HaxoaATCss M MOryT ABuratbCs B 3dMpHOW  cpede
oKono3eMHoOro Bakyyma (aype 3emnu). OdupHaa cpega OKOMO3EMHOro Bakyyma
NPOHU3bIBAET BCE TeNa M BeLlecTBa, Haxogsawumecs Ha 3emre.

84. OnpepgeneHuve NNOTHOCTU 3chupa OKONMO3EMHOro Bakyyma
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BakyymMa u3 creaylowwmx coobpaxeHun. CBeT pacnpocTpaHsaeTca B adhuUpHOM cpeae,
npeacTasnsowen Cymmy nroTHOCTEM 3dmpa OKOMTO3eMHOro Bakyyma M adupa,
HaxodsiLLeroca mexay Morekyrnamu Bellectsa. [Npu gBuxeHUW BelwlecTBa Ha 3emre
ero apup ABWXKETCS OTHOCUTENbHO 3(hupa OKONO3eMHOro Bakyyma, yBriekad ()OTOH
ceeTta. [loaToMy cBeTy nepefaeTca 4YacTb CKOPOCTM [BMXKYLLEroca BeLlecTsa.
KoadhdpmumeHT yBredeHns acomupa a onpeaerneH JlopeHuem [4] n umeet 3HadYeHune:
a=1-1/ n’ (3)
rae N — nokasarenb NPenoMsieHms BewecTBa.

[lna 6onee TOYHOro pacyeta B Ka4eCTBe BelleCcTBa BO3bMEM MHEPTHbLIN ra3 renun,
MMEKLWNN HaMMeHblUMe pasMepbl MOMeKynbl, a, cnegosaTenbHO, HauMbOonbLUYHO
MEXMONEKYNsAPHY0 06nacTb, B KOTOPOW HaxoamTcs admp BelwlecTBa. B HoOpMarbHbIX
yCcrnoBusix, T.e. Npu gasneHnnm 1 aTMm. MAOTHOCTb 3admpa, Haxodswerocs mexagy
Mornekynamu rasa, coctasnsier 107 r/cm® (cm. §8). MokasaTenb NpenoMneHvs renms
n =1, 000327, 4yto gaet cornacHo (3) BenuunHy a = 0,000654. OyeBnaHO, ecnu Obl
NMOTHOCTb 3hmpa BeLLecTBa paBHsNach NAOTHOCTU adupa OKONO3EMHOro Bakyyma d,
TO KO3(PPUUMEHT yBredeHus coctaenan 6ol 0,5. CoctaBmB nponopuuio, nonyvyaem

d=10".(0,5/0, 000654) = 10™* r/cm®.

85. 3c¢mp — nepBomaTtepusa BceneHHon

Ha npoTs»keHun BCen UCTOPUM pPasBUTUS HayKU BaXKHEWLUUM SBIISIETCA BOMNPOC O
TOM, U3 YEro COCTOAT BCe BewlecTBa BceneHHon, T.e. 4YTO ABAAETCS npadacTtuuen
MUPO34aHUs, UMM nepBoMaTepuen, nexallen B OCHOBE CTPOEHUs MaTepuanbHOro
mupa. o mMepe pasBuUTUSA Haykum TakuMum npadactvuamu Obinn Monekynbl, aToMbl,

siapa aToMOB, MPOTOHbI, HEWTPOHbl. CornacHo COBPEMEHHOW KBapKOBOW Teopuwn
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ycunma B TeYeHMe TMOYMTM NATUM  OecATUNEeTU, [0 HacTosIWero BpeMeHU
CyLLeCTBOBaHME KBAPKOB 3KCNEPMMEHTANbHO HEe NOATBEPXKAEHO.

OTMETUM  UCKIMIOYMTENBHYKD  BaXXHOCTb  MOHWUMaHUA  nepBoMaTepun  Ans
COBpPEMEHHOM Hayku. PaccmatpmBasi KBapku Kak nepBoMaTeputo, nonynapusatop
Haykn YnpkoB cnpaBennmeo otmedaeT: «Omkpbimue Kkeapkog cmasio 6kl MoGIUHHbIM
mpuymebom Hayku! OHO 6b1ro bkl 3arnucaHo 8 Hel 30r1ombeimMu bykeamu, rornaso 6kl 80
g8ce y4ebHUKU U, HECOMHEHHO, ocmariocb bbl 8 HUX Ha brnuxadwue, ckaxXem, COmHU
nem» [5].

Hwke mbl paccMoTpum pelueHne npobnembl NnepBoMaTeEPUN U CBA3AHHOW C HEN
nNpob6remMbl NOHMMaHUS ANIEMEHTaPHbIX YacTuL.

PaccmoTpeHne a3Tux npobnem 6yaem BecTM Ha ©0ase TOM WCTUHbI, 4TO
MaTepuanbHbI MUP NPEACTaBAETCS COCTOSILLMM M3 YacTuL, U HaxXOAsALenca Mmexay
HUMK 6GecyacTnyHon dopmbl Matepum (ddumpa), OCHOBHOE CBOWCTBO KOTOPOro
pacKpbITo B 82 .

[Mepengem K pacCMOTPEHUIO BONpoca 00 aneMeHTapHbIX YacTuuax.

1. N3 yero cocTosAT anemMeHTapHble YacTuLbl

Ons peweHna 3Toro BaXKHeunLero BOMpoca cospemeHHoﬂ HayKu ripoeegem aHarnmna
XOpOoLoO U3BECTHbLIX 3KCNepuMeHTalribHbiX AaHHbIX, @ 3aTeM OaauM UX TeopeTnveckoe

obocHoBaHue.

1.1. AHanu3s skcriepumeHmarsbHbIX OaHHbIX

1.1.1. OKcnepMMeHTanbHO YCTAHOBMIEHO, YTO aHHUIMNAUMA SNEKTpoHa W
No3nTpoHa NpuBoAMT K 0bpasoBaHMO OBYX raMma-kBaHTOB [6]. O6paTum BHMMaHME,

YTO KaXkablN N3 3TUX raMma-KBaHTOB YK€ HE MOXeT 06pa3OBaTb YacTuLbl (TaK Kak OJ14
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yacTMuaMmn Unu TenaMmm 3T raMmma-KBaHTbl OTAAKT MM CBOK 3HEPIMIO U NpekpaLlaroT
CBOE€ cyllecTBoBaHMe. Ho Kyaa e genacb mMacca 4yacTtul — 3eKTpoHa 1 no3uTpoHa?
OTBeT SAACEH, ecnn y4yecCTb, YTO Macca MaTepMM MOXET CyLLeCcTBOBaTb B ABYX hopmax
— YacTtuubl 1 3admp, npeacTasngaowmnn 6ecyactnyHyo hopmy maTtepuum, T. e. Mmacca
paccMaTtpuBaeMblx YacTul nepewna B 6ecyacTuyHyo  opMy  mMatepum.
CnepoBaTenbHO, ramMma-KkBaHT npeacrtaBnsieT He 4actuuy (Kak npuHATO B
COBPEMEHHON Hayke), a (cnegyst YeTKOMY SMHLUTEMHOBCKOMY OMNpeneneHuo BOSHbI)
Habngaemoe OBWXKEHME BOSHbI admpa, SBRdAoLEeecss nepemMeLLleHNeM HEeKOTOPOro
COCTOAHUA adhmpa, a He camoro achmpa [7].

1.1.2. OKcnepuMeHTarnbHO YCTaHOBJEHO, 4yTO ecnu raMma-KBaHT
COOTBETCTBYIOLLEN IHEPrNMN HaNpaBuUTb Ha nperpagy (Hanpumep, aToMHoe S4p0), TO
obpasytoTca cTabunbHble YacTuubl — ONEeKTPOH W MNO3UTPOH UM MPOTOH W
aHTunpoTtoH [8]. OTcloga cnegyeT, 4tO M3 ©OecyacTMyHOM OOpPMbI  MaTepun
onpeaernieHHon BenuynHbl (Haxogsawencs, kak nokasaHo B n.1.1.1, B ramma — KBaHTe)
MoryT obpasoBblBaTbCA CTabunbHble YacTULbl BECbMa BbICOKOW MAOTHOCTU, nopsaaka
10 kre /o M® [9]. OueBMAEH PaKT 3HAYUTEMBLHOTO YMAOTHEHWS MAacChl Matepun oT
BeCbMa HM3KOro 3HayeHus (kakmm obnagaet 6GecvacTuyHas opma maTepum) OO0
BECbMa BbICOKOrO.

1.1.3. OKcnepumeHTanbHO  YCTaHOBMEHO  obpasoBaHME  3HAYUTESIbHOrO
KonmyecTtBa HECTAbUITbHbLIX 3fIEMEHTAPHbIX YacTUL, PasfnnYHbIX MacCc U C PasfnnUYHbIM
BpeMeHeM XnsHu [10].

Takmum oOpas3oMm, BCe 3KCNepuMeHTasnbHble [aHHble OObBbACHAKTCA C
paccMaTtpuBaeMblX MO3NUUMKA W MOKasblBaKT, YTO OfileMEeHTapHble YacTuubl

npeacrtaBndroT  YNJIOTHEHHYHO  MaccCy 3Cbl/lpa n ™Mbl MOXEM YyTBepxXdaTtb O
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cdopmbl maTepum (achupa).
Tenepb nepengemM K  pacCMOTPEHUO  TeOpeTUyeckoro - 0BOCHOBaHMS

SKCrNnepmmMmeHTaribHbIX JaHHbIX.

1.2. Teopemuyeckoe 060CHOBaHUE IKCepUMeHmMarsibHbIX OaHHbIX

Npepnaraemoe TeopeTnyeckoe 060CHOBaHUE IKCNEPUMEHTarNbHbIX AaHHbIX
NPUHUMNNANBLHO OTNINYaeTCA OT COBPEMEHHOW TeOpUU 3NeMEeHTapPHbIX YacTul,.
OHO GasmpyeTca Ha OCHOBHOM cBoucTBe admpa. [lpn 3ToM paccmaTpuBaeTca
rpaBUTaLMOHHOE B3auUMOLENCTBME B MWUKPOMUPE, YTO B COBPEMEHHOM Hayke
cuMTaeTca HeuernecoobpasHbiM, TaK KakKk OHO, 4Kobbl, 3HauyuMTenbHO cnabee
rocrnoAcTBYOWNX B  MUKpOMUpe crnaboro, 9nekKTpoOMarHUTHOrO W CUFbHOrO
B3aumogencTsum [11].

Ha puc.1l nsobpasnm yactuuy maccom m B BUAE Liapa, HO OHa MOXET ObiTb U
nobon gpyron dopmbl. PaccmMoTpum AOencTBME CUN HA He3Ha4YuMTEenbHYH 4YacTb
yacTuubl (BENMMYMHOM Am), HaxXOAALLYHOCS Ha MOBEPXHOCTM B TOuke B. 3tn cunbl

3annuyTtca COOTHOLLEHUAMMN:

F=Am-g Fi=Am-g;

rAe g — HanpshKeHHOCTb MO rpaBuTauMuK, co3gaBaeMasi BCeMU OKpYKatoLMMK
YyacTuly m Tenamu,

g1 — HanpshKeHHOCTb Mofsi rpaBMTauUnM, co3gaBaemMasi caMou YacTuuen m.

Cuna F 6ygeTt oTpbiBaTb Maccy Am OT YacTuupbl, NbiTasiCb paspyLunTb ee, a cuna
F, 6ygoeT yoepxuBaTb Maccy Am Ha MOBEPXHOCTM YacTuubl. OTMEeTUM, YTO Touka B
BblOpaHa B TakoM MecTe MOBEPXHOCTU YacTuubl, [4e HanpsKeHHOCTb (¢

NPOTUBOMNONOXHO HanpaBlieHa HanpAXXeHHOCTU (i, BClieacTtBue 4ero Yyacrtumua 6y,£|,eT
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crneposaTtensHoO, cun F u F,) onpeaenvm Kputepun cyLLieCTBOBaHNS YacTuLbl m.

B
g
F
puc. 1
1.2.1. Kpumepudu |.
Kputepui | cooTBeTCTBYET COOTHOLLEHUIO
01> 0. (4)

I'Ipm 3TOM YactTuua m He pa3pywlaeTtcd U cyulectByet B Buae cTabunbHom
YacCTuubl. 3KCI'IepI/IMeHTa.I'IbeIM noareepXxageHnem AsndroTcA daHHblE, N3J10XXEeHHbIE B
n.1.1.2. OTMeTnmM, 4YTO BpeMA XNU3HU cTabunbHOM YacTuubl ornpenenaeTcda BpeMeHeEM,

B TeYeHMe KOToporo cobnoaaeTcs Kputepui |.

1.2.2. Kpumepudu |l.

Kputepun Il cooTBeTCTBYET COOTHOLLEHUIO
g1 <0. (5)

Mpun 9TOM HaYMHAETCS NPOLIECC pa3pyLUEHUs YacTuLbl M, KOTOpbI GyaeT uatn oo
MOMEHTAa, Kora Ha BHOBb 00pa3oBaHHOWN ocTaBLLencs macce m; obpasyeTcs ycrnosme

Kputepusa | (4); Torga panbHenwee paspylleHne MacCbl m; MpekpaTuTcs, T.e.
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JKkcrnepuMeHTarnbHbIM NOATBEPXAEHNEM ABMAIOTCA JaHHbIE, U3NTOXEeHHbIe B M.1.1.3.

1.2.3. ObocHoBaHUe aHHU2UNAUUU Yacmuy,.

[ns paspyweHna ctabunbHOM 4YacTuubl HEOOXOAMMO HapywuTb Kputepuin | u
BBeCTM Kputepun I, 4To MOXeT OblTb caenaHo Ans TOW Xe 4YacTuubl MNyTem
yBenuyeHusa g. na aToro 4octaTtovHO NpubnmsnTb o4eHb BrN3KO K YacTuue Opyryto
yactuyy. Ecnn cbnuxkaTb OBe OAMHAKOBble 4acTuubl MO Macce W No CTPYKType
pacnpegeneHunst NOTHOCTU (HanpuMep, 3NeKTPOH U NO3UTPOH), TO MPU UX CONMXEHUN
OygeT B3anMHOe yBenuyeHue g 4O nepexoga kputepus | B kputepui |, 4To npueegeT
K paspyLleHuo 3TuxX ABYX 4YacTuy, ¢ obpasoBaHMEM ramma — KBaAHTOB. TakK Kak
YacTuubl BMNMNOTHYH NOAXOOAT Apyr K Apyry, TO Mony4Yatlmneca BeNUYUHbl g
3HauyuTenbHO BonblUe eCTECTBEHHOrO 3HayeHus g (Hanpumep, oT AencTBua 3emMnn);
NO3TOMY MPU aHHUTMAAUUM paspyLleHne YacTulbl MAET 3Ha4YNTENbHO BbicTpee.

1.2.4. Yeenu4yeHue 8peMeHU XU3HU Yacmuupl.

PaccmoTpeHHble cooTHoweHna (4) u (5) cnpaBeanvBbl ANSA MOKOALMXCS vYacTul,
BCNeACTBME Yero BrNAHUE OKpYXatoLero yactuuy adupa He paccmartpmsaetcs. [pu
3HaYUTENbHbIX CKOPOCTAX ABWXEHUS YacTuubl HeobxoauMoO y4nTbiBaTb, YTO 3TO
OBWKEHNE TMPOUCXOOUT B OKpyXawwem 4Yactuuy adupe, B pesynbrtaTe 4ero
yBenuinBaeTca macca vactuubl (CM. npunoxeHue 3). ATO NPUBOAUT K yBENTUYEHUIO

BpeMeHn pa3pyleHna YaCcTtuubl, Xapaktepu3yrwiemMm yBeJin4eHne BpeMeHn ee Xn3Hn.

2. YTo xe aBnsieTcst nepsomaTepmen

Kak nokasaHo akcnepuMMeHTanbHO M 0OOCHOBaHO TeopeTudecku B pasgene 1
arneMeHTapHble YacTulbl 0bpasyoTca M3 adupa nyTeM YnnoTHEHUs ero macchbl. Tak

Kak MaTepmaanbM MUpP, KaK YKa3bliBaJlOCb Bbllle, rnpencraBrideTcd COCToAUMM U3
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nexaltlen B OCHOBe CTpoeHunsa matepuanbHoro mmpa. OtmeTum hunocodCckmin acnekT
nofly4eHHoro BbiBoga. [lo HacTosWero BpeMEHW MO3HaHMe mMaTtepun Briydb
NPOUCXOOMNO U NPOUCXOAUT MyTEM OTKPbITUA HOBbIX YacTuu, YTO no3sonsieT Gonee
NONMHO XapakTepus3oBaTb MaTepuanbHbin  Mup. [lokasaHHoe npeacTaBreHue
nepsomartepun B Bnage becdactnyHonm opmMbl Matepum He O3HavaeT MnpekpalleHue
No3HaHUs Martepun Brnybb; HO Tenepb yXe MaTepuanbHbli MUp Heobxoammo

XapakTepun3oBaTb C y4€TOM U3MEHEHUS NMITOTHOCTM GecyacTnyHOM hopMbl MaTepumn.

3. PaccmoTpeHue HeKoTOopbIX HaydHbIX Npobrnem

[MokasaHHOe BbiWEe MOHMMaHWe NepBOMaTEPUMN SBMSETCS BaXHOW OCHOBOW ANS
peleHnsa npobnem B pas3nuuyHbix 0bnacTax Hayku. [puBegem pelueHne HEKOTOPbIX
BaXXHbIX HAY4HbIX NpoGnem.

3.1. PewaeTtcsa npobnema onpeneneHnsa BPEMEHN XMU3HM ANEKTPOHA U NPOTOHa Ha
3emne, onucaHHagd, Hanpumep, B [12, 13].

N3BECTHO, YTO 3MEKTPOH M MPOTOH CyLECTBYOT Ha KOnutepe nycTb gaxe nuulb
Torga, Koraa BenuyMHa g B COOTHOLLEHMM (4) COOTBETCTBYET HAaMMEHbLLEN BENUYMHE
HaMpsPKEHHOCTWN MoNiA rpaBuMTauMK Ha nosepxHocTy KOnutepa. Toraa B COOTBETCTBUM

c Kputepuem | (4) sanuwem:
g1 > Qo (6)

rae g, — HauMMeHbluee 3Ha4YeHMe HanpsKeHHOCTW TMOons rpaBuTauun Ha
nosepxHocTn Konutepa.
N3BECTHO, 4YTO MakCuMMarnbHO BO3MOXHasi BenMYMHA HaNpPsXKeHHOCTU Nons

rpaBunTalnn Ha 3emne 0 B HECKOJTbKO pa3 MeHbLLEe 3Ha4YeHna g», T. e.

g <0a. (7)
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J.>0. (8)

CooTHoweHure (8) nokasbiBaeT, YTO Ha 3emrie Bcerga cobntogaetca Kkputepun |.
CnepoBaTtenbHO, 3NIEKTPOH U NMPOTOH XUBYT Ha 3emrie Be4HO.

3.2. B3anmopgencTeme pasnuyHbiX 3fIEMEHTAPHbIX YaCTUL, Ha YCKOPUTENAX UMK C
NCMONb30BaHNEM KOCMUYECKMX fydern npuBoaUT K 0BpasoBaHWMIO HOBbIX 4acTul,
Macca KOTopbix OonbLIe Maccbl UCXOOHbIX YacTul,. NapagokcanbHbin dakT O TOM, YTO
BGonbluee MOXET COCTOATb M3 MEHbLUEro MPUHAT COBPEMEHHOM HAyKOW 3a MUCTUHY. B
pesynbTaTe 3TOro CYNTAETCH, YTO «IPUBbIYHbIE 832/1510bI O MPOCMOM U CITIOXXHOM, O
UerioM U 4Yacmu 8 Mupe 3JIeMEeHMapHbIX 4Yacmuly OKa3bl8armcsi CO8EPUIEHHO
Herpu2o0OHbIMU» [14]. OgHako pelueHne 3Ton npobrieMbl C PpacCMOTPEHHbIX BbIlLE
NO3UNLNIAN CTAHOBUTCA OYEBMAHLIM: B 06pa3oBaHMM 3fIeMEeHTapHbIX YacTUL NOMUMO
CaMUX YCKOPEHHbIX YacTUL NPUHMMaeT y4acTme macca 6ecH4acTM4HON MaTepum,
KOTOPYIO «FOHAT» nepen cobon ObICTPO ABMXKYLLMECHA YacTuubl. ACHO, YTO Yyem
Gonblue MOLHOCTb YCKOPUTENA, TeM OONnbluyd MacCy HOBbIX 4YacTUL, MOXHO
NONy4unTh.

3.3. B cBeTe coBpeMeHHON HaykMm paguyc NpPOTOHA W MAOTHOCTb €ro UMeEroT
COOTBETCTBEHHO BennumHbl nopsaaka 1072 cm n 10 kre /o m* [9)].

[Mpon3Begem pacyeT 3TUX BEMWYMH U3 YCMOBMS CyLLECTBOBaHMS MNpPOTOHA B
cooTBeTcTBMM C kpuTepuem | (4). PacyeT npousBegeM OPUEHTUPOBOYHO, cUMUTas
npotoH B opMe wWwapa C paBHOMEPHO pacnpedeneHHon nMAoTHOCTb. Toraa

BeJIn4MHa g; Ha NOBEPXHOCTU NPOTOHa onpenerninTca:

gl :V v mp/ rz, (9)
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M — Macca NpoToHa,
r — paguyc npoToHa.
MoacTtaBmB 3HaveHne g; u3 (9) B (4) N, caenaB BblYMUCIIEHUS OTHOCUTESBHO I,

noJIy4ynm:

(< V_v My g (10)

Ons npoToHa B BUMAe LWapa 3HadYeHue nJNOTHOCTU P NPOTOHa onpeaenntca

AeneHneM ero Mmaccbl Ha 06bLEM wiapa n CoCtaBUT:

3 (11)

P =3Mp; gmr
MpuHumas Ha 3emne 3HadyeHue g = 9,8 He /e kr, 3 (10) n (11) onpenenum

3Ha4YeHnA r n p, NOpPAOOK KOTOPbIX COCTABUT:

r<10®m u p > 107 kre /o m*

HekoTopbiM  3KCNEepuMMEHTAnNbHbIM  NOATBEPXKAEHNEM  MONYYEHHbIX 3HAYEeHU
MOXXHO CUMTaTb pe3ynbTaThl uccrneaoBaHus Ha CTaHOPACKOM NMMHENHOM ycKopuTerne
B 1970r., korga OOHapyXunu, 4YTO ONEKTPOHbl OecrnpensATCTBEHHO MNPOXOAAT Ha

pacctosHum 10™° cm ot npoToHa [15].

4. BbiBOAbI

Cdopmynunpyem BbiBOAObI 13 85.
1. MaTepunanbHbin Mup BcerneHHon npeactaBnseTcs B Buae AByx oopMm maTepuu:

B6ecyacTuyHas (3cpmp) n anemeHTapHble YacTuubl. Bce Tena u BellecTBa COCTOAT U3
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2. 3dvp ABNSETCA «CTPOUTESNbHBIM MaTepuanom» Afd 3NeMEHTapHbIX YacTuL.
OneMeHTapHble YacTulbl NPeAcTaBnsaT YNOTHEHHYD Maccy BecyacTU4HOM hopMmbl
MaTepun 1 CyLeCcTBYIOT B BUAE CTabunbHbIX UM HecTabunbHbIX YacTuy, Gnarogaps
cune rpasuTtaummn, co3gaBsaeMon Maccom caMmoun YacTuLbl.

3. becyactnyHasa popma matepun (d3pup) ABNAETCA NnepBoMaTepUEn, nNexallen B
OCHOBE CTPOEHUS MaTepuarnbHOro Mupa.

3anoxeHa ocHOBa ANt UCTUHHOIO NOHUMAaHUA ABNEHU B MatepuanbHOM MUPE U
NPUBOAMTCS peLleHne HEKOTOPbIX akTyarbHbIX Hay4YHbIX Npobrem.

86. Achpupo-aToMHas CTPyKTypa MaTepum

CoBpeMeHHOe aToMUCTUYECKOE yyeHne BasmpyeTca Ha punocodCcKom KOHLENLNN
[demokputa ©n ©GaszoBoW napagurMon COBPEMEHHOMW HaykM SBMSIETCA aTOMHO-
BaKyyMHasi CTPyKTypa maTepuu; npu 3TOM Nnoj BakyymMoM noapasyMeBaeTcs nycroTta
(no demokpuTy). Bbile Mbl nokasanu, 4To NycTOTbl HET U BOKPYr MUKpOYacTuL, Ten u
MaKkpOTeNn CyLLEeCTBYIOT COOTBETCTBYHOLLME ahMpPHBIE 0B0NOYKN. DTO NPUBOAUT HAcC K
HeobXoQMMOCTU Npu3HaTb B KadecTBe 0asoBoM  napagurmbl Hayku 3adupo —
aTOMHYIO CTPYKTYpPY MaTepum.

HoBasa napagurma gact MOLWHbLIA UMNYNbLC ANA HOBbLIX YCNexXoB (pU3MKU U

NMOBLICUT Ka4eCTBO pa60T BO BCeX Hay4HbIX nccrnegoBaHusAX.

YACTb IIl. JANbHEULLEE PA3BUTUE TEOPUU N EE NPUMEHEHUE
87. Achunp 1 TennoBas aHeprus
Kak oTMevanocb Bbiwe Mexay 4acTuuamu BelwlecTBa Haxogutcs  adup,
npegcrasnaowmmn 6ecyactTnyHyo doopmy matepum, obnagatoLLyro MacCcoun.

I'Ionyqaﬂ npun HarpesaHMn TenIoByO 3HEPInto Q, Teno yBENMNYMBAET N MacCy m B
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Q =mc?, (12)

roe ¢ — CKOpPOCTb CBETa B BaKyyMe.

HO nockonbKy Npu HarpeBaHUM KOMMYECTBO YacTU4eK Tena He U3MEHWUSOCb, TO,
cnepoBaTenbHO, Macca M yBeNMYMBAETCA 3a CYEeT MOCTynuBLUEW OT Harpesarerns
Maccbl ©ecvacTuyHon dopmbl mMaTepumn (dcupa). N3 cooTHoweHus (12) MOXHO
onpeaennTb BeNIMYMHY MOfydYeHHOM Maccbl m adupa. Takum obpasom, HOcUTENem
TENmoBOW 3Heprum aendetca becyactuyHas dopma matepum (3gump). Ha ocHoBaHun
3TOro CcpopmMynupyemMm CywHOCTb TensioBon aHeprun: "TenmnoBaa 3Heprua Q
XapaktepusyeTca maccou acpupa m; npym 3TOM CylecTBYyeT 3aBUMCUMOCTb Q =
mc® (c — CKOpoCTb cBeTa B 3DMPHON CPede OKOMo3eMHOro Bakyyma)”. B aTom
pacKpbiBaeTCs NPUHLMNMANbLHO HOBOE NMOHUMAaHWE TEMSIOBOW SHEPruun, YTO NO3BONSET
pa3pabaTbiBaTb NPUHLUNNANILHO HOBbIE NMYTU MOJyYeHUs TENNOBOU 3Hepruun. Kak
oTMevanochb Bbilwe 6ecyacTnyHaa popma matepun (3pup) HaxoaUTCs Mexay BCceMM
Ternamum n Mexagy 4actuuamum BCexX Tern, HO npu 9TOM 3(up CBHA3aH C Ternamu wu
yactnyamu. NMoatomy ans nosly4eHnsa TenmnoBOW 3HEPTUN OOMKHbI OblTb pa3paboTaHbl
nyTM BblaeneHnsa mMaccbl 3cpupa, KoTopass B COOTBETCTBUM C COOTHOLIEHMEM (12) n
Oyoet npencTtaBnATb TEMMOBYK 3JHEPruto; MOMbITKUM MOMYYEHUS TakKOW 3HEprum um3
KOCMOca npoBogsaTca B HacTtosuwee Bpemsi. CooTHoweHue (12) aKcnepuMmeHTanbHO
HabnogaeTca B aTOMHbIX peakTopax, XOTS YXe eCTb 93KCMEepPUMEHTbl €ro
noaTBepPXAeHus npu HarpesaHun Ten [17]. B aToMHbIX peakTopax npu geneHuu sapa
HabnogaeTca pasHOCTb MeXAy MacCol MCXOQHOro sigpa U CyMMOM MacC HOBbIX
NOMNyYeHHbIX saep. ATa pPasHOCTb Macc U NpeacTaBnsAeT BblAENEHHY Maccy agupa,
XapaKTepusyoLLLyto B COOTBETCTBUM C (12) NOMyYEHHYIO TEMSOBYHO SHEPTUIO.

nOCKOﬂbe BCe 4acTuubl BelwlectBa €CTb HWU 4YTO WMHOE, KakK 3Cbl/lp BbICOKOM
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npo6rieMbl MOXET ObITb aHHUTMMALUMOHHAA 3HEepreTuka, B pe3yrnibrate KOTOpou
Macca 4YacTtuy nepexoauT B Maccy 3dmpa, XapakTepusyrllero TensioByHo
3Hepruto. Npn 3TOM BCA Macca BellecTBa NpeBpawaeTcs B 3KOMOrMYECKN YUCTYHO
TENNOBYK 3HEPruio, 4YTO B ThiCAYY pa3 3dPdeKTMBHEN COBPEMEHHOW aTrOMHOW
SHEepreTuKu.

88. Achmp 1 paBneHue B rasax

CoBpeMeHHOe NOHUMaHue Npupoabl AaBMNeHUsl B ra3ax COrfacHoO MONeKynsapHo-
KnHeTudeckon Teopun (MKT) oObsicHseTca yoapamMm O CTEeHKY XaoTUYecKu
apurarowmxcss monekyn. OgQHakKo HeT HM OA4HOro 3KCNepuMMeHTa, B KOTOpPOM Obl
Habnwpganucb 3TM yaapbl Monekyn. MoxHO nokasaTb, 4TO onbiT LUTepHa wu
OGpOyHOBCKOE ABWXKEHME, KOTOPble COBpeEMEHHast om3nka cYMTaeT NMOATBEPXKAEHNEM
MKT, g9Bnat0TCA HEKOPPEKTHLIMMU.

Hwxe paccmoTpum gaBrneHune B rasax ¢ No3vunmn Teopum .

Ha puc.2a nsobpaxeH cocyn B Buge kyba obbemom Vi, B KOTOPOM Haxogutcs 1
MOfb Kucnopoga npuv gasneHnn P un tTemnepatype T;. Monekynbl kucrnopoga (4epHble
KPY>XOYKN) paBHOMEPHO pacnpeaensarTcd B COCyae M Kaaaa Morekyna 3aHumaeT
onpeaeneHHbIN KyOuK obbema, 3anofHEHHbIN KONM4YeCcTBOM agmpa,
COOTBETCTBYIOLLUMM UMeKLLENCa TeMmnepaTtype kucnopoga. [lpegcraBum, 4TO CTEHKM
cocyna MOryT rnpu pacLUMpeHnu rasa pasgBuraTtbCsi, OCTaBnAa HEM3MEHHbIM JaBreHne
P.

Mogorpeem kucrnopon go temnepatypbl To. [1py 3TOM OH paclMpuTca No BCEM
TPeEM HanpaBrieHUsAM U 3aUMeT yxXe Kyd obbemom V, . MNonyunm ysennyeHne obbema
Ha BENUYMHY

V= V2 — V]_ (13)
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yBenu4yeHne obbema nokasaHo Ha puc. 2b B Buae npocBeTa mexay Kybrkammu Takoro

Xe pa3smepa, Kak 1 Ha puc. 2a.

PV, T P Vo T
o|eo e IZHZHZIEIEI
olole]e]e Lo ][ele]le]le]
o|e|e|e|e [elle][=][<][*]
eloefe|e DEDDE
o o|e|e|e EHZHZ”ZHZI

a b

Puc. 2

O6bemM Vv 3anofniHAeTcs MNOSydeHHbIM OT TFOpPeNiku Konn4yecTtBoM TennoTtbl Q,
KOTOpOe, KaK yKka3blBarocb B 87, npeacTtasnseT maccy agmpa m.

3 wKonbHOro Kypca omsnku N3BeCTHO, YTO COCTOAHME 1 MOrd rasa onucbiBaeTcs
ypaBHeHnem KnanenpoHa — MeHgeneesa:

PV = RT, (14)

roe R - yHBepcanbHas razoBas NoCcTOsSHHas.

3anuvwem 3To ypaBHeHUe 151 COCTOSIHUI ra3a npu temnepatype T, un Ty:

PV, =RTy, (15)

PV, = RT, (16)

Beluntasa ypasHeHue (15) n3 ypaBHeHus (16), nonyvmm:

P (V2= V1) =R (T2—T)) a7)

OTctoga BMAHO, YTO ANSA 3anofiHEHUS BENUYMHbI yBENMYEHHOro obbema v npu
hasneHun P u3pacxogoBaHa TenmnoBas a3Heprua Q, paBHad nNpousBedeHUro
YHUBEPCANbHON ra3oBOM MOCTOSSHHOM Ha NpUOBpeTeHHyl rasoMm pasHOCTb

TemnepaTyp. YuntbiBas 3TO, BblpaxeHue (17) npumeT Bug
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MoacTtaesnasa s3HavyeHne Q 3 cooTHoweHus (12), nonyvyaem

Pv=mc? (19)
a oTcroga

- Mmoo
"yt (20)

Tak Kak OTHOLLIEHME MacChl admpa m K 3aHMMaeMoMy UM 00beMy vV npeactasnsaeT
NNoTHOCTb d acbmpa, TO B pesynbTaTe UMeeM:

P=dc? (21)

Ha ocHoBaHun aTOro copmynupyem CBOUCTBO 3pupa NpousBOAUTL AaBlieHUE:
“dhmp nnortHocTb d npousBOAUT [AOaBrieHWe pP; NpPU 3TOM cCyllecTByeT
3aBucuMocTb p = dc? (C — CKOpOCTb cBeTa B 3DMPHON Cpede OKONO3eMHOro
Bakyyma)."

Takum o6pa3om, B COOTBETCTBMM C 3TUM CBOMCTBOM 3chupa AaBneHue rasa
onpegensieTca NMAOTHOCTbLIO 3dmpa, HaxoAALWErocss Mexay ero Mornekynamum.
MMeHHO NNoTHOCTL 3TOro achmpa obycnaBnmBaeT AaBneHue B rasax.

NoacTtaBnB B HaMgeHHOE COOTHoLLEHMe 3HadeHne P =1 atm. = 100 000 Ma n ¢ =
300 000 kme /¢ ¢ = 3-10° Me /+ C, noNyunM: NpW AaBneHnn B 1 atmocdepy nnoTHOCT,
npuHagnexatlero rady agompa, HaxogsLlerocd mMexay ero Mosnekyrnamu, coctasnser
nopsaokK 10%° re /e cm®. OTMeTuM, yTO ewe B 1909 rogy W3BECTHbIN aHrMMNUCKNN
ydeHbin [bK. K. TOMCOH nony4ymn Takoe xe 3HayeHue [18].

MpuBegeHHOE NOHMMaHME OaBfiEHUs B rasax BHOCUT KOPEHHOE M3MEHEHWe B
obnacTtb Hay4YHOro NO3HaHUs SBIIEHNI, CBA3aHHbIX C AaBneHueM. Tak, Hanpumep:

a) CTaHOBUTCA SCHbIM, YTO MPU CXUraHMM TOMMMBA B pPaKeTHbIX ABUraTensix

[AaBrieHne B Kamepe cropaHusi obpasyeTcs 3a cyYeT yBenuyeHUs NnoTHOCTU 3acumpa,
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MowHocmu 08uzamersisi ceo0UMCS K MOfy4YeHUIo pasfiu4yHol niomHocmu aghupa.

6) Hanu4ue ornpedenieHHOU nNIomHocmu aghupa 8 8KyyMHOM rpocmpaHcmee (He
codepxxawem Yyacmuy) BceneHHoU He y4yumbigaemcsi 8 CO8PeMeHHOU acmpoHOMUU,
Kak rnpu pacdyeme macchl BceneHHoU, mak u rnpu Opyaux pacdemax.

89. becrnone3sHoCTb 3KCNePMMEHTOB Ha GONbLIOM afpPOHOM Konnanaepe

B 2008r. B LBenuapun 3anyweH CBEPXMOLLHbIA YyCKopuTenb — bonbon
agpoHHbIn konnangep (BAK), koTopbin obowenca Hanoronnatenbwmkam B 10 mpa.
eBpo. OcHoBHas uenb ucnbiTaHu Ha BAK — oBHapyxMTb BO30H Xurrca, KOTOpbI Mo
MHEHMIO Y4YEHbIX SBMSETCA npadacTuuen, npeacraBnsawwen nepeBomMaTeputo
BceneHHon. Kpome 3TOro yyeHble nonarawT, 4YTO OSKCMNEPUMEHT MO3BONUT B
MUHMaTIOpe BocnpoussecTn "bonbLuon B3pbIB" 1 NOAYYNUTb PYHAAMEHTA/IbHbIE 3HAHUA
0 cBOMCTBax matepuu. lNonaraetca, 4To A4/ 3TOro HaZo pa3bmTb NPOTOHbI, ANA Yero
pabota BAK npoBoauTCs B 3 OCHOBHbIX npouecca:

a) cosjaHue rnyboKoro BakKyyma;

6) pasroH BCTPEYHbIX MOTOKOB MNPOTOHOB A0 OYEHb BbICOKOM 3Heprum E =
7-10*°3B;

B) CTOJSIKHOBEHME BCTPEYHbIX MOTOKOB MPOTOHOB, B pe3yrnbTaTte NPOTOHbl AOMKHbI
pa3duTbCA N MOXXHO HabNAaTbh OXXnaaemMble ABMEHUS.

Cpa3sy oTtMeTuM: B 85 nokasaHo, 4TO nepBomartepuern BceneHHonm sisnsietca acoump
M UCKaTb npayacTuyy He wumeeT cmbicna. Kpome aTtoro, B 815, n.1 nokasaHa
owmnboyHOoCTb paclmpeHna BceneHHonm nocne bonbworo B3pbiBa, T.K. OHa
6asnpyeTca Ha OWMOOYHOM MOHMMAHMM KPacHOro cMelleHus. loaToMy roBoputb O
Bonbwom B3pbiBe TOXE HE MMeeT cMbicna. Ho pacmoTpum Bce 3 npouecca.

1. Co3gaHue rny6oKoro Bakyyma
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Konnanaepa. lpu uaeanbHOM BaKyyMe BCE MOJIEKY/Ibl BO3Ayxa OYyAyT OTKayeHbl
BMECTE C CO34aHHbIMW MMM 3DMPHBIMKM 060/104KaMK (aypon), T.e. 3cuMp BellecTBa
(cm. 83, n.2) 6yaet y6paH. OaHako B paboyer 30He ocTaHeTCs 3(pUp OKON03EMHOMO
BaKYYMHOro npocTpaHcTBa (CM. 83, n.1), B KOTOPOM HaxoadaTcsl Bce BelwlecTBa (CM. 83,
n.2). Ho B 84 nokasaHO, YTO MMNOTHOCTb 3TOro admpa cocTaBnseT 102 r/cm®, uTo B
TbicAYy pa3 Oonblue MNOTHOCTU OTKadYeHHoro admpa, co3gaBaemMon Mosiekyrnamm
BO3ayxa npu gasneHum B 1 atm. (cm. 88).
2. Pa3roH npoToHoB

NTak, AOBWMXeHWe MpoTOHOB MnpoucxoanTt B 3UPHOWM cpeae OKONo3eMHOro
Bakyyma. [1oaToMy npu ABMXEHUM NPOTOHA C HOSbLION CKOPOCTLIO B 3hMPHOM cpeae
OH BbIHYXOEH rHaTb W Haxogswylca neped HUMM  Maccy adgwumpa (nogobHo
apuxyliemycss ¢ 60nbLWON CKOpOCTbio aBTomMobunio). MNpu aTom, 3aTpavmBaemas
9Heprus 6ygeT yxe ABuratb NPOTOH BMECTE C YNSIOTHEHHOW neped HUM (NpuinnLen
K HemMy) maccon admpa. lNpununaHne maccbl adumpa K NPOTOHY CrnocobCTByeT TO
06CTOATENBCTBO, YTO MPOTOH COCTOUT U3 TAKOW Xe maTepumn, 4To agump (MPOTOH — 3TO
CBEPXYNMOTHEHHbIN 3dump, cM. N.4 B 85). [NpMpoCT Maccbl NPOTOHa COOTBETCTBYET
npunoxeHHon sHeprun E yckoputena. 3Had maccy MOKOALWErocs MpoToHa my
=1,6726-10%'kr 1 BbIpaXEHNE ee 4Yepe3 SHEepreTUHEecKUin IKBUBANEHT Ep = mpczz
0,94.I3B, MOXHO onpegenutb 3HadeHwe obLlen ABwXKyLLencs maccel m (Maccol
npoToHa M, NIOC MnpupalleHHas adupHasa Macca) B 3aBUCMMOCTM OT 3SHEepruu
yckoputensa E 13 nponopuuu:

m/my,=E/E, (22)

OTtkyaa umeem m =7-10°/0,94 = 7447 m,, (23)

CornacHo M3BECTHOMY W3 TEOPUN OTHOCUTESIbHOCTU COOTHOLLEHUIO
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MOXHO nogcuMtatb CKOPOCTb, MpuobpeTeHHyto npotoHoM. OHa coctaBuT
0,99999999c, T. e. npubnuamnacb K CKOpPOCTM cBeTa C. Ha puc.3 nokasaHO Kak
N3MEHAETCS OBUXKYLLASACA Macca Npu yBENUYEHNN CKOPOCTU ABMXEHNA npoToHa. [Mpu
ckopocTtn 30.000km/c (0.1c) macca Bo3spacTtaeT Ha 0,5%, npu ckopoctn 100.000km/c
(0,333c) oHa BoO3pacTtaeTr Ha 6%, a NpuM CBOEM MaKCMManbHOM 3HAa4YeHUN OHa

Bo3pacTaeT B /447 paas.

o o  ag>=

V= 3000w B 1c] V = 100.000wulc 0,3%)

V' =10,939359c

puc.3
Mbl 00 bACHUAN PUINYECKYIO CYLLLHOCTb COOTHOLLEHUS (24), KOTOpasa He packpbiTa
B TEOPUN OTHOCUTENBLHOCTU. B penaTtuBnCTCKON on3nke 3TO COOTHOLUEHWE MPUHSTO
cuuMTaTb ChnpaBeanMBbIM AN MexaHuknm Bonblimx ckopocten. OpHako 31O
COOTHOLLUEHNE MOXHO nonyyYnTb C MO3ULUMA  KNnacCU4eckon uanku, ecnm
paccmaTpmBaTb OBWXEHME YacTuubl B pearibHOM cpefe mMatepuarnbHoro agupa (Cm.
npunoxeHue 3)
3. CTONKHOBEHME NPOTOHOB
UTo e npoucxoamT npu CTONKHOBEHMW MPOTOHOB B ntobom konnamgepe? Kak
BUWOHO M3 puc.4 MnpouUcxoauT CTONKHOBEHME 3AMUPHBIX Macc, NPUOBPETEHHbLIX
NpOTOHaMu npu pasroHe. [pu 3TOM NPoMCXoauT YNIIOTHEHNE PasfINYHbIX YacTen aTUX
Macc adwupa, B pesynbTtate 4ero o6pasyloTcs pasnuMyHbie 4YacTuubl W

cooTBeTCTBYyrOLnEe MM aHTU4acTuLbl, KOTOPbl€ aHHUTUITUPYIOT, o6pa3y$| raMMma-KBaHTbI
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aHTUNPOTOH (cM. 85, n. 1.1). B pe3ynerate atoro HabnogaeTca JOBOMBHO KpacoyHas
KapTuHa, KkoTopas doTorpadupyerca u pacnpocTtpaHserca CMW kak umutaums
Bonblworo B3pbiBa. B BAK byger HabnogatbCca Takas ke KapTuMHa, Kak U B MeHee
MoLLHOM Konnangepe. Pasnuumne B ToM, 4To B BAK KapTuHa 6ynet 6onee 3pennyHon
n moryt Habnwgatbca 6onee kpynHble 4Yactuubl (cm. 85, n. 3.2). OpraHusatopbl
9KCnepMMeHTa nonaratoT, YTO MOXHO yBMAETb KapTuHy BceneHHon Ha 6onee paHHewn
cTagum oT Hayana bonblioro B3pbiBa. Ho aTa kapTuHa ob6pasyeTca 3 macc acupa,
NPMOOpeTeHHbIX NPOTOHAMWU NPU UX pa3roHe, a camu NPOTOHbI HE Pa300bOTCH U
nocre ux oCTaHoBKM HabpaHHas MK B pesynbraTe pasroHa Macca acmpa okaxeTcs B
OKpY>XatloLleM MpOoCTpaHCTBE, XapaKTepusdyst TEnroByK 3HEPrnio B COOTBETCTBUU C

COOTHoLLeHnem (12).

puc. 4

Onpepenum npefenbHOe 3HayYeHue BblaeneHHOW 3JHeprun. 3Has, 4to 1oB =
1,602-10""° [, MOXHO noacyMTaTh, YTO MPU CTOSNKHOBEHUM M OCTAHOBKE 1 MPOTOHA
BblOENUTCA SHeprus

W, = 7-10%.1,602:10™° = 1,12-10° Ox (25)
Ecnu B aKCnepuMMeHTe, Kak 3annaHupoBaHo, 6yayT yyactsoeath 10 r npoToHoB

(4ncno npoToHoB N = 6-10™), To obLyas BblAENeHHas Npu aKCrnepuMeHTe aHeprust (B
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W =1,12- 10° 6:10" = 6,7- 10° [Ix. (26)

Ewe pa3 nodAcHuMm, 4TO BblaeneHHast aduMpHas 3Heprna — TennoBas, YTo U
noaTBEPXOaeTCa 3TUM SKCNEPUMEHTOM.

[MMKOBOE 3HAYeHWEe MOLLHOCTU, YYUTbIBas KpaTKOBPEMEHHOCTb npouecca, dyger
OrpOMHOEe. OTO MOXET MPUBECTU K paspyLLeHnto annapaTypbl, ogHako 100-mMeTpoBbIn
Cnon 3emnn sBnseTca xopowen 3awmton Ha 3emne. [a v skcnepumeHTaTopbl
9KCTpeMarbHOM CUTyauun He OONyCTAT, TaK Kak MNOBbILUEHME MOLLHOCTU YCKOpUTENS n
YMCNO 3a4ENCTBOBAHHbLIX B 3KCMNEPUMEHTE NPOTOHOB BYAYT NOBbIWATL NOCTEMNEHHO.

Takum obpa3om, NPOMOHbI He pa3obbromcsi U 3annaHupoeaHHble uesu,
cesizaHHble CO CMOJIKHOBEHUEeM T[POMOHO8 Ha C8emo8bIX CKOpOCMSX, He

noomeeposimcsi.

810. Mpupoaa saepHbIX cun
PaccmoTpuM, Kakue cunbl obecrneynBaloT B AApe atoma CBsA3b HeUTpanbHOro
HEWTPOHa C NPOTOHOM. Ha puc. 5 nokasaH HEUTPOH N C PaCroNoXeHHbIM Ha GITM3KOM
paccTosiHUM (pAOOM C HWUM) MPOTOHOM p. HeWTpoH npeactaBnseT coeauvHeHue

NPOTOHA P,, C ANEKTPOHOM €.

n
P~ < g e
f/\ —\
O™
N /
S~ -
puc. 5

Tak Kak p, U € He HaxoaATCAa B OQHOM TOYKe, TO B HeKoTopoun obnactu (06o3Ha4mm
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obnacTblo HEMTPOH ABNAETCA HenUTpanbHbIM. B siape atoma NpoToH sapa p nonagaet
B 06MacTb A 1 BXOAUT B NeKTpocTaTuyeckoe B3anmogencrame ¢ HemtpoHom. OgHako
NP MPUHATOM B COBPEMEHHON Hayke pasmepe npotoHa pasHom 10°m [9]
3MEKTpOCTaTUYECKME CUMbl CBA3N Ha TPU Nopsidka MeHblle saepHblx cun [19]. Ho B
§5, n. 3.3 nokasaHo, YTO pasmep NPOTOoHa MeHblue 10"° M. 3To No3BonsAeT NPOTOHY
NOLOWTM K HEUTPOHY Ha pacCTosiHWE, MPU KOTOPOM 3NeKTpoCTaTUYeCKne Cusibl CBA3U
no BennyMHe OyayT paBHbl UMEKLLMMCA SAEPHbIM cunam. 3T cunbl obecneymsatoT
CYLLECTBYIOLME SHEPINM CBA3N HENTPOHA B A4pe aTtoma. Tak, Hanpumep, B enTepum
9Heprna CcBs3n HEUTPOHa C NPOTOHOM cocTaBnseT 2, 225 MaB [20].

N3 3KCnepuMeHTOB U3BECTHO, YTO «Npu NpubnmxkeHnn cBoOOOQHOro HEMTPOHA K
aapy atoma Ha pacctosiHne 10 — 107° M npoucxoauT «wesk» u 8KrrYaemcs
sA0epHoe rosie» [21]. OTO Kak pa3 CBUOAETENLCTBYET O TOM, YTO MPOTOH f4pa aTtoma
nonagaet B obnactb A HENTPOHA U Jarnee HENTPOH NpubnuxaeTcsa K S4py, co3nasas
UMeKLLMECS CUMbl CBA3N.

Takum obpasom, npupoaa sidepHbIX CuUN 3nekTpocTaTtu4veckas. [lpu aTom
HEMTPOH Ha ManoM  paccTosHMM  obpasyeT  anekTpocTtaTudeckoe  none,
obecneunBalollee ero siaepHble CUibl CBA3WM C NPOTOHOM B sApe atoma. Takoe
CUNbHOE B3aMMOAENCTBME BO3MOXHO 3a CHET ManbiX pa3MepoB nNpoToHa (MeHee 107
M, a He 10™° M, Kak NpMHATO B COBPeMeHHo huauke).

811. PeweHue Aopyrux Hay4HbIX npoo6nem

Hwke npuBegem aBTopedepaTbl M aHHOTauum padoT, B KOTOPbLIX NPUBOAMTCS
AanbHenee passnutne Teopmm agmpa 1 pelleHne BaxHbIX Hay4YHbIX Npobnem.
1. CeonicTtBa adhmpa xapakrepmnaoBaTtb AedeKT Maccbl 1 NPOU3BOANTL

oTTankmBaHme 4actuli,
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nedeKkT Maccbl, U3 KOTOPOro CTaHOBUTCHA ACHOWM CYLHOCTb CBA3W Adedpekta macchbl C
norlydaemMon 3Hepruen, a TakKkKe pacKpbiBaeTCsd CBOWCTBO adupa nNpousBoauUTb
oTTankMmBaHwe 4acTtuu, SBASOLLEECS BaXHOWM OCHOBOM aAnd  pas3paboTku
HensaHeTapHOW mogenu aTtoma. [ns 9Toro paccmatpvBaeTcs COeAMHEeHue [BYX
yacTuy ¢ nx 3aPMpHbIMKM 0DONOYKaMN M MaTeMaTUYECKN OOKa3blBaeTCs, YTO Macca
adhupa, Haxogsawasncsa B 3aMpHOM 06004Ke CBA3AaHHbLIX YacTUL, MEHbLLIE CyMMbl Macc
admpa, Haxoasdwencs B 3UPHbLIX 000NoYKax HecBs3aHHbIX YacTuy. Ha ocHoBaHumn
aTOro hopmMynupyeTcsi CBOMCTBO 3chupa xapakrepusoBaTb AedeKkT maccbl: «[pu
COeAMHEeHMM YacTul NpoucxoauT BblaeneHue TensioBom 3Heprum Q B Buge
Maccbl 3acupa m, xapaktepusywuwen paedekTt Mmaccbl; NMpu 3TOM UMeeTCcA
cooTHoweHne Q = m-¢® (¢ — CKOPOCTb cBeTa B 3PMPHON CPede OKOMO3EMHOro
Bakyyma)» OTO CBOMWCTBO 3upa no3sBonsieT gaTb Npoctoe O6bsACHEHME MHOMMM
Hay4yHbIM npobneMam M NPoOu3BOAUTL WX AanbHeWwyr paspaboTky. [NpusoanTcs
06 BbACHEHME HEKOTOPLIX U3 HUX.

1.1. lNony4eHue 3Hepauu rpu pacrade u cuHmese s0ep. [Npu pacnage THKeNbIX
agep (MMelWMX MeHee NMOTHYK YNakoBKY) obpasylTca sapa ¢ bGonee nnoTHOM
yNakoBKOW, B pesynbTaTe 4ero Bblaensetrcsa adup, XapakTepusyrLlinn CorfacHo
COOTHOLUEHUNIO (12) TennoByl SHEPTUIO, YTO N HabngaeTcs aKkcnepumeHTanbHo. Npu
CUHTE3e Nnerkux saep Toxe obpasyrTca sapa ¢ bonee nNIOTHOM YNAaKOBKOW HYKIMOHOB,
4YTO TOXE NPUBOAMT K BblAENEHUIO ahupa, XapakTepu3yoLlero TENOBYH 3HEPTUIO.

1.2. ObbsicHeHuUe 3K30 - u 3HOoOMepMu4ecKkux peakyul. [pn 3K30TEPMUYECKUX
peakuusix BblgenieHne Tenna CBA3aHO C TeM, YTO yrnakoBka aTOMOB B MNOSfyvYaeMblX
npoAyKkTax peakumn Bonee nfoOTHas, YeM MX ynakoBka B WCXOAHbIX npoaykrax. B

pe3ylfibTate 3TOro nponcxoauT BblOerneHune 3q314pa, Xapakrtepusyruwiero TensoByro
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ynakoBKOW aTOMOB, T. €. aToMbl 6onee pasgBuHyTbl APYr OT Apyra 1M Ans 3Toro Hago
AaTb adup, YTO N XapakTepmnsyeT noTpebrieHne TenOBOM SHEPTUN.

1.3. ObmnbscHeHue rnpouecca eopeHus. [lpouecc ropeHus npeacraBndaeT
9K30TEPMUYECKYKD peakLMilo roproYvero BellectBa C okucnutenem (KMCroponom).
Hanpumep, ropeHune yrnsi cBMaeTenbCTBYET, YTO ynakoBKa aTOMOB yrrepona B yrie
MEHee NNoTHas, YeM yrnakoBka aTOMOB yrriepoga C KMCNopoaoM B Nosiy4aemMoMm rase.
OpHako, Ans ropeHns yris HY)XXHO ero cHavana nogpkedb, Tak Kak aToMbl KMcropoaa
He MOryT oTopBaTb aTOMbl yriepoga B XOSIOgHOM yrie. [1o3ToMy HYXXHO ocrnabuTb
CBA3b aTOMOB B yrne, T.€. pasgBuUHYTb MX. 3TO Npom3BoauTca cooblieHnem adupa
NOBEPXHOCTHLIM aToMaM Yrid, T.e. NOAOrpeBoM Yrig OO0 Tex nop, Korga HavHeTtcs
peakums coeguHeHus ¢ Kucrnopogom. YacTtb nonydyeHHoro tenna (ddupa) naer Ha
pasfBuXKeHne cregylowmx atToMoB yrig M TakuMm obpas3oM NpogosrKaeTca npolecc
ropeHus.

MatemaTuuyecku AOoKa3blBaeTcs CBOMNCTBO acdhupa npou3BoAUTb
oTTankumBaHue vactuu: «fpn coeguHEeHUUN 3NeMeHTapHbIX YacTUL, Mexay HUMU
obpasyeTca acmpHaa «noaywka», AaBneHMe 3cupa B KOTOpPOM NMPUBOAUT K

OTTANKUBAHUIO YacTULL».
2. HennaHeTapHast Mogens atoma
ABTOopecpepar. OTMeYaeTcs, YTO B COOTBETCTBUM C 3aKOHOM KyrnoHa 3neKTpoH
CTPEMUTCS NPUOBNM3NTLCA K MOSNTIOXKUTENBHO 3apsXKeHHOMY sapy aTtoma. Ho npu aTtom
NposiBNAeTCA CBOMCTBO adMpa NpoM3BOAMTb OTTaNKMBaHUE YacTul, 3akniodaroeecs
B TOM, YTO MeXAy OSNEeKTPOHOM M a4poM atoma obpasyetcs adompHas «nogyLika,
AasrieHne adupa B KOTOPOW MPUBOOUT K OTTankKmBaHUo vactuu. [1o3ToMy 3neKTpoOH

He ynaget Ha A4po atoMa, a 3aMeT nonoxeHwe, B KOTOPOM Cuna oOTTalnkmBaHUA
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NoOpsAOKOB MeEHbLUE KyrOHOBCKMX). [MpuBoauTCa pacdeT MNOSIOKEHUs1 3NEeKTPOHOB B
aTome BO4OpO4a M B aTOMe renus.
3. OCcHOBbI HOBOW TEOPUN MarHeTU3Ma

AHHoTauua. OTMeyaeTcs,, YTO COBPEMEHHasi Teopusi MarHeTuamMa He MOXeT
pPackpbiTb WUCTUHHYKO MNPUPOAY MarHeTuaMa, Tak Kak OHa He YyyuTbiBaeT Hanudue
mMaTtepuanbHon acmpHoM cpenpl, Npeacrasnsaowen 6ecyacTniHyto opmy MaTepumn.
MarHUTHbIN NOTOK @ 4epe3 nnowangb MNOMNEPYHOro cedeHus S onpegensieTcs
CKopoCcTblo V OBWMXeHUA Maccbl adompa nnoTHoCcTbto d M coctasut @ = dVS.
CooTBeTCTBEHHO MarHUTHasa nHAaykums B = dV. Ha 6ase Teopumn acbmpa gaetcs BbiBoA
dopmynbl 3akoHa AMnepa, a TakkKe packpbiBaeTCa npupoga: eppomMarHeTnama,
9NIEKTPOMArHUTHOM  UHAYKUUK, NEPEMEHHOro 3NEeKTPOMarHUTHOrO Mons, Cunbl
JlopeHua, B3anmMoaencTBmst NOCTOSAHHBLIX MarHUTOB.

4. PelwieHne npobnemMbl HENTPUHO

AHHoTaumsa. OTmMevaeTcs, 4TO NpennofioKEHME O CYLLECTBOBAHUM HEUTPUHO
BO3HUKIIO B CBA3NW C HabnwgaembiMu akcnepumeHtamu 6eTa-pacnaga agep
anemeHToB. Teopusi HEWTpuMHO rnyboko paspabotaHa. OHa 6Gasupyetcs Ha
NOSTIOXKEHUAX KBAHTOBOW MEXaHWUKKN, B OCHOBE KOTOPOW NEXUT aTOMUCTUYECKOE YyYeHne
[emokputa u [OBwxeHMe 4actuy B Bakyyme. Ho B paboTte paccmoTpuBaetcs
dom3nyeckasa cyHocTb NpobnemMbl Ha 6a3e paspabaTbiBaeMon TEOPUN MaTepmnanbHOro
adhupa. C oatux nosuumnh pacmatpumBaeTca ©OeTa-pacnag fdgpa wm pacnag
HecTabunbHbIX YacTuUl, B pe3yrnbTaTe Yero nonyyeH BbIBOA: «YacTuua HEMTPUHO He
cywecTByeT. 3aKOHbl COXpaHeHUs1 3Heprun n nmnyrnbca npu 6eta-pacnage v pacnage
HecTabunbHbIX YacTuy cobngawTca B CBA3M C  NOsSIBIIeHWEeM CTpyn  admpa,

XapakTtepunsyrwiero TensioByro SHeEpPruio. HenpouoanTeanoe BpeMA XKN3HN N OYEHb
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JEencTBuSA».

5. OcHoBbI MI/IKpOCKOHW-IGCKOVI TEOPUN CBEPXMNPOBOANMOCTH

ABTopedepar. OTMeyaeTCa , YTO CyLIeCTBYyHOLWAA MUKPOCKONUYEcKas Teopus
CBEPXMPOBOAMMOCTM, NPEeanoXeHHas amepukaHckumn  dusmkamn  bapauHbim,
Kynepom un LWpudpdepom (teopma BKLI) He MoxeT oTpaxaTb WUCTUHHYKO KapTUHY
NPOUCXOASLLEro Mnpouecca, Tak Kak OHa He ydYuTbiBaeT Hanuvyme matepuanbHOM
acupHOM cpenbl BHYTpU MeTanna. B HacTosiwen pabote paccmaTpuBalOTCA OCHOBbI
MUKPOCKONMUYECKON TEOpUM CBEpXnpoBoAMMOCTM Ha Base paspabaTbiBaemon Teopumn
MaTepuanbHoro agupa.

PaccmaTtpuBatotca Bce has3oBble COCTOSIHUS MeTanna: rasoobpasHoe, Xugkoe,
TBEpAoe. B TBepaOM COCTOSHUM UMeEETCS MNONMOXUTESNbHBLIN MOH «+1» W, TakK
Ha3blBaeMbI, «CBOOOAHbLIM» 3NeKTpoH. [Mpu ganbHenwem oxnaxaeHuu meTtanna
YMeHbLUAeTCs Macca apupa BHYTPU MOHA, YTO NPUBOAUT K NPUBIIKEHNIO 9NEKTPOHOB
K agpy atoma u gpyr kK gpyry. llpv o4vyeHb HU3KOM TemnepaTtype MoroXeHne
9NIEeKTPOHOB MOXeT CTaTb TakMM, 4YTO NPOM3OMAeT OTTalkuMBaHMe OT aTtoma elle
OAHOIMO HaMMeHee CBS3aHHOrO JfieKTpoHa: noJiydaeTcsd MOH «+2» U ABa
«CBOOOAHbLIX» 3NEeKTpoHa. 3JTO cnocobcTByeT ewe 6onbwemy NpUBAMKEHUIO
OCTaBLUNXCH 3MEKTPOHOB K A4pYy aToMa, B pe3yrnbTaTe 4Yero Bblaenderca Mmacca agupa
(TennoBasi 9Heprus): MPOUCXOOMT YyBenuyeHue TensIoeMKOCTU MeTanna, 4To
hakTnyeckn n Habnwgaetca. Metann nepewwen B cBepxnpoBojsuiee coctoaHune. Y
MeTasnsioB, UMeKLLMX Ha BHeLLHen obonoyke oamH anekTpoH (Li, K, Na, Rb, Fr), oTpbiB
BTOPOro 3SIeKTPOHa 3aTpyAHEH, TaK Kak OH JOSMKEH yXXe OTpbIBaTbCA C YCTONYUBOW

obonoykn, a ons atoro TpedyeTcs 3HayMTENbHO Bonblle aHeprun. I AencTBUTENBLHO,
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KpuTudeckas TemnepaTtypa, KpUMTU4ecKkoe MarHUTHOE Nnose, KPUTUYEeCKUin TOK, rinybuHa
NPOHUKHOBEHMA MarHUTHOIO NONS U cAenaHbl BbIBOAbI:

a) rnepexon B CBEpXnpoBofsuliee  COCTOSIHME — OCyLlecTBnseTcs  npwu
obpasoBaHUM MOHA «+2»;

b) ana nonyvyeHna BbICOKOTEMMEpPATYPHON CBEPXNPOBOAMMOCTN Heobxoammo
co3daHue BelecTBa, B KOTOPOM ob6pa3oBaHME MOHA «+2» MPOUCXOAUT NPU BbICOKOWN
Temnepartype

lll. CNEACTBUE TEOPUN DPUPA — HECOCTOATENIbHOCTb TEOPUU
OTHOCUTEJIbHOCTHU

Ha ocHoBe Teopumn acbupa ¢ No3vuMnm Knaccndeckom ousmku B NPUNOXKEHUN 2
AaHo o0ObsicHeHue onbiTtoB P30 M MankenbcoHa, a B NpUoXeHun 3 nonydeHa
3aBMCMMOCTb MacCbl YacTuLbl OT CKOPOCTU €€ OABWXEHUSI U packpbiTa ee pusmyeckas
CYWHOCTb, 4YTO OTCyTCTBYeT B Teopum oTHocuTernbHocTn (TO). Hwxke Ha ocHoBe
Teopun achmpa OyaeT packpbiTa pusnyeckas CyLWHOCTb LENoro psga SABfeHud,
ob6bsicHseMbIx TO, a B oTAenbHbIX cryyasx 1 nosiydyeHbl 6oriee TouHble pesynbTtaTthl. B
CBA3UN C 3TUM BO3HUKAET HE00OAMMOCTb aHanm3a OCHOBHbIX NonoxeHnn TO, 4To Mbl K
caoenaem Huxe.

812. lmaBHas owunbKa B TeEOPUN OTHOCUTENBHOCTH

ABTopedepar. OTMevaeTcs,4TO B OCHOBE TEOPUN OTHOCUTENbHOCTU NEXUT
obocHoBaHHast QMHLITEMHOM OTHOCUTESNBbHOCTb O4HOBpPEMEHHOCTU [22]. MNpuBoanTcs
aHanma aToro 0oOOCHOBaHUA M MNOKa3biBAETCHA NPUHUUNMaNbHas owudka B HewM,
KOTOpas 3aKno4yaeTcs B CrieqytoLem.

B cBoem o6oCHOBaHMM OWHWITENH BbIGUpPaAeT B Ka4yeCTBE CUCTEMbI OTCYeTa

CTepXeHb, B TO4YKax AnB KOTOPOro HaxoaATcA Habniogatenu c¢ 4acamu. I'Ipm
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yacoB, Haxogswmxcs B Toukax A n B cTepxHs, 1 nonyvyaeT nepsBble COOTHOLLEHUS.
[lanee cTepxHIO coobulaeTcss paBHOMEPHOE MPSIMOMIMHENHOE AOBWXKEHUE CO
CKOPOCTbHIO V. Tak Kak CKOPOCTb CBETa B BaKyyMe HE 3aBUCUT OT CKOPOCTU ABWMXKEHUSA
MCTOYHMKA CBeTa, OH onpedenseT BTOpble COOTHOLWIEHMS AOns Habnwogartenen
MOKOSALLENCS CUCTEMbI. JVMHLWITENH YTBEPXKOAET, YTO B COOTBETCTBMU C MPUHLMMNOM
OTHOCUTESNBbHOCTM CKOPOCTb CBETOBOrO CUrHamna OTHOCUTESTIbHO [OBMXKYLLMXCS CO
CTep)XHEM Habntogartenen OormkHa BbITb TaKOW Xe, Kak 1 NpU HEMNOOBWXKHOM CTEPXHE.
Otcroga OnHWTENH aenaeT BbiBoA 06 OTHOCUTENLHOCTM OgHOBpeEMEHHOCTN. OaHako,
aHanuMs npuHUuna OTHOCUTESNbHOCTH, cdopmynupoBaHHoro [anuneem  [23],
nokasblBaeT, 4TO Ans cOONAeHNs NpuHUMNAG OTHOCUTENbHOCTU HEOOXOAMO, YTOObI
cucTemMa oTc4yeTa, Bce Habnwgaemble Tena U cpega, B KOTOPOWM OHM HaxoOsAaTCs,
nonydanu ogHO M TO Xe uWHepumanbHoe ABWMXeHne. B paccMOTpeHHOM ke
OWHLUTEHOM nNpUMepe TONMbKO CTepxeHb (cucmema omc4yema) nonyvaet
WHepuunanbHoe [fOBWXeHMe (CKOpPOCTb V), a OKpyXarwllas CTepXeHb cpeda u
ABWXYLLMICA B HEW (POTOH CBETA HE MONyyarT 3Toro AswkeHus. lNMoatomy, korga
CTEpPXXEeHb ABMXKETCS, NPUHLNM OTHOCUTENBHOCTM NPUMEHATL HeNb3s 1 HabngaTenwu,
HaxoAdLMecs Ha CTepPXKHE He MOTYT MMMEHSATb NepBble COOTHOLLEHUS.

3T0 rnaBHas owMbOKa B TEOPUM OTHOCUTENILHOCTU NOTOMY, Y4TO ecnu Obl OHa
Gbina obHapyxeHa cpasy, TO He Obifno 6bl OLIMBOYHOM TEOPUN OTHOCUTENBHOCTM.

Ha ocHoBaHun cobnogeHnss obwenpmMsaHaHHOrO MpUHUMNAG OTHOCUTESNbHOCTM
AaeTca maTeMaTudeckoe OoKa3aTenbCTBO abCONTHOCTU MPOCTPAHCTBA N BPEMEHM,
4YeTKo cchopMynuUpoBaHHON HeloTOHOM [24].

813. O HecocTOATENBLHOCTU Npeobpa3oBaHnn JlopeHua

ABTOpedepar. OtmevaeTtcs, 41O HeobxoammocTb npeobpasoBaHuin JlopeHua
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3aKniyarLwlerocs B TOM, 4YTO Nyd4 CBeTa, WUCMYWEHHbIM M3 Hadana KoopauHat
COBMELLIEHHbIX CUCTEM OTcyeTa (MOABWXHOM U HENOLABWMXKHOW) OOIMKEH UMETb OOHY U
TY K€ CKOPOCTb € B BaKyyMe KaK OTHOCUTENbHO HErOABWMXKHOW CUCTEMBI, Tak W
OTHOCUTENBLHO MNOABWXKHOW. [nsi 3TOro npuBOAUTCA peLleHMe COOTBETCTBYHOLLMX
ypaBHeHUn. OgHako ownbKnM B pelleHun 3TUX YpPaBHEHWW NPUBOOATCS B HUXE
cnegywwen pabote. Kpome 3Toro 0OTMETUM, YTO, KakK yKasbiBanocb B 812, npuHLMN
OTHOCUTENbHOCTW ANA flyda cBeTa B NOABUMXHOM CUCTEME NPUMEHATb HESb3s.

PaccmatpuBatotcss  cnegywowme cnegctBud 13 popmyn  npeobpasoBaHuin
JlopeHua, nsnoxeHHsble B [25].

1, \3ameHeHMe pa3mMepoB Terna B HanpaBneHnn asumxkeHnA. C NomMoLLbO 3TOro
cnegctensa ObINo NpeasioXeHo ob6bsiCHeHMe onbiTa  MankenbCoHa npu yCnoBuM
OBWXeHUs 3eMnn Yyepes HenoaBMXHbIM adup. Takum obpasom, 3To cnocobcTBoOBaro
NOXXHOMY YTBEPXAEHWUIO O CYLLLECTBOBaHUN MUPOBOrO HEMOABWXKHOIO adupa, HO Kak
nokasaHo B 83 HenoaBwKHOro acpupa Het. ObbsacHeHne onbiTa MarkenbcoHa gaHo B
NPUNoXeHnn 2 6e3 HeobXxoaMMOCTM U3MEHEHUST pa3MepoB Tena. B npupoge HET Hu
OAHOro 3KCNepuMeHTa, NoATBepXAawlero M3MeHeHue pasMepoB Tena npu ero
aoBmxeHun. Takum oOGpa3om, npeobpasoBaHua JlopeHua nNpuBOAAT K
OLUMOOYHOMY MOHMMAHUIO CYLLEeCTBOBaHMA U3MEHEHUA pa3MepoB Tera npu ero
ABWXEHUN N HanpaBnAKT HayKy Ha NOXHbIU NYTb pa3BUTUS.

2. HeBO3MOXHOCTb MOJTyYEHUSAA CKOPOCTU OTHOCUTENBbHOIo ABUXEHUA ABYX
MHepuUuanbHbIX CUCTEM OTCYeTa, NPEeBOCXOAALMX CKOPOCTU CBeTa B BaKyywme.
Kak Mbl 0OTMeYanu Bbille, CBET pacrnpoCTpPaHSAETCA He B BaKyyme, a B MaTepuasribHOM
admpHoM cpene. B aTon e cpene HaxoaaTcsa nHepumanbHble cuctembl otcdeTa. OHM

OOJIXHblI NpeacTaBsidATb He 860TpaKTHbIe OCHn KoopauHaT, a pealibHble Terna
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CUCTEM OTCYEeTa OrpaHUYMBAETCA COMPOTUBIIEHMEM 3PUPHON Ccpenbl, B KOTOPOMN OHMU
OBWXYTCS U HE MOXET MnpeBbllaTh CKOPOCTU CBETa B 3(PUPHON cpeae OKONMO3EMHOrO
Bakyyma. [lpn 3TOM npoucxoauT yBenunveHwe macchbl Ten npyu BonblInX CKOPOCTAX
ABmxeHust (cMm. npunoxenue 3). Ecnun B achupHom cpeae aBe nHepumarnbHble CUCTEMbI
oTcyeTta (Hanpumep, 9neMeHTapHble 4YacTuubl) AOBWXKYTCA B NPOTMBOMOSOXHbIX
HanpaBIiEHNsIX CO CKOPOCTbIO BIN3KON K €, TO OTHOCUTESIbHAA CKOPOCTb MeXOy 9TUMMU
WHepuunarnbHbIMM cucteMammn OygeT ©Onm3ka Kk 2c. lMMoaTtomy npuBeaeHHoe
cneacrTBue OWNGOYHO.

3. 3amepgneHme xopa 4acoB npu ux ABMKeHMU. CuntaeTcs, 4TO
«PenaTMBUCTCKUI 3DAEKT 3ameaneHunst xoga BpeMeHn Obin 6rnecTdile noaTBepxaeH
B OfblTax C MKOHaAMW — HecTaburbHbIMKW, CaMONPOM3BOSIbHO pacnagarLMMUcs
afleMeHTapHbIMU YacTuuamm». [Npn 3ToM BpeMs XKU3HN ObICTPO ABUraloLWErocsi MIOoHa
Oonbllue BPEMEHU >KU3HW MOKOSALWEroca MIOHa B COOTBETCTBUM C  (DOpPMYNoN
npeobpasoBaHnin JlopeHua. YBenmyeHme BpeMEHN XN3HU YacTuubl 0O6bACHEHO B 85,
n.1.2.4.

Takum obpasom, yBennyeHne BpeMEeHU XWU3HM MIOOHaA MpPU ero ABUXKEHUMU
CBsI3aHO C ABMXEHMEM MIOOHA B pearibHOM maTtepuanbHou achupHoOU cpeae, a He
C 3amepneHunem xoaa vacoB. MoaTomy cylecTByLWME OO BACHEHNA HEBEPHbI U
paccMoTpeHHoe crneacTtBMe U3 rnpeobpasoBaHun JlopeHua BegeT HayKy Mo
JIOXXHOMY NyTWU.

4. PenATUBMCTCKMN 3aKOH CIOXeHuA ckopocten. B pabote nokasaHo (Ha
npumepe cuctem 3emns n ConHue), YTo CroXXeHne CKOpoCTeEN B Npupoae nponcxoauT
MO 3aKoHaM KIacCUYeCcKOM MexaHukn. PensATUBUCTCKUA 3aKOH NOJlyYeH U3

owmnbo4HOro BoiBOAa npeodbpasoBaHum JlopeHua.
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npuMeHeHnsa npeobpasoBaHui JlopeHua.

6. O6bsICHEeHMe ABNeHUs roguyHon abeppauuun ceeta. VayLwmm ot 3se3bl Ny
cBeTa, nornagas B OKOMIO3EMHYK 3(UPHYD cpeay, AOMNOSIHUTENbHO MonyyaeT
ckopocTb V aTon cpefbl. ECnn ckopocTb nyya ¢ nepneHaukynsapHa ckopocTtu V, To
yron abeppauun a onpegenutcs ns ycrnosus tga = V/ c. Takum o6pasom, nony4yeHo
TOYHOEe 3Ha4yeHue yrna abeppauum, a He NpUONNKEHHOE, KaK 3TO norny4yaeTcs C
nomMoLbio NnpeodbpasoBaHnm JlopeHua.

814. O mamemamu4eckux owubkax 8 ebieodax npeobpasoesaHul JlopeHuya

Aemopegepam. Vicxoas ns Toro, YTo onpeneneHHbIn nyd cBeTa MMeeT OAHY U
TY K€ CKOPOCTb € OTHOCUTENbHO HenoaBWXHOM cucteMbl K n nogsmxHon cuctemol K'
COCTaBMSATCSA YpaBHEHUS

x> + V' + z2 = ¢ (27)
(X)* + (y)* + (2)° = ¢* (t)?, (28)

r0e HEWTPUXOBAHHbIE 3HAYEHNS NPUMEHADTCA B cucteme K, a lWTpnuxoBaHHble —
B cucteme K'. BbiBog npeobpasoBaHuMi JlopeHua CBOAUTCA K pPELUEHUIO ITUX
ypaBHEHUN.

Owwunbka B BbiBOAAx npeobpasoBaHMin ANHLLUTENHOM [26] COCTOMT B CriedyoLLEM.
OH paccyxgaeT, 4To «0ns1 Havasia koopduHam cucmembl K' ece epemsi x' = 0» 1N Ha
OCHOBaHuUM 3TOro nonydaetr npeobasoBaHusa. OwunbKa [AHHOro paccyXaeHus
3aKknyaeTca B ToM, 4To X' = 0 He Bce Bpems, a TonbKo npu t' = 0 n noaTomy
BbIBOAbl Npeobpa3zoBaHUN HENb3A CYUTATb AOKa3aHHbIMMW.

Owunbka B BbIBOgax, MNpuBedeHHbIX B Yy4ebHuke npocdp. CasenbeBa [27],
3aKnyaeTcs B TOM, YTO npoucxoaut geneHne Ha t =0 nt' =0, Ho geneHune Ha 0 gaeTt

HeonpeaeneHHoCcTb. AHanorMyHas ownbka B BblBoAax, NpuBeaeHHbIX B [28].
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HaNMAEHHbIX YPaBHEHUIN HE YYMTbIBAETCS 3aBUCUMOCTb X = Ct.
Takum obpasom npeobpasoBaHus JIopeHLa HE MMEKT CTPOroro MaTeMaTMUyeckoro
AokasaTenbcTBa.
815. Teopusa achmnpa o6 bLACHAET ABNEHUA, paccMaTpMBaeMbie B TeOpUmn
OTHOCUTENbLHOCTHU
Hwxe packpoem ¢ nosuumnmn adpupa pag BaxXHeENLLNX SBIEHUN.
1. KpacHoe cmelleHune
CnekTparnbHbI aHanu3 nokasbiBaeT CMeLLEeHNE CneKTparibHbIX JIMHUA OTaneHHbIX
3Be3 OT COOTBETCTBYHWOLMX cnekTpanbHbiX NuUHMA COnHua B KPacHYK CTOPOHY
crnekTpa. B coBpeMeHHOM Hayke aTO ob6bscHAeTCs adhdoekToM [Jonnepa, CBA3aHHbIM C
awxkeHnem 3sesn. OTcioga u pogunacb uaeda pacwupeHuss BcenenHon. OpHako
NM3BECTHO, YTO crnekTpanbHble NMHUKM ConHua CMeELLEHbl OT CheKTpasribHbIX JIMHUN
COOTBETCTBYHOLLNX aneMeHToB Ha 3emne. Ho npu atom HeT yaaneHua ConHua oT
3emMnn Cco CKOpPOCTb, cooTBeTcTBylowen addekty [Honnepa. CnegoBaTernibHO
KpacHoe cMelleHWe Bbi3BaHO He yganeHuem 3Be3[ M BbiBOA4 O pacLiMpsiloencs
BceneHHon B cnepactBum bonblioro B3pbiBa owuMbo4YHbIN. B obuwen Teopun
oTHocutenbHocTM (OTO) OWHWTENH OOBLACHWUNT 3TO TEM, YTO rpPaBUTALMUOHHBIN
noteHuwan ConHua 6onblue rpaBMTaUMOHHOrO noTteHuuana 3emnu. [lpu 3TOM
dm3nyeckasa CywHOCTb SBMNEeHUs NpeacTaBnseTcs Takum obpas3om, 4TO fyd CBeTa,
nonagasi B o06nactb C MEHbLUMM FpaBUTaALMOHHBIM MOTEHLNANOM, NU3MEHSIET YacToTy B
KpacHYI CTOPOHY CnekTpa.
Teopuss admpa MO3BONSIET PaCKPbITb CYWHOCTb 3TOr0 BaXHOro SBIEHUS
cnegytowmm obpasom. Tak kak Ha noBepxHocTn ConHua rpaBuUTaLMOHbIN NOoTeHuman

Bbonblie, Yyem Ha noBepxHocTu 3emnn, To 6yaet m Gonblie NMOTHOCTbL adupa, B
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anemMeHTbl B panoHe ConHua HEeCKONbKO OTNMYyarTCcs OT COOTBETCTBYHOLLNX
anemeHToB Ha 3emne. 3TO M NPUBOOUT K HEKOTOPOMY WU3MEHEHUID M3Ny4aeMowu
yacToTbl KonebaHnn. Ha COMHUTENbHYIO YCMOBHOCTb MPUHATOrO paBEHCTBA 3€MHbIX
3NeMeHTOB 1 HabngaeMblx Ha OpPYrux aCTPOHOMUYECKMX Ternax obpalian BHUMaHue
N3BECTHbIN y4eHbIn npe3naeHT Akagemun Hayk CCCP B.W. BaBunos.

PackpbiTass CyWHOCTb KpaCHOro CMeLleHUA MnoKasbiBaeT OLUMOOYHOCTb
pacwupeHna BceneHHoW, 4TO noAaTBepXAaeTcss UccneaoBaHMAMM psiga
acTPOHOMOB.

2. NckpmBneHue ny4da ConHuem

N3BeCTHO, 4YTO 3TOT BaXHbI BOMPOC, MOATBEPXAEHHbLIN 3KCNEPUMEHTASIbHO
akcneanuuamn B 1919 r., asunca yrteepxaeHmem OTO. Hapsgy ¢ BO3MOXHbIMU
npUYMHaAMN 3TOrO ABMEHUHA, PACCMOTPUM UX C NO3MUMIK Teopun adupa. [eno B ToMm,
4yTO Ny4 B panoHe ConHua npoxoaut Yepes3 atmoccepy CornHua, NNoTHOCTb KOTOPOW
yMeHbllaeTca no mepe ypaneHna ot ConHua, a, crnegoBaTernlbHO, yMeHbLuaeTcs
nokasatenb npenomneHuns. Noatomy npoxoxaeHue nyya nogobHO NPOXOXKAEHUIO ero
yepes NpPU3My, 4YTO U NMPUBOAUT K €ro OTKIOHEHMUIO.

3. CmeLueHune nepurenus Mepkypus

Heobxogumo nmeTtb B BMAy, 4To Mepkypun (Kak n gpyrune nnaHeTbl) ABUKETCH B
apMpHON cpefe OKOMOCOSTHEYHOro BaKyyma, MIOTHOCTb KOTOPOW YMeHbLUaeTcsa Mo
mepe yaaneHma ot ConHua. [loaToMy cmelweHne nepurenus Opyrmx nnaHet
yMeHbLUaeTcAa No Mmepe yaneHuna nnaHet ot ConHua.

4. YepHble Oblpbl
CornacHo Teopun agpupa vYepHas aslpa npeacraenseT obnactb NPOCTpaHCTBa, B

KOTOpOM anMp HaCTOJIbKO pa3pexXeH, YTO B HEM YXe He pacnpoCTpaHAEeTCA CBeT
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npeacrtaBfneHne  KpamHe  MNPOTUBOMOMOXHO  COBPEMEHHOMY  MpeacTaBrEeHUIo,
ManoBepossTHOMY BCeacTBMe HeobXoaMMOCTU NONYYEHMUsT KONOCCarbHOW NIIOTHOCTU
Matepum anst 6onbLlMX Macc, YTO 3KCNepuMeHTanbsHo He HabnagaeTcsa (M3BECTHO. YTO
HanbornbLwen NAOTHOCTBIO OBnagaltT 3neMeTapHble YacTuubl M 3Ta MNAOTHOCTb Ha
MHOIO MOPSOKOB MEHbLUEe pacvyeTHOM MSIOTHOCTU AS1S OCYLLECTBIIEHNA COBPEMEHHOIO
npencTaBrieHns YepHOW Oblpbl).

3AKINKOYEHUE

B 3akntio4yeHun oTMeTUM, YTO B NpoJernaHHon paboTe npuMMeHsieTcs nocTynat o
NMPUMEHEHMN 3aKOHa BCEMUPHOIO TArOTEHUSI K 3UPY, KOTOPLIN OblN NpU3HaH BCEMU

ApeBHUMN punocopuammn n puamkom Bniotb 4o 20 Beka.

Mepeuncnum BaxHenwune pesynbTaTbl paboTbl U NEepPCneKkTMBbl AarbHenLWero

pa3BUTUA AaHHOro Hay4yHoro HaripaBJjieHUA.

1, PackpbiTa chmnamnyeckas CyLHOCTb BTOPOM hOpMbl MaTepun, 4To NO3BOSISIET C
NO3NUMKA  Krnaccudeckon U3MKM  pellaTb BaXHEWLWME HayyHble BOMpoOCbl B
TpexMepHOM npocTpaHcTBe BceneHHon.

2. ObocHoBaHa nepsomaTepusa BceneHHOW, 4YTO ynpasgHAeT KonoccarbHble
3aTpaTbl Ha TEOpETMYECKNEe U IKcnepumeHTanbHble paboTtbl (MogobHble BonbLiomy
agpoHOMY Konnamgepy) B noucke npadvyactumupbl.

3. PackpbiTa npupoga TEensioBOM 3HEprum, 4Yto Mo3BOfdeT BeCTM paspaboTky
NPUHLMNMANBHO HOBBbIX MyTen ee nonyvyeHnsa BhnoTb A0 NpeBpalleHus Bcern mMacchl
BELLECTBA B 9KOMOMMYECKN YUCTYID 3IHEPIrU0 C 3(PPEKTUBHOCTBID B ThiCAYy pas
MPEBbLILLAIOLLYIO COBPEMEHHYHO aTOMHYIO SHEPreTuKy.

4. (O6ocHoBaHa npmpoaa pAaBneHnAa B Tra3ax, 4YTO [O03BOJIAET BECTU
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5.PackpbiTa usandeckada CywHOCTb MPOLECCOB B Konnavgepe W nokasaHa
B6eCCMbICNEHHOCTb MPOBOANUMbBIX 3KCNEPUMEHTOB.

6. PackpbiTa npupoaa a4epHbIX CUn.

7. YKasaHbl pe3yrnbTaTbl paboT No CTPOEHU aToMa, MUKPOCKOMUYECKON Teopuu
CBEPXNPOBOANMOCTA U MarHeTu3Mmy, yyuTbiBawOLMe Hanuuve acmpa B BelecTBe U
BeayLMe K HOBbIM pe3ynbTaTam.

8. [1aHo 0b6bsicHeHMe onbiToB Pn3o n MankenbcoHa (SBUBLLUMXCS NEPBONPUYMHON
pa3paboTKkn TeopUM OTHOCUTENBHOCTM) C MNO3NLNIN KIacCn4ecKon n3nkun. Yxxe aTo
CTaBUT N0 COMHEHMNE HEOBX0AMMOCTb Teopun oTHocuTenobHocTu (TO).

9. MNokasaHa HecocToATeNnbHOCTb TO (NnokasaHbl owmnbkn B 060CcHOBaHNN
OTHOCUTENBHOCTU OAHOBPEMEHHOCTM 1 B BbiBOAax npeobpasoBaHum JlopeHua, a
Takke AaHO MaTemMaTUdeckoe AoKasaTenbCTBO abCOMOTHOCTU BPEMEHN).
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MpunoxeHue 1.
OnpoBepxxeHne HeBO3MOXHOCTU ra3oobpa3sHoro npeacraBneHus acpupa
Mbl yTBepxxaaem "razoobpasHoe” cTpoeHue admpa, KoTopoe Obifio OTBEPrHYTO HAyKoOM No TOW
NpUYMHE, YTO PSS IKCMEPUMEHTOB, SIKODObI, CBMAETENLCTBYET O MONEPEYHOCTM CBETOBbIX BOJIH, a
nornepeyHble BOSHblI COrfacHO Teopuu YMpPYrocTu He MOryT cywectsoBaTb B rasax [1]. OgHako
BecyacTnyHoe npefcTaBneHne adupa NO3BOSISIET OMNPOBEPrHYTb AoKasaTenbCTBa MOMNEpeyHoOCTU
CBETOBbIX BOMIH W, B 4aCTHOCTW, NpUBOAMMOE, Hanpumep, B [2]. 3gecb JOWHWTENH npuBOAUT
9KCNEPUMEHT MO MPOXOXAEHUIO flyda CBeTa 4yepes3 ABe MNacTUHKU M3 TYpMarwnHOBOro Kpuctanna:
npy NOBOPOTE OAHOW NSIACTUHKM BOKPYT OCW, onpeaensieMon npoxoaslinm ny4om, HabngaeTcs, YTo
cBeT fernaetcs Bce cnabee, noka He MCYE3HET COBEPLUEHHO, a 3aTeM OH BHOBb nossnsetcsa. U3

9TOro JVHWTENH AenaeT cnegylowme BbIBOAbl: "...MOXHO U O6BbACHUMbL 3Mu S18/1€HUs, ecnu
ceemosble 80/1HbI MPo0osibHbI? Ecnu 6kl 805HbI 6binu nMpodorsibHbl, Yacmuuybl aghupa O0mKHbI bbinu
6b1 dguzambcs 8007b OCU, M.e. 8 MOM Xe HaripassieHuu, 8 Kkakom udem nyd. Ecnu kpucmarnn
gpawaemcs, Hu4e2o 800/b OCU He U3MEeHSiemcs... Takoz2o SCHO pasiu4yumMo20 U3MEHEHUS, KaK
UCYE3HOBEHUE U MosiBieHUe HOBOU KapmuHbl, He Moario 6bl 803HUKHYMb Ot rpo00sIbHOU 8OJIHbI.
9mo, a makxe u MHoaue Opyaue no0obHbIe s8rneHuUsi, Mmoaym 6bimb OOBLSCHEHbI NMUWb 8 MOM
criyqae, ecriu rpeodronoxume, 4mo ceemoeable 80J1HbI He MPOOO0sIbHbI, a nornepeyHs!"

OpHako, B 3TOM 3KCNEepuUMEHTE MNpu BpalleHUMM KpucTanmna U3MeHsieTcsl nonepedHbii pasmep
O5Ns NPOXOXAEHNA fyva 1 yTBepXaeHne SQUHLWITENHA O TOM, YTO NPOAOSbHAsS BOMHA AOSHKHA NPONTU
yepe3 CKOMb YrogHO Marnbli MOnepeydHbln pasMep SBMSIETCA HEKOPPEKTHbIM U  CBA3AHO C

npeacTaBneHneM O TOM, YTO YacTuubl 3dupa, ABUrasicb BOOMb OCWU, OOIMKHbI MPONTU Yepes3 CKoMb
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achmpa xapakTepusyeTcsi CryCTKOM, MMELLIMM NMOMePEeYHbIi pa3mep, YTO U NPUBOAUT NP BpaLLeHUK
KpucTanna k 6onee cnabomy NpoxoXxaeHuto BOSHbI BNIOTb A0 NCYE3HOBEHUS. [103TOMy 3TOT Npumep
He AaeT OCHOBaHWSA caenaTb BbIBOA O NONEPEYHOCTU CBETOBLIX BOJIH.

Jlntepatypa:

1. BopH M. OrHWTENHOBCKasA Teopust OTHOCUTENbHOCTU. M.» Mup»,, 1972., c. 104.
2. OnHwTenH A. Cobp. HayyHbIX TpyAaos, T.4. M.» Hayka», 1965, ¢.432.

MpunoxeHune 2.
OnbITbl P30 M MankenbcoHa

OnbiTl ®n30 M MarikenbCoHa BO BTOpOW nonoBuHe XIX Beka ABUNUCH PyHAAMEHTanbHOM
BEXOW Ha nyTn pas3sBuUTuUa puU3nkn n Obinn nepBonpuyMHOM B paspaboTke creumanbHOW Teopum
oTHocuTeNbHOCTU. OnbIT P30 nokasan, YTO CrOXEeHWe CKOPOCTU CBeTa B BOAE CO CKOPOCTbIO
OBWKEHUS1 BOObl HE COOTBETCTBYET Kraccuyeckon busnke; npu 3TOM CBETY nepedaeTcsl TONbKO
YacTb CKOpoCTU ABwxywenca sogbl. OnblT MavkenbcoHa nokasan, YTo HeT ABMXKeHUs 3eMnn Yyepes
OoKpyxatoLunn ee acpump.

1. O6bscHeHue onbima MatikenbcoHa

3Has pacctosHme oT 3emnu go ConHua, a Takke maccbl 3emnu n ConHua, HeTpygHoO
onpeaenuTb, YTO HanpsKeHHOCTM nonen rpasutauumn 3emnm n ConHua 6yoyT paBHbl B TOYKe,
yaaneHHon oT 3emMnn npuMmepHo Ha paccTtosiHne 250000 kM. 3TO 3HAuuUT, 4YTO B Gnmsnexawem
OKPYXXeHUN 3eMIn HanpshKEHHOCTb Nosis rpasuTaumMm 3emnu 3HayutenbHo 6onblie, yem CornHua um
NO3TOMY OKpyXarwowmn 3emno adup nputsarmBaetTca 3emnen u gBuxeTcs Bmecte ¢ 3emnen, a,
cnefoBaTenbHO, HET ABWXEHUS 3eMnn vyepes3 OKpyxawuwun ee adup. ITO M NoaTBEpAUsT onbIT
MarnkenbcoHa. MoxHO ckaszatb M Tak. OnblT MalkenbcoHa npoBoauncd B 3UPHOW cpeae
OKOS03eMHOro Bakyyma, KoTopasi (kak oTMevanoch Bbille) cBsidaHa ¢ 3eMnen un OBUXKeTCs BMecTe C
3emrnen n N03TOMY HeT ABWXEHUS 3eMin Yepes OKpyXatoLmnn ee acup.

2. ObbsicHeHue orbima ®u30

OnbIT ®Pn30 O6bin 06BACHEH JlOpeHUEM MNpu YCNOBUM OBWXKEHUS B HENOOBWXHOM 3dupe
nobon cpeapbl, MOMeKy bl KOTOPOW NpeacTaBnAT cOOOM CUCTEMbI ANEKTPUYECKMX 3apsaos [1].

Ho cTpykTypa BellecTBa npeacrasnsgeT cobor Monekyrbl, U NpY CBOEM ABWXEHUN BeLlecTBa Ha
3emrne 3TM MoOrMeKkynbl OBUMXYTCS B 3OMPHOM cpefe aypbl 3eMiu, YTO COOTBETCTBYET YCIOBMIO
JlopeHua.

dusmyeckass CywHOCTb 0BbACHEeHUs onbiTa PuU30  3aknyaeTcs B CrieayloLlem.
CeeT pacnpocTpaHseTca B 3adumpHOM cpede, nNpeacTaBnalwWwen Ccymmy nroTHocTen admpa
OKOSMO3eMHOro Bakyyma W 3admpa BewlecTBa, obpa3oBaHHOro ero 4vactuuamu. [lpu OBvXKeHWUU
BewlecTBa Ha 3emMne ero acmp OBUXKETCA OTHOCUTENbHO 3dhnpa OKOSIO3EMHOro Bakyyma, yBrekas
doToH cBeTa. [loaTomMy cBeTy nepefaeTcs nNuWb YacTb CKOPOCTU [ABMXYLLErocs BeLlecTBa,

COOTBETCTBYIOLLAS COOTHOLUEHUIO MOTHOCTEN ahmpa BeLecTBa 1 adompa OKOSTIO3EMHOro Bakyyma.
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rpaBMTaLMOHHbLIMM CBOMCTBaMu, Gnarogaps Yyemy 3dup OKONMO3EMHOro BaKyyma ABWXKETCA
BMecTe ¢ 3emMnen, a ABMKEHME Ha 3emne BelwecTBa BMeCcTe € ero acpupom maet B achupHomn
cpene OKOJI03eMHOro Bakyyma.
Jlntepatypa:
1. Jetnad A.A., Asopckuin b.M. Kypc comsumkn, 1.3. M. "Beicluas wkona”, 1979, ¢.170.
MpunoxeHue 3.
Knaccuyeckas ¢usuka gnsa 6onbLIMX CKopocTen
Mcxoos n3 OBMKEHMS SNEMEHTAPHOM 4YacTuubl B 3hMpHOM cpede, C NO3ULMA KITaCCUYECKOM
¢13MKM BbIBEAEM 3aBUCUMOCTb U3MEHEHUS MACChl 3TOM YacTuLbl OT CKOPOCTU ee ABWMXKEHUS.
KuHeTnyeckas oHeprua Wy  Maccel M onpegenserca  CKOPOCTbO V. JTa 3Heprus
COOTBETCTBYET 3HEpPrun, COOTBETCTBYIWOLWEN BenuuMHe Maccbl dm, Ha KOTOpyH MPOM3O0LLSIO
yBenuMYeHne Macchl YacTuubl. OHeprusi macchl acdupa dm onpepensietca  coctasuT dm-c2.
MpupaBHsB 3Ty 3Hepruto kK Wy, nonyymm
Wy = dm-c? (1)

Onpegenvm UMMynbC p MaTepuanbHOM TOYKM Maccoi m, ABUXKYLLENCS CO CKOPOCTbIO V:

p = my, 2
a cuna, OencTByIoLWas Ha 3Ty TOYKY, COCTaBuUT

F = dp/dt = m - (dv/dt) + v - (dm/dt) (3)
KuHeTnyeckas aHeprus 3a Bpems dt 3anncbiBaeTcs Kak

Wy = F-v.dt 4
lMoacTtaBme 3HayveHns F us (3), nmeem:

Wy = mv-dv +v?-dm (5)
Moactasus aTo 3HayeHue B (1), nonyvyaem anddepeHumnansHoe ypaBHeHME:
(dm/dv) - (¢®>v?) —mv =0 (6)
Pewwnm 310 ypaBHeHue, cobnogas HayanbHoe ycrosue: npuv =0, m=mg:

[(dm/m) = [ v-dv / (c*v?) 7
Hanee nonyyaewm:
m= (212 .B (8)

M3 HavyanbHOro ycnoBua onpenerninTca: B = Mg-C
WTtak, nony4yaem pelleHune ypaBHeHus (6):
m = mo-(1- v¥/c?)™? (9)

MbI nony4yunu uzeecmHoe 8 meopuu OMHOCUMESIbHOCMU COOMHOWeHUe ¢ no3uyuu
Knaccu4eckoli ¢u3suku, paccmampueasi OeUXeHue 4Yacmuubl 6 peanbHOU cpede
MamepuasnibHo20 3gupa. U amo ewe pa3 noomeepxdaem Haslu4yue MamepuasibHoU 3¢hupHou

cpeosl.



