120 rimaBHBIX (HeTPUBHAJBHDBIX) CJCJACTBHHA U3 TPABUTOHUKH

(ITepsble cTo ciencTBuii ckoppexkTupoBansl B 2025 roxay.)

Bba3uc

0. Kopennoii mncuxojoruyeckoii (00mecTBeHHOW) NPUYMHOI KpPU3HCOB B HayKe
ABIIIETCS CJABOCJOBHE B aJpeC M3BECTHBIX YUYEHBIX MPOLUIOr0 (YTO TMOMOTraer
CaMOYTBEPIKICHHUIO TIOCPEIICTBEHHOCTH B COBPEMEHHOM Hay4YHOM OOIIECCTBE).

1. KopeHnHoii ¢punocopckoii NpuUMHON HBIHEIIHETO KpU3nca GU3UKU SABISETCA, IPEXK/IC
BCEro, aTOMHUCTMYECKOE NPEICTABICHUE O CTPOCHUU MaTepuu (IMOMCK €JUHOM HeNeTuMOn
YaCTHIIBI BMECTO MPEACTABICHHS O ACTUMOCTH MAaTePHH /10 HEM3BECTHOTO MOKA Mpe/ieia).

2. KopenHoii MeTo10/10ru4eckoii NPUYMHOI HBIHEITHETO KpHU3KHCca (GU3UKHU SBISETCS €€
OTKa3 OT MCCIIEJOBAHUS MPUUYMHHO-CIEICTBEHHBIX CBS3€M M CaMUX NPUYMH HaOJIOJaeMbIX
SIBJICHU ¥ IPUMEHEHHNE «(DEHOMEHOIOTHIECKOT0» MOIX0/1a, TP KOTOPOM HUCCIICAYETCS TOIBKO
HOBEJICHUE OOBEKTOB U, KaK CJIEACTBUE, CO3/Ial0TCSI MATEMAaTUUYECKHUE MOJIEH 3TOTO [TOBEICHHS,
MMEHYEMBbIE «3aKOHaMM» (PU3UKHU.

3. KopeHnHoli MeTOIMYeCKOi NMPUYMHOI KpU3nca SBIIETCS OOMICTIPHHATOE IPUMEHEHNE
HE BIIOJIHE TOYHBIX TEPMUHOB U OIPEAEIECHUH, YTO MO3BOJSET HUCIOJIB30BAaTh B JIOTHYECKUX
BBIBOJIAX CXOJIACTHUKY.

4. Martepust — dunocodpckoe MoHATHE; B COOCTBEHHO (PM3MKE HE UCHOb3yercs. JlaTh
OIpECIICHUE MTOHATHIO «MAaTepUs» KpaliHE TPYAHO. DTO MOHATUE ONPENEISIETC Yepe3 LEIbIi
PAI APYTUX NOHATUN, 00pa3yIoIIKX B KOHIIE KOHLIOB TOPOYHBI Kpyr. OIHaKO OTCYTCTBUE ATOTO
ONpeeNeHUs] TO3BOJAET MPOTAIUTh B HayKy IOHATHS O HecymecTByrommx B Ilpupone
o0BeKTax (1moJie, BUPTyaJIbHbIE YACTHIIBI U T. I1.)

O0beKkT (sBJIeHMEe) MOKHO CUYHTATh «MaTEePHAJbHBIM», €CJIH YCTAHOBJIEH XOTH ObI
OIMH (PAKT ero B3auMOJACHCTBHUSA ¢ IPYTHM MAaTepHATbHbIM 00bEKTOM.

5. Yactuubl. Marepus (mpupoHble OOBEKTHl, OOBEKTUBHAs PEabHOCTh) JAEIMMa B
npezenax HalluX MPeICTaBICHUIA BIIyOb M0 MEHBIIEH Mepe ele Ha TPU «ITaxa» (MEeIKOCTH)
[0 pa3MepaM, MaccaM M CKOPOCTSIM YacCTHIL. «ITaXW» OTIMYAIOTCS APYT OT JIpyra pazMepaMu
YACTHII.

B IIpupone (00BEKTUBHOM peallbHOCTH ), NO-BHAMMOMY, CYIIECTBYIOT YACTHIbI PA3HOI0
YPOBHSI pa3MepoB M Ka4ecTBa: MPOTOHBI, JJICKTPOHBI, IPEOHBI, HEHTPHHO, U TAK AaJjiee —
HAHOYACTHIIBI, Pa3Mep KaXkJ10i U3 KOTOPBHIX MPUMEPHO Ha 5 MOPSAKOB MEHbBIIIE Pa3MEPOB YaCTHUI]
HPEABITYIIEr0 «3TaXa MaJoCTH» (YPOBHS MAJIOCTH).

Ilo MCPEC YMCHBIICHHUA PasMCEpPOB YACTHUI[ UX CKOPOCTb BO3PACTACT OO HCKIFOYHUTCIBHO
0OIBIINX BCJIMYHUH, Y€EM W ONpCACIACTCA HNX BBICOKAasA IIPOHHUKAIOMIAA CIIOCOOHOCTh U
BO3MOXXHOCTb O6paBOBaHI/I$I KOCMHNYCCKHX BHXpCﬁ.



6. [Ipeonbl. CBeTOBbIe W 3J1eKTPOMATHUTHBIE SIBJEHUSI PEATN3YIOTCS HAa MPAKTHKE
onaronapst [IPEOHAM, o6pa3yromuM B IPOCTPAHCTBE «IIPEOHHBIH ra3.

7. HeliTpuHO 00pa3yloT B MPOCTPAHCTBE «HEUTPUHHBIHN Tra3». Pa3mMepsl 01HOT0 HEUTPHUHO
OPUMEPHO Ha 5 MOpsAIAKOB MEHbIE pa3MepoB IpeoHa. HeWrpuHo (opMupyroT aTOMHBIE

CTPYKTYPBL.
To xe, uto [PABMOHBI. Briocnencreuu nepenMeHOBaHBbI.

8. 'paBuTOoHbI. ['paBUTANIMOHHBIE SIBJIEHMSI PEATM3YIOTCS Ha MpaKTUKE Onaromaps
IPaBUTOHAM, MPEACTABIISIIONIUM CO0O0M Lyru (MOCJIEI0BATEILHOCTH) HEUTPUHO. [ paBUTOHBI
TAKKC PACIpPCACICHbI B IMPOCTPAHCTBC B BHUAC «Ia3a» C IIPOU3BOJIBHBIMH HAIIPABJICHUAMU
JIBIDKECHMUSL.

CxopocTtb rpaBuUTOHOB (cornacHo Ban-®nannepny) 6osee uem Ha 11 mopsimkoB Gonbiie
CKOpOCTH CBETa.

I'paBUTOHHBII ra3 MOXET CIIY>KUTh OIOPHOM Cpesloi Juisd aOCOIIOTHOM CUCTEMBI OTCUeTa
BEJIMYMHBI CKOPOCTEW B Hallel 06JacTh NPOCTPAHCTBA.

9. FOonbl. KOoHBI 00OecrieunBarOT BHEIIHEE JaBJICHHWE Ha Ooyiee KpYIHBIE YaCTUYKH, B
YaCTHOCTH — Ha HYKJIOHBI aTOMHBIX sijiep. KOOHBI IpUMEpHO Ha 5 MOPSAIKOB MEHbIIIEC HeHFPHHO
IpaBUOHOB (II0 pa3Mepam).

10. CTo1KHOBeHUSI HAHOYACTHUI[ OJHOTO THUNA MOXHO CYHTaTh AOCOJIOTHO YHPYTHUMH.
CTONKHOBEHHS HAaHOYACTHUI[ PAa3HBIX YPOBHEHW MOT'YT ObITh aOCOJIOTHO HEYNpPYrMMHU (MelKue
YyacTULIBl NOrjomarTcs 6onee KpynHbiMHU). CTOJIKHOBEHHE (B3aMMOJEIHCTBHE) IPaBUTOHA C
IPEOHOM — a0COJIIOTHO HEYIIPYTroe, TPaBUTOH OTJAET CBOIO YacThb NMPeoHy. CTOIKHOBEHUS I[yTOB
YacTHUIL B IPUPOIE MPAKTUUECKH MaJIOBEPOSITHHI.

11. IpuynHO# (MCTOYHUKOM) BOSHUKHOBEHHUS] TPABUTAIIUM SIBJISIETCS HE Macca U He ee
«CBOICTBay, a OKpy»XKarolas ee cpefa (rpaBUTOHHBIN Ta3).

12. I'paBuTanus ecTh CJeACTBHE BOSHUKHOBEHHS SKPAHUPOBKH MOTOKA TPABUTOHOB
MAaCCHBHBIMH TeJIAMHU.

13. He cymectByeT TAT'OTEHUSI mace — cymectByetr ux IPUTAJIKUBAHUE.

14. I'paBUTOHBI NMPOXOAST CKBO3b BelIECTBO, OTAaBas 4acThb CBOEro MMMyibca (mV)
(BMecTe C OJHHMM HEHTPUHO — HEYNPYruil yaap He 00fA3aTeJIbHO OJHHUM) IPEOHAM.
[Tornomuienrie TPaBUTOHOB U UX YacTed («HEUTPUHO)») MPEOHAMH €CTh MPOIeCC 0OPa30BaHUS
HoBoro BemiectBa. (IIpouecc B menoM pasnensercs Ha MoKa Hepas3AeIMMble 4acTh — TYT U
YBEJIMYEHUE CKOPOCTHU, U YBEITMUEHHE MaCChl).

15. B pesynbTare mpoiiecca B3aMMOICHCTBHS T'DaBUTOHA M MAaKpOYaCTUILI (TPEOHa)
CKOPOCTh IIOCJIEJHEN YBEJIMYMBAETCS, TaK KaK 4acTh BHEIIHErO IPaBUTOHA BXOAMT B COCTaB
BUXpsI TpEOHa, 00aBisis €My CBOE€ «KOJMYECTBO JBIKEHUS» B MOHATHE «KOJIMYECTBO
JIBIDKEHUS» BXOJAUT U Macca U CcKopocTb. JloOaBisiercst U To U pyroe. (A BOT BBIYUTAETCS U3
TpaBUTOHA TOJBKO Macca HEUTPUHO WM TPyl HEUTPHHO.




16. I'paBUTOHHBIN Ta3 SBIAETCS JIs HAIIETO MHpPAa MCTOYHUKOM OECKOHEYHO OOJIBIION
SHEPTHH.

['paBUTOHHBII Ta3 TakuM 00pa30M IOCTOSHHO OTAaeT YacTh CBOCH OOIIel SHEpruu
MaTepuaibHBIM TenaMm. M BooOIIe TroBOpsi, MaTepUANbHBIE Tellda CYIIECTBYIOT TOJBKO Kak
CJICZICTBHE 3TOTO MPOIIEcca.

FOoHHBIN Ta3 mepenaeT SHEPrur0 B HAll MUP ONOCPEAOBAaHHO, Y€pe3 T'PaBUTOHHBIN ras.
Camu ke FOOHBI SIBIISIFOTCSI «IIEMEHTOM» aTOMHBIX CTPYKTYP.

Ilpu 6onvuwiux ckopocmsax O08udICEHUsT MAKpodacmuy (NpomoHo8, NPEOoHO08) NPUOemcs,
pazymeemcs, 6600UMb  NONPAGKU, UOO 6 OMOM Npoyecc HAYHYM  BMeUUBaAMbCsl
O0ononHumenvuvle (Hakmopvl (MOPMONCEHUE MAKPOUACMUYbL YACMUYamMu cpedbl U GIUAHUE
CKOPOCMU  O8UNCYWENCSl MAKpouacmuyvbl HA 3@PGekmusHocms Oelcmeus 2pasumona —
3asucumocmsy cuivl om ckopocmu). Ho smo yoice omoenvrulil 6onpoc.

17. B pa3nuuyHbIXx 00IACTSIX MHPOBOTO MPOCTPAHCTBA MJIOTHOCTH FPABHTOHHOIO ra3a
MOYET OBITh PA3JIMYHOM, YTO BIEUET 3a CO00H ¢ HEOOXOAMMOCTHIO H3MEHEHHE BCEX OCHOBHBIX
TaK Ha3bIBAEMbIX «MUPOBBIX KOHCTAHT», IEIUKOM U MOJHOCTBIO ONPEAEISIEMbIX ITapaMeTpaMu
IrPaBUTOHHO-HEHUTPHUHHOTO (@ 3HaYUT — U IPEOHHOI'0) rasa.

18. BoisicHeHa (pu3HYecKasi CYIIHOCTh IPABUTALMOHHOMN MOCTOSIHHOI

19. Ha naHHBII MOMEHT MMeEeTCs MHUHUMYM 6 NMOATBeP:KIeHHIl BBIIIECKa3aHHOTO U IO
MEHbILIEH Mepe OJIMH peIIAOUINMi SKCIEPUMEHT (CM. CCBUIKH).

20. DKcnepUMeHTBI, HAIpaBJICHHbIC Ha BBIACHEHHE INPUYMHBI TpPaBUTALUM, OBLIU
nposeneHsl Mopucom Aste B 60-x rogax XX Beka, nHX. SIpkoBckuM B KoHIe 19-ro Beka, a
tarke corpynHukamMu HACA B ABctpum B MoHacThipe KpemcMmrioHcTep B KoHIe XX Beka.
Kuraii — 1998 rox (u3mepeHue rpaBUTallMM HOpH COJIHEYHOM 3aTtMeHuu. [locnenHue
HKCHEPUMEHTHI ObUIM MPOBEJEHBI AMEPUKAHCKUMHU acTpOHAaBTaMHU Ha JIyHe. DKCIEpUMEHTHI,
npoBeneHHbIe A. . OpnoBeiM enie B Havase 20 Beka (¢ MasTHHKOM LlenpHepa) ¢ 04eBHIHOCTHIO
yKa3bIBalOT Ha CYIECTBOBAHUE OPOUTAILHOIO I'PAaBUTOHHOI'O IIOTOKA HA OpOUTE 3eMIIH.

21. T'paBUTOHHBbIE TOTOKH OOHApYXXEHbl; OHU PErUCTPUPYIOTCS MpuOopamu
CEMCMOCTaHIMI; TEeM CcaMbIM DJKCIEPUMEHTAJIbHO JOKa3aHa TeOpeTHYecKas dYacThb
«['paBUTOHUKN» €O BCEMM BBITEKAIOIIMMHU TMOCIEACTBUAMU (HEOOXOIUMOCTh IepecMoTpa
OCHOBHBIX MOHATHH coBpeMeHHOM ¢(u3uku). Takum 00pa3oM, 3Ta TUIIOTE3a CETOJIHS YXKe
HEPEeXOAMT B CTATyC TEOPUH.

22. IlpocTpancTBO U BpeMsl SBISIOTCA (PUIOCOPCKUMH (MBICICHHBIMH) KaTE€rOpHUsSMHU,
HCIOJIb3YEMBIMU Pa3yMHBIMH HAOJIOIaTENIIMU JJIsl IOCTPOEHUS! KApTUHBI MUpPA. DTU MOHATHUS
HE SABIIOTCSA MaTepUalbHBIMU CYIIHOCTSIMH. COBepIICEHHO MHYCTOr0 HPOCTPAHCTBA He
cyliecTByeT — B JIO00M MOMEHT B CKOJIb YTrOAHO MaJIOW Hamepen 3aJdaHHOM O0O0JacTh
IPOCTPAHCTBA MOKHO HAaWTH OOBEKT-4aCTUIBl C pa3MepaMH MEHBLIMMH, YEM pa3Mep 3ToH
o0ractu npocTpaHcTBa. MOKHO CUUTATh 3TO ONPEIEIIEHUEM «HEyCTOThI»

B maremaruke Bpoae Obl TaK H IOCTYNAKT, KOIAa TOBOPAT O «HEIYCTOM
NPOCTPAHCTBEM...

Kak BapuanTt: Eciin BbIIeJIMTH B IPOCTPAHCTBE JIO0YI0 CKOJIb YTOHO MAJIYIO 00J1aCTh,
TO B Hel B 110001 MOMEHT BPEMEHH C BEPOSITHOCTBIO, PABHOM eIMHUIIE, HANAETCH XOTs Obl
0JIHA YACTHIA MEHbILIEIr0 pasMepa, 4YeM Bbl/leJIeHHAs 00/1aCTh.



ITycroe mpocTpaHCTBO HA CaMOM JIEJI€ HE IyCTOE, XOTS ¢ TOUKHU 3PEHUSI OJJTHOTO OTIEIBHO
B3STOIO ra3a MyCcTOTa B HEM €CTh, M YACTHUYKH JIaHHOTO Ta3a MOTYT CBOOO/IHO TIEpEBUTaThCA B
IPOCTPaHCTBE. DTO HE HMMEET OTHOUICHUS K MOHATHIO «(DU3MYECKH Bakyym». Bakyym
3aIl0JIHEH Ta3aMU Pa3HOro ypoBHs (110 pa3Mepam, Macce U CKOPOCTSIM YacTHIT).

23. Tak Ha3bIBaeMble «IOJSD» B MaTepHaIbHON IpUpoAe He cyluecTByroT. [lone ectsb
pactipenenenue cui, [PAOUK cun, neiicTByromux Ha Telo B HEKOTOPOH obiacTu
npoctpaHcTBa. CaMu BO3JEHCTBUS OCYIIECTBIISIOTCS HA OCHOBE «OJIU3KOAECHCTBUS», TO €CTh
IPY HETIOCPEACTBEHHOM KOHTAKTE YacCTHII, IPU OOMEHE UMITYJIbCaMH (KOJIMYECTBOM JIBUIKCHUS
mV). P. ®eilHMan crienuanbHO Npeaynpexialn CTYAEHTOB O HEIOIYCTUMOCTH CUUTATh «IIOJISI»
¢du3ndecku cymecTBymuME. ['1ac ero He ObUT yCIIBIIIAH.

KOCMOC

24. Hama BceJjieHHasi Moriia BO3HUKHYTH B PE3YyJIbTATC BSaHMOﬂCﬁCTBHH ABYX COCCOHUX
BCCJICHHBIX, AJId 4€ro HC HY)XHO MPHUBJICKATh COMHUTCIIbHYIO TUIIOTE3Y «boibiIoro B3pPbIBa».

Hama BcesleHHasi — He eIMHCTBeHHAsl. TaKuX BCEICHHBIX — MUJIIHOHBI M MHUJUTAAPIBL.
Kaxnas u3 HUX, cKopee Bcero, nojgoOHa OJHOW KJIETOYKE HaIIero COOCTBEHHOIO OpraHU3Ma.
COBOKYITHOCTh BCEJICHHBIX TMpeACTaBisieT co0o0il eauHblii CBEepXOpraHu3M HEU3BECTHOTO
«BUJA» — HeUTO Bpojie «CBepX-IATyIIKW», CUIAIIEH Ha KaMHe B cBoeM «CBepx-6onoTe». OHa
HaXOJUTCSI B CBOEM «CBEpPX-MUpE», U Tak jajee... Mup 0eckoneuen kak B [IIJIFOC, Tak u, ckopee
Bcero — B MUHYC.

25. «TemHass MaTepus»» €cTh HayuyHbIi MU(, pe3yabTaT HENPaABOMEPHOTO MPUMEHEHHS
3aKoHa TAroTeHus: HploToHa (Kak BCEMHUPHOIrO 3aKOHA) K ra3oBoi cpeae. CkopocTu 3Be3N B
TaJIaKTUKE OMNPENEISIFOTCS JIBUJKEHUEM TPaBUTOHHOTO rasza, a He 3akoHaMmu Kemsepa u He
HaJIMYUEM B TaJlaKTUKE TATOTEIONIEH MacChl.

["anakTuku GOpMHUPYIOTCS HE CUIIAMU TPaBUTALIMH, a IPEJICTABIISAIOT COOO0I Ta30Bble BUXPH.
[{uk0HBI M TOPHAIO Ha 3eMJIe CYIIECTBYIOT U 0€30 BCAKON I'paBUTAIUH.

26. F'anakTuku 0O0pa3yrOTCsl Kak pe3ylbTaT BpAlIEHHS KOCMHUYECKHX IMKJIOHOB —
OOJIBIIIUX MacC TPaBUTOHHOTO Ta3a.

27. BuguMble 4acTH TAJAKTHK SBISIOTCS TOJBKO WX 4YaCThiO, COJEpIKalleld 3Be3bl.
Kpome sToro nuMerotcs v HEBUANMBIE YaCTH ITUX KOCMHUYECKUX Tali(pyHOB, B KOTOPBIX €IIe HET
3BE3]1 UJIM, MOXET OBITh, JaKe U HE Oy/IeT OHBIX.

28. BujuMble B TIEHTpax TallakKTUK HECBETsAIMecs oOpa3oBaHUs, NpPUHAMAaeMbIe 3a
«4EepHBIE JBIPBI», MOTYT MPEACTABIATH COOON aHAJOT SBIEHUS «1a3 Tai(yHa» B yparanax Ha
3emiie.

29. YepHble AbIPBI KaK OOBEKTHI CO CBEPXMOIIHBIM TATOTEHHEM CYIIIECTBOBATh HE MOTYT.
CymiecTByeT KpUTHYECKas Macca, HauWHasi C KOTOpOHM mpubaBiIeHHE BellecTBa B Hel He
IPUBOJIUT K YBEJIMYEHHIO €€ (CHiIbl MPUTSKEHUs-TIpUTAIKUBaHMs). B Takoil 3Bezne macca
MOYKET YBEJTMUMBATHCS 0€3 YBETMUEHHS €€ CUIIbI IPUTSHKEHUS.

SAnpo miaHeThl WM 3BE3Abl MOXKET MPOAOKATH MOJHOCTHIO MOIJIOMIATH MPUXOJSIINE



TPAaBUTOHBI, HO €CJIM IIPH 3TOM pa3Mep siipa HE YBEIMYMUBACTCS, a JIMIIb IIPOUCXOIAT IIPOLECCHI
BHYTPEHHET0 U3MEHEHHUS €r0 CTPYKTYpPBI, TO U «TPaBUTALIMOHHAS TEHb)» HE YBEIMUMUBAETCS, CO
BCEMHU IOCIIEACTBUSAMHU ITOTO.

30. 3Be3aHast IBOJMIONMS TIPOUCXOJAWT B COOTBETCTBHM C jauarpammoit ['eprimpysra-
Paccena, HO B mociie1oBaTeIbHOCTH, OOPATHOM OOIICTIPUHATON.

31. OObscHsETCS IPUYMHA YBeJIHYEHHsI CKOPOCTH BpPallleHHs 3Be3]l B 3aBHCUMOCTH OT
UX MacChl.

32. 3aKOH BCEMHPHOI0 TATOTEeHHMS BOBCE HE BCEMHUPHBIN. SIBIeHHE IPaBUTALUNA HMEET
MECTO TOJBKO Ha PACCTOSHUSIX, ONPEICIIEMbIX pa3MepaMyd TPABUTAIMOHHOW TEHHU.
Kocmuueckue obpazoBanust bonbmoro Kocmoca ectb 061aka rpaBUTOHHOTO Ta3a.

33. CKOpOCTI/I 3BC3] B T'aJIaKTHUKC OIIPCACIAOTCA ABUKCHHUCM I'PABUTOHHOI'O rasa, a HC
3aKOHaMH Kermepa, N HC HAJIMYHUECM B I'aJIaKTUKEC T?II“OTGIOHIGI;'I MaccChI.

34. Pazmepbl MJIAHETHBIX CHCTEM Yy 3BE3J 3aBUCIAT OT pa3MEpoOB 3BE3Ibl U €€
IPaBUTALIMOHHON TEHH (HO HE OT ee Macchl!)

35. Illlanersl  pa3orpeBaloTcsi M3HYTPH, B  pe3ylbTaTe IPEUMYIIECTBEHHOTO
MOTJIOLIEHUS TPAaBUTOHOB SIIPOM (@ HE BCE Maccoi MIaHeThl). DTO )K€ OTHOCUTCS U K 3BE3/1aM.
HlcTOYHUKOM 2HEPTUuu 3Be3] SABIISETCS TPAaBUTOHHBIH ras.

DTOT e NpoliecC NPUBOJUT U K 00PA30BAHUIO B IJIAHETAX U 3Be€3/1aX JIEMEHTOB BCel
Ta0auubl MeHaesieeBa.

36. PazorpeB 1urtaHeT sIBISICTCSI HE €JMHCTBEHHBIM CIIECTBHEM IOTJIOMIEHHS TPABUTOHOB
OpeoHaMH, XOTd (POpPMaILHO MPOLECC B3aMMOJEHCTBHSI T'PAaBUTOHA C IPEOHOM SIBISETCA
HEYIPYTUM yJapoM.

OCHOBHOH pe3yibTaT — BKJIOYEHHE I'PABUTOHOB B COCTAB NPEOHOB ¢ JAJbHEHIINM
JieJIeHHEeM NPEOHOB U 00pa30BaHUEM HOBOI'O BellleCTBA.

[Tormonienre rpaBUTOHOB BHYTPHU IIOTHBIX 00JIaCTEH TUTAHET MPUBOIUT K 0Opa30BaHUIO B
Hux BEHIIECTBA, a, 3HauuT, 1 K pOCTY X Macchl U 00beMa. bolbliie miiaHeThl pa3orpeBaroTCs
CUJIbHEE MaJIbIX. B KOHIIe KOHIIOB, IJIAHETHI MPEBPAIAIOTCS CHAYalla B UH(PPaKPACHBIE KapJIUKH,
a 3ateM B 3Be3lbl. OOBICHIETCS MPUYMHA HEUCCSIKAEMOTO H3IyuYeHHUs DHEPruH 3BE3JIaMHU.
N cTOYHUKOM SHEPruu 3BE3]1 SBISETCS TPABUTOHHBIN I'a3 BHEIIHEN CPEIBI.

37. BHyTpun MaTepuanbHBIX 00pa30BaHuil (Tea) — IJIAHET W 3BE3], — HAYMHAs C HMX
OTpeIeIEHHOW MAacChl, BO3HUKAIOT 00JaCTH, O KOTOPHIX HE MPOHUKAIOT TPaBUTOHBL. B 3THX
obmactsax GopMuUpyeTcss O4YEeHb OOJbIIas  «KPUTHYECKAsH) Macca, HE OKa3bIBaromas
TPaBUTALIMOHHOTO BO3JIEHCTBUS HA OKPYXKAIOIIME TENa, U O KOTOPOW BHEIIHHWI HabI0aaTeNb
MOXXET U HE MOJ03PEBATh.

Takas macca, kKak OBl «OKpaHHpOBaHHas» OT TPABHUTOHOB Ccpeabl, HEe oOIamaer u
«pyHITaMEHTAILHBIM CBOMCTBOM MaCChI» — HHEPIUEH (TOJIBKO YACTUYHO). DTUM OOBSICHACTCS U
SIBJICHHE BBICOKOM YacTOTHI M3JIy4E€HHs IYyJIbCAPOB — Takas Macca MOXKET BpallaTbCs BHYTPHU
3BE3/IbI € BEChMa OOJIBIIION CKOPOCTHIO (BO3MOKHO, 10 KAKOTO-TO MPEIea).



Kputnueckas rpaBUTAllMOHHAs Macca B SApe IUIAHETHl TMPUBOAUT K OTKJIOHEHUSIM
JABUKEHUsI CIIYTHUKOB BOJIM3U 3eMuin oT 3akoHoB Kemuepa. UeM faibliie OT IIaHEThI, TEM
TOYHEE BBIMOJIHACTCS 3Ta 3aBUCHMOCTh (3akoH Kermsepa). DTUM OOBSCHSIETCS OTKIOHCHHE
JBUKCHUSI HU3KOJICTSAIINX CIYTHUKOB 3emuin OT 3akoHa Kerutepa («aoddext don Bpaynay).
Camu «3aKOHbBI TPaBUTALIMIY - 3TO 3aKOHbBI TeHEOOpa3oBaHus. HeT TeHn — HeT TpaBUTAIINH.

38. O0bsicHeHbl NMPUYMHBI BO3HUKHOBEHHMS KoJiell BOKPYI IUIAHEeT, B YaCTHOCTH —
konery CartypHa. He wuckitoueHo, YTO MOSIC acTEPOUJIOB TAKXKE SIBIISCTCS aHAJIOTUYHBIM
oOpa3oBaHueM, ToJIbKo y camoro CoJHIa.

39. O0bsicHsieTcsl MPUYUHA BpallleHUs IJIaHeT BOKPYI 3Be3[, M BceX J0CTATOYHO
00JIbIIMX KOCMUYECKHX TeJI BOKPYT CBOeil ocH.

40. OOBsCHSCTCS TIOCTCIICHHOEC NpeBpallleHHe UITHNTHYECKHX OpPOMT IUIaHeT B
KPYroBblIe.

41. OObscHsETCS MPUYMHA PAa3BUTHUSI «re0JIOTHYECKUX» MPOLECCOB HA IJIaHeTaX, a
TaK’Ke NPUYUHA 3eMJIeTPSCEeHM .

42. OOBEKTHI, HAXOAIINECS BHE PaJyca «BHIUMON BCEICHHOW» HE HAOIIOAAIOTCS HAMU
HOTOMY, YTO HX CIHEKTPbl M3JIydeHHMsI TIIOCTEIIEHHO C/ABMraloTCs B HH(QPAKpacCHY0 U
MHUKPOBOJIHOBYIO 4acTh U B JaJIbHEHIIIEM [IPEBPALLAIOTMS IPOCTO B MOTOK ITPEOHOB.

MEXAHHUKA

43. BoisicHeHa NPUYMHA HHEPUHUH.

44. I'paBUTAIMOHHOI ¥ UHepUMOHHOI Macc (DiinmreiiHn, OTO) kak Puznyeckux
cyuiHocTeill He cymecTByeT. CyliecTByeT MPOCTO Macca B BUJIE OINPENEICHHOrO0 KOJIMYECTBa
npoToHoB. [Tog 3TUMM Ha3BaHUSAMU (TEpMUHAMU), TPU3BAHHBIMU 3aITyTaTh YUTATEINS, UMEIOTCS
B BUJY OJMHAKOBBIE PE3yJIbTAThl ACMCTBUS Ha TEJNO JIMOO CHIIbI I'pPaBUTALUMU, JUOO CHUIIBI CO
CTOPOHBI Apyroro (usznyeckoro o0bekTa. [ToHATHS 3TH OBUIM CO37aHBI BO BpeMeHa, KOrja
IIpUYMHA TpaBUTAIMK Obla ellle He BbisicHeHa (XX Bek).

45. Bpamenue maccol. BoIsicHeH «MeXaHU3M» IBHKEHUS] THPOCKONA.

46. BpisicHeHa CYThb NOHSITHS <«QHEpPrus». JHepPrusi (KMHETUYeCKas) €CTh MHTerpaj
UMITYJIbCa 32 BPEMS BO3/ICHCTBHSI CHITBI.

47. IloTeHUHAJbHAS JHEPrUsl €CTh YAOOHBLI MaTeMaTHYeCKMii _mnpueM, HO B
PEaJbHOCTH HE MOXKET HU HAKAIUIMBATHCS, HU «IIEPEXOJAUTH B KHHETUYECKYIO». [loTeHIInanbHas
SHEPTUs HAKAITMBAETCS TOJHKO B BOOOpaXEHHH DKCIIEPUMEHTaTOpa. PeanbHO Ha mM3MepeHune
CKOpPOCTH IIapuKa (TOPMOKEHHE) 3aTpauMBaEeTCsl SHEPIrus T'PABUTOHOB, KOTOpBHIE paHEe
BBI3BIBAJIM €r0 YCKOPEHHE.

[Ipu xoneGaHmsIX (HUINIECKOTO MasSTHUKA HE TMPOUCXOIUT MpeBpamieHus (mepexosa)
«KUHETHYECKON PHEPIMM B MOTEHUHUAIBbHYIO». DHEPrUsl I'PAaBUTOHHOI'O MOTOKA PacXOAyeTcs
(3aTpaunBaeTcs) Kak B TeyeHue (a3bl YCKOpEHUs, TaK U B Te4eHUe (a3bl TOpMOKeHUs. To xe



OTHOCHUTCSI K CIIy4ar0 MaJeHus aOCONIOTHO YIPYroro IIapuKa Ha CTaIbHYI (MpPaMOPHYIO)
ILUIUTY.

48. DHeprus 3aTpaunBacTCA HE TOJIBKO MPH YCKOPEHUH WM TOPMOXKEHUH Tela, HO U TPU
J1000M M3MEHEHUH HalpaBlieHUs! €ro JABIKEHUs. B yacTHOCTH, SHeprusi 3aTpauyuBaeTcs Mpu
JBYD)KEHUH Tela (CIyTHUKA TUIaHETHI) 10 KPYyroBOoi opOuTe BOKPYT EHTPa rPaBUTAIIHH.

49. B OTHOCHTENIBHBIX CUCTEMAaX OTCYETa HEBO3MOKHO TOBOPUTH O KUHETHUECKOW IHEPTUN
HU GOJBIIMX Macc BElIECTBa, HM HaHouacTHl. Kuneruueckas sueprus (mV?) ompenensercs
4yepe3 CKOPOCTh, a MPHU OTCYTCTBHH AaOCOJIIOTHOW CHCTEMBI M3MEPEHHSI HEM3BECTHO, KaK ATy
CKOPOCTb OIIPENETIATH.

50. CoxpaHeHHs] JHEPTHHM B OTKPBITBIX CHCTeMaX, CTPOr0 roBopsi, He CylIecTBYyeT —
SHEPrusi TPaBUTOHHOTO ra3a HEMPEPHIBHO IPe0Opa3yeTcs B ABMXKEHUE U BEIIECTBO TEI.

51. Besakas CuJjia, BOSBHUMKAKOIas nmpu B3aMMOAeiiCTBMY TeJ — KBAHTOBAHA BCJICICTBHUC
caMmoii ee IIPpUYUHBI — BOS,Z[GfICTBPIH I'PaBUTOHOB.

52. Kax(ymeec;l YBCIMYCHHUEC MACChl IIPpU YCKOPECHUHU OO0 OYCHb OOMIBIINX BEJINMYUH
CKOpOCTCI\/JI CBA3aHO C HCAACKBATHBIM IMPEACTABIICHHUEM O «I10JIC» KaK (1)I/I3I/II-ICCKOI‘/JI PCAITBHOCTH.

53. BeisiBiena ¢u3uveckas CymIHOCTh TNpou3BeneHHss MV Kak KBaHTa MMITYJIbCa,
ABJIAIOLIETOCA YaCThIO TPABUTOHHOTO 1[yra HEUTPUHO.

54. O6mwsacusercs "Dddexr Kazummupa' — BO3HUKHOBEHHE CHJI MPHUTAIKUBAHUSA,
CTPEMSIIINXCS COMM3UTH TUIOCKHE TTOBEPXHOCTH NPHU OYEHb MAJIOM PACCTOSIHUM MEXKy HUMH,
CPaBHHMOM C JITTHHOW CBOOOAHOTO IpoOera MOJIEKyIL.

55. VkazaHa BO3MOXXHAas MNPHYUHA <«IOPEHL-COKPAIleHHs» pa3MepoB Tel Mpu
CBEpXOO0JBIINX CKOPOCTX. [laHOo ornpesenenne MOHATHM, CBSI3aHHBIX C «/IBIKECHUEM Y.

56. Ha ocHOBe HaOMIOJEHMI 32 TPABUTOHHBIMU TIOTOKAaMHU MpeNJI0KeHAa uaesi 4 MeTo]
NpeacKa3aHusl CHJIbHBIX 3emJjieTpsiceHMii B Tio0anbHOM Macmtabe (MOHMTOPHUHT
TPaBUTOHHOW CUTYAIUN).

57. Ha npumepe eTabHOTO pazdopa yMO3aKJIIOUEHUH BBIAAIOIIETOCS «MaTEMaTHYECKOTo
¢usuka» coBpemeHHocTH P. ®@eifHmana, wumeronmxcsi B ero kHure «KBaHTOBas
AJIEKTPOAMHAMUKA», II0Ka3aHAa HENPUEMIIEMOCTb «METOoAa al0CypAM3allud  CO3HAHUY,
IpeIaraeéMoro M pa3BUBAaEMOr0 MOJOOHBIM MOAXOIOM, JJIS TeX, KTO XOYET ACUCTBUTEIHHO
MOHUMATh (PU3NYECKUE MPOLECCH B MIPUPOJIE, a HE TOJIBKO YCIEIIHO 3allUIATh JUCCEPTaIUU.
B rnase 11 1. 3 [3] naercs npocroe puzndeckoe pemenue 3agaun OeliHnmana.

ATOM

58. Ilpennoxkena (u3uveckas MoJielb yCTPOWCTBA aroMa Ha OCHOBE MPEICTABICHUU O
TPAaBUTOHHOM U MIPEOHHOM ra3ax.



59. [IpoTon mnpexacraBisieT COOOH TOPOMAANBHBIM BHUXpPb IPEOHOB, CYIIECTBOBAHHE
KOTOPOTO MOAIEP>KUBAETCS BHEIIHEH 60MOapAUPOBKOM IrpaBUTOHAMM.

60. «3apsa» ecTh MOTOK IMPEOHOB, BEUICTAIOIIUX M3 LIEHTPA TOPOUTAILHOTO 00pa30BaHUS
(mpoToHa U IEKTPOHA).

61. DIeKTPOH TpeacTaBIseT cOOOl BHE aTroMa OAMHOYHBIA TOPOUJAIBHBIA MPEOHHBIH
BUXPb C pa3MepaMH, IPUMEPHO B 45 pa3 MEHbLINMHU, 4eM y npoToHa. [Tlonaxas BHyTps aToma,
AJIEKTPOH KapJMHAJIBHO MEHSET CBOIO CTPYKTYpy. OH yXe He SBJISETCS OTAEIbHOMN YacTHULIEH,
Bpallarouiencss BOKpYyr MpoToHa. COCTaBIAIOLIME €r0 IMPEOHbI PACIPEACISIIOTCA MO0 OYEHb
BBITSIHYTOU AJUTUTIITUYECKON OpOUTE, B OTHOM U3 (DOKYCOB KOTOPOM HAXOUTCSI POTOH.

62. BHyTpu aromMa HE CYIIECTBYET TaK HA3bIBAEMBIX <OJICKTPHUCCKUX»  HIIU
«KYJTOHOBCKHX) IOJICH.

63. DJIeKTPOH BHYTPH aTOMa HE UMEET HUKAKOTO «QJIEKTPUUYECKOTro 3apsanay. [lomananue
(Hanmu4Me) SJEKTPOHA BHYTPh aTOMa HE «HEHUTPATU3YeT» IOJOKUTENbHBIN 3apsii MPOTOHA
(3apsiA 3TO MOTOK NPEOHOB, BbLICTAIIIMX M3 MPOTOHA), a NPUBOAUT K OMNPEIEICHHBIM
U3MEHEHUSM I1apaMETPOB «IPOTOHHON BEPTYIIKW», YTO, B CBOI O4Y€pedb, HE IO3BOJISET
IIPeOHaM BBUJIETATh 3a MPEAEIbl aTOMA U BO3JICHCTBOBATH HA OKPYKAIOIIHNE OOBEKTHI.

64. laercs ¢Qusnueckoe 00ObSICHEHHE <«IHEPreTHYECKUM YPOBHSIM» aToOMa H
npoieccam NorJomeHus U u3aydeHnsi (OTOHOB (a TaKKe SIBJIEHHIO «0e3U3/1y4aTeIbHOI0
nepexoua).

65. HpennaraeTca npoctasi MOA€JIb QOTOHa, OIPCACIICTCA €T0 JJIMHA B ITPOCTPAHCTBE,
JJIUTCIIBHOCT BO BpPEMCHHM W Macca. Bce MOACIIN — HEPCIATUBUCTCKHUEC, TCOPUSA
OTHOCUTCIIbBHOCTU HE UCIIOJIb3YCTCH.

66. @oTOH mpeAcTaBIseT COOOU YT MPEOHOB (0K0JIO0 1 MIIH B 0JHOM (DOTOHE), OTCTOSIIUX
JIpyT OT Jpyra Ha pacCTOSHUE B JUTMHY BOJHBI, CKBOKHOCTH MPEOHOB B IIyre JocTuraet 14
MOPSTIKOB.

67. Ilpeono/ieH0 MpPOTHBOpPeYHe MeKAY dHeprueil (pOTOHOB B pe3ysibTaTe «KKPACHOIO
CMELIECHUSD» U 3aBHCUMOCTBIO JHEPruM (POTOHA OT YACTOThI CAEAOBAHUSA COCTABJISIOLINX
€ro IpeoHOB.

68. O0bscHseTCA (pr3MUecKasi CyIUHOCTh nocTosiHHOM [lnanka.
69. O0bscHseTCA (Ppu3HYecKas CYyTh «IVIAHKOBCKOI JJIMHBI».

70. JaeTcst o00bsICHEeHHe TPHPOAbI «BHYTpHMsiAepHbIX cH». Tak Ha3bIBaemble
«BHYTpHSIepPHbIe CHJIbI», CBA3bIBAIOIIME MEK1Y CO00i HYKJIOHBI B I/Ipe — 3TO T€ )Ke camble
CHJIBI, KOTOPBIE BBI3BIBAIOT IPAaBUTALIMOHHOE «IIpUTAIKUBaHUE». [IpoTOH mpeacTasnser cobon
TPYAHO TPEOJIOJIUMYIO Mperpaay AJjis TPaBUTOHOB, CaM SIBISISICH T'PABUTOHHBIM BUXPEM C
UCKJIIOYMTEIBHO BBICOKOHM IJIOTHOCTHIO, Ha 15 MOPSAKOB IMPEBOCXOIALIYIO TNIOTHOCTh BOBI.
[ToaToMy B HEmOCpeACTBEHHOM OJIM30CTU OT MPOTOHA MOCIEIHUIN 3aKPHIBAET OT IPABUTOHOB
MOJIOBUHY CBOEr0 «HEOOCBOJA», M BeJIMYMHA TPABUTALUU «HA IOBEPXHOCTH MPOTOHA»



HpI/I6J'II/I}KaeTCSI K MaKCHMaJIbHO BO3MOKHOM BEJIMUMHE.
He uckiaroueno u YaCTHUC FOOHOB B 3TOM HPOLCCCEC.

71. CTpyKTypa aTOMHOIO siipa — «uTa0elbHas», 10 HEKOTOPOW CTENEHHU MOX0XKa Ha
npemioxkeHnyto B. S. bpunem B ero kuure «Kunerndeckasi teopus rpaButanuny. 11o kpaitnei
mepe nepbie 40 3eMeHTOB TabIuIbl MeHieneeBa XOpoIo «yKIaAbIBAIOTCS» B ATH «IIITA0EIIN
(ocTanbHBIC JKIYT CBOCH pa3pabOTKH).

72. HeompeieJIeHHOCTDb MOJIOKEHHSI M CKOPOCTH 3JIeMeHTAPHOH YacTUIbI (MOCTYJIAT
(!) Ieiizendepra) ecTb HCKIIIOYNTEIHHO MaTEMATHIECKast a0CTPAKITUS, BOSHUKINAS U3 TIPUHSATON
dbuzukamMu MoJenu aToMa, B KOTOPOM DJIEKTPOHBI (KaK 3apsKEHHBbIE YaCTHUKH) SIKOOBI
BpallaloTCs BOKPYT sipa. B rpaBUTOHMKE MOAENb aTroMa Jipyras. DJIEKTPOH BHYTPU aToma
COBEPIIICHHO WHOH, ueM BHE atoma. [loaromy mocrymnar I'eitzendepra B «@usndeckoit duzuker
MIPOCTO HE HYXKEH.

IIpupona cBeTa u onTH4YeCKNe SIBJICHUS

73. O0BsicHEHa MPUYMHA IPUHATUS DIUHIITEHHOM a0Cyp/AHOI H1eH CKOPOCTH CBETAa KaK
BCeMUPHOH mocTossHHOI. CKOpOCTH cBeTa SBIACTCS CYry0O YacTHOW XapaKTEPUCTHKOU
JIBIDKEHUS TIPEOHOB, M, O€3YyCIIOBHO, HE SBISAETCS «MHUPOBOM IOCTOSIHHOM», a 3aBUCHUT
UCKJIIOYUTENBHO OT KOHIEHTPALlMU I'PAaBUTOHOB U NPEOHOB B JAHHOM (XOTS U O4Y€Hb 0OJIBIION)
00J1aCTH MUPOBOTO NPOCTPAHCTBA.

74. Jlan ananu3 pe3yibTatoB omnbiTa FO. MIBaHOBa 0 N3MEPEHHUIO CKOPOCTH A0COJIIOTHOIO
ABM:KeHMs1 B mpocTtpancTtBe. [lokazano, uyto ombiT MBaHoBa MOXeT OBITh OOBSCHEH B
MPEANOJI0KEHUH O 3aBUCHUMOCTH CKOPOCTH CBE€Ta B IYCTOTE OT CKOPOCTH H3JIydyaTels.
Pesynbrater onbita FO. BaHOBa npekpacHO 0OBSICHAIOTCS 0€3 MpUBJICUEHUS TPEICTABICHUS O
«cBeTOHOCHOM 3(dupe» (kak 3To aenaet KO.MBanos). [To cytu, um npeanokeHa KOHCTPYKITUS
ONTHYECKOTO TTPHOOpa, SIBISIONMASACS THHEWHBIM BAPUAHTOM U3BECTHOTO JIA3EPHOTO THPOCKOTA
Canpska.

75. O0bscHeH pe3yabTat onbiTa bacoBa u IlpoxopoBa, B KOTOPOM CKOPOCTH Iepeadu
BO3/ICIICTBUS MpEBbIIIaa CKOPOCTh CBETA.

76. O0bsicnen napagoke [le-Currepa — o 1BOiiHBIX 3Be3/1aX.

77.]Ins1  OOBSCHEHUS «KPACHOr0 CMeIIeHHsD» HET HEOOXOAUMOCTH TPUBIEKATh
COMHHTEJIBHBIC MTPEJICTABIICHUS O PACIIIMPEHUH «IIPOCTPAHCTBAY MPU HEU3MEHHBIX PACCTOSHUSIX
MEX]y TaTaKTHKaAMHU.

du3nyeckass (GU3MKA MpeAIaraer MNpocroe O00bsICHEHHE SIBJIECHHS «KPACHOIO
cMellleHUs1» HA OCHOBe MpeACTABJIEeHHIi 0 HAKOILIEHUH MACCHI IPEOHA CO BpeMEHeEM.

78. To, 4TO MBI BOCIIPHHHMAEeM KAaK «CBeT», MOXET HUMETh JIEHCTBUTEIBHO JBOWHYIO
MIPUPOJY - BOJTHOBYIO  KOPIYCKYJISIPHYIO ((DOTOH €CTh MOCEeA0BaTEIbHOCTh MPEOHOB). TOJIBKO
IPaBUTOHUKA 3TO OOBACHSAET, a COBPEMEHHOE YYE€HHE O CBeTe OTY JBOHCTBEHHOCTb
«noctyiupyer». @oToH — 3T0 1Hyr npeoHoB. Ho B mpeoHHOM cpelle MOTYT CYIIECTBOBAaThH M
KoslebaHusl cpeapl, HEe O00sS3aTeNbHO BbI3bIBa€Mble (OTOHAMHM — OHH  HA3bIBAIOTCSA
SJICKTPOMAarHuTHBIMHA KOJIeOaHUSIMU.



79. B 3namenuToii popmyae E=hv yacrora siBiasiercs aumb apredpakTom, oHa cama
ABJISIETCA CJIEJICTBHEM CIELM(PHUUECKOro Ipouecca u3iaydeHus (pOoToHa, HO HE SIBIISETCS €ro
«Hecymed vactoroi». Ckopee, €€ MOXHO MPEIACTaBUTb B BHUJE YacTOThl HMIIYJIbCOB,
U3IIy4aeMbIX PAaJUOJIOKATOPOM. ODHEPrHsl HE 3aBUCUT OT YacTOTBI, 9TO HOHCEHC. ODHEPrus
3aBHCHUT OT CYMMBI BCEX UMITYJILCOB (DOTOHA 3a BPEMsI €r0 CYIIECTBOBAHUS.

80. O0bsacHseTcs A deKT MoJasipu3anuu poToHa.

81. O0bscHIETCH OTKJIOHEHHE CBEeTA BOJIM3HU JOCTATOYHO 00JIbIINX MACC.

82. O0bscHSI0TCS (hr3HYecKHe (a HE MaTeMaTHYECKUE) MPUYNHBI ONTHYECKUX SIBICHUN —
npeJjioMJIeHHe, 0TPaskeHHe, Juciepcus, Auppaxkuus, moJasipu3anms.

83. O0bscusiercs (pusudeckn) 3pPpeKT BOSHUKHOBEHHS J1a3€PHOT0 U3JIYUYEHHS.

84. CHumaeTcsi IPOTHBOPeYHE MEXIY «IIOTIEPEYHOCTHIO» XapaKkTepa OTOHA KaK BOJHBL,

HEOOXOIUMOM

JUISA

CYILIIECTBOBaHUS

apdekra

CYLICCTBOBAaHUA B HpCOHHOﬁ CpeCAc MMOMNMCPCUYHBbIX BOJIH.

noJsipu3aluu, |

HEBO3MOXKHOCTBIO

85. OOBsicHsIETCS SIBICHHE AaCTPOHOMMYecKOii abeppanum.

CBET
SABAeHne B BoaHOBOI B xBaHTOBOI1 B npeoHHO-rpaBUTOHHOI TEOpHUH
Teopuu (KOpIyCKy-AAPHOIA)
Teopuu
CxopocTs cBeTa He obGpsacusercs. [Mocryaupyercs kak | OIpeAeAsieTcs CKOPOCTBIO IIPEOHOB, HE

MHUPOBasd IIOCTOAHHAA.

ABAAETCA MUPOBOI ITIOCTOAHHOM.

ITpamoanneitHOE
pacpocTpaHeHue
cBeTa

O0mbsacHenue
T'rorirenca
CAOKEHUE
CUI'HAAOB
OTAEABHBIX
H3AyYATEACH.

INorox dporonos.

OO0pscHACTC B3aUMOACHCTBHEM IIPEOHOB
KaKk aOCOAIOTHO yHopyrux 'rodevssx”
YACTUII M KpalHE MAaAOH BEPOATHOCTBIO

BCTPC‘{I/I AByX HpCOHOB.

CkopocTs cBeTa B
cpeae

Cwm. Crrpasa.

Omnpeaeasercs KaK
CKOPOCTh CBETA B IIyCTOTE,
AEAEHHAA Ha
ko purmeHT

OIITUYECKOM  IIAOTHOCTH
(OID). Dusnueckas
CYIIHOCTB HOHSTHS

OCTAETCH HEIIOHITOM.

CKOpOCTB ITPEOHOB B CPEAE MEHBITIE, IEM B
BaKyyMe, BCACACTBUE KPUBOAUHEHHOCTH HX
ABITKCHHUS TIOA BAUSAHHEM IPHUTMLKCHUA K
AApaAM.

ITposzpaunocts Her oO0biacueHn. Her o6bsacuenns. Bboapimoe OTHOIIICHUE IIAOIIIAAT

CPEABI IIOIIEPEYHOIO CEUCHHA ATOMA K ITAOIIAAT
AApA.

Awucriepcus Her obbsacuenns. Her oObsacuenns. Vsmenenme TpaeKTOPUHU IPEOHOB Pa3HOM

MACCBI BOAM3U aTOMOB

IPAHUIIE ABYX CPEA.

BCIIECTBA HaA




Orpaxenue cBera

Meroa ['roiirenca.
Orpaxenue or
boaee
ITAOTHOM CPEABI.

TPAHMIIBT

Her oObsicaenus.

T'rotirenca.
AAEP

METOA
doToHO-TIpeOHAMMI

Bupryaspmsri
Oru6anue
ATOMOB Ha TPaHMIIE CPEA.

IIperomaerme
cBeTa

To xe.

Her o6bsacaenus.

Vsmenenme TpaeKTOPHH IIPEOHOB PA3HBIX
MacC BOAM3I aATOMOB BEII[ECTBA Ha TPAHMUIIE
ABYX CpEA.

Abepparns OrHocuTeAbHAS OrHocuTeAbHAS IlpeonHas AMH32 OKOAO MACCHBHBIX TEA,
CKOPOCTb. CKOPOCTb. OTHOCHTEABHAS CKOPOCTE.
Warepdepen- HeyGeanreanno. Heyb6eanTteapHo. YactnaHas  KOrEPEHTHOCTb  IIPEOHO-
LU OmprTer doroHOB.
Dpenead
Aucppakrms ma | T'roiirenc. "Boana Ae-bpoiias". M3meHeHHE TPACKTOPHH IIPEOHOB BOAM3H
IIPENATCTBHH ATOMOB BEITIECTBA HA TPAHHMIIE ABYX CPEA.
TToaspusarus Ob6mpacusercs Her oOpAcHeHHA. Henpasuapnoe TOAKOBaHHE
3AEKTPOMATHUTHEI SKCIIEPHMEHTA.
MH  CBOHCTBAMH
CBETA.
AaBAenue cpera. Her obpsacuenns. | Ilpamoe AaBAerme | IlpAmoe  CTOAKHOBeHHE € AApPAMH
¢oTOoHOB. BEINECTBA U HEIPABHABHOE TOAKOBAHIE

IKCIICPHMCHTA.

VYroa Bprocrepa

Her yaoBaerso-
PHUTEABHOTO

Her oObsicuenns.

BsaumoaeficTBue ¢ iapaMu aTOMOB.

CHCKTpa AAABPHHX
TaAAKTHK

OOBACHEHUH.
Omsrr ®Puzo Asmxenne cpeast. | HeybeanreapHo. O0pacusaercs uepes OIIHCaHHE
IIPOXOKACHUA  (POTOHO-IIPEOHOB  |epe3
BEILECTBO.
Ormerr Hesepmas C=const. IToAHOCTBIO COOTBETCTBYET.
MatikeabcoHa IIOCTAHOBKA
OITBITA M HEBEPHOE
€ro TOAKOBAaHUE.
Bansanume Her ¢pusugeckoro | OTO. ITpeonnas AMH32 - AABACHIIE
rpaBUTAINA  Ha | OObBACHEHMS. IPABUTOHHBIX TIOTOKOB.
pacrpocrpa-
HEHHE CBeTa
IMoraomenue u | He obbacusercs. Yucro dopmassnoe | Paspaborana pusmaeckas MOACAD.
H3AYYIEHHE CBETA OOBACHEHHE.
Doroapdexr He obbacusercs. Heseproe ToakoBaHue. Cm. B TekcTe TA. «ATOMY.
Bananume He ob6macusercs. Pacmeniaeane  yposmeit | Paspaborana dousmdeckas MOAEAD
IAEKTPUICCKUX I (dpopmarbHOE (eMm. 1.3 KHUTH).
MATHUATHBIX oOBsACHEHNE).
"moaeit" Ha
CIIEKTPBI ATOMOB
Kpacroe Cawmpble pasHbIe. Cawmbre pasHbIE. 1.VIsmenenne  mapameTpos opouT
CMeIIeHHE IIPEOHOB B aTOME BCAGACTBHE HHOI

ITAOTHOCTH TIPaBHTOHHOIO Ta3a B APYIHX
obaactax Beceaennoii.

2.  VBeAnmuenue
BPEMCHEM.

MacCbl  IIPEOHOB  CO

Kpatkue oObsicHeHust u3BecTHbIX 3¢ (dekToB B «Pusznyeckoil ¢usmke», 06e3ycIoBHO,
HEnoJHbI. J[a OHU U HE MOTYT OBITh MOJIHBIMHU, €CJIM YYUTHIBATh OTPaHUYEHHBIH 00bEM TEeKCTa U
HEI0CTaTOYHYIO pa3pab0TaHHOCTh KaXI0T0 pa3/iena, 10 KOTOPOMY B JIUTEPATYPE TAKKeE MOKHO




HaWTH TIPOCTO «MOHOJIAHB» KHHUT W cTarei. JlanpHeimas paboTa Hag OOBSICHEHHEM JITHX U
MHOXCCTBA APYIrux SIBJICHUN JOJIDKHA MPOSACHUTH HCACHBIC HA CGI‘OI[HSIIHHPIIZ JACHBb BOIIPOCHI.

QJEKTPUYECTBO

86. Ha ocHoBe mnpezncraBieHUH O TI'pPaBUTOHHO-IIPEOHHOH cpeae pa3paboTaH HOBBIN
(pusmueckuit) moaxox K OOBSICHEHUIO SJIEKTpUUECKUX siBIeHUH. OOBICHAIOTCA BCe
JIEKTPUUECKUE SBJICHUSA M JIEKTPOMArHeTH3M C HOBOM TOUKM 3PEHUS, BKIIOYas HEKOTOpHIE
skcnepuMeHThl H. Tecna.

87. laHo ompeneneHne MOHATHH «3apsii», «3JIEKTPUIECKOE M0JIe», 00BICHEHBI (PU3HUECKUe
HNPUYMHBI B3aUMOJICHCTBUS «IIOJOKHUTEIbHBIX U OTPULIATENIBHBIX 3apsiioB». OOBICHAIOTCS BCe
SBJICHUS JIEKTPOCTATUKHA HA OCHOBAHUM INPEIJIOKEHHBIX B IPAaBUTOHUKE MOJEJIEH IPOTOHA U
3JIEKTPOHA (YTO TAKOE «IJIEKTPUUYECKOE TOJIEN).

88. O0bsicHsieTcss pabora 57eKTPOGOpPHON MalIMHBL. YKa3blBaeTCs HAa BO3MOXKHOCTh
TIOJTYUCHUS «OHEPTUU U3 dPUPAY.

89. lano ¢usnyeckoe OOBSCHEHHE IOHATUIO «TOK B IPOBOJHUKE» M MPUYHHE €Tr0
BO3HUKHOBCHUSL.

90. Yka3ana (I)I/I3I/I‘I€CK8.H INpuirHa JJICKTPUYCCKUX U «OJICKTPO-MAaIrHUTHBIX) SIBIICHUN —
INOTOKHU MPCOHOB. OOBACHIIOTCSA mponeccCol, CBA3AHHBIC C DOJJICKTPUUYCCKMM TOKOM B
IMPOBOAHHKAX: JJCKTPHUYCCKOC COIIPOTUBJICHUC, ABUIKCHUC OJICKTPOHOB B IIPOBOAHHKCE,
BO3HHMKHOBCHHUEC TCIIJIOBBIX ITOTCPD.

91. O0BsACHSIETCA TPUYHHA CBEPXITPOBOIMMOCTH.

92. O0BsACHSIETCA IPUUMHA B «MEXAHU3M» MOSBICHHS JIEKTPOMAarHUTHOTO HU3ITyYEHHS OT
IPOBOJIHHUKA C TOKOM (UTO TaKOe «MarHuTHoe nojue»). Ilokazano, uto «cunosblie tuHum» [TOJIA,
C03/1aBa€MOI'0 TOKOM 3JIEKTPOHOB B ITPOBOJIHHUKE M HA3bIBAEMOI'0 «MarHUTHBIMY, COBEPIICHHO
AQHAJIOTUYHBl IO IPOSBICHUIO CHJIAM DJIIEKTPUYECKMM — OHHU pacXoIATCs pPaJHUalIbHO OT
UCTOYHUKA. Besd pasHMIIa COCTOMT B CTPYKTYPE 3TOTO «PACXOXACHUS (M3JIy4EHHUs)», B €ro
O0COOEHHOCTSIX BO3/IEHCTBUS HA 3JIEKTPOHBI B IPYIOM IIPOBOJAHUKE.

93. laHo usmueckoe 0ObsICHEHUE SIBIICHUS «CHIIBI JIopeHTIay.

JlaHo oOBsiICHEHHE NPOMCXOXAEHUI0 «cuibl JlopeHna» 06e3 MpUMeHEHHs COMHHUTEIbHOM
(GYHKIIMN «BEKTOPHOTO MPOU3BeEeHUs». Bee ABlIeHNs MPOUCXOAAT B OJHOM MJIOCKOCTH, HO HE
10 MPUYMHE NPSAMOTO BO3ACUCTBUS «I10JIS HA 3apsA», a IO PUYMHE OTPAKEHUS ABUKYILIETOCS
3apsiaa oT 6apbepa, co34aBaeMOro BO BTOPOM IPOBOJHUKE KPATKOBPEMEHHBIMH UMITYJIbCHBIMHU
NOTOKaMHM TPEOHOB OT BO3HHUKAIOIIMX B IEPBOM INPOBOIHMUKE 3JIEKTPOHOB. OOBSICHEH cam
«MEXaHNU3M» BO3HUKHOBEHHUs cuiibl JIopeHna. B «itaccuke) MexaHU3M BO3JEHCTBHS TOKA Ha
3apsij1 He OOBsICHSETCSI, OH KOHCTaTupyercs. [103ToMy Henb3s cka3aTh, COOTBETCTBYIOT JIM HAIIX
00BsICHEHUS KJIaCCHKE WIIM MPOTUBOpeyaT eil. B kiiaccuke ux mpocto HeT. B rpaBuUTOHMKE OHI
€CTb.

[Toxa3zaHo, uTO PabOTy COBEPIIAET HE «KMATHUTHOE I10JIE», & TEKTPUUIECKUN TOK BO BTOPOM
IIPOBOJHMKE C TOKOM.



94. JTano mosiHOE (HU3UYECKOE OOBSICHEHHWE BCEX BAapHAHTOB pabOTHl MOTOpa-reHepaTropa
®dapanes.

95. Iloka3aHa HemMpaBOMEPHOCTH HCIIOJNB30BAaHUS ypaBHEHHMI MakcBesuia JUIsl ONHCAHHS
busznyecKkux MpoueccoB (BEeKTOP MAarHUTHOW MHAYKIUHU B JEHCTBUTEIBHOCTH HaIIpaBJIEH IO
paauycy OT MPOBOJHHKA ¢ TOKOM). JlaHo ¢u3nmdeckoe ToilkoBaHue ypaBHeHHIO divE=p kak
MOTOKY MIPEOHOB, UCXOSAIINX U3 MMPOTOHA, B MOJHOM COOTBETCTBUU C ONMKMCAHUEM CTPOCHHUS U
(YHKIIMOHUPOBAHUS aTOMA.

«Bpamenue» (To ecTb U3MEHEHUE HaNpaBjeHHs) BEeKTOpa MHAYKUKUKU B BOKpyr mpoBoja ¢
TOKOM MMEET MECTO JIUIIb B MIPOCTPAHCTBE, HO HE BO BpEeMEHHU. A 3TO, Kak roBopsT B Ojecce,
nBe Ooublne pa3HULbl. To ecTh MpUMEHEHUE onepanuu Fot Kk ’TOMy BEKTOPY BBOJIUT YUTATENS
B (yHIAaMEHTAIIbHOE 3a0yXJACHHUE, W, BUIUMO, TO3BOJSET «KJIACCHKaM» KaKHMM-TO 00pa3oM
cBs3aTh U3MeHeHue B okoso oHoro nposona ¢ BosHukHoBeHnnem JJ1C B npyrom. Ho, no cytu
nena, coOCTBEHHO BpalieHus Bektopa B Bo Bpemenu — Het. [lonsitue rotB — Honcenc!

96. O0BsACHSETCA (HU3HUYESCKHIA CMBICI AMAICKTPUIECKON U MAarHUTHOM MPOHUIIAEMOCTH.
97. Nano ¢usmueckoe 00bsICHEHHE BOSHUKHOBEHUSI MATHUTHOTO TIOJISI B KATYIIKE C TOKOM.

98. [IpemioxeHHast MOJIEb IEKTPOMATHUTHBIX SBJICHUN TO3BOJISIET TIOHATh U OOBSICHUTH
pe3yibTatThl onbITOB Tecna u ABpaMeHKo, IPUYHMHY BpaleHus aucka dapajesi, MoHITh 00mui
npuHuun pabotsl aucka Cepna (HO HE TEXHOJOTHIO €ro HM3rOTOBJIEHHA); HPOAOJIbHBIE
3JIEKTPOMArHUTHBIE BOJIHBI AaHTEHH XapUyeHKO.

99. Ilpennoxxkeno oOwsicnenue sieneHuss MAT'HETU3MA; B OcHOBE KOTOPOTO JEKHUT
BO3JICHCTBHE IPABUTOHHOTO MTOTOKA HA HEKOTOPHIE TUIIBI CIIOKHBIX aTOMHBIX PEHIETOK (3KEJIe30,
KaJIMUH, HUKENb U Jp.)

TEIIJIOTA

100. JaHo pusnyeckoe 0ObICHEHHE TEILIOBBIM IPOIIECCAM H TIOHATHIO «TEMIIEPATYPay.

HcxonHas mpuvrHa W CYTh TEIJIOTHI — HAIWYHE U JIEHCTBHE «TEIUIOBBIX (POTOHOBY
(uH(ppa-hOTOHOB) — HEMPEPHIBHO U3ITyYAEMbIX ATOMOM.

TermoeMKOCTh, TEIJIONPOBOIHOCTh, TIPOLIECCH  TEIUIONEpeNaur, OMpPEIAeIISIOTCS
UCKJIFOUUTENIFHO MapaMeTpaMH U CTPYKTYpO aTOMOB M MX siiep U UX B3aUMOJICHCTBHEM C
TEIIOBBIMU (POTOHAMH.

101. CroenmanbHass W o00mAsi TeOPUsi OTHOCHTEJIBLHOCTH OIPOBEPTAOTCS
cyliecTBoBaHMEM U paboTtoii mpubdopa FO.H. MiBaHoBa 1 HacTosIel paboTOM.

102. Ommcana mOCIENOBATENbHOCTh TMOSBICHUS HAIIEH  BCEJICHHON cpeau ApYTrux
BCeNeHHBIX (0e3 naeanuctuaeckor unen bomwimoro B3peisa).

103. Onucana mocneaoBaTeIbHOCTh BOBHUKHOBEHHUSI MaTepUH Halllel BCEJICHHON U3 BEYHO
CYIIECTBYIOIIIETO IIPEOHHOTO Ta3a.

Hamma BcenmeHHasi 3TO DHEPreTUYECKH OTKPBITAasl CHUCTEMa, IMONYyYarolas SHEPTrUi0  OT
JIPYTHX BCEJICHHBIX B BHJC IIOTOKOB OOHOB M TPAaBUTOHOB — BBICOKOIHEPTETHYCCKHIX



cBepxMaibix yacTull. [loaTomy B 00111eM cirydae A1 Hallel BCeJICHHON He BBIMOJHSAETCS 3aKOH
COXpaHEHMUsI SHEPTUU U BELIECTBA.

104. OOBsicHEHO CYIIECTBOBAHUE U MPUPOA TaK HA3BIBAEMbIX «UEPHBIX JBIP» KAaK TOTOKOB
SHEPrUM U MAaTEPUU B HAIly BCEJIICHHYIO.

105. Onucana nocienoBaTebHOCTh BOSHUKHOBEHHSI 3JIEMEHTAPHBIX YAaCTHUI[ U BEIIECTBA B
Hauieit Beenennoit (BHyTpH 3Be31).

106. OcHOBO}i BEIIECTBEHHOM YaCTH MAaTEPHUH SBJISETCS HEHTPOH.

107. IIpoToH ecTh pe3ynbTaT YBEIUYCHHUS CKOPOCTH BPALICHUS HEUTPOHA.

108. HeliTponsl 00pa3yroTcs B 3Be3/71aX (M HOBBIX IJIAHETAX ) U3 «IIPEOHHOM KaIlln, CKaTOU
JIaBJICHUEM IIPEOHHOU CpeBbl.

109. IIpu ocThiBaHHM MOBEPXHOCTHBIX CJIOEB IJIAHET HEUTPOHBI OTICNAIOTCS OT OOIIETro
OCTBIBAIOIIIETO KOHTJIOMEpaTa M pa3AeisioTCsl Ha Majible OJOKH, BIUIOTH 1O OJMHOYHBIX
MIPOTOHOB.

110. OOmass mpes cocrout B TOM, 4ro 31eMeHTHl (TM) He BO3HHKAIOT W3 HEKHX
TEOPETUUECKUX COOOpaKEHUI OT MaJIbIX JI0 BEJIMKHUX, a CKOpee Ha000pOT — MEHBIIIHE 10 Macce
HOSIBJISIFOTCS (BO3HUKAIOT) MPU pacnajie 0ojee KpynHbIX.

111. Macca HeiiTpoHa (KOIMYeCTBO MPEOHOB U3 KOTOPBIX OH COCTOUT) 3aBUCHUT OT CKOPOCTHU
BparnieHust HeiTpoHa. [Ipu yBenudeHuu ckopocTH (1o ACHCTBUEM MPOXOIAIINX Yepe3 HEUTPOH
ITPaBUTOHOB) HEUTPOH cOpachiBaeT 4acTh CBOMX NPEOHOB U IPEBpaIIaeTCi B MPOTOH. DTOT
IIPOLIECC UMEHYETCSI «OeTa-paciaiomy.

[Tpu Gera-pacmnane cOpoOUICHHBIEC TUIIHUE MPEOHBI PACCEMBAIOTCS B MPOCTPAHCTBE, a HE
00pa3yroT T’UIIOTETUYECKYIO YACTHUIy «HEUTPUHO.

112. IlpensiokeHa HOBasi MOJIETb aTOMa BOJOpPO/ia (M Ha €€ OCHOBE KOHCTPYKIIHS APYTUX
saep atomoB TM).

113. IlpemsioskeH IPUHILIUI «COOPKUY» HYKJIOHOB B aToMbl TM 710 aproHa BKIIFOUUTENBHO,
KOTOPBIM MOKHO I10JIb30BaThCs IS BCEX IEMEHTOB TM.

114. O6bsicHeHBI HECOOTBETCTBHS U PAa3INUUs B aTOMHOM Bece pa3IUyuHbIX saep TM.

115. Ha ocHoBe HOBOI Mozenu aToMa OOBSICHEHO MOHITHE O BaJIGHTHOCTU BEIIECTB MPHU
XUMHYEeCKON peakuuu. OObACHEHBl «HEOOBSCHUMBIE» (DAKThl H3MEHEHUS BaJEHTHOCTH
BEIIECTB.

116. O6HapyxeHa BO3MOXHOCTb IOJATBEP)KIACHUS CYIIECTBOBAHMS MPEOHHOTO rasza Hu3
JTAaHHBIX O Pa3HBIX TUIIAX CBSI3U aTOMOB B MOJIEKYJIax.

117. VYka3aHa OCHOBHas NpPUYMHA OTIMYUS aToMa OT MOJIEKYJIbl C TOYKH 3pEHHS
rpaBuToHUKU. BeisiBnena CYTD xummuueckux «cBsizei».

118. BoisBieHa OCHOBHAsI IPUYMHA KPUCTAIIU3AMH U «METAJUIMYECKUX) CBSA3EH.

Hexoropsle caeacreus u3 cnucka «100 caegcreuin» nepecMOTpeHbl H H3MEHEHbI!

J1lo0aBaeno B 000




