CTpykTypripoBaHue NMPOCTPAHCTBA - BpEMEHU M MaTepUM B Haluei
roJiorpaguyeckou BCeJICHHOM W3 Hepa3pbIBHOM cpeabl, dpupa.

Astop: boraukos M. H.

KonrakT ¢ aBropom: bogachkovmn@rambler.ru

BBeaenue.

B coBpeMeHHO# Hay4YHOU MapajurMe, B OTIIMYHUE OT APEeBHUX hustocoduii, MbI UMeeM
KQJICHTOCKOIIMYECKHE 3HAHUS HA BECh CIIEKTP 3HAHUH O TAKUX MOHATUAX KaK Bpems,
MPOCTPAHCTBO, CTPYKTYpa MaTepUH U BCelIeHHON. B nanHO# paboTe MBI OMbITAEMCS
00LIETOCTYITHBIM S3BIKOM 0€3 MPUMEHEHHUsI MaTeMaTH4ecKux (GopMyIl onucath 00pa3oBaHUE
METPHUK OKPY’KAIOIIETO HAC MUPA BCEJIICHHON, KOTOPYIO HaM CYXKICHO OCO3HaBaTh. Bcé Hamen
Bcenennoii, 0T MUKPO K MAKpOMHUPY CTPOUTCS 1O (PpakTaibHOMY NpHHIUITY. CTpOeHHE aMepoB
a¢upa, aTOMOB, 3BE3AHBIE CUCTEM, TAIAKTUK HAIIOMUHAET BPAIAIOIICIOCS CTPYKTYPY IO
IUIaHETapHOMY NpUHIUIY, a cama Becenennas nogo0Ha npuHuuny ctpoeHus Jlomena
®uznyeckoro Bakyyma, 4TO rOBOPHT O royiorpau4eckoM CTPOSHUH OKPY’KAIOIIEro HaC MUpa.
CtpoeHue Halllero MUpO3/1aHus MHOTO YPOBHEBOE, M Ha4yaTh CleayeT ¢ amepoB d¢upa. Ux
pa3Mephl HaxonaTcs B Iipenene 1.7668 x 10% cm® B CKOPOCTB PAaCIPOCTPAHEHUS BOJIHBI

Mexk Ty amepamu puoausutensio 10*°  merpos B cekynay. Ha BzaumoneiicTBuu amepoB
CTpOSITCSL BCE METPUKH HAILIETO MPOCTPAHCTBA, BKIIIOYas U BpeMs. Ha ypoBHe ¢pakranbHOCTH
amepa OH UMEET CBOIMCTBA HAMOA00Me aTOMapHOTO BOIOPO/Ia, CBOCOOPA3HBIM BOIYOK KOTOPBIN
U3 3a npereccuu 001a1aeT HHepLUUaIbHOCThIO. M Kak BOJOpoJl ciocoOeH MEHSTh CBOIO
IUIOTHOCTb OT TBEPAOIO, )KUJKOI0, Ta3000pa3HOT0 /10 MJIA3MEHHOT'0 pY NIepejaue BOJIH
IUIOTHOCTH TIPU CXKATUH pa3peskeHuu 3Toi 6e3 pa3priBHOM cpensl ( Ddupa). Hama Bcenennas
,»JIBIIIIUT,, 1 B JAHHBIII MOMEHT yBenuuuBaeTcs B 00béMe. [lpu Gomnbiioii ckopocTu
B3aMMOJICHCTBHI MEXAY aMepaMu UX 00Illee TaBlIeHUE MOCTENICHHO CHIDKAETCS, a U3 3a He
BO3MOXXHOCTH OTCJIEIUTh IUCKPETHOCTh UX B3aUMOJICHCTBUH, MBI IMEEM IPEICTaBICHHE 00
a¢upe Ha TIEPBOM CTAIMU KaK O HEMPEPBHIBHOM cpefie, B KOTOPOH MPOUCXOAUT B3aUMOJICHCTBHE
MOJIEH, B TOM YHUCJIE U BPEMEHHOTO.

CTpyKTypupOoBaHue NMPOCTPAHCTBA — BPEMEHH.

Bropoii ypoBeHb cTpoeHus a¢upa, 3T0 HAIUYUE MPOCTPAaHCTBEHHO-BPEMEHHOU

KPUCTAIIIMYECKON OCHOBBI BaKyyMa, COCTOSIIECH U3 aMepHOTo TepBo3BYyKa d3¢upa, JlomeHOB

®usnyeckoro Bakyyma, KOTOpbIE UMEIOT JUHAMUUYECKYIO CTPYKTYPY U UMEIOT pa3mepsl 1,8498
62 3

x 10 cM
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Jlomensl Pusndeckoro Bakyyma cTposTCs MO NPUHLHUITY IUIA3MEHHOIO KPUCTAIIA B CpEle U
UMEIOT TPH OCH Nepeaadyr MPOI0JIHHOTO UMITYIIbCa B 3(pUpe U CBOIO CKOPOCTH (4acTOTY)
BOIUIOLICHU B JaHHOM BpEeMEHH (CpeHeN TUIOTHOCTH AJis 3pupa B JaHHOM TOUKe
npoctpanctsa). [Ipu 3ToM ckopocts nepeporuiomenus JJOB no xoay BpeMeHu CTaHOBUTCS
MEHBIIIE, U3 3a TOTO YTO IJIOTHOCTh aMEPOB NaJacT, 3TO MOKHO IPEJCTABUTH KaK IaJcHUE
IUIOTHOCTH 3(Hpa B KKIO0H TOUKE IPOCTPAHCTBA OT MUKPO K Makpo Mupy ( BcruibiBaHue J|dB
B IUNIOTHOCTH), a Hanuue Tpéx ocelt y Jlomenos Pusuueckoro Bakyyma popmupyer Tpéx
MEPHOE MPOCTPAaHCTBO. EciM BO BpeMEHH ITPOUCXOJUT U3MEHEHUE CKOPOCTHU IIEPEBOIUIOLICHHUS
(vacrotsr) IDB, TO paccTosHUE XapaKTepU3yeTcs CTENEHbIO0 CBEPHYTOCTU Pa3BEPHYTOCTH
noMeHoB (ux (ha3oBoit coctaBisromeit). [lepemnaua Bzaumoaericteus mexay JPB npoucxonut
110 BYM IpuHLMnaM: [lepBblid, UMITyJIBC OT OJHOIO JOMEHA K APYrOMY IepenacTcs 1o IJIaBHOU
OCH B3aUMO/JICHCTBHUS, B MOMEHT IIOJHOTO pa3BEPTHIBAHMS JOMEHOB, KOT/]a UX YacToTa U (asa
coBnazarT. CKOpoCTh paclpoCTpaHEHUsI IPOI0JIBHOTO B3aUMOAECUCTBUS MEX1Y IOMEHAMU
BaKyyMa cocTaBisieT 5.3 * 10% METPOB B CEKYH]TY.

Bropoii npunuyn B3anmozaeincteusa JJomenos @usnueckoro Bakyyma, IpoUCXOIUT IO
MIPUHIUITY KAMEPTOHOB OJMH 3a 3BOHWJI Ha JAHHOM 4acTOTE APyroi Havyall 3BOHUTH Ha 3TOU
yactore —paze u T JI. B /I®B Bo3HUMKHOBEHHE OMHAKOBOM YacTOTHI — (ha3bl HPOUCXOJUT HE
cpasy, [0 3TOMY CKOPOCTb paclpocTpaHeHus paBHa ckopoct ceera 300 000 000 meTpoB B
cekynny. Hama Beenennas pacmmpsiercs INIOTHOCTh aMepoB 3(dupa majaeT mo 3TOMY BCe HU3
JeKale pe3oHaHChl A3pupa NagaroT CO BPEMEHEM IO YacTOTe, HE CKIIIOUYEHUE U YaCTOTHI
Homenos ®uznueckoro Bakyyma ,a B nanpHelmeM 1 yactull. Ho B onpenenénHpIx cinydasx ,
IIPY HEPABHOBECHBIX ITPOLIECCAX B MATEPUU , IPOUCXOIUT NOBBIIICHUE YaCTOTHI PE30HAHCOB B
JIDB u pacnpocTpaHeHUIO B3aMMOJEHCTBHS Ha3al BO BPEMEHHU C CKOPOCTBIO CBETA. JDTO
BIIEpBbIe 3aMeTHI1 acTpoHoM akaaeMuk H. A. KosbipeB, HaOmonas 3Be31y B TPEX TOUKax
IPOCTPAHCTBA IMPOLLIOM, HACTOSIEM U OYAYIIEeM, KOTAa CBET OT HacC TOMIET 0 3BE3/IBL.

Ha Hannuuu 5THUX ABYX CKOPOCTEW pacIpOCTpaHEHHUs CUTHaIa CTPOUTCS CTPYKTypa 3apsifoB U
yactull. [Tossnenne JlomenoB ®dusznueckoro Bakyyma ¢ onuHakoBo# yacToToi ¢a3oii mo



PE30HAaHCHOMY IIPUHLMITY IIPUBOAMUT K PaJIUyCHOM JIOKAJIU3ALMHU [IEpeJady IPOJOJIbHON
COCTaBJISAIOLICH NMITYJIbCa aMepoB 3(Upa, U UMITYJIbC TOBOPAUYMBACT HA IPYTYI0 och JlomeHa
nox 90 rpagycoB, 3TO MPUBOAMT K KOJIBLIEBOMY UMITYJILCHOMY BPAIICHHIO aMepoB 3(dupa B
0oJsiee KpyIHBIX PE30HAHCHBIX 00Pa30BaHUAX, TAKUX KAaK YaCTHILIBI.

MapaneTpsl 30MEHOB (MH3HYECKOro BakyyMa WiBeCTHbI
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NPHOBPETAET 0YEPTAHHA FHIAHTCKOrO MHPa.

CTpykTypripoBaHue 4YacTHIl.

Brickaxy, Mozienb 3aps/ia 4acTULbl HA yPOBHE B3auMoeicTBusA JJoMeHOB PU3NYECKOro
Bakyyma. Ota Monienb 6a3upyercsi Ha MOHATHSX 3a10keHHbIX H.A. Ko3bsipeBbIM 00 oTimune
JIEBOTO Y IIPaBOTO B 3aKPYYMBAHUM KOHTMHYYMa Hallell BCEICHHOM.

Bcé BemecTBO BceneHHOM B TOM YHCIIE U aMephl 3(hrpa BO Bce BpEMEHA [IEPEMEILIAIOTCS B JIEBOU
OCH KOOpJUHAT ( 110 YaCOBOM CTPEJIKE) OTHOCUTENIBHO BEKTOpa BpeMeHU. U 3TOT BeKkTOp
UCXOJUT U3 KaKIO0M TOUYKH IIPOCTPAHCTBA KaK BEKTOP paciuupeHus cepsl Hacrosero. C sToi
TOYKHU 3pPEHUs JIEBOE U MPABOE BpallleHHE NPUOOPETaeT CBOM CMBICH, OTHOCUTEIBHO 3TOTO
BEKTOpA.

Ecnu mb1 nepeiiném Ha macmtad JJomenos dusndeckoro Bakyyma, To B3auMoeiCcTBHE ITUX
00pa30BaHUil MPOUCXOAUT M0 IBYM MIPUHLIMIIAM 3TO MPOJI0JIbHAS BOJIHA, BO3HUKAIOILAS 110
[JIaBHOM OCH B3aMMOJENCTBUS (BOJIHA NEpeaaéTcsl B OJHON IUIOTHOCTH UMITYJIBCHO) MEXTY
JIOMEHAMH CO CKOPOCTHI0 B3amMozeiicters 5.3 * 10?1 MerpoB B cexyny. M BTOpOii IpHHIHTI
KOI'Zla B3aUMOJIEHCTBHE MTEPEAAETCS 0 IPUHLNAITY U3MEHEHUS PE30HAHCa MEXKTY COCETHUMU
JIOMEHaMH (HarlOMHUHAeT B3auMO/IEHCTBHE KaMEPTOHOB, OJIMH 3a 3BOHMJI Ha JaHHOM 4acToTe 3a
TeM BTopoi 1 T J] ) cO CKOpOCTBIO paclipOCTPaHEHNUs IONIEPEYHOMN BOJIHBI PABHOW CKOPOCTH
CBETA.

Tenepsb npencTaBUM 4TO 10 MPOJIOJILHOMY B3aUMOJICHCTBHIO OSKUT BOJIHA HAIpUMeEp
MOBBIIIEHHOHN MIIOTHOCTH JUIsl aMepoB 3¢dupa, mpu noBopoTe Ha 90 rpaaycoB JaHHOU CTPYHKH,
HabJ01aeTcsl U3MEHEeHHe nepeaayu nanHoi BoaHsl B JIOB Ha npyryro och KOOpAWHAT 3TO
B3aWMO/ICHCTBUE MPOUCXOAUT C HAUMEHBIIIEH BPEMEHHOM 3aJI€PKKOM. A B 3aBUCUMOCTH, B
KAKyH0 CTOPOHY IMPOUCXOIUT 3TOT OBOPOT OT OCH BPEMEHU B JIEBYIO WJIM B IIPABYIO.
HabmroiaeTcst crnoxeHre Wi OTHUMaHKEe CKOPOCTEH B pacpOCTpaHEHUH 3TOM MPOI0JIbHOM
BOJIHBI OT IPUPOAHOI 3aKpyTKH aMepoB 3(upa, a 3HAYUTh U U3MEHEHHE TUIOTHOCTH B JIOMEHAX
stoi crpyHku u3 JIDB nocne nosopora. [Ipu moBopore 1o 4acoBoy CTPEIIKE INIOTHOCTh aMEPOB
B CTPYHE pacTET, a 3HAYUTh U U3MEHSETCS 4YacTOTa BOILJIOLIEHUI B IOMEHAX JAHHON CTPYHKH B
CTOPOHY MOBBIIIEHNS YaCTOThI. A IPU BpallleHUU CTPYHKH POTUB YaCOBOM CTPEIIKH, CKOPOCTH
OTHHUMAIOTCSI, IUIOTHOCTh MaJaeT. ITO HaOII0AAETCs B YACTULIE AJIEKTPOH MTPU MHOTOKPAaTHOM



3aKpy4YMBaHUM CTPYHBI [10 HAMMEHbBILIEMY PaJlyCy B BUJE ciupanu. MUHMMaIbHOE 1aBJICHHE B
CTpYHE IPH 3aKPyYMBAaHUU IIPOTUB YaCOBOW CTPEIKU FOBOPUT O MUHYCOBOM 3apsi/i€ B YACTHIIE.
B npoToHe ke 3aps CTpOUTCS M0 MPUHLUITY JIEBOH 3aKPYTKH 10 YaCOBOW CTpEJIKE U 00Iee
JIaBJICHUE B YAaCTUIIC BHIIIE, YEM B OKPYKaroIIeM 3(upe U 3aps] MOJIOKUTENbHBINA. B HeliTpoHe
Ha MepBOi MoJie (KBapKe) , CTPYHKa MOBOPAYMBAIOT B Pa3HBIX HAMPABICHUSIX IO U IPOTUB
YaCOBOM CTPEJIKU B BUJIC CIIMPATILHON BOCKMEPKH, 001IIee JaBJICHUE B YACTHIIE HEHTPOH paBHO
cpeaHel MIOTHOCTH 3(upa B JaHHOM BpeMeHHU. B HyKIIOHaX HaXOJATCs TPU KBapKa 3TO MO/IbI
3aKpYYMBaHMS CIMPATIEK B YACTULIAX, IEpBasi MOJA 3aKpy4YHBaHUE 3apsia 10 CIIMPaId Ha YPOBHE
YaCTOTHI IPUCOEIMHEHHBIX BUXPEH, IpaBUTaluu. Bropas MoJa, 3TO 3aKpy4yrMBaHUE IEPBOU
MO/Ibl, B KPYTOBO€ BpaIlleHUE pa3MEPOM C AUaMETp yacTHUllbl. 1 TpeThst MoJa HaKJIOH BTOpOi
MO/JIBI K OCH BpalIeHus 0] 45 TpajycoB, 00pasys 3JUIMIICOBUHYIO YAaCTHILY C BPaIllCHUEM
CIMHA HA CKOPOCTH CBETa Ha JuaMeTpe dacTuipbl 10™° Merpa. Ecim HocMOTpeTh Ha TPU MOJIbI
YacTHULIbI pU B3auMoAecTBuM JlomeHoB Pusnyeckoro Bakyyma Ha CKOpOCTH CBETa HEMHOTO €
JIPYTO CTOPOHBI, TO YaCTHUIIA NIPEACTABISICT BUXph beHapa, mpeacrapisronuii u3 ceos
BpaleHue aMmepoB 3(pupa B BUIE TOpa, CBOCOOPA3HBIN TOPHAI0, B KOTOPOM MOYKET HAOJII01aThCs
IIEPEKOC TIOBOPOTOB BHYTPEHHETO BUXPs IO OTHOLIECHUIO K KOJIMYECTBY IIOBOPOTOB BHEIIHEIO
BUXPs. UTO aeT pa3HUlly JaBJICHUS B YACTHUIIE 110 CPABHEHMIO C OKPYKAIOIIUM JAaBJICHUEM
adupa B cpene, TeM caMbiM (hOpMUpPYETCs 3apsil YacTHIIBI. M3 OIBITOB MOCTaBICHHBIX Ha
AIIEKTPO MarHUTHOM siueiike benapa, BBISICHEHO YTO B IPOTOHE HAOIIOAAETCS TIEPEKOC
00JIbIIEr0 KOJIMYECTBA TOBOPOTOB BO BHYTPEHHEM BUXPE 110 OTHOLIEHMIO K BHEIIHEMY, U
JIaBJICHUE B HEM MOBBIIIEHHOE. B 31€KTpOoHE, KOJIMYECTBEHHOE MPEUMYILIECTBO IOBOPOTOB

HAaXOJIUTCs BO BHEILIHEM BUXPE U JaBiieHHe 3(upa B 3JIEKTpOHE MOHMKeHHoe. U B HeliTpoHe
KOJIMYECTBO II0BOPOTOB BO BHYTPEHHEM BUXPE PaBHO KOJIMYECTBY IIOBOPOTOB BO BHEUIHEM
BUXPE TOpA, U CPEIHEE AABJICHUE HEMTPOHA PAaBHO JABJICHUIO OKPYKAOLEH CpeIbl U 3apsij
HEUTpaJscH.

Macca u rpaBuTALINA.

Kaxxnas yactuna, moj 1eHCTBUEM BPEMEHH, IIPU YBEIIMYCHUH PACCTOSHUS MEXY y3eIKaMU
(amepamm) r¢upa UCTIBITHIBAET N3MEHEHUE YacToThl JJomeHnoB @usnyeckoro Bakyyma u crnuna
B CTOpOHY Oosiee HM3KMX 4acToT. CleoBaTeIbHO, B YaCTHUIIE OyIeT HAOII0AaThCSl HEJIOCTATOK
aMepoB d¢upa u3 3a e€ pazpacTaHus, KOTOPOe OyIeT BOCIIOIHITHCS 3aXBaTOM CITHHA
HEJIOCTAIONIMX aMepOB IPH MOJTHOM pa3BépThiBaHnu JJDB, u3 okpyxaromero yacTuiy
nmpocTpaHncTBa. HarmsiiHO - mpu yMEHBIIIEHWH YacTOTHI IPOTOHA MJIM HEUTPOHA B JBa pasa
pa3pacTaHue COCTaBUT.
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W3 pucyHKa BUAHO, YTO C yMEHBIIEHHWEM YaCTOTHI YAaCTHIIbI, 00BEM CTOSYEH BOJIHBI PACTET, U

OH BOCIIOJIHACTCA U3 BHC aMCpaMHn 3(1)Hpa. HpI/ITOK HEAOCTAOIUX aMCpPOB NPUXOAUT B CIIMH, U3
OKPY2Karomero rnmpoCcTpaHCTBa B KaAXKJAYIO YaCcTULY MaTEPHUU CO BCEX CTOPOH. . «Kaxq!aﬂ
MarepHajJbHasg 4aCTHIla BTATHBACT IIOTOK B(bI/I]f)a, KOTOPBIN, B3aMMOJICHCTBYS C IIOTOKOM 3d)I/I]f)a

JpYro MaTepHadbHON YaCTHIIEI, IPUTITHBACT €€ C CHIIOM IPOIOPIMOHATLHON KBaJIpaTy
CKOPOCTH €CO31aBacMOro IoToKa 3d)HDa B palOHE JIPYTrOM YaCTHIIbI, MACCe APYIOM YACTUIILI U

06DaTHO HDOHODHI/IOHaHbHOf/'I OTHOCHUTCIBbHOMY PACCTOAHNIO MCKTY HUMH . A 3HaYUTH

3(UPHBIN BETEP CTPEMUTHCS B KAKIOE SIIPO MATEPHH U CKOPOCTH €r0 3aBUCHT OT KOJINYECTBA
YacTHUll, IPOTOHOB U HEUTPOHOB MJIM MAcChl BELIECTBA. 3HAUYUTh BOKPYT OOJIBIIUX Macc
paccTosiHie MeX amepamu d3¢dupa OyieT yBeINYEHHBIM, UTO XapaKTepU3yeT UCKPUBIICHUE
IIPOCTPAaHCTBA BpeMeHH. Macca 4yacTHIIbl 3aBUCUT OT CKOPOCTH TEUEHUS] BPEMEHH, Ha CKOJIbKO
OBICTPO IPOUCXOIUT MAJCHUE IaBICHUS FPUPA, a TAKKE € PeITUBUCTKON CKOPOCTH.
WNuepruanpHas Macca — 3TO CHJIa, ICHCTBYIOIIAs HA YACTULLY TPOTOH WJIK HEUTPOH,
XapaKTepu3yoIas KOJN4eCTBOM UMITYJIbCa IPUXOISAIIUX aMepoB 3(upa, NPUXOASIIMX B CIIUH
YaCTHIIBI C ONPEIEIEHHOrO HallPaBJICHHUS.

Kaxxnast yacTuiia kak ctosyasi BOJIHa CTPEMUTHCS, YTOOBI €€ OTyNeproibl KoJeOaHui ObUn
PaBHBI, 3TO CBOMCTBO J1F000r0 pe3oHaHca. Korja e dactuia JBUraeTcs o KpuBOJUHEHHOM
TPAeKTOPUH WM YCKOPSIETCSI, TO OAMH MOJIYIIEPUOJI CTAHOBUTCS OOJIBIIIE IPYTOro, C BHEIIHEH
CTOPOHBI KPUBO, @ C BHYTPEHHEH CTOPOHBI KpUBOM HAOII0JaeTCsl MPOTHUBOIOJIOKHBIN 3 PexT,
YMEHBILIEHUE TOIYNEPHOJa. DTO IPOTUBOPEUUT PE3OHAHCY, KOTOPBIN CTAPAETCs BBIPOBHSTH
3TOT nucbananc. [loaToMy criMH 3aXBaThIBae€T C BHYTPEHHEH CTOPOHBI TPACKTOPHUU OOJIbIIIE
amepoB 3¢upa uyeM ¢ BeurHed. OT NpUXOASIIEro UMITyJIbca, KOTOPOe MPUHOCST, aMephl apupa
BO3HUKAET MHEPLIMOHHAS CHUJIA, UJIM MHEPLIMOHHAsA Macca. Tak Kak, B €IMHUILY BPEMEHU B
YaCTHUILY MPUXOAUT OJJMHAKOBOE KOJIMYECTBO Y3€JIKOB (aMEpOB), B ITOKOE CO BCEX CTOPOH, a MPU



YCKOPEHUU MPeo0IajatoT ¢ OJHON U3 CTOPOHBI, TO MHEPIHUAIbHAS W TPaBUTAIMOHHAs Macca
paBHBL. 1 KBaHT rpaBUTaLMM 110 pa3Mepy paBeH, Pa3HOCTH Pa3MEpOB CIIMHA YBEIMYEHUS
YaCTHIIBI TPOTOHA, MJIM HEUTPOHA 332 OJIMH 000POT BOKPYT CBOE ocu. M rpaBuTaliMOHHAs BOJIHA
UMEET MPOJIOJIBHEIN XapakTep B Apupe.

Y cKOopeHHOe NepeMelieHrne aMepoB 3pupa K YaCTHILIE BbI3bIBACT IPOAOJIBHYIO J1ehOpMaIIHIO
JomenoB @usnueckoro Bakyyma no ocu nepesiauu UMIy/IbCOB K YacTHLIE (0O7HA IOJIOBHUHA
JIoMeHa 0oJblle Apyrasi MeHblle). YeM fanblie OT Macchl, TEM CKOPOCTh aMEpPOB HUXKE, U
accuMeTpuYHas aedopmMarus T0MEeHOB OyIeT MEHbIIE, a 3HAYUTh M BO3PACTET JaBICHUE aMEPOB
YeM Jlajibllie OT My3bIpsl Macchl. A 3HAUUTh YMEHBIIUTCS Nepuos nepesoruionienus OB,
IIPOMCXOJUT MU3EPHOE CMEIIIEHUE B IIPOILIOE, YEM JaNIbIIE T€M OO0JIbIIE OT MacChl,
CJIEI0BATEIILHO CKOPOCTh TEYEHUSI BPEMEHH PaCTeT IPU YAAICHUH OT MacChl.

ObpasoBaHue rpaBUTaLUMOHHOro bopTuka

PasHopaecgopmMupoBalHoe
nonoxexue (60pTuk)

-

AHuzoTponus aedopmaumn AHn3oTponua
B cTOpoHy ConHua AedgopmMannm B CTOPOHY
3emnu

CTtpoeHue BemecTna.

ITpoTOH MM HEUTPOH Kak CTOsIYasl BOJIHA MOJ ACHCTBHEM BPEMEHH, PACCTOSIHUSA MEXKIY
amepamu 3¢upa, Oyaet 0061a1aTh He CHMMETPUEH CBEPXY U CHU3Y OTHOCHTEIIBHO
BpAILAOLIErocs CIIMHA YacTHUIbl. Tak Mpu BpallleHUHU CIIMHA YaCTULBI 110 YaCOBOW CTPEJIKE, €CIIN
CMOTpPETh CBEPXY, 3aXBaThIBATHCS IUIOTHOCTHU hupa OYJEeT yyTh OOJIbIIE CHU3Y, UEM CBEPXY.
Ota acuMMeTpHs 3aMedeHa B acTpoHOMUU. CeBepHBbIH MOM0C 60sIee MPUTLTIOCHYT, Ye€M FOXKHBIMH,
MOYTH Y BCEX MJIAHET COJIHEYHOU CUCTEMBI, KOTOPbIE UMEIOT oceBoe BpanieHue. [1o aromy,
OpHUEHTAIUs] MPOTOHA OTHOCUTEIHHO HEUTPOHA B AaTOMHOM siipe OyJIeT, TOW CTOPOHON YaCTHIIBI,
KOoTOpasi Hec€T OoJsiee 00BN IpaBUTALIMOHHBIN MoTeHnran. CuHbBl 000UX YacTull OyyT
BpalllaTbCsl OTHOCUTENBHO JIPYT Ipyra B JIEBOM HAIIPaBJIEHHUH, B IPOTUBOIOJIOKHBIE CTOPOHBI.
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SAnpo atoma OyAeT CTPOUTHCA MO cienyrouemMy npuHiuny. OQuH IPOTOH B aTOME BOIOPOJA.
3areM IPOTOH U HEUTPOH MAPAJLIENIBHO APYT IPYTY, HO C BPAIllEHUEM CIIMHOB B
IPOTUBOIIOJIOXKHOM HAIIPABICHUU B aToMe Jeirepus. [nroc o1uH HEUTPOH ¢ IPYroi CTOPOHBI
IPOTOHA B TPUTHH. 3aTEM I10 KBa/Ipary Kak B arome jutus. [lo kyOy B atome Gopa. U tak nanee
1o KyOy B J1Ba cJ10s IPOTOHA U HEMTPOHA, a 3aTeM PO CTPOUTCS MO MPUHLIUILY
NPU3MATHIECKOTO IecTUrpaHHuka. [Ipu 3ToM HEHTpOH OyseT 3aHUMaTh MECTO OJIFIKE K IIEHTPY
Macc, IOTOMY YTO OH HEMHOTO Tskesee rnpoToHa. C nmajeHueM IIOTHOCTH 3¢dupa (cpesbl), Bce
Kosiebanus Oy/b (POTOHBI HITM IIPOTOHBI C HEUTPOHAMH MPETEPIIEBAIOT H3MEHEHNE YacTOTHI K
6osee HU3KOM. Ho yMeHbIIeHUE MIIOTHOCTH Cpe/bl IPOMCXOIUT HE BO BCEX TOYKaX
IIPOCTPAHCTBA PABHOMEPHO. Tak HEMTPOH, 3TO CTOsYasl BOJHA IUIOTHOCTH, OKOJIO CPEIHEr0
HOJIOKEHUS pacIIupsitoeiics mioTHocTH 3¢upa. [IpoToH xe mpencrasiser co0oil negexT
MOBBIIIEHHON TNIOTHOCTH 3()Mpa, BRI3BAHHBIM OTCTaBaHHEM PACIIMPEHHUs ¢ O0Jiee yIaKOBaHHOM
CTPYKTYpPOI aMEpOB U CJIEI0BATEIIBHO MOJOKUTEIBHBIM 3aps oM. 3HAYUTh 4acTOTa CIIMHA
IPOTOHA OYAET HEMHOTrO ObICTpee, YeM y HEHTpOHA U €ro T€OMETPUUYECKUE pa3Mephl U Macca
OyayT MeHblIe. B COXKHBIX fpax MepHo/ BpallleHUs JIEKTPOHA BOKPYT CBOEH opOUTHI OyeT
PaBHATBHCS Pa3HOCTU YaCTOT, OT YAaCTOThI BPAIIEHUS CIIMHA IPOTOHA OTHUMAETCA 4acToTa
CIMHAa HEWTPOHA, TAaK KaK OHU BPAIlAlOTCS B pa3HbIX HalpaBieHUsX. CIUHBI BbI3bIBAIOT
IPaBUTALMOHHYIO BOJIHY BOKPYT €051, KOTOpasi paCIpOCTPAHSAETCSI ¢ KOHEYHON CKOPOCTHIO B
OKpy’Karollee NpocTpaHcTBo. Y Ha mepecedeHuu 3TUX (POHTOB, KOTOPOE CMELAeTcs Ipu
Ka)JI0M 000pOTe CIIMHOB, 00pa3yeTcsi BOPOHKA C MOHMKEHHOM IJIOTHOCTBIO M3 aMepoB 3dupa -
DIIEKTPOH.

C nageHueM MmI0THOCTH 3¢upa, YacToTa BpallleH!s] CIMHOB IPOTOHA U HEUTPOHA MajaeT
OJIMHAKOBO, IO3TOMY IPH OTHUMAHUH YacTOT UX CIIUHOB, BEIMUMHA DJICKTPOHHOM OpOUTHI HE
Oyzner yBenuuuBathes. BemecTBo He OyeT cO BpeMEHEM MEHSTh CBOI 00BEM.



/\/ /\/\/w ——E / I\/ pqcu/u/.’)eﬂu@

! ! \ /\/\ Heumpond
e . ; / / i ' e

/\/\/V\/\/\/\/\} o -1 L VA/\/ \-\/,./\/,/\\/_/\_\4’ N Pacaspens

mewana
‘/N 7=T7T | opduma
‘ 1ﬂ€x§0aﬂq
~ Bpawerue
€ Dpduinii
#

e —

Pe

ﬁgﬁo

UTo0bI 00BACHUTH TOBEJCHHUE HJIEKTPOHA B aTOME BOJOPOA, HYXKHO MIPOBECTH MBICIICHHBIN
sKcnepuMeHT. Bo3pMEM K010y G0bIION ATUHBI, HAOJHEHHYIO Fa30M, PACIOJI0XKEHHYIO
BEPTUKAJIHHO B TPABUTAIIIOHHOM T10J1€. BHU3Y IUIOTHOCTH ra3a OyaeT MakCUMAaIIbHOM, a ¢
POCTOM BBICOTHI JaBiieHue OyneT naaate. [IpencraBum, 4ro ra3 3to 3¢up, a noa aecTeuem
BpPEMEHH ,, HACTOSIIEE,, OyIET MOCTENIEHHO IIepEeMEIIaThCs C HU3Y B BEPX, UCIBITHIBAS Ma/ICHUE
IUIOTHOCTH Ta3a (3¢upa). I'ae To no cepeanHe NPOUCXOIUT CXJIONBIBAHUE ITy3bIPbKA C
OTKA4Y€HHBIM ra3oM, U BOJIHA OyJEeT CUIIbHEN paclpOCTPaHATHCSA B CTOPOHY OOJIbIlIEH IIIOTHOCTH,
TO €CTh B HU3 WK B npouuioe. Y Hao60poT eciu npou30iaEéT MUKPO B3phIB, TO Hanboee
CHJIBHO BOJIHA TTOMIET B BEPX B CTOPOHY MEHBIIIEH IUIOTHOCTH, a 3HaYHUTh B Oyaymee. [Ipu
3TOM CKOPOCTb paclpOCTPaHEHHUs] BOJIHBI OyAeT Takas Kak rase npu JaHHOM JaBieHuu. Eciu
MBI TIepeiiiém K aupy, B mepén B Oymyiiee u Ha3aa B IPOILIOE BO BPEMEHH, CO CKOPOCTHIO
cBeTa. JT10 O6bUI0 3aMeueHo akageMukoM H.A. Ko3bipeBbIM, KOrjia OH HaOJII0 a1 3BE311y B TPEX
COCTOSTHUSIX: TIEPBOM CBET JOXOJUT OT HEE, BTOPOM IJI€ OHA HaXOJUTCS B CEl MOMEHT
BpPEMEHH, U TPETHUM KOI'Jla CBET OT HAC AOMAET 10 HeE, TO eCTh OHA U3TyyaeT U3 Oyayllero B
Hactosuee. Ho BepuéMmcs k aromy Bosiopoaa. B oTnuune oT HEWTpOHA, MPOTOH UMeEET OoJiee
IUIOTHYIO CTPYKTYPY PEIIETKN U3 aMEpPOB U IOMMMO 3aXBaTa Y3€JIKOB PELIETKH y HETO NpU
BpallleHUH CIIMHA, OyJeT HaOII0AaThCs CMEIICHNE Y3€JIKOB PEMIETKH HE TOJIBKO K IPOTOHY, HO U
OT Hero. bylyT pokaaTbCsi IB€ BOJIHBI C IOHM>KEHHOH U MTOBBIILIEHHON IIJIOTHOCTBIO, KOTOPBIE
OyIlyT pacrpoCTPaHATHCSI COOTBETCTBEHHO B IMPOILIOE U B Oyayiee. 3To OyAeT BRITISACTh YTO
BOJIHBI IBUJKYTCS, TP BPAIICHUH CIIMHA B JIEBO, KaK 10 YaCOBOM, TaK U MPOTUB YaCOBOM
CTPEJIKH.



B Touke mepecedenusi GpOHTOB ATUX BOJIH HAXOJUTCS BPAIAIONIUNACS 110 KPYroBOi OpOUTE
AJIEKTPOH. BenmnunHa 31eKTpOHHON OpOUTHI ONPEACTAETCS, ¢ KaKOW CKOPOCTHIO BPAIlaeTCs CIIHH
pOTOHA. B CIOXKHBIX K€ sSApax, BOJIHA MPOTOHA C MOBBIIIEHHON TNIOTHOCTHIO OyIeT
MIOTJIOIIATHCS TAPHBIM HEHTPOHOM, U mepecedeHrne (PpoHTOB OyJeT JaBaTh TOJIBKO BOJHA C
MOHM)KEHHOM MJIOTHOCTHIO, a JIEKTPOHHASI OpOUTA UMETh JUTUIICOBUAHYIO (HOpMY.
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Ilon neiictBreM BpeMeHM U3 rpaduka BUIHO, YTO MPOTOH MMOCTOSIHHO CTPEMUTCS K
YMEHBIICHHUIO yTJIa OTCTABaHUsA K HEUTPOHY, OT MEPHOAA K MEPUOAY KOJICOaHHUS yrod
CTPEMHTBCS K HYJIIO rpajycaM. IJTO 03HAYaeT YTO JIEKTPOHHAs OpOUTa CO BpEMEHEM
noseimaercs (f mporona — f HeilTpoHa), 3HAYMTH B OOJIBIIMX Maccax BEUICCTBA IUIAHETAX , a
TeM OoJiee 3BE3/1aX MPOUCXOANT IOCTOSIHHAS ITOANUTKA SHEpruel, Hapsay sIepHbIMU
peakuusamu. Ha 3to oOpaman Buumanue H.A. KozbipeB. CyliecTBYIOT pa3inyHble
HHEpPreTUYecKue cocTosiHus aroMa. [Ipu HanbonbLIel MI0THOCTH 3¢GUpa B IPOTOHE, IIPH €TI0
oTcTaBaHMU OT HeWTpoHa 120 rpamycoB, cMOTpHU TpaduK, OpOUTa AIIEKTPOHA OyJIeT HU3KOH U
KkpyroBoii. Ho ¢ mepexoiom aroma Ha 0oJiee BBICOKUI YHEPTETUYECKUN YPOBCHb f (p) 120
> f(p) 90 > f(p) 45 rpagycoB  mpoucxoaut T (p)- f(n)="f(e) yBenwuenue opOUTHI
AIIEKTPOHA, TaK KaK 4yacTOTa €ro BpalleHHs MO OpOWTEe CTAaHOBUTCS MEHBIIE W OpOHTa
npuobperaer (HopMy 3IUIHIICA.

W H5°

Janee npu yriie orcraBaHus MeHbIIE 45 rpagycoB (CKOPOCTb BpallleHHs CIIMHOB IPOTOHA U
HEUTpOHA B MPOTHUBOIIOJIOKHBIX HAIIPABJICHUAX OTJIMYAETCSI HE CUIIBHO) AJIEKTPOHHAsi opOuTa
Oosiee yBEIMYMBAETCS U BBITSHYTOCTH 3JUIMIICA BO3PACTAET, IOKA HE NPOUCXOAUT
BpEMEHHasl MOTepsl DJEKTPOHA MU AeKTpudeckoM Toke. CieyeT OTMETUTh, UTO pa3Mephl



aTOMHOTO siApa 10 M. ,a 3JICKTPOHHBIX OPOUT 108 M. Do MPUOJIM3UTEIBHO CPABHUMO C
TOPOIIMHOM , pa3Mep siipa aToMa , M pa3MepoM CIOPT 3aJia , BEIMYMHA JIEKTPOHHON OpOUTHI.
JnuTenbHOCTh Ke poXKAaeTcsa Ha MPUYMHHOM B3aUMOEHCTBUH aTOMHOTO s7pa ¢ GOPMUPYEMBIM
3apsI0M BOJIHBI J[€Opoiiist y 3J1eKTpOHa, Ha CKOPOCTHU NIEPEX0/1a IIPUYMHBI B CIIEJICTBUE
Ko3sbipesa, paBayro 700 Km B cekyHay. XapakTepU3yrollylo pa3HUIy CKOPOCTEH MPOI0JILHOTO
B3aumozaenicteus B Jlomenax dusndeckoro BakyyMa 1pu pacnpoCTpaHeHUH 110 U IPOTUB
YaCOBOW CTpEJIKU B KOHTHHYyMe BcenenHol co ckopocThio 5.3 * 10% METPOB B CEKYHIY.
Ckopocts 700 Km/C Habnmogaercst Ha yrioBOM CKOPOCTH POTHUB OCEBOTO B3aUMOACHCTBUS
MPOTOHA C TAPHBIM HEUTPOHOM Ha UX JIMAMETPaX, a MePexXo/isi CO CKOPOCTU MPUUUHHO
CJIEICTBEHHOM CBS3M Ha YIJIOBYIO CKOPOCThH CBETA MbI MIOJy4YaeM TUaMeTp OpOUTHI AJIEKTPOHA.
13 sToro cnenyer BbIBOA, YTO NocTosiHHAs [li1aHka 3T0 pa3zMepHas BETUYMHA SHEPTUU
HeoOXxoauMast 171s OJepyKaHUs YaCTUIbl B HACTOAIIEM BPEMEHHU MIPU U3MEHEHUH, YBEITUYCHUH,
MOCJIEAYIOLIETO €€ MMOIyIEPUOAA OT NMPEABIAYIIETO B IEPUOJIE CIIMHA YACTHII.

XUMHYECKHEe CBSA3H.

Bpamasice o opOuTe 351eKTpOH KaK BOPOHKA U3 MOHM)KEHHOTO JAAaBJICHHS aMEpOB,
CJIEIOBATEINILHO - OTPULIATEIBHBIM 3aps0M, OyIeT co3/1aBaTh BOKPYT JIEKTPOHHONW OPOUTHI
nepemeleHue pupa Kak BEHTUISATOP, MarHUTHOE I1oJie. DTO 1oJie OyneT NpensTcTBOBaTh
COJIMKEHUTO OJICKTPOHHBIX Op6I/IT Pa3HBIX ATOMOB, U BLI3BIBATH UX OTTAJIKMUBAHHEC. C nepexoaom
aToMma B BO30YX/IEHHOE COCTOSIHUE JIEKTPOHHAs! OpOUTa MOCIEIHEr0 3JEKTPOHHOTO YPOBHS
YIJIUHSAETCS U IPOUCXOUT €€ MepexIECThIBAHUE C AJIEKTPOHHOM opOUTOH ipyroro aroma. U
IpaBUTALlMOHHbIE (PPOHTA JBYX aTOMOB YHUUTOXKAIOTCSI B MECTE MEPEXJIECTHIBAHUS UX
AIIEKTPOHHBIX OPOHT, CHJIa OTTAIKUBAHHS MEXy aTOMaMH ocjiabeBaeT. A Ha IPOTOH ¢
HEUTPOHOM (s1Ipa aTOMOB), KOTOpPbIE 00PA3YIOT 3JEKTPOHHbIE OPOUTHI, HAUMHAIOT JICHCTBOBATh
CUJIBI IPUTSXKCHUA.

XOTs B CJIOKHBIX aTOMAX PO CTPOUTCS MO MIECTUTPAHHOMY MPUHIINITY, HEUTPOH MPOTOHHBIE
napsl 0oJiee MOABEPKEHHBIE TIEPEX0 1y Ha 00Jiee BBICOKUM SHEPTETHUECKUI YPOBEHb HAXOIATCS
Mo KyOM4eCKOMY NMPUHIUIY. A 3HAUUTH B ABYX IJIOCKOCTHOM cHCTeME KOOPAMHAT MMeeTcs §
cTeneHer CBOOOIbI DJIEKTPOHA, Yepe3 Kaxapie 90 rpaaycoB Ha KaxkI0W MIIOCKOCTH, Ha
MOCJIETHEM 3JIEKTPOHHOM YpOBHE. UTO COOTBETCTBYET 8 BaJIEHTHOCTSIM, B IEPUOIUYECKON
cucreme MeHieneena.



HekoTopsbie ciaeacTBusi.
bpoyHoBcKOe IBHKeHHE KAK MPUHIUI AHTUTPABUTAIIMOHHOI 0

JABHMKEHHUSA JJETKHX aTOMOB.

PaccMmoTpuM npuHIMI OpOYHOBCKOTO JBMXKEHUS aTOMOB C ITO3ULUH BPEMEHU. ATOMHOE ]P0, Y
JETKUX 3JIEMEHTOB HauuHasl ¢ IeUTepusi, COCTOUT IPOTOHA U HEMTPOHA KOTOpBIE HA YPOBHE
CIMHA YaCTHIl UMEIOT IPOTUBO 0ceBoe BpalieHre. CKOpOCTh MPOTHUBO OCEBOT'O BPALLICHUS
POTOHA U HEUTPOHA 3aBUCUT OT YHEPTETHUECKOTO COCTOSIHUS aTOMa, Ha KaKuX OpOHTax
HaxoJATCs 2JIEKTPOHBL. IIpOTOH BpamaeTcs 1o 4acoBOM CTPEIKEe HEUTPOH IIPOTUB,
IPaBUTALIMOHHOTO TI0JIA, TAK KaK MPOTOH JIeT4e HEUTpOHa (3TO YCIOBHO YTOOBI OOBSCHUTD

s dexT). IIpu 3ToM yacTuiel mo00HKI sUeiikaM beHapa ¢ mpoTHB OCEBBIM BpaIleHUEM U OyAeT
HaOJII0AaThCs TPAJUEHT BPEMEHH Ha YPOBHE si/ipa aToMa. A CJIeJJOBAaTEIbHO BO3ZHUKHET criaiiiep
s¢¢ext MBaHoBa B aToMHOM spe. M nmnysbc OyJeT HanpasieH OT IPOTOHA K HEHTpoHy. B
JETKUX ra3ax OH HaCTOJIBKO BEJIUK, YTO IIPU OOBIYHON TeMIIEpaType aTOMbl XaOTUYHO
JIBUTAIOTCS], U3MEHSA JIMIIb BEKTOP TSATU MPU COyAapeHUsIX. B TAXENBIX sIpax KOIMUECTBO
IPOTOHOB U HEUTPOHOB BEJIMKO M UX PACIIOJIOKEHUE PA3IMYHO TI0 HAMPABICHUSIM, TO3TOMY MBI
Ha0JII0JaeM BEILIECTBO B TBEPIOM COCTOsIHUU. [lepemerienne aTOMOB He IPOUCXOINT 3a
npeenbl KPUCTALUTUIECKOW PeIETKH.

PurmoauHaMuka, nucanach Ha OCHOBE KOJI€OaHH cpeibl BbI3BaHHBIX KOJIEOaHUSIMU
AJIEKTPOHHBIX OPOUT (BpallatoIIUXCs JIEKTPOHOB), B aTOMax, HalpuMep BoJibl. Pa3Huia yactot
KoJIeOaHU BOJOpOaa OOJIbINE, KHCIOPOa MEHBIIE, 3TO CO3/1aeT TU(PPAKIMOHHYIO KAPTHHKY B
BU/JIE May4Ka U CO3JaeT CUITY AJIs ABMKEHUS JAaHHOW MOJIEKYJIbl. DTO KPYITHO MacIITaOHBIN
ypoBeHb, Ha ypoBHE B3aMOI€HCTBUS YaCTOT IPOTOHA U HEUTPOHA, HAIPUMED B siIpe AeUTepus
WM TeNINA Nay4oK OyeT Ha HECKOJIBKO COT MOPSIKOB UMETh OOJBIIYIO YacTOTY, a
CJIEIOBATENLHO U CHITY BO3JICHCTBYIOIIEIO HA 3TO si1po. [1o saTomy 1 anbda gactuiia umeet
OOJIBIIYIO TPOHUKAIOIIYIO CIIOCOOHOCTD, ITOKA HE 32 XBATUTCS O0Jiee KPYITHBIM SAPOM, UITU
nepeiiier Ha 6os1ee BEICOKUI SHEPTHUECKU YpOBEHb 00pETs 3JIEKTPOHBI, ( Pa3HOCTh YacTOT
MEXly MPOTOHAMU ¥ HEUTpOHaMU OyJeT MUHHUMAJIbHOMW), KaK paKeTa.

[ToaTomy mipu nepexosie ¢ BBICOKO SJHEPIeTUYECKOTO B HU3KO SJHEPIeTUUECKUN YPOBEHb aTOM
ucnyckaer ()OTOH, a pa3HUIIA YaCTOT MEXKAY IPOTOHOM U HEUTPOHOM CTaHOBUTCS OOJbllIE, a
CJIEIOBATENIbHO U CKOPOCTh MOJIEKYJIbI, U3 3a OOJIbIIEro nayyka sipa B pUTMOANHAMHUKE.

DJIeKTPONPOBOJHOCTD.

DNEKTPONPOBOJHOCTHIO 007I1aIa0T MaTEPHUAIIBI € KECTKONW KPUCTAIITMIECKON KBAPO WM
TeKCaroHAJIbHOM CTPYKTYpou Kpuctaia. Kak rnmpaBuiio, MeTajijibl, KOTOPbIE MOTYT OT/1aBaTh
OJIMH WJIM HECKOJIBKO 3JIEKTPOHOB MPH BO30YKIEHUU aTOMa IIIEKTPUIECKUM IOJIEM.
DJIeKTpOHHBIE 00J1aKa aTOMOB CO3/Ial0T IIEHTPOOEKHOE MATHUTHOE TI0JIE TIEPEMEIICHUS Y3EIKOB
s¢upa. 3HAYUTH B MEK aTOMHOM TPOCTPAHCTBE, OyIeT HAOMIOAATHCS MOBBIIIEHHOE JaBICHUE
a¢upa, a MoJ| AIEKTPOHHBIMHU YPOBHSIMH B OJM3H s/ipa OyaeT HaOMr01aThCsl MTOHMKEHHBIN (HOH
nasienust dpupa. [Tox neficTBUEM dIEKTPUUECKOTO U MATHUTHOTO TIOJISI TU 30HBI MOTYT
MepPEMENIAThCS 0 KPUCTALTUISCKON pemETKe, TEM CaMbIM, TIEPEBOISI aTOMBI B BO30YKIEHHOE
COCTOSIHHME, KOTJ]Ja BO3MOXHA MOTEPs WM 3aXBaT SAPOM CBOETO AJIEKTPOHA.

3axBaT M H3JYYICHHUC (l)OTOHa.

®DoTOH 3TO0 MonepeyHasi BoJHa B 3(Hpe MOBBIIICHHON TUIOTHOCTHU CPeIbl, KOTOpast
pacmpocTpaHseTcs Mpu NEPEMEIeHHH B IPOCTpaHCTBe B Oyaymiee. U Bo3aeiicTBue ¢poToHA MpH



IOTJIONICHUH aTOMOM Ha IPOTOH U HEUTPOH cnenytomiee. [Ipu nmpuxone BONHBI C MOBBIIIEHHON
IUIOTHOCTBIO NPOTOH KaK CTOsAYasi BOJIHA C IIJIOTHO YIAKOBAHHOM CTPYKTYPOM, UCTIBITHIBAET
YCKOPEHHE CIIMHA MEHbIIE, YeM MeHee TJIOTHBIA HelTpoH. Korma mioTHocTh (poToHA cnamaer,
IPOMCXOTUT OBICTPOE BO3BPAICHHE IPOTOHA U HEUTPOHA K HOPMAJIbHOM TUIOTHOCTH CPEIbI,
KOTOpasi 110 X0y BPEMEHHM YCIIEJa CTaTh YyTh pa3psyKeHHOW. [IpOTOH IpH 5TOM HCIIBITHIBAET
0oJbIIEE IO CPAaBHEHUIO C HEUTPOHOM YMEHBIIEHHUE YaCTOTHI CIIMHA, & 3HAYUTh I1PU
norIomeHn (OTOHA HIEKTPOHHAst opOuTa yBenuuuBaercs. Mcnyckanue poroHa
BO30Y)KIEHHBIM aTOM MPOUCXOIUT TaK. [[pOTOH HauMHAET OTCTAaBaTh OT PACHIMPSIOMICHCS
IUIOTHOCTH 3(Hpa U CIIUH YBEJIUYHUBAET CBOIO YAaCTOTY, IIPU 3TOM 3aXBaT IJIOTHOCTH CIIMHOM
najiaeT. DIEKTPOH Mepexos, Ha 0oJiee HU3KYI0 OpOUTY yBETMYHUBAET CBOIO CKOPOCTh, U
[EHTPOOEIKHO BBITAIKHBAET INIOTHOCTh MEK/Y BBICOKOW M 3aHMMaeMoi opOuToii ¢ Ooree
HU3KUM ypoBHeM. [Ipu 3ToM yacToTa poTOHA, paBHA PA3HOCTH YaCTOT OPOUT 3aHUMAEMBbIX
35eKTpoHOM. DOTOH MMEeT BpaIaIoICIOCs MOMEPEYHYIO BOJIHY ¢ OOJBIIEH TNIOTHOCTBIO CPEIbI,
onpeneaéHHON 4yacToTel. BoslHa HapacTaeT 1O MaKCUMAJIbHOW aMIIMTYABI, a 3aT€M aMIUIATYy[a
obicTpo nagaet. [Ipu 3ToM B poTOHE MPUCYTCTBYET CIIEKTpP pa3HbIX yacToT. Hampumep,
BUJMMBIN (DOTOH THEBHOTO CBETa HECET B ce0€ YacTOTHI OT KPACHOIO A0 (PHOJIETOBOIO I[BETOB,
KOTOPBIE 3aBHCAT OT aMILTUTY/AbI curHajia. HanbompInas aMmimuTya xapaktepHa 0ojiee JUIMHHO
BOJIHOBOMY CHTHAJIy, a C MaJICHUEM aMIUIMTY bl CUTHAJI U3MEHSETCS B CTOPOHY 00Jjiee BEICOKUX

qacCToOT.
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Pacrnipoctpansisich B mpocTpaHCTBE (POTOH KaK 3JIEKTPOMArHUTHOE T10JI€, UMEET KOJIBLIEBYIO
CTPYKTYpY, U HaJluune Habopa 4yacToT, KPaCHOT0, 3€JIEHOT0, CHHETO 1[BETOB, U BOCIIPUHUMAETCS

HaMU KakK O€JIbI IIBET.

IpPeKkT aHTUTPABUTAIHH.

IIpu npuxoze KBaHTa BpPEMEHH, pa3peKEHHON BOJIHBI cpe/ibl. [IpOTOH ¢ HEUTPOHOM
UCTIBITHIBAIOT YMEHbBIIICHHE YaCTOThI WIIM PACHIMPEHHE CIIMHA, U 3aXBaT OOJIbIIET0 KOJIMYECTBA
wioTHOCTHU. [Ipu 3TOM BoJHA pa3psbkeHus ycunuBaercs. Ho Tak kak IpOTOH IJIOTHEE OH
UCTIBITHIBACT YYTh OOJIbIIIEE YMEHBIIIEHUE YaCTOThI CIIMHA 110 CPAaBHEHUIO ¢ HEUTPOHOM, a
3HAYUTh JIEKTPOH NEPEXOUT Ha OoJiee BBICOKYIO opouTy. C yCHIIEHHEM BOJIHBI pa3peKeHUS
IPOMCXOIUT Mepexo/] OOJBIIOro YKCia aTOMOB B BO30YKAEHHOE COCTOSIHUE, & 3HAYUTh
IIPOMCXOUT BbIJEJIEHNE BPEMEHH, PY HEOPraHU30BAHHBIX ITpolieccax, o kotopom nucan H. A.
Ko3bipeB. CKkopocTh pacipocTpaHeHHs BOJIHbI ¢ TOHM)KEHHOU TUIOTHOCTBIO OY/IET paBHA
CKOPOCTH B3aUMOJICHCTBUS B 2pupe, HO 0OpaTHO BO BpeMeHH, B npomwuioe. CiienyeT 3aMeTUTh
emé€ onuH MoMeHT. Korja BojiHa ¢ TOHM)KEHHOH INIOTHOCTBIO BBI3BAHHAS PACIIUPEHUEM
CIIMHOB NPOTOHA U HEUTPOHA, HaberaeT Ha YacTHILy HaXOASIYIOCS O OJIM30CTH, TO CIIMH 3TOU
YaCTULbI BOCIIPUHUMAET PACLIMPEHNE CIIMHA HE PABHOMEPHO C Pa3HBIX CTOPOH. XOTsI BOJIHA B



3¢upe IBUKETCS OT UCITYCTUBIIET0 aTOMHOTO SiApa, HO TaK KaK BOJIHA JBHXKETCS 00paTHO 10
BpEMEHH, CO3JaETCs BIIEUATICHUE, UTO OHA JIBUXKETCS HE OT, a Ha UCITYCTHUBIIEE €€ aTOMHOE
anpo. [losToMy yacTHIla, HCHIBITHIBAIOLIAS PACIIMPEHUE CIIMHA 3aXBaThIBACT OOJIBIIIE MJIOTHOCTH
CO CTOPOHBI Si/Ipa BHI3BIBAIOIIEIO BOJIHY U MOJTYYaeT aHTU I'PABUTALIMOHHBIA UMITYJIHC OT MaCCHI.
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3T10T 3P PEeKT cKopee BCEro BO3ZHUKAET B ,, UMITYJIbCHOM I€HEpaTope aHTH I'PaBUTALIUH ,,
ITonxknénosa. Korna asieKTpruecKkuil paspsii NPpOU3BOJUTCS, HA CBEPX IIPOBOJHUK C B
MarHM4€HHOM B HErO MarHUTHBIM NosieM. CBEpPXIPOBOJHUK PE3KO MEPEXOAUT U3 HU3KOIO B
BBICOKOE€ PHEPTETUYECKOE COCTOSIHHUE, H3JIydasi BOJHY MOHIKEHHON TIOTHOCTH 3(pupa, BhI3bIBaAs
OTKJIOHEHME I'Py3a Ha IIOJBECE, 34 HECKOJIBKO COT METPOB 3a IIperpagamu. I'py3 npu OTKIIOHEHUU
HE UCIbITHIBAET HHEPLIMOHHON neperpy3ku. CiielyeT OTMETUTh, YTO BOJIHA TOHM>KEHHOMN
IUIOTHOCTH OYZIE€T OTKJIOHATHCS, OKOJIO TeJl C OOJIbIIIE IpaBUTALIUEH, B CTOPOHY OT OOJIBIIMX
Macc, B OTJIMYKE OT (POTOHHOH BOJIHBI ¢ OOJBIICH TUIOTHOCTHIO 3(hMPa, UCIIBITHIBAIOILYTO
OTKJIOHEHHUE B CTOPOHY OOJIBILION MacChI.

B03M0KHOCTDH yIpaBJIeHUS BpEeMEHEM.

UToOBI MepeHecTd MaTepui0 BO BpEMEHH, HEOOXOJAMMO TIEPEHECTH BCE PE30HAHCHI BHU3 MU
BEepX M0 YacTOT€ — aMIUIUTYJE B IMJIOTHOCTH 3(upa, Bo3aeiicTBys Ha JlomeHbl DU3MUECKOTO

BaKyyMa.
Kaxkue criocoObI ecth. UTOOBI MOIHATH WM OMYCTUTH IJIOTHOCTH dupa.

1. DnekTpo-MarHUTHBIN - 10 YepHOOPOBY CXOAIIAsACS M BOJHA, CBOCOOPa3HBIA XOJIbpayM, Ha
yacToTe (POTOHHOW BOJIHBI, pa3HOI HEPTUU.

2. IlonydeHne mia3msl U pas3zieicHue €€ cTosA4ueil BoaHoU niu no npunuuny M/II' reneparopa.
OTO Ha ypOBHE JIEMEHTAPHBIX YACTHULL.

3. ITomyuenue my4koB 31eKTpoHOB MoHOB B yckopuTenax. Ha ypoBHE 2iIeMEHTapHbBIX YaCcTHII.
4. TTonocoBBIX CTPYKTYp - HA YPOBHE PE30HAHCOB B BELIECTBE.

5. He 3Hato, Oyzet 11 oH paboTaTh. JTO co3aHue 3a cUeT qudpakuuu (Meakoi cetku M
noJisi). Pa3HpIX 4acTOT COCTABISAIONINX, BILUIOTH IO TEIUIOBOTO pe3oHaHca 3dupa. 3a cuér
KaTylIeK ¢ MHOKECTBOM BJIOKEHUM.

6. Co3gaHue Bpalaromerocs JIEKTPOMAarHUTHOTO TOJIS JIEBOM 3aKPYTKH JIJIS1 TOBBIICHUS
naBieHust amepoB d¢upa B JJomenax dusndeckoro Bakyyma, v mpaBoii 3aKpyTKH OTHOCUTEIILHO
OCH BpPEMEHH, Il IOHWKEHUS J1aBiIeHus dgupa. ( XpOHAJIBLHOI'O CMELICHUS B POILIOE UITH B
Oynymee)

7. 'eomeTpuyeckoe Bo3eiicTBHE HA JOMEHBI (PU3NYECKOT0 BaKyyMma Mo MPUHLUITY 3epKajia
KosbipeBa niu natenrta Tecnbl- ero OamHu A 0ecpoBOJHON Mepeiadn SHEPIUH.



JIOKaIbHOCTB BPCMCHH Ha PA3HBLIX UCPAPXUAX HALICTO MHUPAa UMECT Ppa3HOC IMPOSABJICHUC!:

1. Ha 3apsne, kak 3akpyuuBanue JlomeHoB @usndyeckoro Bakyyma B CTpyHKH, B 3aBUCUMOCTH
B JIEBO WIH B IIPABO IIPOUCXOAUT 3TO 3aKPYUMBAHUE MBI UMEEM + WM - 3apsia.

2. Ha YPOBHEC 4acCTHL, JTOKAJIbHOCTb BPEMCHU NPOABIIACTCA YaCTUIA UJIW aHTH YaCTULIA.

3. Ha ypoBHe aroma, ©3MEHEHHE JIOKATbHOCTH BPEMEHHU MPOHUCXO/AT, KOT/Ia aTOM MEHSET CBOH
IHEPreTUYECKUE COCTOSHUS, IEKTPOHBI MEPEXOIIT Ha HWKHUN WM BEPXHHU dHEPreTUYECKUH
YPOBECHB.

4. Ha ypoBHE MOJEKYJbl, JIOKAJIBHOCTh BPEMEHM BbIpaxkaeTcss B e€ Temmeparype ( He
CTa0MJIBHOCTH B OJHOM TOuKe mpocTpaHcTBa.) I[loBbIIeHHE TeMIepaTypsl YCKOPSET XOJ
Bpemenu!  Ilporecchl, mpoucxoifiiye B aTOMHOM SApe€ B €ro yacTHIaX, TaK Kak OHU
MIPEACTABISIIOT MHUKPOCKOIIMYECKHE siYelKku beHapa, IIPY TOBBIIICHUH TEMIIEPATypHI,
HAaIlOMMHAIOT YCJIOBHUS €ciii Obl M stuelike beHapa Mbl MOBBICHIIM YAaCTOTY HEPEXO0/I0B U3 30HBI
JIOKQJIbHOTO BPEMEHU KO BPEMEHHM BCEJIEHHOM U 0OpaTHO, TOJBKO 3TO MPOMCXOAUT Ha YPOBHE
pasmepa aroMa, MOJIEKYJIbI WM B OOJBIIEM Cilydae pa3Mepa >KMBOH KileTKu. YTo cka3bIBaeTcs
Ha CKOPOCTH JIEJICHUS, WIH €€ CTapCHUHU.

5. Ha ypoBHe opranusma, JIOKaJIbHOCTbh BPEMEHH BBIPAKAETCS XOJI0M OMOXUMHUYECKUX PEAKIUH.
A BOT O0JIBIIION MEepEeKOC TIOKATHbHOCTH BPEMEHH B Ty WU APYTYIO CTOPOHY Ha YPOBHE MpeaMeTa
OpraHu3Ma MOXET BbI3BaTh CKaueK BIEpPE] UM Ha3aJl BO BPEMEHHU, Ha YPOBHE COOBITHH.



I[J'I}I IIPOBEPKU TCOPUU MHOM H3T'OTOBJICHO ABC 3JICKTPO MArHUTHBIX STYCHKH BeHapa, C
3aKpYUUBaAHUEM IIOJIA IO YacoBOM U IIpoOTUB 4acoBOM CTPCJIKH, OMMUCAHUC KOHCTPYKIIUU MOKHO
HOCMOTpeTh 37ech: http://www.timeacademy.ru/forum/bernarcoil/39-tekhnologii-svyazanye-so-
vremenem#397

Ob6nacte npumenenus OM Sueiiku benapa, coznaHue ycTpoilcTB yObICTpEHHUs WK 3aMeJJICHUs
TedeHus xona BpemeHu. Hanpumep, 1u1st 6osee 6bICTpOro pacnana paJioakTUBHBIX BELECTB,
Oosee ObICTpast 3aKBacka xjeba, CTapeHHsI BUH M KOHBSKOB, CYIIIKA IPEBECHHBI WJIH COXPAHEHUS
MaTepuaibHbIX LIEHHOCTEH, IPOYKTOB IUTAHUS MPU 3aMEJIEHUU BPEMEHHU.

[TpuHIMD co3nanus 00IacTH ¢ M3MEHEHHBIM TEUEHHUEM BPEMEHU 3aKITF0UACTCS B CIEAYIOLIEM:
[Ipu yObpicTpeHNY TeYCHUSI BPEMEHH, CO3AAaeTCs 00JIaCTh OTCTABAaHHSI JIOKAJILHOTO BPEMEHH, a
3aTeM He OBICTPO MOCTENEHHO BO3BpAIllaeTcs K BpeMeHU Hallel BceneHHo. [pu 3ameienuun
TEUYEHUs BpEMEHH, HA000POT CO3at0T 001aCTh ONEPEKEHNUS JIOKAIBHOTO BPEMEHU U
IIOCTENIEHHO BO3BPALIAIOT B HOPMAJIBHOE TEYEHNE BPEMEHU BCEJIIEHHOM B IAaHHOM MECTE.
TexHUYecKn 3T0 MOKHO ceaTh ¢ momouibio OM Sueiiku 1Byms cnocobamu. I10
BO30YKJICHHE JIEBO WJIU MPaBOBUHTOBOM DM Slueiiku nocnenoBaTeIbHBIMU HAHO CEKYHTHBIMU
UMITYJIbCaMH OOJIBIION aMIUTUTY/IBI C TIOCTETICHHBIM 3aTyXaHueM KoyeOanus B Heil. U BTopoit
C1oco0, pH MOCTOSHHOM BO30YkJ1eHuu DM siueliKi CHHYCOUAAIbHBIM HAIPSKEHUEM PE3KO
cABUrath a3y BHYTPH Ha3aj BO BPEMEHU U IIOCTENIEHHO BO3BpAIaTh B HOpMaJb, a
JeBOBUHTOBOM DM siuelike pH yOBICTPEHUHU TE€UEHUSI BpEMEHU. A TIpU 3aMeUIEHUN T€UEHUS
BpPEMEHH HCIIOJIb3YsI IPAaBOBUHTOBYIO OM sueiiky, pe3ko caBUraTh (hazy BIepén BO BpEMEHU U
MOCTENEHHO BO3BpalllaTh B HOPMallb, U3MEHSS CONIPOTHBIICHHE YIIPABIISAOLIEH 0OMOTKH
ONTPOHOM.

JlokanbHbIe 006JaCTH U3MEHEHHOTO BPEMEHH, CO3at0TCs BpallieHneM DM MoJis 0 WU POTUB
4aCOBOM CTPEJIKH OTHOCUTEIBHO BEKTOPA BPEMEHHU PACHIMPEHUS KAKIOW TOYKH ITPOCTPAHCTBA,
CJIO’KEHUEM MM OTHUMAHHEM CKOPOCTEH (M3MEHEHHUEM INIOTHOCTH) CPE/Ibl C IBUKEHUEM CPEJIb
BCEJICHHOM IO YaCOBOU CTPEJIKE, OTHOCUTEIHHO BEKTOPa BPEMEHH BCEIICHHOM.

[IpoBonuics sxciepuMeHT Ha ObICTphIX DpaHIly3CKUX ApOXKkKaxX, OAUH Pa3, IO ITOMY HET
JKCIIEPUMEHTAIBHON CTaTUCTHKH, C PACCTAHOBKOI BAHHOYEK C pPACTBOPOM JUJIS 3aKBACKH TECTA, B
6mu3u OM sueek ¢ oTcTaBaHHeM (a3bl, C onepekeHueM (pas3bl 1 KOHTPOJIbHBIX BaHHOYEK. OIBIT
nokasai 4to B 6mm3u ¢ OM suelikoil ¢ orctaBaHueM (a3bl IEHa Ha IPOROKax Oblia camast


http://www.timeacademy.ru/forum/bernarcoil/39-tekhnologii-svyazanye-so-vremenem#397
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BBICOKAs, y OM sueiiku ¢ OMNICPCIKCHUCM (baSBI caMasl HU3Kas, a Y KOHTPOJIbHBIX BAHHOYCK
CpCI[HCﬁ 110 BBICOTCE.

Emé oqun sxcnepuMenT. [IpoBepka OTKIIOHEHHUSI TOABEUIEHHOTO TPYy3UKa B 110JI€ TPaBOM 1
JIeBOM 3aKPYTKH, ¢ JieBa DM stueiika ¢ onepexeHreM (asbl, ¢ mpaBa DM sueiika ¢ OTCTaBaHUEM
da3er Ha 180 rpamycos. Konebanus nonBeca npu 19 Bosbrax Ha Kaxkaoi karymke Ha 280 Krir B
npezenax NOrpeIIHOCTH BO3AYIIHOTO MTOTOKA, HO OTKJIOHEHHE HAOII0IAI0Ch B CTOPOHY
KaTYILKH C ONEPEKEHUEM Ha HECKOJIBKO MM. CiielyeT OTMETUTD YTO AUAMETP YIJIOBOU
CKOPOCTH CBeTa (JJOKalIbHBIX oOsacTeld Bpemenn) Ha yactote 280 KI'1y cocrabisier 341 metp.
YTO roBOpUT O TOM, YTO CHJIBI IEHCTBYIOIINE HA TPY3UK HECOU3MEPUMO MAJIbI € TUIOIIAABIO 30H
JoKaJIbHBIX 00nacTeil Bpemenu. Ho cpa3y Gpocaercs B ri1a3a py BKIIOYEHUN HANPSDKEHUS Ha
A4YeiKax, HayaJlo IBH)KEHUS BO3AYyXa B KOMHATE IPU YPAaBHOBEILIEHHOM JI0 3TOTO IPy3UKE, OH
NPUXONT B ABIKEHHE. [Py3UK NPUMEHsUT He OONBIION METAJUIMYECKUNA, CTUPATEIbHYIO
PE3MHKY C BOTKHYTOH IIBEHHOMN UTOJIKOM, M TEHHUCHBIN IIAPHK KaK C UTOJIKOHM Tak u 6e3. Besne
3aMETHOE OTKJIOHEHHUE B JIEBO.

CpenHe CTaTUCTUYECKOE OTKJIIOHEHHE 2-3 MM HO OBIBaJIM OMBITHI C OTKJIOHEHHEM 110 9 mM. Ho
€CJId yuecTh uTo BoJaHOBOE cornporuieHue 100-200 Om npu nuranuu 19 BoabT Ha Kaxayro
Sueliky. Oto cocrasiser 0.1-0.2 Barr Ha kaxnyto, B cymme 0.2-0.4 Barr nipu nuamerpe
JIOKaJIbHBIX 00J1acTell BpeMEeHHU Ha yriioBoi ckopoctu cBera 350 meTpoB Ha yactote 280 KI'm.
To Ha OTKJIOHEHHUE Ipy3uKa U IBHXKeHHe Bo3ayxa pacxoayercs 0.001 mukpo Batr. Obnacts
IIPUMEHEHHUS JaHHOU TEXHOJIOTUU ATO CO3JaHNE TPaBUTALIMOHHBIX ABUTaTENIEH 3a CUET
CO3aHUsI 00J1aCTEN JIOKAIBHOIO BPEMEHU CIIOCOOHOI0 M3MEHUTh YaCTOTHO I'PAaBUTAL[MOHHBII
CKJIOH IIJIAaHETHI.

Ha ¢ororpadun nokazana ocrpyuiorpaMma  ONepexaromieil Koppeisiiuy OJHHOYHOTO UMITYIIbCa
B D M Slueiike benapa ¢ onepexxenrem Ha 180 rpamycos no ase, mokaspiBaromiasi BO3MOKHOCTh
CO3J1aHUs TAKUX YCTPOMCTB Kak ,,KOMIIBIOTEP C BpEMEHHOM IETIEN,,.




HeiiTrpoHHbIe 3BE3bI U YEPHBbIE AbIPHI.

[Tonkauka sHEprueit OOBIYHBIX 3BE3/ UAET U3 IBYX HCTOUYHUKOB, 3TO TEPMOSIIEPHBIC PEAKIIUH U
nepexo aTOMOB Ha 0oJiee BBICOKHHM SHEPreTHYeCKUN yPOBEHbB 3a CUET TEUCHHUSI BPEMEHH B
Oonpimx 00bEMax BemecTBa. BerecTBo B 00BIUHBIX 3BE37aX MPU OOJBIIMX JABICHUSAX U
TEMIIepaTypax COXpaHsIET CBOIO CTPYKTYPY, OOBIYHBIC aTOMBI, KOTOPBIE 32 CUET AIEKTPOHHBIX
00J1aKOB OTTAJIKUBAIOTCS APYT OT Apyra. B kpynHbIX 3BE371aX, KOTIa SAEpHOE TOPIOYHE
BBITOPAET, OHU HCIBITHIBAIOT ITOCTENEHHOE OXJIAKIEHUE U ckaThe. HacTynaer Takoii MOMEHT,
KOTJ]a HaCTylaeT Hel0CTaTOK 3(upa B aTOMax 3Be3/1bl. 3a CUET HeJocTaTKa aMepoB 3¢dupa,
MIPOTOHBI K HEUTPOHBI BCE OOJIBIIIE TEPSIIOT CKOPOCTH BpalleHus cnuHoB. [loka ckopoctu
BpallleHUs] CHMHOB IIPOTOHOB HE BBIPABHUBAIOTCS ¢ HEUTPOHAMMU, BPAIIAIOIIUMUCS C HUMHU B
Pa3HbIX HAPABICHUX. DIEKTPOHBI TEPSAIOTCS, a 3B€3/1a IPEBPAIIACTCS B IUIOTHOYIIAKOBAHHYIO
AJIEPHYIO CTPYKTYPY PACLIMPSAIOIUXCS CIIMHOB HEUTPOHOB, KOTOPBIE BPAILLIAIOTCS B PA3HBIX
HarnpaBieHusix. Ho u3 3a HemocTaTka Macchl HEUTPOHHBIE 3BE€3/1bl HE UMEIOT TOPU30HTA
coObITuii. Eciin ke Macchl 1OCTaTOYHO U CXJIONBbIBAHWE HEUTPOHHOMN 3BE3/bI IIPOI0JIKAETCS, TO
B KOHEYHOM HTOT€ HEHTPOHBI IEPEOPUEHTUPYIOT CBOU CIIUHBI B OJIHOM HallpaBieHuu. Tem
CaMBbIM 3aXBaT CIIMHAMHM HE JOCTAIOICH IIIOTHOCTH 3upa OyaeT mpoucXoauTh 00Jjiee CHIIBHO, H
B KOHEYHOM uTOore Ha ypoBHe JlomeHnoB dusnyeckoro BakyyMma HacTynuT MOMEHT KOT'/1a OHU HE
CYMEIOT pa3BepPHYTHCS MOJHOCTHIO (BIOXHYTH) U3 32 HEJJOCTaTKa CBOOOIHBIX aMEpOB, IepeIadn
B3auMoeicTBus Mexay JIPB nepectaner npoucXoAUTh IPOCTPAHCTBO XJIOMHETCS, YTO
BBI30BET 00pa30BaHUE TOPU30HTA COOBITHI BO KPYr 00pa30BaBIICHCS YEPHOM IBIPHI.

Bpems B rosiorpapuyeckol BCeJICHHOM.

30HAIBHYIO CIIOUCTOCTH HAIIETO MUPO3aHUS HA YPOBHE ToyIorpaduuecKoil BCEIEHHOH
dopmupyeT (pakTanbHas CTPYKTypa U3 COCTOSTHUM CBEPHYTOCTH Pa3BEPHYTOCTH HA YPOBHE
JIOMEHOB (PU3UYECKOT0 BaKyyMa IMOBTOPSIIOILASACS HA Pa3HbIX MacIITaOHBIX YPOBHSX, OT 3apsia
Ha TMEpBOM MOJE YaCTHIIBI, 10 IPOAOIbHON I'PaBUTALIMOHHOM BOJIHBI, HA YPOBHE CEKTOpa
BcesieHHOU. [IpocTpaHCTBO HalIOMMHAET CBOEOOpa3HyIo JIeHTY Mebuyca B KOTOPOH MOXKeT
OBITH 0OJIBIIOE KOJMYECTBO IEPEBOPOTOB (MapaJUIENbHBIX MUPOB) MPEXk A€ YEM OHA 3aMKHETCS
Ha HayaJbHOE IPOCTPAHCTBO - BpeMsl. PacronoxeHue napajiiesbHbIX MUPOB HAIIPSIMYIO CBSI3aHO
CO CKOPOCTBIO MIPUUMHHO ciencTBeHHo cBsi3u KospipeBa C = 700 Km/C u xapakrepusyer
Pa3HHUILy CKOPOCTEN MPOAOIBHOTO B3aUMOJICHCTBHS B IoOMEHaX (PU3MUECKOT0 BaKyyMa IpH
pacpoCTpaHEHUU 10 U IMPOTUB YAaCOBOU CTPEIKE B KOHTUHYYME BCEJIEHHOW. JTO BhIpa)kaeTcs B
pa3HULE YIVIOBBIX CKOPOCTEH CIIMHA IPOTOHA U HEWTPOHA HA MX AMAMETPE, B aTOMe U paBHa 50
YIJIOBBIM MUHYTaM, €ClIi IepeiTH Ha TuaMeTp OpOMUTHI 3JIEKTPOHA Ha CKOPOCTH CBETA, TO 3TO
onuH nepuon BoiHsl Jle bpoitnsa. IIaTeaecaT yriioBbIX MUHYT 3TO BEIMYNHA MUHUMAJIBHOTO
yria u3nydeHus GoToHa, BIepes Ha3a] Ha 3TOT yroj U Apyroi BapuaHT BapruaOeIbHOCTH MUDA.
9710 429 BapraHTOB pa3BUTHUS COOBITHS HA 3TOM IMCKPETHOCTH, U KaXKJas MapaieIbHOCTh
HAXOJMTCS B HallleM JaHHOM BPEMEHH, U PacIloaraloTcs H JieBel IpaBeill Halleil MEpHOCTH C
nrarom 50 yriossix MUHYT. [lepeiins Ha ypoBeHb YacTHIIbI, Ha IEpBOM Moje (3apsiaa)
Ha0JII0/1aeTCsl HE MPEPhIBHOCTD B Mepeiaue B3auMOICHCTBUS MEXKy TOMEHaMU BaKyyma Ipu
noBopoTtax Ha 90 rpagycoB Ha IpYTr'yl0 OCh B3aUMOJAEHUCTBHS C U3MEHEHUEM COCTOSHUS
CBEPHYTOCTH - pa3BEPHYTOCTH oMeHa. [1o aTomy, yacTuia pa3masaHa 1o IpOCTPaHCTBY
(JTy4MKH, KOTOpBIE TOCTUTAIOT Kpasi BCEJICHHOM) Ha BTOPOW MOJIE YaCTHULIbI, UMITYJIEC
B3aMMO/ICHCTBUA B JOMEHAX NMPOXOUT MO Beeil enTe MeOuyca, MosBiIsisich BO BCeX
napajuleJIbHBIX MUpPax. TpeThsi MO YaCTUIIBI CO3/1aeT €€ BpallleHHe Ha YPOBHE CIIMHA YaCTHUIIbI
CO CKOpOCTBIO cBeTa. HarmoMHI0O CKOPOCTh CBETa, 3TO B3aUMO/ICHICTBHE IOMEHOB HAa YPOBHE



4aCTOTHI UX NEPEBOIIOIEHNI CBEPHYTOCTH pPa3BEPHYTOCTH, KOTOPAsk HPOUCXOAUT 10 MPUHIUITY
KaMEpTOHOB, OJIMH 3a3BOHIII Ha OJIHOM yacToTe U (pase pa3BEPHYTOCTH, 3aTEM JAPYroi U TaK
Jlanee, 3a OrpOMHOE YHMCJIO IIEPEBOIUIOLIEHUN CBEPHYTOCTH Pa3BEPHYTOCTH JTOMEHA.

OpHa ToYKa MPOCTPAHCTBA rOJOTpaPUIECKOi BCEICHHON — DTO CTENEHb CBEPHYTOCTH
Pa3BEPHYTOCTH JIOMEHA.

A BpeMs — DTO U3BMEHEHHUE CKOPOCTH NEPEBOILIONIEHUS, CBEPHYTOCTH PA3BEPHYTOCTU JOMEHOB.
Yacruia B 3aBUCHMOCTH OT 3aps/ia HAaXOAUTCS B MIPOILIOM (ITOJIOKHUTEIBHOT0), HACTOSIIETO
(ueiiTpoH) u Oynyuiero (37eKTpoH). 3HaYUTh B OAHON TOYKE MPOCTPAHCTBA MOTYT HAXOJIUTHCS
MUPBI, HE TOJIBKO Pa3BUTHSI MHOT'O BAPMAHTHOCTH Ha YPOBHE COOBITUM, HO M BCE pa3BUTHE ITOTO
y4acTKa MPOCTPAHCTBA BO BPEMEHHU MPOIIIOTO U Oy ayiero. M Toapko HyXeH crmoco0 4To0b! 3Ty
uH(OpPMAaLKIO U3BJeYb. J[oMycTUM, TpH IMIIOTHOCTH COOTBETCTBYIOT COCTOSIHHIO OJIHOTO aTOMA.
OTtpunarenbHOE, NOJI0KUTEIBHOE U HEUTPAIbHOE. JTH 7K€ COCTOSIHUS COOTBETCTBYIOT 3HAKY
3apsaa. 3aps MEHSETCsl BO BpEMEHHU M UMEET TOYHYIO BPEMEHHYIO ITPUBA3KY K I'PaBUTALIMOHHOM
IJIOTHOCTU. HelTpanbHOE COCTOSIHUE aTOMa COOTBETCTBYET «HACTOSIIIEMY», OTPULATEIBHOE —
«OynymeMy » U TOJOKUTEIBHOE «IIPOLISLIEMY ».

Mgl 3HaeM 0 CyIlIecTBOBaHUU (YCIOBHO) aTOMOB, JIEKTPOHOB, (DOTOHOB, HEUTPOHOB U T.1., HO
MBI HE 3Ha€M K KaKOMY CJIOI0 BPEMEHH, OHU MTPUHAAJIe)KAT. Mbl HE 3HAEM UX «IIPOLLIOE» U
«Oymymee...

Brickaxy MbICIb, HA MO B3IJIS/, €CIIU OT YIVIOBOM CKOPOCTH CIIMHA IPOTOHA HA CKOPOCTH
CBeTa MEepPEeNTH K YIIIOBOM CKOPOCTU POJOILHON BOJIHBI B JOMEHAX (PU3UYECKOTO BaKyyMa

5.3 *10?' M/C, BcelleHHasi, HAXOUTCS HA pa3Mepe KOI/a CBET JOXOLHT 10 HAC OT &8 BHIUMOTO
kpas. Ha yrnoBoii ckopoctu JI®B cnimHa HEWTpOHA, pealibHbI pa3Mep B HACTOSLIEM BPEMEHHU.
A yrinoBas CKOpOCTb CIIMHA 3JIEKTPOHA Ha YIJII0BOW CKOPOCTH MPOA0JbHOM BosHbI B [IOB
pa3Mep BCEJIEHHOM, KOr/ia CBET JOUAET 10 e€ Kpasl.

Hac Bcex unTepecyert, ecThb JIM Y Hac BbIOODP B KH3HU, WIM Mbl HOJUUHSAACH Cy/IbOE COBEpIIaeM
HYXHOE JIeCTBHE KOTOPOE YK€ 3anucaHo B Oyaymiem. M BcTaeT BOIpoc BO3MOXKHO JIT
U3MEHHUTDH HACTOSIIEE B JIyJallelo CTOPOHY HAaIlpUMep MPH MOJICKa3Ke U3 Oy Iyliero, He roBops
YK€ 0 Napasiokce ,, IeAYUIKH,,. [locMOTprM Ha 3TOT BONPOC € MO3ULUHU TOMEHHON CTPYKTYpPBI
¢dusndeckoro Bakyyma. Hacrosiiee 3To nepexoa BapuadeapHOTO TPEX BAPUAHTHOTO OYAYIIIETO,
B OJIHO BapuaHTHoe Mpouuioe! XoTs, y NOLUIOro €CTh TPHU CBOMX BapuaHTa, 00 3TOM IMucal B
cBoeil pabore ,,lllectumepHoe npocTpaHCTBO,, aBUaKOHCTpYKTOp Pobept Opoc nu baptunu.
[TapanienbHOCTh MUPOB, HATOMUHAET CUCTEMY CBSI3U C BDEMEHHBIM YIUIOTHEHHUEM KaHAJIOB, HAa
HECyIllel 4acTOTe NMepeBOILIOIIEHUH TOMEeHOB (hru3nyeckoro Bakyyma ¢ 429 kananamu. Beioop
MEXy KaHaJIaMU C ONIPEAEIEHHON JUCKPETHOCTBIO IIPOMCXOAUT B MOMEHT BapHaHTa HaIIETo
NEPEMELIEHNS B IPOCTPAHCTBE, TEJIO0 HE 3HAYUTEIBHO CMEIIAETCS BO BPEMEHH , HE 3HAUUTENIBHO
MEHSIETCSl CKOPOCTh Mepex0/1a MPUYMHBI B CIIEACTBHE, OHA CTAHOBUTCS YyTh OOJIbLIE WIH
MEHbIIIE. DTOT0 I0CTaTOYHO YTOOBI OKa3aThCsl B BaApUAHTE BCEJIICHHOM, JIEBEH WK IIpaBel Ha
neHte Mebuyca cBEpThIBaHUS Pa3BEPTHIBAHUS JOMEHOB uepe3 50 yrinoBbix MUHYT. B
COLIMAJILHOM ITJIaHE 3TO BBIPAXKAETCS, 110 YaCOBOW CTPENKE,, HACHIIIEHHOCTbIO,, CTENIEHBIO
pa3BUTHSA, IPOTUB YaCOBOM CTPENKH,, OETHOCTHIO,, XY/ HIECThIO BapUaHTa. ITO OBLIO 3aMEYEHO
MpeKaMU U OTPAKEHO BO MHOTHUX PEJIUTHUAX, HA JIEBOM IUIeUe CUAUT YEPT HA MIPABOM aHTell. ,,
Hecymas,,, ckopocTh IEpEBOIUIONIEHHS TOMEHOB U3MEHSAETCS OT MEHBUIETO IEpUOJIa K
OoJblIIEMY, U KaHAJIBI C BPEMEHHBIM YIUIOTHEHHUEM CKOJIB3ST 110 OCH BPEMEHH, CO3/aBast HOBOE
BETBJICHHE BCEJICHHBIX JBEPETTA.

A Ha cuet nmapagokca ,,Jlenymku,, CinencTBue UCUE3HET BIIEPE IPUUNHBL, HE3aBUCUMO OT TOI'O
B IIPOLIJIOM WJIK B OYAYILIEM HaXOAUTCS IPUYUHA.

B unoMm ciyuae, BHyK ObLII IOXO0X Ha cocesia AeTyIIKH. . .



3aK/JII04YeHue.

MBI BBISICHWIIH, YTO HA 110JIe METOBCETHHOM M3 OTPOMHOIO KOJIMYECTBA JOMEHOB
(GU3HYECKOTO BaKyyMa, KOTOPBIE UMEIOT TIOJHBIM HA0OP CBOUX COCTOSIHUM, CKOPOCTEH
NEepEeBOIUIONICHUH U (ha3, HAXOJUTCS HE TOJIBLKO MHUP HaIllel U MapauleIbHbIX BCEJICHHBIX, HO U
BCSI UCTOPUS MX Pa3BUTHS, JOPMUPYETCSI HAllla BCEJICHHAS, TJIE HE MTOCIICIHEIO POJIb UTPACT
Haiie cozHanue. CTpyKTypHUpOBaHUE BCEICHHOMN MPOUCXOAUT MO MPUHIIMITY rojiorpaduu, Koraa
U3 JOMEHOB HaXOJISIIIIUXCSI HA ’TOM OO0JBIIOM 1ojie (GopMHUpOBaHUE OAHON TOYKU MPOCTPAHCTBA
— BPEMEHHU MPOUCXOTUT OJHOUMEHHBIM HaOOPOM CBOMCTB IOMEHOB (PU3UUECKOT0 BaKyyma
(ckopocTeii iepeBoIUIonieHU U Gasbl). [1o 3TOMY, IIpH YBEINYCHUH Pa3MEPOB BCEICHHAS
CTpouTCs Mo GpakTaIbHOMY IPUHIIMITY, U3 32 TOXKAECTBEHHOCTH IPH MOBOPOTAX B CTPYHKAX
JA®B, Ha ypoBHE 3aps10B, YACTUL], TPAaBUTALIMOHHBIX Pa3MEPOB aTOMOB, 3BE3IHBIX CUCTEM,
raJIakTUK ¥ CEKTOPOB HAIlIel BCEJICHHON. JTO MPOUCXOIUT U3 32 OTPOMHON CKOPOCTH
pacmpocTpaHeHHS MPOJIO0IBHON BOJHBI MEXIY JOMEHAMU PU3NYECKOro Bakyyma. Otcrona
JUIUTEIILHOCTh KaK Mbl €€ IOHUMaeM, Co CBOOO 101 BbIOOpaA, POXKIAeTCs Ha IPUUYUHHOM
B3aMMOJICHCTBUH aTOMHOTO Si7jpa ¢ POPMUPYEMBIM 3apsiI0OM BOTHBI J[eOpoiist y alieKTpoHa, Ha
cKopocTH nepexosa npuunssl B ciaeacrsue A.H.Ko3sipesa, paBayto 700 KM B cekyHy.
XapakTepu3yrUyo pasHUIly CKOPOCTEN MPOAOJIBHOTO B3auMOIeUCTBUS B JloMeHax
Ouznyeckoro Bakyyma nmpu pacnpocTpaHEHHUH 110 ¥ IPOTUB YACOBOM CTPEJIKU B KOHTUHYYME
Bcenennoii co ckopoctsio 5.3 * 10! merpos B cexynny. Ckopocts 700 Ku /C Habiromaercst Ha
YIJI0BOM CKOPOCTH MPOTHUB OCEBOTO B3aUMOJICHCTBHUS MIPOTOHA C TAPHBIM HEUTPOHOM Ha UX
JIMaMeTpax, a mepexo/isi CO CKOPOCTH MPUYUHHO CJIEICTBEHHOM CBSI3M HA YTIIOBYIO CKOPOCTh
CBETa MBI IOJTy4yaeM JAuaMeTp opOuThI 3nekTpoHa. OpueHTAaIMs BpalleHHs SJIEKTPOHOB B
rPaBUTAIMOHHOM I10JI€ XapaKTepU3yeTCs BpaIllEHUEM CIIMHA MPOTOHA, TaK KaK OH JIETIIee
HEUTpOHA, U HAXOAUTCS CBEPXY, OyaeT mpeodiaaarh B IEBOM HarpaBieHud. Yto Oynet
CKa3bIBaThCS HAa OMOJIOTMUECKUX CTPYKTYpax, TaKuX Kak 3akpyunBanue cnupaiu [JHK B neBom
HANpPaBIEHUU. A 3HAYUTh BPEMs B HAIIEM AJIEKTPOMAarHUTHOM MHpE, Oy/IeT aMIUIUTYIHO-
YaCTOTHOW BEJIMYMHOM, XapaKTEepU3YIOlas yroj MOBOPOTa B JICBOM CUCTEME KOOPAUHAT
(BpallleHHe 10 YaCOBOU CTPEJIKE), OTHOCUTEIHHO BEKTOPA PACIIUPEHUS KaXKI0M TOUKH
MIPOCTPAHCTBA, 3aBUCAIINI OT CKOPOCTH MAJCHHUSI ITIOTHOCTH aMepHOro 3¢upa. Matepus 3To
napaMeTpHUUecKUil pe30HaHC B MEHSIOMIEHCs MITOTHOCTH 3¢dupa. [ e kaxaoMy BpeMeHU
COOTBETCTBYET CBOSI CKOPOCTh nepeBoruiomenus /JomenoB @usnueckoro Bakyyma, yacrora
BpallleHUs] CIUHOB YaCTHII U AJEKTPOHHBIX 005akoB. [losToMy y yenoBedecTBa MosiBIsIeTCS
BO3MO>KHOCTh TIEPEMEIICHUS HE TOJIBKO B MPOCTPAHCTBE HO U BO BPEMEHHU, B HA IJIOTHOCTD
aMepHOTo 3(upa, a cieloBaTeNbHO Nocieaymux pesonancoB JJ®PB u yacTuil, 3a cueT JIeBOro
WJIU TIPABOTO BPAIIEHUS MOJICH ONpeaeiéHHON KOHPUTYpAIIMU U UMITYJIbCHOTO MOTPYKEHUS
WK BCIUTBITHE HA YPOBHE BpeMeHH (MIOTHOCTH cpefbl) JlomeHoB dusndeckoro Bakyyma, 3a
CYET 3JIEKTPO TPABUTALIMOHHOTO 00bEMHOTO PACIITUPEHUS HIIM 00XKaThs ToMeHoB. Harm
B3IJISA/Ibl HA IOCTPOECHHUE MAILIMHBI BPEMEHU U3JI0KEHBI 3/1€Ch:
http://www.timeacademy.ru/forum/experiments/21-puti-sozdaniya-mv?start=30#405
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