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AHHOMauusi

Paccmampuearomcsi mpaduyuoHHbie rnpedcmasrieHusi ¢pusuku o Oeghekme Macchl U npedcmassieHus,
eblmekarowue U3 rpusHaHus mMuposol cpedbl. [MokazaHo, ymo ¢opmyna JUHWMeUHa, ces3bigaroulas
3Hepauro U Maccy, ebipaxkaem yrpyaue ceolcmea mMupogol cpedbl. AHanusupyromcs si0epHble peakuyuu, 8
KOMOpPbIX B03MOXHO 8bi0esieHUe 3Hepauu.

[TpuBenem oOIEIPU3HAHHYIO TOUKY 3peHus pu3nku XX Beka Ha J1e(eKT MACCHI.
B Teopum 0oTHOCHTETHEHOCTH SHEPTHS CBA3aHa C Maccoi popMyon DWHIITEHHA

E=mc?, (1)
rae E —aHeprus, m —macca, C —CKOpPOCTb CBETA.

Ota dpopMyIia JIEKUT B OCHOBE SHEPTETUYECKUX PACUETOB sIIEPHON (PU3MKH.

Ha MukpoypoBHE IpHU sAIEpHBIX PEAKLHUAX OIBITHBIM IIyT€M YCTAHOBJIEHO, YTO Macca sjapa
BCET/Ia MEHBIIIE CYMMbI MAaCC COCTABIISIOIINX €r0 HYKJIOHOB (IPOTOHOB U HEHTPOHOB). DTO SBJICHHE
MONyYHJI0 Ha3BaHMe naedekra macchl. B kadecTBe mpumepa BBIYUCIUM MacCy spa Temus,
COCTOSIIEI0 M3 JIBYX MPOTOHOB W ABYX HEHUTpoHOB. CymMMa Macc MPOTOHOB M HEUTPOHOB OyjeT
paBHa [1]

20, +20m, =201,00728+2[1,00867=4,0319%.e.m., (2)

rae M, —macca MpoToHa, M, —Macca HeUTpoHa.

Macca spa renust cocrausger 4,0026a.e.Mm., To ects npumepHo Ha 0,03 a.e.M. MeHbIIIE CyMMBI
Macc MPOTOHOB U HEUTPOHOB (2).

B obmem ciiydae gedext maccsl AM BeryHcisieTcs o popmyie

Am=Zm +(A-Z)m —-M, 3)

rae M —Macca siapa, Z —4rcio npoToHoB, A —maccoBoe unciio, (A—Z) —4uciio HEHTPOHOB.

W3 dopmynsr Diinmmreiina (1) crmegyer, YTo KakaIOMy HW3MEHCHHMIO MAacChl COOTBETCTBYET
OIpezieIeHHOE U3MEHEeHHe dHepruu. Jledext Macchl ciaykKUT Mepoii sHepruu cBs3u sapa E
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E., =Amc, (4)

[TonHast sHEPTHs CBA3M Apa ONPENENIeTCs] BETUYUHON TOW paboThl, KOTOPYIO HY)KHO COBEpPUIMTH
IUI1 pacIICIUIEHUsl sjpa Ha COCTAaBJIAIOLIME €ro HYKIOHbl. Tak kak npu oOpa3oBaHUM s1pa
IIPOUCXOJUT YMEHBIIEHHE €0 MACChl, U3 3TOTO JEJIAETCs BBIBOJ HA OCHOBAaHUU 3aKOHA COXPaHEHMUS
SHEPTHH, YTO TP ITOM JIOJDKHA BBIIENSTHCS SHEPTHsI, paBHAsI SHEPTHHU CBs3H (4).

Ha puc. 1 npuBeneHa 3aBUCHUMOCTb YJEJIBHON DHEPrHMM CBSI3M aTOMHBIX SIEp OT MacCOBOTO
qucia.
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Puc. 1.3aBUCHUMOCTD yACIBHOU SHEPTHH CBSI3M aTOMHBIX SJIEp OT MacCOBOTO YHCIIA

AHanu3 npeAcTaBIEHHOW 3aBUCUMOCTH IOKa3bIBAa€T, YTO SHEPIrHsl OyAET BBIACIATHCS NMPH TaKUX
SAJICPHBIX PEAKUUAX, IPU KOTOPBIX YAEIbHAsl YHEPIUs CBA3H MPOJYKTOB peakLuu OyIeT MpeBbIIIaTh
YAEIBHYIO SHEPTHIO CBSI3U UCXOAHBIX Al1ep. DTO YCIOBHE BBIIOIHAETCS B IBYX CIydasiX:

— JIeJIEHUE TSDKETBIX Sep;

— CHUHTE3 JIETKUX sIEep.

CoBpeMeHHass aTOMHasi dHEPreTUKa HCHOJb3YET SACPHBIE PEAaKLHUU JAEICHUS TSKENbIX SIEp.
Cunraetcs, 4TO SAECPHBIC PEAKIIMM CHHTE3a JIETKUX SJep SHEpreTUdecku Oosiee BBITOJHBI, HO Ha
CETO/IHsI YIpaBisieMble PeaklUK (Tak Ha3bIBAEMBIH yHpaBisieMblii TepMosiiepHbiid cuaTe3 — YTC)
TaK ¥ HE TMOJy4YeHBI. XOTs pa3pabarbiBaeTcs 3TO HampapiieHue yxe Oonee 60 mer. Ousuku npu
pa3paboTKe ATOr0 HampaBJIEHUS CTOJIKHYJIUCh CO 3HAYUTEIbHBIMH TEXHHYECKHMHU TPYIHOCTSIMH,
TaKUMHU KaK HEOOXOJIUMOCTb JIOCTUKEHUS CBEPXBBICOKMX TEMIIEPATyp, YACp KaHUS IUIa3Mbl U Ap.,
0e3 pemieHUs KOTOpbIX He ynaercs moiactynutbes k YTC. He ymanss 3acnyr ¢u3MKOB B 3TOH
00J1acTH, B3IVISHEM KPUTHYECKH HA BO3MOXHOCTb BBIJIENEHUS SIIEPHOM HSHEPrMM B peaKIUsIX
CHHTE3a JIETKUX s[ep C MO3MLUH MPU3HAHHS MHPOBOH cpelbl, pa3BuBaeMod B padore [2]. Kak
ormeuan Makcsemn [3]: «Bceraa BaXHO MMETh JBE TOYKH 3PEHHS Ha OJUH U TOT XK€ MPEAMET U
JOIIYCKaTh, YTO BO3MOXHBI JBE PA3JIMYHbIE TOUKU 3PEHUS HA IPEAMET>.

Ousuke XX BeKa HE yAAIOCh YCTPAHUTH IPOTUBOPEYNS B ONPEACICHUAX MACCHI U OTBETUTH HA
ClIeAyIOIIMEe BOMPOCH.. YTO Takoe MHEPTHAs M TI'paBUTAlMOHHAs Macca? 3aBUCHT JM Macca OT
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ckopoctu? UTto Takoe pensTuBUCTCKas Mmacca? Uto Takoe nmedekr macce? Kak macca Moxer
nepexoauts B dHepruto (popmyna DitHinrelina)? Te HEMHOTOYHCICHHBIC MyOIMKAUU O 3TOMY
Borpocy OkyHs1, Po3mana, Xpanko [4,5,6]He ycTpaHSIOT CyIIECTBYIOIIUX IPOTUBOPEUHIA, @ CKOpee
MEePEeBOJAT paccMOTpeHue B (popMaibHO-MaTeMaTHYECKYIO MIIOCKOCTh. ClielyeT OTMETUTh paboTy
Penuenko [7], B KOTOpoli aBTOp MBITACTCS MOHSATH MPUYHMHBI MOSBJICHUS y PU3HUECKUX OOBEKTOB
CBOMCTB MaccChl M 3aps0B, BbISIBUTh BHYTPEHHUE MEXAHU3MBI B3aUMOICUCTBUI U BIMSHUS MOJIEH.

B pabote [2] moka3aHO, 4TO Macca Tejla €CTh Mepa B3aUMOJCHCTBHUS BEIIECTBA C MHPOBOM
cpenod. Bce aTombl, MOJIEKYJbl, Te€la <IIOTPYKEHBI» B MHPOBYIO CpeAy, COCTOAILYI) U3
3MeKTpoHOB. JIF0OON HYKIIOH aTroma, MOJEKYJNBI, Tela CO BCEX CTOPOH OKPYKEH ITOU CpeIou,
HYKJIOHBI C HE KOHTAaKTUPYIOT, B3aUMOJIEUCTBYIOT, COITPUKAcAIOTCs. JTa cpefia, ¢ OJJHOM CTOPOHHBI,
3aroJIHAET BCE MPOCTPAHCTBO, a C APYTOM CTOPOHBI, SIBJISIETCS COCTABHBIM 3JIEMEHTOM BCEX aTOMOB,
MOJIEKYJI, TeJ, COCTOSIIIMX W3 HYKIOHOB M 3JEKTPOHOB. PaccmoTpuMm Mozenb sjapa U3 JBYX
HYKJIOHOB — pHUC. 2.

21,

Puc. 2. Monens siipa U3 IByX HYKJIOHOB; [, —paJnyc HYKJIOHA; I, —paJuyc IEeKTPOHA.

Hyk70HBI OKpYXEHBI CO BCEX CTOPOH 3JeKTpoHaMHu. Ha cOmmkeHHe HYKIOHOB, Ha PacCTOSHUE,
MeHblIee 2f,, He0OOXOIUMO 3aTpauMBaTh HEPrHIO, HIYHIYI0 Ha IPEOJOJIEHHE CHJI YIPYTOCTH
MHPOBOI cpenbl. MupoBas cpesa, Kak mokasano B [2], cxumaema. Koaddumuent cxumaemocTu
B, ¥ Momynb ynpyroctu G MUPOBOH Cpejibl ONPENENAOTCS KaK

ldn_ 1 1 34 2
=——= = =4600"" m“/H,
Py ndd nc® 242010° [(300°)2 ©)
G :Bi =nc? = 24200°(B310°) = 21810° Hiw?, ()
¢
rae I — IUIOTHOCTh JJIGKTPOHA M, COOTBETCTBEHHO, MHUPOBOW Cpeabl; ¢ — BIEKTpUYECKUU

MOTEHIINAJ; C — CKOPOCTh CBETA.

PaccmoTpum ukcupoBaHHbI 00beM MUPOBOIA cpeasl V. MupoBas cpena 00s1agaeT mIoTHOCTBIO N
u MozayneM yrpyroctd G. YMHOXUM 00beM Ha MOy b ynpyroctu. [lomydanm

E=VIG=Vnc® =mc, (7)
raie m=V [n —macca MUPOBOM cpeasl 00beMoM V.

®opmyna (7) npencrasisier codoit popmyny Ditamreiina (1). M3 Hamero paccMOTpeHHsI BEITEKaET,
uyro popmyna DitHmreiHa (1) pakTryuecku BhIpaXkaeT yIpyrue CBOWCTBA MUPOBOM CPEIBI.
Bepuemcs x mozenu sapa. IIpenmonokuMm, 4To HaM YAAIOCh MPEOJOJIETh CHIIBI YIPYTOCTH U
cONMM3HUTH HYKJIOHBI HA PACCTOSIHHUE, MEHbIIee 2, . DTO MPUBEAET K CICAYIONIEMY:

1. MeXay HyKIIOHAMH BO3SHHKHET <SIJIEpHAsi CHJIa», IEHCTBYIOIIAsE CO CTOPOHBI MUPOBOW CpPEJIbI;

2. Macca sapa U3 ABYX HYKJIOHOB OyZeT MEHBIIE CyMMBbl MAacC HYKJIIOHOB, TO €CTh BO3HHMKAET
nedexkT macc. JlelcTBUTENBHO, B HAIIEM MPEACTAaBICHUH Macca — Mepa B3aUMOJCUCTBUS
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BellleCTBa ¢ MMPOBOH cpenoit. IIpu cOmmkeHHHM HYKIOHOB Ha pPaccTOSHUE, MeHbliee 2r,,

YMEHBIIAETCS IMOBEPXHOCTb  B3aUMOJCHCTBUS HYKJIOHOB C MHPOBOM Cpelod W,
COOTBETCTBEHHO, UX Macca,

JBa HYKJIOHA B SI[JpE€ aHAJOTUYHBI CXKATOM NPYKUHE; U3 HALLIETO PACCMOTPEHHUs CIEAYET, 4TO
JUIl CHHTE3a JIETKUX S1ep HEOOXOUMO 3aTpayrBaTh SHEPTHIO, HIYIIYIO HA IPEOI0JICHUE CUIT
YIPYTOCTH MUPOBOM CPEBI; BBICICHUE SJHEPIUU IIPU CUHTE3E JIETKUX sAJ1€p OTCYTCTBYET;

TaK KakK /IBa HyKJIOHA B siIp€ aHAJOTMYHBI CKATOW NPY)KUHE, TO NPHU JCICHUU JETKUX SIEp
IIPYU ONPEJEICHHBIX YCIOBUAX BO3MOYKHO BBIIICIICHUE YHEPTHUH.

[ToxydeHHBIH BBIBOJ O BO3MOKHOCTH BBIICICHUS DHEPIHHM B SICPHBIX PEAKIHAX TPU ACICHUH
JIETKHX siZiep BakeH. B mpupoe 3ToT mpolecc, Kak yCTaHOBJICHO CPaBHUTEIILHO HEIaBHO B paboTax
JlexomiieBa [8], peann3oBbIBacTCS B MIAPOBOI MOJHHHU.

© N o

BriBoabI

JledekT Macchl moayvaeT MpOCTYIO HATJISAHYIO HHTEPIIPETALIUIO, €CITU IPUHATH ONpee/icHIe
MAacChl KaKk MEPBI B3aMMOECHCTBUS BEIIECTBA C MUPOBOU CPEIION.

YcranoBneHo, uro (opmyna OHIITEHHa, CBS3bIBAIONIasi SHEPIHI0 M MAaccCy, BBIPaXKaeT
YIpyTrue CBOMCTBA MUPOBOM CPEIBI.

SnepHble peakuuu CUHTE3a JIETKUX sJAep HMAYT C IOMNIOUIEHMEM »>3Hepruu. BsiBox o
BBIJICJICHUM SHEPIUU IPU CHUHTE3€ JIETKUX SIAEp JEJIaeTCsl Ha OCHOBAHMM HMHTEpIIpETalun
(dopmybl DIHIITEHHA KaK 3aKOHA COXPAHEHUS] MACCHI-DHEPTUH U SBJISIETCS HEBEPHBIM.
[IpoBeneHHOE MOJEIBHOE PACCMOTPEHUE B3aUMOJACUCTBUS JABYX HYKJIOHOB B sJpe
IIOKA3bIBAET, YTO B SJAEPHBIX PEAKUMSIX NPH ACIEHUU JIETKUX SAEP BO3MOXHO BBIJECICHUE
SHEPTHUH.
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